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JEKTPOHUKA
ABTOMOBMJIBHBIX CUCTEM YIIPABJIEHUSA
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HPEANCJIOBHUE

K umcny BakHeWmmx (pakTOpoB, ONPEACIAIONINX TEXHUYECKHH YPOBEHb COBPEMEHHBIX aBTOMOOWMIICH, OTHOCHTCS
CTETNEHb WX OCHAIIEHHOCTH SJIEKTPOHHBIMH yCTpoiicTBamu. [103TOMY pa3pa0boTKa 3JIEKTPOHHBIX CHCTEM YIPaBICHUS
arperataMu aBTOMOOHIICH ABIISETCS BEChbMa aKTYalbHOM 3aa4eil Jist OTeUECTBEHHOTO aBTOMOOMIIE CTPOEHHSL.

B Hacrosiee BpeMsi HAKOIUIEH 3HAYUTEIBHBIA OMBIT MPHUMEHEHUS DJICKTPOHHOHN amnmapaTypbl B aBTOMOOWIIAX.
Hcnonp30BaHue 3TOTO OMBITA SBISETCS BaKHBIM YCIOBHEM YCKOPEHHUS pa3pabOTOK HOBBIX, 0Ojee COBEPIICHHBIX
9JIEKTPOHHBIX YCTPOHCTB JIJIs aBTOMOOMITEH.

Ilenplo HamMCaHWS HACTOAIICH KHHTM SABJIACTCS O3HAKOMIICHHE WHKEHEPHO-TEXHHYECKHX pPabOTHHUKOB
ABTOMOOMIIBHOM M JAPYTUX OTPACiiel TMPOMBIIIIEHHOCTH C U3ICTHAMH aBTOMOOMIIBHOM 3JIEKTPOHUKH, TIPUMEHAEMBIMH
IUTSL YIIPABJICHUS arperaTaMy TPAHCMHCCHH W TOPMO3HBIMH CHCTEMaMH aBTOMOOMIIEH.

Martepuan JaHHON KHHTH TOJ00paH TaKUM 00pa3oM, YTOOBI €T0 MOKHO OBLIO MCIOJIB30BaTh MPH CO3MaHUH HOBBIX
SIIEKTPOHHBIX CHcTeM yrpasieHus. C 3TOH [eNbl0 B KHUTE TIPUBEICHBI PEKOMEHIAIINH 110 BEIOOPY [UIS TAKHX CHCTEM
KOMIUIEKTYIOIINX M3IeIUI U3 Yrcia OONBIION MX HOMEHKIIATYPHI, BBITYCKAEMON OTEYECTBEHHOMN MPOMBIIIIIEHHOCTHIO.
KpOMe TOTO, OAUMH HU3 OCHOBHBIX pa3}1€HOB KHUTHU IOCBAILICH OIIMCAHUIO pﬂ/:[a THUITIOBBIX q)yHKI_[I/IOHaJ'H)HbIX y3J'IOB,
KOTOpLIe MOFyT GI)ITI) HNCIIOJIB30BAaHbI HpI/I CO3JaHUHN SHCKTpOHHbIX CUCTEM praBHeHI/Iﬂ pa3J’II/I'~IHI)IMI/I aneFaTaMI/I
aBTOMOOMIIEH.

YacTp Marepuana KHHTH NPEACTaBIseT COOOW IpHUMEphl KOHKPETHOH pealu3alliy AIIEKTPOHHBIX CHCTEM
yIpaBJIeHHUs arperaTaMy TPaHCMHCCHU U TOPMO3HBIMU CUCTEMaMU aBTOMOOHIIEH.

BBEJAEHHUE

B «OcCHOBHBIX HaIpaBICHHUAX 3KOHOMHYECKOro M conuanbHoro pazputusi CCCP ma 1986 — 1990 roasr u Ha
nepuon 10 2000 roma» B 4YMCIIE OCHOBHBIX 33a7ad aBTOMOOWIBHOW NPOMBIIUICHHOCTH YKa3aHO Ha HEOOXOIMMOCTh
MIPUMEHEHHUS NIEKTPOHHBIX YCTPOICTB A CHUKECHUS ySIBHOTO PACX0/a TOIUIMBA aBTOMOOMIIEH.

B HacCcToAIEE BPEM HEIPCPLIBHO BO3PACTACT NPUMCHCHHUE DBJICKTPOHHBIX yCTpOﬁCTB, Ha4ynHasA OT JICTKOBBIX
aBToMoOmnelr o0cob0 Majoro kjacca W KOHYas OOJBIIETPY3HBIMH aBTOMOOWISIMH M aBToOycamMH OOJBIION
BMCCTHMOCTH. HpI/I 9TOM DJJICKTPOHHBIC yCTpOﬁCTBa HCTIOJIB3YIOT KaK JJId 3aMC€HbI MCXaHUYCCKUX, TMAPABINYCCKHUX,
ITHEBMaTHYECKUX M HJICKTPOMEXaHWYECKUX CHCTEM YIPABIICHHMS, TaK W AJS CO3JaHUS NPUHIUIHAILHO HOBBIX CHCTEM
AaBTOMATHKH aBTOMOOMIIEH 1 aBTOOYyCOB.

B ommmume oT HavaNbHBIX TEPHOJIOB PA3BUTHS aBTOMOOWIBHOW 3JEKTPOHMKH JUII COBPEMEHHOTO €€ IepHoja
XapaKTepHO HAIWYKE CIEAYIOINX YeThIpeX HAIpPaBJICHHI:

CO3/laHME  DJJEKTPOHHBIX  YCTPOMCTB Ui  3aMEHbl MMM  TPaAWIUOHHBIX  Y3JOB  aBTOMOOWIIBHOTO
IEKTPOOOOPYAOBAHUS (PETYIATOPHl HANPSKEHHS, YIPaBJICHHE CBETOBOI M 3BYKOBOW CHTHAJIM3aLMEH, PETYISTOPHI
CUCTEM OTOINJICHUSA, KOHAUITHUOHUPOBAHMS, IIOAOTPEBA ABUTATEIIA, TAXOMETPHI, CIUIAOMETPHI U T. I[),

IIPUMEHEHHE JIEKTPOHHBIX YCTPOICTB (B TOM UHMCIIE M C UCHOJIb30BaHHEM DBM) I HEMPEephIBHOTO KOHTPOJIA U
BBIIAYM TEKyIIeW WHPOPMAIMH 00 DKCIUTyaTal[MOHHBIX MOKa3aTeNIsiX aBTOMOOW/IS (HAmpuMmep, TEKYIIUH pacxojn
TOIUINBA, L[€JIeCO00Pa3HOCTh BKJIIOYCHHS TOW WM WHOHM Iepefadd, ONTUMAIBHBIN peXuM ABWKEHHA U T. 1.). K 310l
KaTeropuu yCTpOﬁCTB CJICAYET OTHECTHU U CUCTEMBI TUATHOCTUPOBAHUA COCTOAHUA arpe€raTtoB aBTOMO6I/IJ'I$[;

pa3paboTka DJJIEKTPOHHOW  ammaparypbl  YIOPaBJICHUS  3aXUTaHWEM, TOIUIMBOMOJAYe W CHCTEMaMHu,
o0ecrieunBarONIMMHU CHIDKEHNE TOKCHYHOCTH OTPa0OTaBIINX T'a30B JBUIATEIIs;

CO3JIaHWE 3JIEKTPOHHBIX YCTPONCTB JUISl CUCTEM YIPAaBIICHUS arperaTraMy TPaHCMUCCHH, TOPMO3HBIMH CUCTEMaMHu 1
JIPYTHUMH Y3J1aMH aBTOMOOMIIA (32 UCKITIOUEHHUEM JIBUTATEIs).

[TpumeHeHne 371€KTPOHHOMN ammaparypbl B CHCTEMax YIPAaBJICHHS arperaraMd aBTOMOOMIISI CO3/1al0 BO3MOXKHOCTD
MOJTyYeHHs] KayeCTBEHHO HOBBIX HMX IIOKa3aTelied, 4To B psAAe CIydaeB IOBJIEKJIO 3a COOOH IernecooOpa3HOCTh
W3MEHEHHs] KOHCTPYKIMH caMHux arperatoB. [l03TOMy COBpeMEHHas aBTOMOOMIIbHAs JJIEKTPOHHAs CHCTeMa
yYapaBJICHUA (paKTI/I‘-IeCKI/I SBISIETCS KOMIUIEKCOM COOCTBEHHO BHCKTpOHHOﬁ anmnaparypbl U yHOnpabJII€EMBIX €HO
HCIIOJIHUTENIBHBIX YCTPOMUCTB.



YCJOBHUS PABOTHI DJIEKTPOHHOM AIIITAPATYPBI
ABTOMOBWJIEN

OCHOBHBIMH BHEIIHMMH (paKTOpaMu, BIMSIOIIMMH Ha pabOTy 3JEKTPOHHOW ammapaTypbl aBTOMOOWIICH, SBISIOTCS
TeMIIepaTypa OKpY’Karoleld cpenbl, JUana3oH W3MEHEHMsl HanpspKEHHs B OOPTOBOM CETH, YPOBEHb IMoMeX (B LIEISIX
MUTAHUSA, a TAKKE MOJIEBbIX).

B 3aBHCHMOCTH OT KIMMAaTHYECKOTO HCIOIHEHHS H3ACIHH 3JIEeKTPOOOOPYNOBaHWA M MECTa MX YCTAaHOBKH Ha
aBTOMOOMIIEe (B MOTOPHOM OTHENCHUH, KabuHe Wiu cHapyxu Ky3oa M kabuael) [OCT 3940 — 84 ycranaBnmuBaet
pasnuuHbIe JHWana30Hbl TEMIIEPAaTyPbl OKpYXAIOHmIEH Cpenpl, B IIPEAETaX KOTOPBIX IOJDKHA 00eCIednBaThCs
paboToCTIOCOOHOCTh W COXPAaHHOCTh M3ICNIUH 3JIEKTPOOOOPYNOBAaHMSA, B TOM YHCIE M AJIEKTPOHHOH ammapaTtypsl. C
YYETOM BO3MOXKHOCTH YCTAaHOBKH JIEKTPOHHOH ammapaTypsl Kak B MOTOPHOM OT/EJICHHWH, TaK M BHE €T0, HCXOIS U3
I'OCT 3940 — 84, ciemyeT OpmMEHTHpPOBAThCA Ha obecmedeHune ee paboTOCIIOCOOHOCTH B JHANAa30HE TEMIIEPATyp
okpy»xaromien cpeas! oT — 40 no +70°C.

Hapsimy ¢ 5TMM B HEKOTODBIX CIy4asX OKa3bIBacTCS HEOOXOIUMBIM IIPEAYyCMaTPHBATh BO3MOXXHOCTH PabOTEHI
anmapaTypbl B Oojiee IIMPOKOM JWana3oHe TeMIeparyp OKpyxkaromed cpensl. B wactHocTn, mpu 0cobo
HeOJIaronpuATHBIX YCIOBHAX OSKCIUTyaTalldM y HEKOTOPBIX MOJIeJiell aBTOMOOMJIEH MaKcuMajbHas TeMIleparypa B
MOTOpHOM oOTaAeideHud MoxkeT pocturatk 90°C wm maxe 100°C. Korma aBToMOOWIb paboTacT B XOJOHBIX
KJIMMAaTUYeCKHUX 30HAaX, TO BEPOSTHO YMEHBIICHHE TeMIepaTypbl okpyxkaromei cpeasl o — 60°C. Ilpu Taxoit
TeMIIepaType AOJDKHA 00eCIeunBaThes pabOTOCIIOCOOHOCTD aIapaTyphl CHCTEM YIPABJICHHs TAKUMHU arperatam, Kak
MIOJIOTPEBATENH JIBUraTeIe W OTOIUTENN CaJloHA aBTOMOOWIS. 3a MCKIIOYEHHEM 3TOTO 0CO0OTO Citydas, IIpU CTOJb
HHU3KOH TeMIlepaType OTCYTCTBYET HEOOXOIMMOCTh cpa3y K€ BKIIOUYAaTh 3JIEKTPOHHYIO amlapaTypy, ITOCKOJIBKY OHa
JIOJDKHA BCTYNATh B JEHCTBHE TOJNBKO IOCIE POrPeBa JBUrATelIs U cajloHa aBToMOoOMIst. OgHAKO HEOOX0IUMO, YTOOBI
Jlake TIocTe JUIMTEIBHOI0 HaXOXICHMS JIEKTPOHHOM ammapaTypsl mpH Temieparype 1o — 60 °C ee mocnemyrommii
nporpeB 1o temmeparypel — 40 °C oOecneunBan TpeOyemyro paborocrnocoOHocTh. JlaHHOe TpeboBaHME
oroBapuBaercs ' OCT 3940 — 84 mpumMeHHTENbHO K HcTIOTHEeHUI0 XJI anmapaTtypsl.

B cootserctBuu ¢ tpedoBanusamMu ['OCT 3940 — 84 snekTpoHHas ammapaTypa IpH HOMHHAIBHOM HaNpsDKEHHU
Unowm B 00pTOBOI#f ceTr, paBHOM 12 B, noymkHa coxpaHsATh pabOTOCIOCOOHOCTh MPU M3MEHECHHH 3TOT0 HAIMPSHKCHUS B
npenenax 10,8 — 15 B, a mpu HOMUHaIBFHOM HanpsDKEHUH, paBHOM 24 B, B npenenax 21,6 — 30 B.

C uenpio MoJyveHHs CTaOWIBHBIX XapaKTEPUCTHK 3JIEKTPOHHOMW ammaparypbl €e, Kak MpaBHJIO, IOAKIIOYAT K
UCTOYHHMKY CTAOMJIM3MPOBAHHOTO HampspKeHWA. [l psima cepuil MHTETPANbHBIX MHKPOCXEM, INPUMCHIEMBIX B
JIEKTPOHHOH ammapaType aBTOMOOWIEH, MHHHMAaIbHO IOIMYCTUMOE HampspkeHne nutaHus coctasiser 10 B. [lns
MOJTYYEHHsI TaKOTO CTAOMIM3MPOBAHHOTO HAIPSDKEHHS MPU MUHMMAJIFHO BO3MOXKHOM HAaIpSDKEHHH OOpPTOBOHM CeTH,
pasHoM 10,8 B (B ciryuae Upg = 12 B), TpeOyeTcst mpuMeHATh CTaOMIH3aTOPHI HAIPSHKEHUS TOJBKO KOMITCHCAIIHOHHOTO
THUIA, Y KOTOPBIX HAUMEHbIIAs Pa3HOCTh MEXy BXOJHBIM M BBIXOJIHBIM HAINPSHKCHUSIMHU COCTABIISIET JIECATHIC TOJIH
BoisbTa. [Ipn UnoM = 24 B takoe orpaHnueHue OTIAaeT, HO B 3TOM Cilydae OoJiee CIIOKHO peraeTcst mpobiiemMa 0TBoa
TEIUIOTHI OT BBIXOJHBIX IEMEHTOB CTaOMIIM3aTOpa, MOCKOJIBKY B HUX MMEETCS] 3HAUUTEIbHOE Ma/IeHNe HANPsDKEHHS U,
CJIeJIOBATEIILHO, BRIJENACTCS OOJIbIIast MOIIHOCTb.

DJIeKTpOHHAs ammaparypa aBTOMOOWICH paboTaeT B YCIOBHSIX CaMbIX Pa3IHYHBIX MoMeX. OCHOBHBIMH W3 HHUX
SIBIIIFOTCS] IOMEXH B IEISIX MUTaHWUA U I0JEBBIE, BOSHUKAIOIINE B Pe3yJibTaTe paboThl Pa3lIuYHbIX 3IEKTPOMArHUTHBIX
MEXaHU3MOB U YCTPOICTB, AEHCTBHE KOTOPHIX MPUBOAMT K HCKpooOpazoBaHHMi0. HeoOXoIMMO MOJYEpKHYTH, YTO
XapakTep W YpPOBEHb IIOMEX, JACHCTBYIOIIMX HA OJJIEKTPOHHYIO ammaparypy Ipu paboTe 3JeKTpooOOpyaoBaHMS
aBTOMOOMIIEH, 3aBUCHT OT OOJIBIIOrO 4HWcia (aKTOpoB, B TOM YHCIE OT TPACCHPOBKH IPOBOJKH, PACIIOJIOKECHUS
arperaTtoB 3JIEKTPOOOOPYNOBAHMS, WCIOIHEHHS KOMMYTHPYIOIIMX 3JI€MEHTOB W T. J. Bce 3tm ¢axrtopsl Moryr
MEHAThCA B 3aBHCHMOCTH OT MOJENHM aBTOMOOWIS M Jaxe NpH ee MojepHHu3anuu. IloaToMy ciemyer MCXOAWTH U3
HaMXyALIMX yCIOBHH pabOTHI 3JIEKTPOHHOM ammapaTypbl B OTHOILICHUH BO3/ICHCTBUSI HA HEe IOMEX.

IMpn OOBIYHBIX YCIOBHSAX pabOTBHI 3NIEKTPOOOOPYAOBAHMS ABTOMOOWIS MCTOYHHUKAMU MUTAHHUSA SJIEKTPOHHOMN
amnmaparypbl CIyXaT MapajuleIbHO COEAMHEHHBIE TEHEepaTop M aKKyMynsaTopHas Oatapes. I[locnmenHsas sBusercs
MOIIHBIM (DUIIBTPOM JIJIsl HU3KOYACTOTHBIX TIOMEX M HAJIe)KHO 3allIMIIACT OT HUX AJIEKTPOHHYIO annaparypy. OqHako B
CiTy4ae OTKIIOYCHHS MO KaKOW-TH0O0 MpUYMHE aKKyMYJISTOPHOM O6atapen OT LEeNH HUTAHUS IEKTPOHHOHN ammapaTypsl
yCIIOBHSA e paboThI pe3K0 YXYALIAIOTCS B pe3yabTaTe MOSBICHNS B IIETIN IMUTAHHS 3HAYUTEIBHBIX IEPEHANIPSIKCHU.

Heo6xonumo o0co60 MOTYEepKHYTh, YTO B aBTOMOOWIE NPAKTHUECKH HEBO3MOXKHO TNPHMEHEHHE HW3BECTHBIX
BBICOKO3(D(DEKTUBHBIX (QIIIBTPOB, MOCKOJBKY IPH TPOXOXKIECHHHM dYepe3 Takue (UIBTPHl TOKA HArpy3KH B HHUX
MIPOMCXOJIUT TIaJleHUE HAPSDKEHHS TIOPsAKa HECKOJIBKUX BOJBLT. Takoe OOIbIIOe MafeHue HaNpsHKEHUsT HeTTPUEMIIEMO
[0 YCJOBHUSIM IHUTAHMS amNIapaTypbl, 0OCOOCHHO JUIsi aBTOMOOWIICH ¢ HOMHHAIBHBIM HalpsHKeHHEM OOpTOBOW ceTw,
paBHbiM 12 B. IlosToMy mpoOiiema 3aluThl 3J€KTPOHHOW anmaparypbl aBTOMOOWJIEH OT IepeHanpsDKeHWH B HEIsiX
MIUTAHMS SBIISIETCS 0CO00 CIIOXKHOM 3aadeid.

PaccmMorpum Gomee NOAPOOHO OCHOBHBIE NPHYMHBI MOSBICHHS TaKWX IEPEHANpPsHKEHUH B OOPTOBOM ceTH
aBTOMOOMIIEH, 000PYIOBaHHBIX KapOIOPaTOPHBIM JIBUTaTeNIeM, T. €. UMEIOIINX OartapeiiHyio cucremy 3akuranus. [Ipn
IBIDKCHUU aBTOMOOWJIA B JHEBHOE BpeMs OT €ro OOPTOBOHM CETH OTKIIIOYCHBI BCE MOIIHBIC CBETOTEXHUUYECKHE
mpuOOpEl, M B ITOM CiIydae €€ Harpy3Koil SBISIOTCA TOJIBKO ammaparypa CHUCTEMBI 3aKUTaHHWS M 3JIEKTPOHHBIC
npubopsl. Ecnu mpu 3THX yCIOBUSAX aKKyMynsiTopHas Oarapes OyneT OTKIIO4eHa OT OOPTOBOH CeTH, TO B HEU IO-.
SBATCSI HETIPEPBIBHO TOBTOPSIOIINECS KOPOTKHE MMITYJIBCH HampspkeHus ¢ amrumntynon 80 — 100 B (puc. 1,a), mox



BO3ZCWCTBHEM KOTOPBIX OKa3bIBACTCS M AJIEKTPOHHAS ammaparypa. Takue MMITyJIbChl BOSHHKAIOT B PE3YNbTaTe KOM-
MYTaIH TOKA B [ETH KAaTYIIKH 3KUTaHUs, UMEIOIIEH 3HAYNTEIEHYI0 HHAYKTUBHOCTD.
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Puc. 1. W3mMeHeHue HanpsikeHMss B 6OopToBOM ceTu aBTOMOOMNA nNpU  OTKNIOYEHHOM
aKKyMynsaToOpHoON Gatapee: a — 6e3 3neMeHTOB 3awWuTbl OT NepeHanpsikeHun; 6 — c 3aWUTHbIM
CTabuUNUTPOHOM

OmacHble TIepeHaNpsDKEHNUS B OOPTOBOM CETH MOTYT BOSHHKHYTH B @BTOMOOWIIAX, 00OPYIOBAHHBIX JIFOOBIM THIIOM
JIBUTATEIIS IIPU CIEAYIOIUX YCIOBUSAX:

JBUTaTeNIb paboTaeT ¢ YacTOTOH BpamieHUsl KOJICHYaTOro Bajla, IPH KOTOPOW TeHeparop paboTaeT B peKHMeE
MaKCUMaJIbHOM MOIIHOCTY;

aKKyMYJISITOpHast 0aTapest HAXOANUTCS B pa3psHKEHHOM COCTOSTHHUY;

MOIIHBIE TIOTPEOUTENHN FNEKTPOIHEPTHH OTKITIOUECHBI OT LETH NUTaHUs (HallpuMep, MpU SKCIUTyaTallud aBTOMOOHIIS
B THEBHOE BpeMsI).

B 3TOM cnyuae moyTH BeCh TOK HAarpy3kH IeHepaTopa IOCTyMaeT B aKKyMYJISTOPHYIO Oarapero, a HMOCKOJIBKY
6atapess HaXOAUTCS B Pa3psDKEHHOM COCTOSHUH, B HEE MOCTYMAeT 3apsiAHBIA TOK Oombuioi cuuel. [ig obecnieueHus
TaKOM CHJIBI 3apAJHOTO TOKa T'eHepaTop paboTaeT ¢ TOKOM BO30Y>KACHUS MaKCUMaJIbHON cuibl. Ecinu mpu TaHHOM pe-
XKHUMe paboThl TeHepaTopa Mo Kakon-mmbo npuduHe (HalpuMep, n3-3a HapyIICHHUs] KOHTaKTa) MPOU30HUIET OTKIIIOYCHUE
aKKyMYJISITOpHOM 6atapen oT OOPTOBOM CETH, TO 3TO BBI30OBET PE3KOE YMEHBIIIEHHE CHIIBI TOKa Harpy3KH reHeparopa.
BcenencrBue cpaBHHTENHHO OOJBIION 3JICKTPOMAarHUTHON ITIOCTOSHHON BpPEMEHM IIETIM BO30YXKIEHHUsS TeHepaTopa
pEryiIsaTOp HANpsDKEHUS F€HEpaTopa HE CMOXKET OJHOBPEMEHHO CO CHIKEHHEM CHJIBI TOKa HArpy3Kd reHeparopa
YMEHBIIUTH CHITy TOKa BO30YXJICHMS Ul COXpaHEHHs B 33/IaHHBIX Npe/enax; HalupspDKeHHs reHepatopa. B pesymnberare
MIPOM30HeT OBICTPOE YBEIMUCHNE HANPSDKEHHSI TeHEpPaTopa, KOTOPOe NMPH 0c000 HEOIArONpHUSTHBIX YCIOBHAX MOXKET
nocturHyTh 150 — 200 B, a npoaoKuTeIbHOCTh IEHCTBUS 3TOro HanpspkeHust coctaBut 100 — 200 mc.

3HaYNTeIbHBIE MEPEHANPSDKEHNS B LEIMAX MUTAHMUS MOTYT BO3HHUKHYTH HE TOJIFKO NPH BHE3AITHOM OTKIIOYEHUH
aKKyMYJISITOpHOW Oarapen, HO M B TeX CiIydasxX, KOT/Ia JBHTATelNb pabOTaeT C OTKIIOYEHHOW aKKyMYJISTOPHOM
Garapeeii, a K OOPTOBOH CETH MOIKIIOUECH HMOTPEOUTEH SIEKTPOIHEPTHH C M3MEHSIONIEHCS B 3HAUNTENFHBIX TIpeieax
CHWIION TOKa Harpy3ku. TakuMm moTpeOuTeneM, HampuMmep, SBISTIOTCS NMPHUOOPHI aBapWtHON CTOSHOYHOH CBETOBOM
CHUTHANM3ALUH, IPH paboTe KOTOPOH MPOMCXOANT MEPUOIUIECKOE BKIIIOYCHHE M BBIKIIOYCHNE MOIIHBIX CHUTHAIBHBIX
JIaMTI, B pe3yJIbTaTe Yero cuja TOKa Harpy3Ku TeHepaTopa MpakTHIecKd CKauKooOpa3Ho u3Mensercs Ha 15 — 20 A.

Hdnst Toro 4roOBl TNPEJOXpPaHUTH 3JIEKTPOHHYIO almnaparypy OT BO3ACHCTBUS yKa3aHHBIX IE€peHaNpsHKeHUH,
MPUMEHSIOT pa3lIMuHble CIIOCOO0bI 3amMThl. OIHUM W3 CHOCOOOB SIBJISETCS IMOJKIIOYEHHE MEXIY MOJIOKHUTEIbHBIM
MOJTIOCOM OOpPTOBOW CETH M Maccoil aBTOMOOWIS MOIIHOTO CTaOWJIMTPOHA C OMOPHBIM HampspkeHWeM Ha 4 — 6 B
6oJIbIlIe MAKCHUMaJILHOTO HAIPsHKEHHUs: 00pTOBOH ceTn. MHOTAa mocineoBaTenbHO ¢ TAKUM CTAOMIIMTPOHOM BKITIOUAIOT
TOKOOT'PaHWYMBAIONINKA PE3UCTOP ¢ HEOONBIINM CONPOTHBICHUEM (OKOJIO JecsAThIX aosieii oma). Ilpm Takom
MOJKJIIOYEHNH CTaOMIIMTPOHA B MEPHOA JIEHCTBHS MMITYJIbCOB HANpsDKEHHs Yepe3 Hero OyIyT MPOXOJUTh KOPOTKHE



UMITyJIbCBI CHJIBI TOKa C aMIUIMTYAOH OKOJIO HECKONBKHX aMIlep, a aMIUINTyJa HMITyJbCOB HANpsDKCHHS Oymer
CHWXATbhCsI 10 3HAYEHUS, pABHOTO OTIOPHOMY HAIPsDKEHUIO cTabunuTpoHa (puc. 1,6).

CylIecTBeHHBIM HEIOCTAaTKOM JAHHOTO CToco0a 3amuThl OOPTOBOH CETH W TOJKIIOYCHHON K HEH JJCKTPOHHOM
anmapaTypbl OT MEPEHANPSKCHUH SIBISETCS HEOOXOAMMOCTH HCHONB30BAHUS CTAOMIMTPOHOB C JOITYCKacMOW
UMITyJIbCHOH MOIIHOCTBIO PAacCEsHHs TOpPsIKa IECATKOB BATT, KOTOpPas BBIACISECTCS B CTAOWINTPOHE B MOMEHT
MIPOXOXKICHUS Yepe3 HEro UMITyIbcoB ToKa. Ciemyer, OHAaKO, UMETh B BHIY, YTO BCIEICTBHE MAJOH UINTEIHHOCTH
UMITYJIbCOB CPEIHSsSE MOIIHOCTH paccesHHs B CTaOWIMTpOHE OKasblBaeTcs HeOombIoi (equHunbl Batr). Takyro
JIOITYCTHMYIO CPETHIOI0 MOILITHOCTh PacCestHUS UMEIOT cTabminTponsl Turos J[815, J1816.

Bonee 3¢ ¢exTuBHBIM, HO OJHOBPEMEHHO M OOJiee CIOXKHBIM, SIBISICTCS METOJ 3alUThl OT MNEepPEHANPSHKEHHS,
OCYIIECTBIISICMbIH MPHU TOJKIIOUCHNU K OOPTOBOI ceTH OayutacTHOM Harpy3ku (15 — 20 A), kak TOJNBKO HaNpspKEHHE B
Hel TPEeBBICUT 3aJaHHbII npesen. B 3ToM cityyae NpakTH4ecKH BCS MOIHOCTH PAcCEstHUS BBIIENSETCS B 0asIaCTHOM
pe3ucTope, a MONYNPOBOJHHUKOBBI MPUOOp (THPUCTOP WJIM TPAH3UCTOP) SBISACTCS TOJBKO KOMMYTHUPYIOLIHM
aneMeHTOM. BcenencTBue mMoAKIIOYeHHsT K OOPTOBOM CETH MOIIMHOW OallacTHONW HArpy3KH IMpeaoTBpamaeTcs cOpoc
Harpy3Ky T€HepaTopa U TeM CaMbIM yCTpPaHSETCS NPUYHHA MOSABJICHHS NIEPEHANPSHIKEHIH. BBUTy OTHOCHTENBEHO KOPOT-
KHX MEPHOAOB NEHCTBHS NMEPEHANPSHKEHUH OaTacTHBIA PE3UCTOP MOXKET OBITh PACCUUTAH HE HA IOJHYI0 MOIIHOCTBH
paccestHUS, a KOMMYTHPYIOUIMH 3JEMEHT MOXET OBITh BBIOpAaH, HMCXOAA M3 MAKCHMAaJIbHO [OMYCKacMOW CHIIBI
HMITyJIbCHOTO TOKa Harpy3ku. OJJHAKO U C y4ETOM 3TOTO ONHCAHHBIM CIIOCO0 3aIIUTHI OT MIEpEHANPSKEHIH TpeOyeT uc-
MIOJTb30BAHNS AIAPATYPHI CPABHUTEIBEHO OOJBIINX Pa3MEPOB, YTO OTPAHMIMBAET 00IACTH €T0 NPUMEHEHNSI.

Eme ogHuM crocoOoM 3aIllUTHI SIBJISETCS HCIOJIB30BAaHUE TOKOOTIPa-HUYHMBAIOIIUX PE3UCTOPOB U CTAOMIMTPOHOB
JUISL 3aIIUTHI TOJBKO MaJOMOLIHBIX 3JEMEHTOB almapaTypbl yHpaBiieHHs (C Majlod CHJION MOTpe0JseMOoro Toka) B
COUETAaHMU C YCTAaHOBKOM B CHJOBBIX LEISX almapaTypbl KOMMYTHPYIOIIMX YCTPONCTB, HMEIOIIHUX BBICOKOE
JonycTuMoe pabodee HampspkeHue. [Ipu Takom criocoOe 3alyThl B Cly4ae yBEIUUYSHUS HANPSHKEHUS B OOPTOBOW ceTH
BBIIIC 3aJJAHHOTO TIpefena uepe3 TOKOOTPAaHHMUMBAIOIIMN pPE3HCTOP B IEMM MUTAHUS MAaJOMOIIHBIX 3JEMEHTOB
anmapaTypbl NPOXOMUT TOK YBEIWYEHHOW CHIBI (BCIEACTBHE AaBTOMATHYECKOTO BKIIOYCHMS CTaOMIMTpOHA). B
pe3ynbTaTe pe3KO BO3PACTaeT TNAICHUE HANMPSHKECHUS B YKa3aHHOM TOKOOTPAaHWYMBAIONIEM PE3UCTOpE, UYTO
MPEA0XpaHsIeT MAJTOMOIIHYIO aIllapaTypy OT MepeHANPSKESHUH.

ITpu Takom crocobe 3amMTHl TAaKKe YCIICITHO penraeTcs MpodieMa COXpaHeHHs paboTOCHOCOOHOCTH 3JIEMEHTOB
CHJIOBOW IIETIH, TTOCKOJIBKY B HACTOSAIIEE BPEMS NMPOMBIIUICHHOCTD BBIITYCKAET PSA MOJENEH CHIIOBBIX TPAH3UCTOPOB C
BBICOKHMM HaIIPSHKEHUEM B COYETAHWH ¢ HU3KUM HaNpsDKCHHEM HACBHIIIEHHS, HEOOXOIUMBIM ISl 00ECTICYEHUS BRICOKHX
IoKasatesel 3JIeKTPOHHOM anmapaTypshl.

WCHOJIHUTEJBHBIE U KOMAHJHBIE YCTPOUCTBA
QJEKTPOHHBIX CUCTEM

JIro6oit aBTOMATHYECCKHI WM ITONyaBTOMATHYECKUH arperar aBTOMOOWIISI COACPXKUT CHJIOBOM HCIIONHHUTEIbHBII
MEXaHHM3M U CUCTEMY yIpaBlIeHUs UM. B 3aBUCUMOCTH OT HaW4Ms B aBTOMOOMIIE TOTO MJIM HHOTO UCTOYHHUKA YHEPTHH
WCTIOJTHUTENIbHbIE MEXaHHU3Mbl BBIMOJHAIOTCS C MHEBMATHYECKUM, THUAPABINYECKUM, DJICKTPOMEXAHUYECKUM WIIH
3JIEKTPOMArHUTHBIM MIPUBOJIOM.

IIpu wucnonp30BaHWMU [JIs1 YOPABICHHUS HWCHOJHUTENBHBIMU MEXaHU3MaMHU JJEKTPOHHBIX CHUCTEM aBTOMATHKH
CBSI3YIOIMMU 3JIEMEHTaMH MEX]y BBIXOJHBIMH IEMSIMHU UX AJIEKTPOHHBIX OJIOKOB U MCIIOJHUTENbHBIMUA YCTPOHCTBAMU
SIBIIICTCS KOMaHTHAsI SJIEKTPOMAarHUTHAS MK 3JICKTPOMEXaHUYeCKasl aliaparypa YIpaBiICHUS pa3IHdHOTO BU/IA.

Hambonee mupokoe NpuMeHEHHE B aBTOMOOWISX HANUIM HWCHONHHUTEIBHBIE MEXaHWU3MBI C THIPABIMYECKUM
MIPUBOJIOM, TUITHYHBIM ITPAUMEPOM KOTOPHIX SABIITIOTCS THAPOUIHHAPHI BKIFOUSHHS (PPUKIMOHOB THAPOMEXaHUIECKOM
nepegaun (I'MII). YmparieHHe 3TUMH OWIHHIPAMHU OCYIICCTBISIETCS C IOMOIIBIO KIAITAHOB WM 30JIOTHUKOBBIX
YCTPOWCTB, Ha KOTOpPBIC B CIyd4ae MPUMEHEHHS JJICKTPOHHOW cucTeMbl yrnpasieHuss [MII oOb9HO BO3IEHCTBYIOT
KOMaHHbIE PUBOIHBIE JIEKTPOMArHUTHI [§, 33].

[IpumepoM UCHOTHUTETHLHOTO MEXaHW3Ma C [MHEBMAaTHYECKUM CHIIOBBIM TIPUBOJIOM SIBJIIETCS YCTPOMCTBO
MIEPEKITIOUYECHUS CTYIIeHEH MEeXaHWYeCKOW KOPOOKHM mepeaad, B KOTOPOM JIIsl MEepEMENICHUs TEPEKIII0YAIOIINX BHIOK
KOPOOKH HCIOJIL3YIOT MHEBMOIMIIMHPEI, YIIPABIsSEMbIe KJIAlaHHBIM MEXaHU3MOM C JJIEKTPOMAaTrHUTHBIM TMPHBOJOM
knanaHoB. HeoOxonumasi MOCIIeOBaTEIbHOCTh PAOOTHI AJIEKTPOMATHUTOB OOECTEUMBACTCS JJICKTPUUISCKOW WU
3JIEKTPOHHOM CHUCTEMOW aBTOMATHUKH.

HcronHUTENbHBIE MEXaHM3MBI C JJIGKTPOMEXaHWUYECKHM WM SJEKTPOMATHUTHBIM TPUBOJIOM BCIEACTBHE WX
HEYJIOBJIETBOPUTEIBHBIX MAaCCOBBIX IMOKa3aTejed MPUMEHSIOTCS B OCHOBHOM JJIsi BO3JEUCTBUSI Ha TaKHE arperarsl,
yIpaBJICHUE KOTOPBIMU HE TpeOyeT co3MaHusl OONBIINX YCHUIINH B TIPUBOJIC. DTH UCIIOTHUTEIFHBIC MEXaHU3MBI, B 4aCT-
HOCTH, MOTYT OBITh HCIIOJIb30BaHbI I YIPABJICHUS y3JIAMU TOIUIMBO-TIONAYH JBHTATeNcH (HApUMep, APOCCEIbHOM
3acJOHKOW KapOropatopa). OHH TakKe KOHKYPEHTOCIIOCOOHBI C HCHOJHHUTCIFHBIMH MEXaHU3MaMH, HMEIOIINMU
MMHEBMATUYCCKAN WIIM THIPABIMYCCKUI MPHUBOJ, B CUCTEMAaX MEPEKIIOUYCHHUS Mepead JISTKOBBIX aBTOMOOMIeH 0co00
Majoro M Maloro kimaccoB. Hanuuue 31eKTpOMEXaHHYECKOrO TMpPHUBOJA B  HCIOJIHUTEIBHOM MEXaHU3MeE
MpeonpeaeNsieT U CHUCTEMY YIPABJICHUS WM, KOTOPYIO BBITIONHSIOT C JJIEKTPOMATHUTHBIM, JJIEKTPUYCCKUMH |
9JIEKTPOHHBIMU dJIEMEHTAMHU aBTOMATHKH.

B Tex ciydasx, Korja KiamaH Wi 30JJOTHUKOBOE YCTPOHUCTBO YIIPABJICHUS UCTIOTHUTEILHBIM MEXaHU3MOM JOJKHBI
AMETh TOJIBKO JIBA TOJIOKEHUS (OTKPBITHI WIIM 3aKPBITHI), JUIS UX MPHUBOAA OOBIYHO HCIIOJIB3YIOT IJIEKTPOMATHUTHI C



BTSTUBAIOLIMMCS  SIKOPEM, HMEIOIIME [CHTPAJIbHBI HEMOJBHKHBIA cepAedHUK. KOHIBI SKOpST U IEHTPabHOTO
cepAevyHUKa MMEIOT (OPMY YCEUEHHOrO KOHyca. Takas KOHCTPYKIMS DJICKTpOMAarHurta OO0eclevHuBaeT MOJIyueHHe
HanOOJBIIIETO TATOBOTO YCHIIWS TI0 CPABHEHUIO C JICKTPOMArHUTaMH APYTUX KOHCTPYKTHBHBIX HCITOJIHEHUH [28].
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Puc. 2. J3nekTpomMarHuT cnegsiero [A[EeACTBUA ANs npuBoAa [POCCENbHOW  3aCrOHKM
KapOropaTopa u 3aBMCUMOCTb Xoaa | sskops oT Toka | B o6moTKe:

1 — BLIBOAHOW NPOBOA OOMOTKM; 2 — KOopnyc; 3 — BO3BpaTHasi NpyXuHa; 4 — nepegHun nosoc;
5 — yexon; 6 — wWTOK; 7 — 0OMOTKA; 8 — UeHTpupyrowas BTysKa; 9 — 3agHun nontoc; 10 — AKopb;
11 — membpaHa gemndepa; 12 — KpbliLLKa

OpHAKO SJEKTPOMArHHUT C IEHTPAJIHHBIM HETIOJBIKHBIM CEPACYHUKOM BCJIEICTBHE HAIWYHS Y HEro TOJIBKO JBYX
YCTOMUYMBBIX ITOJIOKEHHUH SKOPS HE MOKET OBITH MCIIONB30BaH B CUCTEMaX PEryIHPOBaHUs, Il TpeOyeTcs IOCTeneHHOoe
IepeMeIeHne SKOpsS B 3aBUCHMOCTH OT YIPaBJLIIONIETO CHTHAjda. B 3TOM ciydae BO3HHKAeT HEOOXOIMMOCTh MPHMe-
HEHHS JJIEKTPOMArHUTOB TAaK HA3bIBAEMOTO CIENIAIIero ACWCTBUS (puc. 2,a), SKOPh KOTOPBIX MOXKET 3aHHMAaTh
pa3IUYHOE YCTOWYHMBOE ITOJIOKEHHE TPH MEPEMEIICHUH B 3aBUCHMOCTH OT CHUIBI TOKa, NMPOXOJIAIIET0 Yepe3 0OMOTKY
anekTpomarauta (puc. 2,6). DIEKTPOMAarHUTHl TAKOTO THUIA BBIMOIHSIOTCS JIMOO 0€3 IEeHTPaIbHOT'O HEIMOABIKHOTO
CepAeYHHKa, MO0 ¢ Pa3IMYHOrO BUJa MarHUTHBIMHK 1ryHTaMu (13, 28].

Pa3zpaboTaHbl BIEKTPOMAarHUTH CHEISINEr0 JEHCTBHS Uil ITIPUBOJA JIPOCCENBHOM 3aclIOHKHM B CHUCTEMax
OTPaHUYCHUS CKOPOCTH aBTOMOOWIS ¥ aBTOMATHYECKOTO yIpaBlieHHs mpuBogoM cueruieHus [1]. Tlpumepom
COBMECTHOTO NMPUMEHEHHS 3JIEKTPOMEXAaHUUYECKOTO U AJIEKTPOMArHUTHOTO UCIOIHUTENBHBIX YCTPOMCTB IS CO3AAHUS
aBTOMAaTU3MPOBAHHOM TPAaHCMHUCCHUHM JIETKOBOTO aBTOMOOWISA siBisieTcs cucrtema «PeHo-aBromatuk» (puc. 3).
VcnonHUTENBHBIA AIEKTPOMATHUT 3TOM CHUCTEMBI COEAHMHSCT TOJ3YHBI KOPOOKH Iepenad ¢ SJIEKTPOJBUTATEIIbHBIM



MPUBO/IOM, C TIOMOIIBI0 KOTOPOTO OCYIIECTBIIETCS IEpeMeIleHre TOo3yHa, Tpedyemoe [Uid BKIFOUEHHS
COOTBETCTBYIOIIEH ITepeadn.

Puc. 3. Cxema aneKkTpoMexaHU4YeCKOro UCNOJIHUTENIbHOrO YCTPOMCTBA NMepeKknoveHusa nepepay
cuctembl «PeHO-aBTOMaTUK»:

1 — anekTpoaBuUratesnb C 3J5IEKTPOMarHUTHbLIM TOPMO30M; 2 — BeAyLlan WecTepHs; 3 — BegomMoe
Koneco; 4 — Kynauok; 5 — ponuk; 6 — Bunka; 7 — Bo3BpaTHas NpyXwuHa cenektopa: 8 u 11 —
pblyarvu npusoaa nonsyHa; 9 n 10 — nons3yHbl BKIIIOYEHUS nepeapay; 12 — AKOpb 3rfieKTpoMarHuta
npuBoga cenekrtopa; 13 — cenekrop; 14 — o6MOTKa 3aneKTpoMarHmTa

MUKPOINPOLECCOPHbLIE CUCTEMbI YINPABJIEHUA

DJEeKTPOHHBIE CHCTEMBI YIPABJICHHs, CO3/laBaeMble Ha 0a3e TUCKPETHBIX 3JIEMEHTOB M MHTETPAIbHBIX MHKPOCXEM,
BBINTOJHAIOIMINX KaKy0-JIMOO OIpPEACIeHHYIO 3a1ady yNpaBICHUs, OTHOCATCS K CHCTEMaM C JKECTKOH JIOTHKOH, T. €.
ITOPUTM MX (YHKIMOHMPOBAHMS OIIPEJEISIETCS] CXEMOTEXHHUKON CHCTEMBI. Y MHKPOIIPOIECCOPHBIX CHCTEM TaKoe
OTPaHUYEHUE OTCYTCTBYET, T. €. IPH OJHOM U TOH K€ CTPYKTYpe JaHHBIE CHUCTEMBI MOTYT PEaIH30BbIBATE Pa3IHMYHbIE
aNrOPUTMBl YIPABICHUS BCIEJICTBHE COOTBETCTBYIOIIETO M3MEHEHUS 3allUCH KOMaHJ B JJIEMEHTaX MAMATU CHCTEMBI.
bnaromaps 3ToMy MHMKpONPOLECCOPHBIE CHCTEMBI 00pa3ylOT OCOOBIH KIAacC 3JEKTPOHHBIX CHUCTEM YIPaBICHHS H
00J1a1210T PSIIOM YHUKAJIBHBIX BO3MOKHOCTEH ¢ TOUKH 3PEHUS peaM3alliy CaMbIX CJIOXHBIX 3aJa4 ynpasienus [2, 19,
20, 36).

B mukpormnpoueccopHoii cucreme o0paboTka MH(MOpMaLUK BeieTcs B JABOMYHOM IudpoBoM koje. [loatomy Bce
MHOT000pa3ue MOCTYMNAIONNX B CHCTEMY CUI'HAJIOB OJDKHO OBITH CBEACHO K €IMHON ABOMYHOM KOJIOBOH CTPYKTYpE, T.
€. CTpyKType BHIA «Jiormdeckuii O» mmu «iornueckas 1». CUrHajgsl, HOCTYHAIOIINE B CUCTEMY YIPABJICHHS, MOXHO
YCIIOBHO pa3feTh Ha CIEAYIONINE IPYTIIHL:

CUTHANBl OT KOHTAKTHBIX MIM JAPYIMX JATYMKOB, MMEIOMIME TOIBKO JABAa BO3MOXKHBIX COCTOSIHUS — OTKPBIT
(«wrornaeckas 1») u 3akphIT («dormaecKuit O»);

CUTHANBI OT TEPMUHAIBHOTIO YCTPOMICTBA, T. €. OT 2JIEMEHTOB CUCTEMBI, Ha KOTOPbIE BO3AECHCTBYET BOJUTEND IS
KOPPEKTHPOBAHMS JIEHCTBUSL CHUCTEMBI YNpaBieHUS (HAaIpUMep, NaTYMK IOJIOKEHWS TEAali YNpaBieHUs Iojaden
TOIUIMBA JINOO KOHTpoJuIep ynpasieHus). K 3Toi rpymme MoryT ObITh OTHECEHBI M Pa3JIMuHbIE 3aIIPOChl HA MHIMKALHIO
COCTOSIHUS T€X MJIM MHBIX YJIEMEHTOB CUCTEMBI YIIPABICHHUS;

nHpOpMaUsA O pEKUMax pabOTHl arperaroB aBTOMOOWISA (TeMIepaTypa V3JI0B, MX HArpy304HBIN PEeXnM,
HampspKeHHe OOPTOBOM CETH, YaCTOTHI BPALIICHHS BAJIOB JIBUTATENS M TPAHCMHUCCHH H JIp.).

[Ipeobpa3oBanue pa3MTUYHBIX CHUTHAIOB B TpeOyemblii mx BuA (Iu(pOBOI KOm) I mociexyiomeld obpaboTku
HeHTpansHbIM mporieccopoM (LIITY) BEIMOMHAIOT peABapUTEIbHBIE YCTPOWCTBA, K KOTOPHIM MOXHO OTHECTH aHAJIOTO-
mudpossie (ALIT) n mudpoananorossie (LIAIT) npeoGpazoBaTeny, mpeodpa3oBarenu yacToTsl B Hanpsokerune (ITYH).
ATl npumeHsIoT A7 MpeoOpa3oBaHUS HENPEPHIBHOTO JHHEHHOTO CHTHAjJa JATYMKOB TEMIEpaTypbl, JaBICHHUSA,
HarnpspkeHus B mudposoit kox, a LIAIl — st o6paTHOro npeodpaszoBanust. [IpeoOpazoBanue 4acTOT BpalleHNs BajloB
B KOJI MOXKET IPOUCXOANTH Kak 4depe3 npomexytounsiidi [IYH ¢ mocienyronuM npeoOpa3oBaHHeM HalpsDKEHUS B KO,
raK M IIyTeM HENOCPEJCTBEHHOTO NMpeo0pa3oBaHMs 4acTOThl B KOJ. [ KOHTAKTHBIX NaTYMKOB IpeoOpa3oBaHUs HE
TpebyeTcsi, TaK KaK UX BBIXOJHOM CHI'HaJI MMEET YPOBEHb, COOTBETCTBYIOIUH HIIM COCTOSIHUIO «JIorniyeckoro O», nim
«iornyeckoi 1». CurHaisl TEpMHHAJIBHOTO YCTPOMCTBA YK€, Kak NPaBUIIO, UMEIOT HEOOXOMUMYIO Ui 00paboTKu
IIPOLIECCOPOM CTPYKTYPY ¥ NO3TOMY JAJIbHEHIIIETro MpeoOpa3oBaHust He TPEOYIOT.



Bce curHanel OT BHENIHMX MCTOYHHKOB, MPEe0Opa30BaHHBIE K €IMHOMY BHAY, IOCTYNAIOT Ha MHTepQeic BBOAA-
BBIBOJIA, KOTOPBII MOXET BXOAMTb B COCTaB MHMKPOCXEMBI NPOLECCOpPA WM BBIIOIHATBCS B BUAE OTIEIBHBIX
2JIEMEHTOB. Y CTPOHCTBO BBOAA-BBIBOAA 00ECTIeUnBaeT COBMECTHYIO paboTy IIITY u Bcex Apyrux yCTpOWCTB CHCTEMBI,
SBIIIOIINUXCS 110 oTHOomeHUIo K L{ITY BHENTHIM™.

PaGota ¢ BHENITHNMH yCTPOWCTBAMH BBINIOJIHACTCS JIMOO MO0 METOXY MEPHOJUYECKOTO ONPOCa UX COCTOSHHS, JINOO
MIOCPEACTBOM OpTaHM3aLMK CHUCTEMBbI IpepblBaHui 0T HuX. [Ipm pabore MmKpompoleccopa ¢ pealu3anueil CHCTEMBbI
IIPEPBIBAaHUM B HEM OCYLIECTBIIACTCS CIEAYIOLUIMM OPSAIOK ACHCTBUMN:

1) B MOMEHT, KOTIa OZHO U3 BHEIIHHUX YCTPOWCTB TOTOBO BBLAATh WIM NPUHATH OYEPEAHYI0 HMH(POPMAIMIO MU
OKa3aTh BO3IEWCTBHE Ha (YHKIIMOHHPOBAHUE CUCTEMbI ympaBiieHHs, oHO nocbutaer B LY curaan rotoBHOCTH
(3ampoc Ha npepbIBaHue);

2) NOJY4YMB CHTHAJ TFOTOBHOCTH OT BHEIIHero yctpoiictBa, LI1Y BHauane 3akaHUMBAET BBINOJIHEHHE TEKYIIEH
KOMaH/Ibl, a 3aTeM NPHUOCTAHABIMBAET BBINOJHEHUE ACUCTBUI, IPEIyCMOTPEHHBIX OCHOBHOM NMpOrpaMMOM, U BbIJAET
CHTHAJI TOTOBHOCTH HAa4aTh padOTy, CBA3aHHYIO C BOSHUKIIUM IIPEPhIBAHIEM (pa3pelIcHUE IPEphIBaHNA);

3) nmpu HaMMYUK 000MX YKa3aHHBIX CHTHAJIOB TOTOBHOCTH IPOUCXOIUT 00pabOTKa MPEepBIBaHUSA, T. €. BHIIIOIHCHHIE
MOIPOTrPaMMBI, IPEAYCMOTPEHHOH 3aIpOCOM JAHHOTO BHEIIHETO YCTPOWCTBA;

4) ecm Bo Bpems pemenns LITY Texymied 3agadun cUTHAaM TOTOBHOCTH IPHUCIIAIA HECKOJIBKO BHEITHUX YCTPOUCTB,
TO TepBod OyaeT mpuHATa Ui 00pabOTKM WM BbHaHAa HWHGOPMAIWA BHEIIHEMY YCTPOWCTBY CO CTapIINM
MPUOPHUTETOM. YPOBEHb NPHOPUTETHOCTH BHEIIHUX YCTPOWCTB 3aJacTCs MO0 NMPH MPOEKTUPOBAHHM CHCTEMBI, THOO
3aKJIa/IbIBACTCS B IPOrpamMMmy.

Hanee oOpaOaTbiBaeTcss MHPOpMAIMs BHEUIHUX YCTPOMCTB C OYEPEIHOCTBIO, ONPEESeMON CTapIIMHCTBOM HX
npuoputera. Yncio rpajanuii crapiiviHCTBa IPUOPUTETOB (Tak Ha3blBaeMasl TTyOWHA MpEphIBAHUI) 3aBHCUT OT THIIA
MUKporpoleccopa. OHa konebnercs ot 2 10 8 u 6oJee.

Jnst obecrieueHuss pabOThl MUKPOIIPOIIECCOPHON CHUCTEMBI YIpaBJICHHS B peaibHOM Macuitabe BpeMEHH, T. €. C
BbIJaueil HEOOXOIMMBIX KOMaH[ B ONpPECICHHBIC IIEPHOIBI BPEMEHH, B €€ COCTaB BBOJST TaiMep, KOTOPHIH OOBIYHO
BBIIIOJHAIOT B BHJE OTACIBHONH HHTETpaJbHOW MHUKPOCXEMBI. [loydnB ympaBisromlylo KoMmaHay (ympasisiolee
CJIOBO), TaMep (OPMHUPYET OIPEACICHHYIO IOCIEeI0BAaTEIbHOCTh BPEMEHHBIX CHUTHaNOB. K WHCIy Takux, HampuMep,
OTHOCHTCS JICICHHE TaKTOBOW 4acTOTHI, (POPMHUPOBAHHWE CIMHUYHBIX MUMITYJIbCOB (PEXHUM OXHOBHOpATOpa), a TaKkKe
pa3NYHBIX KOMOHMHAIMK MMITyiIbcoB. CHTHAJIBI OT TaliMepa Hapsoy C CHTHAJIAMHM OT IPYIMX BHEIIHHX YCTPOHCTB
nocrynmator B LIIY, rme B COOTBETCTBHM C 3aJIOKCHHBIMH AITOPUTMaMH IIPOMCXOMAT BCE HEOOXOAMMBIE
peoOpa3oBaHus U BEIUMCICHUS U BbIAAaeTCs pelieHre. TakuM pelieHneM MOXKeT ObITh, HallpuMep, HOMep BKII0OYaeMoit
nepeaayy, TpeOOBaHUE BBIKIIOUCHNS CICTIIICHUS, CTEIIeHb OTKPBITUS IPOCCEIBHOMN 3aCIOHKH.

Hus paboter LIITY mMOCTOSHHO TpeOYIOTCSI MOMOJHUTENBHBIC CBEACHHSA, PA3JIMYHbIC KOHCTAHTHI, a TaKKe
HEOO0XOIMMO BPEMECHHOE XpaHCHHE MPOMEKYyTOUHOH uH(popMaiuu. Otu nanueie 1{I1Y monaydaer oT 3amOMHHAIONINX
ycrpoiictB (3Y) cucrembl. [l mpuema, XpaHEHHS M BBIJAaUYd BCEBO3MOXKHBIX MPOMEXKYTOUYHBIX TAHHBIX, a TaKKe
CBEJICHUH O TEKYILEM COCTOSHHU DJIEMEHTOB, T. €. BCeH TOM MH(pOpMAaIMU, KOTOpas U3MEHseTCsl B Tpolecce paboTsl
MHKPOIIPOIIECCOPHOI CUCTEMBI YIIPaBIICHU, UCTIONB3YETCs OllepaTUBHOE 3aroMuHaloee ycrpoictso (O3VY).

Jnst xpaneHus MHGOPMALMH, KOTOpasi HE M3MEHsETCs IpH padoTe MUKPOIPOLIECCopa, a TaKKe 3allUCH alropHUTMa
(YHKIIMOHMPOBAHUSI CHCTEMBI IPUMEHSIOTCS TOCTOSIHHBIE 3amoMuHamonine ycrpoiictBa (I13Y) pasmmunoro Twuma.
Haunbonee Huskywo crommocts umeror I13Y (ROM), nmporpamMma B KOTOpBIC 3alUCBIBACTCS NPH HMX W3TOTOBJICHHH.
Takue ycTpoicTBa MPUMEHSIOTCS IPU MaCCOBOM H3TOTOBICHUU MUKPOIIPOLECCOPHBIX CHCTEM.

B nporpammupyembie 3anmomunarotiue ycrpoiicrsa I[I13Y (PROM) 3anuch mporpaMmbl MOKET ObITh OCYIIECTBICHA
U TOcJie MX M3TOTOBJIEHHUS Ha 3aBoje. I[1o3ToMy maHHBIE yCTpOMCTBA IEJIECO00pa3HO MPUMEHSATh IPH HW3TOTOBICHUH
OTHOCHTEJIBHO HEOOJBININX Cephil MUKPOIPOIIECCOPHBIX CHCTEM YIpaBJIECHHUS, 0COOEHHO €CIM B MPOLECCE MX BBIITyCKa
MOJKET BO3HHUKHYTh HEOOXOIMMOCTb KOPPEKTHPOBAHHS aITOPUTMA YIIPABICHHUS.

B pemporpammupyembie 3amomuHatomme ycrpoiictea PII3Y (EPROM) mporpamma MokeT ObITh 3ammcaHa
HECKOJIbKO pa3. OJHAKO 3TH yCTPOHCTBa MMEIOT 00jiee BBICOKYIO CTOMMOCTh, YeM [I13V u IIII3Y. [Tostomy PII3Y B
OCHOBHOM II€JIECO00pa3HO MPUMEHATH TOJIBKO HA CTAANH OTIAJOYHBIX PadOT MO0 MUKPOIPOLIECCOPHBIM CHCTEMaM.

JUis cBsI3M MEXAy BBIXOJAMHU MHKPOIPOLECCOpPAa M HUCIOJHUTEIBHBIMUA YCTPOMCTBAMHU CUCTEMBI YIPaBJICHUS
UCTIONB3YIOTCS YCHIINTEIN CUTHAIOB MIIM KOMMYTAIIMOHHBIE AJIEMEHTHI (CHIIOBBIE LIETIN).

MHUKpONpOLIECCOPHBIE CHCTEMBI OTIMYAIOTCS OONBIIMM pa3HOOOpa3ueM C TOYKH 3PEHUS] NPUMEHEHHBIX THUIIOB
YCTPOMCTB M MX XapaKTEePUCTHUK. Tak, pa3psiIHOCTH CJIOBA, T. €. YHCIO OAHOBPEMEHHO 00padaThIBaeMbIX pa3psioB,
coctaisieT 4 — 16 OWT, TAKTOBask 4YaCTOTa — OT OJIHOTO J0 HECKOJBKHX Merarepll, YucjIo YpOBHEH NpephIBaHus 2 —
8, 06beM O3Y — ot 128 Gaiit 10 Heckombkux Kuinobait, oowem 13V u IIII3Y — Heckonbko kumobavt. Hanpumep,
oowvem II3Y cucremsr ympasneHus ABHTaTeneM M TpaHcmuccueit «Toiiota» cocraBmser 7,5 xb6ait, odpem IIII3Y
CHUCTEMBI ynpaBlieHus creruienneM «®uat»y — 2 x6aiit. B kadectBe LIITY MOTryT MCMONB30BaThCS KAaK CHEIMATbHBIC
MHKpPOIPOIIeCCOpHI (Hampumep, B cucteMme «ToioTay), Tak u cepuitaeie [37, 40, 41].

Oco00 TmepcreKTUBHBIM  ABISETCA TPUMEHEHHE B CHCTEMax yNpaBJIEHUS arperaTaMd  aBTOMOOWIEH
omHOKpUCTATEHEIX OBM. B coctaB Takoit DBM, BBHINMOIHEHHON B BUAEC OJHOW HHTETPAIBHONH CXEMBI, BXOJMST
LEHTPAIBHBIN MPOIIeCCOp, TeHEepaTop TaKTOBBIX MMITyiIbcoB, O3V, mHTepdeiic BBoIa-BbIBOAA, TaiiMep, KOHTPOJLIED
NpepbIBaHNN, a TakXke Kakoe-TM0O M3 MOCTOSHHBIX 3anoMuHaromux ycrporcts (I13Y, IMMI3Y wm PII3Y c
yIbTpadHOIETOBOM CHCTEMOW CTHpaHMs mporpammbl). YacTo B cocraBe OJHOM cepuM OAHOKpHCTaIbHBIX DBM
BBIITyCKAIOT Mojudukanuu ¢ pasnnuHbiMu  Bapuantamu [13Y. OCHOBHBIM NpPEMMYIIECTBOM HPUMEHEHHS
OJHOKpHUCTanbHOH DBM sBisieTcst BO3MOXKHOCTD 3HAUNTEIBHOTO COKPAIIEHHS YHCIIA HHTETPAIBHBIX MUKpOCXeM, 00pa-



3YIOMHX CHCTeMy yrpaBieHus. OnHokpuctaabHas DBM B 3aBUCHMOCTH OT CTPYKTYPBI MEKPOTIPOLIECCOPHON CHCTEMBI
yIpaBieHUs] MOXKeT 3aMeHuTh 5 — 10 KOpIyCOB MHTErpalbHBIX MHKPOCXEM, YTO MOMHMO YMEHbIIEHHS Pa3MepOB
amnmaparypbl ymnpaBlieHHs 00eCIeYMBaeT W CYIIECTBEHHOE ITOBBIIICHHE €€ HAJEKHOCTH B PE3yJbTaTe COKpAIICHUSI
BHEITHUX COCIMHEHHUI MEXIy KOPITyCaMH MUKPOCXEM.
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Puc. 4. CtpykTypHass cxema MWKPOMNpPOLLECCOPHOM CUCTEMbl aBTOMAaTM4YeCKOro yrnpaBJieHus
nepekniovyeHnem nepepgady (Ha 6ase komnnekra mukpocxem cepum KP580)

Ha puc. 4 npuBeneHa CTpyKTypHas CXe€Ma CHCTEMBl aBTOMAaTHYECKOTO YMIPAaBJICHUS IMEPEKIIOYEHHEM Ieperad,
OCHOBaHHasl Ha MPUMEHEHUH MUKPOCXEM, BXOASILIMX B COCTaB MUKpomIpoueccopHoro komiuiekta cepun KP580 [3, 5].
Ha BxoJ cucTeMBl MOAAIOTCS CHUTHANBI OT JATYMKOB CKOPOCTH aBTOMOOMIIS M 4acTOTHI BPAICHMS KOJEHYATOro BaJsia
JIBUTATEJISl, TEMIIEPATyphl ABUTATENs, 3arPY3KH aBTOMOOMIISI M ., a TaKKe KOMaHpbl, MOCTYIAIOIINE OT annapaTypsl
yIpaBJieHUs,, Ha KOTOpPbIE BO3JECHCTBYET BOJMTENb (HANpHUMeEp, NATYMK MOJIOKEHMS NEIaiy YIpaBiIeHHs Nomaden
TOILINBA, KOHTPOJIJIEP YNPAaBIIEHUs, 3alIPOChl HA MHAMKALMIO COCTOSHMS T€X WM MHBIX YCTPOWCTB YNpPaBIICHUs WIN
ToKazaresiei JBuraresns 1 KopoOKH mepenay).

Ilepen mocTymieHneM B COOCTBEHHO MHKPOIPOLIECCOPHYIO CHCTEMY YIpPaBJIEHHUS BCE 3TH CHUTHANBI 0053aTEIBHO
peoOpa3yroTcsl B YUCIOBOH KOJ C MOMOIIBIO COOTBETCTBYIONIIMX MpeoOpa3oBaTeneil (Hampumep, aHaIoro-I(ppoBhIX
npeoOpa3oBareiieii, mpeodpa3oBaTeacii 4acToTa — KOJI U T. [I.), BXOJSIIUX B COCTaB 0yioka BBOa. MH(opMaius ot
O0oka BBOJa TocTymaer B cxemy uHTep(deiica. [Ipuuem B ciydae OGosbmioro o0bema HHPOPMAIUM TaKUX CXEM
nHTepgdeiica MoxeT ObITh HECKOJIBKO.

HITY paccmaTpuBaeMoil MHKPONPOLIECCOPHOM CUCTEMBI COCTOMT M3 TPEX MHKPOCXEM. bomblnas HMHTerpanbHas
cxema mukpomnpomeccopa tuna KPS80MK80A obGpabateiBaet Bcto mHpopManuto. Ee cBsi3b ¢ IIMHAME YIpPaBICHAS U
JAHHBIX OCYLIECTBIISIETCS] Yepe3 CHCTEMHBIN.KOHTPOIIEp — IIMHHBIA (OpMHUpPOBATENh, a (POPMUPOBAHHE TAKTOBBIX
TIOCJIEIOBATEILHOCTEH HMITYJIbCOB, HEoOXonmuMbIx it pabotsl BUC mukpomporeccopa, MPOUCXOIUT C HOMOIIBIO
reHeparopa, CTaOMIM3UPOBAaHHOTO KBapIleBEIM pe30HATOpoM. B 3aBucmMocty ot BeipabarsiBaeMbix LIITY curHama na
IIMHE YIIPaBJICHNUA U KOJa Ha IIHMHE agpeca B paboTy ¢ HUM BKIIOYAETCS TO WM HMHOE YCTPOWCTBO MHKPOIPOIIECCOPHOI
cucremsl. Hampumep, xorma LITY Beimaer Ha muHY aznpeca Koj, TpeOyeMBbId [UId aKTHBH3AIMH COOTBETCTBYIOIIETO
KaHama mHTepdelica, a Ha MKHY YIpaBIeHHUS MOJAeT CHTHAJ BBOJA, MHPOpPMALHUsA OT JAaHHOTO KaHaja WHTepdeiica
noctynaeT B LIITY mis mocnenyromei o00paboTKH.

B ciay4ae HE0OXOIUMOCTH aHAJTOTHIHBIM 00pa30M OCYIIECTBIIAETCS IM0/1a4a KOMaH I Ha 0OMeH MH(pOpMAI MeX 1y
HITY wu apyruMu 3JeMEHTaMH MHUKPOTPOIIECCOPHON cucTeMbl. Ilpu 3TOoM 1isi paboOThl € 3alMOMHUHAIONTUMH
ycrpoiictBamu LIITY BbITaeT Ha afpecHyo LIMHY ajgpec SYeWKH NaMsTH, a Ha IIUHY yNpaBlICHHs KOMaHIy «YTCHHUE
UIIH «3aTIUCh.

JAnst  (QyHKIMOHMPOBAHUS CHCTEMBI ABTOMATHYECKOTO YIPaBJICHHS MEPEKIIOYEHHEM Iiepeaud HeoOX0IuMo
MIPEAYCMOTPETh OBICTPOE M3MEHEHHE PEXHMMOB pabOThl CUCTEMBI B 3aBUCHMOCTH OT HEKOTOPHIX (akTopoB. K umciy
Takux (pakTOpOB MOKHO, HaIpUMeEP, OTHECTH OTKA3bl TEX WIM MHBIX JAATYMKOB, MPUBOJSIINE K CO3MaHUIO aBapHHHON
CUTYyallMM, HaJW4YMe 1032 TPU TOPMOXKEHHH aBTOMOOWJISI, HEIPENyCMOTPEHHbIE HM3MEHEHUs HANpPSDKCHHS HUTaHMS
CHUCTEMBI.

Jis Toro YTroOBI MHKpOIPOLIECCOpHAs CHCTEMa OIEPaTHBHO pearupoBajia Ha YKa3aHHBIE OTKIOHEHHUS OT
HOpMalbHOH paboTBl, B HEH HCIOJIB3YyeTCs CHCTeMa TpephIBaHWi, peajamsyemas ¢ IOMOINBI0 KOHTPOJLIEepa



npepsiBaHuid. K kakqoMy BXOIy MM K YaCTH BXOJIOB KOHTPOJLIEPA MPEPBIBAHUM MOABOAATCS CHUTHAJIBI OT BHEIIHUX
ycrpoiictB. Ilpyn mosiBIeHMHM Ha KakOM-MHOO M3 BXOJOB KOHTPOJUIEPA CHUTHANA C YPOBHEM, COOTBETCTBYIOLINM
COCTOSTHHIO «JIOTHIECKOU 1», OH MochIIaeT 1mo JIMHuM 3anpoca B L{ITY 3ampoc Ha nmpephiBaHue eTo pabOoThI 0 OCHOBHOU
mporpaMMe. B 3aBHCHMOCTM OT TOro, Ha KakOod H3 BXOJOB KOHTPOJJIEpa IOCTYNAaeT CHUTHAI C YpPOBHEM,
COOTBETCTBYIOIIIUM (JIOTHUECKOH 1», KOHTpoiiep moaroraBimBaeT wuHpopMmanmio LIIIY o ToMmM, Ha Kakyoo wu3
MOJNPOTPAMM €My cIeyeT nepeTH. Ecnm curHamsl ¢ ypoBHEM, COOTBETCTBYIOIINM «JIOTHYECKOH 1», OyayT momaHb
OJTHOBPEMEHHO Ha HECKOJBKO BXOJIOB KOHTpOJUIEpa, TO OH moaroraBnuBaeT aiust L{ITY undopmanuio o nepexone Ha
MOJIPOrpaMMy, IPEAYCMOTPEHHYIO CUTHAJIOM BHEIIHETO YCTPOUCTBA C CAMBIM CTapIIUM IPUOPUTETOM.

IIpu mocTymuieHun 3ampoca OT KOHTposulepa Ha npepbiBanue L[IIY cHauana 3akaH4YMBaeT BBINOJIHEHHE TEKyIleH
KOMaH/Ibl, a 3aT€M BBLIAET Ha YIPABIAIOIIYIO IIMHY CUTHAN pa3pelleHHs NpephIBaHus, T. €. TOTOBHOCTh MEPexoaa OT
OCHOBHOH IporpaMmsl K noanporpamme. [locie storo kontposiep unpopmupyer LIV, Ha kakyro n3 noamnporpamm
eMy cineayer nepedtd. Ilo OkoH4WaHMM BBINONHEHMs 3ToW moxmporpammbl L{ITY smbo mo curHamy KoHTpouiepa
IIPEpBIBaHMs EPEXOANUT HAa HOBYIO MOAMPOTrpaMMy, 3alIpoC Ha KOTOPYIO MOCTYHHI K KOHTPOJIIEPY OT CIEAYIOLIErO 10
CTApPUIIMHCTBY IIPUOPHUTETA BHEIIHETO YCTPOICTBA, JMOO NPH OTCYTCTBHM TaKHX 3allpOCOB BO3BpaIlaeTcs K
BBITOJIHEHUIO OCHOBHOW IIPOTPAMMBI.

Brinonnenue LIIY nmoamporpamm B NOpSAIKE, ONPEAETSEMOM CTApPIIMHCTBOM NPUOPUTETA BHELIHUX YCTPOMCTB,
o0ecrieunBacT NMEPBOOUEPEIHYIO PEaU3alnIo B CHCTEME YIPABICHUS NMEPEKITIOYCHUEM Tepead TaKUX YIPaBISEOIINX
BO3/ICIICTBHUH, KOTOpBIE SABIAIOTCA HanOOJee BaXKHBIMU ISl aBTOMOOWIIA. B 4acTHOCTH, cTapmiuM IPHOPUTETOM, Kak
MIPaBUJIO, OOJIAAAIOT BHEIIHHE YCTPOICTBA, CUTHAMU3UPYIOIIME O HEMOJIAJAKaX B CHUCTEME YIPaBJICHHS, MOTYIIHX
CO3/1aTh JUIS aBTOMOOWIISI aBapUIHYIO CUTYALHIO.

Muxkpocxema KoHTpomepa mnpepbiBannidi KPS80BHS9 nmeer BoceMb BXOAOB Ui MOAKIIOYEHHUS K BHEUTHUM
ycrpoiicTBaM. K 0IHOMY WJIM HECKOJBKMM K3 3THX BXOJOB MOTYT OBITh MOAKIIOUEHBI BHIXOABI TaiiMepa. Ecnu mpu
9TOM K BXOJaM TaliMepa MOJBECTH CUTHAJBI OT JaTYUKOB CKOPOCTH M YAaCTOTHI BPAIlICHHs, TO TAKOE CXEMHOE PEIIeHHe
MO3BOJINT ~ HMCKIIOYWTH M3 COCTaBa CHCTEMBI YIPABJICHHWS YacTOTHO-aHAJIOTOBBIE M aHAJIOTO-IH(poBbIe
peoOpa3oBaTey, MOCKOIbKY BBINOJIHIEMBIC UMM 33Jadll MOTYT OBITh PEIICHbI COBMECTHBIM JICHCTBHEM TalMepa H
OIry.

Taiimep MoOXeT OBITH TAaKXKE HCIIOJIB30BaH JUIA CO3JaHMSA IPOrpaMM MHKPOIIPOIECCOPHBIX CHCTEM YIPAaBIICHUS,
YCTOWYMBBIX K COOSIM IO BO3/ICHCTBHEM BHEUITHHX ITOMeX. B 3TOM cirydae TaiiMep MCHOIB3YyeTCs ATl IEPUOIMIECKOTO
KOHTPOJISl COCTOSIHUS 3JIEMEHTOB MHUKPOIPOLECCOPHBIX CHCTEM YIPABIEHHS, KOTOPOE 3aBUCHUT OT TOTO, MPABUIBHO JIU
(YHKIMOHUPYET CUCTEMa WIIN B HEH UMEIOT MECTO COOH.

IMocne Ttoro, kak IIIY 3akaHumBaer 0OpabOTKY COOTBETCTBYIOLIETO OObeMa WH(OpMalUWK, OH BBIAAET
YIPaBJISIONIYI0 KOMaHAy, KOTopas Jajiee uepe3 KaHai BeiBoja MHTepdeiica moctynaer Kk OJ0Ky yCHIIUTENCH MUTaHUs
AJIEKTPOMAarHUTOB UCTIONHUTENBHBIX YCTPOMCTB, a TaKXKe K OJIOKY MHAMKAIMU PEeKUMOB. B pesynbraTe obecrnieunBaeTcs
TpeOyeMblii TOPsA0K cpadaThIBaHUS UCIIOIHUTEIBHBIX YCTPOWCTB U MOJyYeHUE UHIUKALUHN PEXKUMOB HX pabOTHI.

Ecmu 1 ympaBieHHs TEpeKloYeHHeM Iepefad TPUMEHHUTh OJHOKpHCTaIbHYyI0o OBM, T0 mo cBouMm
(YHKIIMOHAIBEHBIM BO3MOXKHOCTSIM OHAa OyZAET SKBHUBAJEHTHA MUKPOCXEME, OUYCPUYEHHOHW Ha pHC. 4 ITPUX-TTYHKTUPHON
JuHHEH. B 3TOM ciydyae MHKpONpOLECCOpHAs CHCTeMa CYIIECTBEHHO ympoaercs. [1o TeXHHYeCKMM BO3MOXKHOCTSIM
OHa MPaKTUYECKH HE YCTyHaeT CHCTEMaM, CO31aBAaEMbIM C HCIOIb30BAHHUEM HECKOJIBKMX MHKPOCXEM, BXOAALINX B
MHUKPOTIPOIIECCOPHBIN KOMIUIEKT. B wacTHocTH, ecnu 00beM TaMATH OJHOKpUCTambHOH OBM  okaxkercs
HEI0CTaTOYHBIM, TO €r0 MOXKHO YBEJIUYUTH, NOAKIIOUNB OBM K BHEITHUM yCTpONCTBaM.

OpnHokpuctanbHas OBM conepKUT COTHH ThICSY 3JIEMEHTOB, U TEXHOJIOTUS €€ W3TOTOBIEHHS 3HAYUTENIBHO
CIIO’KHEE TI0 CPAaBHEHHIO C M3TOTOBJIEHHEM MHKPOCXEM, BXOMAIIMX B MHKpPOIPOLIECCOPHBIM KOMIUIEKT. BerneactBue
3TOT0 CTOMMOCTh OJHOKpHCTanbHOW OBM nocraTtouHo BbIcoka. IloaTOMy BOmpoc O 1einecoo0pa3HOCTH CO3HaHUSA
MHUKPOIPOIIECCOPHBIX CHCTEM YIIpaBieHHS Ha 0a3ze OJHOKpHCTaIbHON DBM crienyer pemaTth ¢ y4eTOM KOHKPETHBIX
obracTeil mpUMeHeHNs TON WIIM MHOM CHCTEMBI yIIPaBICHHS.

Ilo cpaBHEHHIO C AJIEKTPOHHBIMH CHUCTEMaMH YIPABICHUS MHKPOIPOLECCOPHBIE CHUCTEMbBI MMEIOT CIEIyIOIue
MIPEUMYIIECTBA!

C UX MOMOIIBIO0 BO3MOXKHA peal3anisl allrOpUTMa YIpaBlIeHHs 10001 ciroskHOCTH. [Ipr 5TOM MOXKET OBITh yUTEHO
00JIBIIOE KOJMYECTBO BHEIIHHUX MApaMeTpoB (MOMUMO TPaJUIMOHHO NPUHAMAaEMBIX BO BHUMAaHHE YacTOT BpallCHUS
Baja ABUraTens, BBIXOJHOIO Bajla TPAHCMHUCCHM M HArpy3KH JBHUraTelsl) TaKUX, HallpUMep, KaK IPOU3BOJHBIE ITHX
IapaMeTpoB 110 BPEMEHH, TEMIIEPATYpHBII PeXXHUM JBHIaTellsi, TEMIepaTypa Macia, IojHas Macca aBTOMOOMIA | T. II.
BosHukaromue mpu 3TOM TPYJHOCTH CBSI3aHBI JIMIIb C HEOOXOJMMOCTBHIO BBEJICHHS IOIOJHUTEIBHBIX JATYUKOB U
npeoOpaszoBarenei;

IIpH HEOOXOTUMOCTH 00eCTIeYUBAETCS KOPPEKTHPOBAHIE ITOPUTMA YIIPABICHHUS KaK [P Pa3BUTHH CHCTEMBI, TaK 1
B paMKaX CYIIECTBYIOUIEH CHCTEMBI C YI€TOM, HalpuMep, TaKuX (pakTOpoB, Kak M3MEHEHHE XapaKTEPUCTUK arperaTtoB
BCJIEACTBHE WX H3HamuBaHWi. CleoBaTeNbHO, BO3MOXKHO CO3JaHHE AJAaNTHBHBIX CHCTEM YIIPaBICHHUS, KOTOPHIC
CcrocoOHBI M3MEHATh CBOM XapaKTEPHCTUKH B MPOIECCe IKCIUTyaTallMd aBTOMOOWIA C IENBI0 O0ECIIEYeHHUs ero
HAWTY4IINX MoKa3aTenel. s mocTikeHus Takoro 3¢ ¢exra He TpedyeTcs H3MEHEHHUS alnapaTypHOi YaCTH CHCTEMBI;

BCIEACTBHE pEalM3aLUU IIUPOKUX BO3MOXKHOCTEH MHKPONPOLECCOPHBIX CHCTEM BO3MOXKHO  CO3/aHUE
KOMIUIEKCHOM CHCTEMBI YINpaBJIEHHMs arperaramMd aBTOMOOWIS (Hampumep, JBUraTeieM, CLEMJIeHHEM, KOpoOKoH
nepezay);



CHCTEMa yIpaBlieHHWs Ha 0a3e MHKPOIMPOIECCOPHOTO KOMIUIEKTa WM OJHOKpUCTaNbHOW OBM Tpebyer
MHUHUMAJIBHOTO 00beMa HACTPOWKHU U PETyITUPOBOK, TIOCKOIBKY OHU HEOOXOAMMBI TOJBKO JIJISI TAKUX BCTIOMOTATEIbHBIX
saemMeHTOB cucteMbl, kak [TUH, LIATT u ALIII.

OCHOBHBIMH HEJJOCTATKAMH MHUKPOTIPOLIECCOPHBIX CHCTEM SIBIISTIOTCS:

OTHOCHUTEIIEHO BBICOKas CTOMMOCTH CHCTEMBI BCJIEICTBHE HEOOXOMUMOCTH €€ KOMIUICKTOBAHUSA PAIOM
BCIIOMOTATENBHBIX 3JIEMEHTOB, U3 YMCIIAa KOTOPHIX HamOoyiee JOPOTOCTOSIINMHE SIBIIAIOTCS YCTPOHCTBA BBOJA-BBIBOJA
uHpopmanuu. KpoMe Toro, 3HaYUTEIbHAS YACTh PACXOJOB IO CO3AaHUI0 MUKPOIPOIICCCOPHBIX CHCTEM YIPABICHUS
MPUXOJIUTCS HA Pa3pabOTKy X MATEMaTHUCCKOTO 00CCIICUCHHS,

YYBCTBUTEIBHOCTh K MOMEXaM, KOTOPbIE MOTYT BBI3bIBATH COOM B pabOTEe CHUCTEMBI. DTO OCOOCHHO BAaXXHO IS
aBTOMOOWJIBHBIX ~ MHKPOTIPOIICCCOPHBIX ~ CHCTEM  YIpPAaBICHHS, IOCKOJBKY paboTa arperatop  aBTOMOOWISA
COMPOBOXKIACTCS. 3HAYUTEIBHBIMH TIOMEXaMH B €ro OOpPTOBOM CETH, a TAaKKE IOJICBBIMH (3JIEKTPOMATHUTHBIMHU)
moMexaMu. JIJsl yCTpaHEHHs 3TOr0 HEJOCTaTKa B HACTOsIIEEC BpeMs OOJBIIOC BHUMAHHE YACISICTCA pa3paboTKe
MTOMEXO0YCTOWYHBBIX aJTOPUTMOB, T. €. TaKHX, KOTOPBIE CIIOCOOHBI BOCCTaHABIMBATH CBOIO PabOTy IOCIE HETPEIBH-
JIeHHBIX cOoeB [2].

HenpepriBHOE COBEpIICHCTBOBAHHUE TEXHOJIOTHH MPOM3BOJCTBA JIEKTPOHHBIX IMPHOOPOB, B TOM YHUCIE JIEMEHTOB
MHKPOTPOIIECCOPHBIX CHCTEM YIIPAaBICHHSA, OOYCIOBIMBACT CHIKCHHE WX CTOMMOCTH M CO3JaeT ONarompusTHHIC
MIPENOCHIIKN IS PACIIUPeHHUS UX NpuMeHeHns. OIHaKo MHUKPOIPOIECCOPHBIE CHCTEMBI MEIecO00pa3HO HCIOIB30-
BaTh B TEPBYIO OYEpEIb JJIS CHCTEM YIPABJICHUS arperaraMd aBTOMOOWIISL CO CIOKHBIMH anroputMamu. K Takum
CUCTEMaM CJICAYET OTHECTHU aHTI/I6HOKI/IpOBOLIHI)Ie CUCTEMbBI YNPAaBJICHUA TOPMO3HBIMU MECXaHU3MaMH, CUCTCMBbI
YyIipaBJICHUA THAPOMEXAaHUYCCKUMU U aBTOMATU3UPOBAHHBIMUA MEXaHUYCCKUMU NI€pe€aadaMu U, KOHEYHO, KOMIIJICKCHBIC
CUCTEMBI YIIpaBJICHUA HECKOJIBKUMU arpe€raTaMu.

OnHOM W3 OCHOBHBIX MPOOJIEM CO3[aHHS MHUKPOMPOIECCOPHBIX CHUCTEM SIBISIETCS pa3paboTka M pealu3amus
ONTUMAJIBHOTO aJIrOpuTMa YIpPaBJICHUA. MHorue Ppa3IMYHbIC MHUKPOIIPOUECCOPHBIE CUCTEMBI OTIMYANOTCA OAHA OT
IPyTOl B OCHOBHOM COCTaBOM JATYMKOB M BHIOM AITOPHTMAa (PYHKIIMOHHUPOBAHUS, KOTOPHIA 3aBHUCHT OT IIEJICBOTO
Ha3HAYCHUS CUCTEMBI U CIIOKHOCTH PEIIacMbIX €0 3a/1a4.

CPABHUTEJIbHbLIE TEXHUKO-3KOHOMWYECKUE
NMOKASATEJIN MEXAHUYECKUX, TMAOPABJIMYECKUX,
NMHEBMATUYECKUX U ANEKTPOHHbLIX CUCTEM

OxoHoMuueckas 3(P(EeKTHBHOCT, NMPUMEHEHUS 3JIEKTPOHHOH CHCTEMBI YIPABICHHS arperataMd aBTOMOOWIIA
OTIPEJICTISIETCST B PE3YNIBTATE COMOCTABICHUS 00ECIICUNBACMBIX €I0 AKCILIYaTAIl[MOHHBIX IOKa3aTelell aBTOMOOWISA MO
CPaBHEHHIO C MHBIMH CUCTEMaMH YIPaBJICHUS.

OCHOBHBIMH (haKTOpaMH, BIUSIOIUMU Ha 3(P(HEKTHBHOCTh UCIOIb30BAHHMS TOW WJIM MHOM CHCTEMBbI YIpaBIICHUS,
SIBIISIFOTCS] 3aTPAThl HA M3TOTOBJICHUE Y3JIOB CHCTEMBI; JONTOBEYHOCTH 3JIEMEHTOB CaAMOI CHCTEMBI U YHPABISIEMBIX €10
arperaToB aBTOMOOWIIS; pacXo/sl MO OOCITY)KHBAaHHIO CHCTEMBI, BKJIIOYAsI 3aTPaThl HA €€ PEMOHT; IKCIUTyaTallHOHHBIE
pacxo/isl aBTOMOOMIIS, 3aBUCAIINE OT THIA IPUMEHSIEMOM CUCTEMBI YIIPABICHHS;, IPOU3BOAUTEILHOCTh AaBTOMOONIIS.

Hmxke paccMaTpuBaioTCsl MOKas3aTelM DSJICKTPOHHOM CHCTEMBI YIPaBICHHS B CpPaBHEHHM C IIOKa3aTeNsIMH,
obecrieunBaeMbIMH THPABINYECKIMHU, MEXaHNYECKUMU M THEBMATHUECKHMHU CUCTEMaMH YIIpaBICHNUS.

3ampamer na uszeomoenenue cucmemvl ynpaeienus. Jnsg yUpaBieHHs arperataMH aBTOMOOWIS Hapsly C
MEXaHWYEeCKUMH, THAPABIMIECKUMH W ITHEBMaTHYECKUMH CHCTEMaMH YIIPaBJIEHHs Bce B OONBIIEH CTENEHH HAXOMAAT
IIPUMEHEHNE JJICKTPOHHBIE CHCTeMBL. [Ipu 3TOM OT TOro, Ha Kakod 3JIEMEHTHOH 0a3e (aHaIOroBOH, nM(pPOBOI MU
MHKPOIIPOIIECCOPHON) M3TOTOBJIEHA 3JIEKTPOHHAS CHCTEMa, 3aBHCHUT COOTHOIICHHWE MEXAY 3aTpaTaMH Ha CO3JaHue
3NEKTPOHHOHN M MHBIX CUCTEM YIIPABIICHUS.

Jlis mepBoro sTama pa3BUTHS IEKTPOHHBIX CHCTEM YINpPaBJICHHA ObUIO XapaKTepPHO HCIOJIH30BAHME AHAIOTOBBIX
CHUCTEM, TIIOCKOJBKY I HX CO3JaHHA TpeOyeTcss MeHbIee YHCIO KOMIUICKTYIOUINX H3AeIuid (B TOM 4YHCIe
HHTETPalIbHBIX MUKPOCXEM).

B nanpHeiimeM OJHAKO 3aMETHO PACIIMPHIOCH NPUMEHEHHE KaK MMITYJIBCHBIX HHU(POBBIX, TaK U B 0COOEHHOCTH
MHKPOIPOIIECCOPHBIX CHUCTEM VIIPABIICHUS, IMPEeTHA3HAYCHHBIX JIS pPEANH3alidf CIOXKHBIX 3aKOHOB YIIPABICHHS.
OOBsICHSCTCSL TO TEM, YTO IO Mepe pacIIMpeHust GyHKUMI yIpaBieHHs! aHAJOTOBYIO CHCTEMY NMPHUXOAUTCS 3aMETHO
YCIIOXKHSATh, @ MUKPOIIPOLIECCOPHBIE CHCTEMBI JIMIIECHBI 3TOr0 HelocTaTHa. B pesynbrarte mpyu He00OX0IMMOCTH peLeHNUS
CHCTEMOH yIpaBJeHUs OoJiee MIMPOKOTO Kpyra 3a7ad 3aTpaThl Ha W3rOTOBJICHHE aHAJIOTOBBIX M MHKPOIPOLECCOPHBIX
CHCTEM YIpaBJIEHHUs CYIIECTBEHHO COIMXKaloTcs. JlaHHOE OOCTOSTENBCTBO B COYETAHHUHM C PAJOM IPEUMYIIECTB
MHKPOIIPOIIECCOPHBIX ~ CHCTEM  (YHMBEPCAIBHOCTb, OTCYTCTBHE HACTPOEK, CTaOWIBHOCTH pPabOTHI) cO3JaeT
ONaronpusITHBIC TPEANOCBUIKHA Ui UX NMPUMEHEHMS. DTO OTHOCHTCS B HEPBYIO Odyepelb K CHCTEMaM YIpaBiCHHUS
THIPOMEXaHMYECKIMH TepeaadaMi OONBIIETPY3HBIX aBTOMOOMIEH W TOPOICKUX aBTOOYCOB OONBIION BMECTHMOCTH.
Ho ocoGeHHO 3aMeTHO pacIIMpHUIOCH IPUMEHEHHE B psie CTpaH MHKPOIPOLECCOPHBIX CHCTEM YIPaBICHUS
TOPMO3HBIMH IIPUBOIaMH (QaHTHOIOKHPOBOYHBIE YCTPOUCTBA TOPMO3HBIX CHCTEM).

IIpu comocTaBlmeHUHM 3aTpaT Ha M3TOTOBJIEHHE JNIEKTPOHHBIX (B TOM YHCIE MHKPOIPOIECCOPHBIX) CHCTEM
YOpaBJICHUS W CHUCTEM JPYTUX TUIOB CIEAyeT UMETh B BUAY, 9TO, KaK MPaBMIIO, TPUMEHEHHE DJICKTPOHHBIX CHCTEM
MI03BOJISIET pelIaTh Oosiee MUPOKUH KPYT 3a]ay, HalpuMep 3aIUTy OT aBapHHHBIX PeXUMOB. [103TOMy CpaBHUTEIBHYIO



OILIEHKY 3aTpaT Ha M3TOTOBIICHHUE PA3JIMYHBIX CHCTEM CIIEAYET MPOBOAUTDH, HCXOAS U3 00ECIEUECHUS] NMH OJUHAKOBBIX
3a7aq ynpasieHus. IIpu 3TuX ycloBHSAX 3aTpaThl Ha M3TOTOBJICHHE AHAJIOTOBBIX 3JIEKTPOHHBIX CHCTEM YIPABICHUS
OOBITHO OKa3bIBAIOTCSI HECKOJIBKO BBIIIE, YEM TMAPABIMUECKUX U MEXAHOTHIPABINIECKIX CHCTEM aHAIOTHYHOTO LIee-
BOT'0 Ha3HAYCHHUS.

[IpoBoauTh CpaBHEHHE 3aTpaT HAa M3TOTOBJIEHHWE MHUKPONPOLECCOPHOW CHCTEMBI M  MEXaHUYECKOH,
MEXaHOTHAPABINIECKOW WJIN THUAPABINYECKOH CHCTEM YNpABICHHA OJHUM M TEM )K€ arperatoM HEIpaBOMEPHO,
MOCKOJIbKY PUMEHEHNE MHUKPOIPOLIECCOPHOI CHCTEMBI IPU PAllMOHAILHOM €€ HCIIOJIb30BAHUH JIOJDKHO 00ECIIeYHTh
pemieHue Oojiee MIMPOKOTO Kpyra 3ajad yIpaBieHUs. 3aTpaThl Ha HM3TOTOBJICHHWE MHKPOIPOIIECCOPHON CHCTEMBI
yIIpaBJIEHUs OKa3bIBAIOTCS 00JIee BHICOKMMH 110 CPABHEHHUIO C aHAIOTOBBIMU CHCTEMaMU.

Lonecoseunocmv snemenmos cucmemvl U YNpagiaemMblX el dazpe2amos asmomoouns. IIEKTPOHHBIE CHCTEMBI
yIpaBjieHuss 00JIaJal0T HauOONbLIEH NONTOBEYHOCTHIO IO CPAaBHEHUIO C JPYTMMH CHCTEMaMH aBTOMAaTHYECKOTO
yrpasieHus. CoBpeMEHHBIH ypOBEHb JJIEKTPOHUKH OOECIIEUMBAET JOJITOBEYHOCTh JIEMEHTOB AJIEKTPOHHON CHCTEMBI
YIpaBIICHUS HA YPOBHE CPOKa CITY>KObI aBTOMOOMIISA, YTO OOBIYHO HEMOCTIKIMO ISl IPYTHX CUCTEM YIIPABICHUSL.

Pexxum paboThl aBTOMOOMIBHOTO arperara 3aBHCHT OT TOTO, Kakasi CHCTEMa aBTOMAaTHKA WM YIPaBIseT.
ONeKTpoHHas CHCTeMa BCICICTBHE BO3MOXHOCTHM YUeTa C €€ IIOMOINbI0 OOJBIIOrO dYHCIa IOKa3aTeneH,
XapaKTepU3yIOINX COCTOSTHHE arperaTa, JOJDKHa oOecrieunBaTh Hambolee OIaronpuaATHBINA pexuM ero pabotel. Tak,
NIEKTPOHHBIE CHUCTEMBl AaBTOMATHYECKOTO YNPABICHUS CLEMJICHHEM [0 CPaBHEHHIO C MEXaHMYECKUMH HIIH
THAPAaBIMYECKIMH  CHCTEMaMH  OOYCIIOBIMBAIOT  MEHBIIYI0  IPOJOIDKHTEIBHOCTH  PabOTBI  CIHEIUIEHHS  C
npoOyKcoBbIBaHUEM. biarojgapsi 3ToMy BO3pacTaeT IOJTOBEYHOCTh Pa0OYMX DJIEMEHTOB CLEMIeHUs ((HPUKIMOHHBIX
HaKJIQJIOK, BBDKMMHOTO MOJIIMIHKKA). B ciydae o0opynoBaHUs aBTOMOOWIISL AJIEKTPOHHOH aHTHOIOKHMPOBOYHOM
CHUCTEMOM yBEITMUUBACTCS CPOK CIIY>KOBI 3JIEMEHTOB TOPMO3HON CHCTEMBI U LIHH.

Ilpu ompeneneHnM >KOHOMHYECKOH 3()(EKTUBHOCTH WCIOJIB30BAHUS HJIEKTPOHHON CHCTEMBI YIPaBJICHUS
O6H33T6J'II)HO CJICAYCT YYUTBHIBATH BJIHAHUC 3TOM CHUCTEMBI Ha JOJITOBCYHOCTH arperaroB, a TAaKXKE JOJI0OBCUYHOCTH
JIEMEHTOB CaMOI CHCTEMBI.

Pacxoowr na pemonm u obcaysicusanue cucmemvl ynpasierus. INEKTPOHHBIC CUCTEMbI yIPABICHUS, KaK MPaBUIIO,
SIBIISIFOTCSL HEOOCTY)KMBAaeMBIM OOBEKTOM, MOATOMY MOXHO CUHTaTh, YTO PAcXoAbl Ha OOCITy>KHBAaHUE 3IEKTPOHHBIX
CHCTEM OTCYTCTBYIOT. B 3TOM OTHOIICHHMN TaHHBIE CHCTEMBI IPEBOCXOJAT JIIOObIE MEXaHWYECKHUE, THAPABINICCKUE U
NIEKTPUUECKUE pENEHHbIE CHUCTEMBl YIPABICHWSA, KOTOpBIC HYKAAIOTCI B IIEPUOJUYECKOM TEXHHYECKOM
oOcyxuBaHNH. BerencTBre BEICOKOI TOITOBEYHOCTH 3JIEMEHTOB 3JIEKTPOHHBIX CHCTEM TPeOyeTCsl O4eHb HeOOIIbIION
00beM HX BBIYCKa B KadyeCTBE 3alaCHBIX 4YacTeid. Mallbl W pacxoibl Ha PEMOHT ASTHX 3JeMEHTOB. I[losToMy
OKCILUTYaTalMOHHBIC pacXodbl HA O6CHy)KPIBaHI/Ie OJICKTPOHHBIX CUCTEM YIIPABJICHUA 3HAYUTCIIbHO HUXKE MO0 CPABHECHUIO
C aHAJIOTUYHBIMU pacxogaMH Ik MEXaHUYCCKHUX, THAPABINYCCKUX U JICKTPUICCKUX peﬂeﬁHbIX CHUCTEM YIIPpABJICHUA.

OTH pacxo/ibl OKa3bIBAIOT CYIIECTBEHHOE BIMSHHUE HA 9KOHOMHYECKYIO 3()(heKTHBHOCTD NPUMEHEHUSI SJIEKTPOHHBIX
CUCTEM YIIPaBJICHUA.

Dkcniyamayuonnvle pacxoobl asmomoduns U e20 npou3600UmMeIbHOCHMb. DIIEKTPOHHBIE CHUCTEMbI YIPaBICHUS
arperaraMM aBTOMOOWJICH 1O CpaBHEHMIO C JpPYTHMH CHUCTEMaMd YIpaBJICHHS O00JagaroT CleXyloIIMA
MIPEUMYIIECTBAMH:

TOYHOCTh WX HACTPOMKM MOXeT ObITh obOecreueHa B mpenenax | — 3 % oT 3a7aHHOTO YpPOBHS, YTO CO3JacT
ONaronpuATHBIC TPEANIOCHUIKM JUIS TOJYyYCHMS! HAWIydIINX SKCIUIyaTallMOHHBIX IIOKa3aTened aBTOMOOWIIS (pacxon
TOIUINBA, CKOPOCTB IBM)KEHHS, 0€3011acHOCTh pabOTHI | Ap.);

BO3MOJKHA ITPOCTasi ¥ OBICTpast IEpEeHACTPOHKa CHCTEMBI, HAIIPUMED, C TIOMOIIBIO 3JIEKTPHIECKUX MepeKIIIodaTeseH.
Takast mepeHacTpoiika 1eecoo0pa3Ha Mpy U3MEHEHUH YCIIOBHN IKCIUTyaTallil aBTOMOOWIS (TIEpeX0J] OT JBUKEHHUS B
ropoJie Ha 3arOPOHBIE MAPIIPYTHl WX MPH SKCILTyaTallid aBTOMOOWIISL B TOPHBIX YCIOBUSX);

BpEM, HeO6XOZ[HMO€ Ha 3aMCHY BBIHICAUICTO M3 CTPOA DBJIEMCHTA CUCTEMBbI, MUHHUMAaJbHO. HpI/I 3J'IeKTpOHHOI>i
CHCTEME YIIPaBJICHHUS AJIS 3TOTO JOCTAaTOYHO OTKIIFOYMTH IITETICEIbHBIN pa3beM OT OTKA3aBIIETO AIEKTPOHHOTO OI0Ka 1
MOJIKJIFOYHTh C TIOMOIIBIO JAHHOTO pa3beMa 3aracHoi OJIOK.

B ciyyae npuMeHeHHS MEXaHMYECKHX WIJIM THIPABIMYECKUX CHCTEM YIPABJICHHA HX OJEMEHTHl OOBIYHO
pacronaraiotT 100 BHYTpH, JIMOO BOJIM3M OT YNpaBJIsIeMOTO MMM arperara. BciencTBume 3TOro Juis peMOHTa WM
3aMEHBI OTKA3aBILETO AJIEeMEHTa TPeOyeTCsl 3HAYUTENILHO OoJIbIIIee BpeMsl, YeM P IEKTPOHHOM CHCTEME YIpaBIICHUSI.

TakuM o00pa3oMm, HCIIONB30BAHWE 3JIEKTPOHHBIX CHCTEM YIpPaBIGHWs arperaraMd aBTOMOOMIIEH co3IaeT
ONaronpusTHBIC MPEANOCHIIKM /I YMEHBIICHHS IIPOCTOS aBTOMOOWJIEH, YIIy4YIISHHS WX OKCIUTyaTallMOHHBIX
NoKazaTesield, B TOM 4YHCJE IOBBINICHUS IPOU3BOJUTENBLHOCTH. [IpM HanW4Mu JOCTOBEPHBIX JAHHBIX O BIUSHHUU
9JIEKTPOHHOW CHCTEMBI YIIPABJICHUS HA SKCIUTyaTallMOHHBIE MOKa3aTeI aBTOMOOMIEH OHM 0053aTeIbHO TOJDKHBI OBITH
YYTEHBI IPH ONPEACTICHUN 3KOHOMUYIECKOH 3((EeKTUBHOCTH €€ MPIMEHEHHS.

OHCHI/IBaﬂ MEPCHEKTUBBI IPUMEHCHUA DJICKTPOHHBIX CUCTEM YIIPABJICHUSA arperaraMu aBTOMOOMIIEH ¢ TOUKH 3pCHUA
obOecrieueHns TIOJIOKUTENIFHOIO SKOHOMHUYECKoro 3¢ddekra, CleayeT yKa3aTb, 9TO IO BCEM IIOKa3aTesiM, 3a
HCKIIIOYCHUEM 3aTpaT Ha U3TOTOBJICHUE, DJICKTPOHHBIC CUCTEMBI ITPEBOCXOAAT APYTIUE€ CUCTEMBI YIIPABJICHUA. H03TOMy
B KOHCYHOM UTOIc BCEC 6y)1eT 3aBHCCTH OT TOro, B Kakoi MEpPE YBCIMYCHHUE 3aTpaT Ha U3TOTOBJICHHUC aBTOMOOWIIS B
pesynbrare  00OpYZOBAaHUS €ro O3JEKTPOHHOW CHCTEMOH  ympaBieHHs OyJeT OKyHaTbCsl — YyJIydIIeHHEM
SKCILTyaTal[HIOHHBIX [TOKa3aTeJled aBTOMOOHIIS.

CooTBeTCTBYyIOIIME pacyeTsl INPHU HAJIMYUM HEOOXOMMUMBIX HCXOJHBIX JaHHBIX MOTYT OBITH IIPOBEIEHHI 10
00IIEeM3BECTHBIM METOTKAM.



ANEMEHTHAA BA3A 3JIEKTPOHHbIX CUCTEM

OCHOBHBIMH ~KOMIUICKTYIOIIUMH 3JIEMEHTAMH JUII aBTOMOOWMIIBHOH DJIGKTPOHHOH —ammaparypbl  SBISIOTCS
PE3UCTOPBI, KOHAEHCATOPBI, MOJIYIPOBOJIHUKOBBIE JIHO/IbI, TPAH3UCTOPBI M UHTErpabHble MUKpOocxeMbl. HomeHknaTypa
yKa3aHHBIX U3JETINH, BBITYCKAEMbIX IPOMBIIUICHHOCTHIO, BEChbMa IIMPOKA. [Ipy 3TOM 3JI€MEHTHI Pa3IMYHBIX THIIOB I10
PNy XapaKTEpUCTUK HE3HAYMTENBHO OTJIMYAIOTCS OIMH OT JAPYroro, B CBS3M C 4YeM pa3pabOTUHMK 3JIEKTPOHHOU
anmapaTypbl MMeeT BO3MOJKHOCTH BBIOOpa TOTO WIM HHOTO THUIIa KOMIUIEKTYIOIIEro 3JeMEHTa C TpeOyeMbIMU
HOMHWHAJIBHBIMH JaHHBIMU. Takas BO3MOKHOCTH CO3/Ia€T ONACHOCTb, a0-TIEPBBIX, HEYAAYHOrO BHIOOpA THUIIA 3JIEMEHTa
NPUMEHUTENBHO K TpeOyeMbIM YCIOBUSIM pabOThl aBTOMOOWJIBHOM 3JIEKTPOHHOHM ammaparypsl H, BO-BTOPBIX,
U3JTUIIHETO PACIIMPEHNS] HOMEHKIIATYPBI IPUMEHSIEMbIX H3IEIUH.

[Tpu BEIOOpE KOMILIEKTYIOIIUX 3JIEMEHTOB YUUTBIBAIOT CIICAYIOIHE OCHOBHBIE TPEOOBaHUS, IPEABBIIEMbIC K HUM:

OHH JOJDKHBI OTHOCUTBCS K YUCITY CEPHIHHO BBIITYCKAeMBIX U3/ICIIHI;

UX XapaKTEePUCTHKU JOJDKHBI OCTaBaThCS CTAOMIBHBIMH B 33JaHHBIX KIIMMATHYECKHX YCIOBHAX (IMana3oH pabodnx
TEeMIIEPATyp, BIaXHOCTh, JaBJICHUE U 1P.);

OHH JIOJDKHBI 00ecIeYnBaTh PabOTOCIIOCOOHOCTD MIEKTPOHHBIX YCTPONUCTB B YCIIOBUAX BO3ICHCTBHS Ha HUX MOMEX
B IIEMISIX MIUTAHUS M 3JIEKTPOMAarHUTHBIX, B TOM YHCIIE TTOJIEBBIX TIOMEX;

UX Macca U pa3Mepbl JOKHBI ObITh MHHUMAJIBHBIMU IIPU 00ECHEUEHUH BBICOKON MX HAJIEKHOCTH M JUTUTEIBEHOTO
CpOKa CITy»KOBI.

NMACCUBHbLIE KOMMNEKTYOLWWUE 3JIEMEHTDI

Pe3ucTopbl

THocmosunwvie pesucmopuvl. OCHOBHBIMU TTapaMETPAMH IIOCTOSHHBIX PE3UCTOPOB SBISIOTCS CICAYIOIIHE.

1. Homunanvuoe conpomusnenue Ry, KOTOPEIM 0003HagaeTcss pe3nucTop. 3Ha4eHU RyjoM cTaHIapTH30BaHEI, a UX
KOJIMYECTBO B JIEKaJe, T. €. AecaTnyHoM uHTepBaie (B mpeaenax 0 — 10 Om, 10 — 100 Om u T. 1.), 3aBUCUT OT THUMA
psana. Hwke mnpuBeOcHBI COOTHOIICHHsS HOMHHAJIBHBIX cOmpoTuBieHUu (B OM) pe3ucTopoB uisi Hambosee
pacnpoCTpaHeHHBIX pAnoB [27]:

E24 ... 1 11 12 13 15 1,6 1,8 20 22 24 2,7 30
E12.... 1 12 15 18 2.2 2,7

E6 ....... 1 15 2.2

E24....33 36 39 43 47 51 56 62 68 75 82 9,1
E12....33 3,9 4.7 5,6 6,8 8,2

EG ....... 3,3 4.7 6,8

2. [lonyckaemoe omxnonenue HaKTHIECKOTO CONPOTHBICHUS OT €r0 HOMHHAIFHOTO 3HaueHMs. Pe3uctopsl o0rero
MIPUMEHEHNS BBIITYCKAIOT C JIOMYCKAeMbIMU OTKIOHEHMAMH +1; +2; +5 u +10 %, a npenu3noHHble — ¢ OTKJIOHEHUSIMU
+0,1; £0,25; £0,5 n +1 %. Cnexyer OTMETHUTB, YTO pa3JeJIeHHE HAa PE3UCTOPHI OOIIEro NPUMEHEHNUS U MPEI3HOHHbIE
SIBISIETCSL  YCJIOBHBIM, IOCKOJIBKY HEKOTOpHIE W3 THIIOB PE3UCTOPOB, 0003HAYAaEeMBIX KaK IPENNU3UOHHBIC, HMEIOT
OTKJIOHEHHUS] OT HOMHUHAJBHBIX CONPOTHUBICHHUH OoJiee BBICOKHE, YeM OTKJIOHEHHUS Ui 0c000 TOYHBIX PE3UCTOPOB
00111eT0 Ha3HAYCHHS.

Pe3ucTopsl ¢ AOMycKaeMBIMH OTKIOHEHHSAMH +5 % M 0ojee BBITYCKAalOT ¢ HOMHUHAJIBHBIMH COIPOTHBIICHUSAMH,
cootBercTByonMH psagam EO, E12 um E24. HaubGonee uacto mpumensembiM siBusercss psn E24. Pesuctopsr ¢
JIOMYCKaeMbIMHU OTKIIOHEHUSIMH MeHee +5% MMEeI0T HOMUHAJIbHBIE COMIPOTUBIICHHUS, onpeenseMble psanamu E48, E96 u
E192 (uucno 3HadyeHuii B 1eKkajie paBHO COOTBETCTBEHHO 48, 96 u 192). U3 3TuX psaoB Hanbojee 4acTo ynorpeoduseTcs
psan E96.

3. Homunanvuas mownocms paccesinus Py, — HanboIbIIas MOITHOCT, KOTOPYIO PE3UCTOP MOXKET PaccenBaTth B
3aJ]aHHBIX YCJIOBHSX B TEUEHHE CPOKa CIYKOBI IPH COXPAHEHNH €r0 NapaMeTpoB B 33JaHHBIX IpeJienax.

Kpome Ttoro, mis psna obnacteldl NpHMEHEHHsS pE3HCTOPOB BECbMa BaKHBIM IOKa3aTeleM SIBIAETCS HX
TemrepaTypHsiii koaddument conporusnenns (TKC). OToT ko3 dunneHT xapakTrepu3yeT OTHOCUTEIFHOE H3MEHEHHE
COIIPOTHUBIICHHS PE3UCTOpa IPU U3MEHEHHH ero Temneparypsl Ha 1 °C u onpezenseTcs o Gpopmyie

Tkc = (Rr1 - R12)/[Rr (T2 - T2)],

rne 7, u T, — Temueparypbl, IPU KOTOPBIX H3MEpsSeTcs compoTuBieHue pesucropa, °C; Ry m Ryz —
COTIPOTHBJICHHUS PE3UCTOPA MPHU TeMIIepaTypax COOTBETCTBEHHO 11 U 15, OMm.

2. B untepBane temieparyp — 60-+25°C TKC= +1200-10"° 1/°C st Bcex pe3HCTOPOB, a B MHTEPBAIC TEMIIEPaTyp
25 — 125°C TKC= £600-10° 1/°C — mwis Ryon<1 kOm. TKC= +700x 10° 1/°C — mis Ruom=11-1000 kOm u TKC=
41000 10° 1/°C — st R0y >i MOM.



B anekTpoHHO# cucTeMe yIpaBieHUS] aBTOMOOHJIbHBIMU arperataMd HPUMEHSIOT B OCHOBHOM TMOCTOSIHHBIE
PE3HCTOPHI OOIIEro NMPUMEHEHHS, K KOTOPBIM HE MPEABABISIOT 0COObIE TPeOOBAHUA NOj BEICOKOM TEPMOCTAOMIBHOCTH,
1 3HAYUTEIHHO PEIKE UCTIONB3YIOT PE3UCTOPBI C BHICOKOW TEPMOCTAOMIILHOCTHIO.

1. Xapakrepuctuku pe3ucropos Tunos MJIT u OMJIT

Puow. BT OnameTtp, mm OnuvHa , Mm Macca, r ﬂuanag(:nl-l Ruom:
0,125 2,2 6,0 0,15 8,2 —3.10°
0,25 3,0 7,0 0,25 8,2—05,1- 10":
0,5 4,2 10,8 1,0 1,0 —5,1- 10°
1,0 6,6 13 2,0 1,0 — 10-10"_
2,0 8,6 18,5 3,5 1,0 — 10- 10°

IMpumedanus: 1. [ yka3aHHBIX PE3UCTOPOB JOMYCKaeMble OTKIOHEHHUS CONPOTUBIICHUS COCTABIAIOT +2, £5 u £10% 11st psnos
E24 u E96.

Pesucmopul obweco npumenenus. VI3 ducna Takux PE3UCTOPOB B aBTOMOOWIIBHOM 3JEKTPOHHOW ammaparype
HauOoblIee PacIpOCTPaHEHHE MOJYYMWIM PE3UCTOPhl C  METAJUIOJUAICKTPUUECKHM  IPOBOASAIIMM  CIIOEM
(aempoBomnounsie pezuctopbl) TUoB MJIT u OMJIT. OCHOBHBIMU MPEUMYIIECTBAMH 3TUX PE3UCTOPOB SIBISIFOTCS UX
HeOoJIpIINe Macca U pa3Mephl, Majlasi CTOUMOCTh, ITUPOKHUHA TeMIIepaTypHBIi 1uana3oH paboTHL.

W3 aHanmM3a OCHOBHBIX XapaKTEPHCTHK Pe3UCTOpOB (Tabi. 1) cienyer, 4To M3MEHEHHE TEMIIEPaTyphl pe3UCTOPOB
tunoB MJIT u OMIJIT MoxeT CyIIeCTBEHHO MOBIUATh Ha HX CONpoTHBICHHE. IIpM MakcHMaabHO BO3MOKHBIX
3HayeHusax TKC yBenndeHue teMmepaTypsl pe3ucTopos, HanpuMep, oT — 20 10 +80°C npuBeneT k M3MEHEHHUIO UX CO-
npotuBsiieHnss npuMepHo Ha 10%. Ecnm Takoe W3MEHEHHE COINpPOTHBIICHHA OyneT OKa3blBaTh BIMSHHAE HA
XapaKTEPUCTHUKY dJIEKTPOHHOM CXEMBI, TO IPHUMEHATh YKa3aHHBIE THUIIBI PE3UCTOPOB HE CIETYET.

2. Xapakrepucruku pesucropos Tunos C5-37 u C5-37B

Puows BT JauHa, MM Macca, r Juanazon R,,,. Om
5 25,8(26,2) 7 1,8 —100 m 110 — 5100
8 34,8(35,2) 9 2,7— 100 m 110 — 6800
10 44,7(45,2) 11 3,3 — 100 u ITO — 10000

[Ipumeuanwus: 1. B ckoOkax mpuBeneHBI JaHHBIE I pe3ucTopoB Tuma C5-37B.

2. lnameTp pe3ucTopoB paBeH 11 Mm.

3. Jlna pesuctopoB ¢ R,,<100 Om momyckaeMbie OTKIOHCHHS COMpPOTUBIEHHI coctaBisoor £10%, TKC= +200-10° 1/°C B
nuanasone temmepatyp — 60----b200°C. J{ns pe3uctopoB ¢ R,,> 110 OM momyckaembie OTKIOHSHUS] COMPOTUBIICHUN COCTABIISIFOT
+5 1 +£10%, TKC=100x rom X10® 1/°C B nuamasone Temneparyp — 60 — +155°C.

B Tex cmywasx, xorma HeoOXoIWMa YCTaHOBKa B ammapaType pe3uctopoB ¢ Pyom=5-MO Bt u, xpome TOTO,
HEoOX0/MMa X BBICOKAs TEMIIEpaTypHas CTa0MIbHOCTh, MOT'YT OBITH PEKOMEH/IOBAaHBI IIPOBOJIOYHBIE PE3UCTOPHI THIIOB
C5-37 (menzonupoBanubie) U C5-37B (u3omupoBaHHbIe) (Ta0IMI. 2).

Ipeyusuonnvle pesucmopsl. ITH PE3NCTOPBI OOBIYHO MCHOJIB3YIOT B KAUECTBE JIEMEHTOB IEKTPHUECKHX IIETIeH, B
KOTOpPBIX HEOOJIBIIOE H3MEHEHHWE COIPOTHBICHHS pE3UCTOpPa IPUBOAUT K HEAOIYCTUMOMY OTKJIOHEHHIO
XapakTepUCTHUK ammapaTtypel. B 3ToM ciyyae NIpUMEHEHHE INPENHM3HOHHBIX PE3UCTOPOB IO3BOJSET HCKIIOYUTH
JIOTIONTHUTEbHYIO MOJCTPOHKY ammaparyphl, 4TO HMeeT oco0oe 3Ha4yeHHe MJIi aBTOMOOWIIBHON SIIEKTPOHHOU
amnmapaTypbl MacCOBOTO NTPOU3BOJICTBA.

3. XapaKTepl/lCTl/lKI/l HEMPOBOJOYHLIX NPCHU3UOHHBLIX PE3UCTOPOB

6 o
sBr | OuameTp, TKC-10°,1/°C, B
Pom- MM OnuHa, mm| Macca, r ﬂwarz)ason R WHTepBane TemMnepaTyp
M
— 60u4- c
+25°C 25-125°C
Pe3ucmopsbl muna C2-29B
0,125 3,5 8 0,3 1—1-10° o .
0,25 4,5 11 1,0 1—2,21-10° — —
0,5 7,5 14 2,0 1—3.01-10° — —
1,0 9,8 20 3,5 1—5,11-10° — —
2,0 9,8 28 5 1—10-10° *300 (¥75) | %100 (+25)

Pe3ucmopsi muna C 2 -31
0,125 12,3 6 0,2 2,2-10° — 1-10° | +75 | +75



IIpumeuanus: 1. Jusa pesuctopos tuna C2-29B nomyckaeMble OTKIOHEHHS COIPOTUBIEHUH cocTaBiaror +0.05; +£0,1; +0,25;
+0,5 u £1% (PO E192), a anst pesucropos tumna C2-31 — +0,1; +£0.25; 0.5 u £1% (psix E192).

2. B cxo0OKax yka3aHbl 3HAYEHUS T pe3ucTopoB ¢ Rygu=1 0-=-1 0-1 O» Om.

4. XapaKTepUCTUKH MPOBOJIOYHBIX MIPEIIM3UOHHBIX PE3UCTOPOB

5. XapaKkTepuCTHKU HEMTPOBOJIOYHBIX PE3UCTOPOB C HOBBIIIEHHON TEPMOCTAOMIBHOCTHIO

Puow- BT | Anamerp, mm | Jnuna, mm | Macca, r Ilf AnasoH
R*nom, OM
Pesucmopot muna C5-5B (C5-5)
1 6,15 20 2,5 110 — 13-10°
2 6,15 27 3,0 110 — 30-10°
5 11,2 33 9,8 110 — 75-10°
8 11,2 42 10,0 110 — 100-10°
10 11,2 52 13 110 — 180-10°
Pezucmopot muna C5-42
2 (5x4,3) 15,5 15 110 — 2740
3 (8x7,8) 15,5 2,0 162 — 7100
5 (9,5x8,8) 20 4,0 162 — 10-10°
8 (9,5x8,8) 28 5,0 162 — 10-10°
10 (9,5x8,8) 38 6,0 162 — 10-10°

* JInst Oy CKaeMOoTo OTKJIOHEHHs conpoTuBieHnii £0,5%.

Ipumeuanust: 1. J{ns pesucropos tuna C5-5B(C5-5) momyckaeMble OTKIOHESHUS CONPOTUBICHHH cocTaBisitoT +0,05; +0,1; £0,2;
+0,5; +1; +2 u +5% (psax E24), TKC= +50x10° 1/°C B guanasome temmeparyp — 60-+155°C. Jlnst pesuctopos Tuma C5-42
JIOMTyCKaeMbIe OTKJIOHEHHSI COTPOTHBICHUH cocTaBistoT £0,1; +£0,2; +£0,5; £1; £2 (psax E96) u £5% (psax E24), TKC= +50-10° 1/°C B
nuanasone temmeparyp — 60 — +125°C.

2. B ckoOkax yka3aHbI pa3Mephl CEYCHUS.

IToMuMoO Manoro IomyckaeMoro OTKJIOHEHHS CONPOTHUBICHHUS JUIS MPEIU3UOHHBIX PE3UCTOPOB XapaKTepHbl HU3KHE
3Hauenuss TKC, 1. e. naHHbBIe PE3UCTOPHI OJHOBPEMEHHO O0Jaal0T W XOpOUIeH TepMOCTaOMIbHOCTBIO. OnHaKo
YKa3aHHBIE TOJIOKUTENIbHBIE KAa4eCTBa MPEIM3UOHHBIX PE3UCTOPOB IOCTUTAIOTCSA MPU HEKOTOPOM YBEIMUYEHHH HX
pa3MepoB (110 CPaBHEHHUIO C PE3UCTOPAMH OOLIEro IpUMEHEHNs ) U IieHbl. Hanboiiee moaxoqmuMH 171 TPIMEHEHUS B
aBTOMOOWJIBHOHM 3JIEKTPOHHOM ammapaTrype SBISIOTCS PE3UCTOPHI C METAJUIOAMIIEKTPUUYECKUM ITIPOBOSMIMM CIOEM
trroB C2-29B u C2-31 (tadm. 3).

U3 comnocraBneHus maHHBIX TaOm. | u 3 ciuemyer, YTO MPEMU3UOHHBIE pe3ucTopbl THoB C2-29B u C2-31 mo
CpaBHEHMIO ¢ pesuctopamu obimero npumeHeHus tunos MJIT u OMIJIT umetor B 1,5 — 2 paza Gonpmmii 00beM U
Maccy, Ho TKC y HuX npuMepHO Ha MOPSAIOK HIDKE.

B Tex ciyyasix, KOraa HOMHUHAJIbHAsI MOIHOCTh PAcCESHUS Pe3UCTOpa mpeBbimaeT 2 BT, MOryT OBITh NPHMEHEHB
MIPELU3NOHHBIE TIPOBOJIOYHBIE pe3ucTOphl THIOB C5-5B u C5-42B (Tabm. 4).

IIpoBonOYHBIE MPELUU3UOHHBIE PE3UCTOPHI MO CPABHEHUIO C HEMPOBOJOYHBIMU MPU OJHOM U TOH K€ HOMUHAJIBHOMI
MOIITHOCTH PACCESTHUSA UMEIOT MEHBIINE Pa3Mepsl U MacCy, HO 3HAYUTEIHHO 00Jiee BBICOKYIO LIEHY. DTO OTpaHHYMUBACT
00J1acTh TIPUMEHEHUs] MPOBOJIOYHBIX NMPELU-3UIHOHHBIX PE3UCTOPOB, KOTOPHIE CIIENyeT NMPUMEHATh TOIBKO B 0C000
OTBETCTBEHHBIX 3JIEMEHTAX 3JIEKTPOHHOM anmnaparypsl.

Peszucmopul ¢ svicokoi memnepamyprou cmabunbHocmpio. XOpOIeH TeMIepaTypHOH CTaOMIBHOCTRIO O0NIadatoT
HETIPOBOJIOYHBIE PE3UCTOPHI OOIIEro HA3HAYCHHUS C METAIUIOJUAICKTPUUECKIM POBOISAIINM ciioeM TutioB C2-26 u C2-
50 (tabn. 5). Takue pe3WcCTOpHl MO JOMYCKAaeMBIM OTKJIOHEHHSIM COIPOTHBICHUI 3aHMMAIOT IPOMEKYTOYHOE
MOJIOXKECHUE MEXIy pe3ucropamu obmiero HazHaueHus tuna MJIT (OMJIT) u npenusnoHHBIMU pe3ucTopamu. lleHa
pesuctopoB C-26 u C2-50 BrIme 1eHsl pe3ucTopos Tuna MJIT u Hibke [EeHBI MPEU3NOHHBIX PE3UCTOPOB.

P,y BT JAuamerp, | Jdauna, Macea, r Junana3on Ryopm,
MM MM Om

Pe3ucmopor muna C2-26

0,5 4,2 10,8 1,0 1—10-10°

1,0 6,6 13 2,0 1—10-10°

2,0 8,6 18,5 35 1—1010°
Pezucmopot muna C2-50

0,25 2,4 6,0 0,15 10 —10°

0,33 33 7,0 0,3 10 —2- 10°

0,7 4,2 10,8 1,0 10 —5,1-10°



[Mpumeuanne. st pesuctopos tuna C2-26 nomyckaeMble OTKJIOHSHHUS CONPOTHBIICHNUH cocTaBisiioT £0,5; +£1 u +2% (psag E96),
TKC= £( 100-200) 1 0° 1/°C B guanasone Temmeparyp — 60 — f-155°C st pesucropos Tnma C2-50 nomycKaeMble OTKIOHCHHS
COTIPOTHBICHHUIT COCTaRIAIOT £1; 2 u 5% (paasr E24 u E96), TKC= £250-10° 1/°C auanasone temreparyp — 60 — +25°C u
TKC =4-100-1 0° 1/°C B nnanasone Temneparyp 25 — 155°C.

B nHOomenKkmaType pe3nctopoB C2-50 0TCYTCTBYIOT pE3UCTOPHI C HOMUHAIEHOW MOIIHOCTRIO paccessHus 0,125 BT, a
B HOMEHKJIaType pe3uctopoB C2-26 — pesucropsl MouHoctsio 0,125 u 0,25 BT. DT0 cymecTBeHHO CykaeT 00sacTh
MIPUMEHEHHS ITaHHBIX PE3UCTOPOB, MOCKOJIBKY B aBTOMOOMIIEHOW 3JIEKTPOHHOM ammapaType pe3ucTopbl C HOMUHAIBHON
MoIIHOCThIO paccesHust 0,125 BT siBisitoTcst Hanbosiee pacpocTpaHeHHBIMHU.

Ilepemennvie pesucmopsi. B aBTOMOOMIBHOW 3JIEKTPOHHOM ammapaType IMepeMEHHbIe pPEe3UCTOPHI HNPUMEHSIOT
MOYTH UCKIIIOYUTEIBHO B Ka4ECTBE MOJCTPOCUHBIX PE3UCTOPOB. B 3TOM ciiydae ympoliaercs U yCKOpsieTCsl HacTpoika
AJIEKTPOHHO ammaparypbl, MOBBILIAETCS TOYHOCTh HACTPOWKH M, KpPOME TOTO, 3aMETHO YMEHBIIAETCsS HOMEHKIATypa
MIOCTOSIHHBIX PE3UCTOPOB B PE3YNbTaTe HCKIIOYECHUS TEX WX HOMMHAJIOB, KOTOPBIE IPH OTCYTCTBHUH HEPEMEHHBIX
PE3UCTOPOB TOTPEOOBAIUCH OBl AT HACTPOMKM ammaparypbl. HemocTaTkoM NMPHUMEHEHHS NMEPEMEHHBIX PE3UCTOPOB
B3aMCH IOCTOSIHHBIX MOJCTPOCYHBIX PE3UCTOPOB SBISICTCA YBEJIMYCHHE pa3MEpPOB allapaTypsl, CHIDKCHHE €€
HAJIS)KHOCTH W TOBBIIICHHE CTOMMOCTH. [103TOMy mepeMeHHbIE MOJCTPOCYHBIE PE3UCTOPHI HAXOIST OTPAaHHUCHHOE
IIPUMCHEHHE.

B aBTOMOOMIBHON 3IEKTPOHHON ammaparype UCIOIb3YIOT KaK IPOBOJIOYHBIE, TaK U HEIPOBOJIOYHBIE IEPEMEHHBIC
pe3ucTopbl. B KOHCTPYKIMHU PE3NCTOPOB MHOT/A NMPHUMEHSIOT CHelUalbHble YCTpoicTBa Ui (PUKCAMK TOABHKHON
CUCTEMBI B YCTAaHOBJICHHOM IOJIOXKEHUH. TakKUMH (PMKCHPYIOIMMH YCTPOHCTBAMH SIBJISIIOTCS CTOIIOPHI Bajla WU CIISIIH -
aNbHbIE TOPMO3HBIC DJIEMEHTHI, PACIOJIOKEHHBIE BHYTPH KOpIyca pe3nucTopa. XOpomyrk (UKCALHUIO ITOABHKHOU
CHCTEMBI 00ECTIeYHBAET €€ MIPUBOJ C IIOMOIIBI0 MUKPOMETPHUYECKOTO BUHTA WU YePBAYHOHN MepeiadH.

HemnpoBoIOUHbIE [EPEeMEHHEIE PE3HCTOPE HMEIOT Gobume 3Havenns TKC, cocramsomme (1000 — 2500) 10°°
1/°C, mpuuem Hamry4mwue nokazarenu mo TKC y kepMeTHBIX pe3ucTopos (Tadi. 6, pesuctopsl Tumos CI13-19, CI13-45,
CII3-37), nns kotopeix xapakrepasl TKO= = + (100-7-500) 10 1/°C).

B. XapaKTepUCTHKH HENMPOBOJIOYHBIX NepeMeHHbIX M0CTPOCHHBIX Pe3UCTOPOB

P _pr | [lnamer | Beicora, JAunanazon JAnanazon 106
Tumn pe3uctopa | 'uom P, MM . Macca, r Ruon. OM Psn Temmepatyp, °C TKC-107,1/C
CII2-3 0,25 16 12,5 6,4 68—330 |E6| —40—+70 +2500
CII3-60*1 0,125 11,7 14 6,5 10°—10° |E6| — 60— +100 | (1000 — 2000)
CII3-168*1 0,125 11,7 14 5,6 10°—10° |E6| —60—+125 | £(1000 — 2000)
CII3-96*! 0,5 16 30,5 15 10° —4,7%10° | E6 | — 60 — +100 | +(1000 — 2000)
CII3-21a 0,25 16,3 9,2 48 | 22-10° —33 | E6| —40—+85 £1000
10
CII3-19a 0,5 6,6 4,1 1 10 —10° |EG| —60—+125 | (250 — 500)
CII3-198 0,5 6,6 9,3 1 10—10° |E6| —60—+125 +(250-500)
CII3-45r*! 0,5 10 32 5,1 33—10-10° | E6 | — 60 —+155 | (100 — 250)
CII3-37+¢ 1 |65x85*} 35 45 10—10° | E6| —60—+155 +500
CII4-16* 0,25 12,8 28 8 10° —2,2-10° | E6 | — 60 — +125 | £(1500 — 2000)
CII4-3 0,125 12 17 4 100 — 4,7-10° | E6 | — 60 — +125 —

*1 Co cTomopeusieM Baia.
*2 MHOTr000OpOTHBIH.
*3 Pa3Mepsl CEUCHUS.

7. XapaKTepUCTHKH NPOBOJOYHBIX NePeMEHHbIX OJACTPOCYHbIX PE3HCTOPOB

Pazmep
Tun pesucropa| Pyyy, BT bl BoicoTa,| Macca, |[Anana3on R, Psan JAunana3on
CeYeHHsd,| MM r Om Temmneparyp, °C
MM

CIIS-2BA* 0,5 10X10 9,4 1,6 3,3—22-10° | E6 | — 60 — +155

CIIS-2Bb* 0,5 10x6,3 10 1,8 3,3—22-10° | E6 | — 60— +155

CII5-6 0,5 11X11 16,8 3 100 — 10-10° |E12| — 60 — +125

CII5-51* 0,25 7X7,5 23 2 10 —10-10° | E6 | — 60— +125

CII5-22* 0,5 7%6,5 30 3,2 10 —33-10° | E6 | — 60— +125




CII5-16A 0,25 (11) 9,7 1,8 33—22-10° | E6 | — 60 — +155
CII5-16A 0,5 (13) 9,7 2,2 3,3—33-10° | E6 | — 60— +155

* MHOT00OOPOTHBIH.

[Ipumeuanus: 1. B ckoOkax yka3aH IuamMeTp pe3ucTopa.

2. Jlomyckaemble OTKJIOHEHHS CONPOTHBIICHUII BCeX PE3UCTOPOB, KpoMme pesuctopoB tuma CII5-6, coorBercTBYIOT psany EO, a
pesucropos tumna CI16-6 — pany E12.

3. Jlns pesucropos trma CI15-16A TKC=+(50-500) 10 1/°C.

[lepeMeHHBIH TOACTPOCHHBIH PE3UCTOP OOBIYHO YCTAHABIHMBAIOT MApaLICIFHO MIOCTOSTHHOMY pesuctopy. [Ipu sTom
HOMHHAJIEHOE COIIPOTHBIIEHHE MOJICTPOCHHOT'O PE3UCTOPA BBHIOMPAIOT MPUMEPHO Ha MOPSIOK BBIIIE, YEM TTOCTOSTHHOTO
pesucropa. Takoe BKIIOYEHHE MOCTOSHHOTO M IOJCTPOSHHOTO PE3UCTOPOB IMO3BOJISIET NMpUMEpHO B mpexenax 10 %
perynupoBath UX obuiee conporusienue. [Ipu sToM BinsiHEE TemmnepaTypbl Ha oOllee CONMPOTHBIICHUE MapalIeibHO
BKJIFOUCHHBIX TIOCTOSIHHOTO M IIEPEMEHHOI0 pPE3UCTOPOB TaKoe jKe, Kak M INpH yMmeHblieHMH Ha mnopsgok TK.C
HEPEMEHHOTO PE3UCTOpA.

TKC y nepeMeHHbBIX MPOBOJIOYHBIX PE3UCTOPOB MPUMEPHO HA MOPSIOK HIXKE, 9€M Y HENPOBOJIOUHBIX. [lo3TOMy HX
MIPUMEHECHHE TI03BOJISIET 0oJiee TMPOCTO pemIaTh INPoOeMy OOeCTeYeHHsI CTAOMIBHOCTH COIPOTHBICHHS IEMH, B
KOTOpPOH YCTaHABIMBAETCS IIEPEMEHHBIN pe3rcTop. OfHAKO B 3TOM CIIydae yBEIHIHBACTCS CTOMMOCTD anmaparypsl, 1o-
CKOJIBKY IIPOBOJIOYHBIC TI€PEMEHHBIE PE3UCTOPHI HMEIOT Ooiee BBICOKYIO CTOMMOCTH MO CPaBHEHHIO C
HETIPOBOJIOYHBIMH.

IlIpn BEIOOpPE pE3UCTOPOB M1 aBTOMOOWIJIBHON 3JEKTPOHHOW ammapaTypsl K3 OONBIION HOMEHKIATYpPbI
BBIIIYCKAaeMBIX MOACTPOCYHBIX PE3UCTOPOB II€1eCOO0OPa3sHO OPUEHTUPOBATHCS, B IEPBYIO OdepeAb, Ha Hambolee
JIeIIeBbIe HEIIPOBOJIOYHBIE MEPEMEHHbBIE PE3UCTOPBI, KOTOPBIE MOJKIIOYAIOT MapalljIeIbHO OCHOBHOMY IOCTOSIHHOMY
pesucropy. I[IpoBoa0UYHbIE HOACTPOCUHBIC PE3UCTOPHI CIIEAYET UCIIOIb30BATh IPU HEOOXOAUMOCTH 00ecIedeHHs 0000
BBICOKUX TPeOOBaHHI MO0 TEPMOCTAOUIHLHOCTH alapaTypsl.

B Tabn. 6 mpuBeneHB! XapaKTEPUCTUKH HEKOTOPBIX MEPEMEHHBIX HEMPOBOJIOYHBIX IOACTPOCUHBIX PE3UCTOPOB,
KOTOpBIE MOTYT OBITh PEKOMEHJOBAHbI JUIsl IPUMEHEHHUS B aBTOMOOMIBHON DJIEKTPOHHOH amnmapaTtype. AHaJOrHYHbIE
JTaHHBIE JUIS TIPOBOJIOYHBIX IEPEMEHHBIX MOJICTPOCYHBIX PE3NCTOPOB IPUBEICHBI B Ta0M. 7.

KoHnpaeHcaTopbl

B siexTpoHHOI ammaparype CHCTEM YIpPaBJICHHS arperaTaMi aBTOMOOWICH KOHIEHCATOPHI MEPEMEHHON eMKOCTH
MPAaKTUYeCKH HE MPHUMEHSIOT, a W3 4YHcia KOHACHCATOPOB IIOCTOSHHON EMKOCTH HCTONB3YIOT KOHACHCATOPHI C
OpraHUYeCKUM, HEOPTaHHYCCKHIM W OKCHIHBIM IUAJICKTPUKaMHU. THI AMANEKTPHKAa B TMEPBYIO OUYepedb ONpeAeIseT
XapaKTePUCTUKHU KOHJIEHCATOPA MOCTOSTHHON €MKOCTH.

OcHOBHBIE TTApaMETPHI KOHJIEHCATOPOB CIEAYIOIIHE.

1.Homunanonasa emxocmov C,o,y, KOTOPOM MapKUPYETCS KOHACHCATOp. 3HAYEHWs HOMHUHAIBHONH €MKOCTH
KOHJICHCATOPOB CTaHAapTHU30BaHbl, a WX KOJUYECTBO B JEKajJe oOmpenenserca TUMoM psga. Haubomee wacto
ynotpebmstorcs psaasl E3, E6, E12, E24, B KOTOpPBIX COOTBETCTBEHHO 3, 6, 12 u 24 3HaueHUil HOMUHAJIHLHONW €MKOCTH B
KaXXJI0H JexaJie.

2. [lonyckaemoe omkionerue HaKTHIECKOW EMKOCTH KOHJCHCATOPa OT HOMHHAIBHOTO 3HaYeHUs. Hinke npuBeneHp
JTOITyCKaeMble OTKIIOHEHUS] eMKOCTH JJIS pa3IMYHBIX KOHICHCATOPOB:

C HEOPTaHUYECKUM U OPTaHUYECKUM JAUIICKTPUKOM......... +0,1; £0,25; £0,5;£1; £2; +£5; £10; £20;

C OKCUJIHBIM JIUAJIEKTPUKOM . . . £5; +£10; £20; +£30; +30; +50; +80; +100

—10—20—20—10
C HEOPTaHUYECKUM U OPraHUYECKUM JAUIIEKTPUKOM......+30; +30; +50; +50; +50; +80; +100
—10—0—10—20—20—10

C OKCHJIHBIM JIUDJIEKTPUKOM . . .

3. Homunanvnoe nanpsicenue Uyoy, TpEACTaBIsIONIee CO00W HauOOJblliee HAMPsDKCHHE, IPH KOTOPOM
KOHJICHCATOP MOET paboTaTh B 3aJ[aHHBIX YCIIOBHIX B TEUCHUE CPOKA CITY:KOBI C COXPaHCHHEM €ro MapaMeTpPOB.

JIis MONSIPHBIX KOHJEHCATOPOB, T. €. KOHICHCATOPOB, MpEIHA3HAYEHHBIX AJIsI pabOThl B IEMSAX MOCTOSHHOTO U
MyJIbCUPYIOMIETO TOKOB 0€3 M3MEHEHHs TOJISIPHOCTH TOJABOJAUMOTO K HHUM HANPsOHKEHUS, TTIOMUMO HOMHHAIHLHOTO
HanpspKEeHUs, JOTIOJHUTEIBHO OrOBapUBAETCsl IOMyCTUMAsl aMIUIUTY 1a IEPEMEHHOM cocTaBiisitomel HanpsokeHust. [pu
3TOM CyMMa MOCTOSSHHOTO Pa0o4yero HANpsHKCHUS W aMIUTUTYABI IIEPEMEHHON COCTABISIONICH HE JOJDKHA MPEBHIMIATH
HOMUHAJILHOTO HAIPSIKEHUSI.

4. uanason pabouyux memnepamyp, B KOTOPOM JOJDKHA OOCCIICYMBATHCS HOpPMalibHas padoTa 3IIEKTPOHHOM
ammaparypel IIpu TeMrepaTtype okpyxatomiei cpeasl — 40 — +70°C B cioydyae yCTaHOBKH aImapaTypbl B MOTOPHOM
otaenennn i — 40 — +55°C npu ycTaHOBKE BHE MOTOPHOTO OT/ICIICHHUSL.

JIis  BBIIOJTHEHHWST 3TOTO TpeOOBaHWs, Y4YUTHIBAs TMEPErpeB dSJEKTPOHHON ammapaTypbl MO OTHONICHHIO K
TeMIIepaType OKPYKAIOIMIETO BO3yXa, BEPXHUH Mpeaes AOMyCTUMON TeMIepaTyphbl KOHIEHCATOpa MOJIKEH OBITh, Kak
mpaBuio, He Hiwke 85 °C.

B ceBepHBIX paiioHaxX CTpaHBI TeMIIepaTypa Bo3ayxa MoxeT qocturath — 55°C. Bo nzbexanne oTkasa anmaparypbl
TIPH TaKWX YCIOBUAX HEOOXOIUMO, YTOOBI YCTAaHOBJICHHBIC B HEH KOHJIEHCATOPHI BBIAEP KUBAIN TAHHYIO TEMIIEPATYPY



x0T OBl B HepaboueMm cocTosHHH. Kak mpaBmio, 3TO JOCTaTOYHOE YCIOBHE, MOCKOJBKY B CIIydae 3KCIUTyaTallun
TPaHCIIOPTa MPH 0CO00 HU3KHMX TEMIIEpPATypax Mepe] BKIIOUCHUEM 3JIEKTPOHHON ammapaTypbl OOBIYHO OCYIIECTBISIOT
ITyCK JIBUTATENsI M 000rpeB MPOCTPAHCTBA, I/IE PACIIONI0KEHA almapaTypa.

Y OONBIIMHCTBA BBIIYCKAEMBIX COBPEMEHHBIX KOHJCHCATOPOB C HEOPTaHMYECKHUMH M OpPTaHHYECKHMHU
JIM3IIEKTPUKAaMH TaHHBIE TPEOOBaHM 00ECIEUNBAIOTCS, TIO3TOMY MMEETCSI BO3ZMOXKHOCTh IITMPOKOTO BBIOOpA TOTO WM
MHOTO THUIa KOHAeHcaropa. KoHaeHcaTopsl ¢ OKCHAHBIMU AWBIEKTPUKAMH HMEIOT B IIEJIOM XyALINE IOKa3aTelnu B
yacT paboyero TemrepaTypHOro auamnasoHa. [1osToMy HOMEHKJIATypa Ta-KMX KOHJICHCATOPOB C TpeOyeMbIMU
napameTpamH sBJsieTcs Oosiee y3KOil.

5. Temnepamypmnuvuii xoagppuyuenm emxocmu (TKE), xoTopblil paBeH OTHOCUTENbHOMY W3MEHEHHUIO, E€MKOCTH
KOHJIeHcaTopa Ipu u3MeHeHuu ero temmneparypsl Ha 1 °C. 3nauenne TKE onpenensiercst mo hopmyine

TKE = CT1 - CTZI[CT1 (Tl - TZ)]t

rne 73 u T , — TeMmmeparypbl, IIpU KOTOPBIX M3MepsieTcsi eMKocTh KoHaeHcartopa; Cr; m Cp2 — eMKOCTH
KOHJIeHCaTopa MpH TeMIIepaTypax COOTBETCTBEHHO 77 u 7.
Mo Bemmumne TKE konpencaropsl pa3doutsl Ha rpynnsl (mo 'OCT 26192 — 84), KOoTOpbIM NPHUCBaUBAIOTCS

obo3HaueHns (tabn. 8). KoHOeHcAaTOpBl, €MKOCTh KOTOPBIX B 3aBHCHMOCTH OT TEMIeEpaTypbl H3MEHICTCS B
3HAYMTEIBHBIX TIpezenax, pa3outsl mo rpymmam TKE cormacho manubmM Tadm. 9 [29].

8. Yci10BHOe 0003HaYeHUE TPYII KOHAEHCATOPOB M0 TEPMOCTAOMIBHOCTH

TKE- 10° 1/°C, | & g E LiBer KoAa
npu20—85° | £ & 2
C 2EE©
¢ S M
FE
+ (100+40) 11100 Kpacusiii ¢
¢uoneroBbIM
+ (33+30) 1133 Cepwrii
+30 MIIO YepHbii
— (33£30) M33 KopuuneBbiii
— (47+40) M47 I'ony6o¥i ¢ KpacHbBIM
— (7540) M75 KpacHplii
— (150+40) MI 50 Opan:keBbIii
— (220+40) M220 Kenrplid
— (330+60) M330 3enenblii
— (470+90) M470 Touy6oii
— (750+120) M750 ®DuoJ1eTOBBII
— (1500+250) | MI 500 Opan:xeBblii
—(2200+£500) | M2200 |7Kearblii ¢ OpaH:KEBbLIM

[Ipumeuanwne. [1 — xonnercatopsl ¢ monoxurensHeIM TKE, M — ¢ otpunarensasiM TKE, MIIO — ¢ TKE HeonpeneneHHOTO
3HaKa.

9. YcjoBHOe 0003HAYEHHE TPYNI KOHIEHCATOPOB IO J0NMYCKA€MOMY OTK/JIOHEHMI0O €MKOCTH B padodem
Auana3oHe TeMIepaTyp

s E a\i IS @ E IiBer Koaa
S¢2f |EZ:-.
=°5E |2%:
X 53 |BFS
+10 H10 Opan:xeBblil ¢ YePHbIM
+20 H20 OpaH:keBblii ¢
KPacHbIM
+30 n3o OpaHikeBblii ¢
3eJIeHbIM
+50 HS0 OpaHikeBblii ¢
roJry0bImM
+70 H70 OpaHikeBblii ¢
¢uoneroBbIM
+90 H90 OpanikeBblil ¢ 0eabIM

6. I[oxazamenu, xapaxmepusylowue dJ1eKmpuiecKoe CONpomMueieHue KOHOeHcamopa TP TOIBENCHUH K HEMY
HalPSDKEHUsD IOCTOSHHOTO ToKa. JlJIi KOHJEHCAaTOPOB C OpPraHUMYECKUM WM HEOPraHUYECKUM JIM3JIEKTPUKOM



XapaKTepHO BBICOKOE OJJIEKTPUYECKOE CONPOTHUBICHHE. B CBA3M € 3TUM KayeCTBO H3OJLSIIMU HUX JHAJIEKTPUKA
OIICHUBAIOT TIOCTOSTHHOW BpeMEHH T (B C), paBHON MPOU3BEICHUI0 HOMHHAIHLHOW €MKOCTH KoHAeHcaTtopa (B MK®) Ha
ero conpotusiieHue (B MOm).

Y KOHIEHCATOPOB C OKCHJHBIM JAMAICKTPHUKOM COIPOTHBJICHHE CYIIECTBEHHO HHXXE, YeM Y KOHACHCATOPOB C
OpraHUYeCKUM W HEOPraHWYeCKUM AUDJICKTPUKaMHU. [103TOMy KadecTBO HM3OJSIIMU KOHICHCATOPOB C OKCHIHBIM
JIUAJIEKTPUKOM OLICHHBAIOT MO CHJIC TOKA, KOTOPBIA MPOJOIKAET MPOTEKATh Yepe3 KOHACHCATOP M MOCIE OKOHYAHUS
mpoIrecca ero 3apsaku. Takoil TOK Ha3bIBACTCA TOKOM YTCUKH, a €ro CHJIa H3MEpseTCs IpH IOABECICHHU K
KOHJICHCATOPY HOMHHAJBHOTO HampspkeHHs. Cuijla TOKa YTEYKH JOCTHTacT YCTAHOBHBILIETOCS 3HAYCHHS CITYCTS
HECKOJIbKO MUHYT IIOCIIC OKOHYAHHUS IpoIiecca 3apsIKu KoHeHcaTopa. [1oaTtomy ee BennunHy u3MepstoT yepe3 10 MuH
Mmocje MONBEJACHUSA K KOHJICHCATOPY HampsikeHus. CBs3b MEXIY CHIOW TOKa YTEYKH M TMOCTOSHHOW BpPEMEHHU
KOHJICHCATOpa BhIpaXKaeTcs (opMyInoit

rae C — B Mk®; Uyom — B B; Iy, — B MKA.

JlelicTBue TOKa yTEUKH SKBHMBAJECHTHO MOJKIIOUEHHIO MapauIeIbHO KOHAEHCATOpPY PE3UCTOpa, CONPOTHBICHHE
KOTOPOTO TEM MeEHbBINE, YeM OOIbIIe CHia TOKAa yTEYKH. B CBS3M C ATHM IPH HCIOIB30BaHMHM KOHJIEHCATOPOB,
UMEIOIINX OONBIIYI0 CHIY TOKa YTEUKH, OKa3bIBAE€TCS HEBO3MOJKHBIM ITONyYCHHE BBICOKHX ITOCTOSIHHBIX BPEMEHH
3apsIKA U pa3psaaKd KOHICHCATOPA, YTO MHOTA TPeOyeTCs UL CO3MaHMs BpPEeMs-3aJalolldX AJIEMEHTOB 3JIEKTPOHHON
ammaparypbel. Cuila TOKa YTEYKH OKCHIHBIX KOHAEHCATOPOB BO3PAcTacT MO0 MEpe YBEIWYCHHS WX TEMIIEPaTypHl,
MMOSTOMY BO3MO>KHOCTH TPUMEHEHHs KOHACHCATOpa TOTO WIIM MHOTO THIIA B KadeCTBE BPEMsI3aIAIONICTO JIIEMCHTA
CJIelyeT OIICHUBATH IIPH MPEISIEHON OJIO0KHUTEIBHON paboUei TeMrieparype KOHACHCaTopa.

JUis KOHJICHCATOPOB C OPTaHUYECKUM JHUAICKTPUKOM XapaKTEepPHbI OYEeHb OOJIBIINE 3HAYCHUS TIOCTOSHHON BpEeMEeHH,
MIO3TOMY HCIIOJIb30BaHME KOHAEHCATOPOB ATOTO THIIA B KayecTBE JIEMEHTOB BpeMsA3aJalo-IIUX LeNeil He HMeeT
orpaHndeHuil. Taioke NPUTOAHO JUIL 3TOM HENMu OOJIBIIMHCTBO THUIOB KOHAEHCATOPOB C HEOPTaHHMYECKUM
JUBIIEKTPUKOM.

7. Yoenvnvie noxasamenu no pazmepam. Pasmepbl KOHIEHCATOPOB ONPEAENAIOTCA X YAENbHON eMKOCTEIO Cyy, T. €.
€MKOCTBI0, OTHECEHHOH K eIWHHIIe 00heMa KOHJCHCATOPA.

Haunbonpmmryto ymenpHyro eMkocth 50 — 150 Mkd/cM® nmeroT KOHJIEHCATOPBl C OKCHUIHBIM AMAJIEKTPUKOM. Jlist
OOJBIIMHCTBA KOHACHCATOPOB C OPTaHWYECKHM W HEOPTaHWYCCKUM IIAJICKTPUKAMH XapakTepHbl 3HaueHus Cyx He
oomee 1 — 2 mxd/cm®. OnHAKO OKCHJIHBIC KOHICHCATOPHI 3aMETHO YCTYNAIOT IO CTAOHIBHOCTH XapaKTePHCTHK
KOHJICHCATOpaM HWHBIX THUIIOB, MOTOMY WX NPHUMCHEHHE HE Bcerga Bo3MOXKHO. [Ipwm omeHKe menecooOpa3HOCTH
HCTIOJB30BaHUS KOHIICHCATOPOB TOTO WJIM MHOTO THIIA CIEAYET IMPEKIC BCETO ONCHHUTH TpeOyeMBI YpOBEHb CTa-
OMJIBHOCTH MX XapaKTEPUCTHUK.

Bce MHOrooOpasue obsiacteil MPUMEHEHHs] KOHAECHCATOPOB B aBTOMOOWJIBHOM 3JIEKTPOHHOM ammaparype MOXHO
CBECTH K JBYM T'pYIIIaM:

UCIIONIb30BaHME KOHJEHCATOpPa B KAauyeCTBE OJJIEMEHTAa JIIEKTPHUYECKOM LeNH, HOpMaibHOe (YHKIMOHHPOBAHHE
KOTOPOI He HapyliaeTcsl MpHU M3MEHEHHHM €MKOCTH KOHJIEHCATOpa Jake B 3HAUMTENBHBIX Mpeaesiax (Hampumep, mpu
HM3MEHEHHUH TeMIIepaTyphl OKpyXKaromeil cpeasl). 9To, B YaCTHOCTH, UMEET MECTO, €CIIH KOHAEHCATOp BXOJIUT B COCTaB
¢mIbTpa WM BHIIONHACT (YHKIUU pa3JelUTeNIFHOTO YCTPOMCTBa; . NpPUMEHEHHE KOHJEHCAaTOopa B KadecTBe
COCTaBHOTO DJIJIEMEHTa YCTPOMCTBA, XapaKTEPHCTUKH KOTOPOTO 3aBHCAT OT EMKOCTH KOHJeHcaTtopa. K Takum
YCTpPOWCTBAM, HAaIIpUMEP, MOTYT OBITH OTHECEHEI IPe0o0pa30BaTeln, CoAepKallie HHTETPUPYIONIHIE IIEITH, HalpsHKEHUE
HAa BBIXOJI€ KOTOPBIX JOJKHO H3MEHATHCS B (DYHKIIMH BPEMEHH 3apsiia KOHICHCATOPOB.

[pu mocnemyromeM pacCMOTPEHUH XapaKTEPUCTHK KOHICHCATOPOB Pa3IMYHOTO THIIA U OIIEHKH IeJIeCO00Pa3HOCTH
HX HCIIONB30BAHUA B MEPBYIO Odepenb OyJeT NMPHHUMATHCS BO BHMMAaHHE, K KaKOM M3 yKa3aHHBIX I'PYNI OTHOCHTCS
00J1acTh TPUMEHEHHS KOHAECHCATOPA.

Konoencamopvr ¢ opeanuueckum ousnexkmpuxom. KOHAEHCATOpBI 3TOTO THIA OTHOCATCS K HEIOJSIPHBIM
KOHJIeHCAaTopaM, T. €. OHM MOTYT HPUMEHSTHCA B LEISX IMOCTOSHHOTO, MyJIbCUPYIOIIETO M IepeMeHHOro Tokos. Ilo
nrarna3ony padounx temnepatyp 1 TKE koHIEHCATOPBI ¢ OPraHMYeCKUM AMAIIEKTPUKOM UMEIOT YAOBJIETBOPUTEIIbHBIE
nokazatenu. [103TOMy OHH MOTYT IPHUMEHSTHCS B KAYECTBE AJIEMEHTOB IIeTIei, JJ1si KOTOPhIX HE00X0AMMa MOBBIIIEHHAS
cTaOMIIEHOCTh EMKOCTH KOHICHCATOpa. B 3TOM ciydae onpenenstonmMu (pakTopaMu it BBIOOpa TOTO WIIA MHOTO THIIA
KOHJICHCATOpa SIBJISIOTCS €ro pa3Mepbl, pabounii TemneparypHblid auanaszos, BennunHa TKE, nomyckaemoe oTkiioHeHne
€MKOCTH, a TaK)K€ CTOMMOCTb KOHJIEHCATOPa.

IIpu omHOM M TOH K€ €MKOCTH pa3Mepbl KOHJEHCAaTOpa BO3PACTAIOT MO MEPE YBEIMUYEHHS €r0 HOMMHAIBHOIO
HarnpspKkeHus. B aBTOMOOMIIBHOW 3IIEKTPOHHOM anmapaType KOHIEHCATOpBI, KaK MPaBHIIo, padoTaloT IpH HEOOIBIINX
HanpspkeHusX. IlosToMy [uisi naHHOM ammapaTypsl OKa3blBa€TCsl BO3MOXKHBIM HCIONB30BAaHUS KOHJEHCATOPOB C
MUHUMAaJIbHBIM HOMMHAJIBHBIM HaNpSHKEHHUEM, COCTABIIONINM U KOHIEHCATOPOB C OPTaHHYECKUM IMAIICKTPUKOM
00brgHO 63 — 100 B.

B T1abn. 10 mpuBemeHBl XapaKTEPUCTHKH HEKOTOPHIX THIIOB KOHICHCATOPOB C OPTaHMYECKUM JIHAIICKTPHKOM,
KOTOpBIE, B TEPBYIO OdYepenb, MOTYT OBITh PEKOMEHIOBAaHBI JJISI NPUMEHEHHS B aBTOMOOWIBHOW AIIEKTPOHHOM
ammaparype. JJis Toro 4ToObl OLEHUTHh TabapUTHBIE TOKA3aTeNN KOHIEHCATOPOB ATHX THUIIOB, B TaOJUIlE TPHUBEICHBI
CpaBHUTENbHBIE JaHHBIE TI0 pa3MepaM KOHJEHCATOPOB Kaxaoro Tuna eMkocThio 0,1 u 0,47 Mx®D.

Kounoencamopul ¢ neopeanuueckum ousnrexmpuxom. KOHIEHCATOPBI ¢ HEOPTaHUIESCKHM JTUIIICKTPUKOM SIBIISFOTCS
HETOJISIPHBIMHM KOHJICHCATOPaMH, T. €. OHH MOTYT padOTaTh B IEISX MOCTOSHHOTO, IYJILCHPYIONIETO U IEPEMEHHOTO



TOKOB. B aBTOMOOMJIbHOM 3JI€KTPOHHOW amnmaparype B OCHOBHOM IMPHMEHSIOT KePaMUYECKHE KOHIEHCATODBI, CPeIu
KOTOPBIX HauOOJbIlee pACIPOCTPAaHCHHE MOJYYHIM MOHOJHUTHbIE KOHJIEHCATOphl. Kak MNpaBWiio, HCHOIb3YIOT
KepaMU4ecKre KOHICHCATOPhl CPAaBHHUTEIHHO HEOOJBIION €MKOCTH (0T .COTeH A0 Thicsid mukodapam). OOBMHO X
MNPUMEHSIOT B KayeCTBE 3JIEMEHTOB JJIEKTPUYECKUX (HIBTPOB (COBMECTHO C OKCHUIHBIMH KOHACHCATOPAMH) WIIH B
YCTPOMCTBAX 3alMTHI OT MOMEX M IJIsl IPEIOTBPAIICHHUS aBTOKOJICOAHHUH B LETSAX YCUIUTEICH.

10. XapakTepHCTHKH KOHIEHCATOPOB C OPraHUYECKUM TNJIEKTPHUKOM
HN3menenune Pasmepsbl, MM, IpH eMKOCTH
Jomyckaem
Jinanazon e Jlnana3on | eMKOCTH B T 04T D
O6o3Hau . padouux | mmamazome | U, , 1 MK >3/ MK
eMKOCTel, | OTKJIOHEHH! T, €
eHmne Temmnepatyp| padouux B
kP H EMISOETH, °C TeMIeparyp Ju Juamert
0, b
Yo % amerp Jdauna p JamHa
Memannodymasxcnvle
MBM | 0,06—1,0 +10; +20 |—60—-1- —15—4- | 60 | 1000 8,5 20 11 36
70 10
Ilonusmunen- mepedpnamnoie
K73-16 0,1—22 +5;+10; | —60—hi | —10—[- | 63 | 4000 6 18 7 32
+20 25 18
K73-11 0,1—22 +5;+10; | —60— (- | —w—his | 63 | 4000 6 13 10 13
+20 125
K73-9 | 0,001 —0,47| +5;+10; | —60—1-| —10— | 100 | 20000 [ 8x11* 20 13x18* 24
+20 100 MO
K73-17 | 0,22 —4,7 +5; £10; | —60 —f- | —12—1-| 63 | 4000 8x15* 12
+20 125 18
K73-24 | 0,01 —0,27 | =5;+£10; — 60 — 100 2,5x6* 8,5
He3alu +20 HOO
11eH-
HBIii)
Jlakonnenounvie
K76-4 0,47 —10 +5; +10; — 60 — 25 100 6 19
+20 h70
* PaSMepLI CCUCHMUS.
11. XapakTepucTHKH KepaMH4eCKUX KOH/IEHCATOPOB
Pa3mepbl, MM, IPM eMKOCTH
I'pynna Auana3on Jonyckaemble
no TKE | emxkocreii. n®@ OTKJIOHEHUSI o> B T ¢
’ o 1000 n® 10 000 n®
emkocTH, %
Tuna KM-55
M750 68 — 2700 +5; £10 160 11X11X6
M1500 150 — 5600 +5; £10 160 50 8,5x8,5x6
H30 1500 — 68000 — 20— +50 100 8,5x8,5x6
Tuna KM-6A4
M750 470 — 9100 +5; £10 50 6,5x4,4x6,5
M1500 820 — 15000 +5; £10 50 75 6,5x4,5x6,5
H30 10000 — 150000 — 20 —+50 25 6,5x4,5x6,5
Tuna KW-17A
M750 470 — 9100 +5; £10 50 6,5x4,5x6,5
M1500 820 — 15000 +5; £10 50 75 6,5x4,5x6,5
H30 10000 — 150000 — 20 —+50 25 6,5x4,5x6,5
Tuna KW-7B
M750 |  47—680 £5;210 | 50 | | 12x12x45 |



MI 500 68 — 1000 +20 50 4x4x3,5
H30 680 — 10000 +20 50 12x12x4,5
Tuna KW-9
M750 27 — 8200 +5; 10 25 25 6x5,5x1,4
M1500 36 — 15000 +£20 25 25 2,5x5,5x1
n3o 150 — 150000 — 20— +50 15 25 2X2X2,5
IMpumeuanue. Juamna3on padounx temmeparyp cocraBiusier — 60 — H 25° C — mns xkonaencaropos tuna KM-56; — 6C —

+85° C — nnst koHaeHcaropos tuna KM-6A, K10-17A u KIO-8; -40 — (-85° C — mnist koHzaercaropos tuma K10-7B.

12. XapaKTepI/lCTI/IKI/I KOHACHCATOPOB ¢ OKCUIHBIM THIJICKTPUKOM

Pa3mepsl, MM, npu U,,,,=16 B
Auanazon Jonyckaembie Wswenenue €MKOCTH
Tun O6o3na- eMKOCTel TK}‘IH HeHS emkocTu B | Cujia Tok a
KOH/IeHCATOPO 03 npu 0 one AMANA30HE yTEUKH, 10 mx® 100 mx®
YeHHne €MKOCTH,
B U,on=16 B. o padounx MKA
MK® 0 TeMmeparyp, Jlnamer Tna-
% p Jnuna Merp JAnuna
Amomunuebie| K50-3A | 2 — 10*° —20—+50 | —50—+30 [ 12— 1500 8,5 - 36
OKCHIHO-
anexrpoaurny | K50-15 | 47 — 680 —20—+80 | —50—+30 13—55 9 33
eckue K50-29 | 22 —470 —20—+50 | —50—+30 | 15—640 6 27
OxcHaHo-
noJyn
POBOXHUKO- K53-1 [ 0,068 —58 | +10; +20; £30 [ — 35— +35 2—5 4 13
BbIC K53-30 | 0,47 —3,3 +20; +30 2 4.5% 7,5*%1

(nonsipusre): | K53-16 | 0,33 —3,3 +20; 30 —25—+20 2 (2,1X3, | 6.1*"

TAHTAJIOBBIE 1)**
amomunueBbie | K53-14 | 0,068 — 22 | +10; +£20; £30 | — 40 — +50 5—76 7,2 12

HUOOMEBbIE K53-4 [ 0,47 —220 | +£10; £20; 30 | — 35— +35 10— 25 4 13 9 16,5

*1 INpu emroctu 3,3 Mx®d. *2 [Ipu Uyon=12B.

IMpumedanus: |. nana3on pabounx Temmeparyp cocraBimsier — 60 — (-85° C st Bcex konmercatopos, kpome K.50-1 5, must
KoTOporo oH paBeH — 60 — f125°C.

2. B croOkax yka3aHbI pa3Mephl CEYEeHUS.

B 3aBucHMOCTH OT KOHKPETHBIX O0jacTell IPUMEHEHUS KePaMHUYECKUX KOHJIEHCATOPOB MPEABSIBIAIOT Pa3INYHbIC
TpeOOBaHUA K CTAOMIBHOCTH UX eMKOCTH. OJTHaKO B OOJIBIIMHCTBE CIIy4aeB BIOJHE YAOBIETBOPUTENIBFHBIE MTOKA3aTEIH
MoryT obecrieunts KoHaeHcaTops! ¢ rpynnami TKE B amanasone or M750 (TKE me Gomee 750-10° 1/°C) no U30
(M3MeHeHne eMKOCTH B paboueM JuarnazoHe TemrepaTyp He npesbimaeT £30 %).

W3 nanneix Tabn. 11 cnemyer, uro ymensineHne TKE, T. e. MOBBIIIEHHE TEpMOCTAOMIBHOCTH KOHAEHCATOPA,
MIPUBOIMT TIPH MPOYHMX PaBHBIX YCJIOBHSAX K YBEIMUYECHHUIO €ro pa3mepoB. [losTomy mpu BbIOOpE THIIA KEPaMHUYECKOTO
KOHJICHCAaTOopa ClielyeT OPHEHTHPOBATHCS TOJNBKO Ha Takyro rpymnmy no TKE, koTopas HeoOxoanma 10 yCIoBHAM JKC-
IUTyaTallid, W HE TPUMEHATh KOHAEHCATOPHl C MOBBIIIEHHOW TEpMOCTaOMIBHOCTBIO BO H30€KaHHE HEHYXHOTO
YBEIMUYECHUS X Pa3MEPOB.

Konoencamopwr ¢ oxcuonvim ousznexmpuxom. [l KOHIEHCATOPOB C OKCHIHBIM JMAJICKTPHUKOM XapaKTEPHBI
3HauntenbHble TKE, Mo3TOMy B aBTOMOOHMIIBHOM 3J1€KTPOHHOW amnmaparype UX HCIOJb3YIOT, KaK MPaBHIIO, B KAYECTBE
3JIEMEHTOB (PUIBTPOB WM B pa3[eNUTEIbHBIX IIEMAX, T. €. TaM, IJe CTaOMIBHOCTh €MKOCTH HE MMEET PEHIaromIero
3Ha4eHus. 11 Takux KOHAEHCATOpOB HanOoiee BaKHBIMH MOKA3aTENSIMH SBISIOTCS TUAIa30H pabodnx TeMIeparyp,
pa3Mepbl, CTOUMOCTb, @ B HEKOTOPBIX CIIyJasX M CHJIa TOKA YTEUKH.

B 1ab6n. 12 npuBeneHs! XapakKTepUCTUKHA HEKOTOPHIX THITOB HOJSPHBIX KOHICHCATOPOB C OKCHIHBIM JAHAIEKTPUKOM,
KOTOpBIE MOTYT OBITh PEKOMEHIOBAHBI I TPHMEHEHWsS B AaBTOMOOWIBHOM OSIEKTpOHHOW ammaparype. s
CpPaBHUTEILHOU OIEHKH Pa3MepOB KOHJIEHCATOPOB YKa3aHbl pa3Mephl KOHAEHCaTOpoB eMKOCThi0 10 u 100 Mx® npu ux
HOMHHAJIBEHOM HanpsbkeHnn Ugom=16 B.

[NonsipHble KOHIEHCATOPHI MOTYT OBITH HCIOJIB30BAaHBI Ui PabOTBl B IEMAX IEPEMEHHOr0 TOKa NpH
TIOCJIE/IOBATENIFHOM MX COEAMHEHHH. B 3TOM ciydae JOJKHBI OBITH COEIMHEHBI KaKHe-JIMOO OJHOMMEHHBIE MOJIOCHI
KOHJICHCATOpoB (IUIIOC C IUIIOCOM WJIM MHHYC ¢ MHUHYCOM). [IpM TakoM cOeIMHEHHWH KOHAEHCATOPOB HX E€MKOCTb
YMEHbIIAeTcsl B 2 pasa II0 CPAaBHEHUIO C HOMHHAJIBHOW E€MKOCTBIO KaXIOTO M3 KOHjAeHcaTopoB. JlomycThmble



napamerpsl paboThl (HampsHKEHHe, YacTOTa IEPEeMEHHOrO TOKa) Ul KaXIOro M3 TUIIOB KOHIEHCATOPOB IIPU TaKOM
COCIMHEHUH JOJDKHBI COTTIACOBBIBATHCS € IPEANPUSATHEM -H3TOTOBHTEIIEM.

Y  TaHTaNOBBIX OKCHUIHO-TIOJYNPOBOJHHMKOBEIX KOHJICHCATOPOB HHOTAA MPOUCXOMUT CaMOIPOU3BOJIEHOE
JaBUHOOOpA3HOEe HApacTaHWE CHJIBI TOKA yTEYKH, B pe3ysibTaTe 4ero KOHIAEGHCATOp MOXKET BBINTH U3 cTpos. [lis
UCKIIFOYCHHS TaKOTO SIBJICHHS PEKOMEHIYeTCS B LIeNb IUTaHMSA KOHAEHCATOpa BKIIOYATh OAJUIACTHBIH PE3UCTOp ¢
compoTuBIeHNeM U3 paciera 3 OM Ha 1 B HOMHHANEHOTO HANPSDKEHUS [4].

[pu amuTensHOM XpaHEHHH KOHJEHCATOPOB C OKCHIHBIM JUAJIEKTPHUKOM MX TOK YTEUKH 3aMETHO Bo3pactaeT. s
YCTPaHEHUsI 3TOTO SIBJICHHUS CJIeTyeT KOHAEHCATOP IO €ro YCTAaHOBKH B aIllaparypy HOABEPTHYTh «TPEHUPOBKE» IyTeM
noJiBeZicHUs K HeMy Ha 10 — 15 MUH NOCTOSTHHOTO HOMHHAJILHOTO HAIIPSKSHUSL.

MonynpoBogHuKoBble anoAabl

Bueinpsamumenvhnvie u ynueepcanvhvie 0uoobvl. BEIIpIMUTENbHBIE AUOIBI MPEIHA3HAYCHBI JJISI BBINPSMIICHHST TOKA
MPOMBIIIEHHON YacToThl. OJJHAKO OOJBIIMHCTBO M3 HHUX TAK)KE MOXKET paboTaTh B IEMSAX C ropas3no 0osiee BHICOKOM
JaCTOTON M3MEHEHHUS TOKa (10 CAMHMI] U JaXKe JIECATKOB KHJIOTepI). Y HUBEPCAIbHBIE HOABI IMEIOT Topa3/Io Jy4dIlIne
JACTOTHBIE XAPAKTEPUCTHKU II0 CPABHEHMIO C BBINPSIMUTEIBHBIMH IHOJAMH, MO3TOMY HX HPUMEHSIOT B CaMoOM
Pa3IMYHOM 3JIEKTPOHHOM anmaparype.

OcHoBHbIe mapameTphl 11008 [18, 23, 30] cnenyromue: cpeJiHee 3a NEPUOJL 3HAYECHUE TIPAMOTO TOKa |y ¢y, BBIIIE
KOTOPOT'0 HE OJDKEH OBITh CPEeTHUI TOK Harpys3Ku;

MaKCHMaJIbHO JIOITyCTHMOE OOpaTHOE HampshKeHHE (TMPHKIagsBacMOe K IHOLY B OOpaTHOM HAaIpaBJICHHWH), TPH
KOTOpPOM ellle 00ecreunBaeTcsi ero paboTocrnocoOHoCTb. OOBIYHO JUIsl JHO/0B YKa3bIBAIOT MAaKCUMAIIBHO JJONMYCTHMbIE
3HAUEHMs IIOCTOSHHOTO 00paTHOro HaNpPsKEHUS Uogy max X UMITYILCHOTO 00paTHOro HanpsikeHUS Uosy u maxs

NaJeHUue HANPSKEHUA B JMOAE IIPH NPOXOXKACHHUM YEPE3 HEr0 MOCTOSHHOIO mpsAMoro Toka ly, (mmu apyroro
3aJIaHHOTO TOKA);

pabounii Tuana3oH TeMIepaTyp OKpysKarollel cpeasbl;

o6patHbIi Tok auonaa logp, T. €. TOK, NPOXOAALIMI Yepe3 JUOJ, NPH MOABEJEHHN K HEMY HalpsKEHUs B 0OPaTHOM
HalnpaBJICHUH. BemmanHaa 3Toro HanpspkeHUss HOpPMHUPYETCS.

B aBTOMOOWIBHOH 3JIEKTPOHHOHM ammapaType MOYTH HCKIIOYHTEIBHO IPUMEHSIOTCS KPEMHHEBBIC THOMABL OTO
CBSI3aHO C HEOOXOOMMOCThIO oObOecredeHust pabOTOCIMOCOOHOCTH 3JIEKTPOHHOW ammapaTypbl IIPH  OKpYXKaroIieH
Temrepatype Boime 70°C, Ha KOTOPYIO IepMaHHEBBIE IHOIBI HE PAaCCUMTAHbI. BBHINpSMHUTEIBHBIE M yHUBEPCAIbHBIC
JIMO/IBI UCTIONB3YIOT B KAYECTBE 3JIECMEHTOB CHJIOBBIX LIETIeH M MaJIOMOIIHBIX Iienei ynpasiaeHus. COOTBETCTBEHHO STHM
001acTsIM IPUMEHEHHS AUOJIbI MOTYT OBITh pa3/iesIeHbl Ha Pa3iMyHbIe IPYIIIIbL.

Juoovr  cunosvix yenei. CuNOBBIE I1IEMM DICKTPOHHBIX ABTOMOOWMIBHBIX YCTPOWCTB IIOJNy4alOT IUTaHHE
HETIOCPEIICTBEHHO OT OOPTOBOM CeTH, B KOTOPOI BO3MOKHO TOsIBIeHHE NepeHanpspkenuit 1o 200 B. ITostomy anossl,
IIpUMEHsIeMbIe B TAKUX IIeTIX, JODKHBI UIMETh IOy CTHMOE 00paTHOE HaNpsKEHNE He HIDKE YKa3aHHOTO 3HAYEHHUS.

Cuita TOKa B BBIXOJIHBIX LIEMSX 3JIEKTPOHHBIX aBTOMOOMIIBHBIX YCTPOWUCTB OOBIYHO HAaXoauTcs B quana3oHe 1 — 10
A. Vcxons U3 KOHKPETHOM BEJIMYMHBI TOKA HArPy3KH BBIXOJHOM IEMTH, HEOOXO0AMMO BbIOUPATh COOTBETCTBYFOLIMI THIT
muona. Ilpu sToM ciexyer mMeTh B BHIY, YTO NPUMEHEHHE HOJA C YBEJIMYCHHBIM 3allacoM IO TOKY Harpy3KH
TIO3BOJIUT HE TOJIBKO YIIyUYIINTH TEMIIEPATYPHBIH PEXXHUM ANO0JA, HO TAK)KE HECKOJIBKO CHU3HUTH Ma/ICHUE HANPSDKEHUS B
HeM. HecMoTps Ha TO, 4TO yMeHbLIEHUE NaieHus HanpsbkeHus He npesbimaeT 0,1 — 0,2 B, B HEKOTOPBIX ciyyasix OHO
MOXET OKa3aThCsl BECbMa ITOJIE3HBIM OCOOEHHO ISl JIEKTPOHHBIX YCTPOMCTB, paboTalommx OT OOpTOBOW ceTH
HanpspbkeHueM 12 B.

Juoovl ycunumenvHuiXx U GLINPAMUMENbHBIX YCmpoucme cpedHeli mownocmuy. K maHHOW Tpymnme MOTryT OBITh
OTHECEHbI JHOABI, paboTaromue MNpH TOKax Harpy3ku B guanazone 0,1 — 1,0 A. McToyHMKOM mHUTaHHA
paccMarpruBaeMbIX YCTPOMCTB MOXET OBITh Kak HENOCPEACTBEHHO OOpTOBasi CeTh aBTOMOOMIS, TaK M HMCTOYHHK
CcTaOMIM3UPOBAHHOTO HAMNpPsDKEHHsS. B mepBoM cilyyae M3-3a BO3MOXKHOTO IOSIBJICHHS NepeHamnpshKeHuil B 60pToBOMH
CeTH cJeqyeT BBIOMpATh IHOJBI C AOIMYCTHMBIM OOpaTHBIM HampsbkeHueMm He Hipke 200 B. Bo Bropom ciyuae nomy-
CTHMOE 00paTHOE HaNpsKEHHE ANO0Ja MOXKET ObITh HECKOJIBKO BBINIC HANpPsDKeHH cTabmin3atopa. s 1uoaoB 3Toi
TPYIIBI BEIMYMHA TaJCHUS HANPsDKEHNST IMEeT MEHbllee 3HaYeHUE 110 CPABHEHMIO C IMOJAaMH CHJIOBBIX IIETIeH, U MX
CJIeIyeT BHIOMPATh, MCXO/s U3 PEAIbHBIX TOKOB Harpy3KH, T. €. 0€3 U3JIUIIHETO 3araca.

Huoovt yeneui ynpasnenusi. K 310 rpymnmne Moryt ObITh OTHECEHBI MO, MMEIOIINE TOK Harpy3ku meHee 100 MA.
Ilenn ympaBneHWs aBTOMOOWIBHBIX 3JEKTPOHHBIX YCTPOWCTB, Kak IIPaBWIO, TOAKIIOYAIOT K HCTOYHHKY
CTaOMIM3UPOBAHHOTO HampspkeHus. [103ToMy OBl JaHHOW TPYHIIEI MOTYT UMETh 0OpaTHOE HaIpsKEHHE, KOTOpOoe
JIMIIb HECKOJIBKO BBINIE HAIPSDKEHUsI CTa0MIN3aTOopa.

Benmunna nmageHus HanpsDKEHUS I THOJOB 3TOM TPYIIIEL, KaK MPaBHUII0, 0co00ro 3HadeHus He nMeeT. OHaKo B
HEKOTOPHIX OCOOBIX ciy4asx TpeOyercs, 4ToOBl BEIMYMHA IMAJCHUS HANPSDKEHUS B JHOJE COTJIACOBBIBANACH C
MaIcHUeM HaIpsOKeHHWS B JIPYTHX dJIeMeHTax (HampuMep, B mepexofe 0aza — sMuTTep TpaH3ucropa). Mcxoxs u3
KOHKPETHBIX TpeOOBaHUII K 3TOMY MapaMeTpy U TOJKEH ObITh BEIOpPAaH THIT AHO/A.

Homenknatypa IHONOB BCEX TpeX TPYMI, BBITYCKAEMBIX IMPOMBIIUIEHHOCTHIO, OYEHb MIMPOKA, IO3TOMY Y
paszpaboTurka OOJbIIMEe BO3MOXKHOCTH BBIOOpA TUOMOB JUIA T€X WM WHBIX obnacTedl mpumeHeHus. B Tabn. 13
IIPUBEJICHbl XapaKTePUCTHUKH HEKOTOPBIX THIIOB JMOJIOB, KOTOPbIE HanboJee IIMPOKO MPUMEHSIOTCS] B aBTOMOOMIIBHOM
JIEKTPOHHOM amnmaparype.



Cmabunumpoust u cmadbucmopsvi. DTH TPUOOPHI WCIOIB3YIOTCS B KAayeCTBE CTAOMIIM3aTOPOB HAMPSDIKEHUS H
9JIEMEHTOB OIOPHOTO HampsikeHwsl. CTaOWIMTPOHBI BKITIOYAIOT B JJIGKTPUYECKYIO IIEMb TaKUM 00pa3oM, 4TOOBI B
paboTe KCHoiIb30Baiach 0OpaTHAsl BETBb UX BOJIbT-AMIEPHOI XapaKTePUCTHKH, a CTAOMCTOPHI BKIIOYAIOT aHAJOTUYHO
BBIITPSMUTENIBHBIM THO/IaM.

HopmupyembiMu apamMeTpaMy CTAOMIUTPOHOB U CTAOHCTOPOB SIBIISTIOTCS:

HOMHHAJIbHOE HanpspkeHne ctabumu3aiud U fou;

MaKCHUMAaJIbHO JOIMYCTHMAasl pacCcerBaeMasi MOIIHOCTh PyjaX, HOpMuUpyeMast U3 yCIOBUS HATPEeBa CTAOMIUTPOHA;

MaKCHUMallbHasl CHJIa TOKa CTa0MIN3aIuu (Harpy3ku) let max, COOTBETCTBYIOMIAS PMmax;

JIOITyCTUMBIHN pa3dopoc BenmuduH U, 17151 CTAOMIUTPOHOB TAHHOTO THUIIA;

TeMIepaTYPHbIH KO3QPHUIUCHT HAMPSIKCHUS CTAOMITU3AIMH &|)c;, OTIPEIESIIAEMBIH 110 POopMyIie

aucr-=0Uc/(UcrAT),

rae AU, — pa3HuIa HarpsHKeHU i CTabuIn3aliy CTabiINTPOHA IPH M3MEHEHNH TeMIiepatypsl Ha J{I.

BMeCTO au e, I HeKOTOpLIX THUIIOB CTaGI/IHI/ITpOHOB yKa3LIBaIOT HpeﬂeﬂbHLIe OTKJIOHCHUS 3Ha‘leHHI>i UcT HpI/I
N3MCHCHHUU TeMHepaTprI B 3a1aHHBIX npez[enax;

13. XapaKkTepHCTHKH BbINPAMHUTEJIbHBIX H YHHBEPCATbHBIX 1H0/10B

Temne A ITanen
np £Xe
patypa npu ne lospy MKA' ipu
ObaacrTb Tun nnoga OKPYX | yeyvmeparype | HANPS Uusp. B Temmeparype Jduamer | Jlimmna
NPUMEHEHHU S amouien JKeHMSs, " p,MM s MM
cpenbl. B, npu
oCc | 25°C |125°C | [z, 25° C | 125°C
11245 125 10 5 1,25 300 3-10° | 215 44
Cuonbre memmt | eriy0 1 5k | 130 5 2 1,0 | 200; 300 1-10° 13 37
KJ208A | 85 15 1,0 100 100 | 10° | (5x45) | 7
KI212A | 125 1 0,2 1,0 200 50 | 2-10° | (7,6x4) | 9
KI213A | 125 10 3 1,0 200 200 |10-10°| 14 4
Yemaureannusie | KJ[105B 85 0,3 1,0 300 100 300*! (5x4,5) 7
. ﬂMy:J::JZ-bHLle KI209A | 85 0,7 1,0 400 3001 | (5x45) | 7
P o oiicrnn | A229AsB | 125 | 04 | 02 1,0 | 200;100 | 50 | 250 6,8 35
y . pe o 229K | 125 | 0,7 | 05 | 1,0 100 50 | 250 6,8 35
pex KI106A | 85 | 03 | 0.1* | 1,0 100 10 | 100 5 7
MOILIIHOCTH
Henu KI102A | 100 0,1 [0.03**| 1,0%* 250 01 | 50*2 2 3
YUPABICHIE 1 pm103A | 100 | 01 |0,03% 50 1 | 50%2 2 3
KJ503A 70 0,02 [0.015*%| 1,0*° 30 10*? 3 7.5
KJ509A 85 01 |0.05%| 11 50 5 100** 3 75

*1 Ilpu temnepatype +85° C. *2 Ilpu Temneparype +100° C. *3 Ilpu temnepatype +70° C. *4 Ipu 1,,=0.05 A. «IIpu 1,,=0.01
A.
[Ipumeuanwne. B ckoOkax ykazaHBI pa3Mephl CEUCHUSI.

i depeHnnanbHoe  CONPOTUBIICHUE Ty, NPEACTABISIONEe COOOW OTHOIIEHHE M3MEHEHUs HarlpshHKeHUs
CTaOMJIM3alUK K BHI3BABILIEMY €0 M3MEHEHHUIO CHIIbI TOKA CTAOMIIM3aLUH;

MHUHHMAJIbHO JIONYCTUMBIH TOK crabmnm3anuu |, MM, HMKE KOTOPOro HE TrapaHTHpyeTcsl ycToiuuBas pabora
CTaOMIIHTPOHA;

MaKCHMalbHbI MOCTOSHHBIA NpsAMOH TOK |, npu paboTe CTaOMIMTPOHA Ha MNPAMOH BETBH BOJILT-aMIIEPHOMN
XapaKTePUCTHKH, T. €. IPU €0 BKIFOYCHUN aHATOTUYHO BBHIIPSIMUTEIFHOMY JTHOMY;

HECHUMMETPUYHOCTh HAINPSDKEHHS CTa0miu3anmu S, ;, yKa3plBaeMasi TOJIBKO JJIi CHMMETPHYHBIX CTaOMIUTPOHOB,
COCTOSIIIIUX U3 JBYX HABCTPEUY COCIUHEHHBIX p-N MEPEXoJ0oB. Y TaKUX CTAOWIUTPOHOB HE3aBUCHUMO OT IOJIIPHOCTH
MOJIBOTMMOTO K HHUM HANPSDKCHHS BCErJa IOCICIOBATEIbHO COCAWHCHBI BBIMPSIMHTEIBHBIA AHOA (B MIPSMOM Ha-
MIPaBJICHUN) U CTaOMIUTPOH.

B aBTOMOOWJIBHON 3JIEKTPOHHOH ammaparype CTaOMIMTPOHBI HCIOJIB3YIOT B Ka4eCTBE 3JIEMEHTOB KaK CHIIOBBIX
Lernei, Tak 1 MaJIOMOIIHBIX [IeNel YIpaBJIeHH s, a CTAOUCTOPBI — TOJIBKO B LETISX YIIPABICHUSL.

C yderom ob6sacTeil mpuMeHeHHs CTaOMIIMTPOHOB UX 1e1eco00pa3Ho pa3OUTh Ha CIIEIYIONINE TPYIIIIHL.

Cmabunumpoust cunogvix yeneti. CTaOWIUTPOHBI ITOW TPYIIHI UCHOIB3YIOT B KAadeCTBE MOIIHOTO 3JIEMEHTa
OTIOPHOTO HAIPSDKEHHSI YCTPOMCTB CTAOMIM3aliU HANPSKCHUS ¢ OOJBIIMME TOKaMU HArpy3ku. VX Takke IpUMEHSIOT
B IIEIIAX OJIOKOB 3alIUTHI OT MEPEHANPSHKCHUN B 00pTOBO# cet. OHUM BKIIFOYAIOTCS, KOT/IA 3TO HANPSDKCHUE TPEBBICUT
3aJJaHHBIA YPOBECHB.



B kauecTBe CTAOMIMTPOHOB CHIJIOBBIX IIETIEH OOBIYHO WCIIONB3YIOT CTAaOMIUTpoHBI THUIOB JI815A — JI815XK ¢
HampsbkeHneM cradwmsamuu 5,6 — 18 B m momyctumoil paccemBaeMoi MoltHOCThI0O 8 BT (mpu Temmepatype
okpyxatomieit cpeant 25 °C). Ecnu Heobxomumo 6osiee BEICOKOE HANpsOKEHUE CTaOWUIH3aIuU, TO CIEAyeT MPUMEHSTh
crabunmutponsl THoB [816A — JI816/1 ¢ HampsbkeHmeMm cradbwmmsanuud 22 — 47 B, uMmeromue IOMYCTHMYIO
paccenBaeMyro MOIIHOCTE 5 BT (mpu TemmepaType okpyxkaroreit cpenst 25 °C).

14. XapaKkTepuCTHKH NPENH3HOHHBIX CTA0WJINTPOHOB

Tun I JonmycTumbl Ters OM, IPU =
cradu- 2 il pasdpoc | & cHJIe TOKa = é
aurpoHa | 5 < Ucr, B -2 é $ E". o
= = z . . ) =
e € _S 5 < = = =
s = o 3 = s =
s @ s = = =
-] —_ (3}
JA818A 9—10,35 +0,02
/J1818b 7,65—9 — 0,02
/1818B 9 8,1—99 0.3*! 3/33*1 +0,01 25 70 7 15
JA818I° 8,55—9,45 ' +0,005
JA8181 8,55—9,45 0,002
JA818E 8,55 —9,45 +0,001
KC211b 11—12,6 + 0,02
KC2UB | gy | 93—11 | g8+t | 533« —002 15| 30 | 9x32)| 26
KC211r 99—121 +0,01
KC211] +0,005
*] Ilpu Temmepatype 50°C. *2 [Ipu Temmepatype 25°C.
[Ipumeuanus: 1. B uncnurene ykasaH MUHAMAIBHBIN TOK CTa0MIM3aLUH, 3 3HAMEHATEIe- — MAaKCUMAaJbHBIA. 2. MakcuMasHas

TeMIepaTypa Ul JAHHBIX CTaOHIHTPOHOB cocTaBiser 125C, 3. B cko6Kax MpHBEICHB! pa3Mepbl CEUCHHSL.

15. XapakTepucTnka cTa0MJIMTPOHOB 00111€r0 HA3HAYEHU S

Tun cradu- Pa3opoc g = - =
<« = 3} 5 = =
z e < < = = g =
JUTPOHA EE : U..B = = S5 | &9 g = q; g
E 5 % g = - g =g =|E
B = E - ? 5 £ E = =
—_ A < [y E g = =
J814A 8 7—385 3/40*2 0,07 6
J1814b 5 9 8—95 3/36 0,08 10
J1814B 10 9—10,5 | 340*! 3/32 0,09 12 125 7 15
J814I° 11 10-12 3/29 0,095 15
JI814]1 13 | 115—14 3/24 0,095 18
KC133A 33 [2,97—363 3/81** |—0,11| 65
KC139A 3r9 |3,51—4,29 3/70 —0,1 60
KC 147 A 10 4,7 |4,23—5,17|300*° 3/58 — 0,09 56 100 7 15
KC 156 A 56 |5,04—6,16 3/55 +0,05 46
KC 168 A 6,8 [6,12—7,48 3/45 +0,06 28
KC133I" 3,3 [2,85—3,65 1/37,5*1 |—0,10 150
— 0,02




KC139T 5 39 | 35—43 | 125* 1/32 |[—0,07] 150 125 3 75
KC147T 4,7 4,2-52 1/26,5 0,05 150
KC156I 56 | 50—6,2 1/22,4 0,07 100
KC175%K 75 | 71—79 0,5/17*1 | 0,07
KC182K 4 82 | 7,4—9,0 | 125%i | 0,5/15 0,08 40 125 | 27 | 45
KC1917K 9,1 8,6-9,6 0,5/14 0,09
KC2107K 10 9-11 0,5/13 0,09 125 | 27| 45
10,4 — 1
KC2119K 11 116 125*% 0,5/12 | 0,092 40
KC212K 4 12 10,8 — 0,5/11 | 0,095
13,2
KC213K 13 12,3 — 0,5/10 | 0,095
13,7
KC482A 8,2 6,9—9 1/96*2 0,08
KC510A 10 8,2-11 1/79
, 15
KC512A 12 | 99—13,2| 100* 1/67 25 100 7
KC518A 18 14,7 — 1/45 0,10
19,8
KC515A 15 12,3 — 1/53
16,5
KC522A 22 17,9 — 1/37
24,2
KC162A | 10 62 | 58—6,6 3/22*2 — 35
0,06
KC 168B 10 68 | 63—73 3/20 +0,05 28 (8X
4)
150%? 100 4
KC175A 5 7,5 7—38 3/38 +0,04 16
KC182A 5 82 | 76—88 3/17 0,05 14
KC191A 5 9,1 8,5-9,7 3/15 0,06 18
KC2106 5 10 | 9,3—10,7 3/14 0,07 22
150*? 100 4
KC213B 5 13 |12,1—13,9 3/10 0,08 25 =
X
KC170A 10 7 |6,65—7,35 3/20%% | +0,01 20 ®

*1 Ilpu Temmeparype 35°C. *2 [Tpu Temneparype 50°C.
[Mpumeuanust: 1. Cradbumurponst KC1 62A — KC21 36 u KC170A — nByxaHomHbIe.

2. H.=,0,24-0,52 B.




3 B ckoOkax yka3aHbI pa3Mephl CCUCHUS.
4. B uncnurene ykazaH MUHAMAJIbHBIA TOK CTAOMIN3aLUH, B 3HAMEHATEe — MaKCHMAJIbHBIN.

Cmabunumponuvl yeneii ynpasienus. B 3aBUCUMOCTH OT LeJIEBOTO HAa3HAYECHUs CTAOMIUTPOHOB, UCIONB3YEMbIX B
LensX YNpaBJIeHUs, K HUM NPEABSIBISAIOT pa3iuyHble TpeOOoBaHWS 1O pa3dpocy HaNpSDKEHHs CTaOMIIM3aLUH,
TeMIepaTypHOH CTaOMIBHOCTH, TU(PPEPESHINATEHOTO COPOTUBICHHUS H T. 1.

Ecmm mHeoOxommMo obecreunTsh MUHUMAIbHBIN pa3dopoc Uy W MakCHMaibHYIO TEMIIEPaTypHYIO CTaOMIBHOCTH
ONOPHOTO  HANpPSKEHHS CTAaOWIMTPOHA, TO CJIEAYeT MPUMEHATh MPELHU3UOHHBIC CTaOMJIMTPOHBI, JIydIle
VIOBJICTBOPSIIOIINE JaHHBIM TpeOOBaHMSAM. B  OCTaNmpHBIX ClIy4asx MOXHO pPEKOMEHIOBaTh HPHMCHEHHE
CcTaOMIUTPOHOB O0IIET0 Ha3HAYEHHS, KOTOPHIe NMEIOT OoJiee MHUPOKYI0 HOMEHKIIATYpPY. JTO, B YaCTHOCTH, ITO3BOJIET
noxo0paThk CTaOHINTPOHEI C TapaMeTpaMH, ONTHMAIBHBIMH JUIl KOHKPETHBIX 00JacTell IpUMEHEHHS.

B Tabn. 14 m 15 npuBeneHBl XapaKTEPUCTHKH HEKOTOPBIX THUIOB CTaOMIMTPOHOB, KOTOPHIE MOIYT OBITH
PEKOMEHIOBaHbI AJIsl U3/IeTIMi aBTOMOOMIILHOM AJIEKTPOHHOM anmapaTypsl. M3 comocTtaBieHust naHHBIX Tabn. 14 u 15
CJIE/IYET, YTO Y MPELU3UOHHBIX CTaOMIIMTPOHOB J0MycTUMBII pa3opoc Uc; 6 2 paza MeHblue, a BeaIUu4nHa O,ycr HA 1 — 2
MOpsIIKa MEHBIIIE, YeM Y CTa0MINTPOHOB OOIIET0 Ha3HAUYCHHS.

AKTUBHbBIE KOMMNNEKTYKOLWWUE 3NIEMEHTbI

TpaH3ucrTopbl

B aBTOMOOWIBHOW AJIEKTPOHHON ammapaType B OCHOBHOM NPHUMCHSIOTCS OWIOJNSpHBIC TpaH3UCTOpHI [24, 32].
IToaToMy B HacToslIEeM pasfelie PaccCMaTPUBAIOTCA XapaKTEPUCTHKH M JAl0TCAd PEKOMEHJAlM{ 10 MPUMEHEHHUIO
TPaH3UCTOPOB TOJBKO ITOTO THUIIA.

CBoHCTBa TPaH3UCTOPOB XapaKTEPHU3YIOTCs OOJILIIMM YUCIOM TapaMmeTpoB, OJHAKO-!HE BCE W3 HUX SIBISIFOTCS
OIIPECTSIONIMMU [IPU BBIOOPE TOT'O MJIM MHOTO THIA TPaH3HCTOPA JUIS aBTOMOOWIIBHOI 3JIeKTpOHHOM armnapartypsl. C
Y4eTOM 3TOrO TIPHU PacCMOTPEHHUU TPAH3UCTOPOB PA3NUYHOTO THIA UX OLEHKY CIEAyeT HMPOBOIUTH IO CIEXYHOUIUM
napameTpam:

MaKCHMAaJIbHO JIOITYCTHMBIM TTIOCTOSSHHOMY |y max ¥l IMITYJIBCHOMY I max TOKaM KOJIJIEKTOPA;

MaKCHMAaJIbHO JIOITyCTHMOMY HOCTOSITHHOMY TOKY 0a3bI lymay;

HAMPSKEHUIO HACBHIIEHHS KOJIIEKTOp — 3MUTTep UKD HAac MpH 3aJaHHOM TOKE KOJIIEKTOPA;

HaINpsDKeHUIO HACHILEHMS 0a3a — 3MuUTTep UBD HAC IPH 3alaHHBIX TOKaX KOJUIEKTOpa 1 0as3bl;

MaKCHMaJIbHO JOITyCTHMOMY MOCTOSHHOMY U,, MaX u uMmynsCHOMY U, , max HAIIPSDKCHUSIM KOJUIEKTOP —
IMHUTTED;

MaKCHMAaJIbHO JAOIYCTHUMBIM MOCTOSTHHOMY U, max ¥ UMITyTIbCHOMY UKB,MTaX HaIPsSOHKEHUSM KOJUIEKTOp — 0a3a;

ITOCTOSTHHOMY HAIPsDKEHHIO SMUTTEp — 6a3a U DB ;

00paTHOMY TOKY KOJUIEKTOpA |y, KOTOPBIN M3MepseTCsl TIPH OTKIFOUEHHOM SMHTTEPE U IMOJBEICHHU K TIEPEeX0oay
KOJUIEKTOp — 0a3a 3aJ]aHHOT0 HAIpPsHKEHUs! 00paTHOM MOJSIPHOCTH;

00paTHOMY TOKY 3MHUTTEpa .50, KOTOPBI M3MEpSETCsl IPH OTKIFOYEHHOM KOJUIEKTOPE W TOJIBEICHUH K HEePEXOay
sMHUTTEp — 0a3a 3aJaHHOTO HANpPsHKEHUS 00paTHOH MOJISIPHOCTH;

00paTHBIM TOKaM KOJUIEKTOP — 3MUTTEP MPH OTKIIIOUEHHOH 0ase |y, TpH 3aJaHHOM CONPOTHBIICHUH B LienH 0a3a
— 3MuTTep l,r ¥ IPU HEOCPEACTBEHHOM COEIMHEHNH MEXIY co00H 6a3bl M AMUTTEPA |y DTH TOKHM N3MEPSIOTCS TIPH
MIOJIBEZICHUH K IEPEXOY SMHUTTEP — KOJUIEKTOP 3alaHHOTO HAIPSHKEHHUsI 00PATHOM HOJISIPHOCTH;

CTaTHYECKOMY KOI()(UIHMEHTY NepeAayd Toka B CXeMe ¢ OOmHUM SMHUTTEpOM h,p, , MpeAcTaBIsIomEeMy co0oil
OTHOIIEHHE TTOCTOSHHOTO TOKa KOJUIEKTOpPAa K MOCTOSHHOMY TOKY 0a3bl NpH 3aJaHHBIX IHOCTOSIHHOM HANpSDKEHUH
Kosuiekrop — amurtep UK’ 1 TOKe smurrepa 13;

MaKCHUMAaJIbHO JIOITYCTUMOMW IIOCTOSIHHOW PaccenBaeMoi MOLIHOCTU TpaH3ucTopa Prax;

pabouemy TeMInepaTypHOMY JHAIa30HY.

B aBTOMOOWIIBHON 3JEKTPOHHOW ammapaType TPaH3UCTOPHI UCIOJB3YIOT B KaueCTBE JIEMEHTOB CHIIOBBIX IIETICH,
YCHUIIMTENbHBIX YCTPONCTB CpeiHEeil MOIIHOCTH, a TaKkkKe MAaJOMOIIHBIX Ienel ymnpaBieHHs. COOTBETCTBEHHO ITHM
YCIIOBHSIM IPUMEHEHHUS HIDKE PACCMaTPHUBAIOTCS TPAH3UCTOPHI PA3THYHBIX THIIOB.

Tpansucmopwi cunogeix yeneu. K CUIOBBIM LETISIM M3/IETMH aBTOMOOMIIBHOM 3JIEKTPOHHOM armaparypsl OTHOCSATCS
Leny ¢ TOKaMU Harpy3Kd HOpsiika HECKOJIBKHMX ammep. IIpu MCHonb30BaHUM TPAH3UCTOPOB I KOMMYTAIMH TaKHX
TOKOB Harpy3ku HEOOXOJMMO CHU3UTH 10 MHHHMYyMa MOIIHOCTb, PAacCEMBaeMyI0 B TPaH3UCTOPE, BO H30ekKaHHE
HEIOIYCTHMOTO €r0 MePEerpeBa, a TakxkKe I YMEHBIICHHS pa3sMEPOB OXJIaXAAIOIIEr0 PaguaTopa.

Jnst peanuzanuy 3Toro TpeOOBaHMS HEOOXOIUMO OOECIeUnTh PadOTy TPaH3MCTOPA B PEKHME C MHUHHUMAIbHBIM
MaJICHUEM HANpsDKEHUS B €ro MEePeXOAe 3MUTTEP — KOJUIEKTOp. TakuM peXUMOM SIBISETCS PEXKUM HACBILICHUS
TPaH3HUCTOpPA, TIO3TOMY IIPH BBIOOPE THIIA TPAH3UCTOPA JJISI KOMMYTAIlMH TOKOB B CHJIOBBIX IIETISIX, B IEPBYIO OYepenb,
cienyeT OIeHUBATh BeMHINHY Uy, Crenyer, ogHako, IMETh B BUAY, YTO B ClIydae paOOTHl TPaH3UCTOpA C BBICOKOMH
9acTOTOM KOMMYTallMM TOKa, B OCOOCHHOCTH IIPH PACTSIHYTHIX (PPOHTAX €ro M3MEHEHHs, OCHOBHBIM (DaKTOpOM,
OTIPENIEIIAIONINM BEJIMYMHY PACCEHBAEMON MOIIIHOCTH, SIBIISIOTCS IOTEPH SHEPTHH B TIEPHOIBI HAPACTAHUS U YMEHBIIIE-
HUS cwibl Toka. [lo3ToMy misi MaHHBIX YCJIOBHH paOOTHI TpaH3MCTOpa Hambojiee BaXKHBIM €r0 MapaMeTpoM SIBISETCS
Ben4IuHA P,y



Brimie yxxe oTMeqanoch, 9To B OOPTOBOH CETH aBTOMOOMIIST BO3MOXKHBI 3HAYUTENIbHbIC TIepeHanpshkeHus. [1loaTomy
JUISl TPaH3WCTOPOB CHIJIOBBIX IIEMEH BeChMa BaKHBIM IMapaMeTpoM sBisieTcs Hampspkenne Ukd, uTax- Yem BhIme
ko3 dunment h,;, TpaH3uCTOpa, TEM MEHBLIMH TOK HEOOXOAMMO IOJaBaTh B €ro 0a3zy Juisd o0ecreueHHs pexuMma
HACBHIIICHUS TPaH3UCTOpa NPH 3aJaHHOM TOKe HAarpy3kd (Toke KojutekTopa). COOTBETCTBEHHO yMEHBIIACTCS W
MOIITHOCTH, paccerBaeMasi B JJIEMEHTaxX IIeTH YIPaBJICHUS CHIIOBBIM TPAaH3UCTOPOM. DTO TO3BOJIIET WCIOIB30BaTh B
JTAHHO LIENH YIPaBIIAIONINE HIEMEHTHI (B TOM YHCIIE TPAH3UCTOPHI) MEHBIIIEH MOIIHOCTH.

Tpan3ucTopsl, nNpeAHa3HaAuYEHHbIE B OCHOBHOM JJISi IPUMEHEHHSI B CHJIOBBIX LICTIAX, UCIMOJB3YIOT U B HEKOTOPBIX
YCTPOMCTBAX, IJIe TOKH HATPY3KH HE MPEBBIMIAIOT JCCATHIX JOJCH amIepa, HO I/Ie TPaH3UCTOPHI JOJDKHBI paboTaTh B
aKTHUBHOM pEeXHME CO 3HAYUTENbHBIM TMAaJCHHEM HANpsOKEHUS B LIEMM SMUTTEP — KOJUIEKTOp. B aToM ciyuae
JIUMUTHPYIOIINM MapaMeTPOM TPAH3UCTOpaA CTAaHOBUTCS BeduunHa Prax- Takoil pexxuM, B YaCTHOCTH, XapaKTEpeH s
BBIXOJTHBIX TPAH3HCTOPOB CTAOMIIN3aTOPOB HANPSIKEHUS, & TAK)KE MOIIHBIX SMUTTEP-HBIX TOBTOPUTEIICH.

ABTOMOOWMJIBHAS JICKTPOHHAS allaparypa He OJDKHA BBIXOIUTH M3 CTPOS B CIIydac ONIMOOYHOTO €€ BKIIFOUCHHS
Mol HampspkeHHe oOpaTHOW monsipHOCcTH. Hamboree mpocTo 3Ta 3amada permaeTcss YCTAHOBKOW B IHEHH MHTAHUS
amnmaparypsl IMOJIyIIPOBOAHUKOBOTO aAnona. OIHAKO B TaKOM JAHOJe MMeeTcs maaeHne Hampsokerus 0,8 — 1 B, uto B
HEKOTOPHIX CIIydasx HexomycTuMo. Kpome Toro, ycTaHOBKa IHOJa B CHJIOBOW IIENIM NMPHBOAWT K 3HAUUTEIEHOMY
BO3PACTaHHIO MOIITHOCTH, PACCEHMBAEMOM B amIaparype, U, CJICI0BATEILHO, YBEIMUCHHIIO e¢ Harpena.

Hns obecrieueHust TpeOyeMoil 3alIWTHI AJIEMEHTOB ammapaTypsl BMECTO IHOIAa MOXET OBITh HCIOJIB30BAaH
TPAH3HUCTOP, MEPEXOJ IMUTTEP — KOJUIEKTOP KOTOPOTO BKIOYAETCS B IEMb NMUTAHWA ammapaTypsl. [Ipu mpaBumbHO
BBIOPAHHBIX TApaMETpax TPAH3HCTOpa IaJCHHE HAMPSIKCHUS B €ro MEPEXOJe IMHUTTEP — KOJIJICKTOP MOXKET OBITh
yMmeHb1eHo 10 0,2 — 0,3 B, a B HEKOTOPBIX CIydasx OKa3bIBaeTCs Jaxke BO3MOXKHBIM COBMECTUTh B TPAH3UCTOPE Kak
OCHOBHBIC €ro (DYHKITMH, TaK U (YHKIIMK 3alIUTHI SJIEMEHTOB IIeTei OT HANPsDKEHUS 00paTHOW MONIAPHOCTH. B 000mx
ciydasx 00s3aTelbHBIM YCIOBHEM siBiisieTCst [IprMeHeHHe TpPaH3UCTOPOB, Y KOTOPBIX OMYCTUMOE HANpsHKEHUE
SMUTTEp — 0a3a He HUXKe HAIMPSHKEHUS UCTOUYHWKA MUTaHUS amnmnapaTypsl.

B Tabn. 16 u 17 mpuBeneHsl XapaKTEPUCTHKH HEKOTOPHIX THIIOB MOIIHBIX KPEMHHEBBIX TPAH3HCTOPOB, KOTOPHIC
MOTYT OBITh PEKOMEHIOBAHEI IJIsl IPUMEHECHHUS B CHIIOBBIX ILEMSX, a TAK)KE YCTPOUCTBAX CTAOWMIM3AINN HATIPSHKCHUS U
LETIX YCHUICHUS.

Tpanszucmopul cpeoneti mowpocmu. K 3ToH Tpymie yCIOBHO MOTYT OBITE OTHECCHBI TPAH3UCTOPHI C MAKCHMAITBHOM
CHIIOW TOCTOSIHHOTO TOKa |m.,=0,3~0,8 A u pacceuBaemoii MmomHocThi0 Prax = 0,2u-- | Br. X B OCHOBHOM
MPUMEHSIOT B KAa4eCTBE YCIIUTEIBHBIX I KOMMYTHPYIOIIUX JJIEMEHTOB IIPEIBBIXOJHBIX KACKAJOB YCHIICHHS, a
TaKXKE B BBIXOJHBIX IEISIX dMHUTTEPHBIX MOBTOPUTENCH M CTAOMIM3aTOPOB HAMPSHKCHUS HEOObINOW MoIinHOCTH. s
TPAH3UCTOPOB JAHHON TPYIIBI HAPSAAY CO 3HAYCHHUAMHU | max B Pra HamboJICe BaXKHBIMHU MMapaMeTpaMH SBISFOTCS
HanpspKeHUE HACBIIEHUS KOJUIEKTOP — 3MUTTEP Uy, yar, IOCTOSHHOE HATIPSKEHHE SMUTTEP — 0a3a Usg , cTaTuyeckuit
k03 dunmeHt nepeaayn Toka hyy,, 3HaUeHUs 0OpaTHBIX TOKOB lyp0 U I550.

Eciu MCTOYHMKOM THTaHHS TPAH3UCTOPOB SIBJISACTCS HEMOCPEICTBCHHO OOPTOBas CETh aBTOMOOWJIS, TO K YHCIY
HanOoJiee BaXXHBIX MapaMeTPOB TPAH3UCTOPOB cienyeT oTHecTH BenuduHBl UK, 1 MaX u U max, KOTOpPBIE JOIHKHBI
OBITh HE HW)XKE BO3MOXKHBIX YPOBHEH IMepeHarpspkeHuid B OopToBO# ceth. B ocrampHbeIX ciydasx 3HadeHHE Umax
IIOJDKHO OBITH 10 KpaifHel Mepe He HIDKE HAMPsDKEHHS HCTOYHHUKA MTUTAHUS TPAH3UCTOPOB.

B Tabn. 18 mpuBeneHBI XapaKTEPUCTHKH HEKOTOPBIX TPAH3UCTOPOB, KOTOPBIE MOTYT OBITH PEKOMEHIOBAHBI IS
MIPUMEHECHHUS B KAYECTBE YCIITUTEIHHBIX U KOMMYTHUPYIOIINX AIEMEHTOB YCTPOWCTB CpETHEH MOITHOCTH.

Tpanzucmopol manot mowHocmu yeneii ynpaenenus. K TaHHOW Tpymie yCIOBHO MOKHO OTHECTH TPaH3HCTOPHI C
MaKCHUMaJIbHOM CUJION NOCTOSIHHOTO ToKa MeHbIle 200 MA uiu ¢ paccenBaeMON MOLTHOCTHIO HIbke 250 MBT.

JIjist TPaH3UCTOPOB ITOM IPYIIBI HAPSAAY CO 3HAYCHUAMHU |, max U PTax Hambosice BaYKHBIMHU SIBJISTFOTCS CIICTYIOIIUE
napaMeTphl: CTaTHYeCKUil K0d(D(GUIUeHT mepemxaun Toka h,i,, o0paTHble TOKH | U l550; TMOCTOSIHHOE HATPSHKEHHE
amutTep — 6a3a U OB ; HanpsikeHre HaCKIEHUs! KOJIeKTop — aMuttep U, Har u 6a3a — smurrep U, Hac-

Homenknatypa BbIMyCKaeMbIX TPaH3UCTOPOB MallO MOIIHOCTA BEChMa HIMPOKA. DTO TO3BOJSET, UCXOAS W3
KOHKPETHBIX YCIIOBUH MPUMEHEHMsI, BLIOpaTh Haubosee COOTBETCTBYIOIIUIN 1O MapaMeTpaM THIl TpaH3ucTopa. Bmecte
C TeM B aBTOMOOWJIEHOW AJIEKTPOHHOH ammapatype Bce K€ PEKOMEHIYeTCsl HCIOJIh30BaTh OTPAHUYCHHYIO HOMEHKIIA-
Typy TaKuX TPAaH3UCTOPOB (CM. Tabm. 18).

16. XapaKkTepHCTHKH TPAH3UCTOPOB CHJIOBBIX Heneil Tuna Nn-p-t

Tun Temnepary Pexnm o = =
TPaH3HuCTOP 5 | m pa yeuiaenus | & < < (< |2 =
< < A E - wn o E = = E" <
a ) 5 5 - OKpY:Kaio I P s s %15 £
- - ] X ) e < PN o o 2 2 = 1>
) > 2 | | B = 2= |8 2
cpensbl, °C = |= = ::( )
10
45/ | —40— —
KT803A 10/5 -1 60/25 | 80 | — +100 5 |10 70 |60 (30) 50| 5 29 25,6
KT805A 5/5 2/0,5 1/2,5 | 160 (5/25| —60— 2 |10 15 (30(15) [ 60 |100 28 | 235
+100
— 60— 10X16
KT805AM | 5/5 2/0,5 1/2,5 | 160 [5/2,5 +100 2 |10 15(|30(15)| 60 |100| 5 *2 4,8



KT808AM | 10/6 4/0,6 | 120/— | 250 |4/1,4| — 60— 6 3120 50 10| 3 29 25,6
+125

KT815B |1,5/0,5| 0,5/0,05 | 70/0,6 5/1,2| —40— |045| 2 |40 | 10*' | 0,05 7,8x11 | 2,8

+100 2

KT815I" |1,5/0,5| 0,5/0,05 | 100/0,6 5/1,2| —40— |045| 2 [30 | 10*' | 0,05 7,8x11| 2,8

+100 2
— 60— 7.8X11
KT817B 3/3 1/0,3 60/1 5/1,5 +125 2 2 120 25** | 0,1 *2 2,8
— 60— 7,8x11
KTS817T 3/3 1/0,3 100/1 5/1,5 +125 2 2 15| 25* | 01 ** 2,8
KT827A | 20/20 | 0,5/0,2 | 100/2,4|100| 5/3 | — 60— 10 | 3 |600| 125* 2|3 39x226* 10,3
+125 0
KT8276 | 20/20 | 0,5/0,2 | 80/2,4 | 80 | 5/3 | — 60— 10 | 3 |600| 125* 2 | 3 |39x26*| 10,3
+125 0 2
KT908A | 10/10 512 100/1,5 5/2,3] —60— 10 12| 8 50 25 [300 .29 | 25,6
+125 —
60

“ IIpu temmeparype 25°C. *2 Pa3mepsl ceueHusl.

HpI/IMe'IaHI/ISII I. B uwmciurene NPpUBEACHBI MAaKCUMaJIbHO JONYCTUMBIC 3HA4Y€HUA, B 3HAMCHATCIC — 3HA4YCHUA,
COOTBETCTBYIOIIUE PEKHUMY HACBIIICHUS 2. B ckobkax YKa3zaHa pacce€uBacMass MOIIHOCTb INpH MaKCHMaJIbHOU TEMIIEPATYpPE
OKpYKaroIleH cpebl.

17. XapakTepucTHKH TPAH3MCTOPOB CHJIOBBIX Lieneil THIIA p-N-p

Tun I, A | 15.A | Uy B [ Uy B| Temmeparypa | Pesxum ycusnenus o) Pa3zmep =

TPaH3M- OKpY:Kaloulen o < |4 |« bl =
cropa cpenpl, °C & |2 |2 | F |ceuenns| &
=Rl Q ) x g
U S £ 2 2 s MM S
e A| 7 oy | & | = [ 2| = %
B o =]
KT814B |1,5/0,5|0,5/0,05| 70/0,6 | 5/1,2 |— 40 ----- [-100( 0,15 | 2 40 10 |0,05| — [— | 7,8X11 | 2,8
KT814I' |1,5/0,5( 0,5/0,05 | 100/0,6 | 5/1,2 | —40—1-100 [ 0,15 | 2 30 10 |0,05| — [—| 7,8x11 | 2,8
KT816B | 3/3 1/0,3 60/1 | 5/15 | —60----hi25| 2 2 20 25 01| — | — | 78x11 | 2,8
KT816I' | 3/3 1/0,3 100/1 | 5/15 | —60—[-125 | 2 2 15 25 |01 — | — | 7,8x11 | 2,8
KT8251 | 20/20 | 0,5/0,2 | 60/3 5/4 | —40—[-100 [ 10 [ 10| 750 | 125 | — | — | —[39,2x26|10,3
KT825I" | 20/20 | 0,5/0,2 | 90/3 54 | —40—f100 | 10 (10| 750 | 125 | — | — | —[39,2x26|10,3
KT8374 | 7,5/3 | -/0,37 | 55/0,9 | 15/1,5 | — 60 —1-100 [ 2 5|120— | — |0,15( 0,3 |10 | 10x16 | 4,8
80
KT837E | 7,5/3 | -/0,37 | 55/0,9 | 15/1,5 | —60----hi00 | 2 5|15—| — |0,15( 03|10 | 10x16 | 4,8
150
KT837M| 7,5/3 |—/0,37| 70/2,5 | 5/15 | —60----hi00| 2 5]120— | — |0,15( 0,3 |10 | 10x16 | 4,8
80
KT837U | 7,5/2 -/0,3 | 40/0,5 | 15/15 | —60—hi00 | 2 5]120— | — |0,15( 0,3 |10 | 10x16 | 4,8
80
KT837K | 7,5/2 | —/0,3 | 40/0,5 | 15/1,5 | — 60 —4-100 | 2 5|5—| — |0,15( 0,3 |10 | 10x10 | 4,8
150
KT829A | 8/- | 0,2/— |100/ —| — — 40 —[-85 3 -3 750 60 | — | 2 |1,5| 10x16 | 4,8

HpI/IMe‘IaHI/Ie. B uncnurene MPpUBEACHBI MAKCUMAJIbHO JOITYCTUMBIC 3HAUCHUS, B 3HAMCHATCIIC — 3HAYCHUS, COOTBECTCTBYIOIIUEC

PEXKNUMY HACBIIICH

18. XapakTepuCTHKH TPAH3HCTOPOB C

us.

e/iHeil M MaJIOH MOIIHOCTH JJISl Lleneil ynpaBJieHUs

Tun
TpaH3ucTOpa

IK,MA

IB MA

Uxo.
B

U3];. B

Temnepary
pa
OKpY’Karo
ien
cpensl, °C

Pexum
YCHIICHHUS

| UK3
Ky

MA |
B

h213

Iks0,
MKA

I 9B0s
MKA

| KRy
MK
A

p
npu
25¢

MB

BrI-
coT

Juna

MET

p,

MM |MM




KT209B, B, E,
M
KT501B, ]I, E,
M
KT502A-E
KT503A-E

KT608b
KT630A-T
KT619A

KT3155, B, T,
U KT342A, B
KT373A, B, T
KT3102A, B,
I,E

KT3455, B
KT361B, B, T,
K KT3107B, ]I
,KT3107K, JI

*I

300/300

300/300

300/10

300/10

400/400
1000/150
100/ —

100/20
50/10
50/10
100/ —

200/100
50/20

100/100
100/100

100/30
100/60
100/1
100/1

/80
200/150

-2 — /1
-1

-110

/12 50/5
5/5

15 —
60/0,4
15 —
60/0,4
25 —
80/0,1
5 25

80/0,2

60/0,4
100

150/0,
3 250/

20 —
60/0,4
25 —
30/0,1
30 —
60/0,1
20 —
50/ —

20/0,3
20 —
60/0,3
30 —
50/0,5
20 —
30/0,5

Cpeoneil mownocmu muna p-n-p

— 40—+

100

60 —
10 —|+125
20/1,5 10| — 40 —(30
— 20/1,5(+100 30
5/0,8 — 50 —|10
5/0,8 +85 10
Cpeoneui mowgHocmu muna
4/1 7/1,1) — 40 —|:
5/ — +85 — 50(200

— b85 —|150

50 — "85 |1

11

55
n-p-n

10
40

Manoii mownocmu muna N-p-n

6/1,1
5/0,9
5/0,9
5/-

Manoti mownocmu muna p-

4/1,1
4/0,85
5/15/1

[-100
60 — 1125
-85 — 40
— (-85

(-85 — 60
(-100
Hi 25 —
60 -
125

11
1
2

100
1
22

10
55
5

[Ipu remneparype 40° C. #2 [pu Temneparype 35° C. *3.Pa3mepsl cedeHusl.
IMpumeuanus: 1 . 3nauerns Uy, mayx, Unp ¥ ananason h, 5 3aBUCAT 0T GYKBEHHOTO 0003HAYEHHUS TPAH3UCTOPA KaXKI0TO THUIIA.
2. B umcnuTene mpuBeACHBl MAaKCHMAJIBHO JOMYCTUMbIC 3HAUCHHS, B 3HAMEHATEJIC — 3HAYCHHUS, COOTBETCTBYIOIIUE PEKUMY

HACBIINICHU!A.

40 —
240
40 —
240
40 —
240
40 —
240

40 —
160
40 —
240
30

80 —
350
25 —
500
50 —
600
100

1000

50 —
1 05
40 —
350
120

460
380

800

111

11
0,05
0,015

0,05

0,1
0,1

UHTerpanbHble MUKpPOCXEeMbI

11

10
0,1
100

30 30
3010

0,1
0,1

30
30,
100
0,1

200
350
350
350

500
800
500

150
250
150
250

100
*1
150
*2
300
300

5,2
4,9

5,2
5,2

11,

8,5
9,4

4,2
X2,
5*
7,2
x3*
3
4,2
x5,
2*
4,2
x5,
2*

53
53
52
52

6,6
4,7

5,3
4,5
5,3

OTauuuTeNbHBIE OCOOEHHOCTU JIFOOOM HHTCI‘paJ’ILHOﬁ MHUKPOCXEMbI B TIEPBYIHO OUYCPEAb OHNPCACISIOTCIA €€
(byHKIII/IOHaJ'II)HI)IM Ha3HA4YCHUEM. HpI/I 9TOM MHUKPOCXEMBbI OJTHOT'O U TOI'O K€ (byHKIII/IOHaJ'[LHOFO Ha3zHa4YCHHUSA UMCIOTCA
B HOMCHKJIATYpC psiJa CepI/Iﬁ HWHTETPAJIbHBIX MUKPOCXEM U OTIMYAKOTCA OJHA OT ,prroﬁ II0 TEM HJIM HMHBIM IIOKa3a-

TCIIAM [3] OCHOBHEIMM U3 3THX IIOKa3aTeICH SBIISIOTCS claeayromuye: Halps»KCHUC UCTOYHNKA TUTAHUA U". rr;

pabounii muamasoH TeMIepaTyp;
BXOIHOM TOK lpy;
BBIXOJTHOU TOK | s
BXOJIHOE Hampshkerne U,,;
BBIXOHOE HanpspkeHue Upyk;
MaKCHMAaJILHO JIOMYCTUMAs paccemBaeMasi MOITHOCTh Pp.-,.-max;
KOX(PHUINEHT YCUIICHNSI CUTHAIIOB (AJIS1 YCHIINTEIBHBIX CXEM).



WHTerpanpHass MHUKpPOCXEMa, KakK IPAaBMIIO, IMPEACTaBIsAeT €000 (DyHKIMOHAIBHO 3aKOHYEHHOE YCTPOWCTBO,
IpeAHa3HAYCHHOE [UIS PEIICHHS OIPEIEIEHHON CXeMOTeXHNIECKoH 3agaun. OOBIYHO OJHA U Ta XK€ 3a7ada MOXKET OBITH
pelIeHa,B pe3yibTaTe NPUMECHEHHS AHAJIOTHYHBIX 1O (YHKIMOHAIBHOMY HA3HAUYCHHIO MHKPOCXEM, BXOAALINX B
pa3NuyHbIE CEPHM, a TAKXKE C IMOMOINBIO 3JIEKTPOHHOH CXEMBI, COOPaHHOM M3 JHCKPETHBIX 3JIEeMEHTOB. [losTOoMy
Ba)XHBIM (DaKTOPOM ISl OIEHKH IIeTIeCOOOPa3sHOCTH HCIIONIB30BAHMSI MHUKPOCXEMBI TOW HWIIM HHOW CEPHH BMECTO
JIEKTPOHHOM CXEMBbI, BBIITOTHEHHON Ha 0a3€ NUCKPETHBIX 3JIEMEHTOB, SIBISIETCS €€ CTOMMOCTb.

HomeHknaTypa MHKPOCXEM, BBITYCKAEMBIX MPOMBIIIJICHHOCTBIO, YpEe3BbIUaifHO IIMPOKa, B CBSI3H C 4YEM
3aTPYAHUTENBHO JaTh PEKOMEHJAlUU MO HCIOJIb30BAHUIO KOHKPETHBIX THUIIOB MHTETPalbHBIX MUKPOCXEM B TOW WU
WHOI aBTOMOOWILHOH 3JIEKTPOHHOH anmapatype. OHaKO, HCXOJSl U3 OIbITA CO3/IaHMs TaKOW aImaparypbl, IpeICcTaB-
JieTCd BO3MOXHBIM OIIGHUTHh TNEPCIEKTUBHOCTh MPUMEHEHMs OINpPENEJICHHBIX CepUM HHTErpalbHBIX MUKPOCXEM, a
TaKXe HEKOTOPBIX MX THUIIOB.

Ananocosvie Mmuxpocxemvi. AHAIOTOBbIE MHUKPOCXEMBI TNPUMEHSIOT [ YCWJIEHUS YPOBHS CHUTHAJOB, UX
peoOpa30BaHMs, a TAKXKE IPU CO3IaHUU CTAOMIIN3aTOPOB TOKA U HANPSKEHHUS.

Jnst penieHust 3THX 3a7ad B OCHOBHOM HCIIONIB3YIOT HHTETPAIbHBIE MHKPOCXEMBI CIEIYIONIEro (yHKINOHAIFHOTO
Ha3HAYCHUS: ONCPAlMOHHBIC YCHINTENH (B TOM YHCIE€ KOMIAPaTOphl); TEHEPATOPHl CHTHAJIOB CIIEHHATBHONW (OpMBI
(omHOBHOpPATOPHI, aBTOKOJIEOATENEHBIE MYIBTHBHOPATOPHI); TPUITEPH! (B TOM umncie Tpurrepsl llImuTra); crabmmm3a-
TOPBI HAIPSDKCHHUS.

W3 ducna aHAaIOTOBBIX MHKPOCXEM Hanboliee MIMPOKO B aBTOMOOMIBHOM 3JICKTPOHHOH amnmapaType IMPUMEHSIOTCS
ONEpalMOHHBIE YCUJIMTENH, OCYIIECTBISIONINE YCUJICHHE CHUIHAJOB IOCTOSHHOTO TOKA, a TAaKKe BBIMOJHSIIOIINE
(byHKIMM KOMIIapaTopoB HanpsbkeHus. ClieyeT OTMETUTh, YTO, HECMOTPS Ha IIMPOKYI0 HOMEHKIIATYPY OlepaluoHHbIX
YCHUIIMTENEH, BBIITYCKAeMbIX MTPOMBIIIICHHOCTBIO, CYIIECTBYIOT OINpPEJICIEHHbIE OTPAaHUYCHUS 110 UX MCIOJIB30BAHUIO B
aBTOMOOWJIBHOM JJIEKTPOHHOM anmapartype. TakuMU OrpaHMYEHUSIMU SIBJSIFOTCS. HEOOXOOUMOCTh OOecrieueHHs
paboTOCIOCOOHOCTH OMEPAMOHHOTO YCHIIUTENsl B Juama3zoHe temmeparyp — 40 — j-85°C, a raxke mpu
MHUHHAMAJbHBIX HaNpsKeHUSIX OOpTOBOM ceTw aBTOMOOWIsA. B wacTHocTn, anst aBTOMOOWIEH C HOMHHAJIBHBIM
HaTpsDKCHHEM OOPTOBOM CeTH, paBHEIM 12 B, MUHIMAaIBHO HomycTHMOE HanpsbkeHue coctapisier 10,8 B. Tloatomy mns
obecrieueHnss HOPMaIbHONH pPabOThl 3JIEKTPOHHOW amnmapaTypbl JaHHBIX aBTOMOOWJICH TpHMEHseMble B HeEH
OTIEPAIIMOHHBIC YCHIIMTEIH JODKHBI HOPMaJIbHO paboTaTh IPH HaNpsDKEeHWH CTouHMKa utanus 10 B (wmm +5 B).

Takum TpeOOBaHHUAM yIOBICTBOPSIOT OnepanuoHHble yeunmurenn THoB K153V 12 (cepus 153) u KS53V 12 (cepus
553), paboTocrocOOHOCTh KOTOPHIX I'apaHTHPYETCs NPH HaNpsDKEHUH NMHUTaHusA +5 B m temmepaTtype okpyskaromiei
cpensl — 45 — +85°C. BakHBIM NOJOXHUTEIHHBIM KaueCTBOM JaHHBIX ONEPAIlMOHHBIX YCHJIIMTENEH SBIAETCS HX
HU3Kasi CTOUMOCTb.

VYka3aHHbIE BbIIIe TPEOOBaHMS TAKXKE YAOBICTBOPSIOT HEKOTOpPbIE omnepauuoHHble ycunurenu cepun K140. Tlpu
stoMm Juia yemnuteneit Tuna K140V (11, K140V /14, K140V 117 u K1408Y /]2 (cnapeHHsIil) nomyckaeTcsa paboTa npu
MUHHMAaJIbHOM HampsDKeHUH nuTaHus +5 B, a ang ycunnurens tuna K140Y/[12 — npu MHHHMaNbHOM HaIpsbKeHUH
+1,5 B. Pabounii nanasoH TeMIepaTyp yKasaHHBIX ycumuTeneii cocrassier — 45 — i-85°C.

[lpy HOMUHATBPHOM HamNpsHKEHHH OOpPTOBOH ceTw, paBHOM 24 B, moMmMo Ha3BaHHBIX THIIOB YCHJIHTENEH B
JIEKTPOHHOH amnmapaType MOTYT NPHMEHATHCS MOYTH BCE ONEpaLMOHHBIE ycwiurenu, Bxoasmue B cepuro KHO, a
TakXKe KOMITapaTopsl HanpshkeHus, Bxoasaniie B cepun K521 (tumoB K521CA1 u K521CA2) u K554 (Tumor K554CA1
n K554CA2).

Hapsimy c¢ omnepanMOHHBIMM yCWJIMTEISIMH OYEHb IEPCHEKTUBHBIMHU JJIsI TNPUMEHEHHS B aBTOMOOWIBLHOM
JIEKTPOHHOM ammapaTtype SBISIOTCS TOKOpa3HOCTHBIE AuddepeHnnanbHble yCUINTENIN, KOTOphle MHOT/Ia Ha3bIBAIOT
yeunurensiMu HopToHa. OTH ycunuTenu, Tak e Kak ¥ OIepalioHHbIe, UMEIOT MHBEPTUPYIOIINN M HEMHBEPTUPYIOIIUI
Bx0Zbl. OJHaKO B OTIIMYKE OT ONEPALMOHHOTO YCHUIIUTEN, TA€ BBIXOJHOE HANPSIKCHUE ONPEAETseTCs COOTHOLICHHEM
HaNpsOKeHUH, TOABOAMMBEIX K €ro BXOJaM, Y TOKOPA3sHOCTHOTO YCHJIMTEIS HANpsDKEHHEe Ha BBIXOJE 3aBHCHT OT
COOTHOIIEHUSI CHJI TOKOB, MPOXOMSANIMX B IEMAX HHBEPTUPYIOMIETO W  HEHMHBEPTHPYIOLIETO  BXOJIOB.
[IpoMbIIIEHHOCTRIO BhIMMyckaeTcs Mukpocxema tuna K1401VY 11, cocTosmas u3 4eTripex He3aBUCUMO JIEHCTBYIOIIUX
TOKOPA3HOCTHBIX ycuiurenen [3].

BaXHBIM TOJIOKUTENBEHBIM Kaue€CTBOM TOKOPA3HOCTHOTO YCHJIMTENS SIBISAETCS BO3MOXKHOCTH ITOJYHYEHHUsS Ha €ro
BBIXO/I€ MUHUMAJIBHOTO HAINPSDKEHUS, HE MPEBBIIIAIONIET0 JECSTHIX JI0JIeH BOJIBTa, B TO BPEMs KaK y OIEPAIMOHHBIX
yCUJIUTENEH 3TOT ypOBEHb cocTaBisdeT He MeHee 1,5 — 2 B (1o OTHOLIEHHIO K OTPULATEILHOMY IMOJIIOCY UCTOYHUKA
IUTAHUS).

W3 BBITyCKaeMBbIX MHTEIPAJILHBIX CTAOMIIN3AaTOPOB HANPSDKEHUST Hanboliee MoXO SIMMHI IO XapaKTepUCTHKAM IS
NIPUMEHEHHS B aBTOMOOWIBHOW AJIEKTPOHHOH ammaparype SBISIOTCS KOMIICHCAIMOHHBIE CTAaOWIM3aTOpHl ¢
perynupyeMbIM  CTaOMIM3MPOBAHHBIM HAIMPSDKEHUEM, BBIIIOJHCHHBIE B BHAE HWHTETPAIBHBIX MHKPOCXEM THIIA
K142EH1A (U,, = 9-20 B, Uppx = 3-12 B) u K142EH2A (Ug,= 158-40 B, Ussix= 12-30 B).

Crenyer, 0THAKO, IMETh B BHJLy, YTO M3-3a UMEIOIINXCS MMAaJCHUN HANIPSHKCHHS B PETYIHPYIONINX 3JIEMEHTaX 3THUX
CTabMIN3aTOPOB MUHMMAaJbHAS pa3HocTh HampsykeHwid U,, — Uy, coctaBiseT okoso 3 B. JlaHHOE 00CTOSTENHCTBO
OTPaHMYMBAET BO3MOXKHOCTh INMPHMEHEHHS CTA0MIM3aTOPOB JAHHOTO THIA B aBTOMOOWIISX C HOMHHAIBHBIM Ha-
npsbKeHreM 0opToBoi ceTH 12 B, MOCKOJIBKY B 3TOM ciydae NP MHHUMAJIBHO JOIYCTUMOM €€ HalpsDKEHHH, PaBHOM
10,8 B, okaxeTcst HEBO3MOXKHBIM TOJYYHTh CTaOMIM3UPOBAHHOE HAIpsDKEeHHUE Bhiie 7 — 8 B.

Lugposvie muxpocxemvi. B aBTOMOOWIBHON SJIEKTPOHHOW ammaparype IPEUMYIIECTBEHHO IPHMEHSIOTCS
M (pOBBIE MUKPOCXEMBI CIIEIYIOIEro (hyHKIMOHAIBHOTO Ha3HaueHus: jJornueckue snementsl Tuna 1 — HE, U, HE,
WNJIN n ux xomOunanuy; tpurrepsl Tina 1-K u D; cyerunku, cyMMaTopsl M perucTpbl; JemudpaTopsbl.



OtHocsmuecs K OU(POBBIM MHKPOCXEMaM 3JIEMEHTBI MHKPONPOLECCOPHBIX KOMIUIEKTOB B JTAHHOM pasZielie He
paccMaTpUBAIOTCS, TOCKOIBKY OHH COCTABIIIOT OCOOBIN KJIACC MPOrpaMMHUPYEMBIX YCTPONCTB.

[TndppoBbIe MUKPOCXEMBI ITO CPABHEHHIO C aHAJIOTOBBIMH MMEIOT XYALIYI0 TOMEXOYCTOHYHNBOCTD, BCIECACTBUE YETO
Uil HUX Oomee BEpoATHBI cOom B paboTe IpPH HAIMYWM IOMEX B IEMSIX IHWTaHMSA, a TaKKe IIOJICBBIX
(3nexTpoMarHuTHEIX) moMex. OCOOEHHO 3TO XapaKTEepPHO UL MHUKPOCXEM, MPHHIIUN JACUCTBHUS KOTOPHIX OCHOBaH Ha
cpabaThIBAaHUM HE OT YPOBHS BXOJHOTO CHTHalla, a OT €ro mnepemaga. [1o3ToMy O4YeHb BaXHBIM IIOKa3aTeseM,
OTIPEICTISIIONINM LIEJIeCO00Pa3HOCTh- IPUMEHEHHS IU(PPOBBIX MUKPOCXEM TOW MM MHOW CEpUH, SBISIETCS MX MOMEXO-
ycToiunBocTh. Kpome Toro, noimkHa ObITh o0ecredeHa padoTocnocoOHOCTh HU(PPOBBIX MUKPOCXEM ITPU MUHHMAJIBHO
JIONTYCTHMBIX HaIpsDKEHUSIX OOPTOBOW CETH aBTOMOOWIIS, a TaK)Ke B IMaNla30He TEMIIEpaTyp okpyxkatomei cpeast — 40
— +70°C.

HawuGonee mmpoko npencTaBieHs! HU(POBbIE MUKPOCXEMBI CAMOT'0 Pa3IMYHOTO (YHKIIMOHAILHOTO HA3HAYCHUS B
cepusix K155 (rpamsucropro-tpansuctopnas soruka TTJI) m K.176, K561, 564 (na 6aze crpykrypsr KMOII).
HomunansHoe HanpsixeHue MukpocxeM cepuu K.155 coctaBnser 5 B, B ¢BsI3u ¢ ueM A JaHHOU CEpUU OTCYTCTBYIOT
OTpaHWYCHUS, CBS3aHHBIC C BO3MOXHBIM CHIDKCHHEM HampsDKeHHsS OopToBoil cet. Mommdukanms cepun K155,
BEIITyCKaeMasi B MeTaJUIO-KepaMmdecknx Kopmycax (cepust KM 155), sBmsercs paboTocmocoOHOI B Iuama3oHe
Temnepatyp — 45 — +85°C.

[NomexozammmienHocTs MuKpocxeM ceprn K155 paBHa 0,4 — 1 B. IlosToMy npm HCIONB30BaHUM JaHHBIX
MHKPOCXEM B aBTOMOOWJIBHOH 3JIEKTPOHHOI amnmapaType HeoOXOIUMO IMPHHAMATH CHENHAIbHBIE MEPHI 10 3AIIUTE UX
OT BO3ACUCTBHS MTOJIEBBIX TIOMEX U B OCOOCHHOCTH IIOMEX B IEISIX MUTaHUS.

BcnenctBue JKecTKOro IOoMycka Ha BeIMYMHY HampspbkeHus nutaHus (5 B+5%) muxpocxems! cepum K155
00s13aTeNBHO JOJDKHBI MOJKITIOYATHCS K CTAa0MIIN3aTOPY HANPSDKEHUS] ¢ HOMUHAJIBHBIM BBIXOJHBIM HarpsbkeHueM 5 B.
[Ipu HOMUHATBHOM HaMpsHKEHUU OOPTOBOH ceTH 12 B M MakcUMallbHO AOMyCTUMOM ee HampsbkeHuH 15 B perymupyro-
IIMH BJIEMEHT BBIXOJHOW LIeNH CTa0MiIM3aTopa IOJDKEH OBITh pacCuMTaH Ha NajJeHHe B HeM HanpspkeHus no 10 B.
CootserctBenHO 3Tomy KII/I cTabmmm3aTopa cocTaBut Beero nuimb okoio 30%, T. €. 70% MOIIHOCTH, TOJBOIUMON K
cTabunms3aropy, OyJeT pacxomoBaThCsl Ha ero HarpeB. Eme xyamme mokaszatenu OyneT MMETh CTaOMIM3aToOp HpH
HOMHWHAIIFHOM HamnpshKeHUH 00pTOBOH ceTr 24 B, ueMy COOTBETCTBYET MakcHuMalbHOe ee HanpspkeHue 30 B. B nanHOM
Cilydae BBIXOJHOHN PETYIHPYIOIMHA 3JEMEHT cTabmin3aTopa JOJDKeH OBITh pacCuUnTaH Ha MafeHUE HAMpPsHKEHUS 10 25
B, a KIIJl crabwimsaropa okaxeTcs paBHBIM npuMepHo 15%, 1. e. moutm 85% MOIIHOCTH, MOABOAMMOHN K
cTabuIM3aTopy, OyAeT pacxomoBaThCs HA €TO HarpeB.

ITo cpaBHeHHuIo ¢ MuKpocxemaMmu cepur K155 Gosee BBICOKYIO TOMEX03alIUIEHHOCTh UMEIOT MUKPOCXEMBI CEpUH
K511, otHocsimumecst k BbicokomoporoBoi jioruke BITJI. MuUKpocXeMbl JaHHOW CepHH MOTYT paboTaTh B JMANa30HE
Temnepatyp — 45 — +85°C, u oHM He pearupyroT Ha IIOMEXH ¢ ypoBHeM 10 6 B (mo cpaBHeHuto ¢ ypoHem 1 By
MmukpocxeMm cepun K155). Kpome Toro, mukpocxems cepunt K511 moryTt paboTath B Anana3oHe HaNpsHKSHUI MUTaHUS
10,8 — 25 B.

CrnenoBarenbHO, NPU HOMHMHAJIBHOM HAaNpsOKeHMH OOpTOBOH cetw 24 B W MUHHMMAaiIbHO [OIMyCTHMOM €€
HanpspkeHUH 21,6 B anms muranms mukpocxem cepurn K511 Moxer OBITh NMPHMEHEH CTAOHMIM3aTOp C BBIXOIHBIM
HanpspkeHHeM mopsiaka 20 — 21 B. B atom cirydae HanbGonblnee majicHUe HANPSHKEHUS B BEIXOJHOM PETYIUPYIOMIEM
aneMeHTe cTabmimzaropa (IPU MaKCHMAaIBHO JOIMYCTHMOM HampspkeHun OopToBoii cetu 30 B) coctaBur 9 — 10 B.
KII[l crabunusatopa Uil JaHHBIX YCJIOBHH ero padoThl Oyner cocTaBisTh okono 65 %. Takum obOpazom, npu
HOMWHAIIFHOM HaIpsbKeHuH 00pToBoi cetn 24 B npuMeneHne MmukpocxeM cepun K511 sBisieTcs mpeArnodTHTEIbHBIM
10 CpaBHEHHIO ¢ MuKpocxemMamu cepun K155. OmgHako 3TO He Bcerna BO3MOMKHO, ITOCKOJNBKY HOMEHKJIATYpa
MHKpOCXeM, BXoasamux B ceputo K511, cymectBeHHO yxe 1o cpaBHeHHIO ¢ cepueit K155.

HrmxHuit nomycTUMBIN Tpefen HanpspKeHds nuTaHus Mmukpocxem cepunm K511 cocrasmser 10,8 B, uto paBHO
MUHHMAaJIBHO JIONyCTUMOMY HAIpsDIKEHHI0 OOPTOBOHM ceTH, MMenleil HoMuHanpHOe HampspkeHue 12 B. Ilostomy
nmpuMeHeHne Mukpocxem cepun K511 B aiexTpoHHON ammaparype aBTOMOOWIEH C HOMHMHAIBHBIM HaNpsSKCHHEM
60pToBOii cetu 12 B BO3MOYKHO TOJIBKO MPH YCIOBUH MOAKIIOYSHNS MUKPOCXEM HEIOCPEICTBEHHO K OOPTOBOM CETH, T.
e. 0e3 crabwim3aTopa HanpspKeHUs. B OosbIIMHCTBE ClydaeB Takoe MOIKIIIOYEHHE MHKPOCXEM HEJOIMYCTHMO, YTO
OTpaHUYMBACT BO3MOKHOCTH MX MPUMEHEHHS.

Muxkpocxembl cepun K561 paGoTocnocoOHbI npu HanpspkeHuH nutanus 3 — 15 B u temnepatypax — 45 — j-
85°C, a wux mnoMmexo3amMIIeHHOCTh (craruueckas) cocrasimsier 0,3 — 0,5 HampspKkeHHS MCTOYHHKA HHTaHMS.
HomeHnknatypa Mukpocxem, Bxoaamux B ceputo K561, Heckonbko yke 0 CpaBHEHHIO ¢ HOMEHKIATypoil cepun K155,
HO BCe K€ Ha UX 0a3e MOryT OBITh CO37aHbl MHOTHE M3/EIHs aBTOMOOWILHOH anekTpoHnku. Eciu sxe B cepun K561 nHe
OKa3bIBAETCSI MHKPOCXEM C HEOOXOTUMBIM (DYyHKIHMOHAIBHBIM HAa3HA4€HHEM, TO TpeOyeMble MHKPOCXEMBI B psje
CITydaeB MOTYT OBITH B3SITHI U3 cepuu 564, MOCKOIBKY JAaHHAs CepHs B OCHOBHOM HMIMEET TaKHe K€ MOKa3aTelH, 4To U
cepus K561. B »TuxX ciaydasx BO3MOXKHO Take NMpUMEHeHHe MUKpocxeM cepuu K176, mockombKy i GONBIITMHCTBA
MHKPOCXEM, BXOJAIIMX B ATy CEpHI0, JOIycKaeTrcs pabora B auamazoHe temmneparyp — 45 — 0°C. Jlomyctumoe
HampsDKeHHe TUTaHus MukpocxeM cepun K176 cocraBmser 9 B+5 %, T. e. maxe mpu MHHMMAIBHO JOIMYCTHMOM
HampsbkeHnn OoptoBodt cetm 10,8 B i wX mnuTaHusT BO3MOXKHO TPUMEHEHHE TIPOCTEHINEeTro crabuiam3aTopa
HarpspKeHHSI.

Harpysounas cnoco6nocts Mukpocxem cepuil K176, K561, 564 nmxke, yem y mukpocxem cepuit KM155 n K511.
ITooToMy Mexkay BBIXOJOM MHUKPOCXEM U UX HArpy3kod B pse CIy4daeB NPUXOJUTCS BKIIOYATh YCUJIMBAIOLIME
JJIEMEHTBI, HalpUMep SMUTTEpHble NOBTOpUTENH. Mukpocxemel cepuit KM155, K511, K561, K176 umeror
AHAJIOTUYHYI0 KOHCTpyKuuio. OHM YCTaHaBIMBAIOTCA Ha IIIaTaX CO CTOPOHBI, MPOTHBOIOJIOKHOW I€YaTHBIM



MIPOBOAHUKAM, a IIar MEXIy BBHIBOAHBIMH KOHIIAMH MX KOpITyca COCTaBisieT 2,5 MM. Mukpocxemsl cepun 564 ycra-
HaBIIMBAIOT Ha IJIATHI CO CTOPOHBI NEYATHBIX MPOBOJHHUKOB C IIATOM ~MEXIy WX BBIBOAHBIMH KOHIamu 1,25 mMm. B
CHIJTY YKa3aHHBIX KOHCTPYKTHBHBIX OTIUYHHA MUKpOcxeM cepur 564 ot mukpocxeMm cepuit KM155, K511, K561, K176
UX TI0 BO3MOXHOCTH, CTapaloTcs HE MOHTHPOBATh Ha OJHOW M TOH K€ IUIaTe.

[lepeuncneHHBIME BBIIIE CEPHAMH MHKPOCXEM, OE3yCIOBHO, HE OTPaHMYMBACTCS WX HOMEHKJIATYPa, BO3MOXKHAs
UIA TIPUMEHEHHS B aBTOMOOWIBHON SJEKTPOHHOW ammaparype. Tak, HampuMmep, NpH CO3JaHUM 3JIEKTPOHHON
annapaTypsbl, CoAepKaliel 3alIOMHHAIOIIIE YCTPOUCTBA, IIM(POaHAIOTOBBIE M aHATIOTO-1IM(POBBIE TPeoOpa3oBaTey, B
pszne ciiydaeB NMPHUXOAUTCS NMPHUMEHSATh MHKPOCXEMBI MHBIX Cepuil. B 3THX cilydasx BBIOOp TeX WM WHBIX THUIIOB
MHKPOCXEM 3aBHCHT OT LIEJIEBOTO Ha3HAUCHHMS aIllaparypbl, 0COOEHHOCTEH ee paboThI U T. .

TUNOBbLIE ®YHKLUUOHAJIbHbIE Y3Jlbl
ANEKTPOHHbLIX CUCTEM

JIrobast 37€KTpOHHAs CHCTEMa YNpPaBICHUS TeM WM MHBIM arperaroM aBTOMOOWJIS, KaK NpPaBHJIO, COCTOUT W3
HECKOJIbKUX 3aKOHUYCHHBIX (YHKIMOHAIBHBIX Y3JI0B, NpeIHAa3HAaYEeHHBIX JUIi PELICHUS COOTBETCTBYIOIIEH
CXEMOTEXHHYeCKOW 3amaun. K 4Ymciny TakuxX THUNOBBIX (DYHKIMOHAJIBHBIX Y3JI0B OTHOCSATCS: CTa0HMIIM3aTOPHI
HaNpsDKeHUs; 4acTOTHO-aHAJIOroBble MNpeoOpa3oBaTeNy, OCYLIECTBIIOIIME IpeoOpa3oBaHWE 4YacTOTHl BXOJHOTO
CUTHaJjIa B HANpPSDKEHUE MMOCTOSIHHOTO TOKA; PEryJISITOPBI CHIIBI TOKA, 00eCIIeYnBaloIUe MO IepKaHue B [ENN 3aJaHHON
CHJIBI TOKAa WJINM €€ M3MEHEHHE M0 33/laHHOMY 3aKOHY B 3aBUCHMOCTH OT YPOBHS HJIM YacTOTHI BXOJHOTO CHTHAIA;
JIEMEHTHI 3alIUTHl KaK CaMOW 3JIEKTPOHHOW CHCTEMBI, TaK M YIPaBISEMOTO €0 arperara OT aBapHHHBIX PEKHUMOB, K
KOTOPBIM OTHOCSATCS, B YaCTHOCTH, YCTPOWCTBA 3AIIUTHI MJIEKTPOHHBIX OJOKOB aBTOMAaTHKH OT KOPOTKHX 3aMBIKaHHH,
MIepEeTPy3KH 10 TOKY, a TaKkKe OT MepeHanpsDKeHHi. JIIis 3amThl yIpaBIsieMOro arperara oT aBapHiHBIX PEXHMOB B
Cllydae 0TKa3a TeX WM WHBIX YCTPOWCTB aBTOMATHKH WM OIIMOOYHBIX JEHCTBHN BOIUTEINS MPUMEHSIOT 3JIEKTPOHHBIC
YCTPOWCTBa, MpPEOTBPALIAIONINE BO3MOKHOCTh CaMOIPOM3BOJIBHOTO HEMPEAYCMOTPEHHOIO BKIIOUCHUS arperara
(HampuMep, BKIIOUEHHS B KOpOoOKe nepead HU3IINX Iepead MPpU BBICOKON CKOPOCTH JIBMKEHHUSI aBTOMOOUIIS).

CTABUITIU3ATOPBLI HAMNMPAXEHUA

[Tpu 3HaUMTENBHBIX KOJEOAHUSIX HANPSDKEHHsT OOPTOBOM CETH, SIBISIOIIEHCS MCTOUHMKOM HMHUTaHMS AJIEKTPOHHOMN
anmnapaTypbl, HEBO3MOXHO OOECIeYHTh CTAaOWIIBHOCTh XapaKTEPUCTUK CHCTEM pEryJHpOoBaHMs 0e3 MpUMEHEHHs
CTaOHMIIM3aTOPOB HAMPSKEHHUS.

IMpocreiimmM  ycTpoHcTBOM, 00€CHEUMBAIOIINM CTAaOMIM3ALMIO HANPSKECHUS, SBISETCS MapaMeTPHUYECKUI
CTaOMIIM3aTOP HANPSHKEHUS, TPEJICTABIAIONN CO00I MOCIIe0BATEILHO COSANHEHHBIE PE3UCTOP U cTaOMINTpoH. s
TIOBBILIEHUS HATPY3049HON CITIOCOOHOCTH TaKMX CTAOMIN3aTOPOB MX MHOT/A JAOTIOJHSIIOT 3MUTTEPHBIMH HOBTOPHUTEIISIMH.
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Puc. 6. Cxema crtaGunusatopa, nopaepXuBalollero 3afaHHbIA YPOBEeHb HanpsKeHWUst Mo
OTHOLUEHUIO K OTPULIaTeNIbHOMY MOMIOCY UCTOYHUKA NUTaHUSA

[MpenmymiecTBaMy TapaMeTpUUYECKUX CTaOMIM3aTOPOB SIBIISICTCS MX Majas IIeHa M BBICOKas HaJeKHOCTh. OIHAKO
OHHM HE 00eCIIeYHBAIOT BHICOKOW CTAOMIBHOCTH BBIXOJHOTO HANPSDKEHUS NPH 3HAYUTEIBHBIX KOJEOaHNAX HANPSDKEHUS
GopTOBOI ceTH U TOKa Harpy3ku. Kpome Toro, BciaeacTBHE 3HAYUTENILHOTO pa3dpoca (Kak npaBwilo, B peaenax +10%)



OTIOPHOTO HANPSDKCHUS y CTaOMINTPOHOB OMHOTO W TOTO JKE€ THUIAa HEBO3MOXXHO 0€3 CIeMHaTbHOro OoTOopa
CTaOMIINTPOHOB 00ECIICYUTh B CTAOMIIM3ATOPE 3aJaHHBIN YPOBEHb BBIXOAHOTO CTAOMIM3NPOBAHHOTO HAMIPSIKCHISI.

[TosTomMy mapaMeTpudeckne CTaOMIN3aTOPhl HANPSDKEHWS HE IONYYWIN I[IHPOKOTO PACHpOCTPAHEHHUS B
ANEKTPOHHBIX CHCTEMaXx YIPaBICHHS arperaraMy aBTOMOOWMIIEH, TIOCKOIBKY K HCTOYHUKAM IMHTAHHUS UX YIIPABIITIONINX
YCTPOUCTB TPEIBSABIAIOT OYCHb JKECTKHE TPEOOBaHMS KaK B YACTH CTAOWIHHOCTH HANpPSKCHHWA INHTAHHUA, TaK U
obecrieueHns 3agaHHOW ero BenwduHBL llocmegHee mMeeT oco0oe 3HAYCHHWE [UISI DJIEKTPOHHBIX yCTPOMCTB,
COJIepIKaIMX MHTErPaIbHbIe MUKPOCXEMBI, Y KOTOPBIX JOMYCTHMBIN pa30poc HAIPSHKEHHS MTUTAHHUS MOXKET COCTaBISTh
+5 %.

OTH TpeOOBaHNUS YAOBIETBOPSIOTCS TP UCIIOJIB30BAHUH JJISl TUTAHUS SJIEKTPOHHBIX YCTPOMCTB KOMIIEHCAIIMOHHBIX
CTaOMJIM3aTOPOB HANPSDKEHHS C HENPEpPBIBHBIM pPEryJupoBaHHeM. Takue CcTaOMiIM3aToOpbl NPEICTABISIOT COOO0M
3aMKHYTYIO CHCTEMY aBTOMAaTHUECKOTO DEryJIMpoBaHUs, O00ECHEeYMBAIOIIYI0 IOAJCPKAHWE 3aJaHHOTO BBIXOJHOTO
HaMpsDKeHUST TPH  JIIOOBIX M3MEHEHMSX BHEIIHMX (DakTopoB (HampspkeHHss OOpPTOBOW CETH, TOKa HarpysKH,
TeMnepaTypsl). PerymupyrommM 31eMeHTOM CTaOMim3aTopa SBISIETCS BBIXOOHON TpaH3UCTOp, paboTarommii B
aKTUBHOM pexxuMe. MeXIy SMHTTEpOM M KOJUICKTOPOM TPAaH3UCTOpPA CO3IAETCs IMaJcHHEe HANPSKCHHS, paBHOE
Pa3HOCTH HANPSDKCHUS OOPTOBOM CETH B TPeOyeMOro HalpsDKEHUS CTaOMITH3anuy.

KomneHcanmoHHble CTaOMIN3aTOPHl HANPSHKCHUS ITHPOKO OMHMCAaHBI B nuteparype [7, 12, 34, 35], mostomy B
AHHOM pas3feiec PacCMOTPEHBI TOJBKO HEKOTOPHIE CXEMBI CTAaOWIM3aTOPOB TAaKOTO THIA, IPUMEHSIOMINECS B
ANEKTPOHHBIX CHCTEMax YIPaBJICHHUS arperataMu aBTOMOOWIeH (CIerieHne, ruIpoMexaHmdeckue nepenadn). Ha puc.
5 mnpuBeneHa NPHHLUINAIBHAS 3JIEKTPUYECKas CXeMa KOMIICHCAI[MOHHOTO CTa0MiiM3aTopa, 00eCIeYHBaIoOIero
nosydeHue Ha Boixone (BoiBo + Uct) CTaOMITH3UPOBAHHOTO HAPSHKEHHUS 110 OTHOIICHUIO K OTPHIATEIFHOMY TOHOCY
(macce) GoproBoii cetu (BbiBox — Ug). Crabuiam3aTop NpeaHasHAueH IS MOAKIIOYEHHsS K OOpTOBOM CeTH C
HOMHHAJIBHBIM HamnpspkeHueM 24 B. K 6a3e ynpasnsromniero Tpansucropa VT1 noaBoaurcs HanpspkeHHE, paBHOE CyMMe
omopubix HanpsbkeHud Ugnl 1 Uy, crabumutponos- VD1 u VD2, a HanpspkeHue, MOABOAUMOE K €r0 3MHUTTEPY,
OTIPENICISICTCS BRIPAKCHHEM

Us1 = (Uer - AUvps) R4/(Rs + Rs),

rne [JUyps — manenne HanpspkeHus B quojae VDA4.
Hanpspxenne mexay 6a3oif u sMuTTepoM Tpansucropa VT1

r -&UVD R‘ -_— U{:TR"
Ueay = Uﬂﬂl + Uonﬂ +- ;'h T ;Qa ‘

Jnst HosiCHeH!S TIPUHIIUIA JEHCTBHA cTaOMIIM3aTopa MPEANIOI0KHM, YTO B €r0 CXeME OTCYTCTBYET IOACTPOCUHBIN
pesuctop R5*, u noacraBum B ¢popmyny (1) 3sHauenne Rs= 0. B aTom ciyuae nannas gpopmysia sanumercs B Buae Ugy,
= (Uorll + U0n2) +I[UVD4 - UCT'

Ecmu 661 Hanpspkenue U ,; ymensmmocs m0 0,3 — 0,4 B, To BcnenctBue 3akpbitust Tpan3uctopoB VIT1 u VT2
BBIXOJHOE HAaMpsDKeHHE CTa0MIIM3aTopa CHU3WIOCH OBl 710 Hysst. Hao6opoT, B ciyyae moBbimieHUsT HanpsokeHus Uy, 10
0,55 — 0,65 B mpowusorien 661 nepexoa Tpau3uctopoB VT1 u VT2 B peKuUM HACHIIIEHUS ¢ BO3PACTAHHUEM BBIXOIHOTO
HaTpsKEHUS CTa0MIN3aTopa A0 3HaUeHH, OJIM3KOTO K HaIpsDKeHUIo 60pToBoi cetu. Hu TOT HU pyroit peskum paboTh
TPaH3UCTOPOB HE MMEET MECTa, MOCKOJIbKY HampsbkeHne U Ba! Goubllie HYJIsI M1 MEHbIIE HANpsHKEHHs OOPTOBOH CETH.
[MosTomy B nmefictBuTensHOCTH HanpspkeHre UBd1 B 3aBUCHMOCTH OT ycioBUH paboThl ctabmimzatopa cocraBuser 0,4
—0,5B.

VYxazanuble 3HaUeHUS U 4,) COOTBETCTBYIOT TeMIieparype TpaH3ucTopoB (20+£5)°C. [Ipu yBenndeHnn TeMIepaTypsl
TpaH3ucTopa Hanpspkenue U,,; yMeHbIIaeTcs, a Npy yMEHbIICHHH TeMIIepaTyphl BO3pacTact.
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Puc. 6. Cxema CTa6MJ1M3aTOpa, noaagepxueawLuiero 3aflaHHbIN YPOBEe€Hb HanpsaxeHua no
OTHOLWEHUIO K NONOXNTeNMIbHOMY NOJIFOCY UCTOYHUKA NUTAHUA

C y4yeToM npuBeIeHHBIX JaHHBIX BBIXOJAHOE HANPSDKCHHE CTa0MIN3aTopa MOXKET OBITh onpeneneHo mo hopmyie U,
= Ugy + Ugia — AUyps — (0,4-0,5). TTanerne nampsokernst AUyp; cocrasmser 0,6 — 0,7 B, mostomy B mepBoM
MpUOIMKEHIN MOXHO NPUHATH, YTO BBIXOAHOE HANPSDKEHHE CTAOMIN3aTOpa OMPENENsIeTCs] TOIBKO CyMMOW OMOPHBIX
HanpspkeHu#t crabwimtpoHoB VD1 u VD2, V pa3nuuHbIX CTaOMIMTPOHOB OJHOTO W TOTO JK€ THIA OIOPHOE
HarnpspKkeHue uMeet pasopoc 1o +10 %. BemeacTBue 3TOro B 3aBUCMMOCTH OT TOTO, KAKHE KOHKPETHBIE CTaOMIINTPOHBI
OyIyT WCIIOJB30BaHbl B CTAOWMIIM3aTOpE, WX BBIXOJHOE HANpsDKEHHE MOXKET MMeTh pazbopoc 10 £10%. Ecnm Takas
pasHMIA B 3HAYEHHAX CTAOMIM3MPOBAHHOTO HANPSDKEHHS HEAOIYCTHMa, TO B CXeMe cTabwin3aTopa HEOOXOIMMO
HUMETh MOACTPOCYHBIH pe3ucTop R5*. Uem Bblllle HOMHUHAIBHOE COINPOTHBIIEHHE 3TOTO PE3UCTOpa, TeM OOJIbIle MpHU
MPOYMX PaBHBIX YCJIOBUSX BBIXOJHOE HampspkeHue crabuimmsaropa. ToT jke pe3ynbTaT MOXKHO TOJIyYHTh, aHAJIU3UPYS
dopmymy (1).

B crabunmsarope HanpsDKCHHS, BHIIIOJIHEHHOM B COOTBETCTBHH CO CXEMOW, NMPHUBEICHHOHN Ha puc. 5, mpu Rs = 0
BBIXOJTHOE CTaOMIM3MPOBAaHHOE HampspkeHHe paBHO 14,5 B. Jng yiydmieHus TEIUIOBOro peskuMa TpaH3ucropa VT2 B
pe3ynbTaTe yMEHbBIICHNUS MaJCHNS HAPSDKCHUS B €T0 IIEPEX0/ie IMUTTEP — KOJUIEKTOP B LETh IMHUTAHUS TPAaH3UCTOpa
BKITIOYCH OaitacTHBIN pesuctop R2, mverommuit conporusienne 10 OM. MakcuMalbHBIN TOK Harpy3kd cTabWiIH3aTopa
cocraisetr 0,5 A, mosToMy majeHne HanpspDkeHUs B pesuctope R2 He mpepbimaer 5 B. Ecnu mHanpsbkerne 60pToBOi
ceTH Aaxe OyJeT paBHO MHUHHMMAJIbHO JOITyCTUMOMY €ro 3HadeHuio (21,6 B), To u B 3TOM ciydae NmpHu yKa3aHHOM
3HAUEHHMU MaJIeHHs] HANPSDKEHHs K AMUTTEpY Tpanzuctopa VT2 OyneTr mosaBeaeHo HampsbkeHue 16,6 B, uto Bmosne
JIOCTAaTOYHO I MOJYYEeHUs CTaOMIN3UPOBAaHHOTO HANPsKeHHs, paBHOTrO 14,5 B.

Konnencaroper Cl1 u C2 npuMEHEHBI AJS YMEHBIICHUS 10 NPHEMJIEMOrO YPOBHS IyJbCalldil HaNpsDKEHUS Ha
BbIXOzie cTabunuzaTopa. [Ipu aToM anekrponuTrdeckuii konnencarop C/ OTHOCUTENBHO OOJIBIION EMKOCTH BBIIOJIHSET
¢byHKIMKA QuiabTpa HU3KMX YAcTOT, a HEMOJAPHBIH KoHaeHcatop C2 HWCHONb3yeTcs Ul CIUIa)KUBAHUSA BBICOKO-
YAaCTOTHBIX HMITYJIbCOB. 3alllTa CTAOMIN3aTOpa OT BBIXO/A U3 CTPOS IPH KOPOTKOM 3aMBIKAaHWH B BBIXOJHOM IIEIH
ocymecTBisieTcs: ¢ nomomsio anona VD3. Ecnu Takoe 3aMbIkaHNWEe NPONUCXOIHT, TO BCIEACTBHE YMEHBLICHUS 10 HYyJS
HanpspKeHUsT Ha BBIXOZE cTabmimm3aTopa oTKpeiBaercs auoxa VD3 n HampspkeHwe, moABOAMMOE K 0a3e TpaH3MCTOpa
VT1, ymenpmaercs a0 0,6 — 0,65 B. B pe3ynbrare pe3ko yMeHbmaercsi TOk 0a3bl TpaHsucropa V11, BeaencTsue yero
MIPOMCXOJUT OTPaHMYCHHWE TOKa B MEIsAX 0as3bl, SMHUTTEpa W KOJUIEKTOpa TpaHsucropa VT2 u TeM caMbiM
OCYILECTBIISICTCS 3aLUTA JAHHOI'O TPAH3UCTOPA OT BBIXOJA U3 CTPOSL.

B crabunuzarope HampspkeHus (puc. 6), oOecreyuBaronmieM NP H3MEHEHHHM HaIpsDKeHHs OOpPTOBOM CETH B
nuanazoHe 10,8 — 15 B nmoanep:xanue 3agaHHOro crabmnusupoBanHHoro HamnpsbkeHus (10 — 10,2B) mexmay BbIXoJ1oM
CTaOMIIM3aTOpa U MOJIOXKUTEIbHBIM nomocoM ( + U,,) OOpToBOil ceTn, B KauecTBe UCTOYHHMKA OMOPHOTO HAIPSHKEHHS
cTabuIM3aTopa UCIOJb3yeTCs Mpenu3uoHHbIH cTabunutpod VD1 (tuna J[818B).

ITo oTHOMmIEHMIO K mMHE — U, HanpshKeHue, moaBoauMoe k 6asze tpansuctopa VT1, onpenensercs BeIpaKeHHEM

U51 - UcT_ Uon (2)
rae U, — HampspKeHHe MEXIy MOJNIOKHUTEIbHBIM MOJIocoM GopToBoit cet (BbiBog + Ucr) M BBIXOIOM

crabunusaropa (BeiBox — Ucr).
Hanpsbkenue, noaBoaumoe K aMuTrepy tpausucropa VT, onpenensiercs mo ¢popmyie

U1 = (UcTRs + AU\p2R3)/(R3 + Rs). (3)
rae JUyp; — magenue Hanpspxerus B auone VD2.

C yuerom dopmyn (2) u (3) HanpsDKEHHE MEXKIY SMUATTEpOoM U 0a3oit Tpansuctopa VT1 MoxeT OBITH 3ammcaHo B
BUJIC

Usgt = Uon - (Uer - AUvp2) Rs/(R3 + Rs). (4)

Ecmn mampsbkenue U, craner mensme 0,3 — 0,4 B, To tpamsucrop VT1 Oymer 3akpeIT. BemeactBue storo
OKaXETCsI BBIKIIIOYEHHBIM TpaH3ucTop VT2, M BBIXOJHOE HampsHkeHHe crabuimsaropa yMeHbHIMTCS 10 Hyis. [Ipwm
yBenmuueHuH HanpspkeHust U,,; 10 0,5 — 0,65 B tpanzuctop VT1 nepexoauT B pekKUM HACHIIICHUS, BCIEACTBHE YETO B
TaKOM jke pexxume Oyzner paborarb W TpaHzuctop VT2, B pesynbrare HampspkeHHE Ha, BBIXOJE CTaOMIM3aTOpa
OKaXXeTCsl OJIM3KUM K HANpPsDKEHHUIO 60pToBO# cetd. OYeBHIHO, YTO KaK TOT, TaK U JPYroil Pe)KHUMbI TPAH3UCTOPOB HE
peanu3yroTcs B CTa0MIM3aTOpe, MOCKOJBKY €ro BBIXOJHOE HAIPSDKEHHE HE JOJDKHO OBITh PaBHO HHM HYINIO, HHU
HanpsbkeHuto 60pToBoii cetr. Benenctue atoro Hanpspkenue Uas! Oyaer coctamars 0,4 — 0,5 B (B 3aBucuMocTH OT
HanpspKeHUs: 0OPTOBOM CETH).

C y4eToM HM3JI0KEHHOTO BBIIIE W BhIpaXeHUs (4) GopMyia Ui ONpeaeseHus] BBIXOJHOTO (CTaOMIN3UPOBAHHOTIO)
HarnpspKeHUs cTabMiIn3aTopa MOXKeT OBbITh 3aIicaHa B BUJIE

.. = Uo_I_l;(Rl + RI) + 13Uvuz"— {R’ +- R!}_{O,‘i - 0.5} i
o R’ - R; (5)

U3 cdopmynsr (5) ciemyer, uTo mHpU TOCTOSHCTBE majaeHus HanpspkeHus [IUyp, B auonme VD2 BenuunHa

crabunm3npoBaHHOrO HampspkeHusT Ucr 3aBUCHT TONBKO OT omopHoro HampspkeHus Uon crabmmurpona VD1 n
comnporuBieHus: pesucropoB K3, R5. OnopHoe Hampsbkenue cradbunutponoB tuna /(8186 moxer mmers pazbpoc B




npenenax 7,2 — 9 B. yng Toro 4ToObl mpu TakoM pa3dpoce HampsbkeHus Uy, 00ecTieunuTh ¢ BBICOKOW TOYHOCTHIO
3anaHHbIid ypoBeHb Uct, pe3uctop RS HCHONb3yIOT B Ka4eCTBE MOACTPOCYHOTO IJIEMEHTA CXEMBI.

AHanmu3 Gopmyisl (5) mMoka3bpIBaeT, 4TO I 0OECTIEUYeHUsT TOCTOSHCTBA BBIXOHOTO HAIPsDKEHUs CTaOWIM3aTopa
HE3aBHCUMO OT TEMIIEPaTypbl OKpYXKalOIleH cpembl HeoOXOOMMO, YTOOBI NPU €€ YBEIHMYCHHH OJHOBPEMEHHO C
yMeHbIIeHneM BennauHbl Usg CHIKanochk W Hanpspkenue Uy, B ciydae ke cHukeHUs temmnepatrypsl 3HaueHne Ug,
JIOJDKHO YBENMYHMBAThCS. B paccmaTpuBaeMoM cTalOHIM3aToOpe 3TO TpeOOBaHHE YHOBJIETBOPSCTCS, BO-TICPBBIX,
BeIleicTBHE puMeHeHus cradbmiutpoHa VD1 tuna /18186, uMeromero orpunarenbHbli TeMIIEpaTypHbId KO3(GQHUIUEHT
HaNpsDKeHUsT M, BO-BTOPHIX, B PE3yJbTaTe BKIIOUCHMS MOCIIENOBATeNbHO ¢ pesuctopoM R5 amoma VD2. Ilpu yse-
JMYEHUH TeMmueparypbl nagenue HampsokeHust [Uyp, B auone VD2 ymeHbluaeTcs, B pe3ysbTaTe Hero CHHXKACTCS
HarnpspKeHUe, MOJBOJMMOE K 3MUTTepy TpaHsucropa VT1, uto u TpeOyercs Iyl MOJy4eHHs MEHbBILIETO HaNpsDKeHUS
Usg:.

Wcnpitanust crabuinzaropa, BBIIIOJIHEHHOIO 10 CXeMe, NPUBEICHHON Ha puc. 6, MOKa3anu, 4TO NPH U3MEHEHHH
TeMmepaTypsl okpyxatomieit cpensr or — 20 no + 70 °C 3nauenne U, MeHsieTcs He 6oree yem Ha +0,1 B.

Xopomiasi cTaOMIBHOCTh BBIXOAHOTO HAIPSDKEHUS CTa0WIN3aToOpa IPH 3HAYMTEIBHBIX M3MEHEHMAX HAIpsDKSHUS
HCTOYHHKA ero mutaHus (OOpTOBOH ceTH) obecmeumBaeTcs IMPH MOAKIIOYCHHH HCTOYHUKA OIMOPHOTO HAIPSDKEHHUS,
cocrosimero u3 crabmnurpona VD1 u pesuctopa R2, x BeIXOAHOMY (CTaOMIN3NPOBAaHHOMY) HampsDKeHHIO. biaromaps
9TOMY CHJIa TOKa, mpoxomsmiero depe3 crabunmutpoH VD1, mensercs B HeOONBINIUX Ipenenax, 4To Tpedyercs it
MONMYYCHHSI CTAOWJIBPHOTO OIIOPHOTO HANPSDKCHUS CTa0miam3aTopa. YKasaHHOe HoAkimodeHue crabmmmrpona VD1
0Ka3aJIOCh BOBMOXKHBIM B pe3yJibTaTe MpUMeHeHHs pe3ucTopa R1, ¢ moMomuip0 KOTOPOTo OCYIIECTBISIETCS TIEPBUYHBIN
ITYCK CXEMBI TIOCJIE €€ MOJIKITIOYCHUS K UCTOUYHHUKY ITUTaHHSL.
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Puc. 7. Cxembl cTabunusatopa HanpsikeHUsl, BbINOJIHEHHOrO Ha 6a3e anemeHTta DAl
BbICOKONOPOroBOW JIOrMKU, 1 anemeHTa DAL:
a — cxema ctabunusartopa; 6 — cxema anemeHTa DA1

BaXHBIM TNPEeMMYIECTBOM pPacCMAaTPUBAEMOTO CTaOMIIM3aTOpa SABISAETCS BO3MOXKHOCTH TIOJNyYCHHS 3aJaHHOTO
CTaOMIIM3UPOBAHHOTO HaMpsbkeHns Uct TpY HANPsDKEHWH OOPTOBOM CETH, MpeBbIMaionieM 3HadeHne U cm BCero JIUIb
Ha 0,3 — 0,5 B. D10 umeer ocoboe 3HaUeHHE, KOTAa CTAOMIN3UPOBAHHOE HANIPSKEHHUE JOJDKHO OBITH Ha ypoBHE 10 B,



a HCTOYHWKOM NHTaHUS cTaOwnm3aTtopa SBIIETCS OOpTOBash CeTh C HOMHHAJIBHBIM HampspkeHuem 12 B m,
CJIeI0BaTeNIFHO, C MUHIMAaJIFHO BO3MOXKHBIM HampspbkeHuem 10,8 B.

OdeHb IPOCTHIM 10 CXEMOTEXHUIECKOMY PEIICHHIO SIBIIICTCS CTa0MIN3aTOP HANPSDKEHUS, MPHHINIHATBHAS cXeMa
KOTOPOTO TIpHBeieHa Ha puc. 7. B aToM cTabmmu3aTope moaaep:kaHue 3aJaHHOTO YPOBHS HANPSDKCHUST 00SCTIEIMBACTCS

¢ TIOMOIIBIO Joruueckoro snemeHtra tuna I — HE, BBINOTHEHHOrO MO cXeéMe BBICOKONOPOrOBOM JIOTHMKU. Takue
JJIEMEHTHI SBIAIOTCS COCTABHOW YacThIO BceX JIormueckux mukpocxem cepun K511 (JIAL, JIA2, JIA3, JIA4, JIAS u
Ip.).

Jnst nosicHeH!s IPUHIMIA JeHCTBUS cTabuiin3aTopa pacCMOTPHUM IepeaTOYHbIe XapaKTepUCTHKU deMenTa U —
HE mukpocxem cepun K511 (puc. 8) mpu HampsbkeHHsx uctounuka nutanus Uy, paBubix 15 B (kpusas J) u 10,8 B
(xpuBast 2). Eciu BxonHoe Hanpspkenue Ugy ameMenta Menbine 6 B, To Hanpsokenne Ugy,, Ha BBIXOJE dJIEMEHTAa HMECT
BBICOKHMH ypOBEHb, OJIN3KHUII K HanpspkeHuto ucrounuka nuranust (13,5 B npu U,=15 B u 9,5 B mpu U,=10,8 B). [Ipun
BXOJHOM HaIpsDKEHMH, NpeBbIatonieM 8 B, BBIXOJHOE HamlpsbKeHUe dneMeHTa cHuxkaercs 1o 1,5 B. B nuamnasone
BXO/IHBIX HaNpsDKeHHH 6 — 8 B mponcxoanT MOHOTOHHOE yMEHBIICHHE BBIXOHOTO HAMpshKeHUs. MIMEHHO Ha TaHHOM
y4acTKe IepeJaToOuHOl XapaKTepUCTHKH, TI¢ BEIMUYNHA BBIXOAHOTO HAMIPSKEHUS 3aBUCUT OT BXOJHOTO HANPSDKEHHS, B
paccmatpuBaeMoM crabmmsarope padoraet snmemeHnT 211 — HE. Ilpu 3ToM cBs3b MeXAy BEIXOAHBIM Uy, ¥ BXOIHBIM
Upx HaIpsKEHUSAMH 3JIeMeHTa (KpuBble 3 — 6) BBIpaKaeTCsi COOTHOIIICHHEM

UBbIX = UBX (RZ + RS)/R3 + DaUESh (6)

rae [Ugs — manenne HanpspkeHHs B iepexoe 6aza — sMutTep Tpansucropa VTL

Upg: B
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Puc. 8. 3aBucumocTtH, xapakTepusywwme paboty ctabunusatopa Ha 6ase 3nemeHTa
BbICOKONOPOroBOM NTOrUKM:

1 n 2 — nepepaToyHble XapakTepucTukmn; 3 — 6 — Uy, x-f(Ugy) NPU pasnmyHbIX CONPOTUBMNEHMUAX
pe3suctopoB R2 n R3

Opnaxo cBs3b Mexay 3HaueHusIMU (Uppx U Uz 3amaercss mepeaaToyHON XapaKTepUCTUKOW ayeMeHTa. [loaTtoMy
Haps>KCHUE UBLIX Ha BBIXOAC D3JIEMCHTA OIPEACIACTCI TOYKOM MEpeCeUYCHUs €ro Hepe}laTO‘-IHOﬁ XapaKTCPUCTUKHU U
KpHUBO#, omuchIBaeMoit popmyioii (6).

CBsI3b MEKIY BBIXOZOM 3 (CM. PHC. 7, @) JIEMEHTa M BBIXOZOM CTa0MIIN3aTOpa OCYIIECTBISCTCS Yepe3 TPAaH3UCTOP
VT1, BKIIOYEHHBIH 0 CXeMe YMUTTEPHOTO MOBTOpUTENs. [103TOMY HalpshKeHHE Ha BBIXOJIE CTabMm3aTopa

UCT = UBbIX - D‘U531 - UBX (RZ + R3)/R3-

Hanpspkerne B cTabmiam3aTope MOIIEP)KUBACTCS MOCTOSHHBIM OJlarogapsi ACWCTBUIO OTPHUIATENBHOW OOpaTHOM
CBSI3U, pEaJM3yeMOW IyTeM COEIMHEHMs BBIXOJa cTaOMiM3aTopa M BXOJOB JIEMEHTa (4Yepe3 AENUTEb HalpsOKEeHHs,
obpaszoBanHblid pesucropamu R2 — R3). Ecnu, Hanpumep, HanpsbkeHHE Ha BBIXOJE CTabHIM3aTopa MO Kakoi-1mdo
npuduHe ctaio 6oinbine 3Ha4eHUs U, TO MPOUCXOIUT yBEIMUESHUE BXOAHOTO HANPSDKEHNUS 3JIeMeHTa. B cooTBeTCTBHM
C TepelaTOYHOW XapaKTepUCTUKOW O3JeMEHTa 5TO BBI3OBET YMEHBIIEHHE €ro BBIXOAHOTO HANpsHKEHUs ¢
BOCCTaHOBJICHUEM NPEXHETO ypOBHs HanpspkeHus U, Ha BBIXOJE CTabuiIn3aTopa. B ciydae CHWKEHMS HAIpsDKEHUS Ha
BBIXO/I€ CTa0MIM3aTOpa MeHblIe 3HaueHNs1 Uct BXOHOE HalpspKeHUe JIeMEeHTa YMEHBIINTCS. B pesynbrare Bo3pacter
HAINpsDKEHUE Ha BBIXOJIE DJIEMEHTa, YTO 00eCIevnT BOCCTAHOBIICHNE MIPEKHETO YPOBHSI HAMPSDKEHUSI.



B 3aBHCHMOCTH OT COOTHOILECHHUS COIPOTHUBIICHUS pe3ucTopoB R2 u R3 HampspkeHHe Ha BBIXOAE JIEMEHTa MOXKET
ycTaHaBimuBaTbes B npeaenax ot 1,5 mo 13,5 B mpu Up=15 B wiu 1o 9,3 B npu Up=10,8 B. OgHako ontuManbHas 30Ha
paboThl cTabMIM3aTOpa COOTBETCTBYET YYACTKY IEPEAATOYHOI XapaKTepUCTHKH, rae 3aBUCUMOCTh Uppx = =f(Ugy)
MMeeT MaKCHUMAbHYIO KpyTH3HY. [Ipi HOMHHAIEHOM HaIpsDKEHHN OOpTOBOH ceTH- 12 B, MHHMMansHOE HapsDKEHHE
HNCTOYHMKA TIHTaHHUA cTadmim3aTopa MoxkeT ObITh paBHo 10,8 B. C ydeTtoM 3TOro MaKCHMAaJIBHBIA [HAITa30H
YCTaHABJIMBAaEMOTO BBIXOAHOTO HANPSDKCHUS dJIEMEHTa cocTaBisieT 1,5 — 9,3 B (Touku mepecedeHuss KpUBBIX 3 U 6 C
KpuBbIMH | 1 2), @ onTUMaNbHBIN Auana3oH — oT 3 10 8 B (Touku mepeceueHns KpUBbIX 4 kK 5 ¢ KpUBBIME | 1 2).

B umeromuxcst crabuinzaropax HalpsDKEHHS, BBIIOJHEHHBIX MO CXEMe, NMPUBEICHHON Ha,puc. 7, MHHUMalbHas
pasHUIA MEXIY HanpsHKEHHEM MCTOYHMKA MHMTAHUS M CTaOMIIM3MPOBAHHBIM HalpshKeHUEM cocTaBisiia 2,3 — 2,8 B.
OTO 03HAyYaeT, YTO NMPH HOMHHAILHOM, Halps>keHHH 00pToBOit cetn 12 B, ¢ mOMOIIBIO paccMaTpuBaeMoro CTaOHIIH-
3aTOpa MOXHO IMOJIYYHTh CTaOWIM3UpOBaHHOE HampsbkeHue He Bbime 8,0 — 8,5 B. IloaToMy naHHBIN cTabunnzaTop
NPEANOYTUTEIbHEE HCIIONb30BaTh B aBTOMOOWIISIX ¢ HOMHHAJIBHBIM HalpshDKeHHeM OoproBod cetu 24 B. Crenyer,
OJIHAKO, IMETh B BHIY, YTO B 3TOM Cllydac MaKCHMaJbHOE HalpspKkeHHe OopToBoi cetr coctasisieT 30 B, B To Bpems
KaK HalpspKeHUE MCTOYHMKA MUTaHus MukpocxeMm cepuu K511 He momxHO mpesbimath 25 B. IlosTomy HampsixeHue,
MIOZIBOANMOE K MUKPOCXEME OT OOPTOBOM CEeTH, HEOOXOANMO OIPaHUIUBATE, YTO MOJKET OBITH BHIIIOIHEHO, HATIPUMED, C
MIOMOIIBIO TIPOCTEHINETO MapaMEeTPUIECKOTO CTAOMIN3aTOpa HaNPSKCHUSL.

Ecnu B cocTaB 37€KTpOHHOM CXEMBI, KOTOpas JOJDKHA MOIy4aTh NUTAaHWE OT CTAOMIN3aTOpa HANpPSDKCHUS, BXOIUT
jormgeckas Mukpocxema cepuit K511 wmm apyroif cepin BRICOKOTIOPOTOBOM JIOTHKH, B B 3TOH MHKPOCXEME MMEETCs
OJIUH HEHWCIOJb30BaHHBIA 3yeMeHT THma W1 — HE, To ero MoXHO HCHOJB30BaTh A CO3MaHMs CTaOMIHM3aTtopa
HaNpsDKeHUs] pacCMaTpUBAaeMOro THIIA. B aToM ciywae Ui co3jaHus craOuiuzaTtopa HampshDKEHHs MOTpedyercs
MHUHUMAJIBHOC KOJIMYCCTBO KOMITJICKTYIOIIUX I/IS[[CJ'II/Iﬁ, YTO YBCINYUBACT HeHeC006pa3HOCTL €ro MpuMEHCHUA.

YACTOTHO-AHAJIOIOBbIE NMPEOBPA3OBATEJIN

IIpeobOpasoBarenu yactota — HampspkeHue ([TYH) wiam 9acTOTHO-aHANOTOBBIE MPEOOpa30BaTENN SIBIISIOTCS
HamboJee PaclpOCTPaHECHHBIM THUIOBBIM (DYHKIIMOHAIBHBIM Y3JIOM 3JIEKTPOHHBIX CHCTEM YIPAaBJICHUS arperaraMu
aBTOMOOWIISL.

Takme mpeoOpazoBaTeTN NPUMCHSIIOT B CHCTEMaX aBTOMATHUYECKOTO VIIPABJICHUS CIICIDICHHEM, YCTPOMCTBaX
aBTOMATHUYECKOTO YIPABICHHUA MEPEKIIOUYCHUEM Iepeiady, aHTHOJOKHPOBOYHBIX CHCTEMaX YIPaBICHHUS TOPMO3HBIMU
MeXaHu3MaM# aBTOMOOwMIIeH. X TakKe HCHOIb3YIOT BO MHOTHX JIPYTHX CHCTEMaX YIIPaBJICHHUS arperataMy JBUTATEIs.

OCHOBHBIMU TIOKa3aTeNAMH, onpeaesstomumu ceorictsa ITYH, seusrorest:

paboumii TUana3oH 4acTOT BXOJHOIO CUTHAJA, XapaKTepu3yeMblit OTHOIIEHHEM fray/fiin;

MHUHHMAJIbHBIH YPOBEHb BXOJAHOTO CUTHAJA, TIPH KOTOPOM 00ECIIEYMBACTCS pabOTOCIOCOOHOCTh MPeoOpa3oBaTes;

JUHEHHOCTh IPeoOpa3oBaHus;

OBICTpOJICHiCTBHE TPEOOpPa30BaHKs, KOTOPOES OICHUBAIOT 3aMa3/bIBAHUEM U3MEHCHHUS YPOBHSI BBIXOJHOTO CHTHAJIA
10 OTHONICHHIO K M3MEHEHHIO YaCTOThI BXOJJHOTO CHI'HAJIA;

BEJIMYMHA MYJIbCAIUI BRIXOAHOTO HanpsikeHUsT Upprx (IPH Pa3IHYHBIX YaCTOTaX BXOHOT'O CHTHAJIA);

cTabuabHOCTh xapakTepucTuku U, =F(f) npu n3mMeHeHHM HanpsOKeHUWs! MUTAHHS, TEMIIEPATYPhl OKPYXKarouien
CpeIsl U T. I1.;

MTOMEXO0yCTOMYMBOCTh, T. €. OTCYTCTBHE COOEB B Pa0OTe NPH HANMYAU TIOMEX B MEISIX MHUTAHUS H ITOJEBBIX
(3MEKTPOMAarHUTHBIX) TIOMEX;

KOX(QHUIHEHT MCIIOIF30BaHHS HAMIPSDKCHHS NCTOYHUKA MTUTAHUS, XapaKTePH3yeMbIii OTHOIIEHIHEM MaKCHMAllbHOTO
HanpspkeHus Ha Beixoze ITYH k HanpsKeHUI0 HCTOYHUKA ITUTAHMUS.

Kpome Toro, BaxubM nokazaresniem [TUH, B psie ciydaeB OmpeaessioniMM [e1eco00pa3HOCTh ero MPUMEHEHUS,
SIBIIICTCS COCTAB M KOJMYECTBO BXOJSIIMX B HErO KOMILICKTYIOIIMX U3JCIIHH, TOCKOJIBKY OT 3TOTO 3aBHCHUT CTOMMOCTh
npeobpazoBarens. B 3aBucumoctu ot obnactu npumeHeHus [TYH nanbosee CylmecTBEHHBIMU SIBISIOTCS T€ WM WHBIE
€ro TIoKa3aTelu.

NYH c dopmupoBatenem curHana
nepemMeHHOW CKBaXXHOCTU U (PUNbTPOM

®opma curnana U, moctynarouiero Ha Bxoq [IYH ot gaTymka 4acToThl BpallleHuss KOHTPOJIUPYEMOTrO Baja, MOXKET
OBITH caMOl pa3auyHOH (puc. 9,a u 0). CurHan Uy IOCTYIAeT Ha BXOJ YCHUIIUTEISI-OrpaHIHYUTEN, KOTOPBII Mpeodpa3yer
€ro B BBIXOJHOM cHurHal u;. C mOMOIIbI0 (JOpMHUPOBATEIIS CUTHAJA IEPEMEHHON CKBaYKHOCTH CUTHAM U; TIpeodpaszyercs
B IOCJIEJOBATEIBLHOCTD MPSIMOYTOJIBHBIX UMIYJIbCOB C MOCTOSHHOM MPOAOJDKUTENBHOCTBIO t, W aMIUIMTYyAOH U, He-
3aBUCHMO OT 4acToThl f cienoBanus curHanoB u;. Ilpu 3TOM YeM BBINIE YAaCTOTA CIIC[OBAHMS CUTHAIOB U U Hp U
COOTBETCTBEHHO Y€M MEHbIIIE MPOJIODKUTEILHOCTD IIUKIA t,, TeM MEHbIIIEe CKBaXHOCTh ( = ty/t, CHTHAIOB U, HA BBIXOJIE
(dopmupoBarerns.

ITocie poxokaeHUsT TOCTEA0BATENHPHOCTH HMITYJIbCOB W, depe3 (GWIBTP HU3KHWX YacTOT OHU TpeoOpasyroTcs B
3apucuMocTr Us=F(t). IIpu stom cpennee Hampsikenne Us cp TeM Goutbllie, Y€M BBIIIE 4aCTOTA BXOJHOTO CHTHAIA,
noaBogumoro k ITYH. Ilynscanuu HampspDKeHHS 3 TIPH MPOYMX PABHBIX YCIOBHUSIX OKA3BIBAIOTCS TEM MEHBIIE, YeM



OoJbIIe OTHOIIEHUE TTOCTOSIHHOM BpeMeHH T GUIbTpa K nmepuoay t,. I[loaroMmy mo Mepe yBelTn4eHUs 9aCTOTH BXOIHOTO
CUTHAJa M, CIeZ0BAaTeIFHO, YMEHBIICHHS t,, yPOBEHB IyJIbCAIINN HATIPSDKEHUS M3 CHUKACTCSL.

BrIxogHOW ycHIUTENh TpeIHa3HAadeH IS YBEIMUYEHUsS JOMycTUMOTO Toka Harpy3ku I[TYH. OOpldHO B KadecTBe
TAKOTO YCHITUTEIS HCTIONb-" 3y€TCSl SMHTTEPHBIN TOBTOPUTEIb.

[Ipeumymectsamun ITYH paccmarpuBaeMoro Tuma SBISIOTCA JIMHEMHOCTh 3aBUCUMOCTH €0 BBIXOAHOIO
HaTpsDKCHHS OT YacTOTHl BXONHOTO CHTHala, a TaKkkKe BO3MOXKHOCTH peamm3amun [IYH npm wcnons3oBaHmH
OTHOCUTEJIBHO HPOCTBIX CXEMOTeXHHUYeckuXx pemeHuil. Heobxoaumo, onHako, UMeTh B BUAY, YTO Ul OOecledeHus
npueMseMoro (HU3KOTr0) YPOBHS ITyJbCcallMii BbIXOoJHOTO HampspkeHust B [TUH HeoOxomumo mpuMeHsTH QuibTp
MOCTOSIHHOW BpPEMEHH, BEJIMYMHA KOTOPOH JOMKHA HAa OAMH — JBa MOPsAIKA MPEBILATh NPOAOKUTEIBHOCT [lnKna
BXOJHOro curHana. IlockonbKy 3ama3[blBaHue HU3MEHEHUs BbeIXonHOoro HampsbkeHus I[IYH no oTHomeHuro
W3MEHEHHMIO YacTOThl BXOJHOTO CHUTHajla OIpeJelsieTcsl IOCTOSHHOM BpeMeHH ¢uibTpa, npumenenue [IYH
ONHCBIBAEMOTO THIA, KaK MPAaBUIIO, BOBMOXKHO MIPU YaCTOTaX BXOAHOTO CUI'HAja He HUXKe coTeH repil. Eciu sxe yacToTta
BXOJHOTO CHTHajla HE MPEBBIACT JECSITKOB TEPI, TO 3ala3aslBaHUEe M3MEHEHHS BBHIXOJHOTO CHUTHAJA YBEIHIUTCS TO
COTEH MIJUTHCEKYHA U J{ake eIMHUI] CEKYHI, YTO B PAAE CIyYaeB HEJOITyCTHUMO.
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Puc. 9. ®opmbl curHanoB NMYH Ha 6Gase chopmupoBaTensi BbIXOAHOrO CUrHana nepemMeHHomn
CKBaXXHOCTU U hunbTpa HU3KMX YACTOT: O U 6 — COOTBETCTBEHHO NMPU HU3KUX U BbICOKUX YacToTax
BpalLeHUA KOHTponupyemoro Bana

B ‘-"f',
wtls ] a ! -
J |£ g 4
. >_ i [ ry
=
; LD .
at = az t
-A *u‘l

Puc. 10. Cxema ogHoBuGpaTopa Ha 6a3e nornyeckux anemeHtoB 2 — HE u ¢hopmbl curHanos



OcHoBHbIM 3neMeHToM [ITYH paccmarpuBaemoro Tuma sBIseTcss (OpMHUpOBATeldh CHUTHalIa TIepEeMEHHOM
CKBOKHOCTH, B KadeCTBE. KOTOPOTO OOBIYHO HCIONB3YIOT JHUOO OJHOBHOpaTop (KIyIIHUHA MYJIbTHBHODPATOP), JTHUOO
muddepeHIMaTOp CUTHAJIOB, MOCTYMAIOIIMX C BBIXOJA YCHIMTENSA-OTPAHHUYUTENS, B COUYCTAaHHH C HHTETPATOPOM,
KOTOPBIH ITPH 3TOM BBIIOJHSET U QYHKIINH QUIBTPA.

ITYH ¢ oonosubpamopom. VI3BeCTHO OOINBIIOE YNCIIO CAMBIX PA3JIMYHBIX CXEM OJHOBHOPATOPOB, BHIIIOIHEHHBIX KaK
C JUCKPETHBIMH 3JIEMEHTaMH, TaK U Ha 0a3e aHAIOrOBBIX M IU(POBBIX MHTETpaNbHBIX MHKpocxeM [9, 10, 35]. OnHoit
n3 HauOoyee TPOCTHIX SIBISETCS MpHBeAeHHas Ha puc. 10 cxema opHOBHOparopa, BBINOJIHEHHass Ha 0ase JABYX
norndeckux 3nemenToB tuna 21 — HE u copepxarnas Bpemsi-3anatomyro audpdepennupyromyto RC-tiens [9, 31].

tp, 8

1A\

S/
7

[~
o —

9z o4 05/ 08 1 12 ey

—f

10 ¥
Puc. 11. UameHeHMe HanpshKkeHUs1 Ha BpeMsisafalrolemM KoHaeHcaTope ogHoBuGpaTopa:

1 — 8 — no cxeme puc. 10 Nnpn pa3nnYHbIX NOCTOSIHHbLIX BPEMEHM Lienu 3apsAaKu KoHaeHcaTopa; 4
— no cxeme puc. 12

B wucxomHoM cocrostHMM omHOBHOparopa K Bxoay | anmemeHTa O/ TOIBOAMTCS HANpPSOIKEHHE Uy C YPOBHEM,
COOTBETCTBYIOIIUM «IOTHYECKOH 1», a MycK CXeMBI OCYIIECTBISAETCA MpH Mojadye Ha BXoA 1 KOpOTKoro mmmyibca ¢
ypoBHeM HanpspkeHus: U0, cOOTBETCTBYOIMUM «torudeckomy 0» (puc. 10).

B ucxoiHOM cocTosiHMM HamnpspkeHHe U, Ha BbIXoJe 6 sjemeHTta D2, SBISIOIIEECS OJIHOBPEMEHHO U BBIXOJHBIM
HanpsbkeHneM 17gprx OAHO-BUOpaTOpa, paBHO YpOBHIO «iorndeckoit 1». Ilpu 3ToM u k BXxony 2 snemenra Il
MIOJTBOJTUTCS HAIIPSDKEHHE C YPOBHEM JIOTHUECKOW 1», 4eMy COOTBETCTBYET OTKPBITOE COCTOsIHHWE TpaHizucTopa VT1
JTAaHHOTO 3JIEMEHTa, 0OecIeyrBaroliee MOoIydYeHne Ha ero BeIxojae 3 HampspkeHust US ¢ ypoBHEM, COOTBETCTBYIOLIMM
cocTOsTHHMIO «wtornueckoro 0». HanpsikeHue Takoro ke ypoBHS MMOJTy4aeTcs U Ha BXxojax 4 u 5 anemenTa J2, Onaroxaps
yeMy obecrnieunBaeTcs 3akpbiTHe TpaHsuctopa VT2. IlosToMy, Kak ykas3pIBaJlOCh BhIIIE, HA BbIXOJe 6 smemeHTa 32
HaMpsKEHUE BO3PAcTaeT 0 yPOBHS JIOTHUECKOH 1».

Ioctynnenue B MoMeHT t; Ha Bxox | anmemeHTa O/ HampsbkeHus U, C YpOBHEM «iorudyeckoro 0» MpUBOIUT K
YBEJIMUYECHUIO HANpsDKEHHS U, Ha BBIXOJE 3 aseMeHTa D/ 10 ypoBHS «iornueckoil 1». Takol xapakTep W3MEHEHHs
HaTpsOKeHUS OOBACHSAETCA TeM, YTO PE3UCTOp R HMMeeT 3HAYMTENBFHO MEHBIIEEe COMPOTUBICHHE IO CPABHEHHIO C
pesuctopom R1, ¥ mo3TOMY MOKHO CUHTATh, YTO MaJCHHE HANPSDKEHUS B PE3UCTOPE R mpH MPOX0XKIEHUH Yepe3 Hero
TOKa 3apsaKu KoHaeHcaTopa C OJIM3KO K HYIIIO.

HanpsoxeHne ¢ ypoBHEM «IOTHYECKOH 1» B MOMEHT BpeMeHH {; uepe3 pa3pspkeHHBIH KoHeHcaTop C MoIBOANTCS K
BXxojaM 4 u 5 sneMeHTa 32, M, HOCKOJBKY OHO BBIIIE IIOPOTrOBOro HanpsvkeHus (JI1op,, Mpu KOTOPOM HPOMCXOAUT



W3MEHEHHE HANpSOIKCHHUs] HA BBIXOJE dJieMEHTa D2, JaHHBIM 3JEeMEHT MEePEXOJUT B PEKHM pPabOThl C OTKPHITHIM
TpansuctopoMm VT2. Ilpu 3TOM ypoBeHb HanpspkeHHUS Uy, COOTBETCTBYET COCTOSHHIO «ilormueckoro Oy». Jlamee mon
JIEMCTBUEM HaIpsDKeHUs ug depe3 pe3uctop R1 ocyiecTBisercs mocreneHnas 3apsaka konjaeHcaropa C, B pe3ynbraTe
4ero MPOUCXOAUT COOTBETCTBYIOIIEE YMEHBILICHUE HATIPSDKEHHS Uy s Ha BXoaax 4 u 5 sanemenra D2.
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Puc. 12. Cxema opHoBuOpaTopa C OONbLLWOW NPOAOCIIKUTENIbBHOCTLIO UMMyJibca Ha 06a3se
norunyecknx anemeHToB 2 — HE mn ¢hopmbl curHanos

B MomeHT BpemeHM 1, HampsokeHHMe Uss CHUKaeTcs 10 3HaueHus Uy IIpM 3TOM NpPOMCXOAUT 3aKphITHE
Tpar3ucropa VT2 u HampspDKeHHE Ha BBEIXOJZIE OJHOBHOpaTOpa BO3pAcTacT 0 YPOBHSA «JIOTHUYECKOH 1». B pesymprare k
o0ouM BXoJaM aieMeHTa O/ OKa3bIBAeTCs MOJIBEICHHBIM HAIPSDKEHUE C YPOBHEM «JIOTMYecKod 1», uTo obecriedynBaer
OoTKpbiTHE Tpau3ucTopa VTl W OBICTPYIO pPas3psAAKy dYepe3 ero IMepexol KOICKTOp — smurrep u auwox VD
konaencaropa C. , [locie okoH4aHus mpoliecca paspsaKd KOHIEHCATOpa OJHOBUOPATOP YCTaHABIUBACTCS B HCXOJHOE
coctosinue. [IpogomKUTENbHOCTh UMITYJIbca b, = t; — 1; Ha BBIXOJ€ OJAHOBHUOpATOpa OMPEENsIeTCs] TOCTOSHHON Bpe-
menu T=R;C. Yem OGombine T, TeM MeJicHHEee CHmKaeTcs Hanpspkenune Ha Bxomax 4 u 5 snementa O2 B mporecce
sapsaku kongencartopa C (puc. 11, kpuBbie 1 — 3) u, ciiemoBaTeibHO, T€M OONBIIMN MPOMEXKYTOK BPEMEHH
TOHA/I00UTCS JIIs CHUKEHHS YKa3aHHOTO HAMPsKeHHs 10 3HadeHHs Upgp.

B mepBoM mpHONMKEHUHN MPOIOIDKUATENFHOCTH t, MMITyIbca oqHO-BuOpaTtopa MOXHO ompenenuTs Mo (opmyie
t«=RC In(U/Uyop) (tme U, — nanpskenue nmraHus ogHoBuOpartopa). Ilpm pacdere mo 310l (opMylie IOIydaroT
HECKOJIPKO 3aBBHIIICHHBIC 3HAYCHHS t,, TIOCKONBKY B HEW HE YYHTHIBACTCS IMAJCHUEC HANPSDKEHHS B BBIXOTHOU IIETIH
JIOTHYECKOTO 3MIeMeHTa O/ TIpH MPOXO0XKICHUH Yepe3 Hee TOKa 3apsiaku KoHaercatopa C.

CraOunbHOCTE t, B 3HAUMTENLHON CTENEHH 3aBUCHT OT MOCTOSHCTBA HANPsKeHUs Uy, IPU MBMEHEHMH PA3IMYHBIX
BHEIIHUX (haKTOPOB, HAIIPUMEpP TeMIIEpaTypsl 3JeMeHTa J2. B 3TOM OTHOIIEHHM yIOBICTBOPHTENbHBIE MOKa3aTeNn
UMEIOT JIOTHYecKHe MUKpocxeMbl cepuu K511, nma kotopsix xapaktepHo U,g,=6-8 B 1 TemmeparypHas HecTaOuIb-
HOCTb Uy, cocTaBiseT He Oonee 3 MB/°C. Jlnma mukpocxem cepunm K155 U,,,=0,84-1,2 B, a TtemneparypHas
HECTaOMIILHOCTh [MOPOTOBOTO HANPSIKCHUs MPUMEPHO Takas ke, kKak u y Mukpocxem cepuu K511 (3 mB/°C).
Bcenencrsue 510ro HecTabuabHOCTE HanpsukeHUs Upg, 0 OTHOLIEHHIO K €r0 HOMHMHAJILHOMY 3HAYEHHIO Y MHKPOCXEM
cepun K155 cymectBenHo Oombire, yem y mukpocxeM cepun K511. CoOTBETCTBEHHO XyKe M CTAaOWIBHOCTH f, mph
HM3MEHCHHHU TeMIIepaTyphl Y OMHOBHOpa-TOPOB Ha 0ase orndeckux cxem cepuu K155.

B Tex cmywasix, korna HeoOX0AMMO TOJIyYUTh 3HayeHue 1, Mmopsiika COTeH MMIUTMCEKYHI M JaXe CEKYHJ, MOXET
OBITH PEKOMEH/IOBaHA cXeMa OJTHOBHOpaTopa, mpuBeieHHas Ha puc. 12 [34]. DToT 0JHOBHO-paTOp BHIIOJIHEH Ha Oase
Tpex jorundeckux snementoB tuna 21 — HE, a ero Bpemszanaromas 1ens oOpa3oBaHa pe3ucTOpoM R M KoHJIeHca-
TopoMm C. McxonHoe cOCTOsIHME OJHOBHOpATOpa COOTBETCTBYET IOJBEICHHIO K BXOJY 2 3JIeMEHTa O/ HampspKeHUs ¢
YPOBHEM <JIOTHYECKOHW 1», a MyCK CXeMBI OCYIIECTBISETCS NpH MOJade Ha JAaHHBIH BXOJ HMIIylbCa C YPOBHEM
«irormgeckoro 0» (puc. 12,6). B HCXOQHOM COCTOSIHUU YPOBEHb HAIPSDKEHUSI HA BhIxoe 9 ameMenTa D3, SBISIOIETOCS
TaKXXe BBIXOJHBIM HAINPsDKEHHEM OJTHOBHOPATOpa, COOTBETCTBYET COCTOSHHUIO «Jiormdeckoit 1». Ilpm stom k oboum
BBIBOJIAM 3JeMeHTa O/ OKa3bIBaeTCsl MOABEICHHBIM HANpPsDKEHHE C YPOBHEM «JIOTHYECKOH |», BCIIEACTBHE UeEro
HanpsDKeHHWe Ha BbIXoje 3 AneMeHTa O/ CHU3UTCA 10 YpOBHs «iorumdeckoro O», a HampshDKeHHE Hg Ha BbIXoje 6
aeMeHTa J2 YBEITUIHUTCS 0 YPOBHS «JIOTHIECKOU 1.

[Mon neiicTBreM HaNpsDKEHHS U; TPOUCXOIAMUT ObICTpast 3apsiika KoHaeHcatopa C, mpu4YeM TOK 3apsAKH HPOXOAUT
yepe3 pesuctop R2 u mepexon 6a3za — smurrep TpaHsucropa VT4. DTOT TpaH3UCTOP OCTAETCS OTKPHITBIM U IOCIE
OKOHYaHMS 3apsi/IKi KOHJICHCATOPa, MOCKOJIbKY ero 0asa uepe3 pe3uctop R mojkmodeHa K HOJOKHTEIEHOMY ITOJIIOCY



WCTOYHVKA NMUTAaHMA. B pesynprare 3TOro HampsbkeHHE Ha BXoze 8 syeMeHTa D3 MMeeT YpOBEHb «IOorH4eckoro Oy, a
HaIpsDKCHUE Ha BBIXOAE 9 TAaHHOTO BIIEMEHTa — YPOBEHb «JIOTHUYECKOH 1».

ITomaua B MOMeHT BpeMeHM t; Ha Bxox 2 sneMeHTa O/ HMIyJbCa C yPOBHEM «IOTHYECKOro 0» HPUBOAUT K
MOSIBIICHUIO Ha BBIXONE 3 3JeMeHTa D/ HampsDKeHHS ¢ YPOBHEM «JIOTHUECKOH 1», a Ha BbIXozme 6 amemeHra 02 —
«qrormaeckoro O». [Ipu 3ToM depes3 OTKPHIBIIUICS Mepexo]] KOJUIEKTOp — AMUTTEP TpaH3uCTOpa VT2 mMoIoKuTeIHHBIH
BBIBOJ] KoHAeHcaTtopa C coequHSeTCS ¢ SMUTTepoM TpaHzuctopa VT4. DTo mpHUBOAUT K M3MEHEHHUIO IMOJISPHOCTH
HanpspkeHust Ugs, OJABOANMOrO K Mepexoqy SMUTTep — 0a3a Tpansuctopa VT4, U 3aKphITHIO 3TOTO TpaH3ucTopa. B
pe3ynbTare uepe3 pe3uctop R4 k Bxoay 8 moaBoAaMTCs HaNpsDKEHHE C YPOBHEM «JIornueckoi 1». Tak xak HampsokeHue
Ha o0oux BXonax 3jeMeHTa O3 COOTBETCTBYET YPOBHIO «JIOTMYECKOH 1», TO Ha BbIxone 9 anemeHnta O3 HanpspkeHHE
CHIDKAETCS JI0 yPOBHs «iornueckoro 0». DTo HampspKeHHE MOJBOAMTCA K BXoAy 1 anemeHnrta D/, uro obecrieunBaer
NoJIJIep)KaHNe HaNpsDKEHHUS C YPOBHEM <«JIOTMYecKod 1» Ha BbIXOJe 3 M HANPSDKEHMS C ypOBHEM «iorndeckoro 0» Ha
BbIX0z€e 6 aneMenTa D2 M mociie OKOHYAHHMS ICHCTBUS UMITYJIbCA.

[ocne otkpreiTHs Tpausucropa VT2 depes koraeHcaTop C MPOXOIUT TOK B HANIPABICHUH, YKa3aHHOM Ha puc. 12, a
CTpenkaMu. BcerencTBue NMpOXOKAEHHUS 3TOrO TOKA, HANpaBIEHHE KOTOPOTO MPOTHBOIOIOKHO HANpPABICHUIO TOKA
3apsOKH KOHIEHCATOpa, MPOUCXOINT Tepe3apsika (pa3psaka) KOHAEHCATOpa C M3MCHEHHWEM HaNpsDKeHHS (CM. pHC.
12,6). Ilocne Toro, kKak B mporiecce nepe3apsaku KoHAeHcaTopa HanpspkeHne U, Ha HeM yMEHBIIUTCS 10 HYJIS, a 3aTeM
Bo3pacreT 1o 0,3 — 0,5 B, mpomsoiiner oTkpeiTHe TpaH3ucrtopa VT4. Bemeactsue sToro HampspkeHHe Ha BXone 8
neMeHTa D3 CHMXKaeTcs [0 ypoBHS «iormdeckoro O», a HampspkeHWE Ha BbIXoJEe 9 yBENMYMBAETCS IO YPOBHSA
«JIOTHYecKoH 1».

[NosiBneHre HamMpsDKEHHsI C YPOBHEM «IOTHYECKO# 1» Ha Beixoae 9 anmemeHta D3 M, cienoBarenbHO, Ha BXoae 1
aneMeHTa O] B COYETaHMM C MOJBEICHHEM HAIPSHKEHUsI TAKOTO K€ YPOBHS K BXoay 2 asnemeHTa D/ obecrieunBaer
YCTaHOBKY OJIHOBHOpaTropa B MCXOJHOE COCTOSHHUE. [Ipu 3TOM mNocKoibKy TpaHzuctop VT2 Oyner 3akphiT, depes
pesuctop R2 mpousoiiner ObicTpas 3apsaka konaeHcatopa C, U cxemMa OKa)KeTCsl HOATOTOBJICHHOH K MOCHeAyroLeH
pabore.

Jnst peanu3yeMoro B OXHOBHOpaTOpe Ipoliecca Mepe3apsakd KOHJIEHcaTopa (BCIEICTBHE IOABEACHHUS K HEMY
HaNpsDKeHUSI TIMTaHUS OOpaTHOM MOJSIPHOCTH) XapaKTepHO Ooyiee WHTEHCHBHOE CHIDKCHHWE HANpsDKEHUS Ha
KOHJICHCATOpE M0 CPABHEHHUIO C PEKUMOM OOBIYHOM ero pa3psaaku (cm. puc. 11). brarogaps stomy mpu U.=%0,5 B m3-
MCHEHHE HaIPSHKEHUS B TIpOLiecce Nepe3apsAKu KOHAESHCATOpa MPOUCXOUT TOCTATOYHO HHTEHCUBHO. [103TOMY MOKHO
caenaTh JIOMyLNIEHHE O TOM, YTO OKOHYaHHE MMITYJIbCa Ha BBIXOAE OJHOBHOpAaTOpa COOTBETCTBYET Iepe3apsiake
KoH7IeHcaTopa He 10 ypoBHs 0,3 — 0,5 B, a 10 HanpspKeHUs!, paBHOTO HyO. [Ipu TakoM AOMyIeHUH TPOAOIKUTENb-
HOCTh UMITYJIbCa OJTHOBHOpaTOpa

t, = — RC1n0,5=0,7RC.

CTaOWIbHOCTh  MPOAOJDKUTEIBHOCTH UMITyJbca t, ofHOBHOpaTropa, B TEpBYIO Ouepelb, OIpeessIeTCs
XapaKTePUCTUKaMHU KOHjeHcaropa. Eciu TpeboBaHUS K CTaOMIBHOCTH t, BBICOKM, TO HEJb3s MPUMECHSITH B
OJIHOBHOPATOPE OKCHIHO-TIOIYIPOBOIHUKOBBIC KOHCHCATOPH! (MMEIOIINE MUHMMAJbHBIC pa3Mepsl). B 3ToM ciydae
HEOOXOJMMO HCIOJIb30BaTh KOHJEHCATOPHl HMHOTO THIIA, HO BO H30eXaHHE YPE3MEPHOro YBEJIMYEHUs pPa3MepoB
amnmaparypbl eMKOCTh KOHIAeHcaropa C MPUXOMUTCS 3HAYMTENBHO OTpaHWYMBaTh. J[JIs MOMyYeHHs Kxe TpeOyeMmoii
BEJNIMYUHBI IN HEOOXOIUMO YBEIHUYMBATH CONPOTHBICHHE pe3uctopa R. B paccmarpuBaeMom omHOBHOpaTOpe 3Ta
3amada pemraercs 0e3 0COOBIX 3aTpyOHEHWH myTeM NpuMeHeHus TpaHzuctopa VT4 ¢ BeICOKUM KO3 (HUIIHEHTOM
YCHUIICHHS.

3TO MOXHO MPOMUTIOCTPHPOBATH HA MPHMEPE HCIIONB30BaHUA B OJHOBHOPATOpE JIOTHYECKUX MHKPOCXEM CEpPHH
K511, y xoTOpBIX MaKkCUMalbHasl CHIa BXOAHOTO TOKa cocTaBisieT ~0,5 MA. Takoif Tok |k 1omkeH MpOXoAWuTh B IETH
KoJulekTopa Tpausuctopa VT4 u ans ero obecmiedeHus cuia TOKa B Ienu 0as3pl TpaH3WCTOpa (MPOXOSINEro depes
pesuctop R)

rae p — KOd(hGHIUMEHT YCUIICHHUS TPAH3MCTOpa MO TOKY; K — Ko3(pdUIMEHT, yUUTHIBAIOMINN HEOOXOIUMOCTh
YBEJIMUYCHHUS CHITbI TOKA 0a3bl T TapaHTUPOBAHHOIO MMOJYYEHHS PEXKUMA HACKIIICHUS TpaH3ucTopa, k= 1,3-7-1,5.
. +28
-

Puc. 13. Cxema ycunutensi cMrHanoB gaTyvKa 4acToThbl BpalleHus



3HadeHue p Ui psiia THIIOB BBITYCKAaeMBIX TpaH3ucTopoB (Hampumep, KT3102, KT342, KT373) cocraBusroT He
menee 100 — 200. Torma cuima Toka 6a3wsl TpaHsuctopa VT4 momwkHa ObITh He MeHee 3,75 — 7,5 MkA. Ilpum
HaNpsDKeHWU TUTaHUA OJHOBHOpaTopa, paBHOM 15 B, s momydueHHss Takoro TOKa MOTpeOyeTcsl NMPUMEHEHHE
pesucropa R ¢ comporusnenneM 2 — 4 MOwm. Crenyer, oqHaKo, IMETh B BHIY, YTO JJISI OOECIIEYCHUS CTaOMIBHON
paboTBl aBTOMOOWJIBHOW 3JIEKTPOHHOH amnmapaTypbl NPHMEHSTh PE3UCTOPHI CO CTOJNb BBICOKMM HOMHHAJIbHBIM
COIIPOTHBIICHUEM HE PEKOMEHAYETCS M3-32 BO3MOXKHBIX HAapyHICHHH €€ paboThl MOJ BO3ACHCTBHEM TOKOB YTEUKH.
[TosTOMy BepxHHUIl JOIMYCTUMBII Npesen conpoTHBIeHUs pe3ucTopa R momkeH coctaBisate 500 kOM — 1 MOwm. Ilpu
TaKUX HOMHMHAJIBHBIX CONPOTHUBICHMSIX pe3ncTopa R Ui monydeHws, HanmpuMmep, NMPOJOJDKUTENBHOCTH HMITYIIbCa
t,=100 Mc B onHOBUOpaTOpe HEOOXOIMMO PUMEHSTH KoHeHcaTop C eMkocThio He 6onee 0,15 — 0,33 Mx®.
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Puc. 14. ®PopMbl cUrHaNoB ycunuTens gaTyvMka 4acToThbl BpalleHUs Npu pasfiMyHbIX aMnauMTygax
BXOAHOro curHana

IIpu wucnomezoBanmu B coctaBe [IYH omnmcaHHBIX OZHOBHOPATOpOB [Id OOECTEYCHUS HMX HOPMAIBHOTO
(GYHKIIMOHMPOBAaHUSI HEOOXOJMMO TMOJaBaTh Ha BXOJ OJHOBHOpAaTOpa HMITYJbCHI, aMIUIMTYJa KOTOPBIX BBIIIE
noporosoro HampsuxkeHus Uy, MPUMEHSAEMBIX MHUKpOCcXeM. JlaHHOe TpeOoBaHHE B HEKOTOPHIX CIIy4asX MOMKET ObITh
obecriedeHo u 6e3 mpumenenus B coctaBe [TYH ycunurens-orpannunTtens. B 4acTHOCTH, 3TO BO3MOXKHO B CHCTEMax
yIpaBJIeHUs], B KOTOPBIX B KAUECTBE BXOJHOTO CUTHAJIa HCIIOJIb3YETCSA YacTOTa BPalleHUs! KOJIEHUYATOrO Bajia ABUraTens
n Bxoa ITYH mnoxkmrodaeTcst K MpephIBaTENO0 CUCTEMBl 3a)KUTAHHS, YPOBEHb HANPSIKEHHS HAa KOTOPOM HE HHKE
HarnpspKkeHus: 00pToBoi cetn. Ecnm ke B KadecTBe JaTUMKa 4acTOTHI BPAIIEHHUsS KOHTPOJUPYEMOTO Bajla MPUMEHSIOT
YCTPONCTBAa MHAYKTOPHOIO TUMA UM TaXOr€HEPaTOphl, TO MPHU HU3KHUX YaCTOTaX BpalllEHHs Bajla aMILIUTYa CUTHAJIOB
JIaTYNKa HEJOCTaTOYHA JUIi HOPMAaIbHOM paboThl OJHOBHOPATOpOB. B 3THX ciyyasx Mexay BBIXOJIOM JaTd4dMka U
BXO0JIOM OJTHOBHOpAaTOpa yCTaHABIMBAIOT YCUIINTEb-OTPAaHIMYUTEINb CUTHAJIOB, KOTOPBIH Mpeo0pa3yeT MOCTyNaloIue Ha
€r0 BXOJ CHTHAJBl IPOU3BOJBHON (DOPMBI M HEOONBIION aMIUIMTYABl B TOCIEIOBAaTENFHOCTh MPSIMOYTONBHBIX
HUMIIYJIbCOB C aMIUTUTYHOM, OJIM3KOH K HAIIPSIKEHUIO OOPTOBOM CETH.

Ha puc. 13 npuBemeHa cxema OJHOTO M3 BO3MOXKHBIX BapHMaHTOB TaKOTO YCHJIMTENS, BBIIIOJHEHHOTO Ha 0ase
JIMCKPETHBIX AyeMeHTOB. [lepBblii Kackajx ycwiuTelns, cocrosiumid u3 Tpanzuctopa VT1, kongencaropa CJ u
pesuctopoB Rl — R4, BbINONHEH 0 OOIIEN3BECTHON CXEME YCHIIMTEIS ¢ EMKOCTHOM CBsA3bi0 {31]. BTopsiM KackamoM
YCHUJIMTENS! SIBJISIETCS KJIIOY, BBINOJHEHHBIH Ha TpaHzuctope VT2. Boixon mepBoro kackanga (Touka B) coeanHsETCs CO



BXOJIOM BTOpOTO Kackama (touka C) depe3 pasmenuTeldbHBbIA KoHAeHcatop C2, Omaromaps 4emy Ha BXOI BTOPOTO
KacKkaJla He MOMaJaeT MOCTOSHHAS COCTABILIIONIAs HANPSDKEHHSL. XapakTep W3MEHEHHsI HANPSDKEHHS, JEHCTBYIOIIETO B
PA3IMYHBIX 3JIEMEHTaX YCHIIUTEIS, IOKa3aH Ha puc. 14, Ha KOTOPOM HCTIOIBb30BaHBI clienyomue 06o3HaueHus:: U —
MIOPOTOBOE HANpPsDKEHHE OTKpHITHA Tpamsucropa VT1; U, — Hampsbkenue HaceimeHus Tpanzuctopa VT1; Ucgy —
HampsDKeHHe Ha 6a3e Tpan3ucTopa V11 mpu OTCYTCTBHM BHEITHETO CUTHANA (HANIPSKCHUE CMETIICHHS ).

Ycunurenb, BBIIOMTHEHHBIM IO CXEME COMNIAacCHO puc. 13, memecooOpa3sHO NPHMEHATh B TeX CIy4asx, KOTaa
BBIXOIHOW CHUTHaJl TAXOMET-PUYECKOT0 Ipeodpa3oBareisi UMeeT aMILIUTy bl He MeHbe 0,5 B. B atom ciydae curnan
U, Ha BBIXOJIE YCHJIMTEISI PU U3MEHEHHMH aMIUIMTYAbI BXOJHOTO curHana U,, B MIMPOKUX Hpejesnax MMeeT IMpak-
TUYECKH MOCTOSHHYIO CKBa)XKHOCTb, T. €. OTHOIIECHHE IPOJOIDKHTEIBLHOCTH IMKIa f, K NPOIOIIKHUTENHHOCTH 1
HUMIYJbCa TOCTOSHHO (puc. 14).

Ecnu ammiuryna BXogHOro curHaiga ycwiutenst MeHpiie 0,5 B, TO CKBa)XHOCTh CUrHaja HauWHAET 3aMETHO
yMeHbIIAaThCsL. [IJIi HEKOTOPBIX CHUCTEM YIIPaBJIEHHS TAKO€ HEMOCTOSIHCTBO BEJIMYMHBI CKBRKHOCTH HeJOMycTHMO. B
3TOM CIydYae Al TOJYYEeHHs Ha BBIXOAE YCHJINTENS IOCIECIOBATEIbHOCTH HMMITYJIBCOB IOCTOSHHOW CKBa)KHOCTH
HE3aBHCHMO OT YPOBHS BXOJHOTO CHTHaja (Ha4WHas C JECATKOB MMJUIMBOJIBT) B KadeCTBE OCHOBHOTO 3JIEMEHTa
YCHIINTENS-OTPAaHUIHUTEN IPUMEHSIOT ONEPAlMOHHBIH YCHINTENb, paOOTalOmMi B pPEXHME YCHIMTENS C IIO-
JIOKHUTEITBHOM 00paTHOH CBA3BIO, KoMmapaTop (nnu Tpurrep Llmuara). Takoit 3¢ ekt rocTuraeTcs B pe3yapTare Toro,
YTO ONEPANMOHHBIA YCHIHNTENb HEPEXOAWT W3 PEKMUMa C MHHUMAJIBHBIM BBIXOIAHBIM HAaNpPSDKEHHEM B PEXHM C
MaKCHMaJIbHBIM BBIXOJHBIM HAMPSDKEHHEM MPU W3MEHEHHWHN HANpPsDKEHUS, TIOABOJIUMOTO K €r0 BXOJaM, BCETO JIUIIb Ha
C€ANHUIBI NJIU MaKCUMYM Ha ACCATKU MUJIJIUBOJIBT.
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Puc. 15. Cxembl ycunutenen-orpaHmymtenen Ana oopaboTkm BXOAHbIX CUTHANIOB HU3KOIO YPOBHS
JaT4yuKa 4acToTbl BpaleHUs:

a — 06e3 pasgeneHus uenen NOCTOAHHOIO M NEPEMEHHOro TOKOB; 6 — € pa3genuTernbHbIM KOH-
OEeHCaToOpoOM MeXAy BXOAHOW Lenbio yCUNuTens n OO6MOTKOM AaTuyMKa 4acToTbl BpaLleHus

Ha puc. 15 mpuBeneHsl CXeMBl YCHIHTEIEH-OrpaHHUYUTENCH, KOTOphIE MOTYT OBITh PEKOMEHJOBAHBI IS
NPUMEHEHUsI TPU HU3KHUX YPOBHSIX BXOJHOTO CHUTHAJA JaTYMKa YacTOThl BpalleHus. B aTux cxemax cuH]asHbIM
CHUTHAJIOM OIIEPAlMOHHOTO YCHIUTENS SABISIETCSA HANpsIKEHHE, MOJIBOAMMOE K €ro BXOAaM OT JENHUTENs HamlpsHKeHUS
(pesuctopsr R1 u R2).

B cxeme Ha puc. 15, a nepemennas OJIC, uHIyKTHpYeMass B OOMOTKE AaT4YMKA YaCTOTHI BPAIICHUS, SBISIETCS
muddepeHMaNIbHBIM CUTHAIOM ISl OTIEPAIMOHHOTO ycHinTens. biaronaps stomy naxke npu HeOOIBLION aMILIHTYZE
OJAC npu H3MEHEHHH €€ MOJAPHOCTH IIOYTH CKauyKOOOpa3HO MEHSETCs YPOBEHb HANPSDKEHHWS Ha BBIXOJE
OTIEPAIIMOHHOTO YCHINTENs. B pesynbraTe coeqMHEHHs BBIXO/a ONEPAIllMOHHOTO YCWIINTENSI C €T0 HEMHBEPTUPYIOIINM
BXOJIOM 4epe3 pe3ucTop R4 GOJIBIIOro CONPOTHBICHHS B YCWIINTEIE CO3AaeTcsl HeOObIIas OIOKUTENbHas oOpaTHas
CBSI3b, MTO3BOJISTIONIAS MTOJYINTH eIle Oosee KpyTol pPOHT BEIXOAHOTO HANPSKEHHS.

B cxeme cormacHo puc. 15,6 usmenenue monspHoctH JDJIC, HMHIYKTHpyeMOW B OOMOTKE HAaTYMKa YacCTOTHI
BpameHns, obecreynBaeT NeproInIeckoe M3MEHEHNE HAIIPsDKEHUS Ha HHBEPTUPYIOIIEM BXoje ycuaurens. Hamuane B
YCHIIUTENE MOJIO0KHUTEIbHON 00paTHOM CBA3M BCIIEACTBHE BKIIOYCHHUS MEKAY BBIXOJIOM M HEHHBEPTHPYIOUINM BXOIOM
yeuuTens pesucropa R4, odycioiuBaet cMmerieHne KpuBbix 1 u 2 (puc. 16) BBepx ot ocu adcrpce Ha Beanuuy JU ..
B pesymeratre B ycunmrene Qopmupyercs anudepeHHaabHbI CUTHAI ¢ KPYTHIM (POHTOM H3MEHEHHs B paifoHe
3HaueHHUH t, MPU KOTOPBIX U3MEHSETCS MOJIIPHOCTh KPHBBIX 1 M 2. BenencTBue 3TOro MMIYJIBCHI HANPSKEHUS HA
BBIXOJIC YCHIIMTEISI MIMEIOT MPAKTHYECKH PSIMOYTONBHYIO hopmy (kpussie 1" u 2").

[MpumeneHne MOJIOXKNTENBHOW OOpaTHOM CBSI3M B yCHIIMTENE OOECIEYMBACT HE TOJILKO YBEJINYEHHE KPYTHU3HBI
(poHTa BBIXOJHOTO CHTHajla, HO TAKXKE IO3BOJIET IOJYYHTh IHOCTOSIHHYIO €ro CKBR)XXHOCTh, paBHYyI0 2. Criemyer
OTMETHUTH, YTO B TE€X CIIydasx, KOTJa aMILIMTy/ja CUTHaJla IpeoOpa3oBaTesst 3HaunTeNnbHO Bhie Uy (10 KpaiiHel Mepe
Ha OJIMH MOPSIJIOK), MOYKHO MOJTYYHUTh KPYTOH ()POHT M PAKTUYECKH ITOCTOSHHYIO CKBa)KHOCTh BBIXOJJHOTO CHTHaja 0e3
NIPUMEHEHHS TTOJIOKHUTEIILHON 00paTHOM CBSI3H.

Cxema, BBITTOJIHEHHAs COTJIACHO pHUC. 15, a, COAepKUT MEHbBIIee YUCIIO JIEMEHTOB IO CPABHEHUIO CO CXEMOH,
puBeeHHON Ha puc. 15,6. OqHako B cxeme Ha puc. 15,6 0OMoTka mpeoOpa3oBaTensi He HArPYyX aeTcsi TOCTOSTHHOM
COCTaBIIAIONIEH TOKA, B PE3yJIFTATE Yero TOBBIIIAETCS €T0 TyBCTBUTEIHHOCTb.



ITYH ¢ ougpgepenyuamopom 6xoonvix cueHanios 8 covemanuu ¢ unmezpamopom. IlpuHINNHaNbHAs 3NeKTpUIecKast
cxema ITYH manHHOTO THMNA, MOIYYaAIOIIETO CUTHAIBI OT AATYMKA YACTOTHI BPAICHHUS MHAYKTOPHOTO THIIA, IPUBEACHA
Ha puc. 17. Jlna mpeoOpa3oBaHWsS CHHYCOMIAIBHOTO CHTHAja, HHIYKTUPYEMOTO B OOMOTKE AaT4MKa YacTOTHI
BPAIICHHS, B MIOCIEI0BATEIbHOCTD IPSMOYTOJIBHBIX UMITYJIbCOB HCTIONBb3yeTCs ycuauTens YO, cxema KoToporo Opuia
onmcana BhIimIe (cM. puc. 13). IIpeoOpa3oBaHue yKa3aHHOW ITOCIEIOBATEIPHOCTH HMITYJIFCOB B BRIXOJHOM aHAIOTOBBIH
CHUTHAN BBITIONHsETCS (popMupoBaTeneMm curHaima mnepeMmeHHoi ckBaxHocTn DCK (muddepernnaTop CUrHaioB B
COYETaHWU C MHTErpaTopoM) u QuibTpoM HHM3KHMX 4acToT @HY. VHTerparop BhINOJHEH Ha 0a3e TOKOPa3HOCTHOTO
yemmmtenst DAL, a ¢wibTp HU3KHX yacToT copepxuT KoHaeHcatop C5 m pesuctop R10 [10]. Ycunenne BxomHoro
CHUrHaJIa OCYLIECTBIISICTCSI C IOMOLIBIO TpaH3ucTopa VT3, BKIIOUEHHOTO IO CXeME SMUTTEPHOTO MOBTOPUTEIISL.
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Puc. 16. ®opmMbI curHanoB ycunurtenen no cxemam puc. 15:

1 n 2 — BxogHble CUrHanbl pasnNU4yHON aMnnuTyabl; 1' n 2' — curHanbl Ha HEMHBEPTUPYIOLLEM
BXoAe, COOTBETCTBYHOLME CUrHanam 1 n 2, ¢ y4eTom AencTBUsA obpaTtHom cBA3u; 1" n 2" — curHansl
Ha Bbixoge, cOOTBeTCTBYHOLWMe curHanam 1' n 2; '™ n Y — curHanbl Ha BbIXxoAe, COOTBETCTBYOLUE
curHanam | u 2 6e3 perMcTBuUsi O6paTHOM CBA3N



IIpu MoSIBIEHUHM Ha BBIXOJE YCHJIMTEISA-OrPaHUUYHUTENs (KOJUIEKTOp TpaHsucTopa VT2) mMmmynbca HampsokeHus V
(puc. 18) mpoucxoaut 3apsanka konaencaropa C3, mpudeM TOK €ro 3apsaaKt |, ONHOBPEMEHHO ABJIAETCA U TOKOM |y,
MIPOXOJISTIINM Yepe3 HeMHBEepTUpYyIonuii Bxoa ycuutens DAL, B mporiecce 3apsiku cuiia Toka

|H = (U/Rgap) exp [-t/(RsapC3)], rge Rsap = RG + Rg.
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Puc. 17. Cxema NYH ¢ guddepeHumaTtopom BXOAHbLIX CUTHAJIOB B COYETaHUN C UHTETPaTOPOM

—

‘4. os
e Ny it 2ep Lcxrep
3 T
-'a’pu h
b La
£ .
- £ pus - .Eg Lpny ¢
Ugsurt
5
.
=
] e
t

[
a} 5}
Puc. 18. ®opmMbl cMrHanoB MHTerpaTopa Ha 6a3e TOKOPa3HOCTHOrO YCUNUTENSA:
a u 6 — cooTBeTCTBEHHO npu HU3KOW U BbICOKOW 4YacToTax CUrHanoB OT AaTynKa 4acToThbl Bpa-
LeHus

ITocne OKOHYAHUS ASUCTBHUS UMITysbca (mepuon t,) mpoucxoaut paspsiaka koHmeHcaropa C3 yepes muon VD2 u
pesucTop R7. Xapakrep U3MEHEHHs CHJIbI TOKA B IIPOLECCE 3APAIKH |cyep M PASPANKH |cype; KOHAEHCATOPA C3 NOKA3aH
Ha puc. 18. YV «uaeasbHOTO» TOKOPA3HOCTHOTO YCHUJIMTENs cwia Toka |, momkHa ObITh paBHa cuie Toka |,
MPOXOMASAIIEr0 Yepe3 MHBEPTHPYIOUIMKA BXOA YyCHIHMTETs. B paccmarpuBaemoii cxeme TOK |, dopmupyercst mon
nericrBueM HanpsokeHust Uy, Ha Beixoxe ycwaurenst DAL, koropoe pasHo Hanpsbkenuo Uch mo xotoporo 3apsoken
KkoHzgeHcarop C4.



B nepuon ameticteust ummynbca U cmiaa Toka |, paBHa cyMMe CHI TOKOB, NMPOXOASAIIMX depe3 pesuctop R u
koHzaeHcarop C4, T. e.

IVI = |R9 + I(343ap- (7)
Hanpspxenne vHa koHneHcatope C4 B Tiporiecce ero 3apsaKu

i
in 4di
Ucs =Ucin + j. =7,
C,

rae U.q, — HanpspkeHue Ha KoHneHcatope C4 B MOMEHT Hadalla ero 3apsiIKH.
C yuerom paBenctBa |,=lu q)opMyn (Mn (8) MOJKET OBITh 3aIIFICAHO COOTHOIICHHE

Uecs = Ucm'i-j ol '—'j' R,C dt,

B pe3yibTaTe AudhepeHIUpOBaHs KOTOPOTO MOIy4aeM

duy | Ues U Exp(_'_ )
dt RyCy Rpaply CsRaap

OOumM penreHreM TaHHOTO HeOJHOPOJHOTO TG depeHINaIbHOTO YPpaBHEHHS SIBIISACTCS BRIPaKCHIE
U exp [— ¥ {ReCis}] Uexp {_”(Rsapcsl']
_ ]
e A Rsnprn - C-ifca

rae A — NOCTOSIHHAS BEIMYHHA, KOTOPYIO HAXO/IAT UCXOIS U3 HAYAIbHBIX YCIOBUA.
B MoMeHT Havasa 3apsaku KoHaeHcaropa, T. ¢. npu t = 0, Ucd3ap = — Ucy . COOTBETCTBEHHO 3TOMY HaYaIbHOMY

= l;’r[UC‘lﬂ — Uf{'Rmprﬂ - C#;CE)]*
UC4 = [U(.‘::u —— UJ’{Rmprn"" Cdfca)] EKP ["""“ IJ‘F(RIIC«I)] ‘f“'
- U exp[—¥/ (Rmpca)}f (Raapf‘ Ry—CyfCy). ©)

B MoMeHT okoHYaHHMs JedcTBHA mMmiynbca U, T. e. mpu t = t3,p, HanpsbkeHue Ha KoHjaeHcatope C4 nocturaet
cBoero Hambombirero 3HaueHUs (7oy (B JMaHHOM IIMKIIE 3apsiIKUA-Pa3psiKe), KOTOpoe ¢ ydeToM (opmynsl (9)
onpesensieTcs BhIpaKeHUEM

i ) .
U@M - Roap/ Ry — C,;Ca{[u'““ {Ranprﬂ — CI«‘CH} — U]EJ([) [— tm!(Rﬂcl)] +
+ Uexpl— i, r’r(Raana)]}-

(10)

E mepronsl Mexay IeHCTBHEM HWMITYJILCOB MPOUCXOAWT paspsaka KoHmeHcatopa C4 Ha pesuctop R9, m. e.
HanpsbKkeHue Ha 3ToM KoHaeHcatope Uqgp,,= U, exp[ — t/(RgCy)].

Ipu ycTaHOBUBIIEMCS PEXMME PaOOTHI HHTErpaTopa HalpsHKeHHe Ha KoHaeHcaTope C4 B KOHIE ero paspsaku (t =
tfsi3) PaBHO HANPSHKEHUIO HAa JAHHOM KOHjeHcaTope B Hauaie 3apsakd. HMcexoms m3 sroro Ucy , = Ug, exp] —
tpas/(ReCa)]. B pesymbraTe npeobpa3oBaHus 3TOr0

BEIpakeHUs ¢ yueToM ¢opmyisl (10) momygaem

U €xXp [*"" taapf {Ranpca” - exﬂ_tnapf {th-l)]
U = Roapi Ry — C4iCs 1 — exp [—fn/(RsC )]

Ucieo = 0,5 (U + Ucin) = 0,5U ey {1 4 €XP{—Lpaa/ (RyCOIY,

rae t, — NPOJOIKMTENBHOCT LMKJIA PpaboThl MHTErpatopa, = tupttye,; U — cpenHee HampskeHue Ha
koHaeHcarope C4.

Hus obecriedeHuss HEOONBIIOTO YPOBHS MYJbCAlU BBIXOMHOTO HampspkeHUs Ugpix JODKHO OBITH BBIICPKAHO
ycaosue t<RyC, m, cinenoBarensHO, th3<Rgd. B 3TOM ciiydae Oe3 BHeceHMS 3HAUMTENBHBIX IOTPEIIHOCTEH B
Pe3yIBTATHI PACYCTOB IKCIIOHCHIHATbHBIC (DYHKIIMH MOTYT OBITH 3aMEHEHBI CJIEYFOITUMH 3aBUCUMOCTSIMH




I —exp [— t/(ReC] = 1 — [1 — Eaf/(RyC) = £ (RoC);
f+ eXp[— b/ (ReCo) = 1 + [} — tpaal (RCal) = 2— tpas/ (RoCa) = 2.

3apsaaky koHzmeHcatopa C4 MOXHO CUMTATh MPAKTUIECKH 3aKOHUYMBIIEHCS, Koraa cuia Toka |, = |, cHmkaeres 1o 5
% ee MaKCUMAalbHOIO 3Ha4eHMs. Takoe yMeHbLIEHHE CHJIBI TOKA |, MPOMCXOAMT 3a mepuo] BpeMeHH 3, = 3R,,,Ca.
OueBnHO, UTO 3¢, MOKHO OBITH MEHBIIE POTOKUTENFHOCTH IHUKNIA t,. B mpoTnBHOM ciydae OymeT oTCyTCTBOBATh
paspsinka kornercatopa C4. C yaeToM 3Toro

UCM =kfwn UC4cp = UCM1

rae f— gacrtora BxomHoro curnana, f=1/t;
URyCy {exp {— faap/{RaapCy)) —exp [— tnp:"(RiCﬂ]}
Raap/ Ry — CyfCy
URLC, {exp (—3) —exp [— 3Rany O/ (RC1)
~ Raap_R [ I Cll" C:I

Kosdpdunment K mpencrapisier coOoll NMOCTOSHHYIO BEIHYHHY, KOTOpas 3aBHCHUT TOJBKO OT HampsDKeHus V
UMITyJIbCOB, TIOJBOJMMBEIX K AH(p¢epeHIUpyomel Nenu HHTETpaTopa, M COMPOTHBICHUS €r0 PE3UCTOPOB U
KoHJIeHCaTOpoB. COOTBETCTBEHHO 3TOMY HanpsikeHHne Uy, Ha BBIXOAE MHTErpatopa, paBHOe HampskeHHIo Ucsp,
NPONOPIHOHANBHO YacToTe f BXOAHBIX cUrHaIOB (cM. puc. 18).

IMpuanun pefictBus paccMmatpuaemoro [TYH ocHoBaH Ha NEpHOIMYECKH MOBTOPSIONIMXCS MEPHOJAX 3apSIOKU U
paspsinku koHzaeHcatopa C4, mosToMy Ha Beixoje ycunutens DAL HenzOexxHo Hammuue mynbcauii HanmpsokeHus Ugpix
1- AOCONIOTHAs BEJIMYHHA 3TUX MYyJbCAIMHA HE 3aBHCUT OT YaCTOTHI BXOJHOTO CHTHAJA, HO IO OTHOIICHHUIO K UC4cp OHa
TeM OO0JIbIIIe, YeM HUIKE ATa 4acTOTa.
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Puc. 19. CtpykTypHas cxema N4YH c npeo6pazoBaHueM BXOQHOro cUrHana B Te4eHue Lukna

Jnst ymeHbIIeHHsT ypoBHs Iyibcanuii Ha Bbixoge [TYH mpuMeHSIOT HOMOMHHUTENBHBIA (QUIBTP HU3KHX YacToT,
cocrosiuii U3 pesucropa R16 w xonmencaropa C5. [ns momydeHus B paccMartpuBaemoMm [IYH npuemmnemoro
(HM3KOTO) YpOBHS IyJbCallMid BBIXOJHOTO HampspkeHust Uy, (M. puc. 17) B HEM INPUXOIUTCS NPHUMEHSTh
Bpemsizanatomue RC-mienn ¢ MOCTOSHHBIMA BPEMEHM Ha OJMH — JIBa HOPSAKA BBINIE MPOAOJDKUTEIBHOCTH LUK
BXO/IHBIX MMIYJbCOB. Benenctsue storo nanssiid [TYH mMeer HeBbIcOKOe OBICTpOAEHCTBHE, M BO M30€XaHHE HENO-
ITyCTUMOTO 3ala3/IbIBaHMS M3MEHEHHs €ro BBIXOJHOIO CHTHajla [0 OTHOIIEHHIO K BXOJHOMY CHTHAJy OH B psne




CITydaeB MOXKET OBITh NMIPUMEHEH MPH 9acTOTaX BXOAHOTO CHTHAJa HE HIKE COTEH repil. Ecim jke 4acTOTHI BXOTHOTO
CHUTHAJIa COCTABIISIOT MOPSIIKA IECSITKOB TepI] U JIOMYCTUMBIM SIBJISIETCS HU3KUI ypoBeHb mysbcanuid, To [IYH cnenyer
BBITTOJTHATE 110 KAKOW-JINOO0 M3 CXeM, PacCMaTPHUBAEMBbIX HIKE.

NMYH c ynpaBnsaeMbIiMn nHTerpaTopamMmm BXoaHbIX CUrHanoB

B I[MYH panHOTO THIIAa C TOMOIIBIO YIIPABIIIEMOTO HHTETpaTOpa IMPOUCXOMUT Ipeodpa3oBaHMe Ieproaa (WiIu
MOJTYTIEpPHO/Ia) BXOJHOTO CHUTHAJIa B HANIPSHKEHHUE IIOCTOSTHHOTO TOKA B CIIEAYIOIIEM MOPSIIKE:

1) ot mepennero uiam 3axHero GppoHTa UMITYJIbCa BXOJHOTO CHI'HaJa IOJAeTCsl KOMaH1a Ha BO3BpAT MHTErparopa B
UCXOJHOE cocTosHUEe. [IpH 3TOM mpoucXomuT OBICTpast paspsiKa paHee 3apsDKEHHOTO KOHJEHcaTtopa MHTErpaTopa ¢
YMEHBIIIEHUEM Ha HEM HaNpsDKEHUs 10 HyJIS MU JPYroro 3aJaHHOTO YPOBHS;

2) mocne BO3BpaTa MHTErpaTOpa B UCXOJHOE COCTOSIHHE HAUMHAETCA 3apsAaKa ero KOHJeHcaTopa, KOTopas AJTUTCS B
TE4YEHUE Nepuoaa AeHCTBHS UMITYIbCca BXOAHOIO CUTHANA WK B IPOJOJDKEHHIE BCETO LIMKIIAa BXOJHOTO CUTHATIA,

3) B KOHIIe 3apsAKU KOHEHCATOpa UHTErpaTopa ypOBEHb HANPSDKEHMs HA HEM 3allOMUHAETCs, TI0CIIe Yero Mpolecc
peoOpa30BaHNs OBTOPSETCS BHOBb.
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Puc. 20. UsmeHeHue copmbl curHanoB B NMYH ¢ npeo6paszoBaHnem BXOQHOro CUrHana B Te4YeHue
LMKna

Paccmorpum cxembl ITUH nByx THNOB, B KOTOPBIX HCIIOJIB3YeTCS YKa3aHHBIH NpUHOMI TpeoOpasoBanus. OHU
OTIIMYAOTCS TEM, YTO B NMIEPBOM M3 HHUX OCYIIECTBIIETCS 3apsiika OJJHOTO MHTETPUPYIOLIETO0 KOHJEHCATOpa B TEUEHUE
BCEro LHMKJIa pabOTHI, a BO BTOPOM INPHMEHEHBI [[Ba MHTETPUPYIONIMX KOHAEHCATOpa, MOOYEPETHO 3apspKaeMble B
TEUYCHHUE JICHCTBUS BXOJHOTO UMITYJIbCA U MAy3bl MEXKAY HMITYITbCAMH.

IT9H ¢ npeobpazosanuem 6x00noco cuenana 6 meuenue yukia. JleicrBue mannoro ITYH, ctpykrypHas cxema
KOTOpOTrO TpUBeneHa Ha puc. 19, OCHOBaHO Ha TOM, YTO B TEUCHHWE BCETO NHKJIA JAEHCTBHA BXOJHOTO CHTHAaIa
koHneHcarop C, WHTerpaTropa 3apsbKaeTcs, a B KOHIE IIMKJIA YPOBEHb HAINPSDKEHHWS HA JAaHHOM KOHJEHcaTope
3aIIOMHMHAETCA B pe3yibTaTe KPATKOBPEMEHHOTO €ro COSAMHEHHs ¢ KoHaeHcaTopoMm C,, 3aIIOMHHAIOMIETO 3JIEMEHTA.
ITocnie aToro mpoucxoauTt ObICTpast paspsakKa KOHASHCATOpa HHTErpaTopa, U MUK paboTel moBTOpsieTcs (A. ¢. 790280,
CCCP, MKH® H 03 K 9/06).

Paccmorpum neiictue ITYH ¢ mMomeHTa mosiBieHnst MMIysibca BXxojgHoro curnana Uy, (puc. 20, touka A4). Ot
nepesHero (GpoHTa 3TOro CHUrHana MOJAeTCs KOMaHJa Ha (OPMHUPOBAHME KOPOTKOro MMIynbca U, 5, KOTOPBIi
yIpaBJsIeT KIF0YOoM OBICTPOil pa3psaKu KOHASHCATOpa 3allOMHHAIOIIEro daeMenTa. [1pu 9ToM (3a 4acTb neproa tyy;s,)
HanpsikeHue Uc,, Ha TaHHOM KOHJEHcaTope OBICTPO YMEHbIIaeTcs a0 Hyis. [locie OKOHYaHWS NEHCTBUS UMITYIIbCA



Upas, OT €ro 3aJHero (poHTa NOJAETCs KOMaHJa Ha (OPMUPOBAHME KOPOTKOrO MMIYJbCAa Uy, BCIEACTBHE YErO
obecrieunBaeTCsl CBsA3b MEXIy KoHaeHcatopoMm C, mHTerparopa m koHmeHcatopoMm C,, 3alIOMHHAIONIETO DJIEMEHTA.
bnarozaps 5ToMy B TE€YEHHME YaCTH IEPHOAA i, OT KonaeHcaTopa C, ocyuecTBiseTcs 3apsaaka konaeHcatopa C,
HanpsikeHHe Ucgg Ha KOTOPOM BO3pacTaeT OT HyJS 0 3HAa4YeHHs paBHoro HampspkeHnio Ucy Ha KoOHAEHcaTope
uHTerparopa (B JaHHbIA nepuoa Bpemenu). -

ITocne oxkonuanus AedcTBUA MMIyJabCa Uiy OT €ro 3aaHero (poHTa mojaercsa KomaHia Ha (opMUpoBaHHE
KOpOTKOro mmiynbca U, M, KOTOpBIH obecrieynBaeT BKIIFOUEHHE KIFOYA, OCYLIECTBISIOMIETO OBICTPYIO PaspsAaKy
KOHJIeHcaTopa uHTerpartopa (cM. puc. 20) ITocne okoHuaHus AeHcTBUSA UMITYNIbCa U,y MPOUCXOANT BBIKIIOYEHHE KITIO-
Ya paspsIKd KOHACHCATOpa MHTErpaTopa, YTo O0OCCIICYMBACT €ro MOCICAYIONIYIo 3apsanky. Jlanee Bech MUK paObOTHI
ITYH nosTopsercs

Xapakrep u3McHeHus HampsokeHus U.,,, 0 KOTOpOro 3apspkacTcs KOHICHCATOP 3alOMHHAIOINICTO 3JICMCHTA,
aHAJIOTUYCH M3MCHEHUIO BhIXOJHOro HampsokeHus [THYH. B cBoro ouepenp, BeNWYMHA ¢ ¢ 33 3aBHCUT OT HANPSKCHHUS
Uch, 10 KOTOPOTO 3apsnIiCad KOHJEHCATOP MHTErPaTopa K MOMEHTY MOABIEHHs UMITYNbca Uy, 5,

Yem Bbiiie yactota f BXOJHBIX UMITYJIBCOB, TEM MEHBIIIE MPOJAOIDKATENLHOCTh LKA 1, U, CIeI0BaTEILHO, KOPOUEe
MeproJl, B TEUCHHWE KOTOPOTO 3apshKaeTcsi KOHAEHcaTop WHTerparopa. 110 Mepe MOBBIMICHHS YacTOTHI BXOIHBIX
CHUTHAJIOB YMCHBIIIACTCSl 3HAYCHUE U, W CHIDKaeTcs HampspkeHue U ,,. BcrmeactBme 3Toro obecmeumBaercs 3aBU-
CHUMOCTb HanpshbkeHus Ha Beixoze ITYH ot yacToThl BXOJHBIX CUTHAJIOB
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Puc. 21. Cxema NYH c npeobpa3oBaHmem BXOAHOro CMrHana B Te4eHue uukna

Cnenyer ormerntsb, uto y [THYH, neficTByrommero no paccMoTpeHHOMY NMpUHIHMIY, HampsokeHue Uppx Ha BBIXOJZE
YMEHBIIAETCS MO Mepe IOBBINICHHs YacTOThl BXOAHOro curHana. Ecnm takol xapaktep 3aBUCHMOCTH U, =F(f)
HeTpHueMJIeM, T. €. HeoOXO0IMMO oOecHeunTh yBeIWdeHHe BbIXoAHOro HamnpspkeHus [TYH c moBbimieHneM 4acToThI
BXOJ/IHOTO cHrHana, To cxema [TYH nomkHa OBITH BBITOJIHEHA TAKUM 00pa30M, YTOOBI €TO BBIXOHOE HANPSHKEHHE OBLIO
PaBHO Pa3HOCTH MOCTOSHHOTO HANPSDKEHUA (HaIIpuMep, HANPsDKEHUS] UICTOYHHUKA MTUTAHUS ) U HAIPSDKEHUS Ues,.

Takum oGpaszom, Osictpoxeiicteue IIUH, T. e. mpoaomKHUTENBEHOCTS (OPMHUPOBAHUS BBIXOJHOT'O HANPSIKEHHS B
3aBHCHUMOCTH OT YacTOTHI BXOJHOTO CHTHAJa, PaBHO MNPOJODKUTEIBHOCTH IMKJIA BXOJHOTO CHTHajla. JTO BEChbMa
BBICOKHH Mokasarenb ObicTpoaerictus [THH.

Henocratkom gannoro ITYH siBisiercss Hanudue MpoOBaioB B KPUBOW BBIXOAHOTO HampspkeHus (cM. puc. 20). Otn
MIPOBAJIBI, OTHAKO, BECbMa KOPOTKHE 10 MPOIOJKUTEIBHOCTH, M MX JIETKO JIMKBUIUPOBATH JHOO C IIOMOIIBIO (HIIBTPA,
MMEIOIIEro MaIylo MOCTOSHHYIO BPEMEHH, JTM00 MHBIMH CIIOCOO0aMH, KOTOPBIE PACCMOTPEHBI HHXKE.

Cxema [TYH, pmeiicTByromero B COOTBETCTBHM C PAacCMOTPEHHBIM IPHHIMIIOM, M300paxeHa Ha puc. 21. Jlns
oOecrieueHnst 4eTKOM paboTHl (opMHUpoBaTeNel IEPHOJOB 3apsIKH M pa3psAKH KOHAEHcaTopoB wHTerparopa C5 u
3aroMHHaromero seMenta C6 HEoOXOQUMO IO/aBaTh Ha BXOJ ATHUX (OPMHUpPOBATENEH NPSIMOYTOJbHBIE MMITYJIbCHI.
JHanHoe TpeboBaHMe obOecnieynBaeTcs Oyarogapsi BHIIOJIHEHMIO peoOpa3oBaTelsl BXOJHBIX CUTHAJIOB B BUJIE KIIIOYa Ha
Tpanzucrope VT1.

Hanpsoxkenne Uy, Ha komtektope tpamsmcrtopa VTl (puc. 22) sBnseTcs BXOJHBIM HAaNpsSOUKCHHEM IS
(dhopmupoBarens nepuoa pa3psaaku KoHaeHcatopa C6 3alIOMUHAIONIETO AJIEMEHTa, COCTOSIIEro U3 KoHaeHcaropa C2,
pesuctopoB R5 u R6, a Taxke tpansucropa VT2,

B momenT nosenenus HanpspkeHust Uy, (puc. 22, Touka A4) depes paHee paspsaauBmuiics konneHcarop C2 Ha 6a3y
tpansucropa VT2 mocrynaer 1ok l,=l,. OTKpbITHE IpH 3TOM MEpexojia KOJUIEKTOp — JIMUTTEp Tpanzuctopa VT2



obecrieunBaeT OBICTPYIO pa3psAAKy KoHAeH-Tacopa C6 M, Kak CIEACTBHE, CHIDKCHHE 10 HYJS BBIXOIHOTO HAMPSIKEHUS
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Puc. 22. ®opmbl curHanoB anemeHToB MYH no cxeme puc. 21: a u 6 — COOTBETCTBEHHO NpU
HU3KOM U BbICOKOW YacToTax BXOAHOro curHana

B pesynbrate npoxoxieHust Toka lc, uepe3 konaeHncarop C2 MPOUCXOAMT MOCTENEHHAs €ro 3apsjKa, BCIEeICTBHE
Yero yMEHbILAeTCsl IO HyJisi 0a30BblIii TOK TpaH3ucrtopa VT2, ¥ OH BBIKIIIOYAETCS.

[Mpu nosiBnennn HanpspkeHuss UK Hapsay ¢ OTKpBITHEM TpaHauctopa VT2 Bkitouaercss u Tpansucrop VT3,
MIOCKOJIbKY B ero 0a3y mocTtymaeT Tok lg3=lc3 depe3 panee paspsauBmuii xonmeHcatop C3. B pesynbrate 3TOTO
HampsbkeHrue Ha 6ase TpaHsuctopa V17 cHMKaeTcs, 94TO 00eCHeurnBaeT €ro BBIKJIIOUEHHE C OTKIIOUYEHHEM OT OTPH-
LATEIFHOTO TI0JIF0CA MCTOYHUKA MUTaHust Oa3bl TpaH3uctopa VT8. TeM caMbIM IMOATOTOBISIETCS BO3MOXKHOCTH
nocIeAyronIel 3apsaaku kouaencaropa Co.

IMpn Brumouennn Tpanzucropa VT3 yepe3 pesuctopsl R10 m R11 mpomcxomut paspsiiika paHee 3apspKEHHOTO
koHAeHcaropa C4 W TOJATrOTOBISIETCS BKIIOYEHHE TpaH3ucTopa VT4 mocie Toro, Kak HPOW3OWJIET BBHIKIIOYEHHE
tpan3ucropa VT3. Ho 1o Tex nop, noka tpansucrop VT3 BkitoueH, BMecTe ¢ TpaH3ucTopoM VT4 ocTaeTcs 3aKphITHIM U
Tpansucrop VT5, Gnaronapst uemy NpoHCXoAnT OecnpensTCTBEHHas 3apsaka KoHaeHcaropa C5 uepes pesucrop R15.
[Tpu 3TOM HanpsHKeHHE, MOJBOAMMOE K 6a3e Tpan3uctopa VT6,

Ugs = Un-Ucs, (11)

rae Ucs — HampsbkeHne Ha koHneHcatope C5; U, — HanpsbkeHne uctounuka nutanus [TYH.

Hanpspkenue, moaBoauMoe K koHzencatopy C6 ot amurTepa Tpansucropa VT9 mocie BBIKIIOUCHHS TPAH3MCTOpa
VT7,

Uce = Ugs + AU3p6 + QU3ps + AUy, — AUgag, (12)



rae JAUnsgs, AUsps 1 AUpy0 — TazieHnst HampsDKEHUS Ha Tiepexoie 0a3a — dMUTTEP COOTBETCTBEHHO TPaH3HCTOPOB
VT6, VT8, VT9; [JUyp, — namenue Hanpsokenus B guoae VD2,

B mepBoM MpHONMKEHWH MOKHO MPHHATH, YTO BCE YKa3aHHBIC MAACHHS HANPSDKCHUS HMCIOT OJWHAKOBYIO
BermunHy JJU. IIpu sTom ycnomu BeipaskeHue (12) ¢ yaerom ¢popmysnsl (11) umeet Bug

Ucs = Un-Ues + 20U. (13)

Hampsoxkenue Ha Beixone ITHH

Usuix = Uce-AUsa10-AUs311, (14)

rae JUgs 0 1 AU;, ) — maneHns HampspKeHUs Ha mepexone 0aza-3MHTTep COOTBETCTBEHHO TpaH3ucTopoB VT10 u
VT11.

Ecmm, kak u panee nmpussath, yto JJUBDIO = AUBJII =A(Y, To dopmyiy (14) MoxHO 3amucaTs B BHIE

Ugbix = VN-V¢s. (15)

3apsaka koHzaeHcatopa C6 HaYMHAETCS HE Cpa3y IOCie BKIIOYEHHS TpaHzuctopa VT3, a TOIBKO mOcie TOro, KaKk
BCJIC/ICTBHE 3apsiaku KoHaeHcaropa C2 Mpou3oineT BbIKIIOYEHHE TpaH3ucrtopa VT2, M IMOJOKUTEIBHBIA IOJIOC
koHaeHcaropa C6 OyneT OTCOeIMHEH OT OTPHLATEIBHOrO MOI0Ca NCTOYHHNKA TUTaHus. Havasno sToro nepuona Ha puc.
22 o0o03Ha4eHO TOYKOW b, a ero OKOHYaHWE COOTBETCTBYET MOMEHTY BBIKIIOYEHHWS Tpausucropa VT3, T. e. mpu
yYMEHBLICHUH 10 HyNsl ToKa lg3 =lcs. 3apsnka xonzmeHcatopa C6 ocymiecTBisiercs: uepe3 pesucrop R19, nmeroumii
Majloe comnportuBieHue. brnaronaps SToMy 3apsiKa JAHHOTO KOHJEHCAaTopa JI0 HalpsDKeHWS MCTOYHUKA 3apsijiKy,
paBuoro BennunHe U, — Ucs+2J1U, mpoucxoauT B 0U4eHb KOPOTKHIA MPOMEKYTOK BpeMeHHU (puc. 22), KOTOPBIA Bceraa
KOpOYEe MAaKCHUMAalbHO BO3MOXKHOIO MEpPHOAA €ro 3apsakd (0 MOMEHTa BBIKIIOYEHHs TpaH3uctopa VT3),
OTpeNeIIeMOro HWHTEPBAIOM Mexay ToukaMu K wu B. Takum o0pazoMm, TapaHTHpyeTCS HOpMalbHOE
¢yakunonnpoBanne I[TYH pake mnpu 3HAYMTENBHBIX pa3dpocaXx mapaMeTpoB KOMIUICKTYIOIIUX U3ACIHHA €ro
BpEeMsI3aIAI0MINX [IETICH.

Konnencarop C6 k ero 3apsaHO IeTH MOJKII0YASTCS MPAKTUIECKN B KOHIIE 3apsaaku KoHneHcatopa C5, Koraa OH
yKe 3apsDKeH 10 MaKCHUMAalbHOTO 3HaueHUs HampspKeHUS Ucsmax (COOTBETCTBYIOMIETO AaHHOW YacTOTe BXOJHBIX
curHanoB). Jlist atoro ciyuast popmyiet (13) u (15) cnenyer 3anucaTth B BUIC

Ues = Un — Ucsmax + ZD.U, (16)
UBbIX:Un_Uc5max- (17)

IMocne Toro, kak BecieACTBHE 3apsiakk KoHaeHcaTopa C3 mpou3oii-ZieH BbIKIOYeHHe TpaHzuctopa VT3, Ha ero
KOJIJIEKTOpe MosiBUTCS HampsikeHue U, Beicokoro ypoBHA. Ilpu 3ToM Birountcs TpaHsuctop V7, BCleACTBHE Yero
OyneT mpepBaHa CBsi3b MEXIy KoHIeHcaTopoM C6 M MCTOYHHMKOM €ro 3apsjaku. B To ke Bpems uepe3 paHee paspsi-
nuBmmiics kouaencarop C4 u pesucrop R10 B 6a3y Tpansucropa VT4 mocTynuT TOK, 4YTO 00ECIICUUT BKIIOYCHUE KaK
JITAHHOT'O TPAH3HCTOPA, TaKk U TpaHzucropa VT5 (BciencTBUe 3aMbIKaHUs 1IeNH Toka lgs ero 6a3bl). B pesynbrare aToro
4yepe3 OTKPBITHIA Tepexoj] KOJUIEKTOp — J3MHUTTep Tpan3uctopa VTS5 u pesuctop R14 HU3KOTO COMPOTHUBIEHUS
pou3oieT ObICTpast pa3psaaka KoHgeHcatopa C5 (puc. 22).

IMporekanne Toka yepe3 koHaeHcaTtop C4 MpHUBENET K MOCTENEHHON €ro 3apsIKe C YMEHBIICHHUEM 0 HYJISI CHIIbI
ToKa lpy. CrencTBueM 3TOTO SBISIETCS 3aKphITHE TpaH3UCTOpoB VT4 m VTS, mocie yero HauyMHASTCS HOBBIA ITUKI
3apsaku KoHnmeHcatopa C5. W3 amammsza ¢opmynsr (17) crenyet, uto (7pprx BO3pacTaeT IO Mepe YMEHBIICHUS Ha-
npsoKeHUST U smax. C MOBBIIIEHNEM YacTOTHI BXOIHBIX CHTHAJIOB HAIpshKeHHE Ucsmax YMEHBIIACTCS W, CIIEOBATEIBHO,
BO3pacTaeT BeIX0HOE HanpspkeHne UppX.

Takum oOpa3om, B TeueHHe Jr00O0r0 IMKIA ASHCTBUS BXOJHOIO CHTHAJIA YCTAHOBHBIIEECS 3HAYEHHE HAINPSHKEHUS
Ha KoHaeHcatope C6 onpenensercs HampsikeHHEM Ugsmax, 0 KOTOporo kKouaeHcatop CJ5 3apsiauwics B KOHIE
npemiecTBoBaBiero mukia. C yd4eToM 3TOr0 HampspkeHue, jaeiictBytomiee Ha Bhixome I[TUH B Tedenue i-r0 mukia
BXOJIHOTO CHUT'HAJIa,

Ugbixi = Un — UCSmax(i — 1) (18)

rae Ucs max(i-1) — MakcHMallbHOE HalpshkeHHe Ha KonjeHcatope C5 6 konue (i — 1)-ro uuxia.

3aBucumocTh HanpsokeHus U,,, Ha Beixome [TYH ot wactoTsl f BXOJHBIX CUTHAIOB, TIOMYYEHHAS TIPU UCTIBITAHHUSX
[TYH, BBIMOTHEHHOTO MO cxeMe puc. 21, sBisercs HemuHewHoU (puc. 23). OmHaKO, KaK 3TO MOKa3aHO IITPUXOBBIMH
JMHUSAMH Ha puc. 23, HenuHeiHas xapakTepuctika [ITYH MoxkeT ObITh C TOCTaTOYHOM TOYHOCTHIO MPE/ICTABIICHA B BUIC
JIByX OTPE3KOB C TMHEHHBIM U3MEHEHUEM BBIXOJAHOTO HAINPSKEHUS OT 4aCTOThl BXOJHOTO CHrHala B Auana3oHax 20 —
70 u 70 — 130 I'm. J{nsa psima ycTpOWCTB 3JIEKTPOHHBIX CHCTEM YIIPaBJICHHs arperaTaMd aBTOMOOWIIEH JIMHEHHOCTh
3aBucuMocTH Uy, = F(f) He sBisieTcs o6s3aTenbHbIM TpeboBaHHeM K xapaktepucTrke [THH.

Beixognoe nHanpspkenue [TYH mo cxeme puc. 21 sBasercs ¢yHKIMEH HANpsDKEHHS, O KOTOPOTO 3apspKaeTcs
koHzeHcarop C5, Ilpu 3TOM HECMOTPS Ha TO, 9TO CBSI3b MEXAy KoHaeHcatopoMm C5 u Beixogom ITHYH ocymiectisercs
4yepe3 HEeCKOJIBKO IMOIYIMPOBOAHUKOBBIX MPUOOPOB, B BhIpaxeHWH (18) OTCYTCTBYIOT COCTAaBIISIIONINE, 3aBHUCSIIHE OT
XapaKTepUCTHK 3TUX IOTYIPOBOJHUKOBEIX NPHOOPOB. [laHHAs 0COOEHHOCTH CXEMBI SBIISETCS CYIIECTBEHHBIM €€
MPEUMYIIECTBOM, MMOCKOJBKY 00ECIIeUnBAETCsI BBICOKAsI TEMIIEpaTypHas CcTabmibHOCTh XapaktepucTHku Ugyy = F(f)
ITYH, HecMoOTps Ha 3HAYHTEIHHOE BIMSAHME TEMIIEPATyphbl Ha MapaMeTpsl MOJYNPOBOAHHUKOBBIX HpuOOpoB. Taxoi
Pe3yNbTaT MOJIYYEH BCIEACTBUE TOTO, UTO CBSI3b MKy KoHAeHcaTopoM C3 u BeixomoMm ITYH obpa3zoBaHa ¢ mOMOIIBIO
9MUTTEPHBIX MOBTOPHUTEIICH, BBIMOIHEHHBIX Ha 0a3ze TpaH3ucTopos Tuma p-n-p (VT6, VT8) u tuna n-p-n (VT9, VT10,
VT11). Ilpu 5ToM najeHHUs HAMpsHKCHUS B Mepexoiax 6a3a — IMHUTTEP TPAaH3HCTOPOB THIOB p--N-p U N-p-N UMEIOT



oOpaTHBIE 3HAKH, YTO 00ECIIEYNBAET UX B3aNMHYIO KOMIICHCALIMIO, HE3aBHCHMO OT TEMIIEPATYpPhl OKpPYXKarfoIeil cpebl.
B paccmaTtpuBaemoii cxeme BMECTO OJHOTO 3MHT-TEPHOTO IOBTOpHTENS Ha 0a3ze TpaH3HWCTOpa THIA p = N = p
ucnonb3yercs nuoa VD2, majeHue HanpspKeHHsT B KOTOPOM KOMICHCHPYET MajfieHHe HAnpsDKEHHS B OJHOM M3
SMHUTTEPHBIX MIOBTOPHUTENEH Ha Oa3e TPaH3UCTOPOB THIIA N-p-N.
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Puc. 23. 3aBucumoctb HanpsixxeHusa Ha Bbixoge NMYH no cxeme puc. 21 ot 4yacToTbl BXOQHOro
curHana
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Puc. 24. Cxema MNYH c npeobpaszoBaHuneM BXOAHOro CUrHama B TeYeHMe LUMKNa, copepxkallero
ynpaBnsiemMmbli (pUNbTP HU3KUX YacToT

YV ITYH, BBHIMOTHEHHOTO TIO cXeMme puc. 21, UMEIOTCs MpoBajbl HANPSHKEHHUS Ha KoHAeHcatope C6 B MEPHOIBI €ro
3apsaKd U paspsaaku (cMm. puc. 22). Takue ske mpoBaJIbl HAMPSDKEHUS TiepeialoTes OT KoHeHcaTopa C6 Ha Beixoa [TUH
yepe3 Tpanzuctopel VT10 u VT11l. DroT Henocratok ycrpaneH B [TYH, BbIonHEHHOM 1o cxeme puc. 24, KoTopas
OTIIMYAETCAd OT PACCMOTPEHHOW BBIMIE CXEMBI HAJIMYHEM JOTOIHUTEIHFHOTO YIPABIIIEMOro (MIBTPAa HU3KUX YacTOT
®HUY, cocrosiiero u3 pesuctopa R20 u konaencaropa C7.

Ucrounukom 3apsiaku koHjeHcatopa C7 sBisercss konaeHcatop C6, NOSTOMY HanpsbKEHUE, 0 KOTOPOTo
3apsbkaetcst koHnaeHcatop C7, ompenensiercs CIeAyIOUIUM BBIPAXKEHHEM, B KOTOPOM JJIsl YNPOLUEHUS NPUHATO, UTO
MaJICHUE HANPSDKCHUS B TIepexojie 0a3a — SMUTTEP BCEX TPAH3UCTOPOB SBISCTCS OJAMHAKOBBIM 1 cocTaBirsieT JJU:

Uc7 = Uce — AUsa10 = Uce — AU. (19)
Pazpsinka kongencaropa C7 npoucxoaut yepes auo VD3 npu BkiroueHnu tpansucropa VT4,

OcoOeHHOCTh TOAKIIOUCHHST (DMIIbTPAa HU3KMX YacTOT 3aKJIIOYaeTCsi B TOM, YTO NMEPHOABI 3apsiiKd U Pas3psiKu
koHaeHcaropoB C6 u C7 cMelleHsl BO BpeMeHH (puc. 25). B TeueHne nmpomexyTka BpeMeHH t,, KOTraa uMeeTcst pe3koe



yYMEHbIIICHHE HanpsDkeHuss Ha Koujaencarope C6, kxonaeHcatop C7 TMPOAOIKAET OCTABATHCS 3apsDKCHHBIM, U
HamnpsbKeHHe Ha HeM onpenesnsercs BeipaxenueMm (19). [lpu atom HanpspkeHune Ha Beixoae [TUH

U'BbIX = Uc; — AUg312 = Uy — AU = U — 2QU.
Benencteue Manoit JUIMTENLHOCTH POMEKYTKA BPEMEHHU 1, JUist 06eCTIeueH s TTOCTOSHCTBA HATIPSIKEHHS HA BBIXOJIE

IMTYH TpebyeTcsa xonaercatop C7 Hebonpmoi emkocTd. K MOMEHTY oKkOH9aHUS mepuofa t, 3aBeprmaercs 3apsaKa KOH-
nercatopa C6 u HanpspkeHne Ha Beixoge [TYH

U" guix = Ues — AUga10 — AUpa11 = U — 20U.

OT0 HampspDKeHHE paBHO HampspkeHUIo U'y,, KoTopoe oOecreunBanock Ha Beixoge [TUH B mepwon t; BcimencTsue
neiictBus KoHaeHcatopa C7.
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Puc. 25. ®opmbl curHanoB anemeHToB NMNYH no cxeme puc. 24

Iepuop ty, B TeueHME KOTOPOTO 3apsKaeTcs U paspsbkaercs Konjencatop C7, HAUMHAETCS JIMIIb MTOCNIE OKOHYAHUS
nepuoja t,. bnarogaps atomy y ITUH, BEIMOMHEHHOTO COrTacHO cxeMe pHuc. 24, OTCYTCTBYIOT IPOBAJbl B BBIXOJJHOM
HanpspkeHuH (M. puc. 25). Takoii xe addext nocruraercs npu peanusanun B [THH npununa «cneasmei pa3psakua
KOHJIEHCATOpa 3allOMHHAIOLIETO 3JIEMEHTA.



CyTp mpuHIOMIA 3aKII0YaeTCs B TOM, YTO pa3psgka WIM 3apsika KOHACHCATOpa 3allOMHHAIOIIETO 3JIEMEHTa,
OCYIIECTBIIsIEMasl B KOHIIE Ka)KIOTO IUKJIAa BXOJHOTO CHTHAJA, IPOBOIHUTCS 0 PA3IMIHON BEIMYMHBI HANPSIKCHAS Ha
KOHJIEHCATOpEe B 3aBHCHUMOCTH OT YacTOTHI BXOJHOTO CHT'HAJa, JEHCTBYIOIIETO B T€UCHHE AaHHOTO Hukia. [lpm sTom
peamu3yroTcs CICOYIONINE PEeXUMBI 3apsAOKd WX pPa3psAOKd KOHISHCATOpa 3allOMUHAIOIIETO JJIEMEHTa MOCie
OKOHYAHUS Ka)kKJOT'0 M3 IIUKJIOB BXOJHOTO CHTHAJIA:

€CIT YacTOTa BXOJHOTO CHTHANa B TEKyIIeM ILHKJIE paBHA €ro YacToTe B MPEIIISCTBOBABIIEM IHKJE, TO
KOHJIEHCATOp 3alIOMUHAIOILET0 3JIEMEHTA He 3apsKaeTCsl U He pa3pspKaeTcs, T. €. HalpsKeHUEe Ha HeM He U3MEHSeTCs;

IIPU 4YacTOT€ BXOAHOTO CHUTHAJa B TEKYIIEM IMKJIE, MEHbBIICH, ueM B MpeAbIIyIeM LUKIe, MOCIe OKOHYAHUS
TEKYILEero IUKJIa KOHIEHCATOP 3aIIOMUHAIOIIETO 3IEMEHTa pa3psKaeTcs 10 TAKOT'0 OCTATOUYHOTO HAMpPSKEHUs, KOTOpoe
JIOJDKHO COOTBETCTBOBAThH YPOBHIO 3apAKU KOHACHCATOPA HHTErPaToOpa B TEKYIIEM IUKIIE;

€CIIM 4acTOTa BXOJHOTO CHUTHAJIa B TEKYIIEM LUKJIE OOJbIlle, YeM B IPEIIISCCTBOBABIIEM, TO MOCIC OKOHYAHHS
TEKyILero NUKJa cpasy ke MPOMCXOAMT 3apska KOHJEHCATOpa 3allOMMHAIOIIEr0 3JIEMEHTa 0 HalpsKEeHUs,, KOTOpoe
JOJDKHO YCTAaHOBUTHCS HA HEM B COOTBETCTBHH C YPOBHEM 3apsIKA KOHICHCATOpa HHTETPATOPa B TEKYIIEM LIUKIIC.
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Puc. 26. Cxema MNMYH c npeo6Gpa3oBaHMeM BXOQHOro CUrHana B TeYeHUe LMKNa, copepxaliero
3NeMeHT cnegsiuen paspsagku

Cxema [T4YH, B xOTOpOM peanu30BaH NPUHLMII CIEAAIIEH pa3psaKu, NpuBeaeHa Ha puc. 26. OHa oTaM4YaeTcsi OT
cxembl [TYH mo puc. 21 HanmmumeM AOMOIHHUTEIHLHOTO JIEMEHTA CIEKEHMS, COCTOSIIEro M3 TpaHsucropos VT12 n
VT13, crabmwmurpona VD3 u pesuctopoB R20, R22 (Ha prcyHKe 3TOT JIEMEHT OYepUYCH TOHKOH CIUIOIIHOM JIMHUCH).

Kongnencarop C6 3amoMHHAIONMIETO 3JIEMEHTA pa3pshkKaeTcs depe3 Mepexoi KOJUIEKTOP — IMHUTTEp TPaH3HCTOpa
VT12, xOTOphIii OTKpBhIBAeTCs, Koraa K ero Oase moaBoaurcs Hampspkenune UB12, ma 0,4 — 0,5 B Oombiiee, yem
Hanpspkenue U 312, moBoanMOeE K €ro IMUTTEDY.

B ITYH, BhIMONHEHHOM IO paccMaTpUBAaeMOM CXeMe, cpa3y kK€ IOocCie OKOHYaHMA |-TO IMKJIa BXOJHOTO CHTHasa
MPOMCXOJUT OBbICTpasi 3apsaKa WM pa3psjaka KonaeHcatopa C6 3allOMHHAIONIETO DJEMEHTa 10 HalpsHKEHHS,
OIIPEJIeTISIEMOT0 HAIPsDKEHHEM, J10 KOTOPOro K JAHHOMY MOMEHTY 3apsiiuiicsi Konjaencatop C5 unTerparopa. Jlanee B
Teuenue Beero (i+])-ro rukina Hanpsokenue Ha Kouaercarope C6 0CTaeTcsi HEM3MEHHBIM U MOKET OBITh OIMPEIEICHO TI0

bopmye
Ucs(i+) = Un — Ucsmaxi + 24U. (20)

C y4eToM cTpyKTypsl 3TOH popMyIbl HanpsbkeHue Ha KoHjaeHcaTope C6 B TedyeHue 1-ro nukia

UC6t = Ua - Uc5max(i-1) + ZHU (21)

B nepuoa, mpeAIecTBYONMA OKOHYAHHUIO i-F0 [IMKIIA, HAIIPSHKCHUE
Ha Oa3e Tpanzuctopa V112

Ug12i = Ucei — ZEIU = U, — UC5max(i-l)- (22)
Taxoe xe Hanpspkenue Uiy = Upz mogsoaures k 6a3e tpanszucropa VT12 u k MOMEHTY OKOHUYAHHS i-I0 [UKIa, a
HaTpsDKCHUE, TOJIBOIUMOE K IMUTTEPY TpaH3uctopa VT12 ¢ maHHBII MOMEHT BpeMEHH,

Ua12i = Up — Ucsmaxi + 28U — Uyps, (23)

rae Uypsz — omopHoe HampsbkeHue cradmmutpona VD3,
C yuetrom ¢opmyis (20) BeipaskeHue (23) MOXKeT OBITh 3aIIMCaHO B BUJIE



U312i= Ucg(i+1) — Uvps. (24)
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Puc. 27. ®opmbl curHanos anemeHtoB MYH no cxeme puc. 26 nNpM ymMeHbLUEHWM YACTOThbI
BXOAHOrO cCUrHana

Jis Toro 4TtoOBI HMCKIIOYHTH pPE3KOe CHIKEeHHEe HampsbkeHus Ha Beixoge ITYH, HeoOxomumo obecrednTh
CJIEIYIOIIHE PEIKUMBI €0 Pa0OTHI CPa3y JKe MOCIe OKOHYAHHS |-T0 IMKIIa:

npu Ucg(i+1)>Ucsi KonzencaTop C6 NOKEH TOJNBKO 3apsKaThCs, a HANPSIKEHHE HA HEM yBenH4UBaThCA OT Ucg i- 10
Ucs(i+1);

npu Ugg(i+1)<Ucsi KonmeHCcaTOp C6 NOIDKEH PaspsKaThCs, U HANPSIKEHUE HAa HEM CHIKATLCA OT Uggi 10 Ucg(i+1);

npu Ugg(i+1=Ucsi KOHIEHCATOP HE JOJDKEH HU 3apSKATHCA, HU PaspsAKaThCA.

C yueroM dopmyr (22) u (24) HanpspkeHHE Mex Iy 0a30i U sMuTTepoM Tpanzucropa VT12 k MOMEHTY OKOHUYAHHS
1-ro nukna

Uga12i = U's12i — Ua1zi =Ucei — Uce(i+1) +Uyps — 20U. (25)

Jns peanusanyu yKazaHHbIX Bbllie pexknumoB padoTel [TUH Heobxoaumo, utodsl npu Ucgi=Ucgis1) 00€cnieunBanoch
3akpbITHe TpaHzuctopa V112, coorBercTBeHHO YeMy 3HaueHne UB3!2 nomkHo coctasisath 0,4 — 0,5 B. Hcxons u3
JAHHOT'O YCJIOBHS, 1O (hopmyJie (25) MOXKHO ONpeNeNUTh TpeOyeMyto BEIHYHHY OTIOPHOTO HAIPSHKEHUs! CTaOMIMTPOHA
VD3: Uyp= (0,44-0,5) +21U= 1,74-7,9 B. Haunbosnee 61M3K0 K yKa3aHHOMY 3HAUCHHUIO HANpPsDKCHHE CTaOWIN3aLUH



crabu-cropa tuma KC119A (1,9 B). IToatomy B paccMaTpuBaeMoi, cxeMe B KadecTBe cradmautpora VD3 npumenen
TAaHHBII cTabucTop.

Paccmotpum paboty .JTHH B npeanonaoxeHnn, 9To MPOJOIKUTENBHOCTH -0 IUK/Ia BXOAHOTO cUrHaia ty, 6osbime
npogomkurensHocTH (I — 1)-To mukina tyi, a mpomomkuTenbHOCTE (t — 2)-ro IHKIIa, IPEANIeCTBOBABIIETO UKITY | —
1, Takas xe, kak u mmkia i — 1 (puc. 27). K konry (i — 2)-ro mukina kougencatop C5 oka3piBaeTCs 3apsHKCHHBIM JI0
Hanpsokenust U'cs, mostomy B Tedenue (i — 1)-To mmkiia HanpspkeHus Ha KoHaeHcatope C6 u Beixomne [TUH

Ucs(i-1)=U'ce= Un—U'cs + 28U u Ugpik( —1)=Un-U'cs.

IMocne okonganwus (i — 1)-ro ruKIa HanpsbKeHUe Ha KouaeHcarope C5 Takke OKassiBaeTCs paBHBIM Beinunte U'cs

(puc. 27), 4eMy COOTBETCTBYET HampsiKeHUE Ha amuTTepe Tpansucropa VT12 Uy, = = Up—U'cs + 24U — Uypz=Us —
U'cs — 0,5. Tockombky fes<t,;, u3mMeHnenne nanpsokenus Ha kougeHcatope C5 3a BpeMs tes He yUUTHIBAETCSL.
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Puc. 28. ®opmbl curHanoB anemeHToB MNYH no cxeme puc. 26 npu yBenuMyeHMU 4YacTOTbl
BXOAHOro curHana

Hanpsokenne Mexay 0a30it u smurrepom tpausuctopa VT12 Uy, =U, — Uy ,=0,5 B. IIpu TakoM HampsuKeHHH
Mexay 0a30ii 1 amuTTepoM TpaHsuctop V12 nubo BooOIIe He OTKpoeTcs, MO0 cpasy ke 3aKpOoeTcs MOCie PaspsiiKu
koumercaropa C6 va 0,1 — 0,2 B. [ToaToMy B mepBOM NPHUOIMKEHUH MOYKHO CUUTATh, 4TO TOcae okoHuanust (i — 1)-
ro UUKJIa ¥ B TeYeHUE Bcero t-r0 nukia HampspkeHue Ha KonpaeHcatope C6H ocTaHeTCs MPaKTHYECKH MOCTOSHHBIM U
paBubM U = U, — U'cs + 27U,

K MomeHnTy oxoHuanus 1-ro uukna (puc. 27, Touka A) BeleACTBHE MosBiIeHHs HanpsbkeHuss Uy, Ha KOJUIEKTOpe
tpansuctopa VT1 uepes koumencarop C2 u 6azy tpamsucropa VT2 mpoxomut Tok lc), a Hanpsokenme UK2 ™
koyutekTope VT2 cHIKaercst NPakTUUECKH [0 HyJs, 4YTO oOecnedrBaeT BBIKIIOYEHHE TpaHsucropa VT13 ¢
OTKJIIOYEHHEM OT OTPHIATENIFHOTO IIOJIIOCa MCTOYHMKA NUTaHMs Oas3bl TpaHsucropa VT12. Tem cambiM co3maercs
BO3MOXKHOCTH BKJIIOUeHHs Tpansucropa VT12. K atomy Momenty konaeHcarop C5 oka3bIBaeTCsl 3apspKEHHBIM JI0 Ha-



npspkeHnst Ucs”', KOTOpOMY COOTBETCTBYET HampspKeHHE Ha smurTepe Tpansuctopa VT12 Usp i = Un — Ucs"+21U —
Uvpz=U, — Ugs" — 0,5. Hampskenne ke Ha Beixone [TYH u, ciemoBatensHo, Ha 6aze Tpansuctopa VT12 B maHHBIN
MoMmeHT BpeMeHH Ugpki = Ugp i=Up, — U's. Vkazanaem 3HaueHussM Ujg;, | B Vo COOTBETCTBYET Pa3sHOCTh

HATPSKCHUN MEX Ty 0a30i U IMUTTEPOM TPaH3UCTOpa U];312i =UC5'-UC5' + 0,5
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Puc. 29. Cxema MNYH c npeo6paszoBaHneM BXOQHOro CUrHana B TeYeHUe UUKINa, copepKaliero
3neMeHT cneasuero pa3psaa, BbINONMHEeHHbIN Ha 6a3e uHTerpanbHbIX MUKPOCXeM
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Puc. 30. OnemeHTbI cxembl NMYH no cxeme puc. 29

Tak Kak MPOJOUKUTENLHOCTh l-20 1mkiaa Beime, yem (i — 1)-ro mukma, o Ug'>Us. Berencteue storo
Tpanzucrop VT12 oTkpbiBaeTcst 1 HaUMHaeTCst pa3psiika koHaeHcaTopa Co. OHa Oy/eT npoaoiKaThes 0 TeX 1op, MoKa
HampspkeHne Ha KoHgeHcatope C6 He cuusutes 1m0 3HadeHHs Ugg'=Un — Ugs" + 2JIU. U3 paccMoTpeHHs 3TOro
BBIPQKEHUS ClIeAyeT, uTo BeauunHa U paBHAa TOMY HANPSOHKEHUIO, KOTOPOE IO0/DKHO YCTAHOBHTHCS HA KOHACHCATOPE



C6 B (i+])-M uukie B pesyinbrare 3apsaku konpeHcatopa C5 go HamnpsokeHuss Ucs". DTo o3Hayaer, yTo OOJIbIIE
HUKAKUX M3MEHEHHMH HAMpsOKEHNS Ha KoHaeHcarope C6 B Mepuoj BpeMeHH Lz He Ipou3oiieT, T. €. U Ha Bhixoae [TUH
OyIyT OTCYTCTBOBATh MPOBaJbI HanpsbkeHUss UgbIX (cM. puc. 27).

Paccmorpum paboty ITUH, BEIIONHEHHOTO 1O cXeMe puc. 26, KOTraa MpoAOIDKUTEIRHOCTE 1-20 muKia t, MeHbIIe
npoaomkurensHocTH (i — 1)-ro nukmna ty (puc. 28). st JaHHOTO CiTydasi K MOMEHTY OKOHYAHHUS 1-20 1MKiIa (Touka 4)

OyAyT CIIpaBeININBEI paHee MOTydeHHbIe (POPMYITBI, BTOM umnciie cootHomeHne Ugy o = Ucs" — Ugs' + 0,5.
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Puc. 31. ®opmbl curHanoB anemeHToB NYH no cxeme puc. 29

Taxk xak u.5>U, 5", 1o Hanpspkerue Ugy, <0,5 B, uT0 00ecnieunBaeT 3akpeIToe cocTostHue Tpausucropa VT12 u tem
caMbIM TpeIoTBpallaeTcs paspsaka konaeHcaropa Co6. Hapsay ¢ 3TUM B KOHIIE i-TO LUKJIA TPOUCXOIUT YMEHBIICHUE
1o Hyns HanpspkeHus U, M Ha Koiuiekrope Tpansucropa VT1 mosiBisiercst HanpspkeHne Ug;. DTO NPUBOIHUT K
KpaTKOBPEMEHHOMY ITPOTEKaHHIO TOKa yepe3 KoHaeHcaTop C3 u 6a3y Tpanzuctopa VT3, B pe3ynbTare 4ero TpaH3uCTop
VT3 oTkpeiBaeTcs, a Tpansuctop VT7 3akpeiaercst U KoHjeHcaTop C6 3apsxkaercs 10 HanpskeHus U'cg(ivy=Ucs'=U, —
Ucs"+2/{U. Otomy cootseTcTBYeT Hanpsikenue Ha Bbixoge [TUH Ugyyivyy=Un — Ucs™

W3 rpaukoB, npuBeaeHHBIX Ha pUC. 28, BUIHO, YTO H JUIS JaHHOTO city4ast Ha Beixoze [TUH oTcyTeTByIOT npoBais
HAaIpPsDKEHNUSI.

IMpu 3amene B ITYH, BBIMONTHEHHOM TTO cXeMe pHC. 26, psiia TPaH3UCTOPOB WHTETpabHBIMU MuKpocxemamu (DD,
DD2, DA1) 3HauuTENBHO COKpAIIAETCs YHCIIO KOMILIEKTYIONIMX u3zieauid. B cocraB munterpaTopa takoro ITYH (puc.
29) Bxomut koHzneHcaTtop C4, 3apspkaeMblil uepes pe3uctop R7, a 3aoMUHAIONINIT AIeMEHT colepKUT KoHIeHcaTop C5,
HAIpsDKEHHE Ha KOTOPOM OIPE/IENseTCs YPOBHEM HAPSDKEHHMS, 10 KOTOPOTO 3apshKAeTCs K KOHILY IPEIbIIYIIEro UKIIa



koHzaeHcatop C4. Takas CBsI3b HaNpsDKEHUH 0OeCTieunBaeTCs BCIICIACTBUE COCTUHEHHUS MEXIY COOOM KOHIEHCATOPOB
C4 u C5 gepes tpausuctopsl VT1, VT2 u VT3, BKIIOYEHHBIC TI0 CXEME 3MHUT-TEPHOTO mMoBTOpHTEIs. OnepannoHHbII
ycwmtenb DAL, BKIIIOUEHHBIH MO CXEeMe MOBTOPUTENS HAMPSOIKEHHUS, 00ECIeUunBaeT YCHIIEHHE MOIIHOCTH CHTHAJIA,
MOCTYMAIOIIET0 Ha BBIXOJ YCHINTENS 0T KoHAeHcaTopa Co.

DJeMeHTHI CXEMBI, depe3 KOTOphIE 3apsDKaloTCs W paspsokaroTcs koHaeHcaTopsl C4 n C5, mokasansl Ha puc. 30.
®opmupOBaHKE NMEPHOIOB 3aPAIKH U Pa3psAAKH STHX KOHJEHCATOPOB BBIMOJIHACTCS C IOMOIIBI0O OJHOBHOPATOPOB, CO-
Opannbix u3 anemeHToB DDL2, DD1.3 u DD2.2, DD2.3, Bxojsiuue B COCTaB HHTErpalbHbIX MukpocxeM DD1 u DD2
(cMm. puc. 29). Konnencatop C4 3apsixaercs B IEpHOIBI BpEMEHH, KOTIa HAaNpsDKEHUE Ha BbixoJe anementa DD2.4 (cum.
puc. 30, Touka P) uMeeT HU3KUI ypoBeHb. [IpM NOSBIEHMHM Ha A3TOM BBIXOJE HAMNPSHKEHHS BBICOKOTO YPOBHSA
MIPOMCXOUT ObICTpast pa3psaka KonaeHcartopa C4 yepes napajuiesibHO CoeJUHEHHbIE pe3uctopsl R7, R6 u nnox VDS.

OcoOeHHOCTh paccMaTpUBaeMOW CXEMBI 3aKIII0YACTCsl B TOM, YTO KOMaH/Ibl Ha 3apsAKy W pa3psaKy KOHJEHcaTopa
C5 mopmaroTcsi OMHOBPEMEHHO, KOTAa HampsbkeHHe Ha Bbixone anmementa DD1.3 (touka F) uMmeeT HU3KHI ypOBEHb, a
HanpspkeHne Ha Bbixoje anementa DD1.4 (touka K) — Beicokuit. [Ipr 5TOM BO3MOKHBI CIIEAYIOIINAE PEKUMBI 32 PSIIKH
WIN pa3psAKH KOHAECHCATOpA.

1. Ecnit HanpsKeHune, 10 KOTOPOTo paHee (T. €. B KOHIIE IIPEABIIYIIEro UKIIa) ObLT 3apsbkeH KoHaeHcaTop C5 BeImie
HAIPSDKEHHUS, KOTOPOe TOMBOANTCS K 6ase Tpamsucropa VT3 ot koHmencatopa C4 (uepe3 tpansuctopsr VT1, VT2), To
3apsika KoHaeHcaropa C5 OTCYyTCTBYET, M OH TOJIBKO paspsbKaeTcs depes Iellb, cocTosmyo u3 auoaa VD6 u pesucropa
RO.

Paspsinka xongeHcaropa C5 NMPOUCXOAUT A0 TAKOTO MOMEHTA, KOTAa CHIDKCHHE HANpPSDKEHUS HAa HEM JIOCTHIaeT
BCJIMYUHBI

Ucspas = Un — Ucs + AUsg1 + AU3s2 — AU3gs3, (26)

rae U5 , AU, 1 [Usp — maneHus HanpshKeHHs Ha mepexojie 0a3a — SMUTTEp TPaAH3UCTOPOB COOTBETCTBEHHO
VT1, VT2 u VT3.

HanpHeitmas paspsaka konaeHcartopa C5 mpekpamiaeTcs» M HalpsDKeHHE Ha HEM TOAJEpP)KUBAETCSI HA YPOBHE,
ompeznensieMoM Qopmyioit (26), B pesyibraTe INOAKIIOUSHUS KOHJAEHcAaTopa K ero 3apsaHod uenu (uepes
OTKpbIBaoLIuiics Tpauuctop VT3).
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Puc. 32. 3aBuCUMOCTb HanpsKeHUs U, NM4YH (cMm. puc. 29) oT YacToThbl BXOAHOrO CUrHana:
1 1 2 — HanpsXkeHMA NUTaHUA cooTBeTCTBEeHHO 12 10,8 B

2. Ecnu HampsbkeHue, 10 KOTOpOro paHee ObLI 3apsbkeH kKoHaeHcaTop C5, Ha 0,4 — 0,5 B Huke, yeM HampsbKeHue,
moaBoauMoe kK 0aze Tpamsucropa VT3 ot konaencatopa C4, TO JaHHBIM TPAH3MCTOP OTKPHIBAETCS W YEpPe3 HEro
koHaeHcarop C5 3apspkaeTcs 10 ypoBHs, onpeessieMoro ¢popmyioi (26).

Jnst uimoctpauu padoTsl paccmarpusaemoro ITUH (cm. puc. 29) Ha puc. 31 nokazaHo M3MEHEHHE BO BPEMEHH
HAMpsKEHUS B HEKOTOPBIX TOUYKAX CXEMbI IPU PA3IMYHBIX YaCTOTaX BXOAHOrO CUrHana. M3 pucyHka BUJHO, YTO IpHU
naHHOH cxeMe Ha Bbixojie [TUH oTcyTCTBYIOT «1IpOBaNbl) HANpPsHKEHUSL.

Ha puc. 32 npusenens! nosnyuenssie npu ucneltanusx [TUH 3aBucumoctn nampsbkenus Uy, Ha €ro BBIXOAE OT
vyactotel f BXogHOro curHana (mpu Hampspkennd nutanus 10,8 um 12 B). 3aBucumoctn Ugky = F(f) sBistores
HEJIMHEHHBIMH, OJJTHAKO B HUX MOTYT OBITh BBIICJICHBI ABA TMHEHHBIX yUacTKa.

IT9H c yckopennvim (8 meuenue noayyukia) npeobpazosanuem 6xoonoeo cuehara. Ocobennoctpro qanHoro [TYH,
CTPYKTYpHasi CXeMa KOTOPOTo IIPHUBEJCHA Ha pHC. 33, ABIAETCA HAJIMYNE JABYX MHTETPATOPOB. Y MEPBOTO MHTErpaTopa
3apsKa M pas3psAAKa MHTErpUpyromero konaeHcaropa C/ mpoTekaioT B TeUeHHE JeiicTBHA MMITyabcoB U, BXOIHOTO
curHana (TMepBBI TONYIHKI), a B MNPOMEXKYTKE MEXIy HUMH (BTOpPOH IIONYIMKI) HANpsOKCHWE Ha JaHHOM
KOHJICHCATOpe OCTaeTcss HEM3MEHHBIM (IIepHO]] 3aIIOMUHAHMS YPOBHS HanpspkeHHs). Bo BTopoM uHTErparope 3apsika



U pa3psijKa HHTErPUPYIOLIEro KouaeHcatopa C2 MpOUCXOAAT MO/ ACHCTBUEM HHBEPCHOTO BXOJHOTO cUrHana t7gy, UM-
MyJIbC KOTOPOTO TOsBIIsAeTCS B mepuonsl t, (puc. 34). Bo Bpems neidcTBus uMiynbcoB UBX HampspDKeHHE Ha
koHzaeHcaTtope C2 He MeHsIeTCs (3aIIOMUHAETCS).
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Puc. 33. CtpyktypHasa cxema NYH ¢ npeobpa3zoBaHMeM BXOAHOro curHana B Te4eHue nonyumkna

Konnencaropsl uHTErpaTopoB cBsizaHbl ¢ BeixogHoH nemnbto ITYH yepes anement tuna UJIM, kotopslil nponyckaet
Ha BbIxox [TYH HampspkeHme TOro M3 KOHIEGHCATOPOB, KOTOPOE B JAHHBIH MOMEHT MMeEeT Oosbluee (MM MEHbIIEE)
3HauEHHUE.

B nauane nepuonos ty, u t, popmupyrorcs kopoTkue UMITYIbCHI Upay U Upayy TIPOSOIKUTENLHOCTBIO s, B TEUECHUE
KOTOPBIX IPOUCXOIUT HoouepeHas ObIcTpast pa3psaka KoHaeHcatopoB C/ u C2, mocie 4ero HauMHaeTcs UX 3apsjIka.

W3 anann3a n3meHenus HanpsoxeHus U 1 Uc, Ha KOHAEGHCATOpax MHTETPATOPOB CIEAYET, 4TO Mpolecc 00paboTku
BXOJHOTO CHTHAJa, XapaKTEePHU3YIOIIMICS IpeKpalleHHeM HW3MEHEHUS YKa3aHHBIX HalpsDKeHHH, 3aBepiuaeTcs B
TEYEeHHE MOIYIUKIOB BXOJHOTO curHana. CriemnoBaTensHo, B paccMarpuaemMoM [TUH obecnieunBaeTcs 6osee BEICOKOE
opicTpopeiicTBre o cpaBHeHUI0 ¢ [TYH 1o cxeme puc. 26. B wacTHOCTH, TP CKBaKHOCTH BXOJIHOTO CHTHAJA, PABHOM
2 (t,=t,), ObicTpOICHiCTBHE YBEIHUUBACTCS B 2 pasa.

JanHoe mojOXHTENbHOE KadecTBO paccMartpuaemoro [IYH mpuoOperaer ocoboe 3HaueHHWEe B Ciydae
HU3KOYAaCTOTHBIX BXOJHBIX cHUrHayoB. Ciexyer, 0JHaKo, UMETh B By, YTO MaKCHUMaibHOe ObicTponeiicteue [TUH
MOXHO PEaJI30BaTh TOJIBKO NPH YCioBHH paBeHCTBA BeMWYMH Ugimax ¥ Ucomax. B MpoTHBHOM citydae OynyT mMmeTh
MECTO MyJbcallui BeIXomHoro HampspkeHust ITUH (puc. 34), m g ux crioaxuBaHus NOTpeGyeTcs IpHUMEHEHHe
nononuutensHoro ®HY. Oto, B cBOoO ouepens, MpuBeAeT K cHIKeHuio ObictpoaeiicTeus ITYH. Takoi xe uimbTp
OKa)KeTCsI HeOOXOAMMBIM NP HECTAOMIBHOCTH CKBaXKHOCTH BXOJHOTO CUTHAJA, KaK, HallpUMep, MIPU UCTIOIb30BaHUH B
Ka4yecTBE BXOJHOTO CHUTHAJIAa MMITYJIbCOB IIPEPHIBATENS PACTIPEACTUTENS CUCTEMBI 3aKUT'aHHUS.

Paccmorpum paboty ITYH c mpeobpa3oBaHuMeM BXOJHOI'O CHTHAla B TEUYEHHE MOIYIHKIA, HCIOJIB3YEMOTO B
CHCTEME aBTOMAaTHYECKOTO YIIpaBJeHHA cueluieHHeM (puc. 35). B MOMeHT mosBIEeHHS MMITyJIbCa BXOJHOTO CHTHAja
Usy (puc. 36, Touka A) otkpeiBaercs Tpansuctop VTl (cm. puc. 35), B pesynpTare dero HampspkeHue U, ka ero xoi-
JIEKTOpE YMEHBIIAETCS NMPAKTHYECKH JI0 HyJs. OTO NPUBOAMT K CIEAYIOLIIMM H3MEHEHHsM B pabore cxemsl. [lms
IPOXOX/IeHns1 6a30Boro Toka lgs Tpamsucropa VT6 coszmaercs mens, B pe3yiabTaTe 4ero oOecreuynBaeTcsi OTKPBITHE
nepexojia SMUTTEP — KOJUIEKTOP JIaHHOTO TPaH3MCTOpa, NMpUBOJsIIee K OblcTpol paspske koHuaeHcaropa CJ. Ilpu
MIPOXOXJIeHNH ToKa lgg uepe3 konneHncarop C4 oH 3apspKaeTcs, B pe3yibTaTe yero cuia toka |1b6 cHmkaetcst 10 HYIISL.
ITpn stom Tpam3uctop VT6 3akpbIBaeTcss M CO3JaeTCS BO3MOXHOCThH IIOCIENyIOIIeH 3apsaku KoHjeHcaropa CJ.
Bceneacreue ymenblieHus a0 Hyist Hanpsbkenust Uyy 3akpbiBatoTest Tpanzuctopsl VT2 u VT3. 3akpbiTue TpaH3HCTOpa
VT2 npuBOAUT K NPEKPALICHHUIO 3apsiikyd KoHaeHcaTopa C2, KOTOpPOE paHee OCYIIECTBIISIIOCH Yepe3 MEePEX0/] IMUTTED
— KOJIJIGKTOP AAHHOTO TPAaH3UCTOpa U pe3ucropa R7.
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Puc. 35. Cxema NYH c npeobpa3oBaHMem BXOAHOro CMrHasna B Te4eHue nonyuukna



B Teuenue Bcero mocuenyromero nepuopa tk AeHcTBHA HMITylbCa BXOJHOTO CHrHaja HampspkeHne Uc2 Ha
koHzaeHcatope C2 MpakTHIeCKH He u3MeHseTcs (cM. puc. 36). 3akpeiTre TpaHzuctopa VT3 NMPUBOAWT K MOSBICHUIO
HanpspkeHns: UK3 BBICOKOTO YPOBHS Ha €ro KOJUIEKTOPE, BCICICTBHE 4ero OTKphIBaeTcs TpaHsuctop VT4 u KoHIeHca-
Top C5 3apsoxaercs depe3 pesuctop R16. Kongencatop CJ5 3apspkaeTcs B TEUEHHE MOYTH BCETO IEPHOAA NEHCTBHA
HMITyJIbCa BXOAHOTO CHTHANa, 3a MCKIIOYEHHEM OYEHb KOPOTKOTO MPOMEXYTKA BPeMeHH tn,. Ilpm 3axpertum
tpamsucropa VT3 gepe3 pesuctopsl R12, R11 n R13 paspspkaetcs panee 3apsauBmmiicss kouaercatop C3. B teuenue
BCEro neproya t, 1elcTBrs UMITyJIbca BXOAHOTO cUrHaia Hampsbkenue Uc, Ha kongeHcarope C2 uMeet OoJiee BEICOKHN
YPOBEHb 110 CpaBHEHHIO ¢ HanpsbkeHHeM Ucs Ha xonzaeHcaTope C5. BenencrBue storo k 6ase tpansucropa VT8 Oyner

nmonseneHo Hanpsikenue Upg = = Uy — Ucgp, koTopoe Hmxke Hanpspkenus Ug; = U, — Ucs, mogBogumoro k 0ase
Tpan3ucropa VT7.
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Puc. 36. ®opmbl curHanoe anemeHToB NMYH no cxeme puc. 35: a u. 6 — cooTBETCTBEHHO NpwU
HU3KOM U BbICOKOW YacToTax BXOAHOIo CUrHana

Tpansucropslt V77 u VT8, BKiIIOYEHHBIE 0 CXEME 3MHUTTEPHOrO IMOBTOpHTElsi, oOpaszyror cxemy Ttuma WJIU,
KOTOpasi IPOITyCKaeT Ha BBIXOJI BXOJHOE HANpsDKEHHWE HuU3Iero yposHs. Ilostomy k 6asze tpansucropa VT9, takxke
BKJIFOUEHHOTO TI0 CXeM€e SMUTTEPHOTO MOBTOpUTENS, OyaeT moaseneHo HanpsikeHue Ugg =/Ugs +Usp3 = = Uy — Uomax
+ U,ps (tme JAU-ps — TazeHne HampspKeHHst B epexojie SMUTTep — 0asa Tpanszuctopa VT8). DToMy HampsikeHHEO
OyzeT cCoOTBETCTBOBATh BhIX0AHOE HanpspkeHue [TYH



Uguix = Un - Ucamax + AUsgs + AUss9 — AUsp10 - AU2g14, (27)

rae AUspe, AUsg 10 1 AU,y | — HajgeHns HanpspkeHHs Ha IIepexoje dIMUTTEp — 0a3a TpaH3HMCTOPOB COOTBETCTBEHHO
VT9, VT10, VT11.
[Nagenne HampsokeHWsT Ha mepexome 0Oa3za — osmuTrep TpamsucropoB VT8, VT9, VT10 u VT1l B mepom

MIPHUOIIMKEHUH MOXKET OBITh TIPUHATO OOMHAKOBEIM. Toraa hopmyna (27) mpuobperaet Bug Uy, =

[Mocne okoHuUaHWS ACHCTBHS HWMITyJIbCa BXONHOTO cHrHama (cMm. puc. 36, a, Touka b) HampsokeHme Ha 0Oase
Tpamsuctopa VT1 cHIbkaeTcs mo Hyms, a HanpspbkeHne UK Ha ero KOJUIEKTOpe Bo3pacTaeT. B pesynbraTe 3aKphITHA
tpamsucropa VT1 gepes pesucroper R4, R17 um R18 paspsokaercs panee 3apspkeHHBIH KoHmeHcatop C4. Tem cambpIM
CO03/1aeTCsl BO3MOXKHOCTD TIOCJIEYIOIIEro BKIIIOUEHHsT TpaHzucropa V16 (B ciiefyronieM 1ol y nukie paboThl CXEMBI).
Kpome Toro, 3akpeitue Tpanszuctopa VTl BbI3bIBacT cieayromye H3MEHEHHs B paboTe CXEeMBI: OTKPBIBAIOTCS
tpan3uctops! VT2 n VT3 u 3akpsiBaercs Tpansucrop VT4. B pesynbrate oTKpbITHS Tpan3uctopa VT3 co3paercs Lenb
JUIsl TIPOXO’KAEHHs 0a30Boro Toka lgs Tpanzucropa VTS, Gnaronapst yeMy OTKpBIBAeTCs IEPEX0]] SMUTTEP — KOJUIEKTOP
JITAaHHOT'O TpaH3KCTOpa M OBICTPO paspspkaercs: koHaeHcarop C2. Ilpu npoxoxxaenun Toka lgs kongencarop C3 ObICTpO
3apspKaeTcs, 4TO OOYCIOBIMBaeT 3akpbiTHe TpaHszucropa VT5. Tem caMbiM NOATOTOBISIETCS BO3MOXHOCTB
mocyeIyrorei 3apsaku kouaeHcaropa C2.
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Puc. 37. 3aBucumocTtb BbixogHoro HanpsikeHusi NMYH no cxeme puc. 35 oT 4acToTbl BXOQHOro
curHana

Kpome Toro, otkpsiTHe TpaHzuctopa VI3 MpUBOIUT K 3aKPBITUIO TpaH3ucTopa VT4 u mpeKpalleHuIo BCIeICTBHE
aToro 3apsiaku KouaeHcaropa C5. B pesynbrare Hampspkenue 1)cb Ha KOHIEHCATOpE B TEYeHHE Bcero mepuona t,
(Mex 1y MMITyJIbCAMU BXOJHOTO HAIPSKEHHUS) OCTAaeTCsl HEM3MEHHBIM (CM. puc. 36).

B pesysbrate oTKphITHS TpaH3ucTopa VT2 yepes ero mepexoj SMUTTEP — KOJUIEKTOpP M pe3ucTop R7 3apspkaercs
koHAeHcarop C2. 3apsiika NMpOJODKAeTCsl B TEUSHHWE BCEro Iepuoja t,, 3a MCKIOYeHHeM HeOOJBIIOro MPOMEXYTKa
BpeMeHH 1, Ilpu sToM Hampsixenue Ucs Ha koHaeHcartope C5 Beimie HanpskeHus Uc2 Ha konzeHcatope C2 o,
cnenoBatensHo, Hampsokerne UE? Ha Gase Tpamsmctopa VT7 mMeer Oornee HH3KHHA ypPOBEHB IO CPAaBHEHHUIO C
HanpsbkeHneM UBS nHa 6a3ze Tpansucropa VT8. Takum obOpaszom, k 6aze Tpansuctopa VT9 okasbiBaeTcs MoIBEICHHBIM
nanpsokenne Ugy = Ugy + OUsp7 - Uy — Ugs max + + AU.y7 (tne IUsp7 — NajieHne HapsuKeHHUs B IEPEXOE IMUTTED —
6a3a tpansucropa VT7). Dtomy cooTBeTcTBYeT HanpsbkeHue Ha Bbixone [TUH Ugyy = U, — Ucsmax-

Takum oOpa3om, B Teuenne nepuoza ty Hampspkenne Ha Borxoge [TUH U, ' = U, — Ugmax, @ B TeUEHUE meproia
th\Uspiy" = Uy — Ucsmax-

Berre yxxe 0TMe4anoch, 9To B peaslbHBIX yciaoBusax pabotsl [TYH TpynHO obecreunts TOUHOE paBeHCTBO Bemmunn
Ucomax % Ucs max-

[TosTOMY [UIs CrIIQXKUBAHUS MYJIbCALMI BBIXOJHOTO HAPSDKEHHS, BOBHUKAIOIINX IPU HEPABEHCTBE

Benmuud Ugma 1 Ucs max, B peanbroit cxeme ITUH npumenen ®HY, comeprkamuii pesucrop R22 u koHIeHCATOP
C6 (cMm. puc. 35). OueBHAHO, YTO HaNMYMe Takoro QuibTpa ymeHsmmaeT OvicTponeiicteue ITUH. ITostomy ITYH,
BBINIOJHEHHBIH [0 paccCMaTpUBAEMON CXeMe, B ClIydae HEelOCTOSHCTBA CKBaXKHOCTH BXOJHOTO CHUTHAJIA MPAKTHYECKH HE
HMeeT IIPEeUMyIecTB B ObicTpoaeiicTBuY 1o cpaBHeHHIo ¢ [TYH no cxemawm, npuBeieHHBIM Ha puc. 21, 24, 26 n 29.

ITyTeM COOTBETCTBYIOIIETO BHIOOpa COMPOTHBICHHS PE3MCTOPOB M KOHICHCATOPOB Bpemssazarounmx uenei (R7,
R16, C2 u C5) B ITYH mo cxeme puc. 35 MoxHO nony4yuTh 3aBUcUMOCTh Ugyy = F(f) (rme f — wactora BXOAHOTO



currana) npu U,=10 B (puc. 37), npubnmkaroriytocs k JnaerHoi. [Ipu 3ToM, 01HaKO, Cy)KaeTcsl Tuana3oH H3MEHEHUS
HampspkeHuss Ha Beixoge ITYH, xoTopslii B JHHEWHOW 30HE COCTAaBIIAECT Bcero Jumb okono 40 % HanpspKeHUs
HUCTOYHMKA TuTaHus. Jnana3zon m3MeHeHus Uy, MOXET OBITh YBEIHMYEH, HO TOJBKO 3a CUET YXYALICHHS JIMHEHHOCTH
xapaktepuctuku Ugyy — F(f); T. e. paccmarpuBaemas cxema He MMeeT MPEMMYIIECTB 10 CPABHEHHIO CO CXEMaMH Ha
puc. 21, 24, 26 u 29. Tak, u3 comocTaieHus 3apucumocteit (A,pix = =F(f), npuBeneunsix Ha puc. 23, 32 u 37, BuaHO,
YTO U1 BCEX CPAaBHUBACMBIX CXEM YMEHBIICHHE AHMana3oHa W3MEHEHWs HampspkeHus Uy, TO3BONSET YIIy4IINTh
JMHEHOCTh Xapakrepuctuky [TUH.

C yueroM ocobeHHocTel paccMoTpeHHbIX Bbime I[TYH pasnuynoro Tvma MOryT OBITH JaHBI CIEAYIOLIHE
PEKOMEHAALUH 110 UX BBIOOpY:

IPU  BBICOKOW YacTOTE BXOAHBIX CHUTHAJIOB (BBIIIE COTEH TepL) W OTCYTCTBHHM OCOOBIX TpeOOBaHMH K
OBICTPONICHCTBHIO MPeo0pa3oBaHusl MPEAIOUTHTENBHBIM sBisieTcs: npuMmeHenne [TUH ¢ dopmupoBarenemM BBIXOIHBIX
CHUTHAJIOB IEPEMEHHON CKBaKHOCTH B coueTanuu ¢ ®HY;

IIPH 9aCcTOTAX BXOTHBIX CHTHAJIOB MOPSAKA SIMHHUI M AECATKOB TepIl 1 HEOOXOJUMOCTH BBICOKOTO OBICTPOACHCTBHS
mpeoOpa3oBaHUs U CBEJCHHUS K MHUHUMYMY IyJbCalliil BBIXOMHOTO HampspkeHus ITYH cremyer mpuMEHSATH CXeMy C
YHOpaBIsIEeMbIM HHTETPATOPOM BXOIHBIX cur-Hamos;

cxema ITYH c mpeoOpa3oBaHHEM BXOJHOTO CHTHAla B TE€UCHHE IONYIMKIA SBILETCS MPEIIOYTUTCIBHON, €I
CKB2XHOCTh BXOIHOTO CHTHaJla M3MEHSETCsS B HEOONBIINX Mpeaenax. B aTom ciaydae monmonHuTenbHBIN Guastp [TYH
MOJKET MMETh HEOONBIIYI0 IMOCTOSHHYIO BPEMEHH, YTO OOECIIEYHT MaKCHMalbHOE OBICTpONIEHCTBHE MpeoOpa3oBaHUsd
BXOJHOIo curHaja.

PErYNATOPbI CUJIbl TOKA

B aBTOMOOWJILHOI SJIEKTPOHHOM ammaparype 4acTo BO3HHKAeT HEOOXOJMMOCTh aBTOMATHYECKOTO PEryJIMPOBaHUS
CHJIBI TOKa B LEMM HArpy3Kd IO 33aJaHHOMY 3aKOHY B 3aBHCHMOCTH OT T€X WIHM MHBIX YIPaBIAIOUINX CHUTHAJIOB.
YacTHBIM cIIydaeM TakorO PEryJIMPOBAHHUS SBIAETCS MOAJCpXKAHUE IOCTOSHCTBA 3aJJaHHOW CHIIBI TOKa B LEMH IpPH
BO3MOJKHBIX W3MCHCHUSAX HANPSDKCHUS IHTAHUS, COMPOTHBIICHUS HATPY3KH, TEMIIEPATyphl OKpPYKAIOIIeH Cpeabl H
IpyTuX (PaKTOpOB.

CriocoOBl pemieHns 3afad PerylupOBaHHS CYIICCTBEHHO OTIMYAIOTCSA B 3aBHCHMOCTH OT TOTO, B KaKOH IenH
HEO0XOIUMO 00ECTIICUUTh pPeryIupoBaHue (WM MOAICp KaHUe ITOCTOSHCTBA) CHIIBI ToKa. Hambolee mpocTo pemaercs
9Ta 3aJada B ILEMIX Mallod MOIIHOCTH, TIE PETYIHPYIOIINE JJIEMEHTHI pabOTal0T ¢ HeOONBIION paccemBaeMoit
MOIITHOCTHIO. 3HAYUTENBHO CIIOXKHEE 00eCIIeYNTh HOPMATBHYIO paboTy CHCTEMBI PETYIMPOBAHUS TIPH TOKAaX HATPY3KH,
npeBbImarmux 1 — 2 A, 0COOCHHO eClii HEOOX0IUMO UMETh 3HAUUTEIbHBIIN TUaa30H PEryIupOBaHUs CHUIIBI TOKA.

Hmxe paccMaTpuBaroTCsl 3J€KTPOHHBIE CHUCTEMBI, KOTOPBIE MOTYT OBITh PEKOMEHIOBAHBI I aBTOMAaTHYECKOI'0
PETYIUPOBAHUS CHIIBI TOKA B IIETIAX C MOIIHOCTHIO HATPY3KH OT €AWHUIIBI 10 JIECSITKOB BaTT.

Cucrewmsl HenpepbIBHOIo perynnpoBaHunsa CUiibl TOKa

B HeEKoTOpBIX cHCTeMax YIpaBICHHS AaBTOMOOMJIBHBIMHU arperaTaMi il aBTOMAaTHYECKOTO PpeTyJIUpOBaHHA
JTABJICHUS KUIKOCTH MM KOJMYECTBAa TOIUIMBA, MOJABAEMOTO B JBUTATelNb, UCIIONB3YIOT KJIAIaHbl WM 30JIOTHUKH C
JIEKTPOMAarHUTHBIM TpuBoaoM. IIpn Takom criocobe ympaBiieHHs Uit oOecredeHns] CTaOMIbHOCTH PeryIMpPOBOYHOM
XapaKTEPUCTUKN HEOOXOANMO COXPAHSTh MOCTOSHCTBO 3a/laHHOW CHIIBI TOKa B OOMOTKE 3JIEKTPOMArHUTa HE3aBUCHMO
0T TakuX (pakTOpoB, KaK HaNpsDKEHHWE B OOPTOBOIT CETH aBTOMOOWIISL M TEMIIEpaTypa OKpY KalOIIe Cpebl, BIHSIONIAs
Ha COTIPOTHBIIEHHE OOMOTKH 3JIEKTPOMArHuTa.

Kak npaBuiio, B yka3aHHBIX CHCTEMaXx yNpPaBJIECHUs MCIOJIB3YIOT CPAaBHUTEILHO MajOMOIIHBIC 3JEKTPOMArHUTHI C
MaKCHUMaJIbHON CHJION TOKa Harpy3kH, He IpeBblmaromeif 1 A (mpu HOMHHAIBHOM HaIlpsDKeHUH O0pToBOi cetn 12 B).
Jlna ynpaBieHUsI TAKUMHU 3JIEKTPOMAarHUTaMH MOXET ObITh PEKOMEHAOBaHA CHCTEMa aBTOMAaTHYECKOTO MOIEp KaHUsS
CHJIBI TOKAa C TaK HAa3bIBAEMBIM PEXHUMOM HEMPEPHIBHOTO pErylIupoBaHus. lIpm TakoM peXuMe NpaKTHYeCKH
OTCYTCTBYIOT IyNbCAIlMM CHJIBI TOKAa B IIEM HArpy3kd, HO B CHJIOBOM pPETyIUPYIOIIEM 3JeMEHTe (BBIXOJHOM
TPaH3UCTOPE) PACCEUBAETCS 3HAUUTENbHAS MOIIHOCTb

P = (UH_IHRH) IH, (28)

rae lH — cuna 3a1aHHOTO TOKA HAarpy3kH; Ry — compoTuBiieHne HATpy3KH (OOMOTKH 3JIE€KTPOMArHuTa).

B kagectBe mpuMepa MOMOOHBIX CHCTEM peryJuMpoBaHMs Ha puc.38 TpHBeneHa CXeMa peryisropa,
oOecrieunBarONIero MNOAJEep)KaHUE 3aJaHHOH CHIIBI TOKa B OOMOTKE 3JIEKTPOMAarHuTa, NpeIHa3HAYEeHHOTO JUIst
pEryJIMpoBaHus aBJICHMS )KUIKOCTH B HAIIOPHOH MarrucTpaiy ruipoMexanndeckoii nepenaun. 1o npuHmumy neicTus
JIEKTPOHHBIA OJIOK HAITOMHUHAET KOMIICHCAIIMOHHBIN CTaOMIIN3aTOp HANPSDKEHHS. V3MepuTEIbHBIM 3JIeMEHTOM OJIoKa
sBisieTcst pesucTop R6, depe3 KOTOpBIM NMPOXOIUT TOK HAarpysku l,, smexrpomarnura. B kadecTBe ympaBisromiero
asIeMeHTa OJloka ucnonb3yercs Tpansucrop VT1, a perynupoBaHue (1ojyiep»aHue MOCTOSHCTBA) CHIIBI TOKa ., ocy-
IIECTBIISIETCS C TIOMOILBIO PETYIIHPYIOLIETo TpaH3ucTopa V12, paboTaromero B akTHBHOM PEKHME.

IIpumenenne crabunurpona VD1 obecrieunBaeT mocTosHCTBO HanpsikeHust Ugy, MOABOIUMOTO K 0a3e TpaH3uCTOpa
VT1, me3zaBucumo ot HampspkeHust U, 6oprosoit cetn. Hampsokerne U,;, mogBomumoe k smMutTepy Tpansucropa VT1,
orpeJiessieTcsl aJJleHueM HalpshKEHHs B U3MEPHUTENIbHOM pe3ucTope R6 npu npoxoxaenun uepe3 Hero toka l,,. Cuia
ToKa |, mpoxomsmiero yepe3 6a3y tpamsucropa VT1, onpenensercsa pazHocteio HanpsokeHnid Ug; u U,;. Uem Gombrie



9Ta pPa3HOCTh, TEM BHIIIE CHJIA TOKa lp;, CIENCTBHEM 4Yero SBISICTCS yBEJIMYCHHE CHIIbI Toka lyx; KoJulekTopa
Tpansucropa VT1, a Takxe cuisl Toka 0a3sl I, u KosutekTopa ly, Tpansucropa VT2, ONpenesionero BeIMIMHy TOKa
IoMm.
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Puc. 38. Cxema perynsitopa cunbl TOKa C HenpepbIBHbIM perysimupoBaHMeM U 3aBUCMMOCTb TOKa
l,w W HanpsxeHUAa Uct OT HanpskeHua U,

[TapameTpbl CcXeMbl pPACCUUTHIBAIOT TaKUM OOpa3oM, YTOOBI MNpU MPOXOXKAEHHM uepe3 pesuctop R6 Toka
AJIEKTpOMarHura l,,, 3aJaHHOIl CHIIBI IaJICHUE HANpPsDKEHUsI B pe3rcTope obecneunBaio Takylo pasHoctb Ugy — U,y
KOTOpast HEOOXOoauMa JUIs TOydeHUs ToKa Iy |,y 4. [IpM OTKIOHEHMH CHJIBI TOKa B OOMOTKE 3JIEKTPOMArHHTA OT
3aJaHHOTO 3HAYeHUS |, HapuUMep, B CTOPOHY YBEIHYCHHUS BO3PACTET MaJCHHE HANpsDKEHUS B pesuctope R6 u,
cleIoBaTeNbHO, YMeHbIHTCs pasHocTsh Uy, — Uy DTo mpuBeneT K CHIKEHHIO CHIIBI TOKA |y, ¥ BOCCTaHOBJICHUIO
MIPEXHEH CHITBI TOKA |,y B OOMOTKE 3JI€KTPOTJIaTHUTA.

B ciyuae ymenbpmieHus cuisl Toka ly,, HA0O0POT, mpou3oiaeT yBenumdenne pazHoctd Uy — Usl , uro 00ycnoBuT
BOCCTAHOBJICHHE 3aJJaHHOU CcHJIbI TOKa ., .. Hamo oTMeTnTh, 94TO CcHla TOKa B OOMOTKE 3JICKTPOMArHUTa HE 3aBUCHT HU
OT COTIPOTHBJICHHSI €0 OOMOTKH, HU OT HANPSDKEHHUSI ICTOYHHKA MMUTaHMA, TaK KaK peXuM paboTsl TpaH3uCcTOpoB VTl u
VT2 onpezaensieTcss UCKIIOYUTEIbHO MMaJCHUEM HampsiKeHUs B pe3uctope R6, xoropoe sBisiercs QyHKIHMEH TOIbKa
cutbl Toka l,,. JlaHHast 0COOEHHOCTh pacCcMaTPUBAEMOM CXEMBI SIBJIETCS BaXKHBIM €€ IIPEUMYIIECTBOM.

Ecnu mapasmensHO mepexofqy SMHUTTep — KOJUIEKTOp TpaH3ucrtopa VT2 NOAKIIOYNTH, Kak 3TO MOKa3aHO
LITPUXOBOH JIMHUeH Ha puc. 38, pesucrop R7, To TemoBoii pexum Tpanzucropa VT2 CyIIECTBEHHO YIIy4IIUTCS, TaK
KaK 4acTh TOKa OOMOTKHM JJIEKTpOMarHuta OyZeT MpOXOAWTH uepe3 3TOT pe3uctop. CompotuBieHue pesucropa R7
JTOJDKHO OBITH BEIOPAHO TaKWUM, YTOOBI MIPH MAKCUMAIBFHO BO3MOYKHOM HAIPSKCHAHU TTUTAHMS CHJIA MPOXOISAIIETO Yepes
HETO TOKa ObIIa He OOJIBINE 32JaHHOTO 3HAUCHUS |y

AHanmu3 TONydeHHOH NpPH HCOBITAaHUAX PAacCMATPUBACMOI CXEMBI 3aBHCHMOCTH CHIIBI TOkKa |,, B OOMOTKe
ANIeKTpOMarHuTa oT HampsokeHus U, uctounnmka muTaHus (puc. 38) mokas3blBaeT, YTO U3MEHEHHE CHIIBI Toka |, B
nmuamazoHe HampspkeHu 10,8 — 15 B cocraBmimo Bcero mums +2,5% (ot 0,96 mo 1,01 A). Ilpu MakcumambsHOM
HATPSKCHUW MUTAaHUS OOPTOBOU CETH, paBHOM 15 B, B perynmpyrommx 3JeMeHTaX CHCTEMBI PACCEHBACTCS MOIITHOCTb,
cocraBioNIas okojo 6 — 8 BT B 3aBHCHMOCTH OT CONpPOTHBIECHUS RIM 0OMOTKM 3JIEKTpOMAarHuTa, KOTOPOE TpH
W3MEHEHHHU ee TeMIepaTypbl kojebiercs B mpeaenax 6 — 8§ Om. Ilpu orcyrcTBum pesmcropa R7 Bcs 3Ta MOIIHOCTH
paccenBaeTcs B TpaH3ucTtope VT2, a B ciydae NPUMEHEHHs pe3ucropa R7 ¢ compoTuBicHHEM, paBHbBIM 6 Ow,
MOIIIHOCTh, pacceMBaeMas B Tpansucrope VT2, yMeHbIIIaeTcsi MPUMEPHO B 2 pasa.

[IpuBenenHsle IH(PHI ABIAIOTCA HATTMAAHON WINIIOCTpammell HeONarompusATHBIX >HEPreTHYECKUX IToKa3zaTeneit
CHCTEM HEMPEPHIBHOTO PETryIHPOBAaHMS CHJIBI TOKAa. B CBS3M C 3TUM CHCTEMBI JAaHHOTO THIA SBISIFOTCS MEHEe
YHHUBEPCAIBHBIMH IO CPABHEHHUIO C CUCTEMaMHU UMITYJIBCHOTO PEryJIMPOBaHUsI, 00JaIAIONIMMH HECPABHECHHO JTYYIIMU
[I0Ka3aTeJsIMU 110 MOILIHOCTH, PACCENBAEMO B PEryIUPYIOIINX 3JIEMEHTaX.

Cucremsl MMNynbCHOro perynmpoBaHusa Cuinbl TOKa



ITo npuHIMIY OEHCTBUS paccMaTpHBAeMble CHCTEMBI IOZOOHBI 3JIEKTPOHHOMY PEryJIATOPY HAmpsDKEHHS, HO
KOHTPOJIUPYEMBIM IIapaMeTpoOM B HUX SIBIIETCS HE perylIupyeMoe HalpsDKeHHe, a Cuila TOKa B IIEMH HArpy3KH.
ITprMepoM Takoi CUCTEMBI PEryJIUpOBAaHUS ABISETCS PErYIATOP CHIIBI TOKa B 0OMOTKE 3JI€KTPOMArHUTA, BXOISALIETO B
COCTaB YCTPOMCTBA aBTOMATHIECKOTO YIPABJICHHUS CIEIUIEHHeM aBToMoOms (puc.39).
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Puc. 39. Cxema uMnynbCHOro perynsatopa cusbl TOKa U 3aBUCUMOCTb i,y =f(t)

YIpaBisOmMUM 3JIEMEHTOM peryisitopa P SBIsSeTCsl OnepanuoHHbIA ycwiuTenb DAL, UCTOYHMKOM NHTaHUS
KOTOpOro sBjsercs crabwim3atop HanpspkeHus CI', moajepKuBaloUmIMi MOCTOSHHBIM Hanpspkenne U., Mexay
MOJIOKUTEbHBIM TI0MFocoM GoptoBoii cetd ( + Ucr) u mmnON ( — Ucr). Pa3sHOCT HaNpsDKEHHH MEXKTYy HUMH
cocrasiser 10,0 — 10,2 B.

BHauane paccMOTpuM JeHCTBHE perynsropa IpH HEHM3MEHHOM CONPOTUBIEHHH IIEPEMEHHOrO pesucropa Ry,
SIBIITFOIIETOCS SJIEMEHTOM 3a/iaHusl TpeOyeMol criibl Toka. [Ipy 3ToM HampsbkeHHe, TOABOANMOE K MHBEPTHPYIOLIEMY
BXOJy 4 ONEepaIiOHHOTO YCHIIUTEIIS, 3aBUCHT OT TOTO, OTKPBIT WK 3aKphIT Tpan3uctop VL Eciu maHHBIN TpaH3UCTOD
OTKPBIT, TO pe3ucTop R1 HarpyxaeTcs AOMOJHUTEIHHBIM TOKOM, MIPOXOISAIINM Yepe3 pesuctop R9*, Bcnencreue yero x
BXOJy 4 ycuiuTels moaBoauTcs Oonee HU3Koe HampspkeHne UygTK 10 CpaBHEHUIO ¢ HaNpsnKeHUEM Uy, TIOIBOIHMBIM
K BXOZly 4 TipH 3aKpbITOM TpaH3ucrope VT1.

Comnporusienue pesuctopa R9* BeiOuparoT Takum, 49TO0BI PasHOCTD Ugy — Usee = U4 Obuta Gosblie
HampsDKeHUs I epeHINaIbHOr0 CHIHAla, TpeOyeMoro Uisi MepeBojia ONEpallMOHHOTO YCHIIMTENS M3 peXHnMa C
HHU3KHUM YPOBHEM BBIXOJIHOTO HAINPSDKEHUS B PEXKHUM C BBICOKUM (MaKCHMaJIbHbIM) YPOBHEM BBIXOHOTO HANPSKEHHSI.

K HenHBepTHPYIOLIEMY BXOAY 5 OMEPAIOHHOTO YCHIIUTES TI0/IBOINTCS HANPSKEHHE

U5 = (UCT '|3|\[|R15) R4/(R3 + R4) (29)

Eciu pasnocts Hanpspkenuit Us — U, npeBbimaet Benunuuny J{U 4, TO HanmpsbkeHue Ha Beixoae 10 ycumutens umeet
BbICOKHH ypoBeHsb (8,5 B). IIpu U,>Us HanpskeHHe Ha BRIXOAE YCWIINTEINS UMeeT HU3Kuil yposess (1,5 B).

B mepBEIii MOMEHT TOCIIE TOAKIIOYEHHS CXEMbl K MCTOYHHKY IHUTAHUS BCIEACTBHE OONBIION WHIYKTHBHOCTH
0OMOTKH J3JIeKTpOMarHuta cwia Toka l,, =0 He3aBHCHMO OT TOrO, OTKpPBHIT WIH 3aKpHIT TpaH3ucTOp. IlameHme



HampsDKeHUs1 B pesucrope R16 Oyaer oTCyTCTBOBATH, Oyiaromaps yemy HampsokeHue Us OKaKeTCSl 3HAYUTEIBHO BBIIIIC
HanpspkeHns Uy. CeacTBHEM 3TOTO SIBUTCS HOsIBICHHE Ha BbIxoae 10 ycminTens HanmpsyKeHHS BBICOKOTO YPOBHS, YTO
obecrieunt OTKpbITHE TpaH3ucTopoB VT2, VT3 um VT4 Beixomuoro ycwiurens BY ¢ moakimoueHHeM OOMOTKH
ANEKTPOMAarHuTa K UCTOYHHUKY muTaHus. Kpome Toro, otkpoercs tpamsucrop VT1, n Ha BXone 4 yCHIHTENs yCTaHO-
BUTCA HatnpsikeHue Uy g HI3KOTO YPOBHS.

ITpn noaxmoueHNH OOMOTKH 3JIEKTPOMArHUTa K MCTOYHHUKY MUTAHUS IOCTENIEHHO yBEIWYHTCS B HEH CHIa TOKa,
KOTOpBIH, Ipoxos yepe3 pezuctop R16, oOycnosur B HeMm nanenue Hampsbxenust JJU)B= = |, Rig. U3 aToit dpopmyisl
CIIElyeT, YTO MO Mepe YBENWuYeHMs CHIbl Toka |,, mpoucxoaur ymeHplieHHe Hanpspkenus Us, momBoammoro x
HEMHBEPTHPYIOIEMY BXoxy 5 ycuiurens. Koraa BeieacTBue yBenW4eHUs! cUibl TOKa |,y 10 3Ha4eHUS |y ma 3TO
HalnpspKeHWEe YMEHBIIUTCS HACTOJIBKO, 4TO pasHocTh Us — Uy o, okakercst Menblie J{U,, Hanpsbkenne Ha Beixozae 10
YCUIINTENsSI HaYHET CHWXKAThCs, M OJHOBPEMEHHO OyAeT MOCTENEeHHO 3aKpbIiBaThbesl Tpausuctop VT1. DTo BBI3OBET
MIOBBILIIEHUE HAMTPSHKSHUSI Ha BXOAE 4 yCUITUTEIS.

Taxoe noBbleHne HanpsokeHUst Uy IPUBENET K JalbHEHIIEMy yMeHbIIeHHIO0 pasHoctu Us — Uy, BerencTBue yero
YCHIINTENh HaYHET paboTaTh B PEXXMME C HM3KHM yYpPOBHEM BBIXOJHOTO HampspkeHHs. HampspkeHue Ha Bxoze 4 mpu
3TOM pPaBHO 3HAUYEHUIO U gy

BcnencTBue ymeHbIIEHHS IO HU3KOTO YPOBHS HAIPSDKEHUS Ha BBIXOJEC YCHIIUTENS BBIKIIOYAIOTCS TPAH3UCTOPHI
VT2, VT3 u VT4, B pe3ynbraTe 4ero 0OMOTKa JIEKTPOMarHnuTa OTKII0OYAeTCs OT MCTOYHUKA NUTAaHUsS (OOPTOBOM ceTH).
OmHako cuia TOKA |y, (M. puc. 39) mpu 3TOM He Magaer J0 HyJIA, a TIOCTENEHHO YMEHBIIAeTCs, IIOCKOIBKY TaHHBIH
TOK moxznepxkuBaetrcs 3a cueT IJIC caMOMHAYKIMH OOMOTKH 3JIEKTPOMAarHuTa, M €ro Lelb 3aMBIKAeTCs 4Yepe3 JUOJ
VDL

ITo mMepe ymensbienus cuisl Toka l,,, Bo3pactaet Hanpsokenue Us u, korjga oHo mpu cune Toka l,,=l,, min IpeBbICUT
HanpspkeHne U43ak, ycwiauTenb HayHeT paboTaTh B PEXKHME C BBICOKAM YPOBHEM BBIXOJHOTO HANPSOKEHHS.
BcnenctBue OTKpBITHS MpU 3TOM TpaH3ucTopa VT1 U CHIDKEHHUS HalpsKeHUs Ha BXoAe 4 ycuiauTens A0 3HauYCHHA
Uy4orK TaHHBIA EPEXOA MPOUCXOANT JIABHHOOOPA3HO M Ha BBIXOJIC YCHIIMTEIS Cpa3y e yCTaHABIMBACTCS HAIPSIKEHHUE
BBICOKOTO ypoBHs. [lanmee mporecc OyaeT HEOTHOKPAaTHO HMOBTOPSATHCS, & CHJIA TOKA B IENM JJICKTPOMAarHura Oyzaer
MEHATBCSA OT oy min KO Loy max (cM. puc. 39).

BaxHOl 0COOCHHOCTBIO PaccMaTpPUBACMOW CXEMBI SIBIIICTCS HCIIOJIB30BAHHE IJISI YIPABICHHS OIEPAIIMOHHBIM
ycunuteneM 3 QeKTa MOoJI0KUTEIFHON 00paTHON CBSI3M, peann3yeMol ¢ momoinsio Tpansuctopa VT1. B pesynbrare
JIEHCTBUS ATOH MOJIOKUTETFHON 0OpaTHOH CBSI3M MPH JTF000H KOMOMHAIINH HATIPSHKCHUN Ha BXoJaxX 4 M 5 ycunuTens Ha
€ro BBIXOJIE ycTaHaBiMBaercs b0 muHMManbHOe (1,5 B), nmubo makcumanbhoe (8,5 B) Hanpsbkenne. Tem cambiM
rapaHTUpyeTCs pexkuM padoThl TpauzucTopoB VT2, VT3 u VT4 mubo B peskuMe OTCEUKH, JTHOO B PEIKUME HACHIICHHS.
Kak B TOM, Tak U ApyroM ciydae paccerBaeMasi MOIUTHOCTb B JaHHBIX TPAH3UCTOPAaX MUHUMaNbHA. YacToTa HU3MEHEHUS
CHIIBI TOKA |, 3aBHCUT OT INIyOMHBI YKa3aHHOW IOJIOKHTENBLHON 0OpaTHOM CBsI3M, KOTOpas ONpPENeIsieTCs] COMPOTHB-
neHueM pesucropa R9*.

[Ipu >meKTPOMAarHUTHONW TOCTOSHHON BpEeMEHH OOMOTKH 3NeKTpoMarauta, paBHoi 100 — 120 Mmc, nu3MeHeHHneM
coIpoTUBIIEHHS pe3ncTopa R9* obecrieunBaeTcs peryanpoBaHne YacTOTHl H3MEHEHHs cuilbl Toka |, B mpexenax 10 —
1000 T'm. Cunma toka lp, He 3aBUCHUT HU OT HANpPSDKEHHS WCTOYHHWKA MUTAHUSA, HH OT COMPOTHBIICHUS OOMOTKH
JJIEKTPOMAarHuTa, IOCKOJbKY BXOJHBIM CHTHAJIOM IS CHCTEMBI DEryJHpOBaHUS SBIISIETCS TOJIBKO TaJIeHHE
HanpspkeHus: B pesuctope R16, koTopoe IpH MOCTOSIHCTBE CONPOTHBICHUS TAHHOTO pEe3HCTOpa sBIsieTcs (QyHKIMeH
cuIlbl ToKa |,,,. braronaps aToMy naHHas cxema 00€cleYHBAET BHICOKYIO CTAOMIIBHOCTL CPETHETO 3HAYEHHUS TOKA lyyp B
LEeNyd Harpy3KW IpU 3HAYUTENBHBIX KOJIEOAHMAX TAaKMX BHEIIHMX (AKTOPOB, KakK HalpsyKeHHe OOpTOBOH ceTn
aBTOMOOWIISA U TeMIIepaTypa OKPY>KaloIIel Cpesl.

Hapsny ¢ nognepxanueM B IIeNH HAarpy3KH MMOCTOSTHHOW 3aJaHHOM CHIIBI TOKA pacCcMaTpHuBaeMasi CXxeMa MO3BOJISeT
o0ecrieunTh U e N3MEHEHHUE 10 3aJaHHOMY 3aKOHY B 3aBHCHMOCTH OT YPOBHSI YIIPABISIONINX CUTHAJIOB, OJBOJUMBIX
K BXOAY A cXeMbl. OTO, B 4aCTHOCTH, MOKET OBITh PEAIU30BAHO IIyTEM U3MEHEHHs CONPOTHUBJIEHUS pe3ucTopa Ry umu
MIOJIBEICHUS K BXOly 4 HaNpsDKEHHUS OT MCTOYHHKA YIIPABIAIOIEr0 CUTHAA.

B mo6om ciyuae TpeOyercst TONBKO 0OecreunTh N3MEHEHHE 110 3a/1aHHOMY 3aKOHY HalpsDKEHHMS, TOJBOAMMOTO K
BXOly A CXEMBl H, CIIEOBAaTEJFHO, K BXOXy 4 OIEpalMOHHOTO yCcWiInTens. V3MeHeHHWe NaHHOTO HampsDKeHMS
00yCJIOBHT TIEPEX0Jl YCHIIMTEINSI OT PeXHMa ¢ HU3KMM YPOBHEM BBIXOJHOTO HAINPSHKEHUS B PEXHUM C BBICOKUM €ro
YPOBHEM M 00paTHO NpH APYTUX 3HAUEHHSX HanpspkeHus: Us Ha BBIXOJIE 5 yCHITUTEIS.

W3 dpopmynsl (29) caenyer, uro HanpsbkeHue Us onpenenseT cuiry Toka B 0OMOTKE JICKTPOMAarHuTa, T. €. 3HaUYeHUs
Lovminy 15w max ¥ loyep OYIYT MEHATBCS B 3aBUCUMOCTH OT BeTMYnHBI Uy,

OmnmuceiBaeMasi cxeMa TEOPETHUECKH HEe MMEeT OIpaHMYCHHWH B OTHOIICHHH MOIIHOCTH HArpy3KH, €Clid Tpedyercs
MoJIAepKaHue 3aJIJaHHOM CHJIBI TOKA MIIH €To peryiaupoBaHue. [IpakTudeckn, 0JHAKO, HCTIONB30BaTh JAHHYIO CXeMy IpU
cwire Toka Beime 10 — 15 A 3aTpyIHUTENBHO M3-32 HEOOXOAWMOCTH NMPUMEHEHHUS PaguaTopoB OONBIINX pPa3MepoB,
crocoOHBIX paccenBaTh MOITHOCTH 10 — 20 BT, BeIAENeMYyIO B IIETTH PETYINPYIOMNX (BBIXOJHBIX) TPAH3HCTOPOB.

YCTPOUCTBA 3ALUUTDI ANEKTPOHHBIX CUCTEM
YNPABINEHUA OT ABAPUUHBIX PEXXUMOB

B CiIyda€ OTKa3a WJIM HEIPAaBUIIBHOTO (pyHKHI/IOHI/IpOBaHI/ISI TCX HWJIHN HUHBIX 3JICMCHTOB BHGKTpOHHOﬁ CHCTEMBI
YOpaBJICHUA B HEeH MOT'YT BO3HUKHYTbH aBapHﬁHble PEXKUMBI, CICACTBUEM KOTOPBIX ABUTCA BbIXOJ CUCTEMBI U3 CTPOA, a



B HEKOTOPBIX CIy4asx BO3MOXHO HaK€ CHIDKCHHE OEe30MacHOCTH S3KCIUIyaTalud aBTOMOOWIA. s WCKIIOYeHUS
MTOTOOHBIX CUTYAIHHA 3JIEKTPOHHBIE CHCTEMBI CHA0KAIOT 3alIUTHEIMA yCTPOHCTBaMHU.

Haubomns1ree pacpocTpaneHe MOTYIHIN YCTPOUCTBA, OCYIIECTBIIIONINE CIECAYIONINE 3aUTHRIE (YHKIINH:

OTKITIOYCHHE TOTpeOUTENeli OT MCTOYHHWKA MHUTAHUS TPH YBEIUYECHHH CHIIBI TOKA HArpPy3KH BBIIIE JOIYCTHMOTO
npezesna (B TOM YHCIE TIPU KOPOTKOM 3aMBIKaHHUH B IIETIH HATPY3KH);

MIPEeJOTBPALICHNAE HETIPEIyCMOTPEHHOTO OJTHOBPEMEHHOTO BKITIOUECHHS ABYX U OoJiee moTpeduTeneii;

3alIUTy OT HENpeIyCMOTPEHHOIO BIJIIOYEHHs MOTpeOuTened B ciayuyae OTKa3a JAaTYMKa YacTOThl BpallleHUs
KOHTPOJIHPYEMOTO Bana;

NPEAOTBPALllEHNE BBIXOJA amnmapaTypbl M3 CTPOS NpPU IOJABENCHHM K HEHW HampsOKeHWs NHUTaHUS oOpaTHOM
MOJISIPHOCTH.

3awuTta oT neperpysku (no cusne Toka)
M KOPOTKMX 3aMblKaHMW B LieNn Harpy3Ku

B cucremax YIipaBJICHUA arperaraMu aBTOMOOMIIEH Hany?,KOfI SJICKTPOHHBIX 6J'IOKOB, KaK MOpaBuJio, SABJIAIOTCH
QJICKTPOMArHuTHbBIC MEXaHU3MBbI. B aTux MexaHu3max BO3MOKHO HJIM YaCTHUYHOE 3aMbIKAHUE MEKIY co00if BUTKOB
O6MOTKI/I, WIN TIOJTHOC KOPOTKO€ 3aMBIKAHUE B €€ IICIIH. B o6oux ClIydasxX IMOBBIIIACTCA CHJIa TOKAa HAarpy3KH JJICK-
TPOHHOT'O 6J'IOKa, 1 BO H30eKaHHE ero BbIXOJa U3 CTPOsL HCO6XOHI/IMO 00eCeUnTh OTKIIOYCHHE Harpysku oT O110Ka pu
YBCJIMYCHUU CUJIbI TOKA HAIPY3KHW BBIIIC 3dIaHHOT'O IIpeaciia.
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Puc. 40. Cxema ycTpoMCcTBa 3aliMThl Lienen OT neperpy3kn No TOKY U KOPOTKUX 3aMblKaHUN

M3BecTHO GOJBIIIOE YUCIIO PA3TUYHBIX CUCTEM 3aIUTHI JIEKTPOHHBIX YCTPOHCTB OT meperpy3ku mo Toky [18, 35].
JIns 3eKTPOHHBIX CUCTEM YIpaBJIEHUs arperataMy aBTOMOOMIIEH NMpennoYTHTENbHEe NPUMEHITh CHCTEMBI 3aIUTHI C
«3amenkoi». OcobeHHOCTh AEHCTBHS TaKOIl CHCTEMBI 3aKITI0UaeTCa B TOM, YTO TOCHE ee CpabaThIBaHUS AaXe B CIydae
JUKBUAALMN TPUYUHBI MEPErpy3Kd 3JIEKTPOHHOTO OloKa Ui IOBTOPHOTO TMOAKIIOYEHHS K HEMy Harpysku
HEO0X0IMMO CHavyaJla IPUHYIUTEIHHO OTKIIOYUTH CUCTEMY 3aIHTHI.

Orta cucTema 3aluThl HCKIII0YaeT BO3MOXKHOCTh MEperpeBa Kakux-Iu00 3JIEMEHTOB CXEMBI U, KpOMe TOro, TpedyeT
BMEIIIATENIECTBA BOJUTENS 111 BOCCTAHOBJICHUS HOPMAaJbHOHM pabOTH CHCTEMBI ypaBieHus. [locieanee nmeer ocoboe
3HAYCHHE C TOYKHU 3peHUs oOecmedeHHs Oe30MacHOCTH AKCIUTyaTallid aBTOMOOWIIS, ITOCKOJBKY BOIUTENB IIOJyYacT
CUTHAJI O HEWCIIPABHOCTH B CHCTEME YIIPABICHUS.

PaccmorpuMm yerpoiicTBo 3ammTel Y3 OT Teperpy3k IO TOKY BBIXOJHOW IENH 3JCKTPOHHOTO OJIOKa, depes
KOTOPYIO OCYHIECTBIISETCSI MUTAHUE SIEKTPOMArHUTOB CHCTEMBbl aBTOMAaTHYECKOTO YIPABICHHUSA THAPOMEXAHUYECKOM
nepenaueit (puc. 40). Harpyskoli BbIXOogHOW memm Onoka siBIsieTcss 0OMOTKa 3JIEKTpOMAarHuTa, CHja TOKa B IENH
KOTOpOU MPaKTHYECKH paBHa CHJIE TOKa, MPOXOJSIIETo uepe3 IMUTTEep TpaH3ucTopa VT3 u u3MepUTENbHBIN PE3UCTOp
R4 6oka 3amuThI.

[Ipu HOpMaNBHBIX YCIOBHSAX PaOOTHI CHCTEMBI, KOTAA CHJIa TOKAa HAarpy3KH HE MPEBBIIIACT 331aHHOTO MPEAeIEHOTO
3HAuYEHUs, AJICHNE HAMPSDKEHUs B pe3rcTope R4 HemocTaTodHo /i OTKpBITUS Tpan3uctopa VT4. B atoM cioydae 610k
3aIIUTHl HE BCTyMAaeT B JeiicTBre. Ecium jke B memu Harpy3Kd IMPOUCXOANUT KOPOTKOE 3aMBIKAHWE WM CONPOTHUBIICHUE
OOMOTKH CYIIECTBEHHO yMEHBINIAETCS, TO BCIICJACTBHE YBEJIWYEHHS CHIBI TOKA, NMPOXOIAMIET0 depe3 pe3mcrop R4,
naJICHHe HaIpsHKeHUs] B HEM BO3pPAcTaeT JI0 3HAa4eHHs, JOCTATOYHOTO ISl OTKPHITHS TpaH3ucropa VT4. Beneacrsue
3TOTO TOSBISIETCS HANpsDKEHHWE Ha KoJuleKTope Tpausuctopa VT4, uTo BEI3BIBaeT OTKpbITHE TpaHzuctopa VT5. B
pe3ynbTare K SMUTTEpY TpaHzucropa V15 okasbIBaeTcs I0/IBEACHHBIM HANPSHKEHUE

Ua=Un — AU3p4 — AUkas,



rne JU,,, — mameHue HampsbKeHUS Ha Tepexone SMUTTep — 0aza Tpansucropa VT4; JIU yys — maacHue
HanpsDKEHUS Ha TIepeXo/ie KOJJIEKTOp — 3MHUTTEp Tpan3ucTtopa VT5.

Cymma 3uadennii IUspy 1 [AUgns He mpeBbimaer 0,7 — 0,75 B, mostomy K 0a3e Tpansucropa VT2 moaBOIUTCS
manpspkerne U B2 = = U, — (0,74-0,75), a k ero smurrepy — Hampsbkenne V 32 = = U, — (0,64-0,7). D10
rapaHTUpyeT 3aKphITHE TpaH3UCcTopoB VT2 1 VT3 ¢ oTKiroueHHEeM 0OMOTKH 3JICKTPOMAarHUTa OT UCTOYHUKA IMHTAHUSA,
BCJIEJICTBHE YETO CHJIAa TOKA, IPOXOSIIETO depe3 pe3nctoo R4 camxkaercs o Hyms. Tpamsucropst VT4 u VT5 npu aTom
MIPOJIOJKAIOT OCTABATHCS OTKPBITHIMU, OCKOJIBKY OHU BKIIIOUEHBI [0 CXEME aHajlora OJIHONEPEXOJHOTO TPaH3UCTOpa,
U TI0CNIE BKIIIOUEHHSI OCTAIOTCS B TaKOM COCTOSHUHM, HECMOTPSI Ha NpEKpallleHHe IEHCTBHS OTKPBIBAIOIIETO CHUTHANA
(mameHue HanpsDKEHUs B pesuctope R4).

Jnst mocienayromero MOJKITIOYEHUs] OOMOTKM 3JIEKTPOMarHuTa K HWCTOYHHMKY IHTAaHUs HEOOXOIMMO cHayaja
NPUHYANTEIBHO 3aKpbITh TpaH3ucTopbl VT4 u VT5. 3T0 MOXET OBITH BBINOJHEHO JHOO IMyTeM KpaTKOBPEMEHHOTO
3aKkpbITUsl Tpanzuctopa VT1, mubo OTKIIOYEHHUS 3JIEKTPOHHOrO 0JIOKa OT UCTOYHMKA MHUTaHMS. 3aTeM ClielyeT BHOBb
HOAKIIIOYHTH 3JIEKTPOHHBIN OJIOK K HCTOYHUKY ITUTAHHMS, BCISICTBHE YEI0 BOCCTAHOBHUTCS €r0 HOPMaJIbHAs paboTa.

3awuTa oT HenpeaAyCMOTPEHHOro BKITIOYEeHUA
ABYX U bornee notpedutenen

Ora 3amuTa TNpenHa3HadYeHa M TPEAOTBPAIICHUS AaBApUIHBIX PEKUMOB, KOTOPBIE MOTYT BO3HUKHYTH B
aBTOMOOWIIE MPH OTHOBPEMEHHOM HENPEIyCMOTPECHHOM BKJIFOUCHHH IBYX WM Oojiee €ro y3JOB M arperatoB. Takas
3aIITa, B 9aCTHOCTH, HCOOXOIUMA B CUCTEMaX YIPaBJICHUS MEPEKIIOUCHUEM IIepead, Tak Kak 0JHOBPEMEHHOE BKITIO-
YeHHe JBYX Mepefad MOXET MPHUBECTH HE TONBKO K IOJIOMKE KOPOOKH Ieperad, HO M SBHTHCS NMPUINHON aBapuu
apTomMoOwiss. B pesynprate AeicTBHS paccMaTpUBaeMOM  3alllUThl  JOJDKHA  HCKIIIOYAThCS  BO3MOXKHOCTH
OJIHOBPEMEHHOTO BKJIIOUEHHS TPAH3UCTOPOB WJIHM APYTUX KOMMYTHPYIOUIMX 3JIEMEHTOB, YIPABISIOMIUX BKIIOUEHUEM
nepeaay.
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Puc. 41. Cxema nogKmno4YeHUA YCTPOMCTBA 3alWUTbl OT HEMPeAYCMOTPEHHOro OA4HOBPEMEHHOro
BKJ1HOYE€HUSA TPAH3MCTOPOB KOMMYyTaLMM Harpy3kn Ha 6a3se nornvyeckux anemeHToB Tuna 2 — HE

B cocraB 0i0Ka 3amUTEl BXOAAT CleAyrOmue (pyHKIIMOHAIBHBIE Y37IBI: YCTPOMCTBO KOHTPOJIS YHCIA BKIIOYCHHBIX
KOMMYTHPYIOIIUX 3JIEMEHTOB M KOMaHIHOE YCTPOMCTBO BKIIIOYCHHMS 3aIIMTHL. [Ipy HOpMambsHOM (YHKIHOHHPOBAHHH
ANEKTPOHHON CHCTEMBI yNPABICHHS, T. €, TIPH BKIIOYCHUN TOJBKO KaKOTO-THOO OJHOTO KOMMYTHPYIOIIETO JIEMEHTA,
YCTPOWCTBO KOHTPOJIS HE BBIpadaThIBaeT CHUTHANA JUIs CpabaThIBaHUS KOMAHIHOTO YCTPOWCTBA BKIIFOUEHUS 3aIIHTHI
Takoill curHan moctymaer Ha BXOJA KOMaHAHOTO YCTPOMCTBA JIMIIb B CIy4ya€ OJHOBPEMEHHOIO BKIIIOYEHUS ABYX HIU
Ooslee KOMMYTHPYIOUIMX 3JIEMEHTOB. B pe3ynbpraTe KOMaHAHOE YCTPOMCTBO cpadarhiBaeT, M 0OecIednBaeTcs
OTKJIFOUEHHE BCEX NOTpeOUTENEH OT UCTOYHHKA TTUTAHUSL.



PaccmarpuBaeMast cucTeMa 3alUThl MOXKET OBITh pean30BaHa C UCIOIb30BaHUEM KaK HU(PPOBBIX 3JIEMEHTOB, TaK U
AQHAJIOTOBOI cXeMOTeXHHKH. (CXeMa IOAKIIOYEHHS YCTPOMCTBA 3amUThl Y3, NPEeAOTBPAILAIONIEr0 BO3MOXKHOCTb
OJHOBPEMEHHOTO BKJIIO3CHUS ABYX HMIHU OoJiee TpaH3uctopoB VT1 — VT4 komMMmyTanuu Harpy3KH, BHITIOJHEHHAsl Ha
6a3e mudpoBeIx sornueckux reMeHToB Tuna 211 — HE moxaszana Ha puc. 41. Onementsr DD1.1 — DD1.4, DD2.1 u
DD2.2. o0pa3yroT yCTpOWCTBO KOHTpOIs, a Tpurrep tuma R — S, coOpanublii Ha snementax DD2.3 m DD2.4 —
KOMaHJIHOE YCTPOHCTBO BKJIOUCHUS 3AIIUTHI.
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Puc. 42. Cxema ycTpoWcTBa 3awWuTbl OT HeNpeAyCMOTPEHHOro O4HOBPEMEHHOro BKIOYEeHUSA
TPaH3MCTOPOB KOMMYyTaLMM Harpy3ku Ha 6a3e onepauMoHHOro ycunurens DAL

KoMMyTHpYIOIIMME 3JIeMEHTaMH CHCTEMBbI YIpaBJeHUs sBisitoTcs Tpanzuctopsl VT1, VT2, VT3 u VT4, BbIxomsl
KOTOPBIX dYepe3 JAEIUTENH HaNpsOKeHUS CBS3aHBI C BXOJAaMH JIOTHUECKHX JJIEMEHTOB YCTpoiicTBa KoHTpois. Ilpu
HOpMaJIbHON paboTe CHCTEMBI YIPABICHUS BKJIIOYEH TOJIBKO KaKOH-THOO OJMH U3 THX TPAH3UCTOPOB, U TOJHKO Ha
KOJIIEKTOPE JaHHOIO TPaH3UCTOpa MOSBIIAETCS HampsbkeHue. Ha KomnekTopax ocTaabHBIX TPaH3HUCTOPOB HAIPSKEHHE
PaBHO IIPaKTHYECKH Hy0. biiaromaps 3ToMmy HarpshkeHHe ¢ YPOBHEM «JIOTHYECKOH 1» MOXKET OBITh ITOJBEJICHO TOJIBKO
K KaKOMY-TH0O OZTHOMY M3 BXOJIOB JJOTHUECKHX 3JIEMEHTOB yCTPOWCTBA KOHTPOJIS, U, CIIEA0BATEIbHO, HA BCEX BBIXOJAX
JaHHBIX JIOTHYECKHX 3JIEMEHTOB 1 BXoJie 4 anementa DD2.4 nanpsokeHre MMeeT ypoBeHb, PaBHbIN «JIOTHUECKON 1.

IIpu TakoM ypoBHE HampsDKEHHA Ha BXoJe A HaNpsDKEHHWE Ha BBIXOJE /' TpUrrepa UMeEET HU3KHH YpOBEHb, B
pe3ynbTare 4ero OJoK oTkioueHWs rmTaHus HOIl He mpuBomuTcs B JeiicTBue, W Tpamsuctop VIO ocraercst BO
BKJTFOYCHHOM COCTOSIHUH.

Ecnmu xe mo xakoi-mubo MpUYMHE NMPOUCXOIUT OJHOBPEMEHHOE BKJIFOUEHHE JIBYX TPAaH3UCTOPOB, TO IO KpaitHeH
Mepe y OJHOTIO M3 JIOTHYECKHUX 3JIEMEHTOB KOMMYTHPYIOILIETO YCTPOWCTBA HAMPSKEHHUE C YPOBHEM «IOTHYECKOH 1»
MOJIBOJIUTCA OJHOBPEMEHHO K 00omM ero BxonaMm. CieacTBHEM 3TOTrO SIBISETCS MOSBICHHE HAMIPSKEHHUS HU3KOTO
YPOBHA Ha BBIXOJE JMJAaHHOIO JIOTHYECKOTrOo »dileMeHTa U Ha Bxoxe JI Tpurrepa. Takum o6pa3om, Tpurrep
nepeOpachIBacTCsl B COCTOSIHUE C HANpsDKEHWEM Ha €ro BBIXOJe /, paBHBIM YPOBHIO «JIOTHYECKOH 1». DT0, B CBOIO
ouepenb, NPUBOAMUT K cpabarbiBanuio Onoka ASOII, BbI3bIBatomeMy BbIKIIOueHHe TpaHsucropa VTO, T. e. k
OTKJIFOUEHHMIO BCEX NOTpeOuTEIeH OT HCTOYHHUKA ITUTaHUSI.

Jlnst Bo3BpaTa cXeMbl B HICXOHOE TT0JIOKEHNE HEOOXO0ANMO 110/1aTh KOPOTKUH UMITYJIbC C YPOBHEM «JIorndeckoro 0»
Ha BXoj b Tpurrepa, 4To peainsyercs py 3aMbIKaHUM KOHTaKTOB BBIKIIIOUATENs S2.

Cxema ycTpoiicTBa, BHIIIOJHEHHOTO Ha 0a3e 3JeMEHTa aHAJIOTOBOW CXEMOTEXHHKH — OMNEPAlMOHHOTO YCHIIMTENS
DA1, npencrasnena Ha puc. 42. HanpsokeHrne Ha MHBEPTHPYIOIIEM BXOZE 4 ONEPAlMOHHOTO YCWIINTENS C TOMOIIBIO
pesuctopoB R5 u R6 ycranaBiuBaercst Ha ypoBHE, NPEBBIIIAIOIIEM HAMPSHKEHUE, MTOJIBOJJUMOE K HEMHBEPTHPYIOLIEMY
BXOJy 5 yCWmuTens npu BKIIOYEHHH Kakoro-innbo omHoro u3 tpanzuctopoB VT1, VT2, VT3 umu VT4. Tlpu stom
HarnpsbKkeHue Ha Bbixoze 10 onepalMoHHOTO yCHIIUTENS UMeeT HU3KHI ypOBeHb, OJlaroapsi 4ueMy He BKIFouaeTcsi OJI0K
BOIT, u tpausuctop VTO ocTaercst BKIIOYCHHBIM.

Ecmm ke TpOWCXOAWT OJHOBPEMEHHOE BKIIOYEHHWE KaKMX-THOO [BYX M3 YKa3aHHBIX TPAaH3HCTOPOB, TO 3TO
NPUBOJMT K YBEIWYEHHIO HAIPSDIKEHUS, IIOJBOJMMOIO K HEHHBEPTHPYIOLIEMY BXOJY 5 YCHIHTENs, 1O YPOBHS,
NIPEBBIIAIONIETO HAIPsDHKEHHE Ha WHBepTHpYomeM Bxone 4. B pesynbrare onepanyoHHBIH YCHINTENIb NEPEXOAUT B



PSKUM C BBICOKMM YPOBHEM HampspkeHust Ha ero Bbixome 10, uto mpuBoauT K cpabareiBanuio Oioka BOIT u
BBIKITIOYEHHIO Tpau3ucropa VTO ¢ oTcoeiMHEeHHEeM OT HCTOYHNKA IINTaHHUS BCEX KOMMYTHPYIOLIMX TPAH3UCTOPOB.

ITocne mnosiBNeHWs HANPSDKEHUs BBICOKOTO ypoBHA Ha Bbixoge 10 ycunmTens BcTymaeT B JACHCTBHE €ro
MIOJIOKUTEIbHAST 00paTHAas

CBsI3b, Onaromapst coenuHeHmo Boixona 10 n HemHBepTHpYIOMmEro Bxona 5 gepes pesucrop R11 u muox VD5. Oto
o0ecrieunBaeT COXpaHEHHE BHICOKOTO YPOBHS HANPSDKEHHSA HAa BXOJC 5 YCHIIHMTENS HECMOTPSI HA TO, YTO K JAAaHHOMY
BXOJ/ly HE TOABOJIUTHCS HAINPSHKEHHE OT KOMMYTHUPYIOLIMX TPaH3UCTOpoB. B pesynbrate m Ha Bbixone 10 ycumurens
HanpsDKEHWE HMEET BBICOKHMHM ypOBEHb, YTO O0ECHEeYMBAaeT BBHIKIIIOUEHHOE cocTosiHue Ttpansucropa VTO. Jlns
BBIKJTIOUCHHMST 3AIIUTHl HaJ0 Ha KOPOTKOE BPEMs OTKJIIOYHTH CXEMYy OT MCTOYHHMKA IHUTAHHS, PA30MKHYB KOHTAaKThI
BhIKITIOUaTens Sl.

[Tpn HEKOTOPBIX HEHCHPABHOCTSAX B 3JIEKTPOHHOW CHUCTEME YNPaBJICHHS MOXKET BO3HHUKHYTH PEKUM pENIaKCallUH,
IIPU KOTOPOM OYAYT OBICTPO IMOOYEPEHO BKIIFOUATHCS M BHIKIIIOUATHCS KaKUe-TH00 1Ba KOMMYTHPYIOIINX dJieMeHTa. B
3TOM Cilydae cpeJHee 3HaUCHHE HANPSIKCHUS Ha BBIXOJE AAHHBIX 3JIEMEHTOB OKa)XKETCS PAaBHBIM MPUMEPHO MOJIOBHHE
HaTIPSDKCHUS MICTOYHHUKA MMMTAaHUS NOTpeOuTesel — OOpTOBOM CeTH aBTOMOOWIIS.

B »5IeKTpOHHBIX CHCTEMax YIpaBJICHUS HArpy3KOW OOBIYHO SIBIIAETCS OOMOTKA AJIEKTpoMarHuTa. [ HamexHoit
paboTBl CHUCTEMBI YIIPAaBICHHUSA DSJIEKTPOMATHUTHI PACCUMTHIBAIOT TaK, YTOOBI OHHM CpadaThIBAIM TIPH Hambojee
HEOIAaronpHuATHBIX YCIOBHUSIX, T. €. HPH MHHUMAJIbHOM HANpsDKCHHM OOPTOBOH CETH, MAaKCHMalbHOW TeMIIepaType
HarpeBa OOMOTKM U T. A. B CBsi3u C 3THM BIIOJHE BEPOATHO CpabaThIBAaHWE JIEKTPOMArHWUTA NPH MOIBEACHUH K €TO
00OMOTKE HAaIpsHKEHUsI, paBHOTO IMOJIOBUHE HAMpsDKEHHs OOPTOBOM ceTH, 0COOEHHO €CJIM 3TO HANpsDKEHHE OJIM3KO K
MaKCHUMaJIbHO J0mycTUMOMY 3HaueHHO (15 u 30 B COOTBETCTBEHHO UIsi HOMUHAJIBHBIX HANpPsHKEHUI OOPTOBOM CeTH,
paBHbIX 12 u 24 B).

[Tpu GBICTPO MOBTOPSIOIIEMCSI BKIIIOYEHHH M BBIKJIIOYCHUH JBYX KOMMYTHPYIOIINX 3JIEMEHTOB B Ka>KAbI MOMEHT
BpPEMEHHU HAIPsHKEHUE BHICOKOTO YPOBHS MOSIBIISIETCS] TOJIBKO HA BBIXOJIE KAKOI'0-JIMOO OJHOTO U3 3iieMeHTOB. [loaTomy
€CII HE NIPUHSATH CIEIUANBHBIX MEp, TO IPH TAKOM PEXMMe pabOThl KOMMYTHPYIOIIUX 3JIEMEHTOB paccMaTpHBacMast
3amuTa HE cpabaTbiBaeT, T. €. HE OyAeT NpeNOTBPAIIEHO BO3MOXKHOE OIHOBPEMEHHOE CpadaThIBaHHWE JABYX
JIEKTPOMAarHUTOB CHCTEMBI YIIPABICHHSA, YTO HEAOMycTUMO. st cpabaThIBaHUS 3alIMTHI IPH JIAHHBIX YCIOBHSX B €€
cxeMme npuMeHeHbl kKoHzaeHcaTopel CI, C2, C3 u (4. 3apsnaka yka3aHHBIX KOHAEHCATOPOB . NMPOHUCXOJUT B OYEHb
KOPOTKHI MPOMEXKYTOK BPEMEHH, TIOCKOJIBKY B LIETH UX 3apSJKH OTCYTCTBYIOT PE3UCTOPHI, a pa3psiika KOHAECHCATOPOB
OCYIIECTBIISICTCS 3HAYUTEIFHO MEIJICHHEE BCJICACTBHE HATWYMS B MX Pa3psAHON LEMH PE3NUCTOpPa C CONPOTHUBICHUEM
20 xOwm.

PaccmoTpuM BHauane nAeHCTBHE CXeMBl NPH HOPMAJBHOM paboTe CHCTEMBI YIpaBICHHUS B peXHUME, KOraa
MIPOMCXOUT BBIKIIIOYEeHUE TpaHzuctopa VT| u BkitoueHue tpausucropa VT12. B nepuon Brirouenus tpansucropa VT1
kouaeHcarop C/ 3apsikaeTcs 10 HANpsDKCHHS, OJH3KOTO K HANPSHKCHUIO UCTOYHHKA NuUTaHUs. [103TOMy B MOMEHT
BBIKITIOUeHHsT Tpau3ucTopa VT1 u BrmoveHust Tpanzucropa VT2 HanpspkeHHE K BXOAY 5 ONEpalMOHHOTO YCHITUTEINs
MOJIBOAUTCS KaK OT KOJUIEKTOpa TpaH3ucropa VT2, Tak W oT paHee 3apsauBiierocs koHzaeHcatopa CI. Ilpu stom
HalnpspKeHHE Ha BXOZE 5 TIOCTENEHHO YBEJIHMUUBACTCS 10 Mepe 3apsaku KoHaeHcaropa C).

IMocTosiHHas BpeMeHW 3apsakd KoHAeHcaropa C5 CyIIECTBEHHO BBIIE IOCTOSIHHOW BPEMEHH pa3psaKd
koHAeHcaropa CI, TIO3TOMY KOJHMYECTBO JJIEKTPHUYECTBa, rmocrynaemoe oT KoHaeHcaropa Cl k konzaencaropy CJ,
HEBEJIMKO M Majo BIMSET HA ypOBCHb HANpPsDKCHHS Ha JAHHOM KOHAeHcarope. BemeacTBue 3ToTO paccmarpuBaemast
3aIuTa He cpabaThIBaeT.

WHoe monoxeHne co3qaeTcs Mpy OBICTPO MOBTOPSIONIEMCS BKIIOYCHAU U BBIKITFOUeHHH TpaH3uctopos VT1 u VT2.
B Takom ciydae m3-3a MajJoro MpoOMEXyTKa BPEMEHH MEXY MOBTOPSIOIIMMUCS BKIIOYCHUAMH TpaH3ucTopoB VT1 u
VT2 kouaencatopbl C/ u C2 3a TEPHOIBI BHIKIIOYCHHOTO COCTOSIHUSI TPAH3UCTOPOB HE YCIIEBAIOT Pa3pPSAUTHCS, T. €.
CO3/IaI0TCS YCJIOBHSI, aHAJIOTHYHBIE TTOSBICHUIO BBICOKOTO YPOBHS HANpPsDKEHUS! OMHOBPEMEHHO Ha KOJUIEKTOPAaxX IBYX
TpaH3UCTOPOB. B pe3ynpraTe cpabaThiBaeT yCTPOIICTBO 3aIIUTHI M IPEAOTBPAIIACTCS BO3MOXKHOCTH OJTHOBPEMEHHOIO
BKITIOYCHHUS 3JICKTPOMArHUTOB CUCTEMbI YIIPABICHUS.

Komanzia Ha oJHOBpEeMEHHOE HENpelyCMOTPEHHOE BKJIIOUEHHE JIBYX NMOTPEOMTENed MOXKET IOCTYIUTh Kak HpH
OMMOOYHOM JEWCTBUM CHCTEMbI YNPABJICHHS KOMMYTHPYIOIIMMH 3JIEMEHTaMH, TaK M BCIEACTBHE INPOOOS B HX
BBIXOAHOW menu. B mepBoM ciydae ansl TNpefOTBpANICHHS OJHOBPEMEHHOTO BKIIIOUEHHS JIBYX HOTpeOuTenen
JIOCTATOYHO MOJATh KOMaHAy CUCTEME yNPaBJIECHHUs NPUHYANTEIBHO 3aKPhITh KOMMYTHPYIOLIHNE SIEMEHTHI.

Ecnu xe npown3zomnien npoOoii B BEIXOAHOW LENMH KOMMYTHUPYIOIIETO 3JIEMEHTa, TO OH CTAHOBHUTCS HEYIPABISIEMBIM,
n JuIs o0ecneyeHns! OTKIIIOUEHHS TIOTPeOUTEeNel OT UCTOYHHKA ITUTAHUS NTPUXOAUTCS MCIIONB30BaTh JOIOIHUTENBEHOE
BBIKITIOYAOIIIEE YCTPOHWCTBO B ST MUTAHUS BCEX KOMMYTHPYIOMINAX IEMEHTOB.

B 000X paccMOTPEHHBIX YCTPOMCTBAX 3alIMThI JUIs 9TOM e ucnoib3yercs tpansucrop VTO, B3aMeH KOTOPOTro
MOJKHO IPUMEHSITH JII000€ OTKIIFOYAIOIIee yCTPOHCTBO, HAapUMeEp 3IIEKTPOMAarHUTHOE peie.

Cxema yCcTpOWCTBa 3allUThHI, BBHITIOJHEHHAs] B COOTBETCTBHH C PHC. 42, UMEET CIEAYIOIINe MPEUMYIIeCcTBa Tepes
cxemMol Ha puc. 41: MeHbIIee YHCIO KOMIUIEKTYIONIMX W3JIENHid, OoJiee BBICOKAs TMOMEXOYCTOWYHUBOCTD;
obecrieuymBaeTcsl 3amUTa OT OJHOBPEMEHHOTO BKIIIOUYEHHS OOJBIIOTO0 KOMMYECTBA Ierneld 0e3 3HAYUTEITHHOTO
YCIOXKHEHHSI CXeMbl. Tpedyercst UMb OT KOMMYTHPYIOIIETO 3JI€MEHTa KaKIAOH 3alluiiaeMod Lenmd IoJaTh
HarnpspKeHHe Ha HEMHBEPTHPYIOMINI BXOJ ONEPAllMOHHOTO ycuinTens. st peleHus 3ToH jke 3a/laud B yCTpoHcTBax
3aIMTHI, BHITOJHEHHBIX Ha 0a3e sormueckux anementoB tuna M1 — HE, noGaBneHne kakaod 3amuinaeMoi Lenu
BBI3BIBAET HEOOXOJMMOCTh BBEACHHS B CXEMY HECKOJIBKUX JIOTIOJTHUTENIHHBIX JIOTHYECKUX 3JIEMEHTOB.



Takum oOpa3oMm, ycTpoiicTBa 3amuTel Ha 0a3ze JIOTHYECKHX 3JEMEHTOB CIEAyeT MPHUMEHATh TpH dYHCIe
3amIUIIaeMbIX Iereil He Oojee TpexX, a Takke B TeX CIydasx, KOTJa BCA CHCTEMa YINpaBlieHHs cO3laHa Ha 0Oase
IU(POBHIX ITIEMEHTOB H B Hee HEIesleco00pa3HoO BBOAUTH YCTPOHCTBA aHATIOTOBOM CXEMOTEXHUKH.

3awuTa oT HenpeayCMOTPEHHOro BKIKOYEeHUA noTpedurenen npum
OTKa3e AaT4yuKa 4acToTbl BpalleHUs CUCTEMbI ynipaBrieHUs

OO0s13aTETBHBIM 3JIEMEHTOM JIO00H 3JIEKTPOHHOW CHCTEMBI YIPABJICHHS arperaTaMy TPAHCMUCCHH SIBIISIETCS TaTIHK
JaCTOTHI BPALICHUS TOTO WM MHOTO Bana. Ero BEIXOmHBIM cHrHanoM siBisieTcs DJIC, yacToTa M aMIUIMTYyAa KOTOPOH
MEHSIOTCS B 3aBUCMOCTH OT 4aCTOThI BPALIEHUsI KOHTPOJIUPYEMOro BaJa.

Puc. 43. UHOYKTOPHbIN AaTYUK YaCTOThbl BPaLLEHUA:
1 — o6MOTKa; 2 — NOCTOSAHHbLIN MarHuT; 3 — Kopnyc; 4 u 5 — BbIBOAHbIE KOHLbI OOMOTKMK; 6 —
M30MSILMOHHAA BTYNKa; 7 — cepAeYvHuK; 8 — 3yb6uaTbIi AUCK




Puc. 44. TaxoreHepaTop:
1 — Ban; 2 — o6MoTKa cTaTtopa; 3 — NOCTOAHHbIN MarHUT
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Puc. 45. CTpyKTypHaa cxema CUCTeMbl 3aliMTbl OT HenpeAyCMOTPEHHOro BKIIOYEHUA nepepad
npu oTKase AaTyMKa CKOpOCTH

B coBpeMEHHBIX 3JEKTPOHHBIX CHUCTEMax YIpaBJICHHS OOBIYHO HCHONB3YIOT JAaTYMKHA YacTOTHI BpAaIlICHUS
HMHIYKTOpHOTO THIa (puc. 43), ycTaHaBIMBacMbIe ¢ HEOOJIBIINM 3a30pOM Haj 3yOUaThIM IHMCKOM, IIPUBOAUMBIM OT
KOHTPOJIMPYEMOTO Basa. BEIXOIHBIM CHTHAJIOM JaTdWKa ABJIAETCS MHAYKTHpyemas B ero oomorke DJIC, mMeromas
dbopmy 00bIUHON WK «IedopMmupyeMoit» cuHycounbl. Yactota um3MmeneHus DJIC mpomopipioHaibHA YacTOTe
BpallleHUs KOHTPOJIMPYEMOTO Baja, a €e aMIUIUTYAA, XOTA ¥ BO3pacTaeT ¢ MOBBIIICHUEM YacTOTHI BpallleHHs Bajia, HO
HU3MEHsSeTCS B 3aBHCHMOCTH OT HEe II0 HEeJNMHEHHOMY 3aKOHy M €€ BeJIMYHHA CYIIECTBEHHO 3aBHCUT OT TOYHOCTH
YCTaHOBKH 3a30pa MeXIy npeoOpa3zoBareiieM M 3yO4yaThiM JHCKOM. B CBsI3M C 3THM B CHCTeMax yIpaBIeHUS,
coJlepXKalX MHIYKTOPHBIN MaT4YMK, B KaueCTBE YIPABIISAIOIIEr0 CHUTHAJIA HCIOJIB3YEeTCS TOJIBKO YacTOTa W3MEHEHHUS
ero DJIC.

B HekoTOpHIX cHCTeMax aBTOMATHKHM JJIsl KOHTPOJIS YacTOTHl BPAIEHHs BaJIOB HCIIOJB3YIOT TaXOT€HEPaTOPHI
MIEPEeMEHHOT'0 TOKA ¢ BO30YX/IEHHEM OT NMOCTOSHHBIX MarHUTOB (puc. 44). Y Takux reHepaTopoB Kak aMIUIMTY/A, TaK U
yactota n3MeHeHus OJIC mponopuuoHalIbHBI 4YacTOTE BpAICHUS KOHTpoiMpyeMmoro Bama. [lostomy B cucreMax
YIpaBJeHUs ¢ NPUMEHEHNEM TaXOT€HepaTopa BXOAHBIM CUI'HAJIOM JIEKTPOHHOTO 0JIoKa MOTYT OBITh M yacToTa, 1 D/1C
reHeparopa.

Ecnu Ban, KOHTpONMPYEMBbIH TaTYMKOM YaCTOTHI BPAIIEHHs, HETMIOJBHKEH, TO CUTHANI HA €r0 BBIXOJE OTCYTCTBYET.
IIpu oTka3e maTyMKa CHTHAJ Ha €ro BBIXOJE MPOIAAaeT HE3aBHCHMO OT YacTOTHI BPAIIEHUS KOHTPOJIMPYEMOTO Baja,
YTO HKBHUBAJIEHTHO IOJ]au€ CHUTHAJIa CHCTEME yNpaBieHUs 00 OCTaHOBKE KOHTpoaupyemoro Bama. CIeICTBHEM 3TOTO
JIOKHOTO CHUTHAJIa MOXKET SBUTHCS BBIpAOOTKAa CHCTEMOMN YIpPaBICHUS TAKOHM OMIMOOYHON KOMaHIIbI, KOTOpast IpUBEAET
I K TIOJIOMKE TOTO WJIM MHOTO arperatra aBTOMOOWJIS, MM K CHIDKEHHIO O€30MacHOCTH €ro JKCIuryataruu. Tak,
HalpUMep, eClIM B CHCTEME aBTOMAaTHYECKOTO YIPABJICHHS IMEPEKIIOYeHHEM KOPOOKH Ieperad NMpou30imeT oTKa3
JTaTYUKA, KOHTPOJIUPYIOIIEr0 YacTOTy BPAICHHs BBIXOIHOTO Baja KOPOOKH Mepeaad, TO 3TO BBI3OBET 1101a4y KOMaHIbI
Ha BKJIOYCHHE HU3IEeH mnepenadn. OUYEBHIHO, YTO TAKOE BKIIOUEHHWE TPH JABW)KEHHHM aBTOMOOMIS C BBICOKOH
CKOPOCTBIO TIPUBEJIET K aBAPUHHON CUTYaIHH.

Jnst uckiovyeHus NoA0OHBIX CITy4aeB HCHOJIB3YIOT 3aIUTY OT HENpPEIyCMOTPEHHOTO BKIIIOUEHMS NOTpeOHTeNneit
IIPU OTKa3e JaT4MKa YacTOTHl BPAILCHUS, OCHOBAHHYIO Ha Pa3jMYMM B CKOPOCTH HM3MEHEHHs CUTHAJIOB B CHCTEME
yIpaBJeHUs] IPH HOPMaJIbHOM €€ (DyHKIIHOHMPOBAHHMH U TIPH OTKa3e JaT4HKa, a TakKe Ha KOHTPOJIE 3a HCIPaBHOCTHIO
0OMOTKH JaT4HKa.

CucTeMa 3amIuThl, OCHOBaHHAs Ha MEPBOM IPUHIIMIIE, TIPEAHA3HAYCHA IS NIPEIOTBPALICHHUS HEIIPEIYCMOTPEHHOTO
BKITIOYCHHUS B KOPOOKe Tepeaad Hu3IIeH (IepBoif) mepeady B ciaydae OTKa3a AaTUYMKa YacTOTHI BPAIIEHUS BBIXOTIHOTO
BaJa KOpOOKM mepeiad BO BpeMsl IBHKEHUS aBTOMOOMIIS C BEICOKOH CKOPOCTBIO.

CuHycoMganpHBI CHUTHAJ, BBIpadaTbiBaeMblii gatdukoM ckopoctd JIC, moctymaer Ha BXOX (OPMHPOBATEII
UMIYIbCOB (pHc. 45), KOTOPHIH mpeoOpa3yeT HaHHBIA CHTHAJI B MOCJIEJOBATEIBHOCTH HPSIMOYTONBHBIX HMITYJIBCOB.
[anee curnai ¢ BeIxoza GopMUpOBaTeNs pa3zeiseTcs Ha 1Ba: OAMH rocrtymnaet Ha Bxoa [TYH cucremsl nepekitoueHus
JIEKTPOMarHUTOB, APYroil — Ha BX0J| 0J0Ka IpeoOpa3oBaHMsl UMITYJIbCOB CHUCTEMBI 3aIlINThI, BEIMOJHEHHBIH 110 cXeMe
UK — JIeTeKTopa. JTOT OJIOK NpeoOpa3yeT IMOCIeA0BaTebHOCTh MMITYJIbCOB B HAIPSDHKEHHE IMOCTOSIHHOTO TOKa,
BEJIMYMHA KOTOPOT'O OCTAETCS MOCTOSTHHOM HE3aBUCUMO OT YacCTOTHI CJICIOBAHUS UMITYJILCOB.



B TIYH npoucxomut mpeoOpa3oBaHWe UYacTOTHl BXOIHBIX HMMITYJIbCOB B HANPsHKCHHE TIOCTOSTHHOTO TOKA,
MOJBOIMMOE Jamee K BXomy Omoka mepekmodueHus mepenad (BIII), ympasmsiomeMy —mepexiodeHAEM
anekTpomarautoB OMI, OM2 n OM3. Kpome Toro, HampsbkeHue oT BbIxoga ITYH momBoamTcs K BXOMY dJIEMEHTA
3amepkki D3. V3MeHeHHne HamnpspDKeHHS Ha BBIXOJE IMPOMCXOTUT C 3ala3/bIBAHHEM II0 OTHONICHHIO K BXOIHOMY
CHUTHAIY.

BIIII comep>kHUT MOPOTOBBIE YCTPOWCTBA, KaXKI0€ M3 KOTOPHIX HACTPOCHO Ha CpabaThIBaHWE NPH OIPEACICHHOM
HanpskeHuu.. I103ToMy B 3aBUCHMOCTH OT YacTOTBI BXOAHOT'O CHTHAla, ONpeneNsroleil BeIMYNHY HaNpsyKeHUs Ha
Beixoje [TUH, mpoucxoauT BKIIOYEHHE COOTBETCTBYIOUIMX MOPOTOBBIX YCTPOWCTB C Mojadel KOMaHI Ha BKIIOYEHUE
2JIEKTPOMAarHuToB uepe3 umerommuecs B BIIII aneMeHThI JOTUKY U yCHIIUTEIH.
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Puc. 46. Cxema ycTpOMCTBa 3alMTbl OT HENPEeAYCMOTPEHHOro BKJIIOYEHUsA nepepayv npu oTkase
AaTyMKa CKOPOCTU C ANIEMEHTOM 3afePXKKU

Bo Bpems IBIDKEHHS aBTOMOOWISI K BXOAY MHK-IETEKTOpa INPH HCIPABHOM JaT4YUKE CKOPOCTH MOIBOIATCS
HUMIIYJIbChI, BCIIEACTBHE YEro Ha €ro BBIXOJAE MMEETCsS HAIpsUKEHHE BBICOKOTO YPOBHS, a HaNpsDKEHHE Ha BBIXOJE
norudeckoro uueeptopa JIH (cxema HE) npu aToM 6insko k Hymro. Taxoke OJIM3KUM K HYJIO OKa3bIBAETCSl HAMPSKEHUE
Ha BXOZ€ 2 BKJIIOYATESsI 3alIOMUHAIONIET0 ycTpoiictBa B3Y, BBIMTOJHEHHOTO MO THILY JOTHMYECKOTO 3jieMeHTa 2M —
HE. Tloaromy HanpsbxkeHue Ha Bbixoae B3V, moaBoaumoe K BXOMly 3allOMUHAIOLIET0 YCTpoHCTBa 3Y, UMEET BBICOKUMN
YPOBEHb.

3aroMuHalomee ycTpoicTBO (TpUrTep) cpadaThiBacT TONBKO IPH MOJBEJCHUH K €r0 BXOJy HANpsDKEHUS HU3KOTO
YpOBHsI, MO3TOMY INpH ucnpaBHoM gatdyuke JIC 3TO yCTpOWCTBO HE MOAAET KOMaHIbl KOMMYTATOPY BBIKIIOUUTH
JJIEKTPOMArHUTEHI.

[Tpn HENMOABMXHOM aBTOMOOMIIE MMITYJIbCHl HANPSDKEHUS Ha BBIXOAE (POPMUPOBATEIST UMITYJIbCOB OTCYTCTBYIOT U
HaTpsDKCHHE Ha BBIXOJIE MHK-IETEKTOPa paBHO HYIIIO, a HANPSHKEHUS Ha BRIXOJe MHBepTopa JIH u Bxone 2 B3V nmeer
BBICOKHH YpOBEHb. JTO, OJJHAKO, HE IPUBOIUT K MOSIBIICHHUIO HANIPSHKCHUS HIU3KOTO YPOBHA Ha BhIxoze B3V, mockombsky
IIPH OTCYTCTBUH HUMITYJIBCOB Ha BBIXO/E (hOPMHUPOBATENS UMITYJIHCOB HampspkeHue Ha Bbixozae [TYH wn u. paBHO Hymio,
WJIH CTOJb HE3HAYUTENIFHO, YTO MIOPOTOBOE YCTPOUCTBO 3autuThl [1Y3am He MokeT cpaboTath, T. €. HAIPSKEHUE Ha ero
Bbixosie ¥ Bxoxe | B3V pamHo Hymio. IlosToMy mpum HEMOIBM)XKHOM aBTOMOOWIIE paccMaTpuBaeMas 3alluTa He
cpabaThIBaeT.

Ecnun aBTOMOOMIBL JBMXKETCS €O CKOPOCTBIO, NpPH KOTOpOH HampspkeHue Ha Bbixoge ITUH oxassiBaercs
JOCTaTOYHBIM JUUIsI CpadaThIBAaHHMS IMOPOTOBOTO YCTPOMCTBA 3allMTBI, U B 3TO BpeMs IMPOMCXOJIUT OTKa3 IaT4HKa
CKOPOCTH, TO CHCTEMA 3allUThI ACHCTBYET CieaylomuM o0pazoM. Benencrteue orkasa narunka J/C Mcye3atoT UMITYIIbChI
Ha BBIXOZe (POpPMHUPOBATENS, U HAIPSDKEHHE HA BBIXOJIE NMUK-AETEKTOpa CHIDKAETCS J0 HYJIS, a HA BBIXOJIE MHBEPTOpA
JIU n Bxone 2 B3V nosBisieTcsl HanpsDKEHHE BBICOKOTo ypoBHsL. Vcue3HOBEeHHE UMITYJILCOB Ha BBIXOJIe (hopMHUpoBaTEs
IIPUBOJUT K PE3KOMY CHUKEHMIO HamnpsbkeHus Ha Beixonae IIYH u, cnenoBarenbHO, Ha BXOJE 3JIEMEHTa 3aICPiKKU.



HecmoTpsa Ha 3T0, HampsDKEHHE Ha BBIXOAE IOCIEAHETO HCYE3aeT HE Cpasy, a C ONPEACICHHBIM 3alla3/blBaHHEM,
MIO3TOMY TIOPOTOBOE YCTPOMCTBO 3aIIMTHI OCTACTCS BO BKIIOYCHHOM COCTOSHHM €IE€ HEKOTOPOE BpeMs IOCIE
HCUYC3HOBEHUS BXOJHBIX HMITYyJIbCOB. B TeueHHMe yKa3aHHOTO BPEMEHH OYAET MOABOIUTHCS HANPSDKCHHUE BBICOKOTO
ypoBHs K Bxony 1 B3V. Tak xak HampspKeHHE BBICOKOTO YPOBHS HMOIBOIHUTCS B TAaHHBIN Iepuo U kKo Bxoay 2 B3V, to
B3V nepexmodaeTcs B COCTOSHHE C HU3KUM HANpsHKEHHEM Ha €To BBIXOZE. B pesynpraTte cpaboTaeT 3amoMuHaoLIee
ycrpoiictBo 3Y M K KOMMYTaropy IOCTYNIUT KOMaH/Ia Ha OTKJIIOYEHHE BCEX 3JIEKTPOMArHuToB. TeM cambiM Oymer
HCKJIIOUEHO aBapuilHOE BKIIOUCHHE HU3ILEH Nepeaadu Py OTKa3e AaTYMKa CKOPOCTH.

DJekTpuyeckas cXemMa TaKoOTro YCTPOWCTBA 3alllMThl INpHBeAeHa Ha puc. 46. B Heil mig mpeoOpazoBaHus
MIOCJIE/IOBATENILHOCTH TMPSIMOYTOJIBHBIX HMITYJILCOB, AEHCTBYIOIIMX Ha BbIXoAe (opMupoBaTeiss UMIYJIbcoB DM, B
HalpspKeHUE TIOCTOSIHHOTO YPOBHS MCIIOJIb30BaH IHK-IETEKTOp, cocTosmmi n3 nuona VD1, konnencaropa C2 u pe3u-
cropoB R2 u R3. B nmepuossl aeiictBus umiyisca yepes auoa VD1 ocymectsisercs ObIcTpast 3apsiika KOHeHcaTopa, a
€ro paspsaka B IEPUOBI Iay3bl MEXIy HMMIYJIbCaMH HNPOHUCXOIUT ropaslo MeUICHHEE, MOCKOIBKY TOK pPas3psIKu
KOHJIeHCaTopa orpaHnunBaeTcs pesucropamu R2 m R3. Bemencreue storo mpu pabortatomiem matauke ckopoctu JIC
HaNpsDKCHHE Ha BBIXOZC IMHK-AETEKTOpa, MOABOAMMOE K Oa3e TpaHsuctopa VT1, mocraToyHo mist ero OTKpeITHA. B
pe3ynbTaTe HANpsKEHHE, MOJBOAMMOE OT KoJmiekTopa Tpamsucropa VTl k Bxomy mormueckoro smementa DD1.1,
OKa3bIBaeTCs OJNM3KUM K HYJIIO, YTO OOECIIeunBacT MOIyYCHNE HANPSOKEHHS BBICOKOTO YPOBHS (YPOBHS JIOTHYECKON
1») Ha BeIxoze 3 anementa DD1.1 u Bxone 4 snementa DD1.2.

Onementsl DD1.2 u DD1.4 o6pa3ytoT Tpurrep tuma R — S, mepexiroueHne KOTOpOro HMPOUCXOANUT TOJIBKO MPH
MOJIBEICHUH K €ro ymnpaBJisitoniuM BxonaM 4 u 13 curHanos ¢ ypoBHeM «itorudeckoro O». [Toatomy npu paborarorieM
naryrke JIC mepekitoueHHe TpUITepa He MPOMCXOAUT, W HANpPsDKEHHE Ha ero BbIXxoje 6 MMeeT HM3KMEU ypoBeHb. B
pe3ynbTare 3JeMeHT OTKIoueHus D0, NPUHYIUTENBHO BBHIKIIIOYAIOMNN OJ0K JOTUKK bJI He IPUBOAUTCS B JACHCTBHE,
T. €. CHCTeMa 3alllUThl He CpabaThIBaeT.

[Tpu HemoABMYKHOM aBTOMOOMJIE TIOPOTOBOE YCTPOHCTBO /7Y BBIKIIOYEHO, TIO3TOMY Ha €r0 BBIXOJE U Ha BXoje 2
anementa DD1.1 Hanpspkenue 6imm3ko K Hymo. [loaTromy HampspbkeHue Ha Bbixone 3 anmementa DD1.1 mMeeT ypoBeHb
IOTHYECKOH 1», T. €. MepeKIIoueHne TPUITepa He TPOMCXOANT, M yCTPOWCTBO 3alUTHI HE BCTYIACT B ICHCTBHE.

Ecnu aBTOMOOHIB IBMKETCS CO CKOPOCTHIO, IIPH KOTOPOH yrke MPOU30LIIO cpabaThIBaHHE IIOPOTOBOTO YCTPOUCTBA
ITYV1 (BbI3BIBaOIIEE MEPEKIIOYEHUEM C NEPBOH Ha BTOPYIO Iepenady), U B 3TO BpeMs IPOU3OILIET OTKa3 AaTdnKa
CKOPOCTH, TO yCTPOHCTBO 3aIIUTHI IEHCTBYET CIEAYIOIIIM 00pa3oM:

npu otkaze patyuka JIC mpomamaroT MMIyNbCH Ha BBIXOJE (OPMHUPOBATENS MMITYIbCcOB DN, B pe3ynbTaTe 4ero
MIPOUCXOTUT OBICTpas paspsnuka KoHAeHcaTopa C2 U, Kak CJIEICTBHE, BBIKIIOUeHHe TpaH3ucropa VT1. B atom cimydae
Ha kosutekTope VT1 nmosBisercs HanpspKEHHE C YPOBHEM «JIOTHUECKOM 1», KOTopoe moJBoAuTCs K BXody 1 anmemeHTa
DD1.1;

HCUE3HOBEHUE MMITYJIbCOB Ha BbIXOJe opMupoBatens @M o0yclIoBIUBaeT YMEHbIICHHE 0 HYJIS (MM O HU3KOTO
ypOBHS) HampspkeHus Ha Berxoae ITHH.

Ho Tex mop, moka He paspsagutcs koHiaeHcatop Cl, k Bxonam moporoBwix ycTpoiicts [1VI, I1V2 w I1Y3 Oyner
TIOJIBOANTHCS HaNpspKeHne. BerencTBre 3Toro Ha BEIX0/IE TIOPOTOBOTO yeTpoicTsa /1Y ] U, ciepoBaresibHO, Ha BXoJe 2
anementa DD1.1 B TeueHHe HEOONBIIOrO MPOMEXYTKAa BPEMEHH OYyIET COXpAaHATHCS HANPSHKCHHE C YPOBHEM
«rorudeckoit 1». B pesynprare k 06oum Bxogam snrementa DD1.1

OKa)KeTCsl MOJBEJCHHBIM HANpsDKCHHE C YPOBHEM «JIormiyeckod b, a Ha BbeIxozme 3 3TOro 3ieMeHTa MOSBUTCS
HalpspKeHHE ¢ YPOBHEM «IOoTHYecKoro 0», 4To 00ecIeunT NepeKiIoueHre TPUITepa B COCTOSIHUE C HANPSDKEHHEM Ha
Beixoze 6 anmementa DD1.2, paBHbIM «wtormueckoit 1». CiencTBUEM 3TOTO SBUTCS cpadaThIBaHWE 3JIEMEHTa OTKIIIO-
yeans DO c¢ momadeil KoMaHAbl OJoky Jsoruku bJI Onoka mnepexiodeHus nepenad bAIII] Ha OTKIIOYCHHE
aneKkTpoMarHuToB M1 u OM?2 BkmoyeHHs NepBoil ¥ BTOpoi nepenad. Ilpu 3Tom Bo n3bexkaHne pa3phiBa CBIA3H MEXIY
JIBUTATENIEM M KOJecaMH aBTOMOOWJIS OJHOBPEMEHHO MOJaeTcs KOMaHJa Ha NPUHYIUTEIbHOE BKIIOYCHHE BBICIICH
(TpeTheit) mepenayu BCIEACTBUE MOAAYN KOMaH/Ibl Ha BKJIIOUEHHUE dieKTpoMarauta JM3.

JUis BBIKITIOYEHHS CHCTEMBI 3alUTHI CIEAyeT MOCIe OCTAHOBKM aBTOMOOWIS OTKIIOYHTH CUCTEMY YIPAaBICHHUS OT
WCTOYHMKA MUTAHUS HAa KOPOTKUI IPOMEKYTOK BPEMEHH, a 3aT€M BHOBb €€ BKJIIOYHTH. [IpM OTKIIIOUEHHH CHCTEMBI
yIpaBieHUs TPOU30MAET pa3psaka KoHjeHcaropa C3, Mo3TOMy cpa3y e IOciie BKIIOYEHHs MUTaHui K Bxoxy 13
anemenTa DD1.4 okaxeTcs moABEAEHHBIM HANPSDKEHHUE C YPOBHEM «JIOTMYecKoro 0», 4To o0ecneyuT HepeKioueHre
TpUITEpa B COCTOSIHME C HaIlpsHKEHHEM Ha BbIxone 6 snemenrta DDL2, paBHbIM ypoBHIO «iIormueckoro O», B
pe3yJbTaTe Yero CUCTeMa 3alluThl OyIeT BHIKIIOYEHA.

Ecnu npu TopmMo>keHHH aBTOMOOHIIS HA CKOJIB3KOM JOpOTe MPOM30iIeT OJIOKHPOBaHUE KOJIEC, TO ICHCTBIE AaTUnKa
CKOpPOCTH, HECMOTPS Ha MPOJODKEHHUE JIBHKCHNS aBTOMOOWIIS, IPEKPaTUTCS. B 3TOM ciydae cuctema 3amuThl MOKET
cpaboTaTh, HECMOTPS Ha HCIPABHOCTH AaTdymka. OJHAKO €ciIM Kojieca aBTOMOOMIA pa3bIOKHMPYIOTCS B Tpoliecce
JIBIDKEHUS] aBTOMOOMJISL, TO JIaTYMK CKOPOCTH BHOBb BCTYNHUT B JCWCTBHE U HA €r0 BBIXOJE MOSIBUTCS HANpsHKEHHE,
KOTOPOE MOJKET OKa3aThCs JOCTATOYHBIM JUIS BKIIOYEHHS TIOPOTOBOTO ycTpoiicTBa /Y] ¢ MOsIBIEHNEM Ha €T0 BBIXOJIE
HaTpSDKEHUS C YPOBHEM «JIOTHYECKOH .1». B Takux ycloBHAX HampsDKEHHE C YPOBHEM «IOTHYECKOH 1» okakeTrcs
MOABEAEHHLIM K 000MM BxozaM 3yieMedTa DD1.3, BciencTBre 4ero Ha €ro BLIXOZE 8 M, clienoBareiasHo, Ha Bxoje 13
anementa DD1.4 HanpspkeHue yMEHBIIMTCS 10 ypoBHS «tormueckoro O». Tem cambiM Oyner oOecriedeHO
NIepeKIIIOYEHNE TPUITEPa B COCTOSIHNE C HANpPsDKEHHEM Ha BbIxoze 6 yormdeckoro snementa DD1.4, paBHbIM ypoBHIO
«iorngeckoro Ox». B pe3yipraTe NpoN30HAET BBIKIIIOYEHHE CHCTEMBI 3aIlIUThI O€3 BMEIIATENbCTBA BOJUTEIS.

Ecnu B kauecTBe paT4MKa CKOPOCTH HCIIONBb3yeTCs TpeX(asHbIH TaxoreHepaTrop, TO 3allluTa OT HENpPaBHILHOTO
(YHKIIMOHMPOBAHUS CUCTEMBI YIIPABJICHHSI MOXKET OBbITh 0OecreueHa ¢ IOMOIIBIO CXeMBI, IpUBeIeHHON Ha puc. 47. (A.



c. 740546, CCCP, MKI? B 60 K 31/00). IIpu ucripaBroM renepatope (meprox torx) DIAC Uy UHAYKTHPYETCS BO BCEX
Tpex ero ¢azax I, Il u lll, mosromy manpsixerne Uy, Ha BBIXOJAE BRIPAMUTENS, cocTosmero u3 auoaos VD1 — VDG,
AMeeT HEe3HAuuTeNbHbIe Mynbcanuu (puc. 48). B pesynbrate Hampsbkenne U, Ha koHzeHcatope CI MpaKTHIECKH
MTOCTOSTHHO M MEHBINIE cpenHero 3HaueHus HanpspkeHnus Ugblx Ha 0,65 — 0,7 B (u3-3a maneHns HanpspkeHUs B AHONE
VD7). B pesynbTate 06ecnednBaeTcst 3aKphITOE COCTOsIHIE TpausucTopa VT1, MOCKONBKY K €ro SMHUTTEPY MOIBOIHTCS
MeHbIIlee HamnpspKeHne, 4eM K Oase. IIpu 3ToM Takke 3akphIT TpaH3uCcTOop V12, yrnpaBisiomuii TPUITEpOM BKITFOYCHUS
3amuThl THa R — 5, BeimosiHeHHOM Ha 3nmemenTax DD1.1 u DD1.2, u HanpsbkeHue, MOIBOAUMOE K BXOIY 5 3eMeHTa
DDL2, paBHO YpOBHIO «JIOTHYECKOH 1».
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Puc. 47. Cxema ycTpoMCTBa 3aWMTbl OT HENPeAYCMOTPEHHOro BKJIHOYEHUs nepepay npu oTkase
TaxoreHepartopa

B MOMEHT mnoakmoueHHs TpHUITEpa K HCTOYHHMKY NHTaHMSA KoHAeHcatop C2 He 3apspkeH, BCIEACTBHUE YEro
nepBoHayanbHO K Bxomy 1 amementa DD1.1 oxa3siBaeTcs MOABEICHHBIM HANpPsDKEHHE C YPOBHEM <JIOTHYECKOro 0».
ITocne 3apsinku konzaeHcatopa C2 Ha Bxoae | ycTaHAaBIMBAeTCs HANPSDKEHHE C YPOBHEM <«JIOTMYECKOM 1.
CrenoBarenbHO, MOCIE MOIKITIOUCHHUS CHCTEMBI YIPABICHHWS K HCTOYHHUKY IHMTAHUS TPUITEP YCTAaHABIMBACTCA B
MOJIOKEHHE, MPU KOTOPOM HanpspkeHHe Ha Bbixoze 6 anmementa DD1.2 paBHO ypoBHIO «ioruueckoro O». B atom
cllyyae KOMaHJIa Ha { CpabaThIBaHUE YCTPOWCTBA 3aIIUTHI HE NTOJAETCH.

I 7 m
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Puc. 48. NameHeHune J[C, uHayktupyemon B hpa3zax TaxoreHepaTtopa U HanpskeHUs Ha Bbixoge
BbINPAMUTENA U KOHAeHcaTopa



Ecin Bo Bpems ABW)XEHHUSI aBTOMOOMJIA IPOMCXOOUT OTKa3 TaXxoreHepaTopa BCJICACTBUE OOpBIBA LM XOTS Obl
OJHOH M3 ero OOMOTOK HJIH €€ 3aMblkaHus (Hampumep, ¢asbl |1 B MomeHT t,,,). reHepaTop paboTaeT Kak IBYyX(a3HBIH.
Pesko yBenmmumBaroTcs mynbcarun HampsokeHUs Uy, (puc. 48), omHOBpeMeHHO yMmeHbInaeTcs Hampspkenne U Ha
koHzaeHcarope Cl. OgHaKO MOCTOSHHAS BPEMEHH €ro pa3psIKH 3HAaYUTENBHO BBILIE NEPHOJa U3MEHCHUS HAIPSOKCHUS
Upux (TIpH CKOpPOCTSAX IBIDKCHUS aBTOMOOWIISA, KOTIa BKJIIOUEHAa XOTs OBl BTOpas mepenaua). [losTomy mpu oTkasze
TaxoreHepaTopa yXe B IepBOM HoIynepuose tzgy M3MeHeHHs HarpsokeHUst Uy, OHO CTAHOBUTCSI MEHBILE HAIPSHKECHUS
Uc[. B pesynbraTe HanpsbKeH#e, MOABOIMMOE K IMUTTEPY TpaH3uctopa VT1, okaspiBaeTcs OOJbIIE HAIPSHKEHHS HA €ro
0aze, yTo oOecneynBaeT OTKPBITHE KaK JAaHHOTO TpaH3UCTOpa, Tak M TpaHsucropa VT2. Hampsokenue Ha BXone 5
anemenTa DD1.2 ymenbIaercst 10 ypoBHs «iorndeckoro O, 4To o0ecredrBaeT MepeKIoYeHie TpUrrepa B COCTOSIHUE
C HalpshDKeHUEM Ha BbixoJie 6 anementa DD1.2, paBHbIM ypoBHIO «iorndeckor 1». ClieicTBHEM 3TOTO SBIISETCS BhIpa-
00TKa KOMaH/Ibl Ha cpabaThIBaHNE YCTPOHCTBA 3aIUTHI.
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Puc. 49. Cxema ycTpoMCcTBa 3aWmUTbl OT HENPEeAYCMOTPEHHOro BKJIHOYEHUs nepepay npu oTkase
JaTyMKa CKOPOCTU, OCHOBaHHasA Ha KOHTpPoOJie ero CoOnpoTUBINEHUs

[TpuHIMn eHCTBHS PACCMOTPEHHBIX YCTPOMCTB 3alIUTHI OCHOBAH HAa COINOCTAaBJICHHH [IBYX CHI'HAJIOB, OJUH W3
KOTOPBIX JEWCTBYET C MaibIM 3ala3/blBAHUEM II0 OTHOIICHHIO K W3MEHEHUIO YacTOTHl BpallleHUs Bajla JaTduKa
CKOpPOCTH, a BTOPOH — MMEET OTHOCHTEIHFHO OONBIIOE 3ama3/blBaHKEe IO OTHOILIEHMIO K MepBoMy curHary. IIpomon-
KHUTENbHOCTh 3alla3/[bIBAHUS BBIOMPAIOT W3 YCJIOBHUS TNPENOTBpAIleHHs cpabaTHIBAaHUS YCTPOWCTBA 3aIlUTHl HpHU
OTHOCHTEIIFHO MEUICHHOM H3MEHEHUH YaCTOTHl CUTHAJIOB, BHIPA0ATHIBAEMBIX JaTYHKOM CKOPOCTH, YTO UMEET MECTO
IIpU HOpMAIEHOU paboTe cucTeMbl ynpasieHus. [Ipu oTka3e mpeoOpazoBaTess OBICTPO U3MEHSIOTCS BBIpaOaThIBacMBbIC
UM CHTHAJIBI, HA YTO PearrupyeT CHCTeMa 3allIUThl, 00SCIIeYHBast OTKIIOUCHHE 3AIIUIIAEMBIX YCTPOUCTB.

HemocratkoMm crcTeM 3amuThl, OCHOBaHHBIX Ha ITAHHOM IIPHHIMUIE, SBISETCS BO3MOXKHOCTh HX OIIMOOYHOTO
cpabaThIBaHUS MPH HEKOTOPHIX OBICTPO MPOTEKAIOMIMX MEPEXOJHBIX MpoIeccaX B cucTeMe yrpasieHus. C 3TOH TOYKH
3peHuss OoJiee COBEPUICHHBIMU SIBIIIIOTCS CHCTEMBI 3alIWTHI, OCHOBAaHHBIE Ha KOHTPOJIE COMpPOTHBICHHS TaTIHKa
ckopoctu. OHAa M3 CXE€M yCTpOMCTBa TakOW CHCTEMBI 3aIUTHI, IMPEAHA3HAYEHHOTO IS HCIIONB30BAaHHUS B CHCTEME
yIpaBJIeHHUs ¢ JaATYMKOM MHIYKTOPHOIO THIIA, IPHBEICHa Ha puc. 49.

OCHOBHBIM 3JIEMEHTOM YCTPOMHCTBA SABISAETCS ABYXYPOBHEBBIN KOMIIapaTop, BHIIIOTHEHHBIN Ha IBYX ONEpPAI[HOHHBIX
yeumurensx [10]. OTka3 pmaTdmka CKOPOCTH MOXET IPOM30MTH IpU OOpBhIBE LEMH €ro OOMOTKH HIH PE3KOM
YBEJIMUEHUH €€ CONMPOTHUBICHHS M3-3a INIOXOT0 KOHTAKTa, TUOO MpHU 3aMbIKAaHUH OOMOTKH, BCIEACTBUE YEr0O €€ COMpo-
TUBJICHHE CYIIECTBEHHO YMeHbIIaeTcsa. TakuM o0pa3om, MpH 0TKa3e JaT4nKa CKOPOCTH MPOUCXOANUT WM YMEHBIICHHE,
WIH yBEIUYEHHE COMPOTHUBIICHUS B [IEMH €ro0 OOMOTKHU IO OTHOIICHHIO K HOPMAIBHOMY 3HAYCHHIO. DTO HUCHOIB3YIOT
JUTS BEIPAOOTKY CUTHAJA, TIOAaBaeMOro Ui cpabaThIBaHUS YCTPOWCTBA 3aIUTHI.

BT paccmarpuBaemoii cxeme 0OMOTKa aTynka ckopoctd BV (comporunenunem R,.) coBMecTHO ¢ pesucropom R1
oOpasyeT JenuTeNns HanpspKEHHs, OT KOToporo HampspkeHue noasoxutcss Kk @HY, cocrosmemy u3 pesucropa R2 n
kongeHcaropa C2. ®HY crmaxuBaeT nyJabCalud HaNpsDKEHUs, MOJBOJAMMOIO K TOYKE A CXEMbl OT JENUTENs
Hanpsokenusi. Hampsbkenue B ganHoM Touke cxeMbl U, = = UctRy/(Ry + Ry) (rme U, — craGuaM3upoBaHHOE
HAMPSKEHNE NCTOYHUKA TUTAHUS CXEMBI).

[Ipu ncpaBHOM COCTOSIHMM AaT4MKa CKOpOCTH HampsokeHHue U 4 BbIIe HanpspkeHns Ug, TOABOANMOTO K Pe3UCTOPY
R9 u nmamee x HEMHBEPTHPYIOLIEMY BXOAY OIepalMOHHOro ycuiuteias DA2 (oT nenutens HamnpspKEHHs, BEPXHUM
IUIEYOM KOTOPOTO SBJIAETCS MOCIEN0BATENILHO COeIMHEHHbIE pe3rcTopsl R3 1 R4, a HmKHUM Mm1e4oM — pesucTop R5).
Hapsiny ¢ atum Hanpspkenune U Huke Hanpspkenust Ub, moxBoaumMoro k pesucropy R6 u nanee Kk MHBEPTHPYIOIEMY
Bx0Jy ornepanuonHoro ycunurenst DAL (ot gemutens HanpsbKEHHS, BEPXHUM IDIEYOM KOTOPOTO SABJIeTCs pe3ucTop R3,
a HWKHUM IUICYOM — TOCJIEIOBATENIbHO CoearHEeHHbIE pe3ucTopbl R4 u R5). [Ipu yka3aHHBIX COOTHOIICHUSIX MEXKIY



HanpspkeHussiMu Up, Uy m U, 06a onepallmoHHBIX YCHIIMTENS WMEIOT Ha BBIXOJAX HAIpsDKEHHE HHU3KOTO YpPOBHS,
BCJIEJICTBHE YeT0 CHTHAJ Ha Cpa0daThIBaHNE YCTPOMCTBA 3aIIUTH IMH HE ITOJIAeTCS.

[onmoxxenne MeHsIeTCs, HAIPUMEP, IPXU KOPOTKOM 3aMBIKaHUH B IS OOMOTKH JaTIYMKa WIH ee pa3peiBe. B mepsom
cyqae (Soc= = 0) Hampspkenue Ua mamaeT 1o HyIsL, BCJICACTBHE YEeTO HANpSDKCHHE Ha HEWHBEPTHUPYIOIIEM BXOJE
onepanroHHOTo yewnutedst DA2 cTaHOBHTCS BBINIE HANpPsDKEHHS, TOJBOJUMOTO K €r0 MHBEPTHPYIOLIEMY BXoxy. B
pesynbrare yemnutenb DA2 Oyzmer paboTaTh B pekuMe ¢ BBICOKHM BBIXOJHBIM HANpsDKCHHEM, Oarogaps dyemy depes
anement WJIN nonaercst komania Ha cpabaTbiBaHHE YCTPONHCTBA 3alUTHI.

Bo Bropom ciyqae (Rac = °0) Hampsbkenue Up Bo3pacTaeT 10 3Ha4eHHs, ONM3KOro K HANPSDKEHHIO MCTOYHHUKA
nutanus U, B pe3yabTaTe 4yero HalpspKeHUe, IMOJIBOMMOE K HEMHBEPTHUPYIOIIEMY BXOAY ONEPalMOHHOTO YCHIIUTES,
cTaHOBUTCs OOJblIe HANpsDKEHHS Ha €ro WHBepTUpymomeM Bxozae. CIeNCTBHEM 3TOrO SIBISIETCS NEpeKIIoueHHe
omneparonHoro ycunurenss DAL B pexkuM ¢ BBICOKMM YPOBHEM HAlpsDKEHHSI Ha €ro BBIXOJE C MoAadeld KOMaH[bl Ha
cpabaThIBaHUE YCTPOICTBA 3aIIUTHI.

B paccmarpmBaemoil cxeme KoMmMaHHa Ha cpabaTBIBaHHE YCTPOIMCTBAa 3aIUTHI COXPAHIECTCS B TEUECHHE BCETO
BpPEMEHH, TI0Ka CYIIECTBYeT HEHWCIPAaBHOCTh JaT4MKa CKOpocTH. [loaToMy B cocTaBe CXEMBI OTCYTCTBYET 3JIEMEHT
3aIIOMUHAHWS CHUTHAJa BKIFOYCHHS 3aIUTHL, KOTOPBIM SBISIETCS OOS3aTENbHBIM B PACCMOTPEHHBIX paHEEe CXeMax
YCTPOMCTB 3amuThl (Tpurrep tuma R — S).

Jns mpenoTBpamieHus IOABEICHHS HAINpsDKEeHHUS MCTOYHMKA muTaHus Ha Bxoj [TYH B cocTaB cxembl 3amluThl
BBEJICH pa3enuTenbHbIi KoHaeHcaTop Cl.

3awmTa SﬂeKTPOHHOﬁ annapaTtypbl OT BbIXo4a N3 CTPOA npu
noaBeOeHUN K Hen HanpsXxXeHnsa nnTtaHunaA O6paTH0i7l nonsapHOCTU

Jlns oGecriedeHys B 3TOM CiIydae 3alluThl B IIeTIb MUTAHUSA JIEKTPOHHOHN anmaparypsl JOCTaTOYHO BKJIIOUUTH JTUO/.
Tornma mpu mojBeeHUU K anmnaparype HanpspKeHUs 0OpaTHOM MOJSIPHOCTH LIeNb €€ MUTAHUS OKa)KEeTCsl pa30pBaHHOM
n3-3a BKJIFOYEHUS 3alIMTHOTO JMOJa B HEMPOBOJSIIEM HanpasiieHuH. JJaHHBIH coco0 3alluThl ClieayeT MPUMEHSTh B
TeX cly4asx, KOTJa JOIOJHUTENbHOE afieHue HanpshkeHus B 3amuTHoM auoxe (0,6 — 0,8 B) mpuemnemo. Mmerorcs,
OJIHaKo, CIydau, KOIJa Takoe IaJieHHe HampsOKeHUS HeNONMycTHMO. B wyacTHOCTH, MpU HOMHHAJIBHOM HamNpsKEHUU
GopToBoii cetn 12 B BBeneHHE B IeNb NMUTAHUS 3JIEKTPOHHOM CXEMBI IOMOIHUTEIBHOTO ANOAA MPHUBEICT K TOMY, 4TO
MHUHHMAaJIbHO BO3MOXKHOE HaIpsDKEeHHE ee nmutaHus cHusnutcea ao 10 B. Ilpu sTom HeBo3MoxHO OyzmeT obecrednTs
TpebyeMoe IJis psida moTpeOuTenei ctadbmminpoBanHoe HanpspkeHue 10 B.
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Puc. 50. Cxembl yCTPOMCTB 3awuTbl OT MOAKIIOYEHUA K IMNEKTPOHHOMY OFOKY HanpsikeHus
obpaTHOW NONSIPHOCTU: a — Lienen ynpaBneHns; 6 — cUNoBou Lenu n uenen ynpaBneHus

[Ipn HOMUHAIBEHOM HampspDKEHUH OOpToBOW ceTh 12 B mpobiema 3amuThl MaJOMOIIHBIX IENeH OT MOBEACHHS
HaTpsKEHUST 00paTHOH MOJIIPHOCTH MOXKET OBITH pelleHa ¢ TIOMOIIBI0 CXEMBI, IpuBeieHHOH Ha puc. 50, a. B cioydae
MIOJIBEICHUS] HANpsDKeHUsT TpeOyeMoil momspHocTH Tpau3ucTop VT1 paboTaeT B peXuMe HACBHIIICHHS C TaJCHHEM
HamnpspKeHUsS B €T0 TIepexojie IMUTTEp — KosuiekTop mopsiaka 0,1 — 0,15 B o cpaBHeHHIO ¢ TajieHHeM HaIpsHKSHUS B
samutHOM auoxae 0,6 — 0,8 B. Ecim momaercs HampspkeHue oOpaTHOM MOJspHOCTH, TO TpaH3ucTtop VT1 ocraneTcs
3aKpBITBIM, B PE3yNbTaTe Yero LeNb MHUTAaHUS 3JEKTPOHHOTO Oioka Db okakeTcs pa3zopBaHHOH. Ciemyer, ogHAKoO,
UMETh B BHJY, YTO JaHHas CXeMa MOXET OBbITh NMPUMEHEHa TOJILKO B TOM CiIydae, €ciii JOIyCTHMOE HampshKEeHHe
MeXxay 0a30i 1 SMUTTEPOM TPaH3UCTOPA MPEBHIIIAET MAKCUMAJIbHOE HANPsKEHUE NCTOYHNKA [UTaHKs. B mpoTuBHOM
cilydae Ipou3oHeT npoboii nepexoaa 6a3a — IMUTTEP C OTKPBHITHEM IIEPeX0/ia KOJUIEKTOP — 3MUTTEP TPaH3UCTOpa.

B paccmarpuBaeMoii cxeMe B KauecTBE 3allUTHOTO 3jeMeHTa nmpumeHeH Tpansuctop Tuna KTS501K, y xoroporo
JIOITYCTHMOE HaIpsHKeHHuEe MeXIy 0a3zoif m sMurrepoM cocrtasisier 20 B, 4To BbIlE MakCHMaJbHO BO3MOXHOTO
HanpsbkeHus 6oprosoii cetu (15 B).



Jnst 3aI0UTHl 3JI€KTPOHHOW CXEMBI OT HANpsDKEHUS OOpaTHOW MOJSIPHOCTH B HEKOTOPBIX CIIydasX MOTYT OBITh
HCTIONb30BaHBl KOMMYTHPYIOIIME JIEMEHTHI caMOil cxeMbl. B aToM ciydae TpeOyemas 3amura obecrmeumnBaeTcs 6e3
JIOTIOTHUTENBHOTO MAaJCHNS HAPSHKEHHS B LETIAX MUTAHUSA cXeMbl. JlaHHBIM NpuHONO peann3oBaH B cxeme (puc. 50,6),
KOTOpas 3alIUIIaeT JOCTaTOYHO MOIIHYIO IeMb (CHIa TOKa 0 4 A B IIenH Harpy3ku — OOMOTKE 3JICKTPOMArHHTa).

B cmyuyae momBemeHHS B paccMaTpHBAeMOH cXeMe HaIlpsDKeHHsS OOpaTHOHM moJsipHOCTH TpaH3ucrtop VT2 (tuma
KT837X) ocraercst 3aKpBITBIM, TaK Kak JOITyCTUMOE HANpsDKEHHE MEKAY ero 0a3oil m sMuUTTEepoM cocTaBisieT 15 B.
[MpenotBpamaercs u BKiIoyeHue Tpansucropa VT1, motomy 4to pesucrop R2 oTkiroyaercst OT HCTOUYHUKA HMHUTAHUS C
MOMOMIBI0 TpaH3ucTopa VT3, BKIIOYEHHOTO COTJIacHO cXeMe, JaHHOW Ha puc. 50, a.

ANIEKTPOHHbIE U MUKPOINPOLIECCOPHbLIE CUCTEMbI
ABTOMATUYECKOI'O YINPABINEHUA CUEMNJIEHUEM

OCHOBHBbIE NPUHUUIMNBbI ABTOMATU3ALNN

CuernieHHe aBTOMOOWJISI TIPEHA3HAYCHO IS PETryJIMPOBAaHUS MOMEHTA, MEPEIaBacMOro OT JBHTATeNsd K KOpOOKe
MepeMeHbl nepeaay.

Jns yctaHoBieHUs TpeOOBaHMI K CHCTEME aBTOMATHUECKOTO YIPaBJICHUS CUEIUICHHEM pPacCMOTPHUM, KaKue
JIEHCTBUS COBEPILAET BOJAUTEINb, YIPABIssl HEABTOMATHUECKH JACUCTBYIONINM cleruieHneM. Ilepen Hayanom IBUKEHHS
aBTOMOOWJISI BOTUTENb JOJDKEH BKIIOYHTH Ty WIM HHYIO Mepenady B KopoOke nepenad. [Ipu, paboraroiieM aBurareie
IUTA 3TOTO HEOOXOIHWMO TPEIBAPUTENFHO IMOTHOCTHIO BBIKIIOUUTH cleIuleHue. Jlanmee Iiisi TpOTaHWsS aBTOMOOWIA ¢
MECTa BOAWTENb JOJDKEH OJHOBPEMEHHO Ha)KMMaTh Ha IEIailb MOIadd TOIUIMBA M IOCTENCHHO OTIYCKaTh IeTaib
YIpaBJICHUS CIEIUICHUCM.

[Ipu mpaBUIBHO COTIIACOBAaHHOM BO3JCHCTBHM Ha OTH MeAald OyIeT OJHOBPEMEHHO BO3pAcTaTh KaK YacTOTa
BpaIeHus 7, KOJICHIaTOTO Bajla, TaK 1 MOMEHT M., mepeaBaeMbIi creruieHueM. [lociie Toro kak MOMEHT M, TIPeBBICUT
MOMEHT M§ cONpOTHBICHHUS OBIKCHUIO (IMIPUBEACHHBIM K KOJCHYATOMY By IIBUTATENS), aBTOMOOWJIb TPOHETCS C
MecTta. Ilo Mepe yBenuueHus: MoMeHTa M, OyneT Bo3pacTaTh 4acTOTa BPAIIEHUS /1, BEAOMOIO 3JIEMEHTa CLEIUICHHUS U
COOTBETCTBEHHO YBEIMYHBATHCSA CKOPOCTh IBH)KCHHUS aBTOMOOWMIISL.
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Puc. 51. UameHeHue M., n, v n. Npn pasroHe aBTOMOOuUNs ¢ HeaBTOMaTU4YeCKU yrnpaBrsieMbiM
cuenneHuem: a u 6 — oTnyckaHue nefanu ynpasneHusi cuenneHmeM CooTBeTCTBEHHO MeAleHHoe U
ObIcTpoe

Korma B mporecce pasrona aBTOMOOWIISI BOAWTENh MOJHOCTBIO OT-IyCKaeT MeAalb YIpPaBICHUS CIETUICHUEM,
MOMEHT M, yBETUUMBAETCS IO MAaKCUMAIBHOTO M aX, KOTOPBIM MPEBBIIIAET MAKCUMAIBHBIA KPYTAIIUNA MOMEHT M,y
nBuratelis. B pesynbrare crenieHne 6JOKHUPYeTCs, T. €. YaCTOThI BPAIIEHUS T, U /1, CTAHOBATCS OJMHAKOBBIMU. Takum
o0pasomM, B TIPOIECCe TPOTAHUS aBTOMOOWIIS C MECTa W TOCJEAYIONMETO €ro pa3roHa M0 Mepe YBEIMUYEHUS YaCTOTHI
BpallleHUs 7, KOJEHYAaTOro Bajla MOMEHT M., mepelaBaeMblil CLIETVIEHHEM, IOCTENEHHO BO3pacTaeT OT HYJSA 10
MaKCUMaJIbHOTO 3HAYCHUSI.

Xapaxtep 3aBucumoct M, = f(nk) mpu HeaBTOMAaTHUECKOM YIpaBIICHUH CUEIICHUEM OIPEACNISETCS TEMIIOM
Ha)KaTUs BOJAUTENICM Ha IeAaib YIPaBJICHUS clelicHHeM. Eciii BoauTels OBICTPO HAaXKMMAaeT Ha MeAaib MOJadd
TOIUTHUBA U MEUICHHO OTIYCKAeT IeAalb YIPABICHUS CIEIUICHHEM, TO 3T0 00YCIOBIMBAET HHTCHCHBHOE BO3PACTAHHE
n, IpU HE3HAYUTEIbHOM yBenuueHuu I, (puc. 51, a). Ilocnenyromiee ormyckaHue menaid yHpaBiIeHUS CLEIJIEHUEM
BBI3BIBAET COOTBETCTBYIOIIEE MOBBILIEHHE MOMEHTa M., 4YTO MPUBOJUT K BO3pPAaCTaHMIO HArpy3Ku ABurareis. B
pe3yJiibTaTe 3TOr0 MHTEHCUBHOCTh YBEJIMUEHHUS YaCTOThI BPAIlEHUs] KOJIEHYATOTrO Baja CHUYKAETCA M Ja)Ke BO3MOXKHO
3aMeJICHHe, €CJIM TIPH HEPABEHCTBE 71, M 1, MOMEHT M. CTAaHOBHTCSI OOJIbIIIE MOMEHTA JABUTATENS M.



C yBennueHneM MOMEHTa M, BO3pacTaeT 4acTOTa BPAIICHUS BEIOMOTO JJIEMEHTa CICINICHHS W, CJICIOBATENbHO,
YMCEHBIIAeTCs Pa3HOCTh 7, — M. HadanpHas cTaanus pa3roHa aBTOMOOWIIS 3aKaHYMBAETCS, KOTAA 3Ta Pa3HOCTH
CTaHOBUTCS PAaBHOU HYIIIO, T. €. CIEIUICHHE OJIOKUPYETCS U MPEKPAIIaeTcs €ro NpoOyKCOBEIBAHME.

[To-mHOMY TpOTEKaeT IMpoIlecc pa3roHa aBTOMOOWIS MPH OBICTPOM OTIYCKAaHHH BOTUTEIEM METANH YIpPaBICHUS
cuemieaneM (puc. 51,6). BenenctBue ObIcTporo Bo3pacTaHHS MOMEHTa M., CO3MAIONIETO 3HAYUTEIBHYIO HArpy3Ky
JIBUTATEIIO, YaCTOTa BpAIICHUS KOJEHYATOTO Bajia OyJeT YBEIMYHWBATHCS MEHEe MHTCHCHUBHO, a YBEIHUCHHUE YACTOTHI
BpaIllcHHUs BEJJOMOTO 3JICMEHTA CLCIUICHUS HAYHETCSA MOYTH Cpa3y e MOCIe Havyalla OTIYCKAHUS BOIHMTEIEM IEIalu
yIOpaBJICHUs CICIUICHHEM. B  pe3ynabTaTe CYIIECTBEHHO YMEHBIIMTCS MPOJOJDKUTEIBHOCTh MPOOYKCOBBIBAHUS
CLCTUICHHS.

Ha ocHOBaHMM aHaliM3a 3aBHCHMOCTCH, MPHUBEICHHBIX HA pHC. 51, MOXKHO CHeNaTh CICAYIOIIME BBIBOIBL. [lpu
MEJICHHOM OTITYCKaHWM BOJHUTENICM IEJalld YNPaBICHUS CUCIUICHHEM BCIICICTBHE OBICTPOTO IMOBBIIICHHUS YaCTOTHI
BpalllcHHs KOJICHYATOTO BaJia €IlIe B HAYaJIbHOW CTaIuu mpoiiecca (T. €. IPU HEPAaBESHCTBE BEIUYUH 71, U ;J;) JIBUTATENb
paboTaeT B 30HE BBICOKHX YacTOT BpAIeHHS, YeMY COOTBETCTBYET BBICOKHMH KPYTSAIIWH MOMEHT. B pesymbrate
0o0ecrieuynBarOTCd BBICOKHME AWHAMHYECKHE KadecTBa aBTOMOOWIA, HO HapsAgy C OTHM YyBEIHMYUBaeTcs padora
OyKCOBaHUS CIEIUICHUS, YTO OTPUIATEIHHO BIUSIET HAa €T0 JOITOBEYHOCTb.

[Ipu OBICTPOM OTIYCKaHWHM BOITUTEIIEM II€JAlN YIPABICHHS CICIICHHEM BCIICICTBHE MEJICHHOTO YBEITHYCHUS
YacTOTHI BpaIleH!sI KOJCHYATOTO Bajla IBUTATENb B HAUAIBHOW CTaINH MPOIEcca Pa3BUBaeT OTHOCHTEIHHO HEOOIBIION
KPYTAMANA MOMEHT, 9TO OTPHLIATEIIFHO CKAa3hIBACTCS HA JUHAMUYECKHAX KadeCcTBaX aBTOMOOWI. [ maHHOTO pesknma
XapakTepHa Takxke HeOousblnas paboTa OYKCOBAaHUS CLEIUICHUS, 4YTO OOECICYMBAcT OJIArONPHUATHBIN  €ro
TEMIIEPaTYPHBIN PEKUM U MUHUMAIbHOE U3HANIMBAaHHE (PPUKIIMOHHBIX DJIEMEHTOB.

W3BecTHO O0OJBILIOE YUCIO Ppa3IMYHBIX CHUCTEM aBTOMATHYECKOTO PpEryJHpOBaHMsS MOMEHTA, IIepelaBacMoro
CLCIIJICHUEM. O}IHaKO B HaCTOAIICC BpEM NPEUMYIIECTBECHHO MPUMCHAIOTCSA CUCTCMBI, O6eCl’[e‘-II/IBaIOHII/Ie YBEIIUYCHUC
MOMEHTa M, ¢ MOBBILIEHUEM YacTOTHI BpallleHUus N, KOJeHYaToro Baja. MIMEHHO MO TakoW 3aKOHOMEPHOCTH, KaK 3TO
OBLTO ITOKA3aHO BHIIIE, I3MECHICTCS MOMEHT M, TIpH HEaBTOMAaTHYECKOM YIIPABIICHUH CICTUICHUEM.
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Puc. 52. Bnusinme 3aBucumoctu M =1(n,) Ha pexnmMbl COBMECTHOM paboTbl ABuUrarens u
cuenneHus

Ecnmu B aBTOMOOMIIE MCHONB3YyeTCSl HEaBTOMATHYECKOE CIEIJIEHHE, TO BOJWTENb II0 CBOEMY YCMOTPEHHIO B
3aBHCHUMOCTH OT YCJIOBHH 3KCIUTyaTaI[F MOKET BEIOMPATH TAKOH TEMII €T0 BKIIIOYCHHS, TIPH KOTOPOM 00ECTIeYMBAIOTCS
ONTUMAJIFHBIE YCJIOBUS PabOTHl CIEMJICHHS M IBWXKEHUS aBTOMOOWIA. IIpM HCIIONB30BAaHWH aBTOMATHYECKH JEHCT-
BYIOIIETO CHETUICHHS MPAKTHUYECKH HEBO3MOXHO JUII BCEX YCIOBHH JKCIUTyaTalldd aBTOMOOWIA 00ecrednTh
ONTUMAIBHBIA peXuM paboThl cremieHnsd. [lo3ToMy MpH CO3JAaHWM CHUCTEMBI aBTOMATHYECKOTO YIPABICHHS
crerieHneM 3aBucumoctb M = f(Ny) mpuxomurcst BEIOUpPATh, UCXOMS M3 KOMIPOMHCCHBIX TPeOOBaHHI 0OeCcTieueHust
BBICOKHMX JJMHAMHWYECKUX TT0Ka3aTeseil aBTOMOOMII 1 MUHUMAJILHOM paboThl OYKCOBaHMS CLIETUICHHSI.

PaccmoTpumM BimsiHue xapaktepa 3aBucuMocT Mq=f(Nk) Ha pexxuMbl COBMECTHOM pabOThI IBUraTesisl M CLETUICHHS.
Ha puc. 52 npuBeneHsl Tpu Takue 3aBHCUMOCTH (KpuBble 1 — 3), MMeromue pa3iW4HbI HAaKJIOH, W BHEMIHSS
xapakrepuctuka asuratens M=f(ng) (xpusas 4). 3aBucumocts M; = f(nk), u3oOpaxenHass kpuBoi 1, mepecexaeT



xapakrepuctuky M=f(ny) B TouKe ¢ KOOpAMHATAMH 71, = = Ny max © M = Max. DTO 03HAYAET, YTO B HAYAIBHBIN IIEPHOJT
pasrona, Korja cleIUIEHHE elle NpoOYKCOBBIBAET, YACTOTa BPAIIEHUS KOJEHYATOTO Bajla MOXKET YBEIUYUBATHCS IO
YacTOTHl BpamIeHUS I, = — N, max, IPH KOTOPOM JBHIaTelb pPa3BMBACT MAaKCHMAaJbHbIH MOMEHT. Bhlie yxe
OTMEYANIOCh, YTO TIPH 3TOM O0ECIICUNBAIOTCS HAMIYUIIHE JUHAMHUYCCKHE MMOKA3aTeId aBTOMOOWIIS, HO TOBBIMIACTCS
paboTa OykCcOBaHHUS CLETUICHUS.
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Puc. 53. Bnusanue 3aBucumoctn M.=f(nx) Ha pexummbl GNOKMPOBKN cLENNeHUsA

Ilepeceuenne kpuBoit 3 3aBucuMocThi0 M = f(Nk) XapaxTepusyercs 3Ha4eHHEM n, = 1, (TO€ Iy — MHUHUMaJlbHAs
yCTOIYMBas 4acTOTa BPaLICHHs KOJICHYATOr0 Bajia MU paboTe ABUraTelsl Ha BHENIHEH XapaKTepUCTHKe, T. €. ¢ OJHOH
nojaueit Toruma). B aToM ciydae cuerieHne npoOyKCOBBIBAET TONBKO IPH 7,<71,, B PE3yJIbTATe 4eTO 3HAYUTEIHHO
yMeHblIaeTcss pabora OykcoBaHus cuerieHus. Ho 0JJHOBpEMEHHO 3aMETHO YXyIIIAKTCS IMHAMHYCCKHE MOKa3aTe
aBTOMOOMJISA, MOCKOJIBEKY MOMEHT M, CyIIeCTBEHHO MeHblle MoMeHTa Aimax- ITo3ToMy CHCTeMBbl aBTOMATHYECKOTO
yIIpaBICHUST OOBIYHO MPOSKTUPYIOT TaKMM 00pa3oM, 4ToObl B Touke mepecedyenus 3apucumocteii M =f(n,) u M=f(n,)
(mpu 1, =1,) KpyTsamuii Moment asurarens cocrasimsut (0,85-f-0,9) JI1yax (kpusast 2). B atom ciaydae obGecriednBaetcst
KaK IOJy4eHHE IMPUEMJIEMBIX JWHAMUUYECKHX II0Ka3aTenell aBTOMOOWIISl, TaK M OTHOCHTENBHO HEOOJbIIONH PaboThI
OykcoBaHus cuerieHus. Cieayer UMeTh B BHIY, YTO B HEKOTOPBIX CJIydasiX MOXXHO IOJYYUTb HE OJIHY, @ HECKOJIBKO
pasmuuHbix  3aBucumoctedi M =f(nk). TeMm caMbiM 3HAYMTENBHO YIYYIIAKOTCSA TOKA3aTEId  aBTOMOOHIIS,
000pYIOBaHHOTO aBTOMATHYECKH ACHCTBYIOLIMM CLEIUICHHeM. Tak, Hampumep, eCliM IPH BKIIOYCHHH B KOPOOKe
nepeaay HM3IIeH Mepefaddl CHCTEMa YIPAaBJICHHS MO3BOJSET MonyduTh 3aBucuMmocte MC=f(ly), cooTBeTCTBYMHOLIYIO
KpHBO# 1 WiM 2, a MpW BKIIOYEHHHU BBHICIIUX INepenady — KPUBOH 3, TO B Mpolecce pasroHa aBTOMOOWIIS Ha HM3IICH
nepeaavye JOCTHIAIOTCS 33JIaHHBIC BBICOKHE AMHAMHYECKHE MOKa3aTelIH aBTOMOOMJIA, a IOCie Mepexola Ha BBICLIHE
nepeaavyn YMEHbIIACTCs 10 MUHIMYyMa paboTa OyKCOBaHHS CLEIUICHHSL.

B ycioBHSIX 9KCIUTyaTalldd aBTOMOOWIIS, XapaKTepU3YIOIUXCSl MHOTOKPATHO MOBTOPSIIOIIMMHUCS YBEITHYCHUSIMHA U
YMEHBIICHUSIMH YaCTOThl BpAIEHUSI 1, 3HAYUTEIBHOE CHW)KEHHE NPOJOIDKHTENLHOCTH paboThl CHEIUICHHS C
MpOOYKCOBBIBAHHEM MOXET OBITh AOCTHTHYTO mpu 3aBucuMoctH M =f(Nny), nzobpaxenHoi Ha puc. 53 CIUIONIHBIME
JIMHUSIMU.

Ilpu MOBBINICHWH YaCTOTHI BPALICHUSI 7, OT 3HAYEHHsI Ny. , COOTBETCTBYIOLIEMY DPEXHUMY XOJOCTOTO XOJa
JBUTATes, 10 1,<ng (r1e Ng — YacToTa BpallleHHs, COOTBETCTBYOIIAss OJOKUPOBKE CLEIUICHHS) U3MEHEHHEe MOMEHTA
M., cootBetcTBYeT yuacTky 1 — 2 xapakrepuctuku M =f(ng). [Tocie Toro, kak 4actota BpalCHHS /1, YBEIHIUTCS O
3HAYCHUS Ng, MOMEHT M, CLEIICHHUsS CKauKoOOpa3HO BO3pacTeT 10 3HaYeHHS Mgmx (Yuactok 2 — 3) u ocraHercs
HEU3MEHHBIM JI0 TeX T0p, MOKa 4acToTa BPAILEHHs 7, HE yMEHBIIUTCS JI0 Ny, TPH KOTOPOH €ellle BO3MOKHA yCToiuKBas
paboTa ABUTaTeNs Ha ero BHeIIHeil xapakrepucTHke (yuactok 3 — 4 xapakrtepuctuku M =f(n,)). OdyeBunHo, 4to B
JIMana3oHe 4acTOT BpalleHHs 71, — Ng OyAeT UCKiIodeHa paboTa CILEIUIEHUs ¢ MPOOYKCOBBIBAHHEM, IOCKOJBKY Ha
yuyactke 3 — 4 M = Mny>M. Jlume nocne yMeHbIIEHHs YacTOTHI BpaIlleHHs Nk JIO 3HA4€HUs I, MMPoU30iaeT



cKaukooOpa3Hoe yMmeHnblienne momenta Af, (yuactok 4 — 5) ¢ yCTAaHOBICHHEM €r0 3HAYEHHS B COOTBETCTBHH C
ydacTkoM | — 2 xapakrepuctuxu Mc=f(ng) npu n,=n,.

TakuM 00pa3om, eciu B NPOILECCE PasTOHa aBTOMOOWIA XOTS Obl Ha OJHOW M3 INEpefady 4acTOTa BPAIICHUS 71,
JIOCTUTIIa 3HAYEHUS g, TO CIEIUIEHHEe Oymer paboraTh 0e3 MpoOYKCOBBIBAHHS BO BCeM pabodyeM AHMAma3oHE YacTOT
BpAIIEHHs KOJICHIATOTO Baja.

U3 puc. 53 cmemyer, 9TO TpH W3MEHEHWH MOMEHTa M. B COOTBETCTBHH C y4acTKOM | — 2 XapaKTepHCTHUKU
M.=f(nk) moce MOBBIIEHHS YACTOTHI BPAIICHHUsI KOJICHYATOTO Bajia JI0 YaCTOThI BPALICHHS JI,=II;, IpH KOTOpoit M=M,
JIOJDKHO TIPEKpaIaThcs IpoOyKCOBBIBaHUE CIICTUICHHUS. B ¢Bsi3u ¢ aTuM xapaktep 3aBucumoctu Af=f(nk) mpu vacrorax
BpalleHus #,>>N; He BIUSAET Ha Harpy304HBIH PEXHUM KaK CaMOro CLEIUICHHS, TaK W JPYTHX y3JI0B TPAHCMHUCCHH, a
TaKke Ha JMHAMHUYECKHE IOKasaTenu aBToMoOuist. ClienoBaTeNbHO, 1ENeco00pa3HO cpasdy Ke Iocje ITOBBILICHUS
YacTOTHI BPAILlCHHsI KOJICHYAaTOrO Baya A0 #,=H, 00eCIeYNBaTh YBEIIMUCHHE MOMEHTA CLEIUVICHUS 10 3HAYCHUS My H
TEM CaMbIM YMEHBIIATh HPOJOJDKHTEIFHOCT pabOThl 3JIEMEHTOB MPUBOJA CLEIUICHHS (HAIpHMeEp, €ro BEDKHMHOTO
MONIIMITHAKA) TOJ Harpy3kod. Takoi XapakTep W3MEHEHHs MoMeHTa M, HabmromaeTcs Ha ydactke 2 — 3
xapaktepuctuku M, = f(ny) npu 3HaweHMA NG, GIM3KOM K Ny,.

Cnenyer, omHaKo, WMETh B BHIY, YTO B YCJIOBHSAX MacCOBOTO INPOU3BOJICTBA HEBO3MOXKHO IIONyYUTh TOYHOE
coBraienne xapakrepuctuk M=f(ny) u M=f(nk) y pasmmunsix neurateneit u creruiennit. Kpome Toro, B mporecce
9KCIITyaTalliid aBTOMOOMIIS JTaHHBIE XapaKTEPUCTHKH TAKKe MEHAIOTCS. 1103TOMy MpaKTHYECKH HEBO3MOXKHO BO BCEX
ciIy4asx 00ecrednuTh paBeHCTBO MOMEHTOB M, 1 M B TOUKe, COOTBETCTBYIOIIEH 7, = n,,. B wacTHOCTH, eciu BCiIeACTBHE
M3HAIIMBAHUS PabOYUX MOBEPXHOCTEH CICIUICHHMS WM YMEHBUICHHS MX Ko3(duiueHTa TpeHus (HAIpuMmep, n3-3a
HarpeBa) yMEHbIIATCSI MOMEHTHI M., TO 3TO MPHUBEAET K TOMY, UTO MPHU YaCTOTE BpallleHus 1, = 1, MOMeHT Mc<M.
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Puc. 54. BnusaHue 3aBucumoctn M =f(a) Ha pexumbl coBMeCTHOW paboTbl ABuratens u
cuenneHus:
1 — 4 — M. =f(n,) npu pasanuuHbIx yrnax a; 5 — 8 — M=f(nx) — coOTBETCTBEHHO NpU TeX Xe yrnax
a

JInst WUUTIOCTpalMKk Ha PHC. 53 IITPUXOBBIMH JIMHHAME M300paxkeHa 3asucumocth M = f(ng), coorsercTByromas
MIPUMEHECHHUIO CLEIUICHUS C BeIMYUHAMU M, MEHBIIUMH, Y€M y CICIUICHHUS C XapaKTePUCTUKOMN, OUCPUCHHOM JTHHUSIMU
1—2,2—3,3—4u4—5. Bortom citydae CKauKoOOpa3HOE yBEIMICHUE MOMEHTA M, IPH YaCTOTE BPAIICHUS /1, =
n, npomsoiaer npu Mc<M, BCICICTBUEC YEro PEe3KO YBEIWYHUTCS HArpy3ka B TPAHCMHCCHUH. B 3TOM ciydae Takyro
3aBucumocth M; = f (n,) Ha3piBarOT HecornacoBaHHOW. J[JISI MCKITIOYEHHS BO3HHKHOBEHHUS MOJOOHOTO peXuUMa NpU
peaTbHO BCTPEYAIOMINXCS B AKCILTyaTallid U3MECHCHHUAX XapPaKTEPUCTUK JABUTATEIs M CLEIUICHUS 1IeJIeCO00pa3HO Mmociie
MOJa4d KOMAaHJbl Ha TOJHOE BKIIIOYCHHE (OJIOKMPOBKY) CICIUICHHS YBEIUYHUTh MPOIODKUTEIHLHOCTh TaKOTO
BkitodeHus 1o | — 1,5 ¢. B atom ciy4dae nipu n,=n, OyaeT oOecrie4eHo MOTHOS BKIFOUCHUE CUETUICHISI, UCKITFOYArOIIee
€ro NpoOYKCOBBIBaHHE, a CaM Mpolecc OJIOKHUPOBKHU CLEIJICHUS OYAET MPOUCXOANUTh Oe3 meperpy30Kk B TPAHCMUCCHH.

IMpuMeHeHHE CHCTEM aBTOMATH3allUH, OOECIIEUMBAIONIMX IOJYYEHHE YyKa3aHHBIX 3aBucumocrteir M=f(n,), He
SIBJISICTCSI €IUHCTBEHHO BO3MOJKHBIM ITYTEM CO3aHUS aBTOMATHYECKU ICHCTBYIOIMMX CIEIICHHIA. 3a1aua MOXeT ObITh



pelieHa M C MOMOIIBI0 CHCTEM aBTOMATH3AIMH, IOBBIIAIOIINX MOMEHT M, C yBEIHMYEHHEM YITa a OTKpPBITUA
JIPOCCENHHOM 3aCIIOHKH.

OCHOBHBIM 3JIEMEHTOM TaKHX CHCTEM SIBISIETCSI BAKYYMHBIH YCHJIMTENb CIICAAIIETO ACHCTBUS, T. €. MEXaHHU3M,
MIPUMEHSIOIIUICS B Pa3INYHBIX IPUBOIAX aBTOMOOMIIBHBIX arperaToB (HaIpuMep, B YCHIHTEIAX IPHUBOAA TOPMO3HBIX
MEXaHHU3MOB). B0O3MOXHOCTh NpPHMEHEHHUsS U1 aBTOMATH3ALUM YNPABICHUS CLEIJICHHEM MEXaHHW3MOB, IIHPOKO
HCTIONIb3YEMBIX B aBTOMOOMIIECTPOCHHH, OYEBUIHO, SIBUJIOCH OMHOW M3 OCHOBHBIX MPUYMH Pa3paOOTKH JaHHBIX CHCTEM
HECMOTpPS Ha TO, YTO II0 HEKOTOPHIM IIOKAa3aTeJIiM OHM YCTYNAlOT CHUCTEMaM aBTOMAaTH3allid, 00eCIeYMBAIOLINM
byHkuHoHaNBHYI0 3aBHCUMOCTE M =f(nk). Jlns uckmoueHnss mpoOYKCOBBIBAHUS CLEIUICHHS MPH OONBLIMX Yyriax a
CHCTEMY YIPaBJICHHUS CLEIUICHUEM MTPOEKTUPYIOT TaK, YTOOBI P TaKMX yIilax BeauduHa M, Oblia Oonblie M npu Beex
4acToTax BpauieHus n, (puc. 54, kpusbie 4 u 8). Hapsay ¢ 3TUM mpu MajbixX U CPEAHHX 3HAYCHUAX a B OMPEICICHHOM
JMara3oHe 3HaAYCHUH 71, JOJDKHO BBLAEPIKUBAThCs cooTHouenue M>M (kpusbie 1 u 5, 2 u 6, 3 u 7). JlanHoe ycnoBue
SIBIISIETCSI HEOOXOIMMBIM ISt o0ectieueHHs: MpoOyKCOBBIBaHMS CLEIUICHUS B IIpoliecce pasroHa aBTomodms. C pocrom
yIIIa a yBEITMYHBAIOTCS YaCTOTHI BPALCHUS 1,7, N2 M T3, IPU KOTOPBIX M = M u, cIeI0BaTeNnbHO, MPEKpaIaeTcs mpo-
OykcoBbiBaHme cremeHnus (puc. 54, Touku A, b u B). Iloatomy uem Ooibilie yroi a, TeM B OOJbIIEM JHANa30HE
BEJIMYUH 1, TPOUCXOIAWT MHPOOYKCOBBIBaHME cUEIUICHHSA. [lo JaHHOMY ITOKa3aTeNio paccMaTpuBacMasl CHCTEMa
yIpaBJICHMs] HE IMEET OTINYHI OT CHcTeM ¢ 3aBucumoctsimu M, = f(nk).

OIHUM W3 CYyIIECTBEHHBIX HEJOCTATKOB CHCTEM aBTOMATH3aumuu C 3aBUCHMOCThI0O M, = f(a) sBisteTcst HemonHoe
BKIIIOUCHHE CIICIUICHHUA TP JABI)KEHHM aBTOMOOWIIS NIPH MalbIX M CpPeOHHMX yraax a. o HCKIIOUeHHS 3TOTO
HEOO0CTaTKa, CO34arolIcro He6HaFOHpI/IHTHbIe yciaoBusd pa6OTI)I BBDKMMHOI'O MOAINMIIHHUKA CHOCIJICHUA, B CUCTEMY
yIpaBJIC€HUA CHCIUICHUSA BBOIAT JONOJIHUTCIIBHBIC yCTpOﬁCTBa, Bpra6aTbIBaIOI_HI/Ie KOMaHAy Ha IOJIHOC BKJIFOUCHUEC
CHEIUIEHHUs TIPH ONpEJAEICHHON 4YacToTe BpAaleHUs] KOJICHYaTOro Baja JBUTATEIsl WM CKOPOCTU JBHIKCHUS
aBToMOoOMWIsA. Peanu3anumst xoMaHn OOBIMHO oOecrednBaeTcsi KIaNaHHBIMH YCTPOHCTBAMHM C 3JIEKTPOMArHUTHBIM
NPUBOZIOM, KOTOpBIE JEHCTBYIOT MapajuleIbHO CO  CIEISMIIUM BaKyyMHBIM ycuiuTenaeM. lcronb3oBaHue
paccMaTpUBaeMOW CHCTEMBI HE MO3BOJISICT B MOJHOW MEpE peann30BaTh TUHAMHYECKHE ITOKAa3aTeNId aBTOMOOHIS MIpH
pas3roHe B pe3yibTaTe OBICTPOTO MOJHOTO OTKPBITHS JPOCCENbHON 3aciioHKU. Tak kak M >M, npu Bcex 3HaUCHHSAX 7,
IIPOM30MIeT ocTaHOBKa nBUratensd. [1o 3Toi ke mpuYMHE Y TaHHOW CHCTEMBI HECKOJIBKO XYK€ MOKA3aTEeIH M C TOUKH
3peHust 00ecleyeHns] BO3SMOXKHOCTH TPO-. TaHHUS aBTOMOOMIISL C MECTa Ha MOJBEME, a TAaKXKe B TSDKENBIX JTOPOXKHBIX
YCIIOBUSIX.

Ilpn aBTOMAaTHYECKOM YNpABICHWM CIEIUIEHHEM ISl OOECIeueHHs HOPMAJIBHOTO IMEPEKIIIOYEHHs Iepeaad
HEOOXOMMO cpa3y JKe MOcCIie MoJaydl KOMaH/bl Ha IEepeKIoueHre OBICTPO BBIKIIOYHUTH CIEIUICHHE HE3aBUCHMO OT
4acTOTHl BpalieHus: koseHyaroro Bana (3a 0,15 — 0,25 c). Ilocne ke BKIIOYEHHUs] HOBOH Iepenadd JOJDKEH OBbITh
BbIACPKaH ONTUMAaIbHBIA JJIA JaHHBIX yCHOBI/Iﬁ OKCILTyaTalluvl TEMIT BKJIIOYCHUS CLCIIJICHUA, KOTOprﬁ O6eCHe'~II/IBaH
Obl 0e3 neperpy3Ku TPaHCMHUCCUH TPeOyeMyro JUHAMUKY pa3roHa aBToMoOWIIsl. C 3TOMH LENbI0 B HEKOTOPBIX CHCTEMAX
aBTOMAaTU3alU YIPAaBJICHUA CHCIICHUEM IMPCAYCMATPUBACTCA N3MCHCHHUC TEMIIA BKIIOYCHUA CHCIIJICHHUA B 3aBUCHU-
MOCTH OT paspeKCHUA BO BIIYCKHOM KOJUJICKTOPE ABUTATEIIA WX IMOJOXKCHUSA MEAAIN ToAaYn TOIJIMBA B JABUTraTeClib, T.
€. (hakTOpoB, XapaKTepU3YIOIIMX HArpy3Ky nBurarens. Uem Bbllle Harpy3ka JBHUTarTesisi, TeM ObICTpee OJDKHO
BKJIFOUAThCS CLETIIICHHUE.

C ydeToM H3JI0KEHHOTO CHCTEMa AaBTOMAaTHYECKOTO YIPABICHUS CLEIUIEHHEM, pealn3yonas 3aBHCHMOCTb
M =f(nk), I0oJDKHA YIOBIETBOPATH CIEIYIOIMM OCHOBHBIM TPSOOBAHHSM:

obecrieunBaTh KOMAaHIHBIMH M HCIOJIHUTEIBHBIMH YCTPOMCTBAMH MAaKCHMAJIBHYIO OBICTPOTY BBIKITIOUCHUS
cuerienns (3a 0,15 — 0,25 ¢) He3aBHCHMO OT YaCTOTHI BPAIICHAS KOJICHYATOTO BaJia;

OCYIIECTBIISITh MOHOTOHHOE YBEJIMYEHHE MOMEHTA, NEepeiaBacMoro CLEIUICHHEM, 10 Mepe MOBBIIICHHS YacTOTHI
BpalleHHs KOJIEHYATOro Bajia JBUratenis (B 3aJaHHOM JAMaria3oHe 4acToT BpalueHus). [Ipu 3TOM pexxumy XoJI0cToro
XO0/la JBUTATelisl JOJDKHO COOTBETCTBOBATH IOJIHOE BBIKIIOUEHHE CLEIUICHHS, a 10Cje YBEJINUSHUsI YaCTOThI BPaIEeHUs
KOJICHYaTOr0 Baja JI0 33/IaHHOTO 3HA4YCHUs JOJDKHA oOecredyrBaThCs OJIOKMPOBKA CLEIUICHUs, MCKII0Yaolias ero
MIPOOYKCOBBIBAHHE;

riocsie! MOBBIMIEHNS YaCTOTHI BPAIICHUs] KOJIEHYATOTO Bajla JI0 33JJaHHOTO 3HAYECHU MOCIeIyIoIee ee CHIKEHUE He
JIOJDKHO BBI3BIBATH YMEHBIICHHS MOMEHTA, IEPEAaBacMoro CIEIUIEHHEM, IO TeX MOp, MOKa YacToTa BPAIIEHHs HE
CHM3HTCS HIDKE 33JaHHOTO Mpeena,;

IIPU €TUHOM JUISl BCEX PEKMMOB JIBW)KEHHS aBTOMOOWIISI 3aBUCUMOCTH MOMEHTA, IIepeaBaeMoro CLEIJICHHEM, OT
YaCTOTHI BPAICHHs KOJICHYATOrO Baja JIBUraTelisl e IEePEeceueHne C BHEIIHEH XapaKTepPHCTHUKON ABHIaTels J0JDKHO
MIPOMCXOJIUTH B TOYKE, COOTBETCTBYIOLIECH KPYTSIIEMY MOMEHTY ABHTaTellsi, paBHOMY 85 — 90 % ero MakcMMaibHOTO
3HAYECHUS;

obecrieunBaTh BO3MOXKHOCTh HM3MEHEHHsI XapakTepa 3aBHCHMOCTH MOMEHTA, Mepe/laBaeMOro CLEIUICHHEM, OT
YacTOThl BpalICHUA KOJICHYATOI'0 Bajia (l'lpI/I NOCTYIUICHUHU KOMaHJ OT alrmapaTypbl, praBHHeMOﬁ BOOUTCIIEM, WJIN
cpabaTbIBaroIIeii aBTOMAaTHIECKN);

MOCJIe TIOCTYIJICHHUS] KOMaH/Ibl Ha OJIOKUPOBKY CLIEIUIEHHS POIODKUTENBHOCTD €€ peaii3aliy JODKHA COCTABIISATh
1—15c¢;

TEMII BKJIIOYEHHSI CLEIUICHHUS 10CIIe MEPEKITIOYeHHs Niepeiad JIOJDKEH 3aBHCETh OT PeXXUMa JABMKEHHS aBTOMOOMIIS
W Harpy3ku gapurarens. Kpome BBIIOJIHEHHS YyKa3aHHBIX TpPeOOBaHMM, CHCTEMa aBTOMATHYECKOTO YIpaBIICHHUS
CIIETUIEHHEM JIOJDKHA UMETh BBICOKYIO Ha/IS)KHOCTh 1 MUHHUMAJIBHYIO CTOUMOCTb. MUHUMAaJIbHBIMU TaKXKe J0JDKHBI



OBITHb Macca M pa3Mepbl HICKTPOHHOrO OJOKAa CHCTEMBI yIpaBieHHS. ABTOMATHYECKH ISHCTBYIOIIEE CLEIUICHUE
MOKET OBITh HCIOJNB30BAaHO B aBTOMOOWIE M Kak CaMOCTOSTENIBHBIH y3ed, M Kak COCTaBHOW JJIEMEHT
HI0JTyaBTOMATHYECKOH MIIM aBTOMAaTHYECKOH TPAaHCMUCCHH.

Ilpy ¥MCcHONB30BaHWM ABTOMATHYECKH MACHCTBYIOLIETO CHEIUICHHS B COCTAaBE aBTOMATHYECKOH TPaHCMUCCUH
TpeOOBaHMUs, CBA3AHHBIC C M3MEHEHHEM XapakTtepucTuku M, = f(Nk) B 3aBUCHMOCTH OT yCIIOBHit pabOThI aBTOMOOHMIIS,
Kak MPaBHJIO, ABISIOTCS 00s13aTEIbHBIMHU JUIS 00eCIIeYeH S BBICOKOTO TEXHHYECKOTO YPOBHS TaKOH TPAaHCMUCCHH.

OCHOBHbIE NMPEANOCBLIIKA NMPUMEHEHUA
AJNIEKTPOHHbIX CUCTEM

Jnst  aBrOMaTuM3alMy  YOpPaBICHHWS CICIUICHWEM  pa3pabaThlBalnCh  pa3nuuHble  cucrteMbl.  Hamboiee
MEPCIIEKTUBHBIMU W3 HHUX SBIIOTCA CHCTEMBI, Oa3upyroImIuecss Ha WCHONB30BAHMM CTaHIAAPTHOTO (IITATHOTO)
(DPUKIMOHHOTO CIEIUICHHS aBTOMOOWJIL. ABTOMAaTHYECKOE YIPaBIICHHE TaKUM CIIEIUICHHMEM BO3MOJXKHO, JIaKE €CIIH
COXpaHUTh 0e3 U3MEHEHHsI CEPUIHBII CHIIOBOM arperar, YT0 SKOHOMHUUYECKH Hanbosee 1esecooopasHo.

Jnst nonydeHus 3alaHHON (pYHKIIMOHAIBHOM CBSI3U MeXAy MoMeHTOM JI1c M 4acToToi BpamieHus 7, He00X0IuMOo
Ha BXOJ CHCTEMbI YIpaBJCHHUs 10JIaBaTh CUI'HAN, 3aBUCAIINI OT 7,. BBHIXOIHO! CHUTHANl CHCTEMBI YIPaBJICHHS MOXKET
OBbITh Pa3IMYHBIM B 3aBHCUMOCTH OT TOTO, Ha KakKylo YIPaBISIOIIYIO alaparypy OH JOJDKEH Bo3jeiicTBoBaTh. Tak,
HanopuMep, €CJIn AJid peryjimpoBaHusd MOMCHTA Mc HCIOJIB3YETCA THAPOABTOMATHKA, TO BBIXOJHBIM CUT'HAJIOM CUCTCMbI
YIpaBJIeHUS JOKHO OBITh JaBICHNE KUIKOCTH, a HeoOXxoauMas (pyHKIMOHAIbHAS CBSI3b MEXAY M, U 1, MOXET OBITH B
NpUHOUIE oOecrmedeHa MyTeM BKIIOYEHHS B COCTaB CHCTEMBl YNPABICHUS THAPOHACOCA WM HEHTPOOEKHOTO
peryiaTopa JaBJICHHS C MIPUBOJOM OT KOJIeHYaToro Baja. Eciu ke aisl perynupoBaHHWsS MOMEHTa M, MCTIONb3yeTcs
CHJIOBOW ITHEBMONPHBOJ, TO B CHCTEME YIPABICHHS JODKCH OBITh MPEAYCMOTPEH PETYIATOP AABICHUS BO3IyXa,
MIPUBOJMMBIH, HAIIPUMEp, OT KOJICHYATOTO Baja.

HpI/I HCIIOJIb30BAaHUU JUJI aBTOMaTHu3aluu YIipaBJICHUA CHCIIJICHUEM QJICKTPOMAruuTHBIX HUIIn
QJICKTPOMEXAHUYCCKUX yCTpOﬁCTB B COCTaB CHUCTEMbI YIHPABJICHHUA HOOJDKCH BXOIAWUTH npeo6pa3OBaTenL, BBIXOJHOC
Haps>KEHUE U BI)IXOI[HOﬁ TOK KOTOPOTO SABJIAIOTCA (byHKHI/Ieﬁ YaCTOTHI BpalllCHUA KOJICHYATOI'O Bajla ABUTATEJIA.

Jnst obecriedeHusl MPUHYIUTELHOTO BBIKIIOYEHHSI CLETICHUS B TIpOIiecce MEPEKII0YeHNUs epeaay He3aBUCUMO OT
YacCcTOThl BpallCHUA KOJICHYATOT'O Bajla BO BCCX U3BCCTHBIX CUCTEMaAxX aBTOMATUYECKOI'O0 YHPAaBJICHHUSA CUCIUICHUECM
HCIOJIB3YETCA BBIKJIIIOYATEIb, BCTpOGHHLIﬁ B pblyar rnepekaIrovYCHud nepeaay. Kor,ua BOJUTECIIb, NICPEKIIIOYasa Ne€peaadun,
NIPUKIIAABIBACT YCHINE K phIYary MEepeKNIIOYEHHs, KOHTAaKThl JAaHHOTO, BBIKJIOYaTels 3aMblkatorcs. [Ipm stom
HCTOYHMKY IUTAHUA (OOPTOBOM CETH aBTOMOOMIISA) MOJKITIOYAETCS 3JIEKTPOMATHUT CHCTEMbI YIIPABJICHHS, BCICICTBUE
Yero K MCIOIHUTEIBHOMY YCTPOMCTBY HPHBOAA CIEIUICHHS MOCTYIAeT KOMaHAa Ha BHIKIIOUEHHE CUEIUICHHSA. TakuMm
o0Opa3zoM, B ciydae THIPO- W ITHEBMOABTOMAaTHKH B COCTaBE€ CHCTEMBl aBTOMATHUYECKOTO YNPABICHHS CIEIICHHEM
HEOOXOMMO MMETh KaK COOTBETCTBYIOIINH PErYJIATOpP AABIEHHS C IPUBOAOM OT KOJICHYATOTO Bajla JABUTATENS, TaK U
JIEKTPOMArHUT MPHHYUTEILHOTO BEIKIIOUEHHS cueruieHns. Eciy jke mpuMeHseTcs cucTeMa JIeKTPOaBTOMATHKH, TO
HCT HeO6XOI[I/IMOCTI/I B HeHTpO6e)KHOM PETYIATOPE AaBJICHUS, TaK KaK SJICKTPOMAIrHUT MPUHYAUTECIIBHOTO BBIKJIHOYCHU
CHCINICHUA MOXKET OBITh OJHOBPEMEHHO HCIIOJIB30BAH U B KA4YE€CTBE PEryJiATOpa JAaBJICHUSA IHPU YCIOBHUU €r0
TOJK/IIOYCHUA K 6J'IOKy ABTOMATHKH, B COCTaB KOTOPOTO BXOIUT npeo6pa303aTenb YaCTOThI BXOAHOro CuUrHajia B
Hanpsokenue (ITYH) nimm B cury Toxa (ITUT).

B 6OJ'II)HII/IHCTBC CHUCTEM aBTOMATU3alIHU YIPABJICHUA CHECIIJICHUCM HCIOJB3YIOT HUCIIOJTHUTCIBHBIC MEXaHU3MBbI C
ITHEBMO- WJIM THAPONpPUBOAOM. JIIsl ympaBieHUs 3THMH IPUBOJAMHU JIO TOCIEIHETO BPEMEHU IPEUMYIIECTBEHHO
NPUMEHSUINCh  PA3IMYHBIE BHIBI LEHTPOOSKHBIX PETYJSITOPOB, BO3/ACHCTBYIOIIMX Ha KJIAMAHHBIE YCTPOWCTBA.
HenocratkoM NpUMEHEHUs] TakMX PETYIATOPOB (WJIM THAPOHACOCOB) SIBJISETCS HEOOXOJMMOCTh WX IIPUBOJA OT
KOJICHYATOTO Bajla IBUTATEJIs, YTO YACTO 3aTPYAHUTENBHO, 3 MHOTAA M JaXKe HEBO3MOXKHO M3-3a OTPAHUYEHHOCTH MecTa
B MOTOPHOM OTJENECHHH ABUTaTeNs. Kpome TOro, mpu HMCIONb30BAaHWM DPETYJISTOPOB JABIEHHS TaKOro THIA He
obecrieunBaeTcs MOJYyYeHUE ONTUMANBHBIX 3aBucuMocTedl M =f(fix) u, B TOM umcne, pa3nu4HBIil Xapakrep HX
MPOTEKaHMs Ha PEKUMaX Pa3roHa U 3aMeJUIeHHsI KOJICHYaTOro Bajia.

3ajaun peanaMzalM TPEOYEMBIX 3aKOHOB YIPABJICHUS PEIIAFOTCS OTHOCHTENBHO TPOCTO HPH HCHOJIb30BAHUH
QJICKTPHUYCCKUX U B 0COOEHHOCTH OJICKTPOHHBIX CUCTEM YIPABJICHUA IJIA PETYINPOBAHUA NJABJICHUA B UCIIOJIHUTECIIBHBIX
MEXaHU3Max MNpuBOoAa CHEIIJICHHUA. Haubonee Cla0XHBIMH B CHCTEME aBTOMATHYECKOIO yYHpaBJI€HUA CHCIIICHUEM
SBIIIOTCSL TE €€ OJIEMEHTBI, KOTOphble obecmednBatOT moiydeHne Tpebyemoit 3aBucumoctu M =f(ny). TTostomy
LeJIECO00Pa3HOCTh MPUMEHEHHS JJIEKTPOHHOW CHCTEMbl YNpABJICHHS CLEIUICHHEM B IEPBYIO O4YepeAb 3aBHCHUT OT
BO3MOXKHOCTH CO3JIaHMs HaJIS)KHOM 3JIEKTPOHHOM aImaparypsl, OCYIIECTBILIONIEH Tpeodpa3oBaHie BXOAHOTO CUTHAla
(3aBHCSIIET0 OT YacTOTHI BPAIIEHHs KOJCHYAaTOro Bajla) B CHJIY TOKa, MOCTYMAIOIIEro B OOMOTKY 3JIEKTpPOMarHura
YIpaBJIeHUS UCIIOIHUTEILHBIMI MEXaHN3MaMH TIPUBOJIA CLETIIICHUS.

[Tpu BEIOOpE THIIA CHCTEMBI YIPABJICHHS CIEAYET COMOCTAaBUTh TEXHUKO-SKOHOMUYECKHE MTOKA3aTeNH armaparyphl,
OCHOBaHHBIE KaK Ha HCIIOJIb30BAHWU TOJIBKO 3JIEKTPOHHBIX YCTPOMCTB, TaK M JJIEMEHTOB DPEJIEHHON aBTOMAaTHKU B
COYETaHWU C 3JIEKTPOHHBIMH KOMIUIEKTYIOIMMHU u3nenusimMu. Cieayer UMeThb B BHJY, YTO BMECTO OJHOTO 3JIEK-
TPOMAarHUTHOTO pele, Kak MPaBHIIO0, IPUXOAUTCS MCIIONB30BaTh IEKTPOHHOE YCTPOUCTBO, conepxamiee oT 10 mo 20
TIOJTYITPOBOAHUKOBBIX WU JAPYIUX KOMIUICKTYIOIIHUX HSHCHHﬁ. HOSTOMy OKOHOMHWYECKHUE MNPEUMYIIECTBA IMTPUMEHCHUA
YHUCTO 3JIEKTPOHHOHW CHCTEMBI YIPABIECHHS OOBIYHO OOECHEYMBAIOTCA TOJBKO IPH YCIOBHUM €€ cO3JaHui Ha Oaze



ONTHMAJIBHBIX CXEMOTEXHUYECKUX pemennii. OMHIM U3 yCIOBUI peann3auy TaKuX PEIICHUI ABIIETCS PaliOHATIBHOE
HCTIONIb30BAaHNE B AJIEKTPOHHOH alMapaType HHTETPAIbHBIX MUKPOCXEM MacCOBOTO IIPOU3BOJICTBA.

ONeKTpoHHas CHCTEMa yIPaBICHHUS MIPU YHU(DUIIMPOBAHHOM €€ NCIIOHECHUH MOKET MPUMEHSATHCS B aBTOMOOMIISIX C
pasnuuHbIMH TpeOyeMbIMu 3akoHaMu m3MeHeHust M =f(nk). B aToM ciyuae qocTaTodHO TOIBKO M3MEHHTH HACTPOHKY
JIEKTPOHHOM anmapaTypbl, HCXOS U3 YCIOBHS 00ECIIEUCHNSI ONTUMAIIBHBIX YCIOBUI COBMECTHON pabOTHI ABUIATEIS U
CICIUIEHUS Ha JaHHOM Mojenu aBToMoOmns. BcenenctBue yHuUKanmmm SIEKTPOHHOM CHCTEMBI YMEHBIIAETCS €e
CTOUMOCTS.

AQJIEKTPOHHbLIE CUCTEMbI
ABTOMATUYECKOI'O YINPABJEHUA

CucTeMbl aBTOMAaTHYECKOTO YIPABJICHUS CICIDICHHEM IOJIYIHIN Hanboee mupokoe pacupoctpanerne B 50 — 60-
X rojax. X 0coOCHHOCTBIO SIBISUIOCH NPUMEHEHHE CLEIJIEHUH CIIeUalbHBIX KOHCTPYKIMH, KOTOpBIE Jierde
T0/I/IaBaJICh aBTOMATH3aIMH 110 CPABHEHUIO C OOBIYHBIMH (DPUKIIHOHHBIMH CLETIIICHUSIMU.
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Puc. 55. Cxema cuctembl aBTOMaTM4ecKoro ynpaBneHus cuenneHuem «pane Matuk»:

a — nepanb ynpaBfieHUS [POCCeNlbHOM 3aCNTOHKOM OTnylieHa, cuensieHne BbIKNo4YeHo; 6 — ne-
Janb ynpaBneHusi ApocceribHOM 3aClIOHKOM HaxaTa, cuensieHue BbIKIII0YeHOo; B — nepanb ynpas-
JNleHUA ApoccenbHOW 3acNIOHKOW HaXarta, cuensfieHue BKM4YeHo; 1 — BakyyMHas cepBokamepa; 2 —
NosniocTb cepBoKamepbl; 3 — Mem6paHa; 4 — WToK; 5 — pblvar; 6 — Tpoc neganu cuenneHus; 7 —
neganb NpuBoa cuenneHus; 8 — neganb ynpaBneHUsi ApocceribHOM 3aclioHKOW; 9 — Tpoc nepganu
npuBoda ppoccenbHOM 3acrnoHku; 10 — pykoATka nepekntoyeHuss nepepgay; 11 — pbiyar
nepeknYeHnsa nepeaayd; 12 — gaTymk ckopocTtu; 13 — 3NeKTPOHHbIN B6nokK; 14 — noTeHuMomeTp, id
— oTBepcTUe Ans Bnycka Bo3ayxa; 16 n 26 — anekrpomariutbl; 17 — wnadr; 18 u 20 — anemeHTbl
30N0THUKA; 19 — 30M0THUK; 21 — NONOCTb 30JZIOTHUKA; 22 N 23 — KaHanbl; 24 — BO3AYLUHbIN KnanaHx;
25 — BaKyyMHbIN knanaH; 27 — pecuBep; 28 — oOpaTHbIM knanaH; 29 — BMYCKHOM KONJEKTOp
aBsurartensi; 30 — wnaHr

[upokoe mpUMEHEHHE TOIYYHIN IICHTPOOEKHBIE CIETJICHNS, a TaKXKe AJIEKTPOMAarHUTHbIE ((QPUKIMOHHBIE U U3
MTOPOIIKOBEIX MAaTEpHajloB), HMCIOUINE CpPaBHUTEIHHO TMPOCTHIC peNeifHble CcXeMbl ympaBieHus. HemocraTtok
aBTOMATHYECKH JEHCTBYIOIINX CIETJICHHH — HEBO3MOXHOCTh HCIIONB30BAaHUS YHHU(DUIIMPOBAHHOTO CHIIOBOTO
arperata. B xonme 70-X rofoB 3a cUeT NPUMEHEHHS JJIEKTPOHHBIX CHCTEM OKa3ajoCh BO3MOXKHBIM OTHOCHUTEIBHO
MIPOCTBIMH CPEACTBAMU aBTOMaTH3UPOBATh padOTy 0OBIYHOTO (PpUKIMOHHOTO cuerenHus. Cieayer, OQHaKO, OTMETHUTB,
YTO CHCTEMBI aBTOMAaTHU3alUU YIPaBIEHUsS CLEMICHUEM T0Ka 4TO HOCAT €AMHUYHBIA XapakTep. B kadecTBe mpumepa
TaKoil CUCTEMBl MOXKHO yKa3aTb Ha Belllyckaemyro B ®OPI' cucremy ympasnenus «JpaiiB Matux». OTa cucrema
oOecrieunBaeT aBTOMATH3ALMIO YIPaBJICHHS OOBIYHBIM (PPUKIMOHHBIM cLEIieHneM. Ee KOMIUIEKTYIOT TOJIBKO W3



HAaBECHBIX Y3JIOB, Oiarojapsi 4eMy €€ NpPUMEHEHHE HE CBA3aHO ¢ M3MEHEHHEM KOHCTPYKLIHH CEpHHHBIX arperaToB
aBTOMOOMIIS.

VICHOMHATEIBHBIM MEXaHM3MOM CHCTEMBI (PHC. 55) sSBsieTCs BaKyyMHasi cepBokamepa 1 ¢ memOpanoii 3, mrok 4
KOTOpO# depe3 Tpoc 6 Bo3meHCTByeT Ha menmanb 7 MPHBOAA CHEIUICHHUS, OCYIISCTBISS PEerylHpoBaHHEe MOMeHTa M.
Kpowme Toro, mTok 4 depe3 MPUBOAHON phIYar 5 CBA3aH C MEPBBIM MOIBMKHBIM 3JIEMEHTOM 18 KOIJIBIIEBOTO 30JI0THHKA
19, perymmpytromero paspekeHHe B MOJOCTH 2 BaKyyMHOH cepBokamepsl 1. Bropoit momsrkHbIH 31memeHT 20
KOJIBIIEBOT'O 30JI0THHKA ITOCPEJICTBOM Tpoca 9 COeIMHEH C MeAanbio 8 ynpaBieHHs APOCCeIbHON 3aCIOHKOM.

B anemenrax 18 u 20 umerorcs kanansl 22 u 23, KOTOpPBIE B 3aBUCHMOCTH OT B3aUMHOI'O PACIIOJIOXKEHUSI DJIEMEHTOB
00 COEAMHSIIOTCS MEXIy co0oH, 1100 paszobmatorcs. [Ipy COBMEIEHNH 3THX KaHAJIOB BHYTPEHHsS MoJjiocTh 21
30JIOTHHKA COEAMHSETCS C atMoc(epol, a NMpH pa3oOIIEeHNH CBsA3b yKa3aHHOM IIOJIOCTH 30JIOTHHUKAa C aTtMocdepoit
npepbiBaeTcst. [lomocTs 21 3010THUKA TOCPECTBOM IuIaHra 17 coeanHsIeTcst ¢ TIOJIOCThIO 2 cepBOKaMepsl 1, moaToMy B
3aBUCHMOCTH OT B3aHMMHOI'O PacIiOjOKEHHs JIEMEHTOB 30JIOTHHKA MOJOCTh 2 CEpBOKAMEphl WM COEAWHSIETCS WA
passequHsieTcs ¢ aTMochepoi.

CoenmuHeHNE TIOJIOCTH 2 cepBOKaMephl ¢ aTMOc(epoii MOXKET OCYIIECTBIATECA U Yepe3 KianaH 24, MIpUBOIUMEIA OT
anekrpomarauTa 16. IIpn BKIIOYEHHH 3IIEKTPOMArHuTa Kianad 24 pa3bequHseT MOJIOCTh CepPBOKAMEPHI C aTMOC(epoit
(coennusieMble Yepe3 oTBepcTHst 15), M paspekeHHe B 3TOM MOJOCTH OTPEAEIACTCS TONBKO NeHCTBHEM 3070THHKA 19.
Ecin ke anexkTpoMarHUT 16 BBIKIIOYCH, TO HE3aBUCHMO OT JCHCTBUS 30JIOTHHKA B HOJIOCTH 2 CEPBOKAMEpEHI
YCTaHaBIMBAETCS aTMOC(EpHOE TaBJICHUE.

Knaman 25 npu cpabaThiBaHUU dJIEKTpOMarHuTa 26 COeMHSIET MOJIOCTh 2 CEPBOKAMEPHI C PECUBEPOM 27, KOTOPBIN
¢ nomo1ipio nutanra 30 yepe3 oOpaTHbIH KiianaH 28 cBs3aH ¢ BILyCKHBIM KoJulekTopoM 29 nurarens. [Ipu aTom knanan
25 OJHOBPEMEHHO OCYLIECCTBIISIET OTCOSIUHEHHE IOJOCTH 2 OT OCTaIbHOH YacTH CHUCTEMbl pPEryJIUpOBaHUs
pa3pexeHHueM.

OnexTpoHHbIH 00K 13 ynpaBiseT BKIIOYEHHEM U BBIKIIOUSHUEM 3JIEKTPOMarHuTa 16 B 3aBUCMMOCTH OT CKOPOCTH
IBIDKCHHS aBTOMOOWIISL, ITOJydasl BXOJHBIC CHUTHANBI OT JaTduka 12 cxopoct aBroMoOuns Ilpu ero NBIKEHHH CO
CKOPOCTSIMHU HIDKE 3aJaHHOM BEIX0X O1oKa (BBIBOJ K) coeanHeH ¢ Maccoi, a pH JOCTHKESHHU aBTOMOOHIIEM 3aJaHHOH
CKOpPOCTH 3Ta CBs3b mpepbiBaetcs C MOMOIIBIO TOTEHOMOMETpa 14 3IeKTpOHHBIA ONOK HacTpauBaeTcs Ha
cpabareiBaHue TIpu TpeOyeMoi ckopoctH. Korma Bomurtens mnpukiaipiBaeT ycuiaue K pykostke 10 peraara 11
NEepeKIIOYeHHs repenad B BBIKIIoYaTene S1, BCTPOCHHOM B 3Ty PYKOSTKY, KOHTAaKTHI 3aMBIKAIOTCS Ha Maccy. B
BBIKIIIOYATENIe S2, PacrojOKEHHOM B INPUBOJC IMEPEKIFOYCHHS IIepeiad, KOHTAKThl 3aMBIKAIOTCSA NMPU BKIFOYCHHU
mo0oii u3 nepenay. [Ipu HeHWTpanbHOM TOJIOKEHUH KOPOOKHM Tepelad KOHTAaKThl pa3oMKHYTHL. C Tpocom 9 mpuBoza
JIPOCCENILHOM 3aCIIOHKHU CBSI3aH MUKPOBBIKIIIOYATENb S3, KOHTAKTHI KOTOPOTO 3aMKHYTHI TOJIBKO MPHU PEKUME XOJIOCTOTO
X0/1a IBUraTelsl.

Cucrema «JlpaiiB MaTtuk» neicTByeT cienyromuMm oOpazoM. [Ipu ycTaHOBKe phlyara NEepeKIIOueHHs Iepeaady B
HEWTpalbHOE IOJIOKEHUE M OTIHYIIEHHOW MelNalld YIPaBJICHUS JPOCCENbHON 3aCiIOHKOW BCIEICTBUE pa3MbIKaHUS
KOHTaKTOB BbIKIIOUatTeneid S1 u S2 snextpomaruutel 16 u 26 oka3bplBaroTCsl OTKIIIOYEHHBIMUA OT MCTOYHHMKA MUTaHHS.
Bcenencrue aToro kianad 25 0TCOGAMHSCT MOJOCTh 2 CEPBOKaMephl OT pecuBepa 27, a uepe3 OTKPBITHIH BO3IYIIHBIH
KJ1anaH 24 1mojocth 2 cepBOKaMephl COSAUHACTCS ¢ aTMOC(HEpOil, B pe3ysIbTaTe CIeIUICHHE BKII0YACTCS.

Kak TOnmbKO BOAWTENs NPH HEMOJBM)KHOM aBTOMOOWJIE BKIHOYAeT Kakyl-IMOO U3 Imepeiad, co3laercs ILemb
MIUTAHUS 3JEKTPOMAarHuToB 16 u 26 yepes 3aMKHYBILHECS KOHTAKTHI BBIKIIIOUATENS S2 U 3aMKHYTYIO BBIXOIHYIO LeTb
9NIEKTPOHHOTO Oyoka. B pesynbrare cpabaTeiBaloT 00a IJIEKTPOMArHuTa, ¥ BO3AYIIHBIA KiamaH 24 pa3beauHsSeT
MOJIOCTh 2 CepBOKaMepHl ¢ atMochepoil, a BaKyyMHBIH KiamaH 25 COeAMHSET ee ¢ pecuBepoM 27. DT0 oOecreduBacT
TMIOJTHOE BBIKIIIOYEHHUE CLICTUICHHS.

IMpu HaxaTuM BoJWTENIEM Ha TMeAalb 8 YIPaBICHUS JPOCCENBHON 3aCIOHKON pa3MBIKAIOTCS KOHTAKThI
MUKPOBBIKIIFOUaTeNst S3, B pe3yJsibTaTe 4ero Iernb MUTaHKUs 3JIeKTpOMarHuTa 26 paspbiBaeTcs M BaKyyMHbIH KianaH 25
3aKpBIBACTCS, Pa3bEUHssS TIOJIOCTh 2 CEpBOKaMepbl U pecuBep. [10CKONbKY BCIIEICTBUE BKIIOUEHHS DJIEKTPOMArHUTa
16 Bo3aywiHbIi KianaH 24 OKa3bIBaeTCsl TAKKE 3aKPHITHIM, BEJMYMHA PAa3pEKEHUsSI B MOJOCTH 2 BAKYYMHOI KaMepsbl
ompesiensieTcs TONbKO AeHcTBIEM 30J0THHKA 19, DiemeHT 18 3070THHKA 19 yCTaHOBJIEH MO OTHOIICHHUIO K JIEMEHTY
20 Tak, 4TO NpHM OTHYLICHHOH NeJalmd O ¥ PACIOJOKCHHH IITOKA 4 B KpailHEeM JIEBOM IOJIOXKEHHH (TIOJHOE
BBIK/TIOYCHHE CLEIUICHHs) KaHajbl 22 W 23 3JIEMEHTOB 30JIOTHHUKA OKa3bIBAIOTCS COCOMHEHHBIMH MEXIY COOOil.
BcenencrBue 3Toro mosiocth 2 cepBoKaMephbl COSANHSIETCS ¢ aTMOC(EPOH, YTO IPUBOAUT K ITOCTETIEHHOMY YMEHBIICHHIO
B HEH pa3peXeHus U, Kak cJeJCTBUE, K NMEepeMENICHHI0 IToKa 4 cieBa HamnpaBo. Takoe nepemMenienue mroka 4 Oyner
TIPOJIOIKATHCS JI0 TEX 0P, II0Ka IMOBOPOT AneMeHTa 18 He pazoOmuT kanais! 22 u 23. B 3TOM ciydae cBA3b MOJIOCTH 2
cepBOKaMmepsbl ¢ aTMochepoii pepBeTcs U AalbHellIee nepeMelnieHue MToKa 4 NPeKpaTHTCS.

DyeMeHThI 30JI0THUKA PACHojIaraloT TakuM 00pa3oM, YTO MPH OTIYIIEHHOH nenand 8 mrok 4 ycraHaBIMBaeTCs B
MOJIOKEHHH |, COOTBETCTBYOIIEM Ha4aly Mepeaadr CUeINIeHHeM MOMEHTA.

Ilpu HaXkaTWW BOAWTENIEM Ha mexanb 8 BcieacTBue moBopora daementa 20 (momoxenue |l 3070THHMKA) BHOBB
npou3oiaeT coenuHeHre KaHajioB 3jeMeHTOB 18 u 20. DTO OOYCHOBUT COEJMHEHHE MOJOCTH 2 CEepBOKaMephl ¢
atMocepoil W manpHeiilnee TepeMelleHne IITOKa B HANpaBICHUH BKIIOYEHUs ClUEIUIeHUs. Takoe mepeMelieHue
MIPEKPaTHTCS, KOT/ia IITOK 4 omsTh ycTaHOBHUTCS B mosioxkenue |1, coorercTBytomee pazodmenuto kaHanos 22 u 23.
OueBUIHO, YTO YeM Ha OOJIBIINIT yroJ Oblila OTKPBITA JPOCCENbHAS 3aCJIOHKA, TEM JalbIlle B HAIIPABICHUH BKIIOUCHUS
CIEIUIEHHS JIOJDKEH MEePEMECTUTHCS MITOK 4 ISl TOTO, YTOOBI IPOM30LIIO Pa3o0LIeHHEe KaHAIOB JJIEMEHTOB. Takum
obpasoM, B cucreme «JlpaiiB MaTtnk» MOMEHT M, peryiaupyercsi B 3aBUCUMOCTH OT YIJIa @ OTKPBITHS JPOCCEIbHON
3aciioHKH. [TokazaTeny Takoi cucTeMbl yIpaBieHUs! ObUIM PACCMOTPEHBI BBIIIE.



IMocne Toro, kak aBTOMOOHIIb PA3TOHUTCS IO CKOPOCTH, IPU KOTOPOH cpadaThIBacT JICKTPOHHBIH OJIOK, BCIEICTBHE
OTKITIOYEHHMs OT Macchl BeiBoAa K 010Ka pa3pbiBaeTcs el MUTaHus dIeKTpoMarauTa 16. 3To obecrneunBaeT OTKPhITHE
BO3IYIIHOIO KiamaHa 24, W TOJIOCTh 2 CepBOKaMephl COCAMHAETCS ¢ aTMoc(epoil He3aBHCHMO OT B3aHMMHOTO
MIOJIOXKEHHS HJIEMEHTOB 30JI0THHKA. [lmameTp oTBepcTHs 15 BEIOMPArOT U3 YCIIOBHS 00ECIICUCHNS TNIABHOTO BKITFOUCHHUS
CIICTUIEHHS B TIPOLIECCE €T0 OJIOKUPOBKH BCIEACTBHE OTKPHITHS BO3AYIIHOTO KIIaIlaHa.

[MpunyanTensHas OIOKMPOBKA CHEIUICHWS IOCJIE PasTOHa aBTOMOOWISA O 3aJaHHOH CKOPOCTH IIPEAOTBPAIIACT
MOBBIIIEHHOE HM3HAIIMBAaHWE BBDKUMHOTO IOJIIUITHUKA CLEIJICHUS NPH JBIKCHUH aBTOMOOWIIS C MaJIbIMH YIJIaMHu
OTKPBITHS IPOCCENBHOM 3aCIIOHKH.

Cucrema «JlpaiiB MaTuk» oOecrieunBaeT TOJIBKO IUIaBHOE YBEJIMUYCHHE MOMEHTa M, MO Mepe yBENWYeHHs yria
OTKpPBITUSL 3aCOHKH. EcCiy ke BOAWTENb yMEHbIIAET YroJl OTKPBITHS JIPOCCENILHOM 3acIOHKH, TO MOMEHT M. He
CHIDKAETCS M OCTAeTCsl PaBHBIM TOMY 3HAYEHHUIO, KOTOPOE OBLIO JOCTHIHYTO paHee MPH HauOOJIBIIEM yTile OTKPBITHS
3aciOHKU. /Iyt TOro 4TOOBI YMEHBLIMTH MOMEHT M, IO 3HAU€HHs, COOTBETCTBYIOLIETO MEHBIIEMY YIJIy OTKPBITHS
JIPOCCENBHOM 3aCIOHKH, HEOOXOAMMO BHAYaJe IOJHOCTBIO OTIYCTHTh IEAanb 8 Ui TOro, 4YTOOBI 3aMKHYIHCH
KOHTaKThl MHKPOBBIKITIOUATENS S3 U MOJIOCTh 2 CEPBOKAMEPHI COSAMHUIIACH C PECHBEPOM, a 3aTEM IepPEeBECTH Ienanb 8
B TpeOyeMoe mojoxeHne. JlaHHas 0COOCHHOCTh CHCTEMBI YIPABICHUS SIBISCTCS IMOJOXKUTEIBHOW C TOYKH 3pPCHHUS
YMEHBIICHNS OMACHOCTH PalbOTHI CIEIUICHHA C IJIUTENbHBIM NMPOOyKCOBbIBaHWEM. OIHAKO IIPU 3TOM YCIOXKHSCTCS
MaHEBPHUPOBAHUE TPH ABMKECHHHM ABTOMOOMIS C HHU3KHMHU CKOPOCTSMH, a TAaKXXE YMEHBIACTCS INPEIETbHBIA yroi
MOZbEMa, Ha KOTOPOM BO3MOKHO TPOTAHHE aBTOMOOHIIS C MECTA.

HpI/IHyILI/ITeHLHOG BBIKJIFOYCHUE CLCTIJICHUA B MPOLCCCE NEPCKITOYCHUS Mepeiad HE3aBUCUMO OT YaCTOTHI BpalllCHUSA
KOJICHYATOI'0 BaJla U CKOPOCTH ABMUKCHUA aBTOMO6I/IHH O6eCHe‘II/IBaCTC}I IpH 3aMbIKaHUH KOHTAKTOB BKJIHOYATEJIA Sl .B
9TOM Cllydae BKIIIOYAeTCsl 3JIeKTpoMaruut 26, Ojarojaps uemy 4Yepe3 OTKpPBIBIIMICS BaKyyMHBIH KkiamaH 25
MIPOMCXOUT COETMHEHHUE TIOJIOCTH 2 CEPBOKAMEPHI C PECUBEPOM H, KaK CIIEACTBHE, MTOJHOE BBIKIIOUYECHHE CLETUICHUSI.

Cucrema «/Ipaiie Matuk» obecrieunBaeT Bce TpeOyeMble peXUMbI paboThl aBTOMaTHueckoro cueruienus. Ho s
3TOr0 OHAa IIOMHMO CEpPBOKaMEpbl M PETYIHPYIOUIETO 30JI0THHKA COJACP)KUT 3HAYUTENIBHOE KOJIWYECTBO
JIOTIOJTHUTEIBHON YIPABIAIOMICH amnmapaTypsl (JBa KiamaHa C 3JIEKTPOMAarHUTHBIM IIPUBOJOM, TPH BBIKIIIOYATEIIS,
JATYMK CKOPOCTH, 3JICKTPOHHBIM ONOK yIpaBieHHs ONOKMpOBKOW cremieHus). Criemyer, OOHAKO, ydYecTb, UYTO
NIEKTPOHHBIA OJIOK MO (DYHKIMOHAIHbHOMY HA3HAUYCHHWIO MPEACTABIsET coOOW OOWMH W3 BapHAHTOB YaCTOTHOTO
KOMITapaTopa, T. €. CTENEHb €r0 CIOXXHOCTH HEBEJIMKA M NMPHUMEPHO COOTBETCTBYET CIOXKHOCTH 3JIEKTPOHHOTO OJIOKa
YIpaBiIeHUS] 9KOHOMa3epOM NPHHYIUTEIHFHOTO XOJIOCTOIO XOJa, BBIIYCKAEMOTIO IPOMBIIIIEHHOCTRIO IS MOZEIeH
aBTOMOOMIICH OTEYEeCTBEHHOI'O MPOM3BOACTBA.

ABTOMaTN4YeCKMN SneKTPOBaKyyMHbIVI npuBoa cuenneHunsa

OnexTpoBakyymMHbIN mpuBoJ cueruienus (II1C) npeactaBisier co60l yHUBEPCAIbHYIO CHCTEMY aBTOMATUYECKOTO
yIpaBJeHUs] CTAHAAPTHBIM (DPUKLMOHHBIM CIEIUIEHHEM aBTOMOOWJIEH C JBHIraTessIMH, UMEIOIIMMH pabounii o0beM
0,65 — 2,5 1, KoTOpast U3MEHSET MOMEHT TpeHUst M, CIIeTUIEHHs B 3aBUCUMOCTH OT YaCTOThI BPAILIEHHUS 11, KOJIEHYaTOTO
Baja. OH KOMIUIEKTYETCS TOJBKO M3 HABECHBIX Y3JIOB, HE MMEIOIIMX MEXaHMYECKOH CBS3M C JIPYTHMH arperatamu
aBToMoOmis. braronaps sTomy o6opynosanne aBromoomieit IIIC He TpeOyeT U3MEHEHNsT KOHCTPYKIMH HX arperaToB.

OcuoBHbIME y3mamu OIIC sBIAIOTCS BakyyMmHas cepBokaMepa (puc. 56) M JICKTPOHHBIH OJOK aBTOMATHKH,
PETYIHPYIONINHA CHITy TOKa B OOMOTKE 3JIeKTpoMarHura 2 cepBokamepbl. ClerieHne BKIIOYAaeTCs W BBIKIIIOYACTCS B
pe3ynbTarte rnepeMenieHus mopiuHs 6 (puc. 57) v CBsI3aHHOTO ¢ HUM IITOKa 3 cepBoKamepsl. Eciy, Harprumep, nopieHs
6 BTArMBaeTCSd BHYTPh CEpPBOKAaMEphl, TO IITOK 3, BO3JCHCTBYS HA pblYar 2, IepeMelaeT cieBa HalpaBo HOpIIEHb
[JIABHOTO THAPOLMIMHAPA 22 cepBOKaMepbl. JTO BBI3BIBACT NEpeMElIeHHe MOpIIHS pabodero rujpouminHapa 19
(cmeBa HampaBo Ha puc. 57), BCIEACTBHE 4ero IMTOK 15, HakuMas Ha phIYAr MPUBOJA CUCIUICHUS, MEpEeIBUTAeT
BBDKMMHOM MOJIIMIHUK CIETJICHHS, BBIKIIOYAsl €ro 4epe3 IATy cueruleHus. Ipu ABrkeHHH MOpuIHS 6 6 00paTHOM
HaTpaBJICHUH CLEIUICHHE BKIIIOYAaeTCsI.

CneBa or mnopurHs 6 pacrojio)keHa IOJIOCTh 5, TMOCTOSIHHO COEAMHEHHasi ¢ atMocdepoil, a crpaBa OT MOPIIHS
HaXOJMTCS TOJIOCTh 9 perynupyemMoro JAaBiieHHs, B KOTOPOH [aBIICHHE MOXKET MEHSTbCS OT aTrMoc(epHOro Jo
paspexernns 60 — 70 klla. Uem Brime paspeskeHue B momoctd 9, TeM Ooiblias pa3sHOCTh CHJ NICHCTBYET HA CTEHKH
NopmHs 6, B pe3ynbraTe 4ero BO3pacTaeT CHia, CTpeMsIasics MepeMecTUTh MOpIIeHb BHYTPh cepBokamepsl. [lon ee
JieficTBUeM uepe3 MPUBOJHBIE Y3IIbl CLEIJICHHS CXKMMAIOTCS HAKUMHBIE MPYXKHUHBI, BCIEJCTBUE YEr0 YMEHBILNAETCA
MpHXaTHEe HAXXMMHOTO JUCKA K BEJJOMOMY U COOTBETCTBEHHO YMEHBIIAETCS MOMEHT, NlepefaBaeMblii cueruienueM. Ilo
Mepe YMEHBIIECHUS! pa3peXeHHs B MOJIOCTH 9 CHIKaeTcs cuia, JeicTBylomas Ha nopuieHb 6. B pesynbrate storo
YMEHBIIAETCSl YCHIIME, ACHCTBYIOLEe Ha Ha)KMMHbBIE INPYKUHBI CLEIUICHUS, YTO NPUBOJUT K OCIAOJICHHIO CHIIBI
MIPWXaTHs HAKUMHOTO JTUCKA K BEJOMOMY.

[Ipu aTOM obecnieunBaeTca BO3pacTaHUE MOMEHTA, IIEPEIaBaeMOT0 CIIEIUICHHUEM.

Pazpexenue B nonoctu 9 perynupyercs ¢ moMoiuibio kianana 31, Ha KOTOPBIil ¢ OJHON CTOPOHBI JEHCTBYET MpY-
*uHa 32, a ¢ Opyrod cTOpoHbl — TONKatesdb 28. B cBOI ouepenb, Ha TOJKATENb JCHCTBYET, BO-TIEPBBIX, YCHIIHE
MOCJIE/I0BATENILHO YCTAHOBJICHHBIX NMPYKHUH 4 U 8, KOTOpOe CTPEMUTCS IEPEABUHYThH €TI0 CJIEBa HAIPaBO, U, BO-BTOPBIX,
cuna F,,, pa3BuBaeMasi 3J€KTpOMarHuToM 12, HampaBieHHass HABCTpeuy YCWIIMIO YKa3aHHBIX NpyxuH. [Ipyxuna 8
CO3/IaeT TOpa3lo MEHbIIEe YCHIIME I10 CPAaBHEHUIO C INPYKHHOW 4, 1OITOMY OHa IIOJHOCTBIO C)KMMAETCS II0Cie
BTSIrMBaHUs mopiHsA 6 Ha 20 — 25 % mNOJHOro ero nepeMerieHus, B Mpeeiaax KOTOPOro MOMEHT M, coXpaHser



MakcHUMaJIbHOE 3HadeHHe. Tak Kak IpykuHa 8 He BIMsACT Ha XapaKTEPUCTUKH CEPBOKAMEpHI, TO IPH PACCMOTPEHUH
npuHnuna aeiicteus OIIC Oyner mpuHUMATHCS BO BHUMAaHHE TOJBKO JecTBUe NpYXUHBI 4. HasHaueHnue npysxuHb! 8
OyZneT yKa3aHo HHXKeE.

Puc. 56. Y3nbl anekTpoBakKyyMHOro npMBoAa CUenfeHus:
a — 3NeKTPOHHbIN GNOK ynpaBneHusa; 6 — cepBokamepa; 1 — LWITOK; 1 — 3nMeKTpoMarHuT; 3 —
rmaBHbIA TMAPOLUNUHAP; 4 — perynupyemas onopa pbiyara; 5 — pblvar.

DjekTpoMarHuT 12 B oTiHMYME OT DJIEKTPOMAarHUTOB C BTSATHUBAIOIIUMCS SIKOPEM OOBIYHOTO THIIA BBHINOJHEH Oe3
LEHTPAIFHOTO HEMOJBIKHOTO CepJieYyHHKa. B pesynbrare 10 Mepe BTATMBaHMS SKOPS BHYTPb IMOJOCTH
AJIEKTPOMarHuTa pa3BuBaeMoe UM TSATOBOE YCHJIME HE BO3PACTAET, KaK Yy OOBIYHBIX JIEKTPOMArHuToB (puc. 58, KpUBbIe
1 u 2), a ymenbmraetcs (kpuBbie 3 — 8). TeM caMbIM 3a CUET PETYIHPOBAHUS CHIIBI TOKA B OOMOTKE 3JEKTPOMArHUTA
CO3/1aeTCsl BOBMOYKHOCTh MEepEMeEIIaTh €ro SKOph B JI000€ IMOJ0XKEHHE, KOTOPOe SBJSIETCSl YCTONYMBBIM JUIs JTAHHOW
cuibl ToKa. Takoi BHJ TATOBBIX XapaKTEPHCTHK 3JIEKTPOMArHUTA SIBJISICTCS HEOOXOJMMBIM YCIOBHEM Al (DyHK-
unonuposanust II1C.

Ecmu ycnnme FSM nipeBeicut? ycunue npyxussl 4 (cM. puc. 57), To TonkaTenb 28 CMECTHUTCS B JICBOE TIOJIOKEHUE U
ero noxsmwkHoe cemno 30 oroiiner ot kiamana 31. B pesymprare sroro kmamaH 31 moa aeHcTBHEM IPY>KUHBI 32
NIepeMecTUTCS B KpaliHee JIeBOE MOJOKEHHE M NPXXMETCs K HemoaBmwkHoMy cemry 29 (puc. 57, JI). B pesynbrare
nojocte 9 uepe3 oOparHBIN KianaH 13 cOeAMHMTCS ¢ BITyCKHBIM KoJuleKTopoM 14 npurarens, Omaronmapsi 4emy B
JaHHOHM IOJOCTH BO3HHMKHET pa3pekeHue, oOecIeunBaiollee BTATMBAHHE IOPIIHA 6 BHYTPh CEpPBOKAMEpPHI, H,
CJIE/IOBATENIbHO, YMEHBIINTCS MOMEHT M. Ecnu ke ycuiue npykussl 4 craner Ooibine cuibl FSM To noaBmkHOe
CeIUI0, BO-TIEPBBIX, 3aKPOET LIEHTPAJIbHOEe OTBEPCTHE B KianaHe 31 M TeM CaMbIM pa3beJUHHUT MOJOCTh 9 C BIYCKHBIM
KOJUIEKTOPOM JABUTraTellsi, U, BO-BTOPHIX, OTOABUHET KJIalaH OT HEMOABIKHOTO cema 29, G6iaronaps 4eMy mojiocts 9
4yepe3 orBepcTHe 33 B Kopmyce 34 kiamaHa coeamHHUTCsl ¢ atMmocdepoil (puc. 57,5). B pesynbrare mpousoiger
YMEHBIIICHNE pa3peKeHHs B OJIOCTH 9, BCIEICTBUE YETO, KaK OTMEYAJIOCh BHIIIE, YBEIUYUTCS MOMEHT, N1E€peAaBaeMbli
4yepes CLeIUIeHHE.

Veunue Frp, npykuHbl 4 3aBHCHT OT MOJIOKEHWs TOpIIHA O, BO3pacTas MO Mepe €ro BTATMBAaHMS BHYTPb
cepBoKamepsl, a cuia FSM, pasBuBaemast 3J1IeKTPOMarHiTOM, — OT CHJIBI TOKa, IPOXOASAIIEro yepe3 ero oOMoTky. Ecnn
[P KAKOM-TO TIOJIOXKCHHH TOPIIHS ciIa Pay. Gyaer GOIbIIe YCHIHS NPYKHHBI 14, TO MOpIICHb OyIET BTATHBATECS



BHYTpPb cepBokamepbl. Ho B 3ToM cityyae n3-3a cxkaTHs NPYXKUHEI 4 BO3pacTeT pa3BUBacMoOe €10 YCHIINE, KOTOPOe IpH
OIIpE/ICNICHHOM IIOJIOXKEHHH IOPIIHSA CTAHOBUTCS PaBHBIM YCHIIMIO JJIEKTpOMarHuTa. B pesynbrare Tonkartens 28
YCTaHOBUTCS B TAKOM IOJIOKEHHH, IIPH KOTOPOM €ro NOoABIKHOE ceuio 30 TONBKO 3aKpoeT LEHTPAIbHOe OTBEPCTHE B
kiamane 31, He oToaBHTas caM KJammaH OT HEMOABIKHOTO cemra 29. B Takom monmokennn knanana 31 (puc. 57, b)
Oyzmer o0ecreyeHO OTCOEOMHEHWE MOJOCTH 9 KaK OT BITyCKHOTO KOJUIEKTOpA ABHTATENS, TaK M OT aTMOC(epHl,
Onarogaps 4eMy B JAHHOW IOJIOCTH YCTaHOBHUTCS NOCTOSHHOE pa3pe)KeHHe, W IalbHelIlee NmepeMenieHHe MOPIIHI
MIPEKPATHTCSL.
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Puc. 57. Cxema 3IC:

1 — 6a4ok cucTemMbl rMAPONPUMBOAA; 2 — pblyar cepBokamMmepbl; 3 — WTOK; 4 U S — NPYXUHbI; 5 —
nosnocTb aTmocdepHoro AaBneHus; 6 — noplieHb; 7 — MeMbpaHa; S — NMoONocTb perynupyemoro
paBneHus; 10 — kopnyc cepBokamepbl; 11 — o6MoTKa anekTpomMariuTa; 12 — anektpomarHut; 13 —
obpaTHbIM knanaH; 14 — BNyCKHOW KonsiekTop aBuratens; 15 — wrok pa6oyero rugpounnuiapa; 16
— BbIKNKOYaTenb cuenneHuns; 17 — anekTpoHHbIN 6nok ynpasneHus 3MC; 18 — wuMTOK ynpaBneHus;
19 — pabouunn rugpouHnuHap: 20 — sIKOpb 3NeKTpomMarHuta; 21 — cepBoOKamepa; 22 — rnaBHbIN
rmapounnuHap cepsokamepsbl; 23 1 24 — ravku; 2S — onopa pblyara; 26 — rnaBHbIM rMAPOLUNUHAP
Aybnepa npuBoaa cuenneHus; 27 — neganb Ayo6nepa npuBoga cuensieHus; 28 — Tonkartenb; 29 —
HenoaBuxHoe ceano; 30 — noaBuXHoe ceasno; 31 — knanaH; 32 — npyxuHa; 33 — oTBepcTUe ANA
BnycKa Bo3ayxa; 34 — Kopnyc KnanaHa

Ecnu ke B npoiecce paboTEl CepBOKaMEPHI IPH KAKOM-TO TOJIOKEHUH MOPIIHS yCHIUe Fyp, IPyXKUHBI 4 MPEBBICUT
cuiy F,y,, TO B pe3yibTaTe COETUHEHNUS MOJIOCTH CEpBOKaMephI ¢ aTMocdepoit 3TO MpUBEIET K MEePEMEIICHUIO TOPIIHS
6 B HampaBJIeHMH €ro BbIXoJa M3 cepBokamepbl. Ho B pesynbrare YMEHBIIUTCS YCHIHME HPYXKHHBI 4 M, KOr/a OHO
cpaBusiercst ¢ cuiiol FSM, kianan 31 conpuKOCHETCsl Kak C MOJBMXKHBIM, TaK M HEMOJABMXHBIM ceuioM. [lomocts 9
cepBoKamepbl OyJeT OTCOENMHEHa Kak OT HMCTOYHMKA pPa3pekeHus, Tak U OT arMocdepbl, B Hel YCTaHOBUTCS
MIOCTOSTHHOE pa3pexeHHe U MOJI0KEeHHe TOpIIHS 6 He Oy1eT U3MEHSThCS.

HanHoe nonoxenue kinanaHa 31 u Tonkatenst 28 cOOTBETCTBYET YCTaHOBUBILEMYCS PEKHMY pabOThl CEpBOKaMEPHI.
[MpakTryeckn sxe B mpolecce ee paboThl MOpIIEHb KoyieOieTcss ¢ HeOOMBbIIONH aMIUTUTYIOW M C BBICOKOH YacTOTOM
OTHOCHTEJIFHO YCTaHOBMBLIErOCsl €ro HoyokeHus. IIpy 3ToM ammimTya KoneOaHWi IMOPIIHS MOCTENEHHO YMEHb-
miaeTcss M B CIydae IOCTOSHCTBA CHIIbI Foy, crycTss HekoTopoe BpeMsi, HOpPLIEHb 3aHUMAeT YCTaHOBHUBILEECS
TIOJIOKECHHE.

UeM BeIIIE cHla TOKA |y, MPOXOAAIIETO Yepe3 0OMOTKY 3JIEKTPOMAarHuTa, TeM IpH OOJBIIEM CXKAaTHU MPY>KUHBI 4
obecrieunBaeTCs PABEHCTBO pa3BuBaeMoro ero ycunus Fy, m cumer FSM amektpomarmmra. Jlna oGecnedenus
YBEJIMUYCHHUS] YCUIIUSI TIPYXKHHBI 4 TopieHb 6 JOMKeH Jaibliie BTIHYThCS BHYTPb KaMepbl, BCICJICTBUE YEro yMeHb-
mraercst MoMeHT M. Takum o06pa3zom, paccMaTpuBaeMblil IPUBOJ] IPEACTABISIET COOOH CIEANIYIO CHCTEMY, B KOTOPOit
9JIEMEHTOM OOPATHOM CBSI3M SIBJISETCS NPYKHHA 4.

B ucxomnom cocrosuun OIIC, coorBercTBylomem cuie Toka l,, =0, mopmieHs ruaponMiIMHApa 22 3aHUMAaeT
KpaiiHee JIeBO€ IO0JI0KEHHE, KOTOpPOe HE 3aBHCHT OT JJIMHBI onopbl 25 peryara 2. ITosToMy ¢ yBeIMYEHHEM JUTMHBI
onopsl 25 npy MepeMelIeHu: BIeBO ee KOHLA ITOK 3 (M mopuieHb 6) OyayT BTATMBATHCS BHYTPh CepBOKamepbl. B



pe3yibTaTe YMEHBIINUTCS TOJTHBIA X0/ MITOKAa 3, TAK KaK KOHEYHOE €T0 TOJI0KEHHE, COOTBETCTBYIOIIEE YIIOPY HOPIITHS
6 B KOpITyC 3JEKTpPOMAarHuTa, He M3MEHHTCS. bmaromaps 3ToMy yMEHBIIAETCS 3a30p MEXIy HaXHUMHBIM H BEIOMBIM
UCKaMH CLEIUICHNS B KOHEYHOM TIOJOKEHHH IITOKAa 3, W A OOeCIeYeHNsI Havaja TPOTaHHS aBTOMOOWIISI C MecTa
HO)KUMHOU JHCK JOJDKEH OT CBOETO KOHEYHOTO ITOJIOKEHHS IPOUTH MEHBIIee paccTOsSHHE. TeM caMbIM JOCTHTAeTCs
HadJajo TPOTaHMS aBTOMOOMIIS C MECTa IPH OOJBIICH Ciie TOKa |4y, 9eMy COOTBETCTBYET MEHbIIIEE 3HAUCHHUE Iy

Fam daH

Puc. 58. 3aBucumocTu TArosoro ycunus F,,, oT nepemelueHus | skopsi U cunbl Toka l,, B 06-MOTke
3MeKTPOMarH1Ta ¢ BTArMBaloLWMMCA sikopeM: 1 U 2 — ¢ LieHTpanbHbIM HENMOABWXHbIM CepAeYHUKOM

V3meHeHHe HWCXOJHOTO TOJIOKEHMs INTOKAa 3 BCIIEACTBHE €ro IEepeMElIeHUs] BHYTPb CEPBOKaMEpbl BbI3bIBAET
cxatue NpyXuHbl 8. OIHAKO Tak Kak NPYXHHA 8 paccyMTaHa Ha HEOOJNBIIOE YCHIIME M MMEET Malyl0 KECTKOCTb, €€
YCWIIUSL TIPH PETYIHPOBAHUM HCXOJHOTO IOJIOKEHHS ITOKa 3 OYIyT M3MEHATHCS He3HaYUTENbHO. Beiiencrteue storo
obmee ycuiue, cozaaBaeMoe npyxuHamu 4 u 8, nmpu padore OIIC Oyner NMpakTHYECKH 3aBUCETh TOJNBKO OT
XapaKTEepPUCTUKK NPYXKUHEI 4. B pesyinprarte obecriedynBaeTcsi MPUMEPHOE MOCTOSIHCTBO W3MEHEHUsS MOMeEHTa M. IpH
nepeMenieHnn mToka 3. [ u3MeHeHHs [UIMHBI OTOpEl 25 HYXXKHO OTBEPHYTH raiiky 24, a 3aTem, Bpamas raiky 23,
HePEMECTHTB OIOPY B TpeOyeMoe MoIokKeHHe U 3ahUKCUPOBATh €€, 3aTIHYB raiky 24.

Takum 00pa3oMm, B pe3yabTaTe U3MEHEHUS MOJI0KEHHs ONOPHI 25 OCYILIECTBIISAETCS N3MEHEHHE YacTOThl BPAILCHUS
KOJICHYaTOro Baja, COOTBETCTBYIOIIEE Hayally TpOTaHHs aBTOMOOWJIS C Mecra, a Juisl MOJy4eHHs TpeOyemoil
sapucumoct M =f(ny) mocrarouno obGecrednTh ¢ IOMOIIBIO JIEKTPOHHOM CHCTEMBI YIIPABICHNS HEOOXOMUMBIN 3aKOH
W3MEHEHHs1 CHJIbI TOKa |,y B 0OMOTKE 3JIEKTPOMArH1Ta OT YaCTOThI BPAILCHUS 71,

TeMmI BKIIOYECHUS! CLETUICHUS ONPEAENISETCS CKOPOCTBIO 3aIlOJHEHUs MOJOCTH 9 BO3yXOM, MOCTYMAIOIIUM B Hee
yepe3 oTBepcTus 33 B Kopnyce 34 mpu ycTaHOBKe KianaHa 31 B MOJIOKeHHE, COMIaCHO puc. 57,5. JluameTp oTBepCTUid
33 BeIOpaH TakWM, YTO TMPHU IOJHOCTBIO OTKPHITOM KiamaHe 31 obecmeumBaercs TpeOyeMoe OBICTpOE BKITIOUCHHE
CIEIUIEHHs] TI0Cie OKOHYAaHMWs IIPOLecca IEPEeKIIOUeHUs Mepefay ¥ BMECTe C TeM YPEe3MEPHO He YBEIMYUBAIOTCS
Harpy3Kd Ha y3JIbl TPAaHCMUCCHH.

[MpunyanTenbHOE BBHIKIIOUEHUE CIEIUICHHS HE3aBUCHMO OT YacTOTHI BPAILCHHS KOJEHYATOTO Basla BBHITIOJIHSIETCS C
nomonipto Bxogsmero B cocras JI1C Briximovatens 16, ycTaHOBICHHOTO B T'OJIOBKE pbluara MepeKIoYeH s nepeaay.
KOHTaKThl JTaHHOTO BBIKIIFOUATENS 3aMBIKAIOTCS, KOT/a BOJIUTENb NPUKIAABIBACT YCHJIHE K PbIUary MepeKiioueHus
nepenayd. B pesynprare 3TOro Kk 00MOTKE 3JEKTPOMArHUTA TTOJIBOIUTCS MOJHOE HAIPSHKEHHE UCTOYHHMKA IMUTAHUS, YTO
obecrieunBacT NIPOXOKACHUE Yepe3 Hee TOKA |,y =1,y max=3,5-4 A.

3axonvr ynpasnenus OIIC, peanusyemvie ¢ NOMOWDBIO INEKMPOHHOU cucmemvl ynpasienus. Beime ObLI0
YCTAQHOBJIEHO, YTO 3aKOH H3MEHEHHs MoOMeHTa M. omnpeaensercs 3aBUCUMOCTbIO cuibl Toka l,, B 0OMOTKe
AJIEKTPOMarHuTa CepBOKaMephl OT YaCTOThI BPAILIEHHUS 1T, KOJIEHYATOTO Baa.

s obecnieyeHus TpeOyeMbIX PEKHMMOB PabOThI CLEIUICHHUS MPU PA3IMYHBIX YCIOBHAX IKCIUTyaTallll aBTOMOOHIIS
cucteMoit ynpasieHus OIIC mnpeaycMOTpeHa BO3MOXKHOCTh peaM3alliM JBYX PEXHUMOB pabOThl CHCTEMBI
ABTOMATHYECKOTO YIPABJICHUS CLETUICHUEM — OCHOBHOTO U BCIIOMOTaTENBHOTO.



Paznuune MeXay 3THMH PEKHMAaMH 3aKJIIOYacTCs B TOM, YTO NPH BCIIOMOTAaTEIBHOM PEXHUME 3aBUCHMOCTB |,
=f(n,) Mo cpaBHEHMIO ¢ AHAJOIMYHOM 3aBUCHMMOCTBIO JIUIsi OCHOBHOTO PEXHMMA CMENIEHa B 30HY 00Jiee BHICOKMX YacTOT
N, KaK 9TO TIOKa3aHO INTPMXOBBIMHM JIMHHASAMH Ha puc. 59. broaromaps 3ToMy IpH BCIOMOTAaTEIbHOM PEIKUME
sapucuMocTh M =f(ny) Taxxe cmemaercs B 30HYy Ooiiee BBICOKHX 7,, 9TO TpeOyeTcs B Clydac SKCIUTyaTalluH
aBTOMOOWIIS B YO JIOBHSX HU3KUX OTPHUIATENBHBIX TEMIIEPATYP C IJIOXO MPOTPETHIM JBUIATENIEM WIH MPH JIBHKCHUH
aBTOMOOMIIA B TSKEJBIX JOPOXKHBIX YCIOBHSX (C OOJBIIAM COMIPOTHBIICHHEM JBIKCHHUIO).
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Puc. 59. 3aBucumocTtu cunbl Toka |,y B 06MoTKe anektpomarHuTta AMC oT YacToTbl BpalleHus N,
1 — 4 — OCHOBHOM pexum paboTbl; 5 — [OGNOKMPOBKA, OCHOBHOM pexum; 6 — 9 —
BCMoMoraTenbHbIN peXxum paboTbl; 10 — o06NOKMpOBKa, BCNOMOraTenbHbIA PEeXUMm

Jlis mepexosa OT OCHOBHOTO PEXHMMa K BCIIOMOTaTEIbHOMY BOAMTENb JOJKEH MEpeKIIOYNTh BBIKIIOYATENh Ha
ke ynpasiaeHus 18 (cm. puc. 57).

OcnosHotl pescum pabomul cucmemvl ynpasienus. Ha OCHOBHOM pexXHMe B JHaNa30He YacTOT BpameHus 7, oT 800
MuUH-! (pexuM xoocToro xoma aBuratens) mo 2200 MHH-' cuIa Toka |,y MOHOTOHHO yMeHbIIaercs ot 2,2 1o 1,2 A
(puc. 59, xpusas 1).

Bakyymnas cepBokamepa OIIC crnpoekTHpoBaHa TakuM 00pa3oM, YTO TPH INPOXOXKACHHM UYepe3 OOMOTKY ee
ANIEKTPOMarHuTa Toka cuioi 2,1 — 2,2 A oHa o0ecrieunBaeT IMOJHOE BEIKIIOYCHHE CICTUICHMS, a TIPH CHJjle TokKa 1,8 —
2 A (cootsetctBytomeit rc, =1100-1300 MI/IH-l) CIICTUICHHE TIepelaeT MOMEHT M., OCTATOYHBINA IJISi TPOTAHUS aBTO-
MOOWMIIL ¢ MECTa Ha FOPH30HTAIFHOM ydacTKe MyTH. [1lo Mepe yMeHbIIEeHUs CHiBl ToKa l,, MPOMCXOIUT yBeIH4YeHHE
MomeHTa M, u mpu cune Toka 1,2 A (n, = 2200 MI/IH_l), CLIETIJIEHWE MOJKET IepenaTb MOMEHT M., HECKOIbKO
HIPEBBIIAIOIINN MAKCUMAIIbHBIM KPYTSIIUNA MOMEHT JBUTATEIs.

Ipu yacToTe BpameHus N>Ng = 2200 MUH-" IPOMCXOIUT YMEHBIICHHE CHITBI TOKA OT 1,2 A TIOYTH 10 HYJIs (IHHHS
2), obecrieunBarolee yBeIMueHNEe MOMEHTA TPEHHUS CIETUICHUS IO MAKCUMAJIBHOTO 3HaueHus M, MaX, Gmaromaps yemy
rapaHTHPyeTCsi GIOKHPOBKA CIEIUICHHS. YKA3aHHOE CHIDKEHHE CHIIBI TOKA IPOMCXOANT  He MTHOBEHHO, 4 B TCUCHHE
npuMepHo 1,5 ¢, 4TO MCKIII0YaeT BO3MOXKHOCTD TTOSIBJICHUS! TUKOBBIX HArpy30K B TPAHCMUCCHU aBTOMOOWIIS Jlaske TIpU
«HecornacoBaHHON» xapaktepucTuke M=f(nk).

IMocne Toro, Kak peanu3yercsi pexKUM OJIOKUPOBKH CLEIJICHHs, Cuila Toka |, ocTaercs 0au3koil K Hyiwo (TuHUS 3)
JI0 TeX TOp, MOKa 4acTOTa BPALIEHUs 1, HE YMEHBIIUTCA 710 3HaueHus 51,6=1100 MuH-", IIpu Takoit yacToTe BpaleHUs
cuia Toka (JIMHUS 4) ckauykooOpa3HO yBenuunBaeTcs 10 2 A (pexxuM pa30iIoKUpOBKYU cuemieHus). Janee cua Toka |,
B 3aBUCHMOCTH OT YaCTOTHI BPAIICHHS 1, U3MEHSIETCS 1Mo KpuBoii 1 xapakrepuctukd L., = f(ny).

Takum oOpa3om, eciy HpU JBIDKEHHHM aBTOMOOMIIS YacTOTa BPAIICHUS KOJEHYATOTO Bajla JBUTATENs XOTS OBl
KPAaTKOBPEMEHHO mpeBbicuia 2200 MEH-" U BCIEACTBHE STOTO MPOM30MLIA GIOKHPOBKA CLEILICHHS, TO B JalbHEHIIEM
CIETJICHHE OCTAHETCS 3a0JIOKMPOBAaHHBIM J0 TEX IMOp, MOKa YacTOTa BpAIICHHWsS KOJECHYATOI'O Bajla HE CTAaHET HIDKE
1100 mun™. Braroxaps 5ToMy, Kak yKasbIBaioch BBIIIE, 3HAYNTENHHO YMEHBIIAETCS OMACHOCT PAGOTHI CIIEMICHAS C



HpO6yKCOBBIBaHI/IeM B Ciydyac OBHXCHUA aBTOMOOMJISI C HHU3KUMH CKOpOCTAMHU, T. €. HUCKIIKOYACTCA OCHOBHOM
HEJIOCTATOK OOJIBIITHHCTBA U3BECTHBIX CHCTEM aBTOMATH3AI[UH YIpaBJICHUA CHCTUICHUCM.
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Puc. 60. CTpykTypHasa cxema cuctemsl ynpasneHus JMNC

ITpn wacToTax BpameHus #,, MEHBIINX Ng, UMEETCS BO3MOXKHOCTH NMOJadl KOMaHIbl Ha BKJIIOYEHHE OJIOKMPOBKU
cuerienns. Taxoit pexuM (A. c. 929471, CCCP, MKH® B 60 K 41/02) peanusyercst B ciydae, CliH BO BpeMs
TEepPeKTIOUEHNs Mepeiad YacToTa BPAICHUS I, OKA3bIBACTCA OOmbire Ny=1500 Mun-" (muuns 5). Ipu 3TOM yMeHb-
IIaeTCSl OMACHOCTh JUIMTENIBHOW paboThl CLEIUIEHHs C NPOOYKCOBBIBAHHMEM, KOTOpas Morja Obl OBITE B ciIydae
JIBIDKEHHUST aBTOMOOMIISI ¢ HU3KMMHU CKOPOCTSIMH NPY BKJIFOYEHHBIX BBICIIHX Tepenadax. BmecTe ¢ TeM Takoe cMmelieHne
pexrMa OJIOKMPOBKU HE OKa3bIBAET BIMSHUS HAa AMHAMUKY aBTOMOOWIIS IIPH €r0 TPOTaHHWHU C MECTa, TIOCKOJIbKY HU3 IIast
nepeniaya, Ha KOTOPOil HAUMHAETCST Pa3rOH aBTOMOOMJISI, BKJIFOUAESTCs elle JIO Havyajla ero pa3roHa, 4eMy COOTBETCTBYET
ycnoBue N<N,. PaccMOTpeHHBIN peXUM Ha3bIBAaeTCs JOOJIOKUPOBKOH cuerieHus. OTMETHM, 9TO OOBIYHO B CHCTEMax
ABTOMAaTHUYECKOTO YIPABJICHUS CIEIUIEHHEM TaKOW PEXXUM HE MPeaycMaTpUBACTCH.

Benomoeamenvuvlii - pescum  pabomwer  cucmemvt  ynpaenenus. 3aBucumoctd M =f(nk) m1s ocHoBHOro WM
BCIIOMOTATEIBHOTO PEXMMOB HMMEIOT AHAJIOTWYHBIA BHI M OTJIMYAIOTCS TOJBKO TEM, YTO JUI IIOCIEJHEro 3Ta
3aBUCHMOCTH CMEIIleHa B 30HY 0oJjiee BBICOKHMX YacTOT BpAIlEHHs 7. BciiencTBre 3TOro BO BCIOMOTaTEIbHOM PEKUME
CIETUIEHHE HaYMHAET Mepe/iaBaTh MOMEHT, JIOCTAaTOYHbIH AJIsl TPOraHHUsl aBTOMOOMJISI C MECTa, PU YacTOTE BpalleHHs
n= 1700-7-1900 mun-' (cM. puc. 59, muuust 6), Graromaps 4eMy OKA3bIBACTCS BOSMOYXKHBIM YBEIHUHTb UYACTOTY
BPAICHNS KONIGHYATOr0 Baja sy x B PEKMME XOIOCTOrO Xoza asuratens g0 1500 — 1600 mun-' Ge3 omacHocT
PE3KOro BKIIIOYEHHsI CLEIUICHHUs MPU TPOraHHKM aBTOMOOWIIS ¢ MecTa. B pe3ynbTarte MOYKHO HAYMHAThH 3KCILTyaTalUIo
aBTOMOOWJISL TP TJIOXO MPOTPETOM JABUTaTeNe, y KOTOPOro BO M30EkKAaHUE €ro OCTaHOBKU NMPHUXOAMTCS 3HAYUTEIHHO
ybennunBaTth 4acToTy BpamieHus Jy... BO BCIIOMOraTeIbHOM PEXHME TOUKa TepecedeHus 3apucumocteit M, = f (n,) u
M=f(nc) cooTBercTByeT uactore BpameHms Nk = 2500-2700 MuH-', IPH KOTOPOii JBHraTelh PasBHBAECT MOMEHT,
ONMM3KMH K MakcUMasbHOMY. B pesynbrate oOecrieunmBaeTcsi yiydllleHHE AMHAMHUKH aBTOMOOwis. OnHaKo ciexyer
HMETh B BHJLY, YTO TaK KakK IPH BCIIOMOTaTeIbHOM PEXHMME PE3KO BO3pacTaeT paboTa OyKCOBaHUsI CLETIIICHUs, JTaHHBIM
PEKMMOM HYXHO IIOJIb30BaThCSl TOJIBKO B TEUEHHE KOPOTKOTO NPOMEKYTKAa BPEMEHH, BO M30eKaHHUE YCKOPEHHOTO
W3HANIMBaHMS HAKJIAIOK BEJIOMOTO 3JIEMEHTa CLEIICHNUS.

IHpunyun Oesicmeus 2nexmponnou cucmemwvt ynpaeienuss JIIC, snexmpuueckas cxema U KOHCMPYKYus
anekmponHo2o oaoka agmomamuxu. CTPYKTYpHasi cxeMa dJIeKTPOHHO# cuctembl ynpasieHus JI1C npuBeneHa Ha puc.
60, a ee MpUHIMIIHATBHAS YJIEKTPUYECKas cxema — Ha puc. 61.

Cmabunuzamop nanpsiocenus. Crabunmmzatop HanpsbkeHus CH TpenHa3HadeH Ui MUTAHHS MTOCTOSHHBIM 10
BenmunHe HanpspkeHneM (10 — 10,2 B) meneit ynpaBieHus 3JeKTPOHHOTO OJI0OKa, ¥ B TOM YHCIIE SJIEMEHTOB YaCTOTHO-
aHajoroBoro mnpeo6pazoparens [TYH u omepanmoHHBIX YCHIUTENEH, BXOASIIUX B COCTaB PETyNATOpa TOKa W y3ja
OnoKMpoBKH creruieHus. [lo  cXxeMoTexHUuecKoMy pelieHuto crabunu3arop CH aHAJOTHMYEH CTa0WIM3aTOpy
HarpspKeHUs, BBIMOJIHEHHOMY TI0 cxeMe puc. 6. OH rmojep>XuBaeT CTabMIM3UPOBaHHOE HAIIPSKEHUE 110 OTHOLIEHHIO K
TIOJIOKUTEIBHOMY TOJIIOCY MCTOYHMKA nuTanus. [loaTomy nerictBue anemenToB CSl, obecnieynBaomux cTabMiIn3amnnio




€ro BBIXOJHOIO HAMpSDKEHHs, B JaHHOM pa3[elie He paccMarpuBaercs. B JOMNONHEHHE K YKa3aHHBIM JJEMEHTaM B
coctaB CH BXOIAT TakKe DJIEMEHThI 3AIUThl LIENCH YIPABICHUS DJIEKTPOHHOTO OJIOKAa OT MEpeHANpsDKEHUH B
OOPTOBOI CETH W OT MOJKITIOUEHHS OJI0Ka IO HANIPSIXKEHHE 00paTHON TOJIIPHOCTH.
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Puc. 61. Cxema anekTpoHHOM cucteMbl ynpasneHusa 3/1C

3ammra OT TepeHANpsHKCHUH OCyHIecTBIseTcs ¢ momompio crabmmutporna VD9 tuma 815X (cMm. puc. 61),
BKITIOYeHHOTO TocienoBatensHo ¢ nuogoM VD10. Omoproe Hampspkenne cradmmmtpona 815X cocrasmser (18+2,7)
B, a nanenune nHanpspkenus B nuoae VD10 pasuo ~0,7 B. Ilpu noBbliieHny HanpsikeHust 6opToBoit cetu 1o 16 — 21,4
B npoucxoaut npoboii cradunurpona VD9 u coznaercs nONoIHUTENbHAS HArpy3Ka Juisl LEeNy MUTaHus 3JeKTPOHHOTO
6yoka. brarogaps 3ToMy IpeaoTBpalaeTcs MOsBICHHE HEJOMYCTUMBIX HAINPSDKEHUH B JaHHOW IIEIH, MOCKOIBKY OHU
OrpaHUYMBAIOTCS yKa3aHHBIM Bbllie ypoBHeM Hampspkenuit. non VD10 npenorspainaer Beixoa crabuiurpona VD9 u3
CTPOSI TIPH MOJAKIIFOYEHUH 3JIEKTPOHHOTO 0JIOKA MO/ HampsKeHHe oOpaTHOH mosisspHOCTH. {7 3amuThl neneil ynpas-
neHusi Oioka ucrnonbdyercs: Tpansucrop V124 tuma KTS501K, nmepexon sMUTTEp — KOJUIEKTOP KOTOPOTO BKJIFOYEH
MeX Iy BEIBOZOM +12 B Groka u mmHON +U,;, OT KOTOPOI OCYIIECTBISETCS MUTaHUE LIETeH yIpaBieHus OI0Ka.
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Puc. 62. U3meHeHue HanpsXKeHUA Ha BXoAe 3NEKTPOHHOro 6roka

[Mpn npaBUILHOM BKJIIOYEHHM OJIOKA ITOJIOXKHTEIBHBIA IOJIIOC OOPTOBOW CETH COEAMHSETCS C 3MUTTEPOM, a
oTpHIaTeNbHBIN (Macca) mojakioyaercst kK 6aze Tpanzucropa VT24. Dro obecnieunBaeT OTKpbITHE TpaH3uctopa V124,
6naromaps uemy K muHe + Uct MOABOIUTCS HANPSDKEHHE, OTIMYAIONIEecs OT HAIPSHKEHUS] OOPTOBOM CETH HA BEITHMYUHY



MaJICHUS HAMPSDKEHUS B MIEPEX0C IMUTTEP — KoJuiekTop Tpansucropa V124 (0,bI-0,15 B). Eciu ke K 3JIEKTPOHHOMY
OJIOKY IOIBOIWTCS HAMPSDKEHHE OOpPATHOM MOJSIPHOCTH, TO TpaH3ucTop VT24 ocraeTcs 3aKphITBIM, a MPOOOH €ero
mepexoma 0a3a — HIMHUTTEp HE MOXKET NPOWU30MTH, IMOCKOIBKY IOMYCTUMOE OOpaTHOE HANPSHKCHHE IS TaHHOTO
nepexona y tpansucrtopa KT5012K cocrasnser 20 B.

Yacmomuo-ananozosulii npeobpaszogamens. [lpu NBWKEHHH aBTOMOOWIA TPOHUCXOAWT OBICTPOE M3MEHEHHE
YacTOTHl BpAIICHUS KOJEHYATOTro Bayma aBuratens. [lpm sTux ycmoBmax HopMmanbHas pabora OIIC oxa3wsiBaeTcs
BO3MOJKHOW JIUINb MPH YCIOBHU OOCCICUYCHHUS BBICOKOTO OBICTPOJCHCTBUS CHCTEMBI YIPABJICHUS, B TOM YHCIC
MaKCUMAaJIbHOTO OBICTPOACHCTBHSI TpeoOpa30BaHMsl CUTHANA, IOCTYMAIOUIET0 OT JaT4yhKa 4YacTOThl BpallCHHUS
KOJICHYATOTO Baja, B HANPSKCHUE TMOCTOSHHOTO TOKa, KOTOPOE Jajnee UCIONB3YeTCs Ui W3MCHCHHUS CHIIBI TOKa B
ooMotke oanektpomarauta JIIC. C yderom nmaHHOTO TpeOOBaliMs B 3JIEKTPOHHOM Onoke mpumeneH [IYH ¢
nmpeoOpa3oBaHUEM BXOJHOTO CHT'HAJIa B TCUCHHE MOTYIUKIIA.

Ytur, ¥

] 1000 2000 g muw”t

Puc. 63. 3aBucuMOCTb Up,,= =f(n,) Aana MYH npu pabote AMC: 1 — B OCHOBHOM pexume; 2 — BO
BCMOMOraTesibHOM pexume

Bxopsbmm curnanom g ITYH sBngercs HanpsbkeHue, MOABOAMMOE OT JAT4YMKa 4YacTOThl BPALLEHUS 71,
(mpepeIBaTensa-pacupeenuTens) K BeIBoAY | aiexTpoHHOro 6ioka (puc. 61). Bxognoe ycrpoiictso ITHH, cocrosiee
u3 nuoaa VD1, pesucropos RI, R2, R3 u R7, konxgencaropa C1 u Tpansucropa VT1, npeobpa3yer BX0IHOE HAIPSHKEHHE
0JI0Ka B MOCIIE0BATEIBHOCTD MPSMOYTOIBHBIX HMITYJIECOB (pHC. 62), MOCTYNAIOMNX Ha KOJUIEKTop Tpanzuctopa VTJ.
JlanbHeiimee npeoOpa3oBaHue MOCIEIOBATENbHOCTH HMITYJIECOB B HampspkeHHe- Uy, IMOCTOSHHOTO TOKAa HA BBIXOJE
IMTYH (xomektope Tpanzuctopa VT5) ocymiecTBIsieTCs TaKMM e 00pa3oM, Kak ObLIO OIKMCAHO NPH PacCMOTPEHUH
neictBust [THYH, BbINOIHEHHOrO corylacHO cxeme, npuBeaeHHON Ha puc. 35. [lo cpaBHenuio ¢ 3toil cxemoit B [TUH
cucreMbl ynpasieHust OIIC  wMeercs JIMIOb  JONOJHHUTENBHOE YCTPOMCTBO WM3MEHEHHS XapaKTEpPHUCTHKU
npeobpaszoBatens (YUX), ocymectisiiomee u3MmeHenue 3aBucumoctu U, =f(n,) mpu nepexmouennn IIIC Bo
BCIIOMOTATENbHBIN pekuM (puc. 63). Takoe mepeKmoueHNe BOJUTENb OCYIIECTBISET IMyTeM IepeBoia MepeKIodaTess
5 B nosoxkenue Il (cMm. puc. 61), 6narogaps yemy HarpspKeHHE OT OOPTOBOW CETH MOJBOAMTCS K BBIBOAY 6 Oinoka u
nmaee depe3 pesucrop R37 k 0ase tpamsucropa VT13. Dto obecrmeunmBacT OTKPBITHE IAHHOTO TPAH3UCTOPA, B
pe3yabTaTe 4ero MpU MPOXOXKICHUU KOJUICKTOPHOTO Toka uepe3 pesuctopsl R32 u R33 cosmaercs momomHUTEIBHOE
najieHre HaIMpsDKeHUs, MPUBOJIIEe K YMEHBIICHUIO HampspkeHus Ha 0aze Tpansuctopa VT14 m, ciemoBaTenbHO, K
cHUKeHHI0 HanpskeHust Uy, Ha Beixone [TYH.

IMpn nepexmouennn OIIC BO BcroMorarelbHBIA pPEXUM HEOOXOAMMO, 4TOOBI B pabdodyeM aMara3oHe YacToT
Bparenus N=1600-2600 MUH-', COOTBETCTBYIONINX JAHHOMY PEXHMY, KpyTH3Ha xapaktepuctuku Ugyk = f(Nk) Gbima
IPHMEPHO TaKoil ke, KaK M B paboueM JuanasoHe 4actoT Bpamenus n, =1000-2000 MHH-" OCHOBHOTO pPeKHMa PaboThI
OIIC. Hanpsoxkenue Ha Beixone mpeodpasyrouieii yactu [TYH (3mutrepsl TpansuctopoB VT9 u VT10) B 30He yactoT
Bpamierus Nk =10004-2000 MHH-" H3MeHseTcst Golee MHTEHCHBHO, YeM B JMANA30HE YacTOT Bpamenus n,= 1600-2600
MHH-", IMosToMy st TOJTyYeHHUs] OAMHAKOBOW KpyTH3HBI xapaktepuctuku Uppx=Ff(Nk) IMUH mpu obomx pexumax
pabotsl OTIC B HEM NMPUMEHEHO pellieHHe, 00eCHeYrBaoIIee BO BCIIOMOTaTeIbHOM PEXHME YMEHBILIEHHE MajeHHS
HanpspbkeHus: B pesuctopax R32 u R33 no mepe yBelMueHHs 4acTOTHI BPALICHUS #,. JTO JOCTHUTaeTCsl BCIEACTBHE
BKJIroueHus Tpanszucropa V113 no cxeme renepartopa Toka. Kpome toro, B niens amMutrepa Tpanzucropa V113 BrimodeH
JIENTUTENb HAMPSOKEHHsI, COCTOSIMNA M3 Mapajuie]bHO COeAMHEHHbIX pe3uctopoB R35, R39* u pesucropa R36. K
cpenHeil Touke nenurens depe3 pesucrop R40 moxpkmrouen smutrep Tpansucropa VT13, a Kk oIHOMY M3 BBIXOJOB



JeIHuTeNs — SMUTTEp TpaH3ucTopa VT12. JlaHHBIA TpaH3UCTOp BKIIOYEH IO CXEME SMHUTTEP-HOTO IOBTOPUTEIN,
MO3TOMY HANPSDKEHHE Ha €ro SMHUTTEPE M3MEHSETCS COOTBETCTBEHHO HANPSKEHUIO Ha 0a3e TPaH3MCTOpa, KOTOpas
MOJKIIIOYEHA K YyKa3zaHHOMY BbIXomy mpeoOpaszyromedi gactu [I[UH. Tlo mepe MOBBINIEHWS YacTOTHI BpaIlCHUS
KOJICHYATOTO Baja YBEIIMYMBACTCS HANpsOKeHHe Ha 0aze u smutTepe Tpansuctopa VTJ2. CoOTBETCTBEHHO BO3pAcTaeT U
HanpspKeHNE B CPEAHEH TOUKe JEeIHTeNs, K KoTopoi moakrodeH pesuctop R40. B pesynbrare moHMKaeTcs Cuila TOKa B
mersx 0a3pl W KoimiekTopa TpaHsuctopa VT13, Omaromapss ueMy mocTuraercst TpeOdyemMoe yMeHBIIEHHE ITaJeHHUs
HATPSDKEHHs B pesncTopax 'R32 u R33.

C yBenMueHHEM CONPOTHUBIICHHS MOJCTPOSUHOTo pe3uctopa R38* moBblmaercs HanpsbkeHne Ha 0aze TpaH3UCTopa
VT13, uro yBeNMuYMBAaET CHIIy TOKa KOJJIEKTOpa AaHHOTO TPaH3MCTOpA M, CIEJOBATEIbHO, YMEHBINAET BBIXOIAHOE
Hanpspkenne [TYH. Tlpu yBenndeHHHM CONPOTHBIICHHS MOJACTPOEYHOro pesuctopa R39* m3MmeHeHMe HampsDKEHMs Ha
BeIxozie mpeoOpasyromield yactu [TYH Oyner cunpHee BIMsATH Ha pexuMm pabotel Tpanzuctopa VT13. Ilostomy c
YBEIIMYCHHUEM COTIPOTHBIICHUST pesucTopa R39* Bo3pacraer kpyrusHa xapaktepuctuku Ugpx= =f(n) Bo
BCIIOMOTATEIHHOM PEXUME.

Pecynamop cunvt moka. Ilpu noctrosHHOM HanpsikeHUU Uy, ,, TOABOIUMOM K BXOAY peryistopa cuibl Toka PT. oT
Beixona [TYH, manHbIi perymarop moipkeH oOecneduBaTh NMOCTOSHHOE CpenHee 3HadeHHe CHIIBI Toka |, B oOMOTKe
anekrpomaraura JIIC He3aBHCHMO OT HampspDKeHHS OOpTOBOHM ceTH aBTOMOOWIII M CONPOTHBICHUS OOMOTKH
AMeKTpoMarHuTa. TOJBKO MPH BBHITOTHEHUH JAHHOTO TPeOOBAaHMS MOJKET OBITh oOecredeHa crabmibHas padora DIIC.
Heobxoanmo Takke, 9T00BI cpegHEe 3HAUYEHHWE CHIBI TOKa l,, M3MEHSIOCh B 3aBHCHMOCTH OT II,, IPHYEM IO Mepe
BO3pACTaHMs YaCTOThI BPAIIEHHs CHJIa TOKA JIOJDKHA YMEHBIIATHCS.

Perynstop cunsl Toka (A. ¢. 901096, CCCP, MKUI® B 60 K 41/02) conepxuT nBa HYHKIIMOHATBHBIX y3J1a: SJIEMEHT
ynpasieHus OV u BeIXogHOH ycwiutens VB. o npuHIuny AeHCTBUS 3I€MEHT YIPaBIEHUS OTHOCUTCS K YCTpoiicTBaM
HMiynbcHOrO peryiaupoBaHus cuiibl ToKa. [lanHbiid 3seMeHT PT mo cxeme u nmpuHuuny aeictsus aHanorudeH PT,
ornucaHHoMy Bbime (cM. puc. 39). IloaTomMy pexumbl paOOThl dJeMEHTa YIpaBJICHHS HE pPacCMaTpPUBAIOTCS, a
OTIHCBHIBAIOTCS TOJNBKO Y B 1 HeKOoTOpBIe 0COOEHHOCTH «HACTPOUKH DY

B mepuoppl, Korna HampspKeHHE Ha HHBEpTHUpYIOMmeM Bxone 4 omeparmoHHOro ycmmmrenss DA2 (cm. puc. 61),
BXOJAIIEr0 B cocTaB DY, BBIIE HANPSDKEHWS Ha €ro HEMHBEPTHPYIOIIEM BXoie S5, HampsbkeHHe Ha Beixoxe 10
yemmirens HeOonpmoe (mpuMepHo 1,5 B mo orHomenwio k mumue — Uct). IIpu 3TOM HEOOXOAMMO C MOMOIIBIO
BBIXOAHOTO TpaH3uctopa VT23 otkmodats 0OMOTKY s3nekrpomarHuTa OIIC OT HMCTOYHMKA NHTAaHUS, IS YEro
TpeOyeTcs o0ecTednTh BBIKITIOUeHIe Tpar3ucTopoB V122, VT21 u VT20, BXoasmmx COBMECTHO ¢ TpaH3uctopom V123
B COCTaB BbIXOAHOTo ycwiutens. C aToil nesnpio smutTep Tpanzucropa V120 moAxiodeH K cpeaHeil TOYKe JeuTes
HanpspKeHusi, oOpa3oBaHHOTO pesucropamu R72 u R73, a 6a3za TpaH3ucropa — K CpEJHEH TOYKE JEIUTeNs
HarnpsDKeHus1, 00pa3oBaHHOTO pe3ucTopamu R66 u R67.

[Ipn HOMMHANBHBIX 3HAYEHUSX COIPOTHBICHUI PE3HCTOPOB, YKa3aHHBIX Ha puC. 61, HampsDKeHHE HAa SMUTTEpE
Tpan3ucropa VT20 okasbiBaeTcs BbIIIE HAIPSDKEHHS HA ero 0ase, BCIEACTBUE YEro TPaH3UCTOP 3aKPBIT.

Korna HanpspbkeHHe Ha HEMHBEPTHPYIOIEM Bxoje 5 ycunurensi DA2 Bbllie HanpspkeHHs Ha €ro MHBEPTUPYIOLIEM
Bxoze 4, Ha Boixoge 10 ycmmurens mosiBisieTcst BhICOKOe Hampspkenue (mpumepHo 8,5 B). Ilpu momaue mganHOTO
HanpspkeHus: Ha 6a3y Tpansuctopa VT20 uepes memurens (pesuctopsl R6G u R67) TpaH3ucTop OTKphIBaeTCs U pabo-
TaeT B PEKUME HACHIIMICHUS. B pesynpraTe mMpoucxXomuT OTKpbITHe Tpamsucrtopo VT21, VT22 u VT23, u odmotka
anekrpomarauta JI1C nogxirouaercs kK 60pToBoit cetu uepes pesucrop R78 (0,4 Om).

Tparzuctoper VT22 u VT23 BIIOYEHBI IO OJHOW M3 MOAM(HUKANNN CXEMBI COCTABHOTO TpaH3UcTopa. Ilpu 3Tom
NaJICHHe HANPSDKEHHS Ha MEepexoJie IMUTTEP — KOJUIEKTOp BKIIOYEHHOTo TpaHsucropa V123 pasHo okoso 1 B, T. e.
JlaKe MIPU MaKCUMaJIbHO BO3MOJKHOI CHJIE TOKa Harpy3Kd JIaHHOTO TPaH3MCTOpa, He NpeBblatolleit 3 A, pacceuBae-
Masi MOIIIHOCTh B TPaH3UCTOPE COCTaBUT He Oosee 3 BT.

VY tpanzucropos tuna KT837X, ucnonp30BaHHOTO B Ka4€CTBE BBIXOAHOTO TpaH3ucTopa V123, KOJUIEKTOp COeNMHEH
¢ KoprycoM TpaH3uctopa. C Apyroii CTOpoHbl, KOJUIEKTOP TpaH3ucTopa V123 uMeeT 3JIEKTPHUYECKYIO CBS3b C MacCou
aBTOMOOWISA. DTO MO3BOJSIET MPOCTO PEUIMTh MPOOJEeMy OXJIaxIeHus TpaHsuctopa VT23 myTeM ero yCTaHOBKH
HETIOCPEICTBEHHO Ha KOPIYC 3JIEKTPOHHOTO OJIoKa.

Beimie yxe ormeuanock, 4To 1pu noctostHHoM HanpsbkeHHH Ugpx PT oOecnieunBaeT mocTosHHOE CpeiHee 3HaUCHHE
TOKa |,, HE3aBUCHMO OT CONPOTHBIICHHS OOMOTKH 3JIEKTPOMAarHWTa. DTO COXPAHSETCS U NPH KOPOTKOM 3aMBIKaHUH
0oOMOTKM 3iekTpomarHuTa. OHaKo B JaHHOM cCllydae pPe3KO BO3pacTaeT 4yacToTa u3MeHeHus Toka l,, (Ha 2 — 3
NOpsiJIKa), TaK KaK B KOPOTKO3aMKHYTOW IIENTM OTCYTCTBYET MHAYKTHBHOCTb. Kpome Toro, yBenuuuBaeTcs pa3HHIA
MEX1y MUHMMAJIbHBIM U MaKCUMaJIbHBIM 3HAYEHUSIMU CHJIBI TOKA B TPOIECCe €ro M3MEHEHUs], KOTopas UMeeTcs Ipu
OTKPBITHH U 3aKPBITHH BBIXOHOTO TpaH3ucropa V123,

B pe3ynbTare yka3zaHHOTO CYIIECTBEHHO YBEJIMYHBAETCs MOIIHOCTh, paccenBaeMasi Ha Tpanzucrope VT123. MeHHO
9TOT PEXKUM SIBISIETCSI ONPEICILIFOLIMM JIJIsl BBIOOpa pa3MepoB OXJIaXIAIOIIEro paguaTopa s Tpanzucropa VT23.

[Ipu mpuMeHeHNN B KadecTBe BBIXOMHOTO TpaH3ucropa tuna KT837X, y koToporo momyctumoe HampspkeHue 6aza
— smuTTep paBHO 15 B, obecrieunBaeTcs 3ammra BCeX JIEMEHTOB YCHUIIUTENSL OT HANPSIKSHUsS] 00paTHON MOJISIPHOCTH.
B ciyyae Takoro moJKIIOYEHUs, HECMOTPsI Ha coeluHeHue Oa3bl TpaHzuctopa VIT23 ¢ MOJOKUTEIHHBIM MOIIOCOM
GopToBoOii ceTH, nepexo]] 0aza — SMHUTTEP TpaH3UCTOpa He OyaeT NpoOHT, a HHBEPCHOE BKIIIOYeHHe TpaHzucropa V122
TaKKe HE CO3JACT KAKMX-THOO aBapMHHBIX PEXMMOB, IOCKOJBbKY B II€Nb KOJIEKTOpa TpaH3ucropa V122 BKiIIOYeH
pesuctop R77 ¢ HOMUHANBHBIM conpoTHBiIeHHEM 1 KOM.

3a cyer coBMmectHoro aeiictBust ITUH, snemeHta ympasnenust u BbIxopHoro ycwimtens PT obecrneunBaercs
nosny4yeHue xapakrepuctuk l,, =f(n,), npuBeaeHHbIX Ha puc. 59. Hak/oH 9THX XapaKTepUCTUK MOYKHO KOPPEKTHPOBATh



¢ nomoinplo noactpoedHsix 3jemeHToB PT. Ilpu m3menenun nanpsokenus Upy, Ha Bbixoge [IYH nanpspkenuwe Ha
BbIBOJIC 4 omeparroHHoro ycmmutesst DA2 OyaeT MEHSAThCS TeM B OOJIBIIMX MPEaeiax, YeM MEHbBIIE CONPOTHBICHHE
MOJICTPOCYHOTO pe3nucTopa R44*, B cBOIO ouepelb, YBEIHUCHHE TUaa3oHa M3MEHEHHs HapsDKeHus Ha BeiBoae 4 DA2
NPUBOANT K OONBIINM HM3MEHEHUSIM CHJIbl TOKa |,, TPH TOM XX€ [AMana30HE W3MEHEHHS YacTOT BPALICHHSA IIy.
BcenenctBue storo Bo3pactaeT KpyTH3Ha Xapakrtepuctuku |,, =f(n,). OueBugHo, 9TO B pe3ynbrare MOBBIMICHHS
COTIPOTHUBIICHUS TTOJICTPOCYHOTO pe3ucTopa R44™* Gyner obecriedeHo YMEHBIICHHE KPYTH3HBI 3TOW XapaKTePHCTHKH.

B cnydae TOBBIIIEHHS CONPOTHBICHUS HOACTPOEYHOro pesucropa R53* s coxpaHeHUs NpeKHEro YpOBHS
HanpspKeHUs. Ha BbiBosie 5 ycunurenss DA2 HeoOX0IMMO COOTBETCTBEHHO YMEHBIIMTH HANpPSDKEHHE, MOJBOIMMOE K
pesuctopy R49. DT0 BO3MOKHO TOJIBKO MPU YBEJIMUEHHH TTaJICHUS HANIPSDKEHUST B U3MEPUTEIIbHOM pesuctope R78, T. e.
IIPY TIOBBILIEHUH CHIbl TOKa |,,. [loaToMy moBblmieHne compoTuBieHus pesucropa R53* mpuBoguT K CMEIIEHHIO
3aBUCUMOCTH |, = =f(n,) B 30Hy Gonee BBICOKMX 3HAYCHHH 71,, & YMEHBIICHHE CONPOTUBICHHUS pesuctopa R53* — B
30HY MEHBIINX Ny.

V3en onoxuposku cyennenus. B cocras y3na 61okupoBku (YbB) cuerienns BXoasr:

noporosoe ycrpoiictso I1Y, BelpabaTeiBaromiee Ipu OMPEAEICHHBIX 3HAYEHHAX 7, KOMaHIbl Ha OCYIIECTBICHHE
OJIOKMPOBKH U pa30IOKIPOBKHU CLETUICHHS;

JJIEMEHT IUIaBHOTO BKIOUeHHUs OnokupoBku (DIIB), momydarommii OT IOPOTOBOTO YCTPOMCTBA KOMAaHAY Ha
ONOKMPOBKY CICIUICHHS M pEalM3yIONMA €€ BCJICACTBHE IUIABHOTO YMEHBUICHWS CHIBI TOKa B OOMOTKe
anekrpomaraura JI1C o 3HaveHws, 61U3KOTO0 K HYI0. [Ipogon-

KHUTENBHOCTh YKa3aHHOTO IIpoliecca YMEHbIIECHHs CHIIBI TOKa cocTaBisier 1,5 — 2 ¢;

9JIEMEHT KOPPEKTHPOBaHHs BKJIIOYeHUs OnokupoBku (DK), u3MeHsrommid Iocie MNepeKNIIoueHHs nepenad
HACTPOWKY IMOPOTOBOT0 YCTPOICTBA JUIsl BKIIIOUEHHS OJOKUPOBKH CLICTUICHHS IPH YMEHBIICHHOM 3HAUYEHHH 7.

Ilopozosoe ycmpoticmeo. Iloporosoe yctporictBo (ITY) BrimonHeHO B BHIe omnepanmoHHoro ycuiurtenast DAL c
MOJIOKHUTEIBHOI 00paTHOM CBS3BIO, pean3yeMoii ¢ MOMOIIbI0 TpaHsuctopa VT2 u pesuctopoB R5 u R6 (cm. puc.61).

Hamnpspxkenne k HemnBepTHpylomemy Bxoxy S5 DAL momsommtes ot Bhixoma IIUH, a mmBeprupyrommii Bxonx 4
MOJKIIIOYEH K CTa0WIM3MPOBAaHHOMY HANpPsDKCHMIO MHTaHMWSA dYepe3 JCNUTeNb HampsoKeHus, oO0pa30BaHHBINA
pesuctopamu R11, R12 u R14 *. Tlpu wacToTe BpamleHHsT KOJIEHYATOTO Bajla, MEHBIICH 3HAUCHUS Ng, HanpspkeHue Uy,
Ha Beixome ITYH wu, cnenoBatensHo, Ha Bxoge 5 DAL menbmre HampsbkeHus Ha Bxoxe 4. [losTomy omepanvioHHBIN
ycumurenb DALl paboTtaer B pexuMme C HHU3KAM YPOBHEM HampspkeHHs Ha ero Beixoge 10 (okomo 1,5 B). Drtoro
HATPSDKCHUS HENOCTaTOYHO U OTKpPHITHA TpaHsucropa V116 BemenctBue mazenus HampspkeHus B auone VD4 m
MOJIBEJICHUST K OMHUTTEpY Tpau3uctopa VT16 HanpspkeHus ot Bbixoga [IYH (uepe3 penutens HanpspKeHHs,
obpasoBanubiii pesucropamu R57 u R58), Ilpu BeikIOueHHOM, Tpansucrope VT16 KkoMmaHma Ha BKIIIOUEHHE
OJIOKMPOBKH HE MoJaercs. B 3TOT mepuoj Takke 3akpbliT M TpaHzuctop VT2, uyto olecrieunBaeT OTKIIOYEHUE
pesuctopoB RS u R8* ot mmubl — Ug,. [locne Toro, kak yactota BpalICHUS 7, BO3PACTACT IO 3HAYCHUS Hj, MPHU
KOTOpOM HanpspkeHue Ha Bxoge 5 DAL craHoBUTCS Oolblile HaNpsDKEHHs Ha €ro BXoJe 4, OnepannoHHbIA yCUITUTENb
CKaYK000pa3HO MEPEXOAUT B PEKUM, XapaKTePU3YIOMIHUICS TOSBICHUEM HaNpsKeHUs] BRICOKOTO YpoBHS (0koJo 8,5 B)
Ha ero BeIxoge 10. CkaukooOpasHoe mepekmoueHne DAL oOecrmeumBaercss TeM, 4TO eIle B IpoIlecce HapacTaHUS
HanpsDKeHUS. Ha €ro BBIXOJAE OTKpBIBaeTcs TpaH3ucTop V12, BBI3BIBAIOIIMKI yMEHBIICHHE HAIPSOHKEHUs Ha WHBEP-
TUPYIOLIEM BX0Jie 4 YCHIMTEIs BCIEACTBUE MOJKI0oYeHus K mmHe — U, pesuctopoB R5 n R8*. [osiBneHne BrICOKOTO
HarnpspKeHus Ha Bbixoje 10 ycunurens sBisieTcst KOMaHI0i Ha OJOKUPOBKY CLETICHHSI.

IMocne nepexona ycunurenss DAL B pexxuM ¢ BBICOKMM YPOBHEM BBIXOJHOTO HAIPSKEHHSI BCIIEACTBIE YMEHBIICHUS
HanpsDKeHUS Ha HMHBEPTHPYIOIIEM BXojle 4 oOpaTHOE NepeKloueHHe yCWINTeNs (B PEXUM C HHU3KHM YPOBHEM
BBIXOJTHOTO HAINPsDKEHUST) MOXKET MPOU30MTH JIMIIB TOCKe TOro, Kak HampspkeHue Upyx Ha Beixoae ITYH cHusutes no
3HAYEHHMs, PABHOTO YMEHBIICHHOMY HAIpsDKEHHIO Ha Bxojae 4 ycuiurens. J[is 9Toro 4acToTa BpaleHUs] KOJIEHYATOr0
Baja JOJDKHA CHU3UTBCA JIO 3HAYEHHUs Ny, KOTOPOE MEHBIIE YaCTOThI BPAIEHMs I'Cs. B pesymbrate obecmeunBaeTcs
TpeOyeMmblii xapaktep usMenenust 3apucumoctu M, = f(nk), mpu kotopom cHimkaetcs pabota 6ykcoBanust creruieHus. C
YBEJIHUEHHEM COMPOTHUBIICHHUS HOACTpOedHOro pesuctopa R14* moBeimiaercss HanpsyKeHUE Ha HHBEPTHUPYIOIIEM BXOJe
4 yenmutens DAL, B stom ciydae Ui HEpeKIIIOUEHHs] YCHIIMTENS B PEXHM C BBICOKHM YPOBHEM €ro BBIXOJIHOTO
HamnpspKeHUs. K BXoJy 5 HeoOxoammo moxasectd oT Bbixona [TYH Gosee BhICOKOe HampspkeHHE. YKa3aHHOE O3Hayaer,
4TO YBEJHMUYEHHE CONMPOTHBIIEHH pesucTopa R14* cmemaer 4acToThl BpameHus Ns U Ny B 30HY OONee BBICOKUX 3HAye-
HUH 7. YMEHBIIEHHUE CONPOTHBIIEHUs pe3uctopa R14*, Ha060poT, yMEHbIIAET 3HAYEHHUS Ng U Nyys.

YMeHbIIeHHE CONPOTHUBIIEHUS MTOJICTPOSYHOTO pe3ucTopa R8* mpuBOANT K TOMY, YTO TOCIIE OTKPBITHS TPAH3UCTOPA
VT2 cHmwKeHne HampsoKeHWs Ha MHBepTupytomeM Bxoae 4 ycwiurens DAL mpoucxomur B Oosbiueil crenenn. B
pesyNbTaTe yBENMYMBAETCA PA3HOCTh YACTOT BPAIUEHMS Jig U My braromaps 3TOMy H3MEHEHHEM COIPOTHBIICHHMS
MTOJICTPOCYHOT0 pe3uctopa R8* obecnieunBaeTcst peryMpoBaHue PeKuMa pa30IOKMPOBKY CICTLICHHS.

Onemenm nnagnoco exmouenus onokuposku (AIIB). DIIB npenHazHadeH sl mpeoOpa3oBaHMs CKauKOOOpPa3HOTO
BO3PACTAIOIEr0 HAMNPSDKEHUS! B IUIABHO TOBBIIIAIOIIEECS HANPSHKEHUE, YIPABISIONIEEe MPOIECCOM YMEHBILICHHUS CHJIbI
Toka B oOMoTke siexkrpomarauta OIIC. Jlns permreHms 3TOH 3aaddl B AJIEMEHT BXOIUT HHTETPHPYIOMIas IIETb,
cocrosias u3 konnercaropa C10 (cm. puc. 61), pesuctopoB R54 u R55 u tpansucropa VT16, oOpa3yronux renepaTop
TOKA.

IMocne mnepekmoueHust omepanuoHHoro ycuiurenss DAL moporoBoro ycTpoicTBa B PEXHM C  BBICOKHM
HanpspKeHHeM Ha ero BBIXOJIE NMPOMCXOAWT NOCTENeHHasl 3apsaka KoHzaeHcartopa CFO, B Xolle KOTOpOH Takxke
MIOCTETICHHO BO3PacTaeT HamlpsDKEHHE, MoaBoauMoe K 0aze Tpansucropa VT16. B pesynsrare 3Toro obecneunBaercs
IUIABHOE YBEJIMYEHHE CHJIBI TOKa KOJIeKTopa TpaHsuctopa VT16, cieiacrtBueM dYero sBiISETCS YMEHBIICHHE



HaIPsDKCHUSI Ha HEMHBEPTHPYIOLIEM BXole 5 omepamuoHHoro ycwimutens DA2, compoBoxnaromieecs COOTBETCT-
BYIOLIVM YMEHBIIEHHEM CHJIBI TOKAa B OOMOTKE 3JIeKTpoMarauTa. [locTossHHas BpEeMEHHU LENH 3apsaKd KOHIECHCATOpa
C10 BeiOpana Takol, 4to cwia Toka l,,, ymenpmaercs ot 1,2 — 1,4 A 10 3HaveHwus, OIU3KOTO K HYyJIO, 32 1,5 — 2 ¢,
YTO JOCTATOYHO JJIA NMPEIOTBPAIICHUS H3JIMIIHE PE3KOr0 BKIIOYEHHUS CLEIUICHMS MOCJE MOAa4Yd KOMAaHABI Ha €Tro
OJIOKHPOBKY.

Dnemenm xoppexmuposku exarouenus onokuposku (IK). B coctaB OK (cMm. puc. 61) BXoasaT nmuk-getekrop (Iuon
VD3, xounpencarop C6 u pesuctop R27), smurtepHblit noBToputensb (Ha Tpansucrope VT5 u pesucropax R19 u R24*) u
paznmenutenbHblil quon VD2, DneMeHT nmpUBOAMTCS B JEWCTBHE OT BbIKiIOYaTens cuerieHuss SBC, BctpoeHHOro B
TOJIOBKY pblYara nepekitoueHus nepenad. [loka BoauTess He BO3JEHCTBYET Ha pblyar, KOHTaKTHI BbIkiItouarens SBC
Pa30MKHYTBHI, ¥ HaIIPsDKEHUE OT IMUTTEpa TpaHzucropa V123 nmogsoautcs k konaeHncaropy Co.

Bo Bpems paboTHI 371€KTPOHHOTO OJ0Ka MPOUCXOASAT MOBTOPSIO- IIHECS BKIIIOYEHHS W BBIKIIOYEHUS] TPAH3UCTOpA
VT23, npuuem koraa Tpan3uctop V123 BEIKIIOUEH, HA €r0 SMUTTEPE MOSIBIISIFOTCS. MMITYJIbChI HANPSDKEHUs, OJIM3KHE IO
BEJIMYMHE K HANIPSHKCHUIO NCTOYHHKA NUTaHNA. OT HUX MIPOUCXOIUT 3apsaKa KoHgeHcaTopos C6, B pe3yabTaTe 4ero Ha
IMHTTEpE TpaH3ucTopa VTS, BKIOYEHHOTO MO CXEME SMHUTTEP-HOTO TOBTOPUTENS, NMECTCS HANPSHKEHHE BBICOKOTO
YPOBHSI, MPEMATCTBYIOIIEE MPOXOXkIeHMIOw Toka uepes amox VD2. TeM caMbiM NP PasOMKHYTBIX KOHTAKTaxX
BBIKITIOUATENS SBC HCKITIOYAETCS BINSHAE 3IEMEHTa KOPPEKTUPOBKH Ha PabOTy MOPOrOBOTO YCTPOUCTBA.

OnHako Korja BOXUTENb MEPEKIIOUacT Nepefadl, aBTOMAaTHUECKH 3aMbIKalOTCSl KOHTAKThI BBIKITIOYATENS SBC, M K
koHAeHcaTopy CO TepecTacT NMOJABOAWTHCA HANpsDKEHHE. B pesymbraTe OH OBICTPO pa3pspKacTCs, YTO BBI3BIBACT
otkpbiTre nuona VD2 ¢ noakimtouennem k Bxoay 4 ycunurens DAL pesuctopos R19 n R24*. YMeHblLIeHue BClieACTBHIE
9TOrO HANpPsDKEHUS Ha MHBEpTHpYroiieM Bxone 4 ycunurens DAL obecrieunBaeT cMEIICHUE BKIFOUYCHUS OJIOKMPOBKH B
30HYy 0OOJiee HU3KUX YacTOT BpaIleHHs KOJICHYATOro Bajia JABUTATEIs.

Ecnu wactora Bpamienust Ng BbiOupaercst Ha ypoBHe 2100 — 2300 mur', To wacrora BpaleHus 1,0,
COOTBETCTBYIOIIAs MOJa4e KOMaHIbI OT 3JEMEHTa KOPPEKTHPOBKU Ha BKIIIOUYEHHE OJIOKMPOBKH, YCTAHABIMBACTCS Ha
ypoBHe 1500 — 1600 MHH-",

Ha BemnumHy Nps 3JEMEHT KOPPEKTHPOBKM HE OKas3bIBAET BIMSAHMA. OTOT 3JEMEHT MOJaeT KOMaHIy Ha
HEePEHACTPOIIKy IOPOroBOro YCTPOKCTBA TOJIBKO IIPU OJHOBPEMEHHOM COOJIIOJEHUH IBYX YCIOBHI: N>Nje U HAIMYUE
BO3/ICHCTBUS BOJUTEINS HA PhIYar MepeKIioueHNs Mepeiad Al 3aMbIKaHHUSI KOHTAKTOB BBIKJIFOUATENsT SBC-

IIpn Tporanmm aBTOMOOWJII C MecTa BOJWTENh BKIIOYAeT HU3INYIO INEpeaady, KOrzja IBHIaTellb paboTaeT c
HEeOOJBIION YacTOTOW BpamleHus II,, KOTOpas MeHbIIe 3HaueHus 1,0. [loaToMy B mporecce pasroHa aBTOMOOWIS Ha
HUBILIEH Tmepeaadye 3JIEMEHT KOPPEKTHPOBKU HE BIMSET HAa PEXHUM OJIOKMPOBKH CLEIUICHHS, YTO U TpedyeTcs uis
OBICTPOrO yBENWYEHHs YacTOTHI BpAILCHWS KOJIEHYATOro Baja B HayaJbHOW CTaJuM pa3roHa aBTomoOwis. Ho yxe
MOCJIe TIepexo/ia Ha CIEAYIOIIYIO Mepenady 3JIEMEHT KOPPEKTUPOBKH MOXKET BCTYIHTh B JISHCTBHE IJIsI 0OECIIeYeHUs
CKOpeIIeil OJIOKMPOBKH CLETIIICHUSL.

Paboma IIIC ¢ snexkmponnoti cucmemou ynpaeienus. IIpu TporaHUHA aBTOMOOWIIS C MECTa MO0 MEPE YBEIUYCHUS
4acTOThI BPALLEHUS 71, KOJIEHYATOro Baya pacreT HanpspkeHue Uy, Ha Beixoae ITYH, B pe3ynbpTaTe 4ero yMeHbIIAETCs
cuna toka l,,, B karymike anekrpomaraura IIIC. SI1C 06bdHO perynmpyercs Tak, YTO aBTOMOOHMIIb TpOTraeTcs ¢ MecTa,

Korga cuia Toka l,, crtaHoButcs paBHO# 1,7 — 1,8 A, 4eMy Ipu OCHOBHOM pPEXHMe OJOKa COOTBETCTBYET 4acTOTa
- . 1
Bpamenus N,= 1100-:-1300 muH-".
— = 1
[ocne Toro, Kak yacToTa BpalleHUs yBenmauBaetrcs 1o n; = =2100-4-2200 mun-", Hanpspxerne U,,bIX BO3pacTaeT

JI0 YpOBHS, 00eCHEeUYNBAIOIEro CpadaThIBAaHUE IIOPOTOBOTO YCTPOWMCTBA- y3ia OJIOKMpOBKH cueruieHus. [loporosoe
YCTPOMCTBO BKIIIOYAET JIEMEHT IUIABHOTO BKJIIOYEHHS OJIOKMPOBKH, KOTOPHIH B TeueHHe 1,5 — 2 ¢ yMEHbIIAET CHITY
TOKa B 00MOoTKe atekTpomarauta OI1C 10 Hyns, CIeACTBHEM UYero SIBIsAETCS OJOKHPOBKA CLETUICHHS.

ITocne cpabGaTpiBaHMA y371a GIOKMPOBKH CIEIICHHS 0OMOTKA 3JIEKTPOMAarHUTa BHOBb MOKET OBITh MOAKIIIOYECHA K
6opToBO#t ceTn uepe3 perymnarop Toka (PT), ecnu BciencTBHE CHIDKEHHS YacTOTHI BpAIleHHsS 71, 10 3HaueHus lIp6=
1100 — 1200 mun-" HanpsokeHue Ha BbIxoae [TUH YMEHBIIHTCS 10 BETHUIHHbI, IPH KOTOPOH BEIKIIOYHTCS TOPOrOBOE
YCTPOWCTBO.

Ecnu nepenadun aBTOMOOMIISI BKITFOYAIOTCS, KOT/[a 9aCTOTa BPAIICHUsST KOJICHYaToro Bajia npesbimaer 1500 — 1600
MHH-" I B MpoLecce MepeKItoYeHust oHa He nagaer Hwke 1200 — 1300 mua*-1, T0 mocie okoHYAHMs MePEKITIOUYEeHUS
nepesiad clerieHue OyzaeT 3abioknupoBaHo. 1 B 3TOM citydae pa30JOKHMpPOBKA CIEIUICHHS TPOU30MIET, KOT/a 4acToTa
BpALIECHUS My, YMEHBLINTCS 0 3HAUYEHUs JI,0, IPU KOTOPOM BBIKIIFOUHUTCS IOPOrOBOE YCTPOHCTBO.

PaGora Ooka BO BCHOMOTaTelbHOM peXuMe OyJeT NMpOTeKaTh aHAJIOIMYHO, HO TPOTraHHe aBTOMOOWIS ¢ MecTa
Ha4yHeTcs Npu 3HaueHuu ;= 1700u-1900 MI/IH-l, a senmynHbl I16 1 m,0 coctaBsaT coorBeTcTBEHHO 2700 — 3000 MHH-"
u 1700 — 2000 mMun-",

MUKPOITPOLHECCOPHBIE CUCTEMBbI
ABTOMATHUYECKOI'O YITPABJIEHUSA

PaccMoTprM MHKpONPOLIECCOPHYIO CHCTEMY, pa3pabOTaHHYIO Ul JerkoBoro aBromoomns «®Puat — Ilanga 30».
VcnomHUTENbHBIM MEXaHHU3MOM CHCTeMBbI (puc. 64) sBisercs BakyyMmHas cepBokamepa 20, mrok 21 xoropoii uepes
peryar 22 BO3ACHUCTBYST Ha BBDKUMHON MOAMMUIHUK 4 cremieHus 5. VICTOYHMKOM pa3pexeHHs Ui BaKyyMHOMR
CepBOKaMepBI SIBISIETCS BIYCKHOM KOJUIGKTOp 7 JBHUIaTelisi, COSAMHEHHBIH uepe3.00paTHblil kianaH 13 ¢ BakyyMHBIM
pecusepom 14,
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Puc. 64. Cxema pa3melleHUsi 3NIEMEHTOB MWKPOMPOLLECCOPHOW CUCTeMbl YynpaBreHus
cuenneHnem:

1 — Kopob6ka nepegay; 2 — AaT4yUK 4acTOThbl BpalleHMss BeJOMOro afieMeHTa cuensfieHus; 3 — Ban
BeAOMOro 35ieMeHTa cuenyieHus; 4 — BbDKMMHOM NOALWMIMHUK; 5 — cuenneHue; 6 — faT4ymK 4acToThbl
BpalleHUA KOoJieH4yaToro Basna; 7 — BMNYCKHOM KOMNEKTOp ABurartesns; 8 — AaTyMK NOJIOXEeHUs
ApoccenbHOM 3acnoHku; 9 — aBuratenb; 10 — BbIKNKOYaTenb pbivyara nepeknoyeHus nepeaay; 11
— 3NEeKTPOHHbIN ONOK ynpaBneHusi; 12 — pbivyar nepeknvyeHnUsa nepegayd; 13 — obpaTHbIN KnanaH;
14 — BaKyyMHbIN pecuBep; 15 — KnanaH coeAuHeHUs cepBoOKamMepbl ¢ pecuBepom; 16 m 18 —
ANIeKTPOMarHuThbl; 17 — knanaH coeAuHeHUs cepBoKamepbl € aTtmocdepon; 19 — nonoctb
perynupyemMoro aasrneHusi cepBokamepbl; 20 — cepBokamepa; 21 — LWITOK cepBoKamepbl; 22 —
pblyar; 23 — BeAOMbIM Ban KOpPoOOkM nepegay; 24 — gaTyMK YacToTbl BpalleHUA BegoMoro Bana
KOpOOKM nepeaay
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Pwuc. 65. 3aBucumoctb M, = f(L)

[Tpy MOAKIIOYESHUH K UCTOYHHKY IMUTAHUS 3JIEKTPOMAarHuTa 16 OTKphIBaeTCs YNPAaBIsseMblii IM BaKYYMHBIH KJlanaH
15, B pe3ynbTarte 4ero BaKyyMHBII pecuBep coequnsiercs ¢ nonoctsio 19 cepokamepst 20. Ecim ke knanaH 15 3akphiT,
TO CBA3b MEXIY BaKyyMHBIM PECHBEPOM M MOJIOCcThiO 19 cepBokamepsl IpepbiBaeTcs. B ciyyae monkirodeHus K



HCTOYHHKY MUTAHHS 3JIEKTpoMarHnTa 18 oTkphiBaeTCsl NPUBOAMMBIA UM BO3AYILIHBINA KianmaH 17, 4To MPUBOIHUT K CO-
enuHeHHIo mojiocti 19 cepBokameps! ¢ armocdepoid. [Ipu 3akpeITOM KitamaHe 17 3Ta CBA3b IPEPHIBACTCS.

TakuMm 00pa3oM, IpH OTKPHITHH KiamaHa 15 yBeauuuBacTCs paspekeHHe B MOJOCTH 19 cepBOKaMepbl, a Ipu
OTKpHITHH KiamaHa 17, HaoOopoT, ymeHnbpmaercs. Korma o0a kiamaHa 3aKphITHI, pa3peskeHHe B MoocT 19 ocraercs
HEH3MEHHBIM.
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Puc. 66. CTpyKTypHasi cxema MUKPOMNPOLIeCCOPHOWN CUCTEMbI YNpaBrieHUs1 cLuensyieHueMm

B 3aBucumocTH OT paspexeHust B osoctd 19. cepBokamepbl MEHSIETCs ITOJI0KEHHE ee MITOKa 21, 1 COOTBETCTBEHHO
perynupyercs MOMEHT M., TepenaBaeMblii clietuieHneM. M3 paccMoTpeHust 3aBUCUMOCTH M, OT mepemerienus L
peIyara mpuBOAa cremieHus (puc. 65) ciemyer, 4TO MOMEHT M, M3MEHSAETCS OT HyNsd 10 3HAa4eHHUS M, ., IpH
MepeMeIeHn: peryara Ha 13 MM (TOJHBIM XO0J phlyara cocTaBiseT 46 MM). OTO YUHUTBHIBAETCS aJTOPUTMOM CHCTEMBI
yIpaBJIeHHUSI.

Paboroit kmanmanoB 15 u 17 (cMm. puc. 64) ympaBisieT MUKPOIPOIIECCOPHBIN ANEKTPOHHBI 010K 11 ympaBieHus,
KOTOpBIH BBIPAOATHIBAET HEOOXOAMMBIE KOMAaHABI JUIS BKIFOUCHMS M BBIKIIOYEHHUs 3jeKTpoMmarHuToB 16 m 18 B
3aBUCHMOCTH OT CHTHAJIOB, ITOJY4aeMbIX OT JATYMKOB YacCTOTHI BpamieHus 6, 2 u 24 COOTBETCTBEHHO KOJICHYATOTO
BaJla, BEJIOMOTO JIEMEHTa CLEIJIEHHUs, BEJOMOIo Bajla KOPOOKH Iepeladd M JaTihka 8 IOJIOKEHHUS APOCCENbHON
3acIOHKHM KapOropaTopa. Komanay Ha NpHHYANTENBHOE BBIKIIOUEHHE CIETUICHHS B MPOIlecCe MEPEeKII0YeHUs nepeaayd
MHKPOITPOIIECCOPHOE YCTPOWCTBO BbIpa0aThIBACT NMPH IOCTYIUIEHHMHM K HEMY CHTrHaia OT Bbikitodarens 10, KOHTaKThI
KOTOPOT'O 3aMBIKAIOTCSI, KOTJ]a BOAUTEIb TIPUKIIABIBAET YCHIINE K PhIYary nepekIroueHus nepeaad.

OO6pabotka mwHpOpPMAIUHU, TOTYYaEMOM OT BCEX DJEMEHTOB CHCTEMBI YIPaBIEHUS, BBITIOTHSIETCS IEHTPAIbHBIM
MukpomnpoteccopoM [[ITV tuna 8085 ¢ takroBoil yactoroit 2,2 Ml (puc. 66). OH CBs3aH C MPOrPaMMHUPYEMBIM
MIOCTOSIHHBIM 3alIOMUHAIONTUM yCTpOUcTBOM [I113Y ¢ o0beMoM mamsaATd 2 KOAWT W OmepaTHBHBIM 3alIOMUHAIOIINM;
ycrporicteoM O3V ¢ 00beMoM mamsTa 256 OailT.

B 1113V 3anuceiBaeTcs mporpaMma airopuTMa, KOHTaKThl, CTaHJApTHbIE NporpaMMsel U T. A. O3V ucnons3yercs
JUISl 3aIIMCH PE3yJIbTATOB IPOMEKYTOYHBIX BHIYNCICHNH, TEKYIINX 3HAYEHNH N3MEPEHHBIX BEJIMYHMH U IPYTUX TaHHBIX,
TpeOyeMbIX ISl PyHKIMOHUPOBAHHS MUKPOIIPOLIECCOPHON CHCTEMBI.

PaGora cucreMbl B peajbHOM MaciuTaOe BpeMeHH, TpeOyemas s BbIJAQ4M B OIPEIEJICHHOE BpeMsl KOMaH[
YOpaBIE€HUS M OpraHU3alMM BPEMEHHBIX 33JepiKeK, peanusyerca TaliMepoM. CBs3b MEXIy YNpaBISIOIIUMU
JMeMEHTaMH CHUCTEMBl W CHJIOBBIMH  HCIIONHUTEIBHBIMH  YCTPOMCTBAMH  (9JIEKTPOMAarHWTaMH  KJIaIlaHOB)
OCYIIECTBIISIETCS Uepe3 TaK Ha3bIBaeMbIe ITOPTHI BBOAA-BBIBOJA M YCHIINTENbHBIE Kackaasl. O3Y, mMopTH BBO/A-BEIBOAA
1 TaiiMep BBITIOJTHEHHI B BUJE 0HOM Oonbmioit nHTerpansHoi cxemsl (BUC) Tuma 8156.

Muxkpomnporeccops! MOTYT 00pabaThIBaTh CHIHAJIBI TOJIBKO B BHIE ABOMYHOTO IU(POBOro Koxa. B cBs3M ¢ 3THM
CHUTHANBI OT JAaTYNKOB YACTOTHI BPAIICHUS 7, KOJICHYATOTO BaJjia, YaCTOTHI BPAIICHUS /1, BEAOMOTO Bajla CLEIUICHHUS H
YaCTOTHI BPAIICHUs N, BEZIOMOT0 Baja . KOPOOKHM Iepeiayd, MMEIOIHE BU M0CIEA0BaTEIbHOCTH UMITYJILCOB, BHAYANIE C
nomolbio [14H npeoOpa3yroTcst B aHAJIOTOBBINA CHTHAN (HAMPSDKEHHUS TIOCTOSHHOTO ToKa cooTBeTtcTBeHHO Uy, U, U,),
a 3areM ¢ mnomompeio AL[I[l npeoOpa3yroTcss B ABOWYHBEIA KOjA. Takke ¢ momombio ALJIl ocymecTBiIseTCs



npeoOpa3oBaHUe aHAIOTOBOTO CHTHAJIA JATYMKA TOJIOKEHHUS JPOCCEIHHOW 3aCIOHKHU (TMIOTEHIIMOMETPA) B U POBOI
TBOWYHBIA Ko PaboTont AL[IT v I1T13Y ynpaBisioT KIOYEBBIC AJIEMEHTHI, BXOJISIINE B MUKpOCXeMy Trma 8212.

Jlnst MCKITIOUeHHsT HeYeTKOW pabOoThl CHCTEMbl YIIPABICHUSI B PEXKUME MPUHYAUTESIBHOTO BBIKIIOYCHUS! CLETUICHHS,
BO3MOXKHOH TpH «Ipede3re» KOHTAKTOB BbIKIouarens BC CHEIUICHUs], WCIOJIb3YeTCsl YCTPOHCTBO C 3JIEMEHTOM
3aJepKKH pa3pbiBa menu J3.

sy wan™

|

Joor

2000

Iﬂﬂﬂ/

§ & W & &ah

Puc. 67. 3apHcumocrs ng=f{a)

OCHOBHOM 3ajadeil CHCTEMBI YIPaBJICHHS SBILSIETCS PEryJMpPOBAaHHE 10 3aJaHHOMY 3aKOHY MOMeEHTa M. 6 3aBH-
CHUMOCTH OT YTJIa OTKPBITHS JPOCCEIBHON 3aCIIOHKHU, YaCTOTHI BPALICHHUsI KOJICHYATOTO BaJla, €ro YCKOpPEHHs .(3ameie-
HUST) ¥ BKITIOUCHHUS B KOPOOKe Iepesiad TOH WIIM HHOH Iepeiayn.
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Puc. 68. 3aBucumoctn M=f(ng) nu M.=f(nx) ANA pa3nNu4HbIX a NPU MUKPONPOLLECCOPHON cucTeme
ynpaBreHusi cuenfieHMem

B 3aBuCHMOCTH OT yria OTKPBITHS IPOCCEIBHOI 3aCIOHKH MHKPOIIPOIIECCOP PACCUUTHIBACT «IIENIEBYIO» YacTOTY
BpallleHusl 7, KOTOpas TeM BbILE, YeEM Ha OOJIBIIMH Yrojl a OTKpBITa JpoccenbHas 3acioHka (puc. 67). Cucrema
yIIPaBIICHUs HENPEPHIBHO CPaBHUBACT 3Ha4YEHHE Ny ¢ TeKyllell 4acTOTON BpalleHUs Nk KOJIEHYaTOro Bajla U OIpele-
JIeT 3HaK pa3sHocTH Nk; — N, Ecnu n,>n,, To cucTeMa ynpaBieHus: yMEHbIIAeT MOMEHT M, 11 TOrO, YTOObI CHU3UTD
HarpysKy Ha JIBUraTelb W YBEJIMYHMTh YacTOTY BpaumieHus n,.. Haobopor, mpu n,<n, 3HayeHne M. yBelTHMUHBAETCA W
4acTOTa BPAIICHUS /1, CHIDKACTCS.

Takum o00pa3oM, B paccMaTpUBacMOW CHCTEME YIPABICHUS IapaMeTpoM OOpaTHOW CBSI3U UL CHUCTEMEI
peryIupoBaHus MOMEHTa M, SBISIETCS PAa3HOCTh MEXKIy WCTHHHOW W IEJIEBOM YacTOTaMH BpAICHUS, MPHYEM
TIOCIIEHS ABJsIeTCs PYHKIMEH yrita OTKPBITUS APOCCENLHOMN 3aCIOHKH.

OCO6CHHOCTB }IeﬁCTBHH CHUCTEMBI YIIPABJICHUA 3aKJIIIOYAC€TCA B TOM, YTO IHPHU IOCTOAHCTBE YIJa OTKPBITUA
JPOCCENBHON 3aCIOHKH MPOIIECC pa3roHa aBTOMOOWIIS B TEPUOJ IO OKOHYAHUS MPOOYKCOBBIBAHUS CLIETUICHHS OyaeT
HPOTEKATh NP MOCTOSHCTBE YACTOTHI BPAILIEHHMs KOJEHYATOro Baja, KOTOpas OKAKEeTCs PaBHOM 3HAUEHHUIO 7, JJIs



JIAHHOT'O yIJIa OTKPBITHA 3aCJIOHKH. BelnunHbl MOMEHTOB M, ¢ ykasaHHbIe mepuoibl (puc. 68, touku A, B, C u D)
OyIyT paBHbI KDY TSILM MOMEHTaM JBUTATENsl M, pa3BUBaE€MbIM [IPU JAHHBIX 3HAUCHUSAXK YIJIa a H My
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Puc. 69. UsMmeHeHMe npu pasroHe aBTOMOOUNA yrna a, 4acToT BpalleHus M, N, U N, MoMmeHTa M, s1
cunbl ToKa |l 1 |;3 B 0OMOTKax 3/1IeKTPOMarHMTOB yrnpaBfieHUsi BO3A4YLWHbIM U BaKyyMHbIM KnanaHamu
NPV MUKPOMNPOLIECCOPHOMN CUCTEME yNpaBlieHUs

MomeHT M, Bo3pacTaeT Mo Mepe YBEIWYEHHUS #,, T. €. B KOHEUHOM HTOTe pacCMaTpHBaeMasi CHCTEMa yIPaBJICHUS
obecrieunBaeT MoJydeHHe HMEHHO Takoii 3aBucumoct M =f(n,), KoTOpast BISETCSI ONTUMANBHOM JJIsl ABTOMATH3AIINH
neiictBus cremeHusd. Ilociae okoHUaHUA MPOOYKCOBBIBAHMS CLEIUICHHS, ONPEACTISIEMOT0 CUCTEMOM YIIPaBIeHUS ITyTeM
CpaBHEHUS CUTHAJIOB OT JAaTYMKOB 2 1 6 (cM. puc. 64), mocTynaeT KoMaHa Ha OJIOKUPOBKY clrieruieHus npu t=t;, (puc.
69). bnaromapsi »TOMy yMEHBIIAeTCs HW3HOC Y3JIOB NPUBOJA CIEIUICHUS W, B IMEPBYIO OuYepellb, €r0 BBIKHUMHOTO
MIO/IIINITHHKA.

BBuny Hen30exHOTO 3ana3/(bIBaHus B CpaOATHIBAHUN MCHOIHUTEIBHBIX MEXaHH3MOB 110 OTHOIICHUIO K U3MEHEHHUIO
YacTOTHl BpAICHUS KOJEHYATOTO Bajia Ul MOJNYyYeHHs KauyeCTBEHHOTO Mpolecca pEeryJupoBaHUs MOMeHTa M,
HEOOX0AMMO UCKITIOUNTH PEKUMbI pabOTHI IBUTATelIst 0€3 Harpy3KH, MMOCKOJIBKY 3TO IPUBEJET K YPE3MEPHO BBICOKOMY
TEMITy U3MEHEHHS YacTOThI BPAIIEHHS €T0 BaJa.

Jnst ynoBIEeTBOpEHUS! NAHHOTO TpPeOOBAaHUS B CHCTEME YIIPABJIECHHS IPEAYCMOTPEHO YacCTHYHOE BKIIOYCHHUE
CIETUIEHHS, KaK TOJBKO BOJWTENb OTKPOET JPOCCENBHYIO 3aClIOHKY Ha HEOOJIBIIONW yroji. JTO JOCTUTaeTcs IyTeM
MIPUHYIUTEIHFHOTO KPaTKOBPEMEHHOTO OTKPHITHS KiamaHa 17 (cM. puc. 64) Ha 0,15 ¢ HeCMOTps Ha TO, YTO B JAHHBII
nepuon N<N,. B pe3ynprare mocienyromniee yBenuaeHue n, OyaeT MpOUCXOIUTh NP HAJHIUHN HarPy3KU Ha JBUTATeNe,
€03/1aBaeMO YaCTHYHO BKIIOUEHHBIM CLIETUICHUEM.

Jis mnaBHOTO WM3MEHEHHMS MOMEHTa M, MpH ero perylnpOoBaHHM, OCYIIECTBISIEMOM OTKPBITHEM M 3aKPBITHEM
kiananoB 15 u 17, 10mKHBI OBITh UCKIIFOYEHBI 3HAYHUTEINIbHBIC KoebaHus paspexeHus B nojoctu 19 cepBokamepst 20.
B paccmarpuBaeMoii cucteMe ynpaBJieHUs] 3TO JOCTHUTAETCs BCIIEACTBHE HETPEPHIBHO MOBTOPSIOMIEIOCS OTKPBITHSA U
3aKpBITHSI Ha KOPOTKHE MEPHOAbI JaHHBIX KiamaHoB. [Ipu 3ToM yBenmuueHne MoMmeHTa M. peasmsyeTcs 3a cYeT TOro,
YTO 0011ast MPOJOIKUTENILHOCTH OTKPBITOTO COCTOSTHMS KilanaHa 17 okasbiBaeTcs Oouible o0Iel MpoIoKUTENEHOCTH
OTKPBITOrO cocTostHUs Kianana 15. Eciu ke HeoOXoanMo yMEHBIINTh MOMEHT M., TO 3TO 00ecrieuuBaeTCst BCIEACTBHIE
YBEJIMYCHHUS O0LIEeH MPOJOIKUTEIFHOCTH OTKPBITOrO COCTOSIHUS Kiamana 15 (1o cpaBHeHuto ¢ kiananom 17). Tlocie
TOTO KaK 3HaueHHe M, yCTaHaBIMBAETCS Ha 3alaHHOM ypOBHE, 00a KilanaHa 3aKpbIBalOTCS.



Ecnu Bo BpeMs pa3roHa aBTOMOOWIISI BOJUTEIb MOCTETIEHHO YBEINYNBAECT OTKPBITHE JPOCCEIBLHON 3aCIIOHKH, TO 3TO
MPUBOIMT K MOBBIIICHUIO «II, BCICICTBHE YETO M YaCTOTA BPAIICHHS /1, [IPU Pa3rOHE aBTOMOOMIIS TAK)KE BO3PACTALT.

IIpu 3TOM A7l MOBBIMIEHWS MOMEHTa M, CHCTEMa YNPAaBJICHHWS MO MEpE IOBBIIICHUS YacTOTHl BPAINCHHSA 71
YBENIMYHUBAET 00IIee BPeMs OTKPBITOTO COCTOSHIS BO3IYIIHOTO KiamaHa 17, depe3 KOTopblif monocts 19 cepBokaMepsl
coenuHsieTcst ¢ aTMoc(epoil. PaboTa kiamaHOB KOPPEKTHPYETCS TAaKXKEe B 3aBUCHMOCTH OT 3HAUCHHS YCKOPEHHH
(3aMenrieHU) KOJICHYATOTO Baja M BEXyIIEro Bama KopoOkum mepenad. Ilo mMepe yBemmueHus n, BO3pacTaeT
MIPOJIOIDKUTENFHOCTD UMITYJILCOB ToKa lig (cM. puc. 69), mpoxozsmiero yepe3 oOMOTKY aekTpomarHura 18 (cM. puc.
64), 1 yMeHbIIaeTCsl IPOAOJIKUTEILHOCTE UMITYJIBCOB TOKA |16, IpOXOsIIEro yepe3 oOMOTKY ayiekTpomarHura 17. B
pe3ynapTaTe OTHOCUTENIbHAs MPOAOIDKUTEIBHOCTh OTKPBITOTO COCTOSIHMA BO3AYIIHOTO KJalaHa BO3pacTaeT, a
BaKyyMHOTO KiamnaHa 15 — cHmkaeTcs, 4To 1 o0ecrieyrBaeT TpedyeMoe yBennueHue M, Ipyu NOBBIICHHUH H,.

B pesynbrare moctyrmuieHus B mporeccop MHGOPMAILMKM OT JAAaTYUKOB YacTOTHI BPALICHUS BEIYLIETO U BEAOMOTO
BaJIOB KOPOOKHM Iepesiady CHCTeMa YIpaBJIeHHs OIpeelisieT, Kakasi u3 repead BKII0YEeHa B KaXKIblii MOMEHT BPEMEHHU.
bnaromaps 5TOMy MOXHO pEaJM30BaTh PA3JIMYHBIA TEMIT BKIIOUEHHS CLEIUICHUS IOCNE OKOHYaHWS Mporecca
MEPEKIIIOYEHHS Nepeiad B 3aBUCHMOCTH OT IOPsIIKA MX IepeKiaoucHus. JlaHHas 0COOCHHOCTh CHCTEMBI YHPaBICHHS
MO3BOJIIET TIOCJIE TEepexoja C BBICIIMX HAa HU3IINE IIepeJaddl YMEHBIIWUTH TEMII BKIIOYEHHUS CLEIUICHUS, UYTO
oOecrieunBaeT MIABHOCTH JBIKCHUSI aBTOMOOMIIS B IIPOIIECCE MEPEKIIIOUEHIS TIepead.

Pe3ynpraThl HCHBITAaHMH pPAacCMOTPEHHOM CHCTEMbI YNPABICHUS IIOKA3aIM BO3MOXKHOCTH IPUMEHEHUS
MHKPOIIPOIIECCOPHBIX CHCTEM AJISI aBTOMATH3AINH YIIPABICHUS CLICTUICHHEM.

ANNEKTPOHHbIE U MUKPOINPOLIECCOPHbLIE CUCTEMbI
YNPABNEHUA TMOPOMEXAHUWYECKUMU NEPEOAYAMMU

B Hacrosmiee BpeMs MPakTHYECKH BCE aBTOMOOMIIBHBIC aBTOMAaTHYECKHE TPAHCMHUCCHM MacCOBOTO IPOM3BOZCTBA
cosnatoTcs Ha 6ase rugpomexaHudeckux nepepad (I'MII), koTopble cOCTOAT U3 MAPABIMYECKOTO NpeoOpa3oBaTesst
MoOMeHTa (TUAPOTpaHC(hOPMAaTOpa) U HECKOJIBKUX aBTOMATHYECKH MepeKtouaeMbIx nepeaad. [lepexmouyenne nepenay
OCYIIECTBIISICTCS C IIOMOILBIO (PPUKIIMOHOB, UMEIOIINX THIPO- WM ITHEBMONPHUBOA. B HekoTOpbIX KoHCTpyKImax ['MIT
TaKkue e (QPHUKIMOHBI HCHOJB3YIOT IJIsl OJIOKMPOBKH TruApoTpaHcdopmaropa mocie TOro, Kak KoddduuueHt
npeoOpa3oBaHusi MX MoMeHTa (koadduuuenrta tpancdopmaumu) npubmwkaercss k enunune. [Ipu OiokupoBke
yiaydllaeTcs TOIUIMBHAas OKOHOMHYHOCTh aBTOMOOWJIS, TaK Kak [pUd OTOM HCKJIIOYAIOTCS TOTEPH B
ruapoTpaHchopmarope.
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Puc. 70. KunemaTtunyeckas cxema gsyxcryneHyarton 'MM:

1 — KoneHYaTbii Ban; 2 — MoplleHb ynpaBreHuss oNnMKUMOHOM GrOKMPOBKM rMapoTpaHcdop-
maTtopa; 3 — TypbuHHOe Koneco; 4 — HacocHoe Koneco; 5 — peaktopbl; 6 — Begywun Ban; 7 —
LecTepHA NMOHMXaloLWen nepeaayumn; 8 — noplueHb BKMOYeHUs pUKLMOHA NOHWXKaIOLWEN nepeaayu;
9 — nopuweHb BKMN4YeHUA pUKUMoHa npsAMon nepepayu; 10 — Begomoe 3yb4yaTtoe Koreco
nepeaHero xona; 11 — 3yb4yaras mydTa nepekniovyeHusi nepenayd; 12 — BepomMoe 3ybyartoe koneco



nepepaum 3agHero xoaa; 13 — BegomMbin Ban; 14 — Beayllee 3yb6yaTtoe Koneco nepegayvu 3agHero
xopa; 15 — npomexyToyHas wecTepHs; 16 — Beayulee 3yb6yaTtoe Koneco nepegHero xopa; 17 —
(hpUKLMOH BKNIOYEHUS NPAMON nepeaaymn; 18 — npomexyToyHbin Ban; 19 — PpUKLMOH BKIHOYEHUA
noHunxawwen nepegaum; 20 — 3ybyaTtoe Koneco npMBoaa NPOMEXYTOYHOro Bana; 21 — mexaHu3m
cBobogHoro xoaa; 22 — hpUKLMOH BNOKMPOBKN rmapoTpaHccopmaTopa

B kauecTBe mprMepa BBIIIOJIHEHUSI THIPOMEXaHUUECKOl nepenaun Ha puc. 70 mpuBeieHa KMHEMaTH4ecKas cxema
I'MII tuna JIA3-HAMMU «JIsBUBY», ycTaHABIMBAEMO# Ha TOpoCKuX aBToOycax JIMA3-677 (8).

OcobeHHOCTh MpOTeKaHus Hporecca nepekiaodenus nepeaad I'MIT MoKHO paccMOTpeTh Ha IpUMeEpe Mepexoja ¢
nepenauy, BKItodaeMoi ¢pukuuoHoM 19, Ha mepenady, Bkirouaemyro ¢pukuumoHom 17. Ilpum stom mpoucxoaut
OJTHOBPEMEHHOE TUIAaBHOE YMEHBIIIEHHE MOMEHTa, NepeaBaeMoro GppukiIroHoM 19, u miaBHOE BO3pacTaHUE MOMEHTA,
nepenaBaeMoro (GppukunoHoM 17 (peKHM «IepeKphITHA»). B TeueHme Bcero mpolecca NMepeKstoveHus mnepenad oda
(puKIMOHA B3aUMHO IPOOYKCOBBIBAIOT, OJHAKO CBSA3b 4YEpe3 HMUX [BUraTels C BEAYIIMMH KOJECAMH aBTOMOOWIIA
COXpaHseTcs — IPOLECcC NEPEKIIOUEHHS Nepeiad IPOUCXOAUT 03 pa3phiBa IMOTOKa MOLTHOCTH. Bo Bpems mepekimo-
YeHHsl Tepenad OOBIYHO BEBIKNIIOYACTCA W (PUKOHOH 22 OJOKHPOBKU THAPOTpaHChoOpMaTopa, AeMIrpupyromme
CBOMCTBA KOTOPOTO 00ECIIEYMBAIOT BEICOKYIO IIABHOCTH TpoIiecca mepekimodeHus 8, 33].

Brumtouenne u BBIKITIOUeHHE (pukmuoHoB 17, 19 m 22 ocymecTBisieTcss € TMOMOIIBI0 THAPOUMIMHIPOB
COOTBETCTBCHHO 9, 8 W 2, ympaBiIsieMBIX KiIallaHAMH, Ha KOTOpPBIE BO3ACHCTBYIOT 3JIEKTPOMAarHUTHl CHCTEMBI
ynpasieHus. [103Tomy OCHOBHOU 3ajadyell aBTOMAaTH4eCKOM cucTeMsl ympasieHus I'MII sBiseTcss KOMMyTUpOBaHUE
TOKa B 0OMOTKax 3JEKTPOMarHuTa B COOTBETCTBUH C TpeOyeMbIM 3aKOHOM. CHCTEMBI aBTOMATHYECKOrO YNPaBIICHHS
I'MII 3HauMTENBHO TPOLIE, YEM AHAIOTHYHBIE CHUCTEMbI KOPOOOK Iiepelad WHBIX THIOB. JTH INPEUMYINECTBA B
COUYETAHUH C BBICOKOH IIIaBHOCTHIO MEPEKIIOUEHUS nepeaad o0ycaoBuiIn mupoxoe npumerenue I'MII B coBpemMeHHOM
aBTOMOOUIIECTPOCHNH, HECMOTPS Ha TO YTO KOHCTPYKIMS HX CYIIECTBEHHO CIIOXKHEe (ClIeOBaTeNbHO, BBIIIE
CTOMMOCTE), 9eM y OOBIYHBIX MEXaHNIECKNX KOPOOOK repenad U creruieHus aBTomoomneit, a KI1J[ ux amxe.

BBuay mmpokoro pacmnpocTpaHEHHS THIPOMEXaHMUYECKHX Mepenad YIydIIeHHe WX IOKazaTeled IpeNCTaBiIseT
0c00BIi HHTEpEC. DTO SABISETCA CTUMYJIOM IS CO3JaHNUS IEKTPOHHBIX crcTeM ynpasnenus [ MIT.

OCHOBHbIE NMPEONOCBLIIKA NPUMEHEHUA
ANEKTPOHHbIX U MUKPOINPOLECCOPHbLIX CUCTEM

Cucrema ympasneHuss I'MII nomxHa oOecrieumBaTh IEPEKITIOYCHUE TI€peAad, a B HEKOTOPBIX CIIydasx
OCYIIECTBIISITh OJIOKUPOBKY M Pa30IOKMPOBKY T'HIPOTpaHC(pOpMATopa B 3aBHCHMOCTH OT BXOIHBIX YNPABISIOLINX
CUTHAJIOB, TOCTYMAIOIINX OT YCTPOHCTB KOHTPOJS PEXHMa IBIKCHUS aBTOMOOMIJISI W Harpy3Kd €ro JIBUTaTels.
Hanbonee pacnpocrtpanens! cucrtemsl ynpasieHuss ['MII, koropble BeIpaOaThIBalOT KOMaHAbI Ha MEPEKIIOUCHHE
nepesiad B 3aBUCHMOCTH OT CKOPOCTH JIBMKEHHUST aBTOMOOMIISL M HATPY3KH JIBUTATEIISL.

Ilpy mnonHOCTBIO THApaBIWYecKoW cucteme aBTomMaTuku ['MII B KkadecTBe AATUUKOB CKOPOCTH JIBHXKEHUS
aBTOMOOWIIS HCTONB3YIOTCS THAPABINYECKHE YCTPOMCTBA, 0OECHEUMBAIOIINE TOBBIICHUE MABICHUS JKUIKOCTH IIO
MEpE YBEIUYEHHUs 4acTOThl BpAllCHUs BEIOMOrO Baja Iepefadyd. B KauecTBe Takux TUAPABIMYECKUX YCTPOMCTB
Hambosee IIMPOKO TPUMEHSIOT IEHTPOOEKHbIE pEerylsaTOphl JaBICHUS, a IS yIOpaBlIeHHs OJOKMPOBKOM
rHIpoTpaHcopMaTopa MHOTJA HCIONB3YIOTCS Tak Ha3biBaeMble TpyOku IluTto. JlaBneHHWe >KHAKOCTH, CO3/1aBaeMoe
3THMH yCTpoOiicTBaMH, 00ecIednBacT HEOOXOANMOE yCHIINE BO3ACHCTBUS HA 30JIOTHUKH WM KJIallaHbl B THAPOCHCTEME
ynpasyenus ['MIL.

Harpysky aBurartenst oOBIYHO OIICHHBAIOT II0 IIOJIOXKEHHUIO MENaJIM IOJayd TOIUIMBA WJIM MO Pa3peXeHHI0 BO
BIIyCKHOM TpyOompoBoje aBurarens. B 3aBUCHMOCTH OT yKa3aHHBIX (DAaKTOPOB M3MEHSETCS HATSDKEHHE IPY)KHH,
BO3/ICHCTBYIOIINX Ha yKa3aHHbBIE 30JIOTHUKHY (MM KJIalaHbl), TMO0 OCYIIECTBISIETCS MX TIepEeMEICHHE.

Ilon BO3AElCTBHEM pE3YIBTHPYIOLIETO IABJICHUS >KHIKOCTH, CO3[JaBAa€MOr0 THIPABIMYECKHM YCTPOWCTBOM, U
YCHUIIMS TIPY>KUHBI, 3aBUCAIIETO OT HATPYy3KH JABHUIaTess, IepeMeNaroTcs 30JI0THUKH (OTKPBIBAIOTCA M 3aKPBIBAIOTCS
KJIalaHbl), B Pe3yJIbTaTe 4ero IuApaBiIMyecKhe MUIMHAPHI BKItoueHHs (pukipoHoB I'MIT coequHsI0TCS ¢ HANOpHOMH
MarucTPanbio THAPOCUCTEMBI (TI0JOCTh BBICOKOTO JABICHHUS KHIKOCTH) WIH C TIOJIOCTHIO HU3KOTO JaBJICHHSA (IIOJIOCTh
cimBa). TakuM 00pa3oM TPOUCXOTUT BKIIIOYEHWE U BBIKIIOUYEHHE COOTBETCTBYIOMMX (pukiuoHos [MII,
obecrieynBaromnX N3MEHEHNE TIePelaTOYHOTO OTHOIICHUS €€ peayKTopa, U OJOKMpoBKa ruapoTpanchopmaropa. s
CO3JaHMsl «IIEPEKPBITUSA» B COCTaB ruapocucreMs! ynpasiaeHus I'MII BXOAAT COOTBETCTBYIOUIME APOCCEIUPYIOLINE
YCTpOMCTBA WJIM pEryJUpyIONIHe KIAnaHbl. Takue jke YCTPOWCTBAa (30JIOTHMKHM WM KJamaHbl) NPHUMEHSIOT B
ruapocucteme ynpasieHus ['MII B MexaHMUYECKMX WJIM MEXaHOTHAPABIMYECKUX YCTPOWCTBAX, BBIPAOATHIBAIOIIMX
KOMaH/Ibl Ha IIEPEKII0YCHHE IIepenay.

Ipu ocHamenuu ['MII 35eKkTpoOHHOI cHUCTEMOI! yIpaBlieHHsT OOBIYHO THIPOIPHBO/L UCTIOJHUTEILHBIX MEXaHU3MOB,
BO3/IeiiCTBYIOMNX Ha (PUKIUOHBI, coxpaHsieTcs. OQHAKO B3aMeH 30JJ0THUKOBBIX YCTPOHCTB M THPOIIPUBO/IA KIAllaHOB
CUCTEMBI yNpaBJICHUS B HEH HUCIOJIB3YETCS DJIEKTPOMArHUTHBIN MPHUBOJ KJIAIAHOB, a YNPABICHHUE AJIEKTPOMAarHuTaMHu
OCYLIECTBJIAETCS MIEKTPOHHBIMU YCTPONUCTBAMHU.

OJeKTpoHHasl CUCTeMa aBTOMAaTHKH Tak JKe, KaKk W Jirodas Apyras CUCTeMa, JOJDKHA BeIpaOaThIBATh KOMAHIBI Ha
MepeKIII0UYeHNe Iepeaad B 3aBUCUMOCTH OT YCJIOBHH ABIDKEHHs aBToMOOmIa. OnHaKko OHa 00yiaiaeT Mo CpaBHEHHIO C
JIPYTHMH CHCTEMaMH Oojee MIMPOKHMMH BO3MOXKHOCTSIMHM peai3aliyd ONTHMAIbHOIO 3aKOHa ymHpaBieHus. Tak,



HalpuMep, TEOPEeTHIECKUE HCCIEIOBAHMS MTOKA3bIBAIOT, YTO BECbMa MEPCIEKTHBHON SBISIETCSI CHCTEMA YIPABICHUS
I'MII, xoropas obecreunBaeT NMEPEKIIOUCHUE IIEpefad B 3aBHCHMOCTH OT peXuMa padoTel ruapoTpaHcdopmaropa.
[Ipu maHHOW cucTeMe yINpaBieHHS KOMaHAa Ha BKJIIOYCHHE TOCICeHyIomel (BbICHIEH) Tepemadyn IOHKHA BhIpada-
TBIBAaThCS, Kor/ia K03 duimenT tpanchopmannu ruaporpanchopmMaTopa MpuOIMKaeTcs K enuHuIe. Peammsanus Takoi
CHCTEMBI yNIPABIICHU LIeNIecO00pa3Ha TOJIBKO MPU MCIOIB30BAHUH IICKTPOHHBIX YCTPOMCTB.

[IpumeHeHne 31EKTPOHHON CUCTEMBI YIIPABJICHUS HO3BOJISET B HEKOTOPBIX CIydasiX YIPOCTUTh KOHCTpykuuio I'MIT
U TIOBBICUTH €€ HaJIe)KHOCTh. B "acTHOCTH, NpH yNpaBJIeHUH IO 33JaHHOMY 3aKOHY 3JIeKTPOMAarHUTHBIMH KJIallaHAMU
BKJIIOUCHHUS! (PPUKLIHMOHOB MOXXHO HCKIIFOUUTH M3 THJIPOCHCTEMBI CIELHAIbHBIE THIPOKJIANaHbl IUIABHOTO BKIIOYCHUS
(PUKIMOHOB, OCYILECTBIAIONINE PEXKUM «IEPEKPHITUs». BaKHBIM NPEnMyIIECTBOM 3JEKTPOHHOH CHCTEMBI
yrnpasiaenuss ['MII sBnsiercss cTaOMIBHOCTH €€ XapaKTepUCTHUK, OTCYTCTBHE HEOOXOIUMOCTH pETyJIMPOBaHUS U
TEXHHUYECKOTO OOCIYKMBaHMs B dKCILTyaranuu. Hactpoiika 'MII Ha 3amaHHBIe yciIOBHS paOOTHI MPU 3JIEKTPOHHOM

cUCTEME YIIpaBJIeHHsS MOXeT ObITh oOecneyeHa ¢ TOYHOCTHIO 10 1 — 2 %, B TO BpeMs Kak MEXaHWYECKHE MU
THIPABIMYECKUE YCTPOHCTBA MMO3BOJLIIOT UMETh TOYHOCTh HACTPOUKH TOIBKO 5 — 7 %.
IToMuMO BBHITOTHEHUSI OCHOBHOW 3a7aun — oOecnedeHns MNEpEeKIIUeHHs Iepesad 110 3aJaHHOMY 3aKOHy —

ANEKTPOHHAsA cHcTeMa ympaBieHus 3amumaer [MII or aBapuiiHBIX peXWMOB B Cilydae OIMHOOYHBIX JEHCTBUIL
BOJUTENS WM OTKa3a OJHOTO M3 JIEMEHTOB ympasieHus. CyIIeCTBEHHBIM IOCTOMHCTBOM 3JIEKTPOHHOHW CHCTEMBI
ynpaBieHuss I'MII sitnseTcs BO3MOXKHOCTH OBICTPOH 3aMEHBI OTKA3aBIIETO SJIEKTPOHHOTO OJ0Ka yIpaBIICHHS
MEPEKIIIOYEHIEM TIepefad — B IITENCENbHBII pa3beM MOIKIIOYAIOT HCIPABHBIA 3JIEKTPOHHBINA OJIOK aBTOMAaTHKU
B3aMEH OTKAa3aBILETO.

OreKTpoHHas amnmaparypa ymnpaBieHHs pacnojaraercs BHe kapTepa I'MII, .a y3/bl aBTOMAaTHKH THAPABINYECKUX
CUCTEM YIPABJIEHUS — BHYTPH KapTepa WIK B JlyduleM ciaydae noj Kpeimkoil 'MII. Benencrue 310r0 1 peMoHTa
WM 3aMEHBbl OTKAa3aBIIETO JJIEMEHTa MpH 3JEKTPOHHOU cucteme ympasienus [MII TpeOyeTcs ropas3io MeHbIIE
BPEMEHHU U TPYA03aTpar 10 CPABHEHUIO C THAPOCUCTEMAMHU YIIPABJICHHUS.

Cnenyer, ogHAaKo, UMETb B BHAY, YTO CTOMMOCTb THJIPABIMYECKUX HIM MEXaHOTHAPABIMYECKHX CHUCTEM
ynpasieHuss 'MII mo cpaBHEHHIO C BIEKTPOHHBIMH CHCTEMAaMH aBTOMATUKU HIDKe. B HacTosmee Bpems Hauancs
CCpUMHBIN BBITyCK 3JIEKTPOHHBIX cucTeM ympasieHus ' MII s aBTroMoOmiel BBICOKOTO Kilacca W aBTOOYCOB, IS
KOTOPBIX CPaBHUTEIBHO BBICOKAsI CTOUMOCTB 3JEKTPOHHON CHCTEMBI YIIPABICHHS HE HMEET PEIIAIOIIEr0 3HAUCHHS.

OCHOBHbIE TPEBOBAHUA K SJIEKTPOHHbIM U
MUKPOINMPOLECCOPHbIM CUCTEMAM

B 3aBucuMOCTH OT BBIOPaHHOTO aJTrOpHTMa YIPaBJICHHUS W HACTPOWKM CHCTEMBI aBTOMAaTHKH MOXKHO OOECIednTh
WJIN BBICOKHE IMHAMHUYECKHE MTOKa3aTeIN aBTOMOOWIIS, WIIM HaWIy4IIyI0 TOIUIMBHYI0 SKOHOMUYHOCTE. B cBsi3u ¢ 3THM
MIPUXOJUTCS] BBIOMPATh KOMIIPOMHCCHBIE BApUAHTHI AITOPUTMa U HACTPOWKHM cucTeMbl yrpasienust ' MII, kotopsie, He
yXyJumasi 3aMEeTHO JTUHAMHYECKUX TOoKa3aTesieil aBTOMOOWIIS, TIO3BOJISIOT TOJYYUTh XOPOIIYIO TOIUITMBHYIO SKOHOMHY -
HOCTb Ha HauboJee YacTO BCTPEHYAIOIIMXCSl PEXHMMax SKCIUIyaTalluH. 3ajada MOXKET ObITb YCIIEIIHO pellleHa Hpu
MEPEeKII0YEeHUH TIepead B 3aBHCHMOCTH OT JIByX IIapaMeTpOB: CKOPOCTH JBM)KEHHUS aBTOMOOWMIS M HAarpy3ku Ha
nBurarens. UeMm BbIlIe HAarpys3ka Ha JBHTaTellb, TeM NpH 0ojee BBICOKMX YacTOTaX BPAIICHHS KOJIEHYATOro Bania H,
CJIeJIOBATENIBHO, IPH OOJBIINX CKOPOCTSAX JBM)KEHHUS aBTOMOOMIIS TOJKHBI MIEPEKITI0YaThCS MepeJadn.

JUis yydieHus TOIUIMBHOW SKOHOMMYHOCTH aBTOMOOWIIS M MCKJIIOYEHUS [UKINYHOCTH IMPOLecca MePeKITIOUeHIS
nepesiad CKOpPOCTh JIBIDKEHHSI aBTOMOOWIISI, TIPM KOTOPOH NPOMCXOAMT MHEpPEeXoi ¢ HU3IIeH Ha BBICHIYIO Iiepenady,
JIOJDKHA OBITH BBIIIE CKOPOCTH, COOTBETCTBYIOIIEH 00paTHOMY MEPEKIIIOUSHHMIO (C BBICIIEH Ha HU3LIYIO ITepeaady).

VIMeHHO 1O TakOMy aJropuTMy AEHCTBYIOT NMPaKTHYECKH BCe BhITyckaemble cepuitHo I'MII HezaBucumo ot Tuma
MIPUMEHSAEMOM CHCTEeMBI yrpaBieHus. Hapsay ¢ 3TUM HpoBonsTCs pa3pabOTKH M MCCIIEAOBAHUS JIEKTPOHHBIX CHCTEM
ynpasineHust I'MII, B KOTOpBIX NepeKlodYeHHe Iepenady OCYLIECTBISICTCS B 3aBUCHMOCTH OT Kod(d¢ummenra
TpaHchopmarmu ruaporpanchopmaTopa [16].

[Ipu ncnonbp30BaHUM MEKTPOHHON M B 0COOCHHOCTH MHUKPOIIPOIIECCOPHOM CUCTEM YIPABJICHUS JOCTATOYHO IPOCTO
pemaercs mpobiieMa U3MEHEHHs allfOpUTMa MEPEKNIIOUYEHHs Iepejay, a TakKe MepeHacTpoiika OJIOKOB aBTOMATHUKH.
[TosToMy B 3aBHCHMOCTH OT YCIOBHHM OJKCIUTyaTallid AaBTOMOOHJIS MOXKHO MEpPEKI0YaTh HA3BaHHBIE CHCTEMBI
yHOpaBiIeHHs B HamOoyiee MOIXOMAIINHA Ui JAHHBIX YCIOBHH PEeXUM HX paboTel. Takoe mepexitodeHrne ocoOeHHO
LIENIECO00Pa3HO Ui aBTOOYCOB, KOTOPBIE MOTYT 9KCIUTyaTHPOBATHCS KaK B TOPOACKUX YCIOBUSX, TaK U HA 3arOPOIHBIX
MapIIpyTax, B TOM YUCJIC Ha TOPHBIX JOPOTax.

Jnst 3ammtel snekTpoHHOro 6sioka I'MII oT aBapuiHBIX PEKHUMOB, KOTOPBIE MOTYT BOSHUKHYTH NPH OLIMOOYHBIX
JIeHCTBUSIX BOJUTENS UM OTKa3ax 3JEMEHTOB CaMOM CUCTEMBI, B COCTAB 3JEKTPOHHBIX ¥ MUKPOIIPOLECCOPHBIX CHCTEM
YIpaBJIeHUS JOJDKHBI BXOANUTH YCTPOHCTBA, OCYIIECTBISIFONIHE CIIEYIOIINE 3alUTHBIE ()yHKIHH:

NIPEOTBPALEHNE BBIXOJd W3 CTPOs AJIEKTPOHHOTO OJIOKA NP KOPOTKOM 3aMBIKAHUU WIJIM IIEperpy3ke IO TOKY
Lernel TUTaHus 3JIeKTPOMarHUTOB CUCTEMBI yIIPaBIICHMUS;

HCKJIIOUEHHE BO3MOXKHOCTH MEPEX0/a Ha HU3IIYIO Nepeaady MpU ABMKEHHUU C BBICOKON CKOPOCTBIO B CIIydae OTKa3a
JTATYUKOB CKOPOCTH aBTOMOOWIIS WJIM HArpy3KH IBUTATeNs, a TaKKe NPH HEIPABUIBHOM CPaOaTHIBAHWU 3JICMEHTOB
CHCTEMBI aBTOMaTHYECKOTO yIPABICHHUS;

MIPEJOTBPALICHNE OJHOBPEMEHHOTO BKIIIOUCHHS BYX U Ooee

nepenad.



Kpome Toro, cucrema ympaBieHHS IODKHA COJEPXKATh YCTPOWCTBO WHIWKAIIMH CpaOaTBHIBAHWS 3aIlUTHI IS
CHUTHAM3AIH BOAUTEIIO O HAIMYUN HEUCIIPAaBHOCTH B CHCTEME.

SNNEKTPOHHbLIE CUCTEMbI

Ha HekoTopsix Mozensix aBToOycoB ¢pupmbl «BonbBoy» (ILIBerys) npuMeHsieTcs 3JIeKTpOHHAs CHCTEMa yIpaBIICHUs
I'MII ¢ «oKecTKOH JIOTHKOiI». B cocTaB 3/eKTPOHHOTO 0JIOKAa CHCTEMBI YIPaBJICHUS B OCHOBHOM BXOJST JUCKPETHBIE
9JIEMEHTHI U TOJIBKO HECKOJIBKO MHTErPalbHBIX MUKPOCXEM. YIIpaBlIeHHE MEePEKIIOUCHUEM NIepead OCYILECTBIISETCS B
3aBUCHMOCTH OT CKOPOCTH IBIXKEHHUsI aBTOOyca M Harpy3KH JABHraTens. B kauecTBe JaTyMka CKOpOCTH aBToOyca
UCTIONB3yeTCs MHAYKTOPHBIN JAaT4MK, YaCTOTA BBIXOJHOTO CHTHajla KOTOPOTO IPONOPIMOHANBHA YacTOTE BPAILICHUS
Begomoro Bama I'MII. JlaTyuMkoM Harpy3Ku [BHUraTels SIBJSETCS CTYNEHYATHI 3JEKTPUYECKUN IEPEKITI0YaTeNb,
CBSI3aHHBIN C TIEJATBIO MOJAYH TOIUINBA.
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Puc. 71. CTpykTypHas cxema 3neKTpoHHou cuctembl ynpaBneHusa FMIM aBTobycoB

OnBIT UIMTENFHON 3KCIUTyaTallud aBToOyca, obopynoBaHHoro I'MII ¢ Takoil cHCTeMOH yIpaBiIeHHUs, MMOKa3al
BBICOKYIO €€ HaJIe)KHOCTh. B KadecTBe mpuMmepa BBINIOJHEHHS 3JEMEHTOB, BXOJSIIMX B 3JEKTPOHHYIO CHCTEMY
ynpasieHuss ['MII, HmKe NpUBEIECHO OMUCAHHWE OTEUSCTBEHHOW cucTeMbl yrpaeieHus ['MII aBToOycoB OONbIIOM
BMECTUMOCTH.

AneKkTpoHHasa cuctema ynpasneHusa 'MIN ropoackux aBTrobycoB

PaccmarpuBaeMasi 3NeKTpOHHAs CHCTeMa IMpeqHa3HadeHa Uil aBTOMATHYECKOTO YIIPABICHHS TPEXCTYIIEHYATOM
THIpOMEXaHHYECKON mepenaueil ¢ O6aokupyemsiM rugpoTpanchopmatopoM. Ilo mMepe pasrona aBroOyca MpPOUCXOIUT
MoCJIeI0BAaTENbHOE MEPEKIIIOYeHNE TIepeaay ¢ epBOH 10 TpeThell U nanee OJI0KkupyeTcs ruaporpanchopmatop. Kpome
3TOT0, 3JIEKTPOHHASI CHCTEMA BBIMOJHSET 3aIIUTHBIC (PYHKITUH.

CTpyKTypHas cxema 3JIEKTPOHHOH CHCTEMBI YIpaBJICHHWs IOKa3aHa Ha pUC. 71, ee ayeKTpUdecKkas cxema u
AJIEKTPOHHBIN OJIOK — Ha puc. 72 U 73, a MOAKIIOUYEHNE BHEIIHUX YCTPOHCTB K 3JEKTPOHHOMY OJIOKY — Ha puc. 74.
Cxema ctabmmmzatopa Hanpspxerns CH u [TYH npusenena va puc. 5 u 17.

B kauectBe narumka ckopoctu /[C aBroOyca (cM. puc. 71) MCHONB30BaH MHIYKTOPHBIA AaTduk (cM. puc. 43),
PACIIOJIOKEHHBIN HaJ OJHMM M3 3yOUYaThIX KOJIEC, YCTAaHOBJICHHBIX Ha Begomom Bamy ['MII. IlosTtomy wuacTtoTa
n3menenus DJIC Ha Beixoze natuuka /JC nponopiyoHaibHa YacToTe BpauleHus aanHoro Baia I'MII, 1. e. nmponopuuo-
HaJIbHA CKOPOCTH JBIDKEHHS aBTOOYCA.
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Puc. 72. Cxema anekTpoHHOro 6noka cuctembl ynpasnenusa F'MI aBTo6ycoB




Puc. 73. OnekTpoHHbLIN 610K cuctems! ynpasneHusa F'MIN aBTobycos

Hatunk Harpy3ku /[H nBuraTens BHIIIONHEH B BHAC ABYX mepekmouarenci S1 m S2, mpuBOAMMEIX OT Tmenamu
[10JIa4Y1 TOILJIMBA.
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Puc. 74. Cxema noakntoveHus annapatypbl yrnpaBlieHUs U 3NIeKTPOMarHMTOB CUCTEeMbI yrnpaBne-
Hua [MI Kk 3nekTpoHHOMY Onoky: K.Y — KOHTponnep ynpaBneHusi; Sr3 — BKK4aTenb
rmugpo3sameanurtens; S1, S2 — MukponepeknioyaTenu gaTtymka Harpy3sku asuratensi; 3V, AM,, IM;,
3Mg,, AJ113.X — aneKTpoMarHuTbl CUCTEeMbI yripaBrieHUs

Jlo Tex mop, Mmoka 3Ta meaaib HAXOAUTCS B MOJIOKEHHSIX, COOTBETCTBYIOIIUX mogade Meree 50 % MakCUMaIbHOTO
3HAYEHUS] BEJIMYUHBI TIOJIa4YM TOTUIMBA, HU OJHMH U3 MEPEeKIIovaTeseil JaTuuKka Harpy3Ku He cpabaThiBaeT (TIOJI0KECHHE
KOHTaKTOB IepeKITtovaTeeli mokasano Ha puc. 74). [lepexmrouatens S1 cpabareiBaer, KOra meiaih YCTAaHABIUBACTCS
B JIF000€ U3 MOJIOKEHHUIA, MPH KOTOPBIX MOJaya TOILIMBA B JABUTATENh cocTaBiser oT 50 mo 100 % MakcumanmbHOTO ee
3HAYEHHS.

Hns obecrieueHnst cpabaThIBaHUS IEpeKitodarenss S2 BOAUTENb JOJDKCH YCTAaHOBUTH IEAallb IOJAa4YM TOILIHBA
nanbiie Ilonmoxkenus, coorBercTByromero 100 % mnonxadye TomMBa B JBUTAaTeNlb, NPEOAOJIEB MPU 3TOM YCHUIIUE
JIOTIOJTHUTENBHOM NMPY>KUHBL. Takol pe’KUM HOCHUT Ha3BaHUE «KUKAAYH», U UCIIOJIb3YETCS JIs IPUHYIUTENBLHOTO BKIIIO-
YeHUsI IOHWKAOIIEH Tiepeaun aBTo0yca ¢ 1eIbIo TIOBBIIICHHS €T0 JUHAMHKH B TIpOIiecce 0O0roHa.



IToMuMO OCHOBHOTO pEXMMa YIpaBIEHHS THAPONEpenadei, IpM KOTOPOM IO Mepe pas3roHa aBTolyca
OCYIIECTBIISICTCS aBTOMAaTHIECKOE TEPEKIIOUCHNE BCEX Tepenad M ONOKMPOBKA THApOTpaHchoOpMaTopa (IOIOKCHUE
3A KOHTpoOJIEpa), B CHCTEME YIPABIICHHS IPELYCMOTPEHBI CIIE CIACAYIOINE PEXUMBIL:

aBTOMAaTHYECKOTO MEPEKIIIOUEHHS IEPBOI M BTOPOH Iepenad ¢ OJOKHPOBKOH THAPOTpaHC(HOPMATOpa OCIE pasroHa
aBToOyca Ha BTOPOH mepenade A0 3aJaHHON CKOPOCTH (TIonokeHue 24 KOHTPOIUIepa);

MIPUHYANTEIBHOTO BKIIOYCHUS IIEPBOI Nepefadyn HEe3aBUCHMO OT CKOPOCTH JABHIKEHHUsS aBToOyca (mosokeHue 1
KOHTPOJUIEPA);

NIPUHYANTEIBHOTO BKIIFOUSHHUS NIEpeIau 33/IHETO XO0/a HE3aBUCUMO OT CKOPOCTH ABHKEHUs aBTOOYca (IOJI0KEHNE
3.X. KoHTpoIIEepa).

Kpome Toro, obecnieunBaeTcss BOSMOXKHOCTh YCTAaHOBKM II€peladd B HEHTpalbHOE MOJIOKeHHe (TosiokeHue H
KOHTpOJIIIEPA).

3agaHue HEOOXOAMMOTo pexuma paboThl cucteMbl ynpasienus ['MII ocymiecTBisieTcss ¢ MOMOIIBIO KOHTPOJUIEpa
ynpasieHus KV, cxema HOAKITIOUEHNSI KOTOPOTO K 3JIEKTPOHHOMY OJIOKY IpHBEZCHa Ha pHc. 74.

B 1abn. 19 ykazaH HOpSIOK MOJKITIOYECHUS 3JIEKTPOMArHUTOB CHCTEMBI YIPABICHUS K MCTOYHHWKY IMHUTaHHA B 3a-
BHCHMOCTH OT BKJIFOYAEMOH Mepeiaun U IOJIOKEHHUS] KOHTPOJIIEPA YIPABICHHSL.

Vzen nopocosvix ycmpoticme. KomaHmpl Ha IepeKsOYeHHE Iepefad W OJIOKMPOBKY THAPOTpaHcdopmMaTopa
BBIPa0aTHIBACT MMOPOTOBOE YCTPOWCTBO CHCTEMBI YIIPABICHHUS B 3aBUCUMOCTH OT YPOBHS HampsokeHHs Ha Bbixone [TUH
U TIOJNIOKEHUS TepeKiroyaTeNiedl JaTduka Harpy3kd /J[H. DTH TOpOTrOoBBIE yCTPOMCTBAa BHINIOJNHEHB Ha 0a3e TOKO-
pasnoctHbIX yewuteneid DAL, DA2 u DA3 (cm. puc. 71). B pexumax aBTOMaTHUECKOTO TEpeKIoueHUs nepenad 34 u
24 nanpsbkeHue K pesucropy R1 He mogBoautcest, BeaencTBre yero tpansuctop VT1 3akpsit, u pesuctop R10 oTkiroueH
OT Macchl.

B mepBoM MOIOKEHWHM AaTYMKa HArpy3KH KOHTAaKThl mepekirouatened S1 m S2 (cMm. puc. 74) 3aMKHYTBI, YTO
MPUBOJMT K 3aMBbIKAHUIO Ha Maccy (cooTBeTCTBeHHO uepe3 auoabl VD5, VD6, VD7, VD8, VD9, VD10) pe3ucropos
R14, R15, R16, R19, R20, R21 (cm. puc. 72).

Bo BTOpOM moNIOKEHNH AaTYMKa Harpy3Kd KOHTaKThl S1 pa3sMbIKaroTCs, BCIEACTBHE YETO C MACCOI OKa3bIBAIOTCS
COETMHEHHBIMU TOJIBKO pesuctopsl R19, R20, R21.

TpeTbeMy HOJIOKEHUIO AaTYMKa HATPY3KH COOTBETCTBYET Pa3MbIKAHNE W 3aMBIKAHHE COOTBETCTBYIOIINX KOHTAaKTOB
nepekimrodatenss S2. B sToM cimydae ¢ Maccoil OKaspIBalOTCI COCNWHEHHBIMH pe3ucTopel R42, R44 u R46
(cootBerctBeHHO uepe3 auonsl VD12, VD13 u VDI4). V3meHeHHne MOAKIIOYCHUS] PE3UCTOPOB B 3aBUCHMOCTH OT
noJjioxkeHus1 nepeximovareneit S1, S2 narumka Harpy3ku oOecrieunMBaeT KOPPEKTUPOBKY MEPEKIIOYEHUs mepenad B
COOTBETCTBUHM C HArpy3KOW JBUTATEII.

19. HOprIOK BRKIHYCHUSA JICKTPOMATHUTOB CUCTEMBI YIIPABJICHUS

IToJ10:xeHne JIEeKTPOMATHUThI
KOHTpoJLIIepa Bxuarouaemast

nepenaia M1 M2 M3 OMgn Ms3.x

3A IlepBasn + — — — —

Bropas — + — — —

Tperbst — — + — —

Tperba** — — + + —

2A IepBas + — — — —

Bropas — + — — —

Bropasn** — + — + —

1 IlepBas + — — — —

3. X 3agumii xoq — — — — +

H HeiiTpansHnoe — — — — —

MOJI0KeHHE
* + — BIIEKTPOMArHUT BKJIIOYEH, — — BBIKJIIOYCH.

** C pexxuMoM OJIOKHPOBKH IHApoTpaHcdopmaropa.

VYnpaBineHne NepeKiIloueHHeM C IIepBOM Ha BTOpYIO Iepeady M OOpaTHO OCYLIECTBIISICTCS ITOPOTOBBIM
ycTpoiicTBom Ha 06a3e ycunutenss DALl. Ecoum B aBToOyce menaib MOJaYd TOIUIMBA HAXOIUTCS B TIOJIOKCHHH,
COOTBETCTBYIOIIEM IIEPBOMY ITOJIOKEHHIO JaTYNKa HArpy3KH, TO CHja ToKa l,, IPOXOAAIIero 4epe3 MHBEPTHUPYIOIHUH
BXOJ YCHIIUTEIIS, ONPEACIISCTCs COnpoTHBIcHHEeM pe3uctopoB R7, R14, R19, R29 u ycTaHOBKOMW MOABHXHOTO KOHTAKTa
PETYIUPOBOYHOIO MEPEMEHHOT0 pe3ucTopa R24.

Cuna toka l,, mpoxonsmero yepe3 HeMHBEPTHPYyIOWMHA Bxox ycunurens DAL, saBucut or Hampskenus Uy Ha
Beixoge ITUH u conporusnenus pesuctopa R30. Ilpu Hu3Kkoil ckopocTH ABMKEeHHs aBToOyca BenmumHa U, Mana, B



cBs13U ¢ 4eM |, >l,, ycunuTens 3aKkphIT M Ha €ro BBIXOJE HANPsDKEHUE OM3KO K HyJIeBoMy 3HaueHuto. Korga ke Benen-
CTBHE BO3PAacTaHMs CKOPOCTU aBTOOyca 70 3HAYCHHUS V|_j;, COOTBETCTBYIOIIETO IIEPEKIIIOUEHHIO C IEPBOI IepeJaun Ha
BTOpYyIO, cwia Toka |, craHoBuTcs Oombiie, 4em |,, TO Ha BBIXONE YCHIJUTENS MOSBISICTCS HaIMpsDKeHHE. OTO
HaTpsDKCHUE depe3 AeIUTeNb HampsDKeHus, 00pa3oBaHHBIN pesuctopamu R41, R42 (cm. puc. 72), u pesuctop R35 mox-
BOJINTCS K HEMHBEpTUpYIomeMy Bxony ycrmmmtens DAL, B pesynbraTe Bo3HUKAIOMIEH TOI0KATEIEHOW 00paTHON CBSI3U
MIPOMCXOIUT JIABHHOOOpa3HOE yBEINYEHHE CHUIIbI TOKa |, oOecriednBaromiee Mepexos yCHIINTEIS B PEKUM C BBICOKHM
ypoBHeM HanpspkeHust UgbIX Ha ero Beixoze. IlosBienne HanpsbkeHUs: Uppx SBISIETCSI CHTHAJIOM TSI IEPEKIIIOUEHHS C
IIepBOI HA BTOPYIO Ilepeayvy.

Jlnst mepekiIioueHus co BTOPOH Ha MEepBYIO Iepeady CKOPOCTh aBToOyca JI0JDKHA CHU3UTHCS 110 3HaUeHus V)., Ipu
KOTOpPOM cuiia Toka |, cTaneT MeHbIue 3HaueHUs | ;.

[Ipu BrIiIOUYEHHO# BTOPOIl mepenaue, BeieacTBUe AedcTBus B aenutene DAL monoxurenbHOW oOpaTHOW CBS3H,
yMEHBILIEHUE CHUJIBI TOKa |, M0 3Ha4YeHusl, cooTBeTcTBYyomero |, mpousoiiner mpu ckopoctu V). KOTOpas MeHbIIIE
ckopoctr V. TeM caMmbIM IpenoTBpanaeTcs qUKINIHOCTh EPEKITIOUYEHHS TIepeaad.

IIpn ycTaHoBKE memamM IOJAYM TOIUIMBA B MOJOXKEHHWE, COOTBETCTBYIOIEE BTOPOMY IOJIOKCHUIO AaTIMKa
Harpy3KH, BCIEACTBHE OTKIIIOYCHHS OT Macchl pesmcropa R14 (cm. puc. 72), yMeHbIIaeTcs MajeHUE HANPSKCHHUS B
pesuctope R7, Gmaromaps ueMmy Bo3pacTaeT cuiia Toka |, mpoxomsiero yepe3 WHBEpTUPYIOmuil Bxox ycuimurens DAL,
B pesynpraTe mepekiroueHHE ¢ IEPBOIl Ha BTOPYIO Iepenady M oOpaTHO OyZeT NMPOMCXOAWTH HPHU Oosee BBICOKHX
YPOBHSX HamnpspxeHus Ha Bbixoe [TYH 1 cooTBeTCTBEHHO IpH OONBIIMX CKOPOCTAX ABHKEHHUS aBTOOYyCA.

Ha pexxuMe KuKAayH BCIEICTBHE OTKIIOYEHHsI OT Macchl pesuctopoB R14 u R19 mepexioueHue ¢ mepBoil Ha
BTOPYIO Tepeaady U o0paTHO OyJeT MPOMCXOMUTH IIpH ellle 0oJiee BEICOKMX CKOPOCTSX IBIDKEHHs aBToOyca. Hapsiny ¢
9THM H3-32 MOJKIIOYECHUS K Macce pe3uctopa R42 yMeHbIINTCS HANPSHKEHUE HA CPEIHEH TOYKe JeUTeNsl HAapSHKEHUS,
oOpazoBanHoro pesuctopamu R41 u R48, uro mpuBener k ocnabieHuio 3h(dhexra MoNI0KUTSILHOW 00paTHON CBS3U B
yeunutene DAL, Oto HeoOXoanMO Ui paclIMpeHHs Auarna3oHa CKopocTeil aBTodyca, rie MOXKeT ObITh peaJn30BaHO
JIEWCTBHE PEKUMA KUKAAYH.

VYrpaBneHne NEpeKIIOUYCHHEM CO BTOPOM Ha TPETBIO Ieperady M OOpaTHO OCYIIECTBISETCS MOPOTOBBIM
ycrpoiicTBoM Ha 6aze ycunurens DA2. OHo neHcTByeT TOYHO TaK Xke, Kak M IOPOTOBOE YCTPOMCTBO Ha 0a3e yCHIUTEINs
DAl. AnamorudHeIM 00pa30M AEHCTBYET M IMOPOTOBOE YCTPOHCTBO Ha Oaze ycummrens DAS3, ympapmsiomiee BKIOUe-
HHEM M BBIKIIOUCHHEM OJIOKHPOBKH T'HAPOTpaHchopmaTopa.

20. Tabiuna uctuHHOCTH Aemnpparopa KS11M/(1

Y poBeHb HaNpsDKEHMS HA BXOJAX Homep
Homep 1 2 4 BBLIXOJIa,
CTPOKH COEIMHEHHOT'O
C Maccou
IIpedycmompennvle KOMOUHAYUU BXOOHBIX CUSHATIO8
1 0 0 0 0
2 1 0 0 1
3 1 1 0 3
4 1 1 1 7
Henpeodycmompennvle kombunayuu 6X00HbIX CUSHATb
5 0 1 1 6
6 1 0 1 5
7 0 1 0 2
8 0 0 1 4

Jns co3maHuss ONTHMANBHBIX ycioBUi padotsr IMII B pexxume 24 HeoOXOIWMO, YTOOBI Ha JAHHOM PEXUME
OJIOKMPOBKA THAPOTPaHCHOPMATOPA BKIIIOYAIACH IPU OoJiee HU3KMX CKOPOCTSAX ABHXKECHHUS aBTOOYca 110 CPaBHEHUIO C
pexxumoM 3A. s BBEIOJHEHHs yKa3aHHOTO TpeOoBaHMs pe3uctop R3 coeauHsieTcss ¢ BBHIBOAOM 3 INTEINCEIHHOTO
pa3zsema Xl, kK KOTOpOMY HOIBOJUTCS HANPSDKEHHE OT OOPTOBOM CETH IPH yCTaHOBKE KOHTPOJUIEpa B mojioxkeHne 24. B
3TOM CjIy4ae OTKpbIBaeTcsi TpaHsuctop VT2, pesuctop R11 moakmrouaercss kK mMacce, 9YTO 0OECHECUUBACT YBEIMUCHUE
najieHnsl HampsbkeHust B pesucrope R9 u, Kkak cieicTBHE, yMEHbIIEHHE CHibl Toka |, mpoxomsiiero uepes
MHBEpTUpYOLIHMH BXo yeusutensi DA3. YMmenbleHre cuiibl Toka |, mo3BoisieT nepekiiounTs ycminteiab DA3 B pexum
C BBICOKMM YPOBHEM HAINpPSKEHHS Ha BBIXOJIE MPH MEHBIIEH cuie Toka l,,, T. e. mpu 0ojiee HU3KOW CKOPOCTH JABIKCHHS
aBToOYyCa.

Vzen nocuxu (VJI). Ilpn nBmxeHun aBro0yca ¢ HU3KOH CKOPOCTBIO HANPSDKEHHS Ha BeIxoaax ycwmteneid DAL, DA2
n DA3 (cm. puc. 72) 611M3KO0 K HYIIO, 4TO COOTBETCTBYET YPOBHIO «JIOrHYecKOro 0» st yCTpOIHCTB, OCYIIECTBISIONINX
MOCIIEAYONIYI0 00paboOTKy JaHHBIX cUTHANOB. [1o Mepe pa3roHa aBToOyca BBEICOKOE HalpsDKEHHE BHAYAJIE ITOSIBISETCS
Ha BeIxone ycwiurens DAL, a 3arem mocnemoBareidbHO Ha Bbixonmax ycwimuteneit DA2 u DA3. JlaHHBIH ypOBEHB
HAaIpsDKeHUS SIBJISIETCS YPOBHEM «JIOTHUYECKOH 1» mpu mocneayromei o0paboTKe CUTHAJIOB, KOTOpas BBIMOJHSETCS C
nomomplo aemmdparopa DD1, B kadecTBe KOTOpOro NpHMEHEHa HHTerpaibHas Mukpocxema thma KST1M/1.



Jemmndparop OCYIIECTBISET IPeoOpa3oBaHue Pa3InIHbIX KOMOMHAIIMI CUTHAIO0B Ha Bhixoae ycwureneid DAI, DA2 u
DA3 B curHamel, HeEOOXOAWMBIC M BKIIOYCHHWS B 33JaHHOW IIOCIEIOBATENIFHOCTH YCHIIHMTEICH IHTaHHS
AEKTPOMArHUTOB CHCTEMBI YIIPaBIICHHUS.

Hemndparop K51 111 umeet geThipe BX0/a, U3 KOTOPBIX HCIIONB3YIOTCS TONBKO TpH (1, 2 1 4). B 3aBHCcHMOCTH OT
KOMOWHAIINY CHUTHAJOB C YPOBHAMH «JIOTHYECKOTO 0» HMIH «JIOTMYecKoi 1», MOIBOAMMEBIX K BXOIaM AemIndpaTopa,
KaKoM-JIM00 OJHH U3 €T0 BBIXOIOB COEIMHAETCA C MACCOM.

Tabmuna uctunHocTH nemmdparopa (Tadbn. 20) conepXUT yKa3aHWsl, KAKUM KOMOWHALMSIM CUTHAJIOB Ha BXOJE
nemdparopa COOTBETCTBYET COSAMHEHUE C MACCOI TOTO MIIM HHOTO €T0 BBIXOJIA.

[lpu BEIMOSHEHHOM B CXeMe YNpaBJEeHUs COelWHEeHUH BbIxona ycwiutenss DAL ¢ Bxomom 1 pmemmdparopa u
BbixosoB ycmiuteneii DA2, DA3 cooTBeTcTBeHHO ¢ Bxomamu 2 u 4 nemmdparopa HampsHKEHHE C YPOBHEM
«1orn4eckoi I» MoXeT MosIBUThCS Ha BXoje ¢ 0oJjiee BBICOKMM HOMEPOM TOJIBKO IIPU HAJIMYHMU TaKOTO YPOBHS Ha
BXo/aXx C Oosiee HM3KMMHU HOMepamH. Takune KOMOHMHAIMU CUTHAJOB, yKa3aHHbIE B cTpokax 1 — 4 Tabm. 20, B
nanpHeimeM OymyT 0003HadaThCS TEPMUHOM «IIPEIyCMOTPEHHBIE», ITOCKOJIBKY OHH COOTBETCTBYIOT HOPMAaJbHOM
paboTe mOpOTOBHIX yCTpoicTB. JIrobast mpyras KOMOHMHAIS CHTHAIOB Ha BXOAAX AeUIH(paTopa, yKa3aHHAs B CTPOKax
5 — 8 Tabn. 20, BO3MOXKHA TOJNBKO NPW HAPYIICHHH HOPMAIBbHOW pabOTHI MOPOTOBBIX ycTpoicTB. IlosToMy B
JATbHEHIIeM Takie KOMOMHAIINHN CUTHAIOB 0003HAYAIOTCSI TEPMHHOM «HEIIPEIYCMOTPEHHBICY.

21. IToak/0ueHHe BbIXOAHBIX YCHJIUTe/Iel MHTAHU 31eKTPOMArHUTOB K BbIX0/1aM Jemndparopa

DJleKTpo- TpaH3ucTOpbl yCHIUTEISA Homep BbIX0O12
Iepenaua
MarHurt Boixoanoii | IIpeaBbixoaHo aemngparopa,
ii COeTHHEHHOT 0
C yCHJIUTe eM
IMono:xxkenune 3A KOHTpoOJLIEpa
IlepBasn OM1 VT15 VT10 0
Bropasn IM2 VT16 VT11 1
Tperbs M3 VT12 VT17 3
Tperbsa* M3 VTJI2 VT17 3
OMoa VT13 VT18 7
3agunii xoq IM3.x VT14 VT8
Iono:xxenne 2A KOHTpOJLIEpa
ITepBas IM1 VTI15 VT10 0
Bropasn M2 VT16 VT11 1
Bropas* M2 VT16 VT11 1 nam 3
IMg, VT14 VT18 7

*C pexxuMOM OJIOKUPOBKH MHAPOTpaHchopMaTopa.

st obecriedyeHus B Ipoliecce pa3roHa aBToOyca MOpsiiKa BKIIOYESHHUS JIEKTPOMArHUTOB, yKa3aHHOTO B Tabul. 19,
COEMHEHUE BXOA0B YCHIIMTEIJICH MUTAHUS IEKTPOMArHUTOB C BBIXOAaMH JeIIH(PAaTOpa BHIIIOTHEHO B COOTBETCTBHU C
JaHHBIME Tabm. 21 (pexxumsl 34 u 24).

IIpu pabore rumpo3amezyuTenss BO BpeMsl JBIKeHHs aBToOyca Ha BTOpOW M TpeThell mepeladax B CUCTEME
yIpaBJIeHHUs OCYLIECTBIIETCS OIOKHPOBKA THAPOTpaHchOopMaTopa. ITO HEOOXOIUMO AJISl TOTO, YTOOBI B TOMIOJTHEHHE K
TOpMO3HOMY 3]dekTy 0T paboThI THAPO3aAMEIUIUTENS TOJYYUTh JOMOTHUTEILHOE TOPMO3HOE YCHITHE 33 CUET peali3a-
IUH pexxuMma TopMmokeHHs asurateneM. llocme BximroueHust B 'MII mepBoil mepemadn Bo m30exaHHE OCTAaHOBKH
JIBUTaTelss B Mpolecce TOPMOXKEHHs aBTro0yca OCYyLIECTBIIsIeTCs pa30JIoKHpOBKa TruapoTpaHcdopmaropa. 1o
obecrnieunBaeTcsl OAKIIOYeHHEM 0a3bl TpaHsucTopa V16 gepes pesucrop R73 k BeiBoay 1 paseema X2, B pesynbrare
Yero JaHHBII TPAH3MCTOP OTKPBIBACTCSI OJJHOBPEMEHHO C I10Jlaueii KOMaH/bl Ha BKIIOUEHUE TUApo3ameuiuTerss. Bxox
YCUITUTENs] BKITIOYCHHST OJOKMPOBKH TuapoTpanchopmaropa (pesuctop R83) yepes mepexoa KOUIEKTOp — IMHUTTEP
tpanszucropa VT6 u muonst VD22 u VD23 coenuHseTcsl COOTBETCTBEHHO ¢ BhIXoaoM 1 wimu 3 permmdparopa, OJUH U3
KOTOPBIX OKa3bIBAETCSI COSAMHEHHBIM ¢ Maccoil npu BkiaroueHnH B ' MII BTopoil unu Tpetheii nepenad. Tem caMbIM Ha
JIAaHHBIX Tepeavax odecrieunBaeTcsi OJOKUPOBKa ruapoTpaHchopmaropa, U ee OTKIIIoUeHHe nocie BrimodeHus B I'MIT
MepBOH Mepeadn,-MOCKOIbKY MPU 3TOM OTKJIFOYAIOTCSl OT Macchl BbIXobl / u 3 nemmdparopa.

[IpunynuTensHOE BBIKITIOYEHHE 3JIeKTpoMarauta OM3 B pexmnmMe 24 obecrieuuBaeTcs 3a CUET COCTMHEHHUS BBIBOJA
3 passema Xl ¢ 6asoit Tpamsucropa VT12 (uepe3 muox VD31). Brmaromapst atomy B pexume 24 HampsyKCHHE OT
OopToBOl ceTu moaBomUTCS K Oaze Tpansucropa VTI2, uto npuBoauT K 3aKkphiTHiO TpaHzucropoB VT12 u VT17,
TpebyeMoMYy /ISl BHIKITFOUESHHS dJIeKTpoMaraura OM3.

[Tpu ycraHoBke KOHTpoJUIepa B mojioxkeHne 24 snekTpoMaraiuT IM2 10JDKEH 0CTaBaThCs BKJIIOYEHHBIM J[aXXe B TOM
cilydyae, KOTjJja BCJI/ICTBHE pa3roHa aBTOOyca HaIpshKEHHE BBICOKOTO YPOBHS IOSBUTCS Ha BbIxone ycuimtens DA3 n
Bxozie 4 nemmdparopa, B pe3yjbTaTe 4ero NpoM30MIeT OTKIIIOYEHHE OT Macchl BhIxona 1 nemmgparopa (K KOTOpOMY
TIOJIKJIIOYEH BXOJ| YCHJIMTENsl NHUTaHusl 3jekrpomarHuta OM?2). Jlnsa oOecriedueHus AaHHOTO TpeOOBaHMS B CXeMe
ucronb3oBaH Tpamsuctop VT9, 6asza koroporo dyepe3 pesucrop R75 moxakmouena k BeiBony 3 pasbema XI. B



MOJIOKEHHN 24 KOHTpOJUIEpa JAHHBIM TPAH3UCTOP OTKPHIBAETCS, OMarofapst 4eMy 4epe3 €ro Mmepexojl KOJUIEKTOp —
smurrep u auox VD26 coemmusioTcst Mexxay coboit Beixon 1 u Bbixox 3 memmdparopa, KOTOPBIA MOIKIIOYACTCS K
Macce, KaKk TOJIBKO OT Hee OTKJI0o4aeTcs Beixoy 1 nemmdparopa. B pesynbrare coxpaHseTcs: 3aMKHYTOH BXOJHAS LETb
YCHIUTENS MTaHAA dIIeKTpoMarHuTa JM2.

binok evixoonvix ycunumeneii (bY). Bce BRIXOAHBIC YCHIUTEIH BBHITTOIHEHBI 10 OJMHAKOBOM cxeme. Kax i n3 HUX
COJEP)KUT JIBa KOMMYTHPYIOIIUX TPaH3UCTOpa (BBIXOJHON M MpeABBIXOAHOW). KOIUIEKTOp BBIXOAHOTO TpaH3UCTOpa
coenrHEeH ¢ 0OMOTKOH anekTpoMarnura ['MII, a 6a3a mpeaBBIXOJHOTO TPAH3UCTOpPA Yepe3 PE3UCTOP MOJAKIIOUeHa K
COOTBETCTBYIOIIEMY BBIXOMY Aemn(paTopa. DMUTTEP BBIXOJHOIO TpaH3UCTOpa 4epe3 HeOOJbLION pe3ucTop y3ia
3aIIUTHI OT Neperpy3ku, koHtakTsl KALI (cM. puc. 72) pene KA1 3auThl 1 COOTBETCTBYIOLINE KOHTAKTHI KOHTPOJUIEpa
yIpaBJeHUs] MOAKIIOYAETCs K OOpTOBOW ceTH aBroOyca. BBIXOJHOW yCHJINTENbh OTKPHIBAETCS, KOTJa COSAMHSETCS C
Maccoi BBIXOJ Jiemudparopa, K KOTOPOMY MOJKII0YeHa 0a3a MpeBbIX0JHOTO TPAH3UCTOPa YCHITUTES.

B nonoxennu 1 KOHTpoJUIepa JOKHBI OBITH OTKIIOYEHBI 3JeKTpoMarHuTel OM2 u OM3. JIist BBINOIHEHHS 3TOTO
TpeboBanus 6aza Tpansuctopa VT12 wepes auox VD3J, a 6a3a tpanzuctopa VT11 wepes auox VD37 moaKIOYEeHB K
BeIBOAY 4 pa3zpema X|. B pesympraTe mpm ycTaHOBKE KOHTpOJUIEpa B MOJOXEHWE | HampspDKeHHe OOpPTOBOM ceTH
OKa)KeTCsI TOABEICHHBIM K 0a3e TpamzuctopoB VTJ1 u VT12, uro obecneunt 3akpeiTre TpaHzuctopoB VT11l u VT16,
TpeOyeMoe Uil BHIKIIIOYCHHUS dleKTpoMarauta OM2, u tpansuctopoB VT12 u VT17, HeoOxoamMoe s BEIKITFOUCHHS
anekTpomMarsura SM3.

3amuTa yCHIuTeNneH MUTaHNus SJICKTPOMAarHUTOB OT HMEPETPY3KH MO TOKY (B TOM YHCIIE IPH KOPOTKOM 3aMBIKaHUH B
UX BBIXOJHOH II€NH) OCYILECTBISIETCS 3JIEMEHTAaMM 3allUThl, BXOIIIIMMH B COCTaB ycuiutelns. Tak, Hampumep, A
3aIIUTHl YCHJIMTENS THTaHUsS 3JeKTpoMarHuTa DM mepBoi mepenayu ucrosib3yrorcs Tpanzuctopsl V120 u VT25,
konnaencarop C7 u pesuctopsl R94, R99, R105 u R106. [Ipuniun neficTBUs TaKo# 3al[UThl ObLT OMKUCAH BBIIIC (CM.
puc. 40). ITocne cpabGaTbiBaHUsl AaHHOM 3aIUMTHI AJIsl €€ OTKIIOYCHHUS HEOOXOIUMO MEepeKNIoUeHHe aeimudparopa B
MOJIOKEHHE, COOTBETCTBYIOIIEE PAa3MBIKAHHIO BXOJHOW LIEMM YCHJIMTENS, 3alluTa KOTOPOro cpadoTana, WM CIexyeT
YCTaHOBHUTH KOHTPOJIIEP YIPABICHUS B MONOXKEHHE H 111 OTKIIIOUSHHMS 3JIEKTPOHHOTO OJI0Ka OT UCTOYHMKA TTUTAHUSL.

Bnok, npunyoumensnozo exnouenus nepeoay. biuok b1 obecrieunBaeT BO3MOKHOCTh IPHHYIUTEIFHOTO BKIIOYCHHS
MIEpBOH Mepeaadn 1 Mepeiady 3a{HEer0 X04a IPH YCTaHOBKE KOHTPOJIIEPa YIIPABICHHS B TIOJIOKEHUS! COOTBETCTBEHHO |
u 3.X (cm. puc. 74).

B monoxennn 1 koHTpoIUIepa HampspKeHHe 0T OOPTOBOI ceTr depe3 BeIBO 4 pasbema Xl, muox VD40 (cm. puc. 72),
KOHTaKTHl KA 1.1 pene KA1 3ammutel u pesuctop R105 moxBoasrcs k smurrepy Tpansucropa VT15 ycunurens mutanus
anexTpomaraurta DM, a depe3 , pesuctop R69 u crabmnutpon VD21 nanHOe HampspkeHHE MOJBOAMTCS K 0Oase
Tpansucropa VT8. D10 obecreunBaeT OTKphITHE TpaH3ucTopa VTS, B pe3yinbrare 4ero BKIOYAIOTCS TPAH3UCTOPHI
VT10 u VT15, ocyriecTBiisis NOJKIIOUCHHE K OOPTOBOM ceTH 3eKTpoMarauta M.

B nonoxenue 3.X kouTposuiepa uepes KoHTakT 1 pazbema Xl HampsbkeHue oT 00pTOBO# cetu uepe3 pesuctop R103
MOJIBOJIUTCA K SMUTTepY TpaH3ucTtopa VT14 ycunurens mutaHus snekTpomarHura OMs3.x- Kpome Toro, HanpsokeHue
yepe3 nuon VDAL, pesucrop R70 u crabumutpon VD21 noasoautcs k 6ase Tpanzuctopa VT8, uro obecrneurnBaeT ero
oTKpbITHE. B pesynbraTe BKiroyaercs Tpansuctop V114 u noaxinodaer 35eKTpoMarauT 3M3.X K O0pTOBOH ceTH.

Hnst 3amutel TMIT oT HemomycTHMOro BKIIIOYEHHS TNEpBOH Iepelayd WM IepeJadd 3aHero Xoja B Cliydae
JIBIDKEHHSI aBTOOyca €O CKOPOCTSIMM, BBIIIE 3aJlaHHBIX, HCITONB3yeTcs Tpanzucrop VT7, Bxomsmmit B Sl Ilpm
JIBIDKEHNH aBTOoOyca ¢ OONBIION CKOPOCTHIO Ha BbIXoze ycwumutens DAL co3maercst BBICOKMI ypOBEHb HanpsKEHUSL.
Oro olecreunBaeT BKJIIOYEHHE TpaHzucropa VI7 M TeM caMblM IpPEAOTBpAmaeTcss BO3MOXKHOCTH BKIIFOUCHHMS
Tpan3ucropa VT8 B ciydae ommO0YHOI yCcTaHOBKM KOHTpOJIIEpa yrpaBieHus B nonoxkenne 1 wmu 3.X. Pazpemenue Ha
NPUHYANTEIbHOE BKIIOYCHUE IIEpBOW Iepeladd W Iepejayd 3aJHero XoJja IOCTyNaeT JIMIIb MOCJie TOro, Kak
BCJICJICTBHE CHIDKCHHS CKOpPOCTH aBToOyca ycmiutens DAL mepexiodaeTcss B COCTOSHHE C HHU3KHM YPOBHEM
HAaIpPsDKEHUS Ha €ro BBIXOJIE.

IIpu ycTtaHOBKe KOHTpOJJIepa yIpaBieHUs B MojioxkeHue 3.X HampsbkeHHe OT BbIBoja | pazsema X| mogBomures
pesuctopy R1. DT10 obOecmeunBaeT OTKpbITHE TpaH3uctopa VT1, Onaromaps uyemMy yMEHBbINAETCsl CHJIa TOKa,
MIPOXOZSIIEro yepe3 nHBepTHpytomui Bxox ycunurens DAL, B pesynbrate nepexmouenue ycunurens DAL B pexum
BBICOKOTO YPOBHS HAIpPSDKCHHS Ha €ro BbIXoje OyJeT MPOUCXOIWTH NMpH Ooliee HU3KOH CKOPOCTH aBTOOyca, 4YeM IpH
ycTaHOBKe KOHTpoJuiepa B rosoxenue 1. [Toatomy BKiIIOUeHHE Mepeadn 3aJHEro Xo/4a OKa3blBaeTCsl BO3MOKHBIM ITPH
MEHBIIIEH CKOPOCTH aBTOOYCa 110 CPABHEHHIO C JIOITyCTHMOM /sl BKIIFOUSHUS TIEPBOH Mepejad.

Cucrema 3amuTsl npenoxpanser 'MIT ot BkitoYeHHUs IepBOil epejauy WK Nepesiady 3aHEero X0/1a, CIIM OHU JI0
3TOro He ObUIM BKJIIOYeHBL. OJHAKO B TEX Cllydasx, KOTJa Ta WM Apyras W3 3THX Iepejad yxe Oblla BKIOUEHA, TO
HE3aBHCHUMO OT CKOPOCTH [IBIJKEHHSI aBTOOyca OHHM HE OYAyT BBIKIIOYATHCS. DTO JIOCTUraeTcsl 3a CHeT ACHCTBUS
Tpanzucropa VTS (cM. puc. 72), KOTOPBIH OTKPHIBAETCS, KaK TOJBKO IIPOMUCXOIUT BKIIIOUEHHE Mepeaddl 3aJHETO X0aa
WK TepBO# mepemaun. B pesynprare kK 0ase Tpausuctopa VT5 moaBoautcst HampspkeHue (depes pesucrop R80 ot
koJutekropa Tpamsucropa VT15 mmu uepes pesuctop R78 ot komtekropa tpausuctopa VT14). OTKPHITEI TPaH3UCTOP
VT5 He3aBHCHMO OT ypOBHS HampspKeHHUs Ha Bbrxojne ycmnutenst DAL obecnieunBaeT OTCYTCTBHE HANpsDKEHHS Ha 6aze
tpansuctopa VT7. Tlostomy Tpanzuctop VT7 oka3piBaeTCs 3aKphITBIM M HE OyAeT MPEnsSTCTBOBATH BKIOYCHHIO
Tpan3ucropa VT8.

Vzen sawumer (V3). Ommbounas mojavya KOMaH/ 16l HA OJJHOBPEMEHHOE BKIIIOUYEHHE JABYX M OOJiee 3J1eKTPOMarHuTOB
MOXET UMETh MECTO IIPH HEUCIIPABHOCTSIX 3JIEMEHTOB YNPABJICHUS BBIXOJHBIMH YCHIINTEISIMHU 3JICKTPOHHOTO OJIOKa
WIN B CJTydae Ipo00s TPAaH3UCTOPOB ITUX YCHIIMTEIICH, BCIIEICTBHE YETO OHU CTAHOBSATCS HEYIPaBIIsieMbIMHU.



Jliist Toro 4TOOBI HCKITIOUNTE aBapuiiHoe BkiodeHue ['MII mpu r000# U3 yKa3aHHBIX HEHCTIPABHOCTEH, B CHCTEME
YIpaBICHUS] HCIOIB3YETCS CIELUATbHOE JUICKTPOMArHUTHOE pene 3amuTbl. KOHTakThl peie pasMBIKAIOTCS H
OTKJIIOYAIOT YCHJIUTENIHN IHUTAHMSA 3JIEKTPOMArHUTOB OT OOPTOBOHM CETH HPH MOCTYIUICHHH OT CHUCTEMBI YNPaBICHUS
KOMaH/Ibl Ha CpabaThIBAHNE 3aIUTHI.

OCHOBHBIM  YIPABISIIONIAM 3JIEMEHTOM YCTPOHCTBA 3aIlUTHl SBISIETCS OINEPalMOHHBIA ycwiurens DAG
(mHTeTpanmpHast Mukpocxema K553V /12).

K unnBepTHpylomemy Bxony 4 ycunutens (cM. puc. 72) yepe3 pesnctop R28 moaBoauTcesi NOCTOSHHOE HANpPSDKEHNE
OT JIeNuTeNsl HalpsbKeHus1, 00pasoBaHHOTO pesuctopamu R22 n R23.

HeunBepTtupyronuii Bxon 5 ycuurens uepe3 pesuctopsl RS, R6, R12, R13 u pasmenurtensusie nuonst VD1, VD2,
VD3 u VD4 coenyHeH ¢ KOUIEKTOpaMH BBIXOJHBIX TpaH3UCTOpoB bY. Kpome Toro, k BXoay 5 ycuiauTens: HOABOANUTCS
HanpspKeHWEe OT CpelHEeW TOYKM JeNIUTENs HarpshKeHWs, oOpasoBaHHOro pesucropamu R17 u R18. HomwuHamsi
yKa3aHHBIX PE3UCTOPOB BBIOPAHBI TAKUM 00Pa30M, YTO MPH BKIFOYEHUH OJHOTO (JII000T0) U3 BBIXOJHBIX YCHIIMTEINEH
MUTaHMSA 3JIEKTPOMArHUTOB HAIPsHKEHHE Ha HHBEpTUpYonieM Bxoe 4 ycunurens DA6 npebiniaeT HanpshkeHUE HA €T
HEMHBEPTHUpYIOIEM Bxozxe 5. B 3Tom cimydyae HampsbkeHue Ha BbeIxoae ycmimrens DA6 nmeer Hu3Kuil ypoBeHb,
HEIOCTaTOYHBIN ISl OTKpbITHA TpaH3zucTopa VT3. B pesynprare obecrieumBaeTcsi OTKphITHE TpaH3uctopa VT4 ¢
MOKITIOUEeHNEM K OopToBoil cetw oOMoTkm KAI pene 3ammtel. [Ipm cpabaTeIBaHHUM 3TOTO peJie 3aMBIKAIOTCS €ro
HOpMAaJILHO pa3oMKHYThIe KOHTaKTH KAL.1, 6maromapst uemy depe3 HUX MOIBOTUTCS HANPsDKEHHE OT OOPTOBOI ceTH K
SMHTTEPaM BBIXOJHBIX TPAaH3UCTOPOB HY. B ciyuae ke 0mHOBPEMEHHOTO (HEMPETyCMOTPEHHOT0) BKIIIOUCHHS IBYX U
OoJiee BBIXOJHBIX YCHIIUTENEH K HEMBEpTHpyouleMy Bxoay S5 ycuiurens DAG monBoaurcst HanpspkeHHE, KOTOpPOe
NPEBBIIACT HANPSDKEHHE, MOJBOANMOE K €r0 MHBEPTUPYIOLIEMY BXoay 4. DTO MPHUBOAUT K IMOSBICHUIO HANPSHKEHUS
BBICOKOTO YPOBHSI Ha BBIXOJIE YCHIIUTENS, CIICJACTBHEM 4Ero SBISIETCS OTKpbITHE TpaH3uctopa VT3 U 3akphiTHE
TpaHsucropa VT4 ¢ oTkiaoueHneM oT OopToBoil cetm oOMoTku KAI pene 3amuThl. B pesynbrare NpOUCXOIUT
BBIKIIIOUEHHE peJie C paspblBOM €ro pa3MbIKAIOIIMX KOHTAaKTOB M OTKIIO4YeHHeM bY or OoproBoil ceru. 3a cuer
3aMBIKAHHSA TP 3TOM 3aMbIKaroIux KoHTakToB KALI| penme BxmowaeTcs menmp NHUTaHWA JIAMIIBl HWHAWKALAA
cpabatpBanms 3amuThl. Yepes pesuctop R68 u mmox VD19 momaercs Hampspkenuwe Ha 6a3y Tpansuctopa V17, ot-
KPBITHE KOTOPOTO OOecreunBaeT BBIKIIOUCHHE TpaH3zucrtopa VT8, OGmaromaps deMy B cilydae HETPeTyCMOTPEHHOTO
CXEMOH BKIIOUCHHS [IBYX BBIXOAHBIX YCWJIMTENEH HCKIIOYAaeTCS BO3MOKHOCTH NPHHYIWTEIHHOTO BKIIOYCHUS Kak
NepBOH Iepenayn, Tak W Iepefadn 3axHero xoxaa. Kak tompko Ha BbIxoae ycummtenst DAG mosBisieTcst HanpspkeHHe
BBICOKOTO ypoBHs, oHO depe3 awox VD11 m pesmcrop R38 momeomutes k Bxony 5 ycwiurens. ITo obecriednBaeT
MOBBILICHUE HANPsKEHHsS Ha HEMHBEPTUPYIOLIEM BXOJE 5 YCHIMTENs A0 3HAUYEHHs, KOTOPOE MPEBHIIIACT HANPSHKEHHE
Ha MHBEPTUPYIOLIEM BXOJEe 4 YCHIIUTENs JaKe IMPU YCJIOBUH BBIKIIOUCHHS BCEX YCHIIUTENEH MUTAHHS 3JIEKTpoMar-
HUTOB.

[on neiictBuem B ycunurene DAG monoxuTenbHONW 00OpaTHOM CBSI3M 3aIUTa HE OTKJIFOYAETCS M MOCIE TOro, Kak B
pe3ynbTare ee cpabaThiBaHMs BBHIKIIOYAIOTCS BCE YCHIIMTENN MUTAHHUSA M DJIEKTPOMAarHUTOB. [l OTKIIFOUEHHUS 3aIIUThHI
BOJIUTENb JOJDKEH CHaydala IepeBEeCTH KOHTPOJUIEp B IOJIOKEHHE Sl, a 3aTeM BHOBb YCTaHOBHTH €0 B Tpedyemoe
TIOJIO>KEHHE.

VYcTpoicTBO 3amMTHl OT HENPEIyCMOTPEHHOTO BKIIIOUCHMS HU3IIMX Iepefady MpH OTKa3e JaT4hKa CKOPOCTH
SIBIISIETCSI OTBETCTBEHHBIM 3JIEMEHTOM 3JIEKTPOHHOW cucTeMbl yrpasieHuss I MII, Tak kak OTKa3 JaTdhKa CKOPOCTH
BOCIIPUHMMAETCSl CHUCTEMOH, Kak OCTaHOBKa aBToOyca. B pesynbpraTe 3TOro JOIDKHA IOCIENOBaTh KOMaHIa Ha
BKJIIOUCHHE IIEPBOW ITIepeaadd, 4TO NMpH JIBH)KEHHH aBTOOYcCa C BBICOKOH CKOPOCTBIO MOXKET NMPUBECTH K CO3IAHHIO
aBapUITHON CUTYallUU.

[MpuHUMT neiicTBHUS paccMaTPUBAEMOH 3alUThl OCHOBAH Ha KOHTPOJIE CONPOTHUBIICHNS] OOMOTKH JIaTYMKa CKOPOCTH.
B cocraB ycrpoiicTBa 3alMThl BXOIAT ToKopazHocTHbIe yeunutenu DA4, DAS, pesuctopst R55 — R63 u nuoast VD17,
VD18 (cm. puc. 72).

OcobeHHoCcTH pabOTHI TAKOTO YCTPOMCTBA 3allIUTHI OBLTN M3JI0KEHBI BhIIIE. B ciiydae oTka3a gaTdynka CKOPOCTH HA
BbIxoJie yeunureast DA4 nimu DAS nosiBiisieTcst HanpsbKeHHE BBICOKOTO YPOBHS. JTO HampsikeHue depes3 pesuctop R47
moIBoIUTCA K 0aze Tpanzucropa VT3, 4TO MPUBOIUT K €r0 OTKPBITHIO H 3aKPBITHIO TpaH3ucTtopa VT4 ¢ pa3pbIBOM Ienn
nutanus oOMoTkM KAl pene 3amutel. B pesynprare BBIKIIOWAaETCS peiie, YTO O0ECHEeYMBACT OTKIIIOUEHHE BCEX
JIEKTPOMAarHuToB cucreMsl yrpasienust ' MII ot 6opToBoii cetn aBToOYyCa.

B cnydae oTkaza moporoBoro ycTpoicTBa Ha €ro BBIXOJIE HE3aBUCHMO OT CKOPOCTH JBIDKCHHS aBTOOyca MOXET
MOSIBUTBCSL  CHI'HAJ, COOTBETCTBYIOIIMI JMOO ypoBHIO «jormdeckoro O» WIM YPOBHIO (JIOTMYECKOH 1».
HenpenycMoTpeHHOE TpH 3TOM MOSIBIEHHE HANPSHKEHUS C YPOBHEM <«JIOTMUECKOH 1» Ha 11000M M3 BBIXOZOB
nemdparopa He sBJISETCS ONACHBIM JIIS OKCIUIyaTalMid aBTOOyca, MOCKOJIbKY B TaKOM CIydae MOXET JIHIIb
MPOM30MTH  CAaMONpPOMU3BOJBHOE MEPEKIIOYCHHUE Ha  BBICIIYIO [epefady. 3HAuuTelIbHO OMacHee Clydau
HENpeyCMOTPEHHOI'0 YMEHBIICHHS HAMPSDKEHUS Ha BBIXO/IE JIeMIU(paTopa 10 YPOBHs «IorHueckoro O», MOCKOIbKY B
pe3yJbTaTe 3TOro MOKeT ObITh BhIpa00TaHa KOMaH/1a Ha CaMONPOU3BOJIbHOE BKIIIOUCHUE HU3IIUX Iepeaad.

B paccmarprBaemoii crcteMe ynpaBJieHHS NCIIOIb30BaHUE B KauecTBe y3ia Joruku aemudparopa DD1 mo3sommno
YMEHBIIUTh ONACHOCTh TAKOI'O HEMPEyCMOTPEHHOIO BKIIFOYCHHS HU3IINX Mepe/iad.

Ecnu Bo Bpems aBMXKeHHUsT aBTOOyca C BBICOKOW CKOpOCTBIO BciiencTBHe orTkasa ycuiuresnedd DALl wmm DA2
HarpspKeHue Ha BxoJe | mim 2 nemmgpaTopa CHUKACTCS 10 YPOBHS «IOrHueckoro O», TO 3TO IPUBOAUT K MOSBICHHUIO
HENpeayCMOTPEHHONH KOMOMHAIMM CUTHAJIOB Ha BXoze nemudparopa (tabn. 20). B pesynprare OTKIIOYAIOTCS OT
Mmacchel Beixozsl 0, 1, 3 n 7 nemmdparopa, KOTOpble TOAKIIOYAIOT LENH MUTAaHHUS BCEX BBIXOAHBIX ycuiutenei. Tem
CaMbIM TIPEJIOTBPAILAETCS CaMOIIPOM3BOJIBHOE aBapuifHOE BKIIIOYEHHE HM3MMX mepefad. C Hesblo MpeaoTBpalieHust



nepexmoueHns ['MIT B HeHWTpanbHOE TOJOKEHHUE, YTO B PsJE CIIydaeB HEXeEJATeIbHO C TOYKU 3peHUs] 0€30MacHOCTH
9KCIUTyaTaliy aBTo0yca, B CXeMe YIPaBJICHHUS BBIMOJIHEHO COCAMHEHUE MEXAy co0o0i BbixomoB 2 — 6 nmemmudparopa,
Onarojaps 4yemy IpH JII000i HEMpeTyCMOTPEHHON KOMOWHAIINY CUTHAJIOB Ha BXOojIe AemudpaTopa BO BpeMs ABUKCHHS
aBTOOyCa ¢ BEICOKOW CKOPOCTHIO 00ECTIEYMBACTCS BKIIIOUCHHE TPEThEeH TIepeIadm.

22. Ilopsigok nepexkJIloYeHus nepeaay Npu 0TKa3e yCHJIMTeJleil IOPoroBbIX YCTPOiicTB

CKOpOCTb aBTOBYCA Homep Bxoga gewmndpaTtopa Homep
1 2 4 BbIX0Aa, Mepepava
COeMHEHHOro
C Maccou
Ycunumenu ucnpasHsbl
0-Vi 0 0 0 0 |_|epBaF|
V|_|| —_— V||_||| 1 0 0 1 BTOpaH
Vin-Viqu+6ny* 1 1 0 3 TpeTbsa
Eonee V|||.(|||+5n) 1 1 1 7 TpeTbﬂ**
Omkas ycunumens DAL
0—Vyy 0 0 0 0 MepBas
Viar— Vi 0 0 0 0 »
Vit —Viqi+6n) 1 0
Bornee Vii.qi+en) 00 1 1 26 Tpetba »
Omkas ycunumens DA2
0-Vi 0 0 0 0 ﬂepBaﬂ
V|.|| — V||_||| 1 0 0 1 BTOpaFI
Vi —Viai+n 1 0 0 1 »
Bonee Vi_qi+en) 1 0 1 5 TpeTba
Omkas3 ycunumernet DAL u DA2
00—V 0 0 0 0 ﬂepBaﬂ
Vienr —Vin 0 0 0 0 »
Vi —Viqi+6n)
bonee Vi qii+gn)
00 00 0 » TpeTbs
1 01

*Vi11-(111+Bx) — CKOPOCTh, COOTBETCTBYIOIIAs BKJIKEIEHHIO OJOKHPOBKH THIPOTpaHc(opMaTopa .
** C pexkxMOM OJIOKUPOBKH THAPOTPaHCHOpPMATOpA.

B Tabn. 22 npuBeneH NopaI0K NEPEKIIFOUYEHUS Nepeayd Py pa3IMdHbIX CKOPOCTSIX IBHKECHHUS aBTOOyCa IS TIOOBIX
BapuaHTOB 0TKa30B ycwiaurened DALl u DA2. Ananu3 HaHHBIX [TOKAa3bIBAaeT, YTO B ClydYae OTKa3a OJHOTO M3 ITHX
yCHUIIHMTENEH B 30HE CPEAHHUX M HHU3KHX CKOPOCTEH ABIKCHMA B XyJIIEM CIydae NMPOU30UIET MEpEeKIIOYeHNUE «BHU3Y
TOJIBKO Ha OJIHY Tepenauy.

Jlump B ciydae OZHOBPEMEHHOTO OTKa3a 000OMX yCHIMTENeH, YTO MaJlo BEPOSITHO, B JHanasoHe ckopocTed V.-
Viii(i11+8x) BO3MOXKHO MEPEKIIIOYEHUE «BHHM3)» Ha JIBE NEPEe/lauM, a B OCTAIbHBIX JMANla30HaX CKOPOCTEH MOXeT MMeTh
MECTO NEPEKIIIOUEHHUE «BHU3)» TOJIBKO HA OJIHY Ilepeady.

Crnenyer OTMETHTh, YTO NPU HE3HAYUTEIBHOM YCIIOKHEHMU CXEMbl BO3MOXHO INPENOTBPATUTh MEPEKITIOUCHHE
«BHU3» Ha JIBE IIepeiadd B Cilydae OTKa3za 000X ycuiureseil. st 3TOoro 10CTaTOYHO COETMHUTH BBIXOJ YCHIIUTEIS
DA2 c unBeprupyromum Bxogom ycunurens DA3 (uepes pesuctop R52 u nmon VD15, kak 310 moka3aHO IITPUXOBOM
JuHAEH Ha puc. 72). Braromaps TakoMy MOAKIIOYCHUIO B ciiydae oTkasza ycuutens DA2 nepexon ycunurens DA3 B
PEXHUM C BBICOKMM YPOBHEM BBIXOJHOTO HAINpPsDKEHUS MPOM30HMIAET mpu Ooyiee HU3KOHW CKOpPOCTH aBToOyca, T. €.
Hambosnee omacHas komMOmWHammsa Ha Bxogax aemmdparopa (000) cmecTUTCS B 30HY MEHBIIMX CKOPOCTEH IBMKEHUS
aBToOYyCa.

MUKPOTINPOLIECCOPHbLIE CUCTEMbI

MukponponeccopHble CHCTEMBI YIPABICHUsI B IOCHEIHEE BOEMs BCE Hallle MCIOJIB3YIOT Juis ympasieHus ['MJI
aBTOOYCOB, TIpPY30BBIX M JIETKOBBIX aBTOMOOWied. Cucrema ympaBieHHS (QUPMBI «AJUIMCOH» C YCIOBHBIM



o6o3nauennem ATEC mpemHaszHaueHa mjis ymnpaBieHHS TpeX- matuctyneHdateiMu ['MII, o6opynoBaHHBIMH OJIOKOM
9JeKTpOMarHuTHeIX KiamaHoB (DM  I'MII). C momompio 3THX KJIAaHOB  OCYIIECTBISIETCS — yIpPaBJICHHE
HCTIONTHUTENBHBIME ycTporicTBamu (dpukimonamu) [ MII. Cuctema ATEC (puc. 75) siBisieTcss MHOTO()YHKIIMOHATBLHOM
CHUCTEeMO# ympaBiieHHs. B 3aBHCHMOCTH OT CHUTHAJIOB, MOCTYMAIOMIMX OT AaTdnka ckopoctd /[C, KOHTPOIUPYIOLIETO
CKOpOCTh aBTOMOOWIIS, U JIaTUMKa HArpy3ku /[H ABurarteis, MUKPOIPOIIECCOP B COOTBETCTBHUU C 3aJI0KEHHOW B HEro
NporpamMMoil U ¢ y4eToM MOJOoKeHHs KOHTposuiepa ympasieHuss KY BbipabaThiBaeT KOMaH/Abl Ha MEPEKIIIOYCHHE
nepefad ¥ OJIOKUPOBKY TUAPOTpaHCHOpMATOpa. DTH CUTHANBI YCUJIMBAKOTCS CHJIOBBIMH JJIEMCHTAMH CHCTEMBI
yIOpaBJICHUS ¥ Jajee MOCTYMAlT K 3JICKTPOMArHuTaM MPHBOAA COOTBETCTBYIONIMX THAPABIMYCCKUX KJIAMAHOB.
HcnonautensHpIMU yeTpoii- ctBamu [’ MIT sSBIISIIOTCS (DPUKIIUOHBI, BKIFOYCHUEM H BBIKITFOUCHHEM KOTOPBIX YIPABISIOT
yKa3aHHBIC THIPABITHUCCKUC KIIATIaHbI.
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Puc. 75. CTpykTypHas cxema MUKponpoLeccopHoM cucrtembl ynpaBneHma [MI rpys3oBbix
aBTOMoOOuUnen

KpomMe BBIpaOOTKM CHTHAJIOB Ha NEpPEKIIOUCHHE Iepelad CHCTeMa YIPABICHHS OCYIIECTBIACT pPsI (QyHKITwiA
3aIIUTHI TIEPEeadd OT aBaAPHIHBIX PEKIMOB, a TAKXKE HCIIONB3YETCS I TUarHOCTUPOBAaHUS cocTostHUs y3ioB I'MIT o
CUTHAJIaM JaTYMKOB TemrepaTypsl Macna [T u naBnenus B cucteme /P.

I'MII siBnsieTCst CIOXKHBIM U JIOPOTOCTOSIIUM arperaToM, MO3TOMY CBOEBPEMEHHAsl CUTHAIMU3AIMS O BO3MOXKHBIX €€
HEUCIPABHOCTAX TMO3BOJIAET CYIIECTBEHHO MOBBICUTH JKCIUTyaTallMOHHYIO0 HajnexHocTh I MII. Cuctema MoxeT ObITh
MPUMEHECHA JJIS YIPABJICHUS TPAHCMHUCCHSIMHU PA3IMYHOrO THIA OJIarogapss TOMY, YTO KOPPEKTHPOBKA alIrOpUTMa
yIOpaBJICHUs] TPUMCHUTECIBLHO K pa3IMyYHBIM THIIAM TPAHCMUCCHH TpeOyeT JHIlb W3MEHEHHS MpPOTPaMMBI,
3anuceiBaemoit B [II13Y, 1. e. cama cuctema He IpeTepreBacT HUKAKUX KOHCTPYKTUBHBIX W3MEHCHHH.
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Puc. 76. CTpyKTypHas cxemMa MUKponpoLeccopHon cuctemsbl ynpasneHus MM

Hcnons3oBanne MHKponpoleccopHoil cuctemsl ynpasieHus ['MII oOecrnieunBaeT mepekiroueHue Inepenady Npu
CKOPOCTSX JABMXXEHHUsI aBTOMOOWIS, OoTiaMdaromuxcs He Ooiee yeM Ha 1 % OT MX ONTHMainbHBIX 3HaueHWH. [lpum
IIPUMEHEHNH THAPABIMYECKOI CHCTEMBI YIIPABIIEHUs JIOMYCK CKOPOCTEH, COOTBETCTBYIONIMX MEPEKIIOYCHHUIO Niepeiad,
cocrasisier 5 — 10%.

CpasuurensHble ucnbiTanus [ MII ¢ rugpaBinueckoil 1 MUKPOIPOLECCOPHOM CHCTEMaMH YIPaBJICHHs MOKA3aly,
YTO MPUMEHEHHE MOCIEeTHEH MO3BOJIIET SKOHOMUTH 110 7 — 8§ % TorumBa.

Cuctema ympasnerans ATEC BBIIONHSAET CIeIyONIe 3aITUTHRIE (QyHKINN:



MPEAOTBPAIIAET BO3MOXKHOCTh BKJIIOUCHHSI TIE€pefauyd 3aJHET0 XOJa MPHU CKOPOCTH JBWDKCHHUS  BBIIIE
YCTaHOBJICHHOTO TIpEJIENa;

3ampemaeT MEepeKIIoueHui Iepenad B Ciiydae MPOOYKCOBBIBAHUSI WM OJOKHPOBKH KOJEC aBTOMOOWIS TP
TOPMOXKEHHH, O1arofapst 4eMy UCKIIF0UAeTCsl OIHO0YHOE JEHCTBHE CUCTEMBI YIIPaBICHNUS;

MPEAOTBPAIIAET UYPE3MEPHOE YBEIWYEHHE YaCTOTHI BpAIEHMS KOJIEHYATOrO Baja IpPH CIYCKE C TOPBI C
BKITFOUCHHBIM 3aMEIIIUTEIIEM.

Puc. 77. OJneKTpOHHbIA ONOK MMKPOMPOLECCOPHOM cucteMbl ynpaBneHus [MIM wu
3NIeKTPOMAarHUTHbIE KnanaHbl

Kpome Toro, cucrema ympapieHus,- Oyly4d CB3aHHOW C BCTPOSHHBIMH YCTPOMCTBAaMM AMAarHOCTHPOBAHUS, HE
TOJIBKO CHUTHQJIN3UPYET BOIUTEIIO O HAJIMYMU KAaKUX-JIMOO HEHCIPABHOCTEH MM OTKJIOHEHMH mokazateneil I'MII or
HOPMBHI (TIeperpeB Macia WIN HEJOMyCTUMOE M3MEHEHHE AaBJICHUS B THAPOCUCTEME), HO M 3alTUCHIBACT B MAMATH 3TH
JIaHHbIE JUIS NOCJIEAYIOUIETO aHAIN3a IPUUUH MOSIBICHUS] HEUCIIPABHOCTEI.

MukponponeccopHass CUCTeMa YNpaBlIeHHUs A 4YeTblpexcryneHdatod rmmaHerapHod ['MIT tuma 4HP22 [39]
IpeAHa3Ha4YeHa Il NMPUMEHEHHs B JIETKOBbIX aBToMoOMIsX (BBM) Oompmioro kmacca. CTpyKTypHas cxema ee
IIPe/ICTaBIIeHa Ha pHC. 76, a BJIEKTPOHHBIN 00K Ha puc. 77.

Pexxnm aBTOMAaTHYECKOTO TEPEKIIOUCHHMS Iepesiad peajn3yeTcsl pu yCTaHOBKEe KOHTpoiuiepa ympasieHus KY B
noioxxenne D. Ilpm sToM B 3aBUCHMOCTH OT IOJOXKEHHsS H30Mparenss NporpaMM, 3apaHee YCTaHABIMBAEMOTO
BOJIUTENIEM B TO HJIHM MHOE IMOJIOXKEHHE, 00eCTIeunBaeTCs IEPEKIIOUEHNE Mepeaad 0 MporpaMMe e, COOTBETCTBYOLIEH
HaWIy4dlIed TOMIMBHONW 3KOHOMUYHOCTH MM TIO IPOTPaMMe S, MO3BOJISIONIEH Pean30BaTh HAUBBICIINE TUHAMUUECKHE
MOKa3aTeIl aBTOMOOMIIS.

IIpn mnepexmroueHnMu Tmepenady MO NporpaMMe S deTBepTasl Iepefadya He BKIrodaercs. JlaHHBIH pexum
MEPEKIIFOYEHHS UCTIONB3YIOT MIPH 3KCILUTyaTallui aBTOMOOWIISI B TOPHBIX YCJIOBUSIX HIIH MPU JIBIPKCHHUH C TIPHLIETIOM.

YcTaHoBKa U30HUpaTesst MporpaMM B MOJIOKEHKE p)y (pydHOE yI-aBieHHe) 00ecriednBaeT OTKIIOYSHHE aBTOMATHKH,
YTO MO3BOJIIET BOAUTENIO C MOMOIIBIO KOHTPOJUIEpA YHNPABIEHHS NPHUHYIUTEIBHO BKIIOUATh MEPBYI0 — TPETBIO
nepeaavu IepeHero Xo/a, a Takke nepeaady 3aaHero xona (cM. puc. 76, nonoxenue R). Ilonoxenue P KoHTpoIuiepa
UCTIONB3YeTCs Ul MEXaHHMYECKOTO coemHeHus Bexymiero Bana 1MII ¢ kaprepom s obecriedeHus 3aTOpMasKUBaHUS
HETOIBM)KHOTO aBTOMOOMJISI BO BPEMSI CTOSTHOK.

DJEeKTPOHHBIN OJIOK BBINOJHSET CleAyIomue QyHKINH YIPaBICHHUS:



BbIpa0aThIBacT KOMAHAbI HA MEPEKIIOUEHHWE CTyNEHEeW mepenadyd M OJIOKMPOBKY TruapoTpaHcdopmaropa B
3aBUCHMOCTH OT CKOPOCTH aBTOMOOWIS M Harpy3Kd ABHTATENs ITyTeM IOAKIIOYEHUS K UCTOYHMKY 3JIEKTPOIMHUTAHUS
anektpoMarautoB DM I'MII npuBoaa THAPAaBINYECKUX KIallaHOB yrpaBieHus Topmo3amu I’ MIT;

BO3/IEIICTBYET Ha JIEKTPOHHYIO CUCTEMY 3aKHTaHUS ABUTATEINS IJIs1 yMEHBLICHHUS KPYTAIIEro MOMEHTA JABHUTaTels,
YTO TIO3BOJIAET CHU3WUTh HATPY3KH B TPAHCMHCCHU aBTOMOOWIIS M YBEIHUYHTH IUIABHOCTH NPOIECCA NMEPEKITIOYCHUS B
MEpUOJT TIEPEeKIIOUeHUs Tepenad. TeM caMbIM OOeclieunBaeTCs yMEHBIICHHE PaOOThl OyKCOBaHWS (PUKIMOHHBIX
3JIEMEHTOB cUCTeMB! yrpasieHus [’ MII;

OCYIIECTBIISICT peryaupoBanue napieHus B rugpocucreme I'MII ¢ yuerom pexnma ee paboThI yTeM BO3ACHCTBUS
Ha oanekTpoMarHuT OJIlp; cHcTeMBl perynupoBaHUs HaBIE€HUs, 4YTO MO3BOJseT CHU3UTh notepu B I'MII, n
OJaronpUATHO BIMSET HA IUIABHOCTH MIPOLIEcca NEePEKIIOUeHHUS Tepeay:

KOPPEKTHPYET PeXHUMBI IEPEKIIOUCHHS B 3aBUCUMOCTH OT TEIUIOBOTO PEXXUMa JABHIaTels Onaronaps MoAKIIOUYSHNIO
AJIEKTPOHHOTO OJIOKa K TAaTYMKy Temnepatypst 47,

o0ecrieunBacT PEXUM IMEPEKITIOUECHHUS Mepeiad, COOTBETCTBYIONIMH MaKCHMalIbHOMY HCIIOJIB30BAHHIO MOIIHOCTH
JBUIaTesId, IPY [0a4e CUTHAjIa OT BBIKIIIOYATENs KUKIAayH S —

3aIIMINAET Nepefady OT aBapHItHBIX PEKHUMOB B CIIydac HEIPaBIIBHBIX JACHCTBUI BOANTEIS MM OTKA3a HJIEMEHTOB
CHCTEMbI yNpaBICHUs. B 9YacTHOCTH, cuCTeMa 3aIIWThl NPEAOTBPANIAET BO3MOXKHOCTH OIIMOOYHOTO BKITIOYCHUS
nepeady 3aJHEro XOAa NP IBIKCHWH aBTOMOOMIIS BIIEPEI CO CKOPOCTBIO BBINIE 3aaHHOM. Taxke MCKIIOYaeTCs
BO3MOXKHOCTh TEPEKIIFOUCHHSI C TPEThEH Ha BTOPYIO M CO BTOPOM Ha MEPBYIO MEpEAady NPHU CKOPOCTSIX IBIKCHHS,
MPEBLIIAIOMNX UX 3aJaHHBIC MAKCUMAJIbHBIC 3HAYCHU .
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Puc. 78. CTpyKTypHas cxema MMUKPOMPOLIECCOPHOW cucTembl ynpaBneHuss MM nerkoBbix
aBTOMOGUNEN

B ciy4ae oTKIIFOUEHHUS CUCTEMBI YIIPABICHUS OT UCTOYHMKA IIUTAHUS OCYIIECTBISIETCS aBTOMAaTHYECKOE BKIIFOUEHHUE
TpeTbeil epeaadu (¢ IOMOLIBIO MOANPYKHHEHHOTO THAPaBINYECKOr0 KilanaHa-).

MukponponeccopHasl cucTeMa IpUMEHsIeTCs JUTs YIPaBIeHMs TPeXCTyNeHYaTbIMu IaneTapHeiMu [ MIT nerkoBbIx
aBroMoOmielt «PeHo» mox. R9s, 18; u «Dysro» [36, 40].

B 3aBucumocTH 0T NOJI0XKEHHS pbluara KoHTposuiepa ynpasienus KY (puc. 78) curHaibl OT HEro depe3 MHTepgenc
noctynaot B Mukponpoueccop MII, uyro obecmeunBaer ciemyromme pexumbl padorel 'MII: aBTOMaTHueckoe
MIepeKIIIOYEHNE BCEX Tpex mepenad (mosoxkenne D koHTposuiepa), aBTOMAaTHUECKOE MEPEKIIOUeHNE TTEPBOH U BTOPOH
nepezau (mMoJokeHHe 2), IPUHYAUTEIbHOS BKIIOYECHHE MEpBOM mepenadn (mosoxeHune 1), mepeaaud 3aHEro Xoja
(monoxxenue R), ycranoska B Heitrpans (onoxerne N) u 6okupoBka nepeaaun (monoxerue P).

[NepexmoueHreM nepenad MpH yCTAaHOBKE KOHTpossiepa B mosiokeHus D, 2 u 1 ynpaBnsior JBa KiamnaHa c
3NEeKTPOMarHUTHEIM TpuBogoM (OM1 m DOM?2). Tlopsmok BKIIOYEHHS 3THX KJIAaHOB Ha pA3IMYHBIX Ieperadax
MIPUBEJICH HIDKE (3HAKOM + OTMEUEHO MOIKIIOYSHHE JIEKTPOMArHUTOB UX NMPUBOAA K HCTOYHUKY ITUTAHUSA).

ITonoxxenune
KOHTPOJLIEPA ..cceeee D D D D 2 2 1
Hepenaua ...... Ileppas Bropaa (Bropas—  Tperba  Ilepsas Bropas IlepBas
TpeThbs)
Bxaouenne
3J1eKTPOMATHUTOB:
9M1 ........ — + (+) — — + —
OM2........ + + (—) — + + +

[Tpumeuanue. [laHHbIe B CKOOKaxX COOTBETCTBYIOT PEXKUMY MEPEKITIOUSHUS Iiepeaad.



ITpy OTKITIOYEHHH HJICKTPOMATHUTOB OT HCTOYHUKA NUTAHUS B CIIy4ae YCTAHOBKU KOHTPOJUIEpa B MOJOXKEeHUs 1, 2 1
D Bxmrowaercst TpeTbsA mepenada, a yCTaHOBKA KOHTpoiulepa B mojokeHus R, N m P obecredmBaeT BKIIOYCHHE
COOTBETCTBCHHO MEpeIadyl 3aJHEr0 X0Aa, HEHTPaIy U pexrmMa OIOKHPOBKH IEepeaad.

CTpyKTypHas cxemMa paccMaTpHBaeMON MHUKPOIIPOIIECCOPHOW CHCTEMBI YIPaBICHHS IpeACTaBIeHa Ha puc. 78.
OCHOBHBIM 3JIEMEHTOM €€ 3JIEKTPOHHOTO Oioka DK sBnsercs Mukporporieccop Tuma 80A22, B cOCTaB KOTOPOTO
BXOJST COOCTBEHHO MHKPOIPOIIECCOp, CUeTUHK, TeHepaTop, O3Y ¢ mamsaTeio o6semom 64 cioBa, [13Y ¢ mamsaTeio
o0bemoMm 2048 cioB, 28 NWHMI BBOJA-BBIBOJ, W3 KOTOPBHIX JBE UIYT OT BXOMASAIICTO B COCTaB MHKPOIPOIECCOPA
aHasoro-uQgpoBoro npeodpazoBarelisi U elle 1B PacCUUTaHbl Ha BBIXOAHOW TOK 10 7 MA. /lonmycTrMoe HanpshkeHHe
MUTaHUs MHKporporeccopa 4,5 — 6,5 B, pabouwnii Temneparypsbiii muama3on ot — 40 go 100 C, yucno xomang —
6onee 70. 1o cymecTBy, TaHHBIH MUKpOIpoLieccop ABIsieTcst MUKpoOBM.

ABTOMaTHUECKOE TEPEKIIOUCHHUE Teperad OCYLIECTBISETCS B 3aBHUCHMOCTH OT JABYX IapaMeTpoB — CKOPOCTHU
JIBIDKEHHUS] aBTOMOOWIISL M Harpy3KH ABuratesst. TpeOyeMble [UIsl 3TOH LIen CUTHAJIbI OCTYNAOT B AJICKTPOHHBIH OJI0K
Yyepe3 ycuiuTenb-hopMupoBarenas Y@ ot gaTunka ckopocTu [C aBTOMOOWISI MHIYKTOPHOTO THIIA U Yepe3 GpuiubTp —
OT JaTduKa HArpy3kd /[H nBurartens, BBIIOJHEHHOTO B BHJE NMOTCHIMOMETPA, NPHBOAALIECIOCS OT MEJal I0Jadu
TormyBa. C IOMOIIBIO 3TOT0 MMOTEHIMOMETPA PEATU3YETCS U PEKUM KUKAAYH, UCTIONIb3yEMBIH Ui OOTOHOB.

CBs13p MOTCHIMOMETpPA C IMEAANBI0 YNPABICHUS APOCCETBHON 3aCIOHKOHN BBIMONHACTCA TaKMM 0Opa3oM, 4TO IpH
MOJTHOCTBIO OTITYIICHHOM MNEAaNH HalpsHKCHHE Ha €ro BBIXOJAE HE CHIDKaeTcs 10 Hyma. Hamwume Ha BBIXOIE
MOTEHIMOMETPA HANpPSDKEHUS HE HIDKE OIPEACIICHHOTO YPOBHS SBISIETCS MHAWKATOPOM €ro MCHPAaBHOCTU U HCIOJb-
3yercsa B cucteme 3amuTsl ' MII ot HenpaBmibHOTO cpabaTthiBaHus. C y4eTOM CHI'HAJIOB, MOJYYaeMbIX OT JaTYHUKOB
CKOpOCTH aBTOMOOWJISI M HAarpy3Kd [JBUTaTeNsd, B COOTBETCTBHM C 3aJaHHOI MpOrpaMMoil MHUKPOIPOLECCOp
BbIpabaThiBacT KOMaH[bl yIpaBieHHs kianmaHaMu OM1 u DOM2, oOecrneunBaroimue TpeOyeMble IepeKIIOYCHUS
nepenad. J{ns Toro 4ToOBI NMPOU30LLIO MEPEKIIOUEHHE CO BTOPOH Ha TPEThIO Iepenady, HeoOXOIUMO OTKIIIOYUTH OT
HCTOYHHMKAa MNHTaHMg o0a kiamaHa. OOHAKO HeNb3sl TapaHTUPOBAHHO OOECHEYUTh CTPOTO OJHOBPEMEHHOIO
BBIKITIOUCHHSI 000MX KJIANIaHOB, B CBSI3M C YEM BO3MOXKEH CIydai, Korja kiamad DM BBIKIIOYHTCS] HECKONBKO paHbIIe
kianaHa OM2. B pe3ynbrare Kakoe-To BpeMs NIPHU BBIKIIOUEHHOM Kianane OM1 kinanan OM?2 okaxeTcs BKIIOUEHHBIM.
OTO COOTBETCTBYET BKIIFOUEHHIO MIEPBOH MEPEAadH, T. €. BMECTO TOTO, YTOOBI IPOU3O0ILIO MEPEKIIOYSHUE CO BTOPOI Ha
TpETHIO Iiepeady, OyIeT UIMETh MECTO MEPeXo0]] CO BTOPOH Ha MEPBYIO Iepeaady.

Jnst IpeoTBpaIeHns TAKOH BO3MOXKHOCTH MHKPOIIPOIIECCOPHAsi CHCTEMa YIPABJICHUS 1TOCTIE BEIPAOOTKH KOMAHIbI
nepexojia Co BTOPOH Ha TPETHIO Nepenady, 3aAepKUBaeT Ha HEOOBIION MepHo BpEMEHH BEIKIIIOUCHHE Kitanana OM1,
Onarojaps 4emMy B NEpHOJ NEPEKIOueHHss BO3MOXKHA TOJBKO KOMOWHALMsS B BHAE OTKPHITOro Kiamana OMI1 wu
3aKpBITOro KianaHa M2 ¢ ocneayoUuM 3aKphITHEM 000X KIIaMaHOB.

ITomMuMo BBIPaOOTKM KOMaH] Ha MEPEKIIIOYEHHE Nepead MUKPOIIPOIIECCOPHasi CUCTEMa YIPaBISIET HEePEKPhITHEM
BKJIOUeHUs1 PpHKIMOHOB U TopMo30B I'MII, obecriednBasi HEOOXOMMYIO INIABHOCTH MPOLECCca MEPEKITI0UCHHS.

IIporpammoii, 3a7105K€HHON B MUKPOIIPOLIECCOPHYIO CUCTEMY, ITPETYCMOTPEHO BHIIIOJIHEHUE CIEAYIOIINX 3allUTHBIX
(byHKIMIA: IpeoTBpallleHne HEeNPeJyCMOTPEHHOIO MEPEKIIFOYeHHUs] CO BTOPOH MJIM TPETheil Ha MEepBYIO Mepeaady rnpu
OTKa3e JaTduKa CKOpocTH. [lJisl pelmeHns 3Toi 3aauy CUTHAII JaT9MKa CKOPOCTH aBTOMOOWIIS MOCIIE €To MOCTYIUICHHS
B MHKPOIIPOIIECCOP CPABHUBAETCS C MTOPOTOBBIM CHI'HAJIOM, COOTBETCTBYIOIINM CKOPOCTH ABWXKeHHS 3 kM/4. Ecim npu
JIBIDKCHUH aBTOMOOMJISI Ha BTOPOH WIM TPeThel mepenadax CHTHAJ IpeoOpazoBarelisi OKa3ajlcs HIDKE ITOPOTOBOTO
CUTHaJa, TO 3TO CBHUJETEIBCTBYET O HEHWCIPABHOCTH IpeoOpasoBaTensd, M TEPEeKITIOYeHHE Ha TEPBYIO Iepenady
3anpemaercsi. OTHOBPEMEHHO BBIAAETCS CUT'HAJ HEUCIIPABHOCTH Ha KOHTPOJIBHYIO JIAMITY;

UCKJIIOYEHHE HEeTIPaBWIBHOTO (DYHKIIMOHMPOBAHUS CHCTEMBI YIIPAaBJICHHS B ClIydae OTKa3a JaTduka Harpysku. Eciu
TaKOM OTKa3 IMPOMCXOANT M HANPSDKCHUE Ha BBIXOJE JAAaTYUKA CHHIKAETCS- A0 HYJIS, BMECTO 3aJJaHHOTO MHHHUMAJIEHOTO
€ro 3HA4YeHHUS IPU UCIPABHOM JaTUMKE, TO CUCTEMa yNpaBJICHHU HEe MPUHUMAET CUTHAJIOB OT JaT4YMKa HArpy3KH U MPU
9TOM BKJIIOUAETCS TPEThs Mepeaya;

KOHTPOJIb MPOXOXKICHHS B MHKPOIPOIECCOPE 3aJaHHOW MporpaMMsbl. s 3ToW IenM B KOHIIE BBIMOIHEHUS
MHKPOIPOIIECCOPOM  OTJENIBHBIX YYaCTKOB TIPOTPAMMBI  BBIIAETCS KOPOTKHH HMITYyJIBC, KOTODBIM 3amycKaet
oxHoBHOpaTop. CurHai, BbIpabaThIBaeMblii OJTHOBHO-paTopoM, Oosiee MpONODKUTENBHBIN, YeM MEpPHOA BBHITIOIHEHUS
y4acTKa IporpaMMbl MEXIY JABYMsl COCETHUMHU UMITyJIbcaMH. biiarogaps aTomy npu HOpMalbHOM (yHKIMOHHPOBAHUN
MHKPOIIPOIIECCOpa Ha BBIXOJIE OJHOBHOpaTOpa Bce BpeMs ITOAAEPKHBAETCS BBICOKWI ypoBeHb curHanma. Ecim ke B
paboTe MHKpompoleccopa MpOUCXOIIT OCTAHOBKU WIIM «3allMKJIMBAaHHE», TO Ha BBIXOJIE OJHOBHOpATOpa MOSBISETCS
HalpsDKEHWE HHM3KOTO YPOBHS, YTO SIBJISETCS CUTHAJIOM HEHCIPABHOCTH. OTOT OJJIEMEHT 3alluThl, WMEIOIINi
obo3nauenue «Koumponw MIT» (cM. puc. 78) obecnieynBaeT OTKIIIOUEHHE YCHIIUTEIEH YOM MUTAHUS SJIEKTPOMAarHUTOB
KJIAIIaHOB;

MIPOBEPKa TPABIIBHOCTH TNPOXOXKACHUS KOMAaHJ dYepe3 YCHINTETH YDM IUTAaHUS JIIEKTPOMArHUTOB KJIAITaHOB
COTIOCTaBJICHHUEM CUTHAJIOB HA BXOJIaX M BBIXOJaX ycwmiautenel. [Ipy HEeCOOTBETCTBIH 3THUX CHTHAJIOB MHKPOIIPOIIECCOP
BbIpabaThIBAET KOMAH/y Ha BBIKJIIOYEHHE ycunuTenei. biok 3amutel b3, npenoTspamaer omnO0YHbIE IEPEKITIOUE-
HUS BO BPEMS IIEPEXOTHBIX ITPOIIECCOB B CUCTEME.

[ToMrMO BBIMONHEHHS 3alIUTHBIX OIEpalMid MHKPOIPOLECCOpP BCe OOHAPYXEHHBIE HEHCIPAaBHOCTH Uepes3
YCHINTENb AUATHOCTHKH Y, 0TOOpa)kaeT Ha MHIUKATOPE JMarHOCTHUKH, CUTHAIM3UPYs 0 HUX BojuTemo. Kpome Toro,
KOJI 3THX HEUCIIPABHOCTEHN 3aIMChIBAETCS B TAMSITh MUKPOITPOIIECCOPA M COXPAHSETCS B HEH 10 TeX 1Oop, MOKa K MUKPO-
IpoLeccopy MO/ABEAECHO HANPSHKEHHE TUTaHMUS.

MuxkponpoueccopHble cucteMsl ynpasienus I’ MII, Tak jxke Kak ¥ 3JIeKTPOHHBIE CHCTEMBI YIIPABICHUS C «GKECTKOM»
JIOTHKOM, OCYIIECTBIAIOT NMEPEKIIOYeHHE Mepesad 10 OJMHAKOBOMY IIPUHIMIYY, TO €CTh B 3aBHCHMOCTH OT JABYX



[IapaMeTpoB — CKOPOCTH aBTOMOOWISI M Harpy3ku nsurarens. OcoOCHHOCTh MPHMEHEHUS MHKPOIPOLECCOPHBIX
CHCTEM BKJIOYACTCS B TOM, YTO C MX MOMOIIBIO HAWIYYIINM OOpa3oM MOTYT OBbITh PEIICHBI 3aJaull PeryIHMpOBaHMS
JIABJICHUS B THIPOCHUCTEME, TUATHOCTUPOBAHUA cOCTOAHUS y310B ['MII, BOmpoCh! 3amuThl Nepefadyn OT aBapHUitHBIX
PEKHMOB, a TaKXKe BCIIOMOTaTeIbHbIC HHYOPMAIMOHHbIE 3aJa4H (C TOMOIIBI0 HHU(PPOBEIX CITUIOMETPOB, TAXOMETPOB H
T. A.). MHKpPONPOIECCOPHBIE CHCTEMBl MOTYT OBITh HCIIONB30BAaHBI M IS PEryJIHUPOBAaHHUS TEMIIA BKIIOYCHHS
¢puxkanonoB 'MII ¢ menmpro obecneueHwsI BBICOKOW IIABHOCTH JABIDKCHHS aBTOMOOWIIS BO BpeMsI IEPEKITIOUCHIHS
nepenad.

AHTUBJTOKUPOBOYHbIE TOPMO3HbLIE CUCTEMbI

W3 Teopun aBTOMOOMIIS M3BECTHO, YTO KadeHHE KoJieca B IMPOIECCE €ro 3aTOPMaKMBAHUSI MOXKET IPOUCXOIHUTH
TOJIBKO B TOM CJIy4ae, KOTJa TOPMO3HOW MOMEHT, NPHKIIAIbIBAEMbIi K KOJECY, YPaBHOBEIIMBACTCS PEaKTUBHBIM
MOMEHTOM, pPaBHBIM IIPOM3BEICHUIO HOPMaJbHOW Harpy3ku P, pgedcTByromield Ha Kojeco, Ha IPOJIOJBbHBIN
KOX((QUIUEHT ero CremieHus ¢ aoporoi ¢, Bemnumna xoddduinumenta cueruieHus ¢, 3aBUCHT KaK OT COCTOSIHUS
JOPOXKHOTO TOKPBITUS, TaK M OT BEJMYMHBI NPOCKAIB3BIBAHUS KOJEca MO OTHOIICHHIO K MOKPHITHIO. Bemmunuy
MIPOCKAIB3EIBAHAS KOJIECa OIICHUBAIOT 0e3pa3MepHBIM KO3 (HUITHEHTOM

S = (Va - VT)/Va,

rae V; — CKOPOCTh aBTOMOOHJISL; V. — CKOPOCTB KOJIECa B TOYKE €r0 CONPHUKOCHOBEHUS C JOPOIKHBIM MOKPBITHEM.

Ilpn yBenu4YeHHH S OT HyNA 10 ONPEAEeTeHHON BEMMYHHBI Sk, (pHC. 79) NPOUCXOAUT yBenuueHHe KodhQUIIeHTA
¢mn. B nnama3one 3Ha4eHHH S = Skp-i-l IO Mepe yBenmueHus 3HaueHHS S KodpdumeHt b ymensmaeTcs. Benenctaue
3TOr0 €CJIM TOPMO3HOH MOMEHT My, NPHKIAagpIBaCMBId K KOJIeCy, HE NPEBBICHT 3HAuCHUS Py(ym., TO B mpolecce
TOPMOXKEHHSI aBTOMOOMIISI OyIeT UMETh MECTO KaueHHe KoJieca IIPH OJTHOBPEMEHHOM €ro IPOCKab3bIBaHUU. Bennunna
3TOTO TMPOCKAIb3bIBAHHS YCTAHOBHTCS MMEHHO TaKOW, Kakas HeoOXoxuma [uisi noiydeHus koadduimeHta ¢Gnr»
omnpeeasieMoro BeipakeHueM ¢, = M1/Pz.

Ecnu sxe MOMeHT M, okaxeTcst 0oibie NPou3BeneHHsT Po®max, TO aKe IpU 3HAYCHUH S=Sy, PEAKTHBHBIH MOMEHT
HE CMOXKET YpaBHOBECHUTh TOPMO3HOH MOMEHT. B pe3ynbrare 3TOro CKOJbXKEHHE S NPEBBICUT 3HAUYEHHE Sp, YTO
MOBJICYET 3a CO00H JajbHeilee yMeHblIeHHe KodppuiuenTa ¢, 1 B KOHEYHOM UTOT'e BHI30BET OJIOKMPOBKY KoJieca.

IMockomeky npu 5=l xoadpdunnenT ¢, 3HaAYNTETEHO MEHbLIE 3HAYCHHs (ITaX, TOPMO3HBIC KauecTBA aBTOMOOMIIS
npu OJIOKMPOBKE KOJEC CYIIECTBEHHO YXYALIAIOTCS. BIIOKMpOBKa Kollec aBTOMOOWIIS KpalHe HeXellaTellbHa elle H
MIOTOMY, YTO B 9TOM CIIydae MPOMCXOJUT Pe3KOEe YMECHBIICHHE TOMIEPEeIHOro (00KOBOT0) K03 dunmeHTa crerieHus Gpo
KoJieca ¢ IOPOroi, Kak 3TO MOKa3aHo Ha puc. 79. B pe3ymnpTaTe MOTYT OBITH IOTEPSIHBI YCTOHYUBOCTE U YIPABISIEMOCTh
aBTOMOOWIIA.

Puc. 79. 3aBucumoctb npoponbHoro ¢, M nonepe4vyHoro ¢6 koacdpcuuMeHTOB cuenneHus
aBTOMOOGUITBLHOrO Koreca oT BefIM4UHbI ero Npockanb3bliBaHUA S:

------ cyxas gopora;

- - - - CKonb3Kas gopora

O4eBUAHO, YTO Ha3BAaHHBIC OMACHBIEC IOCIIEACTBUS MOTYT MMETh MECTO B CIydae TOPMOXKEHHUS aBTOMOOWIS mpu
HU3KAX 3HAYCHUAX KoddduunueHTtoB cueruieHuss @, n @g [losTroMy OCHOBHOW 3amadeil aHTHOIOKHPOBOYHBIX
TOPMO3HBIX CHCTEM SIBIISICTCS TOAJIEp)KaHKUE B TIPOLIEcCe TOPMOXKEHHSI aBTOMOOMIISI TAKOTO TOPMO3HOT'O MOMEHTa, KOTO-
pBIIl NIpU JJAHHOM COCTOSIHUM JTOPOXKHOTO TOKPBITHSI MCKJIIOYUT -BO3MOXKHOCTH OJIOKMPOBKM KOJE€C M 00ecreduT
MaKCHMaJIbHO BO3MOXHBIN 3()(heKT TOPMOKEHHSI.



Jlns perieHus naHHOW 3amadd aHTHOMOKWpoBouHas cucteMa (ABC) moibkHa B 3aBHCHMOCTH OT XapakTepa
M3MEHEHHsI YaCTOThl BPAIUCHHsS 3aTOPMaXKMBAEMbBIX KOJIEC aBTOMATHYECKH W3MEHSTh [aBJCHHE B LWIMHAPAX WU
TOPMO3HBIX Kamepax HCIIOIHHUTENIBHBIX TOPMO3HBIX MEXaHHU3MOB. [IpH 3TOM HEOOXOAMMO OO0ECHEeYHTh BBHICOKOE
OBICTPOICHCTBIE PETyIUPOBAHUS MABICHUS, JJISI Y€TO HCIONB3YIOT OBICTPOJCHCTBYIOIINE KIIAllAaHHBIE YCTPOWCTBA C
ANIEKTPOMArHUTHBIM [IPUBOJOM (TaK Ha3bIBAEMbIEC MOJYJISITOPBI IABICHHUS ).

MHOTONETHHI OMBIT Pa3pabOTKU M HMCCIIEIOBAHMUS aHTHOJIOKMPOBOYHBIX YCTPOWCTB MOKA3al, YTO OYCHb KECTKHE
TpeOOBaHUs, NPEABABISCMBIC K 3THM YCTPOWCTBAM, MOTYT OBITh YAOBJIETBOPEHBI TOJBKO MPH YCIOBUU MPUMCHCHUS
9JNIEKTPOHHBIX CHUCTEM VIIpaBICHUS. B HacrosIimee BpeMs YK€ CEpUIHO BBIMYCKACTCA PSIl DIICKTPOHHBIX aHTH-
OJIOKMPOBOYHBIX TOPMO3HBIX CHCTEM Ha 0a3e Kak »JIICKTPOHHBIX OJOKOB C JKECTKOW JIOTHKOH, Tak u
MHUKPOMPOIIECCOPHBIX KOMIUIEKTOB. OHM TMpeqHAa3HAYCHBI JJIsi aBTOMOOWIICH, MMEIONIMX THUAPABINYCCKHNA U ITHEB-
MATHYCCKUI TPUBOJ TOPMO3HBIX MEXaHHU3MOB, MPUYEM MOXKET OBITh O0ECICUCHO WHIUBUAYAIBHOC YIPAaBICHUC
MIPOIIECCOM TOPMOMKCHHUS KaXKIOT0 U3 KOJIEC U OJHOBPEMEHHOE BO3/ICHCTBHE Ha HECKOJBKO 3aTOPMAKUBACMBIX KOJIEC.
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Puc. 80. CTpyKTypHas cxema 3/IeKTPOHHOW aHTUOSIOKUPOBOYHOM CUCTEMbl YyrnpaBreHus
TopmMoO3amu

Paccmorpum mpuHmun nedictus paznumuHsix ABC [6, 11, 22]. Cnexyer OTMETHTh, 4TO JUIS OOeCHCUEHUS
HOPMAaJIbHOTO (DYHKITMOHMPOBAHUS CHCTEMBI OHA JOJDKHA HENPEphIBHO CPABHUBATH CKOPOCTh aBTOMOOMWIIS M YacCTOTY
BpalIEHHs 3aTOPMa’KUBAEMOI'0 KOJIeca.

OcHOBHasI TPYIHOCTh PEIICHUS ITOH 3a7aydl CBS3aHA C OTCYTCTBHEM HAJEKHBIX M MPOCTBIX MPAMBIX METOIOB
OIIpEJIeTICHUs] CKOPOCTH aBTOMOOWIIA, T. €. METOJIOB, HE CBSI3aHHBIX C M3MEPEHHEM 4YacTOThl BPAILICHUs €ro KoJjec.
ITosTomy it oneHkH ckopocTH aBTOMOOWIT B ABC HMCHONB3YIOT Te MM MHBIE KOCBEHHBIE METO/bI, B OCHOBHOM
OCHOBaHHBIC Ha 3allOMHHAHMM YacTOTHl BPAICHMS KOJIEC B ONpeNelieHHbIe MepHojsl BpeMeHH. Crioco0d pemeHus
JTAaHHOH 3aJja4¥l ¥ MocJIeayromas 00paboTka Moay4aeMoro CHI'Hala SIBISIOTCS (PAKTOpaMH, CYIIECTBEHHO BIMSIOIINMHU
Ha anroput™ ABC.

W3BecTHO OYeHb OONBLIOE YHCIO CaMBIX pa3UyHbIX anroputMoB ABC, kakaplii M3 KOTOPBIX HMMEET CBOH
npeuMyniecTBa U HeaoctaTki. OHAKO 10 OOJIBIIMHCTBY IOKa3aTeliel B HACTOsIIEe BpeMsl NMPEANOYTeHHE OTAACTCS
aNrOpUTMaM, OCHOBAHHBIM Ha COIOCTABJICHHH PEAJIbHOM YacTOTHI BpAIIEHHUs KoJieca M TaK HA3bIBAEMOM OMOPHOM
YacTOTHI BPAIICHHS, PACCUNTHIBAEMON B KaXKIBIII MOMEHT BPEMEHH CUCTEMOM yrpaBiieHus [22].

B 6onpmmacTBe coBpeMeHHBIX ABC m3MeHeHne MaBiieHHs] B MCIOIHUTEIBHBIX YCTPOMCTBAX TOPMO3HBIX CHCTEM
OpraHM30BaHO MO Tpexda3zoBoMy HUKIY. Ilpym TakoM HWKIE HapsIy C MPOLECCAMU YBEIUYEHHS WIH YMEHBIICHUS
JTABJICHUS B NWIMHApaX (MM Kamepax) TOPMO3HOI'O IPHBOJIA MPeIycMOTpeHa Takxke (haza (Ha3pIBaeMas «OTCEYKOM)
MOJIACP)KAaHUsI B HUX TTOCTOSIHHOTO JaBJlieHWs. B TedeHme 3Toil ¢a3sl paboyas MOJOCTh IIIUHIPOB (MIIM TOPMO3HBIX
KaMep) OTCOeIMHEHa KaK OT KMCTOYHMKAa MAaBJIEHUWs, Tak M OT arMocdepsl (Ipu ITHEBMOIPHBOAE TOPMO3HBIX
MEXaHHM3MOB) WJIM OT MOJIOCTH CJIMBA (TIPY THAPONPUBOE TOPMO3HBIX MEXaHU3MOB).

Bnaronapst BEICOKOH 4yBCTBUTEIEHOCTH CUCTEMbI YIPaBJICHHS POIIECC MOAEpKaHUs €10 TPeOyeMOro TOpMO3HOTO
ycuinsl 00ecIiednBaeTcs 33 CUeT HENPEPHIBHOIO IMOBTOPEHNUS LIUKJIOB PEryJIMpOBaHus jAaBieHus. YacTtora cieqoBaHus



9TUX [UKIOB coctaBisieT 5 — 10 T'm. Ilpm »TuX ycrmoBusx Hamuaue (a3bl «OTCEYKH» IMO3BOJISIET CYIIECTBEHHO
YMEHBIIUTD PACXO0J C)KaTOTO BO3AyXa MM CHU3WUTH MOAady THAPOHACOCA.

Ha mepBom ortane npumenenuss ABC BBUSIBWIHCE HX CEpbe3HBIE HEJOCTATKH, OCHOBHOW W3 KOTOPBIX —
HeoCcTaTOYHast HaaexHOCTh [38]. B pesynprate mocnenyromeit nopadotkn ABC 3Ti HeocTaTK OBUIH YCTPAHEHBI, M B
HACTOSIIEe BpEeMs AHTHOJOKHPOBOYHBIE CHCTEMBI IONY4YarOT Bce Oojplmee pacmpoctpaHeHne. OmHAKO BBUAY
OTHOCHTEIIFHO BBICOKOW CTOMMOCTH 3THX CHCTEM OHH B OCHOBHOM HCIIOJNB3YIOTCS Ha MaruCTpPalbHBIX MHOTOOCHBIX
aBTonoeszax. /Iy JerkoBbIX aBTOMOOMIIEH MaccoBoro mpousBojcTBa ABC moka 4To SIBISIOTCS CIIUIIKOM JOPOTHM
000pyIOBaHUCM.
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Puc. 81. UameHeHne ckopoctu v, w 1M ow/dt n paBneHmsa P npu pabote aHTUGNOKUPOBOYHOMN
cuUcTeMbl:
1 — vactoTa BpalleHUs Korneca, NMpPoONopLMoHanbHas CKOPOCTM aBToOMOOuUNA; 2 — 4acToTa
BpalLleHUA Koneca Npu «uageanbHOM» peXume TOpMOXeHus; 3 — dpakTMyeckas 4yacTtoTa BpalleHus
Koneca

B xauectBe mpumepa peammzanun ABC Ha 0aze aHaJIOrOBOM CXEMOTEXHHKH PACCMOTPHM MPUHITUN JCHCTBUSL
CHCTEMBI TAaKOTO THIA, pa3pabOTaHHON 11 aBTOMOOWJIEH C NHEBMOINPHBOAOM TOPMO3HBIX MeXaHM3MOB. CucTema
yIpaBieHus IeHCTBYeT MO Tpex(a3zHOMY LUKy, a €€ alrOPUTM OCHOBAH HA COIOCTaBJICHHH . «OIOPHOIO» CHUTHAJA C
CHUTHAJIOM, ONIPEEIISIIOINM (PAKTHUECKYIO YacTOTY BpalleHHs 3aTopMaxkuBaemoro kojeca (A. c. 553142, CCCP, MKNe
B 60 T 8/08). PaccmoTpuMm mpuHuMN AedcTBusi cuctembl ynpasienus (puc. 80). Byaem cuurarh, 4TO TOPMOMKECHUE
aBTOMOOWIIS TPOUCXOAUT Ha CKOJB3KOH JOpore, BCIEICTBHE 4YEro B Ipollecce TOPMOXKEHHMS YacTOTa BpAICHUS
3aTOPMA)KUBAEMOTI'0 KOJIECA CHUIKAETCs OBICTPEE, YEM YMEHBLIAETCSl CKOPOCTh aBTOMOOMA U, (puc. 81). Ha puc. 81 t;
— BpeMs Hayajla TOPMOXKCHHMs, & t, — BpeMs, IpH KOTOPOM pPa3HOCTh CHI'HAJIOB, ONpPEIEIsIeMBIX KpUBBIMU 1 1 5,
JIOCTHTHET 3a/laHHOW BEJIWYMHBI. B MOMEHT BpeMeHHM {, TOpMO3Has KaMepa OTKIIOYAeTCS OT MCTOYHHUKA JABICHHS U
OJTHOBPEMEHHO COEIUHSETCS C aTMoc(epoid, YyTo oOecreuynBaeT IMepeBoJl CUCTEMBbI PETYIMPOBaHUS B (a3y «cOpoc»
nasnenus. [lajenne naBnenms P Oyner mpojomkarbcs 70 TeX MOp, HOKa BCIEICTBHE YMEHBIICHHS TOPMO3HOTO
MOMEHTA He NPEKPATUTCS 3aMEJICHUE KoJleca.

B oaror MomeHT BpemeHu ({=t3) mpouzoiieT W3MEHeHHe 3Haka mpou3BoAHOHW dwy/dt , B pesynpTate 4Yero
BBIpAabOTAaeTCsl CUTHAN JUISI TPEKpalieHHWs CHIKCHHS NaBIICHHS B TOPMO3HOM Kamepe IyTeM IepeBoJa CHCTEMBI
PETYIUPOBAHUS B PEXKUM «OTCEUKA.

Topmo3Has cucteMa o61aaeT onpeieIeHHON HHEPIMOHHOCTRIO, TOTOMY 3aMeIJICHHE KOJeca HECKOIBKO OTCTAaeT
10 BPEMEHH OT MaJCHUS JaBICHUS B TOPMO3HOH Kamepe. B pesynprare K MOMEHTY, KOT/Ia ITpeKpamaeTcs 3aMe IeHue
KoJieca, JaBJIeHHEe B TOPMO3HOW Kamepe YyCIeBaeT CHU3UTHCSA B OOJNBIIEH CTEMEeHH, YeM 3TO ObII0 OBl HEOOXOIUMO B
ciIydae BBICOKOTO OBICTPOAEHCTBHS TOPMO3HOH CHCTEMBI. BeiencTBue 3TOro B mepron IACHCTBHS (a3bl «OTCEUKa»
OyneT uMeTh MecTo pasroH kosieca. Koraa B mporecce storo Pasrona npu t=t; yckopenue kojeca H, CiIeJOBaTEIbHO,
npousBoaHas dwy/dt JocTUrHYT MakcMMyMa, 3T0 Oy/eT 03HAYaTh, YTO CLEIUICHHE KOJeca ¢ JOPOrod BOCCTAHOBUIIOCH,



B CBSI3M C YeM CJIEIyeT YBEIMYATh TOPMO3HOM MOMEHT. McXoast M3 3TOro, cHcTeMa yIpaBieHHS IOJaeT KOMaHIYy K
nepexoxy oT (assl «oTcedKa» K (pa3e «yBEITHUCHHUE)» TaBICHUS.

23. Pe:xuM padoThl 3a1aTUYHKA

Hanpsiskenue Ha Bxogax A
CxopocTh
ub U3ll IMeHe
Cocrosinue Pexum paboTnl 3aJaTYHKa HIMeHenus
3 HANPSIIKEHUS
3aTOPMAaKHBAEMOT0 A
Ha BXoje
KoJieca Ua Us
JaJaTYNKA
dUs,/dt.
B/c
He 610xupyercst CiexeHnue H H 0,7U pun <3,5
3amenjieHue IMamsare B IMocTosiHHOE, >3,5
pasHoe Usno
Pa3ron Ilepe3anuck B H 0,7 Uy Jo6an

Ilpumeyanns: B — Boicokuil yposenb Hampsikenus; H — nuskuil yposenb Hanpsikenus; Usp, — ONOpHOE HanpsbKeHHE Ha

BBIXO/IC 3aaTYMKA.

Ilocne »TOrO BECh ONMMCAHHBIM mHpolecc paboThl CUCTEMbI OyJeT MHOTOKPATHO IHOBTOPATHCS, MPUYEM CHUTHAI,
OTpeNeNAIONINI YacTOTy BpallleHUs KoJjieca, B KaKIOM HOBOM IIMKJIE OyIeT CPaBHUBATHCS C OTKOPPEKTHPOBAHHBIM IS
9TOTO IUKJIA «OTIOPHBIM» CUTHAJIOM.
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Puc. 82. NameHeHne OaBneHMA B TOPMO3HOM KaMepe U 3NEeKTPUYECKUX CUTHANoOB 3JIeMEHTOB
aHTMONOKMPOBOYHOMN CUCTEMbI B NpoLiecce TOPMOXEHUs aBTOMOOUNA:
| — cnexenue; || — namaTb; |l — nepenucsk; IV — cbpoc paBneHus: V — otceuka; U, = — k dw/dt



B crmydae peanmzanum «uaealbHOTO» YIPABICHUS MIPOIECCOM TOPMOXKEHHS, BO BPEMsI KOTOPOTO TOANEPKUBATIACH
OBI HOCTOSHHOM BEMMYNHA S=Skp, XapaKTep H3MEHEHHS 9aCTOTHI BPAIIEHHA COOTBETCTBOBAN OBl KpHBOH 2. UeMm MeHbITE
OTJIMYAIOTCSI KpUBBIE 2 U 3, TeM coBepiicHHee padora ABC.

OcHnoBHbIM 3neMeHTOM ABC sBnsercs 3amatauk 3/ «OHNOPHOTO» YPOBHS CKOPOCTH, C KOTOPBIM COINOCTABIISIETCS
(hakTHYECKast YACTOTa BpAIIEHHUs Kojeca. DTOT 3aJaTYNK BBHIOJIHACT (PYHKIHH 3JIEMEHTA NaMATH. B 3aBucuMoctH ot
CHTHAJIOB, TOCTyMamomux depe3 pesuctopsl Rl — R4 (cm. puc. 80), Ha ero BXojsl, OH paboTaeT B OXHOM W3 TPEX
PEKMMOB, YKa3aHHBIX B Ta0I. 23.

[MpuBenennoe B Tabn. 23 cooTHomeHue Mexay HampspkenueM U, Ha Beixoge ITYH u Hampsokenmem Uszn Ha
BBIXOZI€ 3a/laTyMKa, a TaKXKe TEeMI H3MEeHeHHs HampspkeHus U, B pexuMe ClexeHUs, MCKIIYaroT BO3MOXKHOCTh
yMeHblIeHus: HanpspkeHus U, Hike 3HaueHus U 31 B mpoliecce TOPMOXKEHHUSI aBTOMOOWIIS, NMPOHMCXoAsiiero 0e3
GIOKHPOBKH KOIIEC, [aXe MPH MAKCHMAIBHO BO3MOKHOI ero >(dekTHBHOCTH (3aMetenue 10 5 M/c?). Onnako eciu B
Iporecce TOPMOXKEHHUsST aBTOMOOWIISL TOSBUTCS TEHACHIHUSI K OJIOKMPOBKE KOJeca, TO YacTOoTa €ro BpAIeHHs PEe3KO
YMEHBIIUTCS U 33aTYNK HE YCIIEET «OTCIECIUTh» M3MEeHeHHe HampspkeHus UmdH. B pesynpraTte sToro Oynmer mmerts
MecTo cootHomeHne Us>Unyh.

Bcnenctue 3TOro B MOMEHT BpeMeHH 1, HanpspKeHHe, ITOABOIMMOE OT BBIXOAa 4 3aJaTyiKa K HEMHBEPTHPYIOIEMY
BXomy 1 KoMmmapaTopa CKOPOCTH, OKa)XETCs BBIIIC HAINPSHKCHUS, MOJBOAMMOIO K €T0 MHBEPTHUPYIOLIEMY BXOAY 2 OT
Beixona [TYH. B pe3ynpraTe Ha BBIXOAE 3 KOMIapaTopa CKOPOCTH H, CIECIOBATENBHO, HAa BXOJe b 3a1aTuHKa IOSBUTCA
HanpspKeHWE BBICOKOTO YPOBHS, MOA ICHCTBHEM KOTOPOTO 3aJaT-dydK IepeineT B pekuM mnamatd. [lpm stom
HamnpsDKeHUE Ha BBIXOJIE 33/1aTUMKa YCTaHOBUTCS PaBHBIM 3HaueHuio U,,,, KoTopoe Ha puc. 82 COOTBETCTBYET BPEMEHHU
t,. [Tocne nosiBIIeHNs1 HANPSKEHHsI BELICOKOTO YPOBHS Ha BBIXOJIEe 3 KOMIIapaTopa CKOPOCTH Yepe3 yCHIUTeIH Yo U Yy
(cm. puc. 80) BbIpabaThIBaeTCs KOMaHJa BKIIOYECHHS AJIEKTPOMArHutoB OM.; u 3Morc ynpaBlieHUs MOIYJISTOpaMH,
OCYIIECTBIISIOIIMME COPOC JaBJICHUS U «OTCEUYKY». B pe3ysbrare CHW)KEHHS IPU STOM JaBieHus P B TOPMO3HOW Ka-
Mepe (cM. puc. 82) yMEHBIIUTCS 3aMelJIeHHe KoJjieca M, KaK CJEeACTBUE, CHHU3UTCS YPOBEHb IOJOXKUTEIHLHOTO
HanpspkeHnst Un Ha Beixoze nudepennnaropa. Koraa 3amemneHue Kosieca NMPEKpaTHTCS M HAYHETCS €r0 PasroH,
HanpspkeHne U M3MEHUT CBOH 3HAK, T. €. CTAHET OTPUIATENLHBIM. B pesynpTare 310r0 OyAeT MpuBEAEH B ACHCTBHE
EMEHT D, 0OHAPYXKECHUSI MaKCUMyMa ycKopeHHs (cM. puc. §80).

OTOT 3JIEMEHT BBHINIOJIHEH TaKUM 00pa3oM, YTO HAIPSHKEHHE Ha €T0 BBIXOJE MMEET BBHICOKHI YPOBEHD TOJIBKO IIPH
OJTHOBPEMEHHOM COOJIIOJICHUH JIBYX YCJIOBHIA:

HalnpspKeHHE Ha BXOZE 3JIEMEHTA JIOJDKHO OBITh OTPHIATENIBHBIM;

YPOBEHb OTPHULIATEIBHOIO HANPSDKEHUS] Ha CUTHAJIBHOM BXOZe | 3JeMeHTa I0JDKEH He MEHSTHCS WM BO3pacTarh. B
cilydae K€ ero YMEHBIICHHS HallpsHKeHUE Ha BBIXO/E 4 dJieMEeHTa MaJaeT 10 HU3KOTO YPOBHSL.

Jdnst derkod QuKcalMM MOMEHTa HM3MEHEHHUs MOJIIPHOCTH HamlpsDKeHHsT Ha Bbixoje auddepeHnuaropa
ucronb3yercs moporoBoe ycrpoiictBo I1Y nuddepennuaropa, koropoe mnpeoOpasyeT IJIaBHO H3MEHSOIIEeCs
BBIXO/IHOE Hampspkenue nuddepeHunaropa B curHan [JI7y npsMoyroibHoi (opMbl (CM. puc. 82, mITpUXOBas JIUHUS).
JlaHHBIH CUTHAJ [TOIBOJUTCS K OJIOKUPYIOIIEMY BXOIy 2 3JIeMEeHTa OOHapyXeHus Makcumyma (cM. puc. 80), 6maromaps
YeMy MOSIBIIEHHE BBICOKOTO YPOBHS HANPsDKEHMS HA BBIXOJE 4 3TOTO 3JIEMEHTa MOXKET HMETh MECTO TOJILKO B TIEPHO/IBI,
KOTZla HanpshKeHHE Ha BBIXOJIE MOPOTOBOTO YCTpoicTBa /1Y MMeeT OTpHLATENbHYI0 HONSPHOCTb, T. €. B IIEPHOJIBI
pasroHa Koseca.

CoenvHeHne CHUTHAJIBHOTO BXoja | odyeMeHTa OOHapyKeHHS MaKCUMyMa C BBIXOAOM au¢¢epeHnuaropa
obecrieunBaeT MoJydeHNE HANPSKECHNS BBICOKOTO YPOBHSI Ha BBIXOJIE AJIEMEHTa TOJIBKO B IEPHO/IBI, KOT/Ia UMEET MECTO
yBeJIMUYeHHne yCKopeHHus koieca. Ha puc. 81 3TOT meprnos cOOTBETCTBYeT HHTEpBAy BpPEMEHH, OTPAaHHMICHHOMY
TOUKaMH I3 U 1, a Ha puc. 82 — ydacTkaM, OTpaHUYEHHBIM TOUKaMu t3 — 4, 1 — t7, tg — tyo.

3a cyeT COeaMHEHMs BBIXOJa dJEeMEHTa OOHapyXeHHsT MakcuMyma ¢ BXojoM A 3amatduka (cMm. puc. 80)
OJTHOBPEMEHHO C TMOSIBJICEHHMEM BBICOKOTO YPOBHS HAIPSOKEHUsl Ha BbIXOAE 4 DIEMEHTa Takoe K€ HampshKeHHe
MIOJIBOANTCS K BXONy A 3aiaTunka. BenegcTBre 3Toro 3a-1aturk MepeBOIUTCS B PEKUM «IIEPEIUCHY.

Kpome Toro, 6marogapsi COSAMHEHUIO BBIXOa dJIEMEHTa OOHAPY)KEHUsI MaKCUMyMa C WHBEPTUPYIOUIMM BXOJOM 2
KOMITapaTopa CKOPOCTH O0ECIeYMBAETCS IEPEBOJ ATOTO KOMIApAaTopa B PEXHM C HU3KUM YPOBHEM BBIXOIHOTO
HaIpspKeHHUS.

IMocnennee NpUBOAWT K BBIKIMIOYCHUIO YCHIMTENS Y. dJEKTpoMarHuta OMc6 MomynsTopa, yNpaBisIOLIETO
BBIITYCKOM BO3/yXa U3 TOPMO3HOI CepBOKaMephl, T. €. IpeKpalieHuto «copocay» nasinenus. Ho anextpomaraut OMorc
MOJIYJISITOPA «OTCEYKH» MPH 3TOM IIPOAOJDKAET OCTABATHCS BKJIIOYEHHBIM, IIOCKOJIBKY K BXOJY €r0 YCHJIMTENS MOJBO-
JIITCS HAPSDKEHHUE BHICOKOTO YPOBHS OT BBIXOJIA BJIEMEHTa OOHApY KEHHsI MaKCUMYyMa.

OtkiroueHue aeKTpoMariuta IMorc MOAYJSITOpA «OTCEUKW» OT MCTOYHUKA MHUTAHUS MPOUCXOJUT JIMIIb T1OCIe
TOTO, KaK BCIIEJICTBHE YMEHBIIICHUS YCKOPEHUS Koyieca (TOUKH 1y, 7, t1g) Hanpsokenne Un Ha Beixoae quddepeHnuaropa
HAYMHAET yMEHbLIAThCs (CM. pHC. 82), 4TO NPUBOAUT K YMEHBUICHHIO O HYJISl HAIPSDKCHHUSI Ha BBIXOJE DJIEMEHTa
0OHapyKeHHsI MAaKCUMyMa.

Jlasiee Bech LIMKII PEryJIUPOBaHUS AaBJICHHUS B TOPMO3HOW CHCTEME MHOTOKPATHO MOBTOPSETCS.

OMNOpHBIM CUTHAJIOM JUIsi CUCTEMBI YIpaBIIeHHs siBJseTcs HanpspkeHue U,,,, GukcupyeMoe Ha BbIXOJIe 3a/laTYlKa B
MEepUOABl «IaMsATH». B KaXJ0M HOBOM ILHMKJIE pPabOTHl CHUCTEMBl YPOBEHb 3allOMHHaeMoro HampsbkeHus Uszno
YMEHBIIAETCSl IO CPABHEHMIO C €0 YPOBHEM B IPEIIIECTBYIOUIEM HHUKiIE. VIHBIMM CIIOBaMH, «OTOPHBIN» CHUTHAI
¢ukcupyeMblii B Toukax tp, ts, U, Bce BpeMsi H3MEHSETCS COOTBETCTBEHHO CKOPOCTH JIBHJKEHHS aBTOMOOWIIS, YTO U
TpebyeTcs Uil QYHKIIMOHUPOBAHUS CUCTEMBbI YIIPABICHUS.



Ecnu B mpomecce TOpMOXKEHHMS aBTOMOOWIISI Ha CKOJB3KOH JOPOTre MMEET MECTO 0C000 MHTEHCHBHOE CHIKCHUE
YaCcTOTHl BpAIEHHWA KOJeca, TO 3TO BBI3BIBAET COOTBETCTBYIOUICE YBEIMUCHUE HAIPSIKECHHUS IIOJIOKHUTCIBHON
MOJIIPHOCTH Ha BBIXoJe Auddepennnaropa. Ilonkmouenne Beixoa auddepeHnnaTopa K HEHHBEPTHPYIOMEMY BXoay 1
KOMITapaTopa CKOPOCTH IPHBOAUT K IOBBIIICHUIO YPOBHS HAMPSDKEHHUS HA JaHHOM BXOJE KOMIIApaTopa, BCICICTBHE
YEero HaIlpsHKEHHE BBICOKOTO YPOBHS Ha €r0 BBIXOJAE ITOSBIISICTCA DPaHbBIIE, YEM BCIEACTBHE 3aMEUICHHS Koieca
HanpspkeHue Ha Bbixoze ITUH cansntes no 70 % ero nepBoHadanbHOM BEIUYNHEIL.

bnaronapst aToMy curHai Ha «cOpoc» JaBieHUs OYAET BBLIAH C ONEPEIKEHUEM, YTO M TpeOyeTcs Al MOBBILICHUS
a¢dextuBHOCTH AciicTBus ABC.

Bbixon komIlapaTopa CKOPOCTH COEIMHEH C BXOJOM 3 3JeMeHTa OOHapyxeHus Makcumyma (cMm. puc. 80).
OCOOEHHOCTh 3TOH CBS3M 3aKJIIOYAECTCS B TOM, YTO IPU HAJIMYUM HANpsDKEHHWS HA BXOJAE 3 AJIEMEHTa MPHUBOJIUTCS B
JIeHCTBHE ero OJIOK 3allOMHHAHHS JaHHOTO HAIPSDKEHUsI, KOTOPOE SIBISIETCS pa3pelialoiuM JUisl ASHCTBUS 3JI€MEHTa.
OTO 3alOMUHAHKE SIBISIETCS OTHOCUTEIBHO HEIPOJOIDKUTEIBLHBIM, MO3TOMY IJISI CO3AaHUsI BOBMOXKHOCTH IOSIBIICHUS
HaNpsDKEHUST BHICOKOTO YPOBHS HAa BBIXOJE DJIEMEHTa OOHApyKEHHs] MaKkCHMyMa (IPH HaJUYUH COOTBETCTBYIOIETO
YPOBHSI HalIpsDKEHUS Ha €T0 CHTHAJIFHOM BXOze 1) He0OX0aMMO, 9TOOBI IIEPHOANIECKH K €T0 pa3periaionieMy BXoay 3
MIOZIBOAMIIOCH HAIIPSKEHHUE OT BBIXOJa KOMIIApaTOpa CKOPOCTH.

JlaHHOE yCIIOBHE OKa)KETCs BBINOTHEHHBIM IIPH TOPMOXKEHUN aBTOMOOMIISA Ha CKOJIB3KOW JOpOTe, KOTAa BCIEICTBHE
PE3KOTO YMEHBIICHHS YacTOTHl BpaIleHHWs Kojec OyaeT HMEeTh MECTO BKIIOYEHHE KOMIIapaTropa CKOpPOCTH C
MIOSIBJICHHEM HA €T0 BBIXOJIE HANPSUKEHUS BHICOKOTO YPOBHS (B HEPHOIBI «IIAMSTH).

[To-nHOMY JEHCTBYET CHCTEMA YIIPaBICHUS B Cilydyae, HapuMep, ABHKEHHUsI aBTOMOOMIISL Ha CITYCKE C YBEITUUCHHUEM
€ro CKOpocCTH. HpI/I OTOM BOAUTEIIb MOXKET HAYaTh MMOATOPMaAXHUBATh aBTOMO6I/IJ'H) IIYTEM BKIIFOUCHUA TOPMO30B.

B npouecce pasrona aBromoOwis aunddepeHraTop BbIpadaThiBacT HAIPSHKEHHUE OTPUIATENIFHON MOJSPHOCTH,
KOTOPOE SIBJISICTCS CUTHAJIOM JUIsl BKJIFOUCHUS DIIEMEHTa 0OHapy»XEeHUsi MaKcuMyMa. Eciin pu 5ToM He npeoTBpaTHTh
BKJIIOUCHHE JAaHHOTO DJJIEMEHTa, TO OyAeT peali30BaH PEXKHM «OTCEYKa», T. €. CaMOIPOHM3BOJILHO IPEKPATHTCS
TOPMO>KEHHE aBTOMOOHJISI, YTO COBEPIIEHHO HEIOITYyCTHMO.
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Puc. 83. UameHeHune yrnoBon ckopoctu W;, nu W3, ckopocTtu u,, aasneHun P, n P, npu pabote
aHTUONOKUPOBOYHOM CUCTEMbI TsIrava

Takoe neiictBue ABC, oaHaKo, OKa3bIBAE€TCSI HEBO3MOKHBIM, IOCKOJIBKY B IIpOIlECCE pa3rOHa aBTOMOOWMIISA
Upur>Uzp, T. €. KOMIIApaTop CKOPOCTH HE cpabaThIBaeT U BCIEACTBUE HTOrO HANPSDKEHHE K paspeliarolieMy BXomy 3
3JIEMEHTa OOHAPY)KEHHsI MAKCUMYMa He TIOABOIUTCS.

Ouenb BaxHbIM 31eMeHTOM ABC sBisieTcst 610K KOHTPOJISI €e MCIIPaBHOCTH. B ero 3agady BXOJUT aBTOMAaTHYECKOE
BBIKJIIOUCHHE DJIEKTPOMArHUTOB MOJYJISATOPOB cOpoca M OTCEYKHM NpHU TIOSBICHHM HEUCIPAaBHOCTH B CHCTEME
ynpasieHusi. OTHOBPEMEHHO TOJDKHA OBITh MPHBEICHA B JCHCTBHE CHUTHAJIM3ANMsA, OMOBEUIAIONIAs BOJUTEIS O Ha-
mmanu HencnpasHocTH B ABC.

Ha Bxozb1 610Ka KOHTPOIIS MTogaeTcst HanpsbkeHue oT BeixooB [TUH u 3agatunka. Curnanom HeucrnpaBHOCTH ABC
ABJISIIOTCS. HApYIIEHHE HOPMAJIbHOTO coOoTHOMIEeHNs MexXay U, 1 U3 B Tedenune neprona Bpemenu 6onee 1 c.

B »TOoM cimydyae Ha BbIXOAE OJ0Ka KOHTPOJS, BO-TIEPBBIX, BHIPAOATHIBAIOTCS KOMAH[BI BBIKIIOYECHUS YCHIINTENEH
YIOPaBJICHUS MOMAYJIATO-PaMU «cOpocay M OTCEYKH M, BO-BTOPBIX, MOJAETCA KOMaHAa Ha BKIIOYEHHE CHUTHAIM3aTOpa
otkaza ABC (Hanpumep, aBapuitHOI JTaMIIb).

B nocnennee Bpems MOSBWIIOCH OOJIBIIOE YHMCIIO COOOLICHUH O CO3JaHUM W CEPHUIHOM NPOU3BOJCTBE PAa3IMUYHBIX
aHTHOJIOKUPOBOYHBIX TOPMO3HBIX CHCTEM Ha 0a3e MHMKPONPOLECCOPHBIX KOMIUIEKTOB. Takoi IyTh CO3aHUs
AHTHOJIOKUPOBOYHBIX CHCTEM SIBJISIETCS BIIOJIHE OIPaB/JIAaHHBIM, IIOCKOJIBKY IPUMEHEHHE MUKPOIPOLIECCOPOB TO3BOJISIET



HaWIydIIIM 00pa3oM OCYIIECTBISATh ONTHMAJILHOEC YIPAaBJICHHE TOPMO3aMHU C Y4eTOM OOIBHIOTO 4Hcia (haKTOpOB,
BIUSIONIUX HA TPOIECC TOPMOKEHHS aBToMoOwmtei [11].

Mo:xHoO, mpaBia, OTMETUTb, 9TO MUKpomponeccopHsie ABC BBHAY OTHOCHTEIBHO BBEICOKOI MX CTOMMOCTH ITOKA 4TO
B OCHOBHOM IIPUMEHSIIOTCSA Ha OOJIBIIETPY3HBIX aBTOMOOMIISIX | TSradax.

B kauecTBe mpuMepa TakoTo MPUMEHEHIsI MOKHO yKa3aTh Ha MHKpompoueccopryio ABC, koTopoit o6opyayroTcs
TPEXOCHBIE MOJTYNPHUIEHB! OONIBIION TPy30HOABEMHOCTH C ITHEBMOIPHBOIOM TOPMO3HBIX MEXaHHM3MOB. JTa CHCTEMa
COJICPKUT JIBA KaHalla yIpaBJieHUs] TOPMO3HBIMU MEXaHU3MaMHM, OJIMH M3 KOTOPBIX MCIOJIB3YETCs JUISl PEryJIMPOBAHHUS
nasneHus P1, B TOpDMO3HBIX KaMepax MepBOi U BTOPOH OCeil, a BTOPOH KaHaJl OCYLIECTBIISIET PEryIHPOBaHNE TaBICHHS
P3 B kamepax TpeTbei ocH.

CpaBHEeHHE XapaKTEepUCTUK M3MEHEHMsS YIJIIOBOH CKOPOCTH Wgio U Wi, KOJIEC NIEpBOM, BTOPOW M TpeThel oceill U
CKOPOCTH aBTOMOOWJIS V, (puc. 83) nmokassiBaet, yro npumeHeHne AbC obecriednBaeT HE3HAUUTEILHOE PACXOXKICHHE
MEXy HUMH B ITPOIIECCE TOPMOXKEHUS. ITO cBUAETENbCTBYET 00 adpdexTrBHOCTH nelicTBust ABC.

VY aBromobuneii, comepxamux ABC, mpu BBIXOAE M3 CTPOS TOPMO3HBIX CHCTEM COXPAaHSETCS OOBIYHBIN TPHBOJ
TOPMO3HBIX MeXaHH3MOB. OIBIT 3KcIuTyaTannu aBromobmieir ¢ ABC mokasan, 9TO NpU HaIWYUH TaKOH CHCTEMEI Y
BOJUTENS BBIPAOATHIBAIOTCA HOBBIE HABBIKM YIPABICHHS IPOIECCOM TOpMOKeHHUs. [1oaToMy B ciydae BHE3aITHOTO
otkaza ABC Boaurens MoxeT He 00ecieduTs Heo0X0oauMon 3((PEKTHBHOCTH TOPMOXKEHHS aBTOoMOOWIA. Benencreue
sToro kK HagexkHoctTd ABC M B TOM dHCiIEe K HAIEKHOCTH BJIEKTPOHHOTO OJIOKa MPEIBSBISIOT 0C000 KEeCTKHE
TpeOOBaHUS.

310 0c00EHHO BakHO [Tt MuKponporeccopHbix ABC. IIpu pa3paboTke CXeMOTEXHHUKH JICKTPOHHBIX OJIOKOB TaKUX
CHCTEM NPUHUMAIOT CIIEIMaJIbHbIE MEPBI LIS MIPEAYNPEKISHUsI cO0eB B UX padoTe. JloCTUraloT 3TOT0 Kak BCIIEICTBHE
anmaparypHoro 06ecnequI/I;1, TaK U MPUMCHCHUEM CHICIUAJIBHBIX -HOMeXOyCTOﬁ‘IHBLIX IporpamMm. JlaHHLIe peuieHus
YaCTUYHO HAaIIOMHHAIT CXEMOTEXHUKY 3JICMCHTOB 3alIHUThI oT HEIPaBUJIBHOI'O (byHKHI/IOHI/IpOBaHI/Iﬂ
MHUKPOIIPOLIECCOPHBIX cucTeM yrpasieHus [’ MIL.
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