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Beenenue.

B nanubIi pa3zien BBEIEHbI HEKOTOPBIE BUIBI 2JIEKTPOABTOMATHUKH, IIUPOKO PACIIPOCTPAHEHHBIE B AIIEKTPOCETSIX.
K HUM OTHOCATCSI yCTPOIMCTBA ABTOMATUYECKOT0 MOBTOpHOTO BKIItoUeHus (AlIB), aBToMarnueckoro BBoa
pezepBHoro nutanus (ABP), aBTomaTnueckoit yactoTHOM pa3rpy3ku (AUP), aBToMaTHY€CKOTO MOBTOPHOTO
BKJIFOUeHUS mtociie padbotel AUP (HAIIB).

ABTOMATHUYECKOE ITOBTOPHOE BK/IFOYEHUE (AIIB).

Ha3znauyenue AIIB.

MHoOroneTHUN ONBIT AKCIUTyaTalluy JIMHUHN 3JIEKTPOIIepeIaun MoKas3ai, YTo 3HaYUuTeIbHAs YaCTh KOPOTKHUX 3a-
MbikaHui (K3), BEI3BaHHBIX IEPEKPHITHEM U30JISIIIUN, CXJIECTHIBAHUEM MPOBOJIOB U APYTUMH IPUYMHAMHU, TIPU
JIOCTATOYHO OBICTPOM OTKJIFOUCHHH JIMHUN peJIeHHON 3aluTON, camoycTpansiercs. [Ipu aTom anexrpuueckas
nyra, Bo3HHKIIAs B MecTe K3, racHeT, He ycleB BbI3BaTh CYIIECTBEHHBIX pa3pyIIEHUN, MPEMATCTBYIOIIUX IO~
BTOPHOMY BKJIIOUEHHIO JIMHUH MO HANpsDKEHUE. Takue caMOyCTpaHSIOIIMECS MOBPEXKICHUS PUHATO HA3BIBATH
HEYCTONYHUBBIMU.

CraTucTuuecKkre TaHHBIE O MOBPEKAAEMOCTH JIMHUM AJIEKTPOIEPENAuH 3a JIUTEIbHBIN NEPUO/ SKCILTyaTallni
ITOKAa3bIBAIOT, YTO JOJS HEYCTOMYMBBIX OBPEKICHNN BeCbMa BBICOKA U cocTaBisieT 50-90%.

YuuThIBas, 4TO OTHICKAHHWE MECTA MOBPEXKACHUS HA JIMHUU 3JIEKTPOIIepeadun MyTeM ee 00xoaa TpeOyeT -



TEJIbHOT'O BPEMEHU, U UYTO MHOTHE MOBPEKICHUS HOCAT HEYCTOMUMBBINA XapaKTep, OOBIYHO MPH JIMKBUIAITUN
aBapui ONepaTUBHBIN MEPCOHA MTPOMU3BOJIUT OIIPOOOBAHUE JTUHHUH ITyTEM BKJIIOUYEHUS €€ 101 HallPsSKEHUE.
Onepanuo BKIIFOUEHUS 10T HANIPSIKCHUE OTKIIFOUMBIIECHCS TMHUNA HA3BIBAIOT IMIOBTOPHBIM BKIIFOUCHUEM. JIMHUS,
Ha KOTOPOH MPOM30IILIO HEYCTOMYHNBOE TTOBPEXKISHHE, IPH TOBTOPHOM BKJIIOUCHHH OCTaeTcs B padoTe. I1o-
3TOMY, IIOBTOPHBIE BKJIIOUEHUS IIPU HEYCTONYUBBIX MTOBPEKIACHUIX IIPUHATO HA3BIBATh YCICIITHBIMU.

Pexxe Ha TMHUSIX BO3ZHUKAIOT TAKHWE MOBPEXKACHUSI, KaK OOPBIBBI MPOBOOB, TPOCOB WJIU TUPJISH] U30JISITOPOB,
MAJCHUE WM TTOJIOMKA OTIOP U T. 1. Takue MOBPEKIACHUS HE MOTYT CAMOYCTPAHUTBHCS, U IOATOMY UX HA3BIBAKOT
yCTOUYUBBIMU. [Ipy TOBTOPHOM BKJIFOUEHUH JIMHUU, HA KOTOPOM MPOU3OILIO YCTOMUYUBOE TTOBPEKICHUE C
KOPOTKUM 3aMBIKaHUEM, JIMHUS BHOBb OTKJIFOUAETCS 3aUTOM. [103TOMY, TOBTOPHBIE BKIFOUEHUS JINHUM ITPU
YCTOMYUBBIX TTOBPEKICHUSIX HA3BIBAKOT HEYCIIEITHBIMU.

I[ToBTOpHOE HEABTOMATUYECKOE BKIFOUCHUE JIMHUM HA IMTOJICTAHIMUAX C IIOCTOSIHHBIM OIIEPATUBHBIM IIEPCOHAIOM
WJIM Ha TEJIEYIPaBIsIEMbIX 00bEKTaX 3aHUMAET HECKOJIbKO MUHYT, a Ha MOJICTAHIIUAX HE TeJIEMEXaHU3H-
POBaHHBIX U 0€3 MOCTOSTHHOTO omnepaTtuBHOTO nepconana 0,5-1 gac u 6onee. [loaTomy, 1151 yCKOpEeHUS T10-
BTOPHOT'O BKITFOUCHUS JINHUN W YMEHBIIICHNSI BpEMEHH TIepEPhIBa AJIEKTPOCHAOKEHUS TOTPEOUTENCH IITUPOKO
HCMOJIB3YIOTCS CIIEIMAJIbHBIE YCTPOWCTBA aBTOMATHUECKOT0 MOBTOpHOTO BKiItoueHus (AIIB). Bpems neiictBus
ATIB 00OBIYHO HE MPEBBIIAECT HECKOIBKUX CeKYH/I. [[oaTOMY, ITpH yCHENTHOM BKJIIOUEHUHU OHU OBICTPO MOJAIOT

HaIIPpsSKCHUC HOTpC6I/ITeJ'I$IM, Yero He MOKET 00SCII€YNTh OHCpaTI/IBHBIfI INEpCOHAJ.



Cornacno I[IpaBunam ycrpoiictBa anekTpoyctaHoBok (I1Y3) ob6s3aTensno npumenenue AIIB - Ha Bcex BO3-
IYIIHBIX U CMEIIaHHBIX (KaOeJbHO-BO3AYIIHBIX ) TUHUSIX HanpspkeHreMm 1000 B u Boiiie. ABTOMaTudeckoe mo-
BTOPHOE BKJIFOUEHNE BOCCTAHABIMBAET HOPMAIBHYIO CXEMY TAKXKE M B TEX CIy4asiX, KOTAA OTKIFOYEHHUE BbI-
KJIFOYATENsl MPOUCXOUT BCIEAICTBUE OMIMOKHU MEPCOHAIIA, WU JIOKHOTO JIEUCTBUS pesieitHol 3ammuTel. Hanbonee
s PextuBHO npumeHenne AIIB Ha TUHUAX ¢ OTHOCTOPOHHUM MUTAHUEM, TaK KAaK B ATUX CIIy4asx KaK0e
ycnenrHoe aeiictBue AIIB BoccTaHaBiIMBaeT NUTaHUe MOTpeOUTENEH U IPEAOTBPAIIIACT aBaAPHIO.

B KOJBIIEBBIX CETAX OTKIIOUEHUE OJHOMN U3 JIMHUN HE PUBOJIUT K MEPEPHIBY MUTaHUS TOTpeouTenein. OnHako u
B 3TOM ciiydae npuMmeHenune AIIB nienecoo6pa3Ho, Tak Kak yCKOPSIET JIMKBUIALNIO HECHOPMAJIBHOTO PEeKUMa U
BOCCTAHOBJICHUE HOPMAJIbHOM CXEMBI CETH, IPU KOTOPOU oOecrneunBaeTCsi HanboJiee HaiekHasE U SKOHOMUYHAS
pabora.

OMnBIT SKCIUTyaTalluM MOKasai, 4To HeycTtounBbie K3 yacTo ObIBaIOT HE TOJBKO HA BO3AYIIHBIX JUHUSIX, HO U HA
mrHax nojactaniuii. [loaroMy Ha moACcTaHIUAX, 000PYIOBAHHBIX OBICTPOJACHCTBYIONICH 3aITUTOM IIIHH, TAKXKE
npumeHstoTcsa AIIB, KoTopble TPOU3BOIAT NOBTOPHYIO MOIA4y HANIPSKEHUS HA IIWHBI B CIIy4ae UX OTKIIFOYEHUS
pPEIEUHOM 3a1UTON. ABTOMAaTHYECKOE TOBTOPHOE BKIFOUEHUE IIIMH UMEET BBICOKYIO YCIEIHOCTD U

3¢ (PEKTUBHOCTH, MOCKOJIBKY KaXK/IbIi CiIydal yCHENTHOTO ASHCTBUS MPEIOTBpPAIIAET aBApUMHOE OTKIIOUCHHE
LIE€JIOW MOACTaHIUH, WK €€ YaCTH.

YerpoiictBamu AIIB ocHamaroTcs Takyke Bce OAMHOYHO pabdoTarorye Tpanchopmatopsl MoiHocThi0 1000 kBA



1 BBIIIIC, a TaK Ke ,TpaHcpopMaTOpsl MEHBIIIEH MOIITHOCTH, TUTAIOIIHE OTBETCTBEHHYIO HArPY3KYy.
ABTOMaTHYECKOE IMTOBTOPHOE BKIIIOUCHHE TPAHC(HOPMATOPOB BBIMOJHICTCS TaK, YTO UX JCHUCTBHE MPOUCXOIUT
TOJIBKO MPH OTKIIOUYCHUH TpaHCcPopMmaTopa OT MAaKCUMaJIbHOW TOKOBOM 3aluThI. [lI0BTOpHOE BKIIIOUCHHE TIPU
MTOBPEKJICHUU CaMOTro TpaHc(opmaTopa, KOT/1a OH OTKJIIOYAETCS 3allluTaMH OT BHYTPEHHUX MOBPEKICHUH, KaK
MpaBUJI0, HE MPOU3BOAUTCS. Y crientHOCTh AeiicTBust AIIB TpaHnchopmaTopoB v IIMH Tak K€ BHICOKA, KaK Y
BO3IYIIHBIX JUHUH, U cocTaBisieT 70-90%.

B psine ciiyuaeB AIIB ycnemHo UCTIONb3YIOTCSA Ha KaOEJbHBIX U Ha CMEIIAHHBIX KaOEIbHO-BO3AYIIHBIX TYIH-
KOBBIX JIUHUAX 6-10 kB. [Ipu 3TOM, HECMOTPS HA TO, YTO MOBPEKICHUS Kabeei ObIBatOT, Kak MpaBUIIo, yC-
TONYUBBIMH, ycemHOCTh aecTBust AIIB cocrabnser 40-60%, 310 00bsicHsieTcsa Tem, uto AIIB BoccTanas-
JIMBAET MUTAHUE NTOTPEOUTENEH MPU HEYCTOMYMBBIX TOBPEKICHUSIX Ha IIMHAX, IPU OTKJIFOUYCHUH JIMHUN
BCJICJICTBUE MEPETPY3KH, MIPH JIOKHBIX U HECETIEKTUBHBIX JeUCTBUSIX 3auThl. [[pumenenue AIIB nmo3BosisieT B
pAJZie CIydaeB YIPOCTUTh CXEMBbI PEJICHHOM 3alUThl U YCKOPUTH OTKIIFOUeHHE K3 B ceTSX BBICOKOIO Harpsi-

KCHMUS, YTO TAKXKE ABJISACTCA ITOJOKHUTCIIBHBIM Ka4€CTBOM 3TOI'O B Jd aBTOMATHKU.

Knaccupurkanusa AIIB. OcHoBHbIe TpeOoBaHus Kk cxemam AIIB
B skcrnmyatanuy nosryyuiia npuMeHeHue caeayronme suast AIIB:

- Tpex¢aszHbie, OCYyIECTBISAIONINE BKIIOUCHHUE TpeX (Da3 BBIKIIOUATENS MMOCIE UX OTKIIOYEHUS peeiHON



3aIlUTOM;

- ogHOoda3HbIe, OCYIIECTBISIONINE BKIIOUCHHE OJTHOM (ha3bl BRIKIIOYATENS, OTKIIOUEHHON PEeiHOM 3auTo
npu onHodazHom K3;

- KOMOWHHMPOBAaHHbBIE, OCYIIECTBIISIONINE BKIIOUCHHE TpexX (a3 (mpu Mex1y(Ha3HbIX MOBPEKICHUSIX) UITU
onHou (azel (mpu ogHodazHeix K3).

Tpexdaszubpie AIIB B cBOIO ouepes moApa3aesstoTCs Ha HECKOIbKO TUIOB: npocThie (TAIIB), 6sicTpoaeiicT-
Bytomue (bAIIB), ¢ npoBepkoit Hannuus HanpspkeHus (AIIBHH), orcyrerBus Hanpsixenust (AIIBOH), ¢
oxuaanuem cuaxponusma (AIIBOC), ¢ ynaBnuBanuem cunxponusma (AIIBYC) u ap.

[To Buay 0060pyioBaHus, Ha KoTOpoe naeiictBueM AIIB moBTopHO mojmaeTcst HanpsbkeHue, paznudatot: AIIB
munuii, AIIB muH, ATIB tpanchopmaropos, AIIB nBurartenei.

[To yucny 1ukIIoB (KpaTHOCTH JecTBUs) pa3inuyatoT: AIIB ognokpatHoro nelictBus u AIIB MHOrokpatHoro
JNEeUCTBUA.

YcrporictBa AIIB, KOTOpBIE OCYIIECTBIAIOTCS C TOMOIIBIO CHIENUAIIBHBIX PEJIEMHBIX CXEM, HA3bIBAIOTCS DJIEK-
TPUYECKUMH, & BCTPOCHHBIE B I'PY30BbIC WIIM NIPYKUHHBIE TPUBOABI - MEXaHUYECKUMH.

Cxewmbl AIIB, npuMeHsieMble Ha JIMHUSAX U JPYrOM 000pYI0BaHUH, B 3aBUCUMOCTH OT KOHKPETHBIX YCIIOBHI,
MOTYT CYIIECTBEHHO OTJINYAThCA OJIHA OT APYror. OQHAKO BCE OHU JOJKHBI YIOBJIETBOPATH CICIYOLIAM OC-

HOBHBIM Tp€6OBaHI/IHMI



Cxembl AIIB 10JKHBI IPUXOIUTH B AE€HCTBUE MTPU aBAPUHHOM OTKJIFOUEHHUH BBIKIIFOYATENS (WA BBIKJIIOYA-
TeJei), HaxouBIIerocs B padote. B HekoTopwix ciaydasx cxeMbl AIIB 1omxHbBI OTBEYaTh NOMOTHUTEIBLHBIM
TpeOOBaHUAM, NP BHITIOTHEHUN KOTOPBIX paspemiaercs nmyck AIIB: nanpumep, npu HaIU4uu Ui, HA0OOPOT,
IPA OTCYTCTBUU HANPSKEHUSA, IPU HAIMYUU CHHXPOHU3MA, IOCJIE BOCCTAHOBJIEHUS YaCTOTHI U T. 1.

Cxembl AIIB He 10MKHBI MPUXOAUTH B AEUCTBUAE IIPU ONIEPATUBHOM OTKJIFOUEHUH BBIKJIFOUATEINS IIEPCOHATIOM, a
TAKXKE€ B CIy4asX, KOrJAa BBIKIOUATEb OTKIOYAETCS PEJIEUHOM 3aIIUTON CPa3y ke MOCIE €r0 BKIOUYECHUS
MIEPCOHAJIOM, T. €. IIPU BKJIIOUEHUH BhIKITI0Uatelist Ha K3, MoCKoIbKY MOBPEXKACHUS B TAKUX CIIy4asX 0OBIYHO
ObiBaroT ycroiunBbiMU. B cxemax AIIB nomkHa Takxke MpeaycMaTpuBaThCsl BO3MOKHOCTD 3aIipeTa JeUCTBUS
ATIIB npu cpabaThIBaHUM OT/IEJIBHBIX 3alIUT. Tak, HAIPpUMED, KaKk MpaBuIio, He Jomyckaercs neicteue AIIB
TpaHC(POpMATOPOB IPU BHYTPEHHUX MOBPEKICHUIX B HUX. B OTNIENIbHBIX ClTydasix HE JOMyCKaeTCs IeUCTBUE
ATIIB nunuit ipu cpabatbiBaHuu quddepeHImanbHON 3aUTh IITHH.

Cxembr AIIB nomkHBI 00ecIeunBaTh OMPEICIICHHOE KOJUYECTBO MOBTOPHBIX BKIFOUCHUH, T. €. ISUCTBUE C
3aJIaHHOM KpaTHOCThI0. Hanbomnbiee pacnpoctpanenue noiayuniu AIIB ogHokpaTHoTro AeiicTBus. [Ipumens-
roTca Takke AIIB ABykpaTHOro, a B HEKOTOPBIX CIIy4dasiX U TPEXKPATHOT'O JEHUCTBHS.

Bpewms neiictBus AIIB 10mkHO ObITh MUHUMAJIBHO BO3MOKHBIM, JIJII TOTO YTOOBI 00€CTIEUUTh OBICTPYIO MOJAUY
HaIPsDKEHUS TOTPEOUTENSIM U BOCCTAHOBUTH HOPMAaJIbHBIN pekuM paboThl. HanMenbIinas BeiiepKKa BpeMEHH, C

KoTopoi npouszBoauTcs AIIB Ha nuHMAX ¢ 0MHOCTOpOHHUM NUTaHueM, npuHumaetcs 0,3-0,5 cek. Bmecre ¢ Tewm,



B HEKOTOPBIX CIydasiX, KOrja HanboJiee BEpPOATHBI TOBPEKICHNS, BHI3BAHHBIC HAOPOCAMU U KaCaHUSIMU
MIPOBOJIOB, MTEPEIBUKHBIMUA MEXaHU3MaMH, 11€1€CO00pa3HO i NOBbIIeHHs yenemHoctu AIIB npunumats
YBEJIMYEHHBIEC BBIJICPKKA BPEMEHU.

Cxembl AIIB g0JKHBI aBTOMAaTHYECKH 00€CTIEYMBATh TOTOBHOCTD BBIKJIIOUATENIS], HA KOTOPHIi AeiicTByeT AIIB, k
HOBOMY JEHCTBHIO IOCJIE Er0 BKIIOUYECHUS.

daexkrpuueckoe AIIB oqHOKpPaTHOTO AeCTBUS

Jlnst HarnsigHOCTH, pacecMoTpuM padboty yerpoiictBa AIIB Ha npumepe mpocToit cxeMbl 11 Bbikitouatess 6(10)
kB ¢ npyXuHHBIM TpuBOJIOM (Hanpumep, [111-67).

[Tpu nonaue kirouoM ympasiieHus: KY koMaHbl 1 BKIFOUEHUH BBIKJIFOYATENS, PA3MbIKAIOTCS OJIOK-KOHTAKTH B B
nenu 9B u koHTakThl roTOBHOCTHU NpuBoAa KI'TI, 3ambikarorcs konTakTel B 1 KI'TI B ienu 3aBojiku NpruBOJa U B
nenu 0, 3aMbikatoTcst 0710K-KoHTakThl BKA, [Tocne okonuanus 3aBojiku mpuBojia, koHTakThl KI'TI pa3peiBatot
LIETb 3aBOJIKM U 3aMBIKAIOTCS B LIENH BKIOUEHUS - TpUBOA roToB K AIIB. [Ipu oTitoueHnn BeIKIIFOUATENS
KJIr04oMm ynpasiienus KY, mexannuecku oTkinouaroTcs 010k-koHTakThl BKA, n cxema AIIB He 3amyckaercs.
[Ipu aBapUMHOM OTKIIFOYEHHUH BBIKJIFOYATEIA OT 3aIIUThI, KOHTAKThl bKA 0CTaroTCs 3aMKHYTBIMH, 3aMBIKAIOTCS
omok-koHTakThl B B e OB, u npu BBenennou Hakmaake H1 « ATIBy», mo ¢akTy HeCOOTBETCTBUS MOJIOKEHUS
BBIKJIIOUaTeNsd U KOHTakTOB bKA, 3amyckaercs pene PB Boinepxxku Bpemenn AIIB. Bxirouenust BRIKIIFOUATEIS

IMpHU 3TOM HC IIPOUCXONUT, TAK KaK COIIPOTUBJICHUC KATYIIKH 90 3HAYUTEIBHO MCHBIIC, UHEM 0OMOTKH MOCJIE-



J0BaTEIBLHO BKIIOUEHHOTO C HEeH pesie BpeMeHu PB, u npakTuyecku Bce HAMPsHKEHUE MPUKIAAbIBaeTCs K 00-
MoTke pese. C Boiaepxkkoi Bpemenu AIIB, kontaktel PB 3ambikatorcs, BeikopaunBas 00MOTKy pesie PB, u 3a-
MBIKasl [IeNb BKJIIOYEHUS BBIKIIoUaTess. [Ipu aToM, BRIKIIIOYATEIh BKIIFOYAETCS, BbITIalaeT OJMHKEp yKa3a-
tenbHOTO pene PY «Pabora AIIBy», pene PB oTmamaeT, 3ambikaroTcs koHTakThl B B nensax D0, a Tak xe B u

KI'TI B iienmm 3aBoaku mpuBOAa, pa3MbIKatoTcs 010k-koHTakTel B 1 KI'TI B menu OB.
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Haxnanka kontaktHass HKP-3 npegnasHauena 111 yCTaHOBKH B
LENAX PEJICUHOM 3aIUThl U aBTOMATUKHU B KAUE€CTBE
BCIIOMOTATENIBLHOTO ycTpoicTBa. MIMeeT 3 pukcupoBaHHBIX
nosioxeHust. OCOOEHHOCTh KOHCTPYKIUU MTO3BOJIAET
OPraHU30BbIBATH TOUKY ITOJAKIIOUYEHUS CXEMBI C BUIUMBIM
Pa3pbIBOM, UTO SBIIAECTCA MOJIOKUTEIBHBIM MOMEHTOM IIpU

00CITy’KUBAaHUM OTICPATUBHBIX IICTICH.
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[Ipu ycnemnom AIIB, npuBon 3aBoauTcs (oxosio 20 cex) u cxema cHoBa rotoBa k padore. Eciiu AIIB He yc-
MEIIHOE, WY BBIKIJIFOYATENIb CHOBA OTKIIFOUMJICS OT 3aIUTHI 10 OKOHYAHUS 3aBOJKM IpUBOAa, cxema AlIB
Oomblne He 3amyckaeTcs. Tak, 3a C4eT BpeMEeHHU 3aBOAKU MPUBO/Ia, odecrnieurBaeTcs ogqHokpaTHocTh AIIB.

JI71s1 BKIIFOUEHMS BBIKJIFOUATEIIs ociie HeycnemHoro AIIB, HeoOxoaumo nepeBecty Hakiaanaky H1 B mosoxenue
«AMP» 1 3aBeCTH IPUBOJI 10 COCTOSIHUSI TOTOBHOCTH K BKJIFOUCHUIO, a 3aTeM KiiroueM KY nonats koMaHy Ha
BKJIFOUEHHE BbIKJIFOUaTess1. Eciiyi BKIIIOYaTe b BKIIOUMWIICS YCIIEHTHO (PYyYHOE MOBTOPHOE BKIIIOUeHUE - PIIB-
ycnemHoe), Hakinagaka H1 cHoBa nepeBoauTcs B nosioxkenue «AlIB», u mocie 3aBoiku MpUBOa, BEIKIIIOYATEh
cHoBa roToB K AIIB.

Onextpuyeckue AIIB oHOKpaTHOTO JEUCTBUS C aBTOMATUYECKUM BO3BPATOM MOJYYHIN HauOoJee UPOKOe
pacnpoctpanenue. Hanbomnee yacto Takue AIIB BemonHsIOTCA Ha 0a3e¢ KOMILIEKTHBIX YCTpoucTB Tuma PIIB- 58
B stom pene ognokpatHocth AIIB ob6ecnieunBaercs 3a cueT koHaeHcatopa C, KOTOPBI 3apsiKaeTcs TOIbKO MPU

BKJIIOYCHHOM II0JIOKCHHHU BBIKJIIIOYATCIIA.
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B paccmarpuBaeMon cxeMe JUCTAHIMOHHOE YITPABJIEHHUE BBIKIOYATEIIEM TPOU3BOINUTCS KIOUOM YIIPABICHUS
KY tuna MKCB®, y koToporo npeaycMoTpeHa Gpukcalus mojoKeHus nocieane onepanuu. [loatomy mocne
omepalyy BKIFOUYEHHUS KIIF0U OCTAETCS B MoJIokeHNU «BkimtoueHo» (B,), a mocne onepauuu OTKIIOUYECHUS - B
nonoxxeHun «OtkmoueHo» (O,). Korga BeIKIt0UaTeNlb BKIKOYEH U KITIOY YITPABICHUS HAXOJUTCS B MTOJ0KEHUN
«BKIro4eHO», K KoHAeHcaTopy C MOABOAUTCS IUTIOC ONIEPATUBHOTO TOKA YEPE3 KOHTAKTHI KIIF04Ya, & MUHYC Yepe3
3apsaaHbii pe3uctop R2. IIpu sTom konaeHCcaTop 3apsixeH U cxema AIIB HaxoauTcst B COCTOSSHUM TOTOBHOCTH K
nercteuto. [Ipu BKIIIOYEHHOM BBIKIIOUATENE pesie noyioxkenus «Otkmtoueno» PITIO, ocymecTBisAonee KOHTPOJIb
HCIIPABHOCTH LI€TIEH BKJIIOUEHUS, TOKOM HE 0OTEKAETCS U €r0 KOHTAKT B 1ienu mycka AIIB pazoMkHyT.

ITyck AIIB nporcXoauT npu OTKJIIOUYEHUH BBIKJIFOUATEIS MOJT JIEUCTBUEM PEIICMHON 3aIUThI B PE3YJIHTATE
BO3HUKHOBEHUS HECOOTBETCTBUS MEKAY MOJI0KEHUEM KII04a, KOTOPOE HE U3MEHUIIOCH, U TIOJIOKEHUEM BBIKIIIO-
yaresisi, KOTOPBIA TENEPh OTKIIYEH. HECOOTBETCTBUE MOJIOKEHUIN KITI0YA YIIPABIICHUS U BBIKJIIOUATEIIS] XapaK-
TEPU3YETCS TEM, YTO YEPE3 KOHTAKTHI Kilro4a 1-3 Ha cxemy AlIB no-npexHemy mogaeTcs II0C ONEPaTUBHOTO
TOKa, a paHee Pa30MKHYTHI BCTIOMOTaTeNbHBIA KOHTAKT (0JIOK-KOHTAKT) BhIkItouaress bBKB nepexmounics u
3aMKHYJ 11enb 00MoTku pene PI1O, kotopoe, cpabaThiBas, mojgaeT MUHYC Ha 0OMOTKY penie Bpemenu PB1. Ilpu
cpabaTbIBaHUU PEJI€ BPEMEHHU Pa3MBIKAETCsl €r0 MTHOBEHHBIN pa3MbIkatomuii KoHTakT PB1.1, BBoas B 11enb
0OMOTKH pelie JOMOJTHUTENbHOE conpoTuBieHue (pe3uctop R1). 3To npuBoAUT K yMEHBIIEHHUIO TOKA B OOMOTKE

pene, Onarojaps yeMy o0ecreunBaeTCsa ero TePMUIECKast CTOMKOCTh IIPH IJTUTEIbHOM MPOXOKIACHUU TOKA.
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CnyCTd yCTaHOBJIEHHYIO BBIIEPKKY PEIIe BPEMEHU 3aMBIKAET 3aMbIKaroIMK KOHTAkT PB1.2 n noakiroyaer na-
patenbHyto 00MoTKy pene PII1 k konnencaropy C. Pene PIT1 npu aTom cpabatbiBaeT OT TOKa pa3psiia KOH-
JIEHCATOpa U, CaMOY/JIEPKUBASICh YEPE3 CBOIO BTOPYIO OOMOTKY, BKJIIFOUEHHYIO MTOCIEA0BATEIBHO C OOMOTKOMN
koHTakTopa KII, momaer uMnynbsc Ha BKIIOUEHME BBIKIIFOUATENS. biarogaps ncnoyib30BaHUIO MOCIEN0BATEIBHOM
oomotku pene PII1 oGecrieunBaeTcst HE0OX0AUMAs IITUTEILHOCTH UMITYJIbCA JUIST HAZCKHOTO BKIIFOUEHUS
BBIKJIFOYATEJISA, TOCKOJIbKY MapalijiesibHas 00MOTKa ATOTO pelie MPpHU pa3psjie KOHIeHcaTopa 00TeKaeTCs TOKOM
KpaTKOBPEMEHHO.. BhIKIIIOUaTenb BKIOYAETCs, pa3MbIKaeTcs ero BcnomoraresibHbid KOHTakT bKB u pene PIIO,
PII1 u PB1 Bo3Bpatatorcs B ©CXoHOE MojoxeHue. Eciu moBpexaeHne Ha TUHUU ObLIO HEYCTOMUYUBBIM, TO OHA
octaercs B padore. [locie pa3MbikaHUsl KOHTAKTa pejie BpeMeHu KoHaeHcaTop C HauHET 3apsiyKaThbCsl Yepes
3apsiaHbIi pesuctop R2. ConpoTuBiieHHE ATOTO PE3UCTOPa BHIOMpAETCS TAKUM, YTOOBI BpeMs 3apsijia COCTABIISIIO
20-25 c. TakuMm 00pa3zom, cycTs ykazaHHoe Bpemsi, cxema AIIB Oyner aBToMaTu4ecKu MOATOTOBJIEHa K HOBOMY
JICHCTBHUIO.

Ecnu noBpexieHne ObUI0 YCTOMYMBBIM, TO BBIKIIOYATENb, BKIIOUUBIINCH, CHOBA OTKIIFOUUTCS 3alIUTON, U BHOBb
cpaboraroT pene PIIO u PB1. Pene PII1, ognako, mpu 3ToM BTOpO# pa3 paboTaTh He OyIeT, Tak Kak
koHsieHcarop C Obu1 paspspkeH npu nepBom neiictBun AIIB u 3apsanuthces enie He ycnen. Takum oopaszom,
paccMOTpeHHas cxeMa 0O0ecriedyuBaeT OJJHOKpaTHOE AeiicTBUE npu ycTounBoMm K3 Ha nuHuM.

HpI/I OINNCPATHBHOM OTKJIIFOYCHHH BBIKJIIOYATCIIA KIIFOUOM YITPABJICHUA KY necoorBeTcTBUsA HEe Bo3HUKaeT U AIIB
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HE JICCTBYET, TaK KaK OJTHOBPEMEHHO C MOAAYEN UMITYJIbCA HA OTKJIFOUEHUE BBIKJIFOUATENS KOHTAKTAMU KITI04a
6-8 pa3MBIKAOTCSI KOHTAKTHI 1-3, 4eM CHHUMAaEeTCs IUTI0C ONepaTuBHOTO ToKa co cxeMbl AlIB. Iloatomy cpa-
6otaet Tosbko pene PI1O, a pene PB1 u PII1 ne cpaboraror. O4HOBPEMEHHO CO CHATHEM OMEPATUBHOTO TOKA
koHTakTamu 1-3 KV 3ambikaroTcsa KOHTAaKThI 2-4 1 KoHAeHcaTop C paspsikaercs yepes conporusienne R3. [lpu
ONIEPATUBHOM BKJIFOUEHHUH BBIKJIIOUATENS KJIFOUOM yIIpaBieHUs TOTOBHOCTh AIIB k 1eMCTBUIO HacTynaeT nocie
3apsaa konaencaropa C yepes 20-25 c.

[Ipu oTkirouenun nuHUM 3anmuToi P3, koraa nelictsue AIIB He TpeOyetcs, uepes pe3uctop R3 npousBoaurcs
pa3psia konaeHcaropa C.

JI1st mpeoTBpallieHus MHOTOKPATHOTO BKJIIOUEHUS BBIKTIoUaTelist Ha yctoituuBoe K3, uto Morjio 061 UMETh
MECTO B Cilyuae 3acTpeBaHusi KOHTakTOB pesie PII1 B 3aMkHYyTOM cocTOsSIHMM, B cxeMe yrpasieHus (puc. 10.2)
yCTaHABJIMBAETCS CIieIMagbHOE MpoMexxyTouHoe peie PBM tuna PI1-232 ¢ aByMst oOMoTkamu: paboueit mo-
CJI€OBATENILHON U yiepKuBaroliel napamieiabHoi. Pene PBM cpabaTeiBaeT mpu mpoXoKICHUHU TOKA IO Ka-
TYIIKE OTKJIIOUEHUS BBIKJIIOUATEIISI U yIEPKUBAETCS B CpaOOTABIIEM ITOJ0KEHUHU JI0 CHATUS KOMaH/IbI Ha
BKitoueHue. [Ipu stom nens oomotku KIT pasmeikaercs pazMbikaromum KoHTakToM PEM, pegorBpamas
BKJIFOUEHHUE BBIKJIFOYATES.

Ha renemMexaHn3npOBaHHBIX MMOJCTAHLIMAX AJIS YIIPABJICHUS BBIKIIFOYATEIISIMA UCITOJIB3YIOTCA KIIFOUU YITPABJICHUS

0e3 ¢ukcanuu nonoxenus tuna [IMOB nnu MKB, a s 3anoMuHaHus npeablIyieil KOMaH bl yIpaBJIeHUS
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npeayCcMaTpUBAIOTCS CIEIUalIbHbBIE pesie PUKCAIIMU KOMaH Ibl. Y Ka3aHHBIE BBIIIE KIIOUN YIPABICHUS UMEIOT
TPHU NMOJIOKEHUA: «BKIIFOUNTHY, «OTKIIIOUNATH» U «HenTpanpHOE», MPUYEM MOCIE ONEPAMN BKIFOUYCHUS U
OTKJIFOYEHMS KJII0Y CAMOBO3BPAIAECTCS B HEUTPAIBHOE MOJIOKEHUE.

B kxagecTBe pese ¢puKcanuy UCIoIb3YIOTCS ABYXIO3UIIMOHHbBIE TPOMEXYTOUHbIEe perie TutioB PII8 u PII11,
pa3IMyarIIMECs KOJIMYECTBOM KOHTAKTOB.

[Ipomexxyrounoe pene PIT11 (PII8) umeer nBa smekTpomarHuta ¢ oOMoTkamu B u O, Mexay KOTOPBIMU pac-
MOJIOXKEH SKOPb, CBA3AHHBIN C KOHTaKTHOM cuctemoi. Korjma Tok B 00MOTKax 000MX AJIEKTPOMArHUTOB OTCYT-

-

CTBYCT, AKOPb PCJIC HAXOJUTCA B IIPpAaBOM HJIH JICBOM II0JIOKCHHH, B

o T T T Tm=ams
E12
| M }/ 3aBUCUMOCTH OT TOTr0, B OOMOTKY KakKOTo 3JEKTpOMarHura ObuI
9 T _l—l 5 Paipemmenme o

| | | momor MOJIaH MOCHAETHUN UMITYJIbC ToKa. [lociegoBarenbHO ¢ OOMOTKaMHU
e | L AJIEKTPOMArHUTOB BKJIFOYEHBI BCIIOMOTATEIIbHBIE KOHTAKThI 3TOrO

3 EL4 I
_,,.-=_<|f | | pene bB u bO, n1o3ToMy HanpsiKEeHUE MOXKET ObITh MOJAHO TOJBKO

L I
5 Ha OOMOTKY TOrO »JJEKTPOMAarHuTa, KOTOPBI MOATOTOBIEH K

e morssm

3 21

ELL1 _KLI?2 Ha memomesme  JCUCTBHIO. [IpM mojgaue HampsixeHHs Ha 3Ty OOMOTKY SIKOpb pelie
-

#  BRIETHIATEIE

MEPEKUIBIBACTCA M, IEPEXOId YEpe3 HEUTPaAIbHOE IOJIOKEHUE,

—'?'_" IIy=rApoEaste
ELl2 15

- EL12

e

—— — ——— KoHTakTel 3TOr0 pene 3aMeHsIIoT KOHTAaKThl Kitoda 1-3 B cxeme

MNCPCKIIOYACT KaK 6HOKHpOBOT~IHBIC, TaK N OCHOBHBIC KOHTAKTHI.
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AIIB. Kiro4 1 yCTpOWCTBO TEIIEMEXaHUKHU JEUCTBYET Ha KaTywKy pene PII-11.
B3amen anektpomexannueckoro pene PIIB-58 UDA3 (".Uebokcapsi, Poccus) BhITycKaeT MHKPOIJICKTPOHHOE
pene PIIB-01. Xapakrepuctuku pene PIIB-01 cymectBenno He omimuarorcsa ot PIIB-58, HO OHO mmeer

MEHbIIINE TabapuThl U BEC.

e
ek 2okt




Bb100p ycTaBok omHOKpaTHbIX AIIB 1151 IMHUYM ¢ OAHOCTOPOHHUM MU TAHUEM
Brinepxka Bpemenn AIIB Ha TOBTOPHOE BKIIFOUEHHE BBIKIIOUATENS ONPEAEHACTCS ABYMS YCIOBUSAMMU:
- Briepxka BpeMeHU JOJKHA ObITh 00JIbIlIe BpeMEHH TOTOBHOCTH MTPUBO/IA BBIKIIIOYATENS, T.€.

Ii‘1—_-l.|i.’]"_-'_?-‘ — 'r:u + 'rmu

rje

ten - BpeMsi TOTOBHOCTHU MPUBOA, KOTOPOE MOKET U3MEHSITheA B ipeenax 0,2-1 cek a1t pa3HbIX TUIIOB
MIPUBO/IOB;

13an - BpeMsl 3araca, yUuThIBaIOIIee HEMTOCTOSHCTBO fm U MOTPEITHOCTD pelie Bpemenu AlIB; npunumaercs

paBHoii 0,3-0,5 cek.

- JI7s Toro 9To0BI TOBTOPHOE BKIIIOUEHUE OBUIO YCIIEITHBIM, HEOOXO0IMMO, YTOOBI 32 BpeMs OT MOMEHTA
OTKJIFOUCHUS JTUHUH O MOMEHTA IIOBTOPHOTO BKJIIOUCHUS U TTOJjaYl HAMPSHKEHUS HE TOJIBKO TTOTracja dJIeKTPH-
geckas ayra B Mecte K3, HO M BOCCTaHOBHIIMCH M30JIAIIMOHHBIE CBOMCTBA Bo3ayXa. [Iporiecc BoccTaHOBICHUS

M30JISSIIMOHHBIX CBOWCTB, Ha3bIBAEMBIN JICMOHU3AIIMEH, TpeOyeT HeKOTOporo BpeMmeHu. Ciie1oBaTeIbHO, BhI-

nepkka BpemeHu AIIB Ha moBTOpHOE BKIHOUEHHE JOKHA OBITh OOJIBIIIE BpEMEHH JEHOHU3AINH, T. €.

Irl—.-l.f.'i‘}!i‘ - fr,’- + IMM
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t0 - Bpems fevonusanuu, cocrasisiomniee 0,1-0,3 cek.

HpI/I BI)I60p€ YCTAaBOK IPUHUMACTCS OoJIbllIEC 3HAUEHHUE U3 IMOJIYUYCHHBIX.

JABykpartHoe AIIB

[Ipumenenne nykpatHoro AIIB mo3BosisgeT moBbICUTH 3PGHEKTUBHOCTD 3TOTO BUAa aBToMaTUKH. Kak mokasbl-
BAET ONBIT IKCIUTYaTAlMH, YCIEIIHOCTh JEUCTBUS IIPU BTOPOM BKIIFOUEHHUU coCTaBisAeT 10-20%, yTo moBsimaet
o0t mporeHT ycnemnbix AedctBuid AIIB no 75-95%. JIBykpatnoe AIIB nmpuMeHstOT, Kak MpaBUIIO, HA
JIMHUSIX C OJTHOCTOPOHHUM MUTAHUEM U HA TOJIOBHBIX yYaCTKaX KOJIBIEBBIX CETEH, /i€ BO3MOXKHA paboTa B
pexnme 0qHOCTOpOoHHEro nutanus. AIIB IByKkpaTHOI AEHUCTBUS C KOMIUIEKTHBIM yCTpoHMCTBOM TUIa PIIB- 258,
B oTiinune oT yctporcta PIIB-58, paccMoTpenHoro Boiiie, conepxut aBa konaencaropa Cl u C2 u pene
BpemeHn PB1 ¢ nBymst KOHTaKkTamMu, 3aMBbIKAIOIIUMUCS C PA3HBIMH BBIJICPKKAMU BPEMEHU COOTBETCTBYIOIIUMHU
yctaBkam no BpeMenu AIIB 1 u 2 xpaTtHocTH.

Briaep:xka Bpemenu nepporo nukia AIIB onpenensiercs cornacHo BeipaxkenusM (10.1) u (10.2) Tak ke, kak u
st AIIB ognokpaTHOro aerictBusi. BTopoit UK J0JKEH NpoucxoauTh cinycTs 10720 cex mocie BTOpUIHOTO
OTKJIIOUEHHUS BBIKITIOUaTess. Takas Oombinas Beiep:kka BpeMeHu AIIB Bo BTOpoM UK€ AUKTYETCS HE00XO0-
JVMMOCTBIO TTIOJITOTOBKH BBIKJIFOUATEINS K OTKIIFOUEHUIO TpeThero K3 B citydae BKIIOUEHUS HA YCTOWYUBOE T10-

BPCIKIACHHUC. 3a 3To BPpEM: U3 KaMCPbI IalliCHUA YAAJAKOTCA PA3JIOKUBINUCCA U O6er'I€HHbIC HaCTHUIbI. KaMepa
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BHOBbB 3aIIOJIHACTCA MACJIOM M OTKJIIFOYaroiast CIIOCOOHOCTH BBIKJIIOUATEIN BOCCTAHABIIMBACTCS.

ABTOMATHYECKHUWI BBOJ PE3EPBA (ABP).

Ha3znauyenue ABP

CXeMBbI JIEKTPUUYECKUX COCAUHECHUI IHEPIOCUCTEM U OTJICJIbHBIX 3JIEKTPOYCTAHOBOK JIOJKHBI 00€CTIeYnBaTh
HaJIC)KHOCTh AJIEKTPOCHAOXKEHUS MoTpeduTeiel. BEICOKYIO CTeneHb Ha/Ie)KHOCTH 00€CTIEUMBAIOT CXEMbI TUTAHUS
OJTHOBPEMEHHO OT JIBYX U 00Jie€ UCTOYHUKOB (JIMHUM, TpaHCHOPMATOPOB), TOCKOJIbKY aBaApUITHOE OTKIFOUEHUE
OJIHOTO M3 HUX HE MPUBOJIUT K HAPYIICHUIO TUTAHUS MOTPEOUTEIICH.

HecmoTps HA 3TH 0YEBHAHBIE TPEUMYIIIECTBA MHOTOCTOPOHHET0 MUTAHUS TOTPEOUTENEH, O0JIBIIIOE KOTUYECTBO
MOJICTAHIIMI, UMEIOIINX JBa UICTOYHUKA MUTAHUs U 0oJiee, paboTaeT Mo cXemMe OJJHOCTOPOHHETO TUTAHUS.
OIHOCTOPOHHEE MUTAHUE UMEIOT TaKKE CEKIIMHA COOCTBEHHBIX HYXJ AJIEKTPOCTAHIIHM.

[IpumeneHnne Tako MeHee HaIe)KHOM, HO 00J1ee MPOCTOM CXEeMBI AJIEKTPOCHAOKEHUSI BO MHOTHX CITydasiX OKa-
3BIBAETCS 11€JIECO00PA3HBIM JIJI1 CHUKEHUS TOKOB K3, yMEHbIIIEHUSI TOTEPh JIEKTPOIHEPTUN B MUTAIOIINX
TpaHchopMaTopax, YIPOIIEHHS PEICHHOMN 3aIUThI, CO3JaHus HEOOXO0IMMOTO PEKHUMa 0 HAIIPSHKEHHIO, TIe-

pP€TOKaM MOIIMHOCTHU U T. II. HpI/I Pa3BUTHHU BHeKTqueCKOﬁ CCTHU OJHOCTOPOHHEC ITMTAHUC YaCTO ABJISACTCA
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€MHCTBEHHO BO3MOKHBIM PEILICHUEM, TaK KaK paHee yCTaHOBJICHHOE 000PY/I0BAHKE U pelieiHasl 3aluTa He
MO3BOJIAIOT OCYIIECTBUTH MapaJUIeIbHYI0 Pa00Ty HCTOYHUKOB MUTAHUA.

Hcnons3yroTcst BE OCHOBHBIE CXEMbI OJJTHOCTOPOHHETO MUTAHUA MOTPEOUTENEH MPU HAIMYUU JIBYX WJIH OoJiee
MCTOYHHUKOB.

B nepBoii cxeMe 0JIuH UCTOYHUK BKJIIOUEH U MUTAET MOTpeOuTENeH, a BTOPOM OTKIIIOUEH M HAXOJUTCA B pe3epBe.
CoOOTBETCTBEHHO 3TOMY MEPBBIA HCTOUYHHUK HA3bIBAECTCS pabOUYMM, a BTOPOH - pe3epBHBIM (puc, 10.9, a, 0). Bo
BTOPOI CXeMe BCE MCTOYHUKHU BKJIFOUEHBI, HO pa00OTaIOT pa3/iesibHO Ha BBIJCICHHBIX TOTpeouTeneil. [lenenue
OCYILECTBIISIETCS HA OJHOM U3 BBIKJIFOYATEIICH.

HenoctatkoM 0 JHOCTOPOHHETO MUTAHUS SIBJISIETCS TO, YTO aBAPUMHOE OTKIIOUCHUE Pab0Uero NCTOYHUKA MPH-
BOJIUT K MPEKPAILCHUIO MUTAHUS TOTpeOUTENEH. DTOT HEAOCTATOK MOKET ObITh YCTPAHEH OBICTPHIM aBTOMA-
TAUYECKUM BKIIFOYEHUEM PE3ECPBHOIO UCTOYHHMKA WJIM BKIIFOUEHHUEM BBIKIIFOUATEIIS,, HA KOTOPOM OCYIIECTBICHO
NEJICHUE CeTH. J1JIsl BBIOJIHEHUS 3TOU ONEPALU ITUPOKO UCITOJIb3YETCSI aBTOMAaTUYECKOE BKIIFOUEHHE PE3EPBA
(ABP). [1pu nanuuuu ABP Bpemst nepepbiBa nuTaHus moTpeduTtesnel B OOJIBIIMHCTBE CIy4aeB OMPEesaeTCs
JIMIIIb BPEMEHEM BKJIFOUEHHUS BBIKIIIOUATENIEH pe3epBHOro nctounuka u cocrasiet 0,3-0,8 cex. Paccmorpum
MIPUHIMUIIBI UCTIONb30BaHus ABP Ha npumepe cxewm, nmpuBeneHHbIX Ha puc. 10.9..

[Turanue noacranuu A (puc. a) ocyuiecTBisieTcst o padoueit iuauu JI1 ot noacranmuu b. Bropas nunus J12,

npuxoadaniada ¢ IoJACTaHIIuH B, ABJISACTCA pe3CpBHOﬁ N HAXOOUTCA IO HAIIPAKCHHUCM (BBIKJ'IIO‘I&TGJ'IB B3
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HOpMaJbHO OTKIItOYEH). [Ipu oTknrouennn nHumM JI1 aBromatuyecku ot ABP Bkitouaetcs Beikitouarens B3
nuHaud JI2, 1 TakuM 00pa3oM BHOBb OAAETCA MUTAHUE MOTPEOUTEINSIM MTOJICTAHIUHN A.

Cxembl ABP MoryT uMeTh OJTHOCTOpOHHEE WM ABYCTOpOHHEE AercTBue. [Ipn onHOCTOpoHHEM ABP niunus JI1
BCer/a 0 KHa ObITh paboueil, a muuus JI2 - Bceraa pesepsHoit. [Ipu nBycroponnem ABP mro0as u3 3Tux TuHMi
MOKET OBITh paboyeil U pe3ePBHOM.

[lutanue seKTpoABUraTeNel U IPYTUX NOTpeduTeneld COOCTBEHHBIX HYK]I KaXKI0T0 arperaTta 3JIeKTPOCTaHITUN
OCYIIIECTBISACTCS 0OBIYHO OT OTACIBHBIX pabouux TpanchopmatopoB (T1 u T2 nHa puc. 6). [Ipu oTkItoUeHUN
pabouero TpanchopmaTopa aBTomaTndecku oT ABP BkiIrodaroTcs BeIKIIIOYaTeNh BS ¥ 01MH 13 BBIKIIOYATEIICH
B6 (npu otxnrouenuu T1) unu B7 (mpu otkimtouenuu T2) pezepBHoro Tpanchopmaropa T3.

Tpanchopmatopst T1 u T2 siBisitOTCS pabounMu, HO MapaLICIbHO pabdOTaTh HE MOTYT M TIO3TOMY CO CTOPOHBI
HUBIIEr0 HAIPSKEHUS BKIIIOUEHBI Ha pa3Hble cucTeMbl UH (puc. B). [llunocoenuuuTenbHbIN BIKIIOUaTENbh BS
HOPMaJIbHO OTKJIIOYEH. [Ipu aBapuitHOM OTKIIIOUEHHUH JII000T0 13 pabounx TpaHcHOpPMaTOPOB aBTOMATHYECKU OT
ABP Bxmrouaercs BoIKtOUaTenb BS, moakimtouas Harpy3Ky IIKAH, TOTEPABIIAX IMUTAHUE, K OCTABIIEMYCS B
pabote Tpancopmaropy. Kaxasiit Tpancopmatop B paccMaTpuBaeMOM Ciiydae JOJKEH UMETh MOIIIHOCTb,
JOCTAaTOYHYIO JIJIsl MUTAHUsI BCEH HArpy3KH MOJICTaHIMK. B ciiyuae, ecim MOIIHOCTh OJJHOTO TpaHchopMaTopa
HEJIOCTAaTOYHA JUJIA MUTAHUS BCEW HArPY3KHU MOJCTAHLINY, ITpU 1euCcTBUA ABP MOMKHBI MpUHUMATHCS MEPBI IS

OTKJIIOYCHHS YaCTH HAaUMEHEEe OTBETCTBECHHOM Harpys3kKHu.
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[Toncraniuu B u I (puc. r) HopManbHO MUATAKOTCS paauanbHO OT noacTaHuuil A u b coorBercTBeHHo. JInHus
JI3 HaxoauTCs 1O HAPSY)KEHUEM CO CTOPOHBI IOJCTaHIMU B, a Beikirouarens BS HopManbsHO oTKiItoueH. [pu
aBapUMHOM OTKJIFOUeHUM JuHuM JI2 ycrporictBo ABP, ycTaHOBIEHHOE Ha noacTaHuuu [, BKiIro4aer
BbIKJTIOUaTe b BS, TakuM oOpa3zom nutaHue nojactaniuu [ mepeBoauTcs Ha noAcTaniyio B o nmunum JI3. [pu
oTkiroueHuu Juauu JI1 noacranuus B u BMecte ¢ Helt nuHus JI3 octatoTcsa 0e3 HanpsbkeHus. Micue3HoBeHue
HaIpsDKEHUs Ha Tpancpopmarope Hanpsbkenus: TH Takke mpuBoauT B aeiictBue ycrpoiictBo ABP Ha
MOJICTaHIUU [, KOTOpOE BKIIFOUEHUEM BBIKIIFOUATENA BS mogaeT HanpshbKeHWE Ha MOACTAaHLMEIO B OT nmoacrtanuumn

I.
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OcHoBHBIE TpeOOBaHusI K cxeMaM ABP

Bce yctpoiictBa ABP 0/mKHBI yAOBIETBOPATH CIEAYIOIIMM OCHOBHBIM TPEOOBAHUSIM:

- Cxema ABP pomxkHa mpuxoauTh B ACHCTBUE B Cllydae UCYC3HOBEHUS HANPSHKEHUS Ha IIMHAX MOTPEOUTENeH Mo
JT1000# TPUYKMHE, B TOM YUCIIE TTPU aBAPUMHOM, OIITMOOYHOM WJTU CAMOITPOU3BOJILHOM OTKIFOUCHHUH
BBIKJIFOUATeNIel pabodyero MCTOUHHUKA MUTAHMS, a TAKKE MTPU MCYC3HOBEHUH HAIPSKEHUS Ha IIMHAX, OT KOTOPBIX
OCYIIECTBIISICTCS MUTaHKWE pabouero UCTOUYHUKA. BKiItoueHrne pe3epBHOTr0 UCTOYHHUKA MUTAHUS MHOT/Ia
nonyckaetcs Takxe rnpu K3 Ha mumHax notpedurens. OgHako oueHb yacto cxema ABP Onokupyercs, Hanpumep,
pu paboTe AYroBOM 3alUTHl B KOMIUIEKTHBIX pacnpeaycTpoicTBax. [Ipyu OTKIIOUEHUH OT MaKCUMAJIbHOM
3amuThl TpaHchopmatopoB nuTatomux muHsl HH, pabote ABP, npennouturensna padora AIIB. [TosTomy Ha
cropone HH (CH) nonmxaromux TpancpopmaTopoB nojacTaHiuii npuauMaercs komouHaius AIIB-ABP. I1pu
OTKJIIOUEHUU TpaHchopMaTopa ero 3alMTol OT BHYTPEHHUX MOBpEXIeHMH, padotaeT ABP, a nipu oTkiroueHun
BBOZA ero 3ammuroun - AIIB. Takoe pacnpenenenne npe1oTBpamaeT nocaaKy HalpsHpKeHUs, a HTHOTAA U
MOBPEXKIECHUE CEKIIUU, OT KOTOPOU OCYILECTBIISAETCS PE3EPBUPOBAHUE.

- st TOrO 4TOOBI YMEHBIIUTH JJIUTEIBHOCTD MEPEPhIBAa MUTAHUS TOTpEOUTENCH, BKIIOUEHHUE PE3EPBHOTO
WMCTOYHHUKA MUTAHUS JOJKHO TPOU3BOIUTHCS BO3MOKHO OBICTpEe, Cpa3y ke Mociie OTKII0UEeHHS pabovero nc-
TOYHHKA.

- HeiictBue ABP 10i5kHO OBITH OJTHOKPATHBIM JJIsl TOTO, YTOOBI HE IOMYCKAaTh HECKOJBKUX BKJIIOUCHUH pe-
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3€pPBHOIO HCTOYHMKA HA HEycTpaHuBieecs K3.

- Cxema ABP He nomkHa TpUXOAUTH B IEUCTBUE 10 OTKIIFOYEHHUSI BBIKIIFOYATENS pa00vYero HCTOYHUKA JIJIs TOTO,
yTOOBI N30€KaTh BKIFOUCHHS pe3epBHOI0 UCTOUHKKA HAa K3 B HEOTK/IIOUMBIIIEMCsI pab0o4eM UCTOYHHKE.
BrinosHeHnne 3Toro TpeboBaHUs UCKIIOYAET TAaK)KE BO3MOXKHOE B OT/ICJIbHBIX CIIy4YasX HECUHXPOHHOE BKJIIO-
YEHHE ABYX UCTOYHUKOB ITUTAHUSI.

- Jns Toro uroOb1 cxema ABP aelicTBoBasna rmpy MCU€3HOBEHUN HAMNPSIKEHUS HA IIMHAX, MATAIOMINX Pa00Unil
HMCTOYHMK, KOTJIa €T0 BBIKJIIOYATENb OCTAETCS BKIOUYEHHBIM, cxeMa ABP noibkHa JONOMHATHCS crieluaabHbIM
ITyCKOBBIM OPraHOM MUHHUMAJIbHOTO HANIPSKCHUS.

- JIJ1s1 yCKOpEeHUS OTKITFOYEHHS PE3EPBHOTO HCTOYHUKA MUTAHUS TIPH €T0 BKJIOYCHUU HAa HeycTpaHusIieecs K3
JIOJDKHO MPEyCMaTPUBATHC YCKOPEHUE JEUCTBUS 3alIUThI pe3epBHOIO UcTOuHUKA nocsie ABP. 1o ocobenHo
BaXHO B T€X CJIydasiX, KOTJla MOTPEOUTENH, MOTEPSIBIINE MUTAHUE, MTOJKIIOYAOTCS K IPYTOMY UCTOUHHKY,
HecylieMy Harpy3ky. beictpoe oTkitouenue K3 mpu 3ToM HE00X01MMO, YTOOBI TPEAOTBPATUTH HAPYILICHHUE
HOPMaJIbHOM pabOThI MOTPEOUTENECH, MOKIIOYEHHBIX K PE3€PBHOMY UCTOYHUKY MTUTAaHUS. Y CKOPEHHAs 3alluTa
OOBIYHO JIEUCTBYET IO LIETH YCKOpeHUsl 0€3 BBIACPKKM BpeMeHH. B ycTaHOBKax ke COOCTBEHHBIX HYXK/I, a TAKXKE
Ha MOJACTAHIUAX, TUTAIOIMINX 0O0JIBIIIOE KOJUYECTBO AJIEKTPOABUTATENEH, yecKopeHue ocymiecTBisiercs 1o 0.3-0,5
cek. Takoe 3aMe/IJIeHne YCKOPEHHOM 3alllUThl HE0OXO0UMO, UTOOBI MPEIOTBPATUTD €€ HETPABUIIHLHOE

Cpa6aTBIBaHI/Ie B CJIy4ac KPAaTKOBPECMCHHOI'O 3aMbIKaHUS KOHTAKTOB TOKOBBIX PCJIC B MOMCHT BKIIFOUCHUA
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BBIKJIFOYATEIS MO ACHCTBUEM TOTYKA TOKA, 00YCIOBIEHHOIO CIBUTOM IO (aze MEXAYy HAMPSIKEHUEM dYHEP-
rocucteMsl 1 3atyxaromen 3/]C ToOpMO3AMMXCS dIIEKTPOABUTATENIEH, KOTOPBIM MOKET JocThurars 180°.
ABTOMaTH4YeCKOE BKJIKYECHNE pe3epBa HA MOJACTAHIIMSX.

Ha noacraniusx BEICOKOTO HANIPSKEHUS HAX0o4AT mupokoe npuMeHenne ABP pasnsix Tunos. Hapsny ¢ ABP

TpanchopMaTopoB NpuMeHsIOTCs ABP ceKImOHHBIX U MIMHOCOEAMHUTEIBHBIX BhIKIIOUaTenei u ABP nunuii.
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MpuHunn opmupoeaxHns ABP n ABHP
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CeteBbie ABP.

B pacnpenenuTenbHbIX CeTSIX HaxXOAAT MHpokoe npuMmeHenue ABP, obecnieunBaroiine npu cBoeMm cpadathl-
BAHUHU BOCCTAHOBIICHUE NMUTAHUS HECKOJIBKUX MOACTAHIMKA CETH, TaK Ha3biBaeMble ceTeBble ABP. Cxema takoro
ABP npuBenena Ha puc. YcrpoiictBo ABP n1BycTOpoHHEr0 1€iCTBHS 00€CIIEYNBAET BOCCTAHOBIICHUE TUTAHUS
YYaCTKOB CETH, PACTIOJIOKEHHBIX CJIEBA U CIIpaBa OT MOACTAHIUM B, B Cllyyae HapyLIECHUS] TUTAHUA OT
noacranuni A u /[ coorBerctBeHHO. Ilyck ABP ocymectBiseTca konrakramu pene Hanpspxkenus PH1 v PH2,
MOJIKJIFDYEHHBIMU K TpaHcpopmaTopaM HanpsbkeHusst TH1 u TH2 cooTBercTBeHHO. B 11e111 0OMOTKU penie
Bpemenn PB1 myckoBoro oprana ABP BKITFOUEHBI 3aMBIKAIOIINE KOHTAKTHI aBTOMATHYECKUX BbIKITtOUaTenen Al
1 A2, npeoTBpallaolIre JIOKHOE cpadaThIBAHUE ITYCKOBOI'O OPraHa B CIyyae HEUCIPAaBHOCTH Lienei
HAMNpPSKECHUS, a TAKXKE 3aMbIKAIONMe KOHTAKTHI petie Hanpsokenus PH3 u PH4, konTponmpyromue Hanu4ane
HAMNPSIXKEHUS CO CTOPOHBI PE3€PBHOIO UCTOYHHKA.

B cxeme nmyckoBoro oprana ABP npexycmoTpeno BTopoe pene Bpemenn PB2 11 BO3MOXKHOCTH OCYILIECTBIICHUS
IBYX Pa3JIMYHBIX YCTABOK IO BPEMEHHU B CIIy4ae OTKJIIOYEHUS] UCTOYHUKOB IUTAHUS OT oAcTaHuui A u /.
OnHOKpaTHOCTh AEUCTBUS paccMaTrpuBaeMoir cxembl ABP obecrieunBaeTcst IByXMO3MLIIMOHHBIM peJie Te-
pemeHHoro toka PII®1 tuna PII-9.

B HOpMansHOM pexuMe 3aMKHYTHI KOHTakThI pesie PIID1.1 u noarotosieHa menbs 0OMOTKH BBIXOHOTO MPO-

MexxytouHoro pene PII. ITocne cpabareiBanus P11, mogatomiero umMnysibc Ha BkItoueHue Bl, u 3ambikanus
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KOHTaKTOB peiie nojoxxkeHus «Bxmoueno» PIIB1, ¢huxcupyromero 3aBepiieHue mnpoiecca BkiatoueHus Bl, pene

PII®D1 cpabaThiBaeT u nepekirovacT
CBOM KOHTAaKThI, pa3mbikas PIID1.1 B
nenu oomotku PII. Bosspar pene PIID1
Y OAroToBKa cxeMbl ABP k HOBOMY
JIEUCTBUIO OCYILECTBISIOTCA HAXKATUEM
kHomkM K. DTy onepaiiuto BEITOIHSET
MIEPCOHANI ONIEPATUBHO-BBIE3THOU
Opuraabl, OTIPABIISIIOIINICS HA
MOJICTAHIINIO MPU MOCTYIUICHUU CUTHAJIA
o cpabateiBanun ABP. JlelicTBue
cereBoro ABP yssseiBaercs ¢ AIIB
JIMHUHN, 94TO 00ECreYynBaeT HAMOOIBITY IO
3 PEKTUBHOCTH ACHCTBHUS aBTOMATHKH.

Penentnas 3amura B paccmMaTpuBaemMoun

=
35 kB
a)
; a IA.I 3 FPH1 i PB1 M
= PH3|:T:| P PHI™ * PH4 L
= b Alg. PH2 - PB2 [
E pz® Y pyz
O PH1 , —
c | Tt Pﬂ%?.f Priad1.1 Bri
:; = . PB2 1L 4 =
~ DL I 455 PIIB [ro—= PMN2__ Prot1
= J b K
£ By H
S [] Bxro-
| c PH2 Pri. 1 |_| i yeHue B
. .
8)
6)

CCTHU JOJIZKHA BBIITOJHATHCA € YHCTOM BO3MOKHOCTHU ITUTAHUA ITPOMCIKYTOYHBIX HOI[CTaHHI/Iﬁ KaK OT O4AHOI'O, TaK

H OT APYTOro HCTOYHHKA.
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Pacuer ycraBok ABP.

a) Perre 0O JHOKPATHOCTH BKJIIOUEHHS;

Briaepxka BpeMEHH IPOMEKYTOUYHOTO PeEIIe OJJHOKPATHOCTH BKIIFOYEHHUS f,, OT MOMEHTA CHSTHS HAPSIAKECHUS C
€ro 0OMOTKH JI0 pa3MbIKaHUSI KOHTAKTa JOJKHA C HEKOTOPBIM 3aI1aCOM IPEBBIIIATH BPEMS BKJIIFOUEHUSI BbI-
KJIFOYATENS PE3EPBHOTO HCTOYHUKA MUTAHMUS:

. =1__+1I

oG GRT TN
rJe
141, - BPEMS BKJIFOUCHUS BBIKJIIOYATEINS PE3CPBHOTO HCTOYHUKA ITUTAHUSA; €CJIM BBIKITFOUATEEH ABA, TO BbI-
KJTFOYaTe IS, UMEIOIIETO OOJbIICe BpeMs BKIIOUCHUS; £,,,- BpeMs 3amaca, mpuauMaemoe paBHbIM 0,3-0,5 cek.
0) IlyckoBoil opran MUHUMAJIBHOTO HAMPSIKEHUSI
Hanpsikenue cpabathiBaHUsI pejie MUHUMAIbLHOTO HAIIPSYKEHUS TIPU BBIMOJHEHUH ITyCKOBOTO OpraHa o cxeme
BBIOMpAETCsI TaK, YTOOBI MyCKOBOM OpraH cpadaThiBasl TOJBKO IIPHU MTOJTHOM MCYE3HOBEHUU HAIPSKCHUS U HE
MPUXOJIWII B ICUCTBUE MIPU MOHMKECHUSAX HAMPSKEHU, BEI3BaHHBIX K3 MM caM03ammyCKOM 3JI€KTPOIBUTATENEH.
J171s1 BBITIOJTHEHMS ATOTO YCIOBUSI HANIPSDKEHUE CpadaThIBaHUS Pejie MUHUMAJIBLHOTO HAMPsOKEHUs (HanpshKeHue,

MIPU KOTOPOM BO3BPAIIAETCS IKOPb pefie) NOKHO ObITh PABHBIM:
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[r-:‘p = 'rm"m. H ,-"(kH ) k-[' )
[’Trp = ["Tmu J"Illl(k-ﬁ -k E')

rje

U,cm - HAUMEHBIIIEE PACYETHOE 3HAYEHHUE OCTATOUYHOTO HAIPSIKEHUS MPH K. 3.;

U,., - HaIMeHbIIIee HAMIPSDKEHUE TIPU CaMO3aIlyCKe AJIEKTPOJIBUTaTeNeH; K, - KOO dUITUEHT HaIe)KHOCTH,
npuHuMaeMbit 1,25; kg -koadduiiment Tpanchopmannu TpaHcpopmaTopa HaPsKSHHUS.

Jl1st onipeiesieHrss HAMMEHBIIIET0 OCTATOYHOTO HAIMPSKEHUS MPOU3BOJIATCS PACUETHI

npu Tpexdazubix K3 3a peaktropamu u Tpancpopmaropamu (Touku 1,2, 3) u pacuer

.

caMoO3allyCKa BHGKTPOHBHFaTCHeﬁ. HpI/IHHMaCTCX MCHBIICC 3HAYCHNUC HAIIPAKCHUSA

é 3 cpabaTbIBaHUs U3 MOJYYCHHBIX 10 hopmysiaMm. B 6ompmHCTBE cllydaeB 060UM

YCJIOBUSIM YAOBJIETBOPSIET HANPsDKEHUE cpabaThiBaHUs, paBHOE:

Ucp = (0,25- 0,4) Unom

rac

U, non~ HOMHUHAJIbBHOC HAITPSAKCHUC 3JICKTPOYCTAHOBKH.
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Briziepkka BpeMeHHU IMyCKOBOT'O OpraHa MUHUMAJIBHOTO HANPSIAKEHUS JOJ)KHA ObITh paBHA:

F,m :i'] +i\.f
f”ﬂ :r: +:ﬁf

PIS

t; - HanOOoJIbIIIAs BBIACPKKA BPEMEHM 3allUThl MPUCOEAUHEHUM, OTXOISIIIUX OT IIMH BHICIIETO HANIPSKEHUS
MMOACTAHIINH;

t, -HanOoJIbIIAs BBIJEPKKA BPEMEHU 3allUThl MPUCOSANHEHUM, OTXOISIIUX OT IITMH HU3IIET0 HANIPSHKEHUS
MMOJCTAHIINH;

At -cTynieHb cenekTuBHOCTH, paBHas 0,4- 0,5 cexk.

Yem MeHbIIIE BbIJIEpKKA BpEeMEHHU MTyckoBoro oprana ABP, Tem MeHbIlIe iepephIB MUTaHUS TOTPEOUTEIICH.
[TosToMy Tipu BBIOOpE YCTABOK ITYCKOBOT'O OpraHa CJlIeayeT CTPEMUTHCS K TOMY, UTOOBI BBIJIEPKKA BPEMEHU ObLiIa
110 BO3MO>KHOCTH MEHBIIIE.

r) Pene KOHTpOJIs HaU4YKs HaNPSKEHUS Ha PE3EPBHOM UCTOUYHHUKE MTUTAHUS

Hanpspkenne cpabaTeIBaHUsI 3TOTO PEjie OMPEACISIETCS U3 YCIOBUS OTCTPOUKHA OT MUHUMAJIBHOTO pabodero

HaIMpsHKEHUH 10 (popmyiie:
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I'Trp = Lrpaﬁ.min /(k.ﬂ' ) ka ) kI)

rae
Upu6 min - MUHMMAJIbHOE pabodce HAITPSHKEHUE;
K, - KO3 OUIIMEHT HAJCKHOCTH, MPUHUMAEMbIN paBHbIM 1,2;

K, - K03 uImeHT Bo3BparTa pelie.
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ABTOMATHUYECKASA YACTOTHAA PA3I'PY3KA (AYP)

f1c-1 fiG-2

i - nraat o rz
@ ;

Mompebumenw
MompeBumenu

Ha3HauyeHue 1 OCHOBHbBIE
NPUHIUNBI BbINOJIHeHNnss AUP
IToka B 3HEpPrOCUCTEME UMEETCA
BPAILIAIOLINICS PE3EPB AKTUBHOU
MOIIIHOCTH, CUCTEMBI PETYJINPOBAHUS
YaCTOTHI M MOIIHOCTHU JOJKHBI
MOJIJICP>KUBATH 3aJaHHBIN YPOBEHb

yactoThl. Ilocae Toro kak

Bpalllarouics pe3eps OyeT ucuepnat, 1eUIIUT aKTUBHOW MOIITHOCTH, BHI3BAHHBIN OTKIIOUEHUEM YaCTH

T€HEPATOPOB MJIM BKJIIOUEHUEM HOBBIX MOTPEOUTEIICH, TTOBIEYET 3a COOOM CHUKEHHUE YaCTOThI B YHEPTOCUCTEME.

COBpCMeHHHC MOIIHBIC TCIIJIOBBIC 1 ATOMHBIC 3HCpI‘O6HOKH UMEIOT MaJIbIN AUAIIa30H PCryjIinpoBaHUsA aKTUBHOM

MOIIHOCTH, YTO HC ITO3BOJIACT BBIITOJIHUTL HAJACKHOC PCTYJIUPOBAHUC YaACTOTHI U aKTUBHOM MOIIHOCTH B

HeoOxoauMoM auamna3one. [103ToM 3a4acTyro IPUMEHSIOT pyYHOE PETYJIMPOBAHUE YACTOTHI, TAKOE

pEeryJInpOBaHUC YaCTO 3aKIHOYACTCA B ITYCKC U OCTAHOBC OJIOKOB U IMO3TOMY MOIIHOCTb MCHACTCA CTYIICHYATO,

00pa3ys 1u60 aedUunuT MO0 N30BITOK MOIMHOCTH. HebGoIbIoe CHIKEHNE YaCTOThI, HA HECKOIBKO JIECITHIX

repua, HE IpeACTaBIACT OIIACHOCTH AJIA HOpMaJIBHOfI pa6OTBI OHCProCUCTCMEBI, XOTS U BJICUCT 34 coboit
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YXYAIIEHUE YKOHOMUYECKHUX
nokas3areiaei. CHHKEHUE Ke
4acToThI Oosee yeMm Ha 1-2 Iy -
MIPEJICTaBIISIET CEPHE3HYIO

OIIaCHOCTb U MOJKCT IIPUBCCTU K

MIOJITHOMY PacCTPOMCTBY pabOThI

’ y SHEPTOCHCTEMBI.
ko 5
NG gl DTO B MEPBYIO OUEPED
=10 =
= wos
o o ¥ OTNpEeIEISAETCS TEM, YTO TIPH

MOHWKEHUU YaCTOThI CHUXKAETCS
e CKOPOCTh BpalllCHUS

AIEKTPOABUTATENEN, A

CJIICOO0BAaTCIIbHO, CHUXKACTCA U

IMPOU3BOAUTCIIBHOCTD ITPUBOJHNMBIX

MMH MEXaHH3MOB COOCTBEHHOT'O Pacxo/ia X0/ia TEIJIOBBIX JIEKTPOCTaHIIMM. BeleacTBue cCHUKeHMs
MPOU3BOAUTEILHOCTH MEXAHU3MOB COOCTBEHHOT'O Pacxo/ia pe3Ko YMEHbBIIIAETCs paciojiaraeMasi MOIIHOCTh

TEIUIOBBIX. AJIEKTPOCTAHIINM, OCOOEHHO 3JIEKTPOCTAHIINM BRICOKOIO JIABJICHUSI, UTO BJICUET 3a COOOM HabHEIIIee
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CHIKEHHUE YaCTOThI B SHEPrOCUCTEME. DTO KaCaeTCsl TAK)KE M aTOMHBIX AJIEKTPOCTaHIMKA. TakuM o0pazom,
MIPOUCXOIUT JIABUHOOOPA3HBIM MPOLIECC - «JIaBUHA YACTOThDY, KOTOPHIA MOXKET MIPUBECTH K TTOJTHOMY
paccTporCTBY pabOTHI SHEPTOCUCTEMBI.

CrnenyeT TakKe OTMETUTb, YTO COBPEMEHHBIE KPYIHBIEC MAPOBbIE TYPOUHBI HE MOTYT JIJTUTEIBHO paboOTaTh MPHU
HU3KOM Y4acTOTE U3-3a OACHOCTH MOBPEXKIACHUS UX pab0oUuX, JomaTok. J[eao B TOM, 4YTO KaxKJIbIi PsiJl JONATOK
MMEET COOCTBEHHYIO YACTOTY PE30HAHCA, BCE IPYIIIIBI JJOMATOK UMEIOT pa3HbIE pa3Mephbl U KOHCTPYKTOpam
TypOUH TIPUXOAUTCS JTOJITO 3aHUMAThCS TEM, YTOOBI BBIBECTH BCE TPYIIIIHI JIOMATOK U3 PE30HAHCA MIPU YacTOTE
BpallleHus OJIM3KON K HOMUHANIbHOW. Eciiu Ta wnu aApyras rpymmna JonaTok TYpOUHBI MOMAIeT B PE30HAHC, OHA
MOXET OBITh Yepe3 HEKOTOPOE BpeMsi ITOBPEKIeHa. 30Ha, CBOOOIHAsI OT pe30HAaHCOB cocTaBisieT 1-2 ' u
HEJIOMyCTUMA JJIUTEIbHasi pab0Ta CUCTEMBI MTPU YACTOTAX BBIXOAIIMX 3a ATOT JAMANa30H.

[Iporiecc CHMKEHUST 4aCTOThI B SJHEPTOCUCTEME COMPOBOXKAAETCS TAKKE CHUKCHUEM HAIPSHKEHUS, YTO TTPOUC-
XOJIUT BCIIEJICTBUE YMEHBIIICHUS YAaCTOTHI BpAILIEHHUS BO30OYAUTENCH, pacloI0KeHHBIX HA OJHOM Baly € OC-
HOBHBIMU TeHepaTopamu. Eciu perynsaropsl Bo30YyKIeHHsI TEHEPATOPOB M CUHXPOHHBIX KOMIIEHCATOPOB HE
CMOTYT yJ€p>KaTh HAMPsHKEHUE, TO TAKKE MOKET BO3HUKHYTH JIJABUHOOOPA3HBIN MPOIECC - «IA8UHA HANPsdice-
HUSLY, MAK KaK CHUMNCEHUE HaANPANCEHUS CONPOBONCOAEMC Y8euteHuemM nompediieHus peakmusHou MOWHOCMU,

qTO CIIC 00J1e€ OCIIOKHUT II0JIOKSHHUE B SHCProCucCTeMC.
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ABapuitHO€ CHIM)KEHUE YaCTOThI B HEPTrOCUCTEME, BHI3BAHHOE BHE3AIMHBIM BO3HUKHOBEHHUEM 3HAYUTEIHLHOTO
nedunInTa AKTUBHOM MOIITHOCTH,
MpPOTEKaeT OYeHb OBICTPO, B TEUCHUE
HECKOJIbKUX ceKyH/. [TloaTomy nexyp-
HBII TIEPCOHAJ HE YCIIEBACT MPUHSIThH
KaKuX-J1100 Mep, BCIACACTBUE YETO
JUKBUIAIMS aBapUIHOTO PeKrMa
JOJKHA BO3JIaraThCs Ha yCTPONCTBA
aBTOMATHKH.

JIna mpenoTBpalleHus: pa3BUTUSA

aBapuu JIOJKHBI OBITH HEMEIJICHHO
MOOHMJIN30BaHbBI BCE PEe3€PBBI AKTUBHON MOIITHOCTH, UMEIOIIHMECS Ha 3JICKTPOCTAaHIMAX. Bee Bpammarommecs
arperarsl 3arpyKarTcs 0 MPEAesa ¢ yUeTOM JONYCTUMBIX KPAaTKOBPEMEHHBIX MEPETPY30K.

[TockobKY BpaIaronuiics PE3epB HEBEIIMK, OH HE MOYKET MOKPBITH OOJIBIION Te(UIIUT MOIITHOCTH, BOSHUKIITUI
B y3JI€.

[Ipu OTCYTCTBUH BpAIIAIOIIECTOCS Pe3epBa €AMHCTBEHHO BO3MOYKHBIM CITOCOOOM BOCCTAaHOBJICHUS YaCTOTHI

ABIACTCA OTKIIIOYEHUEC HaCTHU HAMMECHEC OTBETCTBCHHBIX HOTpG6HTCHCﬁ. OTOo M OCYHICCTBJIACTCA C ITIOMOIIIBIO
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CIIEIUATIbHBIX YCTPONCTB - aBTOMATOB YacTOTHOM pa3rpy3ku (AUP), cpabaTsiBatonux mpu OMacHOM CHH>KCHUH
YacCTOTHI.

CrnenyeT OTMETHUTh, uTo AciicTBue AUP Bcerna cBsizaHo ¢ OnpeAeieHHBIM YIIEpOOM, MOCKOJIbKY OTKJIIOYEHUE
JIMHUH, IATAOIIUX AJIEKTPOIHEPTUEN TPOMBILIIJICHHBIE TPEANPUATHS, CEIbCKOXO3AUCTBEHHBIX U IPYTUX I10-
TpeOuTeneil, BiedeT 3a co00M HeOBBIPAOOTKY MPOIYKIIUHU, MTOsIBIICHHE Opaka u T. . Hecmotps Ha ato, AYP
IIMPOKO UCTIONB3YETCs B YHEPTOCUCTEME KaK CPEJICTBO MPEIOTBPAICHUS 3HAUYUTEIHHO OOIBIITNX YOBITKOB M3~ 32
MOJTHOTO PACCTPOMCTBA PAOOTHI SHEPTOCUCTEMBI, €CJTU HE OyAYT MPUHSATHI CPOUHBIE MEPHI MO JIUKBUAAIIUN
neduImTa akTUBHON MOITHOCTH.

['myOvHa CHUXEHUS YaCTOThI 3aBUCUT HE TOJIKO OT Je(UIIMTa MOIITHOCTH B IEPBBIA MOMEHT aBapuu, HO U OT
xapaktepa Harpy3ku. [loTpebiieHrne MOITHOCTU OJTHOM TPYNIO MOTpeOuTENeH, K KOTOPOM OTHOCSTCS JIEKTPO-
OCBETUTEJIbHBIE TPUOOPHI U IPYTUE YCTAHOBKU, UMEIOIINE YUCTO aKTUBHYIO HArpy3Ky, HE 3aBUCUT OT YaCTOTHI U
MIPU €€ CHUKEHUU OCTAETCA MOCTOSHHBIM. [loTpebiienue e Ipyrou rpymmbsl OTpeOUTeNen - AIeKTPOABUTa-
TeJIeH IEPEMEHHOI0 TOKa MPHU YMEHBIIICHUU YaCTOThl CHUKaeTcs. UeM OoJibliie B 9HEProCUCTEME JI0JISI HAaTPy3KHU
MEPBOM TPYIIIIBI, TEM OOJIbIIIE TOHU3UTCS YacTOTa MPU BO3HUKHOBEHNUH OJMHAKOBOTO JAe(HUIIUTa aKTUBHON
MorHocTH. Harpyska notpeduresneii BTOpoit Tpynibl OyJeT B HEKOTOPOUl CTENEHU CIIIaKUBaTh P QeKT
CHUKEHMS YACTOTHI, TOCKOJbKY OJTHOBPEMEHHO OYJET YMEHBIIATHCS OTPEOICHUE MOITHOCTH JIEKTPOIBUTA-

TCIISIMU.
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YMeHbIIIEHHE MOIIIHOCTH, MTOTPEOIIEMOI HArpy3KO# MpH CHIYKEHUU YaCTOThI, UJIH, KaK TOBOPST, PETYIUPYIO-
Ui 5QPEKT Harpy3KH, XapaKTepu3yeTcs KOIQPUINEHTOM K 14,5, PABHBIM OTHOLIEHHIO

o AP%

A%

Koaddumuent perynmupyroriero 3¢ dexra Harpy3Ku MOKa3bIBaeT, Ha CKOJIBKO MPOIICHTOB YMEHBIIAETCS TI0-
TpeOJIeHHEe HAarpy3KOH aKTUBHOM MOIIIHOCTU Ha KaX b MPOIEHT CHUYKEHUSI YaCTOThI. 3HaUeHue ko3 duiimenTta
perynupyroniero 3ghexra Harpy3Ku JI0IKHO OMPEACISITECS CISIUATBbHBIMU UCTIBITAHUSAME U IPUHUMACTCS TIPU
pacuetax paBHbIM 2,5-4. YcTporictBa AUP nomKHBI yCTaHABIMBATHCA TaM, 1€ BO3MOKHO BO3SHUKHOBECHHUE
3HAYUTEIBLHOTO Je(UIINTAa aKTUBHOW MOIIIHOCTH BO BCEH HHEPrOCUCTEME WIIN B OTACILHBIX €€ palloHax, a
MOITHOCTb MOTPEOUTEIICH, OTKITI0OUAaeMBbIX MpU cpadaThiBanuu AYP, noykHa ObITh 1OCTAaTOUYHOM ISt
MPEOTBPAILCHUS] CHXKEHUS YaCTOThI, yTPOKAIOIIET0 HAPYILICHHUEM PadOThl MEXaHU3MOB COOCTBEHHOTI'O pacxo/ia
AIEKTPOCTAHIIUM, YTO MOXKET MOBJIEYH 32 CO00i JIaBUHY 4acTOThI. Y cTporicTBa AUP 10MKHBI BRIMOTHATHCS C
TaKUM pacueToM, 4TOObI ObLIa MOJTHOCTHIO UCKITI0OUYEHA BO3MOKHOCTD J]a’K€ KPATKOBPEMEHHOTO CHUYKEHUS
qacTOThI HUXKE 45 ', Bpems paboThl ¢ wacToToit HIKe 47 I'm He mpeBbimano 20 cek, a ¢ yacToToi Hike 48,5 I'n

- 60 cex. Jonycmumoe 8pems cHudicenuss yacmomowl Hudxice 49 'y no ycrnosuam pabomor AIC pasno 2 munymeol.
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HN3meHeHre YacTOTHI IPY BOSHUKHOBEHUH AepUuuuTa
AKTUBHOM MOIIHOCTHU / - npu orcyrcTBUU AYP; I1- npu
Haanuuu AYP.

i

2.9 okiepedh AYP

 3-57 obiepedb AYP
A ek .k Sh

smuhossliseanbhessasmm

Jl71s1 TOoTO, 9TOOBI CyMMapHasi MOIITHOCTh HAarpy3Ku
nmoTpeduTenen, oTkmodaeMbix aerictBueM AYP, xots Ol
MIPUMEPHO COOTBETCTBOBAIA AC(HUITUTY aKTUBHOW MOIIIHOCTH,

BO3HHUKILIEMY TIpU JTaHHOM aBapun, AYUP, kak mpaBuio,

i -

] L

BBITOJIHSIETCSI MHOTOCTYIIEHYATOM, B HECKOJIBKO OUEpEIEH,

=

—

OT/IMYAIIUXCS YCTaBKaMH 10 4YaCTOTC Cpa6aTBIBaHI/I$I.

0 1 2 3 4 & 6 ¢

ITepBas kareropus aBTOMaTu4e€CKOM YaCTOTHOU pa3rpy3Ku

AYP-1 6wicTpoaeiicTByromas (T=0,3-
0,5 cex) ¢ ycTaBkamu cpabaThIBAHHS

ot 48,5 'l (B OTHENBHBIX CIIyYasix OT

rnc-1
49,2-49,3 I'n) no 46,5 I'n.

Ha3znauenne ouepenenn AUP-1 - He

AOIIYCTHUTD FJ'IY6OKOI‘O CHUXKXCHUA

4aCTOTHI B IICPBOC BPCM PA3BHUTHUA
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Ly
A aBapuu. YcraBku Cpa6aTBIBaHI/IH OTJECJIBHBIX

50 \ > ouepenerd AYP-1 otnmyarorcest onHa ot apyrou Ha 0,1

'

49

48
MouHocTs, noakiaroyaemas k AUP-1, npumepHo

PAaBHOMEPHO pacCHpeAesieTCs] MEXIY OUepeISIMU.

46

Bropas kareropust aBTOMaTU4ECKOW 4aCTOTHOU

pasrpy3ku—AYP-2 npegnaszHavena s

BOCCTAHOBIJICHHUA 4aCTOThI 10 AJIMTCIIBHO

nonycTuMoro 3HadeHus - Boiie 49,0 I'u. Bropas kareropust AUP-2 paGoTtaert nmociie OTKIIOUCHUS YacTh
notpeduteneit or AYP-1, korjga cHI)KEHHE YaCTOTHI ITPEKpaIaeTcs, U OHA YCTaHABIUBAETCs Ha ypoBHE 47,5-
48,5 I'm.

YcraBku cpabateiBanus Bcex AUP-2 nmpuHMMaroTCst OJM3KUMH 110 4acToTe B auamna3one 48,5-48,8 I'. Boi-
nepxku BpeMenn AYUP-2 otnmuarorcs apyr ot Apyra Ha 3 ceK U IpUHUMArOTCA paBHbIMU 5-90 cek. bonpmme
BbIICPKKH BpeMeHr AYP-2 mpuHUMAarOTCs JIsl TOTO, YTOOBI MOCTETIEHHO TOBECTH YACTOTY /10 HY>KHOM BEIHYH-
HBI, HE JIONYCTUB MOBBILICHUA €€ 10 BEJIMYUHBI CYIIECTBEHHO BbllIe 49 ['. Cunraercs, 4To 3HEProcucTeMa

MOKET YCTOﬁqHBO 1 JJIMTCIIBHO pa6OTaTB IIpHu 9aCTOTC HpCBBIHIaIOHIef/'I 49,2 FI_[ 1 AOBCIACHUE €€ 1O HOMMU-
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HaJbHOM, O3HAYAET, UTO OYyJIeT OTKIIIOUYEeHA JOMOTHUTEIbHAS YaCTh MOTPEOUTENEH, KoTopas Morjia Obl OCTaThCs B
pabote. CoBmeniennass AYP coctout u3 nByx yctpoiictB AUP-1 — AUP-2 nelicTByromux Ha Ty K€ Harpy3Ky.
Kpome nByx kareropuit aBTOMaTU4ECKON 4aCTOTHOM pas3rpy3ku — AUP-1 u AYP-2 B skcruryaranuu
MIPUMEHSAIOTCSA HEKOTOpBIE pyrue ouepenu AYUP. Crienouepens AUP - umeromas ycrasku 49,2 I'n, 0,3-0,5 cex
JOJKHA TIPETATCTBOBATh MOHMKEHUIO 4acTOThI HIKE 49,2 ', a 3amutHag ouepenp AYUP 49,11 0,3-0,5 cek. He
JOJKHA JTOMYCTUTh CHUYKEHUS 4acTOThI HIKE 49 ['1, omacHOM BCIIEICTBUE BO3MOKHOM Pa3rpy3Ku aTOMHBIX
AJIEKTPOCTAHIMNA U JaTbHENIIEr0 CHU)KEHUS YaCTOTBHI.

Takum 00pa3oM, B COBpEMEHHBIX ycloBUsX umeercs 2 cuctembl AUP. OfHa - crieniouepe/ib 1 3aldTHas 04epe/ib
yACPKUBAET YaCTOTY HA JIUTEJIHHO IOMYCTUMOM YPOBHE U HY>KHA JIJIsl paOdOThI CUCTEMBI ITPU HEJIOCTATKE
TEHEPUPYIOIIEH MOIIHOCTH, KOTJIa HE MPEJICTABIISIETCS] BO3MOXKHBIM yIEPKUBATh HOMUHAIBHYIO YaCTOTY, TaK
KakK JIJIs1 3TOro TpeOyeTcsl OTKIIOUUTh J0OaBOYHOE KOJWUeCTBO noTpedbuTesneit. Bropas cucrema AYP HyxHa s
paboTHI IPU aBAPUUHO BO3HUKIIUX OOJBIINX A€(PUIIUTAX MOITHOCTH, OTKJIFOYAET 3HAYUTEIBHO OOJBIINNA 00beM
HAarpy3KH M TaKke JTOBOJMUT YaCTOTY JI0 JJUTEIBHO JONYCTUMOIO YpOoBHs npesbimaromero 49,0 I'a. Moxer
MIPUMEHSTHCS TAK)KE JIOMOJIHUTENbHAS pa3rpy3Ka 1o IpyruM pakrtopam, HampuMep Ipu OTKIIOYECHUN JTUHUN
CBSI3U WJIM T€HEpATOpa, B Pe3ybTaTe KOTOPOTO BHE3AMTHO BO3HUKAET AS(UIIMT MOIIHOCTU. Takas aBTOMaTUKa He
NOKHUIACTCA CHUKEHUS YaCTOThI M OTKJIIOYAET HArPYy3Ky HEMEIIEHHO. BCe 3Th BHUIbI aBTOMATUKN UMEFOT

Ha3BaHUC - HpOTHBoaBapHﬁHaH PC)KHUMHAsA aBTOMATHKA. Hepr,Z[HO 3aMCTUTb UBMCHCHHUC ITPUOPUTCTOB B ATOM
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MPOTUBOABAPUIHON aBTOMATHKE - OHA MPEIHa3HAauYCHA YIepKaTh HOPMAIbHYIO pa0dOTy CUCTEMBI 32 CUET
OTKJIIOUEHHUS MOoTpeduTeseil. B kKoHeuHOM cueTe, MOKepTBOBAB YACThIO MOTpeOUTENEH, MBI COXpaHsIeM B paboTe
OCTaJIbHBIX. HEeTpyIHO MOHSATH, YTO HU OJIMH W3 MOTPEOUTEIEH HE XOUEeT CTaTh KEPTBOM, 32 CUET KOTOPOM
coxpaHaTtcs octanbHble. [loaToMy npu BeIOOpe noakioyaeMbix K AYP motpedureneit olileHuBaeTCs X 3HaYEHUE
- BOBHUKAIOIIUHN y1iepO, CHU)KEHHE BBIITYCKa MPOIYKIINH, OBPEXKICHHE 000PYI0BaHUsI, OTTACHOCTD JIJISl KU3HU
Jroz1ei U T.4. BaxkeH Takke nopsiiok NOAKII0YEHUs noTpeduTenei k ouepensam AYP: norpedurenu,
MOJKJIFOYEHHBIE K ouepensiMm AUP, uMmeronum 60Jiee BLICOKUE YCTaBKH IO YaCTOTE U MEHBIITUE BBIJICPIKKHU

BPECMCHHU, OTKJIIOYAIOTCs Yallie.

ABTOMaTHYECKOE BKJIOYeHHEe moTpeduTeseit mocae AYP

JI1s1 yCKOpEeHHs1 BOCCTAHOBJIEHUS TUTAHUS TOTPEOUTENEH, OTKIFOYEHHBIX MTpU cpabatbiBanuu AYP, npumeHns-
eTcs crneruanbHbii Bu aBTomMaTtuku - AIIB mocime AUP (mmm YATIB). YerpoiictBo HAIIB cpabaTeiBaet mocie
BOCCTAHOBJIEHHUS YACTOThI B IHEPTOCUCTEME U TAET UMITYJIbC Ha BKJIIOUEHHE OTKIOUYEHHBIX 0T AUP notpedu-
TEJIEN.

YerpoiictBo HAIIB siBiisieTcst Becbma 3G (PEKTUBHBIM CPEICTBOM aBTOMATHUKH, YCKOPSIOITUM BOCCTAHOBJICHHE

NMUTaHus norpedurenent, otkiatouasimuxcs aerctsuem AYP. [Tostomy HAITIB nienecoodpa3zHo npuMeHsTh BE3JE,
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rae ycranoiaeHa AYP. B niepByto ouepens HAIIB ciienyeT BBINOJHATh Ha MTOJACTAHIHAX C OTBETCTBEHHBIMU
NOTpEeOUTENISIMH, Ha TOJICTAHIUAX 0€3 TOCTOSTHHOTO 00CITYKUBAIOIIETO MepCcoHaia, ¢ IeKypCTBOM Ha JIOMY,
JAJIEKO PACTOI0KEHHBIX OT MECTa pa3MeEIIeHUsI OTIEPaTUBHO-BBIE3IHBIX OpUTa].

Hevicteue YAIIB nomxHO ocymecTBiAThCs pu yactore 49,5-50 I'n. Hawanenas ycraBka o Bpemenn HAIIB
npuHUMaeTcs paBHou 10-20 cex, KOHEYHAs - B 3aBUCHMOCTH OT KOHKPETHBIX YCIOBUA. MUHUMAIIbHBIN NHTEPBAI
110 BPEMEHU MEXAy cMexkHbIMU ouepensmMu YAIIB B npenenax sHEprocucTeMsl UM OTASIBHOTO y37a - 5 CEK.
MortHoctu Harpy3ku 1o odepeasm UAIIB o6buHO pacnpenessitorcs paBHOMEpHO. O4epeHOCTh MOAKIIOYEHUS
notpeduteneii k YAIIB - o6patnas ouepennoctu AUP, T. €. k mocinegaum odepeasm AUP nmoakmodaroTces
niepBeie ouepeau YAIIB.

Jlonst Harpy3ku, nogkiarouaemon kK HAIIB, B KaKA0M KOHKPETHOM CJIy4ae JOJHKHA OMPEIENSITECS C YYETOM Me-
CTHBIX YCJIOBUI: BO3MOKHOCTH MOBTOPHOTO CHMXKEHHUS YaCTOTHI B OTJICJIUBIIUXCS HA U30JUPOBAHHYIO Pa0OTY
palioHax, meperpy3Ku JUHUM dJIeKTpoIiepeiauu, 3aMe IJIEHNUS BOCCTAaHOBJICHUS MapaslieIbHONW paboThl JAeH-
cteueM AlIB c¢ yimaBivMBaHHEM CHHXPOHMU3MA, ABTOMAaTUYECKOMY 3alyCKYy THAPOTEHEPATOPOB, 3AITYCKY Ta30BbIX
TypOUH U T. 1.

He cnenyet 3a0bIBaTh Tak:ke 0 HEOOXOIUMOCTH KOPPEKTUPOBKHU HEMPABUILHON PabOTHI OBICTPOACHCTBYIOIINX
ouepenen AYP.

YAIIB umeer cymiecTBeHHOE oTiimyue oT o0bryHOro AIIB, 3akitouaroieecss B TOM, YTO OHO HE MTyCKAETCs cpa3y
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MOCJIE OTKIIFOYCHUS, a IOJHKHO paboTaTh MOCIE BOCCTAHOBICHHS YaCTOTHI 10 BEIMYMHBI HA3bIBAEMOU YCTaBKOM
YAIIB mo gactoTe. D10 mpoucxoaut npu yactote 49,5-50 I'11, koraa B sHEprocucreMe 00pa3oBaics pe3eps
MOIIIHOCTH, TTO3BOJISIOIIAM BKJIFOUNUTH JTOTIOJTHUTEIBHYIO HAarpy3Ky. B HEKOTOPBIX Cilydasix MPUHUMAETCS
pelieHne o padoTe ¢ MOHWKEHHON 9acTOTOH, M (huaepa BKIIFOYAIOTCS BPYYHYIO HITH TTOCPEACTBOM CPEJICTB
TEJIEMEXaHUKHU.

Anmaparypa, npumensiemas st AYP

Pene wactotel PU-1 npousBoacrea UDA3(r.Uebokcapsl, Poccust). O61as

norpemHocTs pene AUP moxer nocturate 0,25 [, Auana3oH HaNpsiKEHUHN IPU

KOoTOpoM paboTtaet peine coctapiser 0,2-1,3 u,,,,. C MOMOIIIBIO CIICIIUATIbHBIX
METOJI0B HaCTPOMKH MOIPEITHOCTh pesie MOKHO goBectH A0 0,1 't u MmeHee nipu
YCJIOBUU COXPAHECHUS BHEITHUX YCJIOBUMN: TeMIIEpaTypa, BIaXXHOCTh, (hopma
KPHWBOM HaMpsOKEHUS. Y X0 9aCTOTHI CpabaThIBAaHHS BO3MOKEH TaKXKe M3-3a

CTapCHHUA ,HCTaHGﬁ. Ha YKa3aHHOM PCJIC B HACTOALICC BPEMS BBIIIOJIHCHA OoJbIIas

gacTh ycrporictB AYP. Ha ognoMm pene moxet Ob1Th BeimosiHeHO AUP u HATIB, niis gero nMmeeTcs aBa BXo/a,
MepeKIroYast KOTOPhIe MOYKHO BKIIFOUUTH JTUOO OAHY MO0 IPYTYIO YCTaBKy peie. B Buay HegocTaTO9HOM
TouHOCTH paboThl PU-1, He yaoBieTBOpSIONIEH COBpEMEHHBIM TpeOoBaHus K ycTpoiictBam AUP, B HacTosIee

BPEMS 3TH PEJIE BHITECHSIOTCS HOBBIMH MUKPO3JIEKTPOHHBIMHU M MUKPOIIPOILIECCOPHBIMU ycTporcTBaMu AYP.
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B nactosiee Bpemst 11 BeinosiHeHus: GyHKIMU AYP 00brdHO
HCIIOJIB3YIOTCSI BCTPOSHHBIE (PYHKIIMHM B MUKPOIIPOIIECCOPHBIC YCTPOUCTRA.
g mpocthix cxeM AYP MoxkeT ncnoib30BaThCsl YIPOIIEHHOE

MajorabapuTHOe MUKpoIpolieccopHoe pene tuna Y PU-3, conepxaiiee

TPU OTACIIBHBIX PCJIC 4aCTOTHI, KAXKI0C U3 KOTOPBIX UMCCT CBOIO YCTABKY

cpabaTbIBaHUs U BO3BpaTa IO YaCTOTE U M0 BpEeMEHU (3aMeHsIeT TpU TpaaulMoHHBIX pene PU-1, mects pese Bpe-
MEHH ¥ COU3MEPUMO C HUMU 10 CTOMMOCTH ), IOTPEOJIAIONIEe MPU MUTAHUM OT LIEMU KOHTPOJIUPYEMOTO HAIPsI-
»KEHHSI MOIITHOCTh He Ooiiee 4 BT (MeHbIe uem oaHo pene PU-1). YerpolicTBo o6ecnieuynBaeT TOUHOCTh OTpa-
0otku ycraBok 0,005 I'i1 B Auanasone temnepaTryp okpysxkatoiieit cpensl oT Munyc 40°C no mroc 55C° npu
W3MEHECHUM HaNpsDKEHUS MUTaHud B auarna3zone £80% ot nuHoMm. Hanuure BCTpOEHHOT0 YacTOTOMEpa, CBETO-
JTMOHOM CUTHANIM3AIUKM 00€CTICYMBAIOT BU3YaJIbHBIN KOHTPOJIb 32 pab0oTOM ycTpoiicTBa. Y 100HBIN MOJIb30Ba-
TEILCKUI MHTEp(EC MO3BOJISIET MPU MOMOIIY KHOTMOK YIPABJICHHUS U BCTPOCHHOTO KUIKOKPUCTATUYECKOTO MU-
HUUCIIIes 6e3 BcriomorarenbHoi anmaparypsl (I'TY, vactoromMep, MUITUCEKYHAOMED U Ap.) OBICTPO BHICTABIIATH
U JIETKO KOHTPOJUPOBATh YCTaBKHU Bcex pese. Manoe cobctBenHoe noTpedaenre Y PY no3Bosisier mutath €ro He
TOJBKO OT LIETEN ONepaTUBHOTO TOKa (= uinu ~ 220B) HO 1 OT ueneit KouTpoaupyemoro Hanpsixenus ~ 100 B.

Y CTpOoUCTBO MO3BOJISIET BRINOIHUTE HA HEM Tpu ouepenu AYUP, nampumep, AUP-1, AYP- II, CAYP, HAIIB, a tak

e OJIOKUPOBKY MO CKOPOCTH CHHXKEHUSI YaCTOTHI.
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_~ Py1i Pri1 [

- PY2 - M PB1 Cxembl AYP u YAIIB

- Prit D Py1 [ L Ha puc. npuBeaena cxema coBMmenieHHbIx AYP-1 u AYP-2.
: Priz

3 S == T Hevicteue AYP ocymiecTBisieTcs: ¢ mOMOIbIO pene yacTotsl PU 1,
P2 Ha omxmoqeHue

+ = > poMeEKyTOUHOTO peie PII1 v BeixonHoro pene PIT2.
a) 4 _PM2_- \ .

YcrporictBo AUP-2 BBITIOJIHAETCS ¢ TOMOIIBIO petie yacToThl PY2 u pene Bpemenu PB1. Curnanuzanus cpa-
oateiBanust AUP-1 u AUP-2 BITIOTHSETCS ¢ MOMOIIBIO YKa3aTelbHbIX pesie PY1 u PY2 cootBercTBeHHO. [Ipu
BbIntoTHeHUU AYP Tonbko ogHoro Buja (AYP-1 wiun AYP-2) cooTBETCTBYIOIIAS YaCTh PEJie UCKIIIOYAETCS U3
CXEMBL.

C uenpro SJKOHOMHM PEJIE YACTOTHI BO MHOTHX CIIy4asiX JJIsl OCYLIECTBICHUS coBMelIeHHOW AYP ncnone3yrorcs
CIICIIMAIIBHBIE CXEMBI, B KOTOPBIX NMPEAYCMATPUBACTCA NEPEKIIOUEHUE YCTABKHA OJTHOTO PEJIE YACTOTHI.

OnHa U3 TakuX CXEM MPUBEACHA HA CIEAYIOIIEM PUCYHKE.
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Ha omxnioyeHue

B cxeme AYP ncnone3yercs onHo pene yactotsl PY tuna PYUI1, Ha
MU3MEPUTEIIBHBIX 3JIEMEHTAaX KOTOPOTO HACTPOEHBI YCTABKH,
cootBeTcTBytomme AYP-1 u AYP-2. B HopMaiibHOM pexxkume 10
cpabarbiBanusi PY 3aMKHYT KOHTAKT PII2.1 nByXnO3UIIMOHHOTO
pene tuna PII8, yem obecrieunBaeTCsa rOTOBHOCTh K JIEUCTBUIO 000MX
MU3MEPUTEIIBHBIX 3JIEMEHTOB.

[Tocne n3Menenus 4actoTsl 10 ycTaBku AYP-2 3aMKHETCSI KOHTaKT
PY v pene PII1 xontaktoM PII1.1 nonact IIrOC HA BEPXHIOKO
oOmoTky PI12, xoTOpOE, NEPEKITIOUNB CBOM KOHTAKTHI, BBIBEACT U3
JNEUCTBUS U3MEPUTENBHBIN JIEMEHT ¢ ycTaBkorl AUP-2. Ecin
4acToTa MmoHu3miaack 10 ycraBku AYP-1, kontakt P4 npu 3TOM He
PA30MKHETCS UJIN, Pa30MKHYBIIMCHh KPATKOBPEMEHHO, 3aMKHETCS

BHOBB, TTOCJIC Y€TO ¢ HEOOIBIINM 3aMeJICHHEM cpaboTaeT

MpoMeXyTOouHOE pene PII3 v nmogact UMITyJIbC Yepe3 yKaszarelbHoe pene PY1 Ha BBIXOJHOE IPOMEKYTOUYHOE

pene PII5. Ha 5Tom 3akOHUMUTCS pabOTa CXEMBI.

Ecnu yactora He cHu3utea 10 ycraBku AUYP-1, cxema O6yner nmpoaomkats padborats. Pene Bpemenu PB1, cpa-

00TaB “‘ipu 3aMbIKaHUU KOHTakTa PII2.3, OyneT caMoyAepKUBaThCA YE€pPEe3 CBOM MTHOBEHHBIN 3aMbIKAIOIIUN
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KOHTakT PB1.1. CrycTs BBIAEPKKY BpPEMEHHU, YCTAHOBJIIEHHYIO Ha TPOCKAJIb3bIBatOleM KOHTakTe PB1.2, Oyner
MoJIaH TUTFOC Ha HUXKHIO 00MOTKY penie PIT2, u 0HO NEPEKIIOUNUT CBOM KOHTAKThI, BHOBb BBOJIS B JICHCTBHE
M3MEPUTEIBbHBIN 31eMEHT ¢ ycTaBHOW AUP11. B TeueHune Bcero BpeMeHu, NOKa HE 3aMKHETCS MPOCKAIIb3bI-
BaroIIHil KOHTaKT PB1.2, cxeMa OyneT roToBa K JIEHCTBUIO HAa OTKIIIOUEHHUE 0€3 BBIJIEPKKU BPEMEHH B CIydae
CHIDKEHHUS 4acTOThI 10 ycTaBku AYUP1. Tlocne 3ambikanus npockaiib3biBaroniero Konrakra PB1.2 n
nepekoueHus pene PII2 nens otkimouenus ot AUP-1 6yner BoiBeieHa u B paboTe ocTaHeTcs Toibko AYP-2.
[Tocne nepexmmouenust PI12 cpabotator BHOBh PY (eciu yactota OyJieT HIKE ycTaBku cpabarbiBanus AUP-2) u
PII1 v 3anycturcs pene BpeMeHu PB2, kotopoe, nopaboTas, uepe3 ykazaTeiabHoe penie PY2 nogact mmoc Ha
BbIXO/IHOE petie cxembl PITS. [Ipomexxytounoe pesne PIT4, oOMOTKa KOTOPOTro BKJIKOUEHA MapajlieIbHO 0OMOTKE
pene PB1, Oyaet nepxaTh cBOMM KOHTakTOM PII4. 1 pa3oMKHYTOM 11eTb BepXxHel oomoTku pene PI12,
MpeI0TBpalliasi €ro MOBTOPHOE cpabaThIBAHUE.

Bo3Bpat cxembl B HCXOTHOE MOJI0KEHHUE OCYIIECTBIISICTCS MOCIIe cpabaThiBaHUs BhIXOHOTO pene PIT5, koTopoe
pazoMkHeT KoHTakT PITS.1 B e o6MoTok penie PBI u PII4. B ciydae, eciii cxeMa He MOJICHCTBYET Ha
OTKJIFOYECHHUE BCIEACTBUE BOCCTAHOBIICHUS YaCTOThI B dHEprocucreme Boiie yctaBku AUP11 u Bo3Bpara peine
P4, Bo3Bpat cxeMbl OyJIeT OCYIIECTBJIEH IIIYHTUPOBaHUEM 0OMOTKU PB1 1o 1ienu: ynopHsiii KoHTakT PB1.3 -
pasMbIKaromii KOHTAakT PII1.3 - pazmbikaromnii KOHTakT PI12.4. Beinepxxka Bpemenn AUP11 B paccmarpusae-

MOM cXeMe OoIpPCACIIACTCA CYMMOﬁ BBIACPIKCK BPpECMCHH, YCTAHOBJICHHBIX Ha PB2 u na IMPOCKAJIb3bIBAIOIIICM
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koHTakte PB1.2.

YceTpoiicTBO aBTOMATHYECKOI0 OTPAHUYCHU S i
CHU’KEHMS YACTOThI U HANpsiKeHus1 «Cupuyc-2-
PYH» nipeaHazHayeHO JIs KCTIOJIb30BaHUS HA
AIEKTPOCTAHIUAX U MMOJACTAHIUAX SHEPTOCUCTEM C
LEJIbI0 TUKBUAUNUH Te(PUIIUTa aKTUBHON
MOIIHOCTH ITyTEM aBTOMATHYECKOTO OTKIIFOUEHUS

norpeduTenel npu CHUAKEeHU 4actoTel (AYUP) ¢

MOCJIEAYIONIUM aBTOMAaTHYECKUM MTOBTOPHBIM
BKJTIOUCHUEM OTKJIFOUEHHBIX MOTpEOUTENeH nMpu
BoccTranoBieHn” 4actoTel (UAIIB) u ana nukBuganuu neduiura peakTUBHON MOIIHOCTU IMTyTEM OTKIIIOUCHUS
noTpebureneii npu cHmwkennu HanpsikeHus (AOCH) ¢ mocnenyommum aBTOMaTHYeCKUM TOBTOPHBIM

BKJIIOUCHHEM OTKIIFOUEHHBIX MOTpeOuTeNel npu BoccTaHoBieHnn Hanpsikenns (AIIBH).

Y CTpOUCTBO MOKET UCTIOJIB30BATHCA B CICAYIOIIUX PEKAMAX:

TobKo AYP,
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tosibk0o AOCH,
xkomOuHauga AYP u AOCH.

ABTOMATHUYECKOE OI'PAHUYEHUE CHUXEHUSA HAITPAKEHUSA (AOCH)

Yerpoiictea AOCH nipenHazHaueHbI U TPEAOTBPAIECHNS CHIXKEHUST HAPSKEHUS B y3JIaX SHEPTOCUCTEMEI B
MOCJICABAPUMHBIX PEKUMAX JO 3HAYEHHS, ONTACHOTO IO YCIOBUAM YCTOMYUBOCTH HATPY3KU U HAJICKHOCTHU
paboThI A5ekTpocTaHlnil. OnacHbI YPOBEHB HANPSHKEHUS, C YUYETOM JIJTUTEIIbHOCTH €TI0 CYIIECTBOBAHUS,
ONPENEIACTCA KOHKPETHBIMU yCIOBUsAMU. Y cTporicTBa AOCH mpUMEHSIOTCS ¢ y4ETOM 3aBUCUMOCTH
noTpebnenust oT Hanpsbkenus:, Hannuust PITH Ha nmonmkaromux tTpancopmMaropax, HaTMuus KOHACHCATOPHBIX
Oatapeii U JJIMHHBIX CHUJIBHO3ATPYKEHHBIX JIMHUM dJIEKTpOoIiepeadu.

Yerpoiictea AOCH neiCTBYOT HEMOCPEICTBEHHO IO MTPU3HAKY CHUKECHUS HANIPSKEHUS C YYETOM €r0
nuTesbHOCTH. i1t yckopenus nerctus yerpoictea AOCH MOryT coziep:kaTh TaAKKeE LHENMU KOHTPOJIS
MIPOX3BOIHOM HanpsiKeHUs. B Tex ciiyuasx, Korja npyu UCIOIb30BaHUH MECTHBIX CUTHAJIOB IO HAMPSAKECHUIO
yCTPOMCTBA HE 00ECTIEYUBAIOT TOCTATOUYHOM 3(PPHEKTUBHOCTHU, TPUMEHSIOTCS 00JIee CI0KHBIE YCTPONCTRA,

JOTIOJTHEeHHBIE (PUKCcalMel MOBPEKICHUS ¢ TeleIepeaadeii CUTHAJIOB.
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ABTOMATHUYECKOE PET'YJIUPOBAHUE HANIPAKEHUA B QJIEKTPUYECKUX CETSAX
Ha3znaveHue peryJiupoBaHus HANIPSKEHUSA

PaboTta Bcex moTpebureneii 3eKTpOIHEPT UM 3aBUCUT OT HOPMAJILHOTO YPOBHS Hampspkenus. Haubosee sko-
HOMHUYHO M HAQJIE)KHO MOTPEOUTENH paboTaeT MpH ONPEIeIECHHOM ONTUMAJILHOM 3HAaYeHUHU Harnpspkenus. OT-
KJIOHEHHE YPOBHS HAIPSHKEHHUS OT HOPMAIBHOI'O 3HAYEHH S, KAK B CTOPOHY IMOHWKEHUS, TAK U MOBBIICHUS
MPUBOJIUT K YXYJIILICHUIO YCIOBUM pabOThl 000pYI0BaHUS, CHUXKEHUIO TIPOU3BOIUTEILHOCTH MEXaHU3MOB, CO-
KPAIIIEHUIO CPOKa CIY>KOBbI AJIEKTPOOOOpYyA0BaHUsI, OpaKky NpoayKIuu. Tak, HapuMep, MPU CHUKECHUU
HanpsikeHus Ha 10% Bpamaronuii MOMEHT aCHHXPOHHBIX 3JIEKTPOABHUTaTeNeH yMeHbImaeTcs Ha 19%,
COOTBETCTBEHHO YMEHBIIIAETCS U MPOU3BOAUTEIBHOCTH MPUBOJUMOTO MEXaHU3Ma. Pe3ko cCHHXaeTcs
MPOU3BOIUTEIBLHOCTD 3JIEKTPOIICUEH, BpEMS IUIABKU B KOTOPBIX YBEJIHMUYUBAECTCA B 1,5—2 pasza npu CHUKEHUH
HanpsKeHus Ha. 5%. B 0CBETUTENBHBIX YCTAHOBKAX CHUKEHHUE HANPSKECHUSA HA 5% BBI3bIBACT CHUKEHUE HA
17,5% cBeroBou otnaun. He MeHee BpegHbIE MOCIENCTBUSA UMEET U YPE3MEPHOE MOBBIIICHUE HATIPSIAKCHUS,
CJIEACTBUEM YETO SBISIETCS YCKOPEHHBIN BBIXOJ U3 CTPOSI OCBETUTEIIBHBIX JIAMII, HArPEBATEIBHBIX YCTAHOBOK U
APYToTro AEKTpooOopyaoBanus. Tak, HApUMEp, CPOK CIIYyKObI OCBETUTEIIbHBIX JIAMIT HAKAJIUBAHUS
cokpamaercs Ha 15% mpu noeieHnn HanpspkeHusd Ha 1% u B 3 pasa npu noBbilieHun HanpsbkeHus Ha 10%.

CornacnHo HpaBI/IJ'IaM YCTpOfICTBa SJICKTPOYCTAHOBOK, 3a HCKIIIOUCHUCM HanboIee OTBETCTBECHHBIX YCTAaHOBOK,
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JOTYCKAeTCs OTKJIOHEHUE HAMIPSDKEHUS y ToTpeduTesei He 6osee yeM Ha +10%.

HanpspkeHre Ha MMHAX HAZIIEro HAPSKEHUS! TPUEMHOM OACTAHIINU (pHC.) paBHO:

£

Ur Un Un 12

P+jQ 12 v oy PR+OX) 1
ﬂf i "2 I--I'

n

ny

XX

rae Un - HanpsiKEHUE Ha MIMHAX BBICIIETO HANPSIKEHUS IPUEMHOW MOACTAHIINH;

U r HanpsHKEHUE HA IIMHAX TEHEPATOPa;
R, X - aKTUBHOE U pEaKTUBHOE COMPOTHUBJICHUS MUTAOIICH JIMHUU U TpaHChOpMaTopa;
P, Q- akTVBHAs ¥ PEaKTUBHAS MOIIHOCTH, IIEPEAABAEMBIE 110 JINHUH;

nr - K03 duULHeHT TpaHchopMaIuu CUIOBOTO TpaHchopMaTopa.

Ha ocHOBaHum BBIPpAXKCHUA MOKHO CACIIATH 3aKIIFOYCHUC, YTO UBMCHUTDL HAIIPSAKCHUC Y HOTpe6I/ITeJ'I$I Un MOXHO
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CICAYIOIMIMMH CITIOCOOaMU: M3MEHEHHEM HaMPsHKEHUS Ha IIMHAX TeHepaTopa; n3MeHeHueM KoddpuiineHTa
TpaHchopManu n,,
TpaHnchopmaropa,
YCTAHOBJICHHOT'O Ha
MOICTAHITNH; U3MCHECHHUEM
PEAKTUBHOU MOITHOCTH Q,
repeaaBaeMou Mo JUHUU, YTO
MOYET OCYIIECTBIISTHCS
peryJMpoBaHrueM BO30YKICHUS
CUHXPOHHBIX KOMITIEHCATOPOB
WJINA JJIEKTPOJBUTATENEHU, A
TaKXe BKIIOUCHUEM U
OTKJIIOUeHHEM OaTtapeit KOHJICH-
CaTOPOB, YCTAaHOBJICHHBIX Ha

IIOACTaHILINH.

YKPM 0,4 kB.
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Yctponcteo YKPM: koHTpOnnep

KoHTponnep - MUKpONPOLECCOPHbIA perynarop
peakTMBHOW MOLLHOCTH, KOTOPLIN obecneynsaet
CTyneH4YaToe perynupoBaHue peakTMBHOW MOLLHOCTM
B peXumMe peanbHoro BpemeHun 6e3 yyactus
Yenoseka.

Mo yrny mexay dasHbIMKM HAaNPSHKEHUSAMWU U TOKOM
KOHTPOMMep paccunTbIBAET COSY U CPABHUBAET €ro C
3afaHHbIM 3HaYeHueM. MNpu HaNUYMKM OTKNOHEHWUS
COS¢ OT 3af1aHHOTO 3Ha4YeHUs BblgaeTcsa curHan Ha
BKMNoYeHue nNubo oTKNYeHne cekLmn
KOHAEHCaTOpOB..

%
mm Komne: CaLWA pEHIiTHl’!HDIﬁ: MOWHQCTH
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VKPM 6(10) kB.
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barapes cratnueckux konaeHcatopos 110 kB.
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Cwn puyc- 2-BCK P YCTpOUCTBO MPETHAZHAYCHO JJIA
Muranes ) : - (2} Tomoseis sawre

Fryox s O3 O ¥POR
D . iy O} ANB
() ABTOMETIMBCHDE yIDEEN
o
%)

BBITIOJTHEHUST (DYHKITUN peseitHOM

3dalIUTbl, aBTOMATUKH, YIIPpAB- JICHUA U

CHUT'HaJIM3allun 6aTapeH CTaTHYCCKUX

ONEPATHEBHOE
FIIFABRAEHWE

= @wuqo
B )

CPABATEIBAHHE

KOHJEHCATOPOB HanpshkeHueM 3—220 kB.

) Jawmia
Fasora() ) Anamwhnos oTEncHiem
— @M : s OyHKITIH 3aIlUTHI, BBITIOJIHSIEMBIE
O ane YCTPOUCTBOM:
D) BHAWHAR HEMENDBEHOCTS

) Cwrwan 1

) Carwan 2

. CEPOC

| @F:\(um O
| Humegy D
| @F-:’um 0
| Buaca ()

TpeXCTyleH4arass  MaKCHUMajbHas
TokoBas 3amurta (MT3) ot mexaydazHbx
MOBPEXKIACHUN C KOHTPOJIEM JIBYX WU
Tpex ¢a3HbIX TOKOB (Jt00ast CTymHeHb
MOXET WUMETh KOMOWHHUPOBAHHBIA ITyCK

0 HAIPSHKEHUIO);

. aBTOMAaTHUYECKUN BBOJ YCKOpeHUs JItoObIX cTyneHeid MT3 npu Jiro00M BKIIOUEHUU BBIKITIOUATEIS;

. TpEXCTyIleHYaTasi TOKOBas 3aluTa HyjleBou nocienosarensHoctu (T3HII);

. 3amuTa oT oOpkiBa (pa3el nutatomero ¢puaepa (30D);

. 3almTa OT 0JHO(a3HBIX 3aMblkaHUM Ha 3emitio (O33) o cymMMe BBICIIUX TAPMOHUK;

. 3aluTa OT OJHO(A3HBIX 3aMBIKAHWNM HA 3€MJII0 MO TOKY OCHOBHOM YacTOThI (MOKET OBITH BBHIMIOJIHEHA
HaIpaBJICHHOMN);

. JIBYXCTYyIIEHUYATas 3aliuTa OT noBbieHus Hanpskenus (311H);
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3alMTa MUHUMabHOTO HanpspkeHus (3MH);
IBYXCTYIIEHYATAs 3alATa OT MEPETPy3KH TOKAMH BBICIIIMX TaPMOHHUK;
3alKUTa OT HECUMMETPHUH TOKOB B (Da3zax KOHJEHCATOpHOU OaTapeu;

Bbl/Ia4a CUI'HAJIa ITyCKa MT3 1 OpradHu3alun JIor NYECKOU 3alllUThI ITNH.

CDyHKHI/II/I ABTOMATHUKH, BBIITOJIHACMBIC YCTpOﬁCTBOMI

aBTOMaTHKa YympaBjeHus BbikiIo4YaTeneM (AVYB), Briodaromas B ceOsl 3allUTy OT MHOTOKpPaTHBIX
BKJIFOUEHUH, 3alUTy oT HemepekimoueHus a3 (3HD), 3amuty ot HenomHodasHoro pexuma padbotsl (3HOP),
3alIUTy 3JICKTPOMArHUTOB YIPABJIEHUS OT JJIUTEIBHOTO MPOTEKaHUS TOKA M KOH- TPOJb UCIPABHOCTU LENEN
ATUX AJIEKTPOMATHUTOB;

dbopmupoBanue curaana Y POB mpu oTkaze CBOETo BBIKITIOYATEINS;

aBTOMaTudyeckoe moBTOpHOEe BkiItoueHue (AIIB) mocne oTkirodeHust Boikiaodatenass oT 3IIH mocrne
BO3BpATa HAIPSIKEHUS B HOPMY;

asmomamuvdecKoe ynpdaeienue B6KINIYEeHUeM U OMmKIIUYEeRUem 6611’)’161[981/[ 6 3asucumocmu onl_ _3HAHYEHUA
peaxmueHoﬁ MOWHOCMU C NOMOUIbIO 6HEUIHECO KOHMAKMHO20 6dpmempd,

BO3MO>KHOCTh MOJKJIOYEHHUS BHEIIHUX 3allluT, HApUMEp, 3alluThl OT HeOajlaHca, JYyroBOM, WM OT
oaHO(Da3HBIX 3aMbIKAHUN Ha 3€MJIIO.
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