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BBEAEHUE

B HacTosIlMX yKa3aHMsIX pacCMaTpUBaKOTCA MpUHLMMLI paboTbl CUCTEMHOW NPOTMBO-
aBapuiiHOM aBTOMATMKM, YNpaBAsoOLWEN NpoLEeccaMn NPoOM3BOACTBA, pacnpeaesnienHns u no-
TpebneHns aNeKTPUYECKON SHEPTUN.

PaccmMaTpuBalOTCSt BOMPOChI COXPAHEHME 4acToTbl B dHeprocuctembl. Mpu 60nbLlwOM
pedpuumTe MOLLHOCTU MPOUCXOAMT YMEHbLUEHME 4acTOTbl BpalleHus reHepaTopos. Ecnu
TEXHONIOrMYeckasl aBTOMaThKa He BOCCTaHaB/IMBAET HOPMAJIbHYHO YacTOTy, TO HauMHaeTcs
NaBMHOOBPA3HOE CHMXKEHME 4YacToTbl B cMCTEMe. B 3TOM crnyyae TONbKO aBTOMaTM4yeckast
yactoTHasa pasrpy3ka (AYP) nyteM OTKOYEHMSI NOoTpebuTener CoxXpaHsieT YCTOMUYMBYHO
paboTy 3HeprocucTemMbl. PacCMOTpeHbI TEOPWS MO 3TOMY BOMPOCY M OCHOBHbIE 0COBEHHOCTU
ycTpouncts AYP.

YaeneHo BHMMaHME peLleHMI0 BOMpoca MpeaynpeXaeHns HapyleHUst yCTOMYMBOCTM
(AMHY). [deictBue 3TOM aBTOMaTMKa ABNseTCa ynpexaatowmm. OCHOBHasi ee uenb He Ao-
MyCTUTb BO3HWKHOBEHME aBapUMHbLIX PEXUMOB, CBSA3aHHbIX C HApYLUEHWSIMW CTaTUUECKOW U
AVNHaMMYeCcKoN ycTonumBocTen. naBHOW 3apadelt AMNHY aBnsieTcsl CBOEBPEMEHHOE Onpe-
AeneHne HeobXxoaMMBbIX YNPaBASoLWMX BO3AEMCTBUI C Nocieaytowen ux nepegadent no me-
CTY Ha3Ha4yeHus, T.e. COOTBETCTBYIOLWEMY 060pya0BaHMIO. PAacCMOTpeHbl MUKPOMpPOLIECCOp-
Hble BapuaHTbl AlNHY.

CTapeHue 3nekTpuyeckoro o6opyaoBaHus, OWMBKM 06CNyXMBalOLWEro nepcoHana
WK Ype3BblYalHble NMOrofHble SIBIEHUS MOTYT Bbl3BaTb MOBPEXAEHUS, KOTOPbIE MOBUSIOT
Ha peXuM paboTbl SHEProCMCTEMbI C MOCNEAYIOWMM HapyLUEHMEM CUHXPOHHOM paboTbl re-
HepaTopoB. B 3TOM ciyyae BO3HMKAET OYEHb TSHKENbIN AN SHEPrOCUCTEMbI ACUHXPOHHbIN
peXxuM. [1nsa BOCCTAHOBNEHUS HOPMaNibHOM paboTbl 3HEProCUCTEMbI MCMONb3YETCS aBTOMa-
TM3aumsa NMKBMAALMM acCMHXPOHHOro pexxuma (AJ1AP). Mpouecchl Npy aCMHXPOHHOM XOZA€ B
3HEprocucTeMe 1 NpUMeHeHne YCTPOMCTB pacCMOTPEHO B TPETLEM NMPAKTUYECKOM 3aHSATUMN.

YcnewHoMy 0CBOEHUSI MaTepuana Mo NpPakTUYECKUM 3aHSATUSAM  CroCcobCTBYET 3HaHMe
OCHOB 3/1EKTPOTEXHUKM U INEKTPOHUKN, NEPEXOAHBIX NPOLIECCOB B 3/1EKTPO3HEPreTUKE.

TeMbl NPaKTUYECKUX 3aHATUMA COOTBETCTBYIOT pabouert nporpaMMe usyyaeMon AucCLu-
M/INHBI.

MeToanka NpoBeAEHUsI NPAKTUYECKMX 3aHATUA COAEPXXUT 3MEMEHTbI Hay4HbIX uccne-
LAOBaHWN.

B meToamuecknx ykasaHusx obo3HauaeTcs uenb BbIMOHSAeMon paboTbl, AatoTcs 06-
LiMe cBeaeHnsl No TeMe NPaKTUYEeCKOro 3aHATUS, NOAPO6HO M3N0XKEH NOPSAOK BbIMNOSHEHNS
paboTbl, yKasaHbl TpebOBaHWA K COAEpXXaHWIO OTYETa U NpuBeAeHbl KOHTPOJIbHbIE BOMPO-
Cbl.
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OBLLUME TPEBOBAHUSA NO NMPAKTUYECKUM 3AHATUAM.

1.BbiNONHEHMIO 3aAaHM NpeawecTByeT M3yyeHMe TEOPETUYECKOM 4YacTu pasaena
«CnCTeMHasi NpoTMBOABapuiiHasi aBTOMaTuKa» Mo AucumnnvHe «MpoTuBoaBapuiHasi aB-
TOMaTVKa B SHEProcUcTEMax».

2.MMpakTnyeckme 3aHATUS COCTOAT U3 3 pa3aenos:
» ABTOMaTMyeckas YacToTHas pasrpyska.
> ABTOMaTMYecKoe NpeaynpeXXaeHne HapyLLeHUs YCTOMYMBOCTHY .
» ABTOMaTMyecKas IMKBUAALMS aCUHXPOHHOMO pexunMa.

3.MHamBrayanbHble 3aaHns No NPakTUYECKUM 3aHSATUSIM BbIAAKOTCA npenojasaTe-
nem.

4.PekomeHayeTcs BbINOMHEHHbIE 334aHns nevaTaTb (dhopmaT A4). TekcT n popmynbl
HabupatoTca B pegaktope Word. PUCYHKM 1 rpadmky BbIMOMHAOTCA B rpacMyeckoM peaak-
Tope.

5.HeobxoanMo ncnonb3oBaTh TUTYNbHBIN UCT YCTAHOBNEHHOro obpasua.

6.CTpaHMUbl OTYETa MO BCEM YacCTSAM M3y4YaeMoW AWUCLMMIIMHBI NMOMELLAIOTCS B OAWH
cain * docx. HasBaHue danny npucBanBaeTcs COrnacHo npumepy:
«2J142_MNeTtpoBUNK_OT1uetl3_MAABIHC.docx. MNpu He cobntoaeHnn aToro TpeboBaHNs OTYET
nonagaeT B cram.

7.Mpu 3awmTe HeobxoaAMMO NokasaTb 3HaHWEe MaTepuana, U3IOKEHHOro B OTYETE.

Be3 3awmLeHHbIX BbINMOMHEHHbIX 3afjaHWU CTYAEHT K 9K3aMeHy He [JOMyCKaeTcs.
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MpakTnyeckoe 3aHsaTMe N 1

ABTOMATUNYECKASA YACTOTHASA PA3IPY3KA (AYP)

1.1{esib pabots!

B npouecce BbINOMHEHNS paboTbl U3yUMTb Ha3HAYEeHWE, NPUHLUMNLI MOCTPOEHMUS, Na-
paMeTpbl CpabaTbiBaHUS, CXEMbl M HarnpaBleHuMs COBepLIeHCTBOBaHUS AYP. BbINONHUTL
pacyeT napaMeTpoB HacTporku AYP.

2.061me cBengeHms

HazHayerHme A4P

ABTOMaTUYECKas YacTOTHAs pa3rpy3ka npeaHasHayeHa Ans OTKOYEHUS YacTu notpedu-
Tenein 3HeprocucTeMbl NMPU BO3HMKHOBEHWW AeduLmTa MOLLIHOCTY C LieSblo NPeaoTBpaLLEHNS He-
JAOMyCTUMOIrO CHWDKEHWUSI YaCTOTbl M NOC/Ieaytowero eé BOCCTaHOBEHWS.

lpaHMLa AOMYCTUMbIX 3HAYEHUIM YacCTOTbl /1 BPEMEHM UX CyLLIECTBOBAHUS Loy MO AEUCTBY-

IOLLIMM PYKOBOAALLIMM MaTepuanaM OnpeenseTcs XapaKTepUCTUKOM:
£ Ty 48,5 47 46 45
lron, C <60 <20 <10 0

B m3meHuMBLUMXCS yCnoBusiX paboTbl dHeprocucteM (BBoa B paboTy ManoMaHeBPEHHbIX
KpYnHbIX 3HeprobsiokoB TIC n ASC, nsMeHeHne CTPYKTYpbl 3neKTponoTpebnenns ) pekoMeHao-
BaHa Clieayowas rpaHmLa:

'y 48,0 47,5 47,0
ton, C <30 <10 0

Mocne peictBus AYP yacToTa A0/MKHA BOCCTAHABNMBATLCA A0 3HAYEHUS, NMPEBbILLAIOLLErO
48,5 (B HOBbIX yCrioBusix 49,2)INL.

A4YP Bxoaut B noacucrtemy AOCH (aBToMatMKa OrpaHUYEHUST CHKEHWUSI YacToTbl) crneuu-
a/TbHOM CUCTEMHOW MPOTUBOABAPUMHON aBTOMATUKM.

AOCH ocywecTBnseT:

e AYP, B TOM uncne AOMOMHUTENBHYIO Pasrpy3Ky OTAENbHbIX SHEProy310B Mpn 60AbLLIMX
MECTHbIX AedumumTax MOLLHOCTW, C Lenblo NpeaoTBpaLlleHns flaBuHbl YacToTbl U Hanps-
XKEHUST;

e BblAE/NIEHME NIEKTPOCTAHLIMIA U rEHEPATOPOB C CHanaHCMPOBaHHOWM Harpyskou (aeneHue
cuctembl [1C), BblaeneHne reHepaTopoB Ha NUTaHME COBCTBEHHBIX HYXA N1EKTPOCTaH-
L

e BOCCTQHOB/IEHWE MWUTaHUSI OTKIOYEHHBIX YCTpocTBaMmn AYP notpebutenelr npu BocCTa-
HOBMEHWM YacToTbl (YacToTHoe AlNB-YATB).

TpeboBarns k cucreme A4P
Cuctema AYP BbinonHsieTcs B Buae 60MbLIOro KOMMYECTBa IOKasbHbIX YCTPOWCTB, pas-
MELLEHHbIX Ha NMOACTAHUMAX. ITa COBOKYMHOCTb YCTPOMCTB A/1S1 BbIMO/IHEHWS] CUCTEMHOIO (PyHK-
LIMOHA/TbHOIO Ha3HavYeHUs A0/MKHA YAOBNETBOPSATL ClieayowmM TpeboBaHUAM:

1. CyMMapHasi MOLLHOCTb Harpysku, KOTopasi MOXET ObiTb OTK/IOYeHa ycTponctBamm AYP,
[AOMKHA ObITb AOCTAaTOYMHON AN NIMKBMAALMM MaKCUManbHOrO peasibHO BO3MOXKHOMO Ae-
druMTa MOLLHOCTM, BO3HMKAIOLLErO NMPU OTKOYEHUM FEHEPATOPOB, JIMHUI 3NeKTponepe-
[ayu, pasaeneHnun SHEProcUCTEMBI U T.A4.

2. Cucrema AYP nomkHa obnaaaTb CBOMCTBOM CaMOHACTPOWKK, T.€. obecrneunBaTb COOTBET-

6
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CTBME MEX/ly CYMMapHOMN MOLLIHOCTbIO, OTK/Ito4aeMorn AYP, 1 BOSHUKLLMM AeduumTom.

3. [JomkHa obecrneumBaTbCs OYEPEAHOCTb OTKIIHOYEHMSI MOTpebuTenen, onpeaensieMas ux
OTBETCTBEHHOCTbLIO MM AOrOBOPHBLIMIN 06513aTeIbCTBAMM.

4. Yctporctea AYP AOmKHBI pasMeLLaTbLCs MO 3HEProcMcTeMe TakuM 0bpasoM, uTobbl obec-
nevynTb NMKBMAaAUMIO Ntoboro aedmumta MOLWHOCTU HE3aBUCMMO OT MECTa ero BO3HUKHO-
BeHWs1 6€3 neperpy3ku IMHUIA 3NeKTponepeaaYmn.

5. Ycrponctea AYP He AOMKHbI A0NYCKaTb CHDKEHWE YaCTOTbl HIDKE MPaHuLbl A0MYCTUMBIX
3HAYEHWUI YacToTbl U BpemeHu (n.5.1).

6. Mocne peictena AYP yacToTa 0/MKHA BOCCTAHABNMBATLCS, Kak npaBuio, Ao 49-49.5 .
[JlanbHeAwmnn NoagbeM YacToTbl OCYLLECTBNSIETCS NYyTEM aBTOMATUUYECKOrO PeryIMpoBaHus!
MOLLHOCTW U MyCKa pe3epBHbIX MaporeHepaTopoB WK e MeponpuUiTUSMA, NPOBOAUMbI-
MW ANCMETYEPOM SHEPTOCUCTEMB.

7. [encrteus yctpoiictBa AYP A0OmKHBI ObITb COrnlacoBaHbl C AencTBMEM YCTporcTB AlB u
ABP c TeM, 4TObBbl MCK/IHOYNTb BO3MOXHOCTb BOCCTAHOBMEHUSI MUTaHUSI NOTpebuTenen,
OTKJTHOUEHHbIX YCTponicTBaMm AYP, OT Tex e AePULIMTHBIX MCTOYHUKOB MUTAHUS.

8. Ycrponctea AYP He [0/MKHbI TOXHO cpabaTbiBaTb Npy K3, Mx oTkloYeHnM OT P3, B LIMK-
nax AlB n ABP.

[lpuHumbl noctpoerns cuctemsl A4P

MpUHUMMbBI NOCTPOEHNS aBTOMATUYECKOM YaCTOTHOWM pa3rpy3ku BriepBble Obinv cchopMynm-
posaHbl B CCCP B 50-60-e roapl, @ B Hayane 70-x co3aaHa CylwecTByoLWwas KOHUenums, B CooT-
BETCTBUM C KOTOpoM cucteMa AYP 6blna pasaeneHa Ha ase kateropyun AYPI n AYPIT:

e AYPI — GbICTPOAENCTBYIOLLIAA KaTEropusl pasrpy3ku, NpeaHasHauyeHHas ans npekpatle-
HUS CHDKEHUSI YaCTOTbl Ha AOMYyCTMMOM YPOBHE, T.€. BbIMONHSET 3aymTHYHO QYHKUMIO.
CocTouT M3 60MbLIOO KONMMYECTBA OYepeaeit pasrpy3ku, UMEIOLMX pa3finyHbIE YCTaBKM
Mo YacroTe;

e AYPII — kaTeropus pasrpysku, npeaHasHaydeHHas Ansi BOCCTAHOB/IEHMS YacTOThl, NpeaoT-
BPaLLEHMs1 3aBMCaHNS YacToTbl nocnie aercteus AYPI, a Takke Ans npeaoTBpalleHumst
CHMKEHMS YaCTOTbl HWDKE [AOMYCTUMOrO YPOBHSI MPWU CPABHUTENbHO MEO/IEHHOM aBapuii-
HOM yBennyeHun geduumta MOLLHOCTW, T.e. BbINOSHAET BOCCTaHOBUTEIbHYO (YHKUMIO.
CoCTOUT M3 HECKOMbKMX OYepeaen pa3rpy3ku C 6/IM3KMMK YCTaBKaMK MO YacToTe M pas-
JIMYHBLIMWN YCTaBKaMM MO BPEMEHM.

Takas KoHUenuust pacnpeaenennst pasrpy3ki Ha 60sbLLIOE YMCI0 o4Yepeaen Nno YactoTe —
AYPI n no BpemeHn — AYPII obecneumBaeT CaMOHACTPOMKY, T.€. OTKIOYEHME noTpebuTenen B
obbeMe, 6nM3KOM K BO3HMKLLIEMY aBapvMHOMY AeduUMTY aKTMBHOM MOLLWHOCTM M AO0CTaTOYHOM
ANS1 BOCCTAHOB/EHMSI YaCTOTbl A0 YPOBHS AOMYyCTMMOro A/ KPAaTKOBPEMEHHOW paboTbl SHEPro-
cucteMbl (He Hke 49.0 'y).

X3DaKTeED UMEHEHMS YACTOTbl B SHEProCUCTEME MpU BHE3anHoOM aeduumute MOLLHOCTU B
MOMEHT & nokasaH Ha puc. 1.1. [Jencrme ovepenein AYPI ¢ 1- B MOMEHT & no Ao — (yCTaBka
Mo 4acToTe),

Siaup1 =S agpr — (- 1A

NPUBOANT K 3aMEJIEHMIO N MPEKPALLEHMIO CHDKEHMS! YacToTbl, @ ouepeaen AYPII ¢ 1-1 no
4-10. YCTaBKka Mo BpEMEHHU

taayprl = Haypy 34

NPVBOAMT K BOCCTAHOB/IEHMIO YaCTOThI BbllLe YCTaBku Bo3BpaTa AYPIL.
Mo Mepe aBapuMHOIO CHIDKEHWUSt YacToTbl cpabaTbiBatoT ycrponctBa AYPI co Bcé 6onee
HU3KUMK YCTaBKaMM MO YacTOTe, a MNPV BOCCTAHOB/IEHWMWM YacTOTbl CpabaTbiBalOT YCTPOWCTBA
7
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AYPII co BCé bonee BbICOKMMM YCTaBKaMu Mo BpemeHu. Mpun 60nbwomM geduumTe MOLHOCTU Cpa-

60TaeT 6onbluee cyMMapHoe uncrio ovepeneit AYPI n AYPII. 3TuM AOCTUraeTCsl CaMOHaCTpoKKa.
JIkBMaaums ocTaBLUeNCcs YacTv aedmumTa MOLWHOCTU nocne Bo3BpaTa ycrporcts AYPIL n

BOCCTQHOBJ/IEHME YaCTOTbl 10 HOMUHASILHON OCYLLIECTBSIETCS ONEPATUBHBLIM MyTEM.

A f
fo
f
f AYPII .
fiaupr N~—ro7 i
\ 1
\\;

bAYPIL At At At I
th 4 ty t3 t4 ts -

Puc.1.1. i3aMeHeHWe 4acToTbl B 3HEProcMcTeME NpM BHE3AMHOM AeduumTe MOLLIHOCTU:
1 —npu otcytcTBum AYP; 2 — npu Hamumm AYPI n AYPIL

Pacnpenenenve notpebutenein no odyepeasm AYPI n AYPII yumTbiBAET MX OTBETCTBEH-
HOCTb. bonee OTBETCTBEHHblE MOTpPebUTENM noakMtovaloTcs K odepeasm AYPI ¢ MeHbvMK
yCTaBKaMM Mo YactoTe unm K ovepeasm AYPII ¢ 60M1bLLUMMK YCTaBKaMK MO BPEMEHW.

HenoctaTok AaHHOM KOHUENUUMM — HapyLUeHWe MociefoBaTebHOCTM OTKITHOYEHMS MOTpe-
6uTENen Npu pasfMyHOM XapaKTepe BO3HWMKHOBEHWS AeduLmMTa aKTUBHOM MOLLHOCTU. Mpu BO3-
HUKHOBEHUWN 6ONbLIOro BHE3anHoro AeduumTa MowHOCTK odepean AYPI C HM3KMMK YCTaBKaMu
Mo YacToTe OTK/IKOYAKOT OTBETCTBEHHbIX NoTpebutenen, a AYPII MoxeTt He pabotatb. Mpn mea-
NNEHHOM HapacTaHun aeduumta AYPII oTKIOYaeT OTBETCTBEHHBIX NnoTpebutenen, a AYPI He oT-
K/OYaeT.

YcTpaHeHne 3Toro HeaocTaTka  AOCTUIAETCs COBMELEHHbIM WCTIONHEHNEM odepeaen
AYPII, koTOpble AENCTBYIOT Ha OTK/IIOYEHME TEX XKe noTpebutenen, uto n odepean AYPI, B Tpe-
6yemon nocnenoBaTesibHoCcTU. OHaKo, Hesb3s BbIMOHATL COBMELLEHHbIMM Bce ovepean AYPII,
TaK KaK CUNbHO 3aMef/ISIETCS BOCCTAHOBEHME YacToTbl. Ecnmn ot AYPI oTkntoumnmce «k» ovepe-
[len, TO NONHOCTbIO coBMellieHHass AYPII HauyHeT OTKNoYaTb NOTpebUTENeln C BblAEPXKKON Bpe-
MEHWN «k+1»0uepeapm, T.€. C BbIAEPXKKON BPEMEHM.

taupq KA

MNosToMy nepsble ovepean AYPII BbINONHAIOT HECOBMELLEHHLIMU.

[Ans yckopeHusi pasrpy3ky Npy 0co60 60MbLUKX NTOKasbHbIX AeduUMTax aKTUBHOM MOLLHO-
CTW NpeaHasHaYveHa JOro/IHUTEIbHAS aBTOMATUYECKasi pasrpy3ka, AEMCTBYIOWAS MPEBEHTUBHO
YK€ B HaYa/lbHOM CTaaMM NPOLIECCA CHWDKEHWS! YaCcTOTbl MO (hakTy aBapuMHOro ocnabneHns ces-
31 C 3HEProcMcTeMon (OTKIIOUEHME NTMHWUKM 3NEKTPONepeaaym, aBToTpaHcdopMaTopa CBs3un) Uim
MO CKOPOCTWN CHUDKEHMS YacCTOTbl.

[Ans BbICTPOro BOCCTAHOBNEHUS MUTaHMS NOTPebUTENEN, OTKIOYEHHDBIX YCTpocTBaMm AYP,
npeaHasHayeHo yacrotHoe AlTB (YAMNB), neicTBytoLLee Nocse BOCCTAHOBIEHNS YacTOTbl B SHEp-
rocucteme. YcraHoBka yctponcts YAMNB ocobeHHO pekoMeHayeTcs:

e [/11 BK/OYEHNS OTBETCTBEHHbIX MOTPEOUTENEN, OTKIOYAEMbIX MOCIEAHMMU oYepeasMm
AYP;
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e Ha noacTaHumsix 6e3 NOCTOSIHHOrO AEXYPHOrO MepcoHana U TeneynpaseHuns], pacnoso-
YKEHHbIX JaneKo OT MyHKTa pa3MeLLeHNs ONePaTUBHLIX BblE3AHbIX Bpurag;
e NPV HEOOXOAMMOCTM UCMPABNEHUS NTOXHBIX AEACTBUI yCTponcTe AYP.

[lapameTpbl cpabatbiBaHus yCcTpoucTB AYP v 06bEM pasrpy3ku

YcraBrkm ovepeaeyi AYPI no YacTtoTe paHee 6blv YCTaHOBMEHbI B AvanasoHe oT 48,5 ao
46,5 'y c nHTepeanamm 0.1 Nu. B HacTosiLee BpeMs peKOMEHAYETCS AMana3oH YacToT oT 49,2 fo
47,5 Tu B cBSI3M C TPebOBaHUAMWU 3aBOAOB-M3rOTOBUTENEN SHEPreETUHECKOro 060pyA0BaHNA U
TexHonorn4eckoro pernameHta ASC.

YcTaBka No BpeMeHu Bcex odepeaen AYPI gomkHa 6bims 0,15 - 0,3 c.

CyMMapHasi MOLLIHOCTb Harpy3KK, KOTopast MOXET BblTb OTK/ItOUEHa ycTporcTBaMmn AYPI:

PAqPI > APF + 0, 05PH0 )
roe AR _ MaKCUMasbHbIN pearnibHo BO3MOXHbIN AeUUMT reHEpUPYEMOIN MOLLIHOCTH,
00YCNOBNEHHbIV B SHEDrOpavioHe OTKIMIOYEHNEM Hambonee MOLLHOMO reHepaTtopa unu 6oka, B
SHEDIrOCUCTEME — OTKITHOYEHMEM MOLLIHOW 3MEKTPOCTaHUWK, B SHEDrocucTeme, Bxagsiyesi B 035G
— OTK/IKOUYEHWNEM MAruUCTpasibHON NUHWUK;

Pao _ CyMMapHasi MOLLIHOCTb 3HepropaioHa, sHeprocucteMbl, O3C B MCXOAHOM peXUME [0
BO3HWKHOBEHMSI aBapUHOro AedumumTa MOLLHOCTY.

CyMMapHasi MOLLHOCTb Paypr NMpUBNM3NTENBHO paBHOMEPHO pacnpeaensieTcs no ovepensm C
MOAK/IIOYEHMEM Bonee OTBETCTBEHHbIX MOTPEOUTENEN K OYEPEAsM C MEHbLUMMWU YCTaBKaMK MO
yactoTe. O6beM «crevodepean»(49.2 i) n «TexHonornyeckon» odepeam (49,1 ') AomKeH co-
CTaBNSATb OKONO 4% OT noTpedneHusl.

YcraBkm ovepegesi AYPII No BPeMEHW paHee 6bin yCTaHOBMEHbI B AManasoHe oT 5-10 ¢
ao 70-90 ¢ ¢ nHTepBanamMn He MeHee 3 C. B HacTosiLLee BpeMs pekOMeHAYTCS YCTaBKu OT 5 a0
39 ¢ C vHTEepBanamMn He MeHee 2 C.

YcraBka no yactote Bcex odvepeaen AYPII ycrtaHaBnmBanach Ha ypoHe 48,8 'u. B HacTo-
Aulee BpeMsi pekomeHayetcs 49,1 'y (c Bo3BpatoM +0,1My) Ans nepsbix ovepenen AYPII c
yCTaBkaMu no BpeMeHu 5, 7, 9, 11 c. 31 oyepean oTKIOYAIOT NoTpebuTenen, He NoAKIYEH-
HbIX K AYPI, 1 Ha3bIBalOTCA HecoBMelLeHHbIMK ovepeasammn AYPII. Cnepyrowme ovepeam C ycras-
kamn 13-39C pekoMeHAyeTCs BbIMOSHATL COBMELLEHHbIMU U MPUHUMAaTb MX YCTaBKM MO 4acToTe
49,0 'y (c Bosspatom +0,1 'y); 48,9 'u (c Bo3BpaTom +0,2 'u); 48,8 'u (c Bo3BpaToM +0,3 'u);
48,7 'u (c Bo3spatom +0,4 I'w).

O6wmin 06bem HecoBMelLieHHOM AYPII

Pauprr 20,1F;0

O6wwmin 0b6vem coBMelieHHon AYPIL aomkeH coctaBnsiTb He MeHee 30% obbema AYPI.
PacnpeneneHne obliero obbema HecoBMelleHHoN AYPII no ouepeasm paBHoMepHoe. O6b-
eMbl ouepesen coBMeleHHon AYPII ans Kaxaow YCTaBKM MO 4YacToTe MOXHO OrpeaenvTb Mo
dopmyne, cooTBeTcTBytoLEN (2):
AP% = 2k Af

AP% = AP -100%

rp‘e PHO ,

Ky NPUHMMaETCS paBHbIM 2,0;

At 0,5 = (49,2 —48,7) — ona ycraekn 49,0 'y,
0,8 = (49,2 — 48,4) — onsa ycraekn 48,9 'y,

9
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1,2 = (49,2 — 48,0) — ans ycrasku 48,8 'y,
1,7 = (49,2 — 47,5) — onsa yctaekn 48,7 I'u.

Bonee oTBETCTBEHHbIE MOTPEOUTENN MOAK/IOHAIOTCA K oyepeasM ¢ 60bLUMMK YCTaBKaMK
Mo BPEMEHM N MeHbLUMMM MO YacToTe.

YcraBxkm ovepeaeyi YAIIB no yactoTe 49,4 — 49,9 'u, yCTaBKM Mo BpeMeHU B AvanasoHe 10
+ 90 c c uHTepBasnom 5 c. Ycraeku no yactote n BpeMeHn YAIB BbINOMHATCS MakCUManbHbIMU
ans ovepenen AYP Ha BEPXHMX YCTaBKax 4acToTbl (MaNOOTBETCTBEHHbIE MOTPEOUTENN) U CHU-
Xatowmmucst ans odepenert AYP ¢ 6onee HU3KMMKM yCcTaBKaMK Mo YactoTe (bonee OTBETCTBEHHbIE
noTpebutenn).

3. YcTposcTBO aBTOMATUYECKOU YACTOTHOU DA3rDy3Ku
«Cupnyc-2-A4P»

YCTpOACTBO aBTOMAaTMYECKOM YaCTOTHOW pasrpy3ku «Cupuyc-2-AYP» (B AanbHENLWEM —
YCTPOWCTBO) NMpeaHa3Ha4yeHo A4Sl UCMoSb30BaHNS Ha 3NEKTPOCTaHLUMSIX U NMOACTAHLMSX SHEPro-
CUCTEM C LIENblo NMKBUAALUMM AedrUMTa aKTUBHOW MOLLHOCTU MyTEM aBTOMAaTUUECKOro OTKIIHO-
YeHUs NoTpebuTenein Npu cHWKeHUM Yactotbl (AYP) C nocneayowmM aBTOMaTUYECKUMM MOBTOP-
HbIM BK/TIOUYEHWEM OTKJTHOUYEHHBIX MOTPEOUTENEN NpY BOCCTAHOBNEHNMM YacToThl (YANMB) B ceTax
Ao 500 kB.

IKCAVTYATAUNOHHBIE BOSMOXXHOCTU.

— 3aflaH1e BHYTPEHHe KOHMUIypaLmmn 1 pexxvimMa paboTbl YCTPONCTBa;

— BBOJ 1 XpaHeHWe YCTaBOK;

— KOHTPO/1b M MHAVKALMIO 3HAYEHMSI HAaNPSXKEHWUI M YaCTOTbI, NMOABOAUMbIX K YCTPOWCTBY;

— nepegavy TeKyLMX NnapaMeTpoB, BBOA U M3MEHEHWE YCTaBOK MO JSIMHWUN CBS3M;

— HEnpePbIBHbIM ONepaTMBHbBIN KOHTPOSb PaboToCrOCOBHOCTM (CaMOAMArHOCTUKY) B Teye-
HWe BCero BpemMeHn paboTsl;

— BbINosiHeHne ¢yHKumn AYP 1 YAINB Ha ocHoBe coBnaaeHust M3MEPEHNIA OAHOBPEMEHHO
Mo ABYM BXOAHbIM M3MEPUTESbHBIM KaHaslaM — OCHOBHOIO M KOHTPOJILHOIO;

— 610KMPOBKY BbIXOAO0B NMPY HEMCNPABHOCTW YCTPOWCTBA 415 UCKITIOHEHUS NIOXKHbBIX cpaba-
TbIBaHWN;

— MO/yYeHne ANCKPETHBIX CUrHA/OB, Bbigady NpeaynpeanTesibHoM CUrHanmsauum;

— ranbBaHWYeCKyl0 pasBs3Ky BCEX BXOAOB W BbIXOAOB, BKIKOYAS MUTaHue, Ans obecneve-
HWSI BbICOKOM MOMEX03aLUMLLEHHOCTH;

— BbICOKOE COMpOTMBIIEHWE U NMPOYHOCTb U30/1ALUMM BXOAOB M BbIXOAOB OTHOCUTESIBHO KOp-
nyca n mexay cobon Ans MoBbiLLEHUS YCTOMUMBOCTM YCTPOMCTBA K NEPEHANPSPKEHNsIM, BO3HM-
KaloLLMM BO BTOPUYHBIX LIENSIX MOACTAHLUMN.

DVHKLIMY, BbITOSIHIEMbIE YCTDOUCTBOM:

— aBTOMaTM4eckasl YaCTOTHas pasrpy3ka Ao 4 rpynn NpUCOEaNHEHWI;

— aBTOMaTM4yeckoe 0bpaTHOE NOBTOPHOE BKIOUYEHWE OTKITKOUMEHHBIX NMPUCOEANHEHWIA;

— BO3MOXHOCTb 6/10KMpOBaHMS! CTyneHel kateropum AYP-I No CKOpOCTV NafeHUst YacToTbl
N HaNPSDKEHUS;

— BO3MOXHOCTb 6110KM1poBaHmMs cTyneHen A4P OT opraHa HanpaeneHnst MOLHOCTK;

— BO3MOXHOCTb YCKOPEHUS CTyneHen kateropum AYP-II no ckopocTn NageHust YacToThl;

— obecneyeHne HeobxoaMMbIX 6I0KMPOBOK, 3anpeLlatomx cpabaTbiBaHne A4YP.

YCTPOVICTBO rpoM3BOANT UBMEPEHUE 1aPAMETPOB BXOAHBIX 3HA/IOMOBbIX CUHA/IOB:

— IMHENHOIO HANPSHKEHNS1 OCHOBHOIO KaHasia (OCHOBHOM CEKLIMM LUWH);

— IMHENHOrO HANPSXKEHUS1 KOHTPOJILHOMO KaHana (KOHTPObHOM CEKLMM LLIWH);

— Y4aCTOTbl OCHOBHOIO KaHasa (JIMHEHOrO HanpsPKEHWS OCHOBHOWM CEKLIMM LUMH);
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— YaCTOTbl KOHTPOJIbHOrO KaHana (JIMHENHOO HANPSXKEHUSI KOHTPOSTbHOW CEKLMN LLIVH);

— Toka BBoAa (An1s opraHmn3aumm OHM COBMECTHO C HamnpsKeEHMEM OCHOBHOW CEKLINM).

HekoTopble TexHNYECKNE XapaKTEPUCTUKM YCTPOUCTBA (puc. 1.2.).

YcTpoicTBo noaktodaetcs K TH ¢ HOMUHanNbHLIM BTOPUYHBIM HanpsbkeHneM 100 B 1 HO-
MWHa/TbHBIMU NEPBUYHBIMK HanpsbkeHnsamu oT 3 Ao 500 kB.

YCTPOMCTBO MOXET MOAKIOYATLCA K TT ¢ HOMUHAMbHBIM BTOPUYHBIM TOKOM 5 A C Lienbio
opraHusaumn 6noknposku AYP No HanNpaeIeHNO MOLLHOCTH.

YctpoictBo hopMUpyeT curHan «CurHanusauus» anutenbHocTbto (TcurHanusauum): 1, 2,
3, 5, 10, 20 cexyHa vnu anuTenbHo, Ao copoca noaaden curHana «Copoc curHanm3aLmm».

YCTpoCTBO 0becneunBaeT HakomieHne, XpaHeHne, NpocMoTp Ha XKW wnn nepeaady no
J1C vHdopmaumm 0 99 nocnegHunx 3admkcnpoBaHHbIX cpabaTbiBaHmsax (AP nnu YATB).

YCTponcTBO 0becneumBaeT HakorsieHre, XpaHeHue, npocMoTp Ha XXKU wnm nepeaady no
J1C vHdopmaumm o 1000 nocneaHmx 3acmMKCMpPOBAHHBIX COBbITUSIX.

YCTpOCTBO 06€eCcneumBaeT XpaHeEHWE MapaMETPOB HACTPOMKM M KOH(MIrypaumm 3almT u
aBTOMAaTUKN (YCTaBOK) B TEYEHWE BCEro Cpoka Cy>Kbbl BHE 3aBUCMMOCTWN OT Ha/IMUMS Hanpshke-
HUS MUTaHKSI.

CM pb4yc-2—Aq P rOTOBHOCTL

Marave @ PP

P AHP-2

HVCKR::.:.l VEmep AT Ry
AP ) AHP-4
T AP @ wans
P2 .1 LUKHKA
shind «Curc-O-A4P>  R@D Y
il F=4398"y e
AHP4- | Ul=10228 U2=184938 AP 4
AP4- Il 3"5&@5 18.11.0085 CPABATLIBAHME
NYCK YANB
YANB-1
HAMNB-2 BbIXOA ’ A B8BOQ
YAMNB-3 e —
YANB-4 <

ALNYC
ETOMCTMKO

Puc. 1.2. MNepeaHss naHesnb ycTpoicta «Cupuyc 2 AYP»

Ha nepeaHesi naHem yCTpovicTBa yCTaHOB/IEHbI.
— XKW, conep>xalmi YeTblpe cTpoku No 20 3HAaKOMECT, C YNpaBsSieMON NOACBETKOM U pe-
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rY/IMPYEMON KOHTPACTHOCTbIO;

— KHOMKW KNaBuaTypbl ynpasneHusl (LWeCTb KHOMOK YMpaBieHusl AManioroM <«4yenioBek-
MalLUMHa», a TaKke KHoMKa cbpoca curHanmnsaumm);

— CBETOAMOABI CUrHanm3aumm (MHANKaUms NUTaHms, Hanmume 6110KMPOBOK, COCTOSIHUE NyC-
Ka CTyneHen, cpabaTtbiBaHUs CTyneHen v ap.).

Taroke Ha NMLEBON MaHeNM pacnonoXeH pasbeM USB ansi noakioyeHns KoMnbioTepa.

Hannume Tpex unm YeTbipex He3aBUCUMbIX MHTEPGENCOB CBS3V MpeaHa3HadeHbl Ans No-
KanbHOM paboTbl 1 BcTpamBaHus B ACY TI1. UHTepdeiic USB ansi nokanbHoM CBS3M pacrionaraet-
cs Ha nmueBon naHenu. OcHoBHOM MHTepdeiic RS485 ¢ noaaepxkkon npoTtokona ModBus RTU
PaCroNOXEH Ha 3aiHEN MaHENM YCTPOMCTBA, rAe Pa3MeLLaloTCs TakKe AOMONHUTENbHbIE MHTEpP-
ceichl

B cocraB ycTposicTBa BXOAST creayrome Moaysm (puc.1.3):

— Moaynb MUKpoKoHTponsepa (MK);

— MOAYyNb AUCKPETHOrO BBOAA-BbiBoAa ([1BB);

— MoAynb penenHoro BbiBoaa (PB-1);

— Moaynb peneinHoro BbiBoaa (PB-2);

— MOoZAyNb TpaHcopMaTopoB HanpshxkeHus n Toka (TH n TT);

— moaynb nuTtanus (MAT);

— MOAy/b KnaBnaTypbl 1 nHankaumm (KN).

Moaynb MukpokoHTponnepa (MK) BktovaeT B cebs nnaTy MMKpOMpoLIECCOPHOrO KOHTPOSI-
nepa. lNnata MMKPONPOLIECCOPHOrO KOHTPO/Iepa COAEPXUT MUKPOMPOLIECCop, NamsaTb  Npo-
rpamm (M3Y), coxpaHsieMoe O3Y, CTOPOXEBOM TalMepP, Yacbl-KanieHaAapb, CXEMY PE3epPBHOM0 Nui-
TaHMS NaMSTU U KaneHaapsl OT CMEHHOM GaTapeiiki, SHEProHE3aBUCKMYIO MaMsITb YCTaBOK, Tpu
nocneaoBaTenbHbIX kKaHana cesiau (USB, RS485 v TpeTuii — B 3aBUCMMOCTM OT BapuaHTa MCron-
HeHKS1), a Take 8-kaHanbHbIM 14-paspsaaHbiv ALIM.

Moayrie MK Bbiio/IHSET CIeayroLUNE QYHKLIML

— MNPUEM aHasoroBbIX CUrHasIOB OT TPaAHC(OPMaToOpPOB, PACTIONIOKEHHBIX Ha MoAyfe TpaHC-
(opMaTopoOB HanpsPKeHusl, C NOMOLLbLO ALIMM;

— UNbTPaUna aHanoroBbIX CUMHA/IOB, BKIIOYas MOAAB/EHME BbICOKOYACTOTHLIX COCTaB-
NSOLWMX (Ha4YMHas CO BTOPOM rapMOHMKW) B KaHanax HanpshKeHWs 1 TOKa;

— pacyeT YacTOTbl BXOAHLIX CUrHANIOB HanpshKeHus;

— pacyeT AENCTBYIOLMX 3HAYEHWIN NMEPBOM FAPMOHMKM BXOAHbLIX CUrHANOB HaMpsPKEHWS U
TOKQ;

— CpPaBHEHME PACCUMTaHHbIX 3HAYEHNI HANPSDKEHWI 1 YacTOT C YCTaBKaMy;

— MNOCTOSIHHBIN OMPOC BCEX ANCKPETHBIX CUrHA/OB;

— obcnyxueanne ®JIC ycTpoincTsa;

— Bblja4ya CMrHasIoB Ha COOTBETCTBYIOLLME pere;

— VHAMKAUMS COCTOSIHMS YCTPOWCTBA Ha CBETOAMOAAX;

— OrMpOoC YrpaBnsAoWmMX KHOMOK;

— 06CNy>KMBaHWE KaHasoB CBS3W;

— BbIBOA MH(OpMaummn Ha XKKU;

— MNOCTOSIHHAs CaMOAMarHOCTMKa Moaynen.

Moaynb KnasuaTypbl 1 MHamkaumm (KN) ycTponcTea, 1 coaepXXuT KnaBuaTypy, CBETOAMOAbI
n XKW c noruko ynpaeneHust. OH NO3BOJSIET OMpaLUMBaTb COCTOSIHWME KHOMOK, BbIBOAUTbL WH-
opmaumnto Ha ceetoamoabl 1 XKKU B BykBeHHO-UMPPOBOM BUAE, a TakoKe yrnpaBnsTb NOACBET-
KOM 1 KOHTPACTHOCTbIO XKK.
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O6beauHUTENbHas Kpoce-nnara

Moaynb TpaHcopmMaTopoB Toka

N Hanps>XeHus

OCHOBHOIO U KOHTPONbHOIO KaHanos

>, UAB ocHOBHOrO kaHana

~
o Uas KOHTPONbLHOIO KaHana

_ IsBOpA (ans OHM)

Mogynb MUKPONPOLIECCOPHOTO
KOHTponnepa

RS485-1

_(RS485-2)

" (Ethernet) ~

Mopaynb BbIXOAHbLIX pene

Bbixoabl pene

Moaynb BbIXOAHLIX pene

Bbixoab! pene

MO,Elyl'Ib ONTPOHHbIX BXOO0B
M BbIXOOHbIX pene

v

[unckpeTtHble
BXOAb!

Bbixogbl pene

Mopaynb nuTaHus

=i

220B (110 B)

Puc.1.3. CrpykTypHas cxeMa ycrpoiicrea «Cupunyc-2-A4P»

Moaynu peneiiHoro BbiBoga (PB-1 n PB-2) cogepxuT no 8 BbIXOAHbIX pere, KoTopble obec-

NeYnBatoT rajibBaHNM4YECKYHO pa3BA3KY U 06naaatoT BbICOKON KOMMYTMpYIOIJ.I,em CMOCOBHOCTbIO.

Moaysm orTpoHHBIX BXOAOB 06ecrieYnBaroT:

YCTPOWCTBa;

BaHMS OMTO3/IEKTPOHHOIO nNpeobpazosatens He Hke 0,6 oT U .
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PexvmMbl paborsi.:

- [py BKIOYEHWM MUTAHUS MPOUCXOAUT MOJSIHAs NpoBepPKa NPOrPaMMHO AOCTYMHbIX Y3108
YCTPOMCTBA, BK/OYAsi LIEHTPanbHbIM NpoLeccop, npoueccop LudpoBor 06paboTkM CUrHasos,
MN3Y, O3Y, sHeproHe3aBMCMMYIO NMaMsiTb YCTaBok M AL, B cnydae obHapy»eHus 0TKas30B, a Tak-
Xe Npu OTCYTCTBMWM OMEpPaTUBHOMO MUTAHUS BbIAAETCS CUMHAN HOPMasibHO 3aMKHYTbIMM KOHTaK-
Tamm pene «OTKas», 1 YCTPOMCTBO 6IOKMpyeTCs.

- YCTpOWCTBO CMOCOBHO AMAarHOCTMPOBaTb CBOWM MPOrPaMMHO AOCTYMHbIE Y3/bl: LEeHTpasib-
HbIA MpoLieccop, npoueccop Lmdposoi 0bpabotku curHanos (DSP), N3Y, O3Y, sHeproHe3aBuCK-
MYyl0 NaMmsiTb ycTaBok v ALIM. AuarHoCTUKa OCyLLECTBASIETCS pa3oBo (NMpW 3amnycke yCTpouCTBa
MO BK/MKOYEHMIO NMUTAHMS) M NMOCTOSIHHO B (hOHOBOM pexknMe (B npouecce pyHKLMOHUPOBAHUS).

- YCTpOWCTBO BCErla HAaxXOAUTCA B PEXXMME CIIEXEHMS 3@ HAMPSDKEHWEM M YacTOTON ABYX
CEeKUMM LWKH. B cnydae BbINOMHEHWS YCNOBUIA cpabaTbiBaHUS COOTBETCTBYIOLMX CTYMEHEN oYe-
penein AYP 1 YAIMB yCTpoCTBO BblAAET COOTBETCTBYIOLME CUMHASbI HA BbIXOAHbIE peENe, CBETO-
anoabl n XXKU  Ha nepeaHert naHenn. C noMOLLbO KHOMOK Auanora B YCTPOWCTBE MOXHO Bbl-
6paTb cneaytowne NyHKTbl MEHIO:

«CpabaTtbiBaHUS»;

«KOHTpOnb»;

«HacTpoiiku»;

«YCTaBku»;

B ntoboM 13 3TUX PEXXMMOB YCTPOMCTBO MOMHOCTLIO BbIMOSHSET BCe CBOU (hyHKLMM — AYP 1
YAIB.

[puHumn aevicteus.:

- Mpy BKIHOYEHUW MUTAHUS MPOUCXOAUT TECTUPOBaHME PaboTOCNOCOBHOCTU YCTPOMCTBa.
Mpy ycrewHoM npoxXoXXAeHUN TeCToB BKIItOYaeTcs pene «OTKas», HOpManibHO 3aMKHYTble KOH-
TaKTbl Pa3MbIKAIOTCS, CMrHan «OTKas» CHUMAETCS.

- Lnknnueckn cumtbiBatoTcs AaHHbIe ¢ ALIM, ocywiectensieTcs umdpoBast GuibTpaLns cur-
HaNoB, BbIYUCNIAIOTCS AEACTBYIOLUME 3HAYEHWUS HaMPSDKEHUA M 4aCTOTa BXOAHOMO CuUrHana rno
060omM KaHanam.

- B ciyyae noHwkeHust YacToTbl A0 nopora cpabaTtbiBaHNS OAHOM M3 cTyneHel AYP, npu-
yeM No 06oMM KaHasiaM OAHOBPEMEHHO, 3amnyCKaeTCsl BblAEPXXKa BPEMEHW AAHHOW CTYMEHWU U, B
C/Tydae COXPaHEHNS MyCKOBbIX YC/IOBMN, MPOUCXOAUT CcpabaTbiBaHWE BbIXOAHOMO pere AYP.

- BbixoaHble pene AYP moryT paboTaTb B TpeX peXXuMax: HEMPEPBIBHOM, CNeAseM U UM-
MyNbCHOM.

Hwke npuBeaeHbl pUCYHKKM, aHan3 KOTOPbIX PEKOMEHAYETCA NPOBECTU CaMOCTOSATENBHO U
MosyYnTb AOMOSNHUTENBHOE NpeacTaBneHne 06 yctponctee «Cupuyc — 2 — AYP»

14



ynpaBJIeHI/Ie AUCTAHLIMOHHOTI'O O6y‘-IeHI/IH U IMMOBBIIIEHHUA KBaJII/I(l)I/IKaL[I/II/I

TexHoJiOTMYeCKas ¥ MPOTUBOABapHiHasA aBToMaTHKa B 33C

X2 HanpsxeHus 1 Tox YcTpoitcteo «Cupuyc-2-AHP» X4 PeLTe -
ens OHT.
o — {\—_ Pene 9 H3 10
21 Tok OHM" * .
Beerpa5 A n Y ;
2] Toom — 3l | ot ) porpan. pene Qﬁj sty 120
pran L—JPere
23 Han
panerns Pere 10 H3 40
: 2 - - . MOWHOE Mporpamm. pene 10[::]‘ L Pene 1006w, | 5 @
anpaxerne
__g C L 1
B 1008 @ 6 | Hanpsxerue 1 I U 1-i1 cexumm {ocH.) l;ene ”0 ::“) 3 g
cemna ene
@ 7 | Hanpskerue 2 :IC U : I; Pere oo (0] 8 @
@ 8 | Hanpaxerue 2 2-i1 cexumm (KOKTP.) ’I eI
Mporpamm. pene 11 ene M joo
\ C Pene 11 H3 (2) 100
X8 BxoaHbie 1 BbIXOAHbIE AUCKPETHsIe Lenu S Pere 1o 2111 @ Ha
KouT, Lenb l e TP (120 CHTrHANU3aLMI0:
@ 1 |WuHka AMP-1 H3 Omvas H3 (1) oY ] e r—
N WuHxa Omkaa
o |22 |lWunka AYP-1 Oﬁmj @ e Orkas E::I:::: -------- E Oras 13 (1) "4 Q| Tepmmana
Z |23 |wwxa AdP-1 HP f—oud TS J—Cvrran HP (1) | 15 @[ Crataronanme Adp
s @ 4 Jluska AYP-2 H3 ki Curwan P e i Cvrnan HP (1) 16 @ |noonagakve Uexoa.
——— H Simiay —>
I (25 Juwwmika AYP-206uf AUP.2 b Pene 12H3 (1) |17 @
3 (@6 |Wwika A9P2 HP f—d Mporpam. pene 12¢r ----- Ir-: ----- \_— Pene 1206w, (1)] 18 @
% D 7 JWuska AYP-3 Hs_"p i ‘\I ! ! L—JPere 12HP (1) [19@
T |28 |wuHka AUP-306 T @ AYP-3 Forat Pere 13HP (1) |20 @
— | |
g 2 ¢ |wwia Aup3 HP |—— Mporpamm. pene 13 :---T-:--:-- “, Pee 3P (1) 1210
= » |
2 210 JLinxka AYP-4 H3 7__ il 4e ! - Pene 14H3 (1) |22@
@11 |Wunka AYP-4 06wy A4YP4  Mporpamm. pene 14 d:k":":'r‘:' Eo= Pene 14 06w (1) ] 23 @
012 nica AtP HP o i1t L—Jrereianp(l) |40
@13] Cépoc curHan. :D—l L 8
212]  Oowm = s : | ! ! ! X5 Pene (peaeps. KoHfaKTsl)
@15 Bnoxmposka AYP j E ' et ! : Llens KouT.
216]  Ofwwm = ripkre | Orxas (2) 19
@17 Bxon obuwmit AYP e ES | pank | Eomasm 2 9
Onumosro 218]8 obwmi YANB *) ) 2 : { : : J_ Curtan HP (2) 39
) o obuwmit 1y e
110 2208 (+) 7] 1 -
e 2 19] Bxon AuP-1 S AL —CorantP2) |4 @
@20] Obwwmi ; ik : C Pene 12H3(2) |5 @
221] Bon APz = & b Pene 1206w 2)| 6 @
022 BroaAips P ) & o L {Fre2r |7 @
@23| Bron AUP-2 ) S e —Fere 3P 2) |8 O
@24]  Obuwwmin H b Pene 13HP(2) |g @
! Pene 14 H3 (2) |10 @
]
0 e N R e
KoHT. Llenb 1A = > +5V L {PereiarP(2) 112 @
Onuvorko,  |@ 1 | Murarme (+) = > +12v
110w 2208 [ >  Murarwe (=) — X7 Pene
@3 Uens KoHT.
D4 ,-;—10p.pene THP ()] 1 @
25 Nooroa o be—{Mp.pene 1HP ()] 2 @
(7 ) i \/—np.pene’.HP(Z) 30
——(p.pene 1HP(2) | 4 @
X3.1 CuHxpo ] Mp.pene 2 HP ()] 5 @
KoHT. Llens —Mp.pene 2HP (1) ] 6 @
N =24 B Mporpamm. pene 2 ©
@ 1 | Wsonup. obwmi = MNp.pene2HP (2)] 7 @ g
@ 2 | +Curxpommnynsc ;@E: o Mp.pene2HP (2)| 8 @ §
= [3)
,/_ﬂp.peneSHPH) 99 o
X3.2 RS485-1 s s E,Ij Mo penesrp(N]100] 3
KoHT. Llens 274 Mp.pene 3HP (2) |11 @ 2
SkpaH 2 11 Visop. m ——Np.pene 3HP (2) |12 @ Q
22| 8 Mepeaasa s |De.pene 4 HP (11113 O S
wess>1 1> —Inp.pene 4HP (1) | 14 @ =
V] 3 A Mpvien Mporpamm. pene 4 =
I-4@ 4 | R cornacyrow. E@_) \/— Mp. pene 4 HP (2) | 15 @ =
M. penc 4P (2) | 16 @ @
e X3.3 RS485-2 0 an =
ks : - porp. pene
ycTpoacTae Mporpamm. pene 5 Ej_ TH } = — = <
N KoHT. Lens OnuuoHHo ] [porp. pene 18 =5
@ 1| Visonmp. obuwmin nporpaum,penes[:}--/_ Mporp. pene 6 HP |19 @ x
: Q2 B Mepeaaya ! Mporp. pene 6 HP |20 @ (=
38485 |
Y 23 e Mpneam Mporpamm. pene 7 ﬁ]— - Mporp. pene 7 HP 121 @
12 4 | R comacyrouy. ﬂ@—) —— Mporp. pere 7 HP } 22 @
Mepamsria Mporpamm. pene 8 E::I- - Mporp. pene 8 HP 1 23 @
::r;?;;::s ——Tporp. pene 8 HP |24 @

Puc. 1.4. — CxemMa NOAKIO4EHNS YCTPOMCTBa «Cupnyc-2-A4P>» K BHELUIHUM LIEMsM

15



YnpaBJsieHUe JUCTaHIIMUOHHOTO 0Oy4eHUs Y MOBbIIIEHUs KBaIUPUKALUU

Tikndp

TexHoJiOTMYeCKas ¥ MPOTUBOABapHiHasA aBToMaTHKa B 33C

l
- _ =
jumolIum - wiaroedy . deeg L | ?o
AN — deyg
| etfoxen) Zeroxan L 1 0 tdhy deeg I 1 - )
[~ ernmm 20000 s 13 < J . Ll e p-dlv Hoxg
LEHIND-20009) N Y Slvh Geoug sAm0 1 mgo gL vh Toxg M 0C L
e L oW (O — vS_m_
suHeTenodu
— sozorsezi g | £ | €02 > ZX8N " < - < ! - [ =
. N o gLvh eHamadeed E-dhy ‘doey \= f——0
] 802> LX8n L E-clhv oxg
L M UMD TVE | N (2 L
« ﬁax:% QIO ! | |® ] !!m_
UVHID L | onETeuod) | I_I_I I .— “UEHIMD 20000 < “ “ | ﬂ&/n'VQ
< Zodhy deed | = f—————0
< oW
I_ UeH VO 00490 \Iﬁ T 0z — O-N —— N.n:;(_‘ toxg
e E M e o —rd
1[s| . L ; o, G
:mEso..hl Kiowow L : ) . : Ldiy “deed ! 1T 1= f
dh 10 UBIHMD)
M Z-dhW 180800 l I 1 Hl! - o~N — L-dhv toxg
e “ n_.ha g « «000000 ERU0HY|
1eged’y W02 IAV
= II-b-clhv ¥oAL| V-ELIVh AL n ¥
T OAL Jl BMHEE00U1091 (ot om)
S YK =W WAL Oo— EELVh AL emiip BOHMBAUIA gy ‘mone 10 deey L 1
mb € dhv 04 _l oo AUV YA Z-ALIVH YA e10ged T 6 f 1 0
= 1-E-dhv ¥ e — .
= ik e 1G] "
L m 1-dhV AL eV YOAL i dhy k e oM 0z
exaodwioug
BEREEN 3 3 = N 0U Jhy avHamadeey
[ FZdhvORAl  ELIVKh ‘gedd FRINEAT) = | { 7))
i Eieladioiiiovssbitaiti s
: [ G . il r ™
o | TEweseds I-b-dlhv % e gl =
11S L 1 GXUOUNOUG | oW 0Z
Y - L-8LIVh '9edD
b _ I b=V %OoAL|
BLvh 980 Kiowem : WHO 10 d iy EXnoduiou < WHO 10
O M_ UEHMO 0 M VEHMD) G M UBHMD aQ
L|S LlS LS
Aow oy Aowey Aowepw
D.exln- [voary amn Dﬁ._i.ﬂ Piioursy ! D&.‘!ﬂ froary b
promg zomad p-omd
:\._. = :\.ﬁ = :\._. Eill
WHhOL WIKOL WihoL
1 dogiag 1 dogiag 1 dogiag

D=1

pLAES NI |

D=1

U3 WID nr

o1 =1

[EETEYRTT I

Puc. 1.5. ®yHKUMOHaNbHas cxeMa yCTpoicTBa «Cupunyc-2-A4P»

16



ynpaBﬂeHI/Ie AUCTAHLIMOHHOTI'O O6y‘-IeHI/IH U ITOBbLIILIEHHU A KBaJII/I(l)I/IKaL[I/II/I

Ckuap

TexHoJiOTMYeCKas ¥ MPOTUBOABapHiHasA aBToMaTHKa B 33C

~
< ated WA Y\ ALIVH BXE0AMmIONg BETG0 2
\ ALIVH BXsodwioLy KemgO &
wedatiud ou aued N Tm_,_wr ~ nou m_n<r oMHarmadeed
¥og1uooHeed 1AI0p sowakduw | \ Rg S— m\szv.;ew
(auvh-deed) - 0) = ee) weced) | L
0 | UWK = WWKBd AN
uwn L-gLIvh “1eged) 1 9
® 57, j_. P2
dhv 8Loou gLIVh _|. “ewon Iavh | VEUVhIAl S ot ghw eemadeeg
sHemadeed damd| wedetmd ou gLvh dhV @uoou gLIVh aMHamadeed
8029UAUWK
2 wHesoduwdody h
% Ewamadeed
| 1 \ 1 LIRS ETTETTT 1 & m L-dhY evHamadeey 8Uvh
L-dhv L } | %) 8% T €
BAHUT] /\ ] Jvl 1 m m dhV Joug BEIMGO <N
3 E
N aLvh deed 1 i% L~ avh
1-L-d VoA | I -dhV 11-L-d v BUIDIHAD Ve
o o L 11-b-dhv “YOA %0AL| <4
oA Leged) J
— I —— II-dhv30A
% = |
Q) S O s |- duap| OIUHELMU OoU 20dgD) mm
— 00400 - 88
1 n w1 L o o She <1p/4p
- b - -dhY 0
Aiowap Kiowapy - R = T I-dhy Jioug
b-dhy * 83 <9
‘1eged 0 L g3 ._. <1p/4p
] 5 29
3 S| ey 1 ) dhv Youg
- -1 -dhv TF-dhv | : B
L-dhV 1egedd _I-n_ﬁ <
1-dhv %0, <
‘1eged) (9] eXHU[T] oW 001 3 1P/Np
: S ® | P | L | -dhy evHamadeey [REETS)
.twwnm_ww 1 _-n_re __\Vh 2 — . I-L-dhv
Aloway 90HEO010 m—u 58 dhY 019 BeIMgO |V§nﬂ <9
|| b gy ALY s O~ wmorrravoou
I_I s 5 g dhv
=
d 2 "~ WIND OU 1 -dhv 7o0g 7 €
oW 00L dhy "'uAan | l = 9 $1 [is <N
_ \; } Ll I-b-dhy wwiniide |5 L-dhy
— ‘HaMawa 0o T s
A g c————
1-dhy IFL-dhy L xwﬂ Teg Y v.v%n_u
oW 0oL ABgeda Aeged N oudhy
avHamadeed

Cupuyc-2-A4P»

v

I 13 ouepenei YCTpoCTBa «

v

Puc. 1.6. dyHKUMOHaLHas cxemMa 0aHO

17



ynpaBJIeHI/Ie AUCTAHLIMOHHOTI'O O6y‘-IeHI/IH U IMMOBBIIIEHHUA KBaJII/I(l)I/IKaL[I/II/I

TexHoJiOTMYeCKas ¥ MPOTUBOABapHiHasA aBToMaTHKa B 33C

- =
g §
H
D
5832
s g Cw I, o
2 = s % = r g Bbinenenue
. x g2 ¥ MOLLIHOCTH, OHM
| Bxona 252> uayLiei ot >
g § ,l;) nUTaLLero
=
273 | 88083 K WiHam
U, @
5 U1
§§ g @ > Bbigenexve U
g & % nencTeyioLLero >
<8 —> 3Ha4YeHUs
2 g o3 HanpsxeHus  [€
SPov &
9 5 Q % [~
. w g Iy
. x 7 Q
2225
U sxona 1 8 = o F1 <
&8 g’ ) ¢ 7] Bebinenenue F
528 3HaueHns >
2 4acToThl e
7 é——.
BoigeneHue
® S CKOpOCTH
« & U2 2 CHUXEHUS du/dt S
s 5 § —— @ [EACTBYIOLLEro -
g5 < 3HAYeHUs <
= E ‘:‘:} x = pa
503 S HanpsHKeHUs
7 °g
: Sebg
% § § 2c >| Boizenenue
U exoga 2 29 B CKOpOCTH dF/dt
= §, 2 Ea CHUXEHUS >
55 Py > 3Ha4YeHus <—e®
4acToThl P ®
T~
U1<20B U1
nponano
S _ﬂ_ % P >
Ha curHan
e U2 nponano
1 _—

Puc. 1.7. ®yHKUMOHaNbHAs CXeMa M3MepPUTESbHBIX OPraHOB YCTpoiicTBa «Cupuyc-2-A4P»

18



YnpaBJsieHUe JUCTaHIIMUOHHOTO 0Oy4eHUs Y MOBbIIIEHUs KBaIUPUKALUU

{vmonind ki O
fodp NG = oot |
BV - Eon Dusd wedxod )

iu N U 3d W IOdU | i _

1
2
- ’ | “ .
1 GLivh SooaufuNm 20HEed | [ (wedotmd wiakeed ou
: | A ! gaUVh 8099 uAunWM
(rocaodl DRI woaoHeed 9)

DGy = vamdbihg | AU WVAI0dU | T

“ound wedod) O |, N wwkad uiIgHI9UAuNy

— —

i
I
1 ....-.“-.f_ .q!z.ih . — — e —
" ‘ouad widiods) D | . “
" “ | dhY 29uAunig
- . : IFdhV] | L Idh
— il | exHn {dhy YoHnm winxed)
| | o ; Sy W@pa dhV BXHMT] el Wb
! -
«— e)HU (U h-d Ry YoHnm wixkad)
acs,c:sh ‘_ _ e Y clhy m wuxed ianaiadaeduay

e~

mE<“_._ goo9uAunmn suHamadeed
| |

TexHoJiOTMYeCKas ¥ MPOTUBOABapHiHasA aBToMaTHKa B 33C
l |

w m gLIVH AL

I T

| “ I " ! T I-dhv R0
i 1 l 1 I 1 | I V¥ n
I 1 1 1 1 i 1 1
1 | 1 1 1 1 | 1
1 1 | | 1 I | | 1~ Aedu ou
1 1 1 1 1 1 1 ! oucodaLm |
_ 1 1 1 | | ! _ gedd -Jh | BXIRIOA
o= e e s B e e = A~ ] N 1°0+9ed0 -dhvy
1 1 1 I nJ1'o
| | | 1
( ! ! ! 1-dhi A%l ou
] | | ] oucadalow |
‘gedd ||-dhv - enseLos

,"Illllllllllllllnnlll R 1 _J -t P b j-di
! niL'o
1
" HUVh Aoku ou
1 MeDdoLom |
HE B R R L R S A S R T T NJ 10 —8uvh gedo 4
T - gLVh 'gedoj exoe1as
“ niL'o

3" 0008

CRucp

d

Cvipnyc-2-A4P»

)

M 13 oyependen yCTPOWUCTBA «

19

Puc. 1.8. AnarpamMma paboTbl 04HO
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4. Pacyer rnapamMerpoB HacTpovku A4P

B oTAenMBLUEICS YacTV SHEProCUCTEMDbI:
- MOLLHOCTb BK/IIOUYEHHbIX 6/I0KOB B 10aBAPUMHOM pexunmMe
P,ox = 400 MBT
- MOLLHOCTb Harpy3Kku
Pyos = 542 MBT

MaKcuManbHbI pacyeTHbIM AeduunT ans obecneyeHns Harpysku

APy = Pyoy — Paos = 542 — 400 = 142 MBT
970 cocTaBngeT 26% OT BCEM MOLLHOCTH.

ns ouepenein AYPI n AYPII KOHKPETHO NPUHMMAEM CleaytoLime napameTpsbl
HaCTPOWKM:
a) ans Bcex ouvepenen AYPII f = 48,7 T'y;

b) ycraesku no spemexHn AYPII:
- nepsas ouepenb  tiup; =6¢C
- nocneaHss odepesib  taypy = 60 C;
C) pasHuULa YCTaBOK MO BPeMeHU coceaHnx odepeaen AYPII
Atpypy =3 ¢;
d) uucno ouepenen AYPII

tB.o, —th 60—6
N — AYPII AYPII + 1 — 1_19
AYPII = T E— ;
AYPII

e) ycTtaeku no 4actote ans AYPI:

f) - nepeas ouepedb thiyp; = 48,7 — 0,2 = 48,5 I'Ly;

g) - nocneaHss ovepenb tip, = 46,5 T,

h) pa3Huua ycTaBok Mo YacToTe coceaHux ovepeaen AYPI
Afagpr = 0,1T1;

i) umcno ouepepen AYPI

faapr = S thapr +1= 48,5 -46,5

Atpqpy 0,
j) cymmapHas MowHOCTb noTpebutenen, noasoammblx nog AYPI, onpeaensercs

6e3 YY€Ta BpallaloLlEerocd pesepBa B COOTBETCTBUU C UICXOAHbIMU YCNOBUAMU
PA‘{PI=AP[[ + 0,05 * PHOZ' = 169 MBT,

k) mowHocTb AYPI pacnpegensieMm mexay oyepeasmm paBHOMEpPHO

NA‘{PI —_ + 1 = 21,

P 169
N 21 !
AYPI

m) CyMMapHasl MOLHOCTb NoTpebutenen, oTkto4aeMblx odepeaamm AYPII:
= Pqu”=O,4 * PA‘{PI = 0,4 * 149 ~ 68 MBT,

- Paypy = 0,1 % Pygx = 0,1 %542 ~ 542 MBT;
20
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n) NpuHMMaeM 6osbluee 3HaYeHne
Pqu” = 68 MBT,
0) MowHocTb PAYPII pacnpenensieM Mexay ovepeasiMm paBHOMEPHO

P) APpypy = Cauel % ~ 3,5 MBT.

Nayprr

5. [MoaroroBka A0K/1a43 Ha KOHMEDEHLIMIO (110 XEAHUIO).

Ha ocHoBaHWM 13y4eHHOro MaTepuana BblbpaTb TeMy AOKNaAa Ha KOHdepeHLumM no
AYP 1 cornacoBaTb ee C npenoaasaTesiem.
MpoBecTV AONONHUTENbHBIA aHanm3 AYP Mo pasiMYHbIM UCTOYHMKAM MHDOPMaLIMK.
Mo pe3ynbTaTaM CBoel paboTbl COCTaBUTb ANst KOHMEPEHUMM NPeE3EHTaUMIO AOKNa-
Aa.
6. KOHTPO/IbHbIE BOMPOCHI

6.1. Ha3HadeHne AYP1?

6.2. Ha3HaudeHne AYP2?

6.3. YkaxuTe TpeboBaHus, npeabsiBnsieMble K cxemam AYP?

6.4. [10 Kakoro 3HayeHus OO/MKHA NMOAHMMATbLCS 4YacToTa B SHeprocucreMe rocrne
cpabaTblBaHMsA yCTponcTB AYP?

6.5. Kakasi HayanbHasl ycTaBka no 4YactoTte yctponctea A4P1?

6.6. Kakas HauyanbHas ycTaBKa Mo 4YacToTe ycTponcTea AYP2?

6.7. Kakas HayanbHas ycTaBKa Mo BPeEMeHU ycTponcTBa AYP2?

/. Coaep)xaHne or4era

7.1. HanmeHoBaHMe NPaKTUYECKOro 3aHATHUS.

7.2. Llenb npakTn4eckoro 3aHATus.

7.3. I'pavKn n3MeHeHMs YacToTbl B SHEProCUCTEME.

7.4. 'pacmk AYP c 3aBMCMMOI YCTaBKOM MO YaCcTOTE OT BPEMEHW.
7.5. CTpykTypHas cxema «Cupuyc -2- A4P»

7.6. PacyeT o6bemMa aBTOMaTUYECKON pa3rpy3kn SHEPrOCUCTEMBI.

7.7. KpaTkue OTBeTbl Ha KOHTPOJIbHblE BOMPOCHI U MPEAnoXeHUs No COoBEepLUEH-
cTBoBaHuio AYP.

21



praBﬂeHI/Ie AUCTAaHIIMOHHOTI O O6y‘{eHI/IH U ITOBbLIILIEHHU A KBaJH/ICl)I/IKaLU/II/I

TexHoJiOTMYeCKass U NPOTUBOABapyUKHasi aBToMaTHKa B 33C

MpakTnyeckoe 3aHsaTMe N2 2

ABTOMATUYECKOE NPEAYNPEXXAEHWUE HAPYLUEHUSA1 YCTOMYMBOCTHU

1. Llenb pabors/

B npouecce BbIMOMHEHWUS paboTbl M3yunTb CTPYKTYPY CUCTEMbI aBTOMATU4YECKOro
npeaynpeXxaeHnsl HapylueHus yctonumoctn (AMNHY), cnocobbl dukcaumMm onacHOCTU
HapyLleHMs1 YCTOMUMBOCTW, YCTPOMCTBA aBTOMATMYECKOM A03UPOBKM YMNpPaBASOWMUX BO3-
JIEACTBMIN U METOAMKY pacyeTa AMHaMUYECKOW YCTOMYMBOCTY.

2. Oblumne ceeneHns

Crpyktypa AlIHY

KoMmnnekc yctpoincts AMHY npeaHasHayeH Ans npeaoTBpalleHusi HapyLleHus au-
HaMUYeCKOM YCTOMYMBOCTM MPW aBapuiHbIX BO3MyLLeHusIX. Komnnekc AMNHY obecneumBaeT
(uKCcaLUmMIo BO3MYLLAOLLIENO BO3AENCTBUS, CMOCOBHOMO BbI3BaTb HapyLLUEHNE YCTOMUYMBOCTMY.

JlokanbHble ycTpoiictBa AMHY pearvpytoT Ha MECTHbIE MPU3HAKKW OMacHbIX U3MeHe-
HUI CXEMbl U peXnMa, peanusytoT ynpaBnsiolme BO3AENCTBUS B Npeaenax 04HOro obbek-
Ta, KnaccnuumpyoTcs no Buay BO3MYLLEHWUS:

APOJ1 — aBTOMaTMKa pasrpy3ku rnpu OTKIKOYEHUN IMHUW 3NEKTponepeaayu;

APOI — aBTOMaTMKa pa3rpy3ku npu OTKIIOYEHUN FreHepaTopa B AeULMTHON YacTu

23C;

APCI, APAIN — aBTOMaTWKa pa3rpy3ku MpuU CTaTUYECKOW Neperpyske, AMHaMu4e-
CKOM neperpyske 3/1eKkTponepeaayu;

APBK3, AP3K3 — aBTOMaTtuKa pa3rpy3ku npu 6nmskmnx K3, 3aTsxHbix K3 u ap.

LleHTpann3oBaHHbIE KOMIMJIEKCbl KOHTPOSIMPYIOT CXEMY WU PEXMM BCEro permoHa,
BblpabaTbiBalOT yNpaBnsilolMe BO3AEUCTBMS B OAHOM LEHTPasbHOM YCTPOWCTBE, OTKyAa
nepeaaroTcs YNpaBnsioLmMe BO3AENCTBUA Ha pa3/iMyHble UCMOSTHUTENbHbIE YCTPOWCTBA.

Komnnekc AMHY B oblieM cnyyae coaepXXuT Cneayowme 3eMeHTbI:

. n3MepuTesnbHble opraHbl MO unn gaTumMkn nHgopmaumm, B TOM YUC/E, MyCKo-
Bble opraHbl 0, knaccuduumpyemble No Buay OUKCMPYEMbIX BO3MYLLAKOLWMX BO3AENCTBUN
1 BO3MYLLEHWUN;

. YCTPOMCTBa aBTOMATUYECKOW 103MPOBKM Bo3aencTeuin A1B;

. NCMONHUTENbHbIE YCTponcTBa NY

J yCTPOWNCTBa Nepeaayum aBapuiHblX curHanos n komana YMACK wnu TCA;

Cr10cobbl pukcaLmm ornacHoCTU HapyLUweHUs yYCToOMYMBOCTU

OnacHOCTb AWHAMMYECKoN mneperpy3ku crabon CBA3M BO3HWMKAET npu 60MbLUMX
BO3MyLLaloLmMX Bo3aencTeusix (BB) Ha sHeprocucremy:

. OTKJTIOMEHNE MOLLHOM 3M1eKTponepeaayu;

. OTKJ/IIOMEHNE MOLLHOrO 3Heprobnoka 6e3 K3 B aeduuUMTHOM YacTu 3HEprocu-
CTEMbI;

. 6113K0e K LWMHAM 3/1EKTPOCTaHLUMKN M 3aTSHKHOE KOPOTKOE 3aMblKaHue U ero
OTKJ/TIOYEHME.

®dukcauns BO3MYLLAIOLWErO BO3AEUCTBUSI HE MO3BOJISIET 3a4acTyld OLEHWUTb €ero
OMacHOCTb AN AMHAMUYECKON YCTOMUYMBOCTU CBSA3M, YAANEHHOW OT MecTa ero BO3HMKHOBE-
HUS.

[lnsi 3TOro MoryT MCMonb30BaTbCA YCTPOMCTBA C XapakTepucTnkamm cpabatbiBaHUS
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BMAA:

APy _
leﬂ +k2 dt i‘FE.L'

rae An, A - MOLHOCTU B MPEALLECTBYIOWEM N TEKYLLEM pexuMax.

YcTpovicTBa gomKcaLmm aBapuIHOrO OTK/IIOYEHMS JIMHUN S/1IEKTPOMEPEAEYU

ABapuiiHOe OTKJIIOYEHME NNUHUW 3NIEKTPONEpPeaayYn MoXHO (UKCMpoBaTb Mo cneay-
tOLLMM MPU3HaKaM:

J no akTy OTK/IOYEHUS BbIKOYaTENS (BbIKOYATENEN) C MOMOLLBIO KOHTaKTOB
pene 6710KMPOBKN OT MHOroKpaTHOro BkAouveHus (KBS) n pene nonoXXeHus «OTK/IOYEHO»
(KQT) u3 cxembl ynpasneHus BoikntodaTtenem (KBS cpabaTtbiBaeT oT P3 4O MOMeHTa OTK/It0-
YeHus BblKNtoYaTens, a 3ateM Bo3spaltaetcs; KQT — nocne oTKAYeHNs BbiKAovaTens);

. no cpabaTbiBaHWUIO BbIXOAHbLIX pene 3awuTbl NMMHUK (He uUKCupyeTcs camo-
NPOM3BO/IbHOE W OLWNMOOYHOE OTK/IHOUEHME BbIKOYaTEeNs);

. no cpabaTbiBaHUO pene ToKa WM aKTMBHOW MOLLHOCTM, BK/THOYEHHOrO Ha
Pa3HOCTb TOKOB MapanienbHbIX TMHUA .

Cxema anddepeHumanbHoro ycrponctea Ancd®OJ1 npuBeaeHa Ha puc. 2.1, rae AT
— JaTtuuk Toka ¢as3 A, B, C /121 J11 n J12; Z — cyMmMaTopbl C BTOPbIM UHBEPTUPYIOLLNMM BXO-
aom; U, WIN — nornyeckmne cxembl; DT — a1eMEHT BbIAEPXKKM BPEMEHU.

AncdPOJT nmeeT aBTOMATUUYECKUIA KOHTPO/Ib UCMPABHOCTU M CUrHaNU3aLMIO HeWUc-
npaBHOCTM TOKOBbIX uenein (UMW, DT), BbiBOASALWMA M3 paboTbl BbIXOoAHble Uenn «llyck
MAA» nocre NosiBNeHUs Toka B /tobon dasze anddepeHumanbHOM Lenn, C BbiAEPIKKON
BPEMEHW, AOCTAaTOYHOM Anst cpabaTtbiBaHust MAA (Ha BTOPOM WHBEPTUPYIOLEM BXOAE Bbl-
XoAHoW cxeMbl U nosiBnsieTcs 1).
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I I
I I
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I 7
— CHTHaN
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Puc.2.1. OuddepeHumanbHoe YCTPOMCTBO (MKCaLMK OTKIIIOYEHMSI NapannenbHoi nvHum (dnd-
®OJT): a — nepBMyHas cxema; 6 — BTOpUYHbIE Lenu
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YCTpovicTBa aBTOMaTn4ECKON A03MPOBKU YIIPAaB/ISIOLUMX BO3AEUCTBUMN

PacueT 0031pOBKM BbIMOMHSETCS OAHUM M3 YeTblpex cnocobos: I Ao, IT o, 1 Mo-
cne, II Mocne.

Mpn ncnonb3oBaHMM CnocoboB «[]o» pacyeT AO03MPOBKWU BLIMOMHSAETCS M 3arnoMu-
HaeTcs A0 aBapUMHOro Bo3MyLleHust (A0 MOMeHTa cpabaTbiBaHUSI MYCKOBOrO OpraHa) B Te-
yeHne 10 — 20 ¢ Ans BCEX BO3MOXHbIX BO3MYLLEHUIA MPU KAXKAOM U3MEHEHUM CXEMbI U UC-
XoAHOro pexmma 33C unn umMKInmyecku (UMK pacyeToB B LIEHTPa/IM30BaHHOW CUCTEME
NMpOTMBOaBapUMHON aBTOMATUKK 2 -3 MUH).

Mpn ncnonb3oBaHnM cnocobos «lMocne» pacyeT A03UMPOBKM BbIMOMHAETCS AN OA-
HOr0 BO3HMKLLErO BO3MYLLEHUS Nocne cpabaTbiBaHWsi COOTBETCTBYIOLLErO MYyCKOBOrO opra-
Ha B TeyeHune 0,02 — 0,05 c.

B cnocobax I pacuet Ao3upoBku BeaeTcs no anrebpavyecknm v auddepeHumnanb-
HbIM YpaBHEHWSAM, OMUCbIBAIOLNM MOBEAEHME SHEPrOCUCTEMBI UMN €€ YMNPOLLEHHON MOAENN
B AI0aBapUNHOM, aBapUMHOM M NMOCNeaBapUNHOM peEXUMaX.

B cnocobax II — no aHanuTuyeckum copmynam unu Tabnuuam, NOSyYEHHbIM Ha
9BM BHe ycTpoictea AlB 1 ONMUCbIBAIOWMM FpaHMLbl YCTOMUYMBOCTM C YYETOM YMpaBNsio-
LMX BO3JAENCTBUN.

YKpynHeHHass 670K — cXeMa OA4HOro W3 adanTUBHbLIX anropuTMOB A03UMPOBKU
ynpaBnsoLWmMx BO3AENCTBUI NpUBEAEHA Ha puc. 2.2.

Jatuuku JaTtunku
PEKUMHBIX COCTOSTHUS
apaMeTpoB CXEMBbI
IIporpamma Onpenenenue
porp p Onpenenexnue
OLICHUBAHUS 3BE371000pa3HBIX
BCIIOMOTATEIbHBIX
COCTOSIHUS 9KBHUBAJIEHTHBIX
rmapamMeTpoB
CXEM
Mmuranus j-ro |
aBapHIHOTO
BO3MYIIIEHHSI Y ¢_
f Omnpezenenue \\ Omnpezenenue
j+1 rocieaBapuii- OTIaCHOTO
1 HOTO PeXHMa CeueHUs
Onenka N
CTaTHYECKOU =_— \ Orerka
yCTOHIHBOCTH JUHAMUYECKOU

YCTOWYHBOCTH
HEYCTOHYHBO

YCTOWYHMBO '

Bri6op YB nipu
j-om
aBapuHOM
. BO3HMYLICHUU =
YcToiunBo ¢ ynpaBieHHEM IV = T HEYCTOWYHBO
y y

ABTOMAaTHYECKOE
3aIIOMUHAHHE
JIO3UPOBKH

Curnan
«HET PEIICHHUS

Puc. 2.2. briok-cxemMa aaanTUBHOMO anropuTMa A03MPOBKM YNPaBAsOLLMX BO3AENCTBUN
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UcrionHurenbHble ycTpovictea AlTHY

McnonHuTenbHblE YCTPOMCTBA BLIMOJHSIOT Ceayowme onepauum:

- OTK/IIOYEHUE NN BKITHOYEHME KaKMX-NMB0 KOMMYTaLMWOHHbIX annapaTos;

- pa30MKHyTble (6e3 06paTHOMN CBSI3N) BO3AEWUCTBUS HA CUCTEMbI YNPaBNEHUS MOLL-
HOCTbO TYpbuH (KPT — UPT) n Bo36yxxaeHneM reHepatopoB (®B), A03MpOBaHHbIE MO 3Ha-
YEHUIO M MO BPEMEHMU;

- 3aMKHyTble (MMetowmne 0bpaTHyO CBSI3b MO OAHOMY WM HECKOSIbKUM perynupye-
MbIM NapameTpam), peann3yemble ANCKPETHLIMU YCTPOMUCTBAMMU.

CxeMbl UCNOMHUTENbHBIX YCTPOMCTB B HAaCTOSILLEE BPEMS BbINOHSAKOTCS C MOMOLLbIO
3N1EKTPOMEXaHMYeckmx pene, 6eCKOHTaKTHbIX MOSYNPOBOAHUKOBBLIX U MUKPO3/IEKTPOHHbIX,
a TaKXXe MMKPOMPOLECCOPHBIX YCTPOUCTB (pnc.2.3).

> Fr PT, APy
i bUIIM 7 > w1 SM2
w o'
BUMY |—| 11
PI‘HAA
oT HAA AP(t)[/IP ;
o——p| AUP » sM3 |—»
ot [TAA
o—»p
AP; APox
bo——p| OMT
Aw
o—Z
Pr
o—»
Dun HKH
o———p

Puc. 2.3. ®yHKUMOHabHas cxeMa 6bICTPOAENCTBYIOLLEr0 KOHTYPa MMKPOMPOLIECCOPHOrO aBTOMaTy-
YeCKOro ynpaB/fieHns MOLLHOCTbIO TypboreHepaTopa

CurHan wnHdopMaunm 06 aKTMBHOM MOLLHOCTM Pr u 4yactoTe HanpsbkeHus  CUH-
XPOHHOro reHepatopa hopMupyeTcs 6bICTPOAENCTBYIOWMMU U3MEPUTENbHBIMK Npeobpa3o-
BaTensmu BUMM n BUMY. C noMoLLbO NPOrpaMMHOro MoAynsl, CocTosiwero u3 auddepeH-
unaTtopa curHana o vacrote [ u cymmatopa SM1, dopMmnpyeTcs curHan MOLHOCTU Typbu-
Hbl: dw

Pr=Pr+]

roe J— obwuii MOMEHT MHepUmMKn TypboreHepaTopa.

CurHan cymmatopa SM2, ncnonb3yeTcs B 6bICTPOAEMCTBYIOWEM MOAYNE OrpaHuye-
HWS MOLLUHOCTW TYpbuHbl OMT ans (opMMpoBaHMA CUrHana Ha ANUTENbHYIO pas3rpysKy Typ-
6oreHepaTopa B NOC/I€aBapUNHOM peXUME.

Moaynb aBapuMMHOM WMMMYyNbCHOM pa3rpy3ku AUP cdopmupyeT uMdpoBOA CUrHan
KpPaTKOBPEMEHHOWN pa3rpy3ku npu aBapumHon cuTyauun. Moagynb AUP obecneumBaeT fo3u-
pPOBaHHOE MO WHTEHCUMBHOCTU M AJIUTENBLHOCTU MMMY/IbCHOE BO3AENCTBUE Ha PErynunpyto-
LMe KnanaHbl TypOuHbI Yepes3 anekTporuapaBnnyeckuii npeobpasosatens 1.

Moaynb HayanbHOW Koppekuun HepaBHoMepHocTn HKH onpeaensieT creneHb Heco-
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OTBETCTBMS BPALLAIOLLEr0 MOMEHTA TYPOMHbI 3@ CYET MOTEHLUMANbHOW SHEPTUM 3HAUUTEN b-
Horo o6bemMa rnapa B cenapaTope-neperpesaTesie naporeHeparopa

3. MukporipoueccopHasa cucrema AlTHY

ABTOMaTUKY AO3UPOBAHNS [IPOTUBOABAPUMIHBIX _VITPAB/SIOLMX BO3AEYICTBUM.

B UeHTpanM30BaHHbIX M MEepapXMYecKMX KOMIIeKCax aBTOMATMKWM MpeaoTBpa-
LWEeHNs HapylweHus yctonumsocTu (AMHY) umdpoBble yHMBEpCanbHbIE, MUHU- U MUKPO-
9BM umMKInMyeckn (Yepe3 HECKOMbKO [ECATKOB CEKyHA) MPOU3BOAAT pacyeTbl AUHaMUye-
CKOM M CTaTMYECKON YCTOMYMBOCTU ANsl BCEX (PUKCMPYEMBIX BO3MYLLAIOLWIMX BO3AEUCTBUN C
YYETOM WX TSDKECTM M MAPAMETPOB 3MEKTPUYECKMX PEXUMOB paboTbl 3/1€KTPO3Hepre-
TUYECKMX cuUCTeM (MCXOOQHOrO HOPManbHOro, aBapUMMHOINO M MOC/E€aBapUMMHOIrO) M Mpo-
TEKaHUS  3MIEKTPOMEXaHMYeCcKoro nepexogHoro mnpouecca. Ha ocHoBe pacyeTtoB M
onpeaensieTcs Habop U MHTEHCMBHOCTb MPOTUBOABAPUMHLIX YNPaBASIOLMX BO3AENCTBUM
(wx posnpoBaHMe) n 3anoMuHaHue (A3[]) A0 OKOHYaHWUS Cneaylollero LMKna pacyeTos.

MNpuMeHeHne undpoBbix 3BM ana aBTOMaTUYECKOro [A03MPOBAHWUS MPOTUBO-
aBapuiHbIX ynpasnaowmx Bosaenctsuin (AIB) obecneunBaeT HeobxoaMMOe COOTBET-
CTBME WX MHTEHCMBHOCTM BO3MYLLAOWMM BO3AENACTBUSAM.

Ncnonb3ytotca  Tpu OBM, paboTalowme CUHXPOHHO MO  OAHMM  MpOorpaMmmam.
ObsizaTenbHbIM ANSt UCMOSTHEHUS SBNSIETCS HanuMume M COoBMNajeHue pes3ynbTaToB pac-
YEeTOB He MeHee [ABYX M3 Tpex JBM.

ANroputM aBTOMaTMYECKOrO A03MPOBaHMS MPOTMBOABAPUMHBLIX  YMPABSIOLMX
BO3AENCTBUMA COAEPXMT TPU KOMMEKCa OCHOBHbIX (PYHKLMOHANbHbLIX MPOrpamMm:

e 06paboTkM MHMOPMaLMK 1 NpeaBapUTENbHBIX PAacYETOB YCIOBUA COXpaHEHWS!
CUHXPOHHOM YCTOMYMBOCTW napannenbHou paboTbl;

e COBCTBEHHO MPOrpaMMbl Pac4eTOB O3MPOBAHHBIX YMPaBSOWMNX BO3AEUCTBUMN
AN KaXXAOr0 U3 MYCKOBbIX OPraHos;

e BbiBOAA M Nepedayn A03MPOBaHHbIX BO3AeNCTBMM B yCTpoucTBo A3/

Pacuetbl A[lB npou3BOAATCA ANS  Cneaylowmnx CTagui  3N1EeKTPOMEXaHNYeCKmX

nepexoAHbIX MpoLeccoB:

® BO3HMKHOBEHMS BO3MYLUEHUS W MNPUHATMS HeobxoaMMbIX Mep ANns npeaoTepa-
e-

HUS HapyleHWs AMHAMUYECKOW YCTOMYMBOCTM 3neKTponepeaauu;

® COXpPaHEHWs1 CTAaTUYECKON YCTOMYMBOCTM B NOCEaBApMNHOM peXuMe Ao Aen-

CTBUSI aBTOMATUYECKMX PerynsaTtopoB 4acToTbl M MOLHOCTM Ha 4YacToToperynu-
PYIOLLINX

3NEKTPOCTAHUMSIX;

® COXpPaHEHWs1 CTAaTUYECKON YCTOMYMBOCTM HOBOMO YCTAHOBMBLUErOCS pexmunma B

npouecce 1 Nocne AeNCTBUS aBTOMATUYECKOW CUCTEMbI PEryNIMPOBAHNS YacTOTbl U

MOLLHOCTW.

MukporipoyeccopHas naHesas astoMatuku AITHY.

TWNOBbIM, BbLIMOMHSAIOWMM  yKa3aHHble ¢yHKUMM nporpammHbix AB wn A3[,
SIBNSIETCS MMKPOMPOLIECCOPHas MaHenb NpoTMBoaBapuiHon aBToMaTuku (MAA), paspabo-
TaHHas B BOW. OHa cocTouT mn3 Tpex OAHOTUMHbLIX MUKPOMPOLIECCOPHLIX MaHENen, ycra-
HaBMMBAEMbIX Ha 3/1EKTPOCTAHLUNN U NyNbTa YNpaBneHns C 3NeMeHTaMn BBOAA W BbIBO-
Aa vHdopmaummn (YeTBepTast naHesnb).
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BbinonHeHne hyHKLMOHAbHBIX anropuTMOB AOCTMIaeTCcs MpPOrpaMMHbIM - obecne-
YEHWEM, CTPYKTypa KOTOPOro NnpeacTaB/ieHa Ha puc. 2.4.

Bxnouenne
INMporpammarop Mouutop Teer TMeuats
‘ I
Havansuerii myex O6paborxa
= cboen
|
JoasapHiHbIH
pexaimM
SPS [
SOD CONTRL Buzoa
KOMILICKTa
i UPRDO H3 paboTh
0OCTYXKHBAIOLIHM
CNTUVI NIePCOHANOM
PGA I
PS
PRSH
________________________ o
| Mporpasmet 06paBoTku NpepuBaHKA | }
I |
! ' ' B! } !
: Bepxanit MMycxosue Cxema 3anokHoe :
: YPOBCHb OpraHHl cet K3 !
| | ———H|
: WWOD NOMPO FIKOT CNTUV2 | |
{ PO3 POI PO2 RIR |
I 1
: UPIND UPIND UPIND RSPR :
; CNTUV2 CNTUV2 CNTUV2 i
: RIR RIR RIR :
I I
: RSPR RSPR RSPR !
: NOMER '
] 1
Y Y b

Puc. 2.4. CTpyktypHas cxema nporpaMmHoro obecnevenuns TMAA

Mo nporpamme «BknioyeHMe» NPOU3BOAWUTCS TECTOBbIA KOHTPOJb MMUKPOMpOLEeC-
COpPHOM CUCTEMbI. 3aTeM 3anyCKaloTCsl CepBUCHblE Nporpammbl «lporpammatop», «MoHu-
TOp», «TecT» n «lleyatb».

MporpaMma «HayanbHbIM nNyck» BbINOAHSET noarotoBky [MAA kK pabote B
HOPMasibHOM (A0ABApUMMHOM ) peXuMe MO 3aMKHYTbIM UMKIaM AAUMTENbHOCTBIO 5 C.
Mporpamma SPS BBOAMT WHGOPMAUMIO O PEXMMHbIX MapaMeTpax WM COCTOSAHWUSX CUH-
XPOHHbIX reHepaTopax (MX TexHonornyeckmnx orpaHmyeHusx). No nporpamme CONTRL
obecneumBaeTcs HageXHoCTb yHKUMOHMpoBaHus [MMAA.

O6paboTKM WH(POPMaUMM O PEXMMHBIX MNapaMeTpax Ans TeKylero COCTOSHUS
cxeMmbl  BegeTcs nporpammov UPRDO. [MpoBepka  BbIMMCNEHHBIX — NPOTUBOABAPUMHbLIX

yNpaBnsiloWmMX BO3AENCTBUMIA MNpom3BoanTcs nporpammor CNTUV1, nporpamma  PGA
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opMupyeT MHbOPMaUMIO O FOTOBHOCTM KaXAOro YMNpaBisieMoro 3/1eKTpo3aHepreTnye-
CKOro o0b6bekTa K MpOTMBOABApUMMHOMY YMnpaBneHuto. B uensx onTuMmusaumm BbluUcie-
HAMN B peaslbHOM BPEMEHM MPOTUBOABAapUMHOMO ynpaBrieHns nporpamma PS npowusBoauT
paHXupoBaHMe 31IEMEHTOB MACCMBOB pPEryMpOBOMYHBIX  AMAana3oHOB 3HeproarperaTos
3N1EKTPOCTAHLNN.

OT BEpXHEro YpoBHS MpOTMBOaBapuMHOro ynpaeneHus [MAA nonyyaeT 3aaa-
HME Ha pa3rpysKy 3N1eKTpoCTaHuui. Heobxoammble AO3MPOBaHHbIE MPOTMBOABapUMHbIE
ynpaensiowme BosaencTeus (pyHkumm AB) npowvsBoauTcs no nporpammam PO1, PO2
n PO3.

MporpamMmbl RIR pacnpenenstoT NpoTMBOaBapuiiHbIE YMNpaBNSOWME BO3AENCTBUS
Mexay YnpaBnsieMbIMU 3/1IEeKTPO3HepreTnyeckumMmn obbektamm. Ho nepeg 3TMM Mporpammbl
CNTUV2 npov3BoaaT MpOBEPKY [A03MPOBaHHbLIX MPOTUBOABAPUMHbLIX YNPaBASIOWMX BO3-
[IEACTBUIN, BbIYMCNIEHHbLIX KaXkaoh u3 Tpex naHenei MAA no Ma)KopuTapHOM cxeme pe-
3epBUPOBaHUS.

Mo nporpammam UPIND Ha ocHoBe paboyeit WH$opMaumu, nNOCTynawllen B
peanbHOM BpeMeHU 3/1IEKTPOMArHUTHBIX NepexoaHblX MpoLeccoB, MPOM3BOAUTCS KOPpPEKTH-
pOBKa MOCNEAYOLMNX YNPaBAAIOWMX BO3AEUCTBUA.KOPPEKLNS OpraHM3yeTcss nporpaMmomn
SOD.

MNporpamMmbl RSPR cnyxaT Ans paBHOMEPHOro pacnpeaeneHvst yrnpasasitowmx
BO3AENCTBUMA, HEOOXOAMMbIX ANs NPeaoTBpalleHMs HApYLUEHUS CTaTUYECKOM YCTONYu-
BOCTU B MOC/MEaBapuiHbIX pPeXUMax, MeXAy CUHXPOHHbIMW reHepaTopaMu 3MeKTPO-
CTaHUMW.

HeobxoamMmas BblCOKasi HaAEXHOCTb MPOrpaMMHON  aBTOMATMKM  [O3MPOBAHUS
ynpaBnsiloWmMX BO3AEUCTBUIA obecneumnBaeTtcs, nporpammamm CONTRL w CNTUV1, ynpas-
NSOWMMN  MHANBUAYaANbHbIMKU (AN KaXAOM M3 Tpex naHenen) n obwmmy annapaTHbIMKU
cpeacTBamu.

MuKporipoLeccopHbIV porpaMMHO-TEXHUYECK KoMriekc ALB u A3/]

MporpaMMHo-TexHu4yeckni komnnekc (MTK) aBTOMaTMyeckoro A03MpOBaHMS Mpo-
TMBOABApPUMHBIX ynpaBnsowmx Bo3aencTBun AMHY 31eKTpoaHEepreTUYecknx CUCTeM, oc-
HOBaHHbIN Ha TabnnyHOM anroputMe ux Bblibopa, co3gaetcd B OAO «UHCTUTYT «3Hepro-
ceTbnpoekT» B coapyxectBe ¢ 3A0 «[UK-TMporpecc». B nocneaHee Bpemsi pa3paboTaH
HoBbI [MTK MecTHOro (NokanbHOro) - CTaHUMOHHOMO YPOBHS aBTOMATMYECKOro A03M-
poBanua (JIAB) , 3anomuHaHusa (A3[]) v BblAaun NpOTMBOABAPUMHBIX YNPaBASOLWLMX BO3-
pevncteni (YB), yHKUMOHMPYIOLWMIA Ha CaMON COBPEMEHHOWN TeXHMYecKomn base.

CoctaB NporpaMMHO-TEXHUYECKOro Komrnnekca. COBMECTHO C CUrHasbHbIM Mpo-
ueccopom (CI) Bxoaswmm B cocTaB Moaynst aHanorosoro Beoga MABCIT (puc. 2.5), npo-
MbILLEHHBbIN KOoMNbloTep Mp.K  06pasyeT BbIYMCAUTENBHO-NOMMYECKYOD (YHKLMOHANbHYO
yacTb BJ1Y MmKponpoueccopHOM aBTOMaTWKW MNpPeAOTBPALUEHUS HApPYLUEHWUS YCTOMYMBO-
ctn 23C.
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Puc. 2.5. Ctpyktypuass cxema nonykomnnek:ta INTK JIAAB

N3meputenbHo-npeobpasoBaTenbHast yHKUMOHaNbHas YacTb M/74 coaepxuT:

- Mmoaynu MTH;-MTH,;, BTOPUYHbLIX aKTUBHbIX W3MEPUTENbHBLIX TpaHCcdopMaTo-
poB HanpsbkeHun U; -Us; n mogynn MTT1 -MTTn TokoB [;-I; Tpex a3 n Hyneeou nocne-
[A0BaTeNIbHOCTM C aHaNoroBbIMM YacCTOTHbIMU  (UNBbTPaMK;

- MOAYyNM BBOAA aAHANOroOBbIX CUrHanoB MAM wHdopmaumm 06 aKTUBHbBIX MOLL-
HOCTSAX Ps-Ps;

- BBOAbl ANCKPETHbIX curHanos MAC;-MACk.

BbluncnutenbHo-nornyeckast Yactb BJTY (npombilineHHbin komnbtoTep /Ip.K ) co-
AEPXUT COAEPXKUT:

- npoueccop CPU6B6E,

- NpeobpaszoBaTesib TOKOB M HanpshkeHun B undposon kog MABCIT,

- nocneaoBaTeNbHO-NapannensHbii nuTepdenc A7,

- andaBuTHO-UMDpPOBOA nHAUKaTOp ALY (avcnnen);

- Knasuatypa ynpasnexusa KIJ;

- cBeToanoaHoe Tabno CBA.

NcnonHutenbHas @yHKUMOHaNbHas 4YacTb /Y, COCTOUT W3 KOMMJIEKTOB BbIXOA-
HbIX 3/IEKTPOMArHMTHbIX TFEPKOHOBLIX pene, BblAaloWwmx NPOTUBOABapUMHLIE  YMpaB/sio-
wme Bo3gencteus YB: - YBs.

MporpaMMHoO-TEXHUYECKNIA KoMnnekc JI4/B obecneymnBaer:

e aBTOMAaTMYeCKOe [03MPOBaHME MPOTMBOABAPUMHBLIX YMPaBAsIOWMX BO34eEN-
CTBUIN, COOTBETCTBYIOLNX TSHXKECTU BO3MYLLAOWNX BO3AEUCTBUA Ha I3C;

e ornpeaeneHne u Bbigayy YnNpaBnsloWMX BO3AEUCTBUA MpU  MOCTYMNSIEHUM aBa-
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PUMHBIX CUFHANoOB OT MyckoBbiXx opraHos (MM0);
e aBTOMATMYECKOE WX 3arnoMMHaHMe W UKCMpOBaHWE BO3AEWCTBUKM, nepeaa-
BAEMbIX OT MPOTMBOABapUMHON ABTOMATMKM BEPXHErO0 YPOBHS MO KaHanaMm CBS3M.

QYHKLIMOHUPOBAHMNE U Pa3BUTUE MUKDOIPOLIECCOPHOU AlTHY

ABTOMaTMKa NpeaoTBpaLLEHMS HapYLUEHUS YCTOMYMBOCTU Hayana pasBMBaTbCS CO
BPEMEHWN COOPYXEHUS MEPBbIX MPOTSHXKEHHbIX WM CUIbHO Harpy>eHHbIX JIMHWUA 3MeK-
Tponepeaayun CBEPXBLICOKOrO HarpshKeHWs, CBA3bIBAaBLUMX MOLUHble BO/MKCkMe [C ¢
O3C LleHTpa, korga BO3HMKANa HeobxoAMMOCTb obecneyeHust AMHaMUYecKonm W CTaTu-
YEeCKOM YCTOMYMBOCTM MPOTUBOABAPUMHBLIM ABTOMATUUYECKUM YMpaB/IEHMEM.

OTaenbHble penerHo-KOHTaKTHble ycTpoicTBa AlMHY, obecneuvBatolime ycTomnum-
BOCTb MapannefbHON paboTbl 3MEKTPUYECKUX CTaHUMKA, Oblnn cnabo cBsA3aHbl Mexay
cobon, n ux p[encTene, No CywEecTBY, HE KOOPAMHMPOBanocb. C MNOSIBNIEHWMEM MUHWU-3BM
M6000, CM-| n CM-2 6binn co3aaHbl LEeHTpanm3oBaHHble cucteMbl AMNHY  anekTpoaHepre-
TUYECKUX CUCTEM C YMpaBAsOWWM BbluMcAUTENbHbIM KoMnnekcoM (YBK) Ha aucnet-
yepckux nyHkTax (AM) ¢ koopanHaumeln QyHKUMOHMPOBaHUS ycTponcTB AMHY cTaHUMOH-
HOro ypoBHS. LleHTpanu3oBaHHble cucTeMmbl AlHY C o4YeHb WWPOKUM apceHasioM Tex-
HUYECKUX CPeACTB 06ecneyeHns n OTHOCUTENbHO MEANIEHHO AENCTBYIOWMMN MUHU-3BM MO
Mepe obbeanHeHnss 22C u co3gaHmsa EDC cTpaHbl ucdepnanuM CBOW  TeXHUYecKue
BO3MOXHOCTM MO 06ECneYeHnt0 YCTOMUMBOCTU SEKTPOSHEPrETUYECKMX CUCTEM.

C nosIBNEHMEM ObICTPOAEUCTBYIOLMX MPOMBILLIEHHBIX  MUKPOMPOLECCOPOB U
MUKPOIBM Hauvanu pas3BmMBaTbC MHOMOYpPOBHEBbIE Mepapxuyeckue cuctemol AlHY, pac-
cpenoToyeHHble no O3C m E3C, c napannenbHbIMW MPOLIECCAMU BbIYUCIIEHWMN.

MepBoli wnepapxmyeckon cuctemon AMHY cTan ABYXYPOBHEBbLIN MUKpOMpoLEC-
COpHbI KOMMAEKC npoTuBoaBapuinHoro ynpaeneHns O3C CpeaHelt Bonru. [Byxypos-
HeBas AMHY obecneuynBaeT NPOTUBOABApPUMHBLIM YMNpPABIEHUEM 31EKTPOSHEPrETUYECKUN
PaiioH, COCTOSILLMA M3 HECKONbKMX AECATKOB OObEKTOB:  CMUCTEMOOGPA3YHOLUMX SINHUN
anekTponepeaaun HanpsbkeHmeMm 500 kB, y3n0BbiX MOACTAHUMA W MOLLHbIX 3NeKTpuye-
CKMX CTaHuuM, B TOM umcne Bomkckonm [C, 3amHckom TIC u bBanakockon A3C
(puc. 2.6).

YBK nonyyaet aoaBapuinHyto nHdopmMaumto ot O3C.

e TeNeuM3MepeHnss MEpPETOKOB akKTUBHOM W PEaKTUBHOM MOLLUHOCTU MO JIMHUSM
HanpsbkeHneM 500 n 220 kB 1 4epe3 aBTOTpaHCOpMaTOpbl CBA3M (HECKOSbKO COT
CUrHanoB);

o TEeNen3MepPEHUst HaNPSHXKEHNA Ha LUMHAX 3N1EKTPUYECKMX CTaHLUMIN M NOACTAHLMMI
(50 curHanos);

e TeNecurHann3auum NoNoXXEHUN BbIK/OYATENEN NPUCOEANHEHNIA HaMNPSHKEHNUAMM
500 n 220 kB (6onee 100 curHanos).

MunHM-OBM npou3BOAST pacyeTbl YCTOMYMBOCTM MPU BO3MOXHbIX Haumbonee Ts-
XenblX U paccpeaoToveHHbiX no O3C BO3MyLLAKOWMX BO3AEUCTBUAX WM BblpabaTbiBaloT
[03upoBaHHble [TYB ANns COOTBETCTBYIOWMX MYCKOBbIX OPraHOB MoOC/e KaXKAoro uukna
pacyeToB, ANUTENBHOCTbIO 1 MUH. [103MpOBaHHbIE YNPaBNsIOLME BO3AENCTBUSA NepeaatoTcs
B MUKPOIBM HWXHero (CTaHUWMOHHOr0) YPOBHS.

MukponpoueccopHble MAA BbINOMHSAIOT:

* 3aMoMWHaHWe [03MpoBaHHbLIX YB, nepeaaHHbix oT YBK;

e pacyeTbl A03vpoBaHMs YB C umMknoM Manov anutenbHoctu (5 c), Heobxoau-
MbIX NMPY BO3MOXHbIX BO3MYLUAIOWNX BO3AEUCTBUAX HA 3SMIEKTPOCTAHUMM U JIMHUAX
aneKkTpornepeaayu;
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® WNCNONHEHWe A03upoBaHHbIX [1YB Kak B npeaenax 3MeKTpoCTaHuuu, Tak U C
nepegayvyer Mx No CUCTEMe GbICTPOAEMCTBYIOLLEN Mepedayn CUrHasioB MPOTUBOABAPMNHON
asTomaTukm (BCrA).
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Puc. 2.6. CTpykTypHas cxema uepapxuyeckoit cuctembl MAY O3C CpeaHeir Bonru

dopMupyeTCca Mepapxumyeckasl CMCTEMa NpOTMBOABapuMHOro ynpasnenuns ESC.
MporpamMMHOoe obecrneyeHne 3TOW CUCTEMbI MOKa3aHO Ha pwuc. 2.7.

Ha wueHTpanbHOM ypoBHe LIY [MAA reHepaTop aBapuiHbIX CUTyauui MOAENUpyeT
B COOTBETCTBMM C 3apaHee 3afaHHOM MOCNeAoBaTe/IbHOCTLIO aBapUMHbLIE CUTyauuum,
BbI3BaHHble BO3MOXHbIMW BO3MyLLAOWMMK Bo3aencTemsaMn. C  y4eToM AaHHbIX 06 mcxoa-
HOM pexume EIC BbIMMCASIOTCS M ONTUMU3MPYIOTCS HadanbHble MNPOTUBOABAPUMHbLIE
YB ansa k-ro Bo3MyLlarowwero BO3AEUCTBUS, KOTOPblE MO KOMMYTAUMOHHOM CeTU nepe-
[AaloTCs B cUCTeMHble (pervoHasnbHble) ypoBHM CY [MAA. Ha CUCTEMHbIX YpPOBHSX na-
pannenbHO MPOU3BOAATCA pacyeTbl TaK HasblBaeMbIX (QYHKLMOHANbHbLIX XapaKTepUCTUK
Bcex O3C 1 No MHGMOPMALMOHHBIM KaHaaM YKa3aHHOW CETU pe3y/bTaTbl PacyeToB nepe-
paetcs B LIY TAA. Ha ocHoBe pelueHus ypaBHeHU Kunpxroda c yyeToM cBs3er Mexay
23C 1 UX (PYHKLUMOHasNbHbIX XapakTepucTuk B LIY [AA onpeaensoTcs npupawieHmns MoLy-
Hocte [P, koTopble cHoBa nepegatotcs B CY AA, rae BHOBb PacCUMTbIBAOTCS
(pyHKUMOHanbHble xapaktepuctukn O3C. PacyeTbl ¢ MeXMawWwnHHbLIM 06MeHOM WHbOpMa-
UMM NPOM3BOAATCS, MOKA WTEpPaUMOHHBIA MPOLECC He COoMAeTCca MM He pasongercs,
yto oueHmBaetca B LY T[1AA. B nocnegHem cnydae ¢opMupytoTcs HoBble YB, w
npouecc wux onNTUMM3auMM npogo/mkaeTca. [locne onpeaeneHvsa  A03MPOBaHHbIX YB
ans k-ro BO3MyLlaroLLEro Bo3AencTens npo ussoaatcs pacdetbl ans (k + 1 )-ro Bo3-
MYLLAIOLLIEr0 BO3AENCTBUS.
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Puc.2.7. CTpyKTypHasi cxema nporpaMMbl pacnpeaenieHo-napannesibHoi cuctembl MAY.

Bce nonyyeHHble pe3ynbTaTbl pacyeTOB MO KOMMYTALMOHHOM CETU MepealoTcs B
MUKPOIBM y310BbIX WM CTAHLUMOHHBIX YCTPOWCTB NMpOoTMBOaBapuiHon aBToMatuku (YMA)
B Buge Tabnuu, peweHun. MukpodBM naHenen [1AA, BbIMOMHSOWMX, KaK YKa3blBa-
NoCb, MPYHKUMM CTAHUMOHHBIX M Y3M10BbIX YPOBHEN, ONpeaenstoT HeobxoamMble 403MPOBaH-
Hble TYB Ha ynpaBnsieMble 3MeKTPO3HepreTuyeckme O6bEeKTbl 3NEKTPUYECKMX CTaHUMA,
MOACTaHUMA W NIMHUIA 3NeKTponepeaayn.

4. Pacyer guHaMm4eckou yCTouYnBoCcTu

OnpepenuTb NpeaenbHoe BpeMsl OTKIYEeHUs noBpexaeHHon uenu J13M B C3C,
CXeMa.KoTopoKn m3obpaxeHa Ha puc. 2.8, a, npu TpexdasHoM K3 B Hauane nnHuu.

PeweHue. MNMpeaenbHoe BpeMsi OTK/OYEHUS TpexdasHoro K3 MOXHO onpeaenuTb
Nno npeaenbHOMY Yrniy OTK/IYEHUS, 3HAYEHWE KOTOpPOro Hanaem no MeToay M/oLaen.
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[lna 3TOro NOCTPOMM YrnoBble XapaKTePUCTUKM MOLLHOCTWU AN HOPMasibHOro U nocreasa-

PUIAHOTO PEXMMOB. B aBapuiHOM pexknme npu TpexcdasHoM K3 MOLLHOCTb, NepeaaBaeMas B
CETb, paBHa Hy/Io.

CxeMbl 3aMelleHnst CIC ans HopManbHOro U NocneaBapuiiHOro peXUMOB NOKa3aHbI
Ha puc. 2.8, 6 u B.

il 72 Ues! R

bt

0624 07

U“t' ’ ”’f

Puc. 2.8. OnpepeneHne npeaenbHOrO BPEMEHW OTK/OYEHNS NOBpPexXAeHHoN Lenum J19M B C3C

PesynbTupytowme conpoTmnB/IEHUS B CUCTEME:
B HOpMaJ/IbHOM pexXunMe

X, =%4+ Xoror F+0.5%, -+ % 0 = 0,183 40,142 4- 0,312 + 0,117 = 0,754;

B I'IOCﬂeaBale\/'IHOM pexume
X1 =%0q+ X yrpl + x5+ Xypy = 0,183 - 0,142 4 0,624 -{- 0,117 = 1,066.

YrnoBble XapakTepUCTUKN MOLLHOCTU: B HOPMaJIHbOM pexnme
33
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P,=E,U,.sinb/x,,=1,33 . 1sin§/0,754 = 1,77 sin §;
B nocieaBapmMnHOM pexxmMe

Poyy=EU,.sinbd/x,;,;,=1,33 . 1sin 8/1,066 = 1,25 sin §.

M0 XapaKTEpUCTMKE HarpPy3kM W YrNOBbIM XapakTEPUCTMKAM  MOLLHOCTM  Ha-
XOAUM:
yron mexay £ v Ui B HOpManbHOM pexume
8 = aresin (P o/P, nax ) = arcsin (1/1,77) = 34,4%
KPUTUYECKUIA YO B NOC/IEABAaPUMHOM peXnme

.\Kp = arcsin (l’.(,/P.nm,“) == aresin (1/1,25) 126.,9°,

BbluncnsieM npeaenbHbii yron OTKIHYEHUS NoBpexXaAeHHOW Lenu J13M :

6mxn.npcn == arccos “P.o (pr — o) + P-mnxlll cos 6Kp]/Pomnle} =
= arccos {[1 (126,9 — 34,4) /180 - 1,25 cos 126,9]/1,25} = 46,5°,
MpenenbHoe BpeMs OTKIIOUEHNS TpexdasHoro K3
‘onm.npcn = VTJ mofmn.npen e '50)/(90001)-0) -
=V 12,9 (46,5 — 34,4)/(9000 - 1) =0,13c.

5. [loAroroBka A0K/1343 H3 KOHPEDEHLMIO (110 XXE/IaHMIO).
Ha ocHOBaHMM M3y4yeHHOro mMaTtepuana BbibpaTb TeMy goknaga no AMHY Ha KOH-
bepeHunto 1 cornacoBaTb ee C NpenoaaBaTeneM.
MNpoBecTn ewwe aHanm3 AMNMHY no pa3nnyHbiM UCTOYHWKAM MHMOPMaUnK.
Mo pe3ynbTatam paboTbl COCTaBUTL NPEe3eHTauuMIo Ans AoKnaja.

6. KOHTPO/IbHbIE BOMPOCHI

6.1. HazHauyeHue AlHY?

6.2. Ha 4yTo pearnpytoT nokanbHble ycTponcTtBa AMHY?

6.3. Kakue anemeHTbl coaep>Xut komnnekc AlNHY?

6.4. Cnocobbl hmKcaumMm ONacHOCTN HapyLUeHUs ycTonumnocTu AMHY?

6.5. Kakue NpuMMeHsIloTCS pacyeTbl A03UPOBOK YNPaBNSIOLLMX BO3AENCTBUN?

6.6. ANropuTM aBTOMATMYECKOro A03MPOBaHMS MNPOTMBOABAPUMHBLIX YMNPaBnsio-
LMX BO3AEUCTBUN?

6.7. OCHOBHblE KOMMOHEHTbI MPOrpaMMbl MEPAPXMYECKON CUCTEMbI MPOTMBOABaA-
puIAHOro ynpaenexus ESC?

/. ConepxaHme or4era
7.1. HanmeHoBaHMe NpaKTUYECKOro 3aHATUS.
7.2. Llenb NpakTU4eckoro 3aHATus.
7.3. AnddepeHumanbHoe yCTPOUCTBO (PUKCALMKM OTKIHOYEHUSI MapaniesibHon nu-

HUW.
7.4. AnanTvBHbIA anropuT™M A03UPOBKMN YNPaBASIOWMNX BO3AENCTBUIA.
7.5. YnpaBneHue MoLWHOCTbIO TypboreHepaTopa.
7.6. PacyeT npenenbHOro BpeMeHu oTkaoveHns K3.
7.7. KpaTkne OTBETbl Ha KOHTPOJIbHbIE BOMPOCHI.
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MpakTnyeckoe 3aHaTHe N2 3

ABTOMATUYECKASA IMKBUAALNN ACUHXPOHHOIO PEXXUMA

1. Llenb pabors/

B xoae npakTU4ecKoro 3aHsTUS U3Y4MTb MPOLECCHl B 3/IEKTPUYECKON CETU MpU
ACUHXPOHHOM peXxuMe paboTbl. BbISCHUTb OCHOBHbIE MPU3HAKU aCMHXPOHHOro xoaa. lo-
3HaKOMUTbLCS € ycTponcTBamu AJIAP. CneayeT 0bpaTuTb BHUMaHWE Ha HeAOCTaTKuU npume-
HsieMbIX ycTpoincTB AJTIAP 1 BapuaHTbl MX AaNbHENLLIENO COBEPLLEHCTBOBAHMS.

2. Oblumne ceeneHns

Ycrpoictea AJTAP npeaHa3HauyeHbl Ansi BbIIBNEHUS M IMKBUAALMM aCUHXPOHHOMO
peXuMa CMHXPOHHBIX FEHEPATOPOB B SHEProcucTeMe.

ACUHXPOHHbI PEXUM SBNSIETCS CNEACTBUEM HapyLUEHUS YCTOMYMBOCTM naparn-
NenbHOWM paboTbl reHEpUPYHOLWMX UCTOMHMKOB WM NOTepW BO36YXXAEHUS CUHXPOHHBLIM re-
HepaTopoM.

PaccMOTpVM [ABYXMALLMHHBIA aCUHXPOHHBIA PEXWM MO YMNPOLLEHHOW CXeMe 3aMme-
wenuns (puc. 3.1,B), K KOTOpOI NpeobpasyeTcs cxema 3amellenns puc. 3.1,6 nytem npuse-
AEHNS COMPOTUBNEHUIA Harpy3kn Zy; U Zp K 3axumam 3C n otbpacbiBaHMe UX KaK He
BNUSIIOLLMX Ha TOK B 3neKkTponepeaaye. B HeobxoamMbix criyyasx yumTblBaeTcs 0TOOp MOLU-
HoCcTK Z, (cM. puc. 3.1,r).

Mpn OBYXMalWWHHOM aCUMHXPOHHOM peXuMe NPOUCXOAUT NepuoanyvecKkoe M3MeHe-
Hue yrna &,, mexay 3A4C E; n E, HECUHXPOHHbIX MCTOYHMKOB OT Hyns A0 360° C 4aCTOTOM

CKONb)XEHUS
fa=f—fz fo=fo—f1=—fs

Mpy CMHXPOHHBIX KayaHusx 01<180°, a B3aMMHOE CKOMbXEHWE £ MepuoanyecKu
MEHSIET 3HaK, KONebnsacb OKOMO HyNS.
PaccMOTpUM 3TN NPU3HAKM aCUHXPOHHOMO peXuMa.

[lepmoanqeckmne U3MEHEHNS AEUCTBYIOLUEIO 3HAYEHNS HAMPSIKEHNS U YI/ia MEXAY BEKTO-
PaMy HarpsXKeHm B Pa3/INYHbIX TOYKAX 3/IEKTPONEDEAAYM (KAYaHMUST HATPSIKEHH).

Mpyn acCMHXPOHHOM peXxuMe BeKTOop E; NpoBOpaynmBaeTCs OTHOCUTENIbHO BekTopa E,,
NPUHATOrO HEMOABWMXKHBLIM U MOCTOSIHHLIM MO BennuuHe. Ha puc. 3.2,a Ans YeTblpex 3Haye-
HUN §;, = 0° a , 90°(b), 180°(c) n 270°(d) NOCTPOEHbI BEKTOPHbIE AMArpaMMbl Hampshke-
HWMI B NPOM3BOJIbHBIX TOYKax A U B 04HOPOAHOW 351eKTponepeaayn C COnpoTUBIEHNEM L.
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Puc. 3.1. CxeMbl 4Nns aHanm3a aCMHXPOHHOIO peXxxmma
a — CXeMa 3/1EKTPO3HEPreTUYECKOW CUCTEMBI;
6 — cxemMa 3aMelleHus;
B — YNPOLLUEHHas CxeMa 3aMeLleHuns;
I — CXeMa 3aMelLLeHns ¢ 0T6OpPOM MOLLHOCTY;

A A E2

Puc. 3.2. PacnpeaeneHune HanpsikKeHUs Mo JIMHUKN NMPU aCMHXPOHHOM peXxume
a — BEKTOPHbIE AMarpaMmMbl B PasnnyHbIX TOYKAX JIMHUKM MPU YETbIPEX 3HAYEHUSIX Yrna Oi2;
6 — BeKTOpHas aAvarpamma npu o, =90°
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BekTopHas anarpamma Ha puc. 3.2,6 noctpoeHa ans yrna §;, = 90°. lNageHue Hanps-

YXEHWNA Ha yyacTKe anekTponepeaayun, Hanpumep 1A:
AUy = Ey — E; Z14/25,
roe Zia U 5 — ConpoTuBEHME yyacTka 1A 1 Bcel 0IHOPOAHOM 3NeKTponepeaaYm CooTBET-
CTBEHHO, @ HanpshkeHne B Touke A:
Uy =E;, — AUy,

o anarpammaM, NpvBeAeHHbIM Ha pUC. 3.2, NOCTPOEHbI Ha pUC. 3.3 KpUBbIE N3MEHe-
HUA BEIMYMH U (a3 HaNPSKEHWA B PasfiMyHbIX TOYKaxX 3anekTponepeaaun a = A, B, UK
(3NEKTPUYECKMI LIEHTP KayaHW) 3a OAMH UMK KadaHun, rae U, — HanpskeHWe B COOTBET-
CTBYIOLLIEN TOYUKE, 5, - Yron mexay E; u U,. B cneaytoweM Uukie 3T U3MEHEHUS! MOBTO-
pAOTCS.

Oy

360°

L,f| F i
1.0 A
270°
DKL —
[ BO® \‘.,l
0,5 | &
K],
o0~
DKL~
Ip "—._X"PI g2
0 90° 180°  270°  360°(0°9) 90° 180°  270°  360°0°)

:l] ﬁ}

Puc.3.3. M3meHeHne Npu acHXPOHHOM PEXMME HanpsbkeHui B Toukax A, B, UK
a — 3HayeHus; 6 — dasbl OTHOCUTENBHO £

M3 npuBeaeHHbIX PUCYHKOB CNeaytoT OCOBEHHOCTM KauaHUs HanpsKeHWM Mpu acuH-
XPOHHOM pexunMe:

e HanpsbkeHne B /060N TOUKe 3nekTponepeaayy AOCTUraeT MUHMMANbHOrO 3Ha-
yeHns npu &, = 180°, NpMYEM 3TOT MUHMMYM TEM MeHblle, YeM bamxe Haxo-
ANTCA paccMaTpvBaeMasl TOUKa K 3NEeKTPUYecKoMy LIeHTpY kadaHui JUK, B ko-
TOPOM Harps>KeHUe CHUXAETCA A0 HYyNsA; 3neKTpuyeckas yaaneHHoctb JLK ot
£

Ey
Ziauk = Za—El i Ez; (3.3)

e BEKTOPbl HaNPSHXKEHUIN ABYX NMPOU3BOJIbHLIX TOYEK 3/1EKTponepeaaym CoBepLUaoT
ApPYr OTHOCUTENIbHO ApYyra MoJiHble NPOBOPOTHI, €C/IN 3T TOYKWU NexaTt no pas-
Hble cTopoHbl OT JDUK, 1 coseplalT KavyaHus, He npesbiwarowme £90°, ecnu
TOYKM NexaT no OA4HYy CTOpoHY oT JLUK;

e MNpu 6;, =0 N &, = 180° BEKTOPbI HaNPSHKEHMN BCEX TOYEK 3IEKTpornepeaayn
KOJIIMHEapHbI.
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[lepuoandeckmne U3MEHEHUS (Ka4YaHusl) TOKa BO BCEX 3/IEMEHTAX, CBS3bIBAIOIUMX HECUH-
XPOHHbIe 3/]C.
TOK aCMHXPOHHOrO pexuma

E, - E,
.p:Z—:_):f 812 -

3aBnUcUMoCTb I,, = f §;, MNOKasaHa KpuBow 1 Ha puc. 3.4, rae
El + E2 . El - EZ

I o=———; Lo =
a.p180 Z5 ’ apo Z5

I, - MepeMeHHas cocTaBnsiolas ornbaroLLeit NoHoOro Toka.

I

612

Mpy £1=£ TOK I, , = I, 150 sin—2= (kpuBas 2).
3aBMCMMOCTb TOKa OT BPEMEHM aHasnormyHa 3aBUCMMOCTM OT &§;,, HO OTAINYAETCS OT

Hee B peasibHbIX YC/IOBUSIX M3-3@8 U3MEHEHUSI CKOJSIbKEHUS B TEUEHUE LIMKNA aCUHXPOHHOMO
pexuMa.

A P___ﬂf’:__"a.x f:u m 15l

/ . P : :.h\h , I\ f
/ \ f;x \".
/ / fapor 1y
IIII"-.I ll"' f lrilj
: : ! | >
0%, 90° 180° 27()° 360°
i J "\ /
| N\ /
N £ N A

Puc.3.4. MaMeHeHWe Toka aCUHXPOHHOIO PEXUMA U aKTUBHOM MOLLIHOCTU
B 3/IeKTponepeaaYe 3a OAMH UMK KadaHuii

yron cagura a3 ¢, Mexay TOKOM [,, U HanpskeHneMm U, npu nepexoae &;, 4epes
180° paBeH yrny ¢, CONpPOTUBIIEHNA INEKTpornepeaayn 2, eciiv ToO4Ka a HaxoauTcsa Mexay
E; n3UK, 1 @, = 180° + ¢, €cnun TouKa a HaxoauTcsa mexay E, v SLK.

[lepuognyeckne U3MEeHEHNS CONMPOTUB/IEHNS HA 3a)XXUMax pPese, yYCTaHOB/IEHHbIX B Pa3/iny-
HbIX TOYKaX /1IEKTPOrNEPEAIYYH.
ConpoTueneHne Ha 3aXxXumax pene B HeKOTOpOl\;I TOYKE a 3/1EKTpornepeaaym

Z

U ,
pa:I_:R‘l']X:f 612.

ap
3aBUCUMOCTb Z,, = f 81, ANs Touek A, B v SUK anekTponepeaayn nokasaHbl Ha puc.

3.5. OHM MMEIOT BUA OKPY>XXHOCTEMN, LIEHTP KOTOPbLIX PacnosioXeH Ha HanpaBlieHnM BEKTOpa
2. Mpn E/E=1,0 OKpy>KHOCTU BbIpOXAalOTCA B npamMble. ConpoTueneHne Z,, npuHUMaeTt
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MUHUMasIbHOE 3HayeHue npu &;, = 180°:

chx - amin/la.p max s
Koraa BeKTop Z,, MEpeceKaeT HanpasfieHne BekTopa 5. V3MeHeHve BennumHbl Z,, 3a
OOWH UUKN Ka‘-IaHVIlL/’I 3HAYUTENBbHO 60ﬂb|.|Je, 4yeM U3MeHeHne Uoc-

¥

[ 4|
/- -
o e
3 f:f]'fll." P

Pnc.3.5. ViameHeHne conpoTuBNeHUsl Ha 3a)kuMmax pene B Toukax A, SUK, Banekrponepeaaun
33 OAMH LMK KayaHWi Npy pasfnyHbIX COOTHOLLEHUSIX £ 1 £

[Tepmoanqeckmne usmMeHeHus (Ka4arus) aKkTuBHOM MOLUHOCTY B 3/IEKTPONEDEAIYE.

Hannume akTmBHOM cocTaBnstowen A5 B 3KBUBA/IEHTHOM COMpOTUB/IEHUN J5 NMPUBOAUT
K rnortepe aKTUBHOM MOLHOCTU, T.€. 3Ha4Y€HNE MOLUHOCTU B 3/IEKTPONEpENAYE 3aBUCUT OT
TOYKN USMEPEHUA .

P, = §U0£IQLp cos@, =f 612 a .

3aBUCMMOCTU P, = f §;, B PasMYHbIX TOYKaX MPeACTaBNsSOT CO6OM CUHYcouabl,
CMELLIEHHbIE OTHOCUTENBHO HaYasna KoopAMHaT TeM Janblue, YeM 6onblue Rs/Xs. Ans anek-
Tponepeaay BbICOKOrO HaMpsHKEHWUsl 3TO OTHOLLEHME BecbMa Mano (Rs/X6< 0,1) U MOXHO
npUHUMaTb

P ~P . El 2 . 5
a ~ ltap ~ X—BSIH 12
3aBUCUMOCTb P, = f &;, MOKasaHa Ha puc. 3.4. MepByto MOMOBMHY LIMKNA KayaHui

(cnnowHas KpuBas) UCTOYHMK 1 paboTaeT B reHepaTopHOM pexume (P, , > 0), BO BTOPYiO —
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B ABuratenbHoM (P, < 0). CpeaHas akTUBHAs MOLIHOCTb 33 LMKJT aCMHXPOHHOMO PexuMa
Mana. OTANYNTENBHON OCOBEHHOCTBIO 3aBUCUMOCTU P, = f 81, MpW J1l060M 3HAKe CKOJlb-

XXEHNA FABNAETCA U3MEHEeHME 3Haka MOLLHOCTU Npu &, = 180°, KOraa TOK AOCTUraeT Mak-
CMMYMa, a Hanps>keHne — MMHUMYyMa.

OnacHocmb ACUHXPOHHO20 PEHCUMA:

-NepUoOANYECKME CHUXKEHNS HaNPSXKEHNS MOTYT Bbi3BaTb OMPOKUAbIBAHME ABUraTenen
n beccucteMHoe OTKoYeHWe nyckaTtenen B cetn 0,4 KB, a Takke NMoHWXeHWe YCTONYMBO-
CTV napannenbHon paboTbl reHepaToOpOB B CMHXPOHHO paboTalolwmx 4YacTsx SHEprocucre-
Mbl;

— nepuoanyecKne yBeMYeH s ToKa N CHUXKEHMS HanpshKeHUs MOryT MpUBECTU K He-
CENEKTUBHOM paboTe penenHom 3aLnThl;

—nepuoanyeckme KonebaHus akTMBHOW MOLLHOCTU MPUBOASIT K MOSIBIEHUIO 3HaKomne-
pPEMEHHOro MOMeHTa Ha Bany TypbuHbl, T.e. K AOMOSHUTENbHBIM MEXaHUYECKUM YCUNSM;

— BO3MOXXHO BO3HMKHOBEHME PE30HAHCHbIX KonebaHui, onacHbIX Ans 06opyaoBaHus U
CMHXPOHHOW paboTbl BHYTPW YacTe SHEPrOCUCTEMDI.

ANropuTtM aBTOMaTUYECKON NIMKBMAALMN aCUHXPOHHOMO pexknma (AP) nokasaH Ha puc.
3.6.

Brispacnne AP
ly 2y 3y
AP AP AP nonyerum
HCIONYCTHM JOTYCTHM B yacTax JOC

Y

Y
Jenenne DBC
Hda HacTH

y
Y ; Y
An, ﬂr'!;.,r. Meponpusatus
Aty Afy, B yacTsax JDC

Meponpusarus

Y
Pecunxponuszanus

b
Pecunxponusa-

s 2C B yacTax 20C
Y Y Y
Henenne 22C Henenue B
1O ceyeHu AP yactax D0

Puc. 3.6. AnropuT™ nMKBUAAUMN aCMHXPOHHOIO pexunma

3. MukporipoueccopHas aBToMatvka JIMKBUAALUUN
ACUHXPOHHOIo pexxuma

HepocTtaTtkamm TPaAULIMOHHbIX peﬂel\/JIHO-KOHTaKTHbIX N MUKPOCXEMHbIX H6eCcKOHTaKT-

HbIX ycTporcTB AJIAP siBnsatoTcs:
e HEBO3MOXHOCTb BbifiB/ieHMS AP paHee MOMeHTa HacTynfeHnss MakCMManbHOro
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3HAYEeHUS KPUTUYECKOrO yrna;

e C/IOXKHOCTb COr/lacoBaHMS CTaTUYECKMX M OAMHAMUYECKMX XapaKTepUCTUK Cpa-
6aTbiBaHNSI Pa3HOTUMHbLIX pene C OorpaHuMYeHHbIM 6bicTpoaencTemeM (TOKa,
COMNPOTUBNIEHMS, MOLLHOCTK), NpuBOAsALWLAs K oTkasy YycTpoictea AJTIAP npwu
MOBbILLEHHbIX CKOJIbXXEHUSIX.

YKa3aHHble HeAoCTaTKM YCTPaHSIOTCS B MUKPOMPOLIECCOPHOM ycTpouncTee AJTAP-M,
pa3paboTaHHOM B OAO «UHCTUTYT «DHEProceTbpoeKT»».,

B ycTpoincTBe ans BbiSIBNEHUS U NUKBUAAUMM AP MCNOMb3YHOTCA HE KOCBEHHbIE KaK B
TpaaMUMOHHbIX ycTponcTBax AJTAP, a npsimble npusHaku — yron mexay 3/C 3KBUBaNEeHT-
HbIX FEHEPATOPOB N CKOJIbXKEHME.

Pacuetr 3/[1C 3KBMBaneHTHbIX reHepaToOpoB AN CxeMbl nogknoyeHuns AJ1AP-M,
NPUBEAEHHOM Ha puC. 3.7, BbINOSHAETCA B TEMMNE peasibHOro0 BPeEMeHU no opMynam:

Evs = Epgel” ' = KyUp + Zy1y;

Eys = Expel’ * = KyU, + Zo1,,
roe U, — BEKTOp KOHTPONMPYEMOro Hanps>keHus B y3se 11 — MeCTe YCTaHOBKMU
yCTpOMnCTBa; I;,l,- BEKTOPbI KOHTPONMPYEMbIX TOKOB; Ki, K, Z;,Z,- KO3(PDULMEHTbI YETDI-
pEXMNONOCHNKOB, MOJSTlyYaeMble Ha OCHOBE MpPEABAapUTENbHOINO MOAEMPOBAHUA PACHETHbLIX
CXEM, 3TW 3HAYEHUS ANSI Pa3HbIX CXEM BBOAATCA U XPaHSTCS B SHEPrOHE3ABMCMMOMN MaMSITU
yCTpoKcTBa.

Z, Z i
r r 25
BTl @
Y - Y

U, Uy
AJIAP-M

Puc. 3.9. Cxema nogkntodeHus AJ1IAP-M

Ons BbisBneHns AP C yYeTOM MPOrHO3MPOBaHUS €ro pasBUTUS WCMOSb3YETCS Yros
3NeKTponepenaqm Sy= V1 -Vo

MpeaenbHO AONYCTUMbIM MO YC/IOBUSAIM YCTOMUMBOM paboTbl 93C
63,;[0n =6—aq,
rae yron & - napamMeTp rpaHMYHo ha3oBON TPAEKTOPUN «yrofl — CKONbXXEHNE», a -
YroJi, CBSI3aHHbIN C MHEPLIMOHHBIMWN XapaKTEPUCTUKAMMN SHEPTrOCUCTEMBI:
K]lz -1 . _ T]13
a = arctg K + 1 tgarz ;5 Kpa = T
T113, Tj2s - NMOCTOSIHHBIE MHEPLIMM 3KBMBANIEHTUPYEMbIX YacTern 33C, npuBeaeHHbIe
K 6a31CHOM MOLLHOCTU; a4, - Yron, gononHswowmnin o 90° apryMeHT B3aMMHOIo 3KBWBa-
NIEHTHOrO CONPOTUBNIEHMS ABYXMALUMHHOMN 3M1eKTponepeaayn.
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Mpn3HakoM Hanuumna AP B sHeprocucTeMe ABMSEeTCH BbiNOSIHEHME YCIOBUA:
63 = 63,;[,011-
NS BbISIBNEHNS HANNYMS 3MIEKTPUYECKOrO LIEHTPa KadaHui — SLK Ha KOHTponupy-
€MOM yyacTke (30He) m — Kk, 4To obecneunBaeT CENEeKTUBHOCTb AENUCTBUS, BbINOJHSIETCS B
YCTPOWCTBE pacyeT BEKTOPOB HAMPSHKEHUN

Uy = Upel' " = KUy + Zynls,

Up = Ukejwm =K, U, + Z.1,.

YCTponcTBO (PYHKLMOHMPYET B TPEXCTYNEHYATOM peXMMe, obecneunBas Ha Kaxzaon
CTyneHn hopMMpOBaHUE BbIXOAHbIX CUrHASIOB C YYETOM 3HaKa CKOJIbXKEHMUSI.

MNepBas cTyneHb BbisiBASET AP Ha ero nepBoM UuKe 1, ecnv GUKCUMpyeT nonagaHue
SUK B KOHTpONMpyeMyto 30HY, BblAAeT CMrHan o cpabaTbiBaHNUKM CTYMEHW B COOTBETCTBUM
CO 3HAKOM CKOJTbXKEHUS.

PaboTa BTOPOW CTyMeHM 3ak/oyaeTcsl B NOACYETE CyMMapHOro yriia NpoBOpoTa 3K-
BuMBaneHTHbIX D[C, konuyectBa UMKNOB AP 1 BpeMeHn Kaxxgoro uukna (nposopoTta) B AP.
CurHan o cpabaTblBaHMM BTOPOW CTYMEHW BbIAAETCS MOCME 33[aHHOMO YCTaBKOW Konuye-
cTBa UMKNoB AP, ecnn cymMmapHoe BpeMs 3TUX LUMKIIOB He MNpeBbllaeT BpeMs, 3aJaHHoe
yCTaBKOWN. B NpOTUBHOM Crlyyae NpoMCXoAUT BO3BPAT CTYMEHN B UCXOAHOE COCTOSIHUE.

[lencTBue TpeTbeln CTYyNeHN aHanorMyHo AEeUCTBUIO BTOPOM, HO C KOHTPO/EM ApYro-
ro Yncna umknoB. Beoa B paboTy KaaoKn cneaytollen CTyneHn OCyLECTBNSIETCS C 3aAaH-
HOW BbIAEPXXKON BPEMEHMW.

Bo3BpaT yCTpoMCTBa B UCXOAHOE COCTOSIHME MPOMCXOAMT Takxke, ecnun LK BbixoanT
3a npegenbl KOHTPOIMPYEMOW 30Hbl.

YcTpocTBo oT/imyaeT AP oT TpexdasHoro K3, BbiSIBASIET HECUMMETPUYHbIE PEXUMbI
Npy BO3HNMKHOBEHUM K3 1 HEUCNPABHOCTU B LIENSAX HAMpPsSXKeHUs U Toka.

HepnoctatkoM paccMoTpeHHon AJIAP-M  sBNSIETCS  UCMONb30BAHWE B KayecTBe
YCTaBOK 3KBMBAJIEHTHbIX MapaMeTPOB JIMHUWA 3neKTponepeaayn, KoTopble MOryT wu3Me-
HATbCS, YTO MnpuBedeT K owwnbke onpeaeneHus yrna Mexay Bektopamu 3[C 3kBMBa-
NEHTHbIX rEHEPaTOPOB M K BO3MOXHOMY OLMOOYHOMY [AENCTBMIO YCTPOWCTBA.

B cBA3M C 3TMM cywecTByeT 3agada pa3paboTku 6bicTpogencTaytowero crnocoba
BbISIB/IEHUSI @CMHXPOHHOIO peXxunMa CnocobHoro:

* MCNOMb30BaTb AN paboTbl TOMbKO WMHGMOPMaUMIO O BEAUMYMHAX, Henocpea-
CTBEHHO [AOCTYMHbIX AN M3MepeHUs (TOKM U HaMNpshKEHUs B y31e YCTAaHOBKWU YCTPOW-
CTBa) W MapaMeTpbl KOHTPOSMPYEMOrO Yy4yacTKa JIMHUWA 3NneKTponepeaayu, AOCTYMHOro
ANS HENOCPeACTBEHHOM W JOCTOBEPHOM OueHkM (mapaMeTpbl  YETbIPEXMOJIOCHMKA
yyacTKa 3feKkTponepeaaun);

e OblTb afanTMBHLIM K CXEMHO-PEXWMHbIM U3MEHeHWsM B paboTe 3Heprocu-
CTEMbI;

e onpeaensitb B pe3ynbTaTe pacyeTa TeKylun yron Mexay BekTopamu S/C
SKBMBAJIEHTHbIX MrEHEPATOPOB a N CKOPOCTb M3MEHEHWUS 3TOrO yrna Ansa nocneayrowero uc-
Nosb30BaHUS 3TUX MNapaMeTpoB Mpu (HOPMUMPOBaHUKM YCTaBOK cpabaTbiBaHUS;

e onpepenatb Hanuume SLUK Ha KOHTpPONMPYeMOM Y4acTKe;

e BbISIBNATb ACUMHXPOHHLIN PEXMM Ha MEPBOM MONYUMKIE ACUMHXPOHHOrO ABW-
XeHuns sektopoB 3/[C 3KBMBaNEHTHbIX FEeHepaTopos;

e peanu3oBbiBaTb B YCTPOMCTBE aBTOMATUKW BbISIBIEHNS M JIMKBMAAUMM aCWH-
XPOHHOIO peXuMa BO3MOXHOCTb CaMOCTOSATENIbHO (opMMpoBaTb YCTaBKy cpabaTbiBa-
HUS, T.e. HaaensiTb ero (yHKUMAMM CaMOHACTpauBaloOWWENCs aBTOMATUKMW.

YKazaHHble  33Jayu  ABNAOTCA  NPEeAMETOM  MPOAO/IKAIOWENCS  Hay4Ho-

nccneaoBaTenbckon paboTbl MO COBEPLUEHCTBOBaHMIO AJIAP-M.
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4.  AHa/IN3 OT/IMYUTE/IbHbIX [MPU3IHAKOB aCUHXPDOHHOIO PEXXUMA

BbinonHWTb cneaytowyto paboTy € NpuMeHeHneM rpachMKoB U BEKTOPHbLIX AnarpamMmM
Ha pucyHkax 3.2 n 3.2. u rpaduka Ha puc. 3.4.

4.1.Y6eamtca B COOTBETCTBMM rpadvka HanpshkeHus Ha pUcyHke 3.3,a ANs TOYku A
BEKTOPHbIM AnarpaMMaMm Ha puUCyHke 3.2.

4.2.Y6eantcs B COOTBETCTBMM rpadvka HanpshkeHust Ha pucyHke 3.3,a ans Toukun B
BEKTOPHbIM AnarpaMMaMm Ha puUCyHke 3.2.

4.3.Y6eanTcs B COOTBETCTBUM rpadmka HanpshXeHust Ha pucyHke 3.3,a ans Touku KL,
BEKTOPHbIM AnarpaMMaMm Ha puUCyHke 3.2.

4.4.Y6eantcs B COOTBETCTBUM rpadmka yrna dasbl Ha pucyHke 3.3,6 ans Toukmn A Bek-
TOPHbLIM AnarpaMMaMm Ha pUCYHKe 3.2.

4.5.Y6eantcs B cOOTBETCTBUM rpadmka yrna dasbl Ha pucyHke 3.3,6 ans Touku B Bek-
TOPHbLIM AnarpaMMaMm Ha pUCYHKe 3.2.

4.6.Ybeantcs B cOOTBETCTBMM rpadmka yrna dasbl Ha pucyHke 3.3,6 ans Toukm KL,
BEKTOPHbIM AMarpaMMaM Ha puUcyHke 3.2.

4.7.06bACHUTL B KaKUX Cnyyasix MoAysSib TOKA aCMHXPOHHOrO peXumMa He paBeH HyJio,
koraa 3C UCTOYHMKOB coBMaaatoT no dase.

5. [logroroBka 4ok/134a Ha KOHDEPEHLMIO (110 XEAaHUI).

Ha ocHoBaHWKM n3y4yeHHOro marepuana Bbibpatb TeMy Aoknaaa no AJIAP Ha KoHdbe-

pEeHLNIO N CorjlacoBaTb €€ C NpenojaBaTenemM.

Mposectu ewwe aHann3 AJTAP no pa3nnyHbIM UCTOYHMKAM MHDOpMaUnN.
Mo pe3ynbTatam paboTbl COCTaBUTL NPe3eHTauMo Ansa Aokiaja.

6. KOHTDO/IbHbBIE BOMPOCHI

6.1. HasHauyeHune AJIAP?

6.2. Kakue npu3HaKm aCMHXPOHHOIo XoA4a CYLeCTBYHOT?

6.3. ToHSATME 3NeKTPUYECKOro LeHTpa konebaHun.

6.4. BapvaHTbl 3aBeplueHusi aencteun AJTIAP cornacHoO anroputMy NvMKBuaauum

ACUHXPOHHOMO pexnMa?

6.5. Mepeuncnutb NnoaktoyeHns yctporctea AJTAP-M.
6.6. YTO BbINONHSIETCS ANS NoBbIWeHNs bbicTpoaencTens AJIAP-M?
6.7. Bawwu npegnoxeHus no cosepLueHcTsoBaHMo AJTAP?

7. Cogep)xaHme oryera

7.1. HanmeHoBaHuWe 1 Lesb NPakTUYECKOro 3aHATUS.

7.2. NepeyeHb OTNNYMTENbHbBIX MPU3HAKOB aCMHXPOHHOIO peXxxuMa.

7.3. BekTOpHble agnarpaMMbl U rpadmKnM aCUHXPOHHOIO pexuma.

7.4. ANropuT™ NIMKBMAALNN aCUHXPOHHOMO pexunMa.

7.5. I'pacdryeckne nNoCTpoeHust pe3ynbTaToB aHanM3a OTIMUYUTENbHbLIX MPU3HAKOB

ACUHXPOHHOMO peXxmMMma no pucyHkam 3.2 1 3.3 (NyHKT 4) .

7.6. CxeMa nogkntoyeHns yctponctea AJIAP-M
7.7. KpaTkne OTBETbl Ha KOHTPOJIbHbIE BOMPOCHI.
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