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[IPOEKTMPOBAHME CUCTEM SJIEKTPOCHABXEHNA

HNPEIANCJIOBHUE

CHCTEeMBI 3JIEKTPOCHA0KEHHUS, 00CCIICUNBAIOIINE AJICKTPUICSCKON SHEp-
THEH MPOMBIIUICHHBIE 00BEKTHI, OKa3bIBAIOT CYIIECTBEHHOE BIHMSHHE Ha
paboTy IEKTPOIPUBOIOB, OCBETUTENBHBIX, TIPE0OPa30BATENHFHBIX H JIIEK-
TPOTEXHOJIOTHIECKUX YCTAaHOBOK W, B KOHEUHOM CYETE, Ha MPOU3BOJICTBEH-
HBIN TIPOIIECC B LIETIOM.

HanexHoe 1 2KOHOMUYHOE CHAOKECHHE DJICKTPOIPHEMHHUKOB DJIEKTPO-
sHepruei TpedyeMoro kKadectBa — HEOOXOIMMOE YCIOBHE HOPMAIBLHOTO
(YHKIIMOHUPOBAHUS JTIOO0T0 MPOMBIIUIEHHOTO MPEANPHUATHI. B cBs3M
STHM CHEIHAINCTHI B 00JACTH JIEKTPOCHAOKEHHS JODKHBI UMETh TITy0o-
KW 3HaHMS 1IeTI0r0 KOMITIEKCa BOIPOCOB IMPOESKTHPOBAHMUS AJIEKTPOYCTAHO-
BOK TPOMBINIICHHBIX O0BEKTOB. 3HATh OCHOBHI MPOEKTHUPOBAHMS BEChMa
BaXHO, TaK KaKk MMEHHO B TPOEKTe (HOpMHUPYETCS CTPYKTypa CHUCTEMEI
3JIEKTPOCHA0KECHUS U 3aKJIaJIbIBAIOTCS OCHOBHBIC CBOWMCTBA, OIPEIEIISIO-
IIME €€ TeXHUUECKUE, KCIUTyaTal[MOHHBIC U SKOHOMHUYECKUE TIOKA3aTEIIH.

BeimyckHUKaM cpemHNX CIeNUaIbHBIX YYeOHBIX 3aBeIeHHH, paboTaro-
IuM B HpOCKTHBIX opraHmauI/mx U Ha HpOMI)IHIJICHHI)IX Hpe[LHpI/IﬂTI/IHX,
MPUXOJUTCS PEIIaTh MHOXKECTBO Pa3HOOOPA3HBIX IEKTPOIHEPIeTHICCKUX
3ama4. K OCHOBHBIM 3a71ayaM 3JICKTPOCHAOKEHUSI OTHOCATCS CIICIYFOIIHUE:
BI)I60p paHI/IOHaJ'H)HI)IX CXEM U KOHCprKTI/IBHOF 'O UCIIOJIHCHUS BHCKTpI/I‘-IeC'
KHX CETEH; OIpeleIICHUE IEKTPUUECKUX HArPy30K; pacueT MOTepb MOII-
HOCTH M DJICSKTPOIHEPTUU; KOMIICHCAIIUS PEAKTUBHON MOIIHOCTH; MOIIEP-
JKaHUe Tpe6yeM0ro KadyeCTBa HaHpH)KCHI/I}I; BI)I60p yuciia 1 MOIIHOCTHU
TpaHC(hOPMATOPOB; BEIOOP 3aLIUTHBIX AIMAPAaTOB M CEUCHUHN MPOBOHHUKOB;
yUeT MOTPeOISIeMOI MOIITHOCTH U AJIEKTPOIHEPT UM, PAIIMOHAIBHOE UCIIONb-
30BaHUE 3JEKTPOdHeprur. B yueOHOM MOcoOMYM 3HAYNUTENBHOE BHIMAHUE
y/IEJIeHO PENIeHUI0 YKa3aHHBIX 3af[ad MPU MPOSKTHPOBAHUU CHUCTEM DJIEK-
TPOCHAOKEHUSI.

[Ipu mpoekTHpoBaHWM CIEAyeT MPUMEHSATh CUCTEMHBIA IMOAXO[, TpHU
KOTOPOM 3JIEKTPUYECKHE CETH MPOMBINUICHHOTO MPEATPUSATHS paccMmar-
PUBAIOTCS KaK YacTh 3JEKTPOIHEPTeTUYEeCKOH CHCTEMBI. ParmoHanbHOe
MOCTPOCHUE CHUCTEMBI JJIEKTPOCHAOXKEHMs JIOJDKHO OCHOBBIBATHCS Ha
MOCIIEAHUX JOCTIKEHUAX HAyYHO-TEXHHYECKOTO IMporpecca B 00JacTh
SHEPTeTHUKH.



IIPOEKTMPOBAHVE CHCTEM SJIEKTPOCHABXEHNA

Yue6Hoe mocodue MpeaHAZHAYCHO TS YUAIUXCS CPEAHUX CICIHAb-
HBIX YUeOHBIX 3aBe/IcHHH. B TO jke BpeMs OHO MOKET OBITh TOJIE3HBIM IS
CTYZICHTOB BBICIIHX YYEOHBIX 3aBEJACHUIN, a TaKKe CICIHUAINCTOB,
JESITETIBHOCTh KOTOPBIX CBA3aHA C JCKTPOCHAOKEHHUEM MPOMBIIIICHHBIX
00BEKTOB.

ABTOp BBIpaXKaeT MPU3HATEIBHOCTDL PEIICH3CHTAM — KaHJI. TeXH. HayK,
noreHty Bpectckoro momutexauueckoro uHctutyta O.H.IIpokomeHe u
npenoaaBatenio Munckoro nojurexaukyma JI.C.Ilepdak 3a caenaHHbie
MOJIC3HBIC 3aMEYAHUSs, YUYTCHHBIE MPH JOPAOOTKE PYKOIHCH.



[IPOEKTMPOBAHME CUCTEM SJIEKTPOCHABXEHNA

BBEJEHUE

OOIIeCTBEHHBIA MPOIECC CO3MaHMUS MaTepHaIbHBIX OJiar, mpeaHa3Ha-
YEHHBIX JJIS1 YAOBJIETBOPEHHS Pa3HOOOpa3HBIX MOTPEOHOCTEH JTro/IeH, CBA-
3aH ¢ HEOOXOAMMOCTHIO TIPOSKTHPOBAHUS, KOHCTPYHPOBAHHUS, H3TOTOBIICHHUS
M JKCIUTyaTaliil MHOKECTBA TEXHHYECKUX OOBEKTOB, COOPYKEHHUH, CHC-
TEM, YCTPOMCTB U T.[I., MPEICTABIAIOMNX COO0N NCKYCCTBEHHbBIE MaTepH-
anbHbIe KOMIUTEKCH. OCOOEHHOCTh 3THX KOMIUIEKCOB COCTOWUT B TOM, YTO
OHHM HE TOJIbKO BO3HHUKAIOT Oiarojapsi 4elloBeKy, HO M OJHOBPEMEHHO
MPSIMO WJIM KOCBEHHO BO3ICWCTBYIOT Ha HEro. JTO BO3JCHCTBHE MOXKET
MIPOSIBIISITECS. B BUJE YXYAUICHHUS SKOJIOTHIECKON 0OCTAaHOBKH BCIIEICTBHUE
BEIOPOCOB B arMocdepy MPOAYKTOB CrOpaHHsl M XMMHYECKHUX BEIIECTB,
BO3HHUKHOBEHHS IITYMOBBIX HArPy30K, BUOpAINH, JIEKTPOMArHUTHBIX U pa-
MUAIIMOHHBIX HM3JIYYCHUH, M3MEHEHHS MHUKPOKIIMMATa W TEOJOTHIECKOi
CTPYKTYPBI 3eMJTH, 00pa30BaHUs TEPPUKOHOB U T.1I.

OunOKH, TOMyIIeHHBIE MPU MPOSKTHPOBAHUHM U KOHCTPYUPOBAHUH, TPY/I-
HO, 2 WHOTZIa ¥ HEBO3MOXXHO HCIIPaBHTH B TpOIlecce JKCILTyararun 0e3
CYIIECTBEHHBIX KallUTAIBHBIX BIOKeHHHA. OHH MOTYT PHUBECTH K HEPAITHO-
HAJIFHOMY PacXofy ChIPbs, MaTepUaliOB M YHEPrOPECypPCOB, 3HAUUTEITEHOMY
HApOTHOXO3SICTBEHHOMY YIIEepOy, aBapusM, KaTtacTpodaM U IPyTUM Hera-
THUBHBIM TIOCTIECTBUSAM. HarmprumMep, yMEHbIIIEHHE TONIIMHBI CT€H 3IaHHUH C
HEeNTHI0 SKOHOMHHY CTPOUTEIBHBIX MAaTepHAIOB BHI3HIBACT TIOBBIIICHHE PAcXo-
Jla TETUIOBOM SHEPTHUH HA OTOIUICHHE, HEPAIMOHATIHFHOE Pa3MEIIeHHE CETEBhIX
00BEKTOB — yBEJIMUYCHUE JUTHHBI JINHAN JJIEKTPOIIepeqaydn, MOTePh MOIITHO-
CTH U 3JIEKTPOIHEPTUH, YXYy/IIICHNE KaYeCTBA HANIPSHKSHHS U T. 1.

B cBsA3M ¢ 3TUM CyIIECTBYET MOPAIbHO-ITUYECKUM aCIIEKT HHXEHEPHO-
TEXHUYECKOW JIESITENIbHOCTH, 3aKJIIOYAIONINICA B OTBETCTBEHHOCTH pa3pa-
0OTYMKOB Iepe]; OOIIeCTBOM HE TOJNBKO 3a KaueCTBEHHOE IMPOBEICHUE
MPOEKTHO-KOHCTPYKTOPCKHUX paboT, HO M 3a MPaBWIbHOE 000CHOBaHHE 00-
HIECTBEHHOW MOTPEOHOCTH B COOPYKEHHUU TOTO WIIM MHOT'O TEXHUYECKOTO
00BEKTa C y4ETOM €ro TeXHHUKO-DKOHOMHYECKHX XapaKTEPUCTHK, pacxoa
9HEPTrOPECYPCOB, BIMSHUSA Ha OKPYXKAIOIILYT0 cpeay | T.a. [1].

IIpoexTrpoBanme — 3TO TPOIIECC Pa3padOTKH MPOSKTHOW JOKYMEHTAITUH.
IMpoekT (0T jar. Projectus — OpOIIEHHBIN BIEPea) SBISETCS PE3yIBTATOM
UHTEJUICKTYaJIbHOM JCATEILHOCTH B chepe MHPOPMAIHH, a U3IEIIUe — MPO-
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IMPOEKTUPOBAHUE CUCTEM 3JIEKTPOCHABXEHU

W3BOJICTBEHHON IEATETHHOCTH B MaTepHanbHON cdepe. CTpouTenbCTBO, pe-
KOHCTPYKIIMS M PACIIPEHHE IPOMBIIILUICHHBIX 00BEKTOB M MX UH(PACTPYKTYP
(cucTeM dIIeKTpOoCHAOKEHHUS, TEITIOCHA0KEH!S U T.1I.), TIPOM3BOACTBO HOBBIX
W3MIENTNIA ¥ BHEJIPEHHE COBPEMEHHBIX TEXHOJIOTHI OCYIIECTBISIOTCS Ha OCHOBE
MpoekToB. VHKeHepHBIN MPOEKT — 3TO M300pakeHHe (MOJENb) OymyIero
yCTpOICTBa, OOBEKTa WIIM CHCTEMBI, TIPEICTABICHHOE B CXEMax, YepTeKax,
MaKkeTax, TabNuIax W OMMCAHMAX, CO3AaHHBIX TPOSKTUPOBIHKAMI HA OCHOBE
pacyeToB M CONOCTABIICHUS BapHAHTOB [2].

[lonsTHA «TTPOEKTUPOBAHHE» U KKOHCTPYHPOBAHUE)» TECHO B3aWMOCBSI-
3aHBl M XapaKTepU3yIOT MeATENbHOCTh ¢ 3aMbiciamu. [IpoexktupoBanme
MPEIIIeCTBYEeT KOHCTPYHPOBAHUIO U CO3AeT sl Hero ocHOBY. KoHCTpym-
pOBaHHE B OTJIMYUE OT HPOCKTUPOBAHUSI MPEIoNaraeT pa3padoTKy CTPOro
OJTHO3HAYHON JOKYMEHTAIMH Ha HOBYIO KOHCTPYKIIMIO, U3/IelTue, MaTephal,
HEOOXOIUMOHN I MOCIEAYIOICH PaOOThl MPOU3BOIAUTEICH MPOIYKIHH.
PC3yHI)TaTOM ACATCIIBHOCTH NPOCKTUPOBIIUKA ABJIACTCA IMPOCKT, @ KOHCT-
PYKTOpa — KOHCTPYKIHS (CTpPOEHHE, YCTPOMCTBO, IJIaH, CXeMa, B3aUMHOE
pacrojIoKeHHe YacTeld coopyxeHus U T.1.). OKOHUYATEIbHAs OIICHKAa UX
JesTeIbHOCTH onpeaeisiercss dP(EeKTUBHOCTBIO (YHKIMOHUPOBAHUS CO-
3JAaHHBIX TEXHUYECKUX CPECTB B MPOLIECCE IKCILTyaTalluH.

[IpoexkTpoBaHUEM M KOHCTPYHPOBAHUEM 3aHMMAIOTCS B CIIELIMAIBHBIX
OpraHM3aIysX; MPOSKTHBIX UHCTUTYTaX, MPOCKTHO-KOHCTPYKTOPCKUX U KOH-
ctpykropckux Otopo (IIKb u KB) u T.n. Ha HEeKOTOpBIX NpeanpusTusx
MOryT OBITh coOcTBeHHBIE KB.

[Iporecc KoOHCTpYHpOBaHUS HAYMHACTCS ¢ MOMeHTa nocTyruieHus: B Kb
3a/laHusl Ha pa3pabOoTKy W3AENusi, B KOTOPOM YKa3bIBAIOTCS Ha3HA4YCHHE,
OCHOBHBIE MTapaMeTphl U YCIoBUs padoTel u3aenus. Ha ocHoBe 3THX Tpe-
ooBannit Kb cocraBisieT W COTJIACOBBIBAET C 33aKa3YMKOM TEXHHUYECKOE
3a/laHue, OmpeeNsioee Ied W 3aj]add npeacrosimeid padotsl. [locie
3TOTO HauWHAeTCS KOHCTpyHWpoBaHWe w3aenus. [Ipu koHCTpynpoBaHWH
IIMPOKO WCTOIB3YIOTCS BHITYCKAaeMbIe IPOMBIILIEHHOCTHIO CTaHAAPTHHIE
AJIEMEHTHI (JIeTayv, Y3Ibl W T.JI.), HA KOTOpPHIE WMEETCS TEeXHHYEeCKas
nmokymeHnTarusi. CoznaBaembie B Kb y31mbel u neTanu DOMDKHBL OBITH B3a-
MMO3aMEHSEMbIMH, YHU(PHUIIMPOBAHHBIMH, TEXHOJIOTHYHBIMHU, a CaMO U37e-
e — COOTBETCTBOBaTh TPEOOBAHMUSAM HAJEKHOCTH, HKOHOMUYHOCTH,
0e301MacCHOCTH ¥ TEXHUYECKOW ICTETHUKH.
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IPOEKTMPOBAHME CUCTEM SJIEKTPOCHABXEHNA

[Mopsinok pa3pabOTKM MPOEKTHOH AOKYMEHTALMH PErIaMeHTHUPYeTCs
CTpOUTENbHBIMI HOpMaMu [3]. JlesTenbHOCTh MPOEKTUPOBUIMKOB HEMOC-
PEICTBEHHO CBSi3aHA C TEPMUHOM «CHCTEMay, SBISIIOIIMMCS OIHUM W3
(dbyHAaMEeHTaJIbHBIX IMOHATHA coBpeMeHHOH Hayku. Cucrtema (OT Tpeu.
systema — mesoe, cocTaBIEHHOE U3 YacTell; COeIMHEHNE) — 3TO MHOXKeE-
CTBO 3JIEMEHTOB, HaXOJSIIINXCS B OTHOLICHUSX U CBA3SX JAPYT C JIPYrOM,
KOTOpoe 00pasyeT ONpeAeIeHHyI0 HeJOCTHOCTh, eAMHCTBO. COriacHo JaH-
HOMY OTIpeJIeNICHUIO, JTI0001 00BEKT MOXKET PacCMaTPUBATHCS KaK CHUCTE-
Ma.

B cucremax pasnu4aroT nepapxuiyeckue ypOBHH, OINPEENSIONINe TOA-
YMHEHHOCTh €€ JJIEMEHTOB MO HEKOTOPBIM mpu3HakaM. C y4eToM 3TOro
CHUCTEMY MOYKHO paccMaTpHUBaTh KaK COBOKYNMHOCTH noacucteM. [loxcu-
cTeMa — 3TO COCTaBHAasl YacTh CHUCTEMBI, BBIJIEJIEHHAs IO COCTaBYy 3Jie-
MEHTOB, ()YHKIIHOHAJTBHOMY WJIM MHBIM NpH3HaKaM. [Ipu 5ToM B kadecTBe
JJIEMEHTOB MOTYT PacCMaTpHUBAThCS UEIOBEYESCKUE KOJJICKTHBBI, TEXHU-
yeckue cpencTta, mHGopMmanus u T.J. OTMETHM, YTO KaxkJas chcTeMa
MOJKET OBITh MPEJICTaBICHA KaK MOJICHCTEMa, a KayK/1ash TI0ACUCTeEMa — Kak
cucTeMa. JTO 3aBHCUT OT TOTO, KAKOW YPOBEHb B MEPAapXUU IMPEJCTABIISET
HarOOJBIIUI HHTEPEC TS U3YUCHHS.

CornacHo [4], cuctema snextpocHaOxkerns (COC) — 3TO COBOKYII-
HOCTb JICKTPOYCTAHOBOK, MPEAHA3HAYCHHBIX IS 00eCIeUeHUs oTpeOu-
Tenel snexTposneprueit. OHa BKIIOYACT ceTH HampsokeHus A0 1 kB u
Beime 1 kB, cBsi3aHHBIE MEKAY cOO0M TpaHCHOPMATOPHBIMU MOJCTAHIIN-
avu (TII). DnexTpocHabx)eHre NPEANPHUIATHI MPUHATO NEIUTh HA BHEII-
Hee ¥ BHyTpeHHee. B crucTeMy BHYTpPEHHETO DJEKTPOCHAOKEHUSI BXOIHT
KOMIIJIEKC DIIEKTPOTEXHUYECKUX COOPYKEHUH OT TOUKHU MPUCOCAHHEHHS K
9HEProcHCTEME JI0 IyHKTA MpHeMa JIEKTPOIHEPTUH NPEANPHUSTHS: TIaB-
HO#l moHm3utenbHON moncraniuu (I'TIIT) wim merTpanpbHOrO (TJIABHOTO)
pactpenenutenprHoro myHkTa (LIPII, TPII). Cucrema BHyTpeHHETO
(BHYTpPH3aBOJCKOT0) DIIEKTPOCHAOKEHHSI — 3TO KOMIUIEKC CETe M TOJ-
CTaHIUH, PaCIOJIOKEHHBIX HA TEPPUTOPHH TpEeanpusTHs. BHyTpeHHee
INEKTPOCHAOKEHHE COJCPIKUT CETH C JIOCTATOYHO CIOKHBIMU CXEMaMU H
pa3BuTOi KoHGUrypamnuei. /s wurocTpanun Ha pucyHke (c. 8) mokazaH
TeHIUIaH NPEANPHUATHS CO CXEMOW BHYTPEHHETO dHEProcHa0KEeHUs Harpsi-
skenneMm 10 kB.
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I'ennuian npeanpuaTHsA €O cXeMOH BHYTPEHHero
3J1eKTpocHa0KeHus HanpsixkeHuem 10 kB:
1—9 — vomepa nexos; TII1 — TII12 — uexossie TII;
MI—M4 — snekrpoaBuratenu HanpspkeHuem 10 kB

Oco0eHHOCTBIO MPOMBIIIICHHOTO TPENNPHUATHS KaK MOTPEOUTENS dIIEK-
TPO3HEPTUH SIBIISIETCA TO, YTO Ui OCYILECTBJICHHS TEXHOJOTHYECKOTrO
npoliecca UCHob3yeTcs 0OJIBIIOE YHUCIO Pa3HOOOPA3HBIX 3JIEKTPOIPHEM-
HHUKOB Pa3JIMYHbIX MOIIHOCTEl 1 HOMHUHAJIBHBIX HANPSDKEHUH, 0MHO(Aa3HOTO
U Tpex(}a3HOro MepeMeHHOr0 TOKa Pa3IMYHON YacTOThI, a TAKXKE HIIEKTPO-
NPUEMHHUKOB IIOCTOSTHHOTO TOKA.

ITpompiiennsie npeanpusatuss 1 ux COC MOryt OBITH OTHECEHBI K
OonbmmM cuctemMaM. [Ipu M3ydeHun OONBIIUX CUCTEM HETIPUTO/ICH TpaIu-
UOHHBI METOJ aHalu3a YacTell W TMOCIeAyIoUEero OObeTUHEHUS WX
cBoiicTB. OCHOBHBIM HayYHBIM MPHHIIUIIOM aHAIN3a U CHHTE3a OOJBIINX
CHUCTEM SBIISETCS CUCTEMHBIN MOIXO0M, KOTOPHIN COCTOMT M3 B3aUMOCBS-
3aHHOTO PAacCMOTPEHHS BCeX AJIEMEHTOB (ImoJicucTeM) cucteMbl. OcobeH-
HOCTh TaKOT'0 MOAX0JIa 3aKJII0YAETCs B TOM, UYTO B OMNPEENIEHHBIX TPAHU-
[[aX CUCTEMa pacCMaTPHUBAETCS KaK €AMHOE 11€JI0€ C YIeTOM BHYTPEHHHUX
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IPOEKTMPOBAHME CUCTEM SJIEKTPOCHABXEHNA

CBSI3€M MEXKJy OTAEIbHBIMU 3JIEMEHTAMU U BHEIIHUX CBSI3€U C JPYTHMH
cucTeMaMH U 00beKTaMu. [IpuMeHeHne cuCTeMHOTo MoaXoa Mpy MPOeK-
TUPOBAHUHU IIO3BOJISIET PELINTh TEXHUUYECKYIO 3aJady IS 4acTU C Y4ETOM
uenoro. IIpu 3ToM peanmusyercss BOZMOXKHOCTb Y4eTa BCEX CYLIECTBYHO-
IIUX TEXHUYECKHX U COLMAIBHBIX CBA3CH CO31aBAEMOI0 TEXHHUYECKOTO
00BEKTa C CUCTEMOM BEPXHETO YPOBHS M BHEUTHEH CPEIOi.

Hanpumep, npu npoeKTUPOBaHUU 3JIEKTPUUECKON CETH OCBELICHUS He-
00X0AMMO paccMaTpUBaTh €€ KaK 4acTh BHYTPHILIEXOBOW CETH, CBA3aHHON
C CHUCTEMOH BHYTPU3aBOACKOTO 3IIEKTPOCHAOKEHHUS, KOTOpas 4epe3 CHcTe-
MY BHEIIHETO 3JEKTPOCHAOKEHUs coenuHsieTcsi ¢ sHeprocucteMoii. Kpo-
M€ TOTr0, CIEAYET YUYUTHIBATh BUJ MPOU3BOJCTBEHHON NEATEIBHOCTH, YC-
JIOBUSL OKPY’KAIOILLEH Cpelibl, pACCTAHOBKY TEXHOJIOTHYECKOI'0, CAHUTAPHO-
TEXHUYECKOTO U MOABEMHO-TPAHCIIOPTHOTO 000pyI0BaHUs U T.A. Bee 3To
OKa3bIBAET BIMSHME HA KOHCTPYKTUBHOE MCIIOJIHEHHE U apaMeETPhI JIEK-
TPUYECKOM OCBETUTEIILHOU CETH.

B npouecce mpoeKTUpOBaHUS 3aKIaAbIBAIOTCS OCHOBBI ONTHUMAJILHOTO
(hYHKIIMOHUPOBAHUSI ¥ PALIMOHAILHON AKCILTyaTallMM TEXHHUYECKUX CHCTEM.
LlenecooOpa3zHO OTMETUTD, YTO pEIICHHE OOJIBIINHCTBA aKTYaIbHBIX MPaK-
THUYECKHUX 3a/1a4 TpeOYyeT HE TOJNBKO CHCTEMHOIO MOAXOJa, HO U 00beau-
HEHUS YCWIMH CIICIUAIMCTOR pa3Horo npoduis. Tak, Hanpumep, panuo-
HaJIbHOE MOTpPeOICHHE AIIEKTPOIHEPTUH Ha MPOMBILIIICHHBIX MPEATIPUSITHIX
MOXeET OBITh 00€CIeUeHO JIMIIh COBMECTHBIMH IIeJICHANIPAaBICHHBIME JeH-
CTBUSIMH TIpEZICTABHUTENICH PAa3IMYHBIX 00JIaCTEH HAYKU, IPOSKTHUPOBAHUS U
JKCIUTyaTallU: YHEPreTUKOB, TEXHOJIOIOB, MEXaHUKOB, CTPOUTENEH U T.1I.

PesynpraroM mnponecca NpPOEKTUPOBAHUS SIBISIETCS TOKYMEHTAIMs,
cojJiepKalias Bce HEOOXOAWMBIE JaHHBbIC, XapaKTePH3YIOIINE MpPUHSTHIE
TEXHUUYECKHE PELICHUS

1. IMPOEKTHAS JOKYMEHTAIIMS DJEKTPUYECKOUN
YACTH TIPOMBIINUVIEHHOI'O TIPEAIIPUATHUA

1.1. MOPSOK PA3PABOTKH M COCTAB IIPOEKTHOM JJIOKYMEHTALIMHA

[IpoekTHast JOKyMEHTAlUs — 3TO CUCTEMa B3aUMOCBSI3aHHBIX JOKY-
MEHTOB, Pa3pabOTaHHBIX B COOTBETCTBUU C YCTAHOBIICHHBIMU ITPABUIIAMH,
HOPMaTHUBHOW IOKYMEHTAIIMEN, CITy>Kalllasi OCHOBOU JJIsi CTPOUTENb-



IIPOEKTMPOBAHVE CHCTEM SJIEKTPOCHABXEHNA

ctBa [3]. OHa cocrouT W3 rpaUUECKUX, TEKCTOBHIX WM MAaIIMHHO-

OpPHEHTHPOBAHHBIX JOKYMEHTOB, OMPEIENAIONINX YCTPONCTBO, TEXHOJIO-

THIO CO3/IaHUS U TOPSIOK CAaYd B AKCILUTyaTallHI0 CTPOUTENBHBIX O0BEeK-

TOB. [IpoexkTHast MOKyMEHTaIWsl MOJDKHA COAEp)KaTh TaKyro Hawmboiee

CYIIIECTBeHHYIO HHpopmarwro [1]:

1) npexncraBnenue GpyHKUUH (OPUHIUNHAIBHAS CXEMa, MOSCHEHHE ICH-
CTBUS, pE3yIbTaThl PACUETOB H T.].);

2) TexHMYeCKas peanu3arms GpyHKIMH (KOHCTPYKTHBHOE UCTIOIHEHHUE, MOH-
Tax 000PYAOBaHUS U T.1.);

3) peanm3amys KanWTAIBHBIX BIOXCHWH C IMOIpa3leieHHEM 3aTpar Ha
00opyJoBaHKe, MPOSKTUPOBAHUE, CTPOUTENBCTBO, MOHTAXK, BBOJ B K-
CIUTyaTalMIo U T.JI.;

4) TeXHUKO-3KOHOMHYECKHE MOKAa3aTeIn BEIOPAHHOTO BapHaHTa.

B PecnyOnuke benapych npoexkTHas TOKyMEHTAlMs Ha CTPOUTENHCTBO
00BEKTOB MPOU3BOACTBEHHOIO Ha3HAYCHUS M WHXKECHEPHOH MHPPACTPYKTY-
pBl periaaMeHTHpYeTCS CTPOUTeNbHbIMH HopMamu [3]. ns paspaborku
MIPOEKTHOM JOKYMEHTAIMM 3aKa34yMK JOJDKEH 3aKIIYUTh JOrOBOP C IPO-
€KTHOW WJIM NPOEKTHO-CTPOUTENbHOM OpraHu3aleil, JpyruMu Iopuaudec-
KUMU WK QU3NIESCKUMHU JIUI[AMH, TIOTYYUBIIMMHU B YCTaHOBJICHHOM TOPSJI-
Ke JIMIIEH3UIO Ha MPaBO MPOESKTUPOBAHUS JAHHOTO BHIA OOBEKTOB B COOT-
BEeTCTBUHM C 3aKOHOAATelIhcTBOM PecnyOmmku bemapycs. OO0s3arenpHOM
YacThIO0 JIOTOBOpA SIBJSIETCS 3aJjaHWe Ha MPOEKTHPOBaHHE, KOTOPOe pa3pa-
OaTbIBaeTCs 3aKa34MKOM C MPHUBIEYEHHEM MMPOSKTUPOBIINKOB. B 3amannu
000CHOBBIBAETCS 11EIeCO00PA3HOCTh HHBECTUIINIA B COOPYXKEHHE TPOEKTH-
pyeMoro o0bEeKTa, YCTAaHABITUBAIOTCS TEXHUYECKUE YCIOBHUS HA IMPUCOEIH-
HeHHE O00BEKTa K MCTOYHHKAM IHEPTOCHAOKEHHS, WHXKCHEPHBIM CETSIM U
KOMMYHUKAIHASAM, IPUBOJIATCS UCXO/IHBIE TaHHBIE TI0 000PY/0BAHHUIO.

PazpaboTka mpoeKkTHOW JOKYMEHTAIIMHA MOKET BECTHCH B OJTHY WJIH JIBE
ctaiud. B cocTaB MPOEKTHOW JTOKYMEHTAIMH TIPH JBYXCTaJIHHHOM
MIPOEKTHPOBAHKH BXOIST apXUTEKTYPHBIN M CTPOUTEIBHBIN MPOEKTHI, a TIPH
OJTHOCTaIMAHOM — CTPOUTENBHBIA MPOEKT C BBIACICHHEM yTBEPIKIAeMOM
APXUTEKTYPHOU YaCTH.

Kak mpaBuio, pa3paboTKy MPOEKTHONW JOKYMEHTAIlUH CJIEIyeT BBIMOJ-
HSTH B JIBE CTaAHU. [Ipy 3TOM apXUTEKTYPHBI MPOEKT, pa3padaThiBaeMbIil
Ha nepeoll cmaduu, SIBISETCS JOKyMEHTaIel, o0ecrieunBaronen
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IPOEKTMPOBAHME CUCTEM SJIEKTPOCHABXEHNA

IPEICTaBIEHUE O MaTepHaIbHOM 00pa3e 00BEeKTa, ero TePPUTOPHATLHOM
pa3MeleHny, PU3MIECKUX MapameTpax, XyI0KeCTBEHHO-OCTETHIECKUX Ka-
YeCTBaX M TEXHUKO-OKOHOMHYECKHX IOKa3arensix. /st 00beKTOB Mpou3-
BOJCTBEHHOI'O HA3HAYECHMS B COCTaBE apXUTEKTYPHOIO IIPOEKTa IpEemycC-
MaTpuBaeTcs pasznen «/HxeHepHoe 000pyAOBaHKE, CETH U CHUCTEMBD), B
KOTOPOM JIOJDKHBI COZIEPKAThCSl OCHOBHBIE PEIICHMS MO AJIEKTpocHa0Xe-
HHIO, BIIEKTPOOOOPYIOBAHHIO, DIIEKTPHIECKOMY OCBEIICHHIO, MOJTHUE3AIIN-
Te, NUCIETYEPU3alU U aBTOMATU3aLUU YIIPABICHUS HHKEHEPHBIMU CETs-
MH. B 4ucio ocHOBHBIX rpa)u4ecKuX JOKYMEHTOB apXUTEKTYPHOIO MPO-
€KTa BXOAAT NPUHLIUMNHAIBHBIE CXEMBI 3JIEKTPOCHAOKEHHS, TIAHbI U TPO-
(UM MHXEHEPHBIX CETEH, MIaHbl U CXEMBbI 3JEKTPOCHAOKEHHUS U 3JIEKTPO-
o0opymoBaHusl.

Ha emopoii cmaduu Ha OCHOBE YTBEpP)KICHHBIX ApXUTEKTYPHOTO H
I'PaJOCTPOUTEIBHOIO IPOEKTOB, & TAKXKE MPOBEACHUSI HHKEHEPHBIX HU3bIC-
KaHUW ¥ HAayYHO-TCXHMUYECKUX MCCIICIOBAHMIA pa3padaThIBACTCS CTPOU-
TenbHBIA TpoekT. CocTaB NpPOEKTa JOKEH COOTBETCTBOBATh COCTaBY
paboueil MOKyMEHTAlliM Ha CTPOUTEILCTBO OOBEKTOB, OMpPENEIIIEMOMY
MEXIOCYIapCTBEHHBIMU W HALMOHAIBHBIMHU CTaHAAPTAMH, OH YTOUYHSETCS
3aKa3YMKOM M Pa3pabOTYMKOM B JOTOBOpE Ha MpOEKTUpoBaHue. B cTpou-
TENILHBIN MPOEKT B BHJC OTIACIBHBIX Pa3ZeliOB BXOAWT paboyas JOKyMEH-
TalMs 3JICKTPUUYECKON YacTH MPOEKTUPYEMOTro OOBEKTa, BKIIOYAIOLIAs pa-
0oune YepTeku, SCKU3HBIC YEPTEKU OOIIMX BHIOB HETUIIOBBIX HW3/CIHUH,
OIIPOCHBIE JIMCTHI, CTIeNM(UKAIMHT U T.J. B mpoekTe A Kakao0ro 3JIeKTpo-
NPUEMHHKA JIOJDKHO OBITh YKa3aHO €ro MECTOPACIOJIOKCHHE Ha IUIaHEe C
MOAIBOJIKOW MUTaHMs, IACTCSl CXeMa YIpaBIeHHUs UM, paspabaTbiBaeTcs 3a-
LIUTA OT TOKOB aHOPMAJIBHBIX PEKMMOB, COCTABIISIETCSI MOHTAXXHASI CXEMa.

OpnocTaguiiHOE TPOEKTHPOBAHUE MOXKET TPEayCcMaTpUBATBhCS JUIsS
TEXHUYECKH HECIIOKHBIX OOBEKTOB, a TAaK)Ke CTPOAIIMXCS MO MPOEKTaM
MacCOBOTO M IIOBTOPHOTO INPUMEHEHHs. B 3TOM cilydae CTpOUTENbHBINA
MPOEKT MOMHMO paboueil JOKYMEHTAIMN COJICPKHUT YTBEPKAAEMYIO apXH-
TEKTYPHYIO 4acTh, pa3padaThiBaeMyI0 B COKPAIICHHOM OOBEME IO OTHO-
LIEHUIO K COCTaBY apXUTEKTYPHOT'O IIPOEKTA.

IIpoexTHass AOKyMEHTAalUMsA IEpelacTcsl 3aKa3uuky B KONUM B IISITH
ak3eMIusipax. IIepBblil AK3eMIUIP IPOEKTa XPAHUTCS B ApXUBE IIPOEKTHON
opranuzanuy. [1o JOroBOpeHHOCTH MEXILy Pa3pabOoTUYMKOM M 3aKa3UUKOM
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IIPOEKTMPOBAHME CHCTEM SJIEKTPOCHABXEHVA

MOJKET OBITh OCYIIECTBIICHA Mepe/adya JOKYMEHTAIUMN Ha MATHUTHBIX
HocuTemsix nHpopmarmu DBM.

PaccmoTpennsie ocHOBHBIE TIoNOkeHUs [3] 3amenmnmn B bemapycu pa-
Hee JICHCTBOBABIIME HOPMBI, COTJIACHO KOTOPBIM PEIICHHE O MPOSKTHPOBA-
HUU KPYIMHBIX U CJIOXHBIX OOBEKTOB NMPUHUMAJIOCh Ha OCHOBE TEXHHKO-
9KOHOMHUYECKOTO 00OCHOBaHUS, a HEOOIBLINX — HA OCHOBE TEXHHKO-IKO-
HOMHYECKUX pacueToB. [Ipu NBYXCTaIUHHOM TPOCKTUPOBAHHH TPEIYC-
MaTpHUBAJICS BBIIYCK MPOEKTa M paboyeil JOKyMEHTAlWH, a TP OJHOCTA-
JTIMIHOM — TOJIBKO pabouero npoekta [10].

1.2. OCHOBHBIE TPEBOBAHUA, IIPEJIBABJIIIEMBIE K ITPOEKTAM

B npoekTax 3meKTpocHa0XEHUS M 3JIEKTPOOOOPYAOBAHUS IPOMBIIICH-
HBIX OOBEKTOB OOJIBIIOE BHUMAaHHE YACISIETCS BICKTPUUYECKUM CETSIM
Pa3IMYHBIX HAIpPSDKEHUH, C MOMOIIBbI0 KOTOPBIX OCYIIECTBIISETCS CBS3b
3NeKTponpueMHUKoB ¢ ucrouHukamu nutanus (MII). Ilpunsras cxema
CETH YCTaHABIIMBAEeT €€ MapaMeTpbl W KOH(PUTYpaluio, OMpeAeIsSIONLyo
B3aUMHOE PACIOJIOKEHUE JIMHUA W TpaHCc(HOPMATOPHBIX TOACTAHIMN, U
OKa3bIBaeT CYIIECTBEHHOE BIMSIHHE HA OCHOBHBIE TEXHHKO-3KOHOMHYECKHE
nokasarenu COC.

ONEeKTPOYCTAaHOBKH MPOMBIIIJIEHHBIX NPeANpUSTHNA pa3BUBAIOTCA U CO-
BEPILEHCTBYIOTCS C YIETOM COBPEMEHHBIX TEXHOJIOTUH, CO3/1aBast yCIOBUS
JUTSL aBTOMATU3allK TIPOM3BOICTBEHHBIX MpolieccoB. COBEpIIEHCTBOBAHHE
MIPOU3BOJICTBA, YIIYUIIEHUE YCIOBUH TpyAa Ha MPEeANpUATUSIX MPUBOANUT K
pocTy anektponorpedneHus. ONbIT MOKAa3bIBACT, YTO DJIEKTPHUYECKHE Ha-
TPY3KH MHOTHX MPEIIPHUATHI B HOPMATBHBIX YCIIOBUSX (DYHKIIMOHUPOBAHUSI
3a 10 mer BospactaroT B 1,5—2 pasa [1]. [IlpumeneHne HOBBIX, Ooiee
3¢ QEKTUBHBIX TEXHOJOIHH HA MPOMBILUICHHBIX MPEANPHUATHIX MOKET IO~
TpeOOoBaTh U3MEHEHHS M PACIIUPEHHS CXEM JIEKTPUUECKUX CETeH B yCIIO-
BUSIX Ipou3BoicTBa. CrenoBaresbHO, HEOOXOAMMO MPOEKTUPOBATH U CO-
3/1aBaTh TAKUE CXEMBl M KOHCTPYKIHUHM IEKTPUYECKHX CETEH, KOTOpBIE
MO3BOJISIIOT MEPECTPAuBaTh UX B YCIOBHAX JEHCTBYIOIIETO MPEAIPUATHUSL
0e3 HapyleHUs TPOU3BOACTBEHHOTO Mpoliecca.

Pemenuio nmocraBieHHOM 3aa4 CIIOCOOCTBYET MPUMEHEHHE NIPUHLINIIA
pasyKpyHnHEHHUs TpaHC(HOPMATOPHBIX NOHU3UTENILHBIX MOACTAHIHMN, TTy00-
KHX BBOJIOB Ha HanpspkeHnu [10—330 kB, HapyXHBIX KaOeJIbHbIX 3CTaKa]
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IMTPOEKTUPOBAHUE CUCTEM SJIEKTPOCHABXEHNW A

U ranepei, MMHONPOBOAOB B CETIX HampskeHueM 10 1 kB, KOMIUIEKTHBIX
tpanchopmaropusix noactaHuui (KTII) u pacnpenenutensHbIX yCTPOUCTB
(PY), a TakxKe APYrUX CXEMHBIX U KOHCTPYKTHUBHBIX PEIICHUH, TTO3BOJISIO-
IIMX pa3BUBaTh CETH NMPU MUHUMAIBHBIX H3MEHEHMSAX CYIIECTBYIOIINX
CETEBBIX Y3JIOB U CTPOUTEIBHBIX COOPYKEHHH.

OpmHUM U3 OCHOBHBIX TPEOOBAaHWI K MPOEKTY CeTel DIeKTPOCHAOKEeHNUS
aBJsieTcsi oOecrieyeHrne CcoXpaHeHUsi paboThl Hambollee OTBETCTBEHHBIX
TPy 3JIEKTPONPUEMHHUKOB MPEANPUATHS TIPH BBIHYKICHHBIX OTpPaHUYEHUSX
Harpy3oK BCJIEJCTBHE aBapUHWHBIX CUTyallUili, BO3HHKAIOIIMUX B MUTAIOMIEH
sHeprocucteme. [Ipu 3TOM noMKHA OBITH TPEXYCMOTPEHA BO3MOXKHOCTD
OBICTPOrO CHW)KEHHMS JEKTPUUECKON HArpy3KH HpEeNNpHUsITHS ¢ MUHAMAIIb-
HBIM ymepOOM /Il IPOM3BOJCTBA € LENBIO MPEJOTBPAILCHUS YTPO3bl MOJ-
HOTO TOTAIICHUS IUTaHHs TIOTPEOUTENEH DIIEKTPOIHEPIHHU M3-32 aBAPUIHOTO
CHIDKEHHUS YaCTOTHI WM APYTUX IPUUUH PEKUMHOTO Xapaktepa. Orpanuye-
HUE Harpy3Kd OCYILECTBISETCA C TOMOIIbIO YCTPOWCTB aBTOMAaTHYECKOMH
4acTOTHOM pasrpy3ku (AUP) wimm mo xoMaHae aucrerdepa SHEProCUCTEMbI
JEHCTBUSIMU EKYpPHOTO MepcoHajia OT/ENa IJIABHOI0 SHEPreTHKa MpepH-
ATHUS TIyTEM TO3TAITHOTO OTKIIOUEHHS TPYII 3JIEKTPOIPUEMHHUKOB TPEThei
KaTerOpUHU B OYEPEIHOCTH, YCTAaHOBJICHHOM B mpoekrte. (s sToi menn
MOTYT OBITh TaK)K€ HCIOJIb30BaHBI CIELUATbHBIC TEXHHUYECKUE CpPEICTBA
KOHTPOJISL ¥ YTIIPABJICHHUS 3JIEKTPONIOTPEOTICHHEM: aBTOMaTHIECKHE PETYIISTO-
pBl MoIHOCTH Harpy3ku (APMH), aBroMaTH3upOBaHHBIE CUCTEMBI KOHTPO-
15 1 yueta snektposnepruu (ACKYDJ), cymmarops! u T.11.

J11s1 BBITIOTHEHUST YKa3aHHOTO TPeOOBaHMUS MIPH MPOSKTUPOBAHHUH 1IEJIe-
C000pa3HO pachpeesaTh TPYIIIbI JCKTpoITprueMHUKOB Mexy TI1 u nura-
IOLUMH JIMHUAME HanpsbkenneM 6—10 kB Tak, 4ToOBl OTKIIIOUEHHE TT0-
TpeOuTenel B 3alaHHON OYepETHOCTH MOXHO OBUIO OCYIIECTBIISITH ITyTEM
BBITIOJTHEHUS CPABHUTEIILHO HEOOJBIIOTO YMCIia KOMMYTAIIHOHHBIX OIepa-
uuii B PY ucrounukoB nuranus. Crienyer Takke 00OCHOBaTh CIIOCO0 U
TEXHUYECKHE CPEICTBA PETYIMPOBAHUA JIEKTPONIOTPEOIECHUS.

PazpaboTka 3MeKTpUIeCcKOoid, TEXHOIOTHYECKOH, CTPOUTEIBHOMN U CaHU-
TapHO-TEXHUYECKOI dYacTeil MpoekTa JO0KHA BECTHCHh B3aUMOYBSI3aHHO.
Pasmemenne aneKTpooOOpyIOBaHUS CIEAYeT OCYIIECTBIATh TAKUM 00pa-
30M, 4TOOBI 0OECIeYnBaTh MAaKCUMAaIbHOE yJO00CTBO €ro KCIuTyaTalud U
3¢ GeKTHBHOE TEKTPOCHAOKEHNE TEXHOJIOTUIECKUX YCTAHOBOK. DJIEKTPO-
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IIPOEKTMPOBAHME CUCTEM SJIEKTPOCHABXEHNA

YCTaHOBKH HE JIOJDKHBI OTPaHMYHMBATH JAOCTYI K TEXHOJIOTHYECKOMY 000-
PYAOBAaHHUIO, 3aTrPOMOXKIATh IPOXOAbI, 3aTPYAHATH MPOE3] IPOMBIILIEHHO-
ro TpaHcTmopTa. Bompockl pa3MemeHus 31eKTpoo0opy10BaHuUs COITIacOBbI-
BAIOTCS C IPOEKTUPOBILUKAMH TEXHOJIOIHIECKOM YaCTH IIPOCKTA.

B cootBercTBUEM ¢ TpeOOBaHMUSMHU TEXHOJIOTOB B CTPOUTEIILHON 4acTH
IPEoyCMaTPUBAIOTCSI HEOOXOJUMbIE IPOKJIAAKH LEXOBBIX IEKTPUUYECKUX
cerel, pa3MelLIeHHue KOMIUIEKTHBIX TPaHC(OPMATOPHBIX HOACTaHLMM, pac-
HPEICIUTENbHBIX IIYHKTOB, KPEIUIEHHE Ha CTPOUTENbHBIX KOHCTPYKLHUAX
NIEKTPUUECKUX aMIapaToB, UCIIOIb30BAHME TEXHOJIOTUUECKUX 3CTAKAM JUIS
HYX]I 3JIeKTpocHaOxeHus u T.1. HecornacoBanuble AEHCTBUS TPOSKTUPOB-
IIMKOB Pa3IUYHBIX CHEIHaIbHOCTEH MOTYT NMPUBECTH K HEPALMOHAIBHOMY
Pa3sMelIeHUIO TPOU3BOACTBEHHOTO 000PYIOBaHUs, a TAKKE K 3aTPyAHCHH-
SM TIpH MPOKJIAJKE PA3INYHBIX KOMMYHHMKAIUW, YTO YBEIMYUBAET TPYIO-
€MKOCTb U JUIMTEIHHOCTh MOHTaXa, a TAKXKE YCIIOKHSAET YCIOBHUS IKCILTY-
aTaluy 000pyI0BaHUS B MPOIIecce MPOU3BOICTBA.

KoHCTpyKTHBHOE BBINOJIHEHUE W BHEUIHUM BUJ DJIEKTPUUYECKUX CETeM,
HaIpaBJICHUE TPacc JUHUM 3JIEKTponepeiauy, pa3MelleHue MeKTpoodopy-
JIOBaHUS M DIIEKTPUYECKUX KOHCTPYKLHUH TOJDKHBI yJIOBIETBOPATH Tpebo-
BaHUSAM 3CTETHKH [5].

IIpu mpoeKkTHpOBaHMHU HAO YUUTHIBATh TEXHOJIOTHIO 3JEKTPOMOHTAX-
HBIX paboT, BBITIOJIHAEMBIX, KaK MPaBHUJIO, B IBE CTaAHU UHIYCTPUATIHLHBIMU
MeToAaMu. B cTpouTenpHON YacTy MpOEKTa IO 3aJaHHUI0 MPOEKTHPOBIIN-
KOB-3JICKTPUKOB B 3JIEMEHTAaX CTPOUTEIbHBIX KOHCTPYKUMH JOJIKHBI IIpe-
JyCMaTpHUBAThCS JETAIM M 3aKjIaJHble YacTH AJISl KPEIUICHHS 3JeKTPoo0o-
PYAOBaHHMA M NPOKIAIKH MPOBOJHHUKOB: NPOEMBI, OTBEPCTHs, OOpPO3BL,
KaHaJbl U T.A. Bce 3T0, Hapsay ¢ NpUMEHEHHEM KPYITHOOJIOYHBIX 3JIEKT-
POTEXHUUYECKUX YCTPOMCTB M Y3JI0B, COKpAIIAET CPOKH U IOBBILIAET Kaye-
CTBO 3JIEKTPOMOHTaXXHBIX padoT. [Ipn npoexTupoBaHH HEOOXOAUMO Tpe-
JycMaTpuBaTh MPUMEHEHHUE THUIIOBBIX MPOEKTOB, & TAKXXE BHEAPEHHE HO-
BBIX PAllMOHAIBHBIX PELICHUH U COBPEMEHHOT'O 3JIEKTPOTEXHHYECKOro 000-
PYAOBaHMS, OCBOEHHOTO MPOM3BOACTBOM, C YYETOM PEaTbHOCTH IOJIyYe-
HUSI OT 3aBOZJOB-M3TOTOBHUTENEH BBIOPAHHBIX BJIEKTPOTEXHUYECKUX H3Je-
muii [6]. B crpouTensHOM TpOeKTe ciemyeT pa3padaThiBaTh TOJIBKO Ty
pabouyro JOKyMEHTAIHI0, KOTOpasi HE COJEPIKUTCS B TUIIOBBIX U MIOBTOPHO
MIPUMEHSEMbIX UHANBUYaIbHBIX TPOEKTaX.
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MMPOEKTUPOBAHUE CUCTEM SJIEKTPOCHABXEHU S

Martepuranbl apXUTEKTYPHOTO U CTPOUTEIHHOTO MPOEKTOB JOJKHBI CO-
OTBETCTBOBATh JECHCTBYIOLIEH HOPMATUBHO-TEXHUYECKON ITOKYMEHTALMH,
M3NIaraThCs 0€3 M3IUITHEH MeTanu3allid U IMOBTOPEHUS CBEIACHUH, coaep-
JKaIuXcsl B pa3IMIHBIX pazgeniax u depTekax. CTeneHb AeTalnu3aluyl U
00BeM MPOEKTHOW ITOKYMEHTAIMH OIPEACIISIOTCS CYIIEeCTBYIOIIMME HOP-
MaM¥, HHCTPYKIMSAMH M 3TajJOHaAMU HpoekToB. IlosicHUTenbHAS 3ammcka
JIOJDKHA OBITh JTAKOHWYHOM, CONEpKaTh TpeOyemble TEeKCTOBBIE M Trpadu-
YeCKHe MaTepuallbl M Pe3yibTaThl pacdeToB. [Ipm HeoOXoamMocTH JOKa-
3aTeNIbcTBAa 00OCHOBAaHHOCTH TPUHATHIX PEMICHUH caMU pacdeThl 0(opM-
JISTIOTCS B BHJIC IPUJIOKCHUHN K apXUBHOMY SK3EMIULIPY MpoekTa. UepTexu
YCTaHOBOK 3JICKTPOOOOPYIOBaHUS M KOHCTPYKTHUBHBIC PEIICHHS SJICKTPU-
YECKHMX CETeH Heo0XOoauMO pa3pabaThiBaTh Ha OCHOBE THIIOBBIX pabOumX
YepTeKer 3JICKTPOYCTAaHOBOK, MPEIyCMAaTPUBAIOIINX MPUMEHEHHE THIIO-
BBIX 2JICKTPOMOHTAaXXHBIX PI3IL€HPII71. B IMPOCKTaxX, KakK IpaBujIO, HE IIPUBO-
JAUTCA ONMCAHUEC 3JICMCHTOB, IOHATHBIX M3 qepTemeI‘/'l, a TAKXKXE KaTaJloxX-
HBIE JJAHHBIE 3aBOJICKMX M3IEIHM, CBEACHUS U3 HOPMATHUBHO-TEXHUUYECKOU
JOKYMEHTAllM! ¥ Hay4YHO-TeXHU4eCKoW nutepaTyphl. [Ipu HeoOxomumocTn
B TEKCTE MOSICHUTEIBLHOMN 3alMCKU JAFOTCSl CCHUIKM Ha COOTBETCTBYIOIIUE
JIMTCPATypPHbIC HCTOYHUKHU.

1.3. VICXOIHHE IOAHHHE IJISI [TPOEKTVPOBAHVA
" COIEPXAHVE IIPOEKTOB

B anexTpuyeckoil yacTH apXUTEKTypHOTO M CTPOUTENIHHOTO MPOEKTOB
TPEANPHUITHST OOBIYHO BBIJACISIOT IEKTPOCHAOKEHHE, CUIIOBOE M OCBETH-
TeJIbHOE 3JIeKTpooOopynoBanue. IIpoekTHast JOKyMEeHTauus 3JeKTpudec-
KO yacTu TpaHC(HOPMATOPHOIO MACIISTHOTO XO3SHCTBA U AJIEKTPOPEMOHT-
HBIX 0a3 HE BXOJMT B COCTaB MIPOEKTA AIIEKTPOCHAOXKEHUS U IIPH HE0OXO-
JUMOCTH HOATOTABINBACTCS OTACIBHO.

i mpoeKTUpoBaHUs 3JEKTPOCHA0KEHUS! NMPOMBILIICHHOTO OO0BEKTa
HEOOXOIUMO pacroyiaraTb KpaTKUM ONMCAaHHEM TEXHOJIOTMYECKOro Ipo-
1ecca Wil KpaTKoi XapakTepUCTUKONW MPOU3BOJCTBA, CBEIEHUSIMU 00 OK-
pyXarmei cpene, METEOPOJIOTHIECKUMH, KIUMAaTHYECKUMH M TEOJIOTH-
YECKHMH JaHHBIMH paiioHa, B KOTOPOM HAMEYaeTCsl COOPYKEHHE 0OBEKTa,
OCHOBHBIMH XapaKTEPUCTHUKAMU M MHPOPMAIHEH MO pa3MEILEHHIO AIIEKT-
porpuemMHHKOB [7]. TpeOyercst Taxke 3HATh TOAOBOE YUCIIO YacOB pado-
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IIPOEKTMPOBAHME CUCTEM SJIEKTPOCHABXEHNA

TBI, BPEMsI HCIOJIb30BaHMUSI MAaKCUMAaIbHOM HArpy3ku M KOJMYECTBO pado-
YUX CMEH MPEINPHUITHS, KATETOPUH IEKTPOIPUEMHHUKOB [0 HAASKHOCTH
AIEKTPOCHAOKCHIS.

Pa3pa0oTka mpoekTa HauMHAETCS ¢ U3YyYCHHS TEXHOJIOTMYECKOI'O IIPO-
1ecca, B3auMOCBS3€l U pPeXUMOB pabOThl MEXaHU3MOB M arperaTtos, BbI-
SBJICHNSI BO3MOXKHBIX IOCIEICTBUI IPU BHE3ANHBIX IEPEPBIBAX SIIEKTPO-
CHAa0>XEHHS OTAENBHBIX AIICKTPOIIPUEMHUKOB, LIEXOB M NPEANIPUATHS B Lie-
noM. Ha ocHoBe nmeroneiics napopManum onpeaesnsitoTcs OCHOBHBIE T10-
Ka3aTenu JIEeKTPoroTpedbaeHus u GopMyITupyIOTCcs TpeOoBaHHA K Oecrie-
PEOOHHOCTH PNEKTPOCHAOKEHUSI IPEANPHATHS U €70 CTPYKTYPHBIX TOIpa3-
nenenuit. [loce 3Toro HEOOXOAUMO MOTYUUTH pa3pelieHne U TEXHUUECKHE
YCIIOBUSL OT SHEPrOCHAOKAIOIICH OpraHU3alyy Ha MPHCOCTUHEHUE Mpel-
MIPUATHUS K €€ CETSM.

B TexHMYECKUX YCIOBUSAX COAECPKUTCS CXEMATUUYECKUN IUIAH PaioHa,
Ha KOTOpPOM I0Ka3bIBalOTCA Mpoektupyemoe npeanpustue, UII u snextpu-
YeCKHe CeTH, HameyaeMble MJisl €ro 3JeKTPOCHAOKEHUS, MPUBOJISATCS
MIPUHLMITHAIbHBIE CXeMbl U OocHOBHbBIe mapamerpsl UII (pacmonaraemas
MOIITHOCTb, YPOBHHU U TPENENbl OTKJIOHEHHS HAIPSHKEHUS, BETMYHHBI TOKOB
Kopotkoro 3ambikanus (K3) Ha mmHax), JyIMHAa ¥ CEYeHUs] MPOBOOB JIMHUI
ANIeKTpoIiepeiau, TpeOOBaHHs M yKa3aHHsl SHeprocHadXaromel opranmusa-
IIUH 110 KOMITEHCALIMN PEaKTUBHOM MOIIHOCTH, Y4€TY U KOHTPOJIIO 3JIEKTPO-
noTpebeHus], peleHON 3aluTe, aBTOMATHKE, TeJIeMEXaHU3aLuH, IUCTIET-
yepuzanuu u np. [5; 7].

st IpoeKTUpOBaHUs CUCTEMBI BHYTPH3aBOJICKOTIO 3IEKTPOCHAOKEHNS,
KpOME IEPEUHCIICHHBIX JaHHBIX, HEOOXOIUMO MMETh T'€HEPAIbHBIN IIIaH
NPEANpUITUS. C HAHECCHHBIMU Ha HEM 3[aHUSIMH, COOPYXCHUSIMH, Ha3eM-
HBIMH WU NOJ3E€MHBIMH KOMMYHUKALUSIMH U TIPEIBAPUTENILHO COTJIAaCOBaH-
weivu TII, pacnpenemurensHbiMu nyHktamu (PI1) m tpaccamm nwmHuMit
anekTponepenayn. Takxke TpeOyrOTCS IJIaHBI LIEXOB U COOPYKEHHUH, HHOP-
Malys 10 CHJIOBOMY 000pPYI0BaHHIO, 3JICKTPOIPUBOAY U 3IEKTPHUECKOMY
OCBELICHUIO.

Ecnu 1y anekTpocHaOXeHns: KpYyIHHOTO 00beKTa TpedyeTcsi coopyxe-
HUE MOHU3UTEIBHOM MOACTAHIMM C MEPBUYHBIM HampsokeHuem 35 kB u
BBIIIIE, TO ISl €€ MPOSKTHPOBAHKS HEOOXOAMMO UMETh CXeMy BHYTpEHHE-
'O 3JIEKTPOCHA0KEHUS, 3HATH MapaMeTPbl 1 KOHCTPYKTUBHOE HCIIOJTHEHUE
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IPOEKTMPOBAHME CUCTEM SJIEKTPOCHABXEHNA

nuHui. CienyeT Takke BHIOpAaTh M COIVIACOBATh MECTO Pa3MeEIleHHs IOA-

CTaHLIMU HA T€HEPAIIBHOM IUIAHE MPEANPUATHS C yKa3aHHUEM HallpaBIICHUN

HUATAIONINX JTUHUHN.

[IpoeKT 37eKTPOCHAOKEHHS TPOMBILUIEHHOTO HPEANPUATHS CONCPKUT
MOSICHUTENILHYIO 3allUCKy W TpWIaraeMele K Hell yepTeku. B moscHurens-
HOW 3aIMCKE PacCMaTPUBAIOTCS CIEXYIOIIAE OCHOBHBIE BOIIPOCHI: IOTpE-
OWTENN SNEKTPOIHEPTUH U DIEKTPHUUECKHE HArPY3KU; UCTOUHHUKH 3JIEKTPO-
cHaOkeHUs! M OanaHC >JIEKTPOIHEPTUH; BBIOOP HAIMPSHKEHUH IIEKTpUYEC-
KHX CETei; BBIOOp M XapaKTEepUCTHUKA CXEMBl 3JIEKTPOCHAOKECHHS; KOHCT-
PYKTHBHOE HCTIOJIHEHHE TIOHU3UTENbHBIX noacTanimi u PII; meponpusitus
1o 00ecTeYeHNI0 KauecTBa JIeKTpodHeprur; Toku K3 u BeIOOp OCHOBHOTO
3NEeKTPOOOOPYAOBaHMSl Ha HampsbkeHHH Bbiie |1 KB; eMKOCTHBIE TOKH B
CeTSIX C U30JUPOBAHHON HEHTpaNIblo U MEPONPUATHS MO0 UX KOMIIEHCAIUH;
OCHOBHBIE peIIeHHs TI0 3JEKTPOCHAOKEHUIO 3JIEKTPOIPUEMHUKOB 1-i1 Kare-
TOpUH U 0co00i Tpynmbl 1-i KaTeropuu; KOMICHCAIUs PEaKTUBHON MOIII-
HOCTH TIOTpeOuTeNell; peneiHas 3alnuTa 1 aBTOMATHKA; TeJleMeXaHU3aIusl
U JMCTIeTYepU3alus; y4eT U KOHTPOJb 3JIEKTPOIOTPEOICHHUS; MEPOIPHUSITHUSI
MO PEryJupOBaHUIO TOTPeOIIeMOii aKTHBHOW MOIIHOCTH; BHEIIEXOBBIE Ka-
OenbHBIE CETH U TOKOIPOBOJBI; MOJHHE3AIINTA U 3aLIUTHOE 3a3€MJICHHE;
Hapy>KHOE OCBEIICHHE; TEXHUKO-DKOHOMUYECKHE IMMOKA3aTEeNH; TEXHUYEC-
KH€ yCIIOBHSI IPHCOEAMHEHUS K 3HEeprocucTeMe u ap. [7; 8].

OCHOBHBIMH YePTEKaMHU B IPOEKTaX 3JEKTPOCHAOKEHNUS SIBISIOTCS:

1) reHepasbHBIA IUIAH TPEANPHATHS C HAHECCHHBIMU Ha HEM COOPY)KCHH-
MU CHCTEMBbI JIEKTPOCHAOKEHHS, TPACCaMH BO3AYILHBIX U OCHOBHBIX
Ka0eJbHBIX JIMHUHA M TOKOIPOBOJOB, PAaCUETHBIMU Harpy3KamMy OCHOB-
HBIX 3JaHUN U COOpY>KeHUU Ha HanpspkeHuu 10 1 kB u Beime 1 kB;

2) TpUHLMIIHATBHAS CXeMa BHYTPU3aBOACKOTO JIEKTPOCHAOKEHHS HA Ha-
npsbkeHuH Boime 1 kB, a 11 kKpynHBIX MPEIIPUATHH — TaKkKe CXeMa
BHEILHETO 3JIEKTPOCHAOKEHUs], OTpaKaroIiasi CBA3M MOHU3UTEIbHBIX
noactannmi ¢ UIT;

3) miaHbl 3[aHUI U COOPYKEHHH C Pa3MEIICHUEM BCEX BHYTPHIIEXOBBIX
TII u nuTaromux ceTeit HanpsokeHueM 70 1 kB;

4) cxemBl MEXKIIEXOBBIX CeTel HampsykenueM a0 1 kB;

5) cxembl pa3MeIIeHHs 3al|T U YCTPOHCTB aBTOMATUKH B ceTsix 6—10 kB;

6) npUHIMITHAIBHBIC OJHOIMHEIHBIC CXEMbI TTO/ICTAHIIHI,
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IIPOEKTMPOBAHVE CUCTEM SJIEKTPOCHABXEHVA

7) IPUHIUITHAIIEHBIC CXEMbI YIPABICHUS U 3aIlIUThI MATAIOINX JIMHUHN U

TpaHchopMaToOpoB | T. 1I.

s mpoeKTHPOBaHWS CHIIOBOTO 3JIEKTPOOOOPYIOBaHHUS HEOOXOoauMa
crenyromas ucxoanas napopmanus [11]: cxemaTudeckne TUIaHbl 3TaHAN U
COOpPYKEHHH C PacCTaHOBKOW TEXHOJOTHMYECKOTO, TOAbEMHO-TPAHCIIOPTHO
IO M CaHUTAPHO-TEXHUIECKOTO OOOPYIOBAHMS; XapaKTEPUCTUKH MPOH3BO]
CTBEHHOTO 000pYyIOBaHWS;, Ha3HAUEHHE, MOITHOCTb, HAPSHKEHHNE, POl TOKa,
KOMIUIEKTHOCTD DJIEKTPOTEXHHUECKON JacTH, TpeOOBaHUS K YIPABICHHIO,
aBTOMATHKE, HaJeKHOCTH JIEKTPOCHAOKEHUS W T. JI.; NaHHBIE O B3aUMO
CBSI3M MEXAaHU3MOB, arperaToB W YCTaHOBOK; CBEJCHUS 00 HMCTOYHUKAX
MIUTAHUS; XapaKTEPUCTUKA OKPYKAOIICH Cpellbl, YKa3aHUs O Pe3epBUPOBA
HUW TUTaHUS, KOMIICHCAIUU PEAKTHBHON MOIIHOCTH, Y4YETE 3JICKTPOIHEP
', 3a3€MJICHUHN U 3aHYJICHUU. ' >

B mpoekre cHIIOBOTO 3EKTPOOOOPYAOBAHHS PACCMATPUBAIOTCS TaKHe
OCHOBHBIE BOIPOCHI: 3JIEKTPUYECKHE HArpy3Kd; BbIOOp WM YTOYHEHHE
(ecnm paHee BBITIONHEH MPOEKT 3JIEKTPOCHAOKEHHUSI) YHCIIa M MECTOPACIIO-
JIOYKCHHMS TIOICTAHIIMIM, KOJIMYECTBA U MOIIIHOCTH TPAaHCHOPMATOPOB U TIpe-
00pa30BaTeIbHBIX arperaToB, PacONOKEHHBIX B I[eXaX WM BOJU3U HUX;
CHUCTEMbI TOKAa U HAIIPSKCHU, OTKJIOHCHUA HAIIPSOKCHUA HaA 3aKUMaX 3JICK-
TPOIPUEMHHUKOB; PEXUMBI HEUTpaseil; CXeMbl U KOHCTPYKLUU LEXOBOIO
3IEKTPOOOOPYI0BaHUs U ceTeil; Toku K3 B cersax HanpsbkeHuem a0 1 kB;
anmapaThl 3allUTHI, YIPABICHHUS W CUTHAIH3AIINY.

J1s MpOeKTHPOBAaHUS OCBETHUTENHHOTO JIIEKTPOOOOpyIOBaHUS TPeOy-
I0TCS CIIEYIONINE TaHHBIC [5]: cXeMaTHYeCKre TUTaHbl U Pa3pe3bl 3JaHui ¢
KPaTKUMHU CBEIICHUSIMH O TIOMEIICHUSX; XapPaKTePUCTHKH CpelIbl U BhI-
MOJTHSAEMBIX padoT; JaHHBIE O Pa0OUYUX MOBEPXHOCTX; MECTOPACTIONONKE-
Hue u xapakrepuctuku W1 (TUmbl, HOMUHAIBHBIE MOIIHOCTHA U HATPY3KH
TpaHcPOpPMATOPOB; YPOBHU HAIpsDKEHUS Ha muHaX a0 1 kB); momosHu-
TeJNbHBIE CHelNHaIbHble TPEOOBAaHUS K OCBETHUTEILHBIM YCTaHOBKaM (He-
00X0TUMOCTh 00€CIIeYeHUs] paclO3HABAHHS I[BETOBBIX OTTEHKOB, MpUMeE-
HEHUS MECTHOTO, JIOKaJIM30BaHHOTO OCBEIICHHUS U T.I1.).

[Ipy TpOEKTHpPOBaHWH OCBETHTEIHHOTO AJIEKTPOOOOPYAOBaHUS pa3-
pabaThIBarOTCS CIEQYIOIINE BOMPOCHL: BUABI W CHUCTEMBI OCBEIICHUS;
BI)I60p HUCTOYHHUKOB CBC€TA; PasMCHICHUEC W YCTAaHOBKAa CBCTUJIILHUKOB M
CIIOCOOBI IOCTyIA K HUM Jij1s1 00CITY>KMBaHHUST;, BEIOOP CBETHIILHUKOB;
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pacdeT OCBEIICHWS; HANpsHKEHWE W WUCTOYHHWKY MUTAHWS, NMHUTAMONIINE H
TPYNIIIOBBIE CETH; OMpEeAeNieHHe AIIEKTPUIECKON Harpy3Kd W BBIOOp ce-
YeHW MPOBOJHUKOB; KOHCTPYKTHBHOE BBHIIOJIHEHUE CETH;, 3a3€MJICHHE H
3aHyJCHHE.

O0beM U comepkaHue pabodnx depTekel MPOEKTOB AIEKTPOoOOpy/I0-
Banus permamertrupytorcsa ['OCT 21.613—88 «CunoBoe obopymoBaHHe.
Paboune ueprexm» u [OCT 21.608—84 «BHyTpeHHEE 3IEKTPHUECKOE
ocBenieHue. Paboune yeptexu».

1.4. HOPMATHUBHO-TEXHUYECKAS JJOKYMEHTAIIW S,
TIPUMEHSEMAS TTPU PASPABOTKE ITPOEKTOB

[TpoeKTHI 31eKTpHUYECKO YacTH NPeIIpUsTHIA JOJDKHBI pa3padaThl-
BaThCS C YUETOM TpeOOBaHUH JICHCTBYIOMIEH HOPMATUBHO-TEXHUYECKON
nokymeHTanuu. B Pecnyonuke Benapych 0CHOBHBIMU HOpMAaTHBHO-TEXHU-
YeCKUMH JOKYMEHTaMH SBJISIOTCS: >a) TOCYy/1apCTBEHHbIE CTaHAAPTHI
Bbenapycu (CTB);

0) crannaptel npeanpustuii (CTII);

B) TOCYIapCTBEHHBIE CTPOHUTENbHEIE HOpMEI 1 TipaBmia bemapycu (CHB);
r) texaumueckue onucanus Pb (TO PB);

n) texundeckue ycnosus Pb (TY Pb);

e) pykxoBomsmme nqokymeHtsl Pb (P/] Pb);

K) obmerocypapcTBeHHble kinaccupukaropsl nHGopMamn Pb (OK PB);
B kadecTBe MEXrocynapCTBEHHBIX IPHU3HAIOTCS TOCYNAapCTBEHHbBIE 00
mecoro3nble  ctanmaptel (['OCT), crtpowTtenpHBlE HOPMBI W TIpaBHIIA
(CHull), HopMBI TexHONorndeckoro npoexkrupoBanus (OHTII), uHCTpyK
UM, YKa3aHHUS [0 MPOEKTUPOBAHUIO U MOHTAXY 3JIEKTPOOOOPYAOBaHUS U
anexrpuueckux cereid (CH, BCH), npaBuma yctpoiicTBa 31€KTpOyCcTaHO
BoK (IIYD), a Taxke HEKOTOpbIE CTaHAAPTHI MEXIYHAPOIHON 3JIEKTPO
TexHuueckoi komuccun (MOK), BBeneHHBIE B ACHCTBHE HA TEPPUTOPUH
benapycu.

CrangapT gBisS€TCS OCHOBHBIM HOPMATHBHO-TEXHUYECKHUM TOKYMEH-
TOM, OIPENEISAIONINM TEeXHHUECKYI0 XapaKTePUCTUKY MPOIYKIMU: Habop
ToKa3aTesiell ee KayecTBa, YPOBEHb KaXJI0T0 M3 HHUX, METOJIbl U CPEICTBA
M3MEpEeHMH, UCTIbITaHuN U T.4. CTaHIapTaMH yCTaHABIMBAIOTCS €IUHUIIBI
W3MEpEHUiA, KilacCUPHKaIKsI 1 0003HAUCHHUS, PETTIAMEHTUPYIOTCS TEXHOJIO-
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THYECKHUE MPOLIECChI, TapaMeTphl NPOAYKLUH, €AUHBIC TpaBuia opopmiie-
HUSI JOKYMEHTalU1, TpeOOBaH!Us TEXHUKU O0€30I1aCHOCTH.

Cranpapru3anys HamnpasjieHa Ha JOCTI)KEHHE MaKCHMAaJIbHOW yHops-
JIOYEHHOCTH B OIPEAEICHHON 00acTH, OHA yCTaHABIMBAET IJIsl BceoOle-
r0 U MHOTOKPAaTHOIO MPUMEHEHHs NpaBuia, 00IIMe IPUHLUIIBI WM Xapak-
TEPUCTUKH, KACAIOIINECS PA3INYHBIX BUJOB ACATEIBHOCTH WM UX PE3YIIb-
TaTOB. IIpuHATEIE CTaHAAPTHI SBISIOTCS 00S3aTENbHBIMU U1 IPUMEHEHUS
BCEMM OPraHM3aLMAMH, YUPEKICHUAMH WU NpPEANpuATHAMHU PecmyOmuku
benapycs.

I'ocynapcTBeHHBIE CTaHAAPTHl YCTAHABIMBAIOTCS MPEUMYIIECTBEHHO
Ha HOPMBI, ITapaMeTpsl, pa3Mephl, TpeOOBaHM, MPaBUiIa, OKAa3aTeNn Ka-
9YecTBa U TEXHUYECKOTO YPOBHA NMPOIAYKIINH, TIOHATHS, TEPMHUHBI U OIpee-
neHust Uil 0OecrieyeHns BBICOKOTO KadecTBa, CAUHCTBA M B3aUMOCBSI3U
Pa3INYHBIX 00NacTeil HAyKH, TEXHUKH, IIPOU3BOICTBA U KYJIbTYPHI.

Cranzmapt NOpeanpusIThs yCTaHABIMBAeTCs Ha OOBEKTHI CTaHAApPTH3a-
oy, NMpUMEHACMBIC TOJIBKO Ha JaHHOM NPCANPHUATHH, B 4YaCTHOCTHU, Ha
TEXHOJIOT'MYCCKUEC HOPMBI, IIpaBujia, TpC6OBaHI/I$I, ACTAJIN U Yy3JIbl, ABJIAIO-
muecsa COCTaBHBIMH 4HaCcTsIMU HW3rOoTaBJIMBaeMOM MMpOAYKIHH.

CTpOI/ITCJ'II)HI)Ie HOPMBI U ITpaBUJid, HOPMbI TCXHOJIOTUYCCKOT'O IMPOCKTU-
POBaHHS, HHCTPYKIIUH IO MPOSKTHPOBAHHIO DIIEKTPOCHAOKEHHS POMBIIII-
JeHHbIX npeanpustuil, [IYD npuaaroT npoueccy NpoeKTUPOBAHUS CUCTEM-
HBI XapakTep, UCKIIYAIOT CIIydaliHble M NMPOU3BOJIBHBIE PEIECHMS, TIPea-
JIararoT peKOMEHIAIMN U OJHO3HAYHBIC MTPEANHCAHNS IPY TPOEKTHPOBAHUN
ANEKTPUYECKONM 4yacTu mpeanpustuil. IIpuHATEIM cTaHAapTaM U HOpMam
NPUCBaMBAIOTCA 0003HAYCHUS, COCTOSIIIME U3 MHAEKCA, PETUCTPALIMOHHOTO
HOMeEpa M rofja yTBEPKICHUSI.

TexHU4YecKoe ONMUCAHUE MPEACTABISIET cOO0H HOPMATHUBHBIN TOKYMEHT
Ha KOHKPETHBIN BHJ MPOAYKLUH, ONPEAEIIAIONINN TOPSIIOK MOCTAHOBKY HA
NPOM3BOACTBO IMPOCTEHIIMX TOBAapOB HAPOIHOTO IOTPEOJICHUs, yTBEp-
JKACHHBII pa3pabOTYNKOM HPOLyKIHH.

K BaXHEHIIMM HOpPMAaTHBHBIM JOKYMEHTaM OTHOCSTCA TaKXKe TEXHH-
YEeCKHE YCJIOBUS, KOTOPbIE ONPEAEISIIOT KOMIUIEKC TpeOOBaHUM K KOHKPET-
HBIM THIIaM M BHJIaM MPOJYKIIMU WU JOKYMEHTAIIUHM, pa3padaThiBacMOn
Ha OCHOBE CYIIECTBYIOIIMX CTaHAAPTOB U B JAOMOJHeHHE K HUM. OHH
SIBJISIIOTCS COCTAaBHOM YacThi0 KOHCTPYKTOPCKO-TEXHOJIOTUYECKON JOKY-
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MEHTAI[H Ha BBITyCKacMble U3/ICIHS U pa3padaThiBalOTCsl KOHCTPYKTOP-
CKHMHU CITY>KOaMU PEATIPUSITANR U 00beTMHEHAN.

PykoBonsmiye JOKYMEHTHI JIOTIONHSIOT W PACIIUPSIOT JCHCTBYIOIIUE
HOPMBI U cTaHaapThl. OHU coJiepKaT HHCTPYKIIMK U TPeOOBAHUS MO MPO-
EKTUPOBAHUIO, YCTPOMCTBY W MPUMEHEHHUIO OTICIBHBIX TEXHUYECKUX
00BEKTOB U CUCTEM.

OO0merocyqapcTBeHHBIE KIIACCH(HUKATOPHI TpeAHa3HaYeHbl IS Hayd-
HOHM cuCTeMaTH3alluy pa3sHooOpa3Hoi WH(GOpMAaIlH, MPUMEHIEMON B Ha-
POJIHOM XO3SIUCTBE.

W3menenusi, BHOCUMBIE B CTaHIApPTHI, CTPOUTEILHBIE HOPMBI, MPaBHiIa
Y MHCTPYKLUH, TyOJIUKYIOTCS B CIICLIMAITBHBIX IEPHOANIECKUX U3IAHUSIX.

OcHOBHBIE HOPMAaTHBHO-TEXHUYECKUE JOKYMEHTHI, KOTOPBIE HCIIOJb-
3YIOTCA MpHU TNPOEKTUPOBAHUM IJIEKTPUUYECKOM YAaCTH MPOMBIILICHHBIX
npeanpusTui, npuBeneHsl B Tadn. [11, cocraBnenHoi Ha ocHoBe "lle-
peund HOpMaTHBHO-TCXHH‘-IeCKOﬁ JOKYMCHTalMU 110 CTPOUTCIILCTBY,
JeiicTByromei Ha Tepputopun Pecriyonuku benapych (1o cocTosiHHIO Ha
1 suBaps 1998 r.)".

[Ipu MpOEKTUPOBAHMM CHUCTEM IJIEKTPOCHAOKEHHS U AJICKTPOOOOPY/10-
BaHU NPUMCHAIOTCA MMEPUOANYCCKN M30aBACMbIC BEAYIIUMU IIPOCKTHBIMHA
OpraHu3alMsIMHA PYKOBOJISIINE TEXHUUECKUE, HH(DOPMAIIMOHHBIE U HHCTPYK-
TUBHBIC MaTCpHaJIbl. B aux MMOMEIIAIOTCS HOBBIC HOPMATUBHBIC JOKYMCH-
Thl 1 METOJIMKH PAcyeTOB, JAIOTCS Pa3bSICHEHHS MO CIOXHBIM BOIPOCAM
MPOCKTUPOBAHUS, MPUBOIUTCS UH(OPMAIIHSA O COBPEMEHHOM 3JIEKTPOTEX-
HUYECKOM 00opyaoBaHuu ¥ T.A. [Ipu BbIOOpEe THIA MPUMEHSIEMOTO JJICK-
TPOOOOPYIOBAHHS HCIONIB3YIOTCS KAaTaJOrW 3JICKTPOTEXHUUECKOW TMPO-
MBIIIJICHHOCTH, KOTOPBIC CHCTEMATU3UPYIOTCS C TIOMOIIBIO €KEr0IHO H3-
JaBaeMbIX ykazareneil. OHU AT WHPOPMAIMIO 0 HOMEHKIIATYPE BBIMYyC-
KaeMoro 3JeKTpOOOOpY/I0BaHHS, O HAMEYAEMBIX K CHATHIO C MPOU3BOJI-
CTBa M HE PEKOMEH/JYEMbIX K MPUMEHCHHUIO B HOBBIX 3JIEKTPOYCTAHOBKAX
THUIAX JMEKTPOTEXHUUCSCKUX U3CITUH.

KpoMme yka3zaHHBIX HOPMATHBHO-TEXHHYECKMX U HH()OPMAIIMOHHBIX
JIOKyMEHTOB, MPY MPOSKTUPOBAHUN NPUMEHSIETCSI pa3HOOOpa3Has CrpaBoy-
Hasl JUTepaTrypa, a TaKKe BCIOMOrarelbHbIe MaTepuaibl (MocoOus, HO-
MOTpaMMbl, TpaduiecKue 3aBUCHMOCTH, TaOJIUIBI U T.J.), pa3paboTaHHbIC
HEMOCPEACTBCHHO B IIPOCKTHBIX OpraHU3aluaX.
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2. VUET VCJIOBUI OKPYXKAIOIIEN CPEJIbBI TP
MMPOEKTUPOBAHUM CHUCTEM SJEKTPOCHABXEHMSI

2.1. B3AUMOBIJIUSHUE OKPYKAIOILIEI CPEJIBI U 3JIEKTPOYCTAHOBOK

Oxpyxaromiasi cpeia U 3JeKTPOYyCTaHOBKM B3aMMHO BIMSIOT APYT Ha
JIpyra, 4TO MOXET MMETh HEraTUBHBIC MOCIeNCTBUA. B wacTHocTH, He-
OJiaronpusTHRIC BHEIIHKUE (DAKTOPHI IPUBOAAT K KOPPO3HH MPOBOJIHUKOB H
METAJTMYECKUX YacTeH AIEKTPOOOOPYIOBAHUS, MOSBICHUIO TOKOB YTCUKH
W3-32 CHUKCHUS COMPOTHUBJICHUS HW3OJSAIUH, YMEHBIICHUIO MPOITYCKHOM
CIOCOOHOCTH 3JIEMEHTOB JJICKTPHUUYECKHX CETel, pa3pylIeHUI0 U Tepe-
KPBITHAIO M30JSIIIUM U B KOHEYHOM HTOT€ —- K OTKazaM B paboTe DIEeKT-
pOyCTaHOBOK. B TO ke BpeMs camu JIIEKTPOYCTAHOBKH B HEKOTOPBIX
CITy4asx TPEICTaBISIFOT OMACHOCTh UISI OKPYXKAOIIEH Cpenpl, Tak Kak
HarpeB MPOBOJHHUKOB, D3JIEKTPOOOOPYIOBAHHUS U DIEKTPONPHUEMHHIKOB
CBEpX [OMYCTHMOTO, JJIEKTPHYECKNE WCKPBHI W yra MOTYT BBI3BaTh IIO-
JKapbl U B3PBIBHI B MOMEIICHUSX U 30HaX C HEONArONpUSATHHIMU YCIIOBH-
SIMH, OTKpBITas YCTaHOBKA MacilTHBIX TpaHcdopmatopoB 10/0,4 kB yge-
JTUYMBAET I0XKAPOOMACHOCTh Iexa W T.M. OTHOEeNbHBIE AIIEMEHTHI IIEKT-
POYCTaHOBOK OMACHBI IS JIOACH M3-32 BO3MOXKHOCTH NMPUKOCHOBEHUS K
TOKOBEIYIIIUM H JIBUKYIIIMCS YaCTSIM.

BrmsiHue okpykarorieil cpepl onpenessieTcss Makpo- H MUKPOYCIIOBH-
aMu. MakpoycioBusi 00YCIIOBIHBAIOTCS MIPUPOIHBIM BO3IEHCTBHEM U Xa-
PaKTEPU3YIOTCS TEMIIEPATYPOU OKPY>KAIOILEW CPEJbl, BIa)KHOCTBIO BO3/Y-
Xa, CBOMCTBAaMU I'PYHTa, YPOBHEM T'PYHTOBBIX BOJ, 3aTOILIIEMOCTBIO NpU
00JBIINX MaBOJKAX, HAIPAaBIEHUEM U CKOPOCTBIO BETpa, CEHCMHUYHOCTHIO,
BBICOTOI CTPOMTENBHOW TUIOMAJKH HAJl YPOBHEM MOpsi, aTMOc(hepHbIMHU
0CaJIKaM{, MTHTEHCUBHOCTBIO U TUIOTHOCTBIO TOJIOJIEHO-M3MOPO3EBBIX OT-
JIOKEHUM, TPO30BOU NESITENHHOCTBIO, COJTHEYHBIM U3TyYEHUEM U T.II.

MUKpOYCTIOBUSIMH OTIPECIISIFOTCS CrielM(UIECKUE BIUSHUS OKPYKaro-
meﬁ Cp€bl, BbI3BAHHBIC HpOI/I3BOI[CTBeHHOI>'I JCATCIIBHOCTBIO, TAKHEC, KAK:
1) arpeccMBHOCTH BO37yXa (W3-3a 3arPSA3HEHUS IBLUIBIO, JBIMOM M XHUMH-

YECKUMH Tra3aMiu) U TpyHTa (M3-3a 3arpA3HEHHS XMMHYECKHMH Belle-

CTBaMH U pa3bealoUIIMH TPUMECIMU );

2) MOsIBJICHHE TOKOIIPOBOISIINX MPUMECEH U TbLIH;
3) MoXkKapoOImacHOCTh M B3PBIBOOIIACHOCTH MPOU3BOICTBEHHBIX TIOMEIIICHHUIA
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Y 30H M3-32 HAIMYHS B OOpAIICeHNH BOCIIAMEHSIOIINXCSA U B3PBIBAIO-
IIUXCSI BEILIECTB;

4) BNaXHOCTH BO3/yXa M3-3a HATMYHS HHKCHEPHBIX COOPYXECHUH U TEXHO-
JIOTUYECKUX YCTAHOBOK;

5) Tepmuueckue Harpy3Ku aTMOc(hepbl, BHI3BAHHBIC BBIICICHUEM TEIUIOTHI
TEIJIOPHEPTeTUUECKUMHU U DJIEKTPOTEPMUYECKUMU YCTAaHOBKAMH, a
TaK)Ke TPYHTa BCIICJCTBUE TEIUIOBOTO M3IIYUYCHUS MPOJIIOKEHHBIX B 3€M-
Jie KaOeNMbHBIX JIUHUH U TOPSYNX TPYyOOIIPOBOIOB;

6) mymMOBBIC HAarpy3Kd W BHOpAIMU OT pabOTBI JIEKTPOIPHBOIOB U T.II.

[Ipy mpOEKTUPOBAHUM AIEKTPUUYECKOM YACTH MPOMBIIUICHHBIX MOpPEAnpU

ATUH HEO0OXOJMMO YYUTBIBATH YCIIOBUS OKpykaromiel cpenbl. C 3TOH 1ie

JIBIO0 OCYIIECTBIISCTCS BBIOOP AJIEMEHTOB W mpoBosaTcs pacuetsl COC ¢

ydeToM (haKTHYECKOW TEeMIepaTyphl Cpeibl, MPUMEHSIOTCS TpeOyemble

WCTIOJTHEHHUS], 3alllUTa OT BHELIHUX BO3JIEUCTBUN M pa3MEUIEHUE DJIEKTPO

000pyI0BaHMsI, COOTBETCTBYIOIIME CXEMbI U KOHCTPYKIIUH SICKTPHUYCCKUX

ceTedl W T.A. YCIOBUS OKpPYXKaroLIEH Cpeibl OKAa3bIBAlOT CYILIECTBEHHOE

BIIUSIHUC HA TIPOCKTHBIC PEIICHUSL.

2.2. KIIACCU®UKALIMS TIOMELEHUI 1 30H IO
YCJIOBUSIM OKPYXKAIOIIEN CPEJIBI

VYcnoBus OKpyKaromed cpeibl B NMPOU3BOACTBEHHBIX MOMEIIECHUSAX H
30HaxX, I'JIe pa3MeIaeTcsi TEXHOJOTHYECKOe U CBA3aHHOE C HUM BJIEKTpO-
TEXHUYECKOe OOOpYAOBaHUE, ONPEACNAIOTCS TEMIIepaTypold BO3IyXa,
BJIQKHOCTBIO, HAUIMYMEM arpeCCUBHBIX Ta30B U IbLIH, BO3MOKHOCTHIO BO3-
HUKHOBEHMSI YCIIOBHI B3PhIBONIO)XKapOONIacCHOCTH [4].

B cootBercTBUM C TeMIIEpaTypoi BO3[yXa BBIJEISIOT XKapKUe MOMeLle-
HUS. B HUX 10J1 BO3JCMCTBUEM PA3JIMUHBIX TEIUIOBBIX M3ITYUEHUIN TEMIIEpaTy-
pa npeBsbimaet +35 °C MOCTOSIHHO TN TIEPHOIUYECKH (00JIee OHUX CYTOK).
Hanpumep, momerieHus ¢ CymwikaMy, CYIIWIBHBIMH U OOXHraTelbHBIMU
rieyamu, KOTelTbHbIE U T.II. B ciiydae KpaTkoBpeMEHHBIX MOBBIIIEHUH TeMIle-
patypsl 6omee +35 °C cpeny He clienyeT OTHOCHTh K KapKoM, 4TO B HEKOTO-
PBIX CiTy4asix N30aBIsieT 0T HEOOXOIUMOCTH YCIOKHEHHS U YIOPOKaHHsI CETH.

Hroxuauii 1 BepXHUI Npeaensl TEMIEPaTypsl B TOMEHIEHUSX ONpPenesi-
FOTCS IPH KOHKPETHOM NMPOEKTUPOBAHUM ITyTEM M3YUYEHHS KIIMMAaTHYECKUX
(baxTOpoB B paiioHe, Iie MPEeAIoiaraeTcs CTPOUTENLCTBO 0OBEKTa, YCIIO-
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BUH OTOIUICHUS] M BEHTWISIIUU MPOESKTUPYEMOTO 31aHHUS U 0COOEHHOCTEH
TEXHOJIOTHYECKOT0 Tporecca. Hampumep, IUTsi 3IeKTPOMAITMHHBIX TTOMe-
IIEHUH HIDKHUAW Tpeiell TEMITepaTypbl OOBIYHO YCTaHABINBAETCS PABHBIM
+ 5 °C, a Bepxanii — Ha ypoBHe 110 +35 °C. OgHaKko B OTAEIbHEIE KapKhe
JTHU W3-32 HECOBEPIIEHCTBA BEHTWIIALINN TEMIIEPATypa B ATHX ITOMEIICHH-
X MOXeT rmoBsImarbes 10 +40 °C u 6oree, 9TO He JOHKHO YIUTHIBATHCS B
pacderax [9].

B npon3BOCTBEeHHBIX MOMEIICHHUAX TEMIIEpaTypa BO3AyXa IMOMIEPHKH-
BaeTCs B XOJIOAHOE BpeMs Ha ypoBHe 15 — 16 °C, a B ykapKue JeTHHE THH
He MoIDKHa mpeBbmarth +35 °C. B ropsumx mexax MeTauTyprHYecKuX
3aBOJIOB TeMIIEpaTypa Bo3ayxa MoxeT pocturate 50 — 55 °C, gro
JIOJDKHO YYWUTBIBATHCSA B pacdeTax BHYTPHIIEXOBBIX JJIEKTPUUECKUX ceTeit
Y TIpU BBIOOPE 3JIEKTPOOOOPYTOBAHMSI.

B 3aBUCHMOCTH OT BI@)XXHOCTH Cpebl IOMEIICHHS JIENIATCI Ha CyXue,
BJI&XKHBIE, ChIpbIE B 0C000 chIpble. ISl UX XapaKTepUCTUKU HUCTIOJIB3YETCS
HOHSATHE «OTHOCUTENbHAS BIYKHOCTh BO3/yXa Vj/», H3MepsieMasi B IPOLICH-
Tax. OmHocumenvbHas 81a}CHOCMb — 3TO OTHOILIEHHE MUMEIOIIErocs MpU
OTIpeIeTIeHHON TeMIIepaType KOJIMYecTBa BIark B eUHUIE 00beMa BO3IY-
Xa K TOMY KOJIMYECTBY, P KOTOPOM HEH30E€KHO MPOU3OUAET BHINAJCHUC
pochl (Tipu Toi ke Temmneparype) [9].

Cyxumu Ha3bIBaIOTCS TIOMEIICHUS, B KOTOpBIX \|/ < 60 %. [Tpu Teme-
patype He BbIle +35 °C ¥ OTCYTCTBHM T€XHOJIOTHYECKOH IMBIJIH, XUMHYEC-
KA aKTUBHOH W OpPraHMYECKOW Cpelbl Takhe IMOMEIICHUS Ha3bIBAIOTCS
HOPMaJIbHBIMH.

Bo enasxcubix nomewenusx mapbl, WIN KOHICHCHPYIOIIASCS BIara,
BBIJICTISIIOTCS. KPaTKOBPEMEHHO, B HEOOJBIINX KOJMYECTBAX U COOIIOIaeT-
cst yenosue 60 % < \|/ < 75 %. Cuipbimu cUWTaOTCS TOMEIICHHS, B
KOTOpBIX anutenbHoe Bpems \[/ > 75 %. K ocobo cuipwim oTHOCSATCS
nomenienust, B KOTopbix \|/ ~ 100 % (1MOTOJIOK, CTEHBI, TTOJ M MPEAMETHI,
HaXOJSIIHECS B IIOMEIIEHUH, IIOKPHITHI BJIAroi).

Ilbi1bHbIMU HA3BIBAIOTCS TIOMEIIECHUS, B KOTOPBIX IO YCIIOBHSM IIPOU3-
BOJICTBa BBIJIENISAETCS TEXHOJOTHYECKAs MBUIh B TaKOM KOIWYECTBE, UYTO
OHa MOXET OCe/IaTh Ha MPOBOJIHUKAX, IPOHUKATH BHYTPh MAIIIWH, arlnapa-
TOB U T.I. [4]. Pa3nuuaroT moMemeHus: ¢ TOKONPOBOISALIEH U HETOKOIPO-
BOJIAIIEH MBUILIO.
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IlomemieHns ¢ xumuyecku akmugHoU WIM OPraHMYECKOM cperaoil — 3To
MIOMEUIECHHNS, B KOTOPBIX ITOCTOSHHO WM B T€YEHHUE JINTENLHOTO BPEMEHH
COJepIKaTCsl arpecCUBHBIE TMapbl, Ta3bl, KUIKOCTH, 00pa3yroTCa OTIOXKE-
HUS WM MJIECEHB, pa3pyLIaole U30JSALUI0 U TOKOBEAYIIHE YacTH 3JeK-
TPOOOOpPYIOBaHUS.

THoorcapoonachvimu SIBIAIOTCA TakWe Cpelbl B IOMEUICHHAX MM Ha
OTKPBITOM BO3/yX€, TJIe IPUMEHSIOTCA WIN XPaHITCs TOPIOYHE BELIECTBA;
83PbIBOONACHBIMY — CPENbI, B KOTOPBIX IO YCIOBUSM TEXHOJIOIMUYECKOTO
npoliecca MOTyT 00pa3oBBIBATHCS B3PBIBOOIMIACHBIE CMECH TOPIOYHX Ta3oB
WY NIApOB € BO3AYXOM, KHCIOPOIOM MM JIPYTUMH OKUCIUTENAMH, a TaKKe
B3pPBIBOONACHBIE KOHIIEHTPALMU PA3JIUYHBIX BEIIECTB B BHUJE IBIIH HIIU
BOJIOKOH, HaXOZSIIUXCS BO B3BEIIEHHOM COCTOSHUM. B Takux momMerieHusx
CaMH 3JIEKTPOYCTAaHOBKM MPEJCTABISAIOT OMACHOCTh H3-32 BO3MOKHOCTHU
noJkapa WM B3pbIBa BCIEJCTBUE TEperpeBa MPOBOJHUKOB, 00pa3oBaHUs
WCKp U T.II.

Cormacao OHTII 24—86 «OmpexneneHue KaTeropuid MOMEIICHUM U
3IaHUN O B3PBIBOIOKAPHON U MOYKAPHOU OMACHOCTH», OMELIEHUS JIEAT-
csl Ha 1Tk Kateropuii (A, b, B, T', ), XapakTepuCTHKN KOTOPBIX MPHUBE-
neHsl B Ta0m.2.1.

Tabnuya 2.1 Kateropuu
TMOMeELIEHUH N0 B3PbIBONOKAPHOI U MOKAPHOI OIIACHOCTH

Kateropus XapakTepUCTUKA BEILECTB U MAaTEPUAIIOB, HAXOISAIINXCS
MOMEIIICHHS (oOparmaronuxcs) B IOMEIICHUH
A T'oproune ra3pl, JErKOBOCIUIAMEHSIOIIMECS JKUIKOCTH C
B3psiBo- TeMIepaTypoi BcIbIky He 6osee 28 °C B TakOM KoJIHde-
oXkKapo- CTBE, YTO MOTYT 00Pa30BBIBATH B3PHIBOOIIACHBIE ITAPOTa30-
onacHas BO3IyIIHBIC CMECH, ITPU BOCIIAMCHCHHUHM KOTOPBIX pa3BH-

BaeTCs PacyeTHOE M3OBITOYHOE JJaBJICHHE B3PhIBA B TIOME-
LIeHUH, npesblnaolee 5 klla

BemiectBa 1 MaTepHasl, ClIOCOOHbIE B3PHIBATHCS U TOPETh
MIPU B3aUMOJIEUCTBUU C BOJOW, KMUCIOPOIOM BO3/lyXa WU
Ipyr C APYroM B TAaKOM KOJHMYECTBE, UTO U3OBITOYHOE
pacueTHOEe JAaBJICHHE B3pHIBA B TOMELICHUH MPEBBIIIAET
Sklla.
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Oxonuanue mabauywt 2.1 Kateropun
TMIOMeEIIeHHUIl 110 B3PbIBONOKAPHOM M MOKAPHOH ONACHOCTH

b l'oproune mnbIIM WM BOJIOKHA, JIETKOBOCILUIAMEHSIOLIHECS
B3psiBo- KHMAKOCTH C TeMIepaTypoil Bemblku Ooinee 28 °C, roproune
oXapo- XKHUJKOCTH B TakOM KOJIMYECTBE, YTO MOIYT OOpa30BBIBaTh
onacHas B3PHIBOOIIACHBIC ITBUICBO3AYIIHBIE WM  I1APOBO3IYIIHBIC

CMeCH, TIpM BOCIUIAMEHEHHH KOTOPHIX  pa3BHBaeTCA
pacdeTHOe W30BITOYHOE NABJICHHE B3PbIBA B IIOMEIICHUH,
npesplatoniee S5 klla

B Fop}otme 1 TPYAHOTOPIOYUEC KUAKOCTH, TBEPABIC TOPHOYUC U
H0>I<apo- TPYAHOTOPHOYHMEC BCIICCTBA U MAaTCPUAJIbL (B TOM YHCJIC ITbLIN
oIracHasa nim BOJ'IOKHa), BCUICCTBA MW MaTCpUaJIbl, CIIOCOOHBIE npu

B3aUMOJICHCTBUU C BOJIOW, KMUCIOPOJOM BO3AyXa WU APYT C
JIPYTOM TOJILKO TOPETh, NMPH YCIOBHH, YTO IOMECIICHUS, B
KOTOpPBIX OHH HMMEIOTCS B HAJTWYMW WU OOpaIiaroTcs, He
OTHOCSTCS K KaTteropusm A mwiu b

r Heroproune BemecTBa W MaTepuaibl B TOpsiueM, packa-
JICHHOM WJIA PACIUIABIICHHOM COCTOSHHUM, IMpoliecc oOpa-
OOTKH KOTOPBIX COIPOBOXKAACTCS BBIICICHACM JIYYHUCTOTO
TCI1J1a, I/ICKp WJIn IUIaMCHH, rop}oque ra3bl, XHUIAKOCTH H
TBEpAbIC BEIIECTBA, KOTOPHIC COKUTAIOTCSA WM YTIIH3HPY-
FOTCSI B KaUeCTBE TOILIMBA

pi| Heroprouue BemiecTBa 1 MaTepualibl B XOJIOIHOM COCTOSIHUU

Tooicapoonacroii 30101i Ha3bIBACTCS TPOCTPAHCTBO BHYTPH U BHE
TIOMENIEeHH, B TIpeieiaX KOTOPOTo MOCTOSIHHO MITH MEPHOANYECKU o0paria-
IOTCS WJIM HaXOJISITCS TOPIOYHE BEIECTBA.

Toowcapoonachule 301bl ROOPA30eNAIOMCs Ha credyiowue kiaccol [4]:

I1-1 — 30HBI, pacnoNoKEHHBIE B TOMEIIEHUX, B KOTOPHIX 00paIaloTcs
rOpIOYME XHUIKOCTH C TeMmepaTypoil Bcmbimiku Beime 61 °C (ckiamgst
Mace, MaciistHoe xo3sicTBo TIT u T.11.).

I1-IT — 30HBI, pacroNOKEHHBIE B MOMEIIEHHAX, B KOTOPBIX BBIIEIISIOT-
Cs1 TOPIOYME TBUTH MJIM BOJIOKHA C HIPKHUM KOHLIEHTPALMOHHBIM MIPEEIIOM
BOCITAMeHeHns Goiee 65 r/M° k oObeMy BO3ayXa (epeBooOpabaThBaro-
IIKE IEXH, OTAEICHNE U3MENbYCHNS alleTHILEIUTION03bI U T.11.).

I1-ITa — 30HBI, pacnooKEeHHBIE B TOMELIEHHUSX, B KOTOPBIX 0oOpalna-
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IOTCS TBEpJIbIC TOPIOYME BelIeCcTBa (CKIIabl TKaHEH, OyMaru, NepeBSHHBIX

MOJICJICH U T.I1.).

[1-1II — pacronoxeHHbIC BHE MOMEIICHUN 30HBI, B KOTOPBIX OOparia-
I0TCS TOPIOYHUE JKUIKOCTH C TEMIepaTypoi BCHbIIKU Bhime 61 °C win
TBEpPJIbIC TOPIOYHUE BEIIECTBA (CKIIAIbI Macel, yris, Topda, 1epeBa u T.11.).

B3pwieoonacroti 30HOU Ha3bIBAETCS TOMEIICHUE WU OrPAaHUYEHHOE
MPOCTPAHCTBO B TIOMEUICHUH WM HAPY>KHOM YCTaHOBKE, B KOTOPOM HUMeE-
I0TCSL WJIM MOTYT OOpa30BbIBaThCS B3PBIBOOMACHBIE CMecH. B3phkiBoomnac-
Hasg CMECh — 3TO CMECh C BO3JyXOM TOpPIOYMX Ta30B, MapOB JIETKO
BocIIIaMeHstroruxcs xuakoctei (JIBX), nmeromux temmeparypy BCIIBIII-
ku He BhIe 61 °C, roproynx MbUIM U BOJIOKOH C HIYKHUM KOHIIEHTPAI[UOH-
HBIM TPEE]IoM He Gomee 65 r/M° IpH mepexofie BO B3BEIICHHOE COCTOS-
HUE, KOTOpas TIPY OMPEIEICHHOM KOHIIEHTPAIMU CIIOCOOHA B30PBATHCS TIPU
BO3HMKHOBEHUH UCTOYHUKA WHUIIUMPOBAHUS B3PHIBA.

Bspuisoonacnuie 3onvl densimes na creoyrouue kiaccol [4]:

B-1 — 30HBI, pacnoNoKeHHbIC B IOMEICHUSAX, B KOTOPBIX BBIICIISIOTCS
roprourie rassl U mapel JIBX, crmocoOHble 00pa30BhIBaTh C BO3AYXOM
B3PBIBOOIACHBIC CMECH MPH HOPMAJIbHBIX PEKMMax palbOThHI, HAIPUMED,
TIPH 3arpy3Ke U pasrpy3Ke TEXHOJOTHUECKUX allapaToB, XPaHECHUH U TIepe-
ymBannu JIBXK u T.1.

B-1a — 30HBI, pacIoioKEHHBIC B MOMEIICHHSIX, B KOTOPBIX 00pa3oBa-
HUE B3pBIBOOMACHBIX CMecel roprodrx razoB u mapos JIBXK ¢ Bozgyxom
BO3MOYKHO TOJIBKO B p€3YyJIbTaTe aBapuil UM HEUCIIPABHOCTEN.

B-16 — 30HBI, nMetoOIHIe XapaKTepUCTUKY 30H B-la, HO oTimuarommecs
OJTHO M3 CICIYIOIINX 0COOCHHOCTEH:

1) roproune ra3pl B 3THX 30HaX 00JIQJal0T BEICOKUM HWKHMM KOHIIEHTPA-
IIMOHHBIM TIpeieNioM BociutaMeHneHus (15 % u Oonee) u pe3kum 3ama-
XOM (HampuMep, MAITUHHBIE 3aJIbl aMMHAYHBIX KOMIIPECCOPHBIX M XOJIO-
JUIIBHBIX YCTaHOBOK);

2) TIOMeIIeH s TPOU3BOJICTB, CBSI3aHHBIX C OOpAIllCHHEM ra3000pa3HOro
BOJIOPOIa, B KOTOPBIX BO3MOXHO 00pa30BaHUE B3PBHIBOOIACHOM CMECH
B 00beMe, MpeBbIIIaoneM 5 % cBOOOIHOr0 o0beMa MOMEIIEHUS, H
KOTOPBIC MIMEIOT B3PHIBOOIIACHYIO 30HY TOJBKO B BEPXHEH 4acTu moMe-
eHus (HarpuMep, TOMEIICHUS ICKTPOJIN3a BOJIBI, 3apsTHBIC CTAHITIH
aKKyMYJIATOPHBIX Oatapeii).
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B-1r — npocTtpaHcTBa y Hapy>KHBIX YCTAHOBOK, COAEP)KAILMX TOPIOYMe
ra3sl unn JIBXK (3a uckitoueHneM HapyKHBIX aMMHAYHBIX KOMIIPECCOp-
HBIX YCTAHOBOK, BBIOOD 3JI€KTPOOOOPYAOBAHUS AJIsl KOTOPBIX OCYILECTBIIS-
eTCsl KaK M JJI pacHoJIOKEHHBIX B IMOMEIIEHHAX), HA3EMHBIX U MOJ3EM-
HBIX pe3epByapoB ¢ JIBXK wmnu roprounMu raszamu, actakajn Juisl CIMBa U
HanBa JIBXK, OTKpHITEIX HETENOBYILEK, MPYA0B-OTCTOMHUKOB C IIaBal0-
niei He)TTHOW TUICHKOM M T.II.

B-II — 30HBI, pacHoJIOKEHHBIE B [IOMELICHUSIX, B KOTOPBIX BBIIEIAIOT-
Cs IepeXOoJslIe BO B3BELICHHOE COCTOSIHME I'OPHOYME IIbLUIM U BOJIOKHA,
crocoOHbIe 00pa30BBIBATH C BO3AYXOM B3PHIBOOINACHBIE CMECH MPH HOP-
MaJIbHOM peXHMe paboThI.

B-ITa — 30HBI B IOMEINEHUAX, B KOTOPBIX B3PBIBOOIIACHBIE CMECHU
TOPIOYHX TBUICH U BOJIOKOH C BO3JYXOM MOTYT 00pa30BBIBATHCS TOJIBKO B
pe3ynbTare aBapuid U HEUCIIPABHOCTEH.

IIpy IPOEKTUPOBAHHUU INPOMBILUICHHBIX IEKTPOYCTAHOBOK CIIELYET
YUMTBIBATh, YTO OJHO U TO K€ IOMELIEHUE MOXET OTHOCUTHLCS OJHOBpE-
MEHHO K HECKOJIbKMM KJlaccaM IO OKpy»karolen cpeae. Hanpumep, mome-
HIEHUE C XMMUYECKU aKTHBHOW CPEJOH MOXKET OBITh Takke M ChIphIM. B
3TUX CIIy4asiX MIEKTPOYCTAHOBKA B JJAaHHOM IIOMELICHUM JOJDKHA YAOBIET-
BOPSITH YCIOBUSIM HAJEKHOWH pabOTHl B HEOMArompHATHBIX Cpedax BCex
KJIaCCOB.

2.3. KATEI'OPUU UCIIOJIHEHHM S DJIEKTPOOBOPY JOBAHUS U
BJIEKTPOTEXHUYECKMX WU3/EJIMI B 3BABUCUMOCTH OT MECTA
PASMEIIEHUWA

[Ipu TIpOEKTHPOBAaHUN DIEKTPUUYECKON YaCTH TPOMBIILICHHOTO TIPeN-
MIPUATHS HEOOXOIMMO TIPABUIHHO BRIOUPATH MCIIOTHEHHE AIEKTPOOOOpY10-
BaHUS M JJIEKTPOTEXHUYECKUX HM3MIEIHNA B 3aBUCUMOCTH OT MECTa WX pa3-
MEIICHUSI B YCIOBUSAX JKCIUTyaTaluu. [[pOMBINUIIEHHOCTBIO BBIITYCKAIOTCS
n37Ienus B 000pyIOBaHUE TISTH KaTETOpHii 10 pasMelieHuio. Hmke mpuBo-
JIUTCS XapaKTepUCTHKa 3THX KaTeropuii [10].

Kareropust 1. K aToit xareropuu OTHOCSTCS H3ICIUS, MPeAHA3HAYCH-
HBIC JI1 PabOThI HA OTKPHITOM BO3JyXE.

Kareropust 2. K Hell mpuHamnmexaT u3feius, MpeIHa3HAYCHHBIC IS
paOOTHI 1MO/T HABECOM HJIU B TOMELICHHUSX, TJI¢ KOJICOaHUS TEMIICpaTyphl 1
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BJI2YKHOCTH BO3/yXa NPUMEPHO TaKHE e, KaK M Ha OTKPBITOM BO3/AYyXE.
Hanpuwmep, B manarkax, Ky30BaX, pUIENax, MOMEIICHUIX C METaILIHYeC-
KAMH CTeHaMHu 03 TEeIJIOM30JISIIHH, a TaKkke B 000JI0YKE KOMIUIEKTHOTO
u3zenusi kareropud 1 (MCKIIOYaeTcs TPsMOE BO3JACHCTBHE CONHEYHOTO
M3JTy4eHHsI U aTMOC(HEPHBIX OCAIKOB).

Kareropust 3. B nmaHHyr0 KaTeropuro BXOAST H3AEIMA, NpEAHA3Ha-
YeHHbIE 1711 pabOThl B 3aKPBITHIX TTOMEUICHUSIX C €CTECTBEHHON BEHTUIIS-
e, 6e3 UCKYCCTBEHHOTO PEryJMpOBaHUSI KIMMAaTHUECKUX yCJIOBHM. B
TaKUX MOMEIICHUSIX KOIeOaHHsl TEMIIEPaTyphl M BIAXKHOCTH BO3IYyXa, BO3-
JIeiCTBHE MeCKa U MBbUIM 3HAYUTEIBHO MEHbIIE, YeM cHapyxu. Hampuwmep,
B ITOMEIICHUIX U3 METalllla C TEPMOU3OIIALIEH, IEPEBIHHBIX TOMEICHHSIX.
B sTOM ciyuyae cylecTBEHHO CHMKAeTCs BO3AECHCTBHE COTHEUHOIO M3IIY-
YeHUs], BETPa, aTMOCHEPHBIX OCAKOB, POCHI U JIP.

Kareropus 4. M3nenus 3Toi Kateropuu MpeAHa3HAYECHbl ) SKCILIY-
aTalUy B MIOMEHICHUSIX C UCKYCCTBEHHO PETyIUPyEeMbIMH KIMMATHYECKH-
MU ycioBusiMH. Hanpumep, B oTamimBaeMbIX MOMEIICHUSX WM OXJIaXK/1a-
€MBIX, BEHTUIIUPYEMBIX MPOM3BOACTBEHHBIX U JIPYTHX, B TOM YHCIE XOPO-
IO BEHTHIMPYEMBIX MOA3EMHBIX IOMEIIEHHsIX. B yKa3aHHBIX MOMEICHUSIX
UCKJTIOYaeTCsl MPsIMOe BO3JCMCTBUE CONHEYHOW pajgualid, a TaKkkKe BO3-
JeiicTBre aTMOC(EpHBIX OCAJKOB, MECKa U IMBUIH, COAEPKAIIUXCS B Ha-
PY’KHOM BO3yXE.

Kareropust 5. K manHOi KaTeropum OTHOCATCS H3IENIH, MpeaHa3Ha-
YEeHHbBIC ISl MPUMEHEHUS! B TIOMEICHUSAX C TMOBBIIICHHON BIIQXKHOCTBIO.
Hampumep, B HeOTaIIMBaeMbIX W HEBEHTUIIUPYEMBIX ITOJI3EMHBIX TTOMEIIlE-
HUSIX, B TOM YHCJIE IIaXTax W MoJBaliaX, B TPYHTE, B CYAOBBIX, KOpaOesb-
HBIX ¥ JAPYTHX MOMEIIEHUX, B KOTOPBIX BO3MOXHO JUTUTEIBHOE HAINYINE
BOJIBI WJIM YacTasi KOHJICHCAIIMS BIIaTH Ha CTEHAX W TIOTOJIKE (B YaCTHOCTH,
B HEKOTOPBIX TPIOMAax, I€XaX TEKCTHJIBHBIX M THIPOMETaJUTypTHYECKUX
MIPOU3BOJICTB U T.II.).

Kateropun mo pa3smenieHuro yKa3blBalOTCsS OOBIYHO B THIIAX I I1ac-
MOPTHBIX JIAHHBIX DIIEKTPOTEXHUYECKUX wu3lenui. Hampumep, B THIIE
pazbeaunutens PB-10/1000Y3 mudpa 3 o3Havaer, 4TO JaHHbIM KOMMYTa-
[IMOHHBIN amnmapar npeIHa3HavyeH JUIsl YCTAHOBKH B 3aKPBITOM MTOMEIICHUT
0€3 HMCKYCCTBEHHOTO PEryJHpOBaHMs KIMMATHYECKUX YCIOBHUH, T.e. 0e3
OTOIUICHUSI.
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2.4. KIIMMATHUYECKUE UCIIOJIHEHIM S DJIEKTPOTEXHUYECKUX I/I3I[E.TII/H71

[Ipu BBIOOpE MEKTPOTEXHIYECKNX M3IETHA 1 000pyA0BaHMS HEOOXOIH-
MO YYHUTBIBaTh PEXKUM IOTOJBI PalioHa, B KOTOPOM IpEAIoaraeTcsi CTpo-
UTEIbCTBO MPOMBIIUIEHHOTO oObekTa. [IpuMeHeHue 31eKTpoodopyIoBa-
HHS, HE COOTBETCTBYIOILIETO PEaIbHOMY KJIMMATy, MOKET MPHUBECTU K yBe-
JIMYEHHUIO 3aTpaT Ha COOPYKEHHE U IKCIUTYaTalUI0 CHCTEMBI 3IEKTPOCHA0-
JKEHUS ¥ TIPEXKIEBPEMEHHOMY BBIXO/Y M3 CTPOSI €€ OTJCIbHBIX 3JIEMEHTOB.
[TosTOMY 37E€KTPOTEXHUYECKON MPOMBIIIJICHHOCTBIO BBIMTYCKAIOTCS H3J1e-
THS B Pa3IMYHBIX KIMMATHYeCKUX MCHOJIHEHMIX. X BO3MOXKHBIE BapuaH-
THI IPEACTaBICHBI B Ta01.2.2.

Tabruya 2.2
KnuMaTtnyeckrue MCIOIHESHHS SJICKTPOTECXHUYCCKUX PI3I[CIH/II>1
KiaumaTtuyeckoe XapaKkTepuCcTHKA KJIMMATa
HCIOJHeHHe
y YMepeHHblIid
VX ‘VYMepeHHBIN U XOJIOHBIN
X1 XOJIOIHBII
TB Tponudeckuil BIaKHbIH
TC Tponuueckuit cyxoi
T Tponmgeckuii (kak CyXoi, Tak ¥ BIaXKHBIH)
0 JIro6oif kIMMaT Ha cyIie, KpoMe OYeHb XOJIOIHOTO
M VYMepeHHO XO0JI0IHbII MOPCKOM
™ Tponuueckuit MOpckon
oM JIro0oii MOPCKO# KIMMAT (KaKk YMEPEHHO
XOJIOAHBIN, TaK M TPOTIMIECKHUIT)
B JIro0oii KMMat (BCEKIMMATHIECKOE UCTIOTHEHHUE)

B ycnosusx knumara Pecniy6nnku benapych cnenyet npuMeHATh
oOopynoBanue ucrosnHerus Y u Y XJL
Kimnmaruueckue ycnoBust paOOThI SJIEKTPOTEXHUIECKUX M3JETHHA 1 000-
PYAOBaHUS XapaKTEPU3YIOTCSI B OCHOBHOM TEMIIEpaTypol M BIaXKHOCTBHIO
BO3/lyXa U MpeJieflaMi UX H3MEHEHHUs BO BpeMeHH. B 1abm. 2.3 npuBeneHsb
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HEKOTOPBIC 3HAYCHHUA OTUX IMapaMETPOB I IIATHU KaTeFOpI/Iﬁ HCITIOJTHCHHA
IO pasMCUICHUIO DJICKTPOTCXHHUYCCKUX U3JICIUN B YCJIOBUAX YMCPCHHOI'O

KJINMaTa.
Tabnuya 2.3

OcCHOBHBIE XapPaKTEPUCTHKH YMEPEHHOI0 KJIMMAaTa

Kateropus Temmeparypa Bo3ayxa npu OtHocHTENbHAs
MCTOMTHCHMA skcrutyaranun,°C BI@KHOCTB BO3/lyXa
pabouas npeeTbHas Cpee- Tponomu-
max [min cpen- max min MECSYHOC TEJIbHOCTh
3HAUYCHUE, | BO3JCHCTBHS,
HssA
% Mec
1 40 |-45 10 45 -50 80 6
2 40 |[-45 10 45 -50 80 6
3 40 |[-45 10 45 -50 80 6
4 35 1 20 40 1 65 12
5 35 |-5 10 35 -5 90 12

HpI/IMC‘IaHI/Ie. CpeZLHeMeCH'-IHLIe 3HAYCHHSI OTHOCUTEIIBHON BIQXKHOCTH BO3QyXa JaHbl

npu 20 °C B Haubosee TEIUIBII U BIAXKHBIN EPHOI.

Kinmarndeckoe UCTIOMHEHUE AIIEKTPOTEXHUYECKOTO U3ZEHs YKa3blBa-
€TCs B €r0 THUIIE WJIM NAaCIOPTHBIX JaHHBIX. HanpumMep, CHHXpOHHBIH 211eK-
TpoxaBuratens HanpsbkeHueM 10 kB tuna CT-630-23VYXJI4 npennasna-
YyeH AJ1s1 paboThl B yMEpEeHHOM M XosiogHoM kiumate (Y XJI) npu ycraHoB-
K€ €ro B IIOMENICHNH C UCKYCCTBEHHO PETYJIHPYEMBIMH KINMAaTHYCCKHMH
YCIIOBUSIMH (4).

2.5. 3AIINUTA DJIEKTPOOBOPYJIOBAHMS OT BO3JIENICTBUS
OKPYKAIOIIEN CPEJIbI

3amura NIEeKTPOOOOPYAOBAHUS OT BO3ACHCTBUS OKpPYXKAIOIIEH Cpesbl
MOYKET OCYIIECTBIIATHCS C TOMOIIBIO 000JI0UEK, KOXKYXOB, 3allIUTHBIX
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MOKPBITUI | T.IL. Bosblioe 3HaueHne UMeeT NPaBUIIBHBIA BEIOOP KOHCTPYK-
THUBHOI'O HCIIOJIHEHMS M3EIHUH U MECT pa3MELICHUs 3eKTPOo00opy10BaHHS
Ha TEPPUTOPHUHU MPEINPUATHS, B OTACIBHBIX 3AaHUSIX, COOPY>KCHUAX U IIO-
MEILEHHSX.

B wactHOCTH, BBIOOpP MeCTa pPAacCIOJIOKCHUS TJIABHOW MOHW3UTEIILHOMN
MOJCTaHINHU JOJKCH OCYIIECTBILSITHCS C YUETOM PO3bI BETPOB U Mpeobiia-
Jaromero ux HanpasieHus. [Ipu a3ToM o0s3aTensHa KOHCYABTALMA C MPO-
EKTHPOBIINKAMHU TEXHOJIOTHYECKONH M CTPOUTEIBHON YacTed 0 xapakTepe,
KOHIICHTpALIMK, HAPaBJICHUH, NPOTsHKEHHOCTH PACTIPOCTPaHEHHSI BPEITHBIX
BBIJIENICHUH Npon3BoACcTBa. ClieayeT 3HaTh TaKKe 30HBI NPEHMYILECTBEH-
HOT'O OCEaHMs BPEHBIX BEIIECTB, CTENEHb X BO3ACHCTBHS HA U30JIILIUI0
Y TOKOBEIYIINE 3JEMEHThl YCTAHOBOK. DTH JTaHHbIE SIBJISIFOTCS OCHOBHBI-
MU IIpH BEIOOpE MECTa U TUIIA TOACTAHLUH Ha MPEIIPUSITHAX C BPEIHBIMU
BEIZICIICHUSIMH [7].

Pasmemenue otkpeiTeix PY (OPY) u mpoxokeHue Tpacc BO3YIIHBIX
muani (BJI) npexycmarpuBatoTcst Tak, 4T0ObI OHU HE TIOMAAANN B TIOJIOCY
3arpsi3HEHUNA. JTO OCOOCHHO BaKHO TPU HEOIArOMpPUSTHBIX MOTOIHBIX
YCIIOBUSIX B paliOHAX, 2de 4acTo HaOII0IAI0TCS M3MOPO3b, TYMaH, MOKPBIT
cueroman. Omopet BJI m OPY pekomeHayercs 1O BO3MOXKHOCTH
pacronaraTb Ha BO3BBILICHHOCTSX C TMOJBETPCHHOW CTOPOHBI B OCEHHE-
BECEHHUU MEPUO/I.

Iexoebie TII 6-10/0,4 kB HE0OX0AMMO pa3MeIiaTh B OTIACIBHBIX IOME-
MIEHUSIX WIN OTKPBITO C YYETOM YCJIOBUI OKPY>KaIOIIEH Cpeibl B COOTBET-
ctBuu ¢ TpeboBanusMu [4]. IIpm BO3ZMOXXHOCTH TPOHHKHOBEHHUS BOJBI
yepe3 nepekpritus nomenieHus: TII cnexyer NpUMeHATh UX THIPOU30JIS-
ruto. [Ipu oTkpeITOli ycTaHoBKe BHyTpuilexoBble TII menecoobpaszno pas-
MeIlaTh B Ipefesiax MEPTBOM 30HBI MOABEMHO-TPAHCIOPTHBIX MEXaHM3-
MOB (KpaHOB, Tenb(epoB, KpaH-0AIOK U T.II.), @ TAKXKE IO BO3MOXXHOCTH
YIAIATh UX OT MYyTeH BHYTPHIIEXOBOTO TPAHCIOPTA, YTOOBI MCKIFOUUTH
ciTydaifHble MeXaHUUECKHE TIOBPEKICHHUSI.

B meuibHOHM cpese dyeKTpUYecKne CeTH W 00OpYAOBaHHE JOJDKHBI
UMETh KOHCTPYKTHBHOE HCIIOJIHEHHE, 00ECIIeUNBAOIEe UX HOPMAIbHYIO
paboTy, a TpUMEHsEeMBbIE O3JEKTPUYECKHE MAlIMHBl W anmapatbl —
3aKpBITOE, 00JyBaeMO¢e U NbUICHETPOHUIIaeMoe HctoHeHue. Kommyra-
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UOHHBIC Aammaparhl pa3MemarTcs B IKadax ¢ yIUIOTHEHHBIMH
JIBEPIIAMH, MCKIFOYAIONIMMHU MPOHUKHOBEHHE TBUIA B KOJIMYECTBAX, CIIO-
COOHBIX HApPYIIUTh HOPMAIBHYIO paboTy obopymoBanus. TokoBemyrime
YacTH W U30JIATOPBI PA3IUYHBIX TOKOIPOBOJOB JOJDKHBI OBITH 3aKPBITHI
CIUIOIIHBIMM  KOKyXaMH{, NpPEAOTBPAIIAIONIMMH OMAaCHOE TMOMaJaHue
TIBLTY.

Jnist XUMUYECKH aKTUBHBIX MJIM OPTaHUYECKUX CPel SIeKTPOTEXHUYEC-
Koe 000pyZOBaHHE M MaTepHaNbl CIEAyeT BHIOMpATh C Y4ETOM arpeccuB-
HOTO BO3JICHCTBHS KOHKPETHBIX MaTepuaioB, MIPUMEHSIEMbIX B TEXHOJIOTU-
YeCcKOM TIpoIiecce mnpou3BomacTsa. Hambonee 3¢heKTUBHBIM CITOCOOOM 3a-
HIATHI BJIEKTPOYCTAHOBOK OT Pa3pylIaloNiero BO3ICHCTBIS XUMHICSCKH aK-
TUBHBIX Cpell SIBISICTCS MAKCUMATBHO BO3MOXKHOE M DKOHOMHUUECKH IIeTie-
c000pa3Hoe TePPUTOPHATBEHOE yIAJICHUE 3JIEKTPOOOOPYIOBAHUS OT UCTOY-
HUKOB BBIJICJICHUS] BPEIHBIX BEIECTB. B Tex ciydasix, KOrjua 3JIeKTpOyCcTa-
HOBKH HE YJIa€TCsI BRIHECTH 32 MPEICNbl 30HbI MOCTOSHHOTO MPUCYTCTBUS
arp€CCUBHBIX BCUICCTB, CICAYCT BBIACIIATL JIA 3J'ICKTpOO60p}/I[OBaHI/I$I u
KOMMYTALIMOHHOM anmaparypsl MOJCTAHUUN U pacIpeeIUTEIbHbIX YCT-
pOfICTB CIicuaJiIbHbIC ITOMCIICHUA. I[aHHLIC IIOMCIICHUA JOJIKHBI ITIOCTOSH-
HO BCHTWJIMPOBATHCA OYHMIICHHBIM BO3AYXOM C CO3JaHHUECM I/I36I)ITO‘IHOFO
JABJICHUS, UCKITFOUAIOIIETO0 POHNKHOBEHUE BO3/yXa U3 CMEKHBIX 3arps3-
HCHHBIX TTOMEIIEeHHH [7].

Ecnu He ynaercst u30ekaTh YCTAaHOBKHU 3JIEKTPOOOOPYIOBAHUS H MPO-
KJIaJIKU DIICKTPUUYCCKHX CETe HEMOCPEJCTBCHHO B XMMHUYECKH aKTHBHOW
WM OPraHWIecKor cpefie, TO JOJDKHBI MPUMEHSATHCS MaTepHAaNbl A TIPO-
BOJTHUKOB U M30JISIIIUH, & TAKIKE 3aIIUTHBIC MTOKPBITUS, JJTUTEIIHHO MPOTHUBO-
CTOSIIINE BO3JICHCTBUIO OKPYIKAIOIICH CPEJIBI.

2.6. CTEIIEHU 3AIIMUTHI DJIEKTPOOBOPY JOBAHUA

s paGoTel B HEOJIAaronmpUsATHBIX YCJIOBHSAX HPUMEHSIOTCS B3PBIBO-
3alUIICHHbIE, BJIaroCTOWKUWE, MOPO30CTOWKHE, XHMHYECKH CTOHKHE
3JIEKTPUYECKME MAIIWMHBI M allaparhbl. 3amluTa 3JIeKTPOOOOpYAOBaHUS
HampspkeHueM 10 72,5 kB oT BIMSHUS OKpY’KaroIIed Cpelbl OCYIECTB-
JSIeTCsl C MOMOILBI0 000JIOUKH, KOTOPOH, KaK MPaBUIIO, SBJSIETCS KOPITYC
m3nenus. Crenenp 3amuThl yctanaBiauBaercss [OCT 14254—96 u
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obo3Havaercss OykBamm |P (HawanmpHBIE OYKBBI aHTIMHCKUX CIIOB
International Protection) u aiBymMs nndpamu, XapakKTepu3yOIIMMH CTEIICHb
3aLIUTHl IEPCOHATA OT NMPUKOCHOBEHMS K TOKOBEAYIIUM M JIBHOKYIIUMCS
YacTsAM 3JEKTPOOOOPYAOBaHMS, MOMaJaHUs 4epe3 OOO0JOYKY TBEpPABIX
MOCTOPOHHMX TeJ ¥ MbUTH (IepBasi mudpa), a Takke OT MPOHUKHOBEHHUS
Bonbl (BTopast umudpa). Ecam mist 37MeKTPOTEXHHUUECKOTO H3IENUS HET
HEOOXOIUMOCTH B OJHOM U3 BUAOB 3allUTBl, TO JAOIYCKaercsi B
0003HaYCHNHU CTENEHU 3aIUTHl BMECTO COOTBETCTBYIOLIEH HU(PHI MpO-
CTaBJISATH 3HAK X.

IlepBas mudpa B 06003HAUEHUN MOXKET UMETh Ciieayromue 3Hadenus: O
— crenuanbHas 3alluTa OTCYTCTBYET; 1 — 3amura OT IPUKOCHOBEHUS U
MTOTaTaHMS TBEPJIBIX TEJ pa3MepOM (IraMeTp, TONIIHHA U HupruHa) 50 MM
u Oonee; 2 — 3amMra OT NPUKOCHOBEHHUS MajbLAMH W IONAaJaHUI
TBEPABIX TN pazmMepom 12,5 MM u Oonee; 3 — 3amuTa OT MPOHUKHOBEHHS
BHYTPh O0OJOYKH Ten pasmepoMm 2.5 MM um Oomnee; 4 — 3ammuTa OT
NPOHUKHOBEHUSI BHYTPh O00OJIOYKHM Ten pazMepoM | MM u Oonee; 5 —
3alqura OT MbUIM, MIpEeAoTBpaljaromias OT IMPOHHUKHOBCHUA €€ BHYTPb
000JIOYKH B KOJIMYECTBE, TOCTATOYHOM ]ISl HAPYIICHHS paObOThI N3IETIHS;
6 — MPOHUKHOBEHHE MBUTH TOJHOCTHIO TPEIOTBPAILCHO.

Bo3moxHbIe 3HaueHHs BTOPOW LUQPpPHI B YCIOBHOM 0003HaYCHUH
CTCIICHU 3alIUThI: 0— CrieliMajibHas 3aliUuTa OTCYTCTBYCT, 1 — 3aluTra
OT Kameib BOJBI, MaJar0lNX Ha 000JI0UKY BEPTUKAIBHO; 2 — 3allUTa OT
BEPTHKAIIGHO MAJAIOIINX Kalledh NMPH HAaKJIOHEe 00O0JIOYKH Ha yrox ao 15°
OTHOCUTENIFHO HOPMAaJbHOTO PACIOJIOKEHHS; 3 — 3aIliuTa OT Kameib
noXns; 4 — 3ammra oT OpbI3T JI000r0 HampaBieHMs; 5 — 3aluTa OT
BOJSHBIX CTpyH /1000ro HampaBieHHs; 6 — 3auTa OT CHIIBHOTO
JOeHCTBUSL CTPYH; 7 — W3AENHS NPHUTOJHBI AJSl HENPOAOJLKHTEIBHOIO
IOrpy’X€Huss B BOAY, 8 — U3aCIMg MPUTOAHBI IJId  AJIATCIBHOI'O
MOTPY>KEHHS B BOAY IPH YCIOBUAX, YCTAHOBIEHHBIX U3TOTOBUTEIEM.

B T1abn. 2.4 mpuBeneHBI CTaHIAAPTHHIE CTEICHH 3alllUTHl DJIEKTPHU-
YCCKHUX alrapaToB O6HlerOMI)IIHHeHHOFO HCIIOJIHCHHUS HAlPSXKCHUEM 10
1 kB [10].
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Tabnuya 2.4
CrelneHb 3aIIUThI SJIEKTPUUYCCKHX aIllapaToB
Crenenn 3allIUThI CreneHp 3alIUThI OT IIOIIaJaHus BOJbI
OT nIornagaHuA TB
ep IbIX Tel
0 1 2 3 4 5 6 7 8
0 1POO - - - - - - - -
1 IP10 [IP11 [IP12 - - - - - -
2 IP20 ([IP21 [IP22 1P23 - - - - -
3 IP30 [IP31 [IP32 IP33 | IP34 - - - -
4 IP40 |[IP41 |IP42 IP43 | P44 - - - -
5 IP50 |IP51 - - IP54 | IP55 | IP56 - -
6 1P60 - - - - IP65 | IP66 | IP67 | IP68

Kak BuaHo w3 Tabmn. 2.4, Uisl MPUMEHEHHS DPEKOMCHIYIOTCS HE BCE
BO3MOXXHBIC KOM6I/IH3HI/II/I cTerneHen 3alIUTHI OT MOoMlaaHusd TBEPABIX I10-
CTOPOHHHUX TECJI, IbLJIX U BOABI.

Crenenu 3alllUThl YKa3bIBAIOTCA B IMACHIOPTaX 3JICKTPOTEXHUYCCKUX HU3JIC-
s, JI71s1 HEKOTOPBIX M3MIENINI 3TH JaHHBIC COIEPXKATCs B TUIIC 000PYI0Ba-
Hus. Hampumep, B tune pacmpenenurensHoro mkaga I1IP11-73701-22V3
rdpa 22 ykaspIBaeT ero crenens 3anmthl (1P22).

[Tpu mpoektupoBanun COC HEOOXOAUMO MPUMEHATH JIEKTPOTEXHU-
YecKHe U3AEIHs U 000pyI0BaHUE, UMCIOIIME CTEIICHb 3alIUThl OT BHEII-
HUX BO3JEUCTBHM, COOTBETCTBYIOUIYIO YCIOBHUSIM OKPYKaIOIICH CpEebl.
3aBbllICHUE CTENEHHU 3aIIUTHl AIEKTPUUECKUX allapaToB MOXKET IpuBe-
CTH K CHIDKCHMIO MX HOMHHAJBbHBIX TOKOB H3-32 YXYIIICHHUS YCIOBHH
OXJIAXKJICHUS.

3. TEXHUKO-59KOHOMMWYECKHUE PACYETHI ITPU
INPOEKTUPOBAHUU CUCTEM 3JJIEKTPOCHABXEHUS

3.1 HEJIU, COOEP>)KAHUE U TTOPAJJOK PACHETOB

LemssMu TEXHUKO-IKOHOMUYIECKUX PACUCTOB TIPH MPOSKTHPOBAHUH JJICK-
TpocHaOeHus siBistroTes [1]:
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1. OGocHoBaHMEe MHBECTUIMH (JONTOCPOYHBIX KANHMTATOBIOXKEHHUI) B HO-
BbI€ WM pekoHcTpynpyemble COC 1 MOCIEAYIOUINX SKCILTyaTalldOHHBIX
pacxoJi0B MyTeM CPaBHEHHUSI BAPHAHTOB MO MPUHSITHIM KPUTEPUSIM (-
(heKTUBHOCTH.

2. Jloka3aTenbCTBO TEXHUYECKUX (DYHKIIMOHAIBHBIX criocoOHocTed COC,
COOTBETCTBYIOLINX OOOCHOBAaHHBIM TPEOOBAaHMSIM MOTPEOUTENICH dIeK-
TposHepruu (HeoOXoauMasi MPOIyCKHasi CIOCOOHOCTh 3JIEMEHTOB, 00ec-
NeYeHNe HaJIS)KHOCTH JIEKTPOCHAOKEHHUS, KAUueCcTBa AIIEKTPOIHEPTUH
1.1.). [Ipu 3TOM TIpOBOAMTCS BHIOOP W OOOCHOBAHHE AIEKTPOOOOPYIO0-
BaHMS [ BBITIONHEHUS] HEOOXOIMMBIX (PYHKIMIA U TPEOOBAHUM, a TAKKe
orneHka coctossHus COC B HOPMAJIBHBIX M MOCJIEABAPUUHBIX PEXKUMAX.

3. OreHka Ka4yeCTBEHHBIX ITOKA3aTENIeH M HapOJHOXO3SHCTBEHHOTO 3Ha4e-
HUSI IPUHSATOTO PEIICHHUS.

Br160p TeXHUKO-9KOHOMHYECKH 00OCHOBAaHHOM CXEMBI AIIEKTPOCHAOXKe-
HUS IPEANpUATHS 0a3UpyeTcsi Ha PAaCCMOTPEHUU M CPAaBHEHHU HECKOJIBKUX
BO3MOJKHBIX BaPUAHTOB 110 TEXHUYECKUM, IKCILTYaTallMOHHBIM U SKOHOMH-
YECKHM II0Ka3aTeJIsIM.

K Texunueckum nokazarensiMm COC MOKHO OTHECTH YHMCIO U YPOBHHU
CTyIEHe! HalpsDKEHHs, OTKIIOHEHUE U MOTEPH HANPSDKEHUsI, 0€30TKa3HOCTh
paboThl U ycTOHYMBOCTH deMeHTOB COC B MEpexOoAHbIX peXHMax, CTa-
OMIILHOCTH Pa0OTHI 3JICKTPOIIPUBOJIOB, CTEIICHh ABTOMATHU3AIIUH U JIP.

K skcruryaTalliOHHBIM TTOKa3aTeJsIM OTHOCSTCS MPOAOJIKUTEILHOCTD
BOCCTAHOBJICHHSI DIICKTPOCHAOKEHHUS TIOCIIE JIOKATU3AIMN WITH JTNKBHIALUH
MOBPEXICHHS, JUTUTETFHOCTh TEKYIIUX U KalTUTalIbHBIX PEMOHTOB, JIOITYC
TUMBIE TIeperpy3ku amemMenToB COC, BETUUMHBI TOTEPh MOITHOCTH U JJIEK
TPOJHEPTUH, YA0OCTBO IKCILTyaTallMH, KOJMUYECTBO U KBATU(UKAIMS 00CTy
JKUBAIOILIETO [TEPCOHAA. !

BaxHeHImMy 3KOHOMUUYECKUMH TIOKa3aTesIMU TIPH CPaBHEHUW BapHaH-
ToB COC 4BNAIOTCS NMPUBEACHHBIE TOJIOBBIE 3aTPATHI M CPOK OKYNAeMOCTH
KanuTtanosioxkeHui. J{ins Oomee neTanbHONH SIKOHOMHYECKOW OIIGHKH BapH-
AHTOB MCIOJIB3YIOTCS AOTOJIHUTEIBHbIE TTOKAa3aTeN: KaluTaJIOBIOKEHHUS B
C3C, cTouMOCTh MOTEPh MOIIHOCTH U 3JIEKTPO3HEPIUH, YILIEpO OT BHE3arl-
HBIX [IEPEPHIBOB AJIEKTPOCHAOKEHHUS U T.II.

Ilpy BBIIOJHEHHH TEXHUKO-5KOHOMHUYECKHX PACUETOB BO3HUKAIOT
00BEKTHBHBIE TPYAHOCTH, 00YCIOBICHHBIE TEM, YTO IIepedop Bcex BO3-
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MOJKHBIX BapHaHTOB CBSI3aH CO 3HAYUTEIBHBIMH TPyNO3aTpaTaMH IIPOEK-
THUPOBIIMKOB Jja’kKe MPU aBTOMATU3UPOBAaHHOH 00paboTke AaHHBIX. Kpome
TOT0, MHOTHE CpaBHUBAaeMble IMOKa3aTeNyd TPYAHO MOIJAIOTCS KOJIWYe-
CTBEHHOM OlICHKe (Hampumep, yAo0CTBO dKCILTyaTalluu, THOKOCTb, Ha/IeK-
HOCTh M [Ip.). B cBs3M ¢ 3THM TNpaBUIBHBIA MOAOOpP Ui CpaBHEHHS
HECKOJIbKUX BapUAHTOB 3aBUCHT OT 3PYAWULMH, ONbITA U KBaTHU(PHUKALIH
MIPOEKTUPOBLINKOB.

Uucno 1 MOIIHOCTH TpaHC(HOPMATOPOB MPENIPHUATHS OOBIYHO Ompere-
JIAIOTCA TpPU pacueTe KOMIIEHCAlMH PEeakTHUBHOM MourHocTH. [losTomy
TEXHUKO-3KOHOMHUYECKOMY CPaBHEHHIO MOJUIEKAT CXEMbI BHYTPHU3aBOJCKO-
T'O BIEKTPOCHAOKEHUS, HCIOIB3YIOIINE KaK 0JHOTpaHc(hOpMaTOpHbIE, TaK
U JIByXTpaHc(hOopMaTOpHBIE MOACTAaHINHA. BapuaHThl cXeM BHEIIHETO 3JIeK-
TPOCHAOXKEHUSI MOTYT PaccMaTpUBaThCs MPU MPOESKTHPOBAHUH KPYITHBIX
MPEANPUATUN, UMEOIUX HecKobKo UIT.

CpaBHHBaeMble BapUaHTbl AOJDKHBI OBITH HPOCTBIMH M YYHUTHIBATH
COBpEMEHHbIE TeHACHUMHU U IpuHIHIbI noctpoenus COC. BapuaHTs! cxe-
MBbI ceT 6—10 kB HaHOCsTCS Ha TeHIUIaH npeanpustus. [IpenBapurens-
HO JIOJDKHBI OBITh HAMEUEHBI TPacchl IMHUN U MecTa pacrnonoxenus PIT n
uexoBeix TII. KaGenbHble MWHMM HEOOXOAMMO MPOKIAABIBATH MO Kpat-
YallllUM TpaccaM, BJOJb CTEH 3JaHUM U WH)XCHEPHBIX KOMMYHUKALIWH.
Pacnonoxenne PIT m TII mommkHO OBITH TAKMM, YTOOBI HCKIIIOYATIHCH
0o0paTHBIE MOTOKH AJIEKTPOIHEPTHH N0 OJHON U TOH ke JuHuU. Cienyer
TaKke BBIIBUTH HamOoJiee OTBETCTBEHHBIX MOTpeOUTENe M 00ecTeynTh
UM COOTBETCTBYIOIIEE pe3epBupoBanue 1o cetu 6—10 mim 1o 1 kB.

Ilo cxemam ceTeil Ha TeHIUIaHE ONpeAeAeTCa AMUHA JIMHUN U COCTaB-
JSIFOTCSL IPUHLUITAANIBHBIE CXEMBI 3JIEKTPOCHA0KEHHMSI, HA KOTOPBIX IOKa-
3BIBAIOTCA OCHOBHBIE 371eMeHThI COC: KOMMYTaIlMOHHBIE aINIapatkl, JIU-
HHUH, TpaHC(HOPMATOPHI U T.J.

Ha puc 3.1 B kauecTBe WILTIOCTPAIH TIPUBEACHBI YETHIPE BO3ZMOKHBIX
BapuaHTa pa3MeIleHNs Ha IUIaHe LieXa BHYTPUIEXOBBIX TpaHchOopMaTop-
HBIX MOACTaHUUN U nurtaromue ux auauu 10 kB, a Ha puc 3.2 nokaszansl
NPUHIMITMAIEHBIE CXEMBbI JIEKTPOCHA0KEHHS 1J1s TaHHBIX BAPHAHTOB.

st comocTaBnsieMbIX BapUaHTOB CXEMBI DJIEKTPOCHAOXKEHHS omperie-
JSIFOTCSL PacueTHbIE TOKM JIMHUH, BHIOMPAIOTCA ceueHMs XU Kabened 1o
9KOHOMHUYECKOW TNIOTHOCTH TOKA M PACCUUTBIBAIOTCS MOTEPH MOIIHOCTH H
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3JIEKTPOIHEPTUH B OTACHbHBIX 3eMeHTax u COC B nenoMm. [lpu cpasne-
HUU BapUAHTOB MOTYT YYUTBIBATHCA TOJBKO T€ aneMeHThl COC, KOTOphie
BXOJISIT B U3MCHSIIOIIIUECS YaCTH CXEMBI [7].

[Tpu BBIOOpE HAWITYYIIEr0 BapHaHTa SKOHOMHYECKHE TOKA3aTeIln SIBIISI-
I0TCSI pelIaroiuMu. TeXHUYecKne W AKCIUTyaTalluOHHBIC IMOKa3aTeld B
COIOCTABJIIEMbIX BapHaHTaX MOTYT OBITh HE PaBHOIEHHBIMH, HO HAaxo-
JIUTHCA B TOYCTUMBIX MIpeaeiax.

3.2. BBIBOP 9KOHOMUYECKH LIEJJECOOBPA3HOM IJIOILIA A
CEYEHMA ITPOBOJHMKOB

[Inomans ceueHuss NPOBOAHUKOB SABISAETCA BAXKHBIM MapaMETPOM BO3-
IOYLIHBIX U KaOeldbHBIX TUHUH. C yBEMUCHUEM IUIOIAAN CEUSHHUS TIPOBOI-
HUKOB BO3pacTarOT 3aTPaThl HA COOPYKEHUE JIMHUN AIEKTPONEpEAAUr, HO
IIPU 3TOM CHIDKAKOTCS IIOTEPHU JJIEKTPOIHEPIMU. Y MEHBLIEHUE IUIOIIAIN
CEYEHMsI 10 TEXHUYECKH JOITYCTUMOIO Ipesieia COKpPAIAeT KaUTaI0BIIO0-
JKEHUsI, OJIHAKO BBI3BIBAET yBEJIWYEHUE MOTEPh B JUHUU. B cBs3U ¢ aTUM
NPaBUIBHBIN BBHIOOp TUIOMIAN CEUYEHHS MPOBOAHUKOB C YUETOM KOHKpET-
HBIX YCJIOBUU SIBJISIETCS Ba)KHOW M OTBETCTBEHHOM 3a/laueil MPOEKTHPOBA-
uus COC.

Ipu npoexTHpoBaHUY JIMHUH 3JIeKTporiepeaul HanpspkenueM a0 220 kB
BHIOOp TUIOMIAIU CEYCHHUsI MPOBOAHUKOB MPOBOAUTCS HE COMOCTABUTEIb-
HBIM TE€XHUKO-3KOHOMHUYECKUM PacyeTOM B Ka)KIOM KOHKPETHOM cllyyae,
a Mo HOPMHUPYEeMBIM 00OOIIEHHBIM MOKa3aTeNsiM. B kayecTBe Takux Io-
Kas3aTeJlel UCIOJb3YITCS 3HAYCHHUs] SKOHOMHUYECKOM TUIOTHOCTH TOKA IS
BO3IYIIHBIX ¥ KaOEJIbHBIX JTHHUH. JKOHOMHUYECKas IUIOTHOCTh TOKA yCTa-
HABJIMBAET ONTUMAIEHOE COOTHOILIEHHE MEXIY OTYHCICHUAMHU OT KaluTa-
JIOBJIOXKEHUI U CTOUMOCTBIO IIOTEPD AIEKTPOIHEPTUU B JIMHUH.

DOKOHOMHYECKH Iiellecoo0pa3Hasi IUIOIabh CEYeHHUs] MPOBOIHUKOB F
BBIOUPAETCS U3 COOTHOIICHHS

f,=, <3.)
rjae / — pacyueTHbI TOK JIMHUK B HOPMAJIBbHOM pEeKUME, A; | — HOpMH-
POBaHHOC 3HAYCHUC 3KOHOMHYECKOU IUIOTHOCTH TOKa, A/ MMZ.
HonyquHaﬂ IO BBIPAKCHUIO (3.1) SKOHOMMHYECKaA Iioliaab CCUCHUA
OKpYIIISIETCA 10 OJIMKAMIIIEr O CTAaHAAPTHOT'O 3HAYCHHUS.

40



[IPOEKTVMPOBAHME CUCTEM SJIEKTPOCHABXEHVA

JIJ1s KOHKPETHBIX YCIIOBHUI POSKTUPOBAHUS BEIMYMHA SKOHOMHUCSCKON
TUIOTHOCTH TOKa NMpUHUMaeTcs o taoi. 3.1 [4].

Tabauya 3.1
DKOHOMMYECKAs TJIOTHOCThH TOKA
ITpoBoxHUKH OKOHOMHYECKas! INIOTHOCTb TOKA,
A/MM , TIpY YHUCTIE YacOB
UCTIONIb30BaHUS MaKCUMyMa
Harpy3KH B TOJ
1001— 3001— Gonee
3000 5000 5000
HewusonupoBaHHble IPOBOJA U IIMHBL: 2,5 2,1 1,8
Me/IHbIE aJIFOMUHHEBbIE 1,3 11 1,0
Kabenu ¢ OymaxHO# 1 mpoBoja ¢ 3,0 2,5 2,0
PE3MHOBOY U TIOJIMBHHILTXJIOPHTHOM 1,6 1,4 1,2
W30JIIIUEH C KUIaMU:
MEIHBIMA
TIOMHHUEBBIMH
Kabenu ¢ pe3nHOBOH U IJIaCTMacCOBOM 3,5 3,1 2,7
M30JIALUEN C JKUTAMU: 1,9 1,7 1,6
MeIHBIMU
TIOMHUHUEBBIMH

Ipu ucnonb3oBanuu Tadi. 3.1 HEOOXOAUMO YUUTHIBATH ClieAyroIee [4]:
1 DOxoHomuyeckas IIIOTHOCTh TOKa yBennuuBaercs Ha 40 % mpu maxcu-
MyMe€ Harpy3Kd JITHUU B HOYHOE BPEMS, a TAKXKe I N30JTUPOBAHHBIX
MIPOBOTHUKOB ILIOMIALI0 cedeHus 16 MM® ¥ MeHee.
2. Jlnst nuHMNA C OJMHAKOBOM IUIOIIA/bI0 CEUCHHS ITPOBOIHUKOB 110 BCEH
JUTMHE U pa3INdHBIME Harpy3KamMHu Ha OTACIBHBIX ydacTkax (puc. 3.3)
9KOHOMUYECKAs TUIOTHOCTh TOKAa HAYAIBHOTO (TOJIOBHOTO) yJaCTKa yBe-

mnauBaeTcs B K pas:

llz_(Lﬂg""_"‘/u)_/ 12'

[y + 1,7,

roe 1y, 1, ...,/

JJINHBI Y4aCTKOB JIMHUIA.

(3.2)

TOKOBBIC HArPY3KH OT/AENIBbHBIX YU4aCTKOB JUHHH; |,
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5101

1, 1T " TII

T T

Puc. 3.3. CxeMa NTMHUU C pa3NUYHBIMU TOKOBBIMH Harpy3KaMH y4acTKOB

3.

D

2)

3)
4)

5

[pu BBIOOpE TUTOLIAM CEYCHUS TIPOBOJHUKOB JUIS TIUTAHUS 72 OJTHOTHIT
HBIX B3aUMOPE3EPBUPYEMBIX JICKTPONPUEMHHUKOB (HAITPUMEP, HACOCOB
BOJOCHA0XKEHUS, TTPeoOpa30BaTEIbHBIX arperaToB M T. I1.), U3 KOTOPBIX
m OJHOBPEMEHHO HaXOJiTCsS B paboTe, SKOHOMUYECKas IUIOTHOCTh
TOKa MOXKET OBITh YBEIHUYCHA 110 CPABHEHUIO C HOPMAaMH, MPUBEICHHBI
Mmu B Ta0i. 3.1, B K pas:

* =] (3.3
Vm

[enecooOpa3HOCTh YBENIUYCHUS KOJUYECTBA JTUHUN WIIH IENel CBepx
HEOOXOMMOT0 10 YCIOBUSM HA/ICKHOCTH DJIEKTPOCHAOKEHUS B LEISIX
Y/IOBJIETBOPEHUs YCIOBUH 3KOHOMHMUYECKOW IJIOTHOCTH TOKa JOJDKHA
000CHOBBIBATHCS TEXHUKO-DKOHOMHUYECKHMH pacueTaMu. [Ipu 3TOM BO
n30eKaHUEe YBEIMYCHUSI KOJNMYECTBA JIMHUM WMJIM LieNel AOIMycKaeTcs
IBYKpaTHOE TPEBBIIICHWE HOpPM, NpUBEACHHBIX B Tabm. 3.1.
IIposepke no sKOHOMUYECKOU NIOMHOCIU He NOONeHCAM.:
CETU NPOMBIIICHHBIX NPEIIPUATAN U COOPYKEHUI HanpsbkeHueM 1o 1 kB
MpU UCHOJIb30BaHUU MakcuMyMa Harpy3ku 10 4000—5000 u;
OTBETBIICHUS K OTHENBHBIM 3JIEKTponpueMHuKaM 10 1 kB, a Takxke
OCBETHUTEJbHbIE CETU MPOMBILIICHHBIX MPEeINPUSTHH, KUIBIX U 001Ie-
CTBEHHBIX 3/1aHUM;
cOOpHBIC LIMHBI M OIIMHOBKA B IpeleNax paclpenesuTeNbHbIX YCT-
POMCTB BCEX HANPSIKEHUM;
CETH BPEMEHHBIX COOPYKEHHUH, a TAK)Ke YCTPONCTBA CO CPOKOM CITyXK-
OBl 3—5 J1€T;
MIPOBOJHUKH, UAYIIHE K PE3UCTOPaM, ITyCKOBBIM PEOCTATaM H T.II.
Br100p S5KOHOMHYECKOH IO CEYEHHUs POBOJHUKOB BO3LYLIHBIX U

KaOeNbHBIX J'IPIHPIﬁ, HMCHOIHUX MPOMCIKYTOUHBIC OT60pLI MOIIHOCTH, CJIC-
AYET OCYHICCTBJIATH I KaXAOro M3 y4aCTKOB HCXOAs U3 COOTBECTCTBY-
IOMIUX PACUCTHBIX TOKOB Y4aCTKOB.
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IImomans ceueHus il KaOeIpHBIX JTUHUHN HaNpsbDKeHHeM BhImre 1 kB,
BbIOpaHHasl M0 3KOHOMHUYECKOW TUIOTHOCTH TOKA, MPOBEPSICTCS 110 HArPERY,
MOTEPAM HATMPSKEHUS, a TAKXKE 10 TEPMUUECKON CTOUKOCTH.

Br16op miomiaau cedeHus MPOBOIOB JIMHUH 3JIEKTPOIIepeadn Hamps-
skeHreM 330 kB u BbIlIe, a Tak)ke MOUTHBIX KECTKUX U TMOKUX TOKOTIPO-
BOJIOB, pa0OTAIOMIMX ¢ OOJIBIION MaKCUMAalIbHOW HArpy3KOH, MPOBOIUTCS
Ha OCHOBE TEXHUKO-3KOHOMHUYECKUX pacueToB [4]. Ilpu 3Tom juis BeIOOpa
IUIOMIAAN CEUYCHUU MPOBOJIOB JUHUM 3JIEKTPONEpeIaud MOTYT UCIOJIb30-
BaTbCsI 9KOHOMUYECKUE UHTEPBAIbI TOKOBBIX Harpy3ok [11].

Ipumep 3.1 [To SKOHOMHYECKOH TIOTHOCTH TOKA BBIOESPHTE IUIOIIAIH
cedenus xun kabens 10 kB ¢ OymakHOU M30NsAIMElH U aTFOMUHHUECBBIMHU
JKUJIAMH JIJIsL TIMTaHUsS JIepeBooOpadaThIBAIOIIEIO KOMOMHATA C MAaKCH-
MaJIbHOM TOKOBOM Harpyskoil 103,2 A. BpeMsi ncrnonb30BaHus MaKCUMaJlb-
HOH HArpy3Ku:

T =2500u.

max

Pemenwne. [To Ttabn. 3.1 mpu ' = 2500 u qis kabenst ¢ OyMaKHOM
M30JISIIMEH 1 ATFOMUHHUEBBIMH JKUAJIAMU TIPUHUMaeM 3KOHOMHYECKYIo TUIOT-
HOCTb Toka j = 1,6 A/mMm>.

ITo ¢opmyne (3.1) BeUHUCISIEM SKOHOMHYECKH IEIECO00Pa3HYIO ILIO-
1a/lb CEUEHUs:

2, 103,2
=64,5 mv’
1,6

[TpuHMaeM OMMKaWIIyI0 CTaHAAPTHYIO IUOm@aab cedeHus 70 MM
Beibupaem kabenb mapku AAIIBY-10(3x70).

IIpumep 3.2. Ha puc 3.4 npuBeneHa cxema BO3AYIIHOM JMHUU pacrpe-
nemurensHoU cetrt 380/220 B, BHITOIHEHHON aTFOMUHUEBBIMH IPOBOAAMU
C OJIMHAKOBOM IJIOIIAABIO ceYeHHs 1o Bcel JumHe. Heobxoanmo BbIOpaTh
IO s ceueHus mpoBooB npu 77 = 2800 4.

Ul
90 A 50 A 25 A I5A

0,08xkM | 0,12km | 0,041M | 0,05xm
Puc. 3.4. Cxema nunum x npumepy 3.2
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Pemenune. Onpenensem no BeipaxeHuto (3.2) ko3huueHT ysenu-
YEeHUsI SKOHOMHYECKOH TIIOTHOCTH TOKA JUIS TOJIOBHOTO yJacTKa JIMHUH:
907 (0,08 + 0,12 + 0,04+0,05)
e 54,

1902 -0,08 + 502 -0/12 + 252 0,04 + 15%-0,05
DKOHOMHUYECKAs IIOTHOCTh TOKA JUTS ATFOMUHHEBBIX HEM30JIMPOBAHHBIX
npoBo1oB TipH [, = 2800 1, cormacHo Ta6u. 3.1, mpuHUMaeTCs paBHOM
1,3 A/MM®. C yueToM pacrpe/ieicH s Harpy30K BOMb INHHH 3KO-
HOMHYECKAs! IJIOTHOCTh TOKa

V,=1,54+1,3=2,0 A/mm> [lnomans
CeueHHs MPOBOJIOB JIMHUH IO BhIpaxkeHuto (3.1)

Fa= — =45 mM> 2.0 [TpynuMaeM OIMKAKIIYIO CTAHIAPTHYIO
IUIOMIAAb CeueHHs 50 MM®.

Hpumep 3.3. ITo s3xOHOMHYECKOH IIOTHOCTH TOKA BEIOESPHUTE TLIOIMIAIbD
CEUCHUSI aAJTFOMUHUEBBIX JKUIT Kabesel ¢ OyMaXKHOW U30IISIIHMEl HATPsDKEHU-
em 6 kB, muraronux snekrpoasuratenn MIl, M2 u M3 HacocoB 1o cxeme
puc. 3.5. U3 Tpex HacOCHBIX arperaroB OJHOBPEMEHHO padOTaloT 1Ba, a
OJIMH HAaXOAUTCS B pe3epBe MmoodepeaHo. PacyeTHBIN TOK KaKAOro Kadens

62,5 A. Bpems ucnonb3oBaHusl MakcuManbHoi Harpy3ku 77 = 5200 4.
PII 6 xB
< | <
(N

MI M2 M3
Puc. 3.5. Cxema nutanus aBuraTesei kK npuMepy 3.3

Pemenwue. 1o Tabn. 3.1 HaxomuMm aJsl 3alaHHBIX YCJIOBUH 3KOHOMH-
YECKYIO IUIOTHOCTB TOKag =1,2 A/MM’,

Mo dopmyne (3.3) BeruncisieM KOIQPUIUESHT YBETMUCHUSI SKOHOMHUYEC-
KO IUIOTHOCTH TOKa pu 72 =3 u M = 2:
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C y4yeToM peskrMa paboThl HACOCHBIX arperaToB SKOHOMHYECKas TUIOT-
HOCTh TOKa KabOeIbHOMN JTUHUN MOKET OBITH IIOBBIIIEHA IO BEINIHHEI |,
=1,22-1,2 = 1,46 A/MM°. DKOHOMHYECKAS TUIOMIAIb CEUECHHS HKHUIIbI
Ka)kaoro kabes

F,=" = 42,8 Mm°. ©
146

[IpHHIMaeM GIIDKARIIYIO CTAHAAPTHYIO IUIOMAb CeUeHHs 50 MM,
Kab6emn mapku AAILLIBY-6(3x50).

3.3. METO/JIbI OITPEJEJIEHNMA IIOTEPb MOIITHOCTHU 1 3JIEKTPOOHEPT N

B mporecce nepenaun, pacipenencHus U MOTPeOIeHUS DIEKTPHUECKO
SHEPIrUU CyMMapHbIE IIOTEPU B T€HEpaTopax, TpaHchopMaTopax, JTMHUAX
NIEKTPONEpeNayy Pa3IMuHbIX HANPSHKEHUH, JIEKTPOABUraTeNsX, Ipeodpa-
30BaTesIX M TEXHOJOTMYECKHX YCTaHOBKax pocturatoT 25—30 % Bceit
BbIpa0aTHIBAEMON Ha AIIEKTPOCTAHIMAX dekTpodHeprun [12]. M3 Hux 3Ha-
ynuTenbHas 105, mpumMepHo 10 10—15 %, npuxoaurcst Ha CUCTEMBI 3JIEK-
TpocHaOXXeHHs. B cBsA3M ¢ 3TUM ompeneneHue NoTepb MOIHOCTH U JJIEK-
TPOSHEPI'HHU SIBIETCS] BaYKHBIM BOIIPOCOM HpoeKkTHpoBaHusi COC npombII-
JICHHBIX NPEeIUPHUITHHA, UMEIOIIUM CYIIIECTBEHHOE 3HauY€HHUE MPHU TEXHUKO-
HKOHOMMYECKOH OLICHKE BAPHAHTOB CXEM, BHIOOPE palliOHATIbHBIX HOMUHAJIb-
HBIX HAIPSDKEHUH, KOMIIEHCUPYIOIINX U PETrYIUPYIOLIUX YCTPOHCTB U T.1.

[ToTepy akTUBHOM MOIIHOCTH M JNEKTpodHepruu B snemeHTax COC
CKJIaZIbIBAIOTCSl U3 MOTEPh XOJOCTOTO XOJIa U Harpy304HbIx moreps. [lore-
PH XOJIOCTOTO XOJa HE 3aBHUCAT OT Harpys3kH 3neMeHToB COC 1 BO3HUKAIOT
n3-3a NEpEeMarHiuMBaHNs CEPACYHUKOB (IIOTEPU HA TUCTEPE3NC U BUXpE-
BbIE TOKH), HOHH3AITMH BO3IyXa BO3JIE IPOBOJIOB BO3MYIIHBIX JinHHN 220 kB
U BbllIE (IIOTEPU Ha KOPOHY), TOKOB YTE€UKH M3-32 HECOBEPILEHCTBA U30JIs-
UM U T.J. OTH MOTEPU AJIsl PA3IMYHBIX 3JIEMEHTOB YKa3bIBAIOTCS B BUJIE
aOCOJIOTHBIX WJIM Y/AENBHBIX BEJIMYMH B MACHOPTHBIX JaHHBIX WM B CHpa-
BOYHMKax. Harpy3ouHsle notepu sIBISIOTCS TEIUIOBBIMH MOTEPSMH, KOTO-
pBle U3MEHSIOTCS NIPSMO MIPONOPLHOHATIBHO KBaIpaTy TOKa, HPOTEKAroIIe-
ro yepe3 akTUBHOE conpoTuBieHue 1ementa CIOC.
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B anemenrax COC, o0namaronux WHIYKTUBHBIMU COMPOTHBICHUSIMH,
HMMEIOT MECTO MOTEPU PEaKTMBHON MOITHOCTH M SHEPTUH, KOTOPBIC TAKXKE
HEOOXOIMMO KOJIMYECTBEHHO OLICHHUBATD.

[Ipu cpaBHEHHU BapHAHTOB CXEMBI AICKTPOCHAOKEHUS, KaK MPABUIIO,
OTIPECIISAIOTCS TIOTEPU B OCHOBHBIX 3JIEMEHTaX — JIMHHUAX 3JICKTpOIepe-
nauu ¥ TpanchopmaTopax. [lorepu 3/IeKTpo’HEPTUU B IPYTHX 3JIEMEHTaxX
MOJICYMTHIBAIOTCS MPU COCTABIICHUU JICKTPUICCKUX OATIAaHCOB.

B COC npoMbIIUIEHHBIX TPEANPUATHI B OCHOBHOM MPUMCHSIOTCS JTU-
HUHM 3JIeKTponepeaaun HampsokenueM 10 110 kB, 171 KoTOphIX BBITIONHACT-
Csl pacueT TOJBKO Harpy304HBIX MOTEePh. Il0TEpH aKTUBHOW MOIIHOCTU B
yHUK 3nektporiepenaun (JIPy), uayrye Ha HarpeBaHue MPOBOJAHUKOB, pac-
CUMTHIBAIOTCS 110 BHIPAKESHUIO

AP, =3+ P-R, (3.4
rae / — TOK JIMHUYU; R — aKTHBHOE COMPOTHBIICHUE MPOBOJA WM HKHUJIbI
kabensi, onpenensieMoe Kak

R=ryl, (3.5
rae T'o — ynenbHoe (IOrOHHOE) aKTMBHOE COMPOTUBJIICHHE IMPOBOIHUKA,
OM/KM; / — njIMHA JTUHAH, KM.

BenmuuHeI 1), MOTyYeHHBIE YKCTIEPUMEHTAIBHBIM ITyTEM, YKa3bIBAIOTCS
B Tabnuax pU3MKO-TEXHUYECKHUX JaHHBIX IPOBOJIOB 1 Kaberneii [13; 14].

[Tpu mpencTaBieHNU HArPY3KHU JTUHUHA MOIITHOCTSIMU

AP =~—-R = — v j—R=—r""> (36)
U U* -cos’m U no
HOM Hom "W T ~ HoM

rae S, P u Q — COOTBETCTBEHHO IOJIHAS, aKTHBHAS M PEaKTUBHAs MOLI-
HOCTH Harpy3ku; Up, — HOMUHaJIbHOE HAINpsHKEHWE JHMHUH, COS <p —
K03(pPpUIIMEHT aKTHBHOW MOIIHOCTH HArPY3KH JIMHUH.

Jiist soHEproeMKkux MOTpeOUTEeNel AMEKTPOIHEPTUN MOXKET OBITH U3BEC-
TeH rpaduK dMEKTPUUECKON HArpy3KH MO TOKY (TIOJHOW MOIIHOCTH) B BUJIE,
MOKa3aHHOM Ha puc 3.6.

B sToM ciyyae motepu akTHBHOHU 3nekTposHeprun AW, mojcuuThIBa-
FOTCS TIO BBIPAKEHHUIO

AW, =3-R-"I?-At,, @7)
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rae / — cpemHee 3HaueHHWe TOKa s T'-i crynmeHw rpadmuka; At. —
JUTUTENBHOCTD TI'-TO WHTEpBaIa OCPETHEHHS HATPY3KH; M — YHCIIO CTYIIe-
Hel rpaduka.

I\

Al At At. At

Puc. 3.6. I'padpuk s1eKTpUIECKIX HArPYy30K

IloTepu 31eKTpo3HEPTrUU NPU NPOSKTUPOBAHUH MOTYT OTIPEAEIATHCS
TaKXKe CIEAYIOIMMHI METOJaMU:
1) 1o cpenHeKBaIPATHUECKOMY TOKY /o M BPEMEHH JICHCTBUTEIILHON pa

0ote! muunu T
P

2) M0 MaKCHMAaJbHOMY TOKY /r.x U BDEMEHH MaKCUMAIIbHBIX TIOTEPH T.
CpenHekBaipaTHUeCKUil TOK JIMHUH NIPH U3BECTHOM Ipaduke ee Ha
rpy3ku (cM. puc.3.6):

['= p 38)
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B o0miem ciryuae cpeiHeKBaIpaTHYSCKUI TOK JIMHUU MOXKET OBITh
BBIPQKEH KaK

rae Kk — koahdunuent Gpopmel rpaduka Harpysku, k= 1,05 —1,1; / —
CpEIHUN TOK JINHUU 3a Bpems 7

[ [ — . (3.10)

Tlorepu akTUBHOM S3JEKTPOSHEPTHUU 3a BpeMsa 7 OMNpenessaroTcs o
bopmyne
J17,=31 2T, (3.11)
IIpu pacuere noTephs NaHHBIM METOJOM CYLIECTBYIOT HEKOTOPBIE TPYA-
HOCTH TIpH ompeneneHnn BenuuuHsl | . [TosToMy B pakTHKe MPOEKTHPO-
BaHMsI 0oJiee pacHpoCTpaHeH METOJ pacdyera MOTeph IEKTPOIHEPTUH T10
MAaKCUMAJIbBHOMY TOKY JIMHUH / , B KaUCCTBC KOTOPOTO IMPUHUMACTCA
pacyeTHbI TOK /, U BpEMEHH MaKCHMAIIbHBIX TOTEph T. B 3TOM cityuae
IIOTEPU AKTUBHOM 3JIEKTPOIHEPIUHU B JIMHUH 32 TOJ

AW>3-/L-*-T. (3-12)
Bpems MakcHMaIbHBIX TIOTEPh — 3TO BPEMSI, 32 KOTOPOE P padboTe ¢
HanOOJBIIICH HArPy3KOW MOTEPH AEKTPOSHEPT MM B JIMHUN OYIyT TAKUMH )K€,
YTO W TPU HArpy3Ke, H3MEHSIOIIEHCS 110 JielicTBuTenhHOMY Tpaduky [16].
Ecmm umeercs rpaduk Harpy3ku (cM. puc. 3.6), To 3HaYSHHE BPEMEHH
MaKCHMaJIbHBIX TIOTEPh 33 pacCMaTpUBaeMBbIi repuox 7 onpenensiercs
o popmye [13]

X/ 2-Af,
= . (3.13)
|2
max
Kak BuHO 13 (3.13), x 3aBUCHT OT rpadika AEKTPUIeCKOi Harpy3ku. [Ipu
OTCYTCTBHH TpadyiKa Harpy3KH, YTO XapaKTEePHO JJIS YCIOBUHA MPOSKTUPOBA-
HUS1, BEJIMYMHA T NPUOIIDKEHHO YCTAHABIMBAETCS TI0 CHPABOYHBIM TaOIHLIAM
i KpuBbM [10; 15] B 3aBUCMOCTH OT BPEMEHH UCTIONB30BAHUSI MAKCUMAITh-
HOI Harpy3ku 7' , 110 KOTOPBIM IIOHUMAETCsl BpeMsL, 3a KOTOpoe NpH paboTe

48



[NPOEKTVMPOBAHME CHCTEM 3JIEKTPOCHABXEHNA

C HamOOJbIIEeH HArpy3KOW MOTPEOUTENh MOIYYHIT OBl TAKOE YK€ KOJIUIECTBO
ANIEKTPOSHEPTUH, YTO U TpHU paboTe 1o AeHcTBUTEN HOMY Tpaduky. Kaskmbiit
NOTPeOUTENb UMEET CBOW XapaKTEepHBIM rpaK Harpy3KH U COOTBETCTBYIO-
1iee 3HayeHue Iy, KOTopoe OpeeNnsieTcs O BIPAKEHHIO

m

T =1 (3.14)
max )
max

[Ipn ipoeKTHpOBaHUH Tpax OIIPEACISAETCS TI0 CIPABOYHON JIUTEPAType B
3aBUCHMOCTH OT YHCIIa paboumnx CMEH WM ThTa ipeanpusatus [10; 13].

3aBHUCHMOCTH BPEMEHH MOTEPH T OT T'OJIOBOTO YHCIA YaCOB HCIIONH30-
BaHUSI MaKCUMyMa Harpy3k# [, Ui ycioBust COS ¢ = const mpuBeneHa
Ha puc. 3.7 [15]. Dra xe KpuBas MOXKET OBITH HCIOIB30BaHA, €CIH
3HaueHUs KOA(P(UIIMEHTOB MOIIHOCTH TPH MaKCHUMAallbHOW Harpyske u
CpEeIHEB3BEIICHHOTO 3a roJ pasnudatorcs Meree ueM Ha (0,04—0,05, uro
MPAKTHYECKH UMEET MECTO B OOIJBIITMHCTBE CITyJaeB.

YuceHHOe 3HAUEHKE | MOYKHO MPHOMKEHHO HaiiTh 1o tabs. 3.2 [13].

T, U J/f
8000 {'

6000 /

4000

r4
/
2000 /"

0 fraea?] 2000
4000
6000
8000 T , u

max'
Puc. 3.7. 3aBUCUMOCTb BpEMEHU NOTEPH OT BPEMEHU
MCIIOJIb30BaHMUSI MAKCUMyMa aKTUBHON HArpy3Ku
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Tabauya 3.2
YHCI0 4aCOB MAKCHMAJILHBIX MOTEPh X B 3aBUCHMOCTH OT BpeMEHH
HCNOJIB30BAHUS MAKCUMAJIbHOM Harpy3ku T

-/wax, 4 T, U Jrrax, 4 T, U

3000 1300 5500 3650
3500 1650 6000 4300

4000 2000 6500 5000

4500 2500 7000 5700

5000 3000 7500 6450

g rpadwkoB TumoBoii hopmer u COSCP = 0,8 TOAOBOE BpeMsI MaKCH-
MaJIBHBIX MOTEPh IOMYCKAETCSl OPUEHTUPOBOYHO ONPENENATH M0 TaKOMY
AMIUPUIECKOMY BBIpakeHHIO [10] )

T=(0124+ _, )~-8760. (3.15)
10000

Haiinennple pasHbIMH crioco0amMM 3HA4YEHHSI BPEMEHH MOTEPh MOTYT
OBITH HEOAMHAKOBEIMH. DTO OOBSICHIETCS TeM, UTO TpadUIecKue 3aBHCH-
MOCTH, TaOJIMYHBIC JAaHHBIE U dMIMpHUYEcKas (opMysa MOydyeHbl Ha OC-
HOBaHMH Pa3JIMUHbIX YCPEOHEHHBIX IPaUKOB HArPY3KH. B TEXHUKO-3KOHO-
MHUYECKUX pacueTax T, KaK MPaBHJIO, ONpEAeisercs Mo Tadnuuam Wid
rpadukam.

Pacuer IMOTEPb pCaKTHBHOﬁ MOIIMHOCTH M DJJICKTPOSHCPIUU B JIMHUHN
QJICKTpONCpeaadYu OCYHICCTBIACTCA MO aHAJIOTUYHBIM BBIPpAXXCHUAM, B KO-
TOPBIX BMECTO R MOJCTaBisieTCss peakTUBHOE CONPOTUBIICHUE X, ompese-
ssieMoe 1o hopMmyJie

X=x0-1, (316)
rJie Xo — Y/eJIbHOE PeakTUBHOE comnpoTuBieHne, Om/km [14].

[Tpu pacyere MoTeph AIEKTPOIHEPTUU MOXKET OBITH MOJIE3HBIM COOTHO-
IICHUE, CBS3BIBAIOIIEE CPEJIHEKBAJAPATHYECKHA W MaKCUMallbHBIE TOKU
JUTSL TOJIOBOTO TrpaduKa Harpy3KH:

= 3J17
=L g (3717)
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B [18] npuBoauTCS Takoe SMIUPUUECKOE BEIPAKECHUE:

L="ax (OJI2+ "™ ). (3.18)

10 000 '

[loTepn aKTHBHOM MOLITHOCTH B IBYXOOMOTOYHBIX TpaHChopMaTopax
BBIUHCIISIFOTCS 110 BBIPAKEHUIO

AP =JIPt+-APB? (3.19)
rae JIP, u AP, — akTuBHBIC MOTEpH X0NOcTOro xomaa (XX) u KOpoTKOro
3ambikanus (K3) B Tpancdopmatope; B — koadduimert 3arpy3ku TpaHc-
dbopmatopa.

AHaJIOTUYHO BBIPAYKAIOTCS TIOTEPU PEAKTHBHON MOIIHOCTH B TpaHchop-
MaTope:

110, = J16, +A6]1, (3.20)
rae AQ — peakTHUBHBIE TIOTEPH XOJOCTOTO X0oAa B Tparcdopmarope; AQy
— TIOTepH PEaKTUBHON MOIHOCTH paccesHus B TpaHchopMmarope Mpu
HOMHUHAJIBHOU Harpys3kKe.

[Totepu xomocToro xoa, HAYIME Ha HAMarHHYMBaHUE TpaHc(hopMaTo-
pa, oIpeaenstoTCs KakK

rae 1, — Tok xomocroro xona Tpancdopmaropa, %; Sy — HOMHHAJIbHAS
MOIITHOCTh TpaHc(hopMaTopa.

IloTepu peakTUBHOI MOIIHOCTH MPY HOMHHAJILHON Harpys3ke TpaHchop-
MaTopa, BBI3BAHHBIE PACCETHWEM MAarHUTHOTO IMOTOKAa, BRHUHUCISIOTCS IO
dhopmyne

AQ =U-S /100, (3.22)
K K HOM ' .o\ /
rae U — HanpshkeHrne KOpOTKOTO 3aMbIKaHusl TpaHcdopmaropa, %.

C yuerom ¢opmyn (3.21) u (3.22) Beipakenue (3.20) moxer OBITH
MIPEJICTABICHO KaK

AQr="(Ix+U-ti). . (3.23)

Benmununna xoadduinenTa 3arpy3Ku omnpeaenseTcss B 3aBUCHMOCTH OT
MIOJTHOM MOIITHOCTH HAarpy3ku Tpanchopmaropa b,,:

B =S /S . (3.24)
N

n

Ecnu B xauecTBe S NPHUHATH CPEAHEKBAAPATUUYECCKYIO IOJIHYIO MOIL-
HOCTb Harpy3KH S , TO IOTEPU aKTUBHOW M PEAKTUBHOM 3JIEKTPOIHEPTHH B

T HT oM

TpaHc(hOpMaTOpe MOJCUUTHIBAOTCS MO BHIPAKCHUSIM
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AW, = AP,-T, , AP((j*)*Tp; (3:25)
AV - 4 ¢ RS /.c u 2-/\572 T
= -T + )T = ——a™-P +—s— I
AAGTNE ST T 00 %0 T ooor T 3B

rae 7, — TOJIHOE YUCIIO YacOoB BKIIIOUCHUS TpaHChopMarTopa; 7' — YHCIIo
yacoB paboThl TpaHchopMaTOpa ¢ Harpy3Kod B pacCMaTpHUBACMOM IEpHU-
oJe.

B Tex cnyuwasx, xorma P, ompexpensercs mo MakCHUMallbHOW MOJHOM
MOIIHOCTU HATPY3KHU S , MOTEPH aKTUBHOW U PEAKTUBHOM 3JICKTPOIHEPTHH
B TpaHcdopmaTope:

AW;=APx-Pg + AP« (|MT, 3.27)
HOM
rc T C?
ay  x'mHoyy+ © ™r msin
T 100 * FO05py (328)

Ecnu Ha oOuryro Harpy3ky S paboraror napamiensao JV. Tpanchopma-
TOPOB OJMHAKOBOW €IUHUYIHON MOIIHOCTH S , TO CyMMapHbIC aKTUBHBIC U
PEaKTHBHBIC MOTEPH COCTABSAT COOTBETCTBEHHO:

MR, + £10(E.)'s @
[mS 1 Um%
100 N 100S;om !

C yuetom Beipaxenuii (3.29) u (3.30) MOXXHO HaiiTU CyMMapHbIE I1OTe-
pu anektposHeprun B 7V. tpancdopmaropax. 3uadenuss AP, AP, /,, Uy
MIPUHMUMAIOTCS TI0 CIIpaBoO4HOM Juteparype [10].

[ToTepu akTUBHON MOIIHOCTH B KOHJEHCATOPHBIX ycTaHOBKax (KY),
NpeHA3HAYCHHBIX I KOMIICHCAIIMM PEaKTUBHONW MOIIHOCTH MOTpeOuTe-
JIeH, onpeaeNnsoTes 1o hopmyJie

Ap=py-a> (3-31)
I7ie p — yHelbHbIe NOTEPU aKTHBHOM MOIIHOCTH B OaTapesx KOHICHCA-
TopoB (st Garapeit mo 1 kB mpunumarorcs paBHeivMu 0,004 kBt/kBap,
Boiie 1 kB — 0,002 kBt/kBap); Qx — dhakruueckas momHocts KY, kBap.
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[Motepu akTuBHOI AmekTpodHeprur B KY MOryT OBITH ONpENeieHbl U3

COOTHOIIICHHUS

AW=4PT , (3.32)
rae T — gmcio 9acoB padoTsl (BKiroueHns) KY 3a paccMarpuBaeMbIit
TIEPUOJT.

IIpu pacderax moreph 3iekTpodHeprum B 3naeMeHTax COC romoBoe
YHCIIO0 YaCOB Pa0OThI MPOMBITIICHHBIX MPEIIPUATHN MOXKET ObITh MPHUHS-
TO corjlacHo Tabm.3.3.

B cxeme anekTpocHaOXEHUS HAXOMAT MOTEPH DIICKTPOIHEPTHH IS
KQXKI0TO 3JIEMEHTA, a 3aTeM UX CYMMHPYIOT. BennunHa cyMMapHBIX MO-
TEpPh SIBJIACTCS BAXKHBIM II0Ka3aTeleM, OKa3bIBAIOIIMM CYIISCTBEHHOS
BIIMSHHE HA BBIOOP MPOCKTHBIX PEIICHUM.

Tabauya 3.3
I'onoBoe 4ncI0 YacoB padoThHI NpeANPUATHS
IIponomxuTensHOCTh T'omoBoe umcio yacoB
CMCHBI, 4 TIpHU 4UCJICE CMCH
1 2 3
8 2250 4500 6400
7 2000 3950 5870

ITpumep 3.4. Omnpenenure NoTepu aKTUBHON U PEaKTUBHOM MOIHOCTH
Y TOJOBbIE NIOTEPH JCKTPOIHEPTUU B IMHUU HanpsbkeHueM 10 kB, muHoi
2 kM, BeImonmHeHHON KaOemem mapku AAIIBY-10 (3x150). Pacuernas
Harpyska jiuaud Sp = 3 +j 1,3MB- A, I'* =2900 u.

Pemenue. Ilo Bepaxenmsm (3.5) m (3.16) HaxomuM akTHBHOE W
PEAKTUBHOE COMPOTHUBJICHUS JIMHUH. BennuuHe! o 1 Xo NPUHAMAEM COTJIACHO
taom. 112.

R =0,208-2=0,416 Om; X =0,079-2=0,158 Om.  * [lotepu

AKTUBHOM W PEaKTHUBHOM MOIITHOCTH BBIYHUCIsIEM 110 popmyie (3.6): AP, =

(3%+1,3%) + 0,416 » 10>/ 10> = 44,47 xBt, A6! = (3°+ U%) + 0,158 « 10%/

10° = 16,89 kBap. ITo puc. 3.7 ast Ta - 2900 u x = 1250 u. TTotepu

aKTUBHOW U PEaKTHBHOU 31eKTpodHepruu B muHuM: AW, = 44,47 « 1250

=55587,5 xBr-u; AV"= 16,89 « 1250 = 21112,5 xBapu.
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[Tpumep 3.5. 3aBog aBTOTPAKTOPHOTO 00OPYIOBAHMSI TTUTACTCS OT CETH
I1O kB 3neprocucteMs! uepe3 iBa OAHOTHIHBIX TpaHchopmaropa TJIH-16
000/110, kaxapIii U3 KOTOPBIX MMEET CICAYIOIIUE TapaMeTphl: S =16
MB-A; AP = 18 xBt; AP =85 kB1;/=0,7 %, U = 10,5 %.

oM X K "X > B 4 !

Pacuernast Harpy3ska 3aBoga P = 20 MBT, koadduumeHT MOIHOCTH COS
$=0,9,T =5000 u.

'omax

Omnpepenure HOTEpU aKTUBHOW W PEAKTUBHON MOIIMHOCTH, a TaKXKe
NOTEpU AKTUBHOH 3JEKTPOIHEPTUU B TpaHC(PopMaTopax 3a IOx IpHU UX
KpyriocyrouHoM BkmoueHuu (I, = 8760 u).

Pemenne. Brruucisiem moiHyo moTpeOsieMyro MOITHOCTh 3aBoja IO
hopmyiie

S = P/cos 10; S = 20/0,9 = 22,2 MB-A. OmnpezensieM OTepH

AKTHUBHOW M PEaKTUBHOM MOIIHOCTH B ABYX MapalIeIbHO Pa0OTAIOIINX
TpaHcpopmartopax 1o Beipaxkenusm (3.29) u (3.30): AP, = 2-18 + 0,5-85-
(22,2/16)* =36+ 81,8 =117,8 kBr; T AQ, =2-0,716/100 + 0,5-10,5-
22,2%/(10016) ==0,224+1,617 = 1,841 Maap = 1841 xBap. IToT )¢
pe3yapTaT MOKHO MOJTYYHUTh, €CJIM HAWUTH Harpy3Ky OJTHOTO
TpaHchopmaTopa, HOACYUTATh B HEM MOTEPH, a 3aTEM YMHOXHTh MX Ha
JBa.
Bpemst MmakcuManbHbIX oTepb TpH 1= 5000 9 1o puc.3.7 paHo 2700 u.
[loTtepu akTHBHOM NMEKTPOIHEPTUN B TpaHChopMmaTopax 3a roa: AW = 36-
8760 + 81,8-2700 = 315360 + 220860 = 536220 xBt-u. [Ipumep 3.6.
Omnpexenure rogoBble NOTEPU AKTUBHOW AJIEKTPOIHEPTUHU B OaTapesx
CTaTUUECKUX KOH/IEHCATOPOB HanpsbkeHneM 110 1 kB npeanpusitus,
paloTaromiero B 1B€ CMEHbI, KaX/1as U3 KOTOPBIX UMEET MPOA0IIKH-
TEIBHOCTb & Y.
CyMMapHasi MOIIHOCTh KOHAEHCATOPHBIX ycTaHOBOK Qy = 2100 kBap.
Pewenue. [Totepu aktuBHON MowmHOCTH B KY 3aBona onpezensem mno
dopmyne (3.31)

AP =0,004-2100 = 8,4 xBr. [Ipunss cormacHo Tab6m. 3.3
quclio yacoB BKoueHust KY pasasiM 4500 9 B 101, OnpeessieM mo
BbIpakeHuIo (3.32) moTepu akTHBHOI 3IEKTPOIHEPTHH B KOHAEHCATOPaXx:

/= 8,4 « 4500 = 37 800 kBt-u.

54



MMPOEKTUPOBAHUE CUCTEM 3JIEKTPOCHABXEHN A

3.4. OHEHKA CTOUMOCTHU NOTEPH MOIIHOCTHU U QJIEKTPOOHEPT U

[Ipu cpaBHEHWU BapHAHTOB CTOMMOCTH MOTEPh AIIEKTPOIHEPTUH OTIpe-
JIENSETCS TI0 BBIPAXKCHUIO:

C. = $AW, (3.33)
rae [3 — croumocts 1 kBT-u noteps 3nektposneprun; AW— cymMmmapHbie
MOTEPH JCKTPOIHEPTUHU B PACCMATPHBAEMOM BapHaHTe.

YaenbHas CTOMMOCTh TIOTEPh aKTUBHOW JJICKTPOIHEPTHU OMPEACIIACTCS
o ae¥cTByronmM Tapudam. Eciu npeanpusTiue pacCYUTHIBACTCS C SHEP-
TOCHUCTEMOM IO JBYXCTaBOYHOMY Tapu(]y, TO IMOTEPU aKTUBHOM 3JICKTPO-
sHeprun B COC OLIEHUBAIOTCA MO CpeaHeMy Tapudy, BRIYUCIIEMOMY IO
dopmyne [17]

P=a/T +b (3.34)

max
IZIc @ — OCHOBHAas CTaBKa TapHda 3a 3asBICHHYI MOIIHOCTb, Y4acCTBY-
IONIYI0 B MakCUMyMe Harpy3kd SHeEprocucremsbl, pyOo/kBT (3a mecs,
KBapTaj, rox); b — momomHuWTENbHAS CTaBKa Tapuda 3a MOTPeOIeHHYIO
3IIEKTPO3HEPT U0, pyO/KBT * 4.

[Mpu npumeHeHnH Ha NpeaAnpuaTHr AudHEepPeHIUPOBAHHOTO MO 30HAM
CYTOK MHOTOTapH(HOTO ydeTa 3IEKTPORHEPTHH CPEeIHHA Tapu(d MOKeT
OBITh HAMJICH MO0 TAKOMY BBIPKEHHIO:

y

E—
3, i

@rae W — cymmapHoe moTpeOieHue
JIIEKTPOJHEPIUU B I'-i 30HE yueTa; b, —
CTaBKa 3a MOTPEOJICHHYIO 3JIEKTPOIHEPTHUIO B I'-i 30HE y4deTa, pyo/kBT-u;
n — KOJWYECTBO 30H yUeTa.

CoOBpEMEHHEBIE AJIEKTPOHHBIE CUETUYHUKUA M CUCTEMBI JTAI0T BO3MOXKHOCTh
OpraHU30BaTh YYET AJICKTPOIHEPTHUHU MO YETHIPEM 30HAM CYTOK (HOYHOM,
JTHEBHOM, MTUKOBOM, TOJYMUKOBOW). OIHAKO Ha MPAaKTUKE B OOJBIITUHCTBE
CIy4aeB YYeT DJICKTPOMOTPEOJCHUS Ha MPOMBIIUICHHBIX TPEIIPUITUIX
BEJIETCS 10 TPEM 30HAM: HOYHOM, JHEBHOW 1 MUKOBOM.

WNHorga npu TEXHUKO-dKOHOMHYECKHX pacdeTax 3aTpaThl Ha 3JIEKTPO-
suepruro (C ) onmpenenstorcs mo BeipakeHuro [10]

C=mAP +w,AP (3.36)
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rae m — CTOMMOCTh | KBT MakCHMManbHBIX aKTUBHBIX HArpy30YHBIX
norepk, pyo/(kBt ¢ rox); my — croumocTh 1 kBT moTeps xoa0cToro xoja,
py6/(xBtron); JIP, — MakcuMaJIbHBbIC TIOTEPH AaKTUBHOW MOITHOCTH, KBT;
AP — notepu xonocToro xonaa, kBT.

VY enbHbIE CTOMMOCTH TOTEPh MOIITHOCTH OMPEIEISIIOTCS. HA OCHOBAHUU
JICHCTBYIOIINX JBYXCTABOUHBIX TApU(OB HA AIIEKTPOIHEPTHUIO B 3aBUCUMO-
CTH OT TOJOBOTO YHUCIIA YaCOB MAKCHUMAJIbHBIX MOTEPh T U BKIFOUCHUS T
NOTPEOUTENS:

m—\W'T™ *>)m* = P (3_37)
"»0o = (*T'ine + 6).I', = P7'.. (3.38)
IIpumep 3.7. Onpenenure CTOUMOCTb TOAOBBIX MOTEPh AKTUBHOM 3JICK-
TPOJHEPruu B TpaHc(opMaTopax, pacueT KOTOPBIX MIPUBEIEH B mpuMepe 3.5.
Pemenue. Onpenensiem cpenuuii Tapud 1o Beipakenuto (3.34) mst Iy, =
5000 u, npuHsIB OCHOBHYO cTaBKy Tapuda a = 1165 000 py6/(kBt-rom), a
nornonHuTenbHy0 — b = 880 py6/kBTu:

1165000.830 = 113 6/xcBr-w 7000 CTOMMOCTH TOMOBBIX TTOTEPD

anekTposnepriun AW, = 536 220 kBt-u4 Haxoaum o Beipaxenuo (3.33)
C.=1113 +536 220 = 596 812,86 ThIC.pYO.

3.5. METOJUKA TEXHUKO-3KOHOMMYECKO OLIEHKU
[IPUHUMAEMBIX PELLIEHUIA

HpI/I PCUICHHUU PA3JINYHBIX TCXHUYCCKUX 3aaa4 B OCHOBY OLICHKU CpaB-
HHMBaEMbIX BAPHAHTOB IOJIOKEHA YKOHOMHUUecKas ddexTnBHOCTS. Kprre-
pueMm 3hdekTuBHOCTH (ONTUMANBHOCTH) TpU BBIOOpe BapuaHTOB COC
SIBJISICTCS. MUHUMYM T'OJIOBBIX 3aTpaT, KOTOpPBIE B OOIEM BHE MPU €IUHO-
BPEMEHHBIX KalMTAJOBIOKECHUIX BBIpaXKaroTCs HopMyIoi

3 =E,K+C,, (3.39)
rie E | — HopmaTtuBHBIH K03 dHUIMEHT 3(GEKTUBHOCTH KaIMTAJIbHBIX BJIO-
JKeHHUH (cTaBKa pe(MHAHCHUPOBAHUS), OTHOCHUT, ei.; K — kamuranbHbIe

BIIOJKEHHUSI B OOBEKT, BKIIIOYASI CTOMMOCTh MPOSKTUPOBAHHMS, CTPOUTEIHHO-
MOHTaXHBIX paboT u obopynoBanus, pyo.; C, — TOJOBbIE AKCILTyaTalIy-
OHHBIE Pacxopbl, pyo.
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Bemnuwnna E;, npuauMaeTcs He HIDKE O€3pHCKOBOI CTaBKH II0 aJIbTep-
HATUBHOMY BJIOJKEHHUIO KamuTana. B ycloBHsSX HOPMAIEHOTO (DYHKITHOHUPO-
BaHUS SKOHOMHKH

E =0,12-0,15.

Bennunaa kamuTanbHBIX 3aTpar Ha coopyxkeHne COC ompexpemnseTcs

KaK

K= K+K5, (340)
rae K, — xanutanbpHbIe 3aTpaThl HA COOPYKCHHE JIMHUHN 3JIEKTpONepena-
un; K, — KanuranbHbIe 3aTpaThl Ha 3ekTpoodopynoBanue COC.

Ipu obmem yrcne B COC nuHwMiA 71, ¥ €UHUILL SIICKTPOOOOpY10BaHUS 11”7

Knp=X; (3.41)

Kog=X 06, (3.42)

raoe K, — xammTanbHbIe BIOKEHHUS B TI'-10 JuHHIO; K — TO ke, B I'-f0
eIMHUILY 000PYIOBAHUS.
KanuTanbHble BIOKEHUS B JIMHUM AJICKTPOIIEPEIadH MOACYUTHIBAIOTCS
o popmyiie
“11, =510, U» (3-43)
rae K, — crouMocts coopyxenus 1 kM /-if nmuaun, pyo/km; / — miuHa /-

W TUHUH, KM.

[Ipy TEXHUKO-’KOHOMHUYECKOM CpPaBHEHWU BApUAHTOB CTOMMOCTHEIC
[IOKAa3aTeIX IO/DKHBI HMCUHUCIATLCS B €IMHBIX IeHaX. B OONbIIMHCTBE
ciyvaeB mipu npoextupoBanuu COC menecooOpa3HO MPUMEHSThH HOpMa-
THUBHbBIE MaTEPUAJIbl, T.€. YKPYIHEHHBIE MOKAa3aTEeNIH, IPUBEACHHBIEC B pa3-
HOOOpa3HBIX CIPABOYHHUKAX. YKPYITHEHHbIE TIOKA3aTENH JOKHBI KOPPEK-
THPOBATHCS C MOMOIIBID MEPEBOTHOTO KOA(DPUIMEHTa, YUIUTHIBAIOIIETO
M3MEHEeHHeE IIeH 32 MEepro/l, MPOIIEANINI ¢ MOMEHTa UX onmyOiMkoBaHus. B
HostOpe 1998 1. mo oTHomennto k meHam 1991 roma 3ToT KO3 dUIIMEHT
coctasui 35 000.

['onoBbIE 3KCIUTYaTAIIMOHHBIE PACXOABI OMPEAETSIOTCS IO BBHIPAKEHUIO

C=C+C+(C, (3.44)

£ a p ir

rae C, — oTtuncneHus Ha amopTu3anuio; C — 3aTparsl Ha TEKYIIUN
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PEMOHT u 00CTyXHBaHUE (Pacxojpl Ha 3KcInTyaTanuto); C, — CTOMMOCTb
TOJIOBBIX MOTEPh AKTUBHOM 3JIEKTPOIHEPTUH.

I'onoBbIe OTUYHCIEHUST HA aMOPTU3ALIMIO, TPEIHA3HAYCHHBIC TSI BO3ME-
IICHUS U3HAIMBACMBIX B XOJIE IKCILTyaTallud OCHOBHBIX (DOHIIOB MPEAIIpH-
SITUSL, TIOJCUUTHIBAIOTCS 10 CIETYIOIIEMY BBIPa>KEHUIO:

Ca=X ]I, * K+ £Eqsi * Kog (3.45)
-1 /=i

rae E,, u E,,s — HOPMBbI OTYUCIIEHUS HA aMOPTHU3ALIUIO JI JIMHUN 1
ANIEKTPOOOOPYTIOBAHUS, OTHOCHUT.E]I.

B 1994 rony m3nansr yrBepxkaernsie CoBetom Munnctpos «Ennabie
HOPMBI aMOPTH3AMOHHBIX OTYHCIICHUHA Ha TTOJTHOE BOCCTAHOBIIEHUE OCHOB-
HBIX QOoHIO0B B Pecrybnuke bemapyck», 0 KOTOPBIM CleAyeT MPHHUMATh
YHUCJICHHBIC 3HaUeHUI K u E .

aJg a.00

Pacxonpl Ha TeKymuii peMOHT M OOCIIy>KMBaHHME BKIIOYAIOT 3apaboT-
HYIO IUIaTy IEPCOHay, OOIIEeXOBble U IPyTrue pacxoisl, HEOOX0AUMBIE
IUIS TIPOBEICHUS TEKYILUX PEMOHTOB. [Ipu cpaBHEHHH BapHaHTOB OOBIYHO
YUUTBIBAIOTCA TOJBKO 3aTpaThl Ha TEKYIIMH PEMOHT, TaK Kak 3apIuiaTa,
00IIeIeXOBbIE U APYTHE PACXObl OAUHAKOBBL. DTH 3aTPAThl ONPEACIISIOTCS
10 BBIPA>KCHHIO

«06

P =1Xu, 1, +2X06, 206, (3.46)

2L =L
roe £ , u E ;s — HOpMaTUBHBIE OTYMUCICHUS HA TEKYIUUH PEMOHT AJIs
JIMHUI 3JIEKTPOIIePEeIadyl U 3JIEKTPOOOOPYI0BaHUS, OTHOCHT, €.

Jlist TvHMINA 3JIeKTpoIiepeiadn pacXo/bl Ha TEKYIIUHA PEMOHT U 00Ciy-
’KMBAaHHUE TIPAKTUYECKU HE 3aBUCAT OT CEUEHUS MpoBOJOB. [lorTOoMy mpu
BBIOOPE IKOHOMUYECKOTO CEUCHHS MPOBOJIOB MX HE YUHUTHIBAIOT IPH pac-
YEeTe TOJOBBIX IKCIUTYaTAI[MOHHBIX pacxo 0B [12].

Korma cpaBHHMBaeMbie BapUaHTHI 10 MPHUBEACHHBIM 3aTpaTaM pa3jinda-
10Tcs He 6osee yeM Ha 5—10 %, OHM cUMTarOTCS MPAKTUYECKH PAaBHOLIEH-
HBIMH ¥ TIPEINOYTEHUE CIEAyeT OTAaTh BapHaHTY, UMEIOIIEMY JIyYIlne
TEXHUYECKUE U IKCIUTyaTAIMOHHBIE TTOKA3aTeIIH.

CpaBHeHHE BapHAHTOB AIIEKTPOOOOPYIOBAHMUS C Pa3HON TOJ0BOM MPOM3-
BOJIUTENIEHOCTHI0 MOXET TPOBOJUTHCS MO YIENBHBIM IPUBEACHHBIM 3aT-
paTam, orpenesieMbIM 110 BBIPAXKEHUIO
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3 =3/I1,, (3.47)

rae [, — romoBoii 00beM MPOAYKINN PH HOPMAIBHOW SKCIUTYaTallHH.

IIpu pacuere mo dopmyne (3.47) HOIKHBI HCIIONB30BATHCS TIONHBIC
MIPUBEICHHBIC 3aTPAThI ISl BCE CXEMBI, a HE TOJIBKO M3MEHSIOMIENCS ee
YaCTH.

Ecnu HeoOXoammo CpaBHHTH JBa BapHaHTa, TO Oojiee 3¢ HEeKTHBHBIHA
BEChMa MPOCTO OMPEACITUTh C MOMOIIBIO CPOKA OKYIAaeMOCTH KalHUTajb-
HBIX 3aTpaT:

ro=(K1-K2)/(Cs2-Ci), (3.48)
rae Kj u K, — kanumransnsie 3arpars! BapuadtoB 1 n2 (K > Ky); C,uCy
— T'OJIOBBIC 3KCILTyaTallMOHHbIE pacxobl BapuantoB 1 u 2 (C <C,).

U3 Beipaxkenus (3.48) ciemyer, 4TO CPOK OKYNMaeMOCTH — TIEPUO, B
TE€YEHHE KOTOPOTO IOTOJIHHUTENbHBIE KANUTAIOBIOKEHUS 10 OJHOMY U3
BapHAHTOB TOJHOCTHIO OKYMAIOTCS 32 CUET 3KOHOMUH T'OJIOBBIX JKCILTya-
TaIMOHHBIX PAaCXO0B.

Haiinennoe o dopmyne (3.48) 3nauenue |y cpaBHHBaeTCs ¢ HOpMa-
TUBHBIM CPOKOM OKYIIaeMOCTH:

I'=VE,. (3.49)

Eciu Ty < T, TO 3KOHOMHMHYECKH II€JIECOO0Pa3HBIM SBIIICTCS Oolee
KalUTAIOEMKUNM BapUaHT ¢ MEHBIITUMH IKCIUTYyaTallHOHHBIMHU PACXOaMHU.
[Mpu T > T, sxoHOMHYHEE OyIeT MEHee KalUTAIOEMKHI BApUaHT ¢ OONBIINMU
TOJIOBBIMH OKCIUTyaTallMOHHBIMK pacxomamu. Ecrm Tg = T,, To paccmar-
pUBacMbIC BAPUAHTHI CIICTYET CUATATh SKOHOMUYECKH PaBHOIICHHBIMH.

o cpoky OKynaeMOCTH MOXHO IOTIAPHO CPaBHUBAThH JIFO00E KOJIMYSCTBO
BapuaHTOB. OHAKO MPH YKCJIC BApPUAHTOB OoJiee JBYX yJI0OHee BHIOMPATh
ONTHMAJILHOE PENICHUE TI0 YCIIOBUIO MUHUMYMa TPUBEIACHHBIX 3aTparT.

[Ipu omeHke OBYX BapuWaHTOB HE BCETNA CIIEAYET OMPENSSTh CPOK
OKYIaeMOCTH KalUTAJIOBIOXKEHUN. Hampumep, ecnu onuH M3 BapHaHTOB
TpeOyeT MEHBIIUX KAIUTAIOBIOKECHUH U UMEET MEHBIIIUE I'OJIOBBIC SKCII-
ayararonnbie pacxonsl (K, < Kp; C, < C,), To oH sBiseTcs Ooiee
BEITOMHEIM. B cimyuae ommHakoBeix karmmrtanoBioxennid (K, = K;) wmum
TOJIOBBIX AKCIUTyaTaruoHHBIX pacxonoB (C, = C,) BBIOOpP SKOHOMUYECKU
1eJIeCO00Pa3HOTro BapuaHTa MOXKHO OCYIIECTBHTH N0 MUHHUMYMY SKCILTY-
aTaIMOHHBIX PACXOJIOB WIIN KATUTAIBHBIX 3aTpaT COOTBETCTBEHHO.
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Ipumep 3.8. Ha puc. 3.8 m300pakeHbl JBa BapuaHTa CXEMBI 3JICK-
TPOCHAOKEHUSI MEXaHIMYECKOTO KOPITyca MAIIHHOCTPOUTENHHOTO 3aBOJa C
MPUMEHEHUEM JBYXTpaHcpopMaTopHbIX U ogHOTpanchopmaTropHbix KTTI
10/0,4 kB, B KOTOPBIX HUCHONB3YIOTCS TpaHchopmaropsl Trna TM3-1000.
JnvHbl TMHUN 1 Mapku Kabenel ykazaHel Ha cxeMmax. B o0omx BapuaHTax
Kabemn TMpOKNIAABIBAIOTCS B 3€MJLIHBIX TpaHIIesx. B Bapuante 2
TIPETIONIaracTCsl pe3epBUPOBAHNE TIMTAHMS TToTpeduTeNei mo cet 1o 1 kB ot
TpaHcpOpMaTOPOB coCenHEl MaruCTPaIbHON JTHHUN. DTO TO3BOJISIET CUH-
TaThb BapUaHTHl MPAKTUYECKH DPAaBHOLIEHHBIMH 1O HAACKHOCTU SJIEKTPO-
cHaOxeHusi. CyMMapHble TIOTEpU aKTHUBHOM 3JEKTPOIHEPTUHU B JHHUSX U
Tparchopmaropax B Bapuante 1 cocraBuinu 125 088,44, B BapuanTe 2 —
125 550,3 kBt-4. PacyeTHast cTOMMOCTB MOTEPH AIIEKTPOIHEPTHHU (CpeTHHIMA
tapud)pasHa 1,171 thIic. py0/kBT4. HeoOxonumMo BEIOpaTh 3JKOHOMHUYECKU
1enecoo0pa3Hbelil BAPHAHT M0 YCIOBHIO MUHUMYMA TOJIOBBIX MPUBEICHHBIX
3aTpar.

Pemrenne. OmpenensieM yKpyIHEHHBIE ITOKa3aTeld CTOMMOCTH 3Jie-
MEHTOB CXEMBbI AJIEKTPOCHAOXeHus 10 [19] ¢ yueToM mepeBoIHOr0 KO-
¢unuenra, pagaoro 35 000 (o coctosiHKIO Ha HOsIOpL 1998 T.). Kanurans-
HbI€ 3aTpaTbl KaKJIOTO BapuaHTa BKIIIOYAIOT CTOMMOCThH sidyeek PY ¢
BeIKITIOUaTesIMu K, ctonMocTts kabenpubix aunuid K, u ctommocts KTII
K., T. e. K= KgtK;t+Kr.

Croumoctp stueiiku PY 10 kB, Bemonmnennoro kamepamu tuma KCO, ¢
BoIKroyaresieM BIIMII-10 ¢ npy>KHHHBIM PUBOJIOM, C YYETOM U3MEHEHHUS LICH
Kgy=2,14 « 35 000 = 74 900 TBIC. pYO.

CTOMMOCTB OTHOTO KHJIOMETpa JIMHHY, BHIIOJHEHHON KalberneM, MpoJIoKeH-
HBIM B 3eMJie, C 3aTpaTaMd Ha PHIThE M 3aChIIKy TPaHIIEH B TpyHTe 2-i
Kareropu (CpeaHeil) MexaHn3upoBaHHBIM criocoboMm (0,44 Teic. pyO/Km):

» wmapku AAIIIB-10 (3x35)
Ko = (1,88 + 0,44) « 35 000 = 81 200 TbIC. pyO/KM;
» wmapku AAIIIB-10 (3x70)
Ko =(2,38 + 0,44) m 35 000 = 98 700 ThIC. pyO/KM. KanuranbHble 3aTpaThl
Ha oany KTII ¢ Tpancdopmaropamu tuma TM3-1000:
*  OJHOTPaHC(OPMATOPHYIO
K7, =14,43-35000 = 505050 TsIC. PYO.;
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* JIByXTpaHC(HOPMATOPHYIO
K, =28,75-35000 = 1006250 TBIC. PYO.
BrimonHsieM pacdeT roIoBbIX 3aTpaT ISl pacCMaTpUBaeMbIX BApHAHTOB.

Bapuant 1

B Bapuante 1 ucnons3yrorcs uetsipe ssueriku PY 10 kB, nunuu 10 kB,
BhINIOTHEHHBIE kabenem AAIIIB-10 (3x35), obmeit mmHoit 0,8 kM, U 1BE
IByXTpanchopmaTropHble ToAcTaHIMU ¢ Tpanchopmaropamu TM3-1000.
BapuanTt 1 TpeOyeT cienyronmx KamuTalbHbIX BIOKCHHIH:

K; =4+ 74900 = 299 600 TbIC. pYO.;
k] = 0,8 m 81200 = 64 960 T5IC. pYO.;
K" =2-1006 250 =2 012 500 TbIC. pYO.;

K, =299 600 + 64 960 + 2 012 500 =2 377 060 TbIC. py6. Pacuer
OTYHUCIICHUH Ha aMOPTHU3AINIO BBHITTOIHSAEM T10 IEHCTBYIOIINM B
PecrryOmike bemapycs HopMaM (B OTHOCHTENBHBIX SIMHALIAX ):

* s obopynoBanust PY — 0,044;
* st Kabereid ¢ aTFOMUHIEBOI 000I0UKOH TpH TTpokia ke B 3emire — 0,04;
e g KTIT — 0,066.

Torma aMmopTH3aIMOHHBIC OTYHCICHUS ISl BApHaHTa | COCTaBsIT:
C,=0,044 + 299 600 + 0,04 « 64 960 + 0,066 « 2 012 500 = 148 605,8 THIC. PYO.

OT4nciaeHns Ha TEKYIIHNH PEMOHT U 00CTy)KHBaHHUE TIPUMEM COTJIACHO
[10] myist kabenpHBIX IMHAM, TPOIOKEHHBIX B 3emite, paBHbIMU 0,015, a mist
anekTpoodopynoanus — 0,01. Torga rooBsie 3aTpaThl HA TEKYIITHI
peMOHT u obciykuBaHue A Bapuanta 1 cocrassat: C, = 0,015 « 64 960 +
0,01 (299 600 + 2012 500) = 24 095,4 TBIC. PYO.

CrouMOCTh TOTEPh BJIEKTPOIHEPTUU B JIMHUIX U TpaHchopMmaropax
onpeaensetcs o Gopmye (3.33)

C,=1,171-125 088,4 = 146478,5 ThIC. pYO.

['omoBBIe 3KCIUTyaTallMOHHBIE PacXojbl JJIs BapHaHTa | 1O BbIpaxe-
Huto (3.44)

Cj =148 605,8 + 24 095,4 + 146 478,5 =319 179,7 ThIC. PYO.

[MpuHsSB HOpMATHBHBIMN KOA(PGHUIHMEHT 3(H(HEKTUBHOCTU KalUTAIbHBIX
Bioxenut £ = 0,12, o popmyite (3.39) onpenensieM roioBbie MPUBE/ICH-
HbIE 3aTpaThl JJIs BapuaHTa |

3,=0,12-2377 060 + 319 179,7 = 604 426,9 ThIC. pYO.
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Bapuanr 2

B nannom BapmanTe ucrionb3yrorcs ase saeiiku PY 10 kB, muanm 10 kB ¢
kabemnem AAILIB-10 (3x70) o6ieti aauHoi 0,3 kM u ¢ kabeaem AAILIB-10
(3x35) obmiett mmHO# 0,2 KM, a TaKKe YeThIpe OAHOTPaHC(POP-MaTOpHBIC
MoACTaHIMH ¢ TpaHnchopmaTopamu trma TM3-1000. Kanurairbabie
3aTpaTsl 0 JAHHOMY BapuaHTy cocTaat: K,=2 ¢ 74 900 = 149 800 TsIc.
pyo0.; k" =0,3 » 98 700 + 0,2-81 200 = 45 850 THIC. pYO.; K" =4 * 505 050 =
2 020 200 ToIC. py0.; K, = 149 800 + 45 850 + 2 020 200 = 2215 850 ThIC.
py0.; Otuncnenus Ha amopTu3anuo onpeaenstores kak C,=0,044 149 800
+ 0,04 « 45 850 + 0,066 * 2 020 200=141758,4 ThIC. py0. 3aTparsl Ha
TEKyI1id peMOHT 1 o0ciry>kuBanue paBHsl C,=0,015- 45850 + 0,01-
(149800+ 2020200) =22387,8 ThIC. py0. CTOUMOCTH MOTEPH
AIIEKTPOSHEPTHH B JIMHUSX U TpaHchopMaTopax
C,=1,171-125550,3 = 147019,4 TbIC. pYO.
I'oioBBIE SKCIUTYaTAI[MOHHBIC PACXOIBI IS BapUaHTa 2

C,,=141758,4 +22 387,8 + 147 019,4 = 311165,6 ThIC. pYO.
I'opoBBIe IPUBEAECHHBIE 3aTPATHI 1Sl BapUaHTa 2
3,=0,12-2 215850 + 311165,6 = 577 067,6 TeIC. py0. PacueTsr
MOKAa3aJi, YTO MIPUBEACHHBIC 3aTpaThl 000UX BAPUAHTOB Pa3IHMYAIOTCS
He3HauuTeIbHO (Ha 4,7 %). U Bce xe npeanodTeHue ciaenyeT OTaaTh
BTOPOMY BapHaHTY, UMEIOLIIEMY MCHBLINE KalUTaJIbHbIE BIOKCHUS U
roAgOBBIC U3ACPIKKHU SKCILTYaTalluu.

3.6. YUET HAAEJXKHOCTU DJIEKTPOCHABXEHUA [1PU
BBIBOPE OIITUMAJIBHBIX BAPMAHTOB

CormocTaBisieMble BapUaHTBI CXEM 3JIEKTPOCHA0KEHHsI TOJDKHBI oOec-
NeYrBaTh OJIMHAKOBBIC IMOKA3aTENId IJIEKTPONOTPEOJICHUSI U TPeOyeMyto
HaJIeKHOCTh 3JeKTpocHabxkenus. HagexHnocts — 310 cnocodHocTh COC
Oecniepe0oiiHO CHAOXKAaTh MOTPEOUTENEH ANMEKTPOIHEPTUEH B JIOMYCTHUMBIX
npeienax Mnokasareliei ee Ka4ecTBa, He BBI3bIBAas CUTYALlWi, OMACHBIX JUIS
JIOJel M OKpy»Karomieil cpenpl. Pa3imuHble HenpeIBUACHHBIE 00CTOATENb-
CTBa MOT'YT PUBECTH K HapYIICHNIO (PYHKIMI KaK OT/ICIBHBIX JJIECMEHTOB,
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tak u nojcucreM CIC. DTo MOXKeT BbI3BaTh MPEKpAICHUE UM OrpaHu-
YeHHE MUTAHUS NMOTPeOUTENeH, a TAK)KEe CHIDKCHHE ITOKa3aTeeld KauecTBa
HanpsDKEHUsI, HOABOAMMOIO K 3JIeKTponpueMHUKaM. [IpudamHamm Takmx
HapyLEeHUH MOTYT ObITh aHOPMAaJIbHBIE PEKUMbI MUTAIOLINX 3HEPrOCHUC-
TeM, HeOJaronpusaTHOE BO3AEHCTBIE OKPY>KaroOIei cpenbl, OmUOKHU, AOIy-
IICHHBIE TIPH MPOEKTHPOBAHUH, COOPYXKeHHH 1 dKcruryararun COC u 1. 1.

BHe3anHble nepephIBbl U OTPaHUYEHHS HIEKTPOCHAOKEHNS IPOMBIIIIICH-
HBIX TIPEANIPUSATHI BBI3BIBAIOT HEMIOCPEICTBEHHBIN (TIPsIMOiA) yiiep0 u yiiepo
oT HeoBbITycKa npoxykimu [21]. Ipsmoit yep6 cBa3aH ¢ IOBpEXAeHHEM
000pyI0BaHMs, BOCCTAHOBUTEIEHBIME paboTaMy MO HAJIAAKE PacCTPOSHHO-
T'O W3-32 HApYLICHHS JIEKTPOCHA0XKEHHUs TEXHOIOTHYECKOTO Mpoliecca, Opa-
KOM M TIOpYeH CBHIpbi, MaTEepPHaNOB, MPOAYKIMH, MPOCTOSIMUA pabovYux M
MPOU3BOJICTBEHHOTO 00OPYIOBaHHMs, YBETHYEHHEM IOTEPh JIEKTPOIHEPIHU
BCJICACTBUC ITUTAaHUA HOTpe6HTCJICI>'I 110 pE€3C€PBHBIM CXEMaM U T.[.

[lpu aBapuiiHBIX TMeEpephIBax JIIEKTPOCHAOKEHHS psila MPOU3BOJICTB
(oco0eHHO TIpeANpHUITUH XUMUYECKO#, HedTenepepadbaTpiBatoIeii U Me-
TaJTypTUYECKON MPOMBIIIJIEHHOCTH) MOTYT MPOUCXOIUTH B3PBIBBI, MOXKa-
PBI, BBIOPOCHI SIIOBUTHIX BEILIECTB, MOBPEXKICHHUE JOPOTOCTOSIIETO 000py-
JOBaHUA U T.II. ILH)I MMpEAOTBPAIICHUA 3TUX HETaTUBHBIX SIBIICHUI npume-
HAOTCA CIICLIMAJIbHBIC YCTpOI‘/'ICTBa 3alllUTbhl 1 aBTOMATHKH, O6€CHC‘II/IB3IO'
mue Oe3aBapHiiHyI0 OCTaHOBKY TEXHOJOrHMYecKoro mporiecca. Criemopa-
tenpHO, COC mpeanpuaTus JOJDKHBI 0071a1aTh CIIOCOOHOCTRIO COXPAHATh
MUTaHUE DIIEKTPOIPUEMHHIKOB, padoTa KOTOPhIX HeoOxommuma s OezaBa-
PHUIHON OCTaHOBKHM IMPOM3BOACTBA IIPH JIIOOBIX OTKA3aX CXEMbI 3JIEKTPO-
cHaOxeHus. sl TakuX SJIEKTPONPHUEMHHUKOB CIEAyeT MpeaycMaTpuBaTh
rapaHTHPOBaHHOE 3JIeKTpocHadkeHne ot HezaBucumoro UIT HeoOxonumoit
MOIIHOCTH.

ITocnencTBrsi BHE3ANMHBIX MEPEPBHIBOB 3JIEKTPOCHAOKEHHUS BO MHOTOM
00yCIIOBIIMBAIOTCS] X COBIAZCHUEM BO BPEMEHH C OIPEAETICHHBIM 3TAIIOM
TEXHOJIOTHYECKOro Tmpouecca. Tak, eciu MepepblB 3JIeKTPOCHAOKEeHHUs
NIEKTPUYECKON MEUM MPOM3O0ILEN BO BPeMs 3arpy3KH, TO 3TO JIMIIb 3aep-
XKUT ee myck. lIpekpainenue nogauu 37MEKTPO3HEPTHH BO BpeMs paboThI
MIEYU MOKET BBI3BaTh HEOOXOJMMOCTh BO30OHOBIICHHS TpOliecca Harpera,
YTO CBSI3aHO C HEPAIIMOHAIBHBIM PAacX0/I0M SHEPrOPECYPCOB.

IIpu 35eKTpOIIN3E U IIEKTPOTEPMUU IIEPEPBIBBI TUTAHUS BbI3bIBAIOT
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OCTHIBaHHME BaHH W IEYEH, YTO yBEIUYHMBACT yIEIbHBIN PAacXo]] dIEKTPO-
SHEPTHUH Ha eIUHUILY TIPOAYKITHH.

BresanHas ocTaHOBKa METAUIOPEKYIIUX CTAHKOB BO BpeMs paboTHI,
KaK MPaBUIIO, TPUBOAMT K TOJOMKE PEXYIIero HHCTpyMmeHTa. [Ipekpare-
HUE MATAaHUs aBTOMATHYECKUX JIMHAN a)ke Ha HECKOJIBKO CEKYHJ MOXET
MOBJICYh 332 COOOW PacCTPOMCTBO TEXHOJOTHYECKOTO IMpOollecca, BOCCTa-
HOBJICHUE KOTOPOTO TPeOyeT WHOT/Ia HECKOJILKHUX YaCOB.

B TexcTHIIBHOM TPOMBIIUICHHOCTH MPH MPSIICHUU U TKAaYECTBE Mepepbl-
BBl JJICKTPOCHA0XKCHUS TPAKTUYCCKH HE BBI3BIBAIOT Opaka MPOAYKIUU H
MOpYH ChIphs. B TO ke Bpems B OTOCIBHBIX, KPACHIBHBIX, IMEYATHBIX U
OTJICJIOYHBIX II€XaX MPEKpalleHUue MUTaHU MOXKET IPUBECTU K HEMOIPABU-
MOMY OpaKy MpOTyKITHH.

CrnenyeT oOpaTUTh BHUMAaHHE Ha TO, YTO HEKOTOPHIC OTBETCTBCHHBIC
MIPOU3BOJICTBEHHBIC IPOIECCHI MOTYT JIOMYyCKaTh KPAaTKOBPEMEHHBIC IIe-
PEPBIBBI AIIEKTpOCcHAOKeHus. Hanpumep, cTaJleriaBUIbHOE U YyTyHOJIH-
TelfHOe MPOM3BOCTBA JOITyCKAIOT MepepbIBbl MuTanud Ha 0,5—1 4, mpo-
W3BOJICTBO CHHTETHYECKUX MOPOIIKOB M Kpaxmaia — 10 | 4, mpou3Boa-
CTBO COII0JIa Ha THBOBapEHHBIX 3aBOJAX, BapKa MbUIA, KHCIOPOIHEIE
CTaHI — 10 2 9 1 T.14. [20].

[lepedeHp TEXHOIOTUIECKUX MPOIIECCOB U 000OPYIOBAHUS, HE TEPILIIINX
MIEPEPHIBOB AJNEKTPOCHAOKEHHS WM JTOMYCKAIOMINX WX Ha HEKOTOPOE Bpe-
MsI, TOCTaTOYHO MHPOK. OJHAKO Ha JOOBIX MPENNPUATHSX OTBETCTBEH-
HBIMH TIOTPEOUTEISIMHU AIEKTPOIHEPTUU MOTYT CUHUTATHCS BOJIOHACOCHBIE
CTaHIINH, TIOXKApHBIE HACOCHI, HACOCHI CTAHITUU MPOMBIILUICHHON KaHaIIN3a-
IIUU, YaCTHYHO KOMITPECCOPHBIE CTAHIINHU, aBAPUHHOE OCBEIEHHE, a TAaKKe
KOTENIbHBIE U OOMIIepHBIE.

KonnuecTBeHHass OIEHKA HAJIEKHOCTH CHCTEMBI JIIEKTPOCHAOKEHUS
OCYILIECTBIISIETCS. C MOMOLIBI0 psiia mokazareneil [21], oCHOBHBIMH U3
KOTOPBIX SBIISIOTCS TIapaMeTp IOTOKa OTKa30B (CpeaHee YMCIO OTKa30B B
TOll) CO M CpelHee BpeMsi BOCCTAHOBJICHHSI OJJHOTO OTkaza ty. B Tabm. 3.4
MIPUBENICHBI CPEAHUE 3HAYCHUS CO W [, I HEKOTOphIX 3nemMeHToB COC
HamnpspkeaueM 6—10 kB mo nannemm [10].

ITpu BBIOOpPE CXeM 3JIEKTPOCHAOXKEHHS BCE MOTPEOUTENIN C TOUKH 3pe-
HUS HAJIGKHOCTHU JIENATCs Ha JiBe rpymnnbl. K nepeoii otHOCITCS Hanbosiee
OTBETCTBEHHBIC JICKTPONPHUEMHUKH. BHE3amHbIe mepepsIBbl UX MUTAHUS
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BBI3BIBAIOT IOCIIEACTBHS, YIIEPO OT KOTOPHIX HE MOXET OBbITh KOJIHMYE-
CTBEHHO ompejielieH (yrpo3a sl )KU3HH JFOJIeH, HapylleHue (GyHKIIMOHUPO-
BaHUsI 0c000 BaXKHBIX JJIEMEHTOB KOMMYHAJILHOTO XO3SHCTBA M T.IL.). Jl7st
TaKUX JJIEKTPOIIPHEMHHUKOB TpeOyemas Halle)KHOCTh HOpMupyercs [4] u
o0ecreunBaeTCsl TEXHUIECKHMU CPENICTBAMU 0€3 TEXHUKO-9KOHOMHYECKOTO

000CHOBaHUSI.
Tabnuya 3.4
IToBpe:xnaeMocTh U BpeMsi BOCCTAHOBJIEHHSI 3JIEMEHTOB
C3C 6—10 xB
DiemMeHT 10, 1/rox t, 9/oTka3
Tparchopmaropsr 0,01 61
KabenbHble muann (Ha 1 KM):
B TpaHIIIee 0,078 88
B TYHHEIIE 0,0093 44
B KaHalle 0,016 96
B OJI0Kax 0,087 105
Ha dCTaKage 0,05 114
ToxompoBossr (Ha 1 kM):
THOKMIt 0,061 10
JKECTKAN 0,053 4
[uHe (HAa TpUCOSANHEHIIE) 0,01 2
MacistHble BBIKITFOUATETN 0,005 11
Paswenuunrenu 0,008 15

Ko smopoii Tpymine oTHOCATCS TaKue AEKTPONPUEMHUKH, I KOTOPBIX
YpOBEHb HAJIEKHOCTH MOXKET OLIEHHMBATHCS KOJUYECTBEHHO B IIpoOIlecce
TE€XHUKO-?KOHOMUYECKUX pacueToB. CXeMbl 3JIEKTPUUECKUX ceTe, obec-
MCYUBAIOLINX MMTAHUE DIIEKTPOIIPUEMHUKOB 3TOH IPYIIIBI, 10 HAISKHOCTH
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AIIEKTPOCHAOXKEHUSI MOTYT OBITh HEpPaBHOIIEHHBIMH H, CJIEIOBATEIHHO,
MMETh HEOJWHAKOBBIM CyMMapHBIA HEJOOTITYCK AIIEKTPOSHEPTHH TOTpeOH-
TelsiM. B 3TOM ciydae cpaBHEHWE BapHaHTOB OCYIIECTBISETCS IO TOJO-
BBIM TIPUBEACHHBIM 3aTpaTaM C Y9€TOM BEpOSITHOTO yIiepOa OT Hapylie-
HUSI HOPMAIIFHOTO AJIEKTPOCHAOKEHUS TI0 CIIEAYIOMEMY BBIPAXKECHHUIO:
3=EK+C,+V, (3.50)
rae Y — OXHJaeMbIH CPEIHETOM0BOM YIIEpO OT MEPEephIBOB 3JIEKTPO-
cHaOXKeHusl.
[Tpu npoextupoBanun COC ymepO OT BHE3AMHBIX MEPEPHIBOB 3JIEKTPO-
cHaOKeHUsI MOXKET onpenensatses mo hopmyse [10; 16]
VY = yoAW,, (3.51)
TJIe Yo— CpenHss BeJIMYMHA YAelbpHOro yriepba, pyo/kBr-u; AW, — cpen-
HSIS BEJIMYMHA 0XKHMJIAeMOT0 HEJJOOTITyCKa 3JEKTPO3IHEPTHH 3a Tojl, KBT-u.
[Tpy momHOM MOTalIeHNH MHUTAHHUS MOTpeOUTeNell cpeaHss BeIUYnHA

aBapr/'IHOFO HEOOOTITYCKA SJICKTPOIHEPTHUU BEIYUCIIACTCA 11O BBIPAKCHUIO
AW=P at, (352)

H cr cs'
rae P,. — CpemHeroioBasl Harpyska IoTpeduTeneil; co, — 0XHUAaeMoe 3a
roJl YHUCIIO OTKA30B CHUCTEMBl IEKTpOCHaOxeHHs; tg — cpenHee Bpems
BOCCTAHOBJIEHHS IIPH OJJHOM OTKa3e.
CpenHeroioBast Harpy3Ka MOKET OBITh BEIpaKEHa Kak

W P T

P — r _  max_max

o~ 8760~ 8760 ' , &)
rae W — oxumaemoe morpebieHre akTUBHOW AIIEKTPOIHEPTHH 3a TOx; P
— MakcuMajbHas moTpebiseMas (pacueTHas) aKTHBHAs MOIIHOCTD

HArpy3KH.
C yuerom (3.53) Beipaxkenue (3.52) umeer BUA

aw MmLs™nt (354

8760 ’

B tabn. 3.5 npuBeneHs! yaenbHbIE IOKa3aTe! yiepOa Mpyu BHE3AITHbIX
nepepbIBax dEKTPOCHAOKEHUS ISl PA3TMYHBIX IPOMBIIIICHHBIX MPEATpH-
sraid [10].

[pu BBHIOJIHEHNN TEXHUKO-YKOHOMHUYECKHX pacyeToB JaHHble Tadm. 3.5
ClIeJlyeT KOPPEKTUPOBATh C YUETOM U3MEHEHUS IEH, MPOUCIIIEANIETO MOC-
ne 01.01.91 r., T.e. yMHOXAaTh Ha IEPEBOTHON KOIPPHUIIUECHT.
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Tabnuya 3.5
YiaeabHble Moka3zaTeau yuiepoa
[Ipeanpustre yo, py6/ kBt-u

MamurHOCTPOUTENBHBIN 3aBO 0,7
CTaHKOCTPOUTEILHBIN 3aBOJT 1,0
1TapuKOMOAMINITHUKOBBIN 3aBO/I 0,99
3aBoJ TSHKEIOT0 MAIIMHOCTPOCHMUS 40
DICKTPOTEXHUUIECKHI 3aBOJI 1,3
ABTOMOOWIBHBIN 3aBOJT 0,92
YacoBoii 3aBoJ 1,5
WHCcTpyMeHTaIbHBIN 3aBOT 0,4
3aB0OJI METAJUIOKOHCTPYKITHN 0,32
1emroI03HbIH KOMOHHAT 1,1
BymakupIit koMOMHAT 0,3
JlepeBoobOpabaTsiBaromyii KOMOWHAT 0,57
3aB0JI ICKYCCTBEHHOT'O BOJIOKHA 4.0
JlakokpacodHsIit 3aBOf 4,2
IvHHBIT KOMOWHAT 2,8
LleMeHTHEII 3aBOL 0,51
3aBo1 )KeIe300€ TOHHBIX U3IETHHA 0,5
[IpsaunpHO-TKAIKas dabprka 0,85
CurnienabuBHas (pabdprka 54
TexkcTrinbHBII KOMOMHAT 1,3
OO6yBHas dadbpuka 2,7
IlIBeitnas dabpuka 0,22
MYyKOMOJIBHBIH 33aBOJT 052 *
XnebonekapHs 24,0

Hpumep 3.9. Ilorpedutens ¢ MakCUMaIbHONH aKTUBHON HArpy3kou P
=500xkBtrul’ =3000 4 nuraercs o kabenpbHOM UK 10 KB,

max max

TPOJIOKEHHOM B TpaHiee. J{miHa muann 0,6 kM. YIenbHbIi yiep0 oT BHE3aIl-
HBIX TIEPEPHIBOB 3JICKTPOCHAOXKEHUS MOTpeOuTeNs yo=17,5 Thic.py0/kBT1-u.
Onpeenure BEPOSTHBIN T'OJOBOH yIIepd OT HapyIIEHUH 3JIEKTPOCHAO-
JKEHUS JUTSI IBYX CITydaeB: 1) moTpeOuTens HE MMEET pe3epPBHOM JIMHUM;
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2) nMeeTcs pe3epBHas KaOenbHas JIMHASA, TIEPEBOJl MTUTAHUS Ha KOTOPYIO
OCYILECTBIISIETCS ICHCTBUSAME JEKypPHOTo MepcoHaia 3a Bpems t = 0,5 u.
Pemenue. Bapuanm 1. Ilo Tabn. 3.4 npuanmaem ams kabess
yAeNbHYIO0 MoBpexaaeMocTs Ha 1 kM 10 = 0,078uyn. Torma mist nuuHuit
nirHO# 0,6 KM 0)KMIAaEMOE YHCIIO OTKA30B B IO

10.=0,078-0,6 = 0,047—..

IIpu oTcyTCTBUI pe3epBUPOBAaHUSA CPEIHEE BPEMs BOCCTAHOBIICHUSA
kabenpHOM uHuY t, = 88 u (Tadi. 3.4).

OxwunaemMasi CpeqHssl BEIMYUHA TOJOBOTO HETOOTIIYCKa 3IEKTPOIHEP-
THH TI0 BEIpaKeHHIO (3.54)

-500-3000 ,0047.88 =708,2 kBt-u. 8760 BeposTHbIit
roJIoBOH ymep0 1o BeipakeHuto (3.51)
Y =17,5-708,2 = 12393,5 ThIC. pYO.
Bapuanum 2. Ilpu Hanmu4uu pe3epBHON JIUHUU:
500”3000
8760
Y =17,5-4 =70 18IC. py0. Kak nokazamm pacyersl,

NPUMEHEHUE PEe3EePBHON JIMHUH CYIIECTBEHHO CHIKACT OXKHIaeMBIi
yiepb OT aBapUIfHBIX IEPEPHIBOB JIEKTPOCHAOKESHHS.

4. YYET B3AUMOCBSI3EA MEXXJIY NOTPEBUTEJISAMHA
JEKTPOSHEPTUU U DSHEPTOCUCTEMOM

4.1. CPABHUTEJIbHBIE XAPAKTEPUCTUKU DJIEKTPOITPUEMHUKOB

CornacHo [4], 21eKTpolIpHEMHHK — ammapar, arperar, MeXaHusM, Mpe-
Ha3HAYEHHBIN JJ1s TIpeoOpa3oBaHus SJIEKTPUIECKOI SHEPTUH B IPYTroOi BUI
SHEPTHH, a MOTPEOUTENh — DIEKTPONPHUEMHHK WM TPYIIIA 3JIEKTPOIPHEM-
HUKOB, O0BETMHEHHBIX TEXHOJIOTHYECKUM TPOIECCOM M Pa3MEIIAIOINXCs
Ha OIPEJEIEHHON TEPPUTOPUH.
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[Ipon3BOACTBEeHHbIE MEXaHW3MBl M YCTAaHOBKH MOTYT CYIIECTBEHHO
pa3nuyaTbcs MO0 KOTUYECTBY M BUIY HPUMEHIEMBIX B HAX SJIEKTPOIIPHEM-
HUKOB. B HEKOTOPBIX M3 HUX, HAIIPHMEP, B MPOCTEHUIITNX MeTaLI000pada-
THIBAIOIINX CTaHKaX, HACOCAX, BEHTHIISATOPAX H Jp., UCIOJIB3YETCs TOIBKO
OJIMH DJIEKTPOJIBHTATENh. B TO ke Bpems AyroBas cTajleruiaBUIbHAS T1E€Yb,
SIBIISIOMIASICS KPYIHBIM TOTPEOUTENIEM JJICKTPOSHEPTHH, COACPKHUT HE-
CKOJIBKO 3JICKTPOINPUEMHHUKOB: TUIABWIIBHBIA arperar, MPUBOIbI HAKIIOHA U
MOBOPOTa BaHHBI, MOJABEMA M OTBOPOTA CBOJA, UCTOYHHK OINEPATUBHOTO
TOKA JIJIS TIeTIeH YIIPaBJICHUS, 3aIUThI U OJOKUPOBKH U T.1. [24].

K OCHOBHBIM NPOMBIIIUICHHBIM JICKTPONPUEMHHUKAM H ITOTPESOUTEISIM
3JIEKTPOIHEPTHH OTHOCSTCS 3JICKTPOJBUTATENN MMPOU3BOICTBEHHBIX MeXa-
HU3MOB, CHUJIOBBIC OOIICTIPOMBINIICHHBIC YCTAHOBKH (HACOCHI, BEHTUJIATO-
PBI, KOMIIPECCOPHI, MOBEMHO-TPAHCIIOPTHBIC YCTPOMCTBA), OCBETHTECIIb-
HBIC YCTAHOBKH, MPe0Opa3oBaTeIIbHbIC YCTAHOBKH, JICKTPUUCCKUE MEYH U
3JIEKTPOTEXHOJIIOTHUECKHE YCTAaHOBKH [2].

CpaBHEHHE M aHAJIU3 JJICKTPONPUEMHUKOB OCYIIECCTBIISIFOTCS C TIOMO-
IIpI0 psiia TOKa3aTelsiel, K KOTOPhIM OTHOCSTCS PEXHM pPabOThl, HOMHU-
HaibHas (YCTaHOBIIEHHAs) MOIHOCTD, HANIPSHKEHHE, PO TOKa U €ro Jac-
TOTa, KaTeropusi MO HAACKHOCTH SJIEKTPOCHAOKEHHS, yIENBbHBIA Pacxo]y
AIIEKTPUYECKON SHEPTUU U CTAOUIBFHOCTH PACTIONOXKEHHS 000PyIOBaHUS.

W3 Gompiroro pasHOOOpa3us pexxUMoB pabOThI AIEKTPOIPHEMHUKOB IO
HarpeBy OCHOBHBIMHU SIBJISIFOTCS TPU: MPOIOJDKUTEIbHBIN (S1), KpaTkoBpe-
MeHHBIH (S2) U MOBTOPHO-KPATKOBPEMEHHBIH (S3).

B npooonscumenvrom pesicume Tipyu HEM3MEHHOHN Harpyske TemIepa-
Typa 3JEKTPOABHUraTellsI WKW TpaHCPOopMaTopa JTOCTHTAeT yCTaHOBHBIIE-
rocs 3Hau€HUs, HO HE TPEBBIMIAET JTOMYCTUMON. B Takom pexume pado-
TaeT OONBIIMHCTBO JJIEKTPOJBHUTATEICH TEXHOIOTUYECKHX MEXaHU3MOB U
arperaroB, BEHTWISITOPOB, HACOCOB, KOMITIPECCOPOB, TPAHCTIOPTEPOB.

Kpamkoepemennuiil pesxxcum XapakTepu3yeTcs MepruoJaMul BKITIOYSHHS,
B TEYCHHE KOTOPBIX TeMIIepaTypa 4YacTeld 3JIEKTPOoOOOpYJOBaHHS HE
JIOCTUTaeT YCTAaHOBUBIIIETOCS 3HAUCHHUS, U OTKJIFOUEHHUS, ITPU KOTOPBIX IPO-
UCXOIMT MX OXJIAXJICHHUE JIO TeMIIepaTypbl OKpyaroliei cpeapl. B ngan-
HOM pEXHUME PabOTaloT JIBUTaTeIU OTJEIBHBIX BCIIOMOTATEIILHBIX MeXa-
HU3MOB METaJUIOPEKYIIMX CTAHKOB, 33J[BUKEK TPYOOIIPOBOIOB, ILIH30-
BBIX 3aTBOPOB, HEKOTOPBIX MEIIAJIOK, 3aCJIOHOK, ()paMyT H T.II.
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Tloemopno-kpamxospemennwviti pexcum (IIKP) ormmuaercs ot kpar-
KOBPEMEHHOTO TEM, YTO 3a BpeMs OTKIIOYEeHHS [p AIIEKTPONpHEMHHK He
yCIIeBAaeT OXJIATUTHCS O TeMIepaTypsl OKpykaromie cpensl. [lpu atom
HarpeB 3a BpeMsl BKIIOUEHHs s He mpesbiuaer gomyctumoro. B IIKP
paboTaroT 3MEKTPOBUTATENN KPAHOB, TENb(EpOB, MOJbEMHUKOB, CBAPOY-
HBIE MAIIMHBI U allapaThl U T.11.

OcHoBHO# xapakTtepuctukor [IKP sBiseTcs mTpomoInKATEIHHOCTD
BurroueHus (I1B) B mporenTax:

[IB=—* .100=£- 100, (4.1)

rae t — Bpems nukia, t < 10 muH.

Ecnut > 10 MuH, TO pexXuM CUUTAETCS IPOAOJLKUTEIILHBIM.

I'maBHBIM XapaKTEPHBIM IOKa3aTeJIeM SJICKTPONPHUEMHHUKOB U MOTPeOH-
TEJEH SBIAETCS HOMUHAIBHAS MOLIHOCTh. J{JIsl 3/eKTpoaBUraTesiel — 3T0
MOIIHOCTh Ha Bally, yKa3aHHas B HAclOPTE U BBIPaKCHHAs B KUJIOBATTax
(xBt). HomMuHaMpHAS MOIIIHOCTH TDIABHJIBHBIX T€YEeH U CBAPOYHBIX YCTAHO-
BOK paBHA MOIIHOCTU IMTAIOLINX MX TPAaHCHOPMATOPOB B KUJIOBOJIbT-aMIIe-
pax (kB-A). /s nBurateneii-reHepaTopoB M MpeoOpa3zoBaTelnieil B KauecTBe
HOMUHAJIFHOM MPUHUMAETCS] MOIITHOCTh Ha BTOPUYHOM CTOpPOHE B KHJIOBAaT-
Tax WIM KAJIOBOJIBT-aMIIEpax. Y CTAHOBJIEHHOW MOIIHOCTBIO IIE€YEH COIpPO-
THUBJIEHUS, IEKTPOINU3HBIX U OCBETUTENIBHBIX YCTAHOBOK SBIISETCS] MOIITHOCTb,
noTpedIisieMasi UMU MIPU HOMHUHAILHOM HAIPSHKEHUH U3 CETH B KHJIOBATTaX.
s snekTponpueMHUKOB, padoTaronux B [TKP, HOMUHabHAS MOIIHOCTh
MIPUBOJUTCS K MPOIOJKUTETIFHOMY PEKUMY T10 BEIPAYKEHUIO

K=P,/ NI 4.2)
rae P — macnopTHas MOIIHOCTh IpueMHMKa; 11B, — macnoprhHas npo-
JOJKUTEIHHOCTh BKITIOUEHHUS B OTHOCUTENIBHBIX €IMHUIIAX.

Ha mnpoMmbIlmieHHBIX MPEeanpUATHsAX IPUMEHSIOTCS pa3HOOOpa3HbIe
3IEKTPONPUEMHHIKN ¢ HOMUHAIBHBIM HalpspkeHHeM 70 U cBoie 1 kB. B
ycTaHoBKax 710 1 kB ucnons3ytoTest HanpspKeHUs Kak epeMeHHoro (0HO-
¢dazHoro u Tpex¢asHoro), Tak U MOCTOSHHOrO Toka. Ilpu HampsHkeHUH
Bbime 1 kB, kak nmpaBuiio, anekTpocHabKeHrne MoTpeOuTesne oCyIecTBIs-
eTcs ¢ MPUMEHEHHEM Tpex(pazHOTro MePeMEHHOTO TOKA.

ONEeKTPONPUEMHHUKH TOCTOSHHOTO TOKA MOYYaroT AMEKTPOIHEPTHUIO OT
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nmpeoOpazoBaTenel, 1meIecoo0pa3sHOCTh HCIIONB30BaHMS KOTOPBIX TOJDKHA
OBITH B TpoekTe 000ocHOBaHA. OCHOBHBIMH MOTPEOUTEIIIMH TTOCTOSHHOTO
TOKa SIBIISTIOTCS DJIEKTPOJBHUTATENN, TUTAONINECS OT OOIIeN pacmpeneu-
TEBHOM CETH MOCTOSIHHOTO TOKa, DJIEKTPOJM3HBIE YCTAaHOBKH, TTA3MEHHO-
JIyTOBBIE, BAKyYMHO-AYTOBbIE W AJIEKTPOHHO-TYUYEBBIC TI€UH, TUTAIOIINAECS
OT CIIEIUANIbHBIX TpeoOpa3oBareieil ¢ HEeCTaHIAPTHBIM HAIpPSDKEHUEM, a
TaKk)Ke BHYTPHU3aBOJCKOH 3EKTPU(PUIIMPOBAHHBIA TpaHCIIOPT. Jloms 3mex-
TPOSHEPTHH, MOTPEOISIEeMOl Ha TOCTOSHHOM TOKE, B NPOMBIIIIICHHOCTH
MOJKET OBITh BEChbMa 3HAUNTENbHOW. HanmpuMep, B IBETHOW METaLTyprHH B
ANIEKTPONIM3HBIX YCTAaHOBKaxX OHa MoOXKeT nocturate 85—90 % [24]. B
CHCTEME pacrpeieNeHHsI dJIEKTPOIHEPTUH TPOMBIIUIEHHOTO MPEATIPHUSITHS
npeoOpa3oBaTeln Pa3HOOOPAa3HBIX HIIEKTPOTEXHOJOTHYECKHX YCTaHOBOK
SBJISIFOTCS IOTPEOUTENISIMU TPeX(PazHOTO MEPEMEHHOTO TOKA.

[Mogasnstomiee OONBIIMHCTBO AIIEKTPONPHEMHHUKOB MEPEMEHHOTO TOKa
paccuutaHo Ha paboty co cTaHmapTHoi yactotoi (50 I'm). B To ke Bpems
3NIEKTPONPHUEMHHUKN MHOTHX 3JIEKTPOTEXHOJIOTHUECKUX YCTaHOBOK HCIIONB3Y-
10T NepeMeHHbIN Tok noHmkenHoi (0,5—40 I'n), cpeaneit (mo 8000 ') u
BBICOKO# (OT JICCSITKOB KWJIOTEPII JI0 HECKOJBKUX MErarepil) 4acToThl [24].
I[HSI MOJIy4€HUA TOKa MMOHMKEHHOM YacCTOTBI YCTaHOBKH O6LI‘IHO UMCIOT
WHIMBUyalbHBIE TTOJYTIPOBOJHUKOBBIC MpeoOpazoBarenu. [Iutanue ycra-
HOBOK CpeILHCﬁ YaCTOTBhI OCYHICCTBIIAACTCA OT MHAMBUAYAJIbHBIX WM LCH-
TPaIM30BaHHBIX JJICKTPOMAIIMHHBIX W IMMOJTYIIPOBOJHUKOBLIX npeo6pa3OBa-
Tenei. i1 yCTaHOBOK BBICOKOM YacTOTHI IIPUMEHSIOTCS MHIAUBUAYAJIbHbBIE
nammoBelie reHepaTopsl. [lpu npoextupoBanuu COC 31€KTPONPUEMHUKH C
peoOpazoBaTeN MU YaCTOTHI JOJDKHBI pACCMATPUBATHCS KaK TOTPEOUTENH
Tpex(}a3HOTO TOKa MPOMBIIIIECHHON YaCTOTHI.

CornacHo [4], 0 HaAEKHOCTH IIEKTPOCHAOKEHHS! IIEKTPOIIPUEMHUKI
JIEJISATCS Ha TPU KaTeTOPHH.

K nepsoii kamezopuu OTHOCATCS SJEKTPONPUEMHHUKH, HapYIICHHE
AIIEKTPOCHAOKEHHUSI KOTOPBIX MOXKET IOBJIEYh 32 COOOW OMAcHOCTH IS
JKU3HH JIFO/IeH, 3HAYMTENBHBIN yIepd HapOIHOMY XO3SHCTBY, TIOBPEXKICHNE
JIOPOTOCTOSAIIETO OCHOBHOTO O0OPYAOBaHHS, MAacCOBBII Opak MPOAYKIIUH,
PaccTpORCTBO CIIOKHOTO TEXHOJIOTHMYECKOT0 Tporiecca, HapylieHne (yHK-
[MOHUPOBAHUS 0CO00 BaXKHBIX 3JIEMEHTOB KOMMYHAIIBHOTO XO35HCTBA.

W3 cocraBa »IIeKTpOIIPHEMHUKOB TIEPBOI KATETOPHUH BBIIEISIETCS OCO-
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0as rpymmna 3MeKTPONPHEMHHUKOB, OecriepeboiiHas paboTa KOTOPBIX HEOO-
xoauMma i1t Oe3aBapuiHONW OCTAaHOBKH MPOU3BOJICTBA C IIEJIbIO MPENOTBPa-
IICHHUS YTPO3bl )KU3HU JIIOJEH, B3PBIBOB, MI0XKAPOB U MOBPEXKIEHNSI IOPOTO-
CTOSIIIET0 OCHOBHOI'O 000PYIOBaHHUS.

B xauecTBe nprMepa 2MeKTPONPHEMHHKOB IIEPBOM KATETOPUU MOYKHO YKa-
3aTh MEKTPONPHEMHHUKN HACOCHBIX M KOTENIBHBIX YCTaHOBOK, IIPOKATHBIE CTa-
HBI, [I€YX IEKTPOLUTAKOBOIO MEPEIUIaBa, BaKyyMHO-IyTOBBIE I1€4H, JIIEKTPOH-
HO-JIy4Y€BbIE U IJIA3MEHHbIE YCTAHOBKH, aBapHUHHOE OCBEIIEHUE U T.1.; 0CO00I
TpyIOBl — YCTPOMCTBA AWCTAHIMOHHOIO YIPABICHUS TEXHOJIOTMUYECKUMH
MIPOLIECCaMH, CPEACTBA MOKAPOTYIIEHUS, ONIEPATUBHON CBA3U U T.II.

DJIEeKTPONPUEMHUKH TIEPBOI KaTErOpUH TOJKHBI 00eCTIeUNBAThCS JICK-
TPO3HEPTHeN OT ABYX HE3aBUCUMBIX B3aumopesepsupyoomux MII ¢ aBTo-
MaTHUYECKUM BKIIOUeHHEeM pesepBa (ABP). Baesamublil nepepsIB ux aiek-
TPOCHAOXKEHHsI MO3KET OBITh JOMYIICH JUIIb Ha BpeMsl JACHCTBHSA YCT-
poiict ABP.

JJise 37eKTpONPUEMHHUKOB OCOOOW TpyNIbl JOJDKHO TpemycMaTpu-
BaThCS JOMOJHUTENbHOE MUTaHHE OT TPETHEro HE3aBHCHMOTO B3aWMO-
pesepeupyroiero MII. Ero momHoCTs A0KHA OBITH MUHUMAJIBHOM, HO
JOCTAaTOYHOW IS BBHIMOJIHEHHST MEpONpUsATHH Mo Oe3aBapuiiHON ocTa-
HOBKE IPOU3BO/ICTBA.

Ko emopoui kamezopuu 0THOCSTCSI 3IEKTPONPUEMHUKY, TIEPEPHIB AJIEKT-
POCHAOKEHUST KOTOPBHIX NMPUBOAUT K MAaCCOBOMY HENOOTIIYCKY HPOAYKLHH,
NpOCTOSIM paboyMX, MEXaHU3MOB M IPOMBIIUICHHOTO TPAaHCHOPTA, Hapyllie-
HHUIO HOPMAJIBHOW JEATETbHOCTH 3HAYUTENBHOTO KOJIMYECTBA skuTenei. [1pu-
MEPOM TaKUX 3JEKTPOIPUEMHHUKOB SIBIISIIOTCS TyTOBBIE CTaJEIUIaBUIIBHBIE
nieuy, OOJIBLIMHCTBO MeYel COMPOTHBIICHHS, HarpeBaTeIbHbIE YCTAHOBKU MPO-
MBIIIJIEHHOMN U CpeTHEN YaCTOTBI, ITEYN ¥ YCTAHOBKU BBICOKOM 4acTOTHI U T.1I.

OJEeKTPONPHUEMHHUKH BTOPOH KaTerOpHH PEKOMEHAYeTCsl o0ecreunBaTh
AIIEKTPOIHEPTUEN OT ABYX HE3aBHCHUMBIX B3aumopesepsupytomux ULl Ipu
HapyUIeHUH dJIeKTpocHadxkeHus oT ogHoro u3 UII gomyctumsl nepepbIBbI
NUTAaHUS Ha BpeMsi, HEOOXOAUMOE Ul BKJIIOYEHUS PE3EPBHOTO MCTOYHHKA
JEeXypPHBIM IIEPCOHANIOM WIIM ONEpaTHBHO-BBIE3AHON Opuranoii. lomycka-
€TCsl OCYIIECTBIIATh MUTAHUE NOTPeOUTENeH BTOPOH KaTEropuu OT OJHOIO
TpaHchopMaTopa NpU HANWYMH [IEHTPATM30BAHHOTO pe3epBa WK 10 OJJHOH
BO3JYIIIHOM JINHUH, B TOM YHCJIe C KaOEIbHON BCTABKOM, €CJIU BOCCTAHOB-
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JICHHWE DJIJIEKTPOCHAOKEHHS MOXKET OBITH BBINOJNHEHO He Oosiee 4eM 3a
cyTtku. KaGenpHble BCTAaBKM 3TOH JWMHWH JOJDKHBI BBITIOJMHATHCS IBYMS
Ka0emsIMH, KaXIBIH U3 KOTOPBIX BHIOMPAETCS MO0 HAMOOJIBIIEMY JITUTEIh-
HOMY TOKY JIWHUH. Pa3perraercss muTath 3IeKTPONPHUEMHAKH BTOPOH KaTe-
TOpUH TI0 OAHOW KaOEeNpHOW JIMHWHW, COCTOAIIEH HE MEHee YeM U3 ABYX
Kalenel, IpUCOeTMHEHHBIX K OTHOMY OOIIeMy aImapary.

K mpemveti kamezopuu 0THOCSTCS BCe OCTAIBHBIE 3JIEKTPOIPUEMHUKH,
HE TOAXOAAINNE II0J] OTPEICIICHHE TEePBOH W BTOPOM KaTETOPHM. OTH
3NEKTPOIPUEMHUKU MOTYT uMeTh ofuH WII npu ycnoBuu, 4yTo nepephIBhI
ANEeKTPOCHA0KEH!sI, HeOOXOAUMBIE Ul PEMOHTA MJIM 3aMEHbI OTKa3aBIIle-
ro anementa COC, ausatcs He 6ojee CyTOK.

BaxxHOH XapaKTepUCTHUKOW 3JIEKTPONPUEMHUKOB SIBIACTCS YICIbHBIN
pacxoJ] ANEKTPOIHEPTHH, ONPEACIISIEMBII MO BBIPAKEHUIO

W,

rae W— konruecTBO M3pacxo/J0BaHHOW aKTHUBHOM sHepruu 3a Bpems t; I
— KOJIMYECTBO MPOAYKIINH, IPOU3BEACHHON 32 3TOT MEPHO/I.

BenuurHa W B 3HAYUTENBHOW CTENEHH 3aBUCHUT OT MPOU3BOIUTEIBHO-
CTH TEXHOJIOTHYECKHX arperatoB. C €€ MOMOIIbI0 OlEHUBaeTCS 3Pdek-
TUBHOCTD DJIEKTPOTIOTPEONICHHSI HE TONBKO OTAETBHBIX MPOU3BOICTBEHHBIX
MEXaHHU3MOB, HO U MPEATIPUATHS B LIEJIOM.

TexHonornyeckoe 00OpyIOBaHHE B IMPOLECCE JKCIUTyaTAllMH MOJKET
nepeMeaTbesl 1o IUIOMAaN IPOU3BOACTBEHHOIO 31aHUS MU 3aMEHSThCS
Ipyrum, O6osiee MPOU3BOAUTEIBHBIM. JTO XapaKTEPHO AJISl IPOU3BOACTB C
00JBLION TUHAMUYHOCTBIO TEXHOJIOTHUYECKOTO Mpolecca, 00yCcIoBIeHHON
YyacThIM H3MEHEHHEM BHJAa BbIIyCKaeMblXx uzfenuil. Ha  Takumx
OPEANPHUATUAX 3JICKTPUUECKHE CETH AOJDKHBI OBITH NPHUCIOCOOJICHBI K
OBICTpOMY HEpecTpOeHHI0 0e3 CYLIECTBEHHOTO HapyLIeHHS MPOU3BOJ-
CTBEHHOTO Tpouecca. B cBsa3u ¢ 3tum npu npoexkrupoBanun COC HeoO-
XOAMMO YUYMTHIBATh U TaKyI XapaKTEPUCTHKY IMOTpeOUTeNeil 3eKTpo-
SHEPIuH, KaK CTETNEeHb CTa0MIBHOCTH PACHOJIOKEHHUS] TEXHOJIOTHYECKOrO
o0opynoBaHwUs.

IIpaBuiibHOE OIpeeTIeHNne XapaKTEPUCTUK IEKTPOIIPUEMHHUKOB TI03BO-
nsieT u30ekaTh OIMOOK MPU MPOSKTUPOBAHUH, & TAKKE SBJISIETCS OCHOBOM
parroHanbHoro noctpoerus COC MpOMBIIIIIEHHOTO TPEAIPUATHS.
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4.2. AHAJIN3 BJIEKTPOIIPUEMHMKOB U IIOTPEBUTEJIEN
SJIEKTPOOHEPI'MU ITPU ITPOEKTUPOBAHNHN CUCTEM
OJIEKTPOCHABXEHU A

IIpu npoextrupoBanny COC MPOMBIIDICHHBIX MPEANPUSITAN aHATH3APY-
I0TCS SJICKTPONPUEMHUKN U TIOTPEOUTENN, Ha OCHOBE YEr0 OIMPEIEIISIFOTCS
YCIIOBHUS MX PAIMOHAILHOTO 3JICKTPOCHA0KECHHUS, TPUMCHSIEMBIC CXEMBI U
KOHCTPYKITUH JJICKTPUICCKUX CETEH, a TaKKe MPOBOIATCS PACUCThl AJICK-
TPUYECKHUX HATPY30K.

[lepBoHAaYaNLHO BBISCHSCTCS BUJ KAXKJOTO DIICKTPONPHEMHHUKA (aCHH-
XPOHHBIA MM CUHXPOHHBIN JIBHTATEN b, MPEOOPa30BATENb, HIEKTPOTEXHONO-
THYECKasl YCTAHOBKA, CBETWJIBHWUK W T.I.), €r0 Ha3HAYCHHWE M MECTO B
MPOU3BOJICTBEHHOM IpOIecCe, a TaKXkKe TePPUTOPUAILHOE pa3MellcHHE.
ITone3Ho 03HAKOMUTBCSI C TEXHOJIOTMYECKOW CXEMOU MPOU3BOACTBA U OC-
HOBHBIMH (DYHKIIMOHAJBHBIMHU CBA3SIMU MEXY MEXaHH3MaMH, YCTAHOBKA-
MU, arperatamu ¥ T.M. 3aTeM JJIsl SJICKTPONPHUEMHUKOB MPOBOJUTCS OMpe-
JICTICHE W aHAIN3 OCHOBHBIX XapaKTEPUCTUK. BOJNBIIMHCTBO U3 HHUX yCTa-
HABJIMBACTCS JIOCTATOYHO JIETKO M OJHO3HAYHO (HOMHHAIBLHOE Hamps-
JKEHHE, POJ] TOKA, 4acTOTa U T.1.).

Oco0o¢ BHUMaHUE JODKHO OBITh OOpAIllcHO Ha MPaBUIIBHOE OIpejie-
JICHUE KaTerOpHil 3JICKTPONPUEMHHUKOB 110 HAJISKHOCTH DJICKTPOCHA0XKE-
HUS, TaK KaK MMEHHO 3Ta XapaKTEPUCTUKA MOXKET TPAKTOBAThCS HEOIHO-
3Ha4HO. Heo0XonMnMo MOMHHUTbB, YTO KATETOPUU OTHOCSITCS K 3JIEKTPONPH-
€MHHUKaM, a He K IleXaM u npeanpustusiM B 1iesoM [4; 8]. [lomapnsromiee
OOJIBIIIMHCTBO TOTPEOUTENICH AIEKTPOIHEPTUH (TEXHOJOTUYCCKUES JINHUM,
IMPOU3BOACTBCHHBIC YUAaCTKU, LCXU, MMPECAIIPUATUA B HeHOM) MIpEeACTABIIAIOT
€000 KOMIUIEKCHI 3JICKTPOIPUEMHUKOB Pa3HbIX KAaTErOPUH B OIPEJICIICH-
HBIX COYETaHUsAX. B HUX MOTYT mpeobiajgath AJIEKTPONPUEMHUKH KaKOM-
60 kateropuu. OIHAKO 3TO HE SBISAETCS OCHOBAHUEM I OTHECEHUS
MOTPEOUTENS B IIEJIOM K OJTHOM KaTETOPHH, TaK KaK MOTYT OBITh 3aBHIIIIC-
HbI TPEOOBAHMS K HAJISKHOCTH JIEKTPOCHAOKEHUS U, B KOHEYHOM CUETe, K
HEONPAaB/IaHHBIM JIOTIOJIHUTEIBHBIM KAITUTATOBIOKEHUAM. Ecin uMeeTcs
OTHOCHUTEJIBHO HEOOJBIIIOE YUCIIO OTBETCTBEHHBIX JIEKTPONPUEMHHUKOB, TO
CHOCO0BI X HAJEKHOTO MUTAHUS HEOOXOIMMO pa3padaThiBaTh OTIACIBHO,
HE JIOMyCKasi OTHECCHHsS APYTHX 3JCKTPOIPUEMHHUKOB K BBICIIMM KaTEro-
pusiM. ['pyImibl 3J€KTPONPUEMHUKOB U YUACTKHU [IEXOB, TPEOYIOIIUE Pa3HOM
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CTETEHN HAJCKHOCTH DIIEKTPOCHAOKEHHMS, CIIEAyeT paccMaTpHBaTh Kak

00BEKTHI C HEOAMHAKOBEIMY YCIOBUSIMH PE3SPBUPOBAHISL.

B xone mpoekTrpoBaHWS BBISBISIOTCS MOTPEOUTENH C HECUMMETPUY-
HBIMH, TOTYKOOOPa3HBIMH U PE3KOTIEPEMEHHBIMH SJIEKTPUUECKUMH HArpy3-
KaM¥, BBI3BIBAIOIIMMHA HECUMMETPHIO M KojeOanus HampspkeHus B COC.
HecummeTpuuHyto Harpy3ky JarOT JamIlbl SJIEKTPUIECKOTO OCBEIICHWS,
onHO(a3HBIE AIEKTPUUYECKIE TIeYH U CBAPOYHBIC YCTAHOBKH IMPH MX HEPaB-
HOMEpPHOM pacripeneieHnd Mexay (azamu, Tpexda3Hble AYTOBBIEC IEYH;
TOYKOOOPa3HYI0 — Ky3HEUYHBIE MAIIWHbI, [ITAMIIOBOYHBIC MPECCHI, CBa-
pPOYHBIC YCTaHOBKHM, MOJBbEMHO-TPAHCIIOPTHBIE YCTPOWCTBA; pe3KoIepe-
MEHHYI0 — JBUTaTeNd TJaBHBIX 3JEKTPONPUBOJOB MPOKATHBIX CTAHOB,
HEKOTOpBIE CBAPOYHBIE YCTAHOBKH, AYTOBBIE JJIEKTPHUYECKHE TIEUH, HIICKT-
POABHTATENIN SKCKABATOPOB M T.I. HekoTopble 31eKTponpHeMHHUKH pado-
TAlOT B YCIOBHUSX MEXaHMYCCKUX BO3JCUCTBUI (BHOpalMs, TpsCKa T.IL.).
Hanpumep, BuOpormiomanaky, GopMOBOUHBIE MAIIMHBI IIPH MPOU3BOJICTBE
KeNe300€TOHHBIX U3AEIUH, JPOOUIIKH, TPOXOTHI U T.I1.

IIpy HaMMUYMKM yKa3aHHBIX JIEKTPOIPUEMHUKOB B IIPOEKTE IpeLycMar-
PHUBAIOTCSI MEPHI 1O CHIPKCHUIO HECUMMETPUH M KOJIeOaHH HANpPsDKeHNs, a
TaKXe COOTBETCTBYIOIIEE KOHCTPYKTHBHOE HWCIIONHEHHE JIIEKTPUUYECKUX
ceTen.

[Ipu mpoekTHpOBaHUY OTIPEAENETCS KOIMIECTBO, CTPYKTYpa U Harpy3-
KH OJMHOYHBIX 000COOJIEHHBIX TOTpEOHUTEIeH 1 AIeKTponprueMHUKOB. Oc-
TaJbHBIE DIIEKTPOIIPHEMHUKH Pa30MBAIOTCS Ha TPYIIIHI 110 YIIOPSI0YEHHO-
My TIPUHIIAITY:

* TPYNIBI XapaKTEPHBIX AIEKTPOIPUEMHHKOB: AJIEKTPOIBUTATEINEH TPON3-
BOJICTBEHHBIX MEXAaHHM3MOB, CTAaHKOB, BEHTHJIATOPOB; OCBETHTEIHHBIX
YCTaHOBOK; 3JIEKTPOTEPMUIECKIX YCTAHOBOK U T.II.;

* TPYNIIBI AIIEKTPONPUEMHHUKOB TI0 CTETNIEHN HA/ICKHOCTH JIEKTPOCHAOXKE-
HUS, peKUMY pabOTHI U T.11.;

* TPYIIIBI IO TEPPUTOPHATIEHOMY PA3MEIICHHIO IEKTPOIPUEMHHKOB;

* TPYIIIBI IO POU3BOICTBEHHO-TEXHIHYECKUM Y3JIaM | T.].

Kaxgast rpynma muTtaercs OT OJHOTO PacHpelesUTeNIbHOTO YCTPOW-
CTBa: MIUHOMNPOBO/A, Kada, MyHKTa U T.1. ClenoBaTenbHO, OT crocoda
(GhOpMUPOBaHUS TPYII 3JICKTPONPUEMHUKOB 3aBUCHT BBIOOp mpHUMeE-
HSAEMOTO 3JIEKTPO0OOPYA0BaHus. J{J1sl KaXK0 TPYIIITbI ONPECIIIOTCS
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SJICKTPUICCKUE HArpy3KH. OTMCTI/IM, 4TO IpymnIa SABJIACTCA AOCTATOYHO
IUPOKUM IMOHATUCM. HpI/I PAaCUCTEC DJICKTPUUCCKUX HArpy30K IECX, KOpIycC
U OpeArnpuAaATUC B LCJIOM MOIYT pacCMaTpUBATBCA KaK TI'pylIia
QJICKTPOIIPUCMHUKOB.

4. 3. XAPAKTEPHBIE [TAPAMETPBI OJIEKTPUYECKNX HAI'PY30K

Bri6op Bcex amemenToB COC mM ompenenieHHe MapaMETPOB pEKUMa
paboThI IEKTPUUYECKUX CETEH MPOBOAATCS Ha OCHOBE PACUETHBIX DIIEKT-
prueckux Harpy3ok. OT BEeNMYHMH Harpy30K 3aBHCUT TaKkKe KOHCTPYKTHB-
HOE MCIIOJTHEHNE CETEH U PacloIOKEHHE CETEBBIX 00BHEKTOB.

DJeKTpUUYEeCKHe Harpy3kd XapaKTepH3YIOT 3JIEKTPONOTpedieHHne OT-
JEeNBHBIX 3JIEKTPONPHUEMHHKOB, TPYI U NpeAnpusatas B uenoM. [Ipu mpo-
EKTHPOBAHUHU AJIEKTPOCHAOKEHHSI TPOMBIIIIEHHBIX NPEeINPUATHI OCHOBHBI-
MU SIBIISIIOTCSI TPH BHJA Harpy30K: aKTUBHas MOIIHOCTH P, peakTHBHas
MOIIIHOCTh Q U TOK /.

[NpaBunbHOE OIpeneNicHue OKHUIAEMbIX JIEKTPHYCCKUX HArpy30K CyIlie-
CTBYIOIIMH METOJIAMH UT'PAET UCKITIOUYUTENHHO BAXKHYIO POJIb TIpH (POPMHpPO-
BaHuU panuoHaabHOM COC. OmuoKy, JOMYILICHHBIC ITPU pacyeTe Harpy3oK,
CBOZAT Ha HeT ycuius cozaareneid COC B 3TOM HalpaBlICHUH U NPUBOAAT K
Hea(HEeKTHBHOMY HCIIOIE30BaHIIO WHBECTHITUNA B TPOEKTUPYEMBIN OOBEKT.

Hcxomnoit 6a3oii Asist OnpeneNieHusl SIeKTPUIECKUX HArpy30K SBIISTFOT-
Csl TaHHBIE 0 HOMUHANBHBIX (YCTAHOBIICEHHBIX) MOIIHOCTAX MOTPEOUTETEH.
HomuHanbHas MOIHOCTH 3JIEKTPONPUEMHUKA OOBIYHO W3BECTHA U YKAa3bl-
BAaeTCA B MACHOPTE.

['pyrmoBble HOMHUHAIIbHBIE aKTUBHAs (Pj0;) M peakTuBHAs (0,,0,) MOII-
HOCTH — 3TO ajredpanyecKue CyMMbl HOMHHAJIBHBIX aKTHUBHBIX (p ) U
peakTuBHBIX (( ) MOIIHOCTEH pabOYMX SIIEKTPONPUEMHUKOB TPYIIIBL,
npuBegeHHbIX K [1B = 100 %:

" "
HOM [ _-THOM,' "“HOM /[ Yunm > V> v
= =1
TJIe 1 — YHUCIIO DIIEKTPONPHEMHHUKOB B TPYIIIIE.

Cpenusisi Harpy3ka sBISETCS OCHOBHOM CTaTUCTUYECKOW XapaKTepuc-
TUKOW M3MEHSIIOUICICS CIlydalHON BENIMYMHBI 3JIEKTPUUYECKON Harpy3Ku.
CpenHye akTUBHASI M PEaKTUBHAsI MOITHOCTH 3JIEKTPONPHEMHHKA 34 JII0-
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0ol mHTEpBaJl BpeMeHH { TIpy M3BECTHOM 3aKOHE M3MEHEHHUS HArpy3KH BO
BPEMEHH OTIPEAEISIOTCS TI0 BRIPAXKECHUM

p~=-jp@M)dt; q.=- jg(t)dt. 4.5)
o 'o

B ClIydasaX, KOraa H3BCECTHBI BCJIWMYHHBI pacxXxodoB aKTUBHOU {W) u
peakTHBHOH (V() NIEKTPOSHEPruu 3a BpeMs t, cpefiHue Harpy3Ku SJIEKTPO-
IMpUueMHHUKa

w \Y
Pc=m', Ac=m-

Jns rpynn 31eKTpONpUEMHUKOB CPEAHUE AKTUBHASA U PEAKTUBHAS Ha-

TPY3KH BEIYUCISIFOTCS 110 (popmMynam

(46)

XT' w
Pe=APe, wmuP =" 4.7
- HnH -
Ge=S«c,-" " Ge=" 4-9)
rne Wy u Vi — KONMMYEeCTBO HM3pacXoJI0BaHHOW aKTUBHON W PEaKTUBHOMN

3JIEKTPOIHEPTUU TPYIIION AIEKTPOIPUEMHHUKOB 3a Bpems t.

Cpennsisi Harpy3ka MOKET ObITh HaljieHa 3a Jr000i nepuoa. OmHaKo
Ha MpaKTHKe HauboJee YacTO ONMPENEINSIOTCS CpeJHHE TPUALATHMUHYT-
HBIC M YaCOBBIC HArpy3KHd, CpeHHE HArPy3KHU 3a HauOojee 3arpykKeHHYIO
CMEHY, CYTKH, MeCHIl, TOJ.

PacueTHbie Harpy3ku cirykat Ajsl BEIOOpa CeueHHH TOKOBEAYIIUX dJie-
MEHTOB, IEKTPHUUECKHX aIlllapaToB, YUCJIA U MOIIHOCTH CHJIOBBIX TpaHC-
(hopmMaTopoB, Mpeodpa3oBaTEIbHBIX U KOMIICHCHUPYIOIIUX YCTPOUCTB, pac-
YyeTa 3alUThl, ONPEEICHHs NOTEPh MOIIIHOCTH, SHEPIHU U HANPSDKEHUS, &
TaKKe Ipyrux napameTpos pexuma COC.

PacuerHasa Harpyska mo IOMyCTUMOMY HarpeBy — Takas AJUTENbHAas
HEW3MEeHHas BO BpeMeHHU Harpyska snemeHnTa COC (imHUM, Tpanchopma-
TOpa, amrmapara u T.II.), KOTopasl SKBUBAICHTHA OXHUIAeMON M3MEHSIOIICH-
csl Harpy3ke 1o HauOoJee TSHKEIOMY TETUIOBOMY BO3ACWCTBUIO — MAaKCH-
MaJbHOM TemIeparype HarpeBa WM MakKCUMaJbHOMY TEIJIOBOMY HM3HOCY
W30JISIUH.
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IIpu npoextupoBanmu COC ompeAemnsioTcss pacyeTHble HATPY3KH I10
akTUBHOMH (P ) u peaktuBHO# (Q ) MOIIHOCTAM M PaCUETHEIHN TOK / .

[MukoBast Harpy3ka — 3TO MakCHMaJlbHasi KpPAaTKOBPEMEHHAsI HATrpy3Ka
JUTATENLHOCThIO 1—2 ¢, eproAnIeckd BO3HUKAIONIAS TIPU MTyCcKax 3JIeK-
TpPOJIBUTATEIIEH, paboTe 3JIEKTPOCBAPOYHOTO 000PYIOBAHHUS, AYTOBBIX MeUeh
U JIPYTHX 3JIEKTPONPUEMHHUKOB C TOJTMKOOOPA3HOW M MepeMEHHON Harpys3Ka-
MU. B TIpOeKTHO# MpakTHKE B OOJIBIIMHCTBE CIY4acB OMPEICIIAIOTCS KO-
BbIC TOKH, TI0 KOTOPBIM MPOBOIATCS PacyeThl KOJICOAHUI HAMPSHKEHHS, T10-
TEph HANpPSDKCHUS B KOHTAKTHBIX CETSAX, TOKOB CPa0aThIBAHUS 3AIUTHBIX
anmnapaToB, a TAK)KE BEIOMPAIOTCS IJIABKUE BCTABKU MPEIOXPAHUTEIICH.

4.4. METOJbI OITPEAEJIEHU SJIEKTPUUYECKUX HAT'PY3O0K,
ITPUMEHSEMBIE ITPU ITPOEKTUPOBAHUN

B C3C umeercs HECKOIBKO XapaKTEPHBIX YPOBHEU OMpECICHUs pac-
YETHBIX SJCKTPUYCCKUX HArpy3ok [2; 22]. X 4ucio 3aBUCHUT OT CXEMBI
9NEKTPOCHAOXKEHUS, MOIIIHOCTH MOTPEOHTENEH AIEKTPOIHEPTUN U UX pa3-
MEIeHUs Ha TeppuTopuu npennpustus. Ha puc. 4.1 npusenena ynpouieH-
Hasl IPUHLIMIHATBHAS CXeMa 3JIeKTPOCHAOKECHHUS IPEATIPHUATHS C YKa3aHH-
€M YPOBHEH, Ha KOTOPBIX MPOBOAMTCS PACUET AIIEKTPUUECKUX HArpy30K.
Ha cxeme B KauecTBe 3JIEKTPOIPUEMHUKOB MOKA3aHBI 3JIEKTPOJIBUTATEIH
M1-MS8, Ha MecTe KOTOPBIX MPH PeaTbHOM IIPOEKTUPOBAHUH MOTYT OBITh
3JIEKTPONPUEMHUKHU APYTUX BUAOB. M3 mpuBeneHHON CXeMbl BUAHO, YTO
BIIMSTHHE JJICKTPONPUEMHHUKOB Ha 3JICKTPUYECKUE HATPY3KH ONPEAEIECHHbBIX
YPOBHEH 3aBUCHUT OT CXEMBI 3JeKTpocHaOxeHusa. Hanpumep, snekrponpu-
eMHUK M3 ydacTByeT B (pOpMHPOBaHMM Harpy30K BCEX JAEBATH YPOBHEH, a
M8 — Tonbko uetsipex (1, 7, 8 u 9). B tabn. 4.1 naercs uHpopmanms o
TOM, IIpH BBIOOpE KaKUX BHIOB JIEKTPOOOOPYAOBaHHUS M CEUEHUH MPOBO-
HUKOB UCIIOJIB3YIOTCA DIIEKTPUYECKHE HArpYy3KH yKa3aHHBIX ypoBHeld COC.

s eqMHUYHBIX 3JIEKTPOIIPUEMHHUKOB B KaueCTBE PACUETHBIX HArpy30K
NPUHAMAIOTCS UX HOMHMHAJIbHBIE aKTHBHBIE U PEAKTUBHbBIE MOIIHOCTH. Pac-
YeTHas! Harpy3Ka IpyIIbl 3JIEKTPONPUEMHUKOB BCEIa MEHBILE YCTaHOBJICH-
HOU MOIIHOCTH, U €€ HEOOXOMMO OTIPENIENATh TEM MM WHBIM METOJIOM.

IIpu mpoekTHpoBaHNM dIEKTpUUEcKas Harpy3Kka Ha Bcex ypoBHsAX COC
orpeziesIsieTcs ¢ OMOIIBI0 KO QHITEeHTa pacueTHON Harpy3ku. [IpuGimu-
JKEHHO Harpy3ka MOXeT OBbITh HaliZieHa Takxe 1o koadduimenty cnpoca
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5101
35—220 kB
10,5 (6,3) kB
10(6) kB
PIT
TT
TIII VCX TIR
HIII 0,4 xB MUTy 0,4 kB
«"—
1
PII
I1 PIII1 PIII2
3
) Y

I'T
mO0O0 O0O00 OO

MI M2 M3 M4M5S Mo M7 M8

Puc 4 1 YpoBHU onpeiefieHus dJIEKTPUIECKUX HArpy30K

Y YCTAHOBJIEHHOM MOIIIHOCTH, IO YJIEIbHOMY Pacxoay 3JEKTPOIHEPIUU Ha
€JIMHULY BBITYCKAEMOW MPOAYKIUH, IO YIAEIbHOW HArpy3Ke Ha €AUHUILY

MIPOU3BOICTBEHHOM TUIOMAM [25]

Omnpenesenne CHUJIOBBIX HATPY30K MO KOI(pGUIMEHTY pacueTHOMH
HAIPYy3KH IIPOBOAUTCS COIIACHO «YKa3aHUSAM I10 PacyeTy JIEKTPHUECKHUX
Harpy3ok» PTM 36 18 32 4—92 BHUIIN «Tsoxnpomanex-TporpoekT (T

Mockga)
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Tabnuya 4.1
ypoBHeit COC  mpu BeIOOpE
CEUEHUM MPOBOJHUKOB

Hcnonp3oBaHne Harpy30K
AIIEKTPOOOOPYAOBAHUS U

YpoBeHb ONEeKTPOIPUEMHUKH U OnemenTsl COC U napaMeTpsl CXEMBL,
3JIEMEHTBI CXEMBI, TSI BBIOMPaeMbIC Ha OCHOBE AJICKTPHICCKOM
o€ KOTOPBIX OIPEACIISIOTCS Harpy3Kd YpOBHS
Harpy3Kd
1 2 3
1 | Ornensusie CeueHust MPOBOTHUKOB OTBETBIICHUHN K
3JIEKTPOTIPUEMHHUKH JJIEKTPOIIPUEMHHUKAM U AJIEKTPUUECKUE
ammmaparsl B IIEMSIX OTBETBICHUI
2 | Beoanble yctpoiictea (BY) CeueHust MPOBOTHUKOB U AJIEKTPUIECKHE
TEXHOJIOTHUECKUX arnmapaThl JIMHUH, nutaromux BY
arperaTtoB M CTaHKOB C
HECKOJIbKUMH
JNEKTPONPHEMHHKAMHI
3 |['pymmsr CII u PIII, a Takxe 2J€KTpUUECKHE
3JIEKTPOIIPUEMHUKOB, anrmaparsl U CEYeHUs! IPOBOIHUKOB JIMHUH,
croBbie myHKTHI (CIT), nutaromux CIT u PII
pacnpeeTuTeNIbHbIC
mHOTIPOoBOo B (PLIT)
4 Pac nip e nenure JibHBL € Beonnsie manenu PI1, anexrpudeckue
myHKTHI (PIT) o 1 kB 1iexa anrmaparsl U CEYeHUsI IPOBOIHUKOB JIMHUH,
nutaromux PIT
5 Iunsr o 1 kB TTI, Yucio ¥ MOIITHOCT IIEXOBEIX
MarucTpajibHble TpaHc(hOpPMaToOpOB, CEYCHHUE ITHH PY
muHonpoBo bl (MII) uexosoit TI1, MIL, snextpuyeckue
ammaparsl B IEMsX TpaHcHOpMaTopoB
HampspbkeHueM 1o 1 kB
6 JIuaun 6—HOkB, CeueHust MPOBOTHUKOB JIMHUMN, TTUTAIOIIUX
nTarontye rexosbie TIT TII, a TaKKe MEKTPHUECKUE AIapaThI,
YCTaHaBIMBAEMbIE HA JIMHUSAX
7 Cexuuu PIT 6—1OxB Ceuenns mua 6—10 kB PIT u
MIPOBOJTHUKOB JIMHUH, MIUTAIOIINX KKITYIO
cexuuto PIT, a Takoke snekrpuueckue
anmnapaThl, yCTaHABJIMBAaeMbIe Ha
[MATAOIINX JIMHUAIX
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Oxonyanue maobn. 4.1
2 3

8 | Cekuuu PY 6,3—10,5 xB I'TIIT Yuciio ¥ MOIIHOCTh IOHIMKAFOIINX
tpancopmaropos I'TII1, cevenns mmn PY
6,3—10,5 kB, anekTprdeckue anmaparsi,
YCTaHABIIUBAEMEIC B [IETISIX TPAHCHOPMATOPOB
HanpspkeHuem 6,3—10,5 kB

9 | Hune PY 35—220 kB I'TIT1 CeueHus poBOIOB JiHUH, nuTaronwx [ TI u
AIIEKTPHIECKIE alIapaThl, yCTaHABIIMBaeMbIe
Ha JmHUAX35—220 kB

Hcxomnott mHpOpMAIiel IS BBITIOJIHCHHS DPACUETOB SBISICTCS IIe-
peUCHb WIEKTPOIPUEMHUKOB C YKa3aHHEM MX HOMHUHAJIBHBIX MOIIHOCTEH,
HalMEHOBAaHUM  MEXaHM3MOB WM  TEXHOJOIMYECKHX  YCTaHOBOK.
MoIHOCTE 3IIEKTPONIPHEMHUKOB, pabortatommx B [IKP, momxHa OBITH
npusezaeHa k [1B = 100 %. {11 kaxaoro npueMHHUKa 3JIEKTPO3HEPTHH 110
crpaBouHo# yreparype [10; 13] wnm mo Tabxn. 115 mogbupatorcs cpeqHue
3Ha4eHUS KOI((HUIMEHTOB HCIOIb30BAHUSI K, M AKTUBHOH MOIIHOCTH
cosq). [Ipyu HamM4MK B CIIPABOYHBIX TAOIHMIAX WHTEPBAJIbHBIX 3HAYCHHH K,
pexoMeHyercsi OpaTh OoJbliee.

[To naHHOMY MeTOAY pacueTHasl aKTUBHAs Harpys3ka rpymisbl 3JE€KTpO-
NPUEMHHKOB (1 > 1) ompenensieTcs Mo BBIPAKCHUIO

P2 KB ¢, P™ > (4-9)

rae K — k03¢ hUIuenHT pacyeTHO HArpy3Ky.

Eciu BenmmunHa P OKakeTcss MEHbIIIE HOMUHAJILHOM MOIIHOCTA Haubosee
MOIITHOTO 3JIEKTPOIPUEMHHUKA TPYIIIBI P, 14y, CCAYET IPUHAMATD P =P, ay.

Bennunna K mpuHUMaeTcs B 3aBUCUMOCTH OT 3()()EKTUBHOTO 4HMCIa
3NIEKTPONPUEMHUKOB I'PYIIIbI /1, ¥ TPYIIIOBOTO KO3()(HULIMEHTa UCIOIB30Ba-
Hust K. Ilpu pacuere Harpy3ok paclpeneiIMTeNbHBIX IIKagoB, MYHKTOB,
HIMHONPOBOJIOB, TPOJIJIEEB, M IPYTUX YCTPOHCTB, MUTAIOLIUXCS C TOMOLIBIO
MIPOBOJIOB WM KaOenel, 3Hauenns K OepyTcst u3 tadum. 116, a Mmarucrpais-
HBIX LIMHONPOBOJOB, LEXOBBIX TpaHC(HOPMATOPOB, LieXa WM KOpIyca B
nesrom — u3 taou. I17.

[on 3¢ pexTuBHBIM (TIPUBEIEHHBIM) YHCIIOM AJIEKTPOTIPHEMHHUKOB TTOHH-
MaeTcs TaKOe YMCII0 OJHOPOIHBIX O PEKUMY PabOThl IPUEMHUKOB OJMHA-
KOBOH MOIIIHOCTH, KOTOpPOE 00YCJIOBIMBAET Ty K€ BEIMUMHY PAcUeTHON
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Harpy3KH, 4TO ¥ TPYIIIa Pa3IMIHBIX TI0 HOMUHAITLHOW MOIIHOCTH U PEXKUMY
paboTHI ANEKTPOITPHEMHUKOB. Ero Beraucstor mo hopmyie

S . (4.10)

2 rHOM,
/=1

HaiinenHnoe 3HaueHme 7 OKPYTIISETCS A0 OMMKAUIIeT0 MEHBIIIETO Iie-
JIOTO YHCIA.
Ecnu 3Hauenue p, ,,. He Ooyee 4eM B TpH pa3a MpeBbIIaeT HOMUHAIb-
HYI0 MOIITHOCTh HAUMEHEE MOIIHOTO MPUEMHHKA IPYMIBL, TO MOXHO MpH-
HATb 1 — N.

s

IIpu 3HaYMTETHHOM YHCIIE JIEKTPONPUEMHHUKOB (pacyeT Harpy3oK Ma-
THCTPANILHBIX ITHHOMPOBOJIOB, IEXOBBIX TPaHC(HOPMATOPHBIX MOICTAHIINH,
KopIyca, MPEANPHATHsI) BETUYMHA U, MOXKET ONPEACIATHCS MO YIPOIICH-
HOW (hopmyiie

21p.
n,=-& -------- : (4.IT)

2H max
Ecnu Beruucnennoe mo Beipakenuio (4.11) 3uadenue n>n, cienyet
IPUHATH N =H.
I'pynmoBoii k03 UIMEHT UCTIONBH30BAHMS BEIYUCIISIETCSI TIO BEIPAKCHHUIO
/. ", "som,

K = mmmmmm—————- . (4.H2)

[_1T HOM,
1

PacueTrnas peakTuBHAS MOIITHOCTH HATPY3KH OMPEACTISETCS CIECTYIO-
MU crnocodamu: 1. J{ns nuTaromux cerer 70 1 kB, BBIMOIHEHHbBIX
MIPOBOJIAMU U KaOeIsIMH,

IO BBIPAKEHHIO

11 IXP™, tgfty “™ M10;
a (4.13)

Ixfpmu_ tgq>” €CJIn H,>10,
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TMTPOEKTUPOBAHNE CUCTEM DJIEKTPOCHABXEHNS

rae tg <jj— cpenHee 3HaueHHe KO3 PHITHEHTA PEAKTUBHONW MOIIIHOCTH I-TO

AIIEKTPOTIPUEMHHKA.

2. JIns MarucTpaNbHBIX IIMHOTIPOBOAOB, Ha MMHAX I1eX0oBEIX TII, a Takxke
JUTS TIeXa, KOPITyca U MPEAIPUSITHS B IEJIOM

n

[Tpu HEOOXOIMMOCTH K pacuyeTHOW aKTHMBHOM M PEaKTUBHON MOIIHOCTH
CHWJIOBBIX 3JICKTPONPUEMHHUKOB 110 1 kB 100aBisIOTCS OCBETUTEIHHBIC
AKTHBHAs U pEaKTUBHAsl HATPY3KHU.

Jlis xa0enpubIX TuHuE 6—10 kB npu pacueTe 371eKTpUYECKUX Harpy30K
BermunHa K=1.p

PacueTHast akTHBHAsI HArpy3Ka MPEANPHUATHS B 1eoM (Ha ITMHAX 6—
10 xB PII u I'TIII) onpenensercs no dpopmyJie

m
P, = K"Kl (4.15)
/=] TAE M — YUCIIO IPUCOEANHEHUIN Ha
coopubix muHax 6—10 kB PII nnum I'TIIT; K, — cpennee 3HaueHue
K03 PHUIIMEHTA UCTIOJIB30BaHUS I'-T0 IprcoeAnHEHNsT; K — Kod(hdunueHT
OJTHOBPEMEHHOCTH MaKCUMyMOB Harpy3ok;

P, o, — cyMMapHasi HOMHHaJIbHAs! MOLLTHOCTB JIEKTPOIPUEMHHUKOB /-TO IIPU-

COEIMHEHUS.
Bennuuna Ko npuanmaercs no tad:. [18 B 3aBUcHMOCTH OT uucnia m u
CPEIHEB3BEIICHHOTO 3HAYeHHs K03 pullnenTa ncrnoap30BaHus

Vi p
e N, HOM,
Kx =x pr (] ] (4_16)

/i HOM
=1 PacyeTHas peakTUBHAs Harpys3kKa
npeanpusaTus Ha muHax 6—-10 kB

PIT v IT'TITT

m

e, = “oE uJlom, "®.> (4.17)

rae tg ¢ — cpennee 3HaYeHHE KO3 PUIMEHTA pEaKTUBHONW MOIITHOCTH /-
T'O IPUCOETUHECHUSI.
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MMPOEKTPOBAHUME CUCTEM 3JIEKTPOCHABXEHM I

[TonHas MOIIHOCTH PacueTHOW HArpy3KH HA BCEX YPOBHSIX BBIUUCISCT-
cs 1o hopmynie
S™M+QO. (4.18)
PacueTHbIi1 TOK Harpy3Ku Ipynnbl IPUEMHUKOB

A=AT- - ' m (4-19)

oM

OTMeTuM, YTO pPE3yNbTUPYIONIAsl Harpy3ka Ha CTOPOHE BBICOKOTO
HaIpsDKEHUST OMPEACNAeTCS C Y4YeTOM MPUMEHSEMBIX CPEICTB KOM-
MICHCAIIMA PEAaKTUBHOM MOIIHOCTH WM TOTEPh MOINHOCTH B TpaHchop-
MaTopax.

Meton ko3¢puumeHTa CHpPOCa HUCIONb3YETCS MPU OTCYTCTBUHA HH-
(dopmMan 0 HOMUHAIBHBIX MOITHOCTSIX OTAEIBHBIX 3JIEKTPOTPUEMHUKOB.
Ilo maHHOMY METOy pacdeTHas aKTHBHAs HArpy3Ka TPYIIIBI SJIEKTPOIPHU-
€MHHUKOB, 00BEIMHEHHBIX TEXHOJIOTUIECKUM ITPOIIECCOM, OTIPEIEIISIETCS U3

BBIp AXKCHUA
P =KP , (4.20)

p ¢ mom’
rae K. — ko3 duuenT crnpoca, XapakTepHBIN ISl SJIEKTPOIPUEMHUKOB
TpynnsL; P, — yCTaHOBJIEHHAS! MOLTHOCTh IPYIIIHI AJIEKTPOIPHUEMHHUKOB.
PacueTHas peakTHBHAsI Harpy3Ka rPYIIIIbI
Qy = PyrLll (4-21)
rae tg<p — cpennee 3HaueHHe KO3 QUIMEHTa peaKTUBHOM MOIIHOCTH TSI
paccMaTpUBaeMO TPYIIIBI 3JEKTPOITPUEMHHUKOB.

3nauenus: K faroTcs B CIpaBOYHOM juTepaType. st HEKOTOpBIX TO-
TpebuTenel oHM puBecHHI B Ta0MI. [19.

[Mpu pacuere Harpy3o0k Tpynmbl BennduHa K MPUHUMAETCS OJUHAKO-
BOW JUIS BCEX DJIEKTPONPHEMHHKOB, T.C. MPEIoNaraeTcsi, 4To BCE OHHU
OJHOTHUIIHBI M MMEIOT OJJMH M TOT )K€ PeKUM padoThl. B MakcuManbHOI
CTENIEHN STOMY YCJIOBHIO Y/OBJIETBOPSIIOT OCBETHTEIIBHBIE YCTaHOBKH.
[TosToMy naHHBI METOA IIMPOKO NPHMEHSETCS ISl pacyera Harpy3ok
AIEKTPUYECKOro ocBerleHHs. CHIIOBBIE DJIEKTPONPHEMHHUKN TPYIIIBI MO-
T'YT 3HAYUTEIBHO OTIMYATHCS M0 XapAKTEPUCTUKAM AIICKTPOIOTPEOICHUS.
BcenencTBre ykazaHHOTO 0OCTOSATENBCTBA METOX KO PHIMEHTa crpoca
UCIIOJIB3YIOT JIMIIb JJISl OPUSHTUPOBOYHOM OIEHKH BEJIIMYMHBI CHIIOBOM
Harpys3KH.
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IMTPOEKTMPOBAHUE CUCTEM 3JIEKTPOCHABXEHU

Pacuer Harpy3ok mo yaeJIbHOMY Pacxoay JeKTPO3Hepruv Ha

€AMHUILY BBIILYCKaeMOI MPOAYKIMH W OCyILIeCTBIsIeTCs 110 (hopMyam
P,="L; e,=Ptgcp, (4.22)
rae 11, — BbIIyCK NpoayKuuu 3a Bpems /.

JlaHHBI METOA IaeT mpHeMIIEMBbIE Pe3yNbTaThl IPU ONpPENESICHUH Ha-
IPy30K 3JIEKTPONPHEMHHUKOB M MOTpeduTeNell, NMEIOINX MaIOU3MEHSIO-
muiicst rpaduk Harpy3ku. K Takum npueMHHKaM OTHOCSTCS 3JIEKTPOIBU-
rarejid HacoCOB, BEHTUIATOPOB, KOMIIPECCOPOB, IE€YM COIPOTHBIICHHS,
3NIEKTPOJIN3HBIE YCTAaHOBKM M T.N. CpenHue 3HaueHUss W Ul Pa3IuuHBIX
BUJIOB MPOJYKLIUHU COEPKATCS B CIIPABOYHOMN JIUTEpaType.

[Tpu GonbiIoM Yucie 3IEKTPONPUEMHUKOB Pa3HO MOIIHOCTH Ha Mpe/-
NPUSTAA TPUMEHEHHUE YCPEAHEHHBIX OIMBITHO-CTATUCTUYECKUX BEIWYUH W
MOYKET MPHUBECTH K 3HAYUTEIBHBIM MOTPEHIHOCTSIM B ompenencHuu P . B
CBSI3W C OTUM JAHHBIM METOA Ha BBICOKUX ypoBHsX COC naer mpubimzu-
TeNbHBIE pe3ynbTaThl. OH MOXKET MPHUMEHSTHCS IS TPEABAPHTEIBHOIO
pacuera Harpy3KH, KOTJja U3BECTCH T'OI0BOH BBHIITYCK POIYKIINH.

MeTton yaenbHOW HArpy3KH Ha e€IWHHIy TPOM3BOJACTBEHHOMH
IUIOIAAU HOCHUT NPUOJIMKEHHBIH OLIEHOYHBIM XapaKTep U MOXKET MpHMe-
HATBCS JJIs pacueTa Harpy3ok Ha 4—9 ypoasax COC.

CornacHo JaHHOMY METOJY, pacueTHbIE aKTHBHAs U pEaKkTHUBHAs Ha-
TPY3KH TPYMITBI JJIEKTPOTPHEMHUKOB

P, = PyP> Q,=P,tgg>, (4-23)
re p — yAeNbHAs IUIOTHOCTh HATPY3KM HAa 1 M® MPOM3BOACTBEHHOM
IUIOILAIH, KBT/MZ; F — mromaasr pa3MenieHus 3JeKTPOIPHEMHUKOB, M.

YaenbHbIE pacdeTHBIE HATPY3KH p 3aBUCAT OT POJA MPOU3BOJCTBA H
BBIABIISIIOTCS HA OCHOBE CTAaTUCTHUYECKUX HccienoBanHuii. B tadn. IO
NPUBEICHBI MX 3HAYEHUS JJIsi HEKOTOPBIX I[EXOB MPEANPUATHH MAaIIHHO-
CTPOUTENIHOTO MPO(UIIAL.

MeTox MOXET NMPUMEHSTHCS MPH OOJIBIIOM KOJIWYECTBE 3JICKTPONPH-
€MHHKOB MaJIOW MOIIHOCTH, OTHOCHTEJIFHO PABHOMEPHO PacHpeieIeHHbBIX
0 MIPOM3BOACTBEHHON IuIomanu. OYeBUIHO, YTO 3TOMY YCIOBUIO HAMITY4-
MM 00pPa30M COOTBETCTBYIOT OCBETHTENbHBIC AEKTponpreMHuKH. [lo-
3TOMY JaHHBIA METOJl 4acTO HPUMEHSETCS JUId pacdera OCBETHTEIbHON
3NIEKTPUIECKOHN HArpy3KH.
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MMPOEKTUPOBAHME CUCTEM 3JIEKTPOCHABXEHV

IIukoBBIi TOK Tpynnbl AIEKTPONPUEMHUKOB HamnpsikeHueM 10 1 kB,
paboTaromuX MPH OTCTAOIIEM TOKE, MOXKHO OIIPENEIHTh o hopmMyIie

=1 +(—«l ), (4.24)

K 11 max p u nmax”
rne 1, ,,, — HauOOIBIIHIA ITyCKOBOM TOK SJIEKTpOABHTATENS B Tpyme; | —
pacueTHBI TOK TPYIIBI JJIEKTPOINPHEMHHUKOB; K, — KOXPQHUIMEHT
WCTIONB30BaHMs, XapaKTePHBIA ISl ABUTATENS C HAMOOIBIINM ITyCKOBBIM
TOKOM; |y max — HOMHHAIBHBIH (TTpuBeneHHRIA K 11B = 100 %) Tok aBura-
TEJsI C MAKCUMATBHBIM ITyCKOBBIM TOKOM.

B xadecTBe MMKOBOTO TOKA CIUHUYIHOTO 3JICKTPOIPUEMHHKA TIPHHIMAIOT-
Cs: ISl DJIEKTPOJBUIATENEH — IyCKOBOM TOK, JUIsl IEYEeld M CBapOYHBIX
TpaHcGOpPMATOPOB — TMHKOBBIE TOKH, BEITMYHHBI KOTOPHIX COICpPXKATCS B
MACTIOPTHRIX JaHHBIX. [IpH OTCYTCTBHMU 3aBOJNCKWX JaHHBIX ITyCKOBOM TOK
ACHHXPOHHBIX JBHTATEled C KOPOTKO3AMKHYTHIM POTOPOM M CHHXPOHHBIX
JIBUTATEJICH MOXET ObITh OPHUEHTHUPOBOYHO MPUHSAT PABHBIM ISITUKPATHOMY
HOMHUHAJIbHOMY, aCHHXPOHHBIX JBHIaTelieil ¢ (ha3HBIM POTOPOM WIIM JIBHTa-
TeJel TIOCTOSTHHOTO TOKa — He HIDKE 2,5-KpaTHOTO HOMUHAIILHOT'O, TIUKOBBIH
TOK TEYHBIX U CBAPOYHBIX TPAHC(HOPMATOPOB — HE MEHEE TPEXKPATHOTO
HOMMHAJIBHOTO (TacnopTHoro, 6e3 npusenenus k [1B = 100 %) [10].

IIpumep 4.1. Omnpenenure pacyeTHble Harpy3kd TOKApHOI'O CTaHKa,
HUMEIOIIETO TPUBOJ C TPEeMs aCHUHXPOHHBIMH JJICKTPOJBUTATEISIMH MOIII-
Hocthio 11, 1,1 u 0,12 xBT. HomunansHoe Hanpsixenue cetu 380 B.
Pemenne. I1o tadmx. 15 npunumaem K = 0,14 u coscp = 0,5 (tg(p=1,73).
YcTaHoBNIEHHAS MOIIHOCTE JIEKTPONIPUEMHHKOB cTaHka: P =11+ 11+
0,12 =12,22 xBr.

oM 7 7 !

OddexTHBHOE YHCIIO0 AIEKTPOITPUEMHHUKOB IO BhIpaxkeHuto (4.10)
122
| [J— J=1,2
11°+1,1%+0,12% Oxpyrnsem n 1o Gmkaifirero
1enoro 4ymucna, T.e. «,= 1. Ilo tadm. I16 qsg u, = 1 u x,= 0,14 onpenensiem
K. Jlns 3TOro BOCIMONB3yeMCS HM3BECTHBIM M3 MAaTEMAaTHKH METOJIOM
JUHEHHON uHTepnoysanuu. CorlacHO JTaHHOMY METOAY, JUIS apryMeHTa X,
HAXOMSALICTOCS MEXIY 3HAUYEHUSIMH X, M X KOTOPBIM COOTBETCTBYIOT
BEJIMYMHBI y; M V), 3HaYeHUE (DYHKIIUH ¥ ONPEAEIISIETCS 1O BEIPAKEHUIO
X Al

Y = W—A-(Vo~ I)-
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I[TPOEKTVPOBAHME CHUCTEM SJIEKTPOCHABXEHVIA

ns paccMaTpuBaeMoro npumepa y = k , a x = k,,. Clie1oBaTeNbHO, Y5 =
8;1.=5,33; x,=0,1; x,=0,15; x =0,14; "
01401
K=b +—--—---—(5,33-8) = 5,86.
P 0,15-0,1
PacuerHast akTUBHAs Harpy3ka CTaHKa IO BBIpakeHUIo (4.9)
P,=5,86+0,14+ 12,22 = 10,0 xBt. Tak xak pacueTrHas
aKTUBHAS Harpy3ka MEHbIIE HOMHUHAIBHON MOLTHOCTH HAUOOIBIIETO
ngeuratens (10 < 11), to npuaumaem P = 11 kBt. PacuetHas peaktuBHas
Harpyska 1o BelpaxxeHuio (4.13)
Q=1,120,14+12,22 « 1,73 = 3,3 xBap.
ITonHast MOLIHOCTB pacYETHON HATPY3KHU

S,=JIf+3,3° =11,5 kB-A.
PacueTHbI1 TOK OTBETBJICHUS K CTAHKY

N p
/03%{),38 17,5 A.

IIpumep 4.2. Onpenenute pacyeTHbIC HATPY3KHU IPYIIIBI JIEKTPOIPHU-
€MHHUKOB JITUTEIILHOTO PEXKUMa pabOTHI IO CIEAYIOIINM JaHHEIM: 10
npueMHUKOB 1o 7,5 kBT; x,, = 0,35; coscp = 0,56; tgcp = 1,17,

4 mpuemuuka o 15 kBT; k¥ = 0,2; coscp = 0,6; tgcp = 1,33;

5 npuemuukos no 22 kBr; k, = 0,14; coscp = 0,5; tgcp = 1,73.

Homunansnoe Hanpsbxenue cetu 380 B.

Pemenne. OnpenensieM ycTaHOBICHHYIO MOIITHOCTD TPyNNbl P =

10-7,5+ 4-15+ 5-22 =75+ 60+110 = 245 Br.

oM

Io BeIpaxenwto (4.12) HaxowM rPyNITOBOH KOI(PHUITUEHT HCTIOMH30BAHUS

. 035-75+0,2-60+0,17-110 26,3+12+154 537 ,
1= = — (@, LL.

245 245 245
Db heKTUBHOE YUCIIO AIEKTPONPHUEMHUKOB 110 popmyte (4.10)
45’
n= =155.
10-7,5*+4-15% +5-22°
[Tpuanmaem my= 15.

o ta6m. 116 ans K - 0,22 u i1, = 15 myTem JIMHEHHONW UHTEPIOISAINH
Haxonum K = 1,21.

88



MMPOEKTPOBAHUME CUCTEM 3JIEKTPOCHABXEHM I

PacueTnas akTHBHAs Harpy3Ka rpymnmnsl IpUEMHUKOB 110 ¢opmyde (4.9)

P =1,21-53,7 = 65,0 xBt. PacuerHas peakTuBHas
HarpysKa TPYIIIHI 0 BeIpaKeHHIo (4.13)

Qp=26,3+1,17+12-1,33 +15,4-1,73 = 73,4 xBap.
[MomHast MOIITHOCTH HATPY3KU

5,_./65°+73,4° =98 kB-A.

P
PacueTHbIl TOK

98

P V3-0.38

Ipumep 4.3. Onpenenure pacdeTHbIE HATPY3KH MPEATPHUATHS HA IITHU-
Hax 10 kB PII, umeromero mecTs NpUCOCAUHEHUH. Y CTAHOBICHHBIE MOILI-
HocTu mpucoenuHenuid P, = 5600; 6700; 8000; 7600; 6300; 8500 xBrT.
Cpemure 3Hauenus koadduimentos ucrnonszopanus K = 0,4; 0,2; 0,3; 0,14;
0,25; 0,35, koadunmenToB peakTuBHOM MorHOCcTH tg ¢ = 0,42; 0,48; 0,5;
0,55; 0,46; 0,47.

Pemenne. Haxomum cpemHeB3BelICHHOE 3HaueHHE KOA(PQUIIMECHTA
HUCIIOJIB30BaAHUS HpeI[HpI/ISITI/Iﬂl

0,45600 + 0,26700+0,3-8000+0,14-7600 + 0,25-6300 + 0,35-8500
5600 + 6700 + 8000 + 7600+6300+8500

_ 2240+1340+2400+1064 +1575 + 2975 11594 _
42700 ~42700~ '

IMo Tabn. M8 mna K, = 0,27 u m = 6 onpexaensieM Ko3QUIEHT
onHoBpemenHoctu Ky = 0,8.

Pacuernas akTuBHas Harpyska npeanpusatus Ha muHax 10 kB PIT mo
BEIpakeHHto (4.15)

P =0,8-11 594 =9275,2 xBr.
Pacuernas peakTrBHast Harpy3ka o gopmyie (4.17)
Q=0,8+(2240+0,42 + 1340 + 0,48 + 2400 * 0,5 + 1064 « 0,55 + + 1575
* (0,46 + 2975 » 0,47) = 4393,6 xBap. [lomHast MOIITHOCTH HATPY3KH Ha
muHax PII

o = 9275,22 + 4393, 6° =10263,2 kB-A.
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TMTPOEKTHPOBAHNE CUCTEM DJIEKTPOCHABXEHNS

Ipumep 4.4. [lo xkoxddunmeHTy crpoca HaAWINTE PaCUETHBIEC CHIIOBEIE
Harpy3Kd PEeMOHTHO-MEXaHUYECKOTO I1eXa ¢ YCTAHOBJICHHON MOIHOCTBIO
P =1600 kBr.

HOM

Pemenwue. Ilo tabmn. I19 maxomum misa miexa K~ = 0,3 u cosd = 0,75
(tgcp = 0,88). PacuerHas akTuBHast Harpy3ka 1o Gopmyie (4.20)
P=0,3 m 1600 =480 xBr.

p
PacuerHast peakTuBHasI Harpy3Ka 1o BeIipaxkeHuto (4.21)

Q, =480 + 0,88 =422 4 kBap.
IlonHast MOIIHOCTH paCYETHON CUIIOBOM HATPY3KHU

5, =M80° + 422,4°~=639,4 KBA.

Ipumep 4.5. Onpenenure pacyeTHYIO aKTUBHYIO HAarpy3Ky rpyHIbl KOM-
TIPECCOPOB, MPOM3BOIAIIIX 3a cMery 280 000 M® cxxatoro Bosmyxa. Jlmrens-
HOCTb CMCHBI 8 YacOB, Y/IC/TbHbIH pacxof snekrposueprun W = 0,1 kBr-u/v’.

Pemrenue. PacueTHas akTuBHast Harpy3ka o gopmyie (4.22)

_0,1-280000
| =3500 xBrT.
P 8

IIpumep 4.6. Onpenenure pacueTHYIO CHIOBYIO HArpy3Ky MEXaHUYECKO-
ro nexa mromazsio F = 1800 M2, ITnoTHOCTS Harpysku p = 0.3 KBT/M%
Pemenwue. [lo dopmyne (4.23) pacderHas cuioBas Harpys3ka mexa P
=0,3-1800 = 540 kBr.
IIpumep 4.7. Onpenenute NUKOBBIA TOK JIMHUM, MUTAIOLIEH TpyHIy

AIIEKTPOTIPUEMHHUKOB C pacdeTHbIM TokoMm | = 250 A. MakcumanbHBII
IyCKOBOM TOK MMeeT JABuUraTenb Hacoca mouiHocThio 30 kBt. Ero Homu-
HaIBHBIA TOK /| =57,9 A, myckoBoit —/ =405 A, koadpduruent

H Max ? y o n mdx X T

ucroip3zoBanud xk =0.7.

Pemenne. [TMKOBBII TOK ONPEIENACTCS 1O BhIpaXEHUIO (4.24): [, =
405 + (250-0,7  57,9) = 614,5 A.

4.5. TPEBOBAHUS [TOTPEBUTEJIEN, IPEABSBJISIEMBIE
K OHEPTOCUCTEME, U YCJIOBUA ITIOJAYU DJIEKTPOSHEPT' I
SHEPI'OCHABXAIOILEN OPTAHU3ALIMEN
B touke mpucoenuaenuss COC npoMBINUIEHHOTO 00bEKTa K JJIEKTPH-
YECKHM CETSIM DHEProCHCTEMBI MPOTHBOMOCTABISIOTCS MHTEPECHl TOTpe-
ouTenei AIEKTPOIHEPTUH U dJIeKTpocHadkKaromel opranuzaiun. O6e cTo-
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MMPOEKTUPOBAHME CUCTEM 3JIEKTPOCHABXEHV

POHBI GOPMYIUPYIOT CBOM TPEOOBAHUS, KOTOPHIE B IIEPBYIO OYepe/lb Kaca-
I0TCS KOJIMYECTBA M KauecTBa JIEKTPHUECKON YHEPTUH, & TAKKE BEIUINHBI
MaKCHMaJbHOW MOTPeOIIIeMO MOIIHOCTH. DHEProcHcTeMa MOXKET BBII-
BUHYTb W JPYTHE YCIOBHS, MOAJIEKAINE BBHITOIHEHNIO Kak BHyTpu COC
HPOMBIIIJIEHHOTO MPEANPHATHS, TaK U B CETAX IICKTPOIHEPTeTHUECKOM
CHCTEMBI, JUI1 00eCTIeueHNs] SKOHOMUYIHOTO M HaJIEKHOTO IEKTPOCHA0Ke-
HYA. BhIonHeHWE 3THX YCIOBHH MOXET MOTpeOOBaTh OT MOTPEOUTENS
JIOTIOJTHUTEINIBHBIX KalMTAIBHBIX 3aTpaT. KoMIpoMuCCHBIE perIeHns BO3HH-
KaIOIMX CIOPHBIX BOIIPOCOB PErTIAMEHTHPYIOTCS IEHCTBYIOIIMMH HOpPMA-
TUBHBIMH JJOKYMEHTaMH.

B mpomecce mpoeKTUPOBaHUS B MECTE MPHUCOCAMHEHHSI K YHEPTOCHCTe-
Me U1 BCEeX MOTpeOuTenel MOJDKHO OBITh JOCTUTHYTO COOTBETCTBHE
MEXIY UCXOIHBIMH OOOCHOBAaHHBIMH TPEOOBaHHUAMH MOTpeOUTENCH U yC-
JIOBUSIMH TIOIa4YH 3JIEKTPOIHEPTUHU P ONpPEEeNICHHBIX MapaMeTrpax. JTH
napamMeTpbl MOTYT OBITh pa3/ielieHbl 1a YeThIpe Tpynmsl [ 1]:

1) ¢yHKIMOHANBHBIC (HANPSDKEHHE, MAKCUMAITBHBIN TOK, 4acToTa, Kodddu-
LUEHT MOIIHOCTH U JIp.);

2) HaJeKHOCTU INIEKTpOCHAOKEHHs (BEPOSTHOCTh OC30TKa3HOW PaboTBhI,
cpeliHee BpeMs BOCCTAHOBIECHHUs, KO3(P(UIMEHT rOTOBHOCTH, CTEIECHb
pe3epBUPOBAHUS U T.11.);

3) mommoro comportusieHust (3nementa COC, ceTH, dIEKTPOIBUTATENS U
T.IL.);

4) 3arpar (KanuTaJIOBIOKEHHUSI, TO0BbIC IKCILTyaTAllHOHHBIC PACXO/IB,

OKHJaeMbIH yiepd OT HapyIICHUH 3NEeKTPOCHAOKEHHS U T.1I.).

VYka3aHHBIE TapaMEeTPHI TAF0T BO3MOYKHOCTh OIIEHUTH Ka4E€CTBO JJIEK

TPOCHAOKEHUSI.

DnekTpuuecKas SHEprus 00JagaeT ONpelNelICHHBIMH XapaKTepHCTH-
KaMH, MO3BOJISIONIMMHU CYANUTh O €€ NPUTOJHOCTH JUIS MCIOJIb30BaHUS B
Pa3IMYHBIX ITPOU3BOACTBEHHBIX TNporeccax. COBOKYITHOCTH XapaKTepH-
CTHK, TIPU KOTOPBIX AJIEKTPONPHUEMHUKHU CIIOCOOHBI BBITIOIHSTH 33/IaHHBIE
GbyHKIIUH, 00bEJMHEHBI OOIUM MOHATHEM KAYECMEA INeKMPOIHEPUL.

Jinst HopManbHOH paboThl moTpeduTeneii HeoOX0IMMO, YTOOBI SHEPTO-
cuctema u COC obecrnieunBanu TpeOyeMble TOKa3aTeIM KauecTBa 3JICK-
Tpos3Hepruu. B To ke Bpemst MpuMeHsieMble Ha MPEANPHSITUSIX HEKOTOPBIE
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MOIIIHBIE JJIEKTPONPUEMHUKN (BEHTHIIbHBIE TpeoOpa3oBaTeNd, IyroBBIS
MeYH, CBapOYHbIE YCTAHOBKU U T.I.) OTPUIATEIHHO BIUSIOT HA KaYECTBO
anekTpodHepruu. [lpu3HakaMy TakoTO BIMSHUS SIBIAIOTCA DPEaKTHBHAS
MOIIIHOCTh, HECHMMETPHSI W HECHHYCOWJAIBHOCTHh HampspKeHus. Takum
00pa3oM, KauecTBO AIIEKTPOIHEPTHUN OTPEACTISIeTCS HE TOBKO €€ MPOU3BO-
TUTENSIMA W TIOCTaBIIMKaMH, HO U noTpebutensmu. CoxpaHeHue tpedye-
MBIX TIOKa3aTelell KadecTBa SABISETCS OOS3aHHOCTHIO AIEKTPOCHAOXKAI0-
el OpraHu3alyy U MOoTpeOuTeNe, 9TO TOHKHO YIUTHIBATHCS P MPOEK-
tupoBanuu COC.

B3anmuOe BiHsHUE AIIEKTPOOOOPYIOBAHHUS TOTPEOUTENEH 1 HUTAIOIIEeH
CHCTEMBl XapaKTepU3yeTCS TaKUM TIOHSATHEM, KaK 21eKMpOoMAcHUMHASA
cosmecmumocms. ObecrnedeHue dEKTPOMarHUTHOH COBMECTHMOCTH CBSI-
3aHO C TOJAEp)KaHHEM ONTHMAJbHBIX IIOKa3aTeleil KauecTBa 3JIEKTPO-
9HEPIUH, NPH KOTOPHIX TEXHUYECKUE TPEOOBAHUS BBIMOIHSIIOTCS C MHHU-
MaJIbHBIMH 3aTpaTaMH.

CHmXeHHe KadyecTBa 3JEKTPOIHEPTUH MOKET BBI3BaTh TEXHOJOTHYEC-
KUH ymiep0, MpUYHUHAEMbIH TPOMBIIIIEHHOMY Npeanpustuio. Kpome toro,
CYILIECTBYET M 3JEKTPOMAarHMUTHBIN yIIepO, CBS3aHHBIN C yBEJIUYEHHEM
MOTEPh MOIITHOCTH M SHEPTHH, BBIXOIOM M3 CTPOsI AJIEKTPOOOOpYyI0BaHHS,
HapylmeHneM paboThl aBTOMATHUKU, TeIeMEXaHWKH, cBsi3u H T.1. Cyie-
CTBYIOIIMMHU CTaHJapTaMH YCTAHOBJIEHBI IOKa3aTeNd KayecTBa 3JIEKTPO-
SHEPTHH I10 YaCTOTE U HAMIPSKEHUIO [26].

B HopManbHOM peXuMe JO0NMyCKaeTcs OTKIOHEHHE YacTOThl, YCpel-
HeHHoe 3a 10 muH, B npenenax + 0,1 'u. OTKJIOHEHUE YaCTOTHI PETyIUpy-
€TCs MUTAIONIEeH YHEPTrOCUCTEMON 1 3aBUCHT JIMIIG OT Hee.  /

BaxHbiM TpeOoBaHmeM moTpeOuTENel K HDHEPrOCHUCTEME SIBISETCS
MoJIJIepKaHMe YacTOThl B JIOMYCTHMBIX Ipenenax. BiusHue CHMXeHUs
YacTOTHl HAa TOTPEOISIEMYI0 MOIIHOCTh 3aBHCHUT OT XapaKTEPUCTHUK TI0-
Tpebureneil. Hanmpumep, cHmkenne yactotel Ha 1 % BBI3BIBAET YMEHbLIE-
HUE TOTpeOIsieMOl aKTUBHOW MOIIHOCTH CHHXPOHHBIX M aCHHXPOHHBIX
ANIEKTPOABHUraTElNeH C MOCTOSTHHBIM MOMEHTOM Ha Bally IPUBOJIHOTO MeXa-
HU3Ma (KOMIIPECCOpPBI, MOPIIHEBbIE HACOCHI, KpaHbl W T.a1.) Ha 1 %, a
ACHHXPOHHBIX JIBUTATEINIEH C «BEHTHISTOPHBIMY» MOMEHTOM (BEHTHJISITOPHI,
LHEHTPOOEKHbIE HACOCHI, IpeOHbIe BUHTHI U T.I1.) — Ha 3 %. g apyrux
norpedurene (AMEKTPOTEPMUIECKIE YCTAHOBKY, OCBETUTEILHBIC IPHOO-
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PBl U T.II.) aKTUBHAsI MOIIHOCTh IMPAaKTUYECKH HE 3aBHCUT OT U3MEHEHUS
YacTOThl, €CIM MOJAEPKUBAIOTCS HEOOXOAMMBIE YPOBHHM HAaNpsDKEHHSL.
OTKJIOHEHHE M KOJIEeO0aHUS YacTOThl HPUBOIAT K H3MEHEHHIO YacTOTHI
BpALIEHUs IEKTPOABUIraTENeH, YTO BIHSAET Ha IPOU3BOAUTEIIBHOCTL Pa-
004MX MEXaHU3MOB U Ka4eCTBO MIPOAYKLIHH.

Konebanns yacToThl U HANPSDKEHUS, HECUMMETPUS U HECHHYCOUAllb-
HOCTb HAIIPSDKEHMS BBI3BIBAIOTCSI B OCHOBHOM Pa0OTOM OTAEIBHBIX MOLI-
HBIX 3JIEKTPONPUEMHHUKOB. [IpyH 3TOM OTKIIOHEHUS HAaNPSIKEHUS 3aBUCST
Kak OT YpOBHA IOJaBa€MOr0 JHEPrOCHCTEMOIl HANpsDKEHUs, Tak U OT
pexuMa paboThl TOTPEOUTEIEH.

Ha 3axxumax snexktpornpueMHukoB 10 1 kB pomyckaercs oTkioHeHHe
HanpsDKEHUs] OT HOMUHAIBHOTO B nuamazoHe =5 %. Eciam daktuueckoe
HalpsDKEHUE HE PaBHO HOMHHAJIBHOMY, TO YXYIIIAIOTCS YCIOBHS PabOTHI
3NEKTPOIPHUEMHHUKOB, HX SKCILTyaTallMOHHBIE U TEXHUYECKHE XapaKTEePUCTUKH.

Konebanus HanpspkeHHs OKa3bIBAIOT OTPHUIIATENIbHOE BIUSHUE Ha pabo-
Ty OCBETUTENIbHBIX YCTaHOBOK (MHMIaHME JIaMII, TIOTaCaHue ra3opa3psIHbIX
JIaMIT), YBEJIMUMBAIOT BPpeMs TUIaBKU B AYTOBBIX IEYaX, YXYALIAIOT padoTy
ANEKTPOJIM3HBIX U AJIEKTPOCBAPOYHBIX YCTAHOBOK, BBI3BIBAIOT KOJCOAHMS
YacTOTHI BpalllEHHUs 3JIEKTPOABHUraTeNiell, UTo HEAOMyCTUMO Ha psizie Mmpo-
n3BoACTB. HecuHyconnaabHOCTh HaNpsSKEHHs BBI3BIBAET JIOMOJHUTENb-
HBIE TIOTEPU B CETAX, MIEKTPUUECKUX MalIMHAX W TpaHcopMaTopax, 3a-
TPYAHSIET KOMIIEHCAIIUIO PEAKTUBHOM MOIIIHOCTH U MPUBOAUT K BBIXOIY M3
CTpOsI KOHZICHCATOPHBIX OaTapeil.

[Tpu mpoexTupoBannu COC BBISIBISIOTCS 3JIEKTPOIPHUEMHUKH, CIIOCO0-
HBIE BBI3BaTh HECUMMETPHUIO U HECUHYCOUAAIBHOCTh TOKOB M HAIIPSHKEHUH,
a TaKKe MpPeayCMaTPUBAIOTCS MEpbI 110 CHIKEHUIO UX HETaTHMBHOTO BO3-
JeHCTBUS HAa KAU€CTBO 3JIEKTPOIHEPTUH.

Ocoboe BHUMaHuE BO B3aUMOCBs3sX Mexay COC u sHeprocucreMoin
CIIEAyeT YAETATh BHIOOPY BEIMUMHBI JOMYCKAaeMOro HampsokeHus. B arek-
Tpudeckux cersix A0 1 kB, K KOTOpbIM NPHCOEOUHSIOTCS MOTPEOUTENH,
SHEProcucTeMa J0JDKHA 00eclieurnBaTh Mpeebl U3MEHEHUs] HAPSKECHUS
B Iuara3ose =5 % oT HOMUHAJILHOTIO.

Cern HampspKkeHHeM Bbile 1| KB mpoekTupyroTcst 1 BBOASTCSA B IKCH-
JyaTaluyio TocJie COTJIacoBaHms MeX Ty sHeprocucteMoit u COC mpenmnpu-
ATHS BOIPOCOB KOMIIEHCAIIUN PEAKTUBHOM MOIITHOCTH, MECT U CPEJICTB
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pEryJIMpoBaHUs HAIPSDKEHUS, 00CCIICUMBAIOIINX COOJIOICHHE HEOO0XOaU-
MBIX TIPEJEeSIOB M3MEHEHUS HATPSHKEHHUS Ha 3AKUMAaX SJIEKTPOITPHEMHHUKOB.
LenecooOpa3HO OTMETUTH, YTO CHIKEHHE HAIIPSDKEHUS HE SIBIIAETCS Hapy-
IIEHHEM O03aTEeNbCTB IHEPTOCHCTEMBI, 3TO CIEIU(PUIECKOE CBOHCTBO
MOJIaYH AJIEKTPOIHEPTUH.

JI71s1 mporHO3UpOBaHUS BO3MOXKHBIX OTKJIOHEHUH MOKa3aTeseil kauecTra
HaIPsDKEHUS TIPH BHE3aImHBIX OTKIIOUeHUIX B COC HE0OXOAMMO BBITOJN-
HUTH COOTBETCTBYIOIINE PAcUeThl PEKUMOB paOOTHI W HAJEKHOCTH JJIEK-
TpocHaOkeHus1. KauecTBo 3MeKTpoIHEeprui TECHO CBA3aHO C HAJIE)KHOCTHIO
3NEKTPOCHA0KEHUSI.

B mpoekTe ciemyer yCTaHOBHTH TPaHUIIBI pa3/ieia AJIEKTPUUYCCKHUX
ceTell mo 0ajJaHCOBOW MPUHAUICKHOCTH MEXKIY OpraHH3allMsIMH, OTBET-
CTBCHHBIMH 3a JKCIUTYaTalUIO 3JIEKTPOYCTAaHOBOK. DJIEKTPOCHAOKAIOIIAs
opranusaiys 00s3aHa MOoJICPKUBATh HAa TPaHUIIe OaTaHCOBOW MTPHHAIJICK-
HOCTH DJIGKTPHUYECKOH CEeTH 3HAa4YeHMs MOKa3aTesleld KadecTBa JJIEKTPO-
SHEPIHH, IPELYyCMOTPEHHBIE CTaHIAPTAMU. B MecTe pasrpaHU4eHMsI JHEP-
rocucteMbl 1 COC HE0OXOIUMO MPEeIyCMOTPETh YCTAHOBKY MPHOOPOB
pacyeTHOro y4era, ¢ MOMOIIBI0 KOTOPBIX OMpPEACISIeTCs KOIMYECTBO U3-
pPacxo/I0BaHHOM AJICKTPOIHEPTHH, & TAKKEe MaKCHUMalibHas MOIIHOCTh IO-
TpeOuTeNst B 4achl HAMOONBLINX HATPY30K YIHEPTOCUCTEMBI.

4.6. OBECIIEUEHUE BAJIAHCA AKTUBHOI1
" PEAKTUBHOM MOILIHOCTEN

[Hotpeburemn, COC u sHEprocucreMa CBI3aHBI OOMIHOCTHIO PEKMUMOB
B HEIPEPHIBHOM TPOIIECCE MPOU3BOJICTBA, PACIIPECICHHS M NOTPEOICHUS
3NIEKTpOdHepruu. B mroboe Bpems TOKeH cOOIroaaThes OalaHc TeHepH-
pyeMoii ¥ motpediasieMoit (C y4eToM THOTepb) aKTUBHOW MOIIHOCTH, T.C.
BBITIOJTHATHCS YCIIOBUE

P, =P +"P, (4.25)
rae P, — akTHBHasT MOLIHOCTb I'€HEPATOPOB 3JIEKTPOCTaHUMM; P, —
aKTHUBHAs MOIIHOCTh MOTpeOuTeNel aekTposHeprun; AP, — motepu ak-

THBHOW MOIIIHOCTH B NIEKTPUUYECKUX CETSX.

Hapymenne 6ananca akTHBHOM MOIIIHOCTH TMPHUBOANUT K U3MEHEHHIO
4acTOThl TOKA. [[pUUMHAMU TaKOTO HAPYIIEHHUSI MOTYT OBITh: a) aBapHiiHOE
OTKJIIOYEHHUE T€HEpaTOpa 3JEKTPOCTAHIINY;
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0) BHE3aITHBIN Pe3KUN POCT MOTPEOIIEMON aKTHBHOM MOIITHOCTH;
B) aBapuilHOE OTKJIIOYECHHUE JUHUH WIK TpaHC(HOopMaTopa MEKCUCTEMHOM

CBSI3U.

Ecnu nedumur renepupyemMoil MOIIHOCTH HE JIMKBUIUPOBAH, TO B 3HEP-
TOCUCTEME MPOUCXOIUT aBapUHUHOE CHIDKEHHUE 4acTOThl. [1o 3Toi nmpuumHe
YMEHBILAETCS IPOU3BOAUTENFHOCTh MEXaHU3MOB COOCTBEHHBIX HYKA TEll-
JIOBBIX 3JIEKTPOCTAHLUM, YTO BBI3BIBAET CHWKECHUE BEIMYMHbBI [€HEpHUpYeE-
MOH MOIIHOCTH U JajbHEWIIee MOHWKEHNE 4acTOThl. CHI)KEHUE YaCTOTHI
IPUBOIUT K YBEIMYEHHUIO PEAKTHBHOW MOIIHOCTH NOTpeOuTeNel, a mpu
HEBO3MOYKHOCTH €€ TIOKPBITHS — K MOHWKEHHIO HampspkeHus. CHIKEHUE
HaMpsHKCHUs JaeT HEKOTOPOE YMEHbBIIEHUE MOTPeOIsIeMOl 3JIEKTPOIpPHEM-
HUKaM{ MOIIHOCTH, OCOOGHHO 3JIEKTPOTEPMUUYECKUMU M OCBETHTEILHBIMH
ycraHOBKaMHu. TakuMm o0pa3zom, diieKTpuueckas Harpy3ka oOiagaer pery-
nupyromuM 3GEKToOM, CHUKAMMM ae@uuuT MoinHocTH [21]. OnnHako,
KaK MpaBWiIo, s oOecrieueHus OallaHCa aKTHBHBIX MOIIHOCTEH 3TOTO
HEAOCTATOYHO B YKAa3aHHBIX aBapHﬁHLIX CUTyaluAx. Ecnm He CcHU3UTH
Harpy3Ky SHEProCHMCTEMbI IyTeM OTKJIIOUCHHUS YacTH MOTpeOuTemnen rek-
TPOBHEPTHH C LEIBbI0 BOCCTAHOBIICHUsI OallaHca reHeprupyeMol 1 moTpeo-
JSIEeMOM MOIIHOCTEH, TO MOXET NMPOW30WTH JIaBUHOOOpa3HOE CHIKECHHUE
YaCTOThbI (TaK Ha3bIBacMasl JlaBUHa ‘IaCTOTI)I), CJICACTBUEM KOTOpOfI SABJIA-
eTcsl «pa3Baj» SHEProCHCTEMBbl U MpeKpallleHre JICKTPOCHAOKEeHUs 3Ha-
YUTENBHOTO YHCIIa NOTpeduTenei.

Takum 00pa3zoMm, OTKITIOYEHHE C TIOMOINBI0 ycTpoicTB AYP dactu
notpeduTeneil Npyu aBapuilHOM CHMKEHMH YacTOTHI B SHEPrOCUCTEME I10-
3BOJISICT JIOKAIM30BATh aBapUHHYIO CUTYAIHIO U COXPAHUThH AJIEKTPOCHAO-
JKEHHE TIO/IaBIISIFOIET0 OOJIBIIMHCTBA TOTPEOUTETICH.

B sneprocucreme nomkHa OBITH BO3MOYKHOCTh OIpaHMYEHHUS MOTPEO-
JICHUS! 3JIEKTPO3HEPTHU M MOIIHOCTH, a TAKK€ OTKIIOYEHHUS 3JIEKTPO3HEP-
MM TPH yrpo3e BO3SHUKHOBEHHUS! aBapHU BCJEICTBHE OOpa30BaBIIEroCs
JneuuuTa aKTUBHOM MOIIHOCTH, CHIDKEHHMSI YaCTOThI M HanpspkeHus. st
3TOTO0 pa3palbaThIBAIOTCA COOTBETCTBYIOLIME T'padUKH, ONpPEAEIISIOIIUe
BEJIMYMHBI U 0YEPETHOCTH OTPaHMUYEHUS HIIEKTPONOTPEOIEHUS U OTKIIOYE-
HUS JIEKTPOSHEPTUH C YIETOM TEXHOJIOTHYECKUX OCOOCHHOCTEH MPOU3BOA-
CTBa MPOMBIIUIEHHBIX noTpeduTenel [29]. CrenoBaTenbHO, MPU MPOSKTUPO-
BaHuu COC MOMKHBI TPeAyCMaTPUBATHCS TaKHe CTPYKTYPHI TPYTII AJIEK-
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TPONPUEMHUKOB U CXEMbI UX IMUTAHUS, KOTOPHIC MO3BOJIAT 3PPEKTHBHO U
OBICTPO IO PACTIOPSDKEHHIO AUCIIETIepa SHEPTOCUCTEMBI CHIDKATh Harpy3Ky
MIPEANPHSTHS, HE 3aTparuBasi MPOU3BOJICTB C HEMPEPHIBHBIM TEXHOIOTHYEC-
KM TIPOIIECCOM, a TaKXKe IMOTpeOHTeNnel, OTKIIOUYEHHE KOTOPBIX MOXKET
MIPYUBECTH K BBIZCIICHUIO B3PHIBOOIIACHBIX H SIOBUTHIX IPOIYKTOB U CMECEi.

Jns mpeanpusTHiA, y9acTBYIOIUX B TpaduKax OrpaHHYEHUS dIIEKTPO-
MOTPEOICHNS W OTKIIFOUEHUS dIIEKTPOIHEPTHH, PACCUUTHIBACTCS aKTHBHAS
HarpysKa TeXHOJOTHYECKOI 1 aBapHitHO# OpoHu [29].

Texnonoeuyeckas OpoHb SNEKTPOCHAOKEHHS OMpPEHENAETCS MHUHUMAIb-
HOM TTOTPEOIISIEMOI MOIITHOCTHIO M BpEMEHEM, HEOOXOIUMBIM TIOTPEOUTEITIO
JUTSL 3aBEPILEHHS TEXHOJOTHYECKOTO TPOIecca Wi IMKJIA TPOU3BOJCTBA,
TMIOCJIE YeTO OTKIIIOYAIOTCS COOTBETCTBYIOIINE MPHEMHHUKH IEKTPOIHEPTUHL.

Aeaputinas 6pouv onpenenseTcs MUHUMAIbHON MOIIHOCTBIO (pacxo-
JIOM DJIEKTPO3HEPTHH), 00ECTICUNBAIONICH IPY YaCTHYHOHN MIIM TIOJHOM OC-
TaHOBKE MPEANPUATHs 0S30MaCHOCTD XHU3HH JIFOACH, COXPAaHHOCTh 000PY-
JIOBaHUS, MUTAHUE aBAPUITHOTO M OXPAHHOT'O OCBEUICHUS, BEHTUIAINH, Ka-
HaJU3alliy, OTOIUICHUS, BOJOOTINBA, CPEICTB MOKAPOTYIICHHSL.

PykoBoauTeNnH ¥ 3HEPrETHYECKUE CITY)KOBI MMPOMBIIUICHHBIX TPEATIPHSI-
THIA HECYT OTBETCTBCHHOCTD 3a 0€3YCJIOBHOEC U CBOESBPEMEHHOC BBIITOJHECHHE
rpaMKOB OrpaHUYCHUS EKTPONIOTPEOICHHUSI M OTKITFOUEHHS SIEKTPOIHEPT M.

Hapyuienne 0anaHca peakTHUBHON MOIIHOCTH MPHUBOAMT K U3MEHEHHUIO
ypoBHs Hanpspkenus B COC. Eciu reHepupyeMoii MOIITHOCTH O0JIbIIE, YeM
noTpedIsieMOl, TO HANPSDKEHUE B CETU NoOBbIIaeTcs. [Ipu aeduumre pe-
aKTHBHOM MOITHOCTU HANIPSDKCHUE CHIKACTCSI.

YpaBHeHue OalaHca peaKTUBHOW MOIITHOCTH UMEET CIeAyroruii Buy [12]:

ate tegy=c,t e, (4.26)

rae Qr — cymMMmapHasi peakTHBHAsE MOIIHOCTh TE€HEPaTOPOB AIIEKTPOCTAH-
1ui; 2, — 3aps/iHas peaKTHBHAs MOIHOCTH JIMHUH 3nexTpornepenadn; Q
— CyMMapHasi MOITHOCTh KOMIEHCHPYIOIUX YCTPOICTB, YCTAHOBICHHBIX
B JHEprocucreMe W y moTtpedurteneit; Q, — peakTWBHas MOIIHOCTh
norpeduTeneit s3neprocucreMsr; AQ; — MOTEPU PEaKTUBHOW MOIIHOCTH B
ANEKTPHYECKHUX CETSIX.

Kak BugHO 13 ypaBHeHus (4.26), MOIITHOCTH T€HEPATOPOB AJIEKTPOCTAH-
U HETOCTATOYHO JUIsl oOecTieueH st OalaHca peakTHBHOW MOIITHOCTH B
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JHEProcucTeMe. ITO OOBACHSAETCS TEM, YTO HOMHHAIbHBIC 3HAYCHUS KO-
3¢ duUIFIeHTa MOIIIHOCTH TEHEPATOPOB, KaK MPABUIIO, TIPEBHIIIAIOT 3HAYCHHUS
€CTeCTBEHHOro Ko3((uIipieHTa MOIIHOCTH moTpedbureneii, a. Qg< AQ . B
CBSI3U C 3TUM B y3JIaX HArpy3kd HE0OXOJUMO JIOTIOTHUTENHLHO YCTaHABIIH-
BaTh KOMIICHCHPYIOIIUE YCTpoicTBa. B mMpoekTax 3yieKTpocHA0KEHHSI BbI-
Oupaercsi BUJI, MOIIHOCTh U MECTO pa3MEIeHHs CPEJCTB KOMIICHCAIMU
PEaKTUBHOM MOITHOCTH.

4.7. IPOEKTHBIE PEIIEHWA 110 ITIOAAEPXXAHNIO KAYECTBA
OJIEKTPOOHEPI'MN

[Ipu mpoeKTHPOBaHUM 3JIEKTPOCHAOKEHUS] HEOOXOAMMO IperycMat-
pUBAaTh MEPOIPUATUSI M TEXHUUYECKHE YCTpoiicTBa sl obecneueHus
TpeOyeMBbIX IOKa3aTeNeill kauecTBa 3JIEKTpodHepruu. B mepByro odepens
ClIeyeT MNpaBWIbHO BBIOpaTh OTBETBICHUS Yy HEPETYIHPYEMBIX IO
Harpy3koi TpancopmaropoB 10/0,4 kB, KoTopble AOKHEI 00eCTIeYuBaTh
YPOBHU HAIPSKCHHS Ha 3aKMMax 3JIEKTPOIPUEMHHMKOB B JOITYyCTHUMBIX
npezenax.

[TpeaBapuTensHO HEOOXOAUMO OTIPENEIUTH MOTEPU HATIPSDKEHHS B dJIe-
MeHTax cetd oT MII no mmH BropuyHoro HanpspkeHus nexossix TIIL IIpu
9TOM TOTepsl HaNpsDKEHHUS B TpaHC(HOpPMATope B MPOLEHTAX MOXKET OBITh
HaleHa 10 BBRIpaKEeHUIO [ 14]

AN =P1(tf,, cos ¢, + Uy, Sin o) + BA(&E/,, sin ep, + Ugp COS o , (4.27)
rae P, — xoaddunuent 3arpy3ku TpanchopmaTopa; [/, 1 Y — axTUBHas
Y PEaKTHBHASl COCTABJSIOLIME HANPSDKEHHS KOPOTKOTO 3aMbIKaHus, %;
c03¢ — k03 (UIMEHT MOIITHOCTH HATPY3KH TpaHCHOopMaTopa.
s TpancopMaTOpPOB ¢ HOMUHAIBHON MOIITHOCTBIO /10 1000 kBA
BTOPBIM WwieHOM Gopmyiisl (4.27) MOXHO npeHedpeds. B aTom ciydae

A/ =p+([/-2c08Dt£/ . psTaon).- (4.28)
3nauenus U n U B npoueHTax onpenesnstorcs no Gopmynam
A=fA-100; U =ylu?-Ul, (4.29)

HOM
rae JIP, — moTepu KOpPOTKOTO 3aMblkaHHs TpaHchopmartopa, KBt; S —
HOMHWHaJIbHass MOLTHOCTh Tpanchopmaropa, KBA.
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[NoTepst HaNIPsHKEHYS B IMHUM 3JICKTPOTIEPEIauu B MPOIICHTaX BHIYHCIIS-
ercs o dopmyIe

11/3-100-/ ¢/
N, = - ~-—-—-—-—(0%s D, + 5" D) (4.30)
rae | 2 | — pacueTHbIl TOK W AJMHA JIMHUM; o U Xo — YAEJIbHBIE

AKTHUBHOE W PEaKTHBHOE COMPOTHUBICHHMS JIMHUM; COS ¢, — KOIPPHULIUCHT
MOIIIHOCTH Harpy3KH JUHUH.

s BBIOOpa peryImpoBOYHOTO OTBETBJICHUS CIEIyeT ONPEACIHUTh Tpe-
Oyemylo BenUunHY 100aBKU HAMIPSDKEHHS B IPOLIEHTaX Mo (opMyIie

A=A+ XA+ AN AT (4.31)
=
rae 1/5, — JKemaemoe Hampspkenue Ha muHax g0 1 kB, %; C/y —
Hamnpspkenue Ha muHax WUII, %; n, — xomuuecto yuamii 10 kB Ha myTH

ot UII no paccmarpuBaemoro TpanchopmMaTopa.
3HaueHue OnvKaifiel craHgqapTHOW T0OABKH HANPSKEHHST IPHHUMAET-
csi o Tabn. 4.2.

Tabnuya 4.2
3Ha4yeHUs1 CTAHIAPTHBIX 100aBOK HANIPSAKEHUS
Ne KommuectBo 3HaueHue J00aBKU
J00aBKH JIOTIOJHUTEBHEIX BUTKOB, %0 HanpspkeHs, %o

1 5 0

2 25 2,5

3 0 5

4 -2,5 7,5™

5 -5 10

Ilocne BBIOOpa CTaHAApPTHOW BEMUYMHBI K, M COOTBETCTBYIOIIETO el
KOJIMYECTBA JIOTIOJIHUTEIBHBIX BUTKOB ONpelesieTcss GaKTHIecKoe 3Hade-
HUE BEJIMYMHBI BTOPHYHOTO HAIPSKEHUS B IIPOLICHTAX:

U,=Un+E-%AU,-AU,. (4.32)

Ha puc 4.2 nns wumrocTpanyu moka3aHo, Kak M3MEHSETCS HalpsKeHUe
B paagualIbHON cxeMme nutanus uexosou TII.

Ecnu niexoBble TpaHchopMaTopbl He 00eCIeunBaOT TpeOyeMbie YpOB-
HU HaNpPsDKCHUS, TO B TIPOCKTE CIICIYET pa3padoTaTh CACIYIOIINE TEXHU-
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w U,

T

u,, AU U

AiTll 1] . u.

Puc. 4.2. I'paduk nu3MeHeHHs HAIPSDKEHUS B 3JICKTPUIECKON CETH

YEeCKHE PEIICHHUS 10 YITYUIICHHIO KauecTBa HAMPSKCHUS B DIICKTPHUCCKHUX
ceTsx morpedurens [8]:

a)

0)

npumerenue Ha ['TII mpennpusTrs moHmKaMUX TpaHC(HOPMATOPOB C
ABTOMATHYECKUM PETryJIHPOBAHUEM HANPSHKEHHS MO HArpy3Koil. OT1o
CPEIICTBO SIBIIICTCSI OCHOBHBIM M BO MHOTHX CIIydasiX OKa3bIBAETCS
JOCTaTOYHBIM JJISl TTOJICPKaHUSI HEOOXOJMMOTO PEXKUMa HaPSHKEHHUS,
NPUMEHEHNE aBTOMATHYECKH YIPABISIEMBbIX KOHICHCATOPHBIX OaTtapei,
CUHXPOHHBIX 3JIEKTPOJBUIraTeNIed ¢ aBTOMaTUYECKUM PEryJIMpPOBAHUEM
TOKa BO30YKJCHHS M JPYTUX KOMIIEHCHPYIOIINX YCTPOMCTB;
NpUMeHeHue cBszel Mexnay 1exoBsiMu TII Ha Hampsokenue 1o 1 kB,
MO3BOJISIIOMIMX OTKIIIOYATh YacTh TPaHC(HOPMATOPOB B PEKHME MHHHU
MaJIbHBIX Harpy3oK;

UCTIONIb30BaHUE PETYJIMPOBAHUS HAIIPSDKEHUS! T€HEPaTOPOB COOCTBEH
HBIX 3JI€KTPOCTAHIIMIA MPOMBIIIJIEHHBIX TPEATPUATHH.

IIpy pa3nuuHBIX pexuMax paboThl U Pa3HOM YAAJIEeHHOCTH JIEKTPOIIPH-

E€MHHKOB OT IYHKTa IMUTaHHSA, & TAKXKe TPU HATMYMU TPUEMHHAKOB, 0C000
YyBCTBUTEJIBHBIX K OTKJIOHEHUSM HAIPSDKEHMsI, CIENYyEeT NperycMaTpu-
BaTb JOINOJHUTEIbHBIEC IPYIIIOBbIE UM MHIUBUYaIbHBIE CPENCTBA PETY-
JMPOBAaHUS HANPSDKEHUS: yIpaBisieMble KOHJEHCATOPHbIE OaTapen, THpHC-
TOPHBIE OTPAaHUYUTENN HANPSHKEHUA U T.I1.

B mponecce NpoOCKTUPOBAHNSA HeO6X0,Z[I/IMO BBIIBJIATH DJICKTPOIIPUCMHN-

KH C pe3KOIEpPEMEHHON HArpy3koW, ompenensaTs ux BnusHue Ha COC n
paccYuTHIBaTh KOJIeOaHNs HANIPSKEHHUS B SJIEKTPUUECKUX CETSAX U B TOU-
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I[TPOEKTVMPOBAHVE CUCTEM SJIEKTPOCHABXEHVA

KaX MPHCOSIMHEHNUS IEKTPONPUEMHHKOB. Benmmunny koinebanus Hanpsoke-
HUSI B TMPOLICHTAX B PAaCUCTHOM TOYKE MOYKHO MPUOIMIKEHHO OLEHUTH 110
bopmyne
= A
5Y =100, 4.33)
rae AQ — oxupaeMsiii Habpoc (pe3koe U3MEHEHHE) PEaKTUBHOW HArpy3KH
noTpedures; Sy — MoIHOCTh Tpex(daszHoro K3 B paccmarpruBaeMoii TOUKE.

CrnemoBaTenbHO, UIS CHIDKEHUST KOJICOaHW HATPSHKEHHST HE00X0 MO
OTPaHWYMBATh BEINYMHY HAOPOCOB PEAKTUBHOW MOIIHOCTH M IOBBIIIATH
ypoBeHb MomrHocTH K3 B ceTsX, MUTAIOMuUX 3JIEKTPOIPUEMHUKH C PE3KO-
TepeMEHHBIMH, YIapHBIMH Harpy3kaMu. DTOMY CHOCOOCTBYET IpUOIMKe-
aue UII x yka3aHHBIM >JIEKTPONPHEMHHKAM, a TAaKKe MPUMEHEHNE CTaTH-
YECKUX MCTOYHHKOB PEAKTHBHON MOIIHOCTH, CHHXPOHHBIX 3JIEKTPOIBHTA-
TeNe U KOMIIEHCAaTOPOB ¢ aBTOMAaTHYECKUM OBICTPOJICHCTBYIOIIUM PEry-
JUPOBaHUEM TOKa BO30YKICHHUSI.

Taroke yIydImaroT peXXKUMbI HANPsDKEHHST TaKUe MEPOTIPHATHS, KaK BbIIe-
JICHUE CTIOKOMHBIX 1 PE3KOIIEPEMEHHBIX Harpy30K Ha OTAENbHbIE TpaHc(hopMa-
TopHI (puc. 4.3), Ha OTAENBHBIC BETBH PACIHICIUICHHBIX 0OMOTOK TpaHchopmMa-
TOpoB (puc. 4.4) unu Ha pa3Hble IUIEYH CABOEHHOTO peakTopa (puc. 4.5).

$ 9

110xB
10,5 xB
105kB J( 1c 2c
no
y v * ’ 2 ‘
CriokoitHas Peskonepemennas
Harpyska Harpyska

Puc. 4.3. Cxema nutanns notpeOuTenel ¢ BeIeTICHHEM
AIIEKTPUIECKUX HArPYy30K
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110xB
T T 105«
Fo
10,5kB f-'Tic 3 el 4 10,5 xB
) 2c¢ 4_c
10,5xB,- ' ) L}
npDD ? 0o

CriokoitHas Harpy3ka

r——

Pe3konepeMennas narpyska

Puc. 4.4. Cxema nutanus noTpeOUTENEH C HCITOTB30BaHUEM
TpaHcPOPMATOPOB C pacCIIETNIEHHOW 00MOTKOMH

CrokoiiHas Harpy3Ka Peskonepemennas
Harpyska

Puc. 4.5. Cxema nutanus norpedureneit ¢
NPUMEHEHUEM CABOCHHOT'O PeaKkTopa
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IIPOEKTVPOBAHVE CUCTEM 3JIEKTPOCHABXEHNA

[Ipu pOEKTUPOBAHUU CIIETYET MPOAHATH3UPOBATH BO3MOXKHBIC HECHM-
MeTprudHble pekuMbl B COC W MPHHATH MEPHI IS YIAYUIISHUS KadyecTBa
HaANPSDKEHUS, TOJABOANMOTO K 3JIEKTPOITPHEMHHKAM.

Ecmu momaocTs K3 Sk B paccmarpuBaemom y3ne COC He MeHee 4eM B
50 pa3 mpeBBIIAET MOJHYI MOIIHOCTH OAHO(A3HOW HArPY3KH, TO KO-
¢urerT oOpaTHON MOCIEeNOBATEFHOCTH, XapaKTePU3YIOIINA HECHUMMET-
PUIO HANPSHKEHWS, HE MPEBBIIIAET JOMTyCTUMOTO 3HaUeHHs. B CBsI3M ¢ 3TUM
MIPUEMHUKH, BBI3BIBAIOIINE HECHMMETPHIO, JOIDKHBI PHCOSIUHATHCS K Ce-
TAM ¢ 0oJiee BBICOKMM HaIpPSHKCHUEM, B KOTOPBIX Sy BbIe. MolHbie
3JIEKTPONPUEMHUKH MOAKIIOYAI0TCs K ceTu 35—220 kB uepe3 oTaenbHbIe
TpaHchOpPMAaTOPEI.

B 11ex0BBIX ceTsx HanpsbkeHueM 110 1 KB i CHUKEHUST HECUMMETPUU
onHO(A3HBIE DIEKTPONPHUEMHHUKH CJICAYeT PaBHOMEPHO paclpeacisTh
Mexay (azamu.

[Tpu pabore omHO(DA3HBIX AIEKTPOIIPUEMHUKOB B Tpex(a3HOil cucteme
MOJKET BO3HHMKATh HANPSDKEHUE CMEIICHUS HEHTpalld, KOTOPOE OMpees-
etcs o popmysie [26]

I>=11" ' (4-34)
rae lo — BenMuMHA TOKa B HYJIEBOM NPOBOAHUKE; Zy — TIOTHOE COIMPOTHB-
JICHHE HYJIEBOM MOCIeA0BaTEIbHOCTH.

B cummerpuunoii cucreme Ug = 0. Hdns cHKeHUs t/ HeoOGxomUMO
yMeHbIIATh / U Zg. OIHAKO MpU HAJIWYWHU B y3JIe€ HATPY3KH PAa3JIMYHBIX IO
HOMHWHAJIbHOM MOIIHOCTH OJTHOPOJHBIX 3JIEKTPOIPHUEMHHKOB, BKIIFOUCHHBIX
Ha (ha3HbIC U JMHEHHBIC HANPSHKCHHS, BO3MOXHOCTH CHIDKCHUS /o OrPaHIYM-
Barorcs. ConpoTuBiieHHe Zg 3aBUCUT OT CEUCHHS HYJIEBOTO MPOBOJHUKA, €T0
JUTMHBI, COIPOTUBJICHUS BKJIFOUAEMbIX B HEHTpaJb almaparoB, a TAaKXkKe CO-
TPOTHUBJICHUSI HYJIEBOW IOCIIEI0BATEIHHOCTH IIEXOBBIX TPaHC(HOPMATOPOB.
[Mpuuem comnpoTHBIeHHE TpaHCPOpMATOPa, 3aBUCAIIECE OT CXEMBI COCHHE-
HUSI OOMOTOK, OKa3bIBaeT peliaroliee BIUsSHUEe Ha BenmuuuHy Z,. CoeanHe-
HHUe 1o cxeMe «3Be3na — 3Be3aa» (Y/Yq) co3maer GOJbIIOe CONPOTHBIICHHE
HYJIeBO# mocnenoBarenbHocTh. [loaTomy Toku onHodazHoro K3 B cetn o
1 kB MoryT OBITh HEOCTATOYHBIMHE JJIsI YCIIEITHOTO Cpa0aThIBaHUS 3aIlIHT-
HBIX anmaparoB. s obecnieuerns TpeOyeMoil TyBCTBUTEIEHOCTH 3aIATHI
MIPUXOJTUTCS MOBBIIIATH MOIIHOCTH TPAHC(HOPMATOPOB.

Bonee GmaronpusiTHO# siBIIsSIeTCS cXeMa 0OMOTOK IIEXOBBIX TpaHChHOp-
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MMPOEKTPOBAHUME CUCTEM 3JIEKTPOCHABXEHM

MaTOpPOB «TPEYrodbHUK — 3Be3na» (/1/Yy), mpu KOoTOpOH COMPOTHBICHHE
HYJIEBOW TOCIIEIOBATEIFHOCTH 3HAYNTEIHFHO MEHbINE. B CBSI3M € 3THUM B
MPOMBIIIIIEHHBIX CETAX JODKHBI IPUMEHSTHCS IIEXOBBIE TPAHC(POPMATOPHI
10/0,4 kB co cxemoii coequHEHHsI 0OMOTOK «3Be3na — 3ur3ary (Y/Z) mpu
MortHoCcTH 10 250 KBA 1 co cxemoii «rpeyronbHuk — 3Be3ma» (A/Yo) mpu
MorrHocTH 6osee 250 kBA [27].

Ecnu cxemHple pemieHust He Taf0T TpeOyeMOoro CHWKEHHS HECHMMET-
pUH, TO B DJIEKTPUYECKHUX CETAX MOTYT HCIIOJNIB30BaTHCS CIEIHAaIbHBIE
CUMMETpHUpYIoIIHe ycTpoiictBa. OMHAKO MPUMEHEHHE TaKUX YCTPOICTB
JOJKHO OBITh TEXHUKO-PKOHOMHUYECKH 0OOCHOBAHO, TaK KaK B HUX UMEIOT
MECTO JOIMOJHHUTENbHBIE IOTEPH AKTUBHON MOIITHOCTH.

[Tpy IpOeKTUPOBaHUH BIEKTPOCHAOKEHHS JOJKHBI MIPEIyCcMaTprUBaTh-
CS1 MEPOTIPHSTHS 110 CHIDKEHHIO HECHHYCOMIATIBHOCTH HanpsbkeHus. OTHIM
U3 CIOCOOOB CHWKCHUS HECHMHyCOHMJANbHOCTH B ceTsax COC sBusercs
BBIJIEJICHE HEJTMHEHHBIX HArPy30K HAa OTACNBHYIO CEKIHIO WM Ha OTHAEINb-
HOE€ IUICYO CIBOCHHOrO peakropa (cM. puc. 4.3 — 4.5). MourHble Henu-
HEWHbIe MOTPEOUTENH, Takue, Kak, HalpuMep, JYTroBBIE JIEKTPUYECKHUE
NeYy, MOAKIIOYAIOTCSl Yepe3 ClelualbHbIe TeYHble TpaHchopMaTopsl K
ceTsiM 35—220 kB, B koToprix MomHocTs K3 3HaunTeNbHO BBIIIE, UEM B
ceTsx 0oJiee HU3KUX HaNpPsLKEHHH.

J1st orpaHUueHUs] YPOBHS BBICIIMX TaPMOHUK, TCHEPUPYEMBIX TIpeodpa-
30BaTEbHBIMH YCTAHOBKAMH, YBEIHMYMBACTCS YHCIO (Da3 BBIIPSIMIICHUS,
YTO JOCTUTAETCS MPUMEHEHHEM CIelHaIbHBIX OOMOTOK TpaHchopmaro-
pOB mpeoOpa3oBaTeNell WiIM YCTAaHOBKOH mepen TpanchopmaTropamu crie-
[IUATBHBIX ()a30II0BOPOTHRIX TPaHC(HOPMATOPOB.

Bo Bcex ciydasx, Korja CXeMHbIE pelieHHs] He 00eCTIeurBarOT JKela-
€MOT0 YIyYIlIeHUS! CUHYCOUJAITBHOCTH HAIPSDKEHUS, PUMEHSIOT CIEIH-
aJbHBIE KOPPEKTUPYIOIINE YCTPOICTBA: CHUIIOBBIE PE30HAHCHBIE (DHUIBTPHI,
(UIBTPOCHMMETPUPYIOIINE YCTPOHCTBa W T.I. [2]. B mpoekre momxHa
OBITH JOKa3aHa 1enecoo0pa3HocTh ux npumeneHus B COC.

Ipumep 4.8. lloTpeOutens muTaeTcs OT OXHOTPaHC(HOPMATOPHOM
noacranimu 10/0,4 kB ¢ tpancdopmaropom TM3-1600/10. Koadpdumment
3arpysku Tpancgopmaropa (3,= 0,85, cos(p= 0,8. TToacTaHiust momyJyaeT
anexTposHepruto oT muH 10,5 kB I'TII mo nuanm amuHOM 1,5 KM, BBITION-
HeHHOU kabeneM Mapku AAB-10(3x50). Hanpsoxenne Ha muHax [T
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Un= 10,4 xB. Onpenenute notepu HanpsbkeHus B muanu 10 kB u TpaHc-
¢dopmaTope, a TakKe BBIOEPHTE PETYIMPOBOYHBIE OTBETBICHUS TPaHC(OP-
Maropa, odecreurBaionye Ha muHax A0 1 kB HomMuHanbpHOE WK OIH3Koe
K HOMMHAJIbHOMY HaIpsbKEHHE.

Pemrenne. 1o ta6:. [14 npuanMaem s Tpanchopmatopa TM3-
1600/10 S =1600 kBA; AP = 16,5 xBt; U =6 %. [To BeIpakeHHI0

oM K K

(4.29) onpenensem:
t/ =iMioo% =1,03%; Uk =/62-1,03" =5,91%.

Ka 1600 Kp J/

[lorepto HanpsixeHns B TpaHchopmaTope BeraucisieM 1o Gopmyie (4.27)
O 85 J1£/, =0,85(1,03-0,8 + 5,91-0,6
+7-(1,03-0,6 + 5,91-0,8)* =3,84%. A ( )

Onpeaensaem pacueTHbli TOK TuHUU 10 KB no BbIpaskeHUIO
[paj™.: [,=MON=T8 BA.
Po7fl ., P Tai0
ITo ta6x. I12 ms kabens mapku AAB-10 (3x50) ro= 0,625 Om/kM,
x0=0,09 Om/kMm. [loteps Hanpspkenus B iuaun 10 kB 1o opmyiie (4.30)
- #3-100-78:6-1:5 (0625.0 8 + 0,09-0,6) = 1,13 %. 10 000
Hampsoxenue Ha munax 10,5 kB I'TII B mpouenTax
10,4100 U, = A =\o%

10 Xemaemoe HanpsDKEHUE HA MHHAX
o 1 kB paBHO HOMUHAJIBHOMY, T.€.

105 %.

Omnpenensiem o (4.31) Tpebyemyto 100aBKy HapsKESHUS:

E=105+1,13+3,84-104=5,97 %. B tabn. 4.2

Onxaiiieit crangapTHON no0aBKol sBisercs 5 %, KoTopas
COOTBETCTBYET OCHOBHOMY BBIBOJLy OOMOTKH BBICILIETO HAIPSKECHUS
MOHMKAIOLIEro Tpanchopmaropa.
1o BeIpaxkenwro (4.32) HaxoauM (aKTUIECKYIO BETHYNHY BTOPHIHOTO
HaNpsDKEHHS TIPH BEIOPaHHOM PerynupoBOYHOM oTBeTBIeHnn: U= 104 +
5-1,13-3,84= 104%.

A 104-380 ,, ,,,,

Takum obpazom, U-, = ------------ =395,2 B.

100
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MMPOEKTUPOBAHUE CUCTEM 3JIEKTPOCHABXEHV

4.8. DJIEKTPUMYECKUE U3MEPEHIS M VUET DJIEKTPUYECKOM SHEPI MU

W3MepeHust 3MEeKTPUYECKUX BEIMYMH Ha NMPEIIPHUSITHAX HEOOXOIUMBI
JUIsl KOHTPOJISI TEXHOJIOTHYECKOrO TPOIecca OCHOBHBIX arperaTtos, Napa
METPOB YCTAHOBJIEHHOIO PeXHMa paboThl 000pYyAOBaHUS, Ka4eCTBa IOy
YaeMOH DIEKTPOIHEPTHH, COCTOSIHUS U30JSLUH B CETSIX C M30JIMPOBAHHOU
HEUTpanbpio Tpex(a3HOrO TOKA U B CETAX IIOCTOSHHOIO TOKA. 3HAUCHUS
TOKOB M HANpsDKEHUH MOMOTAOT TAaKXE OPUEHTUPOBATHCS OOCITY>KHBAIO
IeMy MEpCOHAIY B aHOPMAIIBHBIX PEXXUMaX. W<-

B cucreme 3nekTpocHa0XeHHs MPOMBIIIEHHOIO MPEIIPUATHS CIIEAY-
€T U3MEPATH TEKYIMe 3HaUeHUs BEJIMYMH TOKa, HAIIPSDKEHUS M MOIIIHOCTH,
XapakTepu3yIoUIfe PeKUM paboTbl KaK caMoil CHCTEMBI, Tak M ee 3Je-
MEHTOB, & TaK)K€ OCYLIECTBIATH YUeT MOTpeOsieMoil U BhIpadaThIBaeMOM
3JIEKTPOIHEPTHUH.

AMIlepMeTpsl YCTaHABIMBAIOTCSA JUIs HEMPEPHIBHOTO KOHTPOJS Be-
nrunHbl Toka Ha BBogax ['TII'T, PII, B nepembIukax MeX1y CEKLIUSAMU IKUH
PY, B memsix TpaHc(OpMAaTOpOB, OTXOIAIIUX JIMHUH, KOHJIEHCATOPHBIX
YCTaHOBOK, HEKOTOPBIX 3JIEKTPONpUEeMHUKOB. Kak mpaBuio, maMepsercs
TOK oxHOW ¢a3bl. M3MepeHne Toka Kakaod (a3bl BBHIMONHSETCS TNPH
HepaBHOMEpHOW Harpy3ke (a3, B LEmsX JyroBbIX 3JEKTPOIEUEH, a TaKkKe
MOIIIHBIX KOMITJIEKTHBIX KOHJEHCATOPHBIX YCTaHOBOK, YTO TII03BOJISIET
3aMETUTh OTKJIIOYEHHE YacTH KOHJEHCATOPOB MpHU IEeperopaHuu
MpEeAOXPaHUTENCH.

B cersx mepeMeHHOr0 TOKa MPOMBIIUIEHHBIX OOBEKTOB aMIIEPMETPHI B
MOJABIISIONIEM OOJBIIMHCTBE CIIyYaeB BKIIIOYAIOTCS 4epe3 HU3MEpUTEIb-
Hbele TpaHchopMmaTopsl Toka. [Ipu 3ToM Ko3ddunmeHT Tpanchopmarun
TpaHc(hOpPMaTOPOB TOKA BHIOMPACTCS C YUETOM BO3MOXKHBIX JUIMTEIIBHBIX
MEPErpy30K IEKTPUUECKUX LeTeld. AMIEpMETPhI TOKHBI UIMETh BEPXHUI
IpeAen U3MEPEHNH, MPEBBIMIAIOIINI HOPMAIBHOE 3HAYEHHE BETMYMHBI TOKA
nenu He menee yeM Ha 10 — 15 %.

Hampsoxenne m3mepsieTcs Ha Kaxon cekuuu cOopubix mud ['TIT, PIT
n TII. Ha mnoHmwkaromyx MNOJACTaHIMAX JOMYCKAaeTCA HW3MEpPSTh
HanpsyKEHUE TOJBKO HAa CTOPOHE HU3ILIETO HANPSKEHHS, €CIM YCTaHOBKA
TpaHchopMaTopa HANPsDKEHUS] Ha EPBUYHON CTOpPOHE HEe TpeOyeTcs IUIs
apyrux nenedd. B TpexdasHbIX 3IIEKTPOYCTaHOBKaxX OOBIYHO OCY-
HIECTBIISIETCS] N3MEPEHHE OTHOTO Mex1y(a3Horo HanpspkeHus. B cetax
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TMTPOEKTUPOBAHNE CUCTEM DJIEKTPOCHABXEHNS

C HM30JIMPOBAaHHOW HeWTpaybio (HampsbkeHneM 6—10 kB) BoabTMETpPHI
UCIIOJIB3YIOTCS TaKKe AU KOHTpoJsl u3osinuu. C 3TOH IeNbl0 IPUMEHs-
IOTCSI TPU BOJBTMETpPA (MM OIUH BOJIBTMETP C HNEPEKI0OYaTEIEM), BKIIFO-
YyeHHbIe Ha (Da3Hble HAIPSDKEHUS Yepe3 M3MEPUTEIbHbIH TpaHchopMaTop
HanpspKeHus1, pucoeAMHeHHbIN k cexkuuu PIT woawm T'TITTL

M3mepeHne MOIIHOCTH BBINOJHSIETCS B LEMSAX MOHIKAIOIIUX TpaHchop-
maropoB ['TIII. Ilpu HanpspkeHnn mepBUYHON cTOpoHBI 220 KB m BbIIE
u3MepsieTCcs aKTUBHAS U peakTHBHAs MouHOCTH, mpu 10 kB — Tonbko
aKkTUBHadA. B nemsx 1ByxoOMOTOYHBIX TpaHC(HOPMATOPOB U3MEPEHUE OCY-
IIECTBJIAETCSI CO CTOPOHBI HU3ILETO HANpsDKEHUs, B TPEXOOMOTOYHBIX —
CO CTOPOHBI CPETHETO U HU3LIETO HANPSKEHUH.

Y4er 31eKTposHEPruH Ha MPOMBILIUIEHHBIX NPEANPUITUAX OApa3aes-
€TCs Ha pacyeTHBIN (KOMMEPUYECKNI) U TEXHUYECKUI (KOHTPOJIBHBIN).

Pacuemnviii yuem snexmposnepeuu TpeaHa3HAuY€H JUIS Yy4eTa BBI-
paboTaHHOH, a TakXKe OTIYLICHHOW MOTPEOHTENSIM 3JIEKTPOIHEPTUHU IS
JICHe)KHOTO pacyueTa 3a Hee. YCcTaHaBIUBacMbIe ISl STOH HEeTd TPUOOpHI
y4eTa TECHO CBSI3aHBI C MPUMEHIEMbBIMU Tapr(aMu Ha dJIEKTPOIHEPTHUIO.

[TpoMbIIIIEHHBIE W IPUPABHEHHBIE K HUM MOTPEOUTENH C TPUCOESIN-
HEHHOW MOIIHOCTBIO MeHee 750 KBA paccunThIBalOTCS 3a MOTPEOJICHHYIO
9NIEKTPO’HEPTUIO M0 OAHOCTaBOYHOMY Tapudy. B »3TomM cimydae
JIOCTaTOYHO YCTAHOBKH TOJIBKO PACUETHBIX CYETUMKOB 3JIEKTPUYECKOU
SHEPTHUH.

JByxcTaBo4HbIN Tapu], MPUMEHSIEMBIH ISl TPOMBIIIICHHBIX MPEATPH-
SITUA C MPUCOEAUHEHHONW MOIIHOCTBIO 750 KB ¢ A U BbIllIe, COCTOUT U3
rutatel 3a 1 kBT 3asBieHHOI ToTpeduTenemM HanOOIbIIe aKTHBHON MOIII-
HOCTH Py, Y4acTBYIOIIEH B MaKCHMyM€ HArpy3KH 3HEPrOCHUCTEMBI, H
rtatel 32 1 kBT * 4 motpebnennoit anexrposneprum W. [Ipu sToM 1urara 3a
3JIEKTPOIHEPTHIO MOJICUUTHIBACTCS 110 BBIPAKEHUIO

=P -a+ W-b, (4.35)
w max ' v '
rae a — miara 3a 1 kBT mMakcumanpHONH MOIIHOCTH (OCHOBHAs CTaBKa
tapuda); b — ruiara 3a 1 KBT-4 akTHBHOM 3JIEKTPOIHEPTUH (JIOTIOTHUTEIb-
Hasi CTaBKa Tapuda).
Ecnu B 9ackl MakcuMyMa SHEPrOCUCTEMBI (PaKTHUYECKass MOIITHOCTh

106
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MOTpeOUTENsT TMPEBHICUT 3asBICHHYIO BEIMYMHY WM CHU3UTCS MO BUHE
AIIEKTPOCHAOKAIOMIEN OpraHW3allii, TO pacdeT 3a IHEePromnorpedIeHHe
OCYIIECTBISIETCS IO (DaKTHUYECKOW Harpy3ke. B ocrambHBIX ciydasx pac-
YeT MPOBOAUTCS IO 3asBICHHOW MaKCHMalbHON MomHocTH. TakuM obpa-
30M, TIPH OIUIATE MOMyYEeHHOH AIEKTPOIHEPTHUH 10 ABYXCTAaBOYHOMY TapH-
¢y HEOoOX0oAMMBI TPUOOPH! yueTa, pukcupyromtue P, 1 W.

Becema addexkTHBHON CHCTEMOW pacueTa 3a 3JIEKTPOIoTpeOiIcHue
SBIISIETCS] IPUMEHEHNE OJTHOCTABOYHOTO Taprda Ha AIEKTPO3HEPTHI0, Auh-
(hepeHIPOBaHHOTO IO 30HAM CYTOK (IHSIM HEJeNr, Ce30HaM rojia).

[Ipu 30HHOM y4eTe BeIMUYWHA IUIATHI 32 MOTPEOJICHHYIO AJICKTPOIHEP-
TUIO PaCCUMTHIBACTCS MO TaKOU popmyiie:

IL,=1>", (4.36)

raie W u b — xonuyecTBO moTpeOICHHON aKTHBHOW 3JIEKTPOIHEPTUH U

cTaBKka Tapuda B r'-if 30He y4dera; n — YHCIIO 30H y4eTa.
HuddepennrpoBanHbie O 30HaM y4eTa Tapu(pbl MOTYT YCTaHABIIH-

BaThCS IO JIOTIOJHUTENBHONW CTAaBKE IBYXCTABOYHOIO Tapuga, yMHOMKEH-

HOW Ha KOX(QQUIMEHT, 3HAYCHNE KOTOPOTO OIpEAeIsIeTCsS AIeKTPOCHA0-

JKalolen opranm3anuedd. Hampumep, Uit HOUHOM 30HBI ydeTa 3TOT Kodg-

¢uerT Moxxker ObITh TpuHAT Kak 0,6; mHeBHOW — 1,15; mukoBoi —

2,05. 30HHBINA yUYeT NMEKTPOIHEPTHH TpeOyeT NMPUMEHEHUsI Ha TpeATpHs-

THUSIX MHOTOTApH(HBIX CYETUUKOB.

OCHOBHBIE MOJIOXKEHMS [0 OPraHU3aALUH U OCYILECTBICHHUIO PACYETHOTO

yueTa Ha MPEeIIpHUsITHAX 3aKII0Yal0TCs B CeaytomeM [4]:

1. PacyerHble CHETYMKM aKTMBHOW M PEAKTUBHOH SHEPTUU PEKOMEHIYeT-
Csl yCTaHABJIMBaTh Ha rpaHMLE pazaena (mo 0alaHCOBOM MPUHAICKHO-
CTH) 3JIEKTPOCHAOKAIOIIEN OpTaHU3aH U TPEATPUITHSL.

2. CYeT4YMKH peaKTHBHOW 3HEPTHH YCTaHABIMBAIOTCS HA TEX K€ dJIEMEH-
TaX CXCMBI, UYTO U CYCTUYHUKH aKTUBHOM QJICKTPOSHECPI'HU.

3. Yuer aneKTpodHEeprun Tpex(Pa3HOTro TOKa JIOJDKEH OCYIIECTBISTHCS C
IIOMOIIBIO TpeX(l)aSHBIX CUYCTYUKOB.

4. Ecau co CTOPOHBI MPEANPUSITHS C COTIACHs SHEPTOCUCTEMBI POU3BO-
JINTCSL BbIJAa4a PEAKTUBHOM DIEKTPOIHEPTUU B CEThb HYHEPrOCUCTEMBI,
HCO6XOILI/IMO YCTaHaBJIMBaTh 1Ba MHAYKIIMOHHBIX CUCTUMNKA peaKTHBHOﬁ
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I[IPOEKTVPOBAHVE CUCTEM 3JIEKTPOCHAEBXEHVA

9NIEKTPO’HEPTUH CO CTOMOpPAaMH WJIM SJIEKTPOHHBIM CYETYMK Ha IBa

HaIpaBleHNs ydeTa. B npyrux ciydasx MODKeH yCTaHABIMBATHCS OJWH

WHIYKIIMOHHBIA CYETYHK CO CTOIIOPOM WJIM SJIEKTPOHHBIN CUETYHK Ha

OJTHO HaITpaBIICHUE YYeTa.

5. Cuerunku aKTHBHOI 3JIEKTPOIHEPTUHU JOJDKHBI UMETh KJIACC TOYHOCTH
He Hmwke 2,0. Kitace TouHoCTH cueTdYrnKa peakKTHBHON SHEPTHH BRIOHpa-
eTCsl Ha ONIHy CTYIIeHb HIDKE Kilacca TOYHOCTH CUYETYMKA aKTUBHOU
SHEPTHH.

6. Jnst mpeAampusiTHs, PAacCUUTHIBAIOMIETOCS C BICKTPOCHAOKAIOIIEH
opraHuzalyeil o0 MakCUMyMy 3asBICHHOM MOIIHOCTH, CIEAYET Ipe-
JyCMaTpHBaTh YCTAHOBKY CUETYMKA C YKa3aHUEM MaKCHMyMa Harpy3Ku
MpU HAJMYMKA OJHOTO IMyHKTa ydeTa. [lpu nByx u Ooyilee IMyHKTax
MMPUMCHAIOTCA aBTOMATU3UPOBAHHBIC CUCTEMbI YUCTA SJICKTPOSHEPIUH.
Texnuueckutl yuem TpeAHA3HAUEH IUIsI KOHTPOJSI pacxoja dIEeKTPO-

SHEPIUM BHYTpHU npennpusatus. Ha npennpusatusx cieayer npegycMmarpu-

BaTb BO3BMOXXHOCTb YCTAHOBKH CTAllTMOHAPHBIX WUJIU IICPEHOCHBIX CUCTYUKOB

C LENBI0 KOHTPOJS 32 COOIOJICHUEM JTMMHTOB PacXola AJIEKTPOIHEPTHH

nexamMm, TEXHOJOIMYCCKUMHU JIMHHUAMHU M 3HCPrOCMKMMM arperaramMu, a

TaKoKe JJIs ONpeeTIeH s pacXo/ia 3JeKTPOIHEPIHU Ha SMHUILY TIPOITYKIIUH.

[TpubopbI TEXHUYECKOTO Y4eTa Haxo[sATci B BEICHHU CaMHX MOTpeduTe-

neil. Ha ux ycTaHOBKY M CHATHE He TpeOyeTcsl pa3pelieHue dIeKTPOCHA0-

JKaroILel OpraHu3aluy.

1 yaeTa sneKTposHepruy UCTIONb3YOTC WHAYKIIMOHHBIE U 3JIEKTPOH-
HBIE CUETYHKH JIEKTPOIHEPTHH PA3TNIHBIX THUIIOB, H(POPMAITIOHHO-U3MeE-
PUTENBHBIC CUCTEMbI U KOMILIIEKCHI.

B Tabn. 4.3 npuBeneHb OCHOBHBIE TEXHHYECKHE XapaKTEPUCTHKHU He-
KOTOPBIX TUIOB TPeX(a3HbIX MEKTPOHHBIX CUETYHKOB, BHIITYCKAEMBIX POC-
CUUCKUMU TIPEATIPUATHIMU.

ONEKTPOHHBIE CUYETYNKU MUMEIOT CTaHIAPTHBIE TEIEMETPUYECKHE BBI-
XOJIbl. DTO aeT BO3MOXKHOCTh MCTOIB30BATh UX B aBTOMATH3UPOBAHHBIX
W3MEPHUTENbHBIX crucTeMax. AHanmu3 Tabn. 4.3 mokas3bIBaeT, YTO DJIEKT-
POHHBIE CUETYUKH YJOBIETBOPSIOT TpeOOoBaHUAM [4] W TO3BOISIOT OCY-
HIECTBIISATh KOMMEPUYECKHI Yy4eT MpH JIO0bIX BHIAX Tapu(oB Ha dIEK-
TPOSHEPTHIO.
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MMPOEKTUPOBAHUE CUCTEM DJIEKTPOCHABXEHI S

Tabnuya 4.3
OCHOBHBIE TeXHHYECKHE XAPAKTEPHCTUKH
JJIEKTPOHHBIX CYETYHUKOB

Tun Bxmrouenue Knacc Yucno Yucno |U3mepsiemblie
CUETYHKA B CETh TOYHOCTH | HAaNpaBICHUU |TapudoB, | IapaMeTpbl
y4eTa, LIT. LIT.
CueT4rKHN aKTUBHOM AJIEKTPOIHEPTUU
113 6822 H 1.2 1 3 P:W
113 6823 T 05;1;2 1;2 3 P;w
I3 6803B | H;T 2,0 1 1;2 W
2 6805B | H 0,5 1;2 1 W
O3 6808B | 0,2 2 1 W
®68700B | T 1,0 1;2 1 W
CUeT4rKH PeaKTUBHOM JIEKTPOIHEPTUHI
113 6801 H;T 15 1 1 \Y
126811 T 1,0 1;2 1 \Y

IIpumeyanue. H — HenocpeacTBEHHOE BKIIOUEHHE; T — BKIIIOYEHHE YEPE3
U3MEpUTEIbHBIE TPAHCPOPMATOPBI.

4.9. ABTOMATU3ALIMA YUETA DJIEKTPOIIOTPEBJIEHUA

BoABIIMHCTBO TIPOMBITINIEHHBIX PEINPUATHH UMEIOT J1Ba U OoJiee Mu-
TAlONMMX BBOJA, Ha KOTOPBIX YCTAaHABIMBAIOTCS PACUETHBIE CUCTYHKH
3JIeKTpo3Heprun. st onpeneneHus COBMEIICHHON Harpy3KH B 4achl MaK-
CUMyMa SHEProCUCTEMbI HGO6XOI[I/IMI>I CricoruaJIbHbIC CYMMUPYIOIIUE YCT-
poiiCTBa — TaK Ha3bIBaeMble cymmamopwbl. IIpumeHsieMble Ha NPOMBILI-
JICHHBIX TPCANPHUATHUAX aBTOMATU3UPOBAHHBLIC CUCTEMBbI YUC€Ta 3JICKTPO-
9HEPIUW BBIMONHSIIOT pa3iudHble QyHKIUU. C MX TIOMOMIBIO MPOBOIUTCS
KOHTPOJIb MAaKCUMaJIbHOW COBMEIICHHON HATrpy3KU MPENpHTHS, BbIpada-
TBIBAIOTCA NPEAYNPECAUTECIIBHBIC CHUIHAJIBI NPU MNOABJICHHU TCHACHIUHN K
IMMPEBLIICHUIO 3as4BJICHHOTIO MaKCMMYyMa HAarpy3kKku, Bb3Aar0OTCsA KOMaH/Ibl Ha
OTKJIIOYCHHE MOTPEOUTENICH-PETYIIATOPOB MPU HEOOXOJAUMOCTH CHHKEHUS
MOIITHOCTH TIPEATPUATHUS, U3MEPSETCA PACXO]T AIICKTPOIHEPTUU TI0 KAXKIO-
MY BBOJIy, CyMMHUpYETCsl HOTpeOIisieMast SHEPTUsI HApacTaloIIMM UTOTOM, a
TaKkKe IO YCTAHOBJIEHHBIM BPEMECHHBIM 30HAM, OMPEICISETCS PACcXO.
AIIEKTPOIHEPTUU 32 CMEHY, CYTKH, PACUETHBIN MEPHO H T.II.
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IIPOEKTVPOBAHVE CUCTEM 3JIEKTPOCHABXEHNA

B kauectBe winrocTparuu Ha puc. 4.6 mokaszaHa yrnpoiieHHasi TPUHITU-
MUaTbHAs CXeMa aBTOMATH3alliW ydeTa 3JEKTPOIHEPTHH JUIS TIpeaIpHsi-
THS, TIONYYAIOIeT0 MUTAaHUE IO YEeTHIPEM BBOAAM C momomisio nByx PII.
Ha BBomax ycranosneHs!l pacuetHsie cuetdanku PII — Pl4, sensrommecs
JATYNKaMU TPUPALICHAS SHEPTHH IS BRIYHCIUTEIBHOTO ycTpoiicTa (BY)
cuctemsl ydera (CY). Undopmarus 06 s>neKkTponoTpeOIeHn mpeacTaB-
JISIETCSI B BUJIE UMITYJIbCOB, BBIPa0aThIBAEMBIX AJIEKTPOHHBIMU CUETUHKAMH.
Jns mcrnonp3oBaHHWA B KadecTBE AATYMKOB OOBIYHBIX WHIYKIIHOHHBIX
CYETUYMKOB B HHX BCTPAMBAIOTCA (DOTOAICKTPUUECKUE MPEOOpa3oBaTeiu, C

BBOJ 1 BBOJ 2 BBOI 3 BBOZ 4
P12 PB
MOMOIIIBEO KOTOPBIX (POPMUPYIOTCSI UMITYJTBCHI.
Wh ‘Wh Wh ‘ Wh
/\|'\ *|° H g
€3 N c?
A K N v n |‘l - r
\1 1xx 1
' pm  2c lc PIR2 ¢
-» [RVC |u

Puc. 4.6. IlpuHnunuansHas cxeMa aBTOMATU3ALUN YU€Ta ANEKTPOIHEPTrUn

Ot cyerunkoB k BY cucremsl yuera uHbopMaius nepeaactcs Io
CIEIabHBIM KaHajJaM CBSI3M, KOTOPBIMH SBIISIOTCS ABYXIPOBOJIHBIC JIH-
Huu. Ha BpIXO/€ KaHAJOB YacTOTa MMITYJIECOB MPSIMO MPOIMOPIIMOHATIbHA
M3MepsieMON MOIIHOCTH U dHEepruu. J[JIMHa JIMHUU CBSA3M C JAaTYMKOM HE
JIOJKHA TIpeBbIaTh 3 kM. [Ipu Oosibliel yIaleHHOCTH CYETUYMKOB OT BY
CHCTEMBI y4eTa, a TaKke MpH O0bEJAMHEHUH KAaHAJIOB ydYeTa B TPYIIILI C
LENBI0 paciiupeHus Bo3mMoxkHocTed CY mpuMeHsoTCs ycTpolicTBa cOopa
nmauHbix (YCJI), BeINOIHEHHBIE Ha 0a3e MukpormnpoieccopoB. Omxno YC/I
tuna E 441 MoxeT BBINOJHATH cOOp MHPOpPMALUK OT 16 MMITYIBCHBIX
JIaTYMKOB U TIepe/iavy €€ Mo OJHOW JMHUU CBI3U K BY Ha paccTosiHue 10
30 kM. HexoTopsle cucteMsl ydera JOIMycKaroT nojakiatodeHne k [I9BM. B
3TOM cllyyae WJUIIOCTPAaTHBHAs CX€Ma MOCTPOEHUS aBTOMATH3UPOBAHHOMN
CHUCTEMBI yUeTa 3JIEKTPOIHEPT U UMEET BU/I, IPUBEICH-

110



MMPOEKTUPOBAHUE CUCTEM 3JIEKTPOCHABXEHV

HBI Ha puc. 4.7. B cxeme s mpuMmepa mokazaHo 48 ITyHKTOB ydera.
CoBpeMEHHBIE CUCTEMBI MMO3BOJISIFOT aBTOMATH3UPOBATh y4eT MpaKTHdec-
KU JIJIs1 TFOOOT0 Yrciia MyHKTOB.

DB
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Puc. 4.7. YupoliieHHas CTpyKTypHasi CXeMa aBTOMaTU3HPOBAHHOM
CHUCTEMBI Y4eTa 3JIEeKTPOIHEPTHH

B cucremax ABTOMATU3UPOBAHHOTO YYCTa IMOACUCT IMOJTYy4YaCMbIX HM-
IIyJbCOB, IPEACTABJICHNEC UX B 3HAUYCHUAX MOIIHOCTHU U DHEPIUU, paCipeac-
JICHWE U3MEPECHHBIX MapaMeTPOB MO Tapu(HBIM 30HaM, OPTaHHU3aLMsI TEKY-
ero BpEMCEHU U AaThl, NOAACPKKA TOYHOCTH XOJa BHYTPCHHUX YaCOB U
JIpyrue QYHKIHUH BBITONHSIOTCS allliapaTypol U MporpaMMHBIM oOecrieue-
HHUEM MUKporpoueccopa BY.

CymiecTByeT 3HAYUTEIHHOE KOJIWYECTBO THIIOB MPUOOPOB M CHCTEM
yueTa, BHIITYCKaeMbIX B pa3HbIX cTpaHax. B mpoektax COC HeoOxoanmo
npeaycMaTpUBaTh YCTAHOBKY TOJIBKO TE€X M3 HUX, KOTOPBIE MPOIIIH CEPTH-
¢ukammo B benmapycu. laguM KpaTKyl0 TEXHHUYECKYIO XapaKTEpUCTUKY
HEKOTOPBIX aBTOMAaTH3MPOBAHHBIX CHUCTEM Yy4eTa 3HEPropecypcoB, paspa-
0oTaHHBIX M IPoU3BOANMEIX B Pecybnuke benapycs.

IIpeoGpa3oBaTeib MHOIOKAHAJIBHBIA NMPOrpaMMHUpPyeMbIii MHKPO-
MPOLECCOPHBII MMIYJIbCHBIX CUTHAJMOB (cymmaTop) E871 npennasna-
YeH s aBTOMATH3aLUH JUCIETYEPCKOro ydeTa MoTpedsieMol 3JIeKTpo-
SHEPTHUH, a TAKKE ONEPATHBHOTO KOHTPOIIS AEKTPONOTPEOICHHS [0 CMEHaM,
CYTKaM, 30HaM CYTOK, MeCsLlaM U APYT'MM PacuyeTHBIM MEpUoaM Ha Ipo-
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TMTPOEKTPOBAHNE CUCTEM 3JIEKTPOCHABXEHM

MBIIUICHHBIX TPEANpPUATHSIX W B dHeprocucremax. JlaHHOe ycTpoWCTBO
o0ecTieunBaeT MpreM UMITYIIECHBIX CUTHAIIOB OT CYETYHMKOB-IaTINKOB 10 16
BXOJHBIM KaHajlaM, OCYIIECTBIIIET YYeT JJIEKTPOIHEPTHH IO NBYX- HIH
TpexTapu(HBIM 30HAM, BHIJIAET CUTHAIBI O BO3MOXKHOCTH TPEBEIIIEHUS yC-
TAaHOBJIEHHBIX IMMHUTOB 3JeKTporoTpedienus. Cymmarop E871 moxeT noa-
KITfo4yaThesl K BHEIHUM [I9BM u Mmogemam, 9To 1MO3BOJNSET OAAEPKUBATD
CBSI3b C CHCTEMaMH y4YeTa SHEPTHH 00Jiee BBICOKOTO YPOBHSIL.

Cucrema HMH(POPMAUMOHHO-U3MEPHUTEIbHA MHOIOYPOBHEBOIO
sHeprokonTpoas (CUMIK) npemnasnadeHa ajisi IOCTPOCHHS HEepapXu-
YECKUX CeTel ydeTa BRIpaOOTKH, pacIpe/leIeHnsI U MOTPEOIeHUs AIIeKTPH-
geckoil 3Hepruu B 3HeprocucreMax u COC 3HEProeMKUX MOTPeOUTEINCH.
CHIMDK no3BosiseT OpraHu30BaTh MHOTOYPOBHEBYIO TEPPUTOPHUATIEHO pac-
MpeIeNICHHYIO ceTh cOopa MH(OpMaIuu 00 3HepronoTpedacHun. [Ipu sTom
BO3MOJXKHA Iepe/iaya Ha BEPXHUH YPOBEHB JIIOOBIX MapaMeTPOB HIDKHETO
ypoBHsi. C BepXHEro YPOBHS Ha HUKHHMA NEPEIAOTCS TUMHUTBI MOIIHOCTH
W SHEPTUM, TPAHMIII BPEMECHHBIX 30H, KOMaHJIbl Ha OTKIIIOYCHHUE MOTPEOU-
TeJeH, cTaBku TapudoB, 3HaYeHHI BpeMeHH. CHcTeMa ydeTa UMeEeT M-
POKHE PETPOCTICKTUBHBIE BO3MOXKHOCTH, COXPaHSsI JaHHBIC 0 MaKCHMAJIb-
HBIM Harpy3kam 3a mnociegaue 14 cyTok, MOJydacoBBIM pacXxojaM SHEPTUU
M0 BOCBMH TpyHIaM 3a MpeAblaymue 7 CYTOK, MO PacXody DHEPTHUH B
[[EJIOM U TI0 YEThIPEM CYTOYHBIM 30HAM 3a PACUCTHBIN TIEPHO U JIp.

CucreMa COCTOHT U3 yCTpOWCTBa 00pabOTKH HH(POPMALIUH, K KOTOPOMY
BO3MOXKHO TOJIKIIoueHue yaaneHHbix [I19BM, DBM u BumeoTepMUHAIOB
pa3IUYHBIX YpOBHEH cucteM ydera W KoHTpois, YCJI, ycTpoiicTBa OTO-
Opaxenus nHpopmanuu 1 mynera ynpasienus. CUMOK nozsosnsier obpa-
0aThIBaTh N10 256 UMITYJIECHBIX KaHAIIOB.

Cucrema »3Hepropecypcoxkontpoasi OPKOH npegnasHauena mms
OpTaHM3aIH y4eTa SHEPTUH U PECYPCOB HA IMPOMBIIIIICHHBIX TPETIPUSITHSX, B
SHEPTOCHUCTEMAX W JKWIMITHO-KOMMYHAJIBHOM XO3siiicTBe. B cucteMy BXOmsT
cuetunku-gatunky, YCJI, BY u II9BM. Ha ocnoBe cuctemer DOPKOH
BO3MOKHO TOCTPOEHUE aBTOMATHU3WPOBAHHBIX CHUCTEM KOHTPOIS W ydera
anexTponoTpedaeHust Oonee Bbicoknx ypoBHel. Cucrema OPKOH obec-
neynBaeT 00paboTKy MOCTYMAIONINX B HEE NaHHBIX M0 96 xaHamaMm. [lpu
3TOM JIOITycKaeTcs OObeAMHEHNE KAaHAJIOB y4eTa B TPYMITBI OOMIMM KOJH-
4eCcTBOM J10 64. 3ajaHue TPYNIOBBIX JTUMUTOB MOILLHOCTEH, 30H CYTOK JJIst

112



IMPOEKTVPOBAHVE CUCTEM 3JIEKTPOCHABXEHVA

KaKIOTO KBapTaia, BPEMEHH H JaThl, COCTaBa TPYI KAaHAJOB y4eTa H
JIPYTHX JaHHBIX MOXKET OCYIIECTBIATHCA ¢ myibTa BY, [I9BM mmu awmc-
TaHIIMOHHO IT0 KaHaJy CBS3H.

VYerpoiictea cuctemsr OPKOH He TpebytoT oT moTpedutenst o6cyKu-
BaHUS M UMEIOT TEPMETUYHOE WCIIOIHEHHE, a CIIeIOBATEIHHO, 3AIIUIICHBI
OT BO3JEUCTBHSI OKPYKAWOIIEH Cpelbl. YKa3aHHbIE CBONCTBA CHUCTEMBI
CHocoOCTBYIOT ee npuMeHeHn0 B COC NpOMBIIUIEHHBIX TPEATIPUSTHH.

N3 3apy0exHbBIX CPEACTB aBTOMATH3UPOBAHHOI'O JIUCTAHIIMOHHOTO yUe-
Ta 3JEKTPOIHEPTUH HAa MPOMBILIUICHHBIX MPEANPHUATUAX IIIUPOKOE pacipoc-
TpaHEHHE TOJYYWIA BEHT€PCKHUE MHUKPOIPOIIECCOPHBIC MPOTPAMMUPYEMBIE
cucteMmsl tuma ETS-M, ETS-UP u 1.. DTN cucTeMbl UMEOT OT 2 A0 12
BXOJIHBIX HMITYJIbCHBIX KAaHAJIOB M OCYIICCTBIISIIOT MPUMEPHO TaKUE >Ke
¢byukuuy, kak u cymmaTtop E871.

O} PEeKTHBHBIM TEXHUYESCKHM CPEICTBOM y4eTa AJICKTPOIHEPTUU SBJISI-
€TCS MHOTO(YHKIIMOHAJBHBIA 3JCKTPOHHBIA CUYCTUUK CEPUH «Abdhayr,
BhIyckaembiii B Poccuu (r. Mockea) mo junensun ¢pupmbl ABb (CHIA).
Cueturk THna «AJb(a» MpeaHa3HaueH Ui y4eTa aKTHBHOW M PEaKTHBHOM
SHEPrUU B IETSIX MEPEMEHHOTO TOKA, a TaKKe YIS IPUMEHEHUS B COCTaBe
aBTOMAaTH3UPOBAHHBIX CHCTEM Y4eTa ¥ KOHTPOJIS SJIEKTPOIHEPT U

CyeTdnK TO3BOJISIET M3MEPSTh AKTHBHYIO U PEAKTUBHYO SHEPTHIO M MOIII-
HOCTh ¢ KiaccoMm touHoctr 0,2 wmu 0,5, yuuThIBaTh MOTPEONCHHYIO WIH
BBIJTAHHYIO SHEPTHUIO 10 YeThIpeM Tapu(HBIM 30HAM, H3MEPSITh MaKCUMAJIb-
HYIO MOIIHOCTh HAarpy3Kd Ha PacueTHOM HHTEpBaJie BpeMeHH, (DMKCHPOBATh
MaKCHMAJIbHYIO aKTUBHYIO M PEaKTHBHYIO MOIITHOCTH JIJIsl KX IOW Tapru(HON
30HBI, 3aIIMCHIBATH M XPAHUTh B TIAMSTH CUETUHKA JIAaHHBIE TpadrKa Harpy3Ky,
ABTOMAaTHYECKH KOHTPOJIMPOBATH HATPY3KY C BO3MOXKHOCTBIO €€ OTKITFOYCHUIS
WITN CUTHAITM3AIMH TIPY JOCTYDKEHNH 33/IaHHBIX 3HAYCHHH, TIepeiaBaTh Pe3yiib-
TaThl I3MEPEHHH Ha TUCTIETUYSPCKHUI MYHKT 10 KaHaiaM CBS3H, (PMKCHPOBATh
TiepephIBBI B 3JIEKTPOCHAOKEHUH. V3MepsieMbple BeTMYMHBI ¥ BCIIOMOTaTeN b=
HBIE JaHHBIE MOTYT IOOYEPETHO OTOOpakaThCs Ha JUCILIEE CUETUMKA,
BBITIOJTHEHHOTO Ha JKUJIKUX KPUCTAJIIaX.

Jliis peanu3zanmy yKka3aHHBIX (PYHKIIMOHAJIBHBIX BO3MOXKHOCTEH CUSTUMK
«Anb(ha» UMEeT B CBOEM COCTAaBE U3MEPHUTEIIbHBIC TATYUKK HAMIPSDKCHUS U
TOKa, CHCIUATM3UPOBAHHBIA MHKPOIPOIIECCOP U JOMOIHUTEIBHBIC JJICK-
TPOHHBIC TUIATHI, PACHTUPSIONINE er0 ()YHKIUH,
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C nenpio yHUQHUKALUN IPUMEHEHUS CUETYHK «AJb(a» MOXKeT ObITh

M3TOTOBJICH B CIEIYIOMMX 0a30BBIX MOJU(PHUKALIUIX:
AID — nmna m3MepeHWss aKTHBHOW DHEPTHH M MOIIMHOCTH 0e3 pexuMa
MHOTOTapU(PHOCTH;
AlIT — nng u3mepeHus aKTUBHOHM SHEPTUM M MOILIHOCTH B MHOrOTapug-
HOM PEXKHME;
AlR — ob6magaer BO3MOXXHOCTHIO U3MEPEHHS B JIBYX BapHaHTax, ycTa-
HaBJINBAEMBIX IPOTPAMMHBIM ITyTEM:
a) aKTUBHOM SHEPTUU M MOIIHOCTH B MHOTOTapU(pHOM pEKUME U
CyMMapHOH peakTUBHOM dHepruu 06e3 pexxruMa MHOTOTapu(pHOCTH;
0) peakKTHBHOM PHEPTUH U MOITHOCTH B MHOTOTapH(HOM pEKUME U
CyMMapHOW aKTHBHOW HEPTUH 0e3 pe:KkuMa MHOTOTapH(pPHOCTH;
A1K — upnentnyen 06azoBoit momenu AlR, HO mpoBoguTCS W3MepeHue
IIOJIHOM MOIIHOCTH U HEPTUU BMECTO PEAKTUBHOM.

Bce momudukanuu umMerorT kinace TOYHOCTH 0,2, HA YTO yKa3bIBacT
mudpa 1. [Ipu knacce rounoctu 0,5 B 0003HaYeHnM TUIIA BMECTO UGPHI 1
craButcs nugpa 2.

Bosmoxuoctn cuetunka B 0azoBoMm wucnonHeHun AlT, AIR u A1K
MOTYT OBITh PacCIIMPEHBl MyTEeM MOJKIIOUEHHS JOTOJHUTEIBHBIX AJICK-
TpoHHBIX miar. [Ipu 3TOM K OCHOBHOMY THIy CUETUMKa A0OaBISIOTCS
OYKBBI, UMEIOIIIE TAKOH CMBICI:

A — H3MepeHue SHEPTUU U MOLIHOCTHU B IBYX HalpaBiIeHusX; L —
3alUCh U XpaHEHHE N3MEPEHHBIX JTAHHBIX (TpadyKa AIEeKTPUIECKO
Harpysku).

ba3oBble THMBI CYETYMKOB MOTYT OBITH MOAM(HUIMPOBAHBI B CIIEAYIO-
mme tunbel: A1T-L, AIR-AL, A1K-L, A1K-A, A1K-AL.

LlenecooOpa3HOCTh KCTIONB30BAHHS CUETYUKOB «AJb(}ay B SHEProcucTe-
Max 1 COC NpOMBIIUICHHBIX MPEANPUATHI 00YCIOBIMBACTCS TOBBILIEHHEM
TOYHOCTH W3MEPEHH, BO3MOXKHOCTBIO IIEpexo/ia Ha pacyeT 3a MotpedieH-
HYIO 3JIEKTPO3HEPruio no muddepeHunpoBaHHbIM TapudaM, yMEHbLIEHHEM
OO0IIEro KOJMYECTBA yCTAHABIMBAEMBIX CUETUMKOB, TaK KaK OAMH CUETUHK
tuna A1R-A i AL1R-AL, u3mepstomunii akTHBHYIO U PEaKTUBHYIO DHEp-
THIO B JIByX HalpaBJICHUSX, 3aMEHSET YEThIpe OOBIYHBIX cueTyuka. OmbIT
NpUMEHEHUs cueTInKoB «Anbgpa» B Poccun, benapycu u npyrux crpaHax
MOATBEPXKIAET UX BBICOKHE SKCIUTyaTallMOHHbBIE CBOMCTBA.
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5. KOMITIEHCAIIMSA PEAKTHUBHOWH MOIIHOCTH

5.1 CPEJICTBA U CIIOCOBbI KOMIIEHCALIMM PEAKTUBHOM
MOINHOCTH

Onementsl COC H 37IEKTPOIIPUEMHIKH TIEPEMEHHOTO TOKa, 00J1a1afoIHe
WHIYKTUBHOCTBIO (JI€KTPOIBUTaTENN, TPAaHC(HOPMATOPHI, TPe0Opa3oBaTEeIH,
TOKOTIPOBOJIBI, JITHAH JIIEKTPOTIepeiaddl T.1.), TIOTPEOISIOT HapAdy C aKTHB-
HOW W PEaKTHUBHYIO MOIIHOCTh, HEOOXOMUMYIO Ui CO3JaHMUS DIIEKTpOMar-
HUTHOTO TIOJs. Ee mepemada mo »meKTpUIecKuM CeTSIM CHIDKAEeT MPOITYCK-
HYIO0 CIIOCOOHOCTH JIMHWK M TPaHC(HOPMATOPOB MO0 aKTUBHOW MOIIHOCTH U
BBI3BIBAET JIOMIOJHHUTENbHBIC TTOTEPH AKTHBHON MOIIHOCTH ¥ HATIPSKSHUSI.
ITostomy npu mpoextrpoBanun COC cTpeMsTCs CHU3UTH MOTPeOIsieMyro
MPENNPUATHEM PEaKTHBHYIO MOIIHOCTH IO ONTHMAalIbHOTO 3HadeHHs. C
ATOH LENBI0 OCYIIECTBISETCS KOMIICHCAIHS, ITO]T KOTOPOI IMOHUMAETCs yC-
TAHOBKAa MECTHBIX MCTOYHHMKOB PEAaKTUBHON MOIIHOCTH, Onaromaps demy
TIOBBIIIAETCS TPOITyCKHAS CIIOCOOHOCTH 31eMeHTOB COC, CHIKAIOTCS TIOTE-
PY MOIITHOCTH M SHEPTUH, TTOBHIIIAIOTCS YPOBHU HAIIPSKEHHS.

OCHOBHBIMH CPEICTBAMHA KOMIICHCAIIUM PEAKTHBHON MOIIHOCTH Ha
MPOMBIIIUICHHBIX MPEINPUATHSIX SIBIAIOTCS KOHJEHCATOPHBIE YCTaHOBKH
(KY) u BpIcOKOBONBTHBIE CHHXpOHHBIE nBurarenn. CormacHo [4], KY —
AIIEKTPOYCTAHOBKA, COCTOSIIAS M3 OJHOTO WM HECKONBKHX KOHIEHCATO-
POB, OJTHOW WIJIM HECKOJBKUX KOHIEHCATOPHBIX OaTapei, OTHOCSIErocs K
HUM BCIIOMOTATEIILHOTO 3JIEKTPOOOOPYAOBaHMUS M OmuHOBKH. KoHneHca-
TOpHas Oarapesi MPeJICTaBIsAeT COOOH TPyIITy €AMHUYHBIX KOHIESHCATOPOB,
AIIEKTPHYECKHU CBS3aHHBIX MEXITy co0oil. Ha MpoMBIIIIEHHBIX TIpeanpusi-
TUSAX PUMEHSIOTCS OaTapen HampsbkeHueM 1o 1 kB un 6,3—10,5 B.

KomreHcanust peakTHBHOM MOIIHOCTH C HCIIOJIh30BaHUEM KOHJIEHCATO-
POB MOXET OBITh WHAWBHUIYATHHOHN, TPYNIIOBON WM IEHTPAITH30BAHHOM!.
Bribop mect pasmemienuss KY TecHO cBsi3aH ¢ TIPUHATBIM CIIOCOOOM
komreHcanuu. [Ipu 3ToM He0OXOAMMO yYUTHIBATH JBa B3aMMHO MPOTHBO-
peuamiux Qakropa: CTeneHb pasrpy3kd 3neMeHToB COC OT peakTHBHOI
MOIITHOCTH ¥ CTeTIeHb HCTOJIh30BaHust KY ¢ yueToMm yneiapHOM CTOMMOCTH.

Ha puc. 5.1 moka3ansl Bo3MoxHbIe MecTa npucoeanHennss KY B COC
MPOMBIIILIEHHOTO TIpeanpusATHs. OYeBUAHO, YTO MPH Pa3MENICHHH BBICOKO-
BONBTHBIX KOHJIeHcaTtopoB Ha mmHax [T (CB1) u LIPIT (CB2) KY wucnosns-

115



I[IPOEKTMPOBAHVE CUCTEM SJIEKTPOCHABXEHVA

35— 220xB
CBl1 -
10,5 kB
IT—n;
LIPII
CB25 | 1|
T T2 ~1:B3
M3

MIII 04 xB 04

PIII Jrn PIT?
-[-+2 O ® CB7 1-
1 nl—v MI |
CB6 C
CB4 | CB5
CB9
0=p
M2
CBS8

CB3, CB7, CB9 — unauBuayanbHas KOMIICHCAIINS,
CB4, CB6, CB8 — rpynmoBasi KOMIIEHCAITHUS;
CBI1, CB2, CB5 — neHTpanu30BaHHas KOMIICHCAIIHS

Puc. 5.1. Mecra npucoenunenus KY 8 COC

3yIOTCS BecbMa 3((GEKTHBHO, U YJCbHAs CTOUMOCTh UX OyIeT MUHHMAJIb-
HOW. O/HAKO TPH 3TOM OT PEAKTUBHOW MOIIHOCTH Pa3rpyKarOTCsl TOIBKO
BhIlecrosiiue 3BeHbsi COC. CrnenoBaTenbHO, HEMOCPEACTBEHHO ISl Npea-
TIPUSATHUS TaKast KOMITCHCAIUSI JAeT He3HAYUTEIbHBIN S EKT, TaK KaK IMOTepH
BO BHYTPHU3aBOJICKOM CETH HE CHIDKAIOTCS, CEUESHNS ITPOBOAHNKOB U MOIITHOCTH
[IEXOBBIX TPaHC(OPMATOPOB HE MOTYT OBITh YMEHbIIIEHBL. bonee addexTrBHa
IIEHTPAT30BaHHAsT KOMITCH Al Ha HampsbkeHnu 10 1 kB (cm. puc.5.1; CBY),
TpH KOTOPOI pasrpy KaroTcst IIEXOBbIe TpaHc(OpMAaTOpbI, paclpeienTebHbIC
u nuraromue auan 10 kB, Tpancdopmaropsr ['TIIT.

MuuBryabHas KOMIIEHCAIMS PEAKTUBHON MOITHOCTH 3JIEKTPONPHUEMHU-
koB (cM. puc. 5.1; CB3, CB7, CB9) obecrieunBaet 0oJiee BHICOKYIO CTEIICHb
pasrpy3ku Beex anemeHToB COC U ONTUMaTbHOE PErYINPOBaHUE TeHEPHUPY-
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€MO MOIIHOCTH, HO IIPU 3TOM YBEJIMYHBAIOTCS OOLIME U yeJbHbIE 3aTpaThl
Ha KOMIIEHCAIMIO, TaK KaK CHIKAETCs CTeNeHb ncnonb3oBanud KY u yse-
JIMYUBAETCS] YCTAaHOBJIEHHAs! MOIIHOCTh KOHJAEHCATOpoB mpeanpustus. Ilo-
9TOMY MHAMBUIyalbHas KOMIICHCALIUS MOXKET MPUMEHSTHCS IS KPYIHBIX
ANEKTPONPUEMHUKOB ¢ HU3KUM KOI(P(HUIIMEHTOM MOIIHOCTH U OONBILINM YHC-
JoM "YacoB paboTel B Tol. Hampumep, cornacHo [4], aneKTpoTepMUYecKUe
YCTaHOBKHM C eAMHUYHON MomHocThio 400 kBT u Gonee, umeromye COSCP
< 0,98, nOKHBI KOMILIEKTOBAThCS MHANBHIyalbHbIMU KY, ecnu Tex-HuKo-
SKOHOMHYECKHU HE JOKa3aHO MPEUMYILECTBO MPYNIIOBOI KOMIIEHCALHH.

Haubomnee s dextrBHON ABISIETCS TPYIIOBAs KOMIIEHCAIHSA, TIPX KOTO-
poii KY npucoenunstorcs B onpeaeneHHbIx Toukax kK MII u k nexoBbim
PIT (cm. puc.5.1; CB4, CB6, CB8). B a3ToM cityyae OT peakTUBHBIX TOKOB
HE pas3rpyXkaercs TOJIBKO paclpellelUTeNbHas CeTh 0 3JIeKTPONPHUEMHHU-
KOB, HO 3HAUUTEIHHO YBEIMUNBAETCS CTENEHb HCIoyb3oBaHus KY

[upokoe mpumeHerne aas kommnercaun KY oObsiCHAETCS WX SKOHO-
Mu4HOCThIO. [IpH npoexTupoBanuu COC crieyeT yuyuThIBaTh U HElOCTaT-
ku KY: 3aBuCHUMOCTb TeHepupyeMoi peaKTUBHON MOIIHOCTH OT KBajpaTa
HaNpsHKEHUs], CI0XKHOCTh PEryJIMpOBaHMs BEIWYMHBI MOIIHOCTH, HeloCTa-
TOYHAs AMeKTpHUecKkas npodyHocTs npu K3 u nepeHanpspkeHusX, moxapo-
OIaCHOCTh, HAIMYHE OCTATOYHOI'O 3apsja Mociie OTKIIOUYEHHs], YTO BBI3bI-
BaeT HEOOXOTUMOCTh MIPUMEHEHHUS CIICIHATBHBIX Pa3psIHbIX YCTPOMCTB.

Jl71s1 KoMIIeHcaly PeakKTUBHON MOILHOCTH Ha MPOMBILIICHHBIX MPEAIpHU-
ATHAX, KaK MPaBUiIo, MpUMeHsIoTcs komiuiektHele KY B Tabn. 5.1 npuse-
JICHbI TEXHUYECKUE XapaKTepUCTHKH KoMIUIEKTHbIX KV tuma YKMS8, nume-
forue [/,0,=0,4 KB ¥ npeaHasHaYeHHBIC IS KOMITCHCAIIMH PEaKTHBHOM
MOIITHOCTH Harpy3o0K MoTpeOuTeNnell B ceTsX OOIero Ha3HaueHHs Harmps-
xxennem 0,38 kB.

Konnencaropasie ycranoBkun YKMS8 uMel0T cTyneH4aToe peryiaupo-
BaHHWE MOUIHOCTH M BCTPOEHHBIE Pa3psAIHbIE pe3UCTOphl. BrioueHue u
OTKJIIOUEHHE CTYyTEHEH PperylMpoBaHHsA OCYIIECTBISIETCS MarHUTHBIMU
MyCKaTesIMUA. Y CTAHOBKH OCHAILIEHBI PETYJSITOpaMUA M MOTYT paboTaTh B
peXKuMe aBTOMATUYECKOTo W pydHOro ympasieHus. [IpemycmorpeHo aBTo-
MaTH4eCKOE OTKITIOUEHHE KOHJIEHCATOPOB C TIOMOIIBIO TEIUIOBOTO pesie Mpu
Tieperpy3Ke UX MO TOKY M3-3a MOBBIIIEHHS HANPSHKEHUS U BBICILIX TAPMOHHUK.
3ammra oT TokoB K3 oCyIecTBIsIETCS TIaBKUMU TIPETOXPAHUTEISIMHE.
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Tabnuya 5.1

OcHoBHbIe TexHuuYeckue xapakrepuctuku KY tuma YKMS8

Hommmamenast | MormHocTs Yucio

TunKyY MOIITHOCTb, CTYIICHH, CTyIICHEH,
KBap KBap IIT.
YKMS58-0,4-100-33"/3Y3 100 3373 3
YKM58-0,4-200-33'3Y3 200 33'3 6
YKM58-0,4-268-67Y3 268 67 4
YKM58-0,4-402-67Y3 402 67 6
YKM58-0,4-536-67Y3 536 67 8

Kpome YKMS58, Ha npeanpusTUsX MOTYT PUMEHATHCS TaKXE U APY-
rue KY nanpspkenuem jo 1 kB, 6,3 u 10,5 kB [10].

Cunxpounnsle asuratenu (CJI), mpuMeHsiemMble Ha MPEANPUATHIX IS
NPUBOJIa TEXHOJIOTHYECKUX arperaTroB, COCOOHBI OTAaBaTh B CETh peak-
TUBHYIO MOIIHOCTh B PEKUME MEPEBO30YKICHHUS U TIOTPEOIATE €€ U3 CEeTH
B peXHUMe HeloBO30YXIeHUs. Brlllyckaemple MPOMBIIUICHHOCTBIO CHHX-
POHHBIE IBUTaTeNN CIHOCOOHBI TCHEPHPOBATH B CETh PEAKTUBHYIO MOIL-
HOCTb IIPH TOJIE3HOM Harpy3ke Ha Baily, AOIYCKalOT (POPCHPOBKY BO30YXK-
JeHUs, 00ECTICUNBAIOT IUIAaBHOE PEryJIMPOBaHUE PEAKTUBHOW MOILHOCTH B
IIMPOKOM JIMana3oHe, MEHbLIE 3aBUCAT OT KOJCOAaHUs HANPSIKECHUS, YeM
KV, nossimator ycrounsocts COC.

IIpu reHeprpoBaHUM PEAKTUBHON MOIIHOCTH B JBUraTelie HMEIOT Me-
CTO JONOJHUTENbHbIE IOTEPH aKTHUBHONW MOIIHOCTH. DTH MOTEPH OIpe.e-
JSIFOT 3KOHOMHYECKH 11€1ecO00Pa3HyI0 3arpy3Ky CHMHXPOHHOTO JIBUTaTeIs
M0 PEaKTUBHON MOLIHOCTH. THXOXOJHbIE IBUTAaTeNN XapaKTepU3yoTcs OT-
HOCHUTENIbHO OOJIBIIMMH JTOHOJHUTEIBHBIMU TIOTEPSIMH, YTO MOXKET OIpaHu-
YMBaTh UX IIPUMEHEHNE KaK MCTOYHMKA PEAKTHMBHOM MOLIHOCTH. [[Burare-
JIM, KOTOPbIE HE UCTIOJIB3YIOTCS TSl KOMIIEHCALIMN PEaKTUBHOM MOIIIHOCTH,
JIOJDKHBI paboTaTh ¢ COSCP= 1, T.e. SIBAATHCS TOJNBKO aKTMBHOM HArpy3KOH,
YTO CIIEyeT YYWUTHIBaTh NPU OINpPEAEICHUU DIEKTPUUECKUX HaArpy30K
MIPETPUATHS.
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5.2. OBLIUE ITOJIOXKEHUSI 11O PACUETY
KOMIIEHCAIIMU PEAKTUBHOU MOIIITHOCTHU

Bri0op cpeacTB KoMIeHcaluy peakTHBHOW MOIIHOCTH B 3JIEKTpUYeC-
KHX CeTAX MPOMBIIUICHHBIX NPEINPHATHH C MPUCOSTUHEHHOW MOLIHOCTHIO
750 kBA u Gonee ocymectrisiercs B coorBeTcTBun ¢ PTM 36.18.32.6—92
«YKa3aHMd MO MPOEKTHUPOBAHMIO YCTAHOBOK KOMIIEHCAIIUM PEAKTUBHOU
MOIIHOCTH B BJIEKTPUUECKHUX CETSIX OOLIEr0 Ha3HAUYEHHS MPOMBIIUICHHBIX
npennpuatHi» [28]. B xauecTBe MCTOYHMKOB PEaKTHBHOM MOIIHOCTH Ha
MPOMBIIUIEHHBIX TPEANpPUATHAX HCHOJIB3YIOTCA B MEPBYIO odepenn OaTa-
peH CTaTMYeCKMX KOHJCHCATOPOB HampsbkeHHeM a0 | kB u cuHXpoHHBIE
aNeKTpoBuraTenn HamnpsbkeHneM 6—10 kB. YuuteiBaeTcs Taxke peak-
TUBHAsE MOIIHOCTb, KOTOPYIO LIel1eco00pa3Ho MOIydaTh U3 SHEPTOCHUCTE-
Mbl. KoHZIeHCcaTOpHBIE YCTaHOBKH Ha HampsbKeHuu Bbime 1 kB mpu coot-
BETCTBYIOLIEM 000CHOBAaHMH MOTYT NPUMEHSTHCS JUIIb HA TIPEATIPUITHIX
C HETpepBIBHBIM PeXUMOM paboTel. OrpaHnyeHue MpUMEHEeHHsT Oatapei
BBICOKOBOJIFTHBIX KOHZeHcaTopoB (BBK) oObsicHsieTcst TpyAHOCTSIMU OCY-
HIECTBJICHUS YaCTOW KOMMYTAIIM €EMKOCTHBIX Harpy30K.

Ilpn pacdere KOMIEHCAIMM PEAKTUBHOM MOIIHOCTH CHHXPOHHBIE
neurarenn 6—10 kB genarcs Ha aBe rpynmel. B mepByro BXoasT
HanboJiee SKOHOMUYHBIE JBUTATEIH, UMEIOIINE eANHNYHYIO MOITHOCTD P
> 2500 kBt wmmm wactory BpamieHus portopa n > 1000 wmum".
Pacnonaraemast peakTtuBHas MOIIHOCTH Q Takux JBUTATeNed wc-
MOJIB3YETCS TIONIHOCTHIO Oe3 BBHIMOTHEHUST 0OOCHOBBIBAIOIINX PACUETOB.
Ilox pacnonaraeMoii MOIIHOCTBIO IIOHUMAETCsS MaKCHUMallbHas peak-
TUBHasE MOIIHOCTH IBHTaTels, TeHepupyeMasi MpH HOMUHAIBHOM TOKE
BO30YKJCHUS 1 HOMUHAJILHOM HAIIPSDKEHHH CTaTOpa, C YY€TOM TOTO, YTO
JBUTaTeNlb WMEET Harpy3Ky I10 aKTHBHOW MOIIHOCTH MEHbBIIE HO-
MUHaIbHOM. Tak Kak CHHXPOHHBIC JBHTAaTElIH, KaK MPaBHIO, HMEIOT
3arpy3Ky IO aKTUBHOW MOITHOCTH MeHbIne 85 %, To pacmosaraemas
MOIITHOCTh MOXKET ObITh mpuHATa Ha 20 % OoJbllle HOMUHAIBLHOH pe-
aKTUBHOM MOIIHOCTH aBuratenst 2py- OTMeTuM, 4YTO TreHepupyemas
TAaKUMH JIBUTATENSIMH CyMMapHasi BennunHa Q , JoJbkHA OBITH yuTeHa
NIPY OTPEICTICHUH PACUETHBIX HATPY30K TPEATIPUSTHSL.

Bo Bropyro rpyniy BXOIST CUHXPOHHBIE JBUTATeNu, UMetonme P <
2500 kBt 1 n< 1000 mun". Micrions30Banme ABUraTeNneii 3ot rpyr-
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Bl U1 KOMICHCALUA PEAKTUBHON MOIIHOCTH TpeOyeT TeXHUKO-IKOHOMHU-
4eCKOro 000CHOBaHUSI.

PacueTr koMIeHcanuy peakTUBHON MOIIHOCTH BBIIIOJHACTCS B HECKOJIb-
Ko 3TanoB. llepBoHauanbHO MpeANpUSATHE, COCTOAIIEE U3 COBOKYMHOCTH
OTACTBbHBIX 3aHUH, MOXKET OBITh Pa30UTO Ha HECKOJBKO TEXHOJIOTHYECKH
KOHLIEHTPUPOBAHHBIX TPYII EXOBBIX TPaHC(HOPMATOPOB OJAWHAKOBOH €ITH-
HUYHOW MOIIHOCTH. B mpenenax kakaoil rpymnmsl Bce TpanchopMaTopsl
JIOJDKHBI UIMETh OJAWHAKOBBIN KOA(PHULUESHT 3arpy3KH U OAWH BUJ KOMIICH-
CUPYIOIINX YCTPOWCTB, KOTOpBIE MpeAronaraeTcsl ucrnoyip3oBaTs. [Ipensa-
PHUTEIEHO HEOOXOANMO OIPEICTUTh pacueTHhIe HArpy3KH TpaHC(OopMaTo-
POB, YUHUTHIBas MpeAeiabHbIE BOSMOKHOCTH Mepeadl MOIIIHOCTH T10 JIMHU-
aMm 1o 1 xB.

s xaxnoit rpynisl TpaHchOpMAaTOPOB NPUHUMAETCS] €AUHUYHAST HO-
MUHaJIbHAs MOIIHOCTh U KO3((HIIMEHT 3arpy3KH, TOCIIE YEro ONpeeiseT-
Csl MUHMMAJIBHOE YUCIIO TpaHc()OpMaTopoB. 3aTeM BBITIOIHSAETCS pacueT
YCTaHOBJICHHOM MOIIHOCTH OaTapeil HU3KOBONBTHBIX KoHaeHcaTopoB (BHK)
B ceTsx a0 1 kB kaxkmoro mexoBoro TpaHcopMaTopa, a TakkKe Ui
npeanpusaTis B ueioM. [locie 3Toro yrouHsOTCS akTUBHASI M peaKTHBHAS
Harpy3K{ MPEeIIpUSITHS C YIETOM MOTEPh MOIIHOCTH B TpaHCPopMaTopax
U BBIYUCISAETCS SKOHOMHYECKOE 3HAYEHHE PEAaKTHBHOM MOIIHOCTH, IIO-
TpeOJIsieMO 13 SHEPTOCUCTEMEI.

Ha cnenyromem 3tane pacuera onpenensercs: peakTUBHAs MOIIHOCTB,
KOTOPYIO IEJIeCO00pa3Ho MOTYIUTh OT CHHXPOHHBIX apurateneit 6—10 kB.

Amnanu3 GanaHca peakTUBHOM MOLIHOCTH HAa TPaHHULIE pa3zeia Mpearpu-
SITUSL U SHEPTOCUCTEMBI OIIPEENsIeT JaIbHEUIINN OPIoK pacueToB. Ecnu
PEaKTUBHOW MOIIHOCTH, MOCTYMAIOMIEH W3 SHEPrOCHUCTEMBI, a TaKXKe OT
BHK u cunxponusix nsurareneit 6—10 kB, He XxBaTaeT IJsl MOKPBITHS
PEaKTUBHBIX HArpy30K HOTPEOUTENs, TO BBISBISAETCS IEI1ecO00pa3HOCTh
0oJiee MOIHOTO MCTIONB30BAHUS PEAKTHBHONW MOIIHOCTH CHHXPOHHBIX JIBU-
rareiie, umeronmx P, < 2500 kBt u n < 1000 MI/IHl, KOrJja UX pacro-
JlaraeMasi MOITHOCTh ITOJTHOCTBIO HE HCIOJb30BaHa Ha MPEIBIIYIINX dTa-
nmax pacyera. B ToMm ciydae, Korjia M JOTOJHUTENbHAs peaKTUBHAS MOIIl-
HOCTh apurareneit 6—10 kB He oOecrnieunBaet Oananca MOIIHOCTH, JJIs 1-
, 2-, B 3-CMEHHBIX MPEANPHATHH paccMaTpUBaETCs IeJIeco00pPa3HOCTh
nononHuTenbHOM yeranoBkr BHK, a nns mpeanpusituii ¢ HenmpepbIBHBIM
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pexxumoM pabotel — BBK. Ilpu HemenecooOpa3sHOCTH TOMOTHUTEITHLHOM
yctaHoBkd BbIK unn BEBK HepocTaronyro peakTUBHYH) MOIIHOCTb IOJTY-
YaloT U3 SHEPTOCUCTEMBI.

[Ipu BBRIIOTHEHNH TEXHUKO-SKOHOMIYECKIX PAcYeTOB B KadecTBe 0a3o-
BBIX TIPUHUMAIOTCSI CTOMMOCTHBIE TIOKa3aTelll, YCTaHOBJICHHbIE Ui bema-
pycu npeiickypantoM Ne 09-01 "Tapudsr Ha IMEKTPHUECKYIO U TETLIOBYIO
SHEPTHIO», BBEACHHBIM B netictBue ¢ 1.01.91 r.

Boree moapoOHO BEIOOP CpPeACTB KOMIICHCAIIH PEAKTHBHONW MOIITHOCTH
paccMaTpuBaeTcs HUKE.

5.3. OIIPEJIEJIEHUE MOILIHOCTH BATAPEI KOHJEHCATOPOB,
YCTAHABJIMBAEMBIX B CETH JIO 1 kB

Jt Kakao# TpyIBI IEXOBBIX TPAHC(HOPMATOPOB OAMHAKOBON MOIITHO-
CTH OIpEAesieTCss MUHAMAJIbHOE UX YUCIO0, HEOOXOAMMOE ISl TTUTaHHS
pacyeTHON aKTUBHOW HArpy3KH, I10 BBIPAXKEHUIO

N =-zh-, (5.1)

roe P , — pacueTHas akTUBHas Harpy3ka A0 1 kB gaHHOW rpymbl
TpancopmaTopos; P, — ko3 durment 3arpysku TpaHnchopMaTopoB, OIl-
penensieMblii B 3aBUCHMOCTH OT KaT€TOPUH JIEKTPONPUEMHHMKOB IO Ha-

JIS)KHOCTH DJIGKTPOCHAOKEHUS; S — HOMMHAJIbHAs MOIIHOCTh TPaHC-
(hopMaTOpoB, TpUHUMAcMas B 3aBUCUMOCTH OT YACIbHOU IUIOTHOCTH
Harpys3Ku.

[MonyuenHast o BeIpakeHUIO (5.1) BeMUMHA OKPYTIISIETCs 10 OnvoKaii-
1ero GOJIBIIEro IEJIOT0 YUCa.

HawuGornplee 3HaYeHNE PEaKTUBHON MOIIHOCTH, KOTOPOE MOXKET OBITh
nepenaHo depe3 tpaHcopmaropsl B ceth A0 1 kB npu npunsToM K030-
¢urmenTe 3arpy3ku Tpanchopmaropos (3, OmpeAesieTcs Mo CCIYIONM
BBIPKEHHSIM:

G, =M(L15P1iVim )P - M1 (5.2)

JUTS MacJIsTHBIX TpaHc(OpMaTopoB

a:\/a,05syprermi”)Z'A21y (53)

JUTSL CyXUX TPaHC(HOPMATOPOB.
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Cymmapnas monrHocth BHK mo kputepuio BhIOOpa MUHHUMAIBLHOTO
grcia TpanchopMaTopoB

€y Ky=Cpy=Cy (5'4)
rae Q , — pacdeTHas peakTUBHas Harpy3ska jio 1 kB paccMaTpuBaeMoit
Tpynmsl TpaHC(OPMATOPOB.

Ecnu Qp < O, 1o cnenyet npuaATh Qukj = 0.

Benmunna Quy; pactpenensercs MexIy IIeX0BbIMH TpaHchopMaTopaMu
MIPSIMO TIPOTIOPITMOHANBEHO WX PEaKTHBHBIM Harpy3KaM. 3aTeM BBIOMUpPAOTCS
cTraHnapTHeie HoMuHanbHble MomTHOCTH BHK mis cetn no 1 kB xaxmoro
Tpanchopmaropa.

IIpumep 5.1. Ompenenmre mommuocTs BHK ams xysmeunoro iexa,
umerorero Harpy3ku P = 5400 kBt u Q = 5510 xBap. C yueToM yzeinb-
HOW TUIOTHOCTH HArpy3KH €IHHWYHAS MOIHOCTh MACIISTHBIX TpaHC(opma-
topoB S = 1600 kBA, xoaddumment 3arpys3xu P,=0,9.

Pemenne. OmnpenenseM 1o BeIpaxkeHWI0 (5.1) MHHMMaIbHOE HYHCIIO
[IEXOBBIX TPaHCHOPMATOPOB:

5400
,mm 0,9-1600 imm '

HauGoibIiasi peakTHBHAsE MOIIIHOCTh, KOTOPasi MOXET OBITh IepeaHa

gepe3 TpaHchopMaTopsl B ceTh 0 1 kB, mo Beipakenuto (5.2) '

Gt = V(U-1600-0,9-4)%-5400° =33 14 kBap.

Cymmapnas montHocts BHK no dopmye (5.4)

Qn= 5510 - 3314 = 2196 xBap. MomHuocts bHK,
NPUXOASIIAsICS Ha OJTUH TPAHCPOPMATOP, ONPEIENACTCS KaK

<U="  6nk ="°=549 xaap.

[To tabn. 5.1 npuHrMaeM Ommkaiimyto TunoByio MomHocTh BHK Q
=536 kBap. TunonomuHan ycranoBku — YKMS58-0,4-536-67Y3 (67 —
MOIIHOCTb CTYIECHH, KBap).

Cymmapnas ycraHosneHHast MomHocTh BHK ky3HeuHoro mexa

€yl = 4-536 = 2144xkaap.
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5.4. OMNPEJEJEHUE PEAKTUBHOM MOIIIHOCTH, TEHEPUPYEMOM
CHUHXPOHHBIMHU IBUT'ATEJISIMHA

Kaxxgast rpynmna BBICOKOBOJIBTHBIX CHHXPOHHBIX JIBUTATENCH B 3aBU-
CHMOCTH OT HOMHHAIBHOM MOIIHOCTH W YacTOTHl BpAIICHHS POTOpa
paccMaTpuBaeTCs WHIWBUAYAIbHO B IEISAX WCIONB30BAaHUS WX IS
KOMIIEHCAIIUA PEakTUBHOM MOIMHOCTH. Pacronmaraemasi peaxTHBHas
MOIITHOCTh CHHXPOHHBIX IBUTaTeNeh, nMmeromux P > 2500 kBt wm n >
1000 mur' (He3aBMCHMO OT BEIMYHHBI P ), HCIONB3yeTcs s
KOMIIEHCAIINY PEAKTHBHOM MOIIHOCTH BO BCEX CIydasx 0e3 0OOCHOBBI-
BaIOIIUX PACUYETOB.

BennuuHa peakTUBHON MOIIHOCTH, T€HEPUPYEMOM 3TUMHU CpyIHIIaMU
CHHXPOHHBIX JIBUTAaTeNEH,

0.,=X(erp-eK)=0,2€ . (55)
Hcnonvsosanue 0ns KOMREHCAYUU PeAKMUBHOU MOWHOCHIU CUHXPOHHBIX
nsuraresnei, umeromux P, <2500 kBr 1 i1$ 1000 MI/IH"l, JIOJDKHO OBITH
TEXHHUKO-3KOHOMHUYECKH 000CHOBAHO. J[j1s 3T0ro HeoOX0IUMO HANTH COOT-
HOIIIEHHE YAEIbHON CTOMMOCTH MOTPEOJICHHUS PEaKTHMBHOW MOIIHOCTH H
SHEPTUH U3 SHEPrOCHUCTEMBI, HE MPEBBIIIAOIIEr0 SKOHOMHUYECKOTO 3HaYe-
HUS, W YACTbHONW CTOMMOCTH MOTEPh aKTHBHOM MOIIHOCTH TPH T€HEPHPO-
BaHWH PEAKTHBHON MOITHOCTH B CHHXPOHHBIX JBUTATEISIX M KOHICHCATOP-
HBEIX YCTAHOBKAX.
VY enbHasi CTOMMOCTh SKOHOMHYECKOTO MOTPEOJICH ST PEaKTHBHOM MOIII-
HOCTH ¥ DHEPTHH MPU HAIMYHHU Ha TPEANPUATHH MTPUOOPOB ydeTa MaKCH-
MaJIbHOU PEAKTHBHOM MOITHOCTH BBIYHCIISIETCS 11O BBIPAKEHHIO

Cy, = ((,+477-10%) 1,6%,, (5.6)

a IIpu OTCYTCTBUU TaKUX HpH60pOB I10 BBIPAXXCHHUIO

CMNIe/KI'H6*,, (5.7
rje ¢, — 1uiata 3a 1 kBap morpebiseMoil peakTHBHONH MOIITHOCTH, ¢, = 1,2
py6/(kBaprom); d; — mrara 3a 1 kBap4 MOTpeOIsIEMON PEaKTUBHOM
sHeprum, mnpuHUMaemas paBHoW 0,03 Kom/kBapd mpu pacyeTax IIo
BeIpaxkeHnr0 (5.6) u 0,08 kom/kBapy — mo Bbelpaxkenuto (5.7); Iy —
rOJI0BOE YHCIIO YACOB HCIIOIb30BaHUS MAKCUMAJIbHON PEaKTUBHON
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MOIIHOCTH TpPU NOTPeOJIeHNH, HE MPEBBIIIAIONIEM SKOHOMHYECKOE 3Ha-
4yeHue; K; — Ko3((HULIUEHT, OTpaXkaroInii H3MEHEHHE 1IeH Ha KOHAEHCATOp-
HBIE€ YCTAHOBKH.

Benmunna x, MOXKeT OBITh MPUHATA PABHON KOI(DPHUINEHTY YBEITNICHUS
CTaBKH JBYXCTaBOYHOTO TapH(]a Ha 3JIEKTPOIHEPTHUIO K (10 CPaBHEHHIO CO
3HaueHusiMH a = 60 pyO/(kBt ¢ rom) u H = 1,8 xor/kBT ¢ 4, ycTraHoBiEH-
HeIMU 111 Benapycu npeiickypantom Ne 09-01, BBeieHHBIM B JeiicTBUE ¢
1.01.91r), koTOpHIii onpenensieTcs no Gopmye

wi rux e
- .
a+bT,-\0- E seue
e KkUky — K03 HULIEHTHI YBEJIUUYCHHS
OCHOBHOM M JIONOJHUTEIBHOW CTaBOK Tapuda Ha 3IIEKTPOIHEPTUIO
(OTIpEIeITSIOTCS ICTIeHIEM eiiCTBYIOIMMX CTaBoK Tapuda Ha 60 i 1,810 2
COOTBETCTBEHHO); [';,x — HYHCIO YacoB HMCHONB30BAHUS MaKCHMAaIbHON
Harpy3KH IpeIIpusITHL.
Bemuunna I, onpesiensieTcst B 3aBUCHMOCTH OT COOTHOILCHUS CTETICHU
KOMITCHCAIMK \|/ ¥ OTHOILICHHS HATYypalbHOW MHHHMAJbHOW HArpy3Kd K

MaKCHUMAaJIbHOM HaTypajdbHOM Harpy3ske K 1o
CIICIYFOIIIAM 7-,(igm-2y + 1) BBIp@KEHMAM:

npuy <K: /\X} 2(1-V) A E * (5_9)

Opuy> K: r,,f|i:|A, (510)

rae T— romoBoi GpoHa pabovyero BpeMeHH.

Bennunna \(/ MOXeT OBITh MPHWHATA JUIS MOJCTAHIMN C TIEPBHYHBIM
Hanpspkenuem 35, T10, 220, 500 kB paBaoit cootBetcTBenHO 0,7; 0,6; 0,5;
0,25, a mpu MUTaHKUM OT LIMH TeHepaTopHoro Hanpsbkerus — 0,25.

3uauenue K, npuHumaercs Ui 1-, 2-, 3-CMEHHOW M HENPEPHIBHOM
pa6otsr (HP) paBusiM cootBeTcTBeHHO 0,9; 0,8; 0,7; 0,8.

Bpems Bxirouenus [, st 1-, 2-, 3-cMeHHO# U HeNpephIBHON paboThI
cootBetrcTBeHHO paBHo 2000, 4000, 6000, 8500 .

Bemmunnbl Tyg 1St yka3aHHBIX Bblie 3HaueHuit 7, K, u \\e npuBeneHs! B
Tabm. 5.2.
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Tabnuya 5.2 TonoBoe YHCI0
HMCIO0JIb30BAHUS MAKCMMAJIbHOM peaKTUBHOM MOIIHOCTH NPH
noTpedIeHUN, He MPEBHINIAIOIIEM IKOHOMUYECKOe 3HaYeHHue

Uycso 4 K Tu oV 3HaueHstx \ |/
cMeH " 0,25 0,5 0,6 0,7
1 2000 0,9 1867 1800 1750 1667
2 4000 0,8 3467 3200 3000 2667
3 6000 0,7 4800 4200 3750 3000
HP 8500 0,8 7367 6800 6375 5667

VYaenbHass CTOMMOCTB TIOTEPh aKTHBHOW MomHOCTH B CJl 1 KOMIIeHCH-
PYIOIINX YCTPOUCTBAX

Cpii=arkyHoT, A0k (5.11)

Ienecoobpa3nocTh ucnonb3oBanus CJI i1 KOMICHCAIIUM TIPU OJIHO-
BPEMEHHOM MOTPEOJICHUN PEaKTUBHON MOILIHOCTH M3 SHEPTOCUCTEMBI, HE
MIPEBBIIIAIOIIEM SIKOHOMHUYECKOE 3HAUEHHUE, OTIPENEISIETC] COOTHOILIEHUEM

Hcnone3yst R, mo cnennanbHBIM TaONuaM HaXxoAAT ONTUMAabHBIE KO-
3 PUIIEHTHI 3arpy3KH CHHXPOHHBIX ABHUIaTelel Mo peakTHBHON MOIIHOC-
™1 a. Hanpumep, B T1261.5.3 must a = 0,2; 0,6; 1; 1,2 mpuBeneHbl MUHH-
MaJIbHbIe 3Ha4yeHUs! R, Mpu KOTOPBIX NMPUMEHEHHE PEAKTUBHON MOIIHOCTH
CHHXPOHHBIX JBUrareneid 10 kB sxoHOMHYeCKH 1enecoobpa3Ho 1Mo cpaBHe-
HHIO ¢ NoTpebieHreM U3 sHeprocuctemsl. [Ipu 3Hauennu R, Haxopsmemcs
B MHTEpBAaJIC MEXIy IIPUBEACHHBIMU B Ta0J. 5.3 3HaUCHHUAMH, BEJIMYHHA A
orpesensiercs TuHeHon narepnonsaiuei. [lpu 3Hauennn R, meHee ykazaH-
Horo B Tabin. 5.3 s a = 0,2, UCTIONB30BaHNE TEHEPUPYEMOIl ABUTaTEISIMU
PEaKTUBHON MOIIIHOCTH 3KOHOMHYECKH He LienecoobpasHo. Kak BumHO u3
Tab05.5.3, cuaxponnsie aeuratenu 10 kB ¢ Py, < 1250 kBt mis xomrieH-
CaIly PEaKTUBHON MOITHOCTH HE IPUMEHSIOTCS.

CymMapHas BeTMYMHA PEaKTUBHON MOLTHOCTH, TeHepUpyeMas CHH-
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XPOHHBIMU ABUTaTeNsIMU, uMeroumu P < 2500 kBt u u < 1000 mu#n ',
OmpeeseTCs Kak

epn=1«E . 613
PeakTtuBHasn MOIIHOCTb CUHXPOHHBIX ﬂBHFaTCHCﬁ, KOTOPYIO 3KOHOMMH-
YECKU HeﬂeCOO6pa3H0 HCIOJIB30BAaTh AJId KOMIICHCAIIUU TP OAHOBPECMCH-

HOM ONTHUMAJBHOM MOTPEOJICHUH PEeakKTUBHOW MOIIHOCTH M3 SHEPrOCHCTE-
MBI, BBIUUCIISIETCS TIO BBIPAXKEHUIO
2.,=ey,ten. (5.14)

OTMEeTHM, YTO CHHXPOHHBIC JBHUTaTeNd, KOTOpHIE HE LIENeCO00Pa3HO
MPUMEHATH JJI1 KOMIIEHCAIINN PEaKTHBHON MOIIHOCTH, JOJKHEI paboTaTh
c costp = 1.

[Mpumep 5.2. Xumudecknii KOMOWHAT MOJTy4yaeT MUTaHUE OT TOHMXKA
rorneit moacrannuu 220/10,5 kB. B TexHONMOrMYEeCKOM Tporiecce UCTIONb3Y
FOTCS CIEeIYIOUIUE TPYIIIbl CHHXPOHHBIX ABuratene 10 kB: \

1) 6 meurateneii mo 630 kBT, n = 500 MI/IHl;

2) 4 pBurarens o 800 kBT, n = 1500 MI/IH"l;
3) 4 neurarens mo 1250 kBt, n =500 MuH
4) 2 geurarens mo 3200 kBt, u = 750 MHH .

Bce cuaxponHbIe Apuratens nMetoT COS<Pq,= 0.9; tgcprom= 0,48.

KomOuHat pabotaer B HempephIBHOM peknMe. Bpems ucmons3oBaHus
MakcuManbHOU Harpy3ku I = 6200 u. Ha npeanpuatuu yCTaHOBIECHBI
MpuOOpHl ydeTa MaKCHUMAaJbHBIX HArpy30K. PacueT 3a 3IeKTposHepruio
OCYIIIECTBIIACTCS 10 ABYXCTaBOUHOMY Tapu]y. OcHOBHas ctaBka Tapuda
a= 1165 000 py6/(kBt-rox), nomomautensHas — 6 = 880 py6/xkBr-u.

Omnpenenure BETMYMHY PEAKTUBHOW MOIIHOCTH, KOTOPYIO SKOHOMHYEC-
KH 11eJIecCO00pa3Ho MOIy4aTh OT CHHXPOHHBIX aBurateneit 10 kB.

Pemenne. Tak kak B Ta0i. 5.3 OTCYTCTBYIOT JBUTATEIN MOUIHOCTHIO
630 kBT, To mMX He 1enecooOpa3HO NPHUMEHSATHh ISl KOMIIEHCAIUU
PEaKTUBHOW MOITHOCTH. DTH ABUTATENH AOJDKHBEI paboTath ¢ coscp = 1.

Hauboiiee >KOHOMUYHBIMHA SBJISIOTCS ABATaTEId MOIIHOCTEIO 800 kBT
(1> 1000 mue"") i 3200 kBt (P,,>2500 xBr). C yuerom toro, uro Q ,=P
H-t0<PHom, BENMYMHY PpEAKTMBHOM MOIIHOCTH, TI'€HEPUPYEMOM JAHHBIMU
3JIEKTPOIBUTATEIIAMH, onpeiesisieM 1o dopmyie (5.5)

27=0,2(4+800¢0,48 +2 3200 m 0,48) = 922 kBap.
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Tabnuya 5.3

Cunxponnble jekrpoasuraresun 10 xB

_— a MunumaneHoe 3HaueHue R npu/JIH, kBt
1250 1600 2000 2500
250 0,2 0,016 0,02 0,02 -
0,6 0,025 0,025
1,0 0,03
1,2 0,035
300 0,2 0,015 0,015 0,02 0,02
0,6 0,025 0,025 0,025 0,023
1,0 0,03 0,03 0,03
1,2 0,035 0,035
375 0,2 0,015 0,02 0,02 0,02
0,6 0,025 0,027 0,025 0,022
1,0 0,03 0,03 0,028 0,025
1,2 0,035
500 0,2 0,015 0,02 0,02 0,02
0,6 0,025 0,027 0,022
1,0 0,03 0,03
1,2 0,035
600 0,2 0,02 0,02 0,02 0,02
0,6 0,025 0,025 0,022
1,0
1,2
750 0,2 0,02 0,02 0,02 0,02
0,6 0,025 0,25 0,022
1,0
1,2
1000 0,2 0,017 0,02 0,018 -
0,6 0,022 0,022
1,0 0,025
1,2
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Haxogmm ko3¢ dunpenTs yBenndeHus CTaBoK Taprda Ha dIEKTPOIHEP-
THIO 110 BBIpakeHHIO (5.8)

1165000- ;o _ 880 _ " -4
60 *2 1810~

6019 417 + 1,8-6 200-F0"? -48 889
A = = 38 584,
60 + 1,8-6 200-1 (I’

Jns mpennpusatus ¢ HenpepbiBHOH padoroit K = 0,8. Ilpu BeICIIEM
HaNpsHKEHUH MOHmKaromiei mogcranmun 220 kB crenens xommencarmm \|/
=0,5. Torna mo Tabn 5.2 onpenenseM Tyg = 6800 u.

Ilo BeIpakeHuto (5.6), MPUHSIB K, = K, BBIUUCIAEM YAEIBHYIO CTO-
UMOCTh SKOHOMHYECKOTO TOTPEOJICHUS PEaKTUBHOW MOIIHOCTH U3 3HEPro-
CUCTEMBI

Ce=(1,2+0,03 * 6800 * FO-?) « 1,6 * 38 584 = 200 020 py6/KBap.

YIeNnbHYI0 CTOMMOCTh TOTEPh AKTUBHOW MOIIHOCTH B CHHXPOHHBIX
JBUTATEISIX MPH HETIPEPBIBHOM pexxume padothl (7= 8500 1) ompenensem
1o BeIpaxeHuro (5.11):

Cp=60°+19417+ 1,8 « 8500 « 10% « 48 889 = 8 645 037 py6/kBT.

CootHomenne ynenbHbeix croumocteit C u C

, 200020 , '
i? = e =0,023.
8645037

ITo ta6m. 5.3 ma R = 0,023 myTem nMuHEHHON MHTEPIOIAIHIH (CM.
npumep 4.1) nns nBurarens MorHOCTh0 1250 kBT 1 7 =500 mun"'
HAXOJWMM 3HaYeHre KOPPHUIMEeHTa 3arpy3KH 10 PEaKTUBHON MOIITHOCTH:

o 0,023-0,015,,. nu aco
a=0,2 + - -=-m-mmmme- (0,6-0,2)=0,52.
0,025-0,015

PeakTuBHasE MOIIIHOCTD, TEHEPUPYEMasl YETHIPHMS IBUTATEIsAMU C P =
1250 kBT, BeancisieTcst mo Beipakenuio (5.13)

0,=0,52 « 4« 1250 * 0,48 = 1248 xBap. CymmapHy0
PEaKTUBHYIO MOIIHOCTh, KOTOPYIO IKOHOMHYECKH IEIeCO00pa3HO
MOJTy4aTh OT CHHXPOHHBIX JIBUTATENel KOMOWHATA, OTIpEIeisieM Kak
Q' =922+ 1248 =2170 xBap.
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5.5. PACUET DKOHOMUYECKOI'O 3HAYEHM S PEAKTUBHOM
MOIIHOCTHU, [IOTPEBJIAEMOM U3 CETH SHEPTOCUCTEMBbI

DKOHOMHYECKH IIeJIECO00pa3HOe 3HAYCHIE PEAKTHBHON MOIIIHOCTH, T10-
TpeOsieMol MPeapUATHEM B Yachl OOJBIINX HArpy30K M3 CETH SHEPTro-
CUCTEMBI, OIIPEJICIIICTCS TI0 BBIPAXKCHUIO

&,=Prlsas, (5-15)
roe P, — maTtemaTHyeckoe OXuAaHWE pacdeTHOHM aKTHBHOW Harpy3Kd
MOTPEOUTEN Ha TPaHUIle OAIAHCOBOTO pa3TPaHUUYECHHUSI C YHEPTOCHUCTEMOI;
tg(p3; — MakcuMambHOE 3HAYEHHE 3KOHOMHYECKOro Kod(QHuIMeHTa peak-
THBHO# MOIIIHOCTH, OTPEACIIAEMOr0 ONTUMH3AIMOHHbIM (tg (p, ) WK HOp-
MaTuBHBIM (1gQ>3) METOMAMH.

Marematnueckoe OXUIAHUE PACUETHOM aKTUBHOM M PEaKTUBHOM Ha-
IpYy30K OTpeOHTEs

Pp:fCOPp, (5-16)
M s
up=u, ( >
rae P u Q — pacueTHast akTUBHAsI U PEaKTUBHAS! MOIIHOCTb MPEANPHUITUS
(c yueroMm motepb B TpaHcdopmaropax); Ko — xoaddumueHT npuseaeHus
pacyeTHOM HArpy3KH K MaTeMaTH4YeCKOMY Okujanuto, £ =0,9.
B pacuerax koMmeHcanuu, Kak IpaBHIIO, ONpPeesieTcss HOPMAaTUBHOE
3HAUYEHHE SKOHOMHYECKOT0 KO3 HUIUEHTa PEaKTUBHON MOIIHOCTH IO BbI-
PaKEHHIO

rae tg(ps — 6a30BbIi KOIPPUIMEHT PEAKTHBHON MOIITHOCTH, TIPHHAMAEMBIIA
paBabM 0,25; 0,3 u 0,4 mns cereit 6—20 kB, mpucoeuHEHHBIX K MIMHAM
MOJICTAHIIMKA C BHICIIMM HampspKeHHeM cooTBeTcTBeHHO 35, 10 m 220—
330 xB; @ — ocHOBHasi cTaBka JAeWCTBYIOIIEro Tapuda Ha aKTHBHYIO
MOIITHOCTh, py0/(kBtrox); Unm — OTHOLICHHWE MOTPEOIEHUS SHEPTHH B
KBapTaJie MaKCUMAaJbHONH HAarpy3KH 3HEPrOCHUCTEMbI K MOTPEOJICHUIO B
KBapTajge MaKCUMaJIbHOW HArpy3KH MpeAnpusaTvs (IPU OTCYTCTBUHM TaKHUX
CBEJICHUM TPHUHUAMAIOT Umay = 1); b — momomuwTensHas cTaBKa MEHCTBY-
IOIIEr0 Tapuda Ha aKTUBHYIO 3JIEKTPOIHEPTHIO, KOT/KBTU.,
Ecmu B pesynbrate pacdera mo Qopmyne (5.18) oxaxkercs, 4To
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tg ¢, , > 0,6, ero 3Hauenne npuHUMarOT paBabM 0,6. nsg muna 6—20 kB
MOHU3UTEIbHBIX MOJICTAHLMKA ¢ BhIcIIMM HanpsbkeHueM 500 kB u Beimie u
IIMH TeHEPAaTOPHOro HampsbkeHus tg ¢, ,,-0,6. Ins notpeduteneii, nuTaro-
mMxcs oT ceTu 10 1 kB sHeprocHadxaromei opranuzaliy, TIPUHUMAECTCS
<Py, ™ -

IIpumep 5.3. Omnpenenute SKOHOMHYECKOE 3HAYEHHE PEAKTUBHOM
MOIIHOCTH, IMOTPeOJIseMON B 4Yachl MaKCHMAaJbHBIX HArpy30K H3 CETH
9HEPrOCHUCTEMBI, A1 MPUOOPOCTPOUTEIBHOIO 3aBOJA, IHUTAIOIIETOCS OT
normxkatomei moacranmuu 110/10,5 kB. Pacuernas aktuBHas Harpyska
3aBOla C y4Y€TOM IIOTeph MOIIHOCTU B LEXOBBIX TpaHcopmaropax P
=10500 kBT, I'},,=3200 4. OcHOBHas cTaBKa Tapuda Ha JIECKTPOIHEPTHIO
a=\ 165000 py6/(kBt-ron), nononuurenpuas 6=880 py6/kBr-u.

Pemenne. Koaddumments yBennyeHns cTaBoK Tapuda Ha DIIEKTPO-
SHEPTHIO OTpeeNneHsl B mpumepe 5.2 : £,=19 417, &,,=48 889.

3navyeHne KodpPUIHIEHTa K{, YIUTHIBAIOIIETO M3MeHeHHe 1ieHbl Ha KY,
NpUHAMAEM paBHBIM Ky, onpeaesnsemomy o dhopmyie (5.8):

,  60-19417 + 1,8-3200-10~*-48889  ,,0co
K. =Kk = = 33852.
60+1,8-3200-10"

Tak kak cBelIcHUH O MOTPEOICHUH AIEKTPOIHEPTUU 3aBOJIOM B KBapTa-
JlaX MaKCUMAaJIbHBIX Harpy30K SHEPrOCHUCTEMBI M MPEIIPUITUS HE UMECT-
cs1, TO mpuHUMaeM Oy = 1. s cetn 10 kB, nprcoeMHEHHOW K [ITMHAM
NOJCTaHIMK ¢ BeIcIMM HampsokenueM 110 kB, 6a30Bbiit K0d¢hdumeHt
peaktuBHOU MomHOCTH 1§(s=0,3. B 3TOM ciyyae MakcuMallbHOE 3Haue-
HUE SKOHOMHUYECKOTr0 KO3 (HUIIMEHTa PEaKTUBHON MOIIHOCTH OIpeeisier-
s 10 BeIpakeHuIo (5.18)

240-0,3-33 852

tg9 = - =0,44.
1165 000 + 50-880 « 100
Boeruncnsiem mo ¢gopmyse (5.16) mareMaTHdeckoe OKHIIAHHE pacueT-

HOM aKTUBHOMW Harpy3ku 3aBojia:
P,=0,9 10500 = 9450 xBr.
DKOHOMHUYECKH 1IeIeco00pa3Hoe 3HaueHHe PEeaKTHBHON MOITHOCTH, TT0-
TpeOasieMoll B 4achl MaKCUMAIIbHBIX HAarpy30K M3 CETH 3HEPTOCHUCTEMEI,

OTIpeIEIISAETCS 10 BhIpaKeHH o (5.15)
Q =9450 0,44 =4158 xBap.
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5.6 AHAJIM3 BAJJAHCA PEAKTUBHOM MOIIIHOCTU HA TPAHULIE
PA3JIEJIA CETU IIOTPEBUTEJIA 1 DHEPTOCUCTEMBI

[Mocne onmpenenenns Quy Q' 1 Q BhIUUCIHACTCS BEIMYHHA

Ae' = Gp-G,,k1-G1a<2,- ™)

Ecmu Ag'<0, To pekoMeHIyeTCsl yMEHBIINUTH Qy 10 obecredeHns
yenoBust AQ'=0. Ha aTom pacyer koMIieHCAITUN 3aKAHIUBACTCS.

IIpu ycraHoBKe B y3/1€ Harpy3Kd OONBLIOIO YHCIA CHHXPOHHBIX
JIBUraTesel, IeHEepUpPYIOIMX PEaKTUBHYIO MOIIHOCTb, YHCJIEHHO IIpe-
BOCXOJISIIIYI0 PACUYETHYIO DPEAKTUBHYI HArpy3Ky OCTaJIbHBIX 3JIEKTPO-
IIPUEMHHKOB,

eP-e”Kl-e:Z{<O' (S'FO)

B stom CjIydac B LCIIIX OrpaHUYCHHA BblAa4U pCaKTHBHOﬁ MOIITHOCTH
B CEThb YHEPrOCHUCTEMbl PEKOMEHIYETCs IPEAYCMOTPETh PaboOTy CHHXPOH-
HBIX JBHUTaTelNel co 3HadeHneM COS ¢, 6mm3kum k 1. Texaudgeckuit npenen
TeHEPUPOBAHMUS PEAKTHBHOW MOIIHOCTH B CETh 3HEPrOCHCTEMBI B YaChI
MaJbIX Harpy3ok omnpenernsercs npu tgd, = 0,1.

IIpu AQ' > 0 momkHa OBITH paccCMOTpPEHAa BO3MOXHOCTH TOIYUYESHHS
HEJOCTArOIIeH peakKTUBHON MOIIIHOCTH CIEIYIOIUMH CITIOCOOaMH:

1) OMOJHUTEIBHBIM TEHEPUPOBAHUEM PEAKTHBHOW MOIIHOCTH CHHXPOHHBIMA
JBUTaTeIIMHA MOoIHOCTRIO 10 2500 xBt m n < 1000 MuH ~', ecitm uX
pacrionaraemMasi peakTHBHAsE MOIIHOCTh HE HCIIOJIb30BaHA IOJHOCTBIO
npu onpeaeneHuu Q (a < 1,2);

2) nomonHuTenbHOM ycTaHoBkoi BHK (cBepx Qunm );

3) ycraHoBKoO#i Oarapell BBICOKOBOJIBTHBIX KOHJIEHCATOPOB B y3lax
Harpy3ku 6—10 kB (ans mpenmpuaTuii ¢ HEMpepBIBHBIM PEXKUMOM
paboThI);

4) JOTOMHWUTENBHEIM TIOTPEOJIEHHEM PEaKTHBHONW MOIIHOCTH W3

9HEPTrOCHCTEMBI, TPEBBIIIAIOIIM YKOHOMHYECKOE 3HAUCHHE.

[Mepeuncnennbie criocoObI TTOMYUSHHST PEAKTUBHONW MOIITHOCTH PaccMaT

PHUBAIOTCS B3aUMOCBSI3aHHO COTJIacHO [28].

5.7. PASMEIIEHUE KOHJIEHCATOPHbBIX YCTAHOBOK U YIIPABJIEHUE UMU

IIpy ncnonbp30BaHUM 711 PACHPEAEICHHUS ANIEKTPOIHEPTHH MaruCTpaib-
HbIX muHONpoBoAoB (MIII) ycranoBka BHK moxeT ocymiecTBiasThCS He-
MOCPEICTBEHHO B PON3BOJICTBEHHBIX TIOMEILICHUSX, €CIIM OKPYKaromast
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cpella He COJEPXKUT MPOBOJAIICH MBUIH, XUMHUUECKHA aKTUBHBIX BEIICCTB,
HE OTHECEHa K B3PBIBOOIIACHBIM HJIM TI0YKaPOOITaCHBIM 30HAM, UCKITFOYEHBI
MeXaHW4YeCcKHe BO3ACHCTBUS OT TPAHCIOPTHBIX CPEJCTB U IIEPEMENaeMBbIX
Tpy30B, a creneds 3amuTel 06omoukn bHK we aike IP4X. [Ipu sTom Ha
ommom MII cnexmyer mnpemycMaTpuBaTh YCTaHOBKY He Ooiee ABYX
6sm3kux o momrHocTH bHK.

Ecnu ocHoBHBIE peakTuBHBIE Harpy3ku MIII mpucoeauHs0TCS BO BTO-
pOii ero IOJIOBMHE, TO CIIEAyeT yCTaHaBIMBaTh Toilbko omHy BHK (pmc.
5.2, a). Touka ee IPUCOCTUHECHNUS ONPEACIISICTCS] YCIIOBHEM

Qn=">Qp+; (5.21)
rae Qn u £2,+1 — Haubombime peakTiBHbIC Harpy3ku MIII nepen y3mom h
u mociie Hero; Quk — MormHocTs BHK.
I[Tpu npucoequuennn k MIL nByx BHK (puc. 5.2, 6) TOUkH MX MOIKITIO-
YEHUI HAXOAAT U3 YCIOBUI:

JanpHe 1mo oTHomieHnto K TpaHcopmatopy BHK momuocTBIO Qs

Qi>Qrz>Qy41, (5-22)
OymkHeH mo oTHoIeHUO K TpaHchopmaTopy BHK MormHOCTEIO Qi
Qh ~QHK2 >1I"> Q. -VDK2- (5.23)

BHK c ennanaHO# MomHOCTRIO 10 400 KBap moakirodaercs k MIL 6e3
JOTIOJIHATENBHOM  YCTAaHOBKM KOMMYTALIMOHHOTO —amnmapaTta, a IpH
momHocT Oosiee 400 kBap — dYepe3 KOMMYTalMOHHBIN ammapat. Eciu
YCJIOBHSI OKPYKAIOIIEH Cpelbl OTIWYAOTCS OT BhIieyka3aHHBIX, To BHK
PEKOMEHJIyeTCsl YCTaHABIMBaTh B IOMEIICHHSIX ILIEXOBBIX TpaHchopma-
TOPHBIX MOJCTAHIUHA C MOJIKIIOYEHHEM K COOPHBIM IIMHAM HU3LIETO Ha-
MPSDKEHUST C TIOMOIIBI0 aBTOMATMYECKOTO BBIKIIIOUATENs pacipesen-
TenpHOrO ycrporictBa. BHK moryr Takxke pasmemiatbess U B JIPYTHUX
3IEKTPOTIOMEIIECHHUSAX.

VYcranoBku BBK cienyer pasmemars, Kak MpaBWiIo, B CIIEIIMAIBHBIX
TIOMEIIEHUX, @ TAK)KE B AJIEKTPOMAITMHHBIX IOMELIEHUAX U MOICTAHIIUX.

VYcranoBkn BHK u BBK momxHBI MMeTh pydyHOE yHpaBieHHE IS
BKJIFOUEHHS WM OTKIIOYEHHSI YCTAHOBKH B LIEJIOM M €€ YacTH JKCIUTyara-
IIUOHHBIM [IEPCOHAIIOM.
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MIII Qn Qn
<£> TyT

OHK

<2>/\ °|_a Q Q,
f
T%-~T

-HKI e,

Puc. 5.2. Cxemsl nogkmrouenust BHK k MarucTpanbHbIM IKHOIPOBOAAM

YroObl 00ECTIEYUTh ONTHMANBHBIA PEKUM PaOOTHI SJICKTPUUECKUX Ce-
TEH ¢ MepeMEHHBIM TpaduKOM MOTPeOICHUsS] pEaKTUBHON MOIIHOCTH, yCTa-
HoBku BHK B cBoeM cocTaBe JOKHBI MMETh yCTPOMCTBA aBTOMAaTHYeC-
KOTO CTYMEHYaTOTO PETyIHpPOBaHUS MOIIHOCTH B (DYHKIMU pPEaKTHBHOM
MOIIIHOCTH, PEAKTUBHOTO WJIHM MOJHOTO TOKa y371a Harpy3ku, K KOTOpOMY
nonkimodyeHa BHK. Dtomy ycroBuio ymoBIeTBOPSIIOT yCTaHOBKH THIIA
YKM, VKT, YKTb, AKY u 1.1

ABTomarHnueckoe perynupoBanue wmomiHoctH BBK  pexomenmyercs
OCYIIECTBIATh MPU HATUYUHU Yy TOTpeduTens BhIKIouaTeneit 6—10 kB,
IIPEeIHA3HAYECHHBIX JUIS YaCTOM KOMMYTAallMM EMKOCTHOM Harpysku. IIpu ux
OTCYTCTBUU HE CJIEAYET peryaupoBath MontHocTh bBK.

KonneHcaropsl Oarapedl JAOJDKHBI UMETh pa3psAHbIE YCTPOWCTBA, B
Ka4eCTBE KOTOPBIX MOT'YT IPUMEHSTHCS:

* TpaHcQOpMATOPbl HANPSHKEHUS WM YCTPOMCTBA C  aKTUBHO-

WHIYKTUBHBIM corpotuBiieHueM it BBK;

* YCTPOWCTBA C aKTUBHBIM WJIM AKTHBHO-WHAYKTUBHBIM COIIPOTHBIEHUEM

g BHK.
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B ycranoBkax BBK paspsiaHbie ycTpoiicTBa JOMKHBI OBITH MOCTOSIHHO
MIPUCOEIMHEHBI K KOHAEHcaTopaM (0e3 KOMMYTallMOHHBIX anmnaparoB). Jlis
BHK pexomMenayeTcst aBTOMaTUYECKOE BKIIOUEHHUE Pa3psAHBIX YCTPOWUCTB
B MOMEHT OTKJIIOUEHMsI KOHAeHcaTopoB. [Ipyu 3TOM 17151 KOHAEHCATOPOB CO
BCTPOCHHBIMHU Pa3psAHBIMUA CONPOTUBIICHUSMH HAPYKHBIX pa3psaHbIX yC-
TPOWCTB HE TpeOyeTcsl.

KonneHcaTopHble YCTAaHOBKM B LIEJIOM JOJDKHBI UMETh 3aLUTY OT TO-
KOB KOPOTKOTO 3aMbIKaHHs, IEHCTBYIOUIYIO Ha OTKIIIOUEHHE 0€3 BBIICPKKI
BpPEMEHHU.

IIpumep 5.4. Omnpenenure mecto npucoenuHenuss bBHK MomHocThO
Quk~ 300 KBap K MaruCTPaILHOMY IIHHOIPOBOLY. PeakTHBHbBIE HAIPY3KH
B y3max 1—5 u Ha ormenbHbIX y4yacTkax MI B KuimoBodbT-ammepax
PEaKTUBHBIX MPUBEACHBI Ha pUc. 5.3.

Pemenne. Beimonnsem mnpoBepky ycioBus (5.21) nmns Bcex y3ioB
Harpy3ku MIII:

100 120 150 200 60

Puc. 5.3. Cxema pacnpeneneHus: peakTUBHBIX Harpy30k B MIII

y3en;, 630>300/2<530;
y3en 2 530>300/2<410;
y3en3 410> 300/2 <260;
yzen4 260>300/2>60;
yzen 5 60<300/2>0. OgeBugHo, uTo yciosuio (5.21)
YIOBJIETBOPSIET y3el 4, B KOTOPOM IiesiecooOpaszHo moakmounTs bBHK
MomHocThio 300 kBap.
Ipumep 5.5. g cxembl, IOKa3aHHON Ha puc. 5.3, ONpeneuTe TOUKU
npucoenunenua k MII asyx BHK. bnwxusas BHK umeer momiHocTh
Onk1=150 xBap, naneHss Ohx,= 200 kBap.
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Pemenwne. Ilo ycmoButo (5.22) maxogum Touky moxakimrodeHwst Kk MIILI
nmaneHer BHK:
yzen 5  60<200>0; yzem4 26020060; yzen 3 410>200<260. Takum
00pazoM, ONITHMAITEHBIM MECTOM TTOAKTIoUeHHS nanbHeit BHK sBiasercs
y3en 4.
Mecto noaxmrouenust k MU 6mmkueit BHK onpenensiercs no ycmo-
Buto (5.23)
yzenl 630-200 >150/2<530-200; yzen 2  530-200 >150/2<410-
200; y3en 3 410-200 >150/2>260-200; yzen 4  260-200 <150/2>60-
200. brmoxnsis BHK momHOCTRIO 150 KBap M0MKHA OBITH MTOKITIOYCHA B
y3ie 3.

6. IPOEKTHUPOBAHUE CUCTEM PACIIPEJIEJIEHUSA
SJIEKTPOOHEPI'MU HAIIPSI’KEHUEM 10 1 kB

6.1. OBILIME TPEBOBAHUI,
IIPEIBABIIIEMBIE K ITPOEKTAM 2JIEKTPOOBOPY JIOBAHU

BpI160p 3KOHOMMYECKH 1L1e/IeCO00Pa3HOro BapHaHTa MPOEKTa CUIOBOTO
¥ OCBETUTEIBHOTO 3JIEKTPOOOOPYIOBaHHS HEOOXOIUMO OCYIIECTBIATH MO
MHHUMYMY TIpHUBEICHHBIX 3arpaT. CpaBHHBaeMble BapHaHTHl 10
TEXHHYECKOMY YPOBHIO, HaJIS)KHOCTH U YI0OCTBY IKCIUTyaTallly JOJKHBI
yIOBJIETBOPATh TPEOOBAaHUSAM, NPEABSIBISIEMBIM K IIPOCKTHPYEMOMY
00BEKTY.

KoHCTpyKIHMIO, BUI NCTIOIHEHHMS, CIOCOO YCTAHOBKU M KIIACC U3OJISILIUH
AIIEKTPOOOOPYIOBAHHS M MAaTEPHAIOB CIEAyeT NMPUHUMATh B COOTBET-
CTBUU C HOMMHAJIbHBIM HANPSDKCHUEM CETH M YCIOBHSMHU OKpYXKaloIIei
cpeabl. DJIEeMEHTHI AJIEKTPOYCTAaHOBOK (TpaHC(hOPMATOPBI, 3JIEKTPOIBHUIA-
TEIM, TeHepaTophl, alnaparbl, MPOBOAA, Kadenu, MUHBI U T.I1.) JOJDKHBI
BBIOMPATBHCS TAKOH MOIIHOCTH JIM C TaKOHM JUIMTENBHO JIONYCTHMON Ha-
IpY3KOH, KOTOpbIE HEOOXOIUMBI JIJIsl TPENOTBPAICHUS] X YPE3MEPHOTO
Harpepa B YCJIOBHUSX HOPMAJIBHOM 3KCIUTyaTalllH.
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B nocneaBapuiiHbIX pekuMax MOTYT JOMYCKaThCs MEperpys3Ku, MPUBO-
JILIUE JIMIIb K YCKOPEHUIO TEIIOBOTO U3HOCA U30JISLIMH, HO HE BBI3BIBAIO-
M€ €e pa3pyIIeHHs WM PacCTpoiicTBa pabOTHl YCTaHOBKU. BemmunHBI
JIOIIYCTUMBIX IEPErpy30K YCTAHABIMBAIOTCS COOTBETCTBYIOIIEH HOpMa-
TUBHO-TEXHHUYECKONW M TEXHOJIOTMYECKON TOKYMEHTAIMEH WM Ompemesis-
FOTCSI CIIELIMATIEHBIMU pacyeTamMHu.

IIpn HaTMUUHM AIIEKTPOIBUTATEINCH, pabOTAIONTHX B TIOBTOPHO-KPATKOBPE-
MEHHOM WJIH NEPEMEXKAIOLIEMCS PEKUME, CBAPOUYHBIX AIIAPATOB, TYyTOBBIX
ANIEKTPOIIEYEH, a TAKKE AIEKTPOIIPUEMHUKOB, TUTAIOLIUXCS OT BEHTHIIBHBIX
npeoOpaszoBareieil, B MPOEKTax 3JIEKTPOYyCTAHOBOK JIOJDKHBI MPEAyCMAaTpH-
BaTbCsl MEpPBl Uil MONIEPKAHUS HOPMHUPYEMBIX IIOKa3aTeled KadecTBa
ANIEKTPOIHEPIUU. B 31EKTPUUECKUX CETSAX, B KOTOPBIX YACTh 3NEKTPOIIPUEM-
HHUKOB TIOJTy4YaeT 3JIEKTPOSHEPIHI0 OT BEHTHIBHBIX MTpeoOpa3oBatesnieil, KoM-
MEeHCALMsS PEAKTUBHON MOIIHOCTH C MOMOMIbI0 KOHAEHCATOPHBIX 6aTapeI71
JIOJKHA OCYIIECTBIISITHCA C IPUMEHEHUEM CIIEIMAIBHBIX CXEM U YCTPOWCTB,
O6CCHC‘II/IB3IOHII/IX (bwnﬂpaumo BBICHIMX T'ApMOHHWK TOKa W HAIIPAKCHUA WIN
OTCTPONKY OT pe30HaHCa Ha YacTOTe MepBOil rapMOHUKH [27].

Ha geprexax miaHoB U pa3pe30B MOMEMIEHUH U HapyKHBIX YCTAaHOBOK
ciefyeT 0003HaYMTh I'PAaHMIBI B3PHIBOOMACHBIX M TOKAapPOOMACHBIX 30H,
KATErOpUU U KIIACCHI MOMEIEHUN 110 YCIOBUAM cpefpbl. B MOsSCHUTENbHON
3allUCKE W Ha YepTekax MPOEKTa HEOOXOIWMO MPHUBECTH yKa3aHUsS II0
3a3eMJICHUIO U 3aHYJIEHUIO0 000py10BaHMUS.

[pu IpOEKTUPOBAHNK CHUIIOBOTO JIEKTPOOOOPYIOBAHHS HYKHO YUUTHIBATH
0COOCHHOCTH TEXHOJIOTHHU ¥ TIEPCIIEKTUB PAa3BUTHSI TIPOMBIIIICHHOTO O0BEKTA,
KOTOpBIE OTPAXKEHBI B TEXHOJIOTMYECKOU U CTPOUTENIBHOM YacTsIX MPOEKTA.

Ecnu B mepcrnekTuBe BEPOSITEH POCT AIEKTPUUECKUX HArPy30K, TO B
MIPOEKTE CIAEAYET MPELyCMOTPETh BOZMOXKHOCTh PACLIUPEHUS SIEKTPOYCTa-
HOBOK ITyT€M 3aMeHBI WU T00aBIEHHUS TPAHC(HOPMATOPOB U AIIEKTPUIECKUX
anrmaparoB, MaHeJNel Wi mKa(oB B paclpeeTuTeNbHbIX YCTPONCTBAX, JTH-
HUH 2eKkTpudeckoil cetu. He nomyckaercst co3nanue 3amacoB B KOHKPETHO
YCTaHABJIMBAaEMOM, YKA3aHHOM B CHETU(PHUKAIIIX TPOEKTA IIEKTPOOOOPYI0-
BaHNH. BEIOOp 3MeKTpo0OOpyIOBaHUS IJIsl KaXIOW MPOMBIIUIEHHON ycTa-
HOBKHM OCYIIECTBJISIETCS 110 PACUETHBIM HAarpy3KaMm, OIpeIeiICHHBIM Ha OcC-
HOBE YHMCIIa U MOITHOCTH (PAKTUIECKUX EKTPONPHUEMHHUKOB M UX OXKHIae-
MO 3arpy3Ku. DJIEKTPUUECKUE HArPy3KU JOKHBI PACCUUTHIBATHCS B COOT-

136



MMPOEKTUPOBAHUE CUCTEM DJIEKTPOCHABXEHV

BETCTBHU C JICHCTBYIOLIMMHI PYKOBOASIIMMU TEXHUYECKUMH MaTepHaslaMu.
[Io BO3MOXHOCTH PacueTHYIO HArpy3Ky CIeIyeT ONpEAEIATh Ha OCHOBE
HaCHOPTHBIX JaHHBIX MPOU3BOJCTBEHHOTO 00OPYIOBAaHUS C yYETOM PEaIbHO
OKMIAEMOI TEXHOIOTHYECKOH CXeMbl pabOThl, MPOU3BOIUTEIILHOCTH yCTa-
HOBKH U 3arpy3KHd OTIETbHBIX MEXaHn3MOB. [Ipu OTCyTCTBUM TaKUX ITaHHBIX
pacdeTr IMEKTPUYECKOW HArpy3Kd BeAETCS C IOMOILBI0 Ko3(duimeHTos,
BBIIBJICHHBIX Ha ACHCTBYIOIIMX YCTAHOBKAX, aHAJIOTMYHBIX IIPOEKTUPYEMOH.

Bo Bcex ciyuasix, Korzaa 3TO JOMYCTUMO IO YCJIOBHSAM 3JIEKTPOIIPUBO-
Jia, 1es1eco00pa3Ho HCIIOIb30BaTh 3JIEKTPOJBUTATEIN IIEPEMEHHOTO TOKA.
st HeperynmupyeMbIX MEXaHU3MOB JUTUTEIBHOTO peKUMa padoThl (BEHTH-
JISITOPBI, BO3AYXOAYBKH, KOMIIPECCOPBI, HACOCHI, TPUBOBI ITpeoOpazoBare-
neii, ApoOuiaky U T.1.) npu MomHoctu 100 kBT 1 Gonee pekomeHayeTcs
NPUMEHATh CHHXPOHHBIE AJeKTpoaBurarend. OTKa3 OT HCIOJIb30BAHUS
TaKUX JIBUTATENIeH clieyeT 000CHOBATh B TEXHOJIOTHYECKOM YacTH MIPOCKTa
WIN B MPOEKTE 3JIEeKTponpuBoaa. [lyck CHHXpOHHBIX 3JIEKTPOABHTaTeIcH
JIOJDKEH MPEeIyCMaTpUBATHCS 10 BO3MOXKHOCTH MO MPOCTEHIINM cXeMam
MIPSIMOTO BKJIFOUCHUS Ha TIOJTHOE HAMpsDKEHUE ceTH [27].

DNEeKTPOJABUraTe N MMOCTOSIHHOTO TOKA JOMYCKAeTCs MPUMEHSTH TOJb-
KO JUISI MEXaHM3MOB, TPEOYIOMIUX IIMUPOKOTO U TUIABHOTO PETyIHUPOBAHUS
YaCcTOTHl BPALICHUS (eCIM YaCTOTHOE PETyJHUpOBAHUE aCHHXPOHHBIX JBH-
rarenedl okaxkercs: HedP(EKTUBHBIM), U JUII MEXaHU3MOB, WHTCHCHBHO
paloTaromyx B IOBTOPHO-KPATKOBPEMEHHBIX WM MEPEMEXAIOIINXCS pe-
kuMmax. Brpi0op cmocoba perymupoBaHUS YacTOTHI BpalleHHs paboumx
MEXaHU3MOB OCYLIECTBIISETCS B IPOEKTE 3JIEKTPOIIPUBOIA.

ITpu NpOEKTUPOBAHUH 3IEKTPUUECKOTO OCBELIEHHS JOIKHBI OBITH 00ec-
NIeYeHbl HOPMBI OCBEILIEHHOCTH, TI0Ka3aTeIn KadecTBa U OecriepeOoiiHOCTh
JEWCTBHUS OCBEIICHUS, yI00CTBO OOCITYKHBAHUSI OCBETUTEIBHONW YCTaHOB-
KM U YIPAaBJICHUS €10, a B HEOOXOJUMBIX CIy4asX — COOTBETCTBUE OCBE-
HIEHUs] TPEOOBAHUSIM TEXHUYECKON 3CTETHKU.

6.2. HOMMHAIJIbHBIE HATIPSKEHUA 1O 1 xB

st cucteM BIeKTpOCHA0XKEHUSs, CeTel 1 AIEKTPOIPUEMHHKOB 110 1kB
coriacHo ['OCT 2128—=83 ycTaHOBIEHBI CIeYIOIINEe HOMUHAIbHbIE
HANPSDKEHUS: * TIEPEMEHHOro oHoda3Horo Toka: 6, 12, 27, 40, 60, I10,
220 B;
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* mepeMeHHOro Tpexdasznoro Toka: 40, 60, 220, 380, 660 B;
* [OCTOSIHHOTIO TOKa: 6, 12, 27, 48, 60, 10, 220, 440 B.

He Bce yka3aHHble BbIe 3HAUEHMSI HANPSHKEHUH COOTBETCTBYIOT CTaH-
nmapty MOK. B gactHocTH, ctangaprom MOK 1iis anekTpudeckux ceted u
000pyA0BaHKs NpeyCMOTpeHbI TpexdasHble cucTeMbl Hampsbkenuid 230/400,
277/480 u 400/690 B. Homunansnoe nanpspxenue 230/400 B mpussaHo 3ame-
HHUTB ACHCTBYIOIIME BO MHOTHX cTpaHax Hampsbkenus 220/380 u 240/415 B.
Oto OyneT cnoco0CTBOBATh PACIIUPEHHIO U YIITyOIeHUI0 MEXIYHAPOIHO-
r0 TEXHUYECKOTO M TOPrOBOI'O COTPYAHUYECTBA CTpaH, BXoasaumx B MOK.
Jlst 3aMeHBI CYIIECTBYIONIETO B Halliel crpane HanpsbkeHus 220/380 B Ha
230/400 B u cootBerctBenHo 380/660 B na 400/690 B Tpebyetcs Bpems,
TaK Kak TaKkoe PelICHHE 3aTparuBaeT MHTEPECHl HE TOJBKO BCEX MOTpeOuTe-
JIelt 37IeKTPO3HEPT UM, HO U TIPOU3BOAUTENEH Pa3HOOOPA3HOM 3IEKTPOTEXHUYIEC-
kol mpoaykuuy. OfHaKO B TIEPCIIEKTUBE, TIOCIIE BHECEHHST COOTBETCTBYIOIINX
W3MEHEHHH B OCHOBOIIOJIATAIOIINI CTAaHAAPT Ha HOMUHAIbHBIC HATPSDKCHHUS,
Takas 3aMeHa JIOJDKHA TPOW30UTH [23], 9TO HEOOXOIUMO YUHTHIBATH TPH
NPOEKTUPOBAHUH CUIIOBOTO U OCBETUTENBHOTO 3IEKTPOOOOPYI0BaHHSI.

B mpomebIneHHbIX 21eKTpoycTaHoBKax 0 1 kKB HamOombiee pacmpoctpa-
HEHHE MOoIy4Ymia TpexdasHas 4eThIPEXIIPOBOIHAS M TPEXIPOBOAHAS CUCTEMA
220/380 B. Ona mo3BossieT muTaTh Tpex(asHbie U 0JHO(A3HBIC AIEKTPOIPH-
€MHHKH, BKIIOUYCHHbIE Ha JINHEWHbIC U (ha3Hble HaNpspkeHus. [lanHas cuctema
NPUMEHSIETCd BO BCEX CIydasX, KOTAa ATOMY HE MPEISITCTBYIOT MECTHBIE
YCIIOBUSI M €CJTH C TIOMOILBIO TEXHUKO-3KOHOMUYECKOTO pacyeTa He JT0Ka3aHa
1eJIecO00Pa3HOCTh HCIIOIB30BaHUs 0OJiee BBICOKOIO HANpPsDKeHUsl. Makcu-
MaJibHas MOIIHOCTb €JUHUYHBIX TpeX(a3HbIX IEKTPOIPUEMHHUKOB, IIUTAI0-
mmxcst oT cuctemsbl 220/380 B, kak npaBuiio, He TOJKHA MTPEBHIIATh BEIU-
YHHBI, TOMYCKAIOIIEH MPUMEHEHHE KOHTAaKTOPOB Ha crity Toka 630 A [27].

Cucrema Hanpspkenust 380/660 B mo cpaBHEHUIO ¢ CHCTEMOW Harmpsi-
sxerus 220/380 B cHmkaet 3aTpaThl Ha KaOCJIbHYIO CETh MPUMEPHO Ha 25
% u motepu anekTposHepruu B 1,3—1,4 paza [10]. Oxrako npu cucteme
380/660 B Bo MHOrHX Cllydasx COXpaHSETCS HEOOXOAMMOCTh UMETh CETh
Hanpspbkenuem 380 B, kotopast TpeOyercst 1Sl MUTaHUS OCBETHUTENBHBIX
YCTaHOBOK, THPUCTOPHBIX npeoOpa3oBarenen 3JIEKTPOIHEPTHH,
3JIeKTpoBUTaTENe MOMHOCTRI0 0 0,4 kBT, cpencTs aBToMaTH3anuu u
1.11. CoBMecTHOE ucnosb3oBanue HanpspxeHui 220/380 B u 380/660 B Ha
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OJTHOM 00BeKTe CHIXAeT 3PPEKTUBHOCTD U SKOHOMHUYHOCTH CUCTEM DJICK-

TpocHaOX)eHusT moTpeduTeneil. B cBs3u ¢ »TuM Hanpspkenue 660 B peko-

MEHIIyeTCsl IIPeIyCMaTpUBaTh B MPOEKTaxX BHOBb CTPOSIIUXCS IPOMBIII-

JIEHHBIX 00BEKTOB, 00JIAIAIONTNX CIEeAYIOMUME npu3Hakamu [10]:

1) OCHOBHYIO 4YacTh JJIEKTPONPUEMHHUKOB COCTABJISIOT HHU3KOBOJBTHBIC
AIEKTPOBUTATEIIH ITEPEMEHHOT0 TOKa MOIITHOCTRIO Ooiee 10 kBT;

2) mpuMeHeHHe HanpspkeHus 660 B mMo3BONIsSIET 0TKA3aThCs OT ITOCTPOEHUS
paseetBiieHHON ceTn 380 B ¢ obecniedeHneM mpu HEOOXOIUMOCTH I10-
nydenus: HanpspkeHus 220 B anst oTAenbHBIX 3IEKTPOIPUEMHUKOB OT
CHENUANBHBIX MOHWKAIOUIUX TPAHCHOPMATOPOB;

3) kabenbHBIC TMHUH ICKTPHYECKOM ceTH 10 1 KB MMEIOT 3HauuTeNbHYI0
JUIAHY;

4) 3aBOJIBI-U3rOTOBUTEIN TEXHOJIOTHMYECKOT0 000pya0BaHUs oOecreyrBa-
IOT TIOCTaBKY KOMILJICKTYEMOI'O 3JIEKTPOOOOPYIOBAaHHUS M CHUCTEM YII-
paBiieHus Ha HanpsbkeHuu 660 B.

Kax ormeuaercs B [10], yka3aHHBIM NpU3HAKAM B OCHOBHOM YIIOBJICT-
BOPAIOT O6T>CKTI:I BO)Z[OCH36)K€HI/I$I, JICCOTEXHUYCCKHNX KOMINICKCOB, XUMU-
4ecKoil 1 HehTEXUMHUECKON MPOMBIIIEHHOCTH.

Ecnu nenecoobpa3HocTh npuMeHeHus: HanpsbkeHust 660 B He siBisieTcst
OYEBUIHON, TO BHIOOP HOMUHAJIBHOI'O HANpPsDKEHUsSI HU3KOBOJBTHOW CETH
OCYILIECTBIISIETCS] HA OCHOBE TEXHUKO-3KOHOMHYECKHUX PacyeToB.

IIpu HampspxkeHun 660 B 31eKTpOyCcTaHOBKH TOJIKHBI UMETh 3a3€MJICH-
HYI0 HEUTpasb, a KaOelbHasl TPOAYKIIHS BEIOMpAThCs ¢ n3oirsiuer Ha 1 kB.

IIpu mpoextupoBanuu COC cienyeT uMeTh B BUy, uto MOK orpanu-
yuBaeT npuMeHeHne Hanpspkerus 400/690 B u pekoMeHIIyeT HCIoNb30-
BaTb €T0 TOJIBKO JJIsI KPYITHBIX MPOMBILIIICHHBIX M TPa’KIAHCKUX OOBEKTOB.

6.3. PEXXMMbI HEUTPAJIM DJIEKTPOYCTAHOBOK JIO 1 kB

B cootBercTBHu ¢ [4] B Tpexda3HBIX CETAX MIEKTPOycTaHOBKH 10 1 kB
MOTYT OBITH C TIIyX03a3eMJICHHOHN MM M30JMPOBAaHHON HEUTpaJbio TeHepaTo-
POB ¥ TpaHCcHOPMATOPOB. DJIEKTPUUECKUE CETH TPOMBIIUICHHBIX 00BEKTOB
BBITIOJTHAIOTCS, KaK MPaBUIIO, C TIyX03a3eMJIEHHOH HeHTpaibio. ColpoTHBIie-
HUSI 3a3eMIISTIOIIUX YCTPOUCTB, K KOTOPHIM MPUCOENUHSIOTCS HEUTpaIn Te-
HEpaTOPOB M TPAHC(POPMATOPOB, JOJDKHBI ObITh MPU JINHESHHBIX HAPSDKSHUSIX
220, 380 u 660 B He 6oitee 8, 4 1 2 OM COOTBETCTBEHHO.
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CeTtH ¢ M30JIMPOBAHHON HEUTpaANBIO cOocTaBIAIOT mpuMepHO 30 % Bcex
cereii HampspkeHneM 10 1 kB. OHM TPUMEHSIOTCS TPHU TOBBIMICHHBIX
TpeOOBAHMAX K 3JICKTPOOE30IIaCHOCTH U HAACKHOCTH DIICKTPOCHAOKEHUS:
B IIAXTaX ¥ HOJ3EMHBIX COOPY)KEHHSX, IEPEABIKHBIX YCTAHOBKAX, a TaK-
e Ha TOpQSHBIX pa3padOoTKax, NPEANPUATHIX XUMUUECKOH, TEKCTHIBHOM,
HedTe- 1 razomnepepadarsiBaoniell MpoMbIIuIeHHOCTH. [Ipu 3TOM Hapsany ¢
3a3eMJICHHEM HEOOXOJMMO BBITIONHATH 3aAIIUTHOE OTKIIIOUEHHE WM OCY-
HIECTBIATE KOHMPOJIb COCMOAHUSA USOAAYUYU IAEKMPULECKOU CEeMU.

OJEeKTPOYCTaHOBKH MOCTOSIHHOTO ToKa 0 1 KB MoryTt ObITh € Tiyxo3a-
3eMJICHHOH, a TIPH MOBBIIIEHHBIX TPEOOBAHUSIX K JIEKTPOOE30MAaCHOCTH — C
W30JIMPOBAHHOM CPEIHEN TOUKOM.

B 4eThIpexmpoBOIHBIX CeTsX Tpex(asHOro TOKa M TPEXMPOBOIHBIX
CEeTAX MOCTOSHHOTO TOKA TITyXOe 3a3eMJICHHE HEHTpalld WK CpeaHel Tou-
KM HCTOYHUKOB ITUTAHUS SBJISICTCS 00s3aTeIbHBIM [4].

Crangaprom MOK npenycmotpenst cuctembl TN, TT u IT, pernamen-
TUPYIOIIME Pa3Hble PEKUMBI HEUTpaNIU B AJIEKTPUUYECKUX ceTax a0 1 kB
TpexdaszHoro Toka [23].

B cucreme TN HenmocpencTBEHHO C 3eMIIel COSIUHSIETCS TONBKO OJHA
Touka. [Ipu 3TOM mocTymHBIE A1 TPUKOCHOBEHUSI METAIMYECKHE YaCTH
9JIEKTPOYCTAHOBOK MPUCOCAMHSIOTCS K HEHTpadM ¢ MOMOIIBI0 HYJIEBOTO
NpoBOIHKMKA. B 3aBucHMoOCTH OT ycrpoiictBa HyneBoro padouero (N) u
HyneBoro 3amuTHOro (PE) mpoBoAHWKOB naHHAs CHCTEMa MOXKET UMETh
TpH BapuaHTa MCIIOJHEHUS, TOKa3aHHbIX Ha puc. 6.1—6.3.

t L1
,‘4’36\.« |
28 Yy L2
¢ R
N
T E
-L] H <>6 TT (1T <H

DIII oM2 2013
Puc.6.1. Cxema cucteMmsl TN-S:
LI, L2, L3 — ¢a3Hbie mpoBoaa; / — paboyee 3a3eMIICHUE;

2 — cucrema BbIpaBHUBAaHUA MMOTCHIINAJIOB
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Puc.6.2. Cxema cuctemsl TN-C: pabouee
1—  3a3semuieHue; 2 — cUCTEMa BHIPABHUBAHHMS IOTEHIIMAIOB
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Puc.6.3. Cxema cuctemsl TN-C-S: pabouee
3a3eMJICHHE; 2 — CUCTEMa BhIPaBHUBAHHS IIOTECHIINAIIOB

[MpuBeseHHBIE WLTIOCTPAIMA OTPAKAIOT BO3MOXKHBIE CIIOCOOBI TPH-
CoeTMHEHMS deKTponpueMHUKoB (J1I1) k anmexkrpudeckoit cetu. B cucme-
me TN-S (cMm. puc. 6.1) paGoumii U 3aUUTHBIA HYJIEBBIC IPOBOJIHUKH
pas3zieneHsl O BCEW CETH, T.e. UMEET MECTO MSTUIPOBOAHAS DJIEKTPH-
yeckasi ceTh. Takasi cucreMa o0JalaeT PsAAOM MPEUMYIIECTB: CHUKASTCS
HanpspKEHUE MPUKOCHOBEHHUS, YIOPSIOYMBAIOTCS LIENH TPOTEKAHUS TOKOB
B HOpDMaJbHBIX M aBapuiHBIX pexuMax. OgHako oHa Tpedyer
JOTIOJTHUTENIFHOTO pacxo/ia IPOBOJHUKOBBIX MaTepHaioB. Bciexctue
3TOTrO MpuMeHeHue cucteMbl T N-S a1 muTaHus TpexasHbIX IEKTPO-
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IPUEMHHKOB JIOJDKHO ObITH 000CHOBaHO. /laHHas cucTeMa He MPOTUBOpE-
quT TpeboBaHUAM [4], HO OHa He TpPeayCMOTpeHa ACWCTBYIOIIEH HOpMa-
TUBHO-TEXHHUYECKON JOKYMEHTALIHEH.

B cucmeme TN-C (cM. puc. 6.2) ucrionb3yercsi OO HYIEBOU MPo-
Boaauk (PEN), Beimmonusitormii GpyHknuu pabodero u samurHoro. Cxema
TN-C cooTBeTcTBYeT NMpHMEHSIEMBIM Ha HMPOMBIIIICHHBIX MPEATPUATHIX
NIEKTPOYCTAHOBKAM C IJIyX03a3eMJICHHOM HEUTPajbi0 M yIOBICTBOPAET
BCEM TpeOOBaHUIM, IPEABSIBIAEMBIM K HaIEKHOCTH U 3JIeKTpoOe3omnac-
HOCTH B CHCTEMax 3JEKTPOCHA0KEHUSL.

Ha puc. 6.3 nokazana cxema TN-C-S, B koTOpoIi B Hauae 3JIeKTPHISCKOH
cetu (Hampumep, ot UII 10 BBOIHOTO YCTpOICTBA) MMeeTCs 00Nl HylIeBOI
npoBonHuK PEN, a 3aTteM ncmonb3yloTces Ba HyJ€BBIX MPOBOAHMKA — N U
PE. Tlo cymectBy, 3Ta cxema C TNIyXO03a3€MJICHHOM HEWUTPAJIBIO SIBISETCS
COYCTAHMEM JIBYX MPEbIIYIINX BAPUAHTOB M B OOJIBIIUHCTBE CIY4acB COOT-
BETCTBYET TPEOOBAHMSAM B OTHOILICHHH HA/ICKHOCTH AIICKTPOOOOPYIOBAHUS
anekTpobesonacHoctu. OfHako B AeiicTByromied B PecnyOnmke bemapych
HOPMAaTHBHO-TEXHIMYECKOH TOKYMEHTAIMH BO3ZMOKHOCTh TIPUMEHEHHSI CHUCTe-
MBI TN-C-S B npoMbIIUIeHHBIX TpeX(]a3HbIX ceTsX HE paccMaTpUBaeTCsL.

Cucrema TT, cxema koTopoii moka3aHa Ha puc. 6.4, TaKke UMEET OJIHY
TOYKY, HETOCPEJACTBEHHO CBSI3aHHYIO C 3emiieid. [lpu 3TOM BHElIHHE
METaTHUECKHE YaCTH 3JIEKTPOOOOPYA0BaHUS, K KOTOPBIM BO3MOXKHO TPH-
KOCHOBEHHE YeJIOBEKa, MPHUCOCIUHEHBI K 3a36MJICHHUIO, DIICKTPUYECKU HE
CBsI3aHHOMY ¢ 3a3zeMieHueM Hedtpanu WII. [lanHas cucrema npoTuBope-
9UT TpeOOBaHUAM [4], COTIIACHO KOTOPHIM B AJIEKTPOYCTAHOBKAX C TITyXO-
3a3eMJICHHOW HEHTpabio JOJKHO OBITh BBIIIOJHEHO 3aHyJICHHE U HE J10-
MYCKAaeTcsl 3a3eMJICHHE KOPITYCOB 3JIEKTPONPUEMHUKOB 0€3 UX 3aHYJICHHSL.
CrnenosarenpHO, cuctemMa TT He MOXXET MCIIOJB30BATHCS B AIIEKTPOYCTA-
HOBKAaXx MPOMBILIICHHBIX MPEINPUATHI HAllleH CTPaHBbI.

B cucreme IT oTcyTcTByeT HEMOCPEICTBEHHAs! CBSA3b TOKOBEMYIIUX
yacteil ¢ 3emneit (puc. 6.5). JlocTymnHbIe A1l MPUKOCHOBEHHS MeTajuTHIec-
KH€ YaCTH 3JIEKTPOYCTAHOBOK, HOPMAJIbHO HE HAXOJSIMECS O/ HAIPSDKEHH-
eM, 3a3eMiieHbl. JlaHHas cxema NPUMEHSETCS AJISl JIEKTPOYCTaHOBOK C
W30JIMPOBAHHON HEWTPAJIBI0 B COUYETAHHM C KOHTPOJIEM H3OJALUM CETH M
cooTBeTCTBYeT TpeOoBaHusAM [4]. Takum 0Opa3oM, COTTIaCHO KiacCHU]UKa-
i MOK, B Peciybnuke benapyces npumensitorest cucremsl TN-C u IT.
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Puc.6.5. Cxema cuctems! IT: 1 —
CHUCTEMa BBIPABHHUBAHUS TIOTCHIMAJIOB

Cnenyer otmeTruth, uto ctanmapr MOK He comepXMT KOHKPETHBIX
PEKOMEHAIMI 110 TPUMEHEHUIO PACCMOTPEHHBIX CHUCTEM I OTJENIbHBIX
ANEKTPOYyCTaHOBOK. [loTpebuTens BIpaBe caMOCTOSTENIHHO MPHHATH JIHO-
OyI0 U3 CHCTEM UCXOJSl U3 CBOMX BO3MOXHOCTEH, TpeOOBaHHI K HAJICKHO-
CTH 3JIEKTPOOOECIIEYeHNSI U K 3JIEKTPOOE30MacHOCTH, a TAKKE YCIOBHUI
JKCIUTyaTaIluH 3JIEKTPOYCTAaHOBOK [23].

Crangaptr MOK mnpenycmarpuBaeT muTanue OAHO(GA3HBIX 3JICKTPOIIPH-
€MHHKOB TI0 ABYXIIPOBOAHOW MIIM TPEXIIPOBOAHOM cxeMme ((haza u HyseBble
npoBogauku N u PE). Cornacuo [4], nutanue ogHO(a3HbIX HEPEHOCHBIX
JIEKTPOIIPUEMHHUKOB JIOJDKHO OCYIIECTBIISITBCS IO TPEXIIPOBOJHOM CXEME.
J1s1 TOBBIIIEHUS AIIEKTPOOE30MACHOCTH OJHO(a3HbIE CTAIIMOHAPHBIE HJIEK-
TPOIIPUEMHHUKH Ha MTPOMBIIUIEHHBIX TPEANPHUIATUAX TaKKe CIEAYyEeT MUTATh
10 TPEXIIPOBOIHOM cucteme [23].
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6.4. TPAHC®OPMATOPBI LIEXOBBIX IOJACTAHLIUI U UX BHIBOP

B niexoBbix TII, kak mpaBuito, MPUMEHSIOTCS TpaHC(HOPMATOPHI MOIITHO-
cteio 10 2500 kBA ¢ mepBuuHBIM HampspbkeHneM 6—10 kB u ectecTBeH-
HBIM OXJIQKJICHHEM, 3aII0JIHEHHBIE MAclIOM HJIM HETOPIOYUM JKUIKUM JH-
JNEKTPUKOM (COBTOJIOM), €CTECTBEHHBIM BO3AYIIHBIM OXJIaXKICHUEM U CY-
XOW M30JIALMEH, a TAKXKe € JIMTOU u3osinuel. IIpu ycraHOBKe B crielalib-
HBIX KaMmepax MPUMEHSIOTCS TPaHCPOPMATOPBI C OTKPHITHIMU H30JSTOpA-
MU U pacmuputenem s macna. B KTII ycranaBnuBatotcst Tpancdopma-
TOpBI 0€3 paclIMpUTENs B 3AIIUIIEHHOM UCIONHEHHUH, Y KOTOPBIX H30JISTO-
PBI 3aKPBITHI KOXKYXOM U B 0aKe 1oJ] HeOONbIINM U30BITOYHBIM AaBJICHUEM
UMeeTcsl a30THasg MOAYIIKA Ui 3aIlWTHl JKUAKOTO IUAJIEKTpUKa (Macia,
COBTOJIa W T.I.) OT BO3JCHCTBUS OKpyKaromieil cpeapl. Takue TpaHc-
(dbopMaTopsl JAOMyCKaeTCsl YCTAaHABIMBATh KaK BHYTPH, TaK ¥ BHE 3aHUI.
[TpuBeneM mpuMepbl paciiMppoBKU 0003HAYCHUH THUIIOB TpaHchopmaTo-
pOB:

TM-1000/6 — Ttpexda3Hblii MacisHbI TpaHCHOPMATOP OTKPBITOTO

ucnonaeHns ¢ £oy= 1000 kBA u mepBuyHBIM HampspkeHneM 6 kB;

TMBM3-630/10 — tpexdasubiii MacisiHbIN TpaHCHOPMATOP C BHTHIM

MIPOCTPAaHCTBEHHBIM MAarHUTOIPOBOAOM, B 3AIIUILEHHOM HCIIOTHEHUH C

5 =630 kBA u nepBuunbiM Hampspkenuem 10 kB; TM3-1600/10 —

Tpexda3Hblil MacIAHbBINA TpaHc(hOpMaTOp B 3aIIMIICHHOM HCIIOJIHEHUH

¢ S = 1600 kBA u neppuunbiM HanpspxerneM 10 kB;

TH3-1600/10 — 10 *e, HO ¢ HeroprouuM audaekrpukom; TC3JI-

1600/10 — T0 ke, HO ¢ €CTECTBEHHBIM BO3IYIIHBIM OXJIAXKICHUEM U

JINTOU U30JISALINEH.

TpanchopmaTtopsl IEXOBBIX NOACTAHLHUHN AOMYCKAaIOT PEryJUpOBaHHUE
BTOPUYHOTO HAIpPsDKEHUS B Auana3zoHe £5 % OTHOCHUTEIHHOI'0 HOMHUHAIb-
HOT'0 3HaYEHHs C TIOMOIIBIO Tiepexioyarens 6e3 Bo3oyxaenus (I16B).
Jns BryTpHunexoBsix TII pekomenayeTcss MpeuMyIECTBEHHO IPUMEHEHHE
CyXHX TpaHc(OpMaTopoB, IJisi BCTPOCHHBIX W TPUCTPOSHHBIX — Mac-
JITHBIX TIPY YCIIOBHM BBIKATKM MX Ha yiuily. [IpuMeHeHHe COBTOJOBBIX
TpaHCPOPMATOPOB HE PEKOMEHAYETCS MO IKOJIOTUUECKUM COOOPAKEHHSIM.
[Muranne onHO(a3HBIX JIEKTPONPHEMHUKOB Ha HampsbkeHHW A0 1 kB Ha
TPOMBIIIUIEHHBIX TPENPUSITHSIX OCYIIECTBISIETCS OT Tpexda3HbIX TpaHcdop-
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matopoB. Ilpu 3TOM crnemyeT yuuThiBaTh, YTO MpU OAHO(A3HOM Harpyske
BEJIMYMHA TOKa B JIFOOOW (pase He OIDKHA MPEBBIIIaTh HOMUHAIBHOTO 3HAYe-
HUS, a HEHTpajdb MOXET MMETh HArpy3ky He Oonee 25 % HOMUHAIBHON
MOIIHOCTH (a3sl IpH cxeMe coeaunernst 00MoTok Y/Yq, 40 % — mpu cxeme
YIZo u 75 % — npu cxeme AlY, [30]. Hammpumep, tpanchopmarop ¢ Spym=
1000 kBA mpu BKITtO9eHHN OHO(MA3HONW HATPY3KH MEXIY IBYMs (a3zamMu
(Ha omHO W3 IMHEHHBIX HANPSKEHUH) MOXET OBITh 3arpyXKeH Ha
motrHOCcTs 21000/3 = 667 kB-A, a npu BrimtoueHnH 0gHO(DA3HON HATPY3KH
MeXay ofmHoW m3 ¢a3 u HyneM (Ha omHO M3 (Da3HBIX HANPSHKEHUH) Ha
Bermunny 0,25-1000/3=83 kBA mpu cxeme Y/Yq u 0,75-1000/3=250 kBA —
pu cxeme A/7.

Br16op MomrHOCTH TpaHC(hOPMATOPOB OCYIIECTBISIETCS HA OCHOBE TEX-
HUKO-3KOHOMHYECKUX PAaCcCUYeTOB, UCXOJ M3 MOJTHON pacyeTHOW Harpy3Ku
00beKTa, YACTbHOHN MIIOTHOCTH HATPY3KH, 3aTpaT Ha MUTAIOIYIO CeTh A0 |
kB, cToMMOCTH TIOTEpPh 3JEKTPOIHEPTUH B TpaHCHOPMATOPAX U MUTAIOIIEH
cetu g0 1 kB, a rtakke apyrux daxropoB. [Ipu paccpemoToueHHOH
Harpy3ke eJUHAYHAs MOIIHOCTH IIEXOBOTo TpaHchopMaropa OpHUEHTHUPO-
BOYHO MOXET 6I)ITI> IIPUHATA 110 BEJIUYMHE IIJIOTHOCTU HArpy3KH, OIIpEac-
JIIEMOM 110 BBIPAKEHUIO

y=f> (6.1)
rae S — pacueTHas MoJHasi MOIIIHOCTh Harpy3kHu oO0bekTa (Kopyca, 1exa,
oTHeNneHus u 1.1.); F — npouszeoocmeennasn niowads obvexma.

Cornacho [23], npu otkpsiToii ycranoBke KTII B mexe pexomenayercs
yCTaHaBIUBAaTh TPAHCPOPMATOPHI ¢ eAMHNYHON MotTHOCTHIO: 1000 1 1600
kBA — mipu s < 0,2 kB-A/M%; 1600 kBA — nipu s, = 0,2°0,5 kB-A/M*;
2500 m 1600 kBA — npu s, > 0,5 kB-A/M’. TIpu ycranoske KTIT B
OTJENbHBIX OMEIECHUAX IPUHUMAIOTCS CIIEIYIOIINE 3HAYESHUS S

1000 u 1600 kBA — mpu s, < 0,15 kBA/M*; 1600 kB-A — mipu 5,= 0,15"-
0,35 kB-A/M?; 2500 kBA — nipu / > 0,35 kBA/M®. Tlpu s, > 0,35 kB-A/m°
JIOITYCKAETCsl TAKXKE MPUMEHEHHE TPaHCPOPMATOPOB MOIITHOCTHIO 1600
kBA.
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Tpancdopmaropsl MorTHOCTEIO 10 630 KBA mprMeHSIOTCS Py MaIoi
TUIOTHOCTH HArpy30K, B YAaCTHOCTH Ha MEIKHX M CpPeJHUX OOBEeKTax, Ha
neprudepruiHBIX y9acTKaxX KPYITHBIX MPEeNNPUATHHA, U1 aJJMAHUCTPATUBHBIX
3MaHuH, KITyOOB | T.1I.

B Tex cmywasx, Korja Harpy3ka HOCUT COCPEAOTOYEHHBIN XapakTep,
BBIOOP €IWHIUYHOW HOMHHAIBFHOW MOIIHOCTH 10 KPUTEPHUIO S HE CIEAyeT
OCYILIECTBIATh. 1IpH 3HAUUTETHEHOM YHCIIE YCTAHABINBAEMBIX LEXOBbIX T1I
Ha DJHEProeMKHX IPOM3BOJICTBAX PEKOMEHIYeTCs YHU(HUIMPOBATH €Iu-
HUYHBIE MOIIHOCTH TpaHchopmaTopoB. KomndyecTBo THIIOpa3MepoB meXo-
BBIX TpaHC(OPMATOPOB HA MPEANPUIATAN TOJDKHO OBITh MUHUMATIHHBIM (HE
bonee 2—3), Tak Kak OoibIIOe pa3sHOOOpa3We co3maeT Heyno0CTBa B
9KCIUTyaTallid U BBI3BIBACT 3aTPYAHEHHs B 0OCCIIEUEHUH CKIIAJICKOTO pe-
3epBa ¥ B3aMMO3aMEHsIEeMOCTH TpaHchopmaTopos [10].

[Tpu BBIOOpE TpaHCPOPMATOPOB HEOOXOJMMO YUUTHIBATH UX TEPErpy-
304HYIO CIIOCOOHOCTB, KOTOpAsi 3aBUCHUT OT Ipadyika Harpy3KH U OT MpeJ-
HIECTBYIOLICH TIOCIICaBapUIHHOMY PEKUMY 3arpy3Ku TpancdopmaTopa.

OnexkTpocHa0KeHNEe MPOMBIIUICHHBIX OTPeOUTENeH HANPSHKEHUEM JI0
1 kB 00BbIYHO OCyIlIECTBISIETCS OT OJHO-, ABYX- U TpeXTpaHCHOpMAaTOp-
HBIX ITOACTAaHIIUNI.

Harpyska tpanchopmaropa oqHOTpaHCHOPMATOPHON MOJCTAHIMN JO-
JKHa OBITH IPUMEPHO paBHA HOMUHAJILHOW MOIIHOCTH (HO HE NPEBBINIAThH
ee). Koaddumment 3arpy3ku tpancopMaTopoB AByXTpaHC(HOpMaTOpHBIX
MOJICTAHIIMH, MHUTAIONINX MPEUMYIIIECTBEHHO JJIEKTPOIPUEMHHKH BTOPOM
KaTerOpHH, B HOPMAJILHOM pexuMe JoinkeH ObITh paseH 0,85 — 0,9. Ilpu
3TOM B IIOCJIEAaBAPUITHOM PEXHMME HEOTBETCTBEHHBIE AJIEKTPOTPUEMHHKHI
MOJIJIEKAT OTKITFOYCHUIO.

Mo1HOCTE TpaHCPOPMATOPOB JBYX- U TPEXTPAHCHOPMATOPHBIX MOJI-
CTaHIUH, TPU HEOOXOIUMOCTH PE3EPBUPOBAHHS AIEKTPOCHAOKEHUS, BHIOU-
paeTcs U3 yCIOBYSI IUTAHUS BCEW HArpy3KH B MOCIICaBApUHHOM PEKHIME C
Y4eTOM IMEePerpy304HOil CIIOCOOHOCTH TpaHCcPOpMaTOpoB. DTOT (GakTop
BBI3BIBAET HEJOMCIIOIB30BaHIE TPAaHC(HOPMATOPHOW MOIIHOCTH B HOPMAITb-
HOM pexxuMe. B ofmeM citydae mpu HEOOXOAMMOCTH TOJHOTO MHUTAHHS
KO3 QHUIMEHTHI 3arpy3Ku TPaHCPOPMATOPOB B HOPMAITBHOM pexxkume P, u
noclieaBapuiiHOM pexkuMe (3 CBsI3aHBI TAKUMHU COOTHOIICHUsIMU [23]:

(3:=0,5 (3,. — mwist AByXTpaHC(HOPMATOPHBIX MOJICTAHIIHIA;
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P =0,666 P, — misa TpexTpanchOpMaTOPHBIX ITOACTAHITHA.

Takum 00pa3oM, MOIITHOCTE TPAHCHOPMATOPOB TIOACTAHIINH 3aBHCHUT OT
koaddurmenta P.,. [IpoBeaeHHbIe HcciieqoBaHus mokazany [23], 9To st
MACIISTHBIX TPaHC(HOPMATOPOB TIPH UTUTEITHHOCTH TOCIICABAPHITHOTO PEeKUMA
He MeHee 6 9 (Bpems, HeoOXOoaMMoe I 3aMEHBI OTKa3aBIIero TpaHcdop-
Matopa) 3Hauenue P, <1,4. Ins cyxux TpaHc(hOpMATOpOB MpeleibHas
BEJIMYMHA P, = 1,2. [Ipu npoextupoanmu COC 3arpy3ka TpaHchopmMaTopoB
MOJKET PUHUMATBCS B 3aBUCUMOCTH OT Koaddurmenra P, o Tadn. 6.1.

Tabnuya 6.1
3aBucumocth B oTr B
Pra P,
HByxtpanchopmaTopHas TpextpanchopmaTopHas
IIoACTaHIIHUA ImoACTaHIIuA
1 0,5 0,666
1,1 0,55 0,735
1,2 0,6 0,8
1,3 0,65 0,86
14 0,7 0,93

ITo 3nHavyeHuto P ocymiecTBisieTcst BHIOOP aBTOMAaTHYECKUX BBIKIIOYA-
TeJel B 1enu Tpanc(popmaTtopoB u cedenns coopHeix mmH PY no 1 B.
[pu n3BecTHOM wncie TpanchopmaropoB Al'. HOMUHAIIBHAST MOLIHOCTb
TpaHchOpMaTOpa ONPEACISIETCS MO BBIPAKCHHIO
5 1
c - P (6-2)
HOM BthT
Ecimm Benmmumua S m3BectHa, 10 TMCIIO tpapchopmaTopoB BbIMUCITS-
ercs o opmyiie N AT (6.3)

[Mpu npoektupoBanur COC MPOMBIIIIEHHBIX 00BEKTOB BBHIOOP YUCIA
MOIIIHOCTH CHJIOBBIX TPaHC(OPMATOPOB, KaK MPABUIIO, OCYIIECTBISETCS B
npoliecce pacyera KOMIEHCAMH PEaKTUBHON MOIITHOCTH.

147



TMTPOEKTUPOBAHNE CUCTEM DJIEKTPOCHABXEHNS

Jnst muTaHus 37eKTPOCBApOYHBIX YCTAHOBOK CIEIMANIbHBIE TpaHC(hOp-
MaTophl (¢ TOHMWKEHHBIM 3HaueHreM U) Beioupatorest ¢ P, = 0,7 — 0,8, a
00brubie — ¢ (3,= 0,25 — 0,5. MakcuMasIbHbIE 3HAYCHHUS P, IPHHUMAIOTCS
MIPH KCIIOJIb30BaHWU B II€X€ TOJNBKO CTHIKOBBIX WJIM IIIOBHBIX MAIIWH, a
TaKke NP HAMWYUKA OoJbioro uucia (Ooimee 50) TOUCUHBIX MAITHH
KOHTAaKTHOH cBapku. Ipy 3HAUMTENHHBIX CBAPOYHBIX HArpy3Kax B HEKOTO-
PBIX CIydasXx MOXET OKaszaThCs IIeNiecoo0pa3HOoi mapajuienbHas pabora
MMATAIOMINX TpaHC(HOPMATOPOB.

Ipumep 6.1. g mTaMIOBOYHOTO II€Xa, MMEIOIIEr0 pacdyeTHYI Ha-
rpy3ky S = 3800 kBA u mpom3BoacTBeHHy[0 miomams F = 14 400 M,
OTIpEe/IeNTE MOIIHOCTh M YHCIIO TPAaHC(POPMATOPOB IIEXOBBIX MOJCTAHITHH,
YCTaHAaBIIMBAEMBIX OTKPBITO, IPH YCIOBHHU MOJTHOTO PE3EPBUPOBAHUS 3JICK-
TPOCHAOXKEHUsI OTpeOUTENCH.

Pemenue. 1o Beipaxkenuto (6.1) HaX0AUM IUIOTHOCTh Harpy3KH:

e ' 3800
Y = [T400" 0B KEAN

IIpu s = 0,26 KB-A/M? pekoMeHayercst mpuHuMath b, = 1600 kBA. C
LEeNbI0 CHIDKEHHUS TokapoormacHoctn 1mexa BeiOmpaem KTII ¢ cyxumum
tpancopmaropamu trna TC3JL. [na cyxux TpaHchOpMaTOPOB IBYXTPaHC-
(hOpMaTOPHBIX TOACTAHIMA HanOobIee 3Hadenue (3, = 1,2. [lo Tabm. 6.1
pH P, = 1,2 npuaumaem p, = 0,6. Onpezaensiem mo Gopmyie (6.3) uucio
TpaHchOPMAaTOPOB:

_J800_
0,61600 Mmeem nBe nByXTpaHchopMaTOpHBIC
MOJICTAHIIMHK ¢ TpaHCcPopMaTopaMu MoITHOCTHIO 1600 KBA.

6.5. BBIbOP 1 PASMEIIEHUE TPAHC®OPMATOPHBIX HO}ICTAHL[I/H71
OKOHOMUYHOCTh, HaJIGKHOCTh M yJ00cTBO AKCIDTyatanun COC Hanpsbke-
HueM 10 1 kB B 3HAUMTEIHHONM CTETICHH 3aBUCST OT MPABUIHLHOTO BEIOOpA
Buza TII 1 ux pasMmenieHus: Ha TEPPUTOPHH MTPOMBIIUICHHOTO 00bekTa. Kak-
neiii Bu TIT uMeeT CBOO 00JIaCTh PAallMOHAIBLHOTO MPUMEHEHHUS C YYETOM
oOecrieueHuns TpeOOBaHMIA HaIeKHOCTH IEKTPOCHAOKEHHS TOTpeOuTeseH.
OonompancgopmamopHvle noocmanyuy CISAyeT TPUMEHSITH IS
MATAHUS JIEKTPOTIPUEMHUKOB IPEUMYIIIECTBEHHO TPETHEH U BTOPOI KaTe-
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ropuii ¢ yd4eroMm pexkuMa paboThl NpeanpuaTHi. B dacTHOCTH, Takoe
pelIeHre BO3MOXKHO TIPH IByXCMEHHOH paboTe, Koraa HelOBEIpaOOTaHHAS
3a BpeMs BHE3AITHOTO MNepephIBa 3JIEKTPOCHAOKEHHS HPOIYKIHS MOXKET
OBITH MPOM3BEICHA 3a CUET PAOOTHI B TPETHIO CMEHY WIIM BBIXOJIHBIC JTHHU.
[Tpu 3TOM HEOOXOIMMO UMETH CKJIAJICKOH pe3epB TpaHC(HOPMATOPOB U TIpe-
JYCMOTpETh pe3epBUPOBaHKE MHUTaHUs Mo ceTH 10 | kB Hambonee orer-
CTBEHHBIX AJICKTPONPUEMHHUKOB, B TOM YHCIIE NIEpBOi Karteropuu. Hammdne
pesepBubix JuHui (PJI) mexxay TII (puc. 6.6) mo3Boisier 3¢ ¢GeKTUBHO OCy-
HIECTBIISITH 3JEKTPOCHAOKEHHE TOTPEOHUTENeH PH PE3KUX CHIDKCHUSX Ha-
rpy30K B Hepabouee BpeMs IyTeM OTKIIIOUCHUS YacTH MOJCTaHLUH.

oT ot UII2
HII1 TII2
TII1
<> ' v 0,4 xB
04 xB
PJI

Puc. 6.6. Cxema srmekTpocHaOKeHUS ¢ TPUMEHEHUEM
onHo TpaHcdopmaropHbix TII

Heyxmpancgopmamopnvie noocmanyuu TPUMEHSIOTCS TPH 3HAYH-
TEJILHOW MOIIHOCTH HArPy30K 3JIEKTPOIPHEMHHKOB MIEPBOI KaTErOPHH, TPEX-
CMEHHO# paboTe INIEKTPOIIPHEMHHUKOB BTOPOI KaTerOpHH, COCPEIOTOUCHHBIX
Harpyskax IeX0B, HEPAaBHOMEPHOM CYTOYHOM HJIM TOJOBOM rpaduke Harpy-
30K (HEU'H/I‘II/IG CC30HHBIX HAIrpy30K WJIM 3HAYUTCIIbHO PA3IMiaromnxcs Harpy-
30K Pa3HbIX CMEH), OTPaHUYECHUH MOITHOCTH TPaHC(HOPMATOPOB M3-3a BHICO-
TBI TIOMEIIEHHS WIN JPYTHX TPUYHH, TPEOYIONIMX YMEHbIICHHs rabapuToB
TII. Iuranue 000COOIEHHBIX 0OOBEKTOB OOIIE3aBOJACKOr0 Ha3HAUCHHS (Ha-
COCHBIE ¥ KOMITPECCOPHBIE CTAHIMH, KOTEJBHBIE U T.II.) TAKXKE PEKOMEHIY-
€TCS OCYIIECTBIIATH OT ABYXTPAaHC(OPMATOPHBIX MMOICTAHITHIA.
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s snexkTpocHa0KeH!Us TIPOMBIIIUIEHHBIX TPEINPUATHIA B OOIBIINHCTBE
CITy4aeB MPUMEHSIOTCS JIBYXTPaHC(HOPMATOPHBIC TIOJCTAHIIUY, TPHHITUTIH-
ajgbHasl cCXxeMa KOTOPBIX MOKa3aHa Ha puc. 6.7, a.

IlexoBeie mpexmparncgopmamopnvie TII, pazpaboTaHHBIC I TIPO-
MBIIUICHHBIX OOBEKTOB, TOBBIIMIAIOT HAJCIKHOCTh 3JICKTPOCHAOKCHUS H
MO3BOJISIOT OO0JIeE MOJTHO UCIOJIh30BATh YCTAHOBICHHYHO MOIHOCThH TPaHC-
¢dopmaropos. [IpuHiunuanpHas cxema TpeXTpaHC(HOpMATOPHOH IMOJCTaH-
IIUY T0Ka3aHa Ha puc. 6.7, 6

068 & &
i

Puc. 6.7. llpuanummansaeie cxemsl T11 6—10/0,4 kB: a —
JIBYXTpaHC(HOPMAaTOPHOI; 6 — TpeXTpaHCHOPMATOPHOI

ITpu TpexTpanchopMaTOPHBIX HOACTAHIUSIX MOXKHO YBEIUYUTD 3arPy3Ky
TpaHC(OPMATOPOB B HOPMAJILHOM PEKUME, TaK KaK B CIydae aBapUHHOIO
OTKJIFOUEHHS OJHOTO M3 TPAaHCPOPMATOPOB €ro Harpys3Ka IEepeBOIUTCS Ha
JIBA IPYTHX OCTaBIINXCS B pabote TpaHcopmaropa. B ciydae mHeodbxomu-
MOCTH TIOJIHOTO PE3E€PBUPOBAHMS NMUTAHMS MoTpeduTeneil Tpexrpanchopma-
TOPHBIE TIOACTAHIIMHU 0OecTieunBaoT 25%-10 SKOHOMHUIO TPaHC(POPMAaTOPHOH
MOIIHOCTH TI0 CPAaBHEHMIO C JBYXTPaHC(HOPMATOPHBIMHU IOJICTAHLHSIMHU.
Hanmpumep, oaHa TpextpanchopMmaropHas TOACTAHINS MOIIHOCTHIO
3xFOOOkBA 3ameHsieT J1Be JABYXTpaHC(OPMATOPHBIE MOIIHOCTHIO
2x1000kB * A kaxnas. K npenmyinecTBaM TpexTpaHCHOPMATOPHBIX MOJI-
CTaHIMI MOJKHO OTHECTH TaKK€ 3HAUNTETIbHOE CHI)KEHHE PacyeTHBIX TOKOB
BBO/IHBIX U CEKIIHOHHBIX aBTOMAaTHYECKUX BbIKIIOUaTenei [23].

B To e Bpems TpexTpaHchOopMaTOpHbIE TIOACTAHIMN UMEIOT PSiJl HEAO-
CTaTKoB. B yacTHOCTH, yCIIOKHSAETCS KOHCTPYKTUBHOE UCTIONHEHHE PY 10
1 kB u3-3a HEOOXOIUMOCTH COCAMHEHHUS MEXKY COOOM IIECTU CEKIUH,
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YBEJIMYUBAIOTCS 3aTPAaThl HA MUTAIOIIUE BHYTPHULIEXOBBIE CETH BCIEACTBHE
Ooxpmiero umcna mpucoenuHennit Kk mwHaM TII, TpeOyercs mpuMeHeHwHe
Oonee cinoxHbIX cxem ABP, yBennmumBaroTCs MOTEpH 3JEKTPOIHEPTHH B
TpaHchopMaTOopax m3-3a MOBBIIIEHHS MX HArPy3KH B HOPMAJIBHOM pPEeKUME.

IToaTomy TpexTpanchopMaTOpHBIE TOJCTAHIIMN CIIEAYET MPUMEHSTH
JUTSL TATaHUS DJIEKTPOTIPUEMHHUKOB TIEPBOI W BTOPOM KaTEeropHii, Tpedyro-
IIMX BBICOKOM CTENEHU pE3epBUPOBAHUS B TEX CIIydasiX, KOrJa UMEETCs
BO3MOYHOCTh MPAaKTHYECKH PABHOMEPHO PaCHpEIeiUTh MOIKIHOYAEMYIO
Harpy3ky Mexay mectsio cexiusimu PY go 1 kB TIL

IlexoBbie TII 00bIvHO He MMEIOT PY Ha CTOpOHE BBICIIETO HAIPSIKE-
Hus. Tpancdopmaropsl MPUCOSAMHSIIOTCS K nuTaromied tuauu 10 kB He-
MOCPECTBEHHO (4Yepe3 pPEMOHTHBIE MEPEMBIUKH), Yepe3 BBIKIIOUYaTENb
Harpy3Ku WIN pa3beIUHUTENb.

KomMmyTanonnsle anmaparsl B e TpaHC()opMaTopoB Ha BbICIIEM
HAIPSHKCHUM HEOOXOTMMO TPUMEHSTh IPU MUTAHUHM HECKOJIBKUX TPaHC(Op-
MaTOpPOB 110 OJJHON MarucTpajabHOM JIMHUH, a TAaKKe NPU HAJIMYUH Fa30BOT0
pene y TpanchopMaTopa OTKPHITOTO UCIIONHEHUSI U 3HAYUTEIILHOM yjae-
Hun TIT (200 M u Gonee) oT MecTa ycTaHOBKH BbIKmtouaress Ha WUI1. B
MOCJIEAHEM cllydae OoJiee 1esiecoo0pa3HO OTKIIIOYaTh TPaHCHOPMATOp C
MOMOUIBIO Ta30BOM 3alIUThl BbIKItOUaresneM Harpy3kud T1I, yem ocyiue-
CTBJISITh NE€pefady OTKIIIOYAOLIEro MMITylbca K BoikmouaTeno UII mo
CIEIAEHO MTPOJIOKEHHOMY KOHTPOIFHOMY KaOelTto.

B 3aBucHMOCTH OT pa3MELICHUS Pa3IUYaOT OTAEIBHO CTOSIINE, MIPU-
CTpOeHHBIE, BCTpoeHHBbIe U BHyTpuiexoBeie TII (puc. 6.8). Ilpu sTom
BHyTpuLexoBble TII pacnonaratorcs BHYTpHU NMPOU3BOACTBEHHOrO 34aHUS
OTKPBITO WM B OTAEIBHOM 3aKPBITOM [TOMEIICHUH.

Omoenvro cmosawue TI1 Ha IPOMBIIIUIEHHBIX TPEANPUATHAX TPUMEHS-
I0TCS AOCTaToO4YHO peako. OHM MOTYT OKa3aThCs IeNeCO00pa3HBIMU IS
AIIEKTPOCHAOKEHHS HECKOJIBKIX BCIIOMOTATEILHBIX OOBEKTOB Ha TEPPHUTO-
PUM OPEANPUSITUS IPU HEBO3MOKHOCTH pasmerteHus TI1 BHyTpu 1iexoB min
Yy Hapy>XHBIX CTEH 1O COOOpaXKeHUSM MPOU3BOICTBEHHOTO WM apXUTEK-
TypHOTO XapakTepa, a TakKe MPH HAJIMYUU B I[eXax HeOIarompusTHBIX
cpen. B HekoTOphIX ciydasx oTaenbHO crosiue TII Onokupyrores ¢
OJIHAM W3 TIPOU3BOJICTBEHHBIX 00bEeKTOB. MoryT Takke npumeHsIThest KT
HapYy>KHOH YCTaHOBKH.
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4-

Iex Ne 1

- oT OCe,Ob

ITex Ne 2

| of |
o4

Puc. 6.8. Tlnan pazMerieHus MoACTaHINN Ha PEATPUATUN:
1—5 — COOTBETCTBEHHO OT/IENILHO CTOSINAS, BHYTPHLIEXOBASI
3aKpbITasi, OTKPBITasl, IPUCTPOCHHASI K BCTPOCHHASI MOICTAHIIHS

Ilpucmpoennaa TII HenoCpeICTBEHHO MPUMBIKAET K OCHOBHOMY 37a-
HHUIO U UMEET ¢ HUM 00myto cteny. llogcTaHums cuuTaercst 6cmpoentot,
€CJIM €€ MOMEIECHUE BIIUCAHO B KOHTYP OCHOBHOTO 3/IaHUS U UMEET C HUM
COBMECTHYIO CTeHy (min Heckonbko cteH). Ha stux TII BbikaTka OCHOB-
HOTO 000PYZOBaHUS MOKET OCYIIECTBIATHCSA HAPYXKY (UTO sABIsieTCs Ooee
NPEANOYTUTEIbHBIM) N BHYTPb 3JaHMS.

Buympuyexoeoii Ha3bIBalOT NOACTAHIUIO, PACIIONIOKEHHYIO OTKPBITO
WIH B OTJEIBHOM IOMEIIEHUH BHYTPH IPOU3BOJICTBEHHOTO 3/IaHUS.

Bonpocsl BeIOOpa MeCT pa3MelieHust OTAENbHO CTOSIINX, IPUCTPOECH-
HBIX W BCTpoeHHBIX TII pemaroTcs HOCTaTOYHO OJHO3HAYHO IPH pas3pa-
00TKe CTpOMTENBbHOM YacTH mpoekTa. [Ipu ucrnonb30BaHUU Ha TpPEapusi-
THUU BHYTPUILICXOBLIX TII BO3MO>KHO HECKOIBKO BAapUAHTOB UX pPa3sMCUICHUA.
Jns yMeHbIieHus 3aTpaT Ha mUTaromme ceta 10 1 kB u moreps amekTpo-
OHEPTHUU B HUX MOJACTAHIMU HJOJDKHBI pacriojjaraTbCsa Kak MOKHO OmKe K
LIEHTpaM IUTaeMbIX UMM Harpy3ok. B To xe Bpemsa TII, kak npasuino,
pasMeliaroTCd Ha TEX MPOU3BOJACTBCHHBLIX INIOMIAAAX, HAa KOTOPBIX HE
YCTaHABJIMBAETCA TEXHOJIOTUYECKOe 000pyA0BaHUE (MEXKAY KOJIOHHAMU, B
MEpTBOH 30HE KpaHOB U T.11.). KoMnpomuccHoe pa3spelieHue yka3saHHOIO
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IIPOTHBOPEYNST OCHOBBIBAETCSI HA TEXHUKO-3KOHOMHYECKOM CPaBHEHHU Ba-
PHAHTOB pa3MEIIEHN TOACTaHINY.

Buytpuuexoseie TII ycTaHaBIMBarOTCS OTKPBITO B IIEXE WM B OTIEINb-
HBIX TTOMEIIEHUAX, KOTOpbIe OTHOCATCS K Kareropuu I' wium | mepBoid mwiu
BTOPO# CTENEHU OTHECTONKOCTH.

Ha otkpeiTo ycTanoBiaeHHOM BHyTpuLexoBoi TII MOryr nmpuMeHSThCS
MacisHble TpaHchOpMaTopbl ¢ CyMMapHOH MOIIHOCTHIO 110 3,2 MB m A. B
OJTHOM TIOMEIIEHNH BHYTPULIEXOBOM MOJCTAHIINN PEKOMEHIYEeTCsl yCTaHABIU-
Bath onHy KTII (momyckaercst e 6osee tpex KTII) ¢ macnsHbiMu TpaHc-
(dhopmaTtopaMu CyMMapHOH MOIIHOCTRIO He Oosiee 6,5 MB -A [4]. TIpuse-
JIleHHble JaHHble oTHocATcs K TII, pacrosmaraeMelM Ha TIEPBOM 3Taxe
3nanus. CyMMapHasi MOITHOCTh MaciISIHBIX TPaHC(OPMATOPOB, YCTAHOBJICH-
HBIX Ha BTOPOM 3Taxke, ToJbKHa ObITh He Oonee 1 MB ¢ A. Ycranoska KTII
C MacCJISIHBIMH TpaHc(OpMaTOpaMH BBIIIE BTOPOTO 3TaKka HE JOIMYCKaeTcs.
Hns BayTpHuexoBbix TII ¢ cyxumu TpancopmMaTopaMu WIH ¢ HETOPIOYUM
JKUJTKUM (TBEPIBIM) AUAIIEKTPUKOM HX MOIIHOCTh, KOJHYECTBO, paCCTOSHHE
MEXy HIMH U 9TaXK UX YCTAaHOBKU HE OTPaHUYUBAIOTCS.

IIpu 3HaunTensHOM KonmmuecTBe BHYTpHLEX0BbIX KTII, pazMemaembix B
LIeXe OTKPBITO, PEKOMEHIYETCSl NPUMEHATh CyXHe TpaHchOpMaTopbl, YTO
YMEHBIIIAET TOKAPHYIO ONMACHOCTh POM3BOICTBEHHOTO MOMeleHus [23].

6.6. BHBOP SJIEKTPOOBOPYIIOBAHMA BHYTPUIIEXOBHX CETEN

[Tpu npoeKTHPOBaHUH ITEKTPOCHAOKEHUS 11eXa MPOMBIIIICHHOTO Tpe-
MIPHUATHS BBIOMPAIOTCS Pa3HOOOpa3HbIE BUIBI JIEKTPOTEXHHUUECKOTO 000-
pyzoBanus 10 1 xB: anmapaTsl ynpaBieHHUs W 3alUThI, PacHperenTeb-
HbIE MAHEJH, IyHKTHI, IKa(Qbl, OCBETUTEIbHbBIE IUTKH, MAarUCTPaIbHEIE,
pacrpeaenuTeNnbHble, TPOJUICHHbBIE U OCBETUTEIbHBIE IINMHONPOBO/IBI U T.II.
K anmaparam ynpaBieHus! U 3alUTBI OTHOCATCS PyOMIIBHUKH, Pa3beAnHH-
TEJIW, TIAKETHBIC BBIKIIOYATENN U MEPEKIIoYaTeNI, aBTOMAaTHYECKHUE BBIK-
JIF0YaTeNH, KOHTAaKTOPbl, MATHUTHBIE TyCKATENH U T.I1.

Bribop ammapaToB ympaBieHHS OCYLIECTBIISIETCSI C YYETOM pEXHMa
paloThl U BHIA IEKTPONPHEMHHUKOB, AJISI KOTOPBIX OHH MPEJHA3HAYCHBI.
B 3aBucHMOCTH OT 3TOTO0 YCTaHOBJICHBI KATETOPUW IPUMEHEHUS
ammapatoB ynpasienus [14]. HekoTopsie u3 3TUX KaTeropuidl MPUBEIACHBI
B Tab. 6.2.
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Tabauya 6.2

Kareropuu npuMeHeHus anmapaToB B 3aBUCUMOCTH OT POJia TOKa U
pexuma paboThl (001acTH TPUMEHEHH )

Kareropus npumenenus

OO6nacTv npUMEHEeHUs

IIPU TOKE
IepEMEHHOM MIOCTOSITHHOM

ACI AC1 DIIEKTPUYECKUE TI€YH COTNPOTUBIIEHUS,
HEWHAYKTUBHAS M MaJO WHIYKTHBHAs
Harpyska

AC2 Ilyck u TopmoxkeHue
MIPOTUBOBKIIFOUCHHUEM JBUIATENICH C
(a3HBIM POTOPOM

AC3 IIyck 1 OTKIIOUYEHUE BpaLAOIIUXCs
JBUTaTelNeil ¢ KOpOTKO3aMKHYTHIM
poTopoM

AC4 - IIyck u TopmoxkeHue
MIPOTUBOBKIIIOUCHHUEM JBUTATEIICH C
KOPOTKO3aMKHYTBIM POTOPOM

ACl11 JCII VYrpasieHue 3J1eKTpOMarHuTaMu

AC20 JC20 KoMmMmyTanus saexTpudeckux nemnei
0e3 TOKa WM C HE3HAYUTEIIbHBIM
TOKOM

AC21 AC21 KoMmMyTanust akTUBHBIX Harpy3oK,
BKJII0Yasi yMEPEHHBIE IepeTPy3KH

AC22 AC22 To ke, HO CMEIIaHHBIXHATPY30K

AC23 AC23 KommyTanus asuratenei uim Apyrux
BBICOKO MHJYKTHBHBIX Harpy30K
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IMPOEKTVPOBAHVE CUCTEM 3JIEKTPOCHABXEHVA

[Ipu BeIOOpE MEKTPUUECKUX amiapaToB HEOOXOIMMO YUYHMTHIBAaTh Ha-
npsoxerre u gacroty MUII, TOK 31eKTponpueMHHUKA, 3IEKTPOJMHAMHUYEC-
KYI0 M TEPMHUYECKYIO CTOMKOCTh K TokaM K3, TpeOyeMyro KOMMYyTalUOH-
HYIO0 U3HOCOCTOMKOCTb U CIIOCOOHOCTh, KJIMMAaTHUECKHE YCIOBHUS U MECTO
pasMeIIeHHUs], a TAKXKE JOIyCTUMYIO CTENEHb 3aIlUThl 000JI04KH. TexHu-
YecKHe XapaKTepUCTUKH IEKTPUUECKUX allapaToB AA0TCSA B CIIPABOYHOMN
nuteparype [14]. B tabn. 6.3 mpuBeneHbl KaTeropuu MO PasMELICHUIO U
pPEKOMEHIIyeMbIe CTElEeHH 3aluThl 000JI0YEeK 3JIEKTPOOOOPYIAOBAHHUS,
MIPUMEHSEMOr0 B HapyXKHBIX YCTaHOBKaX, a TAKKe B aJMHUHHCTPATUBHO-
OBITOBBIX M MPOM3BOACTBEHHBIX MOMEIEHUAX C PA3HBIMU YCIOBHAMH OK-

PYKaroILeH Cpebl.

PexoMenayemble CTeleHM 3alIUThl 3JEKTPOOOOPYIOBAHMS

Tabnuya 6.3

IToMemeHne uim yctaHOBKa

Kareropus mo Crenenp
Ppa3MelIeHHIO 3aIIUTHI
Hapyxusie 1 IP54
2 1P20
AMUHHCTpaTHBHbIE 4 IP30
ONeKTpOoTeXHUUECKHE 4 IP 00
[Ipou3BoacTBEHHBIE C HOPMAJIBHOM 4 IP 20
cpenoi
Brnaxusie 4 IP 20
Cripblie 3;5 1P44
Oco060 cripbie 5 IP54
C XUMHYECKH aKTUBHOM Cpefon 4:5 IP54
[TeueHBIE 3:4 IP 40
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TMTPOEKTPOBAHNE CUCTEM 3JIEKTPOCHABXEHM

KomrmutekTHOE 000py10BaHNE ¥ BXOSIINE B €r0 COCTAaB JIEKTPHUUECKUE
anmaparthbl HanpsbkeHueM 10 1 kB BeIOMparoTcsi B 3aBUCHMOCTH OT 3Haye-
HUH pacyeTHBIX MapaMeTpoB (HAMPSsDKEHHS, TOKA, MOIIHOCTH, YaCTOTHI U
T.11.). B 00miem cnyyae HOMHHAIBHOE 3HaYEHUE PACUETHOIO Mapamerpa X
JOJKHO YJOBJIETBOPATH YCIOBHIO

X >KX, (6.4)

oM p

rae K — xo3UImenT, BeIMIYMHa KOTOPOro NPHHUMAETCS! B 3aBUCHMOCTH OT
psina GakTopoB (IOMYCTUMOHN Meperpy3ku, TeMneparypsl u T.11.), 1 > K > 1;
X — pacdeTHOe 3HauCHUE apaMeTpa.

MHorue npor3BOACTBEHHbIE MEXaHU3MbI U YCTaHOBKH, HallpuMep, 00-
pabaTbIBarOIIMe CTAHKW, MOLIHBIC 3JIEKTPUUECKUE NEYH U T.1., BBITYCKa-
IOTCSI CO BCTPOCHHOH almapaTrypod yIpasieHUs W 3alurthel. IloaToMy B
IPOEKTax NIEKTPOOOOPYyIOBaHUSA BHIOOP Takoil ammapaTypsl HE OCyIIe-
CTBIISIETCS.

CaHTexHUYeCKHe YCTAaHOBKU (BEHTUISATOPHI, HACOCHI U T.II.) TIOCTABIISA-
10TCsI 0€3 KOMMYTAIIMOHHBIX U 3aIlUTHBIX alllapaToB. DTH ammaparbl A0J-
JKHBI BEIOMPATHCA TIPH MTPOEKTUPOBAHUH IEKTPOOOOPYAOBaHuUS 1iexa [25].

3HayeHWe HOMMHAJIBHOTO TOKAa IIABKUX BCTABOK IPEIOXPaHHUTENEH,
samumamux oT K3 anekrpoaBurareny U NUTAOLIUE X JIUHUH, ONpeae-
JSIeTCS 10 BEJIMUMHE JJTUTEIBHOTO PACYETHOIO TOKA

h”~h (6-5)

U 110 TOKY KPaTKOBPEMEHHOH JJOIYCTUMOM Meperpy3KH
" *%. © (6.6)
rie / — TUKOBBIM TOK JIMHHM WIJIM OTBETBICHUS; a — KOI(PQHUIMEHT

KPaTKOBPEMEHHOH TEIUIOBOU Ieperpy3KH, KOTOPBI MPH JETKHX YCIOBUSIX
MycKa JIBUTATeJIel MPUHUMAETCS paBHBIM 2,5, mipu Tsoxensix — 1,6—2,0,
JUISL OTBETCTBEHHBIX AJIEKTPOIPUEMHHUKOB — 1,6.

N3 ycnowmii (6.5) u (6.6) mo pacueTHOH BenwmyuHE 1, IO CIIPaBOYHBIM
JAHHBIM BBIOMPACTCS CTAaHAAPTHOE 3HAUCHHE HOMHUHAIBHOTO TOKA IIaBKOU
BCTaBKH.

I[Tpu BBIOOpE TIpeOXpaHHUTENEH ISl OJJHOTO SJIEKTPOABUTATENS B Kade-
CTBE / IPUHUMAETCS €r0 HOMUHAIIBHBIN TOK /  , a B KauecTBe / —

P HOM' MUK

MyCKOBOH TOK /
J

MyCcK
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MMPOEKTPOBAHUME CUCTEM 3JIEKTPOCHABXEHM

HomuHanbHbIN TOK Tpex(a3HOro 3JIEKTPOJBUTATEIIS BBIYUCISETCS IO
BBIPAKCHHIO

P

J _
'HOM ~

HOM
) 6.7
[TV3"\”TM 089, omMiom 6D

rae Py, — HOMMHAIIbHAst MOIIHOCTD ABUrarens., kBr: Y 5 HoMUHAb
HOE JIMHEIHOe HampsHKeHue ceTH, KB; C0S ¢ — HoMuHanmbHBI KO3PHU-

IIUEHT MOIIHOCTH; [0y — HOMHUHAIBHBIN KOA(PQUIMEHT IMOJe3HOrO M-
CTBHUSL.
[TyckoBoii TOK ABUTATENS
/| =K 1, (6.8)
ycK nyck  Tiom’ \Y !
rane K — KpaTHOCTb ITyCKOBOT'O TOKA IO OTHOILICHUIO K /

Jia nTuHWA, TUTAIONMX TPYIIY 3JIEeKTPOIPUEMHHUKOB, BENHYUHBI 1,
PacCcUNTHIBAIOTCS TIO BEIpakeHHo (4.24).

HomuHanbeHbl TOK MIIABKUX BCTABOK MPEIOXPAHUTENCH, 3aIUIIAIOIINX
OTBETBIICHHE K CBAPOYHOMY aIllapary, BEIOUpaeTcs u3 COOTHOIICHUS

/B>1,2-/H7FH_[;, (69)
rae 1, — HOMHMHAJIBHBIM TOK CBAPOYHOIO armapaTa Mpy MacloOPTHOM po-
JOKUTENbHOCTH BKItoueHus [1B,,.

Jliis mpeoxpaHuTeliel, 3alrIaonuX CUIOBbIe TPaHC(HOPMATOPhI, HO-
MUHAJIbHBIC TOKH IIJIABKUX BCTABOK MPHUOIMIKEHHO OMPEIESISIFOTCS MO BbI-
PaKEeHUIO

a5-2) o (6.10)
TA€ /nowr — HOMHHAIBHBIA TOK TpaHc(opMaTopa.

st 3a1UThI OTBETBICHUM K IEKTPONPUEMHUKAM, HE UMEIOIIUM TUKO-

BBIX TOKOB, HOMHHAJIBHBIE TOKH TUTABKUX BCTABOK BHIOMPAIOTCS U3 YCIOBHUS
/>, (6.12)
5 v g

HoM’

r7e /1,on — HOMHHAJIBHBIA TOK 3JIeKTponprueMHuKa mpu [1B=100 %.

ABTOMAaTHYECKHE BBIKIIOYATENN CIy>KaT Ui HEYacThIX KOMMYTaIlUil
(HECKONBKO pa3 B CMEHY) M 3allUTHl JIEKTPHUECKUX LEeNeil OT TOKOB
aHOPMAJTBHBIX pekMOB. OHHM SBIISAIOTCS O0JIee COBEPIIICHHBIMH arlnapaTa-
MU TI0 CPaBHEHHUIO C MPEIOXPAHUTEISIMH, TaK KaK OTKIIOYalOT OJHOBpE-
MEHHO TpH (ha3bl 3aMIUINAEMON LIEH, YTO OCOOEHHO Ba)KHO AJIS AIIEKTPO-
JIBUTATEIIeH, TOTOBBI K OLICTPOMY BOCCTaHOBJICHHIO AIIEKTPOCHAOKEHHUS
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TMTPOEKTUPOBAHUE CUCTEM DJIEKTPOCHABXEHNS

MTOCJIC aBapUUHBIX OTKITIOUCHUH, MMEIOT 00Jiee TOYHBIC 3allfUTHBIC Xapak-
TEPUCTUKH U T.1.

Hawnboiree yacTo MPUMEHSIOTCS aBTOMAaTHISCKUE BBIKIIOYATEIN C TETI-
JIOBBIMH, 3JICKTPOMArHUTHBIMU ¥ KOMOMHHPOBAHHBIMH PACIIIETIATEIIIME. Terr-
JIOBBIE PACIETIUTENH 3AIIUIIAIOT OT TEPErpy30K, a SJEeKTPOMArHAUTHBIE — OT
TokoB K3. KOMOMHNPOBAaHHEIN pacIienmUuTeNb IPEICTABIAET cO00M coueTa-
HUE TEIUIOBOTO U DJICKTPOMArHUTHOTO PACIICTINTEIIS.

Pacuenurenu xapakTepu3yrOTCSI HOMUHAIBHBIM TOKOM, KOTOPBIH OHHU
BBIJICPKUBAIOT JJIUTENIbHOE BpeMsi. HauMeHbIInA TOK, BbI3BbIBAIOIIUNA aB-
TOMAaTHYECKOE OTKITFOUCHHE BBIKITIOUATENIS, HA3BIBACTCS MOKOM MPO2a-HUsl
WIH moxkom cpabamvisanus pacyenumens. [lon ycTaBkol pacuenurens
MMOHUMAETCSl HACTPOMKa €ro Ha HeoOXOJMMOE 3HAYCHHE TOKA TPOTa-HHSL.
VYcraBka TOKa 3JCKTPOMArHMTHOI'O pPacICNUTeNsi Ha MTHOBCHHOE Cpa-
OaTLIBaHME HA3BIBAETCSI OMCEUKOIL.

ABTOMaTHUYECKHE BBIKITIOYATENIM MOTYT OBITh HEPETYJIUpPYEMBIC U Pery-
TUpyeMbIe. Y Hepecynupyemvix 6vikuouameneti YCTaBKH PACICTIUTEICH
OTIpE/ICTICHBI 3aBOJIOM-U3TOTOBUTEIEM M HE MOAJICKAT KOPPEKIIHMH B TIPOIIEC-
ce dKCIUTyaTaluu. Pecynupyemvie asmomamuieckue eblKioyameiu AIMEIOT

CIICIIaJIbHBIC HpI/ICHOCO6HeHI/IH, TMO3BOJIAIOIINE U3MCHATH TOK YCTaBKU.
OMUHAIIbHBIE TOKM aBTOMATHYECKOr0 BEIKITFOYATEIS / HOM Q/I €Tro Dag—

UEHATENS /yyy, BBIOMPAIOTCS 11O CIECAYIOUIUM YCIOBUSIM:

L (6.12)
| >/, (6.13)

HOM. p p
Tox Cpa6aTBIBaHI/I${ (OTC@‘IKI/I) SJICKTPOMAIrHUTHOT'O HUJIHN KOM6PIHI/Ip0BaH-
HOI'0 paCUCHUTECIIA /. MMPOBEPACTCA 110 YCIIOBHUIO

[ >125/ . (6.14)
cp.p ! TTHK N /
[Tpu BBIOOpE AIIEKTPOMArHUTHOTO PACIHETIHTENS U OJAWHOYHBIX JJIEK-
TpoJBUTATENEH B BhIpakeHusx (6.12)—(6.14)/=/ wu/ =/
2 e El \ v o\ /P Tom . nyck

B dopmyne (6.14) koadpduiment 1,25 yuuThiBacT MorpenHoCTh onpeerne-
Hus 1, ¥ pa3dpoC 3alIMTHBIX XapaKTEPHUCTHK EKTPOMATHUTHBIX pacIielTe-
neu Beikrouareneit. Koadgumument 1,25 obecrieunBaeT HEBO3ZMOXKHOCTD JIOXK-
HOT'O OTKJIOUECHUS JIMHUH TIPH ITyCKE SJIEKTPOABUraTesist A7sl pazdpoca BpeMsi-
TOKOBBIX XapaKTEpUCTHK B Auanasone +15 %. Eciu pazdpoc oTiandaercst ot
YKa3aHHOT0, TO B BeIpakeHHH (6.14) ucnonb3yrotcs Apyrue ko3 duimeHTo.

158



[IPOEKTVPOBAHVE CHCTEM OSJIEKTPOCHABXEHIVA

Tok cpabaTeIBaHHA AIIEKTPOMATrHUTHOTO PACIETIMTEINSI, KaK IIPaBHIIO,
YCTaHABITMBACTCS H3TOTOBUTEIEM B 3aBUCHMOCTH OT /

HOM. p

| =K1 (6.15)
v J

cp. p T. 0 mOM. P’
rae K, — KpaTHOCTh TOKA OTCEUKH.
C yuetom (6.14) pacueTHOE 3HAYCHHE KPATHOCTH TOKA OTCEUKH MOXKET
OBITH HAWJICHO TIO BBIPAXKCHUIO

125/

K'Aij

1o
Bennunna Koo o OpPUHUMAETCS 1O  CHPaBOYHBIM
JTAHHBIM aBTOMATHYECKUX BBIKITIOUaTenei [14].
MarwucTpaisHble U pactpeeTuTebHbIe IIMHOIPOBOIBI, PUMEHIEMBbIE
B IIEXOBBIX CETSX JUIA IIEPeIauy U pactpeieNIeH s HIIEKTPOIHEPT U, BEIOH-
paroTcs TakuM 00pa3oM, YTOOBI HOMUHAIBEHBINA TOK MTUHOTIPOoBoAa | ObLT He
MEHee PacueTHOTO TOKa, T.€.

I >l (6.17)

momm  p

[Ipu 3TOM &S OMHOTO MArMCTPaIbHOTO IIMHOMPOBOJA BeIMYWHA /
OTIpeNeNsIieTCsl 0 HOMHHAIBHON MOIITHOCTH TpaHC(hOpMaTOpa, MATAIOIIETO
STOT IIWHOMIPOBOI.

Bo3moxHbIe BapHaHTHl TMOIKIIOYCHUS PACIIPEICIUTEIBHBIX IUHOMIPO-
BooB (PI) x murarome#t muauu (I1J]) mokazansr Ha puc. 6.9. Ecnu PLI
MONKITIOYaeTCs He B Hadaie, TO OH BBIOMPAETCS IO pPACUETHOMY TOKY
HauboJiee 3arpyeHHOro Imieda oT Touku npucoeanaeHus [1JI mo konma
muHonpoBoaa. Ilpu srom cuuraercsi, uro PIII umeer mo Bcel nnmuHe
paBHOMEPHO pacrpeeleHHy0 Harpy3ky. CrefoBarenpHO, Hanbolee 3ar-
PYXEHHBIM SIBIISIETCS TUIEYO ¢ OoJblied [uymHO. [IpenBapuTensHo BBIYHC-
JSIeTCs TOK Harpy3ku Ha | M IIMHOTIPOBO/IA TI0 BHIPAKEHUIO

¢TI

PIII

/’” ----------------------

Puc. 6.9. Cxembl MOAKIIOUEHUS PACIPENCTUTENbHBIX IIUHOIPOBOAOB: a
— B Havase PIIl; 6 — B npou3BonbHO# Touke PIII
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TMTPOEKTHPOBAHNE CUCTEM DJIEKTPOCHABXEHNS

(6.18)
V3*yroulm .
rae S — IOJHAas MOIIHOCTh PacYeTHOM HArpy3KH TPYIIIBI 3JEKTPOTIPH-
€MHHKOB, IIUTAIOIINXCS OT MTUHOMPOBOA]; /,,, — anuHa PIII.

PacuerHsrit Tok Hanbomnee 3arpyskernoro mieda PIL, mveroriero amvmHy /

=11 (6.19)
P pup v Y

CunoBble MyHKTHI, Ka(bl, paCIpeaeTUTEIbHbIC TTAHEIN U IIUThI BBIOH-
paroTCs C YU4ETOM KOJIMYECTBA IPUCOCANHSIEMbIX K HUM JIMHUN WM OTBET-
BJICHUH K JIEKTPONPHEMHHUKAM, UX PACUCTHBIX TOKOB U TPeOyeMbIX 3aIlUT-
HBIX aIIapaToB.

B ta6n. [IM—I119 npuBeneHpl TEXHUYECKHE JaHHBIE HEKOTOPBIX THITOB
anexTpoobopynoBanus A0 | kB, mpumeHseMoro mpu MpOEKTHPOBAHUH
LIEXOBBIX CETEH.

Ipumep 6.2. ns cxemsl, mokazaHHoi Ha puc. 6.10, @, BbIOepuTe
HEPEBEPCUBHBIN MarHUTHBIN Myckareias KM u minaBkue mpenoxpaHuTenn
FU, ycraHOoBiIeHHBIE B LIEIM ACHHXPOHHOTO 3JIeKTpoaBuraress M ¢ jnerku-
MH ycIOoBHAMH Iiycka. Ilapamerpsr
sekrpoaurarens: o, 40 kBr; U 90,5 %; K o= 6. Ycnosust okpyxa-
=380B;coscp =0,88; 1

HOM " oM ! " 'm

IOLLEH Cpelibl HOpMalbHBIE.

___?___
[l ~ru Q\QF

0O xm KM

O y

Puc. 6.10. Cxemsl k ipuMepam 6.2 u 6.3
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MMPOEKTUPOBAHUE CUCTEM 3JIEKTPOCHABXEHV

P e 1 e 1 u e. [1o BeipaskeHuto (6.7) onpenernseM HOMUHAIBHBIN TOK 3J1€K-
TPOJBUTATEIIS:

"),OM =-T= :76,4 A
1/3-0,38-0,88-0,905

OmnpenensieM HOMHHANBHBIN TOK MarHUTHOTO myckarens KM mo ycmo-
Buro/  >1 ;| > 16,4 A.

JIOM.TT oM’ TOM.TI

Bribupaem HepeBepcHBHBIN MarHUTHBIN myckartenb Tuna [IMA 5200004
¢/men = 100 A. IlyckaTens umeet TermoBoe pene tuna PTT-3 co cpemaum
3HAaYeHUEM TOKa TeryIoBOro anemMeHTa 80 A ¢ mpeaenamMu peryaupoBaHUS
68—92 A. HomuHanbHbI pabounii Tok myckatens 92 A.

PacueTHoe 3HaUYeHUE TOKA TJIABKOW BCTABKH MPEJOXPAHUTENS IO BhIpa-
sxerusm (6.5) u (6.6)

/,>" =183,4 A.

Bribupaem npenoxpanurenu [TH2-250 ¢ /, = 200 A.

Ipumep 6.3. [l 35eKTpoABUTATENS, JAHHBIE KOTOPOTO NMPUBEICHBI B
IpeablIyIeM IpUMepe, B KauecTBE 3alIUTHOIO armapara BeIOEpUTe aBTO-
MaTtndeckuil Beikimodatens QF (puc. 6.10, ).

Pemrenne. HomuHanbHBIH TOK aBTOMaTa M €r0 PAacUENUTENs BEIOUpaeM
o ycioBusM (6.12) u (6.13)

[ >T764A;/ >764A.

HOM.a Y ' HOM.p

[IpunumaeM aBTOMaTHueckuil BbIkIOouaTenb Tuna BA 51-31 ¢
/- =100 A u xoMOMHUPOBaHHBIM pacuienureneM Ha TOk / = 80 A [14].
Onpeaensiem 1o (6.16) pacyueTHOE 3HAaUEHHE KPATHOCTH TOKA OTCEUKH

< K., !"M=7,2.
80
[Tpuanmaem o Tabmn. [113 crargaptHoe 3Hauenne K = 10. B atom
ciyqae 1, = 10-80 = 800 A. IIposepsiem 110 (6.14) HEBO3MOXKHOCTh

cpabaThIBaHUs aBTOMATa MPY IyCKE JIEKTPOABUIaTEIs:
| >1,25-458,4=573 A,
cp.p ! ! !
800 > 573. IIpumep 6.4. [ cxeMbl, TOKa3aHHOMN Ha PUC.
6.11, BeIOepuTEe MarucTpanbHbIi muHoposoa (MILI), aBTomaTHueckuit

BEIKITIOUaTe)lb QF B

458,4 [>76,4 A,
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TMTPOEKTUPOBAHNE CUCTEM DJIEKTPOCHABXEHNS

tenu rexoporo tpanchopmaropa T tTuma TMBM3 mormHocThI0 S =630KB-
A, a Take pacmpemenuTeNbHble muHONpoBOoARl PII1 m PIHI2 ¢

Harpy3kamu S , =250 kBA u S, = 160 kBA cooTBeTCTBEHHO.
J putl pur2

IHuronposox PII1, nmerommii mnuHy / = 42 M, MOIKIIOYEH B TOYKE,
KOTOpast IEJTUT €ro Ha IBE YacTH IHHOW / = 12 M1 /, = 30 m.

OO ~ QF MIII
- = S S—— 12 . —n

POI1  Spm2

X - -
PIII2

Puc. 6.11. Cxema k npumepy 6.4

Pemenne. PacueTHplii TOK mns BBIOOpa MaruCTPallbHOTO IIMHOIIPO-
BOJIA BBIYMCIIAEM HCXOAS N3 HOMHHAIBHOW MOLIHOCTH TpaHchopMaTopa

I'=p2&-; 1= <50 =9583 4.
V3% m 73-0,38
o ycmoswuro (6.17) HomuHANBHEIH TOK MILI /
>958,3 A.

oM

Bri6upaem mo [14] maructpansabiid mmHOpoBox tuna [HIMA4-1250 ¢
/ =1250 A.

TIOM.III

PacueTHbIif TOK JuIsi BBIOOpa aBTOMAaTHYECKOTo BbIKMIOYatens QF
BBIYHCIIIEM C YYE€TOM MaKCUMAaJIBbHOTO KO3((HIMEHTa 3arpy3KH TpaHC-
¢dopmaropa B nocieaBapuitHoOM pexxume (3, o popmyne

A 106301274 »
SUm © 1/3-04

Bribupaem 1o [14] apromatuyeckuii BhIKIFOUaTeNb Tua BAS5-41, nume-
FOLLMI PErylIUpyeMBbIi ITOIyIIPOBOAHUKOBBIM MaKCUMAJIBHBIN PACLEIUTEIND C
/ = 1600 A. IlpuHMMaeM CTyNeHb PErYJIMPOBAaHHS TOKA PaCHEIUTENs
paBHoii 0,8/, =0,81600 =1280 A, uro ynosieTBopser yciopuio (6.13).

[ns BeiOopa pacmpenenutensHoro muHOonpoBojga PIII1 Beraucnsem

pacueTHyIo Harpysky Ha 1 M yruHOnpoBoa no gpopmyse (6.18):
[ =S =9,05 4/u.

P 11/3+0,38+42162



MMPOEKTPOBAHUME CUCTEM 3JIEKTPOCHABXEHM I

Tak kak /, < / , To Hamboiee 3arpyxeHHbIM IutedoM PIII1 sBuseTcs
ygactok mmHOHN 30 M, T.e. / = /,. Onpenensiem mo (6.19) pacdeTHBIN TOK
HanboJiee 3arpy»KEHHOTO TUIeYa;
/=9,05-30 =271,5 A. HomuHanmbHbI# TOK IimHOMpoBoAa PIIT1 Haxomamm
1o BeIpaxkenuto (6.17)/ > 271,5 A.

HOM

Brioupaem mmuonpoBo PII1 trma IIIPA4-400 ¢ /oy w = 400 A.
OrmpenaenseM pacueTHBIN TOK I BeIOOpa muHOMpoBoaa PIII2:

/- A«L_./- 160_ 4 A
V3t ©  73-0,38
ITo ycnosuto (6.17) HOMUHATBHBIN TOK MIHOTPOBOAA P12
[/ >2434A.

HOM 111

Brioupaem muHonpoBox LIIPA4-250A c/ =250 A.

HOM III

6.7. TIMTAIOIIUE 1 PACIIPEJAEJIMTEJIBHBIE CUJIOBBIE CETU

Cern HampsbkenueM 1o 1 kB, mpenHasHaueHHbIE ISl OOECICUEHUS
NIEKTPOIHEPTUEH CHIOBBIX 3JIEKTPOINPHUEMHHUKOB, YCIOBHO JENATCSA HA M-
TaIIUEe W pacnpenenutensusie. [lumarowas cemwv coenunser c¢ TII
uexoBsle PY (pacnpenenurensHble MaHENH, IUTHL, IIKa(bl, ITHHOIPOBOIbI,
MYHKTHI U T.I1.), pAcnpedenumenbHds CIy UT Ui TNTaHUs] CUJIOBBIX JICK-
TPOIPUEMHHUKOB .

IMuTaromue cuIOBbIE CETH NMEPEMEHHOTO TOKa MPOKIAJbIBAIOTCS Kak
BHYTPH 3[JaHUH U COOPYXEHHUH, TaK U CHapyXu. BHyTpHLIeXOBbIE ceTH
MOTYT OBITh BBIIIOJHEHBI TI0 MAaruCTPaIbHOM WK PaAHATIbHON CXEME.

MarucrpanabHble TUTAIONINE CETH PEKOMEHAYETCsS IPUMEHATh B 1[eXax
SHEPrOeMKUX TPOU3BOJACTB IMPHU pAaclpeleNeHud DIEKTPOIHEPTUH OT
TpaHnchopmaropoB momHOcTEI0 1600 1 2500 kBA, uTo mo3BossieT cyiie-
CTBEHHO COKPATUTh KOJIMYECTBO MPOKJIA/IBIBAEMBIX Kabesel, a Takke Mpu
BO3MOKHBIX M3MEHEHUSIX TEXHOJOTHYECKOTO IMPOIECcca, BBI3BIBAIOIINX HE-
00X0IUMOCTh YaCTOW 3aMeHbI 000y IOBaHHUSL.

Kak mpaBuio, B MarucTpalbHBIX CETSAX MPUMEHSIOTCS MIMHOIIPOBOIBI.
B TII maructpanbHble IIMHONPOBOIBI OAKIOUatoTes K PY 1o 1 kB uepes
JMHEHHBIH aBTOMATHYECKUM BBIKIIOYATENb HWIM Hariayxo, T.e. 0e3
KOMMYTAIMOHHOTO ammapara (puc. 6.12). B mocnemnem cinydae 3amura
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Puc. 6.12. CxeMa npucoeIUHEHUSI MarUCTPaIbHbIX IIMHOIPOBOJOB: ¢
— C MOMOMIBI0 aBTOMATUYECKOTO BBIKIIIOYATENS; O — HArIIyXo

MarucTpalld OCYIICCTBIISIETCS BBIKIIOYATENIEM B Ienu TpaHchopmaropa.
HenocpencteenHo k TpaHcopMaTopy, KpoMe TNIaBHOH Maructpaiu, pas-
pelaeTcs MpUCOeAUHATL HeOombInoe PY, HeoOXoauMoe Jisl TIOAKITIOUCHHS
3JEKTPUYECKOTO OCBEIIEHUS M APYTUX Harpy3oK, OTKJIIOUEHHE KOTOPBIX
BMECTE C INIABHOM MarucTpaibio HeJOMyCTUMO.

CxeMbl, TTOKa3aHHbIE Ha pUC. 6.12, TO3BOJIAIOT OTKA3aThCsS OT TPOMO3/I-
KOTO0, JIOPOTOCTOSIIEro HU3KoBoubTHOTO muta TII. DTo dakTuyeckn Tak
Ha3bIBaeMble CXeMBI OJ0Ka TpaHCPOPMATOp — MarucTpaib, odOecreurnBa-
IOLIME TPOITYCK Yepe3 MUHONPOBOA BCeil TpaHCPOPMATOPHOH MOIITHOCTH.

K tparchopmartopy exumanunaoi mommaocTH 1000 KBA 00BIMHO TpHICO-
€IUHAETCS. OIMH MarucTpallbHbI ITMHONPOBOI, MOIIHOCTEI0 1600 kB-A u
momHocTE0 2500 kBA — He Gonee nByx. Ecnmm k TpanchopmaTtopy
NOJKITIOYEHBI JB€ MAarucTpalyd WIM IO MarucTpajid IMepelaeTcs 4acThb
MOIIHOCTH TpaHC(HOPMATOpa, TO MIMHOIPOBOJ JOKEH MPUCOSAUHATHCS K
muHam PY TII depe3 nuHEHHBbIH aBTOMAaTHYECKUI BBIKIIOYATENb (PHC.
6.12, a), BEIOpaHHBIH IO PACYETHOMY TOKY Marucrtpaiu [24].

MarucTpaibHble CeTH AJsl MUTAHUS JIEKTPONPUEMHUKOB TPEThEH M
BTOPOH KaT€rOpyUu C HU3KOW CTENICHBIO PE3EPBUPOBAHUS CIIELyET BBIIOI-
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HATH COTJIACHO cxXeMe pHc. 6.13, a st OOJBIIMHCTBA AIICKTPOTIPUEMHUKOB
BTOPO# KaTeropuu — 10 cxeme puc. 6.14. s rpymmn 3JIeKTpOoIpHEMHIKOB
BTOPOU KAaTErOPUH MOTYT Tak)Ke MPUMEHSTHCS MarucCTpalbHBIE CETH C
WCTIOJIH30BaHNEM OJTHOTPAHC(HOPMATOPHBIX IMOJCTAHINN, TUTAIONIUXCS OT
pasubeIx cekmuit 6 — 10 kB UII (puc. 6.15).

Lenecoobpa3HO OTMETHTH, YTO YCTAHOBKA CEKIIMOHHUPYIOMIETO BBIKIIIO-
yarenss QF HemocpenCTBEHHO B IIeXe NMPU MarucTpPalibHBIX CXeMaxX 3JIeK-
TPOCHAOKEHUS SBJISICTCSA HEXKEIATeIbHON, TaK KaK MPU 3TOM CYIIECTBYET
BEPOSATHOCTh JBYCTOPOHHETO MUTAHUS MarvuCTPaJiei, YTO MOBKIMIACT OIAC-
HOCTh JJICKTPOTpPaBMaThU3Ma. ECiIM BO3HHMKAaeT HEOOXOJUMOCTh B MPHUME-
HEHUM TaKHX CXEM, TO PCKOMEHJYETCS aBTOMATHU3WPOBATH BKIIIOUCHHE
CEKIMOHMPYIOIIETO BBIKIIOYATENSI, COJOKHMPOBAB €r0 C YCTaHOBJICHHBIMH
Ha MarucTpajsix aBTOMaTHIeCKUMH Boikimrouatersimu T1I [25].

0.4 B
’ MIII
X. e

<$>

Puc. 6.13. MaructpanbHasi cXxeMa NUTAKOLIEH CeTH NpU NPUMEHEHUU
OJIHOTPaHC(HOPMATOPHON MOACTAHIIUU

T2
1 cC J ABP KV 2C
NATTIT1 1 NATTTIN
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|
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Puc. 6.14. MaructpanbpHas cXeMa MUTAIOIEH CeTH TP MPUMEHEHUH

JBYXTpaHc(HOpMaTOpHO MOACTAHIIUU
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Puc. 6.15. MarucrtpanbHas cxeMa MUTaHus
3IEKTPOIPUEMHUKOB BTOPOM Kareropuu ot 1Byx TII

QF

MarucTtpanbHble TTHTAIONINE CETH B TIOAABISIONIEM OOJIBIIMHCTBE CITY-
YaeB BBITIOJIHIIOTCS KOMIUIEKTHBIMU IIMHONpoBOoAaMu Tuna [IIMA4 Ha Tok
1250, 1600, 2500 u 3200 A. K TakuM MIKMHOOPOBOAAM PEKOMEHAYETCS
MIPUCOEIUHATH HE MEHEee TpeX OTBETBIEeHMIA ¢ TOKOM 250 A u Ooree.

PamuanbHble cXeMbl BHYTPHIIEXOBBIX NHTaromux ceredt (puc. 6.16)
ClIeAyeT MPUMEHSTh NPH HEOIAaronpusITHON OKpY’Karolei cpene (B3pbIBO-
OIIaCHBIE M MOYKAPOOIACHBIEC 30HbI, HATMYNE TOKOIPOBOSIIEH NBUTH, XHUMH-
YeCcKH aKTHBHAS Cpela), a TAKXKE NPHU MOBBIIICHHBIX TPEeOOBaHMAX K Ha-
JISKHOCTH AJIEKTPOCHA0XKEHUS TIOTPEeOUTENEH.

[ muTaHus SMEKTPOIIPUEMHUKOB EPBOM KAaTErOPHH U OTBETCTBEHHBIX
NPUEMHUKOB BTOPO KaTErOpUH, KaK IIPaBUIIO, UCIIOJIB3YETCs] CXeMa, IOKa-
3aHHasg Ha puc. 6.16, 6. B To e BpeMs B HEKOTOPHIX CIy4asX MOXKET
NPUMEHSATHCS 1 MarucTpajbHas cXeMa C IBYXTpaHC()OpMAaTOPHBIMHU IOA-
cranmusmu 1 ABP Ha cropore 10 1 kB (cmM. puc. 6.14).

B mpotiecce mpoeKTUPOBaHUS [IEXOBOTO AIIEKTPOOOOPYIOBAHHS BBIION-
HSIETCSl TINATEIBHBIH aHaIM3 UCXOIHOW MH(OpMAINKU [T BRIOOpa Hanbo-
Jee MPUEeMIIEMOro crocoda pachpesesieHus IeKTposHepruu. B tex ciry-
yasx, KOrJa HU OJJHa U3 PacCMaTPHBAEMBIX CX€M HE 00J1a/1aeT OYEBUIHBIM
NPEUMYIIECTBOM, BHIOOP BHJIa CETH OCYIIECTBISIETCS HA OCHOBE TEXHUKO-
9KOHOMHYECKHX pacyeroB. [Ipu pasnuie npuBeneHHbIX 3arpar g0 10 %
MIPEANOYTEHHE OTAAETCSI MarucTpalbHOW cxeme nuTaromieit cetu [23].
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Puc. 6.16. PaguanbHble CXeMBI ITUTAIONINX CETEN: a —
MIpH IPUMEHEHUN OJJHOTPaHC(HOPMATOPHON TIOJCTAHITUI;, 6 —
MIpY IPUMEHEHHUH IBYXTPaHC(HOPMATOPHOI MTOJICTAHIIH

PY

BrenexoBrle nuTaromme cetu HanpspkeHneM 10 1 kB o0praHO BBIMOIN-
HSIOTCS KaOeIsIMH TI0 paJualibHON CXeMe.

B cuioBeIX ceTsX, Kak BHYTPHUIIEXOBBIX, TaK M BHEIEXOBBIX, MOXET
OKa3aThCs 1esiecoodpa3ubiM utanue PY no 1 kB B nienouky (puc. 6.17).

IIpu moctpoennu 1exoBbIX cereit pekomennyerca PY no 1 kB pasme-
aTh BOJM3HM IIEHTPOB HArpy3o0K W (DOPMHUPOBATH MUTAMOINYIO CETh Tak,
4TOOBI JUIMHA PACHpPECIUTSIILHON CeTH ObUIAa MO BO3MOXKHOCTH MHHH-
ManpHON. Kaxkmoe cTpyKTypHOE MoapasielieHue MPEeAnpusiTUs CIeAyeT
MUTAaTh OT OJTHOTO WJTK HeCKOMbKUX PY 10 1 kB, 0T KOTOPBIX, KaK IpaBUIIo,
JIPYTHUE TIOJIpa3ICICHHsI HE JOJIKHBI MTOJTy9IaTh dJIEKTPOIHEPTHIO.

0,4 xB

TH, 4.

PV1 PYy2 PVY3

Puc. 6.17. Cxema nutaHus MoTpedOHUTENCH HENOYKOMI
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PacripenenutenpHble BHYTPUIIEXOBBIE CETH BBIIOIHSIOTCS IO MarucT-
pPABHBIM WIIN PaTuAIbHBIM cXeMaMm. BBIOOp cXeMbl 3aBUCHT OT IUIaHU-
POBKH ¥ Ta0apuTOB MPOU3BOACTBEHHOTO 000PYIOBaHMSA, HATHYHS TIOTHbEM-
HO-TPaHCIIOPTHBIX YCTAHOBOK, YCIIOBUH CPEMbI B IIEXE U T.II.

MarwuctpanbHble paclpeaeNuTeNbHbIE CeTH OOBIYHO BEITIONHSIOTCS C
MTOMOIIIbI0 KOMIUIEKTHBIX PacpeaelIMTeNbHBIX IMMHOIIPOBOIOB Ha TOK 250,
400 u 630 A. Vx tiemecooOpa3HO TPUMEHSTh TIPH YIIOPSI0YSHHOM, PSITHOM
pacroioxeHnr 000pyIOBaHs, a TaKXKe MPU HECTAOMIFHOM pa3MeIleHUN
TEXHOJIOTHYECKUX YCTAHOBOK, MEXaHU3MOB, CTAHKOB H T.II.

[lpu mpuMeHEHUU pacHpeACTUTENILHBIX IMWHOMPOBOAOB HEOOXOAMMO,
9TOOBI KOJMYECTBO OTBETBJICHUU OBbLTIO HE MEHEe ABYX Ha 6 M JUIMHBI
HIMHOIIPOBOJA.

PaI[I/IaIIBHI)Ie pacnpeacanTCIbHbIC CETU NPUMCHAIOTCA IIPU NHUTAHUHA
QJICKTPOIIPUEMHUKOB OT PACIIPEACIUTCIbHBIX IUTOB, HIKa(bOB, ITYHKTOB 1
IHKa(i)OB CTaHHI/Iﬁ yYpaBJICHUA, a4 TAKXKEC APYTrUX BHUAOB HHU3KOBOJBTHBIX
KOMIIJIEKTHBIX YCTPOMCTB.

JBa coM3MepHMBIX MO MOIIHOCTH DJIEKTPONPHEMHHUKA ¢ OJHM3KO pas-
MCUICHHBIMH K HHM alraparaMyd YyIHIpaBJICHHUA PEKOMCHIAYCTCA IO BO3-
MOYKHOCTH THTAaTh OT OJJHOTO aBTOMATHYECKOTO BBIKIIOUATENS MO CXeMe
nenouku. Crnenyer nzderatb cxeM, MpU KOTOPBIX B LEMH OJJHOTO H TOTO JKe
TOKa  IOCJTEIOBATEIbHO  YCTaHABIHMBAIOTCS  JIBA  aBTOMATHYECKUX
BBIKJTFOYATEIS.

BryTpuiiexoBbie CETH B IEIOM MOTYT OBITh HOCTPOEHBI 10 PaJHailb-
HeIM (puc. 6.18), maructpanpabM (puc. 6.19) u cmemanabM (puc. 6.20)
CXEeMaM.

JocTonHCTBaMU pagUallbHBIX CXEM SIBJISIOTCS BBICOKAs HAJIEKHOCTh
AIIEKTPOCHAOXKEHUS, YI0OCTBO KCILTyaTaI[H, BO3SMOXKHOCTh TIPUMEHEHHS
MPOCTBIX YCTPOUCTB aBTOMaTh3anuu. OHAKO TaKhe CXEMbI HE 00JIafaroT
HEOOXOMMON THOKOCThIO W TPEOYIOT 3HAYUTENBHBIX 3aTpar Ha HHU3KO-
BosibTHBIE UTHI TI1 11 IexoBkIe ceTu.

[Ipu MarucTpabHBIX cXeMaX TPeOYIOTCS MEHBITUE KalHuTajJbHbIE 3aT-
parel Ha T1I, a mepemenieHre TEXHOIOTHIECKOTO 000PY/I0BaHMUS HE BBI3BI-
BaeT CYyIIECTBEHHBIX MepeNeNloK CeTH. B To ke BpeMs MarucTpaibHbIE
CXEMbI MCHEC HAJACKHBI U YI[OGHBI B OKCIITyaTallu.

B npakTrke npoeKTUpOBaHUs ISl IEKTPOCHAOKEHHUS IEXOBBIX TOTpe-
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Puc. 6.18. PanunanbHas cxeMa BHyTPHULIEXOBOU ceTH
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Puc. 6.19. MaructpanbHasi cxeMa BHYTPULIEXOBOH CETH:
AK1—5K3 — xoMMyTalMOHHBIE SIIIUKH
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Puc. 6.20. CmemianHas cxema BHYTPULIEXOBOM CETH

T

ouTenei peaKo MPUMEHSIOTCS pajralibHbIC WIA MaruCTpaabHbIE CXEMBI B
guctoM Buje. Hanbosnbiiee pacpocTpaHeHUE MONTYYIIN CMEIIAaHHBIE CXe-
MbI, B MAKCUMAJIbHON CTENCHH YIOBJICTBOPSIOIINE TPEOOBAHUSAM 3KOHO-
MUYHOCTH, HAJICKHOCTH U MPOCTOTHI IKCIUTYaTAIlNH IEKTPUICCKUX CETCH.
Takue cXxeMbl MPUMEHSIOTCS B MEXaHMYECKHX, COOPOYHBIX, KY3HCUHBIX,
JIUTCHHBIX I[eXaX, Ha 000raTUTENBHBIX (haOpUKax U T.II.

PacnpenenurensHas ceTh B IieXaxX MPOMBIINIJICHHBIX MPEANPUSTUHN C
HOPMAJIBHOH CpeZiol MOKET OBITh BBIITOJIHEHA B BUJE MOYJIBHON MTPOBOJI-
ki (puc. 6.21). Takyro IpOBOJKY 11€7€CO00Pa3HO MPUMEHSTH B IIOMEIICHH-
SIX, TJ€ DIEKTPOIPUEMHUKH PACIONIaraloTCs MO BCEH IUIOMIAAH, a TaKkKe
TaM, TJIe 9acTO OCYIIECTBICTCS CMEHA WM TNEepeMeIIeHNe TEeXHOJIOTH-
YECKOro 000pyI0BaHUsI.

MonybHBIE CeTH OTBEYAIOT TEXHOJIIOTUYECKHUM TPeOOBAaHHSIM K TTOBBI-
IIEHHON YHUCTOTE IOMEIIEHHUH, yIy4lIaloT 3CTETUYECKH BHJ Iiexa, He
3aTPyIHSIOT PabOTy KPaHOB M MOABEMHBIX MEXaHHU3MOB, HE 3aTEMHSIOT
paboune mecra.

MonynbHbIE pacnpefeNuTeNbHbIE CeTH MPEACTABISIOT COOOM MPOIIo-
JKEHHBIE B IIOJTy MarucTpaiu (IIpoBoJia C ATFOMHUHHUEBHIMH JKUJIAMU B BH-
HUTUTACTOBBIX HMJIM CTaJbHBIX TOHKOCTEHHBIX TPy0ax) M pachperesnTellb-
HBIE MOJyJbHBIE KOPOOKH, MPEAHA3HAYEHHBIE TSI TPOTSHKKH U OTBETBIIE-
HUS TIPOBOJIOB K 3JIEKTPONPUEMHHIKAM HIIM YCTAHOBKU Ha HUX MOJYJIBHBIX
Ko10HOK. KOopoOKH pa3MeriaroTcs 1Mo Bceid MarucTpalii ¢ OnpeaelIeHHBIM
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marom (MOIyJieM), KOTOPBIH MPWHUMAETCsS PaBHBIM 2 M Uil Majoraba-
PUTHOTO U 3 M AJIsl KpyIMHOTabapuTHOTO 000pYAOBaHUs. Maructpanu pac-
MOJIATar0TCs BAOJb TPOJICTOB MO BCEH MIIOMIAIH TeXa.

MonynbHbIe KOPOOKH pacCUMTAHBI HA MPOKIIAIKY ATFOMHHUEBBIX Maru-
CTPAIBHBIX TPOBOJIOB TUTOMIABI0 CEUCHHS 10 35 MM’ M HyJIEBOrO IPOBO/IA
LUIOMABI0 cedeHust 10 25 MM’ OGas Harpy3ka Ha MarucTpajib He
JTOJDKHA TIPEBBIIATEL 95 A.

Puc. 6.21. I1nan pacnoyioXeHus] MOLYJIbHBIX MarucTpaien
B IOMCHICHUAX
1 — cunoBoit nynxm, 2 — MOJyJbHAs MarucTpaib;
3 — MoaynbeHas KopoOka; 4 — HyNneBOW MPOBOJ B TPYyOE

MogynbHbie ceTH OoJiee CIOKHBI B OKCIUTyaTalld, TaK Kak TpeOyroT
MOCTOSTHHOTO yXoJa U HaOmoneHus. B Tpy0ax n3-3a pa3HOCTH TeMIepaTyp
MOXET 00pa3oBbIBaThCA KOHAEHCAT. Biiara MoxeT mpocaymBaTbCcsi B KO-
POOKH IpH HAPYIIEHUH UX YIUIOTHEHHS. B Takux ciydasx oCyLIecTBISIOT
NPOAYBKY TpyO TeIUbIM Bo3ayxoM. IlosTomMy mpuMeHeHHEe MOIYJIBHBIX
ceTell B MPOeKTax J0JHDKHO 000CHOBBIBATHCS.

TponneitHple TUHUM, MpeIHA3HAUYEHHbIE [UIA MUTaHHUSA JJIEKTPOJIBUTA-
TeJIe MOCTOBBIX KpaHOB, KpaH-Oalok, Telb(epoB M MepeaaTOYHbIX
TEJIeKEK, KaK MPaBUJIO, MOJIKIOYAIOTCS K MarucTpajbHBIM MIMHOIIPOBO-
JlaM WM HemnocpeacTBeHHO K mmHaM TII. Cxembl MUTaHUS U CEKIHO-
HUPOBAaHUS TPOJUIEHHBIX JTUHUI MOKa3aHbl Ha puc. 6.22. [lpu nutanuu ot
Tpossiest Gojee OJHOrO KpaHa MpeayCMaTpUBAIOTCS PEMOHTHBIE CEKIIMU
(3aroHbl), KOTOPBIE MOT'YT OTKJIIOYAThCS KOMMYTAllMOHHBIMU allllapaTaMmu
Y MCIIOJIB30BATHCS Il peMOHTa KpaHoB. [Ipu Hammuum snexTponpu-
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E€MHHUKOB TIEPBOY KaTeTrOPHH, HAIIPUMED, PA3TUBOYHBIX KPAHOB MapTe
HOBCKHX I[€XOB, IPUMEHSIETCS MUTAaHUE TPOJIICHHOM TMHUH OT ABYX HE
3aBUCUMBIX HCTOYHHUKOB.
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Puc. 6.22. Cxembl TpONJIeHHBIX TUHUM:
@ — JUIsl OTHOTO KpaHa; 6 — JUIA IByX KPaHOB;
6 — IS Tpex U Oollee KPaHOB;
2 — TIMTaHuE JIMHUY OT JIBYX UCTOYHUKOB C B3aHMHBIM PE3€pPBUPOBAHIEM;
1 — TpomnneiiHas TMHUS; 2 — BBIKJIIOYATEID;
3 — peMoHTHasl CeKIust; 4 — CEeKIMOHHBIN BBHIKITIOYATENb

6.8. OCBETHUTEJIBHBIE CETH [IPOU3BO/ICTBEHHBIX 3/IAHUI1

Ha npoMbIluieHHBIX OPeANpUATHIX B IOMELICHUAX U Ha MECTax Ipo-
M3BOJICTBA HAPY)KHBIX paboT mpeaycMmarpuBaercsi pabouee, a B ompene-
JICHHBIX CIIy4asx Takxke aBapuiiHOE (U1 MPOAOJDKEHHUs] paboThl MM 3Ba-
Kyalliu) UCKYCCTBEHHOE OocBeleHue. s obecneyeHus 3J1eKTpoIHepruei
OCBETHUTEJBHBIX MPUOOPOB HEOOXOIUMBI OCBETHTEIBHBIE CETH, KOTOPHIE
JIeNATCST Ha TMUTalolme W rpynmnosbie. K numaroweti cemu oTHOCATCS
JTuHUH, npoJiokeHHble oT mmH PY go 1 kB TII wnm apyrux myHKTOB
MUTaHUS 70 TPYIMIIOBBIX IUTKOB, & K SPYHNO60L — JHHUU OT TPYIIIOBBIX
HIMTKOB JI0 CBETUIHBHUKOB MJIH PO3ETOK.

BbI00p OCBETHTENBHBIX YCTAaHOBOK OCYIIECTBISIETCS C yYETOM BCeX
YCIIOBUH AJIEKTPOCHAOXKEHHS MPOEKTUpyeMoro oObekrta. Ilpu sTom mns
oOecrieueHus TpeOyeMOro KauecTBa OCBEIICHHUS OOJIBIIOe 3HAYCHHUE UME-
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et BeIOOp MII. Ha GonplimHCTBE MPOMBINUIEHHBIX MPEANPHUITAN dIEKTPO-
cHaO)KeHNE OCBETUTENHHBIX YCTAHOBOK OCYIIECTBIISIETCS OT OOMIMX IS
CHJIOBBIX M OCBETHUTENBHBIX HArpy30K TpaHC(hOPMATOPOB CO BTOPHUYHBIM
Hanpsokeanem 0,23/0,4 xB. He pekoMeHayeTCsl IOAKIIOYATh CETh DJIEKT-
PUYECKOTO OCBEIIEHUS K TpaHc(hopMaTopaM, K KOTOPBIM IPHUCOETUHEHBI
AIIEKTPOTIPUEMHHKH, CIIOCOOHBIE yXY/IIaTh MMOKA3aTeNld KadyecTBa Harps-
JKeHUs. B 000CHOBAaHHBIX CITydasx OCBETHUTENHHBIE YCTAHOBKH MOTYT TIO-
JIy4aThb AJIEKTPOIHEPTUIO OT OTAEHbHBIX T1I.

Pabouee oceleHne, Kak IPaBUIIO, TUTAETCS CAMOCTOSATENLHBIMU JIMHH-
ssmu OoT 1HH PY 1o 1 kB TII uny OT roJ0BHBIX Y4aCTKOB MaruCTpPajibHBIX
MIUHOMPOBOIOB (puc. 6.23). IluTaromas ocBeTHTEIbHAS CETh B OOJBIINH-
CTBE CIIy4aeB BHIMMONHACTCS IBYXCTyneH4aroil (puc. 6.24). K nepsoii cty-
MIEHU OTHOCSTCA JIMHUY, cBsi3biBatonve TII ¢ mpomMexxyTOUHBIMU pacnpeze-
yuTenbHbIMU muTKaMu oceienus (PIO), a ko Bropoit — nuanu ot PIIO
JIo TpynmoBbIX muTKoB. MHOorma PIIO Ha3pIBaloTCs TakkKe MarucCTpaabHbI-
MU muTkamu [14]. X npuMeHeHne 00bACHICTCS OrPaHUYCHHOCTBIO YHCIIa
aBTOMAaTHUYECKUX BBIKIIIOUATENIEH B pacnpenenurenbubix murax T1I u ux
OONBIIMMU HOMHHAIILHBIME TOKaMu. B HeGonpmmx nexax PILIO moryt He
YCTaHaBIUBAThCS, @ MUTAIONIAsl OJHOCTYNEHYaTas CeTh NMPUCOETUHSIETCS
HETMOCPEICTBEHHO K TPYIIIOBBIM IIUTKaM (puc. 6.25).
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Puc. 6.23. CxeMbl IPUCOCAMHEHHS OCBETUTEIHHBIX YCTAHOBOK:
a — k mmHaM PY TII; 6 — k MaructpalibHOMY IIMHOTIPOBOY;
1O — muTok paboyero OCBeIICHUS
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Puc. 6.24. JIByxcTyneHUaThle CXeMbI IUTaHUS pabovero
1 aBapUITHOIO OCBELICHUS:
@ — OT JABYX OJHOTPaHC(OPMATOPHBIX MOICTAHIIHIA;
6 — OT OIHOM IBYXTpaHC(HOPMATOPHOM MOJICTAHITUM;
IO u IIAO — rpynmoBble MUTKH paboyero U aBapUHOTO OCBEIICHHS

[TuTaromas ceTh OCBEIICHUSI OOBIYHO BBITIONHSIETCS PAIUaIbHBIMU
KaOeTbHBIMU JIMHHUSIMHU, KOTOPBIE TIPOKJIABIBAOTCS TT0 OOIIIM TpaccaMm ¢
CUJIOBEIMM KaOesiMu. B OOJIBINHX M MHOTOATAXKHBIX 3JAHMSX MUTAIOIAST
CETh MOYKET OBITh BHIMOJIHEHA TI0 MAaruCTpaibHON CXeMe.

[pu coOImoeH HOPMUPOBAHHBIX TTOKA3ATENIEH KaueCcTBa HAPSDKEHUS
Ha 32)KMMaX OCBETHTEIIBHBIX TIPHOOPOB JOITYCKACTCS OCYIIECTBIISATH TTHTa-
HHE paboyero, aBaprifHOTO U 3BAKYAIIMOHHOTO OCBEILICHHUS U OT YIaIeHHON
ot TII cunoBoii cetn. Takue cxeMbl MOTYT IPUMEHSITHCS JJIs1 ITUTAHUS
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Puc. 6.25. OgHOCTYIIEHYATHIC CXEMBI [TUTAHUS Pad0Yero
Y aBapUHHOTO OCBEILCHUS:
a — OT JIByX OJTHOTPaHC(OPMATOPHBIX MOACTAHIINH;
6 — OT 0/IHO¥ NBYXTpaHC(hHOPMATOPHOM MOJACTAHIINU

OCBELICHUS HEOOJIBIINX OTAEIBHBIX 34aHUN U COOpPYKEHHMH (CKIanbl, Ha-
COCHBIC CcTaHIMU M T.1.). [lonkirodenue memeil OCBEMICHHS] K CHUIIOBBIM
MUTAOLIUM CETSIM PEKOMEHIYETCS BBIIOJIHATH OT BEPXHUX KIEMM BBOJ-
HOTO KOMMYTAIIMOHHOT'O almapara CUIOBOI0 PacIpeleIUTENbHOIO IUTa,
nyHkTa u T.0. [23]. He nomyckaeTcsi mpuUCOEIUHEHHE OCBETHTEIbHBIX
ceTell BceX BHJIOB K CHIIOBOM MUTAIOUICH CETH 37aHUi 0e3 eCTeCTBEHHOI'O
OCBELIECHMUS.

OcBetuTenbHasi MUTAOLIAS CETh B HEKOTOPBIX CIIydasiX MOXET ObITh
BBIIIOJIHEHA 110 MArUCTPAJILHOM cxeme. Hampumep, Takoe pemenue, mnocie
COOTBETCTBYIOIIETO OOOCHOBAHUS, MOXKET OBITh IPUMEHEHO B OTAEIHHBIX
0OJIBIINX MPOU3BOJCTBEHHBIX 3AaHHIX.

DJIeKTpUYecKre CeTH pabovero u aBapuiHOTO OCBELICHHUS B IIPOU3BO/-
CTBEHHBIX 3JIaHHUAX U B 30HaX PaOOTHI Ha OTKPHITHIX MPOCTPAHCTBAX JOJI-
JKHBI OBITh MOAKIIOUEHBI K pa3sHbIM HezaBucuMbIM UII. [lomyckaercs: ux
NPUCOEJMHEHNE K pa3HbIM TpaHCPOpMaTopaM JBYXTpaHC(HOPMATOPHBIX
MOJICTAHIIUH.
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CBETWIFHUKH M CBETOBBIE YKA3aTENH JBAKYaIlIOHHOTO OCBEIICHUS B
MPOM3BOACTBEHHBIX 3JAaHUSX C €CTECTBEHHBIM OCBEIICHWEM CIeAyeT
MIPUCOCIUHATD K OTICIBHON ceTH. B 3maHmsx 0e3 eCTECTBEHHOTO CBETa
IBaKyallMOHHOE OCBEIEHHE [OJDKHO WHTAThCSI OT HE3aBHCHMOTO
HCTOYHHKA.

['pynmoBsie ceTr BBIMONHSAIOTCSA B BUJE MaruCTPAIBHBIX IBYX-, TPEX-U
YETBIPEXNPOBOJHBIX JUHUNA. Kaxkmas JIUHUS HMeeT MO BCell IuHE
OJIMHAKOBOE YHCJIO TIPOBOAHUKOB OJHOTO M TOTO JK€ cedeHus. PaccTosHus
MEXIy TOYKAMHU NPHUCOCTUHEHHS CBETWIHHHKOB K TPYIMIIOBOW JIMHHUH
JIOJDKHBI OBITh OJUHAKOBBEIMH B TIpEIeNiaX IMPOEKTUPYEMOTO ITPOH3BOI-
CTBEHHOT'O TOMEIICHUS, YTO HEOOXOIMMO IS CO3/IaHUs PaBHOMEPHOM
OCBEILCHHOCTU MO IIoNanu 1exa. [Ipu MmomkiIoYeHHnn CBETHIIBHUKOB K
IPYIIOBOH JIMHUM ClIeayeT 00eCeuuBaTh 0 BO3MOKHOCTH PABHOMEPHYIO
3arpysky ¢as.

rpynHOBbIe CEeTU MOI'YyT 6BITL BBIIIOJIHCHBI KOMIUUICKTHBIMU OCBCTHU-
TCJIBHBIMU IBYXMNPOBOAHBIMH WM YCTBIPEXIIPOBOAHLIMU IHWHOIIPOBOAAMMU.
Nx pexkoMeHIyeTcs NPHUMEHSTh B IOMEILIEHUSAX C HOPMalbHOM Cpenoi,
KpoMme 0c000 CBIPBIX, TIPU PSAHOM M YAaCTOM PACIIONIOKCHUU CBETHILHUKOB
00IIIero OCBEICHHS, a TakXKe B TeX Ciydasx, KOrja Harpyska JIMHUU
npeBbimaetT 50 % HOMHUHAIBHOIO TOKa IIMHOMNpPOBoAa. He ciemyer mpo-
KIIaAbIBATH OCBCTUTC/IbHBIC IIMHOIIPOBOABI B CKIIAACKUX IOMCHICHUAX.

6.9. BbIBOP KOHCTPYKTI/IBHQFO WCIIOJIHEHUA
SJIEKTPUYECKHNX CETEU

ONEeKTpUYECKUE CEeTH HampsokeHHeMm 10 1 kB pasnugaroTcss Mexay
c000# B 3aBUCHMOCTH OT KOHCTPYKLIMH, CHOCOOOB M30JSIIMU M TIPOKJIaIKU
NPOBOJHHUKOB. BEIOOpP KOHCTPYKTHBHOTO MCIIOJHEHHUS CETH 3aBHCHUT OT €€
Ha3HAYCHMS, PACCTAHOBKM IMPOM3BOACTBEHHOro 000pyIOBaHMs, TpeOOBa-
HUM K HaJEeKHOCTH 3JIEKTPOCHAOKEHHS 3JIEKTPONPUEMHUKOB, YCIOBHI
OKpy>Katowei cpeabl, pasmenienus 111, BEpoATHOCTH M3MEHEHHSI TEXHO-
JIOTHYECKOI'0 TPOILECCa, BHI3BIBAIOIIEIO MEPEMEIIECHIE WM 3aMeHy 000-
PYAOBaHMA U T.J.

ITo ciocoOy U30JISIUKHU CETH MOTYT OBITH pa3JieJIeHbl Ha IBE TPYIIIIbL:
1) BBINOJIHEHHbBIC HEM30JIMPOBAHHBIMHU POBOIAMHU U LIMHAMHY;
2) BBITIOJHEHHBIC H30JIMPOBAHHBIMH TIPOBOIHHKAMH.
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K mepBoii rpymme oTHOCSATCS BO3MYIIHBIE JIMHUHM M IIMHOIIPOBOIBL, & KO
BTOPOU — KaOeNbHbIe TUHAH U DIIEKTPOITPOBOIKH.

Boznymmabie muann 10 1 KB Ha IPOMBIIUTEHHBIX 00BEKTaX MPUMEHSIOT-
Csl OTpaHWYEHHO. VX HCIIONB3YIOT B OCHOBHOM B CETSIX HApy>KHOTO 3JIeK-
TPUUYECKOTO OCBEIEHHS, a TAaKXKe JJIS IMUTAaHUSI 000COOIEHHBIX MaJIOMOIII-
HBIX MTOTpeOUTENeH, PaCTIONIOKEHHBIX Ha Tepu(epry IPEANPUITH WIA 32
€ro mpezenamMu.

Jns mepenaun u pactpeienieHus 3JIeKTPOIHEPTUH Ha MPOMBIIIICHHBIX
MPEINPUATHSX IIHPOKOE PACIPOCTpaHEHUE MONYyYMIA MarucTpaibHbIe H
pacrmpenenuTeNbHbIe ITUTHONPOBOABI. OHU MPUMEHSIOTCSA B TOMEIICHUSIX C
pa3HOOOpPa3HO OKpYXArOIEH Cpeol, KpOME B3PHIBOOIIACHOM, XUMHUECKU
aKTUBHOW M 0c000 chipoii. [Ipu coOmtofeHNM ONpeNeICHHBIX YCIOBHIA
IIUHOIIPOBOJbLI MOTYT IPOKJIAAbIBATHCA B IOXKAPOOIIACHBIX IMOMCHICHUAX
[14]. IunompoBOABI IEIecO00pPa3HO HCIOJIB30BATh MPH HECTAOUIBHOM
pacrmonoxeHnn 0o0OpyJNOBaHHS, TaK KaK OHH IMO3BOJISIIOT OTHOCHUTEIHHO
OBICTPO TIepecTpanuBaTh AEKTPUIECKYIO CeTh. [IpOMBIIIEHHOE W3TOTOB-
JICHUC KOMIUICKTHBIX INHHOIIPOBOJOB JAa€T BO3MOXHOCTH BECTH MOHTAX
ceren UHAYCTPpUAJIBHBIMHA METOJaMH W3 CTAHAAPTHBIX CCK]_[HI;'I, YHCJIO U
KOH(UTYpaIUs KOTOPBIX ONMPEACISAIOTCS MPOCKTOM.

I[J'Iﬂ IMPUCOCANHCHHNA K MaruCTpajbHbIM HIMHOIIPOBOJAaM UCIIOJIb3YIOTCA
CIICIMaJIbHBIC CEKIUH, KOTOPLIC BBIITOIHAKOTCA 663 KOMMYTAIlUOHHBIX aIl-
MaparoB, C Pa3beIUHUTENEM WM aBTOMAaTHYECKUM BBIKIIO4aTeneM. Pac-
MIpeIeUTENbHBIE IMTUHOMIPOBOABI JIJIS TIOAKITFOUYEHUS SIEKTPOIIPUEMHUKOB
UMEIOT OTBETBUTENFHBIE KOPOOKH, B KOTOPBIX MOTYT YCTaHABIHUBATHCS
MIPEOXPAHUTENN, ABTOMATHUYECKHE BBIKIIFOUATENN WK pazbeauHurenn. Ot
pacrpeeuTeNbHBIX IIMHOMPOBOIOB K AIEKTPOIIPUEMHUKAM TPOBOIHHUKH
MPOKIIAIBIBAIOTCS B TpyOaxX, METalUIOpyKaBax, KOpoOKax, Ha JIOTKaX W
nepdoronocax.

[Ipoknaaka pacrpenenuTeNbHBIX MIWHOPOBOAOB JIOJIKHA OCYIIECTB-
JSATHCS HA CTOWKax BOJIM3M TEXHOJOTHYECKOTO OOOpYy/OBaHHS WA Ha
HuM. [[IMHOMPOBOBI MOTYT TaKKe MPOKIAIBIBATECS Ha KPOHIITEHHAX IO
CTEHaM U KOJIOHHAM 3JIaHHUM.

[uHOTIPOBOABI ClleAyeT pa3MeliaTh B 30HAX, TJle MX TOBPEKICHHE
MMOABEMHO-TPAHCIIOPTHBIMU MEXaHU3MaMU M HNEPEMEIIACMBIMU T'Py3aMU
MajoBeposATHO. VX pacmoiaraioT Ha BEICOTE HE HIKE 2,5 M OT YPOBHS
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T0JIa WK TUTOIAaKku oocmyxuBanus [4]. [Ipu mpoxiagke MIIHOMIPOBOAOB Ha
BbICOTE 0OoJiee 3 M M OTCYTCTBHH IUTOMIAIOK JJISI X OOCITY)KUBAHUSA CIIETyeT
MIPUMEHATH OTBETBUTENBHBIE YCTPOICTBa Oe3 ammaparoB 3amuTel. OTBET-
BJICHHUS OT IIITHOTIPOBO/IOB JUTMHOM 10 6 M K BBOJHBIM yCTPOMCTBAM TEXHO-
JIOTUYECKOTr0 000pYyI0BaHUS U IIEXOBBIM PY, MMEIOmyM Ha BBOJIE 3aITUTHBIN
ammapar, HeoOXOJIMO BBITTONHSTH C MCIOJIh30BAHMEM CEKIIMiT TN KOPOOOK
0e3 aBTOMaTHYIECKUX BBIKITIOUATEIICH U IPEAOXPaHATEIICH.

B Tex ciyvasx, Korja IIMHOIPOBO B HELIEIECOO0Pa3HbI WIIH HEJOITyC-
THUMBI, JJIEKTPHYCCKUE CETH BBIMOJHSIOTCS N30JIMPOBAHHBIMH TPOBOHHUKA-
MU: IPOBOAAaMU U KabensimMu. Bosbiioe pazHooOpas3ue BhIMTyCKaeMbIX Mpo-
MBIIUICHHOCTBIO TTPOBOJIOB U KaOeleH, a Tak:ke BO3MOXKHBIX CIIOCOOOB UX
NPOKJIAIKH 00ECTIeYNBaET MOCTPOCHUE BIIEKTPUUYECKOM CETH, yIOBIETBO-
psroleii TpeGOBaHUIM JTIOOBIX MOTPEOUTENCH IIEKTPOIHEPTHH.

N3onupoBaHHbIC IPOBOJHUKN MOTYT UMETh TIOBEPX M30JISLMH JKUJ 3a-
HIMTHYIO O00JIOUKY B Pa3HOM MCIOJTHEHHUH. J{JIsl 3alUThI N30JISIMHU JKUIT OT
BO3JICHCTBUS CBETA, BJard, Pa3IMYHBIX XUMHUYCCKHUX BEIIECTB, a TAKXKE C
HEINBIO TPEIOXPAaHEeHUsI €€ OT MEXaHMUECKUX MOBPEXICHUH Kabenn cHab-
JKAFOTCSI METAJUTUYECKUMH, TNTACTMACCOBBIMU M PE3MHOBBIMH 000JIOUKAMHU.
JlyymmMu 00070YKaMU B OTHOIIEHWM T'€PMETHYHOCTH M BIIArOHEIPO-
HuraeMoe™  ABJISIOTCS METaUIMYECKUE (QJIIOMUHHEBBIC, CBUHIIOBHIC,
CTallbHBIE), TPUMEHSIEMbIE /ISl BIaroeMkoi (OymaskHoi) m3omsanuu. OxHa-
KO HCITOJIb30BaHue B ceTsax 10 1 kB kabemneil ¢ MeTalTM4ecCKUMH 000104~
kamu (Hampumep, mapok ACb, Cb, AAb, AAIIIBY u T.m.) IPUBOANT K
yaopoxanuio COC U yCI0KHEHUIO €€ IKCILTyaTalluH.

KaGenu ¢ HeBnaroeMkoi u3oisiiuel (IIacTMacCOBOW MM PE3UHOBOH)
HE HYXJIal0TCS B METAJUITMYECKOM 000110uke. B cBs3M ¢ 3TUM Takue kabemun
W3TOTaBIMBAIOTCS B  IUIACTMACCOBOW  WIIM  PE3WHOBOH  000JIOUKe
(manmpumep, ABBI', AHPI', AIIBI" u T.11.), 4TO CHM)XaeT MX CTOMMOCTb,
YIPOINAeT MOHTAX U 3KCILTYyaTaINIO JIEKTPHUECKUX CETeH.

W3onmupoBaHHbIE TPOBOJA OOBIYHO HE WMEIOT 3alIUTHBIX O00O0JIOYEK
(mampumep, AIIB, I1B, AIIIIB u 1.11.). HekoTopble mpoBoia BEITYCKAOTCS
¢ 3amMTHBIME TTOKpoBamu (Hanpumep, AIIP, TTP, I[TPJ1, ATIPTO u T.11.).

BHyTpu 31aH1# Ka0eau MOTYT MPOKJIAJABIBATHCS OTKPBITO 10 CTEHAM U
CTPOHUTEJILHBIM 3JICMEHTAM Ha CKO0axX M KaOCJIbHBIX KOHCTPYKIMSX, B
KopoOax, Ha JIOTKax, Tpocax, a TaKKe B OJIOKax M KaOenbHbIX KaHanax. [1o

178



MMPOEKTPOBAHUME CUCTEM 3JIEKTPOCHABXEHM

TEPPUTOPUH MPEATPHUATHS PEKOMEHTyeTCs TPOKIabIBaTh KabeIn OTKPbI-
TO Ha 3CTAaKaJax, MO HAPY>KHBIM CTEHAM 3JaHUA M coopykeHui. Ecmu
yYKa3aHHBIE CIIOCOOBI KaHAJIH3AINH 3JIEKTPOIHEPTUH HEBO3MOXKHBI, TO Ka-
OelbHbIE JTMHUY BHEI[EXOBBIX CETEH MPOKIaIBIBAIOTCA B 3eMJIE.

Dnekmponpogookoti Ha3bIBAETCS COBOKYITHOCTh MPOBOJIOB M Kalenel ¢
OTHOCSIIIIAMUCS K HUM KPEIUICHUSIMH, TOIACPKUBAOIINMHU 3aIIATHBIMA
KOHCTPYKIIMSIMH U JeTaissMu [4]. B snexTpompoBoakax MPUMEHSIOTCS
HEeOpOHHMPOBAHHBIE CHUJIOBBIE KaOENH C PEe3WHOBOW WM IIACTMacCOBOMN
M30ISIIHeH ¢ IUTOMAIbI0 CedeHns (asHBIX XKUI 10 16 MM Diektporpo-
BOJIKM BHYTPH 3[JaHUH JENATCS Ha OTKPBITHIE M CKPBITHIE.

OTKpBITas AIEKTPOIIPOBOIKA (II0 CTPOUTENBHBIM DJIEMEHTaM, OTIOpaM U
T.A.) UMEEeT MHOTO KOHCTPYKTHBHBIX HWCIOJHEHHHA, M3 KOTOPBIX s
IMPOMBIIIJICHHBIX HpCIIHpI/IﬂTI/Iﬁ OCHOBHBIMHU ABJIAIOTCA MPOKJIaAKa IMPOBOI-
HUKOB B Tpy0ax, MeTalulopyKaBax, KopoOaxX, Ha JIOTKax M Tpocax. Pexe
IIPUMEHSAETCS OTKPBITAs IEKTPOIIPOBOJKA BHYTPU MIOMEIICHUN Ha POJIU-
Kax U M30JITOpax.

CkpbITast 3JEKTPONPOBOAKA (BHYTPU KOHCTPYKTHBHBIX 3JIEMEHTOB
3JaHUH U COOPYKEHHI) BBIIOJTHICTCS B TpyOaxX, THOKMX METaJuIOpyKaBax,
KopoOax, KaHajlaX ¥ IMyCTOTaX CTPOUTEIBHBIX KOHCTPYKIIMH, IO/ IITyKa-
TypKOi U T.N. BEIOOp KOHCTPYKIMH CeTel OCYIECTBISIETCS! TIPOCKTUPOB-
IMUKaMU Ha OCHOBC aHaJIM3a MCXOAHBLIX JaHHBIX, U3YYCHUA OCO6€HHOCTCI>1
MPOU3BOCTBA U IPYTUX (DAaKTOPOB.

[Tpy BHIMOJIHEHUH AJIEKTPOMOHTAXHBIX paboT Oojee jKenaTeNbHON SIB-
JSIETCSl OTKPBITAs AIEKTPOIpoBoaKa. OTHAKO B HEKOTOPBIX CIIydYasX Takoe
WCTIOJTHEHHNE CETU COBEPIICHHO HEOIMYCTHMO WIIH HElleIecoo0pa3Ho u3-3a
HEy100CTBa SKCILTyaTaI|H.

[MuTaromas ceTh AODKHA, KaK MPABHIIO, MPOKIAABIBATHCS OTKPBITO.
[TpumeneHme TpyOHBIX 3IEKTPOIPOBOIOK B MPOEKTE HEOOXOAUMO 00OCHO-
BEIBaTh.

OTKpBITO TIOJIOKEHHBIE Ka0eN W MPOBOJIA TOJDKHBI OBITH 3alUIICHBI
OT MEXaHWYECKUX TMOBPESKIACHUN 0 OE30TMacHOU BBICOTHI, HO HE MEHee
YyeM Ha 2 M OT YPOBHS TOJia WJIM IJIOMIAJKH OOCTYXHUBaHHs. 3aliuTa
OTKPBITO TPOJIOKEHHBIX MTPOBOJIHUKOB OCYIIECTBISAETCS METANIMIECKIMH
KOXKyXaMH, YTOJIKaMH, [IBEJUIEPaMHU WIIA CTATBHBIMU THYTHIMU JIHCTOBBIMH
poUIAMH.
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s oOpazoBaHmMs KaHAJIOB AJIS MTPOBOJIOB W KaOenel B Tommie ¢pyHIa-
MEHTOB WJIM B TIOJIaX IMOMEIEHI HEOOXOAMMBI JOCTATOYHO MPOYHBIE, Tep-
METHYHBIE U TTIaIKKe BHYTPH TPYOBI. DTO MOTYT OBITH BUHUILIACTOBBIE MM
MOJIMATHIICHOBEIE TPYObI, @ B 000CHOBAaHHBIX CITydasXx — CTaJbHBIE TOHKO-
creHnble. CTanbHBIE BOJOTA30MIPOBOIHBIE TPYObI MPUMEHSATH TSI CKPBITOM
MPOKIIA/IKHU pa3permaeTcsi TOIFKO BO B3PHIBOOTIACHBIX TIOMEIICHHUSX.

BaxxuapiM 061iiM TpeboBaHHEM K KOHCTPYKTUBHOMY HCTIOTHEHHIO JIEK-
TpuUUecKux ceteid mo 1 kB smBisieTcs obecrieueHne BO3MOKHOCTH CMEHBI
MPOBOJIOB U Kabemeil B YCIOBUSAX SKCIDIyaTalllH, TaK KaK CPOK CIY»KOBI
W30JIAIMN TIPOBOJHUKOB OTrpaHWueH. M3-3a TEIUIOBOro M3HOCA U BO3JCH-
CTBUS OKPYIKAIOIICH CPE/Ibl 30NN U 000JI0YKU TTPOBOTHUKOB CO BpeMe-
HEM TEPSIIOT CBOM JHMAJICKTPUYCCKHE M MEXaHWYECCKHE CBOWCTBA. B 3aBHU-
CHMOCTH OT YCJIOBHM OKPY>KarOIIeH Cpe/bl, KauecTBa SIECKTPOTEXHUIECKUX
MaTepUAJIOB W BEIMYMH DJICKTPUUECKUX HArpy30K CMEHY IMPOBOJIHUKOB
MPUXOIUTCS BBIIONHITH Kakapie 10—15 meT skcrulyaranuu, a MHOTAA U
yare [9].

IIpu 3ameHe TPOBOMOB W Kabenel HET HEOOXOIMMOCTH pa3pyliaTh
CTPOUTEIIBHBIE 3JIEMEHTHI 3MAHUM U COOPYXKEHUH. B CBsI3u ¢ 3TUM mIpo-
KJIaJKa MPOBOJIOB O] MITYKATYPKOW WIIM 3aMOHOJIMYMBAHHE UX B OCTOH
JIOJIKHO OBITh 000CHOBAHO.

Ko BceM BHUJaM M UCTIOIIHEHUSM DJICKTPOIPOBOIOK HPEABSABISIOTCS OIl-
peneneHHble TpeOOBaHWs, Kacaloluecs: X HaJeKHOCTA U 0€30MacHOCTH.
st Haze)KHOH paboThI ANEKTPOYCTAHOBOK HEOOXOIMMO TPOKIIa IBIBATh IPO-
BOJIHUKH TaK, 9TOOBI IOBPEXK/IEHUE B IEMSAX OJHOTO MEXaHW3Ma FITN yCTa-
HOBKHM HE BBI3BIBAJIO MPEKPAILICHNS IUTAHUS JIPYTHX, PA0OTAOIINX HE3ABHUCH-
MoO. B cBs3uM ¢ 3THM 3ampemiaeTcs HPOKIAIbIBATG MPOBOJHUKU Pa3HBIX
arperaroB, HE CBS3aHHBIX TEXHOJIOTMUYECKUM IIPOILIECCOM, B OHOM KaHAalle
CTPOUTENHFHON KOHCTPYKIMH, KopoOe, oMHOH TpyOe mir Ha ogHOM JioTke. [1o
TOH K€ MPUYHMHE HE JIOMYCKAETCS] COBMECTHAs TIPOKJIaIKa B3aUMOPE3EPBH-
pyHOIuX ieneii, nenei padovero u aBapuitHOTO OCBEIIEHUS U T.II.

BaxxHoe 3HaueHue aisi oOecriedeHus] HAJICKHOCTH PadOTHI ANEKTPOYC-
TaHOBOK MIMEET YCTOHYNBOCTh MPOBOJHUKOB B OTHOIICHWH HEPACIIPOCTpa-
HeHUs ropeHus. s OTKPBITHIX MPOKIAIA0K 0e3 CTalbHBIX TPYO peKoMeH-
JIyeTCsl TIPUMEHSTh MPOBOJIa U KaOeau ¢ TAKUMH BHEIIHMMU 000JIOUKAMH,
KOTOPBIC HE TIOACPIKUBAIOT TOPEHUE (TTOJMBUHUIXJIOPHUIHBIC WIIH HAHPUTO-
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BbI€ M30JSIIMU WM 000I04KK). B 3TOM ciydae npu BO3ropaHuH 3JIEKTPO-
MpoBOAKH W3-3a K3 mim meperpysku, mociie OTKIIOUEHHUS OTKAa3aBIIEeTOo
ydacTKa CETH 3al[UTOH, ITOXKap He OyIeT pacpoCTPaHSIThCA.

TposnneiiHple IMHUU MOTYT BBIIOJHATHCS U3 YIJIOBOM CTaju, TPOJUICHHBI-
MU IITHHOTIPOBOIAMH WJIH THOKUM KabemeM (TIpoBOIOM).

CraipHble TPOJUIEH KECTKON KOHCTPYKIMH IMPUMEHSIOTCS B HAPYKHBIX
YCTAHOBKAaX M BO BCEX MPOU3BOACTBEHHBIX IOMELICHUSAX, KPOME MOXKAPO-
onacHbIx kjaccoB I1-1 u IT-TI, B3ppIBOONACHBIX BCEX KJIACCOB M XUMHYEC-
KHUX IIPOU3BOJICTB.

TponneiiHble KOMIUIEKTHBIE IIMHONPOBOABI CIEAYET NPUMEHATH AJIA
MUTaHUS MOABEMHO-TPAHCIIOPTHBIX MEXAHU3MOB B LI€XaX C HOPMaJIbHOU
CpeJIoif, B MOMEIEHUSAX C yAYUIIEHHON OTJENKON, B AIEKTPOTEXHUYECKUX
MOMEIIEHHX, a TakKe B HAPYKHBIX yCTaHOBKax (moj HaBecoM). YeTsI-
PEXIIPOBOAHBIE TPOJIJIEHHBIE IIMHOMPOBO/IBI MOTYT HCIIOJIB30BATHCS TaKxkKe
JUISL TIMTAHUSI TIEPEHOCHOTO 3JIEKTpOMHCTpyMeHTa. Jlomyckaercs mpume-
HATH TPOJUICHHBIE IIUHOMIPOBOJBI B II0’KAPOONACHBIX 30HaxX Kiaccos [I-ITa
u II-III npu yciioBUY, 4YTO OHU HE PACIIONIATAIOTCS HAJl MECTAaMU CKOIUICHHUS
TOPIOYHMX MAaTEpPHUAJIOB.

Ecnu mo ycioBusiM cpenbl HE MOTYT OBITh NMPUMEHEHBI TPOJUICU W3
YTJIOBOM CTajly WM TPOJUICHHBIE MIMHOMPOBOJBI, TO IMOABOJ MHUTAaHUSA K
KpPaHOBBIM YCTaHOBKAaM JIOJDKEH OCYILECTBISITbCSA THOKUM LUIAHTOBBIM
kaOenem. [Ipu 5TOM BO B3pBIBOOMACHBIX 30HAX U IMOYXKAPOOMACHBIX 30HAX
ksaccoB I1-1 u T1-I1 o/mKHBI TPUMEHSATHCS KaOeIu ¢ MEAHBIMU JKUJIAMH.

OcCBeTUTENBHBIE CETH MNPOMBILUICHHBIX HPEANPUATHI BBIIOIHSIIOTCS
OCBETUTENbHBIMUA IIMHOMNPOBOJAMH, B BHJI€ OTKPBITHIX JIEKTPOIPOBOAOK
Ha W30JIUPYIONINX OIopax (M30IATOpax, KIUIax 1 TPocax), a TaKkKe B BUIIE
CKPBITBIX 3JIEKTPONPOBOAOK.

Haunbomnee nienecoodpa3Hbl B 11eXax MPOMBIIIICHHBIX MPEINPUSTHIA TPO-
COBBIE MPOBOJIKU U OCBETUTEIbHBIE ITMHOMPOBOIBI.

6.10. IPUHLIMITIBI [IOCTPOEHMS 3ALLUTHI DJIEKTPUYECKUX CETEN

SHGKTpI/I‘IeCKI/Ie CCTU W YCTAaHOBKHU [0 1 xB CICAYCT 3alluliaTb OT
TOKOB aHOPMAaJIbHBIX PEKUMOB. K AHOPMAJIBHBIM PEKHMMaM OTHOCATCSA KO-
POTKHEC 3aMbIKaHUsA, 4 TAKKE MTJIUTCIIBHBIC 10 BPEMECHU IIEPETPY3KH, IICPUO-
JUYCCKH BO3HUKAIOMIKUE B MPOIECCE IKCILTyaTallkuu 3JICKTPOYCTAaHOBOK.
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OT TOKOB KOPOTKHX 3aMbIKaHMH HEOOXOAMMO 3aIlUINATh CETH BCEX
Ha3HAuYCHUH M BUJOB MPOKIANOK. 3alIUTy OT HEPEerpy3KU AOJIKHBI UMETh
CIIeTyOoIre BHYTPHUIIEXOBBIE CETH MPOMBITIIIEHHBIX MPeanpusITuii [4]:

1) BBINOJHEHHBIE OTKPHITO MPOJOKCHHBIMU MPOBOJHUKAMHU C TOpIOYCH
000JI0YKOH HIIH HU30JISI1EH;

2) OCBETHUTENBHBIC CETH B CIIy)KEOHO-OBITOBBIX MOMEUICHHSX, BKIFOYAs
CeTH ISl OBITOBBIX M TMEPEHOCHBIX 3JCKTPONPUEMHHMKOB, a TaKXke B
MOXKapOOMACHBIX 30HAX;

3) cuJIOBBIE CETH B TEX CIIydasx, KOTJa MO YCJIOBHSM TEXHOJIOTHYECKOTO
npolecca Wil Mo PeKUMY PadOThl CETH MOYKET BOZHHKHYTH JTUTEIIb-
Hasl [Ieperpy3Ka MpoBOJHHUKOB;

4) certH Bcex BHIOB BO B3PBIBOOIACHBIX 30HaX KiaccoB B-l, B-la, B-II u
B-IIa.

B kauecTBe ammapaToB 3aIlIUTHI ANEKTPUYECKUX CETEH MPUMEHSIOTCS
NPEIOXPaHUTENN U aBTOMAaTHYECKUE BBIKIIOYATeNu. sl 3alMThl 3JEeKT-
PONPUEMHUKOB U ceTell oT TokoB K3 cienyeT mupoKo NpUMEHSITh IUIaBKUE
NPeAOXPaHUTENH, HE AOIyCcKas HEOOOCHOBAaHHOTO MCIOJIb30BaHUs aBTOMa-
TUYECKUX BBIKIIOUATEIeH. ABTOMAaTHYECKHE BBIKIIOYATEIN IOJDKHBI YC-
TaHABJIMBATHCA B CIIyqasx [27]:

1) HEOOXOAMMOCTH aBTOMATH3AINH YIIPABICHHS;

2) HEoOXOAUMOCTH obecrieueHus 60Iee CKOPOro 1Mo CPAaBHEHHIO C MPEI0X-
PaHUTENSIMU BOCCTAHOBJICHUS IUTAHMs, €CIM [IPH 3TOM HE UMEIOT pe-
HIAIOUIETO 3HAYCHUS! BEPOSITHOCTh HECENEKTUBHBIX OTKIIIOYEHUH U OT-
cyrcrBue 3¢ dekra orpannuenus Toxa K3;

3) uwacThIX aBapHUilHBIX OTKIFOUYCHHUIl (MCIHBITATENBHBIC, JTAOOPATOPHBIC M
T.II. yCTAaHOBKH).

B ocranbHBIX citydasx peKOMEHIyeTcs MPUMEHSTh TPEIOXPaHUTEIH C
HanonHutenem Tuma HITH2 wu IIH2. [lpemoxpanurtenu ¢ 3aKphITOi
MJIaBKOW BCTaBKOM Oe3 HamomHuTeNs (Hampumep, tuma [1P2) momyckaercs
UCIIOJIb30BaTh B HEOONBIIMX  (MPEUMYILIECTBEHHO  IEPEIBHKHBIX)
YCTaHOBKAaX W TNPH PACHIMPEHUHU JEHCTBYIONIMX YCTaHOBOK C TaKHUMH
NPEOXPAHUTEISIMH.

[InaBkue TpemoXpaHUTENH AJIS 3aIIUTHl CETEH JOJDKHBI YCTaHABIIH-
BaThCS BO BCEX HOPMAILHO HE3a3€MJICHHBIX TOJIFOCax U (azax. YCTaHOBKa
npeoXpaHuTeNeil B HyJIeBbIX IPOBOAHUKAX 3aIPEIIAeTCA.
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Amnmapatsl 3alIMTHl 110 BO3MOXXHOCTH CJIEAYEeT YCTaHABIMBaTh HEIOC-
PEIOCTBEHHO B MECTaX MPHCOCIVHEHNUS 3aIlUIAeMbIX IIPOBOJHUKOB. [lnnHa
HE3ALIMIIEHHOTO Y4acTKa OTBETBJICHHS OT MUTAIOLIEH JIMHUN A0 3aIUILICH-
HOT'O amrmapara B clydae He0OXOIMMOCTH MOXKeT IpUHUMaThes 1o 6 M. Ha
ITOM Y4YacTKE CEYEHHE MPOBOIHHUKOB JOJKHO ObITH BBIOPAHO IO pacder-
HOMY TOKY. /{7151 OTBETBJIEHUI B TPYJHONOCTYIIHBIX MECTax (HampuMep, Ha
00BIION BBICOTE) ammapaT AOIMYCKAeTCs YCTaHaBIMBAaTh HA PACCTOSIHUU
1o 30 M oT ToukHM oTBeTBIEHU. [Ipn 3TOM HEOOXOIUMO, YTOOBI MPOITYCK-
Hasl CIIOCOOHOCTh IPOBOAHUKOB OTBETBJICHUS OblIa HE HMXKE PACUETHOTO
ToKa ¥ He MeHee 10 % mpomycKHO# CIOCOOHOCTH 3aLUIEHHOTO y4acTKa
Maructpanu [4, 14].

OTrimroyaromas CriocoOHOCTh 3alIMTHBIX alapaToB JOMKHA COOTBET-
CTBOBaTh peajbHO BO3MOXKHBIM 3HaueHHsIM TokoB K3 Ha 3amumaemom
y4acTKe.

HoMuHanbHbIe TOKH MIIABKUX BCTABOK MpPEAOXPaHUTENECH BBIOHPAIOTCS
o ycinoBusM (6.5) u (6.6), a HOMUHAIBHBIE TOKH M TOKH CpabaThIBaHHS
pacuenureneil aBTOMaTHUECKUX BBIKIIOUaTeied — mno ycioBusMm (6.13) u
(6.14). [nst MOBBIIICHNS! YYBCTBUTEILHOCTH 3aIIUTHI BO BCEX CIy4asX 3TH
TOKH cIielyeT BbIOMpaTh BO3MOKHO MEHBIIUMH B COOTBETCTBHUH C pac-
YEeTHHIMU TOKaMH JIMHUH WM HOMUHAIGHBIMUA TOKaMH 3JIEKTPOIIPUEMHHKOB,
HO TaK, 4TOOBI 3alIUTHBIE arapaTbl He OTKIIOYATH AJIEKTPHUYECKHE 1SN
NIPY KPaTKOBPEMEHHBIX MEPErpy3Kax.

OpHUM U3 BaXHEHIINX TpeOOBaHMU K armaparaM 3alluThl B Pa3BETB-
JICHHBIX CETSIX SBISAETCS CENEKTUBHOCTh (M30MPATENhHOCTH) JCHUCTBUS,
KOTOpasi 3aKJI0YAeTCsl B IOCJIEAOBATEILHOM OTKIIIOUEHUH YYaCTKOB CETH €
OIpeJIcICHHBIMM MHTEPBaJaMHi BPEMEHU B HAlpaBJICHMM OT MECTa IO-
BpexeHus (meperpy3ku) k MII. Yncno cryreHeil 3ammThl BO BHYTpHIlE-
XOBOM CeTH NOMKHO OBITh He Ooyiee ABYX WM TpPEX: OTBETBICHHE K
3NIEKTPONPUEMHUKY, PacHpeieIuTeIbHOMY MKady WM LIMHONPOBOLY U
TJIaBHAs MarucTpalib oT TpaHcopmaropa [30].

Haunbonee To4HO ceneKTUBHOCTh 00€CIEUMBAETCS] IOCTPOCHUEM KapThI
CEJIEKTUBHOCTH, Ha KOTOPYIO HAHOCATCSl 3aBOJICKME 3aIUTHBIE Xapak-
TEPUCTHKH (3aBHCUMOCTH BPEMEHHM CpabaThIBaHUs amlapaToB OT TOKA)
MOCJIEJOBATENFHO BKJIIOYEHHBIX NPEAOXpaHUTENCH M aBTOMAaTHYECKUX
BBIKJIFOYATENIeH. Y clloBUE N30MPATEIILHOCTH ISl IPeIOXpaHUTeIeH
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h>(1,7-3)t, (6.20)
a 1JIi1 aBTOMATHUYCCKUX BbIKJIIO‘-IﬁTGJIGfI
t,> 1,51, (6.21)

rae leu/;, — COOTBETCTBEHHO BpeMsl CpaOaThIBAHUS 3alWTHI BHIIIE-
crosimedt (Ommke xk WIT) u HbkecTosIel cTyneHei npu Toke aHop-
MaJbHOTO PEKUMA.

Ha Hixecrosineid cTyrieHd MOTYT ObITh 3allIUTHBIE alllapaThl C pa3HbI-
MU HOMUHAJIbHBIMU TOKaMu. B 3ToM ciyyae BennuuHa ty onpenensercs
JUIs afrnapara, UMEIOIIero HanOOIbIINY HOMUHAIBHBINA TOK (TLJIaBKON
BCTaBKH WUJIU PaCUEIUTEIs).

C uenbio WUTIoCTpalu Ha puc. 6.26 npHUBeICHbI ABYXCTYIICHUAThIC
CXEMBI 3aIUTHI JEKTPUIECKUX CETEH MPEJOXPAHUTENISMHU U aBTOMATH-
YEeCKMMH BBIKJIIOUATEIsIMU, a Ha puc. 6.27 — MOCTPOSHHBIE Ui HUX
KapThl CEJIEKTUBHOCTHU C YKa3aHHWEM TOKa aHOPMAJIbHOTO pexumMa la u

BequuuH t, ut.
0 M

Paccmotpennslit criocod obecrieueHust n30UPaTeIbHOCTH 3aIllUThI He
COBCEM YJI00€H ISl IPAKTHUECKOr0 UCIONIb30BaHus. 1103TOMy npy mpoek-
TUPOBAHUM CEJIEKTHBHOCTb JCHCTBHS IPEIOXPAHUTENEH TOCTUTAETCS IO~
©0pOM HOMHHAIBHBIX TOKOB X IUIABKUX BCTABOK I10 CHIEIMAIBHBIM Ta0JIH-

otUI1 ‘- 1 T
_____ M P—
«
y<
or UIT | =1 Nowpd
IN» "
ke ™

Puc. 6.26. Cxema 1ByXCTyNIEHYaTON 3aILUTHI CETH:
NpeIOXPaHUTENSIMU; 6 — ABTOMATUYECKUMH BBIKITIOYATEISIMU
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. 0
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Puc. 6.27. KapTbl ceneKTUBHOCTH 3aIIUTHI:
a — 1Sl IpeA0XpaHUTENEN;
0 — IJ1s1 aBTOMaTUYECKUX BBIKJIIOYaTENEeH;
7 1 2 — BpeMATOKOBBIE XapaKTEPUCTUKHU MepBOi
Y BTOPOM CTYIIEHEH 3aIUTBI ,

nam [14]. lomyckaercs Takke CUUTaTh, YTO M30MPATENbHOCTH B paboTe
HpeHOXpaHHTCHCﬁ MOXHO O0CTHUYb, €CJIM HOMHWHAJIBHBIC TOKH IIJIaBKHUX
BCTABOK IOCJIEAYIOIIETO U MPEbIIYIIEro NpeJoXpaHuTeNIei pa3inuaoTcs
HE MCHCC UCM Ha ABC CTYIICHU.

Jlns aBTOMaTHYEeCKUX BBIKIIOYATENeH ¢ 00paTHO 3aBUCHMBIMH OT TOKa
XapaKTepUCTUKAMH paclenuTeneld B KadeCcTBE YCIIOBHS CEIEKTHBHOCTH
MOKET OBITh IIPUHATO TAaKOC BBIPAKCHUEC

/| >15/ (6.22)

HOM. PO ' HOM.pM'

rac | , " / — COOTBETCTBCHHO HOMHWHAJIBHBIC TOKHN paCHeHHTeJ’Ieﬁ

HOM. p0 HOM. PM
BBIKJIFOUATEJIEN BBIIECTOSIIEN U HUKECTOAILEH CTYIIEHEN 3alUThI.

[Mpn npruMeHeHn KOMOMHUPOBAHHOM 3allUTHI, BBIMTOJHEHHON aBTOMATH-
YECKMMH BBIKIIIOYATEISIMUA U NPEAOXPAHUTEIS MU, IIPOBEPKA MO YCIOBHIO
M30UPATETHPHOCTH OCYIIECTBIISIETCS ITyTEeM TOCTPOSHHS KapT CENEKTUBHO-
CTH. ATImapaThl 3alIUTHI MTOAOUPAIOTCS TAKUM 00pa3oM, YTOOBI BBITIOJIHS-
much yenosus (6.20), (6.21).
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7. PACYET DJIEKTPHUECKHUX CETEA
HAIIPSIKEHUSAMMA 10 1 xB

7.1. BBIBOP IIPOBOJHUKOB DJIEKTPMYECKUX CETEN

OnekTpudeckue ceTd 10 1 KB mpoMBIIUIeHHBIX 00BEKTOB BBITIOTHSIOT-
sl MPOBOAHUKAMH W3 ATIOMHHUS U MeIu. MeqHbIe MPOBOTHUKH O0JIafaroT
JTYYIIAMHA DIEKTPUISCKUMH M MEXaHWYeCKUMH CcBoicTBaMu. OmHAKO M3
COO0OpaKeHU SKOHOMUYIHOCTH TIpH TpoekTrpoBannn COC, Kak MpaBHIIo,
BBIOMPAIOTCS] TPOBOAHHUKH C ATIOMHUHHEBBIMH JKMIAMH, 32 HCKIIOUYEHUEM
ceTelf BO B3PBIBOOIACHBIX 30HAxX KiaccoB B-l1 m B-1a, B xoTophIX mpume-
HEHHe TIPOBOJIOB U Kabelel ¢ MEeIHBIMU JKIJIAMH SBISIETCA 00s3aTEIbHBIM.
MenHble TPOBOMHUKH TaK)Ke IPETyCMaTPUBAIOTCS ISl THTaHUS TIepe-
HOCHBIX U TIEPEABIKHBIX JIEKTPOIIPUEMHHUKOB, JUISI TIPUCOCAMHEHHUS DIICKTPO-
TEXHUUECKHUX YCTPOMCTB, YCTAHOBICHHBIX HEIIOCPEICTBEHHO HA BHOPOU30-
JTUPYIOUINX OMOPAX, U IS CUIIOBBIX IIeTIel KPaHOBBIX YCTAHOBOK [/].
B mporuecce akcmyaTanuy MpoBOAHUKH HE JOJKHBI JUIUTENBHO Tepe-
rpeBaThCsl CBEPX AOMYCTHMOW TEMIIEpaTyphl, BEIMYNHA KOTOPOH yCTaHOB-
JIeHa:
+ 80 °C — st kabenelt ¢ OyMaXKHOM MPONMUTAHHON M30JISIIUEH HAIPS-
JkeHueM 10 3 kB;

+ 70 °C — qy1st IIMH 1 HEU30JIUPOBAHHBIX [TPOBOJIOB;

+ 65 °C — mna xabeneil 1 IpoBOJOB C PE3NHOBOM HIIM IJIACTMACCOBOM
M30JISIIMEH, a Takke Kabeneld ¢ OyMakKHOW TPOMUTaHHON
U30JsI0Med HanpsbkeHueM 6 kB;

+ 60 °C — s kabeneil ¢ OyMa>kHON NPONUTAHHOW M30JISILMEN Harpsi-

skeHueM 10 kB.

Jns mmH, mpoBOAOB M Kaleneld NIUTEThHO JOMYCTHUMBIE TOKH 74,
oTpezieNieHHbBIE TIPU TeMITEpPaType OKPYKaroIIero Bozayxa +25 °C, 3emnu u
Boabl +15 °C, mpuBonsatcs B Tabmunax [4]. HomycTumblie AIUTENbHBIC
TOKOBBIE Harpy3KH MPOBOJIOB U Kabemel ¢ MeTHBIMH JKUJIAMH TTPHHAMAIOT-
cs paBHBIME 130 % Harpy30K aHaJOTHYHBIX aTFOMUHHUEBBIX ITPOBOJIHUKOB
[14]. 3navenus /,,, 715 MPOBOJIOB U KaOelel C aTlrOMUHHEBBIMU JKUJIAMH, a
TaK)Ke Ui [UIAHTOBBIX IIHYPOB M KaOeyeld ¢ MeTHBIMU JKWIIaMU JaHbl B
taom. 1120 — I123.

B cripaBounbIx Tabnmmiax 3Hadenns | mpuBoasTCs s KabeneH,
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MPOJIO’KEHHBIX B BO3YXE, 3eMJIE U BOJIE, U JUISl IPOBOJIOB, IPOJIOKEHHBIX
OTKPBITO U B 0iHOU TpyOe. J11si mpoBOIOB, MPOJIOKEHHBIX HA JIOTKAX B
OJIVH PsiJl, JUTUTEIBHO JIOIYCTUMBbIE TOKH JOJDKHBI IIPUHUMATBCS KaK MpU
MPOKJIAJKE B BO3JYyXE, a IS MPOJIOKEHHBIX B KOPOOax, Ha JIOTKaX B
My4YKax ¥ TpOocax — Kak IMpH MPOKIIAJKe B TpyOax.

[Ipu onpezneneHny KOMMYECTBA IIPOBOJIOB, MPOKIAABIBAEMBIX B OJTHON
TpyOe, WK K1 MHOTOXKIJIBHOTO TIPOBO/IHKKA, HYJIEBOW pabouMii MpOBOI-
HUK, a TaKOKe 3a3eMJIIOIIME U HYJIEBbIC 3allIUTHBIC IPOBOAHUKU B pacyeT
HE MPUHUMAIOTCA.

CeueHue HyJIEBOIO 3allIMTHOTO MPOBOJHHUKA CIIEYET IPMHUMATh PaB-
HBIM HJIHM OOJIbIIE MMOJIOBUHBI (Pa3HOTO CEUCHUs], HO HE MEHBIIIUM, YEM
TpedyeMoe TI0 MEXaHMYeCKOW IPOYHOCTH. Paboure HyleBbIie IPOBOTHUKA
crucTeM Tpex(azHOro TOKa JOJDKHBI UMETh MPOITYCKHYIO CIIOCOOHOCTH HE
MeHee HanOOJIbIIIeH BOZMOYKHOM JUTUTEILHON HArpy3Ku [ 4].

[TpOBOIHUKY AIEKTPUUECKHX CETEH BCEX BUIOB M HA3HAUEHUI BbIOHpa-
I0TCSl WM IIPOBEPSIIOTCSI [0 AOIMYCTUMOMY HarpeBy JUIMTEIIbHBIM PacyeT-
HBIM TOKOM / 10 YCJIOBHIO

| >11K, (7.1)

7
Jion p i
rae K, — monpaBouHblii kKod(hHIMeHT Ha (haKTUYeCKUe YCIIOBHS TIPOKIIA]T
KU TIPOBOJIOB U Kabereit.
Jist anexTprudeckux cetei 10 1 kB, Kak MmpaBuio, MOMPaBOYHbINA KOA(]-

bunreHT

K, = KxKy, (7.2)
rre KuK> — k03 PUIMeHTsl, yIuTHIBAIOIINE (PAKTHIECKYIO TEMITEPATypy
OKpYXKaroIliel cpesibl U KOJIMUYECTBO COBMECTHO IMPOJIOKEHHBIX ITPOBO-
HUKOB [4].

[Tpu BBIOOpE ceueHni TPOBOJHUKOB ISl OTBETBIEHUN K OTAEIbHBIM
ANIEKTPOIPUEMHUKAM B KQUeCTBE / MPUHUMAIOTCS MX HOMHUHAJIbHBIE TOKU
/ . IlprueM BO B3pBIBOOIIACHBIX 30HaX (kpome B-16 u B-1r) mmurensHo
JOITYCTUMBIM TOK OTBETBJIEHUSI K JIEKTPOJABUIATENIO C KOPOTKO3aMKHY-
TBIM POTOPOM JIOJDKEH OBITh HE MeHee 1,25 /oy IBUTATEIS.

[puHsTOE CEUeHNe MPOBOIHUKOB JOJDKHO ObITH HE MEHee TpeOyeMoro
10 MEXaHUYECKOM MPOYHOCTH. [0 MEXaHN4eCKOW MPOYHOCTH IUIOLIA b
MHUHHUMAJTBHOTO CEYEHNST AITFOMUHHUEBBIX TPOBOTHUKOB 11 IPUCOETMHEHNS
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K HETO/IBKKHBIM 3JIEKTPOIPHEMHUKAM BHYTPH MOMEIIEHUS! IOJKHA OBITh
He MeHee 4 MM’ [IpH TIPOKJIAKEe Ha H30JIATOPAX, 2 MM — IIPH APYIHX
crioco0ax mpokiaaku [ 14].

[TpoBoAHMKY OJDKHBI OOECIIEYMBaTh HOPMUPYEMbIE YPOBHU HaIpshKe-
HUS Ha 3KMMaXx 3J1eKTPOIpHeMHHKOB. [Ipr HeoOxommocTy ceueHus rpo-
BOJIHMKOB TTOBBIIIAIOTCS JUTS YIOBIETBOPEHMSI BCEX HOPMATHBHBIX TPEOO-
BaHu. CeyeHus: NPOBOHMKOB IIUTAOIMX CHIOBBIX ceTedl TpH I',>5000 u
IIPOBEPSIIOTCS 110 SKOHOMUYECKOM IIIOTHOCTH TOKA.

Bei0OpanHbIe 110 HarpeBy ce4eHUs! IPOBOHUKOB JOJKHBI COOTBETCTBO-
BaTh UX 3alLUTHBIM allapaTam, YTO IPOBEPSETCS 10 YCIOBUIO

| >KILIK, (7.3)

Jzon 33 '

rne K3 — KpaTHOCTh JUTUTEIBHO JIOIMYCTUMOT'O TOKa MPOBOIHUKA T10 OT-
HOIIEHUIO K HOMUHAJIbBHOMY TOKY WJIM TOKY CpaOaThIBaHHsI 3alIUTHOTO
anmnaparta; /3 — HOMHUHAIIBHBIN TOK WM TOK CpabaThIBaHUS 3alIUTHOTO
armapara. 1o Beipaskenuto (7.3) nomyckaercs NpUMeHeHHe ONvKaiIiero
MEHBIIIETO CEUEHHsI IPOBOIHKKA, HO HE MEHBILIETO, YeM 3TO TpedyeTcs 1o
YCIIOBHIO HArpeBa pacueTHbIM TOKOM [4]. Ecium ycoBus mpoksiaaku poBo-
JIOB M KaOesIel He OTIIMYAr0TCs OT PUHATHIX B [4], To BemmunHa K = 1, 1
BeIpaxenus (7.1) u (7.3) ynporaroTcs:

/I ZI; (7.4)
non p' v ]
| >KX (7.5)
it 33 \% /

B cersx, 3ammniaemMpix TobKo OT K, HE TpeOYIOMUX 3alUTHI OT
Heperpy3ku, MPUHUMAKOTCS CIIEYIOIE MUHUMAIbHBIE 3HaYeHHs Kod(hdu-
nueHTa Ks:

0,33 — 17151 HOMHMHAJIBHOT'O TOKA IIABKOW BCTaBKU MPEIOXPAHUTEILS;
0,22 — 17151 TOKa YCTaBKM aBTOMAaTHUECKOTO BBIKITFOUATENs], HIMEIOILIETO
TOJIbKO OTCeuKy; 1,0—  JUIs1 HOMHHATBHOTO TOKa pacLieUTENs
ABTOMATHYECKOTO BBIKITIOUATEIS C HEPETYIUPYEMOI 00paTHO 3aBUCHMOIT
OT TOKa XapakTepucTukoif; 0,8 — 11 TOKa TporaHus paclienuTeNst
ABTOMATHUYECKOTO BBIKITIOUATEIIS C PETYIMPYEMOil 0OpaTHO 3aBUCMOM OT
TOKa XapakTepucTrkoil. Hanmume anmapara 3aiyrhl C 3aBbIILIEHHBIMUA
3HAYEHUSIMH /3 HE SBJISIETCSI OOOCHOBAHUEM /ISl YBEJIMUCHHS CEUCHUS
MIPOBOIAHUKOB CBEPX IIPHUHSA-
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TOT'O IO pacueTHOMY TOKY. Eciu ycioBue (7.3) He yJI0BIETBOPSIETCS, TO B
cetu 110 1 kB cnenyer paccuntarh Tok ogHodazHoro K 37° u onpenenuts
KpaTHOCTh /K(’) 10 OTHOIIEHUIO K /3.
*3=W/- (7-6)
MuHuMalIbHbIE HOPMUPYEMbIC 3HAYCHHUS KPATHOCTH ITPUBE/ICHBI B
tabm. 7.1 [4].
Tabnuya 7.1

Kparnoctu Toka K3 no oTHOIIEHHI0 K HOMMHAJBHBIM TOKaM
HJIM TOKaM CpadaThbIBAHMS 3aIMTHHIX aNNapaToB

Buo sauwpummozo h K3
annapanu 6 Hea3pPbIBO- 60
ONACHBIX 83pbl80-
30HaX ONACHYIX
30HaX
IIpeooxpanumens Homunanvnwiii 3 4
\\ NnoK N1aeKou
8cnasKu
A enomanuyeckuil Homunanvnorii 3 6
BHIKTIOYAM2Tb C nok
Hepezynupyemou pacyenunens
00paziio 3a8UCUMOL OM
NOKA XapaKmpucemrou
A enomaemuecxuii Tox npocanus 3 6
BLIKTIOUANETL C (venaska noka)
pezynupyemoti oopanuo | pacyenunens
3a6UCUMOLL OM HOKA
XapaxKnepucnuxou
A enomanuueckuii Tox ycnasku 1,4 1,4
soiTIOUanens, pacyenunens 1,25 1,25
UMeroWULl NOTBKO
ONCeyKy:
a) cl,,,00100A4
6) ¢\, 60aee 100 A
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Ecnu pacueTHas mpoBepka rnokasaia, 4to kpatHoctu Toka K3
MEHBIIIE HOpPMUPYEMBIX 3HaUeHUH (Tadi1. 7.1), To oTKIoueHne oHo(:a3-
He1xX K3 B cetit 10 1B nommxHO 00ecIieunBaThCs CHEMAaIbHOM 3aIATONM.
JI71s1 57IeKTpUYeCcKHX CeTell, 3allMIaeMbIX OT Ieperpy3KH, IpU MPOBEPKe

HOMHMHAJIBHBIM TOKaM HWJIN TOKaM Cpa6aTBIBaHI/I$I 3allIUTHBIX

Tabnuya 7.2 KpatHocTu
JOITYCTHUMBIX TOKOBBIX HArpy30K Ha MPOBOJIHHUKH IO OTHOIICHUIO K

ycnoBust (7.3) 3HaueHus K3 MpUHAMAKOTCS 110 Tab1.7.2.

anmapaTroB
IIposoonux Buo 3awumoeo annapaem h *3
IIposoonuxu c Ilpeooxpanunen v Homunanvhoii m>x
NOMUSUHUNXTO- A enomanuueckuii NAA6KOL 6CNUGKU 1,25*
PUOHOIL U pe3UHOB0U 8bIKIOYANENb, UMEIOWUTI Toxk ycnasku
uzonayueu 2H0IbKO ONCEUKY pacyenunens 1,25*
Kabenu ¢ bymasicHou Ilpeooxpanumns Homunanvhoui nox 1,0
usonayuett A ecromanuyeckuti NIABKOU BCNUBKU 1,0
BHIKIIOUANEIb, UMEIOUUTL Tox ycmioxu
2I0/IbKO ONCEUKy pacyenunens
IIposoonuxu ecex A enomanuyeckuil Homunanvuwiii nox 1,0
Mapox BHIKIIOUANEIb C pacyenuneist
Hepe2yIupyemotl 06paico
3a6UCUMOLL OMMOKA
Xapaxknepucnuxou
Ilpogoonuxu c A snomanuueckuii Tox npoeanus 1,0
NONUBUHUNXIO- BbIKIOYANENb C pacyenunerns
PUOHOIL U Pe3UHOB0U pezynupyemoii o6panuo
uzonsyuetl 3a6UCUMOLL OMNOKA
Xapaxknepucnuxou
Kabenu ¢ bymacroii A enomanuueckuil Tox npocanus 0,8
uzonayuer u ¢ 8bIKIIOYANENb C pacyenuneist
usonsayuel u3 pezynupyemotl 06panuo
8YIKAHUUPOBAHHO20 3a8UCUMOTL OMNOKA
NOAUIMUTIEHA Xapaxknepucnukou

*  JIi1 IPOBOTHHUKOB, MPOKJIaIIBAEMBIX B HEB3PHIBOOIIACHBIX IPOM3BOICTBEHHBIX
MOMEIIEHUAX TIPOMBIIIICHHBIX IPEANPUSATHI, JoycKaeTcs npuHuMarth K = 1.
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st ceTei, 3amMIAEMBIX OT MEPETrPY3KU, PEKOMEHIyeTCs 00eceyn-
BaTh KPaTHOCTH, IPUBEJCHHBIC B Ta0JI. 7.2, He Tipuberas K BO3MOXHOCTH
MIPUMEHEHUS OJIMKANIIIET0 MEHBIIETo ceueHus [23].

AHanu3 JaHHBIX, IPUBEJCHHBIX B Ta0NI. 7.2, TIOKa3bIBAET, YTO B CETHX,
TpeOYIOMHKX 3aITUTHl OT MEPerpy3Ky, MPUMEHEHNE MTPEIOXPAHUTENCH HITH
AaBTOMAaTHYECKNX BBIKITIOYATENIEH, NMEIONINX TOJBKO AIEKTPOMArHUTHEII
paclenuTenb, MOXET BBI3BaTh HEOOXOAWMOCTH CYIIECTBEHHO 3aBBICHTH
CEYEHHS 3alUIAaeMBIX POBOIHHUKOB 1O ycioBuio (7.3). B cBs3u ¢ atum
cienyet m30eratb TakuxX pelIeHr IPH MPOSKTUPOBAHHH 3JIEKTPOOOOPYI0-
BaHUS TPOMBITINIEHHBIX OO BEKTOB.

IIpumep 7.1. Beibepure 3auTHBIC anmapaThl ¥ CEYCHHSI TIPOBOIOB IS
OTBETBJICHUSI K AaCHUHXPOHHOMY 3JIEKTPOJBHUIraTeNl0 C HOMHUHAJIBHBIM
ToKOoM 76,4 A u myckoBbIM TokoM 458,4 A. IlpoBosa npoxyiajasiBatoTCs B
TIACTMACCOBBIX TPy0axX B IMOMEIICHUU C HOPMAJIbHOW OKpY)Karolleh cpe-
JIoH. YCIoBHs ITycKa JBUTATENs TsKenble. PacueTsl BBIMOIHUTE JUIS ABYX
BapUaHTOB: a) OTBETBJICHUE He TPeOyeT 3alllUThl OT MEperpys3ku; 0) OTBeT-
BJICHHE HEOOXOANMO 3aIlUINATh OT MEePerPy3KH.

Pemienne. B kaudecTBe anmapaToB 3alllUThl HCIOIb3YEM IIJIABKHE
npenoxpanureny. OnpenesnsieM HOMUHAIBHBIN TOK IIJIaBKOM BCTaBKHU Ipe-
JIOXpaHuTeNel 1o BeIpaxkeHusM (6.5) u (6.6);

/>764 A;/>458,4/2==2292 A.
[Tpuanmaem npegoxpanutenu tumna [TH2-250 ¢ 1, =250 A.
CeueHus MPOBOJIOB OMpPEEIIIeM 1Mo yciaoBuio (7.4): I
/ >764A. > !
non '

Beibupaem mo Ta6n. I1.20 Tpu ogHOXMIBHBIX mpoBojaa Mmapku AIIB
TIOMAIBI0 CeyeHHsT 25 MM’, MPOKIAIBIBAEMBIX B ILIACTMACCOBOIT Tpyoe,
UL KOTOPBIX / o = 80 A. HyneBoil 3aliuTHBIN MPOBOJHUK MPHUHUMAEM
IUIOIAALI0 ceueHus 16 Mm%, Takum o0pa3oM, BeIOMpaeM JJIsi OTBETBIICHUS
npoBoaa AIIB-3(1x25)+1x16.

[Iposepsiem 1o BeipaskeHUIo (7.5), COOTBETCTBYIOT JIM BBIOpaHHBIE TIPOBOA
amnmapataM MaKCHMaJbHOW TOKOBOM 3amuThl. J{iist cirydast, koraa
OTBETBIICHHE HE TPEOYET 3aIUTHI OT meperpy3ku, / > 0,33 « 250 = 82,5

A.

Jion
Tak xaK MOKeT OBITh IIPUHATO Onkaiiliiee MEHBIIIEE CEUCHHE C 0~
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MyCTUMBIM TOKOM 80 A, TOo cunTaeM, 4To BEIOpaHHBIC IIPOBOJIA YIOBIICT-
BOPSIOT yciioBHIO (7.5).
Ecnu oTBeTBIICHHE 3alIMIIACTCS OT IEPETPY3KH, TO TOT/IA
/ >1250=250A.

o

B nanHOM citydae T07KHO OBITh MIPUHSTO CEYEHHE MPOBOIOB ILIOIIA-
nero 150 MM ¢ / o= 250 A. DTO npUBEAET K 3HAYUTEIILHOMY YBEJTYE-
HUIO pacxojia I[BEeTHOr0 MeTala.

boree palmoHanbHBIM peIIeHUEM SBISETCS IPUMEHEHHE IS 3allIUThI
oTBeTBIIEHUsI OT TOKOB K3 1 meperpy3ku aBTOMaTH4ecKoro BbIKITFOUATENs
C KOMOMHMPOBAHHBIM PACLICTTUTENIEM, IMEIOIINM OOPaTHO 3aBHCHMYIO OT
TOKA 3alIUTHYIO XapaKTEPUCTHUKY.

[Tpu TOKOBOI Harpy3ke OTBEeTBICHUS 76,4 A MOXET ObITh BIOpaH
aBTOMAaTHUECKU BhIKITFOUaTenb BAS1-31, nMetonmii pacienurels ¢ HO-
MUHAJIBHBIM TOKOM 80 A.

B sToM ciydae o ycnosuto (7.5)

/ >180=80A,
Jon '
YTO COOTBETCTBYET JAOIMYCTUMOMY TOKY IpoBoj1oB AIIB-3(1x25)+1x16.

[Tpumep 7.2. PanuanbHas JuHUs Tpex(a3sHON CeTH HaNpsHKEHUEM
380 B nutaer rpymnmny aCHHXpOHHBIX JIeKTpoaBUrarenel. JInuus mpo-
KJIa/IbIBaCTCs B MOMEIIeHNHU kabenem mMapku ABBI mpu temnieparype
Bo3nyxa +30 °C. Pacuernsiii Tok muHun / = 110 A, MUKOBBIA TOK MPH
JIETKUX YCIOBUSIX Tycka 1,,, = 490 A. 3amuta JMHUAU OT TIEPErpy3KH HE
Tpebyercs. OnpenenuTe HOMUHAIBHBINA TOK IUIABKUX BCTABOK MPEIOX-
paHuTeNeH, 3alUIaoIUX JUHUIO OT TokoB K3, 1 BeIOEpUTE ceueHune
KU KaOes.

Pemenne. HoMuHanbHbIN TOK IUIABKUX BCTABOK ONPEIEIISAEM IO
BbIpaxxeHUsM (6.5) u (6.6):

/>TI0 A;/ >490/2,5 =196 A.

Bri0upaem npenoxpanurenu Tuna [TH2-250 ¢ miaBkuMu BcTaBKaMu Ha
200 A.

[o [4] mpuHIMaeM MOMPaBOYHBIN KOA(DGUIMEHT HA TEMIIEPATYPY OKpY-
xatoreit cpenpt +30 °C, paubiii 0,94. BeiOnpaem cedeHne i kaders
o BeIpaxkeHuto (7.1):

/ >110/0,94= 117 A.

o
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IIpuanmaem 1o Tabm. [121 xabenb ¢ aTIOMHHHEBBIMHE JKHJIAMH TUTOIIIA-
1bI0 cedenns 70 MM mapku ABBI'-3 x70 + 1 x35, umeromuii mpu mpo-
KIIaJKe B BO31yxe / op = 140 A.

o ycnosuto (7.3)

/" >033. 200/0,794 =702 A

don

CrnenoBarenbHO, BBHIOPaHHBIM 1O PacdeTHOMY TOKY KaOellb COOTBET-
CTBYET ammapaTam 3amuTs! oT TokoB K3.

IIpumep 7.3. BeimonHuTe pacyeT OTBETBICHUS OT paclpeeNnuTeNbHOIO
mkada tana P11 ¢ nmaBkuMu npegoxpaHUTeIsIMA K CBAPOYHOMY TpaHC-
dopmaropy TCII-2, umeroreMy MacmopTHYO MOITHOCTE Sy = 19,4 kB « A u
IIB,= 25 %. TpanchopmaTop BKIIOUEH Ha JIMHEHHOE HAINPSDKEHHE CETH
380 B. Jlnst BO3MOXKHOCTH OTKITIOYEHHUS TpaHC(HOpMATOpa OT CETH W 3allln-
ThI ero oT TokoB K3 ycTaHOBIEH KOMMyTallMOHHBIN AmuK Tuna SIPB 21, B
KOMOPOM UMeemcst 08YXHONIOCHbIL PYOUTbHUK U 084 NPeOOXPAHUmMens muna
[TH2-100. YcaoBus okpy:xaronieil cpeabl HOpMaJlbHBIE.

Pemenne. OmnpenensieM MacHOpPTHBIA TOK TpaHc(opmaropa IO BHI-
PaKEHHIO:

I=S1U ;

I I HOM
/:=19,4/0,38 = 51,1 A. BeiOupaeM TOK IUIaBKHUX
BcTaBOK npenoxpanutened [IH2-100, yctaHOBIEHHBIX B
KOMMYTAIIMOHHOM SIIITUKE, IO BRIpAXKEHUIO (6.9):

'

[>1,2 -51,170,25 = 30, 7 A. IlpuauMaeM cTaHIapTHOE
3HaueHNEe HOMUHAIILHOTO TOKA TUIaBKUX BCTaBoK 1, = 31,5 A. [lns BerOopa
CEYCHHUs TPOBOJHUKOB OTBETBIEHHUS OT KOMMYTAI[HOHHOTO SIIHKA JO
CBapOYHOTO TpaHCpopMaropa OINpeAeTsieM ero pacyeTHhId TOK,

NPYHUMAaeMBbIi paBHBIM HOMUHAJILHOMY TOKY TpaHcdopmaropa npu 1B =
100 %:

1,=511y[025= 25,6 A.

Tax kak TpanchopMaTop nepeaBWKHON, TO I €ro MUTAHUS TPUHAMA-
€M ILIUIAaHTOBBIN ruOKkuil kadens tuna KI' ¢ MenHeIMu xuitaMu. Bennunna
CEUYEHUS OTIpeeIIeTCs 10 YCiaoBuio (7.4):
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/ >25,6A.

o1

[TprarMaem 1o Tads. 1122 i ABYXOoKWIIBHOTO KaOers TUIOIIa b ceve-
Hust 2,5 MM® ¢ / - 33 A. [IpoBepsiem BbIOpaHHOE CEYCHHE HA COOTBET-
CTBHE HOMUHATIbHOMY TOKY TIJIaBKHX BCTABOK MPEIOXPaHHUTENEH IPH 3ally-
T€ OTBETBJIEHUS TOJIBKO OT Toka K3:

/ >0,3331,5=10,4 A.
Jon

TakuM 00pa3oM, BEIOpaHHOE TIO HATPEBY CEUCHHE KM KaOest y/I0B-
netBopsieT ycnoBuio (7.5). C yueToM HyJeBOW 3aIUTHOM >KIJTbI IPUHUMA-
em kabenb KI'-3x2,5. Ormerum, urto kabens mapku KI™ umeer Bce sKubl
omuHakoBoro ceuenusi. B I1IP11 Ha orBetBiiennu k SIPB21 ycranasnmBa-
em mnpenoxpanutenu tuna HITH2-63 ¢ HoMUHAIBHBIM TOKOM TUIABKUX
BCTaBOK Ha JIB€ CTYIIeHU Bblile, 4eM B SIPB21. Oto Oyner obecneurBarsh
CEJIEKTUBHOCTH 3aIuThl. [IpuanMaem /5 = 50 A.

Ha yuactke cetu ot ILIP11 1o SIPB21 oTKpBITEIM CIIOCOOOM TIPOKJIA TBI-
BaeM kabenb mapku AHPI. Tlo pacuernomy Toky 25,6 A 1o tabm. 121
JUIs IBYXKWJIbHOTO Kabens mapku AHPI' npuHrMaem ceueHHe sKUibl
IOMAIBI0 4 MM ¢ / o = 29 A. Bribupaem kabenp AHPI-2x4+1 x2,5.

[TpoBepsieM ceueHue KU Ha COOTBETCTBHE HOMUHATIBHOMY TOKY ILIaB-
KUX BCTaBOK IMPEIOXpaHUTENeH, 3aIlUIIA0NINX Kabemb oT Toka K3:

/ >0,33-50=16,5 A.
Jom ' !

Tak kak 29 > 16,5, To ycli0BUE COOTBETCTBHS BBIITOIHICTCS.

[Tpumep 7.4. K MaructpanbHOMY IIMHOMPOBOAY ¢ HOMHUHAIIBHBIM TO-
koM 1600 A TpeOyercst mpucoeMHNTH €3 armapaToB 3aIIUThl KaOEIbHYO
JIMHUIO C pacdeTHBIM TOKOM 93,5 A, NUTAOLIYI0 CUJIOBOW PacIpeesu-
TeNbHBIN 1IKad. JIMHKS BBIMOIHAETCS OTKPBITO MPOJIOKEHHBIM KaberaeM
mapki ABBI mpyt HOpMasbHBIX YCIIOBHSIX OKpY»Karolieii cpeibl. Boioepu-
TE TJIOIIA/Ib CeUEHHUS KU KalOess Mpu yJaJeHUHM CUIIOBOTO IIKaga OT
IIMHONIPOBO/A Ha paccTosiHUE: a) SM; 0) 24 M.

Pemenue. [Ipy amHe He3aIMIIIEHHOTO yJacTKa ceTH 5 M (MeHee 6 M)
IUIONIA/Ib CEUSHUS KU Kabesst onpeiesisieM Mo pacdieTHOMY TOKY

/ >935A.

non
Bri0upaem no Tabs. [121 st TpexsKiiibHOro Kabess IUIOoMaab CEUeHHs
50 Mv2 Honyctumenii Tok kabens [10 A mpu mpokinazke B BO3IyXe.
[Tpunumaem kabenb ABBI'-3x50+1x25.
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Bo Bropom citydae mmHa kabens 24 M, uto menee 30 M. [Toatomy
Ka0estb, He 3alIMIIEHHBII OT TOKOB aHOPMAIBHBIX PEKHUMOB, IOJKEH BbI-
OupaThbCsl HE TOIBKO MO PACYETHOMY TOKY, HO M TIO YCJIOBHIO:

[/ >0,1/ ;

Jion HOM 1I'

/ >0,11600 =160 A.

CrnenoBarenbHO, He00X0aMMO BhIOpaTh Kabenb ABBI-3x95+1x50 ¢
/ =170 A.

Jorm

7.2. PACYET OCBETUTEJIbHBIX CETEW TPOMBIIIJIEHHBIX
MPEATIPUATHIA
PacueT ocBeTuTENBHBIX CETEN CBOJUTCS K BBIOOPY CEUEHUH ITPOBOI-
HHKOB U aIlapaToB 3allUThL, 4 TAKKE K OIPEIEICHUIO NTO0TEPh HAIIPSDKEHWS
B JIMHWAX. [Inorain ceyeHust MpoOBOHUKOB BHIOMPAKOTCS TIO JAOIyCTUMOMY
HarpeBy pac4eTHBIM TOKOM, JOITyCTUMOM NIOTEPE HAIIPSDKEHUS U MEXaHU-
YECKOM MPOYHOCTH B 3aBUCUMOCTU OT KOHCTPYKTUBHOIO MCIIOJTHEHUSI CETH.
W3 HaliieHHBIX 0 YKa3aHHBIM YCJIOBUSIM CE€YEHUH POBOJAHUKOB BBIOMpA-
ercst Oonbitee. [1pu 3ToM U1t TpyMIIOBOI ceTH ceueHtst HyJIeBbIX IPOBOJ-
HUKOB JIOJDKHBI OBITh HE MEHEe (ha3HbIX.
J11s1 BbIOOpa ceueHnit HEOOXOMMO OIPEACIUTH PACUETHYIO AKTUBHYIO
Harpy3Ky .KakJ10¥ JJUHUM 110 BBIPAKEHUIO
| )
P, =K KpatPriows» 7.7
I+
rae K — koagduiment cnpoca; K, ,; — KOIPOULIMEHT, yUUTHIBAFOIIHI
MIOTEPH B IIyCKOPETYJIMPYIOIIEH anmaparype I'-i razopa3psaHoi J1amisl;, P
— HOMHHAJIbHAS! MOUIHOCTD I'-i JIAMIIBI; # — KOJIMYECTBO JIaMII,

HOM /

TIUTAFOIIUXCS TI0 JINHUH.

3nauenus kod(HIMeHTa crpoca cleyeT npuHuMarth [27]:

1 — s HeOONBIIMX MPOM3BOICTBEHHBIX 3/1aHUH, CETH aBapHIHOTO
OCBEIIICHUSI, TPYIIIOBOM CeTH Pabovero OCBEIIEHHS U JTMHHIA,
[UTAIOLLIMX OT/IEIBHBIE TPYIIIOBBIE IIUTKY; o ! !

0,95 — 151 IPOU3BOJICTBEHHBIX 37JAHUIA, COCTOSIINX U3 OT/ICITBHBIX
KpYIHBIX 1poJieToB; 0,85 — 11 mpou3BOICTBEHHBIX

3JIaHUM, COCTOSIIUX U3 MHOTHX
OT/IENIBHBIX TTOMEIICHUIT;
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0,8 — 1 aAIMUHUCTPATUBHO-OBITOBBIX, HHYKEHEPHO-JTA00PATOPHBIX
u Apyrux kopnycoB; 0,6 — 1 CKIaCKUX 3AaHUM,
COCTOSILINX U3 MHOTHX OTAEIbHBIX
nomenienui. Bemmunna K,

TIPUHAMACTCSI PAaBHOM:
11 — nng mamm tana JAPJI, JIPU;
12 — nna momuHecteHTHBIX Jamil (JIJT) co ctapTepHOii cxemoit
ITYCKa;
13 — mna JUI mpu GeccrapTepHOii cXeme IycKa.

Jnst namMn HakaMBaHUS MpH pacyeTe 1o Gopmyre (7.7) npuHIMaeTCst
K = 1. HarpeB npoBOTHUKOB 00YCJIOBIIMBACTCSI TOKOM, KOTOPBIN OIpesie-
asieTcst o popMysam:

JUIs1 Tpex(azHoM CeTH (TPEXIPOBOIHOM U YETHIPEXITPOBOTHOM )

L, = Py/(y[sumco8L]); (7.8)
JUTs ABYX(ha3HOM CETH C HYJIEBBIM IIPOBOJIOM (TPEXITPOBOHON)

I=P/(2U .coscp); (7.9
p PV HOM d) o7 ¢ R v '
JUIsl OTHO(A3HOM CETH (IBYXIIPOBOIHOM)
I=P/(U acoscp), (7.10)
p p ¥ Hom T/? v /
rneU  u(7 — cOOTBETCTBEHHO HOMUHAIBbHOE (Pa3HOE U JIMHEWHOE

[ 8 HOM. ¢ HOM
HanpshKEHHUE CEeTH; COS ¢p — KOAPMOHUIMEHT MOIITHOCTH aKTHBHOMN HATPY3KH.
B ciiyyae HepaBHOMEpHO Harpys3ku (pa3z pacueTHasi akTHBHAs Harpy3ka
JIMHUM TIPUHUMAETCS PaBHOW YTPOSHHOMY 3HAYEHUIO HArpy3Ku HauOolee
3arpykeHHOH (a3bl.

Jliis moBBIIeHMsT COSCP ocBeTHTENbHBIX ceteid 10 0,9 — 0,95 o0bru-
HO HUCHOJB3YIOTCS KOHAEHCATOPBI, ¢ MTOMOIIBI KOTOPBIX OCYILECTBIIS-
€TCsl MHAMBUAYalIbHAs WM TPYIIOBAs KOMIIEH AW PEAKTUBHOM MOII-
HoctH. [lyckoperynupyromtue anmapatsl (ITPA) razopazpsasbix gami
MOT'YT ObITh KOMIIEHCUPOBAaHHBIMU M HEKOMITEHCUPOBaHHBIMU. Komrien-
cupoBanHble [IPA, kak npasuino, npuMmerstores i JIJI auskoro nas-
nenus. CBetwibHUKH Ha 1Be 1 Oonee JIJI kommnekryrores [TPA, oGec-
neuuBaroruMu CoS(p He menee 0,9, a Ha ommy JIJI — 0,85 [31].
BoJIBIIIMHCTBO CBETUIIBHUKOB C Ta30pa3psAHBIMU JIaMIIaMH BBICOKOTO
nasnenus (tuna JAPJI, JIPU u 1.1.) uMeroT HekoMneHcrpoBaHHble [IPA
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CcO cpemHMM 3HaueHHWeM COSCpP = 0,5. /I CBETWIIBHHKOB C JaMIlaMH
HakanuBaHus COS ¢ = 1. CoorBercTByROmMUE KOA(GUIIMEHTH MOITHOCTH
OyIyT MMETh HArpy3KH OCBETUTENbHBIX JINHUH.

st yqacTka ceTH, TUTAOIIEro TPYNIIOBBIe TNHUH C PA3HBIMH BEJTNIH-
HaMH# COS ¢, ompenensaeTcs CpeaIHEB3BEIICHHOS 3HaUeHNEe KodhhHumenTa
MOIITHOCTH TI0 BHIPAXKCHUIO

cos = X cosd, P,; /£ Py, (7.10)
rae COS ¢. — KOd(pUIMEHT MOIHOCTH HArpy3ku /- mummm; P —

pacu€THad MOUIHOCTb OCBETHUTEIIFHOMN Harpyskv HU JIMHUU; n — KOJINYEC-

CTBO T'PYMITOBBIX JINHUH.

[Ipu 3HAUNTENFHON MOIIHOCTH OCBETUTENFHBIX TPUOOPOB C HEKOMIICH-
cupoBaHHbIMU [IPA MOXeT npuUMEHATbCS TPYIIIOBas KOMIICHCALUS Peak-
THBHOW MOIITHOCTH, I€IeCO00Pa3HOCTh KOTOPOU MOJHKHA OBITh TEXHUKO-
HSKOHOMHUYECKH 000CHOBAaHa.

CeueHnsl MPOBOJHUKOB OCBETUTEILHON CETH MO HATPEBY BBIOMPAIOTCA
0 Ta0JIUIAM UTUTETHHO JOMYCTUMBIX TOKOB B 3aBUCUMOCTH OT BEJIHYHWH /
o ycnoswuio (7.1).

BenmuunHa MOMyCTHUMBIX TOTEPh HANPSHKEHUS B CETH DIEKTPHUECKOTO
OCBEIIIEHUS OTPEIENIAETCS B MPOIIEHTaX 1o (hopmyIe

AU =10-AU, (7.12)

J011 T 4 7

rae AU — noTtepu HanpspKeHUsT B TpaHcopMaTope, K KOTOPOMY ITOJIKITIO-
YeHBbI OCBETUTEIHHBIC YCTAHOBKH, %0.

[Morepn HampshkeHUs B TpaHchopMmarope IMOJICUUTHIBAIOTCSA 10 BbIpa-
skeausiM (4.27) u (4.28). Ilmomans cedeHus: MPOBOJHUKOB B KBAIPATHBIX
MUJUTHMETPaX OCBETHUTENBHOW CETH TO JOMYCTUMOW MOTEpe HAIPSHKEHHUS
onpezaenseTcs no Gopmyse

F=M/(C-AU_.J, (7.13)
rjie M — MOMEHT Harpy3kd pacCMaTpUBAaeMOTo0 ydacTka ceTH, KBT-m; C
— pacyeTHbIH KOAQPHUIMEHT, BETUUYNHA KOTOPOTo MPUHIUMAETCS T10
Tabn.7.3.
[NomydenHoe 3HAUYCHUE CEUCHUS OKPYTIISIOT 0 OMMKAMIIEro OOJBIIero
CTaHJApTHOTO.
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Tabauya 7.3
3navennss kodddummentoB C mIg pacdera CETH IO
MoTepe HAMPSHKCHUS

Homunanvnoe Cucmma cenu u poo 3uauenue
HanpsidceHue cenu, B noxka Koapduyuenma ons
nPOBOOHUKOB U3
Meou anoMUuHUs
380/220 Tpexgpasnas c nynem 72 44
220 Tpexgpasnan be3 nyna 24 14,7
380/220 Jleyxgpasnas c nynem 32 19,5
220 leyxnposoonas 12 7,4
NnepemMeHH020 Ui
NOCMOSIHHO20 NOKA

B ofmem ciayuae i TMHUK AIHHON L ¢ cocperoToueHHOM Harpy3koi

(puc. 7.1, 2) MOMEHT Harpy3Ku
M =PL. (7.14)

Ecnu rpynma cBeTWIBHUKOB OJMHAKOBOW MOILIHOCTH IMPUCOEIUHSIETCS K
TPYNIOBOM IJIMHWU C pPaBHBIMH WuHTepBamamu / (puc. 7.1, 6), TO
paccpeOTOYeHHAs] Harpy3Ka JIMHUM 3aMEHSIETCSl CyMMapHOW COCPenoTo-
YeHHOM, MPUIIOKEHHON B cepeinHe ydacTka. Torna 3HaueHue L onpenens-
eTcs Kak

L=I+I(N,-\)I2, (7.15)
rae /, — JUIMHA y4acTKa JIMHUU OT OCBETUTEIILHOTO LIUTKA /10 TIEPBOTO
CBETHJIbHHKA; N — YHCIIO CBETMIILHUKOB B OJTHOM PSAY.

Ecan nuHMS COCTOUT M3 HECKOJBKUX Y4aCTKOB ¢ OAMHAKOBBIM CCUCHU-
€M M Pa3JInYHbIMU Harpy3KaMH, TO CyMMapHBIi MOMEHT Harpy3ku paBeH
CyMMe MOMEHTOB Harpy30K OTIEJIbHBIX Y4acTKoB. Hanpumep, mist muHMy,
NOKa3aHHOH Ha puc.7.1, 6, CyMMapHbIi MOMEHT HAarpy3KH BBIYHCIISIETCS 110
BBIPQ)KEHHIO

M:{PX+P2+Pb)/s+(P2+Pz)/2+P31y (716)
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L
~H
L
Aa 1 1
I\
P P
5111 p
2 Cl1
<*4y-
f Yy Y Y
HH, C2 <-><H-
m p P P
HI1 C3
»el+-
om! t |
Puc. 7.1. CXeMBbI OCBETUTEILHBIX CETEI: a — JIMHUA C

COCPEIOTOYCHHOM HArpy3KOii; 6 — rpyIioBasi JJMHKS C PABHOMEPHO
pacrpeieieHHON Harpy3KOit; 6 — JIMHHUSI C HEPAaBHOMEPHO
pacnpeneieHHON Harpy3Koi; ¢ — pasBeTBiieHHas ceTh: Ol — ocBeTH-
TeNbHBIN UTOK, [1J] — nuTaromast yerpipexmpoBoanas aunus, Cl, C2,
C3 — rpymrioBsie Tpex-, YeTIPEX- U IBYXIIPOBOIHBIC JINHUU

Cl1
T 04xB - 30 1\ 3M1 '=21urr n

q2>rm W'} W=l ]
1 C3

oEPI2uJiANTI

Puc. 7.2. CxembI OCBETUTENTLHOM CETH K TIpUMepy 7.5

M=P13+P; (I, + ) + Py(A+ /o + 1- (7-17)
daxTryeckas MOTEPS HAIIPSPKCHYA B JIMHUU ITPU N3BECTHOM CCUCHUU
AU=M/(CF). (7.18)

[Tpu pacueTe pa3BeTBICHHONW OCBETUTENBHOM ceTH (puc 7.1, 2) mo
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YCIIOBHIO MUHHMYMa PacXo/ia LIBETHOIO MeTajUla CeYeHHe MPOBOAHUKOB JI0
Pa3BETBIICHUS OIPEJIEIISAETCSI 110 MPUBEICHHOMY MOMEHTY Harpy3ku My,

F- M /(CAU ). (7.19)
p v ,£l0H7 v 7

[TprBeIeHHBII MOMEHT PacCYUTHIBACTCS IO (hopmyrie
My, =XM+ Xa e m, (7.20)

rre XM — cyMMa MOMEHTOB JJaHHOTO U BCEX MOCIIEAYIOIIHUX IO Harpas-
JICHUIO TOKa YYacTKOB C TE€M K€ YHMCJIOM IPOBOJOB JIMHUM, YTO U HA
JTAHHOM y4acTke; Xa * m — cyMMa [IPUBEICHHBIX MOMEHTOB Y4aCTKOB C
JPYTHM YKCIIOM IPOBOJIOB; @ — KOA(P(UIIUEHT NPUBEICHHUSI MOMEHTOB,
KOTOPBIH IPUHUMAETCS 110 Tabi. 7.4.

Tabnuya 7.4
3nadyeHuss Kod(dduimenta mNpuUBEIEHUS MOMEHTOB d
Jlunusa Omemanenue Koogppuuenm

npugeoeHus

MomeHnme 0¢
Tpexgpaznas c Hyrem Oonoghasnoe 1,85
Tpexgpaszuas c uynem  |/[gyxgpasnoe c Hynem 1,39
Heyxghaznas c nynem Oonoghasrnoe 1,33
Tpexgpasnasn be3 nyna Heyxnposoornoe 1,15

ITo HaiinenHomMy 110 (7.19) ceyeHuto NPOBOTHMUKOB U COOCTBEHHOMY
MOMEHTY Harpy3ku 1o ¢opmyse (7.18) Bbramcnsercs pakTuueckast nore-
ps HanpsbKeHUs1 Ha muTaroreM ydactke cetu AC/y,. Ilocnemyronme y4a-
CTKH PaCCUMTBHIBAFOTCS TI0 OCTABIICHCS BEIMUMHE ITOTEPH HATIPSDKEHUST

AU'" =AU -AU. (7.22)
o1 o1 w1 v '

[pu paznensHOM pacuere nuTarorieit u rpynmoBoid cetu AU o pactipe-
JIETISIETCS. MEKTy HUMH PUOTMPKEHHO UCXOJI M3 OXKUJAEMOr0 COOTHOILIE-
HUSL MOMEHTOB. [IpH MpoeKTHpoBaHUM CIIEAyeT CTPEMUTBCS K paBHOMEp-
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HOM 3arpy3ke ¥ PaBEHCTBY MOMEHTOB pa3IMYHbIX (a3. B TpexdazHbix
CETSIX C HYJIEBBIM ITPOBOJIOM JIJIsI TTOTYYECHUS PUOITM3UTEIILHOTO PaBEeH-
CTBa MOMEHTOB CJICYeT MPUCOCAUHATh CBETHIBHUKH K (Da3zaM B TIOPSI/IKE
A, B,C,C B, A, ..., cuuTasg OT KOHIIA TAHUH.

Br1Oupast 17151 OCBETHTENTBHBIX CETEH armaparhl 3aIliThl, HEOOXOMMO
OTCTpaMBaTh UX OT ITyCKOBBIX TOKOB HCTOYHUKOB CBeTa. [1j1s1 3TOrO0 1011-
JKHBI 00ECTIEYMBATHCS OTHOIIICHHUS TOKA arliiapaToB 3allyThl / ¥ pacyeT-
HOTO TOKA 3allMIIAEMbIX JTMHHM / , yKa3aHHbIC B Ta0. 7.5.

Tabnuya 7.5

MuHuMA/IbHbIE KPATHOCTH HOMHHAJIBHBIX TOKOB ILUIABKHUX
BCTABOK MNpeIOXpPaHuTeNieli 1 KOMOMHUPOBAHHBIX Ppacuenureieit

aBTOMATHYECKHX BBLIKJIIOYATEIEH 110 OTHOIIEHHUIO K /
P

Annapanver 3auunt Onuowenue I3« 1, ona namn

Hakanusanua | JPJI JUT

Inasxue npedoxparnumenu 1,0 1,2 1,0
Aemomanuueckue biknouaneny ¢ 14 14 1,0
KOMOUHUPOBAHHBIMU PACYESHUMIIAMU C 14 1,0 1,0

y cnpaskamu: menee 50 A 50 A u

bonee

BriOpanHble ceueHHst TPOBOAHMKOB JOJKHBI COOTBETCTBOBATh MX all-
naparam 3aluThl.

IIpumep 7.5. Boibepute ceueHHs aTIOMUHHEBBIX MPOBOJHUKOB
ocBeTUTeNbHOM cetr HanpspkenvieM 220/380 B, cxema koTopoii nmokazaHa Ha
puc 7.2. Iuraromast muuust unHON 50 M BbINoHsAETCS KabeneM MapKu
ABBI', nponoskeHHBIM OTKpBITO, TpyrmoBble yiHuN Cl, C2 1 C3 — mpoBo-
nmamu Mapku AIIB, nposoykeHHbIMU Ha Tpoce. J{ByxmpoBoHast muHus O
NIUTAET CBETWIIBHUKY, B KOTOPBIX yCTaHABIMBatoTcs 1o e JUJI, ueTbipex-
NpoBOIHbIE JIMHUK C2 — CBETWIBHUKU C JIaMITaMH HakanuBanust, a C3 —
¢ mamnamu JIPJI. JlaHHbIE rpyNNOBBIX JIMHUI PUBEIEHBI B Ta0I. 7.6.

201



TTPOEKTPOBAHUE CUCTEM DJIEKTPOCHABXEHM

Tabnuya 7.6
ITapamerps! rpyNnoBbIX JIMHHUH

Tapamempul Jlunus |
JIUHULL

Cl C2 | 3\
M 30 20 25 |
1, M 3 6 6 |
Np, wm 21 12 10 \
Pnou, Bm 2x80 1000 | 1000
costy 0,92 1 05 \ |

OcBetutenbHas ceTh nuTaeTcs ot Tpanchopmaropa TM3-1000/10,
nmerorero AP~ 10,8 xBt, Uk = 5,5 %, J3+ = 0,85, cos <p = 0,8. YcnoBus
OKpYKarolllel cpe/ibl HOpMaIbHBIE.

Pemenue. Onpenensiem 1o (4.28) moTepro HaNpsHKEHHUs: B TpaHcop-

MaTope
U =10,8-100/1000=1,08%;

Uk=YyJ5,5°~1,08*=5,4%:;
up
AU;=085+(1,080.8+5,4+0,6)=3,48 %. Haxomim
1o hopmyre (7.12) nomycTUMyrO MOTEPIO HAMPSKEHIS;
AU =10-3,48 =6,52%.

OnpenensieM pacyeTHbIC aKTUBHBIE HArPY3KH JIMHUIA 110 YCIOBHIO (7.7),

npunsB K= 1: muaus Cl nuHus
2 P,=1-1,2 m 21 * (2x0,08) = 4,03 kBT;
p2 l'
1-12 = 12 xBT; nuuusg C3 P=11,1-
10= 11 xBr.
o€}
JL1st muraroren JIMHUM

P =4,03+12+11 = 27,03 xBr.

Beruncisiem coOCTBEHHBIE MOMEHTBI JIMHUH 110 (hopmyrte (7.14):
mams Cl1 M= 4,03-[30 + 3(21 - 1)/2] = 241,8 kB1-Mm;
mans C2 M=12-[20 + 6(12 - 1)/2] = 636 kBt-Mm;
manst C3 M=111[25+6(10 - 1)/2] = 572 kBt-Mm;
maausg I M -27,03 m 50 =1351,5 kBt-Mm.
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MMPOEKTPOBAHUME CUCTEM 3JIEKTPOCHABXEHM I

ITo popmyme (7.20) onpenensieM MpUBENESHHBIA MOMEHT HATrPy3KH IS
MUTAKOLIEH TUHUY:
M =1351,5+1,85-241,8 + 636 + 572 = 3006,8 kBT-Mm.

np
[Tnomane ceueHus ®uJ1 Kabesl MUTAIONICH JIMHUU BBIOMpaeM 1o (op-

myie (7.19):
F=3006,8 / (44-6,52) = 10,5 mm°.
Ipunumaem F = 16 mm°. Beibupaem kabens ABBI-3x 16+1x10 ¢/ =
60 A.

Jion
BrinonHseM pacdeT NUTAKOLIEH JIMHUU 110 JOMYCTUMOMY Harpemy. Jis

3TOTO HaWJeM CpeIHEB3BCIICHHOE 3HaueHHe Kod(QuimeHTa MOLIHOCTU
Harpy3ku 1o (7.11):

cos ¢ =1[0,92 m 4,03 + 1-12+ 0,5-11]/[4,03+ 12+ 11] = 0,78.

Brruncnsiem o (7.8) pac4eTHBIN TOK JTMHUH-

| =27,031 [*3-0,38-0,78).

Tax xak 60 > 52,7, To BEIOpaHHOE TIO JOMTyCTUMOHN TIOTEPE HATPSHKSHUS
ceueHue XU KaOessi MPOXOAUT 110 HarpeBY pacueTHBIM TOKOM.

Onpenensiem 1o BeIpakeHuto (7.18) dakTHUECKYIO MOTEPIO HAMpsIKe-
HHA B HI/ITa}OH_[CI‘/'I JIMHUMU:

\ AUp, = 1351,5/ (44 + 16) = 1,92 %.

BerunciisieM OCTaBIIYOCS BEJIMUUHY JOIYCTUMON OTEPH HANIPSDKEHMS,
10 KOTOPOM PacCUUTHIBAIOTCS IPYIIIIOBBIC JINHUH:

ACT  =6,52-1,92 = 4,6%.

Jio1

OmpenernseM UIOMaas CEYSHHUS MPOBOAHUKOB TpymiioBoi jmauu Cl. Tlo
dopmye (7.13):
F=241,8/(7,4-4,6) =7,1 mM°.
[Tpuanmaem npooga AIIB-2(1x8) ¢ | ,,=43 A.
Haxoanm pacuerHsrii Tok jauauu 10 (7.10): 2
7,=4,03/(0,22-0,92) = 19,9 A. BeibpanHoe ceuenune
YAOBIIETBOPSIET YCIOBUIO HArpeBa, Tak Kak 43 > 19.9.

st rpynimoBoit tuaIN C2
F=636/(44- 4,6)=3,14 mm".
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[Tpuarmaem npoBoaa AIIB-4(1x4) ¢ /on =28 A.
Pacuernsriit Tok siuaun C2
I, =12/(73- 0,38)= 18,3 A, uro mMeHbIIe/ .

CrenoBatenbHO, OKOHYATEIBHO MPUHIMAEM K TIPOKJIAJIKE TTPOBOA
AIIB-4 (1x4).

Boemonnsem pacuer smauu C3. [1o

BbIpakeHHIo (7.13):

F =572/ (44 m 4,6) = 2,83 mm”. T1o 1omycTHMOI

MOTepe HAMPSHKCHUS CIEAYET MPUHATH POBO/IA

AIIB-4 (1x3)c/ =22 A.
v ! zon
K minvn C3 nmojomouaercst 10 CBETHIIHHUKOB, UTO CO3AET HEOJMHAKOBYO
Harpysky (as: Kk 1ByM ¢azam OAKITFOYAOTCS TI0 TPH CBETIIILHHKA, 8 K
TpeTbeld — ueThipe. PacueTHas Harpyska HanOosee 3arpykeHHoH (asbl P
=1-1,1-4-1=4,4xBr.
pud 7
Torna pacueTHas HarpysKa JMHUU
P=3<P A
p pu{'
P=344=13,2 xBr.
PacueTnsriit Tox muanm C3
1,=13,2/{S-0,38-0,5) = 40,2 A

Jnst munnu C3 BeiOpanHoE 110 (7.13) ceuenne mpoBoIOB HE YIOBJIETBO-
psier ycnoBuro (7.4). I1o HarpeBy TpeOyercs npuHsTh nipoBona AlIB-4
(1x10)c/ =4T7A.
v ! Jion

7.3. OIIPEJEJIEHUE ITIOTEPh HAIIPSDKEHMS B LIEXOBOM CETH

DJeKkTpudecKue ceTH HanpsbkeHreM 1o | kB, paccunTaHHble Ha Ha-
TpEB, MPOBEPSIOTCS HAa MOTEPIO HAMPSHKEHMS, 3a UCKIIFOUEHUEM CHUJIOBBIX
CeTel, MUTAIOIIMXCS OT BCTPOSHHBIX, PUCTPOSHHBIX U BHYTPHUIIEXOBBIX
KTIL

[Torepu HanpsxkeHust B TpaHc(opMaTopax ONpPEnesisiioTCs 0 BhIpaxke-
HUsIM (4.27) 1 (4.28), a B HUSX 351ekTpornepenadn — 1o (4.30).

B nuraroiiieM mmHONPOBO/E MOTEPS HAMPSHKEHHUS HE JIOJDKHA TPEBbI-
mate 1,5—1,8 %. Ee BenmmumHa nipy 07iMHAKOBBIX 3HAUYEHHUSIX COS () BBIUFIC-
JSITCSI 110 BBIPAXKEHUIO

204



MMPOEKTUPOBAHUE CUCTEM DJIEKTPOCHABXEHNS

1/3-700-XV/,
U= —" (Tow -COS(P + Xoiy -S/m), (7.22)

/lom

rze /; ¥/ — pacyeTHll TOK M JUIMHA Z-TO y4acTKa MIMHOTPOBOAR; & M Xoy —
Y/IE/bHBIE AKTHBHOE M PEAKTMBHOE COLPOTUBICHUS IHMHONPOBO/A; /1 — KOJIMYECTBO
YYaCTKOB, Ha KOTOPBIX OIPEEIAI0TCS I0TEPH HAIPSAKCHU.

[1pu pasHbIX 3HaYEHHAX KO3GHIEHTa MOIIHOCTH YYACTKOB IIMHOMPOBOA

s100-0 < )
TuXP> &> " Ay X b w ok (7.23)
£,

rje COS ¢ — k03 UIEEHT MOLIHOCTH HATPY3KH I'-TO Y4acTKa IIMHOMPOBOJA.

B pacmpenenutenbHbIX IIMHOMPOBOAAX C PABHOMEPHON HArpyskoil moteps
HATPSDKEHUA He JomkHA ObiTh Oombme 2—2,5 % [32]. Ilpu ee ompenenehuu
PaBHOMEPHO pacmpeiefieHHas HArpy3ka 3aMeHseTcsl COCPeJOTOYEHHON HArpy3Koi
TOH e BEMYMHbL, IPUII0KEHHOH B CEpe/IHE PACUETHOTO YuacTka. B aToMm ciydae

4~3-100-0,5-1 - 11,

HOM

AU = mmmmmmmmmms mmmmmmes Poeees (Fou - costPi + Xows - sin(P: )» (724)

rjie / 1 /y — pacyeTHbIN TOK U AHHA HauboIee 3arpyKEeHHOTO IIeda IUHOMPOBOJA.
[Ipu mpoeKTHpOBaHMM OMpelenseTcs BeNMUYMHA HANPSKEHAS Ha 3akKUMAaX
Hanbonee yxanennoro ot TII anexrponpuemMunka £/ 0 BRIPAKEHUIO

Us=Un-"AU,, (7.25)

e u,,— Hanpskenue Ha umHax 10 1 kB TII; [I£/ — notepst HampsokeHus Ha /-M
YYaCTKe CETH; /M — YHCIO YYaCcTKOB HA MyTH OT IIMH BTOPUYHOTO Hampsokenus TII
JI0 TOUKH, B KoTopoii onpeaensercs U.
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Hampsoxenue na munaax WIT Beraucnsiercs mo gopmyiie

rae U — HanpsbkeHHe Xojoctoro xona tpanchopmaropa, U,= 105 %, At/.
— ToTeps HampsDKeHHs B TpaHcdopmarope, %.

B HOpManbHOM peKuMe Ha 3aKHMaXx 3JIEKTPONPHUEMHUKOB BennuuHa U
JIOJDKHA OBITH B quanaszone 95—105 %.

IIpumep 7.6. Ompenennure MOTEPIO HAMPSHKEHUS B MaruCTPaIbHOM
muHOonpoBo e Tria [1IMA4-1600, cocrosiem U3 Tpex y4acTKoB. J[IrHbI
Y9acTKOB, WX pacdeTHbIE TOKH W KO3()(PHUIMEHTH MOIIHOCTH HArpy30K
ykazasbl Ha puc. 7.3. HomunaneHoe Hampspkenue cetu 380 B.

cos h,=0,8 coscp,=0,9 cos (ps=0,7

/,=1260 A 7=80A 7=310A
T Ao | 2 -2—I'A 3
<X>H I ,;,n_
IMII
,=20m 1=40m Lo

Puc. 7.3. Cxema MarucTpajlbHOIO IIMHONIPOBOA AJIA Ipumepa 7.6

Pemenue. Ilo [14] ompenenseMm yaenbHbIE aKTUBHOE U WHAYKTHBHOE
conporusienus [1IMA4-1600: 1,,= 0,0297 OM/kM; Xo,= 0,0143 Om/KM.

ITo dhopmyite (7.23) mpoBOAUM pacdeT MOTEPU HAMPSKEHUS B Marucr-
PaJIbHOM IITUHOIIPOBOJIC:

0,0297(1260-0,80,02+880-0,90,04+3100,70,03)+ ™
+0,0143-(1260-0,6-0,02+880-0,435-0,04+310-0,714-0,03
380 =1,03%.

Hpumep 7.7. Haiigute 1nOTEp0  HampsDKEHUS B
pacnpenenutenbHoM muHonpoBone Tuma I1MPA4-250 pmnunoit 36 M.
[uHOMpoBOA NHUTAET IPYIILY IEKTPONPUEMHHUKOB, UMEIOIIYIO PACUETHBIN
Tok 210 A u cos(p = 0,65.

Pemenne. CormacHo [14], ynenpHBIE CONPOTUBIEHHS paclpeneIu-
tenpHOTO THONpoBoaa 1IIPA4-250: 1oy, = 0,21 OM/KM, Xoy = 0,21 OM/KM.
ITo popmyme (7.24) moTepst HaNpsHKEHUS B IIMHOTIPOBOJIE:

AIT 43 100 -015-210- 01036 Ty 1522 999999 1999 nerny
AU = (0,210,65+0,210,76) = 0,51 %,
380
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7.4. PACUET TPOJUIEMHbBIX JIMHUN

[utanue nBurareseil KpaHOB, KpaH-OATOK U TEMb(PEPOB MOXKET OCYIIIE-
CTBJISITHCS C TTIOMOLLBIO TPOJUICHHBIX JIMHUM, BBIIIOJHEHHBIX U3 YTJIOBOM
CTaJIH, TPOJUICHHBIX IIMHOIIPOBOIOB MIIM THOKOTO Kabers (IpoBoza).

B kpaHOBBIX yCTaHOBKAaX MMEIOTCS JABHTATENM JUTS MOJbeMa TPy3a,
HepeMeIeHUs TEIEKKH U MOCTa, KOTOpbIe pabOTal0T B MOBTOPHO-KpaT-
KOBPEMEHHOM pEeXHME C HU3KUM KO3(PPUIIMEHTOM HCIOIb30BaHU
(K, = 0,15—0,35). [Ipu pacuere TposieeB ClieAyeT YIUThIBaTh, YTO Ha
KpaHax MaJioil rpy30MoAbeMHOCTH YCTaHABIMBAIOTCS ACHHXPOHHBIC JIBU-
raTeiii ¢ KOpOTKO3aMKHYThIM poTopoM cepun MKTF, paGoratomue ¢
coscp = 0,45—0,5, a Ha KpaHax OOJIBIIION TPY30IOTbEMHOCTH — JIBUTaTe-
mu ¢ $azHpIM potopoM cepun MTF, mis KoTopeIx cpeiHee 3HaYCHHE
coscp = 0,6.

Pacuer TposielHbIX JIMHUIA CBOIUTCS K BBIOOPY pa3MepOB YIIIOBOM
CTaJIM WJIH THIIA TPOJUIEHHOTO IIMHOIIPOBO/IA, YIOBJIETBOPSIIOIIMX YCIOBUSIM
Harpesa u JOIYCTHUMOM NoTepy HanpspkeHus. [lepBoe ycioBre mpoBepsroT
CpaBHEHHEM PacUeTHOro / TOKa C IOMMYCTUMBIM TOKOM YTJIOBOH cTaiu
/ (Tabm. 7.7) wim HOMUHATEHBIM TOKOM IIIMHOTIPOBOAA /oy

(7.27)
| >l > /.
;

non HI p

Tabnuya 7.7
JlonmycTMBbIi TOK 1JIsl YIJIOBOM CTAJIH

Lonycmumsiii nox, A, 015 pasmepos ceuenus, Mm
25x25x3 | 40x40x4 50x50x5 60x60x6 75X75%x8
150 250 315 395 520

Bemuuna pacueTHOro ToKa TPOJUICHHOM JIMTHUH ONpeIeNsieTcs 1o ¢hop-
myiie [32]

7.28
4~3ju (728)

1
HIIM

roe P— HOTpe6JI$[eMa$[ AKTHBHAas MOIITHOCTDb KpaHOBOﬁ YCTAHOBKH IIpA
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HOMUHATIbHON Harpyske; K, — K03 PUIMEHT cripoca i KpaHOBOH ycTa-
HOBKH; tJCP — cpenuee 3HadeHre KO3 PUIMEHTa PEaKTUBHON MOIITHOCTH.
[Torpebnsiemast MOLTHOCTD

* =X N (7-29)
i=i g

e Pyow. ¥ &\. — HOMHUHAIBHAs MomiHocTs U KITJI /-ro purarens; n —
YHCJIO MIEKTPOJBUraTEIe KPaHOBOU YCTaHOBKH.

3Hauenus K, JU1s1 KpaHOBBIX YCTaHOBOK IPUHUMAIOTCS 110 KPUBBIM [32]
B 3aBUCHUMOCTH OT peuMa paboTbl U 3P (PEKTUBHOTO YMCIIa SIEKTPOIIPH-
€MHHUKOB KPaHOBBIX YCTaHOBOK.

[Tpu cpeanem pexxume paboTHI 3HaYCHUSM JI, = 2; 5; 10; 15 u 20
cootBercTBYIOT K, = 0,4; 0,35; 0,22; 0,2 1 0,18.

IToTepst HanpsKEHKs B TPOJUIEMHOW JIMHUU HE JIOJKHA MPEBBIIIATH
6—7 % [5]. B TpoIUIeHHBIX IIMHONPOBOAX €€ OMPEICIISIOT TT0 BHIPAKCHUIO

oL/ ===n=  ==mm- (T -C0Sq>+Xi-Sm(p), (7.30)

HOM
rje / — MUKOBBINA TOK IPYMIIbl KPAHOBBIX 3JIEKTPOJIBUIATENEH; 2 U Xy —
AKTUBHOE U MHIIyKTUBHOE COIPOTUBIICHHS PACUETHOIO YYaCTKa IIMHOIIPO-
BOJIa (OT TOUKHU MPHCOSIMHEHHS TUTAIOLIEH JIMHUM JI0 HauOoJiee yIaleHHO-
ro KOHIIQ).
IIMKOBBIM TOK IPYIIBI KPAHOBBIX JIBUTATEIECH
[ =1 +({-1 ), (7.31)
K 1 max Yp u max’”' v '
T1€ /nmax — HAUOOJBIINI M3 MYyCKOBBIX TOKOB 3JICKTPOJBUraTeici B
TPYNINE; /yrax — HOMHHAIBHBINA TOK JIBUTaTeNs ¢ HaMOOJBIINM ITyCKO-
BbIM TOKOM.
Pacuer norepp HanpsHKEeHNS B CTAIBHBIX KPAaHOBBIX TPOJUIESX B IIPO-
LIEHTaX BBIMOJIHAETCS 110 BBIPA)KEHUIO
AU=mnml, (7.32)
TJIe m — yJIebHas NOTEPs HANPSDKEHYS, IPUHAMAaeMas B 3aBUCUMOCTH OT
MaKCHUMaJIbHOM BEJTMYMHBI IIMKOBOTO TOKA, %0/M; / — JUTMHA PacueTHOro
y4acTKa TPOJUIEWHOU JIMHUU, M.
Y nenpHbIe OTEPU HAPSDKEHUS PUBOIATCS B [14]. B cokpalieHHOM
BUje 3Ta nHpopManus AaHa B Tadi. 7.8.
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Tabnuya 7.8

YaenbHble MOTEPH HANPSLKEHUSA B CTAJbHBIX KPAHOBBIX TPOJLIESIX
Pacuemsiii moic, A, npu w Yo/m
pazmepax yenoeou Cnaiu, Mm
40x40x4 | 50x50x5 60x60x6 75X75x8

65 80 95 125 0,06
75 95 111 140 0,07
85 110 130 168 0,08
95 125 150 194 0,09
108 140 171 222 0,10
123 158 193 250 0,11
138 177 215 278 0,12
153 195 235 306 0,13
168 214 259 334 0,14
183 282 280 362 0,15
210 264 317 404 0,165
230 291 351 449 0,175
250 315 395 494 0,185
270 345 419 539 0,195
300 385 470 607 0,21
340 439 538 697 0,23
380 493 606 787 0,25
420 547 674 877 0,27
460 601 742 967 0,29
480 628 776 1012 0,30

v

[Ipu nuTaHuM OT OJHOM TPOJUICHHON JIMHUU ABYX KPAHOB JIJIMHY PacyeT-
HOro ydactka / ymHoxkaroT Ha 0,8, Tpex kpaHoB — Ha 0,7.
Hanpspkenue Ha 3akuMax 3J€KTpPOJBUTATENeld KpaHa MPHU BCEX PEXHU
Max paboTel JOKHO OBITh He HIKe 85

%

HOMHHaJIBHOTO [4].

209



TTPOEKTHPOBAHUE CUCTEM DJIEKTPOCHABXEHM

IIpumep 7.8. BrinmonHute pacyeT TpPOUICHHOM JHMHUM JJi1 KpaHa
TPY30TIOABEMHOCTBIO 5 T, HA KOTOPOM YCTaHOBJIIEHBI AIIEKTPOIBUTATEIIH:
noxbsema rpysa — 7,5 kBT, 1= 75,5 %, cos ¢ = 0,77, myckoBoit TOK lymax =
78 A; tenexxku — 1,4 xBr, 1 = 61,5 %; nepemerieHuss Mmocta — 2X2,2
kBT, 1= 67 %. lnuna pacueTHOro y4yactka JuHuu / = 65 M. HomunansHoe
HanpskeHue cetu 380 B.

Pemenne. OmpenenseM cyMMapHyl0 TOTpeOJsieMyl0 MOIIHOCTh
JIBUTATEJICH KpaHa 1o BeIpakeHuto (7.29)

7,5 14 2-2,2 g _
Pyr—— e e — = 18,8 kBr.
0,755 0,615 0,67

O dexTHBHOE INCIO AMEKTPOIIPUEMHUKOB

A 7,5+1,4+2-2,2)
="z, g === 2,6, n"=2.
75 +14°+2-22
IIpu n, = 2 xodddumument cmpoca K,= 0,4. Ilo [10] mist KpaHOBBIX
YCTaHOBOK cpejnHee 3HaueHue tg ¢ = 1,73. PacueTHbIil TOK TpoJUICHHOM

JIMHUM BBIYUCIISICTCS 1O BBIpaXKeHUIo (7.28)

yj(18,8- 0,4)? + (18,8- 0,4-1, 73)?
1= A -=229 A
d v13-0,38

Bribupaem o ycnosuro (7.27) ajst TpOIIICHHOM TMHAU YTIIOBYIO CTajb

¢ pasmepamu 40x40x4 MM, UMEIOIIYIO / o = 250 A.
st pacueta MMKOBOTO TOKA JIMHUM MPEIBAPUTEIHLHO HAXOAUMM HOMH-
HaJIbHBIN TOK HarOOJIee MOIIHOTO 3JICKTPOABUraTEs

43-0,38-0,77 0,755
[MukoBslii Tok uHUK 110 hopmye (7.31):
[ =78+(22,9-19,6)=281,3 A.

TIMK

ITo Tabn. 7.8 mma/ =81,3 Am = 0,076 %/m.

TIMK

CornacHo BbIpaxeHuto (7.32), moTepst HaNpsDKEHUs B TPOJICHHON
JIMHUY:

AC/=0,076 -65 = 4,94%,

9YTO MCHBIIIC ZIOHyCTHMOfI BCIINYHUHBI.
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MMPOEKTPOBAHUE CUCTEM 3JIEKTPOCHABXEHM I

8. TIPOEKTUPOBAHUE CUCTEM 2JIEKTPOCHABKEHMA
HA HAIIPA’KEHUWU BBILIE 1 xB

8.1. OBIIME TPEBOBAHU S, ITPEABABIIAEMBIE K CXEMAM
SJIEKTPOCHABXXEHV S ITPOMBIIIJIEHHBIX OB BEKTOB

TpeOoBaHuMs, MPEIBSIBISIEMBIC K CXeMaM JJIEKTPOCHA0KEHUS, 3aBUCST
OT BEJIMYMHBI IIPEIPUATHS U TOTPEOISIEMOI UM MOIIIHOCTH, XapaKTepa
MEKTPUUECKUX HArpy30K, YCIOBUH OKPYKatOIIeH cpelibl U Ipyrux (akro-
poB. [IpoMbliIIeHHBIE OOBEKTHI B 3aBUCUMOCTH OT YCTaHOBJIEHHON MOLI-
HOCTH YCJIOBHO JIEJIATCS Ha MaJIble — C YCTAHOBJICHHOW MOIIHOCTBIO J10
5 MBT, cpeaHrie — ¢ YCTaHOBJICHHOM MOIITHOCTBIO OoJiee 5, HO MEeHee
75 MBT u KpyIHbIE — ¢ YCTaHOBJICHHOM MOIITHOCTBIO 75 MBT 1 Goree.

I[Tpy mocTpoeHuH cXeMbl IEKTPOCHAOKEHHST HEOOXOIMMO YUUTHIBATh
psa cnenuduueckux (GpakTopoB, CBOMCTBEHHBIX HEKOTOPHIM MPOMBIIILICH-
HbIM 00BEKTaM, B YACTHOCTH HAIMYME OTBETCTBEHHBIX JIEKTPOIPHEMHU-
KOB, 30H C 3arpsI3HEHHON CPEIOH, dJIEKTPOIIPUEMHHUKOB C HEJIMHEUHBIMU
XapaKTepUCTUKAMH U T.1.

[Turanue oT HEProcHUCTEMbI MOXKET OBbITH MOJBEICHO K OJHOMY WU
HECKOJIbKUM ITyHKTaM npuema smekrpossepruu (P11, IIPIL, I'TIT u T.11.)
HPOMBILIIIEHHOrO 00BeKTa. YHCIIo 1 THUII IIyHKTOB [PUEMa 3aBUCST OT HOTped-
JIeMOH NIPENPUATUEM MOIIIHOCTU U OT PaclpeieieHusl AIeKTPUYECKUX Ha-
IPY30K 110 €ro TeppUTOpHH. [Ipr OTHOCHTENBHO KOMITAKTHOM pa3MeLLEeHUN
Harpy3oK 1 OTCYTCTBHH O0COOBIX TPEOOBaHHH K HA/ISKHOCTH SJIEKTpOCHaA0Ke-
HHUSL DJICKTPOIHEPTUsI MOXKET OBITh IMOJIBEACHA K OTHOW MOACTAHIINH WITA
ornHomy PII. [Tpu Hanmuvy Ha MPEPUATHNA HECKOJBKIX 000COOJICHHBIX,
JIOCTATOYHO MOIIHBIX IPYIIT YIEKTPOINPUEMHUKOB H MOBBIIIIEHHBIX TPEOOBAHH-
AX K OecriepeOOMHOCTH MUTAaHKS UCTIONB3YIOTCS J1Ba M OoJiee MPUEMHBIX
nyHKTa. VIX mprMeHeHne TOIKHO ObITh TEXHUKO-5KOHOMUYECKH 000CHOBAHO.

Ecnu npeanpusarue ynaneno ot U1 Ha nHeGombioe paccrosHue (10
HECKOJIBKMX KMJIOMETPOB) U MPOITyCKHAs ClIOCOOHOCTh MHMK 6—10 kB
obecrieynBaeT MUTaHNe MOTPEOUTENEH, TO IEKTPOIHEPI U MOABOIUTCS K
PII, oT KOTOpPBIX pacrpenensercs Mexay nexoBbiMi TI1 1 BBICOKOBOJIBT-
HBIMH DJIEKTPOIIPUEMHUKAMH. [ IPEANPUATUI ¢ paCU€THOW IOJIHOU
MOIITHOCTBIO Harpy3ku 6onee 30 MBA, nmetomux ynanennsie UIT, cie-
JyeT TpeyCMaTpHBaTh MOHIKAIOLIHE TOICTAaHLIMK C BBICILIMM HaripshKe-
ureM 35 kB u Boime [10].
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TTPOEKTPOBAHNE CUCTEM 3JIEKTPOCHABXEHM

DJeKTpOCHA0KEHNE KPYITHBIX IMPOMBIIUICHHBIX OOBEKTOB C MOTPEOIIs-
emoii MomHOCThIO 40 MBA 1 Gosee 11e51ec000pa3HO OCYIIECTBIISATH C
TIOMOIIIBIO TITYOOKHX BBOJIOB, TPH KOTOPBIX ceTH 35—220 kB Makcumaiis-
HO MPUOIIDKEHBI K ANIEKTPOYCTAHOBKAM MOTpeOUTENe MPU MUHUMAITBHOM
YHclie CTyneHel TpanchopMaluu.

Ha I'TIIT n moncranmmsix riryookoro BBosa (I11'B), kak mpaswiio, ycra-
HABITMBAIOTCA JIBA MOHIDKAIONIMX TpaHchopMaTopa OTMHAKOBOM €IMHAYHON
MOIIIHOCTBIO, YTO 3HAUUTEIHHO YIPOIIAET CXEMY U KOHCTPYKLHUIO MO~
CTaHIMI U 00ecreunBaeT HaJIKHOE IEKTPOCHAOKEHUE TOTpeOHTENeH
anekrposHeprun. OpHorpanchopmatopusie ['TII u [II'B momyckaercs
MPUMEHSTH JIMIIb B OTACNBHBIX CIyJasX MpH 00eCTICUeHUN TUTAHUS HJIeK-
TPOIPUEMHUKOB IIEPBOM KAaTETOPUH B IIOCIICABAPUIHOM PEXUME I10 CETH
BTOpUYHOrO HanpsbkeHus ot cocequux UII. B cucremax snekrpocHabxe-
HU$, KaK IPaBUJIO, CJIETYET PUMEHSTh INTyOOKOE CEKLIMIOHUPOBAHUE BCEX
3BEHbEB cUcTeMbl, HaunHast oT U1 u 3akanumBas mmuamu 10 1 kB TI1,
a MHOT/JAa U LE€XOBbIX HU3KOBOIBTHBIX PII.

[pu noctpoernn CIC 00BIMHO MPEYCMATPUBAIOT PA3ICIBHYIO Pabo-
Ty JIMHUI U TpaHC(OPMATOPOB, YTO PUBOJUT K YMEHBIIIEHNIO TOKOB K3,
VIPOIIICHHIO CXEeM KOMMYTAIIN U perieiHol 3ammThl. [lapamiensHas pado-
ta a1emMenToB COC pekomeHayercs B ciuenyronmx ciuydasx [10]:

a) TpU pa3zieNibHON paboTe He yaaeTcsi 00ecIeunTh TpedyeMoe ObICTPO
JIEWCTBHE BOCCTAHOBJICHUS! MUTAHMsSI JJIsl YCIEIIHOIO CaMO3alycKa
ANEKTPOJBUIATEIICH;

0) Mpu MUTaHUK CEKIUI TIOJICTAHIIMIA OT pa3HbIX MICTOYHUKOB BO3MOXKHO UX
HECHHXPOHHOE BKJIIOUEHHe Mpu padote ycrpoiicts ABP;

B) MPH MUTAHUH MOITHBIX PE3KONEPEMEHHBIX U YAAPHBIX HATPY30K JIIs
obecrieyeHns TpeOyeMbIX IOKa3aTesel KadecTBa IEeKTPOIHEPTUH.

B cxemax anekTpocHa0KeH s, Kak MPaBUIIo, HE JIOJDKHBI TIpeyCMaTpy-
BaThCsl CIIEMAIIBHBIE PE3ePBHBIC, HOPMAIBLHO HE paboTaroIe JTMHIN U
TpaHcGpopMaTOPHI.

8.2. BBIBOP HOMHUHAJIBHOI'O HAIIPSI)KEHUSA J1JIS1 CUCTEM
BHEIIHEI'O 1 BHYTPEHHEI'O DJIEKTPOCHABXEHUSA

OxoHoMuuHOCTE COC MPOMBIIILIEHHOTO 00bEKTa B 3HAUMTEIBHOM CTe-
TIEHH 3aBUCHUT OT BbIOOpa HOMUHAIBHBIX HAMPsDKEHU. [ [pUHATHIME B IPO-
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eKTe HaIPsDKEHUSIMU CUCTEM BHEIIHErO M BHYTPEHHHETO 3JIEKTPOCHA0Ke-

HUSl ONPEEISIOTCS pa3Mephl KalMTaIbHBIX BIOXKEHUH, MOTEPH DIIEKTPO-

SHEPIHH, PacXo IIBETHBIX METAJUIOB, TOAOBBIE M3IEPKKH IKCIUTyaTallluy U

JIpyTHe TEXHUYECKHE, IKCILUTyaTalliOHHbIE 1 SKOHOMHUYECKHE MTOKa3aTeI .
IIpu BO3MOKHOCTH mOJydeHHs 3JeKTposHepruu ot WII mpu aByx u

0oJiee HaNPsDKEHUSX BHIOOP M3 HUX SKOHOMIYECKH LIEIecO00pa3HOro ocy-

IIECTBISIETCSI HA OCHOBE CPABHEHHS BAPWAHTOB IO MPUBEICHHBIM 3aTpa-

taMm. [Ipu 0IMHAKOBBIX MPHUBEIEHHBIX 3aTpaTax WIH HEOOIBIIOM MIPEUMY-

mectBe (mo 10 %) BapmaHTa C HU3MNIMM HAIPSDKEHUEM IPEATIOYTEHUE

ClIeTyeT OTaaBaTh OoJiee BRICOKOMY HampspkeHuto [10].

B psge cnyuaeB BeiOOp Hanpsbkenuss COC mpenonpenenseTcs Hanpsi-
skenueM UII. Tak, HanpuMep, Ipy HanpsHKEHUHU nuTaromux auHui 10 kB
JUTSL CUCTEMBI BHYTPEHHETO 3JICKTPOCHA0XKEHUs I1eJecoo0pa3Ho BhIOPATh
TaKoe e HanpspkeHne 6e3 000CHOBBIBAIOIINX PACUETOB.

Hampsoxenust 10 u 6 kB ucnonp3yroTcss B MUTAOIMIMUX U PaCIpeIeiH-
TETMBHBIX CETAX MAJbIX U CPEJIHHMX MPEINPHUSATHH, a TaKKe Ha BTOPOH U
MOCTIETYIOIIMX CTYIEHAX pacIpeesIeH s AIeKTPOIHEPTUN KPYIIHBIX Mpe-
npusTaid. s BHYTpHU3aBOJICKOW CHCTEMBI 3JIEKTPOCHA0KEHUS B Ka4eCTBE
OCHOBHOTO CJeIyeT MpUMEHATh HoMUHambHOe HampspkeHue 10 xB. Ilpu
3TOM MHTaHUE JIEKTPOJBUTATENeH HanpshkeHneM 6 kB MoxeT ocyiiecTs-
JATHCA CAEAYIONUMU criocobamu [7]:

1) or tpaHC(})opMaTopoB ¢ pacierieHHbIME BTOPUYHBIME 00MOTKamMu 6,3
u 10,5 kB, ecnu Harpy3ku Ha HanpsbkeHud 6 1 10 kB npumepHo oguHa-
KOBHI,

2) OT OTIEJBHBIX MPOMEKYTOUHBIX MojcTanIuii 10/6,3 kB — npu mutanun
3HAYUTENLHOTO YHCIIA BHICOKOBOJBTHBIX JIIEKTPOJBUTATENEH, MMEI0-
IIMX OTHOCHUTENHHO HEOOJBIINE SAMHUYHBIE MOIITHOCTH;

3) mo cxeme 6s10Ka TpaHCchHOPMATOP — JBHUIATEIb, KOTA YKCIIO JBUTATE-
el 6 kB 3HaYMTENBHOW MOUIHOCTH HEBEJIMKO M OHU PACIOJIOKEHBI
000CO0JIEHHO JPYT OT ApyTra.

[IpumensaTe HampsbkeHue 6 kB 1is Bcell pacnpelnenuTeNbHON CeTH
JTOTTYCKAETCsl B MCKITFOUUTENHFHBIX CIydasX MPH COOTBETCTBYIOIIEM 000-
cHoBaHMU. Hampumep, mpu npeoOiajaHUM Ha MPOEKTUPYEMOM OOBEKTe
AIIEKTPOTIPHEMHHUKOB 6 KB WITH TIpH MUTaHWU 3HAYUTENHLHON YaCTH AIIEKTPO-
MPUEMHUKOB OT muH 6,3 kB 3aBoackoit TOL.
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Hampspxenne 35 kB MoxkeT OBITE PKOHOMHYECKH I1€IeCO00pa3HBIM TIPH
nepexaBaeMoii MormHOCTH He 6oiree 10 MB-A. OTo HampsiKeHHE MOXKET
HNPUMEHSTHCS UL PACIIPEAEICHUS 3JIEKTPOIHEPTUHU 110 TEPPUTOPUH IIpe.-
OPUATHS C IOMOLIBIO TIIyOOKMX BBOZOB, @ TaKKe Ul NMUTAHUS MOIIHBIX
AIEKTPOIIPUEMHHUKOB (CTAICTIABUIILHBIX TIEUCH ).

Jn1st cucTeM BHEIIHETO 3JIeKTPOCHAOKEHHUS KPYITHBIX MPEeINpUATHI ¢ TIO-
Tpebsiemoit MotHocThI0 10—150 MB-A nenecoobpasHo UCToIb30BaTh Ha-
npsbkenne 110 kB, a g npeanpusTuii ¢ noTpedisieMoil MOLTHOCTBIO Oosee
120—150 MB-A Bo3moxHO nnpuMeHenune HanpsbkeHus 220 kB [10].

8.3. IIOCTPOEHUME KAPTOI'PAMMEBI 1 OITPEJIEJIEHME YCIIOBHOI'O
HEHTPA SJIEKTPUYECKUX HATPY30K

IIpu onpenenenun mect ycranosku TII, PII, I'TIII, III'B u komnencu-
PYIOILMX YCTPOWCTB PEAaKTUBHON MOIIHOCTH HEOOXOAWMO HUMETh HH(OpMa-
MO O BEJIMYUHE U PACIPEACTICHUH IEKTPUUECKUX HASPY30K NO Meppumo-
puuy TPOMBILUIEHHOTO 00beKTa. C 3TOH LEeNbI0 CTPOSIT KAPTOrpaMMy 3JIEK-
TPUYECKUX HArpy30K Ul MPEeNNpUsTHS WIK €0 CTPYKTYPHOTO Hoapasze-
nenus. Ha xaprorpamme sieKTpuUYecKue HArpy3KH OTAEIBHBIX KPYIHBIX
3NIEKTPONPHUEMHHKOB, TPYIII JIEKTPONPHEMHHUKOB W LIEXOB H300pasKaroT-
cs B Buze kpyroB (puc. 8.1). [Inomanu kpyros B onpeaeneHHOM MacIiTade
0TOOpaar0oT BEJIMYMHBI JJIEKTPUUYECKUX Harpy3ok. LleHTpom Kpyra
SBJISIETCSl YCIIOBHBIN LIEHTP AJIEKTPUUYECKON HArpy3KH NPUEMHHUKA, TPYIIIBI
win uexa. Ilpu paBHOMEpPHOM pacmpeneNeHNH Harpy3oK IO IUIOLIanu
00BEKTa LEHTP 3JICKTPHUUECKON HArpy3KH COBIANACT C LEHTPOM I'€OMET-
pruecKor GUrypsl, n300paXxaromei ex Ha TeHIUIaHe TPeAnpPHUsTHUSI.

Kak npaBuio, cTpouTcst KapTorpaMMa akTUBHBIX Harpy3ok. [Ipu atom
JUI KaXJIOTO /-TO IIeXa pacueTHash aKkTHBHAs Harpy3ka MOXeT OBITh
MIpeJICTaBlIeHa KakK

P =P +P : 8.1)
p/ pa po/ v '

rae P uP ,, —pacyeTHble akTHBHbIC CUIIOBAsi U OCBETUTEIIbHAS HATPY3KH i-
ro mexa.

st kaxzoro uexa (ITpymiisl 3JeKTPOIPUEMHUKOB) Pagiyc Kpyra & Haxo
ISIT U3 YCIIOBUS PaBEHCTBA aKTUBHOW MOIIHOCTH HAarpy3KH IUIOIIAIU Kpyra
P,.=%urfum, (8.2
rie M — HOPHMHATHIA MacITad KapTorpamMmbl, KBT/mMm®,

214



IMMPOEKTUPOBAHUE CUCTEM DJIEKTPOCHABXEHUA

% ' oTHII

e~

-

0 -
X, X X, X

Puc. 8.1. I'ennnan npenpusTUs ¢ KapTOrpaMMOi Harpy3ok u cetbio 10 kB:
1—3 — HOMepa 1exoB

Hi Beipakenus (8.2) pamuyc kpyra:
r,=JPf7(K-m). (8.3)

Kaxxapiii kpyr MoxeT ObITh pa3jiefieH Ha CEKTOPbI, COOTBETCTBYIOIIINE
BEJIMYMHAM CHJIOBOM M OCBETUTENIbHOW Harpy3ok. B aTom ciydae kaprto-
rpaMMa OTpaXkaeT CTPYKTypy Harpy3kud Iiexa. YTojl CeKTopa
OCBETUTCIIb-

HOH HAarpy3KH B Irpajlycax ONPEAEseTCs 10 BEIPAKEHHUIO
a=P ,-360/P.,

o pol pt’ )
a CHJIOBOM HArpy3KH Kak

a.=360—a..
o]
Bemmuunsl P, .. 1 P, ,. yKa3bIBalOTCS Ha KapTOrpaMMe.
ITpn BEIOOpE MECT pa3sMelIeHUs UCTOYHHMKOB PEAKTUBHON MOIIHOCTH

peKOMeHIyeTCsa TaKkKe UMETh KapTorpaMMy peaKTHBHBIX HAarpy3o0kK, KOTo-
past CTpOUTCS aHAJIOTUYHO.

(8.4,

of
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Y coBHBIHA TIEHTp AeKTprdeckux Harpy3ok (LI9H) oobekra HaxomsT ¢
nenbio paronanbHoro pasmerienus TI, PIT, I'TIIT u I1I'B. Ero o6braH0
BBIUHCIISIIOT aHAIMTUYECKU, UCIIONb3YsS U3BECTHBIE U3 TEOPETUUECKOU
MEXaHUKHU MPaBUIIa JUISl ONPEEICHUs [IEHTpa TSHKECTH TUIOCKOro Tea.
[IpenBapuTenbHO Ha TUIAH MIPOMBIIUIEHHOTO 00BEKTa, COCTOSILIETO U3 71
HOAPA3/IENeHUI, HAHOCUTCSI IEKapTOBa CUCTEMa KOOPMHAT U ONpEEIis-
I0TCS1 KOOpAMHATBI XU Ykaxnoi Harpy3ku P (puc. 8.1). Ilocne atoro
HCKOMBIEe KooparHaThl Xo 1 Fy ycioBroro LIOH Berucstorest o gpopmy-
Jam

0= X(*JIYX? Y0 ==£{Y,-P,)AP,r (86)
1=1 1=1 1=1 1=1
[pu naxoxnenun [{OH 1iexa ucnosnb3yeTcs ero miaH ¢ pacioIoKeHu-
€M OTJICTEHBIX JJICKTPOIPHEMHHUKOB, a TIPEIPHSATHS B 1IEJIOM — T'eHIUIAH
C YKa3aHHWeM CTPYKTYPHBIX TTOJpa3AC/ICHII TPEAIPHSATHSL.
CyI1ecTBYIOT TaKkKe U IPYrue METo/Ibl onpeseneHus yeiaoBaoro [[OH.
OnHaKo paccMOTPEHHBIM METOI MOJTYYHJI HIMPOKOE PacpOCTPaHEHHE IIPU
NPOEKTHUPOBAHUH BCIIEAICTBHE CBOEH IIPOCTOTHI M HATJISTHOCTH.

8.4. BBIBOP MECTA PACIIOJIOXKEHNS PACIIPEJEJIMTEJIBHBIX ITYHKTOB 1
TPAHC®OPMATOPHBIX ITOICTAHLMIA

Bei6op mecta PII B mepByro odepenn omnpenensercs HAIMYMEM Ha
MIPEIIPUSITIN IIEKTPOBUTATENIEH HarpsbkeHueM Boiie 1 kB wm anexrpu-
YeCcKUX Ieuel ¢ Tpanchopmaropamu. Ecii BBICOKOBOJIBTHBIX AIEKTPOITPH-
€MHHUKOB He UMeeTcsl, TO MecTo pacronoxenus PI1 BoiOupaercst Ha reH-
IUIaHE PEANPUATHS TI0 BO3MOXKHOCTH cMellieHHbIM oT LI9H B cropony
UIT tak, 4toObI HE OBUTO OOPATHBIX MMOTOKOB AIEKTPOIHEPIUH TIO JIMHUSIM
6—10 kB (cm. puc.8.1). Pazmemenue PI1 B neHTpe Harpy3ku npeanpus-
THSL HEJb351 OTHECTH K MPABIJIbHOMY IPOEKTHOMY PEIIECHHUIO, TaK KaK 3TO
NPHUBOJIUT K YBEJIMUEHUIO pacxojia kabesel U moTeph JIEKTPOIHEPTHU B
AIIEKTPUYECKHUX CeTsIX. OTMETHM, UTO Tpacchl KaOEIbHBIX JIMHUI MPOKJIa-
JIBIBAIOTCSL HE 110 KPAaTYalIlIMM PACCTOSIHUSIM, a 110 HAIIPABJICHUSIM [1POE3-
JIOB U ITPOXOJIOB MEKY 31aHUSMHU U COOPYKCHUSIMH.

B ommyue ot PITTTII u III'B cTpemsarcs pa3sMernars o BO3MOKHO-
CTH OJTVDKe K LIEHTPaM MEKTPUUYECKHX HArPy30K MUTAEMbIX MU TIPOMBIII-
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JICHHBIX OOBEKTOB C Y4ETOM YCIIOBHI TUTAHUPOBKH, IPOXOXKICHHUS BO3YIL-
HBIX JIMHUI HarpsbkeHreM 35—220 kB 1o Teppytopry MpeipusiTisi, COCTO-
SIHUSL OKPY>KaroILEel cpesibl U T.11. KOHKpeTHbIE YCIIOBUS MPOMBILLIEHHOTO
o0beKTa He Beera no3BossitoT pasmectuth ['TII B ieHTpe ero Harpysok.
B Takux ciydasx mojacraHims MokeT ObITh cMertieHa ot LIOH B ctopony
UII, xak 310 MOKa3aHO Ha pUCYHKE BO BBesieHHU. HeoOxomMo cTpeMuThest
pasmentats [ TIIT u [1I'B nanpspkennem 35—220 kB psiioM ¢ muTaeMbIMU
VMM TIPOM3BOJICTBEHHBIMH KOpITycamy, a ux PY 6—10 kB pexomenyercs
BCTpaWBaTh B 3TH Kopiiyca [8].

B Hezarpsi3HeHHbIX 30Hax Ha HanpsbkeHud 110 kB u Bbliiie, kak npaBu-
JI0, TOJDKHBI IPUMEHSITHCSI OTKPBITHIE MoacTaHiuu. Llenecoodpa3zHocTs
ucnons3oBanus 3akpeIThiX [TIIT u I1I'B nomkHa ObITh 060CHOBaHA B
MIPOEKTE.

8.5. CXEMBI [IMTAIOIIMX M PACIIPEJIEJIMTEJIBHBIX CETEN

J1st GOBIIMHCTBA MPOMBIIILIEHHBIX OOBEKTOB UCTOYHUKAMY TTUTaHUS
ABJISIFOTCSL DJIEKTPUYECKUE CETH dHeprocucreM. OTIENbHbIE KPYIHBIE
MPEANPUATHS CO 3HAYUTETBHBIM MOTPEOJICHUEM TEIIOTHl MOTYT UMETh
cooctBeHHble TOL, cBsA3aHHbIE JIMHSIMHU 3JIEKTPOINEpPeiaul ¢ SHEprocucTe-
MOM. PaccMOTpuM XapakTepHble CXEMbI CHCTEM BHEIIIHETO JIEKTPOCHA0-
JKE€HUA "TpU MUTAHUU OT SHEPTOCUCTEMBI.

Ha puc.8.2, a nokazana npuHIMNMaIbHas CXeMa padalbHOrO MUTaHUS
MPEIIPUSTHI MATON U cpetHer MOIHOCTH. [ Ipu Takoil cxeme B KauecTBe
IIyHKTa IpueMa 3JIeKTpo3Hepruu ucrnoinssyercs PIL, u B aTom ciydae
HANpsDKEHHs. BHEITHETO U BHYTPEHHETO 3JIEKTPOCHAOKEHHS COBIIAJIALOT.
PannapHble cXeMbl ¢ OMHUM WM HecKonbkuMu PIT nmomyuninm mmpokoe
pacrpocTpaHeHUE B CUCTEMAX BHELIHEro AJIEKTPOCHA0XKEHHs! TIPOMBIII-
JIEHHBIX OOBEKTOB.

[Ipyn 3HAYUTENBHBIX MOLIHOCTSX JIEKTPUYECKUX HArpy30K CIEAYET
MaKCUMAaJIbHO IPUOIIMKATh NCTOUYHUKH BBICOKOTO HAIPSDKEHUS K ANIEKTPO-
YCTAHOBKaM TOTpeOUTENEH, COKpaIlas YMCIO CTYIEHeH MPOMEXKYTOUHBIX
TpaHcopmauit. IToMy crocobcTByeT npumenenue cxem c¢ [T
(puc.8.2, 6) u TIyOOKHX BBOJIOB.

ITpu rry6oxom BBOAE NporcxoauT pasykpyrnHeHue ['TI u mprem snek-
TPO3HEPTUH ACLIEHTpAIN3YyeTcs. MakCUMAIbHBIN 3(PEKT pazyKpyIHEeHHe
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TMOJICTAHIMI JTAT MPH Harpy3Kax, pa3MEIEHHbIX B HECKOJBbKHX ITyHKTaX Ha
3HAYUTENIBHON TEPPUTOPHH (Kapbepbl, TOPHO-000raTUTEIbHbBIE KOMOUHATHI
u T.11.). [Ipu stom I1I'B BemMonHSAIOTCS MO TIpocTeiimmmM cxemam (0e3
BBIKJTIOYATENEH Ha CTOPOHE MEPBHYHOIO HANpsbkeHus1). B crucreme riry6o-
KOTro BBOZIAa He TpeOyroTcs npomexyTtounbie PI1, GpyHKIMU KOTOPBIX BbI-
nonusitor PY 6—10 kB I1I'B.

10(6) kB
1111 o XV SU—

le¢

No-

6L 35 70kB
"43

&—

f43
10,5 (6,3) kB
1¢<HZH—u"
ITIII

Puc. 8. 2. XapakrepHbie CXeMbl BHEIITHETO AJIEKTPOCHAOKEHMUSI:
a — paguanbHas ¢ PIT; 6 — ¢ moHmxkaroriei noacranimei

['myGokue BBOJIbI MOT'YT BBITIOIHSTHLCS 10 IBYM cxemaM (puc. 8.3):

a) B BUJIE MAarHCTPATHHBIX BO3IYIIHBIX JUHUHN JIEKTPOIepeaadn, mpo
XOJISIIMX B 30HAX OCHOBHBIX HArPY30K M MHUTAIOIIMX HECKOIBKO (JI0 TISTH)
[1I'B 35—220 kB (puc. 8.3, a);

0) B BUJIE PAIMATIBHBIX BO3MYIIHBIX WITH KaOEIbHBIX JIMHUH, TUTAIOIIIX
[1I'B ot y3noBoii pactipenenurensHoit noactanmmu (YPIT) 330—750 kB
(puc. 8.3, 0).
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a 35—220 kB
L f— 0- N — --T— ¢ HII2
o foo- ()

110 kB

A
[ 1

III'B1

0 | 350—750 kB

Tl ‘g J@ ™
E f? 105

II'B1

Puc. 8.3. [IpyHIIMITHATBHBIE CXEMBI IITyOOKOI'0 BBOJA!
a -- MarucTpalbHast; 6 — paguaibHas
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MarucrpasbHble TITyOOKHE BBOABI BO3MOXKHBI U 11€J1€CO00Pa3HbI MPH
MaJI03arps3HEHHON OKpYKarollel cpefie, Korja Mo yCJIOBUSM I'eHIIaHa
JIoIycTHMO TipoxoxkaeHue BJI o teppuropuy npeanpusitist 1 pasMelLeHue
III'B 35—220 kB B0311€ COOTBETCTBYIOIIMX IPYIIT AIEKTPONPHUEMHUKOB.
PaguanbHble rimyOoKue BBOJIbI OOBIMHO IPUMEHSIOTCS IIPU 3arpsi3HEHHON
OKpyKatoreit cpenie. OHE MOTYT OBITh 11EJIECO00Pa3HbI U TIPU HOPMATBLHOM
cpelie, Tak Kak UMEIOT ONPEAEIICHHbIE ITPEeUMYILECTBA BCIEICTBHUE TOTO,
YTO OTKAa3 JIMHUM WK Tpancopmaropa oxHoit [1I'B He oTpaxkaercs Ha
pabote ocranbHbIX [II'B. Cxembl IiTyOOKMX BBOIOB I10 HAJIS)KHOCTH HE
YCTYHAKOT TPOMO3JKUM CXEMaM LIEHTPAIM30BAHHOTO 3JIEKTPOCHAOKEHUS,
SABJISSACH IIPU 3TOM OoJiee MPOCTBIMU U AeieBbIMU. OHU IPUTOAHBI AJIS
NUTAHUS IPOMBILUIEHHBIX 0OBEKTOB, UMEIOIMX B CBOEM COCTABE JIEKTPO-
INPUEMHHKH JIFOObIX KaTeropuil.

Cxembl pacnpenenurenbHblx cereil 6—10 kB cucteMsl BHyTpr3aBo-
CKOT'0 3JIEKTpOCHA0KEHUS IIPeIHa3HAuYEHbI JIJIsl IMTaHKs IPUEMHUKOB U
noTpeOHTeNEl MEKTPOSHEPTHH, PACTIONIOKEHHBIX Ha TEPPHTOPUH MPOMBIII-
JeHHOro 00BbekTa. OHM MOTYT OBITh paJHaTbHBIMU, MATHCTPAIbHBIMHA U
CMEIIaHHBIMU (KOMOMHUPOBAHHBIMH).

PannanbHbIe cxeMbl, Kak IpaBuio, NpuMeHstores, korga TII pas-
MEIEHBI B pa3inyHbIX HanpasiaeHusx oT WI1. Ouu MoryT ObITh O/1HO- U
JBYXCTYNEHYaTbIMU (pHC. %0 A). /leyxcmynenuamole cxembl UMEIOT TIPO-
MexxyTounble PII, 4To 1Mo3BoJsieT yMEHBIINT YUCIO JOPOTrOCTOSIIMX
sueex PY UII (I'TH wam TOL) n yBenuuuth ux 3arpysky. Takue cxeMsl
MOTYT OBITH LIeJIECO0Opa3HbI Ha OOJBIIMX M CPEIHUX NMPOMBIIIICHHBIX
npeanpusTusix. OoHocmyneHuamole paouaibibie cxemvl OOBIYHO TPH-
menstorest B COC HeOOMbIIMX MPOMBIILTIEHHBIX 00beKToB. OT PIT ocyre-
CTBJISIETCS] MUTaHUE 11eX0BbIX TII, OTAEIBHBIX MOIIHBIX AJIEKTPUUYECKUX
neveii u snexrpoasurareneil Hanpspkennem 6—10 kB. PIT u TII, obecrie-
YUBAIOLME DJIIEKTPOSHEPIUEN TPUEMHUKH TIEPBOM U BTOPON KAaTETOPUH,
MHUTAIOTCSl OOBIYHO TIO IBYM paJIMaIbHbIM JIMHUSIM, KaX/as U3 KOTOPBIX
paloTaer pa3IeNbHO Ha CBOKO CEKLIMIO. [Ipu OTKITIOUeHNH OTHOM U3 CEeKLIHA
€€ Harpy3Ka aBTOMaTHYECKH IIEPEBOIUTCS HA JPYTYIO.

Kak BumHO 13 puc. 8.4, paauaibHble cXeMbl coJiepKaT OO0NbILIoe KO-
4€CTBO KOMMYTAaLMOHHBIX anmaparos 1 mHui 6—10 kB. [Toaromy npume-
HATB MX HY)KHO IIPU HAJUTeXaIleM 0O0CHOBAHUH, [Tl TUTAHUSI JOCTATOYHO
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Tl 12 0,4 xB|0,4 kB 0,4 xB-
Jg~2 .04 xB
1CY VY 2C
Us$ I 10,5 (6,3) kB
i 'TTHI TIZ T3 TI4

0.4 B _Puc. 8.4. JIsyxctynenyartas
pajManbHas cxema

MOIIIHBIX ¥ OTBETCTBEHHBIX MOTpeOuTenet. JJocTomHCTBaMy pauaibHBIX
CXEM SIBIIIOTCS YAOOCTBO DKCIUTyaTallMd, BBHICOKAS HAIEKHOCTh PabOTHI,
BO3MOKHOCTh TIPUMEHEHHS MPOCTON W HAJIEKHOM 3aIllUThl U aBTOMATHKH.
MaructpanbHble  CXEMBl  PaclpeleNUTEeIbHBIX  CETeH  MMO3BOJIIOT
YMEHBIIIUTh YUCIIO 3BEHHEB KOMMYTAIUW, YTO SIBISETCS WX OCHOBHBIM
MIPEUMYIIECTBOM TI0 CPABHEHHIO C paJuaibHBIMH. [[aHHBIE CXEMBI LIENIeco-
00pa3HbI TIPU pacpeielIeHHBIX Harpy3Kax, Mpu yIOpSII0YeHHOM, PUOIH-
JKarouieMcs K JIMHEHHOMY pacriosiokenuu T1I Ha TeppUTOpUM POMBIIILIEH-
Horo o0bekTa. [Ipu GopMHUPOBAaHWU MaruCTPaIBHOW CXEMBI CIEIYEeT CTpe-
MHUTBCS K TOMY, uT00bI JiuHuK OT W1 no motpebuTesneii mpokiiaabIBaINCh
0e3 3HaYMTEeNbHBIX 00paTHBIX HanpaBieHuid. Hegocratkamu MarucTpais-

221

TIIS



I[TPOEKTVPOBAHME CHUCTEM OSJIEKTPOCHABXEHVIA

HBIX CXEM SIBIISIFOTCS YCIIOKHEHNE KOHCTPYKTUBHOTO UCTIONHEHUS BHICOKO-
BOJIFTHOT'O BBOJIHOTO YCTpOMCTBA 11eX0BbIX TII 1o cpaBHEHUIO ¢ paaib-
HBIMH CXEMaMH, B KOTOPBIX TpaHC(OpMaTOphl B OOJIBIIMHCTBE CITy4acB
MPUCOETUHSIIOTCS HATITYXO, @ TAKKE OJHOBPEMEHHOE OTKITFOUCHHE HECKOb-
KUX TpaHC(OpMAaTOPOB, MPUCOSAMHEHHBIX K MArUCTPAJIH, MPH €€ MOBPEK-
nennu [ 10]. Yucno tpanchopmaTtopoB, MOIKITFOYAEMBIX K OJHOW MarkcT-
painu, 0ObIYHO HE MPEBBIMIACT 2—3 MPHU MOLTHOCTH TpaHC(HOPMATOPOB
1000—2500 xB A u 4—5 mpu momummocta 250—630 kBA. B cxemax
AIIEKTPOCHAOKEHMSI TIPESANPUATHIT HAaUOOIbIIIEe PACTIPOCTPAHEHHE TIOTyqH-
JIM OIMHOYHBIE M JBOWHBIE CKBO3HBIE MarHCTPAIIH.

Oounounvie macucmpanu (puc. 8.5) 6€3 pe3epBUPOBAHUS IPUMEHS-
IOTCS B T€X CITyYasix, KOT/Ia JJOIyCTUMBI TIEPEPBIBBI B 3JIEKTPOCHAOKEHUT
Ha BpeMsl, HEOOXOAUMOE ISl IOUCKA, JTOKAIN3AllM1 U BOCCTAHOBJICHUS
PaboTOCTIOCOOHOCTH TIOBPEKICHHOTO Y4acTKa. J{JIst TOBBIIICHNS HAIEKHO-
CTH JJICKTPOCHAOKECHHS TIOTPEOUTEIICH TIOIKITFOYaeMble K OJTMHOYHBIM Ma-
THUCTPAJISIM OTHOTpaHC(HOPMATOPHBIE TTOJCTAHIIMK HEOOXOMMO PacIioa-
raTh TaK, 9YT00ObI MOYKHO OBLIO OCYIIECTBIISITh YACTUIHOE PE3EPBUPOBAHIE
no ceTsim 110 1 kB mexny ompkaiimmu TIL. C 31oil nenbto cocenaue
OJTHOTpaHC(HOPMATOPHBIE MMOJCTAHIIMK CIIEAYET MPUCOSTUHSITH K Pa3HbIM
OJMHOYHBIM Maructpaism [7, 10].

10 (6) kB

NI

04:1B . 04xB 04xB
T TI2 Ta3

Puc. 8.5. Cxema 0JIHOYHOW MarucTpaim
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CxeMmbl ¢ 060lHbIMU CK8O3HBIMU Macucmpanamu (pUc. 8.6) ciyxar
JUTSL TIUTAHUS IBYXTPAHC(OPMATOPHBIX TIOACTaHIMA. B HOpMabHOM perku
Me TpaHCc(HOpMaTOpbl PadOTAIOT PA3NIEIBHO, & IPH MOBPEKICHUH OJTHOH U3
MarvcTpajieii MITaHue MPUCOSAMHEHHBIX K HEl MoTpeOuTeNeld aBTOMaTH
YECKH TEePEBOIUTCSI Ha OCTABIIYIOCS B pabOTe MarkCTPaIbHYIO JIMHHIO.
OtMeTuM, YTO TIPH JIBOMHBIX CKBO3HBIX MArUCTPALIX JIOITYCKACTCS TIPUCO
€IMHEHNE K HUM IIEXOBBIX TPaHC(HOPMATOPOB HAITTYXO, T.€. 0€3 BBIKIIOYA

TeJ Harpy3Ku.
10 (6) xB
lc | ¥
_Puc. 8.6.

2¢ ] " CxeMma
IBOMHOU
CKBO3HOU

T2
' 04 kB

MarvucTpaim

HauOonbinee pacnpocTpaHeHue Ha MpaKTUKe MOMYYHIIH CMEIlaHHbIe
CXEMBI, P KOTOPBIX MUTAHUE KPYITHBIX U OTBETCTBEHHBIX IPUEMHUKOB U
HOTpeOUTeNEel MEeKTPO3HEPTHHU OCYILIECTBIIAETCS M0 PATHAIBHOM CXeMe, a
CPETHHX U MEJIKHX, TIPY YHOpsiIoUeHHOM pacrionioykeHnu TI1, — no maru-
CTPATBHBIM JIMHUSIM. Take KOMOMHUPOBaHHBIE CXEMbI BHYTPEHHETO 3JIeK-
TPOCHAOXKEHUs], KaK MPaBUJIO, UMEIOT JIYUIlINe TEXHUKO-?)KOHOMUYECKUE
MOKa3aTesHu.

8.6 BBIBOP CEUEHMI I[TPOBOJHUKOB JIMHU 6—10 kB

Jns mepenaum 1 pacrpeiesieHus HMeKTpodHepruk Ha HarpsbkeHnn 6-10 kB
B COC MpOMBIIIIEHHBIX 00BEKTOB MPEUMYIIIECTBEHHO MPUMEHSTFOTCS Ka-
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OenbHble MHIK. CeueHus xu kadeseil BBIOUParoTCst O SKOHOMHYECKON
IUIOTHOCTH TOKA MO BbIpaskeHuto (3.1), o I0IMyCTUMOMY HarpeBy Makcu-
MaJIbHBIM PACYETHBIM TOKOM HMJIM TOKOM TOCJI€aBapHHHOTO PEXUMa, IO
ycnoBwto Harpesa nipu K3 (1o Tepmuyeckoli crorikoctr). Kabeny, 3ampies-
HbIE MPEIOXPAHUTEIISIMU, TIO0 YCIIOBUIO TEPMUYECKON CTOMKOCTH HE TIPOBEPSi-
1oTcs [4].

Kabenu, nuTaronye 1exoBble TpaHCPOPMATOPBL, IPOBEPSIOTCS 10 Ha-
IpeBYy MaKCUMAJIbHBIM PAaCUETHBIM TOKOM, KOTOPBIH ONpeaensercs mno
BBIPAKCHUIO

Nn

1= THE Syom - HOMAHAIBHAS MOIITHOCTE I'-TO
tpancdopmaropa; Nt - uncio TpanchopmaropoB, MUTAOIIUXCS 110
Ka0eJTr0 B HOPMAJILHOM PEXKUME.

Heo0x0ammo, 9To0b! AJIMTEIBHBINA JTOMYCTUMBINA TOK KaOems / o, YKa-
3aHHBIN B CIIPaBOYHBIX TaOnuuax [4], ¢ y4eToM KOHKPETHBIX YCIOBHI
NPOKJIaaKU ObUT HE MeHee / |, T.e.

I >1  I(kxJUI (8.8)

1ot prax ~ 1 2 V' v ’
rae ky ky x, - K03 QHUIHMEHTBI, COOTBETCTBEHHO yYHTHIBAMOIIME (haKTH-
YeCKyI0 TeMIIEpPaTypy OKPY>KAIOIIei CpeIbl, YKCIO padoTaroNMX Kabernei,
MPOJIO’KEHHBIX B OHOM TpaHIliee, (PaKTHYECKOe YIEIBHOE TEIIOBOE COIpO-
TUBJICHUE 3eMJIH [4].

Ceuenust 11 Kabeneid, KOTopble B IOCTIEaBAPUIHBIX UM PEMOHTHBIX
pexXHUMax MOTyT paboTaTh C IEPErpy3Koi (Harpumep, JIMHHUMA, MTUTAFOLTHIX
PII), BeIOMpatoTCA MO YCIOBUIO

[ >11{kk.kJcX 8.9)

o pa’ m1l 2 3" \

IJie / - pacCUeTHBIA TOK JIMHUH B TIOCJICABAPUIHOM WM PEMOHTHOM PEXKUME;

K - KpaTHOCTb TEperpy3Kd, Jomyckaemass coriacHo  [4].
>

Ecmu ycnoBust pokiiaiky kabens SBISIOTCS HOpMaTbHBIMU, TO 3HaYe-
Hust Ky Kon x, IPUHUMAIOTCS paBHBIMU €IMHUIIE, a BbIpaxeHus (8.8) u
(8.9) umeroT cneayromui BUI:

I >1 (8.10)

Jiom p max'

I >l 1k. (811)

o1 pan
[Tocne pacuera TokoB K3 B cetn 6—10 kB ceuenus »xun kabenei
IIPOBEPSIOTCS HA TEPMUYECKYIO CTOMKOCTh. B MHXEHEpHBIX pacueTrax
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MHUHMMAJIBHO AOIYCTHMMOE CEYCHHE IPOBOJHHUKA 10 JAHHOMY YCJIOBHIO
OIIpeNIeIIAETCS MO BBIPAKEHUIO
F.=y[F/C, (8.12)
rae B, - TeIUIOBOM UMITYIbC OT Toka K3, A?-c; C™ pacuerHsIii K03bbu-
LIUEHT, 3Ha4E€HUSI KOTOPOTr0 IPUHUMAIOTCS B 3aBUCHUMOCTH OT JOIIyCTHUMOM
Temreparypsl Harpesa npu K3, MmaTepuana npoBoJHHUKA U €T0 U30JILKH.
PesynpTupyromuii TemIoBoi uMITysbe ot Toka K3
B=I\t +17), (8.13)
K n " otk a” v !
rae /y - ACUCTBYIOIIee 3HaYeHHe IepHOANYECKOl cocTaBmstomei Toka K3;
t - Bpemsa otkmtoueHusa toka K3; T, - mocTosHHas BpeMEHM 3aTyXaHMS
anepuoanyeckon cocrapisomet Toka K3, onpenensemas kak
T.=x((»2.), (8.14)
re X;, I, —pe3ynbTUPYIOUINEe WHAYKTUBHOE M aKTHBHOE CONPOTUBIICHUS
CXEMBI OTHOCHTENILHO Touku K3; co - yriosas yactota; co = 2x/= 314 pay/c.

B pacnpenenutenbhbix ceTsx 6—10 kB npu oTcyTcTBUM KOHKpPETHBIX
JMaHHBIX MOXKHO npuHUMath T — 0,01 ¢, a 3HaueHus tyi mo Tadm. [126.

W3 Tpex HaWACHHBIX CeUeHHH (M0 IKOHOMUYECKOH IMIIOTHOCTH TOKa,
HarpeBy U TEPMHUYECKON CTOMKOCTH) IPHHUMAETCS OOJIbIIIEe.

Jns nepenaun MomHoctel 6omnee 20 MB-A Ha paccTosHUSI 10 2 KM IIpU
HanpspbkeHun 6 kB u Oomee 35 MB-A Ha paccrosHus A0 3 KM mpu
HanpsbkeHun 10 kB pekoMeHIyeTcs MpUMEeHSTh )KeCTKHE WM THOKHE TO-
KorpoBozbl. CedeHus MPOBOJHUKOB TOKONPOBOOB BEIOMPAIOTCSI HA OCHOBE
TEXHUKO-3KOHOMUYECKHUX PACUETOB M MPOBEPSIOTCS MO YCIOBHIO Harpena
pacyeTHBIM TOKOM I10CII€AaBAPUITHOTO PEeXUMa, 10 TEPMUUYECKON U TMHAMU-
yeckor cToiikocTH. OCyIIecTBISIETCS] TAKKE pacyeT TOKOIPOBOJA IO II0-
Tepe HanpspkeHus. boee moapoOHO TOKOIIPOBOIBI paccMOTpeHBI B [7; 10].

IMIpumep 8.1. Bribepute cedenus xun kabeneit ymamid JI1 u JI2
HanpspkeHueM 10 kB, nuraromux aBe ogHOTpaHc(OpMaTOpHBIE MOJCTaH-
muu THI u TII2 mo maructpaneHoit cxeme (puc. 8.7). Kabenm mpoxna-
IbIBAlOTCA B TpaHuee npu temneparype 3emiu +10 °C. PacueTHble
Harpy3ku TpanchopMaTtopoB Ha HanpspkeHun 1o 1 kB S = 700 +7*400 kBA;
S =400 +y 250 kBA. Bpewms ncrions30BaHUS MaKCHMalbHOW HArpy3ku 7'

= 3500 4. YcranoBuBmiuiica Tok K3 B Hauase nuauu /00 = 4,4 A,
max
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TTPOEKTHPOBAHUE CUCTEM DJIEKTPOCHABXEHM

tork- 0,6 c; I'=0,01 c. Ha moacrannmsax ycTaHOBIEHBI TpaHC(HOpMATOpPBI CO
CJICAYIOIINMU TAHHBIMU:
TIIlI S =1000kBA; AP =33 kBr; AP = 12,2 kBt; / = 2,8 %;

HOMI

=2 %;
HOM2 ' X ' 'K ' X
L/=5,5%.
\/ L pa} p12
a, IL 0,4 xB
10xB 0,4 xB
TII1
Puc. 8.7. Cxema Scetn k S-
npumepy 8.1

Pemenne. OnpenensieM NOoTepH aKTUBHOM M pEaKTUBHON MOIIIHOCTH B
Tparcdopmaropax mo BeipakeHusM (3.19) u (3.23). Torma ms TLH

P, =J 7007+ 40C?/1000= 0,81; AP,=3,3 + 12,2-0,81%= 11,3 kBr;
21 =K2,8 +5,5 + 0,81%)-1000] / 100 = 64,1 ksap. [y TII2

PA =007 + 250° /630= 0, 75; AP,,= 2,27 + 8,5 + 0,75°= 7,05 kBT; JI6 ,=
[(2+5,5+0,75%) « 630] / 100 = 32,1 xBap. HaxouM pacueTHyIO HArPY3Ky
muann JI2 ¢ yaerom moteps B Tpancdopmarope TI12

Spnz= (400 + 7,05) +Y (250 + 32,1) = 407,05 +./282,1 kBA,;

Sp*2 = 4707,05% + 282, f = 495,2 kBA.

lid

Uk=5,5%. TI12 S* =630kB-A; AP=2,27 xBT; AP=28.5«BrT; 1

TII2



MTPOEKTUPOBAHUE CUCTEM SJIEKTPOCHABXEHVSI
Pacuernsiii Tok tuaun JI2 Beraucasem no popmyne (4.18) 1, ,,

= 495,2/(y[3 -10) = 28,64.

ITo BeIpaxenuro (3.1) ompenmensem cedeHue xun kabens JI2 mo
SKOHOMHYECKOW IIOTHOCTH TOKa, MpHHAB 1Mo Tabm. 3.1 mpu 7' = 3500 49 /
=1,4 A/’

Fa,= 28,6/ 1,4 =20,4 mv’.

IIpuarMaeM TpeXKUITbHBINH Kabens HanpspbkeHneM 10 kB mapku AAILBY
C IUTOMIAIBIO CeUeHs KT 25 MM’. BeibpanHsiit kabems AALLBY - 10(3x25)
TIPH MPOKJIIA/IKE B 3eMJI€ B HOPMAJIBHBIX YCIOBHUAX UMeEET / o = 90 A.

MakcrManbHBIN pacueTHBIN TOK JMHUM JI2 Beraucisercs mo gopmyse

(8.7)
Ly = 630/(13-10) = 36,4A.

P
CornacHo [4], monpaBouHbIii K03(h(OUITHEHT Ha (HaKTUIECKYIO TEMIIEPATypy
3emut K, = 1,06. Torma mo yciioBuio gomycTuMoro Harpesa (8.8) t*/ >

36,4/1,06 =343 A.

J011
Tak kak 90 > 34,3, To BRIOPAHHBIN 110 YKOHOMUYESCKHM COOOPAKEHUSIM
Ka0eJb Mo YCIOBUIO HArpeBa J0IMyCKaeTCsl.
OnpenensieM ceuenue >xui kadesst JI1. s 3Toro HaxoIum pacyeTHYIO
Harpy3Ky JMHHH C Y4eTOM HoTepb B TpaHchopmaTopax TII1 u TII2. S,
=(700+11,3 + 407,05) +./(400+64,1 + 282,1) = 1118,35 +./746,2 kBA,

Spt = ¢ 118,352+ 746,27 = 1344,4 kBA.
Pacuernsrit Tok kabemns JI1:
1,ji=1344,4/(S-W)=T77,7A.
ITnomane ceueHus xui Kademst Mo SKOHOMUYECKOM IIOTHOCTH TOKa

Fai= 77,7/ 1,4 =555 MmM°. Bri6oupaem kabens AAILIBY -
10(3x50) ¢ momycTUMBIM TOKOM TIpH MpOKJaake B 3emie / = 140 A.
" Jo11

MakcumanbHblid pacueTHbll Tok nuHuuM JI1 ompenensercda mo cymme
HOMUHAJIbHBIX MOIIHOCTEH TpaHC(POPMATOPOB, MUTAIOLIMXCS 110 JTMHUU

lpnoa = {1000+630)/(4~3-16) = 94,2 A.
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IMPOEKTMPOBAHUE CUCTEM 3JIEKTPOCHABXEHM S

ITo ycnosuto (8.8)
/ >942/1,06=2889 A.

nont

[lpuHATHI Kabelb MMEET 3HAYUTEIHHO OOJIBIIYI0 MPOMYCKHYIO CIIO-
cobrocTh (140 A), a 3HAYUT, CIIOCOOCH UITMTETHLHO BBIICPKHUBATH MaKCH-
MaJIbHBIA pacyeTHBIN TOK.

BrimonmHsieM mpoBepKy BBIOPAHHBIX CEUEHUH KW KaOelei 1Mo HarpeBy
tokoMm K3. C 3T0i menpio ompezenseM TETIOBOW WMITYJIbC TOKa 1m0 (op-
myie (8.13):

B.= (4,4 +10%% (0,6 +0,01)~ 11,8 » 10° AU.

MuHIMAaTEHOE CEYCHHE KU KaOemsl TI0 TEPMUICCKON CTOMKOCTH OIIpe-

JieNsieM 110 BeipaxkeHuo (8.12), npuusas pacuetHbiil koddduiuent C = 100:

Fm = Yjll,8-1(f/100= 34,4 s,

[TpuanMaem Omkaiiee OOJbIIee CEUSHHE XKHUITBI IDIOMA B0 35 MM,

CrnemoBaTenbHO, IO TEPMUUECKOW CTONKOCTH it uHuH JI12 HeoOxomu-
Mo BbeIOpaTh kabemp AAIIBY-10(3x35) ¢ /o= 115 A. [lpussTeiii mis
muann JI1 kabemp AAIIBY-10(3x50) mormyckaeTcst IO YCIOBHIO Harpesa
TokoM K3.

[Tpumep 8.2. 3aBoxackoit PII, nmerommii pacueTHyro Harpysky S - 11
MB-A, nutaercs OT MOJACTAHIMH 3HEPTOCHUCTEMbI IO JBYM KaOEIbHBIM
muausM 10 kB gmuno#t /= 1,5 kM (puc. 8.8). Kabenmn nuuumit JI1 un JI2
MPOKJIAABIBAIOTCS B TpaHIIesx ¢ Temmeparypoil 3emmum +15 °C.
Veranosusmuiics Tok K3 B mauane munanu Li = 9,2 kA; 2q1x= 1,6 ¢; T, =
0,01 c. Bpems ucnonb3oBanusi MakcUMaibHOW Harpy3ku 4200 u. Ompe-
JIEJIUTe ceueHune XuI kadese, nurarommumx PIT.

Pemenne. PacdeTHbli TOK JIMHMM HAXOAWTCS M3 YCJIOBHUS, YTO B
HOPMaJIbHOM PEKUME KaXKJasi IMHUS HECET M0JIOBUHY Harpy3ku PII:

1,=Sp/{25-Ujiam); 1,=11000/(2-y/3-10) = 317,94.
OKOHOMHMYECKYIO TIOIIAlb CEUECHUS JKMII KaOelisl OIpeAesieM Mo BbIpa-
keruto (3.1):
Fs=317,9/1,4 =227 mm°. Bei6bupaewm st muawmii J11
n JI2 xabenu mapku AAILIBY-10(3x240) ¢ 1omyCTUMBIM TOKOM / o, = 355
A.
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MMPOEKTPOBAHUME CUCTEM 3JIEKTPOCHABXEHM

IIpoBepsieMm BBIOpaHHOE cedeHHWE KU Kabels Ha HarpeB B ITOCiIcaBa-
PUIMHOM pEXHUME NPU OTKIFOUYEHUU OAHOW W3 JUHUU. B 3TOM ciydae mo
Ka0eJro MPOXOINUT TOK

l.a = UO00I[4~3 10) = 635,8 A.

Iloacranmus
SHEPrOCUCTEMBI  /,,,

PII
[~>p3)\ L7 Jn " -
<$§YNp-——=---------ra’-i
A T 5,
(TY)blb*—eeeemeo 4>4-cw
Ao 10,5xB IO kB

Puc. 8.8. Cxema cetu k npumepy 8.2

[MpuasB ko3 duIMeHT TomycTHMOI TIeperpy3Kku kabesel B mocieaBapuii-
HOM peXXHMe paBHEIM 1,3, BEIOMpaeM ceueHue mo ycimosuio (8.9): / >
635,8 /1,3 =489,1 A.

Jo1

Tak kak 355 < 489,1, To NpuHATHIA Kabeah MO YCIOBUIO HAarpeBa HE
nomyckaetcsi. CedeHue Kbl TUIOManbi0 240 MM’ SIBISICTCS. MAaKCHMAaJTh-
HBIM JUIsSl TPEXKWIBbHBIX Kabeneid 10 xB. CrienoBaTenbHO, AN KakIOW
JIMHUHM HEOOXOJIMMO BBIOpATh IO JIBa KaOes, MPOKJIaIbIBACMbIX COBMEC-
THO B O/AHOH TpaHmiee. [Ipumem paccTrosHHMe Mexay KabelnsiMH B CBETY
pasubiM 200 MM. B aTOM citydae monpaBounblii kosddurment k.- 0,92 [4].

PacueTHbIl TOK Ka)K10TO Kabens B ocjaeaBapuiHOM pexxume /

=635,8/2=3179 A.

CornacHo ycnosumo (8.9)

Lon>317,9/(1,3 #0,92) =265,8 A.

OrtoMy TOKy coorBercTByeT Kabenb AAIIBY-10(3x 150) ¢ / =275 A
IIPY TIPOKJIAJIKE B 3€MIIE.

Cornacho [4], mpoBepka kaOeneit Ha HarpeB Tokamu K3 ans myuka u3
IBYX U OoJee napajuiesibHO BKIIOUSHHBIX KaOeJel 10KHa OCYIIECTBISATHCS
1o ckBo3HOMY TOoKy K3. /list atoro onpenensieM Tok K3 Ha mmnax 10 kB PIL
[TpunsB cpenHee HOMUHaNbHOE HanpsbkeHue ceTd C/ o= 10,5 kB, BBI-

7
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TTPOEKTHPOBAHUE CUCTEM DJIEKTPOCHABXEHM

YHCIISIEM PEAKTUBHOCTH CUCTEMbI OTHOCUTEITBHO 1MH 10,5 kB noacTanimm
10 BBIPAYKEHUIO

LT Hmorm - 1% =0 66 Om.

S-L," " S-9,2 Jna xabeneit AAILIBY -
10(3x150) ynensHOE nHIyKTHBHOE conpotuBieHue xo— 0,079 Om/km.
PeakTtuBHOE COIPOTUBIICHUE JIMHUM, COCTOSALIEH U3 IBYX ITapaJlIeIbHbIX
kabereii, onpenensiercs mo Gopmyrie

x;~=--x.,~1; x=-0,079-1,5=0,06 Om.
4D 2

CyMMapHOE WHTYKTUBHOE COTPOTHUBIICHHE CXEMbI OTHOCUTEIILHO TOY-
k1 K3
Xm=x+tx;, Xy=0,66+0,06=0,72 Om.
“ . . .

2. c a

Toxk Tpexdaznoro K3 Ha mmHax PIT
[ 2="p7 1= &% =843 xd.
=B D0 430,72
TerutoBoit nmmyibe Toka K3
B.= (8,43« 10°%- (1,6 +0,01) = 114,4 « 10° A%c.
MuHuMarbHas MIOMIAIb CEUEHHS K ITO TEPMUYECKON CTOMKOCTH

Fn=J 114,4-106/1 00= 107 mm®. Tepmudecku
YCTOMYMBBIM SIBJIIETCS CEUEHUE IIOIIa b0 120 MM BriOupaem s
K0 JimHun 1o JBa kadens AAIBY-10(3x150). Ipu atom
OTIPENIENIAIONIUM SIBUJIOCH YCIIOBHE HArpeBa pacyeTHHIM TOKOM B
MocleaBapuitHOM peKUME.

8.7. KOHCTPYKTUBHOE UCIIOJTHEHUE ¥ KOMIIOHOBKA
PACHPE/EJHUTEJIbHBIX TYHKTOB M TPAHC®OPMATOPHbIX
MOACTAHUMI

OneKTpocHa0KEHNE COBPEMEHHBIX IPOMBIIILIEHHBIX 00BEKTOB Oa3upy-
€TCsl, KaK TPaBIJIO, HA IIMPOKOM MCIOJIB30BAaHIUN KOMIUTIEKTHBIX KPYITHO-
6mounbix yerpoiict: KTII, koMriekTHbIX PY, KOMITIEKTHBIX TOKOITPOBO-

JIOB ¥ T.IL. DTO YCKOPSIET CTPOUTEIECTBO M MOHTAX AIIEKTPOYCTAHOBOK,

yAy4lIaeT KauecTBo, yAo0CTBO U Oe30macHocTh AkciutyaTauu COC, mo-

BBIIIIACT HAZIGKHOCTD AJIEKTPOCHAOKEHUS TTOTpeOuTeNnel, ooecrieunBaeT
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MPOEKTPOBAHUE CUCTEM 3JIEKTPOCHABXEHM

ObIcTpoe U 3DPEKTUBHOE PACIIMPEHHE U TEXHUUECKOE NIEPEBOOPYKEHHIE

EKTPUYECKOIO XO31CTBA IPOMBILICHHOTO ITPEAIPHSATHS.

B cxemax anexkrpocra0xkenust 6—10 kB komruiektasie PY npennas-
HauyeHbI JJIs IPUEMa U pacipesieNieHHs 3IEKTPOIHEPTUH TpexX(ha3HOro
HEPEMEHHOI0 TOKa MPOMBIIIIEHHOW YacTOThl. OHM COCTOAT U3 Habopa
THUIOBBIX IIKA(OB, OCHAILIEHHBIX KOMMYTAllMOHHBIMHU amIapaTaMu, CU-
JIOBBIMHU M U3MEPUTEIbHBIMU TpaHC(HOPMATOPaMHU, Pa3psIIHUKAMU, Ka-
OeNbHBIMU COOpKaMU, U3MEPUTENBHBIMU ITPUOOpaMH U T.I. 3aBOJIaMU-
U3roToBUTENAMHU PY nocraBistoTcs oTaenbHbIMU HKadaMu uiu 01o-
KaMU U3 HECKOJIBKHX IIKa()OB B CMOHTHPOBAHHOM BHJIE C HEOOXO MO
anmnapaTrypor U BCEMU COCAMHEHUSAMM LieTIel IEPBUYHON U BTOPUYHON
KOMMYTaLUH.

BeInyckaeMble pOMBIIUIEHHOCTBEO KOMIUIEKTHBIE PY mMmeror nBa
NPUHLMITMATIBHO PA3IMYHBIX KOHCTPYKTHBHBIX MCIIOJHEHHS KAMEp: CTalO-
HapHble (Tuna KCO) u BeikaTtHble (TUna KPY).

B KCO Bcs anmaparypa 171aBHbIX ¥ BCIIOMOTaTelIbHbIX 1IEMel ycTaHaB-
JIMBAaeTCs CTallMOHApHO. Takue Kamepbl OTHOCTOPOHHETO 0OCITYKUBAHUS
PEKOMEH1yeTCsl IPUMEHSATH B CIEAYIOIIUX CIydasx [7]:

a) TIPU MPOCTHIX CXEMaX U armaparax KOMMYTaluH, B yacTHOCTH st PIT
Y TOJICTAHIMM, Ha KOTOPbIX N0 BenunHaMm TokoB K3 nomyctumo npu
MEHEHHE KOMIAKTHBIX BbIKtodaTesnel (Turna BMII) wim Beikmouare-

' el Harpy3Ku;

0) U1 BpeMEHHBIX 3JIEKTPOYCTaHOBOK;

B) KOIJIA 3aTPyIHUTEIBHO MIPEyCMOTPETh JIBYCTOPOHHEE OOCITYKMBaHUE
PY;

r) s PY Ha Gonbime ToKu.

B xamepax tuna KPY anmapartypa ycTaHaBIMBaeTcsi Ha BBIKATHBIX
tenexkax mkagdos. [lIkadpel UMEIOT OTAENBHBIE OTCEKHU, pa3/ieTIeHHbIE
METATMYECKUMH [IEPErOpOIKaMH, YTO TIOBBIIIAET CTOMKOCTH IIKa(oB K
JYTOBBIM 3aMBIKaHUSIM U 00€CTIeUMBAET JIOKAM3ALMIO YT B Ipejiesax
OJTHOTO OTceka uiH 1kada. [IpernmyiiecTBoM Takoil KOHCTPYKIMHU SIBIISIET-
Csl TAK)KE BO3MOYKHOCTD B3aMMO3aMEHAEMOCTH OJHOTHITHBIX BBIKATHBIX
tenexek. CienoBarenbHO, BbIKaTHbIe PY Oonee ynoOHbI, HaJIeKHBI U
Oe3omacHbl B AKCIUTyaTau. VX peKoMeHyeTcsl IpUMEHSTh B IIEPBYIO
o4epellb B CIIOKHBIX, KPYITHBIX U OTBETCTBEHHBIX JIEKTPOYCTAaHOBKAX, B
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IMPOEKTMPOBAHUE CUCTEM 3JIEKTPOCHABXEHM S

KOTOpPBIX TpeOyeTcs o0ecrieyrBaTh OBICTPYIO 3aMEHY OCHOBHOTO ammapa-
ta PY — BeIKimrouarens. [IpumepaMu Takux yCTaHOBOK SIBIISIFOTCS Ma-
IIMHHBIE 3716l HA XMMUUYECKUX U METALTYPTUUECKUX TPEIIIPUATUSIX, KPYII-
HbIE€ KOMIIPECCOPHBIE U HACOCHBIE CTaHIMM U T.Il. B npyrux snekrpoycra-
HOBKax ucnosnb3oBanue KPY nenecoobpasno mpu OONbIIOM Yucie Kamep
(6omee 15), xoraa BO3MOXKHO MX JIBYCTOPOHHEE 00CTy>KUBaHHeE [7].

B xomruiekTHbIX PY MOryT ycraHaB/IMBaThCsl MaJIOMACIISIHBIE, DJICK-
TPOMAarHUTHBIE WM BaKyyMHBIE BBIKJIFOUATENIN. Y Ka3aHHBIE BBIKIIFOYATEIN
pa3IMyaoTcs KOMMYTAllMOHHBIMU CIIOCOOHOCTSIMH, TPy/J03aTpaTaMH Ha
AKCIUTYaTal1I0 ¥ COOCTBEHHBIM BPEMEHEM BKIIIOUEHUS U OTKIIoueHus. 1o
BCEM 3TUM I1apaMeTPaM CYLIECTBEHHOE IIPEUMYIIECTBO UMEIOT BaKyyM-
HBIC BBIKJIFOYATEIIN.

[pu HEOOXOIMMOCTH YaCThIX KOMMYTAIIUM IEKTPHUYECKHX LIETIeH 13-3a
0COOEHHOCTEN TEXHOJIOTMUECKOTO IpoLiecca (HalpUMep, B CETSIX JIEKTPO-
JIYTOBBIX TeUeil) MM pekuMa paboThI ANIEKTPOIPUEMHHUKOB 11e1eco00pas-
HO npuMeHaTs KPY ¢ BakyymHbIMU BbIKitoyaressiMu. OHaKo ciaeayeT
YUUTBIBAaTh OCOOEHOCTH BIMSHUS KOMMYTALMK BAKYYMHBIX BBIKIIFOUaTeseH
Ha 2JIEKTPUYECKHE CETU U IEKTPOIPUEMHHKH M3-3a BO3HUKAIOIIMX IIepe-
HaIPSKCHUN.

PIT 6—10 kB npoMbIIieHHBIX TIPSANPHUATHN TIPOSKTUPYIOTCS C UCTIONb-
30BaHHeM KOMIUICKTHBIX PY. IenecooOpasnocts nmpumenenus PIT onpene-
JSIETCS1 TEXHUKO-IKOHOMUYECKUMU pacuetamu. Bonpoc coopyxkenus PI1
paccMaTpuBacTCsl, KaK MPaBUJIO, IPU YMCIIE OTXOSIIMX JIUHUA HE MEHEe
BochbMH [8]. B mopaBmnsiroreM OOJBIIMHCTBE CITy4acB MCIOIB3YFOTCS IBYX-
cextonHsle PIT. Ha npenmpusitiisix, TpeOyrOIMX MOBBIIIEHHONW HA/IeKHOCTH
AIEKTPOCHA0KEHHUS, MOTYT ObITh PII 1 ¢ OOBIINM YHCIOM CEKIMH.

Pacnipenenvrensable myHKTH 6—10 KB pekomenmyercs pacronararb
BHYTPH MPOU3BOACTBEHHBIX 3aHUI WM IIPUCTPaBaTh K HUIM, COBMEILAs
PY ¢ ommkaiinmmvu TT1, ecimi 9170 He BbI3BIBACT 3HAUUTEIBHOIO CMEIICHHUS
NOZICTaHLIMK OT LIEHTpa nX Harpys3ok. OtaensHo crosmme PIT Moryr npu-
MEHSATHCSI IIPU HEBO3MO)KHOCTU pa3MeEILEHNs UX BHYTPH LIEXOB WM y Ha-
PYXKHBIX CTEH 3/1aHHs M3-32 IIPOU3BOJICTBEHHBIX YCJIOBHI MITH IO cO00pa-
JKEHUSAM apXUTEKTYPHOI'O Xapakrepa.

[Tpu npoextrpoBanuu PIT MoxeT ObITH IPEAYCMOTPEHO KaK OHOPSA-
HOE, TaK U IBYXPAIHOE PACHOI0KEHUE KaMep KOMIUIEKTHOTo PY.
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Puc. 8.9. Ilpumepsl komnoHoBok PI16—10 kB:

a — BerpoenHsiit PI1 ¢ kamepamu KPY, coBmenienHslii ¢
nByxtpanchopmaropHoit KTIT u KY; 6 — otnensHo crosimuii PIT ¢
kamepamu KCO, coBMmeriieHHbli ¢ ogHoTpancdopmaroproit KTIT u KV,
6 — BctpoeHHslit PI1 ¢ kamepamu KCO: 1 — kameps! Tuna KPY
nwin KCO; 2 — nanenu ynpasnenus u 3anurel; 3 — KVY; 4 — KTII;
5 — mwmHHEIT MOCT
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TMTPOEKTHPOBAHNE CUCTEM DJIEKTPOCHABXEHNS

Jns wimoctpanuu Ha puc. 8.9 moka3aHbl BO3MOKHBIE BapUAHThI KOM-
noHoBku kamep tuna KPY u KCO. Ha puc. 8.9, a Bctpoennsiit PII ¢
OJTHOPSITHBIM pacnosioxkeHuem kamep tuna KPY cosmemaercs ¢ KTIT u
KOMIUIEKTHBIMU KOHIeHcaTopHbIMU ycTanoBkamu (KVY). KommnonoBka ot-
nenbHO crositero PII, BemmonHennoro kamepamu trna KCO nipu ux
JBYXPsIHOM pactionoxennu u coBmelieHHoro ¢ KTII u KV, npusenena
Ha puc. 8.9, 6. IInan Bcrpoernoro PII ¢ aByXpsiiHBIM pa3MenieHueM
kamep tuna KCO noka3an Ha puc. 8.9, 6.

[Hupoxoe pacrpoctpanerue B COC npoMbIIUIEHHBIX TPEANPHUATHI 10-
ayani Kameps Tra KCO-292. CxeMbl nepBHYHBIX COSAMHEHHH MIKa(oB
BBOJIa 1 oTxo X JimHui KCO-292 nanwi Ha puc. 8.10.

[ 00 6 —$— 10(0)xB

os o)
i\

/_1'" ]
Q

Q
TA2 TAI TA2
UO
QSG

TAIOY
r/‘—ll*

QS2\

Puc. 8.10. Cxembl NEpBUYHBIX COSTMHEHUM:
a — BBOJHOTO U 0 — ymHelHoro mKadoB kamep KCO-292,
Q — BrIKITROUaTeNb; QS — pazvenuHuTENB; QSG — pazbeAMHUTEN 323 MIISIOIINIT

B xamepax tuna KCO-292 npumeHSIOTCS pazbeIUHUTENN THUIIOB
PB®3-10 (QS 1 QS1) u PB3-10 (QS2), Bbikmovaremu Q tura BIIMII-10
C MIPYXXUHHBIM MprBoAoM uit BMII-10 ¢ anekTpoMarHUTHBIM IPUBOJIOM,
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tpancdopmatopsl Toka TA1 u TA2 tuma TJIK-10 umu TOJI-10, Tpancdop-
MaTopbl Hanpsokenus Tuna HAMU-10 (antupesonancusie) win 3SHOJI-10.

B C3C ucnonssytorcst KTII momrHocThio 20—40 000 kBA Ha mep-
BUYHBIC HampspkeHus oT 6 1o 220 kB u Ha Bropuunsie — 0,23—10,5 kB.
Onu cocrosr m3 PY winM BBOJOB MEPBUYHOTO HANPSDKEHUS, CHIIOBBIX
TparchopmaTopoB u PY BTOpHYHOTO HANPSDKCHHUS.

[IpOMBIIIEHHOCTHIO BBITYyCKAIOTCS YHU(DHUIIMPOBAHHBIE NBYXTpaHCHOP-
matopHble KTII 6mounoro ncnonnenns tuna KTIIb ans mapyxHOU ycTa-
HOBKHM Ha Hanpspkenne 35/6,3—10,5 u 110—220/6,3—10,5 xB. YV maHHbIX
noacTanmuii oTkpeiToe PY (OPY) BICIIero HanmpspKeHHS UMEST MECHBIIIHE
rabapuThl, YTO COKpAIIaeT IUIOMAAh U CTOMMOCTh TOJCTaHINHU. M3roTOB-
neHre OJIOKOB, MOHTaX M HaJIaJKa OCHOBHOTO AJIEKTPOOOOPYAOBAHHUS BBI-
MOJIHSIFOTCS Ha 3aBoje, BolmyckaromeM KTTIb.

QS1 [TOxB S3
\ \V/ Q

QS6

=t
QKl QR2 uA
_[h
Tl T2
k lc PY 10 kB K 2¢ PY 10 kB

Puc. 8.11. Cxema nepsuunbix coeaunennii OPY 10 KTIIb: Q
— pasbemanTeNh; QR — otnermrers; QK — kopoTko3ambIKaTesb
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Ha pwuc. 8.11 B kadecTBe mpuMepa IMOKazaHa MPUHITUIHAIBHAS cXeMa
anekTpudecknx coemuuenuit PY I10 kB KTIIb ¢ Ttpanchopmaropamu
MormmHocThio 10—16 MB-A. OPY nozacranmum cOCTOUT U3 MIECTH OJIOKOB:
1 — KoHZeHCcATOp CBSI3M M BBICOKOYACTOTHBINM 3arpaureib (B CXeMe He
moka3zanbl); 2 — QS1 u QS3; 3 — pasbenunuTenu B nepembruke QS5 u
QS6; 4 — QS2 u QS4; 5 — ormenurenmn QR1 u QR2; 6 — kopoTko3a-
Mmeikarenn QK1 n QK2.

briounsle KTII MOryT UMETh HCIIONIHEHHE C MEPEMBIUKON MEXIy MMHUTa-
oMy THHUSAME (cM. puc. 8.11) u 6e3 Hee. [Ipu MPOEKTHPOBAHUH PEKO-
MEHJIyeTCsl IPUHUMATh BapUaHT MCIOJIHEHUs 0€3 IMepeMbIuKH, COKpalao-
WA TJI0Lab pa3MeIleHus MOJICTAHLUN Ha TEPPUTOPUH MTPOMBIIIIEHHOTO
oobekta. PY 6—10 kB KTIIb kommnektytorcs kamepamu KPYH Boikat-
HOT'O TUIIA HAPY>KHOW yCTaHOBKHU.

PaccmoTpeHnHble TOACTaHLIMYU MUPOKO HUcTonb3ytoTces B COC nmpenrpu-
ATUI TOPHO-JOOBIBAIOIIEH MPOMBIIIJICHHOCTH, KOMMYHAIBHOTO X0O35HCTBA,
KPYIHBIX HSHEPreTHUECKUX CTPOUTENBCTB, KOTAA JIIEKTPOCHAOKEHHE
00BEKTOB HEOOXOAUMO 00ECTICUUTh B KpaTUaiIIie CPOKH.

Juist anexTpocHaOXeHUsT MPOMBIIUIEHHBIX MPENNPUATHH TPUMEHSIOTCS
taxcke tunoseie ['TIIT u I1I'B, nMeromue npocreime cxeMmsl Ha IEpBUY-
HOM HamnpsOKeHUU U KoMIuiekTHeIe PY Ha ctopone 6—10 kB [ 7; 10 ].

8.8. TIPOEKTHBIE PEINEHU 110 OBECTIEHEHWIO HAZJEXKHOCTHU
OJIEKTPOCHABXEHU

IIpu mpoextupoBanuu CIC 3aknajabIBalOTCs TaKMe CBOMCTBAa Haaexk-
HOCTH, Kak paboToCrocoOHOCTb, 0E30TKa3HOCTb, PEMOHTOIPHUIOJHOCTD,
YIPaBIIsiEeMOCTb, JKUBY4YeCTh U 0e30macHOCTh. C 3TOH LeIbio IPUMEHSIOT-
cs1 punbonee HagexxkHble sneMeHTs COC (TpaHcdopmMaTopsl, BEIKIIOUATE-
T, pa3beINHUTENHU, KaOeIu U T. II.), UMEIOLINE MEHBLIYIO YACIbHYIO MO-
BPEXKAaeMOCTh (I1apaMeTp MOTOKa 0TKa30B). IIpaBuiIbHBIN BEIOODP cTEEHH
3aIIMTHl OT BHEIIHUX BO3AEHCTBUI M MECTa Pa3MeEILEHUs JIEKTPOOOOPYyI0-
BaHMS, CIOCOOOB MPOKJIAKH MPOBOAHUKOB, TPACC JIMHUHN 3IIEKTPOIEpEaaun
TaKXe CIIOCOOCTBYET CHIKEHHIO uyHcia oTkazoB B COC. Hampumep, xak
cienyet u3 Tabi. 3.4, )KeCTKHEe TOKONPOBOJIBI O0Jiee HA/IeKHBI, YeM THOKHE,
Ipy NpoKIaaKe kaGenel B TYHHEISIX M KaHajJaX OXKUIAeMOE KOJIMUYECTBO
OTKa30B OyJleT MEHbIIIE, YeM TP JPYTUX CIOCO0ax MPOKIaIKu.
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MMPOEKTUPOBAHUE CUCTEM DJIEKTPOCHABXEHI

[IpumensieMble CXeMBI 1 KOHCTPYKINH MeKTpudeckux certeir COC momxk-
HBI OBITH TIPUCIIOCOOIIEHBI K TTOWCKY, JIOKATMN3AINI W YCTPAHEHHIO TTOBPEXKIe-
HHM, a TaKKe K BOCCTAHOBJICHHIO JIEKTPOCHAOKEHHS rToTpeduTeneit. [Ipucro-
COOJICHHOCTB PaCTpPEICTUTENbHBIX DIEKTPUIECKUX CETeH K OIepaTHBHOMY
00CITY>KHBaHHUIO B TIOCTICABAPUIHBIX PEKUMAX B 3HAYNTEIFHOM CTETICHN 3aBH-
CHT OT TIPUHATON KOH(HTYpAIUH CETH, OCHAIIIEHHOCTH €€ yCTPOHCTBaMH aBTO-
MAaTHK{, CHTHAITM3AIN, KOMMYTallMOHHBIMY armapaTtamu U T. . COOTBETCTBY-
TOIIasl peNeiiHas 3ammTa JIMHUA U TpaHC(OPMATOPOB OTKITFOYAET TIOBPEKICH-
HBIE DIIEMEHTHI ¥ YIaCTKH CETH, IPEIOTBpAIIas pa3sBUTHE aBAPHHL.

Obecneuenne O6ecriepeOOHHON PadOTHl MPOMBIIIEHHOTO MPEATIPHSATHS,
MMEIOIIETO B CBOEM COCTaBE OTBETCTBEHHBIE IEKTPONPHUEMHHUKH M TIO-
TpeOuTenn — OoCHOBHasA 3amadya aBToMaTHzauuu COC. KoMMyTanuoHHbIe
oneparu B COC, cBsi3aHHBbIE C U3MEHEHUSMH 3JIEKTPUUYECKUX HArpy30K,
Npo(QUIAKTHYECKUMH UCTIBITAHUSMH U PEMOHTAMH JIMHUH B 3IIEKTPOOOOPY-
JIOBaHMs, TTOMCKOM TOBPEXKIEHHOTO 3JIEMEHTa M BOCCTAHOBJIEHUEM 3JIEK-
TPOCHAOXKEHUSI, MOTYT OCYILECTBISITbCS ONEPATUBHBIM (ICKYPHBIM) TIep-
COHAJIOM MM aBTOMatudeckd. [Ipu 3TOM NpHUMEHSIOTCS MECTHBIE, JHC-
TAaHIIMOHHBIE M TEIEMEXaHWYeCKUe CpelcTBa yIpaBieHHs. BriOop aTmx
CPEICTB OCYIIECTBIISIETCS B MPOEKTE JEKTPOCHAOKEHUSI HA OCHOBE TEX-
HUKO-3KOHOMUYECKHX PACUETOB.

C menpio CHIDKEHUS yliepOa OT BHE3AITHBIX ITEPEPHIBOB 3JIEKTPOCHAO-
JKEHUSI HEOOXOMUMO OBICTPO BOCCTAaHABIMBATH THTAaHUE IMOTPEOHUTENEH,
YTO JIOCTUTAETCS MPUMEHEHUEM YCTPONUCTB aBTOMAaTHIECKOTO ITOBTOPHOTO
BktoueHus (AIIB) n aBromarnyeckoro BkimoueHust peepsa (ABP).

ABtomarnueckoe BkitoueHune 3neMeHTa COC mocie cpabarbiBaHUS
peNeHOM 3amuThl TPUMEHSETCS TOT/1a, KOTJa BEPOSITHOCTh BOSHHKHOBE-
HUSl HEYCTOWYHBBIX CAMOYCTPAHSIONMIUXCS MTOBPEKICHUH TOCTATOYHO BBI-
coka. Kak ormeueno B [22], adpdextuBHyO0 padory ycrpoiicts AlIIB
MOHO OXuAaTh Ha JuHUAX JuHOM 10—100 kM. Tak kak pacnpenenu-
TenpHble TMHUM 6—10 KB, Kak npaBUiIO, UMEIOT 3HAYUTEIHHO MEHBILINE
JUTHHBL, TO ipuMeHeHne AlIB B cucteme BHyTpeHHETO 3JeKTPOCHA0KEHUS
MOJKET OKa3aThCs HeleJIecoo0pa3HbIM. B 3THX cucTeMax MOTYT mpuMe-
HAThCs rpynmnoBbie AIIB Bceit cetn nnm ee ydactka. /IByxkpatasie AIIB,
a Taoke AIIB B cersx HanpspkeHuem 10 1 kB Ha mpoMBIIINIEHHBIX TIpen-
NPUSATHIX UCIOIB3YIOTCS PEIKO M3-3a MX HU3KOH 3 (PeKTUBHOCTH.
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TTPOEKTPOBAHNE CUCTEM 3JIEKTPOCHABXEHM

HanexxHocTs anektpocHa0XeHus] OTBETCTBEHHBIX AJIEKTPOIPHEMHUKOB
obecrieunBaeTcs IpUMEHEHHEM JBYX U Oosee HezaBucuMbix 1. B atom
ciydae Ha Beex crynensax COC, nauunas ot ['TII 1 3akan4nBast 1IeXOBbI-
MU CETSIMU, IIPH OTKJIFOYEHUH OCHOBHOTO MUTAHUS IIPEIyCMaTpUBAETCs
aBTOMATH4ECKOe MepekiitoyeHue Ha coceqnue HesaBucumbie UIT. Jlns
OCYIIIECTBIICHHUSI TAKOTO TIEPEBO/Ia HArpy30K HEOOXOIMMO, YTOOBI OT/IENb-
Hble AeMeHTsl COC 00maam 3aracoM MOIITHOCTH MITA TIPOITYCKHOM CIIO-
COOHOCTH, T.€. HEIBHBIM (CKPBITBIM) pe3epBoM. [Ipu 3TOM yuuThIBaroTCs
JIOIyCTUMBIE TIeperpy3Ku KaOelbHBIX JIMHUM, TpaHC(HOPMATOPOB U JPYTUX
AIIEMEHTOB JIEKTPUUYECKHX ceTeil. CTOMMOCTh HESIBHOTO pe3epBa OOBIMHO
MEHBILIE CTOMMOCTH SIBHOTO pe3epBa (CHelHaTbHbIX TPaHC(POPMaTOpOB,
TEHEPATOPHBIX WM AKKYMYJISITOPHBIX YCTAaHOBOK U T.I1.).

Ha puc. 8.12 nokazanbl NpUHIMINAIBHBIE CXEMbl aBTOMATHUECKOTO

PpE3epBUPOBAHKS TUTAHUS TIOTPEOUTENEH TIPU [IPUMEHEHNH
AByxTpaHchop-
UII1
ULl U2 15191)
/ * ABP
/
lc/ ABP>—I1 lc
/
I
I PJI
0B

7

Puc. 8.12. TIpuHimnuanbHble CXeMbl aBBTOMaTHYECKOTO PE3ePBUPOBAHUS
MIUTaHUsI TIOTpeOuTeNei
a — TIpY JBYXTPaHC(POPMATOPHBIX MOJCTAHIIMSIX;
6 — c ucronb30BaHueM pe3epBHON HUM (PJI) Mex 1y ynaneHHbIMU
OTHOTPaHC(HOPMATOPHBIMU TTOACTAHITHSIMU
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MMPOEKTPOBAHUME CUCTEM 3JIEKTPOCHABXEHM I

MaTOpHBIX ¥ OHOTpaHC(HOPMATOPHBIX MOACTAaHIMI. B ciydae nByxTpan-
copMaTOpHBIX MOJICTAHIMI MOCIIE OTKIIFOUEHHUS] OCHOBHOTO IUTAHUS 3a-
HIUTON MUHUMAIILHOTO HAIIPSHKEHUS] OCYIIECTBIISICTCS] aBTOMATHUECKOE
BKJIFOYEHHE CEKIIMOHHOTO BbIKITIouaresisi. [Ipu ogHoTpanchopMaTopHbIx
MOZACTaHIIMSX, MUTarommxcs ot pasHbix UIL, B cxeme ucnomnb3yercs crie-
panbHas pesepBHast JmHuA (PJI), koTopas BKITFOUaeTcs mociie aBapruitHOro
OTKJIFOUEHHUS OCHOBHOT'O MMUTAHUS HA MOJCTAHIIHSIX.

VYerpoiictBa ABP npuMeHstoTcs 1 BKITFOUEHUST PE3EPBHBIX JIMHUM,
TpaHc(opMaToOpoB, CEKIIMOHHBIX BBIKITFOUATENEH, a TAKKE PE3EPBHBIX TEX-
HOJIOTMYECKUX arperaroB B3aMEH BBILIEIINX U3 CTPOS.

B3aumopesepBrpyeMble OHOTUITHBIE TEXHOJIOTNMYECKUE MEXaHU3MBI
JIOJKHBI TIOJTY4aTh JJIEKTPO3HEPTHIO OT pasHbIX He3aBucumbix UL 11pu
HAJIMYAY TPEX MEXAHU3MOB (JIBYX pabO4MX M OTHOTO PE3EPBHOTO) H IBYX
NI npucoenuHeHne IEKTPOITPUEMHUKOB MOXKET OBITh BBITIOJIHEHO 110
cxemaM, IoKa3aHHbIM Ha puc. 8.13. [Ipu aBapuitHOM OTKITFOUEHUH OJTHOTO
13 paboYMX MEXaHN3MOB aBTOMATUYECKU BKITFOUACTCs pe3epBHBIA. Hemo-
CTaTKOM cXeMbl pHc. 8.13, a sBigeTcS HEOJUHAKOBOCTh CXEM CHJIOBBIX
LeTIel U LeTIel YIpaBIeHus 1Sl OTHOTUIHBIX MEXaHU3MOB.

15008 um

1 I AR
y O n UU UU
/

/

@29 QQ09

Puc. 8.13. CxeMbl IpUCOEANHEHNS B3aIMOPE3EPBUPYEMBIX
AJIEKTPOIIPUEMHHUKOB
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9. OHEPI'OCBEPEXEHUE HA IMTPOMBIIIJIEHHBIX
IIPEAITPUATUAX

9.1. OCHOBHBIE I[IYTHU YJIYUILIEHUA UCTIOJIb30BAHUA
OJIEKTPOSHEPI'MU HA ITPOMBIIIJIEHHBIX ITPEJAITPUATUAX
B mpomnecce mpoektupoBanus COC MOIDKHB TPUHUMATHCS TEXHUIEC-

KHE pelieHus, 00eCTIeUNBAIONIUE PATHOHATIBHOE DIIEKTPONIOTPEOICHUE KaK

OTJCTHHBIX TEXHOJIIOTHYECKHX YCTAHOBOK, TaK M MPOMBIIUICHHOTO 00BEKTa

B IIeJIOM. Pacxoj1 3NeKTpoIHeprun B MPOU3BOJICTBEHHBIX MPOIIeccax sBIs-

ercsi (pyHKIIMEH MHOTMX mepeMeHHbIX. HanOomnpiryro 3¢ (hekTHBHOCTh B

JHEProcOepeIKEHNH Ha MPOMBINUICHHBIX MPEANPUATHIX HUMEIOT CIEIYIo-

IIIe OCHOBHEIC HampaBiieHus [33]:

1) nmpuMeHeHue ISl TPOM3BOICTBEHHBIX MPOIECCOB PAIIMOHAIBHBIX BHIOB
W TIapaMeTPOB SHEPrOHOCHUTENCH (MEKTPOIHEPTHH, TOPSUCH BOJIBI, TIAPa,
CKaToro BO3IyXa H T.IL.);

2) mpuMeHeHHe SHeprodhPEeKTUBHBIX TEXHOJIOTHI U 000pyI0BaHHUS,

3) UHTeHCHU(HKAIHS TPOU3BOICTBEHHBIX MPOIIECCOB;
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5) cokpaieHue NoTeph AEKTPOIHEPTHUHU B DIIEKTPOOOOPYJOBAHUH U IICK-

TPUUYECKUX CETHX;

6) yaydllleHHEe SHEPreTUYSCKHX PEKHUMOB IPOHM3BOJICTBEHHOTO U

ANEKTPUYECKOTO 000pyIOBAHMUSL.

O PEeKTUBHOCTh NMPUMEHEHUS ONTHUMAJIBHBIX SHEPrOHOCHTEICH U HX
nmapaMeTpoB OOyCIOBIMBAETCS TE€M, YTO ISl OCYIIECTBIECHHS TEXHOJIO-
THYECKHUX IPOIIECCOB MOTYT HCIIONIb30BAaThCS pa3HbIe BUABI SHEPrOHO-
cureneii. Hampumep, HarpeB o0pa0OaThIBaGMBIX H3IEIHA B IIPOMBIII-
JIEHHBIX TI€9aX MOXKET OCYIIECTBIATHCS KaK C HCIIONB30BAHUEM JIIEK-
TPOSHEPTHH, TaK W HETOCPEACTBEHHBIM C)KHTaHHeM TorumBa. CHIIOBBIC
mporiecchl (KOBKa, IITAMIIOBKA, IPECCOBaHNWE) MOTYT OOECIIeUYMBATHC HE
TOJIBKO DJJIEKTPUYECKUM, HO W THEBMATHYECKUM MPHUBOJOM (CHKATHIM
BO3ayxoM). OnTumuzamusi BHAOB M IapaMEeTPOB SHEPrOHOCHTENEH Ha
OCHOBE TEXHHKO-DPKOHOMHYECKHUX PACUETOB SBISIETCS BaXKHBIM DIIEMEHTOM
SHEProcOepeKEeHNSI.

Bropuunslie sHEpTOpECypCHI (TETJI0 OTXOISAIINX Ta30B MPOMBIILUIEHHBIX
neveid, oTpabOTaHHOTO TIapa M KOHJCHCATA, TOPSYUX MPOIYKTOB U OTXOA0B
MPOM3BOJICTBA U T.II.) BO MHOTHX CIy4YasX IIeJIecoo0pa3zHO HCIOIb30BaTh
Ha HarpeB W3JCIHUH, CIIOBBIC HYX/IbI, a TAK)KE Ha BBIPAOOTKY AIICKTPHUEC
KOW SHEpIrUu. " ' '

[TpumeHneHue B IPOMBIIUIEHHOCTH SHEProdPPeKTUBHBIX TEXHOJIOTHHA H
O60pya0BaHI/IH MO3BOJIACT BBINIYCKATh MPOAYKIHWIO ¢ MCHBIIMMHA 3HAYCHU-
SIMU YACJIBbHBIX PACXOA0B 3JICKTPOSIHEPI UK.

K IMPOrpeCCUBHBIM TCXHOJIOTUAM MOXKXHO OTHCCTH MIa3MEHHBIN Harpes,
MOBEPXHOCTHYIO 3aKaJIKy C MOMOIIbIO JIA3ePHBIX YCTAHOBOK M TOKaMHU
BBICOKOW YacTOTBHI, aBTOMAaTHYECKYIO CBApKY Ha IMEPEMEHHOM TOKE, JJICK-
TPOUCKPOBYIO M 3JIEKTPOUMITYJIbCHYIO 00pabOTKy METallIOB, UCIIONIb30Ba-
HHUE DJIEKTPOCTATHUECKOTO TOJISL JUISl OKPACKU M3/CIHH, COPTHPOBKH H
CMCUIMBAHUA MaTCPUAJIOB U T.II.

BaxHoe 3HaueHHe I SHEPTrOCOSPEIKEHUST UMEET TaK)Ke MHTEHCU(HKA-
IIUs POU3BOJICTBEHHBIX TIPOIIECCOB, HAITPUMED, MTOBBIIIEHHE CKOPOCTH pe-
3aHUS 00pabaTHIBAIOIINX CTAHKOB, YCKOPEHUE HArpeBa MyTeM yBEITUYCHUS
yAeTHbHON MOITHOCTH 0€3 M3MEHEHUs BU/Ia HarpeBa | T.II.

OyTUMYI0 3KOHOMHIO JIEKTPOSHEPTHH MOXHO TIOJYYUTh YMEHbIIE-
HUEM €€ TTOTEPh B POU3BOJICTBEHHOM H SHEPTeTUYECKOM 000pYI0BaHUH,
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a takke B emenTax COC. Becbma 3HaUUTENHHBIMU SIBISIOTCS TIOTE-
pY Ha TPEHHE Y pa3HOOOPa3HBIX MPOU3BOICTBEHHBIX MEXaHU3MOB, CTaH-
KOB, TPAHCIIOPTEPOB U MPUBOJIOB M3-32 UCIOJIb30BAHUS HEJJOOpOKaye-
CTBEHHBIX CMa304YHBIX MaTepuanoB. Hanpumep, kak ormeueno B [30],
JUISL IPSIAUIIBHBIX CTAaHKOB, B KOTOPBIX 0K0JI0 80 % 31eKkTposHepruu
pacxonyercs Ha Tpenue u 20 % Ha mpsaeHHe, TPUMEHEHUEM Ooliee
COBEPIIEHHBIX CMA30YHbIX MAaTEPUAJIOB yAAI0Ch CHU3UTh PacXoj 3JIeK-
TposHepruu Ha 70 %. B cpenHem cBOEBpeMEHHAss M KaueCTBEHHAst
CcMa3Ka MallMH MU MEXaHM3MOB M03BOJISIET YMEHBIINUTh NOTpeOIcHHEe
anektpodnepruu Ha 0,5—1,5 %.

VYiry4iieHne SHepreTHYecKuX peKUuMOB 000pYI0BAHUS TOCTUTACTCS
paIMOHAIBHOM 3arpy3Koi TEXHOJOTHYECKUX arperaToB, BHIOOPOM 3Hepre-
TUUYECKH LIENIECO00pa3HbIX PEKUMOB pabOThI U TpadHKOB HArPy3KHU dJIEK-
TpoOOOPYAOBAHHS, JIMHHUI SJIEKTPONIEPEIAUX ¥ IPOU3BOJICTBEHHBIX YCTAHO-
BOK U T.I. OCOOEHHO B)KHO MOJIEPKUBATH ONTUMAIBHBIE PEXUMBI Pabo-
THI JUIS QNIEKTPUUECKUX TeUed U APYTHUX EKTPOEMKHUX JIEKTPOIPHUEMHU-
koB. CyIecTBeHHOE BIMsIHUE Ha 3(PEKTUBHOCTH MCIIOIB30BAHUS AIIEKTPO-
SHEPIUH Ha MPOMBIIIICHHBIX TPEANPUSITASIX UMEIOT PALMOHATBFHOE TIOCTpPO-
enrie COC, MpaBUIIbHBINA BHIOOP 71EKTPOOOOPYAOBAHUS, a TAKKE TPUMEHE-
HHE aBTOMATH3AIIMH Y4eTa M KOHTPOJIS AJIEKTPOIIOTPEOICHNSL.

J1n nmaHupOBaHKS. MEPOTIPUATHM 10 SKOHOMHH 3JIEKTPO3HEPT N LieTie-
COOOpa3HO COCTABUTH EKTPHUESCKHUIA OIaHC, SBISIONIUNACS OCHOBOM ISt
AHAJIM3a COCTOSIHUS AJIEKTPUUECKOTO XO35HCTBA, BBIIBICHUS PE3EPBOB 3KO-
HOMUH SHEPrOpECYPCOB U YCTAHOBJIEHHUS HOPM PacXofia AIEKTPO3HEPTHY Ha
€AMHUILY IPOAYKLIUH.

JU11 IpOMBIIIIEHHBIX TPEIIPUSITUN OCHOBHBIM SIBIISIETCS DIIEKTPAYEC-
Kuii OanaHc 1o akTuBHOW 3Hepruu. [1py 3ToM B kauecTBe OOBEKTOB JJIEK-
TpONOTPeOJIEHHUs pacCMaTpUBAIOTCSI HAMOOJIEE AIIEKTPOEMKHE TEXHOJIOTU-
YECKHE YCTAHOBKH, 11€Xa U TIPEIIIPUSATHE B LIEJIOM. DJIEKTPUUECKUI OanaHc
COCTOUT M3 MPUXOJHOW M PACXOJHOM YaCTEW, YUCIIEHHO PAaBHBIX JIPYyr
npyry. [IpuxoaHas yacTe OTpaskaeT CBEJEHUS O KOJIWYECTBE IHEPTHH,
HOCTYNUBIIEH K 00BEKTY, pacXoaHas — O TOJIE3HOM MOTPEOJICHUH JJIeK-
TPORHEPTHU U ee NoTepsix. B 3aBucMMOCTH OT BpeMeHH pa3paboTKu pa3-
JIMYAIOT TIPOEKTHBIN, IJIAHOBBIHM, OTYETHBIH ((haKTHYECKHUil) U TIePCTIeKTHB-
HBII AIeKTprudYeckue OamaHChl.



MPOEKTPOBAHUME CUCTEM 3JIEKTPOCHABXEHM I

9.2. OIIPEAEJIEHUE PACXOJA 3JIEKTPOOHEPI'MU

IIpu npoektupoBannu COC, COCTAaBICHUN DIICKTPHUSCKHX OaJIaHCOB,
MPOTHO3MPOBAHUH JIICKTPOIIOTPEOICHUS, a TAKXKE B TEX CIydasx, KOrjaa
yUeT 3JEKTPOIHEPTHH C TIOMOIIBIO0 W3MEPHUTENBHBIX MPUOOPOB TEXHUUYECCKU
HE OCYIIECTBUM WJIM SKOHOMHYECKH HE ONpPaBiaH, PacXo/l AICKTPOIHEPTHU
OTIPECIACTCS PACUCTHBIM MyTeM. B 3aBHCHMOCTH OT IIENH Pacxojl dJIeK-
TpO3HEpruH HanboJiee YacTO MOJCYUTHIBACTCS 32 TOJ], PEKE — 33 MECSIII
WK HanOoee 3arpy>KeHHYI0 CMEHY.

JI1s TpYTIIIBI AIEKTPOTIPHEMHHUKOB KOJIMYECTBO TOTPEOIIEMON aKTUBHOM
3JIEKTPOIHEPTUU 32 BpeMs t MOKET OBITh HAMICHO 1O BRIPAYKESHUIO

W=k,P 1t (9.1)

t nt Hom ' v '

TJe K, { — Cpe/Hee 3HaueHne K0d(h(UIMeHTa UCTIONIB30BaHus 32 BpeMs /;
P — ycraHOBIEHHasA MOLIHOCTH 3JIEKTPOIPUEMHHKOB.

st onpeneneHus ToA0BOTO pacxoa 3JIeKTPOIHEPTUH CHIIOBBIMHU IIPH-
eMHHKaMu Gopmyna (9.1) npuHUMaeT CIeayIOIHN BII:

W=k P T=PT=aP T, 9.2)

v !

r ur HOM T cr r CcM I
T Ky » — CPEIHEroI0BOM KO3 PHUIIMEHT UCTIONL30BaHus; T, — romoBas
IMPOAOJLKUTCIIBHOCTD pa6OTI>I CHUJIOBBIX IMPUCMHHKOB (HpI/IHI/IMaCTCH 110
tabn. 3.3); P,— cpenHeronoBas Harpyska; P, — cpelnHsisl Harpyska 3a
HauboJIee 3arpy’KCHHYI0 CMEHY; a — T'0JI0BOM KO3((PUIIMEHT CMECHHOCTH
10 PHEPTOUCIIOIB30BAHHIO, OIIPEIeIIIeMbIii:
a=P | P . V(9.3)

cr ™M

Tak xak P, < P,, 10 a < 1. KoaddurueHT a yantsiBaeT HepaBHOMEP-
HOCTb HAarpy3Ku IO cMeHaM, pa0oTy B Npeanpa3gHAYHbIE U MIPa3IHUYHbIE
JTHH, a TAaK)Ke CEe30HHBIE KOJIeOaHusl Harpy3o0K.

CornacHo [9], MoOryT OBITH NPHHATHI CIEAYIOIIHME NPUOIMKEHHbIE
3Ha4eHus1 KodpduLMeHTa a: Uil aJlOMHUHHEBBIX 3aBonoB — 0,95, mis
3aBoji0B 4epHOU Mertamurypruu — 0,7—0,75, BcomMoraTenpHBIX IIEXOB
3aBOJIOB 4epHOW M IBeTHOM Mertamuryprun — 0,55, 3aBOJOB TSKEIOTr0
MamHocTpoeHust — 0,65, 000TaTHTENBHBIX U arJIOMEPAMOHHBIX (haOpuK
— 0,75, KOKCOXUMHUYECKUX MPOu3BOACTB — 0,82, TIMHO3EMHBIX 3aBOJIOB
—0,85.

Ecnu BenmuurHa a HE U3BECTHA, HO UMEIOTCS CBEJICHHUS 00 OTHOCHUTEIb-
HOU 3arpy3ke pabo4nx cMeH, TO TOJJOBOM pacxo]] aKkTHBHOM AJIEKTPOIHEP-
MM MOXKET OBITh ITOJICYMTAH 110 TaKo# hopmyiie:
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K=PJTy+ PoI'y + P3l's + pal>, 9.4)
rae 7".— romoBoi ¢oHz paboyero BpeMeHH r'-i cMeHsl, / = 1- 4; pa, 3,
(34 — KOO PUIMEHTBI, YUUTHIBAIOIIKE CTCIICHD 3arPy3Ku 2-i, 3-if 1 4-if
CMeH, TPE/ICTABIISAIOIINE COO0M OTHOILEHHS PACUETHBIX MaKCUMYMOB Ha-
IPY30K OTAENBHBIX MEHEE 3arpyKEHHBIX CMEH K MaKCHMyMy HaubOoiee
3arpy»KeHHO MepBOM CMEHBL; ¢ = ¢ ¢, — KOI(P(UIMEHT, YUUTHIBAIOILINA
paboTy B BBIXOJHBIC W Mpa3aHuuHbe 1HU (¢, = 1—1,05) n Mecsunbie
kosiebanus Harpysku (¢, = 0,8—0,9).
[Ipy OpUEHTUPOBOYHBIX pacyeTax roJJ0BOM pacXoi SHEPIUU OIpeiesis-
eTCs Kak

W=PT , (955)

r p max'
rneP —pacuerHas (JudTenbHAs MakcUMalibHas) Harpyska; ['p—romo-
BOE YKCJIO YaCOB UCMOJIL30BaHNUS MAaKCHMYyMa Harpy3KH.

Ecnu u3BecTeH yAenbHbIN pacxo/ SHEPTUHM Ha €IUHUILY BBITyCKae-
MO MPOIYKIMH W , TOJJOBOE TOTpeOIeHnEe MOKET OBITh HaliIeHO MO
BBIPAKCHHIO

K =w,n,, (9.6)
r1ie /1 — KOJIM4ecTBO MPOU3BEICHHON 3a FOJ1 TPOIYKIIUH.

['omoBoe notpedieHre peakTUBHOM SHEPTHUH TS TPYIIIT AJIEKTPOIPUEM-
HUKOB orpenesieTcs no Gopmynam, ananornddbm (9.2), (9.4) u (9.5),
00 MPUOMIKEHHO T10 BBIPAXKEHHUIO

Vi = Witgye, 9.7
e tg ¢ — cpenHeB3BelIeHHOe 3a Tof] 3HaUYeHHe Kod((uIIeHTa peaKTHB-
HOM MOIIIHOCTH TAHHOMW TPYMIIbI 3JIEKTPONPUEMHHUKOB.

I'o51oBOI pacxo aKTUBHOM SHEPIVM HA OCBELICHHUE PACCUMTHIBAETCS 10

bopmyie
W =KP T |, 9.8)
v y

.o co H.0 Mmaxo'

rae K, — KoadULIMeHT crpoca Uil OCBETUTENbHBIX YCTaHOBOK; Py o —
YCTaHOBJIEHHAs1 MOLIHOCTb OCBELIEHHUS; I , — TOJIOBOE YHCIIO YACOB
VCTIOJIb30BaHMsI MAKCUMYMa OCBETUTENBHON HArpy3KH, 3aBUCSAILIEE OT I'e0-
rpaguUecKoi IMPOTHI, HATMYHMS €CTECTBEHHOTO OCBEIICHHS, Yrcia pado-
YUX CMEH, MPOJODKUTEIHOCTH pabodeil HeJlenu 1 Ha3HAYeHUs] OCBETH-
TeIbHOMN ycTaHoBKH [10].

B 0011mii pacxoz1 3NeKTpo3Hepruy 1o MPEANPUSITHIO CIIETYeT BKITIOUaTh
notepu B anemenTax COC.
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9.3. SHEPTETUYECKUE XAPAKTEPUCTHUKY ITOTPEBUTEJIEN
OJIEKTPOSHEPT'N

s OUEHKH 3KOHOMHUYHOCTH paboThl 000pYAOBaHHSA, MPHUEMHUKOB U
noTpeOuTeNnell SIeKTPOIHEPTUN MPUMEHSIOTCSI SHEPTETHUECKUE PACXO.l-
HBbIE XapakTepucTUKA. OHM OTPa)KarOT 3aBUCHMOCTH aOCOJIOTHOTO HWITU
YZENBHOTO pacxoja 3EKTPOIHEPTHU OT BBIYCKa MPOAYKIUH 32 KaleHAap-
HBIH OTPE30K BPEMEHU (CYTKH, MECSII H T.II.) WJIH OT YaCOBOW MPOU3BOJIH-
TETBHOCTH arperara, yJactka, rexa, npeanpustus [33].

B xone mpon3BoACTBEHHOTO MIPOIiecca yIeNbHBIE PACXOIbl MOTYT H3Me-
HSTHCS BCIIEICTBHE BHEJPEHNST HOBOW TEXHHUKH, COBEPIIIEHCTBOBAHHS TEXHO-
JIOTUHYECKUX TPOIIECCOB, aBTOMATH3AIMH TPOM3BO/ICTBA, MTePEBO/IA OTAEITEHBIX
YCTaHOBOK Ha JIPyTHe SHEPrOHOCUTEIH, CE30HHBIX (DAaKTOPOB, Opaka MpoIyK-
uH | T.11. VI3MeHsieTcst Takke U IPOU3BOAUTENIFHOCTh 00OPYIOBaHUS U3-3a
HECTaHAAPTHOCTU CHIPhS U TMPOAYKTOB 00paOOTKH, HEMOCTOSTHCTBA BHEIITHHX
YCIIOBH, YIyYIIEHHUS TEXHOJOTHUECKUX MTapaMeTpoB padOThI, HAPYIICHUS
TEXHOJIOTHIECKOMN JUCIATUTNHBL, U3HOCA ¥ 3arpsA3HEHUs] 000pYIOBAHUS H T.I1.

YacTp W3 TMEpEeYUCIEHHBIX (AaKTOPOB SIBISIOTCS ITOJIOKUTEIHHBIMH,
00yCITOBIIMBAIONINMH YBEIMYCHHIE TTPON3BOAUTEIHPHOCTH 000PYIOBAHUS H
CHIDKEHHE YJIeIbHOTO pacxojia 3JeKTPOIHEPIuH, a YacTh OTPHLIATEbHBIMH,
CHIDKAIOUIMHU TIPOU3BOJUTEIHHOCTD U MOBBIIIAIOMUME YJIENbHBIH pacxos
9HEPIUH, YTO HEOOXOAMMO YUUTHIBATh MPHU Pa3paboTKe MEPONPHUSTHH MO
3HEProcOepeKeHHIO.

Y enbHbIi pacxo ICKTPOIHEPruu onpeneisercs no dopmyne (4.3).
[MoTpebnsiemast MOIIIHOCTh MOXKET OBITh MPEIICTABICHA KaK

P=w-A, 9.9
r1ie A — 4JacoBasi IPOU3BOAUTEIHHOCTH 000PYIOBAHHS CTPYKTYPHOT'O IO/I-
pas3eneHus Wiv NPeANpPUSTHS B LIEJIOM.

Benununna nonseneHHo# (MOTpeOIsieMOil) MOIITHOCTH

P=P,+ AP, (9.10)
rjie P — moie3Hast MOHOCTh; AP — CyMMapHBIE TOTEPH MOITHOCTH.

Turmossie (hOpMBI SHEPTETHUECKIX XaAPAKTEPUCTHK 000PYAOBaHUS ITOKA-
3aHbl Ha puc. 9.1 [33]. HopManbHble XapaKTepUCTUKU MOABEACHHOW MOIL-
HOCTH oTpaxkeHbl Ha puc.9.1, a—sa. Ha puc.9.1, a nana Boruyras xapak-
TEPUCTHKA, KOTOPas MOXKET UMETh TOYKY MHHAMYMa yIEIHHOTO pacxoja
ANIEKTPOIHEPTUH TP SIKOHOMUIECKOH MTPOM3BOINTEINBHOCTH A”. BOrHYy ThIMHI
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XapaKTePUCTUKAMHU 00JIaJal0T TKAIKUE CTAHKHU, HAKJIOHHBIC JICHTOYHBIE
TPaHCIIOPTEPHI, BEHTWIIATOPHI C 3arHYTBIMU BIIEPE]] JIOMACTSIMU U T.I1.
O6opynoBaHre, UMEIOIIEE BBINYKIIbIC XapakTepuctuku (puc.9.1, 0),
BKJIFOUACT IIEHTPOOCIKHBIC HACOCHI, BEHTHIISTOPBI C 3arHYTHIMU Ha3a]l
JIONIACTSIMU, KOPOYECATbHBIC MAIIUHBI U T.11.

a

LAY

=>4 > A4

Puc. 9.1. ®opmbl S5HEPreTUYECKUX XapaKTEPUCTUK
HOIBEIEHHON MOIITHOCTH-.
@ — BOTHYTAsT; O — BBIYKJIAS; 6 — MPSMOJIMHEHHAS;, 2 — aHOpMaJIbHas

TNonagstoriiee OONBIIMHCTBO MPOU3BOICTBEHHOIO 00OPYIOBAHMUS ME-
€T MPaKTUYECKHU MPSIMOJIMHEIHBIE XapaKTEPUCTUKHU B 30HE pabounX Harpy-
30K (puc.9.1, 6). K ykazaHHOMY 000pyI0BaHHUIO OTHOCSTCS] TOPH30HTAITb-
HbI€ JICHTOUHBIE TPAHCIIOPTEPHI, IEHTPOOEKHBIE HACOCHI C TOJIOTUMH Xa-
PaKTEPUCTHUKAMHU, LIEHTPOOKHBIE BEHTUIISITOPBI C PaIMaIbHBIMU JIOMACTS-
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MU, KOMIPECCOPHI, APOOHIIKH, CUTIICHAOUBHBIC MAlIMHBI, aBTOMAaTHYECKHE
MIPECCHI, ANEKTPUUYECKHE TIEUH, DJICKTPOIU3EPHI U T.11.

s 006opynoBaHus ¢ XapaKTEpUCTHKaMH, IIOKa3aHHBIME Ha puc.9.1, 6 u
6, YICIBHBIA Pacxo]] SICKTPOIHEPTHH W ¢ YBEITHUCHHEM TPOU3BOIUTEIBHO-
CTH A CHWXKAETCS U IOCTHTaeT MUHUMYMa TIPY MaKCHMAITbHOM 3HAUCHUU A.

B peakux ciydasx MOTYT BCTpEeUYaThCs aHOPMAJbHBIC XapaKTePUCTHKH
(puc.9.1, r), Ipu KOTOPHIX BEIMYNHA ITOABEACHHON MOITHOCTH CHIKACTCS
NPY TOBBINICHUU MPOU3BOJUTEIBHOCTH. Takyto (opMy XapaKTEepUCTHKU
UMEIOT, HAITPUMED, IAPOBBIC MEITLHUIIBL.

DHepreTHYecKrue XapaKTePHCTHKH HUCIIOJB3YIOTCS JUIS YCTaHOBIICHHUS
ONTUMAJBHBIX TEXHOJIOTHYECKHUX MapamMeTpoB 00OPYIOBaHUS, TIPH HOPMH-
POBaHUH YAETbHBIX PACXO0OB AJICKTPOIHEPTHH U BBISBICHUM ITOTCHITAANA
SHEProcOepeIKEHMsI Ha TPOMBIIIICHHBIX MPEINPUATHIX. YBEINYHBas Ha-
Tpy3Ky pabouynX MalluH, MOKHO JOOUTHCS! CHIKEHHUS yIIbHOTO pacxozaa
9MEKTPOIHEPTUH, YTO MOBHIMAET S(PPEKTUBHOCTH UCIIONB30BAaHHS SHEPTO-
pecypcoB Ha IIPEAIPUATUU.

9.4. CHWXXEHUE INIOTEPH MOIIIHOCTHU U DJIEKTPOOHEPI'UU B
CUCTEMAX 2JIEKTPOCHABXEHUSI

[pu npoeKTHPOBaHUH HTIEKTPOCHAOKEHHUS 1 AJIEKTPOOOOPYIOBAHUS CiIe-
JyeT TPUHUMATh PEIIeHHs, HallpaBJIEHHbIE HAa ONTHUMAaJbHOE CHIDKEHUE
MOTeph YHEPrOPECYpPCOB Ha MPOMBIIIIEHHBIX Mpeanpusituax. [lotepu ak-
THBHO#1 3mekTposHeprun (AW) Ha HarpeBaHUE B JIMHHSX JICKTPOIEpEIayH,
TOKOTIPOBOJAX M JIPYTUX dJIEMEHTaX, 00JIaA0IINX aKTHBHBIM COMPOTHBIIC-
HUeM R, 3a pacueTHbIH nepro]; 7 MOTYT ObITh HAWJICHBI TIO BBHIPAKEHHIO:

N= S RTo> (9.11)
HOM
rae K ,uK — koadduimentsr GopMbl rpadKoB HArPy3KH MO0 aKTUBHOU U
peakTUBHOW MoImHOCTH; P. U Q. — cCpeiHUE BEIMYMHBI aKTHBHOH U
pEaKTUBHON Harpy3ok 3a BpeMsa 7; R — aKTHBHOE CONPOTHBJIEHHE IPO-
BOJIHHKA.
Amnanmuz gopmynsr (9.11) nokassiBaeT, YTO YMEHBIICHHE NOTEPH DJICK-
TPORHEPTHUH MOXKET OBITh JIOCTUTHYTO TMOBBIIICHUEM (/i M CHUKCHHUEM
BEJIMYMH OCTAJIbHBIX €€ COCTABISIONIHUX.
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Cpe/Hssl aKTUBHAs HArPY3Ka 3aBHCHUT OT IIPOU3BOUTELHOCTH 000pY-
JOBaHUA U YCTAaHOBJICHHBIX PEXXHMMOB pa60TI>I SJICKTPOIIPUEMHUKOB. Cre-
J0BaTCJIbHO, BEJIMYMHA PC MOJKET OBITH YMCHBIICHA COBCPIICHCTBOBAHU-
€M TEXHOJIOTHYECKOI0 TIPOLIecca, PUMEHEHHEM SHeprod((heKTUBHBIX IeK-
TPOIIPHUEMHHUKOB, pallMOHAJIbHBIM PaCcXOJ0BAHHMEM 3JICKTPOSHEPIMH HAa OCBE-
IMCHNUEC, BEHTUIALIUIO, Bpra60TKy CKaToro Bo3ayxa U T.II.

CHumskeHue BeMunHbl Q¢ OCYILECTBIISIETCS ITyTeM KOMITEHCAIMH Peak-
TUBHOU MOIIIHOCTH. VYMeHbIIEHNE IIOTEPHb AKTHUBHOU MOIIHOCTH ITPHU 3TOM
OmpeaACIsACTCS IO BBIPAXKCHUIO

8P = (2-Q-Qu-Q’)-£-, (912)
rac g — PCaKTUBHAA MOIOIHOCTD, ITPOTCKArOIIas 4€pe3 2JICMCHT CoC a0
KOMITEHCALMHY; <2 — CyMMapHasi MOLITHOCTb KOMITEHCHPYIOIIMX YCTPOHCTB,
YCTAHORJIEHHBIX Y NOTPeOMTeIEH, TMTAIOIIMXCS Yepe3 JaHHbIH AremMeHT; R —
AKTHUBHOC COHPOTHBH@HH@ QJICMCHTA, U — HOMHHAIBHOE HaITPSPKCHUC.

7 HOM ¢
CHmxenue BermurH K , 1 K. TocTuraeTcsi BoIpaBHUBaHUEM TPadHKOB
ANEKTpHYECcKUX Harpy3ok. [Ipu orpeneneHny moteph MEKTPO3HEPI UK, KaK
MpaBWIO, MPUHUMAIOT 3HaYeHHs K.u K. 0IMHaKOBBIMH, paBHBIMU KOA(]-
¢ueHTy hopmbl rpaduka Harpy3Ku 1o ToKy K. B 3Tom citydae ucrons-

3yeTcsl BhIpaKeHUE:
AW=3K?1.°RT,, (9.13)
rre 1. — cpenHee 3HaUeHUE TOKA HArpy3KH JIMHUU 32 Bpems 1.
Ecmu koaddurent dpopmsel rpaduka K cHmkaercs 10 3HaueHus K o,
TO MOTEPU AKTUBHOM HJIEKTPOIHEPI UM YMEHBIIAKOTCS HAa BETMUNHY
8W = 3-1%-R-T,-(K?,-K?,). (9.14)
Kax u3BectHO, pu paBHOMepHOM Tpaduke Harpy3ku K = 1. Ipu no-

CTIDKEHHH Takoi KOH(UTypaliy rpadrka CHIKEHHE OTEPh aKTUBHOM AIIEK-
TPOHEPIUU ONPEIEISIETCS BBIPAKEHUEM:

8W = 3-1%-R-T,-(K-1). (9.15)

BripaBauBanue cyrouHOro rpaduka Harpy3Ku HOTPEOHTENs HIIEKTPO-

SHEPIUH TI03BOJISIET TAKKE CHU3UT IUIATY 3 3asBJICHHYIO MOIIHOCTB, YTO
YMEHBIITAET CE0ECTOUMOCTD MPOIYKIIUH.
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Junsa perynupoBanus rpadrka Harpy3KH Ha MPOMBIIIUIEHHOM IIPEIIPHS-
THH BBISBISIFOTCS TTOTPEOUTETN-PETYIISATOPEI, T.€. TAKOE AIEKTPOTEXHIYEC-
Koe 000py/IOBaHME, KOTOPOE MOXKET PadoTaTh B PEKUME PETYTHUPOBAHU
MOIIHOCTA B COOTBETCTBUHU C MOTpPeOHOCTSIMH 3HEprocucremel. K HuUM
MOTYT OBITH OTHECEHBI HAarpeBaTeIbHBIE TIeUr, KOMIIPECCOPHBIE W HACOC-
HbIE€ CTAHLIMH, BCIIOMOTaTEIbHbIE LEXU U T.IL.

K OCHOBHBIM MEPOIPHATHAM IO PETYTUPOBAHUIO TPAPUKOB IIEKTPH-
YECKUX Harpy3okK oTHocsTcs [26; 34]:

1) mmpokoe MpUMEHEHHE 33JIeI0B MPOU3BOJICTBA, 3a[1ACOB MATEPHAIOB U
MIPOMEKYTOUHBIX TPOLYKTOB;

2) OTKIIIOYEHHE BCIIOMOTATENIbHOTO OOOPYAOBAaHWS W  IPOBEICHHE
OpOQUIAKTHYECKOTO  OOCIYy)KMBaHMsI B 4Yachl ~ MaKCHMyMa
SHEPTOCHUCTEMBI;

3) mpUMEHEHHE Pa3IMYHBIX AKKyMYJIUPYIOIIUX YCTPOHCTB, UCTIOIb3yEeMbIX
B Ka4eCTBE MOTPEOUTENCH-PETYISATOPOB;

4) nooyepenqHas 3arpy3ka, MyCK M OCTaHOBKA OJHOTHITHBIX arperatoB B
yachl MaKCUMyMa Harpy3KH;

5) M3MEHEeHHue pexxuMa paboThl IHEPIOSMKHX arperaToB B TCUYCHUE CYTOK;

6) cMelieHHe BpeMEHM Hadalda M MEPephIBOB B paboTe OTIACIbHBIX
CTPYKTYPHBIX I10JIpa3JeIICHUN;

7) BpEeMEHHOE OTrpPaHUYCHHE MPOU3BOIUTEILHOCTH IPOH3BOICTBEHHOTO
o0opymoBaHUsL.

IIpu npoexktupoBanuu U skcmryarauuun COC Moryt mpenycmaTpu-
BaThCSI MEPOIPUATHUS 110 CHUKEHUIO CONTPOTUBRIICHUS JIMHUH AIIEKTpOIepe-
Jla4d TTyTeM MPUMEHEHUs Kabesel MM MPOBOJIOB C OONBITUMU TIIOIIAIS-
MU CEUYEHUS, UCIOJB30BAHUS MPOBOJHHMKOBOTO MaTepuaia C MEHBIINM
YAEIbHBIM COINPOTHUBICHUEM, YMEHBUICHUS JUIMHBI JuHUU. [lomyuyaemoe
MIPU 3TOM CHUXEHHUE MOTEPh aKTUBHOM 3JIEKTPOIHEPIUU ONpPEAEAETCA 0
BBIPAKEHUIO

bW = 3-1-KI-Ty(Find=Tm-lna), (9.16)

rae /m u / — yAenbHOe aKTUBHOE COINPOTUBIICHWE W JJIMHA JIUHUHU B

HCXOJHOM PEXHME; 2y, U / — TO K€, HO TI0CJIe BHEAPEHUS MEPOTPUSTHHA

M0 CHI>KEHHIO aKTUBHOT'O COMPOTHUBIICHMUS JIMHUU.

[Ipumenenue Oonee BBICOKOTO HANPSDKEHHsS] 0€3 M3MEHEHUs CEUCHHS
MPOBOJHUKOB IIPU OJIHOM M TOM 7K€ MOIIIHOCTH HArpy3KH CHUYXKAET TOK
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JIMHWUY, YTO YMEHBILIAET IOTEPU AKTUBHOW AIEKTPOAHEPTHHN HA BEIUUMHY:
bW = 3-R-KI-Ty-(P,-1%c2), (9.17)

rne / u / — cpenHuii 3a Bpems 7 TOK Harpy3Kd JIMHUU [IPU HU3ILIEM U
BBICILIEM HANPSKEHUSX COOTBETCTBEHHO.

[Tpu Gonee BHICOKOM HAMPsHKEHUH MOTYT ObITh IPUMEHEHBI TIPOBO/THU-
KU C MEHBILIEH IIOMA/IBI0 CEYCHUS, YTO CHIXKAET PACXO]l IIBETHOTO Me-
TaJlla, HO YBEJIMYMBACT YEIbHOE aKTUBHOE COMPOTHUBJICHHE JUHUU. B
JTAHHOM clTy4ae BeIpaxkeHue (9.17) mproOpeTaeT clieayromuii BUsI:

8W = 3-1-KI-Tp-(rm-1rroo-1c2), (9.18)
rae / — UIMHA JUHUM, M U1 20 — YACIbHOC AaKTHUBHOC COIPOTHBIICHHC
JIMHWH TIpY HU3IICM U BBICIIICM HAIIPsZKCHUAX COOTBETCTBCHHO.

CHKeHre moTepb AMEKTPOIHEPTUH B CUIIOBBIX TpaHc(opmaTopax Jo-
CTHUIacTCA IIPpaBUJIbHBIM BBI60pOM X HOMHMHAJIBHBIX MOIHHOCTCf/i u 1noa-
JACPKAHHUECM pAllMOHAJIBHOI'O pCKNMaA paﬁoTH.

Koadduiment 3arpy3ku Tpancopmaropa, COOTBETCTBYIOIIUN MUHU-

MaJIbHbIM MOTEPSIM MOIIHOCTH, OIpEAeseTcs U3
AP
BbIpaxenus [35] B = [—% ,
(9.19) ¢

rne APyu /N — npuBeieHHbBIe ToTepH Xosoctoro xona u K3 tparcdop-
Maropa.

IIpuBeneHHbIE MOTEPH XOJIOCTOIO XO/1a:
rine APy APy u AQx — moTepu akTUBHOW U PEaKTHBHON MOIITHOCTH

X0JIOCTOTO X0/Aa Tpanchopmaropa; K, — korh UIUeHT n3MEeHEHUS
MOTEPb, OPUEHTUPOBOYHO MPUHUMACMBIH ISl IPOMBIILICHHBIX MTPEITPH-
atuit 0,07 kBt/kBap [35]. [IpuBenennsie nmorepu K3:

AP; = AP + K -AQk, (9.22)
rie AP, u AQx— motepr akTHBHOM U peakTuBHOM MotHocTH K3 Tpanc-
dopmaropa.

Bemmunnbt JI<2, u JI<2k BeumcrsitoTes o BeipakeHusM (3.21) u (3.22).
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IIpu paboTte 7 OMHOTHITHBIX TPaHCHOPMATOPOB OAMHAKOBOUM CIUHUIHOMN
MOIIHOCTU Syoy Ha OOIIYI0 HArpy3Ky IelaecooOpa3HO OTKIIOYHUTH OJIUH
TpaHchOpMaTop I CHIKEHHUSI CYMMApHBIX MOTEPh MOIHOCTH, €CIH 00-
11ast HArpy3Ka OKa)XeTCsI MEHBIIE BETHUHHBI

Sa=Smu,-"n-(n-1)~". (9-22)

Ecnu oOmas Harpyska npeBbIIaeT Sy , TO SKOHOMUYECKH BBITOAHO TOJ-
KIIIOUUTH K paboTaromuM TpanchopMaTopam eiie OAuH Tpanchopmarop.

Mpumep 9.1. Omnpenenure, HA CKOJIBKO CHU3ATCS TOTEPH aKTHBHOM
MOIITHOCTH B JIMHUHM 3nekTponepenaun 10 kB nnmunHoit 1,5 KM, BBITOTHEHHOH
kabenem AAB-10(3x70), mpu ycTaHOBKe y moTpeOuTenell KOMIeHCHPYIo-
IIUX YCTPOMCTB 00Iel MOMHOCTEIO Q ~ 600 kBap. PeakTuBHas Harpyska
muHuK 1o komnercanuu Q = 1200 kBap.

Pewmenne. Ipunsng no maon I12 ous kaberss AAB-10(3x70) ro= 0,447
OM/KM, BBIYHCIMM II0 BBEIpaXEHHIO (3.5) aKTHBHOE COMPOTUBICHUE
Kabes:

R=0,447-1,5=0,67 Om., Ilo ¢popmyme (9.12)
HaXOJIUM BEJIMYMHY CHUKEHHS MOTEPh aKTUBHON MOIIHOCTH:
8P = (2 + 1200 * 600 - 600%) + (0,67 / 10° ) m 10 * =72 xBr.

Mpumep 9.2. [Torpebutens nuraercs mo aunuu 10 kB mmHOM 2,6 KM,
BBITNIOJTHEHHOU Kabenem AAB-10(3x95). B TeueHue CyTOK TOK Harpys3ku
JUHUHA UMEET CIEAYIOINe 3HAYCHNS U COOTBETCTBYIOIINE UM JUINTEIBEHO-
cti: 120 A — 549,80 A — 549,60 A — 649,30 A— 8 u. Onpenenure, Ha
CKOJIBKO YMEHBINATCS MOTEPH AKTUBHOW JIIEKTPOSHEPTHH B JHMHHUH 32
CYTKH TIPY TTOJTHOM BHIpaBHUBAHUM TpaduKa, IpU KOTOPOM COXPaHSETCS TO
JKe AJIeKTponoTpedIieHne, a koaddummenT Gpopmbl rpaduka CHIKaeTcs 1o 1.

Pemrenne. Y ensHoe akTHBHOE conpoTuBieHue kadens AAB-10 (3x95)
20= 0,329 Om/km (Tabmn. I12). B atom cnyyae muist TUHUE JUTHHON 2,6 KM
aKTUBHOE COTPOTHUBIICHHE:

R =0,329+2,6=0,848 Om. > - e

[To Beipakennto (3.10) HaxomuM cpelnHee 3HAYCHHWE TOKA JIMHHUH 32
CYTKH:
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,  120- 5+ 80- 5+ 60- 6+30-§ ,, ,, .
/.= 66, 7 A.
24
CpenHexBaipaTHIeCKUi TOK JIMHUHU BBIYUCIsAETCS 10 popmye (3.8):

1202 -5+80° -5+60%-6+30%-8 ,,, .
K = \-2l2E G =744 A.

Koaddumment hopmbl ncxomHoro rpaduka Harpy3Ku OmMpenenseTcs U3

BeIpakenus (3.9):
112/ 87

ITo dopmyne (9.15) HaxomuM, Ha CKOJIBKO CHU3STCS IOTEPHU JICKTPOIHEPTUH
B JINHUY DJICKTPOIICpEIauyl 3a CYTKHU IPH BbIpaBHUBaHHUU ee rpaduka: bW=
3m66,7°+0,848 « 24+ (1,12%-1) » 10 °* = 69,1 kBT-u.

Ipumep 9.3. DnekTpocHaOXKeHUE TOTPEOUTEINsI, UMCIOIIETO CpeIHe-
TOJIOBYIO TIOJHYIO MOIIHOCTh Harpy3ku S.= 1200 xBA, moxer ocymie-
CTBIAIThCA Ha HanpsbkeHud 6 win 10 kB 1o JMHUM ¢ aKTHUBHBIM COIPO-
tuBieaneM R — 1,2 Om. Koaddumment popmer rpaduka Harpy3Ku JTHHUH
K, = 1,05. Onpenennte BeIMYNHY 3KOHOMHHU T'OJOBBIX MOTEPh aKTHBHOMN
ANEKTPOSHEPTUU B JUHUU NpU NpUMeHeHUH HanpspxeHus 10 kB.

Pemenne. BpluncnuMm cpeaHerofoBble 3HAU€HUS TOKa JUHUHM MpPH
HanpspkeHusix 6 u 10 kB:

1200 S 1200 A,
1= _7:_$c_____; | = -—2o—= H,’iéA, 1.,= -TZ--------é 69,4 A.

S-Unom 43-0 4310

DKOHOMHUIO TOJIOBBIX MOTEPh AKTUBHOM AJICKTPOIHEPIHU B JIMHUU TPU UC-
TIOJTE30BaHUM 0OJIee BBICOKOTO HAIPSDKEHUS mmojicuuTaeM 1o gopmyse (9.17):
bW= 3+ 1,2 + 8760 * 1,05% « (115,6-69,4%) m 10"*=297 165,9 kBr-u.

Ipumep 9.4. Ha nexoBoii moxncranmuu 10/0,4 kB ycTanoBieHs! aBa
Tpancpopmaropa tuna TM3-1000/10, paboTarouiie Ha OOLIYyI0 HArpy3Ky.
Kaxxaprit TpaHcopMaTop UMeeT CieyroIIre TapaMeTphI:

5 =1000 kB-A; 4P =1,8 kBt; AP =10,8 kBT; / =1,2 %; U =5,5%.

HOM

Koaddumment msmenenus noreps K,,= 0,07 xkB1/kBap. Omnpenenute
JuTenbHy0 Harpy3ky TII, mpu koTopoii nenecoo0pa3HO OTKIIIOYUTH OUH
13 TpaHc(HOPMATOPOB € LEIIbI0 CHIXKEHHUSI CyMMapHBIX [TOTEPh MOLIHOCTH.
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Pernierne. BoIoiHUM pacyeT MoTeph PEaKTHUBHOM MOIIHOCTH XOJI0-
croro xona u K3 tpancdopmaropa mo dopmynam (3.21) u (3.22):

S 1,21000 ,,, m 10,51000 ;7.
AQ =---—----- =12 xBap; 10 = --------- = 105 ksap.
100 K 100
[MpuBenenHsie motepu xosoctoro xoaa u K3 mis tpancdopmaropa
MOJICYMTHIBAIOTCS 110 BhIpakeHusM (9.20) u (9.21): AP, =19+0,07-
12 =2,74 xBr; 1P« = 10,8 + 0,07+ 105 = 18,15 xBr. ITo popmyue (9.22)
BBIYUCIIAM:

/ 274
S, =1000-, 2-(2-1y——— =549,5 kB-A.
\ 18,15

OTxiroueHre oHOTo TpaHchopMaropa 1esiecoo0paszHo B TEX CITyYasX,
Korja JumtenbHas Harpyska T11 menbiie Bemmunael 549,5 kB-A.

9.5. MEPOIIPUSITUS IO SdKOHOMMH SJTEKTPOIHEPT UM HA
MPOMBILIJIEHHBIX ITPEIMTPAATHUSIX

MeponpusiTyst 0 SKOHOMHM IEKTPO3HEPTUH Ha TPOMBIIUIEHHBIX TIPE/-
MPUSITUSIX MOJKHO Pa3/ICNIUTh Ha KOHCTPYKTHUBHBIE U KCILTyaTaI[MOHHBIE
[26]. K mepBbIM OTHOCSITCSL MEPOIIPUSTHSL, TPEOYIOIIHE TOMOIHUTETEHBIX
KaIBJIOYKEHUH, CBA3aHHBIX C PHIMEHEHHEM HOBOTO SHEprod(deKTuBHOro
000pY/I0BAHKS U PETYUPYIOIIMX YCTPONCTB, YCTAHOBKOM JIOTIOHUTETBHBIX
CpEICTB KOMITEHCAIIMU PEaKTUBHOI MOIIHOCTH # T.I1. Ko BTOphIM — Ma-
JI03aTpaTHble MEPONPHATHS, [UISl OCYILIECTBIIEHHS KOTOPBIX HE TpeOyeTcs
CYIIIECTBEHHBIX MaTe€pUaIbHBIX U JICHEKHBIX 3aTPaT: CBOEBPEMEHHOE OT-
KJTIOYEHHE MaJlo3arpyKEeHHBIX TpaHC(HOPMATOPOB, YCTAHOBIIEHHUE PAIUO-
HAITBHBIX PEKUMOB PabOThI JIMHMIMA, TpaHC(OPMATOPOB U BHICOKOBOJIBTHBIX
ANEKTPOJIBUraTENEH.

J1st TOro 4ToOBI BBISIBUTH MTOTEHIIMAILHBIE BOBMOYKHOCTH SHEProcoe-
PEXEHUsI, HY>)KHO 3HaTh, B KAKOM 00beMe U Ha KaKHe 111 SHEprusl pac-
xoxyertcst. C 3TOM LIENBIO CIEAYET OCYLIECTBIIATh YUET U KOHTPOJIb HJIEK-
TPOMOTPeOICHUS PENPUSITHUS, €ro CTPYKTYPHBIX TOAPA3ACIeHUN 1 OT-
JIENTbHBIX SHEPTOEMKHUX SIIEKTPOIPUEMHHUKOB. [ [pHOOphI TEXHUYECKOTO yue-
Ta YCTAHABJIMBATh Y KAXKIOI'0 JIEKTPOIPHUEMHHUKA SKOHOMUYECKH HE OIl-
paBIaHO W MPAKTUYECKH TPYAHOOCYIIECTBUMO. [03TOMY BEecbMa BaskHO
Pa3MECTHUTh dTIEKTPUIECKUE CYETYUKHU TaKHM 00pa3oM, 4TOOBI OHH TI03BO-

253



IMPOEKTMPOBAHUE CUCTEM 3JIEKTPOCHABXEHU S

JSUIA ONPENENSITh PacXof JIEKTPOIHEPTUH HA €AMHHULY NPOIAYKLUH IIPH
HOPMHPOBAHUH 3JIEKTPONOTPEOIEHNS, COCTABICHUHN HIEKTPUUECKUX OasiaH-
COB U IIPOBEIEHNH SHEPIeTUUECKUX ayJUTOB (IHEPreTHUeCcKuXx o0ciienona-
HUH) Ha PEIIPHUSITHSIX.

ABTOMaTH3aLUsA ydeTa U KOHTPOJSI AJIEKTPONoTpeOieHus Ha Oa3e co-
BPEMEHHBIX CHUCTEM IIO3BOJISICT HE TOJIBKO PETUCTPUPOBATH IOKA3AHUS
CYETYUKOB, HO ¥ CIIOCOOCTBYET PALlIOHAJIBHOMY HCIIOJIb30BAHUIO JIEKTPO-
sHeprun. Kak moka3sIBaeT OIMBIT IKCIUTyaTauu [36], mpuMeHeHne aBToMa-
TU3UPOBAHHBIX CHCTEM y4Y€Ta U KOHTPOJS CHIPKACT PAcXOj 3JIEKTPOIHEP-
TUH Ha BENWYHMHY, TOCTUTAIOUIYI0 5 % OT OOIIero 3ieKTponoTpediIeHHs
MPOMBIIIIEHHOTO O0BEKTA.

BaxHyto ponb U1l SKOHOMUU 3JIEKTPOIHEPTUU UTPACT aBTOMATU3AIUS
MPOU3BOJCTBEHHBIX MPOLECCOB M OTACTBHBIX TEXHOJIOTMYECKHX YCTaHO-
BOK. B wacTHOCTH, aBTOMAaTW3alys KOMIIPECCOPHBIX CTaHIUN CKAaTOro
BO3/yXa CHIKAET pacxo]l ANEeKTpo3Hepruu npumepHo Ha 10 %, aBToMaTu-
YeCcKoe PeryJMpOBaHKe M yNPaBICHUE BEHTUISMOHHBIMH YCTAHOBKAMH B
3aBUCHMOCTH OT TEMIIEpaTypbl HapyXHoOro Boznyxa — Ha 10—15 %,
AaBTOMATHUYECKOE YIIpaBJICHUE 3JEKTPUYECKUM OcBelleHueM — Ha 15 %,
aBTOMATH3alUs U TeJIeMEXaHU3allsd TEeXHOJIOTMYECKUX MPOIeCCOB — Ha
2—3 % [36].

ABTOMaTHyeckoe peryinupoBanue MomHoct KY mpenorBpamaer me-
PEKOMIICHCALIMIO U MO3BOJIIET KOMIIEHCUPOBATH N3MEHSIOLIYIOCS PEAKTUB-
HYIO0 Harpy3ky MoTpeOuTesel, peanusysl Haubojee ONTUMAIbHBIA PEeXUM
pabotel COC, 4TO yMEHBIIAET IOTEPHU JIEKTPOIHEPriy npumMepHo Ha 10 %.

Pacxon »nekTposHEprun Ha 3JIEKTPUUECKOE OCBEIECHHE NMPOMBILUICH-
HBIX MPEINpPUATHIA cocTaBisieT 5S—15 % ux o01ero 31eKTponoTpedIeHus.
OKOHOMHUSI 3JIEKTPOIHEPIHU B OCBETUTENBHBIX YCTAHOBKAX B MEPBYIO Oue-
pellb onpenensercs: NpaBUIbHBIM BEIOOPOM MCTOYHHKOB CBETa M CBETHIIb-
HHKOB.

Hns  obmero BHYTpeHHEro pabouyero OCBELICHHS PEKOMEHAYeTCs
NPUMEHSATH JIOMUHECLHEHTHBIE JaMIlbl (HU3KOTO M BBICOKOTO JaBJICHUS),
uMerone 0osiee BHICOKYIO CBETOBYIO OTAAdy IO CPaBHEHHIO C JIAMIIAMHU
HakaiuBaHus. [IprMeHeHHe JIOMHUHECHEHTHBIX JIaMII HU3KOI'O JaBJICHHUS
CHIXAeT moTpebiieHne anekTposHeprun Ha 40—66 %, a mamm tuma J{PJI
— Ha 23—57 % (110 OTHOIIEHUIO K JIaMIIaM HaKaluBaHus) [36].
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Baxnoe 3HaueHue J1s1 5KOHOMUM SIEKTPOSHEPT Y HA OCBEIICHUE HMe-
eT CoZIep)KaHue B YMCTOTE OKOH U CBETOBBIX (DOHApE, JIaMIT U CBETHJIb-
HHKOB, COKPAIIIEHUE MPOJIOJLKUTEIIEHOCTH TOPEHHS JIaMIT B TeYEHHE CYTOK,
NOJ/IepKaHNE BETMYMHBI HAPSHKEHHUS B OCBETUTENBHBIX YCTAHOBKAX B
ONTHUMAJILHBIX Mpeenax.

Bemunna axrideckoro Hanpsbkenus C/Ha 3aKuMax IeKTPOIPUEMHH-
KOB OKa3bIBaeT CYIIIECTBEHHOE BIMSHUE HA AleKTporoTpedenye. B 3aBucu-
MOCTH OT HAIpsLKEHUS OoTpedIisieMast MOIITHOCT P JlaMIT OCBEILICHHS MO-
JKET OBITh OMpPEIEIIeHA IO CIICYFOIIAM SMITMPUICCKUM BBIpOKEHUSIM [2]:
a) JUIsl J1aMIl HaKaJIMBaHUSL:

P Proym(~—) > (9.23)

nom

1€ Pyoy — aKTHBHAsI MOIITHOCTS, ITOTPEOIIsIeMast JIAaMITOHN IPH HOMUHAITb-

HOM HanpspKeHUH Clyoy;

0) IS TIOMHHECIICHTHBIX JIAaMIT HU3KOT'O JIaBJICHUS (B KOMILUICKTE C
MyCKOPETYJIUPYIOIKUMHY annapaTamMu):

( 2.0JU I
” ) (9.24)

B) nis samn tuna JIPJI (B koMIiekte ¢ IMyCKOpPEryaupyroumumMu
anmnaparamu):

P=P.

P=P, (9.25)
2,43- 1,43

\ Hom

B Tabm. 9.1 npuBeneHs! pe3yIbTaThl pacyeToB MO BhIpakeHHsM (9.23) —
(9.25), mokasbIBaroIye, Ha CKOJIbKO YBEIMUMBACTCS OTPEOICHIE aKTUB-
HOM MOIITHOCTH OCBETUTENILHBIME TIPHOOpaMH TIPH TIOBBIIIICHUN HAIpshKe-
HUSI TI0 OTHOMIeHUIo K U 115 pa3UYHbIX HCTOYHUKOB CBeTa [2].

Jannblie Tabm. 9.1 moka3bIBaIOT, YTO AJIS1 5KOHOMUH JIEKTPOIHEPIHU
HE0OXOIMMO TI0 BO3MOYKHOCTH TIOHIKATh KCILTYaTalMOHHOE HATIPSDKEHIE,
TIOJIZIEPYKUBAS €10 BEIMUKHY B JOMYCTHMBIX Tperenax (He Hike 0,95 Upl.
Jnst cHIDKeHMsT ypOBHEW HANPSDKEHUS B OCBETUTENBHBIX CETSIX MPUMEHSI-
I0TCS CTICIUATBHBIE THPUCTOPHBIE OTPAHUYNTENH HAMTPSHKEHUSL.
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Tabauya 9.1. YBeauuenune
noTpedasieMoii MOIIHOCTH JAMII  OCBEIIeHHs MPH
MOBBIIIEHHH HANPSKEHUS

Ilogviuenue Tlogbluenue nompebasemoti mownocaut, %o
Hanpsiicenus, % NaMNbL JIOMUHeCyenamole | 1AMNbL nuna
HAKAIUBAHUS NaMnbl JIPJI
1 1,6 2,0 2,4
2 3,2 4,0 4,9
3 4,7 6,0 7,2
5 8,0 10,0 12,2
7 11,3 14,0 17,0
10 16,3 20,0 24,3

Brusiaue ypoBHEH HampspKEHUS HA JIEKTPONOTpeOIeHHEe IPYTHX Xapak-
TEPHBIX TPOMBIIIICHHBIX AJIEKTPOINPUEMHHUKOB CTPOTO HE (OPMAaTH30BaAHO.
B To xe BpeMsi H3MEHEHHE MOIIHOCTH, MOTPeOIsIeMOll KOMIUIEKCHOH Ha-
Ipy3KOH (OCBETUTENbHASI, CHIIOBAs, BHIIPSMUTEIbHASL, OBITOBAS, IOTEPU B
JUHUAX U TpaHcopMaTopax), B 3aBUCUMOCTH OT M3MEHEHHSI HANIPSHKCHUS
At/MoOxeT OBITh IPEACTABICHO BEIpaKeHHEM [37]

AP = a-AU, (9.26)
rae a — peryaupyommi 3QpQeKkT akTHBHOM MOLITHOCTH O HANIPSKEHHUIO.

Jns xomrnekcHoit Harpy3ku a = 0,3—0,75. Ilpu 3TOM, Kak mpaBmIIo,
JUIS OTACTIBHBIX COCTABISIOIIMX HArpy3Kd AMANa3oH Peryupyromero 3¢-
dexTa mmpe, 4eM U1 KOMIUIEKCHOM Harpy3Kku B LIEJIOM.

Ha uexopix TII MOXHO peryiaupoBaTh HanpsiKeHUE Ha muHax 10 1 kB B
npenenax + 5 % ot C/y,, MyTeM n3MeHeHus: ko3 puimenTa Tpaacdop-
Manuu Tpacopmaropa. CHHKas HanpspkeHne Ha S5 %, MOXKHO yMEHb-
HIUTh TOTPEOIIIEMYIO aKTHBHYIO MOIITHOCTh Ha Beauunny AP = (0,3 - 0,75)
*5=1,5-3,75%.

Baenpenue orpaHnuuTenel X0JI0CTOrO X0/1a CBAPOUYHBIX TpaHchopma-
TOPOB IO3BOJISIET COKOHOMUTD MOpsiAKa 5 % moTpeOiasieMoil UMH aKTUBHON
anexTposHeprun. [IpuMeHenne THPUCTOPHBIX CUCTEM BO30YKICHHS CUHX-
POHHBIX 3JICKTPOJIBUraTEIel CHIKAET MX AIIEKTPONOTpeOIeHue TPUMEPHO

Ha 10 % [36].

PaccMoTpeHHBIE MEPOIIPHATHSI IO SKOHOMHH JIEKTPOIHEPTUU HOCSIT
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00IIHit XapakTep ¥ MOTYT IPUMEHSATHCS Ha MPEINPUATHAX JTFOOBIX OTpac-
JIel MPOMBIIIEHHOCTH.

IIpu pa3paboTke BOMPOCOB IIIEKTPOCOEPEIKECHUS HEOOXOIUMO TaKKe
YYUTHIBATH Clieu(praecKkine 0COOEHHOCTH TEXHOIOTHH MTPOU3BOICTBA TIPO-
MBIIUICHHBIX TPEATPUSTHIA.

10. CUCTEMA ABTOMATHU3UPOBAHHOI'O
MMPOEKTUPOBAHHUA SJIEKTPHUECKON YACTH
ITPOMBIIIJIEHHOT O ITPEAITPUATHSA

10.1. CAIIP KAK CPEJICTBO YCKOPEHM 1 OITUMU3ALINN
PEILIEHUU [TPU TPOEKTUPOBAHUNA

[Tpy mMpOEKTUPOBAHUMU 3IEKTPUUYECCKON YacTH MPOMBIIIICHHOTO Mpe.-
npusTHS Tpebyercss oOpabaThiBaTh OONBLION 00BEeM pa3HOOOpa3HOW WH-
¢dopmanmu. TpynoeMKOCTh MPOEKTa PE3KO BO3pacTacT MPH BhISBICHUN
ONITUMAJILHBIX NAapaMeTPOB U peskuMOB padoTel COC Ha OCHOBE MHOTOBa-
PHAHTHBIX DJIEKTPUIECKUX U TEXHUKO-IKOHOMUYECKUX PACUETOB.

OhheKTUBHOCTD MPUHATOTO PEIICHUS] BO MHOTOM OTIPECIsIeTCs KBaJH-
¢duKanue 1 ONBITOM TPOESKTHPOBIIMKOB. OTHAKO Ja)Ke OTBITHBIC CIICIHA-
JIMCTHI HE 3aCTPaXOBaHbI OT OIIMOOK ¥ MPHUHSATHS HEONTHUMAIBHBIX BapyaH-
ToB. TakuM 00pazoM, TPaJUIIMOHHBIE CIIOCOOBI PEIICHHsT MPOSKTHBIX 3a-
Jad MPHUBOAAT K HEONPABIAHHO OOJBLIMM 3aTpaTaM Tpyda U BPEMEHHU
IPOEKTHPOBLIMKOB Ha TIOATOTOBKY MPOEKTHON IOKyMeHTauuu. IIpu sTom
HE BCETJa NPUHATHIE B MPOEKTE pelIeHHs OyAyT ONTHMAIbHBIMU U 0e3-
OINOOYHBIMH.

KadecTBO MHKEHEPHBIX Pa3padOTOK MOXET OBITh CYLIECTBEHHO ITOBBI-
IIEHO NPH NPUMEHEHHH CHUCTEM AaBTOMATH3MPOBAHHOTO NPOEKTUPOBAHMS
(CAIIP). CAIIP mpencrasiser co0oi OpraHn3alliOHHO-TEXHUYECKYIO CH-
CTeMy, KOTOpas COCTOUT M3 KOMIUIEKCA CPEACTB aBTOMAaTU3allMM Ha Oase
OBM, B3aMMOCBSI3aHHOTO C MOJPa3IeIEHUSIMU IPOSKTHON OpraHu3aliy.

ITpu npumenennn CAIIP TexHuueckue penieHus NPUHUMAKOTCA B pe-
KUME Juajora NpoeKTupoBiiuka ¢ O9BM Ha ocHOBe MaTeMaTH4ecKoro
MOJEIIUPOBAHNS OOBEKTOB IMPOCKTHUPOBAHHUS. DTO pELIaeT MHOXECTBO
npoOJeM: MOBBIIAET TOYHOCTh M UCKIIIOYAeT OMMUOKK B pacyerax, obec-
MeYnBaeT BEIOOP ONTHUMAIBHOTO BAPHAHTA, YCKOPSET MOATOTOBKY MTPOEKT-
HO# noxymeHTaruu [2].
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IToctpoerne CAIIP »7eKTpUYecKOW YacTH IPOMEBIIUICHHOTO IIPe-
MPHUATHS MIPEACTABISIET COO0H JOCTATOYHO CIOXKHYIO MPOOJIEMY, TaK Kak
COC sBmsieTcsl HWepapXWUecKOd W COCTOMT M3 OOJBIIOr0 YHCiIa
B3aMMOCBSI3aHHBIX 3neMeHToB. [Ipu BHenpennn CAIIP wyxHO mpexnme
BCETO PEIINTh, IS KaKUX 3a7ad MPOCKTUPOBaHMs Hanboiee 3¢ ()eKTHBHO
ee TMPHUMEHATh. DTH 33/Ja4il JODKHBI MMETh MaTeMaTHYeCKHe METOJbI
pelieHusi, Ha OCHOBE KOTOPHIX pa3pabaThIBalOTCA aJITOPUTMBI U
mporpamMmsl st DBM.

IIpu cozmanum CAIIP wncmonms3yioTcst criemyromue OOIIecHCTEMHBIE
TIPUHIIATIBL:

* HOBW3HA 33/1a4 U UX KOMIUIEKCHOCTb;

* MOAYJIBHOCTBH CTPYKTYpPHI U HempepblBHOCTH pa3Butus CAIIP;

* TUIIM3ALHUS U CTaHAAPTU3ALMS;

*  uH(OPMAIIMOHHOE €MHCTBO W TOJHAS YIPaBIsEMOCTh MOTOKAMHU WH-
bopmanumy;

* yenoBeKko-MamuHHas opueHrtanus CAIIP;

*  YOpaBJIsIeMOCTh MPOLIECCOB MPOEKTUPOBaHuUs 1 AocTynHOCcTh CAIIP;

¢ HalIn4due yHI/IBCpcaJ'H)HOI\/'I OHTI/IMI/I33HI/IOHHOI7[ IIOJACUCTEMBI,

* MareMaTuieckasl ONpeAeTICHHOCTh MPOSKTHHIX 33/1a4;

* uHBapuaHTHOCTH (KOMIOHEHTHI CAIIP MomKHBI OBITH IO BOZMOXXHOCTH
YHUBEPCAJIIbHBIMUA WU HCUSMCHAIOIIMMHUCA MO OTHOLICHUIO K O6’LCKT3M
MIPOEKTUPOBAHUS U UCIIOIB3yEMOM BBIYMCIUTENBHON TEXHUKH);

* KOMIUIEKCHBIM noaxos k co3panuio CAIIP;

* COBMECTUMOCTH (TeXHWYECKas, WHPOPMAIMOHHO-TIONCKOBAs M IIPO-
rpammHas) [38].

10.2. OCHOBHBIE LIEJIA 1 3AZTAYUN CAITP

OcHoBHBIMH 1eiIMH co3ganuss CAIIP aBisiroTCs IOBRINIICHNE KaueCcTBa
U TEXHUKO-3KOHOMHYECKOTO YPOBHS IPOCKTHPYEMBIX OOBEKTOB, YBE-
JTUYCHNUE TPOU3BOIUTEIFHOCTH TPYy/Ia IPOSKTHPOBIIINKOB, a TAKXKE COKpa-
IIIEHUE CPOKOB MOJATOTOBKHU MPOEKTHON JTOKYMEHTAIIUH.
Yka3aHHbIE IIEJIH JOCTUTAOTCS MyTeM PElIeHHs CIeayonux 3a1a4 [2]: 1)
COBEPITIICHCTBOBAHHUE MTPOSKTUPOBAHUS HA OCHOBE IIPUMEHEHHUS MaTeMa-
THUYECKHUX METOJIOB, AJITOPUTMOB, IIPOTPAMM U COBPEMEHHBIX CPEJICTB
BBIUMCIINTEIIBHON TEXHUKH,
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2) co3maHue M BeAeHHe 0a3 TaHHBIX Ha MAIIMHHBIX HOCUTEISIX HH(pOpMAa-
LHH;

3) aBTOMATH3AIMSA IIPOLIECCOB IIOMCKA, 0OPaOOTKH M BBIIAYN HH(OPMAITHH;

4) mpuMeHEeHHEe MHOTOBAapUAHTHOTO MPOSKTUPOBAHUS M ONTUMH3AIIUH Ha
OCHOBE MaTeMaTHYECKHX MOJENEH, OTPaKAIOMINX CIenn(UIECKHe 0COo-
OCHHOCTH MPOEKTUPYEMBIX O0OBEKTOB;

5) ynyuienne kadecTBa 0(hOPMIICHHUS IPOSKTHOM JOKYMCHTAIIUH;

6) MOBBIIICHHE IOJIM TBOPYECKOTO TPYy/Ia MPOSKTUPOBIIMKOB 33 CUYET aBTO-
MaTH3aI|H TOBTOPSIONINXCS OAHOTUIHBIX (PYTHHHBIX) paboT;

7) yHubHKaIUs ¥ CTaHIAPTH3AIMs METOJOB MPOCKTHPOBAHUS CIIOMKHBIX
00BEKTOB;

8) B3aMMOJCHCTBHE C aBTOMATH3MPOBAHHBIMH CHUCTEMaMH pa3UYHBIX
YpOBHEH U (HYHKITMOHATBHBIX HA3HAYCHUN;

9) moAroTOBKa M TEPENOAroTOBKA CIIEIMATUCTOB, Hcnonb3yonmx CATIP.
ABTOMaTI/I?;aHI/IH mpouccca MpoOCKTUPOBAHUA MOXKET IPUMCHATHCA Ha
BCEX WM OTAENBHBIX CTAIUSX CO3MIAHUS MPOEKTHOW TOKYMEHTAITUH IS
MIPOMBIIIIIEHHBIX 0OBEKTOB B IEJIOM HIIM UX COCTaBHBIX dacTeil. Hanbo:n-
mast agdextuBHOCTH OT BHenperns CAIIP gocturaercst mpu aBTomMarusa-
IIUU BCETO TMPOIecca MPOSKTUPOBAHMSI, HAYMHAS OT TIOCTAHOBKH 3a7a9d U
3aKaHYMBAs BBIITYCKOM pabodell MpOeKTHOW JoKyMmeHTarun. Mcmonb3oBa-
Hue CAIIP mo3BonsieT COKpaTUTh CPOKH pa3pabOTKH MPOEKTOB B 3—4
pasza [38]. Hecomuennpm npenmytiectsoM CAIIP mo cpaBHeHHIo ¢ Tpa-
JTUIIMOHHBIMH METO/IaMH TIPOSKTHPOBAHUS SIBJISIETCS TTOBBIIIICHHE Ka4eCTBa

MIPUHAMAEMBIX PEIICHHN.

10.3. TIOJACUCTEMBI CAIIP

CuctemMbl aBTOMATU3UPOBAHHOTO MPOEKTUPOBAHUS OTHOCATCS K YUCITY
CIIOXHBIX CHCTEM, XapaKTEPU3YIOIIUXCs OONBIINM pa3HOOOpa3ueM Co-
CTaBHBIX JJIEMEHTOB M pellaeMblX 3afad. s ymoOcTBa Mmoib30BaHUS
CpEeJICTBA aBTOMATH3UPOBAHHOTO MPOEKTHPOBAHUS OOBEIUHSIOTCS B ITOJI-
cucreMbl CAIIP. IloacucreMa — 3TO BBIAECIECHHAS IO ONPEIECICHHBIM
npm3Hakam dactb CAIIP, obecnednBaromiasi moirydeHHE 3aKOHYEHHBIX
pELIeHUI U COOTBETCTBYIOIIMUX IPOEKTHBIX JOKYMEHTOB [2].

OcHOBHBIM CTPYKTYpHBIM 35ieMeHTOM CAIIP 511060T0 YpOBHS CIOXKHO-
CTH sIBIIsIeTCS (PYHKIIMOHAIIbHAS TIPOSKTUPYFOIas mojcucrema. [lo otHo-
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HIEHUIO K O0BEKTY IPOEKTUPOBAHMS MOXHO BBIACINUTH J1BA BHJA IOACHUC-
TeM: 00BEKTHO-OPUEHTHPOBAHHEIE (0O0BEKTHBIC) M 00BEKTHO-HE3aBUCHUMBIC
(naBapuanTHble). DyHKINOHAIBHBIE O0BEKTHBIE TIOACUCTEMBI BBIIIOJIHSIIOT
OIIpeJIeJICHHbIE POEKTHBIE MPOLECCHl HA OCHOBE KOHKPETHBIX MCXOTHBIX
JaHHBIX C yYETOM CHeUX(UKU POMBIIIIICHHOTO IPEATIPUATHSL.

VHBapuaHTHBIE NPOEKTHPYIOLIME IMOACUCTEMBI MO3BOJISIOT MOIYy4aTh
TEeXHUYECKUE PELLICHUs], HE 3aBHUCSAILUE OT OTPACIN MPOMBILIUICHHOCTH (CXe-
MBI yIIpaBJiIeHHs, KOMIOHOBKH PV, packiagka xabemneil B TyHHENE U T.IL.).

[Ipoektupytromue moacucTeMsl BkitodaroT kommoneHTs! CAIIP, mox
KOTOPBIMH ITOHHUMAIOTCSI CPEACTBA 00ECIIeUeHHs, BBIOJIHAIOIINE OIpee-
JIeHHbIEe (PYHKLIUH.

B CAIIP snexTprdeckoii 4acTH MPOMBILIUIEHHOTO IPEANPUATHS B Kayue-
CTBE OCHOBHBIX (DYHKIMOHAIBHBIX TOACHCTEM MOTYT OBITH BBIJCIICHEI
MOJICHCTEMBI TIPOEKTHPOBAHMUS AIIEKTPOCHA0KEHUSI, CHIIOBOTO 3JIEKTPO0O0-
pYyIOBaHHUSA, SJIEKTPUYECKOTO OCBEILIEHUS, JIEKTPOPEMOHTA, JINHUHN 3JIEKT-
ponepeaauu, NoJICTaHLUMM U T.II.

Kaxnas ¢pyHKIMOHaNBHAS MoJiccTeMa 0a3upyeTrcsl Ha €INHOM KOMII-
JIEKCe CPEeCTB aBTOMATHU3aLMU MTPOEKTUPOBAHNS, BKIIOYAIOIIEM BbIUMCIIN-
TEJIbHBIE CUCTEMBI, aBTOMATU3UPOBaHHbIE OaHKU JaHHBIX U T.11.

OynknuonansHast yacth CAIIP o6ciykuBaeTcss KOMIUIEKCOM IOJICHC-
TeM o0Iero HazHaueHus. K HUM OTHOCATCS MOACUCTEMBI TpaduIecKoro
0TOOpaXkeHHs1 OOBEKTa U €ro IEMEHTOB; KOAUPOBAHHS, KOHTPOJIS U Ipe-
o0pa3oBaHus WHPOPMAIINH; BBIITyCKAa CMETHOW MTOKYMEHTAIwH; odopmie-
HUSl U TUPAXKUPOBAHUS HPOEKTHOW JOKYyMEHTALWH; yNpaBieHHUs Oa3zamu
JaHHBIX; MH)OPMALIMOHHOTO TIOMCKA U T.II.

CsoticTa u Bo3moxkHocTH CAIIP cymecTBeHHO 3aBUCAT OT o0ecTedn-
BAIOIINX MTOJICHCTEM.

OynkpoHanbHbIe noacucteMsl CAIIP anekTpryeckoi yacTé MPOMBIII-
JICHHOTO TPEeNNpUsATHA IOJDKHBI OBITH B3aWMOCBS3aHBl M ONHMPAThCS Ha
0011yto nHGOPMAITMOHHYIO 0a3y.

10.4. MHO®OPMAIIMOHHAS FA3A ®YHKIIMOHAJIBHBIX ITOACUCTEM

WudopmarmonHas 6aza npencTaBisieT co00i COBOKYIMHOCTh CIIEIHANb-
HO OpPraHM30BaHHBIX JAHHBIX, HEOOXOUMBIX ISl IPOCKTUPOBAHUS O0BEK-
ToB. Coaeprkanue 6a3nl MTaHHBIX 3aBUCHUT OT HazHadeHuss CAIIP u coso-
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KYITHOCTH pemaeMbIx 3aaad. Kak npaBuio, 6a3a naHHBIX BKJIIOYAET OIH-
CaHHe CTaHAAPTHBIX MPOLENYP, MPOESKTHBIX PELICHUH, SIEMEHTOB, KOMII-
JEKTYIOIUX HU3AEIUi, MaTepralloB; KaTajorl HOPMAaTHBHO-CIIPaBOYHON
nH(popMaImy; KaTajJoru o0OpyJOBaHus; CTAHAAPTHI, CTPOUTEIILHbIE HOPMBI
U npasuiia u zp. [38].

Mudopmanmonnas 6a3a sBISETCS OCHOBOW aBTOMAaTH3MPOBAHHOTO OaH-
Ka JaHHBIX, QYHKIHOHHUPOBAHHE KOTOPOTo 00ECIIEYHBACTCS KOMILIEKCOM
YIOpaBISAOMKX NporpamMm. Hanmnune OaHka AaHHBIX MO3BOJSIET CO3MATh
MH(OPMAIMOHHOE EAMHCTBO MOACUCTEM, CHU3UTH CTENCHb MyOJIUPOBaHUS
MHQOPMaIUH, TPUMEHSTH OOLIMe METObI BEACHHUS U UCITIOJIb30BaHUS UH-
(hopMaIMoHHOM Oa3bl.

baHk IaHHBIX BKIIIOYaeT CUCTEMY CJIOBapeil, CIpaBOYHUKOB M KJIaCCH-
¢uKaTOpOB, 0OECIICUNBAIOIINX KOAUPOBAHNE U OpraHU3alMIio HH(opMaIyy,
a TaKkKe BO3MOXKHOCTh BBIJAYM MCXOJHOW WH(POPMAIMH IO 3alpocy B
JOKYMEHTUPOBAHHOM BHUJI€ C HANMEHOBaHUEM OOHEKTOB.

Texnonornyeckass uHpopmanus, Heooxomumas s CAIIP anextpu-
YeCKOW YacTH MPOMBIIUIEHHOTO MPEATPHUSATHS, COAEPKUT CBEIEHHUS O
COCTaBe M OCHOBHBIX TapaMeTpax 3JeKTPONPUEMHUKOB, SJIEKTPOOOOpPY-
JOBaHUS U JJIEKTPOCETEBBIX OOBEKTOB, O TEXHUKO-IKOHOMHUYECKUX TIOKa-
3aTelNsX AIEKTPONOTpeOIeHus, 0 TpadUKax dIEKTPHUECKUX HArPy30K, 00
AKTUBHBIX U PEAKTUBHBIX HArpy3kax MOTpeOWTeNel AJIEKTPOIHEPTHH, O
Ha/IeKHOCTU 3JIEKTPOCHAOKEHUS AIIEKTPOIPUEMHHUKOB, O CXEMax JJICKT-
PUYECKUX CETEH U T.II.

[IpuHnunuanbHble cxeMbl dekTpuueckux cered COC comepkar 3Ha-
YUTEIHHOE KOJIMYECTBO B3aMMOCBA3AHHBIX 3JIEMEHTOB, XapaKTepU3yEeMbIX
Ha0OpOM YHCIIOBBIX MapaMmeTpoB. B cBs3u ¢ 3TUM, KpoMe OAHKOB JIaHHBIX,
MIPU PEIIEHUH IEKTPOIHEPTETHUECKUX 33]]a4 MOTYT HCIIOJIb30BaThCA CIIe-
UaJbHbIe HHPOPMAIIOHHBIE MOJIENTU DJICKTPHUECKUX CETEH, MpeaCTaBIs-
1o1IMe coboil COBOKYIMHOCTh TTaApaMETPUIECKUX OIUCAHUI AIIEMEHTOB CXEM
3aMeIeHust ¥ CBsi3ell Mexay HUMH (KOH(MUTYpalmoHHOW Mojenu). [Ipu
9TOM YacTh WHPOPMAIINH, HE CBA3aHHOW C KOHPHTYpaIUeH AIIeKTPHUECKOMI
CETH, MOXET OBITH MPEJICTaBJICHA B (JOPME OTACIBHBIX TAOJIHII.

KonmuecTBo MHGOPMAIIMOHHBIX MOENEH, MPUHIUITLI IOCTPOSHHUS U CO-
CTaB HX MMapaMeTPOB OMPECISIIOTC 00BEMOM U XapaKTepoM WHPOpMAaIH-
OHHO-BBIYHCIUTETHHBIX paboT CAIIP.
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10.5. BU/bI OBECIIEUEHUS CAIIP

CpencTBa aBTOMaTH3aLUK IPOESKTUPOBAHMS MOKHO CTPYIIIHPOBATH I10
Bunam obecrieuenns CAIIP.

TexHuyeckoe odecrneyeHne TIPEICTABISIET COOOW COBOKYIHOCTH
B3aMMOCBSI3aHHBIX W B3aWMOJECHCTBYIOIINUX TeXHUYECKHX cpencts (OBM
Pa3IMYHBIX KIIACCOB, YCTPOMNCTB OmNEepaTHUBHOW CBsizu ¢ DBM, BBOma
BBIBO/Ia MH(OPMAITHH, MAITUHHONW TpaWKH U T.11.), TPeIHA3SHAUYCHHBIX IS
BBINIOJIHEHNSI aBTOMATU3UPOBAHHOTO IPOEKTHPOBAHHUS.

MaremaTtrueckoe oOecredeHue BKIIOYACT MAaTEeMaTH4eCKUe MOJENH
IPOEKTUPYEMBIX OOBEKTOB, METOJBI U ANTOPUTMBI IS PELICHUS 331ad U
00paboTku WH(OpPMANMK C MPUMEHEHHWEM BBIYUCIUTEIBHON TEXHUKH.
OnemeHThl MateMaTudeckoro obecrneuenuss CAIIP BeckMa pasHOOOPa3HBbL.
K HUM oOTHOCATCS METOABl YHCIEHHOTO pelIeHUs anreOpandeckux u
TG epeHInANBHBIX YPaBHEHH, TIOUCKA IKCTPEMYMa, ONTUMH3ALNH, a
TaKXKe pelleHUs] pa3HOOOpa3HBIX 3a/1a4 3JIEKTPOdHEpPreTHKH. [Ipakrudec-
KO€ HMCIIOB30BAHUE MATEMaTHYeCKOro 00ecreueHrs OCYIIECTBISICTCS Ha
OCHOBE pa3paboTKu mporpamm st IBM.

IporpammHoe o0ecnedyenne — 3TO COBOKYMHOCTb HPOTPaMM JIIst
00pabOTKM AaHHBIX Ha MAIIMHHBIX HOCHUTENSAX HH(OPMAIIUU U COMPOBOXK-
JAMOIINX UX SKCIUTyaTallMOHHBIX JTOKYMeHTOB. [IporpamMmHoe obecnieueHue
CAIIP genutcs Ha OOIIECUCTEMHOE U MPUKIIATHOE (CIICIIUAIBHOE).

OO0IIECUCTEeMHOE TPOrpaMMHOE OOCCIICUEHHE MPEIHA3HAYCHO IS
opranuzaiyy QyHKIMOHUPOBAHUS TEXHUYECKUX CPEICTB U IPEACTABICHO
B CAIIP onepauuroHHbIMH cucTeMaMud IBM U BBIYMCIUTEIBHBIX KOMII-
JIEKCOB.

[puknagHoe nmporpaMMHOe 0OecriedeHre NPeIHa3HaueHO ISl PELICHHS
PasHOOOPa3HBIX 3a/1a4 MPOEKTUpOBaHus. Ero coctas 3aBUCUT OT pOEKTH-
pyemoro oObekTa, cnenuuKkyd U o0beMa 3aaad, PelIaeMbIX KOHKPETHOM
CAIIP. IlpuxnanHeie TporpaMmsl pa3padaTbIBAIOTCS HA OCHOBE MareMa-
THYeckoro obecneuenus. Pazpaborka nmporpamMm siBIsieTCsS OAHUM U3 Hau-
Ooee TPYIOEMKUX U OTBETCTBEHHBIX IporieccoB mpu cozganuu CAIIP.

HNndopmanuoHHoe odecrnevyeHne PEICTABISET COO0N COBOKYITHOCTb
€/IMHOW CHCTEMBI KIIacCU(PUKAIMKA U KOTUPOBAHUS TEXHUKO-3KOHOMHYECKON
uHpopMaIy, YHUQHUIMPOBAHHBIX CHCTEM JOKyMEHTAllMd W MAacCHBOB
uHdopmarmu, ucronszyeMsix B CAIIP. MadopmannonHoe obecrede-
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HUEe O0BEOUHSAET pazHOOOpas3HbIe JaHHBIC, NPEACTaBICHHBIE B BHIE TEX
WM UHBIX TOKYMEHTOB Ha Pa3IMYHBIX HOCUTEISIX HH(OpMALKH.

JImHrBucTHYeckoe o0ecredyeHne BKIIOYAET CIEHUAIBHBIE SI3bIKOBBIC
CpeacTBa (SA3bIKM IIPOEKTUPOBAHMSA), NPEJHA3HAUCHHBIE IJISI OIMCAHUS
HPOLEAYP aBTOMAaTH3UPOBAHHOTO MPOESKTUPOBAHMS M IPOCKTHBIX PELICHUH.
OCHOBHYIO 4YacCTh JIMHI'BUCTHYECKOTO OOECIIEUEHUS] COCTaBIAIOT S3BIKH
oOmmenns yenoBeka ¢ IBM.

MeTtoauueckoe ofecnedeHne 0XBaThIBACT JOKYMEHTBHI, OTPaXKAIOIINE
COCTaB, NPaBWIa OTOOpa U IKCIUTyaTallud CPEICTB aBTOMATH3UPOBAHHOTO
IIPOEKTUPOBAHMUSL.

OpranuzauuoHHoe ofecreyeHHe BKIIOYACT JTOKYMEHTHI (IIOJIOXKe-
HUSI, UHCTPYKLUH, IPUKa3bl, IITaTHBIE PACIUCaHUsl, KBAIN(UKAIIMOHHbIE
TpeOOBaHUs U T.I.), PETVIAMEHTHPYIOLINE OPraHU3aLUOHHYIO CTPYKTYPY
MOApa3AeICHUN NPOEKTHON OpraHu3alui U UX B3aUMOJCICTBUE C KOMII-
JIEKCOM CpPEJICTB aBTOMaTHU3UPOBAHHOTO MTPOEKTUPOBAHMUSL.

CneﬂyeT OTMCTUTH, YTO CPCACTBA BBIYMCIIMTEILHOM TEXHUKH OKa3bI-
BalOT pemaroniee BiausHue Ha nmoctpoenue CAIIP. OxHako oHE HE MOTYT
paccMaTpUBaThCsi 000COOJICHHO OT APYTHX BHIIOB 00ECTICUCHUSI.

10.6. 3AJJAYU U CTPYKTYPA NIOACUCTEMbI ABTOMATU3UPOBAHHOI'O
INPOEKTUPOBAHUSA JIEKTPOCHABXKEHUA

Cpenu dynkumonanbHbix noacucreM CAIIP snekTpuyeckoi yactu
MIPOMBIIITICHHOTO MPEINPHUITHS OTHON U3 OCHOBHBIX SIBJISIETCS ITOJICUCTEMA
MIPOEKTUPOBAHUS DIEKTPOCHAOKEHHSL.

C ee OMOIIBIO B UHTEPAKTUBHOM PEXHME MPOBOJIATCS HEOOXOTUMBIE
pacydeTsl U perarTcs HHPOPMANNMOHHO-IOTHIECKHUE 3a7a9u C [EIbI0 BhI-
MycKa MPOEKTHOM TOKYMEHTAIIHH.

ITonmcucTema cTpouTCs Ha CIIEAYIONUX OCHOBHBIX MPUHIIHAIIAX
1) MHHHMaTbHOE KOJMYECTBO MCXO/IHBIX JaHHBIX JJIsI OTy4eHUs Tpedye-

MOH BBIXOJHOU JOKYMEHTALUU;

2) BO3MOYKHOCTB OOIIIEHHUST TPOEKTUPOBIIKKA ¢ IBM Ha pa3nuuHbIX 3Ta-
nax 06paboTku nHpOpMaNNH;
3) J0mycTUMOCTh KOPPEKTHPOBKH UCXOIHOW M HOPMATHBHO-CIIPABOYHOM

WH(pOPMAIUH, a TaKXKe MPOrpaMMHOr0 oOecrieueHusi 6e3 HapyIlIeHUs

(YHKIIMOHUPOBAHUS ITOJICUCTEMBI B IIEIIOM;
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4) BO3MOXXHOCTb ITOCTPOCHHSI HOBOM KOH(UTYPALIHOHHON MOJIEIIH SIEKTPHU-

YeCKOW CETH Ha OCHOBE paHee BBEICHHON WH(OPMAIIHH;

5) nonydenue or OBM 10KyMEHTOB, IPUTOHBIX [Tl HEMIOCPEICTBEHHOM

KOMIUIEKTALlU! TIPOEKTA.

[MoacucremMa MPOEKTUPOBAHUS ANIEKTPOCHAOKEHUS (PYHKIHUOHAIBHO H
MHPOPMAaIIMOHHO cBsi3aHa ¢ Apyrumu noacuctemamu CAIIP snexrpuuec-
KOH 4acTH MPOMBIIIICHHOTO MPEANPUSITHS: CUIOBOTO JIEKTPOOOOPyAOBa-
HUS, DIIEKTPUUECKOT0 OCBEIeHus U Jip. [loaToMy 3T moACHCTEMBI TOXK-
HBI UMETH 001yI0 HHPopManoHHYI0 0a3y. CyIIecTBEHHO HOBBIIIAET YpPO-
BeHb CAIIP BO3MOXHOCTH OTOOpa)KeHHsI Ha SKpaHe AMCIUICS CXEM 3JIeK-
TPUUECKUX COETUHEHUH M CXeM MH)KEHEPHBIX ceTel U KOMMYHHUKAIUi Ha
TUTaHAX LIEXOB U MPEAIPUATHI.

OcHOBHOM 3a71aueil TPOEKTUPOBAHUS SBJISAETCS CO3AaHUE ONTHMANIBHO-
rO MPOEKTA 3JIEKTPOCHAOKEHUSI, COOTBETCTBYIOIIETO JIEHCTBYIOIINM HOP-
MaM U IpaBUIaM, UMEIOIIEr0 HauMEHbBIIINE 3aTPAThl IPU CTPOUTENHCTBE U
MOHTaXXE JJIEKTPOTEXHUYECKUX COOPYKCHHH W 00ecredmBaronero Ha-
JEXKHYI0, YIOOHYIO U SKOHOMUYHYIO KCIUTYaTaIHIO AIIEKTPOYCTaHOBOK.

s aroro B cocrase nmporpammuoro obecrneueHust CAIIP HeoOxoaumo
MMETh MaKeT MPHUKIAJHBIX MporpamMm Juisi 9BM, no3Bosstomui permars
yacTHbIE 3aa4n TipoekTupoBanus CIC: pacueT IMeKTPUUECKUX HArpy3o0K;
BBIOOp YMCIa, MOITHOCTH M MECTa pa3MeIleHHs MMOJACTaHIUi; BHIOOD Ha
MpsDKEHMs] TTUTAIOIIEeN U pacrlpefeIUTeNbHON ceTH; pacipeaereHne eKT
PHUECKUX Harpy30K IO MOJCTAHIMSIM; KOMIIEHCAIUs PEaKTUBHON MOIIHOC
TH; BBIOOp CEUCHHUH TIPOBOTHUKOB MIIEKTPHUECKHX ceTeit; pacdyeT TokoB K3
U T.II. ' .

CTpyKTypa MOJCUCTEMBI MPOSKTHUPOBAHUS AIEKTPOCHAOKEHUS OIpeie-
JIIeTCSl COCTABOM IaKeTa MPHUKJIAJHBIX MporpaMM. B makere mpukiamaHbIX
NPOTpaMM MOTYT BBIJIENISATHCS YIPABISIONIas U 00padaThIBAIOIIUE YaCTH.
HenocpenctBeHHo perieHne 3a1ad MPOEKTUPOBAHUS BBITIOIHIETCA C TIO-
Mompto OBM mo pabounM mporpamMmam, XpaHSIIAMCS Ha MAaIlWHHBIX
HOCHTEJISIX HH(POPMAIIHH.

AHaJIOrn4HOE NOCTPOCHUE UMEIOT U Apyrue QyHKIMOHAIbHBIE TIOACUC-
teMbl CATIIP anexTpudeckoit 4acTH MPOMBIIIIIEHHOTO MPEATPUATHSL.
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TTPOEKTMPOBAHUE CUCTEM DJIEKTPOCHABXEHM

IMPUJIOXEHUM A
Tabnuya L1 OcHOBHBIC

HOPMATHBHO-TCXHUYCCKHUE HTOKYMCHTBI, IPUMCHACMBIC IIpU
IMPOCKTUPOBAHUHN BHCKT”pI/I‘ICCKOﬁ 4JacCTHU IMPOMBIINIJICHHBIX

MNPEANPUATHI
Obosznauenus Haumenosanue
OOKyMeHm OOKYyMeHm
1 2

I'oCT2.7J0-81
I'OCT 2.755-87

I'OCT 2.756-76

I'OCT 12.1.004-91
TI'OCT 12.1.009-76
I'OCT 12.1.010-76
I'OCT 12.1.019-79

I'OCT 12.1.030-81
I'OCT 21.403-80

I'OCT 21.607-82
I'OCT 21.608-84
I'OCT 21.613-88
I'OCT 21.614-88
I'oCrT 721-77
T'OCT 1494-77
I'OCT 13109-87
T'OCT 14209-85
T'OCT 14254-96

(MK 529-89)
TOCT 15543-70

1. l'ocynapcTBeHHbIE CTaHIAPTHI
Obo3HaueHust GYKEEHHO-YUPPOBbLE 8 INEKNPUUECKUX CXEMAX
0b603Hauenus ycnoHble epapuyecKie 8 INeKNPULECKUX CXemax.
Yenpoticnea kommymuyuonnbie u Konemknuble coeOuHens
Obo3nauenus ycnognvle epaguueckue 6 cxemax. Bocnpunumaio-
Was 4acm s1eKnPOMEXAHUECKUX YCpocns
Toocapnas bezonacnocns. Obwue npebosanus
Onexnpobezonacrocns. Tepmunvl u onpedenenus
Bspuwisobezonacrocns. Obwue npebosanus
Onexnpobesonacrocny. Obujue npebosamius u HOMEHKIAMYPA 6u-
006 3auunsl
Onexnpobesonacnocny. 3awuniuoe 3a3emieHue, 3aHyeHue
Obo3Hauenus yciosHvle epaguyeckie 8 cxemax.
Obopyodosarue sHepeenuieckoe
Onexnpuueckoe oceeujerie NEPPUNVPUU HPOMbILULIEHHBIX PeO-
npuanuil. Pabouue uepnesicu
Buynpennee anexnpuueckoe ocsewerue. Pabouue yepnesxcu
Cunosoe anexnpoobopyoosanue. Pabouue uepnesxu
Hzobpasicenus ycnosuvle spaguueckue 31eknpoobopyoosanus u
npo8oOOK HA NAAHAX
Cucnemvl 21eKNPOCHADHCEH S, Centt, UCHOYHUKY, npeobpasosane-
I U NPUEMHUKU SNeKnpoosHepeuu. Homunanshble nanpsocenus
ceviute 1000 B
Onexnponexuuxa. bykeennvie 0603nauens OCHOBHBIX BENUYUN
Onexnpuueckas suepeus. Tpebosanus Kk kawecmy dNeKNPuYecKoli
9Hep2UU 8 INEKNPULECKUX Censix 0Oue20 HA3HAYeHUs
Tparcgopmanopul cunosvie maciamvle 0bwjezo HasHavenus. [o-
nycnumbvle Hazpy3Ku
Cmenenu 3awunst, obecneuugaemvie 000104KAMU
(ko0 IP)
H30enus snexnponexnuueckue. Fcnonnerue 0s pasnuyHbix
Kumanuyeckuxpationos. Obugue nexHuyeckue npebosanus 8
yacnu 6030eticneus KIUMamuyeckux paknopos eHeutell cpeovl
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T'OCT 15543.1-89E

I'OCT 19431-84
T'OCT 19880- 74
I'OCT 21128-83

TI'OCT 23875-88
TI'OCT 24291-90
TI'OCT 26522-85
I'OCT27514-87
T'OCT 28249-93

TOCT 29322-92
(MOK 38-83)

CHE 1.02.03-97

CHFE 1.03.02-96

CHE 2.04.05-98
CHull 3.05.06-85
CHull 3.05.07-85
CH174-75

CH 357-17

TTPOEKTMPOBAHUE CUCTEM DJIEKTPOCHABXEHV

IIpooons/cenue maobn. 177

H30enus snekmpomexrnuueckue. Obwue /mpebosanus 8 waceul cmii-
KOaul K KIUMAMUYECKUM BHEWHUM 6030eliCmEyIouum pakaopam
DOnepeemuka u snexmpugurxayust. TepmuHsl u onpedenerus
Onexnpomxuuka. OchogHble nowsems. Tepmurvl u onpeoeieHust
Cucmembi 31€KMPOCHAOIICHUS, Cemu, UCTOYHUKU, npeodpasoeament u
npuemHuxu sneknposnepeuu. Homunanonwie Hanpodchus 0o 1000 B u
oonyckaemvle omrioHeHusi Kauvecmo snexnpuueckotl snepeuu. Tepmunoi
u onpeodenenus DeKmpuieckas 4acmo 1eKmpoCmanyull u
anexnpuyeckoi cenu. Tepmunvl u onpedenerus

Kopomxue samvikanus 6 snekmpoycmarnoskax. Tepmunbl u onpeoenenust
Kopomxue samvikanus 6 s1ekmpoycmarnoskax. Memoowl pacuema 6
INEKMPOYCMAHOBKAX NEPEMEHHO20 NOKA HANPSINCHUEM cabliue | kKB
Kopomkue 3amvikanust 8 anexknpoycmmogkax. Memoowt pacuema 6
NEKMPOYCMAHOBKAX NEPEMEHHO20 NOKA HANPsddicHUeM 00 1 kB
CmaHnoapmul HAnPIOJICHUS

2. CtpoutesnbHbIe HOPMBI | TIPaBUiIa
Topsoox paspabomku, coenacosanus u cocmag 0O0CHOBAHUI UH-
seCmuyuil 8 CmpoumenIbCmeo NPeOnPUIMULL, 30AHULL U COOPYINHCHULL
Cocmas, nopsi0ok paspabomxu u co2naco8anus RPOEKmMHoOU 00Ky
Menmayuu 8 cmpoumenscmse Ecmecmsennoe u uckyccmeennoe
ocsewenue Dnekmpomexnuueckue yempoiicmea Cucmemvl
agmomamusayuu
Hnempykyus no npoekmupo8anuio 31eKmpoCcHabINCHUS NPOMbILU-
JIeHHBIX NPeOnpusmull
Hnempykyus no npoekmuposanuio cuno8o2o u 0CeemumenbHo20
21eKMpPooOOPyO08aHUs NPOMBIULIEHHBIX NPEONPUAMULL
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IMIOEKTUPOBAHUE CHUCTEM 3JIEFOTOCHABXEHU S

Tabnuya I12

ConpoTuBieHHE TMPOBOAOB M TPEX>KWIbHBIX Kabesei

Ceuenue | Axemsnoe conpo- Hnoyxnuenoe conpoemenenue, Om/km(mOm/m)
emenenue ocunvl npu | Kabenw ¢ noscuoi uso- Tpu nposoda 6 npyobe,
JHCUTBL, 30°C JAYuell HanpaxceHuem, KB Kabens ¢ pe3surHosou
mm” anmomu- | meomnoti 1 6 10 UNU NOTUBUHUIIXAO-
HUegol puonoll usonsyue
1 - 18,5 - - - 0,133
15 - 12,3 - - - 0,126
2 15,6 9,2 - - - 0,121
2,5 12,5 7.4 0,104 - - 0,116
3 10,4 6,13 - - - 0,113
4 7,81 4,63 0,095 - - 0,107
5 6,25 3,68 - - - 0,103
6 521 3,09 0,09 - - 0,1
8 3,91 2,3 - - - 0,1
10 3,12 1,84 0,073 0,11 0,122 0,099
16 1,95 1,16 0,0675 | 0,102 0,113 0,095
25 1,25 0,74 0,0662 | 0,091 0,099 0,091
35 0,894 0,53 0,0637 | 0,087 0,095 0,088
50 0,625 0,37 0,0625 | 0,083 0,09 0,085
70 0,447 0,265 0,0612 | 0,08 0,086 0,082
95 0,329 0,195 0,0602 | 0,078 0,083 0,081
120 0,261 0,154 0,0602 | 0,076 0,081 0,08
150 0,208 0,124 0,0596 | 0,074 0,079 0,079
185 0,169 0,1 0,0596 | 0,073 0,077 0,078
240 0,13 0,077 0,0587 | 0,071 0,075 0,077
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MIOEKTUIOBAHHME CUCTEM 3JIEKTPOCHABXEHU S

Tabnuya 113
CpenHee 3HAYCHHME 4YKCIIA YACOB HCIIOJIb30BAHHS

MaKCuMyMa B IIPOMBIIIJICHHOCTH

IToTpebuTenn T, a/ron

1 2
ITo cmennocTn
OnHOCMEHHBIE 2000-3000
JIByXCMEHHbIE 3000-4500
TpexcmeHHbIe 4500-8000
I1o oTpacasM NpOMBIILIEHHOCTH
Meranyprudeckast 6500
Xumuaeckast 6200
I'opHOpynHas 5000
[emnrono3H0-0yMaXKkHast 5500—6000
JlepeBo0oOpadaThIBaIOIIAs U JIECHAS 2500-3000
OO0yBHas 3000
TexcTunpHas 4500
[Tnmesas 5000
Homurpaduaeckas 3000
MaluHOCTPOUTE/IbHAS M META/LI000padaTbIoalomast
3aBo TSHKETIOT0 MAITUHOCTPOCHUS 3800-"000
CraxccrpourenbHEIH 3aBOJT 4300-4500
WHCcTpyMeHTaNBHEIH 3aBO 4000-4200
[Tapukoxa IIIIITIKOBEIH 3aBO] 5000—5300
ABTOTPaKTOPHBIN 3aBOJT 5000
3aBoJ1 MOITFEMHO-TPAHCIIOPTHOTO 000PYIOBAHHUS 3300-3500
3aBoJI CENBbX03MAIIINH 5000—5300
ABTOPEMOHTHEBIH 3aBOJI 3500-4000
[TapoB030BarOHOPEMOTTIIIBINA 3aBOJT 3500-4000
[TpubopocTpouTenbHbIN 3aBOA 3000—3200
3aB0/1 3EKTPOTEXHUUECKOTO 000y I0BaHUS 4300-"500
Merajuicka0pabaThrBaroinii 3aBo1 4300-4400
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II"OEKTUPOBAHUE CUCTEM 3JIEKTPOCHABXEHIA

Tabnuya 114

TexHUdeckne XapaKTepUCTUKH TpaHCc(POpPMATOPOB s
KOMIUIEKTHBIX TpaHC()hOPMaTOPOB TMOJICTAHIIAN

Tun Homunanenas Ilompu kBm Hanps- Tox
MOUWHOCHD, arcenue K3, | xonocnoeco
kB-4 X0M0CN020 K3 % xo0a,

xo0a %
TM3-630/10 630 1,31 7,6 55 1,8
TM3-1000/10 1000 19 10,8 55 1,2
TM3-1600/10 1600 2,65 16,5 6,0 1,0
TM3-2500/10 2500 3,75 24,0 6,0 0,8
TMBM3-630/10 630 12 8,5 55 0,4
TMBM3-1000/10 1000 1,65 11,0 55 0,4
TC3J1-630/10 630 1,65 il 55 14
TC3J1-1000/10 1000 2,0 10,2 55 1,0
TC3J1-1600/10 1600 2,8 15,0 55 0,7
TC3J1-2500/10 2500 4,6 20,5 6,0 0,65

Tabnuya I15 PacueTHbie
KO3(D(PUIIMEHTBI ANEKTPUYECKUX HArPy30K AIIEKTPONPHEMHHKOB

No Koagppuyuenma
nn On exnponpuemt uxu
K cos<p K
u c
2 3 4 5
Menunnopesicywue cmmru menkoceputinoeo |0,12—0,14 (0,4—0,5 | 0,14—0,16
npouzeoocma, menkue noKopHule, CHpO2alb-
Hble, 00N10ediCHbIe, (hpe3epHble, C8epIUTbHbIe,
KapycenvHbie, NOYUIbHbIE U OP.
2 |To orce, npu kpynnoceputinom npousgeoeme 0,16 0,5—0,6 0,2
3 | To orce, npu IDKETIOM pedicume pabonsl: wimam- 0,17 0,65 0,4
N0BOUHbBLE NPECChl, 0BIOMCNIbL, PEBOIbEEPHYIE,
060upounvle, 3y00hpesepvle, a MiHCIUE Kpyn-
Hble NOKOPHble, CNpo2anbHble, Qpesephvie, Ka-
pycenvHble, pacnoynsvie CMmKU
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MMPOEKTUPOBAHUE CUCTEM DJIEKTPOCHABXXEHNS

Ilpooonsioenue maon. 115

1 2 3 4 5

4 To 2tc, ¢ 0CO60 NANCTILIM PEHCUMOM 0,2—0,24 0,65 0,4
pabonwi: nPUBoObL MOJIONOB, KOBOU-
HBIX MAUIUH, OLOYUTLHBIX CIIMKOS,
oyucmHwIx 6apabaros u op.

5 Mnozownunoenvuvie ageromanst 0,2 0,6 0,23

6 | Kpanvl mocziosvle, epetihephuie, 0,15—0,35 0,5 0,2—0"
Kpau-6anku, menvgepol, mughnot

7 Benmmsanopot, canunupno- 0,65—0,8 0,8 0,7—0,8
2USUCHUYECKASL CHMUUAYUSL
Hacocvi, komnpeccopyi, dgucanenu- 0,7 0,85 0,75
2eHepanopol

9 Ceapounvle npare ghopmamopul 0yeo- 02 0,4 0,3
801l INEKMPOCEAPKU

10 [Ileuu conpomuenenus, cyuunvhoie 0,75-0,8 1,00 0,75—0,9
wiKkagwl, Hagpesamenvbie npubOPol

11 | MnoyryuonHbie neuu HusKou yacno- 0,7 0,35 0,8
net

12 | Unoykyuonnsie nevu 8bicokoii yac- 0,7 0,65—0,8 0,8
nonwl

13 | Buesamopet, npancnopmapui, kouseii- 0,4—035 0,75 050,65
epul

14 | yeosvie cmanennasunbhbie neyu 0,5—0,75 0,8—0,9 0,6—0,8

15 | I'anwsanuueckue ycnunosxu 0,4—0,5 0,6—0,8 0,5—0,6

16 LInughosanvuvie cnunku menuti006- 02—0,35 0,65 02504
pabonku
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TTPOEKTHPOBAHUE CUCTEM DJIEKTPOCHABXEHM

Tabnuya 116
3HaueHusT KOX(P(GUIMEHTOB pacueTHOW Harpy3ku K s
MUTAIOLIKX ceTel HanpsukeHueMm 1o 1 kB

s, Koaddumment ucnonb3oBanus K,

0,1 0,15 0,2 0,3 0,4 0,5 0,6 0,7 0,8
/ 2 3 4 5 6 7 8 9 10
/ 8,00 5,33 4,00 2,67 2,00 1,60 1,33 1,14 1,0
2 6,22 4,33 3,39 2,45 1,98 1,60 1,33 1,14 1,0
3 4,05 2,89 2,31 1,74 1,45 1,34 1,22 1,14 1,0
4 3,24 2,35 191 1,47 1,25 1,21 1,12 1,06 1,0
5 2,84 2,09 1,72 1,35 1,16 1,16 1,08 1,03 1,0
6 2,64 1,96 1,62 1,28 1,14 1,13 1,06 1,01 1,0
7 2,49 1,86 1,54 1,23 1,12 1,1 1,04 1,0 1,0
8 2,37 1,78 1,48 1,19 1,1 1,08 1,02 1,0 1,0
9 2,27 1,71 1,43 1,16 1,09 1,07 1,01 1,0 1,0
10 | 2,18 1,65 1,39 1,13 1,07 1,05 1,0 1,0 1,0
u 2,11 1,61 1,35 1,1 1,06 1,04 1,0 1,0 1,0
12 | 2,04 1,56 1,32 1,08 1,05 1,03 1,0 1,0 1,0
13 | 1,99 1,52 1,29 1,06 1,04 1,01 1,0 1,0 1,0
14 1,94 1,49 1,27 1,05 1,02 1,0 1,0 1,0 1,0
15 1,89 1,46 1,25 1,03 1,0 1,0 1,0 1,0 1,0
16 | 1,85 1,43 1,23 1,02 1,0 1,0 1,0 1,0 1,0
17 1,81 1,41 1,21 1,0 1,0 1,0 1,0 1,0 1,0
18 1,78 1,39 1,19 1,0 1,0 1,0 1,0 1,0 1,0
19 1,75 1,36 1,17 1,0 1,0 1,0 1,0 1,0 1,0
20 1,72 1,35 1,16 1,0 1,0 1,0 1,0 1,0 1,0
21 1,69 1,33 1,15 1,0 1,0 1,0 1,0 1,0 1,0
22 1,67 1,31 1,13 1,0 1,0 1,0 1,0 1,0 1,0
23 | 1,64 1,3 1,12 1,0 1,0 1,0 1,0 1,0 1,0
24 1,62 1,28 1,11 1,0 1,0 1,0 1,0 1,0 1,0
25 1,6 1,27 1,1 1,0 1,0 1,0 1,0 1,0 1,0
30 1,51 1,21 1,05 1,0 1,0 1,0 1,0 1,0 1,0
35 1,44 1,16 1,0 1,0 1,0 1,0 1,0 1,0 1,0
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MMPOEKTUPOBAHUE CUCTEM DJIEKTPOCHABXEHI S

IIpooonscenue maon. 116

1 2 3 4 5 6 7 8 9 10
40 1,4 1,13 1,0 1,0 1,0 1,0 1,0 1,0 1,0
45| 1,35 u 1,0 1,0 1,0 1,0 1,0 1,0 1,0
50 1,3 1,07 1,0 1,0 1,0 1,0 1,0 1,0 1,0
60 | 1,25 1,03 1,0 1,0 1,0 1,0 1,0 1,0 1,0
70 12 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0
80| 1,16 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0
90 | 1,13 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0
10 11 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0
Tabaruya 117
3navyeHus: KodQPUIMEHTOB pacyeTHOW Harpy3ku K Ha HIMHAX
LIEXOBBIX TPAaHC(HOPMATOPOB U AJISI MATUCTPAJIBHBIX IIMHOIIPOBOJOB
HamnpspkeHueMm 1o 1 kB
n Koadduuuent ncnonp3oBanus K,
3
0,1 0,15 0,2 0,3 0,4 0,5 0,6 0,7 u
bonee
1 8,00 5,33 4,00 2,67 2,00 1,60 1,33 1,14
2 501 | 344 | 269 | 19 | 152 | 124 | 111 1,0
3 2,94 2,17 1,8 1,42 1,23 1,14 1,08 1,0
4 228 | 1,73 | 146 | U9 106 | 1,04 | 1,0 0,97
5 1,31 1,12 1,02 1,0 0,98 0,96 0,94 0,93
6-8 12 10 |09 |09 |094 | 093 |O0092 0,91
9-10 11 0,97 0,91 0,9 0,9 0,9 0,9 0,9
11-25 038 08 08 | 085 |08 |08 | 09 0,9
26-50 0,75 0,75 0,75 0,75 0,75 0,8 0,85 0,85
bonee 50 0,65 0,65 0,65 0,7 0,7 0,75 0,8 0,8
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TMTPOEKTUPOBAHNE CUCTEM DJIEKTPOCHABXEHNS

pacdeTHol Harpy3kH Ha mmHaxX 6-10 kB PIT u ['TIIT

Tabnuya 118
3HaueHnss KOd((DHUIMEHTOB OTHOBPEMEHHOCTH JIS OIpPEACIICHUS

Cpeonesssewenbiil Yucno npucoedunenuii 6-10 kB na coopuvix wunax PIT u I'TIIT
K03 Puyuenm
UCNONIL30BAHUS
2—4 5—8 9—25 oonee 25
K, <03 0,9 0,8 0,75 0,7
03<K,<05 0,95 0,9 0,85 0,8
0,5 <K,<08 1,0 0,95 0,9 0,85
K,>08 1,0 1,0 0,95 0,9
Tabauya 119

3HaueHUsT KOA(PQGUIMSHTOB CIPOCa U MOITHOCTH JUIsl OTICIBHBIX

[IEXOB, KOPIIyCOB, YCTAaHOBOK M TMOTpeOUTeneit

No Haumenosanue K. COXd
st/st y
1 2 3 4
| Pemonemo-mexanuueckue 0,2—0,3 0,65—0,75
2 Dnexnpopemommeuie 0,3—0,4 0,7—0,8
? Hacocnvie, kucnopoonvle u komnpeccoproie Cmanyuul ¢ 0,7—0,8 0,7—0,85
INLEKNPOOBULAIICTAMY HUZKO2O HANPAIMHUSL
4 To om, ¢ 21eKNPOOBULANCTIAMU BLICOKO2O HANPINCEHUSL 0,75—0,85 0,8—0,9
a)  ACUHXPOHHBIMU 0,75—0,85 0,9—-0,95
6) CcunxpoHHBIMU
5 Bennunayuonnvie ycnmosxu u onouiienue 0,64—0,8 0,8
6 T'azoeenepcaropnvle cmenyuu 0,4—0,6 0,7—0,8
7 Jluneiinvie uepHbIX MemuI08 0,6—0,8 0,7—0,9
8 Jlunetinvie yeemuvlx Memmios 0,7—0,8 0,8—0,95
9 Bnoxu ocrogHuix yexos 0,3 0,75
10 Bnoxu ecnomozanenbhbix yexos 0,25 0,7
u IlInamnosoumnvle, mexanuueckue u HOKOpHbie 0,25—0,4 0,6—0,8
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MPOEKTPOBAHUME CUCTEM 3JIEKTPOCHABXEHM I

Ilpooonsicenue mabn. 119

1 2 3 4

12. | Uucnpymenemuvivle 0,2—0,25 0,65—0,8
13. [ Mexanoc6opounvie u 3acoctosunenvhvie 0,25-0,4 0,65—0,75
14 | Memwnoxoncnpyxyuii 0,5—0,7 0,6
15. | Bakanounvie 0,7 0,75
16. | Kysueuno-npeccogvie 0,25-0,4 0,65—0,7
17. Tepmuueckas nacpyska (nacpesaneivhvie neyu) 0,8—0,9 0,85—0,95
18. | Kpanosas nacpyska, noovemMHuxu 0,3—0,4 0,5—0,7
19. | Onexnpoceapka 0,3—0,5 0J—0J
20. | Hdepesooboenounvie, cmoasipHoie 0,2—0,4 0,6—0,8
21. | Manrsapuvie, moOenvhble 0,5—0,6 0,5—0,6
22. Cobcmeentbie Hyo/Obl 91eKnpOCnUHYUL 0,7—0,8 0,75—0,8
23.  |Jlabopamopuu 0,6—0,9 0,7—0,9
24. | 3asoooynpasnenue, npoxoonvie, KB u mn. (cunosas na- 0,3—05 0J—0J

2py3Ka)

25. | Heno (2co., nosuipnvie) 0,4—0,6 0,6—0,8
26. | Jeno anexnpokap 0,6—0,8 0,75—0,9
27. Tapasw 0,4—0,6 0,65—0,8
28. |Kanenvnuie 0,6—0,8 0,7—0,8
29. Ckadvl onkpwinvie 0,2—0,4 0,6—0,7
30. Craadvl 3axkpwinvle, 20n060U NPOOYKYUU, MALA3UHBL 0,6—0,8 0,8—1,0
31. Cnonosvie 0,6—0,8 0,9
32. Jlecoszasoowt 0,4—0,6 0,7
33.  |Jlecocywunxu 0,76—0,8 0,75—0,9
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TTPOEKTPOBAHUE CUCTEM DJIEKTPOCHABXEHM

Tabauya 1110
VYienbHbIe IUIOTHOCTH JJICKTPHYECKUX HArPy30K

9
Haumenosanue yexa Inomiocnv anexeepuueckoul Haepysku, kKBmm'
1 2
HUnenpymenmuwivnolii 0,12—0,14
Pemonmio-mexanuueckuii 0,13—0,16
TepmoobpybHblil 0,14—0,16
Oxpacounvlii 0,14—0,16
lepesoobpabamvisarowui 0,15—0,18
Mexanuueckuil 0,15—0,19
Bazonocbopounviii 0,17—0,22
Tepmuueckuui 0,18—0,24
3azomseunen b Ho -npeccosbil 0,20—0,26
Mezmun okoHcnpyKyuil 0,22—0,30
Pamno-ky3o6mnoi 0,23—0,32
Yyeynonumerinuiii 0,25—0,32
Cmanenumetinvii 0,30—0,68

Tabnuya ITH
TexHU4ecKUe XapaKTEpPUCTUKM MAarHUTHBIX ITyCKaTelen
TpexdaszHoro Toka cepuu [IMJI npu Hanpspxennu 380 B

Tun 6 3a6ucumocnu Omcmnery 3auunsl THomunanwvueiii 2ok, A,
6 peacume A C3 npu
CNBNEeHU 3auunbl
IPO0 IP54 IP0O0 IP54
TIMJT 110004 IIMJI 121002 10 10
1IMJT 210004 IIMJI 221002 25 22
IIMJT 310004 IIMJT 321002 40 36
IIMJT 410004 IIMJT 421002 63 60
IIMJT 510004 IIMJT 521002 80 80
IIMJT 610004 IIMJT 621002 125 100
IIMJT 710004 IIMJT 721002 200 160
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MMPOEKTPOBAHUE CUCTEM 3JIEKTPOCHABXEHM I

Tabnuya 1112

TexHuyeckue HgaHHBIC npeﬂoxpaHnTeﬂeﬁ

Tun Homunanvnoe Homunanvnwiii morc, A Ipeodenvhviii
Hanpsicenue, omKOYaeMblil
B npedoxpa- n1a6KoU 6CNAGKU morc, k4
Humenst
HITH2-63 500 63 6, 10, 16, 20, 25, 31, 40, 63 10
11H2-100 380 100 31,5, 40, 50, 63, 80, 100 100
11H2-250 380 250 80, 100, 125, 160, 200, 250 100
11H2-400 380 400 200, 250, 315, 355, 400 40
11H2-600 380 630 315, 400, 500, 630 25
Tabnruya 1113

TexHudeckue IgaHHBIC aBTOMATHUYECKHX BBIKJIIOYATENICH cepuu
BAS51 u BAS52 ¢ KOMOMHUPOBAaHHBIM PACLEITUTEIIEM

Tun Homunanvhwviti moic A Kpatnocts
BBIKIIO TOKa
yanens OTCEYKH TI0

BbIKIIIO pacuenurens, / OTHOIICHHIO
uanens
K/
1 2 3 4
Oonono
JIHOCHblE
BA 5129 63 6,3, 8, 10, 12,5, 16, 20, 25, 31,5, 63
BA51-311 100 6,3, 8, 10, 12,5, 16, 20, 25, 31,5, 40, 50, 63, 80, 3,7,10
100
Tpexno
JIOCHblE
BAS5IT25 25 0,3,04,05,06,0,8,1,0,1,25,16, 2,25, 3,15,4,5 14
6,3,8, 10, 12,5, 16,20,25
BA 5125 25 6,3,8, 10, 12,5, 16,20,25 7,10
BA 51 31 100 6,3, 8, 10, 12,5, 16, 20 25, 31,5, 40, 50, 63, 80, 3,7,10
100
BA 517-31 100 16, 20, 25, 31,5, 40, 50, 63, 80, 100 14
BA 52 31 100 16, 20, 25, 31,5, 40, 50, 63, 80, 100 37,10
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TMTPOEKTUPOBAHUE CUCTEM DJIEKTPOCHABXEHNS

Ipooonscenue maon 1113

1 2 1 4

BA 51 11 160 80, 100, 125, 160 10
BA 52-11

BA 51I-11 160 80, 100 125, 160 14
BA52I-11

BA 51-15 250 80, 100, 125, 160, 200, 250 12
B A 52-15

BA 51-17 400 250, 120, 400 10
BA 52-37

BA 51-19 610 400, 500, 610 10
B A52-19 250, 400, 500, 610 10

Tabnuya 1114

TexHUYeCKHe JaHHbIE aBTOMATHYECKHX BbIKJIIOYATeNeill cepuii
BAS3, BASS, BA75 ¢ nmoaynpoBOJHUKOBLIMU pacUenuTeaIsIMU

Tun BeIKITIOYATENS HomuHansHEIH TOK ‘YcTaBka TOKa pacuenurens B

BBIKITIOUaTEsA / , A 3oHe K3, kpatHast /
Jrow' L oM D

BA 53 -37 160, 250, 400 2,3,57,10

BA55 -37

BA55-39

BA53-39 160,250,400,630 _

BA53-41 B 1000 2,3,57

A55-41 1600

BA53-43 B 2500 2,35

AS55-43

BA75-45 2500 2,3,57

BA75-47 4000 2,35

ITpumeuanue. Bolknrogareny IOIyCKatOT PEryJIMPOBKY HOMHHAIBHOTO TOKA
YCTABKM MAKCHMAITFHOTO PaclenUTesIst (7,qyp,) TPEMS CTYTICHSIME B TIpeJieNiax OT HO-
MHHAJIEHOTO ToKa Bhikmouaressi | 710 0,8/ wm 10 0,63/ Hanpumep, BASS5-37

Ha 250 A MoxeT nMeTh /
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MMPOEKTUPOBAHUE CUCTEM DJIEKTPOCHABXEHIS

Tabnuya 1115 Texandeckue

JaHHbIE OCHOBHBLIX THIIOB PpacHpeaeTUTeNbHBIX NaHelell MUTOB
cepuu IO 70-Y3

Tun nanenu

Homunanvhoi miok, A u ko-

UYecms npucoeouHeHull

KOAMiy}’lWMOHHblE u 3awunusle annapanbl

1[[070-01
1[070-02
11]070-03
11]070-04

11]070-05
11]070-07
11]070-30
11]070-31
11]070-34
11]070-70
1]O70-71
1]O70-72

JIuHelHbIe MaHeH

100x2 + 250x2
250x4
250x2+400x2 600 x 1

100x6

250x4

BBoanbie naHean
600

1000 1000
CeKIHMOHHbIE TAHETH
600

1000

1000

Pybunvhuxu ¢ npedoxpanumasimu

11H2-100

Pybunvhuxu ¢ npedoxpanumasimu

11H2-250

Py6unvnuxu c npedoxpanumasmu

ITIH2-250 u ITH2-400

Pybunvhux ¢ npedoxpanumaimu

11H2-600

Pazveounumnu (00un na npu npucoeounenus),
aenomanuyeckue sviknouanenu AE2056
Pasveounumau (0oun na 06a npucoeouHenus),
asnomanuueckue sviknouanenu BA5SI-35
PybunvHux ¢ npedoxpanumiimu

11H2-600

Pybunvrux

Paszvedunumns, agemmanuueckuil 6bIKII0YANENb
B A53-41

Pybunvnux

To 3sm

Paszveounumnu, agnomanuyeckuii 6bIK1I04aNeb
B 453-41

[Tpumeuanue: Bee maHenmm UMEIOT IEKTPOTMTHAMIYECKYIO CTOMKOCTE 30 KA.
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TTPOEKTMPOBAHUE CUCTEM DJIEKTPOCHABXEHM

Tabnuya I116

lxader pacupemenurenbubie cepuu  LIP11

Tun wxagpa Homunanouwiit m>x 6600H020 Hucno npexnomocubix epynn
py6unsnuxa P18, A npedoxpanumeneii Ha ONXOOAWUX
JIUHUAX U UX HOMUHATbHbLE NOKU, A

IPH —173701 250 5x63

1IPH — 73702 250 5x 100

1IPH — 73703 250 2x63 + 3x100

1IIP11 — 73704 400 8x63

LIPH —173705 400 8x 100

rp11 — 73706 400 8x250

rpa — 73707 400 3x 100 + 2x250

LIPH —173708 400 5x250

LIPH — 73709 400 4x63 + 4x100

IPH —13710 400 2x63 + 4x 100 + 2x250

Py —13711 400 6x 100 + 2x250

Tabnuya 1117

OCHOBHBIE TEXHMYECKHE HaHHBIE MAarucTpPabHBIX
IIMHONIPOBOIOB TiepeMeHHoro Toka I[IIMA4

’./XQ Tokasanenu LII4-12F0 | [IIMA4-1600 | I[IMA4-2500 | [1IMA4-3200
n
1. |Homunanonoui nox, A 1250 1600 2500 3200
2. |Homunanvnoe nanpsicenue, B 660 660 660 660
3. | Dnexmpoounamuueckas aoii-
Kxocnb, kKA 70 70 70 70
4. |Conponusnenue na gasy,
Om/xm:
aKnueHoe 0,0338 0,0297 0,0169 0,0150
UHOYKNUBHOE 0,0161 0,0143 0,0082 0,0072
5. | IHomnoe conponusnenue nemu
pasza-nynv, Om/km 0,0862 0,0872 0,0822 0,053
b. |Jlunetinas noneps nanpsisice-
nust, B, na 100 m npu /,,,,,,, cOp
=0,8 u naepysxe, cocpe-
00NOYEHHOU 8 KOHYe TIUHUU 8,93 9,13 9,7 9,0
Y. | Crnenenv sawunst 1P44 1P44 1P44 1P44
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MOEKTUIOBAHUE CUCTEM DJIEKTPOCHABXEHIUA

Tabnuya 1118 OcHOBHBIC
TEXHUYCCKHUEC JaHHBIC pPacClnpeaAcIuTCIbHbIX IIMHOIIPOBOAOB
[IPA4
MNe Ioxaszamenu LIPA4-100  Tun wunonposooa LLIPA4-250

LIIPA440011IPA4-630

1. |Homunanvnoiii m/x, A 100 250 400 630
2. | Onexmpoounamuueckas cerotikocns, kA 7 15 25 35
3. |Conponusnenue na gazy, Om/km:
aknueHoe - 0,21 0,15 0,10
uuoyknuenoe - 0,21 0,17 0,13
4. |Jluneinas nomps nanpsicenus, B,
na onune 100 m npu | u cos® =0,8 - 6,5 8,0 8,5
5. | Coemens sauuns P44 P44 IP44 1P44
Tabnuya 1119
OtBerBUTENBbHBIE KOpOOKKM mmMHONpoBoga I[IIPA4
Tun Haumenosanue Homunanvuwiii Homunanvuwiii
KOpOOKU annapam nok annapama, A LIIPA 4, A
Y2031 Ipedoxpar uezen v 100 250, 400, 630
ITH2-100
V2032 Pazveounumno 160 250, 400, 630
V2033 Pazveoununens 250 400, 630
Y2034 AenomamA3710 160 250, 400, 630
Y2035 Aem>mamA3720 250 400, 630
V2038 A enomamA E2050 100 250, 400, 630
V2180 Pazveoununens 400 400, 630
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IMIOEKTUPOBAHUE CUCTEM DJIEKTPOCHABXEHNA

Tabnuya 1120

HomyctrMble IuTeNbHBIE TOKHU IS IPOBOJIOB C PE3MHOBOM U
MOJIMBUHWIXJIOPUAHON H30JALMEH C aTOMHUHHEBBIMU O KHIIAMHU

Ceuenue Tox, A, 0ns nPoB0A08, NPONOIHCEHHBIX
6 00HOU npybe
oswetn ONKPbINO 08yx npex yenvipex 00H020 00H020
JHICUTL, MM 00HO- 00HO- 00HO- ogyx- npex-
HCUTHBIX HCUTHBIX HCUTLLHBIX HCUTLHO2O 3XKIIBKOTO

2 21 19 18 15 17 14

2,5 24 20 19 19 19 16

3 27 24 22 21 22 18

4 32 28 28 23 25 21

5 36 32 30 27 28 24

6 39 36 32 30 31 26

8 46 43 40 37 38 32

10 60 50 47 39 42 38

16 75 60 60 55 60 55

25 105 85 80 70 75 65

35 130 100 95 85 95 75
50 165 140 130 120 125 105
70 210 175 165 140 150 135
95 255 215 200 175 190 165
120 295 245 220 200 230 190

150 340 275 255 - - -

Tabnuya 1121

JlomycTuMble UIMTENbHBIE TOKH I KaOeleld HampsuKeHHEeM
1o 1 kB ¢ amoMUHHEBBIMY KUJIAMU ¢ PE3UHOBOU HIIH
IJIACTMAacCOBOM H30JISIUMEM B CBHUHIIOBOM, IOJMBUHWIXJIOPUIHOU
U PE3MHOBOH 0005I0uKaX, OpPOHUPOBAHHBIX U HEOPOHHPOBAHHBIX

Ceuenue Tox kabenei, A
noKonposo- OOHOICUNLHBIX 08YXIHCUTILHBIX NPEXHCUILHBIX
‘)ﬂ“f'e“ JHCUTIDL, npu npoKIaoKke
MM 6 6030yxe 6 6030yxe 6 3emie 6 86030yxe 8 3emie
2,5 23 21 34 19 29
4 31 29 42 27 38
6 38 38 55 32 46
10 60 55 80 42 70
16 75 70 105 60 90
25 105 90 135 75 115
35 130 105 160 90 140
50 165 135 205 10 175
70 210 165 245 140 210
95 250 200 295 170 255
120 295 230 340 200 295
150 340 270 390 235 335
185 390 310 440 270 385




MMPOEKTUPOBAHUE CUCTEM DJIEKTPOCHABXEHIS

Tabnruya 1122

JlomycTuMBbIe JUINTeNbHbIE TOKH /ISl MEPEeHOCHBIX MIJIAHTOBBIX
IIHYPOB U KaleJsei, rIOKUX Kabeeil, IIAXTHBIX THOKUX

IIUIAHTOBBIX, NPOKEKTOPHLIX Kalejleli M NEPeHOCHBIX NPOBOIOB

¢ MEIHBIMH KHJIAMH

Ceuenue Llonycmumsiii mox npooonuxos, A
2
HCURLE, MM OOHOMCUILHBIX O0BYXIHCUTLHBIX NPEXHCULLHBIX
0,5 - 12 -
0,75 - 16 14
1,0 - 18 16
15 - 23 20
2,5 40 33 28
4 50 43 36
6 65 55 45
10 90 75 60
16 120 95 80
25 160 125 105
35 190 150 130
50 235 185 160
70 290 235 200

HpI/IMC‘laHI/ICI TOKH OTHOCATCA K IIPOBOAHHKAM C HyHeBOﬁ JKUJION U Oe3 Hee.
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TTPOEKTPOBAHNE CUCTEM 3JIEKTPOCHABXEHM

Tabnuya 1123 lomycTuMBbIi
JVIMTeJIBHBI TOK 17151 Kalesell ¢ aJlOMHHUEBBIMH JKUJIAMH C
OyMaskHO# U30JisIMell B CBHHIIOBOI WM ATIOMUHHEBOH 000J104Ke

Tox xabenen, A

Ceue-nue 7
orcunol, mm'
00HO- deyx- NPEXIULTLHBIX HANPsidiceHueM, KB uenvipex-
3KUNbHBIX 2MAbHBIX
d0 1 kB IULTLHBIX 003 6 10 o0 1 kB
do IkB
6 - 60/42 55/35 - - -
10 110/75 80/55 75146 60/42 - 65/45
16 135/90 110/75 90/60 80/50 75/46 90/60
25 180/125 140/100 125/80 105/70 90/65 115/75
35 220/155 175/115 145/95 125/85 115/80 135/95
50 275/190 210/140 180/120 155/110 140/105 165/110
70 340/235 250/175 220/155 190/135 165/130 200/140
95 400/275 290/210 260/190 225/165 205/155 240/165
120 460/320 335/245 300/220 260/190 240/185 270/200
150 520/360 385/290 335/255 300/225 275/210 305/230
185 580/405 - 380/290 340/250 310/235 345/260
240 675/470 - 440/330 390/290 355/270 -

[pumedanne. [lepen gepToii ykazaHsl TOKM Kabernei, MPOKIaIbIIaeMble B 3€M-
Jie, 3a 4YepTOH — B BO3JyXE.

Tabnuya 1124

IonpaBounblii ko3¢ PpuumeHT K, Ha KOJIMYECTBO PadOTAKIIUX
Ka0eJiei, Je:kalmmux psaaoM B 3emiie (B Tpydax uiu 0e3 Tpyo)

Paccnosnue mesxncoy Koagppuyuenmnpu xonuuecme xabeneti

Kabenamu 6 ceeny,

MM 1 2 3 4 5 6
100 1,0 090 (085 |080 |0,78 |0,75
200 1,0 092 |087 (084 (0,82 |081
300 1,0 093 (09 |087 |[086 |[0,85
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MMPOEKTUPOBAHME CUCTEM 3JIEKTPOCHABXEHV

Tabnuya 1125
3navenue kod(ppuumenta C 1Jsi ATIOMHHUEBBLIX MPOBOIHUKOB
No Buo nposoonuxa Ilpedenvro Benuuuna C, A
n/n donycmumas c /um’'
mmnepanypa, "C
1 Hlunwv 200 91
2 | Kabenu 10 kB ¢ 6ymadichoii
NPONUMANHOU U30AAYUeL 200 100
3 To om ¢ noausmunenogoul uzonsayuet 120 65
To sace ¢ nOAUSUHUNXTIOPUOHOT
uzonayueu 150 78
Tabruya 126 Bpems
nedicrBus TokoB K3 111 pa3iuyHbIX y4acTKoB ceTH 6—10
kB
Yuacmox cenu Yucno cnyneneli 3auunst Bpems oeticmus
8 cxeme cenu noxoe K3, ¢
TTII-1[PIT 3 2.6
TII-PIT 2 1.6(1.1)
I[PII-PIT1 2 1.6(1.1)
PII-TII 2—3 0.6
THI-TIH 2—3 0.6

[Tpumeuanne 3HadeHNs B CKOOKaX HE YIUTHIBAIOT BBIEPKKHA BPEMEHHU Ha
ceknnnoHHoM BeIKTOuaTene PII.
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