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NNPEAUCJIOBHUE

Hacrosimee ydueOHO-MeTOmMueckoe mocooue, pazpaboTka KOTOPOTO BBI3BaHA
OTCYTCTBUEM B JIUTEPATYpE COOTBETCTBYIOLIErO0 KOMIUIEKCHOTO Marepuaia,
COCTaBJICHO Ha OCHOBE y4€OHOU MpOorpaMMBbl U TUCHIUTUIAHBI TIO JIEKTPOCHAOKEHUIO
IIPOMBILUICHHBIX MPEANPUATANA C Y4YETOM ONBITA KYpCOBOTO M JIUIJIOMHOIO
IIPOEKTUPOBAHMS, BBIIOJHAEMOIO CTyAeHTamMu 1o HarpasieHuto 13.03.02, 13.04.02
«ONEeKTpOIHEPTreTUKa U JJEKTPOTEXHHKa» Ha Kadeape «DIEKTPOIHEPTETHKU
TynlV.

B 00béM MeTOAMYECKOTO  MOCOOMS  BKJIIOUYEHBI  BOMPOCHI  CHUCTEM
ANEKTPOCHAOXKEHUSI OOBEKTOB (KOPIYCOB, OTAENEHUM, YYACTKOB) IMPOMBIIUICHHbBIX
OpEeANnpuATAA M 3aBOJAOB  PA3IMUYHBIX  OTpacied  MPOMBIIIJIEHHOCTH, Kak
MIPUCYTCTBYIOIIME B DJIEKTPOTEXHUYECKUX IMporpammax HamnpasieHus 13.03.02,
13.04.02.

Y4ebHO-MeTOANUECKUM  TTocoOueM JETAIbHO pa3pabO0TaHbl OCHOBHBIC
MOJIOXKEHHUS AUIIOMHOTO IIPOEKTa Ha TeMy «DJIeKTpocHabkeHue o0bekTa (Kopiyca,
OT/CJICHHS, y4YacTKa, MPOMBIIUICHHOTO MPEANpUSATHS)», HAuMHAs C MEPBBIX €ro
CTaJUi — IPOU3BOACTBEHHOM U MPEAAUIITIOMHON MTPAKTHUK, NMpoBoasuxca B Tynl'y,
B OCHOBHOM Ha OJIHOM W3 NPOMBIIUICHHBIX MNPEANPUITHI, NTPOU3BOACTBEHHBIE
YCIJIOBHSI KOTOPOTO CITy>KaT OCHOBAHUEM BBIIIOJIHEHHSI TUTIJIOMHOTO IPOEKTA.

B ydeOHO-MeTOonMYECKOM MOCOOMHU COJEpXKATCA CIpPAaBOYHBbIE JaHHbBIE MJIs
KOMILJIEKCHOTO MPOEKTUPOBAHUS DJIEKTPUYECKHX CETe M AJIEKTPOOOOPYI0BAHUS
AJIEKTPOYCTAHOBOK  OOBEKTOB  IPOMBIIUICHHBIX  npeanpustuil.  [IpuBeneHsl
TEXHUYECKUE PEIICHUS 10 MPUMEHEHUI0 00O0pYIOBAHMS, HOBBIE KOHCTPYKTHBHBIE
pemieHuss 1O  KaHaIM3aluMW  AJIEKTPOSHEPTHMH €  MPUMEHEHUEM  IAKETHBIX
IIMHONIPOBOIOB HanpspkeHueM 1o 1 kB. Jlanel pekoMeHIannyu no npoeKTUPOBAHUIO
CUCTEM DIIEKTPOCHAOKEHUS, DIIEKTPUUYECKUX CETEN U 3JIEKTPOOOOPYJOBAHUS.

Metoauueckoe mocoOue mpeanojiaraeT LIMPOKOE HCHOJIb30BaHUE NpU
pOoeKTUpoBaHuM opunranbHbIX UcTOYHUKOB B BUae [ITh, ITY3 u PTM, 3HakoMcTBO
C KOTOPBIMU SIBIISIETCS 00s13aTE€ILHBIM YCIOBUEM.

VYyebHoe mnocoOue mjis KypCOBOTO M JUIJIOMHOTO IPOCKTUPOBAHUS IO
CUCTEMaM DdJEKTpOCHaOXkeHUusl pa3paboTaHO Ha 0aze CKBO3HOIO KypCOBOIO
MPOCKTUPOBAHUS MO AUCHUIUIMHAM CHEIUANIM3alMKd y4eOHOTO IUIaHa HamlpaBJICHUS
13.03.02 u 13.04.02 «2neKTpO3HEPTETUKA U FIEKTPOTEXHUKAY.



BBEJIEHUE

Cucrembl 3JIEKTPOCHAOKEHHUSI TOPOJCKOIO XO3AHWCTBA U IMPOMBIIUICHHBIX
NPEANPUATANA COCTOST U3 JIEKTPUUECKUX CeTel HampshkeHueM 10 U Bbie 1 kB. Onu
BKJIIOUAIOT TpaHC(hOpMaTOpHBIE U MpeoOpa3oBaTelIbHbIE MOJCTAHIUMU, CIYKaT AJis
o0OecrieyeHUss TOPOJOB U TPENNPUATHN DIEKTPOIHEPTrUued B  HEOOXOAUMOM
KOJIMYECTBE M COOTBETCTBYIOIIETO KauecTBa [ 1-5].

DNEKTPOIHEPreTHUECKOE X035CTBO COBPEMEHHBIX ropojioB u
MIPOMBIIICHHBIX
MPEANPUATAA TPEACTABISAET COOON CIOXKHBIM DIIEKTPOIHEPTETUIECKUNA KOMILIEKC,
COCTOAIMK M3 OOJIBIIOTO YHWCIA PA3HBIX MO YHUCIY M MOIIHOCTH TOTpEOUTENeH
AIEKTPOIHEPTHUH.

VYcraHoBieHHAsT ONTHUMAajibHasg CTPYKTypa W PalHMOHAIBHO BBINOJHEHHAS
COBPEMEHHasi  CHUCTeMa  JJICKTPOCHAOXKEHUS  TOPOJOB M IPOMBIIIJICHHBIX
NPEANPUATAN JTOJKHA YAOBJICTBOPATh pALYy TpeOOBaHUN: HSKOHOMUYHOCTH U
HaJIEKHOCTH, 0€30MaCHOCTH U yA00CTBE IKCIUTyaTalluu, 00ECIIEYEHUIO HaJIeXaIlero
KauecTBa 3JIEKTPOIHEPTUHU.

CHmXeHue MoTepb AJIEKTPUYECKOM HHEPIruM, TMOBBIIICHUE HAJIEKHOCTU €€
pacnpenesieHus: U KaueCTBa - OCHOBHbBIE KPUTEPHUH SIEKTPOIP(HEKTUBHOCTH.

JMrioMHOE TIPOCKTUPOBAHME SIBISETCS BAaXXHBIM W OTBETCTBEHHBIM ATarioM
MOJATOTOBKM OakanaBpoB W MaructpoB mno HampasieHuto 13.03.02, 13.04.02 —
«INEeKTPOIHEPIeTUKA M JJICKTPOTEXHUKA», 3aBEPIIAIONIUM TMPOIECC OO0yUYeHHUS
CTYJICHTOB B BY3€ C IMPUCBOCHHWEM KBaIMPUKAIUU OakajaBp W Maructp IO
porITI0 «DIEKTPOCHAOKEHUES)»

Crynentsl, oOyvatonmuecss mo Hampasienuto 13.03.02, 13.04.02 nomxHbBI
CaMOCTOSITEJIbHO BBITIOJIHUTh aHAIW3 W O00OOIIEHHE CYIIECTBYIONUX METO/I0B
pacuéTa W TEXHUYECKHX PEHICHUN, TEOPETUYECKUE U OSKCIEPUMEHTAJIbHbBIC
WCCIIEIOBAaHUS  3a7ad  MpOOJIeMAaTUYECKOTO  XapakKTepa, 3HAThb  COCTOSHHE
OTEUECTBEHHOW W 3apyO0eXHOW TEXHWUKH W MPOBOJUTH OIEHKY WX 3(P(HEKTUBHOCTH,
yMEJIO HCIOJb30BaTh B pa3pabOTKax HOBEWIIHE AOCTHXKEHUS HAYKW M TEXHUKH,
npuMeHATh [I9BM 1 MUKpOnpoLecCOpHbIE CUCTEMBI.

[To mpodunio «DIEKTPOCHAOKEHHE» TOTOBSATCS CHCIUAIKUCTH IMHPOKOTO
npoduiss, crocoOHBIE OBICTPO OPHUEHTHUPOBATHCS B YCIOBUSX OBICTPOTO HAyYHO-
TEXHUYECKOTO M COLMAJIBLHOTO MPOrpecca, COUYETAIOIIME TEOPETUYECKHE 3HAHUS C
YyMEHUEM  peliaTh MNPAaKTUYECKUE  BOIPOCHI, CHOCOOHBIE  CaMOCTOSATEIHHO
pa3pabaThiBaTh YCTPOMCTBA U CUCTEMBI JIEKTPOCHAOXKEHMSI, BHEAPSATh 3aKOHUECHHbIE
pa3paboOTKu B MPOU3BOJCTBO, YMETH OOOCHOBBIBATH OCHOBHBIE TEXHUYECKUE JIAHHbBIE
UX KOHCTPYKILUM ¢ yUETOM HKCILTYyaTAlIMOHHBIX U SKOHOMUYECKUX TPEOOBAHUH.

YyebHO-MeTOAMUECKOE  MOocoOMe  NpelHa3Ha4eHO  JJId  CTYJIEHTOB-
JTUIJIOMHUKOB, PYKOBOJUTENEH JUIUIOMHOIO MPOEKTUPOBAHMS, KypaTOpoB U
PELIEH3E€HTOB  JIMIUIOMHBIX TMPOEKTOB, a TakKXe YIEHOB T'OCYJapCTBEHHBIX
AK3aMEHAIMOHHBIX KOMHUCCHUH 1O Mpohuiio «DiekTpocHadxkeHue». OHO onpenensieT
OCHOBHBIC TpeOOBaHUS K COJEPKAHUI0 W O(GOPMICHUIO IUIJIOMHOTO TPOEKTa B
LIEJIOM M OTJEIbHBIX €r0 pa3esoB, BKIOUYAs 3aJaHuE Ha MPOeKTHpoBaHue. B HEM
comepkaTcsi PEKOMEHJAIMM U TpeOOBaHUS K OpraHu3allud  JUIIJIOMHOTO
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MPOEKTUPOBAHUS, BKJIIOYAsl PELIEH3UPOBAHKE, IPEICTABICHUE U 3AIUTY AUIIJIOMHOTO
OpoeKTa Tepel ToCyAapCTBEHHOM HK3aMEHAIlMOHHOM KOMHCCHUEH, OILIEHKY U
oopMIIeHUE PE3YJIbTATOB 3alIUTHl. MeToInYeCKe YKa3aH!s COCTABIEHbI HA OCHOBE

«HCTpYKIIMM TO MOJATOTOBKE JUIUIOMHBIX MPOEKTOB (PabOT) B BHICHIUX YUEOHBIX
3aBEJICHUSIX.



1 OBLLWUE BOIMNPOCHI MPOEKTUPOBAHUA

1.1 UEJNIb U SAOAYN AUMITOMHOIO NMPOEKTA

BrinonHeHne AMIUIOMHOTO MPOEKTa MMEET CBOEH LENbI0 CHUCTEMATHU3ALUIO,
3aKpEIUICHHE W PACIIUPEHUE €ro TEOPETUYECKHX M NPAKTUYECKUX 3HAHUU IO
cnenuransHoct 100400 - DOnexTpocHabkeHUE, pa3BUTHE Yy CTYIEHTOB HAaBBIKOB
IIPUMEHEHUS NOJIYYEHHBIX 3HAHUMN I PELICHMS pealbHbIX MHXXCHEPHBIX U HAyYHO-
MCCJIEIOBATENbCKUX 33J1a4, IO3BOJSIIOIIUX OLEHUTHh CTENEHb MOJATOTOBIEHHOCTH
CTYJIEHTa U CAMOCTOSATEIbHOCTh UHKEHEPHOU AEATEIBHOCTH.

JlurimoMHOE MPOEKTUPOBaHUE 3aHUMAET B Y4eOHOM Ipoliecce 0co0oe MeCTo, B
X0JI€ KOTOPOT'O BBISBIISIETCS KOMIUJIEKC 3HAHUM, HABBIKOB U YMEHU, MPUOOPETEHHBIX
CTYyZIEHTOM B By3€. [I03TOMy KauecTBO AMIUIOMHOTO IIPOEKTa B 3HAYUTEIBHON Mepe
ABJISIETCA MMOKA3aTeJIEM KayeCTBa MOJATOTOBKH BBIITYCKA€MOT'O CIEUAJIUCTA.

[Ipy  wuccnenoBaHuWW, MPOCKTUPOBAHMM M IKCIUTyaTalldd  CHUCTEMBbI
ANEKTPOCHAOKEHUSI TOPOJICKOTO XO3AMCTBA W NPOMBIIUICHHBIX MPEANPUSITHIA
JOJDKHBI PEeIIaThCs CHEAYIOIIME OCHOBHBIE 3a/Jaud: ONTUMHU3ALMUS CTPYKTYPBHl H
NapaMeTpoB CXEMbl IMyTEM NPABHJIBHOTO BbIOOpAa HAIPSHKEHUM; OIpeleleHne
AIIEKTPUYECKUX HArpy30K M BBIIOJIHEHHWE TpeOoBaHUM K OecrnepeOoiHOCTH
AIIEKTPOCHAOKEHNS,

paloHaIbHBIA BBIOOp YMCIIAa U MOIIHOCTH TPaHC(HOPMATOPOB, KOHCTPYKIIUIM
TOPOJCKHX U TPOMBILUIEHHBIX CceTel; ompeaeneHue 3(P(YEKTUBHBIX CPEACTB
KOMIICHCAIIMH PEAKTUBHOW MOLIHOCTH U PETYJIUPOBAHMS HAIPSKECHHUSL.

[Ipy IUIMIIOMHOM MPOEKTUPOBAHUM CHCTEMBI 3JIEKTPOCHAOXKEHHSI TOPOACKOTO
XO034MCTBA M NPOMBIIUIEHHOTO NPEANPUITHS CTyAeHThl crienranbHocT 100400 —
«ONEKTPOCHAOKEHUEY PEIAIOT CIEAYIOIINE 3a1a4u:

- OINpENEIIEHNE PACUYETHBIX JIEKTPUUYECKUX HArpy30K IT0 NMOAPA3ACICHUSM U B
LEJIOM JIJISl TOPOJCKOIO X0341MCTBA U MPOMBILIIIEHHOTO MPEAIPUITHS;

- BBIOOp pallMOHAIFHOTO BapHaHTA BBHIMOJIHEHUS BHYTPUXO3SIICTBEHHON CETH
HanpsbkeHueMm Bbile 1 kB, Bkitouass TpaHchopMaTophl INIABHOM MOHMKAMOIIEH U
Y4aCTKOBOM MOJCTaHIINM, C Y4ETOM KOMIIEHCAIIUA PEAKTUBHOW MOIIIHOCTH;

- BBIOOp pPAIMOHAIBLHOTO BapHaHTa 3JEKTPOCHAOKEHUS BHYTPHUIIEXOBOW CETH
HanpsbkeHueM 10 1 kB, a Takke 31eKTpooOopy10BaHUsI 3TOM CETH.

JIMTITOMHBIR  TIPOEKT SIBJISIETCS BBIMTYCKHOM KBanM(pUKAIMOHHONW paboToi
CTylIEHTa, Ha OCHOBE KOTOPOW TOCYIapCTBEHHAs »SK3aMEHALMOHHAs KOMUCCHS
penaeT BOmpocC O MPUCYKICHUU eMy KBaTu(UKAIIUU MHXEHEePa-3JIeKTPHUKA.

1.2 NOArOTOBKA K BbINMOJIHEHUIO AUMIIOMHOIO NMPOEKTA

[TogroToBka K  BBINOJHEHUIO JUIUIOMHOTO IPOEKTAa HAYMHAETCA C
KOHCTPYKTOPCKO-TEXHOJIOTUYECKON MPAKTUKH, B MPOLIECCE KOTOPOU OMPENEISIOTCA
TEMbl JUIUIOMHBIX NPOEKTOB Ha creayromuid roa. CBOOHBIM NEpPEYEeHb TEM
JUIIOMHBIX TPOEKTOB paccmarpuBaercsi Kadenpoi. CTyneHTaMm NpeaocTaBiseTcs
MpaBo BbHIOOpA TEMBI JUIJIOMHOTO MPOEKTa U3 MPEIyCMOTPEHHOIO MEPEYHs TeM, a
TaKK€ BO3MOXHOCTh IMpeJjaraTb CBOK TeMy. B mocimengHem ciydae 3TO
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OTIpeesIeTCS MTUCHMEHHBIM 3asiBJICHHEM CTYICHTA Ha MMS 3aBeayromero kadempon
¢ 000CHOBaHHEM TIpe/IyIaraeMoi TeMbI U €€ 11e1eco00pa3HOCTH. 3aMeHa JUIIJIOMHOTO
pOeKTa AUIIOMHOM paboTo#l JOIMyCKaeTCsl TOJIBKO C pa3pelieHus] peKTopa U JeKaHa
¢akynprera. Ilpu 53TOM  numiomHas paboTa JAODKHA  HOCUTh — HAY4YHO-
MCCJIEI0OBATENLCKUI XapakTep, a Tak)Ke UMETh paCUETHO-TPaAPUUYECKYIO YaCTh.

J171s1 BBITIOJIHEHUSI KOHCTPYKTOPCKO-TEXHOJIOTUUECKOU MPAKTUKA HEOOXOIUMO
O03HAKOMUTHCSI € TMPOMBIIIJICHHBIM TMPEANPUITHEM UM CcOOpaTh HEOOXOJAUMBIMA
Marepuan I BBIMOJHEHUS JUIUIOMHOTO TIPOEKTa MO pa3paboTKe CHCTEM
AIEKTPOCHAOKEHU S MIPOMBIIIIJIEHHOT O MIPEINPUSITHS, XapaKTEPUCTHUKA
TEXHOJIOTUYECKOTO Ipolecca MPOU3BOJACTBA M HCTOYHUK IIUTAHUA KOTOPOIO
SABJISIETCS OJHUM U3 UCXOJHBIX TAHHBIX JIJI1 IPOCKTUPOBAHUS.

Huxe mnpuBeneH KpaTkuil TEpedeHb BOMPOCOB W YKa3aHUsA IO CcOOpy
MaTepHasIoB JJIsl BBITIOJHEHUS JUITUIOMHOTO TipoekTa (mpui. I1.3.).

[IpumepHbIli  0oOpaser; pacuyeTHO-TMOSACHUTEIBHON 3alMUCKUA  JAUIIJIOMHOTO
MPOEKTa MPUBEIECH B TpuioxkeHuu 11.4.

1.3 TEMATUKA AUMITIOMHOIO NPOEKTUPOBAHUA

JumomHbld  mpoekT mo cnenuanbHocTH 140211  «DnekTpocHabxeHue»
BKJIIOUAET B ce0sl pelIeHHe BOMIPOCOB, CBSA3AHHBIX C MPOU3BOJICTBOM, Iepenayei,
pacnpe/iesieHueM U MOTpeOIeHUEM 3JIEKTPOIHEPTHH, IJISi CUCTEM AJIEKTPOCHAOKESHHUS
IPOMBIIIIEHHBIX NPEANPUITHA M YCTAaHOBOK, T'OPOJOB M HACEIEHHBIX IIYHKTOB, a
TaK)K€ MPOEKTUPOBAHUE CHCTEM DJIEKTPOCHAOKEHMS ITPOMBIIIIEHHBIX OOBEKTOB U
rOpOJIOB.

TemaTuka AUIIIOMHOTO MPOEKTUPOBAHUSA AOJIKHBI COOTBETCTBOBATH MPOPUITIO
CHEUUATbHOCTH, ONpPENeNsATbCS TpeOOBaHUSIMU Y4YEOHOro IUIaHAa MOATOTOBKU
CHELHUATNCTOB U YYUTHIBATH PEaIbHbIE HY kbl TPOMBIIIIEHHOTO TPOU3BOACTBA.

Tembl TUMIIOMHBIX MPOEKTOB JTOJKHBI OBITH OPUEHTUPOBAHBI HA COBPEMEHHBIE
IIPOMBILUICHHBIE MPEANPUATHS C IPOTPECCUBHOM W  BBICOKONPOU3BOAUTEIBHOU
TEXHOJIOTHUEH, YYHUTHIBATH IKOJIOTHYECKUE BOIIPOCHI IIEKTPOIHEPTUU
MIPOEKTUPYEMBIX BHIOPAaHHBIX OOBEKTOB.

TemaTuka JUIUIOMHOTO IPOEKTUPOBAHUS OXBATHIBAET UIMPOKHM  Kpyr
BONPOCOB, 00YCIIOBICHHBIX YU€OHBIMH ITPOrPAMMAMU U3Y4aE€MbIX JUCIUILINH.

KoHKpeTHyl0 TeMaTuKy JWIUIOMHBIX IPOEKTOB pa3padaThiBaeT Kkadeapa
DNEKTPOIHEPreTUKUA C YUeTOM U PepeHIMpOBaHHOTO 00y4yeHus ctyaeHToB. [lpu
WHJUBUIyQJIbHBIX IJJaHAX OOY4YEHUS M MOATOTOBKE CHEIHAIUCTOB IO MPSIMBIM
JOTOBOPAM C MPEANPUITUIMU U YUPEXKICHUSIMH PEKOMEHIYIOTCS PUKIIAIHBIE TEMBI
JUIUIOMHOTO TPOEKTHUPOBAHUS C YYETOM BO3MOKHOT'O HMCHOJIB30BAHUS PE3yIbTaTOB
MPOEKTUPOBAHMS HA MPOMBIIIJIEHHBIX 00bEKTaX.

BonpmymMu TOCTOMHCTBAMU JIUIIJIOMHBIX MPOEKTOB SIBJIIIOTCS M3TOTOBJICHUE
CTYJEHTaMH JEHCTBYIOIIMX MOJENEH, a TakKe OpUTMHAJIbHBIE CXEMHBIE,
KOHCTPYKTUBHBIE M TEXHOJIOTMUECKHE pa3pabOTKU MO OTAEIbHBIM YacTSAM IMPOEKTa,
pazpaboTka nporpamm CAIIP 11 cucrem 31eKTpocHa0KEHNUS.

PekomeHayercss B JUIUIOMHOM HPOEKTE BBINOJIHATH JAETAIbHYIO Pa3pabOTKy



CHUCTEM DJIEKTPOCHA0KEHUS TMPOMBILIUIEHHOTO O00BbeKTa (3aBoja, MPEANPUSITUS,
HACEJIEHHOTO IMYHKTA).

Tema AUIMIOMHOTO IPOEKTa YTBEPKAACTCS MPUKA30M MO YHUBEPCUTETY.

[TpumepHbIi TTepedyeHb TeEM TUIIIIOMHBIX IPOEKTOB MPUBEJIEH HUXKE.

1. Cucrema 371eKTpOCHAOKEHHS TPAKTOPHOTO 3aBOj1A.

2. CucreMa »5JEKTpOCHAOXKEHHUS TPYMNIbl LEXOB (KOPIYCOB, OTHAEJICHUH,
Y4aCTKOB) METAJUTYPTUYECKOTO 3aBOJa (cTayIenUTEeHBIH, IIPOKATHBIM,
KOMITPECCOPHAsl CTAHIIUs, HACOCHAs CTaHLUs, TOMEHHBIN 11€X).

3. Cucrtema »3JIEKTPOCHAOXKEHUS TPYIIIBI I1[€XOB (KOPITYCOB, OT/EICHUH,
Y4acTKOB) METAJUTYPrU4eCKOTO 3aBOJIa (cTasienUTeHbIH, IIPOKATHBIMN,
KOMITPECCOPHAsl CTaHIIUS, HACOCHAs CTaHLUs, TOMEHHBIN 1I€X).

4. Cucrema 3J1eKTpOCHAOKEHHS] PEMOHTHO-MEXaHUYECKOTO 3aBO/Ia.

5. Cuctema 31eKTpOCHA0KEHHSI MAIIMHOCTPOUTEIHLHOTO 3aBO/IA.

6. Cucrema 3JIEKTPOCHAOXKEHHUS MPOMBILUIEHHOTO MpeAnpuaTust (3aBoja)
HEOOJIBIIION MOIITHOCTH.

7. CucTtema 3JeKTpOCHA0XKEHH S TPYTIIbI TOPOJICKUX MOTpeOUTENeH.

8. Boznymnas nunus snexktponepenaun (BJI) 6-35 kB st snexkrpocHabxkeHus
Ipynibl NOoTpeduTene.

9. BJI 35-330 kB 1151 31eKTpOCHA0XKEHUS TPOMBIIIIEHHOT'O MTPEANPUATHS.

10. Cucrema snexkTpocHaO)KeHUs NMPEANPUITHS MO 3alPaBKe OTHETYIIUTEEH.

11. Cucrema 31eKTpOoCHA0KEHUS XJIEO0TIEKapHHU.

12. Cucrema 31eKTpOCHA0XKEHUS 3aB0JIa PAJAMOIICKTPOHHON anmaparypahl.

13. Cucrema snekTpocHa0x)eHus XJ1e003aBo/Ia.

14. Cucrtema »31eKkTpocHaOKEHHUS 3aBOJa IO IPOU3BOJCTBY TEXHUYECKHUX
U3JICIIAN.

15. Cuctema 31eKTpocHa0KEeHUs! KUPIUYHOTO 3aBOJIA.

16. Cucrema 31eKTpOCHAOKEHUS 3aBO/IA JKEJIe300€TOHHBIX U3/ICIUM.

17. I'maBHasi MOHU3MUTENbHAS MOJACTAHUMUS MPOMBILUIEHHOTO MPEIIPHUITHS
(3aBoma).

18. Cuctema 31neKTpocHAOKEHHUST aBTOMOOMIHBHOTO 3aBO/IA.

19. Cucrema 3neKTpocHAOKEHUS MTaMOTHOTO 3aBO/IA.

20. Cuctema 37eKTpOCHAOKEHHUS 3aBOa METANIMYECKUX KOHCTPYKIIUHA.

21. Cucrema 3JEKTPOCHAOXKEHUS NPOMBIIUIEHHOIO MPEANPUATHS 10
MIPOU3BOJICTBY CIIELPYPrOHOB.

22. PeKOHCTPYKIMs palloOHHOW MOHU3UTENbHON mojctanuuu 330/220/110/35
kB.

23. IlonusutenvHas TpaHcopmaTopHas mnoactanmus 110/35/6 kB  nns
NUTaHUsl PAlOHHON YHEPTrOCUCTEMBI.

24. Cucrema 31eKTpOCHA0KEHUS KOTEJIbHOM HACEJICHHOTO IMMyHKTA.

25. CucremMa 31eKTPOCHAOKEHHS TPOMBILUIEHHOTO MPEINPHUITHS IO PO3JIUBY
ra3upoOBaHHBIX HATUTKOB.

26. Paitonnas noHusuTenpHas TpanchopmaropHas noacranius 500/220 kB.

27. llonnsurenbHas TpanchopmaTopHas noactanuus 35/10 kB.

28. Cucrema »dJIEKTPOCHAOKEHHMS] MPOMBIIICHHOTO MOPEANpUATHS IO
MIPOU3BOJICTBY MPOIYKTOB OBICTPOTO MPUTOTOBIICHUSI.
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29. Cucrema ANEKTPOCHAOKEHUS 3aBoJia KEJIE3HOAOPOKHOTO
MAaIIMHOCTPOCHHUS.

B 3aBUCHMMOCTH OT CHEIMANU3alMK 33Jal0TCS Pa3IUYHbIE TEMbl AMIJIOMHBIX
IIPOEKTOB.

CTyZeHT MOKET CaMOCTOSITETIbHO BBIOPATh TEMY JUINIOMHOTO IPOEKTA C
COOTBETCTBYIOIIUM OOOCHOBAaHHEM IieJiecoo0pa3HOCTH ee BblnoidHeHus. Ilocie
BBITIOJTHEHUSI KOHCTPYKTOPCKO-TEXHOJIOTUYECKON TPAKTUKH HA COOTBETCTBYIOIIEM
MPOMBIIIJICHHOM IPEANPUITUA YTOUHSIETCA TeMaTHKa JUILTIOMHOTO MTPOEKTUPOBAHMS
U JIAI0TCSI TOUYHbIC Ha3BaHUS TEM TUILIOMHBIX IIPOEKTOB.

1.4 NCXOOHbIE OAHHBIE ANA BbINONMHEHUA AUMJIOMHOIO NMPOEKTA

Jlnst oOnerdyeHust NpOeKTUPOBAHUA B MIPWIL. 1 JTaH KpaTKuil epedyeHb BOIIPOCOB
Y yKa3aHus 10 cOOpY MaTepHalIOB JJisl BHIMOJHEHUS MPOEKTA MO 3JIEKTPOIHEPTETUKE
MPOMBILUIEHHOTO MPEANPUATHS, XapaKTEPUCTHKA TEXHOJOTMYECKOro Ipolecca
MIPOU3BOJCTBA M HCTOYHUK HIIEKTPOCHAOKEHHS] KOTOPOTO SIBISIIOTCS HMCXOIHBIMU
JaHHBIMU JJI51 IPOEKTUPOBAHUS CUCTEMBI AJIEKTPOIHEPTETUKU BEIOPAHHOTO OOBEKTA.

Hcxoanble AaHHbIE [JS TPOEKTUPOBAHUS MOJAOUPAIOTCS PYKOBOJIUTEIIEM
MPOEKTa, Ha3HaYaeMbIM Kaeapoil, COrIaCHO HACTOSALIMM METOIMYECKUM yKa3aHUAM
U JIOJDKHBI COJIEpKaTh peajbHble JaHHbIE MPOMBIIUIEHHOTO O0BEKTa: €ro MECTOIOJIO-
’KEHHE, CBeIEHUs 00 AJIEKTPUUECKUX Harpy3kax u ap. OHU JOJDKHBI JaBaTh BO3MOXK-
HOCTb CTYJEHTY OPUEHTHPOBATHCA HA COBPEMEHHbBIE CUCTEMBI AIEKTPOIHEPTETUKHU U
HE MPOTUBOPEUYUTH TPEOOBAHUSIM HOPMATHUBHBIX U PYKOBOIAIIUX JOKYMeHTOB (ITYD,
CHulI, T'OCT).

J171s1 BBINIOJIHEHUS TUIJIOMHOTO MPOEKTa HEOOXOAUMBI CIEAYIOIINE UCXOJAHbIE
JaHHbBIE:

1. 'eHepanbHbI TUIaH IPEANPUITHS, HA KOTOPOM 0003HAYEHBI MECTA PACIIOJIO-
KEHUS 1I€X0B, IIYTH BHYTPHU3aBOACKOTO TPAHCIIOPTA, 3€JEHBIE HACAKACHUS U APYTHE
0OBEKTHI U COOPY>KEHHUSI.

2. XapakTepucTUKa TEXHOJOTHYECKOIO IIpoLecca MPOU3BOACTBA MPEAIPHUITHUS
U OTJEJIbHBIX LIEXOB, TEXHOJIOTHYECKAs B3AUMOCBS3b LIEXOB.

3. OneHka BAMSHYS BHE3AIHBIX IEPEPHIBOB 3JIEKTPOCHAOKEHUS Ha

TEXHOJIOTUYECKUM TTPOLIECC.

4. CsenmeHuss 0 xapakTepe OKpyXkarouieil cpeapl B Lexe (CTemneHb
BO3rOPAEMOCTH CTPOUTENBHBIX MAaTEPUAIOB M KOHCTPYKUMH, BIIA)KHOCTh CPEIbI
MOMENICHUS, HATMYNE XUMUYECKU aKTUBHBIX BELIECTB U T.1I.).

5. Ilnan pacnonoxeHus: 000pyI0BaHUS B IIEXE.

6. XapakTepucTHKa MOTPeOUTENEH AIEKTPOIHEPTUN U UX BIMSHUE HA KAYECTBO
ANEKTPOIHEPIHH.

7. Csenmenuss 00 UCTOYHMKAX OJCKTPOCHAOXKEHUS  MPOMBINIJICHHOTO
npeanpusaTus (1exa):

a) cxeMa CYHIECTBYIOIIErO0 MUTAaHUSA C YKa3aHWEM MOIIHOCTH HCTOYHHKOB
nuTaHus (TeHEepaToOpoOB WJIM CHJIOBBIX TpaHCOPMATOPOB) WM CBEIEHUS O
BO3MOXHBIX ncTouHukax nutanus (UII) u ux moiHocTH;

0) peaktuBHOe conpotupieHue MIT wnmu momuocte K3 na mmnaax UII; ecnu
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3T JaHHbIE OTCYTCTBYIOT, HEOOXOAUMO 3HaTh OTKIIOYAIONIYI0 MOIIHOCTb
BeikJrouarens UII;

B) pacctosinue oT MII 10 mpOMBIIIIEHHOTO IPEANPUSITHS;

') HanpsbkeHue Ha cOopHbIX muHax UII;

J1) MOIITHOCTH KOTOpbIe MOT'YT ObITh TtosTyueHbl oT UIT (3sekTpocTaniuu,
HHEPrOCUCTEMBI) MIPU MPOESKTUPOBAHUH AIEKTPOCHAOKEHUS JAHHOTO MPEITPUSITHS;

8. 3HayeHUs PEaKTUBHBIX MOIIHOCTEH, KOTOpPhIE MOTYT OBITH TEpeaHbl U3
YHEPTOCUCTEMBI B C€Th TIPOMBIIIUICHHOTO TIPEANPUATUS B PEXKUME €€ HAauOOJbIIEH U
HaVMEHBIIEH aKTUBHOW HATrPy3KH.

9. DnekTpuyeckre Harpy3Kd MO LieXaM NPEANpUSITUS B BUJE YCTAHOBICHHOM
MoIIHOCTH. JJig 1exa, 3leKTpocHabKeHue KOTOPOro Hajo pa3padoTarh MoapoOHO -
MaCIOPTHHIC JTAHHBIE OTNEIbHBIX MpUEeMHHUKOB 3ekTposneprun (DI1) nexa (Puowm,
cos @, M, Upom, M1 DIl ¢ MOBTOPHO-KPAaTKOBPEMEHHBIM PEKUMOM PabOTHI,
nonoJiHuTeNbHO - [1B %).

10. T'paduku aKTUBHBIX M PEAKTUBHBIX HArpy30K MPOMBIIIJIEHHOTO
MNPEANPUATUS. B LEJIOM U OTHAEJIBHBIX €r0 II€XOB 3a XapaKTEepPHBIE JIETHHE U 3UMHUE
CYTKH.

11. ITepcriekTUBBI pOCTa ANEKTPUUECKUX HATPY30K OTIEIbHBIX IIEXOB U MpE-
MPUATHS B LETIOM (3a CUET PEKOHCTPYKIIMH, BBOJA HOBBIX MOIIIHOCTEH U T.1I.).

12. JlonosHUTEIBHBIE CBEJICHUS O TTOMEIICHUH, €CITU MOAPOOHO paccMaTpHUBa-
€TCsl OCBEILEHNE JAHHOIO 1[e€Xa: pa3pe3 OCBEUIAEMOro MOMEUIEHUS C YKAa3aHUEM pa3-
MEpOB CBETOBBIX NMPOEMOB M XapaKTepa OKPYKaIoIIe MOBEPXHOCTH CTEH, MOTOJIKA,
paboueil MOBEPXHOCTU WU T0Ja (HampuMmep, NoOeIeHHbIN MOTOJIOK, OETOHHBIE CTe-
HBI C OKHAMH H T.I1.).

13.  Ilpu  BBINOAHEHWH  MPOEKTOB MO  PEKOHCTPYKIMU  CHUCTEM
AIEKTPOCHAOXKEHHUSI MPOMBIIIICHHBIX MNPEINPUITHI JOMOJHUTEIBHO K YKa3aHHBIM
BBIIIIE MaTepHallaM HEOOXOJUMO UMETh CYIIECTBYIOUIYIO CXEMY 3JIEKTPOCHAOKEHUS
MPENPUATHSI, TUIIBI YCTAHOBJIEHHOTO CHUJIOBOTO OOOPY/IOBaHMS, MAPKU U CEUYCHUS
IIPOBOJIOB, JKHJI KaOeliel, TOKOIIPOBOIOB.

OO0beM UCXOJIHBIX JaHHBIX OMPENEINsIeTCS TEMOM MPOeKTa - pa3padaThIBacTCs
CUCTEMA DJIEKTPOCHAOXKEHHMSI 11€Xa WM TPEANpUsiTHsS Majoi MOIIHOCTU. B mepBom
ciiydae HeoOXOIMMbl MCXOJIHbIE JaHHBIE MO 1. 1-7. Bo BTOpoM ciyyae mpuUHUMAIOT
UCXOJIHbIE JaHHbIE M. 1-13 W yTOYHSIOT UX B 3aBUCHMOCTU OT 00OBbEMa paccMaTpu-
BAEMBIX 3a7a4 B IIPOEKTE.

Hcxonnbie JaHHbIC AJ19 MPOSKTUPOBAHUS MPUBOASTCS PYKOBOAUTEIEM B 3a]1a-
HUU, YTBEPKIECHHOM Kadenpoil.

1.5 3SA0AHUE HA BbIMNOJIHEHUE AUMIIOMHOIO NMPOEKTA

B 3ananue Ha MpOEKTUPOBAHUE BXOAST CIAEAYIOIINE SJI€MEHTHI:
1) Tema npoekrTa;
2) UCXOIHbIE MaTEPHAIIbI, HEOOXOIUMBIE JIJISl BHITIOJIHEHUSI IPOCKTA;
3) nepedeHb BOMPOCOB, MOUISKALIUX Pa3padOTKe MPU MPOSKTUPOBAHUY;
4) conepkaHue rpaduueckoil 4acTu (YUCIO U HAUMEHOBAaHUE HEOOXOIMMBIX
yepTexen);
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5) nepedyeHb peKOMEHAYEMOM JUIsl BBIIIOJHEHUS POEKTA JTUTEPATYPHL. 3aJaHHUE
Ha NPOEKTUPOBAHHWE OOBIYHO MMEET KOMIUIEKCHBIM Xapakrep. OHO COCTOMT U3
HECKOJIBKMX 4YacTel, Kax1as U3 KOTOPBIX SIBJISETCS €CTECTBEHHBIM IPOJOJDKEHHEM
npenpiayiieid. B 3aBucuMocTH OT cHeNManu3aluy 33Ja0TCsl pa3iMyYHbIE TEMBI
KBaJIN(PUKALIMOHHBIX IPOEKTOB.

B 3amaHum Ha NPOEKTHPOBAHUE CHUCTEMBI AJIEKTPOIHEPIETUKH, YKA3bIBAIOTCS
CJIEIyIOLME OCHOBHbBIE JJAHHBIE:

1) anekTpuyecKue Harpy3KkH LEXOB IPEANPUATHUS;

2) UCTOYHUKH AJIEKTPOCHAOKEHHSI IPOMBIIIIICHHOTO MPEATNPHUSATHS;

3) BJIEKTpUYECKHE NapameTpbl SHEPIOCUCTEMBI U €€ YAAJEHHOCTh OT Ipen-
npusitus (s pacuera TokoB K3 u BeiOopa anmapatoB);

4) ucxoaHbIE JaHHBIE 110 TEHEPATILHOMY IIJIaHy MPEAIPHITHS;

5) ucxoaHbIE JaHHBIE MO IJIAHUPOBKE Liexa (Kopiyca), AJii KOTOPOro Hame-
yaeTcs pa3paboTKa CUIIOBOM U OCBETUTEIBHOM CETH.

3ajaHie Ha TNPOEKTHUPOBAHUE COCTABISETCS PYKOBOAUTENEM IIPOEKTa U
COJIEPKUT Ha3BAHHE TEMBI, PAa3BEPHYTOE €€ COJep:KaHHE (OCHOBHBIE pa3eIbl;
BOIIPOCHI, MOJUIEKAIUE TPOPAOOTKE U T.J.), KOJUUECTBO U COACPKAHUE YEPTEKEH.

®opma OsiaHKa-337aHUsl Ha BBIMOJIHEHUE TUIJIOMHOTO MPOEKTa MpHUBEACHA B
npui. 3.

1.6 TPEBOBAHUA K O®OPMIIEHUIO OAUTINITIOMHOI'O NMPOEKTA

[IpoekT mpencTaBideTcs K 3alIATE B BHJE TMOACHUTENBHOM 3allUCKU U
YEPTEKEN, OTPAKAIOIIMX €ro OCHOBHOE COJAEpKAHUE. PacueTHO-NOsSCHUTENbHAS
3aMucKa JOJKHA BKIIIOYATh B CEOsI: TUTYJIbHBIN JIUCT; 3a/IaHiE Ha MTPOECKTUPOBAHUE U
MCXOJIHbIE JIaHHbIC; OTrJaBJICHUE; AHHOTAILMs; BBEJEHUE; IJIaBbl C H3JI0KEHHEM
pe3yNbTaTOB PadOTHI; 3AKIIOYEHUE; CIUCOK JIUTEPATYPbI; TPUIOKEHHE.

[losicHuTeNnbHAsE 3amMKMCKa MPEACTABIACTCS WM B PYKONUCHOM BHJIE, WU
neyaTaeTcs Ha npuHTepe (rapHutypa "Times", pasmep mpudra - 14 nr), wm Ha
MUITyIeld Mamuake. TeKCT mpeacTaBiseTcss Ha JIucTax nucuen Oymaru ¢popmata A4
(210x297 mm). [Jlna Oonbmux TaOMUIl M PHUCYHKOB Jomyckaercs (opmatr A3
(297x420mMm). Tekct neuvaraercs yepe3 1,5 wHTEpBajga Ha OJHOM CTOPOHE JUCTa U
HMMEET MOJIA CIEAYIOMNX Pa3MEPOB: BEpPXHUE U HUKHHE - 25; mipaBbie - 10; eBbie -
25 M. OtcTyn mepBoi cTpoku ad3arma 1,2 cM. 3arooBKU pa3ziesioB U MOJIpa3/ieioB
OTIETSIOTCSL OT TEKCTa CBEPXY TpPEMsl MHTEpBajlaMH, CHU3Y OJAHUM HHTEPBAJIOM.
[IponvicupiMu OykBaMu Tie4aTaroTcsi Ha3BaHus T1aB, cioBa «BBEJEHUE» wu
«3AKIIIOYEHHMEY», a Takxke ab0OpeBuarypbl. B Tekcrte AomxkHa ObITh COOJIO/IEHA
COTNIOIYMHEHHOCTh IJ1aB, maparpadoB u myHkToB. Hymepanus rinaB u maparpados
BBITIOJTHSAETCST apaOCKUMU LU paMu, KOTOpPbIE OTAEISIOTCS OT HAa3BaHUN TOYKOM.
Kaxnas rnmaBa HaumHaeTcsa ¢ HOBOM cTpaHuIlbl. Ha TUTynbHOM JIMCTE, 3alaHUX HA
MPOEKTUPOBAHUE, HMCXOJHBIX JAHHBIX HOMEpa CTpPaHUIl HE MPOCTABIAKOTCA, HO
YUHUTBIBAIOTCS TIPU HyYMEpalMH OCTalbHBIX pa3fenoB. Hymepauus cTpaHuly
BBITIOJIHACTCS ~apabCkuMu 1uppaMud B BEPXHEM KOJIOHTUTYJE IOCEpPEANHE.
OpUEeHTUPOBOYHBIM O0BEM MOSICHUTEIBHOW 3alMUCKH B CPEAHEM COCTABIISICT: JJIS
KypcoBoro mpoekTupoBanus 40 crtpanuil (0e3 NPWIOKEHUMN); Uil JUIIIOMHOTO
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npoektupoBanus 100 ctpanun (6e3 npuioxenuit). [losicaurenbHas 3anucka A0HKHA
ObITh MeperyieTeHa WM 3aKiloyeHa B mnanky. PacuerHele (opMynbl TPUHSTO
paccMaTpuBaTh KakK COCTABHYKO YacTh IPEUIOKEHHS, KOTOPOE OHHU IOSCHSIOT.
®opMya 0OBIYHO 3aHUMAET OTAEIBHYIO CTPOKY, HOMEp (POPMYJIIbI CTABUTCS B KOHIIE
CTpOKH. 3HAKH MPENUHAHUA CTaBsT cpasy nocie Gpopmynsl. PucyHku (Bkiouas
rpauKy, CXeMbl) MOTYT OBITh BBITIOJHEHBI Ha OTACJIBHBIX JINCTAX WA BKIIOYEHBI B
TekcT. Kaxaplil puCYHOK JIOJDKEH UMETh HOMEP M MOAMKUCH, KOTOPBIE paciojiararoTcs
noa HuM. ["paduku JOIKHBI UMETh Ha OCSIX 0003HAUYCHUS BETUYHH C Pa3MEPHOCTHIO
U HECKOJBKO IU(p, onpeaensronmx MacimTad. Tabmuipl JOHKHB UMETh HOMED H
Ha3BaHUE, pacrojiaraembie Haja Tabnmuieid. Ha pucyHku u Tabmuibl JOKHA OBITH
cceuika B Tekcre. CHHMCOK JHUTEpaTypbl M CCHUIKM Ha Hee O(QopMIsIoTcs B
MOSICHUTEIIBHOM 3aIIMCKE COIVIACHO JEUCTBYIOIIEMY CTaHAAPTY.

ConepsxkaHue yeprexeii:

1. TeHepanpHBIi TUIAaH MPOMBINUICHHOrO npeanpustus (B Maciitade) ¢
TpaccaMmu IJIEKTPUUECKUX CeTeH HampsbkeHreM 110 1 kB u BeIlie, MeCTONOI0KEHUEM
['TIT (I'PII), uexoBbIX TpaHCPOPMATOPHBIX MOJACTAHUUNA M PACTIPEACITUTEIbHBIX
MYHKTOB HU3IIEr0 HaNpspKeHUs (mpu oTcyTcTBUU B 1iexe TII) ¢ ykazanueM HOMEpoB
MOJICTAHLIMM. 371€Ch K€ MPUBOJUTCS TaOIMIIA C YKa3aHUEM HOMEpa MOApa3ieNeHus 1
ero HazanueM. Hymepanuio moacTaHUuid pPEeKOMEHAYETCS MPOU3BOJUTH OJTHO WU
JBYX3HAUHbIMU ITU(paMu, TpUYEM IepBasi COOTBETCTBYET HOMEPY MOJpa3/ic/ICHUs
Ha IEHIJIaHe, a BTOpasi - HOMEPY MOJICTAHIIMU B 3TOM MOAPA3ACICHUU.

2. CkeleTHast cxema MEXKIEXOBOM CETH BBICIIETO M HU3LIETO HANPSHKEHUH, Ha
KoTtopoi m3obOpaxkatrorcs Bce noxactaniuu ([T, TII, PIT no 1 kB u BbIme) C
NEKTPUUYECKUMU anmaparamMu; JUHUHM, Oarapeu KoHjaeHcatopoB. Ha ckeneTHoit
cxeme 0003HaYarTCsl HOMUHAJIbHBIC HANPSHKEHUS IIMH, HOMepa MOACTaHIi, MapKu
TpaHc(hOpPMaTOPOB, MOIIHOCTH OaTapedl KOHJEHCATOPOB, MapKW BBIKIIOUATENICH U
ka0enen.

3. Ilnan nexa (B macmrabe) ¢ pasmenieHueM obdopynosanus, T1I, PII, KKV,
Tpacc MKUHOMPOBOAOB, KAOETbHBIX JIMHUI HanpsikeHuem 1o 1 kB u Beie.

4. Cxema »3JEKTPOCHAOXKEHUS OTIEIEHUS I€Xa, Ha KOTOPOM MPUBOASITCS
TpaHchopMaTOpHasl MOJCTAHIUS, aBTOMATUYECKHE BBIKIIOUYATEH, IIMHOMPOBOIHI,
kabemu, mnpenoxpanutTenu. [IpuBoasSTCS Mapku BBIOpAHHOTO OOOpPYAOBAHMUS.
Yeprexu MpoeKkTa PEKOMEHIYETCS BBIMOJIHATH Ha jucTax ¢opmara Al (pasmep
840x594 mm). IIpu GosbiioM 0ObeMe UepTeKa OH BBINMOJHACTCS Ha IMOJYyTOpa WM
IBYX JIMCTax Toro ke ¢opmara. UepTeku BBIMOIHSIIOTCS KapaHAAlloM, TYIIbIO WIH
dbaomactepoM. OCHOBHYIO HAJAMUCh (IITaMI) pacroyiiaraloT B MPaBOM HUKHEM YTy
yeprexka. B 1eBoM BepXHEM yTIily uepTexa pacroiaraercs J0NoJHUTeIbHas rpada.

5. Onnonuneitnas cxema kommyTtauuu ['TIIT npennpusTus ¢ ykazaHuem MecCT
yctanoBku ABP u AIIB.

6. Cxembl ABP u AIIB.

7. Ilman u paspessr I'TIIL

8. OgHonmHelHbIE cXeMbl KOMMyTaluu 1exoBbiX T1I ¢ mmanamu u paszpe3amu.

9. KoHCTpyKI1IMS pacnpeaeauTeIbHOr0 YCTPOCTBA.

10. Cxembl 3a1IUTHI 1 aBTOMATUKU CUCTEMBI 3JIEKTPOCHAOKEHHSI.

11. [Inan cetn ocBemieHUs Liexa.
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12. TlpuHiunuanbHas 3JIeKTpUIYecKasi CXxeMa OCBEIEHHUS] O0BEKTa.

13. Cxemsbl ¥ rpadUKu MOJEIUPOBAHMSI IEPEXOAHBIX ITPOLIECCOB.

14. TeXHUKO-2KOHOMUYECKHE MTOKA3ATENH NIPEAIIPHUATHS.

Coneprxanue 3a1aHKs U HCXOAHBIX TAHHBIX M3JI05KEHO B IIPHIIOKECHUH 1.
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2 ONPEAENEHUE NEKTPUYECKMUX HAIPY30K
NMPOMBILWEHHBIX NPEANMPUATUA

2.1 OBLUME NMONOXEHUA

[IpaBunbHOE OMNpEACIICHHE OXUAAEMBIX JJIEKTPUUYECKUX Harpy3ok IpHU
NPOEKTUPOBAHUU HJIEMEHTOB CHUCTEMBI 3JIEKTPOCHAOKEHHUS CIIY>)KUT OCHOBOM Jist
palOHaJIbHOIO PEHICHHs] BCEro KOMILJIEKCAa BOIPOCOB IO 3JIEKTPOCHAOKEHUIO
MIPOMBIIIEHHOTO TIPEATPUSITHS.

DNEeKTpUYECKUE HArpy3Kd pPACCUUTHIBAIOTCS B CBSI3U C HEOOXOAMMOCTHIO
BbIOOpA KOJMYECTBA M MOIIHOCTU TpaHC(OPMATOPOB, MPOBEPKH TOKOBEAYLIUX
AJIEMEHTOB IO HArpeBy U NOTEpe HaIpPsHKEHUS, MPABHIIBHOIO BBIOOpA 3aIUTHBIX
YCTPOMCTB U KOMIIEHCUPYIOIIUX YCTAaHOBOK.

Pe3ynpTaThl pacyeToB HArpy30K SBISIIOTCS HCXOJHBIMH MaTepHallaMH IS
BCEr0 IMOCJIENYIOUIEr0 MNPOEKTHpPOBaHUA. [l onpenesieHus pacyeTHBIX Harpy3ok
IpynIn MNPUEMHUKOB HEOOXOAMMO 3HAaTh YCTAHOBJICHHYK) MOIIHOCTH (CyMMma
HOMUHAJIBHBIX MOIIHOCTEN BceX 3iekTpornpueMHUKoB (OII) rpymmsl) m xapaktep
TEXHOJIOTHYECKOTO MPOLECCa.

Pacuetnas Harpyska omnpenensieTcs Ak CMEHbI ¢ HAaMOOIBIIIUM TTOTPEOICHHUEM
SHEPruM JaHHou rpynmsl D1, mexoM Win NpeanpusTUEM B LEJIOM JJIsl XapaKTEPHBIX
cyrok. OOblyHO Hambosiee 3arpyKE€HHOM CMEHOM CUMTaeTcsi CMEHa, B KOTOPOWU
HCIIOJIB3YETCsl HAauOOJIbIIIee KOJTMYECTBO arperaTtoB (JJHEBHAs).

"VKka3zaHud M0 pacyeTy 3JIEKTPUUECKUX HArpy30K CUCTEM 3JIEKTPOCHaOxkeHus"
(PTM 36.18.32.0.1.-89) /8/ nomyckarOT NPUMEHEHUE CIECAYIOIMHNX METO/0B
ONpEJEICHUS PACUETHBIX HArPY30K.

I. ITo ynenpHBIM pacxoaaM 3JEKTPOIHEPTUU U INIOTHOCTSIM Harpy3KH:

a) MPY HAJTMYHUH JAHHBIX 00 YAENbHBIX PACXO0AAX AIEKTPOIHEPTUU HA EAUHUILY

MPOAYKIIMU B HATYPAJIbHOM BBIPAXKEHUH My U BITyCKaeMOW MpoaykKuuu M

no popmyse
o, M
PPAC‘{ = ;fz > (21)
M

rae Ty - TOA0BOE YHCIIO YaCOB UCIIOJIb30BAHUS MAKCUMYMa AKTUBHOW MOILIHOCTH;

0) MpU HATMYUM JTAHHBIX 00 YJIENBHBIX IJIOTHOCTSIX MaKCHUMaJIbHOW Harpy3Ku
Ha KBAJIPATHBIN METP IUIOLIAIH L€Xa Py U 3aJaHHOU BEJIMUYMHE ITOM Iromanu Fy

o ¢hopmyiie

Pracu = Pyy Fu . (22)

I1. TTo ko3¢ dunmenty capoca K.

[Tpu OTCYyTCTBHM TaHHBIX O KOJIMYECTBE AIEKTPOTPUEMHHUKOB M X MOIIHOCTH,
00 yAeTbHOM MOTPEOICHUH AIEKTPOIHEPTHH Ha SAMHUILY MPOIYKIIUU UIH yACTHHON
IUIOTHOCTHY HArpy30K Ha | M IJIomaan 1exa Jomyckaercs (Ha CTauH MPOSKTHOTO
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3alaHdsl U TpU  JPYTMX OPUEHTHUPOBOYHBIX pacyeTax) ONPEAENsATh Harpy3Ky
NPEANpUsATUS B LIEJIOM M0 CPEAHUM BeIMUYMHAM Ko3(duiuenTa cupoca no gopmyiie

Praca = KcPryoy - (23)

3HaueHus KO3PPUIIMEHTA CIIPOCca 3aBUCAT OT TEXHOJIOTHH IIPOU3BOJICTBA U
MPUBOJISATCS B OTPACIIEBbIX HHCTPYKLHUAX U CIIPAaBOYHUKAX, Harlpumep, B /1,2/.

[I. ITo xo3¢dduumenty pacueTHoM akTUBHON MouHOocTH Kp mpu Hammuuu
HaHHBIX O KonmuecTBe Oll, MX MOIIHOCTHM M pexume padoThl ISl ONpeAeTeHHS
Harpy3ku Ha BCEX CTYNEHSX pacHpeleNUTeNbHbIX M MUTAIOIUX ceTei (BKIoYas
TpaHcpopMaTopsl U IpeoOpa30BaTENH ).

2.2 PACHET SNEKTPUYECKMX HAIPY3OK MO KO®DPUUMEHTY
PACYETHOU AKTUBHOU MOLLHOCTHU

PacuerHpii  MakcumMyM — Harpy3kd  Ppgscympny  DJIIEMEHTAa  CUCTEMBI
AIIEKTPOCHAOKEHUS, MUTAIOUIETO HArpy3Ky HampsbkeHuem 10 1 kB (kabenb, mpoBof,
HIMHOMPOBOA, TpaHchopMaTop, ammapaT U T.J.) ONpeaemnsercs mno KodhduuueHTy
pacueTHOM aKTUBHOW MOITHOCTH [8]:

m

Pracunn = KpZPCJ > (24)

1

raie Kp - pacueTHbIM KO3GUITMEHT aKTUBHONW MOITHOCTH;

J - noarpymma D11 rpymmsl, UMEIONMMX OJUHAKOBBIN THIT Pa0OTHI, TO €CTh

OJIHAKOBYIO BEJIMYMHY UHANUBUIYATLHOTO KO3 (UIIMEHTA UCITOIB30BaHU Ky |

m - gucio noAarpyni D11, uMeroIuX 0IMHAKOBBIN TUIT PAOOTHI;

Pcy - cpennsist MontHOCTh pabouunx DI j-i moarpynmsl.

Cpenusst momHOCTh Py, cumoBbix Ol  oamHakoBoro pexuma padOThI
OMpeaeNsieTcss IMyTeM YMHOXKEHHS YCTaHOBIEHHBIX MomHocte OIl p,..j Ha
3HA4eHUs1 KOA(Q(UIMEHTOB UCIOJNb30BaHUSA Kyj, BBIABISEMBIX M3 MaTepHaJIOB
oOcne0BaHus ICUCTBYIOIIMX MTPEATPUSITHIA:

PCj = ka Prowmi - (2-5)

Cpennsist peakTUBHAsI HArpy3Ka

QCj = Z Ky Prionit9 9 5 (2-6)

rie  tgg - KkodPOUUMEHT PpPEeaKTUBHOM  MOIIHOCTH, COOTBETCTBYIOIIMIA
CPEIHEB3BEIICHHOMY KOA(Q(MUITMESHTY MOITHOCTH COS@; , XapakTepHoMmy s i-eo DI
JAHHOTO peKrUMa paboThI.

PacueTHblit k03P GUIIMEHT aKTUBHOM MOITHOCTU Kp HAXOJIUTCS MO TaHHBIM,
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MPUBEJACHHBIM B TPWIOKEHUH, B 3aBUCHMOCTA OT BEJIMYUHBI TPYMNIOBOTO
kodpdunmrenta ucnonb3zoBanus K,, sbdextuBHoro uyumcia Ol B rpynmne n, u
MIOCTOSTHHOW BpeMeHH HarpeBa 1, BLIOMPaeMoro JIeMEHTa CEeTH.

['pynmoBoit  k03QPUIMEHT UCTONb30BaHUS K, aKTUBHOH  MOIIHOCTHU
omnpenaensercs mo Gopmyie

Puow.i

DddexruBHoe yncio D11 rpynmbl U3 N 3IEKTPONPUEMHUKOB

) > pHOMj]z
(o )

TJI€ Proni - HOMUHATBHAS MOIIHOCTH OTETbHBIX DI,

[Ipu ompeneneHuu n, s MHOTOABUTATEILHBIX MPUBOJOB YYHTHIBAIOTCS BCE
OJTHOBPEMEHHO paboTaromue EKTPOABUTATENIN JaHHOTO TpuBoia Ecimu cpeaun atux
JBUTATENIC WMEIOTCS OJHOBPEMEHHO BKJIIOYaeMble (C HIEHTUYHBIM PEKHMOM
paboThl), TO OHU YUYUTHIBAIOTCS B pacuyere Kak omuH Ol ¢ HOMUHAILHOU
MOIIIHOCTBIO, PaBHOW CyMM€ HOMHHAJIBHBIX MOIIHOCTEH OJHO BPEMEHHO
paboTaromux JBUraTeseH.

Jlomyckaetcs onpeaenenne 3p(HEKTUBHOTO YHCIIa IPUEMHUKOB BCETO IeXa 1o
YIpoIeHHOU dhopmyie

n,

, (2.8)

2(2 pHOM.i]
S G (29)

pH MAKC

rae P g yaxc - HOMHHAJIBHAsE MOIIHOCTH HanbOoJiee MomHoro JI1 1exa.

[TpuHMMaloTCs Cieayroe NOCTOSIHHBIE BPEMEHU HarpeBa:

e 7, = 10 muH. - mua cered HampsbkeHuem 10 1 kB, nurarommx
pacrpenenuTeIbHble TYHKTHl W IIWHONPOBOABLI, COOpPKHU, IIUTHL. 3HAYCHUS
pacueTHOro ko3(@uureHTa akTMBHON MOUTHOCTU K, i1l 3TUX CETe MPUHUMAIOTCS
no Tabsmie 11 npunoxenus;

e To = 2,5 y- pand MarucTpajgbHbIX IIIMHOMPOBOJOB M  IEXOBBIX
TpancopmatopoB 3HaUeHUs Kp=1;

7,230 mun - mnua kabesned HampspkeHweMm 6-10 kB, muTamonmx IeXOBbIC
TpaHCHOPMATOPBI,  pacHpeneTUTENbHbIC  TMOACTAHIIMM W BBICOKOBOJIBTHBIC
anexkTponpueMHuku. Ilpu 3TOM pacyeTHas MOIIHOCTh MPUHUMAETCA PABHOM
cpensei, To ectb Kp = 1.
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PacuerHas akTHBHAs MOIIHOCTD y3J10B HArPY3KH OMPENEISAETCA M0 CpEeIHEN
AKTHBHOMW MOIIHOCTH y31a Y P. M COOTBETCTBYIOIIEMY 3Ha4CHUIO Kp.

Pricynn. = kPZPC . (2.10)

PacuerHas peakTHBHas Harpy3Ka HaXOJUTCS CIETYIOLUM 00pa3oM:

Qracu.rrm. = LPZQC > (2.11)

rae Y, Qc - CpemHsis peaKTHBHAs MOIIHOCTD y371a HArPY3KH;

L, - pacueTHbI KOA(DOUIMEHT A7 peaKTUBHON HArpy3KU MPUHUMAETCS:

* MUTAIOIME CETU HarpsbkeHueM 1o 1 kB:

L,=1,1 npu n,< 10,

L,= 1,0 npu n,> 10,

* MarucTpajbHbIC IIMHOMPOBO/BI U LIeX0BbIe TpaHchopmarop: L, = 1;

» kabenu HampspkeHueM 6-10 kB, muraromme nexoBble TpaHCHOPMATOPHI,
pacnpeenuTeNbHbIE MOACTAHIIUN U BBICOKOBOJIBTHBIE 3JIEKTPOIPUEMHUKH:

L, = 1.

[TonHast pacueTHas MOLTHOCThH CUJIOBOM HArpy3KH HU3ILET0 HANPSHKEHUS:

SPAC‘J.H.H. = \/(PPACI{.H4H )2 + (QPAC'{.H.H.)2 : (2 12)

2.3 PACYET HAIPY3KUN SNEKTPONMPUEMHUKOB HAMNPAXEHUEM
BbILUE 1 KB

PacuetHass Harpy3ka >J€KTPONPHEMHHMKOB HampsbkeHueM Boime 1 kB
(BbIcOKOTO HanpspkeHust BH), monKIIOYeHHbIX K pacnpenenuTeIbHON
MO/ICTAaHLMK HanpsbkeHueM 6-10 kB, npuHuMaeTcst paBHOW CPEIHEN MOLIHOCTH.

Torpa pacuerHas Harpy3ka (akTuBHasi Ppacu.6.n W peakTuBHas (Jpacu.s.H)
rpynnbl U3 G CUIIOBBIX MPUEMHUKOB 11€Xa ONpeIeseTcs

Y3 COOTHOLIEHUN

G
Poscu s = zkﬂ.g Prow.g -
1

G
Qracusm. = Z kH.g Prom 4199, (2.13)
1

I€  Puomg- AKTHBHAas  YCTAHOBJIEHHas (HOMMHaJbHasi) MOLIHOCTb  g-TO
AJIEKTPONPUEMHHKA BBICILIETO HAIIPSKEHHUSI, IPUHUMAaEMasi TI0 UCXOHBIM JaHHbIM;
tg@y - COOTBETCTBYET XapakTEPHOMY JUIsi NPUEMHUKOB JIaHHOW TPYIIIIbI
CpPEIHEB3BEIICHHOMY 3HAYEHHUIO KOA((PUITMEeHTa MOIIIHOCTH;
Ky.g - KOXpPHUIIMEHT UCTIONB30BaHUS g-TO IJIEKTPONPUEMHUKA HAIpPsDKEHHEM
BhIlIe 1 KB.
17



AkTuBHasg Harpy3ka cuHXpoHHoro jsurarens (CJ[) m acuHXpOHHOTO
neurarens (A/l), a Takke peakTuBHas Harpyska A/l onpenensiercs o (3.13).

s CJl ompenensieTcs MakCUMaibHasi peakTUBHAs MOIIHOCTh, KoTopyto CJI
MOKET F'€HEepUPOBaTh. 3JHAYEHUSI PEAKTUBHOW MOUTHOCTH, KOTOPYIO MOKHO MOJIYYHUTh
or CJI, 3aBUCAT OT €ro 3arpy3ku AaKTUBHOW MOUIIHOCTbIO M OTHOCHUTEIIBHOIO
HaIpSOKEHUS Ha 32)KUMax JIBUTATEIs:

K,, P tgo,
Quy = — o ML T (2.14)

Nen

rne  Puousco - CyMMapHasi yCTaHOBJIEHHas MOIIHOCTh Tpynmbl CJ1;

tg@ ¢y - HomuHaNBHBIE MapaMeTphl C/I: K03 duIMeHT peakKTHBHOW MOIITHOCTH
u KII/I;

Ko ¢ - xoadduuument nHambonblied pomyctumoit Harpysku CJI mo
PEAKTUBHOM MOIIHOCTH [4].

[Ipn pacdere cyMMapHOW peakTHMBHOW Harpys3ku mnoTpeouteneit s CJI,
pabortaromux ¢ "onepexarommm" KOI(OPUIMEHTOM MOLIHOCTH, 3HaueHue Qcy
Oepercs co 3HaKOM MHUHYC.

2.4 PACYET NMKOBOI'O TOKA

KpaTtkoBpeMeHHBIN TOK B 2JIEMEHTE 11€X0BOM ceTH (IMUKOBBIN TOK Iryk)
/1-5/ MOXHO HaTH KaK:

Ve = Niver us + (Ipasmax - Kl rovgs.us ) (2.15)

rie lyex ps - HaMOOBIIUH TyCKOBOW TOK JABUTATENS B TPYIIE; |ps5max - pACUETHBIN
MAaKCHUMAJIbHBIM TOK BCEX 3JEKTPONPUEMHHUKOB, MUTAIOIINXCS OT JAHHOTO 3JIEMEHTA,
| How 8. 15 - HOMUHATBHBIHN TOK (3.41) ABUTaTENs C HANOOIBIITUM ITYCKOBBIM TOKOM; Kj7
-K03(pPUIMEHT UCTIOIB30BaHUS AJIs TpaduKa Harpy3KU 3TOTO JBUTATEIIS.

[Ipu OTCYyTCTBUM 3aBOJCKMX JaHHBIX ITYCKOBOW TOK MOET OBITh HPHUHST
PaBHBIM 5-KpaTHOMY HOMHHAJILHOMY.

2.5 PACYHET HAITPY3KWU 3NIEKTPUYECKOIO OCBELLEHUA

B kadecTBe MCTOYHHMKOB D3JEKTPHUUYECKOrO CBETa HA MPOMBIILICHHOM
OPENNpPUATUA HCIOJIB3YIOTCA Ta30pa3psaHble JIaMIlbl W JIaMIbl HaKaJUBaHUS -
OCBETHUTENIbHAS HArpy3Ka (0.H).

AKTHUBHasi ~pacyeTHas Harpy3ka OCBETHTEJbHBIX MPUEMHHKOB  I€Xa
OIpeieNnsIeTcs

10 yJIeJIbHOM Harpy3ke u Kod)PUIMEeHTy crpoca
Ppacy.on.=KconPyronFi, (2.16)
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T7I€ Pyjo.p. - YASTbHAS HATPy3Ka OCBETUTEIHHBIX MPUEMHHUKOB (J1aMTI);

F; - mmomans momna nexa, onpeenseMas Mo TeHIUIaHy;

K. o, - KO3 dunmeHT cnpoca ocBeTUTEILHON HArpy3ku /1 - 5/.

Jlammpl HaKanMBaHUS HAa MPEANPHUATUIX B OCHOBHOM HCIIOJIB3YIOTCS B
KauyecTBE aBapUUHOTO OCBEUICHHS, KOTOPOE CIY>KUT JJIsi BPEMEHHOTO MPOIOHKCHUS
paboThl WM SBaKyalldd JIOACH W3 TOMEIICHUS TP BHE3AMHOM OTKIIOUYCHUH
pabouero ocsemieHus. [ mamn HakanuBaHus tg@yy = 0.

["a3opa3psimHple JTammbl HAa MPEANPUSITHH HCTIOJIB3YIOTCS KaK OCHOBHBIE
MCTOYHUKH CBETa (COCTaBISAIOT MpUMEPHO 75 % 0O01Iel MOLIHOCTH OCBETUTEIbHOU
Harpy3ku), OOECIeurBaIINe HOPMadbHYI0 padoTy TIPOU3BOACTBA, ISl HHUX
pEaKTUBHAS MOIIIHOCTh OTpeeNsIeTcs o Gpopmyre

Qracu.on=0,75#Ppscyoutd@ on , (2.17)
rae tgp o.n=0,33.

2.6 PACYET 3NIEKTPUYECKOWN HATPY3KU NMPEANPUATUA

PacueTHble NOAHAS S pucyn.n, AKTUBHAS Ppacynn 1 peaKTUBHAS Qpacy.n.n MOILIHOCTH
IPOMBILIJICHHOTO TPEANPUATUS, OTHECEHHBIE K IIMHAM BTOPUYHOIO HAIPSKEHUS
riaBHoM noHmxkaromiei noacraniuu (I'TII), BEIYucastoTcs Mo pacueTHBIM aKTUBHBIM
Y pEaKTUBHBIM Harpys3kaM LIeXOB (Kak CHIIOBBIM- 10 1 kB u BbIIE) - Pracunn Ppacusn
Qpacunn Qpacusn TAK U OCBETUTEIBHBIM -Ppucy0.ny Qpacu.on € YIETOM NMOTEPH MOIIHOCTH
- APy, AQy - B TpanchopMaropax IEXOBBIX TMOJCTAHIUNA W IEXOBBIX CETIX
HanpspbkeHueMm 10 1 kB u kosdduimenta oAHOBPEMEHHOCTH MaKCUMYMOB CUJIOBOM
Harpy3ku Ko.m:

Pracunm - (EPPAC‘J.H.H + ZPPACYJ.B.H) KO.M. +2PPAC'1.O.H. +AP[I ;
QPACL{.H.H - (2 QPACL{.H.H + ZQPAC’{.B.H 'QCﬂ) KO.M. +2 QPAC‘{.O.H. +AQ[[ 5 (2 1 8)

SPAC‘I.H.H: \/(PPACI{.H.H)z + (QPACI{.H.H. )2

CymMapHbie TOTEpH aKTUBHOM M PEaKTUBHON MOIIHOCTEN B TpaHC(opmaTopax
LEXOBBIX MOACTAHIMI M LEXOBbIX ceTsiX A0 1 kKB mpubimxeHHO NTpPUHUMAIOTCS
paBHBIMU COOTBETCTBEHHO 3 1 10% mnomHoM TpaHnchopMUpyeMOl MOUTHOCTH Spycyly

/1-5/:
AP, =0,03S,, 5,5 AQu =01, 5, (2.19)
_ 2 2 .
I'ac SPACHZH - \/(PPACIJZH) +(QPACIJZH) >
PpAcqu = ZPPAC'{.H.H + Z Pricqon s (220)

QPAC'{ZH = ZQPACV.H.H + ZQPACLI,O.H.
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[lotepu axkTUBHOW ¥ PEAKTUBHOW MOIMHOCTEH B KaOEnmsX BBICIIETO
HaIPSDKEHUS B IPEABAPUTEIBHBIX pPacueTax HE YUYHUTHIBAIOTCS BCIEACTBUE UX MaJOM
3HAYUMOCTH.

Koadpduumrent ognoBpeMeHHOCTH MakcumyMoB it mmH [TIIT Ko
BbIOMpaerca 1o Taba. [I2 B 3aBUCMMOCTM OT BEIMYMHBI CPEAHEB3BEIICHHOIO
koadduirienTa ucnonap3oBaHuss Ku Bceil rpynmnbsl OIl, MOAKIIOYEHHOM K IIMHAM
I'TIIL.

PeaktuBHast MOIIHOCTH Qcyrcr, MOCTYNAIOIIAS OT MUTAOIIEH YHEPTOCUCTEMBI K
muHaM Huswero Hanpspbkenus 111, onpenensercs, ncxons u3 yCnoBuM 3aJaHus Ha
IIPOEKT U BBIYMCIICHHOM BbILIE Ppacy.n.n:

Qcucr=Pracynmtd@cucr (2.21)

Pacuernas Harpyska, o KOTOpoil onpezenseTcss MOIHOCTh TpaHC(HOopMaTOpOB
['TIIT:

Spucarmn = Pricann) +Qeper) 3 (2.22)

B cucreme 53neKTpOCHAOKEHUS TMPEANPHUATHH TOJDKHBI YCTaHABIUBATHCA
KoMmrneHcupytomme ycrpoiictBa (KVY) ¢ peakTHBHON MOITHOCTBIO

Qx yZQPAcq.H.H 'QCHCT (2-23)

2.7 ONPEAQENEHME PACHYETHbIX SNIEKTPUYECKUX HAIPY30K
HA PA3JIMYHbIX CTYNEHAX CUCTEMbI SJIEKTPOCHABXXEHWUA

OmnpeneneHue JIEKTPUYECKUX HArPy30K B CHCTEME 3JEKTPOCHAOKEHUs
MPOMBIIIJICHHOTO MPEANPHUSATHS BBIMOIHIIOT AJI XapaKTEPHBIX MECT MPUCOEANUHEHUS
NPUEMHHUKOB 3JEKTpo’Hepruu. I[lpy 3TOM OTHETBbHO paccMaTpUBAIOT CETH
HarpspkeHueM 10 1 kB u Bbime.

Ha puc. 2.1 npuBenena 060011eHHAas cXeMa IEKTPOCHAOKEHHS TIPETPHUSITHSL.
PaccMoTpuM OCOOGEHHOCTHM OIIpeJesIeHUs] Harpy3ok B OOO3HAUEHHBIX Ha CXEMe
U paMu TOUKax, IEPEeXOos OT HU3LUIMX CTYIEHEN K BBICILHM.

1. PacueTHyto Harpysky, co3aBaeMyl0 OJHUM NPUEMHHUKOM 3JIEKTPOIHEPTUU
(HanpsbxeHnueMm 10 1 kB u Bbllle), NIPUHUMAIOT PABHOW HOMHUHAJIBHON MOIIHOCTH
npueMHuka (11 npueMHukoB ¢ [IKP nacnopraas momHocts npusoures k [1B = 1).

ITo sroii Harpy3ke BBIOMPAIOT CEYEHUE MUTAIOUIEH JMHUM U KOMYTAllMOHHO-
3alUTHYIO armaparypy.

2. PacueTHy10 HarpysKy, CO3/1aBacéMy0 IpyIIION NPUEMHUKOB, OIPEAEIISIIOT 10
IPUHITOMY METOJIy pacueTa ¢ y4eTOM OCBETUTEIbHON Harpy3kd M yCTaHOBJIEHHOM
MOIIIHOCTH KOMIEHCUPYIOIIUX YCTPOUCTB (cM. 1. 9 u 10).

Hampumep, ans IIPA-3 (puc. 2.1) momHas pacyeTHas MOIIHOCTh Sy
OTIPEEIISAETCS IO BBIPAKEHUIO
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= J (Pos + Poo)? + (Qpa + Qpo — Q)2 (2.24)
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Pucynok 2.1 - O60011eHHas cXeMa AEKTPOCHAOKEHHUS IPOMBIITUICHHBIX MPEIPUSTHNA

rne Pp, B, — COOTBETCTBEHHO pacyeTHas aKTUBHAS MOIIHOCTh CHIIOBBIX
NOTPEOMTENEH M OCBETUTENBHBIX YCTAHOBOK; Qp2, Qpo— pacyeTHas pPEaKTHBHAs
MOIIIHOCTh CHJIOBBIX TOTpEOUTENed U OCBETUTEIBHBIX YCTAHOBOK (MOCIEAHEE B
Cly4ae MPUMEHEHHUS ra30pa3psIHbIX HCTOYHUKOB CBETA); (i, — YCTAHOBIEHHAS
MOIIHOCTh KOMIIECHCUPYIOIIETO YCTPOMCTBA.

Onpenenenue Harpy3ku, CO3/1aBaeMOU IpyNmoil MPUEMHUKOB, TpeOyeTcs s
BbIOOpa CeuYeHUs JIMHUM, MNHUTAIOUIEH Tpynny NOPUEMHUKOB, M KOMMYTallHOHHO-
3aIUTHOM anmnapaTypsl.

3. 3a pacuetHyto Harpy3ky Ha mmHax HH nexosoi TII npuHUMAarOT CpeHIO0
noTpedIIeMyI0 MOIIHOCTh 3a Hambosee 3arpy’keHHYI CMEHY Scp,m, U TOJBKO B
UCKJIIOUUTENBHBIX CIy4asiX — MPH Pe3KONepeMEeHHOM rpaduKe Harpy3Kd U COOTBET-
CTBYIOIIMX OOOCHOBAHMAX — 3@ PACUETHYIO HArpy3ky MOXXHO MPHUHUMAThH
noJlyyacoBoii MakcumyMm S,. [lo 3Toif Harpy3ke BBIOMPAIOT YKCIO M MOIIHOCTH

LEXOBbIX TpaHc(hOpMaTopoB, cedeHuss mUH wnexoBod TII, kommyTarmoHHO-
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3aIIMTHYIO anmaparypy Ha cropone HH.
4. PacueTtHyro Harpy3ky Ha cropoHe BH nexoBoii TII onpenensitor mo ¢popmyre

Sp4:\/(Pcp.M3 + APT)Z + (Qcp.M3 + AQT)Za (225)

rne P, y3, Qcpuz— CPEIHUE aKTHBHAs M PEAKTMBHAs MOIIHOCTH 3a Haubolee
3arpykeHnyto cMeHy Ha cropone HH uexosoit TII; AP, AQ, — NOTepH aKTUBHOUN U
PEaKTUBHOM MOITHOCTH B II€XOBOM TpaHchopmaTope (MpU OPUEHTUPOBOUHBIX
pacderax, KOTJja HEU3BECTEH THIT CHJIOBOTO TpaHcPopMaTopa, MOKHO MPUHUMATH

APr=0,02 Scpmz;  AQr=0,1 Scpmz;  Scpmz= \/(P(:%.MS + chp.m)-

[To momHOCTH Sps BBIOMpAIOT CE€UEHUS JUHUN, muTarommx 1exoBbie TII, u
KOMMYTAIlMOHHO-3alIUTHYIO aIlnapaTypy 3TUX JIMHUH.

5. Jlna Be1Obopa ceuenus muH U nuTatonmx guHUN ['PIT m xommyTtanmnoHHO-
3aIMTHOM anmaparypsl co ctoponsl ['TIII onpenendaror Harpy3Ky Ha KaXXI0W CEKIUU
mH ['TITT.

PacueTHyr0 MONMHYI0O MOIIHOCTH ONPEACISIIOT MO PACYETHBIM AKTUBHBIM U
PEAKTUBHBIM HAarpy3kam [E€XOB, BKJIKOYAas pPACYETHYH) MOIIHOCTh CHUJIOBBIX
MPUEMHUKOB HaNpsDKeHHEM BhIle 1 kKB, pacdeTHyr0 MOIIHOCTh, TOTPEOIsIEMyI0 Ha
OCBEILECHUE TEPPUTOPUU 3aBOJA, U YCTAHOBIEHHYK) MOIIHOCTh KOMIIEHCHUPYIOIIUX
YCTPOWCTB.

PacuetHyto akTuBHYI0 MOITHOCTh Ha mHax ['PIT onmpenenstor no popmye

Pp5:(z Pp4 + Z Pp.CS)Kp.M + Pp.O.T+ APKyl (226)
rme Y P,cs — CcymMMapHas pacyeTHas MONIHOCTh CHJIOBBIX HPUEMHHKOB
HanpspbkeHueM Boie 1 kB, nomyvaromux nuranue ¢ mmH ['PII;

P, or — pacyeTHas MOLIHOCTH, MOTPebJseMas Ha OCBELICHHE TEPPUTOPUH

3aBojia ¢ muH [ 'PII;

APKy = APy,q QKyS;

AP, — TOTEpH aKTUBHOM MOIIHOCTH B KOMIICHCUPYIOIKX ycTpoiicTBax (KVY)
HanpspkeHueM Boiie 1 kB;

Q«ys— ycraHoBieHHast MOIIHOCTh KY Ha mmHax ['PII;

APy — yzaenbHbIE NOTEPU aKTUBHOW MOIIHOCTH B KV

Koy — k03P dunmeHT pazHOBpEMEHHOCTH MAKCUMYMOB CHIJIOBOM Harpy3KH.

Pacuetnyto peakTuBHYyrO MOIIHOCT, Ha mmHax [PII onpenemsror w3
BBIPAKEHUS

Qp5 - (2 Qp4 + Z Qp.cS)Kp.M + Qp.o.T + AQKyS' (227)

riie Y, Qpcs — CyMMapHas pacueTHasi PeaKTHBHAs MOIIHOCTh CHJIOBBIX IIPHEMHHKOB,
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nongy4daromux nuranue ¢ muH ['PII;

Qp_o_T — pacueTHas peakTHBHAs MOIIHOCTh, MOTpedysieMas Ha OCBEIICHHUE
TEPPUTOPUH 3aBOJIA.

[Tonnas pacuerHas MomHOCTh Ha mMHax [ PIT coctaBut

Ses= [(PEs + 03 (228)

[To pacueTHON MOIIHOCTH Sps ompenessitoT ceuenue nutaromux ['PI1 aunwmit,
ceduenue coopubix mmH ['PII u BbIOMpaAIOT KOMMYTAalMOHHO-3AIIUTHYIO anmapaTypy
[MATAIOIIUX JTUHUH.

5. PacueTtnyro Harpy3ky Ha mmHax [ TIIT onpenenstor no 3Ha4eHU0 pacueTHBIX
Harpy30K OTXOASUIUX JUHUN 25136_1- C yderoM K03(p(UIHEHTa Pa3HOBPEMEHHOCTU

MaKkCUMyMa Harpy3ok Kpm
Sps = 2 Spe.i Kem. (2.29)

3HaHue ATOW HArpy3KU HEOOXOIUMO JJiA BHIOOpA YMCIIa U MOIIHOCTU CHJIOBBIX
tpanchopmaropoB I 'TIIT 1 komMmyTaroHHO-3amuTHOM anmapatypsl ['TII.

6. Beibop ceuenus muHmiA, mutaromux [TII, ocymectBisiercs mo pacyeTHOM
MOIIHOCTH S,7, onpenensiemoit Ha cropone BH T'TIII:

Sp7 = \/ (Pps + AP)? + (Qpe + AQ:)?, (2.30)

rne AP, AQ,— moTepu  aKTMBHOMW M PEAKTUBHOM  MOIIHOCTHA B CHJIOBOM
tpancdopmatope ['TIII.

2.8 NOTEPU AKTUBHON MOLLHOCTU U ANEKTPO3HEPI U B OTAENbHbIX
ANEMEHTAX CUCTEMbI SNIEKTPOCHABXEHWA NMPOMBILNEHHbBIX
NPEANPUATUN U UX PACHET

2.8.1 OBLUME NMPUHLUUIMNbI SKOHOMUU INEKTPOI3HEPTUUN

[ToBbileHNE HAMPSXKEHUS B KaOCNBHBIX CETSX, T.€. IEPEBOJ CETEH, Hampumep,
c 6 Ha 10 xB, ¢ ogHOI CTOPOHBI, NPUBOJUT K CYHIECTBEHHOMY CHUKEHUIO MOTEPH
AIIEKTPOIHEPTHUH, &, C IPYrol — TpedyeT 0coO0ro BHUMAHUS K YPOBHIO U KaYECTBY
W30JIALUH.

B pedcTByrOmMX UEXOBBIX CETSAX IPU HUX PEKOHCTPYKUMM W HAIUYUU
3HAUYUTETBHOMN TUIOTHOCTH Harpy3kH 1esiecooOpa3Ho nmpumeHeHue HampsikeHus 0,66
kB BMecTo 0,38 kB, Tak kak OHO UMEET CIEYIONINE TPEUMYIIECTBA!

1) cHmxarTcs B 3 paza MOTEPHU DJIEKTPOIHEPTUM M YMEHBIIACTCS PaCXo]
LIBETHBIX MeTaJuI0B B ceTsax HH;

2) YMEHBIIIAETCS YUCIIO LIEXOBBIX MOJCTAHIINM, YBEIUYUBACTCS MOUYTH B 2 pasa
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AKOHOMMYECKUN Pauyc UX JEUCTBUS U BO3PACTAET €IMHUYHAS MOIIHOCTH IIEXOBBIX
Tpancopmatopos 70 2500 kBA;

3) cokpaiiaercst KOJIMYeCTBO 000pyAOBaHUs HanpsbkeHueM Bhiie 1 kB;
TaK, Hampumep, HMEETCS 3HAYUTENbHOE 4YHUCIO DJIEKTPOJABUTATENEH CpeaHei
MotrHocTu (200—700 xBT), nomyckaromux nepexoji ¢ HanpspkeHus: 6 Ha 0,66 kB ¢
OJTHOBPEMEHHOM 3aMeHOM ceTeBoro HampsikeHus 6 kB Ha Hanpspkenue 10 kB (10];

4) yBenuuuBaeTcs B /3 pa3 NPOMYCKHAs CIOCOOHOCTD CETH;

5) camxkarorcst APx u APk ¢ yBelWueHHEM eIWHUYHONW MOIIHOCTH IIE€XOBBIX
TpaHcPOopMaTOPOB.

YMEHBIIUTh MOTEPU JIEKTPOIHEPTUHM B KAOEJIBHBIX CETSIX MOXKHO TaKXKe 3a
CUYET YMEHBILIEHUSI HEPAaBHOMEPHOCTH HArpy3ku mo (azam u, B MEPBYIO OYEPEllb, —
3a CYeT NPABWIBHOIO pacmpeaesieHus 1o ¢azam oaHo(a3HbIX U JBYX(a3HbIX
MIPUEMHUKOB 3JIEKTPOIHEPTUH.

BaxHBIM MeEpONpusTHEM N0 SKOHOMHUHU DJIEKTPOIHEPTUHU SIBISETCA TaKKe
MOBBIIIIEHUE  YPOBHS  DJKCIUTyaTallkd M TEXHUYECKOrO0  OOCIYKUBaHUS
aneKkTpoobopynoBaHus  (IPOBEACHUE  IUIAHOBBIX ~ PEMOHTOB M OCMOTPOB
000opyI0BaHUs, 3aMEHA WM OTKJIIOYEHUE HE3arpyKEHHOTO 000PYI0BAHUS U T.1I.).

HecooTBeTcTBHME TOKa3aTeneld KadecTBa JJIEKTPOIHEPTUH HOPMATUBHBIM
3HAYEHUSM BBI3BIBAET JIOMOJIHUTEIbHBIC (TI0O OTHOIICHUIO K HOMUHAJIBHOMY PEKUMY )
MoTepu DJIEKTpodHepruu. M3 Bcex mokazareneil KadecTBa HAWOOJBIINE IOTEPH
AIEKTPOAHEPTHH BBI3BIBAIOT OTKJIIOHEHHS HANPSHKEHUS OT HOMUHAIBHOTO. Tak, mpu
CHIKCHHHM HAIpsSDKEHHST TOTEPU BO3PACTAIOT, YBEIWYEHHE JKE€ HaIPSKEHHS
CKa3bIBAECTCS HA MPUEMHHUKAX AJEKTPO3HEpTruu mno-pazHomy [21]. Hua A/l morepu
ANeKTpodHeprun 3aBucAT ot k3 u npu ksz=0,85-1,0 uMeroT MUHMMAaJILHOE 3HAYCHUE
U HAMPSXKEHUH, HEMHOTO OOJBIIMM HOMHHAJIBHOTO.

JlonmonHUTENbHBIE MOTEPU  BJIEKTPOIHEPTMH  UMEIOT MECTO U IpH
HEeCUMMETpUYHOU Harpy3ke. [Ipu kosdduimente HecUMMETpUU B MpEAeNax €ro
HOPMAaTHMBHOI'O 3HAYEHMS NOTEPH dJIeKTpodHeprun s AJl coctasusrot 2,4 % , nis
tpanchopmaropoB — 4 %, s CI — 4,2 % HoMUHANBHBIX 3HauYeHUl. [IpumepHO
TaKou ke ypoBeHb (2-4 %) UMEIOT MOTEepPHU SIEKTPOIHEPTUU NPU HECUHYCOUJATHEHOM
HaIpsHKEHUU B TpaHCPOpMATOpaX, ABUTATEISAX, TEHEPATOPAX, KAOCIbHBIX JIMHUSIX.

XOTs NOTepU SJIEKTPOIHEPTUU OT CHHXKEHHSI €€ KauecTBa COCTAaBISIOT 2 — 6
% HOMUHAJIBHBIX 3HAYEHUW, OHU HAMPSMYIO CBSI3aHBI C IMIEPETPEBOM 00OPYIOBaHMUS,
a, CIEJOBaTEIbHO, BEAYT K WHTEHCUBHOMY CTapeHUI0 M30MSIUH U K
IIPEXKIEBPEMEHHOMY BBIXOJly €€ U3 CTPOs. DTO OTHOCUTCS U K HECUHYCOHUIAJIbHOCTH,
U K HECUMMETPUU HampspKeHus. Tak, HampuMep, IpU HECUMMETPUU HAIPSKEHHUS,
paBHO 4 %, CpOK CIIy»KObI MOJTHOCTHIO 3arpykeHHOro AJl cokpairaercss B 2 pasa;
P HECUMMETPHUU HaIpsKEHUs, paBHOU 5%, pacronaraemasl MOIIHOCTb JBUTATEIS
ymenbiaercss Ha 5—10 %; npu Hecummerpuu, paBHou 10 % — na 20—50 % B
3aBUCUMOCTH OT HMCHOJHEHus pAurareneid. Ha cuioBble TpaHchopmaTOpsl
HECUMMETPHUSI OKa3blBa€T TaKOE€ K€ BIUAHME, Kak W Ha AJl, T.e. BBI3BIBACT
JIOTIOJIHUTEJIbHBIN HAarpeB OOMOTOK U CHHXKEHHUE CPOKa CITY>KObI TpaHC(HOPMAaTOPOB.

B 1o xe Bpemsa Ha paboTy KaOeNbHBIX JIMHUM HECUMMETPHUS HE OKa3bIBaeT
CYILIECTBEHHOr0 BiIMsSHUA. [Ipn HECUMHYyCOMAANBHOM HANPSHKEHUU CETH MPOUCXOAUT

YCKOPEHHOE CTapEHUE M30JISIIIUN CHIIOBBIX KaOeleH.
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Ecnu  snekrpoaBurarenu W ApPYrMe€  DJIEKTPONPUEMHUKH  HMEIOT
IPOJOJDKUTEIBLHOCTh paboThl Ha XxosoctoM xoxy 40—60 % Bcero BpeMeHH
AKCIUTyaTallMi, TO MX Leaecoo0pa3Ho CHAOXKaTh OTPAaHUYMUTENIMH XOJIOCTOTO XOAa
[5]. Orpanuuurtens BKJIIOYAIOT B LENb KaTyIIKKM YNPABIE€HUS MAarHUTHBIM
MyCKaTeJIEM, U OH OTKJIIOYAET 3JEKTPONPUEMHHUK IIPU OTCYTCTBUM HArpy3ku. Takum
00pa3oM, CHUKAETCS MOTPEOICHUE AICKTPOIHEPTUH.

JInst BBISIBJICHUS PE3€PBOB ASKOHOMHUH 3JIEKTPOIHEPIMH HA MPOMBIIIICHHBIX
OPEeNNPUATHIX HEOOXOJUMO COCTABIIATh U AHAIU3UPOBATH 3SJIEKTPOOATAHCHI IS
OTIEJBHBIX SHEPrOEMKHX arperatoB M YCTAHOBOK, IEPEXOAsS 3aTeM K ILeXaM U
OPEeNNpUITHIO B LIEJIOM. OJIEKTpoOajJaHChl COCTOSAT W3 MPUXOJHOM M PACXOIHOM
yacTel, YUCIEHHO PaBHBIX JApYyr apyry. B mpuxonnyio dvacth snekrpoOanaHca
BKJIIOYAIOT 3JIEKTPOIHEPTHUIO, TMOIYYEHHYIO OT 3HEPrOCHUCTEMbl U BBIPAOOTaHHYIO
COOCTBEHHbIMU HCTOYHUKaMu (Hampumep, TOL), pacxomHas 4YacTb BKJIIOYAET
CJIEIyIOLIME OCHOBHbBIE CTAThU:

1) npsiMble 3aTpaThl 3JEKTPOIHEPTUH arperaraMy U yCTaHOBKaMU Ha OCHOBHOM
TEXHOJIOTHYECKUI NPOLEcC C BBIACICHUEM MOCTOSHHBIX M HArpy304HbIX MOTEPH B
TEXHOJIOTHYECKOM U 3IEKTPUUECKOM 000py0BaHUH;

2) KOCBEHHBIE 3aTpaTbl JJIEKTPOAIHEPIMM HA OCHOBHOM TEXHOJIOTMYECKHUI
MPOILIECC, BCIIEJCTBUE €r0 HECOBEPLIEHCTBA MJIM IIOXOT0 KA4eCTBA ChIPhs (BBICOKAS
BJIQXKHOCTb, 3arPA3HEHHOCTD U T.I1.);

3) 3aTpaThl BJIEKTPOSHEPTUHM Ha BCIIOMOraTelibHblE HYXKIbl (OCBELICHUE,
BEHTUJISILUSA, IEXOBOW IEKTPOTPAHCIIOPT U T.I1.);

4) morepu AJIEKTPOIHEPTUHU B AJIEMEHTAX CUCTEM JJIEKTPOCHAOKEHUS (JIMHUSX,
TpaHcpopmaTopax, 3JEeKTPOABUTATENSAX, IPEOOPa30BATEIbHBIX YCTAHOBKAX);

5) OTmyCK D3JEKTPO’HEPrMH TIOCTOPOHHMM MOTPEOUTENIM B THOpSAAKE €€
Hepenpojaxu (moceakaM, TOpoACKOMY TPaHCIIOPTY U T.I1.).

PacxomHas dacTb MOXET HE cojepkaTh crareid 2 m 5. bonee mompoOHbIE
CBEJICHUS C TPUMEpPaAMU PACUYETOB AJIEKTpoOaIaHca MPUBEIEHHI B [22].

PaGora 1o panMoHaTbHOMY  HCIIOJIB30BAHMIO  JJIEKTPOIHEPTHH  Ha
JNEUCTBYIOUIMX  MPOMBILUICHHBIX  MNPEANPHUATHUSAX  TOJBKO  TOIZAA  SIBJIAETCS
3¢ (deKTUBHOM, KOr/a HaJaXEH y4eT M KOHTPOJIb pPAacxoja dJICKTPOIHEPTHUH,
HOPMHUPOBAHUE 3JIEKTPOMOTPEONICHUSI C YYETOM CHeHu(pUIECKUX OCOOCHHOCTEH
MPEANPUATHS.

3HAUUTENBHYI0 YKOHOMUIO AJIEKTPOIHEPTUU MOKHO TMOJYYUTh OT BHEIPEHUS
aBTOMATU3UPOBaHHBIX cucTeM yrpaiieHus (ACY) Ha 0a3e KOMIIbIOTEPHON TEXHUKH.
DOKOHOMHSI JOCTUTAETCS 32 CYET TOYHOCTU U CKOPOCTH OTPAOOTKH OTKJIOHEHHM OT
pPAlMOHANBHBIX PEXKUMOB, paclIMpeHus (YHKIUOHAIBHBIX BO3MOXHOCTEH, IUHA-
MHUYECKOTO MPOTHO3UPOBAHUSA C OINpPEACICHUEM HAIpPaBJICHUS W TEMIla U3MEHEHUs
npoueccoB. Hauano ACY 3aknagbiBaeTcsi B cUCTEMaX

yuyeTa M KOHTPOJS 3a 3JekTpornoTpedineHueM. Kpome HemocpencTBeHHOM
uHpopMauu 00 3JIEKTPONOTPEOICHNH, HEOOXOIMMO HMETh JAHHBIE O PEKUMAaX
paboThl  DJIEKTPONPUEMHHUKOB,  OMNPEACNAIOIMIMX B OCHOBHOM  XapakTep
anekTponorpednaenus [21,22,23,24].
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2.8.2 PACYHET 3KOHOMUUN SNEKTPOIHEPIN B KABEJIbHbIX CETAX

N3BecTtHO, 4TO OOJBIIAas 4YacTh TOTEPh AKTUBHOW MOIIMHOCTH TMaaaeT Ha
pactpenenenue cetu 0,22-10 kB, HecMOTpsi Ha TO, YTO B 3TH CETH BKJIAJIbIBACTCS
3HAYMTEIHHO OOJIBIIE IBETHOrO MeTajia, ueM B cetd 35-110 kB (tabm. 2.1).

Tabnuya 2.1 - IloTepu aKTUBHOI MOIIHOCTH M PAcX0/ IBETHOI0 MeTAJLIIA B CETHAX Pa3HbIX

HaNPsKEeHUu
Hanpmserue coteii, KB HOTep(I)/I aKTUBHOH MOH_\I'HOCTI/I, Pacxoj niBeTHOro Meramia,
Yo TOTpeOIsieMO %
110 25 14
35 10 6
0,22-10 65 80

N3 Tabn. 2.1. BUIHO, 4TO HamOoJiee NEWCTBEHHBIMU MEPONPUSITHUSIMU 10
CHUKEHUIO MOTEPh MOIIHOCTU M AJIEKTPOIHEPTUU SIBJISIOTCS TE€, KOTOPHIE CHUMKAIOT
sty notepu B cetsax 0,22-10 kB.

Pacuer moTeph AaKTUBHOW MOIIHOCTH OCYHIECTBISIET 10  (opmyJe:

2
AP, = 1’21’0 LP, ~— , OTKy/JIa CJIEAYET, YTO SKOHOMHUTH DJIEKTPOIHEPTHUIO B KAOEIBHBIX
S.U Lo €0S” @
JIMHUSAX MOJKHO 32 CYET:
1. HOBBILICHUS COS(Y NIEKTPOYCTAaHOBOK,
2. YBEJIMYEHUSI CEUEHUN JIMHUKW J0 HKOHOMHUYECKH IeJIeCO00pa3HbIX

3HAYEHUM, OMpPEIeNIIeMbIX TEXHUKO-3KOHOMUYECKHUMU pacueTamMu (IpU BKIIOYEHUU
MOl Harpy3Ky pe3epBHON JIMHUM MOTEPU DJIEKTPOIHEPTUU CHMU3ATCA B 2 pasa, €ciiu
JUIMHA, CEYEHUE MPOBOJOB M HArpy3ka OCHOBHOM M PE3EPBHOM JIMHUU PaBHBI, a
CXEMbI OJIMHAKOBHI. ).

3. COKpaIlleHUs! JJIMHBI JIMHUI, HalpuMep, OT LIEXOBOTO TpaHc(opMaTopa
710 IPUEMHUKA JIEKTPOIHEPTUU;
4. YBEJIMYEHUS HATIPSIKEHUS CETH.

CokpamieHue  JJIMHBI  KaOENbHBIX JIMHUW  OCYIIECTBIACTCS 3a  CYET:
pPalMOHAIBHOTO pacrpeeneHust MIPUEMHHUKOB AIEKTPOIHEPTUH MEKITY
MOJICTAHIIMSIMU C YYETOM TEXHOJOTUYECKUX OCOOCHHOCTEH MPOM3BOJCTBA; OoJee
riryookoro moaBona BH k 1exam, r/ie ycTaHaBIMBAIOT MOHIKAIOIIME TOJICTAHIINM,
palMOHAJILHOTO BBIOOpA MECT pa3MeIIeHUs ITOICTAHITHH.

Oc00EeHHO PEe3KO YMEHBINAIOTCS MOTEPH aKTUBHOW MOIIHOCTU W SHEPTUH NPHU
YBEIIMYCHUHM HAIpPsDKCHHS, TaK KakK d3TH IIOTEPH OOpaTHO IPONOPIHOHAIBHBI
KBaJ[paTy HaMpsHKEHUSI.

Tak, ecnmu k nexam mnojaBectu HampspbkeHue 6(10) kB Bmecto 0,38 kB, To
MOTEPHU CHUBSTCSA B:

AP 6’
n, =—5%=——_=250 pa3; 2.31
% APy 0,382 P 2:31)
2
N, = ARy _ 107 769 pas. (2.32)

03 AP, 0,38
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Huxe paccMoTpeHbl METOABI pacueTa 0KMIaeMOi SKOHOMUU YHEPTUH.
[loTepu axKTUBHOM MOIIHOCTH B JIMHUAX U CETAX OMNPEHCISIIOTCA HUX
TEXHOJIOTHYECKUMU TTapaMeTpaMu U TOKOM Harpys3ku, kBT,

AP, =1Ll éi10‘3, (2.33)

Jg

rae 1,1- xko3pdUIMeHT, YIUTHIBAIOIINI COMPOTUBICHUE TEPEXOIHBIX KOHTAKTOB,
CKPYTKY HWJI U CIIOCOO MPOKJIAAKU JIMHUN; N-uucio dha3 JuHUM; 1j-nmmHa TuHui, Mm;
S;-CEYEeHHEe IMPOBOMAA, MM>, P-yIEeIbHOE COIPOTUBIECHUE MaTepHala NpPOBOAA IIPH
20°C; Ijg-cpenHee 3HaY€HHE TOKA HArpy3Ku, A.

DKOHOMHUS BJEKTPOSHEPIMU B CETH IpHU IMEpeBOJie €€ Ha 0oyiee BBICOKOE
HanpspKeHue, KBy,

2 2
AD = 0,003t ('—1 -'—2], (2.34)
S5,
rae le-nmuHa ydyacTtka ceTd, Ha KOTOPOM IPOM3BOIUTCS MOBBIIIEHHE HOMHHAIBLHOTO
HanpsokeHus, M; I} u I,-cpenHue 3Ha4YeHMS TOKOB B KAaXKJIOM IPOBOJE CETH
cootrBercTBeHHO npu HH u BH, A;

S; u S, — ceuenns mposonos cetu npu HH m BH, mm? (npu mposeneHun
MEPOIPUATUNA O€3 3aMEHBI TPOBOJIOB S1=S; ); tp- paCUETHBIN NMEPUOJT BPEMEHHU, Y.

[Ipn mpoBeneHUM PEKOHCTPYKLMM ceTeil (3aMeHe Ce4YeHHs] MPOBOJOB, HUX
Marepuana, COKpalleHWH JUIMHBI 0€3 M3MEHEHUsS] HanpsHDKeHHs])) SKOHOMMS
ANEKTPOIHEPTHH, KBT+u, cOCcTaBUT:

AD =o,003|2(&'1—%'2jtp, (2.35)

1 2

rae | — cpeHexBaipaTUYHOE 3HAU€HHE TOKa Harpy3ku ojHo# dasbl, A; 11, p1, S 1 by,
P2, S» — IIKMHA, M, YAEILHOE CONPOTHBIEHNE MaTepuaia, OM«MM?/M, cedeHue, MM2,
JAHHOT'O Yy4acTKa CETH A0 U MOCIE PEKOHCTPYKIIMU COOTBETCTBEHHO.

N3BecTHO, 4YTO TOTEPU DJIEKTPOPHEPTMU B CETAX MPONOPLUUOHAIIBHBI
AKTUBHOMY COIIPOTUBIIEHHIO TPOBOJOB. CIeI0BATENbHO, MNPH BKJIIOYECHHUH MO
Harpy3Ky pe3epBHOM JIMHUU MMOTEPU SJIEKTPOIHEPTUHN CHU3ATCA B 2 pas3a, €Ciu JJINHA,
CEYECHHE MPOBOJOB M HArpy3ka OCHOBHOM W PE3EPBHOM JIMHUM PAaBHBI, & CXEMBI
OJINHAKOBBI.

B tabnuue 2.1 npuBeaeHbl ro10BbIE MOTEPHU JIEKTPOIHEPTUU MO HEKOTOPHIM
oObekTam. M3 TaOIuUIel BUIHO, YTO MOTEPH DIECKTPOIHEPTHH YMEHBIIAIOTCS B CBSI3H
C TIOBBILLIEHUEM COS(.
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2.8.3 PACYET AOMNOJNHUTEJIbHbIX MOTEPb AKTUBHOW MOLLHOCTU U
ANEKTPO3HEPIUN B AJIEMEHTAX CUCTEMbI SJIEKTPOCHABXEHUA
MPOMbILWEHHBLIX NPEQNPUATUIA, OBYCNOBNEHHbLIX HECUMMETPUEWN
HAMNPAXEHUA

B ycnoBusix HECUMMETPHUHM TOKOB W HAIPSKEHHUM B AJIEMEHTAX CUCTEM JJICK-
TPOCHAOKEHUS BO3HHUKAIOT JOMOJHUTEIbHBIE TOTEPU MOIIHOCTU U 3JIEKTPOIHEPTHUH,
00yCIIOBJIEHHBIE CHCTEMOM TOKOB M HalpPsHKEHUM OOpaTHOW H HYJIEBOM IIO-
cienoBaTenbHOCTEN. B mo6om anemenTe TpexdasHoii cetr 06€3 HyJIEeBOTO MPOBOIa
JOTIOJIHUTENIbHBIE IIOTEPU PACCUUTHIBAIOT MO BBIPAKEHUIO

A3, =Y TAPy, (2.36)

rae AP, - TIOTEpU aKTUBHON MOIIHOCTH B 3JIEMEHTE | CHUCTEMBI AIIEKTPOCHAOKECHNS,
00yCJIOBJICHHBIE TOKAMH OOPAaTHOW MOCIEIOBATENBHOCTH; T, - BpeMs pabOThI I-TO
BUJia 000pPYI0BaHU 3@ YUETHBIN IIEPUOI.

IIpu pacdyere mnOTEPp pa3aMyYalOT HECKOJIbKO BO3MOXKHBIX  PEXHMOB
HECUMMETPUYHONW paboOThl MPOMBILUIEHHON CeTH dyeKTpocHaOxkeHus. Hinke
IpHUBEIeHAa METOJMKA pacyera MOTepb AP, ISl Pa3IUYHBIX 3JEMEHTOB CHCTEMBI
anekTpocHaOxeHus. Pacuer Bemercs B QyHKUMH Kod(h(UIMEHTa HECUMMETPUU
HANPsDKEHUS B y3J1€ TOIKIIIOUEHUS HAarpy3Ku.

Acunxponnvie osucamenu (A/]). JlomoJHUTENbHBIE TIOTEPU AKTUBHOMN
MOIIHOCTH NpU NUTaHUM AJ] HECUMMETPUUYHBIM HAIPSHKEHUEM MOXHO OIPEIEIHUTH
o cieaymwlieit hopmyiie:

AP, =241AP | K’

MyHom " n” Y Hem,U 0

(2.37)

2477

roe AP

- KpaTHOCTh ITyCKOBOT'O TOKA MPYU HOMUHAJILHOM HANPS>KEHUHU OCHOBHOW YaCTOTHI.

[Ipumenenne  dopmynsr  (2.37) nmnsg pacueta  pe3yJIbTUPYIOIIHAX
JIOTIOJTHUTENBHBIX MOTEPh AKTUBHON MOITHOCTH B CHUCTEMAaX JJIEKTPOCHAOKEHUS C
OonpIM KommdecTBOM AJ] cBSI3aHO C TPyIHOCTSAMU. B CBSI3M ¢ 3TUM TOJIY4EHO
0oJiee MPOCTOE BRIPAKEHUE JI TAKUX PACUETOB

- IOTEPU B MEIU CTATOPA NPU HOMUHAIBHOM TOKE OCHOBHOM 4acCTOTHI; |,

AP, =241k, P, K

Hom ™ wem,U *

(2.38)

2477

3nauenus koddduumenra k,, U ABUraTesied ¢ HOMMHAJILHOW MOIIHOCTBIO

1o 5 kBTt naxomsarcs B nuana3one 3 - 4,5, mis apurartencii MoniHocTeio 5 - 100 kBT -
B quama3one 1 - 3, a mis nBurareneil momHocThio 60oiee 100 kBT - B quamna3one 0,4 -
1. TlepBeie 3HaAUEHUS OTHOCATCS K OOJee MOUIHBIM JBUTATENISIM. 3HAYCHUE
xod(pdunuenra k,, g AJl MOIIHOCTBIO P, MOXKHO ONPEICIUTH IO CIEAYIOIICH

dhopmyie:

HOM
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(ke - IE i )(_P;,}:, -P,, ), (2.39)

HOM HOM

H
kw:kw+

rac kzﬂ 141 kjﬂ - COOTBETCTBCHHO HMIXHSA M BEPXHAA 'PaHUIBI JHAIIa30Ha kAg;

P! U P’ - COOTBETCTBEHHO HIXHIA U BCPXHAS TI'paHULblI AWAIIa30Ha

HOM HOM

HOMHUHAJIBHBIX MoIITHOCTEN A/,
IlpuBeieHHbIE HIKE BBIPAKEHHUS IO3BOJIAIOT paccuutarh k,, s AJl
Pa3IMYHON MOIIIHOCTH
Ky =3+03(5-P) P <5xBm;
K, =10+0,021(100 - P); P = 5+100xBm;
K,z =0,4+0,0067(1000 — P); P > 1000xBm.

[Tpu G6ombiiom xkommmuectBe AJl (HECKOIBKO COTEH) ¢ pa3IMYHON HOMHUHAIBHON
MOIIHOCTBIO KOO(PPUIMEHT K, PEKOMEHAYETCS ONPENEIATE B CIEAYIOLEM IOPAIKE:

a) IKa’Ty HOMHHAIBHBIX MOITHOCTEH A/l IeNaT Ha HECKOJBKO JIUAIa30HOB;
0) Mg KaXAoro JAWana3oHa OINPEAeNsSoT CYMMapHYH HOMUHAJIBHYIO
MOIIHOCTh A/;
B) IUIs KaXJIOTO JMAara3oHa OMpPENEeNsioT cpenHee 3HadeHue koddduimenta
Ky
I) ONpeleNsroT 3Ha4eHne Kodpduuuenra k,, Aad CyMMapHOH HOMHUHAJILHOM

MOIIHOCTH Bcex A/l

P
All2 P

P
HoM,2 + + k HoM,N , (2.40)

P
k R

_ Hom,1 k
ADE — NAL P

k

HOM % HOM % HOM 2

rae N - 4ucjo Auamnma3oHOB Ha KOTOPBIC p2136I/ITa IIKaJla HOMHUHAJIbHBIX MOI].IHOCTGﬁ

AL

B Ttabn. 2.2 npuBeneHsl 3HaueHus k pacCUMTaHHBIE JUISI PA3JIMYHBIX

ALX>
OTpacier MPOMBIILICHHOCTH.

Tabnuya 2.2 - PacyeTHbIe 3HAYEHUS KOIPPUIHEHTOB K, o U151 PasIMYHbIX 0TPACIei

NPOMBINLIEHHOCTH
OTpacu NPOMBIILIEHHOCTH Kys 2,41K 4 5
UépHas MeTayyprus 1,7 4,1
Xumudaeckas 1,68 4,05
HedTrenepepabatpiaromias 1,18 2,84
[{BeTHast meTayyprus 1,7 4,1
DHepreTuka 1,18 2,84
VYronbHas 1,07 2,58
MammHocTpoeHne u 2.29 5,52
MeTauI000paboTKa

JI€rkas 291 7,01
IInmesas 2,6 6,27
CTpoUTEIbHBIX MATEPHAIIOB 2,1 5,06
Bcst mpoMBITIIIEHHOCTH B 1IEJIOM 1,85 4.46
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Cunxponnvie mawunst (CM). JloniodHUTENBHBIE TOTEPU AKTUBHOW MOIIHOCTH
B porope CM, 0OyCIOBIICHBI MPOTEKAaHHEM TOKa OOpaTHOM ITOCJIEI0BATEILHOCTH,
OTIPEIEIIAIOT 110 opMyJIe

IZ

_ 2
AP,., =AP, T (2.41)
rae AP, — JOIOJHUTEIbHBIE TOTEPU MPU TOKE OOPATHOM MOCIENI0BATENIbHOCTH
paBHOM HOMMHAJIbHOMY; |,- TOK oOpaTHOM mocnenoBatenbHocTd B CM; I, - TOK

HOMUHAJIbHBIN B CM.
[TonyuyeHo BbIpakeHHE JUIsI pacueTa B 3aBUCHUMOCTH OT KoddduumeHra
HECUMMETPUH

APycy =K., P, K, (2.42)

nom T yev,U 2

rae k., - pacueTHbld KodpummeHT nns pa3 Tu4HBIX TUNIOB CM, MOJyYeHHBIH 1O
YCPEIHCHHBIM JaHHBIM (Ta0u. 2.3).

Tabnuya 2.3 - PacyeTHble 3HaYeHUs1 KO3 puunenToB K., 1151 CHHXpOHHBIX MALIIMH

SIBHOIOJTFOCHBIC TEHEPATOPHI U JIBUTATEIIN
. | 6e3 CUHXpOHHEBIE
TypOorenepaTopsl | ¢ YCIIOKOUTEIBHOM N P
. YCTIOKOUTENBHON KOMIIEHCATOPBI
00MOTKOH
00OMOTKH
1,856 0,681 0,273 1,31

Tpancpopmamoper. BeipaxkeHnue s pacuera JOMOJHUTEIBHBIX MOTEPb
AKTUBHOU MOIIHOCTH B JBYXOOMOTOYHOM TpaHC(HOPMATOPE CBSI3U C IHEPrOCUCTEMOMN
MMeEeT BU/T

AP, 2

= 2 K nem,U 2
(u + SHUM j
K
S

rae P. - motepu B Meau TpaHchopmaropa B ombite K3; u

(2.43)

- Hanpspkenue K3

K

TpaHcdopmaropa, OTHOCUTEIBbHO €IWHUIBI; S, - HOMHUHAJIbHAs MOIIHOCTh
Tpanchopmaropa; S, - ™MomHOCTh K3 Ha mMHAX BBICOKOTO HAIMPSIKEHUSI
TpaHcdopmartopa.
HpI/I SK >> SHO,W
AP,
APZT ~ 2 KHCM,U’ (244)

u

K

JlomomHUTENbHBIC TIOTEPH AKTUBHON MOITHOCTH B IIEXOBBIX TpaHCHOpMaTOpax
PacCUYMUTHIBAIOT MO (hopmyie
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AP, =64AP K. ;. (2.45)
Ecaum  yuuTeiBaTh HE TOJNBKO NOTEPU AKTMBHOM MOIIHOCTH B CaMHUX
TpaHcopmaropax, HO U MOTEPU AKTUBHOM MOIIHOCTH, BO3HHKAIOLINE B CHUCTEME
AIIEKTPOCHAOKEHHS 110 BCEH IIEMOYKE MUTAHUS OT T€HEPATOPOB ANEKTPOCTAHIIMNA JI0
paccMaTpuBaeMbIX  TpaHCOPMATOPOB HW3-3a  MOTPEOJICHUS  JTOMOJHUTEIBHOM
PEaKTUBHOW  MOLIHOCTH, OOYCJIOBJIEHHOW MPOTEKAaHUEM TOKOB  OOpaTHOM
IIOCJICIOBATEIBLHOCTH, TO IIPUBEIACHHBIE JOIOJIHUTEIbHBIE [IOTEPU

k u
AP, =AP, +—"*—S K (2.46)

S 2 HOM HoM,U 2
Hom
(UK + 73 j
K

rae k,, - Ko3QQUUMEHT N3MEHEHHUS NTOTEPD, 3a1aBAEMbII SHEPTOCHCTEMOH.

Konoencamopnvie  6amapeu. Haumbomee  paclpOCTpaHEHHOW  CXEMOM
COEIMHEHUS KOHJEHCATOPHON YCTAHOBKU B JJIEKTPUUYECKHUX PACTIPEICTUTEIbHBIX
CETAX SIBJIETCS] TPEYTOJIbHUK, BCIECICTBUE YETO TOKUA HYJIEBOM MOCIEI0BATEIILHOCTH
B 3TOM Cly4ya€ OTCYTCTBYIOT. Ecim KoHAeHcaTOpHass yCTAHOBKA IHUTAETCS OT
CUCTEMbl HECUMMETPUYHBIX HaIpsKEHUH, TO TOTEpU B HEH NIpPHU YCIOBHH, YTO
ANEKTpUYecKass €MKOCTb M TaHIEHC yrjia MOTeph KOHJEHCATOpa HE 3aBUCAT OT
4acTOThI M TEMIIEPATYPbI, ONPEALISIOT 10 popMmyiie

2

APZKE = QHOMtgaKHCM,U 4 (247)
rie Q,,- HOMHHaibHas peakTuBHass MomHocTh Kb; tgs - TaHrenc yria
AUDJICKTPHUYCCKUX IMMOTEPb KOHACHCATOPA Ha OCHOBHOM 4acTOTE.

Peaxmopwvi.  JloOMHUTENBHBIE TOTEPU AKTUBHOM MOIIHOCTH B PEAKTOpE
MOJICYUTHIBAIOT IO (popmyIie

IZ
AP,, =3AP, —2

HOM I 2 s

(2.48)

HOM

rae AP, - IOTEPU aKTUBHOW MOIIHOCTH B OJHOM (pase peakTopa mpyu HOMHUHAIHHOU

HOM

Harpyske; |, - TOK 0OpaTHOM MOCJIeI0BATEILHOCTH PEAKTOpa.
JlonoysHUTENbHBIE MOTEPU AP,, 3aBUCSAT OT MECTa MOJKIIOUYEHUS PeakTopa;

BbIpaXEHHBIE 4Yepe3 KOA(P(PUIMEHT HECUMMETPUHU. HANPSDKEHUS MOTYT MPUHUMAThH
pa3Hble 3HAYCHUS:
JUIS peaKTopa, MOAKIYEHHOT0 K TpaHchopmaropy,

1

A])2P = 3APH()M _ZK)fCM,U H (2’49)

K

riae u, - Hanpsbkenue K3 tpancgopmaropa, OTHOCUTENEHO €IUHUIIBL;
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B OCTAJIBHBIX CJIydasaX MOKXHO IIPUHATH

AP,, =3AP, K>

HOM™ “ HCM,U *

(2.50)

Onexmpuueckas cems. JlJIsl HEpA3BETBIECHHOM JMHUU C COCPEIOTOYECHHOMN
Harpy3Koi Ha KOHIIE IOTEPH B CETU ONPEACISIOT M0 popMyJie

Ach = K/foM,U [i XAPi +i XAPJ +iAPk } (251)

U Nogri 1 Noemyj 1

rae AP,AP,,AP - aKTHUBHbIE IIOTEpPHM B JIMHMM P CHUMMETPUYHOM PEKHMME U

HOMHHAJIbHOU Harpyske i-ro AJl, j-i CM, K-ii cTtaTuuecKkol JMHEHHON HArpy3KH;
X, 7 X,y - COIPOTUBIIEHHA 00paTHOM nocaenoBarensHocTd AJl 1 CM oTHOCHTENBHO

EIUHUILIBI.
[Ipy OTCYTCTBUM KATalOXXHBIX JAaHHBIX MOXHO JONYCTUTh X, =0,24U

Xy = kL rae k, - KpaTHOCTb IyCKOBOTO Toka AJl.
Tabnuya 2. - IlapaMeTpshl 3J1eKTPOOOOPYI0BAHMA YHACTKA CXeMbI 3JIeKTPOCHAOKeHUs
NpeANpUATHS
Bpewms
K Homunanenoe | MomHocTs | paGoThl
DrextpooGopynoBanme | - | HampsoKeHHe P, (So) | T, AlonomHurebHee
4ECTBO B napameTpsl
U, K kBT (kBA) | ThIC.
4/To]1
Tpancdopmaropsl AP, =310
CBSI3U c 1 110/6 80000 8,5 u.=10,5%
SHEPrOCUCTEMON
AP_=18xBm
12 6/0,4 1600 8 u. =5,5%
IlexoBbie
TpaHchopMaTopbl AP _=25xkBm
2 6/0,4 2500 8 u, =55%
CUHXpPOHHBIE MAITUHbI 4 6 2500 8 -
ACUHXpOHHBIE 15 6 1000 7 )
JIEKTPOJBUTATENIN
barapen 90 6 5400 8,7 tgs =0,0035
KOHJIEHCATOPOB

IIpumep 2.1. PaccunTaTh AONOJHUTENBHBIE MOTEPH IEKTPOIHEPTHU NPH HECUMMETPUHU
HanpspbkeHud K =0,04 ang ydacTka CXEMBl JJIEKTPOCHAOXKEHMS MNPEOUpUsATHS C

Hem U
AJIEKTPOOOOPYIOBaHUEM, TapaMeTphl KOTOPOTO TMpeacTaBieHbl B Tabn. 5. Momuocts K3
aneKTpuueckon cucremsl S, =1000MB - A.
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B cooTBeTcTBHU C HpI/IBe,Z[éHHBIM HaxoJdaT JONOJTHHUTCIIBHBIC ITOTCPU SJICKTPOSIHCPTIHUU:
B TpaHc(hopMaTopax CBsI3H

~ 8500-310(0,04)°
0,105+80)
( 1000 j
B IIEXOBBIX TpaHC(hOopMaTOpax
=8000-12-18(0,04) - 6,4 +8000-2-25(0,04)" - 6,4 = 21792xBm;
B CHHXpPOHHBIX MalllKMHaX
AD,,, =8000-4-0,681-2500(0,04)° = 87168xBm;
B aCMHXPOHHBIX ABUTATCIIAX
vz =7000-1,5-2,41-0,4-1000(0,04)° =161952«Bm;
B 0aTapesx KOHJACHCATOPOB
A2, = 8700-5400-0,0035(0,04)" = 263xBm.

Pacuer motepp 31EKTPO3HEPruM, OOYCIOBIEHHBIX HECHMMETpPHUEH HaNpsDKEHUs, TaKkKe
npuBeJieH B Tabnwuie 2.4.

AD,, =123184kBm;

AD,r

AD

2.8.4 PACYET NOTEPb AKTUBHOW MOLLHOCTU N ANEKTPO3HEPIUN
B 9JIEMEHTAX CUCTEMbI 3JIEKTPOCHABXEHUA
MPOMbILUNEHHBLIX MPEQNPUATUIA, OBYCJIIOBJEHHbIX
M3MEHEHUEM YACTOTbI NMUTAIOLLEIO HAMPAXEHUA

YacTtoTta - OAMH W3 OCHOBHBIX I[IOKa3aTeJied KadyeCcTBa AIIEKTPOIHEPTUH.
JlomycTUMBbIE W3MEHEHHsSI YacTOThl B PAa3IMYHBIX PEXKHUMAX PETJIaMEHTUPYIOTCS
I'OCT 13109-67* «Hopmbl KauecTBa 3JIEKTPUYECKONM IHEPTUSl Y €€ MPUEMHUKOB,
MPUCOEIUHACMBIX K DJJICKTPUYECKUM CETsIM o01ero HasHadyeHus», «lIpaBunamu
YCTPOMCTBA  JJIEKTPOYCTAaHOBOK, «lIpaBmiiamMm  TEXHHMYECKOM  OKCIUIyaTaluu
ANEKTPUYECKUX CTaHIMK U ceTei». JKecTkue TpeOoOBaHMS K TOKa3aTelsIM KauecTBa
YaCTOTHI, U3JIOKEHHBIE B PEMVIAMEHTUPYIOLIEH JINTEPATYPE, BbI3BAHbI 3HAYUTEILHBIM
BIUSHUEM  YacTOThl Ha  PeXUM  pabOThl  BJIEKTPOOOOPYMOBAHHS,  XOJ
TEXHOJIOTUYECKUX IPOLIECCOB NPOU3BOACTBA M KAaK CJIEACTBUE - HA TEXHUKO-
HKOHOMHUYECKHE TTOKA3aTeNn PaboThl MPOMBINIJICHHBIX TPEANPHUSTUNL.

Onepexaronme TEMIbl POCTAa YCTAHOBJIEHHONW MOIIHOCTHA IO OTHOIICHHUIO K
pPOCTY IPOU3BOACTBA ICKTPOIHEPTUH MPUBEIIM K CHIXKEHUIO PE3€pBa MOIIHOCTH Ha
AJIEKTPOCTAHLIMAX M CHUKEHHMIO KayecTBa JJIEKTPOSHEPTHHM 10 YacToTe. ITO
BBI3BIBAET SKOHOMHUYECKHM yIIepO, KOTOpBIA ciiaraercsi U3 SJICKTPOMAarHUTHOU M
TEXHOJIOTMYECKOW COCTABIISIIOIIMX. OJIEKTPOMAarHUTHas COCTaBIsAOIIas yiiepoa
BbI3BaHA YBEJIMYEHUEM MOTEPh AKTHUBHOW MOIIHOCTA M U3MEHEHUEM MOTPEOJICHUS
aKTUBHOW M PEAKTUBHOW MOIIMHOCTEH B JJIEMEHTaX CHUCTEM »3JIEKTPOCHAOKEHUS
MIPOMBIIIUICHHBIX Tpennpustuii. [loTepu wurparoT 3HAUMUTENTHHYIO POJb B OOIIEM
ANEKTpoOaIaHCce  KaxJoro MPEeAnpUiTHs W 00pas3yloT €ro OTIEIbHYI CTaThio
pacxojia; UX y4eT CIOCOOCTBYET OIPEACNICHUIO JIEHCTBUTEIBHBIX YIEIbHBIX HOPM
pacxoja JJIEKTPOSHEPTUM HA E€IWHULY MPOAYKIMHA U BBIABISIET BO3MOXKHOCTU
COKpAILICHUs HEMPOU3BOJUTENBHBIX PAaCXOMOB JJIEKTpodHepruu. Huke mnpuBencHa
METOJIMKA OIpPEJCICHUSI TOTEePh AJIEKTPOIHEPTUH, OOYCIOBJICHHBIX H3MEHEHHEM
YacTOThl MUTAOIIEro HanpspkeHus. [loTepu 3JIEKTpOIHEPTUM B 3JIEMEHTaX CHUCTEM
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3H€KTpOCHa6)KeHI/IH I[P U3MCHCHHUU YaCTOThI IUTANOLICTIO HAIIPSKCHHUA B O6I].I€M
BH/JI€ MOXXHO IIPEACTABUTDb BBIPAXKCHUEM

AD = AD, +AD,, (2.52)
rac A3f - HOTCPHU DJICKTPOSIHCPIruHr, BbI3BAHHBIC N3MCHCHUCM YaCTOTEI.

A3, =3T, K2 (I, — (2.53)

FR
cp,HOM 29

rae T, - 9YUCI0 paboYMX 4acoB C YaCTOTOM CETH, HE paBHO f, ; K, (- KOOGuInenT
dopmbl rpadpuka mpu f = f, ;|

Hom 2

CpeaHee 3HaYCHHE TOKAa JuHMH npu f = f  ;

ep, f Hom °

R. - DKBUBQJIEHTHOE aKTUBHOEC

Hom ? 2

I - CpeaHee 3HavYeHue TOKa JUHUU npu f = f

cp,nom
COTIPOTHUBJICHUE JTUHUU 0e3 yueTa 3(h(PeKTa BBITECHEHHS TOKA; €r0 PaCCUUTHIBAIOT TI0
00111e1i METOIUKE.
[ToTepu akTHBHOW MOIIHOCTH B AJ] OT M3MEHEHHS YaCTOTHI CETH OINPEACIISIFOT
o opmyiie
AP

AP, . +AP; (2.54)

f,40 = f,om

rae AP, - U3MEHEHME NOTeph B cranmu AJ] npu HM3MEHEHHMH 4YaCTOTHI, AP, -

M3MEHEHHUE TIOTePh B MeTajuie (Meau) oOMOToK A/l mpy M3MEHEHUH YaCcTOTHI.
M3meHeHne yenbHbIX TOTEPh B cTanu A/l onpenensroT u3 BbIpaKEeHUS

2
AP, =AP,, . (0.61+039K, )E—U (2.55)

f
rae AP, .. - yaeneHsle notepu B cramu AJl mpu f =f,  ; MX paccUMTHIBAIOT IO

bopmyre
2 2
APC]" HOM = 52 L+55m(Lj [ij ; (2'56)
o 100 “"{100) (1000

B - wunykuus, I'n; 6§, u 6, - yAenbHBIE NOTEPU B CTAId Ha TMCTEPE3UC U

BUXPEBBIE TOKH.
[Tpu HomuHanbHOM yactote f = 50 [y nyst ctanu ToauuHou 0,5 MM 8, = 4,47y
U 6, =56Bm/ke; k,=U/, - KO>X)OUIMEHT OTHOCHTEILHOIO HANpPKCHUS;

HOM

k, =f/f,, - KOOQ(UIUEHT OTHOCUTEIILHON YaCTOTHI.

[lorepuy B oOmoTkKax cratopa u poropa AJl, eciu mnpeHeOpedb
HaMarHM4MBaOIIMM TOKOM, IPY MOMEHTE M, U U3MEHEHNUHN YacCTOThI PABHbI
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m_ky
M,HOM 2 >
kU

AP, , = AP (2.57)

e AP,

M,HOM
COMMPOTUBJICHUA MCXaHU3MaA, OJIA MCXAaHU3MOB C ITOCTOAHHBIM MOMCHTOM Ha BaJly OH
PaBCH 3JICKTPOMArHuTHOMY MOMCHTY AI[ H OIIPCACIIACTCA U3 BbIPAKCHUA

- moTepu B oOMOTKax crtatopa u poropa A/l npu f = f m,- MOMEHT

Hom 2

k2 k>
Mme=—"—2" <, (2.58)
u0

rne k, =1,/1,,. - KO3OUIHMEHT 3arpy3ku 1o Toky; k, =1,/1,, - KpaTHOCTb Toka XX

B JIOJISIX HOMMHAJILHOTO TOKA CTaToOpa.

N3MeHeHue mnorepb aKTUBHOM MOIIHOCTH B CM mpU U3MEHEHUU YaCTOTHI
MUATAIONIETO HAMNPSHKEHUsST OMpPEACIsIETCS B OCHOBHOM HM3MEHEHHEM IOTpedsieMoit
PEAaKTUBHOM MOIIHOCTH. PeaktnBHas MomHOCTh CJI CKIaabIBaeTCAd U3 PEAKTUBHOM
MOIIHOCTH PacCcesHus Q, M PEAKTMBHOW MOIIMHOCTH HaAMAarHMYMBaHUs Q,, KOTOPbIE

3aBUCAT OT 4aCTOTHI,

Qf,s = I2XS,f f/fﬁo.rw = Cl Sf z/frjmt; (2'59)
Uj

ij# ) Xy,f f/fnu,w ’

(2.60)

rac Xs)f 141 Xlt-f - COIIPOTHUBJICHUA PpACCCAHUA W HAMAarHM4MBaHHA IIPU HOMMHAJIbHOM

yacrore; | =C,f/f,, - Tok CI; U - Hanpspkenue, npunoxenHoe k C/l npu f = f_ ;

HOM HOM O

C, 1 C,- IOCTOSIHHBIE KO3 (DULIUEHTHI.

CoOoTHOIIEHUE ATUX COCTABJISIONIMX TAaKOBO, YTO H3MEHEHHE CYMMapHOM
PEAKTMBHOW MOIIMHOCTH Q; =Q; +Q; , ONPEICIACTCA MEPBOM COCTABJIAIONIEH MPH

POCTE Y4aCTOTBI K BTOPOM COCTABJISIFOIIEN MTPU CHUKEHUHN YaCTOTHI.
N3menenne norepb akTuBHOM MomHoctd B CM mpu f = f =~ onpenenstor

BBIPA)KCHUEM

AP; oy = AP, \ + AP +AP (2.61)

f.p>

rae AP, - IOTepH B OOMOTKE BO30yxaeHHs mpu Toke XX mpu f = f U

HOM ?

AP, ,
APf’p- IMOoTECpHn AKTUBHOM MOIIHOCTH, IPOIMOPHHUOHAJIBHBIC KBaJgpaTaM TOKOB Leneu

BO30YXJIEHUSI U CTaTopa, 00YCIOBJIEHHBIE COOTBETCTBEHHO aKTUBHOW M PEaKTUBHOM
MOIIHOCTEIO IIpU f # f

Hom *

W3meHneHnne notepb aKTUBHOW MOIIHOCTH U 3JIEKTPOIHEPTHH MPU W3MEHEHUU
YacTOThl B OCTQJIbHBIX 3JIEMEHTaX CHCTEM OJJIEKTPOCHAOKEHUSI MPOMBIIIICHHBIX
MPEANPUATHNA ¢ JOCTATOYHOW TOYHOCTHIO paccuuThiBaeTcs no (3.101).
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3 MPOEKTUPOBAHUE CUCTEMbI BHELUHEIO
ANEKTPOCHABXEHUA

3.1 ObLUME TPEBOBAHUA K CUCTEMAM
ANEKTPOCHABXEHUA

CucreMa BHEIIHETO 3JIEKTPOCHAOKEHHSI BKITIOUAET B ce0sl CXEMY 3JIEKTPOCHAOKEHMS
Y UICTOYHVIKY [TUTAHWSL.

CucteMbl  BNIEKTPOCHAOXKEHUS]  MPOMBIIUICHHBIX  MPEANpPUSTHA  JOJDKHBI
o0ecreunBaTh CIEAYIOIIEe:

* 3KOHOMHUYHOCTB;

* HAJISKHOCTbH IEKTPOCHAOKEHHS;

* 0€30MacHOCTh U YI00CTBO AKCILTyaTaIHN;

* KaueCTBO IEKTPUUECKON SHEPTUM;

* THOKOCTB CHCTEMBI (BO3MOKHOCTH TAJIBHEHIIIETO pa3BUTHA);

* MaKCHUMaJbHOE MPUOIMKEHNE HCTOUHUKOB IMUTAHUS K 3JIEKTPOYCTaHOBKAM

OTPEOUTENECH.

Bbibop cucTembl; 31eKTpoCHAOKEHHSI TPOMBILIUIEHHOTO TPEIIPUSTUS  JOJDKEH
OCYLIECTBIAATECSI HA OCHOBE TEXHUKO-DKOHOMHYECKOTO CPAaBHEHHS HECKOJBKUX
BApUAHTOB,

[pu, co3naHuu cUCTEMBI BIEKTPOCHAOKEHHS HEOOXOIMMO YUUTHIBATH KATErOPUIO
NPUEMHHUKOB JJIEKTposHEpruM. 1Ipu onpenenennn kareropuy ciemyeT pyKOBOACTBOBATHCS
TpeOoBanmwsiMu  [IYD. Ilpu »toM Hamo w30erath HEOOOCHOBAHHOTO —OTHECCHHUS
ANIEKTPONPHUEMHHUKOB K 00Jiee BBICOKOM KaTeropuu. DIEKTPONPUEMHUKU U OTACICHHUS
[IEXOB Pa3HOW KaTerOpUU PACCMATPHUBAIOTCS KaK OOBEKTHI C Pa3HBIMU YCIOBHUSIMH
pEe3epBUPOBAHUS.

HanexxnocTs anekTpocHaOXeHHs TOoTpeOuTenst obecrnednBaeTcs TpeOyemon
CTENIEHBIO PE3EPBUPOBAHUA. JIEKTPOIIPUEMHHUKM IIEPBOM M BTOPOM KaTErOpHid
JOJKHBI UMETh PE3E€pBHBIE UCTOYHUKMU NUTaHUs. Pe3epBrpoBaHuME HEOOXOAUMO IS
NPOAOHKEHHUST pabOThl OCHOBHOTO IPOM3BOJICTBA B IOCJIEABAPUMHOM PEXHUME.
[IuTanue 311eKTPONPUEMHHUKOB TPEThEH KaTErOpuu He TpeOyeT pe3epBUPOBAHUSL.

B cootBerctBuu ¢ [1YD 1151 3€KTPONIPUEMHUKOB MIEPBOM KATETOPUU JOJKHBI
OpPEeAyCMaTpuBaThCs [IBA HE3aBUCHUMBIX B3aMMHO PE3EPBUPYEMBIX HMCTOYHHKA
NUTaHMUS.

B psne »neKTponpueMHUKOB TMEPBOM KaTEropuu HEOOXOAMMO BbISBISTH
HaubOoyiee  OTBETCTBEHHBIE  (ocobas  rpymma  mpueMHHKOB). s Hux
IIPEAYCMATPUBACTCA TPETUM HE3ABUCHMBIM MCTOYHUK NMUTAHUA. B KauecTBe TpeThero
UCTOYHMKA MUTaHUA A O0COOOM TpymIbl U B KAaueCTBE BTOPOr0 HE3aBUCHUMOTO
VMCTOYHHMKA NMUTAHUS JJISI OCTAJIBHBIX AJIEKTPOIPUEMHUKOB MEPBOM KAaTErOPUU MOTYT
ObITh  WCIIOJIB30BaHbl ~ COOCTBEHHBIE  3JEKTPOCTAHLIMM WM  3JIEKTPOCTAHIUH
SHEProcUCTEMbl (B YAaCTHOCTH, LIMHBI TE€HEPATOPHOIO HAIPSHKEHMs), arperarsl
OecrniepeOOMHOro MUTaHUA, aKKyMYJISITOpHbIE OaTapeu U T. . Ha3zHaueHue TpeTbero
HE3aBUCUMOT0 HCTOYHHMKA MHTaHUs — oOecrneyeHre Oe3aBapuiiHOr0 OCTaHOBA
IPOU3BOJCTBA. 3aBBILICHUE MOILIHOCTH TPETHETO UCTOYHUKA B LIEJSIX UCIIOIb30BAHMS
€ro Juisi TpOAOJKEHHs padOThl MPOU3BOACTBA MPHU OTKIIOYEHUU JIBYX OCHOBHBIX

36



HE3aBUCHUMBIX HWCTOYHHKOB TUTAHUS MOXET OBITh JIOMYyIIEHO TOJBKO TIPH
BBITIOJTHEHUH B MTPOEKTE TEXHUKO-PKOHOMUYECKOTO 0OOCHOBAHMS.

Cxema D3IIEKTPOCHAOKEHHS JIIEKTPONPUEMHUKOB OCO0OW TPYIIBI TEPBOH
KaTEeropuu J0JKHA 00€CTIeYnBaTh:

* TIOCTOSIHHYIO TOTOBHOCTH TPETHEr0 HE3aBUCHUMOTO HCTOYHHUKA K BKITFOUEHUIO U
aBTOMATHUYECKOE €ro BKIFOUEHHUE MPU NCUC3HOBEHUH HAIIPSDKEHUS HAa 000UX
OCHOBHBIX UCTOYHHKAX MMUTAHUS;

* TIEPEBOJI HE3aBUCUMOTO MCTOYHHKA MUTAHKS B PEKUM TOPSUETO pe3epBa Mpu
BBIXOJIC U3 CTPOS OTHOTO U3 ABYX OCHOBHBIX MICTOYHUKOB MUTAHUS (B
000CHOBAHHBIX CITy4asX MOKET OBITh JOIMYIIEHO PYYHOE BKIIOYCHUE
TPETHErO HE3aBUCUMOTO UCTOYHUKA TTUTAHMS).

DNEKTPONIPUEMHUKA BTOPOW  KATETOPUU PEKOMEHAYETCS  O00ecredynBaTh
AJIEKTPOIHEPTUEH OT JBYX HE3aBUCHUMBIX B3aMHO PE3EPBUPYEMBIX HCTOYHHKOB
nutanus. Ko BTOpoi kareropuu CiieyeT OTHOCHTH TOJBKO TaKO€ TEXHOJOTHUYECKOE
o0opynoBaHue, 0€3 KOTOPOrO HEBO3MOXKHO TIPOJIOJDKEHHE paboThl OCHOBHOTO
MIPOU3BOICTBA HAa BPEMS TIOCIICAaBAPUNHOTO PEKIMA.

JIJis TipaBUIILHOTO PEIICHHsI BOIMPOCOB HAJAECKHOCTH HEOOXOAUMO pa3inyaTh
aBapUHBIA W TOCIICaBApUNUHBIA pPEXUMBI pabOThl. CHCTEMY SJIEKTPOCHA0KECHUS
ClIeyeT CTPOUTh TaKUM 00pa3oM, 4YTOOBI OHA B IIOCIICABAPHITHOM PEXHUME
obecrnieunBaia (YHKIIMOHUPOBAHWE OCHOBHBIX TPOHM3BOJICTB MPEANPHUITHS TIOCIE
HEOOXOIMMBIX TEPEKITIOYCHH: MOITHOCTH HE3aBUCHMBIX WCTOYHHKOB TUTAHUS B
MOCJICABAPUITHOM PEKHUME OIPEICISIIOTCS MO CTEIEHU PE3ePBUPOBAHUSI CHUCTEMBI.
[Ipy STOM UCHONB3YIOTCS BCE JOMOJHUTEIBHBIE WCTOYHUKA W BO3MOXKHOCTH
pe3epBUPOBAHMS.

Cxema SJEKTpOCHAOKEHHUS [OJDKHA OO0ecTeurnBaTh HEOOXOIMMOE KadeCTBO
anektpuueckord sHeprur B coorBerctBUU ¢ ['OCT 13109—97 «HopMmbl kauecTBa
AJIEKTPUYECKON SHEPTUU B CHCTEMaX AJIEKTPOCHAOKEHUs o0IIero HazHadeHus». Ha
IPOMBIIIUICHHBIX TPEANPHUATHSIX MOTYT OBITh YCTAHOBIICHBI SJIEKTPONPUEMHHUKH C
PE3KOIMEPEMEHHBIMH TpaduKaMy Harpy3o0K (IIPUBOJBI MPOKATHBIX CTAaHOB, AYTOBHIC
AJIEKTPUYECKHE Te4H), OAHO(DA3HBIE DIEKTPONPUEMHUKH (IIEKTPOTEPMUUYECKUE H
CBapOYHBIE  YCTAaHOBKH,  OCBEIICHWE),  DJIEKTPOIPHUEMHHKH,  HapyIIAroIIne
CUHYCOHMIaTbHOCTh TOKOB M HampspDKEHWH (ITpeoOpa3oBaTeir BCEX THUIIOB, TyTOBBIC
DIIEKTPUYECKUE TEeYW W T. 1.). ODTO TPUBOAWT K BO3HUKHOBEHHIO KOJICOAHHIA
HaMpsOKEHUS, K HAPYIICHHI0 CUMMETPUHM TOKOB W HANPSDKCHUN, K TIOSBIICHUIO
BBICIIINX TAPMOHUYECKUX OOCTABJISIONMINX TOKOB U HanpspkeHW. CHIKEHNE KauecTBa
ANEKTPUYECKOM  DHEPTrUU TMPUBOAUT K JIOTIOJHUTEIBHBIM TIOTEPSM DHEPTHH,
YMEHBITIAET TPOMYCKHYI0 CIIOCOOHOCTh JJIEKTPUYECKUX CETeH, TPHUBOJIUT K
COKpPAIICHUIO CPOKa CIY>KOBI 3JIEKTPOOOOPYAOBAHMSI, JJIEKTPUYSCKUX MAIIIUH,
KOHJIEHCATOPHBIX YCTAHOBOK H T. 1.

KauecTBO 2MeKTpUYECKOM SHEPTUU MOXKET OBITh IOCTUTHYTO:

* MPUMEHEHUEM TOBBIIICHHBIX HAMPSHKCHUN B TUTAIOIINX U
pacTpeAeTUTEeNIbHBIX CETAX U MPUOIMKEHUEM HCTOYHUKOB ITUTAHUS K
AIIEKTPOTIPUEMHUKAM (JIJIS1 DIIEKTPOIIPUEMHHUKOB C PE3KONIEPEMEHHOM
Harpy3Komu);

* YMEHBIICHHEM PEaKTUBHOTO COTPOTUBIICHHUS JIEMEHTOB CXEMBI OT
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VCTOYHUKOB IMUTAHUS 10 JJIEKTPONPUEMHHUKOB C PE3KONIEPEMEHHOM Ha
TPY3KOU;

* BKJIFOUEHHMEM Ha NapauIebHYI0 padOTy BTOPUYHBIX OOMOTOK
TpaHC(OPMATOPOB, MUTAIOIIUX PE3KOIIEPEMEHHYIO Harpy3Ky;

* [IPUMEHEHHUEM IITyOOKHX BBOJIOB HanpsbkeHueM 35 kB u Belle nis nutanus
KPYIHBIX AYTOBBIX JIEKTPOIIEYEH, TIIaBHBIX 3JIEKTPONPUBOJOB IIPOKATHBIX
CTaHOB, IPEOOPA30BATENbHBIX YCTAHOBOK OOJIBIION MOIIIHOCTHU U T. JI. UJIH
IIATAHUSA TAKUX DJIEKTPOIPUEMHHUKOB OT OTAEJIbHBIX JTUHUN
HenocpeacTBeHHo ot 3Heprocuctemsl, I TIHI v I11'B;

* MIPUMEHEHHEM CUMMETPHUPYIOIINUX YCTPOUCTB, PUIBTPOB BBHICIIUX TAPMOHHUK,
OBICTPOICHCTBYIOIIMX CUHXPOHHBIX KOMIIEHCATOPOB JJIsi BRIPAaBHUBAHUS
rpauKOB JIEKTPUUECKUX HArPy30K U OCYLIECTBICHUEM JIPYTUX
MEPOIPUATUH, YMEHBIIAIOIIMX BPEIHOE BO3IEUCTBHUE IIEKTPOIIPUEMHUKOB HA
CUCTEMBI JJIEKTPOCHAOKEHMS.

TpancopmaTopHble UM pacHpelesUTeNbHbIE  MOACTAHLMU  CJIEIYET
MaKCUMAaJIBHO MPHUOIMKATh K 3JEKTPOYCTAaHOBKAM IOTPEOUTENECH 3IEKTPO3HEPIUH,
COKpalllasi 4uCciIo CTyHeHeW TpaHcopMaluu IyTEM BHEIPEHUs INTyOOKHX BBOJOB,
NOBBIIIEHHBIX HANPSHKEHUN NMUTAIOIINAX U PACHpPENCIUTENBHBIX CETEH, NAIBHENIIETO
pa3BUTHs IIPUHLMIIA PA3yKpPYNHEHUS IIOJCTaHLMM, BHEIPEHUS MAaruCTPAIbHBIX
TOKOIPOBOJIOB.

3.2 BbIBOP UICTOYHMKOB NMUTAHUA U MYHKTOB NMPUEMA
ANEKTPUYECKOWN SHEPT UM

OCHOBHBIMU ~ MCTOYHHMKAMHM TIUTaHUSI OOJIBIIMHCTBA TMPEANPHUATUAN  SBIISTFOTCS
AMEKTPOCTAHIIMK (B TOM YHMCJIE IIMHBI TEHEPATOPHOTO HampspkeHwst), coocTBeHHbie TOIl n
palioHHbIE TOJCTAHIMM 3HEProcucTeM. BpIOOp HE3aBUCHUMBIX HCTOYHMKOB TTUTAHUS
OCYILIECTBJISIET AHEPrOCHAOKAKOIIAs OpraHU3alysl, KOTOpas B TEXHUYECKUX YCIOBUSX HA
NPUCOEAVHEHUE YKa3bIBACT UX XaPAKTEPUCTUKH.

C nHayama 90-Xx TOIOB B DSHEPrOCHCTEMAx HAMETWIACh TEHACHIMA MHUTaHUS
noTpeOuTeNe ¢ IMH pallOHHBIX MOACTAHIMK Ha HampspkeHusx 110—220 kB. Oto
JIMKTYETCSl CTPEMJICHUEM TaJIbBAHUUECKH Pa3Bsi3aTh CETU TEHEPATOPOB M MOTpEOUTENeH 1is
UCKITIOYEHHST BIMSHUSL PA3IMUHOIO poja MOBPEXKICHUM B CETH MOTpeduTeNss Ha paboTy
reHeparopoB. Ha MHOTHMX CTpOSIIMXCS 3MEKTPOCTAHLMSIX BOOOLIE HE IMpPeIyCMaTpPUBAIOTCS
pacnpenenurenbHbie  yerpoiictBa 6, 10 u 35 kB, npemHaszHavyeHHbIC IS MMOTpeOUTENei
AIIEKTPOIHEPTHH, BCSI MOIITHOCTS TiepenaeTcst Ha HanpspkeHwsix 110 u 220 kB k 6mkaiimmm
palioHHBIM TofcTaHIUAM. CTpoUTENhCTBO COOCTBEHHBIX TOL Ha mpennpusTHiX TakKe
CUMTAETCs HEBBITOHBIM. TaKue pereHuss 3KOHOMUYECKN ONPABIAHbI [Tl SHEPTOKOMITAaHWH,
HO MOTYT CYIIIECTBEHHO CHU3UTh HAJISKHOCTD JIEKTPOCHA0KEHHS TOTPEOUTEIIEH.

B cootBerctBUM C HOpMAaTMBHBIMU TpeOOBaHUSAMH, omnpeneiaeHHpIMH B [1VD,
NHUTaHKE TOTpeOUTENer IEPBOI KaTerOprH JIOMYCKAeTCsl MPOU3BOIUTH OT ABYX CEKIIMM WU
CACTEM IIWH OJHOM pPalOHHOM MNOACTaHIMUA. B Hacrosiee Bpemsi 3T0 LIMPOKO
UCTIONIB3YETCS IPU NPOSKTUPOBAHMM MHOTMX TMPOMBIIUIEHHBIX MPEIIPUSATUAN, HO SIBIISIETCS
HEZIOCTATOYHO HANIeKHBIM. Pa3paboTurKy MpoekTa ANeKTpOCHAOXKEHUs CleyeT 0O0paThTh
0co00€ BHUMaHKE Ha Clieayromme (hakTopbl, onpeaesstonpe oecrnepeOOHHOCTh TUTaHUs
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AIIEKTPONPUEMHUKOB TIPU aBApUHOM OTKJIIOYEHHMH OHOTO W3 HE3aBHUCHUMBIX MCTOYHHKOB
MIUTAHWS:

* YCTaHOBUBILICECS 3HAYCHNE HATIPSHKEHNS Ha OCTABIIIEMCS] UICTOUHUKE ITUTAHUSI B
TIOCTIeaBapHIHOM PEKUME JOIDKHO OBbITh He MeHee 0,9 HOMUHATIBHOTO
HaNPSOKEHUS;

* TPY aBapUHOM OTKITFOUYEHUH OJTHOTO U3 HICTOYHUKOB IMUTAHUSI U ICHCTBUM
PENEHHOM3AIMTHI ¥ aBTOMATHKH HA OCTABIIIEMCS] UICTOUHUKE TUTAHUSI MOYKET
MMETh MECTO KPaTKOBPEMEHHOE CHI)KEHHUE HAIPSLKEHUSL.

Ecnu 3HaveHue mpoBasia HanpsHKEHUS U €T0 TIPOI0JDKUTEILHOCT TAKOBBI, UTO
BBI3bIBAIOT OTKIIFOUEHHE SNIEKTPONPUEMHHUKOB HA OCTABILIEMCS UCTOYHMKE MUTAHUS, TO 3TH
WCTOYHUKH TIUTAHUS HE MOTYT CYMTAThCS HE3ABUCHMBIMU. 3HAYEHHE OCTaBIIIETOCS
HalpsDKEHUS] Ha PE3EPBUPYIOIIEM HCTOYHMKE MHUTAHHMSA JOJDKHO ObITb He MeHee 0,7
HOMUHAJIHHOTO HATPSKCHMUS.

JI71si TOBBIITIEHNST HA/ISKHOCTH AIIEKTPOCHAOKEHUS TIPSATIPUSITHI C TIOTPEOUTEISIMU
MepBOi  Karteropusi  OOMBINION  MOIIHOCTA ~ HEOOXOAMMO  MpemycMaTpuBaTh 1B
TEPPUTOPUATIBHO HE3aBUCUMBIX UCTOYHUKA TATAHMSL.

Uncno HE3aBUCHMBIX HMCTOYHHUKOB THTaHUS, OOECHEUMBAIOIINX DIIEKTPO-
CHaOXXEHHE TPEANPUATUS C DIEKTPONPHUEMHUKAMU TIEPBOM W BTOPOH KaTeropuii,
MOET ObITh Oo0JbIe JABYX (Mpu OOOCHOBAaHWHU), HANPUMEp, MPHU MPOTHKEHHBIX
JVHHSX DJIEKTPOIepeaur, MPOKJIaIbIBAeMbIX B HEOJIATONPHSITHBIX YCIOBUAX, MPH
HEJOCTATOYHON HAJISKHOCTH OJHOTO M3 HE3aBUCHUMBIX HCTOYHUKOB MTUTAHUSA U T. II.

Coopyxenune codctBeHHBIX ekrpoctaniuii (TOL], TOC) nenecoobpazno mpu
CJIEIYIONTUX OOCTOSITEIbCTBAX

* MPY 3HAYUTEIHLHOUN MOTPEOHOCTH MPEIMPHUSITHS B TIApE U TOPSUEH BOJC;

* MPY HATMYUU HA TIPEATIPUSATHN OTXOAHOTO TOIUTMBA (Ta3a U T. 1.) U
BO3MOYKHOCTH €T0 MCTIOJIb30BaHUS IS AJICKTPOCTAHIINH;

* MPH 3HAYUTETHHON YIAIEHHOCTH UM HEAOCTATOYHOW MOIITHOCTH
SHEPTOCHCTEMBI;

* IPY HAIUYUH OCOOBIX TPYIIIT AIEKTPONPUEMHUKOB C TIOBBIIIICHHBIMU
TpeOOoBaHUSIMU K OecriepeOOMHOCTH MUTAHUS, KOTJa COOCTBEHHBIH HCTOYHHUK
MUTaHUST HEOOXOAMM JJISl pE3EPBUPOBAHUS SIIEKTPOCHAOKECHHUS.

Mo1mHOCTh COOCTBEHHOTO MCTOYHHKA MHUTAHUS 3aBUCUT OT €r0 Ha3HAYCHUS U
MOXKET KoyiebaThCsi B OUEHb MIMPOKUX TMpeaenax. Pa3memieHne CcoOCTBEHHOU
AIIEKTPOCTAHLIMM  ONpenensieTcs  OOmed  CXeMOM  DJIeKTPOCHAOKEHUS |
TeruiocHaOkeHus: mpennpustus. HeynauHoe ee pacrosiokeHne MOXKET MPHUBECTH K
VUIMHCHUIO M YJIOPOXKAHUIO DJICKTPUUYECKUX M TEIUIOBBIX CETEW. DIIEKTPOCTAHITHS,
UCIIOJIb3yeMasi B KadeCTBE COOCTBEHHOTO WCTOYHWKA TWTAHUS, JOKHA OBIThH
AIIEKTPUYECKU CBSI3aHA C OMMKANIIMMH AJIEKTPUUYECKUMHU CETSIMH SHEPTOCHCTEMBI.
CBsi3b  MOXET OCYIIECTBIATHCA JHOO HEMOCPEACTBEHHO HA TE€HEPaTOPHOM
HaNpsHKEHUH, THO0 Ha MOBBIIIEHHOM HAINPSHKCHUH Yepe3 TPaHCPOPMATOPhI CBS3H.

OT UCTOYHMKA THMTaHWS SJIEKTPOIHEPTHs IMOCTYIMaeT Ha NMYyHKT MpHeMa 3Jiek-
TPOIHEPIUM — DJIICKTPOYCTAHOBKY, CIYXKAIllylO0 Ui TpUEMa DIIEKTPOSHEPTHH OT
MCTOYHMKA TMUTAHUS U PACTIPEEIISIONIYI0 (WM MPeoOpa3yrolyo U pacipeIesIOIIyTo)
€e MEeXTy OTICIhHBIMU I[EXaMH U TOTPEOUTEISIMU DIEKTPOdHEpruu. Yncio MyHKTOB
npueMa ¥ WX BHJ 3aBHCAT OT MOIMHOCTH TMPEANPHUSATHS, TEPPUTOPHUATBLHOTO
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PACHONIOKEHUsI HArpy30K, TPeOOBaHWN HAIEKHOCTU 3JIEKTPOCHAOKEHHUS, OUE€PEIHOCTU
CTPOUTENILCTBA MPEANPUATHS U IPYTUX (PAKTOPOB.

Ha nmpoMbIIIIEHHBIX TPEANPUATHSIX ITyHKTAMH MPUEMA AJIEKTPOIHEPTUU MOTYT
OBITh:

* Y3JIOBBIE PACIpPEACIUTENIbHbIC TOACTaHIMMU HamnpskeHueM 110 kB u Bblwe,
NpeAHAa3HAYCHHbIE ISl pACIIPEEICHUS AIEKTPOIHEPTUU HA KPYITHBIX
NPEANPUATUSIX MEXKTY MOACTAHIMSIMU ITyOOKOT0 BBO/A,

* TJIaBHbIC TOHU3UTEIbHBIC MOJCTAHIIMU HaNpsbkeHueM 35 kB u Bbiiie (o1Ha
WJIM HECKOJIBKO);

* MOJCTAHIIMU TTyOOKOro BBOoAA 35 KB 1 BhIIIe B Citydasx, KOr/ia uX MUTaHHUE
OCYILIECTBIISIETCS OT MOACTAaHIUNA SHEPTOCUCTEMBI;

* I[EHTpaJbHBIE pacCHpeICTUTENbHbIE MOCTAHIIUU WK PacCIpEIeIUTEIbHbIE
MOJICTAHIIUU TIPU OJIMHAKOBOM HANPSIKEHUU MUTAIONICH U paclpeeIMTeTbHON
CETEN MPEANPUATHS;

* Tpancopmatopubie noactaniuu (TII) nanpsixenuem 6—20 kB Ha
IPEANPUATUAX C HEOOBIIION JIEKTPUUECKON HAIPY3KOH.

YcnoBHO Bce MOpennpusATHs B 3aBUCUMOCTH OT CYMMAapHOW YCTaHOBJIEHHOU

MOIIHOCTH 3JIEKTPONPUEMHUKOB MOKHO Pa3/Ie/INTh HA TPHU TPYIHI :

* KpyIHBbIE — yCTaHOBJICHHAs1 MOIIHOCTH Oosee 75 MBT;

* CpeaHHE — YCTAHOBJIEHHAs MOILIHOCTb OT 5 110 75 MBT;

* MaJIble — YCTaHOBJICHHAs: MOIIHOCTH 110 5 MBT.

Jns KpyIHBIX DJHEPrOEMKHMX MNPEANPUATHH C DJIEKTPUYECKOM Harpy3kou
nopsinka 100—150 MBT u Bblll€ B KauyecTBE IYHKTOB IpPUEMA 3JIEKTPOIHEPIHH
MOTYT  OBITb  HWCIIOJB30BAHBI  Y3JIOBBIE  PACHPEICTUTEIbHBIC  IOJACTAHIINH
Hampsokeauem  110—500  kB.  IlemecooOpasnocts,  coopyxkenuss  YPII
paccMaTpuBaeTCs COBMECTHO C SHEProCHAOKaroIe opranu3alueil B ciayvasx, Kormaa
Ha MPOEKTUPYEMOM NPEANPUATAH Hamedaercs coopyxkeHue Heckosbkux [TIT mmm
III'B. Ilpu »>TOM  y4yuTHIBAE€TCS  BO3MOXXHOCTb  IIUTaHUA  OT  Y3JIOBBIX
pacnpeleUTENbHBIX MOACTAHIMI JAPYTUX NPOMBIIUICHHBIX MPEANPUATHI U MPOYHUX
00BEKTOB, pa3MeIIaeMbIX B JaHHOM paiioHe. B OoNbIIMHCTBE cly4yaeB Y3JIOBbIE
pacrnpeenuTenbable nojcTaHiuu  HanpsbkenueMm 220—500 kB coBmemarores ¢
TpancopmatopubiMu nojactadimsamMu 220—500/110—220 kB. YPII ocymecTBistor
IpUEM U PACTPEACIICHUE JJIEKTPOdHEepruu Ha HanpsbkeHusix 220—500 kB, a
Tparc(opMaTopHas MOJACTAHIUS — YaCTHYHYIO TPAHC(HOPMAIIHIO SJIEKTPOIHEPTUU U
pacmpenesnieHie €€ MO0 TPOMBINIICHHOMY MPEANPUATHIO U JPYTHUM MOTPEOUTEISIM
HanpspkeHuem 110—220 xB.

[Ipn HanpsokeHuun nuraromend cetd sHeprocucrembl 110 wmm 220 kB m
L[EJIECOO0PA3HOCTH COOPY>KEHUSI Y3JIOBBIX PACHPECTUTENbHBIX MOACTAHIIUN ISt
nutanus Heckoiabkux [T mmm [II'B, ¢ynxkuun YPII — mpuem u pacnpenenenue
aIeKTposHeprun Ha HanpspbkeHuu 110—220 kB 6e3 ee Tpanchopmaluu.

V3510BbIE pacnpeeaUTENbHbIE MOACTAHIIMY Yalle BCETO HAaXOIATCA B BEACHUU
HHEprocHaldkarolel opraHu3alyy, MO3TOMY OHHM Pa3MEIIAI0TCs, KaK MpaBWIO, BHE
TUTONIA/IKK MPOMBIIIIEHHOTO MPEANPUSATHS, HO, B HEMNOCPEACTBEHHON OJIM30CTH OT
Hero. B Tex ciydasx, Koraa Y3JIOBbIE PACIPENECIHUTENbHBIE  TOJCTAHIIMU
NpeHa3HAYal0TCs JUIsl MUTAHUs HECKOJIbKUX MOJACTAHIIMNA TITyOOKOro BBOJA OJTHOTO
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OPEINpUsATHS, MOXET OBITh paccMOTpeHa BO3MOXKHOCTb pPa3MEIEHUS Y3JIOBBIX
pacnpenenuTeIbHbIX MOJACTAHIIMM HAa TEPPUTOpUU Mpeanpustus. B stom cimyuae
SKCIUTyaTalusi  JIOJDKHA ~ OCYLIECTBIATHCS ~ MEPCOHAIIOM  MPOMBILIIEHHOTO
OpEeAnpUATUS.

g npennpustuii ¢ 3JIEKTPUYECKOM HArpy3KOM, COCTaBISIIOIIEH JIECATKH
MEraBarT, MyHKTAMH MPUEMA 3JIEKTPOIHEPTUU MOTYT OBbITh IJIaBHbIE TOHU3UTEIbHBIC
MOJICTaHIIUU, TIOJICTAHIIMU TITyOOKOro BBOJA, pacnpenenuTenbhble noactaniuuu 10(6)
kB.

Uucno myHKTOB MpuéMa 3JIEKTPOIHEPTHH HA MPOMBIIUICHHOM MPEANPUSTHH
onpeaensercss psaaoM ¢GakTopoB. CUCTEMBI 3JIEKTPOCHAOKEHUS ¢ OJAHUM MPUEMHBIM
MyHKTOM CJEAyeT MPUMEHATh, KaK TMPABWIO, NPH OTCYTCTBUU CIIECIIHAIBHBIX
TpeOOBaHUI K HAIEKHOCTU MUTAHUSI U TIPU KOMITAKTHOM PACIIOJIOKEHUN HArpy30K.

CucTeMbl ANEKTPOCHAOKEHHS C IBYMsI ITyHKTaMHU IIpUeMa CJIeyeT TPUMEHSTh:

* 1pu MOBBIIEHHBIX TpeOOBaHUSX K HAJE)KHOCTH MUTaHUS
AIIEKTPONPUEMHHUKOB NIEPBOM KaTErOpuHu;

* [IPY HAJMYKHU Ha OOBEKTE ABYX UM 00JIe€ OTHOCUTEIBHO MOIIHBIX U

000CO0ICHHBIX TPYMI TOTPEOUTEIIECH;

* [P MOATAITHOM PA3BUTHUH MPEANPUITUS B T€X CIIy4asiX, KOTJIa JAJis MATaHUS
HaArpy30K BTOPO ouepean 1eaecoo0pa3Ho COOpYKEHUE OTEIbHOTO
OPUEMHOTO MYHKTAa 3JIEKTPOIHEPTUH;

* MIPU SKOHOMHYECKOH 11eJ1IeCO00pa3HOCTH.

Cucrembl 3IEKTPOCHAOXKEHUA C TpeMs M Oojiee NPUEMHBIMU MYHKTaMU

TpeOyIOT TEXHUKO-3KOHOMHYECKOT0 000CHOBAHUA.

3.3 BbIBOP HAMPAXEHUA NUTAIOLLINX U PACNPEAENUTEJIbHbIX
CETEN

BeiOOp HampspKeHUsT NUTAMIMX ceTeil 3aBHCUT OT HanpsHDKEHUH — ceTe
HHEPrOCUCTEMBI B JAHHOM pailoHE, OT MOILIHOCTHU, NOTPEOIIEMON IPENIPUITUEM, ETO
YIQJIEHHOCTH OT HMCTOYHUKA IHUTaHMs, YUCJIA U MOIIHOCTU 3JIEKTPOINPUEMHHUKOB
(anmexkTpoaBUraTenen, — JJIEKTporeuei,  mpeoOpazomatenedt  u mp.). Ilpm
HEOJJHO3HAYHOCTH BbIOOpA BEIMYMHBI HANPSOHKEHUS CIEAYET IMPOBOAUTH TEXHUKO-
HSKOHOMHYECKOE CpaBHEHHME pa3Iu4HbIX BapuaHToB. llpm paBeHcTBE WM
HEe3HAYUTeNbHOW paszHuie 3atpar (5—I10 %) mnpenmodreHue cieayeT OTAaBaTh
BapHaHTy ¢ 00Jiee BHICOKUM HAIPSIKEHUEM.

HanpsikeHust y4acTKOB 3JIEKTPUYECKOM CETH MPOMBILUIEHHOIO MPEANPHUITHS
BBIOMPAIOTCSL BCJEACTBUE TEXHMKO-3KOHOMHUYECKOTO CpaBHEHHUs BapuaHToOB. [lpu
BbIOOpPE OKOHYATEIBHOIO MPOEKTHOTO pEIIEHUs, NPUHUMAEMOr0 Ha OCHOBE
CpPaBHEHHS BapHaHTOB, HEOOXOJUMO OTAaBaTh IPENNOYTEHUE BapUaHTy ¢ Oosee
BBICOKMM HallpsDKeHHEeM. B OOJBbIIMHCTBE CIIy4aeB MPOECKTHPOBIIMK OIpenesseT
HAIpsDKEHUsT B Npefenax JByX OMKalIIMX 10 IIKajde HOMHUHAJIbHBIX 3HAYEHHM
HaIpsDKEHUs, A1 KOTOPBIX M CPAaBHUBAIOTCS BApUAHTHI. B psje ciiydaeB UCXOJHBIE
JaHHBIE NJI1 MPOEKTUPOBAHUS MPUBOAAT K OJHO3HAYHOMY BBIOOPY HOMHUHAIBHOTO
HaIpspKeHUs1 0€3 JeTATbHBIX TEXHUKO-3KOHOMUYECKUX PACUETOB.

[Tpn yueOHOM NPOEKTHPOBAHUM HAMEYAETCA OJUH U3 BO3MOXKHBIX BAPUAHTOB
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HOMUHAQJIBHBIX HANPSHKEHUH Ha TPEX YYaCTKAaX CHUCTEMBbI JJIEKTPOCHAOXKEHUS -
BHEIIIHEM, BHYTPEHHEM W BHYTPUIIEXOBOM 0€3 3KOHOMHUYECKMX  CpaBHEHHH ¢
JIPYTrUMU BapuaHTaMU Ha OCHOBAHMHU CIEAYIOIIHUX COOOPaKEHHM.

[Ipu BbIOOpE HOMHUHAJIBHOTO HANpPSDKEHHUS BHEIIHErO Y4YacTKa CETH
MPUHUMAIOTCSI BO BHUMaHHUE CYHIECTBYIOLIME HANPSHKEHUS] BO3MOKHBIX MCTOYHUKOB
MUTAHUS SHEPrOCUCTEMBI, PACCTOSIHHME OT 3TUX HMCTOYHUKOB 10 MNPEANPUITHS U
Harpy3ka npeanpusiTis B 1EJIOM.

B nuraronmux u pacnpenenuTeNbHBIX (MEXKIIEXOBBIX) CETAX HEOOIBIINX U
CpeAHUX MPENNPUITHII NPUMEHSAIOTCS HOMUHAJIbHbIE HanpsbkeHus: 6 u 10 kB. Kak
MpaBujIo, CIEAyeT UPUMEHATh HampspkeHue 10 kB kak Oosiee 3KOHOMHUYHOE.
Hampsoxkenue 6 kB  wucnone3yercs mpu  mpeobiialaHid  Ha MPOEKTUPYEMOM
npeanpustun Il ¢ Hanpsbkenuem 6 kB. B psge cimydae snexrpocHabxkenue Ol ¢
HamnpspbkeHrueM 6 kB ocylecTBiseTcsl o NUTANIUM JIMHUAM Hamnpsbkenuem 10 kB ¢
nocaeaywomiei Tpanchopmanueit Ha 6 kB HenocpencTBeHHOo A1t 1aHHBIX OI1.

3.3.1 PEKOMEHOALIMN MO BbIBOPY HAIMPAXEHUA MUTAIOLLIUX
CETEWU NPOMbILWIEHHBIX NPEANPUATUA

[luTaHue KPYMHBIX HHEPrOEMKHUX MPEANPUATUNH OT CEeTeld IHEProCUCTEMbl
cieayeT ocylecTBIATh Ha HanpsokeHuu 110, 220 wim 330 kB. Hanpsoxenne 110 kB —
npu notpedssiemoir MomtHocTH 10—150 MBA, nanpspkenne 220 kB u  Bblle
11eJ1€CO00pa3HO MPUMEHATh MpH MOTpedsiemMoit MorHocTH Oojiee 120—150 MBA.
Hampsixkenue 35 kB umeer skoHOMHMUYECKHE NPEUMYIIECTBA IPU IEpeiaBacMon
moirHocTH He Oosnee 10 MB-A. Ero mpumenenue uenecooOpa3sHO sl yJaleHHbBIX
HACOCHBIX CTAHIUI BO03a00PHBIX COOPYKEHHM MPOMBIIIICHHBIX MPEANPUATHH, IS
pacupeneneHuss B3JEKTPO3HEPIMU Ha NPEANpUATHAX YKAa3aHHOW MOIIHOCTH C
MOMOIIBI0 TTyOOKHMX BBOJOB B BHJAE Maructpajieid, K KOTOPHIM HPUCOEAUHSIOTCS
tpanchopmaroper 35/0,4 kB mmm 35/10(6) kB, a Taxke nns mUTaHWS MOIITHBIX
ANEKTPONPUEMHHUKOB HA MPEANPUITUSAX OOJBIION MOIIHOCTH.

Hanpspokenue 10(6) kB MoxeT ObITh MCHOIB30BAHO MPU MUTAHUM MPEANIPUSATHUS
OT COOCTBEHHOW OJJIEKTPOCTAaHIMU, a TaKkKe IMpu HEeOONbIION MOTpedseMoit
MOIIIHOCTH M  HEOOJBIIMX PACCTOSHUSAX OT MPEANpHUsATHs [0 MOJCTaHLUU
HSHEPrOCUCTEMBI.

3.3.2 PEKOMEHOALIMN MO BbIBOPY HANPSDKEHUA
PACNPEOENUTEIIbHbIX CETEX BbICOKOIO HANPAXXEHUA

PacnpenenurenbHyr0 CETh 3HEPrOEMKOTO IIPOM3BOJCTBA IPU COOPYKEHUU
HECKOJIbKUX TIOJICTAHIIMI TIyOOKoro BBoja M muTaHmu ux oT YPII pexomenmyercs
BBITIOJHSATH CIIEAYIOIIUM 00pa3oM:

* [epBasi CTyNEHb paclpeeIeHus dIEKTpoIHeprun Ha Hanpsbkenuu 110 xB;

* BTOpas CTYIIEHb paclpenesieHns 3JIEKTPOIHEPru Ha HanpskeHuu 10 kB.

Hanpsoxenue 35 kB B kauecTBe pacnpeaenuTeIbHOr0 MOXKET ObITh MPUMEHEHO
Ha SHEPrOEMKOM MPEANPHUATUN C MOLIHBIMU CHEU(PUIECKUMU JIEKTPONPUEMHUKAMU
(anexTporneun, npeodpa3oBaTeNbHbIE YCTAHOBKU U Jp.), JUIsl KOTOPBIX 1€1ecoo0pa3Ho
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cOo3JaHue JOKadbHON cetu 35 kB, He SBISIONIEHCS CETBbIO OOIIEro Ha3HAYEHHUS.
[lutaHue 3TOM ceTH OCYIIECTBIAETCS JIMOO OT TPEXOOMOTOUHBIX TpaHC(HOPMATOPOB
I'TIIT c o6MoTkoi cpemHero HanpspkeHus 35 kB, 1mbo oT  chenuambHBIX
tpanchopmaropon 110(330)/35 kB.

Hanpsokenue 10 kB pekomeHayeTcst B KaueCTBE OCHOBHOTO IS pacipeeeHus
ANIEKTPOIHEPTUH 110 TEPPUTOPUH TTPEITPUSITHS.

Hcnonb3zoBanue HanpsixeHus B 6 kB ciienyer orpaHiuuBaTh U NPUMEHSTH MIPU
CIIEIYIONTUX OOCTOSITEIbCTBAX

* TIPY MUTAHUH MPEIIPHUATHS OT COOCTBEHHOU JIEKTPOCTAHITUN HA

TeHEPATOPHOM HAMPSIKEHUU;

* mpu OOJIBIIOM YKCIIE AIEKTPOABUTaTENeH HeOoMbIIoN MotHOCTH (10 500

kBT);

* IPU PEKOHCTPYKIIMH WIN PACIIUPEHUH ACHUCTBYIOIIETO IPEAPUATHSA,

paHee 3apoeKTUPOBAHHOTO Ha JIAHHOE HANPsHKEHHE.

[Tpu HamuuMuM Ha IpeanpUATANA OOJBIIOTO YUCHA ABUTATENed HaNpsHKEHUEM 6
kB (6onee 20 % cymmapHOil moTpebisieMoil MOILTHOCTH) 1ieJiecoo0pa3Ha yCTaHOBKA
Ha TJIaBHOM MOHU3UTENBHON MOACTAHIMK TPaHCHOPMATOPOB C paCLICIVICHHOU
obmotkoit 110/10(6) kB. B aTom ciiyuae Ha TEppUTOPUH NPEATIPUSTHS BBITIOTHSIIOTCS
CETH JIBYX HaNpPsHKEHUI:

* 10 kB — nyist nutanus tpancopmatopon 10/0,4 kB;

* 6 KB — 114 nuTaHus 35€KTPOIBUTaTENEH.

Ecnu snexktponsuratenu HanpsbkeHueM 6 kB cocrasisiror Menee 20 % oOiero
quclia 3JEKTPOABUTaTeNeH, 1enaecoo0pa3Ha rpymnmnoBas yCTaHOBKA TpaHC(HOpMaTOpoB
10/6 xB. Ucnonws3oBanue B 3ToM cirydae Tpanchopmatopos 110/10/6 kB npusener k
3HAYUTETHPHOMY 3aBBIIIICHUIO MOIIHOCTH TPaHC()OPMATOPOB, TaK KaK COOTHOIICHHUE
HOMUHAIBHBIX ~ MomHOCTeW oOmoTok  100/50/50%. Ecmm pons  gBurareneit
HanpsbkeHueM 6 kB npesbinaer 80 % cymmapHON MoTpeOsisieMOd MOIIHOCTH, TO OT
BbINoJHEeHUs cetr 10 kB MOXkHO OTKa3aThCs.

B nauane 60-x rogoB I'OCTowm Ob110 BBeieHo Hanpsbkenue 20 kB. [Ipumenenue
ATOrO HAIpPSKEHUS BO MHOTUX CIy4asiX MOKET ObITb SKOHOMUYECKH OINpaBIaHHBIM
JUISL TIATAIOIIMX M PACHpelleTUTENbHbIX CeTeld MPeaNpusiTUs, TaK Kak MO3BOJISET
YBEJIIMYUTH PATUYC OOCIY>KMBAHUS TOJCTAHIMM, YMEHBIIUTh MOTEPH MOIIHOCTH,
SHEPTUM, HANpPSHKEHMs, COKPATUTh PAacXOJ] LBETHBIX METaUIOB, B pAJE CIIy4aeB
COKpPATUTh YHUCIIO TpaHchopManuii HanpspkeHus. [Ipyu MpoeKTUpOBaHWUN HAIPSHKCHHE
20 kB, kak mpaBwII0, HE pacCMAaTPUBAETCS, TaK KaK (DAKTUYECKH HE HAJIAXKEH BBITYCK
ANEKTPOOOOPYAOBaHUS HA 3TO HAIPSKEHHUE.

3.4 BbIBOP CXEMbI BHELWWHEIO 3JIEKTPOCHABXEHUA NPEANPUATUA

[Ilpn NpOEKTUPOBAHMU CXEMBbl 3JIEKTPOCHAOKEHMS TMPEANpPUSTHI Hapsmy C
HAJIKHOCTBI0O M SKOHOMHYHOCTHIO HEOOXOAMMO YUYHUTHIBaTh Takve TpeOOBaHMSA, KaK
XapakTep pa3MEIIeHHUs Harpy30K Ha TEPPUTOPUU NPEANPHUATHS, TMOTPEOIIEMYIO
MOIITHOCTb, HAJIMYME COOCTBEHHOTO NCTOUYHHKA ITUTAHUS.

CxeMbl BHEIIHETO AJIEKTPOCHAOXKEHUSI B 3HAYUTENBHOW CTENEHU 3aBHUCAT OT
XapaKTEPUCTUK MUCTOYHUKOB MUTAHMSI, YUCIIA TPUEMHBIX MTyHKTOB, UX pa3MEIICHUs Ha
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TEPPUTOPUH TMPEANPHUATHSI, HAIUYUS COOCTBEHHOM JIIEKTPOCTAHIIUH, MOIIHBIX
AJIEKTPOIIPUEMHUKOB C PE3KONEPEMEHHBIMY, HEJIMHEHHBIMM, HECUMMETPHUYHBIMU
Harpy3KaMu. DJIEKTPOCHAOKEeHHE MoTpeOduTeseH pu nMeronierics coocteeHHon TOL]
JNOCTATOYHOW MOIIHOCTH 4Yalle BCETO OCYIIECTBIACTCS OT ILIMH TI'€HEPATOPHOIO
HanpspkeHuss 6 wm 10 xB. B HEKOTOpbIX cioy4yasX B CXE€Max BHEIIHETO
AIIEKTPOCHAOXKEHUsSI ~ MPEAYCMATPUBAIOTCS  CBSI3M  MCTOYHMKOB  IUTaHUS  C
noTpeOuTeNsiMi Ha TreHepaTopHoM Hampsbkenud 10(6) kB, ocobenHo st
OpeanpUaATAi OOJIBIION MOIIHOCTH C MOTPEOUTENSIMUA TEPBOM M BTOPOM KaTETrOpHil.
OTO  MO3BOJSET  CYIIECTBEHHO IOBBICUTh  HAJEKHOCTb  BJIEKTPOCHAOKEHHMS
notpeduTeneit. s Toro 4yToObl UCKIIOYUTH BIMSHUE PA3IMYHBIX MOBPEXKACHUNA HA
paboTy TeHepaTopoB, CIEAYET MINPE MPUMEHITH COBPEMEHHBIE MUKPOIPOIIECCOPHBIE
CUCTEMBI penenHou 3aIUTHI u ABTOMATHKH, o0ecrneuuBaronye
BBICOKOUYBCTBHUTEIbHYI0O MHOTO(YHKIIMOHAJIBHYIO JUArHOCTHKY IOBPEXICHUH,
JIOKAJIM3aLUI0 IOBPEXKICHUM Ha OTAEIBHBIX YYaCTKax CETH M IPEJOTBpAILECHUE
nepepacTaHus JIOKAJIbHBIX aBapUHA B CHCTEMHBIE.

Ha npoMBIIIIEHHBIX MNPEANpUSATHAX C HNOTPEOUTENSIMM TEPBOM W BTOpPOU
KaTeropuid, 3HAUMTENbHO ynaajdeHHbIX oT TOLl, 1enecoobpa3HO COOpyX eHHE
COOCTBEHHOIO HE3aBUCHUMOI'O HCTOYHMKA nMTaHusA. Jlo TMOCIEeNHero BpeMEHU
CUUTAJIOCh, YTO CO3JAHME COOCTBEHHBIX HCTOYHUKOB MHMTAaHUS Ha MNPEAIPUATHIX
HSKOHOMHUYECKH HELEeIeCO00pa3Ho, 3a HCKIIOYEHHEM MCTOYHUKOB IHUTAHUS JUIS
norpeduteneld 0coOOW TpyMIbl >IEKTPONPUEMHUKOB TMepBoM Kareropuu. Ho B
YCIOBUSIX ~ PBIHOYHOW HOKOHOMHUKH, TpPU TOCTOSHHOM pocTte TapudoB Ha
AIIEKTPOIHEPIHUI0, COOCTBEHHBIE WCTOYHUKU NHUTAHUS — OINpPaBIAHHOE pEIICHUE,
MO3BOJISIIOIIEE  CYIIECTBEHHO  TOBBICUTh  HAAEKHOCTb  DJIEKTPOCHAOKEHHUS
noTpeduTeNeil mepBoil U BTOPOI KaTETOPUH.

CxeMbpl ~ BHEIIHEr0  3JEKTPOCHAOXKEHUS  MOTYT  OBITh  KOJIBIICBBIMH,
MarucTpajibHbIMUA C OJHOCTOPOHHUM U JIByXCTOPOHHUM IMTAHUEM U PaIUaIbHBIMU.

Konbuessle nuTaronye ceTd MPUMEHSIOTCA Ul KPYIHBIX METAJUIypru4eCKUX
3aBOJIOB, He(renepepadbaTsiBaouX npeanpuatuil u ap. Ha puc. 3.1 npencrasnena
cxeMa KojblieBoi nurtaronien cetu 110 kB, kK KOTOpoil NpUCOETUHSIOTCS MPUEMHBIE
IYHKTBI 3JIEKTPOHEPIUM — Y3JIOBBIE pacupenenuTenbHble noacranuuu Y PIIl—
VYPII4, xoTOpble NOJY4arOT MHUTAHUE OT JBYX TEPPUTOPUATIBHO HE3aBHCHUMBIX
UCTOYHUKOB nuTanusi: oT TOLl n moactanuuu sHeprocucteMsl no auHuam 110 kB. C
mmmH 110 kB YPII nonyyaiot nuTanue moacTaHUuu riIyOOKOro BBOJA.

Ha puc. 3.2 mpuBeneHa cxema 3JIEKTPOCHAOKEHUS KPYIHOTO MPEANPHUSITHS
LBETHOW METAJUIypIruy, KOTOpPOE IIOJIYy4YaeT NHUTAHUE OT JBYX TEPPUTOPHUAIBHO
HE3aBUCUMBIX HMCTOYHMKOB NHUTAHUA: MOACTAHUMM 3HeprocucreMbl u TOL[ 1o
muausM 110 kB. IlyHkTamu npuema 3J€KTPO3HEPIHMH  SIBISIIOTCS  IVIaBHAs
IIOHU3UTENbHAS TMOACTAaHUMSA MNPEANPUATHS W TOACTAaHUWA dyekTposm3a. [lpum
IIOCTPOCHUU CXEMbl YUYUTHIBAIOT TO, 4YTO HpeoOpa3oBaTesibHasl MOACTAHLINSA
NIEKTPOJIN3A SBISIETCS. UCTOYHMKOM BBICIIMX TapMOHMK TOKa W HampspkeHus. Ee
OUTAaHUE OcyllecTBsieTcss o otraensHod suHuM 110 kB or  moxcranmum
SHEPrOCUCTEMBbI 10 CXeME€ IJIIyOOKOro BBOjAA. /[l TOBBILIEHUS HAJIEKHOCTH
AJIEKTPOCHAOKEHUS AJIEKTPOJIN3a MPEAYCMOTPEHA CBSI3b MOJCTAHIUHU JIEKTPOJIN3A C
T u I'TIII no aByxuenHomy Tokomnposoay 10 kB.
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Ha puc. 3.3 npeacraBieHa cxema MUTaHUSI KPYTITHOTO XMMUYECKOTO KOMOMHATA.
HNCTOYHUKOM  3JIEKTPUYECKOM M TEIUIOBOM DHEPTUM  MPEANPUATHS  CIYKUT
cooctBenHass TOLl. Hepocraromasi aneKTposHeprusi mnepefaercs OT MOJCTaHIUU
SHEProCUCTEMBI MO paauanbHbIM JUHUAM 220 kB Ha npuemubii nyHkT — [TIIT ¢
aBroTpancopmaropamu  Hampspkenuem  220/110/10  xB. Jlng  moBelmeHus
HAJISKHOCTH D3JIEKTpOCHAOXeHUsT mpenycMmorpeHa cBsizb [TIII mo MaructpaibHbIM
muausiM - 110 kB ¢ gpyroit moacTtaHuuend SHeprocucteMbl. PacmpeneneHue
ANEKTPUYECKON DHEPTUH IO TEppUTOpUM mnpennpuatus npowussomgurca ot I'TIII na
aByx HanpspkeHusix — 110; u 10 xB. Ilo pagnanbHeiM JTUHHAM TITyOOKOTO BBOAA C
nmH 110 kB ITIIl nmomywyatoT mnuTaHWe MOIIHBIE MOTPEOUTENH XWMKOMOWMHATA:
cTpoitbaza, padpuka, 3aBo/I, OCTaIbHBIC MMOTPEOUTETN TOTYYAIOT MUTaHKUE ¢ MUH PY
10 xB I'TIIL

Jna  npeanpusTad  CpeaHEd MOIIHOCTM NPUMEHSAIOTCA pajgualbHbIE U
MarucTpajbHbIE CXEMbI TUTAHUS C OJIHUM U 0oJiee MPUEMHBIMH ITyHKTaMH. B cxemax,
IPEACTABICHHBIX HA pUC. 3.4, MUTaHUE NPEANPUITHS OCYIIECTBISIETCS paauaIbHbIMU
JUHUSMU OT MOJACTaHIMU 3HeprocucteMbl U codbctBeHHor TOLl. Ecnau moncranims
DHEPTrOCHUCTEMBI PACHOJIOKEHA HA 3HAUYMTEIIBHOM PACCTOSIHUM OT NPEANPHUSITHUS, TO
UCITIOJIB3YETCSL CXEMA, B KOTOPOW MUTAIOLIAs CETh BBIMOJHACTCA HA HAINpPSKEHUAX 35,
110 wm 220 kB, a #OpUEMHBIM NYHKTOM DJJIEKTPOSHEPIUU CIIY>KUT TJIaBHAA
NOHM3UTENbHAS MOACTaHIMsS npeanpustus (puc. 3.4, a). llpu HeGosbIIOM
pPacCTOSTHUM OT MOCTAHIIUN SHEPTOCUCTEMBI ITUTAIOIIAS! CETh MOYKET OBITh BHIMOJIHEHA
Ha Hanpsbkenue 10(6) kB, B 3ToM cilydae IpHUEMHBIM MYHKTOM CIIY>KHT LEHTPaJIbHAS
pacnpenenuTenbHas

K noactanunsm ry6oxoro sso/ia

IToucranums
i 500/110

K noacTanuuam ryBokoro Bsoia

yPn4

Pucynok 3.1 - Cxema BHEIIHETO 3JICKTPOCHAOKEHHUS KPYITHOTO METAJUTYPTHYECKOTO 3aBOIa
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U Toxonposoa 10 xB
PucyHnok 3.2 - Cxema BHELTHETO IEKTPOCHAOKEHHSI KPYITHOTO MPEAIPUATHS [IBETHON
METAJUTYprUH

nojactannms npeanpusatus (puc. 3 .4, 6). Ha puc. 3.5 mpeacraBieHbl CXeMbl
BHEIIHETO 3JIEKTPOCHAOXKEHUS MPEANPUATHS NPU MUTAHUM €r0 OT Pa3HbIX CHCTEM
(cexumnii) mMH PaliOHHOM NOJCTAHLUMU SHEPrOCUCTEMBI C MPUEMHBIMH ITYHKTAMH:
IJIaBHAsl IOHU3UTENbHAS NoACcTaHuA (puc. 3.5, a); HeHTpaibHasl pacnpeeauTeaIbHas
noacTannus (puc. 3.5, 6) u noacranuuu riyookoro BBoja (puc. 3.5, 6). Ilpu Hammuuu
Ha TPEINPUATHU SJIEKTPOINPUEMHUKOB MEPBOM, BTOPON KaTeropuil MyHKTbl IpHeMa
ANEKTPOAHEPTUU  JOJKHBI HMMETh JBa TpaHcpopMmMaTopa; JBE CEKUMA IIWH,
3alUTHIBAEMBIE HE MEHEE YeM M0 JBYM JMHUSM OT pa3HbIX CHUCTEM (CEKLMW) LIUH
MOJICTAHIIUK dHEprocucTeMbl. [IpeAnoYTUTENbHBIM SBIISETCA BApUAHT, KOT/1a TUHUU

Ot cucrems! 110 kB 10 xB I'TIn
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Pucynoxk 3.3 - Cxema BHEIIHETO 3JIEKTPOCHAOKEHHS KPYITHOTO XUMHUYECKOT0 KOMOWHATa
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BBITIOJIHSIOTCS. HA OTAETBHBIX OMOPax M UIYT MO Pa3HbIM TPaccam.

Boui6op mpomyckHOM CMOCOOHOCTH MUTAIOMIMX JIMHUNA TPOU3BOAMTCS TaKUM
o0pa3om, 4TOObI IIPU BBIXOJI€ OAHOM W3 JIMHUW OCTaBIIMECS OOECHeurBalId MUTAHKUE
BJICKTPONPUEMHHUKOB MIEPBOU U BTOPOM KATETOPUM.

Pemienve 0 mMTaHUM TPOMBIILIEHHOTO MPEANPUSTUS OT CETed SHEPrOCHUCTEMBI
HanpsbkeHueM 35 kB crienyer nmpyuHUMaTh pY HEBO3MOXKHOCTU TIMTAHUS MPEATIPUSITUS Ha
IpYTMX HanpspKeHUsIX. B 3aBUCHMOCTM  OT MOTpeOiseMOil MOIHOCTM M COCTaBa
ANIEKTPONIPUEMHUKOB B KAa4yeCTBE MPUEMHBIX ITYHKTOB MOIYT OBbITh PHMEHEHBI:
TpaHchopmaropHast noactanums 35/10(6) kB ¢ tpancdopmaropamu mommocThio 1,6—10
MBA u (wm) Ttparchopmaropabie monctanimu 35/04 kB ¢ Tpanchopmaropamu
MoITHOCTEIO0 10 2,5 MBA. TlprMep BBIMONHEHNS! MUTAIONMICH CETH MO CXEME TITyOOKOTO
BBO/Ia HarpsbkeHreM 35 kB nipuBezieH Ha puc. 3.6.

DneKTpocHa0kKEHNE MPEANPUITHI MATIO MOIITHOCTH OCYIIECTBISETCS, KaK MPaBUiIo, OT
ceTeil sHeprocucTeMbl HanpsbkeHueM 10(6) KB. B KauecTBe MPUEMHBIX IYHKTOB MOTYT OBITh
IPUMEHEHBI: pacnpesienuTebHas, pacmpeenuTenbHO-TpaHchopMaTopHas WK
TpaHchopmaTopHas noactaHiuu. [Turanue ykasaHHbIX NOACTAHIUM OCYIIECTBIAETCS
Ka0eNbHBIMU WM BO3IYIIHBIMU JMHUAMHU 6 win 10 KB MO pajuaibHOM WM MarkuCTpaibHOU
CXEMaM.

TIC sxeprocucTeMs! -

35-220xB_ - e aﬂeproéﬂ\crew e« T, o8
* i, 4 & K . x
/
mn / [/ 106)«B
. %, %, %, x, &, & ‘
([ 106) B
A —
K uexossim PIT - o e 6
' nTII
311 | a
LN 110(6) «B

&

Pucynoxk 3.4 - CxeMbl BHEIIHETO 3JIEKTPOCHAOKEHUS NPEANPHUATUNA CPEAHEH MOLTHOCTH C
MPUEMHBIM TyHKTOM 3JiekTposHeprun: a — ['TIIT; 6 — IPII
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I1C 3HeprocucTeMbl

TIC aneprocucremsl IIC sueprocucremst . . . - 35~220kB-.
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, : ‘I/ . 10(6) kB
X * * % ,
. ) B TN ZE: N
’ : NIB1
' ()
' o -
LIPTI ‘ "~ 10(6)xB

/IO(g)KB/ / IO(QKB / : . @_‘K\_
%, * X, X X, & X, X
(C((C (0 (( RN

K uexopsiM PITu TIT' K nexosbim PII 1 TIT
a 6 8

PucyHnok 3.5 - CxeMbl BHEITHETO 3JIEKTPOCHAOKESHHS PEMTPUATHI CPETHEH MOITHOCTH C
IPUEMHBIM TYHKTOM 3JiekTposHepruun: a — ['TII; 6 — LIPII; ¢ — I1I'B

3.5 NMYBOKUE BBOAbl 35—220 kB

['myOokue BBOABI HIMPOKO MPHUMEHSAIOTCS B CXEMaX BHEIIHETO ¥ BHYTPEHHETO
3JIEKTPOCHA0KEHHS TPOMBILIICHHBIX MPESANPUATHI U CUUTAIOTCS Haubonee MporpecCHBHBIMU

cxeMaMmH anekTpocHabkeHus. Mx mpuMeHeHne mo3Boser:
7

0,4 xB 0,4 xB
AN : AN .

NV
Or IIC sHepro-

CHCTEMBI I TI2

35xB
i :

B

/04KB Q. (0,4 kB

R

Pucynok 3.6 - Cxema riy0okoro BBojia HampsbkeHueM 35 kB

* pACTOJIOXUTh MOJCTAHIIMK TJIYOOKOrO BBOJA B KPYIHBIX Y31aX IOTPEOICHHUS
3JIEKTPOIHEPTHU  (INMEKTPOJIM3HBIC YCTAHOBKM, MPOKATHBIC CTaHBI, a30THO-KHUCIOPOJIHBIE
CTaHIUH U T. J1.);

* MCKIIFOYUTh MpoMexyTounble PII, Tak kak Mx QyHKIMM BBIMONHAIOT PY BTOpHMuYHOrO
HaTPSHKCHUS MOICTAHIUI TITyOOKOTO BBOJIA;
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* JCIOJb30BaTh YIPOIIEHHbIE CXeMbI IepBUYHON KommyTanuu 111 B;

* PE3KO COKpAaTUTh NPOTSKEHHOCTh AIEKTpUUECKUX ceTeil HanpsbkenueM 10(6) kB, a
CJIEZI0BATEIBHO, YMEHBLINTH IOTEPH MOIIHOCTH, BHEPIUH, HANPSDKEHUS B JTHX CETHX,
NPOTSKEHHOCTh KAOEJIbHBIX ICTAKaJ; YMCIO MCIOIb3yeMOH KOMMYTALMOHHOW M 3allUTHOM
anmaparypsi;

* YMEHBIIUTb EMKOCTHbIE TOKH B ceTax 10(6) kB, 4To no3Bonser Bo MHOTHX Ciydasx
000HTHCh O€3 yCTaHOBOK KOMIIEHCALINHM EMKOCTHBIX TOKOB,;

* OCYLIECTBUTH MUTAHHE XAPAKTEPHBIX IPYIIIT IEKTPOIPHUEMHUKOB C HEJTUHEHHBIMH,
PE3KONEPEMEHHBIMHY, YAAPHBIMU HArpy3kamH OTJEIbHBIMH JIMHUSMU HEMOCPEACTBEHHO OT
MOJCTAHIMKA TIyOOKOTO BBOJA, YTO MO3BOJISAET 3HAYUTENLHO YMEHBIIMTH BIMSHHE JAHHBIX
Harpy30K Ha CHCTEMY 3JIE€KTPOCHA0KEHHS U MOBBICUTH KAYECTBO HIEKTPHIECKOI' SHEPTHH;

* TOBBICHTb HAJIEKHOCTh 3IEKTPOCHAOKEHHS M YMEHBIIUTh KalUTaIbHBIE 3aTPAThl U
SKCILTYaTaIl[MOHHbIC M3EPKKU Ha CHCTEMY SJIEKTPOCHAOKEHHS.

Cxembl r1y00oKuX BBOJOB HanpspkeHueM 110—220 kB BBIMOMHSIOTCS: BO3AYLIIHBIMA WIIH
Ka0eJIbHBIMU JIMHUAMH, CXeMBI ITy00KuX BBOJOB 330 KB U BbIlIE — BO3YIIHBIMU JUHUAMM.

[IpuMeHeHne BO3MYLIHBIX JIMHMM LEnecoo0pa3HO MpHU HEBBICOKOM IUIOTHOCTH
3aCTPOMKH NPOMBIIUIEHHON IUIOMAAKK. B LEIIX CHIKEHHS OTUYKAAaeMOW IOJ BO3LYLIHYIO
JIUHUIO TUIOLIAHM JOMYCKAETCA IPOXOXKICHUE JIMHUN HAJl BCEMH HECTOPAEMBIMHU 3[aHUAMHU U
COOPYKEHHUSAMH, 332 MCKIIOUYEHHEM B3pbIBOONACHBIX YCTaHOBOK. IIpu BbIOOpE BBICOTHI OMOp
BO3JYIIHOM JIMHUM [IOJDKHA YUYMTBHIBATHCS BO3MOKHOCTb IIPOKNAJKM IOJ IPOBOJAMU
BO3IYIIHBIX JMHUNA TPyOONPOBOAOB, TPAHCIOPTHBIX M JPYrHMX KOMMYHHKaluii. B
OOOCHOBaHHBIX  CIy4asX MOXKET OKa3aTbCid  IeJIecCOOOpa3HbIM  MPUMEHEHHE
CHEUUAIbHBIX OMOP JJIs1 YBEJIMYEHHUSI ITTUHBI IPOJIETOB.

Bce Oounbliee mprMeHeHHE B CHUCTEMaxX 3JIEKTPOCHAOXKEHUS MpeanpUsTHIA
HAxXoAAT KaOenbHble nuHUM HampsbkeHuem 110—220 xB. PaspaGoTka HOBBIX
KOHCTPYKUUH Kabenell U COBEpPIIEHCTBOBAHNE TEXHUUECKHUX PEHICHHUN MO MPOKIIAIKe
KaOEeIbHBIX JIMHUN CIOCOOCTBYET MX IIMPOKOMY IPUMEHEHUIO.

Macnonanonnennuvle xabenvHble TUHUU HU3KO20 0a6leHsl TPEOYIOT MOBBIILIEHHOTO
BHUMAaHUS CO CTOPOHBI 00CITYKMBAIOIEr0 NEPCOHANA, TaK KAK UMEIOT MacJIOCUCTEMY,
a B OTIENBHBIX CIIy4asiX U CUCTEMY OXJIAXKJEHHs, KOTOPBHIE CUUTAKOTCS HEHAIEKHBIMU
3BEHbSIMU KaOeNbHBIX JIUHUNA. [IpoKiiajka JaHHBIX JUHUM OCYIIECTBISAETCS B JIOTKAX,
3eMJle, TPaHIUEsAX, KaHAJIaX M HWXKE 30HbI IIPOMEP3AHMsI, a TAKKE C YCTPOMCTBOM
CHelMaIbHbIX KosoaueB ansi My(QT. IIpokmanka MacioHamoJHEHHBIX KaOenell B
TOHHEJISIX HE PEKOMEHAYETCS M3-3a 3HAYUTEIbHOW CTOMMOCTH.

Kabenvuvie nunuu ¢ usonsyuert uz cuumozo noausmuiena (CIID-u3omsmmei)
UMEIOT 0oJiee BBICOKHE TEXHHUKO-DKOHOMHYECKHE TIOKa3aTeu [0 CPaBHEHHUIO C
MacCJIOHANIOJHEHHBIMU KaOeIbHBIMU JIMHUSAMU. JTO MO3BOJIHIIO PEKOMEHIOBATh UX B
KAueCTBE OCHOBHBIX i NpuMeHeHuss B cerax [110—220 kB mnpomblnuieHHbIX
NPEANPUSATHNA TIPU BBICOKOW TIIOTHOCTH 3acTpoiiku nmpeanpusatus. [Ipoknanka kademneit
¢ CIID-u3omsauueil OCylIeCTBISETCS B OTKPBITBIX KaOENbHBIX COOPYXEHUSX (Ha
TEXHOJIOTUYECKUX U KaOEJbHBIX ACTaKaaax, kKabenabHbIX ranepesx). Ciaeayer OTMETUTS,
4TO Nepeayda IEKTPUUECKON IHEPruM Mo KaOenbHbIM JMHUAM ¢ CIID-u3omsmueil B
Hacrosiee Bpemst odxoaurcss B 7—20 pa3 1opoke, 4eM IO BO3AYIIHBIM JIMHUSAM
HanpspkeHueM 110—220 kB. [Ipu yBeqIudeHUM HanpsiHKEHHUsS pa3HUIA B CTOMMOCTH
yBeIMuuBaeTca. Bmecte ¢ TeM [UIsl MPOXOXKIEHHWS BO3AYIIHOW JMHUU TpedyeTcs
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1oJioca, CBOOOHASI OT 3aCTPOMKH M KOMMYHHKAIIUN, IIUPUHOMN Oosee 20 M 11 JTUHUIMA
HarnpsbkenneM 110 kB u 6onmee 30 M jyis auHui Hanpspkenuem 220 kB, 4to B
YCIOBUSIX MPOMBIIUICHHOTO TMPEANPUATUS HE Bcerga aomnyctumo. IIpumeHeHue
KaOeJNbHBIX JIMHUHU JUIsl TUTaHUS TOJCTAHIIMNA TTyOOKOTO BBOJIA MO3BOJISET BHIMOIHSITD
pacnpenenurenbuble  ycrporictBal 10—:220 kB moacraHuumii 1o cxeme «JIMHUS—
Tpancopmarop» 0€3 KOMMYTAIIMOHHBIX AIIMApPaTOB.

[Io wmepe OCBOEHHsS MPOMBIIUIEHHOCTBIO MPOU3BOACTBA TOKOMNPOBOJOB
HanpspkeHneM 10 330 kB ¢ anera3oBoil M3oasiuued yBEIMYMBAETCS MX MPUMEHEHHUE
UL CXeM [IyOOKMX BBOJOB IPHU BBICOKOW IUIOTHOCTH 3aCTPOMKM MPOMBIILIEHHOM
IJIOIIAJKHA U HAJIMYMH arpeCCUBHOM OKPYXKAIOILLEH CPEIbI.

Pamnanbhbie cxembl riry0okux BBoAOB 110—220 kB no3BossitoT MCHONIB30BaTh
MIPOCTEHIINE CXEMbl NEPBUYHONM KOMMYTALIMM MNOACTAHLMNA TIIyOOKOro BBOAA —
CXEMBbl «JIMHUS—TpaHcPopMaTopy»: ©0e3 KOMMYTALMOHHBIX almapaToB (TJIyXOro
NPUCOEIMHEHUS) C pa3beAMHUTENEM, MPEJOXpaHUTENeM, BbiKItouaTeneM. [Ipumepsl
BBITIOJTHEHUST PaTUabHBIX CXeM IIyOokux BBoaoB moxactanuui [II'B1 u TII'B2
MOKa3aHbl Ha puc. 3.3.

IIpn MarucTrpajbHbIX cXeMax INIyOOKHX BBOJOB OTKJIIOUEHHWE MAarucTpaiv
NPUBOJIUT K MOTEPE MUTAHUSI BCEX TPaHC(HOPMATOPOB, MOJKIIOYEHHBIX K MarucTpay.
[TopTOMy MCHOJIB3YIOTCS CXEMBI, TMO3BOJIAIONIME OTKIIOYATh IMOBPEKICHHBIN
TpancopMaTop Ha CcaMOl TOJCTAaHIIMM W TOBTOPHO BKJIKOYATh MAarucTpaiib
ycrpoiictBoM AIIB. IIpuMepsl BBIMONHEHUSI MaruCTPaIbHBIX CXEM ITyOOKOrOo BBOJA
MpUBEAEHBI HA pUC. 3.5, 6 1 3.6.

3.6 BbIBOP CEYEHWSA BO3AYLUHbIX U KABENbHbIX NMUHUN

Ilepenady S5EKTpOSHEPrMM OT HUCTOYHUKA IMTAHUS A0 HPUEMHOIO ITyHKTA
[POMBIILIEHHOTO NPEIPUATHS OCYIIECTBIISIIOT BO3AYIIIHBIMH WM KaOETbHBIMU JIMHUSIMU.
CeueHust MPOBOAOB M >KWJI KaOenel BBIOMPAIOT MO TEXHUYECKUM WU SKOHOMUYECKUM
YCIIOBHSIM.

K TexHuuecKkuM yCIoBUSIM OTHOCST BBIOOP CEUEHHI M0 HATPEBY PaCUETHBIM TOKOM,
YCJIOBHUSM KOPOHHMPOBAHUSI, MEXaHUYECKOW IMPOYHOCTH, HArpeBY OT KPaTKOBPEMEHHOTO
BoIZleieHHsT Teria TokoM K3, moTepsM HampsokeHHMST B HOPMajibHOM H
IIOCJICABAPUMHOM PEKUMAX.

OKOHOMUYECKUE YCIIOBHUSI BBIOOpA 3aKITFOUAIOTCS B OMPEACNICHUN CEUEHUS JTMHHH,
IPUBEJICHHBIE 3aTPaThl HA COOPYKEHUE KOTOPOH OylyT MUHUMAJIbHBIMHU.

3.6.1 BbIBOP BO3[YLUHbIX JINHUA 110 kB

CeueHrie BO3IyIIHBIX JIMHUNA BEIOUPACTCS 1O CIEAYIOIIUM YCIOBHUSIM:
1)  >KOHOMHYECKOU MIOTHOCTU TOKA;

2)  HarpeBy pacy€THBIM TOKOM;

3)  KOpOHE;

4)  MEXaHMYECKOH IMPOYHOCTH.

5)  norepsM HanmpsLKEHUS

Buvibop no skonomuueckoti niomuocmu moka:
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Fy =20 (3.1

IZ€ j, - SKOHOMHUYECKAs INIOTHOCTh TOKA.
I, - OTIPENIEISIETCSI 110 BHIPAKEHUIO:

_ Syomr ‘Ksr . (3‘2)

[y = 2owr Ko
P! \/E'UHOM

I7€ S,y . - HOMUHAIbHASI MOIIHOCTH TpaHchopmartopa ['TIII;
K, - KO3 (ULHUEHT 3arpy3ku TpaHchopmaropa.

Buvibop no naepesy:
Ycnosue BeiOOpa
I <Tons (3.3)
1,4-
rge 1) =12 Suour (3.4)
\/g'UHOM
Lon- JONYCTUMBIA 10 HAarpeBy TOK (NpuMHHMMAaeTcs mno Tadmune A.l12

MIPUIIOKEHUS A)

Tl BJI-110 kB ceuenure mo KOpoOHE IOKHO ObITH He MeHee 70 MM?, a 1o
MEXaHUYECKON POYHOCTH HE MeHee 35 MM>.

N3 4 ycnoBuii BbIOMpaeM HauOOJIbLIEE CEUEHHE.

3.6.2 BbIBOP CMOCOBA MPOKIALKU U CEYEHUA CETEMW 6(10) kB

Ha npombinuienssix npeanpustusax cetd 6(10) kB BBIIOJHAIOT B OCHOBHOM
ka0ensiMu. bosnbiioe pacrpocTpaHeHne MOTYYHIN JIBa CIOC00a MPOKIaAKU Kademei:
B Tpanmesix npu uncie kabeneit 10 6 1 Ha 3cTaKagax mpu ymucie kadbenen 6omee 6.

Ceuenune kaOenbHBIX JTUHUHN HanpshkeHueM Beiiie 1000 B BeiOuparor:

1) 1o Harpeny;

2) 1O YKOHOMHYECKOH TIOTHOCTH TOKA;

3) 10 TePMHUYECKON YCTONYMBOCTH.

Buvibop no naepesy:

Jns xabeneit ¢ OymMakHOM M3OJIALMEN TOMycKaeTcs meperpyska B 1,3 paza B
TeueHHe 6 4acoB B CyTKH, a I kabeneil ¢ miactMaccoBod m3ossiiuen B 1,1 pasa,
M03TOMY yCJIOBUS BBIOOpa IO HAarpeBy OyAyT:

Ly max <1371
I

(3.5)
(3.6)

1011 °

pmax <Ll Iaon ’

rae 1,,,- JOIMYCTMMBIM IO HAarpeBy TOK (npuHuMaerca mo Ttabmune A.7 m A.8

MPUIOKEHUS A);
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I

pexHuMeE.
Buvibop no skonomuueckoi niomuocmu

pacueTHhId TOK MPOTEKAIONIUMN MO KaOeabHOW JIMHMM B aBapUUHOM

pmax "~

By = (3.7)

rac Ip - pvaeTHLIﬁ TOK HpOTeKaIOHH/Iﬁ 110 KaOeJIbHOU JINHUH B HOPMAJIbHOM PCIKUMCE;

jox- OKOHOMHMYECKAash ITUIOTHOCTh ToKa (mpuHUMaercs mo Tabmuie A.10
MPUIOKEHUS A).
Buvibop no mepmuuecxoii cmoukocmu:

OHpC,HCJIHCTCH MHHHMAJIBHOC CCUCHUC!

B

Finin 2 FT:a'Ioo'\/Ea (38)

rae B, - TEIJIOBOM UMITYJIbC;
C- k03 PUIHEHT 3aBUCIINN OT MapKU Kabels, BUAa ero Wil U HalpsHKEeHUS;
a - pacueTHbIN Ko purueHT (=12 s kabenei ¢ aTFOMUHUEBBIMU KUJIAMH,
a =7 nns kabeneil ¢ MeTHBIMU KUJIAMH );
I, -yCTaHOBUBIIMIICS TOK KOPOTKOT'O 3aMbIKaHUs, KA;
t, - BpeMs IPOXOXKACHUS TK3 Uepe3 Kabelb, C
ty = ths +tops (2.60)
7€ t,, - BPEMs ICHCTBHS PEIICHHON 3aIUTBI, C;
t,, - BPEMS OTKJIFOUEHUS BBIKIIOYATETIS, C.

W3 Tpex 3HaYCHHWM ceueHus KabOels 3a OKOHYATEIIBHOE CCUYCHHE BBIOMpACTCS
HauOoJIbIIIEE.

3.7 BbIBOP MECTA PACINONOXEHUA rMABHOM
NOHU3UTENbHOU NOACTAHUNA

Mecromnonoxenue, TUIl, MOIMHOCTh U aApyrue napamerpsl I'TIII B ocHOBHOM
OOyCIIOBIIMBAIOTCS BEIUYMHONM U  XapaKTEepoM  DBJIEKTPUUECKUX Harpysox,
pasMEelIeHueM MX Ha TEHEPaJbHOM IUIaHE, a TAaKXe IPOU3BOJCTBEHHBIMU,
ApPXUTEKTYPHO-CTPOUTENBHBIMU U JKCIUTyaTallMOHHBIMH TpeOoBaHUsIMH. BaxHo,
yTo0BI ['TIIT Haxoaumack, BO3MOXKHO, OJMXKe K LIEHTPY MUTAEMBIX OT HEE€ HArPy30K.
OTO COKpalaer MpOTSKEHHOCTh, a, CIEJO0BATENbHO, CTOUMOCTh M TOTEPU B
MUTAIOIINUX U PACTIPEACIUTENbHBIX CETAX AIEKTPOCHAOKEHUS MPEINPUATHUS.

HameueHHOE MECTO YTOUHSIETCA MO YCJIOBHUSM IUIAHUPOBKH MPEANPUSTHS,
OPUEHTHUPOBOYHBIX Tra0apuTOB W TUNa (OTHEIBHO CTOSIIAs, MPUCTPOCHHAS,
BHYTPEHHSISI, 3aKpbITasi, KOMIUIEKTHAs) MOJICTAHLIMM, BO3MOXXHOCTH MOJBOJA JIMHUN
ot mecta BBoja JIDII ot sneprocucremsl k ['TII. IIpu BeIOOpE MecTa pacnonoKeHus
MOJICTAaHIIUM CJIEAYET YYUTHIBATh MPOAOKUTEIbHOCTh padboThl DI1. OueBuaHO, YTO
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IIpM OJMHAKOBOM pacyeTHOM Harpy3ke, HO pAa3JIM4YHOM YHCIE YacoB pPabOTHhI
noJipas/ieJIeHUH 3aBojia MOACTAHIIMS JOJDKHA ObITh OJMbKe K TpymIe norpedurenei ¢
OoJibllIe  MPOAOJDKUTENIBHOCThIO  paboThl (¢ OojpiuM KO3 dUIIEHTOM
HCIIOJIb30BAHUA ).

Jonyckaercsi CMELIEHHE TMOJCTAHIIMM Ha HEKOTOPOE PpPACCTOSIHUE OT
F€OMETPUYECKOI0 IEHTpAa MHUTAEMBIX €K HAarpy3ok B CTOPOHY BBoAa OT
HSHEPrOCUCTEMBI.

['TIIT BemmomHsieTcst nByXxTpaHchopMaTopHO. MolHOCTh TpaHchopmMaTopoB
ONPENEISACTCS AKTUBHOW HArpy3KOW NPENIPUATHS W PEAKTUBHOW MOIIHOCTBIO,
nepeaBaeMoil  OT CHUCTEMBbl B TMEPHUOJ] MaKCUMyMa Harpy3ok. MOIIHOCTh
TpaHcHOPMATOPOB BHIOUPAETCS TAKOW, YTOOBI MPU BBIXOJIE U3 pabOTHI OJTHOTO U3 HUX
BTOPOl BOCIPHUHSUI OCHOBHYK) HArpy3Ky MOJICTaHIMU C YYE€TOM JIOIyCKaeMOM
MEeperpy3ku B MOCICABAPUITHOM PEXUME U BO3MOKHOIO BPEMEHHOTO OTKIIFOUECHUS
notpeduteneit Il kareropun. B cOOTBETCTBMM C CYHIECTBYIOIIEH MPAKTHKOM
MIPOCKTUPOBAHKS HOMHUHAJIBHYIO MOIIHOCTH TpaHchopmaTopoB Ha I'TIT Sponrrmm
PEKOMEHIyeTCsl BBIOMpATh U3 YCIOBUS JOMYCTUMOM MEPETrpy3KU B MOCIIEaBapUINHBIX
pexumax 110 60-70%, ©Ha BpemMs MakcuMyma  O0OIel CyTOYHOMN
MPOJIOJDKUTENLHOCTBIO HE OoJjiee 6 4acoB B TeyeHUE He Oosee S5 CyToK, T.e. IO
YCJIOBHIO

S
> Smcrrm (3.9)

SHOM.T,FHH

Macnsanbie TpanchopMmaTopbl B OOJBIIMHCTBE CIIy4aeB YCTaHABIMBAIOTCS
oTKpbeITOo, a PY-10 kB - BHyTpu mnomemieHusi MoapasfeieHus] WU MOXET ObITh
IPUCTPOCHO K cTeHe 1exa. [Ipu pazpadotke cxem kommytanuu ['TIT npennpusituii

CpPEIHEN MOIIHOCTH CJIEAYET CTPEMHUTHCS K UX MAKCHMAJIbHOMY YIIPOILICHUIO U
WCMOJIb30BAaHUKD MHHUMYMa KOMMYTAallMOHHBIX ammaparoB. Ha BTropuuHOM
Hanpspkeanu [TIII g opeanpuatuil cpeiHEd MOIIHOCTA NPUMEHSETCS OJHA
CEKIIMOHUPOBAHHAs BBIKIIOYATEJIEM CHCTEMA IIHH.

3.8 MPOEKTUPOBAHME IMABHbIX MOHU3UTEJNbHbIX MOACTAHLIUNA

OCHOBHBIMM  YCIIOBUSIMM  IPOCKTHUPOBAHMSI  PALMOHAIBHON  CHUCTEMBI
anekTpocHaOxkeHuss (CD) SBIAIOTCS HAIEKHOCTh, ISKOHOMHUYHOCTH U Ka4ECTBO
AJIIEKTPOIHEPTHH B JIEKTPUUECKOM CETH.

OKOHOMUYHOCTh ~ ONpENENseTCs NpUBEIECHHbIMM 3arparaMmu Ha CD.
Hagexxnocts COD 3aBUCHUT OT KaTeropuu TMOTPEOUTENEH AIEKTPOIHEPIHH U
0COOEHHOCTEM TEeXHOJIIOTMYECKOTO Mpolecca, HeMpaBUiIbHas OLIEHKa KOTOPBIX MOXKET
MPUBECTU KaK K CHIKEHUIO HazexxHocTh CO, Tak M K HEONpaBJIaHHBIM 3aTpaTaMm Ha
U3JIMIIHEE PE3EPBUPOBAHUE.

[Tpu npoexkTHupoBaHUU, KaK MPABUIIO, pa3padaThIBAETCs HECKOJIbKO BAPUAHTOB
CD, nanbonee 1enecooOpa3HbIil U3 KOTOPBIX OMPEACISIOT B PEe3ybTaTe TEXHHUKO-
HAKOHOMHUYECKOTO COMOCTABIICHUS PAa3IUYHbIX BAPUAHTOB.

Pa3pabotka npoexra ['TIIT Bkitouaer B ceOst BBIOOP CXEMbI U KOMIIOHOBKY €€

KOHKPETHBIMU TUIIOBBIMU KOHCTpYyKUUsiMu KPVY.
53



3.8.1 BbIBOP CXEMbI ANIEKTPUYECKNX COEAUHEHWW MM

Cxemy I'TIIT BpIOMpAIOT ¢ y4eTOM YCTaHOBJIECHHOW MOIIHOCTH MOTpeOuTeNnen
AJIEKTPOIHEPTUM U KATETOPUM UX HAJEKHOCTH, XapaKTEPA HATPY30K U PA3MEIICHUEM
MX Ha TEHIUIAHE MNPEANpUSITHS, a TaKkKe IPOU3BOJICTBEHHBIX, apPXUTEKTYypHO-
CTPOMTENIbHBIX U 3KCIUTyaTallUOHHBIX TpeboBanuii [15].

B o6mem ciyuae cxema ITIII BkirowaeT B cebsi OAMH WM HECKOJIBKO
NOHU3UTEIBHBIX TpaHcpopMaropoB u PY Bbicmiero, cpeaHero M HUBIIETO
HAIPSKEHUM.

Haubonee mpocThiIMU M SKOHOMUYHBIMH SIBJISFOTCSI CXE€MBI TIOJICTAHIIUNA 0e3
coopupix mmH Ha BH. Takue cxemMbl OCHOBaHBI Ha OJIOYHOM WPHUHIUIE WU
PEKOMEHAYIOTCA K MNPUMEHEHHUIO Ha BCE HampsiKeHUs. BMecTo A0poroctosmux
BBIKJTIOUATENICH, JJI TOJKIIOYEHUS Harpy30K HCIONB3YIOTCS 0oJjiee TPOCThIC
amnrmnaparsl (pa3beIUHUTENN, KOPOTKO3aMbIKATENI!, OTACIUTENH, U JIP.).

Cxembl ¢ OIHOM CUCTEMOM IIMH Ha nepBUYHOM HanpsikeHuu 110-220 kB I'TII
MPUMEHSIOT TOJBKO TPU HEBO3MOXKHOCTH HCIOJIb30BaTh OJIOYHBIE CXEMbI 0€3
BBIKJIIOYaTeneil u 0e3 cOopHbix wmMH. [Ipu 3TOM cleayeT NpPUMEHUTh OJHY
CEeKIIMOHMPOBAaHHYI0 CXeMy IIMH M npeaycMmarpuBatb ABP mnorpebureneit |
KaTErOpHHU.

Cxembl ¢ JIByMsl cucteMamu cOOpHBIX IMH Ha BH npumeHnsoT B penkux
ClIyyasX Ha OYEHb MOIIHBIX OTBETCTBEHHBIX MOJCTAHIUAX, UMEIOIIUX OOJBIIOE
YUCJIO MPUCOCTIMHEHUH, BKIIIOYasi TpaH3UTHBIC JTUHUU. PY C nByMs cucremamu IIUH
JIOPOTH, CJIOKHBI B IKCIUTyaTallud U TPEOYIOT CIOKHBIX OJIOKUPOBOK.

Hqna PY 6, 10 m 35 kB MmHUpPOKO HCHOJB3YIOT CXEMY C OJIHOM
CEKLIMOHUPOBAHHOW CUCTEMOM IIMH. YMCII0 CEKIMM 3aBUCUT OT YMUCIA MOJKIIOUYCHUN
U TPUHATOM CXEMbl BHYTPHU3ABOJICKOIO paclpeieieHus »JeKTpodHepruu. B
OOJBIITMHCTBE CITy4YaeB YUCIIO CEKIIMI He mpeBbIacT AByx. Kaxaas cexius paboTaer
paseabHO W TOJydaeT MUTAHWE OT OTACIbHOW JMHUM Wik TpaHcopmartopa. B
HOPMAJIbHOM pEXKHUME pabOThl CEKIIMOHHBIA anmapar (pa3beAMHUTENb WIIH
BBIKJIIOUATENb) OTKIOYEH. [I[puMeHeHrne CeKIIMOHHOTO BBIKIIIOUATENsl 00eceunBacT
ABP, 4TO TmO3BOJIIET UCIOJB30BaTh TaKyl CXeMy JUIs TOTpeduTeneil maro0oi
KaTEeropuu HaJ1€KHOCTH.

Haubonee  mpocTbIMM M JCIIEBBIMU  SIBIISIIOTCSL  CHCTEMBI c
HECEKLIMOHUPOBAHHOM cucTeMOM ImHMH. OJHAKO OHU NPUTOJHBI TOJBKO IS
noTpeOuTeNeil TpeTbel KaTeropuu, Tak Kak B ciydae K3 Ha mMHax wiu npu peMoHTe
IIIUH BCE TMOAKIIOYEHHBIC MOTPEOUTETN TEPSIOT MUTAHWE HA JUTUTEIBHOE BPEMS [0
YCTpaHEHUsI OBPEXKICHHUS.

3.8.2 OCHOBHbIE TPEBOBAHUA K PASMELLEHUIO
OBOPYOOBAHUA NOACTAHLUN

[Ipu pasmemenun oOOpydOBaHUS ¥ KOMIOHOBKe PY wu moacranmmit
PYKOBOJICTBYIOTCS MOJIOKEeHUsAMU T4 [TV 3.

KoMIioHOBKY 351€KTp00O0OPY10BaHNS, KOHCTPYKTUBHOE €TI0 BHITIOJIHCHUE,
MOHTaX TOKOBEAYIIMX 4YaCTEi, OIIMHOBKY W YCTAHOBKY H3O0JISITOPOB, HECYIIHE
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KOHCTPYKITUM BBIOUPAIOT B TMPOEKTE OJIICKTPUUECKOW YaCTH TOJCTAHIIMA TaKUM
obpazom, yToOBI 0OecreunBaTh 6€30macHoe 00CTyKMBaHUE 000PYAOBaHUS, YI0OHOE
HaOJIOICHHE 3a YKa3aTeasiMU TOJIOKEHHUSI BBIKIIIOYATENe M pazbeIuHUTENEH,
YpOBHEM Maciia B TpaHchopmaTopax U amnmapaTtax u T.I1.

3a3eMIISIOIINE YCTPOMCTBA SIBJISIFOTCS COCTABHOM 4acThlOo BceX DY U CyXar
s o0ecriedeHus: HEOOXOJUMOIrOo  YPOBHS  DJIEKTPOOE30MACHOCTH B 30HE
00CITy’)KUBaHUS. 3a3eMJISIONIME YCTPONCTBA TMOJCTAHIMH C OOJIBIIUM TOKOM
3aMBIKaHUS Ha 36MJTIO IOJDKHBI UMETh COMTPOTHBIICHHE B JIFO00E BpeMsi rojia He Ooee

0,5 Om.

3.8.3 BbIBOP KOHCTPYKTMBHOI'O BbIMOJIHEHUA MABHbIX
NOHU3UTENbHbIX NOACTAHLIUN

Koncrpyktunoe Bbeinonnenue [TIII ompenensiercs NpuHATOW KX IVIABHOM
CXEMOW M YCIIOBUSIMH OKpYy»Karomien cpeapl. [Ipyn HOpMabHOM OKpy»Karoleun cpeae
PV 35-220 kB BbIMOAHAIOT OTKPBITHIMUA. OHAKO B psijie Clydaes, MPH HEOOIbIINX
tokax K3, HanboJee 1enecoobpa3Hoil MOKET ObITh YCTaHOBKA 3aKphIThIX PY 35 kB
3a cYeT MPUMEHEHHUsI Oo0Jiee IEeIEBOM anmnaparypsbl.

Cunoseie Tpanchopmaropsl ['TIIT Bcerma ycraHaBiauBarOTCS OTKPBITO, Ha
MPEANPUATUSIX C 3arPSI3HEHHON aTMOC(HEPOl — C YCUIIEHHON U30JIALNEH.

['THT nampsoxkenuem 35-220 kB paszmemnatorT psaoM ¢ 00CIIy>KMBAa€MbIM WITU
IIPOU3BOJICTBEHHBIMU KopIlycaMu, a ux PY 6-10 kB pexkoMmenayercs BCTpauBaTh B
3TH KOpITyca.

Hns yerpoiictBa PY 6-10 kB ucnons3ytor KPY AByX ncnonHeHuUid: BIKATHBIE
n craiuonapusie cepuii K-61M, K-63, KCO-96 (OAO Camapckuii 3aBoj
«Anektpouut») U ap. B KPY cepuun KCO-96 ocHOBHOM KOMMYTallMOHHBIN anmapar:
BbIKITIOUaTe b Harpy3ku Ttuna BHA-10-630/20 wnu BakyyMHBIN BBIKIIOYATENb THUIIA
BB/Tel-10 na 630-1000A u Tox otkiroueHus 12,5; 16,0 u 20,0 KA.

KPY BpIOuparoT ¢ y4yeToM HOMHHAJIBHBIX IapaMETPOB YCTAHOBJIEHHOTO
ANEKTPOOOOPYIOBAHUS, KOTOPbIE JOJIKHBI ObITh HE MEHbBIIE PACUETHBIX 3HAYCHUM.
OOHOBpEMEHHO cJeAyeT NpPUHUMATh BO BHUMAHUE CHOCOO YCTAHOBKM H
o0cnyxuBanuss KPY, a takxke KIMMaTuyeckue YCIOBHUS, B KOTOPBIX OHHM OyIyT
pabotatb. ManoMoOlIHbIE JIMHUM [PEABAPUTENBHO TPYNIUPYIOT, a 3aTeM
IPUCOEIUHSAIOT K OJJHOMY BBIKIIFOUATENI0, YTO OOECleYnuBaeT 0oJiee palroOHaIbHOE
ucrnonbp3oBanue ssueek KPVY.

3.8.4 BbIBOP KOMMJIEKTHbIX TPAHC®OPMATOPHbIX MOACTAHLIUNA

KTII mist T'TI BeImonHSAIOT ¢ TpaHchopmaTopaMu MOITHOCTEIO 4 - 40 MBA Ha
HanpspkeHue 35-220/6-10 kB.

JJ1g moacTaHIMid HApY)KHOM YCTAaHOBKM XapaKTEPHBI YIIPOILIEHHBIE CXEMBI CO
CTOpOHBI MUTaHUsA. OHU KOMIUIEKTYIOTCSI KOMMYTAIlMOHHO-3aIMTHON anmnapaTypoH,
CHJIOBBIMH MAacIIIHBIMH TpaHchopmaTtopaMu (0HUM Ui AByMsi) u kamepamu KPY ¢
KaOeIbHBIMU WJIA BO3AYIITHBIMH BBOIAMH.

B cetsix mpuMeHSIOT yHUDHUITMPOBAHHBIE KOMILJIEKTHBIE TTOICTAHIIMH OJIOYHOTO
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ucnionHenust tuna KTIIb 35-220 kB, mins HapyHOW yCTaHOBKHM Ha HaNpPsKEHUS
35/6-10 u 110-220/6-10 xB ¢ aByxoOmoTouHbIMU TpaHchopmaTopamu u Ha 110-
220/6-10 kB ¢ TpexodMoTOUHBIMU TpaHCHOpMaTOpaAMH.

['TIIT 0OBIYHO BBHINOJHAIOT MO YOPOUIEHHBIM CXeMaM C MPUMEHEHHEM
KOPOTKO3aMbIKaTEJIEM M OTHEJIUTENCH Ha cTopoHe BH M OTKpBITOM yCTaHOBKOU
TpancopmatopoB u ammaparypbl 35-220 xkB. Eciam mo ycioBusMm oxpyxkaromien
Cpellbl WU TeHIUIaHa MpEeANnpUaTHsl TpeOyeTcsl 3aluTa OT OKPYXAIoLEeld Cpelbl, TO
MpPUMEHSIETCA 3aKpbITasi ycTaHOBKa TpaHchopmaTopoB Ha 35-220 kB.

3.9 OCOBEHHOCTU TEXHUKO-3KOHOMUYECKUX
PACYETOB B CUCTEME 3JIEKTPOCHABXEHUA

3amaveil TeXHUKO-dKOHOMUYeckux pacuetoB (TOP) saBnsercs BbeIOOp
ONTHMAJBHOIO  BapuaHTa IMepenadyd, MnpeoOpa3oBaHUsI W pacHpeesIeHus
AIIEKTPOPHEPTUH OT HWCTOYHUKOB MUTaHUS 10 mnorpeduteneid. Kpurepuem
onTuMajbHOro Bapuanta TOP cioyxaT npuBeIEeHHBIE TOJOBBIE 3aTPaThI,
orpeJieNsieMble B COOTBETCTBHH ¢ «METOIMKON TEXHUKO-IKOHOMHUYECKUX PAacueTOB B
HHEPIeTUKE):

3=puopuK+ Cron = puopuK+ (Cut Cat Co),

IZ1€ Puopw — HOPMATUBHBIN KOA(P(PUIMEHT CTOUMOCTHU KallMTalbHbIX 3aTpaT K;

Crop=Cu+ Cat Co—cyMMapHbI€ TOJJOBbIE SKCIUTyaTallMOHHBIE PACXO/IbI;

Cn — CTOMMOCTb IOTEPh JAEKTPOIHEPTUH 110 ACUCTBYIOIIEMY Tapudy;

Ca — CTOMMOCTbh aMOPTHU3ALIMOHHBIX OTYUCIICHHI;

Co — cTOMMOCTb 00CTYKUBAHUSI.

Jlis BbIOOpa ONTHUMAIbHOTO BapuUaHTa CPAaBHUBAIOT [BAa-TPU BO3MOXKHBIX
BapHaHTa »3JIEMEHTOB CHCTEMbl 3JIEKTpOCHaOkeHus. ONTUMAIbHBIM CUUTAETCS
BAPUAHT C MHUHMUMYMOM IIPUBEICHHBIX TOJOBBIX 3aTpaT. [Ipu 3TOM KaXnplid W3
paccMaTpyBaE€MbIX  BAapUAHTOB  JOJUKEH  COOTBETCTBOBATH  TPEOOBAHMSIM
MPEABSBISIEMBIM K CUCTEME DIIEKTPOCHAOKEHUS, KOTopble NaHbl B [1YD u npyrux
JTUPEKTUBHBIX MaTepHalax [0 BOMPOCAM 3JEKTPOCHAOXKEHUS MPOMBIIIEHHbIX
NPEANPUATUN.

PaccmarpuBas OTJIETIbHBIE AJIEMEHTBHI, BXOJISIIIINE B CUCTEMY
ANEKTPOCHAOXKEHUsI (CETM BHEIIHET0O M BHYTPEHHErO  DJIEKTPOCHAOXKEHMS,
pacnpenenutenbHbie  ycrpoiictBa (PY), wu TpaHcopmaTopHble MOACTaHITUU
pa3IMYHBIX HA3HAYEHUH, IUTATEIbHBIE W PACHPEACIIUTEIbHBIE CETU OTIEIbHBIX
LIEXOB U YCTAHOBOK), MOXXHO 1o TOP BbIOpaTh MX OCHOBHBIE MapaMeTpbl U
KOHCTPYKTUBHOE  BBIIIOJIHEHUE, OOECIEeUMBAIOIIME  ONTHMAJbHBIA  BapUaHT
AIEKTPOCHAOKEHUSI 00BEKTa WM OTEIBHBIX €T0 DJIEMEHTOB.

PykoBoactBysichk  «MeTOAMKON  TEXHUKO-DKOHOMHYECKHMX  Pacu€éToB B
SHEPrepuKke» M TMPAKTHUKOM TMPOEKTUPOBAHUS, MOXKHO TPOU3BECTH TEXHUKO-
SKOHOMHUYECKHE PACUETHI C LIEJIbIO BBIOOpA:

® HalpsOHKEHUs JUIsl CETHM BHEIIHErO0 M BHYTPEHHErO 3JIEKTPOCHAOKEHHUS

00BEKTA UITM OTJEIbHBIX LIEXOB M YCTAHOBOK;
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® CXEMbI JJIEKTPOCHAOKEHMUSI M Crmoco0a MUTAHUS HEXOBBIX KOMILJIEKTHBIX
tpancopmatopubix nojacraniui (KTTI);

MOIIIHOCTH TPAHC(HOPMATOPOB U KOMIIEHCUPYIOIUX YCTPOUCTB;
KOMITCHCUPYIOIIUX YCTPOKUCTB HA BbICIIEM U HU3IIEM HanpsixeHnu KTII;
YKCIia ¥ MOITHOCTH TPaHC(HOPMATOPHBIX MOICTAHIIHIA;

CXEMBbI AJIEKTPOCHA0KEHUS 11EXA;

CIOCOOO0B MPOKJIAIKK, MOHTaXka U 3aIUTHI IIEXOBBIX AJIEKTPOCETEH.

TeXHUKO-3KOHOMUYECKHE PACYETHI MO BBIINICYKA3aHHBIM 3JIEMEHTaM CHUCTEMBI
ANEKTPOCHAOKEHHS MPUBEJCHBI B COOTBETCTBYIOIIMX IJIaBax.

Bo Bcex TOP naunbonee 1enecoo0pa3HbIM M SKOHOMHYHBIM CYHTAETCA
BapUaHT, UMEIOIMI HAaWMEHbIINE MPUBEICHHBIE 3aTPaThl, BHICOKHE Kau€CTBEHHbBIC
NOKa3aTeM M OTBEUAIOLIUN TEXHUYECKUM TpeOoBaHusaM. [Ipu BbIOOpE BapuaHTOB
ANEKTPOCHAOKEHUSI ~ CJIEyeT YYUTHIBAaTh MEHBIIME TIOTepU U KojeOaHUs
HampspKeHus, 0ojiee HU3KUI YpOBEHb BBICHIMX T'apMOHUK TOKa B CETH, Ooiee
OJIaronpusATHBIE YCIOBUS MOHTa)a, YyJIOOCTBO SKCIUTyaTallud M BO3MOXKHOCTb
JNanbHEHIIero paciiMpeHus WIA PEKOHCTPYKUMU MPOEKTUPYEMOro 0ObeKTa
AJIEKTPOCHA0KEHHUSI.

[Ipu TOP mnpumeHsoT Takue METONbl BbIOOpa Hauboyiee palMOHAIBLHOTO
BapUaHTa, KOTOPbIE NO3BOJISIIOT BECTU MPOEKTHpPOBaHUE ¢ rnomoiubo OBM. Crnenyer
MOTYEPKHYTh, YTO BHIOOP OMTHUMAJIBHBIX BAPUAHTOB OTACIBHBIX AJIEMEHTOB CHCTEMBI
AIIEKTPOCHAOKEHMSI, MEPEUUCICHHBIX BbIIIE, JOJDKEH MPOU3BOAUTHCA C YUYETOM
HAJIS)KHOCTH CPABHMBAEMBIX BAPUAHTOB, a TAKXKE yIiIepOa Mpu OTKIIOYCHUU MUTAHUS
NOoTpeOuTENe  DJIEKTPOIHEPTrMU. YKa3aHHBIM  ymiepOd SBIsSETCS OJHOM U3
COCTAaBJISIFOLUX

MPUBEJICHHBIX 3aTpaT CPaBHUBAEMBIX BApUAHTOB U, €CTECTBEHHO, BIIHSICT Ha
OKOHYATEJIbHBIN BBIOOP OTAENBHBIX JIEMEHTOB 3JEKTPOCHAOKEHUS.
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4 BbiIBOP CUITOBbIX TPAHC®OPMATOPOB
NMPOMBILWIEHHOIO NPEANPUATUA

4.1 ObWHME TPEBOBAHUA K CUNTOBbIM
TPAHC®OPMATOPHbIM NOACTAHLIUAM

BeiOop wuyncia ¥ MOIIHOCTA CHJIOBBIX —TpPaHCOPMATOPOB Ui  IJIABHBIX
NOHM3UTENbHBIX W LEXOBBIX TPaHC(OPMATOPHBIX — MOJACTAHIMM  MPOMBIILICHHBIX
NPEINPUSITAN JOIDKEH ObITh TEXHUYECKM M HKOHOMHYECKH OOOCHOBaHHBIM, TaK Kak OH
OKa3bIBACT CYIIECTBEHHOE BIMSIHIE Ha PALMOHAIBHOE MOCTPOSHUE CXEM MTPOMBIIIIEHHOTO
AIEKTPOCHAOKEHUS.

Kputepusmu mpu  BbiOOpe  TpaHchOpMaTtopoB — SIBISIFOTCS  HAJIEKHOCTD
AIIEKTPOCHAOKEHHS, PAcXoj LBETHOIO MeTaljga M TOoTpeOHas TpaHchopMaTopHas
MOIIHOCTh.  ONTUMAaNbHBIA ~ BapHaHT  BBHIOMpAETCST HAa  OCHOBE  CpAaBHEHHS
KalUTaJIOBIOKEHUI U TO0BBIX HKCILTYyaTaIl[MOHHBIX PACXOJI0B.

Jlnst ymoOCTBa SKCIUTyaTallill CHCTEM D3JIEKTPOCHAOKEHHS CIIEAYET CTPEMHTHCS
BBIOMpATh HE OoJiee JBYX CTaHAAPTHBIX MOIIHOCTEH OCHOBHBIX TpaHC(HOpMATOPOB (HE
CUMTasi BCIIOMOTaTeNIbHBIX). OJTO BEAET K COKPAIICHHIO CKIAJCKOrO pe3epBa MU
obnieryaer 3amMeHy TMOBPEXIEHHBIX TpaHcopmaropoB. KemarenbHa, TIIE€ 3TO
OCYIIECTBUMO, YCTAHOBKA TPaHC(HOPMATOPOB OJIMHAKOBOI MOIIHOCTH.

B nemsax ynemesnenust [TIIT nanpsoxkenunem 35—220 kB ciegyer otraaBath
NpEeroYTeHrE cXxeMaM 0e3 BBIKITIoYaTesiei Ha CTOPOHE BBICIIETO HANPSKEHMUS.

[lexoBble TpaHcpOpMaTOpHBIE MOACTAHLIMM, KaK TPABUIO, HE JODKHBI HMETh
PacrpeeNUTEIFHOTO YCTPOMCTBa Ha CTOPOHE BBICIIErO HampspkeHus. Cremyer IMIMpOKO
NPUMEHSTH HETTOCPEICTBEHHOE (TIyX0€) MPUCOSIMHEHNE TTUTAOIIEeH KaOenbHOM JIMHUH K
TpaHcQopMaTopy MpH paAHATBHBIX CXEMax TMHTAaHWA U MPUCOSIUHEHUE Yepe3
Pa3beNMHATEITH WIN BBIKITFOUATENb HArPY3KU MPH MAruCTPaIbHBIX cxemax nutaHus. [Ipu
HOMHHAJIbHOW MotTHocTH Tpancdopmaropa 1000 kB-A u Bbllie BMECTO pa3beMHUTENS
HEOOXO/IMMO YCTaHABIIMBATH BBIKIIIOYATENh HArPY3KH, TaK Kak Mpu HanpsokeHuu 6-20 kB
pa3zbeIMHUTENIEM MOXKHO OTKITIOYATh TOK XOJIOCTOTO XoJa TpaHC(hOopMaTopa MOUTHOCTHIO
He 6osee 630 kBA.

[Ipr coopykeHHH UEXOBBIX TPAHCPOPMATOPHBIX MMOJCTAHIMA MPEANOYTEHUE
CIIeyeT OTJaBaTh KOMIUIEKTHBIM TpaH(opMaTopHbM noactaHimsm (KTII), nomHocTsio
M3rOTOBJICHHBIM Ha 3aBOJAAX.

4.2 ONYCTUMbIE CUCTEMATUYECKUE U ABAPUMHDbIE
NEPErPY3Ku CUNOBbLIX TPAHCO®OPMATOPOB

BaxHol xapakTepHCTHKONM CHJIOBBIX TPaHC(HOPMATOPOB SIBISIETCS MX HATPY30UHAS
CIIOCOOHOCTh, TPEACTABISIOMAsi COOOM COBOKYIMHOCTh JOMYCTUMBIX HAarpy3oK H
IIEPErpy30K.

CunoBble TpaHc(hOpPMAaTOPhI BBIMYCKAIOTCSI ¢ HOMHUHAIBHOW MOIIIHOCTBIO, KOTOPYIO
OHM MOTYT JUIMTENBHO TIPOIYCKarb NPU HOMMHAIBHBIX YCIIOBHSIX: HOMHHAIBHOM
HaNpsHKEHUH, HOMUHAJIbHOM YaCTOTE, HOMUHAIBHOW TEMITEPATYPE OKPYXkAroLIen cpeibl. B
ATOM CJIyYae TIPEBBIIICHUS TEMIIEparypbl Macia M OOMOTOK HaJ TeMIlepaTypoi
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OKPYXaIOIeH cpefpl HE BBIXOMAT 3a YCTAHOBJICHHBIE TPENENbI, & CPOK CITyXKOBI
TpaHcopmaropa COOTBETCTBYET SKOHOMUYECKH LieliecooOpa3zHoMy. B neiicTBUTETHOCTH
TpaHcPOpMaTopbl pabOTalOT B YCIOBUSX, OTIMYHBIX OT HOMUHaIbHBIX. Harpyska ux
U3MEHSETCSl B T€YEHHE CYTOK U T0jla, HEMOCTOSHHA M TEMIIEpaTypa OXJIaKJarouei
Cpelbl. ITO MPUBOJUT, KaK IMPAaBUIIO, K HEOMCIIOIB30BaHUIO TpaHchopMaTopoB. OnbIT
AKCIUTyaTallii TI0Ka3aj, YTo TpaHCPopMaTropbl MOryT ObITb 0Oe3 yiiepba uis
HOPMaJIBHOTO CpOKa CIIYy>KObl 3arpyeHbl B TEUEHHE 4YacTh CYTOK (roia) cCBepx
HOMHHAJTLHOW MOIITHOCTH, €CJTU B APYTYIO YacTh PACCMAaTPUBAEMOTO MEPHOIa X HATPy3Ka
ObLTa MEHBITIC HOMUHATIBHOU. 3arpy3ka Tpanc(opmaropa cBepX HOMUHAIBHONW MOITHOCTH
HA3bIBACTCS MEPETPY3KOU.

Paznmuyaror aBapmifHble W CHUCTEMATHYECKHWE TIEPErpy3Kd TpaHCPOPMATOPOB.
ABapuiiHas mieperpys3ka JOMyCKaeTcs B HUCKIIOUMTENbHBIX YCIOBUSIX (aBapUIHBIX) B
TEUCHWE OTPAHNMYEHHOTO BPEMEHH, KOTJa TIePEPhIB B 3JIEKTPOCHAOKEHUN TOTpeOUTENeh
HenonmyctuM. CucteMaThdeckasl Ieperpyska TpaHchopMaropa JONMycTHUMa 3a CYeT
HEPABHOMEPHOCTH HAarpy3KH €ro B TEUEHHE CYTOK (Tofa).

Benuurny 1 poI0JBKUTENBHOCTD JOIMYCTUMBIX TIEPETPY30K, a TAKKE TEPMUYECKUN
U3HOC M30JSIMM OOMOTOK TMpH Teperpy3kax ONpeAessitoT s NpSIMOYTOJBHBIX
JBYXCTYIIEHUATBIX WJIM MHOTOCTYIEHYAThIX TpaMKOB HArpy3KH, B KOTOpbIE HEOOXOIMMO
npeoOpa3oBaTh 3aJaHHbIC WM peaJibHbIE TPaUKH HATPY3KH.
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PucyHok 4.1 - lNpeobpasoBaHmMe UCXOOHOro rpaduka Harpy3km B OKBUBASIEHTHbIN,
NPSAMOYTrONbHbIN, ABYXCTYNeHYaTbIn

IIpeoOpa3oBaHue 33JaHHOTO WM PeAIbHOIO rpadguka HAIrPY3KH TpaHcpopMaropa
B JKBHUBAJICHTHBIA NPSIMOYIOJIbHBbIN rpaduk. B coorBerctBUu ¢ puc. 4.1 MCXOIHBIM
rpaduk Harpy3Kku Npeoopa3yroT B SKBUBAJICHTHBIN MPSIMOYTOJILHBIN TAKUM 00pa3oM:
*Ha HCXOAHOM TpaduKe TMPOBOAAT JIMHAIO  HOMHMHAIBHOM  MOIIHOCTU
TpanchopmaTopa Spom. 1
* TIEpecevYCHNE JIMHUN HOMUHATIFHON MOIITHOCTH € UICXOTHBIM TPpauKoM
MIPOTOJDKUTEHHOCTH 1 TIO3BOJISIET BIJICIUTH Y4aCTOK HAMOOIbIIICH
MPOAOIIKUTENbHOCTU H';
* OCTaBIIYIOCS YaCTh UCXOJHOTO rpadyika Harpy3ku pa3oMBarOT Ha M UHTEPBAJIOB
At,
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UCXOMS W3 YyA0OCTBA TPOBEIACHHUS CpPEIHEH JWMHUM HArpy3kKd B KakKIOM
MHTEPBAJIE, a 3aTEM IT0 I'padUKy OIIPEAEIIIIOT CPEAHNE 3HAYECHUS SH1, Sto, ..., SHm.
5 5 b
* BBIYUCIIIOT HAYAIBHYIO 3arpy3Ky K 3; SKBUBajieHTHOTO Tpaduka mo gpopmyiie

Swomr  Shomr At +At, .. Aty ’

Ky = Sup _ 1 \/SHlAt1+SH2At2+-~-+SHmAtm @.1)
rne Sy — HadasibHas Harpyska, KBA (MBA);
Snom. T — HOMUHaJIbHAs Harpy3ka, kB ¢« A (MB ¢ A);
e yqacTok H' Ha MCXOTHOM TpaduKe pa30MBaIOT HAa # UHTEPBATIOB AH, HCXOA U3
ya00CTBa MPOBENICHUS CPEAHEN JIMHUM HAarpy3KU B KaXKIOM HWHTEpBAJe, a 3aTeM
o
rpaduKy ONMpeaeNsoT CpeTHIE 3HAYCHHUS S'u1, S'h2, ..., S'hn;
* TIPEIBAPUTEIILHO OTIPEIEIIIOT TIeperpy3Ky K’y SKBUBAJICHTHOTO Tpaduka

K! — STu2 — 1 (S’Hl)ZAHl'l'(S’HZ)ZAHZ+"'+(S’Hn)2AHn (4 2)
t AH{+AHt,,....AHy, ’ :

SHOM.T SHOM.T

e S'w2 — meperpyska, KBA (MB-A);

e TIOJTy4eHHOe 3HaueHue K'; cpaBHUBAIOT C K, (puc. 4.1) ucxomnoro rpaduka
Harpy3ku: ecid Ky = 0,9K,4, TO crienyer npunnmarsb K, = K'y; ecmn Ky <.0,9Kx, TO
cnenyet npuHATh K, = 0,9K,4.. [IpogomkutensHOCTh ieperpy3ku H B TIOCIIEIHEM ClTy4ae
JIOJDKHA OBITh CKOPPEKTUPOBaHA 110 (hopmyIie

(Kn)?H'

= Ok #3)

[To HaiineHHpM 3HaueHusIM H u K5 1o TaOmMIiaM CHCTEMAaTUYECKUX CYTOYHBIX
MEPErPY30K, COCTABJICHHBIM MPHU PA3IUYHBIX 3HAYEHHUSX TEMIEPaTypbl OKpYKarollen
Cpebl C YYeTOM JIOIyCTUMOM TeMITepaTyphl HanOoJee HarpeTol TOUKH OOMOTKH, PaBHOM
140 °C, u paBeHCTBA OTHOCHUTEIILHOIO TEPMHUUYECKOrO HM3HOCA W3OJSALUHU €AUHUIIEC TpU
NPEBBILLIEHNN CPETHEW TEMIIEpATyphbl Maciia HaJl TEMIIEPaTypoi OKPYKaroIed cpeabl Ha
6 °C, onpenensaroT kKodpbuumeHT Kizn. Ecmu okaxkercs, yto Kymn = Ky, TO
TpaHc(HOpPMATOP MOMKET CUCTEMATHUYECKH TMEPErpykaThCs M0 JaHHOMY TpaduKy Harpy3Ku.
B mpotuBHOM ciydae MODKHBI OBITh TPUHSTHI MEPHl 10 CHUXXEHUIO HAaTrpy3KH
Tpanchopmaropa.

Kpome ykazaHHOW CHCTEMaTHUYECKOW TMeperpy3ku Tpanchopmaropa, 3a CUeT
CYTOYHON HEpPaBHOMEPHOCTH Tparka Harpy3Kd JOIMYCKaeTCsl TMeperpy3Ka 3a Cyer
CE30HHBIX U3MEHEHUI Harpy3ku. Eciiv B 1eTHee Bpemsi (UIOHb, UIOJTb, ABT'YCT) MAKCUMYM
TUMOBOTO Tparika Harpy3Kd MEHbITIIE HOMUHAIBLHOM MOIITHOCTH TpaHc(opmaropa, TO B
3UMHHUE .MeCSIIbl (HOSOph, JeKa0Oph, SHBAPb, (eBpasib) JOIMYCKACTCS JOMOJHUTEIbHAS
neperpyska TpaHcopmaropa ¢ MaciIsHbIM OXJIaKAeHHEM Ha 1 °/0 Ha KaAbli MpPOIEHT
HEIOTPYy3KH JIETOM, HO He OoJiee ueM Ha 15 %. HezaBUCHMMO OT cUCTEMBI OXJIaXICHUS
JUISL  YKa3aHHBIX TpPaHCPOPMATOPOB BO3MOXKHA OJHOBPEMEHHO IEperpy3ka 3a CYeT
CYTOUHOM M CE30HHOM HepaBHOMEpHOCTU Tpaduka. OIHAKO CyMMapHas Meperpyska He
JoJpKHA npeBbiaTh 50 % HOMUHAIBLHOM MOIIHOCTH TpaHcopMmaTopa.
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Jlonmyctumble aBapuiiHbIe TIEperpy3Ku JJIsl IBYXCTYIEHYAaTOro rpaduka Harpy3Ku
NPUBOJSATCS B CPABOYHBIX TAOJIMIIAX B 3aBUCUMOCTH OT 3HaueHuil K, H 1 TemriepaTyphbl
OXJIAKIAoLIen cpefibl. B 3THX e Tabnuilax yKa3bIBaeTCsl U OTHOCUTEIbHBIA TEPMUUECKUIN
W3HOC W30JSILMM, .TPEICTABISIIONIMI CcOOOM OTHOLIEHHE W3HOCA W3OJSILMUA  TIPH
TemrepaType HauOoJiee HarpeToi TOUKM OOMOTKH 3a MPUHSTHIM MPOMEKYTOK BPEMEHH K
W3HOCY M30JISLIMU [TpU 0a30BOM TeMIIepaType 3a TOT ke MPOMEXYTOK BpemeHu. Hapsiny ¢
OIpeIeJICHUEM JIOMYCTUMBIX aBapUMHBIX TEPErpy30K MO TabiauilaM pa3perniaeTcs
cormacHo [1YD mns tpanchopmaropoB ¢ cuctemamu oxnaxaenus M, I, JAIl u I
neperpy3ka 1,4 HOMHHAIBHOW MOIIHOCTH TpaHchopmaropa He Oojiee 5 CyT MoAaps Ha
BpEeMsi MaKCUMyMa Harpy3Kku ¢ 001Iel PoI0JLKUTENILHOCTBIO He Oonee 6 u B cyTku. [Ipu
9TOM KOX(PPUITMEHT HaYaIbHOW 3arpy3kw He AomkeH mpeBbimark 0,93. Ha Bpems
Neperpy3ku JOJDKHBI OBbITh TPHHSATHI MEPBI MO YCHIICHUIO OXJIXICHUS TpaHchopmaropa
(BKJIFOUEHBI BEHTWISITOPBI JYThsl, PE3EPBHBIE OXJIAIUTEIN U T. 11.).

Bbi0op HOMMHAJILHOI MOIIHOCTH CWIOBOIO TPaHC(OpPMATOPA NO 33JAHHOMY
rpaguky Harpy3ku. Eci B KauecTBe MCXOJHBIX JIAHHBIX JJIsI BHIOOpA HOMUHAIBHOM
MOIIHOCTH CHJIOBOTO TpaHchopmaropa 3aiaH rpaduK Harpy3Kd, TO €ro HEOOXOIMMO
NpEeIBApUTENIHHO MPeo0pa3oBaTh B SKBUBAJICHTHBIN JIByXCTYNEHUYAThIA. YUHUTHIBAs, YTO
MOIIIHOCTh TpaHchOopMaTopa HEW3BECTHA, Ul MpeoOpa3oBaHUsi Tpauka HCHOIb3YIOT
CIIEYIOIIMI MPUOIMKEHHBIHN 1oxo1. OnpenenseTcs cpeiHsisl Harpy3Ka mo rpaduky

[P ©at
24

(4.4)

Scp =

Beinensiercst mukoBasi 4acTh Tpaduka. AHAJIOTUYHO PACCMOTPEHHOMY paHee
ciydaro ompenensiercss koddduiment Ko U NMponomkuTenbHocTh meperpy3ku H. Ilo
MOJTy4YEeHHBIM 3HaueHusIM K1 H oripenensitorest u3 Tabit. AomycTumMoe 3HaueHue Ky o

HomuHaisHast MOIITHOCTB CHIIOBOTO TPAaHC(OPMATOpa HAXOAUTCS M3 BHIPAIKEHHSI

g = (8741)?AH ;1 +(S1u2)?AHp +--+(STun) *AHp (4.5)
H2 AH{+AHt, ... AHy, ’ )

4.3 BbIBOP YNCJIA U MOLLHOCTN CUNOBbIX TPAHC®OPMATOPOB
rMABHOU NOHU3UTENIbHOU NOACTAHUNA

HauGonee wacro ITIII (III'B) nNpOMBIIIIEHHBIX MPEANPUATHA BBITOIHIIOT
asyxtpaHcopmaropusivi.  OpHotpanchopmaropusie ['TIIT momycTumbl TONBKO TpH
HAJIMYUM  IIEHTPAJIM30BaHHOTO pe3epBa TpaHC(HOPMATOPOB M MPU  TMO3TAITHOM
crpoutenbctBe [ TII1. VYcranoBka Oomee nByX TpaHC(POpPMATOPOB BO3MOXKHA B
UCKITIOUMTENIBHBIX CITydasx: Korja TpeOyeTcsl BBIICIUTh PE3KONEePEeMEHHbIE HArpy3Ku U
NUTaTh UX OT OTAENIBHOro TpaHchopmaropa, npu pekoHctpykimu [TII, ecau ycranoBka
TpeThero TpanchopmMaropa IKOHOMUYECKH 1IesIecoo0pa3Ha.

Bei6op momuoctu TtpanchopmatopoB [TIII mnpousBoautrcs Ha OCHOBAaHUHU
pacyeTHOM HArpy3Kd MPEeINpusTHS B HOPMAIbHOM PEKHUME PadOTHI C YUYETOM PEKUMa
SHEProcHaOKaroIel OpraHuM3ali 10 PEaKTUBHOM MOIIHOCTH. B  mocneaBapuitHoM
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pexuMe (TIpU OTKITIOYEHUH OJJHOTO TpaHCc(opMaTopa) AJsl HAJISKHOTO ANIEKTPOCHA0KEHHS
notpeOuTenel MpeaycMAaTpUBaeTCsl MX MUTaHUWE OT OCTaBIIerocss B padore
TpaHcdopmaropa. [Ipy 3ToM 4acTh HEOTBETCTBEHHBIX MOTPEOUTENEH C LENBI0 CHIKEHUS
Harpy3Ku TpaHcopmaTopa MOXKET ObITh OTKIIIOUYEHA.

B mHacrosmiee Bpemsi  SHeprocHaOKarollas — OpraHu3auusi  3agaeT I
IIPOEKTUPYEMBIX U JEHUCTBYIOIIMX IPEAIPUATHIA 3HAYCHUE ONTUMAIBHOW PEAKTUBHOM
MoiHocTH Q5, TMepeaBaBaeMoll W3 SHEPrOCUCTEMBI B CETh MPENPUATHS B MEPUOJ
MaKCHMAJIbHBIX HAarpy30K 3HeprocucteMsl. Eciu »HeprocucteMa He 00€cneYrBaeT
NPEANPUIATAE TIOJTHOCTBIO PEAKTUBHOM MOLIHOCTBIO B YKa3aHHBIM MEPHUOJ, TO Ha
OPEeNNpUsITUA  JODKHBI  OBITh  YCTAHOBJIEHBI ~ KOMIICHCHPYIOIIHE  yCTPOMCTBA
MOIIHOCTBIO

Qry =Qp+AQT- Qo1 (4.6)

rne  Qp,— pacyeTHas peakTUBHAs MOLIHOCTb IIPEATIPUSTHS;

AQt — moTtepu peakTUBHOM MOIIHOCTU B Tpanchopmartopax [ 'TII1.

Br16op HomuHansHOM MoutHOcTH TpancopmatopoB ['TII B 3aBucuMoOCTH OT
MCXOIHBIX TAHHBIX MOKET OCYIIECTBISATHCS MO rpaduky Harpy3ok (cm. § 4.2) uinu no
IIOJIHOM PAaCYE€THOU MOIIIHOCTHU

SP = \[Dzaz +Q2Y1 ) (47)

rac DDZ — pacCuCTHasA aKTHUBHAA MOIIMHOCTD IIPCATIPUATHA.

Ecou wa TTIII ycranaBnuBaroTcs aBa TpaHcopmaropa, TO HOMHHAJbHAsS
MOIIHOCTh KaKJIOI'O U3 HUX ONPEIEIAETCS MO YCIOBUIO

Suom. T = Spx/2:0,7. (4.8)

B aBapuiiHbIX yCIOBUSIX OCTaBIIMICS B paboTe TpaHCHOpMATOp TOJIKEH OBITH
IpPOBEPEH Ha JOMYCTUMYIO MEPErpy3Ky C YYETOM BO3MOXXHOTO OTKJIIOYEHHUS
notpebuteneit I kareropuun HagEKHOCTH

1,4 Stom. T = Sps 4.9)

Br16op momuoctu ogHotrpancgopmatopasix. T unu ['TIB npousBonutces mo
cpennedi Harpyske (Spomt = Scp) C TNPOBEPKOM IEPETPY30YHOM  CIIOCOOHOCTH
TpaHcpopmaTopa B 4aChl MAKCUMAJIbHOM HAarpy3KH

Sp S KH.Z[OH SHOM..T (410)

rae Kumon ompenenserca mno T1abn. B 3aBUcUMOcTH  OT K3 u H, KoOTOpble
OPUEHTHUPOBOYHO MOXHO ONPEICIUTh IO XapaKTepHbIM JUIsl JIaHHOTO BHUJA
MIPOM3BOJICTBA TUIIOBBIM CYTOYHBIM I'padKkam, MPUBEACHHBIM B [2].

62



4.4 TEXHUKO-O3KOHOMUYECKOE OBOCHOBAHUE BbiIBOPA
TPAHC®OPMATOPOB I'TiN (Mr.)

Uucno tpanchopmaTopoB (MM aBTOTPAHC(HOPMATOPOB), YCTAHABIMBAEMbBIX Ha
I'TIII, wacro mnpuHuMaercs paBHbBIM JBYM. OOBIYHO B HayalbHBIA MEPHOJ
AKCIUTyaTalliM YCTaHaBIMBAIOT OJIMH TpaHcdopMarop, a 3aremM BTopoil. B
JanbHEHIIeM MpU POCTE€ HArpPy3KHW YCTAaHOBJIEHHBbIE TpPaHCHOPMATOPHI 3aMEHSIOT
0oJiee MOIIHBIMU, JJIS YETo MPU MIPOESKTUPOBAHUU MPEAYCMATPUBAIOTCS (DyHAAMEHTHI
noja TpaHchopMaTophl, CIEAyIOIIMe Mo IKajae MourHocTed, ycrtaHoBieHon ['OCT.
Hna  IT'TIII  DpoMBIMIIEHHBIX — OPEANPUITHH B OCHOBHOM  HCIIOJIB3YIOT
TpaHchopMaTopsl ¢ HOMUHAIEHOM MomHOCTRI0 10, 16, 25, 40, 63 MBA. Onnako B
psZe CIlydaeB MOXKET OBITh IIeJIecOO0pa3HON YCTaHOBKa cpazy TpaHChHOpMaToOpoB
OOJIBITIEH MOIITHOCTH.

Jns  pemieHuss 3TOrO0  BOMNPOCA  BBIMOJHSETCS TEXHUKO-3KOHOMHUYECKOE
CpaBHEHHE BapuaHTOB. (OJHOBpPEMEHHO C BBHIOOPOM HOMHHAIBHOM MOIIHOCTH
TpaHC(HOPMATOPOB CIEAYET MPEAyCMATPUBATh IKOHOMHUYHBIE PEKUMBI X PabOTHI,
KOTOpBIE XapaKTEPHU3yIOTCS MHUHUMYMOM IMOTE€Ph MOLIHOCTH B TpaHchopmaTopax
npu paboTe UX MO 3aJaHHOMY Tpaduky Harpy3ku. [Ipu 3TOM HaAO y4HUTHIBATH HE
TOJIbKO TOTEpU AKTUBHOW MOIIHOCTH B CaMHX TpaHc(opmaTopax, HO U IMOTEPH
AKTUBHOW MOIIIHOCTH, BO3HUKAIONIME B CHUCTEME OJJIEKTPOCHAOXKEHUS 1O BCel
LEMOYKE IMUTAHWS OT TEHEPATOPOB AJIEKTPOCTAHUHUM 1O paccMaTpUBAEMbIX
TpaHchopMaTOpOB U3-3a MOTPEOJICHHS TPaHCPOPMATOPAMH PEAKTUBHON MOIIHOCTH.
OTH 0OTepU HA3BIBAIOT NPUBEICHHHIMHM B OTJIMYME OT IMOTEPh B CaMUX
TpaHchopmaTopax

APr = APx + K3AP, (4.11)
U OTIPEENSIOT 110 hopMyie
AP't = AP'x + K3A P, (4.12

rne AP'x = APx+Kuyp AQx — mnpuBeneHHbie moTepu XX TpaHchopmaropa,
YUUTBHIBAIOIIME TOTEPU AKTUBHOM MOIIHOCTH B caMOM TpaHchopmarope, H
CO37laBa€MbI€ UM B AJIEMEHTaX BCEU CUCTEMBI 3EKTPOCHAOKEHUSI B 3aBUCUMOCTU OT
PEaKTUBHOW MOIIHOCTHU, NOTPebIIsieMol TpaHchopmaTopom;

A P’ = AP, + Ky 1 AQx— npusenennsie norepu K3;

APy — notepu MomHocTH XX TpaHcpopmaTopa (B pacuerax MX MPUHHUMAIOT
PaBHBIMU NIOTEPSAM B CTaNIM TpaHCPOPMATOPA);

APx — mnotepu MomHoct K3 (mpuOIMKEHHO HMX NPUHHUMAKOT PaBHBIMU
noTepsiM B Me 0OMOTOK TpaHchopMaTopa);
Kun — kos¢pduuueHTt usmeHeHHs] MoTepb, npuHuMaetcs paBHbIM 0,02

kBT/kBap 1 TpaHchopmMaTOpOB, MPUCOSAMHEHHBIX HEMOCPEICTBEHHO K IIMHAM
noncranwu, u Ky,p= 0,1 - 0,15 ans tparcdopmaropos manpspkenuem 10—6/0,4 kB,
MIATAKOLIUXCS OT PAMOHHBIX CETEN;
K3 =Sur/ Snom. T — K03 duiineHT 3arpy3ku TpanchopmaTopa;
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Sur — (akTrueckas Wiu pacdeTHasi Harpyska Tpaacgopmaropa;
I
AQx:SHOM.TFXO - peaKTHBHAsI MOIIHOCTh X X TpaHC(OopMaTopa;

U
AQK=SH0M.Tﬁ — peakTrBHasi MOIIHOCTh K3, motpebisiemast TpanchopMaTopom

[P HOMUHAJIBHOM HarpyskKe;

Ix — Tox XX Tpancdopmaropa, %;

Uk -— manpspxenune K3 tpanchopmaropa, %.

KpuBbie npuBeaeHHBIX MOTEPh MOITHOCTH TpaHC(HOPMATOPOB B 3aBUCHMOCTH OT
M3MEHEHHS Harpy3Ku Syr TIOKa3aHbl Ha puC. 4.2, U3 KOTOPOTO CIEAYET, UTO TIPH HArpy3Ke
SHr.A, COOTBETCTBYIOIIIEH TOUKE A, 1Ie7IeCO00pa3HO MEPEXOIUTh Ha TTapaJUIEIbHYI0 padoTy
TpancdopmaTopoB. [Ipu onuHAKOBOW MOIITHOCTH TPaHC(POPMATOPOB HArpy3Kka B TOUKe A
OTIPEACISAETCS IO

AP;,
AP’

SHr.A = SHoM. T\/N(N - 1) (4.13)

rie N — KoJaruecTBo TpaHc(hOopMaTopoOB OJMHAKOBON MOIIIHOCTH.

Kpome mnepexoma Ha mnapajuiesibHyl0 padoTy TpaHc@opMaTopoB, OOJBIION
HKOHOMHYECKUI 3(P(PEKT naeT CHIKEHUE MOTEPh XOJIOCTOro Xo/a TpaHchopMaTopoB 3a
CUET OTKJIFOYEHHSI YaCTU MX B YaChl MUHMMYMa Harpy3o0K (B HOYHbBIE CMEHBI, BEIXOHBIC

JTHU).

’

ot
S Sur,KB'A

PucyHok 4.2 - 'pachmnyeckoe onpeaeneHne paumoHanbHOro pexnma paboThbl
TpaHcdopmaTopoB

['omoBble MOTEpH 3IEKTPOIHEPTUH B TpaHchOpMaTOpax COCTOAT U3 MOTEPb
XO0JIOCTOTO XOJa M Harpy3ouHblix mnorepb. Ecim N 0OIMHAKOBBIX MapauiesIbHO
paboTaroimx TpaHchOpMaTOPOB HE OTKIIOYAIOTCS MPU CHIDKEHUHM HArpy3ku, TO
rOJIOBBIE MOTEPHU XOJOCTOrO X0J1a HAXOJAT MO YKUCIYy YacOB UX pabOThl 1 B TEUEHHE
rojla, a Harpy3odHbleé NOTepU — [0 BPEMEHU HAMOOJBIIMX MOTEPL 1, U,
onpeaensieMbIx o Gopmyiie

Tn=(0,124 + T,,4,./10 000)? - 8760, 4.14)
e T,axn — BPEMS WCHONB30BaHHUS MaKCUMyMa HArpy3KH TPEINPHUSATHEM B TOIY,
4/TOI.
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[omoBele  motepu  amekTposHeprud A,y kBTu, gmg TpexdazHoro
JBYXOOMOTOYHOTO TpaHc(hopMaTopa COCTABIISIIOT:

2
A3,r =N Py Tym+ % PKaj;"ax T,, 4.15)

HOM.T

7€ Smax — MaKCHMaJbHas Harpy3ka Tpancopmartopa mo rpaduky.

4.5 NTPUMEHEHUE TPAHC®OPMATOPOB C PACLUEMJIEHHbIMUA
OBMOTKAMU U TPEXOBMOTOYHbLIX TPAHC®OPMATOPOB

B cuctemax mpOMBIIIIEHHOTO 3J€KTPOCHA0KEHHS HAPsILy C ABYXOOMOTOUYHBIMU
tpanchopmaropamu Ha [TII1 ycranaBnuBaroT TpaHchOpMATOphl C  PaCHICIUICHHON
OOMOTKOM  HMBIIETO HanpsDKEeHUs] W B PEAKUX  CIydasX TpPeXOOMOTOUHbIE
TpaHc(hOpMaTOpHI.

Tparchopmartop ¢ paciienieHHOH 00MOTKON UMEET, KaK MPaBUJIO, IB€ BTOPUIHBIC
OOMOTKM OJIMHAKOBOTO HANpshKEeHWs, paccunmTaHHble HA 50 % HOMWHAIBLHON MOIIHOCTH
TpaHc(opMaropa KakJasl, WM pacllelyeHHble OOMOTKM pa3HbIX HanpspkeHuid (6 u 10
kB). B nocneanem ciyyae SKOHOMHUYHO PEIIAIOTCST BOIPOCHI 3JIEKTPOCHAOKEHHUS, €CIIH
Ha Mpeanpusituu uMerorcss notpedburemn Ha 6 u 10 xB. Tpanchopmaropsr c
PAaCILETIIEHHON OOMOTKOM HU3LIETO HAMPSHKEHUS IMPOKO MPUMEHSIOTCS Ha TIPEATIPUSTHSIX
C PE3KOINEPEMEHHBIMY HEIMHEWHBIMU HArpy3KaMu, I71€ OTHOCUTENIBHO CIIOKOMHBIE HATPY3KH
HOAKIIOYAKOTCS. K OJHOM OOMOTKE, a pe3KollepeMeHHble — K Japyrod. braromapst
MOBBIIICHHOMY PEAKTUBHOMY COIPOTHBICHUIO TPAaHC(POPMATOPOB C  pacIIeIIeHHON
OOMOTKO# MPUMEHEHHE MX MO3BOJISIET OTKA3aThCS OT PEAKTHPOBAHUS.

TpexoomoTounbie TpaHnchopmaropsl ycranamuBatoTcs Ha [TIIT B Tex ciydasx,
Korja HeoOXOJMMO HMETh JBE CTYNEHM HHU3IIEro HampsbkeHus. B 3tom  cimydae
NpEerMYIIeCTBa  TPEXOOMOTOUHBIX  TpaHC(OPMATOPOB — TMEpell  JBYXOOMOTOUHBIMHU
3aKJTFOYAOTCS B CIIEYIOLLEM:

e ymeHbmarorca Toku K3 Ha Hanpsokenun 6—35 kB;

eHE TpeOyeTCsl yCTAHOBKA JIOTIOJTHUTENBLHOTO TpaHC(hopMaTopa JiIsl OTy4eHus

HanpspkeHud 6—35 kB, B CBS3H ¢ 4YeEM COKPAIAETCsl KOJIUYECTBO
KOMMYTAaIIMOHHO-3aLIUTHBIX alIapaToB HAa CTOPOHE BBHICIIETO HANPSKEHUS;

e TpeOyeTcsl MEHbIIAs MJIOMIAAb JJIsl COOPYKEHHUS MOICTAHIIIH.

OcobeHHocTH KOHCTPYKTHBHOT'O UCTIOJIHEHUS TPEXOOMOTOYHBIX
TpaHCQOPMATOPOB CKA3bIBAIOTCA HA OINPEAEICHUM IMOTEPh MOIIHOCTH B HUX. [l
IPAaBUJILHOTO ONpENIEeNeHUs TOTeEph APt peKOMEHAYEeTCs M0Ib30BaThCS BIPAXKEHUEM

APT = APX + APoy + K%.BH APK BH + K%.CH APK CH + K%.HH APK HH- (416)

rae APx — nmoTepu MOIIHOCTH XOJIOCTOTO X0Jia TpaHchopMaTopa;

Poy - moTpebieHME  MOIIMHOCTH  OXJKAAMIIAMHU  yCTPOHCTBAMHU
(yuuThiBaeTcs mpu Harpyske TpaHcdopmartopa Oosee 70 %, korma mo pexUMy
paboThl TpaHcPopmaTopa paboTAIOT OXJIAK/IAIOIINE YCTAHOBKH);

K5y — k03¢ duiimeHT 3arpy3ku 0OMOTKH BBICIIETO HAPSKEHUS;
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APy py— notepu MorHocT K3 B 00MOTKe BBICIeTo HanpspkeHus mpu 100
%-HOW 3arpy3Ke;

Ks.cn /Cs,cH — k03D PUIIUEHT 3arpy3Ku OOMOTKH CPEIHETO HAIPSHKESHHUS;

Py cn— mnorepu momuoctu K3 B 00MoTKe cpennero HampsikeHus npu 100
%-HOl Harpy3Ke;

K5 nn — xoadummerT 3arpy3ku 0OMOTKY HUBIIETO HAMPSIKEHUS;

APy yn — notepu mortHocTH K3 B 00MOTKe HU3mIero Hanpspkenus mpu 100
%-HOU 3arpy3kKe.

B cmpaBouHbIX JaHHBIX Ha TpPexoOMOTOYHbIE TpaHC(HOPMATOPHl OOBIYHO
3a/iaeTcs BeIMYMHA Py pr-py — MOTEPU MOIIHOCTH B 0OMOTKaX BBICIIETO M HU3ILIETO
HanpspkeHuil. B atom ciyuae notepu K3 kaxioit 0OMOTKH 0AMHAKOBBI U paBHbI 0,5
Py pr-nn.

C menpio yyeTa MoTepb aKTUBHOW MOIIHOCTH, OOYCIOBIEHHBIX MOTpeOIeHnEM
PEAKTUBHOM MOIIHOCTH, OMNPEACISIIOT MPUBEAECHHBIE TIOTEPH MOIIHOCTH B
TPEXO0OMOTOYHOM TpaHchopmaTope

AP =APx+APoy+ Kigy AP py+ KicuAP'on + KiuudP'onn

4.17)

rae AP'x, AP gy, AP eyt A P’ gy paccUMTHIBAIOTCS, KaK U IS ABYXOOMOTOUYHBIX

tpancoparopoB. Hanpsoxkenus K3 oO6motok TpaHchopmaropa mnpu 3aJaHHBIX
3HAYCHUAX Uy BH-HH, Ux BH-CH, Ux.cH-HH OIIPEIACIIAIOTCA U3 Bblpa)KCHI/Iﬁ

Ues = 0,5 (UcBi-ct + UxBH-HH = Uk CH-HH);
Ucc= 0,5 (Uxpn-c + Uxcnnn - Uxsa-nnd); (4.18)
U= 0,5 (UxBH-HH + Ux.cH-HH - Ux BH-CH);

[ToTepu AIIEKTPOIHEPTHU TPEXOOMOTOUHOTO TpaHc(hopMaopa COCTOST, KaK U 'y
IBYXOOMOTOYHOTO TpaHC(HOPMATOpa, M3 MOTEPh XOJOCTOrO XOJa W HArpy30YHBIX
notepb. OIHAKO HAarpy304HbIC IOTEPH ONPEACISFOTCA OTIENBHO i OOMOTKH
KQXIOTO  HANpsDKeHUs, 1ModToMy  (opMyla TOTEPb  AJIEKTPOIHEPTHH B
TpaHncpopmaTtope OyeT UMEThb BH/L:

1 1 ! !
Ad,r = N Px Tt —( Kign PwpnTun + K3cn P'ectt Tucn +
+ K3 u Pt Trnns (4.19)

rae N — KoJIruecTBO mapaiebHO padoTaoIuX TpaHCPOpMaTOPOB;

T: — rooBoe 4mciio yacoB padbOThI TpaHCHOpMATOPa;

Tugas Tuchy Tuum — BpPEeMsS HauOOJBIIMX TOTEPh IS OOMOTOK BBICIIIETO,
CPEIHET0 M HU3ILIEro HANPsLKeHUH TpaHchopmaropa.

Jnsa tpexdazHbix TpaHCHOPMATOPOB C PACUICTNIEHHOM OOMOTKOW HM3IIETO
HaIpSDKEHUST pacyeTbl MPOU3BOAATCA aHamornyHo (4.17). Ilpum 3TomM mnpuHUMAIOT
Pimni. =Pxnm = =0,5 Pipunn — IBYX0OMOTOWHOTO TpaHcopMaropa TOH ke
MOIIHOCTH C HEPACUICTNIEHHOW 0OMOTKOIA.

HampspkeHns KOpOTKOTro 3aMbIKaHUS 0OMOTOK OMPEENISIOTCS U3 BhIPAXKEHUN
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Ui = Ui = 0,5Uxm1-m2; (4.20)

Uk = UxB-H - 0,9Ux mi1-12;
rae Ugp-n, SUcmi-me — HampsbkeHus K3 mexay oomorkamu BH-HHI1 (H2) u HHI1-
HH2.

4.6 BbIBOP YNCJIA U MOLLHOCTU LIEXOBbIX TPAHC®OPMATOPOB

[TpaBuiibHOE OMpENENeHNE Yucia U MOIIHOCTH LIEXOBBIX TpaHC(HOpPMATOPOB
(IT) BO3MOXHO IyT€M TEXHUKO-3KOHOMHYECKHUX PACUETOB C YUYETOM CIIEIYHOLIUX
(hakTOpOoB:

1) xaTeropuu HaJEKHOCTH JIEKTPOCHAOKEHUS TOTpEOUTENEH;

2) KOMIIEHCALIMM PEaKTUBHBIX HArPy30K Ha HarnpspkeHuu 10 1 kB;

3) meperpy3o4yHOil CHOCOOHOCTH TpaHC(POPMATOPOB B HOPMAIBHOM U
ABAPUNHOM PEKUMAX;

4) mara CTaHAAPTHBIX MOIIHOCTEH;

5) PKOHOMUYHBIX PEKUMOB TPAHCHOPMATOPOB B 3aBUCUMOCTHU OT rpaduka

Harpy3KHu.

KomnuectBo 1nexoBeix TII HemocpencTBEHHO BIMSET Ha 3aTpaThl Ha
pacnpeenuTenbHble ycTpoiicTBa HanpsbkeHueM 6— 20 kB u BHyTpu3aBojacKHue U
LIEXOBBIE JJIEKTpUUecKue certu. Tak, npu ymeHblieHuu uucna TII (1. e. npu
YBEIMYEHUU UX €IMHMUYHON HOMHMHAJIIBHOM MOIIHOCTH) YMEHBIUAETCS YHCIIO SYEEK
PV, cymmapHas juivHa JIMHUA M TOTEPU 3JIEKTPOIHEPIUU U HAIIPSKEHUS B CETAX 6—
20 kB, HO Bo3pacTaer crouMocTh cereil Hampsbkennem 0,4 kB u norepu B HuX.
VYBenuuenne uwncna TII, HaoO0OpOT, CHWKAET 3arpaThl HA IIEXOBBIE CETH, HO
yBeauuMuBaeT ynuciio stueek PY 6—20 kB u 3atpaTel Ha cetu HanpsbkeHueM 6—20 kB.
[Ipu HEKOTOPOM KOJIMYECTBE TPAHCHOPMATOPOB C HOMHUHAIBHOM MOIIHOCTBIO Syowm. 1
MOKHO JOOUTHCS MHMHHMYyMa TPHUBEACHHBIX 3aTpaT NpuU OOECHEeUEHUHU 3aJaHHOM
CTETIEHW HAJEKHOCTU JJIEKTpOCHAOXKeHUs. Takod BapuaHT OyAeT sABIATHCA
ONTUMAJIbHBIM, U €T0 CIENYET pacCMaTpUBATh KaK OKOHYATEIIbHBIM.

OnHoTpancopMaTOpHbIE MOJACTAHIMM PEKOMEHAYETCS INPUMEHSTh IpHU
HaJIWYUM B LieXe (KOpIyce) IPUEMHHUKOB 3JIEKTPOIHEPIUH, JOMYCKAIOUUX IEPEPHIB
AJIEKTPOCHAOKEHUSI HAa BpeMs [JOCTaBKH «CKJIAJICKOTO» pe3epBa, WIH NpHU
pPE3EpPBUPOBAHUY, OCYILIECTBISIEMOM IO JIMHUSAM HU3LIETO HAIPSDKEHUS OT COCEIHUX
TII, 1. e. oun momyctumsl mns notpedutenei Il u II karteropuii, a Takxke mpu
Hagnunu B cetu 380—660 B nHebompmoro xommuectsa (mo 20 %) motpebuTeneit |
KaTeropHH.

JIByxTpancopmMaTopHble  MOACTAHIIMU  PEKOMEHAYETCS  MPUMEHITh B
CJIEIYIOLIUX CIIy4asiX:

e npu npeoOnananuu noTpeduTeneii I kareropuu U HATUYUK TOTpEOUTENEH

0CO0O0M TPYIIIHI;

* 1151 COCPENOTOYEHHON LIEXOBOM HArpy3KH U OTAEIBHO CTOSIIIUX 0OBEKTOB

00111€3aBOICKOT0 Ha3HAYEHUS (KOMIIPECCOPHBIE U HACOCHBIE CTAHIIMH );

* JIJIsl IEXOB C BBICOKOMW YAEIbHOM MIOTHOCTHIO HArpy3oK (Boiie 0,5—0,7
KBA/M?).
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WNHorga oka3pIBaeTcs 11€1€c000pa3HbIM MPUMEHEHHE ABYXTPaHC(HOPMATOPHBIX
NOJICTAaHLIUA TP HEPAaBHOMEPHOM CYTOYHOM WJIM T0JIOBOM rpaduke Harpy3ok. B
TOM CIy4ae€ MOXKHO M3MEHSTh NPUCOCIUHEHHYIO MOIIHOCTh TpaHCchOpPMaTOpOB,
UCTIOJNB3Ysl UX B 00JIee pallMOHANBHBIX PEeXKUMAX PAOOTHI.

s nByxTpanchopMaTOPHBIX MOACTAHIMM Tak:Ke HEOOXOIMM CKIIAJICKOM pe3epB
JUTs1 OBICTPOTO BOCCTAHOBJICHHUS] HOPMAJIBHOTO MUTAHUS MMOTPEOUTENIEH B CITydae BbIXO/Ia U3
CTpOsi OJHOTO TpaHchopMaTopa Ha JIUTENbHBIM cpok. OcTaBumuiics B pabote
TpancopMaTop JODKEH o00ecreurBaTh JJICKTPOCHAOKEHHME BCeX moTpeduTenein [
KaTeropuu Ha BpeMsi 3aMeHbI IOBPEXKIEHHOTO TpaHchopmaTopa.

[lexoBbie TII ¢ xommuecTBOM TpaHchHOPMATOPOB OoJiee ABYX HCIOIB3YIOTCS
TOJIBKO TIPH HaJJIeKalieM 0OOCHOBAaHUH.

B coorBerctBum ¢ T'OCT 14209—85 wu 11677—75 uexoBble
TpaHc(hOpMaTOPbl MMEIOT CleNylole HOMUHanbHble MotHocT: 100, 160, 250,
400, 630, 1000, 1600, 2500 kBA. B Hacrosee BpeMms 1exoBbie TII BEIMOTHAIOTCS
kommiekTHbiMu (KTII) u Bo Bcex ciaydasx, KOrJa 3TOMYy HE MPENATCTBYIOT
YCIIOBU Sl OKpY>Karollen cpefibl U 00CIy )KUBaHU s, YCTAHABIMBAIOTCI OTKPHITO.

OpueHTUPOBOYHBIN BHIOOP YMCIIA K MOIIHOCTH LIEXOBBIX TPAaHC(HOPMATOPOB
IPOU3BOJIUTCS IO YACIBbHOMN MIIOTHOCTU Gy HATPY3KH

c.=S, I F, 4.21)

r7ie Sp— pacueTHas Harpyska mexa (kopmyca, oTjaesieHus), KBA ;

F — mromaze nexa (kopiyca, OTAENICHuUs ), M2,

[Ipu 1wOTHOCTM Harpy3ku Hanpsokenuem 380 B g0 02 &kBA/m?
[IeJIECO00pa3HO  MPUMEHATH TpaHcpopmaTtopel MomHOCTRIO 10 1000 kBA
BKTIOUMTENNBHO, TpU TwioTHOCTH 0,2 — 0,3kBA/M* — momuocThio 1600 kBA. Tlpu
motHocTH 6ostee 0,3 kBA/M? 1enecoo6pa3sHOCT, NIPUMEHEHUS TPAHC(POPMATOPOB
MomHocThi0 1600 kBA wmm 2500 kBA pgomkHa onpenensiaTbcss TEXHUKO-
PKOHOMHUYECKHUM PaciyeToM.

B 3aBHCHMOCTH OT MCXOJHBIX ITaHHBIX pa3JIM4yaloT JBa METoJa BhIOOpa
HOMHUHAJbHOU MOIIHOCTH TpaHCHOPMATOPOB:

1) HO 3amaHHOMY CyTOYHOMY TpaduKy Harpysku 1exa (kopmyca,
OTACJCHUS) 3a XapaKTEPHBIC CYTKH TOJa JII HOPMaJbHBIX W aBapUHUHBIX
PEKUMOB;

2) 10 paCYETHOM MOITHOCTH JIJISI TEX K€ PEKUMOB.

Bri6op mexoBBIX TpaHCHOpMATOPOB B IMEPBOM CJIydae BBIMOIHICTCS
aHanmoru4Ho BeiOOpy Tpancpopmatopo ['TII wmu T1I'B.

Bo BropoM cnydae BBIOOp MOIIHOCTH TpaHCHOPMATOPOB MPOU3IBOAUTCS
UCXOJl W3 palMOHAIBHOW WX 3arpy3kd B HOPMAJbHOM pPEXKHME U C YYETOM
MUHHUMAJIbHO HEOOXOJIUMOTO PE3epPBUPOBaHUSA B IMoOcjieaBapuitHoM pexume. [Ipu
TOM MHUHUMaJIbHAas MOITHOCTh TPAHCHOPMATOPOB  Spon,r OMPEICTSETCS 10 CPeaHEH
Harpyske S, 32 MaKCUMaJIbHO 3arpy>K€HHYIO CMEHY

SHOM,mZScp,M/ (N K3) ) (422)
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rnie N — ugmcnmo Tpanchopmaropom; K; — kodpduumMeHT 3arpysku
TpaHchopmaropa.

HauBbiromHeiiiass 3arpy3ka  1E€XOBbIX TpaHCGOpPMATOpPOB 3aBUCUT  OT
KaTeTOPHUU HAJEKHOCTHU MOTPEOUTENEH SJIEKTPOIHEPTHH, OT YKClia TpaHC(HOPMATOPOB
1 crioco0a pe3epBUpoBaHus. PekoMeHayeTcss IpUHUMATh CIeIyroue K03 QhIueHThl
3arpy3ku TpaHc(hopMaTopoB:

e Ipu TIpeolIaganuu Harpy3o0k I kateropuu ams AByxTpanchopmaropabix TI1

K5=0,65—0,7;

e pu npeoOnanannu Harpy3ok Il xaTeropuu nns ogHOTpaHCHOPMATOPHBIX
MOJICTAHIIMM B ClTyda€ B3aUMHOTO PE3EPBUPOBAHUS TPAaHCPOPMATOPOB HA HUBLIEM
HanpsxeHuu Ks=0,7—0,8;

e Ipu mpeodnasaHuy Harpy3ok Il kareropuu ¥ HaIMYMM 11€HTPAIU30BAHHOTO
(ckiazckoro) pesepBa TpaHc(hopMaTopoB, a Takxke npu Harpyskax 11 kareropun Ki=
0,9—095.

B mepBbix  BYX  Ciay4asx ~— 3HaueHUS ~ KOI(PQPUIMEHTOB  3arpy3Ku
TpaHC(OPMATOPOB  OMPENEICHbl W3  YCJIOBHUS  B3aMMHOIO  PE3EPBUPOBAHUS
TpaHC(OPMATOPOB B aBAPUHHOM pEXKUME C YUETOM JOMYCTUMON Meperpys3Ku
OCTaBILIETOCs B pabOTe TpaHCchopMaTopa.

[lpuHsTEIE K YCTaHOBKE CHJIOBBIE TpaHCPOPMATOPHI JIOJDKHBI  OBITH
MPOBEPEHBI HA JIOMYyCTUMBIE CUCTEMATHUECKHE MIEPETPY3KH 10 YCIOBUIO

SHOM,m—ch,M Kn.()on,f . (4 23)

Ha nByxTpaHchOpMATOpPHBIX MOJCTAHIUAX JIOMOJHUTEIBLHO MPOBEPSIETCS
neperpyska TpaHchopMaTOpoB B aBapUMHOM pPEXHME C YYE€TOM BO3MOXHOTO
oTkItoueHus notpedureneit 111 kareropuun

ls4SH0M.m28p2. (424)

4.7 BbIBOP YACJIA U MOLLHOCTU LIEXOBbIX TPAHC®OPMATOPOB C
YYETOM KOMIMNEHCAUWN PEAKTUBHOU MOLLUHOCTH

[Ipu BeIOOpE dYucIa © MONIHOCTH IEXOBBIX  TpaHc(hoOpMaTOpoB
OJIHOBPEMEHHO JIOJDKEH peliaThCs BOMPOC 00 3KOHOMUYECKHU IEJIecOo00pa3HoM
BEJIMYMHE PEaKTUBHON MOIIHOCTH, IEpeaBaeMoil yepe3 TpaHchopMaTopsl B CETh
HanpskeHuem 1o 1 kB.

CyMMapHyl pacyeTHYI0 MOIIHOCTh KOHJEHCATOPHbIX OaTapeid HHU3IIEero
Hanpsxenus (HBK), ycranaBiuBaemMbIXx B 1EXOBOH CETH, OIPEACIAIOT
pacueTaMu Mo MUHUMYMY MIPUBEJICHHBIX 3aTpaT B JiBa dTana:

1) BbIOMpAOT  SKOHOMHUYECKM  ONTUMAJbHOE  YHUCIO  IIEXOBBIX
TpaHnchOpMaTOPOB;

2) onpeaensioT 10NoTHUTeNbHY0 MouHOCT, HBK B 11e1sx onTuManbHOTO
CHHJKEHHUS TMOTeph B TpaHchopmaropax um B cetu HampsixkeHuem 6 — 10 xB
MIPEIIPUSATHSL.
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CymMmapuas pacuetHass momHOcTh Quk HBK coctaBut

Qrk= Qrk1t+ QHike, (4.25)

rie Quki 1 Quke — cymmapubie wmomuoctd HBK, omnpenenennble Ha JBYX
yKa3aHHBIX 3Talax pacyera.

PeakTuBHas MolIIHOCTh, HaiieHHass 1o (1.5), pachpenensieTcs MEXIy
TpanchopMaTOpaMH Iexa MPOMOPIIMOHATHFHO UX PEAKTHBHBIM HATrPy3KaM.

4.7.1 BbIBOP ONTUMAJIBHOIO YACJIA LLEXOBbIX TPAHC®OPMATOPOB

MuHuManbHOe 4YMCIO 1eXOBbIX TpaHchopmatopoB N, OIMHAKOBOH
MOIIHOCTH Sy, m, NPEAHA3HAYEHHBIX JJII MUTAHUS TEXHOJOTUYECKU CBSI3aHHBIX
Harpy3okK, onpeesnsiercs no popmye

Nmin= Pcp.M/( K3SH0M,m)+ AN, (426)

rne  Peu-- CpeAHsisi aKTUBHAs MOIIHOCTb TEXHOJIOTMYECKH CBS3aHHBIX
HArpy3oK 3a HauboJiee 3arpyKeHHYI0 CMEHY;
K, — pexomenayembliit k03hQUITUEHT 3arpy3ku TpaHchopmaropa;
AN — no0OaBka o OmyKalIero Hejioro 4rcia.
DOKOHOMHUYECKH ONTHUMaJbHOE YHUCIO TpaHchopmaropoB N,,, ompenensercs
yAEeIbHBIMHU 3aTpaTaMu 3* Ha mepeaady peakKTUBHOW MOIIHOCTU M OTIHYACTCS
oT N,,;,» Ha BEJIUYHHY M

Nonm= Nmin+ms (427)

rjae  m — JOTOJHUTEIBLHO YCTaHOBJICHHBIC TPAaHC(HOPMATOPHI;

3% = Ks(3uc -36x)/3mn = Ks3%un; 3ux, 36xy 3mi— COOTBETCTBEHHO YCPEIHCHHBIC
npuBeneHHbIe 3aTpaThl HAa HBK, 6aTapen koHACHCATOPOB HANPSI)KEHUEM BhIIIE |
kB (BBK) u nexossie TII; 3%, = (3ux-3sx)! 3mn .

[Ipu Tpex TpancpopmaTopax U MEHEE MX MOMIHOCTH BBHIOMPAIOT MO
cCpeaHel aKTUBHOM MOLIHOCTH 3a HauboJjee 3arpyxeHHyt cMeHny P,

SHO}W.mz Pcp.M/(K3N0nm)- (4.28)

HaunbGonpmyoo peakTUBHYI MOIIHOCTh, KOTOPYI IIelecoo0pa3Ho
nepeaatr uepe3 TpaHchopMaTOphl B CeTh HaNpsokeHueM g0 1kB,
ompeaensoT mo Gopmyie

4.29
Qmax,T = \/(Nonm KSSHOM,T)Z - PZCP,M H ( )

70



CyMmapHass MONIIHOCTh KOHJCHCATOPHBIX OaTapeil Ha HaNpS)KECHHE
no 1 xB coctaBur

QHK]= QCp,M 'Qmax,T, (430)

rie Qpu — CyMMapHas cpenHss peakTHBHAas MOIIHOCTh 3a Hauboliee
3arpyKeHHYIO CMEHY Ha HanpsikeHue 1o 1 kB.

Ecim B pacuerax oxaxercs, 4To Qux/<0, TO ycTtaHoBka Oarapewu
KOHJICHCATOPOB NMPH BHIOOpPE ONTHUMAJbHOIO 4YHCIAa TpaHCPOPMATOPOB HE
TpedyeTcs (cocraBnswmas Qux; B (4.30) Oyaer paBHA HYIIO).

4.7.2 BbIBOP MOLWHOCTWN KOHOEHCATOPHbIX BATAPEN
AnAa CHAXEHUA NOTEPb MOLLHOCTU B TPAHCP®OPMATOPAX

JlononHuTeNbHAs ~ cymMMapHasih ~— MOUIHOCTb ~ HHU3KOBOJBTHBIX  Oarapei
koHsiencatopoB (HBK) nns nmanHoi rpynmel TpancdopmatopoB Q.o B IEIIX
ONTUMAJILHOTO CHU>KEHUS MOTEPh [2]:

QH.K2: Qcp.M' QH.K]']"\IonmSHOM. T (43 1)

i€ y - pacueTHbli KoOd(pPuIMEHT, omnpenensieMblii B 3aBUCUMOCTH  OT
koaddurmenTo K; u K, u cxempl nmuTaHus 1eXOBOH TI/CT: NJISl paHAIbHON CXEMBI
no puc. 4.3; 1yIsI MaruCTpaJIbHON CXEMbI C IBYMs TpaHcpopmaTopamMu—Iio puc. 4.4;
JUI MarucTpajbHOW cxeMbl ¢ Tpems U Oozee TpaHchopmatopamu »=K;/30; s
IBYXCTyneH4YaTol cxeMmbl nutanus TpancpopmaropoB ot PII 10(6) kB, Ha KOTOpbIX
OTCYTCTBYIOT UCTOYHUKHU peakTuBHOM MotHocTH (MPM), »=K;(60).

3nauenue K; 3aBUCHT OT yJenbHBIX TPUBEAEHHBIX 3aTpaT Ha bK HanpspkeHnem
10 1xB ¥ Bblllle 1 CTOUMOCTH HOTEPB:

K1=(3u.x- 316)/(Col03), (4.32)
rie Co—pacyeTHas CTOMMOCTb IOTeph, pyOo/kBT, mo Ttabnuiie (TONBKO IS
pacuera KPM); 3,.«,3,s — COOTBETCTBEHHO YCPEJIHEHHbIEC NMPUBEJICHHBIE 3aTPaThl Ha
HBK, Gatapeu koHaeHCATOPOB HanpsiKeHueM Bhiiie 1 kB.
[Ipu OTCYTCTBHM JOCTOBEPHBIX CTOMMOCTHBIX IMOKa3aTeNeH sl MPaKTUYECKUX
pacuetoB K; pekoMeHyeTcst npuHUMATh 1Mo Taou. 2 [2].
3nauenue K, onpenensercs no Gpopmyne:

K>=IS+/F, (433)

rne |—amuHa nuHEM (pU MarucTpaabHOM CXeMe C JIBYMs TpaHCOpMaTopamu-
JUIMHA y4acTKa JI0 IEPBOro Tpanchopmaropa),kM; F—olliee ceuenne TuHum, MM,
[Ipy OTCYyTCTBMM COOTBETCTBYIOLIMX JAHHBIX JOIycKaerca 3HadeHue K
MpUHUMATH 10 Tabmute 4.1.
Ecin okaxercs, uto Qpx <0, TO 11 AaHHON rpynmbl TpaHCHOpPMATOPOB

pEaKTUBHASA MOIHOCTh Qp x »—IIPUHUMAETCS PABHOH HYIIIO.
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Tabnruya4.l-3nauenns kodgpdunnenra K>

MomiHocTh Koaddunment K ipu ayirHe NUTAIOIICH JIMHUU
tpanchopmaropa | |, km
Sr.kB4 100,5 [0,5-1 [1-1,5 [1,52 [Bsume?2
2 4 4 7 10 17
2 7 7 10 15 27
2 7 7 10 15 27
3 10 10 17 24 40
5 16 16 26 36 50
Tabnuya4.2-3HayeHus yaeabHOro ko3¢ umnuenta norepsb Ki
O0bpenrHeHHAs Yucio PacuerHasn V neapHBIN
JHEprocucreMa pabouux CTOUMOCTb KO3 PHUIIHEHT
MeCT noteps Co, notepb Ki
py6/xBt

[lerpa,CeBepo- 1 52 24
3anana,fOra 2 106 12

3 112 11
Cpenneit Bonru 1 64 19

2 93 13

3 106 12
Vpana 1 56 22

2 91 14

3 117 11
CeBepHoro 1 89 14
Kapkaza,3akaBKa3bs 2 95 13

3 103 12
Kazaxcrana 1 76 17

2 80 16

3 87 14
Cubupu 1 85 15

2 85 15

3 85 15
Cpenneit Azuun 1 64 19

2 64 19

3 80 16
Bocroxka 1 136 9

2 136 9

3 136 9
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5 NPOEKTUPOBAHUE CUCTEMbI BHYTPEHHEIO
ANEKTPOCHABXEHUA

5.1 OBLUME NMPUHLUUNBI MOCTPOEHUA CXEM
BHYTPU3ABOLOCKOIO PACNPEAENEHUA SNNIEKTPO3SHEPIUA

XapakTepHOM  OCOOGHHOCTHIO ~ CXEM  BHYTPH3ABOACKOTO  pacrpeesieHus
AIIEKTPOIHEPTUU SIBJISIETCSL  OOJIbIlIas Pa3BETBICHHOCTh CETH W HAJMUYUE OOJIBIIIOTO
KOJIMYECTBA KOMMYTAIIMOHHO-3AIMTHOM amnmapaTypbl, YTO OKa3bIBAECT 3HAYMTEIIHHOE
BIIMSIHAE HA TEXHHUKO-JKOHOMHMYCCKHE IIOKa3aTeld M Ha HAASKHOCTh CHCTEMBI
AIEKTPOCHAOKEHUS.

C uenblo co3maHusl PalMOHATIBHOM CXEMbl paCHpeNieieHUs] 3JIEKTPOIHEPTUU
TpeOyeTcsi BCECTOPOHHHMI y4Ye€T MHOTHX (DaKTOpOB, TaKMX KaK KOHCTPYKTHBHOE
WCIIOJIHEHUE CETEBBIX Y3JI0B CXEMBbI, CIIOCO0 KaHAIM3AIUK JIEKTpo3Hepruu, Toku K3 mpu
pa3HBIX BapUaHTaxX U Jp.

[lpy TpOEKTUPOBAHMM CXEMbI BAXHOE 3HAYCHHWE TNPUOOPETAeT TMPABIIHHOES
pEIlIEHUE BOIMPOCOB MUTAHUSI CWJIOBBIX M OCBETUTENBHBIX HAarpy30K B HOYHOE BpeMs, B
BBIXOJIHBIE W TMpa3IHUYHbIE JHUA. JlJI1 B3aMMHOIO pPE3epPBUPOBAHUS PEKOMEHIYETCS
HCIIOJIL30BaTh IIMHHBIE U KaOeIbHbIC IEPEMBIYKA MEXKTY OMMKAUIITMMU TIOJCTAHIIUAMU, a
TaKK€ MEXKIy KOHI[AMU CETeM HM3ILIEr0 HAMNpsLKEHWS, MUTAEMbIX OT Pa3HbIX
TpaHchOpMaTOpOB.

B o0miem ciydae cxeMbl BHYTPH3aBOICKOTO PaCIIPEICTICHHUS AIEKTPOIHEPTUH HUMEIOT
cTyreH4Yaroe nocrpoeHne. Cuuraercsi HerenecooOpa3HbiM MPUMEHEHHE CXEM C YHCIIOM
CTymneHel 0oliee ABYX-TpeX, TaK Kak B 3TOM CIIy4ae yCIOKHSAETCS KOMMYTAIUS U 3alllUTa
cetu. Ha HeOOMBIIMX 1O MOIIHOCTH MPEINPUSITUSX PEKOMEHIIYEeTCS MNPUMEHSThH
OJTHOCTYTICHYAThIE CXEMBI.

Cxema pacrpeienieHus! 3JIeKTPOIHEPTUH TOJDKHA OBITH CBsI3aHA C TEXHOJIOTUICCKON
cxemoil oObekTa. [luTaHWe NPHEMHHUKOB JIIEKTPOSHEPTHH Pa3HBIX MAPAIICTBHBIX
TEXHOJIOTUYECKMX TIOTOKOB JOJDKHO —OCYILIECTBIISITBCS OT  Pa3HbIX HMCTOYHHUKOB:
noacranimi, PII, pa3HbIX ceKimii MMH OIHOW TMOJACTaHIMK. ITO Heobxoaumo s Toro,
9TOOBI TIPY aBAPHU HE OCTAHABIMBAINCH 002 TEXHOJIOIMYECKUX IMOTOKA. B TO ke Bpems
B3aUMOCBSI3aHHBIE ~ TEXHOJIOTUYECKUE arperarbl JOJDKHBI MPUCOEAUHSTHCS K OIHOMY
WCTOYHUKY TIMTaHUs, YTOOBI TIPH MCUE3HOBCHUU TIMTAHUS BCE MTPUEMHHUKH JIEKTPOIHEPTHU
ObUTM OTHOBPEMEHHO 00ECTOUYECHBI.

[Ipuy moctpoeHnH OOIIEH CXE€MBbl BHYTPH3ABOACKOTO  AJIEKTPOCHAOXKEHUS
HEOOXOMMO TIPUHUMATh BApHAHTHI, 00CCICUMBAIOIIIE PAIIMOHAILHOE, UCIIOIH30BAHNUE
SYEEK PACHPEICIUTENBHBIX YCTPONUCTB, MUHUMAIIbHYIO JUIMHY PaclpeAeUTeNIbHON CETH,
MaKCHMYyM 3KOHOMHH KOMMYTAIIMOHHO-3AIIUTHOM aInaparTyphl.

5.2 BbIBEOP CXEM PACMNPEAOENIMTENBLHON CETU
NMPEANPUATUA

B anektpuueckux cerax 10(6) kB npumenstoresa paguanbHble, MArucTpaibHbIE
U cMellaHHble cxeMbl. [Ipeanodyrenne oTaaeTcss MarucTpajbHbIM CXeMaM, Kak oosee
SKOHOMUYHBIM.
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Cxema pacmnpeneneHusi SJEKTPOIHEPTUHM JODKHA OBITh  yBs3aHAa C
TEXHOJIOTUYECKON CXeMOM 00bEKTa CIEeIYIOIUM 00pa3oM:

* MUTAHKUE BJIEKTPONPUEMHHUKOB Pa3HBIX MaPAIIEIbHBIX TEXHOIOTHYECKUX
MOTOKOB MPEyCMaTPUBAETCS OT Pa3HbIX TPaHCHOPMATOPHBIX WIIH
pacrnpeenuTeIbHbIX MOJACTAHIINM, MarucTpaliel, pa3HbIX CEKIUI IIUH OAHOU

MOJICTAHIIMU JIJISl TOTO, YTOOBI IIPU aBapyuU HE OCTAHOBHIIUCH 00a
TEXHOJIOTMYECKHUX MMOTOKA;

* B IIpeenax 0JHOr0 TEXHOJOTHYECKOr0 MIOTOKA BCE B3aUMOCBSI3aHHbIE
arperaTbl IPUCOEIUHSIOTCA K OHOM noacTaniuu, P11, Maructpanu, cekuun

IIMH, YTOOBI IPH MPEKPAIIEHUHU MUTAHUA TOTOKA BCE BXOIAIINE B €T0 COCTAB

AIEKTPONIPUEMHUKH OBLTH OJTHOBPEMEHHO 00ECTOUYCHBI.

CxeMblI pacripeiesieHust dJeKTpodHepruu B ceTsax 10(6) kB MoryT ObITh OTHO- U
nByxcryneHyarsle.  OpHOCTyneHYaTble  CXEMbl  MPUMEHSAIOTCS  Ha  MallbIX
OPEeAnpusiTUaX, TAE pachpenesisieMas MOIIHOCTh M TOKH HEBEJIMKH, a TaKXe Ha
HSHEPrOeMKHUX MPEANPUITUSAX C TMOJACTAHIUAMHU TIyOOKOro BBOAa. B ocTalibHBIX
Clly4yasix TMPUMEHSIOTCS, KaK MPaBUIIO, JBYXCTYIEHYAThle CXEMBbI pacIpeiesieHus
anekTposHepruu. [IpuMenenne cxeMm ¢ OOJBIIUM YHUCIOM CTYINEHEW pacrpeaesieHus
AJIEKTPOIHEPTUH TOJKHO UMETh TEXHUKO-YKOHOMUYECKOE 000CHOBAHUE.

PacripenieneHne  AIIEKTPOIHEPTUUM MOXKET  OCYIIECTBISTHCS — KaOETbHBIMH,
BO3YUIHBIMU JIMHUSIMA WJIM TOKOMPOBOJAaMU. Bo3ayliHble JTUHUU 3JEKTponepeauu
Ha MPOMBIIUICHHBIX MPEANPUITUSIX HUCIOJB3YIOTCS CPAaBHUTEIBHO PEIKO, TaK Kak
UMEIOT CPAaBHUTEJIIFHO MANIyl0 TMPOIYCKHYIO CIIOCOOHOCTb, YTO HE IO3BOJISIET
OCYIIECTBUTh MAarHCTPAJILHYIO CXEMY PaCIpPECIICHUS AIEKTPOIHEPTHUH U IPAKTHYECKH
HEBO3MOXXHO B YCJOBHUSX HPOMBIIIJIEHHOTO MNPEANPUSTUS BBIIOJHUTH HECKOIBKO
MapauieNIbHO UAYIIUX BO3YIIHBIX JTUHUH.

KaGenbHble TMHUU 11€71€c000pa3HO UCHOIB30BaTh MU IMepeade MOITHOCTH B
OJIHOM HampaBieHuu He 6onee 15—20 MBA npu nanpspbkennn 6 kB u He 6omee 25—
35 MBA npu nanpspkenun 10 kB [1]. KaGenwpHble ceTn ciieqyeTr MpoKIIaabIBaTh
OTKPBITO B HAJ3EMHBIX COOPYKEHHUSX: Ha TEXHOJIOTMUYECKUX U KaOeJIbHbIX ACTaKaax,
B KaOENbHBIX YAaCTUYHO 3aKpBITBIX Trayiepesix. llpy HEBO3MOXHOCTH WM
Hele1eco00pa3HOCTH BBINIOJHEHUSI OTKPBHITON MPOKIAIKKA Kabeneil HanpsKeHUeM 10
35 kB MoxeT ObITh OCYLIECTBIICHA MPOKIIaJiKa Kabenel B 3eMIISIHBIX TpaHIIEsX U B
MOA3EMHBIX KaOEJIbHBIX COOPYXKEHUsIX (0I0Kax, KaHallax, TOHHESX ).

[Ipu mepenaye momHOCTeH, mpesbimatommx 15—20 MBA, nenecooOpasHo
NPUMEHEHHE TOKOIMPOBOAOB. Tpacchl TOKOMPOBOJIOB BBHIOMPAIOT TaKUM 00pazom,
4TOOBl OHM TPOXOAWIIM Yepe3 30HbI Pa3MELICHHS OCHOBHBIX HArpy3oK JIaHHOTO
npeanpusatyusas. B HacTosmee BpeMs PEKOMEHAYETCS HCIOJb30BaTh OTKPBITHIE
CUMMETPHUYHBIE THOKHE M IKECTKHE TOKOMPOBOIBI CIEAYIOMNUX KOHCTPYKTHUBHBIX
UCTIOJIHEHUM: KECTKUH TMOJBECHOW ¢ TpyOyaTbIMM IIMHAMM M TOJBECHBIMU
U30JISITOPAMU MJTU TUOKHM ¢ paclIerIEeHHBIMU MTPOBOJIAMHU.

Kectkre TOKOMPOBOABI CIEAYEeT MNPUMEHSITh NPU HAIMYUU arpecCUBHOMN
Cpelbl, TaK KakK Ha >»ECTKHE IPOBOJHUKHK JIEr4e HAHECTH aHTUKOPPO3HUIHOE
nokpsiThe. TOKOMPOBOABI TPEeOYIOT MEHBIIEH MOJ0CH], CBOOOJIHON OT 3aCTPOUKHU U
NOJI3€MHBIX KOMMYHUKAIMK (OTUYKACHHE TEPPUTOPUHU MOJ| KECTKHM TOKOMPOBOA
coctapisier 10 m). He pekomenyeTcst mpoKIaablBaTh TOKOMPOBOIbI B TOHHENSX U B
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MOJTHOCTBIO 3aKPBITBIX TajliepesX H3-3a CYIIECTBEHHOrO YyBEIWYeHus 3arpar. B
HacTosilliee BpeMs pa3padOoTaHbl TOKOMPOBOJLI C TpyOuyaTbIMU IIIMHAMU U3
amomuHueBoro crmaBa AJI31 B HWCHOJHEHWUW IS BHYTPEHHEH YCTAaHOBKM MPH
HOPMAaJILHOM CpeJie U B UCIOJHEHUHU Ui HAPY>KHOM YCTAaHOBKH JJISI TIPEANIPUSITHHI C
CWJIBHO 3arpsI3HEHHOM CPEIOM.

['mOkue TOKOMPOBOJBLI BBIMOJHSAIOTCS W3 HECKOJIBKUX OTOJEHHBIX IPOBOJIOB,
3aKpEIJICHHBIX PAaBHOMEPHO IO TMEPUMETPY KOJIbIA W MOJBEIICHHBIX K ONOpE Ha
MOJIBECHBIX M30JsTOpax. Cephe3Hbll HEOCTATOK THOKUX TOKOMPOBOIOB — OOJIBIITHE
rabapuTHBIE pa3Mephl (OTUYKICHUE TEPPUTOPHUH TIOJT THOKUN TOKOTIPOBOJ COCTABIISIET
18 M) m HemocTaTo4yHasi CTOMKOCTh K BO3JEHCTBUIO XUMHYECKH AKTUBHOW CpEbI.
['ubkue TOKOMPOBOABI PEKOMEHAYETCS HMCIOJIb30BaTh, €CIM OJHOBPEMEHHO HMEET
MECTO HECTECHEHHAasl IUIAaHUPOBKA MPEANPUSTHS, TO3BOJISIIONIAS HE YYUTHIBATh
CTOMMOCTh OTYY)KIa€MOU TOJ] THUOKHA TOKOIPOBOJ TEPPUTOPUU, U MHUHUMAIHHOE
qucyo (10 AByX-Tpex Ha 1 KM) TOBOPOTOB TPACCHI.

ToxonpoBobI 00Jiee HAIEKHBI, OHU UMEIOT 00JIe€ BBICOKYIO MEPErpy30UHYIO
CIIOCOOHOCTh, HO XapaKTEPHU3YIOTCS OOJIBIIUM HHAYKTHUBHBIM COINPOTHUBICHHEM IIO
CPaBHEHHUIO C JIMHUSIMH, BBIIOJHEHHBIMU W3 OOJIBIIIONO YHCIA TapajijIeIbHO
MIPOJIO’KEHHBIX KabeneH,

5.2.1 CXEMbI MUTAHUA PACIMNPEAEJIUTENIbHbBIX MYHKTOB 10(6) kB

[IpomeKyTOUHBIE pAaCHPENEIIUTENbHBIE IYHKTHI, MTOIY4YaloIue MUTaHUuEe C IIUH
I'TIII, IIPII, pexoMeHayeTca COOPYKaTh B LIEXaX WM IPOU3BOJACTBEHHBIX KOPITyCax
[P HAJMYUHU BBICOKOBOJIBTHBIX AJEKTPONPHEMHUKOB U Heckonbkux TII 10(6)/0,4 kB,
a taxxke g yganeHHbix oT [TIII wmum HPII morpebuteneil (komMmpeccOpHBIX,
HAaCOCHBIX CTaHIM W T. 1.). llpy Hamuuuum MeHee BOCBMHU OTXOIAIIUX OT
pacnpeeNnuTeNbHbIX IMYHKTOB JIMHUWA LenecooOpa3HocTh coopykeHus PII nomxHa
ObITh 0OOCHOBaHa [5]. PacnpenenurenbHble MyHKTHI CEIyeT pa3MellaTh Ha TPaHULE
[UTAEMbIX MU YYacCTKOB CETH TAKUM O0pa3oM, 4TOObI HE OBLJIO OOpaTHBIX MOTOKOB
MOIIHOCTH.

Panunanbnelie cxemsl 1yt nuranus PII crienyer npuMeHsTs:

* 1pu pacrionioxkennu Pl B paznmnunbix Hanpasinenusix ot [T, LIPIT;

* IIpY HOBBILIEHHBIX TPEOOBAHUAX K HAJIEXXHOCTHU HJIEKTPOCHAOKEHNS

AIIEKTPONPUEMHHKOB, €l K P11 OAKIIFOUaroTCsl B OCHOBHOM 3JIEKTPOIIPUEMHUKHI

IIEpBOU KaTErOPHH.

B ocranbHBIX citydasx CliemyeT NPUMEHATh MArUCTPAIIBHBIE CXEMBI C OTHOCTOPOHHUM
WIN IByXCTOPOHHMM IUTaHueM. Ecii Bce pacipenesMTenbHble MOACTAHINN TPEATIPUATHS
MOJNYYalOT MHUTaHHE OT TOKOIPOBOJOB, TO TpPUMEHSETCS CcxeMa TpaHchopMaTtop—
TOKONpoBo Oe3 cOOpHbIX HMH Ha BropudyHoM Hampspkenuu [TIIT (puc. 5.1, @). Jnsa
OrPaHUYEHNS TOKOB KOPOTKOTO 3aMBIKaHMs HAa OTBETBJICHHAX OT TOKONPOBOJOB K PIT moryr
YCTaHABJIMBATHCS PEAKTOPBI.

[lpy HaMUMKM Ha TIPEANPUSTUX OOJIBIIIONO YHCIIA JBHUIraTelied HarmpsbkeHueM 6 kB
obMoTku TpaHchopmaTopoB ['TIIT MoryT ObITH BBITOIHEHBI HA pa3Hble HANpshKeHUs: 6 u 10
kB. Ha nHanpsokeHmn 6 KB momy4aroT IMTaHWE paclpeleNUTENbHBIE TIOCTAHIINY,
NpeIHa3HAYECHHBIC JUIS [IUTAHUS IEKTPOABUraresield, Ha HanpspkeHnu 10 kB — ocranbHble
MOTPEOUTEH.
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Ecm no TokonpoBoAaM pacrpeaessieTcsl TONbKO YacTh 3JIEKTPOIHEPIUH, TO MIUTAHKUE
TOKOMpOBOJIOB BhIMOJHsAeTCss oT ImmH PY 10(6) xB ITHI u III'B (puc.5.1, 6).
PacnipenenurenbHble MyHKTBI, OTOAJIEHHBIE OT TPACCHl TOKOIPOBOJOB, MMOJIYYarOT
nutanue ot mumH PY 10(6) kB I'TIII wnu III'B kaGenbHbIMU pagudalibHBIMU MM
MarucTpajibHbIMU JTUHUSAMMU.

Toxonposog 10 kB

T

(39 9y

PII P2
Toxonposog 6 kB

't
tb tl> tb q? qb tl> [epsas cexuus Bropas cekiis
/ i wun  10(6) kB wun 10(6) kB
P

0k % I

Tis ({ (

Toxonpoeox 10 kB

NEANEAENE =

PITI P2 P13 T

: (L

Pucynok 5.1 - Cxembl pacnpeziesieHus 3JIEeKTPO3HEPTUY Ha HanpspkeHusax 6 u(uim) 10 kB,
BBINOJIHEHHBIE TOKONPOBOAAMU: @ — 0e3 COOpHBIX IUH Ha BTOpUYHOM HanpspkeHuu ['TIIT; 6 — co
cOOpHBIMHU IIMHAMH Ha BTOpUYHOM Hanpspkenun ['TITT

5.2.2 CXEMbIl NMUTAHUA TPAHC®OPMATOPHbIX NOACTAHLUNA
N SNEKTPOMPUEMHUKOB HAMPAXEHUEM 10(6) kB

TpancopmatopHble TOJACTAHIIMM ¥ BJICKTPONPHUEMHUKA MOTYT TOJIy4aTh
nmutanue oT PY 10(6) kB I'TIII u [II'B nim ot pacnpenenutenbHbix myHKTOB 10(6) KB.
s mutaHus TpaHCHOPMATOPHBIX TOJCTAHIIMA HWCIIONB3YIOTCS TMPAKTUYECKH BCE
CXEMBI.

Paouanenvie cxemwvi, BBHIIOTHEHHBIE KaOEMbHBIMU JIiHUSMEH (puc. 5.2, a),
OPUMEHSIOTCSI, KOT/Ia MOJACTAHIIMM PACIOJIOKEHbl B PA3JIMYHBIX HANPABJICHUSIX OT
MCTOYHMKA MUTAHUS WK TPEIbIBISIOTCS MOBBIIICHHBIE TPEOOBaHUS K HAJEKHOCTH
aNeKTpocHaOXkeHusl. PaauanbHble CXeMbl MCHOJB3YIOTCS TaKKe JJisi TMUTAHUS
UHAMBUIYAbHBIX MPUEMHUKOB 3JiekTposHeprun 10(6) kB (nBurareneii, neuent u T.
n.). TpaHcpopmaTopsl K paguaJbHBIM JIMHUSM MOTYT MOAKIIOYAThCs  O€3
KOMMYTAIlMOHHBIX ~alnaparoB («riyXxoe» NPUCOEIWHEHHUE) WU TOJIbKO uepes
pa3beUHUTEIb, €CIM 3allliTa, YCTAHOBJIEHHAas B Hayalle pPaJdalbHON JIMHUH,
YyBCTBUTEJIbHA MPU BCEX MOBPEKICHUAX B TpaHCHOpMATOPE.

JI71si MPOMBINIICHHBIX MPEANPUITHIA MOTYT OBITh WCIIOJIb30BAHBI PaaIbHBIC
CXEMBI C PUCOCTUHEHNEM IOl OAWH BhIKITIoUaTenb 10(6) kB 1Byx kabenbHBIX JTHHMIA,
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UAYyIIMX K pa3HbIM noacTaHmusaM. B 3tom cioydae mnumranume TII  mosmwkHO
[IPEyCMAaTPUBATHCS HE MEHEE YEM I10 JBYM JIMHUAM, OTXOISIIUM OT Pa3HbIX CEKIMH
IIMH PacIpeAcIINTEIbHON MOACTaHIUH.

Maeucmpanvnvie  cxemul ABIIIOTCSA OCHOBHBIMH  JUIi  IIHTaHUSA
TpaHC(OPMATOPHBIX TOJCTAHUMI M BBINOJHAIOTCSA, KaK IpaBUiIO, KaOeIbHBIMU
muHusAMUA. K ogHOM Maructpanu MOTryT OBbITh MOJAKIIOYEHBI: HE 0Oojee IATH
TpanchopmaTopoB MoIHOCThIO 250—630 kBA; n0 Tpex tpancdopmMaTopoB MOII-
HocThio 1000 kBA mnu n8a Tpancdopmaropa momuoctsio 1600 kBA [5].

INepsas cexumns Bropas cexuus
umel 10(6) KB ~_ umuu 10(6) kB PI1 10(6) kB

%éé %é@

Pl'll 10(6) kB PI12 10§6) kB
l‘_< : »
TIII TI12, TII3 TI14

TI14 ]

| S |
)

PIIL 10(6) xB

7

L
PI12 10(6) kB

Pucynoxk 5.2 - Cxemsl nutanus TII 10(6) kB: a — pannaanaﬂ, 6 — OJMHOYHAs1 MarucTpalb
C OZIHOCTOPOHHHUM IIUTaHUEM; 6 — OJMHOYHAsI MarCTPajlb C YACTUYHBIM PE3EPBUPOBAHUEM IO
CBSI3M BTOPHYHOTO HAMPSKEHUS; 2 — IMETJIeBast s MuTaHus ogHorpanchopmaTopubix TII; 0 —
JUTst uTaHus AByxTtpancdopmatopubix TII

[Ipy MarucTpanbHON CcXeMe MUTAHWS Ha TOJCTAHIMSIX HMCIOJIB3YIOTCS Oosee
CIIO)KHBIE CXEMBbl TEPBUYHBIX coeauHeHuid. Jlms ymoOcTBa OOCTY)KUBaHUS W
BO3MOKHOCTH OTKJIFOUEHHS] YYACTKOB MAarMCTPAIA Ha BXOJIE U BBIXOJC MArMCTPaId K
TpaHchOpMaToOpy yCTAHABIMBAIOT IIIMHHBIC HAKIAJAKH, Pa3beIUHUTEIN  HIIH
BeIKITIOUaTen Harpy3ku. Ha BBome 10(6) kB Tpanchopmatopa ycTaHaBIMBarOT
pa3beIUHUTENh WM BBIKIIOUATENIb HArPy3KH C TpenoxpaHutensmu. DOyHKuw
MoCJeIHET0 — O00eCNeunTh CENEeKTMBHYIO 3ammry TpaHchopmaropa. [lpu
COOTBETCTBYIOIIIEM OOOCHOBaHHMM MOTYT OBITh YCTaHOBJICHBI BBICOKOBOJILTHBIC
BaKyyMHBIE BBIKJTFOUATEIIH.

Oounounvle Mmazucmpan ¢ OOHOCMOPOHHUM  numanuem (puc. 5.2, 0)
MPUMEHSIOTCS Il TTUTaHUS OJHOTPAHC(POPMATOPHBIX TMOACTAHIINMA, KOTJa MOXKHO
JIOMYCTUTh TIEPEPBIB B DJIEKTPOCHAOKEHUH TOTpeOUTENe Ha BpeMs, HEOOXOIUMOE
JUIS  OTKJIFOYCHHUS, OMNpEACNICHUST MecTa TOBPESKICHUS W BOCCTAHOBIICHUS

MMOBPCKIACHHOTO y4acCTKa MarucTpaliu. I[J'I?I ITOBBIIIICHUA HaACKHOCTH
78



AJIEKTPOCHAOKEHUSI MOXHO NPEIyCMATPUBATh CBSI3U 10 BTOPUYHOMY HAIPSHKEHHIO
MEXIy OMMKaWIIUMU — MOJACTAHIMSMH, TMOJyYAIOIIMMU TUTAaHUE OT Pa3HbIX
maructpaneit (puc.5.2, ¢, myHkTthpHas JuHus). Kak mnpaBuio, Takue MarucTpaiud
NPOKJIAIBIBAOTCS IO pas3HbIM Tpaccam. [Ipu pe3epBUpOBaHHHM IO BTOPUYHOMY
HANPSDKEHUIO i1 4acTu notpedureneit moactanuuu (15—20% oOwelt Harpy3ku)
COXpAaHSIETCS MUTAHUE TIPU aBAPUU HA MArUCTPAJIN.

Oounounvle mazucmpanu ¢ 08YXCMOPOHHUM numanuem (puc. 5.2, 2, 0) MOTyT
NPUMEHATHCS IJIsl MUTAHUS MOTpeOuTeNneil TpeThel U YaCTUYHO BTOPOM KaTeropuil.
JlaHHbIE CXEMbl HA3bIBAIOTCS MeETJeBbIMH. BO3MOXKHBI pa3MYHbIE BApUAHTHI pabOThI
CXEMbl B HOpPMaJIbHOM pexume. Ecaum oauH M3 MCTOYHMKOB MUTAHUS MarucTpain
MQJIOMOIIHBIA, YAAJICHHBIA WM HEIKOHOMUYHBIM, TO OH MOXET WIPaTth pPOJib
PE3EPBHOIO M BKIIIOYATHCS (BPYUYHYIO WJIM aBTOMATHYECKHU) TOJIBKO MPHU OTKIIOYEHUU
MarucTpajil OT OCHOBHOIO MCTOYHMKA NUTaHMs. Ecnm ke o0a MCTOYHHMKA MUTAHMS
PAaBHOLICHHBI, TO B HOPMAaJbHOM DPEXKUME MArucTpaiab INOJY4YaeT MUTAHHUE C JBYX
CTOPOH, HO B TOYKE TOKOpA3Aesiia IO OJHOM M3 NPOMEKYTOUHBIX MOACTAHIUI
MarucTpajib pasMbikaercsi. B Touke Tokopaszjena MOryT ObIThb YCTaHOBJICHBI
pa3bECIMHUTENN, B TOM YHCJIE TEJICYIPABISIEMbIE WIM  BBICOKOBOJITHBIC
BBIKJIFOYATEINH.

Konvyesvie macucmpanu (puc. 5.3) pekoMeHIyeTcss TPUMEHSATh ISl MUTaHUS
notpeOuTened TpeTbed, YaCTUYHO — BTOPOM KaTerOpuU NpPU COOTBETCTBYIOIIEM
PACIIOJIOKEHUN MUTAEMBIX UMHU TPyNN MOJACTAHIUN MOpU E€AUHUYHOM MOIIHOCTHU
tpanchopmatopoB He Oonee 630 kBA.

Jlnst mutaHus IBYXTPaHC(HOPMATOPHBIX TOJCTAHITUN C DJIEKTPONPUEMHHUKAMU
NEePBOM U BTOPOU KaTeropuil MPUMEHSIOTCS O0Jiee Ha/leKHbIE CXEMbI pacIpe/IeIeHUs
ANEKTPOSHEPTUH — C JBOMHBIMM MaructpaisiMd. Kaxnmas marucrpaib MOJIydaeT
nutanue ot pasHeix cekuuid muH PY 10(6) kB I'TII, I1I'B unu PII, koTOopbie AOIKHBI
OTBEYaTh TPEOOBAHUSM HE3aBHUCHUMBIX MCTOYHUKOB mHUTaHus. TpaHchopmartopsl Ha
NOJICTAHIIMSAX B HOPMAJbHOM pEXHMME paboTaloT pas3lieibHO, CEKIIMOHHBIM
aBTOMaTUYeCKUi BbIKItOYaTenb Ha 0,4 kB oTkiroueH, a mpu aBapuu Ha MarucTpaiu
BCE MOTPEOUTENIM MEPEKITIOYA0TCsl Ha MarucTpalib, ocTaBinytocs B padore. C 31oii
[EJbI0 aBTOMATUYECKU WM BPYYHYIO OOCITYXMBAIOIIUM IE€PCOHAJIOM BKIIOYAETCS
CEKI[MOHHBIN BBIKIIFOYATEIb.

[IpuMephl BBIOJIHEHUSI CXEM C JBOWHBIMA MArUCTPAJIIMU MPUBEAEHBI HA PUC.
54. Ha puc. 54, a mnoka3aHa cxema JABOWHOM CKBO3HOM MAarucTpaiu cC
OJIHOCTOPOHHUM TMHUTAHUEM, KOTOpas IIMPOKO MPUMEHSIETCS B MPOMBIIUICHHBIX
ANEKTPUYECKUX CETSIX

PITI1 PII2
10(6) kB T T ™ t0(6) kB

|,

- ~

T4 TI5 TII6

Pucynok 5.3 - Konb1ieBast cxema UTaHUs TpaHC(HOPMATOPHBIX MOJICTAHLIUI
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JUIS IMTaHUS 3JIEKTPOIIPUEMHUKOB MEpBOW 1 BTOpoii kareropuii. Ha cxeme puc. 5.4, 6
Ka)KJ1as MaruCTpajib MOJIy4aeT MUTAHUE OT Pa3HbIX TEPPUTOPUAIBHO YJAJICHHBIX JIPYT
OoT npyra pacrnpenenutenbHbix MyHKTOB: PIIl m PII2. /lanHasi cxemMa aHajoruyHa
CXEME JBOMHOW CKBO3HOW MAarucCTpaid C OJHOCTOPOHHUM IHUTAHUEM, HO SBIISIETCS
Oojiee HAJEKHOW BCJIEACTBUE TEPPUTOPUATHLHOM HE3aBHUCUMOCTH HMCTOYHUKOB
NUTaHMUS.

' Tepsa Bropas
CEKLKA, LHHHbI CEKLHA UIHHBI PH 10(6) KB

L( ZVF 0 | |
2680708 =

I___‘\ L[
. 106 kB[ ’
' Tl% T2 é T3 .
RS X Sl X
. p ,_

Puc. 5.4. Cxembl ¢ TBOWHBIMU MarucTpajasiMi: @ — JBOMHAs CKBO3HAsi MarucTpajib C
O,Z[HOCTOpOHHI/IM IIUTAaHUECM, 6 — HBOﬁHaH MaFI/ICTpaJII: C ,Z[BYXCTOpOHHI/IM IIMTAHUEM

5.2.3 CXEMbI NMUTAHUA PA3JTUMHBIX TPYMN NOTPEBUTENEN
(HENIMHEWHDbIX, PE3KOMNEPEMEHHbLIX, HECUMMETPU4YHbIX)

[Turanue aHHBIX OTpEOUTENCH B HOPMAIBHOM pexXUMe pabOoThl pEKOMEHTyeTCs
NPOU3BOIUTH OT OTAENbHbIX cekuuid muH 10(6) kB. Yka3aHHble ceKMu COOPHBIX
IIMH PEKOMEHAYETCS TMOAKIIYAaTh K pPa3HbIM BETBSIM PACHICIUICHHOW OOMOTKH
TpancpopmaTopa, K pa3HbIM BETBAM CABOCHHOTO pEaKTOpa, K pa3HbIM
tpancopmaropam. Tpanchopmatopusie mnonactanuuu 10(6)/0,4 kB, oT KOTOpBIX
MOJIYYalOT TMHTAHUE OCBETHTEIbHBIE TPHOOPHI C JIAMIIAMH  HaKaJUBaHUS,
YYBCTBUTEIbHBIE K HM3MEHEHHUSM IOKa3aTelel KauecTBa JJIEKTPOSHEPIHH, CIEAYEeT
MOAKIIOYATh K cekiuu muH 10(6) kB, He nuTtaromieii crienuduyaeckoit Harpy3ku. Ha
puc. 5.5 mpuBeeHa cxema MHUTAHMS JIYTOBBIX CTaJlleIUIaBWIbHBIX meueld. Hambomnee
MOIIIHBIE JYIOBBIE CTAJCIUIABWIBHBIE TMEYM TNOJY4YalOT MHUTAHUE pPaavalbHBIMU
JUHUSAMH OT TPETbe M YeTBepTod cekuui muH TpaHcopmaropoB ITIIT ¢
pacieryieHHoW 00MOTKOM. Ileun HeOONBIIOW MOIIHOCTH TOJY4YalrOT IMUTaHUE IO
NBYXCTYNIEHYATOM  paguaJlbHOM  cXeMe, Il  4Yero  MpelycMaTpHBAETCs
JNOTOJHUTENBHBIM pacnpeneauTenbHblii MyHKT Ha 10 kB. B xoMIuiekT neyu BXOIUT
cama 1eyb M MeyHod TpaHchopmarop. B HenmocpenacTBeHHON OIM30CTH OT MEYH
YCTAaHABIIMBAETCS BBICOKOBOJbTHAS sYEKa C TMEYHbIM BbIKIIOUaTeneMm. Ha
OPEANPUSITUSIX C MOIIHBIMA JYTOBBIMU  CTAJICIIABUJIBHBIMU  [€YaMU  MOKET
BBITIOJIHATBCS JIOKaibHast ceTb Ha 35 kB. Ilutanue 3TOM ceTH OCYyIIECTBISIETCS OT
TPEXOOMOTOUHBIX TpaHCPOPMATOPOB, WU aABTOTPAHCHOPMATOPOB C OOMOTKOM
cpemHero HampspkeHus 35 kB, wim  OT CHEIMATBHBIX  JBYXOOMOTOYHBIX
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tparcopmaropoB. C mmH 35 kB mo paguanbHBIM JUHUSM DJIECKTPOIHEPTHS
MOCTynaeT K me4yHbiM TpaHcpopmartopam. K omHol ceknuu cOopHbIXx mmH 35 kB
MOXeT ObITh moakmodeHo Heckojbko J[CII mommuocthio 25 u 50 MBA. Ileun ¢
neyHbiMu TpaHcopmaropamu 80 MBA mnoaxmtoyaroTcss K OTACIBHBIM CEKIMSIM
cOopHbIX muH 35 kB.

r
ﬂepnaﬂ CCKLHs tLIUHBI F

PY 10 kB I'TIIT |

TpeTbst CEKUMA WHHbI C . C} Yerteepran CeKIns LHHbI
U { ____________________
PI1

[epBast cEKLMS WHHbL 10 xB Bropas cekuus WwHHbt
T 1 T T -

!
|
|
I
|
]
|
|

A~

25MB-A__ 4MB-A
15MB-A §MB-A  4MBA 5uR.A

PucyHnok 5.5 - Cxema nutanus IyroBbIX CTAJICIUIABHIIBHBIX TICUCH

5.3 BbIBOP PALINOHAJIbHOIO HAMPSAXEHUA
PACMNPEAENUTENBHOU CETU

BeiOop HampspkeHHsT paclpeieMTeNbHOM CEeTH TECHO CBS3aH C PElIeHUEM
BOIIPOCOB AJIEKTPOCHAOKEHUST NpeAnpusiTia. OKOHYaTeNbHOE pEIIeHHE MPUHUMAIOT B
pE3yNbTaTe TEXHUKO-3KOHOMUUYECKOTO CPAaBHEHMS BAPUAHTOB, YUUTHIBAIOIIUX PA3IMYHOE
COUYETaHHE HANPSKEHUI OTAEIbHBIX 3BEHBEB CHCTEMBI.

C mnpuMeHeHHMEM CXeM TJIyOOKOro BBOJA HaNpsHKEHWE TEPBbIX CTyINEHEeH
pacnpeneneHus 3eKTpo3Hepruu Bo3zpocio 1o 220 kB. IIIupokoMy pacrnpocTpaHEHUIO
HanpspkeHust 110 kB i HEOOMBIIMX M CPEIHMX [0 MOUIHOCTA NpEeIIpHATHIA
CIIOCOOCTBYET BBIITYCK CHJIOBBIX TPaHC(HOPMATOPOB ¢ MUHUMAIBHOM MOIIHOCTBIO 2500
kBA. bBonee BbICOKOE HOMHHAIBHOE HANpPSDKEHUE W OTCYTCTBHE IMPOMEKYTOUYHBIX
TpaHchopMallii  3HAYUTENIBHO — COKPAIAIOT TOTEPH  3JIEKTPOIHEPTUH B CHUCTEME
AIEKTPOCHAOKEHUS.

Hanpsbxenue 35 kB npuMeHSIOT U1l TATaHUS PEAITPUATHI CPETHEN MOIIHOCTH
U JJIsl pacripeiesieHns JIEKTPOSHEPTH Ha TIEPBOM CTYNEHH AJIEKTPOCHAOKEHUS TaKUX
OPEANPUSATHI TPU TOMOIIU TTTyOOKHX BBOJIOB.

Ha npennpusitisix OoJbIION MoIIHOCTH HampsbkeHue 35 kB HeparmoHambHO
UCIIONIb30BaTh B KauyecTBE OCHOBHOTO0. OHO MOMET ObITh NMPUMEHEHO JUIS MUTaHUS
NOTpeOUTeNe ANIEKTPOIHEPTH, MUMEIOIIMX HOMHUHAJIbHOE Hampsbkenue 35 kB, u amns

IUTaHUA YAAJICHHBIX IIPUCMHUKOB 3JICKTPOSHCPI'H.
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[IpeumymectBo HanpsbkeHusi 20 kB mo cpaBHeHHMio ¢ HampsbkeHuem 35 kB
3aKJIroyaeTcss B 0oJjiee MPOCTOM YCTPOMCTBE ceTh M Oojiee AEMIEBBIX KOMMYTAIMOHHO-
3allIMTHBIX arapaTax.

[To cpaBHenuto ¢ HamnpspkeHueM 10 kB npu nanpsbkenuun 20 kB cHmxkarorcs
MOTEPH AJIEKTPOIHEPTUH B DJIEMEHTAX CHUCTEMBbI AJIeKTpocHaOeHus 1 Toku K3 B ceTsx.
Opnnako Hanpsbxenue 20 kB, kak u Hanpspkenue 35 u 10 kB, HerenecooOpazHo MPUMEHSITH
B KAQueCTBE OCHOBHOI'O HANPSDKEHUS ISl TIEPBBIX CTYIMEHEH AIIeKTPOCHAOKEHHS OOJTBILINX
M0 MOIIHOCTH MPEANPUITANA. 371eCh BO3ZHUKAET HEOOXOJUMOCTh B 00Jie€ BBICOKUX
HaMpsHKEHUSIX.

HeoOxomiMo oTMETHTH, 4YTO, HECMOTpST HAa HMEIOUIMECS MPEUMYIIIECTBA,
npumeHenue Hanpspkenus 20 kB caepkuBaercst OTCYTCTBHEM 3IIEKTPOOOOPYIOBaHUS HA
3TO HaNpsHKEHHE.

Hanpspxenns 10 n 6 kB mmpoko MCHONB3YIOT HA MPOMBIIUIEHHBIX NPEIIPUATHSX:
Ha CPEIHUX M0 MOIIHOCTU MPEANPUSATUSIX — JIJIs MUTAIOIIKUX U PACTIPEACIUTENbHbBIX
CeTeil; Ha KPYNMHbIX MPEANPUSATUSIX — HA BTOPOW U TMOCIEIYIOUMX CTYIEHIX
pacrnpenesneHus 3IeKTPOIHEPTUH.

Hanpsokenne 10 kB  sBisercs Oosiee SKOHOMHUYHBIM IO  CPaBHEHHUIO C
HanpspkeHueM 6 kB. Hanpspkenue 6 kB nomyckaercsi MpUMEHSITh TOJIBKO B TE€X CIyYasXx,
€ClI Ha TMPEANpUATUN MNPEoOsIafal0T MPUEMHUKU BIIEKTPOIHEPIrUM C HOMHHAIbHBIM
HarnpspkeHreM 6 KB vy kora 3HaunTeNbHas 4acTh HArpy3KU MPEANpUsITUS TMTAeTCs OT
3aBojickoi. TOLI, rae ycraHOBIEHBI T€HEPATOPhI HANpsDKEHUEM 6 KB.

5.4 PASMELLEHME LIEXOBbIX TPAHC®OPMATOPHbIX
N PACNPEOEJNIUTENIbHBIX MOACTAHLUAN HA
FrEHEPAJIbHOM MJIAHE NPEANPUATUA

Pasmenienne Ha renepanbHoM 1uiane TII m PII oOycnoBiieHO BeNMWYMHON U
XapaKTEPOM IIEKTPUYECKUX  HArpy30K, MX paCIOJIOKEHUEM, a TaKKe
IIPOU3BOJACTBEHHBIMH, APXUTEKTYPHO-CTPOUTEIBHBIMU W  3KCIUTyaTalMOHHBIMH
TpeboBanusimu  /1-5/. Kpome TOro, MOMKHBI YYUTHIBATHCS  KOHGUTyparus
IIPOU3BOJCTBEHHBIX ITOMEIICHNUH, PACIOJIOKEHNE TEXHOJIOTUYECKOTO 000pYy10BaHMs,
YCIIOBUS OKPY>KAIOIIEH CpeJbl, YCIOBUS OXJIAXACHUs TpaHcpopmaTtopa, TpeOoBaHMs
MOXKApPHOM M DJEKTPUYECKOM  0€30MacHOCTM W THUIBI  HCIOJIb3yeMOTO
AEKTPOOOOPYI0BaAHUS.

TII cnenyeT pazMeniaTh Kak MOKHO OJIMKE K LIEHTPY AJIEKTPUUECKUX HAarpy30K
norpebuteneit. [y 3TOro AOMHKHBI NPUMEHSTHCS BHYTPULEXOBBIE MOJCTAHIUU, A
TAaK)K€ BCTPOEHHBIE B 3/IaHHME I€Xa WM NpUCTpoeHHble K Hemy TII, muraromiue
OTIEeNbHbIE LeXu (Kopmyca) win ux yactu. TII pa3MmemaroTcst BHE 1ieXa TOJIBKO MpU
HEBO3MOKHOCTH PAa3MELIEHUSI BHYTPHU €r0 WU IPHU PACIOIOKEHUN YaCTU Harpy3oK
BHe 1iexa/1-5/.

BriOpanHas mojacTtaHuus JOJDKHA 3aHMMaTh MHUHHMYM IOJIE3HOHM IJIOLIaAU
1[eXa, YI0BIETBOPATH TPEOOBAHUSAM MOKAPHOU M AJIEKTPUUECKON 0€30MaCHOCTU U HE
co37aBaTh MOMEX MPOM3BOJICTBEHHBIM MpoueccaM. CieayeT y4yuThIBaTh, YTO, NpPH
YCTAaHOBKE B OJHOM IOMEUIEHUH HECKOJBKUX TpaHC()OpMaTOpOB, MX MpeAesibHAs
CyMMapHasi MOIIHOCTh He JoJikHa npesbimarh 6500 kBA, a yucno KTII ve Gonee
Tpex.
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B cersix nampsbkennem 10 kB ¢ Tpancdopmanuein Ha Hanpsokenue no 1 kB
MPEUMYILIECTBEHHO  PEKOMEHIYETCSl  UCIMOJIb30BAHUE  OJIHOTPAHCPOPMATOPHBIX
noAcTaHuui. Mx crneayeT mnpuMeHsATh npu mpeoOmamganuu Harpy3ok III u 11
KaTeropuy U MpU Harpy3kax | KaTeropuu, €clii UX BEIMYMHA COCTABIISIET HEe Oolee
15-20 % wHarpy3ku mnojctaHuuu. Jlns pesepBUpoBaHUS NHUTaHUS HauOosee
OTBETCTBEHHBIX JJICKTPOIIPUEMHUKOB, B TOM 4YHMCJIE€ Harpy3ok | kareropuu,
HEOOXOJIMMO TIPEAYCMOTPETh CBSI3M Ha BTOPUYHOM HampsikeHuu [1-5]. Bzaumuoe
pPE3EepPBUPOBAHUE CXEM C OJTHOTPAHCHOPMATOPHBIMU MOACTAHIUAMHU OCYIIECTBISETCS
MIpY TOMOIIM NIEPEMBIUEK Ha HanpsbkeHuu Ao 1 kB [1-5].

JIByxtpanchopmatopubie TII ¢ ycTaHOBKOW CEKIIMOHHOTO BBIKIIOYATENS C
ABP na wnampsiokenuu no 1 kB pexomengyercs mpuMEHSATh MpH TpeoOsIaTaHuH
Harpy3ok | kareropumu.

B nenax nHambonpmiero npubmmkenus k Ol pexomeHzayeTrcss TPUMEHATH
BHYTPEHHHME, BCTPOCHHBIE B 3JaHUS WIM NPHUCTPOCHHBIE K HHUM MOJCTAHIUU
HanpsbkenueM 10 kB /1, 8/. Kak npaBuiio, BCTpOEHHBIE U PUCTPOCHHBIE MTOICTAHIINH
pacriojaratoTcsi BAOJIb OJTHOW W3 JIJIMHHBIX CTOPOH IieXa (KeJaTesIbHO OirKaiiie K
MCTOYHHMKY MUTaHUS) WM B I[IaXMaTHOM TMOPSJKE BIOJb JABYX €ro CTOPOH MpH
HeOoubIol mmpuHe uexa. PI1 Takke pekoMeHyeTcsl IpUCTpauBaTh UM BCTPAUBATh
B MPOU3BOJICTBEHHbIE 3/1aHUs U coBMmemaTh ¢ Ommpkaiimumu TII Bo Bcex ciydasx,
KOTJa 3TO HE BBI3bIBAET 3HAUYUTENBHOTO CMENIEHHs IOCIEAHUX OT LEHTpa HX
Harpys3ox.

JlomyckaeTcs:i MUHUMalbHOE paccTosiHue 10 M MEXIy COCEIHMMH KaMepamu
Pa3HBIX BHYTPHUIIEXOBBIX MOJACTaHIMH, a Takxke Mmexay KTII.

BHyTpHIiieX0BbI€ TOACTAHLUMUA MOTYT Pa3MEIIAThCS TOJIBKO B 3IaHUAX CO
CTereHbro oruecTokoctu [ u I1 u ¢ mpousBoACTBaMH, OTHECEHHBIMU K KaTeropusm I
1 J] cornacHo MpOTHUBONOKAaPHBIM HOPMaM.

OtnenpHo crosimme TII mpuMeHstOTCs, HanmpuMmep, NP NMUTAHUU OT OJHOU
NOACTAaHIIMHA HECKOJBKHMX LIEXOB, HEBO3MOXHOCTH Pa3MENICHUS MMOJCTAHIIMN BHYTPH
[EXOB WIM Yy WX HApYXHBIX CTEH IO COOOpaXCHWSIM TMPOU3BOJCTBEHHOTO WU
APXUTEKTYPHOTO XapakTepa MpH HAIMYMKA B 1eXaxX I[I0XKApPOOIACHBIX WU
B3PBIBOOITACHBIX ITPOU3BOJICTB.

Munumansnbie rabaputsl /10/ pasmemenuss KTII B anuny (B 3aBUCUMOCTH OT
KOJIMYECTBA IIKA(POB HU3IIETO HAPSHKEHUS ), M:

Opnotpanchopmatopusie 10 1000 kBA .................. 7-8 Mm;
1600-2500 kBA.................... 8-9 m.
JByxTtpanchopmaropusie 10 1000 kBA.................... 12-13 m;
1600 kBA................... 16,5m

[Iupuna nnsa Bcex KTII He menee 4,3 M.

["aGaputel PII BbICIIEr0 HampsiKEHUs ONPEACNSIIOTCS KOJIMYECTBOM IKadoB
KPVY n nonyctumon mmprHON KOpuaopoB U npoxonos. Komnonosku PII Beime 1 kB
npuBeieHsl B [ 1, 8].

BbK moryt pasmemarscs B PII HanpsixkennemM no 1 kB u Bbime. TumoBbie
koHcTpykiuu BK npusenenst B [4]. [Ipumepnsie pazmepsl BK - 0,38 kB (B miane):
0,8x1,6M.
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5.5 ONPEAENEHUE KOJIMMECTBA TPAHC®OPMATOPOB B KAXXOOM LIEXE

PeaktuBHas mommHOCTH Qr, TpoTeKaromas dYepe3 OAWH  I[EXOBOHU
TpaHchopMaTop, OMPENeIsIeTCs IO YCIOBHI0 MHUHHMYMa IIOT€Ph AKTHBHOM
MOIITHOCTH 0€3 y4deTa aKTUBHBIX CONPOTUBICHUN KaOenbHBIX JuHMi cetu 10 kB st
rpynmnsl U3 Nt TpaHchopMaTOpOB ¢ OAMHAKOBON HOMUHAIBHON MOILTHOCTHIO [1 — 5]:

_ (QPACL[ZH _QEH.T) -

5.1
: - (5.)
B aToM ciydae MOKHO HalTH KOMYECTBO TpaHCHOpMATOPOB Ny,
HEO0OXO0MMOE TSI KaXKI0TO ToApa3aesieHus v (1iexa) mpeanpusThs:
P
N < (5.2)

\/(K3T)2 SlziOM.T - Q%

rae Pu.y- aktuBHas (cuioBas 10 1 kB u ocBeTHTeNbHAs) pacueTHAsl Harpy3Ka 1exa;
V - konuuecTBO mnoApaszzaeneHuid 3aBoga. IIposepkoii moxer ciyxutb 2N, = Np.
[Tony4yennsie 3HaueHuss N, HEOOXOAMMO BMHCATh B KAXKIOM II€X€ HA T€HEPAIHLHOM
IUTaHE MPEIIPUSITHS.

OpueHTHPYSCh Ha B3aMMHOE PACIIOJIOKEHUE 1IEXOB Ha T'€HEPAIbHOM IIaHE U
3Hauenus N,, HeoOXoaMMO Mo1I00paTh apean HAarpy30K, A KOTopeix cymma N, qaet
[eJI0€ YHUCIO TpaHCPOpMATOpPOB, MPHUYEM B TMEPBYIO ouepenb A Harpy3ok [
KAaTerOpHH.

5.6 BbIBEOP TPACC JIMHUA MEXLIEXOBOW CETHU

Ha npenmpusitusix HeOONBIION # CcpeaHEH MOIIHOCTEH MPUMEHSETCS
npokiaaka kabenbHbix JguHUM 6 wim 10 kB /1 - 5/. Tpacca xaGenbHbIX JTUHHIMA
BbIOMpaeTCsl HauKpaTyaiinas, OHU MPOKIAAbIBAIOTCS MapajlieNibHO (PyHIaMEHTaM
3nanuil. [lepeceuenust kabeneil Apyr ¢ IpyroM M KOMMYHHUKAIUSIMHU JOJDKHBI OBITH
CBEJICHBl K MUHUMYMY.

Croco®6 W KOHCTPYKTHBHOE BBITIOJTHEHHE TIPOKIAIKU BbIOMpatoTrcs /9/ B
3aBHCHUMOCTH OT KOJIMYECTBa KaOeyel, YCIOBHUM TpacChl, HATUYUS WM OTCYTCTBHS
B3pPBIBOOMACHBIX Ta30B TsDKEJIEEe BO3AyXa, CTENICHH 3arpsi3HEHUs MOYBBI, TPEOOBAHUI
AKCIUTyaTaIuy, SKOHOMUYECKUX (pakTopoB u T.1. [Ipokmanka KaOenbHBIX JTUHHUMA IS
notpedureneii [ kareropun npeaycMaTpuBaeTCs MO OTACTBLHBIM TPACCAM.

Haubonee mpocToii siBisieTcsl mpokiaaka kabene B Tpanmiee. He ciemnyer
MIPOKJIA/IbIBAaTh B OJIHOM TpaHiuee Oosee mectu kadener 10 kB. [Ipu GonbiomM uuce
Ka0eseil mpeIycMaTpuBaloTCs JIBE PAIOM PACIOJIOKEHHBIE TPAHIIEH C PACCTOSTHHEM
1,2 M, eciii TO3BOJISIFOT YCJIOBUS MTPOKJIAKH TPACCHI.

[Tpu OoybIIUX MOTOKAaX KaOeneu JUisl MPOKJIAJAKU I11eIecO00pa3sHO MPUMEHSTh
ACTAaKa/bl, TajlepeH, a TaKXKe CTEHbl 3/aHUN, B KOTOPBIX OTCYTCTBYIOT B3pBIBO- U
M0KapooNacHble IPON3BOACTBA.
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5.7 NIPUMEHEHUE TOKOMNPOBOLOOB
B PACMNPEOEJNUTENBHBLIX CETAX MPOMbILUNEHHbIX
NMPEANPUATUN

5.7.1 ycnosumsAa PAUMOHAIIBHOIO NPUMEHEHUA TOKOMNMPOBOLOOB

[IpuMeHeHrne TOKOMPOBOAOB B3aMEH OOJBIIOr0 YHucia Kabened MOBBIIIAET
HAJEKHOCTh  DJIEKTPOCHAOXKEHUsSI  MOTpeOUTeNeld,  3HAUYUTENBbHO  YNPOIIAeT
o0cy>KUBaHUE, MO3BOJIET CHU3UTh KallUTaJbHbIE U T'0JI0BbIC IPUBEACHHBIC 3aTPATHI.

[lenecooOpa3HOCTh MPUMEHEHUS TOKOMPOBOAOB B CD MNpPOMBIILIEHHOTO
00BbEKTa BBISABISAETCS HAa OCHOBE TEXHUKO-JKOHOMHYECKHUX  COIOCTABIICHUM
BAPUAHTOB CXEM C pAa3JIUYHBIMM KOHCTPYKTHBHBIMU HCIOJIHEHUSIMA  CETH.
Hannyumne ycnoBusi co31at0TCs MPU HOTOKE 3JIEKTPOIHEPTUU, OPUCHTHPOBAHHOM B
OJIHOM HampaBJICHUHU.

[TYD pekoMeHayIOT:

* JUIS TIEpEIadyy B OJTHOM HarpaBlieHUH MOITHOCTH Oosiee 20 MBA npu HanpsokeHHH
6 kB, 6onee 35 MBA npu 10 kB, xak npaBuiio, IpUMEHSITh TOKOIIPOBOIBI;

* [IpH Tiepeaade B OJHOM HaIpaBiIeHUH MOIIHOCTH Oosiee 35 MBA npu HanpsbkeHun
35 kB nmnpoBepATh TEXHUKO-DPKOHOMHUYECKYIO II€J€CO00pPa3HOCTh MPUMEHEHUS
TOKOIIPOBOJIOB ATOTO HAIPSKEHHUS.

5.7.2 BbIBOP TPACCbI TOKOMNMPOBOOA U PN HA TrEHMNJTAHE

Br160op Tpaccel TOKONIPOBOIA OMIPEACIACTCS C YYETOM OCOOEHHOCTEH TeHIIaHa
JaHHOTO Tpeanpusatus, TpedoBanuit I[IYD 1o JOMyCTUMBIM NPUOIMKEHUSIM
TOKOBEAYIIIUX YaCTEN K HHKEHEPHBIM COOPYKECHUSIM.

PexomeHnyeTcs pacmosiaratb Tpaccy TOKOIPOBOAA B CPEAHEH 30HE
KOMMYHHUKAIIMOHHOTO KOPUIO0PA.

B otnenbHBIX chydasx Haumbosiee IKOHOMUYHOE pElIeHHE 3aKJIIYaeTcs B
MOJBECKE  TOKOMPOBOAA K  KPOHIITEHHAM  MPOM3BOJICTBEHHOTO  KOpITyca.
KoHCTpyKTMBHOE COBMEIIEHME TOKOMPOBOJA C TEXHOJOTMYECKOM O3CTakaaou
cornacHo [1YD He pa3pemaercs.

[IyreM TEXHMKO-3KOHOMHUYECKOIO COIIOCTABJIEHUS BAPUAHTOB ONPEHECISIOT
KoJinuecTBO U Mectomnofioxkenue PII 6-10 kB, nutaeMbIx mo TOKOMPOBOLY.

OtnenpHo crosimue PII oObIYHO pa3smemaroT B 30HE IIOJOCHI  OTBOJAA
TOKOIPOBO/IA, @ BCTPOCHHBIC — B OJIMDKAUIITUX YHEPrOEMKUX Kopiycax. BcrpoeHHOMY
PIT cooTBeTcCTByeT HaWMEHbINAs [JIMHA PACIPEACIUTEIbHON KaOEIbHOU CETH.
[IpeumymiectBo oTaenbHO crosmmx PII 3akmroyaercs B HE3aBUCHUMOCTH 3THX
OCHOBHBIX MHTAIOMIMX Y3J0B OT OYEPEAHOCTH CTPOUTEIILCTBA M CTPOUTEIBLHOU
TOTOBHOCTH KOPITYCOB MPEATPUSATHS.
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5.7.3 BbIBOP U30J1AUNUN U APMATYPbI

N3onsiuio )KecTKuX 1 THOKUX TOKOTpoBoaoB 6-10 kB s CO oTBeTCTBEHHBIX
IPOMBINIICHHBIX TOTpeduTenei cornacuo [1YD pekomenayeTcs BBIOUPATh C y4ETOM
HOPMATUBHBIX TPEOOBAHUU [UJISI HW3OJSILMHM  OTKPBITHIX TOKOMpoBOJgoB PY Ha
CIEAYIONIYI0 CTYIEHb IO HOPMATHUBHOMY HampsbkeHuto, T.e. Ha 20 kB. Jlud
3arpsi3HEHHONW aTMoc(epbl H30JAIMS JOJDKHA OBITh NMPOBEpEHAa MO JUIMHE MyTH
YTEUKHU.

KoaddummenT 3anaca MmexaHnueckoi IpOYHOCTH IS TOABECHBIX W30S TOPOB
KECTKUX M TMOKHUX TOKOIMPOBOJOB MPU MAKCUMAJIbHBIX HOPMATUBHBIX HArpy3kax mo
OTHOLIEHUIO K TapaHTUPOBAHHOW MPOYHOCTH PEKOMEHAYETCSl IPUHUMATh: HE MEHEe
3 — 1 HOPMAJIBHOTO PEXUMA; 5 — JJIsl CPEIHEIKCIUTYaTallMOHHBIX YCIIOBUM; 1,8 —
s pexxnma K3.

PexoMeHIyeTCs TNPUMEHATHh H30JTOPHl M3 3aKAJIEHHOTO CTEKJIA BMECTO
(baphopoBHIX MO YCIOBUSIM dKCILTyaTaIUH.

5.7.4 PACYET XXECTKMUX N TUBKUX TOKOMNMPOBOAOB

DJiekTpUUYecKue pacuérnl. Beibop TokompoBogoB 6—35 kB mpousBoautcs
UCXOS U3 TEXHUKO-PKOHOMUYECKUX TOKa3aTeseil: HaJie)KHOCTH, CTOUMOCTH, MOTEPh
MOIIHOCTH U HaIpsOKEHUS], yI00CTBa MOHTaXXKa U AKCILTyaTallUu.

CeueHust TOKOIIPOBOJOB BHIOMPAIOTCS MO0 IKOHOMUYECKON TIIOTHOCTU TOKA, IO
HarpeBy B HOPMaJIbHOM U TOCJI€aBapUITHOM pEXHMaXx, C IPOBEPKOI HA TEPMUUECKYIO
Y TUHAMHUYECKYI0 YCTOMYMBOCTh TOKAM KOPOTKOTO 3aMbIKaHUSI.

[ToTepu aKTUBHON MOMIHOCTH B TpeX(azHOM TOKOMPOBOAE OMPEIAECISIFOTCS 10

bopmyre

AP..= 2R, + 2R, + I2R., (5.3)

riae la,s,c — Toku B dazax; Ra,s,c — akTUBHBIE CONPOTUBIICHUS (a3.
[Tpu paBHOMEpHOM 3arpy3ke (a3 ¥ PaBHBIX COMPOTHBICHUSIX

AP,. =312, R, 10-3 [Br], (5.4)

rae |y — pacueTHsliil TOk, A; R; — akTHBHOE CONMPOTUBICHUE TOKOMPOBOJIA C YUETOM
kodhpunmenTa 100aBOYHBIX TIOTEPh.

[ToTepy peakTHBHOM MOIIHOCTH TPHU CHUMMETPUYHOM CHUCTEME TOKOMPOBOJA
HaXoJAT 10 hopmyJie

AQ:. = 31%,X%0.1 103 [kBap], (5.5)

1€ Xo — Y/JI€JIbHOE UHAYKTUBHOE COITPOTHBIIEHUE TOKONIPOBOIA.
[Torepn aKTMBHOW W PEAKTUBHOM MOIIHOCTEH MOXHO ONPEHEIATH MO KPUBBIM
3aBUCUMOCTH MOTEPh OT TOKA HATPY3KH U KOHCTPYKIIMU TOKOIPOBO/IA.
da3Has MoTeps HANPSIKEHUS ONPEACISIETCA KaK
86



AUg = Iy (Rip cos ¢ + X, Sin @), (5.6)

rie Rio m X,y — aKkTUBHOE M HMHIYKTUBHOE CONPOTHUBICHUS KaXIOU (hazbl
TOKOIIPOBO/JIA.

da3Hoe HanpspkeHue 3a TokonpoBoaoM U,y ompenensiercs ucxoas u3 (pasHoro
HanpspKeHHs B Hadase Tokorposoaa Uy

Uzq) = U]q) —AUgp = Ul(b — |y (Rro cos ¢ + Xio sin Q). (5.7)

B oIMHOYHBIX CUMMETPUYHBIX TOKOMpPoBoJax Rr. ¢ u X;. ¢ Bcex (a3 paBHBI U
JMHENHOE HaIpsHKEHHE 3a TOKOIIPOBOIOM

Usn=Upy— \/g I, (RT CoS ¢ + X, sin (0). (58)

C 1ocTaTOYHOM CTENEHbI0 TOYHOCTH BBhIpAKEHUEM (5.8) MOXKHO MOJIb30BATHCS
IUIsL pacuyeTa HECMMMETPUYHOIO TOKONpPOBOAA, mpuHMMas mid R, m X, cpeagnue
3HAUEHUsI COMpOTHUBIICHNWU (a3. B HepaboTaromeM TOKOMPOBOJIE MOJ BO3ICHCTBHEM
TOKOB, MPOTEKAIOIIUX B COCEIHEM TOKOIPOBOJE, BCIEICTBUE WHIYKTHBHOW CBS3U
HaBoaaTcss OJIC, BeNUYMHBI KOTOPBIX ONPENEISIOTCS TOKOM B palOTaroIIeM
TOKOTPOBOZE U 3HAYEHUSIMH KOI(PPHUIMEHTOB B3aMMOMHAYKLHMU MexAy (azamu
PSI0M MPOXOJAAILIETO TOKOIPOBOJIA.

Bennunna HaBonumoit DJIC MOKET JOCTUIraTh HECKOJIBKUX COTEH BOJIBT; OHA
BBIUMCIIAETCS IO (hopMyJie

E= 1, X®

rie |y — pacyeTHslii TOK B cOCETHEM pabOTaIOLIEM TOKOIIPOBO/IE;

X™ — conpoTuBIeHNEe B3aMMOMHIYKIIHH.

TexHnko-3koHOMH4YecKHe pacueTbl. [Ipu MPOEKTUPOBAHWM MPOU3BOAUTCS
TEXHUKO-3KOHOMHYECKOE  CPaBHEHHWE  BapHaHTOB  CXEM  [HTAKOLIEH  CeTu
OPOMIIPEANIPUATUS OT BHEUIHUX HCTOYHHUKOB DJIEKTPOCHAOKEHHUS (TMpPUMEHEHHUE
Kabernel, JKeCTKUX WM TMOKHX TOKOnpoBojoB 6—10 kB, cuctemsl rioy0okoro BBojaa
HanpspkeHus 110—220 kB u 1. 1.).

Bbi0op BHIa NPOBOIHUKOB M KOHCTPYKTMBHOI'O HCIIOJIHEHHUS TOKOIIPOBOJIOB
OPOMIIPENNPUSA-TUHA JOJDKEH HPOM3BOJIUTHCA C YYETOM OCOOEHHOCTEH TI€HIIaHa U
pa3MEILEHUs] OCHOBHBIX AJIEKTPUYECKMX HAarpy30K Ha OCHOBAHHUM TEXHMKO-
HPKOHOMHUYECKHUX CpaBHEHUI BapuaHTOB. llpu cpaBHEHUU cieqyeT y4yecTb CTOMMOCTb
TOW 4YacTW TEPPUTOPUHU, KOTOpas CHELMAIBHO OTBOAMTCA JJs HPOKJIAAKU
TokonpoBoga. Ilpm paBHBIX WM  ONM3KUX  HSKOHOMHYECKHUX  I10Ka3aTeNsax
CPaBHUBAaEMBbIX BApUAHTOB NPEANOUYTEHUE CJIEAYET OTAaBaTh TOKOIPOBOAAM
3aBOJICKOTO M3TOTOBJICHUS HJIM TOKONPOBOAAM, B KOTOPBIX MaKCHMAaJIbHO
MCIOJIb3YIOTCSl KOHCTPYKLIMH, IETAIHA U apMaTypa 3aBOACKOIO U3TOTOBIICHHUS.

Ceuenne ¢a3 TOKOMPOBOAA OJDKHO OBITh BBIOPAHO IO SKOHOMHUYECKOU
IUIOTHOCTU TOKAa M MPOBEPEHO IO JUIUTENBHO JIOMYCTUMOMY TOKY B IOCJI€aBapUHHOM
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pexume (Ipu Iepejadye IOJHOM MOIIHOCTHM 10 OJHOM ILenH) C  y4eToM
NEePCIEKTUBHOTO pOCTa HArpy3o0kK, HO He Oosiee yem Ha 25—30 % pacyeTHBIX.

OKOHOMHYECKOE CEYEHHE MOUIHBIX TOKOIPOBOAOB, pabOTarOIMX € OOJIBIIMM
YHMCIOM YacOB HCHOJb30BAaHUS MAaKCHUMyMa Harpys3ku, cienyer coracHo IIYO
BbIOMpAaTh Ha OCHOBAaHMU TEXHUKO-3KOHOMHYECKOro pacuera. Haupbiroaneiiniee
cedeHue Sy (WM AIKOHOMHYECKas IIIOTHOCTh TOKA |,) ABYXIIEITHOTO TOKOIPOBOJIA TIPH
JAHHOM TOKE HOPMaJILHOTO pexxuMa oiHoM 1enu | (A) u npu n3BecTHON ctoumocTH 1
KBT MakcHMMaibHBIX OTEPH 71, Py0./(KBT-ron) (S5 — B MM?; j,, — B A/MM?), B 00111IEM
CJIy4ae COCTaBJIAET

6pmk
Sy =1 —’”;aﬂo‘;; (5.9)
. Ea

= ——.10° 5.10
o Gpmig, 0 (5.10)

I7I€ p— YAEJIbHOE AKTUBHOE COMPOTUBIIEHUE IPOBOJHUKOBOIO Marepuaia, MKOM-M;
E — cymmapsbiii KoahQUIIMEHT OTYMCICHUN OT KaluTalIbHBIX BIOKEHHU (MpH
HOpMaTUBHOM Ko3(ddunuente r¢dexruBHoct Fy=0,12; cymmapHbiii koaphuireHT
OTYMCJICHUH JJIS1 TOKOTIPOBOJIOB MOXKHO TpuHUMaTth Ey=0,16);
@ — 3aBUCHMasi OT CEYEHUS COCTaBJIAIONIAs YIAEIbHON CTOMMOCTH JIBYXIIETTHOTO
TOKOIPOBOA, py0/ (KM * MM?):

K2_K1 .
a=—-";
S2_81

knos — xod(pdurmenT nob6aBouHBIX MOTeph; K, K» — KanmuTaJIOBIOXKCHHS B
JBYXIICTTHBIA TOKOTIPOBO (KECTKUN MM TMOKWI) COOTBETCTBEHHO TPH CeUeHUIX ¢a3
Siu Sy, pyd/xm.

3HayeHUs] HYKOHOMHUYECKOTO CEYEHUS MM SKOHOMHYECKOM IJIOTHOCTH TOKAa,
nosyueHusle 1mo (5.9) u (5.10), cinegyer OKpyrauTh A0 OJIMKAMIIEr0 MEHBIIETO
CTaHJAPTHOTO 3HAYEHMSI, XapaKTEPHOTO JIJIsi JAHHOTO TOKOIIPOBO/IA.

[TomyueHHOE HSKOHOMHYECKOE ceueHue (azpl MPOBEPSIOT MO HarpeBy (IO
JOTYCTUMOM JJIMTEIBHOM TOKOBOM Harpyske coriacHo I1YD) B mocneaBapuiiHOM
pEeXHUME IPH Nepeade NOJHOW MOITHOCTH MO OJHOM LenH, Tak 4ToObl Iag < ljom, rae
lap ¥ lgom — COOTBETCTBEHHO TOKHM MOCJ€aBAPUIHOIO peXuUMa U JIIMTEIbHBINA
nomyctuMblii o [TY 3.

B GonpmmHCTBE CilydaeB peaabHOTO IPOSKTUPOBAHUS TIPOBEPKA 10 HArPEBY HE
BBI3BIBAET HEOOXOAWMMOCTH  yBEIWYHMBATh ceueHue (haspl, BBIOpAaHHOE TIO
YKOHOMUYECKOM TUIOTHOCTH TOKA.
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5.8 BbIEOP PALUMOHAIIbHON CUCTEMbI SJIEKTPOCHABXEHUA
NMPOMbILWWITEHHOIO NPEANPUATUA

OKOHYaTENNbHOE pEIIEHWE O TPUHATHMA BapUaHTa CUCTEMbI 3JIEKTPOCHAOKEHUS
NPOMBIIUIEHHOTO MPEANPUATHS JOJDKHO 0a3upoBaThCs HA OCHOBAHMM — TEXHHUKO-
HKOHOMHYECKHUX MOKa3aTeIe CUCTEMbI B LIEJIOM.

[IpoekTpoBaHWE BHEUIHETO AJIEKTPOCHAOKEHUS pacCMOTpeHo B I 3.
BHyTpu3aBoackoe >1€KTpOCHAOKEHUE IO CPABHEHHIO C BHELIHUM XapaKTepU3YyeTCs
pellieHHEM OOJIBIIEr0 KOJMYECTBA BOIPOCOB, YTO OOYCJIOBJIEHO pa3zHOOOpazueM
TexHudeckux  pemieHuid. Croga  OTHOCSTCS  pasiiMuHble  YPOBHM  HAlpsHKEHWIN
pacrpeieNTeNbHBIX CEeTeH, MX CXeMbl M KOHCTPYKTUBHOE HCIIOJHEHUE, TpeOOBaHMUS
PE3epBUPOBAHNS MUTAHUS TOTPEOUTENEH B 3aBUCUMOCTH OT KaTErOpUU UX HAJEKHOCTH
u ap. Takoe pa3HOOOpaszue yCIOBUN 3aTpy[dHSET peIlleHHEe 3aJadd B OOLIeM BUIIE.
OnHako ee MOXKHO 3HAUUTENBHO YIPOCTHTh MCKIIOYEHHEM 3aBEJOMO HEPAaBHOIICHHBIX
BapraHTOB. OTHOBPEMEHHO C 3THM JIEAyeT YYUTHIBATh TaKHe MOKA3aTeNd, KaK PacxXo
MPOBOJHUKOBOTO MaTepualia, TOJOBbIe TOTEPH BIEKTPOIHEPTUH, TPYIOEMKOCTb
NPOKJIAJIKK MUTAOMMX JUHUN U T. . Ha oCHOBaHMM 3TUX MoOKa3aresiel BHIOUPAIOT
HanOoJiee 11e71eco00pa3HbIid BapUaHT.

TeXHUKO-PKOHOMUYECKHE TIOKa3aTelld CHCTEMbl JJIEKTPOCHAOKEHUSI B LIEJIOM
OIPEAEISAIOTCS CYMMUPOBAHMEM TPUBEACHHBIX 3aTpaT Ha BHEIIHEE W BHYTPHU3ABOJICKOE
ANIEKTPOCHAOKEHHE.
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6. PACHET TOKOB KOPOTKOI'O 3AMbIKAHUA

6.1 OBLLUME NMNONOXEHUA

Toxu Tpexdaznoro koporkoro 3ambikanus (K3) B ycranoBkax Beime 1 kB, a
MMEHHO JCHCTBYIOIIEE 3HAYCHUE MEPUOJUYECKOM CIararolien, ONpeaesatoTCs s
poBepKU Kabeseil mo TepMuueckoi ctoikocTu. Pacuernas touka Tpexdaznoro K3
Bbiie | kB - Ha mmHax BropruyHoro HanpspkeHus [T ITopsaok pacuera TokoB K3
B ycTaHoBKax Bblle | kB npuseneH B [1, 2].

Toxu Tpexdaznoro u ognodaznoro K3 B ycranoskax a0 1 kB onpenenstorcs
JUTsl BBIOOpPA U MTPOBEPKU aBTOMATHUYECKOTO BBIKITIOYATEIS.

Pacuernas Touka Ttpexdaznoro K3 nmo 1 kB - HemocpeacTtBeHHO 3a
ABTOMATHUYECKHUM BBIKIIIOUATEIIEM.

Pacuetrnas Touka onnodaznoro K3 no 1 kB - koHeuHas Touka MIMHOMPOBOJA,
3aIMIIAEMOTO JAHHBIM BBIKJIFOUATEIIEM.

6.2 NOPAOOK PACHETA TOKOB TPEX®A3HOIO KOPOTKOIO
3AMbIKAHUA B YCTAHOBKAX 10 1 kB

1. CoctaButh cxemy 3amenieHus uenu tpexdazHoro K3, B KOTOpyr BXOIAT
conpotuBieHus (B MOM) ClIeIyIOIIMNX JIEMEHTOB:
ConpoTuBIIEHHE CUCTEMBI

2
Xe = (6.1)
SK3.C]/[CT
riae U= 400 B; Sk3z.cucr - MomtHocTh K3 cucTeMBl.
ConpoTtusieHus TpanchopmaTopa:
S _ (U 1100)U)?
T )
SHOM.T
2
R, < MPaU) 62)
(SHOM.T)

X :\j(ZT)z _(F\)T)2 )

rae APyxs u Ugs [%] - motepu momHocTH u Hanpspkenus K3 tpancdopmatopa.
ComnpoTuBieHUs: TOKONIPOBOA (IIMH) OT TpaHchopMaTopa K aBTOMaTHYECKOMY
BeIKIt09arenmo: Ry = 0,5 mOm; Xyp = 2,25 mOm.
Conporusiienns KOHTakToB aBTomMaTa A: Ra= 0,3 mOm; Xy = 0,1 mOm.
Conpotusnenus Tpancpopmaropos Toka 17 Rrr = Xrr = 0,02 MOm;
ConpoTuBIIEHHE TEPEXOIHBIX KOHTAKTOB: Ry = 0,15 mOm.
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CymMapHble CONpOTHBICHUS Lienu Tpexdaznoro K3:

2 = YR +(XP)* (6.3)
1. PaccunraTe neucTByroliee 3Ha4eHUE NEPUOJAMYECKOM CIIAraromien Toka
Tpexgasznoro K3:
2.
U
1) = =1 (6.4)
(\/ 32,7y )

1.  PaccuuraTh yaapHsIii TOK Tpexdasnoro K3: i) =10+,
a) OT cucrembl

e =2k, (1), 6.5)

rae ky — ynapssiii koadgduruent [1-5].
0) OT s5eKTpoIBUTATEIICH

Is%z = 6a5|H0M.zzB 5 (66)

rae  lgomgs - HOMUHANBHBIA TOK JBUrareis HauOONbIIEH MOIIHOCTH U3
MPUCOEAMHEHHBIX K ITUHOMIPOBOAY:

P rvom s
Loy g = — 21Oy 6.7
oM (\/§U77cosq)) 6.7

TIe prom s, 1, COSQ - HOMHHAJbHBIC MoOUTHOCTh, KII/I, ko3 duimeHt MouHoCcTH
ABUTATENsl, KOTOpPBIE TPUHUMAKOTCS: pPromjs - W3 HCXOMHBIX JaHHBIX Ha
npoektupoBanue; 17— 0,9; cose = 0,9; Upoy = 380 B.

6.3 NOPAOOK PACHETA TOKOB OAHO®A3HOI'O KOPOTKOI'O
3AMbIKAHUA B KOHEYHOM TOYKE LUWMHOMPOBOAA

1. CocraButh cxemy 3amenieHus 1enu ogHodasznoro K3 /1 - 5/, B koTopyro
BXOJISIT CONMPOTHUBIICHUS CJEAYIOIMIUX 3JIEMEHTOB: ()a3HOTO MPOBOJA, MEPEXOIHOTO
conpoTtuBieHus: B mecte K3, compoTuBneHuss oOpaTHOTO WU YE€TBEPTOTO MPOBOA C
MOJKIIOUEHHBIMA ~ TApaUIeIbHO €My  3a3eMIIIIOIIMMH  MPOBOJAHHKAMH |
COTIPOTUBIICHUS paCTEKaHUs 3a36MIICHHUSI HEUTpay MUTAIOIIETO TpaHchopMaTopa.

2. OnpenenuTh aKTHBHBIC M PEAKTUBHBIC COTIPOTUBIICHUS MPSMOM, 00paTHON 1
HYJICBOH MOCJIEA0BATEIHLHOCTH 1eMeHTOB: R1,X1, Ry, X2, Ro, Xo:

ComnpoTHuBICHUs TPSMOM ¥ OOpaTHOW TOCIENOBATEIBHOCTH JJsi  HE
BpalalommXxcsl MauH (TpaHchopMaToOpoOB) U MPOBOJHUKOB OJIU3KHU APYT JIPYTY, TO
€CThb Rl = Rz, X1 ZXz.
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ComnpoTuBiieHHsI HYJIEBOM TMOCJIEIOBATEIbHOCTH, KaK MPaBUJIO, CHJIBHO
OTJIMYAIOTCS OT CONMPOTHUBJICHUIN MPSIMOMN MOCIEI0BATEILHOCTH.

Mo>KHO NPpUHUMATL: IIWHBI U anmapaThl - Xo & 2X1; Ro &~ Ry UeTsipexKuibHbIe
Kabenu - Xo z2,5X1; Ro ~#R;

ConpoTuBIieHHE HYJIEBOH MOCIEI0BATEILHOCTH TPAaHC(HOPMATOPOB 3aBUCUT HE
TOJIBKO OT €r0 HOMUHAIBHOM MOUTHOCTH, HO M OT CXEMbl COEIMHEHHS] OOMOTOK.

- IIpu cxeme coenrHeHUss 0OMOTOK Y/Y

(ZOlelT) = 5-10; (ROT/RlT) = 10-16.

- [Ipu cxeme coequnenust oOMoTok A/Yy

(ZOlelT)=O,7‘1,0; (ROT/RlT) =1.

3. OnpenenuTh CONMPOTUBIICHUS JIEMEHTOB U 11enu npu ogHodazHoM K3

B KOHEYHOM TOYKE HIMHOMPOBOAA:

Tpanchopmaropa:
a) cxema CoeIMHEHUs 0OMOTOK Y/Yq

RO —(12-18)R;; X =(7-8)X,r;

0) cxema coetuHeHUs 00MOTOK A A/Yy

RO =3R;;  X{"=3X;

YCTBIPCXIKUIIbHBIC KaGGHI/I

RI(J,;E ~ 3R ks > X1(<25 45X s s

muHel, IUHONPoBo s (IIIMA), anmapaTsl ¥ HEPEXOJHBIE KOHTAKTHI
RY) ~3R,,; XO) ~aX .3

REZII)MA ~ 3R s> XELII)MA = 4X a5

RY ~3R,,; X ~4X,,; RY =3R,,.

CymMapHbie aKTHBHBIE U PEAKTUBHBIE CONMPOTHBICHUS 1enu oaHodazHoro K3
B KOHEYHOW TOUYKE MMHOMPOBOA:

RO =RY +RY +RY +RY +RY, 5 X0 = X0 4 X0 4+ XV 4 X,
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3. Paccunrtarh 3HaueHue nepuoguuecKkon ciararomieit onnogasznoro toka K3. B cersix ¢
IIyX03a3eMJIEHHON HeHTpasbio (B 4acTHOCTH, B ceTsax 380/220 B) Tok ogHodazHOTrO
K3 onpenensiercs nmo popmyie:

a _ \/EU HOM
IK —T . (6-8)
by

1 D2 Hy\2

20 = JRO)Y +(XO)?. (6.9)
1 1 1 . 1 1 1 1
RY =RY +RY +RY; X0 = X0+ X0+ XY, (6.10)
R(l) R(l) R(l) X(l) X(l) X(l) -

Trac s1sRsrs Ry Asls Assy Ry COOTBCTCTBCHHO AKTHUBHBIC N PCAKTUBHEIC

COTIPOTUBIICHUS MPSAMOM, OOpaTHON M HYJEBOU MOCieAoBaTeIbHOCTEN meTiu (asa-
HYJIb.

93



7 MPOEKTUPOBAHUE LLIEXOBOIO 3JIEKTPOCHABXEHUA

7.1 KNACCUDUKALIMA MPOU3BOACTBEHHbIX MOMELLEHUA
MO XAPAKTEPY MUKPOKJITUMATA

[{exoBbIE€ CETH MPOMBIIUICHHBIX IPEIPUATUI BBIITOIHIOT HA HANPSKEHUE 10
1 kB (mambosiee pacmpocTpaHeHHBIM sBisieTcs Hamnpsbkenwe 380 B). Ha BwiGop
CXEMbI U KOHCTPYKTHBHOE€ HCIIOJJHEHUE LEXOBOW CETH OKa3bIBAIOT BIIMSIHUE TaKHE
(akTOpbl, KaK CTENEHb OTBETCTBEHHOCTH MPUEMHUKOB 3JIEKTPOIHEPTUH, PEKUMBI UX
paboThl U pa3MellleHue MO TEPPUTOPUH 11€Xa, HOMUHAIbHBIE TOKA W HamNpsKEHUS.
Cy1iecTBEHHOE 3HaYEHUE UMEET MUKPOKIMMAT MPOU3BOICTBEHHBIX TOMEILIEHUN.

B coorBerctBum ¢ IlpaBmiiamMum  yCTpPOWCTBAa  3JIEKTPOYCTAHOBOK
IIPOU3BOICTBEHHBIE MOMEIEHUS B 3aBUCUMOCTH OT XapaKTepa OKPYKAIOIIEH Cpe.ibl
NEeNAT Ha CIEAYIOIME KIAcChl: TOMEUIEHUS C HOPMAJIBHOW CPEAOW, KapKoW,
BIIQXXKHOW, CBIpOM, 0C000  CHIPOM, TBUILHOW, XUMUYECKA AaKTUBHOMU, C
MI0’)KAPOOMACHBIMA M B3pPBIBOOMACHBIMUA 30HamMH. IlomemieHuss co B3pBIBO-H
[IO’)KapOONACHBIMU 30HAMU HMEIOT O0CO00YI0 KiIaccu(UKanuio, OOYCIOBIECHHYIO
pa3IMYHBIMM YCIOBUSIMM OOpa30BaHUsl B3pPbIBO- M II0KAapPOOMNACHBIX BEIIECTB U
CMECEH.

ITpu mpOEKTHPOBAHUU CUCTEMBI 3JIEKTPOCHAOXKEHHUSI HEOOXOIUMO MPABUIIBLHO
YCTAaHOBUTh XapakTep Cpeabl, KOTOpas OKA3bIBACT pElIarolIee BIIMSHHUE HA CTEIICHb
3aIUThl IPUMEHAEMOT0 000pYy10BaHUSI.

Bo3moxHbIe cTereHn 3amuThl 3eKTpoobopynoBanusi yctanoBieHsl ['OCT
14254—80 (CT C3B 778—77), KOTOpBI mpeaycMaTpUBaeT IIECTh CTEIEHEH
3aIIMATBl OT MPUKOCHOBEHHS K TOKOBEAYIIMM 4YacTsM, a TAKXKE MOIMAJaHUsl TBEPIBIX
MIPEAMETOB U BOCEMb CTETIEHEW 3aILMTHI OT O IaHHs BOBIL.

B cooTtBeTcTBMM CO CTaHIApPTOM CTENEHb 3alUThI  AJIEKTPOOOOPYIOBAHHS
obo3Hauaercsi OykBamu I[P u mBymst mudpamu. IlepBas mumdpa o3HavyaeT creneHb
3aIUTHI OT MPUKOCHOBEHHUS K TOKOBEIYIIIMM YacTsM U IOINAJaHUs TBEPABIX TEJl, BTOPas
— CTENeHb 3allUThI OT TOMAaHusI BObI (Tad. 7.1).

B nomenieHusIx ¢ HOpMaJbHOW CpeNod 3JIEKTPOOOOPYIOBAaHHUE MODKHO OBITh
3alIMIICHO OT MEXaHUYECKUX IOBPEXKACHUM, a TAKKE OT CIy4alHbIX NPUKOCHOBEHUH K
TOJIbIM TOKOBEAYILMM 4acTsM. B moMemeHnsax ¢ XUMUYECKH AKTUBHOM CPEAoM IOJDKHA
[pelyCMaTpUBAThCS 3aLUTA AIEKTPOOOOPYI0BAHHS OT Pa3pyLICHHUS, YTO OCYILIECTBISIETCS]
NPUMEHEHHEM CHELMAIBHBIX IOKPBITUM M MarepuanoB. CrTeneHp 3aluThl B
MO>KapOOTACHBIX U B3PHIBOOMACHBIX MOMEILICHHUSX B 3aBUCUMOCTH OT MX KJIacCU(UKALIUU
noimkHa ObITh He HIke [P44. B chIpbIX 1 0c000 CHIPHIX MOMEIIEHHSX CTEMEHb 3aIlUThI OT
TIOTIa/TaHMsT BOJbl IPUHUMAETCS paBHOU 2, 4, 7 u 8. IlocneHue qBa UCHOIHEHUS CO3IA0T
TepPMETUYHOCTH 000JIOUEK.
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Tabnuya 7.1 - CreneHu 3alUTHI 371eKTPO0OOPYAOBAHMS

Hudposoe CreneHp 3alMThl OT CreneHsb 3aiUTh
0003HAYEHHUE 3AIUTHI MIPUKOCHOBEHHUSI TBEPBIX TEI OT IONaJaHus BOJBI
0 OtcyTCcTBHE BCSKOM 3aIUTHI OtcyTcTBHE BCAKOM 3aILIUThI
1 3ammra oT TBEpABIX TEN pa3Me- 3amyTa OT Kamnesb BOAbI
pom 6omee 50 Mmm
2 3aiuTa OT TBEP/IbIX Tel 3amura oT Kamnejb BOJbI
3 pasmepom Gosee 12 mm npu
3aiuTa OT TBEPbIX Tel HakJIoOHEe g0 15°
pazme- 3amura oT DOXKag
pom Goree 2,5 MM
4 3ammra OT TBEPABIX TEJ pa3Me- 3ammura oT OpbI3T
pom Gomee 1 Mm
5 3ammra OT NbUIA 3aiuTa OT BOASHBIX CTPYH
6 [IseHenpoHnIIaEMOCTD 3amuTa OT BOJIH BOJLI
7 - 3anmra OT MOIaJaHus BOIEI
MIOTPY>KEHUH B BOIY
8 3ammra npu JIUTEEHOM
MOTPY>KEHUH B BOJTY

7.2 BbIBOP CXEMbI LIEXOBOW 3NEKTPUYECKOWN CETU

7.2.1 CUICTEMbI 3ASEMJIEHUA SNIEKTPOYCTAHOBOK
HAMNPAXEHUEM 0O 1 kB

DneKTpUuecKre ceTh HampsbkeHueMm 10 | kB mepeMeHHoro Toka MOryT
BBITIOJIHATHCS C TIIyX03a3€MJICHHON WJIM M30JMPOBAaHHON HeWTtpanbto. o 1995 1. B
Poccum snexrpoycTtaHOBKM HampsikeHueM 10 1 kB ¢ miiyxo3a3eMIeHHOW HEHUTpasbio
BBIMOJHSUIMCh YETHIPEXIPOBOJHBIMU: TpU (Pa3bl U HYJIEBOW MPOBOJHMKH, HEUTpab
TpancopMaTopa WIA JAPYroro HCTOUYHUKA THUTAHHUS MPUCOEIUHSIACH K 3eMJe
(3a3emuisONIEMYy YCTPOMCTBY) depe3 Majioe compoTuBiieHue. HyneBoil mpoBOIHUK
COEIMHSIICS C HEUTPAJIBIO TpaHC(HOpMaTOpa U BHIOIHSIT (PYHKIIUH HYJIEBOTO pabOvero
Y HYJIEBOT'O 3aILUTHOIO NPOBOAHUKOB. I10 MpUHATHIM B HACTOSLIEE BPEMSI CTaHIapTaM
Takasg cucrema 3azemiieHusi otHocutTcsi Kk cucreme [N-C ¢ PEN mpoBogHukoMm.
Cucrema TN-C mnonyunna O4eHb HIMPOKOE PACIPOCTPAHEHUE B MPOMBIIUICHHBIX,
TOPOJCKUX U CENbCKUX CeTSAX Oyarofaps CBOEMY OCHOBHOMY-IIPEHUMYIIECTBY —
HAJIMYUIO JIBYX CTaHAAPTHBIX HAIpsHKeHU: (hasHOMY W JMHeHHoMY. JlaHHas cuctema
3a3eMJICHHSI JIOCTATOYHO TMPOCTa, SKOHOMHYHA, HO HE OOECHeYMBAET JIOJKHBIN
ypOBEHb 2JIeKTpoOe3omnacHocTH [12].

C cepenunbl 90-x TOJOB B KayeCTBE T'OCYJAPCTBEHHBIX CTaHIApPTOB ObLIN
npUHATHI MeXTyHapoaHbie ctanaapTel [MOK 364 (I'OCT P 50571—94)], TpeboBanus
KOTOphIX ObutM BKJItOYeHBI B IIYD. HoBble TpeOoBaHMS K BBINOJHEHUIO CHUCTEM
3a3€MJIEHUS TPHUBEIM K CYIIECTBEHHBIM HW3MEHEHUSM IIPH [POECKTUPOBAHUHU
AIIEKTPOCHAOKEHHS KUIIBIX, OOIIECTBEHHBIX, AMUHUCTPATUBHBIX U OBITOBBIX 3/IaHUI.
Tak, O6b1U10 3amperieHo UCMoIb30BaTh cucteMy 3azemiieHus: 1 N-C. BmecTto Hee Obuin
npenioxenbl HOBble cucTeMbl: |TN-C-S u TN-S, B koTOpBIX HyJEBOM pabouuii u
HYJIEBOM 3aIUTHBIA MPOBOIHUKHU BO BCEH CETH WJIM B €€ YaCTH padOTAIOT pa3/iesIbHO.

Tunbl cucrem 3azemuienusi. [OCT P 50571.2-94 (MOK 364-3-93) npeny-
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CMaTpuBaeT TpU THIIA CHUCTEM 3a3emiieHust anekrpuueckux cerei: TN, TT, IT.
Cucrema TN B 3aBUCMMOCTH OT YCTPOMCTBA HYJEBOTO pabOyero u HYJIEBOro
3alIUTHOTO MPOBOAHUKOB pazaensercs Ha Tpu Buaa: T N-C, TN-C-S u TN-S.

B o0o3nauenuu cucremsl 3a3emiieHus rnepsas o6yksa (I uinu T) onpenenser Tun
3a3emiieHUs HeWTtpanu TpaHchopmaropa. bykBa «l» o3Hauaer, 4TO HEWTpaib
TpaHcdopmaTopa H30JIMpOBAaHA OT 3€MJM WJIM CBA3aHA C 3emield 4Yepes
CONMPOTHUBJIEHUE WU pa3psaaHuk. bykBa «T» yka3plBaeT Ha MNPsAMYIO CBSI3b IO
MEHBIIIEH Mepe OJHOW TOYKH ceTu (HerTpanu TpaHchopmaropa) ¢ 3emuieir. Bropas
OykBa XapakTepu3yeT CBs3b C 3€MJIEH OTKPBITBIX MPOBOJANIMX  dYacTen™
aneKkTpoycTaHoBKU. bykBa «T» 03HauaeT nmpsMoe COeMHEHNE OTKPHITHIX MPOBOSIINX
JacTel ANEKTPOYCTAHOBKH C 3eMiiel 0e3 CBS3M MX C HEUTpanbio TpaHchopmaTopa.
bykBa «N» yka3piBaeT Ha MPsSAMOE COCAMHEHHE OTKPHITHIX MPOBOMASIINX YaCTEH
AJIEKTPOYCTAHOBKM € 3a3eMJIEHHOM HelTpanbto mnocpeactBoM PEN wm  PE
IPOBOTHUKOB.

[Tocnenyronyie OyKBbI XapaKTEPU3YIOT YCTPOMCTBO HYJIEBOTO 3alMTHOTO U
HYyJIEBOrO0 pabodero mpoBOJHUKOB. bykBa «C» o3Hadaer, yTo (QyHKUHUH HYJIEBOTO
3aIIUTHOTO W HYJIEBOrO paboyero MpoBOAHUKOB OOBEIMHEHBI B OJTHOM MPOBOJIHUKE
(PEN mpoBoanuke), OykBa «S» — (QYHKIMH HYJIEBOIO 3alllUTHOIO W HYJIEBOIO
pabouero MpoBOIHUKOB 00ECIIEYMBAIOTCS Pa3IeIbHBIMU IPOBOJHUKAMH.

B cucremax 3azemieHust UCMIOJIb3YIOTCS CIIEIYIOUIUE HYJIEBbIE TPOBOJHUKHU:

* N mpoBogHuK — HyJeBOH paOounii TPOBOJHUK, KOTOPBIM CIY>KUT ISt
MUATaHUS OJHO(DA3HBIX JICKTPONPUEMHUKOB U Ui TMOMKIIOYCHHUS K HEMY HYJIEBBIX
TOYEK TpeX(a3HbIX AIEKTPOIIPUEMHUKOB;

* PE-ipoBOJHUK — HYJ€BOM 3alWTHBIM IPOBOJHUK, COCIUHSIOLINN
3aHyJsieMble 4YacTH (KOpITyca) HJICKTPONPHEMHHKOB C 3a3eMJICHHOW HEUTPAIbIO
Tpa"copMaTopa WM TEHEepaTopa B CETAX NMEPEMEHHOTO Tpex(}a3HOro TOKa WM C
3a3eMJICHHOM CpeJIHEN TOUKOM UCTOYHUKA B CETAX MOCTOSHHOTO TOKA;

* PEN npoBonuuk BeimonHser GyHkiuu PE npoonnnka u N mpoBogHUKA.
PEN npoBoaHuk mpucoeauHsieTcs K 3a3eMJICHHOW HEWTpajau BTOPUYHOM OOMOTKH
TpaHcopMaTopa WIM TeHepaTopa, MOXKET MMETh MOBTOPHOE 3a3€MJICHHE B JIPYTUX
TOYKaX CETH.

B Tabn. 7.1 npuBeneHsl ycnoBHbIE Trpaduyeckue OOO03HAYEHUsS HYJIEBBIX
pabouKX U 3alIUTHBIX MPOBOJHUKOB B cOOTBETCTBUHU ¢ MOK 617-11.

Tabnuya 7.1 - YcaoBHble rpapuyeckue 0003HAUEHUS HYJIEBBIX PA004HMX M 3alIMTHBIX
NIPOBOJHHKOB

0603Haqenmne MposoaHuK

Hynesoit pabounit nposogHuk (N)

Hyneeoit 3awuTxbiil npoBoaHmK (PE)

FhT

CosMelleHHbIi Hynesoil paGouuit u Hynesoil 3auwuTHbI# nposoaHuK (PEN)

*K OTKPBITBIM IMPOBOJAIIUM YaCTAM 3JICKTPOYCTAHOBKU OTHOCATCA HCTOKOBCAYHIUC YAaCTH,
JIOCTYIHbIE TPUKOCHOBEHUIO, KOTOPHIE MOTYT OKAa3aThCsl MOJ HAINpPSHKEHHEM IPU HAPYIICHUH
W30JISIIIMN TOKOBEAYIIUX YACTEH.

Cucrema TN — cucrema, B KOTOpOi HelTpanb TpaHCHOpMATOpa WU APYTOro
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MCTOYHMKA TUTAHUS TJIYXO 3a3emiieHa (COeIMHEHa ¢ 3eMJIell B OJHOW WIIH
HECKOJIbKMX TOYKaX), a BCE JOCTYMHbIE MPUKOCHOBEHHMIO OTKPBITHIE MPOBOASIIME
YacTH 3JIEKTPOYCTAHOBKU COEJMHSIOTCA C 3a3eMJIEHHON Toukod ¢ momoinbio PEN
uiu PE u N npoBoguukoB. [IpoBogumocts PEN npoBoaHuKa, HayIIEro oT HeHTpaiu
TpaHchopmaTopa Wi reHepaTopa, 10JbkHa ObITh He MeHee 50 % npoBoaumocTu (as.

B kauectBe N mpoBoJHHKa CI€AyeT HMCIOJb30BaTh JOMOJHUTEIBHYIO KUY
IIPOBO/Ia WK KaleJs (YeTBepTasi )Kujla B CETSIX MEPEMEHHOTo Tpex(a3zHoro Toka).

B kauectse 3anmutHbIX poBogHUKOB (PEN 1 PE npoBogHIKOB) TOKHBI OBITH
B TIEPBYIO OUYE€pelb HMCIOJIL30BAHBI CHEIUAIBHO MPETYCMOTPEHHBIC IJIT 3TOW 1IN
MPOBOJHUKK, B TOM YHCJE JKWIbI KaOeled, W30JMpOBaHHBIE IMPOBOJA B OOIICH
o0osouke ¢ (pa3HBIMH TPOBOJAMH, CTAIIMOHAPHO IMPOJIOKEHHBIE HEU30JIHPOBAHHBIC
WM W30JaupoBaHHbIe MpoBoAHUKHU. B kauectBe PEN wnn PE npoBOgHMKOB MeEXTy
HEUTPAJIbIO W MUTOM PaCHpPENeTUTEILHOTO YCTPOMCTBA CIEAYET MCIOJIB30BATh: MPH
BbIBOJIE (pa3 MMHAMU — IIMHY Ha U30JI5TOpax; NpH BeIBOAE (a3 kabeyneM (MpoBOIOM)
— w1y Kabes (mpoBoja).

Homnyckaercsa ucnoinb3oBath B kauectBe PEN u PE npoBonHukoB ciemyroiue
NPOBOJAHUKU, KOHCTPYKLIUUA U 3JIEMEHTHI, €CJIM OHU OOECNEYUBAIOT HEMPEPHIBHOCTD
LENH 3a3€MJICHUS U yJIOBJIETBOPSAIOT HOPMATUBHBIM TPEOOBAHUSIM:

* aJIOMHMHHEBBLIC 000JIOUKH KaOeeH;

* METaJUIMYECKHUE KOHCTPYKIIMHU U OMOPHBIE KOHCTPYKIMH IIUHOIPOBOOB;

* CTaJbHBIC TPYOBI AITEKTPOMPOBOIOK;

* METALTUYECKUE KOHCTPYKIINH 3TaHUI UM COOPYKeHuH ((pepMbl, KOJOHHBI);

* apMaTypy *KeJne300eTOHHBIX KOHCTPYKUUH U (PyHAaMEHTOB 3HAHMUIA;

* METaJUIMYECKUE CTAITMOHAPHBIE OTKPBITO MPOJIOKEHHBIE TPYOOTPOBOIBI BCEX

Ha3HAYCHUHN, KpOME TPYOOIPOBOIOB TOPIOYMX U B3PHIBOOIIACHBIX BEIIECTB U

cMecel, KaHaTM3aliK U [IEHTPATHbHOTO OTOTUICHHSI.

Cucrema TN-C — cucrema TN, B KOTOpOil HYJIEBOM 3alllUTHBIM M HYJIEBOM
paboumii MPOBOJAHUKU COBMEIICHBI B OJHOM IMPOBOJHUKE HA BCEM €€ MPOTSKEHUU
(puc. 7.1). B nacrosimee Bpems cucrema | N-C ocraercss OCHOBHOM B MUTAIOUIUX U
pacnpeeuTeIbHbIX CETIX HU3KOTO HANPSHKEHUS! TPOMBIIICHHBIX MPEATPUSITHIM.

B ueThIpexmpoBOAHBIX CETSX MEPEMEHHOTo Tpex(a3HOro ToKa WU TpeX-
INPOBOJHBIX CETSAX MOCTOSHHOTO TOKAa 3a3€MJICHWE HEWUTpalld WU CpeIHEH TOUYKH
UCTOYHUKOB TOKa sBsieTcss 00s3aTeNbHbIM.  OTKPBITBIE MPOBOJSIIME YacTH
ANEKTPOYCTAHOBKHA JOJKHBI OBITh DJIEKTPUYKA COCIUHEHBI C  3a3€MJICHHOMN
HEUTpaipio TpaHchopMaTopa WIM TeHepaTopa B CETSIX IEPEeMEHHOTO TOKa, C
3a3€MJIEHHOM CPEAHEN TOUYKOM MCTOYHUKA IMUTAHUS — B CETAX MOCTOSTHHOTO TOKA, T.
€. JOJKHO OBITh BBITIOJTHEHO 3aHyJICHHUE. 3a3eMJICHUE KOPITYCOB AJIEKTPONPHUEMHHUKOB
0e3 WX 3aHyJICHUS HEJOMYyCTHMO. 3aHyJICHHE MPEIHA3HAUYCHO MJIsi CO3JAHMS IICTIH
KOPOTKOTO 3aMbIKaHHsI C MajbIM COMPOTHUBIIEHWEM TpU Tpoboe oaHOoi u3 (a3 Ha
KOPITYC S3JEKTPOYCTAHOBKM M Jig OOecreueHus: 0e30MacHOCTH OOCITYKUBAIOIIETO
nepcoHasa.

B cucreme TN-C mpemycmaTpuBaroTCsi yCTpPOMCTBA 3alIUThl OT CBEPXTOKOB
(KOpOTKMX 3aMbIKaHHWM, TEperpy3ok). YCTpOMCTBa 3alllMThl, pearupyrolye Ha
muddepeHmanbHbI TOK (YCTpOoHCTBa 3auTHOrO oTKItoueHus: ¥30), kak rnpaBuio,
HE MpeAyCMaTPUBAIOTCS U3-32 HEAPPEKTUBHOCTH MX TIPUMEHEHHUS.
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Pucynok 7.1 - Cucremsr TN-C niepeMeHHOTO (2) ¥ TOCTOSTHHOTO (0) TOKa (HyIeBOi
3alUTHBIA U HYJIeBOW pabounii MPOBOJHUKU COBMEIIEHBI B OTHOM MPOBOJIHUKE): 1 — 3a3emnurens
HelTpanu (cpenHel TOYKM) UCTOYHHKA MMUTAHUS, 2 — OTKPBITHIEC IPOBOSIINE YacTH; 3 —
MCTOYHUK MUTAHUS MOCTOSTHHOTO TOKa

Cucrema TN-C-S sBnsercss komO6unanuei cuctem TN-C u TN-S, B koTopoii
PEN npoBogHUK MCHONB3YyETCS TOJIBKO B CETHU OOWIEro Mmojb3oBaHUs. B kakoi-to
touke ceth PEN npoBogHuk pasaensercs Ha nBa npoBogHuka: PE u N npoBoaHuku
(puc. 7.2). Ilocne Touxu pazaeneHust PE u N npoBoaHukr 00beAMHATH 3ampeniaercs,
N MpOBOIHUK H30JMPYETCS OT KOpIyca, MPeryCMaTPUBAIOTCS Pa3IClIbHbIC 3aKUMbI
wim mHbl 1711 PE u N npoBognukoB. Paznenenne PEN npoBoanuka B cucteme TN-
C-S 00BIYHO OCYIIECTBISETCS Ha BBOJE B JJICKTPOYCTAaHOBKY (B 31aHue). B Touke
paznenenust PEN npoBoanuk 3a3emiisieTcss Ha HOBTOPHBIM KOHTYP 3a3€MJICHUS.

CranmapTbl NpenbaBisioT cieayromme tpedoBanus k PEN mpoBomHuky B
cucteme TN-C-S:

* IJIOLIA/b CEYEHHs MEITHOTO IIPOBOJHUKA JTODKHO OBITH HE MeHee 10 Mm?;

L1 ,/ L+
~ :
K HCTOMHHKY. l['% Sl e 7 - PE
MHTAHHA ‘_TEN I > PE ~ ] ] 7 L
4 Lz ' N
M N . - +
.\\'\\ [~ — N
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Pucynok 7.2 - Cucremsr TN-C-S nepemeHnHOTr0 (@) ¥ TOCTOSTHHOTO (0) TOoKa: 1 —
3a3eMJIMTENh HEHTPAIN UCTOYHUKA TIEPEMEHHOTO TOKA; 2 — OTKPBITHIC MTPOBOISIINE YaCTH; 3 —
WCTOYHUK NMUTaHUS; 4 — 3a3eMIIUTENh CPEHEH TOUKH UCTOYHUKA IEPEMEHHOTO TOKA

* IUIOLIAb CEYCHUS ATIOMHHHMEBOTO MPOBOJHUKA JOJDKHO OBITH HE MeHee 16
MMZ;

* 4acTh 3JeKTpoycTaHOBKH ¢ PEN mpoBOoIHMKOM HE JOHKHA OBITH OCHAIIIEHA

ycrpoiictBamu Y30, pearnpyromuMu Ha AU pepeHnanbHbIi TOK.

YcTpolicTBa 3alIUTHOTO OTKJIIOUEHHS B CHUCTEME MOTYT OBITh YCTaHOBIICHBI
Tosbko mocie pasnaeneHuss PEN mpoBogHuKa €O CTOPOHBI 3JIEKTPONPUEMHHKOB.
Cucrema TN-C-S saBusgercs HauOosnee TEPCHEKTUBHOW I IMPAKTUYECKOTO
OpUMEHEHUs, TaK KaKk OHa I03BOJIsieT 0OOecrneunuTh 0oJiee BBICOKMH YpOBEHb
aneKkTpoOe3onacHocTH 1Mo cpaBHeHHIo ¢ cucremoir TN-C u He TpeOyeT mpoBOIUTH
PEKOHCTPYKIIMIO CYHIECTBYIOIIEH 3JIEKTPUUECKON CETH.

Cucrema TN-S umeer N u PE npoBoaHMKH, KOTOpBIE pabOTaIOT pa3aeiabHO IO

Bceld cucteme. B cucrteme TN-S ycTpoHCTBO 3alIMTHOIO OTKJIIOYEHHUS MOXKET
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yCTaHABIMBATHCS B JIFOOOW TOuke ceTH. B Tpex(dasHbIxX ceTsx mepeMeHHOro ToKa s
peanuzanuu cucteMbl | N-S TpeOyercs mpuMEHSTh MIATUIPOBOJIHBIE JTUHUKM BO BCe
CeTH OT WCTOYHHMKA MUTAHHS JO DJIEKTPONPUEMHHKA. DTO aenaeT cuctemy I N-S
OoJiee 1oporoit u cinoxkHou (puc. 7.3).
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Pucynok 7.3 - Cucremsr TN-S nmepeMeHHOT0 (@) ¥ TIOCTOSIHHOTO (6) Toka: 1 — 3a3emiutens
HEUTpalu HCTOYHUKA IEPEMEHHOT0 TOKA; 2 — OTKPBITHIE MPOBOAIINE YACTH; 3 — UCTOUHUKHU
NUTaHUs, 4— 3a3eMIIUTEIh CPETHEH TOUYKH UCTOYHHUKA IMOCTOSTHHOTO TOKA

Cucrema IT — cucrema ¢ uU30JUpOBAaHHOW HEUTpasiblo (B YCTaHOBKAX
MOCTOSTHHOTO TOKa C M30JUPOBAHHOW CpeIHEW TOYKOW), B KOTOPOW HEUTpasb
TpaHcpopmaropa WM TE€HEpaTopa HW30JMpPOBaHA OT 3€MJIM WM 3a3eMJICHa uepe3
npuOOpbl WM YCTPOWCTBA, UMeEIOIIMe Ooibioe comnpoTuBiieHue. OTKpPBIThIE
NPOBOSIIME YAaCTU AJIEKTPOYCTAHOBKHU 3a3eMJIEHBI (IPUCOETUHEHBI K 3a3€MITUTEINIO,
AIIEKTPUYECKH HE3aBHUCHUMOMY OT 3a3eMIIMTEN HEUTpaiau TpanchopmaTopa WM
reHeparopa. CucreMy ciaeAyeT NPUMEHATh NpPH HEIONYCTUMOCTH IepepbiBa
AIIEKTPOCHAOKEHHS ANEKTPONPUEMHUKOB. Tak Kak Haubosee yacTble aBaphH B CETAX
C TJIyX03a3€MJICHHOW HEWTpaibl0 — OJIHO(a3Hble KOPOTKHE 3aMBIKaHHUS, TO
MPUMEHEHNE CETe ¢ M30JMPOBAHHOW HEUTPANbIO MO3BOJSET HE HApymIaTh PaboTy
AIIEKTPOTIPUEMHHUKOB B cly4yae Mpo0Oos WM HapylIeHUs W30JALMUA B OIHOM (ase.
Cetn ¢ M30JIMPOBAHHBIMU HEUTPASIMH MPUMEHSAIOTCS B IIAXTaX, JJIA NEPEABUKHBIX
YCTaHOBOK, TOP(SIHBIX pa3pabOTOK, B OTHENbHBIX 1€Xax MPEANPUATHI IIBETHOM
METAJUTypruu U T. 1.

g cered ¢ W30JIMPOBAHHOW HEUTPAJIbEO 3a3€MJICHHE KOPIIYCOB DJIEK-
TPONPUEMHHUKOB SIBIIsieTCsl 00s3aTenbHbIM. Kpome Toro, noikeH npeaycMaTpuBaThCs
HENPEPHIBHBIA KOHTPOJb M30JIALIMU CETH M oOecrneueHa BO3MOKHOCTb OBICTPOro
OTBICKaHUS 3aMblkaHMM Ha 3emito. B cersax cucrembl |T mnpemycmaTpuBaroTcs
3aIATBl OT CBEPXTOKOB, 3allUTa OT 3aMbIKAHMI Ha 3€MJII0, MOT'YT IPUMEHSTHCS
YCTPOMCTBA 3alUThI, pearupyronme Ha auddepeHInanbHbld TOK. 3amura OT
3aMBbIKaHUI Ha 3€MJII0 JOJKHA JEHCTBOBATh HA OTKIIFOYEHHE B TEX CIyYasX, KOrJaa 3TO
HEOOXOMMO 15 o0ecTieueHus1 0€30IMacHOCTH 00CTYKUBAIOIIETO TIEPCOHAIA.

* Cucrema TT — cucrema, B KOTOpPOM HeHTpanb TpaHCpoOpMaTopa WIU
reHepaTropa IIyXo 3a3€MJIEHA, a OTKPBIThIE MPOBOIAIINE YACTH 3a3€MJIEHBI C IIOMOIIIBIO
3a3€MJISIFOLLIETO  YCTPOMCTBA, AJIEKTPUYECKA HE3aBUCHMOIO OT TJIYyX03a3€MJICHHOU
HEWTpaJau MCTOYHUKA NMUTaHUs. JlaHHas cucrtema 3a3eMIICHHUS] UMEET OTPAaHUYEHHYIO
obnacte npumeHeHuss. ['OCT P 50669—94 pexomenayet ucmnoiyib3oBaTh cuctemy TT
pU MPOEKTUPOBAHUU U MOHTAXKE DJIEKTPOYCTAHOBOK 3aHMM M3 MeTailia (KMOCKOB,
MaBUJIHLOHOB).

99



7.2.2 CXEMbl CUNOBbIX U OCBETUTEJIbHbIX CETEN

DneKTpuyeckue ceTu HampsbkeHueM J0 | kB Ha  HOpPOMBIINUIEHHBIX
MNPEANPUATUSIX JCNATCS Ha CETH Ui DJIEKTPOCHAOKEHHSI DJIEKTPOCWIOBBIX U
OCBETUTENbHBIX YCTAaHOBOK. [I0ATOMY 31€KTpHUUYECKHE CETH Ha3bIBAIOT CUJIOBBIMHU U
OCBETUTEIHHBIMU. [lUTaHWE CHIIOBBIX M OCBETUTENBHBIX JIIEKTPONPUEMHUKOB TIPH
Hanpspkenuu 380/220 B pekomenayeTcss mpou3BOAUTH OT OOIIMX TpaHc()OpMaTopoB
npu ycaoBuu coomoaenus tpedosanuit 'OCT 13109-97.

[Ipu wHanpsoxkenun 660 B Bo3HMKaeT HEOOXOIUMOCTb  YCTaHOBKHU
JOTIOJTHUTENIbHBIX TpaHcpopmaTopoB 660/220 B U BBINOJHEHUS DJIEKTPUYECKUX
ceteil Ha HanpsokeHue 220 B i nuTaHUS  JTFOMUHECIHEHTHBIX JIaMII, Jlamil
HaKaJUBaHUs, THUPUCTOPHBIX  MpeoOpa3oBaTeieil, yCTAHOBOK  KOHTPOJBHO-
U3MEPUTENbHBIX ~ MPUOOPOB U aBTOMATHKH,  CPEACTB  aBTOMAaTHU3AlMU
ANIeKTpoBUTaTENe MoLHOCTHIO A0 0,4 KBT 1 Ap.

Cxembl cuiioBbIX ceteil. B coorBercTBuM C [1] U [5] cuiioBble ceTH MPUHSTO
JIE€IUTh HAa MUATAIOUIUE U PaCIpeAeIUTEIbHBIE.

Iumarwwas cemv — cetb ot PY 0,4—0,69 kB TII 10 HHU3KOBOJBTHBIX
YCTPOWCTB  pACTPENCTCHUS]  AJEKTPOSHEPIHH:  PACOPEICIUTENIbHBIX  IIUTOB,
pacrpenenuTeNbHbIX MYHKTOB, IUTOB CTAHIINI yIIPABICHUS U T. 1.

Pacnpeoenumenvnas cemv — ceTb OT HU3KOBOJIBTHBIX YCTPOMCTB PacIpeIeIeHHS
ANIEKTPOIHEPIUM JI0 AJIEKTpONpueMHUKOB. [luTaroniue u pacnpeneiauTesbHble CEeTH
BBITMIOJHSIOTCS IO PaidajibHbIM, MAarUCTPAIBHBIM M CMEIIAHHBIM CXEMaM.

PaguanbHble cXeMbl  pacnpeleieHuss — dJeKTposHeprun  (puc.  7.4)
PEKOMEHIyeTCsl IPUMEHSTh B CIIyJae:

* B3PBIBOONACHBIX, MTOKAPOOIACHBIX U MBUIbHBIX MPOU3BOJICTB;

* MUTaHUS UHAUBUIYAIBHBIX AJEKTPONPUEMHHUKOB: AIEKTPOABUTATENECH,

AIEKTPOIIEeUEH, 3JIEKTPOCBAPOUHBIX YCTAHOBOK U T. II.;

* JIJIsl TATAHUSI HU3KOBOJIBTHBIX YCTPOIMCTB pacipeiesieHUsl 3JIEKTPOIHEPTHH,

€CJI OHU PACIOJIOAKEHBI B Pa3HBIX HAMPABICHUSIX OT UCTOYHUKA MUTAHUSI.

DJEKTPOMPOBOAKH MPHU PAAUATBHBIX CXeMaX OOBIYHO BBITIOIHSIOT KabemeM Hin
mpoBojgamMu. HemocTtaTkoM paauambHBIX CXEM SIBIISIETCS HEJ0CTaTOYHAs THOKOCTD,
MIPY BCAKUX TIEPEMEIIEHUSX TEXHOJIOTHIECKOTO 000pyI0BaHUs TpeOyeTcs mepeaenka
anexktpuueckux cere. Kpome Toro, PY 0,4—0,69 xB TII mnonyuarorcs
TPOMO3JIKIUMH, TOPOTHUMHU, C OOJIBIIIAM YUCIIOM KOMMYTAIIMOHHBIX amapaToB. 5

MarucrpajibHble cXeMbl HaXO/IST IPUMEHEHHE TIPU Harpy3Kax, pacipeaeeHHbIX
0 MJIOIIA/IN 11€Xa. BBIMOIHAIOTCS OHM Yallle BCETO IMUHOMPOBOIaMU. J[aHHbBIE CXEMBI
Ha/ICKHBI, YHUBEPCATIbHBI, MO3BOJISIIOT POU3BOJUTD MEPECTAaHOBKY
IPOU3BOICTBEHHO-TEXHOJOTMUECKOr0 000pYy/I0BaHUs B IiexaxX 0e3 CYIEeCTBEHHOIO
U3MEHEHHUS DJIEKTPUYECKUX CETEH.

[To Ha3HAYEHUIO LIMHOMPOBOABI MOTYT OBITh:
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PucyHnoxk 7.4 - PanuanbHas cxeMa pacupeneseHus dJIeKTPOIHEPTHH

*  MAUCMPANbHLIMU ~ — IS TOPUCOCOUHEHUS  PACHPEICIUTEIBHBIX
IIMHOMIPOBOJOB, HHU3KOBOJIbTHBIX KOMIUIEKTHBIX YCTPOMCTB pAaCHpEAEieHUus W
OTJEJIbHBIX MOIIHBIX JIEKTPONPUEMHHUKOB;

* pacnpeoerumenbHbiMu — AJi1 TPUCOSAMHEHUS SIEKTPOIPUEMHUKOB-;

* mpoJieinbiMy — ISl TUTAHUS EPEIBUAKHBIX dJIEKTPOIIPUEMHUKOB;

* ocgemumenbHblMU — JJIS1 TUTAHUS CBETWJIBHUKOB U 3JIEKTPONPUEMHUKOB

HEOOJBIION MOITHOCTH.

B cunoBbIX ceTSIX MMPOKOE MPUMEHEHUE HAIUIM KOMIUIEKTHBIE MAarkCTPaJIbHbIE
U pacnpenenuTenpHble muHonposoas! cepuid [IIMA u IITPA. HomuHaneHas cuiia Toka
MarucTpajibHbIX mKHONPOBOAOB: 630, 1000, 1600, 2500, 4000, 6300 A. HomunansHas
CHJIa TOKA OTBETBJICHUH OT MaruCTpaJIbHBIX MUHOIPoBoAoB: 160**250, 400, 630, 1000,
1600, 2500, 4000 A. HomuHanbHasi cUila TOKa pacHpeAesMTENIbHBIX LIMHOIPOBOOB:
100, 160, 250, 400, 630 A. HomuHanbHas cujia ToKa OTBETBICHHUM: 25, 63, 100, 160,
250 u 400 A. HoMeHkiiaTypa OTBETBUTEIBHBIX KOPOOOK IMpeaycMaTpPUBAET KOPOOKH ¢
PEIOXPAHUTEISIMA, PAZBEAUHUTESIMU, ABTOMATHYECKUMU BBIKITIOUATEISIMU.

[upokoe npuMEHEHHE TMOMy4YMsIa cxema OJoka «TpaHcpopmarop—
MATHUCTPAJIb», BBINOJHEHHAS C TOMOIIbKD KOMIUIEKTHBIX MAaruCTPaJbHBIX WU
pacnpeneNuTeIbHbIX — IIUHONPOBOAOB. IIpriMep  BBINOJHEHUS CXEMbl  OJIOKa
«TpancopMaTop—MarucTpaib» TNpuBeIeH Ha puc. 7.5. B ganHON cxeme
pacrnpeenuTeIbHOe  YCTPOMCTBO  HU3KOTO — HAMNPSDKEHHs]  MOACTaHIMH  JHOO
OTCYTCTBYET, JTMOO BBIMOJHAETCS C HEOOJBIINM YUCIOM OTXOJSIIMX OT HEro JMHUN
JUIsL TIMTaHHUS OCBELIEHUS M HEKOTOPBIX AIEKTPONpHEMHHKOB. K MarucrpaibHOMY
LIIMHONPOBOAY MOJKIIOYAIOTCSA paclpeneaurTenpble  muHonpoBoasl, HKY n
OTJENbHBIE JJIEKTPONPUEMHHUKH O0JbIIoi  MomHocTu. K pacmpenenuTensHbIM
[IMHOMPOBOJAM Yepe3 OTBETBUTEIbHBIE KOpoOKku noakiouaroTcss HKY u otnenbhbie
ANEKTPONPUEMHUKH.

Hebonbiioe pacnpenenuTenbHOe YCTPOMCTBO HU3KOTO HAIPsHDKEHUS TpeOyeTcs
OpU  BBINOJHEHWW  MAruCTPaJIbHOM  CXE€Mbl C  IIOMOIIBKD  HECKOJIBKHX
pacnpenenuTeNbHbIX IMHOMPOBOIOB (puc. 7.6).

[IpumMepbl BBIIOJHEHUS CXEM [MUTAOIMX U PACIPENCIUTENbHBIX CETEH
puBeJIeHbI B Ta0N. 7.2—7.4.
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Pucynok 7.5 - Cxema G110ka «rpaHcopMaTop—MarucTpasib
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PucyHnok 7.6 - MaructpanbHas cxema, BHIIOTHEHHAs! pacipeeUTelbHBIMU HIMHOMPOBOIAMU

[Ipu pa3paboTke NPUHIUMUATBHBIX CXEM PYKOBOJICTBYIOTCS CICTYIOIINM:

* MPUHIANIAATHLHYIO CXEMY BBITIOJHSIOT B OJTHOJIMHEIHOM H300paKeHUH, PU
stoM PEN npoBoanuk (N u PE npoBoaHUKH) OTAECIBHON JIMHUEN
(OTIeIBHBIMY JIMHUSMH ) HE U300PaKAIOT;

* B Tpex(a3HbIX TPEX-, YETHIPEX- U MATUIIPOBOJHBIX CETIX U300paKEeHHE U
o0o3HavyeHue (a3 yKka3bIBatOT TOJIBKO I OJHO- U ABYX(a3HbIX JTUHUM;

* yCJIOBHbIE Ipapuueckue 0003HaYEHUs ANEKTPOIIPUEMHHUKOB, yCKOBBIX U
3alllMTHBIX annapaTroB Ha MPUHIMIHAIBHON cXeMe, KaK MPaBUIlo; He
U300paXKaIOT, a YKa3bIBAIOT HaJ JTMHUEH uX OyKBEeHHO-LIU(PpoBOE
0003Hau€HUE, TUTIBI U TEXHUYECKUE JJAHHBIE,

* JIIEKTPONPUEMHHUKH, MOAKIIOUAEMbIEe HETIOCPEACTBEHHO K MUTAIOILIEH
MarucTpaiv, TOKa3bIBAIOT HA MPUHIMITUAILHBIX CXEMax MUTAIOIIEH CeTH;

* B rpade «Maructpaib» (cMm. Tab71.7.2) yka3piBaloT OyKBEHHO-ITU(POBBIC
0003HaYCHUS MATUCTPAITH, TUTI IITTHOMIPOBO/IA U €0 HOMUHAJIBHBIA TOK
(MaTepuan U CEYeHHE MUH — JJISI MATUCTPAJICH HETUIIOBOTO U3TOTOBJICHHUS ),
HaIPsKEHUE;

* B rpade «PacmpenenutensHoe yCTpoicTBO» (cM. Tabm. 7.3, 7.4) yka3blBatoT
OykBeHHO-LIM(PpOBOE 0003HAUCHKE PACTIPEACIUTEILHOTO MyHKTA WU
pacnpeaeuTeIbHOrO IUHOMPOBOA, €0 KOOPAUHATHI O TIJIaHy
PacIoNIoKEHUs AIEKTPoobopynoBanus (1pu HeoOxoaumoctu), tum (st HKY
— 0003HaueHue yepTeka oOLIero B1a, Haps>KEHUE, YCTAHOBJICHHYIO
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MOITHOCTb Py, U paCYETHBIN TOK —
LETOYKY).

Ta6muma 7.2 — IlpuHOMnMAaIbLHAas cXeMa NnuTammei cetu Hanpsixkenuem 0,4 kB,
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I[J'I}I CCTeﬁ, rac uenecoo6pa3H0 BBITIOJIHCHHUC IMPUHIUIINAJIBbHBIX CXEM C YUCTOM
PACIIOJIOKCHHS SJICKTPOTCXHOJIOIMYCCKOI'0O O60py,Z[OBaHI/I}I B 3JaHWUH, COOPYKCHUU, AT
COBMCIICHHBIX ceTen CHJIOBOTI'O 3JI€KTpOO60py,IIOBaHI/IH 141 QJICKTPHUUICCKOTI'O
OCBCHICHUA; JJIA PAa3BCTBJICHHLIX CETEH C HECKOJIbKUMU HAIIPsSKCHUAMHA, 4aCTOTaMH U
T. A. JOIIYCKACTCA BBLIIOJIHCHUE CXCM B HpOPI?;BOJILHOfI q)OpMC.
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Tabmuua 7.3 — [IpuHIMNHAIBHAA CXeMa pacnpeaeuTelbHOM ceTH, BHINOJHEHHAs] B
coorBercTBun ¢ 'OCT 21.613 - 88
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CxeMbl NUTAHMSI TEPEIBIKHBIX JJICKTPONPUEMHUKOB. JIs1 MuTaHus 3JieK-
TpOJABUTATENEd  NOJBEMHO-TPAHCIIOPTHBIX-YCTPOUCTB  (KpaHOB,  KpaH-OAJIOK,
Tenb(PepoB, MEPEJATOUYHBIX TENIEKEK U Jp.) MPUMEHSIOTCS TPOJUICHHBIC JIMHUH,
BBIIIOJIHEHHBIE, KaK PAaBUJIO, TPOJUIEHHBIMU IIMHOIIPOBOIAMH.

Tpomnennsie mumHonpoBoasl cepun LITM BeimyckaroTcsi Ha HOMHHAJIBHBIE
toku 200 m 400 A u mpenHazHauyeHbl [UIA MUTaHUA TPex(aszHbIX U OAHO(PA3ZHBIX
ANIEKTPOIIPUEMHUKOB. Kak/iash cexiusi MMHONPOBOA MPEACTaBIsIeT co00il CTanbHON
KOpoO, MMEIIIMH BHM3Y CIUIOIIHYIO LIeib. BHyTpu kopoba B ma3zax H30JATOpA
TPOJLJIES] MOHTUPYIOTCSI YETBIPE MEHBIX TPOJLIES — TPpH (Pa3HBIX U OJAMH HYJIEBOM.
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Tabmuua 7.4 — [IpuHIMNHAIBHAA CXeMa pacnpeaeuTelbHOM ceTH, BHINOJHEHHAs] B
coorBercTBun ¢ 'OCT 21.613 - 88
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[IuTanue TPOJUIEHHBIX CETEd MOXKET IPOU3BOAUTBHCS OT PACIPEACIUTEIBHBIX
yctporictB 0,4 kB TpaHcopMaTOpHBIX TOACTAHIMA, OT MaruCTPaIbHBIX,
pacnpeaenuTenbHbiXx mMHONPOBOAOB win oTr HKY. B Touke mnoaxiroueHus
IATAIOIIEN JIMHUMA K TPOJUIEMHOW JIMHUM YCTAHABIMBACTCA KOMMYTALMOHHBIN
amnrapar.

Ha puc. 7.7 u3o0pakeHbl CXeMbl MUTaHHUS TpoOJUIeHHbIX JuHME [5]. Ilpu
HECEKIIMOHUPOBAHHOW TPOJUICWHOW JIMHUY MTOABOJ MUTAHUS JIyUIE OCYLIECTBIIATh K
CpelHel 4acTH TPOJUIEs, YTO MO3BOJISIET YMEHBIIUTh NOTEpU HanpsbkeHus (puc. 7.7,

a).
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[Ipn nuTaHuM OT TPOJUIEMHOW JMHUM B NPOJETE OJHOTO KpaHa PEMOHTHBIE
CEKILIMM HE COOPYKAKOTCS, MPU MUTAHWUU JBYX KPAHOB MO KOHLIAM TPOJUIEMHOW JTMHUU
00s3aTeNbHO MPEAYCMATPUBAIOTCSI PEMOHTHBIE CEKI[UH, IPUCOEITMHEHHbBIE K OCHOBHOM
TPOJUICHHOW JIMHUMU C TIOMOIIBI0 PyOusbHHKOB (puc. 7.7, 6). Ilpu nutranum ot
TPOJUICHHOW JIMHUKM B MpoOJIeTe TpeXx MU 0ojiee KPaHOB HEOOXOAMMO YCTPOWCTBO
HECKOJIbKMX PEMOHTHBIX ceKlui. VX pacronararotr BIoJIb TPOJUICHWHON JIMHUU U TI0 €€
KoHiaMm (puc. 7.7, 6, 2). Ilepenaya 3aeKTPOIHEPrUU OT HEMOIBMIKHOM TPOJUICHHOM
JVUHUM K DJIEKTPOABUIATENSM, YCTAHOBICHHBIM Ha MEPEABUTAIOIINXCS YaCTIX
MEXAHU3MOB, OCYIIECTBISIETCS TOKOChEMHUKAMU, YKPEIUICHHBIMU C MOMOIIBI H30-
JATOPOB HA MexaHusMme. [lnsd TpOJUIEMHBIX JIMHHWM, WMEIOIIUX MOANUTKY |
CEKIMOHUPOBAHUE, NPUHLUUNHUAIBHBIE CXEMbl  JIOIYCKAaeTCsl  BBINOJHATH B
MPOU3BOJILHOM (hopme.

S e S
1 2 e ] T 2

Pucynok 7.7 - Cxembl TPOJUICWHBIX JIMHUH: @ — HECEKLIMOHMPOBAHHAS; O — C JBYMS
PEMOHTHBIMM CEKLUSIMH; 8, 2 — C TPEMs PEMOHTHBIMM CeKLUsAMHU; 1 — TposuieiiHast TUHUS; 2 —
PEMOHTHBIE CEKLIUU

CxeMmblI ceTell JIEKTPUYECKOI0 OCBELLCHMs. Y CTAHOBKU OCBEILEHUS AEIATCS Ha
BHYTPEHHUE U HApPYXXHbIE. Y CTAHOBKM BHYTPEHHETO OCBELICHMS ITPEIHA3HAYCHBI IS
OCBEILEHUSI IPOU3BOJCTBEHHBIX, AJIMUHUCTPATUBHBIX, >XWIBIX M OOILECTBEHHBIX
3MaHUM M TIOMEIIEHUM. YCTAaHOBKM HapY>KHOI'O OCBELICHUS IPEIHA3HAYCHBI UL
OCBEILEHHUSI TEPPUTOPUM NIPEANPUATAN U YUPEKIECHUHN, TOPOJIOB, IIOCEJIKOB U T. II.

VYCTaHOBKM BHYTPEHHETO OCBEUICHUS MAETSATCS Ha YCTAHOBKM paboyero u
aBapUITHOTO OCBellleHUs. Paboyee OCBEIIEHNE CITY>KUT JJI OCBELEHUS IOMELIEHUH B
L[EJIOM U paboyuX MOBEPXHOCTEH. ABapHITHOE OCBEIICHUE MOXKET OBITh OCBEIICHHEM
0€30I1aCHOCTH U 3BAKYAIL[MOHHBIM OCBELICHUEM.
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OcBenieHre 0€30MacHOCTH MpPEJHA3HAYEHO JIA MPOJOJKEHHs] pabOoThl MpuU
aBapUMHOM OTKJIFOYEHUHU pabouero ocBemeHus. CBETUILHUKN pab0dYero OCBEIICHUS
U OCBelieHusT 0€30MacHOCTH JIOJDKHBI TOJy4YaTh MUTAHUE OT HE3aBUCHUMBIX
MCTOYHHMKOB IMUTAHUS. DBaKyallMOHHOE OCBEIIICHHE TTPEeIHA3HAYEHO sl 00€CTICUCHUS
0e30macHOM dBaKyalluy JIIOJEH MO0 OCHOBHBIM IPOX0JiaM, OCHAIIIEHHBIM CBETOBBIMU
yKa3aTeJIIMU «BBIXO/», U IPEAYCMATPUBAECTCS B IPOU3BOICTBEHHBIX OMEIIECHUSAX, T1€
MO>KET OJJHOBPEMEHHO HaXOAUThCS OoJiee ABAIATH YEIOBEK.

DNEKTPUYECKHUE CETH OCBEILCHMS ACNATCS Ha MUTAIOLIUE, PaclpeleTuTEIbHbIE
Y TPYIIOBBIE CETH.

Iumarowas oceemumenvhas cembv — ceTb 0T PY mojcTtaHiuyd 10 BBOAHOIO
yctpoiictBa (BY), BBomHO-pacnpenenutensHoro ycrpoiictBa (BPY) mmm rmaBHoro
pacnpenenutensHoro muta (I'PLLT).

Pacnpeoenumenvuas cemv — cerb ot BY, BPY, I'PII] no pacnpeaenuTenbHbIX
MYHKTOB, IIUTKOB M MyHKTOB MUTAHUS HAPY>KHOTO OCBEIICHUSI.

I'pynnosas cemb — C€Tb OT PACHPEACIIUTEIbHBIX MYHKTOB, IIUTKOB [0
CBETUJILHUKOB, IITENCEJIbHBIX PO3ETOK U APYTUX AJIEKTPONPUEMHUKOB.

Iuraromass m pacnpeneJuTeIbHAsE ceTH ocBelleHusl. [luTaHue yCTaHOBOK
BHYTPEHHETO OCBEIICHUS PEKOMEHAYETCA BBINOJHATh OT PACHPEACTUTEIIbHBIX
YCTPOMCTB  TOJCTAHIMKA, IIMTOB, MAruUCTPajJbHbBIX H  PaCHPEACIUTEIIbHBIX
IIMHOIIPOBOJIOB CAMOCTOSITEJIbHBIMU JIMHUSAMH, BBINOJHEHHBIMU MPOBOJIAMHU WJIU
KalesIMu.

CeTtu Hapy>KHOTO OCBEIICHHSI MOTYT MOJIy4YaTh MUTAHUE OT PACHPEICTUTEIbHBIX
YCTPOMCTB MOJCTAHIINMI, pacpeAeIUTEIbHbIX MYHKTOB U BBOJHO-PACIIPEACIIUTEIBHBIX
YCTPOMCTB ¥  BBIMIOJHAIOTCS KAOENBHBIMH WM BO3AYIIHBIMH JUHUSMU  (C
HCIIOJIb30BAHUEM CaMOHECYIIMX H30JIMPOBAHHBIX NPOBOJOB). JIMHHMKU Hapy>KHOTO
OCBEIICHUS MOTYT MPOKJIAJbIBATHCS HAa CYIIECTBYIOIIMX OIMOpax, MPUHAIIEHKAIUX
AJIEKTPOCETEBBIM OpTraHu3alusIM, 110 ornopam KOHTaKTHOM CeTH
ANEKTPUPUIIMPOBAHHOTO TpaHCIOpPTa (C TIOMOIIBIO KaOENbHBIX JIMHUM WU
CaMOHECYIIUX H30JUPOBAHHBIX MPOBOJIOB Ha MHXKEHEPHBIX COOPYXKEHUsIX (MOCTax,
TPAHCIIOPTHBIX ACTaKaax u T. 1.).

[Tutaronue v pacpeAeIUTENIbHbIE CETH BHYTPEHHETO U HAPY>KHOTO OCBEIICHUS
BBITIOJIHSIFOTCSL TPeX(a3HBIMU YETHIPEX- WIM MATUIPOBOJHBIMU B 3aBUCUMOCTH OT
UCIIOJIb3YEMOW CUCTEMBI 3a3EMJICHMUSI.

PabGouee ocBemeHre pEeKOMEHIYETCsl MUTATh MO JIMHUSM, HE CBSI3aHHBIM C
CUJIOBBIMHA YCTAaHOBKaMH. Bce BHABI OCBENIECHUS OMYCKAETCS MUTATh OT OOIIMX
JUHUNA C SJEKTPOCUJIOBBIMM YCTAaHOBKAMHU WJIM OT CHUJIOBBIX PacHpeAeUTENbHBIX
MIYHKTOB, 33 UCKJIFOUEHUEM CETEH B MPOU3BOJICTBEHHBIX 3IaHUSAX 0€3 €CTECTBEHHOTO
ocBelleHud. B mecrax mpucoenIMHEHUs] JTUHUM NUTAIOMEH OCBETUTEIBHOM CETH K
JUHUM TUTAHUS DJIEKTPOCHIIOBBIX YCTAHOBOK WJIM K CHJIOBBIM pPACHpPEEIUTEIIbHBIM
MyHKTaM JIOJDKHBI YCTAHABIMBATBLCS amllaparbl 3allldThl M yIHpaBlieHWs. Eciu
NUTaOIAss M paclpeleNuTeNIbHasi ~ OCBETUTENIbHAsE  CETH  BBINOJHSIOTCS
IIMHOIIPOBOJAMH, TPYMHIOBBIE IIWTKM MOTYT HE MpeaycMarpuBaThcsi. Bmecto HHX
MOTYT TIPUMEHSTHCS amnmaparbl 3alldThl W YNPABJICHUS JJIs TUTAHUS TPYIIII
CBETWJIBHHUKOB. [IprimMeHeHune sl TUTaHWS pPabOyYero OCBEIICHMS, OCBECIICHHS
0€30IMaCHOCTH W 9BaKyallMOHHOTO OCBEIICHUS OOIUX TPYIIMOBBIX IIUTKOB HE
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gomyckaetrca. Jlns ocBemieHHs 0O€30MacHOCTH UM 3BAKYallMOHHOTO OCBEIICHUS
JIOITYCKAeTCsl UCIIOJIb30BaHUE OOIINX HIUTKOB.
Ha puc. 7.8 npuBemeHa cxeMa MNUTAIOMIEH W paclpelleIMTeIbHON CeTen
BHyTpeHHero ocgenieHus. C neppoii cexuuu muH 0,4 kB nByxTpanchopmaropHoii
NOACTAHUMU TOJIy4aeT IUTAHUE IIUT OCBEUICHUS, C IIMH KOTOPOro IO
MarucTpajibHOM WM paJuaJbHOM CXEMaM 3alUThIBAIOTCS TPYIIIOBBIE IIUTKH
pabouero ocemeHus. LI{uTok aBapuitHOro ocBelIeHHs OJy4aeT MUTAHUE OT BTOPOI

cekunu muH 0,4 kB TII.
@ ™
PY

0,4 kB
~_(
'y

£
%

!

Pucynoxk 7.8 - Cxema nuraronieil U pacrnpeaeauTenbHOl ceTH

ABapHiiHOE OCBEILEHUE JOHKHO BKIIHOYATHCS aBTOMATUYECKH MPU aBapUHHOM
OTKJIFOYEHHUHU pabOYero OCBEILEHUSI.

Ha puc. 7.9 nokazaHa BO3MOXHOCTb IOAKJIIOUEHHUS] pabO4Yero OCBELIECHUS K
TOJIOBHOMY Y4YacTKy MarucTpajbHOrO IIMHOIpoBoja. Ilutanue aBapuitHOTrO
OCBEILEHUSI B ATOM CIIy4ae PEKOMEHIYETCsl BBINOJHATH OT Apyrod TII umm mHOrO
HE3aBHCUMOT'0 UCTOYHHKA MUTAHUA.

CxeMa mepeKpecTHOro nuTaHusl ocBemeHus oT nByx TII mpuBeneHa Ha puc.
7.10. Paboyee M aBapuilHOE€ OCBEIIECHUE MOJYYalOT IMUTAHUE CAMOCTOSTEIbHBIMU
JUHUSAMUA OT Pa3HBIX TPAaHC(HOPMATOPHBIX MOJCTAHLMN. ABapuUHOE OCBELICHHE B
MPOU3BOJCTBEHHBIX 3/IaHUAX JOIMYCKAeTCsA TMOJKIYATh K pPacHpeleIUTeIbHbIM
NyHKTaM, IIMHOMPOBOJAM, 32 MHCKIIOUYEHHEM MPOM3BOJCTBEHHBIX 3JaHuN 0e3
€CTECTBEHHOI'O OCBEILEHUS.

B cootrBerctBumn ¢ 'OCT 21.608—84 u 'OCT 21.607-84 npyHIMITHATIBHBIE CXEMBI
IUTAIOIMX M PaCHpENCIUTENbHbIX CETE OCBEIIEHHS BBIIONHSIOTCS B OHOJMHEMHOM
UCHIOJIHEHUM, IIPU 3TOM MOXKET  YUMTBIBATBECS  PACIOJIONKEHHE  AJIIEKTPHUYECKOTO
000pyI0BaHHUS 110 YaCTAM U STa’KaM 3/1aHUsL.

[TprMepbl BBINOIHEHHS IMUTAIOIIEH CETM BHYTPEHHEIO W HAPY)KHOIO OCBEIIECHUS
npuBeAeHsl Ha puc. 7.11 u 7.12.
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['pynnoBasi ceTb OCBELIEHUS MpEJHA3HAYEHA NI MUTAHUS OTAEJBHBIX TPy
CBETWJIBHHUKOB, IITENCENbHBIX PO3ETOK M CTALMOHAPHBIX 3JIEKTPOIPUEMHHUKOB,
BBITIOJIHSIETCS. B OJIHO-, JBYX- WM TpexdazHoMm wucrnoiaHeHuH. Pacnpenenenue
Harpy3KH 1o ¢azam rpynnoBOi CeTH AOHKHO ObITh PABHOMEPHBIM.

Uucino HMCTOYHMKOB cBeTa Ha (a3y He JODKHO MNpeBbIIaTh 3HAYCHH,

YKa3aHHbIX
il 0,4 xB
ﬁZ

Pucynok 7.9 - Cxema muTaHus CETH OCBEIICHHSI OT IMHOMPOBOAa: 1 — muTaromias cerh; 2
MPOBOJT; 3 — TPYNIOBBIC MUTKH pab0OYero OCBEIICHHS

@ TI1 T2

1
k
4

1

-

Pucynok 7.10 - Cxema nepekpecTHOTO MMUTaHUsI OCBEIIEHUS OT JABYX TPaHC(HOPMATOPHBIX
NOJCTaHIMI: 1 — muTaromas ceTb OCBEIICHNUs; 2 — IIUT OCBEIIEHHS; 3 — paclpeaenuTebHas
CEeThb OCBEIICHUS

B Tabn. 7.5. B Hayanme KaxXaol TPYNIOBON JHUHUU JOJKHBI OBITH YCTaHOBJIECHBI
ammapaThbl 3alIUThl BO BCeX (ha3HbIX MPOBOJHUKAX. YCTAaHOBKA allllapaToB 3allUThI B
PEN, PE u N npoBonnukax 3anpemaercs. B rpynmoBbIX JTUHUAX, MATAIOMIMX JIAMIIBI
momHocThi0 10 kBT m Goree, kaxkmas jnamma JOKHA MMETh CAMOCTOSTENbHBIM
anmapaT 3ammThl. [IpumMeHeHue uid aBapuilHOTO MW pabodero OCBEIIEHUs OOLINX
I'PYIIOBBIX IIUTKOB HE JOITYCKAETCS.
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Pucynoxk 7.11 - I[Ipumep odopmiieHUs] IPUHINTTHATLHONW CXEMBbI TUTAIOIIECH CETH B COOTBETCTBUH C
I'OCT 21.608-84
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IR T : R

Hcrounux
o THTaHHA
4

Mapkupoexa;
TOK, A
MapKa ¥ ceueHHe
MPOBOJHAKA

pacyeTHas Harpysxa,
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CeTb HapyXHOTO OCBELIEHHS

15,0
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6,0

HasnavueHue
JIHHHH

OTKpHITHIH
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Hoporu

Oxpannoe
OCBCLUCHHC

Pucynoxk 7.12 - [Ipumep odopmiieHUs] IPUHIUITHATEHOW CXEMBI MTUTAHUS OCBEIICHUS TEPPUTOPHH
B coorBercTBuu ¢ ['OCT 21.607—82

Tabauya 7.5 - Uncji0 ICTOYHUKOB cBeTa HA ¢a3y B 3aBHCUMOCTH OT HA3HAYEHUsI TPYNIOBOii
JIMHUYU U UICTOYHHUKA CBeTa

Ha3nayenune rpynmnoBoi JuHAKH Hcrounuku cBeta Ync10 HCTOYHUKOB CBETA
Ha a3y, He OoJee
JI71s muTaHusI KCTOYHUKOB CBETA JlamIIbI HaKaJIMBAHKS, JIAMIIbI 20
[ITENCETRHRIX NOETOK JPJI. JTIPWU. TPU3. TuaT
JList TIpOM3BOICTBEHHBIX, OOIIECTBEHHBIX, | JlaMITbl HAKATMBAHUS MOIIHO- 60
JKMJIBIX 3[JaHUH, OCBEIIEHHS JIECTHHII, cThi0 10 60 BT
HTaXKHBIX KOPUAOPOB, XOJLIOB, TEXHUYECKUX
TIOJITIONNI U YEPIAKOB
JI7ist IUTaHUSI CBETOBBIX KAPHU30B, CBETOBBIX JlamIIbI HaKaTHBAHUSA 60
OTOIIKOB
JIyist NUTaHUSI CBETOBBIX KAPHU30B, CBETOBBIX | JIOMUHECIICHTHBIE JIaMITbI MOII- 60
TIOTOJIKOB, CBETUIILHUKOB C HOCThIO 10 80 BT
JIFOMUAHECIICHTHBIMH JIAMIIAMHU
Toxe JIroMuHECIIEHTHEIE JJaMITBI MOIII- 75
HOCTEIO 110 40 Bt
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7.3 PEKOMEHAOALUWU NO BbIBOPY HAMNPAXEHUA B SJNIEKTPUHECKUX
CETAX A0 1 kB

g pacnpeneneHus SJIEKTPOAIHEPTUU B AIIEKTPUUYECKUX CETAX MEPEMEHHOTO
toka 70 1 kB Moryt npumensitecst Hanpsixenus 380 u 660 B.

Hanpsokenne 380 B nomyumniio mmpokoe pacnpocTpaHeHHe Ha MPOMBIIIIEHHBIX
NPEANPUATUAX C OOJBIIUM YHCIIOM AJIEKTPOJBUTATENCH MAJION U CpelHEed MOIITHOCTH
(mo 200 kBt). dns nutaHus npurateneil MonrHocThio Bhie 200 kBT ucnonsiyercs
HarnpsbkeHnue 6 kB. JlocTomHCTBOM wHcnosib3oBaHusi HamnpsbkeHus 380 B sBusiercs
BO3MOXXHOCTb COBMECTHOT'O IIMTAaHUS CHJIOBOM M OCBETUTENILHOW Harpy3kd, K
HE0CTATKaM MOYKHO OTHECTH CJIEAYIOIIEE:

* IMEIOT MECTO OOJIBIINE MTOTEPU MOILTHOCTH, SHEPTHH, HATIPSHKEHHS, 0COOEHHO

B IIPOTSKEHHBIX 3JIEKTPUYECKUX CETHX;

* BO3HHUKAeT He0OXOIMMOCTb HCIOJIb30BAHUS PACTIPEACIUTENBHOMN CeTH
HaIpspkeHUueM 6 KB pu HaJIM4uuy Ha IPEANpUSATAN JBUTATENe MOITHOCTBIO
200—630 kBr.

C 1962 r. nampsbkenne 500 B Obuto 3ameHeHO Ha HampsbkeHue 660 B.
TexHUKO-3KOHOMUYECKHE pacyeTsl [6, 7] moka3anu 11e1eco00pa3HOCTh MPUMEHEHHUS
Hanpspkenusi 660 B. Ilepexon Ha Hanpsbkenne 660 B maer cienyroniue
IPEeUMYIIECTBA:

* TMOBBIIIAETCS NPOIYCKHAs CIOCOOHOCTh CETM M YMEHBIIAIOTCA MOTEPH

DHEPTUU B HEW;
* YBEJIMYMBAETCS PAUYC AEUCTBUS LIEXOBBIX TPAaHCHOPMATOPHBIX MOJACTAHIIUMN,
YTO MPUBOJUT K YBEIMUYEHUIO €TUHUYHONU MOIIIHOCTH TpaHC(hopMaTopoB,
YMEHBIICHUIO YKciia TpaHC(HOPMATOPOB U, CIIEI0BATENBHO, COKPAIICHUIO YUCIIa
JIMHUI U BBIKITIIOYATeNeH, MUTAIONIUX TPaHCHOPMATOPHYIO MOICTAHIIMIO;
* OTMAaJaeT HEOOXOUMOCTh MPUMEHEHUs HanpsbKeHust 6 KB, yTo 3HaUUTENHHO
YIPOINAET CXEMY JIEKTPOCHAOXKEHNUS;

* NOBBILIAETCS NPEAEIIbHAS MOIIHOCTD ABUTATENIEN 33 CUET YMEHBIIEHHS TOKa
cTaTopa JIBUraTelsl, YTO JAaET SKOHOMUIO Ha CTOMMOCTH JIBUTaTeNs U
yBenuuenue ero KII/I nva 1,5—2 %.
Hampsokenne 660 B Haxoaur mnpuMeHEHHME BO MHOTMX OTpacisX Mpo-
MBILUIEHHOCTH: TOPHO-00BIBAIOIIEH, METAJUTYPIHUECKOM, XUMHUUECKOM, TEKCTUILHON
u ap. Ilpu npoexkTHpoBaHUM CHUCTEM 3JIEKTPOCHAOXKeHUs Hampspbkenue 660 B
PEKOMEHAYETCSl MPUMEHSITH [S]:

* TpU 3HAYUTEIBHOU MPOTKEHHOCTH CETEe HUZKOTO HAIPSKEHUS;

* KOI'JIa OCHOBHYIO YaCTh 3JIEKTPONPUEMHHUKOB COCTABIISIIOT HU3KOBOJIbTHBIE
HEPETyJIHPYEMBbIE SJIEKTPOABUTATENN MOIIIHOCTHIO cBbile 10 kBT;

* €CJIM OCTABIIMKHA TEXHOJIOTMYECKOro 000py0BaHUs (CTAHKOB,
aBTOMATHYECKUX JIMHUM, TPECCOB, TEPMUUECKOTO U CBAPOUHOTO
000pyI0BaHMsI, KPAHOB H T. JI. 00ECTICUNBAIOT MMOCTABKY KOMILIEKTYEMOTO
AIIEKTPOOOOPYIOBAHUS M CUCTEM yTpaBJeHHs Ha HanpspbkeHue 660 B.

[Ipu BbIOOpe HampsxeHuss 660 B Bo3HMKaeT HEOOXOJUMOCTH YCTaHOBKU
JIOTIOJIHUTENBHBIX TpaHchopmaTopoB 0,66/0,22 kB u BBINONHEHUS SIEKTPUUECKUX
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cered Ha Hanpspkenue 220 B ans nuTaHuA JIFOMUHECLIEHTHBIX JIaMII, JIaMIl
HaKaJMBaHUS,  TUPUCTOPHBIX  MpeoOpa3oBaTesiel, yCTAaHOBOK  KOHTPOJBHO-
u3MepuTeNbHbIX MpubopoB U aBTtomatuku (KWIIuA), cpenactB aBTomaruzaivu
anekTpoasurarenei mourHocteio 10 0,4 kBT 1 ap. HeobxonumocTs ycTpoicTBa st
oIHOTO 00BekTa cered HampspkeHnem 660 u 220 B cHmwxkaer 3¢ ¢GeKTUBHOCTH
UCII0JIb30BaHuA HanpsikeHus 660 B.

Boi6op HampsbKeHus JIEKTPUYECKUX CETeld MOCTOSHHOTO TOKa 3aBUCUT OT
TpeOOBaHUI TEXHOJOTUYECKOIO MPOIECCa U BEIMYMHBI ToKa. JlJia ceTeil, muTaromumx
AJIEKTPOIPHUBOABI TOCTOSIHHOIO TOKA, UCIOJIb3YIOTCS Hanpsbkenus 220 u 440 B. Jlns
DNEeKTPOIPUBOIOB TMOCTOSHHOTO TOKa C HMHIUBUIYaJbHBIMH MpeoOpa3oBaTeIsiMu
UCTIOJB3YIOTCA U Oosee Bbicokue HampspkeHnus — 750 u 850 B. [Ina snexrtponuza
npumeHstores Hanpsbkerust 450 u 850 B.

7.4 PEKOMEHOALIUX NO BbIBEOPY HAMPSXXEHUSA OCBETUTEJIbHbLIX CETEN

[luTraHure CUJIOBBIX U OCBETUTENBHBIX AJIEKTPONPUEMHHUKOB MPU HAMPSKEHUU
380/220 B pekomenayeTcst MpOU3BOAUTE OT OOIIMX TPaHC(HOPMATOPOB MPHU YCIOBHUH
coOJI0/IeHUs TPEOYEMbIX HOPM MO KaueCTBY AJIEKTPUUECKON SHEPTHH.

JIis mUTaHusS OCBETUTENBbHBIX MPUOOPOB OOILEr0 BHYTPEHHETO U HAPY>KHOTO
OCBEILIEHHUS, Kak IPaBWIO, NOJKHO TNPUMEHATHCS HamnpsbkeHue He Bbiue 220 B
NEPEMEHHOT0 WJIM MOCTOSHHOIO TOKa. B momenenusx 0e3 MOBBIIIEHHOW OMAacCHOCTH
HanpspkeHue 220 B MOKET NpUMEHSTBCS JJI BCEX CTAlMOHAPHO YCTAHOBJIEHHBIX
OCBETHUTEIILHBIX TPHUOOPOB HE3ABUCUMO OT BHICOTHI MX YCTAHOBKH.

Hampsokeane 380 B anms muTaHusT OCBETHTENBHBIX MPUOOPOB  0OIIETO
BHYTPEHHEIO0 M HAPY>KHOTO OCBEILIEHHUS] MOXKET HCIOJIb30BATHCS MPU COONIOJECHUU
CIEAYIOIINX YCIIOBUM:

* BBOJ] B OCBETUTEJIHHBIN MPUOOP U HE3aBUCUMBIH, HE BCTPOCHHBIN B IpUOOP,
MyCKOPETYJIUPYIONTUH anmapaT BHIMOIHIETCS IPOBOJAMU WK KabeJieM ¢
M30JISIIMEN Ha HanpsikeHne He MeHee 660 B;

* BBOJ] B OCBETUTEJIbHBIN MPUOOP JIBYX WK TPEX MPOBOJOB CUCTEMBI
660/380 B He nomyckaercs.

B ycrpotictBax ocBenieHus ¢acanoB 3/aHUM, YCTAaHOBJICHHBIX HMXE 2,5 M OT
MNOBEPXHOCTH 3€MJIM WM  IUIOLAAKH  OOCTYXUBAaHUS, MOXET MPUMEHATHCS
HanpspkeHre 10 380 B mpu creneHu 3amuThl OCBETUTEIBHBIX MPUOOPOB HE HMKE
IP54.

JIns nuTaHusi CBETUIILHUKOB MECTHOTO CTAIIMOHAPHOTO OCBEILECHHUS C JTaMITaMU
HaKaJIMBaHUS JIOJKHBI PUMEHSTHCSI HAMPSDKEHUS: B MTOMEILICHUSIX 0€3 MOBBIIICHHON
onacHocTH — He BhIIe 220 B, B moMelieHnsIX ¢ IMOBBIIMICHHOW OIACHOCTHIO M 0CO00
ormacHeIXx — He BbIme 50 B. B momemenusx ¢ MoOBBINIEHHONW OMACHOCTHIO U 0CO00
OMACHBIX JOIyCKaeTcs IJIs CBETHJIBHUKOB HampspkeHue 1o 220 B, B 3tom ciydae
TIOJHKHO OBITH TIPETyCMOTPEHO 3aIUTHOE OTKITFOYSHHUE JIMHUH MPU TOKE yTeuku 70 30
MA WM pa3aensonumii TpaichopmaTop.

JIns nuTaHus CBETUJIBHMKOB MECTHOIO OCBELIECHUS C JIFOMUHECLIEHTHBIMU
JaMIIaMU  MOJKET TMPUMEHAThCA Hamnpsbkenue He Bbimie 220 B. Ilpu stom B
MOMEIIEHUSIX CBIPBIX, 0CO00 CBIPBIX, JKAPKUX U C XMMHYECKH aKTHUBHOU Cpenoit
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IIPUMEHEHHE JIFIOMUHECLIEHTHBIX JIAMIT JIJIs1 MECTHOI'O OCBEILEHUS JI0IYCKAETCS TOJIBKO
B apMaType CIEUHUATbHON KOHCTPYKIMU. {11 MUTaHUs EPEHOCHBIX CBETUJIBHUKOB B
MOMEILIEHUAX C MOBBIIIEHHON OMACHOCTHIO U 0COO0 OMACHBIX JIOJKHO MPUMEHSATHCS
HanpspbkeHue He Boiiie 50 B.

[Ipy  0cob0  HEONArompUSTHBIX  YCIOBUSX:  OMNACHOCTh  IOPAXEHUS
ANEKTPUYECKUM TOKOM  OOYyCIIOBJI€HAa TECHOTOW, HEYIOOHBIM  MOJIO)KEHHEM
paboTaroiiero, BO3MOKHOCTbIO COIMPUKOCHOBEHUSI C OOJBIIMMH METAUTMYECKUMU
XOpOIIO 3a3eMJICHHBIMU TMOBEPXHOCTSIMH (Hampumep, paboTta B KOTJIaX) U B
HapYy>KHbIX YCTAHOBKAX /JIi MUTAHUS PYYHBIX CBETUJILHUKOB, JOJKHO MPUMEHSTHCS
HarpspkeHue He Boime 12 B.

[lepeHOCHbIE  CBETWJIBHUKH, MpEeAHA3HAUYEHHBbIE JJIsI  MOABELIMBAHUS,
HACTOJIbHBIE, HAMOJbHBIC U T. 1. IPUPABHUBAIOTCS K CTAlIMOHAPHBIM CBETUIILHUKAM
MECTHOTO  CTAalMOHAPHOTO  ocBeuleHus. i1  NEepEeHOCHBIX  CBETUJILHUKOB,
yCTaHABJIMBAEMbIX Ha MEPECTABHBIX CTOMKAaX Ha BbICOTE 2,5 M M Oosee, JOImyCKaeTcs
NpUMEHATH HanpsbkeHue 380 B.

7.5 PASMELLEHME TPAHC®OPMATOPHbIX U PACMNPEAENIUTENbHbIX
NnOACTAHLUMUU HA NNAHE LIEXA

[Tpunuuner pasmemienuss TII onwucanwsl Beime (§5.4), HA JaHHOM JTarme
MIPOCKTUPOBAHUS HEOOXOJMMO TaKKE€ YUYUTHIBATH PACHOJOKEHUE TEXHOJIOTHUECKOTO
o00OpyJI0BaHUsl Ha IUIAHE II€Xa U BO3MOXHOCTh YCTAHOBKM MOJCTAHIIMM BOJIU3U
MMATAEMBIX OT HEE ANEKTPONPUEMHUKOB (B LIEHTPE HATPY3KH ).

PIT Beimie 1 kB crnenyer pasmeniath B 1I€X€ HA TPAHUIIE MUTAEMbIX HMHU
YY4aCTKOB TaKUM 00pa3oMm, 4TOObl HE OBLIIO OOpaTHBIX MOTOKOB JHEpruu. B psme
ciay4daeB Bo3MOxHO coBMmenienue PIT u TIL

7.6 NOOBOP COBOKYIMHOCTEN 3NIEKTPOMNPUEMHUKOB,
NMATAEMbIX OT TN

CoBokynHocts OII, muraembix ot j-ro TII, ompeaensercss MOIIHOCTHIO
TpaHcpopmaTopa Spomti U €ro xemaeMplM KodpduuueHtom 3arpy3ku  K3sj,
MOIITHOCTBIO OaTapeit KOHIAECHCATOPOB, a Takke pasmenienueM T1I, Tpaccoit u cxemoit
pacrpeIenuTeIbHbIX JIMHUM.

CoBokynHocTH Ol moabuparoTcs TakuM o00pa3oM, 4YTOOBI HMX CpETHSS
MOIIHOCTh ObUIa paBHa XKeJlaeMOW akTUBHOW Prjx M peakTuBHON Qrjx Harpyskam
TpaHcopmaTopa B HOPMaJIbHOM pekuMe ¢ TOYHOCTBIO +10 %. Qrjx HIpuMeEpHO
paBHa Qr, MOTYYEHHOU paHee.

PT])K = \/(k3/SH0M.Tj)2 _(QT )2 . (71)

31ech ke HEOOXOAMMO PELIUTh BOIMPOC O MUTAHUU OCBETUTEIBHOW HArpy3KHU.

Ecnu ocBetuTenbHas Harpys3ka lexa 3HauuTelbHas, TO 1[eJ1eco00pa3Ho MUTaTh €€ OT

OTJIETTLHOTO TpaHC(POpPMATOPA COOTBETCTBYIOLIEH MOIIHOCTU. DTO 00513aTE€IBHO MpU

HEBO3MOYKHOCTH COBMECTHOI'O NUTAHUSI C CHUJIOBOM HAarpy3koil pe3KONepeMEeHHOIO
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XapaKkTepa, CO3A0NIeH 3HAUNTEIbHBIC KOJICOaHUsT HATTPSHKEHUS.

Ecnu npuHAT BapuaHT ¢ COBMECTHBIM NMHUTAHUEM OCBETUTEJILHON M CHIIOBOMN
Harpy3okK, ¥ B Iiexe umeercs JBa (wim Oosblie) TpaHchopmMaropa, TO HEOOXOAUMO
OCBETUTEJbHYIO  Harpy3sky Popj muTath 0T  JABYX — TpaHCOpMaATOpOB,
NPUCOECIMHEHHBIX K pa3HbIM JIMHUSAM. Torma mnpu 1moadope COBOKYIHOCTEMH,
COCTOSIIIEH U3 CHJIOBBIX. TPUEMHHUKOB, MUTaeMbIX OT J-ro TII, mpu yucne D11 Gombie
10, 10JKHBI OBITH COOJTIOICHBI YCIOBUS:

PTJ"_—‘(PCJ/O,75)+P0.HJ' npu Ky <0,5;
3E05(3C0- 0685) +311[]0P0 npu KH0>065. (72)

[TonOop COBOKYMHOCTEl BEIETCS MTEPAIMOHHO C YYE€TOM B3aUMHOIO
PacCMOJIOKEHUS AIIEKTPOINPUEMHUKOB, TPaHC(HOPMATOPOB U KOHPUTYPALIUU LIEXOBBIX
cerel. [Ipum momyuennn Prpx =Pt (¢ TouHocThro £10 %) pacuer 3akaHuMBaeTcs.
[Tocne mobopa COBOKYITHOCTH 1O aKTUBHOM MOIITHOCTH HEOOXOIUMO OIMPENIEIUTh €€
pEaKTUBHYIO Harpy3ky Qpacyj ONMCAaHHOW BBIINIE METOAMKE U MOIIHOCTH Oarapeit
KOHJIEHCATOPOB

Qsr=Qpracyi-Qrj - (7.2)

ITo nonyyeHHoMy 3HaueHHIO Qppj CIEyET ONPENEIUTh CTaHAAPTHOE 3HAUEHHE
MOIIHOCTH KOHAEHCATOPHOHN yCcTaHOBKHU Qx yj.

[TogoGpanHasi COBOKYMHOCTb ONpeEseT KOHPUTypallio CETH B HOPMAJIbHOM
pexuMe.

7.7 KOHCTPYKUMU ANEMEHTOB LLIEXOBOW CETU

PacnpenenurenbHple ycTpolicTBa W mojcTaHUMM [l1] B 1I€XOBOHM CETH
pekomenayetcs BeioupaTth kKoMiuiekTHeIMU (KTII u KPY).

Jnsa uexoBbix cered A0 1 kB pexkoMeHAyeTCs NPUMEHSATh KOMILICKTHBIC
muHonpoBoabl:  maructpaisHbie  (IHMA),  pacnpenenurenshbie  (LL[PA),
ocsetutenbHbie (IIIOC).

OTBeTBJICHUS OT IIMHOIPOBOJOB K OTAEIbHBIM DIl mnm pacnpenaenuTeIbHbBIM
MyHKTaM 1 1uTam 10 1 kB BBIMONHSIOTCS KaOemssMu Wi pOBOJaMHU.

[IpucoenuHenne pacupeneTuTeNIbHOTO IMyHKTa K TpaHC(HOpPMATOPy MOXKET
OBITb  BBIIOJHEHO JIByMs  crmocobamu:  kabenssMa  wiau  mmHamu. s
pacmpenenuTeIbHBIX IEXOBBIX ceTei Bhile 1 KB pexomeHmyeTcs mpuMeHsTh kKabeau
C IPOKJIAJAKOM 10 CTEHAM 37aHus WM Ha TpocaX (TO €CTh BO3AYIIHAS MPOKIAIKA).
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7.8 B BbIBEOP OBOPYAOBAHUSA 3NEKTPUYECKON
CETU HANPAXEHWUEM [0 1 KB U BbILUE

7.8.1 O6Lwme nonoxeHus

B npoekte Heobxoaumo BRIOpATh ClieayroIiee 000pya0BaHHE:

1. KaGenu snextpuyeckux cereit Boime 1 kB.

2. ABTOMaTHUYECKHE BBIKIIOYATEIN Ha HU3IIEM HaMpsSKEHUH 1I€X0BOT
o TpanchopmaTopa.

. llluromnpoBokl 10 1 KB, nuTaromuye CUI0BYIO HArpy3Ky Lexa.

4. Ilpenoxpanutenu A0 | kB Ha OTBETBIEHUH K 3JIEKTPOIPUEMHHKAM,

MUTAIOMINMCS OT IIMHOTIPOBO/IA.
5. Kabenu 10 1 kB Ha OTBETBIECHUAX K 3IEKTPONPUEMHUKAM.

(98]

7.8.2 Bblbop cevyeHuM xun Kadbenen HanpsxxeHmem Bbiwe 1 kKB

Ul BbIOOpa ceueHus] KaOelbHBIX JIMHUK CIY’)KUT MHUHHUMYM IpPHUBEAECHHBIX
3arpat /1 - 5/. B npakTuke NpoeKTUPOBAHUS JIMHUN MAaCCOBOI'O CTPOUTENILCTBA BBIOOD
CEYCHMUS] IPOU3BOJUTCA HE II0 COIOCTABUTEIBHBIM TEXHHKO-DKOHOMUYECKUM
pacueToM B KaXXIOM KOHKPETHOM cllydae, a IO HOPMHUPYEMBIM OOOOIIEHHBIM
[IOKa3aTeIIAM.

B kadectBe Takoro mnokaszareias NpPU HMPOEKTUPOBAHMM KaOEIbHBIX JIMHUMN
HCIIOJIb3YETCSl IKOHOMHUYECKasi IIoTHOCTh Toka /1 - 5/. B IIYD ycranoBneHsl
BEJINYNHBI IKOHOMHUYECKUX TUIOTHOCTEH TOKAa |ox, 3aBUCAIIME OT Marepuaa,
KOHCTPYKIIMHU MPOBOJA, IIPOJOKUTEIBHOCTH HUCIIOJIb30BAaHN MAaKCUMyMa Harpy3Ku
T 1 pETMOHA, XapaKTEPU3YIOIIETOCS CTOMMOCTBIO TOILJIUBA.

OKOHOMHMYECKH LIEJIECO00PA3HOE CEUEHUE OINPEACIAIOT IPEABAPUTENBHO IO
pacuyeTHOMY TOKY JMHUHU |pscymopyy HOPMAIBHOTO pPEXMMa U SKOHOMHUYECKOM
TUIOTHOCTH TOKA ok

|
Fy = —PACLEOPM (7.3)

Jox

Haiinennoe pacuerHoe 3HaueHue ceuenuss 1o (7.3) oOkpyrisieTcsa 10
OJI>KaUIIero CTaHAapTHOTO.

Jis oOecnieueHHss HOPMAlbHBIX YCIOBUI pabOThl KaOENbHBIX JIMHUNH H
MpaBIJIbHON pabOThl 3alUINAIONIMX aNlapaToB BHIOPAHHOE CEYEHHE JOJDKHO OBITH
IIPOBEPEHO O JOMYCTUMOMW JUINTEIBHON HArpy3ke IO HarpeBy B HOPMAJIbHOM H
MOCJICAaBAPUMHOM PEKUMaxX, a TAKXKE M0 TEPMUUYECKON CTOMKOCTH npH Tokax K3.

IIpoBepka mo AOMYCTUMOW TOKOBOW HAarpys3ke II0 HarpeBy B HOPMAaJbHOM M
MOCJIEaBAPUMHOM PEKUMAX MPOU3BOAUTCS MO YCIOBUIO

IPAC’J—<I,ZZOH.CDAKT ) (74)9

riae lpscy - pacueTHBIN TOK AJII MPOBEPKHU Kabemel 1o HarpeRy;
|70 warr - pakTHUECKas qOMMyCTHMasi TOKOBasl Harpys3Ka.
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PacuetHslil Tok muHuN |pycy OnIpenensercs Kkaxk

S
|y = KA 7.5),
PACY —\/EUHOM ( )

r€ Sg4s - MOILIHOCTh, TepenaBaemas Mo KaOeabHOW JIMHUM B HOPMAJILHOM WIIH
noclieaBapuiiHOM pesxkume padboTbl; Uroy - HOMUHATBHOE HAMIPSYKEHUE CETH.

dakTuyeckas JOMyCTUMas  TOKOBas  Harpy3ka B  HOPMaJIbHOM M
MOCJIEABAPUIHOM PEXUMaX paOdO0Thl BRIUMCISETCS MO BBIPAXKEHUIO

IﬂOH. oart= jo11 raskKKmep (7.6),

rae lgomrasr - AomMycTHMas AMWTENbHas TOKOBas Harpyska, ompenensemasl o
cpaBouHUKy /1,2/; ki - ko3 unmenT, yuutbBarommii (akTUIECKyl0 TeMIeparypy
OKpy>Karolen cpensl /1,2/; HopMaTuBHas TemrepaTypa Ajs KaOenen, MposIoKeHHbBIX
B 3emiie +15°C; kp- koadduumeHT, yYUTHIBAIOMIMNA KOJUYECTBO MPOIOKEHHBIX
kabesnei B TpaHiee; Krgp - KO3QGUIIMEHT Neperpy3Ku, 3aBUCAIIUN OT JTUTEIHBHOCTH
neperpy3ku u crmoco0a NpOKIagkd (B 3emje HJIM B BO3AyXE), a TaKkke OT
ko3 dunreHTa npeaBapuTeILHON Harpy3ku /1,2/.

IIpoBepka ceyeHUN MO TEPMUUYECKOU CTOMKOCTH IPOBOJMUTCS IIOCIIE PACUETOB
tokoB K3. Torna MunumMansHOe TepMUUecku cToiikoe TokaM K3 ceuenne kadesns

Fo=(11"4t,)/C (7.7)
rne 1P - cymmapeeii Tok K3 OT dHeprocucteMbl W CHHXPOHHBIX

aNeKTpoaBUraTeneu; t; - mpuseneHHoe pacuetHoe Bpemsa K3; C - tepMuueckwmii
koo durment (dbynkums) s kabemeir 10 kB ¢ adlOMUHHEBBIMEH KHIJIAMH:
NONMBMHWJI-XJIOPHAHAS WM pe3uHoBas m3omimusa C = 78 A & /um®
nonusTIIeHoBas u3oisauus C = 65 A ¢ /mum®,

JluHMM cucTEeM DJIIEKTPOCHAOXKEHHUA [UIMHOM MeHee 1 KM IO mOTepe
HaIPSOKEHUS. HE TIPOBEPSIIOTCSL.

N3 d4eTblpex MOJYyYEHHBIX II0 pacyeraM CE€UYEHUM - 10 SKOHOMHYECKOU
IUIOTHOCTU TOKA, HarpEBY B HOPMAJIBHOM U MOCJIEaBAPUNHBIX PEXKUMAX U CTOMKOCTH
tokaM K3 - npuHrMaeTcss Haubonbliee, Kak yI0BIETBOPSIOIIEE BCEM YCIOBUSM.

7.8.3 BbiOOp aBTOMaTU4€CKMUX BbIKNo4vaTenemn

ABTOMATHYECKHI BBIKIIIOYATEIb HA TOJIOBHOM YYacTKe IIIMHOIPOBOJA
BBIOMPAETCSI 11O CICAYIONIUM YCIOBUSIM /5/.
1.  HomuHanbHOE HaNpsHKEHUE

UH0M2UHOM. YCT, (78)9

rae Unom. yer - HOMUHAIIBHOE HANPSDKEHUE YCTAaHOBKH.
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2. HomuHnanbHblil TOk pacuenutens |gou:

| Hom21p. o 2lp Max (7.9)
rae lpmax - pabounii MakCUManbHBIN TOK; Ipo - pacdeTHBIH TOK (POPCHPOBAHHOTO

(mocneaBapuiHOTO) peKUMA.
3. HoMuHaIBbHBIN TOK aBTOMAaTUYECKOTO BBIKITFOYATEIA

| o a2 How - (7.10)

4. Tok cpabaTbIBaHUs PACLICTIUTEINS:
a) BEIOOP TOKa cpabaThIBAHUSA IO TUKOBOMY TOKY

lcpas>1,25 i (7.11)

r€ |zux - KpaTKOBpEMEHHBIN MTUKOBBIN TOK (§4.6.3) B TMHUM MPHU ITYCKE ABUTATES;
g aBTomaroB Trma A3100:

ICPAE 21,5|HHK- (712)
0) mpoBepka TOKa CcpaOaThIBaHWUS pacCIENUTeIs Ha OTKIIYCHHE TOoKa
oaHodasnoro K3
- ISl CE€TeH B HE B3PBIBO- M HE MOYKAPOOIACHBIX IMOMEIICHUAX JIJIT aBTOMATa,
MMEIOIIIETr0 OOPaTHO 3aBUCUMYIO XapaKTCPUCTHKY:
M
lis 2 31 cpus (7.13)

JJI1 aBTOMATa, UMCIOIIICTIO TOJIBKO 3H€KTpOMaFHHTHBIﬁ pacucCIimTCIIb:

|1(<13) 2 LU pyp (714)

5. OTKIIO4aronas CioCOOHOCTh BBIKJTIOUATEIS
3
II((3)<IOTKJ7 5 (7‘15)

rie lorxr - NpeaenbHbId TOK, OTKI0YaeMblii aBTOMATHYECKUM BBIKITIOYATEIICM,
1 &) - Tok Tpexdaznoro K3.

6. JlnnamMuyeckasi CTOUKOCTh TokaM Tpexdasznoro K3
Iy gon>i (7.16)

r11e ly ;017 - TOK JIEKTPOIMHAMUYIECKON CTOWKOCTH,
i’ - ymapHusbIit Tok Tpexdaszroro K3.
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7.8.4 Bbi6Op WMHONpPOBOAOB

unonpoBoasl  BeIOMparOTCs /5/ TO HOMUHAIBHOMY HAMNpPSHKEHUIO U
HOMHHAIIBHOMY TOKY | gou i ipruem

IHOMIU2IP.®2IP.MAX (717)

rae lpmax- paboumii MakCUMaIbHBIN TOK; lpg - pacdeTHBI TOK (POPCHUPOBAHHOTO
(mocieaBapuiHOIO) pexKUMa.

7.8.5 BbIGop npepnoxpaHuTtenen

[Ipenoxpanurenu BEIOMPAIOTCS /5/ 1O CAEAYIOUUM YCIOBHUSIM.
1. HomunanbsHOe HanpskeHue

Urom =Unomver. (7.18)

2. HomuHANbHBIH TOK TIJIABKOW BCTaBKU |yopmpcr BHIOWpaeTCs MO JBYM
YCIIOBUSIM:
1) nIuTEeIPHOMY MAaKCUMAJIbHOMY TOKY JIMHUU |p max

lscr2lp max . (7.19)
2) myckoBoMY |zycx (miin mukoBOMY |7x) TOKY:
a) TpU 3alIUTe OTBETBJICHMS, HIYIIETO K OJAMHOYHOMY JBHUTaTENII0 C
HEYACThIMH ITyCKaMU WX OOJBIION JTUTEIbHOCTBIO Iiepruoia He Oosee 2,5 c:

o e 2 2 (7.20)

0) Mpu 3aIMTe OTBETBJICHUS, UAYIIETO K OJUHOYHOMY JBUTATEIIO0 C YACTHIMU
MyCKaMH WJIU OOJIBIION JJTUTEIHHOCTBIO MIEPUO/IA:

o ser = S (7.21)

L6
8) TIpH 3alUTE JTUHUU, TUTAOLIEH CUJIOBYIO MM CMEIIAHHYIO HArpy3KYy:

Lo (7.22)

> UK
HOM .BCT =
2,5

2. HomuHanbHbIN TOK IIPEIOXPAHUTEIIS

| zom.rip 2= lHomseT - (7.23)

HpOBCpKa Ha CCIICKTUBHOCTL OTKIIOUCHHA IIPOU3BOAUTCA 110 TUIIOBBIM BPCM:I-
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TOKOBBIM XapaKTEPUCTUKAM MPUMEHEHHBIX AaBTOMATOB U MPEJOXPAHUTENECH U MO
pacueTHbiM TOoKaM K3 B 3ammiiaemoil cetu. BwlnepKu BpeMEHM MaKCUMaJbHOU
TOKOBOM 3allUThl C XapakTEPUCTHUKaMU BpeMsi CpaldaTbIBaHUs BbIOMPAIOT IS
oOecreueHus: CEeJIEKTUBHOCTH MO CTYNEHYaTOMYy MPUHIUIY, MpU KOTOPOM KaxKas
MocjeAyronias 3aluTa B HANPABICHUM K HCTOYHUKY IUTAHHS HUMEET BBIICPKKY
OoJiee mpeapIyIeH.

BenuunHa cTyneHu CeJIeKTUBHOCTH JIOJDKHA OBITh TaKOM, MPU KOTOPOM 3aIuTa
Ha MOBPEXKJICHHOM y4acTKe CpabOTaeT paHbllle, YeM MUCTEUYET BhIJICPKKA BPEMEHU Ha
BhITIIECTOSAMIEM y4acTKe. (OOBIYHO CTYNEHb CEJICKTUBHOCTH JUIsl amnmapaToB C
3aBUCUMOM XapaKTEPUCTUKON BpEeMEHU cpadaThIBaHUs JOJKHA cocTaBiath 0,5 - 0,7
C.

Kpome Toro mist cetu 0,4 kB oOs3aTenbHa nmpoBepKa BpeMeHU cpabaThIBaHUS
ABTOMATHUYECKOTO BBIKITIOUATEIS 0 YCIOBUIO O0eCIieueHus: 0€30MacHOCTH.

7.8.6 Bbibop ceuyeHun npoBoaoB u kabenen go 1 kKB
C y4YyeTOM BblOOpa 3aWmTbl

Ceuenue npoBoAOB U Kabeneil HampsikeHueM a0 1 kB mo ycnoBuio HarpeBa
onpenensieTcs /5/ B 3aBUCUMOCTH OT paCYETHOTO 3HAUEHHUS JOMYCTUMOM JIIUTEIbHOM
Harpy3Ku Ipv HOPMAJIbHBIX YCIOBUAX MPOKIIAIKU U3 IBYX COOTHOIICHU:

1) 1o ycnoBUIO HarpeBa JIUTEIBHBIM PACUETHBIM TOKOM

I
& (7.24)

k IIPOKJT

v

I HOPM . JlOIT

rne lnorym jom - AOTTyCTUMBIN TOK Kabels Wik MpoBOJia B HOPMAILHOM pexume, |7 p-
JUTMTENILHBIA  PACUETHBIM TOK JIUHHUH, Kjpoky -TIOTIPAaBOYHBIN KO3 duIMeHT Ha
YCIIOBHUS NTPOKJIAAKH;

2) 10 YCIOBHIO COOTBETCTBUS BHIOPAaHHOMY ammapaTy MakKCUMaJIbHOM

TOKOBOM 3aIlATHI
..k
> AL 341 , (725)

k IIPOKJI

HOPM . JloIT

ra€ ls4; = lnom por - €CTIV TUHUS 3aITUIIASTCS MPEIOXPAHUTENEM;

l341 = lcpap; - €CIUM JIMHUS 3aIUINACTCS aBTOMATOM; Ksu; - KpPaTHOCTh
JUTUTEIBHO JIOMYCTUMOI'O TOKa JUIs MPOBOJA WM KaOess MO OTHOIICHHUIO K TOKY
cpabaThiBaHus 3anuTHoro anmnapata. CornacHo [1Y D 3amuTe oT neperpyske U TOKOB
K3 noiexar:

* CETM BHYTPU TOMEIICHUHN, BBINOJHEHHBIE OTKPBITO MPOJIOKEHHBIMU,
HE3al[UIIEHHBIMU U30JMPOBAHHBIMY MPOBOIHUKAMU C TOPrOYE 000JI0UKOIA.

* CETU BHYTPHU IMOMEIICHUH, BBIMOJHEHHBIE 3alIUIIEHHBIMU MPOBOJAHUKAMH,
MPOJIOKEHHBIMU B TPyOax, B HECTOPAE€MbIX CTPOUTEIBHBIX KOHCTPYKIHSX T.I., B
CHEAYIOUIUX CIyYasx:

* OCBETHUTEIILHBIC CETH B JKHJIBIX M OOIIIECTBEHHBIX 3JIaHUAX, 4 TAKXKE B
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M0’KapOOITACHBIX TIPOU3BOICTBEHHBIX TTIOMEIIICHUSX;

* CHJIOBBIE CETH, KOT/IA IO YCJIIOBHUSAM TEXHOJIOTHYECKOTO MPOIIecca MOXKET
BO3HUKHYTb JIJTUTENIbHAS TIEPETPY3Ka;

* CETH BCEX BHUJIOB BO B3PHIBOOMACHBIX MOMEIICHUSAX HE3aBUCUMO OT YCJIOBHUI
TEXHOJIOTHYECKOT0 Tpoliecca.

Bce ocranbHBIe ceTH HE TpeOyIOT 3allUThl OT MEPerpy3KH M 3allUIIal0TCs
TONbKO OT TOkOoB K3, B wdacTHOocTH, Kabenw W TPOBOJHUKH B TpyOax B
HEB3PHIBOOTIACHBIX TTOMEIICHHUSIX.

Ecnmu nomyctuMasi TokoBasi Harpys3ka, HalJeHHasi MO YCIOBUIO COOTBETCTBUS
BBHIOPAHHOMY amnmapary MaKCUMaJIbHOW TOKOBOU 3aIUThI, HE COBMAAAET C JAaHHBIMHU
TAOJIMI] JTOMyCTUMBIX TOKOBBIX HArpy30K, pa3pemiaeTcsi MpUMEHEHWE IMPOBOJIHUKA
MeHbIero ceuenus. OJIHAKO 3TO CEYCHHUE HE JOHKHO ObITh MEHBIIE TPeOyeMOoTo IpH
OTpeeIeHUH JOMYCTUMON HArpy3KH IO YCJIOBHIO HarpeBa JUIUTEIbLHBIM PACYETHBIM
TOKOM.

CeueHnne IPOBOJIOB M KaOeeH M1l OTBETBICHUS K OJJMHOYHOMY JBUTATEIIO C
KOPOTKO3aMKHYTBIM POTOPOM BO BCEX CITy4asX BBIOUPACTCS MO YCIOBUIO

HarpeBa JUINTEIbHBIM PacuYeTHBIM TOKOM. [IpW 3TOM JIMTENBHBIN pacdeTHBIN
TOK JIMHUM jj1p 17151 TOMEILIEHHI:

- HeB3pbIBOONACHBIX |77 p = lpon s18;

- B3pbIBoonacHbIX |77 p=lrom 15
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8 PACYET NOKA3ATENEN KAYECTBA 3JIEKTPOSHEPIUN
8.1 OCHOBHbIE PEKOMEHOALIUU

OCHOBHBIMM TIOKA3aTEIIMU KAYECTBA AJIEKTPOIHEPTUH SIBJISIFOTCS: OTKJIOHECHUS
U KOJieOaHWsl HamNpsOKEHUs, a TakKe HECHHYCOMJAIBHOCTh W HECHUMMETPUS
HanpspKeHHs. B 3aBUCUMOCTH OT BUJIa 3JICKTPOIIPUEMHUKOB IMPOU3BOJUTCS PacueT
WJIA BCEX ITOKA3aTesel KaueCcTBa UM TOJIbKO HEKOTOPBIX.

Bce 4 mokazarens kadecTBa ONPENEISAIOTCS €CIIA Ha MPEANPUATHH UMEETCS
AJIEKTPOCBAPOYHAsl HArpy3ka M JyroBble mneuyd. Eciaum Ha OpeanpusTHud UMEIOTCS
MPOKATHBIE CTaHbl, TO OMPEACIISIIOTCS TPU TMOKA3ATENs] KauyeCTBAa AJIECKTPOIHEPTUU:
OTKJIOHEHUS, KOJIEOaHUsSI M1 HECUHYCOUIATbHOCTh HANPSKEHHUS.

Eciu Ha npennpusatuu UMEIOTCA MpeoOpa3oBaTei TOKAa WM YacTOThI
paboTaonre B CIIOKOMHOM PEXHME HArpy3K, TO OINpPEAENSIIOTCS JBa MOKa3aTess
KauyeCcTBa: OTKJIIOHEHHSI 1 HECUHYCOUJAIbHOCTh HaIIPSKEHHUSI.

Ecim Ha npeanpusTUd HMEIOTCA WHAYKIIMOHHBIE MEYH MNPOMBIIIIEHHOMN
YacTOThl, TO ONPEAEJSIIOTCS JBa I[IOKA3aTelsd: OTKIOHEHUWS W HECUMMETPHUS
HaIpsHKEHUSL.

Ecnu Ha npennpustuu uMeroTcs TpexdasHble AIEKTPOIIPUEMHUKHN C YaCThIMU
BKJIFOUCHHUSIMU, TO ONPENETSIOTCS JBa IOKa3aTels: OTKIOHEHHS U KoyieOaHus
HaIPSKEHHUS.

8.2 PACYET OTKITOHEHWUN HANPSXXEHUSA

B coorBerctBun ¢ I'OCT 13109-97 Ha 3axumax 3J€KTPONPUEMHHKOB
JOTMyCKaeTCsl OTKIIOHEHUs HampsbkeHust B mpenenax +5% oT Uyew B Teuenue 95%
BpeMmeHu cyToK U £10% oT Uyey B TE€UEHHE 5% BPEMEHH CYTOK.

st pacueTa HE00X0IUMO COCTaBHTb YIPOLIEHHYIO CXeMY
ANEKTpPOCHaOkeHusl. Tak Kak B JIaHHBIX MPOEKTaX 1IEXOBbIE CETH HE COCTABIISIOTCH,
TO CXeMy DJJeKTpocHaOxeHust coctaBisaioT Ao muH 0,4 kB  1mexoBbix
TpaHchopMaTOpHBIX oacTaHlui. [IpumMep cxembl mpuBeaeH Ha puc. 8.1.

Jlnst pacuera OJDKHBI OBITh 33aJlaHbl YPOBHU WJIM OTKJIOHEHUS! HANpPSKEHUS B
T.1 (TOuka pasjena ceTei MPOMBIIUICHHOTO MPEANPUITHs U 3Heprocuctemsl) oU;” B
NepHoJ MaKCUMyMa Harpy3ku npeanpustis u 0U;’” B IepuoJ, MUHUMYyMa Harpy3Ku
npennpusatud. Llenapio pacdera gBiseTcsl onpeaesieHne OTKIOHEHWM HaNpsKEeHUs B
nepuoj Makcumyma Harpysku OU,” u muHuMyMa Harpysku OU,’” Ha mmHax 0,4 kB
BCEX TpaHC(HOPMATOPHBIX MOJACTAHIMM 3aBoja. OHU OMPEENSIIOTCS MO CIETYIOINUM
BbIpaxeHusim [16]:

5U2 = 5U1 - AIJT.rrm +oU AUKHi -

T.OOO

AUi[‘.Tl'Ii + 5UT.THi ’ (8 1)

AU

T.TI

AU’

Kmi

oU, =0U; =AU, .y +OU L i — +oU

(8.2)

T.THi

AU’

T.O0m

rae AU notepu HanpsbkeHust B Tpanchopmarope [TIII B mepuon

T.I'II 2
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MaKCHUMyMa U MUHUMYMa Harpy3ok, %o;

6,10 kB

I'TII

TILi TII n

Pucynok 8.1 - YpomieHnHas cxema Juisl pacuera OTKJIOHEHHUH HanpspkeHus Ha muHax 0,4 kB TII

1 "

AU AU
MaKCMMyMa 1 MUHHMYMa Harpy3ok, %;

U, > OUn oon - MOOABKM HANPSDKEHUsI CO3/aBaeMble nepekoyarenem PITH
tpancopmaropa ['TII1 B nepruon MakcumMyma 1 MUHUMYyMa Harpy3ox, %o;

OU ;. -100aBKa HaMPsDKEHUS co3naBaemasi Tpancpopmaropom i-oit TII, %:

AU, AU, .- TIOTEps HANpPsKEHUs B KaOenbHoi muaun ot LTI no i-oit TII B

- oTepu HampsbkeHust B Tpanchopmarope i-oi TII B mepuon

T.TII % T.TI

T.TII

[IEpUOJI MAKCUMYMa U MUHUMYMa Harpy3oK.
[ToTepu HamnpsixeHus: B TpaHchopMaTopax OMpeaesssioTCs MO BbIPAXKEHHIO:

:Pp-RT+Qp~xT
10-U?

HOM

AU

, (8.3)

T

rie P, U Q,- aKTHBHAs U PEAKTHBHAs pacyeTHas Harpyska tpancdopmaropa, KBt u

KBap;
R,, x,- aKTUBHOE U UHAYKTUBHOE COIPOTUBIIEHHE TpaHCPopmaTopa, Om;
[Toreps HanpsKeHNUS B KaOEIBHBIX JTUHUSIX OMPEIEIISETCS M0 BHIPAKEHHIO:

o \/E-Ipi -L-(RO -cosg0+x0-sin(0)
K U ’

AU 100, (8.4)

HOM

e I, - paCUETHBIA TOK NPOTEKAIOLINH 110 KaOENIbHOM JIMHNH, A,
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L- nnuHa kaGeIbHOM JIMHUN, KM;
Ry, X,- aKTUBHOE U MHAYKTHUBHOE CONPOTUBIIEHUE €IUHMUIIbI JITTUHBI KaleJs,

Om/KM.

3HaueHus R, U x, ONpenesstoTcs no ¢opmynam tadiaumbl A.15 mpunoxeHus
A.

3HayeHus R, u x, onpenensroTcs no tadauue A.4 npunoxenus A.

[lpy mepBoHaYaIbHOM pacyeTe OTKJIOHEHHWH HANpSIKEHHUS IO BBIPAXKEHUSM
(8.1) - (8.2) Bce otmaiiku TpancopmaropoB Ha ['TIII u TII craBsT Ha HyleByIO

CTYIIEHb, T.€. UMeeM OU, ., =5% u U, =5%.

[Ipu pacyere mnoTepb HampsbDKeHUsT B TpaHchopmartopax W Kabemsx, 3a
MUHHAMAJIBHYIO Harpy3Ky pUHUMAaeTcs Harpyska pasHas 0,25P, nnu 0,251

[Tocne ompenenenuss oU,” u O0U,”” mpoBOAAT HUX MPOBEPKY COOTBETCTBUS
tpedoBanusiM ['OCT 13109-97 (£5% ot Usow).

Ecmm va mmnax 0,4 kB 2-3 TII 0U,’ wim 0U,’” BeIXomAT 3a mipeaeinsl 5% ot
Usom, TO HEOOIBINIHE OTKIIOHEHUS HATTPSDKEHUS, B Tipenienax 5%, MOKHO yCTPaHUTh 3a
cUeT M3MEHeHus moyiokeHus mepexmodarens [IBB mexoBeix tpanchopmaropor. Y
tpanchopmaropoB TII 3a cuer IIBB MoxHO mMOMyuuTh Ccheayromue a00aBKU
HarpspkeHus, %o:

T.TII

AU, +5 +2,5 0 -2,5 -5
OUrn 0 2,5 5 7,5 10

Ecnu na Bcex TII 0U,” i 0U,”" BeIXoadT 3a £5% TO peryaupoBaHue CleayeT
POM3BOJIUTh 3a cueT mnepekitodeHus crynededr PIIH na tpancdopmaropax I'TIII
Tpauchopmaropsr I'TII ocuamennsie PITH no3BosstioT perynupoBaTh HanpspKeHUE B
npenenax +£16% ot Uyey, Unuciio cTynieHen perynupoBanus £9x1,78%.

Pacuet otkionenuit Hanpsbxenus Ha mrHax 0,4 TII cBogutcs B Tabnuity.

8.3 PACYET KONEBAHWUN HAMPSAXXEHUSA

Pacuer koneGaHWil HaAmpsOKEHUST OT  AJIEKTPOCBAPOYHBIX  YCTAHOBOK
MPOM3BOJUTCS B COOTBETCTBUU C peKkoMeHaausamu [ 1, 7].

Pacuer koneGaHuii HampspKEHUST OT JYTOBBIX TIeYell MPOU3BOAUTCA B
CeAYIONIE mociIea0BaTeNbHOCTH [9]:

Ompenensercs pa3maxu Kojiebanuit HampspkeHuss OU; Ha mMHAX, TIe
noakarodens! JCII:

nis oguHounou JCII:

S

SU =21 100, % (8.5)

K3

ngs rpynnsl JICII:

su, = Smmas Kn o0 o (8.6)

K3
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rje S, - MOIIHOCTb MeYyHOoro Tpancopmatopa, MBA;

S.;- MOIMHOCTh 3-X (ha3HOTO KOPOTKOTO 3aMbIKaHWS Ha IIIHHAX T/e
noakaodeHsl [CII, MBA;

S - MOIIIHOCTh HauOOJIbIIIEero MeYHoro Tpanchopmaropa B rpyiie, MBA;

Kn- KOO(QQUIIUEHT YUUTHIBAIOLINI OJHOBPEMEHHOCTh PabOTHI Meyeil B TpyIe
Y3 N [IEYEH.

Jlns1 meyent 0oAMHAaKOBOW MOILHOCTH k,, = 4n.

Jlns meden pa3HOM MOUTHOCTH:

ITmax

(8.7)

Konebanus nanpspkenus ot ACII cuntaercs 10myCTUMBIM, €CIIM COOTIOAAETCA
CJIEYIOLIEE HEPABCHCTBO:

sU, <1 %. (8.8)

Ecnm  6U, mnonyuaercs Oonee 1%, TO HE0OXO0IuMO NPETyCMOTPETH

MEPOTIPUSATHUS 110 CHUKEHUIO Pa3MaxoB HANPSHKEHUS. DTH MEPOIIPUSATHUS CIEAYIOIINE:

1) pasnenenne  muranums  JICII  u  1gpyrux  2JIE€KTPOIPUEMHUKOB
YYBCTBUTEJBHBIX K KOJICOAHUSM HANIPSHKCHMUS;

2) yBEJIMYECHHUE MOIIHOCTH MUTAIOIINX TPpaHCHOPMATOPOB;

3) nmpuUcoeIUHEHUE  DJICKTPONPHUEMHUKOB  CO3JAIOIIMX  KOJieOaHUs |
YyBCTBUTEJIPHBIX K KOJICOAaHMsIM Ha pa3Hble BETBH TpaHCHOpMATOPOB C
pacHIeTUICHHBIMA 0OMOTKaMH;

4) MpUMEHEHHE CICIUATBHBIX TEXHHUYECKUX CPEACTB (OBICTPOACUCTBYIOIIMX
CTaTUYECKUX KOMIIEHCHUPYIOIIUX YCTPOMCTB, CIABOEHHBIX PEAKTOPOB, MPOJOIbHOI
KOMITCHCAIIUM U T.I1.).

8.4 PACHET HECUHYCOWUAOAJNNIbHOCTU HAMNPAXEHUA

Pacuer HeCHHYCOMAAIBHOCTH HANPSIKEHUS OT IEKTPOCBAPOYHBIX YCTAHOBOK
IIPOU3BOJAUTCS B COOTBETCTBHH C peKoMeHaauusmu [ 17].

Pacuer HECMHYCOMAAIBHOCTH HAIIPSDKEHUSI OT LYTOBBIX I€4E€W IPOU3BOAUTCS B
CEeAYIONIEeH moCIe10BaTeNbHOCTH [9].

ONEeKTpOAyroBble I€YM SBISIOTCS HMCTOYHMKAMH TapMOHHMK IOPSJIKOB
n=2,3,4,5,...,7, U T.1.

[Ipu pacuerax JOCTATOYHO YUYHUTHIBATH TAPMOHUKHU 1O 7-U, TAK KAK OCTAIbHBIE
rapMOHHUKH MaJibl.

Tox HeueTHbIX TapMOHMK oaHOU JICII onpenensercs no BeIpaXeHUIo:
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Sir . (8.9)

I n = = __ 5 b
(n) \/g_UHOM .02
rae N- Homep HEUYETHOU TapMOHUKHU.

ToK BTOpOM TapMOHUKH MOKHO IIPUHATH PABHBIM TOKY TPETHEU TAPMOHUKH.
JJ1d rpynnel rieder OAUHAKOBOW MOIIIHOCTH:

Iy =Im AN (8.10)

rae N- 4ucio rneveu B rpymnre.
It rpynnel rieden pa3Hol MOIIHOCTH:

(8.11)
T€ 1 () max - TOK N-I TADMOHMKH TI€YX HAUOOIBIIEH MOIIHOCTH (Sy; ax )-
®da3zHble HANPSHKEHUSI N-i TAPMOHUKU B PACYETHOM TOUKE:
U2
U(Il) = I(n)z -n . —HOM ; (8 12)

S

K3

KosdduimeHT uckaxkeHus: CHHYCOUJIbI HAMpPsHKEHUS Ha IIMHAX OT KOTOPBIX
nuraroresa JCII onpenensieTcst Mo BeIpaXxeHuUo, %o:

1L1-100-/U3 + U3 + U2 + U2

5 : (8.13)

Up
HOM

PacuetHbiii KOAPGUIIMEHT UCKAKEHHUSI CUHYCOUJIbl HAIIPSIYKEHUsI CPaBHUBAETCS
¢ nonyctumbiM 1o I'OCT 13109-97 ky;.

Jus cereit ¢ Uyey=6-20 kB Ky =3%.
Hus cereit ¢ Uyey=35 kB Ky, —4%.
Hus cereit ¢ Uye,—=110-220 xB Ky;=2%.

Ecnu pacueTHbli KOA(p(GUIMEHT MCKaXKEHUS CHHYCOUIBI MOJydaeTcss Oosee
JOIYCTUMOT0, TO HEOOXOAMMO MPUMEHSTh (PUIBTPHI BBICIINX TAPMOHHUK.
MeTtonuka pacuera v BbIOOpa (pUIBTPOB MpUBeAeHA B [9].
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9 KOMMNEHCALUA PEAKTUBHOU MOLLIHOCTU
B CUCTEME 3JIEKTPOCHABXEHUA
NMPOMBILWIEHHOIO NPEANPUATUA

9.1 NOCTAHOBKA 3ANAYYN KOMIMEHCALIUA
PEAKTUBHOU MOLLHOCTH

OaHUM U3 OCHOBHBIX BOIPOCOB, PEIIAEMBIX MPU MPOCKTUPOBAHUM H
AKCIUTyaTal[il CUCTEM AJIEKTPOCHAOKEHHS MPOMBIIIJICHHBIX MPEANPUITHIA, SIBISIETCS
BOIIPOC O KOMIIEHCAIIUU PEAKTUBHON MOLTHOCTH.

[lepenaya  3HAYUTENBHOIO  KOJMYECTBA  PEAKTUBHOM  MOIIHOCTH W3
HSHEPrOCUCTEMBI K MOTPEOUTENSIM HEpalMOHAIbHA IO CJIEAYIOIUM PUYUHAM:
BO3HUKAIOT JOMOJHUTENbHbIE MOTEpU AKTUBHOM MOIIHOCTH W JIHEPrUU BO BCEX
AJIEMEHTaX CUCTEMBbI 3JIEKTPOCHAOXKEHHU S, 00YCIOBICHHbBIE 3arPy3KON UX PEAKTUBHOU
MOIIIHOCTBIO, U JOTIOJTHUTEIbHBIE MOTEPU HANIPSHKEHUS B MUTAIOIINX CETAX.

Komnencanus peaktuBHoi MomiHocTH,(KPM) siBiisieTcsi HEOThEeMIIEMOM YacThiO
3ala4yd  DJIEKTPOCHAOKEHUS  NPOMBILUIEHHOro  npeanpustus.  KommeHcanms
PEAKTUBHOW MOLIHOCTH C OJHOBPEMEHHBIM YIIYUIIEHHUEM KayecTBa 3JEKTPOIHEPIHU
HEMOCPEACTBEHHO B CETSAX MPOMBIIIICHHBIX MPEINPUITHI SBISETCS OAHUM U3
OCHOBHBIX HANpAaBICHUA COKPAIIEHUS MOTEPh JJIEKTPOAIHEPIUUM W TOBBIILIECHUS
3¢ (HEeKTUBHOCTH IEKTPOYCTAHOBOK MPEITPHUSITHA.

BBox MCTOYHMKA PEAKTUBHOM MOLIHOCTH NPHUBOJIUT K CHUYKEHUIO NOTEPh B
nepuoja MakcuMmyma Harpy3ku B cpeanem Ha 0,081 kBt/kBap. B Hacrosiee Bpems
CTENEHb KOMIIEHCAIlMU B MEPHOJI MakcuMyMa Harpy3ku coctasisier 0,25 kBap/kBT,
YTO 3HAYUTEITLHO MEHbBIIIE SKOHOMUYECKH LIeTIeCO00pa3HO KOMIIEHCALIUU, PABHOM

0,6 xBap/kBt. IloaTomMy pemienne 23Tol TpoOJeMbl JacT  OOJBIION
skoHOMUYeckuil 3¢ dext. CremnyeT OTMETUTb, YTO C TOYKH 3PEHHUS IKOHOMHH
ANIEKTPOSHEPTUM U PETYJIUPOBAHMUS HAIMPSHKEHUS KOMIICHCAIMIO PEaKTHUBHOM
MOIITHOCTH HanOoJiee 1eIeco00pa3HO OCYIIECTBIIATh Y €€ MOTPEOUTEICH.

HopmaTuBHBIMM JOKyMEHTaMU [0 KOMIIEHCAUUMU PEAKTHBHOW MOIIHOCTH
ABISIIOTCA: TpeicKypaHT «Tapudbl Ha 5SIEKTPUYECKYI0O U TEIUIOBYIO JHEPIHIO,
OTIIyCKAaEMYI0 3JIEKTPOCTAHUMSMU W 3HEprocucreMamm», «lIpaBuia mnoiab30BaHMS
ANEKTPUYECKOM M TEIUIOBOW JBHepruen», «VHCTpyKnus MO CHCTEMHOMY pacuery
KOMIIEHCAllUd PEaKTHBHOM MOIIHOCTH B JJIEKTPUYECKHX CETAX», «YKazaHus IO
[IPOEKTUPOBAHUIO  KOMIIEHCALMM  PEAKTMBHOM  MOIMHOCTH  NPOMBIILIEHHBIX
npeanpustuiy. [lepeuricieHHble TOKYMEHTbl YCTaHABIMBAIOT TMOPSAIOK OIpEesIeHUs
PEaKTUBHOM MOIIHOCTH, KOTOpash MOXET ObITh IMepelaHa W3 DHEPrOCUCTEMBI B
AIIEKTPUYECKYIO CETh POMBIIIIEHHOTO MIPEANPUSTHS.

[Ipu BbIOOpE CpEACTB KOMIIEHCAIMA PEAKTUBHOW MOIIHOCTH B CHCTEMax
AIIEKTPOCHAOKEHHUS TPOMBIIUIEHHBIX NPEANPUITANR  HEOOXOIMMO  pa3inyarh o
(YHKUMOHAIBHBIM TIPU3HAKAM JIBE TPYIIIbI MPOMBIIUIEHHBIX CETel B 3aBUCHUMOCTH OT
COCTaBa UX Harpy30K:

l-s1 Tpymma — ceTd OOIIero Ha3HaueHUsl (CeTM C PEeKUMOM MPSIMON
MOCJIIOBATEIbHOCTH OCHOBHOM yacToThI 50 ['m);

2-s1 TpyTIa — CeTH CO CHeUU(PUIECKUMU HETMHEMHBIMU, HECUMMETPHUYHBIMU U
PE3KONEPEMEHHBIMU Harpy3Kamu.
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Pemienne 3amaum KOMIIEHCAIMM PEAKTUBHOM MOIIMHOCTH sl 00euxX TPy
Pa3IN4HO.

Ha HavanpHOH cTaguy MPOEKTUPOBAHUS OIPENECISIOT HauOOJBIINE CyMMapHbIE
pacyeTHble aKTHBHbIE P, U peakThBHble Q, COCTABIIOIIME JJIEKTPUUECKUX HArpy30K
OpeAnpusThs (IPH €CTECTBEHHOM KO3(D(IHLIMEHTE MOIIIHOCTH) B COOTBETCTBUH C PACUETOM
AJIEKTPUYECKUX HArpy30K B IPOMBIIIIEHHBIX YCTaHOBKaxX (cM. m.3.1).

ITpy nNpoOEKTUPOBaHUU ONPEAENAIOT HAUOOJBUIME CYMMAapHBIE pacueTHbIE
aKTUBHYI0O Py W peakTuBHYI0 Qv COCTaBISIOIIME DSJIEKTPUUECKUX Harpy3oK
npennpusaTs (Ipu eCTeCTBEHHOM KO3 (DUIIMEHTE MOITHOCTH).

Haubonbiias cymmapHasi peakTUBHAsI Harpy3ka MpearpHsITHs, TpUHUMaeMas
IUTSL ONIPEACIIEHNS MOIITHOCTH KoMIIeHcupytomux ycrpoicts (KY), paBHa

Qm1 =K Qum O.1)

rne K — xkoadduIMeHT, yIuTHIBAIONINA HECOBMAJACHUE MO BPEMEHH HAMOOJBIITUX
AKTUBHOW HArpy3KH SHEPTOCHUCTEMBI U PEAKTUBHON MOITHOCTH MPOMBIITUICHHOTO
MIPEANPUATHS.

3nauenus kodddunmenta HecoBmageHus K s BceX OOBEAMHEHHBIX
sHeprocucteM (OOC) MpUHUMAIOTCS B 3aBUCUMOCTH OT OTPACTH MPOMBIIUICHHOCTH
Y PaBHBI:

HedrenepepabarpiBaromnias, TEKCTUIbLHAS 0,95
UepHas v LBeTHAsE METaJUTYpIUs,
XUMHUYECKast, HeTe100bIBaIOIIAs,

CTPOUTENIbHBIE MaTepHalIbl, OyMaXKHas 0,9
VYronbHas, razoBasi, MallMHOCTPOUTENbHASA U
MeTaI000padaThIBarOIIas 0,85
TopdomnepepabdarpiBaromias,
nepeBooOpabarkIBaroIias 0,8
[Ipoune.......cceveeuneee. 0,75

3HaueHuss HanOOJIBIIUX CYMMAapHBIX peakTUBHOU Qn U aKTUBHOM P, Harpy30K
COOOIAIOTCA B HJHEPrOCHCTEMY [UIsl OIpENeNeHHs] 3HAUYEHUS SKOHOMUYECKH
ONTUMAJIbHOW PEAKTUBHOW (BXOJIHOM) MOIIHOCTH, KOTOpas MOXET ObITh HepeaaHa
OPEeANpUATHIO B PEKUMaX HAWOOJbIIEH W HAUMEHbIIEH AaKTUBHBIX HArpy3okK
AHEPrOCUCTEMBI COOTBETCTBEHHO Q5 U Q.

CymMapHy10 MOIIHOCTH KoMiieHcupyromux yctpoictB (KY) Qki onpenenstor
no OanaHCy pEaKTUBHOM MOIMHOCTM Ha TPaHHUIE DJJIEKTPUUYECKOro paszjena
OPEeANnpusATAS U SHEProCUCTEMbl B TEPHOJ HAuOOJbIIEH aKTUBHOM HArpy3Ku
ASHEPrOCUCTEMBI:

Qxi = Qmi- Qo1. 9.2)

a B COOTBETCTBHUH €O 3HaueHUEM. Qry, — perymupyemyto yactb KY Q. per:

Qx. per = Qxi - Qn2. (9.3)

JInsi  OpOMBIINUICHHBIX  NPEAUPUITHM €  HNPUCOEAMHEHHOW CyMMapHOH
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MOIIHOCTBIO TpaHcpopmaropoB meHee 750 kBA 3nauenme mommoctn KY QKI
3aaeTCs HETMOCPEICTBEHHO DJHEPrOCHUCTEMON U SBIsIeTCsT 00s3aTeNbHBIM TIPH
BBITIOJTHEHUH MTPOEKTA AJIEKTPOCHAOKEHHS IPOMIIPEAIPUSITH.

[To cormacoBaHWIO C PHEPTrOCUCTEMOM, BBIJABIICH TEXHHUYECKHE YCJIOBUS Ha
NPUCOETMHEHNE TOTPEOUTENEH, TOMyCKaeTCs MPUHUMATh OOJBIITYIO TI0O CPABHEHUIO C
Qx1 cymmapHyto MontHocTh KY (cooTBeTCTBEHHO MeHbIlee 3HaueHue Qa1), ecnu 310
CHIDKACT TIPUBEJCHHBIC 3aTpaThl HA CHUCTEMY OJJEKTPOCHAOXKEHHS B IIEJIOM TIO
MPEANPUATHIO.

9.2 CNOCOBbI U CPEACTBA KOMINEHCALIUU
PEAKTUBHOU MOLLHOCTH

ONEeKTpUUECKUE CeTH MPEeANpUATHA Mo (PyHKIMOHAIBHBIM MpU3HAKAM pPabOThI
AIIEKTPOYCTAaHOBOK M cpeactBaM KPM ycioBHO moapasfensioT Ha CeTH OOIIero
HA3HAYCHUSI U CETH CO crnenupuueckumMu (HEITMHEHHBIMUA, HECUMMETPUYHBIMU H
pe3KonepeMeHHbIMI) Harpy3kamu. B kadectBe cpenctB KPM B cersx o6miero
Ha3HAYEHUS  NPUMEHSIOT  BbICOKOBOJbTHhiE (BBK) ©  HHM3KOBOJBTHBIE
koHsiencatopubie 0arapen (HBK) u cunxponnbie snexkrpoasurarenu (CD). B cersx
co crnenupUYeCKUMH Harpy3kamu, KpOME TOro, MPUMEHSIOT (QUIbTPHI BBICHIMX
rapMOHUK, CTATUYECKHE KOMIIEHCATOPbl PEAKTUBHON MOIIHOCTH, CIELUAIbHbIC
OBICTPOJICHCTBYIOIIME  CHUHXPOHHBIE  KOMIIEHCATOPhI,  CHUMMETPHUpYIOLIUE U
(UIBTPOCUMMETPUPYIOIINE YCTPOMCTBA. DTH CHEIMATIbHbIE CPEACTBA KOMIIEHCALIUU
JOJKHBI 00€CTIeYnBaTh TaK)Ke HaJIeKAIINE MOKa3aTeN KauyecTBa JIEKTPOIHEPTUH Y
ANEKTPOIIPUEMHUKOB M Ha TPAHULE DSJEKTPUYECKOrO paszjiesia MNpeJupHusITHS H
sHeprocuctemMsl B cootBeTcTBUM ¢ ['OCT 13109-67*. [Ipu nutanuu oT OTAEIHHOTO
y37a CETH NPEANpHUITHS TOJbKO CHEHU(PUUYECKHUX NPUEMHUKOB 3JICKTPOIHEPTHH
JOITYCKAETCsl MPEBBIIIEHNE HOPMUPOBAHHBIX NOKA3aTeNel KauecTBa 3JIEKTPOIHEPTUU
B OTOM Yy3J€ TMpU YCIOBUM OOECIeUeHUsT HOpPMAIbHONH paboThl JApPYTUX
ANEKTPOYCTAHOBOK, MUTAIOUIUXCSI OT CUCTEMBI SJIEKTPOCHAOKEHUSI PETPUSITHS.

9.3 KOMMNEHCALMSA PEAKTUBHOMN
MOLUHOCTMU B SNEKTPUHECKUX CETAX
OBLENrO HASHAYEHUA
HAMNPAXEHUEM 00 1 U 10(6) kB

K cersim HanpsizkeHreM 10 1 KB npOMBIIITIEHHBIX NPEATIPUATHN TOIKIIOYAOT
OOJIBIIYI0 YacTh 3JEKTPOIPUEMHHUKOB, MOTPEOJAIOIIMX PEAKTUBHYIO MOIIHOCT.
Koaddunment momnoctr Harpysku oobrano 0,7 — 0,8, mpu stom cetu 380—660 B

JJIEKTpUYECKU OoJsiee ynajaeHbl OT MCTOUYHUKOB IUTAHUS — JHEPrOCUCTEMBI U
MecTHbIX TOLI. TTosTomMy nepenaya peakTHBHOM MOIIHOCTU B CETh HAIPSDKEHUEM 10
| kB npuBOOMT K MOBBILIEHHBIM 3aTpaTaM Ha YBEJIWYEHUE CEYEHUU NPOBOAOB U
Ka0eseil, Ha MOBBIIICHUE MOIIHOCTA TPaHC(POPMATOPOB, HA MOTEPU AKTHUBHOU U
PEAKTUBHOW MOIIHOCTH. DTH 3aTPaThl MOKHO YMEHBIIUTh U JaXXK€ YCTPAHUTh, €CIH
o0ecneunTh KOMIEHCAIMIO PEAaKTUBHOM, MOIIHOCTH HEMOCPEACTBEHHO B CETH
HarnpspkeHueM 10 1 kB. MicTouHukamMu peakTHBHOW MOIIHOCTH B 3TOM CIIy4ae MOTYT

ObITh CHUHXpPOHHBIE JBUTaTenu HampsbkeHneM 380—660 B u HHM3KOBOJBTHBIE
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KOHJleHCaTOpHble  Oarapeu. Hemocratomas 4acth  (HECKOMIICHCHPOBAaHHAS
peaKkTUBHAsi HArpy3Ka) MOKPHIBAETCSA MEPETOKOM peaKTUBHON MomHocTd Qr ¢ 1muH
6—10 kB, T. e. u3 cetu ¢ HanpsikenueM Boeie 1 kB npennpusitus. Ha ocHoBanuu
TEXHUKO-DKOHOMHYECKUX pAacyeToB HEOOXOAMMO  ONPEEIUTh  ONTUMAJILHOE
COOTHOIIIEHHE OT PEAKTUBHOM MOIIHOCTH MCTOYHUKOB, YCTAHABIMBAEMBIX Ha
HanpspkeHuu 10 1 kB, u MouHoCcTH, nepejaBaeMol U3 CeTH HampsbKeHueM Bbiie |
kB.
OnpenesieHue MOIIHOCTH 0aTapeil KOHAEHCATOPOB B CETSIX HANPSIZKEHHEM /10

1 xB. CymmapHas pacyeTHasi MOIIHOCTh HU3KOBOJIbTHBIX Oarapeil KOHJIEHCAaTOPOB
(HBK) ompenensercs o MUHUMYMY HPHUBEACHHBIX 3aTpaT BbIOOPOM 3KOHOMUYECKH
ONTUMAJIBLHOTO YHCIa TPAaHC(HOPMATOPOB LIEXOBBIX TPAHCHOPMATOPHBIX MOJACTAHIIMNA
(ITIC), a Taxxe onpeneneHremM pAonoidHutenbHor MomHocty HBK B memsix
ONTUMAJILHOTO CHUKEHHSI TOTEPh B TpaHCPOpMaTOpax U B CETH HarpspkenueM 6 u 10
kB npennpusitus, nuraromedn 3t TpaHcopmaTtopel. CymmapHas pacueTHas
moutHocth HBK, kBap,

Quk = Quki + Quro, 04

rae Quxi 1 Quikx — CyMMapHbIe MOIITHOCTH OaTapeii, MBap.

Cymmapnas MomHocte HBK  pacnpenensercs Mexay  OTOEIbHBIMU
TpaHcpopMaTopamH 1exa MPOrnoPHHOHATBHO UX PEAKTUBHBIM HArPy3KaM.

Jns  KaxaouM TEXHOJIOTWYECKHM KOHLEHTPUPOBAHHOW TIPYIIIBI  IEXOBBIX
TpaHCPOPMATOPOB OJMHAKOBON MOIIHOCTH MHUHUMAJIbHOE MX YHUCJIO, HEOOXOIUMOE
IUIA IMTaHUS] HAaUOOJIBIIIeH pacueTHON aKTUBHOW HArpys3KH,

NTmin = PmT/(ﬂ TST) + AN, (9-5)

rne Pnr — CpemHsii CyMMapHas pacueTHas akTHBHas Harpys3ka JaHHOW TPYIIIBI
TpaHcpopMaTopoB 3a HamboJiee3arpyxeHHyro cmeny, MBT; B, — koddduiment
3arpy3ku TpaHcQoOpMaTopoB; St — MPHUHATAs, UCXOAS U3 YACJIbHON IJIOTHOCTH
Harpy3kyd, HOMHHAJIbHAs MOIIHOCTH TpaHcpopmaTtopa, MB-A; AN — nobaBka 10
Onmxaiiiiero 60JIbIIEro HEJI0ro YUca.

OKOHOMHYECKU ONTHUMAIFHOE YUCIIO TPaHC(HOPMATOPOB

NT)3 = NTmin + m, (96)

r7e M — JOMOJIHUTEIBHOE YUCIIO TPAHC(POPMATOPOB.

DKOHOMHUYECKH ONTHUMalbHOE 4uciio TpaHchopmatopoB Nr,p ompenensercs
yIENbHBIMU 3aTpaTaMu Ha Mepefiladyy PeakTUBHOM MOUTHOCTH C YYE€TOM MOCTOSIHHBIX
COCTABJISIIOLIMX KalUTAJIbHBIX 3aTParT:

3* = ﬂT (3HaK - 3B3K)/3H30 = ﬂT 3*HC3 (9'7)
IJI€ 3uc, 3BK, 3nc — COOTBETCTBEHHO YCpEIHEHHbIE NpuBeneHHbIE 3aTparbl Ha HBK,
Oarapen koHaeHcaTopoB HamnpsbkenueM Boiie 1 kB CBBK3 u TIC.
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[Io BbIOpaHHOMY uHMCIy TpaHC()OPMATOPOB OMPEACNAIOT HAUOOJIBIIYIO
pPEaKTHBHYIO MOIIHOCTh, MBap, KOTOpPYIO Lelecoo0pa3Ho TmepenaTrb uepes
TpaHchopMaTOpsl B CeTh HarpsbkeHueM 1o 1 kB:

Qr= \/(NT.3 Br ST)2 - Pij .
9.8)

Cymmapnas momnocts HBK, MBap, a5 nanHo# rpymnmnsl TpaHchopMaTopoB

QHKI = QMT - QT ) (9-9)

rae Qur — CyMMapHasi pacueTHasi peakTUBHAsl Harpy3Ka 3a HanboJiee 3arpyKeHHYO
CMEHY.

Ecom okaxercs, uro Quxi < 0,. To ycranoBka HBK He TpeGyercs, u Quk;
IPUHUMAETCS PABHOW HYJIIO.

Pacnpenesienne MomHOCTH Oarapeil KOHAEHCATOPOB B LEXO0BOl ceTH
HanpsikeHueM 10 1 kB. Kputepuii ienecoo0pazHocTy TaKOTro paciupeieeHus —
JOTIOJIHUTEIBHOE CHW)KEHHE TMPUBEIAEHHBIX 3aTpaT C YYETOM TEXHUYECKUX
BO3MOKHOCTEH MOIKITIOUCHUS OTACIBHBIX OaTapei.

Tun, MOUTHOCTh U APYrHe€ TEXHUYECKHE JaHHbIE OaTraper KOHAECHCATOPOB B
COOTBETCTBHUHM C JJAaHHBIMU 3aBOJIa-U3TOTOBUTEIIS IPUBEEHBI B CIPABOYHHUKAX.

Pexomennyercs mnosydeHHoe 3HaueHue wmowmHoctd HBK  okpyrmates 1o
Onmmkailiell CTaHAapTHOW MOIIHOCTH KOMIUIEKTHBIX KOHAEHCATOPHBIX YCTAaHOBOK
(KKY).

Ecnu pacnpenenuTenbHas CeTh BBINOJIHEHA TOJIBKO KaOEIbHBIMU JIMHUSMH,
KKY 110601 MOIIHOCTH PEKOMEHIYETCSI TPUCOEANHATh HETOCPEACTBEHHO K IIIMHAM
nexopoit IIC. Ilpu mnuranum oT onxHOro TpaHchopmaropa JBYX u Oonee
MarucCTpajbHbIX HIMHONPOBOAOB K KaXKIOMY W3 HHUX IPUCOCIUHACTCS TOJIBKO IIO
onuoit HBK. O6mas
pacueTHass MOIIHOCTh OaTapeit Qpk pacmpefensercs MeXay IIMHOMPOBOAAMHU
IIPONOPLMOHAIBHO UX CYMMAapHON PEAKTUBHOM Harpyske.

Jlns cxeM ¢ maructpansHbiMu muHONpoBogamu KKY enqmHndHON MOIIHOCTBIO
10 400 kBap MOAKIIOUAETCS K CeTH 0e3 JOMOIHUTEIbHON YCTAaHOBKH OTKIIIOYAIOIIETO
anmapara (BBUAY ycTaHOBKH nocienHero B komriekre KKY), a mpu momrHocTr 607ee
400 xkBap — 4epe3 OTKIIOYAIOIIUH aIllapar ¢ BhIMOJHEHUEeM TpeboBanuit [1YD.

[Ipu mommuoctn KKY 6onee 400 xBap pexkOMEHIyeTCS MX MOJKIHYAaTh K
muHaM nexoBo [IC ¢ ucCHonp30BaHMEM COOTBETCTBYIOLIEIO AaBTOMAaTHYECKOIO
BBIKJIFOUYATES MOICTaHLUN.

Ha oavMHOYHOM MarucTpajbHOM UIIMHONPOBOJAE CIEAYET NpelyCMaTpUBaTh
yCTaHOBKY He Oouiee AByX Onu3kux 1o MomHoct KKY cymMMapHO# MOIIHOCTBIO

Ecnu OCHOBHBIE pPEAKTUBHBIE HArpy3KH IIMHONPOBOJAA MPHUCOECIUHEHBI BO
BTOPOM €T0 MOJOBUHE, CIEAYET YCTaHABIMBATH TOJIbKO oaHy HBK.

Touka ee MOAKIIOYEHUS ONPEEIAETCS YCIOBUEM

131



Qh > QHK/2 > Qh+1,

rae Qn,Qn:1 — HauboJbIIas peaKTUBHASA HArpy3Ka, KBap, MIMHOMPOBOAA Mepe]] Y3JI0M
h u moce Hero cooTBeTcTBeHHO (puc. 9.1, a).

[Ipu npucoenunenuu K wmuHOmpoBoay AByX HBK Touku ux noaxmrodeHus
HaXOJISIT U3 CIAEAYIONUX ycloBuit (puc. 9.1,0):

touka f monkimrouenus manpHeit HBK

Qr > Quk (2) = Qgy;

touka h mogkmrouenus 6mkHel k Tpanchopmaropy HBK

Qn - Quke) = Qukay/ 2 = Qnir - Quk).

ven |up | o
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2= By a)_a,.,.(
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Pucynok 9.1 - Cxema nmoakitoueHusi HU3KOBOJBTHBIX OaTapeit koHaercaropoB HBK k
MarucTpaibHbIM muHONpoBoaaM: @ — oaHa HBK; 6 — ne HBK; 6 - 1Ba MaructpaibHbIx
IIMHOIMPOBOJA ¢ ycTaHOBKOW 10 o1HOM HBK

Pacyernasi peakruBHasi Harpy3ka B cerax 10(6) kB mnpoMbIIUIEHHBIX
npennpusatuil Qp ciaraercs M3 pacyeTHOM Harpy3ku npueMHukoB 10(6) kB Qpp,
HECKOMITIEHCHpOBaHHOM Harpy3ku Qr cetu g0 1 kB, muraemoit uepe3 KTII umexos,
noTepb peaktuBHON MotHOCTH AQ B cetn 10(6) kB, ocobenno B TpanchopmaTopax
U pEaKTopaXx:

Qe=Qps+Qr +AQ

3apsaHas MOIIHOCTh AQ3ap JIMHUM pacpeACIUTEIbHOM CETH B  Yachl
MaKCUMyMa Harpy3Ku NpuOIMKeHHO paBHA MoTepsiM A Qy B MHAYKTUBHOCTH JIMHUH,
U TI0ATOMY
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AQsap 1 AQy B3aUMHO UCKIIOUAIOTCS. PacdyeT ONTHMMaabHOM MOITHOCTH
KoMreHcupyromnmx ycrpocts (KY) mpousBoguTcs mjis pekuMa HauOOJIBIIMX Ha-
IPY30K.

[Ipu BeIOOpe KV, cnemap nmomyiieHue O HE3HAYUTEIBLHOW JJIMHE JUHUN Ha
IPEANPUITUH, MOKHO MPEJCTaBUTh KK 10€ peAnpusTue kak y3ein cetu 10(6) kB, k
KOTOPOMY TOJKJIIOUEHbl peakTHBHas Harpy3ka Qg u, B oOmeMm ciydae, IATh
Pa3JIMYHBIX MCTOYHUKOB PEAKTMBHON MOIIHOCTU: CHHXpOHHBIE nBurarenu 10(6) kB

(Qcw),
) % 35-220xB
a, VT
6-10xB » _ »
ac:g aa,xT a 1 Bk ‘

A, | Tal,
¢, Al l—ﬁ T (K

&K

Pucynok 9.2. Cxema MoJKII04YEHHsI HCTOYHUKOB PEAKTUBHOIN MOIIHOCTH

cuHXxpoHHble KommeHcatopbl (Qck), cuHxpoHHble TeHepaTopbl TOLl (Qror),
sHeprocuctema (Q»)) 1 BEICOKOBOJIbTHBIE KOHIeHCaTOpHBIe OaTapen (Qpk) (puc. 9.2).
bananc peaktuBHO# MomHOCTH B y3i1e) 10(6) kB mpommpeanpustus B o0mem
ciydae Oyaer

Qs - Qcx - Qck - Qroar - Qi - Q91 =0 (9.10)

BxonHass peaktuBHasg MomHOCTh Q5 3amaercss HSHEProcUCTEMOM  Kak
HKOHOMHUYECKH ONTUMAJIbHAsA PEAKTUBHAS MOILIHOCTb, KOTOpPasi MOKET ObITh MepeaaHa
OPEIIPUITHIO B IEPUO] HAMOOJIbIIEH HATPY3KH S3HEPTOCUCTEMBI.

Cunxponnsle komreHcaTopel (CK) Ha NpPOMBIIUIEHHBIX MPEANPUITHIX
OPUMEHSIOTCS peako. OHM MMEIOT BBICOKYK) CTOMMOCTb, 3HAUYUTEIBHBIE YICIbHBIC
[IOTEpU aKTHUBHOW MOIIHOCTH, CJIOXHBIE ycinoBus nmycka. CK MHOrzma mpumeHsoT Ha
KPYIHBIX 3JEKTPONEYHBIX YCTaHOBKaxX (OYroBbIX M PpPYyAHO-TEpMUYECKUX). B
OTJENbHBIX CIy4asX WX TPUMEHEHHE MOXET OKa3aTbcid LieJaecooOpa3HbIM Ha
kpynubix YPII paiioHHOro 3HayeHHs MpuU OONBIIMX MOTPEOHBIX MOIIHOCTSX
KOMIIEHCUPYIOLIUX ycrpoicTB. OcHOBHOE A0cToMHCTBO CK — BO3MOXHOCTB
OBICTPOACHCTBYIOIIETO

aBTOMATUYECKOI0 IUIABHOIO C IIMPOKUMH IPEAEIAMHU PETYJIUPOBAHUS YPOBHS
HarnpspkeHus. Bapuant komnencanuu ¢ npuMmeHeHruem CK cieayer comnocTaBUTh C
BapUAHTOM NPUMEHEHMS KPYIIHBIX aBTOMaTHUECKU PETYJIUPYEMBIX OaTapeil, Tak Kak
IPU UCIOJB30BaHUU OaTapell BO3MOKHO YMEHBIIEHHE PEryJIMPOBOYHOIO JAMANA30HA
TpaHcQOpMaTOpOB, a B OTHAEIBHBIX CIy4yasXx M OTKa3 OT TpaHC(HOPMATOPOB,
peryiaupyeMbIX 10 HArpy3Kou. B MpoekTax peKOHCTPYKLUU IPEANPUATAN CIEAYET
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paccMaTpuBaTh TEXHUKO-DKOHOMHUYECKYIO I€IeCO00pa3HOCTh MPUMEHEHHS B
kayectBe CK wuMEOmuMXcs Ha NPEANpUATHAX CHHXPOHHBIX T'€HEpPaTOpoOB H
CUHXPOHHBIX JBUTaTEJICH.

Takoe BBIHYXJCHHOE PEIICHHE MOKET MUMETh MECTO IIPM HEBO3MOKHOCTH
[IOJIyYEHMS B JAHHOE BpeMs IPYIUX KOMIICHCUPYIOIINUX YCTPOMCTB.

Hcrnonb30BaHue peaKTUBHON MOIIIHOCTH I'€HEPATOPOB 3aBOJACKUX CTAHIMM
HPKOHOMHUYECKHU L€1eCO000pa3HO, €CIU MPU ATOM 3aTpaThl HA YBEJIMYEHHE YHMCIIA WIH
CEUEHUs MUTAIOLIUX JIMHUN, YMCIa yCTaHABIMBAEMBIX TpaHC(HOPMATOPOB U Jpyrue
3aTpathl, CBSI3aHHBIE C MEpPEJAaYeil PEAKTUBHOM MOIIHOCTH OT IE€HEPATOpPOB, HE
NpeBBIIIAIOT pacxofoB Ha ycraHoBKy Kb Ha Mecrax moTpeOieHus peakTHBHOU
MOIIHOCTU. PelleHne mnpuHUMaeTrcs MO pe3yibTaTaM CpaBHEHUS IPUBEIECHHBIX
3arpat 1o 000UM BapHaHTaM.

Ha GonbmmHcTBe npeanpusatuit 3aBoackue TOL[ oTcyTCTBYIOT, @ HA KPYIHBIX
OPEeIIpUITUSX, TJ€ OHU CYIIECTBYIOT, UX OCHOBHOM 3aJayeil sBiseTCs BbIpAOOTKa
TEeIUIa, a He AeKTpo3Hepruu. [lostomy s OosbumHCTBa npeanpusaTHil Qo = 0 u
3a7aya  KOMIICGHCAllMM PEAaKTHUBHOW MOIIHOCTH CBOJUTCA K  OIIPENEIICHUIO
onTUMalbHbIX 3HaueHUN Q¢ 1 Qpk B ceTsix 10(6) kB.

OnpenejieHHe PeaKTUBHOM  MOINHOCTH, TE€HEPHPYEeMOl CHHXPOHHBIMH
ABUraTeassMu. KaKaplii yCTAHOBIICHHBIM CUHXPOHHBIM  JBUTATENb  SBJISIETCS
MCTOYHUKOM PEAKTUBHON MOLIHOCTH, MUHUMAJIbHOE 3HaYEHUE KOTOPOU MO YCIOBHIO
ycroiunBoii padotsl CJI onpenensiercst popmyroi

Qcn = Pcynom B cn tg ¢ Hom, (9.11)
rne Pcp wom ~— HOMHMHaNbHAs aktuBHas MomHOCTE CH; pBcon — kKoahduimeHt
3arpy3kd IO AaKTHBHOW MOIIHOCTH; tg ¢@pom — HOMHUHAIBHBIA KOA(DPUITMEHT

PEAKTUBHON MOIIIHOCTH.

CHUHXpOHHBIE JBUTaTeId UMEIOT OOJIbIIINE OTHOCUTENIbHBIC MOTepHU Ha 1 KBap
BbIpabaThIBAEMOM PEaKTUBHOW MOIIIHOCTH, YeM KOHJIEHCATOphI. B TO ke BpeMs, eciu
CJl yxe yCTaHOBJIEHBI Ha MPOMBILIIJIEHHOM NPEANPUATHH O YCIOBHUSIM TEXHOJIOTUH,
UX CJIEAyeT B IMEPBYID OYEPEIb HCIOJb30BaTh JIsI KOMIIEHCAIIMM PEAKTUBHOMU
MOILIHOCTH.

[Toaromy mpu HeobxoaumocT BbinmoaHeHus:s KPM na nanpspkenue 6 unu 10
KB crnenyer paccMaTpuBaTh BO3MOXKHOCTD ITOJTYYEHUS JOMOJIHUTEIBHON pEaKTUBHOM
MourHocTu oT CJI, ecnmu ux By ( 1.

OmnpenesieHue MOIIHOCTH OaTrapeil KOHIAEHCATOPOB B CeTAX HaMpPsKeHHeM
Bbimie 1 kB. [Ins xaxnoi uexosoi IIC ompenenseTcs HECKOMIIEHCHPOBAHHAs
peakTUBHas Harpyska Ha cropoHe 6 unu 10 kB kaxxaoro tpancdopmaropa:

Qraar = Qmr - Quko. + AQr, (9.12)

rae Qumr — HambonbIas pacdyeTHas peakTHBHAs Harpyska Tpancpopmaropa; Qmui.o.
— (paxTryecku npunsaTas MouHocTh HBK; AQt — cyMMmapHble peakTUBHBIE TIOTEPH
B TpaHc(opmaTope mpu ero kodpQuimeHTe 3arpy3ku S, ¢ y9eTOM KOMIICHCAIHH
(Tabm. 26.1).
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Jns xaxgoro pacnpenenutenbHoro nyHkra (wim IIC) ompenpensercs ero
HECKOMIIEHCUpOBaHHass Harpy3ka Qppn Kak CyMMa pEakTUBHBIX MOIIHOCTEM,
OUTAOIMKXCs OT Hero 1exoBsIX [1C u npyrux notpedurenei.

CymmapHas pacdeTHas peakTuBHas MourHocTh BBK st Bcero npeanpusitus
OTIpeEIAETCs U3 YCI0BHs OanaHca PEaKTUBHOW MOIIHOCTH:

Ta6aumna 9.1 - CyMmmapHble peakTHBHbIE IOTePH B TpaHcopMaTopax

HomuHanbHas CymMapHBbIe peakTUBHbIE IOTEPU
MOIIHOCTh B Tpancdopmarope AQr,
TpanchopmaTopa kBap, Ipu 3
Sr, KB A ’ L
0.5 0.6 0,7 0.8 0.9 1
400 13 15 18 20 23 26
630 20 23 28 33 39 45
1000 28 34 41 49 58 69
1600 41 51 62 75 90 107
2500 62 79 99 121 146 175
QB.x= Y. Qpn; - Qcnr - Qo1 (9.13)
i=1
rae Qcppn i - — pacyeTHas peakTWBHas Harpy3ka Ha mmHax 10 wim 6 kB 1-ro
pacnpenenuTenbHOro MyHKTa; Qcp — pacmonaraemas moutHocTh CJI; n — uucno PIT
(umu IIC) na mpeampusitum; Qs — BXOAHAS PEAKTUBHAs MOIIHOCTb, 3aJaHHas

sHeprocucteMoi Ha muHax 10 unu 6 xkB.

Ecin sHeprocucreMa 3aacT BXOJHYI PEAKTUBHYK0 MOIIHOCTb Ha CTOpOHE 35
kB u Beiue IIC npennpusatvs, TO MOJKHBI OBITH YUYTEHBI MOTEPU PEAKTUBHOU
MOILHOCTH B TpaHC(OpMATOpaX CBSA3U C IHEPIOCUCTEMON.

Ecin okaxercs, 4To MOIHOCTh Qpx < 0 ciieayeT NpUHATh €€ PABHOW HYJIIO U 110
COIJIaCOBAaHUIO C DHEPrOCUCTEMOM, BBIAABIIEW TEXHUYECKHE YCIIOBUS HA
NpUCOEIUHEHNE IOTPEOUTENEH, YyCTAHOBUTH 3HAUEHUE BXOHON MOIIIHOCTH.

VYcranoBky otaensHeiXx BBK pekomennyercs npenycmarpusath Ha Tex PII ninm
[IC, rne peakTuBHAsl Harpy3ka OTCTAKOIIas U MMEETCS TEXHHYECKash BO3MOXKHOCTb
TaKOTO IIPUCOEIUHEHNS.

Cymmapnas peaktuBHas MoiiHOCTh BBK pacrnipenensercst Mmexny oTieabHbIMU
PII wnu [1C nmponopiuoHaIbHO UX HECKOMIIEHCUPOBAHHOW PEAKTUBHOM Harpys3ke Ha
muHax 10 wim 6 kB u okpyrasercs no Ommkaiiieil CTaHJapTHOM MOIIHOCTH
KOMILUIEKTHBIX KOHJIEHCATOPHBIX ycTaHOBOK (KKYVY).

C xaxnon cexkumu PII pexomenayercs mnoakmtouars KKY oanHakoBoit
MomrHocTH, HO He MeHee 1000 xBap. I[lpu MmeHbleld MoIHOCTH Oarapeu ee
IeJIECO00PAa3HO YCTaHABJIMBATh HA MUTAOLIEH I€XOBOM MOJCTaHLMM, €CIM OHa
IPUHAICKUT IPOMBILIJIEHHOMY PEATIPUATHIO.
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9.4 KOMNEHCALMA PEAKTUBHOW MOLLIHOCTU B SNIEKTPUYECKUX
CETAX C CNEUNOUNYECKUMU HATPY3KAMU

K crneunuguyeckum Harpy3kamM OTHOCSITCSI HEJIMHEHHbIE, HECUMMETPUYHBIE U
pE3KONEepEMEHHbIE HArpy3kd. Ha COBPEMEHHBIX NPOMBIIUIEHHBIX MPEIIPUATUAX
TaKMMHU Harpy3KaMu SIBJISIFOTCS MOIIHBIE CTAaHblI IOpAYEd M XOJIOAHOW IPOKATKH C
BEHTWJIbHBIMU Tpeo0pa30oBaTEeNIIMU, AYTOBBIE CTaJeIUIaBUIbHBIE MEYH, MOIIHBIC
CBAPOYHBIE HATPY3KH, HArPY3KH HEKOTOPBIX CIIEHIUAIBHBIX YCTAHOBOK.

Harpy3sku ¢ peryiupyeMbIMH  BEHTWJIBHBIMU  IPeoOpazoBaTEIISIMU
XapaKkTepU3ylTcsl  OONpIIMM  MOTpPeOJeHHEM  pPEeaKTHUBHOM  MOIIHOCTH, A
CJIEI0BAaTEIbHO, HU3KUM COS ¢. Hampumep, 1uisi BEHTWIIBHBIX IpeoOpa3oBareien

MPOKATHBIX CTaHOB cos¢ = 0,3 - (,8.

Pe3konepeMeHHbII XapakTep NOTpeOJeHUs] pEaKTUBHOM MOIIHOCTH BBI3BIBAET
KoseOaHusl HanpshKeHus nmuTatoniei cetn. Habpochl peakTHBHON MOIIHOCTH MOTYT
npesbimate 100000 kBap, mpudyemM CKOpOCTh Habpoca W cOpoca TOTpedssieMoit
peaktuBHOW MorHOCTH dQ/dt mocTwraer mns craHoB ropsuer mpokatku 400000
KBap/c, sl ctaHoB XxojomHou mpokatku 2000000 xBap/c. Ilpum muTaHum Takux
AIIEKTPOTPUBOAOB KosiebaHus Hampsbkenus B cetu 10(6) kB moryt gocturate 6omee
20 %, a B cetn 110 — 220 xB nmaxe nmpu momHoctu K3 3500-5000 MB A moryt
npeBbIuarh 2 — 3%.

YacrtoTa koyieOaHM peaKTUBHOM MOIIHOCTH, a CIEJ0BATENIbHO, U KOJeOaHU!
HaIPsDKEHUS JIJ1 Pa3IUYHbIX MPOKATHBIX cTaHOB cocTaBisier 100—1000 koseGanwmii
B 4Yac. YmpaBisieMble BEHTHJIbHbIE MpPeoOpa3oBaTeNd, KPOME TOrO, 3HAYUTEIHHO
UCKaKaloT  (GopMy  KpuBoil  muraromero  HampsbkeHus.  Koadduument
HECUHYCOMIATTbHOCTU HanpshkeHust Ha mmHax 10(6) kB moxet nocturats 60see 20%.

AHAJIOTMYHBIE BO3ACHCTBUS OKa3bIBAIOT HArPy3KU AYTOBBIX CTAJIETUIABUIIBHBIX
neye, IpuueM 4acToTa KoJieOaHW Harpy3ku, Halpumep, B MEPUOJ paCILIaBICHUS
MeTtaia (IIUMXThl) U B Hayajle OKHUCJIEHUsI HaxoauTcsa B auanazo”e 0,1—25 T'm.
Kpome Toro, Harpy3ku AyroBbIX Meuel W3-3a HEPABHOMEPHOCTU MOTPEOJICHUS TOKA
1o ¢azaM MOTYT BBI3BIBATh 3HAYUTEIILHYI0O HECUMMETPUIO HATIPSKCHUS.

Bce wusnmokenHoe 00ycCIOBIMBAET NMPUMEHEHHUE TMPUHITUIIOB KOMIICHCAIIUN
PEaKTUBHON MOIIHOCTH, CYHIECTBEHHO OTJIMYAIOUIUXCS OT HNPHUHSTHIX B CETAX C Tak
Ha3bIBAEMOM CIIOKOMHON' Harpy3KOu.

OcoOEHHOCTM  KOMIICHCAIIM ~ pEaKTUBHOM  MOIIHOCTH B  CeTAX ¢
pe3KonepeMeHHO HeCUHMMETPUYHOM Harpy3Kou 3aKJIF0Ya0TCs B CIEAYIOIIEM:

1) Hu3kuM  KOA(PPUIIMEHT MOIIHOCTH TOTpeOUTENIe H Pe3KONePEeMEHHBIN
XapaKTep HArpy3Kd BbI3BIBAIOT HEOOXOJUMOCThH OCYIIECTBIIATh KOMIIEHCAIIMIO Kak
IIOCTOSIHHOM, TaK M IIEPEMEHHOM COCTaBIIOLIEHM PEAKTMBHOM  MOIIHOCTH.
Kommencanus noCTOSHHON COCTaBIISIONIECH peaKTUBHON MOIIIHOCTH HEOOX0AMMA ISt
YIYUYLIEHUS COS ¢ M JIJISl YMEHBIIECHUSI OTKJIIOHEHUM HANpsKEHUsS! B MUTAIOIIEH CETH.
Komrniencanys nepeMeHHOM COCTaBIISIIOIEN PEAKTUBHOW MOITHOCTH MPECIEAYET LEIIb
YMEHBIITUTH KOJIeOaH!s HAPSOKCHUS B TIUTAIOIICH CETH;

2) u3-3a OBICTPBIX M3MEHEHUH NOTPeOasIEMO MOIIHOCTH (PEaKTUBHOI)
HEOOXOIUMO MPUMEHEHHE OBICTPOACUCTBYIOMIUX CTAaTHUYECKUX KOMIIEHCUPYIOUIUX
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YCTPOMCTB C MUHUMAJIbHBIM 3ama3/bIBaHUEM O OTPabOTKe KoJNeOaHW pEeaKTUBHOM
MOUIHOCTH;

3) HepaBHOMEpHOE MOTpeOIeHNe PEaKTUBHOM MOIIHOCTU 10 (azam TpedyeT

OpUMEHEHUS TO(PA3HOTO YIIPABICHHS] KOMIIEHCUPYIOIIUM YCTPOUCTBOM;
4)B ceTX C pE3KONEPEeMEHHOW BEHTWJIbHOM HArpy3Koll OrpaHMuYMBaeTCs
npuMeHeHue  OaTapeil  KOHAEHCATOPOB Ui KOMIIEHCAIMM  MOCTOSIHHOU
COCTABJISIIOLIEH PEAKTUBHOM MOIIHOCTU. DTO OOYCJIOBIEHO HAJIMYUEM B CETU
BBICIIIMX TAPMOHUK TOKA M HAIPSHKEHUS MPU paboTe HEIMHEHHBIX HArpy3okK. Boiciime
TApMOHHMKHU TPHUBOJAT K 3HAYUTENBHBIM MEperpy3kam OaTapell KOHJEHCATOPOB IO
TOKY.

Ha cragum mnpoexkTupoBaHUsA BJIEKTPOCHAOXKEHUS PE3KOMEPEMEHHBIX U
BEHTWIBHBIX HAarpy30K pacyeT CpeACTB KOMIICHCAMM PEAaKTUBHOM MOIIHOCTH
JOJDKEH OCYLIECTBISATHCS HAa OCHOBAaHUU TpadUKOB MOTPeOIsieMOl AaKTHUBHOW W
PEaKTUBHOW MOMIIHOCTU. ['pad)vky aKTUBHON M PEAKTUBHOW MOIIHOCTU Pa3IMYHBIX
AJIIEKTPONPUBOAOB MOTYT OBITh TIOCTPOEHBI pACUETHBIM IyTeM Ha CTaJuH
IPOEKTUPOBAHUS WIIM TI0 PE3YyJIbTATaM 3aMEPOB HEMOCPEICTBEHHO HA JEHCTBYIOIIUX
AHAJOTUYHBIX OOBEKTaX.

Beicume TapMOHMKM TpPUBOAAT K  3HAYMTEIbHBIM Tepepy3kam  Oarapeit
KOHJIEHCATOPOB I10 TOKY.

Ha cramum mpoekTUpOBaHMS — BIEKTPOCHAOKEHHUS]  PE3KONEPEMEHHBIX U
BEHTWJIBHBIX Harpy3ok pacuer cpeacts KPM nomkeH oCyliecTBIsSTbCS HA OCHOBAaHUU
rpadukoB MOTPeONIIEMbIX aKTUBHOW M PEAKTHBHOM MOIIHOCTEH, KOTOPbIE MOTYT OBITH
IIOCTPOEHBl PACUETHBIM IIyTEM HA CTaJAWHA IPOCKTUPOBAHUS WIM II0 pe3yJbTaTaM
3aMepoOB HeNOCPeICTBEHHO Ha JIeMCTBYIOIIUX 00bEKTaX.

KomnieHcanmsi peakTHBHOM MOIIHOCTM B CeTH C Pe3KONepeMEeHHbIMU
Harpyskamu. /[ orpeneneHusi TOMyCTUMBIX KOJeOaHUM HAMpSIKEHUsS B pacyeTHOU
TOYKE CETU HCXOJHBIMU JAHHBIMH SIBISIIOTCS TpaduKu pabOThl Pe3KONEepeMEHHON
Harpy3KHu.

Pa3zMax 3kBUBaJICHTHOTO KOJIeOAHMsI HAMPSLKEHUS ONpeNeNstoT o Gopmyiie, %,

100 n 907
= T 9.14)

V. =
t,5KB Sk )

rae 6 Q; — 3HaueHue i-ro pa3Maxa peaKTUBHON MOIIHOCTH, ONPECIICHHOE 0 TpaduKy;
1x — CYMMAapHOE€ YHCJIO0 Pa3MaxoB 3a BPEMsI paCYETHOI'O IIUKJIA.
IIpy 3HAYEHUSIX CYMMAapHBIX aKTUBHOTO Ty U PEAKTHBHOIO Xy CONPOTHBIICHHMA

CeTH B PACUYETHOM TOYKE OJHOTO TOpSJKA BIMSHUE KOJNEOAHUIM HaNpPsHKEHUS
OIPENEIISAOT N0 popMyJie

06U = (61,15 + 61,x5)/Uyoms 6U = (6P /x5 + 6Q) /Sy, (9.15)

rae 61,, 61, — pa3maxu COOTBETCTBEHHO aKTHBHOTO M PEAKTHBHOTO TOKA,;
6P, §Q — pa3maxu koJyicOaHMIA aKTHBHOM Y PEAKTHBHOM MOITHOCTEH.
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JU1s IPOBEPKU IOIYCTUMOCTH V}, 5 BBIUHCIIOT CPEIHIOK0 YacTOTy KoneOaHus 10
bopmye

fcpan/T,

rne 7 — Bpems 1MKJIA padOThl HArpy3ku 1o rpaduky H3MEHEHHUs MOTpedsieMoit
PEaKTUBHOW MOILHOCTH.

Jinis  nyroBeix craneriaBwibHbiX Tieueidt (JICII) mpu orcyrctBum rpadukoB
PEAaKTHUBHOW MOIIHOCTH PEKOMEHYETCs ONPEIENSTh Pa3Max SKBUBAJICHTHOTO KoJieOaHUs
HAIPSHKEHUSI TI0 CIEAYIOIIM opMyiam, %o:

JUI Tpyiibl oauHakoBbIX JICIT

Vi oxs = 100VN Sy, 1/Sk, (9.16)
rae N— kommuectso JICII,

Syr — MOIIHOCTB MEYHOTO TpaHchopMarTopa;
JUTSL TPYTINIBI TIEYEU Pa3HOM MOILIHOCTH

Vt,3KB = 100\/2?:1 Sn,T,i/SH,T,max SH,T,mG,X/Sk9 (917)

r1€ Sy 1 max— MOIIHOCTb HAUOOJIBIIETO NIEYHOIO TpaHc(opMaTopa.

DOKBUBAJICHTHBIE KOJICOAHUS HAIPSDKEHUS JJISl IPAKTUYECKUX PACUYETOB CUUTAIOT
JOITyCTUMBIMH, €CJIA OHU HE TpeBbILatoT 1 %.

Bbi00op THIIA 1 MOIIIHOCTH KOMIIEHCHPYIOIIMX YCTPOMCTB. J[J1s1 pe3KonepeMeHHbIX
Harpy30K, KOIJla TEXHHUKO-DKOHOMHYECKHM aHAJIM30M JOKa3aHa Helenecoo0pa3HOCTh
CXEMHBIX PEIIEeHUM, CIIOCOOHBIX CHU3UTH JI0 HEOOXOIMMOTO YPOBHS BIMSHHE TOTYKOBOM
Harpy3kd, pPEKOMEHAYETCsl MpeAyCMaTpuBaTh yCTPOMCTBA  JUHAMUYECKOM U
cratnueckort KPM.

B oTaenbHBIX citydasix, KOraa OT UICTOYHUKOB PEAKTUBHOM MOITHOCTH HE TpeOyeTcst
OONBIIOTO  OBICTPOZNEHCTBUS, MOXKHO  HCIIONb30BaTh  CICHUAIBHBIE  CHHXPOHHBIC
KOMIICHCATOPBI.

JInst cnenuaibHOrO OBICTPOMICHCTBYIOIIETO CHHXPOHHOTO KOMITEHCATOpa YCIIOBHUE
ONTUMAJILHOTO PETYJIMPOBAHUS PEAKTUBHOW MOIIIHOCTH UMEET BU:

QCCK = Q~K~ + Qcchpr (918)

rac Q~ = / 32(1) - Qgp' INEPEMCHHAA COCTABJIAIOIIAA peaKTHBHOfI MOIIHOCTHU HAI'PpYy3KH,

Qopp = \/ 1/T fOTQZ(t)dt — 3(¢eKTHBHOE 3HAa4YeHUE MOTPEONIIEMOl PEaKTUBHOM

MOIIHOCTH,

T .
Qe =1/T 0 Q(t)dt— cpenHee 3HaUYEHHE PEAKTHBHOW MOIIHOCTH HArpy3Kd 3a
Bpems 1uukna 7,
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K> (6Q 6Q zon)/ 6Q — nomsd KOMIEHCAMM IIEPEMEHHOM COCTABIIAIOILEH
NOTPeOIIsIEMOi PEAKTUBHOM MOIITHOCTY;
6Q = Qmax — Qmin— MaKCUMAITBHBIN pa3Max KOJICOaHWiA,

Qs = ’Z?=1 85Q7/n — pmomycTMMOE 3HAYEHME OKBUBAIIEHTHOTO pa3Maxa

KoJieOaHmii MOTPeOIsIEMOI PEaKTUBHOM MOIITHOCTH;

Kep =l— €Pnon/t€Pp — 10N KOMIIEHCAIMM OCTOSHHOM — COCTABIIAIOLIEN
(cpenHelt) peakTHBHOM MOIIHOCTHY;

tgcp= Qqp/P o — COOTBETCTBEHHO JIOMYCTUMOE U CPEIHEE 3HAYEHHUsT KOd(hduLreHTa
PEaKTUBHON MOIIHOCTH PE3KONIEPEMEHHON HAarpy3KH.

Jnst onpeneneHust cpeaHero M 3PQPEKTUBHOTO 3HAYCHUI PEAKTUBHON MOITHOCTH
pekomenmyeTcss ucxoaubiii rpaduk Harpysku JCII mpencraBuTh B BHjE OTPE3KOB IO
METOTy Tparielyi, r/ie HayaJlbHbIE ¥ KOHEYHBIE KOOPAMHATHI COOTBETCTBEHHO 0003HAYAIOT
Qi 1 Q. [Tpu 0011IEM KOMMYECTBE OTPE3KOB 71 (POPMYJIBI ISl BRBIUUCIICHHUS UMEIOT B/

Zn Q11+Q21 t ’ (919)
QFi+Q5;+Q1i+Q2i
Qaq)—\/Z (o, 1= 2) (9.20)
r7ie t; — IIUTEIBHOCTD 1-TO yJacTKa rpaduka.
Nckomas peaktuBHag MmoutHocT CCK paBHa
Qeere = (K007 + (Kp Qo) ©21)

ITpu BbIOOpe cpencteB KPM B y3ne cetu ¢ pe3KONEpeMEHHBIMHM Harpy3KaMu
pPEKOMEHIyeTCsl  MpeAycMaTpuBaTh  OBICTPOACIHCTBYIOIIME MCTOYHUKM — PEAKTUBHOU
MolHocTH (cratrdeckue komneHncaropel — CTK), ocHOBaHHBIE Ha NPUHIMIIE MPSIMON
WJIA KOCBEHHOM KOMITEHCAIUH.

Ilpy  ucnonp3oBaHMM  MPUHLMIA  [PAMOM  KOMIIGHCALMM  CTYIEHYAThIM
HOJKIIOYEHUEM K CETH KOHJEHCATOPOB WIM (WIBTPOB C THUPUCTOPHBIMU KIIFOUAMU
MomHoCcTh KY 11 KoMmneHcanmy NEpEeMEHHON COCTABIIAIOIIEH PEAKTUBHOM MOIIHOCTH
Harpy3KH ONpeAessoT mo Gopmyre

Quy = 8Qu K-.. 9.22)

3Ha‘{CHI/IC pCaKTHBHOﬁ MOIIIHOCTHU K&)I(I[Oﬁ CTYHCHI/I OHpC,Z[CJI}I}OT N3 yCJI0BUsA
Qere < Vi gon Si/100. (9.23)

[Ipy wHCMONB30BAaHUM TMPUHIMIA KOCBEHHOM KOMIIEHCAIlMA [0 CXeMe C
YIIPaBJIIEMbIMU TUPUCTOPAMH MOIIHOCTb TPYIIIBI PaBHA:
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Qrup = 6Qs K- (9.24)
MortiHOCTB, TeHEpUpyeMas Heperyaupyemon yacTeio bK (punbTpa), paBHa:

Q6.K = (Qc.p + QTHp )ch- (925)

[Tapamerprel CTK xocBennoit kommencarmu st JICI nipu orcyTeTBum rpadmkoB
NOTPeOIISIEMON peaKTMBHOM MOIITHOCTH PEKOMEHTYETCS OIPEIENSITh:

Uit rpyninsl oguHakoBbix JICIT

Qrup = Sur VN — Vi on Si/100; (9.26)
Q6.K 2 (SHTW - Vt,,aorl Sk/ZOO) KCP;

JUISL TPYIIIBI IEYEN pa3HOM MOIIHOCTH

( n
QTI/Ip = SnT.max Z(SHT/SHT.max _Vt,aon Sk/].OO;

i=1

) (9.27)

n
Q6.1< = (SnT.max Z(SHT/SHT.max _Vt,aon Sk/zoo-
\ i=1

KoMneHcanuss peakTMBHOM MOIIHOCTH B CeTAX C HeJIMHEHHBIMH
HArpy3kamu. B y3iax cety npeanpusTisi ¢ HEIMHEMHBIMU HAarpy3KaMu JOMYCKaeTCs
MPUMEHEHUE B KAayeCTBE HCTOYHUKA PEAKTUBHOW MOIIHOCTH KOHJAEHCATOPHBIX
Oarapeil, eciau BBIOIHSAIOTCS CIACAYIOIINE YCIOBUS:

JUTSl BEHTHIJTBHBIX TIpeoOpa3oBaTeei

Sk/Sun = 200; (9.28)
JUTSL IPYTUX HEJIMHEUHBIX HArpy30K
Sk/Sun =100, (9.29)

rae S — MomrHocTh K3;

St — CyMMapHasi MOLHOCTh HEIMHEWHOM ! Harpy3Ku.

[Ipu BbIMOJIHEHUHU FTUX ychoBUM Bompoc 0 KPM B y3ne ceTu ¢ HEeIMHEUHOMN
HArpy3Kou JOJKEH PeliaThCsi COrNIACHO MOJIOKEHUSIM MPEAbIAYIINX naparpados.

Bb160p MOIIHOCTH ¥ THIIA KOMIIEHCHPYIOIIUX ycTpoiicTB. [Ipu koaddunrente
HECHHYCOMJAJIBbHOCTU MeHee 5 % PEKOMEHAYETCSl IPUMEHSATh B KQUECTBE YCTPOMCTB
KPM 0Oarapen KOHIEHCATOPOB B KOMILIEKCE C 3aIIUTHBIM PEAKTOPOM WU (UIBTPHI.

Mormnocts BK HaxoauTcst u3 ycinoBuii 0ajaHca peakTUBHONW MOIITHOCTH.
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Hamnpsoxenue BK onpenensitor mo gpopmyiie
U6.1< = ﬁfzrlinUHOM/( 19rznin - 1)- (9-30)

1€ Yp,in — HAUMEHBIIUHI NOPSAIKOBBIA HOMEDP FAPMOHHUKH;
Ugow — HOMHMHAJIBHOE HAINPSDKCHWE CETH, B KOTOPOM YCTaHaBIMBAIOT
KOHJIEHCATOP, 3AIIMILECHHBIN PEAKTOPOM.

[Ipy npumenennn bK ¢ mnocienoBarenbHO BKJIIOYEHHBIM — 3aIlMTHBIM
pPEaKTopoM HEOOXOAMMO OOECHeunTh HMHIYKTHUBHBIA XapakTep IeMH Ha 4YacToTe,
HaVMEHbIIEH W3 TEHEPUPYEMBIX CYMMApHOM HEIMHEWHOW HArpy3KOoW TapMOHUK.
NHIyKTUBHOE COMPOTUBIIEHUE 3aLUTHOrO peakTopa Ha yactore 50 ' onpenensroT
u3 ycnoBusi, Owm,

2 2

xp = 1’1UH0M,6.K /(19 QHOM,6.K)9 (931)
rie Quomex — PEakTUBHAs cymmapHas MomHocTh bK mo manmneiM  3aBoja-
U3TOTOBUTEIIA.

ITpu xoa(uLeHTe HECHHYCOUNATBHOCTU 5 % 1 OoJiee peKOMEHyeTcsl IPUMEHSITh
CHJIOBBIE (DUITBTPBI BBICIIIMX TApMOHUK (fanee hUuibTphbl).

OuUnbTPbl PACCYUTBHIBAIOT IO HAWICHHOMY 3HA4EeHUIO Kjjc, MCXOIOA M3 COCTaBa U
ypoBHsSI TapMOHMK. Pacuer (uibTpoB HauMHaIOT ¢ (QUIBTpa HAUMEHBIIEH TapMOHHUKH.
@UIBTP MPOBEPSIIOT HA 3arpy3Ky TOKOM COOTBETCTBYIOLINX TAPMOHHK.

CyMMapHyl0 pEaKTUBHYIO MOIIHOCTb, T€HEpUPYEMYIO (DUIBTpaMu, BBIOMpAIOT W3
YCIIOBUII OaaHca peakTHBHOM MOIIHOCTH (cM. §9.2 1 9.3).

Komnencanusi peakTMBHON MOINHOCTH B JJIEKTPUYECKOM CeTH ¢
HeCMMMeTPUYHbIMHU Harpy3kamu. /[is1 KPM npu Hecummerpun HampspkeHui 6ogee 2
% peKoOMeHyeTCsl MPUMEHATh CUMMETPUPYIOLIUE WIH (UIBTPOCUMMETPUPYIOIINE
ycTpoiicTBa. B y3nme ceTu npu HaauuuM HECUMMETPUYHOM HAarpy3Ku 3HaueHHE
PEaKTUBHOM MOIIHOCTH [JOJDKHO NIPUHHUMATHCS pPABHBIM 3HAYEHHUIO PEAKTUBHOM
MOIITHOCTH, TeHEpUPYyEeMOH cUMMETpHUpyroiM yerporictBoM CVY, T. €. Qxy = Qcy.

[Tpu noaxnroueHHH peakTUBHBIX 3iieMeHTOoB CVY nomkHO obecneunBaThes
JOIyCTUMOE 3HaueHHe Kod((pULMeHTa HECUMMETPUH HAIIPSHKEHUN

E250n = (1 +6U)/ (@ + B2)/Sk, (9.31)

rae OU = (Uy — Uyon)/ Uyon; Up — HaNpsDKeHHMeE MepBOU MOC/e0BaTE/bHOCTH;
V3 1
o< = —~(Pyp - Pca) — H(Qap + Qca) * Ccs

1 V3
B =— S(Pag-Pca) = - (Qap — Qca) + Pge;
Pag, Pca, Peey Qags Qca, @pc - CYMMapHbIE aKTUBHBIE U PEAKTUBHBIE MOITHOCTH
COOTBETCTBYIOIINX OJHO(DA3ZHBIX HATPY3O0K.
Bxoanoit koaddunmenT peaktuBHONW MortHOCTH y3ma CY HECUMMETPUYHOU
Harpy3KH COCTaBIISIET

tgpex =(Qcy + Q3) /Py, (9.32)
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rae Qy = Qap + Qpc + Qca— PEAKTUBHBIC MOIIHOCTH HECUMMETPUYHON HArPY3KH,
Py=Pyp + P + Py — akTHBHBIC MOIIHOCTH HECHMMETPUIHOM HArPY3KH.
B 3aBucumocTH OT 33JJaHHOTO 3HAYEHUS PEAKTUBHON MOIIHOCTU B y3JI€ CETH
Qcy, HOMYCTUMBIX OTKJIOHEHUN HaIpsKEHUs TMPAMOW MOCIEAOBATEIbHOCTH U
kKoo puImeHTa HECUMMETPHUH HAIPSHKEHUN OMPEEISIIOT PEaKTUBHBIE MOITHOCTH
anemeHTOB CV:

(Quz = —3[V3C— D — Qcy(1 — A = V3B)];
Qo = —3[V3C+D + Qey(1 + 24)]; (9.33)
l Qca = = [V3C+D + Qcy(1— A+3B)].

rae A = &5,0n COSYy, /(1 + 8U);

B = &;,0n Sinyy, /(1 + 6U);

C=BSk + Sag cos (60°—@ 5 — P + Scu cos (60°+@cp);

D=—AS+Spz sin (60°—@pp)+ Qpc— Sca sin (60°+@cp);

A,B,C,D—maremaTnueckre BEIUUUHEL,

Sas, Sca, Pgey Opc — MOy MOTITHOCTEH HArpy30K.

[lonoxurenbHoe 3HaYeHHE (Jcy COOTBETCTBYET HWHIYKTUBHOM MOUIHOCTH
AJIEMEHTA YCTPOMCTBA, & OTPULATEIBHOE — €MKOCTHOM.

[Ipy HasMumMM B Yy37€ CETH TIE€HEPUPYIOIIMX HCTOYHUKOB TapMOHHK JUIS
nosrydyeHHOU cxembl CY ¢ MOMOIIIBIO BBIpaKEHUI, MPUBEACHHBIX B Ta0M. 9.7, cienyer
POBEPUTH, HE BO3HHUKAIOT JH MPU BHIOPAHHBIX MapaMeTpax PEe30HAHCHI TOKOB Ha
KaKuX-1100 4acToTax.

[Ipn BO3HMKHOBEHMHM pe30HaHCa cienyeT npoeputb bK Ha meperpysky ux
Tokamu rapMoHuk. lIpm Hemomyctumon mneperpyske bK cienyer mcnonb3oBath
NOCJEN0BATEIBHOE MOAKITFOUCHUE peakTopa W YCTaHOBUTH
bunbTpocuMmMeTpupyro-iee yctpoicto (OCY).

Omnpenenenne mapaMerpoB (puibLTPpOCMMMeTPUPYIOLIEro ycTpoiicTBa. [lpu
pacuere peakTUBHOM MoOIHOCTU TpexmieueBoro PCY crnemyer HCNOIb30BaTh
3HAYEHUSI PEAKTUBHBIX MOIHOCTEW, MOJYYEHHBIE ITPU YCIOBUHA CUMMETPUPOBAHUS, C
nocnenytonieil nposepkoit BK ¢huiabTpoBbIX 1eneil Ha neperpy3Ky TOKaMu rapMOHHUK

Qoxi = 1,2U0uly (9.34)

rae lyg; — JEWCTBYIOIee 3HaYeHHE TAPMOHUK TOKa, MPOTEKAIOIIETO M0 I-My IUIeuy
OCY.

Ecin namHOe ycioBMe Tipu  BBIOpaHHBIX 3Ha4deHWsx MormmHocTed BK  He
BBITOJIHAETCS, TO CleAyeT naHHoe (uiabTpoBoe miedo (wiau Bce mieun) OCY
HAaCTPOUTH HA YaCTOTY

Y < QcyiVmin/CQsx (9.35)
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1€ Uiy — MUHAMAIIBHBIN MOPSIKOBBIM HOMEP TApMOHUKH TOKA;
Qcy; — pEeaKTUBHAS MOIIHOCTH 31eMeHTOB CVY.

Kewi = Q6xi /Sk- (9.36)

IIpu K, < 1,5x10? OTKIOHEHME 4YACTOTHI HACTPOMKM OT PE30HAHCHOM
JoIycKaeTcs B npezenax £5 %.

B y31ne anexkTpruecKkoi ceTh ¢ BEHTWIBHBIMU NIPE00pa3oBaTesiMi pEKOMEH Ty ETCs]
wieun PCY HacTpauBaThb Ha YacCTOTY B 3aBUCUMOCTH OT CXEMbl BBINPSMIICHUS
peoOpa3zoBaTes:

npH 6-i1 pazHoM cxeme — Ha yacToTy 250;

12-i1 paznoii—>550;

24-i1 paznoit—1150 I'm.

IIpu wucnomp3oBaHuu AByxmiiedeBblx @DPCY  AelCTByrOIEE 3HAYEHHWE TOKa,
MPOTEKAIOIIETo MO (PUIIBTPOBOMY 3BEHY, ONPENIEISIIOT U3 BBIPAKCHHUS

Iy = X (Is209.,0)% 9.37)

rae Iy n—TOK Y,1-i TapMOHUKH; Oy ;10711 TOKa, MPOTEKAOIIETro Yepe3 IICUH
dbunpTpa.

['apMOHMKM HaIpsHKEHUs] B COCTABE JIMHEWHBIX HANpPsHDKEHUM CETH  MOCIe
ycTtaHOBKM DPCY, HACTPOEHHOTO Ha 4YacTOTY 19p, OTHECEHHBIE K COOTBETCTBYIOIIUM

rapMOHUKaM HarpsbkeHui 1o yeraHoBku OCY, onpenersitor o hopMysiam:

Upp = pAB\/B(l + pc + pic) /(1 + pag + pre);

A

Ugc = PBCJ3(1 + pac + Pic)/ (1 + pag + pre); (9.38)

kUéA = \/3(P1§B + phc + Pag + Pc) /(1 + pag + Pre),

rae po 5 =V[H3Ks . 95/(1+9,%)]— MaTemaTntecKas BeTHIHHa;
U, — HOMEDP TAPMOHMKH, Ha YACTOTY KOTOPON HACTPOEHO (PUIILTPOBOE ILJIEYO;
¥),—OTHOCHTENbHAs 4acTOTa TOKa ¥ - TrapMOHMKH, IPOTEKAIOIIEH Yepes
YCTPOMCTBO.
2 * _ * CTIT* *
Ipu K ; = 5x10~MoxHO NPUHATE Upg 9= 1— 0ppy 15 Ugco= 1 + 05y 15
TJIE Oppy. ; - 0N TOKA [ 5, IPOTEKAKOIIas Yepes 1miedo (GuabTpa U paBHas:

OABOA :\/1+ch + phc/ (1 + pac + prc);

OBco.n :\/1+pAB + pip/(1 + pec + pap)-
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9.5 CXEMbI BKINIOYEHUA U PEIYNIMPOBAHUA KOHOAEHCATOPHbIX
BATAPEU:CXEMbl COEANHEHUA, CUCTEMbI PEINYJIMPOBAHUA,
PA3PAO KOHOEHCATOPOB

CxeMbl coenuHeHus1. /[Ba 1 OoJiee AIIEKTPUUECKN COSAMHEHHBIX KOHIAEHCATOpa
00pa3yroT KOHJIeHCaTOpHYI0 OaTapero. OHa MOXKET UMETh JIeJICHUE Ha CEKIIUHU, YaCTH,
KOTOpbIE MOTYT OBITh OTHEJCHBI (OTKIIOUEHBI) OT OCTaibHOW Oarapen. Cxema
Oatapen ompeaenseTcs €€ Ha3HAYCHUEM M PEKMMOM palOThI, MapaMeTpamMu CETH U
TEXHUYECKUMHU JAHHBIMH HCTIOJIB3YEMbIX KOHJICHCATOPOB.

KonnencatopHas ycTaHOBKa JO/DKHa OBITH 00OpyIOBaHa  3alUTaMH,
KOHTPOJIbHO-U3MEPUTEIbHBIMU IPUOOPAMU U PA3PSIAHBIMUA COMIPOTUBIICHUSMH.

Tab6ruya 9.2 - ®opmyJibl A5 onpeeIeHHs] Pe30HAHCHBIX TAPMOHUK

CxeMa CHMMETPHPY~

oinero ycrpeicTna TTopaAkoBLit HOMEP PeSOHaHCHOA rapMOEHKH
v Vig=
o _]/SB[QAB‘l‘QBc‘i‘QCAi VQE!B”I“ .
| B 3(Qan Qs+
P i g | 7 (Qas ¥Usc ~
v + Qe+ Qa— Qa5%c~+ ca+
Y T @t
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Tabauya 9.2 - OkoHUaHHE

A B |
| / (S¢+ 245)
\c ‘ ‘ QCA 25+ 3QAB)
A B 3
b= S (Sx T W) T Qe (25, 1 30 45)
Qca 254+ 3(Qup+ Q)
C .

[Ipy aBTOMATHYECKOM pETYJIMPOBAHMU OaTapen Ha €€ CEeKUUSAX CIEIyeT
peaycMaTpUBaTh BBIKIIOYATENH, MPEAHA3HAYEHHBIE JIJI1 KOMMYTAIMU ¢ TpeOyemMoun
4acTOTOM.

Konnencatopuble  Oatapen Ha  HOMHHAJIbHBIE  HANpPSOKEHUS  BBIIIE
HOMHUHAJIbHBIX HANPSXKEHUM KOHJEHCATOPOB COCTABIISIIOT MYTEM IOCJEI0BaTEIbHO-
napajyIeIbHOTO COeIMHEHUs KOHIeHCAaTOpoB (puc. 26.3); TpexdazHpie OaTaper MOTYyT
OBITH COCTMHECHBI B 3BE31TY.

Uucno mocneaoBaTeNIbHO BKIIFOYAEMbBIX KOHJIGHCATOPOB JOJKHO OBITh HE
MEHBIIIEe

U
M= _———mx | (9.39)
Uomx “Ke
rie Umax — MakcumanibHOE palodee HaNpsKeHHEe, Ha KOTOpOE€ BKIHOYAKOTCS
MIOCJIEIOBATEIbHO COEIMHEHHbIE KOHAeHcaTopbl, KB; Upomx — HOMUHaIbHOE
HAnpsDKEHUE OJHOTO KOHJeHcaTopa, kKB; x, — Ko3(h(duUIMEeHT, YYUTHIBAIOLIHIA

HEPaBHOMEPHOCTh  pacHpeleNieHUusT  HalpsOHKEHUS  MEXAYy  IOCJIENOBaTeIbHO
BKJTFOYCHHBIMHA KOHJICHCATOpaMHU, TIPUHUMAETCS (TIPU HAJIeKAIEed KOMIUICKTAIlUN |
SKCIUTyaTanuu Oatapen ¢ pazdpocom emkoctu 1| — 2%) paBabpiM 0,9—0,95. Yem
Oonpiie M, TeM MeEHbBIIE TOBBIIIACTCS HAIMpPsDKEHHE Ha KOHACGHCATOpax Npu
3aMbIKaHUM 4yacTh ux. [Ipm HeoTkimroueHHOM K3 Ha OIHOM W3 MOCIIENOBATEIHHO
BKJIFOUEHHBIX KOHJIEHCATOPOB menu (puc. 26.3, a) HampsbkeHHe Ha KaKIOM He
MOBPEXACHHOM KoHJeHcaTope U'| yBEMTWYHWTCSI W COCTaBUT OTHOCHTEIHHO
HaTpsDKEHUST HOpMAJIBHOTO pexxuma U Benanuny

o T (9.40)
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Pucynoxk 9.3 - [IppuHIMnManbHpIe CXeMbI COSTMHEHUST KOHJIEHCATOPHBIX OaTapeit
Ha HanpskeHus Beie 10 xB:
a — cXema MOoCJe0BaTeIbHO-NapauIeTbHOTO COETUHEHHUS] OHO(PAa3HBIX KOHIEHCATOPOB,
OT - ciyda OTKJIIOUEHHs] KOHJAEHCATOpOB; 6 — cxeMa Tpex(a3HOW KOHIEHCATOpHOW Oarapew,
COCIMHEHHOM B 3Be3/) 1 — KOHJIEHCATOPBI OJTHOM (ha3bl OaTapeun; 2 — pa3psia HOE COMPOTHRICHUE; 3
— BBIKJIIOYATeNb; 4 — pa3beIUHUTENb

[Ipu coenquuenun 6aTapeu B 3BE31y

v, __M_ (9.41)
U, 3M-2

[lpu sToM HyneBas TOYKa 3Be3bl OyIeT HMMETh MNOTEHLMAN NpH (Pa3HOM
HaNpsHKEHUU HOpMaIbHOTo pexxuma Ug:

et I S (9.42)

Yucno mapaiienbHO BKIIOYAEMBIX KOHICHCATOPOB OMpeAessieTcsl TpeOyeMoit
eMKOCThIO  Oatapen. [lapamenpHble  [EMM  TIOCIEAOBATENLHO  BKIIFOYCHHBIX
KOHJICHCATOPOB CJIEAYET COCIUHATH TIONEPEUHBIMHU TEPEMBIYKAMU Yepe3 KayKIbIi
KOHJICHCATODP.

HampspkeHne Ha KOHIEHCATOpax psAa, TNEe MPOHM3OILIO OTKIIOYEHHE OIHOTO
napajuieJbHO coelMHeHHOro KoHaeHcaropa U' (puc. 26.3, a), yBeIMUUTCS U COCTABUT
OTHOCHUTEITLHO HAMPSHKEHUST HOpMAIBHOTO pexkuMa U BemmanHy

U__ MN ) (9.43)
U, MN-1+1
rae N — uncno napauICJIbHbIX KOHACHCATOPOB B PAAY.
[Tpu coenuuenuun OaTapeu B 3BE31y
U, _3M(N-D+3 MN (9.44)
U, 3M(N-D+2 M(N-1)+2° '
a ITOTCHIIHAaJI HyHCBOfI TOYKHU
U
0 ! (9.45)

U, 3M(N-D+2°
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[Tpu oguHAKOBOM O0ITIEM YHCIIe KOHIEHCATOPOB Y OaTapeil JaHHOW MOIITHOCTH

(M N = mnocr.) MOXHO OXUIaTh MEHBIIME TNEPErpy3KH KOHJEHCATOPOB,
BBI3BAHHBIE OTKITFOUEHUEM TIOBPEKACHHBIX, Y OaTapey ¢ MEHBIINM 3HaueHueM M.

C nossimenreM N 3Hadenne U', mpubmmkaercs k U;.

[lpy wucHoNB30BaHMM  KOHAEHCATOPOB CO  BCTPOCHHBIMU  CEKLIIMOHHBIMU
IpPEeIOXPAHUTEISIMH, KOTJa MOBPEXKICHHUE OJHOW CEKUUHM HE3HAUUTENHbHO W3MEHSET
OOIIYI0 eMKOCTb psifia, MUHUMAJIBHO JIOITyCTHMOE YHCIIO KOH/IEHCATOPOB B PSIY MOXKET
HE ONpENeNIAThCS.

[To ycnoBusM 3a1UThl KOHIEHCATOPBI MOTYT OBITh BKIIFOUEHBI YEPE3 PEAKTOPHI.

Cucrembl peryiaupoBaHusi. Pexum paboThl KOMIIEHCHUPYIOIIMX YCTPOMCTB
noTpeduTeneil 3aaeTcs YHeProcHadkaoIIel opranu3alreil Ha OCHOBaHUH OajaHca
PEaKTUBHOM MOIIHOCTH B JAHHOM Y3JI€ SHEPTOCUCTEMBI B Pa3jIMUYHbIE Yachl CYTOK H
THU HEJEIH.

[Ipy OTCYTCTBMM TOYHBIX JAHHBIX PpACUYETHbIM TpaduK peryInpoBaHus
MOIIHOCTA KOMIICHCUPYIOIIMX YCTPOMCTB OMPEIENAETCS MO PACYETHOMY Ipaduky
PEaKTUBHOM HArpy3KH, KOTOPBI MOXeET ObITh MOCTPOEH MO PacueTHBIM Harpys3kKam
pabounx cMeH. MoIHOCTh, pa3BUBaeMasi KOHJIEHCATOpaMH, HE JJOJDKHA MPEBbIIIATH
PEaKTUBHYIO MOIIHOCTb HArpy3KH. YTOPSJOYCHHBIM pacyeTHbld Tpapux OynaeT
CTYIEHYATHIM.

Hawnbosnee npocTeIM U 10CTaTOYHO YPPEKTUBHBIM SIBISETCS pETyJIMPOBAHUE T10
BpemeHnu. Ilo 3amaHHOW mporpamMme MpPOU3BOAMUTCS HM3MEHEHHE MOIIHOCTH,
pa3BUBAEMON KOMIIEHCUPYIOIIUMH YCTAHOBKAMHU, BPYUHYIO UM aBTOMAaTUYECKHU.

PerynupoBanue MOIIHOCTH KOMIEHCHUPYIOIIUX YCTPOWCTB IO HAMpPSKEHUIO
MPOU3BOJUTCS B 3aBUCHUMOCTH OT OTKJIOHEHHsI HANPSKEHHUsI B TaHHOM MyHKTe. OHO
JOJHKHO OBITH COTJIACOBAHO C JAPYTUMHU CPEICTBAMHU PEryJIMpPOBAHUS HANPSDKEHUS B
ceTd. B MOIIHBIX CETAX peryarupoBaHUE MOITHOCTH KOMIIEHCUPYIOUINX YCTPONCTB MO
HANPSDKEHUIO HE BCErJa OCyIIecTBUMO. [l H3MEHEeHUsI HanpsDKeHHs Ha U U B JIOJISIX
HOMHUHAJIBHOTO B TOYKE CETH C PACYETHOW MOIIHOCTHIO TPeX(azHOro KOPOTKOTO
3aMbplkaHusg Sk, MB*A, HeE00X0OMMO H3MEHUTh PEAKTHUBHYIO  MOIIHOCTB,
BBI3BIBAIOLIYIO TIOTEPU HANPSKEHUs B 3TOH ceTH, Ha Q = USk, MBap.

[Ipu perynupoBaHUM MO PEAKTHBHONH MOITHOCTH aBTOMAaTHUECKU HM3MEHSETCS
MOIIHOCTh KOHJEHCATOPOB B 3aBUCUMOCTH OT BEJIWYHMH, HENOCPEICTBEHHO
XapaKTepU3YIOLNX PEAKTUBHYIO HArpy3ky. O(G(EeKTUBHOCTh ITHX CHUCTEM, KaK H
pEryaHpOBaHUsl 10 HAIMPSDKEHHIO, PEarHpyIONIMX Ha KOHTPOJIMPYEMBIH mHapamerp,
ompezaensercss uX ObicTpoaeiicTBueM. KoHaeHcaTOpsl JOMyCKAalOT MOBTOPHOE
BKJIFOUEHHE, CIeAyIollee 3a OTKIIOYEHHEM, JIHIIb [0 HCTEYCHUU OMPEIEeIEHHOTO
BpeMeHHU, TpeOyeMoro A ux paspsaa. [loatomy g perynmpoBanusi KOHASHCATOPOB
npu KoieOaHUHM HArpy3Kd 3TH CHUCTEMbI MOTYT OBbITh HE BbICOKOd((dekTuBHBIMU. B
TUX CHOy4yasX TMPUMEHSIOTCS CIEUUANbHbIe CHHXPOHHBIE KOMIIEHCATOPBl H
KOHJCHCATOPHbIE YCTAHOBKH, DPACCUUTAHHBICE HA HW3MEHEHHUS pa3BUBAEMON HMH
PEAKTUBHOW MOIIHOCTH B OOJIBIIMX TpeAesax U ¢ BBICOKOW CKOPOCTHIO, TpeOyeMoil
npyu  KojeOaHMSX MOIIHOCTH HAarpy3kd, HampuMep, TMPOKATHBIX CTaHOB C
TUPUCTOPHBIM IPUBOIOM.
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Pa3psaa xoHaeHcaTropoB. [Ipy OTCYyTCTBUM BCTPOEHHBIX COINPOTUBICHHUM IS
paspsiia KoHaeHcatopoB 10 1 kB mpeagycMaTpuBaroTCs aKTHBHBIE COIPOTHUBIICHUS.
Jlis Gatapell KOHAEHCATOPOB Ha HampspkeHus Bbille 1 kB B xauecTBe paspsaHbIX
COIIPOTHBIICHUI MPUMEHSIOT TPaHC(HOPMATOPHI HATIPSKEHHUSL.

Pa3psigHOE CONpPOTUBIEHHME JOJKHO BBIOMpAThCS IO BEPXHEMY IIpeleiy
JOIyCKAaEMBbIX 3HAUEHUH, ONpEAeseMOMY MPOJOJIKUTENBHOCTBIO BPEMEHHU pa3psiia
OTKJIFOUEHHOU OaTapen.

Bpems t,, B TedeHHe KOTOpPOro paspsaHoe comnpoTusieHue Ry, Owm (ans
TpaHCPOPMATOPOB HAMPSHKEHUS] — AaKTUBHOE COINPOTUBIEHUE €ro OOMOTKH
BBICOKOT'O HAMpPSKEHUsI), CHU3UT HAIPSHKEHHE HAa OTKIIOYEHHOU OaTapee eMKOCTBIO
C, @, ot HayanbHOTO Up, B, 10 nannoro U:, B, onpexaensercs no BeIpakeHUIo, C,

t,=R,Cln—» (9.46)

t

[To ycioBusiM 6€30MacHOCTH HAMpPSKEHHE Ha OTKIIOUYEHHOW OaTapee TOJIKHO
cHwkaTtbcs A0 65 B B Teuenwe npumepHo 1 MuH. [Ipy MOBTOPHOM BKIIFOUEHHH
Oartaper HampshOKEHHE €€ OCTAaTOYHOTO 3apsiia He JAO0KHO mpesbimate 10%
Ha4aJILHOTO.

9.6 KOHCTPYKLUMUA N YCTAHOBKA KOHOEHCATOPHbIX BATAPEU

Konnencatopubie Oartaped, Kak W OJMHOYHBIC KOHJEHCATOPHI, MOTYT
YCTaHAaBIIUBAThHCS KaK BHYTPHU MOMENIEHUM, TaK U Ha OTKPBITOM Bo3ayxe. [Ipu obem
KOJIMYECTBE Macia B KoHJeHcaTopax 10 600 Kr oHM MOTyT OBITh YCTaHOBJICHBI B
MOMEILEHUSIX IIUTOB YIPAaBIEHUSI, pACIIPECTUTEIbHBIX YCTPOICTB 10 1 kB 1 BbIle
u npousBojicTB kateropuit I' u JII' mo mokapHoi Oe3omnacHoctu. [Ipu konmuuectse
macia 6onee 600 Kr KOHAEHCATOPHI JIOJDKHBI OBITh PACIOJIOKEHBI B OTACIHHOM
nomenieHud I u Il cTemeHn OTHECTOMKOCTH C BBIXOJOM HApPYXKy HWJIM B OOIIME
MOMEIIIEHHS] TAKOM K€ OTHECTOMKOCTH, IIPU 3TOM T0JT KOHJIEHCATOPAMHU JTOJIKEH OBITh
npenycMoTpeH MacinonpueMHuK Ha 20 % o0I1ero KojauuecTBa mMacia, YCTPOSHHBIN B
cooTBeTcTBUM C TpeboBanusiMu [1YD. KommuecTtBo Macia B KOHAEHcaTopax Mpu
OTCYTCTBUU 00JIee TOUYHBIX JAHHBIX MOXKET OMPENETSATHCA, UCXOJS U3 YACITbHOTO
coaepkanusi macna B Hux 0,7 Kr/kBap, B TOM 4YHCI€ CBOOOJHOM 4YacTH, KOTOpas
MOKET BBIT€Ub U3 KOHJICHCATOPA MPHU MOBPEKIESHNH ero Kopmyca, 0,4 Kr/kBap.

B  nomemenun, rae  yCTAHABIMBAIOTCA  KOHJIEHCATOPBI,  JOJKHA
MOJJACPKUBATHCSI B 30HE UX pa3MElIEHUs TeMmIleparypa B JIOMYCTUMBIX ISl HUX
npenenax.

[Ipu HapyXHOH yCTaHOBKE KOHIEHCATOPOB HEOOXOIUMO COOJIOJCHHE
TpeOOBaHUM, TMPEAbIBIAEMbIX NpaBWIAMM M HOPMaMHU K YCTAHOBKam C
MAacCJIOHAMOJIHEHHBIM 000pYAOBaHUEM, IIPU 3TOM YCTPOMCTBO MACIONPUEMHUKOB HE
Tpedyercs. Pexomenayercs mOJI KOHACHCATOPHBIMU OarapesMd 3HAUYUTEITHHOU
MOUIHOCTH IIPEAYCMATPHUBATDH CJION T'PAaBUHHOM 3aCHINKU.

CrnenyeT  NPUMEHSTh  KOMIUIEKTHBIE — KOHAEHCATOPHBIE  YCTAHOBKH.
Koncrpykiust  OGatapeit ¢ mocleAoBaTellbHO-NApAIIEIbHBIM — COEAMHEHHEM
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OJIHO(a3HBIX KOHJIEHCATOPOB (IPUMEHSIEMOM IpHU HampsbkeHuu npumepHo 10 kB)
OIpeneNsieTcs TUIIOM MCIOJIb3yEMbIX KOHIEHCATOPOB U IMPUHATON CXeMOMl Oarapeu.
barapero cnenyer

COCTaBIISITh M3 OTAEIBHBIX KacceT, IuarGopM ¢ OOIIeH JOMOIHUTEIbHOU
n3osauueid. Hanbonblee yncio », NOciae10BaTeIbHO COEIMHEHHBIX KOHJIEHCATOPOB
Ha OJIHOM KacceTe ONpeesisaeTcs KIaccoM M30isiuuu Ha kopryc Uy 1 HOMUHAJIbHBIM
HanpsKeHUEM oHoro konaeHcaropa Uwowm. k

ny, = Uy/ UHOM. K-

[Ipu Uy = Upom. k cienyeT NpUMEHATh KOHJEHCATOPhl C OAHUM BBIBOJIOM,
COCMHEHHBIM C €ro KOpIyCOM, KOTOpPbIA COEIMHSAETCS W C Hecylledl Hux
METaJUIMYECKOM KOHCTPYKIIMEM KacceTbl. JTO MO3BOJSET YCTaHABIMBATH IO JiBa
MIOCJIEIOBATEIbHO COEJMHEHHBIX KOHJIEHCATOpa WIHM psJa Ha OJHOM KacceTe (puc.
9.4).

KonneHcaTopbl peKOMEH1yeTCs YCTaHABIMBATh HA METAJUIMYECKOM KapKace

BEPTUKAIBHO H30JIATOPaMU BBEPX B OJIMH, JBA M TPHU sipyca MPU OJHO- WU
JIBYXPSITHOM PACIOJIOKEHUU HX B SIPyCE C PACCTOSHUEM MEXK]Yy OCHOBAHUSIMU
KoprycoB 50 MM Mpu MOIIHOCTH KOHAeHcaTtop A0 13 kBap, 70 MM — ot 13 1o 45
kBap, 100 Mmm — ot 50 1o 75 xBap u 120 mm npu 100 kBap. BeIBObI IPUCOSAUHAIOT
K OIIMHOBKE OaTaped TMOKUMM NPOBOAHMKAMU (BO H30€XKaHUE BO3HMKHOBEHUS
YCHJIUM Ha BBIBOJIAX).

1
Jd
3

“.l
1

1500
T
1
L

400

1060
1500

Pucynok 9.4 - HapyxxHas ycTaHOBKa KOHJIeHCaTOpoB. TumoBas kaccera 6atapen 35 kB Ha
ABa MOCJICAOBATCIIbHBIX pAlda KOHACHCATOPOB, OAWH U3 BBIBOAOB KOTOPBIX COCAUHCH C KOPITYCOM

Kaccersl ycraHaBnuBaroT Ha wu3onATopax. JIsi Hapy»XHBIX YCTaHOBOK

IMPUMCHAIOT TaKXC IIOABCCHBIC H30JIATOPBLI. Knacc HU30JA0UN  OIIPCACIIACTCA
HOMHWHAJIbHBIM HAIIPsS’KCHUCM 6aTapeH.
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10 NPOEKTUPOBAHUE YCTAHOBOK HAPY>XHOI'O U
BHYTPEHHEIO OCBELLUEHUA

10.1 CUCTEMbI 1 BUObl OCBELLUEHUA

Ha npombiimennsix npennpusatusx S—10 % u 6onee (1mBeliHOe MPOU3BOACTBO,
BBICTABKM M Jp.), TMOTPeOIsIEMOM DJHEPTrUU 3aTPAYMBACTCS Ha DIIEKTPUYCCKOE
ocBemieHue. [IpaBUIbHOE BBHITIOJTHEHUE OCBETHUTEIBHBIX YCTAaHOBOK CIIOCOOCTBYET
palMOHANIBHOMY  HCIIOJB30BAHHMIO  JJIEKTPOSHEPIHM,  YIYULNICHUIO  KayecTBa
BBIITYCKAEMOM TPOAYKIMH, MOBBIIICHUIO MNPOU3BOAUTEIBHOCTH TPYJa, CHHUKECHHIO
yTOMJISIEMOCTH pab0O4MX, YMEHbBIIIAET KOJMYECTBO aBapUil U CIIyyaeB TPaBMaTU3MA.

DNEeKTpOOCBEIIEHHEe —  BaKHAs  4YacTh  DJJIEKTPUKH  (TpeKpaleHue
AJIIEKTPOCHAOXKEHHSI KpPOME OCTAHOBKHM IPOM3BOJICTBA OMAcCHO JUIsl IEpPCOHAA).
PernamenTupyercs yCcTpoOMCTBO BHYTPEHHETO, HAPY>KHOTO U PEKIAMHOTO OCBEILICHUS,
a TaK)Ke OCBEIIEHUE CIEIUANIBHBIX, B TOM YHCIIE€ B3PBIBOOMACHBIX U MOKAPOOMACHBIX
YCTaHOBOK.

[IpoekTrpoBaHWe OCBETUTEIBHBIX YCTAHOBOK 3aKIIOYAETCS B pa3paboTke
CBETOTEXHHYECKOTO M 3JIEKTPUYECKOTO Pa3/CiIOB MPOEKTa. B CBETOTEXHUYECKOM
paszene pemaroT CIASAYIONUEe 3aJadd: BBIOMPAOT THUIBI HCTOYHUKOB CBETa U
CBETWJIBHUKOB, HaMeEyalOT HauOoJiee IIeIeCOO0pa3HbIe  BBICOTHI  YCTAHOBKH
CBETUJILHUKOB M HX Pa3MEIICHHUS, OINPEIECTSIOT KauyeCTBEHHBIE XapaKTEPUCTUKHU
OCBETUTEJIBHBIX YCTAHOBOK. JJIEKTPUYECKAsl YACTh MPOEKTA BKIKOYAET: ONPEIECICHUE
pPacCUETHBIX HArpy30K OCBEILIEHHUSI, BLIOOP CXEMBbI MUTAHUS OCBETUTEILHON YCTAHOBKH,
BBIOOp palMOHATIBHOIO HAIPSKEHUS, BHIOOp CEUYEHHMS] M MAapKHU IPOBOJIOB, BHIOOP
CHOCOOOB MPOKJIAJAKU CETH.

Boibop HamnpsbkeHuss  JUISL  OCBETUTENbHBIX — YCTAHOBOK — MPOU3BOJIUTCS
OJIHOBPEMEHHO C BHIOOPOM HAMpSHKEHUS ISl CUJIOBBIX MOTpEOUTENeH, MPU 3TOM
YYHUTHIBAIOTCS TAKKE TPEOOBAHUS TEXHUKUA O€30MACHOCTH M SKOHOMUYHOCTH.

JInst 37IEKTPUYECKOrO OCBEIICHUS CIeAYyeT MPUMEHSATh ra3opa3psIHbIE JIaMIIbl
(JIIOMUHECLICHTHbIE, PTYTHBIC JIaMIbl JIABJIICHUS C UCIHPABIECHHON IBETHOCTHIO,
HaTpueBbie, kceHoHoBble Tuna JIPJI, JIPU, JIPH, /IHaT) u nammnbl HakaauBaHMUsI.

JTromunecuenmmuoie namnsl 6rarogapsi BEICOKOM CBETOBOUM OTaade, 0OJIBIIOMY
CPOKY CIY>KOBI, a TaKKe JOCTATOYHO XOPOIIEH IBETONEpeaye 3a MOCIECIHUE TOJIbl
CTaJIM UICTOYHUKAMH CBETA IIMPOKOr0 MPUMEHEHHs. VX UCTONb3yIOT 1Sl OCBEIICHUS
NOMEILEHUHN, TJe HEOOXOAMMO TNPABWILHOE pAa3JIMYEHHE LBETOBBIX OTTEHKOB;
POU3BOJICTBEHHBIX TOMEIIEHUH, B KOTOPBIX BBIMOJHSETCS padora OO0NbIION U
CpelHel TOYHOCTH (B TOM 4YHCI€ B YYEOHBIX 3aBEJEHUSIX M IPOEKTHO-
KOHCTPYKTOPCKUX OIOpO); MOMEIICHUN aJMUHUCTPATUBHBIX, TOPIOBBIX 3JaHUN U
opucoB. B 3aBUCHMMOCTM OT Ha3HA4Y€HHUsI OCBEIIAEMBIX MOMENICHUH U BHIA
OPOU3BOJAUMBIX  pabOT  BBIOMPAIOTCS  COOTBETCTBYIOUIME  THUIIBI  JIamIl.
JlroMuHECIIEHTHBIE JIaMITbl MpeAHA3HAaYeHbl i1  pabOThl TPU  TeMIEpaType
OKpykaromero Bozayxa oT 18 mo 25 °C, npu TOBBIIEHHU U TMOHUKEHUU
TEMIIepaTypbl MX CBETOBas OTAaya yMeHblaercs. [Ipy u3MeHeHUU HampsiKEeHUs B
npeaenax 7 % CBETOBOM MOTOK MEHSETCS TaK K€, KaKk U HaIpsiKEHUE.
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JIroMUHECIIEHTHBIC JIAMITBI HAJEKHO 3KHUTAIOTCS M TOPSAT TPHU HAIMPSIKECHUU
cetu He HIKE 90 % OT HOMUHAJIBHOTO.

Pmymmnoie namnor JIPJI, oOnanaromuie OOJBIIMM €IMHUYHBIM CBETOBBIM
OTOKOM, HCIOJIb3YIOTCS JJIsi OCBEUIEHUS] OOJBIIMX MPOU3BOJACTBEHHBIX MOMEIEHUI
BBICOTOM OoJiee 6 M, B KOTOPBIX HE TpeOyeTcs pa3inyaTh BETOBbIE OTTEHKU. [Ipu ux
NPUMEHEHUH PE3KO CHUKAETCA KOJMYECTBO YCTAHABIMBAEMBIX OCBETUTEIbHBIX
npuOOpOB, YTO MPUBOAUT K YMNPOIICHUIO PACHPENETUTEIHbHOU CETH, YMEHBIICHUIO
MOHTQXHBIX pa0OT ¥ CHIDKCHHIO PacX0JI0B Ha AKCILTyaTaIlHIo.

Jlamnbel  HakanuBaHMs ~ Onaromapsi HEBBICOKOM  CTOMMOCTH, IPOCTOTE
oOCITy’>KUBaHUS, HE3HAUMUTEIHHBIM pa3MepaM W HE3aBUCUMOCTH HUX pabOThl OT
YCJIOBUM BHENIHEW CpEeJbl SIBIAIOTCA MCTOUYHMKAMHM CBETa MAacCOBOTO MPUMEHEHUS,
xo1st KIIJ[ u cBeTroBasi oTmaya y HUX 3HAYUTEIBHO HUXKE, YEM Y JIIOMUHECHECHTHBIX.
JlaMnipl  HakKadMBaHWUS  MUCHOJB3YIOTCS  JUISI  OCBELIEHUS  MPOU3BOIACTBEHHBIX
MOMEIIIEHH, B KOTOPBIX MO BBIMIOJHIEMbIM B HUX padoTaM TpeOyloTCs HU3KHE WU
CpEeIHUE YPOBHU OCBEUIEHHOCTH (TO €CTh BBIMOJHSIOTCS IpyOble BUABI padoT); AJs
OCBEIICHUS] MOMEIIEHUNA C 0CO00 TSKEIBIMU YCIOBHUSIMU CPE[bl; JKUJIBIX 3/IaHUM;
MOMEIIEHUI TETCKUX YUPEKIECHUHN U Tak aanee. JIammnbl HakaauBaHUs UCTIONb3YIOTCS
TaKkKe B CHEIHUAIbHBIX CIy4yasx — JUIsl aBapUWHOTO OCBEILEHUS, MUTAEMOTO WM
NEPEKII0YaEMOr0 Ha MUTAaHUE MOCTOSIHHBIM TOKOM; KOTJa TpeOyeTcsi MpUMEHEHHUe
CBETUJIbHUKOB MaJIbIX Ta0apuTOB, CO3JAIONIMX HAMPaBIEHHOE OCBEIICHHE; IS
MOMEILEHU, B KOTOPBIX IO YCIOBUSIM TEXHOJOTUU HEAOMYCTHUMO IPUMEHEHUE
ra3opaspsHbIX JIamn (HampuMmep, Mo NpUYMHAM CO3JaHusl UMM paguonomex). s
B3PBIBOOMACHBIX TMOMEIICHUI TaKK€ HCMOJIb3YIOTCA MPEUMYIIECTBEHHO JaMIIbl
HakasmBanus B3I', HUB, PCII, xots ects u razopazpsansie JICP, HUTJL

[Ipu ycTpoiicTBE OCBETUTEIBHBIX YCTAHOBOK MOT'YT IMIPUMEHSTHCS TPU CUCTEMBI
ocBemieHus: 1) o0O0mero paBHOMEPHOTO OCBEIICHUS, KOTJa CBETOBOW IOTOK
pacnpenenserca 0e3 yuera pa3MelieHusi 000pya0BaHus; 2) 00IEro JOKaIU30BaHHOTO
OCBEILIEHUS! — CBETOBOM MOTOK pacCHpeleNsaeTcsi C YYETOM PacIOJIOKEHHOTO
o0opynoBaHus; 3) KOMOWHHUPOBAHHOTO OCBEIIEHHUS — K OOIIEMY OCBEIICHUIO
(0OBIYHO paBHOMEPHOMY) J00aBJISETCS MECTHOE OCBEIIEHHE pPabouux MecT.
Pa3HOBUAHOCTBIO MECTHOTO OCBEILICHHUS SIBJISIETCS] IEPEHOCHOE OCBEILICHHUE.

KauecTBO M 3KOHOMUYHOCTh OCBETUTEIHLHOW YCTAHOBKM BO MHOTOM 3aBHCHUT OT
NpaBUIBHOCTH BbIOOpa cucTeMbl ocBenieHus. Cucmema obwe2o0 oceeujenus
MIPUMEHSICTCS N1 OCBEIICHUS BCETO MOMEIICHUS B IIEJIOM, U B TOM YHUCJIE Pabounx
noBepxHocTel. Obugee ocsewjenue ¢ PABHOMEPHLIM PA3MEWeHUeM CEeMUTbHUKOB
UCHOJB3YETCs, KOTJa B MPOU3BOJACTBEHHBIX IMOMEUIEHUSX TEXHOJOTUYECKOE
00Opy/IOBaHHE PACMHOJIOKEHO PABHOMEPHO IO BCEW IUIOMATU C OIWHAKOBBIMH
YCIOBUSIMH ~ 3pHUTENbHOW  paboThl.  Cucmema  KOMOUHUDOBAHHO20 — OCBEUjeHUs
MIPUMEHSETCS B TOMEIICHUSX C TOHKAMHU 3PUTEIBHBIMU paboTaMu, TPEOYIOIIHMMHU
BBICOKOW OCBEIICHHOCTH.

B 3TOM citydae yacTh CBETHIIBHUKOB OCBEIAET TOJIBKO paboune MecTa (MECTHOE
OCBEILIEHHE), a IpyTasi — BCE TTOMEILIECHHUS.

DNEKTPUYECKOE OCBEIlleHMEe ObIBaeT JIBYX BHUAOB: pabouee W aBapuiHOE.
Pabouee ocsewjenue ycrpauBaeTcst BO Bcex 0€3 MCKIIIOUEHUS] TOMEIEHUSIX U CO3AAeT
Ha paboYuX MOBEPXHOCTIX HOPMHUPOBAHHYIO OCBEIIEHHOCTh. B HEKOTOPBIX Cilydasix
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IIOMUMO pPabOYero OCBEUICHUS HEOOXOAUMO dagapuiiHoe oceeujenue, KOTOpoe
00eCcrieunBaeT MUHUMAJIBHYIO OCBEIIEHHOCTh Ha pabouuMx MecTax IpHU BHE3aITHOM
OTKJIFOYEHHH pPA0OYero OcBELIEHMs. ABapUIHOE OCBEIIEHHE, HEO00XOIuMoe Jis
IOpPOJOJKEHUsT paboT, JOKHO CO3/1aBaTh OCBELICHHOCTh Ha pabouyMx MecTax,
paBHYIO 5 % OT OCBEIIEHHOCTH, HOPMHPYEMOH jsi pabOyero OCBEUICHHs IpU
cucreMe OOIIEero OCBELICHMs, HO HE MeHee 2 JK. ABapuiiHOE OCBELICHHE JIs
ABaKyalllM JIOAEH JOHKHO 00EeCeunBaTh OCBEIEHHOCTh 110Ja OCHOBHBIX IIPOXO/0B
U cTyrneHeil He menee 0,5 Jk.

JInst aBapHitHOTO OCBEILLEHHUs pa3peliacTcsl NPUMEHEHHUE JIaMIl HaKaJlUBaHUS,
MIHOBEHHO 3aKUTAIOIIMXCA NpH HU3MIKX Temneparypax (Hmwxe +5°C), u
JIOMHUHECUEHTHBIX. [locnenHue nomyckaercss HWCHOJB30BaTh B IMOMEIICHHUSX C
MUHUMaIbHOW Temneparypod +10 °C M npu NUTaHUM HX BO BCEX peXKUMAx
MEPEMEHHBIM TOKOM C HaIlpsDKEHUEM Ha Jiamnax He Huke 90 % OoT HOMHHaJIBHOIO
3HaueHusi. CBETWJIBHUKM aBapUUHOTO OCBEIICHHUSA JOJDKHBI  OTJIMYAThCs  OT
CBETWJIBHUKOB  pab0O4yero  OCBELIEHUs  TUIOpPasMEpaMH WM CIELHAJIBHO
HaHECEHHBIMU 3HAKAMHU.

10.2 HOPMUPOBAHUE U YCTPOUCTBO OCBELLEHUA

Bribop MHHMMAaTBHOW OCBEIMIEHHOCTH I BHYTPEHHETO W HApPYKHOTO
OCBEIICHUS POU3BOAT B 3aBUCHUMOCTH OT pa3Mepa 00beKTa pa3IuueHHs, KOHTpacTa
o0bekTa ¢ (OHOM W OTpaxaronMx CBOMCTB (oHa (pabouelt moBepxHOcTH). [lpu
YCTaHOBJIEHUH HOPM OCBEIICHHOCTH CJIEAYET PYKOBOJCTBOBATHCS CIAEAYIOIICH HIKAION:
0,2; 0,3; 0,5; 1; 2; 3; 5; 10; 20; 30; 50; 75; 100; 150; 300; 400; 500; 600; 750; 1000;
1250 nk.

B cooTBeTCTBUU C HOPMUPYEMBIMU 3HAYEHUSIMU OCBEIIEHHOCTU U KO3PuIn-
€HTaMH 3amaca NpU HCKYCCTBEHHOM OCBEILEHWU TMPOU3BOACTBEHHBIX MOMEIICHHMA
BBIICISIIOT § pa3psoB C MOApaspslaMu. XapaKTEpUCTUKA 3PUTENIHON padOThI
MPUHITA B WHTEPBAJIC OT HAWBBICIICH TOYHOCTH (HAMMEHBIIHNN OOBEKT pa3TUICHHUS
menee 0,15 Mm; KOHTpacT 00bEKTa pa3nuueHus ¢ HOHOM — MaJbIi; OCBEUIEHHOCTh
npu ob6mem ocemernu 1250 k) 1o 8 paspsaa (mocTossHHOE o0ITee HaOMI0AeHUE 3a
XO0JIOM IIPOU3BOACTBEHHOrO IpoLecca 75 JIK; NEPUOINYECKOE ITPU NOCTOSHHOM — 50
JK W nepuoamyeckom — 30 1K mpeObIBaHUM JIOAEH B IOMEIIEHUH; oOliee
HAOJIIOICHHE 3a WHXKEHEPHbIMM KOMMYHHKalusmMu — 20 k). Baxuno, yto Ui
OOJBIIMHCTBA PabOT CpeHe, Maoil ¥ rpy0oil TOUHOCTH 10CTaTOYHA OCBEUIEHHOCTD
150 nx (paboTa co CBETANMMHUCS MaTepUallaMH M U3EIUIMU B ropsiuux 1exax — 200
nk). HopmupoBaHHYIO OCBEIIEHHOCTh B CIIPAaBOUYHMKAaX CBS3BIBAIOT C YJEIbHON
IUIOTHOCTBIO HArpy3kHd OCBEILEHHUS, KOTOpas Jsi MPOU3BOJCTBEHHBIX MOMEIIECHUIM
MoxkeT cocTaBiaTh 10—100 Br/m?. Hanpumep, B 1iexax JIMThS U KOTENbHBIX 10—12
BT/M?, B MHCTPYMEHTAJILHBIX M IUTM(OBATBHEIX Hexax 15—20 Br/m?.

B mnponecce s3kcruryaTaliud OCBETHTENIBHOM YCTAaHOBKHM OCBELIEHHOCTHh Ha
pabouyMX TMOBEPXHOCTSX YMEHBLIAETCA BCJEJICTBUE YMEHBIICHUS CO BPEMEHEM
CBETOBOI'O IIOTOKAa M3-32 3arps3HEHUs JIaMIl, OCBETUTEIBHOM apMarypbl H
OTpaKAIOIINX MTOBEPXHOCTEN (CTEH M MOTOJIKOB). J[J1s1 0OecreueHns: OCBEIEHHOCTH Ha
paboYMX MOBEPXHOCTAX HA YPOBHE HOPMUPYEMOM pacUeTHOE 3HAYEHUE OCBEILIEHHOCTH
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E, npuHUMatoT OOJIbIIE HOPMUPYEMOTO E,ppy € YIETOM KOIPPUIIMEHTA 3a1maca Ka:

K3 = Ep / EHOpM- (101)

CylecTByIOT KO2(puIMeHTh 3amnaca, YUYUTBIBAIOIINE CHIDKEHUE
OCBEILIEHHOCTH B MPOIIECCE JKCIUTyaTallMi, U COOTBETCTBYIOIIME MM CPOKH UYHUCTKHU
CBETWJILHUKOB. Hampumep, B MNpOU3BOJACTBEHHBIX IOMEIICHUSX C HOPMAJIbHOU
BO3JIYIITHOW cpenoi KoadPuIMeHT 3amaca npu ra3opa3psaaHbix jgammnax — 1,5, npu
naMiax HakaiauBanus — 1,3. J[7s mpaBUiILHOTO BBIOOpA CBETUIILHUKOB HEOOXOIUMO
VYHUTHIBATh YCIIOBUSI OKPY)KAIOIICH Cpenbl, B KOTOpoi Oymer paboTaTh CBETUIIHHUK,
TpeOyeMoe pachpeiesieHHe CBETOBOTO MOTOKAa B 3aBUCUMOCTHM OT Ha3HAUYEHUS U
XapaKkTepa OTIEIKH TIOMEIIEHUS M SKOHOMUYHOCTH CBETWIbHHMKA. J[ms obrmiero
OCBEIIICHUS MMPOU3BOJCTBEHHBIX MOMEIIEHUN C HOPMAJIBLHBIMHU YCIOBUSMH PaOOTHI B
3aBUCUMOCTH OT OTPaKAOLIMX CBOMCTB CT€H M MOTOJIKOB MPHUMEHSIOT IMOABECHBIC
WJIM TIOTOJIOYHBIE CBETWJIBHUKHU C JIIOMUHECIIEHTHhIMM Jlammnamu Tuma JIJI (OJ1). U3
CBETWJIbHUKOB HAKaJWBaHMUs TPUMEHSIOT CBETWIbHUK «YHuBepcaib» (Y) B
MoMeNIeHUs X BbIcOTOM OT 4 n0 6 M u Tuna «lmybokomsmydarenb» (I'c, I9) B
MOMENIEHUAX BBICOTOM CBbIIIE 6 M. B CBIPBIX, )KapKuX, MbUIbHBIX W MOKAPOOMACHBIX
nomenieHusX npumMeHsoT ceetuiabHuku Trna [T, ITYH, III'T u Tomy nogoOHbIe U
momuHecnieHTHele THma IIBJI-1, TIBJIJI, TIBJIM. Ceiyac KOJHYECTBO BHJIOB
CBETWJILHUKOB BO3POCJIO, BKJIFOUAsi TOCTAaBKH HHODHUPM.

Bp100p pacnosniokeHusi CBETHJIBHUKOB BIMSET Ha SKOHOMHYHOCTb, KAYECTBO U
yA0OCTBO  AKCIUTyaTallMM  OCBEIICHWS. PeKoMeHAalMu 10  PaCMOJIO0KEHUIO
CBETWJIBHHUKOB I10 BBICOTE TOMENIEHUS NpUBeAeHbI Ha puc. 10.1.

PacuetHas BeicOTa, M:

h=H-—h.- hp, (10.2)

rae H — BbicoTa nomenieHust (mpu (GepMeHHOM MEPEKPHITUN — BBICOTA JI0 3ATSHKKH
depm); h. — paccrosiHue CBETWIIBHMKOB 70 TMOTOJKa, N, — BbICOTA pabdoueii
MOBEPXHOCTH HAJI MTOJIOM.

BricoTa cBeTHIIBHUKA HAJ MOJIOM

h, = H-h..

[Ipu oOmemM paBHOMEPHOM  OCBEIICHWW  BBITOJHEHIIMM  BapUaHTOM
PACHOJIOKEHHUS B IIJIAaHE CUMTAETCS PACIIONO0KEHNE CBETHIIBHUKOB JIaMII HAKAJIMBAHMSI
n JPJI mo croponam KBagparta, nOpPSAMOYIrOJIbBHMKA WJIM TI0O BEpLIMHAM
PaBHOCTOPOHHEr0 TpeyroiabHuka (puc.10.2, a), CBETUIBHUKHU JIIOMUHECLEHTHbBIC

MOJKHO pacIiojaraTb
* .g“
N\

=

-

[

Pucynok 10.1 - PacnionoxeHre CBEeTHIBHUKOB IO BEICOTE TIOMEIIICHHS
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CIUIOIIHBIMU WM TpephIBUCTBIMU psimamu (puc.10.2, 6). PacctosiHue OT KpalHUX
CBETUJILHUKOB WJIH PSA0B CBETHJILHUKOB /10 CTEH PEKOMEHIYETCSl TPUHUMATh

| = (1/3 - 1/2)L (rme L — paccrossHue MeXIy COCEIHHUMH pPsiaaMu
CBETUJILHUKOB WJIH PSAJIaMU JIaMII, €CJIU 10 JJIMHE OHU Pa3JINYHbI, TO COOTBETCTBEHHO
La, Lp). OcHoBHOe TpeOoBaHHME MpPH BHIOOPE PACIONIOKEHUS — JIOCTYIHOCTh
obcykuBaHus: hy <5 M — 1pu 00CITY)KUBAHUM C JISCTHHUI[ WM CTpeMsHOK; N, Ha
ypoBHE (pepM — npu 00CITy>KMBAHUHU C KPAHOB.

PexoMeHytoTCSl clienyroliye MNpUMEPHBIE COOTHOIIEHUsI paccTosiHug L u
BBICOTHI N, B 3aBUCHMOCTH OT THIIa CBETHIILHUKA!

| = L/h.
(10.3)

Tabauya 10.1 - HamBbIroHel e 3HAYEHUS] OTHOCHTEJIbHBIX paccTosAHui lo

—

(-]

CeetunbHuky ¢ JIH Caetunbuuky ¢ N1 /

YMsepcans 1,9 14, 14ae, nao, na0p (04, 040, o40P), 1,4
, nen-6, BNO, NNy, HOTN, NN-1
YHUBEPCanb C 3aTeHnuTenem 1,8 BOA, BAH, NBAN-1 1.5
Iny6okousnyuarens: waoa, wnan , 1,3
I3 1,7
lc 1,1
Mk 0,8
Nouerra 1,6
Wap mMono4Horo crekna 2,8
Konbuesuie nofBeCHbie cBeTUNibHUKKY 1.7
fNnadon 0AHONAMNOBLIN 2,6
MNnagon NIT 2,1
ny 6es3 orpaxarens 2,5

3HaYCHUS ~ OTHOCHUTENILHBIX  PACCTOSIHUHA  MEXJy  CBETHIIbHUKaMu o,
00eCIeYnBaroIfe MaKCUMAIBHYIO PAaBHOMEPHOCTh OCBEIIEHUS, MPUBEIECHBI B TaOJI.
10.1. JIroMUHECIIEHTHBIE CBETHJIBHUKHA HEOOXOIUMO pa3MeINIaTh psaaMH MapauieabHO
JUIMHHOM CTOPOHE IMOMEIIICHHS CO CBETOBBIMM MpOeMaMu. PaccTosiHue OT MmoTosKa J10
CBETUJIbHUKA U, 00buHO mpuHuMaercs ot 0,5 10 0,7 M (B KWIbIX U OOIIECTBEHHBIX
3MaHUSX TOHUKEHHOH BhICOTHI — OT 0,3 10 0,4 M).

‘I‘ La
A o -
@ O—R i
3 ~3
O
O——E3 =
a 6

Pucynok 10.2 - CxeMbl pa3MmenieHus1 CBETUIILHUKOB: @ — HAaKAJIMBaHUS; O - TIOMUHECIICHTHBIC
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10.3 PACYET OCBETUTEJIbHOMN YCTAHOBKU

[locne Toro, kak NPOU3BEJAEH BBHIOOP THUIA JIAMI, WX PACIOJIOKEHUE B
paccMaTpuBaeMOM TOMEIIEHUN U KOJMYECTBO, HEOOXOIUMO OMPEICITUTh MOIIHOCTH
OTJIENILHBIX JIaMII U BCEW OCBETUTEIBHOW YCTAHOBKM B II€JIOM, MMES B BH]Y, UTO
HMCTOYHUKOM CBETa SBJISIOTCS OJHO(MA3HBIC AIEKTpOnpueMHHUKH. [Ipyn ux HEOOIbIION
€AMHUYHOW MOIIHOCTU (0ObIUHO He cBblle 2 KBT) B ocCBeTUTENbHOW CETH
pacripeeieHneM OCBETUTEIBHBIX MPUOOPOB MO (PazaM MOKHO JOCTUYHL JTOCTATOYHO
paBHOMEpHOM Harpy3ku (¢ Hecummerpuen He O6onee 5—10 %). [nsi ocBeTUTENbHBIX
YCTAHOBOK C JlammnaMu HakanuBaHus u [IPJI ompenensroT ymcio namm uUcxXoAs U3
YCIJIOBHSI MX PAllMOHAIBHOTO Pa3MEIIEHHUs, a 3aTEM MOITHOCTh OJTHOM JaMIIbl C y4ETOM
BEJIMYMHBI €€ CBETOBOTr0 MoToka F,; (Jim):

E_. k. Sz
F = min " 3 , (104)
Nk,
rne Emin — MHMHUMaNbHash OCBEIIEHHOCTh, JIK; K3 — Kod(ddummenT 3amaca; S —

IIOIIAAb IIOMELIEHHS, M%;, Z — KO3()(PHUIMENT MUHMMAIBHON OCBEIEHHOCTH; N —
KOJIMYECTBO CBETHJIBHUKOB; K, — KOA((DUIIMEHT UCTIOTh30BaHMUS.

Hopwmpb! ocBenieHHOCTH 7151 pabOT Pa3IMyHOM CTETIEHN TPYTHOCTH 3PUTEIHHOTO
BocnipusiTusi mpuBeneHbl B CHull B 3aBHCHMMOCTH OT yIiioBOro pasmepa 0OBeKTa
pasznuyeHus, KOHTpacTa o0bekTa U poHa, KorhPUIIMEHTOB OTpaKEHUS TOTOJIKA, CTEH
U 10J1a, YYUTHIBAIOTCS TaKKe€ M YPOBHH (YCIIOBHSI) €CTECTBEHHOIO OCBelleHus. B
tabn. 10.2 npuBeaeH npuMep HOPMUPOBAHUS YACTH MOKa3aTeeil OCBEIICHHUS.

3nauenust E,, k3, Z W K, ONPEACNSIIOT MO Tabau4HbIM AaHHBIM. [lo
HalileHHOMY 3HadyeHuto F, BbIOMparoT OaMkaillyro CTaHAAPTHYIO JIaMITy, MOTOK
KOTOpPOM JOJDKEH OTIMYaThCs OT pacueTHOro He Oosiee yeM Ha 10 B MEHbIIyIO
ctopony win Ha 20 % B Oombmiyro. [Ipu HeBo3MokHOCTH BBIOOpa F, ¢ Takoii
TOYHOCTBIO KOPPEKTUPYETCS Ynciao CBeTWIHLHUKOB, N. Eciu 1o kakoit-nubo mpudnHe
Bean4uHa F, 3a1aHa 0JHO3HAYHO, TO
N onpenenstot o (10.4).

[Ipu pacdere OCBemIEHUS, BBIMOJTHCHHOTO PSIaMU JIFOMHUHECIICHTHBIX
cBeTWIbHUKOB, 1o N B (10.4) cnenyer moHUMaTh 4nciao psaoB, noa F, — cymmapHslii
MOTOK Jlamm OJHOTO psna. [lo HalimeHHOMY 3HaYeHUIO F, KOMIIOHYIOT psiji, TO €CTh
OTNPEACIISIOT CBETOTEXHUYECKU M KOHCTPYKTUBHO MOJXOJSAIIEE YHUCIO M MOIIHOCTD
CBETHJIbHUKOB, JJIsl KOTOPhIX F, O1u3ko k HeoOxoaumomy. KoadduiiueHT z 3aBUCUT
OT MHOTHX (DAKTOPOB, U3 KOTOPBIX OCHOBHOE 3HAYEHUE UMEET OTHOCUTEIBHOE
paccTosiHUE MEXIy CBETHIbHUKAMH l,. ECIM CBETMJIBHUKH pacIofiOkKEHBI MO yriiam
KBajJjpaTa WM MPSMOYTOJIbHMKA, Z TNpUHUMaeTcs paBHbIM 1,15, ecnu
JIOMHUHECIICHTHbIE CBETUJILHUKH PACIIOJIO0KEHbI pafaMu, Z = 1,1.

Koaddumment wucmonp3oBaHus CBETOBOIO TOTOKA ISl  KaXJAOTO THUIIA
CBETUJILHUKA ONPENETSIOT IO CIPAaBOYHUKAM B 3aBUCUMOCTH OT KO3 (HUIIMEHTOB
OTpa)KeHHsI OT CTEH, MOTOJKa M paboueit moBepxHocTH (I, I, I,, ), @ TaKKEe OT
3aBUCSIIETO OT IUIONIAIM TTOMEIICHHS HHICKCA 1, OnpeAesieMoro mo Gopmyre
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j=_ A8 (10.5)
h(A+B)
rie A — JjnMHa IoMelleHus; B — mmpuHa; h — pacdyeTHas BBICOTA.

Tabauyal(.2 - HopmupyeMble NOKAa3aTeJIN HCKYCCTBEHHOT0 OCBEIleHHsI OCHOBHBIX
aIMHUHUCTPATHBHBIX 31aHUI

ITomemenus Ocsemennocts E, 5k, npu|Kosddunment
OCBCIICHUU Hy.]'H:CElI_[I/II/I

KOMOWHHUpOBAaHHOM™® |00I11eM |OCBEIIEHHOCTH
* sk

Kabunetsl, paboune KOMHATBI, O(UCHI, TPEICTABUTEIHLCTBA 400/200 300 <15
[TpoexTHBIE 3aJIbI 1 KOMHATBI KOHCTPYKTOPCKHE, YepTekHbie 61opo  600/400 500 <10
IToMemenus A1 MOCETUTENECH, SKCITE TUIINH, TTOMEIIICHUS 400/200 300 <15

OGCHy)KI/IBaIOH_IGI‘O NnepcoHajia

* B umncimTenie — BCero, B 3HaMeHaTesle — OT OOIIEN OCBEIIICHHOCTH.
** JTokazarenb quckompopTa ocBerieHust M 11 aIMUHUCTPaTUBHBIX 31aHUN He TpeBbIacT 40.

[Ipocreimmii cmoco® CBETOTEXHMYECKOrO0 pacuera - METOJ  yJeTbHOM
MOIIHOCTH (IIPUTOJEH JIJIsl pacyeTa O0IIero paBHOMEPHOTO OCBEILEHUS MOMEIICHHH,
JUIMHA KOTOpBIX He OoJjiee yeM B 2,5 pasza MpeBbIIIaeT MHPUHY). MeToa HIMpOKO
pacnpoCTpaHeH, NOTOMY YTO Y/AEJIbHAsI MOIIHOCTB SIBJIIETCS BaXKHBIM YHEPreTUUECKUM
NOKA3aTEJIEM  OCBETUTEIBHOM  YCTAaHOBKM,  HMCIOJIB3YEMBIM  JJII  OLEHKH
DKOHOMHUYHOCTH PELICHUA U OMNPENEJCHUs OCBETUTEIbHON HArpy3kd Ha HaydajdbHBIX
CTaAMAX MPOEKTHpPOBaHWA. MOIIHOCTP M YHCIO JIaMII  ONPEACISIIOT 10
PEKOMEHJIyEMBbIM TaOJIMLIaM  YJEIbHOM MOIIHOCTH. YKa3aHHBIA METOJ HEb3d
HCIIOJIB30BAaTh IPU NMPOEKTUPOBAHUHA OCBETUTEIBHBIX YCTAHOBOK ITPOU3BOJCTBEHHBIX
IIOMELIEHN CO CJOXHOM 3pUTENbHOM 3amaden, kmaccoB I wm II, a Ttakxke
OCBETUTENIbHBIX YCTAHOBOK, TpPEOYIOIIHUX BBICOKOTO KadecTBa OCBELICHUS U
NpaBWIbHON I1BeTonepenauu. He crnemyeT paccuMThiBaTh MO TaOIMIIAM yJEIbHOM
MOIIIHOCTH TaK»K€ OCBEILICHHUE U TAKUX, [0 CYLIECTBY, JOKAJIIM30BAHHBIX MOMEIICHUH,
KakK rapAepoObl U CaHy3JIbl.

VY nenbHas MOIIHOCTh OCBETUTENIBHON YCTAHOBKY — YAaCTHOE OT JIEJICHUS 00IIen
MOLIHOCTH YCTAHOBJIEHHBIX B IOMEIIEHHUH JIaMIT Ha IUIONIab IOMEIEHus, KB1/M?:

Pyz]: Pﬂn/S,

rae Py - MOIIIHOCTEL OJHOM J1aMIibl, BT; n — 4mciio Jamm; S — mjIomaabk NOMEIICHUS,
M.

[Ipu pacdere Mo METOMY YIEIBLHONM MOIIHOCTH JJIsi OCBELIAEMOTO MOMEUIECHUS
CHauajia BBIOMPAIOT TUIl CBETWIBHMKA W PACUETHYIO BBICOTY €ro TMOJBECa; Npu
CBETWIbHUKAX HakaiauBaHus win J[PJI HamedaroT HauBBITOAHEHWIIIEE YHCIO
CBETWJIbHUKOB N; B 3aBUCHUMOCTH OT BEJIMYMHBI HOPMHUPYEMON OCBEUIEHHOCTU Eyin,
IUTONAI  OCBEIIEHHOTO TIOMEIICHHWS S W pPacueTHOW BBICOTBI N Haxomar 1o
CIPaBOYHUKAM YEIBHYI0 MOIIHOCTH Py, (Ta6:1.10.3). 3aTteM ompenenstoT MOLIHOCTb

OJTHOU JJaMIIEL;
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Pj]:PyﬂS/N. (106)

Jlns  MIOMHHECIICHTHBIX ~ CBETWJIBHUKOB  TIOPSJOK — pacueTa  HECKOJIBKO
M3MEHSIETCSA: CHAayaja HamedaroT 4ucio psiioB N ¥ HaxonsaT oOIIyr0 HEOOXOAUMYIO
MOIITHOCTh BCEX JIaMTI psiga P :

Pxp = PyzS/N. (10.7)
a 3aTeM YHCJIO CBETUILHUKOB.

Tabauya 10.3 - YaeabHass MOIHOCTH W 00111er0 pABHOMEPHOT'0 OCBeEIlleHUsI
ceTwiibHUKamMu ¢ JIH momrocToio 100 — 200 Br

W, Bt/m?, ceetunbhnkos ¢ KCC.
h™m S, M
a-1 Aa-2 n-3 r1 r-2 r-3
2-3 10—-15 28,8 25,4 24,3 20,1 17,5 16,9
15—25 23,2 20,5 20,5 17,5 15,2 14,8
25—-50 20,5 18,4 17,5 15,2 13,7 13,3
50—150 16,9 15,2 13,9 12,7 12,0 11,7
150—300 14,8 13,2 12,9 11,7 1,2 11,2
> 300 13,0 12,1 11,5 11,1 10,8 10,8
3—4 10—15 50,8 41,1 334 26,7 22,2 21,3
15—25 38,1 32,3 28,1 22,7 19,1 18,7
25-30 28,8 25,4 24,3 20,1 17,2 16,9
3050 23,2 20,5 20,5 17,5 15,2 14,9
50—120 19,8 17,8 16,7 14,6 13,2 13,0
120—300 16,9 15,0 13,9 12,6 11,9 11,9
> 300 13,5 12,7 12,1 114 11,0 11,0
4—6 10—17 97,1 62,8 53,4 36,8 28,1 28,8
17—-25 59,3 46,4 38,1 28,8 23,7 23,7
25-35 42,7 38,1 30,5 24,3 20,5 20,9
35—-50 33,3 28,8 26,0 21,3 18,4 18,1
50-80 24,3 22,2 22,2 18,7 16,2 15,7
80—150 21,8 19,4 18,7 16,2 144 14,0
150—400 18,4 16,4 15,2 13,7 12,6 12,3
>400 14,4 13,3 12,7 11,7 11,4 1

Npumevanune. BenwunHa Hopmupyemoi ocsewenHocTn 100 nk; yenoewwiid KNAQ = 100%; p, = 0,5; p, =01,
k,=13,z=1]15.

10.4 ANNIEKTPOCHABXEHWUE OCBETUTEJIbHbIX YCTAHOBOK

PacuetHyro MoIIHOCTH oOcBenieHUs: Ppo ONPENENsOT C YYETOM MOTEPh
MOIIIHOCTHU B IycKoperynupytouieit annaparype (ITPA):

Pp o = Puom.o Kripa. (10.8)
rae Promo = Promi N — HOMUHanbHas (yCTaHOBJIEHHAS) MOILIHOCTh OCBETUTEIILHOM
cet (N— umcno jgamn; Ppovi — HOMHHAJIBHAs MOIIHOCTb OJHOM JIAMIIBL), Krpa —

ko3¢ umeHT, yuntbiBatoumii motepu B [1PA.
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3Hauenus ko3¢ duimenTa, yunteiBatomniero norepu B [IPA, mpuanMarorcs: nis
namn tunoB JPJI u JIPU kmpa= 1,1; nust JIJI co cTapTrepHbIMU cXeMaMu BKIIFOUEHUS
Kopa= 1,2; mus JIJI ¢ OeccrapTepHbIMH cxemMamu BKmoueHus kppa= 1,3—1,35. B
OOJILIIIMHCTBE CHPABOYHUKOB (YyU4eOHHUKOB) pacyeTHyro MomHocTh 1o  (10.8)
ONpENENSIIOT ¢ BBeJAeHUEM Kod(duuuenta crpoca k.. OgHako [Js pacyera
IPYIIOBOI CETH OCBEIIEHUS 31aHUS U

BCEX 3BEHHEB CETHM ABAPUHUHOIO OCBEUICHUS, a TakXKe g pacyera CeTH
HAPYKHOTO OCBEIICHHUS CJIeIyeT MPUHUMATh Kc=1.

DnekTpocHaOKeHHEe pabodero OCBEIICHHS, KaK MPABUJIO, BBITOJIHSIOT
CaMOCTOSITEIbHBIMU JIMHUSIMUA OT IIUTOB MOACTAaHUMU. [Ipu 3TOM 31€KTpOsHEPTHUS OT
MOACTAaHIIUU TEPEIACTCS MUTAIONIMMU JIMHUSIMUA Ha OCBETUTEJIbHBIE MaruCTpPaJbHbIE
IIUTKA, & OT HUX — TPYNIOBBIM OCBETHTEIBHBIM IUTKaM. [luTaHWe MCTOYHUKOB
CBETa OCYIIECTBISIETCS OT TPYMIIOBBIX IMUTKOB TPYIITOBBIME JTUHUSIMHI. CBETHILHUKH
aBapUIHOTO OCBEUICHUS B TOM YMCIIE JUJIS MPOJOJDKEHUs padoT, a TakkKe JIpyrue, B
YaCTHOCTH JUJIi DBaKyalldd, JIOJDKHBI OBbITh TPUCOEIMHEHbl K HE3aBUCUMOMY
UCTOYHUKY MMUTAHUS.

DNeKTpUYecKas CeTb OCBETUTEIbHBIX YCTAHOBOK COCTOUT U3 MUTAIONIMX U
rpynnoBbIX  JiuHUWA.  [luTaromue  JMHUM — BBIIOJNHSIIOT 1O PaJUalbHBIM,
MarucTpajbHbIM, a TaKXke paJualibHO-MarucTpaibHbiM cxemMaM  (puc.10.3).
PanuanbHble muTaroONIMe JMHUM MPUMEHSIOT MPU Harpy3Kax Ha TPYIIOBbIE IIMTKH
6onee 200 A. HambGomnee pacmpocTpaHEHBI CMEIIAHHBIE PalualbHO-MaruCTPaIbHbIC
cetr. BBIOOp CXEMBbI MUTAIONIMX W TPYIIOBBIX CETEH JOHKEH OMPEACNATHCS: a)
TpeOoBaHUAMU K OecrepeOOMHOCTH JIEHCTBUSI OCBETUTENIBHOM YCTaHOBKH; O)
TEXHUKO-DKOHOMUYECKUMHU  TOKa3aTelssMu  (MUHAMAIBHBIMH  TIPUBEICHHBIMU
MOKA3aTeIsIMA, PACXOJOM I[BETHBIX MATEPHAIOB W JJIEKTPOIHEPTHH); B) YAOOCTBOM
YOPaBJICHUS U MPOCTOTOM HKCILTyaTallid OCBETUTEIbHON YCTAHOBKH.

[Tpu BBIOOpE TpacChl OCBETUTENILHOM CETH U MECT YCTAHOBKU MAarucTpajbHBIX U
IPYNNOBBIX IIUTKOB YYUTHIBAIOT: YJOOCTBO H3KCIUTyaTallMu (JOCTYITHOCTB); HCKIIIO-
YeHHe BO3MOXKHOCTH TOBPEXACHUS MPU TMPOU3BOJACTBE pabOT; ICTETUUECKHE Tpe-
OOBaHUSs; YMEHBIIIEHUE IJTUHBI TPACCHI.

TeXHUKO-IKOHOMHUUYECKMMH pacyeTaMH yCTaHOBJIEHO, YTO MakCHUMaJibHas JJIMHA
Tpex(ha3HbIX YETHIPEXITPOBOIHBIX TPYIOBBIX JTUHUM 1ipu HanpsbkeHnu 380/220 B moxer
ObITh mpuHATa He Oojiee 80 M, a JABYXMpPoBOAHBIX — He Oojyee 35 M. K rpynmoBbim
JIMHUSIM HE PEKOMEHTyeTCsl IPUCOSANHATEL Ha (hazy Oosee 20 mamm HaKaIMBaHUS, a TIPU
MCIOJIb30BAaHUU MHOT'OJIAMITOBBIX JIIOMUHECIIEHTHBIX CBETUJILHUKOB — 110 50 jami.

Pa3mernienre mMMTKOB ClIeMyeT MPOU3BOAUTH BOJM3H OT IIEHTPA DIIEKTPUICCKUX
Harpy30kK, MPU 3TOM HEOOXOIUMO OOECTEeYHTh MOCTYIMHOCTh MX 00CHyknBaHus. He
CJIeyeT YCTAaHABIIMBATH IIUTKU B TOPSIUMX M CHIPBIX II€XaX MPEANPHUATHN, a TAaKKEe B
M0KapOOMNACHBIX TOMENIEHUSX. 3alpeniaeTcs YCTAHOBKA IIUTKOB BO B3PHIBOOMIACHBIX
MOMEIIIEHUSIX BCEX KIIACCOB.

MHOrO0 JeT ceTu OCBEUIECHUS BBIMOJIHAIN U3 MPOBOJOB Ha OCHOBE QJIFOMUHUSL.
MuHUMaNbHOE CEYEHUE HM30JIMPOBAHHBIX MPOBOJOB C ATIOMHUHHMEBBIMH KUJIAMU
JNODKHO  ObLIO OBbITH He MeHee 2,5 Mm’. B Hacrosinee Bpems, Yy4uTHIBas
HEHAJIeKHOCTh, HEJOJITOBEYHOCTh, IMOKAPHYIO OMACHOCTb AJIOMHUHUS, CJEIyeT
NPUMEHSITh MEJIb.
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Ecau x nuHUM BAOJL €€ JJIMHBI NOJAKIIOYUTH PSii SJIEKTPOIPUEMHHUKOB, TO
TOKOBAsi HAarpy3ka Mo Mepe yJaJeHusi OT UCTOYHMKa OyneT yMeHblnarbes. [lostomy
ANEKTPUUYECKUE OCBETUTEILHBIE CETH, UCXO/s U3 SKOHOMUYECKOH 11eJIECO00Pa3HOCTH,
CTPOSIT C YOBIBAIOUIEH BEJIMYMHON CEUEHHUs MPOBOJOB B HANPABJICHUU OT UCTOYHUKA
NUTaHUST K OJJIeKTpolipueMHUKaM. Ha mpakTuke [Uisi pacyeToB  CEUYEHH
OCBETUTEJILHBIX CETEH TMpU YCIOBMM HAWMEHBIIETr0 pacxoja MPOBOAHUKOBOTO
MaTepuaiga TMOJb3YIOTCS YIPOIIEHHOW METOAMKOW, BBIBEJACHHONM Ha OCHOBaHHUU
MaTeMaTUYECKOTO aHaIM3a U PSAJa IPUHSITHIX JOMYIIEHUN:

D | .—_
e iy e

X

198

K
6

_[ el el

)y
@

==

6

Pucynok 10.3 - Pa3HOBHIHOCTH CXEM MUTAIOMIUX OCBETUTENIBHBIX CETEH:
a — paauanbHasi; 6 — MarucTpaibHas; ¢ — paJuaIbHO-MarucTpajabHast

S= Miupus (C AU on ), (10.9)

rae S — ceueHMe NPOBOAA JAHHOTO Y4acTKa, MM?; M, — IPUBEIEHHBIA MOMEHT
MoIHocTH, KBT™M; C — k03 dULIMeHT, 3aBUCAIINI OT cXeMbl TUTaHUs (Tpex-, IBYX
Wi oiHO(a3Has) U Mapku MaTepuana npoBoaHuka; AU, (%) nomyctumas noteps
HaANpsHDKEHUS] B OCBETUTEIBLHOM CETH OT UCTOYHUKA MUTAHMS A0 HauOoJiee yaaleHHOU
aamiibl (AU = 2,5 %).

[IpuBeEHHBINT MOMEHT MOLTHOCTH

Mo = M. + Tam, (10.10)

rae *M — cyMMa MOMEHTOB JaHHOIO M BCEX MOCIEAYIOUIMX I10 HAMPABICHHUIO

ME€PEIavYn SHEPTUU YUYACTKOB C TEM K€ YHCIIOM ITPOBOJOB B JINHUU, KaK U HA JAHHOM

y4acTke; X aM — CyMMa MOMEHTOB BCEX OTBETBJIEHUW, HMEIOMIMX HHOE YHCIIO
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MIPOBOJIOB B JIMHWH, Y€M Ha JAHHOM y4acTKe (@ — KO3 DUIIMEHT MPUBEICHUS MOMEH-
OB, 3aBUCSIIIUNA OT YKCIIa IPOBOJIOB HA YYACTKE U B OTBETBIICHUN).

Beipaxenue (36.10) mocienoBarenbHO MPUMEHSIIOT KO BCEM Y4YacTKaM CETH,
HauMHAas ¢ OMMKaWIIero K MCTOYHUKY nuTanus. [Ipu BeIOOpe ceueHuit mpoBOAOB AJis
NEPBbIX YYaCTKOB CETH CIIEAYET MPUHUMATh OJIKaWIIMe CTaHAAPTHBIE CEUYEHUS S cm.
[1o BEIOpaHHOMY CTaHAAPTHOMY CEUYEHHUIO JAHHOTO YYaCTKa Sjcm U €ro (aKTUUYEeCKOMY
MOMeHTY M; onpeaenstor pakTuyeckre noTepu HarpspkeHus A Ug;:

AUq)i: M; /(C Si.cc)- (10.11)

[Tocnemyronme y4acTKA paCCUUTHIBAIOT aHAJIOTUYHO C YYETOM OCTaBIIUXCS (WU
pacrojaraéMbIX ) OTEPh HAMPSKEHUS HA HUX:

AUpaen = AUjon - AUg,- (10.12)

[Tocie onpeneneHust CEUEHUN YYaCTKU MMPOBEPSIOT IO HArPEBY:

Ip.i, < I()O}’l') (10.13)

rae lyi, — pacyeTHsIi TOK I-r0 y4acTKa; lyy,. — JOMYCTUMBIN TOK BEIOPAHHOTO HA I-M
y4acTKE CCUCHHUS.
PacueTHbIi TOK ONIPEACIIAIOT MO CASAYIOMUM (PopMyIIam:
- 1311 ogHOGa3HOM (IBYXITPOBOIHOM) CETH OCBEIICHUS
P,-10°

lp= —~2—— 10.14
P Uq) -cosp 9 ( )

- i AByx(da3HoM (TpeXmpoBOIHON) CETH TMpH BKIIOYCHUH JaMmI Ha (aszHoe
HanpsDKEHUE

P,-10°

lp= 2,
’ 2U, -cosp

(10.15)

- i Tpex(da3Hoi (4eThIPEXITPOBOJHON) CETH
P,-10’°
|p = P

==t 10.16
\/gUd, - COSQ ( )

rae P, — pacdeTHass MOITHOCTb, KBT.

3nauenne kodPuIreHTa MOITHOCTH JIJIsl PA3IMYHBIX BHJIOB JIAMTI CJICIYIOIIEE:
cos ¢ = 1 — pna cererr ¢ mammamu HakanmmBaHus, 0,95 — mns cereit ¢ JIJI u
komneHcupoBaHHbiMU [IPA; 0,6 — i cetelt ¢ namnamu J[PJI.

B nocnepgnee pgecATuneTde MOJYYWIM PACOPOCTPAHEHUE HHU3KOBOJBTHBIC
BO3/YILIHBIE CETH, BBINIOJHEHHBIE KAaK CaMOHECYIas CHCTEMA M30JUPOBAHHBIX
npoBoaoB (CUII). Ucnonbzyercss CUII B roponax kak oOs3arenbHasi MPOKIIaaKa, Kak
MarucTpaigb B CEIbCKUX 30HAX CO C1a0O0M TUIOTHOCTHIO HACENICHUS, OTBETBIICHUS K
notpebutensim. Crmoco6sr mpokyaaku CUIl paznuusbpl: HaTSTHBaHHE HA OMOpax;
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HaTATUBaHUE 10 acagam 3MaHUMN; TPOKIAIKa BAOIb (hacaaoB.

Koncrpykius CUIT (yHUTTONSpHBIX OpOHUPOBAHHBIX U HEOPOHUPOBAHHBIX, TPHU-
NOJIIPHBIX C M30JUPOBAHHOM WM TOJOM HECYIIed HEUTpaibio) B OOIIEM Ciydyae
COCTOUT W3 MEAHON WJIM aFOMUHHEBOW MPOBOAHUKOBOW MHOTOMPOBOJOYHOW KHUJIBI,
OKPY>KEHHON BHYTPEHHUM MOJIYITPOBOAHUKOBBIM SKCTPYJINPOBAHHBIM SKPAHOM, 3aTEM
— M30JHLUEA U3 CIIMTOrO MOJWATWICHA, nojaudTwieHa wid [IBX. ['epmetnyHOCTh
oOecrieyrBaeTcs TOPOIIKOM W KOMIIAyHJIUPOBAHHOM JICHTOM; TIOBEPX KOTOPBIX
PACIIONIOKEH METAUIMYECKHM 3KpaH U3 MEIUM WM QJIIOMHUHHS B BUJIE CIIAPAIbHO
YJIOKEHHBIX HUTENM WIH JIEHTHI, C HCIOJb30BAHUEM SKCTPYAUPOBAHHOIO CBUHIIA.
[ToBepx momymiku KabeIbHON OpOHM, BHITIOJHEHHOU U3 Oymaru, [IBX, monmstunena,
JIear0T OPOHIO M3 aIIOMUHUSI B BUJIE CETKH M3 IMOJIOCOK M HUTeH. BHemHss 3ammra
BeinonHeHa u3 [IBX, monmatunena mnu cmeceit 6e3 renorena. Ilponets! mpokiaaky,
PACCUMTAHHBIE C YUETOM €€ TEMIIEPATYPBI M CEYEHHI TPOBOJAOB (HE MeHee 25 MM? ist
Marucrtpanen u 16 MM? Ha OTBETBJICHHUSX K BBOJAM JUTS notpedureneit, 10 MM? JUTS
CTaJICAJTIOMUHUEBOTO TTPOBO/1a) cOCTaBIISIOT OT 40 110 90 M.
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11 PENIEMHASA 3ALLUTA U ABTOMATUKA
CUCTEMBbI SNIEKTPOCHABXEHUA

11.1 TPEBOBAHUA K PEJIEAHOW 3ALLUUTE

[IpOMBILIUIEHHBIE DJEKTPOCETH WU DJIEKTPOYCTAHOBKH ISl CBOEH 3AIIUTBI OT
MOBPEXKACHUM U aHOPMAJbHBIX PEXUMOB B OOJBIIMHCTBE CIIy4aeB HE TpeOyIoT
CJIOKHBIX YCTPOWCTB PEJICUHOW 3aIUTHI.

K peneiinoii 3amuTe NpeabsBIsIOT CASAYIOUME OCHOBHbIEC TPEOOBAHMUS:

. Ha/I)KHOE OTKJIFOYCHHE BCEX BHJIOB TTOBPEKICHUH;

o 9yBCTBUTEILHOCTD 3aIUTHI;

o U30MPaTEIbHOCTD (CETEKTUBHOCTD) ACHCTBUS — OTKIIFOUEHUE TOJIBKO
MOBPEXKJACHHBIX YUaCTKOB;

J IPOCTOTA CXEM;

o OBICTPOJICHCTBHE;

o HAJTMYUE CUTHAIM3AINH O TIOBPEKICHUSX.

11.2 SALLUTA TPAHCOOPMATOPOB NMOACTAHLIUN

PeneiHas 3awmTa TpaHcgopmaTopoB rnaBHbIX NOHM3UTENbHbIX NOACTaHLMUMN.

s tpancdopmatopoB ['TIIT momkHBI mperycMaTpuBaThCS CIEAYIOMINE BUBI
3AILHUT:

1) razoBas — 3ammTa OT MOBPEKIEHUS BHYTPU KOXKyXa U OT IOHWKECHHS
Macia. B kauecTBe pene 3alMThl B OCHOBHOM HCIIOJIB3YKOTCS Ta30Bble pene. B
3aBUCUMOCTH OT MHTEHCHUBHOCTHU ra3000pa30BaHus 3alIMTa IEHCTBYET HA CUTHAJ WU
OTKJIIOYEHHUE. Y CTAaHOBKA T'a30BOM 3aIlIMTHI 00s13aTebHa JIJIsl BCEX TPaHCPOPMATOPOB
HOMHUHaJIbHAsI MOIITHOCTh KOTOPHIX 6,3 MBA u 6ouiee.

2) nmpoaonbHas aud@epeHiranbias TOKOBas 3allliTa OT MOBPEXKICHUN Ha
BBIBOJIAX M OT  BHYTPEHHMX  TNOBpexIeHUHM  TpaHchopmaTopoB.  OHa
nmpeaycMaTpuBaeTcs Ha TpaHchopmartopax MomHocThio 6,3 MBA wu  Oornee.
Tpanchopmaropsl TOkKa It  TPOJOJbHOW  mudepeHnnanbHON  3allUThI
yCTaHaBIMBAETCS CO BCEX CTOPOH 3amuiiaeMoro TpaHchopmaropa. s
JBYXOOMOTOYHBIX TPaHCHOPMATOPOB CO CXEMOM COEIUWHEHUS OOMOTOK Y/A,
BTOPUYHBIE OOMOTKH TpaHC(HOPMATOPOB TOKA HA CTOPOHE BBICILIETO HAIPSKEHUS, KaK
IIPaBUJIO, COCOUHSIOTCS B TPEYTOJbHUK, 4 HA CTOPOHE HM3LIETO HAIPSIKEHUS — B
HETOJIHYIO 3BE31ly, NMpU 3TOM B JudPepeHIrnanbHON enu yCTaHABIMBAIOTCS JBa
pene.

Boe16op ko3ddunuenta tpanchopmanuu TpaHCPOPMATOPOB TOKA U CXEM HUX
COEIMHEHHUSI JUIsl PA3IMYHBIX CTOPOH 3aIMIIAEMOT0 TpaHchopmMaTopa MPOU3BOIUTCS
B MOPSJIKE, U3T0KEHHBIM B Tabiuie 11.1.

Jnst  nuddepeHManibHON  3alIUTBl  PEKOMEHAYETCS  HCIONb30BaTh pele ¢
topmoxxenueM tuna J3T-11 wnu kommiekt 3ammtsl JA3T-21. duddepenumansuas
3amuta ¢ pene J3T-11 BeimomHseTcs Tak, 4TOOBI MPU BHYTPEHHUX MMOBPEKICHHIX
TpaHcopMmaropa TOPMOXKEHHE OBLJI0O MUHUMAJIbHBIM MM COBCEM OTCYTCTBOBAJIO.
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[ToaTomMy TOpMO3Hast 0OMOTKa pejie OOBIYHO TOMKIIOYAETCS K TpaHcopmaTropam
TOKAa, YCTAHOBJICHHBIM Ha CTOPOHE HH3ILIEro HaNpsHKeHUs TpaHchopmaropa.
OmnpepeneHre YCTaBOK U YyBCTBUTEIBLHOCTH 3aIlUThI IPOU3BOJIUTCS B COOTBETCTBHH

¢ Tabmuuen 11.2.

Tabnuya 11.1 - UcxoaHble JaHHbIE M BHIOOP TPpaHCHOPMATOPOB TOKA

CTOpOHBI HaIIPSHKEHUS

COOTBETCTBYIOIIUI €0
HOMHHAJILHOM MOIITHOCTH, A

Lioy=—F7—""
o \/g'UHOM,cp

[TapameTpsl DopmyJibl
p p PMY. BH HH
IlepBUYHBIN TOK Ha CTOPOHAX
3alUIaeMoro Tpaicdopmaropa, Shom I I
HoMBH HomHH

Cxema coeTuHEHNUA
TpaHc(hOopMaTOpOB TOKA

A

Y

Koaddumment cxemsl
BKJIFOUYCHUS PCJIC 3aIUTLL

k

CcX

3

1

[TapameTpsi

DopmyIibl

CTOpOHBI HANIPSKEHUS

BH

HH

Pacuernslit k03 punment
TpaHchopmanuu
TpaHncGopMaTopoB TOKa

k _ SHOM : IHOM
I pacu — I >
HOM, TT

Lyom, 7T - HOMUHQIIBHBIH

BTOPUYHBIN TOK
TpaHc(hOpMaTOPOB TOKA

\/g ) IHOMBH

IHOM,TT

IHOMHH

IHOM,TT

[punaTeiii ko3 punmeHt
TpaHchopmauu
TpaHc(hOopMaTOpOB TOKA

kIBH

k IHH

BTopuuHblii TOK B mieyax
3allUThl, COOTBETCTBYIOIIHI
HOMHUHAJIbHON MOIIIHOCTH
Tpanchopmaropa, A

\/g ) IHOMBH

k IBH

IHOMHH

k IHH

MakcumanbHO€E 3Ha4eHUE TOKa B
o0MoTKax TpaHchopmaTopa mpu
BHemHeM Tpexdazaom K3 (s
orpeneneHus HebanaHca rnpu
BHemHeM K3)

MaxkcuManabHOE 3HaUECHUE TOKA B
obmMoTKax TpaHchopmaTopa mpu

tpexdaznom K3 Ha BeiBogax HH:
Ha cpeanem orBeTBieHnu PITH

Ha KpaitHeM otBeTBiaeHnn PITH

e

kminl

1(3)

kmin?2

UyBcTBUTENBHOCTD U PepeHInanbHoN 3amuThl npoBepserca npu K3 Ha
BBIBOJIAX C Y4YE€TOM BIIMSHHUS Ha TOK, MPOTEKAIOIIUA B pelie, peryiupoBaHUs
HanpspkeHus (PITH). Haumenbiiee 3nauenre ko3¢ duiieHTa 9yBCTBUTEIIBHOCTH — 2.

3) 3ammTa OT TOKOB BHEIIHMX MHOrogasHeix K3, B KadecTBe 3allUThI

HCIIOJIB3YIOTCA:

a)  TOKOBBIE 3aIUTHI IIWH CEKINI paclpeAeuTeIbHbIX YCTPOUCTB HU3IIETO
HANPSDKEHUs, MOJKIIOYEHHBIX K COOTBETCTBYIOLIMM BBIBOJIaM TpaHC(HOpMaTOpa;

0)  MakcuMabHas

TOKOBas1

3amuTa
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IIyCKOM

HaINpsHKEHUs,




yCTaHaB/IMBaeMasi Ha CTOpoHe Bbicuiero Hampspkenust (BH)

Tpanchopmaropa.
4)
Ha CUTHAJI C BBIICP’KKOW BPEMEHHU.

3alumacMoro

3aluTa OT ICPCIrPy3KH — MAaKCHUMaJlbHas TOKOBas 3aliuTa C ,Z[CﬁCTBPIGM

Tabauya 11.2. - OnpenejieHHe YCTABOK M YYBCTBUTEIBLHOCTH MPOA0JIbHOM
auddepeHunanbHOM 3aIUTHI TPaHcopmaTopa ¢ pee Tuna JI3T-11

[TapameTpsi DopmyIIbl
[TepBuuHbBIl TOK CpabaThIBaHUS 3aIUTHI U3
yCIOBUSL ~ OTCTPOMKM OT Opocka  TOKa L5 =15 LyoupH
HaMarHu4uBaHus, A
PacuerHpiii  TOK  cpabaTbiBaHUS  pelie, \/5 1.,
NpUBEICHHBIN K cropore BH. A ep = k—
1 BH
ITapameTpsl DopmyIIbl

Yucno BuUTKOB paboueil 0OMOTKH pere,
BKJIIOYAEMbIX B IUICYO 3aIIUTHI CO CTOPOHBI
BH: pacuerHoe

IPUHSTOE

W BHpacu = 1OO/Ic,p

WBH < WBHpacq

Yucno BuUTKOB paboueil 0OMOTKH pere,

_ Wan lyowBH
WHH pacu —

BKJIIOUAEMBIX B IIEYO 3aLIUTBI CO CTOPOHBI Lo im
HOM
HH:  pactiersoe w Ommkaiiiiee K LIEJI0€ YNCIIO0
- w
IPHHATOE HH HH pacu
Yucao BHUTKOB TOPMO3HOW OOMOTKH
ele, BKJIIOYAaEMBIX B IUIEYO 3alllUTHI CO _
p > m WHH ~ WHH pacu I:S'WHH
cropons! HH: W1 pacy =| € T AU+ ,
pacyeTHoe WHH pacu tga
rae £=0,1; Au- OTHOCUTENbHAs MOTPEHIHOCTD,
obycnoBinennass PIIH, mnpunumaercs paBHOU
MOJIOBUHE CYMMapHOTO JMarna3oHa peryJinpoBaHus
HATNPSDKEHUS;
0- YroJ HakJiOHa KacaTeIbHOW K TOPMO3HOMU
xapakrepuctuke peie tuna J[3T-11;
tga =0,75
W > Wy bacas BBIOMpaeTcs U3 psaaga uucen 1, 3, 5,
TpunsToe 7,9,11, 13,18, 24

MuHuMallbHOE 3HAaY€HUE TOKAa B peje Mpu
neyxdaznom K3 na BeiBogax HH:

Ha cpenHem orBeTBiieHnu PITH

Ha kpaiinem otBeTBiIeHHU PITH

3
— 1’5 ) Il(q?ninl
pl k

(3
= mﬂ
pl k

I BH

I BH

3 3
3navenus TokoB I, m I, - u3 TadJI.

MuHuMaibHOE 3HAuYCHUE
Kod(ppuimeHTa YyBCTBUTEILHOCTH 3aIlIUTHI
npu aByxdaznom K3 Ha BeiBoax HH:

Ha cpeaHem orBeTBiieHnu PITH

Ha Kpaiinem orsersiiennu PITH

I,-w
Ko __pl TBH
100

I, -w
=pz—BH>15

k >1,
al 100

TunoBbie yCTaBKM 3alIUTHI AJS1 JBYXOOMOTOUYHBIX TPaHC(OPMATOPOB JAHBI B

tabnure 11.3.
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Tok cpabatbiBaHus 3aIIUT onpezensercs no tadbuuue 11.4.

Tabauya 11.4. - Tok cpadbaTbIBaHMs peJie TOKOBBIX 3alIIUT TPaHcdopmaTopa

3HaueHue N
Pacuernsiit
Tun 3amuTel Pacuernas popmymna K03 HUIIHEHTOB napaverp
Kex Korc Ks
I, ,ax -HauOOIIBIIIEE
MaKCHMAILHas 3HAYCHHE TOKa
TOKOBas 3alluTa Ha | | >kcx‘k0Tc'Imax \/g I | 5 0,8- Harpy3KH
cp =
cropoe BH or| P K, Ky gy 1 ’ 0,85 | TPaHCQopmatopa ¢
eToM
BHemHux K3 i
camo3arycka
AJIEKTPOJIBUTATENICH
MakcumanbsHas Usion » Liom
tokoBast 3ammra ¢ | Ug;=0,4-0,5U,,; HOMUHAJILHBIE
CUMMETPUYHBIM WA Uy, =6-12 B HAIpPSDKECHUE U TOK
KOMOWHUPOBAHHBIM (BT’O — V3 12 0,8- | Tpanchopmaropa
yCKOM HAMpSKEHUS " kp . ’ 1 ’ 0,85 | ma cropone, Trme
or BHemHuXx K3 ¢ Iop > cx " tore " oM BKJIIOYEHBI
BKIIIOUEHUEM  peTie kg -k COOTBETCTBYIOIIHE
TOKa pene
IHOM-
HOMUHAJIBHBIN TOK
MakcuManbHas Kex “Kore Ton \/g — 0.8-
TOKOBasg 3alluTa OT Ic,p Z—k K 1,05 0585 TpaHC(bOPMaTOpa
HIEpPErpy3KU B X1 1 ; Ha CTOpOHE, TJ€
BKJTIOYCHO perne
TOKA
3
k,max
MaKCHUMaJIbHOE
3HAYCHHE
3) i
TokoBas oTceuka I Kox “Kore Ticmax 1 L.3- TepHOATeE
cp = K 1,4 COCTaBIISIONIEH
! (t=0) Toxa B mecTte
YCTAHOBKH 3all[UThI
npu k® Ha cTopone
HH

PenetHaa 3awmta UexoBbiX TpaHcdopmatopoB. PeineliHas  3amura
TpaHCc(HOPMATOPOB TIEXOBBIX TPAHC(OPMATOPHBIX TIOACTAHIMA 3aBUCHUT OT THIIA
KOMMYTAIlMOHHBIX aNlapaToB, YCTAHOBJIEHHBIX HA CTOPOHE BBICIIETO M HUBIIETO
HAIPSDKEHUS, M BKIIIOYACT B CE0S CIEAYIONINE BUIBL:

1 Om mesrtcehaznbix Kopomkux 3ambiKaHuii HA CIOPOHE GbICUICC0 HANPAICCHUA —
NpeJoXpaHuTeNnu (B Cilydyae NMPUMEHEHMs BBIKIIOYATENIe HArpy3Ku); MakCHUMaJbHast
TOKOBAsl 3alllMTa; WHOI/IA, [0 YCIOBUIO 00ECIEUEHUs CEIEKTUBHOCTH, YCTAHABIMBACTCS
TOKOBAasi OTCEYKA.

2. Om 00HOpA3HBIX 3AMbIKAHUIL HA 3eMTI0 HA CHOPOHE HUBKO020 HANPAMCCHUS — AB-
TOMATH4YeCKHe BBIKIIFOYATEIM HA CTOPOHE HHU3KOIO HANPSHKEHUS WM ClEeUUalibHAs
3alllMTa HYJIEBOM MOCJIEI0BATENIBHOCTH, YCTAHOBJIEHHAs B HYJEBOM IPOBOJE Ha

CTOPOHC HU3KOT'O HAIIPAKCHHUA.
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3. Om nogpercoenuii 6Hympu KoMHcyxa U HOHUIMICEHUA YPOGHA MACTA — TA30Basi 3AIATA
(puc. 11.17, a, 6), ycranaBiauBaemas Ha TpaHchopmaropax momiHocThio 400 KBA u
BBIIIIE; Y TEPMETUUECKH 3aKPBITHIX TPAaHC(HOPMATOPOB, HE MIMEIOIIUX PACTITUPUTEIIS,
BMECTO Ta30BOTO peJie YCTAHABIMBAIOT PEJie TOBBIMICHUS] BHYTPUTPAHCHOPMATOPHOTO
JaBJICHNs1, pa0OTAIOIIETO Ha OTKITIOUCHHE.

4. Om nepezpy3ku (MakcuMalibHas) — TOKOBAS 3aIlUTA.

Tok cpabaTbiBaHHSI MAKCHMAaTbHOW TOKOBOM 3aIIUTHI OT MEK(a3HBIX KOPOTKUX
3aMBIKaHUH PACCUYUTHIBAETCS IO IBYM yCIIOBHUSIM.

[lepBoe ycmoBue:

lc3 > korc Koz / kg | paBmax),

re Korc — KOd()PUIIUEHT OTCTPONKH,

Kore = 1,2;

kg — K03 puiment Bo3Bparta, kz = 0,8.

BTopoe yciaoBwue— obecnieueHue OE3EHCTBUS 3alTUThI TTOCIIE
pabotel ABP na cropone 0,4 kB:

lc3 > kore (Kesr | pas pE3max) T | PABmax);

| pABPE3Maxy — MakcUMalbHbBIM pabounit Tok cekumu 04 kB, kotopas
MOAKITIOYACTCAK ~ paccMarpuBaeMoMy  TpaHcopmaropy Tpu — cpadaThbIBaHUA
ycrpoiictBa ABP, npranvaetcst pasabM (0,65—0,7) Inowm teanc;

| pAB(max) —MaKCUMATBHBIA PabOUMii TOK PaccCMaTpUBAEMOro TpaHChOpMaropa,
KoTopeli B cxeme ¢ ABP He nomken npeBbimarh (0,65—0,7) lhom anc, YTOOBI HE
JIOITyCKaTh OMACHOM Meperpy3ku Tpancopmaropa mocie aericteus ABP.

W3 nByx 3Ha4eHui |3 BBIOMpAETCs] HAMOOIIBIIIHIA.

[IpoBepka  YYBCTBUTEIBHOCTM  MAaKCUMAJIbHOM  TOKOBOM  3aIlUThI
ocylecTsisiercs 1o aByxdaznomy K3 3a Tpancopmatopom:

1(2)

kg = Koo o 1,5,
IC.3

rae 1), — TOK JIByX()a3HOro KOPOTKOIO 3aMBIKAHHA B MUHMMAJIBHOM PEKMME Ha
CTOPOHE HHU3KOI0 HampsbKeHUsl TpaHchopMaTopa, NPUBEACHHBIA K CTOPOHE
BBICIIErO HarpsbkeHust o ogHodazHomy K3 Ha cropone 0,4 kB,

(M

ky® > 1,5,

IC.3
roe 1Y — TO0K onHodazHoro K3 Ha CcTOpoHE HH3KOIO HAIPSLKEHUS
TpanchopMaTopa, MPUBEACHHBIN K CTOPOHE BBICIIETO HAMIPSKEHMUS.
B cmyuae, ecim He oOecneunBaeTcs HEOOXOAMMBIM KO3 duUIMeHT

YyBCTBUTEJILHOCTH, TO JIOMOJHHUTEIFHO YCTAHABIMBACTCS CHEIMAIbHAS —3aluTa
HYJIEBOM MocrieioBaresib-HOCTH Ha cTtopoHe 0,4 kB, npennazHaueHHast y1st paboThl pu
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onHodazueix K3 Ha 3emitro.

Tok cpabaTbiBaHUM MAaKCUMaJIbHOM TOKOBOM 3alllUThl OT MEperpy3Ku
BBIOMPAETCS U3 YCIOBUS

lc3 > kord/ (kg L aom),

r1e | yom — HOMHHAJIBHBIHN TOK 3aIUIIIAEMOro TpanchopMaTopa.

Boiaepikka BpeMeHH MPUHUMAETCS OOJIbIIE HA CTYNEHb CEIEKTUBHOCTH,
yeM BpeMsi cpabaThIiBaHusA 3allUThl 0T Mexkda3Hbix K3.

OtcTpoiika 3auThl OT OAHO(A3ZHBIX KOPOTKUX 3aMbIKAHMM Ha 3€MITIO
MPOU3BOAUTCS OT HAKOOMBIIETrO AOMYCTUMOTO TOKa HebanaHca B HYJIEBOM MPOBOE
TpaHchopmaTopa B HOPMaIIbLHOM PEKUME:

lcs > xu lus > 0,5 Lhom. Tanc.

K
6-10 kB R K 0 _ _ . r Q
F YAT F | ] YAT
| KL Q KL Q
T gt B e i i S 1
Baixoi. j e e R BhIKiL. :] > R
Har. KHZ KL Har. KA Kﬂzﬁ KL
e
KSS| M ;] KSG i
SF KH] L SF KH1 L]
6] 0,4-0,23 xB[KSG. KH1} Ha curnan 0,4-0,23 xB{KSG- KH1 =" Ha curan
= U —

Pucynok 11.1 - Cxembl ra30BOM 3aIUTHl TpaHCHOpPMATOpPA IIEXOBOM MOJACTAHIINH OT
0J1HO(a3HBIX KOPOTKHX 3aMbIKaHU# Ha cTopoHe 0.4 kB:
@ — C TOMOIIBIO aBTOMAaTH4eCKOT0 BhIKItouaTens SF; 6 - ¢ momompio pene KA,
YCTaHOBJICHHOT'O B HYJIEBOM MPOBO/IE 3aUINaeMOT0 TpaHCchopMaTopa

CxeMbl pelieHOM 3alllUThl LEXOBBIX TPaHCHOPMATOPHBIX MOJACTAHIMNA
npuBeneHsl Ha puc. 11.1.

11.3 PACYET TOKOB 3AMbIKAHUM (TK3)
Ons LENEA PENEAHON 3ALLWTI

[Ipn pacueTax penerMHOM 3aIUUTHI ITPOMBILIICHHBIX YCTAHOBOK, CBSI3aHHBIX C
BBIOOPOM YCTaBOK cCpabaThiBaHUSI W MPOBEPKOMl UYBCTBUTEIBHOCTH, B KayecTBE
VCXOJIHBIX MCHOJIB3YIOT PE3YJIBTAThl PACYETOB HAYAJIBHOIO JCHCTBYIOIIETO 3HAYCHHUS
nepuonyeckoi cocrasisironieit Tok TK3.

[Ipu BBIOOpE pacueTHBIX PEKUMOB U MECT (TOUYEK) MOBPEKACHUN HEOOXOIUMO
YUHUTBIBATh, YTO JJig BBHIOOpa YCTaBOK CpabaThIBaHUA TOKOBBIX OTCEUYEK U
g depeHIrnanbHbIX TOKOBBIX 3alllUT, HEOOXOJUMO 3HATh MAaKCHUMaJIbHOE 3HAUEHHE
TOKa B MECT€ YCTAaHOBKM 3alIUThI, a JJIsi MPOBEPKHM YYBCTBUTEIBHOCTH 3aIUT
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TpebyeTcs paccunTaTh HAMMEHBITIEE 3HAYCHHE TOKA B pee 3amuThl pu K3 B koHIIE
e€ 30HBI ICHCTBUS U B 30HE PE3EPBUPOBAHUSI.

Pacuetsl Toka TK3 1memecoobpa3HO NpOW3BOANTH, MPUHUMAS 32 OCHOBHYIO
ctopony BH tpancdopmaropa.

Xt

Pucynok 11.2. Pacuetnas cxema u cxema 3aMelIeHus

[Moanutka mecta K3 anekTpoaBuraresieid He y4uThIBAETCS.
Pacuet TokoB K3 npou3BouTcs B UMEHOBAHHBIX €IMHUIIAX.
ConpoTHUBIICHUS:

1.

Omax):

IInTaromie CuCTEMBI:
2
S

Xc =X
K3

BJI 110 xB

Xpn = Xq :XO'L

Tpanchopmaropa I'TIIT mpu kpaiinux nojoxkeHusix peryistopa PITH (B

XtH
XTH XtH

Pucynok 11.3 - Cxema 3amernienus Tpaicopmaropa u mpeodpazoBanue e€ AJis pacuera

ToKOB K3

X, =0,125-U

K BH ’

X, =1,75-U

K BH’
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X0, = Xopp + Xy =1,875-U

K BH’

U =9,56%;

K BHMIn

U =11,46% ;

K BHmMax

AU, pr = 0,16 o.e.;

X1 min% — 1.875- UK BHmin °
X1 max% — 1’875'U1< BHMAX °
_ [UCp.BH (1 - AU"‘an )]2 .
er min = X1 min% 100-S 4
H.T.
_ [UCp.BH (1 - AU"‘an )]2 .
XTp max — X1 max% 100-S 4
H.T
4. CymmapHoOe conpoTHUBiIE€HHE 10 TOUku K2:

Xy min = Xc T Xpy XTp min >

X3 max = Xc T Xgy +XTp max *
5. TOKM KOPOTKOTO 3aMbIKAHUS:
3) _ Uy

R
k maxBH \/g.xz -

3) . U (1-AUy, )
k maxHH = "k maxBH U ’
HH
3) _ UCp.BH .
k minBHI1 ?
i \/g'XZ max
I(3) _ Ucp.BH '(l - AU*an) .
k minBH2 \/g'XZmax
© _® Yo
k minHH1 =~ "k minBHI U >
Cp.HH
® e Vo

k minHH2 ~ "k minBH2 U
HH
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11.4 SALLUTA OTXOAALLUUX TUHUA

JJ1s BO3IYIIHBIX ¥ KaOENbHBIX JIUHUN 6-35 KB 10KHBI IpeaycMaTpruBaThCA:

o 3aIUTa OT MHOTO(a3HbIX 3aMbIKaHU;

o 3aIuTa OT OJHO(A3HBIX 3aMBIKAHHUM Ha 3eMJIIO.

3amuTa OT MHOTrO(a3HbIX 3aMBIKAHMN BBINOJHSETCS JIBYXCTYIEHUaTOW B
IBYX(a3HOM, IBYX- WM TPEXPEIECHHOM HCIIOIHEHUH.

IlepBasgs cTyneHb—IByXpesje€iHasi TOKOBAas OTCEYKa, BTOpas—IBYX HWIHU
TpéXpenenHas MaKCHMallbHas TOKOBas 3aliuTa, C HE 3aBUCUMOM OT TOKa
XapaKTEPUCTUKOM BBIIEPKKH BPEMEHU.

B cxemax 3ammuThl ¢ OTCEYKOM, BBINIOJHEHHOM C MCIIOJIB30BAHUEM pEJIe TUIA
PT-40 (pucynok 11.4), B BBIXOJIHYIO II€lb 3alllUTHl BKJIKOYAETCA MPOMEKYTOUHOE
pelie, obecreunBaroiee OTKIIOUEHUE BBIKIIOYATENs, a TAKXKE HEKOTOPYIO OTCTPOIMKY
OT BO3MOXKHOTO Opocka amepuoauueckoi coctamisitomeid Toka K3, or Opockos
HAMarHMYUBAIOIIUX TOKOB CHJIOBBIX TPaHC(HOPMATOPOB, MOITYYAIOIIUX MHUTAHHUE IO
3aIIMIIAEMOM JINHUH.

7777777777777 ] | et0kB ]
+Ql1 KL1 -Q1 ‘ ‘ +Q1 KL1 -Q1
KAl [ ‘ ‘ KAl ‘
KA2 - KA2 -
KL1p Ha orxmouenne Q1 ‘ KL1 Haotkmouenne Q1
KL1y ‘
1 Llenu 3amuTsl Ilenn 3ammTh
Ha ['TIIT ‘ Ha ['TITT
I ::E)J Y
T Q2 KL2 'Q27
k2 KA3 [ ‘
ﬂ_‘ KA4 J L
KL2 KL2 Haorkmouenne Q2

Ilenu 3amutel Ha PIT ‘

Pucynoxk 11.4 - BapuaHTsl BBIIOJIHEHUS YIPOLIECHHBIX AU PepeHIINaNbHbIX 3alIUT KaOeTbHON
munanun (KL): Ql, Q2- Beikimouarenu; TA1, TA2- tpancdopmaropsl Toka; KA1- KA4- pene Toka;
KL1, KL2 - npomexxyTouHble peine

[TepBuuHBI TOK cpabaThIBaHUSI TOKOBOM OTCEUKM ONPEAENISAETCS U3 YCIOBUSA
HaJE)KHOTO HecpabaTbIBaHUs ee npu TpexdazHom K3 B KoHILe 3anuiaeMoil TuHuY, a
IUIsL OTCEYKH, YCTAHOBJICHHOW Ha JIMHMM, K KOTOPOW IIOAKJIIOYEHBI OJIMH WIH
HECKOJIBKO CHUJIOBBIX TPaHC(OPMATOPOB,- U3 YCIOBUS HAJEKHOM oTcTpoiiku oT K3 Ha
CTOPOHE HU3LIETO HANPSKEHUS TPAaHCHOPMATOPOB 1O BHIPAKECHHIO:

18 (11.1)

I°>3 2 kOTC k BHmax ’

rae k,,.=1,3-1,4 - koadpunreHT oTcTponKu;
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HE)
k BH max

TOKa B MeCTe YyCTaHOBKM 3aumThl npu K3 B yka3aHHBIX BbilIe TOuykax. [l
MarucCTpaJbHBIX JUHUW, TUTAIONUX TPYIIY CHJIOBBIX TpaHC(HOPMATOPOB, KpPOMeE
(11.1) mOmMKHO BBITIOJHATHCS YCIOBHE OTCTPOMKHM OT CYMMAapHOTO Opocka
HaMarHUYMBAIOIINX TOKOB 3TUX TPAHCPOPMATOPOB

- HauOoJbIlIee HayaJlbHOE 3HAUCHHE HepI/IOI[I/I‘ICCKOﬁ COCTAaBIISIOIIEH

I., 2k

c,3 oTC

31 (11.2)

HOM,T

rae k,,.=2-3 OpU BBINOJIHEHUH TOKOBOW OTCEYKHM C MPOMEXKYTOUHBIM DEJIE,
00ecreynBaoIIMM 3aMeIJIeHue JedcTBUS 3auThl Ha BpeMs okodo 0,1 ¢, u k. =4-5
MIPY BBITIOJTHEHUU OTCEUKH 0€3 3aMeJICHUS;

=1 - CyMMa HOMMHAJIBHBIX TOKOB TpaHC(HOPMATOPOB, MPUCOSTUHEHHBIX K

HOM,T
3aIMAIIAEMON JIMHUH.
YyBCTBUTEIBHOCTh OTCEYKM MpoBepsieTcs mpu aAByxpaznom K3 B Hagane

JUHUM 0€3 MOAKIIOUEHHBIX TpaHC(HOPMATOPOB WM B KOHLE JTUHUU. MUHUMAIIbHBIHI
2

KOO(Q(UIIMEHT YYBCTBUTEIHLHOCTH, OINPEAEIAEMBIA 110 BHIPAXKEHHIO k, = —<min

c,3
,JIOJDKEH ObITh HEe MeHee 1,5, a mpu OTCYTCTBUHU OTIEIBHBIX 3aIIUT OT MHOTO(a3HbIX
K3, nanpumep, npenoxpanuresneil Ha MOAKIIOYEHHBIX K JIMHUM TpaHc(opmaTopax -
HE MeHee 2.

[lepBuuHblii TOK  cpabaThIBaHUsI ~MaKCUMaJbHOW  TOKOBOM  3aIllUTHI,
YCTAaHOBJICHHOW Ha JIMHUU, MUTAIONIEH OJWH WM HECKOJbKO TpaHC(OpMaTOpOB,
BBIOMPAETCS U3 YCIOBUN OTCTPOMKM OT HAMOOJIBIIIETO TOKA HATPY3KHU:

Kook

I > c3,n ore 1

> 11.3
C,3 kB Hmax » ( )

rne k,.=1,1-1,2; kg- — koadduueHt Bo3Bparta pene Toka; k., - KodpduimeHt

C3,IT
caMO3allyCKa, YYUTBIBAIOIIMN BO3PACTAHME TOKAa HArpy3KH B IOCI€aBapUITHOM
pexxume i nociie aeictsust ABP 3a cuer camo3anycka aJ1eKTpoABUraTeNnen;

| HauOoONbIIMK TOK HArpy3kd 3allUIIaeMOil JIMHUM C Y4YETOM
MePErpy309HON CITIOCOOHOCTH TpaHC(HOPMaATOPOB.

Ecam B cxeMe BBIIIOJIHEHO YCKOPEHHE MAaKCMMAJIBHOW TOKOBOW 3aIlUTHI, TO
nomumo ycnoBust (11.3) gomkno ObITh yuteHo (11.2), rae k., cleayer NPUHSATH

Hmax _

C
pPaBHBIM 2.

UyBCTBUTENBHOCTD 3aLIUTHI MpoBepsieTcs npu AByxdaznoM K3 B KoHIIe IMHUU
U Ha BBIBOJAX HU3ILEr0 HANpsKEeHUA TpaHchopmaTopoB. MUHUMAaIbHOE 3HAUCHHE
Kod(ppuMeHTa 9yBCTBUTEIHHOCTH JOJDKHO ObITH OkoJio 1,5 mpu K3 Ha BeiBomax HH
TpanchopmaropoB. [Ipu HaIWYUU OTACNBHBIX 3aAIUT TPAHCHOPMATOPOB TOJIKHO
obecneunBatbes k,, > 1,5 npu K3 B KoHIIE TMHUK ¥ IO BO3MOXHOCTH k, > 1,2 mpu K3
Ha BbiBOJax HH.

[TepBuuHBIi TOK cpabaThIBaHUS MaKCHMAaJbHOW TOKOBOW 3alllWTHl JIMHUM,
nutatomux PII, BeiOMpaercs 1O YCIOBUIO OTCTPOMKHA OT HaAMOOJBIIET0 TOKa
Harpy3ku mo (11.3).
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P CKOMCHAYCTCA, C€CJIIM 3TO HC OI'paHUYIMBACT YYBCTBUTCIBHOCTL 3aIlllUThI,
COIJIACOBBIBATL 3alllUTY JIMHUU C 6BICTp0I[€ﬁCTBYIOIHHMH 3alluTaMu HHHHﬁ,
IMOAKJIIFOYECHHBIX K PH, HCIIOJB3YyA BBIPAKCHUC!

I.,>k

C,3 — TH,C '(10,3 npen

1

+1

(11.4)

Hmax) >
rae k, .- kKoohpuuuenT Hagexnoro cornacosanus (k, .= 1,3-1,5);

campen HauOOJBIINH U3 TOKOB Cpa6aTBIBaHI/I$[ 3alIuT, OOBIYHO TOKOBBIX

OTCEYEK DJICKTPOJIBUTATENICH UM TpaHCHOPMATOPOB, MOJTYYAIOIMIUX MUTAHUE OT IITUH
PII;
IV

Hmax

HauOOJBIIMKA padOuYMil TOK 3aAIIMIAEMON JIMHUK 32 BBIYETOM TOKa

Harpy3KHu JINHUH, C KOTOPOW ITPOU3BOMUTCS COTJIACOBAHUE.

3amura OT OAHO(A3HBIX 3aMbIKAHWKA HAa 3E€MJII0 YCTAaHABIMBAETCS Ha BCEX
auHusX 6-35 kB, orxomsmmx ot mmH PII m I'TIII, paGoraromux B ceTIx ¢
M30JIMPOBAHHOM W 3a3€MJICHHOW Yepe3 HOYroracsiiiii pPeakTOp HEUTpalbl0 U
JNEUCTBYIOIIEM Ha CHUTHAJ, 3a MCKIIOYEHUEM TEX CIydaeB, KOrJa IO YCIOBHSAM
TEXHUKH 0€301aCHOCTH TpeOyeTcs NIeUCTBHUE 3alUThl HA OTKIIOYEHHE.

B cersx ¢ U301MpOBaHHON HEUTPANIbIO 1€IECOO00PA3HO MPUMEHSTH 3aIUTy C
pene tuna PT3-51, ecnu obecneunBaercs HeOOXOAMMAsT YYBCTBUTENBHOCTD 3allIUThI
B coueTaHuu ¢ yctpoiictBoM tumna YC3-3M. Ecnu no ycnoBusiMm 6€30MacHOCTH WIIH
M3-32 HEJOCTATOYHOW UyBCTBUTEIHHOCTH penie tumna PT3-51 tpebyercs obecnedynTsh
MUHUMAJIBHBI ~ TOK  cpa0aThiBaHUS  3allUTHI, CIEAYEeT  MpeayCMaTpUBaTh
HaIlPaBIICHHYI0 TOKOBYIO 3alllUTy HYyJEeBOW mocieaoBaTenbHocTn Thna 33I1-1. B
JNBYXCTYNEHYAThIX 3aniuTax | cTyneHs BbIONHAETCA B BUje 3amuThl Tuna 3311-1, a
II- B BuJE 3alIUThl MAaKCHMaJbHOIO HANPSKEHUSI HYJIEBOU IMOCIIEI0BATEILHOCTH (C
OMOIIIBIO penie Hanpsbkenus cepuu PH-50 u pene Bpemenn).

Jlist ceteld, B KOTOpPhIX HE TpeOyeTcs YCTaHOBKA JIBYXCTYNEHUYATHIX 3alllUT C
JNEHUCTBUEM Ha OTKJIFOUEHHE, HE3aBUCUMO OT CITOCO0a TOKOBOM 3aIIUTHI 0053aTE€IBHO
IPUMEHEHUE YCTPOMCTBA KOHTPOJS M3O0JSALHMH, KOTOPOE OOBIYHO BBIMOJHSAETCSA C
VICTIOJIb30BAaHUEM pEJIe HANPSDKEHUS, BKIFOUCHHOTO HAa PAa30MKHYTBHIM TPEYTOJbHUK
JOTOJHUTENBHOW BTOPUYHOW OOMOTKHM IIMHHOTO TpaHchopmaTopa HampsLKEHUS, U
BOJIBTMETPA C MEPEKIIIOYATEIEM.

TokoBble 1enM 3alMT MOAKIIOYAIOTCS K TpaHcpopmaTopam TOKa HYJIEBOU
10CJIeN0BAaTENBHOCTH. CXEMBI UX COECIMHEHHUs I NOAKIIIOUEHHS YCTPOMCTB THUIIOB
YC3-2/2, YC3-3M u 33I1-1 nansr Ha puc. 11.5. Jlng noaknroyenus pene tumna PT3-
51 BropuyHble OOMOTKM TpaHC(OPMATOPOB TOKA MOTYT  COCIUHSTHCA
nocjeaoBaTelbHO WM napamienbHo. llenu Hanpsbkenuss 3amutbl Tama  3311-1
MNOAKIIIOYAOTCA K COEAUHEHHOW B PA30MKHYTBIM TPEYrOJIbHUK JIOMOJTHUTEIBLHON
BTOPUYHOH OOMOTKEe TpaHcpopmaTopa HAMPsDKEHHUS 4Yepe3 BCIOMOTaTeNbHOE
ycTporcTBO THIa BY-1.

PacuerHble yCTaBKM 3allIMThI:

1. [lepBUYHBII TOK CpabaThIBaHUS 3AILWTHI, BBIMOJIHEHHOW Ha peje Tuma
PT3-51, BeiOupaetcs u3 ycinoBus HecpabaThIBaHUS 3alUTHI OT Opocka COOCTBEHHOTO
€MKOCTHOTO TOKa JIMHMM TpH BHEIIHEM («3a CHUHOW») MepeMexaromeMcs
3aMBIKAaHUM Ha 3€MIIIO 110 BBIPAKEHUIO:
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Ic,?,,pac:q 2 k0Tc 'k6 'IC > (1 15)
rae ko= 1,1 -1,2 - koadpumeHT oTCTpoiiKy;
k= 2 - 2,5 — kodhPUIMEHT, YYUTHIBAIOUIMN OpPOCOK COOCTBEHHOTO
€MKOCTHOTO TOKa;
I.- COOCTBEHHBIM €MKOCTHBIM TOK JIMHHUU, BKJIIOYasi €MKOCTHBIH TOK CETH,
MOJIy4arole MUTaHue MO 3aIUIIAEMOM JIMHUU.
Onpenenenue I TPOU3BOAUTCS:
TUTS1 KaOEMhbHOU JTUHUHT
Io =Ig,-1-m, (11.6)
rae I, - eMKocTHOM TOK 1 kM kabens (tadun. 11.5);
|- IIWHA JIMHUH, KM; M — YUCII0 MapajuIebHbIX Kabenel B TUHUH.
UyBCTBUTEIBHOCTD 3aIIUTHI IPOBEPSETCS 110 hopMyIIe:
k, = Iesmin =Ic =1L
I

c,3

(11.7)

b

i€ Icy,- HAUMEHBIIEE pEATbHOE 3HAYEHHWE CYMMApHOTO €MKOCTHOTO TOKa
3aMbIKaHUS Ha 3eMJIIO;

\ KA \ \ KA N N N KA \ \ \ \
& %J %J o
TA ] TAl TAzg TAl TAzg TAxg @ TAI TAzg TA3S [TA4
as t T T
N /NN N AN AN NN AN A
1 a) 0) B)

VYRR KA N VR KA

N N
D T T s
TAl TAzg TA3S |[TA4S [TAS TA TAZ% TAKg TAA% TAsg TA6

e e

1 1

) €)

Pucynok 11.5 - Cxema coequaeHust Tpancdopmaropo Toka TuroB T3J1 u T3JIM mnst
NOJKII0UeHus ycrpoiicTB TunoB Y C3-2/2, YC3-3M u 331I1-1:

a- Mpu OHOM Kabeie; 0- mpu IBYX KaOeNsX B JUHUU; B- TIPH TPeX KaOesaX B JIMHHUH, T- TIPH
YeThIpex Kalelsax B JIMHUW; - TIPH MATH KaOelsiX B JIMHUU; €- TP IeCTH Kabensx B muHuu; TA1-
TAG6- TpanchopmaTopsl Toka HysieBo# nocnenoBatenbHOCTH THIOB T3JI 1 T3JIM; KA- ycrpoiicTBo
CUTHAJM3aIlMH WM 3alIUTHl OT 3aMBIKaHUS HA 3EMITEO

IC - 3HAUYCHUC COOCTBEHHOT'O CMKOCTHOTI'O TOKa MOBPCXKACHHOI'O

—

IMPUCOCANHCHUS,
I; - 3HAYCHHUE TOKa, HA KOTOPOE€ HACTPOCH nyroracamnﬁ p€aKTop, B CCTHU C

U30JIMpoBaHHON HeuTpanbio I} =0. 3HaueHue k, MOMKHO ObITh HE MeHee 1,25 mis
KaOeIbHBIX U HE MeHee 1,5 A BO3AYIIHBIX JIMHUH.
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2. Pacuetnbiii TOk cpabateiBanus 3ammthl THna 33I1-1 ompenensior,
ucxolid U3 TpeOoBaHUM obOecrneunTh KOIDPUIUMEHT 4UYBCTBUTENBHOCTU k,=2 TpH
0/1HO(ha3HOM 3aMBbIKAaHUHU Ha 3€MJIIO B 3alUIIIAEMON JUHUU 10 (popmyiie:

1 | 1 =1
Ic,3,pacq < CZml;n C _ CZml; C (1 18)
q

[Tpunsteiii Tok cpabateiBanust (I.,) BBIOMpaeTCs paBHBIM OJIbKalIeMy

MEHBIIEMY MO OTHONIEHHIO K | 3Hauenuto: 0,07; 0,5; 2 A. UyBCTBUTEIBHOCTH

c,3,pacu
3aIIMTHI MIPOBEPAETCSA IIPHU IPHHATOM 3Hadenuu I, ¢ yderom 30 % pasOpoca,

HMCHOIICTO MCCTO B 3aIIUTC, 110 YCIIOBUIO!:

k), = lezmin “le 5 5 (11.9)
131,

Tabnuya 11.5 - CpeaHue 3HaYeHHSI EMKOCTHOIO TOKA METANIHYECKOro 0HO(a3HOI0
3aMBbIKAHUSA HA 3eMJII0 U1 Ka0eJbHBIX JUHUM nmpu yactore 50 'y

Tok, A/kM, IpU HOMUHAJIBHOM HaNpsHKEHUU ceTH, KB
Ceuenue 6 | 10 | 35
JKUJIBI Ka0es,
P IpY HOMUHAJIBHOM HampshKeHuH kabens, kB

6 10 10 35

16 0,31 0,26 0,43 -

25 0,43 0,34 0,56 -

35 0,49 0,38 0,63 -

50 0,58 0,44 0,73 -

70 0,73 0,52 0,87 -
95 0,89 0,61 1,02 3,62/3,81
120 1 0,70 1,16 3,81/4,57
150 1,19 0,78 1,3 4,19/4,95
185 0,28 0,91 1,51 4,38/5,34
240 0,33 1,01 1,8 4,76/5,91

Ilpumeuanue. JIns HOMUHAIBHOTO HanpspkeHUs 35 kB B uMcnuTene yka3aHbl 3HAYCHUS
TOKOB JUIS OJHOXWJIBHOTO KaOemsi C W30JAlueld W3 BYIKAaHU3UPOBAHHOTO TOJMATUIICHA, B
3HaAMEHATeNe - JUISI OJHOXIJIBHOTO KaOels ¢ MEeTaUTMYeCKOW OO00JIOUKONH U OyMakHOM
IIPOIUTAHHOU U30JIALIUEH.

11.5 3AWLUUTA IJEKTPONEYHbIX YCTAHOBOK

OO0mue mosoxkenus. (s TpexdaszHbIX 3JEKTpONEUHbIX ycTaHOBOK (DY)
MPENYCMAaTPUBAIOTCA  YCTPOMCTBA  PEJIEHHOM  3alUThl, JCHCTBYIOIIME IIPHU
MHorodaszueix K3 B nunum, nurtaromieit I1Y, B neunom tpanchopmarope (I1T) u Ha
BbIBOZax ero oomotrku HH, muorogasnsix K3 Ha BbIBOAax M mepeMblYKax MEXIY
aBroTpancopmaropom (AT) u neunsim TpanchopmaTopoMm - st DY, cocrosmux
u3 AT wu IIT, BHyrpenHux mnoBpexaeHusix B IIT, Bkmrowas K3 B oOmoTkax
TpaHchopmaropa, HEUCIpaBHOCTH peryisTopa Hamnpsokenus (PITH), monmxenumn

YPOBHA W IOBBIIICHUW TCMIICPATYpPbI MaAcCild, 3aMbIKAHUAX Ha 3CMJIIO B HHT&IOIHeﬁ
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auann 1 B oomotke BH IIT, cBepxTokax meperpys3kd, BbI3BaHHBIX HapyLICHHEM
TEXHOJOTUYECKOT0 PEKUMAa WU IKCIUTyaTalMOHHbIMU K3.

B OIIY ¢ oaHuUM BBIKIIOYATENIEM, BBINOJHAKOMIIEM OINEPATUBHO-3AIUTHBIE
byukiuu, geiicteue 3ammT OIIY Ha OTKIIOYEHHE HANpaBiIE€HO Ha ATOT
BBIKJIFOYATEN b, YCTAHOBJICHHBIN B Hauaje nuraromiei auauu (puc. 11.6). B tex OI1Y,
I7IE UIMEIOTCS 3alUTHBIN BBIKIIOYATENb B HAYaJle MATAOUIEN JIMHUU U OJVH WIH JBa
OMEpaTUBHBIX BBIKIItOUATENsl BOJIU3M TpaHCPOpPMATOPHOro arperara, 3amuTsl oT K3
Ha ctopoHe BH DOIIY neiicTBYIOT Ha OTKIIFOUEHUE 3aIUTHOTO, 4 OCTAJIBHBIC 3AIHUTHI
- Ha OTKJIFOYEHHUE ONIEPATUBHOTO BBIKJIFOYATEIIS.

6-10 kB

| T
KP1 X K2
KH2 KH2
KP2 []K3 T
) e
K[
KAZT L KT
KAST |
KA6 T K5 }
| K
K2 Ha orxirouenne Q
| KTT |
ac 6)
KH1 Curnan "Ykasarenb He MOIHAT"
| KHZ . |
K
K4
| K3 Curnan "HeuncnpaBHOCTh yCTaHOBKH'"

B)

Pucynoxk 11.6 - CxeMbl rpyIIoBoi 3aliliThl MUHUMAJIbHOI'O HAIPSDKEHNUS C UCIIOJIb30BaHUEM
SHEPIrUH NPEeBApUTENLHO 3apsHKEHHBIX KOHAECHCATOPOB!
a- CTPYKTYpHas cxeMa; 0- cxema yrnpaBJIeHus; B- CXeMa CUTHAIN3ALUU

Tunbl 1 0cO0EHHOCTH BBINIOJTHEHUS! 3AIMTHhI. J[J151 321U Tl OT MHOTO(a3HbIX
K3 mpenycmarpuBaerca MakcuMasbHasi TOKOBas 3amura Ha ctopoHe BH OI1Y, Ha
BBIKJIIOYATENIE MUTAIOLIEH JMHUM, B JBYX- WU Tpex(azHOM TpexpeseiHOM
ucrojiHeHNH. B KkadecTBe H3MEPUTENBHBIX OPraHOB MOTYT OBITH HCIIOJIb30BaHBI
ANEKTpOMarHuTHele pene cepun PT-40, ecnu nmpu COOTBETCTBYIOLIENH OTCTPOMKE OT
OpockoB Toka HamarHuuumBanua [IT  ymaercs  oOecneuuTh  TpeOyemyro
4yBCTBUTEIBHOCTb, WM pese Tuna PHT-565.
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Hnsa mommubix IIT, umeromumx Ttpanchopmatopsl Toka Ha cropoHe HH,
JOMOJHUTENIPHO K MAaKCHMaJbHOM TOKOBOM 3amure Ha crtopone BH DJIIY
nenecoobpasHo  mpeaycMmarpuBath  guddepenunansuyto  3amuty 1T u
MaKkCUMalIbHY10 TOKOBYIO 3amuty ueneid HH OI1Y, BeiBonoB IIT u kopoTkoit cetu.
HuddepenunanpHas 3aluTa BBIIOIHIETCS ABYMS KOMIUIEKTaMHU C Pa3IMYHBIMU
cXeMaMM KOMMYyTalluu TpancpopmaTopoB Toka Ha ctopone BH IIT. DT1o mo3Bomnser
MCKIIIOUUTD JIOXKHYIO paOOTy 3alIMThl MPU MEPEKIIOUEeHUU nepBUYHON oOMoTku [1T
CO 3Be3lbl HAa TPEYroJbHUK U oOpatHo. Jlnms Ooinbiielt YyBCTBUTEIHHOCTU
muddepeHanbHas  3amuTa  BRITOJIHsAECTCS ¢ pene Toka JI3T-11, umerommumu
MarHUTHOE€ TOPMOXKEHHE, M HEOOJbIIOMN BBIJICP)KKOM  BPEMEHH, JIAIOIIEH
HEOOXOAMMYIO OTCTPOHKY OT OpOCKa HaMarHMYMBAIOMIETO TOKa Mpu BKItoueHuu [1T
Ha xoJjocTtoi xox (puc. 11.7).

35 kB
A

TAl
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N ] W 2vp
Wep

Y/A W Wivp l
T
2 6 4
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KoHmakm @ass A
Bbmopoeo KoMnaekma

+Q / KH wr ¢
‘ KAW1 KAawd M
L]

KT
—
- Ha omkaioueHue
OT KOHTaKTOB

pene muddepeHimanbHoM KH
3allUTHL APYTHX (a3

o—

HacueHan

Pucynok 11.7 - ludpdepenunansuas 3amura tpancpopmaropa II1Y (oana daza ogHoro
KOMILJICKTA)

MakcumanbHas TokoBas 3amuta nernei HH B TpexdasHom TpexpeneitHoM
HCIIOJIHEHUH 00eCTeunBaeT JIUIIyIO 10 CPaBHEHHUIO ¢ 3amuTol Ha ctopone BH JITY
YyBCTBUTEJIIBHOCTh K 3aMblkaHusiIM Ha BbiBoAax HH PT u B xopoTkoi#i cetu. 3ammra
JEeNUCTBYET 0€3 BBIICPKKHA BPEMEHU Ha OTKITIOYCHUE.

Hma  3ammter  IIT  oT BCex BHUIAOB TMOBPEKICHUM BHYTPU KOXKYyXa
TpaHcopmaTtopa,  CONMPOBOXKIAIOUIUXCS  BBIJICIGHUEM  Tra3a,  yYCKOPEHHBIM
MpOoTEeKaHUEM Macia U3 0aka B pacUIMpuUTeIb, YTEUYKOM Macia, MpelycMaTpruBaeTCs
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razosas 3amura. Yucenmo rasoBeix pene onpezpenserca KoHcrpykuuen IIT. Ilepsas
CTYIICHb JBYXCTYIIEHUYAaTOW ra30BOW 3alUTHl ACHUCTBYET C BBIACPKKOU BPEMEHHU Ha
CUTHAJI, @ BTOpas, 0€3 BBIJAEPKKM BPEMEHH,- Ha OTKJIIOYEHHUE. 3alluTa OT Meperpena
Macja OObIYHO BBIMOJHAETCS C MOMOIIBIO JIEKTPOKOHTAKTHBIX TEPMOMETPOB.

Jnst 3amuthl TpaHchopmaTopa OT TMEPEKIIOUYEHHs] «IOJI TOKOM» CTyIEHen
peryyisaTopa HaupsHKEHUs UCIIOIB3YETCS NPEAYCMOTPEHHOE 3aBOJOM-U3rOTOBUTEIIEM
IIT pene Toka, AEHUCTBYIOLIEE HA OTKJIIOUYEHHUE MPUBOAA PETYJSATOpPA MPU TOKAX
HArpy3Ku, MPEeBbIIAIIINX JOMYCTUMBIE.

Tpexdasznas TpexpeneitHas MaKCHUMallbHas TOKOBas 3allliTa OT CBEPXTOKOB
Meperpy3ku, Kak MpaBuiIo, MOAKIIOYAETCS K TpaHcpopMaTropaMm Toka Ha cropone HH
IIT, a ecnu oHM OTCYTCTBYIOT - K TpaHchopmaTtopam Toka Ha cropone BH IIT.
3ammTa BBIIOJIHAETCS C 3aBUCUMOM OT TOKA XapaKTEPUCTUKOM BBIIEPKKH BPEMEHH C
JieficTBUEM Ha cuTHaI U Ha oTkiodeHue (pene KA4 — KA6 na PucyHok).

3ammTa OT 3aMbIKaHUN Ha 3eMJII0 B MuUTaromieil nuHur U B ooMotke BH IIT
BBIMOJIHAETCS TaK K€, KaK U JJIs1 TUHUM 6 - 35 KB ¢ OIHOCTOPOHHUM MUTaHUEM.

Pacuernble ycraBkum  3amuThbl. [lepBuuHbId  TOK  cpabaTbIBaHMS
MaKCUMaJlbHOW TOKOBOM 3ammThl Ha ctopoHe BH OIIY BeiOupaercs u3 ycioBus
OTCTPOMKH OT TOKOB JKCIUTyaTalMoHHbIX K3 mo BelpaxkeHuro I, >k, . -1, U OT

c,3 = 9,K

OpOCKOB HaMarHu4YuBarIIero Toka npu BkiodeHuu 1T mo hopmyre
Ic,3 2 k'OTC 'IHOM,H,T »

rae k,

I3,K -
sKcIuTyaTaiioHHoM K3;
| - HOMUHAJIBHBIM TOK IEYHOT0 TpaHchopMaTopa.

HOM,II,T

. 1 k', - KOOQPUIIMEHTBI OTCTPONKH;

HauOoblllee 3HAYEHHE TOKA B MECTE YCTAHOBKH 3alllUTBI IIPpH

3Hauenus k., U k's,, IPUHUMAIOTCS: IIPU BBIIOJHEHUH 3aUThI ¢ pene PT-40

Kore =1,5; k'y,c =3-4,5; npu BbIonHeHuu 3amuthl ¢ pene PHT-565 k. =k' . =1,3-
L,5.

Tox cpabareiBanus auddepeHnnaTbHON TOKOBOM 3allMThl TPHUHUMACTCS
paBHbIM 0,5 1 a BbIAEpKKa BpeMeHH t.,=0,3-0,5 c. Uucmo BUTKOB TOPMO3HOM

HOM,II,T °
O6MOTKI/I OIIpeaACIACTCA  YCIOBUEM HaACKHOTI'O TOPMOKCHHUA 3alIUThI IIpu
OKCILTyaTallHOHHOM K3 no BBIPAKCHUIO!

L ‘W w
,pacu pab pad
Wropm = Kore * = Kore '(8+AH+AW*)' d
Liopu - t8Q tga
rie K, =1,5- KO3 HUIUEeHT OTCTPONKH;
Lis pacs> lropy M - COOTBETCTBEHHO IEPBHUYHBLIA PACUETHBIH TOK HebasaHca,

TOPMO3HOM TOK M TIONHAS TMOTPEIIHOCTh TpaHCPOpPMATOPOB TOKa  IMPH
’KcIUTyaTaiioHHoM K3;
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W a6 = pa6oqee YHUCJIIO BHUTKOB, COOTBCTCTBYIOIICC IIPUHATOMY TOKY

pabd
cpabareiBanus; tga=0,75;

Au- OTHOCUTENbHas TMOTPEIIHOCTh, OOYCJOBIEHHAs PEryJIHMpOBaHUEM
HAaIIpSDKEHUSA, Ul JBYXKOMIUIEKTHOM 3allUTHI INPUHUMAETCS PABHOM ITOJIOBUHE
JMaria3oHa peryJupoBaHus B Mpejiesiax oJJHOU cxeMbl coeauHenust oomotku BH I1T;

Aws- OTHOCHUTEJIbHAs BHUTKOBAas IOTPEIIHOCTh, OOYCIIOBJIEHHAs HEMOJHBIM
BbIDABHUBAHMEM  BUTKOB  palOoueil  oOMOTKM  peiie, MOJKIIOYAEMbIX K
TpancpopmaTtopam Toka Ha ctopone BH u HH neunoro tpancdopmatopa.

Boigepxka Bpemenu nuddepeHIranbHOM 3auThl IpUHUMaeTcs paBHoi 0,3-
0,5c.

Tok cpaOaTeiBaHMsI MaKCHMajldbHOW TOKOBOM 3alllUThl, YCTAaHOBJIECHHOW Ha
ctopone HH IIT, paccuutsiBaetcs no gopmyine I, >k, 1 B KOTOPOM 3HAYECHUE

c,3 = 3,K,H °

| COOTBETCTBYET TOKY 3KcIuryaraimonHoro K3 na cropone HH IIT.

3,K,H

Tok cpabarbiBaHUsi MaKCUMAJIbHOM TOKOBOM 3alllMTBI OT TEperpy3Ku
BbIOMpaeTcd M3 YCJIOBUS HAJEKHOTO HecpabaThIBaHUS TMpPU  JJTUTEIHHOM
MaKCUMaJIbHOM paboyeM TOKE MO BBIPAKEHUIO:

¢33~ k " *pab max *

rae k.- Ko3h UIUEeHT OTCTPONKH, paBHbIH 1,1;

k, - K03 GUIIMEeHT BO3BpaTa peJe, 1 pene tuna PT-81 npuHMMacTCS paBHBIM
0,8;

I - 3HAYCHNE MaKCUMAJILHOTO JUTUTEILHOTO Pabovyero Toka.

pabd max

[Ipn HEmOCTATOYHOM YYBCTBUTEIBHOCTH 3alUT OT K3 K MOBpEXIEHUSM Ha
cropone HH IIT Bpemsi neiicTBUS 3alMThl HA OTKJIFOYEHUE MPUHUMAETCS He OOJIbIIe
10 c.

Eciu uyBcTBHUTENBHOCTH 3amiMT OT K3 K yKa3aHHBIM [OBPEKICHUSIM
COOTBETCTBYET TpEOOBAaHMSAM, TO BpeMs JCUCTBHS TIEPBOM CTYNEHU 3alllUTHI,
JNEUCTBYIOUIEN Ha CUTHAN, IpuHUMaeTcs okosio 10 ¢, a BTOpo#, AeiCTByOIIEe Ha
OTKJIIOYCHHUE,- OKOJIO | MHH.

YyscrBuTenbHOCTE 3ammt ot K3 mposepsercs mo Toky 1Y B Mecte
min

yCcTaHOBKH 3amuThl 1pu AByxda3zHom K3 Ha BeiBosax HH IIT no ycioButo:

2)
k. = Ik min )

R

c,3
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11.6 SAILUIUTA CUHXPOHHbLIX N ACUHXPOHHbIX
ANEKTPOOABUIATENEWN HAMPAXEHWEM BbILLE 1 kB

OO0umue mosnoxkeHus. /{1 CUHXpPOHHBIX U ACHHXPOHHBIX AJIEKTPOJABUTATEIEH
HampspkeHWeM Bbimie 1 kB mpegycmarpuBaroTCs  3alllUTBl  OT  MHOTO(a3HbIX
3aMbIKaHUU
Ha JIMHEWHBIX BOJAaX M B OOMOTKE cTaropa, 0JHO(pA3HBIX 3aMbIKaHUN Ha 3eMJII0 Ha
JUHENHBIX BBIBOJAX U B OOMOTKE CTaTopa, TOKOB MEPErpy3KH, MOTEPU MUTAHUS U
MOHIDKEHUSI  HAMNpSDKEHUs,  aCMHXPOHHOrO  pexuma  (JUIS  CHHXPOHHBIX
AIIEKTPOJBUTATENEH ).

JInsi MHOTOCKOPOCTHBIX 3JIEKTPOJIBUTATENCH 3alllUTa BBIMOJHIETCA OTIEIbHO
JUTA KOKIO0M CKOPOCTH.

3ammTa 0T MHOro(a3HbIX 3aMbIKaHHI. 3alllUTa YCTAaHABIMBAETCS Ha BCEX
0e3 UCKIIOUEHUS CHUHXPOHHBIX W  ACHUHXPOHHBIX  OJJEKTPOJBHUTATENSAX |
MpeHa3HAYaeTCs I OTKIIFOUCHUSI DIIEKTpoABUTaTels npu Muorodasueix B K3 B ero
0OMOTKE cTaTopa M Ha JIMHEH BBIBOJAX (T. €. TeX BBIBOJIaX, K KOTOPHIM MOJKIIOYCHA
NUTAOAas JIMHUSA, COEAMHSIONAs »dJEKTPOJBHUrareiab C BBIKIIOYarenem). Y
CUHXPOHHBIX AJIEKTPOJBUTATENIEH 3alMTa JEUCTBYET M Ha aBTOMAT ralleHUsl MOJis
(AI'T), ecniu oH uMeeTcs.

Tunsl 3ammT. /[0 snekTpoaBUraresieil HOMMHAIbHOM MOITHOCTHIO 10 4000
KBT nmpumeHsiercs TOKOBasi IByXpelieliHas OoTceuka 0e3 BBIIEPKKU BPEMEHHU C peEdie,
BKJIIOUCHHBIMU Ha (hpa3HbIC TOKHU.

Jns snexkrpoxsurareneld HoMuHaiabHOM MomtHOCTRIO 4000 kBt m Oonee
MpUMEHsIeTCA TpojoibHas auddepeHIuanbHas TOKOBas 3amuTa 0e3 BBIICPIKKH
BPEMEHM. JTa K€ 3allUTa; MOKET INPUMEHSATHCS Ha AJIEKTPOABUTATENSAX MEHBIIECH
MOIIIHOCTH, €CJIM IPUMEHEHUE TOKOBOM OTCEUKH He obecrneuuBaeT TpedyeMoil
YYBCTBUTEJIBHOCTH, & CO CTOPOHBI HYJIEBBIX BHIBOJIOB OOMOTKH CTaTOpa UMEIOTCS UJIH
MOTYT OBITh YCTaHOBJIEHBI TpaHC(HOPMATOPHI TOKA.

[IpuMeHEHNE TOKOBOM OJHOPENEHHOM OTCEYKM C pelie, BKJIKOYEHHBIM Ha
pPa3HOCTh (ha3HBIX TOKOB, HE PEKOMEHIyETCSl.

Yka3zanus 1o BbINOJHEHMIO 3amuMT. Ha nsnekTpoiasuratene ¢ npsMbIM
IyCKOM OT CETH B 30HY 3alUThl KPOME CaMOT'0 3JEKTPOJABUIaTENS BXOAAT TAKKE €ro
COCIMHEHHSI C paCHpEAC/IUTEIbHBIM YCTPOMCTBOM, OT KOTOPOrO OH IOJIy4aeT
MUTAHUE.

Ha snextpoaBurarene ¢ peakTOPHBIM IIYCKOM B 30HY 3alUThl, KaK IPaBUJIoO,
BKJIIOYAETCSl ¥ MyckoBoi peakTop. [Ipu sToM s oOecrieuenust otkitouenus K3 Ha
y4acTKe MEXIy TpaHchopmaTopaMy TOKa M BBIKIIIOYATENIEM IYCKOBOTO peakTopa
(Mpy BKJIIOYEHHOM BBIKJIIOYATEJIE OCHOBHOTO THUTAHUS) B Cllydae, KOTJa 3alluTa
OCYILIECTBJIEHA TOKOBOW OTCEYKOW, €€ BBINOJHAKT ABYMS KOMIUIEKTAMH,
MOJKJIIOYEHHBIMU OJIUH - K TpaHchopMaTopam Toka mKada BhIKIIOYATENs ITyCKOBOIO
peakTopa, a BTOpoll K TpaHchopmaropam Toka mKada BBIKJIIOYATENS LIOBHOTO
nutanusa. Ecim nmpumenena auddepeHmanbHas 3ammTa, TO B IUIEUE 3allUThI CO
CTOPOHBI TIUTAHUSI C TOM K€ IENbI0 yCTaHABIWBAeTCA AByX(asHas AByXpereiHas
oTceuka 0e€3 BBIICPKKH BPEMEHH, KOTOpas JUIsl TIOBBIMICHUS YyBCTBUTEIHLHOCTH
BBIBOJAUTCS W3 JEHCTBHUS Ha BpeMs Iycka anekTpoasuratens. Ha pucynke 11.8
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MOKa3aHbl OJIOK-CXEMbl TOKOBBIX IEMEH 3aIlIUT ANEKTPOABUTATENCH C PEaKTOPHBIM
IyCKOM.

JI71s1 TOKOBBIX OTCEUEK DJICKTPOJABUTATENEH pekoMeHayroTces pene cepun PT-40
unu  PHT-565, wumeronyue BCTPOCHHBIE HACHIAIOIMIMECS TpaHCPopMaTopbl U
o0J1ajiaroIre yIy4dIieHHOW OTCTPONKOM OT TOKOB MEPEXOHOTO Mpoliecca MPpHU IMyCcKe
n camosamycke. Ilpumenenne pene Tuma PHT-565 MoxkeT okazaTbhed
1eJecoo0pa3HbIM, €ciM ToKoBas orceuka c pene PT-40 He ynmoBineTBopsieT
TpeOyeMoil 4yBCTBUTEIBHOCTH, a IOBBILIEHHE 4yBCTBUTEIbHOCTH Ha 20-30 %
OKa3bIBACTCsI IOCTATOUHBIM C TOUKH 3PEHHUsI COOTBETCTBUS TpeboBanusm 1Y .

B muddepennmansHoit TokoBO# 3ammTe ucnonb3ytoTes pene tuna J3T-11 ¢
MarHuTHBIM TOpMOkeHueM (pucyHok 11.9). Topmosnas oOmoTkKa pene Wy
BKJIIOUAETCs B IIeu0 MU epeHINanbHON 3alUThl CO CTOPOHBI HYJEBBIX BBIBOJIOB
OOMOTKM CcTaropa. OTHUM OOECIIEYMBACTCS MHUHUMAIBHOE TOPMOXKEHUE TIpU
BHYTPEHHHUX MTOBPEKIECHUSAX 3JIEKTPOIBUTATEIS.

6-10 kB 6-10 kB

H]Ql H]QZ H]Ql H]QZ

TAl AK1 TA2 AK2 TAl AK1 TA2 AK

“F
\H—‘

b DL
] ]

() ()

Pucynok 11.8 - BcnoMorarenbHasi cxeMa TOKOBBIX IIEMeH 3alIUT 3JIEKTPOABUTaTENIEH ¢
PEaKTOPHBIM ITyCKOM OT MHOTO(ha3HbIX K3:
@ - IpY IPUMEHEHUH TOKOBOM OTCEUKH; 6- P MPUMEHEHUH TU(PepeHINaTbHON 3auThl; M-
aeKTpoBHUrarens; L- myckoBoii peaktop; Ql, Q2- Beikimovarenu; TA1- TA3- Tpanchopmartopsr
toka; AK1, AK2- koMIIekTsl TOKOBBIX oTceuek; AK- koMrekT nuddepeHnnanbHON 3auIuThl

Jnst  snekTpojBUraTene, HMMEIOUMX JAUHAMHUYECKOE TOPMOXXEHHE, B
muddepeHIaIbHYI0  CXeMYy 3alluThl  BKIIOYAIOTCS  TpaHChOpMaTOphl  TOKa,
YCTaHOBJICHHBIE B LIEMIH PE3UCTOPOB JTUHAMUYECKOIO TOPMOXKEHHUA. 3alllUuTa JTUHUU
JTUHAMUYECKOTO TOPMOXKEHUST B OTOM CIy4yae BBINOJHSETCS JABYX(}a3HOM
IBYXPEJIEMHON MAaKCUMAJIbHOW TOKOBOM 3aILIMTOM, OTCTPOEHHOM OT MAaKCHUMaJIbHOTO
TOKa CTaTopa B

pPEXKUME TOPMOXKEHUS U JEUCTBYIOIIEH HAa OTKIKOYEHHUE BBIKIIFOUYATENS LENU
JUHAMUYECKOro TopMoxeHus: U AI'T] CHHXpOHHOTO 3JI€KTPOABUTATEIIS.
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PacyerHbie YCTaBKH 3alIIMTHI.
I. Toxk Cpa6aTBIBaHI/I}I peie TOKOBOM OTCEUKH BBI6I/IpaeTC}I B COOTBCTCTBUH

I > kOTC 'kcx

Cp — kI

.IH

max

rae k.- KoOQp(uuueHT OTCTpOiKY (MpU BBINOJIHEHUH OoTceuku Ha pene PT-40 k..
=1,4-1,5 i acMHXpOHHBIX 3JeKTpoaBUrarened u k., =1,6-1,8 111 CHHXpOHHBIX
AJIEKTPOJIBUTATENEH; MPU BBITTOJHEHUH oTceuku Ha pene PHT-565 k ..=1,3);

K¢y - KOOPOUIIMEHT cXeMbl BKIIOUEHUS peJie; MPU BKIIOUEHUH pelie Ha (a3HbIe

A C
TA1 r
Wayp

TOKH k., =1;

H

>

N
F@Qﬁ 2>
\

KAWI1
KAW?2

K BBIXOZHOMY MPOMEKYTOYHOMY pelie

Pucynok 11.9 - [IpunnunuansHas cxema auddepeHunanbHoi 3ammThl 3JaekTpoaBurarens M

¢ pene tuna [3T-11:
TAT1, TA2- tpanchopmaropsl Toka; KAW1, KAW2- pene tuna JI3T-11

k;- K03 dunueHt Tpanchopmanuu TpaHcHopMaTOPOB TOKA;
" .- HauOoOJbIIIee NEHCTBYIOIIEE 3HAYECHUE TEPUOJUIECKON COCTaBIISIONICH

TOKa, MPOTEKAIOIIETO Yepe3 TpaHcPOopMaTOphl TOKA 3aIIUTHI B peKUMaxX Mmycka (IpH
HOMMHAJIbHOM HAIPSHKCHUH CETH M CKOJIBKEHWHU s=1), camo3amycKka Wil BHEIIHETO
K3 npu BeIBeICHHBIX IMTYyCKOBBIX yCTpoiicTBax (Tadim. 11.6).

UyBCTBUTEIHPHOCTh TOKOBOW OTCEUKH OMPEIASISICTCS MPU METATUTHYECKOM
nByxdaznom K3 Ha BBIBOJAX 3JIEKTPOJBHUTATENS B PEKUME, OOYCIOBIMBAIOIIEM
MIPOTEKaHUE HAUMEHBIIIETO TOKA B PeJie:

Kmin Kmin

4 min
Ic,p kg Ic,p ki

@ 08712

3HayeHue k JIOJKHO OBITh HE MEHEE JIBYX.

9 min
2. Pacuer nuddepenuuanbHoi 3amutbl ¢ pene tuna J3T-11 cocrour B
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BBIOOpE HEOOXONWMOTO 4YHCIa BUTKOB W Au(depeHInaibHOi OOMOTKH pere,
COOTBETCTBYIOIIETO CXEME COCTUHEHHH TpaHCPOpMATOPOB TOKA M MOCTOSHHOU

X
BpeMeHH T,=-—2—, TJ€ Xy H TIy- COOTBETCTBEHHO HWHJYKTHBHOC M aKTUBHOEC

W Ty

COMPOTHUBJIEHUE 1IEMHU, IO KOTOPOMl mpoTekaeT Tok I' ... YHCI0 BUTKOB TOPMO3HOM
OOMOTKH peJie MPUHUMAETCS PaBHBIM HAMOOJBIIIEMY BO3MOXHOMY 3HAUCHHUIO: W, =

24,
OTHOCHTENPHOE 3HAYCHHWE HAYaIbHOTO TOKa Cpa0aThIBaHUSA  3aIUTHI
ompenaenseTcs mo dhopmyJie

c,30 —

Fc,pO ’ kI

9
Wi .IHOM

Tabnuya 11.6 - OnpeaeneHne TOKa VISl pacyeTa 3allUTHI JJIeKTPOABUIaTeiel oT
mHorogasubix K3

Oco0eHHOCTh pexuMa PabOThI
HomunanwHas
DIEeKTpOABUTATEND ®opmyna
MOIIIHOCTb Hanuuue Hannuwme
IpsIMOTO TTyCKa | camMo3amycka
JIroGast Her Her E",

IH —__ 4, I

CHHXPOHHBIH 2000 kBT u 6omnee Ha Ha X 1 Hon
Jlo 2000 kBt Ja Ja E",
— 9.9
o " _ HOM
ACHHXpDOHHBIH ¢ [Mpax =9 Xa
KOPOTKO- Jlrobast Ha Ha Lue.n
3aMKHYTBIM
O0TOPOM
poTop JIro0as a Her [ ax = k, “Tom
"
ACHUHXpDOHHBIH € E
p JIro0as Her Her I =T

ba3zHBIM POTOPOM Xk

Ilpumeuanue. E'" =FE\+- cBepxoepexognas JI/C; 1 HOMMHAIIBHBIN ~ TOK
q MG

HOM ~

QJICKTPOABUTATCIIA, IHC v~ TOK B II€NHU CTATOPA JICKTPOABUTATEIIA [P HECUHXPOHHOM BKIIIOYCHUH;

Xp- HHAYKTHBHOC COIIPOTHUBJIICHUE LCIIKM CTAaTOpa JSJICKTPOABHUIATCIIA, Xq =Xg +Xggs Xk~

MHIYKTUBHOE COINPOTHUBIIEHUE 3JeKkTpoaBurarens npu K3 ayis CHHXpPOHHBIX 3J€KTPOABUTATENCH:

Xy =Xy, JUIA aCHHXPOHHBIX X, =1/K|; Xy, - CONPOTUBJICHUE OT JIMHEWHBIX BBIBOIOB

ANEKTPOABUraTENEH JO MECTa YCTAaHOBKH 3alIUThI; Ky - KpaTHOCTH MyCKOBOT'O TOKA.

rae F,,o- MarduTOABWXKYyIas cuna cpabareiBanus pene JI3T-11 npu orcyrcrBum
TopMOxeHust; F, ,,=100 Asw;
w,- 4YHCJIO BHMTKOB OOMOTKM peiie B JAUGPEPEHIHANBHON IeNU  3allUTH,
ompeaensiercs no tadm. 11.7.
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UyBcTBUTENBHOCTH AU depeHnnansHoi 3amuTel ¢ pene tuna J3T-11 moxer
HE IPOBEPATHCS, TAK KAK OHA 00ECIEUNBAETCS B JIFOOBIX pEAIbHBIX peXUMax padboThl
AJIEKTPOJIBUraTEINs U MUTAIOIIEH CETH.

Tabnuya 11.7 - Yncao BuTkoB o0MoTku THNAa /3T B nuddepenunanbnoii uenu
3aLUTHI JJIeKTPOABHUIaTe el

IlocTrosiHHas BpeMeHU Cxema coegHEHUs TpaHchopMaTopa TOKa
arepuoanyeCcKomn Y-Y Y-A
cocrasiisronieit Ta, ¢ IIOJIHAs HEIOoJIHAs IIOJIHAs HETIOJIHAs
0,1 30 20 24 22
0,05 40 32 37 25
0,03 69 59 56 45
3. ITepBu4HBIM TOK cpabaThIBaHUS MAaKCHUMAJIBHOM TOKOBOM 3aIlIUTHI,

YCTaHOBJIEHHBIX B Iuleue auddepeHnanbHON 3alUThl BHIOMPASTCS U3 YCIOBUS
o0ecrniedueHrs HeoOX0JUMON YyBCTBUTEIBHOCTH K ABYX(a3HbIM MeTaimnueckuM K3 B
30HE MEXIy IyCKOBBIM  BBIKJIIOYATEIeM U  TpaHchopmaropamMu  TOKa,
PacmoJI0KEHHBIMU B MIKa(y 3TOTO K€ BBIKIIOYATENS, 10 BBIPAXKEHUIO:

(2)

I < _kmin
c,3 = Kk s
umin
Trac Iizrzlin - TOK B MECTC YCTAHOBKH 3allIMThI B PACCMATPUBACMOM PCIKUME;
kqmin - MHUHUMAJIbHBIN KOB(b(i)HHI/IeHT 9YBCTBHUTCIIbHOCTH, HpI/IHI/IMaeMI:Jﬁ PaBHbBIM
1,5.

4. TlepBuuHblii TOK cpaOaThIBaHHs 3alUTHl, YCTAaHABIMBACMOW Ha JUHHUH
IIyCKOBOI'O pEaKTopa, Korjga B KayecTBE 3alMThl 0T MHoOrogasHeix K3 oOmorku
cTatopa IpeJyCMOTPEHa TOKOBAsi OTCEUKA, BHIOMPAETCS MO YCIOBUIO OTCTPOMKHU OT
IIyCKOBOTO TOKA l;yck 2JIEKTPOABUTATENS C YUETOM COIPOTUBIICHUS PEAKTOPA:

-1

Ic,3 2 kOTC MyCK >

rae k,,.=1,5-1,7- koo PuimeHT oTcTponKu.

YyBCTBUTENBHOCTh 3alIUThl MpoBepsieTcss mpu nByxdazHom K3 BOmM3M
JTMHEHHBIX BEIBOJIOB AJIEKTPOIBUTATEISL. 3HadeHHe koah purmenTa
YYBCTBUTEIHHOCTH JIOJDKHO OBITH OKOJIO IBYX.

3amuTa OT 3aMbIKAHHIT HA 3eMJII0 B 00MOTKeE CTaTOpa. Y CTaHOBKA 3aIlMThHI
ANIEKTpoABUTaTENIeH OT 0JJHO(A3HBIX 3aMbIKAHUM Ha 3€MJII0 CUMTAETCs 00s3aTeIbHON
P TOKE 3aMbIKaHUs Ha 3eMIIt0 5 A u 6osee. PekoMeHmyeTcst mpeaycMaTpuBaTh 3Ty
3aIIATY W TPW MEHBIIMX 3HAYCHUSAX TOKA 3aMbIKaHHMS Ha 3EMJII0, €CIU TIpH
COOJTIOJICHNN CEJICKTUBHOCTH 00€CTICUNBACTCS ICUCTBHE 3TOM 3alTUTHI MPU PEATBHBIX
3HAYCHHSX TOKA 3aMBIKaHHUS Ha 3€MJTI0 Ha BBIBOJAX JJICKTPOJIBUTATEIIS.

Korna B cetu ¢ M30JMPOBAHHOM HEUTpaIbi0 HEOOXOIUMOCTh OTKJIIOUCHHS
0onHO(DA3HOTO 3aMBIKAHUS Ha 3EMJI0 JIUKTYETCs TPeOOBaHMSIMHU OE€30MacHOCTH,
3aIyMTa IpeayCMaTPUBACTCS HE3aBUCHMO OT TOKA 3aMBbIKaHMS Ha 3EMITIO.
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JIns BBISBIIEHUSI BO3HMKILIETO B D3JICKTPOABHUIATENE 3aMBIKAHUSA HAa 3€MIIIO,
KOrJa 3allliuTa OT 3aMbIKaHMM Ha 3eMJII0 B OOMOTKE CTaTopa HE YCTaHaBJIMBAETCH,
UCIIOJIB3YIOT YCTPOWCTBA 3allMThl W CUTHAJIU3ALMM 3aMbIKAHUKM Ha 3E€MIIIO,
MPEyCMOTPEHHBIE JUISl CETH, K KOTOPOU MOJKIIOUEH AJIEKTPOIBUTATENb.

CrnenuanpHas 3allydTa OT JBOMHBIX 3aMbIKAaHMI Ha 3eMJIt0 (OJHO - B OOMOTKE
cTaTopa, a JPYroe - B CETH) YCTaHABJIMBAETCS, €CJIM 3alllUTa OT OJHO(a3HBIX
3aMBIKaHUM Ha 3€MJII0 OTCYTCTBYET WJIA BBITIOJHEHA C BBIAECPKKOU BPEMEHHU.

3amMra OT 3aMbBIKaHMM HA  3€MJII0  JCHCTBYET Ha  OTKJIIOYEHUE
AJIEKTPOABUTATENISI OT CETH, a y CHHXPOHHBIX DJJEKTPOJBUIraTelIe — Ha
ABTOMATHUYECKOE TallleHUE T0JIs, €CJIA OHO MPETYCMOTPEHO.

Tunbl 3alIUTHL - TOKOBAs 3alllUTa HYJIEBOW IMOCIEAOBATEIBHOCTHA C PEJE THUMA
PT3-51 wimn TokoBasi HampaBiieHHas 3alllUTa HYJIEBOW IMOCIIEIOBATEIIBHOCTH THUIA
33I1-1. [ns 3amuThl OT ABOMHBIX 3aMbIKAaHUM HA 3€MIIIO - OJHOpEJIEHHas, C pelie
tuna PT-40, TokoBas oTceuka HyJ€BOM MOCIEA0BATEILHOCTH.

Tabnuya 11.8 - PacyeTHble 3HAYEHHUSI EMKOCTH ABHTaTe e

Homunanenas PacueTHble 3HaUE€HUS EMKOCTH OOMOTKH
Tur anexTpoaBUrarTens
MOILIHOCTB, KBT craropa Ha Tpu ¢a3bl, MKD
CTA-5000-2 5000 0,110/0,85
CTA-6300-2 6300 0,110/0,110
CTA-8000-2 8000 0,170/0,110
CTA- 10000-2 10000 0,170/0,150
CTA- 12500-2 12500 0,220/0,150

Ilpumeuanue. B uucnutene ykazanbl emkocTu Ajig CTJl ¢ HOMUHAIBHBIM HampsbDKEHUEM 6
KB, B 3HaMeHaTesne - C HOMUHAJIbHBIM HanpsbkeHnem 10 kB.

Tabauya 11.9 - llepBuuHble TOKM CPAGATHIBAHNSI 3AIIIUTHI OT 3aMbIKAHUI HA 3eMJIIO ¢ peJie
tuna PT3-51, A

Tun Yucno u coequHeHne TpaHCPOopMaTOPOB TOKA HYJIEBOM
Tpancopmaropa MOCIICIOBATCIBHOCTH
TOKa HyJEBO#H 1 |2 E | 4 2 E |4 IE

MOCEI0BATEILHOCTH IIOCIICOBATEIHLHOE napajuieabHOe

T3J1 0,68 1,25 1,95 2.48 0,97 1,19 1.43 Her
3,96 6,80 9,83 14,6 4,25 4,80 5,95 JTAaHHBIX

T3JIM 0,60 1,08 1,60 2.16 0,89* 1,08* 1,33* 1,67*
3,26 | 6,35 9,60 13,00 | 4,62* 5,1% 5,66%* 6,6*

T3P 0,90 1,26 Hert Her 1.41 Her Her —
3,80 6,20 | maHHBIX | maHHBIX | 6,10 | HAHHBIX | JaHHBIX

T3JIP 0,81 1,34 1.95 2,56 1,00 1,20 1,52 Her
4,17 | 7,90 11,70 15,44 5,00 6,10 7,20 JTaHHBIX

Ilpumeuanusa: 1. 3HadeHus TOKa cpabaThIBaHUS, OTMEUCHHbBIE 3HAYKOM *, yKa3aHbI IO

JTAHHBIM UHCTUTYTa «ATOMTEIIIOAIEKTPOIPOEKT», OCTAIIBHBIC - M0 JAHHBIM «Y palIdHEPrOUYEPMET.
2. B uucnurene npuBecHb MUHUMANIBHEIE, & B 3HAMEHATEIE - MAKCUMAIIbHBIE TOKH CpabaThIBaHMSI.
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Yka3aHusi 10 BbINOJHEHHIO 3alUThI. |11 moakmroueHus 3amuTel Tina 3311-
1, a Taxxe s 3amuthl ¢ pene tuna PT3-51 npu uyucne kabenei, COeTUHSIIOMUX
ANEKTPOABUTATEIL C PACHIPEAECIUTENBHBIM YCTPONCTBOM, HE MPEBBILIAKOIIEM IIATH,
IpUMEHSIIOTCS TpaHchopMaTopsl Toka HyJeBor nocnenoBarenbHoct (TTHII) Tumos
T3, T3JI u T3JIM. [ua pene tuma PT3-51 TTHII, kak npaBuiio, COeAUHSAIOTCS
napasuienbHo, a s 3amuTel tuna 33[1-1 — B coorBercTtBuM ¢ Pucynok . Ilpum
mecty u Oosiee kabensix pene tuna PT3-51 nomkHO MOIKIIOYATHCS K KaOEIbHBIM
TpanchopMaropaM TOKAa HYJEBOW TOCIEAOBATEIIBHOCTA C IMOJAMAarHMYMBAHUEM
nepeMeHHbIM ToKoM (tumna THII-7) ot muHHOrO TpancpopmaTopa HaNpsKEHHUS.

Kak npasuno, TTHII ycranaBmuBaroTcsi B pacnpeacMTENIbHOM YCTPOUCTBE,
€CJIM Yy4eT COOCTBEHHOTO €MKOCTHOTO TOKa KaOembHOU JIMHUK (OT MECTa YCTaHOBKH
TpaHC(OPMATOPOB TOKA IO JIMHEWHBIX BBIBOJOB DJICKTPOJBUTATENSI) B TOKE
cpabaThIBaHUS 3allUThl HE TMPUBOJUT K HEOOXOJWMOCTH BBEACHHUS BBIICPKKH
BpemeHU. CONpOTUBICHHE COCAMHUTENBHBIX MpoBoaoB Mexay TTHII u pene
3alIUThl HE NOKHO mpeBbimatek 1 Owm. Ilpu ucnonszoBanum pene tumna PT3-51 ¢
TTHII tuma THII-7 Bo BTOpHYHYIO IIeNb TpaHcPopMaTopa TOKa BKIHOYACTCS
pesuctop tuna [19B-50, 50 Om.

3amuTa BBITIOIHAETCS JACUCTBYIOIIEH 0€3 BBIICPKKH BPEMEHH, €CIIU ITOr0 HE
TpeOyeTCsl IO YCIOBUIO OTCTPOMKHU OT MEPEXOIHBIX MPOIIECCOB, HAIPUMED B CiIyvae,
KOrJjla TOK cpabaThIBaHMs 3alllUThl B CETH C HEWUTpasablo, 3a3eMJICHHOM depe3
JYTOTACSIINANA PEAKTOP OKa3bIBAETCs OOJbIIe 5 A..

PacyeTHble yCTABKM 3aIIMTHI. YCTaBKU CpabaThIBaHUS peJie TOKA 3aIUT OT
3aMBIKaHUM Ha 3€MJII0 PACCUUTHIBAIOTCS B IIEPBUYHBIX TOKAX.

Toxk cpabaTsiBaHus 3amuTh ¢ pene tuna PT3-51 onpenensiercs u3 ycioBus ee
HAJIC)KHOW OTCTPOMKH OT OpOCKa COOCTBEHHOTO €MKOCTHOTO TOKa, MPOXOJSIIETO B
MECTE YCTAHOBKH 3aILUTHI [IPU BHEIIHEM IIE€PEMEIIAOIIEMCS 3aMbIKAHUU Ha 3EMJIIO:

>1
c,3 = ‘¢,3,pacu

rae k.- koadduuueHt orctporku (k.. =1,2);

ks- KOA(D(PUIIMEHT, yUYUTHIBAIOIIUNA OPOCOK COOCTBEHHOTO €MKOCTHOTO TOKa (
ks=2,5);

I.- cOOCTBEHHBI €MKOCTHBIN TOK MPHUCOSIUHEHHUS CaMOTO 3JICKTPOJIBUTATENS

[cp v MuEMKM, COeNUHSAIOMEN €ro ¢ PacCHpeIeIUTENbHBIM YCTPOMCTBOM U BXOJAIIEH B
30HY JE€UCTBUS 3aIUTHI [

CoOCTBEHHBIN €MKOCTHBIN TOK JIEKTPOJBUTATEIS, A

678 -Cp Uy

len=—5

rae f- HoMuHanabpHaAs yacToTa ceTH, I 11

(11.12)
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Cn — emxocth (a3l craropa anektpoasurarens, @. 3nauenune Cn
NPUHUMAETCS 1O JIaHHBIM  3aBOJA-U3TOTOBUTENS  AnekTpoasuratens. Ilpu
HOMHUHAJIBHOM MOIIHOCTH 3JIEKTPOJABUIATeNel, He mnpesblmaromen 2,5-3 MBT,
3HaueHueM lca B (2.84) 00br4HO MOXKHO npeHeOpeub. 3HaueHuss CH 7151 HEKOTOPbIX
THUIIOB 3JICKTPOJBUTaTENeH npuBeeHbI B Tabm. 2.20.

CoOCTBEHHBIN €MKOCTHBIA TOK KaOeIbHOW JTUHUU, BXOJAIIEH B 30HY 3alllHUTHI,
ompenensiercs no Gopmyre:

son - HOMAHAQJIBHOE HANPsDKEHUE CeTH, B;

IC.H = ICO -I-m )
rac ICO - 3HaYEHNE COOCTBEHHOI'0 EMKOCTHOTO TOKa 1 KM Ka6eﬂﬂ;

|- qvHA TUHUH, KM;
m- 9UCJI0 Kabeel B INHUMY.
Ecnu 3HaueHwe 1 onpenenieHHoe 1o (2.83), oOKa3bIBaeTCs MEHbBIIE

c,3,pacu
MUHUMAJIBHOTO TOKa cpabarbiBaHus U3 Tabn. 2.21, To TOK cpaOaThIBaHMS 3alUTHI
NPUHUMAETCS PaBHBIM YKa3aHHOMY B 3TOH Tabmuiie. Bo Bcex apyrux ciydasx:

I <5 A.

¢,3,pacy < Ic,3

IIpu 1
BBIIEpKKA BpeMeHH t.,=1-1,5 c, a Tok cpalareiBanusi Bbruncisercs mo (2.83) mpu
ke=1,5. B ceTu ¢ U30aMpOBAaHHON HEUTPANIbIO B MOAOOHOM ClTydyae BMECTO pelie TUIa
PT3-51 ycranaBnuBaetcs 3amuta tumna 3311-1.

ITpaBmiiaMu  ycTpolcTBa  JIEKTPOYCTAHOBOK He TpeOyercs IpoBeEpKa
YYBCTBUTEIBHOCTU 3alIUT DJIEKTPOJABUTAaTENed OT OAHO(DA3HBIX 3aMbIKaHUM Ha
3emiti0. Pekomenayetcst obecrnieunBath yciaoBue Iy — I >1,5-1

> 5 A B ceTax ¢ IyroracsiiiiM pPeakToOpoOM B 3aIUTY BBOIUTCS

¢,3,pacu

c,39
rae Icy- CyMMapHbIM €MKOCTHBIM TOK 3aMBIKaHUS Ha 3€MJIK0 CE€TH, K KOTOpPOM

HOJKIIFOUYEH 3JIEKTPOABUTATEIb B HOPMAJIBHOM PEXUME €€ PadOTHI.

[lepBuunblii TOK cpabaThiBaHusi peie Ttuna PT-40/6 3amutbl OT JBOWHBIX
3aMbIKaHUH Ha 3eMJI0 TpuHUMaeTcs paBHbIM 150-200 A.

3ammra OT TOKOB MEPErpy3KH YCTAHABIIMBAETCS B CIy4asiX, KOI/la BO3MOKHBI
MEPErpy3KH MO TEXHOJIOTMYECKUM MPUYMHAM WIIM UMEIOTCS TSKEIIbIE YCIOBUS IMyCKa
U caMmo3amnycka (IIMTEIBbHOCTh MPSAMOIo Iycka oT ceTd He meHee 20 c). 3ammura
BBITIOJTHSETCS C IEUCTBUEM Ha CUTHAJ, €CIM OOCITYKMBAIOUIMI MEXaHU3M IepCcOHal
MMEET BO3MOYKHOCTh JIMKBUIMPOBATH IEPErpy3Ky B NPUEMIIEMOE BpEMs, WIH Ha
ABTOMAaTHUYECKYIO Pa3rpy3Ky.

JleficTBrE 3allUThl Ha OTKJIIOYEHHE MPUMEHSIETCS Ha JJIEKTPOABUTATENAX C
TSKEIBIMA YCIOBUSMH ITyCKa M CaMO3allyCKa, B CIy4asix, KOrja 3JIEKTPOJBUraTeNb
HE Y4YacTBYET B CaMO3allyCKe, a TaKKe Ha JJIEKTPOABUTATENIIX MEXaHU3MOB, IS
KOTOPBIX OTCYTCTBYET BO3MOXKHOCTh CBOEBPEMEHHOW pa3rpy3ku 0€3 OCTaHOBa WIH
KOTOpbI€ paboTaroT 6€3 MOCTOSIHHOTO JIEXKYPHOTO IEPCOHATIA.

Tun 3amuThl - MAKCUMalbHasi TOKOBAs 3alllMTa C 3aBUCUMON WJIM HE3aBUCUMOMN
OT TOKa XapaKTEPUCTUKOMN BBIIEPKKHA BPEMEHHU B OJHOPEIEIHOM HCIIOJIHEHUU.
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Yka3anus o BbINIOJTHEHUIO 3alUTHI. Jns ACUHXPOHHBIX
ANEKTPOABUTATEIIEH, HE SIBISIOIIMXCS IPUBOJAMU OTBETCTBEHHBIX MEXaHU3MOB, €CIIN
BpEMsI UX MYCKa M caMmo3allyCcKa He MpeBOCXoauT 12-13 ¢, nyis aneKTpoABUraTeien ¢
M3MEHSIOIIENCs Harpy3KoM Ha Bajly WJIM UMEIOUIUX 4acToTy ImyckoB Oosiee 500 pa3 B
roji, NPUMEHSETCS 3allUTa C 3aBUCUMOM OT TOKAa XapaKTEPUCTUKOW BBIAEPKKU
BPEMEHH - C HCHoJib30BaHueM peiie turna PT-82. [lpu aTomM HEoOXOAMMO MPHUHSTH
MEphI MO0 YCTPAaHEHUIO BIUSHHS BUOpaIMu U TpsCKH, uMmeromux mecto B KPY, Ha
nercteue pene. Bo Bcex oOcCTambHBIX ClydasX IMpelycMaTpuBaeTCsl 3allldTa C
HE3aBUCHUMOM OT TOKA XapaKTEPUCTUKOMN BBIAEPKKU BPEMEHHU C pelie Toka cepun PT-
40 u pene Bpemenu tuna BJI-34.

Pene Toka 3ammThl BKIIOYaeTcs JMOO HAa TOK (ha3bl, €CIU DIEKTPOJIBUTATEIH
obopynoBaH qudPepeHInanTbHON 3aIUTON, MO0 Ha Pa3HOCTh TOKOB JIBYX (a3 - 1is
AJIEKTPOJBUTATENCH, 3anuiaeMplx oT MHorodasHeix K3  TOKOBOW OTCeukoit
(pucynok 11.10). TIlocmemnee mnpemycMaTpuBaeTcs B IHEIsIX  0OeCIEUCHHs
oTKJItoUeHUsT MHOTO(a3HbiX K3 ¢ TOKOM, MEHBIIIMM TOKa CpabaThIBaHUSI OTCEUKH, U
HMEET CMBICI B TEX CIydasX, KOIJa 3allluTa OT Mepe TPY3KH BBIMOJHACTCS C
JNeWCTBUEM Ha OTKIoYeHue. Jlns 3ammThl  OT Teperpy3ku pPeKOMEHIyeTCs
HCIIOJL30BaTh BTOPUYHBIE OOMOTKM TpaHC(POPMATOPOB TOKA, HE CBA3AHHBIX C
3amuToi oT MHOro(dasueix K3.

+Q —Q &C
KH1 KL1
KA1 j KH1
Q KAl ‘ L] %
KAZ J KH2
Al C ~
| ] KH2 KH3
TAl ka2 KA —
T KA3
K namme
W3m. pu6. SB "Vka3arenb
\H\L KH3 HE Mo HsIT"
kA [
TA2 i M. pu6. = KL1 | ] Ha omgo%ﬂne
—‘ KH3
© Curnan
= "ITeperpyska"

Pucynoxk 11.10 - [IpuHnunuansHas cxeMa TOKOBOM OTCEUKH U 3aIlUThI OT MEPErpy3Ku
aneKTpoaBUrarens M:
Q- Beixmmrouatens; TA1, TA2- tpancdopmaropsl Toka; KA1, KA2- pene Toka oTceuku;
KA3- pene toka 3ammuTsl ot neperpy3ku; KL1- npomexxyrounoe pene; KH1-KH3- ykazarensHbie
pene; KA- KOHTaKT pesie 3aluThl OT 3aMbIKaHUs Ha 3eMJIt0; SB- KHOIKa ynpaBieHUs

PacueTHble yeTaBKH 3a1IHThI. TOK CpabaThIBaHUS PEJIe 3alUThI

.. > kOTC 'kcx 1

¢.p kB . kI

rae k.. - KoohuueHT OTCTpoiky, paBHbIit 1,1;

How (11.13)

Kex- KO3(phULIMEHT cXeMbl BKIIOUEHUS pefie (K= 1 TP BKJIIOUYEHHH pejie Ha
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TOK (ha3bl ¥ k,, =+/3 TIpH BKIIFOUEHNH pejie Ha Pa3HOCTh TOKOB ABYX (a3);

kg -ko3(puneHT Bo3Bparta pene, mpuHUMaeMblii paBHbM 0,8 i pene Tuma
PT-82 u 0,85 nns pene cepun PT-40;

Lo - HOMUHAQJIBHBINA TOK 3JIEKTPOJBUTATENS;

k- ko3 duiueHT Tpanchopmaluu TpaHcHopMaTopoB TOKaA.

Brigep:kka BpeMeHM 3aliuThl JoJDkKHA npeBblmate Ha 20-30% pacueTHOE
BpeMs IIyCKa 3JIEKTPOJABUIaTess. ITa yCTaBKa cpadaThIBaHUS YTOYHSETCS B MPOLIECCE
HaJaJ04YHBIX PalboT.

3amMTa CHHXPOHHBIX JJIEKTPOJBUTATENIEM OT AaCHHXPOHHOIO peXxuMa
YCTaHaBJIMBAETCA HAa BCEX CUHXPOHHBIX 3JIEKTPOJBUIaTEsAX U JEHCTBYET HA CXEMY,

PELYyCMaTPUBAIOIILYIO PECUHXPOHU3ALIMIO, PECUHXPOHU3ALMIO C
aBTOMATUYECKOM pa3rpy3Koll MexaHu3Ma [0 TaKOro YpOBHsS, NpPHU KOTOPOM
o0OecrieunBaeTcsl BTATMBAHHME DIIEKTPOABUTATENSI B CHUHXPOHHU3M, OTKIIIOUEHHE
ANIEKTPOJBUTATENS] TIPU HEYCHEIIHOM pPECUHXPOHM3ALMU TPH HEBO3MOXKHOCTH
OCYUIECTBJIEHUS Pa3TPy3KHU WM PECUHXPOHU3ALMH MIPU OTCYTCTBUU HEOOXOIUMOCTH
M0 YCJIOBHSM TEXHOJOTUYECKOTO MPOLIECCAa B PECUHXPOHU3AIIMH JIEKTPOABUTATEIIS.

Oco0eHHOCTH BBINOJHEHUS 3alUThI. [[JIsi CHHXPOHHBIX 3JIEKTPOIBUTaTeei
CO CIIOKOMHOW HArpy3KOd Ha BaJlly HE3aBUCHUMO OT JAPYTMX BHUIOB 3allUT OT
ACMHXPOHHOTO pPEXHMMa, BXOJAIIMX B COCTaB BO30YAUTEIbHBIX YCTPOICTB,
IIpeayCMaTpuBaeTCd 3alllTa, pearupyrollas Ha yBEIMYEHHE TOKAa CTaTopa W Ha
CHIDKEHHE TOKa BO30YyXKIEHHUsS. 3aluTa IO TOKY CcTaTopa HpelCcTaBisieT coOoi
JABYXCTYNEHYAaTyl0 (IO BpEeMEHHU JEWUCTBUS) MAaKCUMAJIbHYIO TOKOBYIO 3aIlUTy B
OJIHOPEJIEWHOM MCIOJHEHUN OT TOKOB IMEPErpy3KH, BO3HUKAIOIMIMX B ACUHXPOHHOM
pexume (Pucynok 2.22). B cxeme ucnofnb3yeTcsi mpoMexkyTounoe pene tuna PI1-252,
MMEIOIIlee 3aMeNJIeHue NpU BO3BpATe, JJI NPENOTBpAIICHUS OTKa3a 3allUThl IPH
OMEeHUsIX TOKa AacUHXpOHHOro pexuma. Jlng oOecrieyeHuss  pasaeiabHOro
cpaOaTbIBaHUs 3alllUThl HA PECHUHXPOHMU3ALMI0O W HA OTKJIIOYEHHE JJIsi NEepBOM
CTYNIEHH 3alUThl (C MEHbLIEH BBIIEPKKOH BpPEMEHHM), JEUCTBYIOIIEH Ha
PECUHXPOHHU3ALMI0O W HAa pa3rpy3Ky, MPEAYCMOTPEHO OTAEIbHOE BBIXOJIHOE
npomexxytounoe pene (KL2 na pucynke 11.11). Tak xak BpeMs AelCTBUS NEPBOM
CTYIICHM 3aIATHl MEHBIIIE BPEMEHM ITyCKa WJIM CaMO3aIlyCKa 3JIEKTPOJBUTaTEIIs, OHA
BBIBOJUTCS K3 pabOTBl Ha BpEMsl JTHUX pEXKUMOB C IOMOLIBIO  pele,
KOHTPOJIMPYIOILETO MPOJOJIKUTEIBHOCTD ITyCKa U caMmo3anycka. PacueTHble ycTaBKH
3alllMTHI TaKUE K€, KaK U Yy TOKOBOM 3alllUThl OT MEeperpy3ok. Buimepikka BpemMeHH
MIEpBOM CTYNEHM 3aIUTHI NpuHKUMaeTcs paBHou 0,5-1 c.

3amura 0T HOTepPH  NMUTAHMA M TNOHW/KCHUS]  HANPSKEHHUS
npeaycMaTpuBaeTCs JJid TPEIOTBpAICHUS IOBPEXKACHUN 3JIEKTpOJBUraTesiei,
KOTOpPbIE MOTYT BO3HUKHYTBH IIOCJE TOT0O, KaK Ha 3aTOPMO3UBILHECS B pE3yJibTaTe
MOTEpU THUTAHUS, KPATKOBPEMEHHOIO WM JUIUTEIBHOTO CHMXKEHHSI HalpsHKEHHS
AIIEKTPOJBUraTeN OyAeT BHOBb IOJAHO HANpPsDKEHHWE HOPMAIBHOTO YPOBHSA. JTO
MOXET MNPUBECTH K HENPEAYCMOTPEHHOMY CaMO3allyCKy WM MOBTOPHOMY IyCKY
AIIEKTPOJBUTATENEH, JISI KOTOPBIX 3TH PEXKHUMBI JIMOO HEAOMYCTUMBI MO YCIOBUIM
3aBOJIa-U3TOTOBUTENS MIIM TEXHOJIOTUYECKOTO MpoIiecca, TM00 3arpelieHbl TEXHUKOM
0€30MacHOCTH.

HOM
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Ota xe 3amuTa OOBIYHO HCHOJIB3YeTCs Uil OOECHEYeHHs CaMOo3aIycKa
DIIGKTPOJIBUTATENICH OTBETCTBEHHBIX MEXaHM3MOB, HajexHoro mycka ABP
AJIEKTPOJIBUTATENICH B3aMMOPE3EPBUPYEMBIX MEXaHHU3MOB M HCTOYHHUKOB DJIEKTPO-
cHaO)XeHUs, a TaKKe JJIl OTPaHMYCHHUS TOAMUTKHA OT DJEKTPOJBUTATENEH MecTa
KOPOTKOT'0 3aMblKaHus B nmuTaromen cetu (35-220 xkB).

6-10 kB +Q 0
KL1
KA ’—‘
Q KA
KLI Kt L
[ KF T M
L] ~ B
L KAR KQ
3 cxeMbI BO30YANTENBEHOTO YCTPONUCTBA
KL3 KT.IJ/ ’7 KHI1 1 KL2
i KH2
KT.2 Ha otkmouenue Q o
2 D KL3
KL3 KL/]E ]
KL2 L | KL2
r ‘\] Curnan o Havae i—/
camo3arrycka
Ha pasrpysky Ha ramenue
CurHan o BKIOYeHHH Q nons

KJIFOYOM YTIPaBJICHHS

Pucynoxk 11.11 - [IpuHimnuaneHas cxeMa TOKOBOM 3aIlIUThl OT aCHHXPOHHOTO PEXUMA
CHUHXPOHHOTO0 3ieKkTpoasurarens MG:

Q- BrikmrouaTenb; TA- Tpanchopmartop Toka; KA- pene toka tuna PT 40; KT- pene BpeMenu tuma
BJI-34; KL1- pene npomexxyrounoe tuna PII-252; KL2, KL3-pene npomexyrounoe tumna PI1-23;
KHI1-KH2- pene ykazarenbnbie Tuna PY-1; KQ- knonka ynpasnenus; KAR- koHTakT,
3aMBIKAIOIIUICS MU noTepe Bo30yxeHus; KF- koHTakT, pa3Mbikaromuiics npu GpopcupoBke
BO30OYXKICHHUS.

3ammura OT MOTEPH MUTAHUS BBIMOIHICTCS TPYIIIOBOH, T. €. oOIIel I Bcex
ANIEKTPOJBUTATENICH, TMPUCOCAMHEHHBIX K OJHOW CeKIuH COOpHBIX  IIIHH
pacrpenenuTeNbHOIO0  yCTPOMCTBA.  3amura  JEHCTBYET HAa  OTKJIKOYEHHE
ANEKTPOABUTATENICH, KOTOpPbIE NO TEM WM HWHBIM IPUYMHAM HE YYacTBYHOT B
caMo3amnycKe, U Ha TallleHHE TMOJiI CUHXPOHHBIX 3JIEKTPOJBUTATEEH, MOJICKAIINX
CaMO3aIycKy.

Tunel 3amuTel. B kadecTBe 3alUThl OT MOTEPHU IMUTAHUS MCHOJIB3YHOTCS
OJIHO-, JIBYX- WJIM TPEXCTyleHuaTas 3alldTa MUHUMAJIbHOTO HANPSHKEHUS, 3aluTa
MUHUMAQJIBHOTO HANpPSDKEHUS W MUHUMAJIBHOM YacTOThI C OJOKUPOBKOW TIO
HaIpaBJICHUI0O MOIIHOCTH, BCIIOMOTATENIbHbIE KOHTAKTHl BBIKIIIOUATEINS JIMHUU,
MUTAIOMICH CEKIUI0 COOPHBIX IIMH PACIPEACIUTEILHOTO YCTPONUCTBA, K KOTOPOMY
MOJKIIIOUEHBl  3JIEKTPOJIBUTATENIM, WA BBIXOAHBIE I1I€MU PEJIEHHBIX 3alllUT,
JNEUCTBYIOIINX HA €r0 OTKIIFOUECHHUE.

Oco0eHHOCTH BBINOJHEHUS 3AINUTHI. 3alUTa MUHUMAIbHOTO HaIPSKEHUS

MpEeIyCMaTPUBAETCA B TE€X CIly4asX, KOrjga CyMMapHas HOMMHaJbHAs MOLIHOCTH
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CUHXPOHHBIX DJJIEKTPOJBHUIATEIEH B CETH, I KOTOPOM PpacCMaTPUBACTCS DPEXKUM
NOTEPU U BOCCTAHOBJICHUSI NMUTAHUS, NOHWKEHUS W TOCIEIYIOLIETO IOBBIIICHHS
HanpspkeHus, He npesbimaer 10% obmieil MOITHOCTH OAHOBPEMEHHO PAa0OTAIOLIUX
AJEKTPOJBUTATENEH, a TPEOOBAHMS K COKPAILICHUIO TIEpEpbIBa MUTAHUS (HAIPUMED, C
TOYKM 3pEHHs] 00ecleueHHs caMo3allycka) He NpeabsABIAIOTCS. Yucio cryneHei
YCTaBOK cCpalaThlBaHUsA IO HANPSDKEHUI0 M IO BPEMEHM 3aBUCUT OT THIA
ANIEKTPOJBUTATENEH, YCIOBUUA MX pabOThl M OTHOIIEHUS K camo3amycky. Pene
HANPSDKEHUS 3aIIUThI MOAKIIOYAl0TCA K IIMHAM BTOPUYHBIX Ieneil TpaHncdopmaropa
HANpPSDKEHUSI CEKIMHM PACTIPECTUTEIbHOTO YCTPOIICTBA COBMECTHO C MpUOOpamu
U3MEpPEHUs] M TEXHUYECKOro YydeTra uepe3 OOMIMI 3allUTHBIM aBTOMATHYECKH
BBIKJIIOYATeNb. [ MCKIIOYeHMs JIOKHOM paboThl 3alMTHI MPU HEUCIPABHOCTIX
neneil Tpancopmaropa HaNpsHKEHUsT M TIPU BBIKATHIBAHUU €r0 TEJIEKKH U3 1Kada
KPY  mpemycmarpuBaeTcs COOTBETCTBYIOIIAasi  OJOKMPOBKA,  HMCHOJIB3YIOIMIAS
BCIIOMOTATENIbHBIE KOHTAKThl aBTOMATHYECKOTO BBIKIIIOYATENSI M KOHEYHOI'O
BBIKJItOUATENs, QUKCUPYIOLIETO MOJOKEHUE TEJICKKH.

Ha noxacranmumsx ¢  BBIIPAMIICHHBIM  ONEPATUBHBIM  TOKOM  3aluTa
BBITIOJIHAETCS €  HCHOJIb30BAHMEM  DHEPrUM  TPEIBAPUTENIBHO  3apSyKEHHBIX
KOHJIEHCATOpOB (pucyHok 11.4).

3amuTa MUHUMAQJIbHON YacTOTHI C OJIOKUPOBKOM MO HANPABJICHUIO MOIIHOCTH
MIPEAyCMAaTPUBAETCS B JTONOJHEHUE K 3aIIATE MUHUMAJIBHOTO HAIPSKEHHUS, KOrAa B
CeTH, U1 KOTOPOM pPacCMaTpUBAECTCA PEKHUM IIOTEPU U BOCCTAHOBJICHUS IUTAHHUS
nericteueM ABP unu AIIB, uMerOTCS CHHXPOHHBIE 3JIEKTPOJBUIATEId CYMMAapHON
HOMHUHAQJIBHOW MOIIHOCTHIO, mpeBblmaromeid 10% obmieil MOIHOCTH  Bcex
OJIHOBPEMEHHO padOTaIOLIUX JIEKTPOABUTATENEH, a TAKKE B TEX CIIydasiX, KOIrja npu
HJIMYUM CHUHXPOHHBIX JJIEKTpoJABHMraTtesied TpeOyeTrcs Kak MOXXHO OoJblie
COKpaTUTh BpeMs IepephiBa NUTaHMs. Peile HampaBieHUS MOIIHOCTH, BXOZSIIUE B
COCTaB 3alIUTHI, OJIOKUPYIOT €€ JEeHCTBHE MPU HANPABICHUH aKTUBHOW MOIIHOCTHU K
LIMHAM.

Kak mpaBwiio, 0qHa W3 CTyNEHEW 3alIUThl MHUHUMAJIBHOIO HANPSKEHUS M
3alUThl MHHUMAJIBHOW YaCTOTHl BBINOJMHSAET Takke (YHKUUU H3MEPUTEITbHBIX
OpPraHoOB B YCTPOMCTBAX aBTOMAaTUYECKOTO BKIIFOUEHUS PE3EPBa.

Pacuernble ycraBkum 3ammThl. Hampsokenue cpabaTbiBaHUs —CTYNEHU
3aILMTHI, IIpeAHa3HAYEHHON TUISL OTKJIFOUCHMS HECAMO3aITyCKAOIINXCS
anekTpoasurareneii, npuHuMaercs paBHbIM 0,7 Uyow, @ BBIIEPKKAa BPEMEHU -
0oJbIlel BpEMEHU JACUCTBUS OCHOBHBIX 3aIIUT 3JIEMEHTOB CeTH 0T MHOTO(a3Hbx K3
tes—0,5-1,5 c.

Hanpspokenue cpabaTbiBaHus CTYIIEHU 3alIUTHI, TOJATOTOBIISIIOIIEH caMO3amycK
OTBETCTBEHHBIX MEXaHM3MOB, WM CTYIIEHM, ICHUCTBYIOLIEH Ha OTKIIOYEHHUE IIPU
JUTUTEIBHOM OTCYTCTBUU HAIIPSKECHMUS,

171 Ucayos- HAPSDKEHUE B MECTE YCTAHOBKHU 3aITUTHI B PEIKUME CaMO3aITyCKa;
K oo - KOODPUITMEHT OTCTPOUKH;
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k, - k03 durment Bo3Bpara pene. [Ipu ucnonb30BaHUU IEKTPOMEXAHUIECKUX
pese NOHMKEHNS HaNpsKEHUs npuHumaercs k,.=1,2 u k,=1,25.

Bpewms cpabateiBaHMsI CTENEHHU, OATOTOBISIONIEH CaMO3aIyCK, IPUHUMAETCS
Ha At=0,5 ¢ Gombiie BpeMeHu AeicTBus 3amuT, npu K3 B 30HE AEMCTBHUS KOTOPHIX
HaIpSDKEHUE B MECTE YCTAHOBKHU 3alUThl MUHUMAIBLHOTO HANPsLKEHUS! Ugre < Ugs.
JIns cTyneHu, JeMCTBYIONIEN Ha OTKJIFOUEHUE, BBIIEP/KKA BPEMEHN yCTAHABINBACTCS
pasHo# 9-10 c.

YacroTa cpabaTbiBaHUs 3alUThl MUHUMAJIBHON YaCTOTHI C OJIOKUPOBKOW I10
HaIpaBJICHUIO MOIIHOCTH TpuUHUMaeTcss paBHOW fcp = 48,5-49 T'u, a BeIIEpkKa
BpemeHu - okoJio 0,5 c.

11.7 PENEUHASA 3ALLNTA TOKONPOBOAOB U
KABEJIbHbIX INHUU HANPAXEHUEM 00 1 kB

3amura TOKONMpPOBOAOB. PeneiiHas 3ammTa TOKONPOBOJIOB 3aBUCHT OT HX
OPOTSHKEHHOCTH W KOHCTPYKIIMM, BEJIMYMHBI M XapaKTepa Harpyskd, crocoda
MOJIKITFOUEHMSI.

[pucoenuuenue TokorpoBoaoB K muHaMm 6, 10 kB PY wmu I'TII Bemonssitor 6e3
PEaKTUPOBAHMs, [TOITOMY IPHU MOBPEXKICHUU B Hadaje TOKOIPOBOAA B HEM BO3HUKAIOT
oombiie Toku K3 u rimyOokue NMOHM)KEHUs HampshkeHus: y moTpeduteneit. OnHako
BCJIE/ICTBUE OOJBIION PEAKTUBHOCTH TOKOMPOBOJAA TOK MPHU MOBPEKACHUH B KOHILIE €ro
MOJKET OKa3aTbCs COM3MEPHMBIM C TOKOM Harpysku. 1loaToMy k 3ammre TOKOIpOBOnA
OPEObSBSIIOT — TIOBBIIEHHbIE TPeOOBaHWS B  OTHOLIEHMM YyBCTBUTEIBHOCTH U
U30MpaTeIbHOCTH,

ITpn HeOOMBIION NPOTSHKEHHOCTH TOKOMPOBOJOB 3alLUTY BBIIOJIHSIOT B BHIE
M30MpaTenbHbIX TOKOBBIX OTCEUYEK, OTCTPOEHHbIX OT TOKpB K3 3a peaktopamu
OTBETBJICHUN TOKOIPOBOJA, U MAaKCHUMAJbHBIX TOKOBBIX 3alllUT 0€3 MycKa WIU C
IIyCKOM [0 HanpspkeHuro. Korga mapaMeTpbl TOKOIPOBOJA HE MO3BOJISIOT BBITOJIHUTH
JI0CTaTOYHO YyBCTBUTEILHYIO TOKOBYIO OTCEUKY, IPUMEHSIOT JPYTUe ObICTPOICHCTBYIOIIHE
3aIUTHl (HampuMep, TpoaoiapHy0 muddeperimanbayo). [Ipn mapamiensHOil paboTte
TOKOMPOBOIOB TAKK€ MPUMEHSIOT MONepeyHble u(pPpepeHIranbHble Wi MAaKCHMAIIbHbIE
HAaIPABJICHHBIE 3aILUTHI.

3amura KabeabHbIX JUHUH HanpsikeHueM 10 1 kB. /[ kabenbHbIX TUHUN
IIPENyCMOTPEHA YCTAHOBKA PEJICHHOMN 3aIUThI:

3awuma om medncgaznvix KOpomkux 3amwvikanuu. Jns kaOeIbHBIX JUHUH
HaIpsDKEHUEM HIDKe 1 KB IpUMEHSIOT IuiaBKue NpeoXpaHUuTeN U aBTOMATHYECKUE
BBIKJIFOUYATEIN.

3awuma om 3amvikanuti 00HOU u3 ¢paz Ha 3emaro. B ceTIX ¢ TIIyXum
3a3€MJICHUEM HEUTpalu 3aluTa JEUCTBYET HA OTKIKYECHHUE IOBPEXKIEHHOTO
ydJacTka.

11.8 PENIEUHASA 3ALLUUTA OBUIATENENA HANPSXXEHWEM OO 1 kB

Peneitnas 3amura nquraresneit HanpsbkenueM 10 1 kB (puc. 11.12) Beimonnsiercs B
OCHOBHOM B COOTBETCTBHM C TPeOOBaHUSMHU K PEJICHHOM 3allMTe BHICOKOBOJBTHBIX
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AIIEKTPOABUraTENe, HO Ha AJIEMEHTHOM 0a3e KOMMYTAIlMOHHBIX ammapatoB A0 1 kB.
[IpenycmaTpurBaeTcs 3amuTa OT CIEAYIOMINUX PEXUMOB:

- Om MHO20(DA3HbIX KOPOMKUX 3AMbIKAHUL YCTAHABIMBAIOTCS IUIABKUE MPEIO-
XpaHUTENIN WM MAaKCUMAaJbHbIE TOKOBBIE DEJE, MCIONb3YIOTCA TAKXKE allaparsl,
COBMEUIAIOIINE YCTPOMCTBA 3allIUThl U YIPABICHUS — MArHUTHBIE ITyCKATENd U aB-
TOMAaTHYECKNE BBIKIFOYATENH;

YA

KALI KA2.1

Pucynok 11.12 - Cxema 3amuThl SJIEKTPOABUTATEINS HaNPsOKeHUEM 110 1 KB ¢ MarHUTHBIM
mycKaTenemM

- om nepezpy3Ku PUMEHSFOTCS TETJIOBBIC PElie;

- OmM OOHOGHA3HBIX 3aMbIKAHULL HA 3eMJIF0 ACTIONIB3YFOTCS PeJie TOKa, TIOIKITFOUCHHBIC
K TpanchopMaTopy TOKa HYJICBOW MOCIEI0BATEIHHOCTH;

- om nomepu NUMAHUSA U NOHUNCEHUSL HANPSAXCEHUS YCTAHABIIMBACTCS MATHUTHBIN
MyCKaTellb WA KOHTAKTOp, aBTOMATHYECKH OTKJIIOUAIONIMICS TIPH CHUKCHUU
HanpsiokeHus 110 (0,6-0,7) Usoy.

11.9 PENEUHASA 3ALLUUTA CTATUYECKNX KOHOEHCATOPOB

3ammTa KOHJAEHCATOPHBIX OaTtapeit HanpspkeHreM Beimie 1000 B ot k. 3. Moxker
BBINIOJIHATHCS Npenoxpanuressivu tumna 11K wnu pene mraosennoro npevictsus PTM
(puc. 11.13). 3amura OT 3aMbIKAaHUN Ha 3€MJII0 OCYIIECTBISETCS TOKOBBIM peiie 7,
JNENCTBYIOLIUM Yepe3 IPOMEKYTOUHOE penie [/ Ha OTKIIFOYEHUE.

HomuHanbHbIN TOK TUTABKOW BCTaBKU MPEAOXPAHUTENS |yer U TOK cpabaThiBaHUS
MaKCHUMAaJIbHO-TOKOBOM 3aIUTHI |cpp, 34111 BBIOMPAIOT C YYETOM CIIEAYIOIIUX YCIOBU:

IBCT = (275 - 3) IHOM. K>
leer = (2 —2,5) lom. 5,

rac IHOM.K — HOMMHAJbHBIN TOK OJHOI'0 KOHACHCATOpa WKW I'PYIIILI;
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| oM. 5— HOMMHAIIBHBIN TOK BCEl OaTapen KOHJIEHCATOPOB.

3ammTa KOHJEHCATOPHBIX OaTapei mpu oAHO(A3HBIX 3aMBIKAHUSIX HA 3€MITIO
YCTAHABJIMBAETCS B JIBYX ClIy4yasX: KOTJa TOKM 3aMbIKaHUs Ha 3eMJt0 Bbilie 20 A u
KOT/Ia 3allliTa OT MeX1yha3HbIX 3aMbIKaHUI HE cpabaThIBaeT.

6-10 k8

T
S
8\

,/g PTM

_; K uamepumens
/ . HbIM

E E npudopam

Pucynok 11.13 - Cxema 3amuThl BRBICOKOBOJIbTHBIX KOHJICHCATOPHBIX OaTapeit

11.10 ABTOMATUYECKUA BBO PE3EPBA

[Ipy CEeKIMOHMPOBAHHOM BBIMOJHEHUU IIWH TOHU3UTEIbHBIX TMOACTAHIUN
(puc. 11.14) aBTOMATHYECKOE BKJIIOUEHHE PE3EPBHBIX HCTOYHUKOB AJIEKTPOITUTAHUS
HAMHOTO TIOBBIIIAET HAJSKHOCTh pabOThl MOTpeOuTened, mpudmKas CTENeHb
B3aMMOPE3EPBUPOBaHMA. B TO ke Bpems COXpaHSIOTCA NPEUMYILECTBA OJJHOCTOPOHHETO
IIMTaHWUs B OTHOILLEHUM YIPOLICHHs YCTPOWCTB PEJICHHON 3aIUTHI U YMEHBIIEHHs TOKA
K3 (mocnennee o6cTosTeNBCTBO 00IETYaeT paboTy CHIIOBBIX BHIKIIFOUATENEH U MO3BOJISIET
VICHIEBUTh CTOMMOCTh coopykeHus). [Ipm pasnenbHO paboTe CeKImid co3maeTcs
OoutbI11asi HE3aBUCUMOCTh OJTHOM CEKIMH OT Ipyroi. OTKIII0YEHNE NCTOYHUKA OCHOBHOTO
MUTaHUS BbI3BIBAET MMOracaHue OCBETUTEIHLHOM HAarpy3Kd M TOPMOKEHHE aCMHXPOHHBIX
AIIEKTPOJIBUTATENEH, MPUCOSTUHEHHBIX K OTKJIIOYEHHOW cekuuu 1muH. Yem ObicTpee
Oy/ieT NOJJaHO HAINpPsHKEHUE OT PE3EPBHOTO MCTOYHMKA, TEM MEHBIIE CHU3UTCS 4acToTa
BpAIIEHUS AIIEKTPOJIBUTATENEH, MeHbllle OyJeT TOK IMpU BKIIOUYEHUU ycTporicTBoM ABP
MCTOYHUKA U TEM JIeT4Ye U ObICTpee MPOU30MIET MOCIETYIONINI caMO3amycCK.

ABP sBnsercs 3Qp¢heKTUBHBIM CPEJCTBOM, MOBBIIIAIONIMM HAACKHOCTh AJIEKT-
pocHaOxkenus (ycnemHocTs AeiictBus ABP cocrasisier 90—95 %), moatomy 3TOT BHL
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ABTOMATHUKH IIUPOKO MPUMEHSETCA Ha MOJCTAHLIUIX OCHOBHBIX M PACIPEACIIUTEIbHBIX
cereil. Bemmonnenue ABP Takxke 00s3aTenbHO 1711 COOCTBEHHBIX HYXKI] CTAHITUU.

OcHoBHBIE TpeOOBaHUs, MpeabsIBIsieMble K ycTpoiicTBaM ABP Ha mojcraHiusx,
K IIMHAM KOTOPBIX MOJKJIIOYEHBI TOJbKO ACHHXPOHHBIE JBUTATEIM U OCBETUTEIbHAS
Harpy3ka (CHMHXpPOHHBIE JBUTATeIM W KOHJIEHCATOpHBbIE OaTrapeu OTCYTCTBYIOT):
ycTpoiicTBO ABP 10JKHO NMPUBOJIUTHCS B JECUCTBUE MPU MCUE3HOBEHUM HAMPSIKEHUS
Ha IIMHAX 1O JIIOOOW mpuyuHEe (B TOM YHUCJIE W IPHU OIMMOOYHBIX OTKIHOUYEHHUSIX
KOMMYTAIMOHHOTO anmapara B LENW NUTAHWSA, HUCKIIOUYECHHE — IMOTEPs IUTaHUS
BcneAcTBue nerictBusi AYP); BKIIOUEHHE PE3EPBHOIO HMCTOYHHMKA MUTAHMS CIEAYET
OCYIIECTBIISITh Cpa3y U TOJHKO TOCIE OTKIIOYCHHS BBIKIIOYATENS B 1M pabodero;
cobctBeHHOe Bpems neictBusi ABP mommkHO ObITh MUHUMANBHBEIM; AciicTBue ABP
JOJDKHO OBITh OJHOKPATHBIM, JUII 4YEr0 HEOOXOAMMO OTPAHWYHMBATH JJIUTEIHLHOCTH
KOMaH/Ibl Ha BKITIOUEHUE PE3EPBHOTO 000PYIOBAHUS.

Jlnst HopMansHOTO (hyHKIIMOHUpOBaHus cpeAcTB ABP HeoOxomum pacuer psna
YCTaBOK.

s pene OHOKPATHOCTH BKJIFOUEHHS BBIAEPKKA BPEMEHH MPOMEKYTOUHOTO
peie OAHOKPATHOCTU BKIIIOUEHHUS log OT MOMEHTA CHATHS HAIPSHKEHHSI C €70 OOMOTOK
0 Ppa3MbIKaHUSI KOHTAKTa C HEKOTOPBIM 3alacoM JOJDKHA IIPEBBIIATH BpPEMs
BKJIIOUEHUS BBIKJIFOYATENSI PE3EPBHOTO HCTOUHUKA MTUTAHUS:

tO.B = tBKJ'I + tSal'I’ (1114)

1€ t s — BpeMs BKJIFOUEHHUS BBIKIIFOUATENs PE3EPBHOTO MCTOUHHUKA MUTAHUS
(ecim BBIKJIIOUATENICH J[BA, TO CIEAYET HCMOJIb30BaTh BBIKJIIOYATENb, C OOJBIINM
BPEMEHEM BKJIIOUEHHMS); tsay — Bpems 3amaca t, = 0,3—0,5 c.

Hanpspxenue cpabaTeiBaHUs pefie MUHUMAIBHOTO HAIPsDKEHUsT OOBIYHO BHIOU-
paroT Tak, 4TOOBI MYCKOBOW OpraH MUHHMAaJbHOTO HANpPsDKEHHs CpabaThIBall TOJBKO
OpU TOJHOM HCUYE3HOBEHHM HAIPSDKEHUS W HE MPUBOAWICS B JEHCTBHE MpH
MOHIKEHUH HAMpsDKeHUsI, BbI3BaHHOM K3 Mim camo3amycKkoM 3JeKTpOJBUTATENCH.
JUis BBIMOJTHEHUS 3TOTO YCJIOBUS HampshKEeHUE cpabaThIBaHUs pelie MUHUMAJIBHOTO
HaIpsDKEHUs (HapsHKEHHE OTITYCKAHUS Peie) JOJKHO ObITh PABHBIM

U,, = —ecris . (11.15) U, =—2= (11.16)

o = =
P Kore K’ p Kore K’

rne Uocr. k3 — HauMeHslliee octarouHoe HampspkeHue npu K3; Usam — HauMmeHbliee
HampspUKEHUE TpH  camosaiycke asurateneit; Korc — KO3(GQUIMEHT OTCTpOMKH,
npuanMaembii 1,25; Ky — koaddunment tpancopmauu TparnchopmaTopa Ha-
MPSDKSHUS.

B GonpumHCTBE CciiyyaeB 000MM YCIOBUSIM YJOBIIETBOPSET HAIpsHKEHUE cpada-
THIBAHUS:

Uep = (0,25-0,4) Uons (11.17)

e Urnov — HOMUHAITBHOE HANPSHKEHUE AIEKTPOYCTAHOBKH.
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Beiiepkka BpeMEHHM ITyCKOBOI'O OpraHa MUHUMAJIBHOTO HAIPSHKEHUS! JT0JDKHA ObITh
Ha CTYIIEHb CENEKTUBHOCTH OOJIBILE BBIIEPKEK BPEMEHH 3alLUT, B 30HE JIEHCTBUSI KOTOPBIX

OCTaTOYHOC HAIIPSLKCHHE TIPpU K3 oka3biBaeTcsi Hibke HaIpsHKCHUSA Cpa6aTI>IBaHI/I}I peie
MUHHUMAJIbHOI'O HAIIPSPKCHUA WX PCIIC BPCMCHU.
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Pucynok 11.14 - Cxema ABP Ha CEKIIMOHHOM BBIKJIFOYATENE C IPYKUHHBIM IIPUBOJOM

Takum 00pa3om, BbIIEpKKa BPEMEHH ITyCKOBOTO OpraHa MUHUMAJIBHOTO HAMPSDKEHUS
JOJDKHA OBITH paBHA:

to=t, + At,  (11.18) tio=t, + At (11.19)

rac tl — HauOObIIAS BBIJICPKKA BPECMCHU 3allIUThI HpI/ICOeI[I/IHeHI/II\/'I, OTXOAUX IIMHWH
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BBICIIICTO HAMPSDKEHWS TIOACTAHIMHN; t, — HAMOOJBINAs BBIICP)KKA BPEMEHU 3aIllUThI
TPUCOSTUHEHNH, OTXOISIINX OT IIIMH HHBIIECTO HANpPSDKEHUS MMOJCTAHIMN, At — CTYIICHb
cenexktuBHOCTH, At= 0,4—0,5 C.

Harpspkenvie cpabaTbIBaHUS pejie MUHHUMAJIBHOTO HAMPSDKEHHUS ITYCKOBOIO OpraHa
MHHHMAJIBHOTO TOKA W HAalPSDKEHUST BRIOUPAFOT aHAJIOTHIHO.

Tok cpabaTeiBaHus pelic  MHHUMAIBLHOTO TOKA JIOJDKEH OBITh  MEHBIIC
MHHHMAaJIBHOT'O TOKa Harpy3KHu:

I .
I = M; 11.20
P Korc K1 ( )
1€ lwarp(ming — MHUHUMQIBHBIA TOK Harpy3kd TpaHcopmatopa; Kore — KoadduimeHTt
HAJIGKHOCTH, NPUHUMAeMblii paBHeIM 1,5, Ki, — xoobduiment Ttpanchopmanyun

TpaHcpopmaTopa Toka.

Beineprxkka Bpemenu ompezensiercs TokoM 1o ¢opmyse (11.18). CormacoBanust ¢
3aIUTON MPUCOSTMHEHUH IIIMH HIKHETO HANPSLKEHUS He TpeOyeTcs.

Hamnpsbkenne cpaOaTeiBaHusi perie KOHTPOJIST HAJIMYMSL HAMPSHKEHUST HA PE3CpPBHOM
WCTOUHMKE THMTAHUS OIMpPENEISIOT MCXOMS W3 YCIOBHS OTCTPOMKM OT MHUHHUMAJIBHOTO
paboyero HarpsHKeHUs 10 popmysie

_ Upaé(min)
Usp =% & &, (11.21)
e Upasming — MHUHUMATBHOE pabouee HampsDkeHue; Koo — KOIPOULIMEHT HAACKHOCTH,
NpyUHUMaeMblii paBHbIM 1,2; K, — koadduiment Bo3Bpata pene; K, — koddduimeHt

TpaHchopmalu TpaHchopmMaTropa HampsHKEHUS.
11.11 MUKPOMNPOLIEECCOPHASA 3ALLUUTA SNEKTPOYCTAHOBOK

PaccMoTpenHbIe ycTpoiicTBa 3allIUThL, BBITOIHEHHBIE HA 0a3€ .3MEeKTPOMEXaHUIECKUX
pene WM C HCMOJNB30BAHMEM TOMYIPOBOJHMKOBBIX AJIEMEHTOB U  aHAIOTOBBIX
MHTETPATHLHBIX MUKPOCXEM, UIMENH PA3IIMUHbIC TEXHUUECKUE PeATU3ALINHL.

OcoOeHHOCTh MX — KECTKasl JIOTMKa MEepBOM HAaydyHOW KapTWHBI Mupa. 1 xots
OHH €Ille I0JITO OyIyT HAXOIUTh MPUMEHEHNE, OCOOCHHO ISl aITOPUTMOB TIPOCTHIX TI0-
BPEXK/ICHUI, HECOMHEHHO WX BBITECHEHHE HOBBIM TIOKOJICHHMEM 3aIlUT ¢ HU(POBOMA
00paboTkoii nHpopMarmu. VX OTIMYaeT BBICOKHI YPOBEHb YHU(PHUKAIIMN AJIEMEHTOB,
TMOKOCTh, BOBMOYKHOCTh PEATM3aIMY CIIOKHBIX aJITOPUTMOB BBISIBJICHHS TIOBPEKICHUN,
pa3BuTasg cucTemMa (PYHKIMOHAILHOTO KOHTPOJIS, YMEHBIIEHHE pacxoloB Ha
oOcy>)KUBaHUE.

Broienstor 0CHOBHBIE MPUHIUITBI MUKPOIIPOIIECCOPHOM CHUCTEMBI 3AIUTHI C IIH-
¢bpoBoit 00paboTKON HMH(OpPMALMU: HESIBHOE pPE3EpPBUPOBAHUE, YHU(DUKALMIO, MO-
TYIBHOCTh, (DYHKIIMOHATBHYIO ACIICHTPATM3AINIO, CHEIHATN3AIN0 00padOTKH HWH-
dbopmary, eaUHCTBO HWH(POPMAIMOHHON  0a3bl, KOMIUIEKTHOCTh, THOKOCTb.
BoO3HMKHOBEHHE HEWCNIPABHOCTEW B anmaparHOM M IMPOrPaMMHOM YacTSAX MPENIOT-
BpAIIAIOTCS ITyTEM TepepacripeneieHus 3a1ad MEXIy dJIEMEHTAMH CUCTEMBI B TIOJTHOM
o0beMe WM C TOTepe HEKOTOPHIX BTOPOCTENEHHBIX (hyHKIMH. BeposTHOCTH OTKa3a
CUCTEMBI B IICJIOM CHHUYKACTCS.
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HNudopmanmonHoe oOecrieyeHre CHCTEMbI OCHOBAHO Ha MapaMeTpax BXOTHBIX
CUTHAJIOB: aMIUIATY/bI, (Pa30Bble CIBUTM W 4YacTOTa, a TaKXKE HX HHTErpajibHbIC
3HaueHus. [lomexu, BbI3BaHHBIE MEPEXOAHBIMHU IMPOLECCAMH U CONPOBOXKIAFOIIAECS
MOSIBJICHHEM AaMepUOIUYECKUX M TAPMOHMYECKUX COCTABIISIIOUIMX, OOYCIOBIMBAIOT
NOTPEUIHOCTH, CHIKAeMbIE TMpeBApUTEIbHON (UIbTpaIieid BXOAHBIX TOKOB H
HanpsbkeHuid. B pesynbraTe CHHYCOMJAIBHBIM CUTHAI COACPKUT HH(pOpMaLuioo 00
OCHOBHOM TapMOHUKE BXOAHOM BennurHbl. Hanbonee mmpoko ucnosb3yercs mudponast
00paboTKa OTCUETOB MTHOBEHHBIX 3HAUEHWH CHUHYCOMNAIBHBIX CHUTHAJIOB W WX
OPTOTOHAJIBHBIX COCTABJISIFOLIUX.

B kadectBe mpuMepa MHKPOIIPOIIECCOPHOW CHUCTEMBI 3aIUTBl € LU(GPOBOI
00paboTKo#1 MH(MOPMAIIUA MOXKHO MPUBECTH COBPEMEHHBIE Pa3pabOTKU KOMIUIEKTHBIX
ycrpoiictB P3A uccnenoBarensckoro nentpa «bPECJIEP» (BHUNP) 1 OAO «Yebokcapckuii
3JIEKTpOAIapaTHBIA 3aBO/»

Hauunag ¢ 2002 roma, OAO «BHUUP - uccnenosarenbckuii neHtp «bPECJIEP»
BBICTYNIAET pPa3pabdOTUMKOM U TIOCTAaBUIMKOM MukporporeccopHbix (MII) komriekTHbIX
ycrpoiictB P3A  cepum TOMII 2501. PasButve »5Toro HampaBieHUs O0OYCIOBICHO
CJIOKMBIIUMCS YCTOWYMBBIM MHEHHEM MPOEKTHBIX, MYCKO-HANAJ0YHBIX M 3KCIUTYaTHPYIOLINX
OpraHu3aluii 0 psjie HEOCIOPHMBIX MPEMMYILIECTB MHKporponeccopusix (MII) ycrpoiicTs
P3A nepen anekTpoMeXaHUYECKUMU U CTATUYECKUMU YCTPOMCTBAMU:

* o0ecrieueHre TOYHOCTH U MOCTOSHCTBA XapaKTEPUCTHUK;

* YMEHBILIEHHE JKCIUTYaTAlMOHHBIX PACXO/0B M MOBBIIEHHE HAJIEKHOCTH BCIEACTBHE
HENPEPHIBHON CAMOAMATHOCTUKHY;

* BO3MOXXHOCTb M3MEPEHUs, PETUCTPALMH, UHIUKALMU PEKUMOB 1 COOBITHH;

* BO3MOXXKHOCTH peanu3anuu  nonHoneHHod ACY TII ¢ wucnomnb3oBanuem MIIT
TepMuHaNoB B kauectBe YCO.

Verpoiiersa cepun TOMII 2501 npeana3HaueHsl 11l IPUMEHEHNS B CXeMaX BTOPUYHOM
xommytand Ha mopactaHuusx (IIC) ¢ omepaTUBHBIM MEPEMEHHBIM, BBIIPSIMIECHHBIM
MIEPEMEHHBIM, MOCTOSHHBIM TOKOM. OHHM BBINONHAIOT HEOOXOAUMbIE (YHKIMH 3aIlHThI,
ABTOMATUKH, YNPABICHUS W CUTHAIM3ALMM PA3IUYHBIX NPHCOEIUHEHHH KOMIUIEKTHBIX
pacrpeneauTeNbHbIX YCTPOCcTB HampsbkenueM 0,4-35 kB B ceTsx ¢ M30JMPOBAaHHOM MWIIH
IJIyX03a3€MJICHHOM HEWTPalblo. Y CTPOMCTBA MpeIHa3HAueHbl Uil ycTaHOBKU B kKamepbl KCO,
sueiiku KPY, KPYH, KTII CH »nektpryeckux CTaHIMIA U TOACTAHIMM, @ TAKXKE Ha MAHENsX, B
mKadax yrpaBlIeHns, PACIOIOKEHHBIX B PEICHHBIX 3aJaxX U MyJIbTax YIpaBieHHUs. TeXHIIECKIe
XapPaKTEPUCTHUKH YCTPOUCTB JICTAIOT BO3MOKHBIM MX TPUMEHEHHE W HA 00BEKTaX C KECTKUMH
TEMIEPaTYPHBIMH YCIIOBUSMHU. YCTpPONCTBA OOECTICUMBAIOT B3aHMOICHCTBUE C MACISHBIMH,
BAKYYMHBIMH, 3JIETAQ30BbIMU  BBIKJIIOUATENISIMM, OCHAIIEHHBIMU  PA3MMYHBIMUA  TUIAMH
NPHUBOJHBIX MEXaHM3MOB. TepMHHANbl MOTYT TPUMEHATHCS KaK MpPH CTPOUTEIHCTBE
COBPEMEHHBIX MOJICTAHIINI, TaK | JIS PEKOHCTPYHPYEMBIX OOBEKTOB YHEPreTUKH, B TOM YUCIIE
s 3aMeHbl P3, HOCTpOEHHBIX Ha NEKTPOMEXaHUYECKHX peste. Ycrpoiictsa cepur TOMII 2501
BBINIOJIHEHBI HA COBPEMEHHOM TEXHMYECKOM YPOBHE € NPHMEHEHHEM KOMIUIEKTYHOIIHX
BBICOKOTO KauecTBa, CIIOCOOHBI KOHKYPHPOBATh KaK C OTEYECTBEHHBIMHU, TaK M 3apyOeKHBIMU
yCTpoMCTBaMH MOI00HOTO KJ1acca M BKIIOYAIOT B c€0sl YeThIpe BHA TEPMHUHAIIOB!

* YHUBEpCAJIbHBINA TepMUHAI 15 ipucoequnennit 0,4-35 kB - TOMII 2501-1X;

* TEpMHHAI I CEKIMOHHOTO TpaHcdopmaropa HampsukeHus 6-10 kB - TOMII 2501-
2X;
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e TepmuHai A1 otxonsamen auaun 0,4-35 kB - TOMII 2501-31;

* TEpPMUHAJ JUIs CHHXPOHHBIX U aCHHXPOHHBIX HJIEKTPOJBUrATEICH CPEHEN MOIIHOCTH
HanpsokenueM 6-10 kB - TOMII 2501-4X, rae X B 0003HaueHUN H3ENUH - TO WIM HHOE
KOHCTPYKTHBHOE MCIIOIIHEHHUE TEPMUHAIIA.

Bce Bumpl Tepmunanos, 3a uckimodeHnem TOMII 2501-31, BeimyckaroTcs B JBYX
KOHCTPYKTHBHBIX MCIIOJHEHUSX: C 3aJHUM npucoeanHenneM npoBoanukos (TOMII 2501-X1)
¥ ¢ nepeJHUM nprcoeuHenneM npoBogHuKoB (TOMIT 2501-X2). Tepmunan TOMII 2501-31
BBIITYCKAETCS TOJIBKO C 3aJHUM IPHCOCIMHEHNEM IIPOBOJHUKOB M ISl YCTAHOBKU B SYCHKH B
TOPU30HTAILHOM IOJIOXKEHUH. 171 APYruX jKe THIIOB TEPMUHANIOB C 3aJHUM IIPUCOEAUHEHUEM
IPOBOJIHUKOB CYIIECTBYET JONOJHUTEIBHOE HCIIOJIHEHWE JUIi BEPTHKAJIBbHOM YCTaHOBKH
tepmuHanoB B sueiikax (TOMII 2501-X3). Ilocneanee, B mepByto o4epenb, MPUMEHUMO K
kamepaMm KCO ¢ y3kuM peneiiHbIM OTCEKOM, TIPUMEPOM KOTOPBIX MOXET BBICTYIIUTH SYEHKA
KPY-TEL mpomszsoactBa OOO  «TaBpupma-Onexktpuk». OCHOBHBIE — XapaKTEPUCTUKH
KOMIUIEKTHBIX ycTpoicTB cepunt TOMII 2501 npuBeneHs! B cipaBOYHUKAX.
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12 YYET U UBMEPEHUE 3JIEKTPO3HEPIUUN

Cucrema yyera M M3MEPEHUU ONpPENENSETCS CXEMOH AIIEKTPOCHAOKEHUS
OPEANpUsATUs, XapaKTEPOM MPUCOEIMHEHHBIX MOTPEOUTENEH U CXEMO KOMMYTAlIUU.
Cucrema ydera Ha TMPOMBIIUIICHHBIX MNPEANPUATUSIX JOJKHA JaBaTh
BO3MOHOCTb:
. onpeaereHs] KOJIMYECTBA SHEPTUH, ITOJTYYEHHON OT IHEPTrOCUCTEMBI;
o MIPOU3BO/ICTBA BHYTPU3aBOACKOIO0 MEXKIIEXOBOTO pacyeTa 3a
ANEKTPOIHEPTHIO, U3PACXOJOBAHHYIO PA3IMYHBIMU X03PaCUE€THBIMU
NOTPEOUTEISAMU IPEANPUSATHUS;

. YCTAHOBJICHHUSI, YTOUHEHHUS U KOHTPOJIS YACIbHBIX HOPM pacxo/ia
AIIEKTPOIHEPTUH HA €IUHUILY NPOAYKIUY;
o KOHTPOJIsl OTPEOICHUS U BRIPAOOTKH PEAKTUBHON MOIIIHOCTHU MO BCEMY

IPEINPUITHIO B LIEJIOM U MO OTAEIBHBIM MOTPEOUTEIISM.

Y4er JJIEKTPO’HEPIUM JEJIUTCS Ha PACUYETHBIM M TeXHHU4YeCKuu. IlepBbii
CIIy>)KUT JUIsl pacdyeTa MpeAnpHusiTHs C SHEProcHaOKarolell opranu3aiuei, BTOpoil —
JUISL OCYILIECTBJICHUS X03pacyeTa U KOHTPOJIS PACXOLOBAHUSA DJIEKTPOIHEPT MU BHYTPHU
NPEANPUATHUSA.

CueTuynku AJid pacuera SHEProcHadXkKarlIe opraHu3ali ¢ NOTPEeOUTEIIMU
YCTaHABJIMBAIOTCS HA CPAHUIIE pa3fiesia CeTH opraHu3auuu U notpedurens. Kmaccobl
TOYHOCTU CYETYMKOB AKTUBHON MOIIHOCTH U H3MEPUTENbHBIX TPaHCHOPMATOPOB
corsiacHo [1TD goymkHBI OBITH HAa HUKE YKa3aHHBIX B Tabsmie 12.1.

Tabauya 12.1 - Knacc TOUHOCTH NPUOOPOB yueTa

N3mepurenbubie
Tpancpopmarops: I'TIIT CaeTHKy TpaHchopMaTopsI
10-60 MB-A 1,0 0.5

JI71s1 TEXHUYECKOro y4eTa MOTYT MPUMEHSTHCS TpaHC(POPMATOPblI TOKA Kiiacca
touHoctd 1,0 W cyeTyMku dHOOOrO0 Kjacca TOYHOCTH, KOTOPBIE BBITYCKAIOTCS
ITPOMBIIUIEHHOCTBIO € KJIACCOM TOYHOCTH HE BBILIE 2,5.

Ha nunauax, nuraromux TII, ycTaHaBIMBAIOTCSA CYETUMKU aKTUBHOU DHEPTUU,
KaKk M Ha BCEX JMHHUAX K DIEKTpONpHEeMHUKaMm HanpspkeHueM Bbime 1000 B.
Cuerunku npuHUMaTh 1eKTpoHHbIe THIOB [1C4-3TA n [1C4-4TA.

KOHTpOJIBHBI y4e€T pEakTUBHOW DHHEPrMU OCYILIECTBIIETCA Ha BCEX
KOMITCHCUPYIOLINX YCTaHOBKax (KoHJEeHcaTopax 151 CUHXPOHHBIX
ANEKTPOJBUTATENSAX). YUET MOTPEOIIeMOl PEaKTHBHOW PHEPTHUU TPOU3BOAUTCS HA
Bcex quHuAX K TIIL.

Bce muanm nanpsbkenuem jno 1000 B u Beime wa TII, PIT, T'TIIT cHaGkeHb
aMmnepMerpamMu. s CHHXPOHHOTO 3JIEKTPOJABUTATEIIs, KPOME aMmIlIepMETpa B LIENU
CTaTopa, YCTaHABIMBACTCS aMIIEpMETP B LIENHU BO30YKACHUS /Il KOHTPOJIS peKUMa
KOMITCHCAIIUM PEAaKTUBHOW HArpy3KH.

Jns  KOHTpOJIE  HaNpsOKEHHWEM Ha  BCEX  CEKIUAX  COOpPHBIX  IIWH
YCTAHABIMUBAKOTCA BOJbTMETPHl. B 1mexoBbix TII BOJBTMETpPHI yCTaHAaBIMBAIOTCS

TOJIBKO Ha IIMHAX BTOPHUYHOT'O HAIIPAKCHUS.
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Bartmetprr ycranaBnuBaroTcs Ha BBogax PII m Ha BbIXOne TpancdopmMaTopoB
['TIIT pis KOHTPOJISE HATPY3KU MPEANPUATHSA B LIETIOM.
Bce KOHTpONbHO — u3MepUTENbHbIE TPUOOPHI TMOJCTAHIMU IPUBEICHBI B

Tabnuite 12.2.

Tabauya 12.2 - KOHTPOJbHO — H3MepHUTe/IbHbIe NPUOOPHI HA MOACTAHIMHI

HanmenoBanue MecTo yCTaHOBKH [Tepeuenn nmpubOpoB [Tpumevanus
AmMrnepMeTp, BaTTMETD, Ha tpanchopmaropax
[ToHu3uTENBHBIN HH BApMETP, CUECTUHUKHU C pacuienjIeHHON
Tpancpopmarop ['TIIT AKTUBHOW M PEaKTHBHON U | OOMOTKOM B KaXKJOU
SHEPruu nenu HH
Ha KaXXIoi BoabrmeTp a1t uamepeHus
CEKIIUH Mexayha3sHOro
Co6opusie muHb 10 kB HanpsHKEHUs, BOJIBTMET]
JUIS1 U3BMEPEHUSI TMHEUHOT O
HaNPSDKEHUs
CeKnOoHHBIH -
Amnepmerp
BBIKJIIOYATEIh
— AMIiepmMeTp, pacyeTHbIE
CYETYMKHU aKTUBHOMU U
JIvanm 10 kB k N
PEaKTUBHOM HEPTUM IS
MoTpeOUTeINsIM .
JTUHUH, TPUHAATIEKAIUX
OTPEeOUTEITIO
Tpancdhopmarop HH AmnepMmerp, BaTTMETD,

COOCTBEHHBIX HYX]I

CYETUYUK aKTUBHOW DHEPIUU

Jlnst aBTOMAaTM3alMu y4eTa 3JIEKTPOIHEPIHH CIeAyeT NPUMEHSTh CHCTEMbI
ACKYD. biok cxema ACKYD npusenena Ha pucynke 12.1.

A

I'naBHEBIN

y'y

HupekTop

RS 232
Kommnerotep IIpeobpasosarernsb
A
RS 485
.
.
Cal | [Cu2 | [Ca3 : Cun

Pucynok 12.1 - Crpykrypnas cxema ACKYD
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13 3ASEMJNAIOLWUE YCTPOUCTBA. MOJTHUESALLUTA.
NEPEHANPAXEHUA

13.1 PEXXUMbl HEUTPAJEN

Pexxumbl HelTpaneil ABIAIOTCS 0CO00 BaXHBIMU IPHU BCEX PEXKHUMAX PadOTHI
AIIEKTPOOOOPYIOBAaHUS: HOPMAJIbHOM, BPEMEHHO JOMYCKaeMOM Ha OTpaHUYEHHOE
BpeMsi W  aBapuUilHOM, ONAcHOM [UIsl IIEJIOCTH  DJEKTPOOOOPYIOBaHHUS U
o0cIy KuBaroIIero nepconana. Heimpans cemu NpeCTaBIseT COOOM COBOKYITHOCTh
COCIMHEHHBIX MEXJy COOOH HEHUTpaJbHBIX MPOBOJAHUKOB W HEUTPaJIbHBIX TOUYEK
MCTOYHUKOB M TMPUEMHUKOB 3JIEKTpOdHEpruu. OHa MOXKET ObITh M30JMPOBAHA OT
3eMJId, COEAMHEHAa C 3eMJIEM uYepe3 aKTUBHBIE W PEAKTUBHBIE COMPOTHUBIICHUS WM
TIIYXO 3a3€MJIEHA.

BriOop cmocoba 3azeMiieHHs] HEWUTpaiau orpejenseTcs O0e30MacHOCThIO
OOCITy’KMBaHUSI CETH, HAJECKHOCTHIO JIIEKTPOCHAOKEHMS SJIEKTPOINPUEMHUKOB U
SKOHOMUYHOCTHIO. [Ipu moBpexneHusx ¢a3zHoON H30JALUUMU CHOCOO 3a3eMJICHUS
HEUTpaJIl OKa3bIBaeT OOJIBIIOE BIMSHUE HA TOK 3aMBbIKAHUS HA 36MJIIO U OTIPEEIsIeT
TpeOOBaHMsI B OTHOIICHUH 3a3€MJISIOIINUX YCTPOUCTB AJIEKTPOYCTAHOBOK U PENEHHOM
3aIUTHI OT 3AMBIKAHUW HA 3€MJTIO.

B cucremax »sieKTpoCHaOXKEHUSI C W30JIMPOBAHHOW HEUTpaibio padOTaroT
CIIEAYIOIIUE CETH:

o TpexdazHble ceTH HanmpsbkeHueM 6-35 kB, B KOTOPBIX TOKM 3aMbIKaHUs
Ha

3eMJII0 HE MPEBBIIIAIOT AOMYCTUMBIX 3HAUEHHUM, HAXOIAIUXCS OOBIYHO B
npenenax 10-30 A Tpexdaszneie TpexnpoBogHble ceth 10 | kB

(Hanpumep,
cetu 220 u 660 B);
° JBYXITPOBOJIHBIC CETH IMOCTOSTHHOTO TOKA;
) Bce cet HH, B KoTOpBIX 17151 06ecrieueHust 6€30macHOCTH JIFOACH

MPEIyCMaTPUBAIOT  3alUTHBIE MEPONPHUSTHS, HE CBSA3aHHBIC C
NPUMEHEHUEM 3a3eMJICHUM  (3aluTHAsE M30JISIUs, pa3lelsroniue
TpaHchOpMAaTOpPBbI U Ap.)
Cetu 10 1 kB ¢ M301MpOBAaHHON HEUTPAIBIO - 3TO MAJIOPA3BETBICHHBIE CETH.
K HuM oTHOCHTCS, Kak mpaBwiio, TpexmpoBoaHble cetu 380, 660 B. DY c
U30JMPOBAHHON HEUTpanbi0 B cOOTBETCTBUM ¢ [IYD criemyer mpuMeHATh TpH
MOBBIIICHHBIX TPEOOBAHMSIX B OTHOIICHUH O€30MacCHOCTH (TOpQsiHbIe pa3pabOTKH,
TOpHBIE Kapbepbl, YrOJIbHbIE IIAXThl U Jp.), BO M30€kKaHUE OMACHOCTU IOKApOB,
B3PBIBOB U IMPHU YCIOBUU HAJEKHOTO KOHTPOJS H3OJSIUU CETHU ISl OBICTPOro
0OHapyKEeHHS TIEPCOHATIOM 3aMbIKaHUSI Ha 3€MJII0 HJIM aBTOMATHYE€CKOE OTKIIIOUECHHE
YYaCTKOB NMPU BO3HUKHOBEHUHU 3aMbIKaHMs Ha 3eMJit0. CUCTEMBbl C U30JUPOBAHHON
HEUTpaJblo, KaK MPaBUIIO, HE UMEIOT YETBEPTOro (HyJIEBOTr0) MPOBOAA, MOITOMY UX
WCTIOJJHEHHE SKOHOMHMYHEE, [0 CPAaBHEHHUIO C YETHIPEXMPOBOJHOM CETHIO C
IIYyX03a3€MJICHHON HEUTPAJIBIO.
[Ipn 3ambikaHMM Ha 3€MJI0 CHCTEMA IUTAHHUS CETH C HM30JUPOBAHHOMN
HEUTpaAbI0 HE OTKJIIOYACTCS M MOXKET paboTaTh J0 OTHICKAHUS TOBPEKICHUS
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cornacHo ITYD nBa yaca. DToro BpeMeH JOCTATOYHO JJII OTBICKAHMS JEKYPHBIM
NEPCOHAJIOM MECTa TOBPEXKIEHUS, TaK KaK PEeXUM pabOThl CETU MPU 3aMbIKAHUH
OJIHOM (Da3pl HA 3€MJII0 CUMTAETCS HE aBApUMHBIM, a JUIIbL AHOMAJIbHBIM PEKUMOM.
[Tutanue D11 nmpu >TOM HE MpepbIBACTCS.

B cucremax ayekTpocHaOXEHUS C WM30JUPOBAHHOW HEUTpaablo HEOOXOIUMO

00paTUTh BHUMAaHUE Ha CIEAYIOIIUE 0OCTOSITEIHCTBA:

o MOBBIIICHUE HAMPSKEHUS JBYX (a3 OTHOCUTEIBHO 3EMIIM BO BpEMsI
3aMBIKaHUSl HA 3€MJIIO TPEThE MPUBOAMUT K TOMY, YTO M3OJSILHUIO BCEX
dba3
OTHOCHUTENIFHO 3eMJIM HEOOXOJUMO PacCUMTHIBATh HE Ha (a3Hoe, a Ha
MexaypaszHoe HanpspkeHune. ToBKO Mpy HANpsKEHUX 10 35 kB 310 He
BBI3bIBAET CYILIECTBEHHOTO YAOPOXKAHUS CETH;

o BO3MOXHOCTh OOpa30BaHUsl B MECTE 3aMbIKAHUS HA 3EMIIIO
nepeMexaronieiics: AIeKTPUUECKON Jyru 00yCIOBIUBAET BOZHUKHOBEHHE
KOMMYTAIIMOHHBIX MepEeHANPsLKeHUHN ¢ aMITuTyaou (4-6) Upom. OTH
MePEHAIPSKEHNUSI MOTYT HapyIIUTh paboTy HEKOTOpbIX DI u nmpuBecTu
K IIPOOOI0 M30JISILIUU B IPYTUX MECTaxX U APYrux Qazax ceru;

o TEIJIOBOE JEHCTBUE AYTM B MECTE 3aMbIKaHMS Ha 3€MIIIO B JBYX- UJIU
tpexdasznoe K3 (B kaOeabHBIX JIUHUSAX U B JPYTUX CIydasx OJU3KOrO
pacnoiokeHus (a3HbIX MPOBOAHUKOB APYT K APYTY);

o BO3HUKHOBEHHUE B CETH M B UCTOYHUKAX MUTAHUS MIPU 3aMbIKaHUU Ha
3eMJII0 CHCTEMbI TOKOB 00paTHOM MOCIEA0BATEIbHOCTH MOXKET
OPUBECTU K UHIYKTUPOBAHUIO B POTOPaX CUHXPOHHBIX '€HEPATOPOB
TOKOB JBOMHOM YacCTOTHI U K CYIIECTBEHHOMY JOMOJIHUTEIBHOMY
HarpeBy pOTOpPOB;

o eciu B ceTsax 3-35 kB TOK 3aMbIKaHUs HA 36MIIIO IIPEBBIILIAET
MaKCUMaJbHO JOMYCTUMbIE 3HAYEHUS, TO HEUTPab UICTOYHUKA MUTAHUS

CETH COEJIMHAIOT C 3eMJIEH uepes 3a3eMJISIOIIUNA PEaKkTop.

Cornacno ITY 3 riyxoe 3a3emieHrue HERTpaIn NPUMEHSIETCA:

° B ceTax 110 xB u BoImIe;
° B YEThIpEeX- U MATUIPOBOAHBIX ceTsax HH;
° B TPEXIIPOBOJIHBIX CETAX MOCTOSHHOIO TOKA.

B cerax HH 3azemnenue Helrtpanu B ortinmume or cered BH umcnonesyror
TOT'/1a, KOTJIa 3TO HY’KHO JIJIs1 OCYILIECTBJICHUS 3aIIUTHOTO 3aHYJICHHS WM YJIy4IICHUS
3aIIUTHOTO 3a3€MJICHUS] METANIMYECKUX KOPITYCOB 3IEKTPOOOOPYI0BAHMUS.

Hawnbonee pacripocTpaHeHHBIMU B HACTOSIIEE BpeMs SIBIISTIOTCS ceTH Tumna TN-
C, mo3BoJsmONIMe, Hampumep, peanu3oBath TpexdazHyw cuctemy 220/380 B.
CoBMmellieHre paboyero M 3allMTHOTO HEUTpaldbHBIX MPOBOJHUKOB OOECIeurBaeT
Opyu 3TOM MHUHUMAJIbHYI0 CTOMMOCTBH C€TH. Takoe COBMEILEHHE MOXKET, OJHAaKo,
OKa3aTbCsl  HENPUEMJIEMBIM  M3-32  yYMEHBIIEHHOW  HAJEXKHOCTH  3aIUTHBIX
MEPOTPUATANA, W B TaKUX CIy4dasx MPUOETal0T K TOJHOCTHIO WA YaCTUYHO
nATUIpoBOHBIM ceTsiM TUIIOB TN-S u TN-C-S (T-mecTHOe 3a3emiieHHE KOPIYCOB,
N-ne#itpans, C-MpOBOJHUK SIBISETCS OAHOBPEMEHHO pPAOOYMM M 3aIIUTHBIM, S-
OTJIeTbHBIE PAa0OYMii M 3alUTHBIN HEHUTpalbHbIE MPOBOIHUKH). [[1s MOBBIIMICHUS
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3¢(HEeKTUBHOCTH  3alIUTHBIX MEPONPHUATHI  HCHOJB3YIOT TaKXKe IMOBTOPHBIC
3a3eMJICHUS 3aIUTHOTO HYJIEBOT'O IIPOBOJIHUKA WIH KOPILyCOB
AJIEKTPOOOOPYIOBAHUS.

13.2 CUCTEMbI 3A3EMJIEHUA CETEMN

CucTembl 3a3eMIICHUS JIEKTPUIECKUX CETEl MOTYT OBITh CIEAYIOIIUX TUIIOB:

TN-S, TN-C, TN-C-S, 7T u IT. B yc10oBHBIX 0003HAYEHUSX CUCTEM 3a3EMIICHUS
OYKBBI O3HAYAIOT:

e niepBasi OykBa — XapakTep 3a3eMJICHHs] MCTOYHMKA MUTaHus (7 — Hemo-
CPEJICTBEHHOE MPHUCOEAMHEHHE XOTs Obl OJTHOM TOYKM TOKOBEAYLIMX YacTed HCTOY-
HUKAa NOUTaHUs K 3emie; | — Bce TOKOBeQylIME YacTU HCTOYHHKA IMUTAHUS
M30JIMPOBAHBI OT 3eMJIM MM OJIHA TOYKA 3a3eMJICHA uepe3 OOJIbIIOe COMPOTHBIICHUE,
pa3psAHKK, BO3YIIHBIN IPOMEXKYTOK U T. 11.;

e BTOpasi OyKBa—XapakTep 3a3eMJICHUSI OTKPBITHIX MPOBOSAIINX YaCTEH 3Jie-
MEHTOB 3JIEKTPUYECKON CETU U ANEKTPONPUEMHHUKOB (T — HENOCPEACTBEHHAs CBA3b
OTKPBITBIX MPOBOJAIIMX YacTed C 3eMJedl HE3aBUCUMO OT XapakTepa CBS3H
UCTOYHMKA MNUTaHus ¢ 3emiield; N— HemocpencTBeHHas CBS3b  OTKPBITHIX
TOKOIMPOBOSIIMX YacTed C TOYKOM 3a3eMJICHUS] MCTOYHHMKA MHUTAHUSA, B CUCTEMax
NEPEMEHHOT0 TOKa OOBIYHO 3a3eMJISIETCSL HEUTpaJIb);

e niociieytoniue OyKBbI (€CIU TAKOBBIE UMEIOTCS) — XapaKTep YCTpOucTBa
HYJIEBOTO pabodero M HyJIEBOTO 3alIMTHOTO MPOBOAHUKOB (S — (hYHKIMU HYJIEBOTO
3alIUTHOTO W HYJIEBOTO pabodero MpPOBOJHUKOB OOECIIEUUBAIOTCS Pa3AeIbHBIMU
npoBogHukamMu; C — (QYHKIMKM HYJIEBOTO 3allMTHOTO U HYJEBOrO paboyero
MIPOBOJIHUKOB 00beANHEHBI B 01HOM TipoBoHuKe (PEN -mpoBoanuke).

Ha puc. 13.1 npuBeaeHbl TUIIBI 3a3€MJIEHUS AIEKTPUUYECKUX CETEM U JIEKTPO-
pUEMHHKA TpeX(Pa3zHOTo MEePeMEHHOT 0 TOKa.

B nocnegHee Bpemsi MOMy4HSIO paclpOCTPAHEHUE U CTANIO O00A3aTENbHBIM IS
HEKOTOPBIX HHU3KOBOJIBTHBIX CETEH YCTaHOBKH YCTPOMCTB 3alIUTHOIO OTKIHOYECHMS
(Y30). I'maBrocsnepronaazopom yrBepxkaceHbl (1997) ykazaHus 1Mo NpUMEHEHUIO
VY30 B a51eKTpOyCTaHOBKAX KMIIBIX 31aHui (puc. 13.2).

Crnenyer UMeTh B BHUJly YBEIMYMBAIOIIEECS MPUMEHEHHE MAJIbIX HaNpsKEHUH
(HoMHMHANIbHOE HampsbkeHue He Oonee 42 B mexay ¢dazamMu U MO OTHOILIEHHUIO K
3emiie), KOTOpble NPUMEHSAIOT JUisi oOecredeHus: 3ieKTpoOe3onacHOCTH. Maibie
HANPSOKEHUS UCTIONB3YIOT AJISl MUTAHUS 3JIEKTPOIIPHUEMHUKOB CPAaBHUTEIBHO HEOOIb-
IO MOIIHOCTHU: MEPEHOCHON AJIEKTPOUHCTPYMEHT, PyUYHbIE MEPEHOCHBIC JAMIIBI U
apyrue. B mpou3BOACTBEHHBIX MOMENIEHUSAX NPUMEHSIOT HanpspkeHus 12, 36 u 42 B.
HcTounnkamu Manoro HampsKeHUs: MOTYT ObITh OaTapeu ralbBaHUYECKHX AIIEMEHTOB,
aKKyMYJISITOPBI, BBIIPSMUTENbHBIE YCTAaHOBKM, MpeoOpa3oBaTeld 4YacTOThl W,
HaumOonee vacro, TpaHchopmaropbl. Ecnu moHmkaromue TpaHc@opMaTopbl HE
ABJISIIOTCS  PA3/IEIUTENIbHBIMUA, TO B 3aBUCUMOCTH OT peXUMa HEUTpalld CeTH,
NUTAIONIe TMEepPBUYHYIO OOMOTKY, CIEAyeT 3a3eMJIATh WM 3aHYJSITh KOPIIYC
TpaHcopmaTopa, a TakKe OJIMH U3 BBIBOJIOB (OJIHY U3 (pa3) WM HEUTpaJb (CPETHIO0
TOYKY) BTOPUYHOM OOMOTKH.
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Pucynok 13.2 - Cxembl 3alUTHOTO OTKITFOYEHHUS TIPU HAPSLKEHUH KOPITYCa OTHOCUTEIBHO 38MITU: @ — C
ABTOMATHUYECKUM BBIKITFOUATENIEM; O — C MAarHUTHBIM ITycKaresieM; SF— aBToMaTHYecKuii BEIKITIoYaTesib; YAT
— OTKJTIOYAIOIIAS KaTyika, K4 — pene-natank; KM — MarHuTHBIHN ITycKaresb; SB — KHOIMKa KOHTPOJIS;
SBC — kHorka mycka; SBT— KHorKa «ctormy; R, — BCIIOMOTaTeNbHBIN 3a3eMITUTENb; R3 — 3aIluTHOE
3a3eMJicHUE (3aHyJICHUE)

3azeMJIIOIIME YCTPOWCTBA B AJIEKTpOyCTaHOBKax Bblie 1 kB B ceTsix ¢
3¢ (HEKTUBHO 3a3€MIICHHOW HEWUTpasbl0 CJIEAYEeT BBINOJHATh C COOJIIOICHUEM
TpeOOBaHMI K MX COMPOTUBJICHUIO WJIM K HANPSKEHUIO MPUKOCHOBEHHUS, a TAKXKE K
KOHCTPYKTUBHOMY BBIMIOJIHEHHIO U K OTPAHMYECHHIO HAIPSIKEHUS HA 3a3€MIISIIOLIEM
YCTPOMCTBE. Hopma COIIPOTHUBIICHUS 3a3€MJISIFOILIETO yCTPOMCTBA B
AIIEKTPOYCTAaHOBKAX HampsbkeHueM Bhiie 1 kB cetu ¢ 3QpexkTuBHO 3a3eMIIEHHOM
HelTpanelo yctaHoBieHa B 0,5 Owm, BKiIOYash CONPOTHUBICHUE €CTECTBEHHBIX
3azemsnrenieil. C LENbl0 YMEHBIIEHHS BO3MOXHOTO HANPSKEHHUsS] MPUKOCHOBEHHMS
IyTEM BBIPABHUBAHHUS JJIEKTPUUECKOTO MTOTEHIIMAJIA PETJIAMEHTUPOBAaHA KOHCTPYKIIUS
3a3eMIISIIOIIEr0  ycTpoicTBa. Ha Tepputopuu 31€KTPOYCTAHOBKHM JIOJKHA OBIThH
3a3eMIIsifolIas ceTka, oOpa3OBaHHAS AJIEKTPUUECKH COEIMHEHHBIMU MEXKIY COOOM
TOPU30HTAIBHBIMU MTPOJOJIBHBIMU U MONEPEYHBIMU 3a3€MIIUTEISIMU.

B snexkrpoycranoBkax 10 1 kB B ceTsx ¢ rinyxo3a3eMIICHHONW HEUTpasbio TpeOo-
BaHUs, MPEIbSIBISIEMbIE K 3a3eMJISIOIIEMY YCTPONCTBY, YUYUTBHIBAIOT OCOOEHHOCTH
oOecrieueHus 3JIEKTPOOE30MacHOCTH JIIOACH CUCTEMOU 3aHyJIEHUs MPU 3aMbIKAHHUSX
Ha KOpIyC. Y CTaHOBJIEHO, YTO COMPOTUBJICHHUE 3a3€MIIIOIIMX YCTPOMUCTB, K KOTOPBIM
MPUCOEAUHAIOT HEUTPATU TPaHC(HOPMATOPOB U TEHEPATOPOB HIIM BBHIBOJIBI UCTOYHHUKA
o1HO(a3HOTO TOKA, 3aBUCUT OT JTMHEHHOTO HANPSKCHUS B TpeX(a3HBIX CETAX WU OT
HaANPSsOKEHUS] UICTOYHHUKA OAHO(A3HOTO TOKA, a TAKXKE OT YAEIbHOTO COMPOTUBIICHHUS
3emuid. CONpOTUBIEHHE 3a3€MJBIIOLIEIO YCTPOMCTBA ISl 3JIEKTPOYCTaHOBOK
HanpspkeHreM 10 1 kB ve nomxHo ObITh 60b111e 4 OM.

[Tpu nmunaeitnom Hanpsbkenuu 660, 380, 220 B unu HanpskeHun ogHO0Ga3HOTO
toka 380, 220, 127 B yaenbHOE CONPOTUBIICHUE 3a3€MIIIOLIETO YCTPONUCTBA B TEUEHUE
BCEr0 CpPOKa €ro CiIy>KObl HE JIOJDKHO IPEBBINIATH COOTBETCTBEHHO 2, 4 m 8 Owm.
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Tpebyemoe compoTuBiICHHE 3a3eMIISIONIETO YCTPOMCTBAa MOHKHO OOECTIeUYUBATHCS C
YUETOM HCII0JIb30BAHUS €CTECTBEHHBIX 3a3€MJIMTENIEH, a TAK)KE CUCTEMbI IIOBTOPHBIX
3a3eMJIeHU# HyJieBoro nposoja BJI nampsbkennem 1o 1 kB, ogHako B Tex ciiydasix,
korga konumuectBo BJI He menee aByx. Ilpu ynenbHOM CONPOTUBICHUM p 3€MIH
6onee 100 OmxM JOMyCKaeTCsl yBEIWYUBATH HOPMBI CONPOTUBIICHUS 3a3€MIISIOIINX
ycrpoiicts B 0,01p pa3, Ho He Oonee uem B 10 pas.

Jliia obecriedeHHsi aBTOMaTHUECKOTI0 OTKIIFOUEHUS ydacTKa ¢ OJHO(a3HbIM 3a-
MBIKAHHEM 3a3€MJIIOILME MPOBOJHUKH CIEAYET BbIOMpPATh TaKUM 00pa3oM, YTOOBI
OpU 3aMbIKaHMM Ha KOpPIYC WM HYJEBOH IPOBOJA BO3HHMKAI TOK KOPOTKOIO
3aMbIKaHUs, MPEBBIIAIOINIMNA: B 3 pa3a HOMHUHAJIBHBIM TOK IIJIaBKOM BCTaBKH
OMVpKaWIIero MpeNoXpaHuTeNss; B 3 pa3a HOMHHAJIBHBIA TOK HEPETYJIUPOBAHHOIO
pacuenuTensl Wi YCTaBKY TOKa PEryJUpyeMOro pacUEnuTeNss aBTOMATUYECKOTO
BBIKJTIOYATENS, UMEIOIIEro 00paTHO 3aBUCHMYIO OT TOKA XapaKTePUCTHUKY.

[Tpu 3amuTe cerell aBTOMATUYECKUMHU BBIKIIIOUATEISIMU, UMEIOUIUMH TOJIBKO
OTCEYKY, IMPOBOJAMMOCTh YKa3aHHBIX MPOBOJHHMKOB JOJDKHA OOECHeuYnBaTh TOK HE
HUKE YCTaBKM TOKAa MTHOBEHHOTO CpabaThIBaHUS, YMHOKEHHOW Ha KO3 ULIMEHT,
YUUTHIBAIOUIMH pa3Opoc, n Ha kKoadduuumenT 3anaca 1,1. Ilpu oTCcyTCcTBUN 3aBOACKUX
JaHHBIX JUIsI aBTOMATHUYECKHUX BBIKJIIOUATENEed ¢ HOMUHAIBHBIM TOKOM g0 100 A
KpPaTHOCTh TOKAa KOPOTKOI'O 3aMbIKaHUSl OTHOCUTEJIBHO YCTAaBKH CJIEIyeT NPUHUMATh
He meHee 1,4, a ¢ HOMUHAJILHBIM TOKOM cBbIle 100 A — nHe meHee 1,25. Ilonnas
IPOBOJAUMOCTb HYJIEBOTO 3aLIUTHOIO IPOBOJIHUKA BO BCEX CIy4asiX JOJKHA OBbITh HE
meHee 50 % npoBogumocTu (a3HOro NPOBOJIHUKA.

13.3 AONYCTUMbIE COMPOTUBIEHNSA 3A3EMNAIOLLUX YCTPOUCTB

HNcxonHble aHHBIE JUISI TPOEKTUPOBAHMS M BBINOJHEHUS 3a3€MIISFOLIUX
YCTPOWCTB — TMPEAENIbHBIE 3HAYEHUsS WX CONPOTUBICHUW, MPUHUMAEMBIE B
cooTBeTCTBHUM ¢ [IYD B 3aBUCMMOCTH OT HANpPSOKEHHS, PEKUMA HEUTpaIud Hu
aneMeHTa DY, MojJIekallero 3a3emyeHuio. Ecium K 3a3emisiomeMy yCTpPONCTBY
MIPUCOEIUHAIOT AJEMEHTHI DY pa3HbIX HANPSIKEHUW, TO NMPUHUMAIOT HAWMEHBLIEE
HOPMHPOBAHHOE COMPOTUBJICHUE 3a3eMIIeHUsI R3 I 371€eKTpo0OOpy10BaHMUS.

ComnpoTuBIIEHHE 3a3€MIISIFOLIETO YCTPOMCTBA OINPEIEISIOT  CIEAYIOLINMHU
YCIOBUSMM.

Jnst OV nanpspkenueM Bele | kB ¢ n30aupoBaHHOM HEUTPaIBIO:

R; <250 15 . (13.1)

Ecnmu 3T0 3azemiiiroliee yYCTPOMCTBO TakkKe HMCHOJb3yeTcs a1 JY ¢
M30JMPOBAHHON HEUTpaJIbIO HanpsbKeHueM 110 1 kB, To

R; < 125/1;, (13.2)

rae |3 — pacdeTHbII TOK 3aMbIKaHUS HAa 3EMITIO.
Bo Bcex cimydasix CONpOTHBICHHE 3a3€MIISIONIETO YCTPOMCTBA HE TIOHKHO OBITH
BoIte 10 Owm.

[ToBTOpHBIE 3a3eMIIEHUS HYJIEBOTO IPOBOJIA BBIMOJHSAIOT HAa KOHIax BJI mmm
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oTBeTBJICHUH mnHOM O6osee 200 M 1 Ha BBOJIaX B 37aHUE, DY KOTOPHIX MOJICKAT
3azemiieHuto. Ecnum DOV, noanexaiiye 3a3eMIICHHIO, pa3MEIlIeHbl BHE 37aHUS,
pPacCTOsIHUE OT HUX JI0 ONMXKalIero mOBTOPHOTO 3a3€MIICHUSI UM A0 3a3eMJICHUS
HEUTpalli MCTOYHMKA TMHUTaHUs (reHepaTopa, TpaHchopmaTopa) HE JOJDKHO
npesbimath 100 M. bosiee yacTbie 3a3eMII€HUS HYJIEBOTO MPOBO/IA BBIMOJHSIIOT, €CIIH
3TO TpeOyeTcs MO YCIOBHUSAM Tpo303aumuThl. O0IIee CONPOTUBICHUE 3a3E€MIISIOLINX
YCTPOMCTB BCEX MOBTOPHBIX 3a3eMJICHUMN JTOJDKHO OBITH HE OoJiee:

¢ 5 Om nipu HampsuxeHuu 660/380 B,

¢ 10 Om npu Hanpspxkenun 380/220 B u

e 20 Om nipu Hanpspxkerun 220/127 B.

[Ipu 5TOM CONMPOTHUBIICHUE 3a3€MIISIFOIIIETO YCTPONCTBA KAXKJOTO U3 MOBTOPHBIX
3a3eMJIEHUH JOJHKHO OBITH HE OoJiee:

o st DY 660/380 B —15 Owm,

o st OV 380/220 B—-30 Om u

o st DY 220/127 B — 60 Owm.

B cootBerctBum ¢ IIYD g DY no 1 kB ¢ 3a3emiieHHON HEWTpaliblo NpHU
yACJIBHOM COMpPOTUBIECHUU TpyHTa p Oosiee 100 OM'M IOMyCKArOT YBEJIMYHUBATH
COTIPOTHUBIICHUS 3a3eMJISIOMUX YCTporcTB B p/100 pas, nist Bcex Ipyrux CUCTEM TpH
yAeJIbHOM comnpoTuBieHuu rpyHta 6osnee 500 Om-M B p /500 pa3. Bo Bcex ciyuasx
JIOMYCKAaeTCsl yBEIMYMBATh COMPOTUBIICHUE 3a3eMIISIONIETO YCTPOMCTBAa He Oolee
yeMm B 10 pas.

13.4 NICKYCCTBEHHbIE U ECTECTBEHHbIE 3A3EMJIUTENA
N 3ASEMIAIOLWIMNE NMPOBOAHUKHN

3a3eMJIE€HUEM Ha3bIBAIOT NPEAHAMEPEHHOE TaJlbBAHUUYECKOE COCOUHEHUE
METATMYECKUX YacTel 31eKTPOYCTaHOBKH (DY) ¢ 3a3eMIISIFOLIM YCTPOUCTBOM.
Paznmuaror crenyromme BUIbl 3a36MIICHHN
® 3aIIUTHOE — BBITIOJIHSIOT C LIEJTbIO 00eCTIeYeH s AEKTPOOE30aCHOCTH PU
3aMbIKaHUY TOKOBEAYIIMX YacTEN Ha 3eMJIIO;
® pabouee — MpeHa3HAYCHO TS 00ECTIeUeHUSI HOPMATLHBIX PEKUMOB
pabOTHI YCTAaHOBKW;
® MOJTHUE3ALUTHOE — JUIS 3aIIUThI 3JIEKTPOOOOPYI0OBAHUS OT
MIEPEHANPSDHKEHUN U MOJIHUE3AILMTHI 3JaHUN U COOPYKEHU .
B OosblMHCTBE Cy4aeB OJHO M TO K€ 3a3€MJICHHE BBIOJHSAET HECKOJBKO
(YHKIMHA, T. €. OJHOBPEMEHHO SIBIISIETCS 3alIUTHBIM, pA0OYUM U T.1I.
JazeMnsgsOee YyCTPOUCTBO — ITO COBOKYIMHOCTh 3a3€MIIUTENS U
3a3eMJISIFOLIMX ITPOBOIHUKOB.
3JazeMaAUTENEM Ha3bIBAIOT METAUIMYECKUMA IPOBOJHUK WM TPYIILY
MMPOBOTHUKOB, HAXOAIIUXCS B COMPUKOCHOBEHUH C 3eMJIEl. PazmuuaroT ecrecTBEHHbIE
Y UCKYCCTBEHHBIE 3a3€MJIUTEIH.
EcTecTBEHHB € 3a3eMIUTEeId — 3TO Pa3JIMYHbIE KOHCTPYKLIMH H
YCTPOMCTBA, KOTOPBIE TI0O CBOMM CBOMCTBAM MOTYT OJJHOBPEMEHHO BBITIONHATH (DYHKITHN
3a3eMIIMTENEH: BOJONPOBOHBIE U JPYTME METAJUIMYECKUe TpyOOnpoBOIbl (Kpome
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TpyOOIIPOBOJIOB TOPIOYMX WJIM B3PbIBUATHIX JKUJKOCTEd M Ta3oB, a TaKKe
TpyOONPOBOJIOB, ~ MOKPBITBIX ~ M3OJSIIIMENH  OT  KOPPO3HMH), METAIMYECKUe |
&KeJne300€TOHHbIE KOHCTPYKIMU 3JaHUM W COOPYKEHUM, HMEIOIUE HaJeKHOE
COeIMHEHME C 3eMJICH.

[lon MCKYyCCTBEHHBIMU 3a3eMJIMTEISIMU [MOHUMAIOT 3aKJIA/IbIBAEMBIE B 3EMITIO
METAJUIMYECKUE AIIEKTPO/IbL, CIELUATIBHO MPEIHA3HAYCHHBIE IJIS1 YCTPOKWCTBA 3236 MIICHUI.
B kauecTBe UCKYCCTBEHHBIX 3a36MJIMTENIEH TPUMEHSIFOT:

® /i1 BEPTUKAJIBHOTO MMOTPYXKEHUS B 3€MJIK0O — CTAIBHBIE CTEPKHU JIMAMETPOM
12—16 Mm, yTrIIOBYIO CTalb C TOJIIMHON CTEHKH HE MEHee 4 MM WM CTalbHbIE TPYObI
(HEKOH/IUIIMOHHBIE) C TOJNIIUHOW CTEHKH HE MeHee 3,5 MM;

® /Il TOPU3OHTAIBHON YKJIAJKH — CTaJbHBIE MOJIOCHI TOJIIIMHON HE MeHee 4 MM
WIN KPYTJIYIO CTajlb JUAMETPOM 6 MM.

PexomeHnmyeTcst nprHUMATh JUIMHY BEPTUKAIBHBIX CTEP>KHEBBIX JIEKTPOJAOB 2—35
M, a DJJICKTPOJOB W3 YIJIOBOM cTaim 2,5—3 M. BepxHuid KOHEI BEPTUKAILHOTO
3a3eMIIMTENS  1ieecoo0pa3Ho 3armyonste Ha 0,5—0,7 M OT MOBEpXHOCTH 3EMJIM.
['opu3oHTaNbHBIE 3a3eMIMTENM TPUMEHSIOT ISl CBSI3M MEXTY COO0OH BEpTUKAIBHBIX
3a3EMJIMTEIIEN Y KaK CAMOCTOSITEIIbHBIE 3a3€MIIUTEIIH.

3a3eMJIOIME  MPOBOJHUKM  CIY)KaT  JUId  IPUCOEAMHEHHMsS  4YacTel
ANIEKTPOYCTAHOBKU C 3azemymurenieM. [IoMrMO OOBIMHBIX MPOBOIOB COOTBETCTBYIOLIETO
CEUCHMS], 3a3EMIBIFOILIMMHU NIPOBOIHUKAMHU MOTYT CIIYKUTh METAJUIMYECKUE KOHCTPYKIIMH
37IaHUH U COOPY>KEHUI: KOJIOHHBI, (hepMbl, Kapkachl PY.

13.5 PACYET 3A3EMJIAIOLLUX YCTPOUCTB

Pacu€r 3azemisI0IMX YCTPOMCTB CBOJIUTCS K PAacU€Ty 3a3eMIIMTENA, TaK KaK
3a3eMJIAIOIIME TPOBOJHUKH B OOJBIIMHCTBE CIy4aeB NPUHUMAIOT MO YCJIOBHIM
MEXaHMYECKON MPOUYHOCTU U CTOMKOCTH K Koppo3uu 1o [1YD.

Pacué€r conpoTuBiIeHNs 3a36MIUTENSA IPOBOAUTCS B CIEAYIOLIEM ITOPSIKE.

l. B cootrBerctBuM ¢ IIYD ycTaHaBIMBaKOT JOIMYCTUMOE CONPOTHBIICHHE
3azemuIsioliero ycrpoiictsa R,. Ecnu 3azemuisitoiniee yCTpOWCTBO SIBISIETCS OOIIMM
JUIsl YCTAaHOBOK HAa pA3JIMYHOE HANPSDKEHHWE, TO 3a PACYETHOE CONPOTHUBIICHHE
3a3€MJISIOLLIErO YCTPOMCTBA IPUHUMAIOT HAUMEHBIIIEE U3 TOITyCTUMBIX.

2. [IpenBapuTesnibHO C€ Y4ETOM OTBEAEHHOM TEPPUTOPUM HAMEYAIOT
PAacmoJIOKEHUE 3a3eMIIUTENICH — B Psifl, IO KOHTYPY U T.II.
3. Onpenenstor HEO00XO0ITUMOE COIIPOTUBIICHUE HMCKYCCTBEHHOTO

3a3CMIINTCIIA C y‘-IéTOM HCIIOJIB30BaHHA C€CTCCTBCHHOI'O 3a3CMIIMTCIIA, BKJIFOYEHHOT'O
[mapaJuiCjibHO, U3 BBIPAKCHUA

—ReRs (13.3)
Re—R3
rae Ru — conpoTuBieHne HCKYCCTBEHHOTO 3a3€MITUTEIS;
Re — compoTuBiieHNE €CTECTBEHHOTO 3a3€MJIIUTENIS;
Rs; — nomycTuMoe CONnpOTUBIIEHUE 3a3EMIISIFOLLETO YCTPOICTBA.
4. Onpenenstor pacuéTHOE YACIBHOE CONPOTHUBIEHUE TIpPyHTA L, A
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TOPU30HTAIBHBIX WM  BEPTUKAJIBHBIX JJIEKTPOJOB € YYETOM  MOBBIIIAKOUIETO
kod(unrenTa Ky, y4UTHIBAIOIIETO BHICKIXaHUE TPYHTA JIETOM M IIPOMEP3aHUE €T0
3UMOM.

5. OrnpenensitoT CONPOTUBIICHUE PACTEKAHUIO (COMPOTUBIICHHE, KOTOPOE
OKa3bIBa€T TOKY TPYHT) OJHOIO BEPTHKaJIbHOro »JiekTpojaa. Eciu B KauecTBe
BEPTUKAIBHBIX AJIEKTPOJIOB UCIIOJIB3YIOT YTOJIOK, TO TUAMETP YrOJIKA ONPEACIISIIOT 0

dbopmyie
d =0,95D, (13.4)

riae b — mmpuna yromka.
6. OnpenensioT OPUEHTUPOBOYHOE YUCIO BEPTUKAJIBHBIX 3a3eMJIUTENEH
NP NPEBAPUTEIHHO NMPUHATOM KoddduirienTe ucnoiab3oBanus Ky p

R
— 0.B.9 , (13.5)
K I/I.B.RI/I
rac RO.B)Q — COIIPOTHUBJICHHUC PpPaCTCKaHUA OAHOI'0 BCPTUKAJIBHOI'O 3JICKTpPOAA,

ONPENEIIEHHOE B I1.5
Ry — conpoTUBIEHNE UCKYCCTBEHHOTO 3a3€MIIMTENISA, OIPEIEIEHHOE B I1.3.
Koappuuument uCHonab30BaHUS  3a3€MIIMTENS]  YUUTHIBAET  YBEIUYEHUE
CONIPOTUBJICHUE 3a3€MJIUTENII BCIEACTBUE SBJICHUS OKPAaHUPOBAHUS COCEIHUX

37IEKTPOJIOB.
7. OnpenensioT pacyETHOE CONMPOTHBICHUE PACTEKAHHIO TOPU3OHTAIBHBIX
3JIEKTPOJIOB
Rrs
Rpro = K ) (13.6)

n.r,>

rae R.,— compoTHuBiIEHUE PACTEKAHUIO TOPU3OHTAIBHBIX 3JIEKTPOIOB.
8. YTOUHSIOT HEOOXOAMMOE CONPOTHBIICHUE BEPTUKAIBHBIX JIEKTPOJIOB C
Y4ETOM IPOBOIUMOCTH TOPU3OHTAIIBHBIX COEAMHUTEIBHBIX 3JIEKTPOJIOB

R, 5R
R, = prolu (137)
RP.F.C) - RI/I
9.  OmnpenensitoT BEPTUKAIBHBIX JJIEKTPOJOB C YYETOM YTOYHEHHOTO
koa¢umenTa ucnonb3oBanus Ky gy, no popmyine
R, ..
N=—282 (13.8)

KH.B.Y RB.3

10. HpI/IHI/IMaIOT OKOHYATCJIIbHOC 4YHCJIO BCPTHKAJIBbHBIX JJICKTPOJAOB K3
YCJIOBHA UX pa3MCUICHU.
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11. Jns ycraHoBOK HampsbkeHueMm Bbimie 1 kB B ceTsx ¢ 3a3emiieHHON
HENTpaIblo 3a3eMJISIOLIME TPOBOJIHUKH MPOBEPAIOT HA TEPMUUECKYIO CTOMKOCThH IO

dbopmyiie

S; = loaft, /Ky, (13.9)

rae  lp — pacy€rHblil TOK Yepe3 NPOBOAHUKA;

t;7 — npuBeaeHHOE BpeMs poxoxaeHus Toka K3 Ha 3emto, c;

Kr — TemmeparypHblii KO3(DQUIMEHT, YYUTHIBAIOIIUNA  OTpPaHUYCHHUE
JOIIyCTUMOM TEMIIEPATypbl HATPEBa NPOBOIHUKA!

o i1 ctay K7 =74;

e st Mmeau K7 =195;

o s ammromMuuusg Kr =112.

13.6 MOJIHUESALLUTA

13.6.1 TPEBOBAHUA K MOJTHUE3ALLUUTE 30AHUA N COOPYXEHUN

B cootBerctBum ¢ ITYD TemoBast 31eKTpOCTaHLIUS U €€ MPOU3BOJICTBEHHBIE
3/TaHUSl U COOPYKEHHUS JOJHKHBI ObITh 3aIIUIIEHBI OT MPSIMBIX YapOB MOJIHUU.

Monunueszanmra 31aHUNM U coopykeHuil | karteropuu (NMPOU3BOACTBEHHBIC
3IaHUSI U COOPYXEHHUSI CO B3PHIBOONACHBIMU MOMEIICHUsIMU KiaccoB B-1 u B-2 mo
[1YD; 3naHus 3IEKTPOCTaHIUNA U MTOJACTAHIIMI ) BBITOIHSIETCS:

¢ OT IPAMBIX YyAapOB MOJHHUU — OTACJIBbHO CTOAIIMUMHU CTCPKHCBBIMHU U
TPOCOBBIMH MOJIHUCOTBOAAMU, O6€CH€LII/IBaIOH_II/IMI/I Tp€6y€My1-0 30HY 3alllUThI;
¢ OT 3apsaaoB CTaTUYCCKOro  3JJICKTpHYCCTBA —  3a3CMJICHUCM BCEX

METANIMYECKUX KOPITYCOB 000PYI0BaHUs, YCTAHOBJICHHOIO B 3aIMIIAEMBbIX 3AaHUSIX
yepes3 CeluaibHbIe 3a3eMIUTENN C COMPOTUBICHHUEM PAaCTeKaHUIO TOKa He OoJiee
10 Om;

® OT MArHUTHOTO TOJISA, MPOSIBIISIIOLIErOCs KaK BTOPUYHOE AEMCTBUE MOJIHUU U
UHAYLIUPYIOIIETO B KOHTypax (oOpa3yeMblx TpyOONpoOBOAaMH, 3alllUIICHHBIX
TOKOINPOBOJaMH, Kapkacamu coopyxeHui) 3/IC, ycTpoWCTBOM METANTUYECKUX
nepeMblueK, OOBEIUHSIOMIUX KOHTYPhl B EAMHYI) CHUCTEMY M YMEHBIIAIOLIUX
pa3mMepbl KOHTYPOB.

MonHue3ammra 30aHUM U COOPYKEHUM 2 KaTeropuu OT MPSIMBIX YIAapOB
MOJIHUM BBITIOJTHSIETCS OJTHUM U3 CIIEIYIOIINX CIIOCOOO0B:

® OTJEIIBHO CTOSIIIUMU WIN YCTaHOBJIEHHBIMHU Ha 3IAHUAX
HEU30JIMPOBAHHBIMU  CTEPKHEBBIMM  WJIM  TPOCOBBIMM  MOJIHUEOTBOJAMHU,
o0ecreunBarOIIMMHU 3aIUTHYIO 30HY;

® MOJIHUENIPUEMHOM 3a3€MJIEHHOW METAJUIMYECKON CETKOM pa3MEpaMH SYEEK
6X6 M, HaKJIaIBIBAEMOI Ha METAJUTMYECKYIO KPOBJIIO;

® 3a3€MJICHUEM METAJUIMYECKOU KPOBJIH.

3ammTa OT 3apsA0B CTATUYECKOTO JIEKTPUYECTBA U OT JIEWCTBUS MarHUTHOTO

TIOJIS1 BBIMIOJIHSECTCS] aHAJIOTUYHO 3alIUTE COOPYKEHHUM | KaTeropuu.
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3amura 37aHUN 3 KaTerOpuM BBIIOJIHSETCS, KaK U JIs 2 KaTEeropuu, HO MpHU
3TOM MOJIHUETIPUEMHAS CETKa HUMEET suelku pasmepoM 12x12 wim 6x24 M, a
BEJIMYMHA CONPOTUBJIEHUS 3a3€MJIMTENS NPSAMBIX YJapOB MOJHUU  MOXKET
noBbHIIaTHECS 710 20 OM.

Haubonee sdpdextuBHoi Mepoit 3ammutel BJI mo Bceil qiuHE OT MmpsIMOTO
NoNaJaHus B HEE yAapa MOJHUHU SBISIETCS NPUMEHEHHE TpocoB. IIpu 3TOM Masbie
COMPOTHUBJICHUSI 3a3€MJICHHUSI OMOp JOJDKHBI 00ECleYuBaTh XOPOILIMNA OTBOJI TOKOB
MOJHUM B 3€MJII0 U 3aIUUTy JMHEWHOW M3OJSIUMU OT BTOPUYHBIX IEPEKPBITHU.
OpHako TpocoBas 3alllMTa 3HAYMUTEIBHO YAOpOXkKaeT coopyxeHue BJI u mostomy
npeaycMarpuBaercs s AMHUN HanpspkeHuem 110-220 kB u Beilie, BBITOJIHEHHBIX
Ha METAJUTMYECKUX U KEJIe300€TOHHBIX OMOpaXx.

Jlunun HanpspbkeHus 35 kB ¢ M30JMPOBAHHOW HEUTPAJIbIO, BBIMOJHEHHBIE Ha
METANTMYECKUX M JKeJIe300€TOHHBIX ONopax, TPOCOM He 3amminamTci. OmgHako
OMOpBl ATUX JUHUHI, Tak ke Kak U omnopbl JuHud 110-220 kB, n0MKHBI OBITH
3a3€MJICHBL.

Jnst  3ammThl  TOJCTAHUMOHHOM  HM30JSLMM OT BOJH  aTMOC(epHbIX
nepeHanpsHLKeHUl Ha COOPHBIX IMIMHAX PacHpeleNUTENbHbIX YCTPONCTB, a TaKkKe y
TpaHchopMaTopoB,  mOpucoequHeHHbIX K  JIDII ¢  mnoMmomiplo  OTHaex,
MIPEAyCMaTPUBAETCS YCTAHOBKA KOMILUIEKTOB BEHTWIBHBIX Pa3psTHUKOB.

Jns  orpaHuYeHUs  BOJHBI  IIEPEHANPSKEHUS  BAXXKHO  MPEAYIPEIUTH
BO3MOKHOCTh

ylapa MOJIHUM B HEMOCPEICTBEHHOW OJM30CTH OT mojcraHiuu. s 3Toro Ha
JIDII 6e3 TpocoBOW 3amuTBl Ha TMOAXoAe€ 3a 1-2 KM 0 TOACTaHIIUU
IpEeIyCMAaTPUBAIOTCS 3alllMTHBIE TPOCHI C YCTAHOBKOM KOMIUIEKTa TpyOdaThIX
pa3psIHUKOB B Havase nojaxoaa JIDII k noactanuum.

D1ekTpoo0OpyAOBaHUE PACHIPEIEIUTENbHBIX YCTPOHUCTB HanpsbkeHueM 10 kB,
YCTAaHABJIMBAEMOE HA TMOHU3UTENBHBIX ITOACTAHLMSIX, 3AIIUIIACTCS BEHTUJIBHBIMU
pa3psIHUKAMH, pa3MEIIeHHbIMM Ha I[IMHAX [OACTAHIMH, U TpyOYaTbIMU
pa3psaHUKaMU, pa3MeleHHbIMU Ha paccTtosstHuM 100-200 M oT moacTaHIuy.

OtkpeIThie PY ¥ moacraHumy 3amyInaroT OT MPSAMBIX YAAPOB MOJHHHA IIPH
HOMHUHAIbHOM HanpsbkeHud oT 20 kB. 3ammry BBIIONHSIOT —CTEP)KHEBBIMU
MOJIHUEOTBOJAMH, YCTAaHABIMBAEMBIMH, KaK NPABUJIO, HA KOHCTPYKUuAX PY wu mo
yTJIaM IOJICTaHIINH.

Jluaum 110 kB Ha kene300€TOHHBIX M METAJUIMYECKUX OMOopax 3alllUIlaloT
MOJIHUE3AIUTHBIMU TPOCAMHU 10 BCEH JJIMHE.

BricoTa MOTHHEOTBO/Ia OT 3€MJIM BBIOMPAETCS TAKOM, YTOOBI 3alllMIllaeMble
000pyI0BaHME M KOHCTPYKIMHU TMONAJalid B 30HY 3alllMThl MOJIHHEOTBOJA, BHYTpU
KOTOpPOM C JIOCTaTOYHOM HAJIEKHOCTbIO (B AJeKTpoycTaHoBKax 99,5 %)
oOecreunBanach Obl 3alIMTa 3JaHUN U COOPYKEHUH OT MPSAMBIX MMOMAJaHUNA MOJTHUU.
Bricora MonHMEOTBOJA BBIOMpaeTCs UCXOns U3 yciaoBus D<8(H-h), rne D —
paccTosiHue MEXJIy MOJHHeOoTBojamu, H — BbicoTa MoiHHMEOTBOAa, h — BbIcoTa
OTIOPHBIX KOHCTPYKIIHM.

JIst yCTaHOBKM MOJHHUEOTBOJIOB II€JI€CO00pAa3HO HCIOJIb30BaTh TaKKe BCE
BBICOKHE COOPYKEHUSI, paCIOJIOKEHHbIE BOJIM3HU MOCTAHIINH.

CHYCKI/I K 3a3CMJIMTCIIEIM OT MOJIHUCOTBOAOB, YCTAHABJIMBACMbBIX HA 3JIaHUAX
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pacnpeneNuTeNbHbIX  YCTPOWUCTB  DJEKTPOCTAHIMN  TPEANPUSATHSA,  CICAYyeT
NPOKJIAAbIBaTh IO KpBIIE W CTEHAM 3JaHUs 10 BO3MOXKHOCTH JabIle OT
TOKOBEAYIINX YaCcTEH dJIEKTPOYCTAHOBOK.

Yacto ObIBaeT MOCTATOYHO YCTAHOBHUTH OJMH MOJIHMEOTBOJ, HalpuUMeEp, Ha
3aBOJICKOM TpyoOe.

13.6.2 PACYET N NOCTPOEHUE 30H 3ALLMTbI MONTHUEOTBOOB

PaccuuTaTh MOJIHHE3AIIMUTY - 3TO 3HAYUT OMPEACIUTH THUI 3aIHUTHI, €€ 30HY
U mapamMetpsl (Tabmuna 13.1).

ITo Tuny monHUe3ammTa (M/3) MOXKET OBITh CJICTYIOIICH:

® OJIHOCTEPKHEBOM;

® IBYXCTE€P>KHEBOM OJIMHAKOBOW WJIM PA3HOU BBICOTHI,

® MHOI'OKPAaTHOM CTEPKHEBOU;

® OJJMHOYHOU TPOCOBOW;

® MHOI'OKPaTHOW TPOCOBOM.

[To creneHu HaIEKHOCTH 3aLIUTHI PA3IUYAIOT B TUIIA 30H:

A - cTeneHb HAJIEKHOCTH 3alUThI > 99,5 %);

b - crenens HagexxHocTH 3amuTHI 95... 99,5 %.

[TapameTpamu MOJTHUE3AIIUTHI SBJISIOTCS:

e h - moyHAast BEICOTA CTEPIKHEBOTO MOJTHHEOTBOIA, M;

e N - BEICOTA BEPIIMHBI KOHYCA CTEP)KHEBOTO MOJIHUEOTBO/IA, M;

e hy - BBICOTA 3AIIUIIIAEMOT0 COOPYKCHUS, M;

e hy BeICOTA CTEPIKHEBOT'O MOJTHHETIPUEMHHKA, M;

e N, - akTHBHASI BRICOTa MOJIHUEOTBOIA, M;

® T'o, T - PAIUYCHI 3aIIUTHI HA YPOBHE 3€MJIM U HA BHICOTE 3aIUIIIAEMOTO
COOPYKEHUS, M;

e he - BBICOTA CpEIHEH YaCTH JJBOMHOTO CTPEKHEBOI'O MOJHHEOTBO/IA, M;

o 2r,, 2r, --mmpuHA CPEIHEHN YaCTH 30HbI IBOWHOTO CTEP>KHEBOTO
MOJTHHEOTBO/Ia HA YPOBHE 3€MJIM M Ha BHICOTE 3alTUIIIAEMOTO 00BEKTA, M;

® ( - yroJi 3aluThl (MEX1y BEpTUKAILIO U 00pa3ylole), rpai;

e | - paccTrosiHue MeXAy ABYMS CTEP>KHEBBIMU MOJTHUEOTBOJIAMU, M;

® (— JIIMHA TIPOJIETa MKy OIOpPaMH Tpoca, M;

e oy - BBICOTA OTTOPEI TPOCA, M;

® Iy + I'y - LIMpHHA 30HBI TPOCOBOTO MOJIHUEOTBOIA HA YPOBHE 3aIUIIIAEMOTO
COOPY>KEHUS, M;

® a + 2r. — JJMHA 30HBI JBOMHOIO TPOCOBOTO MOJIHUEOTBO/A Ha YPOBHE
3aIUIIAEMOTO COOPYIKEHUS, M;

® q + 2I, - IMHA 30HBI ABOWHOTO TPOCOBOTO MOJTHUEOTBO/1a HA YPOBHE
3eMIIH, M.

Osxumaemoe kouuecTBO nopakeHuid (N) MoTHUEH B r0J] MPOU3BOIUTCS IO

dhopmynam:
® /I COCPEIOTOUEHHBIX 3IaHUIN U COOPYKEHUH (JIbIMOBBIE TPYOHI,
BBITIIKH, OAIITHN)
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N = 97h%n10°,
rie Ny - HanOobIas BbICOTA 3aHKSI I COOPY)KECHHUS, M;

N — CPEIHETOJ0BOE YHMCJIO YJApOB MOJHHMH B 1 KM? 3eMHOM IIOBEPXHOCTH B
MECTE HaxXOXIACHHS 3JIaHUS WM COOPYXEHHs (T. €. yHeibHas IJIOTHOCTHh yJIapoB
MOJIHUH B 3eMir0), 1/(km? rox), onpenensercs no tabmuue 13.2;

® /IS 3JaHUH ¥ COOPYKEHUH MPAMOYTOJIbHOM POpPMBI

N=[(B+6 hy (A+6 hy)-7,7h%]n 1079,
rae A u B — nivHa v mMpuHa 3JaHUs WA COOPYKEHHUS, M.

lpumeyaHue. Ecnn 3gaHve N COOPYXEHUEe MMEIT CrOXKHYK KoHdurypauuto, To A m B - aTo
CTOPOHbI NPAMOYrofibHMKA, B KOTOPbIA BNUCLIBAETCA HA NNaHe 3alumaemMblii OO beKT.

Tabnuya 13.1 - PacueTHble (popmMyJIbl MOTHHEOTBOXOB npu h < 150 m

3oHa A 3o0Ha b
1 2
OnuHOYHBIE CTEepP:KHEBBIE MOJIHHEOTBOBbI (puc.8.1)
ho=0,85h ho = 0,92h
ro=(,1-2-10"h)h ro=1.5h
r=(1,1-2-10"h)(h-1,2h,) ry =1,5(h-1,1 hy)
JIBoiiHbIE CTEepsKHEBbIe MOJHHEOTBOAbI OIHUHAKOBOH BbICOTHI
Mpul <h
he = h,
Fex =TIy
Ic=ro
Mpuh<L <2h
hc = h, - (0,17 + 3x10™*h)(L-h) Ipuh <L <6h
— hc=ho-0,14(L-h)
rc=ro =
I'c=ro

rex = ro(Nc - hx)hi

IIpu 2h<L < 4h
he = h, - (0,17 +3x10™*h)(L-h)
0,2
h
1
rex = ro(Nc - hx)h_

C

rex = ro(Ne - hx)hL

C

r, = f[1—==(L-2h)]

MpulL>4h MpulL>6h
MOTHHEOTBOIB PacCMaTPUBAThH KaK MOTHHEOTBOIB PaCCMATPUBAThH KaK
OOHUHOYHBIC OANMHOYHBIC

JIBOliHBIE CTEePKHEBbIe MOJHHUEOTBOABI Pa3HOIi BHICOTHI

["abaputHble pa3Mepbl TOPLUEBBIX oO0IacTel 30H 3amuThl N, h ,, roz, Ix1, 2, ONpPEnENsIOTCS

KaK Ui OJMHOYHBIX CTEpP)KHEBBIX MOJHHUEOTBOAOB. [labapuTHble pa3Mepsbl
BHYTpPEHHEH 00acTH 30HBI 3alIUTHI ONIPENEIA0TCS Mo popMmysiam

r
rc=0,5(roi+ro2); hc =0,5(he+ he2); rx =(hc-hx)h—c.
C
3Ha‘-IeHI/I}I hc nu hC2 OHpeI[CHSIIOTCSI KaK OJIsd HBOﬁHLIX CTep)KHeBI:IX MOJIHHUCOTBOIA0OB
OJIMHAKOBOU BEICOTEI
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Tabnuya 13.1 - Tlpononxenue

MHoOrokpaTHsble cTep:KHeBble MOJHUEOTBOAbI

30Ha 3aIUThHl CTPOUTCS MOCPEICTBOM MOMAPHO B3SATHIX COCEAHUX CTEPIKHEBBIX
MOJHHEOTBOMOB. OCHOBHBIM YCJIOBHUEM 3AMIUIICHHOCTH OJTHOTO HJIM HECKOJBKHUX
00BEKTOB BBICOTOU C HAAEKHOCTBIO 30H A wiu b aBisercs rex >0

OI[I/IHO‘IHLIC TPOCOBbLI¢ MOJTHHUECOTBOAbI

ho=0,85h ho=0,92h
Fro=(1,35-25x10" h) ro=1,7h
rc=(1,35-25x10"* h)(h—1,2h,) r=1,7(h-1,1h )

JIBoiiHbIE TPOCOBBIE MOJIHMEOTBO/IbI OJIMHAKOBOM BbICOTHI (14,0)

Mpul <h
he = h,
Fex =Ty
I'c=rlo
Mpuh<L <2h IIpu h<L < 6h
he = h, - (0,14 + 5x10™*h)(L-h) he=ho-0,12(L-h)
_ L(h,—h) ¢ = Lo —h)
* 2(h,—-h,) 2(h, —h,)

rc=ro re=ro

rex = ro(he - hx)hi

rex = ro(he - hx)hi

/IBoOiiHBIE TPOCOBBI MOJIHHEOTBOAbI Pa3HO#i BbICOTHI (puc.13.1)

3Hauenus  hol, hoz, Foz, k1, N'x2 ompexenstorcss 1o (GopMysiaM  OJAMHOYHBIX TPOCOBBIX
MOJIHUEOTBOIOB. 7151 onpenenenus pasmepos Iy u he HCIIONB3YIOTCS (POPMYITBI
re=0,5(roi+ro2); he = (he+ heo);
r=0,5(ro,*+r02); he =(hg+ he).
3nauenus Ny, heo, I'x1, I'x2, 'cX BBIUUCISIOTCS 1O BHILIICTIPUBEIEHHBIM (POPMYIIaM IBOMHOTO
TPOCOBOI'O MOJIHUEOTBOIA.

Ilpumeuanue. JIyis OJMHOYHOTO TPOCOBOTO MOJHHMEOTBOAAa h —3TO BBICOTA Tpoca B
cepenune nposéra. C yu€tom mnposeca Tpoca ceueHueM 35...50MM npu U3BECTHOU BBICOTE OMOP
(hon) 1 munHE MPoJETa (@) BEICOTA Tpoca (B METpax ) onpeaeaseTcs mo GopMmyaam

h=hon-2 mpua <120mh=hon-3 npua <150 m

Tabnuya 13.2 - 3aBucumocTb N = F (t ¢p)

tep, 10...20 21...40 41...60
y/rog
n, 1 2 4
1/(km? roa)
tep, 61...80 81...100 101 n
y/ron Gonee
n, 55 7 8,5
1/(km? roa)
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Pucynoxk 13.1 - 30Ha 0AMHOYHOTO CTEP’KHEBOTO MOJIHUEOTBOIA
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Pucynoxk 13.2 - 30Ha 3a1uThl ABOHHOTO CTEP’KHEBOTO MOJTHUEOTBO/Ia PABHOMN JJTMHBI
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Pucynoxk 13.4 - 3ona 3
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Pucynoxk 13.5 - 30Ha 3a1iuThl OMUHOYHOTO TPOCOBOI'O MOJIHUEOTBO/A
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Pucynok 13.6 - 30Ha 3a1UTHI ABOHHOTO TPOCOBOT'O MOJIHHEOTBOA
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Pucynoxk 13.7 - 30Ha 3a1UTHI ABYX TPOCOBBIX MOJHHEOTBOIOB PAa3HOI BBHICOTHI

13.7 3ALLUTA OT NEPEHANPSAXEHUN

[TepeHanpsKeHUSAMHU Ha3blBAIOT TaKUE MOBBIEHUS HANPSHKEHUS,
KOTOPBbIE TPEACTABISIOT COOO0M OMACHOCTD AJISI M30JISILIMU ANEKTPUUECKUX YCTAHOBOK.

Paznmmyaror nBa BUIa IEPEHANIPSHKEHUN B DJIEKTPUUECKUX YCTAHOBKAX: BHYTPEHHHE
u arMochepHble. BHyTpeHHHE mepeHanpspkeHHs BO3HHKAIOT B pe3ylibTaTe
KOMMYTaIMii, KaKk HOPMAaJbHBIX (BKIIOYEHHE M OTKIIIOYEHHE HEHArPY>KEHHBIX JIMHUM,
OTKJIFOYEHUE HEHarpy>KEHHbIX TpaHC(HOPMATOPOB U PEAKTOPOB), TaK U MOCIE€ABAPUINHBIX
(TyroBble 3aMbIKaHUSI Ha 3E€MJII0 B CHCTEMax C M30JUPOBAHHOM HEUTpaJIbIO,
orkimroueHuss K3, AIIB). Otu mnepeHanpsbkeHUs BO3JEHCTBYIOT Ha  H3OJISIHIO
CPaBHUTEIBHO KPAaTKOBPEMEHHO, HO 3HAYEHHE MX MOXKET MPEBBILIATh B HECKOJBKO pa3
HOMUHAJIBHOE HAIPSHKEHUE.

ATMocdepHBIEe TEpEeHANpPSHKCHUS] BO3HUKAIOT B pPE3yJbTaTe pas3psiaoB
MOJIHUHU B JIEKTPOYCTaHOBKY WJIM BOJM3HM He€. BoMHBI nepeHanpsskeHusl, BOSHUKAIOIINE
B TOKOBENYIIMX 4YacTAX IIPU YJAapax MOJHHUM, PACHpPOCTPAHSIOTCS CO CKOPOCTSIMH,
CPaBHHUMBIMH CO CKOpPOCTBIO CBETa, MPOHMKAs B OOMOTKH TpaHc(hOpMaTOpPOB, MAIlMH,
BO3/ICHCTBYS Ha U30JISLIMIO JIMHUN U armapatoB. Bpems Bo3zaeiicTBrst aTMOC(hepHBIX
NEPEHANPSHKEHUIA COCTABIISIET OT €MHMIL IO COTEH MUJUTMOHOB JIOJIEW CEKYH]Ibl. 3HAYEHHUE
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ATUX MEPEHANPSHKEHUIA MPH OTCYTCTBUM CHELMAIBHBIX MEp 3allUThl MOXKET JOCTUTraTh
MUWUIMOHOB BOJIBT.

JInst 3alUThl  ANIEKTPOYCTAaHOBOK OT BHYTPEHHHMX MEPEHANPSHKEHUM  MOXHO
UCIIOJIb30BaTh: | — CXEMHBIE PEUIEHHS] U CPEJICTBA OTPAHUYEHUS YCTAaHOBUBILIUXCS
HepeHaNpsDKEHUI; 2 — CpelicTBA U cIOCOOBI 3aIUThI OT MEPEHANPSHKEHUI TIEPEXOAHOTO
pexxuma. B mepBoM ciaydae mpedycMarpuBarOT  MOHIKEHHE — KO3((HUIIMEHTOB
TpaHcpopMaly, OrPaHUYEHNE MUHUMAIBHOIO KOJMYECTBA pabOTAIOIIMX T€HEPAaTOpPOB U
ux OJIC, wucnonp30BaHWE UIYHTHPYIOUMX pPEAKTOpOB, TMPHUMEHEHHWEe CcxeM 0e3
BBIKJIFOUATeIeld HA CTOPOHE BBICILIETO HAMPSKEHUS.

K cpenctBam u cnoco0aM 3aliThl OT TMEPEHANPSDKEHUNA TEPEXOAHOTO PEXrMa
OTHOCSITCSI KOMMYTAIIIOHHBIE (KOMOMHMPOBAHHbIE) BEHTWIIbHBIE paspsiaHuku Thna PBMK,
BBIKJIFOUATEIM, NPEJOTBPAILAIOIINE BO3HUKHOBEHUE 3HAYUTEIBHBIX NEPEHANPSHKEHUN, U
YCTPOICTBA, YIIPABJISIOIIME MOMEHTOM KOMMYTALUH.

B ycraHoBKax ¢ HOMUHAILHBIM HarpsbkeHneM 710 220 kB BKIFOUMTENBHO TOJKHBI
ObITb  OrpaHMYEHbl  MEPEHANPSHKEHWS  NPU  OTKIIOYEHUHM  HEHarpy)KeHHbBIX
TpaHcpopmaropoB M JmHUI npu AlIB, Tak kak ocTaibHblE BUJIbI MEPEHANPSHKEHUN HE
PEICTABIISIFOT ONTACHOCTHU JJIs1 U30JISILIUH.

ITepeHanpsbkeHrss TpU OTKIFOYEHUH HEHArpy>KEHHBIX TPaHC(POPMATOPOB HMEIOT
OOJIBLIYIO aMILUIUTYTy, HO HEOOJBIIYIO JIUTEIBHOCTb. 3AIUTY OT 3TUX NepeHaNPsHKEHUN
OCYILLIECTBIISIOT MOJIHUE3ALIUTHBIMU pa3psiIHUKAMH, MPOIYCKHAs! CIOCOOHOCTh KOTOPBIX
JAOCTaTOYHA ISl TOrO, 4YTOOBI  pPAaccesiThb SHEPIuio, BBIICISIOUIYIOCS — IpU
NEpEHANpPHKEHUSIX  3Toro Buaa. OrpaHuyeHue TMepeHanpsHKeHH MOXET —ObITh
JOCTUTHYTO TaKXe IIyTEM HCHOJb30BaHMs BBIKIIOYATENEH C  IIYHTUPYEMBIMH
PE3UCTOpaMHL. '

OrpanryeHre NepeHanpsHKEHUI IPU OTKITFOYENH HEHArPYKEHHbBIX JIMHUM HE MOXKET
OBbITh BO3JIOXKEHO HA MOJIHUE3AIIUTHBIE PA3ps/IHUKY, YCTAHOBICHHBIE HAa MOACTAHLINH, IO
JByM HpuuMHaM. Bo-NepBbIX, pa3psaHUKU JODKHBI HAaXOAUTHCS HENOCPEICTBEHHO Ha
JIMHUHY, BO-BTOPBIX, OHM JOJDKHBI OBITH pacCUMTaHbl Ha OTBOJ SHEPIUM, 3HAYUTEIIHLHO
OoJIbILIEH, YeM dHEPTrHsl, 00YCIIOBIEHHAs aTMOC(EPHBIMU MEPEHANPSKEHUAMMU. 3aIUTY OT
HEPEHAIPSDKEHUI ATOTO BHJIA BBINOJHSIOT BBIHOCOM Ha JIMHHUIO JIEKTPOMArHUTHBIX
U3MEPUTENBHBIX TPaHC(POPMATOPOB HANPSHKEHHUS WIM NPUMEHEHWEM BBIKIIIOUATEeH C
LIYHTUPYIOIIMMH PE3UCTOPAMHU.

ATMoc(epHble TNEpeHanpsDKEHUs] B JJIEMEHTAaX CUCTEMbI  AJIEKTPOCHAOKEHUs
BO3HHUKAIOT KaK MPH NPSIMOM YZIape MOJIHUM, TaK U MPU pa3psiiaX MOJHUU B OKPECTHOCTH
IIPOBOJTHUKOB (MHIYKTHUPOBAaHHbIE NEpPEHANpPSDKEHUs). 3alluTa OT MPSMBIX yIapoB
MOJIHHY paccMOoTpeHa B § 13.6 1 ocy1ecTBisieTcs: MOJTHMEOTBOAaMU. OHAKO PUMEHEHUE
MOJIHAEOTBOJIOB TIOJIHOCTBIO HE HCKIIIOYAET IOPAKEHUsI YCTAHOBOK MOJHMEH. BOJHBI
MIEPEHANPSDKEHUI, BO3HUKAIOUME HAa JMHUSAX [IPA yAapax MOJHUM, JOXOIAT JIO
MOJICTAHIMIA (HaOeraroye BOJHBI) W MOTYT TPEACTABISATh OMACHOCTH ISl W3OJISIUH
YCTaHOBJIIEHHOTO TaM oOopynoBaHus. llepekpblThe W301MM HA MOJCTaHLMHU B
OOJIBILIMHCTBE CiTy4aeB o3HauyaeT ayroBoe K3 BOMM3M COOpHBIX IIMH, KOTOPOE MOMKET
IPUBECTU K CUCTEMHBIM aBapHsIM.

OCHOBHBIM ammapatoM 3alyThl OT HAOErarolMX BOJH SBJISIETCS BEHTWIbHBIN
Pa3psITHUK, Y KOTOPOIO Pa3psyiHOE HAINpsHKEHUE MCKPOBOIO MPOMEXKYTKA HE MEHEE YeM
Ha
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10 % HuKe rapaHTUPOBAHHOM MPOYHOCTH 3AIUIIIAEMON U30JISIIUH MPH MTOJTHOM UMITYJIbCE.
CxeMmbl 3alUThl TIOJICTAHIMM OT HaberarImux BOJIH npuBeaeHbl Ha puc. 13.8 u 13.9. Bo
BCEX CIIy4asX Ha IIMHBI BKJIOYAIOT BEHTWIbHBIC paspsaHuku FV3 1o KoMIuiekTty Ha
KXyl CUCTEMY WJIM CeKlMto HH. Paccrosiaue ot FV3 10 BEIBOIOB TpaHchopmaTopoB
HE JIOJDKHO TMPEBBINIATH JOIMYCTUMOTO 3HA4YEeHUs. ITHU 3HaueHUs npuBeneHsl B 11110 B
3aBUCHMOCTH OT
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Pucynok 13.8 - Cxeme 3amuThl MOACTAaHIIMK OT HAOETraloX BOJIH
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Pucynok 13.9 - Cxeme 3amuThI TOACTAHIIMN OT HAOETarOIIMX BOJIH, B CJIydae, €CIIU JIMHUS HE UMEET
MOJIHUEC3AIIIUTHOT'O Tpoca 10 BCCI>'I JJIMHE

TUMA OMNOp, JJIMHBI TOJXO0/a, TPYIIbI Pa3psIHUKOB M YMCIA TMOJKITIOYEHHBIX K
MOJICTAaHIMK JIMHUM, B wacTtHocTH, Ui TIOJICTAHIIMM HampsbkeHueM na 35 kB 3mu
paccrosiaust Haxoaatces B mpenenax 25—30 m. Ecmu paccrosane ot FVS 1o BeiBomoB
TpaHc(hOPMAaTOPOB MPEBBIIIACT JOITYCTUMOE 3HAYEHKE, TO Y TpaHC(OpMaTopa yCTaHABIMBAIOT
JIOTIOJTHUTEIbHBIA KOMIUIEKT Pa3psiAHUKOB. BEHTUIIbHBIE pa3psIAHUKHU MOAKIIOYAET K
KOHTYPY 3a3€MJICHUS MTOICTAHIIMU T10 KpaTyaiiieMy myTy.

JIunum HanpspkeHueM 35 kB s Bblllie, 3alMIIEHHbBIE TPOCAMHU 10 BCEHl JIMHE (pUC.
13.8), cmeuuanbHOM 3alIUTH TMOAXOJa OT TMepeHANpsDKeHHH He TpeOyroT, Kpome
MEPONPHUATHI 10 TOBBIIICHUIO YPOBHS TPO30YIMOPHOCTU MOAX0/AA (3TOTO JIOCTUTalOT
NPUMEHEHUEM OJTHOLEITHBIX OMOP BMECTO JIBYXIICTTHBIX ).

Ecnu nuHMst He MeeT MOJTHUE3AIMTHOTO Tpoca 1o Beel mymHe (puc. 13.10), To ee
3AIMIIAIOT TPOCOM Ha MOAXoae K nojacraHimu. JmmHy moaxona |y, MpuHUMAaroT paBHOM
1—2 kM npu Hanpspkennu 35 kB u 1—3 kM apu Hanpspkenusix 110—220 kB. Tpoc Ha
KaX/I0M OMOpe 3a3eMIISIIOT; COIPOTUBJICHUE 3aBUCUT OT TPYHTA, HO HE JOJKHO OBITh
6omnee 10—20 Om. JIyist orpaHUYEeHUST aMIUIATY bl BOJTHBI, ABMDKYIICHCS K TIOJCTAHITUH,
0e30MacHOro /il BEHTWJIBHOTO pa3psiIHUKA 3HAYCHUS YCTAaHABJIHMBAIOT TPyOUaTHIN
pa3psanuk FV1.
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Paspsanuk FV2 sBnsercs pesepBHbIM. OH 3aIIMIIAET HM30JSILUIO BHIKIIOYATEIS
Q2 B ciyyae majeHUs BOJIHBI MPU €ro OTKIIOYEHHOM COCTOSIHMM, KOTJIa BOJHA
OTpaXXAeTCsl ¢ YABOCHHOM aMIUTMTYA0M. Eciau NMHMIO BBIMONHAIOT HA METAUTUYECKUX
(>kene300eTOHHBIX omopax, paspsaHuku FY1 u FV2 He ycranaBmmBaior, a
OTPAHUYCHHUE MEPEHANPSIKECHUN OCYIIECTBIAOT 34 CYET HU3KOM WMITYJIbCHOM
POYHOCTH M30JISLIMU Ha TAKUX OMOPAX.

PacnipenenurenbHblie ycTpoiicTBa M MOACTaHIMKM HanpsbkeHuem 3—20 kB umeror
Pa3IIUMsl B 3AIIUTE OT aTMOC(EPHBIX MEPEHATIPSKEHUH TI0 CPABHEHHIO C MOJICTAUIIHSIME U
PV 6omnee Bbicokoro Hanpspkenus (puc. 13.9). Jlnsg BO3AyIIHBIX JIMHUM HA HANIPSKEHHUE
3 — 20 kB xapakTepHa HH3Kas MMOPAKAEMOCTh yapaMH MOJIHUM, TaK KaK 3TU JIMHUH
UMEIOT HEOOJBITYI0 BBICOTY a HAa MOMIXONE K TMOJCTAHIIMKA OOBIYHO SKPAHUPYIOTCS
PaCIoJIOKEHHBIMA BOJIM3M COOpPYKEHHUSIMU. B CBs3u ¢ »TuM He TpeOyeTcs 3aimmra
MOIXOJ0B JIMHMM TPOCOBBIMA MOJHHMEOTBOAaMH. Ha momxone k mOACTaHUIMM JMHHUNA C
Jiepe-BIHHBIMU OMOpaMU TpyOuaThld paspsaaHuK FVU ycTaHaBnuBaroT Ha pacCTOSHUM
200—300 x ot moxactadimu. Bropoit paspsimauk FY2 cTaBst u1st 3aIUThl pa30MKHYTOTO
Beikmtovaresit QT. Ha moaxomax AMHUN ¢ METAUTMYECKUMU M KeNIe300€TOHHBIMU
ornopaMu TpyOuaTble pa3psAHMKM HE YCTaHABIMBAIOT. B 3TOM cilydae 3a3eMIIsioT
onopsl Ha ydacTtke noaxoja B 200—300 m.

[lpumenenue  aBTOTpaHc(OpMATOpOB B CUCTEMAax  3JIEKTPOCHAOKEHUS
00YyCJIOBJIMBAET YCTAHOBKY Pa3psAHMKOB Ha KaXIyl0 OOMOTKY aBTOTpaHC(opmMaTopa,
MIpUYeM PaspsAHUK TTOIKITIOYAI0T CO CTOPOHBI aBTOTpaHcdopmaropa (puc. 13.10) mepen
BBIKJTIOUATENIEM M Pa3beIMHUTENEM. OJTO BBI3BAHO TEM, YTO Ha OTKIIOYEHHOU
BBIKITIOYATENIEM CTOPOHE aBTOTpaHC(hopMaropa MOTYT TOSBUTHCS OMACHBIE JIJISI €r0
M30JISIUU TIEPEHANPSKEHUS, CBSI3aHHbBIE C TIEPEX0/I0M BOJIH MEK1y OOMOTKaMH.

CH BH

Pucynok 13.10 - [ToaxiroueHue pa3psaHUKOB K aBTOTpaHCHOPMATOPY

}'fSG- %FV
Pucynox 13.11 - Bkitouenue paspsiiHiKa B HEUTpallb CUIIOBOTO TpaHchopmaropa

Jnist ymenblieHust TokoB ogHodazHoro K3 HelTpain HEKOTOpbIX TpaHC(HOPMATOpOB
110xB, pexe 220 kB Moryr ObITb BpPEMEHHO WJIM MOCTOSHHO pa33eMiieHbl. [lpu
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BO3ICHCTBUM  BONMH  aTMOC(HEpPHBIX  TEpEeHAanpsDKeHUM Ha  JIMHEHHBIE  BBOJBI
TpaHc(OpMATOPOB HA HEUTpaIM MOTYT Pa3BUThCS KOJEOAHWs, TPUBOASAIIME K
3HAYUTEIIBHOMY ITOBBIIICHUIO HANIPSKEHUI HaL

YPOBHEM M30JILIMM HEUTpav. [[s1 OrpaHMuYEHusi 3TUX TIEPEHANPSDKEHWNA B HEUTPAb
TpaHchopMaTopa BKITIOYAIOT BEHTUIBHBIN Pa3psAHUK ¢ HOMUHAIBHBIM HApPSHKEHUEM Ha
KJIacC HIDKE, YEM KJIacc M30JisIuu TpaHncopmaropa (puc. 13.11).
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lpunoxeHue 1

Mpumepbl coaepxaHUA 3a0aHUN NPOEKTOB

TpeOoBanusi K 3aJaHMAM HAa JIUIVIOMHOE TNPOEKTHPOBaHWe. Tema
JTUIUIOMHOTIO ITPOEKTA OINpPEEIISIeTCs Mepe]l WIM BO BpeMsl MPEIUILIOMHON MPaKTUKU
ctyneHnToB. [lepes HavaioM npeIuimIoOMHON TPaKTUKY Kadeapa pacnpenemnseT Bcex
JTUTUIOMHHUKOB TI0 pyKoBoauTensiM. CTyJIEeHTy TIPEAOCTaBIACTCS MPABO MPEITIOKUTh
CBOIO TEMY HJIA BBIOPATH OJIHY U3 PEKOMEH/IOBAHHBIX €MY TEM.

PykoBoauTens AUTIIOMHOTO MPOEKTA JODKEH, HE TTO3JHEE YeM, 3a JBE Hellelu
710 OKOHYAHUS MPEIUTUIOMHON MPAKTUKA BHIJAATh JTUTNIOMHUKY TOJTHOE 33/1aHHE Ha
JTUTUIOMHBIA TPOEKT C YyKa3aHUEM OKOHYATEIhHOW TEMBbI, HCXOJHBIX JIaHHBIX,
pa3NeyoB TMOSICHUTEIBHOW 3amuCKHU, MepedyHsi rpaduyecKux MaTepuagoB U CPOKOB
MIPEICTABJICHHUS] TOTOBOTO TIpoekTa Ha Kadenpy. Takke yka3pIBatOTCS KOHCYJIBTAHTHI
1o:

1)  SKOHOMHYECKOH 4acTH MPOEKTa;

2)  oxpaHe Tpyla U OKPYXKalollel Cpeibl.

TemMbl TUIIIIOMHOTO TIPOEKTa, PYKOBOJMTENIh M CPOK 3aBEpIICHUS IPOCKTa
YTBEPKIAIOTCS TIPUKA30M pEKTOpa YHHUBEPCHUTETa, a 3aJlaHWe Ha JIUTTIOMHOE
MIPOEKTUPOBAHKE — 3aBEAYIOIIUM Kadeapoi.

Kadenpa, B mepByro ouepenb, peKOMEHIYET CTYJIEHTAM TE€Mbl TUIIIIOMHBIX
MPOEKTOB, TMPEJIOKEHHBIE MPEANPHUATUIMUA, MPOCKTHBIMH OPTaHM3AIUSIMU U
Hay4YHO—MCCJIEI0BATEILCKUMHU MHCTUTYTaMHU.

Hwxe npuBeneHbl OCHOBHBIE PEKOMEHAYEMbIE TEMbl JUIUIOMHBIX MPOEKTOB
s cnenranbHocTH 140211 «OnexkTpocHab)eHuey:

1)  nayekTpocHaOKEHHE 3aBOJIA;

2)  PEKOHCTPYKITHS CHCTEMBI 3JIEKTPOCHAOKECHUSI 3aBO/IA;

3)  2yeKTpocHaOXKEHUE 1IeXa WU KOpIyca;

4)  3aeKTpo0oOOPYAOBAHUE UM PEKOHCTPYKIIUS PalOHHOM MOICTaHIUY;

5)  pa3paboTka cxeM IIEKTPUUECKUX CETeH pailOHOB IHEPTOCUCTEMBI,

6)  HAYYHO—HMCCIIEJOBATEIHCKUE TEMBI.

Conep:xanue 3aaHMsi NMPOEKTa «IJIEKTPOCHAOKeHHMe 3aB0oAa». 3aJaHue
JOJDKHO OBITh CBSI3aHO C 3aBOJIOM KOHKPETHOM OTpacid MPOMBILIIEHHOCTH
(MeTamuTypru4eckoi, MalllMHOCTPOUTEILHON, XUMUYECKOW, CTPOUTEILHOHN U T.1.).

B kauecTBe MCXOIHBIX JAHHBIX [JISI PACCMATPUBAEMOIO JUILIOMHOIO MPOEKTA
CIIy’KaT: TEHIUIaH TMPEANPUATHS C HAUMEHOBAHUEM I1I€XOB; pACUETHbIE IOJIHBIC
MOIIIHOCTH 11eX0B Ha Hanpspbkenuu 0,4 kB 1 ux cos@; xapakrepuctuka noTpeouTenen
HanpspkernueM Boie 1000 B; xapakTeprcTKa HICTOYHUKOB MTUTAHMS 3aBOJIA.

B nmaHHOM AMTUIOMHOM TIPOEKTE JIOJDKHBI OBITH PEIICHBI CIICTYIOTNUE BOTIPOCHI:

1) onmcaTh TEXHOJOTHIO MPOU3BOJCTBA 3aJJAHHOTO IPOMBIIIJIEHHOTO
MIPEIIPHUATHS B ONIPEISTUTD CTEIICHh OeciepeOOMHOCTH OTpeOrTEeNeH B IeXax;

2)  BBIOpaTh KOJMYECTBO U MOIIHOCTH I[EXOBBIX TPAHC(HOPMATOPOB;

3)  TpOBECTH pacueT KOMIICHCAIIMU peakTUBHON MoiHocTU B cet 0,4 kB u
YTOUYHUTH MOITHOCTH IIEXOBBIX TPaHCPOPMATOPOB;
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4)  nOpoBecTH pacyeT KOMIIEHCALMHM PEaKTUBHOM MouiHocTd B cetu 0,4 kB u
YTOYHUTH MOIIIHOCTh LIEXOBBIX TPaHCHOPMATOPOB;

5)  mpoBecTH pacdeT KOMIIEHCALMU peakTUBHOW MomHocTH B ceT 0,4 kB u
YTOYHUTh MOIIHOCTb LIEXOBBIX TPAHCHOPMATOPOB;

6)  ompenenuTh pacueTHbIE HATPY3KH B IIEJIOM IO 3aBOAY;

7)  TOCTPOUTH KapTOrpaMMy Harpy3oK 3aBO/a; OINPEICIUTh MECTO
pacnosioxkenust ['TIII, PII u nexoBbiX TpaHCHOPMATOPHBIX MOJCTAHLUNA; BBHIOPATH
KOJIMYECTBO U MOIHOCTH TpaHcopmaTopos Ha ['TIII;

8)  BBIOpaTh cxemy dJeKTpocHaOkeHus 3aBoja no muH 0,4 kB 1exoBbIx
TpaHC(hHOPMATOPOB C TEXHUKO-IKOHOMUYECKUM 000CHOBAHUEM;

9)  mpoBecTM pacyeT KOMIIEHCAIIMM PEAaKTUBHON MOIIHOCTH B ILIEJIOM MO
3aBOJly ¥ YTOUHHUTh MOITHOCTH TpaHchopmaTopoB Ha ['TIII;

10) HaMeTHTh TOYKM KOPOTKOIO 3aMbIKAHUS W MPOBECTH PaCUYET TOKOB
KOPOTKOT'O 3aMbIKaHUS,

11) mposectu BeIOOp 00opyaoBanus Ha ['TIIT u PII;

12) npoBectu BbIOOp ceueHus cererd HanpsbkenueM Boiiie 1000 B u cocoba
WX TIPOKJIAJKU;

13) mnpoBecTu pacuer nmokasaresield KauecTBa 3JIEKTPOIHEPIUH;

14) BbIOpaTh BUIBI PEICUHOM 3alIUTBI JII BCEX DJIEMEHTOB CXEMBI
AIIEKTPOCHAOKEHUS U TPOBECTH pacyeT PEeICHHOM 3aIUThI AJIs1 OAHOTO U3 JIIEMEHTOB
(M0 3a1aHUI0 PYKOBOAUTEIA);

15) BbIOpaTh BUABI yU€Ta U UBMEPEHUS PACXOJIOB JICKTPOIHEPTUH;

16) MoaennpoBaHUE NEPEXOIHBIX POLIECCOB;

17) pa3paboTaTh MEPONPUSITUS 10 FHEPTOCOECPEIKEHHUIO;

18) »KOHOMHUECKHUH pa3lien MPOEKTa;

19) pasnmen «OxpaHa TpyAa U OKPY>KAIOIICH Cpebly;

20) OCHOBHBIE MTOKA3aTEU MIPOEKTA;

21) cocCTaBUTh CIIUCOK MCHOJIb30BAHHBIX UCTOYHUKOB.

B rpadwudeckoit wacT AWIUIOMHOTO MPOEKTa OJDKHBI OBITh BBITIOJIHEHBI
CJIEAYIOIIME YEPTEKHU:

1)  reHmiaH 3aBoja C KapTOrpaMMOil Harpy30K U HaHECEHUEM IOACTAHLINMA
1 KaOCJIbHBIX CETEH;

2)  OJHOJIMHEIHAs cXeMa AJIEKTPOCHAOKEHHUS 3aBOJIA;

3)  man u paspes ['TIII;

4)  cxema penenHon 3aIIUTHI OJIHOTO AJIEMEHTA CHUCTEMBI
AIIEKTPOCHAOKEHUS;

5)  2KOHOMHUYECKHUH YEPTEK;

6)  MepOIpUATHS MO SHEPrOCOEPEKEHUIO M OCHOBHBIE TIOKA3aTENU IIPOEKTAa.

7)  OCUMJUIOIPAMMBbI IEPEXOIHBIX MPOLIECCOB.

Conep:xkanue 3aJaHus NMPOEKTA «PeKOHCTPYKIIUA CHCTEMBI
3JIeKTPpOCHaO:KeHMsl 3aBoaa». JlaHHas Tema CBsi3ZaHa C  JICUCTBYIOIIUMU
MPOMBIIUICHHBIMHU TIPEANpUATUIMU. VICXOTHBIMU TaHHBIMU JIJISI pacCMaTPUBAEMOTO
JTUIJIOMHOTO MPOEKTa CIyXKaT: TEeHIUIaH CYIIECTBYIOUIEr0 MNPEANpPHUSITUS C
HAHECEHHEM IOJICTAHIUN U AJIEKTPUYECKUX CETEW; CYLIECTBYIOIIAs OJAHOJMHEWHAs
cXema JJIEKTPOCHAOXKEHHMS; JaHHBIC MO AIEKTPUUYECKUM Harpy3kam JeHCTBYIOIIETO
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MPEANPUSATHS 10 U TIOCJE €r0 PEKOHCTPYKIMU. DTH JaHHBIE AUTUIOMHUK MOJTYy4aeT BO
BpEMsI IPEATUTLIOMHON MTPAKTUKH.

B n1aHHOM AMIIIOMHOM MPOEKTE TOJKHBI ObITh PEIIECHBI CIIETYIOIINE BOIPOCHI:

1)  cocraBieHue U ONMHUCAHKUE CTPYKTYPHOM CXEMbI TEXHOJIOTUYECKOTO

Ipo1ecca;

2)  OIKCaHHE CYIIECTBYIOMIEH CXEMBI JIEKTPOCHAOKEHUS U €€ HeIOCTaTKU;

3)  pacder 3JeKTPUYECKUX HArpy30K IEXOB U MPEANPUITHUS B IIETIOM;

4)  YTOYHEHHE MOIIHOCTH IIEXOBBIX TpaHC(HOPMATOPOB U TpaHC(HOPMATOPOB
I'TIIT;

5) pacyeT KOMIEHCAIlUU PEAKTUBHON MOIIIHOCTH;

6)  BBIOOpP HOBOI CXEMBI JIEKTPOCHAOKEHHS C TEXHUKO-I3KOHOMUYECKUM

000CHOBaHHEM;

7)  HAMETHUTb TOYKHU KOPOTKOTO 3aMbIKAHUS U MTPOBECTU PACUET TOKOB

KOPOTKOT'O 3aMbIKaHUS;

8)  MOpOBECTH MPOBEPKY CYIIECTBYIOIIETO U BBHIOOp HOBOTO 00OpYyIOBaHUS
Ha I'TIII u PI1I;

9)  mpoBecTH MPOBEPKY U BBIOOP ceueHuid ceteil HanpsikeHueM Boiie 1000
B u cnoco0a nx npoknagku;

10) mpoBecTu pacuer nmokasarelsield KauecTBa 3JEKTPOIHEPIUY;

11) BbIOpaTh BUJIBI PEICHHOM 3aLTUTHI 1JI1 BCEX DJIEMEHTOB CXEMBI

AJIEKTPOCHAOKEHUS ¥ MPOBECTU PACUET PEICHHOMN 3aIUThI 1JIs1 OJTHOTO U3

AJIEMEHTOB CXEMBI (10 33JIaHUI0 PYKOBOJAUTEIN);

12) nmpoaHanu3upoBaTh CYHIECTBYIOMIUE HA MPEAIPUATAN CUCTEMBI yUeTa

AIEKTPOIHEPTHUH U 1aTh PEKOMEHIALUH 110 UX COBEPUICHCTBOBAHUIO;

13) pa3paboTaTh MEPONPUSITHS IO IHEPTOCOEPEIKEHUIO;

14) wmopennpoBaHUE NEPEXOIHBIX POLIECCOB;

15) »KoHOMUUECKHUU pa3liesl MPOCKTa;

16) paznen «OxpaHa TpyJa U OKpYKarolel Cpebly;

17) ocCHOBHBIE OKa3aTEIN MPOCKTA;

18) cocTaBUTh CIIMCOK MUCTIOJIb30BAHHBIX HCTOUHUKOB.

B rpadudeckoit wacTu AWIUIOMHOTO MPOEKTa JIOJDKHBI OBITh BBITIOJIHCHBI
CJIETYIOLIUE YEPTEHKU:

1)  reHmnaH 3aBoja C KapTOrpaMMoON HArpy30K U HaHECEHUEM IOJCTAHILIMMA
U KaOeJIbHBIX CeTeH;

2)  cyulecTByIOLIasi OJHOJIMHEIHAS cXeMa JIEKTPOCHA0KEeHNUS,

3)  mnpenmnoisiaraeMasi OTHOJMHEHHAs CXeMa JIEKTPOCHAOKEHMUS;

4)  mnaH u paspes ['TIII;

5)  MepomnpusTHs MO SHEPTOCOEPEKEHUIO U OCHOBHBIE MOKA3aTEIH MPOEKTA;

6)  SKOHOMUYECKHI UEpPTEXK.

7) OCLMILTOTPaMMBI IEPEXOAHBIX MPOLECCOB.

Coaep:xxanue 3aJaHUs POEKTAa «JJIEKTPOCHAOKeHHE exa UIH KopImycay.
JlaHHas1 Tema TakKe CBsi3aHa C JIEHCTBYIOIIUMH HNPOMBIIIIEHHBIMU MPEATPUSTUIMHU.
HNcxogubIMu AaHHBIMU JJISI PACCMATPUBAEMOIO JUILNIOMHOIO MPOEKTA SBIISIIOTCS:
TeHIUTaH 11eXa ¢ HaHECEHUEM O00OPY0BaHUS; JaHHBIC JIEKTPONPUEMHHUKOB; JTaHHBIC
NOTPEeOUTENCH ANEKTPOIHEPTUH;, JaHHBIE 00 MCTOYHUKAX MUTAHMS DJICKTPHUYCCKOU
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SHEpruen. T JaHHbIC TUILUIOMHHUK MOJYYaeT BO BpeMs IPEIAUIIOMHON MPAKTUKH.
B 1aHHOM AMTIIOMHOM IIPOEKTE JTOJKHBI OBITH PEIIECHBI CIIETYIOIINE BOIPOCHI:
1)  cocraBneHHWE U OINHMCAHHE CTPYKTYPHOM CXEMbl TEXHOJOTUYECKOIrO
npoiiecca;

2)  aHauu3 CYIIECTBYIOIIUX CXEM AJICKTPOCHAOKEHUS,

3)  pacyeT dIEKTPUUYECKUX HATPY30K;

4)  BBIOOP MUTAIOMIMX U PACTPEIETUTENBHBIX JEKTPUUECKUX CETEH U

TpaHC(HOPMATOPHBIX TOICTAHIINIA,

5)  pacder rogoBBIX PACXOJIOB JIEKTPUUECKON IHEPTUH;

6)  COCTaBUTb OJTHOJIMHEHHYIO CXEMY IEKTPOCHAOKEHUS 11eXa;

7)  BbIOpaTh 3aIIUTHBIC AllllapaThl ¥ TOCTPOUTH KAPTy CENEKTHBHOCTH;

8)  paccudTaTh MOKA3aTEJM KauyeCTBa 3JIEKTPOIHEPIHUU;

9)  npoBecTH pacyeT CUCTEMBI 3a3€MJICHUS U 3aHYJICHUS,

10) mpoBecTH pacyeT OCBEIIEHUsI, BRLIOPATh TUIThI CBETUIILHUKOB, TUI U

CEUYEHHE OCBETUTENLHOM CETH U HAPUCOBATH IJIAH CUCTEMbI OCBEIICHUS;

11) pa3paboTaTb MEPONPUITHS MO SHEPTOCOEPEIKEHUIO B TEXHOJIOTUUECKUX

npoiieccax;

12) paspaboTaTh MEPONPUSAITHS IO YHEPTOCOCPEKEHUIO B OOIICIIEXOBBIX

HyXJax (OCBEIIeHHE, BEHTWISALUS, OTOIJIEHUE, Topsyee BOJOCHAOXKEHUE,
CKaThIM BO3IYX U T.[1.);

13) MoaenupoBaHUE MEPEXOTHBIX MPOIIECCOB;

14) SKOHOMUYECKHI pa3zeln MpOoeKTa;

15) pasnmen «OxpaHa TpyAa U OKPY>KAIOIICH Cpebhy;

16) oOcCHOBHBIE MOKA3aTEIU MPOEKTA;

17) cocTaBUTH CIUCOK UCIIOIH30BAHHBIX HCTOYHUKOB.

B rpaduueckoil yacTu MAHHOTO MJUIUIOMHOTO TIPOEKTAa JOJKHBI OBIThH

BBITIOJIHEHBI CIIETYIOUIUE YEPTEKU:

1)  cTpykTypHas TEXHOJIOTHYECKas cxema 1Lexa (Kopiyca);

2)  OAHOJIMHEIHas cXeMa BJEKTPOCHAOKEHHUS 1iexa (Kopmiyca);

3)  IUIaH uexa ¢ HAHECEHHEM 3JIEKTPONPUEMHHUKOB U 3JIEKTPUUYECKHUX CETEH;
4)  MepomnpusATHs IO SHEProcOEPEKEHUIO U OCHOBHBIE TIOKA3aTENU IIPOEKTA;
5)  SKOHOMHYECKHU YEPTEK.

6) OCUMJIJIOTPAMMBbI EPEXOAHBIX MPOIIECCOB.

Conep:xanue 3aJaHUSI TPOEKTA «IDJEKTPOOOOPYyAOBaHHE PAMOHHOM
noacTaHuum». /{aHHas Tema MOXeT OBITh CBSI3aHA C PeAIbHBIMH ITOHU3UTEIHHBIMU
MOJICTAHILIMAMHU, T7I€ padOTaIOT UM MPOXOAAT MPAKTUKY TUILUIOMHUKH, TaK U C BHOBb
MPOECKTUPYEMBIMU MOJICTAHLIASIMH.

VcxoTHBIMU TaHHBIMU JJI PACCMATPUBAEMOTO IUTIOMHOTO MPOEKTa CIIYKAaT:
napamMeTpbl MCTOYHUKA THUTaHUS (HAMpsHKEHUE, PAcCTOSHHE, TOK WM MOIIHOCTH
KOPOTKOTO 3aMbIKaHUs); TTapaMeTpPhl MOTPEOUTENeH IIEKTPOIHEPTHH (MaKCUMAaIbHAS
Harpyska, Kod(Q(UIMEeHT MOIIHOCTH, HaIpshKEHUE, Kareropus OecrepedoiHOoCTH
MUTAHUSA).

OTH JaHHBIE TUIIJIOMHHK TOJIYYaeT WK BO BPEMs MPEITUIIIIOMHON MPAKTUKH
WM Y PYKOBOJUTEIS MPOEKTA.
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B JaHHOM AUITNIOMHOM IIPOCKTC AOJIKHBI OBITh PCHICHBI CICAYIOIHEC BOIIPOCHI:

1)
2)
3)
4)
3)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)

IIPOU3BECTH PacUeT AIEKTPUICCKUX HArPYy30K;

BBIOpATh KOJMYECTBO U MOITHOCTH TPaHC(HOPMATOPOB;
MIPOBECTH PaCUYET TOKOB KOPOTKOTO 3aMBIKAHUS;

BBIOpaTh 000PYA0BaHUE MTOJCTAHIINH;

BBIOPATh ONEPATHBHBIN TOK U aBTOMATHKY;

OTIPEIENTh TIOKa3aTeIN HA/IC)KHOCTH CXEMBI TTO/ICTAHIINH;
MIPOBECTH PaCUET 3a3€MJICHUS MTOCTaHITNH;

MIPOBECTH PacyeT MOJTHUES3AIIUTHI ITOICTAHIIHH;
paccumuTaTh U BHIOpPATh PEICHHYIO 3alUTY;

BBIOPATh CUCTEMY yUYeTa PacXOJ0B JIEKTPUUECKOIN YIHEPTHUH;
MOJICITUPOBAHUE TTEPEXOTHBIX IIPOIIECCOB;
PKOHOMMYECKHI pa3iell IPOCKTa;

pasnen «OxpaHa Tpyaa U OKPYKarOIIeH Cpeab»;
OCHOBHBIC TTOKA3aTeININ MTPOCKTA,;

COCTaBUTh CIMCOK HMCIOJIb30BAHHBIX UCTOYHUKOB.

B rpaduueckoil yacTu AMIVIOMHOTO MPOEKTa JIOJKHBI OBITh BBITIOJHEHBI
CJIEIYIOLIUE YEPTEXKU:

1)
2)
3)
4)
S)

IJIaH U pa3pe3 NOACTaHIINY;

OJIHOJIMHEHHAs cXeMa;

cXema peJieiiHOM 3aluThl TpaHcPopMaTopa;
maH u paspe3 PY 6 wium 10 xB;

IJIaH MOJIHUE3AIIUTHI MOCTAHIINH;

6) IJIaH 3a3eMJICHUS TTOACTaHIINH,
7) oCUUIIIIOTpaMMBI TTEPEXOHBIX MTPOIIECCOB;

6)

YCPTCIK I10 9 KOHOMHUKC.

Conep:xxkanue 3ajaHusi TpoekTa «PeKOHCTPYKIUSI TOHU3UTEIbHOM
noacTaHmum». JlaHHas TemMa OOBIYHO CBSI3aHA C PEATBHBIMU TTOHWU3UTEIHHBIMU
MOJICTAHIIMSIMHU, TJ€ pa0OTAIOT WIIH MPOXOAT MPAKTUKY TUTUIOMHUKH.

HcxomHpIMU TaHHBIMHA TSI PACCMATPUBAEMOTO JTUIUIOMHOTO MPOEKTA CITyXKaT:
TaHHBIC OOOpPYJOBaHUS CYIICCTBYIOIICH TIOJICTAHIIMW; MapaMeTphl HMCTOYHUKA
NUTaHus (HANpsDKEHHWE, PACCTOSHHUE, TOK WM MOIIHOCTh KOPOTKOTO 3aMBIKAHMS);
napaMeTpsl MOTpEOUTENeH PHEPTHuH 0 PEKOHCTPYKIIMKU U TIOCTE PEKOHCTPYKIIUU
(MakcUMalilbHass Harpyska, KOI(QQHUIIMEHT MOIIHOCTH, HaIpsHKEHHE, KaTeropus
oecnepeOOMHOCTH MUTAHUA).

DT TaHHBIE TUTIIOMHUK MOJIy9aeT BO BPeMs MPEATUTUIOMHON MTPAKTHKH.

B manHOM DUTUIOMHOM MPOEKTE JOHKHBI OBITH PEIICHBI CIEAYIONNE BOPOCH:

1)
2)
3)
4)
S)
6)
7)

OIKCaTh CYLIECTBYIOUIYIO CXEMY MOJICTAHIIUU U €€ HeIOCTATKH;
MPOU3BECTU PACcUET IEKTPUUECKUX HArpy3o0K;
BbIOpATh KOJMYECTBO U MOLTHOCTH TPaHC(HOPMATOPOB;
MPOBECTHU PaCYET TOKOB KOPOTKOTO 3aMBIKaHMS;
BbIOpaTh 000pYI0BaHHE MOACTAHLIUY;
BbIOpaTh ONEPATUBHBIN TOK U aBTOMATHUKY;
IIPOBECTH pacyeT 3a3€MJICHUS MOICTAaHIUH;
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8)  OpPOBECTH pacyeT MOJHUE3AUIUTHI OJACTAHIUY;

9)  paccuuTaTh 4 BBIOpaTh peIEHHYIO 3aIUTY;

10) BbIOpaTh CHCTEMY ydeTa pacXxoJ0B JIEKTPUUECKON IHEPTUU;

11) wmoaenupoBaHUE MEPEXOIHBIX MPOIIECCOB.

12) 2KOHOMHYECKHUH pa3ien MPOeKTa;

13) pasnen «OxpaHa TpyJia U OKpYy>Karolen cpebly;

14) ocHOBHBIE OKA3aTeNU MPOEKTa;

15) cocTaBUTh CIMCOK UCTIOJIL30BAHHBIX HCTOYHUKOB.

B rpaduyeckoit wactu AWIUIOMHOTO TMPOEKTa JIOJDKHBI OBITh BBITIOJIHEHBI
CJIEIYIOLIME YEPTEKU:

1)  opHONMMHElHas cxeMa CyIECTBYIOLIEH TOACTAHIINY;

2) OJHOJIMHEWHASA CXEMa MPEIaracMon NOACTAHIINY;

3)  mjaH u pa3pe3 NOJICTAHIINY;

4)  cxema penerHoM 3auThl TpaHnchopmaTopa;

5)  maH u pazpe3 PY 6 unu 10 kB;

6)  SKOHOMHUYECKHUI YEPTEK.

7) oCLMIIIIOTpaMMBbl IEPEXOIHBIX MPOIIECCOB.

Conep:xxanue 3amanusi npoekta «Pa3paGorka cxembl 3JIEKTPOCETEBOI0
paiiona»

HNcxonHBIMM  JAHHBIMM JUIS  JAQHHOTO JUIUIOMHOTO IIPOEKTa SIBISIOTCS:
CXEMAaTHYECKHUIl IJIaH CEeTEBOro pailoHa; AAHHBIE O MOTPEOUTENSX JIEKTPOIHEPIUY;
JaHHbIE 00 MCTOYHMKAX MUTaHuA. VIcXolHble JAaHHbBIE AUIUIOMHMK IOJIy4aeT WU B
polecce NpeAJAUINIOMHON PAKTUKU WIH Y PYKOBOJIUTENS IPOEKTA.

B n1aHHOM JUIUIOMHOM MPOEKTE JOJKHBI ObITh PEIICHBI CIEAYIOLNE BOPOCHI:

1)  pacuer 2JeKTpUUECKUX HATPY30K CETEBOrO paloHa;

2)  pacyeT KOMIEHCAllMU PEaKTUBHON MOIIHOCTH y3J1a Harpy3o0K;

3) YTOYHEHHBIA pacyeT Harpy3oK CETEeBOro pailoHa ¢  y4eToM
KOMIICHCAIIHH;

4)  pa3paboTKa BapUAHTOB CXEMBbI AIEKTPUUECKOU CETH;

5)  OIICHOYHBINA pacyeT MOTOKOB MOIIHOCTH B 3ieMeHTax JIOII;

6)  npeaBapUTENbHBINA BEIOOP HAIPSHKEHUS SJIEKTPUYECKOU CETH;

7)  BBIOOp M IPOBEpPKa NPOBOAHUKOB BEICOKOBOJIBTHBIX JINHU;

8)  BBIOOp THMA U MOIIHOCTH TPaHC(POPMATOPOB HA MOJICTAHIUH;

9)  BbIOOp peKMMa HEUTPAIHU IEKTPUUECKOMN CETH;

10)  BBIOOp IIABHBIX CXEM PACIpPEyCTPOMCTB MOACTAHLINY;

11) oueHka ronoBoro pacxoza 3JI€KTPOIHEPIHH Ha €€ TPAHCIIOPT;

12) BbIOOp oONTUMaIbHOW CXE€Mbl pailoHAa Ha OCHOBE  TEXHMKO-
HKOHOMUYECKOTO CPAaBHEHUS BAPUAHTOB;

13) ¢dopmupoBaHre YTOYHEHHON MOJIEIH IEKTPOCETEBOrO paiioHa;

14) penieHue HETMHEWHOW 3a7a4H;

15) BBIOOp peneHON 3aMUTHI 1JI OHON U3 MOCTAHIUH;

16) MoaenupoBaHHE MEPEXOJHBIX MTPOLIECCOB;

17) Bompocsl «OxpaHa Tpy/Ja U OKPYKaOIIEH CPEABI»;

18) BOIpPOCHI IKOHOMHKH;
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19) ocHOBHBIE MOKa3aTEIN MPOCKTA;

20) cOCTaBUTH CMHCOK MCIOIB30BAHHBIX HICTOYHUKOB.

B rpaduueckoii 4YacTh IUIUIOMHOTO MPOEKTA JOJIKHBI OBITh BBITOJHEHBI
CJIEIYIOLIUE YePTEKU:

1)  BapuaHTBl CXE€M OJJEKTPUYECKON CETH C OCHOBHBIMU IMOKa3aTeNIIMU
TEXHUKO-DKOHOMHYECKOTO CPaBHEHMS;

2)  NpUHUMIHAIIBHAS CXEeMa BBIOPAHHOTIO BapHaHTa AJIEKTPUUECKOW CETH
paiioHa, ¢ TOTOKOPACIPEACICHUEM U YPOBHIMU HANPSHKEHUS;

3) IUIaH ¥ pa3pe3bl OOHOW U3 NOACTAHIINM;

4)  cxema peseiHOM 3aluThl TpaHcPpopMaTopa MOoACTAHITIH;

5)  2KOHOMHYECKHUH YEPTEK;

6)  OCHOBHBIE IOKA3aTEIH MPOEKTA.

7)  OoCHMIUIOrPaMMBbI IEPEXOIHBIX TPOIIECCOB.

Coneprkanue 3aIaHUI POEKTOB HAYYHO-UCCJIEI0BATEIbLCKOI0 XapaKTepa.

JlanHble TPOEKTHl BbIMONHSIOTCA uiau B pamkax HUP xadeaper wnmm mo
3aJaHUSIM  TIPEINPUATAN W OpraHu3anuid. Bce AuIUIOMHBIE MPOEKTBI 3TOTO
HaIpaBJICHUS! JTOJHKHBI COOTBETCTBOBATH HAIPABICHUIO MOJATOTOBKH CHEIHAIMCTOB
o crenuanbHocTH 140211 «3nekTpocHad)eHue».

HcxonHple nmaHHBIE IS BBINOJHEHWS JAHHBIX JUIUIOMHBIX IPOEKTOB
BBIIAIOTCS WJIM PYKOBOJUTEIEM JHUIUIOMA WM TPEANPUSATHEM, i1 KOTOPOIo
BeInoHsAeTcs JanHas HUP.

B n1uninoMHOM NpoeKTe AOKHBI OBITh PEIIeHbI CAEAYIOINE MPOOIEMBI:

1)  mocraHOBKa 3aJa4d UCCIEAOBAHUS;

2)  TeopeTHu4ecKue pa3paboTKu;

3)  JKCHepUMEHTaJIbHbIE MAaTEPUAIIBI;

4)  HOpenIoKeHUs MO BHEJPEHUIO;

5) AKOHOMHUYECKUM pa3Jie;

6)  Bompochl «OxpaHa Tpy/la U OKPYKaIOIIECH Cpebl»;

7)  CIHCOK HUCTIOJIb30BAaHHBIX HCTOYHUKOB.

8)  MOJenUpOBaHME MEPEXOAHBIX MIPOLECCOB.

B rpaduueckoil yactd AUIIOMHOTO MPOEKTa JOJKHBI OBITh BBIMOJHEHBI
CIEAYIOIINE YEPTEKHU:

1)  ocHOBHbIE (OPMYIIBI TEOPETUUECKON YACTH — 2 JIUCTA;

2)  pe3yabTaThl SKCHEPUMEHTAIbHBIX UCCIEAOBAaHUMN — 2 JIUCTA;

3)  SKOHOMHUYECKHU YEPTEK;

4)  OCHOBHBIE TEXHHMKO-3KOHOMUYECKHE MMOKA3ATENH MPOEKTA.

5) ocuIIIOrpaMMBbl NEPEXOIHBIX MPOIIECCOB.
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lpunoxeHue 2
MeToauyeckme pekomMmeHAaUUM Mo BbINOMHEHUIO HEKOTOPbIX MPOEKTOB

MeToanuyecKkue peKOMEHIAIUN 10 BHINMOJHEHUIO MPOEKTA
«DJIEeKTPOCHAGKEHHE 3aB0/12»

2.1 Onucanue TeXHOJOTMH 3aB0/Aa

B nmanHOM pa3zpene genmaeTcsi KpaTkas XapaKTEPHCTHKA BCEX IIEXOB
MPOCKTUPYEMOTO 3aBOJAa M BBIycKaeMoi mpoaykiuu. [Ipy BBITTOHEHUH JTaHHOTO
paszziesia MOXXHO BOCIIOJIb30BaThCAd pekoMeHauusiMu [1-3]. B cooTBeTcTBHM C
pekoMmeHaanuaMu [3,4] HEoOXOAUMO OMNPENEIUTh KaTeropuio Oecrepe0oiHOCTH
MUTaHUS DJICKTPONPUEMHUKOB BO BCeX Iiexax mnpeanpusatus. llpu onpeneneHun
KaTErOPUUHOCTU CJIeAyeT MOMHHUTh, YTO Ha BCEX MPEANPHUATUIX K 1- KaTteropuu
OTHOCST MTPOTHUBOIIOKAPHBIC HACOCHI M aBaApPUHHOE OCBEIIICHHUE.

2.2 BbI00p KOJIMYeCTBA U MOIIHOCTH 1[eXOBbIX TPaHCGOpMaTOpPOB

OHpC,Z[CJIHCTCH OoIITUMAJIbHAasA MOIIHOCTL IICXOBBLIX TpaHC(bOpMaTOPOB ST.OHT B

COOTBETCTBHUM C peKOMEHalusIMu [5].
JI1s1 TOr0 HAXOAUTCS yJIeJIbHAsI MOIIHOCTD 11€Xa MO BhIPAYKEHHUIO:

Sy :i—:; 2.1)
rae F,; — miomais uexa, M2
npi S, <02 2 Sponr =100 KBA;
NpH Sy =0,2-0,3 K:—f S, o =1600 KBA;
IPH Sy > 0,3 KB2A S, o =2500 KBA ;

[Tpu BBIOOpPE MOUIHOCTH TpaHC(HOPMATOPOB B I€Xax >KeJIaTeIbHO, YTOOBI Ha
npeanpusaTuy ObUIo He Oosiee IByX rabapuToB TpaHC(HOPMATOPOB, T.K. MPU OOJIBIIOM
KOJMYECTBE pa3HbIX MO MOIIHOCTH TPaHCPOPMATOPOB, BO3ZHUKAIOT OOJBIINE
CJIO’KHOCTH C UX 3aMEHOI B aBapUIMHBIX PEKUMaX.

KosmgectBo TpanchopMaTopoB B IIeXax ONpeaessieTcs Mo BEIPaXKEHUIO:

n,; =L; (2.2)

Ti
Kgp- S

rae k,, - Ko3QpuuueHT 3arpy3ku TpaHchopMaTopoB.

T.OIIT

KoadduruenT 3arpy3ku peKOMEHIyeTCs IPUHUMATD B CIEIYIOMIMX Mpeaeax:
K, =0,65-0,7 mmst 1nBYX TpaHC(OPMATOPHBIX MOJCTAHLMN MpPH HATHYHH

ANEKTPONPUEMHHUKOB IEPBOM U BTOPOM KaTEropuu;

K, =0,75-0,85 mmst nByX TpaHCHOPMATOPHBIX IOACTAHUMA NpPH HAJIMIHH

AJIIEKTPONPUEMHHUKOB BTOPOU U TPEThEN KaTEropuu;
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K, =0,9-0,95 st oxHO TpaHC(HOPMATOPHBIX MOICTAHIIHIA.

Onpenenennoe 1o (2.2) uwcmo TpaHCHOPMATOPOB  OKPYIIISAETCS O
OJIMDKAUIIETO TEJI0T0 YUCIa B MEHBIIIYIO CTOPOHY, €CJIM IpOoOHAs YacTh n,; MCHBIIE

0,5 1 B OOJBIIYIO CTOPOHY, €CJIM IpoOHas 4acTh n,; Oombiie 0,5.

Pe3ynpTaThl pacyeTa uuciIa M MOUIHOCTH LIEXOBBIX TPAaHCPOPMATOPHBIX
MOJICTAHIINK CBOATCS B Tabmuity 2.1.

Tabauya 2.1 — Pacyer uyncaa u MomHOCTH nexoBbix TTI

S F S S

pi’ 1 ° v OIIT ? 3.T nTia

HaumenoBanue 1exa 5 5
kBA M kBA/M kBA o0.e. LIT

B Tabnutie 2.2 npuBOAsSTCS TEXHUYECKUE JaHHBIE IIEXOBBIX TPpaHC(HOPMATOPOB,
KOTOpbIe OepyTcst U3 Tabnwuie A.6 mpriokeHus A.

Tabnauya 2.2 — TexHu4yeckHe JaHHbIE EXOBBIX TPaHCGOPMaTOpPOB

SHOM.T > UBH > UHH > Uy, APk , AP

X XX 2

kKBA kB kB % kBT kBT %

2.3 Pacuer koMIeHCAIIUU PeaKTUBHOM MouHOCTH B ceTH 0,4 kKB nexon

[To 3amaHHBIM Spi M cosg; LIEXOB ONPEACIACTCA P, M Q, KaXXJ0ro mexa Io

BBIPKCHUSM:
P =S, -cose;; (2.3)
Qpi =Ppi -tge; s (2.4)

B cooTBercTBUU ¢ pekomeHmanusamu [6,9] cymmapHas pacyeTHash MOIIHOCTh
KOHJIeHCaTOpHbIX Oarapeit B cetu 0,4 kB mpu umciie 1exoBbIX TpaHc(hopmMaTOpoB
0oJiee Tpex onpeaesieTcs 0 BbIpaKEHUSIM:

QHK = QHKI + QHKZ 9 (25)

rae Q,, - MOIIHOCTH OaTapeit Mo NePBOMY KPUTEPHIO;
Q,,» - MOIIIHOCTb OaTapeil o BTOpOMY KPUTEPHIO.

[lepBblii  KpUTEpHil  OIpEneNseT  BBITOJHO JIM  COKPaTUTb  YHCIIO
TpaHC(OpPMATOPOB 32 CUET YBEIMYEHUS CTEINEHM KOMIIEHCALUU PEaKTUBHOU
MOIIHOCTH.

Bropoii kpurtepmii omnpenenser BBIIOJAHO JHM  YBEIMYUTH MOIIHOCTH
KOHJCHCATOPHBIX OaTapedl g CHWXKEHHS ToTepb 3Hepruu B cetu 6-10 kB u
Tpancopmatopax. [lo nepBoMy KpUTEpHIO MUHUMAJIBLHOE YHCIO TPaHCHOPMATOPOB
(mpu ux uyuciae OoiblIe TpeX) HEOOXOIUMOE ISl MUTAaHUS PACUETHOW HarpysKdu,
ONPENENSIETCS 10 BBIPAKEHUIO:

P..
_ p1
Npmini = S +An
3.7

; (2.6)

HOM.T
rIe An - 100aBKa Q0 ONMKAWMIIETO [EJIOr0 YMCIa.
Beipaxkerne (2.6) mpeamojaraeT IOJHYH KOMIICHCAIIMI0 PEaKTHBHOM
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MOIIHOCTH, OJHAKO MPH HTOM MOXKET IMOJYy4YUThCA OOJbIIAs MOIIHOCTh Q..
[ToaTOMy ompenesnsercs IKOHOMHUUECKH ONTUMAIBHOE YUCIO TPAHC(HOPMATOPOB n, ;
n

=n

Tmin+m; (27)

rie m — JONOJHUTENbHOE YHCIO TpPaHC(HOPMATOPOB, 3aBUCSIIME OT 3HAUYCHUS

yIeNbHBIX 3aTpaT Ha nepegady Q ¢  y4eToM IIOCTOSHHBIX COCTABIISIOIIMX
KaIUTaIbHBIX 3aTpar 3

T.3i

3* — Kyr '(3HI< _3BK) .
3 )

TII

TH€ 3,353~ YCPEAHEHHBbIE TMPUBEJEHHBIE 3aTpaThl HA KOHJEHCATOPHbIE

ycTaHoBKH HampsbkeHnreMm 10 u Bbimie 1000 B u TpanchopmaropHbie moacTaHIUN
COOTBETCTBEHHO. [IpyM OTCYTCTBHUM TOYHBIX NAHHBIX MO 3,3, H 3, 3HAYEHHE M
MOXHO HalTH 1o puc. 2.1.

Nomin /- Nomin
20 / 20
18 18 V.
s S
16 16 /

14

9 /

" / 14 //
12 12 /
10 10 /

0 02 04 06 08 &N 0 02 04 06 08 2N
a) 0)
Pucynok 2.1 - I'paduiku 1y1s1 onipeiesiennsi TOMOJTHUTEIIBHOTO YUcia TpaHc(hopMaTopoB IpH

k,.:a-0,7-0,8; 6—-0,9-1,0; 1—-308a m=0; 2 —30Ha m=1; 3 —30Ha Mm=2

[Io BbIOpaHHOMY KOJMYECTBY TpaHCHOPMATOPOB  n,,  BBIYHUCISIOT
HauOOJBIIYI0 PEaKTUBHYIO MOIIHOCTh, KOTOPYIO I€1€CO00pa3HO MepenaTh uepes
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TpaHcpopmaTopsl B ceTh HanpsixeHuem 10 1000 B:

QT = \/nT.ai Kap 'SHOM.T)Z _Pgi . (28)
Torz[a MOIITHOCTHh KOHACHCATOPOB I10 IIEPBOMY KPHUTCPUIO 6y,Z[€T paBHa:
Quxt = Qpi -Q,5 (29)

Ecimn Q, <0, TO MO MEpBOMY KPHUTEPUIO YCTAHOBKA KOMIIEHCUPYIOIIUX
YCTPOMCTB HE TpeOyeTCs U CIeyeT NMPUHATh Q. =0.

JlomonHuTENbHAST MOIIHOCTh KOHACHCATOPHBIX Oarapeil 1o BTOPOMY
KPUTEPUIO ONPEEAETCS MO BBIPAKEHUIO [6

QHK2 = Qpi - QHK] R AR SHOM.T > (2 10)
TJI€ y- pacueTHBIN KO3 HUIIMEHT, 3HAYCHUSI KOTOPOTO 3aBUCHUT OT MOKa3aTeNen K, Ka
Y CXEMBbI TUTAaHUS 1IEXOBBIX MOJCTAHIHMN (PUCYHOK 2.2).

S 8
N k=30 \\
o8 \\\\ 25N 05\ \\ 130
e \\\‘QQ\\ - \\\zb\‘\
NS\
S ~— |

N T L DT
0770 20 30 40 K 0770 20 30 40 K

a) 0)

Pucynoxk 2.2 - I'papuxu 1i1s1 onpenenenus kospuipenta y 1is Hanpspkenus 10 kB:
a — JUIs paAuaIbHON CXeMbl TUTAaHUs TpaHC(HOPMATOpOB; O — AT MAaTUCTPATIBHON CXEMBI
NUTaHUs TpaHC(HOPMATOPOB

KoadduimenTs! k; 1 K, onpeaenstores no tadnaumnam 2.3 u 2.4.

Tabauya 2.3 — 3navenust kodpPpuuuenrta K1

DHeprocucrema KomnuectBo pabounx cMeH K1

1 24

Hentpa, Ceepo-3anana, FOra 2 12
3 11

1 19

Cpenneit Boiaru 2 13

3 12

1 22

VYpana 2 14

3 11
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Tabauya 2.3 — OkoHYaHHE

DHeprocucrema KomnyectBo pabounx cMeH Kl
1 14
CesepHoro KaBkasa, 3akaBka3bs 2 13
3 12
1 17
CesepHoro Kazaxcrana 2 16
3 14
1 15
Cubupu 2 15
3 15
1 19
Cpenneit Azuun 2 19
3 16
1 9
Hanpaero BocToka 2 9
3 9
Tabnuya 2.4 — 3navyenns Kod(ppuumeHTa K2
MomHocTb K2 TIpY IJIMHE NUTAOLIEeH JIMHUY 1, KM
TPCROPMATOPS, | 15 0,5 0,5-1,0 1,0-1,5 1,5-2,0 Boree2,0
400 2 4 7 10 17
630 2 7 10 15 27
1000 2 7 10 15 27
1600 3 10 17 23 40
2500 5 16 26 36 50

Ecnu npu pacuere no (2.10) Q,,, <0, TO ciieAyeT OpUHATh Q,,, =0.
[Ipu 4ucse nexoBbIX TPAHCHOPMATOPOB TPH U MEHEE Q,y = Q,y; -

ITocne ompeaeiacHus Q.. HAXOAUTCA MOIIHOCTb KOHACHCATOPOB, KOTOPYIO

Haj10 ycTaHoBUTH B cetu 0,4 kB ogHoro Tpancdopmaropa Q,, MO BEIPAKECHUIO:

Qe =2, (2.11)

LB

YTOUHSETCS MOLIHOCTh LIEXOBBIX TPAaHC(HPOPMATOPOB C YUETOM KOMIIEHCALUU
PEAKTUBHOM MOIIHOCTH.

[Ipou3BoauTCs BEIOOP KOMIUIEKTHBIX KOHJECHCATOPHBIX YCTAHOBOK IO TaOJIUIIE
A.2 npunoxenust A. Yucao KOHIEHCATOPHBIX YCTAHOBOK JOJDKHO OBITh HE MEHEe
YHCJIa IEXOBBIX TPAHCPOPMATOPOB n

T.31 °

YTouHsercs pacdy€THas p€aKTHBHAasA HArpys3kKa HEXOB € YYCTOM KOMIICHCAIIUU
peaKTHBHOﬁ MOIIHOCTH, I10 BBIPAKCHUIO!

Qpi yT =Qpi_QKy2; (211)
PesynbTaThl pacuera cieayeT cBecTH B Tabiumiy (1o obpasity tabi. 2.5, 2.6).
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Tabnuya 2.5 — Pe3y1bTaThl pacyeTa KOMIIEHCAIIMH PeaKTUBHOI MouiHOcTH B ceT (0,4 kKB

HaumeHoBaHue Py, Qpi> | MNppminis | m, | Dy, Q,, Qx> y Q2
nexa kBT KBap T T T KBap KBap KBap
Tabruya 2.6 — BbI6Op THIIA M MOIITHOCTH KOH/IEHCATOPHBIX YCTAHOBOK
KomnnuecTtso ) i vr?
HammenoBanwue mexa Q- Tun KY THICCTBO, QKYZ Qpl yT
KBap T KBap KBap

2.4 OnpenesieHne pacuYeTHbIX HATPY30K 10 3aBOY

AKTHBHas, peakTUBHAsl W IOJHAs Harpy3ka Ha HampsbkeHuu 6 wimm 10 xB
3aBOJia OMPEIEIAETCS MO CIEIYIOIIUM BhIpakeHusiM [9,11]:

n K 1
PI":KP,M' ZPpi+szBni+ZAPTi ; (212)
1 1 1
n K 1
Qp:zQpi yT+ZQpBHi+ZAQTi; (213)
1 1 1
s, =y + (0, (2.14)

TH€ P, .. Qpum -PAcueTHas aKTHBHAs W PEAKTHBHAS Harpyska moTpedurenei

HanpsbkeHueM 6 wim 10 kB (Hacocel, KOMIIPECCOpBI, 3JIEKTPUYECKUE IIEYH,
npeoOpa3oBaTesu U T.1.);
AP, AQ, -TOTEpU aKTUBHOM M PEAKTUBHOI MOIIHOCTH B TpaHc(hopMaTopax

IIEXOBBIX MOACTAHIINIM;
n — YUCJIO LIEXOB;
K — YMCJIO BBICOKOBOJIBTHBIX IOTPEOUTENEH;
| — yKco IEXOBBIX TPAaHCPOPMATOPOB;
Kpn = KOOQOHUIHMEHT Pa3HOBPEMEHHOCTH MAKCUMYMOB HArpy3KH (x,,, <0,9).

pm =
AKTHBHas Harpy3ka norpedureneil HanpspkenueM 6 win 10 kB onpenensercs
10 BBIPAKEHUIO:

l:,p eni = Ky i * Puom.smi s (2 1 5)
re  x,; - KOdQ(QUIMEHT WCMIOIb30BaHUS BBICOKOBOJIBTHBIX TOTPEOUTENCH

(ompenensiercst mo Tadur. A.15 mpunoxenue A);
Py s - HOMUHAQIIbHAS aKTUBHASI MOIITHOCTH BBICOKOBOJIBTHBIX MIOTPEOUTENCH.

PeakTtuBHass Harpy3ka mnotpeOutenedd HampsbkeHuem 6 wunum 10 kB
ONPEIEIISETCS MO BBIPAXKEHUIO:

Qani :Pani'tg(pi; (216)
rae tge, - Ko3(POUIMEHT PEeaKTUBHOW MOIIHOCTH BBICOKOBOJIBTHBIX TOTPEOUTENCH
(ompenensiercst mo Tadu. A.15 mpunoxenus A).

236




Ilpu ompeneneHun Q, ., CIEAYET HMETh BBUIY, YTO MOTpeOUTENH C

CUHXPOHHBIMH JIBUTATENISIMU JOJKHBI paboTaTh C onepeskaromum cose=-0,9.
- )

B  Beipaxenun (2.12) cocraBiastomas AP, ~1-2% OT  MOIIHOCTH
TpaHc(hOpMaTOPOB, MOITOMY €€ MOKHO HE YUUTHIBATb.

[ToTepu peakTUBHOM MOIIHOCTH B TpaHchopMmaTopax OMNPENEsSIoTCs 110
BBIPAKEHHUIO:

2
I +K;,.-u
AQTi =% IOBT . .SHOM.T ’ (217)

rae I, - TOK X0JI0CTOro xonaa Tpanchopmaropa, %o;

u, - HanpsHKEeHUEe KOPOTKOTO 3aMbIKaHUs TpaHcopmaropa B, %.
3HaueHus I, U u, ONpEAeNsAoTcs 1o Tadnuue 2.2.

2.5 IlocTpoeHne KapTOrpaMMBbl HATPY30K 3aBO/ia, ONIpee/ieHue MecTa
pacnoaoxenus I'I1II, PII u uexoBbix TpancpopMaTopHbIX
NOACTAHIUI, BEIOOP MoHOCTH TPaHcdopmaTopos I'TITT

Mecto pacnosioxkenuss ['TIII ompenensiercss TreoOMETpUYECKHM  LIEHTPOM
Harpy3ok mnpeanpusatus. [ns omnpeneneHuss reoMEeTpUYECcKOro LEHTpa Harpy3oK
CTPOMTCS KapTorpamma Harpy3ok. [Ipumep e€ nmoctpoeHus rnokazan Ha pucyHke 2.3.

y,M |
300
200 -
TTII 10 kB
yo [ 1 024 KB
\
yi | { a |
100 - |
|
|
|
\
‘ ‘
‘ \ \ =
Xi 100 Xo 200 X, M

Pucynok 2.3 - [Ipumep kapTorpamMbl 3aBOJICKHX Harpy30k
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[Ipennonaraercsi, 4YTO HArpy3Kd IE€XOB PABHOMEPHO paCMpeNieNIeHbl IO

IJIOMIaJM [€Xa, TOrJa pPacYeTHYH Harpysky S, MOXKHO COBMECTUTh C

r€OMETPUYECKHUM LIEHTPOM LI€Xa.

JlJig HarJasAHOCTH HArpy3Ky LIEXOB M300paXkaroT ¢ MOMOIIbI0 KpyroB. LleHTp
Kpyra COBMEUIAIOT C T€OMETPUUYECKUM LIEHTPOM LI€Xa, a PaJnyC Kpyra HaxoIAT IO
BBIPAKECHHUIO:

P e (2.18)

T-m
rae n=3,14; m — macmrab (B 1 MM?> CKOIBKO-TO KBA).
B nexax, roe umeercs Harpyska Kak 10, Tak u Beimie 1000 B nenarorcs aBa
Kpyra ¢ pa3HbIMH MaclITabaMu.
Omnpenensiercs TEOMETPUUYECKUH LIEHTP HArpy30K BCEro MPENNpPHUITHS 10
BBIPAKECHUIO:

xg=1—; (2.19)

Yo = ln— 5 (2.20)
Zspi
1
I'ZI€ Xi, Yi — KOOPJAMHATHI IEHTPOB HArPy3KH LIEXOB;
N — YHCIIO LEXOB.

B Touke ¢ xoopauHaTamu Xo, yo ciaenyer pazmemats ['TIII. Orcrynnenue ot
ATOM TOYKH JOIYCKAETCA B CIEAYIOIMX CIIydasiX:

1)  Touka nmomajaeT Ha LEeX WU KOPITyC;

2) B JaHHYIO TOYKY HeENb3s MojBecTH HanpspkeHue 110 kB Bo3gymHbIMU
JIUHUAMU;

3) Ha MpeanpUATHM HUMEIOTCA 11€Xa, KOTOpbIE BBIICISIIOT BpEIAHbIE
BBIOPOCHI, KOTOPbIE MOTYT BO3/IeiCTBOBATh Ha 00opynoBanue ['TIIT;

4)  ecnu nNpeAnpUsITHE XUMUYECKOE WIH HEPTEXUMHUUECKOE.

Uucno tpancpopmaropos Ha ['TIII onpenensieTcst mo BeIpaXeHUIO:

S
S (2.21)

HOM.T —
I‘lT K3.T

r7e n.,- 4ucio Tpancpopmaropos Ha ['TIIT;

K ko3 uieHT 3arpy3ku TpaHchopmatopoB (k,,=0,65-0,7 npu

3T

nutanuu ot ['TIIT motpebureneit I u Il xareropuu, x,.=0,75-0,85 npu nutanum ot

I'TIIT motpeduTeneit 11 u 11l kareropumn).
IIo S noabupaercss  OMMKaWIIMK 1O  MOIIHOCTH  CTaHJApTHBIN

Tpanchopmarop mo Tabim. A.6 mnpunoxenmss A. TexHuueckue aHHBIC
TpanchopmaTtopa mpuBefeHb B Tabn. 2.7. B Tabm. 2.8 mpuBOATCS pe3yiabTaThI
pacueToB.

HOM.T
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Pacnipenenutensubie myHkThl (PII) 6, 10 kB o0buHO mpemycmaTpuBaioTCs B
nexax, rae ecTb norpedoutenu HampspbkeHueM 6, 10 kB. Ecim paccrostHue ot
notpeobutenet 6,10 kB no mmu 6,10 kB I'TIII nwe mpesbimaer 300 M, TO 3TH
notpebutenu 3anutbiBaroTcs ot ['TII.

IlexoBble  TpaHC(OpMAaTOpHbIE  MOJACTAHLMU  JKEJIATEJIbHO  MPUMEHSATH
BHYTPHULIEXOBbIE UM BCTPOCHHBIE B 3/1aHUE 11eXa. OHU OJKHBI OBITh MaKCUMaIbHO
OpUOIMKEHbl K TE€OMETPUYECKOMY LIEHTPY Harpy3oK Iiexa M pa3MeIatbes co
ctoponsl ['TIIT, uToObI He 6BLTI0 OOPATHBIX IEPETOKOB MOIIIHOCTH.

Tabnuya 2.7 — Texuu4ueckue AaHHbIe TpaHcpopmaTopos I'TITT

Tun [Ipenemnsr
S ) n U,y Upns U, AP AP I
tpancdopmarop | TOMT HIT; ‘E* ’]'; 0}‘ Bk ’ BX ’ (’;‘ > | perynu-
o kKBA K K 0 KBT KBT ° | posanus
Tabnuya 2.8 — Pe3yJbTaThl pacueTa eHTPa Harpy3o0K 3aBoja
HaumenoBanue Xi, Vi, Spi 5 L, N S
pi” Xi pi" Yi

nexa M M kKBA MM

2.6 Bb10op cxembl 3JIEKTPOCHAOKEeHHUS 3aB0OA
¢ TEXHHKO-DKOHOMHYECKHM 000CHOBaAHHEM

Cxembl 3EeKTPOCHAOXKEHHUSI 3aBOJOB CTPOSATCS MO CTYNEHYATOMY MPHUHIIMILY.
Yucno cryneHe pacmpeneneHus dICKTPOIHEPTHH Ha TPEANPUATAN OMPECeIIeTCs
NOTPEOIIEMBIMI MOIITHOCTSIMH M TOMIOJIOTUYECKUM PACIIONIOKEHUEM DIIEKTPUIECKIX
HArpy30K Ha TEPPUTOPUHU Tpeanpuatvs. Uucio CTymeHed pacmpeneieHus TOJIKHO
ObITh He Oozee 2-3. [Ipu OosibllieM YKCIie CTYNEHEW CHUXKAETCS HAJEKHOCTh CXEM U
OHHU CTAHOBSITCSI HEOKOHOMHYHBIM.

Ha wHeOonmpmmx W CpeAHMX MPEANPUSATHSIX, a TaKkkKe Ha BTOpOH U
MOCIIEAYIOIIUX CTYHEHSX AIEKTPOCHAOKEHUS KPYTIHBIX PEeANpPUITAN
AIIEKTPOHEPIUs pacmpenessercs Ha HanpsbkeHud 10 kB B ocHOBHOM 1O KaOeabHbIM
nuHusaM. Hampsikenue 6 kB siBnsieTcst HEepCneKTUBHBIM U MTPUMEHSIETCS TOJIBKO IIPU
OonpIIoM KonnM4ecTBe aABurateneid MorHocThio or 200 go 800 kBT (xumus,
HedTexumMus).

[TpuMeHsIIOTCSI J1BE€ OCHOBHBIE CXEMbl PpaCHpEleICHUs BJIEKTPOIHEPIHUH —
paauanbHas ¥ MarucTpajibHas B 3aBUCUMOCTH OT YHUCJIa U B3aUMHOTO PaCIOJIOKEHUS
[IEXOBbIX TMOJACTAHIMN WM JPYTUX DIEKTPONPUEMHUKOB IO OTHOIICHHIO K
nUTaIoeMy UX MyHKTy. [Ipu BeImogHeHMH 00€ CXeMbl 00ECIEeUnBaOT TPEOyeMyo
HAJECKHOCTh AJIEKTPOCHAOKEHHS AJIEKTPONPUEMHHUKOB 10001 Kateropuu. Bribop
TOM WIM WHOW CXEMBI OCYIIECTBISETCS HAa OCHOBE TEXHUKO-DKOHOMHUYECKOTO
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CpPaBHEHHUS pa3IMYHbIX BapuaHTOB. [Ipu 3TOM cienyer yduThIBaTh JTOCTOMHCTBA U
HEJ0CTATKN 00EUX CXEM.

PanuanbHble cXxeMbl TPUMEHSIOTCS B TEX Ciy4asX, KOTJa Harpy3ku
paccpenoTOYEHbI OT LIEHTpa MUTaHUs, a TakxKe A nuTaHust PI1 1 BEICOKOBOJIBTHBIX
oTpeouTeNneHt.

MarucTpanbHble CXEMBI CIeAyeT MPUMEHSTh MPU PaCIpPEeACIICHHBIX Harpy3Kax
M TakoM B3aMMHOM pPAacCIOJIO)KEHUM TMOJCTAaHIMN, KOTJa JIMHUM OT HMCTOYHHUKA
NUTaHUsL 10 TOTpeOUTENe AIEKTPOIHEPIMH MOTYT ObITh TPOJIOKEHBI 0e3
3HAYUTENIbHBIX OOpaTHBIX HaIlpaBICHUNA. MaructpaibHble CXeMbl UMEIOT CJIEAYIONINE
MIPEUMYILECTBA:

1)  DO3BOJIAIOT Jy4Ille 3arpy3UTh KaOenu;

2)  mo3BoysArOT cokoHOMUTE yucio mkagoB KPY wimn KCO Ha nuraromem
MyHKTE;

3)  MO3BOJISIOT JIETY€ OCYIECTBUTH PE3EPBUPOBAHUE LIEXOBBIX MOICTAHLIUM.

K HemoctaTkaM MAarucTpajlibHbIX CX€M OTHOCATCA: YCJIOKHEHHE CXEM
KOMMYTallUd [E€XOBBIX TMOJCTAHIMH (WX TPUXOAUTHCS MOAKIIOYATH dYepes
BBIKJIFOYATETh HAPY3KHU).

Yucio 1exoBbIX TPAaHCPOPMATOPOB, NPUCOCAUHSAEMBIX K OAHOW MarucTpalu,
3aBUCUT OT HMX MOIIHOCTM U OT OTBETCTBEHHOCTH IUTAaE€MbIX NOTPEOUTENEH.
Honyckaercst 2-3 npu moinHoctu TpanchopmatopoB 1000-2500 kBA u 4-5 npu
MourHocTH 250-630 kBA.

[Tpumepsl BBITIOJHEHUS PaJHAIbHBIX U MaruCTPalbHBIX CXEM MPUBEICHBI Ha
pucyHKe 2.4.

I'TIIT I'TIIT

b 0 4 -
\4 A\
ViN N %
N ] = 3
PII — TII
6.10 kB L TIII TI2
[] 0,4 kB
0,4 xB 0,4 xB
O O
ca All

Pucynok 2.4 - CxeMbl pacnipeeseHust JIEKTPOIHEPT UM
a — paauanbHas; 60 — MarucTpaabHas
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[Ipu OGomnpimoMm Ywnciae TOTPEOUTENEH MPHUMEHSETCS CMEINIaHHAs CXeMa UuX
NUTaHWs, T.€. 4YacTh TMoTpeduTened mnuTaeTcs mno paauanbHo cxeme (PII,
BBICOKOBOJITHBIE IOTPEOUTENHN), @ YACTh 110 MArMCTPAJILHOM cXeMe.

Mertoauka TEXHUKO-3KOHOMHYECKOTO CPABHEHHUSI BAPUAHTOB CXEM ITPUBEICHA
B pazzaene 3.

2.7 PacyeTr KOMIIEHCAIMU PEAKTHBHOW MOIIIHOCTH B LI€JIOM 110 3aBOXY

OCHOBHBIMHM THUIIAMH KOMIICHCUPYIOIIMX YCTPOMCTB B cersax 6-10 kB
OPOMBIIUICHHBIX  MPEANPUATHN  SBISIFOTCA  KOHJIEHCATOPHBIE  YCTAHOBKH WU
CUHXPOHHBIE 3JIEKTPOJIBUTATEIIH.

Ecim Ha mnpeanpuaTHM HMMEKOTCS CHHXPOHHBIE JBUTATENM, WX CIEAYET
MCIIOJIb30BATh ISl KOMIIEHCAIIMU PEaKTUBHOW MOIIIHOCTHU B MEPBYIO 0YepPe/lb, TAK KaK
ATO HE CBA3aHO C 3aTpaTaMd Ha YCTAHOBKY JaHHBIX HCTOYHHKOB PEAKTHBHOU
MOIIIHOCTH.

Kaxnpiii cuaxpoHHbI nurarens pabdoratommuii ¢ Ks<l momken pabotath c
onepexarmuM cos@= -0,9. [IoaToMy CHHXpOHHBIN IBUTATENb OyIET T€HEPUPOBATH
PEAaKTUBHYIO MOIIIHOCTh PABHYIO:

Qca = PHOM cn " Kj 12 Phom > (222)
riae K3 koo puiment 3arpy3ku CHHXpOHHOTO JIBUTATelIs.

Ecnyu peakTMBHOM MOIIHOCTHM CHUHXPOHHBIX JBUTATENEH HEAOCTATOYHO IS
JOBEACHUS tgp MPEANPUITHS A0 tge,, , KOTOPOE 3aJaETCS SHEPTOCUCTEMOM B MEPUOJT
e€ MakcuMyma Harpy3ku, To B cetd 6 unu 10 xB HeoOxonumo ycTaHaBiIMBaTh
BBICOKOBOJIBTHBIE KOHJICHCATOPHBIE YCTAHOBKHU.

MONIHOCTB BEICOKOBOJIBTHBIX KOHJIEHCATOPOB OMPEAEIISIETCS 110 BBIPAXKEHUIO:

QBK :Qp _Q31 9 (2'23)
rje Q, ONpeeNsAeTCs Mo BhIpaXKeHHo (2.13);
Q, - DKOHOMHMYECKOE 3HAYE€HHWE PEAKTUBHOM MOILIHOCTH, KOTOPYIO

OHEPrOCUCTEMA MOKET MEPENATh B CETh MPEANPHUIATHSA B 4aChl MAKCUMyMa HAarpys3KHu.
OHo omnpenenseTcs o BEIPAKEHUIO:

Q1 =P, 120y, (2.24)
BBICOKOBOJIBTHBIE KOH/IEHCATOPHBIE YCTAaHOBKHM YCTaHaBIMBAaKOTCA B PY — 6

(10) xB I'TIIT nim ma PIT - 6(10) kB nutarommx BEICOKOBOJIBTHBIE TOTPEOUTEIH.
[lo 3nauenuto Q,, 1o Tabnuie A.2 NpUIOKEHUS A BBIOUPAIOTCS MOIIHOCTU

CTaHIAaPTHBIX KOHACHCATOPHBIX 6aTapefI.

2.8 PacyeTr TOKOB KOPOTKOI0 3aMbIKAHUS
2.8.1 O0mue noJio:KeHUst

Pacuetsl TokoB K3 asis BpIOOpa anmapaTtoB W MPOBOJHUKOB, UX MPOBEPKHU IO
TEPMUYECKOHN U JIEKTPOAMHAMUYECKOM cTolikocTu nipu K3, nist onpeneneHus
napamMeTpoB cpabaThIBaHUs, IPOBEPKU YYBCTBUTEIBLHOCTH M COTJIACOBAHUS JEHCTBUS
YCTPOMCTB peJieHON 3amuThl 3jiekTpoycTtaHoBok 0,4-110 kB mnpousBoasiTcs

HpI/I6J'II/I)KCHHI)IM, TaK Ha3bIBACMBIM IIPAKTHUYICCKUM MCTOIOM.
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[Tpu BBINOJHEHUHU PACUETOB HE YUNUTHIBAIOT:

e cuur o ¢aze J[C u u3MeHeHne YacTOThI BpallleHHUs] pOTOPOB
CUHXPOHHBIX MAIIIWH;

® TOK HAMarHM4YMBAHMSI CUCTEM I'€HEpaToOpOB, TpaHC(HOPMATOPOB U
BJIEKTPOJABUTATEIIEH;

® HACHIIIEHUE MAarHUTHBIX CUCTEM F€HEpaTOPOB, TPAHCPOPMATOPOB U
ANEKTPOABUTATEIICH;

® ¢eMKOCTHYIO npoBoaumocTs BJI u KIJI;

® pa3nuMyue 3HAYCHUIN CBEPXIEPEXOIHBIX COMPOTUBICHUHN MO NPOAOJIBHON U
MONEPEYHOM OCSIM CHHXPOHHBIX MAIllVH;

® BO3MOXXHYIO HECUMMETPHIO TPEX()a3HOU CUCTEMBI;

e BIMSHHUE HEJBUIATEJIbHOM HArpy3ku Ha Toku K3;

e noanutky Mecta K3 co CTOpOHBI 3JIEKTPOIBUTATENIEH HAIPSIKEHUEM 10

1000 B npu pacuere TokoB K3 B cetu Boie 1000 B.

Jns pacueroB TokoB K3 cocraBisercss pacueTHas cxeMa (IpUMEpP CXEMBbI
npuBeneH Ha puc. 2.5). OHa mnpeactaBiasieT CcOOOH OJHONMHEHHYIO CXEMY
ANEKTPUYECKOM CETH C JJIEKTPUYECKMMHU anmapatraMd M IPOBOJHUKAMH,
MO/JIEXKAIIMMU BBIOOPY M IpoBepke no yciousaM K3. B pacueTHyro cxeMy BBOASATCS
BCE TEHEpPATOpbl, CUHXPOHHBIE KOMIIEHCATOPbI, CHHXPOHHBIE M ACHHXPOHHBIE
anekTponaBuratenu Bbime 1000 B, wmeronmue HEOONBIIYyI0 3IEKTPUUYECKYIO
ylIalneHHOCTh pacueTHoM Touku K3, a Taxke Tpancpopmaropsl, peakropsl, BJI u KJI,
CBSI3BIBAIOLIME UCTOYHUKH NIUTaHus ¢ mectom K3.

Pacuetnpim Bugom K3 mpu BbIOOpe M IpoOBEpKe amnmapatoB U MPOBOJHUKOB
00bIuHO sBIIACTCS TpexdaszHoe, pexe (B cersax 110 kB u Beimie) — onnodaznoe K3.

PacuetnbimM BugoM K3 mpu pacderax uenei peneiiHON 3alIuThl, KaK MPaBUIIO,
apisitotces: B ceTsax 10 kB aByx- u tpexdasznoe K3; B cersix 110 kB Tpex- nByx- u
onnodasznoe K3.

[IpoBepka TepMUYECKON CTOWKOCTH TMyYKa, COCTOSIIETO W3 JBYX U Ooee

napajuieJIbHO BKIIOYEHHBIX KaOeneu, mpou3BoauTcs 1Mo Toky K3 HemocpencTBeHHO
3)
. I{
3a My4KOM. B 3TOM citydae Kaxplii Kabesb MydKa IMpOBEPAETCS M0 TOKY ——, rjie n-
n

qucio kabemneil B mydke.

Jlnst pemieHuss 3aadd TMPOBEPKU M BHIOOpA ammapaTtoB W MPOBOJHUKOB IO
ycinoBusiM K3, pacdyeTHyro cxemMy clielyeT COCTaBlsATh Tak, 4ToObl TOK K3 B
BBHIOMpPAEMOM HWJIM TPOBEPSEMOM DJIEMEHTE ceTh Obul Obl HauOOJBIIUM. OOBIYHO
ATOMY COOTBETCTBYET MAaKCHUMAJbHBIM PEKUM PaOOThI MUTAIOUIEH HYHEPrOCUCTEMBI,
HauOOJIbIIIEE YUCIIO JIEKTPOABUTaTENeH, CBSI3aHHBIX ¢ pacueTHOM Toukoi K3. Ecnu B
CXeMe DJJEKTPOCHAOKEHUS TMpeAyCMOTpeHa paslieibHas padoTa MHUTAOIIMX
MCTOYHHUKOB Ha cOopHbiec muHBI 10 kB, pasneneHHbIC HOPMAJIBHO OTKJIFOYCHHBIM
CEKIIMOHHBIM BBIKJIFOYATENIEM, TO PACYETHBIM COCTOSSHUEM MCXOTHOW CXEMbI OOBIYHO
SABJISICTCSL PEXKUM, KOTJa OJUH TpaHCHOPMATOp OTKIIOYEH, a CEKIMOHHBIM
BBIKJIIOUATEIh BKJIFOUCH.

[Ipu 3TOM Bce SIEKTPOABUTATENN JOJKHBI HAaXOAUThcs B pabote. [lpm
M300paKEHUH HAa PACYCTHOW CXEME€ OJHOTHUIIHBIX, OJMHAKOBO COCIUHEHHBIX C
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toukor K3 snexTponBurareneii, 1enecoo0pa3Ho MOKa3blBaTh MX B BUAE OJHOTO
HKBUBAJIECHTHOTO  3JEKTPOJBHUTATENsl,  HOMMHAJIbHAs  MOUIHOCTb  KOTOPOIO
3aMKUCBIBACTCS KaK YMUCIO0 OOBEIMHEHHBIX AJIEKTPOJBUTATENICH, YMHOXKEHHOE Ha
HOMUHAJIBHYIO MOIIIHOCTh € AMHUYHOTO 3JEKTPOIBUTATEIS.

[Tocne Toro, Kak cocraBiieHa pacueTHas cxeMa (PUCYHOK 2.5.), cocTaBIseTCs
cxemMa 3amenieHus (pucyHok 2.6.). Cxema 3aMelieHUsT NPEACTaBIseT COOOM
pPacyeTHYI0 CXeMy, B KOTOpPOM BcC€ DJIJIGKTPUUYECKHME W MAarHUTHbIE CBSI3U
MIPEICTABJICHBI DJICKTPUYECKUMHU compoTuBieHusiMU. [Ipu pacuerax TpexdazHbix
TokoB K3, reHepupymoonme HCTOYHHKUA (PHEProcUcTEMa, AJIEKTPOIABUTATEIN)
BBOJISITCSL B CXE€MY 3aMelleHusi cooTBeTcTByomMUMU JJIC, a macCUBHbBIE 3JIEMEHTHI,
0 KOTOPBIM MPOX0AUT TOK K3, MHAYKTUBHBIMH U, IPU HEOOXOTUMOCTH, aKTUBHBIMU
CONPOTHUBJICHUSIMH.

Ecnmn aktuBHOE comnpoTuBieHrue BeTBU HE mpeBbimaeT 30% €€ MHIYKTUBHOIO
COINPOTUBJICHUSA, TO OMNPEACICHUE TNEPUOAUUECKON cocTaBsmomei Toka K3
MPOU3BOAUTCS TPU YCIOBUU Ry =0. B 31eKkTpoycTaHOBKax HamNps>KEHUEM BBIIIIE
1000 B ycnoBue Ry <0,3-xy, KAK IPABUJIO BBIIIOJIHSIETCS.

B tabnune 2.9 npusenenst J/]C pa3inyHbIX HCTOYHUKOB MUTAHUS.

Tabnuya 2.9. — IJIC NCTOUYHUKOB MATAHUS

MeTOHIK U TAMIS 2/C, YcnoBus paboThl 10 KOPOTKOTO
0.€. 3aMbIKaHUs
OHeprocucrema 1,0 -
CUHXPOHHBIN 3JIEKTPOIBUTATENb 1,05 -1,07 nepeBo30yKICHHUE
To xe 0,9 HEZ0BO30YKIeHUE
ACHHXPOHHBIN 3JIEKTPOIBUTATENb 0,9 -

[Ipn cocTaBneHWHM CXEMbl 3aMEIICHUS Ha pHUC. 2.6 MOXKHO HE YUYUTHIBATH
CONPOTHUBJICHUE Kalesnell MUTAroUIMX 3JIEKTPOJIBUTaTENd, €CIU JUIMHBI KaOeIbHbIX
JUHUN He npeBpILarT 50 M.

Ha cxeme 3amenieHusi HAMEYArOTCSl TOYKH, B KOTOPBIX HAJ0 ONPENEIUTh TOKU
kopoTkoro 3ambikanus (TK3). DTy Touku BBIOUPAIOTCS C TAKUM PACYe€TOM, YTOOBI 11O
nosryueHHbIM TK3 M0xHO OBbLIO MpoOBECTH BBHIOOP M IMPOBEPKY BCEX allapaToB U
NpoBOAHUKOB B cersix Bbime 1000 B mo Ttepmuyeckod © JAHMHAMUYECKOU
YCTOWYHUBOCTH.

XapakTepHble TOYKH, B KOTOPBIX Hamo onpenensate TK3, mpuBeneHsl Ha pucC.
2.5,2.6.

st pacuera TK3 B XxapakTepHbIX TOUKaX HEOOXOAUMBI CIEAYIOIINE UCXOIHbIE
JaHHbBIE:

1)  MOUIHOCTH KOPOTKOTO 3aMbIKaHHS Ha IIMHAX UCTOYHUKA MUTAHUA S

MBA;

2)  mapaMeTphl BCEX AJIEMEHTOB CXEMbI 3JIEKTPOCHAOXKEHUS (BO3IYIIHBIX U
KaOeIbHBIX JTUHUH, TpaHCPOPMATOPOB, ANEKTPOJABUTATENIEH, PEAKTOPOB U T.1I.).

Tax kax Bb100p ceuenuit JIDII u kabenbHBIX TUHUI MOKA HE TPOU3BOAUIICS, TO
WX UHAYKTUBHOE COMPOTUBIJICHUE MPUHUMAETCA MO TaHHBIM [9]:

1) kabenbHBIC TMHUHN 6-10 KB 0,08 OM/kM;
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2)  Bo3mymHbIe TuHUK 6-10 kB 0,39 Om/kM;

3)  Bozaymnblie tuHUU 35-110 kB 0,425 OM/kM;

[TapameTpsl DJIEMEHTOB CXEMbl 3aMEUICHUS MOXXHO ONpENeNsITh B
MMEHOBAHHBIX WA OTHOCHUTEIBHBIX EIAWHMIIAX. B Iensix ympoIieHus pacdyeToB
BMECTO JICHCTBUTENBHBIX HAMPSIKCHWH Ha OTACIBHBIX CTYINEHAX TpaHchopmammu
JIOIYCTUMO TIPUHUMATh CPEHNE HOMHUHAIbHBIC HAMIPSHKEHUS 10 mikane U kB:

Cp.HOM ?
230; 115; 37; 10,5; 6,3; 0,4.
B AuNIOMHBIX MPOEKTax MapamMeTPhbl CXEMbI 3aMEIICHUS CIEAYET ONPEACATh
B OTHOCHTCIBHBIX enuHunax. Jmg »3Toro HeoOXommMmo 3amaThbcs 0a3MCHOM
MOIITHOCTBIO M BBIYMCJIUTH 3HA4YEHUs Oa3MCHOIO TOKa Ha OTACIBHBIX CTYIEHSX
TpaHcpopMaIuu, TJie CTOAT TOYKH KOPOTKOTO 3aMbIKAHUSI, IO BHIPAYKEHHUIO:
L. :S—6
o \/g'Ucp.HOM ’

B Tabnuue A.17 mpunoxeHuss A mnpuBeneHbl QOPMYIBI Uil ONpeaeeHUs
OTHOCUTEJIbHBIX COMPOTUBIECHUHN PA3TUYHBIX JIEMEHTOB CUCTEM DJIEKTPOCHAOKEHHS.
[Ipu pacuerax S; pexkoMeHayerca npuHumath papao 10000 MBA.

(2.25)

Jlns BbIOOpa anmapatoB W MPOBOJHUKOB M MPOBEPKU HUX MO TEPMHYECKOH U
JAHAMUAYECKOM  yYCTOMYMBOCTM B  KAXKJAOM TOYKE KOPOTKOTO  3aMBIKAHUSA
ONPEAETSAIOTCS CIEAYIONINE TOKA KOPOTKOTO 3aMbIKAHUS:

I.,- HauOoJsiblliee HAYaJIbHOE JICUCTBYIOIEE 3HAYEHUE TMEePUOAUYCCKON

110
cocrasisronen TK3;
iy, - ynapusrii TK3.

OTH TOKHU OIIPCACIIAIOTCA 110 CICAYIOIINM BBIPpAKCHUAM:

Lot =22 15, (2.26)
X*Z
iyi :\/E'Inoi 'Kym'; (227)

rae E.y - JIC BCceX MCTOYHUKOB MUTAHUS;

X#y - PE3YJbTHPYIOIIEE OTHOCUTEIBLHOE COMPOTUBICHHE CETU JO TOUYKHU
KOPOTKOTO 3aMbIKaHHS,

Ky, - YOApHBIA KOY(QQUIMEHT (IPUHUMAETCS 10 Tabiuue A.14 mpuioKeHus
A).

PaccmoTpum onpenenenrie TK3 st cxemsl Ha pucyHke 2.6.

2.8.2 PacyeT TOKa KOPOTKOI0 3aMbIKaHuA B ToOUKe K1

Jlis maHHOW TOYKM KOPOTKOTO 3aMBIKAHUSI MOYKHO HE yYWTHIBATH MOMAIMUTKY
MECTa KOPOTKOTO 3aMbIKaHUS OT DJEKTPOJBUTATENCH, T.K. OHHM 3HAYUTEIHHO
yIaaeHbl OT TOYKA KOPOTKOTO 3aMbIKaHMs. Toraa pacdeTHas cxeMa 3aMeICHUs IS
touku K; Oyner umers Buj (pUCyHOK 2.7):
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SHEPT'OCUCTEMA
K3.9C 110 xB
.H3H 110 kB

Tl I ™
Q2 K Q3
H] s %‘ | H] PY-6(10) kB

Q5
¥ ¥
KJI KIJI KJI KIJI KIJI KJI
I Iz l4 Is Is 7
Ks
TII1 TII2 TII3
0,4 xB 0,4 xB 0,4 xB
A A
Q6 Ks H]
H] ya QD7 PY-6(10) kB
[ ] [ ] [ ] [ ]
W4 W4 \% \%
KJI KJI KIJI KJI

Pucynoxk 2.5 - [Ipumep cxemsl 15l pacueTa TOKOB KOPOTKOTO 3aMbIKAHUS
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K>
/ 6,3 (10,5) kB

X1, X4 X.: X,
X X

X* OI1 X 012 X*ou X*OB
// K3 ‘ 6,3 (10,5) B
A ‘ ‘
X*Ml X*MSI X*MSZ X*M2

E.wi Eivsi E.ms2 E.m2

Pucynoxk 2.6 - [IpumMep cxembl 3aMeIIeHHs AJIs1 pacieTa TOKOB KOPOTKOTO 3aMbIKaHUS

Ki
E*3C X*BC Kl

Pucynoxk 2.7 - Cxema 3amenienus Juist Touku K
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PesynbTHpytomee conpoTtusienue 10 Touku K; Oyaet paBHo:
Xay] = Xuge T X 5 (228)
[Tepuomnueckas cocrapisromnias TK3 B Touke K; Oyner paBHa:

Ex,.

X#31

I

o1 (2.29)

nol —

VY napHbIif TOK KOPOTKOTO 3aMbikaHus B Touke K; Oyner paBeH:
iy,[[l = \/5‘ IHOI . Ky,[[l ; (2.30)

2.8.3 Pacuer TOKa KOPOTKOr0 3aMbIKaHMs B TOUKe K>

Jlnst maHHOW TOYKM HEOOXOJMMO YYHMTHIBATH IMOJIMUTKY MECTa KOPOTKOTO
3aMBbIKaHHSI OT BCEX CHHXPOHHBIX M ACHHXPOHHBIX 3JIEKTPOABUTATENEH, KOTOPHIC
nurtatoresa ot PIT— 6(10) xB.

Pacuernas cxema 3amenenus aisi Touku K, Oymer umerh Bua (pucyHOK 2.8,
a). YrpoiaeM cxemy 3amenieHus (pucyHok 2.8, 0).

B cxeme Ha pucyHke 2.8, 6 3Hau€HUs OTAEIbHBIX COCTABJISIOIINX
OMPEIENSIOTCA MO BBIPAKEHUSM:

Xuy) = X + X + X + po— ) (23 1)
X*ZHO}:{.Z = Xx3 + Xxg ; (232)
1
Xxg = Xz +—— (233)
YZaz(
)QMI E*Ml

Pucynoxk 2.8 - Cxemsl 3amenienus A Touku Ko
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Yon = ! + ! + ! + ! ; (2.34)

Xaml Xom2 Xoisl Xoms2

E E E E
Buon = ym[( ul g 22 sl s (2.35)
Kay] Xy2 Xoysl Xotps2

[Tepuomuueckas cocrtaBistonias TK3 B Touke K, 0e3 ydera MOANUTKH OT

ANIEKTPOJIBUTATENEH OyAET OMpPeAeaThCs BHIPAKEHUEM:

Ex,.

X#y9

I

e (2.36)

no2 —

Toxk IIOAITUTKH TOYKH Kz OIpeCACIISICTCA 110 BBIPAKCHUIO!

Esqon

625 (2.37)

IZHO:{.Z =
X*Znoz(.2

Cymmapnsiii TK3 B Touke K, Oyner paBeH:

Ino22 = I1102 + IZnoa.2 ; (238)

Vnapuseiit TK3 B Touke K, onpenensercst 1o BhIpaKeHUIO:
iy =V2 Thoos Ky (2.39)

2.8.4 PacyeTt TOKa KOPOTKOIo 3aMmbIkaHuA B TOUKe K3

Pacuetnas cxema 3amenienus st Touku K; Oyaet umers Buj (pucyHok 2.9.)

Ks
E.oc X.53 X, snon3

E J10]1

Pucynok 2.9. Cxema 3amenenus s Touku Ks
B cxeme Ha PUCYHKEC 2.9 3HayeHus OTACIBbHBIX COCTABJIAIOIINX OIIPCACIIACTCA

I10 BBIPAKCHUAM:

Xay3 = Xuge T X T Xapp T Xtpy) T X3 5 (240)
X*ZHOI{.3 = Xxg , (2.41)
3HAUYEHUE x4+, ompeaensiercs no (2.33) — (2.34).
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[Mepuoanueckas coctaBmsitomass TK3 B Touke K; 0e3 ydyera moamuTku OT
AJIEKTPOJIBUraTENEN ONPEAEIIAETCS BEIPAKEHUEM:

Ex)¢

X#53

. ey (2.42)

o3 —

Tok noanuTku Touku K3 onpenensercs no BhIpaKeHUIO:

|

Igs; (2.43)

IZHOH.3 =
XS o3

Cymmapssiii TK3 B Touke K3 OyaeT paBeH:
In032 = IH03 + IZr{oz{.3 9 (244)

VY napusbiit TK3 B Touke K3 Oyner paBeH:

iy213 = \/5 In032 : Ky/:[3 ; (245)

2.8.5 Pacuer TOKa KOPOTKOr0 3aMbIKaHHMA B TOUKe K

Pacuetnas cxema 3amenienus s Touku Ky Oyner umers Buj (Pucynok 2.10.)

Pucynok 2.10 - Cxema 3ameneHus a1t Touku Ky

B cxeme na pucynke 2.10 3Hau€HUsI OTAEIBHBIX COCTABISIONINX ONMPEIEIIACTCS
10 BBIPAXKEHUSM:

Xuyg = Xipe + Xy + Xoegp T Xaepg] T Xo 5 (246)

X*ZHO}JA = X*Zn0ﬂ.2 + X ; (247)

[Tepuomuueckas coctaBistonias TK3 B Touke Ky 0e3 ydera MOANUTKH OT

SHCKTpO,Z[BI/IFaTeJIeﬁ OIIpCACIIACTCA 110 BEIPAXKCHUIO!
Ex,

Lyos = Tgqs (2.48)
X#34
Tok noanuTku Touku K4 onpenensercs no BhIpaXKeHUIO:
E«pp
_ 1 .
Isnoga == loas (2.49)
X*Enoz[.S'

Cymmapnsiii TK3 B Touke K4 Oyner paBeH:
249



Lioas = lhos +Isnona s (2.50)
VY napusiit TK3 B Touke K4 Oyzaer pasen:

yaa = V2 Tooa Kya s (2.51)
PesynbTaTel pacuera TK3 cBoasTcs B Tabmuiy 2.10

Tabnuya 2.10 — PesyabTatsl pacuera TK3

Touka KOpOTKOTO | B Isnon » Lios» iyz[ 5
3aMbIKAHU A KA KA KA KA

K1
K2
K3
K4

2.9 Bei0op 371exTpoodopynoBanus Ha I'III u PII
2.9.1 Br16op cxembl u 00opyroBanusi OPY 110 kB

Boibop cxembt OPY 110 B 3aBucut ot cxembl nutanus [TIII or
sHeprocucteMbl 1 MomHocTH TpanchopmaropoB ['TII. Cxempr nuranus I'TII moryT
OBITHh MarucTpajgbHble W paauanbHbie. [Ipu momHocTH TpaHchopmaTtopoB g0 16
MBA  BkmwounTenbHOo — cxeMbl  OPY  npuHMMArOTCS  YOPOUIEHHBIMH €
KOPOTKO3aMbIKaTeIsIMU, a MpPU MOLIHOCTH TpaHcpopmaropoB 25 MBA u Bbie
CXEMBI CJEAyeT NPUHUMATh C MacisHbIMU BbIKItOuaresiMu. Ha pucynke 2.11
npuBeseHbl BO3MOXHbIE cxembl OPY 110 kB. Cxemsl: pucynkoB 2.11,a
NpUMEHSAIOTCS Tpu  paguainbHoMm nurtanuud [TII, a pucynku 2.11,06 npu
MaructpaibHoM nutanuud [TIIT momuocteio 1o 16 MBA. Cxema pucynka 2.11,8
MPUMEHSETCSA MPU MarucTpaibHOM U paguanbHoM nutanuu ['TII mpu momHOCTAX
tpanchopmaropoB 25 MBA u Beime. Cxema pucynka 2.11,r mpumensiercs mnpu
HaJMYUK HA TIpeANpUiITUr norpedureneit I kareropuu.

Kak BuaHo u3 pucyHkoB 2.11, ocHoBHbiMuU 3nemeHTamu OPY 110 kB
ABJSIIOTCS:  PAa3bEAUHUTENN,  OTHACIUTENM, KOPOTKO3aMBIKATENIH,  MAacCJsAHbIE
BBIKJIFOUATENH, TPAaHC(HOPMATOPHI TOKA, Pa3psIIHUKH, 3a3€MIIUTEIN OJHOMOJIOCHBIE.

[Ipu BbIOOpE 37E€KTpOOOOPYAOBaHUSI B ceTax HampsbkeHueM Bbime 1000 B
CIEAYET YUYUTHIBATH:
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110 xB

. 110xB e
i\ oRs
h—=
M—U‘
FV1
Tl ™ Tl ™ PVA 0SS
A) L L
6(10) kB 6(10) kB
a) 0)
. 110xB
110 B Q3 Qs2) &
l L Qs1 ]
QS4
[] HK [] M
M—{\‘ M—{\‘
FVI FVI
T1 T2, FV2 lez T1 T2 FV2 lQSS
A % L A % 1
6(10) kB 6(10) kB
B) r)

Pucynok 2.11 - Bo3moxnsie cxembl OPY 110 kB

o IPOYHOCTH M30JLALMH B JUIMTEIBHOM PEXUME U IIPU KPATKOBPEMEHHBIX
nepeHanpsHKeHUSIX;

o JOIYCTUMBII HArpeB TOKAMHU B JIUTUTENIbHBIX PEKUMAX;

o CTOMKOCTB B PEKMMAaX KOPOTKOI'O 3aMbIKaHUS;

o TEXHUKO-IKOHOMUYECKYIO 11€JIECO00Pa3HOCTh;

o COOTBETCTBHUE OKPYKAIOLIEH Cpesibl U pOAY YCTAaHOBKU;

[ ]

JOCTATOYHYIO MEXAHUYECKYIO POYHOCTb.

Bce anektpooOopynoBaHuEe [OJKHO MPOBEPSTHCS HA TEPMUYECKYIO H
JTUHAMUYECKYIO YCTOMUHUBOCTD K peaIbHBIM TOKAM KOPOTKOT'O 3aMbIKaHUSI.

B npunoxenun A Ttabmuubl A.16 mnpuBEeACHBI TapaMeTpPOB DJIEMEHTOB
obopynosanus 111 OPY 110 xB.

PesynbTaThl BeiOOpa u mpoBepku obopynoBanus OPY 110 kB cBoastcs B
Ta0IuILy.

B Tabnune 2.11 npuBeaeH npumMep 3amnoaHeHUs TabIUIbl BEIOOpa U MPOBEPKU
obopynosanus OPY 110 kB.
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Tabauya 2.11 - Beioop o6opynoBanusi OPY 110 kB

HanmenoBanue u tvn Ycnosus PacuerHbie Texnuueckue IIpoBepka
JIEKTPOO0OOPYIOBAHUS BbIOOpa JaHHbBIE apaMeTpsl yCIIOBUS
1 2 3 4 5

PazpenuHnTeny (THUIIBI) U.ow <UL U hon = Uy =

| I Ip Ip = Liom =

I;um < Ino Il'IO = IJII/IH =

Ly 21y, g, = U =

2.t >B, By = 1.t =

Otnenurenu (TUIIBI) U_ow <UL U, jom = Upon =

| Ip Ip = Liom =

L <16 Lo = L =

i)Z[I/IH > iyﬂ iy)l = i):[I/IH =

12.t, > B, By = 2.t =

KopoTtko3ambikaTenn U, <U.. U hon = Ugpon =

(THHBI) IHOM Z Ip Ip = IHOM =

IHI/IH S IHO IHO = I,I[I/IH =

Ly 21y, g, = U =

2.t >B, By = 2.t =

MacisHbie BBIKIIIOYATENH U o SU., Uehom = Upon =

(THTIBI) S I, = Loy =

Lw <1 Lo = IJII/IH =

izmH > iyﬂ iy)l = izu/IH =

12.t, >B, By = 2t =

Tpancdhopmatopsl Toka U, SU, U om = Uion =

(THHBI) IHOM Z Ip Ip = IHOM =

Pa3pHHHHKH (THHBI) UCAHOM S UHOM UC.HOM = UHOM =

2.9.2 Bri0op cxembl u o0opynosanusi 3PY 6(10) kB

Bri6op cxembr 3PY 6(10) kB 3aBucut ot Momuocti Tpanchopmaropos. Ilpu
MOIIHOCTH TpaHchopmaTopoB 10 16 MBA BxmountensHo 3PY BeIONHIETCS ABYX
CEKLIMOHHBIM, IPU MOLTHOCTHU TpaHchopmaTopoB 25 MBA u BbIlIe — YeThIpex
cekunuoHHbM. B 3PY ans nmpuema u pacnpeneneHus 3JIEKTPOIHEPIHUU JTOJIKHbI
BBIOMPATHCSI KOMIUIEKTHBIE pacrpeaenurenbibie yerporictBa tuna KCO umu KPY.
KCO BbiOupaercst nnsi HEOOJbIIUX MPEANPUATANR M HAJIUYUU HEOTBETCTBEHHBIX
notpeduteneit. B tabnune A.1 npunoxxenust A npusenensl qanasie KCO u KPY.

OcHoBHbIMM siueliKaMu 3PY SBISAIOTCSA: BBOJOHBIE, CEKLUMOHHBIE, OTXOISIIMX

JUHUHI, TpaHcHOpMaTOPbl HAPSHKEHUS U TpaHC(HOpMATOPbl COOCTBEHHBIX HYXI.
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Pesynbrarel BeIOOpa m mpoBepku obopynoBanus 3PY 6(10) kB cBomsarcs B
Tabnuiy. @opMa TabIUIIbI TPUBEIEHA HIDKE.

Tabauya 2.12 - Boioop o6opynoBanusi 3PY 6(10) kB

HaumenoBanue u tun Ycnosus PacuerHbie Texnuueckue IIposepka
AJIEKTPOOOOPYTOBAHUS BBIOOpA JTAaHHBIE apamMeTpsl YCIIOBUSA
1 2 3 4 5
Beikimrouarens BBOOHOU U.ow S U, U hon = Uuon =
Tom 2 Ip Ip = Lo =
Izmr—r S Ino I1‘[0 = IHI/IH =
Ly 2 lyn Ly = Ly =
2 B, = 2 .
ID-t, 2By k ID-t, =
Brikiarouatenab CeKIIMOHHBIN Te xe
Brixiaroyarens oTXoasIen Te xe
JIMHUHU
Tpancdopmarop Toka Te xe
BBOJIHOM
Tpancdopmarop Toka Te xe
CEKI[MOHHBIN
Tpancdopmarop Toka Te xe
OTXOIAIEH JINHUN
TpaHC(bOpMaTOp UC.HOM S UHOM UC.HOM = UHOM =
HAIPSKEHUS
HpeHOXpaHI/ITeHB 'Z[HH UC.HOM S UHOM UC.HOM = UHOM =
sanTel TH
HpeHOXpaHI/ITeHB 'Z[HH UC.HOM S UHOM UC.HOM = UHOM =
3amutel TCH
OrpaHanTeJIb UC.HOM S UHOM UC.HOM = UHOM =
TEPEHANPSIKECHUS
Beikiaroyarens Harpys3sku U, SU, U hom = Uuon =
IHOM 2 Ip Ip = IHOM =
| lyn 1y = U =
2 B, = 2. _
I7-t.>B, k it =

Ananornuno 3PY 6(10) xB BwiOupaercs obopynoBanue PIT 6(10) kB mus
MATAHUS BICOKOBOJIBTHBIX DJIEKTPOITPHUEMHHUKOB.
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2.10 Bbi0op cereii HanpsizkeHueM Bbine 1 kB

2.10.1 Bbi6op Bo3aymHbIX JuHui 110 kB

CeueHune BO3IYIIHBIX JIMHUWA BHIOUPAETCS 1O CIEAYIOIUM YCIOBUSIM:

6)  SKOHOMHYECKOM IUIOTHOCTH TOKA;

7)  HarpeBy;

8)  KOpOHE;

9)  MexaHWYecKOW MPOYHOCTH.

Buvibop no skonomuueckoii niomnocmu moxa

T7€ j,. - SKOHOMHAYECKasl INIOTHOCTh TOKa (Tadymia 2.13)

I, - OTIPEMIEISIETCS 110 BBIPAXKEHHIO:
S K

[, = 2uomr " %ar .

P \/g'UHOM ’

r7e S, . - HOMUHAIbHASI MOIIHOCTH TpaHchopmatopa ['TIII;

rae

K, - KO3 (ULHUEHT 3arpy3ku TpaHchopmaTopa.

Buvibop no nacpesy
VYcnoBue BeiOOpa

<
p 10T

_ 1’4'SHOM.T .
p - ’
\/g'UHOM
IHOH- I[OHYCTI/IMBII\/Il [0 HArp€By TOK (HpI/IHI/IMaeTCﬂ

I

MIPUIIOKEHUS A)
Jlis BJI-110 kB ceuenune mo KOpOHE JODKHO OBITH He MeHee 70 MM%, a Imo
MEXaHUYECKON POYHOCTH HE MeHee 35 MM>.

U3 4 ycnoBuii BbIOMpaeM HauOoJIblIee CEYCHHE.

(2.52)

(2.53)

(2.54)
(2.55)

mo Ttabmuie A.12

2.10.2 Bbi0op cnnocoda npokJaaku u ceuenus cereii 6(10) kB

Ha npowmeinuienssix npeanpustusx cetd 6(10) kB BhIMOTHSAIOT B OCHOBHOM
kabesiMu. bosbIioe pacnpocTpaHeHUe MOTYYHIIA J1Ba CIIoco0a MPOKIIAIKU Kabeei:
B tpanmesx npu uncine kabeneit 10 6 1 Ha 3cTakaax mpu yucie kadbesei oosee 6.
Ceuenue kaOenbHbIX TMHUHN HanpspkeHreM Boiiie 1000 B BeiOupator:

4) 1o Harpeny;

5) O PKOHOMHYECKOU ITIOTHOCTH TOKA;
6) IO TEPMUYECKON yCTONYHMBOCTH.
Buvibop no nacpesy
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Jlnst kabeneit ¢ OymMaXHOW M3OJSAIMEN MomycKaeTcs meperpyska B 1,3 pasa B
TedeHne 6 4acoB B CYTKH, a JUIsl KaOenel ¢ miacTMaccoBoil m3onsmumed B 1,1 pasa,
MI09TOMY YCJIOBHS BBIOOpA TI0 HArpeBy OyayT:

I <13-1

pmax —

(2.56)

JIOII *

Lymax L1 Lion s (2.57)
rae 1,,,- JOIMYCTHMBIA IO HarpeBy TOK (mpuHMMaeTca no rtabmune A.7 m A8

IPUIOKEHHS A);
Iymax = PACUETHBIA TOK MPOTEKAIOIMI 10 KaOENbHOW JIMHWUHM B aBapUAHOM

pexuMeE.

Bb160p no 9KkoHOMUYECKOU NIOMHOCTU
__p.
F,=-t; (2.58)

7€ I, - PACUYETHBIA TOK MPOTEKAKOUINM 110 KAOEILHOM JIMHUKM B HOPMAJILHOM PEXKHUME;

jox- DJKOHOMHYECKas IUIOTHOCTh TokKa (mpuHHMaercs mno Tabmuue A.10

IPUIIOKEHHS A).

Buvibop no mepmuueckotii cmotikocmu
Omnpenensercs MUHUMAJIBHOE CEYCHUE:

Fminz %:a'lw'\/aa (259)

rae B, - TEIJIOBOM UMITYJIbC;
C- k03 PUIHEeHT 3aBUCIINN OT MapKU Kabels, BUAa ero Wil U HalpsKEeHUS;
a - pacueTHbIN KodDPuiueHT (a=12 1 kabenei ¢ aTrOMUHUEBBIMY KUJIAMU,
a =7 s kabenel ¢ MeTHBIMU JKUJIAMH )
[, -yCTaHOBUBIIHUINCS TOK KOPOTKOTO 3aMbIKAHUS, KA;

t - BpeMsl POXOKJICHH TK3 Yepe3 Kadelb, ¢
ty = thy +tops (2.60)
IIC t,, - BpeMs JNEUCTBUSI PENIEMHON 3aIIUTHI, C;
t,, - BPEMSI OTKJIFOUEHHUS BBIKIIIOUYATEIS, C.
N3 Tpex ceueHuit 3a OKOHYATEILHOE BHIOMpAETCss HanboJIbIIIee.

2.11 Pacuer noka3arteJjieil KauecTBa 3JIEKTPOIHEPIruu
Pacuér mokaszateneil kayecTBa SJEKTPOIHEPTHU: OTKJIOHEHHM M KoJeOaHui

HaIpsOKEHUS, a TakK)Ke HECHHYCOUJATBHOCTh W HECUMMETPHUIO HANPsDKCHHUS CM. B
pasnene 8.

255



2.12 Bb100p peeiiHOi 3aIUTHI

Bompocsr pacuéra u BeIOOpa peneiHON 3amuThl ¥ aBTOMATUKH HM3JI0KEHBI B
paznene 11.

2.13 MopaesupoBaHue MepexoaHbIX MPOIECcCoB

MopenupoBaHue MEpPEXOIHBIX MPOIECCOB CM. yueOHoe mocobue CTenaHoB
B.M., T'openo FHO.M. CripaBouHoe mocoOue Mo MMHUTAIIUOHHOMY MOJEIUPOBAHUIO
PEXKUMOB DJICKTPOIHEPTETUUECKUX CUCTEM. TYJIBCKUUA I'OC. YHUBEPCUTET. — Tyia:
N3n-o Tynl'V, 2009.

2.14 MeponpusiTus 10 JHEpProcoepeKeHnIo

B nanHoMm pasznesne AMIUIOMHUK JTOJDKEH OMUCATh MEPOINPUATHUS 0 SKOHOMUU
AIIEKTPOIHEPTUH, KOTOPbIE MOKHO BHEJIPUTH HA IAHHOM MPEANPUSITUH.

Brinonnenue B AUIIIOMHOM paboTte pazaena “OHeprocOepekeHre’” BOOpYyKaeT
BBIITYCKHUKA TEOPETHUECKUMU U MPAKTUYECKUMHU HAaBbIKAMH, HEOOXOUMBIMH JIJIS:

o BBIOOpa  cocTaBa  Tokazareined  SHeprodPpQGeKTUBHOCTH  MPH
W3TOTOBJICHUH TPOAYKIMM W TPHU  DKCIUTyaTallil  SHEPTONOTPEOISIOMEro
000pynOBaHU4,

® OpraHmM3alid U TPOBEJCHUS JHEPTEeTHUYECKUX OOCJIEIOBAHHM, C IEJBIO
omnpeneieHusl MOTEHIHala JHEeProcOepekeHus] Ha MPEANPUATHUU U COCTaBIICHUS
IPOrpaMMbl SHEPTOCOEPEIKEHNUS;

® [POEKTUPOBAHUS M DJKCIUIyaTaluu OOOpYAOBaHMS, TEXHOJOTHMUECKHX
MIPOIIECCOB B COOTBETCTBHUH C TPEOOBAHUSAMH 3aKOHOJIATEIHHBIX aKTOB M CTaHIAPTOB
10 3HEProcOEpPEeKEHUIO;

e BBINOJIHEHUS TPeOOBaHMI OPraHOB TIOCYJAapCTBEHHOIO Haja3opa 3a
3 PEKTUBHOCTHIO UCITOIB30BaHUs TOIIMBHO-IHEpPIreTHYECKUX pecypcoB (TOP);

e uis pa3paboTku Mep (puHAHCOBOrO (MHBECTHUIIMOHHOTO) XapakTepa,
MOOLIPSIOLIUX SHEProcOepeKeHue;

® T[POTHO3UPOBAHUS PA3BUTUS M OLEHKH I[IOCJIEACTBUI, BBI3BAHHBIX B
PBIHOYHBIX YCIIOBUSAX BO3MOKHOM HETaTUBHOM TMHAMUKOM 11eH u TapudoB Ha TOP, a
TaKXK€ M JJs OPUHATHS MeEp [0 MNPEIOTBPAIICHUI0 BO3MOXHBIX HEraTUBHBIX
ITOCJIEACTBUN.

B noscHUTENBbHOM 3amuCKe JUIUIOMHOTO TIIPOEKTa MaTepUalibl pasiena
“OHeprocOepekeHrne”  UW3JaraloTcs B OTJEIbHOM  TJlaBe,  HMMEHYEeMOM
“DHeprocOepexeHne”, KoTopas UMEET CJICIYIOIIHNE MoIpa3aeibl:

1. ITocTtanoBKa MPOOIEMEI.

2. AHanu3 CyIIECTBYIOIIETO MOJOKECHUA.

3. MeponpusTusi 0 3HEPTOCOEPEKEHHUIO.

4. Ouenka >3(pPEeKTUBHOCTH MEP T10 IHEPTOCOEPEKEHUIO.

5. BbIBOJBI.

Martepuanbl pasznena ‘“DHeprocOepexeHne” HEOOXOIMMO BBIOIHATH B
COYETaHUU C APYTUMHU pa3jiesiaMu JUIIOMHOT0 mpoekTa. [loaTomMy Bompockl
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“OneprocOepexeHre” JOJKHBI — PACKPBIBATBCS MPH  TEXHUKO-PKOHOMHUYECKOM
000CHOBaHUU MPOEKTA, B €r0 OCHOBHBIX YACTAX: TEXHOJOTUYECKOH, rpaduueckoil u
Ap.

BriBosibl 110 pazneny ‘“OHeprocOepekeHue’” JOJKHBI OCBEIIAThCA B JOKIAJC
NpU 3alIATE JUIUIOMHOTO IIPpOEKTa Tiepen [ ocynapCTBEHHOW aTTECTALMOHHOM
KOMUCCHUEMN.

Marepuansl pazaena ‘“OHeprocoepekeHue’” AOJKEH JTOMOJIHIThL U Pa3BUBAThH
BBITIOJIHSIEMYIO CTYACHTOM TE€MY IUILIOMHOTO MpoeKkTa. J[OmKHBI OBITh TIPUBEACHBI
KaK 00IIeOpraHn3aIlMOHHBIC MEPHI B 00JIaCTH DHEPTOCOSPEKEHHS Ha TIPEIMPUSITHH C
Y4E€TOM MPHUHIUIIOB JHEpProcOeperaroiiel MmoJuTUKA TOCyAapcTBa W TPeOOBAHMIA
roCyJapCTBEHHOTO Haa30pa 3a A(()EKTUBHBIM HCIOIH30BAHUEM 3JHEPTETHUYECCKUX
pecypcoB, TaK W ONUCaHbl W OOOCHOBaHbI pa3pa0OTaHHBIE MEPONPUSITHS,
HarpaBJeHHbIE Ha A(G(EKTUBHOE HCIOJIB30BAHUE SHEPIETHUUECKUX PECYpCOB M Ha
BOBJICUCHHE B XO35MCTBEHHBIH 000POT BO30OHOBIISIEMBIX UCTOYHUKOB SHEPTHUU.

Bcsi HopmaTuBHasi TeXHUYECKas JHMTEpaTypa, HCIIOJIb30BaHHAs B pasjele
“OneprocOepexxenue”, npuBoAUTCS B o6Omem “bubnuorpadpuueckom crnucke”
MOSICHUTENIHLHOM 3alUCKU JTUTIIIOMHOTO MPOEKTA.

[lepeyueHb OCHOBHOM W  JOINOJHUTEILHOW  HOPMATHBHOM, y4eOHOH,
TEXHUYECKOW W Hay4dHOU JUTEepaTypbl, KOTOpass MOXKET ObITh KCIOJIb30BaHA MPU
BBINIOJIHEHUU pa3zena “OHeprocOepexeHue”, IpUBEAEH B CIHUCKE PEKOMEHAYEeMOM
JUTEPATYPBL.

Odopmienue TekcTa pasaena “OHeprocoepexeHrue” J0KHO COOTBETCTBOBATh
OopOpMJICHUIO TEKCTa TOSICHUTEIBHOW 3alUCKU  JIUIJIOMHOTO  TPOEKTa ¢
IpUMEHEHUEM KOMITBIOTEPHOTO Ha0opa, MATUHOMUCHBIM CIIOCOOOM U JIp.

OcHOBHBIE MPUHIMITHATBHBIE PelIeHUs (IHEprocoOeperaronmue MeponpHusITs),
KaK M OCHOBHBIE TIIOKa3arenu 1o “DHeprocOepexeHue”, PEKOMEHIyeTCs
MPEJCTABIIAThH HA OTAEIBHOM JIUCTE rpaduuecKoil YacTu AUTIJIOMHOTO TTPOEKTA.

Bo BpeMs mnpeniUmiioOMHOW MNPAKTUKU CTYAEHTHI JOJDKHBI O3HAKOMHTBCS C
opraHu3amue padOTBHl TIO DHEPrOCOCPESIKECHUIO HA TMPEANPHITHH € CcOOpaTh
CJIEIYIOLUE CBEJICHUSA:

® 00 000CHOBaHHBIX MEPOTIPHUATHSX B IIPOTpaMMe IHEPTOCOSPEKEHUS
NPEANPUATUSA, COCTABICHHOM MO PE3YyJIbTaTaM €r0 SHEPreTUYECKOTO
00cJIeqOBaHMS,

® 0 TIOTEHIIMAJIE SHEPTOCOEPEIKEHUSI HA IPEANPUITUH (00beMaxX HEepaIMOHAILHO
ucnonb3zyemsix TOP);

® OCHOBHBIE MOKA3aTEeH ACSITEILHOCTH MPEANPUITHSA, B 00BEME SHEPTETUYECKOTO
nacropTa MPOMBITIIEHHOTO oTpednenus TOP nunn sHepreTudeckoro nmacnopra
OpraHu3alluy;

¢ 00 o0BeMe, TUIOMIAASIX, OTPAXKAAOIINX KOHCTPYKIUAX TPOU3BOJICTBEHHOTO
3MaHus (11exa) Mo MECTy NMPaKTHUKW, OpraHU3allui B HEM BEHTHIISALINH,
OTOIUICHHUS, OcBelIeHUsA. CPaBHUTH C MPOECKTHBIMU MTOKA3aTEISIMH;

® 0 (haKTUYECKHUX MOKa3aTeIIX pabOThl IHEPronoOTPEOIIAIONIET0 000PYA0BaHUS,
TEXHOJIOTUYECKUX MPOLIECCOB, COMOCTABUTh ATU MOKA3aTENU C TPOCKTHBIMU, CO
CPEAHEMUPOBBIMU UJTU JOCTUTHYTHIMU B OTJICJIbHBIX CTpaHax (mpuiioxeHue 1);
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® 0 BBINTOJIHCHUH HEProcOSpEraronx MEPOIPHUITHN B IIeXe IO MECTY NMPaKTHKH;
e o mpennucanusx ['ocoHEProHa30pa Mo paruoHaITLHOMY
HCIIOJIb30BAHUIO SHEPTOPECYPCOB B 00 WX BBHITTOJIHCHUH;
® 0 HaJIMYUHU CHCTEM U y3JIOB KOMMEPUYECKOTO ¥ BHYTPH3aBOJICKOTO ydeTa
pacxoayeMbIX SJHEPrOPECYPCOB;
® 0 HAJIMYHMH CUCTEMBI ABYXTapH(PHOTO ydeTa pacxoja dJIEKTPOIHEPTHH 110
BPEMEHH CYTOK;
® 0 JICHCTBYIOMMX Tapr(ax Ha TOTUTUBHO-IHEPTETUIECKUE PECYPCHI;
® 0 MOKa3aTeNIsIX HOPMUPOBAHUS YICIBHBIX pacxo0B TOP 1o KoOHKpeTHOMY TIeXY,
TEXHOJOTHYECKOMY IMPOIIECCY;
® 00 OCHOBHBIX ITPUHIIMITAX CTUMYJIMPOBAHMS COKPAIICHHUS yICTHbHOTO
noTpeOIeHUS ¥ PAIMOHATLHOTO UCIOJIb30BaHUS TOTUTUBHO-YHEPTeTUIECKUX
PECYPCOB.

[Ipu cOope pmaHHBIX cJleayeT o0co0oe€ BHUMAHUE YACIUTh H3YYCHUIO
HHEPTETUYECKOTO U SKOJIOTHYECKOTO MACIOPTOB MPEAIPHUSITHS, IEXOB, TEXHUIECKOTO
nacropTa KOTEJIbHON, OTYETOB M0 SHEPTETUIECKIM 00CIIeOBAHUAM (PHEPTOAyIUTY ).

[Ipu BBIMOTHEHWUW AWIUIOMHOTO TPOEKTa (paboThl) CTYACHTY IEeIeCOo00pa3HO
UCIIOJIb30BaTh  CICAYIONIYI0 CXEMy — MPEABAPUTEIBHO  O3HAKOMHTBCS €
COOTBETCTBYIOIIMMH 3aKOHO1a]ICIbHO-HOPMATHBHBIMU aKTaMH, ITyOIMKAIIUIMA B Ha
OCHOBE YK€ UMEIOIIUXCS, a TaKXKe COOPaHHBIX B MEPUOJT MPEUITIOMHOHN MTPAKTUKA
MaTepuasoB, HOPMaTHBOB, CpeIHEOTPaCIICBBIX (cpeaHepOCCHIICKHX,
CPEAHEMUPOBBIX ) nokaszaresnen s pexTuBHOCTH ohopMIIATH paznen
“DneprocOepexenre” B TUIIOMHOM MPOEKTE.

IMocTranoBka npodJembl. B 3ToM moapasaene, cchiiasich Ha TUPEKTUBHBIE
JIOKYMEHTBI 110 SHEProCcOEePEIKEHUIO, PACKPHIBAIOTCS OCHOBHBIC TTPUHITUTIBI
sHEprocoeperaroiieii MOJIMTUKH TOCYIapCTBA B 1IEJIOM M MPUMEHUTETHHO K

paccMaTpuBaeMoOMy TEXHOJIOTHUECKOMY Tpolieccy, o0opyaoBanuto. [lepeuncsirorcs
OCHOBHBIC HAmNpaBICHUS HSHEProcOEperalnmx Mep B pPaccMaTPUBAEMBIX

TEXHOJIOTHUECKON cXeMe M 000pyI0BaHUH, YKa3bIBAIOTCA, KaKHe U3 3TUX Mep ObuH

HCTIOJL30BaHbI B JUIIJIOMHOM paboTe 1o pazaeny “OHeprocoepexeHue”.

AHAJM3  CYHIeCTBYIOLIEro  mMoJIo:KeHWsl. B manHoM  moxpasnene
aHanm3upyercs ¢GakTudeckuit Oamanc morpebneHus TOP mpennpustus, 1mexa Wid
MPOM3BOJCTBEHHOTO y4acTKa (MPHU €ro HAJIWYUU) WIH TPOU3BOJUTCS OICHKA
mokaszareyied  dHepreTudeckoil A(PGEeKTUBHOCTH  pacCMaTpuBaeMoOro o0BEKTa,
KEMAaTeIbHO B COIOCTABJIICHUM C JIYYIIUMH POCCHHCKHMH WA CPETHEMHUPOBBIMU
MoKa3aTeIIMU. OJTH  MaTepHallbl  SBJSIOTCS  OCHOBOM Uil (hOpPMHUPOBAHUS
MEPOTPUATHIA 110 IHEPTOoCcOECPEKEHUIO.

OObeKTaMu, KOTOPBIE paccMaTpHWBAIOTCA B paszzene “DHeprocOepexeHue”
JTUTUUIOMHOTO TTPOEKTA, MOTYT OBITh:

° TEXHOJIOTUYECKOe 000pyI0BaHWEe, MAIINHBI, YCTAaHOBKU, AarperarThl,
NOTPEOJIAIONTNE TOTTMBHO-IHEPTE€TUYECKUE PECYPCHI;
° TEXHOJIOTUYECKHUE TTPOIIECCHI JIJIsi MPOU3BOICTBA MTPOAYKITUH;
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. TEXHOJIOTHYECKHE TIPOIECChl, CBS3aHHBIE C TPEeoOpa3oBaHUEM W
noTpeOieHHeM TOIUIMBA W DHEPrMM Ha BCIOMOTaTelIbHbIE HYXKIbl (OCBEIIECHUE,
OTOIUJICHUE, BEHTUISILUIO U T.11.);

. IPOU3BOJICTBEHHBIE MOAPa3/AesieHUs (Hapumep, KOpIyc, 1eX);

o MPEANPUATHAE B IIEIIOM.

daktrueckuit 6amanc motpebseHus TOP MOXET COCTOSTh W3 CIICTYFOIINX
paznesnoB (UX 00beM ONpeIEeTCs IPENo/1aBaTeIEM-KOHCYIbTAHTOM):

o o011ee moTpedIeHuEe YHEPTOHOCUTEIICH;
noTpeOIeHUE BIIEKTPOIHEPTUH;
noTpedieHUE TETIOBON YHEPTHH;

OTpeOICHNE KOTEIIbHO-TICYHOTO TOTUIHBA,;
noTpebeHre MOTOPHOTO TOIUIHBA.

[Tokazarenu »HepronoTpebieHns 0000IIAOTCS B IMPOM3BOJIBHOU dopme.
HeoOxogumbie naHHBIE MOTYT OBITH TOJIYYCHBI W3 DHEPTETUYECKOTO TMAaCIopTa
PEATNPUATHS.

[Ipy BBIMOTHEHUW NUILUIOMHOTO TPOEKTA, CBA3AHHOTO C Pa3pabOTKOW WM
pEeKOHCTpyKIMerH oObekTa(liexa, yd4yacTKa, MaIllWHbI, almapara), I[oKa3aTelu
OHEProMOTPEOJICHHS CIIEYeT MPUBECTU B CPABHEHHUH: JIO M TOCJIE PEKOHCTPYKIIUU
00BeKTa, JKeNIaTeIbHO MO MOKA3aTENI0 “IHEPTOEMKOCTh MPOU3BOJICTBA MPOTYKIHH .
I[Ipu »TOoM 1EnecooOpa3HO yKa3aTh, YeM BbI3BaHbBl HM3MEHEHHS B 00BemMax
notpeOneHuss TOP, Tak W BO3MOXKHBIE HM3MEHEHHS B CTPYKType IOTPEOICHUS
SHEPTOHOCUTEJIEN.

CpaBHEHHE TEXHOJOTHYECKUX BAPUAHTOB TIO BBIMYCKY  OJIHOPOIHOM
NPOAYKIIMM II€7IECO00pa3HO BecTH MO Tmokazarento “lTlomHas H»HEProeMKoCTh
W3TOTOBJICHUS] Tpoaykuuu” (TO ecTh BKIO4as pacxon TOP Ha mg00biuy,
TPaHCIIOPTUPOBKY, IEepepabOTKy IOJIE3HBIX HCKOIMAEMbIX, IPOHU3BOJCTBO CHIPHS,
MaTepHayioB, JeTale KOMIUICKTYIOIUX U3JETUH C y4eToM Kod(pduUllMeHTa
UCIOJIb30BaHUsl MaTepuaion), B coorBeTcTBUU ¢ ['OCT P 51541-99, 'OCT P 51750-
2001.

Ecau Ha mpeanpustun (00BEKTE) MCIOIB3YIOTCS BTOpUYHBIC pecypchl (BOP)
W/WJIM MECTHBIE (BO30OHOBIISIEMbIE) NCTOYHUKH YHEPTHUH, MPUBECTH CBEICHUS 00 MX
HCIOJIb30BaHUU.

Heo6xonumbie 000CHOBaHUS M PACUYEThI 110 OJJHOM U3 BBIMICTIPUBEACHHBIX WJIH
JOTIOJIHUTEJILHO TPUHATHIX TEM JAaHHOTO ToJpa3jiesia CTYACHT BBINOJHAET II0
yKa3aHUIO TIPEnoaBaTesi-KOHCYIbTaHTA.

Meponpusitusi mo 3HeprocoepeskeHuro. B maHHOM moapaszene CTyIeHTOM
GOpMHUPYIOTCS MEPOINPHUATHS TIO0 JIHEProcOCpeKEHUI0, B TMEPBYIO OYEpenb, TeE,
KOTOpBbIC BBITEKAIOT W3 aHaiu3a (OLEHKHW) TIOKa3aTelned HSHEPreTHYEeCKON
3O PEKTUBHOCTH  pacCMaTpUBaEMOIo  OOBEKTa, KOTOPHIM  BBHINOJHSETCS B
MpenbIayIIeM pa3zeie padoThl.

[Tpu 5TOM peKOMEHIyeTCS ITUPOKO MCTIOIh30BaTh:

J MHUPOBOH OTIBIT SHEProcOEepPEeKEeHUs B JAHHOW OTPACTH MPOMBIIIIICHHOTO
MIPOU3BOJICTBA;
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o M3BECTHBIN oTpacneBoit onbIT B Poccun /1, 3/;

L4 C3YJIbTAaTbl SOHEPIrCTUYCCKUX 06CJI€,Z[OB3.HI/II\/'I INPOBCACHHBIX Ha JAaHHOM

5

MpCAIPUATHN NI Had aHAJIOTHYHBIX 110 cBoOEH IMPOAYKIIHNH,
L MCPOIIpUATUA ,KOTOPLBIC HanboJjee 4acTo HCIIOJIB3YIOTCA Ha IPAKTUKEC B

HACTOSIIEE BPEMs.
Crnenyer ynensaTb BHUMaHUE, B IEPBYIO OYEPE/Ib:

. OpPTraHU3aIMOHHBIM MEPOTIPUATHAM;

o PEKUMHBIM paboTaM Ha 000PYAOBaHUU;

o BO3MOXKHOCTH Tiepexona Ha Au@QepeHIrpoBaHHbIE Tapudbl 10
NOTPeOIECHHON AIEKTPOIHEPTUH;

o MOJICPHHU3AIHN CUCTEM OCBEILICHUS;

. HEepecMOTpP MOITHOCTH HAarpy>KEHHOT0 000PY/JOBAHUS;

o Oonee T1iryOOKOMY HCHOJIB30BAHUIO TEMIEPATYphl YXOASIIUX Ta3oB
TOIUTUBO-TIOTPEOISIONINX arperaTos;

o BbIOOPY PHEPrOHOCHUTEICH;

. BHE/IPECHUIO CUCTEM yueTa SHEPrOHOCUTEIEH.

Ounenka »3>¢dexTUBHOCTH Mep MmO JHeprocoepe:kennro. B maHHOM
nojipaszieJie BCE€ MPEJIOKEHHbIE MEPOINPUATUS KIACCU(PUUUPYIOTCS IO YPOBHIO
MHBECTUIIMOHHBIX 3aTpPaT:

J 0e33aTpaTHBIC U HU3KO3aTPaTHbIC;
J CpelHe3aTpaTHhIC;
J BBICOKO3aTPATHBIE, UCXOMAS W3 HMMEIOMIETOCsS OIMbITA W MaTepUaIoB,

cOOpaHHBIX B MEPUOJI MPEAAUIIIOMHON MPAKTUKHU.

[lenecooOpa3HO BBINMOJIHUTH OLIEHKY 3(PPEKTUBHOCTH OJHOTO WA JBYX
MEPOIIPUATUNA MO PHEProcOEPEKEHUI0 O YCMOTPEHHIO CTyJeHTa. JlaHHyl0 paboTy
MO>KHO ITPOBECTH C UCTIOIb30BaHUEM MpuiIoxkeHus 3 u U.

BoiBoabl. B manHO# 3akirounTeNbHON 4YacTu pasjena ‘“OHeprocoOepexenue”
JTUIIJIOMHUK JIOJDKEH C(HOPMYJIMPOBATh BBIBOJBI O IIOKA3aTeNsAX JHEPreTUYECKOM
3 PeKTUBHOCTH pa3pabOTaHHONW UM HOBOW TEXHOJIOTUH, O0OpYyIOBaHUSA, CHUCTEM
yIpaBieHUs U T.I.

JKenatenbHO U3JI0KUTH 3TO B clieaytomien Gpopme:

J yKazaTb  NOTEHLUAl  JHEProcOEpekeHus,  KOTOPBIM  OKaszajcs
HEpEaTU30BaHHBIM B CYIIECTBYIOIIEH TEXHOIOTHH, 000pYAOBaHUU, CUCTEME U T.1I.;
o MPUBECTH CyMMapHbI 00beM sHepruu KBT-u mwin B Kr y.T., KOTOPBIA

yacTCsl peam30BaTh B PE3yJbTaTe MPOBENIEHUS pabOThl B 00BEME IUIIJIOMHOIO
MIPOEKTA.
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lMpunoxeHue 3

MeTtoauyeckue pexomeHaauun no BbIiNnoriHeHno
Opl'aHVI3aL|,VIOHHO-3KOHOMVI‘-IeCKOl7I Yyactu AUNNoMHOro rnpoeKkTa

Coz[epxcaHI/Ie OpFaHI/IBaHI/IOHHO—BKOHOMquCKOﬁ YacTu AUITNIOMHOI'O ITPOCKTA
JOJDKHO OBITH OpPraHn4CCKH CBA3aHO C €ro OCHOBHBIM COACPKAHUCM, IIOSTOMY, B
3aBUCUMOCTU OT TCMBbI, OIPCACIIICTCA W HAIIOJIHCHUC BBIIIC yKaBaHHOﬁ qacTHu
JUIIIIOMHOTI'O ITPOCKTA.

3.1 IIpoeKThl pEKOHCTPYKUMH WIH CTPOUTEIbCTBA 00HbEKTOB

Jlnsg TeM IUIUIOMHBIX IIPOEKTOB, CBS3aHHBIX C PEKOHCTPYKLUEU CHUCTEMBI
ANEKTPOCHAOKEHUS IIPEANPUATHS, PEKOHCTPYKIMEH CETEBOTO paiioHa,
PEKOHCTPYKIIMEN WM CTPOUTENIBCTBA PAMOHHOM IMOHM3UTEIIBHOM MOJACTAHUIMHU WU
I'TIIT 3aBoma W TOMY MOJOOHBIX IIPOEKTOB PEKOMEHAYETCS IPOBECTH pacyeT
(b1MHaHCOBO-3KOHOMHUYECKOU 3(h(PEKTUBHOCTU BHEIAPEHMs JTaHHOTO TpoekTa. Pacuer
JIOJDKEH OBITh MPOW3BEJICH B COOTBETCTBUM C OCHOBHBIM JUPEKTUBHBIM JIOKYMEHTOM
11 POCCMUCKOW NPaKTUKA aHAJIM3a WHBECTULUMOHHBIX IMPOEKTOB, a4 MMEHHO -
«Meroauyeckne peKOMEHAAIMU TO OIleHKe A()(PEKTUBHOCTH WHBECTUIIMOHHBIX
poekToBy, 2000r.

3.1.1 Kpurepuu 3¢(peKTHBHOCTH IPOEKTOB

CornacHO METOAMYECKMX PEKOMEHJAIUil 1o oueHke 3((HEeKTUBHOCTU
MHBECTUIIMOHHBIX IMPOEKTOB B OCHOBE MPHUHSATHS PELICHUS O IPUEMIIEMOCTH MTPOEKTa
JICKUT OTIPEICNIEHUE €TO LIEHHOCTH.

[leHHOCTD MpOEKTa -3TO pa3HUIla MEXKIY BBITOJAaMH MO MPOEKTY U 3aTpaTaMu
Ha ero peajn3alfio 1 dKCILTyaTaluio, T.€.

O1=P1-31 , (3.1.1)

rae DT-IIEHHOCTh WiH 3P (EKT MO MPOEKTY;

P1-BbIr0/1bI HIIM IOCTYTUICHUS TIO TIPOEKTY;

3T-3aTpaThl WK PACXOIBI IO TPOCKTY;

T- TOPU30HT pacyera.

Ilocmynnenusa cxiagplBalOTCSd U3 BCEX IUIaTEXeW 3a MPOU3BEICHHYIO I10
IPOEKTY MPOAYKLUIO U OKa3aHHbIe yciayru. Croia BKIIOYEHbI POJIAKH 32 HAIWMYHEIE,
M0 KOTOPBIM JIEHBI'M YXKE TMOJIyYeHBI, M TPOAAKH, MO KOTOPHIM TUIATEXKH €IlIe He
MOCTYIWIIN, HO TMTOKYMATEN! CTallu JOJDKHUKaMH. JIOXOIbI OT MPOIaXH TIIAHUPYIOTCS
MyTeM YMHOXXEHHS MPOTHO3UPYEMOTO 00beMa peanu3alvy NpOAYKIHMH MPOEKTa Ha
PBIHOYHBIE WM KOHTPOJHMpYyeMble IeHbl. K mnpounM NOCTYMJIEHUSM OTHOCATCA
cyocuauu ¥ UMHBIE J0XOAbl (HampuMmep, apeHjHas IuUlaTa 3a I[0JIb30BaHUE
COOCTBEHHOCTBIO MPOEKTA), KOTOPHIE, BMECTE C JI0XOAaMH OT MPOJaX, AT MMOJIHYIO
CYMMY TEKYIIHUX MOCTYIUICHHH. B CyMMy MOCTYIUIEHMI BXOIMUT TaKXe BBIpYyYKa OT
MPOJaXd aKTUBOB MTPOEKTA.
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Pacxo/ibl paBHSIIOTCSI BCEM TIIaTEXkaM 3a TOBAPbl U YCIIYTH, UCTIOIb3yEeMbIE ISl
BBIIIyCKa MPOAYKIIMH TPOEKTa, W JEIATCS Ha JBE TPYIIbL: IKCHIAYAMAUUOHHbBIE
Pacxoosl u KanumanbvHble 3aMPaAnbl.

B skcrutyaTalinoHHbIE pacxXoibl BXOJST oIjiaTa Tpyla, MaTepUalioB U TOIUIMBA,
apeH/Hasl IJiaTa, OIJlaTa KOMMYHAaJbHBIX, OOIIMX W aJMUHUCTPATUBHBIX YCIYT,
HAJIOTH, a TAKXKE MJIATEXKU 32 UHBbIE TOBAPbI WU YCIYT'H, HEOOXOAUMBIE /ISl BBITyCKa
OPOAYKIMU TMPOEKTA. DKCITyaTallMOHHBIE PacXojbl, B TOM YHCJIE pPacXojbl Ha
TEXHUYECKOE OOCIy)KHMBAaHWE W TEKYIIMA PEMOHT, MMEIOT MECTO KaXAbld TOJ,
HauyWHas C TEPBOrO JHS BBOJA MPOEKTa B SKCIUTyaTallMi0. JKCIUTyaTal[MOHHBIC
pacxoapl OIJIAYMBAIOTCA W3 OOIMMX JOXOJOB mpenmpustus. Kak u J10X0mbI,
MOJCYUTHIBAEMbIEC 32 KaXKIbI MEPUOJI, SKCIUTyaTal[MOHHbIE (TEKYIHUE) pPaCXObI
BKJIIOYAIOT TAKXKE €IIe HEOIUIAYEHHYI0 3aJ0JDKEHHOCTh 3a OKa3aHHBIE MPOEKTY
ycayru. I[lpuMepoM MOTYT CIyKUTh CuU€Ta 3a KOMMYHAJIbHBIE YCIYTH, KOTOpBIE
OTUTAYMBAIOT 3a MPOIIEAIINA MECSI TTOJIH30BAHUS TEIJIOM HJIH JJICKTPOIHEPTUECH.

KanurtanpHbIMU 3aTpaTaMu SIBJISIIOTCS  UHEecmuyuu, HEOOXOIUMBIE IS
oCylllecTBIeHUs1 TMpoekTa. K HUM Takke OTHOCITCS pacxolibl Ha 3aMEHy WIH
MOJIepHU3aIMI0 (OHAOB, KOTOPhIE U3HOCUIIUCH B XOJI€ XO3IMUCTBEHHON JIEATCIIbHOCTH
MIPOEKTA, a TAKXKE PACX0/bl Ha KaMUTAIBHBIM PEMOHT IS MOJJEpkKaHUsg B paboueM
COCTOSIHUM (POHJIOB MpoeKTa B TEpUOJ MNpOBeAcHUs aHaiuza. Ecim, Hampumep,
aHanu3 oxsaTbiBaeT 10 wim 20 JeT, TO BO3MOXHO, YTO OOOPY/IOBaHHUE MPUIIIOCH
3aMEHUTh HE OJMH pa3, a HH(]pacTpyKTypa W APYrHe OCHOBHBIC COOPYKEHUS
HYXJAI0TCSI B PEKOHCTPYKIINH.

JIisi  OLIGHKM pEHTa0eIbHOCTH TMPOEKTa B JAHHOM ClIy4ae HEO00XO0IUMO
HCIIOJIb30BaTh KOHTPOJIUPYEMbIE TOCY1APCTBOM IIEHBI.

VrpapisieMble 1LEHbl YCTAHABIMBAIOTCSA MPABUTEIBCTBEHHBIM OPraHOM U
HaIpaBJIeHbl Ha obecreueHne GUKCUPOBAHHOTO YPOBHS CyOCHTUH.

[Tocne o1eHKH MOTOKOB MPOECKTUPYEMBIX PACXOJO0B U MOCTYIJICHUM CIEAYyeT
ATall KaJIbKYJSIIMU HHTETPAJbHBIX IOKa3aTele JIoCTOMHCTBA mpoekta. K Hum
OTHOCATCSL uucmwlii Ouckonmupogauuvtii. 00x00 (4/1A/1), enympennasa nopma
ooxooa (BH/T), unoexc ooxoonocmu (H/]), cpox okynaemocmu (Tok).

Yucmotii ouckonmuposanuslit 00xo0 (Net Present Value - NPV)

Yucteiit nuckonTupoBanubiii noxon (Y1) paBeH pa3HOCTH MEXIy TEKyIIeH
[IEHHOCTBIO MOTOKAa OyAyHIMX JOXOJOB WJIM BBIFOJA W TEKYIIEH LIEHHOCTHIO MOTOKA
OyIylIMX 3aTpaT Ha OCYIIECTBIEHHUE, SKCIUTyaTallUI0 U TEXHUYECKOE 00CITy)KMBaHUE
IIPOEKTA HA BCEM MPOTSKEHUH CPOKA €TO KU3HHU.

Y11 M0oxKHO paccMarpuBaTh KakK TEKYILIYH) LEHHOCTh IMOTOKA JOXOHOB WU
BBITOJ1 OT CJCIaHHBIX KalMUTaJIOBIOXKEeHUU. B hrHaHCOBOM aHa/IM3e peHTAOCIHbHOCTH
Y1 mpencraBiasieT coOOM TEKYIIYIO ILEHHOCTh IOTOKAa YHMCTBIX IOCTYIICHHH,
MOJTy9aeMBbIX JIUIIOM U (PUPMOI, B HHTEpecax KOTOPBIX MPEANPUHUMACTCS MPOEKT.

Jns  xampkymsmun - YJ[JI 1o  mpoekTy  HEoOXOAMMO — ONpENeTUTh
COOTBETCTBYIOIIYIO CTaBKy JUCKOHTA, HCMOJb30BaTh €€ MJis JTUCKOHTUPOBAHUS
MIOTOKOB BBITOJI M 3aTpar, a 3aTeéM CYMMHUPOBATh IOJYYEHHBIE MPUBEICHHBIC
IIeHHOCTU. B ananm3e (uHAHCOBOW pEHTAOENbHOCTH, CTaBKAa JHUCKOHTAa OOBIYHO
ABJISIETCSI CTOMMOCTBIO KamuTana Juisi GupMbl. B ciiyyae 5KOHOMHYECKOTO aHan3a
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CTaBKa JUCKOHTa JOJDKHA TMPEACTaBIAThH COO0OM albTepHATUBHYIO CTOMMOCTH
KamuTana, T.e. MPUObLIb, KOTOpast MOTJIa ObI OBITH MOTy4YeHA IPU WHBECTHPOBAHUH B
allbTepHATHBHBIE MPOEKTHl. EciM cymMMa IUCKOHTHPOBAHHBIX IIEHHOCTEH HMeEeT
MOJIOKUTEIHHOE 3HAUCHHUE, TPOEKT OKAKET MOJIOKUTEIHHOE BIUSHUE HA PE3yIbTAThI
AESTENbHOCTH (PUPMBI HJIM SKOHOMHKH B I[EJIOM U MOXKET OBITh PEKOMEHIIOBAH IS
(buHAHCHUPOBAHUSI.

Yl = Z 0 (3.1.2)

H) ’
rne: Py - cymmapHbie BBITOIbI MIIM 3aTPaThl IPOEKTA B IO/,
3 - 3aTpaThl HA IPOEKT B I'of t,
EH — HOMUHaIbHAs CTaBKa IMCKOHTA,
N - CPOK KU3HU MPOEKTA.
B peanpHBIX pacyerax HEOOXOIMMO YUWUTHIBaTh Tak ke uHGsuio (b),
KOTOpasi CHI>KaeT HOMUHAJIbHYIO MTPOLIEHTHYIO CTaBKy COTJIacHO (POPMYJIBI:

r:EH—b
1+b

: (3.1.3)

IJI€ I — peajbHas IPOLEHTHas CTaBKa
Ecnu obmme 3aTparhl 3amucarth Kak CyMMYy JByX cocTaBisiomux 3t+Pt u
MOACTaBUTH B hopmyiy (3.1.2), To oHA TPUMET CIICAYIOIIHI BU/

T Pt T Kt
Y
o ;(1”) z““)t, (3.1.4)

Buympennasa nopma ooxooa (Internal Rate of Return - IRR)

BHyTpeHHss1 HOpMa 10x0J1a (MM - BHYTPEHHSST HOpMa PEHTA0EIbHOCTH) TI0
MPOSKTY paBHA CTaBKE JMCKOHTA, NMPH KOTOPOH BBITOJBI PaBHBI 3arparaMm. MHBIMHU
CJIOBaMH, BHYTPCHHSISI CTaBKa JI0OXOJa - 3TO CTaBKa TUCKOHTA, IPH KOTOPOUW YUCTHIN
JTUCKOHTHPOBAHHBIN JIOXO/ 110 MPOCKTY PABEH HYIIIO.

UHOekc OoxoOHocmu
Nunexc noxomnoctu (M) mnpencraBiseT co0OM  OTHOIIEHHUE CYMMBI
PUBEJICHHBIX A(D(PEKTOB K BEIMUNHE KAITUTATOBI0KCHUM:

i )— (3.1.5)

1
K & (1+r)t

Nunekc noxogHoctu TecHO cBsizad ¢ YJIJI, OH CTpOUTCS U3 TE€X K€ BIEMEHTOB
U €ro 3HaueHue cBsazaHo co 3HadeHueM YJI/1: ecaun Y1/ nonoxurenen, To U >1 u
Ecau U1 >1, npoekt addexturen, ecau UI<1 - HeadpekTrreH.
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Ilepuoo okynaemocmu kanumanosgnoxcenuui (PBP-Pay Back Period)

[lepron OKymaeMOCTH KalWTAJOBIOKEHUM yKa3blBa€T HA 4YHUCIO JIET,
TpeOyeMbIX AJi1 BO3MEUIEHUSI KAalUTAJIOBIOXKEHUN B MPOEKT 3a CUET YUCTHIX BBHITO]
OT MpoeKTa. DTOT MOKa3aTesb MHOTAA YJI0OeH aisi ObICTPOro pacdyera M MOMKET
yKa3aTb Ha BapUaHT NPOEKTAa, 3ACIYKUBAKOIIWKA JaJbHEUIIETO PACCMOTPEHHUS.
OnHako OH HE TPUBOJUT K OJHO3HAYHBIM BbIBOJAM. Tak, Hampumep, OJWH MPOEKT
cTouMOCThIO B 100 y.€., TPUHOCSIIMN €XEroAHyI0 BeIroay B 20 y.e., OKymaercs 3a 5
net, a apyroi 100-y.e. IpOEKT, NPUHOCIIIMN B MEPBBIM roa Beiroay B 1 y.e. U Ha
IATBIA ToJ BBITOAY B 99 y.e., okynaercs Takxe 3a 5 yer. B nepBoM ciydae, oaHaxo,
YJJI - mnonoxuteneH, a BO BTOpoM - oTpunareneH. Cpok OKynaeMoCTH -
MHUHUMAJIbHBI BPEMEHHOM HMHTEpBal (OT Hadalla OCYILIECTBJICHUS NPOEKTa), 3a
npejaesiaMu KOTOPOTO MHTETPaAIbHBIN d()PEKT CTAHOBUTCS U B JAJIbHEUIIIEM OCTaeTCA
HeoTpuuarenbHbIM. MHBIMU cioBamu, 3TO - mnepuoia (U3MepsieMbli B Mecslax,
KBapTajgax WM rojiax), HauhHas ¢ KOTOPOIro MEepPBOHAYAILHBIC BJIOKEHUS U JIPYTHUE
3aTpaThl, CBS3AHHBIE C MHBECTUIIMOHHBIM IPOEKTOM, IMOKPHIBAIOTCS CYMMAapHBIMU
pe3yJbTaTaMM €ro OCYIIECTBIECHUS.

Pe3ynprarel W 3aTpaThl, CBSA3AaHHBIE C OCYIIECTBICHUE IPOEKTA, MOXKHO
BBIYUCIIATh C JIUCKOHTUPOBaHUWEM Wi 0e3 Hero. COOTBETCTBEHHO, MOJYYHUTCS JBa
Pa3IMYHBIX CPOKa OKynaeMOCTU. CpPOK OKYITaeMOCTH PEKOMEHIYETCS ONPENEINATh C
VCTIOJIb30BAHUEM JTUCKOHTUPOBAHMUSL.

3.1.2 Pa3zpaboTka KajieHAapHOro NJaHa-rpaduka BbINOJIHEHNs padoT

HaunHathCs OpraHu3allMOHHO-3KOHOMHUYECKAs 4YacTh JOJDKHA C KpaTKOro
OMHCaHUs MPOEKTa. 3aTeM He0OXOAUMO pa3paldoTaTh KaJeHIApHBIN IJIaH — rpauk
BBITIOJIHEHUS paboT 1o npoekty. [Ipumep Takoro miuana npuseaeH B Tadmune 3.1.1.

Tabnuya 3.1.1 - Kanennapuslii niian-rpaguk pador

Ne Coneprxanue stana JlaTa Hayanla Hata 3aTparel,
JTamna OKOHYaHUS $US
1 Pa3zpaboTka OuszHec-miaHa 01.12.2003 31.12.2003 800
2 JleMoHTax 000pyIOBaHUS 03.01.2004 28.02.2004 1000
3 MonaepHuzanus 31aHus OACTaHIIUN 01.03.2004 31.03.2004 1000
4 3akynka 000py10BaHUS 20.03.2004 30.04.2004 20000
5 MoHTax 000pyI0BaHUs 01.04.2004 30.06.2004 1500
6. [Tycko-HanamouHbie paboThHI 01.07.2004 31.08.2004 1500
7. ITpon3BOJICTBO IIEKTPO-IHEPTUH 15.09.2004
Uroro 25800

Pacuer cnenyer HauMHATH C ONPENEICHUS KAlUTAJIBHBIX 3aTpaT IO BCEM
AIIEMEHTaM 3JICKTPOCHAOKEHUS, BXOIALIUM B MPOEKT. 3aT€M BBINOIHIIOTCS PacueThl
ce0EeCTOMMOCTH TOI0BBIX IKCILTYyaTallMOHHBIX PACX0/10B, BKIIOYAIOIINX
aMOPTHU3ALMOHHBIE OTYMCIIEHUS, TOJOBBIE 3aTPAThl HA MOTEPU AIIEKTPOSHEPTUH U
pacxo/ibl, CBsI3aHHBIE C PEMOHTOM U OOCITyKHMBaHUEM 3JIEKTPOOOOPYA0BAHNS.
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3.1.3 OnpeaesnieHne KanUTAJIbHBIX 32aTPaT

B kanuTanbHble 3aTpaThl BKIIOYAETCSA: CTOMMOCTH OOOpYAOBAaHMS, €ro
TPAaHCIIOPTUPOBKA, CTPOUTENbHAs 4YacTh M CTOMMOCTb MOHTaxa. B mpakTuke
MPOCKTUPOBAHMS TIPU ONPENEICHUN KaUTaIbHBIX 3aTPAT UCHOJb3YIOT: JOKAIbHBIN
CMETHBIN pacyeT U JIOKAJbHYIO CMETY.

CMeTbl pacxo/10B Ha pUOOpeTeHUE 000PYAOBaHUS UCXOIAT U3 KOJIMYECTBA U
TUNOB O0OOpYAOBaHWS, a TakXke LEH 3a eAuHHIy oOopyaoBaHus. OCHOBHBIM
OPHUEHTHUPOM TIPH OTPEJEICHUU 1IeH Ha 000pyI0BaHUE TOJDKEH CIY)KUTh HEJaBHUN
OMBIT 0 MCIOJHEHUIO aHAJIOTMYHBIX MPOEKTOB B JaHHOW cTpaHe. JlJisi KpYNHBIX U
CJIOKHBIX MPOEKTOB WJIW K€ MPHU HEJIOCTaTKe HH(POPMAIMK O HETaBHUX KOHTPAKTAX,
3aKJIIOYEHHBIX B JAHHOW CTpaHe, PEKOMEHJyeTCs MPUOETHYTh K yciyram (UPMBI,
CHELHAM3UPYIOIIENHCS TI0 COCTABIEHUIO CMET PAacXo0JI0B, UM MPOQPECCHOHATBHOIO
OIICHIIMKA, WJIM K€ MOJIYYUTh KOHCYJIbTALUIO Y MOTEHIUAIBHBIX MOJAPSTIMKOB WIH
MIPOU3BOAUTENIEH 000PYTIOBAHUS.

B npwioxenun A TpuBEIEHBI IIEHBI Ha OCHOBHOE SJIEKTPOTEXHUYECKOE
o0opy0BaHUE, HCHOJB3YEMOE B JUIUNIOMHBIX NpoekTax. LleHbl mnpuBeeHBl B
OCHOBHOM T10 nipeiickypanTam 1984. Jlnsa nepeBojaa e Ha 01.01.2003 HeoOxoaumo
yMHOXHUTh Ha 36,14. KosapduuueHntsl mnepecuera e€XKErogHo OQPpUUIHUATBHO
yrBepxkaatTcs ['occtpoem Poccuun. Koaddumment nepecuera ¢ 1984 roga k ypoBHIO
1991 r. paBen 1,43; ac 1991 r. no 2003 r.— 25,27.

Ha craguu quniaoMHOTO IMPOEKTa KAamUTalbHBIE 3aTPaThl ONPEAEISAIOTCS, KaK
IpPaBUIO, MO JIOKAIBHOMY CMETHOMY pacuery. /s 3TOro MOKHO HCIOJIb30BaTh
cTapble MPEHCKYypaHThl, a Tak k€ COOpHHK Ne§ Ha 3JIEKTPOMOHTAaKHBIE PAOOTHI.
Bhnavane cocraBisieTcs cmeTa B I€HaX TroJa COCTaBJICHHS HCTOYHMKA, a 3aTEM
BBOJISITCS TOINPABOYHbIE KOIPPUIIMEHTHI, KOTOPhIE MEPUOJUYECKU YTBEPKIAIOTCS
l'occtpoem Poccun. DOTm  pacuersl TPOU3BBOAATCS 1O  BCEM  JJIEMEHTaM
AIIEKTPOCHAOKEHHS, BXOASIIMM B 00BEM AMIUIOMHOTO MpoekTtupoBanus. [Ipumep
BBIITOJIHEHHSI JIOKAJIbHOTO CMETHOI'O pacyeTa NPUBEICH B MPUJIOKEHUH B.

3.1.4 OnpenesieHne ro0BbIX U3/IEPKEK IKCILITyaTANUN
3.1.4.1 OnpeneneHue rog0BbIX AMOPTH3AUOHHBIX OTYHCICHUM

["omoBbie amopTU3amoHHbie oTuncienus C, onpeaensercs rno hopmyiie:
n
Ca=> pai %, (3.1.6)
i=1

I€ Pai = Papi T Pai - KOIPPUIUEHT (HOpMA) aMOPTU3ALMKU Ha OAHOTUIIHOE
ANeKTpooOopynoBanre u Marepuainsl (cMm. [Ipunoxenue I');

Papi ¥ Paki - KOAPOUIIMEHTH aMOPTU3ALIMM HA PEHOBALIMIO U HAa KalHUTaJIbHBIN
PEMOHT

Pacuetnt BBITTOTHSIIOTCS LTS 2-3 MO3UIIHIA OJTHOTUITHOTO
AIIEKTPOOOOPYIOBAHUS, a OCTAJIbHBIE PE3yJIbTaThl CBOASTCA B Ta0. 3.1.2.
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Tabnuya 3.1.2 - OnpenejieHne ro10BbIX AMOPTH3ALMOHHBIX OTYHCIEHUIH

NeNe HammenoBanme K, Koappuumenter Ca,
aMOpTHU3aLIUU
11 3JI€KTpOO60py,Z[OBaHI/I$I py6 Pap Pax Pa py6./ro bi
1. Onekrpuueckue mamuubl 10 100 kBt
2. To e Boimie 100 kBt
3. Tpancdopmartopsl
4. DnekTpoobopyaoBaHue (1.
annaparypa B.H. u H.H.)
5. DJIEKTPOTEXHOJIOTHYECKUE YCTAHOBKHU
6. CraTucTU4ecKre KOHIEHCATOPbI
Uroro:

3.1.4.2 OnpenesieHne rog0BBIX 3aTPAT HA NMOTEPH YJIEKTPOIHEPIUHU

["omoBbIe 3aTpaThl Ha TOTEPH IEKTPOIHEPTUU Cr OnpenesstoTes no popmyIe:
Cs =AW * Cy», (3.1.7)

rae AW - roioBbl€ IOTEPH ANEKTPOIHEPTUH, KBT*Uac;
AW = APc * Ty, (3.1.8)

rne APc - cpegHuwe TMOTepU AKTUBHOW MOIIMHOCTH PAacCMaTPUBAEMOTO 3JIEMEHTa
ANIEKTpOoOOOpyIoBaHus, KBT;

Tr - romoBoe BpeMs paboThI, 4ac/To;

Cy» - croumocTts 1 kBT*9ac snekTposHepruu

Cyr=a /Ty + B ;

o, B - OCHOBHas W JOMOJHHUTEIbHAS CTaBKH JIBYXCTaBOYHOTO Tapuda Ha
AIIEKTPOIHEPTHIO,

Twm - TOJTIOBOE YMCIIO YACOB MCIIOIH30BAHHUS MaKCHMyMa Harpy3KHu.

[ToncraBnss 3nauenue AW coriacHo dopmynsl (3.1.8) B dopmyny (3.1.7),
UMEEM:

CBZApc*Tr*CyazApc*’Y, (319)

pyo.

rje y - crouMocTh 1 kBT.roga morepn aﬂeKTpoaﬂepmn,m:

Y= Tr * Cyn.

CpenHrue TIOTEpHM AaKTUBHOW MOIIHOCTH paccMaTpUBaeMOTo JIIEMEHTa
AIIEKTPOCHAOXKEHHUSI MOTYT OBITh OIPE/IECICHBI CIEAYIOIMNM 00pa3oMm:
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APc = APy * T« ,
rae APy - MakCUMaJIbHBIE TOTEPU AKTUBHOM MOIIHOCTH, KBT;
T« - OTHOCUTEIIBHOE BPEMSI UCIIOJIb30BAHUS MAKCUMYyMa MIOTEPB.

T T
T = 0,7—M pu < 0,7 ;
Tr Tr
2
T T
Te= —5 mpu —> 0,7 .
T Tr

3nauenuss Tr u Ty 3amaroTcs MpU NPOEKTUPOBAHUU DIIEKTPOCHAOKEHUS.
3uaueHust Ty MOTYT OBITh MOJyYEHBI MO JIEKTPOTEXHUUYECKUM CIIPABOYHUKAM, a B
YCIIOBUSIX JIEHCTBYIOIIETO MTPOU3BOJICTBA MO (hopMyIie:

TM:W/PM.

rae W - ronoBoe notrpediieHue 3JIeKTpodHeprum, kBr*yac;

Pum - MakcuManbHasi akTUBHAsI MOLTHOCTG (Harpyska), kBT.

MakcuMalibHble MOTEPU AKTUBHOM MOIIHOCTH JJISI PA3IUYHBIX 3JIEMEHTOB
AIIEKTPOYCTAHOBOK OMpPEIEsIeTCs CASAYIOUIMM 00pa3oM:

a) MpoBOJIa U Kabenu

2

S
APM:3*R*IM2:R* U—l\;, (3110)

rac R - COIIPOTUBJICHUC JIMHUMU, kKOm

1
R= Pg ;
0 - YIEIbHOE CONPOTUBJIEHHE MaTepHaa IPoBoaHuKa, OM*MM?/M;
[]- niuHa TUHAA, KM;
S - ceyeHUe JMHUH, MM,
Iy - MakcHMaNbHBIN TOK, A
Swm - MakcHMallbHAsl MOJIHAS Harpy3ka (MOUIHOCTh), KBA;
U - HampsiKeHue CETH.
0) TpaHcpopmaTopbl

APM:APX)(+APHH*K32, (3111)

raie APxx u APpp - moTepu X.X. ¥ HOMHHaJbHbIE HArpy304yHble TOTEpHU (K.3.),
onpeensieMble 10 KaTajoraM U CIpaBOYHUKAM;

K3 = Sy / Sy - koaddurment 3arpy3ku Tpancpopmaropa;

Sm - MakcuManbHas Harpyska (MOIIHOCTh) TpaHchopmaTopa, KBA;

Sm = Py +Qy,

Pum 1 Qum - MakcuManbHbIE 3HaYEHUSI aKTUBHOM U PEAKTUBHOM Harpy3ku, KBT u
kBap;
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Sh - HOMHHAaJIbHASI MOIIIHOCTH TpaHcopmaTopa, KBA.
B) pEaKkTOphI B TpeX(a3HOU CeTH

12
APC:3*APHP*I—1§, (3112)

rae Iy u Iy - MakKCUMaJIbHBIN 1 HOMUHAJIBHBIN TOK peakTopa, A;

APyp - HOMMHaJbHBIE TIOTEPH AaKTUBHOM MOIIHOCTH OJHOU (a3sl,
ONPEAEISEMBIE TIO KaTaJI0raM U CIIpaBOYHUKaM, KBT.

T') 3JIEKTPOIBUTATENH

APy = APxx + APpp * K32 R (3113)

rae APxx - morepu x.X., kBt; APxx = 0,33*APy nns nsurateneit 1o 100 kBt u
0,45*APy nna neuratenei Beire 100 xBT;

APpy - HOMUHalIbHBIE Harpy3ouHble notepu, kKBT; APpy =0,67*APy s
nurareseit 10 100 kBt u 0,55*%APy s neurareneii Beiie 100 kBT;

JIns aCHHXpOHHBIX ABUTraTENEH HOMUHAIBHBIE NOTEPHU APy ONpenensroTcs mnomu
bopmyre:

1-
APy = Py % —1t (3.1.14)

Mu

a Uil CHHXPOHHBIX I[BI/IFaTeJIeﬁ KakK

1-
APy =Py * T

H

- APou, (3.1.15)

rae Py - HomMmuHanbpHas MOIIHOCTL ABUTraTens, KBT;

Nu - HomuHaneHbI KITJ1 nBurarens;

Koaddunment 3arpy3kum pasurarens Kz omnpeaenseTcs Kak OTHOILICHHE
MaKCHUMaJIbHOM MOIIHOCTH Py K HOMHUHaIbHOM MOIIIHOCTU Py nBurarens:

K3:PM/PH.

APqn = APyc * Qcn = i + 2

rae APgn - HOMHHAJIBbHBIE MOTEPU AKTUBHOM MOIIHOCTA CUHXPOHHOTO JIBUTATEJ
(CH) ot peakTuBHOI Harpy3ku, KBT;

Qcn - HOMUHaNBbHAs peakTuBHas MoHOCTh CJI, kBap;

APyc - ynenbHbIE TOTEPU AKTUBHOW MoOIIHOCTH Ha 1 kBap peaktuBHOI
Harpysku CJI, kBt/kBap, nexxat B auanazone 0,01-0,04;

i n JIp - cocraBistomue norepb akTMBHOM MomHOcTH CJI OT peakTUBHOM
HArpy3Ky pH HOMAHAIBHOM PEXKUME, ONPEAEIAIOTCA U3 KaTAJIOTOB.

Cnegyer OTMETHTh, YTO HAa CTAJUM TEXHUKO-DKOHOMHYECKHUX OOOCHOBAHHIA
3aTpaTbl HA TMOTEPU DIECKTPOIHEPTUU OIPEHCISIIOTCA TOJBKO JJIs 3JIEMEHTOB,
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KOTOPBIE Pa3INYalOTCS B CPABHUBAEMbIX BAPUAHTAX.
Pesynbrathl pacueroB cBoasarcs B Tabmuity .1 (cm. [Ipunoxenue - mpumep
onpeereHus HOTepb MOIIHOCTH U 3aTpaT Ha MOTEPH JIEKTPOIHEPTUN ).
KpoMe Toro, IONOIHUTENBRHO PACCUUTHIBAKOTCS MOTEPU DJIEKTpodHeprun AW
o ¢opmye :

PesynbTarsl pacueToB cBoAsTCs B Tabm. 3.1.3.

Tabauya 3.1.3 - CBogHast TA0AMIIA MOTEPH JIEKTPOIHEPTUH M 3aTPAT HA HUX MO OTAEIbHBIM
3JIeMeHTaM

APc=AP
AW= C
DJIeMEHTBI Tr, "2 | C=AW*Cys 5 4 100%

APxx | APMm xx+PMm*T
3JEKTPO- oy6lron | Oz

* qac * 0.

kBT | kBT t * APc*Tr DY

CHaOXeHUA rog | kBr+y | xBT*u o,
kBT 0

Bo3aym-
Has JIDII
BBICOKOBOIIB-
THBIE KaOeau
PeakTopsbl
Tpancdopma-
TOPBI
HuzkoBoIb-
THBIC CETH
DNEeKTPOABU-
rateiau
IIpoune
TOKOIIPHEM-
HUKHA

3.1.4.3 OnpenesieHue rog0BbIX 3aTPAT HA PEMOHT U 00CJIy:KHBaHHE
3JIEKTPOOOOPYI0BAHUSA

3atpathl Ha peMOHT U obcimyxuBaHue Cpo BKIIIOYAOT B ce0si 3aTpaThl HA
3apabOTHYIO IJIaTy PEMOHTHOTrO M oOcmyxuBatomiero nepconana Cs u 3aTpaT Ha
KOMIUICKTYIOIIME W3JENHs, 3alacHble YacTHU WU MaTepHallbl, HCIOJIb3yeMble Mpu
pemoHTax u oocmyxuBanuu Cy:

Cpo =C3+Cy . (3.1.17)

a) Omnpenesenue 3arpar Ha 3apa00THYI0 IJIATY PEMOHTHOIO U
00CJIy’KMBAIOIIIEr0 MEePCOHAJIA.

Jlia pacuera 3aTpar Ha 3apaOOTHYIO IIJIaTy ONPEAENAETCS YHCIEHHOCTD
PEMOHTHOTO M 00CITY>KHMBAIOIIIETO TIEPCOHAIIA, UCXOS U3 TPYJOEMKOCTH ITHX PadoT.
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TpynoeMKOCTh PEMOHTHBIX pPabOT OMpeAeNnseTcs, HCXOAS W3 CTPYKTYPHI
PEMOHTHOTO IIUKJIA U MEXPEMOHTHOTO IMEPUO/ia KaxJA0ro Buga 000pynIoBaHUs (CM.
[4], Tabn.3-1, 3-2, 4-1, 5-1 u ap.).

['ogoBass TpPyIOEMKOCTh KaIlUTAIbHBIX Tkp M TEKYIIMX PEMOHTOB Trtp
AIEKTPOOOOPYIOBAHUSI ONIPEACIIACTCS CACAYIOIMMU BhIPAXKEHUSIMU:

_ o Nitipi
Tkp Z—T — (3.1.18)
i=1 ~pui
TKP:Zni - Nj 'tTpi; (3119)
i=1

/1€ Nj - KOJMYECTBO €IMHUI] OJTHOTUITHOTO 000pYI0BAHHUS;

m - KOJIMYECTBO MO3UITUI OJTHOTUITHOTO 00OPYAOBAHMS;

tkpi - TPYJOEMKOCTh KANUTAJIBHOTO PEMOHTA EIUHUIIEI 000pyAOBaHUS (CM.
Tabmn. 3-3, 4-2, 5-2, 6-2 u np., [4]) uen.uac;

Tpyjj - IPOAOTAKUTETLHOCTh PEMOHTHOTI'O LIUKJIA, JIET;

Ni - KOJINYECTBO TEKYIIUX PEMOHTOB B TOJY;

trpi - MPOJIOJDKUTEILHOCTh TEKYIIIETO PEMOHTA €IMHHIIBI 000pYyI0BaHUS (CM.
tadn. 3-3, 4-2, 5-2, 6-2 u ap.,) yen.yac;

Pacuetbt Txgp u  Trp  BeIDONHAIOTCH  UIA  2-3 HauMEHOBaHUA
AIEKTPOOOOPYAOBaHUSA, a pe3yJbTaThl IO BCEMY JJIEKTPOOOOPYAOBAHUIO IeXa
(yuactka) opopmiisitotes B Buje Tadm. 3.1.4.

Tabnuya 3.1.4 - T'onoBasi TPyA0€MKOCTh TEKYIIMX U KAMUTAJIbHBIX PEMOHTOB

3JIEKTPOOOOPY10BAHUS
HanmenoBanue
Ne n, tkp, Tkp, trp, Ttp,
IIEKTPOOOOPY- N
No T | 9ei*4ac | 4eirkdac yemkyac | yenkyac
JTIOBaHMUSI
1 Tpancdopmaropsl
1o 10 kB 1000 kBA
2 JBurarens c K.3.p.
no 1kBt
3 Ur.no. ..
HUroro: X X

HeoOxomuMoe  KOMMYECTBO  PEMOHTHBIX  pabouMx IS BBIIIOJIHEHUS
KalUTaJIbHBIX H TEKYIIUX PEMOHTOB D3JEKTPOOOOPYIOBAHMS  OMPEICISICTCS
CIEAYIOIIMMH BBIPAKECHUSIMU:

Hyp = Twp 3.1.20
KP—Ma ( )
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Hpp= —® (3.121)
qja(b'KBH ’ o

rae Hixp 1 Hrp - HEOOX0IMMOE KOJIMYECTBO PEMOHTHBIX PA0OYUX JIsl BHIOJHEHUS
KalUTAJIbHBIX U TEKYLIIUX PEMOHTOB 3JIEKTPOOOOPYI0BAHUS;

Tkp 1 Trp - cymMMapHbi€ TOJOBBIE TPYAOEMKOCTH KANMUTAIBHBIX M TEKYLIUX
PEMOHTOB BCETO AJIEKTPOOOOPYI0BaHUS COTJIACHO pacuera B Tadu. 3.1.4;

®5e - romoBoit 3pdexTuBHBIN (PoHI pabouero BpemeHu padodero, 1800 +
2000 gac.;

Kpn - 1,1+1,2 - KOOPUIIMEHT BBITIOJHEHUS HOPM.

[TockonbKy B TPYAOEMKOCTH BCEX BHJOB PEMOHTOB 3aJI0’K€HA TPYAOEMKOCTb
ctaHouHbIX PaboT (10% oT obmiel TpyI0eMKOCTH), dIEKTpociecapHbix padot (80%)
U mpounx paboOT - CBAPOYHBIX, Ky3HEUHbIX, MalApHbIX U aAp. (10%), MoxkHO
COOTBETCTBEHHO OINpPENETUTh KOJIMUYECTBO CTAHOYHHUKOB, AJIEKTpOCIEcapei U MPOUnX
PEMOHTHBIX pabOUHX.

UucneHHOCTh OOCITY)KMBAIOIIET0 IEpCOHaNa ONpeAeNsseTcss IO IJIaHOBOU
rOJIOBOM TpyIOeMKOCTH TexHudeckoro oocmyxkuBanus (TO) sanexkrpoobopyaoBaHusl.

[InanoBass MecsiyHasi Tpyaoemkocth TO mnpu paboTre B OJHY CMEHY
OTIPEACTISAIOTCS KaK:

Trrom = Kep * Ky * Trp ;

re Kcp - KO3(pQUIMEHT CIOKHOCTH PEMOHTA JAHHOTO BUAA O0OpYIOBaHUS
(cm. Tabm. 3.1.5);

Ky - YTSDKESIOUMI KO3(PPUIUEHT YCIOBUS padOThl MPUHUMAEMBINA COTJIACHO
Tabm. 3.1.5;

Trp - mIaHOBas MECSIUHASA TPYJOEMKOCTh TEKYILIETO PEMOHTA KAXKIOW €MHUILIBI
o0opymoBaHus, yei.uac./Mec.;

[Ipu fAByx- W TpexcMeHHON paboTe IUIaHOBasg TpyAoeMKocTh TO
COOTBETCTBEHHO YABAaWBACTCS WJIH yTpauBaeTcs. VICKIIIOUEHHs 31€Ch COCTaBIISIOT
AIIEKTPOYCTAHOBKH,  KOTOpble  paboTalOT  KPYTJIOCYTOYHO (cratnueckue
KOHJIEHCATOPbI, CPEACTBA CBS3H, JIEKTpUueckue cetu). /i onpeneneHus rogoBon
TpynoemMkocty TO mecsyHas TpyJOEMKOCTh YMHOXaeTcs Ha 12.

B kawectBe mnpumepa B Tabn. 3.1.5 mam pacuer Tpynoemkoctu TO
AJIEKTPOOOOPYIOBAaHUS 11€Xa, padOTaIOIEro B B CMEHBI, B KOTOPOM HMmeeTcs 156
eAHUI] 000opyAoBaHUs ¢ 208 3IEKTPOABUTATENSIMU PA3HbIX XapaKTEPUCTHK.

l'ogoBass  Tpymoemkocth  TO  a1ekTpooOOpyAOBaHUS  ONPEIECIUTCS
YMHOXE€HHEM MECAYHOU Ha 12:

Trrp = 812 *12 = 9744 yac.
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Tabauya 3.1.5 - Ilpumep pacuera Tpygoemkoctu TO r1exTpoodopynoBanus

CymmapHas Koadpdpurum Tpynoewm-
Ne Haumenosanue TPYJOEM- - Vrsoken. | kocte TO npu
Ne 3EKTPOo00Oo- KOCTb TEKYIIIETO | €HT coXk- | kodhdu- | 2% cMennol
I pyIOBaHUS U ceTei pEMOHTa, HOCTH IIUCHT pabore,
qe+ygac pacuera Yen+yac
1. ONEKTPOBUTATENN:
- B HOPMAJIBHBIX YCJIOBHSIX 1413 0,1 1,0 283
- Ha TOPAIIUX XUMHYECKUX 659 0,1 1,1 145
ydacTKax
- Ha 3arpsA3HEHHBIX 437 0,1 1,05 96
ydacTKax
2. HuszkoBosnbTHasA
anmnaparypa, BKIoJas 1084 0,1 1,0 217
CBETHJIbHUKHU
3. Konnencarophsie 0 0,05 1,0 2
YCTaHOBKH
4. Ilex0BBIE DIIEKTPOCETH" 623 0,1 1,0 62
S. Certu 3a3emyieHus ™ 240 0,03 1,0 7
Hroro - - 812

* - CMCHHOCTH HE YUUTBIBACTCA

l'ogoBass  Tpymoemkocth  TO  a1ekTpooOOpyAOBaHUS  ONPEHCIUTCS
YMHOKEHUEM MECSIYHOM Ha 12:

Trrp = 812 #12 = 9744 yac.

UncneHHOCTh 00CTyKMBAIOILETO MepcCoHalia onpeaessercs no Gopmyie

T
— I'TO .
Hro= ——;

(Da(b *Kgn

3aTpatrhl Ha 3apabOTHYIO IJIATy PEMOHTHOIO M OOCIY>KHMBAIOILIErO IepcoHasa
OTIpECIAIOTCA MO cienytome mertoguke. OmnpenemnsioTcss cpenHue TapuQHbe
pa3Mepbl  BIEKTPOCIECAPHBIX, CTAHOYHBIX M TOPOYMX paboT I  BCEro
ANEKTPOOOOPY10BaHUS 11eXa (YJacTKa) Mo HIbKecheayomen Tadm. 3.1.6.

[TyreM ymMHOXEHHsI CpelHEro Tapu(HOro paspsaa Ha TPYAOEMKOCTh padboT
ompezensercss (OHIOM OCHOBHOHM 3apa0OTHOM IIaThl MO COOTBETCTBYIOLIUM
poQ)eCCUsiM U B TIEJIOM JIJIS1 BBITIOTTHEHUS AIEKTPOPEMOHTHBIX paloT.

K mnomyyeHHomy TakuMm o00pa3oM (QOHIY OCHOBHOH 3apabOTHOI IUIATHI
N00aBIIAIOTCS:

a) IOTOJIHUTEbHAs 3apaboTHas 1maTta B pazmepe 10% oT oCHOBHOM;

0) HauucieHus Ha 3apaboTHYIO ATy B pazMepe 35,6 % oT cyMMbl OCHOBHOM
1 JTOTIOJIHUTEJIHHOM 3apa00THOM TIATHI.
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Tabnuya 3.1.6 - Cpennue TapudHbie pa3psiabl

DnekTpoobopya0BaHNE Cpennue TapudHbIe pa3psibl padboT
ceTu AEKTPOCIIECAPHBIX CTAaHOYHBIX MIPOYNX
1. PactipenenurenbHbie
yCTpoiicTBa U 000pyAOBaHUE 5,0 3,5 3,0
BBICOKOTO HaIPSIKEHUS
2. To sxe HU3KOT0 HANPSKEHUS 5,0 4,0 3,0
3. DIIeKTpOABUTATENN HU3KOTO
HanpsHKEHUs 4.0 35 3,0
4. To e BBICOKOTO HANPSIKEHUSI 5,0 3,5 3,0
5. KabGenbHbie 1 BO3TyIITHBIE _
CETH U CETH 3a3CMJICHHS 3,5 3,0
6. MamuHb! 1 000pyI0BaHUE
JUIsL KOHTAKTHOM 3JIEKTPOCBAPKU 5,8 3,5 3,0
7. ManiuHsl IIOCTOSHHOI'O TOKa
Y KOJUIEKTOPHBIE IBUTATEIIN 6,0 4.0 3,0
nep. ToKa
8. HarpeBatenbHble 4.0 35 3.8
AEKTPOTICUH
9. DnekTpoanmnapaTypa HU3KOTO
HaIpsKEHUS 3,5 3,0 3,0

[IlyreM yMHOXEHHS CpeAHEro TapU(pHOro paspsia Ha TPYIOEMKOCTh paldoT
ompexaensercss (OHIOM OCHOBHOHM 3apa0OTHOM IJIaThl MO COOTBETCTBYIOLIUM
npodeccusiM U B 1IEJIOM JIJISl BBIIOJIHEHHUS DJIEKTPOPEMOHTHBIX PaboT.

K mnonyduenHomy TakuM o00pa3oM (OHIY OCHOBHOM 3apaOOTHOM ILIATHI
100aBISIOTCS:

a) OTIOJTHUTEIbHAS 3apaboTHas 1iata B pazmepe 10% oT OCHOBHOM;

0) HaumMclIeHUs1 Ha 3apaboTHYIO TIaTy B pa3mepe 35,6 % OT CyMMbl OCHOBHOM
Y JIONIOJTHUTENIbHOM 3apaO0THOM TIIATHI.

®onp 3apaboTHON MIATBI OOCTY)KMBAIOIIETO TEpCOHANA A TEXHUYECKOTO
oOCITy’)KMBaHUSI OMpEENACTCS aHaJOTHYHO, HCXoas u3 TpyaoeMkoctd TO wu
cpenHero TapudHOro paspsaa padboT KOTOPbIA MOXKHO MPUHATH paBHbIM 4.,0.

Takum oOpaszom, 3aTpaThl Ha 3apabOTHYIO IUIATY MO BUJaM oOciykuBaHus Cs
OTIPENIeNAIOTCS KaK:

Cs=Cskp + Csrp + Cs0; (3.1.22)

rae Csgp - TOZOBBIC 3aTPAThl HA KATUTATBHBIA PEMOHT, PyO0./TOI;
Cstp - TOIOBBIE 3aTpaThl HA TEKYIIUH PEMOHT, py0./TOI;
Cso - ToJI0BBIC 3aTpaThl HA TEXHUYECKOE 00CTyKMBaHUE, pyO./TOI;

0) 3aTpaTbl HA MaTepUAJIbI U 3aANIACHBIE YACTH

Onpenenenue H3TUX 3aTpaT HEMOCPEJICTBEHHO IO pPacXxoJaM MaTepuajoB
MIPEJICTABIIACT 3HAYUTENbHBIC TPYAHOCTH. [l03TOMY B II€sX yNpOIIEHUS PacdyeToB
3aTpaThl HA MaTepUAJIbl ONPEICIISIOTCS MPOTOPIIMOHATBHO 3apa00THOM TIJIaTe Ha
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COOTBETCTBYIOIIMKA BHUJ peMOHTa U oOciyxuBaHue. llpu sTOoM oOmpenenstoTcs
3aTpaThl Ha MaTepHalibl 10 COOTBETCTBYIOLIUM (OpMYyJIaM:
Ha KalUTaJbHbIA PEMOHT

Cwmkp = axp * Cskp ;

HA TEKYIIUA PEMOHT
Cwrp = arp * Carp ;
Ha 00CITy>KUBaHUE JIEKTPOYCTAHOBOK
Cmo = ac * Cso0;

rac agpe, arp U ac - KOC—)(I)(I)I/II_II/ICHTBI IIPOINNOPIMUOHAIIBHOCTH paBHEBIC axp=1,25; arp=0,5;
ac=0,15
OOmue 3aTpaThl HA MaTCpHUaabl OIIPCACIAOTCA:

Cwm = Cmxp + Cyre + Cyo (3.1.23)
[Tocie ompenencHust BCEX COCTABISIONIMX OMPEHEIMIOTCS JKCIUTyaTallMOHHbIE
3aTparel 10 hopMmyIIe:

3: Ca+C3+Cp0,

AHanu3 TpoeKTa JOJKEH TMPOBOJIUTHCS HA MPOTSHKEHHH OIpPeeIeHHOTO
BPEMEHH, HA3bIBAEMOI'0 TOPH30HTOM pacyuera, BEIWYHMHA KOTOPOTO 3aBHCHUT OT
KOHKPETHOrO MpoekTa. Pe3ynmpTraToM pacyera [OJDKHA SIBUThCSA — Tabiuua
AKCIUTyaTal[MOHHBIX 3aTpat (Hampumep, Tadu. 3.1.7)

Tabauya 3.1.7 - llpuMep MOTOKA rOA0BBIX IKCILTYaTAIMOHHBIX 3aTpaT

T'onbl 1 2 3 4 5 6 7 8 9 10

3?;1);- 1000 | 4000 | 5000 | 5000 | 5000 | 5000 | 5000 | 5000 | 5000 | 5000

3.1.5 Pacuer nocTymjieHuii Mo nNpoeKkTy

Boirogpl WM MOCTYIUIEHHS MO TMPOEKTY CKIAABbIBAIOTCS M3 00BEMOB
cObIBaEMOI MNPOAYKIIMM Ha €€ CTOMMOCTh. 3a4acTyl0 BO3HUKAIOT MpPOOJIEMBI C
OTIpE/ICNIEHUEM BBITOJ, TaK KaK pe3yJbTaTOM MPOEKTa MOXKET SIBIATHCS PEIICHUE
JOKQJIBHBIX MPOOJEM SHEProCHCTEMbI, HANpUMEp YBEJIMYCHHE MPOIMYyCKHOU
cnocoonoctu JIDII. B 3ToM ciyyae HeE0OXOAMMO aHANM3UPOBaTh (PUHAHCOBBIE
MOTOKH 110 BCEH SHEPTrOCHCTEME B IIEJIOM, UTO MPAKTUYECKHU CJeNIaTh HEBO3MOXKHO. B
ATOM CIy4ae BBITOJABI MO TPOEKTY MOXHO MPHUHATH YCIOBHO MCXOJs W3 OOIIeH
peHTabebHOCTU PabOThl SHEPTOCUCTEMBI, KOTOPYIO MOKHO IPUHATH 12-15 %.
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Ecnmn mpoekT cBA3aH ¢ PEKOHCTPYKIMEH CHUCTEMBI 3JIEKTPOCHAOKEHUS
IPOMBILUIEHHOTO MPEINPUITHSI, TO 3[€Ch MOJAXOJ aHAJOTMYEH, U PEHTAOEIbHOCTh
IIpumep nOTOKAa TIOJOBBIX

TaK K€ MOXHO IIpUHATH B TOM JKC JAHAIla30HC.

MOCTYIUICHUM TIPUBE/ICH B Ta0I. 3.8.

Tabauya 3.8 - llpuMep NMOTOKA rog0BbIX MOCTYNJIEHUI

I'oner 1

2

3

4

5

6

7

8

10

Brirogsr,$ | 8000

12000

13000

13000

13000

13000

13000

13000

13000

13000

3.1.6 Pacuer nmoka3areJieil JOCTOMHCTBA MPOEKTA

a) Yucteiit quckoHTHpOoBaHHBIN noxoa (YJ1/1)

YT = 25800 +

8000 8000

1,1°

1110 -

7000 8000 8000 8000 8000 8000 8000 8000
+ + + + + + + +

b

1,12

22451,973US

L1°

0) BHyTpeHHs11 HOpMa peHTa0eIbHOCTH

BH/I — »To Takas craBka AuCKoHTa, ripyu kotopoit Y[ 1=0

Tpu r=10% YJIJ1=22451,97$US

[pu r=20% Y1J1=6906,44 $US
[pu r=27% YA=327 $US
[pu r=28% YIAJ1=-429 $US
Takum obpazom, BHJ[=27,5%

B) MH1ekc 10X0qHOCTH

1A

LY 2245197

K

25800

0,87

L,1*

L1°

L1°

L1’

1,18

910 O3Ha4acT, 4YTO Ha KEDKIII)Iﬁ A0JuIap BJIOXKCHHBIX CPCACTB IIOJIYyYacTCs 87

LIEHTOB YHUCTOI'0 JOXO0/A.

r) Pacuet rpaduka okymnmaemMocTu nmpoekra (He JUCKOHTUPOBAHHOTO)

3.2 IIpoeKTHPOBaHUE CUCTEMbI JJIEKTPOCHAOKEHUSA

IMPOMBIINIJICHHOI'0O TPECANIPUATHSA

DKOHOMHMYECKAs] 4YacThb JAUIUIOMHOTO MpoeKTa s creunanbHoctn 1004
ciaraeTcst u3 3-X OCHOBHBIX Pa3JIeJiOB:
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Tabnuya 3.9 - PacyeT He TMCKOHTHPOBAHHOIO rpa(

HKa, $

TI'oger 1 2 3 4 5 6 7 8 9 10
1. UuBec-
THULIHUH, 25800
Kt
2'T3B’;‘T311a' 1000 | 4000 | 5000 | 5000 [ 5000 [ 5000 [ 5000 [ 5000 | 5000 | 5000
3. BrIro-
Pt | 8000 | 12000 | 13000 | 13000 | 13000 | 13000 | 13000 | 13000 | 13000 | 13000
4. Exero-
fiHad 7000 | 8000 | 8000 | 8000 | 8000 | 8000 | 8000 | 8000 | 8000 | 8000
9KOHOMUSI,
Bt
5.0kxoH4a-
TCIIBHOC
cams0, | 17500 | 8000 | 8000 | 8000 | 8000 | 8000 | 8000 | 8000 | 8000 | 8000
cTp.4-
ctp.l
6. To xe,
napact < ] -9800 | -1800 | 6200 | 14200 | 22200 | 30200 | 38200 | 46200 | 54200
TArOIIUM 17800
HUTOIroM
Mpachmk okynaeMoc He AUCKOHTUPOBAHHbLIN

60000 P

50000

40000 //

3 30000 /

§ 20000 7 oAbl

& 10000 Y v

& / NCTbIA Joxon

0 X T T T T T T T T T T
-10000 ﬂxvé—ﬁeﬂ—s—w

-20000

-30000

Bpewms

Pucynoxk 3.1 - I'paduk okynaemoctu

1) Pacuet rpaduka okynaemMocTy JUCKOHTHPOBAHHOTO
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Tabnuya 3.10 - PacyeT JMCKOHTHPOBAHHOI 0 rpaduka, $

Toer 1 2 |3 4 5 6 7 8 9 10
1.MuBecTH
- 25800
mun, K t
2.3arpatbl
, 1000 4000 | 5000 | 5000 | 5000 | 5000 5000 | 5000 | 5000 | 5000
3t
3.Beiroast
, 8000 12000 | 13000 | 13000 | 13000 | 13000 | 13000 | 13000 | 13000 | 13000
Pt
4. Exxero-
suHas 7000 8000 | 8000 | 8000 | 8000 | 8000 8000 | 8000 | 8000 | 8000
9KOHOMHUS,
Bt
5. To xe
JUCKOHTHU-
posarmas, | 20203 66171’5 SO10> \ sa6a1 | 49674 | 45158 | 41053 | 37321 | 33928 | 30843
ctp.4/
(40
5.
OxoHuya-
TEIBHOS | 1943636 | 00119 | O010S | su6a 1 | 40674 | 45158 | 41053 | 37321 | 33928 | 30843
cajbJIo, 7 2
cTp.5-
ctp.1
6. To xe,
HapacTa- - -
oo 10436.36 | 12825 | ggias | 1350 | 3617.2 [ 8133 | 12238 | 15970 | 19363 | 22447
UTOTOM
Fpachmk okynaeMocTM AUCKOHTUPOBAHHbLIN
25000 -
20000
15000 //
_ 10000
3 5000 ~
E O T T \/\ T T ro'u'bl
8 -5000 1\ 2 3 A/ 6 7 8 9 10 11 e [1]]
= -10000 \ /
\
-15000 v
-20000
-25000
Bpems

Pucynok 3.1.2 - I'paduk okyrnaeMocTu IUCKOHTHPOBAHHBIN

1- TeXHUKO-9KOHOMHUYeckne oOocHoBaHus (TDO) BapmaHTOB TEXHHYECKHUX
pelieHuit (eciy 3To 1eIeCO00pa3HO M0 COCTaBY IPOEKTA);
2- OTIpeNieNICHne  TEeXHUKO-DKOHOMHYECKHX  TIOKaszarejel  BBIOPAHHOTO
BapHUAHTA;
3- rpaduyecKas 4acThb.
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3.2.1 TexHNKO-IKOHOMHYECKOe 000CHOBAHHE BAPHAHTOB
TeXHUYECKHUX pPeleHri

[Ipy nmpoeKkTUpOBaHUMU SIEKTPOCHAOKEHUS MPOMBIIUICHHBIX MNPEANPUITHI B
JTUIUIOMHBIX TPOEKTaX BO3HUKAIOT CJIEIYIOLIME BOIMPOCHl TEXHUKO-DKOHOMHYECKUX
CpaBHEHUH Pa3IMYHbBIX BAPUAHTOB:

- ompeiesieHne HanboJiee YKOHOMUYHOTO HAIPSKEHUS AIEKTPOCHAOKEHUS:

a) BHyTpHIexoBoro (380 uimm 660 B);

0) nexoBoro (6-10 kB unu 380-660 B) ot cocenneii 11eX0BOM MOACTaHIINH;

B) BHyTpu3aBojckoro (6 unu 10 kB);

r) BHewmHero (6,10,35,110,220 kB).

- ompeneNieHne YIKOHOMHYHBIX MOITHOCTEH TpaHCHOPMATOPOB, UX KOJIUYECTBA
Y MECTa PaCIOJIOKEHUS:

a) IIEXOBBIX IOJICTAHITUI;

0) TJIaBHBIX TOHU3UTEIHHBIX TIOJICTAHIIUN.

- 000CHOBaHME HEOOXOJUMOTO KOJIMYECTBA PACIPEICIUTEIbHBIX MyHKTOB H
MECTa UX PaCIONIOKEHUS.

- OmpelereHre HSKOHOMUYHBIX CIOCOOOB  KOMIEHCAlMM  PEaKTHBHOU
MOIIIHOCTH.

- TEXHUKO-I)KOHOMHUYECKOE COMOCTABIEHUS JIEKTPOABUTATENCH:

a) CHHXPOHHBIX C aCHHXPOHHBIMU;

0) BBICOKOBOJIbTHBIX C HU3KOBOJIbTHBIMU OJTHOM U TOM 7K€ MOIIIHOCTH.

- TEeXHUKO-DKOHOMHYECKOE  COMNOCTABJICHHE  Pa3IUYHBIX  CIOCOOOB
KaHaJIU3alUK JIEKTPOIHEPTUH:

a) B IIEXOBBIX CETSX;

0) B 3aBOJICKUX CETSX.

- ompeneneHue  Haubosiee  DKOHOMHUYHOM  CXEMBl  BHEIIHETO |
BHYTPU3ABOACKOTO AJIEKTPOCHAOKEHUSI Tpeanpusitus (mpu HEOOXOIUMOCTH - C
y4eTOM yiepOa OT HapylIECHUs] MTUTaHUSA);

- TEXHUKO-?)KOHOMHYECKOE 0OOCHOBAHHE aBTOMATH3AIMU U TEJIEMEXaHU3ALHNH
CUCTEMBI 3JIEKTPOCHA0XKEHUSI MPEATPUSITHUS;

- TEXHUKO-3KOHOMHYECKOE OOOCHOBAHHME MPUMEHEHHUS PETYJIHPYIOIINX
YCTPOMCTB, MOBBIIIAOIINX KAYE€CTBO JIEKTPOCHAOKEHHUS:

a) TIpH PEryIMPOBAHUH HAIIPSHKEHUS (10 OTKIOHEHUIO U TI0 KOJIeOaHHI0);

0) MpU KOMIIEHCAlMM HECUMMETPUYHBIX HArpy30K;

B) IIPY KOMIIEHCAIIUU HECUHYCOUIATIbHOCTH.

- TEXHUKO-3KOHOMHYECKOE OOOCHOBaHME  PEKOHCTPYKLIHUU  CHUCTEMBbI
ANEKTPOCHAOKEHUS;

- ompeiesieHne HanboJiee YKOHOMUYHBIX CEUEHUI MPOBOIHUKOB,;

- Ipyrue BOMPOCHI.

[lepen Tem, Kak BBINOJHATh TEXHUKO-3KOHOMUYECKHE OOOCHOBAHMUS
JTUIIJIOMHBIX MPOEKTOB , CTYICHT JOJKEH BbIOpAaTh BO3ZMOYKHBIE JUISl JAHHBIX YCIOBHIA
BApUAHTHI  JJEKTPOCHAOKEHHUS C OMHCAaHUEM WX TEXHUKO-DKOHOMHYECKHUX
MPEUMYIIECTB M HEIOCTATKOB. 3aTeM, I0CJ€ OMNPEACIICHHbIX MOTHUBHPOBOK H
COOOpaKEeHUM, BBIJICISIOTCS JIBa WM TPU BapHaHTa, KOTOPBIE CUMTAIOTCS HamOoJiee
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IIEJICCO00Pa3HBIMU. IJTOT HA4yaJdbHBIA JTalm JOJKEH OBITh COTJIAaCOBAaH C
PYKOBOJMTEIIEM JUIUIOMHOTO MTPOEKTA.

TexHuKo-3KOHOMUYECKHEe 00O0CHOBaHUs Oa3upyroTcs B OoOlIeM ciaydae Ha
METOJAMYECKMX PEKOMEHJAIUAX 10  OleHKe 3((PEKTUBHOCTH HWHBECTULIMOHHBIX
NpoekToB [l], T.e. TJIaBHBIM KpPUTEPUEM  OLIEHKH TAaKUX IPOEKTOB SBIISETCS
MakcuMyM 3 dexra:

Ot =Pt — 31 = Max (3.2.1)

OpHako, JaHHBIE MPOEKThl XaPAKTEPU3YIOTCS TEM, YTO BBITOJBl IO HHM,
KOTOpPBIE OINPEAEISAIOTC KaK MPOU3BEeHHE 00bEMOB CObIBAEMON MPOAYKLIMU Ha €€
LEHY, HE W3MEHSIOTCS, T.e. PT=const. DT0 O0O0BsCHSETCA TEM, UYTO KOHEYHbIN
pe3yabTaT  ONPENESIIOT  TEXHOJOTHM, a  HE  MPOEKTUPOBLUIMKUA  CHCTEM
AJIEKTPOCHAOKEHUS PEATPUATUH.

Takum o00pa3oM, IpHU NOCTOSHCTBE IOJIE3HOTO peE3yJbTaTa, MaKCHUMyM
s dexTa OyaeT npu MUHUMYME 3aTpart Mo MPOEKTY, T.€.:

31 = Min (3.2.2)

Ecnu npennonoxuTk, 4TO MO TOJaM 3aTpaThl Tak ke OyAyT HEM3MEHHBIMH, TO
KPUTEPHUI CPaBHUTEIILHON HYKOHOMUYECKON 3P HEKTUBHOCTH MPUHUMAET BU/I:

3=r+«K+C,pyb./rox (3.2.3)

riae K - kanuTanbHble 3aTpaThl CPAaBHUBAEMBIX BAPUAHTOB JIEKTPOCHAOXKEHUS, PYO.;

C - rogoBas ce6ecTOMMOCTh IPOU3BOJICTBA WK AKCILTyaTaIluu, py0./ToI.

[Io crappiMm MeTOAMKAM BMECTO I IpUHHUMANICS napaMerp EH, KOTOpbIi
HA3bIBAJCSI  HOPMATHUBHBIM  KO3(PPUIMEHTOM  3()PEKTUBHOCTH  KaMUTAIbHBIX
BJIO)KEHUW M HOPMHUPOBAJCSA. DTO OBUIO CIPABEJIMBO JUIS YCIOBUU CTaOMIBHOM
IJIAHOBOW YKOHOMHUKH, U HE IPUMEHUMO JJIs1 YCIIOBUM PHIHOYHOM.

[IpuMeHUTENPHO K  BapuaHTaM dJEKTPOYyCTaHOBOK  ¢opmyny  (3.2.3)
1eaecoo0pa3Ho npeodpa3oBaTh U MPEACTABUTH B CJICAYIOIIEM BUJIE:

3=p*K+GCy, (3.24)
r7ie p - CyMMapHbIid KO3((UIUEHT OTYUCICHUHN OT KaUTAJIbHBIX 3aTpaT

p=r+pa+po, (3.2.5)

Pa - HOpMa aMOpPTHU3AIINY;

Po - KO3DPUIIMEHT OTYMCICHHUI HA TEKYLITUH PEMOHT U 00CITyKMBaHUE.

3HAYEHUE P, Pap, U Po IPUBENEHBI B IpUIIOKEeHUH [

C5 - CTOMMOCTB T'OJIOBBIX IOTEPH AJIEKTPO3HEpruu (cM. pasnen 3.1.2.3).

[IpuBeneHHbIE 3aTpaThl ONPENEISIOTCS TONBKO JIJISi T€X 3JIEMEHTOB, KOTOpHIE
pa3IMYaloTCd B CpPaBHMBAEMBbIX BapuaHTax. Hawmbosjee SKOHOMHYHBIM CUHTACTCS
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BAPUAHT, KOTOPBIM IIPU IIPOYMX PABHBIX YCIOBUSAX UMEET HANMEHBIINE ITPUBEICHHBIC
3aTparTsl.

Ecnu, HanpuMep, CpaBHUBAIOTCS IBa BapUaHTa C KallUTaJIbHBIMU 3aTpaTamu K
u Ko u crommocts 3arpar Ha ronoBblie notepu 3iaeKkTpodHepruu Cs u Csy, TO
[IPUBEJICHHBIE 3aTPAThl ONIPEAEIIATCS KaK:

31=p1 *K1 + Co1 =Kir +Co;

3 =p2 %Ky + Co=Kyor + Crp

rae Kry =p1 * Ky u Kry = p2 * K; - roj1oBble NpuBEI€HHBIE KAITUTAIBHBIE 3aTPATHI.
['omoBoi sxoHOMUYECKH A(PGhEKT ompeaenseTcs Pa3HOCTbIO MPUBEIACHHBIX
3aTpar:

3=3,-3, (3.2.6)

3801 2=3,-3

B 3aBUCUMOCTH OT COOTHOIIICHHSI PUBEICHHBIX 3aTPaT CPABHUBAEMBIX BAPUAHTOB.

Bo mMHOrux ciydasix BO3HUKAeT HEOOXOAMMOCTh OMPENEIUTh SIKOHOMUUECKYIO
3 PEeKTUBHOCTh WM, HHAY€, BECOMOCTh AKOoHOMHUecKOTO 3ddekra. Ecnmu Kr>Kr,
C»<Cs; u 3<3;, skoHOoMHYeckas d(PPEKTUBHOCTH BTOPOTO BapHaHTa IO
OTHOUIEHUIO K MIEPBOMY OIpeesieTcs o popmyie:

9*21:(31 - 32) / (Krz - KFI)- (327)

DOxoHOMHUYecKass A(PPEKTUBHOCTh D« O3HAYAET, YTO Ha KaXIbld pyOJib
JIOTIOJTHUTENBHBIX KAMWTAIbHBIX BJIOKCHWN BapuaHTa 2 WMEET MECTO 4YucTas
AKOHOMHUS B pazMepe D« pyOIei.

B tex cnyuwasx, korga Kr>Kr;, HO C5<Cs; m 3;<3;, 3KOHOMHYECKAsS
s pexTUBHOCTH BapuaHTa | 10 OTHOUIEHUIO K BApUAHTY 2 omnpeaenutcs Gopmynoi:

9*12:(32 - 31) / (Krz - KFI . (328)

DTO0 03HAYaAET, YTO Ha KaXKIbIH pyOJIb TOMOJHUTEIHHBIX 3aTpaT BapuaHnTa 1 Ha
MOTEPHU AICKTPOIHEPTHH UMEET MECTO YHCTasi IKOHOMHSI B pazMepe D« 2 pyOJIeH.

Moryt 6bITh ciydau, korjaa Kri>Kr, u C51>Cno; unu Kr>Kry, Ho C>Cs; B
ATUX CIIy4yasiXx »JKOHOMHUYECKHUUA d3P¢deKT oO0yClOoBIEH TOJbKO 3aTrpaTaMu Ha
pa3paboOTKy, SKCIIEPUMEHTAIbHBIE UCCIIEOBAHUS U BHEAPEHHE 00JIe€ SKOHOMUYHOTO
BapuaHTa. OTH 3aTpaThl OTHOCUTEIBHO HEBEIMKA M TO3TOMY HKOHOMHYECKas
s dexTuBHOCTH OyneT BecbMa 0o0ubiioi. OYeBUAHO, B ATUX YCIOBHSIX YUCICHHOE
3HAUYCHUE YKOHOMHYECKOU 3(PPEKTUBHOCTH MOKHO HE OMNpEAeaTh. B mpuioxkeHun
Jl mpuBeeH mMpUMep TEXHUKO-DKOHOMHYECKOTO 00OCHOBaHUS MO BHIOOPY BapHaHTa
CXEMBI JIEKTPOCHAOKEHUSI.
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3.2.2 OnpenesieHue TEXHUKO-IKOHOMHYECKHUX MOKa3aTelel

TexHUKO-3KOHOMUYECKHE MOKa3aTeau MPOeKTa BCECTOPOHHE XapaKTepU3YIOT
BbIOpaHHBIN K peanu3anuu BapuanT. K HUM OTHOCSTCS: O0IIMe U yAeJIbHbIE 3aTpaThl
Ha nepeiavy 3JIEeKTPOIHEPTuy, 3aTpaThl HA AIEKTPOIHEPTUIO Y TOTPEOUTES.

Pacyer mpoBOAWTCA aHAJIOTMYHO TOMY, Kak 3TO ONUCAHO B paszgenax 3.1.2;
3.1.3.

Jlanee ompenenstoTcs TPUBEIACHHBIE 3aTpaThl Ha 3IIEKTPOOOOPYIOBAHUE
BHIODAHHOTO BAapHWaHTa, VJACIbHBIC 3aTpaThl M 3aTpaThl Ha MOTPEOIIIEMYIO
ANEKTPOIHEPTHIO.

a) OnpenesieHne NpUBeJeHHBIX 3aTpaT

[Tocne onpexneneHns BCeX COCTABIISIONIMX MPUBEICHHBIX 3aTpaT Ha Nepeaady
AIIEKTPOIHEPTUHU, OTIPEACISAIOTCS IPUBEICHHBIE 3aTpaThl 0 opmyie:

3=r* K+ C=r* K+ C+ C,otC»;

Bce pacuetsl 1omkHbI ObITh cBeieHbI B Tabu. 3.2.1. B aToit Tabnuie 3arpaThl
OTJEJBHBIX COCTABIISIFOIINX MPUBOSATCS HE TOJBKO B a0COJIFOTHOM BBIPAXEHUH, HO U
B IIPOLIEHTAaX OT MPUBEJACHHBIX 3aTparT.

0) OnpenesieHne yAeJabHBIX 3aTPAT HA Mepeaavy 3JIeKTPOIHePrun

VY 1e/IbHbIE KAaUTAJIBHBIE U TPUBEACHHBIEC 3aTPATHI ONPEIEIISIIOTCS:
a) Ha €IMHUILY TPOU3BOJICTBEHHO! TIOIIAN

K 3
Kyr=—; 3yF= —;
VYF F VYF F
0) Ha €AMHHUILY YCTAHOBIIEHHON MOIHOCTH
K 3
Kyp=——; Byp = —;
YP PH YP PH
B) Ha €AMHUILY TI0JIE3HO IOTPEOIIEMOM SHEPTHH
K 3
Kyw=——; Byw =
VW, VW,

rac
Wn=Pu*Tym=Pc*Tr.
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B) Onpenenenue 3aTpar Ha JIEKTPOIHEPIHIO

CHayasna omnpezensiercs: oo1iee moTpedieHne EKTPOIHEPTUH 1o hopmyie:
W=Wn+AW; (3.2.9)
Y MaKCHMaJbHas aKTUBHAS HArpy3Ka 1o GopmyIe:

Y

Pu= 1 (3.2.10)

[To momy4eHHBIM 3HAYEHUSIM IOKa3aTesieil CTOMMOCTh TOJJOBOTO MOTpPEOIeHUs
AIIEKTPOIHEPTUU OTPEICIUTCS 10 hopmyrie:

Cow= (0L * Py + B *W); (3.2.11)

rae o U 3 - OCHOBHAas M JIOTOJHHUTENbHAS CTAaBKU ABYXCTaBOYHOTO Tapuda Ha
AIIEKTPOIHEPTHIO.

B  3akmroueHuu  ompenpensiercs  ce0ECTOMMOCTh — DJIEKTPORHEPTUU Y
noTpeouTes:

Cy,w +tC, +C
Cy= 2 Wa £ . (3.2.12)

PesynbTaTel 3aHocaTcs B Tabuity 3.2.1.
3.2.3 I'pa¢mueckas yactb

['padmyeckas yacThb JOJKHA BBINOJHATHCS Ha OOBIYHOM JUCTEe BaTtMaHa. OHa
J0JKHA BKJIIOYATh B Ce0sl YIPOIICHHbIE MPUHIUITHAIBHBIE CXEMbI CPABHUBAEMBIX

Tabnuya 3.2.1 - TeXHUKO-9KOHOMHYECKHe MOKA3aTeJ M BLIOPAHHOI0 BAPHAHTA

3JIEKTPOCHAOKEHUS
NoNe Haumenosanue O6o3na- | Enununa Hcrounnxk YucneHHbIC 3HAYEHUSI
T ToKazareynei YeHHe | u3MepeHus | uiam popmyna A6COJ‘IIOTHBIC|B % K3
1 2 3 4 5 6 | 7
1. OO6mwme 3aTparhl HA TIEpeIavy IEKTPOIHEPTUH
l. Kanuransubie K pyo. Tabmn.1
3aTpaThl
2. T'onoBbie
KalMTalbHbIE Kr pyo r*K
3aTpaThl roa
(HOpMaTHBHBIE
OTYHCIICHUS )
3. AMOpTHU3allMOHHbBIE Ca - n
OTYHCIICHUS Z P Aj *K;
| =
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Tabnuua 3.2.1 — IIpogoszkenue

1 2 3 4 5
4 3aTpaTsl Ha IOTEPU Cs -
AJIEKTPOIHEPTHU
5. 3aTparbl HA PEMOHT Cro " Cat C3+Cpo
1 00CITy)KMBaHUE
6. I'onoBeie C -
IKCILTYaTalMOHHBIC
pacxomml
7. [IpuBeneHubIe 3 " Kr+C
3aTpaTkl
2. Y nenbHbIEe 3aTpaThl HA TIEpeAady dICKTPOIHEPTUI
8. VY ienbHbIe KalIUTAIbHBIE 3aTPAThI
- Ha CAMHUILY Kyr pyo K
TUTOIAH M2 F
-Ha eTUHHUILY Kyp pyo K__
YCTAHOBJIEHHOM kBt Py
MOIIHOCTH
9. CebecTonMocTh Cyw pyo. i C__
rnepenayu kBr.4.roxn Wi
AJIEKTPOIHEPTHU
10. VY nenpHble pa3oBble NPUBEIECHHBIE 3aTPaThl
a) Ha CAMHHMILY 3yr pyo 3
[UIOILAIA ro ILM2 F
0) HA eUHUITY 3yp pyo 3
YCTaHOBJICHHOM kBT.ron Pu
MOIIHOCTH
B) Ha EIUHUILY pyo. i 3
moJsie3HonoTpedIsie 3yw kBr.u.rox W
MOU
AJIEKTPOIHEPTHU
TTonesnoe Wn KBT.4. Pu*Tv=
11. notpebaeHue Pco*Tr
DIIEKTPOIHEPTHH
[Torepu AW ) AP\t =
12. AIEKTPOIHEPT U APc*Tr
Oomiee W - Wi + AW
13. notpebieHue
DIIEKTPOIHEPTHH
14. MakcumanbHas Pm kBT W
aKTUBHAas Harpy3kKa Tm
15. Koadpdunument [IpoekTHblE
MOIITHOCTH JTAaHHBIC
(MaKCHMAaITbHBIH )
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Tabmauua 3.2.1 — OxkoHyaHue

17. | CronMocCTh TOIOBOTO pyo
noTpebIeHus Cow roj (axPm+BW)
AJIEKTPOIHEPTHU
18. CebecTonmMocThb CowtCat+Cro
BJIEKTPOIHEPTUU Y Cy Wn
oTpeOuTeNs

BapUaHTOB (IPUHIMUMHAIBHBIE CXEMbl CPAaBHHBAEMBIX BApUAHTOB JOJDKHBI OBITH
MOBTOPEHBbl B TOSCHUTEIBHOW 3alUCKE K JAWIUIOMHOMY IPOEKTY) U TEXHHKO-
HKOHOMHYECKHUE TTOKA3aTEIH.
B cxemax g0mKHBI OBITh OTPa)KEHBI TE JIEMEHTBI, KOTOPbIE CPAaBHUBAIOTCSL.
TeXHUKO-DKOHOMUYECKHE TMOKa3aTeld MOryT ObITh O(OpMJICHBI B BHJIE
MacCIITa0HBIX CTOJOMKOB, KPYXKOB W T.I. WIM Xe B TabmuyHoi Qopme Mo
COTJIACOBAHUIO C KOHCYJIBTAHTOM IO OPTraHU3aI[MOHHO-3KOHOMHYECKON YacTH.

3.3 OPTAHU3AIIMUOHHO-O9KOHOMMNYECKASA YACTD
HAYYHO-UCCJIIEJOBATEJIBCKUX PABOT

[To cneunanbHOCTH "DIEKTPOCHAOKEHHE MPOMBIIUIIEHHBIX MOPEANpUATUR"
BBIMIOJIHSIIOTCSL ~ CaMble  pa3HOOOpa3Hble  HAyYHO-HCCIIEOBATENbCKUE  PaOOTHI.
[loaToMy He mpencraBigeTcsl BO3MOXXHBIM J1aTh KOHKPETHBIE HWCYEPIBIBAIOIINE
ykazaHus. OpHako, HE3aBHCHMMO OT XapakTepa 3THUX padoT, BO BCEX Clydasx
JOJKHBI OTIPEICIISATHCS 3aTpaThl Ha MPOBEACHUE HayUYHO-HCCIIEI0BATENbCKOW paboThI
(HMP). B »Tm 3arparbl JOMKHBI BKJIIOYATHCS TPYJOBBIE 3aTpaThl WHKEHEpa-
uccienoBaTens (IUIUIOMHUKA), €r0 PYKOBOJIUTENS, a TaKXKe 3aTpaThl CBA3AHHBIE C
ucnonp3oBaHueM OBM u pasnuyHoro oOopynoBaHUS, HEOOXOIUMOro IJis
IIPOBEICHMS] SKCIIEPUMEHTOB.

B kauectBe mnpuMepa IpPUBEAEM OPraHU3allMOHHO-D)KOHOMHYECKYH) 4YacTh
JUIUIOMHOTO TPOEKTa, B KOTOPOM pa3paldaThiBae€TCsi U BHEAPAETCS HOBOE
YCTPOMCTBO, @ UMEHHO, TPOUCXOAUT PEKOHCTPYKIMS aBTOMAaTUYECKOMN JIMHUH.

Pacuer HaunHaeTCcs ¢ COCTAaBIEHUS CMEThI

Hcx0THBIMU JOKYMEHTAMM JIJIsl COCTABJICHHS CBOJIHOM CMEThI SBJISETCS:

1. I'paduk OCHOBHBIX 3TalOB MPOBEAEHUS HAYYHO-HCCIEIOBATEIbCKOM
paboter (HUP) u 3arpatel Ha e€ mpoBeaeHUE.

2. OmnpeneneHue KanuTalbHBIX 3aTpar sl 0a30BOr0 U HOBOIO BapUaHTOB.

3. Onpenenenne HKCILTyaTallMOHHBIX 3aTpaT CPaBHUBAEMBIX BapHAHTOB.

4. OnpeneneHre  HSKOHOMHYECKOTO  3pdexkra  OoT  NPUMEHEHMS
IPOrpaMMHUPYEMOT0 KOHTPOJUIEPA.

3.3.1 I'pa¢uk ocHoBHBIX 3TanoB nposeaenuss HUP u pacuer 3aTpar

I'padux ocHOBHBIX dTamoB mpoBenaeHuss HUP  saBmsercss ocHOBHBIM
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JTOKYMEHTOM, XapaKTepU3YIOIINM 3aTpathl 1Mo 3apaboTHOU miate. Bmecte ¢ Tem, B
M3BECTHOU Mepe OTPaKaeT U OpraHu3allfio MPoBeAeHUs padOThl, @ UMEHHO: COCTaB U
KOJIMYECTBO MPUBJIEKAEMbIX K BBITIOJHEHUIO PA0OThl UCIIOJIHUTENIEH.

Jlns cocraBiieHust rpaduka OCHOBHBIX dTanoB nposeaeHus HUP paccmoTpum
BpPEMEHHbIE UHTEPBAJIbI IPOBEJICHUS PAOOT:

IloaroToBUTEIBLHBIN ATAIl.

Teopernueckue pa3pabOTKH.

[IpoekTrpoBaHue U BHIIOJTHEHUE TEXHUYECKOTO 3a1aHusi Ha OBM.
KoHcynpTanmm ¢ pyKOBOAMTENEM NPOEKTA.

MarmuHHabIe pacdeTsl 1 0(OpMIICHUE OTYETa B AJIEKTPOHHOM BHUJIE.

I[Jm pacdeTra OOMIMX 3aTpaT HEOOXOAMMO 3HATh TPYJOEMKOCTH BCEX HTAroB
BBITIOJIHSIEMOW paboThl. [[1s omnpeznenieHUst TPYIOEMKOCTH COCTABIISIETCS TEpPEUEHb
BCEX BHUJIOB pabOT, KOTOpPHIE JOKHBI OBITh BBIMOJHEHBI. TpynoemMKkocTh
BBITIOJTHEHUST PA0OTHl OMPENENACTCS MO CyMME TPYJIOEMKOCTEH 3TarloB W BHJIOB
COCTaBJIAIONIUX PabOT, OLIEHUBAEMBIX IKCIIEPUMEHTAJIBHBIM MTyTEM B YEJIOBEKO-THSX.
OHa  HOCHUT BEpPOSITHOCTHBIM XapakTep, TaK KaK 3aBUCUT OT MHOXECTBA TPYIHO
yauThiBaeMbIX (akTtopoB.  [loaTOMy B TIpakTUKE NPUMEHSIIOTCS CIEAYIOIIHE
BEJIMYMHBI [TPU OLIEHKE TPYJIOEMKOCTH:

a; - MUHUMAaJIbHbIE BO3MOXHBIE TPYJIOEMKOCTH OTJIEJIbHBIX BUJIOB PadoT;

b; - MakcuMaIbHBIE BO3MOXKHBIE TPYJAOEMKOCTH OTACIHHBIX BUIOB padoT;

- HanOoJiee BEepOsATHAS TPYJOEMKOCTh OT/ICIBHBIX BHIOB PadoOT.
Oxunaemoe 3HaueHue TpyaoeMkocTu T; u ux gucnepcus [l oneHUBaroTCs Mo

dbopmynam:

agbhownNPE

ai + 4 x ml + bl
T - . , (3.3.1)
(b -a)’

A= (3.3.2)

Jucnepcusi XxapakTepu3yeT CTENeHb HEOMPEAEIEHHOCTH BBIMOJHEHUS padOThI
3a oxuaaemoe Bpems. [IponomkurensHOCTh paboThl Ty oneHuBaercs no Gopmyse:

Tai=T; /Ui, (3.3.3)

rae T; - Tpy10€MKOCTb, YE€IL.-[THH;
Y, - 4MCIEHHOCTh UCIOJIHUTEICH, Yell.

[Ipumep:  HeoOxomuMo  ompeaenuTb  3PPeKT  oT BHEJIPEHUS
nporpammupyemoro kontposuiepa (IIK) Ha mpennpustuni B KayecTBE CHUCTEMBI
YIIPABIICHUSI aBTOMATHYECKOU JIMHUEH.

T.x. yctaHoBka pa3pabaThiBaeTcsi OJHUM uyeiaoBekoMm, To Ty = Ti. Ilpwm
JOMYIIEHUH, YTO pabOThl BEyTCs B MPOEKTHOM opranuszanuu s nposeaeHus HUP
M0 JIaHHOMY TIPOEKTY M BBINOJIHEHUS OCHOBHbIX 3TanoB HUP mnonagoOutcs
CJICIYIOLIUM TIEPCOHAIL:

- BEJyLIMI MHKEHEP - PYKOBOJAUTEIb MPOEKTA;
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- HHXEHep - pa3paboTUUK MPOEKTA.

[IpuHsATBEICE BETUYHUHBI TPYAOEMKOCTH W TOJYYEHHBIC TP pacyeTe 3HaYeHUS
TPYAOEMKOCTEH CBOJIUM B Tabiwmiry 3.3.1.

Tabnuya 3.3.1 - Tpy10eMKOCTH OCHOBHBIX 3TanoB nposeaeHus HAP

Ne srana ai bi mi T; i
1 30 35 35 34,2 4,16
2 130 150 140 140 66,6
3 160 200 180 180 266,6
4 10 15 15 14,2 4,16
5 25 30 25 25,4 4,16

Ha ocHoBanuu 3HaueHUM, MOJYYEHHBIX MPHU pacueTe MO JAHHBIM (opMyram,
coctapisieTcsi rpaduk mpoBeaeHus padoT, MpeaAcTaBIeHHbIN B Tabmume 3.3.2

Tabauya 3.3.2 - KajnenaapHublid niian-rpaguk oCHOBHBIX 3TanoB nposeaenusst HUP

JTUTETHHOCTD
HaumenoBanue srtamna Jlara Hadama a ’
HEJeb

1. TlogroroBuTenbHbId (mMOAOOP, M3yUEHUE

JIUTEPATYphl, aAHAJINU3 COCTOSIHUA  BOIPOCA, 01.04.2002 4
COCTaBJICHHUC TCXHUYCCKOI'O Bal[aHI/I}I)

2. Teopernueckasi pa3paboTka

(mpoekTHpoBaHHUE CXeM, pazpaboTka 22.04.2002 18
TEOPETHYECKUX OOOCHOBAHHHN)
3. IlpoekTHpOBaHUE U BBHIMOJIHEHUE

29.07.2002 24
TEXHUYECKOro 3amaHus Ha OBM
4. KoHCcynbTallul C PYKOBOJIUTEIEM MPOEKTa 01.04.2002 )
02.09.2002
5. MamuHHBIE pacy€Thl U OTYET B 16.12.2002 2.5

OJICKTPOHHOM BHIC

3aTpatrhl Ha TEOPETUUECKYIO YaCTh U paboOTy C IUTEpaTypout
3:=Cp+T; (3.34)

rne C,=16 py06./uac- tapu¢Has craBka unHxeHepa Il kareropuu;
T, - Bpems1, 3aTpaueHHOE Ha pabOTy C JIUTEPATYpOr U TEOPETUUECKUI aHAU3;

3, =16 x 273,6 =4377,6 pyo.
3arparhl HA TCOPETUUCCKUE Pa3pabOTKU
3pc = Cp+ Ty (3.3.5)
rne T, - Bpems, 3aTpaueHHOE Ha TEOPETHUYECKHE pa3pabOTKH.

3pc= 16 x 252,8 = 4044.8 pyo6.
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3aTpaThl Ha TMPOEKTUPOBAHWUE M BBIMOJHECHUE TEXHUUYECKOTO 3aJaHus Ha
5BM
3u=Cp Ty (3.3.6)
rae Ty - Bpems, 3aTpayeHHOE HAa MPOCKTUPOBAHUE U BBITIOJIHEHHWE TEXHUYECKOTO
3aganus Ha OBM.
3:=16 x 101,4 =1622,4 pyO.
3aTpaThl Ha OIJIaTy MAITMHHOTO BPEMEHHU
3u = Cyu+Ty (3.3.7)
rne C, =15 py0./gac - CTOUMOCTh OJTHOTO Yaca MAIIMHHOTO BPEMEHHU;
Ty =101,4 + 203, 24ac - Bpems UCIIOIb30BaHUSI MAIIIUHBI.
3u = 15 %X 304,6 = 4569 py0.
3aTpatThl Ha KOHCYJILTAIUIO C PYKOBOJIUTEIIEM

3KH: CKp *TKH (338)

rne Cy, =21py0./uac - TapudHas craBKa BEIyLIEr0 MHKEHEPA,;
Txn — BpEMsI KOHCYNBTALUHA C PYKOBOIHUTEIEM.

3= 21 x 113,6 = 2385,6 py6.

[TonHbIe 3aTpaTtbl IIpU HCIIOJIB30BAHUHA OBM IJIs1 pacd€TOB M COCTABJICHUA
OTYCTAa

Begw = 3r+ 3up+ 3 + 3wt 3 (3.3.9)
Begw = 4377,6 + 4044.8 + 1622,4 + 4569 + 2385,6 = 169994 py6.

3HauYeHHE COCTABJISIONINX 3aTpaT 3aHOCUM B UTOTOBYIO Tabmuity 3.3.3, r1ie B
MOCJIETHEM CTOJIOIE YKa3aHO WX OTHOCUTEIHHOE 3HAYEHHUE B MPOIEHTAX K MOJHBIM
3aTpaTam.

Tabnuya 3.3.3 - CocTaBasirolime 3atpar npu npoeaennu HUP

HaunmeHnoBanme 3aTpar O06o3HaueHne Cymma
B pyOIIsIX B %
1. PabGora C JuUTepaTypou u 3. 43776 25.7
TEOpeTHYecKas: 4acTh
2. Teoperuueckue pa3zpabOTKH 30 4044 8 238
3. IIpoexkTupoBaHHE W  BBINOJ- 3, 1622.4 9.5
HEHHE TEXHUYECKOro 3a1anusd Ha OBM
4.0nnata MalIMHHOTO BpPEMEHU 3, 4569 26.8
5. Koncynpranuss ¢ pyKOBOIIHU- 3 2385.6 142
TEJIEM
UTOI'O 3eym 16999,4 100
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3.3.2 OnpenesieHue KANMUTAILHBIX 3aTPAT CPABHUBAEMbIX BAPHAHTOB

ITonHast CTOMMOCTB CUCTEMBI YHpaBJICHUS, CO6p8.HHOI>i Ha DJIEMEHTaX JKECTKOU
JIOTHUKH COCTaBJIACT:

K;=1670 $ = 42120 py6ueii

CroumocTs mnporpammupyemoro  kontpoiepa  YIIV-TII-2M,  cormacHo
naHHbIX [IeH3eHCKOro MPOM3BOACTBEHHOTO OOBEIUHEHHS «DIEKTPOMEXaHUKaY,
COCTaBIISIET:

K>= 30000 pybmet.

3.3.3 OnpeaesneHne IKCIJIYATAHMOHHBIX 3aTPAT CPABHMBAEMbIX
BapHAHTOB

B cocraB Tekymux 3aTpar Ha SKCIUTyaTaI|Io AIEKTPOOOOPYI0BaHUS BXOMIST:
1. l'omoBeIe 3aTpaThl HA OOCTY)KUBAaHKUE U TEKYIUH peMOHT Cpo;

2. CTOMMOCTb TOJIOBBIX MOTEPH AEKTpo3HEprun Cn;

3. 'onoBbie amopTU3alMOHHbIE oTunciieHus Ca.

C=Cpo+C» (py6./Ton) (3.3.10)
["'010BBIC aMOPTH3AIIMOHHBIC OTYHCIICHHSI

Ca=pxK (py6./ron), (3.3.11)

raie p=20% — HopMa aMOPTHU3ALMH JJISI 1IEXOBOI0 00OpYI0BaHMUS.
Ca;=0,2x42120=8424 py0./rox,
Ca=0,2x30000=6000 py0./ro.
l'omoBble  aMOpPTU3AIMOHHBIE  OTYUCICHHS  BKIIOYAIOTCSI B T'OJOBBIE
AKCIUTYaTallMOHHBIE PACXObI JII KOPPEKTHOTO pacuera HAJIOrOB, HO UCKIIIOYAIOTCA
MIPU pacyeTe MHTErPAIbHBIX MTOKAa3aTeNeh MPOEeKTa
["omoBbIe 3aTpaThl Ha OOCTYKHUBAaHUE U TEKYIIUA PEMOHT

Cpo=PopxK (py0./ron), (3.3.12)

rie  Pop — koapuIMEHT TroMOBBIX HSKCIUIyaTallMOHHBIX pacxoioB Ha
oOCITy’KMBaHUE U TEKYIIUNA PEMOHT.

Pop=0,15(1 BapuanT), Pop=0,05(2 BapuaHT).
Cpo;=0,15%42120=6350 py6./Tox,
Cp0,=0,05%30000=1500 py6./Tox.

CTOUMOCTB TOAOBBIX TIOTEPH IEKTPOIHEPTUU
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Cor=NxKy XKOI[ xKgp X Tk X H/T] (pY6), (3313)

riae N — MOIIHOCTh AJIEKTPONIOTPEOUTENEH,

N;=1100 Br;

N,=600 Br;

Kyn— k03¢ duuuent 3arpy3kd 1mo MOIIHOCTH,

Ky :0,7;

Kog— k03¢ duiiuenT oaHOBPEMEHHOCTH pabOThl MOTPEOUTENEH,

Kon=0,7;

Kgp— k03dduiinenT 3arpy3ku motpeOuTeneil mo BpPEeMEHH,

KBP :0,85,

Tk — Bpemst paboThl moTpeduTene,

Tk =4018 gac/rox;

IT — nena anexTposHEpruy,

I1=0,56 py6./xBT.4;

N — KO3QPUIIMEHT TOJE3HOr0 JEUCTBUS TMOTpPEOUTENEH,

n=0,95.

Cr; = 1,1x0,7%0,7%0,85%x4018x0,56/0,95 = 1085 py0.
Ca,=0,6%0,7%0,7%0,85%x4018x0,56/0,95 = 590 pyO®.
Texymmue 3aTpatsl Ha dKcIITyaranuio: C=Cpo+Cs (py6./200),

C1=6350+1085=7435 py6./Tonx,
C,=1500+590=2090 py6./ro.

Exxeronnas »xoHOMMUS:
B =C, - C,(py6./ron), (3.3.14)
B =7435-2090 = 5345 py6./200

3.3.4 Onpeaenenne 3x0HOMUYecKOro 3¢ dexra or npumenenus: 1K

Pacuer skoHOMHMUeckoro »3¢ddexTa NPOU3BEIEH HAa OCHOBAHUU YHCTOIO
IUCKOHTUpOoBaHHOTO aoxona (Y1), onpeneneHHoro kak cymma TeKymux 3Q¢peKkTon
3a BECh PACUETHBIN NEPUOJ, IPUBEACHHAS K HaYalbHOMY mmary [ 1 ].

B teuenue pacueTHOro nepuoaa He MPOUCXOIUT MHMIALUUOHHOTO U3MEHEHUS

1eH, ¥ BenmunHa Y11 1151 moCcTOSTHHONM HOPMBI TUCKOHTA BBIYUCTISIETCS 110 (hopMyIie
3.14

E, :0,16%0 p~ HoOpma JUCKOHTa (IIPUHUMAETCS B pa3Mepe CTaBKH
pedunancupoBanus [[b PO.

6= 0,12%0 » ~TIPOTHO3MPYEMbIi yPOBEHE uHpsiumu Ha 2004 1.;
T =10 ner
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0,16-0,12
r=——7 "%

=0,036
1+0,12

CyMMy WHBECTHMIIMH B JAaHHBIM HPOCKT oOmpeaessieM 1o ¢opmyrie:
Ko = 3¢yu + Ko = JI (py06./ron), (3.3.17)

rae 3cyw — 3aTPaThl Ha OCHOBHBIE ATalbl MPOEKTHPOBAHUS, PyO./TOx;
K, - kanuTanpHBIC BIOKEHUS, pyO./TO;
JI1=0,3 x K| — nuKBUJAIMOHHAS CTOMMOCTh, pyO./TO/.

Ko =17000 + 30000 — 0,3 x 42120 = 34360 py6./Tox
[To dopmyne (3.1.4) onpenensem Y1 or BHeapenus I1K:

5345 7125 7125 7125
i = -+ -+ -+ yEas
(1+0,036)"  (1+0,036)° (1+0,036)° (1+0,036)
7125 7125 7125 7125 7125
+ s+ ct -+ c+ 5+
(1+0,036)°  (1+0,036)° (1+0,036)" (1+0,036)° (1+0,036)
7125
+—
(1+0,036)"

— 34360 = 10340 py6.

3.3.5 Onpeaenenne cpoka OKynaeMoOCTH NPOEKTA

PeanbHBI CPOK OKYyHmaeMOCTH MPOEKTa MOXHO OIPENEIUTh, IOJIb3YACh
MeToIoM Kod(hduuueHTta aHHyuTeTa. Ecau mpennosiokuTh, UYTO €XKerojaHas
HSKOHOMHSI TIO MPOEKTY BEJIMYMHA MOCTOsIHHAsA, TOo (opmyna st pacuera YJJ|
MPpUOOpETACT CICAYIOIMIHNI BU/I;

1-(1+r)

YT = B K, (3.3.18)

N3BectHo, yto BH/I] mo mpoekTty paBHa TakoM NPOLIEHTHOW CTAaBKE I, IIPHU
kotopoit YJ1JI=0. Takum o6pazoM, U3 paBEeHCTBA

B1—(1+r)t

~K, =0
r 0

MOKHO HaWTH KO3(PPUIMEHT aHHyuTeTa f , KOTOpBI ompenensercs o ¢
OJTHO CTOPOHBI popMyIIe:

f=—, 3.3.19
< ( )

rie B — exeromnas oskoHomus, py0., Ko — kanuranpHble BiOXEHUA, pyO., a ¢
JIPYTOH CTOPOHBI
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3 1-(1+71)
r

f (3.3.20)

Ha ocnHoBanuu ¢opmynsl (3.3.20) MOXKHO 3apaHee paccuuTaTh TaOJIUILy
kodppunnenTor annyuteta (ITpunoxenue X)

Ecnu u3BectHbl k03 duiueHT anuyuTera f U peaibHas MpOLICHTHAs CTaBKa T,
TO Mo Tabnuie aHHyuteTa wid 1o Qgopmysie (3.3.20) MOXKHO HAWTHU 3HAYCHHE N,
KOTOpoe OyIeT MpeACTaBIATh CO00M peanbHBIH CPOK OKYMaeMOCTH TPOEKTa, U
Hao0OpOT, €CJIM U3BeCTHHI f M CpOK aHaimu3a MpoeKTa N, TO MO TaOJHIE WU 1O
dbopmysie MOXHO HaWTW 3HAYEHHUE T, KOTOpOoe OyaeT mpeacTaBisaTh coboit BHJ[ mo
MIPOCKTY.

B namewm npumepe:

f = 5343 =0,155

34360

5

Hcxons U3 moaydyeHHOTo pe3ylibTara, o Tadnuie anuyurera (npuinoxenue JK)
MOJIy4aeM CPOK OKYIa€MOCTH MPOEKTa:

n="7mner

Tak kak B I|eXe YCTaHOBJEHBI Cpa3y YEThIpe MOJAO0O0HBIE ABTOMATUYECKHE
JUHUHU, TO LEIeCOO0pa3HO MPOMU3BECTH 3aMEHY CHUCTEMbl YIPABJICHUS Ha BCEX
JTUHUSIX.

Pe3ynbraThl, gocTUraeMble Ha  ATOM IlIare pacuera, BBIYUCISIOTCS MO

dbopmyie:
P.=(C; — C,) x A (py0./ron) , (3.3.21)

rae C;, C, - Tekyuue 3aTpaThl Ha SKCILTyaTallio 0a30BOro 1 HOBOTO BapHAHTOB;
A — KOJIMYECTBO MOJEPHU3AIUH, IIT.

P = (7435 -2090) x4 = 21380 py6./ro.

CyMMa MHBECTHUIMH B JAaHHBINA MPOEKT ornpeaeiseM rno dopmyne (3.3.17):
Ko =17000 + 4 x 30000 — 4 x 0,3 x 42120 = 86450 py6./ron

[To popmyme (3.3.15) onpenensieM YUCTBHIA AUCKOHTUPOBAHHBIHN TIOXO/:

21380 28500 28500 28500
9 = -+ =+ -+ T+
(1+0,036) (1+0,036)° (1+0,036)" (1+0,036)
28500 28500 28500 28500 28500
+ -+ -+ —+ ot 5+
(1+0,036)° (1+0,036)° (1+0,036)" (1+0,036)° (1+0,036)
28500
+ 10
(1+0,036)

— 86450 = 92055 py6.
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Koaddumuent annynrera onpenensem mo ¢popmyne (3.3.19):

f = 21380 _ 0,247
86450

Hcxonsa w3 MOMYy4yeHHOrO pe3yibTara, MO Tabiuile aHHYyHTETa MOJy4Yaem
CPOK OKYNAaeMOCTH IPOEKTa:

n=4roga

I'paduueckoe otobpaxkenue YJIJ| npencrasneno Ha pucynke 3.3.1. I'papuku
MOCTPOEHBI Ha OCHOBaHUU Tabmun 3.3.4, 3.3.5.

Tabnuya 3.3.4 - TeXHUKO — IKOHOMHUYECKHE MOKa3aTeau npoekta (A =1)
Toxawr 1 2 3 4 5 6 7 8 9 10

Nusectunun | 34360 | - - - - - - - - -

DKOHOMHUSA 5345 | 7125 | 7125 | 7125 | 7125 | 7125 | 7125 | 7125 | 7125 | 7125

JluckoHTHPO-
BaHHas 4920 | 6030 | 5545 | 5105 | 4695|4320 | 3975 | 3655 | 3360 | 3095
SKOHOMUS

OKoOHYATEIbHOE

i 6030 | 5545 | 5105 | 4695|4320 | 3975 | 3655 | 3360 | 3095
caJIba0 29440

Hapacrarommit

UTOT 29440 | 23410 | 17865 | 12760 | 8065 | 3745 2301 3885 | 7245 | 10340

Tabauya 3.3.5 - TeXHUKO — IKOHOMHUYECKHE MOKa3aTeu npoekTa (A = 4)

Toawl 1 2 3 4 5 6 7 8 9 10
NuBectu- 26450 i i i i ) ) ) ) )
1002078
OxoHomus | 21380 20805 28500 | 28500 | 28500 | 28500 | 28500 | 28500 | 28500 | 28500
JunckonTn
) 19670 241 22190 | 20420 | 18780 | 17280 | 15895 | 14625 | 13450 | 12375
poBaHHas 20
HKOHOMUS
OxkoHua- 241
TeapHOE | -66780 20 22190 | 20420 | 18780 | 17280 | 15895 | 14625 | 13450 | 12375
caiba0
Hapacra- -
FOIITHAM -66780 | 426 . -50 18730 | 36010 | 51905 | 66230 | 79680 | 92055
20470
UTOT 60
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100000

80000

60000

40000

20000

-20000

-40000

-60000

-80000

Pucynoxk 3.3.1 — I'paduk OKymmaemMocTu MpoeKTa
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lMpunoxeHue 4

MeTtoaunyeckue ykazaHuUA Nno BbINOSIHEHUIO pasaena «OxpaHa
TpyAa, TeEXHUKa 6e30MacHOCTU U OXpaHa OKpyXKaroLen cpeabI»

1 O01ue moJ10KeHus

JIMIIOMHBINA TIPOEKT SIBJISIETCS 3aBEPIUAOIIMM 3TanoM OOY4YEHHs CTYAECHTOB.
Pa3pabatbiBas TeMy NpOEKTa, CTYIAEHTbl 00s13aHbl MPEABUIECTH BOZMOXKHbBIC MTPUUMHBI
TpaBMaTU3Ma M MNPOQPECCHOHANbHBIX 3a00JIEBaHMM, CBSA3aHHBIX C SKCIUTyaTaluen
MalIlIMH U 000pYyI0BaHUS, 1 0OOCHOBATH PEILLIEHUS 110 UX MPETYNPEKICHUIO.

[Ipy BBINOJHEHUM JUIIOMHOTO MPOEKTa CTYAEHTY HAJA0 JaTh pEIICHHE
BOIIPOCOB Oe30macHOCTU M oXpaHbl. OCHOBHAs LIeNb 3TOrO paszzena — pa3paboTka
MEpONPUATHIA IO OXpaHE TPYJa, TEXHUKE OE30MAaCHOCTU M OXpaHE OKpY Karolleu
CpeIbl ISl MPOCKTUPYEMOTO JIEKTPOOOOPYT0BAaHUSI.

Copmepxanue paszzena mo O€30MacHOCTH M OXpaHe OKpYXalomlew cpeabl
JOJKHO COOTBETCTBOBATH TEME JAUIIJIOMHOTO IPOEKTa U ObITh €r0 COCTABHON YaCThIO.
Bompocel 6e30macHOCTH M 3KOJIOTMYHOCTH MOTYT PEIIaThCsl U B JPYTHX IJIaBax
IIPOEKTAa, B OJTOM CIlydae B pasfene JACNaeTcs CCbUIKA O IPELYCMOTPEHHBIX
MEPOINPUATHSIX C YKa3aHHEM pas3feia JUINIOMHOTO MpPOeKTa. TepMUHOIOTHS U
ONPENEIICHUsT IIPU HW3JIOKEHWHM JAaHHOTO paslesia  JOJDKHBI  COOTBETCTBOBATH
HopMatuBHBIM JokyMeHTaMm: ['OCTam, CHullam, CanlluHam u apyrum npasunam u
HOpMaM.

Boinaua 3aganuii mo pa3paboTKe BONPOCOB 0O€30MaCHOCTH U 3KOJOTUYHOCTH
MPOEKTa MPOU3BOAUTCS KOHCYJIbTAHTOM-IIpENnoaaBaTesneM Kadeapsl «A3poyioruu,
OXpaHbI TPYJla U OKPYKAIOLIEH CPEIIbI».

HcxoaHpIiMu JaHHBIMU JUIS1 BBITTOJIHEHUS JAHHOTO pa3zea sBISIOTCS:

o 00BEMHO-TIJIAHUPOBOYHBIE U KOHCTPYKTUBHBIE PEIICHUSI 3IaHUN U

COOpY’KEHUI 00beKTa ¢ pa3OUBKOM 37JaHNS WK COOPYKEHUS Ha
OTJIeNIbHBIC OJIOKU (CEKIIHNH );

J MECTOPACIOJIO0KEHUE U YCIOBUS BO3BEJCHUS O0bEKTa,
o JAHHBIE 110 00ECIEUEHNI0 00BEKTA IHEPrETUUECKUMHU PECYPCaMU, BOAOU
U 1p.

Bo Bpemst npeaiuuioMHON MPAKTUKHU CTYACHTHI JOJKHBI COOpaTh MaTepual 1o
MIPOMBILUIEHHON CaHUTApUH, TEXHUKE OE30MAaCHOCTH U OXpaHe OKPYXKaroleil cpebl B
COOTBETCTBHHM C TEMOW IUIUIOMHOro mpoekrta. Ilocne Bo3BpalleHusi C MPakTHKH U
OKOHYATEJIbHOTO COIVIACOBAHUS TEMbl M OCHOBHOIO 33JaHUsl CTYAEHT-IUIIJIOMHUK
[OJy4aeT 3a/JlaHue Yy KOHCyJbTaHTa 1m0 pasaeny «OxpaHa Tpyla, TEXHUKA
0€30IacHOCTH U OXpaHa OKPYXKAarolled cpenbl», YTOUHSET 3afayd, TeMbl PacyeTHOU
4acTH U 00beM rpaduyeckoro Marepuania.

Bonpockl oxpaHbl Tpyia JOJKHBI ObITh OTPA’KEHBI BO BCEX YACTIX TUIIIOMHOTO
NPOEKTAa: TEXHOJIOIMYECKOW, KOHCTPYKTOPCKOM, uccliiefoBarenbckoi. Kpome 3toro
OPOEKT JIOJDKEH CcojAepKaTh CHEelHalbHYI0 riaBy «OxpaHa Tpyaa, TEXHHUKA
0€30MacHOCT U OXpaHa OKpyKarollell cpeabl» oobemMoM: 8-12 cTpaHuI] TEKCTa C

HCO6XOI[I/IMBIM KOJIHMYCCTBOM MOACHAKOIIMNX 9CKHU30B.
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Ecniu B TEXHOJOIMYECKOM WM KOHCTPYKTOPCKOM pas3fenie AMILUIOMHOM
3aMUCKU OCBEILIAIOTCS.  BOINPOCHI  MPOMBIIIJICHHOM CaHUTapul M TEXHUKU
0e30macHOCTH, TO B cHelUaibHON TiaBe «OxpaHa Tpyaa, TEXHUKAa 0€30MacHOCTH U
OXpaHa OKPY’KAIOIIEH Cpelbl» Ha HUX CIEAYeT TOJIbKO CChLIAThCS, 0€3 MOBTOPHOIO
OIKCAHMUSL.

[Ipu BbIOOpPE MepoONpUITHNH TIO OXpaHe TpyAa HE CIeQyeT IepenuchiBaTh
UHCTPYKIMH, YNOTPEOSATh BBIPAKEHUSI «TpeOyeTcs», «JI0JDKHO ObITh» U T. M. Bce
MEPONPUATUS M pacyeTbl  NPEAyCMATPUBAIOTCS  IMpaBWIAMH,  HOPMaMu,
rOCYJapCTBEHHBIMU CTaHAAapTaMH, Ha KOTOpble HEOOXOIUMO JaBaTh CCBUIKH,
Hanpumep: B cootBerctBuu ¢ ['OCT 12. 1. 00 -,., npuHUMaeM ...; U3 COPaBOYHUKA
[20] BEIOMpaeM ...; IO METOAMKE, U3JIOKEHHOHN B yueOHUKE [ 12] BBIONHIEM pacyer ...
u T. O Ha3Banus y4eOHUKOB, CIPABOYHHKOB M TOCYJApCTBEHHBIX CTaHIApTOB
3allMCBhIBAIOTCS BHAYAJIE HA OTAEIBHOM JIMCTE MU HOMEpPA B TEKCTE IPOCTABIISIOTCS
KapaHJallloM, a 3aTeéM OHHM BHOCSTCA B OOILIMI CIIUCOK M HOMEpa HCIPABISIOTCS IO
OoubamorpaguueckoMy CHHCKY BCEro JUIJIOMHOrO MpoekTa (1o andaBUTy WM TI0
NopsiZIKy TOsiBIeHUsT B 3amnucke). Homepa B TekcTe mNpoOCTaBIAOTCS IUGPOH,
3aKJIFOUCHHOM B KBaJpaTHbIe ckoOku; [12,c. 35].

I'maBa «Oxpana Tpyna, TeXHHKA 0€30MaCHOCTH U OXpaHa OKPY’KaIoIlEeh Cpebhy,
KaK MpaBUJIO, COCTOUT U3 MATU Pa3/IeioB.

B nepBom paznene: «AHanM3 BpPEIHbIX M ONACHBIX MPOU3BOJICTBEHHBIX
(bakTOpoOB MpH 3KCIUTyaTalluu 000pyAOBaHUSA» B Hadaje pas3zieiia yKa3aTh BUJ CETH,
PEXUM HEHUTpau, MPUMEHSIEMBbIE HAIIPSDKEHUS, SJIEKTPOOOOPYI0BaHUE HA BBICOKOU U
HU3KOW CTOPOHE, MapKy U CEUYECHHE MUTAIOIIEH BO3YIITHON JTMHUH U KaOes.

BoIsiBUTH BO3MOKHBIE OMAacHbIE W BpeAHbIE (DAKTOPHI, BO3ACUCTBYIOIIME Ha
00CITy’KMBAIOUINI MEepCOHaN MPU MOHTAXKE M AKCIUTyaTallMH 3JIEKTPOOOOpYyIOBaHUs
COTJIACHO 3ajaHuio mpenogaBatens-koHcyiabTanta nmo ['OCT 12.0.003-74* CCBT
«OmnacHble U BpeHbIE MPOM3BOJCTBEHHbIE (pakTopbl. Kiaccudukaius», KOTopbie
MOTYT NMPUBECTH K TpaBMaTU3My MU Tpod3adosieBaHUsIM (HapUMEp, MOBBIIMICHHBINA
YpPOBEHb IIyMa OT CHWJIOBOTO TpaHCc(opMaTopa, HEIOCTATOUYHAs OCBEIIEHHOCTh
paboueil 30HbI, MOBBIIIEHHOE 3HAYEHHUE HAIIPSKEHUS B AJIEKTPUUECKON LIenH U Jp. ).

B mepBomM pa3znesie naercs ONMCaHUE MPOU3BOJCTBEHHOIO MOMEIICHHUS H
000pyI0BaHUs C TOUKH 3peHHs OXpaHbl Tpyaa. [IpuBoasTcs pakTuueckue 3HaUCHUs

TEeMIIepaTypbl, OTHOCUTEJIbHOMN BJIAXXHOCTU M CKOPOCTU BO3AYyXa B XOJOJIHBIN U
TEIUIbIA  MepuojJ; Troja, 3HAYEHUsST HWHTEHCUBHOCTH TEIUIOBOTO  U3JIy4YEHUS,
KOHIICHTpAIIMH TbUIK, TApOB, Ta30B B paboyeil 30HE MOMEIIEHUN U CPAaBHUBAIOTCS C
HopMmatuBHbIMU 10 CanlluH 2.2.4. 548-96. JlaeTcs xapakTepuUCTHUKa BEHTHIISLIUM,
MPEIaraloTCI MEPONPUSITHS IO OOECIEUCHUIO JOMYCTHUMBIX (WJIA ONTUMAIbHBIX)
[apaMeTpoOB MHMKPOKJIMMAaTa, YMEHBIICHUIO BO3ACHCTBUS Ha JIOJAEH BpPEIHBIX
BemecTB. Jlanmee OIEHMBAETCs ypOBEHb BHOpAIMH, IIyMa, SJIEKTPOMArHUTHBIX U
MOHM3UPYIOIIUX HW3JIYYeHHH, JOCTATOYHOCTh €CTECTBEHHOM U MCKYCCTBEHHOU
OCBEIIIEHHOCTH, NPAaBWJIBHOCTH PACMOJOXKEHUS M OpraHu3aiuu padodyux MecT U
OpejiaraloTcsi  MEpONpHUsTHS MO0  OOecleyeHut0  TpeOyeMbIX  IMapaMeTpoB,
palMOHAIBHOMY OCBEILIEHUIO U T. JI. 37I€Ch K€ JIeJaeTCsl BHIBOJ O HEOOXOJIUMOCTH
PELICHUS OJTHOTO U3 BOMPOCOB MPOMBIIIIEHHONW CaHUTapuK (KOTOPBIN JaH CTYJEHTY B
3a/1aHUN).

295



[Ipu ananmu3e TOMELIECHUS OIICHUBAETCS COOTBETCTBHE PACIIOJIOKEHUS
obopyoBaHusi TpeOOBaHUSM TMpaBuil Oe3omacHocTH (M0 CBOOOJHOM IUIOIIAAH,
HAJIMYUE MPOE30B U MPOXOJIOB, ONMACHBIX 30H, MOIAYU T'OPIOYUX U 3AIUTHBIX T'a30B,
C)KaToro BO31yxa U T. 1I..). Ha ocHOBaHMM aHanM3a MpUYUH TPaBMaTH3Ma HA TAKOM K€
WIK TOJA00HOM O00OPYIOBaHUM BBIABISETCS HamOoJiee ONacHOe O0OpyAOBaHHE U
NpeaaratoTcs 3alllUTHBIE MEPOIIPUATHUS, TPUOOPHI Oe30macHOCTH U T. 1. [IpoBoauTcs
aHaJIM3 OMACHOCTU TMOPAKEHUS JIOAEH DIEKTPUYECKHUM TOKOM: OIPEAESIOTCS
UCTOYHUKHM THTAaHUS DIIEKTPO’HEpPruer, Kakas ceTb (C TIIyX03a3eMJICHHOW WU
M30JIMPOBAHHON HEUTpalibl0), KaKoe HANpPsDKEHUE; OMPENENsIeTcs KiIace MOMEIICHUs
[0 CTENEHW OMACHOCTU MOPAXKEHUS 3JICKTPUUYECKHM TOKOM, IPEeIyCMaTpHUBAIOTCS
MEpBHI MO 3alIMTe OT AIEKTpoTpaBMaru3Ma. Ha ocHOBaHMM aHaiIM3a CTaBUTCA 3a]ada
0 PEIIEHUIO OJTHOTO BOIIPOCA MO TEXHUKE 0€30MacHOCTH.

AHanu3 TMOSACHAETCS PUCYHKOM B TMOSCHUTENbHOM 3amucke. Ha pucynke
MOKA3bIBAETCSl YMPOIICHHAs CXeMa pPACMOJOXKEHUsT OOOpYyAOBaHMS Ha Y4YacTKe,
YKa3bIBAIOTCS MPOE3/bl U MPOXOb, 3230Pbl MEXIY 000pYI0BaHUEM, OMACHbBIE 30HBI,
orpaxkieHusi, TpruOOpsl O€30MACHOCTH, 3a3€MIISIONINE YCTPOMCTBA, BEHTUIISILIMOHHOE
000py1I0BaHKE, CPEJICTBA MOKAPOTYIICHUS U T.I1. (T. €. BCE MO OXpaHe TPyJa).

Bo BTOpOM pa3sjgesie MpUBOAUTCS MH)XEHEPHOE pellieHue (T. €. C pacueToMm)
OJIHOTO BOMpOCa IO MPOMBIIIEHHON CaHUTApUU B COOTBETCTBUU C 3aJaHUEM.
Hazpanue pasnena n0KHO ObITh KOHKPETHBIM, Hampumep: «PacueT mexaHuyeckoit
00IIeOOMEHHOW BEHTWISILIMKA TOMeleHus», «Pacuer oO0mero MCKycCTBEHHOTO
OCBEIICHUS TOMEIICHUS, (CM. CIIUCOK TEM).

B TpeTbem pasjelie JacTCsl HHXKEHEPHOE pellieHHe OHOTO (IO 33/IaHUEO) BOIIPOCA 10
TexHHKe Oe3omacHOcTH, Hampumep: «Pacder 3aHyseHHs TOKapHOro cTaHka», «Pacuer
MOBTOPHOTO 3a3eMJICHHS HYJIEBOTO MPOBOJ@», «Pacuer 3aimTHOro 3a3eMyIeHUsT KO3IOBOTO
KpaHa», «PacueT TakenaxHOM OCHACTKH JUII MOHTa)Ka CTaHKa» U T. M. (CM. CIIUCOK TE€M).

B 4erBeprom pazgene «llokapHas 0€30MaCHOCTBY OIPEIEIISETCS KauecTBO
MOMEIIEHUS T10 MOKapHOM OMAaCHOCTH U COOTBETCTBUS €/ CTENIEHN OIHECTOMKOCTH 3/1aHMSI.
BbISIBIISIIOTCS. OCHOBHBIE MPUYKHBI BO3HUKHOBEHUS [TOKAPOB U MPEAJIaratoTcsi Mephbl 10 UX
npeAoTBpaiieHrto. OnpenensitoTcs BUIbl U KOJIMYECTBO CPEICTB MOXKAPOTYILIEHHUS, MECTO
ux pacnonoxeHust. [Ipenaratorcs (eciau 370 HEOOXOAMMO) TATYMKU U CXEMBI MOXKAPHOM
curHaimzaimy, [IpegycMatpuBaroTest Iy TH SBaKyallly JIFOJIEN U3 TOMEILICHUS.

B nsitom pasnene: «OxpaHa OKpyKarolieil cpeabd» NPUBOIUTCS aHATU3 BEIIECTB,
BbIOPAChIBaEMbIX B BO3IyX M KaHAIM3alMOHHYIO cucTeMy. [Ipemmararorcs crocoObl
000py/I0BaHMEe JJI1 OYMCTKH BEHTHIALMOHHBIX BBIOPOCOB BO3/yXa OT MPUMECEH, a TaKKe
OYHCTKH, OOE3BPEXKMBAHUS M HEUTpaM3alllid BELIECTB, COPAChIBAEMBIX B BOJOCTOUYHYIO
cetb. [Ipennararorcst ciocoObl MOBTOPHOT'O MCTIOIb30BAHMS WITH YTHIU3ALMU OTXOJIOB.

[locrne BbimonHEHMs 3afaHUsl B JHUA KOHCYJBTAIMM JUIUIOMHUK TIPUXOAMT,
MOKA3bIBAET UYEPHOBUK JJIsi MPOBEPKU M pEIIaeT ¢ MperojaBaTesieM BCE BOMPOCHL.
Jlanee CTyleHT HMCHpaBIsiET B YEPHOBUKE OIIMOKM M 3aMEUYaHUsl U TEPENHChIBAECT BEChH
pazaen Ha YMCTOBUK. B yachkl criemyroieil KOHCYJIbTalui CTYICHT IPUHOCUT YEPHOBHUK T10
OXpaHe TpyJa, YACTOBUK, TUTYJIbHBIN JIUCT, 3a/IaHUE U BCIO MOSICHUTEIBbHYIO 3aIUCKY C
OCHOBHBIMHU 4YepTeXaMu, TJle PEIIaIMCh BOIPOCHl oXxpaHbl Tpyna. [Ipemomasarens
CMOTPUT YEpPHOBUK, TI/ie¢ ObUIM 3aMeyaHHs, MPOBEpseT YHCTOBUK, MPOCMATPUBACT
3aMKCKy € YepTekamMu. Eciu BBISBISIETCS, YTO BOIPOCHI OXPaHbl TPY/Ia B KOHCTPYKTOPCKOM
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WIM TEXHOJIOTMYECKOM 4YacTsIX TMPOEKTa HE HAlLIM JIOJDKHOM MpOopabOTKH, TO
KOHCYJIbTAaHT BIIpaBe MOTPeOOBaTh WX BBINOJHEHUS. [Ipy TOJHOM BBINOJIHEHUU
3a71aHUsl KOHCYJIBTaHT CTABUT CBOFO MOJITMCH HA TUTYJIBHOM JIMCTE U B 33aHUU.

2 UnxeHepHBbIE PaCY€ThI

JIMIIIOMHBIN NPOEKT JOJKEH COAEPKAaTh HE MEHEE 3-X MH)KEHEPHBIX pacu€ToB
10 OXpaHe TPyJla U TEXHUKE O€30MacHOCTH (IO 3a/1aHUI0 PYKOBOAUTENS POEKTA).

[lepevyenp TeM THMOBBIX 33JaHUN WHXKEHEPHBIX PAacdE€ToB MO pazaeny «OxpaHa
TPy, TEXHUKA OE30MacCHOCTU M OXpaHa OKPYKAIOLIEH CPebDy CIETy O,

o [IpoBecTn pacuer OOHMIECOOMEHHON BEHTWISLMHM MOMELIEHUS LieXa I10
YKPYIHEHHBIM MOKa3aTeNsIM (ONpPEaeIUTh KOJINYECTBO MOAABAEMOIO BO3yXa, JJIMHY
U pacHojOXEHHs  BO3IyXOBOJOB, HUX IIONEPEYHOE CEUYEHHE, a  TaKKe
IPOU3BOAUTENBHOCTD U MOIIIHOCTb BEHTUIISITOPA).

o Paccuutarh cucteMy MECTHOM BEHTWJISILMU JJIs yJNaJeHMs rasa, MbUIU
WK M30BITKOB TeIjia U3 paboueil 30HBI. ONpenenuTh pa3Mepbl MECTHOTO OTCOCa,
BBITSDKHOTO 30HTa U T. M., JUIMHY BO3JIyXOBOJa, MPOU3BOJUTEIBHOCT U MOIIHOCTb
BEHTUJISITOPOB.

o CrpoekTupoBaTh CHUCTEMY HCKYCCTBEHHOTO OCBEUICHHS Ha Y4YacTKe.
Onpenenuth TUIN U YHUCIO CBETUIBHUKOB, BBICOTY IIOJIBECA, CXEMY pa3MELICHUs
CBETWJILHUKOB. [Ipy HE0OX0AMMOCTH PUHATH KOMOMHUPOBAHHOE OCBEILIEHUE.

o CripoeKkTHpoBaTh CHUCTEMY IPOXKEKTOPHOTO OCBEUICHMSI ydacTKa, TIe
JKCIUTyaTupyeTcsi  obopynoBanue. OmnpenenuT TUN — HPOKEKTOpPA,  BBICOTY
MPOXKEKTOPHBIX MAauT, YHUCIO MPOKEKTOPOB HA KAXKIOM YydYacTKe, Yroj HaKJIOHa
MIPOKEKTOPOB U HEOOXOAUMBIE TTApaMETPBHI.

o Bri6path u paccuntath BUOPOU3OISILINIO pabovyero Mecra ornepaTopa.

J PacyeTtoM ycTaHOBUTH HEOOXOJMMOE CHW)KCHHE YPOBHA IymMa U
OpOU3BECTH BbIOOp cmoco0a 3allWThl:  3BYKOM3O0JISALHUSA, 3BYKOIOIJIOLIEHHE,
HKPaHUPOBAHUE U T. II. U PACCUUTATh UX MMAPAMETPHI.

o Paccuutare TpeOyeMoe CHI)KEHHE IIyMa B IOMEIIEHUU C OOJbIIUM
YHCJIOM UCTOYHUKOB IITyMa OJIMHAKOBOI 3ByKOBOW MOIIIHOCTH U CIIPOEKTUPOBATH
3BYKOITOTJIAIIAOIIYI0 OOIHUIIOBKY.

o CrpoeKkTHpoBaTh 3BYKOH3OJUPYIOLIYIO MEPErOpOJIKY AJI YMEHBIICHUS
IIyMa, IPOHUKAOLIET0 U3 IIyMHOI'O IOMELIEHHSI B MEHEE IIIyMHOE.

o CrpoeKkTupoBaTh aKyCTHUECKUH DSKpaH s OrpPaKICHHs IIYMHOI'O
TEXHOJOIMYECKOro 000py0BaHUS.

o CripoekTHpoBaTh KOXKYyX AJI1 Haubosee IIyMHOTO TEXHOJIOTHYECKOTO
000pyI0BaHUS.

o Pazpabotath MepONpHATHS MO CHUKEHHIO IIyMa BEHTWIALMOHHON
YCTaHOBKH.

o OneHuth BO3ACHCTBHE DJIEKTPOMAarHUTHBIX TIOJ€M W HAMETUTh
MEPONPUATHS, CHUKAIOIINE HAPSYKEHHOCTD MOJIEH 10 CAHUTAPHBIX HOPM.
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o Pa3paborare cpeactBa 3amUTBl OT BO3ACHCTBUS HOHHU3UPYIOLIETO
U3ITy4YEHUsS] PEHTICHOBCKOM yCTaHOBKM J€(EKTOCKONMUU Ha  OOCIyKHBaeMbIi
nepcoHal U pabourX COCEAHUX TTOMEIEHU.

. Pa3zpabotaTth pabodee mecTo omeparopa M T. . C y4eTOM TpeOOBaHUMI
OXpaHsbl Tpya.
o PaccuntaTh M CHPOEKTUPOBATH 3a3€EMILSIIOLIEE YCTPOMCTBO CHIIOBOTO

TparcopmaTopa (WM TOBTOPHOTO 3a3eMIICHHUS HYJIEBOTO TIPOBOJIA), HIIM 3aIIUTHOTO
3a3eMJICHUS.

J Paccuntarh TOK KOPOTKOTO 3aMBIKaHUS TP PaObOTE CXEMBbI 3aHYJICHUS
AIIEKTPOOOOPYAOBaHHUS M BEIOpATh MapaMeTphl MPEAOXPaHUTENCH U aBTOMATHIECKIX
BBIKJIFOUATENEH.

e PazpaboraTs MeponpusaTHS MO0 MOJTHUE3AMUTE 00beKTa. OOOCHOBATH BHICOTY
MOJIHUE€OTBO/Ia, PACCUYUTATH COMPOTUBIICHUE 3a3€MIISFOIIETO YCTPOMCTBA PACTEKAHUIO
TOKa MOJTHUM.

¢BrI0paTh U BBIMOJHUTH PACUET TAKEIAXXHOW OCHACTKH U YCTPOUCTB,
IPUMEHSEMBIX MIPH MMOAbEME U MOHTaXe 000pyI0BaHuUs (CTPOIL, TpaBEepC U T.I1.).

e Pazpaborath MEPOTPHSITHS o 6e30MmacHoi IKCIUTyaTaIH
AIEKTPOOOOPYIOBAHUS.

e Pa3paboTaTh aBTOMAaTHYECKYIO CHCTEMY OIOBEIICHUS M TYIICHUS TIOXKapa Jis
oOBeKTa.

ePa3paboTarh yCTPOMCTBO MO OYUCTKE BEHTUIISIITMOHHBIX U MPOMBIITUICHHBIX
BBIOPOCOB OT T'a30B U MBUIK C YIETOM TPEeOOBaHMI CAHUTAPHBIX HOPM.

e Pa3paboTaTh MEpOPUATHS 10 OYHCTKE CTOKOB.

3 Bpeanble u onacHble NPOM3BOACTBEHHbIE (PAKTOPBI

Cranpapr CCBT 12.0.003-74 «OmnacHble W BpeIHbIE IPOU3BOJACTBEHHBIC
dakropsl. Kiaccupukanus» noapasaenser onacHble ¥ BpeIHbIe TPOU3BOJACTBEHHbBIE
(hakTophl HA 4 TPYIIIHIL:

e (usuueckue;

® XUMHUYECKUE;

e OHOJIOTUYECKHUE;

e ncuxo(u3nUEcKue.

K ¢wusnueckum omacHeIM M BpEOHBIM IMPOU3BOJCTBEHHBIM (haKTOpam
OTHOCSITCS:

. JBUKYLIUECS] MALLIMHBI 1 MEXAHU3MBI;

o pa3IMyHbIE MOABEMHO-TPAHCIIOPTHBIE YCTPOMCTBA U IIEPEMELIAEMBIE
IpYy3bl;

o HE3aIUIIECHHBIE MIO/IBU)KHBIE AIIEMEHTBI IIPOU3BOACTBEHHOTO

obopynoBanus (MPUBOAHBIE U TIEPEAATOYHBIC MEXAHU3MBI, PEKYIINE HHCTPYMEHTHI,
BpaIlAIOIINECS U TIepEMEIIAIOITUEecs MPHCIIOCO0ICHUS U JIp.);
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o OTJICTAIOIIHE YACTHUITBI 00padaTHIBAEMOTO MaTepHalia U MHCTPYMEHTA;

o ANEKTPUIECKHUH TOK;

J MOBBIIIICHHAS TEMIIEpaTypa MOBEPXHOCTEH 000pyI0OBaHUS U
oOpabaThIBa€MbIX MaTEPHAJIOB;

J NepeIBUTAIONINECS U3CIUs, 3ar0TOBKU, MaTEPHUAJIbI;

. OCTpBIe KPOMKH, 3ayCEHIIbI, IIEPOXOBATOCTh Ha TOBEPXHOCTH 3aTOTOBOK,

MHCTPYMEHTOB U 000PY/1I0BaHUS;

o paspylaromecs KOHCTPYKILINH;

o oOpy1aromecs ropHble MOPOJIbL;

o HOBBIIIEHHBIE WJIM IOHWKEHHBIE MUKPOKIIMMAaTUUECKUE YCIIOBUS;

o HOBBILIEHHBIE YPOBHU LIYMa;

o MOBBILICHHBIE YPOBHHU BUOpAIIH;

o NOBBIIICHHBIE YPOBHU YJIbTPA3BYKa;

o HOBBILIEHHBIE YPOBHU AJIEKTPOMArHUTHBIX U3Iy4eHUN (MOHU3HUPYIOIINUX
U HE MOHU3UPYIOIINX);

o HEJ0CTaTOYHAasi OCBELIEHHOCTh pa0oyell 30HbI;

o pacrnojokeHue  pabodero  Mecra Ha  3HAUUTEIBHOW  BBICOTE

OTHOCHUTEIBHO TOBEPXHOCTH 3eMJIU (T10J1a).

XUMUYECKHE  OIMAacHble W BpEIHbIE  MPOU3BOJCTBEHHBIC  (PAKTOPHI
NOAPA3AEASAIOTCS Ha:

o TOKCUYECKHUE;

o KAHIEPOTCHHBIE;

o pazapaxkarouue;

o MyTareHHbIE;

o CEHCUOUITM3UPYIOIIIHE;

o BIIUSIIOIINE HA PENPOAYKTUBHYIO (DYHKIIHIO.

OHH MOTYT MNpPOHUKATh B OpPraHU3M 4YEJIOBEKa 4Yepe3 OpraHbl JbIXaHUS,
KEITYTOUHO-KUIIEYHBIA TPAKT, KOKHBIC IOKPOBBI U CITU3UCTHIE O00JIOYKH.

[To crenenn BO3A€MCTBUS HA OpraHU3M BpPEIHBIE BEIIECTBA MOIPA3ACIIAIOTCS Ha 4
KJlacca OMacHOCTU: 1-i - BemiecTBa Ype3BbIUYAMHO OIACHBIC;, 2- - BEIIECTBA BBICOKO
OIIACHBIE; 3-11 - BEIIECTBA YMEPEHHO ONACHBIE; 4-11 - BEILIECTBA MAJIO OITACHBIE.

buonoruyeckue onacHbie U BpeIHbIC MPOU3BOICTBEHHBIC (DAKTOPHI:

o NATOT€HHbIE MUKPOOPTaHU3Mbl (OaKTEpUH, BUPYCHI U T. J.) U MPOAYKTbI
WX JKU3HEACSATEIbHOCTH;

o pacTeHus;

o YKUBOTHBIE;

o IpUObI.

K ncuxodusmonornyeckumM oOmacHbIM M BPEIHBIM  POU3BOACTBEHHBIM
(dbakTopaM OTHOCATCS:

o busndeckue (CTaTuuecKue U TMHAMUYECKHE),
o HEPBHO-TICUXUYECKUE (YMCTBEHHO MEepEeHANPSHKEHUE, IEPEHAIPSKEHHE
aHaJIU3aTOPOB, MOHOTOHHOCTh TPY/la, 3SMOIIMOHAIBHBIE HATPY3KH ) TIEPETPY3KHU.
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4 MuKpoOKJIUMAT

OnTuManbHble M JONYCTUMBbIE TMapaMeTpbl BO3AyXa paboueld 30HBI B
nometieHusax onpenenatrorcs no CanlluH 2.2.4.548-96 «CaHuTapHO-TUTHEHUYECKHUE
TpeOOBaHUSI K MHUKPOKIMMATY MPOU3BOACTBEHHBIX MOMELIEHUN». MUKpPOKIMMAT B
MOMEIICHUN XapakTepu3yeTcss Temmeparypoid Bo3ayxa t, °C, OTHOCHUTEIBHOU
BJIQXHOCTBIO @, % UM CKOpPOCTBbIO ABMXKEHHUS Bo3nyxa V, Mm/c. DTH mapaMerpsl
HOPMHUPYIOTCS B 3aBUCUMOCTH OT TMIEPHOa rojia U KaTeropuu padboT (Jerkas, cpeanen
TSOKECTH,  TshKenas). BblOpaHHble HOpMHUpYyeMble MapaMeTpbl MHUKPOKJINMATA
IIPUBECTH B BUJIe TaOIUIIbI 3.9.

TexHOIOrnyeckrue Mpolecchl MOTYT COMPOBOXKIATHCS BBIICIEHUEM B BO3IYX
paboueil 30HbI BpPEAHBIX BEUIECTB B BHUJE IMAPOB, T'a30B U NbUIM. YKa3aThb BHUIbI
BpPEAHBIX BEIIECTB, HICTOYHUKHU MX BBIJICIEHHUSA, a TaKXKE KJIACC OMACHOCTU BPEIHBIX
BEUIECTB  (UPE3BBIYAMHO  OMACHbIE,  BBICOKOOIACHBIE,  YMEpPEHHOONACHBIE,
MaJIoONacHbIe) U UX IpeleilbHO-I0mycTuMyro Konuentpauuio IIJIK, mr/m® (TOCT
12.1.005-88* “O06mme caHUTapHO-TUTHEHUYECKHE TpeOOBaHUS K BO3AYXYy pabouei
30HBI”).

s oOecrniedeHus 3aJJaHHBIX napaMeTpoB MUKPOKJINMaTa B
MPOU3BOJCTBEHHBIX IMOMEHICHUSAX HEOOXOAMMO BbIOpaThb BHA  OTOIUICHHS,
BEHTWIILMA WM KOHJIWLIMOHUPOBaHUSA Bo3ayxa, cormacHo CHull 2.04.05-91
«OtoruieHre, BEHTWIALMA U KOHAUIMOHUpoBaHue». [lnsg  obecneueHus
HEOOXOAMMOro BO3AyXOOOMEHAa M MapaMeTpOB MHUKPOKIMMATa MPUMEHSETCS
€CTECTBCHHAs WM MEXaHWYecKas BEHTW AU (MIPUTOYHAS, BBITSHKHAS, TPUTOYHO-
BBITSDKHASI, MECTHAsI). YKa3aTh MPHUHSTHIE B IPOEKTE BUBI U CUCTEMBI BEHTIIISIIUN U
OTOIJICHUSI.

Jnst coznanus 06e30macHbIX YCIOBUM Tpyna AOJKHBI OBITH MPETyCMOTPEHbI
(Ipu HEOOXOAUMOCTH) CIICAYIOIINE PEIICHUS:

o 00111600MEHHAas! TPUTOYHO-BBITSKHAS BEHTHIISIIIUS U MECTHBIE OTCOCHI OT
MecT (PMKCUPOBAHHOTO BBIJICTICHUSI BPEAHOCTEH;
° TEMIIEpaTypa, BJAXHOCTb, ITOABHKHOCTH BO31yXd, HWHTEHCUBHOCTH

TEMJIOBOTO M3JIy4YeHUs B paldoyeil 30HE NPUMEHHUTENIbHO K BBIMOJHEHHUIO padoT
JAHHOM KAaTErOpUM IO YPOBHIO DHEPro3aTpar B XOJOAHBIM M TEIUIbIM MEPUOABI TOJa
IoKHBI cooTBeTcTBOBaTh ¢ CanlluH 2.2.4.548-96.

JlaHHble cBeCTH B Ta0nuity 4.1.

Tabauya 4.1 - Hopmupyemble napaMeTpbl MUKPOKJIHMATA

Kareropus Temnepatypa Bo3ayxa, °C Temneparypa OtHocu-
[Tepuwon rona, paboT mo MMOBEPXHOCTE, TeJIbHas
YPOBHIO NUana3oH HIXKe Uarna3oH BEIIIE °C BJIaXHOCTh
JHEProTpar, | ONTHUMAIbHBIX ONTUMAJIbHBIX BO31yXa, %
Br BEJIMYMH BEJIMYMH
XOJIOTHBIN
Tenpii
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WOH3IWQOOXATE0a WIGHLEAHULEL
J BBHXKBLI99 (BegowIqT) seHundeay voLoeandiewdAradu aH - 0/ 93109 aH BoLaeamhuHedlo aH AdE
ree
BEHHBL1198-0Hho1MdU K O] 09-0€ 09-0€ 0€ 99roQg aH GZ-ST unHIdanhLaudUNTY
uawaHeu xmiAd
K 0] 9K 0] 09-0€ 09-0€ 0€ 93roQg aH GZ-8T 1 BLUTM OJOHUBLA(
BEHYHBL1198-0HhO1MdU nhauodirare (o4
NUI'N BEHHO8123107 ‘SoHmMATe0g ‘@0HEBTOg 0/-0€ 09-0€ 991r0Qg 9H €C-ST guHoIrgediA LU]T]
niawua | WIGHTOLrOX yiarua | nIaHToLroxX

MUTIBUULHOE BWDLOND

BEWUHILLUOLO EWaldN)

% ‘erol 1aPomndau aiqHeed g exAreoa
9LIOH¥KEL'g BEHAUILNIOHLQ

D ‘eol 197omndau aigHeed
g exAPeog edAledauwa|

anHamawoy

HUNBIULHIY M BHHILTIOLO IMIWJLIND JITNIATHINOMIA M HMITHEBLIYON HMHIMIWON WIkdd urandAredaunay, - 7' vhnuwgoy
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5 Meponpusitusi mo o0ecrne4eHNI0 TEXHUKU 0e30MACHOCTH,
NPOU3BOJCTBEHHOH CAHNTAPUHU U OXPaHbI TPY/AA

Mepornpusitusa o oxpaHe TpyJa Ha KakJI0M paboueM MecTe MPOMBIILIEHHOTO
NPEANPUATUS SBIISIOTCS TPUOPUTETHBIMU M HAMPABJICHbI HA COXPAHEHHE 3/I0POBbS,
paboTOCIOCOOHOCTH PAaOOTHUKOB, HAa CHIDKEHHE TMOTEph pabo4yero BpEeMEHU U Ha
MOBBIIICHUE TPOU3BOAUTENBHOCTU TPY/A.

be3onacHocTh paboOT Mpu 3JIEKTPOCHAOKEHUH MPEANPUATHS 00ECIeUnBACTCA
3a CUET BBITIOJHEHUS CICAYIOMNX YCIOBUM:

® COKparieHus 00beMOB pabOT, BHIMOIHAEMBIX B YCIOBUAX JEHCTBUS OMACHBIX
Y BPEIHBIX IPOU3BOJICTBEHHBIX ()aKTOPOB 3a CUET MPUMEHEHHUSI HOBBIX MPOEKTHBIX
penieHunii, 00eclneyuBaIINX BO3MOXKHOCTh MpPUMEHEHUs Oonee Oe30macHbIX
METOJI0B BBITIOJIHEHHSI padoT;

e omnpenenieHuss 0€30MacHON MOCIeA0BATeIbHOCTH BBIMOJHEHU padoT, a
Tak)X€ HEOOXOJMMBIX YCJIOBUH JJIsi oOecreueHus] OE30MacHOCTH MPU COBMEIICHUHN
paboT B MPOCTPAHCTBE U BO BPEMEHHU;

e BEIOOpAa U pa3MENICHUS MAaIllMH U CPEJCTB MEXaHM3AIUU C YYETOM
oOecrnieueHus O€30MacHbBIX YCIOBUI pabOTHI;

® OCHAIICHUS pab0YNX MECT HEOOXOIUMON TEXHOJIOTUIECKON OCHACTKON U
CpelcTBaMH MaJIOd MeXaHW3alluu, CPEICTBAMU UHAUBUAYAJIbHOM 3aIIUTHI;

® CO3/IaHUS PAIMOHAIBHOIO PEXXUMa TPyAa U OTAbIXA;

® CO3/IaHUs OJIArONPHUATHBIX COIMMATIBLHO-OBITOBBIX YCIIOBUM TPY/Ia U TIP.

6 3amuTa oT mIymMa u BUOpauuu

[Ipu ananu3e BpeAHBIX U ONACHBIX TPOU3BOACTBEHHBIX (DAKTOPOB CIIENYET:

®  MPOAHATU3UPOBATH M MEPEUUCIUTh UCTOYHUKHU IITyMa, BO3JEHCTBYIOIINUX
Ha padoTaloIUX JI0/IeH Ha JaHHOM Y4acTKe;

® TMpPUBECTH HOPMATHBHBIC 3HAYCHHWS YPOBHS 3ByKa Ha BceX paboumx
MecTax B coorBeTcTBHH ¢ CH 2.2.4/2.1.8.562-96;

®  MPEeAyCMOTPETh MEPOINPHUSATHUS, CHIKAIOIINE YPOBEHb IllyMa Ha pabodmx
MecTax MmpH paboTe TEXHOJIOTHYECKOro 000pyJ0BaHUs, BEHTHIIALIMOHHBIX YCTaHOBOK
U Ip.;

®  [PUBECTH HOPMATUBHBIC 3HAUCHUS OOIICH M (WJIN) JOKAIbHON BUOpaIUu
Ha pabounx Mectax B coorBercTBuu ¢ ['OCT 12.1.012-90;

®  [IPEAyCMOTPETh MEPONPHUATHS, CHWKAIOLIME YPOBHM 0OIIEed W (Wim)
JOKAJIbHOM  BHOpalMM  TEXHOJIOTUYECKOTO  00OpYAOBAaHUSA, BEHTHJISLIMOHHBIX
YCTaHOBOK, T€HEPUPYIOIINX BUOpaALIUH.

JlaHHbBIE CBECTH B TaOnuIty 4.2.
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Tabnuya 4.2 - XapakTepucTHKA HCTOYHUKOB IIIyMa B MPOM3BOACTBEHHBIX MOMEIEHHAX

Ha3znauenue YpoBeHb 3ByKOBOT'O 1aBJICHUS
N . YpoBeHsb 3ByKa
MOMEIleHU (3KBUBAJICHTHBIN YPOBEHb 3BYKOBOT'O .
Bpewms La MakcuManbHbII
HIIH nasneHus) L, nb, B okTaBHBIX Moocax N
. |CYTOK, (3KBUBAJIEHTHBIN| YPOBEHb 3ByKa
TeppUTOpUi 4acTOT CO CPEIHETCOMETPUUECKUMU
q ypoBeHb 3BYKa | Lauaxe, IDA
(paboune gacToTamu, [ 11 Laves), ABA
MecTa) 31,5/63]125]250{500{1000{2000/4000|8000 poxe)s JL
1 2 3145|1678 ]9 |10 11 12 13

VkazaTh UMEIOIIMECs HWCTOYHMKM IIyMa W  BHOpauuu, ONpPENeTuTh
JOIYCTUMBbIE 3HAUYECHUSI IITyMa M BUOpalMu Ha pabouyuX MECTax B MPOU3BOJACTBEHHOM
ITOMEILICHHH.

Hopmuposanue myma npousBoautcs mo ['OCT 12.1.003-83* CCBT «Illym.
O6mume TpeboBanus Oe3omacHoctu» wiu CH 2.2.4/2.1.8.562-96 «Illym Ha pabouunx
MeCTax, B TIOMEIICHUSX KUJIBIX, OOIMIECTBEHHBIX 3/IaHUNA W HA TEPPUTOPHH >KUIIOU
3aCTPOMKH» B 3aBUCUMOCTH OT BHUJA TPYJIOBOW JEATEIBHOCTU U XapaKTEPUCTHKHU
myma (IIHPOKOMOJOCHBI WM TOHAJIbHBIM, MOCTOSHHBIM WM HEMOCTOSHHBIN) IO
MpPEAEIbHOMY CIIEKTPY YPOBHEH 3BYKOBOTO JaBlieHUs, Ab, WM 3KBUBAJIECHTHOMY
YPOBHIO 3BYKOBOTO pAaBiieHus, 1BA. C 1Lelbl0 CHWKEHHS IIyMa J0 JOIMYCTHUMBIX
3HAUCHUM HE0OXOoAMMO pa3paboTaTh MEpONPUATUS JJIsi €ro CHIDKCHHS B
cootBeTcTBUM ¢ 'OCT 12.1.029-80 CCBT «Cpenctsa u METOIbI 3aLIUTHI OT LIyMay.
DOTO JIOCTUraeTcs YMEHBIIEHHEM YpPOBHsS IIIymMa B MCTOYHHMKE, NPUMEHEHHUEM
3BYKOWBOJIALIMK,  3BYKONOTJIOMICHUS,  TJYIIUTEJIEH  IIymMa,  apXUTEKTYpHO-
MJIAHUPOBOYHBIMU PEIMICHUSMH, OPTraHU3AIMOHHO-TEXHUYECKUMU MEPONPUATUSIMU U
C TIOMOIIIBIO CPEJICTB UHANBUYaTIbHOM 3alIUTHI.

Ha rmaBHOW MOHM3UTEIRHOW MOJCTAHIIMM OCHOBHBIM HCTOYHUKOM IIIyma
saBisieTcs TpaHcdopmarop. PaccuntaTh ypoBEeHb 3ByKOBOTO JaBJIEHUSI, CO3/1aBAEMOI0
TpaHchOpMaTOpoOM, U CPaBHUTH C JonmycTuMbiM 3HaueHueMm no ['OCT 12.2.024-87
CCBT «llym. TpanchopmaTopsl cuiioBbie MacisiHbie. HOpMBI 1 METOIBI KOHTPOJIS.

Bubpamus wopmupyercs mo ['OCT 12.1.012-90 CCBT «Bubpamnmonnas
0€30IaCHOCTLY BEJIMYUHON BHOpPOCKOpOCTH (M/C), BUOpOycKopeHus (M/c?) m  HX
norapu(MUIECKUMH YpOBHSIMHU (1b) B 3aBUCHMOCTH OT BH7a BUOpAIIUA U YaCTOTHI
().

Jlnst  yMmeHbIIeHWS BUOpaIlid  BO3MOXKHO — HWCIIOJIb30BAHUE — CICAYIOIIUX
CIOCOOOB: YMEHBIIIEHUE BUOpAIMM B UCTOYHUKE, OTCTPOMKA OT pekuMa pe3oHaHca,
BUOpOM30JIsiLIUsI, BUOporamieHue, BuOpoaemIpupoBaHue, BBHIOOP OMNPEACICHHOTO
PEXUM Tpya, CPe/ICTBA MHANBUIYaTbHOMN 3aIIIUTHI.

Ilym, co3naBaemblili cHJIOBBIM TpaHchopmaTopoM. McrouHukamu mryma
SBJISIIOTCS  CHUCTeMa oxJaxiaeHus u TpaHcpopmatop. Illym, co3zmaBaeMblii
TpaHC(HOPMATOPOM, PACCUUTHIBACTCS:

L™, =0,009N1 +71,
rae LT, - KOppEKTMPOBaHHBIE YPOBHHU 3BYKOBOIO JaBIICHHS TpaHC(HOPMATOPOB C
BBIKJTIOUEHHBIM OXJIaXKISHUEM, TBA;
Nr - MomtHOCTh TpanchopmaTopa, MBA;

Nt =Soum - TSI ABYXOOMOTOYHOTO TpaHchopMaTopa;
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Nt =2/3Sxom - VTSI TPEXOOMOTOYHOTO TPAaHCHOPMATOPA;

U, -U
Nr=N BU—C JUTsl aBTOTpancopmaropa, rie
B

Us -BbICIIIEE HANIPSKEHUE,

Uc-cpennee HanpsiKeHue.

[IIym, co3maBaeMblid CUCTEMOW OXJIAXKIAEHHUS, PACCUUTHIBACTCS:

A 1

L =L, +10lgn*m,
rae Ly, - CKOpPEeKTHPOBaHHBIH yPOBEHb 3BYKOBOTO JIABICHHS CHCTEMBI OXJIAKICHH,
nbA;

L., - CKOpPEKTHPOBAaHHBIH YPOBEHb 3BYKOBOTO JABIICHHS  OJHOTO
OXJIQXK/IAIOIIIEro ycTpoucTBa, N1BA.

1 .
Bun 1 L pa=891BA ;
1 .
ALl L, =961BA;

M-KOJMYECTBO OXJIAKIAIOIINX YCTPOUCTB B CUCTEME;

n=2 Tpd HABECHOM HCIIOJHEHUU CHUCTEMBbl OXJAXACHHUA Ha OOKOBOI
MTOBEPXHOCTH;

n=1 Npu BBIHOCHOM HCIIOJHEHUH Ha OTJEIbHOMN CTOMKE.

CymmapHbIil ypoBeHb 3ByKOBOTr0 AaBiieHus (Ly., 1BA) onpenensercs:

L, =101g(10%" +10™).

I'OCT 12.2.024-76. lomycTHMBIE 3Ha4eHHUsI CPEeAHEr0 YPOBHSI 3BYKA CHJIOBBIX MACISIHBIX

TpaHchopMaTopos
Tunosas JHonycTuMelii ypoBeHb 3ByKa La, ABA, He Oonee 11 KJIaccOB HANPSDKEHUS
MOIIHOCTh TpaHcGopMaTopos, KB
TpaHchop-
MafopafbM% A 6,10 35 110 220 330 | 500 u Bbme
0,1 47 52 - - - -
0,16 49 54 - - - -
0,25 51 55 - - - -
0,4 53 57 - - - -
0,63 55 59 - - - -
1,0 57 60 - - - -
1,6 59 62 - - - -
2,5 61 63 66 - - -
4,0 63 65 68 - - -
6,3 65 67 70 - - -
10 - 68 71 73 - -
16 - 70 73 75 - -
25 - 72 75 77 - -
40 - 74 76 78 79 -
63 - 75 77 79 80 81
100 - - 81 83 84 85
160 - - 83 85 86 87
250 - - 85 87 88 &9
400 - - 86 88 &9 90
630 - - - 89 90 91
1000 - - - - 91 92
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Jlureparypa.
1. CastkoB B.M. MeToauka pacyeta ypoBHEHW IIymMa OT OTKPBITO YCTAHOBJICHHBIX CHUJIOBBIX

Tpanchopmaropos//bopsba ¢ mrymom u 3BykoBoii Bubparueit.-M.:MAHTII,1982.-c.34-38.

7 IIpou3BOACTBEHHOE OCBELIEHHE

JInst  palMoHAIbHOTO ~ OCBEIICHUS  PabO4YMX MECT, CIHOCOOCTBYIOIIETO
CHW)KEHUIO YTOMJISIEMOCTH W TpaBMaTU3Ma MW BEAYLIETO0 K IOBBILIECHUIO
MPOU3BOJUTEIILHOCTH TPyAa, HEOOXOAMMO OINpPEAETUTh COOTBETCTBHE NMapaMeTpOB
CBETOBOM CpeJIbl CAHUTAPHBIM

HOpMaM, BbIOpaTh BHJ  OCBEIIECHHUS  IPOU3BOJCTBEHHOTO  IMOMEIICHHUS
(ecTecTBEHHOE WM MCKYCCTBEHHOE) M CHUCTEMYy oOcBelleHus (oOiee wiu
KoMOuHUpoBaHHOE). HeoOxonumyro ocBelieHHOCTh (HopMy) onpenensitor no CHull
23-05-95 «EcTecTBEHHOE M HMCKYCCTBEHHOE OCBEIICHUE» B 3aBUCUMOCTH OT
XapaKTEPUCTUKHU 3pUTENBHON pabOThI

(HauMmeHblIeTo pa3Mepa OObEKTa pa3nuueHus), (oHa, KOHTpacTa, BUAA H
CUCTEMBI OCBEILICHUS.

JlJis MCKYCCTBEHHOT'O OCBEIICHUS CIIEJyeT BbIOpaTh THUIl CBETHJIbHUKA (C
JIOMHUHECIICHTHBIMU JamnamMu win jamnamu J[PJI) B 3aBuUCMMOCTH OT YCJIOBHIA
cpenbl (HopMasibHasi, MbIIbHAS, BJIaKHAs, )KapKast U T.11.).

VYKka3aTe HOpMUPYEMYIO OCBEILIEHHOCTD JJII ABAPUIHOTO OCBEIEHUS U KAKUMU
CBETUJIbHMKAaMU OHO BbINONHEHO. [Ipum mnpoextupoBanuu I'TII npegycmorpers
OCBEIICHHUE €€ TEPPUTOPHHU.

BBINIONHUTE pacyeT €eCTECTBEHHOI'O0 WJIM HUCKYCCTBEHHOTO  OCBELIEHUS 110
3aJIaHUIO TIPETIOABATENA-KOHCYIbTAHTA.

Tabauya 4.3. XapaKTepUCTHKA OCBellleHHs B IPOM3BOACTBEHHBIX MOMEIEHUAX MOACTAHINU

[Tomemenune Pa3psan spurensHoit | Tum mammel | OCBEIIEHHOCTS,
paboThI JIK
Kameps! TpanchopmaTopor Vi JIH 50
PV:

- (hacan mwUTA IPU TOCTOSTHHOM 1Vr JUI 200
00CITyKBaHHH,

- (hacan muTa IPU IEPUOTUISCKOM 1Vr JUT 150
00CITy)KMBaHUH.

- 3aJTHsAs] CTOPOHA LIUTA. Vi JIJI 100

TTomerienue ctaTHYECKUX 1Vr JIJI 100
KOHJICHCaTOPOB

[Tomenienue st aKKyMyJIITOPOB Vi JIH 50

8 DulekTpHUUeckue MoJIA MPOMBIIIJIEHHONH YaCTOThI

VYKa3zaTh HMCTOYHHUKH, CO3JAIOIIME BJIEKTPUUECKOE TM0JI€ MPOMBIIIIEHHON
4acTOThl (OTKPBITBIE PaCIpECIUTEIbHbIE YCTPOICTBA, BO3AYIIHbIC JMHUU U T.I.),
nonyctumbie BenmuuHbl 1o ['OCT 12.1.002-84 «DnekTpudeckue IMoJasi TOKOB
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MPOMBIITUICHHON YaCTOTHI» U MPU HEOOXOIMMOCTH BBIOPATH CITOCOOKI 3AIUTHI.

BpimosHUTE  pacyeT BEJIMYMHBI  DJIEKTPUYECKOM  HANPSHKEHHOCTH IS
BO3AYIIHOM JuMHUKM Ha rpanune oxpaHHod 3o0Hbl (TOCT 12.1.051-90 CCBT
«Inektpobe3onacHocTh. PaccTosiHus 0Oe3omacHOCTM B OoXpaHHoM 3oHe JIDII
HanpspkeHueM cBbiiiie 1000 B») u cpaBHUTH ¢ TOMYCTUMOMN BEJTMUYHUHOM.

OJEKTPUYECKHE  TOJS  TOKOB  NPOMBIIUJIEHHOM ~ YacTOTBl  JIOJIKHBI
coorBeTcTBOBaTh TpeboBanusm ['OCT 12.1.002-84; CaunlluH Ne 5802-91;
MAarHUTHbBIEC TOJISL - MPEAEIbHO JOMYCTUMBIM YPOBHSM MAarHUTHBIX IMOJIEH 4acTOTOMN
50 I'u ITAY
No 3206-85, yrBepxknennbix Munznpasom CCCP; npefenbHO JOMYyCTUMBIE YPOBHU
HanpsokeHuii u TokoB - mno ['OCT 12.1.038-82; 53yeKTpOMarHUTHBIE OIS
paguouactotr - o 'OCT 12.1.006-84; 3amuTHOE 3a3eMJICHHE W 3aHYJICHUE - IO
I'OCT 12.1.030-81.

Y CcTaHOBUTH KJIacC YCIOBUU TPYA.

B coorBerctBun ¢ T'OCT 12.1.002-84 CCBT "DOnektpuyeckue mnos
MPOMBIIICHHOM YacTOThl" YCTAaHOBJICHBI JOMYCTUMBIE YPOBHU HAMPSHKEHHOCTH
AIEKTPUYECKOTO TOJIA.

ITpn wHampstkeHHocT a0 5 kKB/M gomyckaercss mpeObiBaHHE B TEUYEHUE
pabouero ans (8 yac).

[Ipu nanpspxkenHoctu 5-20 kB/M gonmyctumoe BpeMsl IPeObIBAHUS BBIYUCISIOT

o opmyiie:
r %,
E

rae T — nomycTuMoe BpeMsl, 4ac;

E — snektpuueckas Hanps»KeHHOCTh, KB/M.

OTO AOMyCTUMOE BpeMsi MOXKET ObITh PEaM30BaHO OJAHOPA30BO HIIK IPOOHO B
TedeHue JHA. B octanbHOE pabouee BpeMsl HAIPSHDKEHHOCTh HE TOJIKHA MPEBBIIIATh 5
kB/m.

[Tpu nanpsxennoctu 20-25 kB/mM Bpems npeObiBaHUSI HE JIOJKHO MPEBBIIIATH
10 muH.

[Ipu wnampstxkeHHoctn Oonee 25 kB/M nmomyckaercsi mpeObIBaHME TOJIBKO B
CpelCcTBax 3alllUThI.

JlonmycTuMble 3HaY€HUs JUIsl pa3JIMYHbIX BUJIOB MECTHOCTH:

Bung mectHOCTH HomycTuMas HanpsiKEHHOCTh
ANIEKTPUIECKOT0 NoJsl, KB/M:
Henacenennast MECTHOCTD 15
Hacenennas MECTHOCTh 5
2Kunas 3actpoiika 1,5

HanpspokenHocTs  anekTpudeckoro mojis E, kB/m, co3maBaemoro BJI Ha
MOBEPXHOCTH 3€MJIH, OTpeAesieTcs no popmyie:

g CU M  H  H
W3mgg| (x-Dy)2+U> x2+U> (x+Dy)+H? |
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rae C — eMKOCTb €IUHMIIEI JJIMHEI TUHUH, D/M;
U — HOMUHAJIbHOE HAIpsiKEeHUE, KB;
g0 = 8,85-1071? xii/H-M — audneKkTpuyecKas MoCTOSHHAS,
H — BricoTa moaBeca nmpoBoa, M;
Dy — paccrostnue mexay dazamu, M;
X — pacCTOSIHUE /10 PACYETHOM TOUKH, M;

24107
- (2:Dy Y
1 0
g( d J
d — nuameTp npoBoja, M.

Pa3zmep canuTapHO-3aIIMTHOM 30HBI (PAcCTOSIHUE OT KpalHUX mpoBoaoB JIOII
110 OJIbKaMIMuX 31aHUH)

Hanpsioxenue, kB Pa3zmep cannTapHO-3alIUTHOM
30HbI, M
110 10
220 20
330 25
500 30

9 Dy1eKTPO0E30MACHOCTH

B nporiecce MoHTaxa, HalagKku U pabOThl AJIEKTPOOOOPYIOBAHUS CYIIECTBYET
BEPOSITHOCTh TIOPAXKEHUSI DJIEKTPUYECKUM TOKOM. JlaTh OLIGHKY MOTEHIMATbHOU
OTIACHOCTH MOPAXKEHUS JIEKTPUUECKUM TOKOM MPOECKTHUPYEMOTo 000pyA0BaHUS.

VYka3zaTh ycOBUS BHEUIHEH cpeibl U KaTErOpHUIO MOMEIICHHS 10 OMaCHOCTU
MOPAXKEHU 3eKTpuyeckuM TokoM coryiacHo ITYD. ITo I'OCT 12.2.007.0-75 CCBT
«M3penus snextporexunyeckue. Oo6mme TpeOoBaHUs 0€30MaCHOCTHY, YKa3aTh Kilacc
U3JIEHSI TI0 CTIOCO0Y 3aIIUThI YeIOBeKa.

DnexkTpooOOpyAOBaHUE JOJDKHO OBITh BBIOPAHO W YCTAHOBJIEHO TaKHUM
oOpa3oM, 4YTOOBI HE MOIJIO TMPUBECTH K TOBPEKICHUIO 00OpYAOBaHMS,
BO3HUKHOBEHHUIO KOPOTKOTO 3aMBIKaHUS WM 3aMBIKAaHHIO HAa 3€MJII0, a TaKkke
MPUYMHUTH BPE] OOCITYKHBAIOIIIEMY TIEpCOHAIY.

[Ipu HamucaHWW JAHHOTO pas3fesia B 3aBUCHMOCTU OT 3aJaHusi HEOOXOAMMO
WCIIOJIb30BaTh CIEAYIOIINE HOPMAaTUBHBIE JOKYMEHTHI: [IpaBuia ycTpoiicTBa
AIIEKTPOYCTAaHOBOK, [IpaBmia OSKCIUTyaTalu SIIEKTPOYCTAHOBOK MOTpeOHTENEH,
MexoTpacneBble TpaBuia 1O oOXpaHe Tpyla (mpaBujia O€30MaCHOCTH) NpH
skcrutyatanuu anekrpoycraHoBok [IOT PM-016-2001, TOCT 12.4.026-76 CCBT
«lIBera curHampHble W 3HaKW Oe3zomacHocTw», ['OCT 12.2.007.1-7.5 CCBT
«MamuHbl nekTpuueckre Bpaiarommecs. TpeboBanusi 6ezomacHoctu», ['OCT
12.2.007.2-75 CCBT «TpancpopMaTopbl CHUIIOBBIE U PEAKTOPHI JIICKTPUUECKHE.
TpeboBanus OezonacHoctu», 'OCT 12.2.007.3-75 CCBT «DnekTpoTeXHUUYECKHE
yctpoiictBa Ha HampsikeHue Beie 1000B. TpeGoBanusi Ge3omacnoctu», ['OCT
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12.2.007.4-75 CCBT «llkadper KPY u KTII. TpeboBanus 6Ge3omacHoctu», 'OCT
12.2.007.5-75 CCBT «KonaeHcatopbl CHUJIOBbIE. YCTAaHOBKH KOHIEHCATOPHBIE.
TpeboBanus  Oe3omacHoctu», ['OCT  12.2.007.6-75 CCBT  «Anmaparbl
KOMMYTAaIMOHHBbIE HU3KOBOJIbTHBIE. TpedoBanus 6e3omnacHoctny, [[OCT 12.2.007.7-
83 CCBT  «YcrpoiicTBa  KOMIUIEKTHbIE  HHM3KOBOJIbTHBIE.  TpeboBaHUSA
6e3onacHoctny, I'OCT 12.2.007.14-75 CCBT «Kabenu u kabenpHas apMarypa.
TpebGoBaHus 6€30MaCHOCTH.

Meponpusitist 1Mo 00eCleueHUI0 3JIEKTPOoOe30NacHOCTH pa3padaThIBalOTCA B
cootBerctBu ¢ ['OCT 12.1.019-79* CCBT «Dnekrpobe3zonacHocTh. OO1IHe
TpeboBanusy. g oOecriedeHus: 3amUThl  HEOOXOAMMO TPHUMEHSThH CIEAYIOIIHE
TEXHUYECKUE CIIOCOOBI U CPE/ICTBA:

o 3aIlIUTHOE 3a3€MJICHUE;

J 3aHyJICHUE;

. BBIPABHUBAHUE MTOTCHITUAJIOB;

o ANEKTPUYECKOE Pa3JIEIICHUE CETH;

o 3aIUTHOE OTKJIFOYCHHE

o U30JISUSL TOKOBEAYIMX yacTel (padoyasi, TONOJHUTEIbHAS, YCUTICHHAs,
JIBOMHAas);

KOMITCHCAIIUSI TOKOB 3aMbIKaHUS HA 3€MITIO;
OTpaJNTENbHbIE YCTPOICTBRA,;

peaynpeanTe/IbHas CUTHATN3AIINS,

OJIOKUPOBKH;

3HaKH 0€30MaCHOCTH;

CpencTBa 3alUThl U IPEIOXPAHUTEIBHBIE PUCTIOCOOICHNS.

OpraHuzaimoHHbIE MEPONPUSITHs, oOecreunBaroIe 0€30MacHOCTh padoT B
ANEKTPOYCTAHOBKAX, SIBISIOTCA:

o odopmiieHHE PabOT HAPSJIOM, PACTIOPSHKEHUEM WIIM TTepeuHeM padoT,
BBHITIOJTHSIEMBIX B TIOPSAJIKE TEKYIIEH IKCILTyaTaliy;

o JIOTYCK K paboTe;

o HAJ30p BO BpeMsi paboThI;

o odopmiieHne niepepsiBa B paboTe, epeBoia Ha IPyroe MecTo,

OKOHYaHHUSI pabOTHI.
[Ipu nonroroBke pabovero MecTa co CHATUEM HAIPSKEHUS JOJIKHBI ObITh
BBIIIOJIHEHBI CJIETYIOUIUE TEXHUYECKHE MEPOIPHATHS:
o IIPOM3BEIEHbl HEOOXOIMMbIE OTKIIOUSHHSI U IPUHSITHI MEPHI,
HPETSTCTBYIONINE MT0aue HANPsHKEHUST Ha MECTO pabOThI BCIIEACTBHE
OLIMOOYHOTO MM CaMOIPOU3BOJIBHOTO BKIIFOUEHUSI KOMMYTAIlMOHHBIX

anmnaparos;
o Ha IPUBOJIaX PYYHOTO M HA KJIIOYaX JUCTAHIMOHHOTO YIPaBICHUS
KOMMYTAIlMOHHBIX aNnapaToB JIOJKHBI ObITh BEIBEUIECHBI 3alpelatoliye
IJ1aKaThl;
o IIPOBEPEHO OTCYTCTBUE HAIPSKEHUS HA TOKOBEAYIIUX YaCTAX, KOTOPBIE

JOJIXKHBI OBITH 3a3€MJICHBI JJIA 3allIUThI J'IIOI[GIZ OT IIOPAXKCHUA

QJICKTPUYCCKUM TOKOM;,
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J HaJIOXKEHO 3a3eMJICHHUE (BKJIFOUEHBI 3a3€MIISIFOIINE HOXKH, a TaM, TJ€, OHU
OTCYTCTBYIOT, yCTAHOBJICHBI [IEPEHOCHBIE 3a3EMJICHHUS);

J BBIBELICHBI YKA3aTEIbHBIC IIJIAKATHI «3a36MJICHO», OTPAXKICHBI ITPU
HEO00X0UMOCTH paboyure MECTa U OCTABILUECS MO HAPSXKEHUEM
TOKOBEYILINE YACTH, BBIBEIICHBI IPELYIPEXKIAIOIINE U
MIPEANMCHIBAOIINE IJIAKATHI.

[Ipy npOeKTUPOBAHNH TJIABHOU ITOHU3UTEIBHOM IMOJCTAHIIMM MEPOIIPUATHS 110
AIEKTPOOE30MAaCHOCTH pa3pabaThiBalOTCA OTHENbHO i1 OoTKphiToro (OPY) wm
3akpbiToro (3PY) pacnpenenuTenbHbIX YCTPOWCTB, TpPaHCPOPMATOPOB U JPYroro
AIEKTPOOOOPYIOBaAHUS.

Heobxoaumo ykaszaTe aiig pacnpenenutenbHoro ycrpoucrtBa (PY):  Bumbl
OJIOKMPOBOK; OKpAacKy IIMH W 3a3€MIISIOLIUMX HOXEH; MCIOJb3yeMbIE€ OrpakICHUS
000py10BaHUSI.

Hns OPY ykazaTe paccTOsSHHS OT TOKOBEIYIIMX 4YacTe [0 pa3Iu4HbIX
3JIEMEHTOB, KOJMYECTBO H30JISITOPOB HA BO3IYIIHOW JIMHMM, YKa3aTh IUIAHUPOBKY
TEPPUTOPHUM, PpPa3MEpbl  OTPaXKJICHHs, MPOE3I0B BAOJIb  BBIKIKOYATENCH, W
TpaHc(hOpMaTopoOB, IPOE30B ABTOTPAHCIIOPTA.

Hns 3PY yka3zarb pacCTOSIHHUST OT TOKOBEAYIIMX YacTel A0 pa3Iu4HbIX
aneMmeHToB 3PV, yka3aTh BBICOTY MOMEIIEHHUS, Ta0apUThl KOPUIOpa OOCITYKUBaHMUS,
BbIX0Abl M3 3PY, nBepu Kamep MacllOHANOJIHEHHOTO OOOpYyIOBaHUS, YCTaHOBKY
0aKOBBIX MAaCJSIHBIX BBIKJIIOYATENEH, BEHTWISLMIO IOMEUIEHUH, OTHECTOMKOCTb
MTOMEIEHUSI.

Ecnu mnpoextupyercst nexoBas TpaHchopmaropHas nonacranuus (TII), To
HEOOXOAMMO yKa3aTb JTaX, YCTAHOBKY KOMIUIEKTHBIX TpaHC()OPMATOPHBIX
noactanuuii (KTII), ycTaHOBKY MaciasiHOro TpaHcpopMaropa, BEHTHISILHIO, ABEPH
KaMep MacJOHANOJHEHHOTO 000OpyAOBaHUs, IIUPUHY MPOXOAA, BEICOTY NOMEIICHHUS,
TOJIbI, OTHECTOMKOCTh 3JaHUS U OTPAXKIAIOIINX KOHCTPYKIUH.

YcTaHOBKa CHJIOBBIX TpaHC(OPMATOPOB JOHKHA 00€CIeUMBaThCs yA00CTBOM
oOCITyKMBaHUS, MyTAMU MEPEKaTKH, HEOOXOAUMBIM  PACCTOSTHUEM  MEXKIY
TpaHcpopMmaropamMu, TEPEropoiKaMHu, pPACCTOSSHUEM JO TpaHcpopmaTopa B
NOMEIIEHNH, BEHTWISALIMEN KaMep, yCTAHOBKOM MacCJIOIPUEMHHUKOB.

Jlisg kaOenbHBIX JIMHUM YyKa3aThb pa3Mepbl OXPaHHOM 30HBI, 0003HAYEHHE,
3a3eMJICHUE, MOXapHble TpeOOBaHUs, TIIYyOMHY 3aJI0)KEHUS, PACCTOSHUS MEXITY
KabesiMu, PacCTOSTHUE OT Kabesel 10 TpyOonmpoBOIOB, TEIUIONpoBo10B, BJIL.

JInst BO3IYIIHBIX JUHUM yKa3aTh pa3Mepbl IPoe3aa BIOJb TPACChl, 3HAKU Ha
omnopax, MapKy M KOJHMYECTBO H3OJSATOPOB, 3a3eMiIeHHE, paccTtosstHue ot BJI go
3aHUM, J10 TOBEPXHOCTHM 3€MJIM B HACEJIEHHONM W HEHACEJIEHHONM MECTHOCTH,
npoxoxaenne BJI mo necHbIM MaccuBam.

Vka3aTp HOpPMBI KOMIUIEKTOBAHUSA CPEACTBAMHU 3AILUTHI SJIEKTPUUYECKUX
pacnpeenuTeNbHbIX YCTPOUCTB (Tabm. 4.3), 3HaKu U TUIaKaThl Ipeaynpexaaonue, a
Takke 3anpemaroniue (taodi. 4.4).

Eciin B mpoekTe UMEITCA 3IIEKTPOU3MEPUTENbHBIE PUOOPBI, TO OHU JIOJIKHBI
coorBerctBoBaTh ['OCT  12.2.091-83  «IIpubopsl  3IEKTpOU3MEPUTEILHBIC

MOKAa3bIBAIOIINE U PETUCTPUPYIOIIHEN.
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Tabauya 4.3 - HopMmbl KOMILJIEKTOBaHMS cpeacTBaMu 3a1iuThl PY Bbime 1000 B npu
00CJIy’>KNBAHMH MECTHBIM J€KYPHBIM IEPCOHAIOM

CpencTBo 3aluThl KonnuectBo
1. lllTanra n3oaupyromast 2 1IT. Ha K&K 0€ HAIPsDKEHNE
(10, 35, 110, 220 xBO
2, YKka3zaTenp HaupspKEHUs 2 1IT. Ha K&KJ0€ HAaIPsDKEHUE
(10, 35,110 kB)
3. M3onupyromue knemu (111 3PY) 1 wT. HA KaXK0€ HAMPSIKEHUE
(mo 35 xB)
4. IndneKkTpudecKue nepuyaTku HE MeHee 2-X map
5. Huanextpuaeckue 60T1ol 11t OPY 1 mapsl
6. llepeHocHble 3a3eMiEHUS IpPHU 2 1IT. Ha K&KJ0€ HAIPsDKEHNE
OTCYTCTBHHM CTAIlMOHAPHBIX 3a3EMIISFOIINX (10, 35, 110 xkB)
HOXEH
7. BpeMeHHbI€ Orpa)xaeHuUst He menee 2-x mtyk
8. Ilimakars!l npeaynpenauTeabHble
9. 3amuTHBIE OYKHU 2 mapsbl
10. IlpotuBoras 2 mWTyKH

10 IMoxkapuasi 6€30MaCHOCTDH

AHanu3 MOoXapHOM OMAacHOCTH MPOU3BOJICTBA BKIIOYACT B CeOs: OICHKY
MO’KapOONAacCHBIX CBOWCTB BEIIECTB, BBIABICHUE BO3MOXKHBIX NPUUMH TOXKapa U
nyTel ero pacrpoCTpaHEHUs, pa3padOTKy CHUCTEM IPEIOTBPALICHHsS] BO3SHUKHOBEHUS
nmo>kapa ¥ MPOTHUBOIIOKAPHOH 3aIUThI, OPTaHU3AIIMOHHO-TEXHHUECKIUE MEPOTIPUSTHS
0 MOXKapHOU 0€30MacCHOCTH.

CocTaBUTh MOJHBIA MEpPEUeHb MOKAPOOTACHBIX BEIIECTB M JIaTh OICHKY HX
noxapHoit onacHoctu o ['OCT 12.1.044-89 CCBT «IloxkapoB3pbIBOOE30MaCHOCTh
BEIIECTB U MaTepuaaoB. HoMeHKIaTypa mokaszareneil 1 METOIbI UX OMPEICICHUS.

VYkazaThb BO3MOXKHBIE MPUYMHBI MOKapa. [[pruunHBl BOZHUKHOBEHHUS TMOXKapa
MOTYT OBITh HEDJIEKTPHUYECKOTO XapakTtepa (HEmpaBUIBHOE YCTPOMCTBO W
AKCIUTyaTaIusl OTOIUICHUS M BEHTHIIALIMU, HAPYIICHHE TEXHOJOTHYECKOTO MpoIiecca
UT.MO.)U
AIIEKTPUYECKOr0  (KOPOTKHE 3aMbIKaHUs, MEperpy3Kkd, OJJIEKTpUUeckas Jyra,
CTaTUYECKOE JIEKTPUUECTBO, OOJIBIINE MTEPEXOIHBIE COIPOTUBIICHNUS).

[To HIIb 105-95 «Omnpenenenrie KaTeropuii MOMEIICHWH W 3JaHUN 10O
B3PBIBONIOKAPHON U TMOKAPHOW OMACHOCTH» YCTAHOBUTH KATETOPUIO MOMEIICHUS B
3aBUCUMOCTH OT KOJIMYECTBA W TMOXKAPOOMACHBIX CBOMCTB HAXOMSIIMXCA B HHUX
BEIIECTB U MaTEPUaOB.

[Toxapnass Oe3onacHocTh oOecneunBaercs corinacho ['OCT 12.1.004-91*
CCBT «Iloxapnas 6e3onacHocTs. OOUIME TpeOOBAHUA» CUCTEMOM MPENOTBPAILECHUS
mo’kapa, CHCTEMOU MPOTHUBOMOXKAPHOM 3alUTHl U OPraHU3aIMOHHO-TEXHUYECKIMHU
MEPOTIPUATHSIMH.

B cooTBeTcTBMM C TeMOH MpOEKTa yKa3aThb KOHKPETHBIE MEPOMPHUSITHS TIO

NOXapHOH 0€30MTaCHOCTH, BKIIIOYAFOIIHE:
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Tabnuya 4.4 — 3HAKU U T1AKATHI

Hasnauenue u
HaAaHUMEHOBaHHUe

O0JsacTh NpUMeHeHUA

3unaxu u naaxamel npedyn

edxcoaroujue

Bricokoe
HanpsKeHue!
OmnacHo
Jast sxu3Hm!

B nsnextpoycraHoBkax HampsbkeHuem — Boimie 1000 B.
VYkpemsieTcs Ha BHEIIHEH CTOpOHE BXOAHBIX aBepei PY (3a
uckimouenrem asepeit KPY u KTII); Hapy)HBIX aBepeil kamep
BBIKJIFOYATEJIeH U TPaHCPOPMATOPOB; OTPAKICHUN TOKOBEIYILIUX
YacTeH, pacCIONIOKEHHBIX B IMPOU3BOJCTBEHHBIX IOMEHICHUSX.
Ilakat moCTOSIHHBIN

Mox
HanpsKeHuem!
OmnacHo
Jlnst sKu3HM

Vikpennsiercss Ha HapyXHOW CcTOpoHe nBepet PY, mutoB u
coopok Hanpsikerrem 10 1000 B. ITnakat mocTossHHBIN

B 3PV Bpmme 1000 B — Ha ceTyaTbIX WM CILUIOIIHEIX

Croii ! OTPAKICHUSIX SAYEEK, COCEAHUX C MECTOM paboT; Ha BPEMEHHBIX
Bbicokoe OTpaXkJICHUSIX, YCTAHABIMBAEMBIX B MPOXOJaX, KyJla HE CIeAyeT
Hanpsizkenue! 3axonuTh. B OPY BriBemmBaiot npu paboTax, BBIIOIHSIEMBIX C
3eMJIM, Ha KaHaTaX W NIHYpax, OrpaXKIAoIIMX padodee MeEcCTo.
[InakaT nepeHOCHOM
Ha orpaxaeHusXx u KOHCTPYKUMSIX HpPHU HANpPsDKEHUU J10
Croii ! 1000 B. ITnakat nepeHoCHOM
OmnacHo

Jast skusHm!

3anpewarowue niaxamol

He Briaoyarn!
Paooraror J1oan

B snekTtpoycranoBkax HamnpspbkeHueM Ao u Beime 1000 B.
BriBemmBaroT Ha NPUBOJAX Pa3bEAUHUTENICH, OTACIHUTENCH U
BBIKJIFOUATENEd  HArpy3kd, Ha  KJIHYaX W KHOIIKax
JUCTAHLMOHHOTO YIPABIICHUs], HA KOMMYTAI[MOHHOW anmaparype
no 1000 B (aBromarax, pyOWJIBHUKAX, BBIKIIOUYATENSIX), IMPH
OIIMOOYHOM BKJIIOUEHHUH KOTOPBIX MOXKET OBbITh IOAAHO
HanpspKeHue Ha pabodee mecto. [TnakaT mepeHocHOM

Pa3pema70mue niaakamnivl

Padorath
31ech

B 3PV Ha mecte pabdot, B OPY B TOM MecTe, T/ie IepcoHan
JOJDKEH BXOJWTh B OrPaXKJIEHHOE BEPEBKOM MPOCTPAHCTBO.
[InakaT nepeHOCHOM

HCZI’ZOMMHCZIOZ(/Iue niaakamol

BriBemuBaroT Ha MPUBOJIAX pa3beAUHUTENECH, OTICTUTENCH

3azeMIeHO | U BBIKJIIOYATENed Harpy3kd, HOpU OIIMOOYHOM BKIIOUEHHUH
KOTOPBIX MOJKET OBITh NOJAHO HANpsHKEHUE Ha 3a3€MJICHHBIH
Y4aCTOK 3JIEKTPOYCTaHOBKH. [lnakar nepeHocHou
L4 MaKCHMaJIbHO BO3MOKHOC IMPUMCHCHUEC HCTOPHOYHUX BCIICCTB,
L4 IMPUMCHCHHC 3JI€KTpOO60pYI[OBaHI/ISI COOTBCTCTBYIOIICTO UCITOJIHCHUS,
° MPUMEHEHHE B KOHCTPYKIIUHU OBICTPOACHCTBYIOIINX YCTPOMCTB

3aIIUTHOI'O OTKIIFOYCHUA BO3MOXKHBIX HCTOYHHUKOB 3aKUTI'aHUA,
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o npUMeHeHre 000pyI0BaHus, YOBIETBOPSIOMIETO TPEOOBAHUIM 110
AJIEKTPOCTATUYECKON 0€3011aCHOCTH;

o npuMenenue cpeacts noxaporymenus (I 01-93 «IlIpaBuna
no>kapHoit 6e3omacHoctu B Poccuiickoit deneparumy);

J MIPUMEHEHUE NTOKAPHOIN CUTHAIIM3ALINH;

o IIPUMEHEHUE CTPOUTEIBHBIX KOHCTPYKIMU 31aHuid 3PY, 11exoB,

KaOeIbHBIX KAaHAJIOB C PErJaMEHTUPYEMbIMU MIpe/iesiaMUd OTHECTOMKOCTH
u nipeaenamu pacnpoctpanerus oras (CHull 21-07-96 «IloxxapHhast
0€30MacHOCTb 3JaHUI U COOPYKEHUNY);

o YCTPOMCTBO MaCIONPUEMHHUKOB I TPaHC(HOPMATOPOB HITH
BBIKJIFOUATENICH;

o ABAKYaIIHIO JIFOICH (YCTAaHOBUTH KOJIMYECTBO, Pa3MEphl U UCIIOJTHCHHE
yTel IBaKyaIun);

o o0yuyeHne paboTaroIINX;

o pa3paboTKy MEpONPHUATUI Ha CIydail BOSHUKHOBEHHSI ITOXKapa.

PaGoumnii mpoekT 3amaHHOTO MPOW3BOJCTBA JOJKEH OBITh pa3paboTaH B

[IOJIHOM COOTBETCTBUM C JeHCTBYyroIMMHU ['OoCcygapCTBEHHBIMH M OTPAaCIE€BBIMH
HOPMAaMH M [PaBUJIAMU B3PbIBO-I105Kap00€30MaCHOCTH.

1)

2)

3)

B manHOoM pazzene HeoOXoauMo:
ONPECIIUTh KAaTETOPUM OCHOBHBIX TEXHOJIOTMYECKHX IMPOIECCOB Ha JaHHOM
YYaCTKE IO B3PBIBHOM U MOKAPHOW OMACHOCTH;
3alPOEKTUPOBATH CUCTEMY aBTOMATUYECKOT0 MOKapOTYyIEHUS B
COOTBETCTBUM C JECUCTBYIOIIMMHM MpaBUJIaMH W HOPMaMH IOKapHON
oe3omacuoctu HITb 110-03;
IPEAYCMOTPETh TEPBUYHBIE CPEACTBA IMOKAPOTYLIECHUS; KOJIMYECTBO HX
onpenenuth B coorBercTBUM ¢ HopMamu [IIIb 01-03 B 3aBUCMMOCTH OT Kjacca
MOXKapa ! 3allUIIAeMOH TUTOMIA/IN;

4) IS KOHTPOJISI COCTaBa BO3/1yXa Ha MOXkapo U B3PhIBOOMACHBIX YYacTKax
C LEJbI0 MPEIOTBpaIlCHHs] 00pa30BaHUs B3PHIBO- U MOKAPOOTACHBIX
cMecell MpenyCMOTPETh CTallMOHAPHBIE aBTOMATUYECKHUE HIIH
MIEPEHOCHBIE Ta30aHAIM3aTOPbI C CUTHATU3UPYIOIIUMHU YCTPOUCTBAMU,
KOTOPbIE CpadaTHIBAIOT MPU JOCTHKEHUU KOHIIEHTpAIuu, paBHoi 0,5 oT
B3PBIBOOITACHOM;

5)  nOpeaycMOTpeTb 0OeCIeueHHE 3alTUIIaeMbIX OOBEKTOB YCTAaHOBKaAMU
NoKapHOM aBTOMATUKH, Teie(oHAMU JIJIsl CBSI3U € MOApa3IeIeHUIMHU
BOCHU3UPOBAHHOM OXPaHbI U allITEYKOM I OKa3aHUS MIEPBOU ITOMOILIN
(mpu HEOOXOAUMOCTH ).

Hopmbl nepBUYHBIX CPEICTB MOXKAPOTYIICHHS PUBEICHBI B Ta0I. 4.5.
Turbl OTHETYIIUTENECH:

1. — orHerymuTenb XuMu4eckuil Bo3ayimHo-neHHsiii OXBII-10

2. — OTHETYIIUTENb YTIIEKUCIOTHBIN OY-5

3. - OTHETYIINTENb YIIEKUCIOTHBIN OY-25

4. — orHerymuTenb nopomkoBbii - OI1-5

5. — OTHEeTYyWHUTENb XJ1aJ0HOBBIH OX-3

6. — SIIMK C TIECKOM BMECTHMOCTBI0 0,5 M’
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Tabnuya 4.5 - HopMbl nepBHYHBIX CPeICTB MOKAPOTYILIEHHSI

ITomemenue EnuHune KonunuecTBo oruerymurenei tumna
W3MEpEHUs 1 2 3 4 5
I'naBubiii mut ynpasnenus | Ilomemenue LY - 4 1 - - -
biouyHble IUTEI ITomemmenune 1Y - 4 1 - - -
yIpaBieHUs
[Tanenun peseHbIX UTOB, ITomemenue - 4 1 - - -
KabenpHbIE MIUTHI ITomemmenue - 2 - - - -
Kopunops! ynpasne-nus
PYCH, KPY ¢ macnsasiMu ITomemenue - 2 - - - -
BBIKJIIOYATEIISIMU
ITomemenune ACY ITomemenue - 2 1 - 2 -
Tpancdopmarops! u Arperat
MACJISTHbIE PEaKTOPbI 2 - - - - 1

11 MeponpusiTusi 10 OXPaHe OKPY:KaI0IIeil cpeabl

B nganHoM  pasgmene  HEOOXOAMMO — J1aTh  JKOJOTHYECKYIO  OLICHKY
IpOEKTUpPYyeMOro o0opyAoBaHHs, T. €. YyKa3aTb HCTOYHUKHU 3arpsA3HEHUs
OKpY’Karolel Cpelibl B MPOLeCCe IKCIUTyaTalluk OOOPYJIOBAHHS M IPU aBAPUNUHBIX
CUTYyalusX.

[lepeuncnuTh ¥ AaTh KPaTKyI0 XapaKTEPUCTHUKY MEPONPUITHH MO 3aluTe
OKPYKAIOIIEW CpeIbl OT BO3ICUCTBUA DJJIEKTPUUECKUX IIOJIEH, IIyMa, BPEIHBIX
BBIOPOCOB B aTMocdepy, B BOAHBIM OacceiH M B MOYBY KOHKPETHO MO TEMe
JUIITIOMHOTO MPOEKTA.

B nunnmomMHOM mnpoekTe HEOOXOAMMO TMPEAyCMOTPETh MEPOINPUSATUS 10
COXPAHEHUIO M KOHTPOJIIO CYIIECTBYIOIIEH Cpelbl, KOTOpask MOXET ObITh HApYILIEHA
BO BpeMsl TPOU3BOJICTBA DJIEKTPOMOHTAXKHBIX PadoT.

[IpoekTHBIE pemieHusT 1O OXpaHe  OKPYXKAIIIEW  Cpelabl  JIOJKHBI
pa3zpabaTbiBaThcsi B cOoOTBeTCTBUU ¢ TpeboBanusamu CHull 3.01.01-85* (m.10),
JIPYTUX HOPMATUBHBIX MAaTEPUAJIOB MO OXPaHE MPUPOIbI.

Meponpustuss 1O OXpaHE OKPYXAamUEW Cpelabl SBISIIOTCS  CIOKHBIM
MHOTOIIEJIEBBIM CPEACTBOM, TJIABHBIM Ha3HAYEHUEM KOTOPOTO SIBJISIFOTCSL:

BO-TIEPBBIX - COXPAHEHHE, PEKYJIHTHBAIMS €CTECTBEHHOTO JaHmadTa;

BO-BTOPBIX - 3aIlIUTA OT 3arPA3HEHUS CPEJIbI.

B 3aBucHMMOCTM OT XapakTepa BO3BOJUMBIX OOBEKTOB U  YCIOBHI
MPOU3BOJICTBA CTPOUTEIIbHO-MOHTXXHBIX PAa0OT Ha KOHKPETHBIX OOBEKTaX COCTaB
MEpOMPUSATUA MOXKET OBITh PA3IMUYHBIM U JOJDKEH OINPENENAThCs MpU pa3paboTKe
MPOEKTa MHANBUIYAIIBHO C YYETOM HACTOAIINX PEKOMEHAAIINMN.
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TNPUJTIOXXEHUE A

TEXHUYECKUE OAHHbIE 3JIEKTPOOBOPYAOBAHUA

Tabnuya A.1 - Texunueckue 1anubie KPY nu KCO

HaumenoBanue napamerpa KCO-2000
KPY
KM1-10-20Y3 KM1-10-31,5Y3
Homunansaoe 6; 10 6; 10 6; 10
HanpsikeHue, kB
HomwunansHBIN TOK 630, 1000, 1600, 2000, 630, 1000, 1600, 2000, 630, 1000
TIaBHBIX LENEH, KA 2500, 3150 2500, 3150
HoMuHambHEIH TOK 20 31,5 20
OTKJIFOUEHUS BBIKITIOUATETIS
BcTpoeHHoro B KPY u
KCO, kA
Tox TepMuueckoit 20 31,5 20
CTOMKOCTH, KA
Tok 51 81 52
AJIEKTPOAMHAMHUYECKOM
CTOMKOCTH TJIaBHBIX TIETICH,
KA
HoMmunanbHoOe HamnpsixkeHue
BCIIOMOTATENIbHBIX 1IETEH,
B
MOCTOSTHHOT'O TOKa 110, 220 110, 220 110, 220
MEPEMEHHOT0 TOKa 220 220 220
Tun BeIKIIIOUATENEH BaKyyMHBIH BaKyyMHBIN BaKyyMHBII
Ha Tok 710 1600 A BB/TEL-10; BB/TEL-10; BB/TEL-10
BBKD3-10 BBK3-10
MacCISHBIH MacCISHBIN
BK-10; BK3-10 BK-10; BK3-10
3JI€Ta30BbIi 3JI€Ta30BbIi
VF-12 VF-12
Ha Tok 110 3200 A MAacCIISTHBIN MaCIISTHBIN
BMIID-1 BMIID-1
9JIera3oBbIil 9JIera3oBbIi
VF-12 VF-12
Twurs! TpanchopMaToOpoB TOJI-10; TJIII-10 TOJI-10; TJILI-10 TOJI-10; TJII-10
TOKa
HOJL.08;
Tume! TparchOpMaTOpOB HOJI.08; HOJI.06 HOM; HAMH
HATIPSKCHUS
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Tabnuya A.2 - TexHu4eckasi XpaKTEPUCTHKA KOHAEHCATOPHBIX YCTAHOBOK

Uucno crynenei

Tun KY
Yson - 1B Qion - kmap peryJIMpoBaHUsl MOITHOCTH
YKM-0,4-100 0,4 100 3 mo 33,33 kBap
YKM-0,4-200 0,4 200 6 mo 33,33 kBap
VYKM-0,4-268 0,4 268 4 no 67 kBap
YKM-0,4-402 0,4 402 6 o 67 xBap
YKM-0,4-536 0,4 536 8 o 67 kBap
YKM-6,3-450 6,3 450 Heperynipyemas
YKM-6,3-900 6,3 900 Heperynipyemas
YKM-10,5-450 10,5 450 HeperyaupyeMas
YKM-10,5-900 10,5 900 Heperynupyemas
YKM-10,5-1350 10,5 1350 Heperynupyemas
YKM-10,5-1800 10,5 1800 Heperynupyemast

Tabnauya A.3 - CHHXpOHHBIE )J1eKTPOABUTaTe/ M HA HanpsikeHue 10 kB

Mormurnocts /1, kBT

CT/I-44 JICTIT CJTH3 CJTH3 CJTH3 CIIK-2
CT/II CIH CJIIH CIH
Yucio 060poToB
3000 | 1500 | 1000 | 750 | 600 | 500
630 - - 630 630 630
800 - 800 800 - 800
1000 - 1000 - 1000 1000
1250 - 1250 - 1250 1250
1600 - 1600 1600 - 1600
2000 - 2000 - - -
2500 2500 2500 - - -
3200 - - 3200 - -
5000 - - - - -

Tabauya A.4 - YaeabHbIe CONPOTUBJIEHUS Ka0eJbHbIX JUHUI ¢ AJIOMUHUEBBIMH KHUJIAMU,

Om/kMm
MHayKTUBHBIE CONPOTUBICHUS
CeueHue Xusbl, AKTUBHOE Kabennb ¢ GymaxHOH Kabeb ¢ pe3uHoBoii mimu
MMm> COIIPOTHUBIICHHE U30JIsUeH MOJUXJIOPUIHON H30IsIUEe

6 kB 10 xB 6, 10 kB
10 2,94 0,11 0,122 0,0999
16 1,85 0,102 0,113 0,095
25 1,17 0,091 0,099 0,091
35 0,859 0,087 0,095 0,088
50 0,592 0,083 0,090 0,085
70 0,429 0,080 0,086 0,082
95 0,312 0,078 0,083 0,081
120 0,245 0,076 0,081 0,080
150 0,194 0,074 0,079 0,079
185 0,162 0,073 0,077 0,078
240 0,126 0,071 0,075 0,077
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Tabnuya A.5-T'ogoB0€ YHCJIO YACOB HCNOJb30BAHMSA MAKCMMYMA HATPY3KH MO OTPACIAM

IIpenmnpusitue Ty Tup
AHHWJIOKPACOYHBIE 3aBO/IBI 7100 -
Hedreneperonnsie 3aBopl 7100 -
3aBOJIBI TSHKEIOTO MAITMHOCTPOCHHSI 3370 4840
3aBOJIbI CTAHKOCTPOCHHS 4345 4750
WHCTpyMEHTAIBHBIE 3aBOIBI 4140 4960
3aB0JIbI MAPHUKOIIOAMAITHUKOB 5300 6130
3aBobI TOABEMHO- 3330 3880
TPAHCTIOPTHOTO 000PYIOBaHUS
ABTOTpPaKTOPHBIE 3aBOIBI 4960 5240
CenbCKOX03SHCTBEHHOE MAITMHOCTPOCHHE 5330 4220
ITpubopocrpoenue 3080 3180
ABTOPEMOHTHBIE 3aBOIBI 4370 3200
BaroHopeMoHTHBIE 3aBO/TBI 3560 3660
DNEKTPOTEXHHUECKUE 3aBOIBI 4280 6420
A30THO-TYKOBBIE 3aBOJIbI 7000 -
Paznble MeTamoo0pabaThIBatoIIIe 3aBOIbI 4355 5880
Tabnuya A.6 - Tpexda3zublie AByxo0MoToUHbIEe TpanchopmaTopsl 6-10 - 110 kB
Tun MouHocT Hanpsxenue
TpanchopmaTopa b, 00MOTOK, KB Uxk, % Py, Pi, xBr | Ix, %
<BA kBt
B H
TM-400/10 400 6,3-10,5 0,4 5,5 1,1 5,9 2,5
TM-630/10 630 6,3-10,5 0,4 5,5 1,7 8,5 2
TM-1000/10 1000 6,3-10,5 0,4 5,5 2,45 11 1,4
TM-1600/10 1600 6,3-10,5 0,4 5,5 3,3 16,5 1,3
TM-2500/10 2500 6,3-10,5 0,4 5,5 3,85 23,5 1,0
TMH-6300/110 6300 115 6,3-11 10,5 13 50 1,0
TJAH-10000/110 10000 115 6,3-11 10,5 18 60 0,9
TAH-16000/110 16000 115 6,3-11 10,5 26 85 0,85
TPIH-25000/110 25000 115 6,3-11 10,5 36 120 0,8
TP/IH-32000/110 32000 115 6,3-11 10,5 44 145 0,75
TPIH-40000/110 40000 115 6,3-11 10,5 52 175 0,7
TPALIH-63000/110 63000 115 6,3-11 10,5 73 260 0,65
TPALIH-80000/110 80000 115 6,3-11 10,5 89 315 0,6

Tabauya A.7 - JlomycTUMBIH JJIMTENbHBIA TOK JJI51 TPEXKUIbHBIX Kadejel ¢ aTIOMUHUEBBIMU
JKHJIaMU ¢ OyMasKHOM NPONMUTAHHON MacJOKAaHU(OIBbHON H30Jsiiiel B CBUHIIOBOM HJIH
AJTIOMHHHEBOH 000/10UKe

[ — Tox, A, 1uist kabenei mpu MPOKJIAIKe
KB.MM B BO3JIyXE B 3eMIIE
2,5 - -
4 - -
6 _ _
10 42 60
16 50 80
25 70 105
35 85 125
50 110 155
70 135 190
95 165 225
120 190 260
150 225 300
185 290 390
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Tabauya A.8 - lonycTUMBIii JTUTEIbHBIN TOK AJs KadeJieil ¢ aTIOMHUHUEBBIMH KHJIAMH C
Pe3MHOBOI MJIH IJIACTMACCOBOM M30JisillUell B CBUHIIOBOM, MOJUBUHUJIXJIOPUIHON H
pe3nHOoBON 000/1049KaX, OPOHMPOBAHHBIX H HEOPOHHPOBAHHBIX

Toxk, A, mis xaberneit
Ceuenune
. | OIHOXHIBLHBIX | JIBYX)KHJIbHBIX | TPEXIKUIBHBIX
TOKOITPOBOIAIIICH
5 IIPH TPOKJIALIKE
JKHUJIBI, MM
B BO3JyXE B BO3JyXe B 3eMJIE B BO3JyXe B 3eMJIE

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
50 165 135 205 110 175
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
240 465 - - - -

Tabnuya A.9 - YaelbHbIe TOKH 3aMBbIKAHHUSI HA 3eMJII0, A/KM

CedeHne KUIbI, MM mpu 10 kB
16 0,52
25 0,62
35 0,69
50 0,77
70 0,9
95 1,0
120 1,1
150 1,3
185 1,4
240 1,6

Tabauya A.10 - IkoHOMHYECKAsI IVIOTHOCTHh TOKA

DKOHOMUYECKAS INIOTHOCTh TOKa, A/MM
IIPH YHCJIC YaCOB UCIIOJIh30BAHUS MAKCUMYMa HArPy3KH B TOJI
IIpoBoaHuKH
6oaee 1000 6o1ee 3000 Souee 5000
10 3000 1o 5000
HewuszonupoBaHHbIe TPOBOJIA U IINHBIL:
MEIHBIE 2,5 2,1 1,8
ATFOMUHHEBBIE 1,3 1,1 1,0
KabGenu ¢ 6ymakHOM 1 IPOBO/A C pE3MHOBOH 1
TTOJTMBUHUIXJIOPUAHON U30JISIIEH U )KUIJIAMH:
MEIHBIMU 3,0 2,5 2,0
ATFOMHHHEBBIMU 1,6 1,4 1,2
Kabenu ¢ pe3nHOBOM U TIACTMACCOBOM
M30JIALHEH C KUATAMU:
MEIHBIMU 3,5 3,1 2,7
ATFOMUHUEBBIMU 1,9 1,7 1,6
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Tabmuna A.11 - IxoHoMHuYeckas IJIOTHOCTHL Toka auist JIDII - 110, 220 xB

Jo ipu T

IIpoBogHUKH

1000-3000

3000-5000

Bonee 5000

AmoMuHNIR

1,3

1,1

1

Tabmuma A.12 - JJomycTuMblid AJIUTeJbHBIA TOK 1jsi mpoBoaoB mapku AC JIDII -

110, 220 xB
Ceuenue, T, Ceuenue, T,
MM? A MM? A
10 84 95 330
16 111 120 390
25 142 150 450
35 176 185 520
50 210 240 610
70 265 300 690

Tabnuua A.13 - AKTHBHOE H peaKTHBHOE CONPOTHBJIEHHE CTAJIeaTIOMUHEBBIX POBOI0B

Mapka nposoja ConpoTHBiIeHNE eIMHULBI JUITHHBI, OM/KM
AKTUBHOE HHAYKTUBHOE
AC35 0,9 0,43
AC50 0,65 0,42
ACT70 0,46 0,41
AC95 0,33 0,40
AC 120 0,27 0,39
AC 150 0,21 0,38
AC 185 0,17 0,37
AC 240 0,13 0,36
AC 300 0,11 0,35
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Tabnuya A.14 - CpeaHue 3Ha4eHHUs OTHOLIEHHUS Xz /rs MOCTOSTHHOM BpeMeHH M Ta ynapHoro
k03¢ PpunuenTa Ky, 115 XapaKTepHBbIX PaIHAJIbLHBIX BeTBEH CHCTEMBI 3JIeKTPOCHAOKEHU S
HanpsikeHueMm Boie 1 kB

Cxema T?(q;(a Betsb xz/rs | Ta, € kyn
K1 DHeprocucreMa 10 0,03 1,72
g O Dueprocuctema u BJI
T - K2 110-220 B 15 0,05 1,8
OHeprocucreMa u 35. 0.12- 1.92-
K3 TpaHcdopmarop 50 016 1.94
WL I'TITT 25-80 MBA ’ ’
,ré K2 JInnelinsiilt peakTop
K4 Liow> 1 KA 72 0,23 1,96
Liow<0,63 KA 35 0,11 1,91
Tl Tpaucdopmarop ) 0,02- )
@ 3 K3 10604069 kB | 10| 003 | LOL7
. .4 . Kab6enpHast munus
N # 10(6) kB nmunoit 200- 3 1,4 0,01
- L 300 m
EL 4 ACHHXpOHHBIN 13 0,04 1.6
M K#é ANIEKTPOABUTATEIh
ES 45 K6 CHHXpPOHHBIH
ANEKTPOABUTATEIh
MOIITHOCTEI0, MBT:
© 1 Ho 1,6 16 0,05 1,8
2-4 22 0,07 1,9
BbIIIE 4 32 0,10 1,9

Tabauya A.15 - PacuyeTHbie K03(PUIIHEHTHI JIEKTPHYECKHUX HATPY30K JIEKTPONPHUEMHHKOB

DNEKTPONPUEMHHUKH ku cos @

1. MeTtaopexyniie CTaHKH 0,12-0,2 0,65
2. DIIEKTPOIICYN COMPOTUBIICHHS 0,7 1,0
3. Bertuisitopsl 0,7 0,8
4. Hacocer 0,7 0,8
5. Kommpeccopsl 0,7 0,8

Tabnuya A.16 - Ilapametpbl o6opyaoBanus OPY 110 kB

Pa3benmuuresn
< Bpems nporexanus
® ﬁ ° ﬁ sg” CTOHKOCTb MPU CKBO3HBIX HanOOJIBIIIErO TOKA
=] o = o
T J g9 = Tokax K3, kA TEPMHUYECKOM
EEl 22 = CTOMKOCTH, C
Tun = 9 8 0 = = [Ipuson
= 2l O X aMIUTATyAa MpeaesIbHbIN
= a § a 5 3a3EMJIAIO-
g £ E s MIpeAeIbLHOTO TOK IJ1aBHBIX
T 3 < g . N 1111704
= = § CKBO3HOI'O TEPMHUYECKOH | HOXeH HosKeil
T TOKa CTOMKOCTH
PH3 2-CK-
110/1000Y 110 2% 1000 80 31,5 3 1 T1P-V1
I1P-V1
PH/I-110/1000V1 110 2% 1000 80 31,5 3 1 51
PH/I31a- I1P-V1
110/1000Y1 10|56 | 1000 80 31,5 3 ! I-5V1
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TNPUJI0XKEHUE b

YprnHéHHble TeXHUKO-OKOHOMMUYeCKne nokasatesqim CTOMMOCTHU

anemMeHToB CUCTEM IJIEKTPOCHABXEHUA

Tabauya b.1 - YKpynHeHHbIe MOKA3aTeJIH CTOMMOCTH 000PY/10BaAHMSI

Tun

U

HOM °

kB

S kB-A

HOM °

CroumocTb, pyo

TpancopmaTopsl cuioBsie, pyo. Ha I kB. 1998 1

TAHJI-63000/35 35 63000 880133
TATH-25000/110 110 25000 1489291
TMH-2500/35 35 2500 281308
TMH-4000/35 35 4000 324348
TMHIJI-16000/10 10 16000 590674
TMHC-10000/35 35 10000 779283
TPJH-25000/110 110 25000 1377366
TPJIH-32000/220 220 32000 1899058
TPJH-40000/110 110 40000 1557161
TPJAH-63000/110 110 63000 1711481
TPJH-80000/110 110 80000 1964704
TPIHC-63000/220 220 63000 2805334
TPAITH-100000/220 220 100000 3981303
TPAITH-63000/110 110 63000 1831982
MacstHple BBIKJTIOUATENH, pyo. Ha KoHer 1997
BMT-220-40 220 908512
BMT-110-40 110 298402
BMT-110-25 110 231426
Pasbenunurenu
PJIHZ-10 10 14310-26580
PJ13-35 35 15120-104580
PJ13-110 110 54180-284520
PJ13-150 150 88650-388890
PJ13-220 220 121440-765930
PJ13-330 330 429930-511350
PJ13-500 500 559080-639960
PHJI3-330 330 475800-624960
PHJI3-500 500 584940-629760
TpancdopmaTopsl Toka, py0. Ha KoHer| 1997 r
TO3M-35 35 33040-41890
TO3M-110 110 60000
TDO3M-150 150 74730
TDO3M-220 220 133094
TD3M-330 330 249667
TD3M-500 500 379223
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Tabauya b.1 - OkoHYaHHE

Tun Upon s KB Syon » KB-A CroumocTs, pyo
Tpancopmarops! cuinoBsle, pyo. Ha I kB. 1998 T
TPAITH-63000/220 220 63000 2641718
TM-25/10 10 25 9400
TM-40/10 10 40 10100
TM-63/10 10 63 11000
TM-100/10 10 100 14000
TM-160/6 6 160 15200
TM-160/10 10 160 15200
TM-250/10 10 250 20800
TM-400/10 10 400 24100
TM-630/10 10 630 28000
TM-1000/10 10 1000 70100
TC3Y-1000 10 1000 125000
TC3Y-630 10 630 115000
TC3Y-400 10 400 100000
Otnenurenu
0A3-35 35 89550-114300
O/13-110 110 229920-289890
0/13-150-220 150-220 355470-403500
Koporko3aMbikaTenu
KPH-35V1 35 79230
K3110 Y(XJD1 110 76650-81960
K3-150,
220 V1 150, 220 82710-92790
Pazpsinaukn TpyOUaTsie
PTB-10, 35,110 10,35,110 | 2370-5400
Tpancdopmaropsl HanpspKEHUS, py0. Ha KoHer 1997 T
3HOM-15/63Y2 15 20000
3HOM-20 20 20000
3HOM-35-65 35 8000
HOM-35-66 35 8800
HK®-110-57 110 32000
HK®-110-58 110 34000
HK®-220-58 220 60000
HK®-330 330 82000
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Tabauya b.2 - YRpynHeHHbIe MOKa3aTe I croumMocTu siueek KPY 6-10 kB

HoMMHAIS HbL CroumocTs, ThIC. py0. (Hal984 r)
Tun KPY TOK Tun
o CTPOHUTEIIb- MOHTaXHBIX | 000pyIO-
AYCUKHU CepI/II/I BBIKJIIOYATCIIA, BBIKJTFOUATCJIS 06H13.$I
A HBIX paboT pador BaHUSA
KPY 600 BMIID-10 0,06 1,42 1,48
0,075 1,59 1,665
KPY 600-1000 BMIIII-10 —’—0’0 66 108 —’—2’0 16
KPYH | K-VI-V 600-1000 BMII-10K 0,107 0,05 2,65 2,807
KPYH K-37 600-1000 BMII-10K 0,132 0,05 3,72 ,0902
KPY2-
PII 20- 630-1600 BMIID-10 - 0,04 1,42 1,46
20V3
KP-10-
PII 3153 630-1600 BMIID-10 - 0,04 2,55 2,59
PII Kz(;(z) 630-1000 | BMI-10 _ 0,04 139 1.43
PII Kl\z/[(;l' 630-1600 | BK-10 _ _ 0,04 2.36
PII Ké\fsl 630-1600 BK-10 - 0,04 2,38 2,42

*-B gucnurene — cepum KPVY-2-10-20Y3, B 3Hamenarene — cepun K-XII co mkadamu cepun K-XV Ha BBOjgax u
CEKIIMOHHBIX BBIKITToUaTe X mpu Toke 3000 A.

Tabnuya b.3. YKpynHeHHbIe MoKa3aTen cToumMoctu PY cob6cTtBennbix Hyx1 0,4-6 kB

CronMocTsb, THIC. py0. (Ha 1984 1)
HanmenoBanue
000pyIOBaHUS MOHTaKa BCETO

IIxa¢p KPY KTII-CH-05 2,67 0,22 2,89
Sluetixa KPY 6 kB orxomamas ¢
BBIKJIIOYATEIEM THIIA:
BMIID-10 na 630, 1000, 1600 u 2000 A 2,2 0,33 2,53
B5-10/31,5Y3 na 1600, 2000A 8,3 0,36 8,66
B3(C)-6/40¥Y3 na 1600, 2000 A 8,5 0,36 8,86
Slyelika BBOAHAS C BBIKIIIOYATEIIMU
THUIIA 3,8 0,8 4.6
BMIID-10 ma 2000, 3200 A 8,3 0,8 9,1
BD-10/31,5Y3 na 1000, 3200A 8,5 0,8 93
B3(C)-6/40Y3 na 2000, 3200 A
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Tabnuya b.4 - YKpyNHeHHbIe OKA3aTeJIM CTOMMOCTH CHHXPOHHBIX 3JIeKTPOJABHUIaTe e

n,, Shom > Crou-MocTs,
i now B 06/muH xkBA py6
DJeKTpoABUraTe Il CHHXPOHHBIE, py0. 1984 r

CIH 6 1000 1000 780
CIH 6 1000 1250 9100
CIH 6 1000 1600

CIH 6 1000 2500 12600
CIH 6 1000 3200 14600
CIH 6 1000 4000

CIH 6 1000 5000

CIH 6 1000 6300

CIH 6 750 800 8200
CIH 6 750 1000 8800
CIH 6 750 1250

CIH 6 750 1600 10800
CIH 6 750 2000 12200
CIH 6 750 2500

CIH 6 750 3200

CIH 6 750 4000

CIH 6 750 5000

CIH 6 750 6300

CIH 6 750 8000

CIH 6 750 10000

CIH 6 500 400 7700
CIH 6 500 500 8200
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Tabnuya b.4 - llponoskenne

n,, Shom > Croun-mocTs,
fun Yion - <8 00/MuH kBA pyo
DJeKTpoABUTaTeIN CHHXPOHHEIE, py0. 1984 r
CT1-630-23YXJI4 10 3000 630 11300
CT1-800-23YXJI4 10 3000 800 12200
CT1-1000-23YXJI4 10 3000 1000 13500
CT-1250-23VXJI4 10 3000 1250 14600
CT-1600-23YXJI4 10 3000 1600 15800
CT1-2000-23VYXJI4 10 3000 2000 17200
CT-2500-23YXJI4 10 3000 2500 19200
CT-3150-23VXJI4 10 3000 3150 21000
CT1-4000-23YXJI4 10 3000 4000 22600
CT1-5000-23YXJI4 10 3000 5000 26400
CT-630-2PYXJI4 10 3000 630 10700
CT-800-2PYXJI4 10 3000 800 11700
CT/1-1000-2PYXJI4 10 3000 1000 13000
CT/-1250-2PYXJI4 10 3000 1250 14100
CT/1-1600-2PYXJI4 10 3000 1600 15300
CT/1-2000-2PYXJI4 10 3000 2000 16700
CT/1-2500-2PYXJI4 10 3000 2500 18800
CT/-3150-2PYXJI4 10 3000 3150 20300
CT/1-4000-2PYXJI4 10 3000 4000 22100
CT/1-5000-2PYXJI4 10 3000 5000 25700
CT1-6300-23YXJI4 10 3000 6300 34800
CT1-8000-23YXJI4 10 3000 8000 41200
CT/1-10000-23Y¥XJ14 10 3000 10000 47300
CT/-12500-23YXJ14 10 3000 12500 54800
CTAII-1250-2YXJ14 10 3000 1250 15000
CTAII-1600-2YXJI4 10 3000 1600 17000
CTAI1-2000-2YXJ14 10 3000 2000 19300
CTAI1-2500-2YXJ14 10 3000 2500 20600
CTAII-3150-2YXJ14 10 3000 3150 23300
CTI1-4000-2YXJ14 10 3000 4000 25000
CTAII-5000-2YXJ14 10 3000 5000 29400
CTAI1-6300-2YXJ14 10 3000 6300 38300
CTAI1-8000-2YXJI4 10 3000 8000 45000
CT/II-10000-

PVXIT4 10 3000 10000 51000
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Tabnuya B.5 - CTOUMOCTH MOHTaka M MaTepuana 1 kM kaleseil HanpszkenueMm 6, 10 kB

(na 1984 r)
CronMocCTB, THIC. y0., U1 KabeJei MapoK IpH MPOKJIaIKe
Ha KOHCTPYKIIHSX B TpaHIee
Hanpsizkenue 6 kB
CeueHue,

. AABNl'Y AATY AAIIBY ACBI'Y AAB211Y AAIIIBY CbY
3x50 271 2.09 2.71 3.86 3.45 3.22 6.18

2,15 1,57 2,19 3,22 2,42 2,19 5,1

370 3.06 24 3.09 4.36 3.82 3.61 7.49
2,5 1,88 2,58 3,71 2,79 2,58 6,41

3x95 3.48 279 3.61 4.86 4.3 4.08 9.13
2,92 2,27 3,05 4,22 3,22 3,05 8,02
3x120 3.98 3.21 4.03 3.51 4.75 4.5 10,61
3,34 2,65 3,47 4,87 3,68 3,47 9,51
3x150 4.5 3.68 4.63 6.29 5.29 5.06 12,35
3,86 3,12 3,99 5,65 421 3,99 11,24
3x185 5.17 4.38 5.26 712 5.95 5.66 14,37
4,49 3,7 4,58 6,38 4,87 4,58 13,21
3x240 5.94 5.1 6.2 8.34 6.75 6.6 17.37
5,26 4,42 5,52 7,6 5,67 5,52 16,21

Hanpsixkenue 10 kB

3x50 3.16 247 3.18 4.39 3.92 3.7 6.71
2,6 1,96 2,66 3,75 2,88 2,66 5,63

3x70 3.49 278 3.58 4.98 4.34 4.05 8.22
2,93 2,27 3,02 4,35 3,27 3,02 7,14

3x95 4.0 3.21 4.04 3.72 4.78 4.51 9.9
3,36 2,65 3,48 5,08 3,7 3,48 8,79
3x120 4.41 3.57 4.57 6.27 3.2 3.0 11.46
3,76 3,0 3,93 5,63 4,12 3,93 10,35
3x150 4.9 4.01 5.1 7.0 5.71 5.53 13.29
4,26 3,45 4,46 6,3 4,63 4,46 12,13
3x185 3.57 473 5.76 7.82 6.38 6.15 15,38
4,89 4,05 5,08 7,08 5,3 5,08 14,21
3x240 6.58 3.353 6.75 9.19 7.36 7.15 18,55
5,84 4,85 6,07 8,36 6,25 6,07 17,33

Ilpumeuanue:

1. B croumocTh BKIIOUaeTcs — mpuoOpereHue — kalens, yCTaHOBKa  KaOENbHBIX
METAJUIOKOHCTPYKIUH, TPOKIaaKa KaOeled Mo METAUIOKOHCTPYKIHMSM W B TpaHIIEe, 3aJellKa
KOHIIOB Ka0eJsi U MOHTaX MYQT.

2. B uncnurene ykazaHa CTOMMOCTbD IO TipUMed. 1, B 3HaAMEHaTes e — CTOMMOCTh Ka0es.
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Tabauya b.6 - CTOUMOCTH COOPY:KeHHsI BO3AYIIHBIX JuHuid 110 kB, Thic. pyo/km (Ha 1984 r)

Onopst Pation o IIpoBoja cTadcallOMUHUEBBIE CEYEHUEM, MM>
rOJIONIEAY 70/11 95/16 120/19 150/24 185/29 240/32
CrajbHBIE OJTHOLICITHEIC I 14,5 14,8 15,6 16 17,4 18,7
II 16,5 16,4 16,9 16,9 18 18,8
1T 19,4 19,1 19 19 19,7 20
v 21,5 20,6 20,6 20,6 21 21,7
CranpHbIE ABYXIICITHBIE I 21,6 22,1 23,7 24,6 27,8 30,6
II 24,6 24 .4 25,2 25,7 28,5 30,7
1T 29,2 28,2 28,3 28,6 30,4 32,1
v 32,8 30,8 31 31,6 31,8 34,4
CranpHbIEe ABYXIICITHBIE C I 19,5 19,4 20,8 21,2 233 24,8
MOJIBECKOM OJTHOM LIETTH 11 22,2 21,5 22 22 24 24,9
III 26,4 24,8 25,8 25,4 26,8 27,3
v 28,7 27,1 27 27,2 28 29,2
XKeneszobeToHHbIE I 10,5 11,1 10,8 11,5 12,6 14
OJTHOLICTIHBIE II 12 12 11,4 11,7 12,9 14
III 14,6 14,3 13,1 13,2 13,8 15,1
v 16,5 15,9 14,4 14,1 15,3 16,6
KeneszobeToHHbIE I 15,8 16,9 17 20 22 24
JIBYXIICTTHBIC 11 17,8 17,8 18,1 20 22 24
1T 21,4 21 20,4 22,2 23,6 25
v 24,4 23,3 22,2 23,9 25,2 27
JKeneszobeToHHbIe I 13,7 14,3 14,1 16,6 17,3 18,4
JIBYXIICTIHBIE C ITOIBECKOM 11 15,5 15,1 15 16,6 17,3 18,4
OJIHOM LIeTIH 1T 18,6 17,8 16,9 18,4 18,6 19,2
v 21,2 19,7 18,4 19,8 19,9 20,8
JlepeBsiHHBIE I 4.9 5.4 5,6 6,5 7,2
JIBYXCTOEYHbIE 11 5,2 5,5 5,7 6,6 7,2 B
GecTpocoBbIe 1 5,7 6 6,2 6,8 7,5 a
1\ 6,2 6,6 6,9 7,4 7,9 -
Tabauya b.7 - CtoumocThb 1 kKM Kadenst
Tun xabemns UHOM ,B F, mm? CrouMocTh, py0/KM
ABPT 660 3x25 175
ABPT 660 3x6 265
ABPT 660 3x10 365
ABPT 660 3x25 775
ABPI' 660 3x35 1045
ABPI' 660 3x50 1450
ABPT 660 3x70 1800
ABPI' 660 3x90 2410
ABPT 660 3x120 3030
ABPT 660 3x 150 3770
ABPI' 660 3x 185 4640
ABPT 660 3 x 240 6100
ABPI' 660 3x300 6250
ABPBI 660 3x25 390
ABPBI 660 3x4 455
ABPBI 660 3x6 530
ABPBI 660 3x10 665
ABPBI 660 3x16 875
ABPBI 660 3x25 1190
ABPBI 660 3x35 1500
ABPBI 660 3x50 1965
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Tabauya b.7 — OkoHYaHUE

ABPBI' 660 3x70 2360
ABPBI' 660 3x95 3030
ABPBI' 660 3x120 3680
ABPBI' 660 3x 150 4610
ABPBI' 660 3x185 5600
ABPBI' 660 3x240 7140
AAIIIB 660 3x10NIx6 750
AAIIIB 660 3x16N1x10 885
AAIIIB 660 3x25N1x16 990
AAIIIB 660 3x35N1x16 1140
AAIIIB 660 3 x50NI x 25 1380
AAIIIB 660 3x70NI1 x 25 1655
AAIIIB 660 3x95NI1 x 35 2020
AAIIIB 660 3x 120N1x3 2510
AAIIIB 660 3 x 185N1 x 50 3700
AAIIIB 660 3x10NIx6 795
AAIIIB 660 3x16N1x 10 920
AAIIIB 660 3x25N1x16 1030
AAIIIB 660 3x35N1x16 1175
AAIIIB 660 3 x50NI1 x 25 1410
AAIIIB 660 3x 70NI1 x 25 1690
AAIIIB 660 3x95NI1 x 35 2040
AAIIIB 660 3 x 120N1 x 35 2520
AAIIIB 660 3 x 150N1 x 50 3120
AAIIIB 660 3 x 185N1 x50 3600
AAIIIB 1000 3x6 570
AAIIIB 1000 3x10 630
AAIIIB 1000 3x16 720
AAIIIB 1000 3x25 850
AAIIIB 1000 3x35 1000
AAIIIB 1000 3x50 1220
AAIIIB 1000 3x70 1510
AAIIIB 1000 3x095 1875
AAIIIB 1000 3x120 2200
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NPUJIOXXEHUE B

Ta6nuua 51 - MTPUMEP BbINONIHEHUA NOKAJIbHON CMETbI
HA 3NIEKTPOOBOPYAOBAHUE

[IpennpusTue: MalIMHOCTPOUTENIBHBIN 3aBO/I,
pailoH CTpoHKH - 4-i1.

Hcxonueie naHHbIE:

Crienmuduxanus Ha 3JeKTpoodopyioBaHKE U dIeKTpoMaTepuansl, yepTex Ne 5000.

1. KommiekTHast omHOTpaHCchOpMaTOpHas MOJACTAHIINS BHYTPEHHEH YCTAaHOBKH - 1 K-T.
B COCTaBe:

a) tpancopmarop TH3-1600kBA - 1 miT.

0) mkad BBOAHOI BbIcOKOTO HamnpspkeHus, LIIBB-3 - 1 mir.

B) mkad BBOAHON HU3KOTO HamnpspkeHus, [ITHB-3M - 1 mr.

r) mkad orxoasmux auaui; [ITHJI-1m - 1 mr.

n) mkad orxomsaumx auaui; ITHJI-2m - 1 m.

2. Ka6enb AAIIIB-10xB ceuenuem 3x120 Mm? - 0,2 kM

3. Tlonoca cransHas ceueHneM 40x4 Mm? - 25 m
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lpunoeHue I

HOPMbl OTYNCNEHUN OT KANMUTANbHbIX 3ATPAT
ANA PA3JIMYHBLIX JIEMEHTOB
CUCTEMbI SJNIEKTPOCHABXEHUA

OtuucnaeHus Ha
AMoOpTH3allIOHHBIE .
NoNo HaunmenoBanue sneMeHTOB TEKYIIUN PEMOHT U
T ANEKTPOCHAOKEHUS OTHHCICHHA AKCIUTyaTaIUIo
Pa
P>
1. | BJI no 220kB Ha MeTanin4yecKkux 0,035 0,005
1 %/0 oropax
2. | To xe, Ha onopax u3 0,066 0,01
MPONUTAHHOMN IPEBECUHBI
3. | To ke, Ha IEPEBSHHBIX OMOPAX C 0,053 0,01
/0 IMacbIHKAMM
4. | BJI 35-160kB Ha MeTammmueckux 0,028 0,004
1 5k/6 onopax
5. | To ke, Ha onopax u3 0,053 0,01
IIPONUTAHHOU IPEBECUHBI
6. | To ke, Ha IEPEBSHHBIX OMOPAX C 0,042 0,01
/0 IMacbIHKAMM
7. | BJI 220kB u BrI1lIC Ha 0,024 0,004
METaJUTMYECKUX M K/0 ormopax
8. | KaOenpHbIe INHUY B 3eMIIE U TIOJ
BonoH 10 10xB BKIIIOUUTEILHO 0,03 0,015
9. | Toxe, 35kB 0,041 0,02
10. | To xe, 110xB u BoIIIC 0,022 0,02
11. | KaGensasble muann 1o 10xB
BKJIIOYUTEIBHO, TPOJIOKEHHBIE B
MOMEIIIEHUH, a TAK)KE OTKPBITO IO 0,024 0,01
ACTaKaJlaM WU KOHCTPYKIUSIM
12. | To xe, 35kB 0,033 0,005
13. | Onekrpoasurarens 10 100xkBt 0,102 0,017
14. | To xe, cBrime 100kBT 0,074 0,01
15. | Ilogcranuuu, pacrnpenycTpoicTsa
Y CHJIOBOE DJIEKTPOOOOPYAOBaHUE 0,063 0,01
16. | ToxonpoBoas! 6-10kB 0,03 0,01
17. | AKKyMyIsTOpBI CTallMOHAPHBIE 0,154 0,02
18. | To ke, npu HENPEPHIBHOM 0,002 0,01
noazapse
19. | U3meputenbHbie U
peryaupyromue npudopsl 1 0,12 0,01
YCTpOICTBA
20. | barapeu craTuyecKux 0,075 0,008
KOHJIEHCATOPOB
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NMPUTIOXXEHWE

NMPUMEP TEXHUKO-3IKOHOMUYECKOIO CPABHEHUA OBYX BAPUAHTOB
ANEKTPOCHABXEHUA LEXOB MALLMHOCTPOUTEJIBHOIO 3ABOOA

Ha puc. /1.1 npuBeneHbl NpUHIMIHUATIBHBIE CXEMbI IBYX BApUAHTOB 3JICKTPOCHA0KEHUSI.

['TIIT
6xB
Bapuanr I.
6/0,66 6/0,66
SHi SH2
Ne 1 Ne 2
7 >
TTIIT
6B
Bapuanr II.
0.66xB 0.66 kB
Nl X A Ne 2

/)

Pucynoxk /1.1 - [IpuHumunuanbHble CXeMbl BAPUAHTOB AJIEKTPOCHAOKEHUS Ha BBICOKOM U HU3KOM

HaIpsHKEHUU
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Heo6xoanmo obecneunts nutanue AByx 1exoB ot I'TIIT na Hanpsoxenue 6 xB.

Bapuant I mpenmycmarpuBaeT nmuTaHue 00OOWMX II€XOB Ha HampspkeHne 6 kB, xabGenpbHBIMH
JMHUSAMH, C YCTAHOBKON KOMITJICKTHBIX TPaHC(HOPMATOPHBIX MOACTAHIIHA.

Bapuant 2 npenycmarpuBaer nutanue nexa Ne 1 Ha Hampsbkenue 6 kB, a mexa Ne 2 Ha
HU3KOBOJBTHOE HanpspkeHue 0,66 kB ¢ mutanuem ot TpancdopmaTopos mexa Ne 1.

[Toacranmuu nByxTpancopmaropusie. OgHako B IEsIX ympoimieHus Ha puc. .1 BTOpbIe
aHAJIOTUYHBIE MTOJIOBUHBI CXEM HE NTOKA3aHBI.

MaxkcuMmanbHas Harpyska 1exa Ne 1 cocrasnser 2800 kB-A. Ha noacranumm ycraHaBimBaroTcs
B IepBOM BapuaHTe nBa TpaHchopmaTtopa nmo 1600 kBA. Harpyska nexa Ne 2 cocraBuser 1600
kB-A ¢ ycTaHOBKO# Ha mojcTaHIuy ABYX TpaHchopmaTtopoB o 1000 kB-A.

Bo BTOpoM BapuaHTe ycTaHaBIMBaIOTCs JABa TpaHcopmaropa mo 2500 kB-A mpu Harpyske
4400 kB-A (xo3dduimeHTsl  MOIMHOCTH HArpy30K OOOMX TIOJCTAHIIMA MPUHUMAIOTCS
OJIMHAKOBBIMH ).

[TpuBenennsle 3aTpatsl nuTatonmx kadeneid ot ['TIIT MOXHO cUMTaTh OJMHAKOBBIMU, B 000X
BAPUAHTAaX, [I0O3TOMY OHU B pacyeTax HE yUYUTHIBAIOTCS.

Paccrosane Mexny moactaHuusMu 1exoB coctabisier L=200 m. ['omoBoe Bpemst paboTsl U
BpEMs MCIOJIb30BaHUSI MAaKCUMyMa Harpy3ku coctaBisieT coorBeTcTBeHHO Tr =8000; Tm = 6000
gac/roa. Croumocts 1kBT.4 anextposneprun Cys = 1,5 py6/kBT.4.

BBICOKOBOIBTHBIN M HU3KOBOJIBTHBIM KaOenu MeXIy ABYMsI MOACTAHIUSMHU TNPUHUMAETCS
coorBerctBeHHO Mapku AAIIIB-6 kB ceuenuem 3x95mMm?> u mapku AAIIB-1xB cedenuem
3(3x185mm>?).

Ha ocHOBaHMM MCXOJHBIX JAaHHBIX OIMpPEIEIIsieM KalUTAIbHbIE 3aTPaThl U1 TPaHC(HOPMATOPOB
1 KaOeJbHbBIX JTMHUM.

JU1st KOMITJIEKTHBIX TPaHC(OPMATOPHBIX MOJACTAHIIUN NUMEEM:

s m/ct. Ne 1 (2x1600 kB-A) K =648000 pyO.
st m/ct. Ne 2 (2x1000 kB-A)  K>=548000 pyO.

[Tpu 5TOM Ha Kax bl TpaHCHOPMATOP TPUXOIUTCS:

Ky1 =Ki1/2=324000 py0.
Ky2 =Kz /2 =274000 pyo®.
Jns moactanyu ¢ Tpancopmaropamu 2x2500 kB-A
K= 779000 py0.
WM Ha KaXKAblH TpaHchopMaTop
Ky =K/2=389500 py6.

CymMmapHbIit K03hOHUIMEHT OTYUCICHHH 111 TpaHchopmatopos p=0,22.

Jlnsi BBICOKOBOJIBTHOM KaOenbHOW nMHMM Bapuanta | ¢ nByms kabemsmu AAIlIB-6 kB
cedeHneM 3x95MM° B TpaHIee (BKJIFOYAs € CTOMMOCTb) MMeeM Ha | KM JUTHHBL:

Kys = 75000 py6./xMm.
JI71st HU3KOBOMIBTHOM KabenpHO muHny ceueHneM 3(3x185mm?) nmeeM:
Kyu = 242000 py6./xMm.
CymMmapHhbIit Ko3hGHUIMeHT oTuuciaeHui 1 kabenpHou uaun p=0,19.
[Torepu X.X. © HOMUHAJILHBIE M HATPY30UHBIE (K.3.) TOTEPH COCTABIIAIOT:
Jns Tpancdopmaropa 1 momnocTbio SH1=1600 kB-A:
APxx1 =3,3 KBT; APHH1 =18,0 KBT.
Jns Tpancdopmaropa 2 momHocThio Spp=1000 kB-A:
APxx2 =2,45 KBT; APumn2 =12,2 KBT.
s pancdopmaropa MontHOCTBIO S = 2500 kB-A:
APxx =4,6 KBT; APuu =25,0 KBT.
CootserctBytomue K03hGUiueHTs! 3arpy3ku Tpanc(hopMaTopoB COCTABISIOT:
K31 =1400/1600 = 0,875;
K32 =800/1000 = 0,8;
K3 =2200/2500 = 0,88.
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T
M
OTHOCHUTENBHOE BpEeMs UCIIOIB30BaHUS MAaKCUMyMa MOTeph cocTaBiseT ( mpu — > 0,7)
T
T

T2 80002

T*

Takum oOpazoM, cpeaHue TMOTEpPH AKTUBHOM MOIIHOCTH Ha KaXIbld TpaHchopmaTop
COCTAaBJISIIOT COOTBETCTBEHHO:

APyci = APxxi + APy * K3 %0 = 3,3+18%0,875%%0,563=6,85 kBT
APyc2 = APxx2 + APuno * K%z #T« = 2,45+12,2%0,82%0,563=11,05 kBt

APyc = APxx + APupy * K% *T« = 4,6+25%0,88%*%0,563=15,5 kBT.
Cpennue noTepy akTUBHON MOITHOCTH:
JUTSL IBYX BHICOKOBOJIBTHBIX KaOEIhbHBIX TUHUN OKB Ha 1 KM JIITUHBL:
2
3-p-117-8) 3-0,0312-1,1% -800% - 0,563

APycp=2 - 5 Ty =2 5
F-U} 95-6

JUISL IByX HU3KOBOJIBTHBIX JIMHUW HA | KM JUIMHBI:
12
3-0-8
F-U%
CroumocTts 1 kBT.roma snekTposHepruu paBHa:
v=Tr * Cy» = 8000%*1,5 = 12000 py6/kBT.rozg

Bce pe3ynbTaThl pacueToB cBeneHbI B Tabmuiry [.1.

JlanbHeire pacueTsl SCHBI U3 TAOIHIIBI M TOMOJHUTENbHBIX OSCHEHUN He TPeOyIOT.

W3 Tabnuiibl BUIHO, YTO MIEPBBIA BAPHAHT OKA3aJICsl IKOHOMUYHEE.

[Tpu 3TOM ro1oBO# PKOHOMUYECKUH F(H(PEKT COCTABIISIET:
D=31-32 =1219776-753170 = 466606 pyd/rox.

24 xBr;

2
3-0,0312--800 - 0,563
T,=2- =278 xBr;

APych=2 - 7
3-185-0,66
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NPUJIOXKEHWUE E

NMPUMEP TEXHUKO-9KOHOMUYECKOIO CPABHEHUA ABYX BAPUAHTOB
CUCTEMBbI SJIEKTPOCHABXEHUA NPEAMNPUATUA

TeXHUKO-DKOHOMUYECKHUI pacueT MPOU3BOAUTCS ISl JBYX BapHUAaHTOB IMOCTPOCHHS CXEMbI
anektpocHaOxenus (pucynku E.1 u E.2).

Bapuant 1: mpenycmarpuBaercs nutanue KTIIl u BOCbMHM BBICOKOBOJIBTHBIX CHUHXPOHHBIX
neurateneit (4x400 kBt, 2x630 xBt, 2x1250 kBt) ot PY 10 kB I'TIIl panuanbHbIMU JIMHUSIMU,
BBITIOJTHCHHBIMH KaOerieM A AILIB, mpos10’KeHHBIM T10 dCTaKaJIE.

BapuanT 2: npenycMarpuBaeTcs coopykeHue pacnpeaenutensHoro nyHkra (PIT1), or kotoporo
nonydaroT nutanue KTII1 u BeicokoBonbTHBIE aBuratenu. Paccrosuue ot I'TIIT go PIT1 — 3—
METpOB.

(>

e =
&) &)

TTIIT ABP 10 B

]
[ ] [ ] [ ] [ ] [ ] [ ]
V4 V4 \% V4 V4 \%
/N /N /N /N /N /N
CRC) | CRC
CAo-1 CIo2 CHI-3 '

(&)
- Co4 CIO-5 CI-6
&)

KTII-1 6/2x1600

Pucynok E.1 - Bapuanr 1

JlocTonHCTBa IEPBOro BapUaHTa:

o IIPOCTOTA U HAIEKHOCTB;
o He TpeOyeTcs IOMOIHUTENBHBIX 3aTpaT Ha cTpouTenseTBo PIT;
. BBIJICP)KKA BPEMEHU CpabaThIBaHUs PEICHHON 3aIMThl MEHBIIIE Y OAHOCTYIIEHYATON

CXEMBI, YEM y JBYXCTYIIEHYATOM.

Henocratku:

° YBEITUYCHHBIN pacxo]1 Kabes;

. YBEITUYCHHBIN 00BEM MOHTAXXHBIX paloT;
° OoJIpIITE TOTEPH B KAOEIBbHBIX JIMHUSX.
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KTII-1 6/2x1600

Pucynok E.2 - Bapuanr 2.

JIOCTOMHCTBA BTOPOTO BapHAHTA!
e yMeHbleHue s;ueek Ha ['TIIT;
®  YMEHBIICHHE PAacX0ja BEICOKOBOJIBTHOTO KaOeIs;
®  yMEHbIICHHE 00bEMa CTPOUTEIBHO-MOHTAXHBIX Pa0OT.

Henocratku:
® YBEJIIMYECHHUE BPEMEHHU JICUCTBUS PEIICHHOMN 3alLUTHI;
® yBEJIIMYCHHE KaTUTAJIBHBIX 3aTPAT Ha CTPOUTEIHCTBO U MOHTaX 00opynoBanus PIT.

Haunbonee SKOHOMHUYHBIM peIIeHHEM BbIOOpa BapHaHTa CXEMbl 3JIEKTPOCHAOXKEHUs Oyner
BapHUaHT, OTBEYAIOIIMHA TPeOOBAHUAM M MMEIOLINI HaUMEHbIINE TOJI0BbIE MPUBEAECHHBIEC 3aTPATHI.
IIpu cpaBHEHMH BapUaHTOB YUUTHIBAIOTCS TOJIBKO TE 3JIEMEHTHI, KOTOPHIE OTIIMYAOTCS.

Kanuranpabie BiOXeHUs ompenesstoTcs mo dopmynam 1.1.3 u npunoxenuss b. Pesymbrarh
pacueToB npuBeaeHbl B Tabnumax E.1 u E.2.

ExxeronHble nM3nepKku dKcIuryatTanud C ONpenessroTcsl COINIaCHO METONMKH, ONMMCAHHON B
naparpadax 1 u 2.

C=C,+C,, +C,

AMOpTI/I3aLII/IOHHI>I€ OTUUCIICHUSA PACCUUTBIBAOTCA IIO TOAOBBIM HOpMaM aMOpPTU3allUU Pa

(mpunoxenue I):
C,=P,-K

3arparhl Ha PEMOHT M OOCIy)XMBaHHWE B JAaHHOM CIy4ae OIpeJAesieM YIPOLICHHO, Ha
OCHOBAHUU BBIPAKEHHUS:
Cpo =Ppo - K,
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rae Py, - KOOQQUIMEHT OTYHCICHNH HA PEMOHT W OOCIyXHMBAaHHC BBIOMPACTCS Ha OCHOBaHHH
npuioxeHus B.

3aTpaThl Ha MOTEPU AJIEKTPOIHEPTUU B IJIEMEHTAX JICKTPUUYECKOM CETH COIrIaCHO METOIMKH,
n310xeHHOM B §1.4.2.
(:3 :APM 8* ’Y

B pacuerax npunsTo:
a=208,6 pyo6/xkBt*Mmec;
B =0,287 py6/xBt*uac.

l'omoBoe umcno yacoB paboThl Tr W YKMCIO YAaCOB WCHOJb30BAaHUS MaKCHMyMa aKTHBHOM
Harpy3ku Twm BbiOupaem cornacuo [1YD:

Tm=7100 u/ron,
Tr=8700 u/rop.

Bpemst MakcuManbHBIX IOTEPh T,, 3aBUCUT OT cooTHomeHus: Tm u Tr (§1.4.2):
T,

—M =(,82, moaTomy
TF

T, _ 7100

T, 8700
CTOouMOCTD OIHOr0 rojia nmoTepsb:

o 208,6-12 3
=T |{—+p|=5794-| ————+28,7-10 =3706 pyo/xBrrox.
Y r [TM B] ( 7100 } | 9% A

Koapduunentsl oTyvciaeHUd A pa3HBIX DJIEMEHTOB  3JIEKTPOCHAOKEHUS
npuiokeHuto B ceoaum B Tabnuny E.3.

Y

=5794 4u/ron.

COorjiaCHO

PeanbHas nmpoleHTHast CTaBKa paccuyuTaHHas o ¢opmyne 1.3 mpu ciaeayromux 3HaYeHUsX

E,=0,16 1/rog; b=0,12 1/ron, Takum o6pasoM r = By _ 0,16-0,12

=0,036 1/ron.
1+b 1+0,12
Tabnuya E.3 - Kod(ppuiuiueHTH 0TYHCIEHUI 1J151 Pa3JIMYHBIX 3JIEMEHTOB CHCTEMBI
3JIEKTPOCHA0KEHUS
3navyeHus K03 OUIMECHTOB, JOIH €.

DIeMEHTBI CUCTEMBI

3JEKTPOCHAGKEHHUSI P, Poo T E=P,+P,, +E,
KaGenbusie nanu 10 kB 0,024 0.015 0.036 0,075

10 CTaKaJe

Ob6opynosanue PY 10 kB 0,063 0,01 0,036 0,109

Pesynbrarhl pacueToB o BapuanTam cBoauM B Tabmuiiel E.1 u E.2.

W3 pesynbraToB pacyera mo Tabmuuam E.1 u E.2 BuaHo, yto Hambojee 3KOHOMHYECKH
BBIFOJIHBIM SIBJIIETCS NIEPBBIN BApHUAHT CXEMBbI 3JIEKTPOCHAOKEHUS, TaK KaK IPUBEICHHbIE 3aTPaThl
Ha HEro MEHBbIIIE.

[ToaTomMy mpuHMMAaeM MEpBbIA BApUAHT CXEMBbI AJIEKTPOCHAOKEHUSI.
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NPUJIOXXEHUE 3

METOAUKA TEXHI/IK0-3KOHOMI/I'~IECKVOI7I OLEHKW SHEPIOCBEPEIAOLLNX
MEPOIMPUATUU N MPOEKTOB

B ycnoBusix nedununTa IeHEKHBIX CPEACTB, BBIIEISEMBIX 00pa30BaTEIbHBIM YUPEKICHUSIM Ha
SHEPrOCHA0KEHHE, OYCHb BAXXKHO YMETh MPABWIBHO OMPENCNATh 3aTpaThl M COEpPEKEHHS OT
BHEJPEHUS HHEProcOEperaronmx MEpPONpUsITUA U TMPOEKTOB, T.€. MPOBOAUTH HX TEXHHUKO-
HSKOHOMHYECKYI0O OILIEHKY. B mporecce TEXHMKO-DKOHOMHUYECKOH OIICHKH  OINpPEAeISIOTCS
CJIEyIOIIe OCHOBHBIE NTOKA3aTeNu:

1) naBecTUIMM (KanmUTaIbHBIC 3aTPATHI), THIC. PYO.;

2) romoBoe cOepeKeHrUe OT BHEAPEHUS TOTO WM HHOTO MEPOTIPUSITHI, THIC. py0./TO;

3) CpOK OKYIaeMOCTH MEpPONPUATHS, JIET;

4) npuOBUTLHOCTh MEPOIPHUATHSA, T.€. CKOJBKO PYyOiedl MmpuObUIM MBI MOJYYWIN Ha KaXIbId
BJIOXKEHHBIH pyOIIb.

HNuBectnumu (Io) BKIIOYAIOT BCe 3aTpaThl, CBA3aHHBIE C OOIIMMHU BJIOKEHUSMU HA BHEApPEHUE
9HEpProcOeperaroniero MepONpUiTUs WK MpoekTa. OHU BKITIOYAIOT CIIEAYIONINE CTaThH 3aTparT:

1) mpoexT;

2) cTOUMOCTH 000PY/IOBaHMS;

3) CTOMMOCTh MaTepUAJIOB;

4) MOHTaX W HaJaJKa;

5) npyrue 3aTpaThi,

6) HaJoru.

I'onoBoe uncroe coepexxkenue (B) - uncTpie exerogHbie cOEpeKEHUs, IMOJIy4aeMbIe IOCIE
BHEJPEHUS YHEProcOeperaroniero MepOnpHUsTHSs WIH ITPOSKTA.

B=S-E, 3.1
rone S - cOepexkeHHas 3a roja 3Heprusi (dMEKTpUYecKasi, TeroBas W T.1.), kKBt-u/rom; E -
CTOMMOCTb €IUHMIIbI SHEpTuU, pyo/KBT-4.

Cpok okynaemoctu (PB) - Bpems, koTopoe HEOOX0IMMO YTOOBI MHBECTHUITUN OKYITHIIUCH, JIET.

PB:I—O, (3.2)
B
HccnenoBanusi IMOKa3bIBalOT, YTO MHOTHE »HHeprocOeperamomme MeponpuaTusi, HMEIoIme
OJIMHAKOBBIM CPOK OKYMaeMOCTH Mal0T pasHyl NpHOBUIE NMpH uX BHeApeHHu. [lostomy mis
pacripesielieHus] MEPOIIPHUATUI 10 NMPUOBUTEHOCTH HEOOXOAMMO ONPEAETUTh KOAPPHUIUEHT YHUCTOM
CYIIECTBYIOIIEH MPUOBLIH.
Koxdppuument wumcroii cymecrBywmeid mnpudbinm (NPVQ) - oTHomeHue 4uctoit

cymectBytomen npuosu (NPV) k o6mmm uaBectunusm (Io):

NPVQ = NIPV : (3.3)

Hau6Gonpmmii NPVQ ykaspiBaeT Ha HanOosee npuObUTbHOE MEPOIIPUSITHE.
Yucras cymiecTByromiasi MprObLTH ONPEIEIISETCS MO BEIPAXKEHUIO:

NPV =B-J(i= (1) |-, (3.4)
IIe¢ I - pealbHas MPOIEHTHAS CTaBKa; N - SKOHOMUYECKHUU CPOK CIYKObI MEPOIIPUSTHS.
PeanpHas MPOLCHTHAA CTaBKa ONPCACTIACTCA MO BBIPAKCHUIO!
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rac

r=(n, -b)/(1+b), (3.5

n; - HOMUHAJIbHAs MPOIICHTHAS CTaBKA (COOTBETCTBYET 3a€MHO MPOIICHTHO! CTaBKe OaHKa);

b - ypoBeHb uH IAIINN.
ITocne pacueta NVPQ Bce MepompusTus MO 3SHEProcOECpPeKCHUIO PAHXUPYIOTCS TI0
NpUOBIIBHOCTH, IPUMEP PaHKUPOBAaHUS NpUBEEH B Tabuuue 3.1.

Tabauya 3.1 - PankupoBaHue MepONPUSITHIA 110 IHeprocoepeKeHuIo

Ne DHeprocOeperaronme Lo, S, B, PB, |[NPVQ,
ILI1. MEPOTIPUATHS ThIC. py0. | kBt-u/rox | ThIC.pyO./TOT | IeT | o.e.
Buenpenue cucrembl
1 ABTOMAaTUYECKOT'O YIIPABJICHUS 450 81000 213 2,1 | 2,32
MOJa4YM TEIJIOBON SHEPTUU
2 VYioTHeHHE OKOH 300 80000 240 1,3 2,28
3 N3onsimus nmosia yepaaka 375 17800 54 6,9 0,79
4 | U3onauus TpyO, 3aIBUXKEK H T.JI. 285 17700 54 53 | 0,73
banancupoBanue cucTeMsl
S5 | OTOIUJIEHHS U TEPMOCTATUUECKUX 675 53800 162 4.2 0,69
BEHTUIICH
6 Vrunu3anus Teria B CHCTEMax 675 37000 96 78 | 0.17
BEHTUJISALIMU

IIpumep 1. Onpenenutp, Kakoe U3 ABYX SHEPTOCOEPETAIOINX MEPOTIPUITHIA MPUOBLTBHEE.
1. YcraHoBKa B 3[aHMH TEPMOCTATHUECKUX PAIUATOPHBIX BeHTUIIEH ¢ I, = 69000 py6. u

B =17100 py6./rox.
2. YcraHOBKa yTHIIM3aTOpa Temia B cucteMe BeHTHsiuu ¢ Io = 300000 py6. u

B = 75000 py6./rox

PacueT 1 TEpMOCTATUUECKUX BEHTUIEH

n =10 aer, n; = 34%, b =25%
1. PeanbHast mporienTHas crtaBka 1o (3.5):

p= 0342025 00,
1+0,25
2. Cpok okymaemoctu 110 (3.2):
17100

3. Yucras cymiecTBytomas npuosuib 1o (3.4):
1-(140,07)71°

NPV =17100- —69000 = 51090 py6.

4. KoaddunueHT unctoit cymiectByromen npuosuiy 1o (3.3):
NPVQ = —5 1090 =0,74
69000
Pacuer juist yrunusammu Temia
n=15 ner, n; = 34%, b = 25%, r = 7%

1. Cpok okymaemocTu
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g _ 300000 _

75000
2. Yucras cyuiecTByomas npuobUIb

4rona .

1-(1+0,07)7"

NPV =75000- —300000 = 383100 py®.
3. Koadumment uncToii cymecTByromei npuobum
NPVQ =219 o
300000

BoiBogpl: ObGa »HEprocOeperaromiux MEpPONpPUATHS SIBISIOTCA MNPUOBUIBHBIMA U HMMEIOT
OJIMHAKOBBIM CpOoK okymaemoctn 4 roma. OmHAaKO, yCTaHOBKA YTHJIM3aTOpa Temia OoJee
npuObLIbHA, TOCKOJIBKY NPVQ BhImIE.

IIpumep 2. C 1enbio 3KOHOMHH AJIEKTPOIHEPTUN B OCBETUTENBHBIX YCTAHOBKAX TEXHUYECKOTO
yauBepcutera (TY) ObUTi peKOMEHIOBaHBI CIIETYIOIIHE MEPOTIPHUSTHS:

1) 3ameHa JTIOMUHECIICHTHBIX JIaMIT Ha JIAMITBl MEHBIIIEH MOIITHOCTH

3aMeHa JTFOMUHECIICHTHBIX JIaMIT Ha JIAMITBI MEHBIIEH MOITHOCTH MPOU3BOAMUTCS MO MEpEe UX
MeperopaHus U He TpeOyeT TOMOIHUTENbHBIX JCHEXKHBIX 3aTpar.

BenuunHa 3KOHOMUU TIPU 3TOM COCTaBUT 7,5 % OT romoBoro motpebnenus. [lpu romoBom
noTpeOIeHNH JTIOMUHECHEHTHBIMU JTamraMu 1784920 kBt1-u B yuebnbix kopmycax u 110151 kBtu
B OOIIEKUTHUAX, DKOHOMHS DJIEKTpOdHEpruu coctaBuT 178492 kBtu/rog (133869 xBtu — B
y4eOHBIX KOopIrycax, 44623 — B OOIIEKUTHSIX ), UTO B (PMHAHCOBOM BBIPAKCHUHU COCTABIISICT
B =105310 py6.

Cpok OKynmaeMoCTH MOJIEPHU3ALIUU CUCTEMbI OCBELICHMUS:
PB=1o/B=0/105310=0.
YUucThlil TUCKOHTUPOBAHHBIN JTI0XO:

_ -n _ -10
Npy =B AW jps310.] (120’23) —0=400102 py6.,
T )
_b _
raer= e =0 _ wzo,z_?,,n: 10 mer.
1+b 140,08

Tak xak MeponpusaTHe siBIseTCs 0e33aTPaTHBIM U JTAET 3HAYUTEIBHYIO TOJIOBYI0 SKOHOMHIO, TO
OHO SIBJISIETCS MPUOBUIBHBIM M PEKOMEHIYETCS K OCYILIECTBICHHUIO.

2) 3aMeHa 1amMn HaKaJIMBaHUS JIIOMUHECLIEHTHBIMU JJaMIIaMu

B nacTosiiiee Bpems B Kopirycax U OOMIEKUATUSX TY 4YUCII0 JIaMIT HaKaJuBaHUsI cocTaBiisieT 607
ITYK (MOILIHOCTh Kaxk10# Jlammbl 60 BT).

CeerooTnaua JiamMn HakanuBanugd 12 am/Br, mroMuHecneHTHRIX Jamn 80  amM/BT.
CrnemoBaTenbHO, MOIHOCTh JIOMHUHECIICHTHBIX JIaMI, HEOOXOIMMBIX Ui 3aMEHBI JIaMIl
HakanuBaHusA paBHa 36427 BT, T.e. 68 CBETUILHUKOB C JIOMUHECIICHTHBIMU JaMniamu 2x40 Br.

CTOMMOCTb OJTHOTO CBETHIJIBHUKA C 3JIEKTpO-MarHuTHBIM [1PA - 250 py6., ¢ anexkrponHsiM [TPA
- 600 pyO®.

a) YcraHoBKa 68 CBETHIIBHUKOB ¢ AyiekTpoMarHuTHBIM [IPA oGoiinercs B:

Io =68 - 250 = 17000 py6.

JlanHoe meporpusaTue mo3BosieT 3KoHOMUTE 140031 kB1*u snekrposnepruu (28761 kBt — B
yueOHbIX Kopirycax, 111270 — B 00meXuTusx), 4To B GUHAHCOBOM BBIPAYKEHHH COCTABIISIET
B = 82618 py6.

Ha ceromHsmHuit MOMEHT TI0 pyOJISIM pacueTHasi HOMHHATbHAS MPOIICHTHAS CTaBKa OaHKOB
nr = 33%, a ypoBeHb uHpsAMN b = 8%.

Cpok OKynmaeMOCTH MOJIEpPHU3AIMN CUCTEMbI OCBEILICHUS:

PB=1o/B=17000/82618 =0,21 roxa.
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UuCThli JUCKOHTUPOBAHHBIN JOXO:

_ -n _ -10
NPV =B 2Dy 0618 12002 15000~ 296888pys6.
r 0,23
TIer= H = w:0’23, n=10 ner.
1+b 140,08

MNuanexc noxoaHocTH:

NPVQ =NPV / Ip.= 296888 / 17000 = 17,46.

0) YcranoBka 68 cBETUIILHUKOB ¢ 37eKTpoHHBIM [TPA oGoiiaeTcs B:

Io =68 * 600 = 40800 pyO®.

DNEKTPOHHBIA MYCKO-PEryIUPYIONINI anmapar 1mo3BojiseT 3KOHOMUTh 20% oT motpebisemMoit
AJIEKTPOIHEPIUH, T.€. MOXKHO MOJYYUTh HKOHOMHIO emie Oosbiie yem B ciydae 0. JlanHoe
MEpONPUATHE TO3BOJISIET SKOHOMUTH 168037 kBT1'u snekrposnepruu (34513 kBtu — B yueOHBIX
koprycax, 133524 — B 00mexxuTHsX ), 9TO B (QMHAHCOBOM BBIpaKeHUH cocTaBisieT B = 99142 pyo.

Ha nepuon pacuera no pyossiM pacdeTHass HOMUHAJIbHAS TPOLIEHTHAs CTaBKa 0aHKOB nr = 33%,
a ypoBeHb uHpsiuu b = 8%.

Cpok OKynaeMoCTH MOJIEPHU3ALIMU CUCTEMbI OCBELICHMUS:

PB=1o/B=40800/99142 = 0,41 roxa.

UucThli JUCKOHTUPOBAHHBIN JOXOM:

_ -n _ -10
Npyop LoD 1-(1+0,23)

I, =99142- —40800 =335868py0.,

n.-b _ 033-0,08
I+b 140,08
MNanexc noxoaHocTH:

NPVQ =NPV /Ip.= 335868 / 40800 = 8,23.

W3 npousBeeHHBIX PACYETOB MOYKHO CJI€JIaTh BBIBOJI, YTO MEPONPUATHE NPUOBUIBHOE KaK IpU
BHEJPEHUH JIIOMUHECLEHTHBIX JIAMIT ¢ OOBIYHBIM 3JIEKTPO-MarHuTHBIM [1PA, Tak U ¢ 371€KTPOHHBIM
ITPA.

3) ABromaru3anus ynpaBJIeHUs OCBEILEHUEM

BHenpenue aBromaru3aluMu  YOPaBICHHUsS  OCBEIEHHMEM  JacT TOJIOBYI0  SKOHOMHIO
3JIEKTPOIHEpPIrun Ha ocseuieHue 5 % mo obmexutusm u 10 % mo yueOHbIM Koprycam win 89245
kB14 (66933 kB1'u B yueOHbIX Kopitycax, 22311 kB14 B 00ImIEeKHUTHAX), B IECHE)KHOM BBIPAKCHUU
3TO cocTtaBuT B = 52655 pyo.

3aTpathl Ha JaHHOE MeponpusTre cocTasst lo = 170000 pyo.

Cpok OKynaeMoCTH MOJIEpPHU3ALMU CUCTEMbI OCBELICHMUS:

PB=1p/B=170000 /52655 = 3,23 rona.

UuCThli JUCKOHTUPOBAHHBIN JOXOM:

raer= =0,23,n=10 ner.

_ -n _ -10
Npy =B 20D g 5p655. 120 20’23) 170000 = 30051py6.,
Tr )
_b _
raer= e =0 _ w:(),m,n: 10 mer.
1+b 140,08

MNanexc noxoaHocTH:

NPVQ =NPV /Ip.= 30051 /170000 = 0,18.

W3 mnpousBeneHHBIX pPacyeTOB MOXHO CJeNaTh BbBIBOJ, YTO MEpPONPUATHE SBISETCS
NpUOBLIBHBIM, HECMOTPS Ha OOJIbIINE KAIUTAIbHBIC BIOXKECHUS.

Pe3ynpTaThl pacdyeToB MEpONPHUATHH IO HSKOHOMHMM 3JEKTPOIHEPIMH B OCBETUTENIBHBIX
yCTaHOBKaX CBE/IEHBI B Tabmiy 3.2.
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Tabauya 3.2 - CBogHasi TabJuIa YIHeprocoeperammux MEPONPUATHIA B 0CBETHTEIbHBIX

YCTaHOBKAaX
VHBECTU- YuncTble Cpok
MeponpuaTtua i cbepexeHus okynaemo- | NPV, NPVQ
MO COXPaAHEHMIO SHEPTUM ’ cTH, pyo.
pyo. kBT'u/ roa pyo. et
1. 3ameHa TIIOMUHECLIEHTHBIX Namn 0 178492 105310 0 400102 i
Ha namnbl MEHbLUEV MOLLHOCTM
2 3ameHa namn HakanueaHusi
INIOMUHECLLEHTHLIMU NaMnamMu:
a) c anekTpomarHuTHeiM [MPA 17000 140031 82618 0,21 296888 | 17,46
©) ¢ anekTpoHHbIM MPA 40800 168037 99142 0,41 335868 | 8,23
3. ABTOMATU3ALMS yNpaBrieHms 170000 89245 52655 3,23 30051 | 0,18
OCBELLEHNEM
Bcero no coxpaHeHuto aHeprum 227800 568804 335594

IIpumep 3. OT KOTENBHBIX TEXHHUUYECKOIO YHUBEPCHUTETA TEIJIOBAas SHEPIrHsl Ha OTOIUICHUE,
BEHTUJISIMIO U TOPsYee BOJOCHAOKEHHE OTITyCKaeTCsi 00bekTaM TY U CTOPOHHUM MOTPEOUTEIISIM.
[TooToMy Ha KOTENbHBIX KEJAaTeIbHO OPraHMW30BaTh IYHKT HEKOMMEpPYECKOro ydera H
ABTOMATUYECKOTO KOHTPOJIS 32 TEIJIOBOW dHEPrUei OTIyCKaeMOro Teruia I y4eOHBIX KOPITyCOB
TVY. IIyHKTBI KOMMEPYECKOTO y4eTa TEIUIOBOM SHEPruH HEOOXOIMMO OpraHM30BaTh TAK K€ Ha
BBOJIaX CTOPOHHUX MOTPEOUTEICH.

3HauuTENbHbIE Pe3ePBbl SKOHOMUU UMEIOTCSI B CUCTEMaX OTOIUICHHUS KHJIbIX M OOIECTBEHHBIX
3naHuil. D¢G(GEKTUBHBIM CPEACTBOM JKOHOMHHU TEIUIOBOW DHEPTHH SBISETCS OpraHu3anus B
TEIUIOBBIX BBOJAX y4eOHBIX KOpirycoB Ne 1-6 m oOmexutuit Ne 1,3 u No 2,4 mHIuBHIyanbHBIX
terioBeix MyHKTOB (MTII), 000pyHOBaHHBIX MOTOAHBIMU KOMIICHCATOpaMU U OECHTyMHBIMH
CMECHUTEIbHBIMU HAcOCaMH, CHCTEMOW aBTOMATHYECKOTO PETyJUPOBAaHUS (IaTUMK TEeMIIepaTypbl
Hapy>KHOTO BO3/1yXa, JAaTYMK TEMIIEpaTypbl B MarucTpaid CHUCTEMbl OTOIUICHHUS, OTPAHUYUTEINb
TEeMIIepaTypbl O0OpaTHOW BOJABI Uil CHUCTEMBbl TOpSYEr0 BOAOCHAOXKEHHUS U OTpaHUYUTENb
TEMIIEpPaTypbl OOpaTHON BOIBI ISl CHCTeMbl BeHTWIsAWHK). CyMMapHas TroaoBas SKOHOMHUS
temoBoi sHeprun Takux UTII moxket nocturars 20 %.

Hwuxe npeacraBieHsl MEpONPUSTHS U PEKOMEHIALUU 110 SKOHOMHUH TETUIOIHEPTUHU:

1) CHmxeHue moTeph TeIia Yepe3 OKOHHBIC TPOEMBI ITyTeM yCTaHOBKH mTop u3 [IBX miuenku B
MEXpamMHOM MPOCTPAHCTBE OKOH.

OHeprocOeperaroiasi MIeHKa NpeJHa3HayeHa ISl CHIDKEHUS IOTeph PaJMallMOHHOW YacTH
TEIJIOBOM JHEPruu 4Yepe3 OKHA, M YCTAHABIMBAIOTCA HA OKHE B MEXPaMHOM MPOCTPAHCTBE,
co3zaBas pu 3ToM 3¢ ekt TpeThero okHa. [Ipu npoBeneHnn pacueToB ObLIO BBIICHEHO, YTO TaKOH
IIPUEM CHUYKAET TEIUIOBBIE MOTEPU Yepe3 okHa B 1,25+1,35 pasa.

OO61mas MIomAab OCTEKJIEHHS BO BCEX YUeOHBIX KOpIycax U obmexuTusx TY pasna 30893 m2.
Heo6xoanmo 28863 mor. M mieHku npu ee mmpune 115 cm. Ctoumocts miieHku 3 pyo./mor. M, T. €.
3aTpaThl Ha IUICHKY 3nn = 86589 py6. Takke mis ycTaHOBKH IieHKH Heooxoaumo 56000 mor. m
3aXUMHBIX ipoduieil. [Ipu ux croumoctu 5,5 py0./mor. M 3aTpaThl Ha HUX COCTaBIISIOT
3up = 308000 py6. Beero kanuranbHble 3aTpaThl cocTaBAaT lo = 394589 pybneit. CHuxeHue norepb
TEeIJIa Yepe3 OKOHHbBIE MTPOEMbI TO3BOJIUT MOJYUYUTh I'OJ0BYIO SKOHOMHUIO TETIOBOM SHEPTUU:

— B y4eOHBIX Koprnycax TV, momydaromux Terio oT koTenbHou Nel — 1172 I'Kan/ron;

— B yueOHOM kopiryce Ne 6 TV, momydaromiem temio ot kotenbHoi Ne2 — 906 I'Kan/rox;

— B obmexutusx Ne 1-4, orarmuBaemsbix ot tertocetet MIT «Termmosneproy» - 693 I'Kan/rox;

— B yueOHOM Kopriryce Ne 8 — 41 I'Kan/ron;

Hroro mo oosexktam TY — 2811 I'Kan/rox.

B nenexnom Boipaxkennu npu ctoumoct 1 I'Kan = 100 pyo.:

— B y4eOHBIX Koprnycax TV, momaydaromux Termio oT KoTenpHou Ne 1 — 1172-100 =

= 117200 py6.;
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— B yueOHOM Koprryce Ne 6 TV, momyyaromiem Tersio ot KoTeabHoi Ne 2 — 906-100 =

= 90600 pyO0.;

— B obmexutusx Ne 1-4, orarmmmBaembix ot teriocereit MII «Temmosnepro» - 693-100 =
= 69300 pyO0.;

— B yue6HOM Koprmyce Ne 8§ —41-100 = 4100 py6.

Hroro mo o6vexkram TY — B =410%95 = 281100 py6.

Cpoxk okynaeMocTH ycTaHoBkU IieHku [IBX:

PB=1o/B=394589 /281100 = 1,4 rona.

YUucThli JUCKOHTUPOBAHHBIN JOXO:

_ -n _ -5
Ny =B AW 1081100 12002 T 504589 - 303467py6,
r 0,23
b _
roer = Or ~ 0,33-0,08 =0,23,n =15 ner.

I+b 140,08

Wanexc noxoaHocTH:

NPVQ =NPV / 1p.=393467 / 394589 = 1,00.

W3 npousBeACHHBIX PAacu€TOB MOXKHO CAENaTh BBIBOJ, UTO MEPOIPHUSATHE NMPUOBLIHHOE.

2) CHmKeHHE TeIUIONOTPEOIIeHUs 32 CYeT aBTOMATU3allUM CHCTEM OTOIUICHHSI, BEHTHWIIALUU U
ropsiYero BOAOCHA0KEHUS U YCTAaHOBKU TEIIOCUETYHKOB.

[Ipeanonaraercss ycTaHOBKAa CHCTEMbl aBTOMATH3allMM OTOIJICHUS, BEHTWISALIUU U TOPSYETO
BOJIOCHAOXKEHUS M TeruiocueTyuK. [ cuctembl otoruieHus 3¢p¢dekTuBHa TaliMepHas peryIupoBKa
CHUKEHUS TEMIIEpaTyphl B 3JaHUSX B HOYHOE BPEMsI U B BBIXOJHBIC JHU MPU y4ETE TEMIEPATyphl
OKpY’Karoiero Bo3nyxa, a 1yt Bentwisinuu 1 ['BC o tremmniepatype o6paTtHoit TpyOsl. [1o maHHBIM
¢bupM — npousBoaUTENCH 000PYIOBAHNUS IJIs1 AaBTOMATU3AIMH CUCTEM TEIUIOCHAOKEHUSI CHUKCHHE
norpebiieHuss Temia MoxeT gocturath 30% 3a  ortonurtenbHBIH mepuoa. Kpome Toro,
obecrieynBaeTcsl mojep )kaHue KOMPOPTHOM TeMnepaTypsl BO3AyXa B MOMEIEHHIX, YIIPOIIAETCs
HACTpOMKa, peryjivpoBaHUE U HKCIUTyaTallMsl CHCTEM OTOIUICHHUS. YCTaHOBKA TEIMJIOCYETUYHMKOB
MO3BOJISICT CHU3UTH (PUHAHCOBBIE 3aTpaThl MO TEIUIOBOM SHEPrUM 3a CUET pPasHHIBI MEXITY
(bakTHUYECKUM U HOPMATUBHBIM MOTPeOJICHUEM TeIlIa.

Croumocts omnoro UTII ¢ rtemnocuerunkom cocraBuT 180000 py6neit. K ycraHoBke
mnanupyercs 8 UTII, t.e. kanutansHbie 3aTpaThl paBHBI o = 1440000 py6. CHUX)EHUE MOTEPh
TEIUIa 3a CYET aBTOMATHM3allMMd CUCTEM OTOIUICHHUS, BEHTHSIMH M TOPSYEro BOJOCHAOXKEHUS U
YCTaHOBKH TEIJIOCYETUYMKOB MO3BOJIUT MOJYYUTh TOAOBYIO IKOHOMHUIO TEIIOBOM SHEPTUU:

— B y4eOHbIX Kopnycax TY, moxydaronux Temio ot koteabHoi Ne 1 — 1715 I'Kan/rox;

— B yueOHOM Koprryce Ne 6 TV, momyyaromiem terio ot koterabHoi Ne 2 — 1331 I'Kan/rox;

— B obmexutusx Ne 1-4, orarummBaembix oT terocereit MIT «Temmosnepro» - 1112 I'Kan/rog;

— B yueOHOM Kopmyce Ne 8 — 60 I'Kan/rox;

Utoro mo oowrextam TY — 4217 I'Kan/ron.

B nenexxnom Beipaskennu npu croumoctu 11'Kam = 100 py6.:

— B y4eOHbIX Kopmycax TV, momyuarommx Terio oT korenpHoi Ne 1 — 1715-100 = 171500
pyo.;

— B yuebHom kopmyce Ne 6 HI'TY, momyuatomem Temio oT korenbHoi Ne 2 — 1331-100 =
=133100 py0.;

— B obmexutusix Ne 1-4, oramnmuBaembix ot terioceteit MIT «Temmosnepro» - 1112-100 =
=111200 py0.;

— B yue6HOM Koprmyce Ne§ — 60-100 = 60000 py6.

Hroro mo o6vexkram HI'TY — B =4217-100 = 421700 py6.

Cpok OKynaemMocTH MOJIEpHU3ALMU CUCTEMbI OTOIIIEHUS:

PB =10/ B =1440000 /421700 = 3,4 rona.

UuCThli JUCKOHTUPOBAHHBIN JOXO:
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_ -n _ -10
NPy =B AW 1401700, 120502 71440000 = 162152py6.,
r 0,23
r/:[erznr—_b = w:(),m,n: 10 ser.
1+b 140,08

Manexc noxoaHocTH:

NPVQ=NPV /Ip.=162152 /1440000 =0,11.

W3 mpounsBeieHHBIX pacueTOB MOKHO C/IeaTh BBIBOJI, YTO MEPOTPHUATHE PUOBLTHHOE.
Pe3ynpTaThl pacueToB MEPONPHUATHI 110 SKOHOMHUH TEIUIO3HEPTUH CBEJCHBI B Ta0IuUIly 3.3.

Tabauya 3.3 - CBogHasA TadauLa IHeprocéeperalIMx MeponpHuATHIi 10 TeNJIOBOIH IHEPTUH

Yucrelie Cpok
Meponpusrus NuBec- cOepexeHust okyna- | NPV, NPVQ

110 COXPaHEHUIO SHEPTHH TULIAH, PYO. eMOCTH, | pYO.
JICT

I'kan/ ron pyo.

1 CHmXeHue noTepp Temia yepes

OKOHHBIC HPOCMBI ILyTCM 394589 2811 281100 1.4 | 393467 | 1,00
ycTaHOBKHU Top u3 [IBX miieHku B

MEXPaMHOM IPOCTPAHCTBE OKOH

2 CHmKeHue TeronoTpedaeHus 3a
CYeT aBTOMATH3alUU CUCTEM
OTOIUICHUS, BEHTHJISIINU 1 1440000 4217 421700 34 162152 | 0,11
rOpsiYero BOAOCHAOKEHUS U
YCTaHOBKH TEIJIOCYETUYHKOB

Bcero 1o coxpaHeHuto sHEpruu 1834589 7028 702800

IIpumep 4. C uenpio onpenencHus (PaKTUUIECKUX PACXOJOB XOJOTHOW BOJBI B TEXHHUYECKOM
YHUBEPCUTETE TMPEIINOIaracTcsd YCTAaHOBKA CUETUYMKOB xoyogHod Boabl Mapku CTB-100 B
konuyecTBe 10 mTyK:

Ha BBOJax kopmnycos 1,2-4,3,5, 6, §;

Ha BBomax oomexuruii Ne 1, 2, 3, 4.

CTOMMOCTB OJTHOTO cUeT4YHKa cOcTaBUT 4378 pyOneit. KanuranbHble 3aTpaThl paBHbI

Io =10 - 4378 = 43480 py0. CHM)KEHHE MOTEPh TEIJIa 32 CYET YCTAHOBKU CUETYMKOB XOJIOTHOM
BOJIbI ITO3BOJIUT IOJYYUTh TOJOBYIO SKOHOMHIO XOJIOMHOW BOIbl B pasmepe 20 % ot oOmiero
oTpeOIeHUSI.

IIpu rogosom notpebnernu 88300 m> sxoHOMUS cocTaBuT 17660 M°. B NeHeXKHOM BBIpaKEHHH
npu croumoctu 1m* = 2,66 pyo6.:

B =17660 - 2,66 = 46976 py0.

Cpok OKynmaemMoCTH MOJIEpHU3AIUN CUCTEMbI OTOTLICHUSI:

PB=1,/B=43780/46976 = 0,9 rona.

YucThlil TUCKOHTUPOBAHHBIN JI0XO:

n.-b _033-0,08
1+b 1+0,08
MNunexc 10X0IHOCTH:

NPVQ =NPV / 1p.=134695 / 43780 = 3,08.
W3 mpon3BeACHHBIX paCu€TOB MOYKHO C/I€IaTh BBIBO, YTO MEPOIIPUATHE MPUOBUIEHOE.

raer= =0,23,n= 10 zer.
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NPUJIOXXKEHWE U

Tabauya U1 - YiejdbHbIe TENJI0BbIEe XapAKTEPUCTUKH MPOMbIIVIEHHBIX 31aHUH

3.
HanMeHoBaHME OGben 3atuit VY nenbHbIE TEILIOBbIE Xap?KTepI/ICTI/IKI/I, Br/(m*K)
N 3 [kkan/(m”-u-°C)]
371aHUH V, TBIC. M
JUTSL OTOTUICHUS (o JUTSL BEHTHISIITAH (s
1 2 3 4

YyryHOIUTEHHBIE [IeXa 10-15 0.35-0,29 128 - 1,16
yry H (0,30 -0,25) (1,10 - 1,00)
0,29 - 0,26 1,16 - 1,04
>0-100 (0.25 - 0.22) (1.00 - 0.90)

0,26 - 0,21 1,05-0,93
100-130 (0.22-0,18) (0,90 - 0,80)

MenHonuTeHbIC 1IeXa 5-10 0,46 -0.41 291-2,33
A H (0,40 - 0,35) (2,50 - 2,00)
0,41-0,29 2,33-1,74
10-20 (0,35-0,25) (2,00 - 1,50)

0,29 - 0,23 1,74 - 1,40
20-30 (0,25 -0,20) (1,50 - 1,20)

0,46 - 0,35 1,51 - 1,49
Tepmuueckue nexa mo 10 (0.40 - 0.30) (130 - 1.20)
0,35-0,29 1,40 - 1,16
10-30 (0,30 - 0,25) (1,20 - 1,00)

0,29 - 0,23 1,16 - 0,70
3075 (0,25 - 0,20) (1,00 - 0,60)

Ky3neunsie nexa o 10 0,46 - 0,35 0.81-0,70
(0,40 - 0,30) (0,70 - 0,60)

10-50 0,35-0,29 0,70 - 0,58
(0,30 - 0,25) (0,60 - 0,50)

0,29-0,18 0,58 - 0,35
>0-100 (0.25-0.15) (0.50 - 0.30)

MexaHocOOpoYHbIE, 5-10 0,64 - 0,52 0,46 - 0,29
MEXaHWYECKHE (0,55-0,45) (0,40 - 0,25)
U ciiecapHbIe OTICICHHUS 10-15 0,52 -0,46 0,29 -0,18
MHCTPYMEHTAIBHBIX [IEX0B (0,45 -0,40) (0,25 -0,15)
0,46 - 0,44 0,18-0,14
50-100 (0,40 - 0,38) (0,15-0,12)

0,44 - 0,41 0,14 - 0,09
100-200 (0,38 -0,35) (0,12 - 0,08)

JlepeBoo0ieouHbIe Iexa 105 0,70 - 0,64 0,70 -0,58
(0,60 - 0,55) (0,60 - 0,50)

5.10 0,64 - 0,52 0,58 - 0,52
(0,55 -0,45) (0,50 - 0,45)

10-50 0,52 -0,46 0,52 -0,46
(0,45 - 0,40) (0,45 - 0,40)

Ilexa MeTaIHYECKUX 50-100 0,44 -0,41 0,62 - 0,52
KOHCTPYKIIUH (0,38 -0,35) (0,53 -0,45)
0,41-0,35 0,52 -0,41
100-150 (0,35-0,30) (0,45 -0,35)

Lexa nokpsiTuit 02 0,77 - 0,70 5,80 - 4,63
(raNbpBaHUYECKUX U JIP.) a (0,66 - 0,60) (5,00 - 4,00)
2.5 0,70 - 0,64 4,65 - 3,49
(0,60 - 0,55) (4,00 - 3,00)

5.10 0,64 - 0,52 3,49 -233
(0,55 -0,45) (3,00 - 2,00)

PeMOHTHBIE IIeXa 5-10 0,70 -0,58 0,23-0,18
H (0,60 - 0,50) (0,20 - 0,15)

0,58 -0,52 0,18 -0,12
10-20 (0.50 - 0.45) (0.15 - 0.10)

ITapoBO3HOE ETIO 05 0.81-0,76 0,46 -0,35
P n a (0,70 - 0,65) (0,40 - 0,30)
5-10 0,76 - 0,70 0,35-0,29
(0,65 - 0,60) (0,30 - 0,25)
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Tabnuya U.1 - OkoH4YaHHE

1 2 3 4
KorenbHbie 1iexa 100-250 0,29(0,25) 0,70(0,60)
KortenbHble (OTONMMTEIBHBIC 0,35 -0,58
¥ TIApOBEIE) 2-3 0,12(0,10) (0,30 - 0,50)
0,35-0,58
5-10 0,12(0,10) (030 - 0.50)
0,23 - 0,46
10-20 0,09(0,08) (0.20 - 0.40)
Macrepckue 5-10 0,58(0,50) 0,58(0,50)
10-15 0,46(0,40) 0,35(0,30)
15-20 0,41(0,35) 0,29(0,25)
20-30 0,35(0,30) 0,23(0,20)
Hacocubie 1o 0,5 1.22(1,05)
0,5-1 1,16(1,00)
1-2 0,70(0,60)
2-3 0,58(0,50)
Kommnpeccopubie 1o 0,5 0,81(0,70)
0,81 -0,70
0,5-1 (0.70 - 0.60)
12 0,70 - 0,52
(0,60 - 0,45)
0,52 -0,46
25 (0.45 - 0.40)
0,46 - 0,41
>-10 (0.40 - 0.35)
l"a3zoreneparopHbie 5-10 0,12(0,10) 2,09(1,80)
0,87 - 0,70 0,70 - 0,58
Perenepanus macen 2-3 (0.75 - 0,60) (0,60 - 0,50)
CxItagpl XMMHKATOB, 1 0,99 - 0,87 B
KPacoK M T.1I. 7o (0,85 - 0,75)
12 0,87 -0,76 B
(0,75 - 0,65)
2.5 0,76 - 0,68 0,70 - 0,52
(0,65 - 0,58) (0,60 - 0,45)
briTOBEIE Hu
0,70 - 0,52
aIMUHUCTPATUBHO- 0,5-1 ’ i ’ —
BCIIOMOTaTEIbLHbIC (0,60 - 0.43)
0,52 -0,46
MOMENICHUS 1-2 (0.45 - 0,40 -
2.5 0,46 - 0,38 0,16-0,14
(0,40 - 0,33) (0,14 -0,12)
5.10 0,38 - 0,35 0,14 -0,13
(0,33-0,30) (0,12-0,11)
0,35-0,29 0,13-0,12
10-20 (0,30 - 0,25) (0,11 - 0,10)
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NPUJIOXKEHUE K

Tabnuya K1 - 3Ha4eHus1 pac4emHo20 KoaghghuyueHma akmueHol MowHocmu
Kp = f(n3; Ku) Onsi cemel HanpsixxeHuem 0o 1 kB, numarowyux pacnpedesniumesibHble
NYHKMbI U WUHOMPoeoobl, cbopku, wyumsi (To = 10 mun)

ns | Ku=0,1 | Ku=0,15 | Ku=0,2 | Ky=0,3 | Ky=0,4 | Ky=0,5 | Ky=0,6 | Ku=0,7
2 8,00 5,30 4,00 2,66 2,00 1,60 1,33 1,14
3 4,52 3,20 2,55 1,90 1,56 1,41 1,28 1,12
4 | 3,42 2,47 2,00 1,53 1,30 1,24 1,14 1,08
5| 2,84 2,10 1,78 1,34 1,16 1,15 1,08 1,03
6 | 2,64 1,96 1,62 1,28 1,14 1,12 1,06 1,01
71 2,50 1,86 1,54 1,25 1,12 1,10 1,04 1,00
8 | 2,37 1,78 1,48 1,19 1,10 1,08 1,02 1,00
9 | 2,26 1,70 1,43 1,16 1,08 1,07 1,01 1,00

10| 2,18 1,65 1,39 1,13 1,06 1,05 1,00 1,00
11| 2,10 1,60 1,35 1,10 1,05 1,04 1,00 1,00
12| 2,04 1,56 1,32 1,08 1,04 1,03 1,00 1,00
13] 1,98 1,52 1,29 1,06 1,03 1,02 1,00 1,00
14| 1,93 1,49 1,27 1,05 1,02 1,01 1,00 1,00
15| 1,90 1,46 1,25 1,03 1,01 1,00 1,00 1,00
20 1,72 1,34 1,16 1,00 1,00 1,00 1,00 1,00
25| 1,60 1,27 1,10 1,00 1,00 1,00 1,00 1,00
30 1,51 1,21 1,05 1,00 1,00 1,00 1,00 1,00
35| 1,44 1,16 1,00 1,00 1,00 1,00 1,00 1,00
40| 1,40 1,13 1,00 1,00 1,00 1,00 1,00 1,00
451 1,35 1,10 1,00 1,00 1,00 1,00 1,00 1,00
50| 1,30 1,07 1,00 1,00 1,00 1,00 1,00 1,00

Tabauya K2 - 3nayennsi kodpduuuenToB onHoBpeMeHHOCTH Kov Ha muHax (6-10 kB)

Tpancopmaropos I'TIII
Ku <0,3 0,3<--<0,5 20,%
Kowm 0,75 0,8 0,85
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TNPUJIOXKEHWE 1
KPATKWUA NEPEYEHb BOMPOCOB
Nno CBOPY MATEPUANOB ANA AUMJTIOMHOIO NPOEKTUPOBAHUA

1.00mue cBeieHUs1 0 MPOMBILVICHHOM NPeANPUATHH

1.1 ['eHepanbHBIN TUTAH TIPEANPUSTHS, HA KOTOPOM OOO3HAYEHBI MECTa PACIOJIOKCHUS
[[EXOB, MYTH BHYTPU3aBOACKOTO TPAHCIIOPTA, 3€JICHBIE HACAXKACHUS , TPYOONPOBOIBI, IpyTHe
00BEKTBI U COOPYKCHHUS.

1.2 XapakTepucTuka TEXHOJIOTMYECKOTO TMpoIecca IPOU3BOJICTBA MPEANPUATUS U
OTJIENbHBIX 1I€X0B, TEXHOJIOTMUYECKas B3aUMOCBS3b 11€X0B, OLICHKA BJIMSHUS BHE3AIHBIX MEPEPHIBOB
ANEKTPOCHAOKEHUS Ha TEXHOJOTHYECKHIA MPOIIeCC.

1.3 DJIEKTPUYECKUE HArpy3Ku IO IeXaM TNPEANpuaATHs B BHUJIE YCTAaHOBJICHHOMH
MoIHOCTH. [[Ist 1iexa, 3JeKTpocHa0XKEeHHe KOTOPOro Hajao pa3padboTaTh MOJPOOHO — MACIOPTHBIC
JaHHBIE OTJENbHBIX MPUEMHUKOB 3JIEKTPOIHEPTUU: HOMUHAIIbHAS MOIIHOCTD Pyon , K03 puipent
momHoctu (cos @), KILJ. (), nHomunanbHoe HanpsokeHU€ (Uwow ); NS NPUEMHUKOB
ANEKTPOIHEPTMH C  TOBTOPHO-KPATKOBPEMEHHBIM  PEXKHUMOM  pabOThl, JOMOJHUTEIBHO —
MPOIOKUTENbHOCTD BKitoueHus (11B%).

1.4 [TepcrieKTHBBI pocTa AIEKTPUIECKUX HATPY30K OTIEIBHBIX 1IEXOB U MPEANPUSITHS B
1[eJIOM (32 CU€T PeKOHCTPYKIIUU, BBOJA HOBBIX MOIIIHOCTEH U T.II.).

1.5 I'padyiku aKTUBHBIX W PEAKTHUBHBIX HArpy30K MPOMBIIUIEHHOTO MPEANPHUITHS B
LIEJIOM U OTHENBHBIX €r0 LEXO0B 3a XapaKTEPHbIE JIETHUE U 3UMHUE CYTKHU.
1.6 XapakTepucTUKa MOTPeOUTENeH 3IEKTPOIHEPTHH C TOUYKH 3PEHUS UX BIMSHHUA Ha

KaueCTBO AJIEKTPOIHEPTHH.

1.7 [Tnan pacnonoxeHnus 000pyIOBaHUs B IIEXe, OTJICIIEHUH, y4acTKe, KOpITyce.

1.8 CBeneHMST O XapakTepe OKpyXkaromed cpeapl B I1exe (CTeneHb BO3TOPacMOCTH
CTPOUTENLHBIX MaTepUaIOB U KOHCTPYKIUH, BIAXKHOCTh CPEMIbl MOMEIICHHSI, HATHYNE XUMHUYECKU
aKTUBHBIX BEUIECTB U T.1.).

1.9 [Ipy moapoOHOM  pPacCMOTPEHHHM  OCBEIICHHS JaHHOTO IieXa TpeOyroTcs
JIOTIOJTHUTENIBHBIE CBEJICHUS: pa3pe3 OCBEIIAEMOr0 MOMEIIEHHUS C YKa3aHHEM pa3MEpOB CBETOBBIX
poEMOB U XapaKTepa OKpYXKarolllei TOBEpXHOCTH CTEH, MOTOJIKA, paboueil TOBEPXHOCTH HIIU TI0J1a
(Hanpumep, MOOEIEHHBIN TOTOJIOK, OETOHHBIE CTEHBI C OKHAMH H T.II.).

1.10  IlepeueHp MEXaHM3MOB M MPOMBIIUIEHHBIX YCTAHOBOK C YKa3aHUEM THUIA MAIIUH U
MacropTa MOITHOCTH 3JIEKTPOJIBUTATENEH.

1.11  OcHoOBHBIE S5KOHOMHYECKHE TTOKa3aTeH PadOTHl MPOMIIPEANPHUATHUS: CEOECTOMMOCTh
BBIMYCKaeMOH MPOAYKIIMH, TPOU3BOJUTENLHOCTD U AJIEKTPOBOOPYKEHHOCTh TPY/Ia.

1.12 OcHoBHble YKpYHHEHHBIE IIOKa3aTenud pabOThl MPEANPUATHI:  KOJIHMYECTBO
TPYISIIMXCS, YUCTO pabounUX CMEH, YacOB pabOThl B CMEHY U B CYTKH.

1.13  HameudeHHbIE MEPONIPUATHUS IO OXpaHE TPyJa U OKPYXKAOUIEH cpeabl.

1.14  PaiioH KIIMMaTUYECKUX YCIOBUM MECTHOCTH.

2. DJIeKTPOTeXHHYEeCKHe CBeIeHUsI 0 MPOMBIIIIEHHOM NpeAnpUsTHH

2.1. CBenenusi 00 UCTOYHUKAX ANEKTPOCHAOKEHHS MPOMBIIIJICHHOTO MPEANPUATHUS: cXeMa
CYIIECTBYIOILIETO THTAaHUS C YKa3aHWEM MOIIHOCTH HCTOYHHUKOB NHUTaHUS (T€HEpaTopoB WIN
CHJIOBBIX TpaHC(GOPMATOpPOB); MPH OTCYTCTBUU TaKUX JaHHBIX HEOOXOAMMBI CBEJIEHUS O
BO3MOXXHBIX HCTOYHHKAX MHUTAHHUS M WX MOIIHOCTH; PEAKTHBHOE COMPOTHBIICHWE HCTOYHUKOB
nuTaHus win MomHocTd K3 Ha mMHAX MCTOYHUKOB MUTAHUS; €CIM 3TU JaHHbIE OTCYTCTBYIOT,
HE00XO0AMMO 3HATh OTKIIIOYAIOIIYI0O MOITHOCTh BBIKJTIOUATENSI MCTOYHUKA MUTAHUS; PACCTOSHUS OT
HMCTOYHUKOB TMHTAHUSA J0 TPOMBIIUIEHHOTO MPEeANPUATHS; HANpsyKeHUs Ha COOpPHBIX IIMHAX
WMCTOYHUKOB THTAHUS, MOIIHOCTH, KOTOPHIE MOTYT OBITh IMOJYYEHBI OT WCTOYHUKOB THTAHUS
(3NIEKTPOCTAHIIUNA, OSHEPTOCHUCTEMBbI) TPHU TMPOSKTHUPOBAHUU  DJEKTPOCHAOKECHHSI  JTAaHHOTO
MIPEATIPUSITHSL.

2.2. 3Ha4eHUs peaKTUBHBIX MOITHOCTEH, KOTOPBIE MOTYT OBITh MEPEIaHbl U3 YHEPTOCUCTEMBI
B DJIEKTPUUYECKYIO CETh MIPOMBIIIICHHOTO MPEANPHUATUS B pexXUMe e€ HauOoJIblIel 1 HauMEeHbILEeH
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aKTUBHOM Harpy3KH, a TakKe pachpelesieHHe 3TUX PEaKTHBHBIX MOIIHOCTEH Mo Iexam (y4JacTKam,
OTJENCHUSAM, KOPITycam) MPpeAnpUsTHS.

2.3. Cxema BHEWIHEro OHJIEKTPOCHAOXKEHHS C YyKa3aHMEM MOIIHOCTH M HaNpsHKeHUs
tpanchopmaTopoB PTII sueprocucrems, Benmuuunbl TokoB K3 Ha mmuHax PIIT, miouHBl B KM U
CEUEHUs IPOBOAOB, NUTAOIMX Bo3AyHbIX JIDII 35-110-220-35 kB.

2.4. Cxema nutanus [T npeanpustus ¢ ykazaHuem UIMH W cedeHus nurtaromux JIOTI
HanpspkeHneM 35-110-220-330 xB.

2.5. MakcumainibHasi mosydacoBasi ¢akThueckass Harpy3ka B KBT Ha cOopHbpix mmuHax BH
I'TIIT npoMmpe qupusATHS.

2.6. OgnonunerHas cxema kommyrtauuu ['TIIT npennpustug ¢ ykazaHueM MeCT YCTAaHOBKH
ABP u AIIB.

2.7. Ilnan u pazmepsl 3nanus ['TII cymecTByromel Ha NpeanpusiTHH.

2.8. Bennuuna ToxkoB K3 na mmnax BH I'TIIT npeanpustus.

2.9. Benmnunna Cos ¢, 3a1aHHOTO 3HeprocucreMon u (aktTudeckoro Ha croporne BH T'TITI
MIPEANPUATHS.

2.10. MomHOCTh, U MeCTa YCTAHOBKH KOCHHYCHBIX KOHJIEHCATOPOB, HAJIMYME U MOIIHOCTh
CHHXPOHHBIX Pa0OYMX JIEKTPOBUTATEICH.

2.11. OpHonuHEHHas cxema BHYTPEHHETO 3JIEKPOCHAOKECHHS MPOMIIPEANPUSITHS
(BHYTpH3aBO/ICKOTO M BHYTPHUIIEXOBOT'O 3JICKTPOCHAOKEHUS).

2.12. VYpaenpHbIM pacxoJ 3JIEKTPOIHEPTHMM Ha E€IMHUIY BBIMYCKAEMOW MPOIYKIIMU U
cTouMocTh 1 kB1'u anekTposneprun.

2.13. IlpunsiTas cucrema OriaThl 3a MOJY4AEMYIO JIEKTPOIHEPTHIO — MO YCTAHOBJICHHOMY
HHEProCcUCTeMON MakCMMyMa Harpy3kud B KBT win mo aByxcraBouyHOMY Tapudy mo cu€Tuuky c
oruiaTou 3a kax el 1 kKB*A ycTaHOBIEHHOM MOIIHOCTH Ha ctopoHe BH.

2.14. IlpuHumMn nAeWCTBUS IPOMBIIIJIEHHBIX 3JEKTPOYCTAHOBOK, B TOM YHCIE H
ABTOMAaTU3HPOBAHHBIX.

2.15. OgHONMHEHHBIE CXEMBbl KOMMYTALMH LIEXOBBIX TpaHC()hOPMATOPHBIX MOJACTAHLUIN C
IJIJAaHAMU U Pa3pe3aMi.
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