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MeToauuecKkue yKa3aHus pa3paboTaHbl
B cooTBeTCcTBHHM ¢ TpeboBanusmu PI'OC BO 1o HanpaBieHUIO OATOTOBKH
13.03.02 «DaekTpOIHEPTETHKA U DIIEKTPOTEXHUKA

ABTOop MuxeeB ['eopruii MuxaiiaoBu4d, JOKTOP TEXHMYECKHUX HayK, mpodeccop
Kadeapsl TPAHCHOPTHO-IHEPTETHIYECKUX CUCTEM

@UO, yuenas cmenens, yuenoe 36anue U O0JIICHOCHb, HAUMEHOBAHUE Kapeopbl

Meroanueckue ykazaHusi OJ00peHb Ha 3acemaHuu Kadeapsl TPaHCIOPTHO-
sHepreTrdeckux cucteM (mpoTokoi Ne 07 ot 16.03.2024).

B Meroauueckux yKa3aHUSAX HM3JI0KEHBI METOJIOJIOTMS M METOJUKA IMOATOTOBKU
KypCOBBIX IPOEKTOB, a TaKXke TpeOOBaHUSA K MX O(POPMIICHHIO; J1aHbl PEKOMEHAALNU
CTYyJIEHTaM I10 UX 3allHuTe.

Meronuueckue yka3aHus NPEJHA3HAYEHBl [UI1 PYKOBOJMTENEH KYpPCOBBIX
IPOEKTOB, a TAKXKE I CTYJIEHTOB BceX (popM 00ydeHMs1, 00ydaromMXCsl IO HAIIPaBJICHUIO
noarotoBkn  13.03.02  «OnekTposHepreTuka M JNEKTPOTEXHUKa» B YebOokcapckoM
uHCTUTyTE ((hrnmane) MOCKOBCKOTO NOJUTEXHUYECKOTO YHUBEPCHUTETA.
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IMPEAUCJIOBUE

[{eapro KypcOBOTO MPOEKTa MO AUCHUILTHHAM «CHCTEMBI AJIEKTPOCHAOKEHUSD
u «lIpoexkTrpoBaHue IIEKTPUUECKUX CETei» sBisieTcs - (OpPMHUPOBAHUE 3HAHUU U
yMEHUH B 00JIaCTH MPOEKTUPOBAHUSI CUCTEM 3JIEKTPOCHAOKEHHUS MOTpeOuTeNe u
OPOCKTUPOBAHUS  DJIEKTPUUYECKHX  CETeW, BKJIIOYarolee TpaHchopMaTOpHBIE
MOJICTaHIIUN, MUTAIOIINE U PACIIPEICTUTEIbHBIE CETH; MPUMEHEHHE METOJIOB aHAIN3a
U MOJICIMPOBAHUS IJIEKTPUUECKUX CETEH CHCTEM D3JIEKTPOCHAOKEHHUS TOPOJIOB U
IOPOMBIIUICHHBIX ~ NPEANPUATANA; TPOBEJEHHUE PACUETOB  PEKUMOB  PabOTHI
AIIEKTPOIHEPTETUYECKUX YCTAHOBOK M JJIEKTPUUYECKUX CETEH AJIEKTPOCHAOKEHHS C
y4€TOM KOMIICHCAIIMU PEAaKTUBHON MOIIHOCTH; Pa3BUTHE Yy CTYJICHTOB HaBBHIKOB
pa3pabOTKU M BBIOOpPA TUIIOBBIX MPOEKTHBIX PEIICHUA CHCTEM 3IIEKTPOCHAOKEHUS
OOBEKTOB; TIOATOTOBKA PAa3/AENOB MPEANPOCKTHOW JOKYMEHTAllMd Ha OCHOBE
TUTIOBBIX ~TEXHMYECKUX peImIeHud ¢ o00OocCHOBaHMEM BbIOOpa MapaMeTpoB
AIEKTPOOOOPYNOBaHUSI CHUCTEM DJIEKTPOCHAOKEHMSI M 3aKpPEIUICHHE TMOJYyYeHHBIX
3HAHUU N0 CIIEUUAIBHBIM TUCHUIIIMHAM.

3amagyamM KypcOBOI'O MPOEKTA SIBJIAETCSA: U3YUEHHE CTPYKTYpPbl U IapaMeTpoOB
CUCTEM DJIEKTPOCHA0XKEHHUs, OCOOEHHOCTEH pacuéra 3JIEKTPUYECKUX HArpy30K Ha
OCHOBAaHMU METOJIOB aHajlM3a U MOJEIUPOBAHUSA D3JEKTPUUECKUX CETEH CHUCTEM
AJIEKTPOCHAOKEHMS;  pa3pabOTKa  MPOEKTa  CUCTEMBI  AJIEKTPOCHAOKEHHUS
IPOMBIIIJIEHHOTO MNPEANPUATUS WM TOPOJACKOr0 MHUKpOpalloHa C ydyeToM BbIOOpa
TUIOBBIX MPOEKTHBIX PEHICHUNA CUCTEM 3JIEKTPOCHAOXKEHUSI OOBEKTOB; MPOBEICHUE
pacdera pEeKUMOB pabOTHI DIEKTPOIHEPTETHUECKUX YCTAHOBOK U DIEKTPHUECKHUX
CeTell TOPOACKOTO U MPOMBIIIEHHOTO 3JIEKTPOCHA0KEeHHsI, o0ecrieunBasi TpeOyemble
peKUMBI W 3aJaHHBIE TMapaMeTpbl TEXHOJOTHYECKOro mporecca padoThI
AIIEKTPOTEXHUIECKOTO 00OPYyIOBaHUS, IEKTPUIECKUX CETel U TpaHCHOPMATOPHBIX
MOJICTAHINI; TOATOTOBKA pa3[eloB MPEANPOSKTHON TOKyMEHTAllMd Ha OCHOBE
TUTIOBBIX ~ TEXHUYECKUX pEIIEHWH W  00OCHOBaHHME BBIOOpa  IMapamMeTpOB
AJIEKTPOOOOPYIOBAHUS CUCTEM AJIEKTPOCHAOKEHHUS; JEMOHCTPALUs 3HAHUN TUIIOBBIX
ATAaNoB Pa3padOTKH, COCTaBa TEXHUYECKOW JTOKYMEHTALUU TMpPU TNPOECKTUPOBAHUU
CUCTEM DJIEKTPOCHA0XKEHHSA U pa3pabOTKa MPOEKTHOM JOKYMEHTAIlUM OTIENIbHbIX
pa3esioB NPOEKTa CUCTEMBI 3JIEKTPOCHA0XKEHNS 00 BEKTOB.

B nepBoMm pa3zzerne uznoxeHa CTpyKTypa U CoiepKaHue KypCOBOTO IIPOEKTa.

Bo BTOpOM pazzene npuBeAeHb METOANYECKHUE YKa3aHUs TI0 €T0 BBIITOJIHEHUIO.

B Tpetbem pazzene — ykazaHus K ohOpMIIEHUIO KypCOBOTO MPOEKTA.

B uetrBepTOM paszzene — ykazaHUs K 3aIIUTE KypCOBOTO MPOEKTA.

B mpunokeHusx TpHUBEACHBI CIPABOYHBIC MaTepUaNbl, HEOOXOAUMBIE s
BBITIOJTHEHHSI KYPCOBOTO MTPOEKTA.

JlanHoe y4eOHO-METOAMYECKOE MOCOOMEe MOKET OBITh HMCIOJB30BAaHO IMPHU
BBITIOJTHEHUH BBITTYCKHBIX KBaJTH(PUKAIMOHHBIX PaboT.



1. Ilopsinok opopmiaeHuss KyYpCOBOI'O IIPOEKTA

KypcoBoli mpoeKT BBINOJHAETCS Ha KOMIBIOTEpE HA CTaHAApTHBIX JcTax A4.
TexcT neuaraercst Ha oHON cTopoHe nucTa. Ha cTpanuiie 1omkHo pacnoaararbes 28-30
CTPOK, KaxAasi M3 KOTOPBIX coaep:kuT 60-65 3HaKkoB, BKJOYasi NpPodebl.
MexnycTpounblii uaTepsaa — 1,5, mpu¢dr tekcra — 14 (Times New Roman), B
Tabaunax - 12, B moacTpoyHsbIX cHockax -10. TekcT nmeuataeTcst CTpOUHbIMH OyKBaMu
(KpoMe 3arjaBHBIX), BBIPABHUBAETCS 110 IIUPHUHE C UCIOJIB30BaHUEM NEPEHOCOB ciioB. Ha
TUTYJIBHOM JIUCTE HAJIUCh: KypcoBOil mpoekT neyaratorcs 18 mpudrom. [loguepkrupanue
CIIOB W BBIJEIEHUE UX KYpCHUBOM BHYTpU camMoi palboTsel He nomyckaercsa. OpHaxo
3aroJIOBKM M TOJ3arojOBKM IPH INEYaTaHWU TEKCTa NMUCbMEHHON palbOoThl BBLAEIAIOTCA
HOJYKUPHBIM HIpU(TOM. AO3alHBII OTCTYI JOJKEH COOTBETCTBOBATh 1,25 ¢M U OBITH
OJIMHAKOBBIM I10 BCell paboTe.

OpueHTHUPOBOYHBI 00BEM KypCOBOTO MPOEKTa cocTaBisger 25-35 crpanuu. B
JAHHBI 00BbEM HE BXOJSAT MPUIOKEHUS U CIHCOK MCIOJIb30BAHHBIX HCTOYHUKOB. Ilo
COTJIACOBAHUIO C MpeETojiaBaTesieM 00bEM pabOThl MOKET OBITh YBEIMYECH.

Crpanuiipl, Ha KOTOPBIX M3JIAraeTcsl TEKCT, JNOJDKHBI UMETh NOJs: JieBoe -30 mm,
npasoe - 10 mm, BepxHee - 20 MM, HU2KHee - 20 MMm.

B Tekcre pabotel «BBeneHnue», Ha3zBaHue TrJaB, «3akiaoueHue» M «CHUCOK
UCII0JIb30BAaHHOM JIUTEPATYphD» NeYaTaroTCsl (HAUMHAOTCS) C HOBOW CTPaHUIIBI.

PaccrostHue Mexay 3arojloOBKOM M IIOA3aroJIOBKOM, 3arOJIOBKOM M ITOCIIEAYIOLIUM
TEKCTOM, ITOA3arOJIOBKOM M MPEABIAYIIMM TEKCTOM OTHEIAIOT ABYMS IOJYTOPHBIMU
MEKCTPOYHBIMU HHTEPBAJIAMM, 4 MEXAY I0A3arOJOBKOM M IMOCIEIYIOIIMM TEKCTOM -
OJIHMM TIOJTYTOPHBIM MEKCTPOUYHBIM UHTEPBAJIOM.

['maBpl TUCBMEHHBIX pabOT HYMEpPYyIOTCs apadCKuMu ULudpaMud U JAOJHKHBI
HAYMHATHCS C HOBOM cTpaHulbl (ucTa). Homep riaBel coctouT U3 yucna: 1, 2 u T.4.

3aroyioBKM (MO3aroJI0BKM) pacioaraloTcs IEHTPUPOBAHHBIM (ITOCEPEIUHE TEKCTA)
CIOCOO0OM.

CTpaHuubl NHCbMEHHBIX PpadoOT AOJKHBI HMETh CKBO3HYH HYMEpPAILMIO
apa0ckumu nudpamu no Bcemy texkcry. Homep crpaHuubl nmpocraBjisilOT B BHHU3Y
MOJIsi CTPAHMUBI MO HEHTPY 0e3 TOYKM B KoHUe. [lepBoil cTpaHuIle NMHUCHMEHHOU
paboThl sABIAETCS TUTYJbHBIN JAUCT. OH He HyMmepyercs. B pabore BTOpoi cTpaHuueil
SBIIIETCS COJIEPIKAHUE.

TUTYIBHBIN TUCT TOJKEH COJIEpKaTh HAMMEHOBAHHWE y4eOHOTO 3aBeJeHuUs, (POPMBI
oOyueHusi, o0Oo3HaUeHHE Xapakrepa palboThl (KypcoBasi), ee TeMy, (pamMuwiuio, HuMms,
OTYECTBO BBIIIOJHMUBIIETO €€ CTYAEHTa, HOMEpP Kypca W TpPYIIIbl, YYEHYIO CTEIICHb,
JOJDKHOCTh WJIM YYEHOE 3BaHHWE HAYYHOTO PYKOBOIUTEINA, €ro (haMUIMI0 U MHHUIIMAIIBL,
rpadsr «/lata cnauny, «lomyctuts K 3amuTey, «Jlarta 3ammrte, «O1eHKa», MECTO U TOJ
HAIMMCaHus paboThI.

OrnaBieHue paboOThl, KOTOpPOE CIEAYyeT INOCie THUTYIBHOIO JIMCTA, JAOJKHO
COJIepKaTh Ha3BaHUS AJIIEMEHTOB CTPYKTYpbl pabOThl U HOMEpaA JIMCTOB, C KOTOPBIX OHU
HA4YMHAKOTCSL.

IIpp ucCnosb30BaHUM JUTEPATYpPbl W LHUTHPOBAHUM  OTACIBHBIX HAYYHBIX
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IIOJIOKEHUHM CTYIEHT 00513aH OCYILECTBIATh B CHOCKaX CChUIKM Ha aBTOPOB M MUCTOYHUKH,
OTKyJa OH 3aMMCTBYeT Marepuas ((pamMwivg U UHULMAIbl aBTOpa, Ha3BaHWE pPaOOTHI,
MECTO M TOJ U3[aHus, KOHKPETHAsl CTPAaHUIA, OTKYJa 3aMMCTBOBaHa nutara). [Ipu stom
LUTUPOBAHUE JOMYCKAETCS TOJBKO B OIPAHMYEHHOM OOBEME, OINpPaBJAHHOM LIEJIBIO
IUTHPOBaHUS (4711 OOOCHOBaHUS  aKTyaJIbHOCTHM  PaccMaTpMBaeMOro  BOIPOCA;
JIEMOHCTpAllMA PAa3JIMYHBIX B3IJISIOB, CYIIECTBYIOIIUMX B HayKe MO MpoOJIeMaM TEMBI,
NOATBEPKIACHUS WIN OITPOBEPKEHUS BBIIBUTAEMBIX CTYI€HTOM TE€3HCOB H T.II.).

[Ipsimoe uTHpOBaHUE B TEKCTE 00s13aTENBHO O(POPMIIIETCS C TOMOIIBIO KaBbIuek. B
ciydae OyKBaJIbHOIO BOCIIPOU3BEIECHUS MOJIO)KEHNUN HAyYHBIX TPYAOB 0€3 yKa3aHUs Ha UX
Ha3BaHUA U aBTOPOB KYPCOBOT'O IIPOEKTA K 3aLIUTE HE TOIyCKACTCH.

B crmucke WCIONBb30BaHHBIX HCTOYHUKOB JIOJDKHBI OBITh yKa3aHbl TOJBKO Te
MaTepuaibl, Ha KOTOpble UMEETCs CChIJIKA (CHOCKA) B paboTe.

Ecnu B xypcoBoii paboTe UMEIOTCS NPUIIOKEHHSI, UX HEOOXOAMMO MPOHYMEPOBATh.
Bce nucThl KypcoBOTO IPOEKTa JIOJKHBI OBITh TPOHYMEPOBAHBI.

Hywmepanus ctpanul B KypcoBoil padoTe [oJpKHA ObITh CIulomHOW. CTyneHt
OTBEYAET 3a TPAMOTHOCTb U aKKYpPaTHOCTh O(POPMIIEHHUSI KYPCOBOT'O IIPOEKTA.

Hanuune rpammarnueckux, opporpaduyecknx U MyHKTYAIIMOHHBIX OIIMOOK JTMOO
HeOpexxHoe 0popMIICHHE pabOThl MOKET MOCIYKUTh MPUYUHON HEYIOBIETBOPUTEILHOM
OIICHKU PabOTHI.

[Topsanok npeacrapineHuss KypCOBOTO IPOCKTA Ha 3aIUTy

KypcoBoil npoekT, moAroToBjIeHHas! CTyIEHTOM B OKOHYaTeJIbHOU (popme, JOHKHA
OBITh MpEACTABIICHA IETONPOU3BOIUTENIO KadeaAphl B CIAEAYIOLIEM KOMILIEKTE:

B NHMCbMEHHOH (opMe B NMpoOmIMTOM, COPOIIIOPOBAHHOM WJIH CKPEIVICHHOM
Buae — 1 3x3eMILIsAp;

B JJICKTPOHHON (opMe IMOCPEACTBOM HAINPABJEHUS HA JJIEKTPOHHBbIN
MOYTOBBI ajapec Kageapbl TPAHCIOPTHO-IHEPreTHYEeCKUX cucTem
ttm@chebpolytech.ru- 1 3x3emmasp.

JenonpousBoauTens kKadeapsl Mociae peructpauu Gakra u JaThl cla4yu KypcOBOTO
POEKTa MepeaeT ee A MPOBEPKU HAYUYHBIM PYKOBOIUTEIIEM.

[lepegaya KypcoBOTO MPOEKTa B JIEKTPOHHOU (opMe MOKET ObITh OCYILIECTBIICHA
IyTEM HaIpaBJICHUS €€ CTYJEHTOM HEMOCPEICTBEHHO HAYYHOMY PYKOBOIMUTENIO IO
DJIEKTPOHHOM TOYTE.

[locne mocTymjieHHus KypcOBOro MpoeKkTa Ha Kadeapy HayudHbIH pPYKOBOIUTEINb
npoBepsieT ee B TeueHue 14 kajeHAapHBIX JHEH ¢ MOMEHTa MOCTYIUIEHUs Ha Kadeapy,
IIOCJIE 4YEro BO3BPALIAET €€ JCJONPOU3BOAMTEII0 CO CBOMM OT3bIBOM. B 0T3bIBE
YKa3bIBAKOTCS CIEAYIOIINE MTOJOKEHUS:

— HaMMEHOBaHUe y4yeOHOro 3aBe/ieHus, kKadenpsl, Gopmbl 00ydeHHUS;

— 0003HaueHue xapakrepa paboThl (KypcoBasi), €€ TEMY;

— ¢aMuIMIO, UMS1, OTYECTBO BBIMOJHUBILIETO €€ CTYI€HTa, HOMEP Kypca U TPYIIIbL;

— YYEHYIO CTEIEHb, JOJDKHOCTh WM YYEHOE 3BaHHE HAYYHOI'O PYKOBOJIMTENS, €ro
baMIIMIO U UHUIUAJIBL;

— COOTBETCTBUE MPEJCTABIECHHON KypCOBOTO MpOEKTa OOIUM TpeOOBaHUSM,
yKa3aHHBIM B HACTOAIIMX MeTOuYecKuX yKa3zaHus;

7



- yKa3zaHHE€ Ha UMEIOLIMecs B KypcoBOil paboTe HedocTaTKu (Kak mo ¢opme, Tak U
10 COJIEP’KaHUIO pabOThl), HE MPEMATCTBYIONINUE JOMYCKY pabOThI K 3aIIUTE;

— BBIBOJI O BO3MOYKHOCTH JOIYCKa KYpCOBOTO IMPOEKTA K 3alIUTE.

B ciywyae ecnu mOCTaBIIEHHBIE HAYYHBIM PYKOBOIMTEIEM BOIPOCHI HE SICHBI
CTYJIEHTY, OH BIPABE YTOYHUTh UX Y HAYYHOI'O PYKOBOAMTEINS JUYHO BO BpPEMs €ro
©)KCHEJICNbHBIX KOHCYIbTAMKA (IeXKYpPCTB Ha Kadeape) WM TUCTAHIMOHHO Yepes
AIIEKTPOHHYIO MTOYTY.

B cinyuae popmynupoBaHus HaydHBIM PYKOBOJUTEIEM BBIBOJA O HEBO3MOXKHOCTHU
JIOIyCKa KypCOBOI'O MTPOEKTA K 3aIUTE, KyPCOBOM MPOEKT MOJIEKHUT IMOATOTOBKE 3aHOBO C
Y4€TOM  3aMEYaHMi, YKa3aHHbIX HAay4YHbIM pPYKOBOAMUTEIEM, W  I[OBTOPHOMY
NPEACTABICHUIO HAa 3aIUTy B MOPSJAKE, MNPEIyCMOTPEHHOM pazfenamu 3-5, ToMmy xe
HAay4YHOMY PYKOBOJHUTEIIO.

IHopsaaok 3amuThl KYPCOBOI'0 NIPOEKTA

3ammTa KypCcoBOro NpOeKTa MOKET MPOBOAUTHCS TOJIBKO HAYYHOMY PYKOBOJMTEIIO.

3amura KypcoBOTO MPOEKTa MPOBOAUTCS B (GopMe, YCTaHOBIEHHOW HAYYHBIM
pykoBoauteneM. [lpu ycTtHOM ¢dopme 3amuThl KypCOBOTO MPOEKTa CTYACHT JIOJDKEH
MOATOTOBUTh OTBETHl HA BOMPOCHI, IOCTABICHHBIE €My HAyYHBIM PYKOBOJUTEIEM B
pELICH3UMU.

Hayunblil pykoBOIWTENb BIIPABE IO CBOEMY YCMOTPEHHUIO 3aJaBaTh CTYACHTY
JIOTIOJTHUTEIIBHBIE BOIPOCHI ISl MPOBEPKU YPOBHS M KAue€CTBA OCBOCHUS WM 3HAHUU 1O
TEME KypCOBOI'O MPOEKTA, a TAKXKE JJIA JOTOJHUTEIBHON MPOBEPKUA CAMOCTOSITEIbHOCTH
BBITIOJIHEHUS KypPCOBOT'O MPOEKTA.

ITo uToram 3amuThl HAYYHBIM PYKOBOJIUTENb OMPEACISIET, MOXKET JIU OBITh 3alllUTa
3a4TeHa, WM TpeOyeTcsl MOBTOPHAS 3aIlUTa.

[To uroram mepBOoHaYadbHON WM (B Ciy4ae €€ HeEyJayu) MOBTOPHOW 3allUThI
KYpPCOBOI'O IPOEKTAa HAyYHbIA PYKOBOJMTENIb CTABUT OTMETKY O 3alllUTE KYpCOBOIO
MPOEKTa B 3aYETHOM KHUKKE CTY/ICHTA, B BEJIOMOCTH M Ha TUTYJIbHOM JIUCTE PAOOTHI.

IHocie 3amuUThl peneH3Usi U KYPCOBOM NMPOEKT MNOAJIEKUT CKAHMPOBAHUIO
CAMHMM CTYI€HTOM H 3aJIUBKe B JJIEKTPOHHYI0 MH(POPMALMOHHO-00Pa30BaTeJbHYIO
cpeny (DuekTponHoe mnoprdoauo) Yedokcapckoro HHCTHTYTa ((Ppuiauana)
MocKOBCKOT0 MOJIUTEXHUYECKOI 0 YHUBEpPCUTETA 1o aapecy

http://students.polytech21.ru/login.php, mocne yero pabora B MUCHBMEHHOW (hopme

nepearoTCs CTYICHTOM JISJIONPOU3BOIUTEIIO I XpaHeHUsl B apxuBe Dusunana.


http://students.polytech21.ru/login.php

PA3JIEJI 1 COAEP KAHUE KYPCOBOI'O ITPOEKTA
PACYETHO-ITIOACHUTEJIBHASA 3AIINCKA

BBEJIEHUE

1. XapakrepucTuka 3JIEKTPOINPUEMHUKOB M TOTPEOUTENCH 3IEKTPUUYECKON
SHEPTUHU.

2. Pacuer anexrpuueckux Harpy3ok. Kaprorpamma. [1OH.

3. O6ocHOBaHME BbIOOPA HAMPSKEHUS AIEKTPOCHAOKEHHSL.

4. BpiOop KOJIMYECTBA U MOIIIHOCTH TPaHC(POPMATOPOB LIEXOBBIX (TOPOJICKHX )
MO/ICTAHLIMI C YYETOM KOMIIEHCALIMHM PEAKTUBHON MOLIHOCTH.

5. [IpoexkTupoBanne UCTOYHUKA TUTaHKS U BBIOOp oOopynoBanus (I'TIIT, LIPII)
6. IlpoexTupoBaHHMe OSJIEKTPUYECKOW CceTH. PacdeTr pexuMOB pabOTHI
BJICKTPUYECKOM CETH.

/. PacyeT TOKOB KOPOTKOT'O 3aMbIKaHHS.

8. BpiOop cedeHHs TPOBOAHMKOB, TMHUTAIONUX M  PaACHPEICIUTEIbHBIX
ANEKTPUUECKUX ceTel. PacueTr ceTu mo nmoTepu HarpsKEHUsI.
3AKIIFOYEHUE

CIIMCOK UCHHOJBb30OBAHHBIX NCTOYHUKOB

I'PAOUNYECKASA YACTD

JIuct 1 I'enmian npeanpuaTus (MUKpopaiioHa) C CETSIMU U MOJCTAHIIUSIMU.
Jlucr 2  OpHonmHEWHasT  cXeMa  AJIEKTPOCHAOKEHUS  MPEINpUsATHS
(MHKpOpaiioHa).

CBeIleHI/Iﬂ 00 HCTOYHHUKAX NUTAHUS

1. Ilpu pacuyeTHOM MOIIHOCTHU NPENNPUATUS MEHEe S mbic. KB-A npennaratorcs
JIBa UCTOYHHKA:
a) U,,,»=6-10 kB, paccrosiaue 1,2 km, S;;6=100 MB-A, Si;;0=140 MB-A.
0) Uum=35 xB, 1= 18 xm, S,,=550 MB-A.
2. IIpu Spucq 0T 5 10 15 moic. kB-A NCTOYHUKY MTUTAHUSA
a) Upum=335 kB, I= 18 km, S;s=550 MB-A.
0) Unum=110 kB, 1= 22 xm, Sx;=1500 MB-A.
3. Ilpu S,4cu, O0nee 15 moic. kB-A UICTOUHUKYN TUTAHUSA .
a) Upum=110 kB, 1= 22 km, Si;=1500 MB-A.
0) Unum=220 kB, 1= 38 xm, S;=2800 MB-A.



PA3JIEJI 2 METOJANYECKHUE YKA3AHMUSA K BBIITIOJIHEHUIO
KYPCOBOI'O ITPOEKTA

BBenenue

Bo BBOgHOM YacTM KypCOBOIO MPOEKTa CIEAYET OXapaKTEPU30BATH POJb
AIEKTPOSHEPTUH B HAPOJHOM XO3SUCTBE, OCOOCHHOCTH U CHENU(PUKY CHCTEM
AIICKTPOCHAOKEHUS JUISI  pa3IMYHBIX ~ OTpaciieil. PaccMoTtperh  TpeOoBaHwms,
IPEIbSBIIEMbIC K CHCTEMaM 3JICKTPOCHA0KEHHSI, KOTOPBIM HEOOXOJIUMO CJICIOBATh
B IIPOIICCCE BBHITIOJHEHUS KYypCOBOT'O MPOCKTa. B KOHIIE BBEACHUS MOXHO MPUBECTH
TaOJIMIIBI KCXOHBIX TaHHBIX JJIs IpoeKkTupoBanus [1-5, 9, 13].

1 XapakrepucTuka 3JeKTPONPUEMHUKOB U MOTpedUTe/Iell JIeKTPUuIecKoi
JHEPIruHU

B nanHOM pasznene HEoOXOAMMO JaTh XapaKTEPUCTHKY JICKTPOIPUEMHUKOB U
MOTPEOUTENCH IICKTPUICCKON PHEPTUM COTJIIACHO TEME KypCOBOTO TpOeKTa (3aBOj,
(dabpuka, xwunast 30Ha). [lepeynucianTs OCHOBHBIE TPYIIIBI AJIEKTPOIPUEMHUKOB, HUX
KaTeTOPHUIO HAJEKHOCTH DJICKTPOCHAOKCHUS; OIMMCATh PEXKUMBI MOTPEOICHUSI
AJICKTPUYECKON SHEPTryuU 3JIaHUH, COOPYKCHHH MPEANPUITHS W TOPOJaa; MPUBECTH
rpaduK IEKTPUICCKUX HArPY30K MOTPEOUTENECH IIEKTPUICCKON dSHEPTHH.

C >THMHM CBEICHUSIMH MOXHO 03HAaKOMHUThCA B [1-5, 9, 13, 15].

2 Pacuer ajiekTpuueckux Harpy3ok. Kaprorpamma. IIOH
2.1 Pacuer 3JIeKTPHUYECKUX HATPY30K MPOMBIILJIEHHOT0 NPeINPUsATHS

Pacyer Harpy3ku nmo uexam

Pacuet Harpy30k 1o mexam u 00beKTaM NPEANPUATHS HAYMHAIOT C ONIPEICICHUS
M0 CIPAaBOYHBIM MaTepuaiaM KO3(P(HUIMEHTa MOITHOCTH U KO3 UIIMEHTa crpoca
AIIEKTPONIPUEMHHUKOB I1eXa. 3HaueHUs KOI(P(UIIMEHTOB MPUBEICHBI B MPUIOKCHUH
Al. JIns 1mexoB W MoJpasfeieHuii, He yKa3aHHBIX B MPUIIOKEHUH, KOADHUIIMEHT
CIIpoca MOXXET OBITh MPHUHAT MO AHAJIOTUYHBIM IMPOU3BOJCTBAM JAPYTHX OTpacie
XO0341CTBA.

Pacuernas Harpy3ka CHJIOBBIX AJIEKTPOIPUEMHUKOB HU3KOTO HANPSDKCHHS IS
OOBEKTOB OMPENEAETCS U3 COOTHOIICHU:

P,=K,.-P,; (1)

Q, =P, 199 . (2)
rae P, - cyMMapHasi yCTaHOBIIEHHAS! MOIITHOCTh BCEX DJIEKTPONPUEMHHUKOB 11€Xa;

K. - xoadduiuent crpoca;

C
tg - K03 GUIMEHT peaKTUBHON MOIIIHOCTH, TPUHUMAETCS TI0 COOTBETCTBYIOIIEMY
3Ha4YEHUI0 KOA(PPUIIMEHTA MOIIIHOCTH.

[Tpuemuuku HanpsixenueM Boiiie 1000 B yunTsiBaroTcst OTIEIBHO.
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Harpy3ku OT BBICOKOBOJNIBTHBIX dJekTporpuemMHukoB (OI) B mexax
OTIPENIENISAIOTCA C YYETOM CIIEIYIOIUX MOMEHTOB:

a) IpU KOJIMYECTBE BBICOKOBONBTHBIX DIl  N<2 wux cpeaHue M pacyeTHbIC
MOIIIHOCTH PUPABHUBAIOTCSA K HOMUHAIBHBIM, T.€.

Pp:Pc.p:PH; (3)

Qp :Qc.p :PH tg(pn’ (4)

0) mpu KommyecTBe N >2 17 BBICOKOBOJBTHBIX Oll, MMEIONMX ATUTETHHBIN
pexxuMm pabotsl, T.e. K, >0,6 (npunoxenue A2), u ko3(p(uUIUEHTE BKIIOYCHHUS,
OMM3KOM K €IWHUIE (BEHTHJISITOPHI, HACOCHI, KOMIPECCOPHl W T.I.), PacuETHHIC
MOLIHOCTH PaBHbI CPETHUM M [l HUX N, paBHo N, a K, =1.

P,=P,=K,-P,; ®)

Qy=Qp =K, P, 19Q = P, 190y (6)

Crnenyet 3aMeTuTh, 4TO AyroBeie cTaneriaBuiabHbie ieun (CII) xoTs u umeroT
pe3KonepeMeHHbIN TpaduK HArpy3KH, HO UX KOADPUIIMEHT UCTIONB30BaHUs OJIM30K K
mTensHoMy pexumy K, >0,6 — 0,75 (npunoxkenue A2). Pacuer narpysku ot JICII
MIPOU3BOJIUTCSI TAKXKE C YYETOM BBIIMICIPUBEACHHBIX YTOYHEHHI. AHAJIOTHYHO
MIPOU3BOJIUTCS PacyeT U JJIsl MHIYKIIMOHHBIX IUIAaBUJIBHBIX YCTaHOBOK. IIpu pacuere
Harpy30K BBICOKOBOJIBTHBIX 3JIEKTPOYCTAHOBOK PEAKTUBHAS MOIIHOCTh ONIPEIEISAETCS
HE MO CpeaHEB3BeUIEHHOMY {g¢(, a M0 HOMHHAIIBHOMY 3HAaY€HUIO QO ,

COOTBETCTBYIOIIEMY COSQ,. IIpu oToM 3Hauenus Q, B pacyere HArpy3oK OT

CUHXPOHHBIX JBUTATENICH MPHBOJOB MEXaHU3MOB B Tpady 8 3aHOCATCS CO 3HAKOM
«MuHYyC» (Tabnuma A3), Tak KaK CHHXPOHHBIC JIBUTATEIH SIBISFOTCS MCTOYHUKAMM
peakTuBHOM MomHocTH [1, 2, 5, 8].

Pac4yer ocBeTUTEJIbHOM HATPY3KH

Pacder ocBeTUTENBHON HATPY3KU COOPYKEHUM BBITIOJIHSAIOT METOIOM YAEIBHON
MOIIHOCTU U K03 umenTa crnpoca. st 3Toro HaMeyaroT T UICTOYHUKA CBETA U B
3aBUCUMOCTH OT TNPEIINOJaraéMoro paspsiia 3pUTElIbHBIX padoT Ha OOBEKTe

NPUHAMAIOT  YIEIbHY) MOLIHOCTb ~OCBETHTENLHOW HArpysku p,,, (Bml/ M?) .
Pexomenzayemble 3Ha4YeHUS p,,, AL HEKOTOPBIX OOBCKTOB TPHBEICHBI B

npuioxeHuu b1.

[To renmiany mpeanpusTAs MPOU3BOAAT PAacUeT PeajbHOM IJIOMAIU KaXI0TO
uexa. OnpenenstoT yCTaHOBIEHHYIO MOIIIHOCTh OCBEILIEHHUS Liexa 1o Gopmyie:

Py, =Py, F-107, (7)
rae F - miomans paccauThIBaEMOro 1exa, v,

B 3aBucmMoOCTM OT Ha3HA4YeHHMs M IUIOIIAAHM Ii€Xa, OOBEKTa, IO TaOIUIe
npuwioxenuss b2 npuHumarorT kodpduuueHt cnpoca, K. PacueTHas MOIIHOCTh

OCBETHUTEJIbHON HArpy3KH OINpeesieTcs no Gopmyam:
Pp.o :Py.o 'Kc ) (8)
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Qp.o = Pp.o tg(P . (9)

IIpn pacuere peakTMBHOM MOIIHOCTH OCBETUTEIIBHOW YCTAHOBKHU CIIENYET
YYUTBIBATh, YTO YCTAHOBKH C JIIOMHUHECIICHTHBIMHU JIAMIIAMH HUMEIOT KO3(duimeHT
morrHocTH, paBusiid 0,8 (tge = 0,75), ¢ namnamu JIPU, APJI — 0,5 (tgp =1,73),ac
nammamu LED — 0,98 (tgep =0,2) [1, 2, 8].

Homy4ennsie 3Hayennst P,, , P,, u Q,, BHOCAT B Ta0JIHIly pacyera Harpy3oK

10 1[eXaM 3aBOJia B KOJIOHKH 3, 7 1 8 (mpuiokenne A3) COOTBETCTBEHHO.

Pacuyer Harpy3oxk Ha BbICIIEM HANIPSKEHHH

DTOMy YpOBHIO pacyeTa COOTBETCTBYET OINPEAEIIEHUE JIEKTPUUECKONW HArpy3KH
Ha IIMHAX BBICOKOBOJIbTHBIX PAaCHPEACIUTEIIbHBIX MYHKTOB M Ha IIMHAX HU3IIETO
Hanpspkenus ['TII (ITI'B). Pacuet BeaeTcs B cineayromieid nocae0BaTeIbHOCTU:

CyMMupYIOTCS 3HadeHus » P!, > P, ZQ”p BCEX MPUCOEAUHEHHBIX K PII,

['TIIT (IIT'B) marpy3ok Hampsbxkeauem a0 1000 B B rpadax 3, 7, 8 (Tabmmia A3).
Omnpenenserca uncio npucoenunenuit, N (6-10 kB) Ha cOopubix munax ['TIIT

(II'B), PII. B OonpmmHCTBE clydyaeB, IMOKa He pa3zpaboTraHa cxema

AIEKTPOCHAOKEHUS, MOXKHO TIPUHATH N 1715 mpeanpusTUil ¢ pacueTHON Harpy3Kou

¥5,<5000xB-A B nmanasone 5-8 wu 9-25 1A TpeNnpHATHA, y KOTOPBIX

%S, >5000 kB-A4. XS, = \/ (P +2P5 ) +(205+205)* . PexoMeHayeTcs Tpu ducie

npucoenuHeHnit N =5...8 koaddurment omnoBpemennoctu K,=0,95, a mpum
N=9..25 K,=09. Pacuyernble wmowmHocTH P, 1 OIPEAEIAIOTCS 110

pE

BBIPAKCHUAM:

Py =K,(SP4+3P5); (10)

QpZ = Ko (ZQH + ZQE )’ (11)

p p
/ 2 2

sz =P px + sz )
rac ZP(; u ZQ(; -  CYMMApPHBIC PACYCTHELIC Harpy3KkM BbICOKOBOJIBTHBIX
QJICKTPOIIPUCMHHKOB.

PesynpTupyroniyro Harpy3ky Ha ctopoHe BH mo mpeanpustuio onpenesstor ¢
Y4€TOM MOTEPh MOIIHOCTH B LIEXOBBIX TpaHCPopMaTOpax.

[Ipu ompeneneHur MOTEPb MOIIHOCTH B TpaHcopMmaropax CHUCTEMbI
BHYTPHU3ABOJCKOTO JJIEKTPOCHAOXKEHUS CJIeyeT HMEThb B BHJY, UYTO yKa3aHHBIC
NOTEPH HMMEIOT MECTO B CHJIOBBIX II€XOBBIX TpaHc(opmaTopax, TpaHcpopMmaTopax
CTAJICTUIABWIIBHBIX Teued M MpeoOpa30BaTeIbHBIX YCTAHOBOK. DJIEKTPOABUTATEIH
BBICOKOT'0 HANPSDKEHUS MUTAIOTCS, KaK IIPABUIIO, HA HANIPS)KEHUU BHYTPU3aBOJICKOIO
ANIEKTPOCHAOKEHUSI M TpPU  ONpPENEJICHUU TMOTEepPh MOIIHOCTH B  II€XOBBIX
TpaHchopmaTopax He JODKHBI Y4YUThIBaThCsA. Eciu morepu B TpaHcdopmaTopax
ONPENEIIAIOTCA B LIEJIOM IO 3aBOJY, TO OHM MOTYT PACCUUTBIBATHCA IO YIIPOILIEHHBIM
dhopmynam:

AP, =0,025,; (12)
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AQ, =015, (13)
rae S, - pacueTHas MOIIHOCTh HHM3KOBOJBLTHOW M BBICOKOBOJIBTHOM HAarpysku,

NUTAIOIIEHCsT  4yepe3  TpaHCcPOpMaTophl, 3a  HCKIIOYEHHEM  Harpy3ku OT
BBICOKOBOJIBTHBIX ~ JIIEKTpOJBUraTened  XP,,., KOTOpbIC TOAKIIOYAIOTCS K
BHYTPHU3aBOJICKOI CETH, MUHYSI LIEXOBBIE TPAHC(POPMATOPBHI.

PacueTHbie MOIITHOCTH JIJIs1 OTIPEIEICHHS TIOTEPh B TpaHChOpMaTOpax HaXx0 UM
o ¢hopmyJsiam:

P ,=K,(SP'+XP:-5P,,.); (14)
Q
Q,=p, 90 te 9o = 7 ; (15)
pE
S, =P, 2 +@Q,) . (16)

AKTHBHBIE M pEaKTHBHbIE MOTEPU B TpaHCPOpMATOpPaX CYMMUPYIOTCS C
pacyeTHBIMU Harpy3KaMu MPEeANPUSTHSL.

P,,, =Py +AP,; (17)

pnp

Qp np = Npx + A(gm : (18)

SP”P :\/PP”PZ +QP"P2 )

Pacuer narpy3ku Ha BbICOKOBOJIBTHOM PII mmeeT HekoTOpble OCOOEHHOCTH,
3aKJII0YAIoNMecss B TOM, 4TO pacueTHas Harpys3ka Ha PII HeoOGxomuma ans BbIOOpa
ceuenus nutaronux PII kaGenbHbIX uHUi. [Ipu onpeaenennn pacyeTHON HArpy3Ku
Jutst BeIOOpa ceueHust kabenen crnenyer npuHumarh K, =1, T.e. ma PII pacuernoit

HArpy3KoH sIBJISIETCSI CyMMa CPEIHECMEHHBIX HAarpy30K, NpucoeaInHEHHbIX K PII.

B OonpmmHCTBE CciydaeB K  BbICOKOBOJbTHOMY PII  mpucoenuusroTcs
BBICOKOBOJIBTHBIE AJICKTPONIPUEMHUKHA U TpaHCHOpMATOpHbIe MmoAcTaHIu. [losTomy
pacuetHas Harpy3ka Ha PII onpenensiercst mo popmynam:

PpPH:PpBB+ZPpTH; (19)
Q,rr =Q, 55 +ZQp I » (20)
Sy pi :\/PpPH2 +QpPH2 : (21)

Tak xak 00sruHO PIT nMeroT ABa BBOZIA, TO B HOPMAJIBHOM PEXKHUME ATa Harpy3Ka
JNETATCS PAaBHOMEPHO MEXIYy HHUMH, a MOJHOCTHIO OHA YUYMTBHIBAETCS TOJIBKO B
nociyieaBapuiHom pexume [1, 2, 5, 8].

2.2 Pacuer 3j1eKTPpUYECKUX HATPY30K FOPOJACKUX MOTPeduTe el

Pacuer oamekTpuyecKMX HArpy3oK IMPOM3BOJUTCS OT HH3IIMX K BBICIIAM
CTYTICHSIM 3JICKTPOCHAOKCHHS M BKJTIOUAET JIBA dTara:

- OTIpeIeTICHUE Harpy3KH Ha BBOJIE K KAXKJIOMY IMOTPEOUTEIIO;

- pacueT Ha STO OCHOBE HArPy30K OTICIBHBIX AIIEMEHTOB CETH.

PacdetHoii sBsieTCs oXkuaeMas MakCMMalibHasi Harpy3ka 3a 30 MuH.
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Pacuer HArpy30K *KHJIbIX 1 001I€CTBEHHBIX 3[1aHUI

PacueTtnass Harpy3ka KBapTHp, NMPHUBEACHHAS K BBOJY JOMa, OMpPEIEISICTCS IO
bopmyire:

Prs=Prsyo'N (kBm), (22)
re Preyo - YyIeNbHAas pacueTHas Harpy3ka OJJIEKTPONPHUEMHUKOB KBapTHp, IO
tabnuie 1 (kB1/xBapr);

N - KOJIMYECTBO KBAPTHP.

B HacTosAmmMX METOAMYECKUX YKa3aHUSX TPHUBEACHBI BBIICPIKKH M3 TAOJIHI]
HOPMAaTUBHBIX JOKYMEHTOB [13-15] (Tabnuma 1).

Tabnuua 1 -V aenbHast pacyeTHasi Harpy3Ka KBapTHP >KHIIBIX JJOMOB

KonuyecTtBo kBapTup

[Torpeburens
1-3 |15 |40 |60 |100 |200 |400 |1000

KBaptupsl ¢ mmmramu maraze |45 (1,8 |12 105|085 |0,77 | 0,71 |0,67

To ke ¢ AIEKTPOIIUTaMU 10 |39 (26 |21 |15 1,36 (1,27 | 1,19

JloMuKH Ha caIOBBIX yyacTkax | 4 12 (0,76|0,69 (0,61 |058 |054 |0,46

Tabnuia cocTaBieHa Uil KBapTHP IUIOIAALI0 OT 35 10 90M?, Ha KakIblid M2
CBEpXyKa3aHHBIX HEOOXOAMMO YBEIMYMBATh HArpy3ky Ha 1% mpwu mimMrax Ha rase u
Ha 0,5% npu osextporiMrax. s omnpeneneHus MaKCHUMAJIbHBIX Harpy3ok
YTPEHHET0 WIA BEYEPHEr0 MAKCUMyMOB KO3(P(QHUIMEHT ydacTusi B MakcuMyme K,
npuHUMAOT 0,5 — 711 )KWJIBIX 3[JaHUM C TUIMTAMM Ha Ta3e U TBEpAOM Toruse u 0,7 —
JUTISL JKAJIBIX 3/IAaHUM C 3JIEKTPOTUITUTAMM.

B nomax, rae kpome KWIBIX KBapTHP MOTYT OBITh YCTAHOBJICHBI CHJIOBBIE
ANEKTPONPUEMHHUKN  (JTU(PTHI, HACOCHl, BEHTUJATOPHI CAHUTAPHO-TEXHUUYECKUX
YCTPOMCTB), pacyeTHass MOLIHOCTh CuiOBbIX OII, mpuBeneHHas K BBOAY J0Ma,
ompenaenseTcs mo hopmyiie:

P.=P,.,+Py.cm.y. (23)
MomHoCTb IM(PTOBBIX YCTaHOBOK P, onpenensercs no GopMmyie:

n
Ppﬂ :K;;PH()/) y (24)

rne K- kooduument cnpoca (tabiuna 2).
N - KOJIMYECTBO JTU(TOBBIX YCTAHOBOK,
P, - ycTaHOBIIEHHAsI MOILITHOCTB 3JI€KTpoABUraresns augdra, kBT.

Tabnuua 2 - KoadunuenTs! cipoca IM(TOBBIX YCTAHOBOK
n 2-3 4-5 6 10 20

K, 0,8 0,7 0,65 0,5 0,4

c

Pacuetnast MmomHOCTh D11 CAaHUTAPHO-TEXHUYECKUX YCTPOUCTB OMPEEAETCS 1O
bopmye:
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LN
Ppcm.y :KCZPHCW[.)/' (25)
1

Tabnuma 3 - KoadduumenTts! cpoca caHUTapHO-TEXHUYECKUX YCTPONCTB
n 2 3 5 8 10 15 20

K, 1 0,9 0,8 0,75 0,7 0,65 0,65

c

PacueTrnas Harpy3ka KBapTHP KHJIOTO JOMA U CHJIOBBIX JIEKTPOIPHUEMHHUKOB

Pyoeo=PistK,. Py, (26)
rne K, - ko3gduuueHT yyactus B MaKCUMyME CHIJIOBBIX JIEKTPOIIPUEMHUKOB, JJIS
J0Ma MpUHUMAaeTcs paBHbIM 0,9.

Jlist onpeniesieHusl MOJTHOM MOIIHOCTU pacyeTHbie KOA((PUIIMEHTHl MOIIHOCTH
MIPUHUMAIOTCS U3 TaOJIUIIBI 4.

Tabnuua 4 - PacuetHbie K03 GUIIMEHTH MOITHOCTH KUJIBIX JIOMOB

[ToTpeOurens COSp tqo
KBapTupsl ¢ sanekrporraMu 0,98 0,2
KBapTtupsl ¢ miauTamMu Ha Ta3e Wik TBEPAOM TOIUIMBE 0,96 0,29
Hacocbl: BeHTHIIATOPHI U JIp. 0,8 0,75
JInd el 0,65 1,17

OpHUEHTHUPOBOYHO, Ha CTAJWU NPEIBAPUTEIBHBIX PACUYETOB, HArPY3KY KHIIBIX
JOMOB KBapTana (MuKpopailoHa), mpuBeneHHyto K muHam 0,4 kB TII moxHO
OTPECNIUTh 0 PopMyJie

Prrip=Pp.rc-0°5-107, (27)
1€ Pp.yc.0.p0-yA€IIbHAS pacUyeTHAs HAIPY3Ka XKUJIBIX JIOMOB, Bt/™M%;

S - 00mas rwionagb XMUJIbIX JOMOB.

Harpyska Hapy>xHOT0 OcBeeHus onpenensercs [13, 15].

JIist 0OILECTBEHHBIX 3JaHUI OPHEHTHPOBOYHO PACUETHYIO HArpy3Ky MOKHO
OMPENEIUTh MO yAETbHON HAarpy3ke U Ko3(pPpuuueHTy MOLUTHOCTH Tabauna 5.

DJNeKTpUYecKas Harpy3ka 3JaHUA CO CMEIIAHHOW Harpy3ko (KUJIOH,
MIPOU3BOICTBEHHON U 0OIIIECTBEHHOM) OTpeIesieTcs o GopMyIie:

Pp.ga. :Pp.gfclga—i_Ky'Pp.np, (28)
A€ Ppocso U Pp.yp — pacueTHBIC HATPY3KU JKUJION U IIPOU3BOACTBEHHOM YaCTHU 37aHUs
COOTBETCTBEHHO;

K,— xoaddurment yyactus B Makcumyme (pasen 0,9).

Pacuernas Harpy3ka nuraromux JuHuil 10 1 kB u Harpy3ka Ha mmHax 0,4 xB
MOJICTAaHIIMHN HaXOIUTCs 10 hopMyIie:
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n
Pp un Pp3z).Mm<c+ ZKpr 30 1 (29)
1

rac Pp - paCuCTHas] HArpy3Ka 34aHUs C MAKCUMAJIbHON HAI'PY3KOH,

30.MaKc
K, — ko3¢ ¢dunmenTsl yyacTuss B MaKCUMyMe JPYI'MX 3JaHUH OTHOCHUTEIBHO
3/IaHUs ¢ MAKCHMAaJIbHOM HArpy3Koi (tadimuia 6).

Tabmuma 5 - Harpy3ku npou3BOACTBEHHBIX MPEANPUIATHI W OOIIECTBEHHBIX
3JIaHUN

OO11eCTBEHHBIE 3/1aHUS ell. U3MepeHus Y. Harpy3Ka COSQ tqo
Hpeanpusmis oduenura KBT/MecTo 1,04 098 | 072
110 400 mocagoYHbBIX MECT
HponosomncTaenbie kBT1/M2 TOpT. 3a1a 0,25 0,82 0,7
Maras3uHbI
[IpoMTOBapHBIE Marasuesl | KBT/M? TOpT. 3a1a 0,16 0,9 0,48
Ixonsl ¢
AMEKTPUPUIIIPOBAHHBIMHU kBT1/yuarn. 0,25 0,95 0,38
CTOJIOBBEIMU
JleTckue caapl/sacian kBT1/™MecTo 0,46 0,97 0,25
[TapukMaxepckue kBT1/pab.mecto 15 0,97 0,25

PacuerHas sJeKTpuuecKas Harpy3ka MHKpopaiiona (ksaprana), P, ,,, KBT,

npuBeneHHas k mmHaMm 0,4 kB TII, Moxer ObITh YKPYIIHEHHO OIpeaesieHa II0
yAEIbHBIM Harpy3kam mo gpopmyiie:

P =(P ,+P )-S-10°2, (30)

p Mp p 94.30.y 0014.30.y0
rac Pp #6.30.0 )51 Po6u4.30.y0 - YACIBHBIC HAarpy3KH KHIIbIX O6H_ICCTBCHHBIX 3JaHUN

MHUKpOpaiiona, Br/m?;

S — 00mas IwIomaab JOMOB MUKPOpPaiioHa, M2,

Pacuetnsbie Harpy3ku ceteid 10(6) kB onpenensitorcst myTeM YMHOXXEHUS CyMMBI
pacueTHbIX Harpy3ok TpanchopmaTopo oTAeabHBIX TII Ha KOADPULIHMEHT ydacTusi B
MakcumyMe. KoapduimeHT MOIHOCTH B IEPUO MAKCUMYyMa Harpy30K NPUHUMAIOT
s JIDIT 10 kB cosp=0,92 ( tqp=0,43).

K, mpyHMMAlOT B 3aBUCUMOCTH OT XapaKTEPUCTHKH HArpy3Ku M KOJIMUYECTBA
TpaHC(I)OpMaTOPOBh

PpJTQH:Ky;Pp TII * (31)

Jlns uentpoB nutanus 10(6) kB mpu nmuTaHUM OT TOPOACKUX CETEMl U ceTeil
MIPOMBILUIEHHBIX NPEANPUATHNA, pacyeTHas Harpy3ka ONpeNesercs C YYETOM
HECOBIMA/IEHUSI MAKCUMYMOB Harpy3KkH MoTpeOuTeNel TOpoACKUX ceTeil u cereit
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Tabnuma 6 -KosdduimeHTs! yqactusi B MAKCUMyME Harpy30K

[Ipeanpustus
0O0IIIECTBEHHOTO
.. | XKunsie noma O06meo6paso- OpraHuzanui ¥ YUPESIKICHUS
HaunmenoBanue 3naHuii MUTaHUS, CTOJIOBBIC,
. Cpennue  ydeOHBbIE | BaTelbHBIE  IIKOJBI, | YIPaBIEHHUs, IMPOCKTHBIE U
(TomeneHui ) v pecTopaHsl, Kade
N N 3aBelICHNS, PO¢heCCUOHANBHO- KOHCTPYKTOPCKHE OpTaHH3aIliH,
HauOOJbIIEH pacueTHOHN | ¢ C IUIMTaMU Ha
N OubIMoTeKn TEXHUYECKUE yapexaeHuss (UHAHCHPOBAHUS
Harpy3Koi anekTpu- | TBepaoM wiau | OnHo- [NomyTopa-
YVUHITHIIA Y KPeJIUTOBAHUS
YECKHMH | Ta3000pa3HOM | CMEHHBIC | JBYXCMEHHBIC
TUTATAMH | TOTIJIMBE
Kunsre JioMa c
AIEKTPUICCKUMHU 0,9 0,6 0,7 0,6 0,4 0,6
TUTUTAMU
C MJIUTaMH Ha TBEPIOM
WA razoobpazuom | 0,9 0,6 0,7 0,5 0,3 0,4
TOTITNBE
[Ipenmpusitus
00IIIECTBEHHOTO
H 0,4 0,4 0,8 0,8 0,8 0,8 0.8
MUTaHUS, CTOJIOBEIE,
pecTopaHsl, Kade
O011e00pa3oBaTeIbHBIC
TIKOJTBI,
npodeccroHaTbHO-
pod 0,5 0,4 0,8 0,6 0,7 0,7 0,8
TEXHUYCCKUC Yy4UYMIIUIIA,
OMOJIMOTEKH,  CpEIHHUE
yueOHbIe YUpeK IeHHs
[peanpusiTust TOProBIx
OJHOCMCHHBIC u
(on 05 04 08 06 07 07 08
MoJIyTOpa-
JIBYXCMEHHBIE)
N Atenbe U
HanMmenoBanne 3maHuii IIpenmpustys TOProBiIn
. Herckue komOuHatel | [Ipeanpustus
(nomemernii) ¢ l'octraMIB Mapukma- SCIN Tosmk- OBICTPOTO KOMMyHanbHOTO | Kunotearpbt
HanGonbIIel pacuerHoii | OnHO- Homytopa- XEepCKue JIMHAKA | P 6 yH P
HarpysKoik CMEHHbIE | IByXCMCHHBIE caJipl obcmyxu- | 00CITyKUBaHUS
BaHHs
Kunbie oma c
a 0,6 0,8 0,7 0,8 04 0,7 0,6 0,7 0,9
AIIEKTPUIECKUMU
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IIJIMTaMH

C TUIUTAMH Ha TBEPJOM
WA ra3000pa3HOM
TOILIVBE

05

08

0,7

0,7

0,4

0,6

05

05

0,9

IIpenmpusitus
OOILECTBEHHOTO
MTUTAHUS, CTOJIOBEIE,
pecTopaHsl, Kade

08

08

0,7

08

08

08

08

08

0,5

O0m1eo6pa3oBaTebHBIC
IIKOJIBI,
podecCHOHANBEHO-
TEXHUYCCKUC Yy4YMIIMIIA,
OUONMMOTEKH,  CpEIHHUE
yueOHBIC YUPEKICHUS

08

08

0,7

08

08

08

0,7

08

08

[Ipennpusarust TOproeiu
(omHOCMEHHBIC u
MOJIyTOpa-
JIByXCMEHHBIE)

08

08

0,7

08

08

08

0,7

08

08

Opranuzanuu u
YUPEIKICHUS
yIIpaBIICHUS,

MPOCKTHBIC "
KOHCTPYKTOPCKHE
OpraHH3alny,
YUPEIKICHUSI
(UHAHCUPOBAHUS u
KPEAUTOBAHUS

0,8

0,8

0,7

0,8

0,8

0,8

0,7

08

0,5

T"'ocTrHUIIBI

0,6

0,8

0,8

0,8

0,4

0,7

0,5

0,7

0,9

TMonukmuHuKH

0,8

0,8

0,7

0,8

0,8

0,8

0,7

0,8

08

Atellbe U KOMOWMHATBI
OBICTPOTO
00CITy)KHBaHUS

0,8

0,8

0,7

0,8

0,8

0,8

0,7

08

08

Kunorearpsl

0,2

0,8

0,7

0,8

0,2

0,4

0,4

0,5
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MPOMBIIUICHHBIX MTPEANPHUATHHA ITyTeM YMHOXKEHUSI CYMMBI KX PaCYETHBIX HAarpy30K
Ha K03 purmeHT COBMEIICHH MAKCAMYMOB.

Py i = Ko, Z P, (32)

rne K., HpI/IHI/IMaeTCH B 3aBUCHMOCTH OT COOTHOIICHHS MPOMBIIIICHHOW |
ropojckoit marpysku (K,,,=0,9) [1, 3, 4, 13-15].

2.3 TlocTpoeHue KapTorpaMMbl HArpy30K U OIpeJejieHHe YCJIOBHOIO
LHEeHTPa HArPy30K

KaprorpaMMmy Harpy3ok pacCUUTBHIBAIOT M CTPOSIT, IOC]e TOro Kak OyaeT
BBINIOJIHEH YepTeX TEHIUIaHA NPENNpUsATUS WIM MHUKpopalioHa B YAOOHOM W
HarsgHoM Macirraoe: 1:500; 1:800 i 1:1000.

Kaprorpamma Harpy3ok mpeactaBiser co0Oi HaHECEHHbIE Ha TEHIUIaH
OKPY>KHOCTH, IUIOHNIAAM KOTOPHIX B TMIPUHSATOM Macmitabe paBHbl PaCUETHBIM
aKTUBHBIM Harpy3kam oO0BeKkTOB. Kaxkmomy oOBEKTY, 3/JaHUI0 COOTBETCTBYET CBOS
OKPY>KHOCTh, LIEHTP KOTOPOWM COBMEIIAIOT C LIEHTPOM HArpy30K COOpY>KEHHS, T.C.
YCIIOBHOM TOYKOM MOTPEOJIEHUs 3IeKTpOodHepruu. Kaxkaplid Kpyr MOXET ObITh
pa3aEeeH Ha CEKTOPbI, COOTBETCTBYIOIINE CUIIOBOM HU3KOBOJIBTHOM, OCBETUTEIILHOM,
BBICOKOBOJIbTHOM Harpys3kKe.

KapTtorpamma Harpy3ok Jaet npejcTaBlIeHHE O BEIIMUMHE PACUETHOM Harpy3Ku
U O €€ COCTaBe.

Harpy3ku mno XxapakTepy pa3MELICHHs Ha TEHIUIAaHE MPEAIpUATUAS WIH
MUKpOpailoHa MOTYT OBITh COCPEIOTOYCHHBIMU (HACOCHBIE, KOMIIPECCOPHBIC) H
pacrpeieIeHHbIMA (MeTalI000pad0TKa, TEKCTUIIBHBIC U T.1T).

[TockonbKy TUIOMIAAL OKPYXHOCTH B TPHUHSATOM MAacIiTabe COOTBETCTBYET
Harpy3ke

— 2
P, =mr°m, (33)
TO U3 3TOI'O BBIPpAKCHHUA PaAyC OKPYKHOCTH OIIPCACIIACTCA KaK
P .
= |2 (34)
m

rae Ppi— cymMMapHas pacdeTHast MOIITHOCTD I-TO 00BEKTa;

m — mMaciuTab xBm/mm?, kBm/cm?,

Benuunny macmtaba M moaOUparOT SKCHEPUMEHTANbHO, OPUEHTUPYSACH Ha
YEepTEK TeHIUIaHA NPEIPUATUS 1 MAKCUMAIbHYI0 H MUHUMAJIBHYIO 3JIEKTPHUYECKYIO
Harpy3Ky oObeKTa.

Ha ocHOBaHMM MOCTPOCHHON KAapTOrpaMMBbl OMPEACNIAIOT KOOPAUMHATHI LEHTpa
BHCKTpI/I‘IeCKI/IX Harpy3ok (LI9H) npe)mmeTm[ WJIM MUKpPOpanoHa:

Z Z
oi OZ,

rae N — 4ucio 06’I>CKTOB;

X (35)
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Xi u Y{— KoopauHaTHI i-ro 00beKTa (B CM WM MM 3aMEPSIOT 10 YEPTEKY).

Ucrounuk anexrpocHadxenus (I'TII, PIT) pa3MemiaroT B IeHTpe MUTAEMBIX UMU
AIIEKTPUYECKUX HArpy30K WM BOJM3M HETO C HEKOTOPHIM CMEIICHHEM B CTOPOHY
Y3JI0BOM MOJICTAHIIMY U MATAIOIUX ceTel. Ecnu Ha npeanpusTuyn Wi MUKPOpaloHe
npeanosaraercs coopyxats Heckonbko T, PII, To onpenenstor [IDH mis kaxkmou
rpynibl 00bEKTOB, HArPY3KHU KOTOPBIX OyayT nutathes oT npoektupyemoit ['TII nom
PIT [1-5].

Bri6op Mecra pa3zmenieHust exoBbIx win ropojackux TII ocymiecTBisieTcs, Kak
npaBuio, 0e3 TOCTPOEHHUS KapTOrpaMMbl HArpy30K, HO C Y4Y€TOM pa3MellCHUS
HamOoJiee MOIIHBIX DJIEKTPONPUEMHUKOB. OJTO MOXHO OOBSICHUTH TEM, UTO
pasmemienne TII B 1eHTpe NUTaeMbIX HMMH HArpy30K YacTO OKAa3bIBaeTCs
HEBO3MOYKHBIM H3-3a PA3JIMYHBIX OTPAHUYECHUN (TEXHOIOTUYECKUX, TPAHCTIOPTHBIX U
T.1.). Eciu mecto pazmenienus I'TII1 namedaercs BOIM3uM 00BbEKTa, B KOTOPOM €CTh
BBICOKOBOJIBTHBIE AJIEKTPOIPUEMHHUKH U JUIsI KOTOPBIX HEO0X0AUMO coopyskenue PII,
To B 3TOM citydae ['TII1 pasmemaroT psiom ¢ 3tum o0bekToM, a PY T'TIII coBmemator
¢ PII. B atom ciyuae I'TIIT npeoOpazyercs B I1I'B.

Bribop mecrononoxkenuss PII B mepByro ouepenb omnpenensercss HajludyueM
JBUTaTENe HampspbkeHuem Bblmie 1 kB (KommpeccopHble, HAcOCHbIE W T.I.) U
ANEKTPOTEXHOJIOTUYECKHUX YCTaHOBOK, HaIpuMmep, ANEKTpoIeYen c
TpaHcopmaropamu, MpeoOpa3oBarenabHbiXx ycTaHOBOK. Ecmu ot PII murarotcs
tosibko TII, To Mecto pacnonoxenus PII Ha reHmiane BbIOMpaeTcsl CMEIIEHHBIM B
CTOPOHY NMHUTAHUS M €r0 COBMEIIAIOT ¢ OJM3JexKalien 1mexoBoil wi ropojackoun TII.
Ecaun mo ycnoBusiM cpeipl HeENb3sd CHelaTb BCTPOCHHOE WIM IIPUCTPOEHHOE, TO
COOPYXaroT OTAEHbHO cTosiue PII.

3 Ob6ocHoBaHUE BHIOOPA HANPSIZKEHUSI DJ1€KTPOCHAOKEeHH S

BriOop HanpspKeHUs MUTAHUS, T.€. BHEIIHErO 3JIEKTPOCHAOXKEHUSI, 3aBUCUT OT
MOIITHOCTH, TTOTPEOJIIEMOI MPEANPUATUEM UM MUKPOPAMOHOM, €T0 YAAJIEHHOCTH OT
VMCTOYHWKA MUTAHUS, HAMIPSHKCHUS, UMEIOIIETOCS HA UCTOYHUKE MUTAHUS.

s BapumaHTOB, pacCMATPUBAIOIIMX pEalTbHBIC YCIOBHS, HEOOXOIUMO
paccMaTpyBaTh WMEKOIIMECS MCTOYHUKM THTAHUS M WX HANPSDKEHHWS HAa IIWHAX
Y3JIOBBIX PAOHHBIX MOJICTAHIUN.

[Ipy BO3MOKHOCTH TIOJIYYCHHS SJICKTPOIHEPTHH OT JABYX U 00Jee MCTOUYHUKOB
MUTAaHUSI HANpPsDKEHHWE CJeNyeT BBIOMpaTh HAa OCHOBE TEXHHKO-PKOHOMHYECKOTO
CpaBHEHUS BAPUAHTOB.

JUia npuOIMKEHHOTO ONpPENEIeHNs paluuoHanpHOro HampsikeHust Uy, xB,
MOYHO BOCIIOJIb30BaThCSl AMIIUPUUESCKUMU (POpMyTIaMu:

1) UnnapuonoBa

1000
= : 36
bt 500+25oo (36)
{ Py
2) Ctumna

Upau = 4'34\1‘3 +16 D np ; (37)
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3) Hukorocosa

Uy, =164/P,,, - ¥ ; (38)
4) Beiikepra
U,y =34/S, ,p +057, (39)

rne P,n 1S, ,, - nepegaBaeMas akTUBHAs M MOJHAsI MOLTHOCTbh MPEIIPUATHS WIN
MUKpoOpanoHa, MBm wim MB-A,

| - paccrosaue ot [TIII (III'B, PII) npeanpusitus (MukpopaiioHa) 1o

VMCTOYHUKA MTUTAHUS, KM.
Pexomennyetcst ucnonb3oBath hopmyisl Unapuonosa, Ctusuia u Hukorocosa
JUTSL IPEIPUSTHH, Y KOTOPBIX pacyeTHasi Harpy3ka cocTaBisieT 6osee S Teic. kB4, a
dbopmyny BeitkepTa - mpu 2JIeKTpUUECKUX HArpy3Kax 110 5 ThIC. kB4 BKIIOYUTENBHO.
OMnupruyeckue (OpMyJibl YUYUTHIBAIOT TOJBKO IEPEJABAEMYI0 MOILIHOCTh M
JUIMHY TUTAIOIIEN JJUHUHU, HO HE YUYUTHIBAIOT CTOUMOCTh MIOTEPH AJIEKTPOIHEPTUU U
Hanmnuue Tpanchopmarnuu Ha HampsbkeHus 6 wim 10 kB, mostomy Gosee TOYHYIO
BEJIMUYMHY  HANpPSOKEHHWs  BHEIIHErO  JJIEKTPOCHAOKEHUS  MOYKHO  IOJYYHTb,
BOCITOJIb30BABIINCH HOMOTPaMMaMH, ITPUBEACHHBIME B [6] 1 nprinoskennu E.

HecmoTps Ha 3HAUUTENbHYIO HEONPEIAEIEHHOCTh 3a/1a4ll BHIOOpA HANpPSKEHHUS
BHEILIHETO 3JIEKTPOCHAOXKEHUS, OMNbIT BBINOJHEHUS TEXHUKO-DPKOHOMHYECKUX
pacuetoB (TOP) B mnOpoekTHONW MpakTUKE MO3BOJSET JaTh psAj  oOIuX
PEKOMEHTalHi:

1) nanpspkerust 10 u 6 kB B MUTAIOMUX CETAX MOXKET IPUMEHATHCS JUTST MAJIBIX
NPEANPUATANA MOIIHOCTBIO 10 5 MB-A nipy yJaneHHOCTH OT UCTOYHUKA ITUTAaHUS 10
1,5-2 kunomerpoB. Hanpsokenne 10 xB npeanouturenbHee, Kak —OoJee
SKOHOMUYHOE, €CJIM OHO UMEETCS Y UCTOYHHUKA MTUTAHUS;

2) Hanpspkenue 20 kB 1moka He MOJYYHJIO PacTpOCTPAHEHUS U3-3a OTCYTCTBUS
MacCOBOTO BBIITyCKa OOOpYJOBaHUS Ha O3TO HampspkeHue (TpaHchOopMaTophl,
BBIKJIFOUaTeau U Ap.). Ho ero MoxHO paccMmarpuBaTh B Cllydae paclpeiesIeHus 1o
TEPPUTOPHUH MPEIIPUATHS K 11eX0BBbIM noAcTaHiusm 20/6-10 xB;

3) HampsbkeHue 35 kB MMeeT 3KOHOMHUYECKHE MPEHMYIIECTBA Ui CPETHHUX
OpeInpusITUA TpU TepeaaBaeMoil MomHocTu 5-15 MB-A na paccrosnue ao 10-
15 xm. Ha 3TOM Hampsyk€eHMHM MOKHO M paCHpelnessiTh 3JIEKTPOIHEPTUI0 K
nonactanmsam 35/0,4-0,66 wmm 35/6-10 kB ¢ mOMOIIBIO MarucTpaieil TiayOoKuX
BBOJIOB, KOTJIa OTCYTCTBYIOT 3JIEKTPOJIBUTaTEIN BHICOKOTO HAMPSKEHUS;

4) nanpsbkerne 110 kB 1enecooOpa3HO MPUMEHSTH JJIs TMUTAHUS KPYITHBIX
NPEANPUATANA MOIIHOCTBIO mopsinka 1m0 150 MB-A. Jlns npeanpusitaii OosbIien
MOIIIHOCTH I1€JIeCO00pa3HO paccMaTpuBaTh HampspkeHue mmranus 220 xB mpu
HAJIMYHUH €TO HA UCTOYHUKE MUTAHUS.

Jna  pacnpelnenuTeNbHbIX CETed ropoja W INPEANPUATHN MPUMEHSIOTCS
HanpspkeHust 10 u 6 xB, KOTOpbIe BBIOMPAIOTCS B 3aBUCUMOCTH OT COYCTAHUS
Harpy3ok 10; 6 u 0,4 xB.

Hcnonp3oBanue HampsbkeHHss 6 kB 1enecooOpa3HO B JABYX Ciydasx: Ipu
nutanuu npeanpustiuss or TOL[ Ha reHepaTOpHOM HampskeHUU 6 xB U OpH
3HAYUTEILHOM JI0JIe DJIEKTPOIBUTaTesieil 6 kB B cymMapHOU Harpy3ke. B ocTanbHbBIX
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ciIy4asix pekoMmeHnayercss mnpuHumarb 10 kB kak Hauboree SKOHOMHUYECKU
000CHOBAHHBIM.

[Ipu cymmapHoii foJie 3aeKTpoABUraTeabHo Harpy3ku 6 kB 1o 50% oT oOiei
nenecoobpasHo ycranaBnmuBaTh Ha [TIII Tpancdopmaropsl ¢ paciiernjieHHbIMU
oOMoTKamMu Ha BTOpu4yHOe HampspkeHHe 10 m 6 kB (COOTHOIIEHHWE MOITHOCTEH
oomoTok 100/50/50%). Torna B PY Husmero nanpsoxenus: ['TIIT (II'B) 6yxer ase
cuctemsl muH 6 U 10 kB, 3neKTpoaBUTaTEIbHAS BBICOKOBOJIBTHAS Harpyska Oyner
MUTATHCS OT CUCTEMBI IINH 6 KB, a CUJI0BbIE TPaHCHOPMATOPHI - OT CUCTEMBI UH 10
kB. Tlpu Oombemem cootHomeHuu (mo 60-70%) 1enecooOpa3HO OKa3bIBACTCS
ycranoBka Ha ['TIIT umu T1I'B TpexoOmMoTouHBIX TpaHCHOPMATOPOB C HAMPSIKECHUEM
10 u 6 kB u cooTHomeHueM moiHocTet ooMoTok 100/100/100%. Ilpu yctanHoBKe Ha
['TIIT (IIT'B) TpanchopMaTopoB ¢ HEpACHICTUICHHBIMH OOMOTKaMH MOIITHOCTBIO 0
16 MB-A BKIIOYUTENBHO U HAJTUYUU HA TIPEANPUATUU IJICKTPOJBUTATENCeH 6 kB st
pacrpeieMTeIbHbIX CEeTeH MPAKTHUECKU BCETa MPUMEHSIOT HamnpspkeHue 6 kB [1-
6].

JUis  BHYTpU OOBEKTHOTO DJIEKTPOCHA0XKEHHS B OOJIBIIMHCTBE CIy4yacB
npumensiercs cucreMa HarpsikeHus 0,4/0,23 kB ¢ Tiyxo3a3eMICHHOM HEUTPabio.

4 BpiOOp KoJHMYECTBA M MOIIHOCTH CHJIOBBIX TpaHcGopMaTopoB
KOMILJIEKTHBIX TPAHCGOPMATOPHBIX NOJACTAHIUH

4.1 BpiOOp KoJMYECTBA W MOIIHOCTH TPaHC(POPMATOPOB 1EXOBLIX
NOACTAHIIUH

[Ipexxne uyeM mnpuctynaTb K  BbIOOPY  KOJMYECTBA U MOIIHOCTH
TpaHC(OPMATOPOB 1LIEXOBBIX MOJCTAHLIMNA, HEOOXOJUMO OIPENEIUTh pPaCUYETHBIC
Harpy3ku (mo 1 kB) 1mexoB M Kareropum HaJaeKHOCTH 3JIEKTPOCHAOXKEHUs
norpedureneil 3tux 1exoB. s 3TOro pekoMeHAyeTcsl BhIMUCATh U3 TaOmuIbl A3
pacuetHele Harpysku P, Qp, S, (rpadel 7, 8 um 9), Kareropuro HaJIEKHOCTU
JIEKTpOCHa0keHus AekTponpueMHuKkoB (OI1) nexa (ydactka, 00bEKTa) U XapakTep
OKPYXaIOIEH CPEIbI.

KonuvectBo TpaHcopMaTopoB Ha II€XOBBIX MOJACTAHLMIX ONPEAEISIETCS
KaTeropuen HaJexKHOCTH 3JIeKTpocHaO)eHus nutaeMbix Jl1.

Uucno TpanchopMaTopoB Ha TOJCTAHIUSAX OOBIYHO MpUHUMAKOT 1 wmm 2,
TpexTpaHc(opMaTOpHble TMOJCTAHIMK TMPUHUMAIOT KaK HCKIIOYEHHE, B Ciydae
NUTaHUsS 3HAYUTENBHBIX COCPENOTOYEHHBIX HArpy3ok npu S,,>1,0 xB-A/M*> u
Sw 21600 kB-A. Ha moacraniiui peKOMEHyeTCsl YCTaHABIMBATh TPaHC(HOPMATOPHI
OJIMHAKOBOM MOIITHOCTH.

OpnnoTtpanchopmMaTOpHbIE MOACTAHIIMY IPETyCMATPUBAIOT:

a) mia mutanus Ol 111 kareropuu, momyckaronux nepepbiB IEKTPOCHAOKESHUS
Ha BpeMs 3aMEHbI WJIM PEMOHTa 000pYI0BaHMUS;

0) nns nutanua OII Il kareropuu B ciaydae COOpY>KEHUS B 1I€X€ HECKOJIBKUX
OJTHOTPAHC(HOPMATOPHBIX TMOJACTAHIINM, MUTAEMBIX OT Pa3HBIX JTUHUMN, U YCTPOUCTBA
MEXIy HUMH COCTUHUTEIBHBIX TMEPEMBbIUEK IO HIMHOMPOBOAAM WM KaOelsM Ha
HU3IIEM HaIPSKECHUH;
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B) mis nuranus Il I-1I xareropuu, eciu momrHocTh OII I kateropum He
npeBbimaer 15-20% momHocTH TpanchopmaTopa M BO3MOXKHO pe3epBHpPOBaHUE Ha
BTOPUYHOM HAIPSHKEHUU OT JIPYTUX MOACTAaHIMHN ¢ ycTpoiicTBom ABP.

Crnenyer 3aMeTUTh, UTO B OOJBIIMHCTBE CIIy4aeB Harpy3ka TpaHchopmMaTopoB B
IPOM3BOJCTBEHHBIX I[€XaX HEOAHOPOJHA MO HAACKHOCTH JIIEKTPOCHAOKEHHS, H,
naxke ecnu  ykaszanel mnorpebutenu [-II  kateropuu, Bcerma MPUCYTCTBYIOT
notpedutenu III kareropum (10-20%), koTOpble B aBapUHBIX CIIy4dasX MOKHO
OTKJIIOUUTH O€3 yriepOa J1j1si MpOU3BOICTBA.

JIByxTpanchopmaTopHbie MOACTAHIUN MPUMEHSIOT nipu npeodnaganuu D11 1-11
kateropuii, nisa nutanus OII II-III kaTeropuii B SHEProeMKUX I€Xax C YJEJIbHON
IJIOTHOCTEIO Harpy3ku Gonee 0,4 xB-A/m?, a Taxxke ynaneHHbIX motpeduteneit 111
KAaTETOPHH.

Yucio © MOIIHOCTH TpaHC(HOPMATOPOB B3aWMOCBSI3aHbI MEXKIy COOOH,
MIOCKOJIbKY IIPH OJJHOM Harpyske Iexa, S,, YMciio TpaHc(hopMaTopoB OyieT MEHIThCS
B 3aBHCUMOCTM OT MX C€IWHUYHOM  MOIIMHOCTH. MOIIHOCTH  LEXOBBIX
TparchopMaTopoB mpUHUMAIOT 10 ciemyromei mkane: 160; 250; 400; 630; 1000;
1600; 2500 xB-A.

B nwuteparype [2, 6, 7] nawTcs peKOMEHAAIMU O 1EIeco00pa3HOCTH
IPUMEHEHUs1 TPaHCPOPMATOPOB OMPEIEIIEHHON MOIIHOCTU S, 5, B 3aBUCUMOCTH OT
YACJIBbHOMN IUIOTHOCTH HArpy3KH Lexa:

npu Sy < 0,2 KB-A/M? S. mp =630, 1000, 1600 xB-4;
pu Sy > 0,2-0,5 kB-A/M*> S, mp = 1600 kB A,
pu S,y > 0,5 kB-A/m? Sy mp = 2500, 1600 xB-A.

OTH PEKOMEHJAIMU CIPABEMJIMBBI IIPU PACUYETHOM DJIEKTPUYECKOM Harpyske
rexa csplmre 2500-3000 xB-A.

B ciydasx, Korma Harpyska He paclpelesieHa, a COCpeIoTOYeHa Ha OTIEIbHbBIX
ydacTKax Iiexa, BbIOOp €IMHUYHON MOIIHOCTH TpancdopmaTopoB 1exoBbix TII He
CeAyeT NMPOU3BOAUTH 110 KPUTEPHUIO YAEIBbHOM IIJIOTHOCTU HATPY3KHU.

[Ipy MeHBIIMX HAarpy3kax HYKHO OpPHUEHTHpPOBATHCA HA  KOJHMYECTBO
TpaHcHOPMATOPOB, HEOOXOAUMBIX 110 HAJIEKHOCTH IEKTPOCHAOKEHUS, U PACUETHYIO
Harpy3ky. IIpy  3TOM  pacyeTHyld  MOMIHOCTb  S,,  WIH  KOJAYECTBO

TpancopmaropoB N ¢ yueTom kodrdduiirierTa 3arpy3ku K; MOKHO ONIPEACTUTH 10
dbopmynam:
S S S
Sp.mZﬁ WIH N_S—.[{' (40)
3 Hmp 3

[TonydyeHHbIe 3HAaUCHUST OKPYTJIISIOT /10 OJIMIKaNIIIe CTaH1apTHON BETMYHUHBI.

[IpoBepky BBIOpaHHON MOIIHOCTU TpPaHC(HPOPMATOPOB C Y4ETOM TPEOOBAHMIA
B3aMMHOI'0 PE3EPBUPOBAHUS U JOIYCTUMOU aBAPUMHOM IMEPETPY3KU IPOU3ZBOLAT I10
dbopmyie:

S, K,

SHOM.m 2 !
(N-1K,,
rae Kip - nons snexrponpueMHukoB | u |l kareropuii B pacueTHoM Harpys3ke.

(41)
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K, - nonyctumblii k03(pGUIKEHT 3arpy3ku TpaHchHOpMATOPOB B aBApUHHOM
pexume, s TpaHCOPMATOpPOB C MacisiHbIM oxJaxnaenuem K;,=1,3, s
TpaHc(OpMaTOPOB € CYXUM AUIICKTpUKOM K ,—1,2.

[Ipu oTCyTCTBUM JaHHBIX OPUEHTUPOBOYHO MOXHO mpuHumath Kip = 0,8 mms
JIBYXTpaHC(OPMATOPHBIX MOJACTaHUMMK, nuTarmmx mnorpedurenu [ u Il kareropumn
HaJIC)KHOCTH.

B omHOM 1exe, Kopiyce MOIYT pa3MeIlaTbCsl HECKOIbKO MOACTAHIMN C
TpaHchopMaTopaMu OJIMHAKOBOW MOIITHOCTH.

Koaddumuent 3arpysku K, npuHumMaeTcs:

1) mist nByXTpaHc(hOPMATOPHBIX IMOJCTAHIMK MPHU MPEOOJaTaHuu Harpy3ok I
kareropuu 0,65-0,75, nmpu npeodaaganuu Harpy3ok Il kareropuu 0,7-0,8;

2) s OAHOTPaHC(OPMATOPHBIX  IMOJCTAHIMHA C  YYETOM  B3aMMHOTIO
pesepBupoBanusa Harpy3ok Il kareropum K; = 0,7-0,85, a mpu Harpyskax III
kareropuu 0,85-0,95.

VYkazaHHble KO3(Q(QUUKEHTHI 3arpy3Kd B HOPMAJIbHOM M aBapUUHOM pEXUMAaX
JNOJDKHBI HAXOJIUTbCA B YKAa3aHHBIX INpelesax IMocle NPOBEIECHUS Mep IO
KOMIICHCAlIUM PEAKTUBHOM MOLIHOCTH. [l03TOMYy BBIOOp KOJIMYECTBA M MOIIHOCTH
TpaHc(OPMATOPOB OCYILECTBIISIETCS B ABA dTAra.

Ha nepBom s3Tane BhIOMpaOT KOJIMYECTBO U MOIIHOCTH TpaHC(HOPMATOPOB Ha
IOJCTAHIMSX COIVIACHO IIPUBEICHHBIM BBIIIE PEKOMEHJAUUAM. MOIIHOCTH K€
TpaHC(OPMATOPOB [UJIsl ILIEXOB CO 3HAYMUTEIbHBIM MOTPEOJIEHUEM pPEAKTUBHON
momHocTH  (Q, = 500-700 keap), Tam THaE MpeanojaraeTcs IpOBEACHUE
KOMIICHCAllUM PEAKTUBHOM MOIIHOCTH, HaMEUYalT MO0 HauOOJbIIEH BETUYMHE
koadureHTa 3arpy3KH.

Ha BTOpOM 3Tane, mocie nNpoBeIEHUs pacyeTOB IO KOMIIEHCALMH PEAKTHBHON
MOIIIHOCTH M0 LI€XaM M IPEANPHUATHIO, CIETYET YTOUYHUTH BEJIMUMUHBI AJIEKTPUUYECKUX
Harpy30K M MOBTOPHO ONpPENeNuTh KO3(PQPUIMEHTHI 3arpy3Kud TpaHc(popMaTOpoB B
HOPMAJIbHOM M aBapUHOM pEeXHMaxX, a 3aTeéM CKOPPEKTUPOBAThb MOIIHOCTU H
KOJIMYECTBO TpaHC(OpMATOpOB B Liexax, rAe OblJa NPOBEIEHAa KOMIIEHCAIUs
PEAKTUBHOW MOIIIHOCTH.

[Ipn pemieHun Bompoca 3IIEKTPOCHAOKEHUS OOBEKTOB C HEOOJBIIMMU
Harpy3kamu (10 260 xB-A, ckianbl, Tapakd U T. 1.), YTOObI HE MPOCKTUPOBATH
NOJICTAaHIIMM C TpaHC(POPMATOpPaMHU MaJONd MOIIHOCTH, JOMYCKAETCA MPUCOEIUHSThH
3TH HArpy3ku K MOJACTAaHIUHU Onu3iexamiero uexa. OUEHUTHh Leaecoo0pa3HOCTb
IPUCOEIMHEHNS YKa3aHHbBIX HAarpy30K K IMOJACTAaHIUU C YYETOM paccTosHus L mexny
MOJICTAHIIME M BBOJHBIM PpACIPECIUTENbHBIM MIKa)oM Iexa MNPUCOEAUHEHHOM
Harpy3Koi Sp MOXKHO IO MPUOIM>KEHHOM SMIIUPUYECKON (hopMyJie:

Sp-L £15000 kB-A4-m.

B cnyuae oObenuHEHHs HArpy30K HECKOJIBKUX OOBEKTOB HMX pPacyeTHbIE
aKTUBHBIE W PEAKTHUBHbIE MOUIHOCTH CKJaJbIBaloTca. Harpysky HapyKHOro
OCBEUICHUS] TEPPUTOPUHN NPEINPUATUS HEOOXOIUMO paclpeesiuTh Ha 2-3 HauMeHee
3arpy>KeHHbIE TIOJICTaHLIUH.

[Ipu BbIOOpEe MecTa pa3MelIeHHs I[IEXOBBIX MOACTAHIUNH HEOOXOIUMO
PYKOBOJCTBOBATHCA CIEIYIOIIMMH COOOPaKEHUSIMU:
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1) ¢ uenbto Hauboubiiero npubmmkerus K D11 1o 1 kB U COKpaIleHUs ITUHBI
HU3KOBOJIBTHBIX CETEM MOJICTAaHIIMM CIIEIYET pacrnojiaraTb BHYTPU I€Xa WM Ke
BCTpauBaTh B HETr0 BOJU3M IIEHTPA HArpy30K C HEKOTOPHIM CMEIICHHUEM B CTOPOHY
VMCTOYHUKA NUTaHus. Ecin ke Mg 1exa 3anpoeKTUPOBAHO HECKOJBKO MOJICTAHIUH,
X HEOOXOIMMO pacHpelesuTh MO IJIOMAAU Ie€Xa MPOMOPIMOHATIEHO Harpy3Kam.
KoHCcTpykTUBHO 3TH TpaHc(hOpMAaTOpHbIE MOJCTAHIMK B OOJBIIMHCTBE CIIy4acB
BBITIOTHSAIOTCSL KOMIUIeKTHbIMU (KTII);

2) otnenbHO crosimue 3akpeiThie TIT 6-10/ 0,4 - 0,66 kB NMPOSKTHPYIOT TOT/AA,
KOT'/Ia 10 YCJIOBUSIM TI0Kapo-, B3PbIBOONACHOCTH MPOU3BOJICTBA UITU IO TPEOOBAHUSM
TEXHOJIOTUH HEBO3MOXKHO pazMecTuTh T1I BHyTpHM Lexa WM [aKe€ MPUCTPOUTH UX Y
Hapy>KHbIX CTECH.

OtapenbHo crosimue TII menecooOpa3Hbl Takke U Il MUTAHUST HEOOJbIIUX
00BEKTOB C PACCPEOTOYCHHBIMH [0 HECKOJIBKUM HANpaBJICHUSIM HEOOIbIIUMHU
Harpy3KaMu.

B cBs3u ¢ TeM, 4To B O0apmMHCTBE ciaydaeB Ha TII mcmonb3yroTcss MacisHble
TpaHc(OpMAaTOpbl, HX HEIb3s] BCTpauBaThb B JKWIbIE U  OOIIECTBEHHO-
aIMUHUCTPATUBHBIC 3/TaHMUS.

3) B mexax ¢ MbUIbHOW M XMMHYECKH aKTHBHOW CPEIOH, HO HE IMOXapo- M
B3pbIBOONACHOM, TII BBIMOTHSAIOTCA BCTPOCHHBIMU B BHJI€ OTIEIBHBIX 3aKPBITHIX
NOMeIeHN. BHyTpH 1iexa, cocTosmero u3 Heckonbkux Iposieros, KTII pazmeniator
y KOJIOHH 3/IaHHsI WIH Y KaKUX-JTUOO TOCTOSIHHBIX MoMeleHui nexa. [lpu nanuuuun
MOCTOBBIX KPaHOB B MHOTOMPOJIETHOM I[€X€ MOJCTAaHIIMU HEOOXOIMMO pa3MeniaTh B
MEpTBOM 30HE paboThI KpaHoB [1, 2, 5, 6].

4.2 BpiGop KoJaMYeCTBA W MOIIHOCTH TpaHCcHOPMATOPOB TOPOJACKOI
MOACTAHIUI
PacyeTHyr0 MOMIHOCTE TPAaHC(OPMATOPOB TOPOACKUX IMOACTAHIMHA S, ., €

ydyetoM konmyectBa TpaHchopmatopoB N u kosdduimenta 3arpy3ku K, MOKHO
onpenenuTs no popmyie (40).

OpHUEHTUPOBOYHO BBIOPAHHBIE MOUIHOCTH TPaHC(HOPMATOPOB TOPOJCKHX
noAcTanuuii ¢ HanpsbkeHueM 10(6)/0,4 kB mnpoBepsitoTcsi Ha Meperpy304Hyro
cnocoOHocTh cornacHo ['OCT 14209-97. B sTom cTangaprte A HUX B 3aBUCUMOCTH
OT CHCTEM OXJIQXJCHHUS YUUTHIBAIOTCS: KOA(DPUIMEHThl 3arpy3Kd B  4achl
MUHUMAJIbHBIX ¥ MAaKCUMAaJbHBIX HArpy3ok; KO3((UUIHUEHT MNeperpy3Kd B 4YacChl
MaKCUMaJIbHBIX HArpy30K, a TakKe JOMyCTUMas JUIMTEIbHOCTh MEepPerpy3Ku Ha
OCHOBaHUU CYTOYHOTI0 Ipad)ka Harpy3KH MoTpeOuTeNIel AIeKTpuIecKoi sHepruu [1,
3, 5].

[TpeoOpa3oBaHre UCXOAHOTO CYTOUHOTO rpaduka Harpy3ku TpaHchopmaropa B
HKBUBAJICHTHBINA U MTPOBEPKA BBIMOIHAETCS B OMPEIEICHHON MOCIe10BaTEIbHOCTH:

1) Ha ucxoaHOM rpaduke Harpy3ku tpanchopmaTopa (pucyHOK 1) mpoBoaUTCS
JIMHUS, COOTBETCTBYIOIIAS IPEIBAPUTETHLHO ONIPEIeIEHHON HOMUHAIBHON MOIITHOCTH
TpaHchopMaTopa Sy 7, COOTBETCTBYIOIIAs  OTHOCHUTEIBHOW  HOMHHAJIBHOMN

Harpy3ku K = 1;
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K

max

K3

K=1
K,

| -

el -

Pucynok 1 - I[IpeoOpa3oBaHue UcXoqHOTO rpaduka Harpy3ku Tpanchopmaropa
B OKBUBAJEHTHBIM 1 - HCXOAHBIM TpaduKk HArpy3kd, 2 - DKBHUBAJICHTHBIN
IPsIMOYTOJIbHBIN TpadUK HArpy3KH

2) B Toukax A u b mepecedeHusi HOMUHAIBHOM JTMHUYU C UCXOHBIM I'PapUKOM
Harpy3Kd Ha HEM BBIICIISCTCS YIACTOK MEPErpy3KH MPOIODKUTEILHOCTRIO h';

3) I 9acT UCXOMHOTO rpaduka ¢ MEHBIICH HArpy3KOW C y4eTOM 3HAYCHUM
MOIIHOCTEW S; M HMX NPOAOLKUTENbHOCTEM Al paccuuThiBaeTcss KOIPPUIUEHT

HavajapHOM Harpy3ku Kj mo ¢gopmyie:
1 \/sf ‘At +S2- Aty +..+ S2- At
Shomr Aty + Aty + ..+ At ’
4) nns  ydacTka meperpy3kd h'  ucxomHoro rpaduka (pucyHok 1)
pacCUMTHIBAETCS TPEIBApUTEIbHOE 3HaYeHHE KO3 (uImeHTa meperpy3ku Ko’ :
o — L [(S))2-Ahy + (S, )7 - ARy + ..+ (S,)7 - AR,

K , (43)
Somr Ahy + Ahz + ...+ Ah,

5) cpaBumBaetcs 3Hauenue K, ¢ Kmax mcxommoro rpadumka marpysku: ecnm

K= (42)

K, >0,9K,,,, caenyer npussate K,=K, , ecmu K,' <0,9K,,x, CIA€IyeT MPHHATH
K, =0,9K,,.,, a IpOJODKUTEIILHOCT, N meperpy3ku SKBHBaJCHTHOro rpaduka

Harpy3Ku I()Ia{cp)guﬁgm no popmye:
)

T 0K .
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Ecnu ucxonHblit CyTOUHBIN Tpaduk HArpy3Kku TpaHcPopMaTopa COACPIKUT ABa
OJIM3KKX I10 3HAYCHUIO MAaKCUMyMa Pa3IMYHON TPOJI0JDKUTEIBHOCTH, 3HaYeHUS h u
K> omnpenenstorcss 1o MakCuMyMmy OoJIbIIeH MPOJIOJKUTEIBHOCTH, a 3HaueHue K -

KAK CpPEIHEKBAaJIpaTUYHOE 3HAYEHUE OCTaJbHOM Harpy3sku. Eciu HCXOIHBIN
CYTOUHBII  TpaduKk  Harpy3ku  TpaHchopMmaropa  COAEPKHUT  HECKOJIBKO
TIOCJICZIOBATEIbHBIX OJIM3KUX MaKCHMYyMOB, 3HaueHuHs K, u h ompenenstorcss u3
O0XBaTa BCEX MAKCUMYyMOB, a 3HaueHue Ki - KaK CPEIHEKBAaJApPaTUYHOE 3HAYCHHUE
OCTaBUICICS HATPY3KH.

6) o TabnuIaM JAOMYCTHMBIX CHCTEMAaTHYECKUX IMEPErpy3oK, NPUBEICHHBIM B
['OCT 14209-97, onpenensieTcst AOMyCTUMOE 3HaYeHUE KOAPPUIIUEHTa TePerpy3Ku
K5 4,- OH 3aBucHT OT Ko3(duiMeHTa HadaibHOM Harpy3ku Ki, cpeaHei

TEMIEpATypbl OXJAXKJAIOUIEH cpenbl 3a Bpemsl JAectBus rpaduka ©

oxn !
JUTATEIBHOCTH MEepPEerpy3KH N, a Tak)ke OT CUCTEMBI OXJIAXICHUS TpaHC(HOpMaTopa;

7) BBINOJHACTCA TPOBEPKAa - pacCYMTAHHOE 3HAYCHHE KOI(PPUIMEHTA
Heperpy3kKu K> He TOoDKHO IPEBLIIIATH TabnnyHoe 3Ha4eHue Ko yon.

5 KomneHcanusi peakTUBHOW MOIITHOCTH HA MPeANPUATHH

B HacTosimee Bpems, MpH 3aKIIOUYEHHWU JIOTOBOPOB Ha 3IJIEKTPOCHAOXKEHUE
OpEeINpUsITUNA, HSHEProcHadXarolue OpraHu3zaluy (KOMIAHWM) YCTAHABIIMBAIOT
HKOHOMUYECKH 0OOCHOBAHHYIO BEJIMYMHY NMOTPEOICHNs peaKTUBHON MOIIHOCTH Q, B
4yachkl MakCUMyMa B 3Heprocucreme. HeoOXoqumMocTh B KOMIIEHCAIIMM PEaKTUBHOM
MOIIHOCTH BO3HUKAET TOT/A, KOI/la BEIMYMHA NOTPEOICHHs] PEaKTUBHON MOIIIHOCTH
NPEANPUATAEM MPEBOCXOAUT 3HAUEHHE SKOHOMUYECKH OOOCHOBAHHOW BEITUYHHBI
peakTuBHOM MomHOCTH Q,. Benmmumna Q, 3amaeTcst yepe3 HOpPMAaTHBHOE 3HAUCHUE
KOO PHUIMEHTa PEaKTUBHOM MOIIHOCTU [J@>x C YyYETOM YpPOBHS MHUTAIOIIErO
HanpsbKeHus npeanpustus [1, 2, 6, 9].

B Tabnuiie 7 npuBeneHbl 3HaUeHUS KO3(PPULIUEHTOB pEaKTUBHON MOLTHOCTH.

Ilepen ompeaeneHreM  MOLIHOCTH  KOMIIEHCUPYIOIIMX  YCTPOWCTB  Ha
OPEANPUATAA HEOOXOJIMMO YTOYHHMTH €r0 PACUETHYI) MOIIHOCTh, TO €CThb Y4Y€CTb
norepu B Tparcdopmaropax I'TIIT (ITI'B)L,

Jlnst muanazona MotHocTel cunoBbix Tpancdopmatopos [T (ITI'B) ot 4 go 40
MB-A v xordPunrenta 3arpy3ku 0,7 BeTMYUHY TOTEPh MOKHO MPUHSITh:

APr;;=0,007-S,,, ; (45)

AQry;=0,09-S,,, . (46)

Torga pacdeTHast AEKTpUYECKas Harpy3ka MPEANPHUATUHS C YIETOM TOTEPh B
tpanchopmaropax ['TIIT (ITI'B) moxker ObITH OnpeneneHa:

Py =Py + APy (47)
pr = Qp np + AQFHH ' (48)

! Ipu orcyrcreum ['TII1 B pacyere moTeph HET HEOOXOIMMOCTH
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Tabmuma 7 - BpiOOp HOpMAaTUBHOrO 3HA4YC€HHUS KO3 (dUIIMEHTa PEaKTUBHOU
MOTITHOCTH

Hanpsoxenue, kB 3HaueHue tg ¢,
110 0,5
35 0,4
6-20 0,4
0,4 0,35

DKOHOMHYECKH 000CHOBAaHHAS BEIMYMHA PEAKTUBHON MOILIHOCTH COCTABUT:

Q, =Py, - t1gPn, (49)
rae P,,— pacdeTHas yTOUHEHHAs aKTHBHAs HArpy3Ka MPEANpPUATHS C y4€TOM IIOTEPh
B Tpancdopmaropax I'TII (III'B);

tgQ,n - HOpMaTHMBHOE 3HAa4YeHHE KO3(PPUIIMEHTa pPEAKTUBHOW MOLIHOCTHU

IPEIIPHUSITHS, 33]]aBAEMOE YJHEPTOCUCTEMOM (Taduma 7).
Heobxoanmast MOIITHOCTh KOMIIEHCUPYIOIIUX YCTPONCTB ONPEEIIIETCS KaK

QKy = pr - Q9 . (50)

Haitnennas BEJIMYMHA MOILIHOCTH KOMITEHCUPYIOLINX YCTPOMCTB
pacopeaensiercs B cetTsax a0 u Beie 1000 B.

JI71s1 HaX 0K IEHHUSI MOIITHOCTH KOMITIEHCUPYIOIINX YCTPOMCTB, MOAKIIOYAEMBIX K
muHaM  6-10 xB, omnpenemsercas  KOIPQOUIUEHT PEAKTHBHOW  MOITHOCTH
BBICOKOBOJIbTHOU HArpy3ku tgQs :

20Q¢ + A
tgQs = Qp Qrim , (51)

2P’ + APy
P

rze 2Q}, w® XP;, - CyMMapHblC pacueTHbIe PCAKTUBHbIC M  aKTHBHbIC

BBICOKOBOJILTHBIE HATPY3KH MPETIPUATHS;
AQry ¥ APry; - morepu B Tpancdopmaropax I'TII (TIFB).

Ecmu tgps <tg@sn, TO pazmeniaTh KOMIEHCUPYIOIIME YCTPONCTBA HA MIMHAX O-
10 xB neuenecoobpazno. Ecmu tgps >1g@s, TO MOIIHOCTH KOMIIEHCHUPYIOIIUX
YCTPOKNCTB, OJIKJIFOYaeMbIX K IMHAM 6-10 kB, HaxomaT Kak

Qe = (199 —19Qon) - ZP%,. (52)

MOoOUTHOCTh KOHJIEHCATOPHBIX YCTAHOBOK J0JKHA ObITh HE MeHee 450 keap. Ilpu

MOJIyYEHUM MEHBUIETO 3HAYEHUs KOHJICHCATOPHBIE YCTAHOBKH HA BBICOKOM
HanpsDkeHWM — He  ycraHaBmmBaooT Q. =0, a peakTHBHyIO ~ MOIIHOCTb

nepepacnpeaesisitoT Ha HU3KOM HaIlpsKeHHH.
OcraBIyrocss 4acTh KOMIIEHCUPYIOIIMX YCTPOMCTB pa3MEIIalOT Ha CTOPOHE
HU3KOT0 HaNpPsHKEHMS [IEXOBBIX MOACTaHIUI

Quu=Qu -Q (53)

KomrieHcupyromue ycTpoicTBa Ha HU3KOM HANPSDKCHUH MEXIY TOICTAaHIIUSIMH
pacnpenesnsoT MPONOPIMOHAIBHO PACUETHBIM PEAKTHBHBIM Harpy3KaM IMOJICTAHIIHMA
(1exoB).

Kye*
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_ Q;cy n' Qpi 54
Qkyni E O ’ ( )
pi
rae Q,,,; - HEOOXOHKMMAask MOIIHOCTb HU3KOBOJIBTHBIX KOH/ICHCATOPHBIX YCTAHOBOK
I-ro 11exa (TIOICTaHITUH );
Q, i - pacueTHas peakTHBHAsK MOIIHOCTb i-TO 11exa (OICTaHIuH);

ZQpi - CyMMapHas pacueTHas pPEaKTUBHAs MOIIHOCTh MOTpeOuTeNIeH Ha

HU3KOM HaIpsKEHUH, T OyeT NpoBeAeHa KOMIICHCAIUSL.
[lomy4yennsle  pacdyerHsie  MomHOCTH — Q, i  PacIpeNersiioT — MeXIy

TpaHcpopMmaTopamMu Iexa U OKPYIVIAIOT A0 OMKaWIIMX CTaHAAPTHBIX 3HAYCHUM
KOMIUIEKTHBIX KOHJIEHCATOPHBIX YCTaHOBOK (mpmiiokenue B2). B memsx ynobctsa
pEryJIMpOBaHMsI KOMIIEHCHPYEMOI MOIIHOCTH LIEJIECO00pa3HO KOHIAEHCATOPHYIO
YCTAaHOBKY IPUHUMATh PETYJINPYEMOM.

[locne pacuera u BbBIOOpPa BCEX KOMIIEHCUPYIOIIUX YCTPOWCTB MPOBEPSIOT
OanaHC peakTHBHON MOLIHOCTH Ha TPaHULIE pa3jena:

QKy S ZQKyegbaKm +ZQKyH ¢axm = QKy Gaxm (55)
rae ZQKy & paxm u ZQKy 1 paxm - CyMMapHasid Q)aKTquCKaH MOIITHOCTD

BBICOKOBOJIBTHBIX 1 HU3KOBOJIbTHBIX KOMIIEHCUPYIOIIMX YCTPOHCTB COOTBETCTBEHHO.

[locne pacnpeneneHus KOMIEHCUPYIOIIUX YCTPOUCTB MEXKIY MOJCTAHLMIMHU
HE0OXOAMMO ONPENETUTh (aKTHUECKUE KO3(P(ULIHUEHTHI 3arpy3Ku TpaHCPOPMATOPOB
nojacTaHuui. Ecu OHM 3HAUUTENbHO OTIUYAIOTCA OT PEKOMEHIyEMbIX, HEOOXO0IUMO

MPOU3BECTH KOPPEKTHPOBKY YHCJIA WIIM MOIIHOCTH TPaHC(OPMATOPOB B KaXKIOM
nexe [1, 2, 6, 9].

6 Br1oop momHocTu Tpancgopmaropos I'TII (III'B) u coOCTBEHHBIX HYHK
MOJACTAHIIUM

B 6onbmnnacTBe cinydaeB Ha ['TII (ITI'B) ycranaBnuBaroT aBa Tpancopmaropa.
[{enecooOpa3HOCTh YCTAaHOBKH TpeX TpaHCHOPMATOPOB MOMKET pacCMaTpPUBATHCS
TOJBKO B CJIEAYIOIIUX CIy4asX:

- IPY HAJTUYUH KPYITHBIX COCPEIOTOUCHHBIX JIEKTPUUECKUX HATPYy30K;

- TPU HEOOXOJUMOCTH BBIJICTICHUS THUTAHUS KPYIHBIX PE3KONEPEMEHHbIX
Harpy30K Ha OTHAEIbHBbIE TpaHCHOPMATOPHI, €CIM HEBO3MOXXHO O00ECIeUnuTh HX
NUTaHUE OT TPAHCPOPMATOPOB C PACIICIUICHHONW OOMOTKOW WM CIBOCHHOTO
peakTopa;

- JUIS 1IEXOB W MPEANPUSITHH C DIEKTPONPUEMHUKAMH 0co0oi rpynmsl |
KaTerOpuM W JJIEKTPONpPUEMHUKOB |  Kareropuu, K TIMUTaHUIO KOTOPBIX
MPEABSABIISIOTCS MOBBIIICHHBIC TPEOOBAHUS B OTHOILICHUH HAJACKHOCTH.

OnuoTtpanchopMaTOpHbIC TOACTAHIIMN MPUMEHSIOT ISl TUTaHUS TTOTPEOUTENEH
III xaTreropuu.

Beibop wmommoctu TpanchopmaropoB [TIIT (III'B) mnpowusBomutcs Ha
OCHOBaHHMH PAaCUETHOM HArpy3KH NPEANPUITUS WA MUKPOPANOHA C YYETOM MOTEPH
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MOIIIHOCTH B TpaHchopMaTropax W NPOBEJECHHOW KOMIIEHCALlUM pPEaKTUBHOMN
MOIIHOCTH.

Ecau na I'TIIT (II'B) ycranaBnuBaeTcs ABa TpaHchopmaTopa, TO pacueTHas
MOITHOCTh KaKJIOTO U3 HUX ONPEIEISAETCS MO YCIOBHUIO:

S > Srym
Hmp —

3m

SFHH = \/})py2 + (pr - QKy paxm )2 1 (56)
rae K,, - kxodpdumment 3arpy3ku Tpancopmaropos (K, =0,65—-0,7 mnpu

nutanuu ot ['TIIT (III'B) morpebureneit | u Il kareropuii, K,,=0,75-0,85 mpu

nutanuu norpedoureneit Il u Il kateropun).

[Io momyumBHIEHCS PACYETHOM MOIIHOCTH M3 PsAa HOMUHAJIBHBIX MOIIHOCTEH
TpaHc(OpMaTOpPOB  BbIOMpPAIOT OJrpkaiiliee CTaHAAPTHOE 3HAYEHHWE MOIIHOCTH
TpaHchopMaTopa S, W HNPOBEPSIIOT €ro Ha JIOMYCTUMYIO MEpErpy3Ky B aBapHUiHOM

Hm
pexXuMe, T.€. IPU OTKIIOUECHUH OJIHOTO U3 TpaHC(HOPMATOPOB C YUETOM OIpaHUYCHUS
notpeobuteneit 111 kareropuu (eciau B 3TOM BO3ZHUKAET HEOOXOIUMOCTH).

1’3' SHmp ZR‘I,II ’ SFHH'

[Ipy HEOAHO3HAYHOCTM MPUHUMAEMOrO PEIICHHs BbHIOOpAa  MOLIHOCTH
TpaHcopmaropa MPOBOIAT TEXHUKO-3KOHOMUYECKOE CpPaBHEHHE BAapUAHTOB C
pa3HBIMU MOIIHOCTSIMH TpaHchopmatopos [1, 2, 7, 10-13].

Tpancpopmaropsr ITIII (III'B) crnenyer BbIOuMpaTh €  yCTPOMCTBOM
perynupoBaHus HaNpsKEHUs o4 Harpy3koun — PITH.

Koncrpyktusuo I'TIIT (III'B) 35-110 kB crnenyer npuMeHsTh KOMIUIEKTHBIMU
MOJICTAHIIMSIMU  3aBOJICKOTO HW3TOTOBJICHUS OyiouHOW KoHCTpykumu cepun KTIIb
(koMIUIeKTHasi TpaHc(opMaTOpHas MOJACTAHIUS OJIOYHOTO THUIA) WIM MOJYJIBHOTO
ucnonHeHust [7]. TexHuueckue JaHHBIE MO TpaHcpopmaTopam IMPUBEIEHBI B
npwioxkeHuu B4 nanHoro mocoous.

TpanchopMatop COOCTBEHHBIX HYXKJ HEOOXOIUM JJIsi MUTAHUSI COOCTBEHHBIX
HY)KJl TOJACTAHIIMHM, KOTOPBIMH SIBJISIIOTCA: OCBEIIEHHUE, OTOIUIEHUE, CHUCTEMBI
OXJIQXK/JECHHUSI  CHJIOBBIX TpaHC(OpPMATOpPOB, BTOPUYHBIE LENH  YIPABJICHHUS,
aBTOMaTUKA M TPOYUMX HYXKJ. Ero MOIIHOCTH omnpenensieTcss 3IeKTPUYECKOM
Harpy3koil cuiioBbiXx TpaHchopmatopoB I'TII (ITI'B). OpueHTHpPOBOYHO MOIIHOCThH
TpaHchopmaropa cooctBeHHbIX Hyx 1 Ha ['TIIT (ITI'B) moxeT ObITh onpenieneHa:

STCH 2 Oil% : SHmp |
rie S,y -~ HOMUHAIbHAS MOIIHOCTH CHI0BOTO Tpancdopmaropa I'TIIT (TII'B).

(57)

MotHOCTh TpaHCHOPMATOPOB COOCTBEHHBIX HYK]T BRIOMPAIOT M3 CJICIYIOMIETO
psifa crannapTHBIX MomHocTel: 16, 25, 40 kB-A4, a pekomenayemas mapka TCKC.
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[ IlpoexTupoBanue PY nmoacranumii M 31eKTPHUYECKOI ceTH
7.1 IlpoexTupoBanue PY noacranuuii I'TI (IIT'B) u PII

B nanHOM pasznene HEOOXOOUMO BBIOpaTh CXEMY BBICIIETO U HU3IIETO
Hanpsokenuit  npucoeauHenus [TII (III'B) k mnuraromuM  JUHHUSAM, CXEMBI
pacIpeNeIUTENBHBIX YCTPOUCTB, IIYHKTOB U CXEMBI PACIPEACICHUS JJIEKTPUUYECKON
sreprun ot ['TIIT (III'B, LIPII, PIT) k 1eXOBBIM MU TOPOJICKUM TPaHC(HOPMATOPHBIM
MOJCTAHIMAM U BBICOKOBOJIbTHBIM YCTAHOBKAM.

Ha nanpsoxkenun 35-220 xB murtanue [TIIT (II'B) ot y3moBoit paiioHHOM
noactannuu (Y PII) BeimosiHg€TCS 10 painaibHON WIM MarucTpaIbHON CXemMaM.

PamnanpHyro cxemy nuTaHUs TPUMEHSIOT Tpu HebosbimoM ynanenun [TII
(II'B) ot YPII, a Ttakxe npu BBHINOJIHEHUU MUTArONIEH nuHuUM kadenem 35-220 kB

(prCyHOK 2).
—+
&
| 1L

-

[T T2 T3
(IITB1) (IIF'B2) (II'B3)

B
:
T

I_I

1

I

Pucynok 2 - [Turanue I'TIIT (ITI'B) mo paauanbHOii cxeme

MarucTpanbHble cXeMbl TPUMEHSIOT Ha HanpsbkeHun 35-220 kB npu nuTaHuu
no onnou JIDII (Bo3aymHoi nuaun) Heckonbkux ['TIIT (ITT'B) ognoro npeanpusitus
wiu [T (III'B) HeckonbKUX mpeanpusiTuil (pucyHox 3).
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JIoI
35-220 xB

bl
[T [T I3
(II'B1) (IICB2) (IICB3)

I

Pucynox 3 - [Turanue ['TII (ITI'B) mo maructpanbHOii cxeme

Bri6op cxembl pacnpenenuTenbHbIX yCTporcTB Ha ctopone 35-220 xB TTIII
(III'B) pekomeHnayeTcsi MPOU3BOAUTE B CIEAYIOIIEH MOCIEI0BATENbHOCTH, HAUYMHAS C
IMPOCTENIINX CXEM:

1) Omok «JMHHS-TpaHCHOPMATOP» C Ppa3beAUHUTEIIEM, OTICIUTEIEM H
KOPOTKO3aMbIKATEIIEM;

2) nBa OJI0Ka «JTUHHSI-TPaHC(HOPMATOPY» C BHIKIIOYATEISIMA U HEABTOMATHYECKOM
(aBTOMaTHUYECKOI ) TEPEMBIYKON CO CTOPOHBI JINHUH;

3) MOCTHKH Pa3HbIX BUIOB C BHIKIIOYATEIISIMU;

4) 9eThIPEXyTOJIbHUKH;

5) ogna paboyasi CEKIIMOHUPOBAaHHAS M 00XO0IHAS CHCTEMA IIIKH;

6) nBe paboure U 0OXOaHAS CUCTEMA IIIHH;

7) nBe paboure CEKIIMOHUPOBAHHBIC H 00X0HAS CHCTEMA IIHH.

Tak kak  TpeOOBaHHWE  HAJCKHOCTH  DIIEKTPOCHAOKEHHUS  TOPOACKUX
NOTpPeOUTENICH WM MPOMBIIUICHHOTO MPEANPUATHS TPUBOAUT K HEOOXOIUMOCTH
YCTaHOBKHU ABYX cuiioBbIX TpaHchopmaropos Ha ['TIIT (III'B), To Haubonee npocToi
CXeMOM pacmpeeauTeNbHOro ycrpoiictBa 35-220 B sBiseTcs cxema JBa Oyoka
«JIMHUA-TpaHCHOPMATOPH» C pa3beaUHUTENSIMH, OT/ACIIUTEIISIMU u
KOPOTKO3aMbIKaTeIIMH, HO B  COOTBETCTBUM ¢ «PexoMeHmauusiMu 1o
TEXHOJIOTUYECKOMY MPOEKTUPOBAHUIO MOJICTAHIIMN MEPEMEHHOrO0 TOKA C BBICIIUM
Hanpspkeauem 35-750 kB (MznatensctBo HI] DHAC, 20041.)» npu npoeKTHpOBaHUU
MPUMEHSTh CXEMBI C OTACIHUTEIISIMU U KOPOTKO3aMBIKATEIISIMU HE PEKOMEHAYETCS, a
IpU PEKOHCTPYKIMU U TEXHUYECKOM TNIE€PEBOOPYNKEHHUHM TMOJCTAHLMN CIETyeT
paccMaTpuUBaTh 3aMEHY 3TUX anmnapaToB Ha Bbikitovyatenu [1, 2, 7, 11, 12].
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TpeboBanusi pekoMeHAalMi OOYCIOBIEHBI PAJOM HENOCTATKOB IPHUMEHEHUS
CXEM C OTACIIMTEISIMU U KOPOTKO3aMbIKATEIISIMHU:

1) HEBBICOKOH HAJEKHOCTBIO CpadaThIBaHUS KOPOTKO3aMBIKATENCH H
OTJENUTENECH B KIMMAaTUYECKUX 30HAX C MHTEHCUBHBIM TOJIONET000PAa30BAHUEM U
peanu3anuen HCKyCCTBEHHOTO KOPOTKOTO 3aMbIKAHHS;

2) cpabaTbIBaHHE OTHACIHTENCH W KOPOTKO3aMbIKATEIEeH MOXKET MPUBECTH K
BBINIAQJCHUI0O W3 CHUHXPOHU3Ma BBICOKOBOJIBTHBIX CHHXPOHHBIX JBUTATENEd H
HapyLIEHUIO TEXHOJOTUYECKUX IIPOLIECCOB HA NIPEANIPUATHUN;

3) co3maHMeM KOPOTKO3aMBIKATEISIMA aBAPUIHBIX PEKHMOB, YBEINIHBAIOIINX
KOJIMYECTBO OTKA30B B CHCTEME 3JIEKTPOCHAOKEHHSI MPOMBIILIEHHOTO MPEANPUATHS
Y DHEProcHa0KarolLIeil opraHu3aluy;

4) CIIO)KHOCTBHIO HACTPOMKH PEIICHHON 3aIUTHI IMHUH.

HUcxons u3 ITUX CcOoOOpakeHU CXEMBI C OTICIUTECIIAMU u
KOPOTKO3aMBbIKaTeIsIMU Ha HanpsbkeHun 35-220 kB npu NpoeKkTHpOBaHUM U
PEKOHCTPYKLMU TMOJACTAaHUMN NPUMEHATh HE pekomeHayercs. Iloatomy mnpu
IPOEKTUPOBAHUU cXeMbl PY mojcTaHIMii B KypcOBOM IpPOEKTE ClieyeT HU30eraThb
VICITOJIB30BAHUS TAKOM CXEMBI.

HaGonbiiee pacnpocTpaHeHue H3-3a CBOEH IMPOCTOTHI IMOJIYUUIIHM CXEMBbI
pacnpenenuTeabHoro ycrpoiictsa 35-220 kB — nBa 0j0kKa «JIMHUSA-TpaHCHOPMATOPH
C BBIKJIIOYATEISIMA M HEAaBTOMATHUYECKOW (pUCYHOK 4, a) WIM aBTOMAaTHYECKOU
nepeMbIYKON (PUCYHOK 4, 0).

JIDIT JIDII JIDI JIDIT
[Tl TTIITI
(IIT'B1) (IITB1)
QSl 35-220 kB QS2 )QSl 35-220 kB q QS2
4 QS3 D QS4
EQ EQ
Q2 Q2

6)

Pucynox 4 — CxeMsbl pacnpeieTuTeIbHOTO YCTPOIMCTBA ABa OJIOKA «JIHMHHS -
TpaHchOPMATOP» C BHIKIIOYATEISIMU M HEABTOMAaTUYECKOH (a) M aBTOMATHYECKOH (0)
MIEPEMBIYKON

CxeMbl MOMYYUIIN MIUPOKOE PACIPOCTPAHEHUE HA TYIHUKOBBIX, OTBETBUTEIBHBIX
U YaCTUYHO IPOXOJHBIX IMOACTAHIMIX, nuTarormx morpeourenu II-1II kaTteropum
HazekHOCTH. HemocTaTkamu OJIOYHBIX CXEM SBIISICTCS TO, YTO MPH MOBPEKICHUSIX B
JUHUU WA B TpaHcPopMaTrope aBTOMATUYECKHM OTKIIOYACTCS JIMHUAA U
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TpaHchOpMaTop, a TAKKE HEBO3MOXKHOCTh MPOBEJECHUS PEBU3UU BBICOKOBOJIBTHBIX
BBIKJTIOYATENICH 0€3 OTKIII0UEeHHS COOTBETCTBYIOIIETO CUIIOBOTO TpaHchopMaTopa.

«MOCTHKOBBIE» CXEMBbI MO3BOJISIOT YCTPAHUTh HEAOCTATKU OJOYHBIX CXEM C
BBIKJTIOUATEISIMU. Pa3nuyaror Ba BUJla «MOCTHUKOBBIX» CXEM C BBIKIIIOUATEIISIMU:

1) MOCTHK C BBIKIIOYATEISAMHU B IEMAX JIMHUH W PEMOHTHOW IEPEMBIYKON CO
CTOPOHBI TUHUU (PUCYHOK 5, a);

2) MOCTHK C BBIKIIIOYATCIIMH B IIEMSIX TPaHC(HOPMATOPOB W PEMOHTHOM
MIEPEMBIYKON CO CTOPOHBI TpaHCHOPMATOPOB (PUCYHOK 5, 0).

JIoI JIoI JIDI
Si S2
35-220 kB j Q 35-220 xB J Q
~— ;D_/
QS1 QS2 QS3 QsS4

01
0s3 QS4 QS5 D]QSG
TTII1 TTIII
Q1 (II'B1) Q2 Q2 (IITB1) Q3
}st 03 QS6 \ Qs7 \ 0s8
~ [ }— e~ - |
QS7 Qss8 Qs9 Qs10

§ §

PucyHok 5 - CxeMbl MOCTOB C BBIKJTIOUATEIISIMU B IEISIX JTUHUHN (a) U B LIETISAX
Tpanchopmatopos (0)

6)

(Cxema MOCTHK C BBIKJIIOUATEIIMU B LIETISX JIMHUI U PEMOHTHOM MEPEMBIYKON CO
CTOPOHBI JINHUWA MOXET NPUMEHATHCA Ha TYITUKOBBIX, OTBETBUTENIbHBIX U MPOXOIHBIX
nojcTaHusIX Hamnpsbkeanem 35—220 kB (pucyHok 5, a). Ha TymuKOBBIX W
OTBETBUTEJIBHBIX MOJACTAHLMIX PEMOHTHAas TEpeMblYKa U  MEpPEMbIUKa C
BBIKJIIOUATEIIEM HOPMaJIbHO pa3oMKHYThl. [Ipu aBapum Ha OJHOW U3 JIMHUU
ABTOMATHUYECKU OTKJIIOYAETCS BBIKIIFOYATENIb CO CTOPOHBI MOBPEXKIECHHON JMHUM U
BKJIFOYAETCSl  BBIKJIIOYATENb B IIEpeMbluke, o0a TpaHcpopmaTopa OCTAIOTCS
pabGotatormumu. B ciywyae aBapum Ha OJHOM M3 TpPaHCHOPMATOPOB OTKIIIOUCHHE
BBIKJIIOYATENST MPUBOJUT K OTKIIOUEHHIO TpaHc(hopMaropa M MHUTAIOMICH JIMHUU.
OTK/IIOYeHHE JMHUM TMPU TMOBPEXKIEHUU TpaHchopMaTtopa SBISETCS HEAOCTATKOM
JTAaHHOM CXEMBI.

Ha npoxoaHbIX MOACTAHIMSAX TMEPEMbIUKa C BBIKJIIOYATEIEM HOPMAJIBHO
3aMKHYTA, 4€pe3 Hee OCYLIECTBIIIETCS TPAH3UT MOIIIHOCTH.

Cxema MOCTHMK C BBIKJIIOUATEISIMH B IIEMsX TpaHC(HOPMATOPOB U PEMOHTHOM
NEPEMBIYKON CO CTOPOHBI TPaHC(HOPMATOPOB (PUCYHOK 5, O6) MPUMEHSETCSA B TEX XKe
ClIydasix, 4TO U CXeMa, MPUBEACHHAs Ha pUCyHKe 5, a. OCOOEHHOCTh JAHHON CXEMBI
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COCTOMT B TOM, 4YTO TMpHU aBapuud B JIMHAM AaABTOMATUYECKH OTKJIFOYAIOTCS
NOBpEXJIeHHas JTuHUs U TpaHchopmarop. [Ipu aBapum Ha TpaHchopmaTtope mocie
aBTOMATHUYECKUX TEPEKIIIOUeHU B paboTe OCTAarOTCs JABE JIMHUM U JBa UCTOYHHUKA
NUTaHUSA. YUYUTHIBas, YTO aBapUHOE OTKIIOYEHHE TpaHC(HOPMATOPOB MPOUCXOIUT
CPaBHUTEJIBHO PEIKO, OoJiee MPEeANoYTHTENIbHA CXeMa, MPUBEJCHHAs Ha PUCYHKE
5, a.

bomee cmoxHBIE CXeMBl I MOACTaHIMM HanpsbkeHuem  35-220 kB
MPUMEHSIOTCS IPY HATMYUH TEXHUKO-PKOHOMUYECKOTO 0OOCHOBaHMUSI.

Pacnpenenmurensubie ycrpoiictBa HanpspkenueM 6-10 xB I'TII u TII'B (pucyHoxk
6) Tpu IBYXTpaHC(HOPMATOPHON TOJCTAHIIMN BBITIOJHSIIOTCS C OAHOW OJMHOYHOM
CEKIIMOHUPOBAHHON BBIKJIFOYATEIEM CHUCTEMOW MIMH. CEKIIMOHUPOBAHHBIE CUCTEMBI
cOopHbIX 1HH 6-10 kB pa60Ta}0T, KaK MPaBUJIO, Pa3/IeabHO.

T
(HFB) (II'B)
e ] 9] °T]
ABP
ABP 8 | 610,
619KB o 'Y
Vo L] T ! .
— 1
0)

(HFB)
Q4
ABP
, S 6-10 B

LI
! ® ! !
v = v
B)
Pucynok 6 - Cxemsl I'TII1 Ha Hanpspkenuu 6-10 kB

B cnyuae ycranosku Ha ['TII, TII'B nByx TpancopMaTopoB ¢ paciiernyieHHbIMU
0OMOTKaMH WJIM CO CABOCHHBbIMH peakTopamu PY 6-10 xB BBITIONHSIOT ¢ ABYyMS
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OJIMHOYHBIMM  CEKIMOHUPOBAHHBIMU  BBIKJIIOYATEISIMA ~ CHUCTEMaMM  IIUH.
Ananornynyro cxemy s PVY-6-10 xB npumensitor npu ycraHoBke Ha [TIIT
TpaHc(hOopMaTOPOB C OOMOTKAMH Ha pasauuHble HanpsykeHus (6 u 10 kB).

Ot PY-6-10 B I'TII, I1I'B nutatoTcsi BTOPUYHBIE pACTIPEAEIUTENbHBIC MyHKThI
(PIT) 6-10 kB, anexktponpuemuuku 6-10 kB u TparnchopMaTopHbIE TOACTAHIINHA 6-
10/0,4 xB.

Bropuunsie PII-6-10 xB, nutatommecs ot I'TIII, pekoMmenayercss coopyXatb
st ynaneHHsix ot I'TIT motpedurteneid (KOMIPECCOPHBIX, HACOCHBIX CTAHLIMM U JIp.).
K stum xe PII pexomenayercst noakinrodats u omusnexamue TI1 6-10/0,4 xB. PII 6-
10 xB cnegyeT BBINOJIHATH C OJJHON OAMHOYHON CEKIIMOHHUPOBAHHOW BBIKIIIOUYATEIEM
CHUCTEMOM MIUH (PUCYHOK 7).

PII
6-10 kB

QL o3 Q2

Y ABP \ /

Pucynok 7 — Cxema PII na nanpsokennn 6-10 kB
7.2 IIpoekTHpPOBaHMe YJIEKTPUYECKOI CeTH MPOMBILIJIEHHOTO NPeINnPUsTHSA

[IpoekTupoBaHue 3JIEKTPUUYECKON CETH MPEANPUITHS HEOOXOIUMO BBIMOJIHATH
MIOCJI€ TOTO, KaK Ha FeHIJIaHe IpeanpusTus Hanecenbl Mecta ycranoBku [T (IIT'B),
PIT u Bcex TII. BeiOop Buaa cXxembl, MarucTpajibHOMU, paJllaibHOW WM CMEIIAHHOM,
OCYLIECTBISIIOT UCX0as u3 B3auMmHoro pacnogoxxkenust ['TIIT (III'B), PII u nexoBbix
TII. CortacHo HOpMaTHBHBIM JoKyMeHTaM [11, 12] cinenyer oTmaBath MpeanovYTeHUE
MarucTpajJbHbIM CXEeMaM JJIEKTPOCHA0KEeHUs Kak Haumbojee HKOHOMHUYHBIM.
MarucTpanbHble CXe€Mbl MPUMEHSIOTCS B CUCTEME PACHpPEAEIICHUS AJIEKTPOIHEPTUU
NPEeANpUATANA B TEX CIydasx, Korja MOTpeOuTesIel MHOTO M OHHM HEOOJBIION
MOIIHOCTH, a paJualbHble CXEeMbl HeleraecooOpa3Hbl U3-32 HEOOXOAMMOCTH
00JIbILIEr0 YKCiia KOMMYTAllMOHHOM anmapaTyphl.

B 3aBucumoctu OT TpeOOBaHUN HAIEKHOCTU AIIEKTPOCHAOKEHHS, MOTYT
MPUMEHSTBCA OJIMHOYHAsi MarucTpajib C OJIHO- M JABYXCTOPOHHUM IUTAHUEM U
JIBOMHASI CKBO3HAs MarucTpalib C OJHOCTOPOHHUM MUTAaHUEM (PUCYHOK §).

Yucno TpancGopMaTopoB, MUTAIOMIMXCSA OT OJHON MarucTpaiy, 3aBUCUT OT UX
MOIITHOCTA U TPeOOBaHUN K HANEKHOCTH DJJICKTPOCHAOKEHUS W OOBIYHO HE
NPEBBIIIAET TpPEeX-4eThipeX ¢ o0miel ycraHoBieHHOW MomHocThio 10  3000-
3500 kB-A4 B 3aBUCUMOCTH OT HAIPSIKEHUSI.
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PV 6-10 xB PII, I'TIIL, III'B

Q Q Q
. 0S 0s Qs
D FU FU
T T2 I3

Tl T1 T1

|
0,4 xB % 0,4 xB 0,4 xB
N

D FU D FU gm FU g q]
J'g 978 976

A BP
,@’
04KB O41<B 0,4 xB

Pucynok 8 — MaructpanbHas pacpeeuTeNbHas CXeMa pacrpeaeIeHus:
a) OIMHOYHAs; 0) ABOMHAS (CMEIIaHHAas cXeMa)

<| (D

MaructpainbHble CXeMbl 1O CpPaBHEHHMIO C paguaJbHBIMU  00JalaroT
MOHIKCHHOW HAJIeKHOCTBIO, HO TPEeOYIOT MEHBIIETO YHCIIa KOMMYTAIIMOHHBIX
aIrmapaToB BBICIIETO HANpPsDKEHUs. [[BOiHAas CKBO3HAs MAarucTpaib C YCTPOHMCTBOM
ABP Ha mmmHax HU3IIETO HAMPSHKEHUS MAJIO OTIMYAETCS OT PaguaibHON CXEMBI IO
HAJIe)KHOCTHU AJIEKTPOCHAOKEHUS.

[Tpu nutanuu tpanchopmatopoB MomHocThi0 400-1000 kB-A ceuenue kabens,
[0 YCJIOBHUSIM TE€PMHUYECKOM cTOMKOCTM K Tokam K3, mosydaercs 3aBBIILIEHHBIM B
CpPaBHEHHUU C CEUCHUSIMU, BHIOPAHHBIMU 110 HOMUHAJIBHBIM peXuMam. B CBsI3U ¢ 3TUM
TpaHCOPMATOPhl ~ YKa3aHHBIX  MOIIHOCTEM  PEKOMEHAYeTCsl  MUTaTh 110
MarucTpajbHON CcXeMe, MPUCOCIUHSS Ha OJHY MarucTpaib 10 3 TpaHChHOpMAaTOpOB
mMorrHOoCcTei0 1000 xB-A, no 2 momHocthio 1600 xB-A, no 4 TpanchopmaTopoB
MomrHOCTRI0  630-250 «B-A. Tpanchopmaroper 2500 xB-A pexkoMeHmyeTcs
MTOJIKJIF0YATh M0 PAAUAIBHONU CXEME.
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[Ipn maructpanbHOM cxeMe NuTaHus I yA0OCTBAa JKCIUTyaTalluu Mepen
KKJBIM TPUCOCAUHIEMBIM TpaHC(HOPMATOPOM YCTAHABIMUBAIOT KOMMYTAI[MOHHYIO
anmaparypy B BHUAE pPazbeAUHUTENsS] WM BBIKIIOYATENss HAarpy3ku. Tak Kak mpH
MarucTpajbHON CXeMe pelieiiHas 3allliTa Ha TOJOBHOM BBIKJIIOUATENE MOIYYaeTCs C
OOJBIIMMU yCTaBKAMH, T.€. Tpy00ii, TO 1Jisi 0OeCTIeueH sl 3Tl TPAaHC(POPMATOPOB
nepel HUMHU yCTaHABIUBAIOT IpeAoxpanuTenu. [Ipu 3ToM CUIOBbIE TPEAOXPAHUTENN
CJelyeT YCTaHaBJIMBATh MOCJE PA3bEIUHUTENS WINA BBIKIIOUATENS HArpy3KH, CUUTAs
10 HANPABJICHUIO PACIIPEACIICHUS dIEKTPUUECKON SHEPTUH.

B wmensx Oosiee MOSHOTO MCMOIB30BAHHUS MOIIHOCTH BBIKIIOYATENEH Tpu
MOAKIIOYEHUH K HUM JIMHUH, MUTAIOMKX TpaHchopMaTopsl Majoi mMoutHoctH (250-
630 xB-A), orxoasuux ot PII, I'TIIT (ITI'B) B pa3HbIX HanpaBieHHUIX, JOIMYCKAETCS U
PEKOMEHTyeTCs OJIKIII0YaTh 3TH JIMHUU 110 JABE TOJI OJIMH CUJIOBOU BBIKJIIOYATEIIb.

[Ipu pa3zpaboTKe CXeMbl paclpeesIeHHs] CIeAyEeT IOMHUTh O COOTBETCTBYIOLIEH
KaTerOpUU HAJICKHOCTH DJIEKTPOCHAOXKEHUSI TPaHCPOPMATOPHBIX MOACTAHIUN, IO
KOTOpPOM BBIOMpAIA KOJMYECTBO M MOIIHOCTH TpaHC(OpMATOpOB Ha HHX, U
BBIOUPATH COOTBETCTBYIOIIIHE CXEMBI pe3epBUPOBAHUSI. Tax,
neyxtpanchopmartopubie TII HeoOxonumo noaxItoyaTh OT pa3Hbix cekiuil PIT, I'TIIT
(II'B). Ot pa3HbIX K€ CEKIUid HEOOXOJAMMO MUTATh W OJHOTpaHC()OpPMATOpHBIC
MOJICTaHIIMK oJiHOTO 1exa [1, 2, 4, 7, 8].

7.3 IIpoekTHpPOBaHNe rOPOICKOM IJIeKTPUIECKOI ceTH

[IpoekTupoBaHue rOpOACKON IMEKTPUUECKON CETH JOJHKHO OCYIIECTBIISITHCS Ha
OCHOBE TEXHHMKO-3KOHOMHUYECKHMX pacyeToB C y4YE€TOM pa3MepPOB TIoOpoOJa,
MUKpPOpaiiOHa, MNEPCIEKTUBbI WX Pa3BUTHS, CYIIECTBYIOIIMX CETEH, MCTOYHHUKOB
MUATAHUS U APYTUX YCIOBUM.

Pacnipenenurensubie cetu 10(6) kB  pekomenmyeTcs WCMONb30BaTh IS
COBMECTHOTO TUTaHUS TOPOJACKUX KOMMYHAJIBHO-OBITOBBIX H  HEOOJBIINX
MPOMBIIIEHHBIX TOTpeOUTENEH.

[TocTpoeHue cXxembl SJIEKTPUUECKONW CETH TI0 YCJIOBUAM OOECleueHUs
HEOOXOAUMOW HAJEKHOCTH JJIEKTPOCHAOKEHMsI TOTpeOuTeNnel, Kak MpaBuilo,
BBIIIOJIHAETCSI ~ NPUMEHHUTEIBHO K  OCHOBHOM  Macce  3JIEKTPOINPUEMHHKOB
paccMaTpuBaeMoro parona ropoja. [Ipm HanmuuuKM OTHEIBHBIX 3JEKTPONPUEMHHUKOB
Oonee BBICOKOW KaTeropud WM OCOO0OW Tpymmbl TEpPBOM KaTETOPHH, CXeMa
JIOTIOJIHAETCS HEOOXOMUMBIMU MEpaMH IO CO3JaHHI0 TpeOyeMoil HaJaeKHOCTH
3JIEKTPOCHAOXKEHHUS ATUX MPUEMHHUKOB [1, 3, 4, 7, 13-15].

B ropoickux pacrpenenuTenbHbIX CeTSIX NPUMEHSIOTCA MPEUMYIIECTBEHHO TPH
THUIIA CXEM CeTe U UX KOMOMHAIUH.

PaguanbHo-MarucrpajibHasi pacnpeneanrtenabHas cerb 0,4-10(6) kB 0e3
pe3epBUPOBaHUA JTUHUHN U TpaHCPOPMATOPOB (PUCYHOK 9).

Cetb xapakTepu3yeTcs HAMMEHBIIMMU KalUTAJIOBIOKEHUSIMU U3-3a OTCYTCTBUS
pe3epBUPOBAHUS JIEMEHTOB CETH U BbIOOpa MapaMeTpoB BCEX 3JIEMEHTOB CETH IO
YCIOBUSIM HOPMAJIBHOTO peXuMa padOThI.
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Cxema npumeHsieTcs Ui dJieKTpocHaOxenus notpeduteneit 11l kareropuu B
MOCENKAX TOPOACKOIrO THUIA MPHU BBINOJIHEHUH CETE 10 M Bbile 1 KB BO3AylIHBIMU
JUHUSAMU.

[Ipu noBpexaeHUsAX JIOO00W JUMHUM TpeKpalaeTcss 3JIEKTPOCHAOKEHUE
COOTBETCTBYIOIIEH IPYIIIBI HOTPEOUTENEH.

10-20 kB
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so0so t
- @ @ —(D=

Pucynok 9 - PanuansHo-mMaructpanbHas —pacnpegenutenbhas cetb 0,4-10
kB: a) ctpykrypHas cxema; 0) cxema TII 10/04; B1-B6- BBoBI B TOMa

IleTsieBasi HeAaBTOMATU3MPOBaHHAN pacnpeneauTebHas cetb 0,4-10(6) kB

npeacraBiieHa Ha pucyHke 10.
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Pucynoxk 10 - [TetneBas HeaBTOMaTH3UpOBaHHAs pacnpeaenutenbHas cetsb 0,4-
10(6) kB: a) ctpykrypHas cxema; 0) cxema MMoJCTaHIMH; B) BBOJ| B 3/laHUE

[Io ycnoBusiM HaJIeXKHOCTH 3JeKTpocHaOxeHus mnerieBble auHun 10(6) kB
CJIeIyeT MPUCOEIHUHATh K TEPPUTOPHUAIIBHO Pa3HbIM LIEHTPAM MUTAHUS WIH PAa3HBIM
ceknusaM aByxTpaHchopmartopHbeix mnoactannmid. Jluaum 0,4 kB Takxke cremyer
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BBIIIOJIHATH IETJIEBBIMA C IPHUCOCIUHEHUEM K PAa3HbIM IOACTAHLMIM WIM PA3HBIM
TpaHcpopmaropam oAHOW mnojacTaHimu. Ecium B palioHe, 00cIyXKUBaeMOM
netaeBbiMH ceTsaMu 0,4 kB wim 10(6) kB, uMeroTcs oTaeabHbIE JIEKTPOIPUEMHUKH
WM nnotpedutenu | kareropun HaIeXKHOCTHU ANEKTPOCHAOKEHUS, TO B TAKUX CIydasx
IPUMEHSIOTCS BBIOOPOUYHOE pe3epBUpoBaHuE ¢ ycTaHOBKOW ABP y morpedurens.

[leTneBble TMHUM MOTYT BBIMOJIHATHCS KaK BO3AYIIHBIMH, TaK U KaOenbHbIMU. B
HOpPMAJIbHOM pexume nerieBble JuHuu 10 kB pa3mbikatorcs Ha oxHod u3 TIL
[TpuBeneHHas cxema SIBISETCS OCHOBHOM JJis 3J€KTpocHaOkeHus: norpedureneit 11-
III kaTeropuu KWIJIBIX paliOHOB rOPOJIA € 3aCTPOUKOM 31aHUAMU 10 9-12 sTaxken.

JIByxjyueBasi pacnpeaeautejbHasa cetb 10(6) kB (pucynok 11) ¢
JBYXCTOPOHHMM IIMTAHUEM IIPU YCIOBUM IOAKIIOYEHUS B3aUMOPE3EPBUPYIOIINX
auauid 10(6) kB K pa3HBIM HE3aBUCHMBIM HCTOYHHMKAM SIBISIETCSI OCHOBHOM IS
3JIEKTPOCHAOKEHUSI JEKTPOIIPUEMHUKOB MepBoi karteropuu. IIpu 3TOM Ha mmHaX
0,4 kB aByxtpanchopmatopubix TII wiam HEMOCPEACTBEHHO Y MOTPEOUTENS AOTAKHO
obITh nmpenycmorpeHo ABP. Jlunum 10(6) kB u 0,4 kB 0OBIYHO BBINOJIHSIOTCS
KaOeIbHBIMU.

[ToMuMO BBIIENPUBEACHHBIX CXEM MPUMEHSIIOTCA PA3JIUYHBIE COYETAHUS ITUX
CXEM, a TAK)KE CII0KHO3aMKHYThIE ceTH HamnpsbkeHnem 10 1000 B.

T TEG 58 84
86 86 86 &

Pucynox 11 - /IsyxiydeBas pacnpenenurenstas cetb 10-20 kB ¢ pesepBupoBanuem
JUHUHN U TpaHchopmMaTopoB

7.4 TIpoekTpOBaHHeE JIEKTPUIECKOI CeTH HU3KOI0 HANPSKEHUS

PacnpenenurenbHble  CETM  HU3KOIO  HANPSDKEHUS MOTYT  BBINOJIHATHCS
MarucCTpajJbHbIMU WM padadbHBIMU. BBIOOp BHJA CETH 3aBUCUT OT IUIAHUPOBKH U
rabapuToB  TEXHOJOTMYECKOrO0  O00OpYyIOBaHUS OOBEKTOB, YCIOBUH  CpEpbl,
0COOEHHOCTEH MPOBEAEHUS MOAbEMHO-TPAHCIIOPTHBIX MEXAHU3MOB.

PannanbHble cXeMbl (PUCYHOK 12) MPUMEHSIFOTCS ISl TTUTAHUS:

a) Menkux rpynn OII, HaxoaAUMXCs B Pa3iIMYHbIX MECTax W YJAJIEHHBIX OT
IIMTa HU3KOI'O HAIIPSKEHUS LEXOBBIX MOJICTAHIUNI;

0) MOUIHBIX cocpenoTodyeHHbIx rpynn Ol (snexTpoaBurareneii  HacoCOB,
KOMITPECCOPOB, MHOTOATAXKHBIX JIOMOB U T.I1.);

B) DIl OTBETCTBEHHBIX IOTPEOUTETICH;
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I) Opyd HaJUYMM B IIeXe HeOIAaronpusTHOW cpeabl (arpecCHBHOM, IMOXKapo-
B3PBIBOOMACHBIX 30H H JIp.).

T

cnf che Ch3 e - T the  on7

Pucynok 12 — PaguaneHas cxema pacupe/ieleHus SIeKTPOIHEPTUU
Ha HanpspkeHue 10 1 kB

PannanbHas cxeMa 5J€KTPOCHA0XKEHUS NPECTaBISIET COOOM COBOKYIHOCTb
JIUHUWA DJICKTPUYECKOW CETH, OTXOomAmux OT PY Husmero Hanpsbkenus TII u
IpeIHa3HAYCHHBIX JUIsl MUTAHUS HEOOJBIIUX TPYII MPUEMHHUKOB 3JIEKTPOIHEPTHUH,
PaCIIONOKEHHBIX B PAa3JIMYHBIX HAIIPABIICHUSIX.

Pacnipenenenuie eKTpOIHEPTUU K OTAEIbHBIM HOTPEOUTENSIM IPU PaIUATIbHBIX
CXeMax OCYIIECTBIISIIOT CAMOCTOSITENIbHBIMUA JIMHUAMH OT CHJIOBBIX MyHKTOB (CII),
pacnpenenurensHbix 1mkados (IIP), pacnpeaenurensHbix muHonpooaos (ILIC),
BBOJIHO-pacIipeieiuTeIbHbIX  ycTpoiicTB  (BPY) pacmonaraemblx B LIEHTpe
NIEKTPUUECKUX HArpy30K JIaHHOW TpyIIbl NOoTpeOuTeneil. PaguanbHbie CXEMBI
00€CTIeunBaOT BBICOKYIO HAJCKHOCTh IJIEKTpocHaOkeHusi. OgHaKO OHH TPeOYyrOT
OO0JBIINX 3aTpaT Ha IEKTPOOOOPYAOBaHUE U MOHTAX, YEM MArUCTPaIbHbIE CXEMBI.

PanuanbHble ceTH, Kak MpaBWIIO, BHIMNOJIHSIOTCSA kabeneM uiau nposojoM. Ilpu
IPUMEHEHUN PAJAUAIBHBIX CXEM HE PEKOMEHAYIOTCS MHOTOCTYIEHYATHIE CXEMBI
(uucno cTyneHel He TOHKHO OBITh OoJiee ABYX).

Bo Bcex ocTanpHBIX Cilyyasx, Kak IpaBuiio, IPUMEHSIOT MarCTPajIbHbIE CXEMBI.

MaructpanbHbie cxembl (pUCYHOK 13) oOecreunBaroT HalleKHOCTh HECKOJIBKO

HUKE, YEM paJalIbHbIE, TPU OJJMHAKOBOM KOHCTPYKTHUBHOM HMCIIOJIHEHUH CETH, TaK
KaK MpHU MOBPEXJEHUHU MarucTpaiv oTkimodaroTcs Bce DIl moakiItoueHHble K HEW.
Tem He MeHee, y COBPEMEHHBIX MAaruCTPAJIbHBIX IIMHOMPOBOJIOB HAJIEKHOCTD
JIOCTAaTOYHO BEJIMKA.

IIpuMeHeHne MarucTpaidbHbIX CXE€M HMMEET psJ  NPEUMYLIECTB  IEpes
paauaibHbIMU:

a) HUKE CTOMMOCTb;

0) mnpuMeHeHMe THOKMX U IKECTKHUX IIMHOMPOBOJOB Ha MPEANPHUATUU
00€ecreunBaeT CKOPOCTHOM  MHAYCTPUAJIbHBIA MOHTaX U  yAOOCTBO NpH
IKCIUTyaTaluu;
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B) B MarucTpPaJibHbIX CETSIX, KaK MPaBWJIO, CONPOTUBIICHUE JMHUW MEHBIIE U
MOATOMY MEHBIIIE TOTEPU MOIIHOCTH U HAMPSIHKEHUSI.

OnHako nocliieHee NPUBOAUT K YBEIIMUCHUIO U YOPOKAHUIO anmnapaTyphl U3-3a
0O0JBIINX BeJIMYUH TOKOB K3.

71 TZ
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Pucynox 13 — Cxema 6110ka TpanchopMaTop — MarucTpaib
JUTSL IBYXTPAHC(POPMATOPHON MTOACTAHITHH

Ha mnpennmpustin nMHUIO LEXOBOW JJIEKTPUYECKOM CETH, OTXOIAIIYIO OT
pacupeaenuTeNIbHOr0  YCTPOMCTBA HM3MIETO  HampspkeHuss nexoBod TII wu
NpEIHA3HAYCHHYIO JJIi TUTaHUS OTHAEIbHBIX HanWOoJieeé MOIIHBIX TMPUEMHUKOB
AIEKTPOIHEPTHUM M PACHPEACIUTENbHONM CEeTH 1€Xa, Ha3blBAlOT  TJIABHOM
MarvucTpajabHON JTUHUEN (MU TJIaBHOM MarucTpalibio).

['maBHBIE MarucTpajii pacCUMTHIBAIOT Ha OombIKe padoune Toku (1o 6300 A);
OHM UMEIT HeOOoIbIIoe KOoIW4YecTBO mpucoenuuenui. Illupoko mnpumMeHsOT
MarucTpajibHbIe cXeMbl THNa OJoka TpaHncpopmarop — maructpains (bTM). B Takoi
cxeMe OTCyTcTByeT PVY Hu3lIero HamnpsokeHHss Ha UEXOBOW MOJACTaHUMM, a
MarucTpajib MOJAKIIOYAETCS HEMOCPEACTBEHHO K LIEXOBOMY TpaHC(HOpPMATOPY 4depes
BBOJIHBI ~ aBTOMAaTHMYECKUM  BBIKIIOUatenb. Ilpu  AByxTpanchopmaTopHOU
noAacTtaHiu U cxeme bTM Mexay MaructpaisiMi JJisi B3AMMHOTO PE3€pBUPOBAHUS
YCTaHABJIMBAIOT MEPEMBIUKY C aBTOMATUYECKUM BBIKJIFOYATEIIEM.

MaructpanbsHble pacrpeaeauTeabtbie ceTi 10 1 kB pekoMeHyeTcsl BBIMOIHATh
C IOMOIIBI0 KOMIUIEKTHBIX PACIPEACIUTEIbHBIX IIUHOMPOBOIOB.

[lexoBbie cetn HanpspkenueM g0 1000 B jgomkHBI  mperMyIeCTBEHHO
BBITIOJTHATHCS 10 MAaruCTPajibHbIM cxeMaM. [IpuMeHeHne paiuaibHbIX CXEM CIIEIyeT
OTPaHMYMBATh 1I€XaMH, B KOTOPBIX MPOKJIAJIKa MarucTpajieii HeBO3MOXKHA WA SIBHO
Herenecooopasna [1-15].

8 Pacuer TOoKOB KOPOTKOI'0 3aMbIKAHUA B CUCTEME 3JICKTpOCH36)KeHI/lﬂ

Pacuet ToxoB KopoTkoro 3ambikanus (K3) HeoOxoaum nyist BBIOOpA M MMPOBEPKU
KOMMYTAIMOHHBIX alMapaToB MO OTKIIIOYAIOIIEH CIIOCOOHOCTH, HA JUHAMUYECKYIO U
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TEPMUYECKYI0 CTOMKOCTh, Ha CTOMKOCTh K TOoKaM K3 kaOenbHBIX JIHHUA WU
U3MEpPUTENBHBIX  TpaHCPOpMATOpOB, HJIsi pacyeTa TOKOB cpalaThIBaHUS W
KO3 (PUIIMEHTOB YYBCTBUTENBHOCTU pesieitHoM 3amuThl. [Ipu pacuere TokoB K3 Ha
HanpsbkeHud Boiie 1000 B mpUHUMAKOT CIIEIYIOIINE PACUETHBIC YCIOBUS:

1) Bce WUCTOYHMKHM, YyYacTBYIOIIME B moamuTke wMecta K3, pabortator
OJIHOBPEMEHHO ¥ ¢ HOMUHAJIBHOW HArpy3KOW;

2) BCe CHHXPOHHbBIE MamniHbl padoTaroT ¢ APB u dpopcupoBkoii BO30yKaCHMS;

3) mpu pacuere TokoB K3 yUHTBHIBAIOT BJIMSHAE CHHXPOHHBIX M aCHHXPOHHBIX
AIEKTPOABUTATENEH 32 UCKIIFOUEHUEM AJIEKTPOABUTATENEH MOIIHOCTBIO A0 100 xBm,
€CJIM OHHM OTHEJEHbl OJHOM cTymeHblo TpaHchopmanuu ot wMecta K3, wu
JIEKTPOJBUTATECH JIFOOOW MOIIHOCTH, €CJIM OTIENeHbl JByMs H Ooliee
TpaHcpopMaIusIMu;

4) B pacueTHOM cxeme Touku K3 BRIOMpAIOT TAKMMH, B KOTOPBIX TOkH K3 OymyT
UMETh MAaKCHUMAJIbHbIC 3HAYCHMs, a DJEMEHTBl CETH, HOPMaJbHO paboTaroIne
pa3ieibHO, Ha CXeMe MNPUHUMAIOTCS palOOoTaIOIMIMMU  4Yepe3  CEKIMOHHBIN
BBIKJIIOYATEITb.

B OonpmmHCTBE CilydyaeB TaKMMHM TOYKAMU SIBIISIIOTCS: Ha BBOJIE CHUJIOBOTO
TpaHchopmaropa - Touka Kl; 3a BbIK/IIOUaTENEM MacCUBHOTO 3JIEMEHTA Ha CTOPOHE
HH I'TIIT (muuus x TII) - Touka K2; Ha BBOJIE 11€X0OBOr0 CHUIIOBOTO TpaHCchopMaTopa,
OT KOTOPOT'0 MUTAETCS PACYETHBIN 1EX, - Touka K3.

[Ipu pacuere moanmutku Mecta K3 OT BBICOKOBOJBTHBIX 3JEKTPOABUTATEIEH,
eciu Mexay Toukoi K3 u aekTpoaBuraTesisiMu eCTh peakTop Wiiu KabelbHas JIMHUS
mHOU 6osee 0,4 km, UX CONPOTUBIICHUS JTOJKHBI OBITh YUTEHBI.

[ns pacuera TokoB K3 cocraBisiercst pacdueTHas cxeMa M CXeMa 3aMEIICHUS.
PacuetHas cxema npesicTaBisieT co00M OTHOTUHEUHYIO CXEMY AJIEKTPUUYECKOMN CETH ¢
AJIEKTPUUECKUMHU amnmnapaTaMy U MTPOBOAHUKAMHU, TTOJICKAIIUMEU BHIOOPY U TIPOBEPKE
no yciousiM K3. B pacueTHyto cxeMy BBOJSTCS BCE T€HEPATOPhl (IHEPrOCUCTEMA),
CUHXPOHHBIE KOMIICHCATOPbI, CUHXPOHHBIE U ACUHXPOHHBIC JJIEKTPOJBUTATEIIN
HanpspkenreMm Boiie 1000 B, a Takxke Tpanchopmartopsl, peaktopbl, BJI u KJI,
CBSI3BIBAIOIME UCTOUYHUKH nuTanus ¢ mectoMm K3. [Ipu n3zobpakeHnn Ha pacyeTHOM
CXeMe OJHOTUIHBIX, OAMHAKOBO COEIMHEHHBIX ¢ TOuKoM K3 snexkrpoaBurareneid ux
11eJ1eCO00pa3HO TOKa3bIBaTh B BHUJE OJHOTO DJEKTPOABUTATENS, HOMHHAJIbHAS
MOITHOCTh KOTOPOI'O 3alUCHIBAETCS KaK YUCIO AJIEKTPOABUrATENEH, YMHOKEHHOE Ha
HOMHUHAJIBHYIO MOIIIHOCTh €IMHUYHOTO AJIEKTpONpreMHUKa, Hantpumep 4x630 xBm.

Ha ocHOBaHuM pacyeTHOM CXEMBbI COCTABISICTCS CX€Ma 3aMELIEHUs, B KOTOPOU
ANEKTPUYECKUE W MarHuTHBIE  CBSI3M  NPEACTABIEHBI  AJIEKTPUUYECKUMU
conmpotuBieHUsAMH. KomMmyTalmoHHble anmapaThl Ha CXEME 3aMeIIeHUs] He
yKa3bIBalOT. [lapaMeTphl 2JIEMEHTOB CXEMbl 3aMEIICHUS TMPU HANPSOKCHUW BBIIIE
1000 B oObIuHO OmpenenstoT B OTHOCUTENBHBIX €ANMHUIAX. B pacyeTax mpuHUMAIOT
HE HOMUHAJbHBIE HANpPsHKEHUS Ha OTIEIBHBIX CTYIEHsIX TpaHchopMaluu, a
cpenHeHoMuHaNbHBIE TI0 mkane 230; 115; 37; 10,5; 6,3; 0,4 xB. 3/C pa3nuuHbIxX
HMCTOYHUKOB TUTAHUSI B OTHOCUTEJIbHBIX €IWHUIIAX MPUHUMAIOT: SHEProCUCTEMA —
1,0; cuaxponHsIii anekTpoasuratensb — 1,05 — 1,07; acHHXpOHHBIN SJEKTPOIBUTATEIH

-0,9.
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PacuetHpie (opmynbl [ OmpeAesieHHus MapaMeTpPOB AJIEMEHTOB CXEMBI
3amenieHus npuseAeHsl B [1] u npunoxenuu I'.

ConpoTuBIIeHHE MUTAIONIUX Ka0enel MOXXHO HE YUYUTHIBATh, €CIIM UX JJIMHA HE
npeBbimaer 50 m. MHnyktuBHoe compotuBieHue JIOII mpuHuMmaroT: kabelbHbIE
mmaun 6-10 kB — 0,08 Om/km, BJI 6-10 kB — 0,39 Om/xkm, BJI 35-110 kB —
0,425 Om/xm.

Yyer TokoB moanmuTku Tpu K3 OT Tpynmel OJHOTHUIHBIX CHHXPOHHBIX U
ACUHXPOHHBIX AJIEKTPOJBUTATENCH MPOU3BOIAT MO CIAEAYIOMUM (PopMyiam:

OT CUHXPOHHBIX 3JIEKTPOABUTATEIICH

E,
InoMG:$'ZIHMG’ (58)
Xd MG
rre  E,us=1,05-1,07; X4 ms=0,15-0,18.
P
| =N g ,
2l J3:U, - cosos
AHAJIOTUYHO OT ACHHXPOHHBIX 3H€KTpOI[BHFaTCHCﬁ
E,
InoM:XM.ZIHM’ (59)
* M

rne E,,=09; X,y =02

JleiicTBylomee 3HAaYe€HHE CyMMapHoro Toka K3 ¢ yd4eToM TMOJNUTKH OT
JIBUTATEJICH OPEICIIACTCA:

Zlno = InoGS + Ino MG + InoM ' (60)

[Tocne onpexneneHust AelCTBYOLIEro 3HaUeHUs Toka K3 omnpenensitor ynapHbii
Tok B Touke K3. 3HaueHus ynapHbix kod(p¢duumeHntoB K,y npuBeneHsl B [2] u
PUIIOKEHNUH |

Ha ocHoBaHuuM monyyeHHBIX 3HaueHU TokoB K3 Oyaem BBINOJHATH NPOBEPKY
Ha JMHAMHYECKYI0, TEPMHUYECKYIO CTOMKOCTh K TokamM K3 u oTKIrovarouryro
CIIOCOOHOCTh BBICOKOBOJIBTHOM KOMMYTAI[MOHHOM ammapaTypbl U Ha TEPMUYECKYIO
CTOMKOCTH IPOBOIHUKOB [1-3, 8].

IIpumep pacuera TOKa KOPOTKOIO 3aMbIKaHHMsl HA cTOpoHe Bbime 1000 B
Hcxonnbie panHble: HanpsokeHue mmranus —110 xB, HampsbkeHue
pacnpenenenus 10 xB; paccrosiHue OT NPEAUPUSATHS 10 MCTOYHUKA MUTAHUS —
18 xm; MOIIHOCTH KOPOTKOTO 3aMbIKaHUSl HA IIMHAX HUCTOYHHMKA nutanus — 1500
MB-A. B cucremMe 5JEKTPOCHAOXKEHMSI MPEANpPUSITHS  HUMEIOTCS  YEThIpe
BBICOKOBOJIbTHBIX CHHXPOHHBIX 3JIEKTPOJABHUIATENsl MOIIHOCThIO 10 630 xBm.

[puanumaem X, =0,15. Moumsocts cunoBoro tpancdopmaropa I'TIIT 10 MB-A.
HamnpspxeHue KopoTKoro 3ambikanus Tpancopmaropa U, =10,5%.

Hns pacuéra TokoB K3 cocraBnsrorcs pacu€rHas cxema (pucyHok 14) u Ha ee
OCHOBE CXeMa 3aMelleHus (pUCyHOK 15).

Tak kKaK cxema AJIEKTPOCHAOKEHUS TPEINPHUATHS UMEET HECKOJIBKO CTyNeHEH
TpaHchopmanyu, To pacd€T TokoB K3 Mpowm3BOAMM B OTHOCHUTEIBHBIX €IWHHUIIAX.
Jl5is 3TOr0 HEOOXOAMMO MPHUHSITH 0Aa3MCHBIE YCIOBHSI: MOIIHOCTh S M HAIPSKEHHE
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Us. ConpoTuBiieHUsI BCEX 3JIEMEHTOB CXEMbl PAaCCUMTHIBAEM B OTHOCHUTENIBHBIX
eIMHULIAX, TPUBEJACHHBIX K 0a3UCHBIM YCIIOBHUSIM.
S=1000 MB-A4; Us5:=U¢p uon 1=115 kB; Us:=U,p 401 2=10,5 kB.

IR

H| |

—
L T
o
Ll

K2

Ky,

Xr

Pucynok 14 — PacueTnas cxema Pucynoxk 15— Cxema 3amenieHus

OnpenensieM 0a3UCHBIE TOKHU:

I _ S6 .
" \/§'U61 1
S 1000
|, = 6 — =5,03 x4,
=S _ 1000 —55 k4.

I =

”? J3.U;, /3105

Haxonnm nmapameTpsl 3JIEMEHTOB CXEMBI 3aMELIEHUS.
DHeprocucrema:

X =7,

*c

K3

S, 1000

=0,66.

*

° S, 1500

JIunus anextponepenay (JIDII):

S
Koy =X,y 0 o

cp.HOM

rae  X,,-yaensHoe nHAyKTHBHOE conporusienue JIOII, X, = 0,4 Ow/km,

{ - IMHA IMHUY 10 UCTOYHHUKA MUTaHus, 18 rm.
1000
X =X . =0,54.

y(). .
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CunoBoii Tpanchopmatop:

U, S,
Xr=100"5
_U, S, _105 1000
m 100 S, 100 10

Hm

Omnpenensiem Tok K3 B Touke K1:

X

*

=10,5.

I Q) _ E *GS .
noxl —
(Xee + Xi)

e  E.g - JC aHEprocucremsl.

ol

Ir(li)xl = E*GS . |51 = ! '5,032 4,2 KA.
(Xeo + Xoy) (0,66 + 0,54)

AMIUIMTYJTHOE€ 3HAYEHHUE YJApPHOIO TOKAa KOPOTKOIO 3aMbBIKAHUS C YYETOM
anepnonnqecmﬁ COCTaBJIAIOIICH:
®
yo k1l \/5 K I no.x1?
rae K, —ynapHslid k03¢ GuIueHT, npuHuMaeM 1o tadbmune I' K, =1,8.

i)0=+218-42=107 xA.
3HaueHMUs] TOKOB KOPOTKOTO 3aMblkaHMs B Touke K2 ompexensem ¢ ydéTom
TOKOB TOJIUTKHA OT CHHXPOHHBIX 3JICKTPOJABUTATENEH.
TOK KOPOTKOI'O 3aMBbIKaHHS OT 3HEPTrOCUCTEMBI:
I E*GS
no GS
Xao + Xy + Xsp
1
Ino GS — ’ 55
(0,66 +0,54 +10,5)
Toxk HOI[HI/ITKI/I OT CUHXPOHHBIX 3JIEKTPOJIBUTATEIICH:
_ *MG
InoMG - ZI nom MG ?
d MG
rae ZIW v -~ CYMMapHBI HOMUHAJIbHBIA TOK JIBUTATENsA, A;
E.,s-TIPUBEJCHHOE 3HaUeHHE cBepxmepexoanon I/1C;

g2,

=47 KA.

X 4 mc ~CBEPXIIEPEXOIHOE PEAKTUBHOE COMPOTUBIIEHHE JBUTATEIIS.
P, .
ZIH()M MG — N - !
J3.U, - coso,

Sl e 4 — 1617 4;
V31009

1,05

I

no MG 0 15
JlelicTByOIIEE 3HAYCHHE CYMMApPHOTO TOKa KOPOTKOTO 3aMbIKaHUs B Touke K2:
Lok2=locs + Lome =4,7+1,13=5,83 xA.

AMHJ’II/ITYI[HOG 3HAYEHHE yIApHOTO TOKa B Touke K2:
I, —\/_(Koes loas + KyaMG “Lome)s
i, =~/2(1,92-4,7+1,81,13) =15,64 «A.

-161,7=1,13 kA.
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9 Bb16op u npoBepka odopyaoBanus na I'IITT (L{PIT)

B nanHOM paznene HEOOXOAMMO OCYIIECTBUTH BBIOOP BBICOKOBOJIBTHBIX
KOMMYTAllMOHHBIX ~ allapaToB, IMpeloXpaHUTeNned, TpaHCHOPMATOPOB TOKa U
HaIpsHKEHUS!, pEaKTOPOB.

K kommyrtanmonusiM anmaparaMm Beimie 1000 B OTHOCATCS BBICOKOBOJIBTHBIE
BBIKJIFOUATEIIM, Pa3bEIMHNATEIN U BBIKIIIOUATEIN HArpy3ku. Bee 3Tu anmaparsl ©UMEroT
CBOE Ha3HaueHHWe U o00JacTb MPUMEHEHHMs, U K HHUM [PEAbIBIAIOTCS
COOTBETCTByIOIIME TpeOoBaHus. OHU  JODKHBI  YJIOBJIETBOPSTH  YCJIOBHSIM
OKpYy’Xarolle cpeabl, paboTbl B JUIMTEIBHOM PEXUME U PEKUME MEPErpy3KH, a
TaKKe JI0JKHBI OBITh YCTONYMBBI K BO3EHCTBUIO TOKOB K3.

Kak npaBuino, Bce 000opyoBaHNE BBIOMPAETCSA 110 HOMUHAJIBHBIM IapaMeTpaM:
HOMHHAJIBHOMY TOKY M HanpspkeHHro. HoMmHHanbHOE HalpshDKEHUE —armapara
COOTBETCTBYET Kjaccy ero wusonsuuu. Ilpu BeiOOpe HEOO0X0auMO, YTOOBI

cOOJII0/1aJTUCh YCIIOBUSA:
u,,2U .ul  >I

rnre U,

c pab. max? (6 1)

, 1 |, , - HOMHHaIbHBIC HAIIPSYKEHUS U TOK allapara,

UH. . -~ HOMHHAJIBHOC HAIIPAXKCHHUC CCTH,
|

AnmapaTsl, BBIOpaHHbIE 10 HOMUHAJIBHBIM ITapaMeTpaMm, MOJJIeKAT MPOBEPKE HA
JTUHAMUYECKYI0O U TEPMUYECKYI0 CTOMKOCTh K TokaM K3. Pe3ynbrarel BbIOOpa u
IPOBEPKH O(POPMIISIIOT B BUJIE TAOJIULIBI.

B 3aBucumocTH OT TOro, Kakas ObUla MPUHATA CXE€Ma DSJIEKTPOCHAOKEHHS
npeanpusTus (MUKpopaiioHa), BBIOUpAeTCsi COOTBETCTBYIOIIEE 000py10BaHUE.

[Ipu BBIOOpE BBICOKOBOJILTHOTO OOOpPYAOBAHHUS HEOOXOJIHMMO YUYUTHIBATH DS
PEKOMEHTalIH:

1) cnemyer IMPOKO MPUMEHSATh KOMIUIEKTHBIC TPaHC(HOPMATOPHBIC MTOACTAHIHH
omounoro tuna (KTIIB) wnm momynpHOrO THHa ¢ MEPBUYHBIM HAMpsOKEHHEM 35-
220 kB,

2) ISl ©BMEPEHHS TOKA, HANIPSDKEHHSI U PEJICHHOM 3aIlUThl HA CTOPOHE BBICIIETO
HaIpsHKEHUS! JOJDKHBI YCTaHABIMBATHCA TpaHC(OPMATOPhl TOKA U TpaHC(HOPMATOPBI
HaANPSDKEHUS;

3) npu BbIOOpE BHICOKOBOJIBTHBIX BBIKIIOYATENICH CIIEyeT OPUEHTHPOBATHCS Ha
COBPEMEHHOE 000pYyI0BAaHUE C YCTPOMCTBOM BaKyyMHOTO WJIM 3JIEra30BOr0 TallleHUS
nyru. B OonbIIMHCTBE ciyyaeB clieyeT NMPUMEHSTh BCTPOCHHBIE BBOJAA CHIIOBBIX
TpaHc(OpPMATOPOB WM BBIKIIIOUaTENIe TpaHC(HOpPMATOPhl TOKA Ha HampspkeHue 35-
220 kB;

4) na Hanpspkerun 6-10 kB BbIOOp 000pymOBaHHMS HEOOXOJMMO COBMECTHUTH C
BBIOOPOM KOMIUIEKTHBIX pacnpenaenuTesbubix ycrpoict Thuna KCO unu KPY.

KCO — «kamepsl cTauuMOHapHble  OJHOCTOPOHHEro  OOCIy>KMBaHUS,
KOMILJIEKTYIOTCS BAKYYMHBIMU U 3JIETa30BbIMU BBIKIOUaTeNsiMU. [IpuMeHsitoTcst Ha
HEOOJbIIUX MPEANPUITHIX ¢ TOTpeduTensimMu npeumyiectseHHo I u Il kateropuii.

- MaKCUMMaJIbHbIN pa60qm”4 TOK B HOCHeaBapHﬁHOM PEKUMCE.

pab. max
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KPY — KOMIIJIEKTHBIE pacHpeAeIuTe/IbHbIE YCTPOWCTBA PA3JIUYHBIX CEPUN C
BBIKATHBIMU  TEJIEKKAMH, KOMIUIEKTYIOTCA  BAaKyyMHbIMH W 3JIETa30BbIMU
BBIKJIFOYATEISIMUA PA3JIMYHBIX CEPUI.

B KkypcoBoM mpoekTe HeoOXOAMMO BBIOpPATh CHUJIOBBIE BBIKJIIOYATENIM Ha
HarnpspkeHuu Boie 1000 B. [lomuMo BIKITIOYATENEH - BCe TpaHC(HOPMATOPHI TOKA U
TpaHCOpPMATOPhl ~ HANpPSDKEHUS, a TakKe  BBIKIIOYATEM  HArpy3Kd WA
Pa3bEAMHHUTENMN HA MOJCTAHIUSIX U BBICOKOBOJIBTHBIE MPEIOXPAHUTEINH.

BrikmrouaTenn — Harpy3ku — WIM  Pa3bEAUMHUTENM B KOMIUIEKTE €
MPEIOXPAHUTENSIMA  YCTAHABIIMBAIOTCS BO BBOJHBIX IIKadax TpaHCHOPMATOPOB
LEXOBbIX WM TOPOACKMX MOJCTAHIMN MpPU NUTAHUA HUX 1O MaruCTpajibHbIM,
METJIEBBIM WJIM JIBYXJYYEBBIM CcXeMaM. Pa3beIMHUTENSIMH MOXKHO OTKJIKOYaTh TOK
XOJIOCTOTO XOJa TpPaHCPOPMATOPOB MOIIHOCTHIO 10 630 xB:A, a BBIKIIOYATEISIMU
Harpy3Kku - TOK XOJIOCTOTO XOJla U HOMHHAJIbHBIA pabouuii TOK TpaHC(hHOPMATOPOB
MOIIHOCTBIO 110 2500 xB-A.

Tak Kak MpU TUTAHUM HECKOJBKUX TpPaHC(HOPMATOPOB IO MarucCTpaibHBIM,
METIICBBIM WJIM JIBYXJY4Y€BBIM CXE€MaM pelieiiHas 3alluTa, YCTAHOBJICHHAas Ha
TOJIOBHOM BBIKJIIOYATEINE, UMEET OOJIbIINE YCTABKM MaKCUMaIbHON TOKOBOM 3alUTHI,
KOTOpbIE HE 3alllMIIAIOT TpaHC(HOpPMATOpPHl OT MEPErpy30K U TOKOB KOPOTKOTO
3aMBIKaHUsSl 32 TPAaHCPOPMATOPOM, TO JJIA 3AIIUTHI TpaHCHOPMATOPOB MEpe]l HUMU
ycTaHaBinuBaroT npenoxpanurenu tuna I[IKT [1, 2, 4, 7, 16, 17].

Ycii0Busi BbIOOPa BHICOKOBOJIbTHBIX BbIK/JIKOYaTe el
- o Hamnpspkenuto: U, , >U

H.a — H.C

- 110 IJIMTEIBHO I0IMyCTUMOMY TOKY: | > |

H. pab. max?

- 110 OTKJIFOYAIOIIEeH crrocooHocTr: | > 18-

H.OMKIL. no

3)-

- 110 AMHAMAYECKOH CTOHKOCTH: |, 2 117;

- 1o Tepmudeckoii croitkoct: (1) -t, > (19)2 ., .

YcnoBus BbI00Opa pa3beAMHUTEICH WM BBIKJIIOYATEIed HATPY3KH
no Hanpspkenuto: U, , >2U

H.C

- 110 JUIUTEJIBHO JOMyCcTUMOMY TOKy: | > |

H.a pab.max?

- 110 TMHAMMYECKOM CTOMKOCTH: i, > i(y%);

N 2
- o Tepmudeckoii croitkoct: (1 %) -1, > (1©)2 ., .

YcaoBus BbI0Opa peakTOPOB

H.C?

- no Hanpspkenuto: U, , > U
- 110 JJIUTEIIBHO JOIyCTUMOMY TOKY: | > |

H.a pab. max?

- [0 IMHAMHYECKOH CTOMKOCTH: iy, 1% ;

- 1o Tepmudeckoii croiikoct: (1 %) -t, > (19)2 ., .
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YcioBusi BbIOOpa npeaoxXpaHuTesiei
- no Hanpspkenuto: U, , > U

H.C

- [0 JUTATEINIBHO fomyctumomy Ttoky: |, ,>1,5+21, . ;
- 10 OTKJIFOYaromen cnocoonocru: I, 2> I,(l‘:’));
rie U I I i 1® u t, - mapame 0 ;
wa buar L omens Younr 1 " pamMeTpsl 000PYAOBaHUS: HOMUHAIBHOE

HanpsHKEHWE, HOMUHAIBHBIA TOK, HOMHUHAQJIBHBIM TOK OTKJIIOYEHHUS armapara, TOK
JTUHAMUYECKOW CTOMKOCTH, TOK TEPMHUYECKOW CTOMKOCTH Y BpPEMs JIEMCTBUS TOKA
TEPMUYECKON CTOUKOCTH;

U, . - HOMHHAJIbHOE HANPSHKEHUE CETH;

H
I pab. max

I - HOMHUHAJIbHBI TOK TpaHc(opmaTopa, B IEMU KOTOPOTO YCTaHOBIIEH

H. mp

- MaKCUMAaJIbHBIA pabOYnii TOK B TIOCIICABAPUIHOM PEIKUME;

BBICOKOBOJILTHBIM NpCaoXpaHnTCIIb,

| ,Ei) - ICPpUOANYICCKAA COCTABJIAIOIIAAd TOKA TpGX(l)&SHOFO KOPOTKOI'O 3aMBbIKaHM:,
I'aC YCTAHOBJICH aIlllapar,

i )(/3) - MIHOBCHHOC 3HAYCHHC YAAPHOI'O TOKa KOPOTKOI'O 3aMBbIKAHHA, TAC

YCTAHOBIJICH allllapart,
t - IMPUBCACHHOC BPCM I[GﬁCTBHH TOKa KOPOTKOI'O 3aMbIKaHHU:].

n

YcaoBus Bbi0opa Tpancopmaropa Toka
- o Hanpspkenuto: U, , >U

H.C

- 110 JUTUTEJIBHO JOMYyCTUMOMY TOKY: | > |

H.a pab. max?

@) -
yo !

- TI0 IMHAMUYECKOM CTOUKOCTH: 1, > |

- 1o Tepmmaeckoii croiikoctr: (1¥)? .t > (1®)2 .t ;

- 110 IOMYCTUMOM Harpy3Ke BTOPUYHOM LIeTH B TPEOYEMOM KJIacCe TOYHOCTH:

Z,,22,,.

[TpoBepka TpaHchopMaToOpoB TOKAa HA AOMYCTUMYIO Harpy3Ky BTOPHYHOM ILIEMH
B TpeOyeMOM KJIacC€ TOYHOCTH OOYCIIOBJIEHA TPEOOBAHMSIMHU ydeTa SJICKTPUUECKOM
sHepruu. TpaHcopmaTropbl TOKa sl MPUCOECAUHEHHS] CUETUYHUKOB, MO KOTOPHIM
BEIYTCS KOMMEpPUECKHE pacueThl, AOKHBI OBITh Kiacca ToyHoctd 0,5; s
TEXHUYECKOT0 y4yeTa JOIycKaeTcs kinacc TouHoctu 1,0.

YrtoObl MOTrpenrHoCcTh TpaHchopMaTopa TOKa HE MPEBBICHIIA JOMYyCTUMYIO IS
JAHHOTO KJlacca TOYHOCTH, HEOOXOIMMO, YTOOBI BTOpHUYHAs pacyeTHas Harpys3ka
Z, , He TIpeBbIlIaa HOMUHAIBHYIO JUIS IAHHOTO TpaHchopmaTopa Toka Z, .

I/IHJIYKTI/IBHOC COHpOTI/IBJ'ICHI/Ie TOKOBBIX HGHCIZ HeBeJ'II/IKO, HOBTOMy HpI/IHI/IMaIOT
Z, , =T, , . BropuuHas Harpyska COCTOMT W3 CONpPOTHBJIECHHUH puOOpoB,
COCIANHUTCIBbHBIX HpOBOI[OB %1 Hepexoz[Horo COHpOTI/IBJ'IeHI/IH KOHTAKTOB.

F2 )=Vt Vop + Ve (62)
rne r,,; - COMPOTUBIICHUE TPUOOPOB, MOAKIIOYEHHBIX K TPAaHCHOPMATOPY TOKA;

npu
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rnp - COIIPOTHUBJICHUEC COCAMHUTCIIbHBIX ITPOBOAOB,

I, - COIIPOTUBJIICHUC KOHTAKTHBIX COGI[I/IHCHI/If/'I.

Harpy3koii TpancopmaTopoB TOKa SBISIOTCS aMIIEPMETPhI, TOKOBBIE KAaTYIIIKU
CUYETUUKOB DJIEKTPUUYECKON IHEPTHUU.
CyMMapHOE CONpPOTHUBICHHE MPHOOPOB PACCUUTHIBAIOT MO CyMMapHOMU

MOIITHOCTH X
'S
r = %I 2 , (63)

npud I 2
H

rae .S, - cyMMmapHas noTpebisiemMas MOIHOCTh IPUGOPOB, B4,

|, - HOMUHaANBHBIA BTOPUYHBIN TOK TpaHchOopMaTopa ToKa.

ComnpoTuBIIEHHE KOHTAKTHBIX COCIWHEHHN MOXKHO NpHUHATH paBHbIM 0,1 Owm.
ConpoTuBIIEHHE MPOBOJAOB  pPACCYUTHIBAIOT IO HX CEYEHUI0O U JIJIMHE.
OpuEHTUPOBOYHO JIJTMHA TOKOBBIX IIETIEH MOKET ObITh IPUHSATA:

- U TUHAN HanpsbkeHueM 6-10 kB — 4-6 wu;

- nois ueneit PY 35— 220 kB — 75 - 100 .

JI71st cOeMHUTEIBHBIX MEHBIX MTPOBOJHUKOB CEUEHHUE JOJKHO OBITh HE MEHEe
2,5 mMm?, a IS aIFOMHHHUEBBIX — 4 M.

B KypcoBoM mpoeKkTe OpUEHTHUPOBOYHO MOTPEOJIIEMYI0 MOIIHOCTH MPHOOPOB,
MOJKTIOYEHHBIX K TpaHCHOPMATOPy TOKA, MOKHO IPUHSTH:

1) amnepmetpa — 0,1 B-4;

2) cueTumka sJNeKTpudeckod sHepruu (mudpoBoro thuma COT-4TM wu np.)
0,5+1,0 B-A.

TpanchopMaropsl HaNpsOKEHUS] TpeAHA3HAYEHBI ISl TUTAHUS — KaTYIIEK
HaIpspDKeHUs MpUOOpPOB M pesieHOM 3amuThl. OHM yCTaHABIMBAIOTCS Ha BCEX
HanpspkeHusix Beime 1000 B. Tpancdopmaropsl BeIOMpAlOT MO HUCHOJHEHHUIO,
KOHCTPYKIIUU M CXE€ME€ COCIMHEHHN 0OMOTOK, HOMUHAJIBLHOMY HaMpPsKEHUIO, KJIacCy
TOYHOCTH M BTOPUYHOM Harpy3ke [16, 17].

YcaoBus Bei0opa TpancGopMaTopa HANPSAKEHUS

- no Hanpspkenuto: U, , =U

H.Cc
- 110 IOITYCTUMOM Harpy3ke BTOPUYHOM IIETH B TPEOyeMOM KJ1acCe€ TOYHOCTH:
S 25,5,

Bropuunast Harpy3ka TpanchopmaTopa HAMPSHKEHUST KKION CEKITUU CllaraeTcst
U3 JIBYX BOJBTMETPOB, JIBYX pEJiec HAMPsDHKEHUS, KaTyImIeK HaNpsDKCHHS CYCTUYUKOB
AIIEKTPUYECKON dHeprur. [ yrpoiieHus pacdeToB Harpy3Ky npruOOpPOB MOXKHO HE
pazaensaTh 1o ¢azam, a onpeneauTh 1o Gopmyie:

SZP - \/ZP22 +ZQ22 :\/(zSnpu@' 'COS(Pi)Z +(2Snpu6i ‘Sil’l([)i)z : (64)

B kypcoBoM mpoekTe OpHEHTHPOBOYHO MOTPEOISIEMYIO MOIIHOCTh MPUOOPOB,
MOJIKJTFOUEHHBIX K TpaHC(HOpMaTOpy HAIMPSHKCHUSI, MOKHO MPUHSTH:

1) BoasT™MeTpa — 2,0 B-A;

2) cueruuka ayekTpuyeckor sHepruu (umdposoro tuma COT-4TM u nap.)
0,5+1,0 B-4;

3) pene Hanpsokenus — 2,0 B A.

50



[Ipn ompeneneHUM BTOPUYHOM HArpy3KH CONPOTHUBJIEHUE COEOUHUTEIBHBIX
IIPOBO/IOB MOXHO HE YYUTHIBATh, HO HEOOXOJUMO OLIEHUTH MOTEPI0 HAMNPSIKEHUS B
Hux. CormacHo ITYD moreps HampspkeHUST K pacyETHBIM CUETYMKaM HE JOJDKHA
npesbimath 0,25%. Ecnu Harpy3ka npuOOpoB CeKIMM IIWH OyJaeT MIpeBHIIIATH
HOMHMHAJbHYIO, TO Ha CEKIUU CJIEAyeT YCTaHOBUTh JBa TpaHchopmaropa
HanpspkeHusi. Tak kak B ceTsix 6-10 xB TpeOyeTcss KOHTPOJb M3OJIALMHU, TO
HE0OXO0/MMa YCTaHOBKAa MATHUCTEPKHEBBIX TpPaHCHOPMATOPOB HAIPSIKEHUS MapKH
HAMU, HAMUT wunu rpynma w3 Tpex oJHO(]a3HBIX TpaHCHOPMATOPOB CEpUU
3HOM wumu 3HOJI. Cpennsis Touka y 3THX TPaHC(POPMATOPOB 3a3eMIISIETCA CO
CTOPOHBI KaK BBICILIETO, TAK U HU3IIETO HAIIPSYKECHHUS.

Ha pacnpenenutenbubix nynkrtax (PII) nis moakirodeHHs] CUETUYHMKOB U pejie
MUHUMAJIBHOTO HAIpsDKEHUS YCTAHABIMBAIOT KOMIUIEKT W3 JABYX OJHO(A3HBIX
tpancpopmaropoB tunma HOM, HOJI, HOC, Tak kKak 1o CTOMMOCTHM OHH JI€UIEBJIE
omHoro Tpanchopmaropa Tuma HAMU nanpspkernem 6-10 xB.

B  pacnpenenuTenbHOM — yCTPOMCTBE  BBICIIETO  HANPSDKEHHS  CHJIOBOTO
tpanchopmaropa I'TIIT (III'B) cnexyer BeiOMpath Tpanchopmaropsl Tuna HK® wnm
HAMU [16, 17].

10 BblﬁOp ceueHmi MMPOBOJHUKOB MMTAIOIIMX U paclipeacjuTe/IbHbIX ceren

B nanHoMm pazzene HeoOXOAMMO BbIOpaTh ceueHHE muTaromux JuHuid BJI wnum
KJI nampsikenuem 35-220 xB u cedeHue kabeleil pacmpenenuTeNbHbIX ceTed 6-
10 xB.
Ceuenust MpOBOOB U XKW Kabesieil BRIOMPAIOTCS IO CIETYIOIINUM YCIOBUSM:
1) 1Mo 3KOHOMUYECKOM IIIOTHOCTH TOKA;
2) 1O HarpeBy JJIUTEIbHBIM PACYCTHBIM TOKOM M TOKOM IOCIICaBApPUHHOTO
peXHMa,;
3) 1o HarpeBy OT KPaTKOBPEMEHHOTO BbIICICHHUs Teria TokoM K3;
4) mo TOTepe HANPsHKCHUS B TPOBOJHUKAX OT MPOXOJAIIErO TOKa B
HOpPMaJIbHOM U TOCJIEaBapUHHOM PEXKUMAX;
kpome Toro BJI nposepsirores:
5) 1Mo KOPOHUPOBAHUIO;
6) Mo MEXaHUYECKOW MPOYHOCTH.
Br160p cedenust Mo SKOHOMHUYECKOH IMJIOTHOCTH TOKA OCYIECTBIISETCS:

F.=-", (65)

rae |, - pacyeTHbII JUIMTENBHBIN TOK B JIMHUH,

J,. - PKOHOMHYECKas IJIOTHOCTH TOKa, IPUHUMAETCs 1o Tabymie ITYD uiu mo

npuioxenuto J[2 B 3aBucumoctu oT 7, IS TOW OTPACIM MPOMBIIUIEHHOCTH, K

max
KOTOPOW MPUHAMIIEKUT AaHHOE npeanpusatue (npunoxenus 1, J12).

st Bo3aymHoi iuauu, nutatowed ['TIH (TI'B) npeanpusitus, pacueTHbIii TOK
OIIPEAEIISAETCS 110 BBIPAKEHUSAM:
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_ SP I _SHmp.Ks’ (66)
p_n.\/g.UH 51041 p \/§UH )

rac S p - paCuCTHAsI MOIIHOCTD ITPCAIIPUATHA,

S,,,,, - HOMAHaJIbHAS MOIITHOCTH TpaHChOopMaTopa;

Hmp
N — KOJTMYECTBO MUTAIOIINX JTMHUH;
K, - xorddunrieHT 3arpy3ku;

U,
Br160op ceueHus o HarpeBy TOKOM MPOU3BOJAUTCS U3 YCIOBUS:

- HOMHUHAJIbHOC HAIIPAXKCHUEC CCTH.

Ip max < Idon’ (67)
rne |,,, - MaKCHMAalbHBIH PaCYCTHHIA TOK B JUHHHU B I1OCICABAPHHHOM PEKUME.
OH 3aBUCHT OT cXeMbl TpucoeauHeHus Tpancopmaroposn I'TIIT.

Jlns cxembl O0e3 mepeMbIuku Ha ctopoHe BH
9" Oy mp
I =— (68)
p max !
J3.U,
JUJISL CXEMBI C TIEPEMBIYKOMN
S
p
| = r (69)
p max '
J3-U,

[Tpu BBIOOpE ceueHUst KaOCIBHON JTUHUU K JOIYCTUMBIM TOKOBBIM HarpysKam,
npuBoAUMBIM B Tabmuuax [1YD, HeoOXonMMo  BBOJIUTH  IOIMPABOYHBIC
K02 (PHUIIMEHTHI HA peasbHbIE YCIOBUS MTPOKIAIKU KaOesl.

1! =1, K, -K, K;, (70)

oon

rae Ki - koaPUIMEHT, YYUTHIBAIOIIUN KOJIMYECTBO MapajuIeIbHO MPOJOKEHHBIX

oon

ka0enelt B TpaHIee,;

K> - TemneparypHblii KO3QPUIUEHT, YIUTHIBAIOIINKN TEMIOBOE COMPOTUBICHUE
rpyHTa (B KYpCOBOM MPOEKTE MOXKHO NpUHITh K3 =1.);

K3 - ko uimeHT, yauThIBarONINi eperpy3ky KabeqbHOM! JIMHUU.

B nmocneaBapuiinom pexxume 1isi kabeneit HanpsbkeHueMm 6-10 kB ¢ OymakHOU
u3oJsiuen gomyckaercs neperpyska Ha 30% B TedeHune 6 4acoB B CyTKH, He Ooree
yeM B TEUYCHHE 5 CYTOK, M Kabelel ¢ IIacTMaccoBOM H3OJAIMEH Ieperpyska
nonyckaercss Ha 10%, nma kaOenpHbIX JHHUK  HanpspkeHueM 35-110 kB
k03 dunmeHT neperpy3ku He yuanuthiBaercs ( Kz =1).

Torna ycnoBust BeiOOpa Oy1yT UMETh BUI:

T (71)

[To TepMUYECKON CTOMKOCTH OINPEAECIAIOT MUHUMAIbHOE CEUEHUE ITPOBOIHUKOB
o ¢opmyiie:

min =

Fos Lt 72)
C

rae |, - ycTaHOBUBIIUHCS TOK KOPOTKOI'O 3aMbIKaHWS B aMmriiepax, npu t, <2c
MOXHO npuHiTh |, =1, ;
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t, - IpUBEIEHHOE BpEMS NEUCTBUS TOKA KOPOTKOIO 3aMBIKAHHUs, OHO CJIaraercs
U3 BPEMEHU JICUCTBUS PEIECHHOM 3aIUTHI U BPEMEHH OTKIIFOYEHUS BBIKIIIOUATEIS;

t,=t,, +t., (73)

t, B KypcoBoMm mpoekte npusiaTh 0,5-0,7 ¢ mist nunuit kK TpanchopMaropam u
JIBUTATENIIM M BBICOKOBOJBTHBIM YycTaHOBKaMm, 1 =1,0-1,2 ¢ nna nuamit k PII u
t,=1,5-2,0 ¢ nna nuraronux guauii k T (TITB);

¢ — K03(pGUIMEHT TEIIOBOro UMITyibca, ajsi kabened a0 10 kB ¢ MegHpiMu
xunamu ¢ =140, ¢ amomuaueBbiMu ¢ =90 A-c®%/mum?.

[Io ycioBHIO BO3HUKHOBEHHS KOPOHBI Ipu HampsbkeHuun 110 kB ceudeHue
poBoaoB BJI nomkHo ObITh He MeHee 70 ma?.

[Io  yclOBHIO  MEXaHWYECKOW  MPOYHOCTA  MHUHUMAIBHOE  CEYEHHUE
CTaJIeaTIOMUHUEBBIX TTPoBoaoB BJI nomkHO ObITE He MeHee 35 mm? ms 1 paiiona o
ronosnexy u 50 mm? gs 1I-1V paiionos [1-4, 7, 9].

N3 Bcex ceueHuid, BHIOPAHHBIX MO KXKIOMY U3 YCIOBUMN, TPUHUMAETCS O0JIbIee
CEUYEHUE, YAOBJIETBOPSIOIIEE BCEM YCIOBUSIM.

11 Bb160op NpoBOJHUKOB M ANINIAPATOB 3a1IUTHI HU3KOBOJLTHOM CeTH

OCHOBHBIM METOJIOM BBIOOpA TIJIONIAIU CEYEHUS MPOBOJHUKOB SIBJISIETCSI BHIOOD
M0 HArpeBy JUIUTEIbHBIM pPACUETHBIM TOKOM M TIO YCJIOBHUIO COOTBETCTBUS,
BBIOpaHHOMY TOKY ammapara 3ailuThl.

CHauana BeIOMpaeTcss Mapka MPOBOJIHUKA B 3aBUCUMOCTH OT XapaKTEPUCTHUKH
Cpenbl TOMENICHHS M crioco0a MPOKIIAIKK CeTH (MPOBOIa B TpyOe, Kabesb B BO3IyXeE,
kabenp B 3emyie U T.JO.). 3aTeM OINpPEACNSIIOTCS HOMUHalbHbIe TOoku Ol wium
pacuetHble TOkM rpynn OII U cpaBHUBAIOTCA C JIMTENBHO AOIMYCTHUMBIM TOKOM
ITPOBOJIHUKA MPUHATOU MAapKU U yCIIOBUU MPOKIAIKH.

B mnomemenusax Hamboliee pacnpoCTpaHEHHBIMH CHOCOOAMU  SIBIISFOTCS
npokiagka mpoBogoB wmapok AIIB, AIIP B cTalbHBIX TOHKOCTEHHBIX WIIH
AJIEKTPOCBAPHBIX TPyOax M MpOKJajgka HEOpOHMpOBaHHBIX KaOened Ttuna ABBI,
ABPT', AHPT no ¢epmam, creHam 37aHUi, a Tak:Ke HA TPOCY BHYTPH MOMEIICHHH ¢
MPOKJIAAKON U MX pa3MEIIEHUEM Ha BBICOTE HE MeHee 2,5 M OT MoJia, YTO CHUKAET
BO3MOXKHOCTh MEXaHUYECKHUX MOBPEKICHUM.

Pacdert 1 BIOOp ceueHUsI MPOBOJIOB 3aKJIFOYAETCS B ONPEICTICHUA HOMUHATBHBIX

TokoB OII mnm pacuetHbix TOkOB rpynn OIl W CpaBHEHMM UX C JIOMYCTUMBIMH
TOKaMH TIPOBOJIOB WM Kabenell B 3aBUCUMOCTH OT crocoba uX MPOKIAJKU
(npunoxenue K).
IH < Idom
i |, < lyon. (74)
JlommycTuMble TOKOBBIE HAarpy3kd Ha TpOBOJa M Kabenu, a Takke BBIOOP
YCIIOBHOTO JMaMeTpa TPyO B 3aBUCHMOCTH OT CEUCHHSI M KOJMYECTBA IMPOBOJIOB
npuBenieHsl B npuiioxkeHusax K1, K2 u K3.
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HpI/I OIpCACIICHNN HOMHWHAJIBbHBIX WK PaCYCTHBIX TOKOB HCO6XOI[I/IMO O6paTI/ITL

BHUMAaHHE Ha TO, B 4eM BbIpakeHa MoIIHOCTh DIl (B kBm wnu xB-A), TpexdazHbiit
win onHodasueiii JIl, a Takke MNOAKIIOYEH OH Ha (a3HOEe WIM JIMHEHWHOEe

HaTPSDKEHUE.
Homunanehbiii Tok 1, ompenensercs mo obmei Gopmyse s OOJBIIMHCTBA
Tpex¢aszubix DII:
PH
_ , (75)
" J3.U, -coses
S
| = n (76)
H \/§ U,
JI71s1 MHOTOIBUTAaTEIILHOTO JIEKTPOIIPHUBO/Ia HOMHUHAJIBHBIN TOK PaBeH:
P
|, = Z " . (77)
J3 ‘U, - cosox
Jns omHodazubix DI, moaAKII0OUeHHBIX Ha (pa3HOE HaIpshKEHUE,
P
I, = L A— (78)
U, ;- COSQx

rae Py - akTuBHas MOIIHOCTH ofHO(a3zHoro Ol xBm;
U.. - HOMHUHaIbHOE (ha3HOE HAIPSHKEHUE CeTH, KB, Hanpumep, 0,22 kB B Tpex-
daznoii cetu 0,38/0,22 kB u 0,38 kB B Tpexdaznoii cetu 0,66/0,38 kB.

Koaddurment moraocTH (COSQ) B hopmyiax (75 - 78) npuHumaeTtcs:

st D11 ¢ nurarensHO Harpys3koi - cose, = 0,8 — 0,85;

JUTSI DJICKTPOHArpeBaTeIbHBIX MPUOOPOB U meueit - Cose, = 0,95 — 1,0;

JUTSI CBAPOYHBIX MAIIMH U MAITMH KOHTAKTHOTO Harpesa - C0Sg, = 0,5— 0,6;

JUTSI CBAPOYHBIX TpaHCPopMaTopos - oS, = 0,4 — 0,5.

[Tpu skcIuTyaTay JIEKTPHUECKOW CETH BO3MOXKHBI HAPYIICHHUS] HOPMAJILHOTO
pexuMa ee¢ paboThl: TEperpy3KH, KOPOTKHE 3aMBIKaHWs, TMPH KOTOPHIX TOK B
MPOBOJHUKAX Pe3Ko Bo3pactaeT. [lodToMy sIeKTpUYecKHe CeTH JOJDKHBI OBITh
HaJIC)KHO 3aluIIeHbl OT aBapuiHbli pexxumoB. CoriacHo IIYD  3amwurta
ANIEKTPUUECKUX ceTel oT TokoB K3 moimkHa OBITH MPEAyCMOTpPEHA BO BCEX CydasiX.

OT neperpy3ok HEOOXOMMO 3aIUIIATh:

1) cuioBble W OCBETUTCIIbHBIC CETH, BBIMOJIHEHHBIC BHYTPHU TOMEIIECHUS
OTKPBITO TIPOJIOKCHHBIMH HW30JUPOBAHHBIMH HE3AITUIICHHBIMA TPOBOJIHUKAMHU C
rOprover U30JISIIUECH;

2) CUJIOBBIC CETH MPH UTUTEIIbHBIX TEXHOJIOTHYECKHX MEeperpy3Kax;

3) ceTu B OXKapo- WIK B3PBIBOOMACHBIX TIOMelIeHusx [1, 2, 9].

Jns 3amutel ceteid g0 1000 B mpuUMEHSIOT IJIaBKHE MPEAOXPAHUTENN U
ABTOMATHYECKHE BBIKIIIOYATENIN C DJIEKTPOMArHUTHBIMU, TOJTYNPOBOJTHUKOBBIMH,
TEIJIOBBIMU WJIM KOMOMHUPOBAHHBIMU PACLICTTUTEIISIMHU.
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B coBpemMeHHBIX YCIIOBUSIX B Ka4ye€CTBE allaparToB 3allUThl CIEAYET OTAaBaTh
IIPEANOYTEHUE ABTOMATHYECKUM BBIKIIIOUATEIISAM.

ABTOMAaTMYECKUE  BO3AYLIHBIE  BBIKJIIIOYATENM  NPEAHA3HAYEHBI  JUIS
aBTOMATHUYECKOT0 pa3MbIKaHUs 3JeKTpuueckux uened npu K3 u meperpyskax, s
PEAKHUX ONEPATUBHBIX NEPEKIIFOYEHUIM ITPH HOPMAJIBHBIX PEKUMAX.

[Ipu BpIOOpE HOMHHAJIBHBIX TOKOB  pacLENuUTeNed  aBTOMAaTHUYECKHUX
BBIKJIFOUATEsIe HEOOXOIMMO YUYUTHIBATh CIEAYIONMEe TPeOOBAHHUS:

- HOMUHAJIbHOE HANPsDKEHHUE BBIKITIOYATENS HE I0JDKHO OBITh HIDKE HANPSHKEHUS
CeTH;

- OTKJIIOYAIOIAs CIIOCOOHOCTh JOJDKHA OBITh PAacCUMTaHA HA MAKCHUMAaJbHbIE
toku K3, mporekaroniye no 3alniaeMomMy 3JIEMEHTY;

- HOMHMHQJIbHBIA TOK pACLENHUTEN JOKEH OBbITh HE MEHbIIE HAauOOJBILIErO
pacyeTHOr0 TOKA Harpy3Ky MM HOMHUHAJIBHOIO ToKa OI1.

IIpn 3ammre ceredl OT NEPErpy3Kd AaBTOMATUYECKUMHU BBIKIIIOYATEISIMU
HOMHUHAJIbHBIE TOKH TEIJIOBBIX, TIOJYNPOBOJHUKOBBIX WA KOMOMHUPOBAHHBIX
pacuenureneil cieayeT BbIOUpaTh Mo YCIOBUIO:

I

H. pacy. m(K) 2KHIH’

)25, (79)

wm | s

H. pacy. m(x
rae K, — Ko3OPUIUEHT HaJIe)KHOCTH;
|, — HOMUHATBHBIN TOK AIEKTPONPUEMHHUKA,;
|, — pacueTHBIN TOK TPYMIIBI JIEKTPOIIPHEMHHUKOB.
3HaueHust KO3PPUIUEHTOB K, IPUHUMAIOTCS:
Ky = 1,05 — i OI1 6e3 myCKOBBIX TOKOB;
K, = 1,2 - nms cBapOYHOTO 00OPYIOBAHMS;

Ky 1,2+1,35 — gns OIl ¢ MycKOBBIMH TOKaMHU B 3aBUCMMOCTH OT THIIA

aBTOMaTHUYeCKuX BbIkiItouareneut (1,2 — nus cepuii AE20, A3700; 1,25 — nist A3100;
1,35 — my1s cepun BA).

IIpu 3amure ceredt or TokoB K3 aBTOMaTmyeckue BBIKJIIOYATEIH C
AIIEKTPOMArHUTHBIMUA PACIENUTENIIMU HE JOJDKHBI CpaldaThiBaTh MPU JOIMYCTUMBIX
KPAaTKOBPEMEHHBIX Teperpy3kax. ITO JOCTUTaeTcss BBHIOOPOM TOKa YCTaBKHU
AIIEKTPOMArHUTHOTO paCIENUTEIs] MTHOBEHHOTO JACHCTBUS (TOKa OTCEYKH) TIO0
YCJIOBHIO:

IH. on. pacy(o) = (1’25 +1’35 )Inycx’
nim IH on. pacy(o) = 1’35|nuk (80)
Menbime 3HAYEHUS YCTaBOK pacuenurenen IIPUHUMAIOT IUISL

AJIEKTPONIPUEMHUKOB, HMEIOIIMX MEHBIIYI0 JITUTEIBHOCTh IyCKa W MEHBIIYIO
KPaTHOCTh MYCKOBOT'O TOKAa, OOJIBIITNE - TPU OOJIBIITHX.
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B 3aBucumoctu oT Buaa 3amuThl (0T TokoB K3 wmnm ot meperpysku) IIYD
YCTaHAaBJIMBAET COOTHOIICHHE MEXAY TOKaMU 3allUTHBIX anmaparoB |, u
JOITYCTUMBIM TOKOM MPOBOAA |y

Ic)on 2K3aw I3- (81)

Jlns ceteil, 3amumiaeMbx TOJIbKO OT TokoB K3, xkoaduimeHt 3amuThl s
ABTOMATUYECKUX BBIKIIOYATEICH C 3JEKTPOMArHUTHBIMU PACLENUTENSIMU CIIETYET
npuHATh Kiqyy = 0,22,

Torna ycnoBue 3amuThl ceTy oT TokoB K3 npunumaet Bus:

Idon > 0;22 IH a1 pacy (0)+ (82)

JUist ceteid, 3alMIaeMbIX OT MEPETPY3KU BBIKIIOYATEISIMUA C TEIUIOBBIMU WITU
KOMOMHUPOBaHHBIMH PACLETUTENIAMH, KOAPHUIIMEHT 3alTUThl MPUHUMAETCSI PABHBIM
Ky = 1,0.

VY cnoBHe 3alUTHI CETH BBIKIIIOYATESIMU OT NEPETPy3KU TPUHUMAET BH/L:

Ic)on > 1 IH pacy. m (x)+ (83)

Bb16op cuioBbix mkadoB, MyHKTOB U BPY BBINOIHAIOT 1O CTENEHU 3allUTHI B
3aBUCUMOCTH OT XapaKTepa Cpe/ibl B MOMEIICHUH, OT €ro0 KOMIUJIEKTALUH.

HomuHanbHbIM TOK CHIIOBOTO MyHKTA |, TOIKEH OBITh OO0JIbIIE pACYETHOTO TOKA
|, rpynnsl IpUEMHUKOB:

by = I (84)
rae |, ., — HOMMHaJIBHBIA TOK pacnpeesIuTeNbHOrO mKada (IyHKTa);

|, — pacueTHbIN TOK rPYIIIbI AIEKTPOIPUEMHHUKOB.

Yucio HpI/ICOGIII/IHeHI/Iﬁ K CHJI0OBOMY IIYHKTY W MX TOKH HC HOJIZKHBI IIPCBBLINIATDH
YHrCiia OTXOAAIHUX OT CHJIOBOI'O ITYHKTA JIMHUU U UX AOITYCTUMBIC TOKHU:

anuc < N]ZuH’ (85)

L, < L (86)
rac |H — HOMHHaHBHBIfI TOK SHCKTpOHpI/IeMHI/IKa;

| ., — HOMUHAJIBHBIN TOK JIMHUA pacupeaeanuTeIbHOTO mKa(ba (HyHKTa).

Boibop smmkoB ¢ pyOWIbHUKaMHM WM TMAKETHBIMU  BBIKIIOYATEISIMHU
BBITIOJIHSIOT, [0 CTENECHU 3alIWThl B 3aBUCUMOCTH OT XapakTepa Cpelbl ITOMEIICHUS,
OT €Tr0 KOMIUIEKTAIIUN — PYOMIBHUK WUIIH PYOMIIBHUK C TIPEIOXPAHUTEISIMHU.

YcnoBue BbIOOpa NPUHUMAET BU/L:

L > 1, (87)
rae |, — HOMUHaIbHBIN TOK AIIUKA;
|, — pacueTHBIN TOK IPyMIbl WA OJJHOTO JIEKTPOIIPUEMHHUKA.
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PA3JIEJI 3 YKASAHUA K O®POPMJIEHUIO KYPCOBOI'O ITPOEKTA

OO0mmue TpedGOBaHNS K MOSICHUTEILHON 3aNIMCKe

Odopmiienue 113 B 00meM ciydae AOHKHO BECTUCh B COOTBETCTBHM C
TpeboBaHusIMU TocyaapcTBeHHbIX crangaptoB ['OCT 2.105, TOCT P 21.101 u
cranaapra opranuzamuu CTO Ant['TY 12 570 [18-22].

TexkcT TOSICHUTENBHOM  3alUMCKU  JOJKEH OBbITh  HamucaH aKKypaTHO
JUTEPATYPHBIM U TEXHUYECKU TPAMOTHBIM SI3IKOM Ha OJHOM CTOPOHE jucTa Oymaru
A4 c mpuMeHeHHeM MeyaTaronux U rpapudeckux yctpoiictB BeiBoga OBM (I'OCT
2.004) u crangapra CTO AntI'TY 12 570 ¢ ucnons3zoBanueM mpudta Times New
Roman wim aHamorHYHBIX B MOMOIIBIO TEKCTOBBIX pemaakTopoB Microsoft Word,
LibreOffice Writer wiu OpenOffice Writer.

Orneuatku, OMUCKU W rpadUuecKue HETOUYHOCTHU, OOHAPYKEHHBIE B MPOLIECCe
BBITIOJTHEHUS 3alMCKH, JIOMYCKACTCS UCIPABIATh MOJYUCTKOM WIIM 3aKpalluBaHHEM
Oemoil Kpackod ¢ HaHECEHHMEM Ha TOM JK€ MECTe€ MCIPABICHHOTO TEKCTa
MalTUHOMKUCHBIM CIIOCOOOM WM K€ YEPHBIMU YEPHWJIAMH, TACTOM WU TYIIBIO
PYKOIUCHBIM CIIOCOOOM.

TekcT MosICHUTENBHON 3aMUCKU O(DOPMIISIIOT Ha JTUCTaX, B paMKe: T0JIe clieBa —
20 MM, cipaBa, CBEpXY U CHU3Y - 5 MM.

Paccrosinue ot pamku (opMBI 10 TPAHUIl TEKCTa B HaYaje U B KOHIIE CTPOK - HE
MEHee 3 MM.

PaccTostnue oT BepxHEW WM HWKHEM CTPOKM TEKCTa JO BEPXHEN WJIM HUKHEU
PaMKH JI0JKHO ObITh HE MeHee 10 MM.

A03a11pl B TEKCTE HAYMHAIOT OTCTYIIOM 15-17 mMMm.

Ha nucte mnoOsSICHUTENbHON 3allMCKH, CIEIYIOMIe 3a TUTYJIbHBIM JIUCTOM,
BBINIOJIHAETCSI OcHOBHAs Haanuch ¢popmsl 1 mo 'OCT 21.101.

Ha nocnegyroomux JMcTax MOSCHUTEIBbHON 3aMUCKA OQOPMIISIOTCS OCHOBHBIE
Haganucu GopMbl 2 U3 YKa3aHHOTO CTaHIapTa.

JlomyckaeTcst Ha MOCIeAYIONIUX JINCTAX 3allUCKH YIPOIIEHUE Haamucu Gopmbl 3
(mprtoxkeHue A K JaHHOMY pas3fieny).

Pa3gensl MOMKHBI WMETh TOPSIAKOBBIE HOMepa B npenenax Bceeil 113,
00o3HaueHHbIe apabckumu udpamu 0€3 TOUKH U 3aMHMCaHHBIE ¢ a03aI[HOTO OTCTYTA.
[Togpaznensl AOMKHBI MMETh HyMEpALMIO B Mpenesiax Kaxaoro paszaena. Homep
nojpasjena COCTOMT U3 HOMEPOB paszjeia U MoApaszfesa, pa3ielieHHbIX TOukoil. B
KOHIIE HOMepa nojpazjena Touka He crtaBuTcsa. «CopepkaHuey», «3aKIIOUEHHEY,
«CHuCOK HCIMONBb30BAaHHBIX HMCTOYHUKOB» HE HyMmepyrorcs. «BBenenue» He
HYMEPYETCSl, €CJIM HE COACPKUT MOIPa3/IEIIOB.

BHyTpHu MyHKTOB WU MMOJITYHKTOB MOTYT OBITh IPUBE/ICHBI IEPEUNCIICHHS.

[lepen kaxmod TMO3UIMENH TMEPEUUCICHUSI CJIEAyeT CTaBUTh JeducC WIH
CTPOUHYIO OYKBY, IOCIIE KOTOPOM CTaBUTCA CkoOka. Jyis manmpHeuIen aeranuzanuu
NepeuncieHnid HeoOXOAMMO HCIOJb30BaTh apaOckue HUGpPbI, MOcIe KOTOPBIX
CTaBUTCSI CKOOKA, a 3aMKiCh MTPOU3BOJUTCS € a03aI[HOTO OTCTYTA.

[Tpumep:
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1) -
2) ---

Paznensl, mojapaszmenbl JOMKHBI MMETh 3aroyioBKd. IIyHKTHI, Kak mpaBUIIo,
3aroJIOBKOB HE UMEIOT.

3arojoBKM CJEAyeT IeyaTaTh C MNPOMHUCHOM OYKBbI 0€3 TOUKM B KOHIIE, HE
noauepkuBas. IlepeHOCH CIIOB B 3arojioBKax He Aomyckarorcs. Eciu 3arosioBok
COCTOMT U3 JIBYX IPEMIOKEHNUN, UX PA3ACIAIOT TOUKOM.

PaccTostHue Meay 3aroJioBKOM M TEKCTOM MPH BBINOJHEHHH JIOKYMEHTA
MaIIMHOMKUCHBIM CITOCOOOM JIOJKHO ObITh paBHO 3 - 4 uHTepBasiaM. Paccrosinue
MEK/]ly 3aroJIOBKaMH paszzena v noapaszena - 2 UHTepBala.

Kaxnplii pasgen 3amnMcKd pPEKOMEHAYETCS HAuYMHATh C HOBOIO JIMCTA
(cTpaHuIlbI), Ha KOTOPOM BBIMIOJHSETCS OCHOBHas Haanuck Gopmer 1. Ha
MOCJICTYIONTNX JInCcTax paszaena [13 ohopmisroTcss OCHOBHBIC HAAMUCH (GOPMBI 2 FITH
3. He cneayer momeniath 3aroj0BKY Pa3eiioB HA OTCIBHBIX JINCTAX.

HymMmepanust JUCTOB MOSCHUTEIBHON 3alMCKA JOJDKHA OBITh CKBO3HOM B
nmpenesniax Bceu 3anucku. llepBoM cTpaHuLen SBISAETCA TUTYJIbHBIM JucT. Ha
TUTYJIBHOM JIMCTE HOMEP CTPAHUILIbI HE TPOCTABISAETCA.

Homepa crpanun; npocTtaBisitoTcsi B OCHOBHOM Haamucu «Jluct». B rpade
OCHOBHOM HAJMHCH «JIMUCTOB» yKa3bIBAETCS KOJMYECTBO CTPAHUI] B MOSICHUTEIBLHON
3aIMCKe.

HN3i0:keHne TeKkcTa

TekcT 3amucKku JOJDKEH ObITh KPAaTKUM, YETKUM U HE JOMYCKaTh Pa3iUYHBIX
TOJKOBAHUMU.

B TekcTe nokyMeHTa He TOIMyCKaeTCs:

- MPUMEHSITh 000POTHI PA3rOBOPHON PEUH, TEXHUILIU3MBI, MPO(HECCHOHATU3MBI;

- PUMEHSATH JJIsl OTHOTO M TOTO K€ MOHSTHUS Pa3IMYHbIE HAYYHO-TEXHUYECKHE
TEPMUHBI, a TaK)K€ MHOCTPAHHBIE CJIOBAa U TEPMHUHBI MPU HAIUYHHU PAaBHO3HAYHBIX
CJIOB U TEPMUHOB B PYCCKOM SI3bIKE;

- COKpalaTh HAaWMEHOBAaHUSA €IWHUIl (PU3NYECKUX BEIWYUH, €CIIU OHU
ynotpeossitores 6e3 nudp;

- IPUMEHSTh COKpAICHUSI CJIOB, KPOME YCTAHOBJICHHBIX MPABUJIAMHU PYCCKOM
opdorpadumn, a Taxke 'OCT 7.12;

B TexcTe MOsSICHUTENBbHOM 3amMCKU, 3a UCKIoUeHHeM (opMmyi, Tabauil U
PUCYHKOB, HE JJOITyCKAETCS:

- MPUMEHATh MaTeMaTHYECKHi 3HaK (-) Mmepea OTPHUIATeIbHBIMUA 3HAYCHHSIMHU
BeJIMUMH. BMecTo MaTeMaTH4eckoro 3Haka (-) ClaeayeT MUcaTh «MUHYCY;

- TIPUMEHSATh 3HAK «@» g o0o3HAayYeHUs nuaMerpa (CiemyeT MucaTh CIOBO
«auameTpy). [lpu ykazanuu pazmepa auameTrpa Ha 4epTekax, IOMEIICHHBIX B TEKCTE
JIOKYMEHTa, MIepe]l pa3MEPOM CJIEIYET MUCATH 3HAK «D».

- YIIOTpeOIATh MaTEMaTHYECKHE 3HAKKM 03 YMCIIOBBIX 3HAYCHHM, Hanpumep, < -
(MeHbIIIe WM PaBHO), > - (OOJbIIE UK PaBHO), a Takxke 3Haku Ne - (HOMmep), % -
(mpo1ieHT);

- mnpumensaTh wuHAekchl crtaHgaproB ('OCT, OCT, CT wu Tt.71.) 0e3
PETUCTPALIMOHHOTO HOMEPA.
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B II3 cnegyer npuMeHATh CTaHIapTU30BAHHbBIE €UHUIBI (PU3UUECKUX BEJIUYUH,
X HanMeHOBaHUs U o0o3HadeHus B coorBeTcTBuu ¢ ['OCT 8. 417.

JpoGHbie ymcia HeoOXOAUMO MPUBOJIUTH B BHUJE ACCATUYHBIX JpoOei. Ilpu
HEBO3MOKHOCTH BBIPa3UTh YHUCJIOBOE 3HA4Y€HHE B BHJE JIECATUYHON ApooH
JOMyCKAeTCsl 3alMChIBATh B BUJIC IPOCTOM JIPOOU B OJTHY CTPOKY Yepe3 KOCYIO YEPTY,
Harpumep, 5/32; (50A-4C)/(40B+20).

B ¢dopmynax B kadecTBe CHMBOJIOB CIEAyeT NPHUMEHSAThH O0O03HAYCHMUS,
YCTAaHOBJICHHBIE COOTBETCTBYIOLIMMH TOCYJAPCTBEHHBIMU cTaHjapTaMu. [losicHeHus
CUMBOJIOB M YHCIIOBBIX KOI(PPHUIMEHTOB, BXOAANMX B (OPMYITy, €CId OHH HE
MOSICHEHBI paHee B TEKCTE, MOJDKHBI OBITh TPHUBEACHBI HEMOCPEIACTBEHHO IO
dbopmyoii. TlosicHeHUsT Ka)XA0ro CUMBOJIA CIEIYeT JaBaThb C HOBOW CTPOKH B TOWU
MOCJIEIOBATEILHOCTH, B KOTOPOH CHMBOJIBI MpUBeAeHbI B Gpopmyiie. IlepBas cTpoka
MOSICHEHUS JIOJKHA HAYMHATHCS CO CJIOBA «T7Ie» 0€3 TBOETOUMS MOCIE HETO.

[lepenocuts popmysibl Ha CIASAYIONIYIO CTPOKY JOIYCKAETCS TOJIBKO Ha 3HAKax
BBITIOJTHSIEMBIX OIEpallMii, PUYEM 3HAK B Haydalie CIEAYIOUIEH CTPOKU MOBTOPSIOT.
[Tpu nepenoce hopMyJibl Ha 3HaKE YMHOKEHUS PUMEHSIOT 3HaK (X).

[IpuMeHeHrne MalMHOMMCHBIX U PYKOMKMCHBIX CUMBOJIOB B OJHOU (popmylie He
JIOITYCKaeTCsl.

dopmyIibl, 32 UCKIIOUEHUEM (DOPMYII, TOMEIIAEMBIX B MPHUJIOKEHUH, TOKHBI
HYMEpOBAaThCsI CKBO3HOW HyMepalueil apaOCkuMu Iudpamu, KOTOPbIE 3alUChIBAIOT
Ha YPOBHE HWXHEH CTPOKM (QOpMyNbl B KpyribiX ckoOkax. OpHy dopmymiy
0003HayaroT 3HakoM (1).

CchUIKM B TEKCTE Ha MOPSIKOBBIE HOMEpa (HOpMyIT AAlOT B CKOOKax, HalpUMep,
... B hopmyie (1).

Jlommyckaetcsi Hymeparusi ¢opMyn B Tpenenax pasaena. [lomHblii HOMeEp
dbopMysIBl COCTOMT M3 HOMEPOB pasznena U (HOPMYJIbl, pPa3ACICHHBIX TOUYKOM,
Harpumep (3.1).

OdopMmienue HIIOCTPALUIA ¥ IPUJIOKEHUI

Wnnmroctpanuu, mnpu  HEOOXOIWMOCTH, MOTYT HMETh HAaUMEHOBAaHUE U
MOSICHUTENIbHBIE  JaHHblE (MOAPUCYHOUYHBbIM TekcT). CinoBo «PucyHok» wu
HAMMEHOBAHHUE TMIOMEMIAIOT TIOCNIe TOSICHUTENBHBIX JAHHBIX HW  O(QOPMIISIIOT
caeayronmM oopa3om: Pucynok 2 — Pacdernas cxema K3

[IpunoxkeHus: TOHKHBI PacmoiaratbCsl B MOPSIAKE MOSIBJICHUS CCHUIOK B TEKCTE
OCHOBHBIX Pa3/IeJoB.

[IpunoxxeHuss oQoOpMIIAIOTCA KaK MPOAOJKEHUSI TOSCHUTEIHHOW 3alMCKU Ha
MOCJEAYIONIMX €€ CTpaHullax I0 TmpaBWwjiaM # ¢dopmaM, YCTaHOBJIECHHBIM
JEeUCTBYIOIUMU CTaHIapTaMHU.

Kaxnoe mnpuioxkeHue [0KHO HAYMHATBCS C HOBOIO JIUCTA C YyKa3aHUEM
HaBEpXY MOCEpeInHEe CTpaHUIlhI clioBa «IIpunokeHne» u ero 0003HauYeHUS.

[IpunoxkeHue MOIKHO MMETh 3arojIOBOK, KOTOPBIN 3alMCHIBAIOT CUMMETPUYHO
OTHOCHUTEJIbHO TEKCTa C TPOMNHCHONM OYKBBI OTAEIBHOM CTPOKOW, TIOJA €ro
0003HaUEHHUEM.

[Tpunoxenust 0003HaYaAIOT 3arjaBHBIMU OyKBaMu pycCKOro ajdaBuTa, HAUMHAsS
¢ «A», 3a uckmouenueM O6yks E, 3, i, O, Y, b, b, bl. [Mocie cnosa «ITpunoxenney
cienyeT OykBa, 0003HaYaroIIas €ro MoCieI0BaTeIbHOCTD.
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Eciu B gokymMeHTe OJHO NpUIIOKEHHE, OHO obOo3Hauaercs «lIpunoxenue
A».

[IpunoxkeHus BBITIOMHAIOT Ha JUCTax (popmara A4; momyckaeTcss opOpMISTh
npuiokeHus Ha mucrax popmara A3, A4x3, Adx4, A2 u Al no I'OCT 2.301.

[TpunokeHuss OOMKHBI HWMETh OOIIYI0 C OCTaJbHOW 4YacThlO JOKYMEHTa
CKBO3HYIO HyMEpAIUIO CTPAHMUII.

Bce mpuiokeHuss AOMKHBI OBITh TEPEYHCIICHBI B COJCPKAHUHM JTOKYMEHTA C
YKa3aHHEM UX HOMEPOB U 3ar0JIOBKOB.

ITocTpoenue Tad M

B TekcTe MOSCHUTENBHOM 3alKUCKU CIAEAYEeT MOMEIaTh UTOTOBbIE W Haubosee
BaKHbIE TaOmuIel. Ha3Banue TaONWIBI, MPU €ro HAJWYHH, JOJDKHO OTpaXkaTh €¢
cozepxaHue, ObITh TOYHBIM, KpaTkuM. Ha3BaHue ciaemyeT moMmemars Haj TaOauIeH,
yepes Tupe nocie Homepa tadsuisl (Tadauna 1 — PacyeT Harpy3ok 1iexa).

[Ipu mepeHoce yacTu TaOJWIBI HA Ty K€ WM JPYrue CTPAHUILI HA3BaHUE
MOMEIIAIOT TOJBKO HAJl MEPBOM YaCThIO TAOIUIIBI.

Tabnuupl ciaemyeT HymMepoBaTh apaOCKuUMH IUdpamMu B Mpejenax pasjena.
Jlommyckaercsi Hymepaiusi TaOmuI] B TMpejAeiax Bcero jJokymeHTa. Hampumep,
«Tabmuma 1» wm «Tabmuma B.I», korma oHa mpuBeneHa B NpuilokeHUU B.
JlomyckaeTcsi HyMepoBaTh TaOJIMIIBI B TIpe/ieiax pasjena.

3arooBku rpad U CTPOK CIEAyeT MUcaTh C MPOMUCHONU OYKBBI, a MO3ar0JIOBKH
rpag - co CTpo4YHOM OYKBBI, €CIM OHH COCTaBIISIIOT OJHO TMPEIOKEHUE C
3aroJIOBKOM, WJIM C TIPOIUCHON OYKBBI, €CITM OHU UMEIOT CAMOCTOSITEIbHOE 3HAUCHUE.
B KoHIIE 3arojIoBKOB M IOI3ar0JOBKOB TaOJIWI] TOYKH HE CTaBAT. 3aroJOBKU H
MO/A3aroyioBKU rpad yKa3plBalOT B €JUHCTBEHHOM YHCIIE.

Tabnuipl cieBa, cnpaBa U CHH3Y, KaKk MPaBWIO, OTPAHUYMUBAIOT JIMHUSIMU.
JunaronanpHOE JejieHHe TaOJIuIbl He AommyckaeTcs. ['oioBka TaOnuIlkl TOKHA OBITh
OT/IeJICHAa JIMHUEW OT OCTaJbHOW uyacTu TaOauibl. BeicoTa CTpOK TaOIUIbI T0HKHA
OBITH HE MEHEE 8§ MM.

Tabnuiry, B 3aBUCUMOCTH OT €€ pa3Mmepa, MOMENIaloT Mo TEKCTOM, B KOTOPOM
BIIEPBBIE JlaHa CChIJIKA HA HEe, WJIM Ha CIEAYIOIIeH CTpaHulle, a P He0OX0IUMOCTH,
B [IPUJIOKEHUU K IOKYMEHTY.

JlomyckaeTcs MoMeIaTh TadaUIly BAOJIb JJIMHHON CTOPOHBI JINCTA IOKYMEHTA.

Ecnmu ctpoku wnm rpadsl TaOnuIbl BRIXOAST 32 (pOpMAaT CTPAHUIIBI, TaOJIHUILY
JESIT HA 4YacTH, KOTOPhIE B 3aBUCUMOCTH OT OCOOCHHOCTEHW TaOJHWIIBI MOMEMNIA0T
OJIHY YacCTh O APYTOW WK PSAJOM, TIPU 3TOM B KKIOW 4acTH TaOIUIBI TOBTOPSIOT
ee ToJIOBKY 1 O0koBHK. [Ipy nemeHun TaOIMIBI HA YACTH JOIYCKAETCS €€ TOJIOBKY
n OOKOBHK 3aMEHSTHh COOTBETCTBEHHO HOMEPOM Tpad U CTPOK.

CnoBo «Tabnuna», 3aroyioBok (NMpU €ro HaJW4uu) U TOPSAKOBBIA HOMEP
TaOJIUIBI YKA3bIBAOT OJMH pa3 HaJ MEepPBOM YacThlO TaOJIUIIBI, a HaJ MOCIEAYIOIMIUMU
4acTAMH TaOJUIIbI MUITYT cI0BO «IIpogoimkenne Tabauib» ¢ yKazaHueM HoMepa.

I'padpy «Homep mno mopsaky» B TaOJMIly BKJIOYATh HE JIOMYCKaeTCs.
Hywmepanus rpad tabnuibl apabckumu nudpaMu T0MycKaeTcs B TeX ciydasx, Korjaa
B TEKCT€ UMEIOTCS CCHUIKM HAa HUX, MPHU JCJICHUM TaOJIMUIbl HA YaCcTH, a TaKXKe MpHU
MePEeHOCEe YaCTH TaOJMIIBI Ha CJICIYIONIYIO CTPAHUILY.
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Ecnu urdpossie qanHbie B rpadax TabJIMIbI BEIPAKEHBI B Pa3IMYHbIX €AMHHUIIAX
bu3MUecKuX BEIMYMH, TO UX YKa3bIBalOT B 3arojioBke Kaxmou rpacdwl. Eciu Bce
napameTpbl, pa3MelleHHbIe B Ta0JHIle, BBIPAXKEHbI B OJHOM M TOM XK€ €IMHMIIC
bu3MUecKoil BEIMYMHBI, TO € 0003HaUeHHe HEOOXOJUMO MOMENaTh HaJ TaOIHIeH
CIpaBa, a Mpu JCJICHUH TaOIUI[bI Ha YaCTH - HaJl KaXKJI0M €€ YacThIO.

Ccebliku

Ha martepuansl, B3sTble U3 JUTEPATYPhl U JPYTUX UCTOYHUKOB, JOJDKHBI OBITh
JAHbl CCBUIKM C YKAa3aHHMEM HOMEpPA HCTOYHUKA IO CIUCKY HCIOJb30BAHHON
muteparypsl. Homep ccbliku mpocTaBisercss apaOCKuMu IudpaMud B KBaJPaTHBIX
WM KOCBIX CKOOKaX.

Ccbliatbes clielyeT Ha JOKYMEHT B LIEJIOM WJIM €r0 Pa3liefibl U MPUIOKEHHUS.

CchUIKM Ha MOAMYHKTBI, IMYHKTBI, TaOJUIBl U WUIIOCTpPAIIMU HE JOIYCKaIOTCs, 3a
UCKJIIOYEHHEM I0IPa3/IeNIOB, IyHKTOB, TaOJIHUI] U WUTIOCTPAIU JaHHOTO JOKYMEHTA.

[Ipu ccbulke Ha CTaHAAPTHI U TEXHUYECKHE YCIOBUSA YKa3bIBAIOT TOJBKO KX
0003HaueHUE, IPU 3TOM JOIYCKAETCS HE YKa3bIBaTh IO UX YTBEPKICHUS.

[Ipu ccpuike B TekcTe Ha (GOpPMYITy HEOOXOAMMO yKa3aTh €€ MOJIHBIA HOMEpP B
CKOOKax, Hanpumep, «B popmyie (2)» unu «B popmyie (2.3)».

IIpu ccpuike Ha TaOMUIly YKa3bIBalOT B CKOOKax €€ IMOJHBbIA HOMEp U CJIOBO
«Tabnauna» ¢ ykazanueM ee Homepa. [lo TakoMy ke MPUHLMITY IE€Nal0T CChUIKU Ha
PUCYHKH, HATPUMED, KCMOTPU PUCYHOK 2.

[Ipu ccbuike Ha TPUIIOKEHUS B CKOOKAax 0€3 COKpAallleHUs MUIIETCA CIOBO
«(mpusoxxeHue A)», eciau MPUIOKEHUN HECKOJIbKO, Hampumep, «(mpuioxenue Bl,
B2)» [18-22].

TuryabHbIA JUCT

TuTyNbHBIN TUCT BBITIOTHSIETCS Ha O1aHke popmarta A4:

- 10 MM npumeHseTcs TpU HalKMCAaHUU TeMbl pPabOThl W 00O3HAUCHUU
JIOKYMEHTA;

- 7 MM NIpHUMEHSeTCS MpU HANMCAaHWU MOA3arojioBKa TeMbl padOThHI, roja
3alIUThL;

- 5 MM - 11 BceX OCTalIbHBIX HAJITUCEH.

[lepeHoc cI0B Ha TUTYJBHOM JIUCTE U B 3arojOBKax TEKCTa HE pa3pelaercs.
Touka B KOHIIE 3ar0JI0BKa HE CTABUTCA.

TUTYNBHBIN JUCT MOSACHUTENBHON 3amucKu OGOPMIISIOTCS, KaK IMOKa3aHO B
npuioxxenuu b paznena 3.

Conep:xkanue

B conepxaHuu mociieqoBaTENbHO MEPEUUCISIOTCS BCE 3arojOBKU pa3JielioB,
NOJIPA3/IeNIOB M NPUIIOKEHHM, ¢ yKa3aHMEM HOMEpa CTpPaHHULbI, HA KOTOPOW OHHU
nomenieHsl. CoepkaHue BKIOYAIOT B OOLIYI0 HYMEpPALMIO MOSCHUTEIbHOU
3aMKCKHU.

CnoBo "Coaeprkanue" 3aliChIBalOT B BUJIC 3ar0j0BKa (CHMMETPUYHO TEKCTY) C
nponucHoM OykBbl. HanmeHoBaHMS, BKIJIIOUEHHBIE B COJEpXAHUE, 3aIMCHIBAIOT
CTpPOYHBIMM OyKBamu (KpoMe MepBOM MPOIMUCHOI) ¢ ad3aria.

OcHoOBHas YacTh

HanMeHOBaHMSI OCHOBHBIX pPa3/esiOB MOSICHUTEIBHOW 3alHUCKU OIMpPEAEIISIOTCS
3aJlaHieM Ha KypcoBod mpoekT. ConepkaHue U O0O0BEM YCTaHABIMUBAIOTCSA
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TpeOOBAHMSAMM  METOAMYECKMX  YKa3aHMH  npodunupyromeil  kadeapel U
PYKOBOJIUTENEM PAOOTHI.

3akinro4enue

3aKiIoueHre JOKHO COAEpPKaTh OKOHUATENIBHBIC BBHIBOJBI, XapaKTEPU3YIOIINE
UTOTH pabOTHl CTYACHTAa B PEIICHHWU MOCTABICHHBIX MEpe] HUM 3a7ad. BBIBOIBI
JOJDKHBI ~ OBITh  CHIEaHBl HAa OCHOBE CpaBHEHMS TEXHUKO-3KOHOMHYECKHX
noka3zaTenel JeMCTBYIOIETr0 U MPOEKTUPYEMOrO OOBEKTOB.

CnHCOK HCIO0JIb30BAHHBIX HCTOYHUKOB

B cnMcok HCIoNb30BaHHBIX MCTOYHHMKOB BKJIIOYAKOTCSI BCE HCTOYHUKH,
PacroJOKEHHbIE B MOPSJIKE MOSBICHUS CChIJIOK B TEKCTE 3alIMCKU WJIU 110 aln(aBuUTy.
Haetcst 6ubnanorpaduyeckoe onucaHue KakJJoro M3 UCTOYHHKOB B COOTBETCTBHUHU C
I'OCT 7.1. [25, 26].

Odopmiaenue rpadpuyeckoil YacTH MPOEKTA

Knaccudpukauus cxem

DNeKTpUYEeCKre CXeMbl 0OBEKTOB BCEX BUJIOB BBITOJHIIOT B COOTBETCTBHH C
tpedoBanusimu ['OCT 2.702 [Ilpasuna evinonnenus snexkmpuueckux cxem, [I'OCT
2.710 Obosnauenus OyKeeHHO-YUPPOBLIE 6 INEKMPUUEeCKUX cxemax, a TaKKe
CTaHIapTOB, PETIAMEHTUPYIOIIUX YCIOBHBIE Tpaduyeckue 0003HAUYCHUS B CXEMax.
Knaccudukaiust 37IeKTpUYECKUX CXEeM, TEPMHHBI M OMpPEJEICHHUS YCTaHABIMBAIOT
['OCT 2.702 Cxemwl. Buowt u munsi. Odwue mpebosanus k evinonnernuio. [22-24].

Pekomennyercsi rpaduueckyr0o dYacThb paOOThl BBINOJHATH C  TOMOIIBIO
rpaduueckux peaaktopon: Libre Draw, Microsoft Visio, Kommac niam anaioruyusele.

TepmMuHBI M onIpeeIeHUA

Onekmpuueckas cxema - TpapUUECKH KOHCTPYKTOPCKUW TOKYMEHT, Ha
KOTOpPOM TMpHU MOMOIIM Tpaduueckux 0003HAUYECHUN H300PAKEHBI SJIEKTPUUYECKUE
COCTaBHBIC YAaCTH 00BEKTA U CBSI3U MEKIY HUMH.

Onemenm - COCTaBHas YacTh OOBEKTa, KOTOpas HMEET CaMOCTOSTEIbHOE
rpaduyeckoe 0003HaUEHUE, a TAK)KE OINpeesICHHOe (PYHKIIMOHAIIBHOE Ha3HAYEHUE U
HE MOXKET OBITh pa3JiejieHa Ha YacTH, UMEIOIIUE CAMOCTOSTEIbHOE (DYHKIIMOHAILHOE
Ha3Ha4YCHHE.

Ycempoiicmeéo - COBOKYNHOCTb — 3JIEMEHTOB, IPEACTABISIONIUX  EAUHYIO
KOHCTpYKIHIO (OJI0K, miaTel). MokeT He UMETh B OOBEKTE CTPOrO OMPEEICHHOTO
(GyHKIIMOHATFHOTO HA3HAYEHUS.

DYHKYUOHANIbHASA 2PYNNA - COBOKYITHOCTH JJIEMEHTOB, BBIMOJHSIONINX B
o0BeKTe onpeaeneHHy0 (QyHKINIO U HEe 00bEIMHEHHBIX B €IMHYI0 KOHCTPYKITHIO.

DYHKYUOHAILHAA YACMb - DTIEMEHT, YCTPOUCTBO WM (DYHKIIMOHATBFHAS TPYyIIa,
uMeroIIas B 00bEKTe CTPOTo OMpeiesieHHOe (PYHKIIMOHAIBHOE Ha3HAUYCHHE.

DYyHKYUOHAILHAA YeNnb - TUHUS, KaHAJl, TPAKT OMpPEIeICHHOTO Ha3HAUEHUSI.

Jlunus 63aumoces3u - THHUS Ha CXeMe, YKa3bIBAIOIas Ha HaJTMUMe CBS3H MEXKIY
(GyHKIHMOHATBHBIMH YaCTAMU OOBEKTA.

Jlunus anexkmpuueckoli céA3u - JHWHAA HA CXEMe, YKa3bIBaWOMIas IMyTh
IPOTEKaHUs TOKa, CUTHANIA U T. 1.

Obvexkm - yCIOBHOE HaWMEHOBAHHE W3JIENNs, YCTPONCTBA, YCTAHOBKH, CETH,
IPUMEHSEMOE B Ka4eCTBE OOIEro MOHATHUS.
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CxeMbl, B 3aBUCUMOCTH OT HA3HAYEHHUSA, MOJpa3Jeistorca Ha Tumnbl. Kaxmnomy
TUITy TIpUCBauBaeTCs Mup, COCTOALINI 13 OyKBBI D U U(PHI.

Cxembl rpynmbel 1 mpegHazHaueHbl Uil OOIIErO  O3HAKOMIIGHUSI  C
NMEKTPUUECKUMHU COCTAaBHBIMHU YACTSAMU OOBEKTa U U3YUYEHUs OOIIMX MPHUHIIUIIOB MX
pabOThI U B3aMOCBSI3EH:

* cmpykmypnas (1), onpenensonias OCHOBHbIE YaCTU 00BEKTA, NX HA3HAYCHHE
Y B3aMOCBSI3H;

* pynkyuonanvuas  (32), Ppa3bACHAOMAS  OMPEACICHHBIE  IPOIIECCHI,
MIPOTEKAIONTUE B OTICIBHBIX (DYHKIIMOHATBHBIX YaCTSAX WIN B 00OBEKTE B IICJIOM.

Ot cxeMbl  pa3pabaThiBalOT TNpH  MNPOSKTHPOBAHWM HA  CTAJUAX,
MPEANIECTBYIOUX pa3pabOTKe CXeM APYTUX TPYIIIl.

CxeMbl Tpynmbel 2 mpeAHa3HAYEHBI JIS OMNPENEICHHUs IOJIHOTO COCTaBa MU
OAPOOHOT0 U3YUYEHUS IPUHITUTIOB Pa0OThI 00BEKTA, a TAKXKE JIJIS €T0 pacuera:

* npunyunuanvras (33), ONpenensoNnias MoJIHbIA COCTaB JIEMEHTOB U CBS3el
MEXIy HUMHU U Jaroias AeTalbHOEe MPeICTaBICHUE O MPUHIIUIAX PAOOThl 00BEKTA;

* OKGUBANIEHMHAsl - TIpeJHA3HAueHa JJId aHalu3a M pacdera IapaMeTpoB
(xapakTepucTuK) 00beKTa WK ero (PyHKIIMOHAIBHBIX YaCTeH.

OTH CXEeMBI CIy)KaT OCHOBAHHWEM I Pa3paOOTKH JIPYTUX KOHCTPYKTOPCKUX
JIOKYMEHTOB, B YACTHOCTH YEPTEKEU, a Takke cxeM rpynn 3 u 4. IMu noib3yroTcs
P HAJTAJKE, PETYIHPOBKE, KOHTPOJIE, IKCILTyaTallii ¥ PEMOHTE M3/IEITHA.

CxeMbl rpymmbl 3 TpeaHa3HAYEHBI I TPEACTABICHUS CBEACHHHA 00
AIEKTPUUECKUX COSAMHEHUSIX COCTABHBIX YacTell 00beKTa I 00BEKTa B IICIIOM:

* cxema coedunenuil (34) MOKa3bIBAET IEKTPUUECKUE COCIUHEHUS OTIEIbHBIX
COCTaBHBIX 4YacTell OOBEKTa | OmpejeNseT MNpoBOAa, JKIYThl W Kabemu Jyis
OCYIIECTBIICHUSI JTUX COCAMHEHHI, a TaKKe€ MecTa WX NPHUCOCIUWHEHUS W BBOJA
(3a5KUMBI, pa3beMBbl, TPOXOIHBIE U30JSATOPHI U T. 1.);

* cxema nookatouenus (35) MoKa3bpIBaeT BHEITHHE TTOAKIIOUCHHS 00BEKTA;

* 06was cxema (D6) onpeneisieT COCTaBHBIC YaCTH KOMITJIEKCA U AJICKTPUUSCKUE
COCIMHEHMSI KX MEXKIY COOO0M Ha MECTEe IKCILITyaTalluH.

OTH CXEMBl HWCHOJB3YIOT TIPH  pa3pabdOTKe JPYruX KOHCTPYKTOPCKHX
JOKYMEHTOB, TIPEXKJE BCETO YEPTEKEH, OMPEACIAIONNX MPOKIAAKY U CIIOCOOBI
KpEIJICHUS MPOBOJIOB, JKTYTOB M KaOenel B 00BbEKTe, a TaKKe NJIs OCYIIECCTBICHHUS
MIPUCOCTNHECHNN 1 TIPH HAJIAJKE, KOHTPOJIE, DKCILTyaTalluh 0OBEKTOB.

CxeMmbl rpymmbl 4 TpeaHA3HAYEHBI I OMPEICICHUS OTHOCHUTEIBHOTO
pacmnoiokeHus1 00BEKTOB MM COCTABHBIX YacTeH 0OBEKTa:

s cxema  21eKkmpoobopyoosanusi  TPOBOAKHM  HA  ITUTAHAX  OMpEAeIseT
OTHOCUTEITFHOE PACIOJIOKCHHE COCTaBHBIX dYacTe 0O0beKTa B 3/aHUAX W
COOPYXKEHUSIX,

s cxemMa  INeKMpPOCHAOdCeHusi U C8A3U  ONPENENIeT  OTHOCHUTEIbHOE
PaCIIOJIOKEHUE COCMABHbIX YaCcTel 00bEKTa Ha MECTHOCTH.

CxeMaMu 3TOU TPpyYIIIBI TOJB3YIOTCS TPU Pa3padOTKe APYTUX KOHCTPYKTOPCKHUX
JIOKYMEHTOB, a TaK)Ke IMPH U3TOTOBJICHUH U DKCILTyaTaIllid O0BEKTOB.

KomOunupoBanue cxem

Ha cxemax ogHOro THma aomyckaercs u300pakath (parMeHThl CXeM APYTHX
TUTIOB C WCIOJIb30BAaHUEM COOTBETCTBYIOIIMX MPABUJ BBIMOJHEHHUSA. THI TakKou

63



CXEMBbI KJIacCu(ULUPYETCs 10 OCHOBHOMY €€ HazHaueHUIO0 B cooTBeTcTBUU ¢ ['OCT
2. 701. B TexHu4ecku OOOCHOBAaHHBIX CIydasX JOMYCKAE€TCS COBMEILATh CXEMBbI
pa3IUMYHBIX TUIOB. BBINIOJIHEHHE CXE€M NOJKHO yaoBieTBopATh npasuiam ['OCT 2.
702 myig COOTBETCTBYIOIIMX TUIOB cXeM. COBMEIIEHHOW CXEME€ NPUCBAMBAIOT BCE
G pbl TUIIOB CXEM, COBMEIICHHBIX B JAHHON CXeMe, HauWHasi C HAUMEHBIIETO.
O06o3Ha4eHnne cxem
CxeMbl 0003Ha4alOT B cooTBeTcTBUM cO cTtanmaptamu cepuit [OCT 2. 700 — 00

u I'OCT 21. 000 - 00, ycraHaBIMBaWOIIUMU E€IUHYI0 OOBEIMHEHHYIO
KJIaCCU(DHMKAITMOHHYIO CHUCTEMy OOO3HAUYCHHS MoJelied M HMX KOHCTPYKTOPCKHUX
JIOKYMEHTOB.

O6o3HaueHWe MPUCBAUBAIOT KaxaoMmy wu3aenuto. OO03HAueHUE U3JETUSL
SBJISIETCSI OJHOBPEMEHHO O0O3HAYEHHMEM €ro OCHOBHOTO KOHCTPYKTOPCKOTO
JTOKyMeHTa (uepTeka, cxembl U T. hA.) OO0o3HaueHWe U3ACIUS U  €ro
KOHCTPYKTOPCKOTO JOKYMEHTa HE€ JOJDKHO IIOBTOPHO HCHOJB30BAaThCS IS
0003HAYCHUS IPYTOTO U3AEIHSI M KOHCTPYKTOPCKOTO JTOKYMEHTA.

HIndgp a1 MOACHUTENBHBIX 3AIIUCOK U YepTeKei

KIT 13.03.02.12.000 II3 - mnosicHurenbHass 3anucka (IIpoekTupoBaHue
AIIEKTPOCHAOKEHUSI PEMOHTHO-MEXaHMYECKOTO 3aBOJIA).

KIT 13.03.02.12.001 3C - ueprex (I'enrian 3aBojia C CETSIMHU U MOACTAHITUSMU).

Hudper nepen [13 o6o3navaroT: nepsbie mects — mudp HanpasiaeHus (130302),
CIICAyIONIMEe JBE — HOMEp BapuaHTa 1o 3amanuio (12) W mociuemaHue TP —
nosicautenbHas 3amucka (000). Ha dyeprexxax Oymyr Te ke mudpBI, TOJIBKO

nocyieHue Tpyu OyAyT yKa3bIBaTh MOPSIKOBBI HOMEp JIMcTa TpaduuecKoil JacTu
(ueptexa), a BMecto [13 Oyner OC wim OM (3C — cxema snekTpocHabx)enus; OM —
CUJIOBOE DJIEKTPOOOOPYI0BAHKE).

I'padpuyeckne 0003HaUEHUS

DNEeKTPUYECKUE DJEMEHThI M YCTPOWCTBA HAa CXeME H300paKarT B BHUIE
YCIIOBHBIX Tpaduyeckux o0o3HaueHuM, ycraHoBieHHBIX cTanmaptamu CIIJIC wim
MOCTPOEHHBIX ~ HAa WX  ocHoBe. [lpu  HeoOXOAMMOCTH  MPUMEHSIOT
HECTaHJapTU30BaHHBIE yCIIOBHBIE rpadudeckue obo3HaueHus. CTaHIapTU30BaHHBIC
WIN CTPOSAIIMECS Ha OCHOBE CTaHIAPTH30BaHHBIX Tpaduueckre 0003HAUCHUS Ha
cXemax He MOSICHSIOT, HeCTaHJapTU30BaHHbBIE 0003HAYEHUS TOJDKHBI OBITH MOSICHEHBI
Ha CBOOOTHOM TIOJIE€ CXEMBI.

Kpome ycrnoBHBIX rpadguieckux 0003HAUCHHH, Ha CXeMaX COOTBETCTBYIOIIHUX
TUTIOB MOXXHO TIPUMEHSTH JIpyTHE KAaTeropuHM TpaduiIecKuXx 0003HAYCHUI:
PSAMOYTOJIbHUKU TTPOU3BOJIBHBIX Pa3MEpOB, COJEPIKAIIUEC TMOSCHUTEIBHBIA TEKCT;
BHCIITHUE OYCEPTAHMS, NPEICTABIIIONIME COOOH YIPOIIEHHBIE KOHCTPYKTOPCKHE
WU300pKCHUS W3ACINN; TMPSIMOYTOJbHUKH, BBHITIOJHEHHBIC JIMHUCH BBIJCICHUS
YCTPOHCTB H  (PYHKIIMOHAIBHBIX rpymi. I[Ipu  3TOM  JeTambHBIE  CXEMBI
COOTBETCTBYIOIMX OOBEKTOB BBHITIOJHSIOT HAa CBOOOJHOM TIOJIE CXEMbl B BHUJE
CaMOCTOSITENIbHBIX JOKYMEHTOB. [IprMeHeHre Ha cxemaxX TeX WJIM MHBIX KaTerOpHid
rpaguvecKkux 0003HAYCHUI ONIPEACIISICTCS MPABUJIAMU BBHITTOJTHEHUSI CXEM.

Ecin wa ycioBHbIe 0003HAYEHUs YCTAHOBJIEHO HECKOJIBKO JIOMYCTHMBIX
BApUAHTOB BBHITIOJIHEHHUS, PA3IUYAIONIUXCSI TE€OMETPUYECKON (OpMON U CTEMEHBIO
JNeTanu3alii, TO WX TMPUMEHSIOT B 3aBUCUMOCTH OT HAa3HAYEHUS W TUMA
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pa3pabaThiBaEMOM CXEeMbl, & TAK)KE KOJIMYECTBA MH(POPMALIUU, KOTOPYIO HEOOXOAUMO
nepenarb rpaduyeckuMu cpeictBaMu. [Ipuw 3TOM BO Bcex cxeMax OJIHOTO THIIA,
BXOJISIIIMX B KOMIUIEKT JOKYMEHTAIlMM Ha U37eNihe, MPUMEHSIOT OJIMH BbIOpaHHBIMI
BapuaHT 0003HAYEHUSI.

Pa3mepsl yC10BHBIX rpaguyecKuX 0003HAYCHUI

CranngapTHbie yCI0BHbIE rpaduyeckue 0003HAYEHUS SJIEMEHTOB BBITIOJHAIOT 1O
pa3mepaM, VyKa3aHHBIM B COOTBETCTBYIOIIMX CTaHHaprax. FEciam pa3Mepsl
CTaHJapTaMH HE YCTaHOBJEHBI, TO rpaduyecKkue O0O03HAYEHUS HA CXEME JOJIKHBI
UMETh TaKHe K€ pa3Mephl, Kak X U300paKeHUsl B CTaHIapTax.

JlomyckaeTcsi Ha CXeMe YBEIMYUBaTh pa3Mepbl O0003HAYEHUH OTIEIbHBIX
3JIEMEHTOB, €CIIM HE0OX0UMO TpadUUECKU BBIAEIUTH 0CO00€ WM BaXKHOE 3HAYCHUE
aneMeHnTa  (ycTpoWcTBa), a  TakkKe  IOMECTUTh  BHYTpH  OOO3HAYCHHS
IPETyCMOTPEHHBIE CTaHAapTaMH KBATM(PUIUPYIOLIKE CUMBOJIBI WIH
JOTIOJIHUTENIHHYIO HH(POpMAITHUIO.

VYcnoBuble Tpaduueckue 0003HAUEHUS OSJIEMEHTOB, HCIOJB3YEMBIX  Kak
COCTaBHbIE 4YacTH OO0J€€ CJIOKHBIX 3JIEMEHTOB, HM300paXarOT YMEHBUIEHHBIMH IO
CPaBHEHHUIO C OCTaJbHBIMH 3JIEMEHTAMHU CXEMbI JUIsl COKpAIeHUs] OOIIMX pa3MEPOB
rpagpuyeckux oOo3HaueHM. B ciydasx, OroOBOPEHHBIX COOTBETCTBYIOLIMMHU
CTaHJapTaMH, JOIyCKAeTCs HEMpPONOPLHUOHAJIbHOE HW3MEHEHUE TIpaduyecKux
0003HaYeHU (HanpuMep, MHOTOOTBOHBIE PE3UCTOPBHI).

BriOpanHbie pazMepbl U TONIIUHBI IUHUHA rpaduueckux 0003HauUE€HUHN JTOJKHBI
OBITh BBIJIEPKaHBI IOCTOSIHHBIMU BO BCEX CX€Max OJIHOTO TUIIA Ha TaHHOE U3JIEIIHeE.

OpueHnTanus yCJI0BHBIX rpaguyecKUX 0003HAYCHUH

Pa3menienre yclOBHBIX TIpaduueckux OOO3HAUYEHH Ha CXEMe€ JIOJKHO
o0ecreunBaTh HauOOJEE CTPOTUH PUCYHOK CXEMbl C MUHUMAJIBHBIM KOJUYECTBOM
M3JIOMOB U NIEPECEUCHUN JIMHUM DJIEKTPUUECKON CBSI3H.

Pexomenayercss u300paxkaTh yCJIOBHbIe rpaduueckue OO0O3HAUCHHUS B
NOJIOXKEHUH, YKA3aHHOM B CTaHAApPTaxX, WM NEPEBEPHYTHIMU OTHOCUTEIBHO IPYT
Jpyra Ha yriibl, KpatHble 90°, a Takke 3€pKaJIbHO MOBEPHYTHIMU.

JIuHuu

JIuHuM Ha cxeMmax BCEX THUIOB BBIIIOJHSKOT B COOTBETCTBUM C IPAaBHJIAMH,
ycra"oBieHHbiMU ['OCT 2. 702. Onexmpuueckue césasu, npogooa, kabenu, WUHbL.
TonmuHbl MUHUNA BBIOUPAIOT B 3aBUCUMOCTH OT (opMara CXeMbl U PpPa3MeEpoB
YCIIOBHBIX Tpaduueckux obo3HaueHuid. Ha ogHON cxeme peKoOMeHAYyeTCs IPUMEHSITh
He 0oJiee TpEX TUIOB Pa3MEPOB JIMHHIA MO TOJIIIMHE: TOHKYIO S/3, yTommeHHyo S/2 n
TOJICTYIO S, TIe S - TOJNIIMHA JIMHUM, KOTOpas BbIOMpaeTcs B 3aBUCHUMOCTH OT
pa3MepoB cxeMbl. BriOpaHHbIE TOJIIMHBI JIMHUM JOJHKHBI OBITH MOCTOSSHHBIMH BO
BCEM KOMILJIEKTE CXEM Ha U3JIEIIHeE.

YcnoBHble rpaduyeckue 0003HAYEHUS U JIMHUU CBSI3U BBITIOJIHSIOT OJHOM U TOM
e ToiuHbl. OntumanbHas ToiamuHa - 0,3-0,4 MM, uto coorBeTcTByeT mo 'OCT
2.303 CcruToITHOM TOHKOM JIMHUH.

HanMeHoBaHMe, HauepTaHWE, TOJIMHA JUHUN MO OTHOLUEHWIO K TOJIIMHE U
OCHOBHO€ Ha3HAYCHHE JTUHUHN NIpUBEACHBI B Ta0wuie 3.1.

JIMMHY MTPUXOB B IITPUXOBBIX M INITPUXITYHKTHUPHBIX JIMHUSX BBHIOMPAIOT B
yYKa3aHHBIX IIpeiesiax B 3aBUCUMOCTH OT pa3MepPa CXEMBI.
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Ta6muna 3.1 — Hauepranue TuHMUI Ha YepTexax

TonmuHa TMHANR
Hanveroparie 1o Hauepranue 110 OTHOILLEHUIO OCHOBHOE Ha3HAYEHUE
'OCT2 303-68)
K TOJIIIIUHE S

CrutoniHas JInHUM 2NEKTPUYECKON CBA3U
TOHKasI ‘ Ka0eJlb, IPOBOJ, IINHA, TUHUS, TUHUS
JIHHUS 812+ 3503 IPYNIOBOM CBS3M, JIMHUS YCIOBHBIX

rpadguiyeckux 0003HaAUCHUH.
CIIIOMIHAS TOJICTAS Ipumeuanue. Jlomyckaercs  Juis
OCHOBHAs JWHHUKA TPYNIIOBOM CBA3U

S IPUMEHSTH YTONILIEHHBIE U TOJICThIE

JIMHUA

IrpuxoBas | . JInHus SKpaHUpOBaAHMUS,
Sl2=8I3 MEXaHUYECKON CBA3U
[ TpuxnmyHKTUpHAs JIuHuA 1 BBIAEIEHUS HA CXEME
_—————— /293 TPy 3JIEMEHTOB, COCTaBIISIOLINX
- YCTPOMCTBO WK (PYHKIIMOHATIBHYIO

Ipyniry

HITpuxnyHKTHpHAS Jlunus pazbeIuHUTENbHAS (U1
C IBYMs TOUYKaMH _— S/2 ~S/3 rpau4ecKoro pas3aeaeHus 4acTen
CXEMBI)

TexcroBas unpopmauus

[Ipy HEOOXOOUMOCTM Ha CXE€M€ TOMEIIAIT  CIEAYIONIME  JIaHHBIE:
HAaMMEHOBAHUE WJIM XapaKTEPUCTUKH DBJIEKTPUUYECKUX CHUTHAJIOB; OOO3HAUYECHMS
AIIEKTPUYECKUX LIETIeH, TEXHUUECKHE XapaKTEepUCTUKN 0O0BEKTa, IPUBEICHHBIC B BUJIE
TEKCTa, TA0JIMILL, AUArPaMM U T. 1.

TexcToBble JaHHBIE MOTYT pacrojiaraTbCsi psiioM ¢ Ipaduyeckum
0003HAaYEHUEM WJIM BHYTPHU UX; PSIOM C JMHMUSIMH, B Pa3pblBe JMHUNA UM B KOHILIE
JMHUIA; Ha CBOOOHOM TI0JIE CXEMBI.

B 3aBuCMMOCTM OT Ha3HAY€HHs TEKCTOBBIE JAHHBIE HA CXEME HMEIOT
caeaywonme (GopMbl 3aMKUCH: YCIOBHbIE OyKBEHHO-IIU(PpoBbIe 0003HAUEHUS (HOMEpa
uenen, 0003HaYeHUs AJIEKTPUUYECKUX KOHTAKTOB, SJIEMEHTOB U T. I1.); HAUMEHOBAHUE
CUTHAJIOB, (YHKUMOHAIBHBIX TPYII; CIUIOMIHON TEKCT (TEXHUUYECKHEe TpeOOBaHMS,
NOSICHEHUST M T. J.); TEKCT, pa3ouThii Ha rpadsl (Tabouua KOMMYTAlUU
MHOTOIO3ULIMOHHBIX MEpPeKIoYaTesieil); TaONuIlbl, B KOTOPBIX COYETAeTCs] TEKCT U
rpaduueckue o0o3HaueHus (TabauIa UCTOJIb30BAHUSI KOHTAKTOB PEJle).

TekcToBbIE JaHHBIE, OTHOCALIMECS K JIMHUSAM, OPUEHTHUPYIOT MapajijieIbHO UX
TOPU30HTAJIBHBIM y4YacTKaM; IMpH OOJbIIONH TIUIOTHOCTH CXEMBbl JIOMYyCKaeTcs
BEpTHUKAJIbHAs OPUEHTALINS JaHHBIX (PUCYHOK 3.1).
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Pucynok 3.1 — CxeMa 351eKTpUUeCKON CEeTH

TaOnunpl, nomemaeMple Ha CBOOOJHOM IIOJIE€ CXEMbI, JOJDKHBI HMETh
HAaUMEHOBAHHUS, PACKPBIBAIOIINE UX COJEp KaHUE, HAllpUMep, Tabaula KOMMYTAlUU
IIEPEKIIF0YATENIEH.

Bce nammucu Ha cxemax BbeImosHAIOT Immpudrom cormacio ['OCT 2.304.
JlomyckaeTcsi Ha OJHOM CXE€Me JJIA BBIACICHHUS pPA3IUYHbIX KaTEropuid JaHHBIX
IPUMEHATh WIPHUQPTHI Pa3HbIX Pa3MEPOB, HAPUMED, YCIOBHbIE OYKBEHHO-IIM(POBBIE
0003HaYeHUs, KBATU(PUIUPYIOIINE CUMBOJIBI Tpapruueckux 0003HaAYCHUH; 3ar0JI0BKH
Ta0JMI] MOXXHO BBINOJHUTH MIPU(PTOM OOJBIIETO pa3Mepa, B OTIWYUE OT JAPYTUX
TEKCTOBBIX JIAHHBIX.

BykBenHO-nu@poBbIe 0003HAYECHHUS B CXeMaX

Tunel ycloBHBIX OYKBEHHO-ITU(MPOBBIX 0003HAYCHHUI AJIEMEHTOB, YCTPOWUCTB U
(yHKUHMOHAIBHBIX TPYMM, a TakKe MpaBuia UX noctpoeHus ycranaBiauBaeT ['OCT
2.710.

[To3unmoHHOe 0003HAUEHHE 3JeMEHTa B OOLIEM Ccllydae COCTOMT M3 JIBYX
yacTeil, yKa3blBaIOUIMX BHUJ M HOMEpP »JJIEMEHTa U 3alUChIBaeMbIX 0e3
pa3enuTeNbHBIX 3HAKOB MW MpobOenoB. OHa sABigeTCS 0053aTE€IbHON YacThIO
YCJIIOBHOTO OYKBEHHO-IIU(PPOBOTO 0003HAUCHUS U TPUCBAMBAETCS BCEM DJIEMEHTaM U
yCcTpoiicTBaM 00BekTa. B mepBoil 4acTHM MO3UMIMOHHOTO O0O3HAYEHMS YKa3bIBAIOT
OYKBEHHBIN KOJI BUJA DJIEMEHTA (OJIHAa MJIM HECKOJIbKO OYKB JIATHHCKOTO ai(aBuTa),
BO BTOPOI 4acTu - HOMeEp 3JeMeHTa JaHHOro Buaa (apabckue udpsl). Hanpumep:
(4 - KOHAEHCATOP C MOPAIKOBBIM HOMEPOM 4 Ha CXEME.

BykBeHHBIE KOABI BUJOB JJIEMEHTOB TMPHUBENCHBI B Tabmuie 3.2. DIeMEHTHI
pa30oUTHl N0 BHJAM Ha TPYMNbl, UMEIOUIMEe O00O03HAueHUs M3 OAHOM OykBbl. Jlyis
YTOYHEHHMSI BUJIA DJIEMEHTOB MPUMEHSIOT IBYXOYKBEHHbIE 1 MHOTOOYKBEHHBIE KOJBI.

Io3unuoHHbIEe 0003HAYEHUS ITIEMEHTOB

BceMm n300pakeHHBIM Ha CXEM€ 3JIEMEHTaM U yCTPOMCTBaM B Mpezesiax 00beKTa
MIPUCBANBAIOTCS YCIOBHBIE OYKBEHHO-IIU(PPOBHIE TTO3UITMOHHBIC 0003HAUCHUS.
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Tabnuna 3.2 - BykBeHHBIE€ KOJIbI BUJIOB JIEMEHTOB (OT/ICTbHBIC)

[lepBas Hayx
SyKsa ['pynma [Tpumep 6yKB?H-
xoma BH/JIOB 3JIEMEHTOB BU/Ia DJIEMEHTOB HBIN

KOZ
1 2 3 4
A VYcrpoiicTa (o0miee o603HaueHne) | Y CHIUTENH, IPpUOOPHI TENCYPaBICHHS,
Ja3epbl, Mazepbl
B [IpeoOpazoBarenu HeANEKTpUIeCKUX | poMKoroBopuTeh BA
BEJIMYMH U 3JIEKTPUUECKHE (KpOoMe MarsuToCTpUKIMOHHBINA 3JIEMEHT BB
TeHepaTOPOB U UCTOUYHUKOB NMUTaHus) | CenbCHH-TIPUEMHHIK Bb
WK, HA000POT, aHATIOTOBBIE HIIN CenbCUH-IaTYNK BC
MHOTOpa3psigHbIe TpeodpazoBatenu | TemnoBoii naTyuk BK
WJIM JJATYUKU JJIS1 yKa3aHUs DOTOAJIEMEHT BL
W3MEpPEHUS JlaTuuK gaBICHUS BP
Taxorenepartop BR
JlaT4rK CKOpOCTH BV
C Konnencaropsi
D CxeMbl uHTErpasibHble, MUKPOCOOpKH |CxeMa HHTerpalibHas aHaJIoroBast DA
Cxema uHTeTrpanbHas mudposas, DD
JIOTUYECKUI 3JIEMEHT
YcrpoiicTBa XpaHeHUs1 ”HPOpMALIUN DS
VYerpoiicTBa 3a1epKKU DT
E DneMeHTHI pa3Hble (OcBeTUTENbHbIE |HarpeBaTenbHbIN 2€eMEHT EK
YCTpPOMCTBA, HarpeBaTEIbHbIE Jlamma ocBeTUTENBHAS EL
AIIEMEHTBHI) [Inponarpon ET
F Pa3psannuku, npenoxpaHuTenu, JIMCKpETHBIN 3JIEMEHT 3alIUTHI IO TOKY FA
YCTpPOMCTBA 3alllUTHBIE MIHOBEHHOT'O AEUCTBHUS
JIMCKPETHBIN 3JIEMEHT 3aLIUTHI 10 TOKY FP
MHEPLMOHHOIO IENCTBUSA
[IpenoxpanuTens MIaBKUn FU
JIMCKpETHBIN IIEMEHT 3aIIUTHI 110
HanpsbKeHuto, paspsiaauk, OITH FV
G I'enepaTopbl, NICTOUHUKHU TUTAHUS, Barapes GB
KBapLEBbI€ OCIIILISTOPHI
H VYerpoiicTBa MHIUKALIMOHHBIE U ITpuGop 3ByKOBOM CUTHAIN3ALUT HA
CUTHAJIbHBIE WNHukaTop CUMBOIBHBIN HG
[TpuGop cBETOBOI CUTHATU3AINH HL
K Pene, KOHTaKTOPBI, ITycKaTeIn Pene TokoBoe KA
Pene yxasarensHoe KH
Pene anexrporemnnoBoe KK
KoHTakTop, MarHUTHBIN IIycKaTeIb KM
Pene Bpemenn KT
Pene nanpsoxenns KV
L Karymku nHIyKTHBHOCTH, Jpoccens TIOMUHECIIEHTHOTO ocBemieHus | LL

Jpoccenu
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[Tponomxkenue TabauIb 3.2

2 3 4
M JlBurarenu mocTOSSHHOTO 1 JIBuraresb CHHXpOHHBIH MG
MEPEMEHHOT0 TOKa
[TpubopsL, Amnepmetp PA
U3MEPUTEIIEHOE 000pYIOBAaHUE CYeTYrK UMITYJIHCOB PC
Ilpumeuanue. Coueranue PE YacroTomep PF
MPUMEHSTDH HE JIOITYCKACTCs CueTynk aKTUBHOM DHEPTUHU PI
CueTunkK peakTUBHOW SHEPTUU PK
Ommertp PR
Perucrpupyrommii mpubop PS
Yacel, u3MepuTeNb BpEMEHH JICUCTBUSA PT
BonsTmerp PV
Bartmerp PW
Q Brikitouarenu U pa3peIMHATEIN Briknrouaresib aBTOMaTUYECKHI QF
B CWJIOBBIX IIeTIsIX (3HEeprocHadxeHue, | KopoTko3amMbIKaTelb QK
NUTaHUE 000PYIOBaHHMS U T. 1.) PazbemuHuTeNb QS
Brikirouarens Harpy3ku QW
Pesucropsl Tepmopesucrop RK
[ToTenumometp RP
LIIyHT U3MEPUTENBHBIN RS
Bapucrop RU
VYerpoiicTBa KOMMYTallMOHHBIE BrIxirogaresns Win epexIro4aresib SA
B LIETISAX YIPABICHUS, CUTHAIN3aUUN | BeIkIroyarenb KHOMOYHBIN SB
U U3MEPUTETbHBIX LEMsIX BrIkimrouaTens aBTOMaTHYECKHA SF
BrixmrouaTenu, cpabaTbIBaromye
OT pa3JINYHbIX BO3/ICUCTBUN:
OT YpPOBHS SL
OT JIaBJICHUS SP
OT TOJIOKEHHS (ITyTEBOM) SQ
OT 4acTOTHI BpalllEHUs SR
OT TeMIIEpaTyphI SK
T Tpancdopmaropsl, Tpanchopmarop Toka TA
aBTOTpaHc(hOpMaTOphbI DeKTpOMarHUTHBIN CTaOMIU3aTOp TS
Tpanchopmarop HanpsKEHUs TV
U YcerpoiicTBa cBs3n MonynsTop uB
[IpeoOpazoBarenu dIEKTPUIECKUX Hemonynstop UR
BEJINYMH B JIEKTPUUECKHE JluckpuMuHaTOp ul
[Ipeo6pa3oBarens yacToTHBIN, HHBEpTOD, | UZ
TeHepaTop YacCTOTHI, BBITPSIMUTEIb
\Y [TpubopsbI 251eKTPOBaKyyMHBbIE Jnon, ctabuIuTpoH VD
U TIOJIYTIPOBOHUKOBBIE ITpuGop r1eKTpoOBaKyyMHBIH VL
Tpansucrop VT
Tupucrop VS
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[Tponomxkenue TabauIb 3.2

1 2 3 4
Y VYceTpolicTBa MEXaHUUYECKHE DJEeKTPOMAarHuT YA
C 3JIEKTPOMAarHUTHBIM IIPUBOZIOM Topmo3 ¢ 31eKTpOMarHUTHEIM pUBOJOM | YB
Mydra ¢ s3nekTpoMarHuTHEIM mipuBoaoM | YC
DIEeKTPOMarHUTHBIN MAaTPOH YH
WIN TUTITA

[TopsankoBbIE HOMEpA 3JIEMEHTAM M YCTPOWCTBAM MPUCBAMBAIKOT, HAYMHAA C
€OUHUIIBI, 11 DSJIEMEHTOB WM YCTPOWCTBA OJHOIO BHJAa B COOTBETCTBUU C
MOCJIETIOBATENBHOCTBIO UX PACIIOJOXKEHHSI HA CXEME CBEPXY BHH3 B HANPABICHUU
cieBa HampaBo. bBykBeI W mHMQpPH TO3WUIIMOHHOTO O0O3HAYEHUS BBHITIOJHSIIOT
YepTeKHbIM MpPUPTOM OgHOTO pasMmepa. [lociaeaoBaTeNbHOCTh MPUCBOCHUS
MOPSIJIKOBBIX HOMEPOB MOXXET OBbITh HApylIeHa B 3aBUCHUMOCTH OT pa3MEIICHUS
AJIEMEHTOB B 00BEKTE, HAMIPABICHUS MPOXOKICHUS CUTHAJIOB WK (HYHKIIMOHATHHOM
IIOCJICIOBATENBHOCTH MPOLIECCA, a TAKKE I[PU BHECEHUM B CXEMY H3MEHEHMHM.
[To3unnonHbIe 0003HAUECHUS HAHOCST HAa CXEME PSJOM C YCIOBHBIMU TpadUueCKUMU
0003HaUYECHUAMH JIEMEHTOB U YCTPOUCTB C MPaBOW CTOPOHBI WM HAJ| HUMHU.

IlepeyeHsb 3j1eMEeHTOB

Jlanubie 00 BJ€MEHTax M YCTpOMCTBaX, M300paKEHHBIX HAa CXeMe OOBEKTa,
3aMKUCHIBAIOT B MIEPEUCHb WM MOMEIIAIOT PSJAOM C 3JIEMEHTaMH Ha CBOOOJHOM TIOJIE
cxeMbl. CBSI3b MEXKIY YCIOBHBIMH TpauyecKMMU OOO3HAYEHUSAMHU U TEpEeYHEM
AJIEMEHTOB  OCYIIECTBISCTCS 4epe3 MO3UIMOHHBIE o0o3HaueHus. [lepeueHb
MMOMEIIAIOT HA MEPBOM JIMCTE€ CXEMbl WJIM BBIMIOJHAKOT B BUAE CAMOCTOSITEIBLHOIO
JOKyMeHTa Ha Jucte ¢opmata A4 C OCHOBHOM HAAMUCHIO ISl TEKCTOBBIX
JOKYMEHTOB (pucCyHOK 3.2). B OCHOBHOW HaANMHWCH MEpPEuHs MO0J, HAUMEHOBAHUEM
W3JENNsI, JUIA KOTOPOrO COCTaBJEH II€peyYeHb, JenarT 3anuck «llepeueHp
3JIEMEHTOB» MIPUPTOM, Ha OJUH-I[BA pa3Mepa MEHBIIUM TOT0, KaKUM 3alKiCcaHo
HaMMEHOBaHue u3zenus. B cooTBeTcTBYIOIIEH rpade OCHOBHON HAMUCH YKa3bIBAIOT
mmdp «I» nepeuns u mmdp cxemsl, Hanpumep 1133 — nepeyeHs NPUHIMIHATBHON
CXEMBL.

[lepedenn 251eMeHTOB ODOPMIISIIOT B BUIE TaOJIUIIbI, 3aMIOTHIEMON CBEPXY BHHU3.
[Ipu pazmenieHny nepeyHs Ha IEPBOM JINCTE CXEMBI €T0 PacloJiaratoT HaJl OCHOBHOMU
HaJIMUCHIO HAa PAaCCTOSTHUM HE MeHee 12 MM OT Hee.

[IponomkeHrne mepeyHs NMOMEIIAIT CJIEBa OT OCHOBHOM HAANUCH, MOBTOPSA
roJioBKy Tabnuiibl. B rpadax nepeuns yka3pIBalOT CIEAYIONINE JaHHBIE:

B rpade «llo3. OO03Ha4Y.» — TO3UIUMOHHOE O0OO3HAUYECHHE 3JIEMEHTA,
yCTpOMCTBa UM (PYHKIIMOHAIBHOMN TPYIIIHI;
*B rpade «HamMeHoBaHME» — HAUMEHOBAaHHME »JJeMeHTa (YyCTpOWCTBA) B

COOTBETCTBHUH C JIOKYMEHTOM, HA OCHOBAaHUH KOTOPOTO OH MPUMEHEH, M 0003HAYCHUE
ATOTO JOKyMEHTa (OCHOBHOM KOHCTpyKTOpcKui qokymeHt, 'OCT, I'Y);

* B rpade «KoJ1.» — KoIM4ecTBO OJJMHAKOBBIX 3JIEMEHTOB;

* B rpade «lIpumedanne» — TeXHUYECKHUE JAaHHBIC DJIEMEHTA, HE COJIePKAIIHECS
B €r0 HAUMEHOBAHUH.
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Pucynox 3.2 — BemomMocTh y3710B YCTaHOBKH 3JIEKTPUUYECKOT0 000pYyI0BaHUS HA
cxemax

JlonyckaeTrcsi BBOJIUTH B TNEPEUYEHb JOMOJHUTENIbHBbIE Tpadbl, €CIM OHU HE
TyOIUPYIOT CBEICHUM B OCHOBHBIX Ipadax.

IMopsaok 3anucH 3J1eMEHTOB B IepeYeHb

DOneMeHThl 3amuChIBAIOT MO TrpynmaMm (BuaaMm) B ai(aBUTHOM MOPSIIKE
OYKBEHHBIX MO3UIIMOHHBIX 0003HaueHUU. Eciii Ha cXxeMe MPUMEHSIOT MO3UIIMOHHBIE
0003HaueHusa u3 OYKB JIATUHHCKOTO U PYCCKOTO aipaBUTOB, TO B MEpPEUYCHb BHAUaJe
3aMKUCBIBAIOT JIEMEHTHI C MO3UIIMOHHBIMU 0003HAYEHHUSIMU, COCTaBICHHBIMU U3 OYKB
JATUHCKOTO andaBuTa, a 3aTeM — U3 OyKB pycckoro aidaBurta. B mpeaenax xaxmaon
TPYHIIBI AJIEMEHTHI PACHONararoT B IMOPSAJIKE BO3pacTaHUs HOMEPOB. [l BHECEHUs
M3MEHEHUN PEKOMEHJIYETCSl OCTABIATH HECKOJIBKO HE3ANOJHEHHBIX CTPOK MEXIY
OT/ICJIbHBIMU TPYIIIIAMH AJIEMEHTOB WJIM MEXIY JIEMEHTaMH B O0JibIon rpymme. J{iis
COKpAIlIEHUsI TIEPEYHsS JOMYCKACTCA OJHOTHUIHBIE JJEMEHThl C OJWHAKOBBIMHU
rapamMeTpaMM, HMEIOIIME Ha CXEME TMOCJIEA0BATENIbHBIE MOPSIAKOBBIE HOMEPA,
3aMUChIBaTh B TE€PEUYCHb OJHOM CTPOKOM, BIHUCHIBasE B COOTBETCTBYIOIIYIO Trpady
TOJIBKO  TMO3UIMOHHbIE OOO3HAUEHHS] € HAUMEHBIIMMHU H  HauOOJBIIUMU
nopsiiIkoBeiMH HoMepamu (Hanpumep, R3 — R8). B rpade «Koi. « ykaspiBaroT obiiee
KOJIMYECTBO TAKUX JIEMEHTOB.

[Ipy 3anucu ONHOTUIIHBIX 3JIEMEHTOB JOMYCKAETCS HE IMOBTOPATH B KaxKI0i
CTpOKE HaWUMEHOBAaHHWE »>JIEMEHTAa, a 3alHChiBaTh €ro B BHUJE 3arojoBKa K
COOTBETCTBYIOIIEMY pa3jelly MWW 3aluChiBaTh B 3arojoBKke 00O3HAaYCHUE
JOKYMEHTOB, Ha OCHOBAaHHWU KOTOPBIX MPHUMEHEHBl 3TH 3JEMEHTHI. 3aroJIOBKU
MOJYEPKUBAKOT TOHKOM CIUIOLIHOW JIMHUEH.

Ecau B cxeme CJI0KHOTO YCTPONCTBA MO3UIIMOHHBIE 0003HAYEHUS MPHUCBOCHBI
AJIEeMEHTaM B Mpejeiax YCTPOWCTB WM OJMHAKOBBIX (DYHKIIMOHAIBHBIX TPYIIN, TO
AJIEMEHTHI, OTHOCAIIMECS K YCTpOMCTBaM W K (YHKIIMOHAJIBHBIM TpyIMIaM,
3allUCBHIBAIOT B MEPEYEHb OTACIBHO. 3alliCh JJIEMEHTOB, BXOISIIMX B KaXI0€
YCTPOUCTBO ((PYHKIMOHAIBHYIO TpYIy), HAYMHAIOT C 3arojioBKa, KOTOPBIN
3anuceiBaloT B rpade «HammenoBanue» u momuepkuBaroT. Ha omHOI cTpoke ¢
3aroJIOBKOM  YKa3bIBaIOT 0O0IIee KOJIMYECTBO OJMHAKOBBIX YCTPOWCTB  WJU
(GYHKIIMOHATIBHBIX TPYII, 2 B COOTBETCTBYIONIEH CTPOKE — KOJIMYECTBO DJIEMEHTOB,
BXOJISIIIUX B OJHO YCTPOUCTBO ((yHKIMOHATBHYIO Tpyriny). Takoi cmoco0b 3amucu
JIOTYCKAETCs U JIJIsl HEOAMHAKOBBIX (DYHKIIMOHAIBHBIX TPYIIT, BXOIAIIUX B U3JIEIHE.

[Ipy HamMuMM HA CXE€ME€ DJIEMEHTOB, HE BXOIAIIMX B YCTPOMCTBO
(pyHKIIMOHABHYIO TPYTITY), 3aMIOJTHEHUE TIEPEUHSI CIIeIYeT HAUYMHATh C 3aMCH ATUX
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arieMeHToB (0e3 3aronoBka). JlJisi 5IEMEHTOB, HE SIBISIFOIIMXCS CaMOCTOATEIbHBIMH,
rpady mnepeuns «HawmmeHoBaHue» He 3amonHsAOT, a B rpade «IIpumedanuer
3aMHCHIBAIOT TOSICHSIFONIYIO HAMKICh WU CCHIJIKY Ha HA/AMKCh, TOMEIIEHHYIO Ha TOJIe
cxembl. Eciim mapaMeTpsl 3JIEMEHTOB BBEIOMPAIOT MPH PErYIUPOBKE U3ICIHSA, TO Ha
CXeMe U B MepedyHe ux o0003HauaroT 3Be3noukoil (R*, C5%*), a Ha mose cxembl
MOMEIIAIOT CHOCKY /« * IlomOupaercs mpu peryiaupoBaHumy/. Jlomyckaemble MpH
nof0ope TpeesbHbIe 3HAYCHHs] MapaMEeTpOB JJIEMEHTOB YKa3bIBalOT B rpade
«[Ipumeuanue» [19-24].
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MNPUJIOKEHUE A K PA3JIEJTY 3
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MPUJIOKEHHUE b K PA3JAEJLY 3
Oo6pa3sen opopmiieHHS TUTYJBHOIO JIUCTA KYPCOBOIO MPOEKTA

MHUHHUCTEPCTBO HAYKH U BBICIHIEI'O OBPA3OBAHUSI POCCUMCKOM ®EJEPALIMA
®EJEPAJTBHOE T'OCYJAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIbHOE YYPEX/IEHUE
BBICLLHEI'O OGPA30OBAHUS
«MOCKOBCKHUM MMOJUTEXHUYECKUN YHUBEPCUTET»

YEBOKCAPCKAA HHCTUTYT !(I)I/IJII/IAJIZ MOCKOBCKOI'O HOJIMTEXHUYECKOI'O YHUBEPCUTETA

Kadenpa TpaHCHOPTHO-3HEPTreTUYECKUE CUCTEMBbI
Hampasnenue 13.03.02 - DieKTpoIHEPreTHKa U JICKTPOTEXHUKA

KypcoBoi npoekT
3aIUIICH C OLICHKOM

I'.M. MuxeesB

(moxnuck pykoBoauTens (IIpoeKTa, paboTel))  (MHULMANIbI, (amMuIIs)

« 202 .

KYPCOBOU ITPOEKT

HDOGKTI/IDOBaHI/Ie 3J'I€KTDOCH36)K€HI/IH 3aBoJa HBeTHOﬁ MCTAJJIYPIUH
(Tema KypcoBOro mpoekTa (paboThl))

IosicuuTenpHas 3ammcKa

1O AUCHUIIJIMHE HDOCKTI/IDOBaHI/Ie CHUCTEM 3J'I€KTDOCH36)KCHI/IH

KIT 13.03.02.01.000 I13

(00603HauEHNE TOKYMEHTA)

CTyneHT rpynsl ITerpos .M.
((pamuust, UM, OTUECTBO) (moamuck) (mara)
PykoBoaurenn
paboTel 1podeccop I".'M. MuxeeB
(IOIDKHOCTB, YYEHOE 3BaHHE) (TToITHCH) (MHHIMATBL, (haMUIIHs)
Yeboxcapsr 202
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PA3JIEJI 4 3AIIUTA KYPCOBOI'O IIPOEKTA

[Topsimok W CpPOKM 3aIIUTBl KypCOBOTO TPOEKTAa OMpeneistorcs Kadempoid,
BEyIICH AUCITUIUIMHY, C YIETOM YTBEPKAECHHBIX KaJICHIAPHBIX TpauKoB y4eOHOTO
mpoiecca W COOOMIArOTCS  CTYACHTY TIpH  BbIJAade 3aJaHWsl Ha KypCOBOE
MIPOCKTUPOBAHHUE.

[TpoaomKUTETFHOCTD 3alUTHI KYPCOBOTO MPOEKTA OJHUM CTYJCHTOM He Ooiee
30 MHUHYT.

CryneHTaM, YCHIENIHO 3allUTHBIIAM KYPCOBOW TPOEKT, B BEIOMOCTHU

BBICTABIIIIOTCSI OTMETKH «OTJIMYHOY», «XOPOII0», «yJAOBICTBOPUTEILHO», a TaKKe
COOTBETCTBYIOMME olleHKH 1Mo 100-0amipHOM mkasne B quana3onax 75—-100, 50-74 u
2549 6annoB ¢ yuy€TOM MOJHOTHI M KaueCcTBa KypCOBOTO MPOEKTA, PE3yJIbTAaTOB
3aIATHI, JOMOJHHUTEIBHBIX (AaKTOPOB (HAMPUMEP, CHCTEMATHYCCKOTO XapakTepa
paboTHI Wi, HA0OOPOT, OTCTABAHUS OT CPOKOB BBHITIOJHEHHUS MTPOCKTA WITH PAOOTHI).
B 3a4éTHBIC KHIDKKH CTYJCHTOB HEYIOBJIECTBOPUTEIBHBIE OIICHKH HE TIPOCTABIISIOTCS.

KypcoBbie mpoeKThl, HE CIaHHBIE OOYYAIOMMMHUCS B YCTAHOBJICHHBIC CPOKH
IPH OTCYTCTBUH YBAXKUTEIBHBIX TMPUYNH WU ITOJYYHBIIHE HEYIOBICTBOPUTEIBHYIO
OIICHKY Ha 3alluTe, MPU3HAIOTCS aKaJIeMHYECKOW 3aI0JDKCHHOCTHI0. CTYIEHTHI
00s13aHbI JINKBUIUPOBATH aKaJIEMUYCCKYIO 3a0JKCHHOCTD.

CTyneHThI, HE MPEACTaBUBINNE KypCOBBIC MPOSKTHI B YCTAHOBJICHHBIE CPOKHU
IIPU OTCYTCTBUH YBXXHUTEIbHBIX TPUYNH WU MMOJTYYHBIINE HEYIOBICTBOPUTEIHHYIO
OIICHKY Ha 3aIlIMTe KypCOBOIO MPOEKTa, K claye HK3aMeHa 0 ATOW AUCIUILUIMHE, KaK
paBuiIo, HE JAOMYCKAIOTCS.

JIukBHUAIMS 33J0DKCHHOCTH 110 KYPCOBOMY IIPOSKTUPOBAHUIO IPOBOIUTCS B
cootBeTcTBUM ¢ pazaenoMm 6 CK OII 01-128 IlonmoxeHnss 0 TEKyleM KOHTPOJIE
YCTIEBAEMOCTH M TIPOMEXYTOYHOM aTTECTAIlUN CTYICHTOB.

75



CIIMCOK JIMTEPATYPBI

1. Cubuxkun, FO.JI.  OCHOBBI  NPOECKTHUPOBAHUS  DIIEKTPOCHAOKCHHUS
IPOMBIIUICHHBIX U TpaXkaaHCKuX 3aaHuit : yueOnuk / FO.Jl. Cubukun. — 6-e uzn.,
nepepad. — Mocksa ; bepnun : {upexr-Menua, 2016. — 508 c. : cxem., Tabi., ui. —
Pexum JIOCTyTa: o MTOJITUCKE. — URL:
https://biblioclub.ru/index.php?page=book&id=459494

2. I'ywoB, H. II. Cucremsl snekrpocHaOxenus: yueOnuk / H. I1. I'yxos,

B. 4. OnbxoBckuii, /. A. IlaBmouenko. — HoBocubupck : HoBocubupckuit
rOCYJapCTBEHHBIM TeXHUYECKu yHuBepcuteT, 2015. — 262 c. : cxem., Ta0I., WI. —
(YueOHuku HI'TY). — Pexum JOCTyTA: 1o MTOJIITUCKE. —

URL.: https://biblioclub.ru/index.php?page=book&id=438343

3. lIseno I'.B. DnekrpocHabGxkeHHWE TOPOJOB.  DIJIEKTPOIOTPEOICHHE,
pacueTHbIE HArpy3Ku, pacrpeaciuTeNbHble ceTh. YueOHoe nocodue. — M.: MOU,
2012. — 268 c.

4. banamoB O.II. Cucremsl 371€KTPOCHAOXKEHUSI TOPOJOB U MPOMBINUICHHBIX
npeanpusTuii: YaebHoe mocoOue sl CTYJEHTOB, O0yUYaIOUIUXCs M0 HANPaBJICHUIO
«DNEKTPOIHEPTeTUKAa M DIIEKTPOTEXHUKa» Bcex (opm o0yueHus /PyOuoBckuii
UHIYCTpUAIbHBIA HHCTUTYT. — PyO1ioBck, 2018. 76¢.

5. Cubukun, }O.Jl. OCHOBBI 3J1€KTpOCHAOKEHUSI 0OBEKTOB : yueOHOEe mocodue :
[16+] / FO.A. Cubukun. — U3a. 3-e, crep. — MockBa ; bepiaun : [lupexr-Meaua, 2020.
— 329 c¢. : wn, cxeMm., Tabn. — Pexum pocryma: mo mnoamucke. — URL:
https://biblioclub.ru/index.php?page=book&id=575058

6. bamamoB O.I1. DnexrpocHabxenue: YdeOHOE MOCOOME IJisi CTYJEHTOB,
oOyyaroruxcs 1o HampaiieHnto 140400 «DneKTposHepreTuka U IEKTPOTEXHUKAY)
Bcex (opm oOyueHus /PyOrioBckuil MHIyCTpHUATbHBIN MHCTUTYT. — PyO1oBck, 2014.
126c.

7. OnoneBa I''H. Cxembl M moAcTaHUMU 3IEKTpocHaOkeHus: CrpaBOYHHK:
VuyebHoe nocoodue.- M.: DOPYM: UHDPA-M, 2006.-480 c.

8. bamamos, O.Il. DnekrpocHabkeHue [TeKCT]: y4ueO. mocodue K KypcOBOi
paboTe IS CTYyIEHTOB, 00YYAIOIIKUXCS TT0 HAIpaBIeHUo DU, Bcex hopm oOydeHwus/
O.I1. banamos. - Py6uosck, 2015. - 117 c.

9. [lpaBuna yctporictBa dnekTpoyctaHoBok [Tekct]: Bce aeiicTByrormiue
pazaensl 11YD-6 u IIYD-7, ¢ usm. u gom., 1no cocrossHuio Ha 1 suBaps 2006 r. -
Hosocubupck: Cub. ynus. uzn-o, 2006.-854 c., ui.

10. [IpaBuia TEXHUYECKOU JKCILTyaTaluu BJIEKTPOYCTAaHOBOK
notpeduteneil. — MockBa-PoctoB Ha Jlony: MAPT, 2003.

11. TIpoexTupoBaHHE 3IEKTPOCHAOKEHHS MPOMBIIUICHHBIX MPEANPUSITHIA.
Hopwmbl texnonorudeckoro mnpoektupoanus. HTIT JIII1-94. AOOT BHUIIKU
TSOKTIPOMODJIEKTPOITPOEKT, 1994.

12, [IpoekTupoBaHWE  CHJIOBBIX  DJIGKTPOYCTAHOBOK  IIPOMBIIIICHHBIX
npeanpustaid. Hopmbl TexHosornueckoro mnpoektupoBanusi. OAO BHUIIKU
TSAXKIIPOMODJIEKTPOITPOEKT, 1997.

13. [IpoekTupoBaHre ¥  MOHTaX  JJIEKTPOYCTAHOBOK  JKWIBIX |
oOmiecTBeHHbIX 3maHuid. — HoBocubOupck @ Cubupckoe YHHBEPCUTETCKOE

76


https://biblioclub.ru/index.php?page=book&id=438343

uznarenbcTBo, 2008. — 112 c¢. — Pexum pgoctyma: mo mnoamucke. — URL:
https://biblioclub.ru/index.php?page=book&id=57325

14, PJ1 34.20.185-94. WHCTpyKIUS 1O MPOSKTUPOBAHUIO TOPOJCKUX
aneKkTpudeckux cerent . 1995. M.: Dueproatomusaart, 1995 ¢ usmenenunsimu 1999 r.

15. CII 256.1325800.2016. CII 31-110-2003. Cson MpaBUIL
DNEeKTPOYCTAaHOBKH KUJIBIX U OOIIECTBEHHBIX 3AaHui. [IpaBuia npoekTupoBaHus U
moHTaxa" (yTB. [Ipukaszom Munctpos Poccun ot 29.08.2016 N 602/mp), BBeaeH ¢
02.03.2017 r.

16. Anues, 1. Y. DneKTpOTEXHUKA U AJIEKTPOOOOPYIOBAHUE : CIIPABOYHHK.
YyeOnoe nocobue ans By3os / M. . Anue. — CapartoB : By3oBckoe oOpa3oBanue,
2014. — 1199 c. — ISBN 2227-8397. — TekcT : 31eKTpOHHBIN // DIEKTPOHHO-

OubIMoTEeUHAas cucrema IPR BOOKS ; [caiit]. — URL:
https://www.iprbookshop.ru/9654.html
17. Kupeera D.A., IllepctheB C.H. IlonHblidi CcOpaBOYHUK IO

AIIEKTPOOOOPYIOBAHUIO M JIIEKTPOTEXHHUKE - 2-€ u3a., cTep. - MockBa, KHOPVYC,
2013 1. - 864 c.

18. bamamor O.Il., I'onuapoB C.A., IlnexanoB I'.B., TarapuukoBa A.H.,
Marnanke WM.A. [lpaBuna BBINOJHEHUS TEKCTOBOM W rpadUyecKod JOKYMEHTAIMU
CHUCTEM DJJIEKTPOCHaOXkeHus: MeToauueckue yKa3aHus 1O MPaKTUYECKUM U
CaMOCTOSITENIbHBIM paboTam 1o aucuuiinae «HopmaTuBHble TpeOOBaHUSA TMIpU
MPOCKTUPOBAHUM CHUCTEM DJIEKTPOCHAOKEHMS» JUIsl CTYJCHTOB HaIpPaBJICHUS
MOATOTOBKU «DJICKTPOIHEPreTUKAa U JJICKTPOTEXHUKA» Bcex (opMm oOydeHus
/PyO1I0BCKHIT MHAYCTPHATBHBIA HHCTUTYT. — PyOmoBck, 2021. 75¢.

19. CTO Aarl'TY 12570-2013. OOmme TpeboBaHUS K TEKCTOBBIM,
rpaduuecKuM U MPOTPAMMHBIM JTOKYMEHTAM.

20. TOCT 21.001-2013 Cucrema  TIPpOCKTHOH  JOKYMEHTAIlUU  JJIS
ctpoutenncTBa (CIIAC). O0uiue noiaoxeHus.

21. TOCT 21.002-2014. Cwucrema TMPOCKTHON  JTOKyYMEHTallUM IS
CTpouTenscTBa. HOpMOKOHTPOJIb IPOEKTHOM 1 paboueit JOKYMEHTAIIUH.

22. TOCT P 21.1101-2013 CITZAC. OcHoBHble TpeOOBaHUS K MPOEKTHOW H
paboueil JOKyMEHTAIIHH.

23. T'OCT 2.702-2011 ECK/. [TpaBusna BBIMOTHEHUS JIEKTPUUECKUX CXEM.

24. TOCT 2.710-81 ECKIA. OO6o3naueHusi OyKkBeHHO-IIM(POBBHICE B
AIEKTPUUYECKUX CXEeMaX.

25. TOCT P 7.0.12-2011 CUBU/I. bubnunorpaduueckas 3anuch. CokpalnieHue
CJIOB U CIIOBOCOYETAaHUM Ha pycCKOM si3bike. OO1ue TpeOoBaHus U MpaBua.

26. TOCT 7.1-2003 CUBU/I. bubnuorpaduueckas 3aIuCh.
bubnuorpadpuueckoe onucanue. OOume TpeOOBaHUSA U ITpaBUiIa COCTABJICHHUS.

7


https://biblioclub.ru/index.php?page=book&id=57325
http://www.iprbookshop.ru/9654.html

NDPUIJOXEHHUE

HPUJIOKEHUE A

CHpaBO‘IHbIﬁ MaTepuall K pacuery 3JEKTPUICCKUX HATI'PY30K

[Tpunoxenue Al - Koaddumumentsl crpoca u Ko3pGUIIMEHTH MOITHOCTH IS

Pa3INYHbIX OTpaCJIeﬁ IMPOMBIIIJIICHHOCTHU

Koaddunment
[ToTpeOuTeas 3ICKTPOIHEPTHI cpoca | MommHocTH
K. COS
1 2 3
1) Kopmyca, mexa, YCTAHOBKH OOIIENPOMBIILIEHHOTO
Ha3HAYEHHS
PeMoHTHO-MEXaHWYECKHE 0,3-0,4 0,65-0,75
DJIEKTPOPEMOHTHBIE 0,4-0,5 0,7-0,8
e o™ ST 7075 07035
To e, HO C DIEKTPOIBUTATEIIMHU BHICOKOTO HAIIPSKEHUS:
a) aCUHXPOHHBIMU 0,75-0,82 | 0,8-0,85
0) CHHXpOHHBIMHU 0,75-0,82 | 0,85-0,9
BeHTHIs1IMOHHBIE YCTAaHOBKHU M OTOILJICHUE 0,65-0,75 0,8
["a3orenepaTopHbi€ CTAHIIMU 0,5-0,6 0,7-0,8
JluteitHble 11eXW YEPHBIX METAJIOB 0,7-0,8 0,7-0,8
JIuTenHble 11eX1 [IBETHBIX METAJIOB 0,7-0,8 0,8-0,9
b11oku 0CHOBHBIX MEXaHOCOOPOUYHBIX IIEXOB 0,5 0,75
Bbiokn BcrioMoraTenbHBIX IIEXOB 0,4 0,75
[IITaMmoMexaHUYECKHE U TOKAPHBIC 0,3-0,35 0,65-0,8
HHCcTpyMEHTATbHBIC 0,3-0,35 0,65-0,8
MexaHuuecKkue U 3arOTOBUTEILHEIE 0,3-04 0,65-0,75
MeTamioKOHCTPYKIUN 0,5-0,7 0,65-0,75
3aKajO4HbIC C MHIYKIIMOHHBIMU YCTAaHOBKaMU 0,7 0,75
Ky3HeuHo-TipeccoBbie 0,5-0,6 0,75-0,8
PeMOHTHO-TTUTEHHBIE 0,55-0,6 0,8
Ky3HeuHo-cBapouHbIe 0,6 0,75
MeTtanionpokaTHBIHI 0,7 0,8
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[Tponomkenne npunoxenus Al

1 2 3
TpaHcoOpTHBIM 0,4 0,75
3aroToBUTEIHLHO-CBAPOUHBIN 0,5 0,65-0,75
MoenpHbII 0,35 0,7-0,8
DHeprouexu 0,4 0,7
TepMuueckue u TepMOOOpyOHBIC 0,7-0,8 0,85-0,9
KpanoBas Harpy3ska, moJbeMHUKH 0,2-0,3 0,5-0,7
DIIeKTpOoCBapKa 0,6 0,5-0,6
JlepeBooO1eI0uHbIC, CTOJISIPHBIC 0,35-0,4 0,6-0,8
MamnspHbie, MOJICTbHBIE 0,5-0,6 0,65-0,7
I"anpBannueckue 0,65-0,75| 0,75-0,8
JlaGoparopun 0,5-0,6 0,7-0,9
3aBonoynpasienue, Kb, mpoxoaHbie, KOHTOPbI 0,7-0,8 0,8-0,9
Jero (;kene3Ho1I0pOKHbBIC, TAPOBO3HBIE, MTOYKAPHBIC) 0,4-0,5 0,6-0,8
Jlemo anekTpokap 0,5-0,7 0,75-0,9
["apaxu 0,3-0,5 0,65-0,8
KorensHble 0,6-0,7 0,7-0,8
CkJazibl OTKPBITHIC 0,2-0,3 0,6-0,7
CkJaJibl 3aKpBITHIE, TOTOBOM MPOTYKIIMHA U Mara3uHbl 0,5-0,7 0,8-0,9
CroJI0BBIE 0,5-0,7 0,9
Jleco3aBobl 0,3-0,5 0,7
Jlecocymmku 0,6-0,7 0,75-0,8
2) 3aBo/abI HBETHOH MeTAJTyPruu
[{ex anmexTposun3a 0,7 0,85
OTtnen perenepanuu 0,5 0,8
PaznmuBounas 04 0,7
Jlabopatopus 0,25 0,7
3) XumMnuyeckue 3aBoAbl H KOMOMHATHI
Llex moimmMepu3aum 0,5 0,9
[ex rpanymsum 0,65 0,8
Ilex xaTanu3anun 0,8 0,65
[lex xummnpenapaToB 0,7 0,75
["a30BbIii HIEX 0,6 0,8
[{ex 3amMTHBIX TOKPHITUN 0,5 0,8
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[Tponomkenne npunoxenus Al

1 2 3
CylWIbHOE OT/ICJICHHUE 0,7 0,8
Xummnaboparopus 0,4 0,8
4) TekcTUIbHBIE, MeJIaH:KeBbIe (GaOPUKH U KOMOMHATHI
[IpsaunbHBIN 11X 0,6-0,7 0,75
Tkankoe oTaeaeHue 0,7-0,8 0,8
KpacunbsHoe oTnencHue 0,7-0,75 0,8
OT10enuBaTeILHOE OTIEIICHUE 0,7 0,7
[1IBetiHOE TPOU3BOICTBO 0,5-0,6 | 0,65-0,7
OTxenoyHsbIe 1IEXa 0,6-0,7 0,75
CylnJIbHBIE OT/IEIbI 0,85 0,8
KorenpHas 0,6 0,8
Hacocnas 0,7-0,8 0,85
5) ABHAIMOHHBII 3aBOJI
Ilex 0OpaboTKM OJIOKOB ABUTATENICH 0,4 0,65-0,7
E}Be;(ragggggomn MOPIIHEW, IIATYHOB W MPOYUX JeTajcu 03-04 0.7
[{ex cOOpKH M UCTIBITAHUS ABUTATEIICH 0,5 0,8
[IITaMIOBOYHBIH T1eX AETaICH KOpIyca caMmoJieTa 0,4 0,6
[[ITaMIOBOYHBIH 11X AETalCH MOKPHITHS caMoJieTa 0,35-0,4 0,8
[lex nmpor3BOCTBA MEJIKUX JACTaeH 0,35-0,4 0,7
6) IleMeHTHBIE 3aBO/IbI
[lex npoGneHwms 0,5 0,8
ChrIpbeBOH 11€X 0,6 0,8
OtnenieHue ChIPhEBBIX MEJILHUI] 0,7 0,8
Otnenenue EMEHTHBIX MEJIHLHUIL 0,8 0,85
VroabHbIE MEIBHUILIBI 0,7 0,8
Otnenenue o6xura (Ie4Hoe) 0,7 0,8-0,9
CymuniabHOe OTAeNIeHHE 0,6 0,75
YnakoBouHast 0,4 0,7
DNeKTpOQUIBTPHI 0,4 0,85
7) JAepeB00o0padaThIBAIOIIAN IPOMBIIILIEHHOCTH
JleconmmibHOE OTIETIEHUE 0,5-0,55 0,75
O6paboTka IpeBEeCUHbI 0,4-0,5 0,7
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[Tponomkenne npunoxenus Al

1 2 3

biiok cymunbHBIX Kamep 0,6 0,8
[IpokneitHOE OTACIICHNE 0,6 0,75
[TpousBoacTBO Mebenu 0,28-0,35 0,6
MassipHbiii 11ex 0,4-055| 0,5-0,6
8) IIumeBast 1 MICOMOJIOYHASI IPOMBIIIJIEHHOCTD

CxJtazibl ChIphs M POMYKITAN 0,4-0,45 0,8
[TepBuunas oOpaboTKa MPOIYKIIUH 0,5 0,7-0,8
CylnIbHO-OYUCTUTEIBHBIE OTACICHUS 0,65-0,75 0,75
[TpousBoacTBa caxapa 0,5 0,75
X0JIOAUIIbHBIC CTAHITUHN 0,75 0,8
MenpHUIBI 0,8 0,75-0,8
KoHcepBHBIE KOMOMHATBI 0,35 0,7
[lepepaboTka BTOpPUYHOTO CHIPbS 0,45 0,75
MacnochIp3aBoibl 0,4 0,75
KonbacHoe npon3BoacTBO 0,35 0,8

[Tpunoxenue A2 - KoadduimeHTsl UCNOIb30BaHUS U MOIIHOCTH HEKOTOPBIX

NOTpeOUTENCH PIEKTPOIHEPTUU

Koa¢pdpuument
[ToTpeOuTens SICKTPOIHEPTHI HCIOME™ | rommocTH
30BaHUS
COS®
Ku
1 2 3

DJICKTPOABUTATEIIN BEICOKOTO HAMPSKCHHUS
a) aCHHXPOHHBIE 0,7-0,8 0,8-0,9
0) CHHXpOHHBIC 0,7-0,8 0,85-0,9
JlyroBble cTajeniaBUiIbHbIC TIeYH 0,6-0,75 0,9
JIuTeliHble YCTaHOBKHU
a) YepHBIX METAJJIOB 0,5-0,7 0,7-0,8
0) BETHBIX METAILJIOB 0,6-0,7 0,8-0,9
PynHo-TepMuyeckue neun 0,8-0,9 0,9
NHayKIMOHHBIE YCTAHOBKU BBICOKOTO HATIPSKEHUS 0,6-0,7 0,9
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[Tpunoxenue A3 - Pacuer aleKTpUYECKUX HArPY30K MPEANPUATHUS

ZPH’

PacyeTHbI€ BEIMYMHBI

HaumenoBanue nexa n “Bm Ke | cosp | tgp Pp, Qp, S, kBA
KBm Keap
1 2 3 4 ) 6 7 8 9

Coopounwtii yex
a) cuioBas 180 | 950,00 | 0,50 | 0,75 | 0,88 | 475,00 | 418,91 | 633,33
0) ocBeleHHE 31456 | 095 05 |1,73]298,83 | 516,98 | 597,13
Hmozo no 0,4 kB 1264,56 773,83 | 935,89 |1214,37
Momopmnuwiit yex
a) cuioBas 65 | 720,00 | 050 | 0,75 | 0,88 | 360,00 | 317,49 | 480,00
0) ocBelleHNEe 247,73 1095 05 |1,73|23534 | 407,14 | 470,27
Hmozo no 0,4 kB 967,73 595,34 | 724,63 937,83
Hucmpymenmanouwiii yex
a) cuiIoBas 52 | 600,00 {035 0,75 | 0,88 | 210,00 | 185,20 | 280,00
0) ocBereHrE 129,44 1095 | 05 | 1,73 122,97 | 212,73 | 245,72
Hmozo no 0,4 kB 729,44 332,97 | 397,94 | 518,87
Jlumeitno-mepmuyeckuii
uex
a) cuioBas 62 | 1380,00 | 0,70 | 0,80 | 0,75 | 966,00 | 724,50 | 1207,50
0) ocBelleHNE 8531 |09 05 1,73 | 81,04 140,21 | 161,95
Hmozo no 0,4 kB 1465,31 1047,04 | 864,71 | 1357,95
Ky3neunwtit yex
a) cuyioBast 42 | 1350,00 | 0,50 | 0,75 0,88 | 675,00 | 595,29 | 900,00
0) ocBeleHNe 125,34 [ 095| 051,73 | 119,07 | 206,00 | 237,93
Hmozo no 0,4 kB 1475,34 794,07 801,29 | 1128,10
Cmonoeas
a) cuJIoBast 26 | 480,00 |0,70|{0,90|0,48 | 336,00 | 162,73 | 373,33
0) ocBeleHNe 7898 |090|08 |0,75| 71,08 53,31 88,85
Hmozo no 0,4 kB 558,98 407,08 216,04 | 460,86
Komnpeccopnas,
HACOCHAs
a) cuoBast 25| 310,00 |0,70|0,85|0,62| 217,00 | 134,48 | 255,29
0) ocBeleHNE 78,65 |095(098| 0,2 | 74,72 14,94 76,21
Hmozo no 0,4 kB 388,65 291,72 149,42 327,76
C/110 kB 4 | 2520,00 | 0,80 (0,85 |0,62 | 2016,00 | -1249,40 | 2371,76
Hapysicnoe oceeuyenue 1 202,64 | 1,00 0,98 | 0,2 | 202,64 40,53 206,65
Hmozo no 3a600y 9572,65 | 0,67 | 0,91 | 0,44 | 6460,69 | 2881,05 | 7073,96

Py = 4444 69 kBm
ZPZ =2016 xkBm ;

K, =009;

ZQ’; =4130,45 keap ;

ZQf7 =—-1249 4 xeap;,
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P, =0,9(4444,69 + 2016 ) =5814 62 xkBm;

Q,s =0,9(4130,45-1249,4) = 2592,95 xeap ;

S,s =+/5814,622 + 2592,95? = 6366,57kB - A ;

P, =0,9(4444,69 +2016 — 2016 ) = 4000,22 xBm
~ 2592,95
- 5814 62
Q'p =4000,22-0,44=1760 keap

tg =0,44

S, = \/4000 222 +17602 =4370,28xB- A;
AP, =0,02-4370,28 =87,41xBm;, AQ,, =0,1-4370,28 = 437 ,03ksap;

P,,, =5814,62+87,41=5902,03 xBm;

Qpnp =2992,95+437,03 =3029,98 keap ;

S, ,p =/5902,032 +3029 98% = 6634 36xB- 4.
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HNPUJIOKEHUE b
YaeabHble MOIIHOCTH U KOI(PGUIMEHTHI CIIPOCA 0CBETUTEIbHBIX

YCTAHOBOK
[Ipunoxenne bl -  VYiaenbHble  MOIIHOCTA  HArpy30K  OCBEIICHUSA
MPOU3BOJICTBEHHBIX 3aHUMN
[LnotHOCTH
[T10THOCTB HarpysKu, Bm/m?
Hctounuk
HaumeHoBaHue 1exa, Kopmyca Harpy3KH, IpH
) cBeTa
Bm/m UCIIOJIb30BAHUH
LED mamm
1) Jluteiinbie U MIaBUIBHBIC 15-17 JPJI, 1PU 8-10
2) Mexanundeckue 1 COOpOYHBIC 14-16 JPJI, 1IPU 8-10
3) CapouHble, TEPMUYECKUE U 15-17 JIPIL JIPH 8-10
METaUTONPOKATHBIC
4) lucTpyMeHTaIbHBIC 19-21 JPU, IPJI 10-12
5) lepeBo0oOpabaThIBaIOIINE U MOICTbHBIC 17-19 JPJI, IPU 8-10
6) Biioku BcrioMoraTeIbHBIX 1IEXOB 13-15 JPJI, IPA 8-10
7)  3aBoJOyIpaBJeHHUE UHKCHEPHBIC JUL
’ 8-10 Oueprocoe- 6-7
KopIIyca, 1abopaTopuu
peraromiye
JAPH,
8) HacocHbie, KOMIIPECCOPHBIC, KOTEIBHBIC 12-15 DHeprocoe- 8-10
peraromiye
9) Cknampl 8-10 JPJIL, JUT 2,5-4
10) Hapy»xHoe ocBelieHue 0,5-1,0 JPJI, IHaT 0,25-0,5
[Tpunoxenue b2 - KoadduineHTs! cipoca 0CBETUTEIBHBIX HATPY30K
HanmenoBanue o0bekTa K.
1) Menkue npou3BoACTBeHHbIE 30aHus F<500 /2 1,0
2) IIpon3BOICTBEHHBIC 3/IaHMUsA, COCTOSIINE U3 OTCITBHBIX 0.95
GonbIKX 1mposetos F>1000 2 ’
3) AIMHHUCTPATUBHBIC 31aHNUs, OMOIMOTEKH U MPEIIPUATHS 09
OOIIECTBEHHOTO MTUTAHUS ’
4) IIpon3BOACTBEHHBIC 3IaHMUsI, COCTOSIINE U3 HECKOIBKHUX 085
oTaebHBIX ToMemenuii F>500 a2, Ho < 1000 12 ’
5) JTabopaTopHbIe 1 KOHTOPCKO-OBITOBBIC 31aHHS, JIETCKUE U 08
yueOHbIE yUpEKICHUS ’
6) Ckiraackue 3maHus, pacupeeuTeIbHbIC YCTPOMCTBA U 06
MOJCTAHIIUHU '
7) HapyxHoe 1 aBapuiiHOE OCBEIICHHE 1,0
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[Tpunoxenue B1 - [Tanasie KPY u KCO

NPUJIOKEHUE B
TexHuyeckue JaHHbIC 000PYIOBAHUS U IPOBOJHUKOB

KPY
HanmenoBanue napamerpa KM1-10-20Y3 K63 V3 D-12P KCO-2000
«Knaccukay
EE(;MI/IHaIIBHOG HaIIpsDKEHHUE, 6, 10 6, 10 6, 10 6, 10
§ 630, 1000, 630, 1000, 630, 1000,
HomuHanbHBIA TOK TJIAaBHBIX 1600, 1600 1600, 630. 1000
neneu, kKA 2000. 2500. 2000 3i50 2000, 2500, '
3150 ' 3150, 4000
HomunansHBIN TOK
OTKIIFOYEHUSI  BBIKJIIOYATEIS, 12,5, 20, 31,5,
BctpoenHoro B KPY u KCO, 20 20,315 40, 50 20
KA
Tok TEPMUYICCKON 20, 31,5, 40,
CTOMKOCTH, KA 20 20, 31,5 50 20
Tok  3yIEeKTpOAMHAMHYECKON
CTOMKOCTH TJIaBHBIX IIEIEH, 51 51, 81 51, 81, 125 52
KA
HomunanbHOE€  HampskeHHe
BCIIOMOTAaTEIbHBIX Lienel, B
MMOCTOSIHHOTO TOKAa 110, 220 110, 220 220 110, 220
MEPEMEHHOI0 TOKa 220 220 220 220
Tun BeIKIIOYaTENIEH BaKyyMHBII BaKyyMHBII BAKYyMHBII | BaKyyMHBIU
Ha ToK 10 1600 A BB/TEL-10 BB/TEL-10 BB/TEL-10 | BB/TEL-10
BBK5-10 Bb-10 VD4
BBY-COII- EVOLIS
10
3JIeTa30BbIN 3JIETa30BbIM
VF-12 9JIETa30BbIN VF-12
VF-12
Ha ToK 10 3200 A 3JIETra30BbIi DJIETa30BbIi
VF-12 9JIETa30BbIN VF-12
VF-12
T TOJI-10; TOJI-10; TOJI-10; TOJI-10;
uIt TpanchopMaTopa Toka TJIII-10 TJIIII-10 TJIII-10 TJIIII-10
HOJIL.08; HOJI.08; HOJIL.08; HOJIL.08;
HOJI.06 HOJIL.06 HOJI.06 HOJI.06
Tun Tpanchopmaropa TAMILL0:
HaTPsHKCHUS HAMMUM-10; HAMMU-10; HAMMU-10; 0 AMI/IT—’
HAMMUAUT-10 HAMMUAUT-10 HAMMUAUT-10 10
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[Tpunoxxenue B2 - TexHuueckue 1aHHbIE KOHAECHCATOPHBIX YCTAHOBOK

Yucno crynenen

Tun KY Uson, kKB Qrioms K8ap pEryJIMpOBaHUs
MOIITHOCTHU
1 2 3 4

KPM-0,4-12,6-1,8 V3 0,4 12,6 1,8-3,6-7,2
KPM-0,4-19,8-1,8 V3 0,4 19,8 1,8-3,6-2x7,2
KPM-0,4-27-1,8 V3 0,4 27 1,8-3,6-7,2-14,4
KPM-0,4-32,4-3,6 V3 0,4 32,4 3,6-2x7,2-14,4
KPM-0,4-34,2-1,8 V3 0,4 34,2 1,8-3,6-2x7,2-14,4
KPM-0,4-39,6-3,6 V3 0,4 39,6 3,6-7,2-2x14.,4
KPM-0,4-46,8-3,6 V3 0,4 46,8 3,6-2Xx7,2-2x14.,4
KPM-0,4-54-3,6 Y3 0,4 54 3,6-7,2-3x14,4
KPM-0,4-64,8-7.2V3 0,4 64,8 7,2-4x14,4
KPM-0,4-75-7,5V3 0,4 75 7,5-15-22,5-30
KPM-0,4-105-7,5VY3 0,4 105 7,5-15-22,5-2x30
KPM-0,4-125-7,5V3 0,4 125 7,5-15-22,5-30-52,5
KPM-0,4-150-15 VY3 0,4 150 15-30-45-60
KPM-0,4-180-15V¥3 0,4 180 15-30-60-75
KPM-0,4-200-15 V3 0,4 200 15-30-60-90
KPM-0,4-225-15VY3 0,4 225 15-30-60-120
KPM-0,4-240-30 V3 0,4 240 2x30-3x60
KPM-0,4-300-30 ¥3 0,4 300 2x30-2x60-120
KPM-0,4-300-30 V3 0,4 300 2x30-4x60
KPM-0,4-360-30 V3 0,4 360 30-2x60-90-120
KPM-0,4-375-37,5Y3 0,4 375 37,5-37,5-4X75
KPM-0,4-420-30 V3 0,4 420 30-60-90-2x120
KPM-0,4-450-45VY3 0,4 450 45-45-4x90
KPM-0,4-525-52,5 Y3 0,4 525 52,5-52,5-4x105
KPM-0,4-600-60 Y3 0,4 600 60-60-4x120
KPM-0,4-675-67,5Y3 0,4 675 67,5-67,5-4x135
KPM-0,4-750-75VY3 0,4 750 75-75-4x150
KPM-0,4-825-82,5 VY3 0,4 825 82,5-82,5-4x165
KPM-0,4-900-90 V3 0,4 900 90-90-4x180
KPM-0,4-975-97,5 V3 0,4 975 97,5-97,5-4x195
KPM-0,4-1050-105 V3 0,4 1050 105-105-4x210
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[Tponomxkenue npuioxxenus: B2

1 2 3 4
YKPM-6,3 (10,5)-300 6,3 (10,5) 300 2x150
YKPM-6,3 (10,5)-450 6,3 (10,5) 450 300-150
YKPM-6,3 (10,5)-600 6,3 (10,5) 600 2x300
YKPM-10,5 (6,3)-900 6,3 (10,5) 900 2x450
YKPM-6,3 (10,5)-1350 6,3 (10,5) 1350 3x450
YKPM-6,3 (10,5)-2250 6,3 (10,5) 2250 5x450
YKPM-6,3 (10,5)-3150 6,3 (10,5) 3150 7x450
[Tpunoxxenne B3 - VYjaenpHble CONPOTUBICHUS KAOENBHBIX JIUHUU C

AJTIOMHHUEBBIMU Kumamu, Om/km

NHITyKTUBHBIC COMTPOTUBIICHUS
CeueHnne AKTHUBHOE Kabens ¢ OymakHOU Katexs ¢ p eSHHOBOIEI
JKUIIBL, MM? | COIIPOTHBIICHHE U30JISIIINEH FITH TOMIXJIOPUIHOM
U30JISIIUEH
6 kB 10 xB 6, 10 xB

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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[Ipunoxxenne B4 — Texaudeckue naHHbie Tpexda3zHbIX
tparcopmartopoB 6-10 - 35-110 xB

IIBYXO6MOTO‘IHBIX

Tun MoUIHOCTS, Ijg;(p; ?;(Ifj{f g Ue, | P Py, I,
TpaHcpopmaTopa kB-A B T % |kBm | kBm | %
1 2 3 4 5 6 7 8
TM-400/10 400 6,3-10,5 0,4 50 | 11 59 | 25
TM-630/10 630 6,3-10,5 0,4 55 | 1,7 8,5 2
TM-1000/10 1000 6,3-10,5 0,4 55 245 | 11 1,4
TM-1600/10 1600 6,3-10,5 0,4 55 | 33 | 165 | 13
TM-2500/10 2500 6,3-10,5 0,4 55 385 235 | 1,0
TMH-6300/110 6300 115 6,3-11 | 105 | 13 50 1,0
T/1H-10000/110 10000 115 6,3-11 | 105 | 18 60 0,9
T/1H-16000/110 16000 115 6,3-11 | 105 | 26 85 0,85
TP/IH-25000/110 25000 115 6,3-11 | 10,5 | 36 120 | 0,8
TPIH-32000/110 32000 115 6,3-11 | 10,5 | 44 145 | 0,75
TPIH-40000/110 40000 115 6,3-11 | 105 | 52 175 | 0,7
TPAIIH-63000/110 63000 115 6,3-11 | 105 | 73 260 | 0,65
TPAIIH-80000/110 80000 115 6,3-11 | 105 | 89 315 | 0,6
TMH-1000/35 1000 35 0,4 65 | 21 | 122 | 14
TMH-1600/35 1600 35 0,4 65 | 29 18 1,3
TMH-1600/35 1600 35 6,3-11 | 65 | 29 | 165 | 13
TMH-2500/35 2500 35 6,3-11 | 65 | 41 | 235 | 10
TMH-4000/35 4000 35 6,3-11 | 75 | 53 | 335 | 0,9
TMH-6300/35 6300 35 6,3-11 | 75 | 80 | 465 | 0,8

[Tpunoxenne BS — TexHuueckue AaHHbIE OIPAHUYMUTEINIECH NEPEHANPKEHUS

(OIIH)
Kitace Hauboee HomuHaneHbI
Tun orpannuuTeneu HaIPsSKEHUS, FUTTEIIBHO pa3psAIHbIIT
B JOILyCTUMOE Tok. KA
HanpspKeHue, kB ’

OITH 35/40,5-10 YXJI1 35 40,5 10
OITH/TEL 35/40,5 YXJI1 35 40,5 10
OITH/TEL 110/78 YXJI1 110 78 10
OITH/TEL 110/73 YXJI1 110 73 10
OITH 110/80-10 YXJI1 110 80 10
OITHHn-110/56-10 YXJI1 110 56 10
OITHH¢-110/56-10 YXJI1 110 56 10
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[Ipunoxenue B6 -  AxkTHBHOE M pPEaKTUBHOE  COMNPOTUBIICHUE
CTaJeaTIOMUHUEBBIX TPOBOJIOB

ConpoTHBIIEHNE €IUHUIBI ATUHBL, OM/Km
Mapxka nmpoBoja
aKTUBHOE UHIYKTUBHOE
AC35 0,9 0,43
ACS0 0,65 0,42
AC 70 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
IMPUJIOXEHUE I

Ko3¢puuueHTsI 1151 pacyeTa TOKOB KOPOTKOI0 3aMbIKAHUS

[Tpunoxxenue I' - CpeHKre 3HAUCHUS OTHOIICHHUS Xy /Iy TOCTOSTHHOM BpeMeHu T,
¥ yaapHoro koddduimenta K,, s XapakTepHBIX palualibHBIX BETBEHW CHCTEMBI
AIEKTPOCHAOXKEHUS HANIPsHKEHUEM BblIle 1 kB

Cxema Toia BetBb Xslrs | Tac Kyo
K3
K1 | Dueprocucrema 10 0,03 1,72
K2 | Dueprocucrema u BJI 110-220 kB 15 0,05 1,8
o8 DHeprocucTemMa u i i
_C)ékil K3 | tpancdopmarop I'TIIT 25-80 35-50 %]iZG ]i'%i
WL MBAu =
] %KZ JInnelHbI peakTop
K4 | luon=1 x4 72 0,23 1,96
m @ lion <0,63 k4 35 | o1 | 1ot
£K3 Tpaucdopmarop 10(6)/0,4- i 0,02- ]
. ] K5 0,69 kB 6-10 0,03 1,6-1,7
T KL Ka6ensuas muaust 10(6) kB
K5 j#m “ mmaaok 200-300 M 3 0,61 14
ACHHXPOHHBIN 3JICKTPOJIBUTATEIb 13 0,04 1,6
© M K6 | CMHXpOHHBIN IEKTPOJBUTATEND
MOIIHOCThIO, MBT:
1o 1,6 16 0,05 18
2-4 22 0,07 19
BhILIE 4 32 0,10 1,9
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IHPUJIOXKEHUE /I
TI'oxoBoe 4HCJI0 YaCOB HCI0Jb30BAHUA MAKCUMYMA HATPY3KHU U DKOHOMHUYeCKas
IUIOTHOCTH TOKA

[Tpunoxenue /{1 - ['omoBoe ynCI0 4acOB UCIOJIH30BAHUSI MAKCUMyMa HArpy3KH 1o
OTpaciisiM

[Ipeanpustre Ty u Tp, u
AHUIOKPACOYHBIE 3aBO/IBI 7100 -
Hedreneperonnsie 3aBoabI 7100 -
3aBOJIBI TSDKEIIOTO MAIIMHOCTPOCHUS 3370 4840
3aBOJIbl CTAHKOCTPOEHUS 4345 4750
HNHCcTpyMEHTATbHBIE 3aBOIBI 4140 4960
3aBOAbI HIAPUKONOIIIUITHUKOB 5300 6130
3%EE§I;OF];Z§E§MHO-TpchnopTHorO 3330 3880
ABTOTpPaKTOPHBIE 3aBOIBI 4960 5240
Cotoro i s
[Tpubopoctpoenue 3080 3180
ABTOPEMOHTHBIE 3aBO/IbI 4370 3200
BaronopemMoHTHBIE 3aBOIbI 3560 3660
DNEeKTPOTEXHUYECKHE 3aBObI 4280 6420
ABOTHO-TYKOBBIC 3aBOIBI 7000 -
Pasnbie MeTamiooOpadaThiBaroIme 4355 5880

3aBOAbI




[Tpunoxenue J[2 - DxoHOMHUYECKas INIOTHOCTh TOKA

DKOHOMUYECKas MJIOTHOCTH TOKA, A/MM?,
IIPH YKCJIC YaCcOB UCIIOIb30BaHUS

[TpoBogHUKH MaKCUMyMa Harpy3KH B TOJI
S 0 b S0 1 s
1 2 3 4
HewnzonmupoBaHHbIC IPOBO/IA M IITHHEIL:
MEJIHEIE 2,5 2,1 1,8
ATFOMHUHUEBBIE 1,3 11 1,0

Kabemn ¢ OyMaxxHod u TpoBoja C
PE3MHOBOM W  TOJMBUHUIXJIOPUIHON
U30JISIIIUEN U JKUIJIAMU:

MEJTHBIMHA 3,0 25 2,0

AJTIOMUHHUEBBIMH 1,6 14 1,2

Kabenu ¢ pe3nHOBO#M M TMIaCTMacCOBOM
U30JISALMEN C )KUIIAMHU:

MEIHBEIMHU 3,5 3,1 2,7

ATTOMUHHUEBLIMHU 1,9 1,7 1,6
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MPUJIOKEHUE E
HomorpaMmbl 1 AHarpaMMbl A1l NPHOJIH3UTETHHOTO ONMpeae e HUsI
PALMOHAJIBLHOTO HANPSIZKEHHUS FJIEKTPOCHAKEHUS

[Ipunoxenne EI - Homorpammsl [ OpUOIM3HUTEIBHOTO  ONpPENEICHUS
PAlMOHAIIBHOTO HAMPSHKEHUS 3JIEKTPOCHAOKEHUSI B 3aBUCUMOCTH OT IepeaBaeMoi
MOIIIHOCTH S, ¥ JUIMHBI ATAOIIEH THHUH |

a) ¢ Tpancdopmarmeit Ha 10 kB; 0) ¢ Tpanchopmarueii Ha 6 kB

110/10 = =
\_L \ \
NN
g
. \\Ja 80
20
J5/10
20;70 | T =0MBA|_
=45 ( \
19/10 ’ ] 5
a)
110/6 [T
[ \\' 60\ 700(
40 80
5 7 Sp=10MBA
35/6 a 2 JV ;
20/6 -+ Y,
§/6 —=2— 2-

0 1 2 3 % 8§ 6 7 8 § 1020 30 40 50 60 70 80 90xm
6)
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[Tpunoxxenne E2 - CpaBHUTENbHBIE OUarpaMMbl TPUBEACHHBIX 3aTpaT Ha
AIIEKTPOCHAOKEHHE TPEANPUATHAN 3aJaHHON MOIIIHOCTH B 3aBHCHUMOCTH OT HATPSKCHHSI
u ynanenHoctu ot UII: a) 9 MBm; 6) 14 MBm; B) 22,5 MBm; 1) 35 MBm

3,tuit. pyd.
»00
Jser 220/35%8
I50/35
170/ 35
o0t
250 - z20/110
y30/170 220/m0
200 330/110
35
150 e
100
20 L

5 J0 75 20 25 J0 JISLpm

L4 1 H ¥ 1 i 3
516G FF 20 25 30 JSLw
a) 6)
gyrwic.pyd Sroe_pyd.
sook
w60l soo
20 L S0k
80t wol.
aor 750
Jool
B o0
260 | ! 230/170
) 250 IO/ 110
it 220/110 S 220/10
180 p 338/110 L /s
140 W 156 5
o LR, 00 L
§ 19 15 20 25 J0 ISLpm S0 7% 20 25 90 I5Lxm
B) r)
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MMPUJITOKEHUE K
TexHuYecKHe XapaKTePUCTUKH pacnipeeuTeIbHbIX IKA(OB U SIINKOB C
pPyOMJIbLHMKAMH

Tabmuma X1 — Illkadsl HaBeCHBIC pacpeAeTUTEIbHbBIC IS CUIOBBIX

yCTaHOBOK nepemenHoro toka [1P8501 — 1000

Howmep cxems! mikada mpu HoMuHATEHOM TOKe 630 A Uwrcio ¥ THIT BBIKJTFOYATEIICH Ha
Oes C BBIKJTIOUATEJIEM Ha BBOJIC OTYOATIINIY THHHAX
BBIKITIOYATEIICH BA51-31 | BAS51-35
Ha BBOJIC C C paclenuTeNsIMA Ha TOKH
3ASKIMAMI BAS51-39 BAS55-39 BA56-39 16-100 A 100-250 A
149 090 115 140 6 -
150 091 116 141 8 -
151 092 117 142 10
152 093 118 143 12 -
153 094 119 144 - 4
154 095 120 145 2 2
155 096 121 146 4 2
156 097 122 147 6 2
157 098 123 148 8 2
Tabmuma K2 — Illkadsl pacnpenenurenbHble JISI  CHJIOBBIX  YCTaHOBOK
nepeMernHoro Toka IIP11 ¢ aBromarnueckumu BbIkItouarensmu cepun AE2046,
AE2066
HomMunanbhbIii KonuuectBo
Tun mkada npu ucrmomTHeHnn | TOK mkada, g, Tun BprciotaTen Ha JIMHENHBIX
A BBOAIC BBIKJIFOYATEIICH
HAaBECHOM HATOJIHLHOM
1 2 3 4 5
Ikadw! ¢ nunHelinbIMU BIKITIOUaTensiMu AE2046
[1P11-3047 - - 2
[1P11-3048 - 100 AE2066 2
I1P11-3053 - - 4
[1P11-3054 - 230 A3726 ®VY3 4
[TP11-3059 - - 6
[TP11-3060 - 230 A3726 ®VY3 6
[1P11-3067 - - 8
[1P11-3068 - 230 A3726 ®VY3 8
I1P11-3077 [1P11-7077 - 10
I1P11-3078 [1P11-7078 230 A3726 ®VY3 10
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[Tponomxenue npusioxenus K2

1 2 3 4 5
I1P11-3089 - - 6
[1P11-3090 A3726DY3 nnn 6

400 A3796HY3
[1P11-3090 - A3726DY3 nnn 6
A3796HY3
I1P11-3097 - - 8
[1P11-3098 - 400 A37260Y3 wn 8
A3796HY3
[1P11-3107 - - 10
[1P11-3108 - 400 A3726DY3 nnu 10
A3796HY3
Ikads! c nuHElHBbIME BbIKITIOUaTesiMu AE2066
[1P11-3117 - 250 - 4
I1P11-3118 - A3726 ®Y3 4
I1P11-3119 I1P11-7119 400 - 6
[1P11-3120 [1P11-7120 A3736DY3 nm 6
A3796HY3
[1P11-3121 [1P11-7121 630 - 8
[1P11-3122 [1P11-7122 A3736DY3 nnn 8
A3796HY3
- I1P11-7123 630 - 12
[1P11-7124 A3736DY3 nnn 12
A3796HY3

Tabmuua X3 - SAmuku onHoduaepHble ¢ pPyOMSIBHUKAMU WM TAKETHBIMHU
BBIKJIFOUATEISIMU 17151 HanpskeHust 10 380 B nepemenHoro toka u 220 B mocTossHHOTO
TOKa

HomunanbHbIM TOK, A
Tun Anmnapartypa Hcnonnenne
AIUKA | TJIABKUX BCTABOK
1 2 3 4 5
SIPB-6113 TpexmontocHbIi 100 -
SIPB-6114 pyOUITBHUK 200 -
SIPB-6123 TpexmoarocHbIN 100 60, 80, 100
PYOHUIBHHK U TPH 100, 125, 160, [Te11e6phI3ro-
sIPB-6124 npenoxpanutens [1P-2 200 200 3aHUIICHHOE
SAPBM-6122 TpexnontocHbIN 60 60 IP54
SIPBM-6123 PYOUIBHUK 1 TPH 100 100
MPEIOXPAHUTEIS
SAPBM-6124 TH-2 200 200
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ITponomxenue npusoxenus K3

1 2 3 4 5
ﬂB3‘31 TpeXHOJIIOCHHﬁ 100 60, 80, 100
S1B3-32 PYOWIIBHUK U TpU 200 100, 125, 160, 200
S1B3-33 npenoxpanuters [1P-2 300 200, 225, 260, 300 3axpbiToe
SIBIT3-15 TpexnomocHbiii 15 6, 10, 15 (3amﬂmeHH°e)
IAKETHELL C YILIOTHEHHEM
SIBI13-60 BBIKJIFOYATEINb U TPU 60 15, 20, 26% 35,45,
npenoxpanutens [1P-2
TpexmnomtocHbIN OJIOK
SBII-1 «[Ipenoxpanurens- 100 30, 40, 158(’) 60, 80,
BBIKJTIOYATEIIb)
SABIIBY-2 To xe 200 80,100,120,150,200
SABIIBY-4 To xe 350 200, 250, 300, 350
TpexmorocHbIN 3armmenHoe
SPII-20 PYOHIIBHHK U TPH 20 20
npegoxpanutens E-27
TpexnomroCcHbII
AMM-15 myckarenb [IHB-30 u 125 15
TPH NPEIOXPAHUTENS ’
E-27
ABIII3-25 TpexmnoroCHbIN 25 - 3akpbiTOE
ABIII3-60 PYOUIIBHHK U 60 - (3ammImeHHoe
SBIII3-100 HITETICENbHBIN pa3beM 100 - C YIUIOTHEHUEM )
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TexHn4YecKue XAPAKTEPUCTUKU alllIAPaToOB 3allUThI

IMPUJIOXKEHUE U

Tabmuua M1 - TexHnueckue JaHHbIE PEIOXPAHUTENEH

Tun Homunansnsii HomunuaneHb1# TOK [IpenenbHbIN TOK

IpeNOXPAHUTELS TOK naTtpoHa l,, 4 TUIABKOHM BCTABKH lyniec, A | oTKIIOUenus, kA
HITH-60M 60 20, 25, 35, 45, 60 -
[TH2-100 100 30, 40, 50, 60, 80, 100 50
[TH2-250 250 80, 100, 120, 200, 250 40
[TH2-400 400 200, 250, 300, 350, 400 25
ITH2-600 600 300, 400, 500, 600 25
ITH2-1000 1000 500, 600, 750, 800, 1000 10

Ta6nuna M2 — Texuuueckue qaHHbIE aBTOMaTUYECKUX BhIKtouarenei cepun AE2000

. [Ipenemnsr
HomMuHaIbHEIN TOK [IpenenbHas
Homu- YcraBka pErynupoBa-
TEIJIOBBIX U KOMMYTa-
HaJIb- cpabaThIBaHMsI TOKA| HHUS 10 TOKY
Tun . KOMOMHUPOBAHHBIX IIMOHHAS
HBIHN TOK, . OTCCUKHU B cpabaThIBaHUS
| A |Pacuemnutenet, L pacu, KpaTHOCTH K | OILTOBOTO CIIOCOOHOCTB,
Hy A H.pacy xA
pacuenuTesis
BBIKJTIOYATENIN ¢ KOMOWMHUPOBAHHBIMH PACUEITUTEISIMHU
0,3;0,4,0,5; 0,6; 0,8; 0.7
1,0;1,25;1,6 '
AE2026 16 22531545 63 12 09-1,15 10
8; 10; 12,5; 16 2
0,6;0,8;1,0; 1,25; 08
1,6;2:25;3,15;4 '
AE2036 25 5 63810 125 12 09-1,15 15
16; 20; 25 45
10; 12,5 2
AE2046 63 16; 20; 25 12 09-1,15 25-3
31,5; 40; 50;63 6
16; 20; 25 3
AE2056 100 31,5; 40; 12 09-1,15 6
50; 63; 80; 100 9
16; 20; 25
AE2066 160 31,5; 40;50,63 12 09-1,15 3-6
80; 100; 125; 160
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Ta6muna 13 — Texaudeckue nannsie cepun BAS1, BA52, BA74 u np.

H HomuBaaLHBIN TOK YcTaBka o [IpenenbHas
OMH- pacuenurens ¢ Yycraka BpPEMCHH KOMMYTaITUOH-
Tun o 00paTHO3aBUCUMON CpadaTLIBAHHA TOKA cpabaTbIBa- Hasl
HB}H ZOK’ XapaKTePUCTHUKOM, OTCCHIH B HHS B 30HE CITOCOOHOCTb,
Hy by pacus A KPaTHOCTH K | pacy K3, ¢ A
BBIKJTIOUATENIM ¢ KOMOMHUPOBAaHHBIMH PACICTUTEIISIMH
0,3;0,4,;0,5;0,6; 0,8; i - 3
BASII-25 1,0;1,25;16
25 2,0;2,5;3,15;4,0;5 - - 15
6,3; 8,0; 10; 12,5 _ 2
BA51-25 16:20° 25 7;10 38
6,3; 8,0; 2
BAS1-31 10; 12,5; 2,5
100 16; 20; 25; 3;7;10 3,8
BAS5S1I'-31 31,5; 40; 50;63; 6,0
80; 100 7,0
BAS51-33 80; 100; 125; 160 12,5
BAsiT-33| 190 10
80; 10
BA51-35 250 100; 125; 12 8
160; 200; 250 6
BAS51-37 400 250; 320; 400 10 25
BA51-39 630 400; 500; 630 10 35
BBIKJIFOYATCJIN C HOHYHPOBOZ[HI/IKOBI)IMI/I paCIIGHI/ITGJ'ISIMI/I
130; 190; 260; 375; | 2,0; 2,5; 3,0; 4,0; 0,18; 0,38;
BA74-40 800 500; 625; 750; 800 | 4,5;5,0;5,5; 6,0, 0,63;1,0
6,5;7,0;7,5;8,0
BA74-43 1600 1250; 1600
BA74-45 3000 2000; 2500; 3000
BA74-48 5500 4000; 5500
BAS3-41 1000 250; 400; 630; 1000 | 2,0; 3,0;.4,0; 5,0; -
6,0; 7,0
BA51-39 630 400; 500; 630 4;5,0; 6,0; 8;0; 10 -
BAS239 | 630 | 20032 400500, 10 '
BA53-43 1600 1000; 1280; 1600 2,0;3,0;50;7,0
BA55-43 1600 1000; 1280; 1600 2,0;3,0;5,0;70 | 0,1;0,2;0,3
BAS&5-41 1000 | 250;400; 630; 1000 | 2; 3,0;5,0;6,0; 70| 0,1;0,2;0,3
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Ta6mumna 14 — ABromatuueckue BoikirodaTesnu cepun A3700

HomunaneHbIN TOK, A

YcraBku 1o TOKy

VYcTaBKH 10 TOKY cpabaThIBaHus,

" HomuHansHBIN TOK cpabaTbIBaHUS A
CIIOJIHEHHE 110
Tun HIOJIYITPOBOAHUKOBOT'O | [IOJIYIIPOBOAHHUKOBOIO
PacIEIUTEITIO BBIKJIIO- | TEIIOBOIO 9JIEKTPOMArHUTHOTO | TEIJIOBOTO
pacuenurens, A pacuenuTens B 30He
YaTesns | palenuTeNs K3 KPATHELE | pacy pacrienurens pacienures

TokoorpaHnuMBaroIIKe 20, 25, 32, 40

¢ snextpomarautabiva | A3710b 160 — 40, 50, 63, 80 2,3,5,7,10 1600 -

U TOJYIIPOBOHUKOBBI- 80, 100, 125, 160

MU paclenUTeII MU A3720b 250 - 160, 200, 250 3,5,7,10 2500 -

TOKOOrpaHUYNBAIOIIIUE B B B 400, 630, -

C DIIEKTPOMArHUTHBIMH A3710 160 1000, 1600

pacIenuTeNsaIMu A3720b 250 - - - 1600, 2000, 2500 -
16 630 18
20 630 23
25 630 29
35 630, 1600 37
40 630, 1600 46

TokoorpannunBatone | A3710b 160 50 - - 630, 1600 57

C DJIEKTPOMArHUTHBIMH 63 630, 1600 12

U TEILUIOBLIMH 80 630, 1600 92

pacIenuTeIIMH 100 630, 1600 115
125 630, 1600 145
160 630, 1600 185
160 2500 185

A3720b 250 200 - — 2500 230

250 2500 290

CeneKkTUBHOE C 250 160, 200, 250

MOJIYIPOBOHUKOBEIM | A3790C 600 400 250, 320, 400 2,3,57,10 — 3000

pacrenuTenem 630 400, 500, 630

Toxoorpaumamsaiomee 250 160, 200, 250 4000

;;"Hﬂg;gf"”“m“j" A3790B| 600 400 250, 320, 400 2,3,57 4000 3000

POMATTHT 630 400, 500, 630 6300
HBIMHU PaCHEIUTEISIMU




INPHJIO)KEHUE K
TexHn4yeckne XapaKTePUCTHKH NPOBOIHUKOB

Tabmuua K1 - JlnurenbHo AomycTUMBINA TOK Loon 1s1 TpOBOIOB U Kabeseil Ha HanpsbkeHne 1kB ¢ altoMUHUEBBIMU KUJIaMHU
MpU OKpyXxaroniei remmneparype Bozayxa 25°C u zemun 15°C

I'pynma [IpoBoaa ¢ pe3nHoBoOM 1 Kabem SAIHILICHHBIC IPOBOAA € | raGe ¢ OyMa)KHOHM MPOTTUTAHHOMN ["osbie
IPOBO/IHU- o . PE3UHOBOM U IJIACTMAcCCOBOM .
IUIaCTMACCOBOM N30JIALUEH . U30JIIMEN poBoJia
KOB M30JISIMEH
ABPI'-AHPT -
Mapka AIIP - ATIPTO — AIIPB - AIIB ABBI'-ABPEBI - AB]?EI;‘?EIPB' Ai?sl;-i%];-r AAB-ACB A
AHPBI'-AITPO
Croco0 | OTKpBI-
HpOKIAIKH To B CTaJIbHBIX TPyOax B BO3JlyX€ B 3eMJIe B BO3JlyXe B 3eMJIe OTKPBITO
Ceuenne, | loon, A | loon, A, ipu urCIIC IPOBOJOB, Loon, A, ipu grcie KU (OAHOKHUIBHBIX IIPOBOJIOB), PABHOM B TIOMeIIIe-
MM paBHOM HUAX
- 2 3 4 | 56|79 2 3 4 2 3 4 2 3 4 2 3 4
2,5 24 20119 | 19| 15| 14| 21 (19| 17 | 34 | 29 | 26 | 23 | 22 - 35 | 31 - -
4 32 28 | 28 | 23 | 22 | 21 | 29 | 27 | 24 | 42 | 38 | 35 | 31 | 29 | 27 | 46 | 42 | 38 -
6 39 36 | 32|30 | 26 | 24|38 |32 |29 |5 | 46|42 | 42|35 |35 |60 |5 | 46 -
10 60 50 | 47 | 39 | 38 | 35| 55 | 42 | 38 |80 | 70 | 63 | 55 | 46 | 45 | 80 | /5 | 65 -
16 75 60 | 60 | 55 | 48 | 45 | 70 | 60 | 54 [105| 90 | 81 | 75 | 60 | 60 | 110 { 90 | 90 105/75
25 105 8 [ 80 | 70 | 65 | 60 | 90 | 75 | 68 | 135|115 | 104 | 100 | 80 | 75 | 140 | 125 | 115 | 135/105
35 130 [100| 95 | 85 | 75 | 70 | 105 | 90 | 81 | 160 | 140 | 126 | 115 | 95 | 95 | 175 | 145 | 135 | 170/130
50 165 | 140 | 130 | 120 | 105 | 95 | 135 | 110 | 100 | 205 | 175 | 158 | 140 | 120 | 110 | 210 | 180 | 165 | 215/165
70 210 | 175|165 | 140 | 130 | 125 | 165 | 140 | 126 | 245 | 210 | 190 | 175 | 155 | 140 | 250 | 220 | 200 | 265/210
95 255 | 215|200 | 175 | - - | 200 | 170 | 153 | 295 | 255 | 230 | 210 | 190 | 165 | 290 | 260 | 240 | 320/255
120 295 | 245|220 | 200 | - - | 230 | 200 | 190 | 340 | 295 | 266 | 245 | 220 | 200 | 335 | 300 | 270 | 375/300
150 340 | 275|255 | - - - | 270 | 235|212 | 390 | 335 | 302 | 290 | 255 | 230 | 385 | 335 | 305 | 440/355
185 390 - - - - - | 310|270 | 243 | 440 | 385 | 347 | - | 290 | 260 | - | 380|345 | 500/410
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Tabmuma K2 - JlnurensHo gomycTuMblid TOK Loo, 151 TpoBOIOB U Kabesel Ha HanpsbkeHue 1kB ¢ MenHbIMU KuiaMu
IIpU OKpysKarolel Temmneparype Bo3ayxa 25°C u 3emun 15°C

Kabenu u 3amunieHHbie IpoBoja c

['pynmna [IpoBoaa ¢ pe3MHOBOM U MJIACTMACCOBO o 9 Kabenu c 6ymaxknoit ["onbie
. PE3UHOBOM U MJIACTMACCOBOM . .
MIPOBOAHUKOB U30JISIIUEH —— MPOMUTAHHOU U30JISIIIUEH poBO/IA
BPI-HPI'-BBI'-
Mapka [1P - TIPTO - IIPB - TIB BPBI- HPEI - BBB};PHBPB_ Al %gFABF' AB-CB M
BBBI- TTP®
OTKpBITO /
Criocod OTKPBITO B CTaJIbHBIX TpyOax B BO3/yX€ B 3eMJIe B BO3/yXe€ B 3eMJIe B [IOMEIlle-
MIPOKJIATKU P by b s HI/ISI)I(H
Loon, A, IpH YHCIIE IPOBOJIOB, Loon, A, ipu umciie i (0THOKMIBHBIX TIPOBOJIOB), PABHOM
Ceuenue, Loon, A
) paBHOM
MM - 2 | 3] 45679 2[3[4a]2]3]4a]2]3]a]2]3]4
15 23 19|17 |16 | 15| 14 | 19 | 19 | 17 | 33 | 27 | 24 | - - - - - - -
2,5 30 27 | 25 | 25| 20 | 19 | 27 | 25 | 22 | 44 | 38 | 34 | 30 | 28 - | 45 | 40 - -
4 41 38 | 35|30 | 28| 26| 38|35 |31 |5 |49 |44 |40 )| 37 |35]|60 |5 |50 50/25
6 50 46 | 42 | 40 | 34 | 31 | 50 | 42 | 38 | 70 | 60 | 54 | 55 | 45 | 45 | 80 | 70 | 60 70/35
10 80 70 | 60 | 50 | 48 | 45| 70 | 55 | 50 {105| 90 | 81 | 75 | 60 | 60 [105| 95 | 85 95/60
16 100 8 |8 | 75| 64 | 60 [ 90 | 75 | 68 | 135| 115|103 | 95 | 80 | 80 | 140 | 120 | 115 | 130/100
25 140 115|100 90 | 80 | 75 | 115| 95 | 85 | 175 150 | 135 | 130 | 105 | 100 | 185 | 160 | 150 | 180/135
35 170 135|125 115|100 | 95 | 140 | 120 | 108 | 210 | 180 | 162 | 150 | 125 | 120 | 225 | 190 | 175 | 220/170
50 215 185|170 | 150 | 135 | 125 | 175 | 145 | 130 | 265 | 225 | 202 | 185 | 155 | 145 | 270 | 235 | 215 | 270/215
70 270 225|210 | 185 | 165 | 155 | 215|180 | 162 | 320 | 275 | 247 | 225 | 200 | 185 | 325 | 285 | 265 | 340/270
95 330 275|255 | 225 | - - | 260|220 | 200 | 385 | 330 | 300 | 275 | 245 | 215 | 380 | 340 | 310 | 415/335
120 385 315|290 | 260 | - - | 300 | 260 | 234 | 445 | 385 | 347 | 320 | 285 | 260 | 435 | 390 | 350 | 485/395
150 440 360 | 330 | 300 | - - | 350|305 | 275|505 (435|392 | 375|330 | 300 | 500 | 435 | 395 | 570/465
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qucia, MaCKU U CCUYCHUS IIPOBOJHNKOB

Ta6muia K3 - YcnoBHBIN MPOX0/] CTATBHBIX U TIJIACTMACCOBBIX TPYO, MM, B 3aBUCHMOCTH OT

OnunoxwunbHbie TpoBoja [TPTO, Kabemm ABBI ¢ ig%gﬂ Kabemn IfgeBng
'S | AIPTO, IIB, AIIB, TIP, ATIP, ggqu?eM k| AR00 ¢ ABBD g%? o
o | [IPB, AIIPB nipu uncnie npoBoaoB, M I BBIIE 25 w2 AN 15 wnil u
= MIPU YHCIIC JKUJ, MIPU YKCIIe
5 PaBHOM paBHOM BBIIC DU | ey paprom | DOP 1PA
2 YUCIIE KU, qUCIIe
©l2|3| 4 |5|6|7]|8| 2] 3| 4 |pasmomd | o) 3| 4 | xu

paBHOM 4

15115 15| 15 |15+ 20-| 20 | 20
25| 15| 15|15+ |20-| 20 | 20 | 20 25- | 25+
4 | 15| 15|15+ | 20 | 20 | 20+|25- 25+| 25+ | 25+ | 40+
6 | 15 [15+| 20 [20+|20+| 25 | 25 25+| 25+ | 32- | 40+
10 | 20 [20+| 25+ | 32- | 32- | 32+| 32 32-|32+|32+| 50-
16 | 25 |25+ 32- | 32 | 32+|40+]| 40 32+|32+| 40- | 50+
25| 32-| 32 | 32+ |40+ | 50- | 50 | 50 | 40+ | 50+ | 70- 70+ 32+( 40+ |40+ | 50+
35| 32 |32+ 40+ | 50- | 50 | 50+ |70-| 50- | 70-| 70- 80+ 32+( 40+ [40+| 70-
50 | 40- | 40-| 50 [50+|70-| 70 |70 70+ 80+ 50+ 70
70| 50| 50 | 70- | 70 |70+ 80-| 80 70+ 100 50+ | 70+
95| 70-| 70- | 70+ 80+ 70-| 70+
120( 70 | 70 | 80- 100- 70 80+
150| 70 | 70+| 80+ 70+| 80+
185 80- | 80+ | 100-
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[Tpunoxenue 1

3aBexayromeMy Kadeapoit TpaHCIIOPTHO-
DHEPreTHUECKuX cructeM YeOoKcapcKoro
uHctuTyTa (hrnmrana) MoCcKOBCKOTO
MOJIUTEXHUYECKOTO YHUBEPCUTETA

CTYJIEHTa

rpymnmna
TEI.

3asBJICHHUC.

HpOIIIy 3aKpCIIUTh 3a MHOM TCMY KYPCOBOI'O IIPOCKTA

«

»

10 TUCLHUIIJINHE
«

».

N HAa3HAYUTb PYKOBOJHUTCICM

CryneHT / /
(monuck) (®UO crynenTa) (mara)

PykoBoauteb / /
(monuck) (®UO crynenTa) (mara)

3aBenyromiuii Kapeapoit N /
(o 1HCh) (®UO 3as. xadenpoir) (mata)
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[Tpunoxenue 2

MHUHUCTEPCTBO HAYKH U BBICHIEI'O OBPA3OBAHUS POCCUICKOM ®EJIEPAIIAA
OEJIEPAJIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIBHOE YUPEXXJIEHUE
BBICIHIEI'O OBPA30BAHUS «MOCKOBCKHUM MOJIMTEXHUYECKUA YHUBEPCUTET»
YEBOKCAPCKHAW UHCTUTYT (PUJIAAT) MOCKOBCKOI'O MOJIATEXHUYECKOT'O
YHUBEPCUTETA

Kadeapa TpaHCIOpTHO-DHEPreTHYECKHE CHCTEMbI

KYPCOBOMU ITPOEKT

o auciuimae «[ [poOeKTHpOBaHKE CUCTEM DJIEKTPOCHAOKEHUS»

HaunmenoBanue TeMbl

Per.mHomep BrmosnHwn:

CTYIEHT __ Kypca, TPYIIIbI
dhopmbI 00yUeHMS
10 HampasJeHuto nmoarorosku 13.03.02
«IJEKTPOIHEPTETUKA U DIEKTPOTEXHUKA)

©.N1.0.

HayuHb1i1 pykOBOOUTEND:
JlonymeHa k 3amure

« » 202_r’ JOJIDKHOCTbB, 3BAHHUC
F—— ®.1.0.
3amura KypCcoBOTo MPOEKTA:
Ouenka
Hara « » 202 r.

Iloanuce HAy4YHOTO PYKOBOIUTENSA

Yebokcapsr 202 r.
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[Tpunoxenue 3
OT3bIB PYKOBOJAMTEJIA
HA KYPCOBOM MPOEKT

Crynent
Kadenpa TpancnopTHO-3HEPTEeTHUESCKUE CHCTEMBI
HampaBnenue moaAroToBKu (CEMUAIBHOCTS) ¥ TPOMUITH (CTICTIHATH3AITHIS )

HaumMmeHnoBaHue TeMBI;

PyxoBogurens:

JIOJDKHOCTB, 3Banue, ©.1.0.

1. AKTyanbHOCTb TEMBI KypCOBOT'O POEKTA

2. CooTBeTCTBHE IMOJIYYCHHBIX PC3YJIbTATOB 3asBJICHHBIM LCJIAM U 3ala4aM

3. XapakTepuCcTHKa HCIIOJIb30BaHUs B pab0OTe MCCIIEI0BATEILCKOTO HHCTPYMEHTAPHUS
(amamu3a, CHHTE3a, CTAaTHCTUKO-MAaTeMaTHYECKOM  METOJOJOTHH,  ITaKETOB
MPUKJIAIHBIX TPOTPaAMM U T.I1.)

4. CreneHb CaMOCTOSATEIBHOCTH TMpU paboTe HaJd KypCOBBIM IPOEKTOM
(caMOCTOSITETLHOCTh HU3JIOKEHHST W 0000IEeHUs] MaTepuaia, CaMOCTOSITEeIbHas
UHTEPIPETAINs MMOJYICHHBIX PE3YIbTaTOB, 000CHOBAHHOCTH BHIBOJIOB)

5. Onenka opopMIICHHS TTPOEKTA B COOTBETCTBUU C TPEOOBAHUSIMHU, COJCPKAITUMUCS
B MeTonuecKkux yKa3aHUsIX 10 BBITIOJIHEHUIO KyPCOBOTO MTPOEKTa, pa3pabOTaHHBIX U
YTBEPKIICHHBIX Kadeapon

6.3aMeuaHus IO MOJITOTOBKE U BBIMOJIHEHHUIO KYPCOBOTO MPOEKTA

7. KypcoBoii MpoeKT COOTBETCTBYET MPEAbSIBISEMbIM TPEOOBAHUSIM M MOXKET OBITh
PEKOMEH/I0BAH K 3alIUTe

8. Ouenka

« » 202 . /

(moxmuck pyKOBOAMTEIIS) pacumppoBKa MOIUCH
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