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Meroauueckue ykazaHusi 0oJ00peHbl Ha 3aceqaHuu Kadeapbl TpPaHCIOPTHO-
sHepreTuyeckux cucteM (mportokos Ne 9 ot 22.05.2026 r.).
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NNPEAUCJIIOBUE

[{enpr0 KypcoBOro MpoeKTa Mo AUCHUILUIMHAM «CHUCTEMBI 3JIEKTPOCHAOKEHUSD
u «IIpoexTupoBaHue 3MEKTPUUECKUX CETeil» sABIsAeTCS - (OPMUPOBAHME 3HAHMNA U
YMEHHMI B 00JIaCTH MPOEKTUPOBAHUS CUCTEM 3JIEKTPOCHAOXKEHUS MOTpeOuTEenedl u
NPOCKTUPOBAHUA  DJCKTPUUECKUX CETeH, BKIIOUaromee TpaHCHOpMATOpHBIE
MOJICTAHLIMI, MUTAIOIINE U PAaCIPEACIIUTEIbHbIE CETH; IPUMEHEHUE METO/I0B aHAIN3a
U MOJCIMPOBAHUA DJIEKTPUUYECKUX CETeH CHCTEM OJJIEKTPOCHAOXKEHHsSI TOPOJOB U
MPOMBINUICHHBIX ~ OPEANPUSITUN; TPOBEACHUE PACUETOB  PEKUMOB  PadOTHI
AIEKTPOIHEPTETUUECKUX YCTAHOBOK U DJIEKTPUUYECKHUX CETEW 3JEKTPOCHAOKEHHUS C
y4€TOM KOMIICHCAIlUM PEaKTUBHOM MOIIHOCTH; Pa3BUTHE Yy CTYACHTOB HAaBBIKOB
pa3pabOTKU M BBHIOOpA TUIOBBIX MPOEKTHBIX PEHICHUN CHUCTEM 3JIEKTPOCHAOKEHUS
00BEKTOB; TOJATOTOBKA PpAa3/CiiOB MPEANPOSKTHON JOKYMEHTAIlMd Ha OCHOBE
TUIMOBBIX ~TEXHUYECKUX pEIIeHH ¢ O00OCHOBaHMEM BBIOOpa MapameTpoOB
AIEKTPOOOOPYIOBAHUS CHUCTEM DJJIEKTPOCHAOKEHHUS M 3aKPEIUICHHE MOJYYSHHBIX
3HAHUU MO CIECHHATIBHBIM TUCITUTIIIMHAM.

3ajmayaMu KypcoBOI'O IPOEKTa SIBISIETCS: M3YUYEHUE CTPYKTYPhI U MapaMeTpoB
CUCTEM D3JIEKTPOCHAOKEHHUS, OCOOCHHOCTEW pacyéra 3JIEKTPUYECKUX HArpy30K Ha
OCHOBAaHMM METOJIOB aHalW3a M MOJEIUPOBAHUS DJIEKTPUUYECKUX CETEH CHCTEM
ANEKTPOCHAOXKEHHUSI;  pa3paboTKa  MPOEKTa  CUCTEMBI  DJIEKTPOCHAOKEHUS
MIPOMBIIICHHOTO TMPEANPUATHS WIM TOPOJCKOT0 MHUKpOpailioHa C y4eToM BbIOOpa
TUTIOBBIX MPOEKTHBIX PEIICHUN CUCTEM DJIEKTPOCHAOXEHUSI OOBEKTOB; MPOBEICHUE
pacdyeTa PEeKUMOB PAOOTHI DIIEKTPOIHEPTETUUECKUX YCTAHOBOK M DIICKTPHUUECKUX
CeTel rOPOJCKOTO U MPOMBIIIIEHHOTO JIEKTPOCHA0KEHUsI, o0ecrieunBas TpeOyembie
peXKUMBI W 3aJlaHHbIE TapaMeTpbl TEXHOJIOTMYECKOro  Mmpolecca  padoThl
AIEKTPOTEXHUYECKOTO 000PYIOBaHMUS, DIIEKTPUUECKUX CETeH M TPAHC(HOPMATOPHBIX
MOACTAaHLINM; TOATOTOBKA PAa3JeiOB MPEANPOCKTHON JOKYMEHTAI[MM Ha OCHOBE
TUTIOBBIX ~ TEXHUYECKUX pEIIeHnd W  O00OCHOBaHME BbIOOpa  MapameTpoB
ANEKTPOOOOPYIOBAHUS CUCTEM BJIEKTPOCHAOKEHUS; JEMOHCTpAUsl 3HAHUN TUITOBBIX
ATANoB pa3pabOTKH, COCTaBa TEXHUUYECKOW JIOKYMEHTAIMW TpPU MNPOCKTUPOBAHUU
CUCTEM DBJIEKTPOCHAOXEHUs M pa3paboTKa MPOEKTHOM JOKYMEHTAIMU OTAEJIbHBIX
pa3lIesoB NPOEKTA CUCTEMBI JJIEKTPOCHAOXKEHHS] OOBEKTOB.

B nepBom pazene uznoxkeHa CTpyKTypa U COJIEpKaHUe KypCOBOTO MIPOEKTA.

Bo BTOpOM pazzene npuBeAeHbl METOJIMUECKUE YKA3aHUS 110 €T0 BBITTOJHEHUIO.

B tpeTheM paznene — ykazanus K 0pOpMIIEHHIO KypCOBOTO TIPOEKTA.

B uetBepTOM pazneiie — ykazaHus K 3alllUTe KypCOBOTO MPOEKTA.

B npunoxxeHusx NpUBENCHBI CIPABOYHBIE MaTEpHAIbl, HEOOXOIUMBIE IS
BBITIOJTHEHUSI KyPCOBOT'O IIPOEKTA.

JlaHHOE y4eOHO-METOJAMYECKOE IMOCOOME MOXET OBITh HCMOJB30BAHO MpHU
BBITIOJITHEHUH BBITYCKHBIX KBATU(UKAITMOHHBIX Pa0OT.



1. IHopsinok opopmiieHuss KYPCOBOI'O MIPOEKTA

KypcoBoli IpOEKT BBINOJHAETCS HAa KOMIIBIOTEPE HA CTaHAAPTHBIX JIMCTaxX A4.
TekcT neyaTaerca Ha OTHOM CTOpOHE JucTa. Ha cTpanuiie 1omxHO pacnoaararbes 28-30
CTPOK, KaxJAash U3 KOTOPbLIX COAep:KUT 60-65 3HakoB, BKJIWYAsE MNPOOeJIbI.
Mexnycrpounblii uaTepBaia — 1,5, mpudr tekcra — 14 (Times New Roman), B
Tabaunax - 12, B moacTpounbix cHockax -10. TekcT nmeuataeTcst CTpoUHBIMH OyKBaMu
(KpoMe 3arjaBHBIX), BBIDABHUBAETCS 0 IIMPUHE C UCIOJb30BaHUEM IEPEHOCOB coB. Ha
TUTYJBHOM JIUCTE HAJIIUCh: KypcoBOil MpoekT nedartatorcs 18 mpudrom. [loguepkruBanue
CIIOB W BBIJEJICHHE WX KypCHBOM BHYTpU camMoil paboTel He nomyckaercsa. OmHako
3aroJIOBKM M MOJ3aroJIOBKM IpPHU IE€YaTaHUU TEKCTa MUCbMEHHOW paldOThl BBIIEISIOTCS
MOTY>KUPHBIM IpU(TOM. AO3aIlHBIA OTCTYN JOJKEH COOTBETCTBOBATHL 1,25 ¢M U OBITH
OJIMHAKOBBIM I10 Bceil padore.

OpueHTUPOBOYHBI 00BEM KypCOBOTO MpOeKTa cocrtaBisger 25-35 crpanmu. B
JTaHHBIA O00bEM HE BXOAAT MPHJIOKEHUS M CIHUCOK HCIOJIb30BAaHHBIX MCTOYHUKOB. 1o
COIJIACOBAHUIO € IperoaaBaresieM 00bEM paboThl MOKET ObITh YBEJIUYEH.

CrpaHulpl, Ha KOTOPBIX M3JIara€TCsl TEKCT, JOJDKHBI UMETh MOJs: Jesoe -30 MM,
npasoe - 10 mm, BepxHee - 20 MM, HHAKHee - 20 MM.

B Ttekcre pabotbl «BBenenuwe», HazBaHue riaB, «3akiaodeHue» U «Crucok
UCIIOJIb30BaHHOW JIUTEpATYphl» MeUaTaloTCs (HAYMHAKOTCS) C HOBOM CTPAHULIBI.

Paccrostnue mexnay 3arojlOBKOM M ITOA3aroJIOBKOM, 3arOJIOBKOM M IOCIEAYIOIIAM
TEKCTOM, ITOA3arOJIOBKOM M NPEABIAYIIMM TEKCTOM OTHENSIOT ABYMs IOJYyTOPHBIMU
MEKCTPOYHBIMU MHTEPBAJIAMH, a4 MEXKAY IOA3aroJOBKOM M TMOCIEIYIOIIMM TEKCTOM -
OJIHUM TOJTYTOPHBIM MEKCTPOUYHBIM UHTEPBAJIOM.

['maBpl THUCBMEHHBIX pPabOT HYMEpPYyITCs apaOCKuMu UMdpaMu W JAOTHKHBI
HA4YMHATHCS C HOBOM cTpaHullbl (yiucta). Homep rimaBbl coctout u3 uucna: 1,2 u T.4.

3arosioBKM (MO3aroJI0BKM) pacoaraloTcsl IEeHTPUPOBAHHBIM (ITOCEPEIUHE TEKCTA)
CIOCOOOM.

CTpaHunbl NHCbMEHHBIX PpadoT [JOJKHBI HMeTh CKBO3HYKH HYMepalHio
apadcknmu nudpamm no Bcemy tekcry. Homep crpaHMubl npocTaBiasiioT B BHU3Y
MOJIA CTPAHMUBI MO LEHTPY 0e3 TOUKUM B KOHUe. [lepBoil cTpaHuueld NUCbMEHHON
palGoThl sABIsAeTCS TUTYJIbHBIM JucT. OH He Hymepyerca. B pabore BTOpoi cTpaHuien
ABIIAETCS COAEPIKAHHUE.

TuTyabHBIN JTUCT JOJHKEH COJEpKaTh HAaMMEHOBaHUE yueOHOTro 3aBeeHus], (DOPMBI
oOydeHusi, oOo3HaUeHHE XapakTepa paldoThl (KypcoBasi), ee Temy, (pamMuiInio, ums,
OTYECTBO BBINOJHUBIIETO €€ CTYAEHTa, HOMEpP Kypca U TpPYIIbl, YYEHYIO CTEMEHb,
JOJDKHOCTh WJIM YYEHO€ 3BaHHWE HAyYHOTO PYKOBOAMUTEINS, €ro (haMUJIMI0 U WHUIIMAIIBI,
rpadsl «/lara cnaumy, «JlomycTuts K 3amuTey, «/lara 3ammTs», «O1eHKa», MECTO U ToJ
HanucaHusi padoTHI.

Ornapinenue paOOThl, KOTOPOE CJEAYyEeT IMOCIE€ TUTYJIBHOIO JIUCTA, JIOJKHO
coJiepaTh Ha3BaHUA DJIEMEHTOB CTPYKTYpPbl paOOThl U1 HOMEPA JIUCTOB, C KOTOPBIX OHU
HAYMHAIOTCSL.

[Ipy uCnoNb30BaHUM JUTEPATYPbl W LUTHUPOBAHUM  OTAEIBHBIX HAyYHBIX
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MOJIO’KEHUH CTYAEHT 00s13aH OCYIIECTBIISATh B CHOCKAX CCHUIKH Ha aBTOPOB M MCTOYHUKH,
OTKyJa OH 3aWMCTBYET Marepual (pamMuwinsg U WHUIMAIB aBTOpa, Ha3BaHHE PalbOTHI,
MECTO U T'OJ] U3JjaHMsl, KOHKpETHasl CTpaHula, OTKyJa 3aMMCTBOBaHa 1uTara). [lpu stom
HUTHUPOBAHUE JOMYCKAETCS TOJBKO B OrPAaHUYEHHOM O00BEME, OIPABAAHHOM LEJIbIO
IUTUpOBaHUs (11 OOOCHOBAaHUS  aKTyaJbHOCTHM  pPaccMaTpMBaeMOro  BOIPOCA;
JEMOHCTpAllMA Pa3IMYHBIX B3IVISI/IOB, CYLIECTBYIOIIMX B HayKe IO IMpoOJIeMaM TEMBI,
HOJITBEPKJICHUS I OTPOBEPKEHUS BbIIBUTAEMBIX CTYJIEHTOM TE€3HCOB U T.IL.).

[Ipsimoe nuTHpOBaHUE B TEKCTE 00513aTENBHO O(POPMIIIETCS C MOMOILBIO KaBbluek. B
ciy4yae OyKBaJIbHOTO BOCITPOM3BEICHUS MOJIOKEHUN HAYUHBIX TPYAOB 0€3 yKa3aHHs Ha UX
HA3BaHUA U aBTOPOB KypCOBOTO MPOEKTA K 3aIIUTE HE TOMYCKACTCH.

B crmucke WCMONb30BaHHBIX HCTOYHUKOB JOJDKHBI OBITH YKa3aHbl TOJBKO T€
MaTepHalibl, Ha KOTOPbIE UMEETCS CChUIKA (CHOCKA) B padoTe.

Ecnu B KypcoBoii paboTe UMEIOTCS IPUIIOKEHUS, X HEOOXOIMMO MTPOHYMEPOBATh.
Bce nmucTbl KypcoBOro npoekTa JOJIKHBI ObITh IPOHYMEPOBAHBI.

Hywmepanusi crpanuil B KypcoBoW paboTe AO0KHAa ObITh CIIomHOW. CTyIeHT
OTBEUAET 3a TPAMOTHOCTh U aKKypPaTHOCTh O(POPMIIEHHUSI KYPCOBOTO TIPOEKTA.

Hanuuue rpamMmmarndeckux, opporpaguueckux U MyHKTYalHOHHBIX OLIMOOK JINOO
HeOpexxHoe 0opMIIEHHE padOThl MOXKET MOCTYKUTh MPUYUHON HEYIOBIETBOPUTEIILHON
OLICHKU PabOTHI.

[Topsimok nmpeacrasieHust KYpCOBOI'O IPOEKTA Ha 3aIIUTY

KypcoBoii nmpoekT, moAroToBJI€HHAasA CTyICHTOM B OKOHYaTEJIbHOU (hopMme, T0JKHA
OBITh MTPEICTABIICHA JEIONPOU3BOAUTEINIO KaeIphl B CAEAYIOIIEM KOMILUIEKTE:

B NUCBbMEHHO# (opMe B NPOLIMTOM, COPOLIIOPOBAHHOM WJIH CKPeEIJICHHOM
Buae — 1 ak3eMIuIsp;

B JJICKTPOHHOW (opMe TMOCPEACTBOM HANPABJEHUS HA JJIEKTPOHHbIH
MOYTOBBII aapec kadenpsl TPAHCHOPTHO-IHEPIreTHYECKHUX CUCTEM
ttm@chebpolytech.ru— 1 3x3emmsp.

Jlenonpoun3BoaAuTENh Kadeapsl MMociie perucTpauuu (pakra v 1aThl 14l KypCOBOTO
IIPOEKTa MEPENAET €€ IS IPOBEPKU HAYUYHBIM PYKOBOIUTEIIEM.

[lepenaya KypcoBOTo MpPOEKTa B AJIEKTPOHHON (hOpME MOXKET OBITh OCYILECTBJICHA
IyTEM HAIIPaBJIEHUS €€ CTYJEHTOM HEIOCPEICTBEHHO HAYYHOMY PYKOBOIMUTENO IIO
AJIEKTPOHHOM TOYTE.

[Tocrne mocTymieHUs KypcoBOro MpoeKTa Ha Kadeapy HaydHbIH PYKOBOJIUTEINb
poBepseT ee B TeueHue 14 KaJleHJapHbIX JHEW ¢ MOMEHTa MOCTYIUIEHHs Ha Kadeapy,
MIOCJIE 4YEero BO3BpallaeT €€ JeJONPOU3BOJUTEI0 CO CBOMM OT3bIBOM. B o0T3bIBE
YKa3bIBAIOTCS CIEAYIOLINE MMOJIOKECHUS:

— HaMMEHOBaHue yueOHOTro 3aBe/ieHus, kKadenpsl, Gopmbl 00yUeHHUS;

— 0003HaueHne XapakTepa paboThl (KypcoBasi), €€ TeEMY;

— (haMHIIMI0, UM, OTYECTBO BBIMOJHUBILETO €€ CTYJI€HTa, HOMEp Kypca U TPYIIIIbI;

— YUYEHYIO CTEIEHb, JOJDKHOCTh WJIH YYEHOE 3BAHHE HAYYHOTO PYKOBOJHUTEIISA, €TO
(dhaMUIHIO ¥ MHUIHAJIBL;

— COOTBETCTBHE IMPEACTABICHHON KypCOBOTO MpPOEKTa OOIMUM TpeOOBaHMIM,
yKa3aHHBIM B HACTOAIIMX METOAMYECKUX YKa3aHHUS,
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- yKa3aHM€ Ha MMEIOIIUECS B KypCOBOM paboTe HenocTaTku (Kak mo ¢popme, Tak u
0 COZIEP’)KAaHUIO paOOTHI), HE TPETATCTBYIONIHNE TOMYCKY PaOOTHI K 3aIUTE;

— BBIBOJI O BO3MO>KHOCTH JOITyCKa KYpCOBOI'0 MPOEKTA K 3allUTE.

B cnydae ecnu mocCTaBlIEHHbIE HAyYHbIM PYKOBOJMUTEIEM BOIPOCHI HE SICHBI
CTYJEHTY, OH BIIpaBE€ YTOYHHUThb WX Y HAYyYHOIO PYKOBOJIUTENA JMYHO BO BpPEMS €ro
€)KECHEJICNIbHBIX KOHCYJIbTALMM (IeXKYpPCTB Ha Kadeape) WiIM JUCTAHLMOHHO Yepe3
AJIEKTPOHHYIO MOUTY.

B ciydae gopmynupoBaHus HayuyHbIM PYKOBOJWUTEIEM BBIBOJA O HEBO3MOYKHOCTHU
JIONyCKa KypCOBOT'O MPOEKTA K 3alIUTE, KyPCOBOM MPOEKT MOJIEKUT MMOATOTOBKE 3aHOBO C
y4e€TOM  3aMEYaHui, YKa3aHHbIX HAay4YHbIM pPYKOBOJAMTEIEM, U  HOBTOPHOMY
IPEJICTaBICHUIO HA 3alllUTy B MOpPSAKE, MPEAYCMOTPEHHOM paslenaMH 3-5, TOMY XK€
HAay4YHOMY PYKOBOAMTEIIIO.

IHopsigok 3amuTHI KYPCOBOI'0 IMMPOEKTA

3amura KypcoBOro MpoeKTa MOKET NPOBOAUTHCS TOJBKO HAYYHOMY PYKOBOJIUTEIIO.

3amura KypcoBOrO MPOEKTa MNPOBOAUTCS B (OpME, YCTAaHOBIEHHON HAy4HBIM
pykoBoauteneM. Ilpu yctHOM ¢dopme 3amMThl KypCOBOIO MPOEKTa CTYACHT JIOJKEH
NOJATOTOBUTH OTBETHl Ha BOIPOCHI, IMOCTABJICHHBIE €My HAyYHbIM PYKOBOAMUTEIEM B
pELEH3HH.

Hayunblli pykoBOAMWTENb BIIpaBE€ MO CBOEMY YCMOTPEHUIO 3aJaBaTh CTYJEHTY
JOTIOJIHUTENBHBIE BOIPOCHI JUIsl IPOBEPKU YPOBHS M KadyecTBa OCBOCHUS MM 3HaHUM I10
TEME KypCOBOT'O IPOEKTA, & TAKXKE JJI JOIOJHUTEIBHON MTPOBEPKU CaMOCTOSITEIIBHOCTH
BBIIIOJIHEHHSI KypPCOBOTO IIPOEKTA.

[To uroram 3amuThl HAYYHBIH PYKOBOAUTEIh OMPENEISIET, MOXKET JIU OBITH 3aluTa
3a4TeHa, WK TpeOyeTcs MOBTOPHAS 3aIUTA.

[lo uroram mnepBOHaYaJbHOM WM (B CiIy4yae €€ HeyJayu) MOBTOPHOM 3alUThI
KypCOBOTO MPOEKTa HAyYHbIH PYKOBOJUTENb CTAaBUT OTMETKY O 3alUTE KYpCOBOTO
MPOEKTa B 3aYETHOM KHUKKE CTY/I€HTA, B BEIOMOCTH M Ha TUTYJIbHOM JIUCTE paOOTHI.

Ilocne 3amuUThl peneH3Wsi M KYPCOBOW NPOEKT MNOMJIEKUT CKAHUPOBAHHWIO
CAMHMM CTY/AEHTOM M 3aJMBKe B JJIEKTPOHHYI HH(OpPMANMOHHO0-00pa30BaTeJIbLHYI0
cpeny (QuexkrponHoe mnoprdoauo) UYedokcapckoro wuHCTHTYTa ((pminasa)
MockoBckoro MOJIMTEXHUYECKOI0 YHHMBEPCHTETA o ajapecy

http://students.polytech21.ru/login.php, mocine dyero pabora B NHCBMEHHOW (opme
MEePETAOTCS CTYIEHTOM JICIIONPOU3BOIUTEIIO JUTsl XpaHeHus B apxuBe Dunmana.


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

PA3JIEJI 1 COAEPKAHUE KYPCOBOI'O TIPOEKTA
PACYHETHO-ITIOACHUTEJIBHASA 3AIINCKA

BBEJIEHHUE

1. XapakrepucTuka 3JIEKTPOINPHUEMHHKOB M MOTPEOUTENCH SICKTPUUYECKOM
SHEPrUHU.

2. Pacuer sanekTpuueckux Harpy3ok. Kaprorpamma. [[OH.

3. O6ocHOBaHKE BBIOOPA HAMIPSKEHUS IIEKTPOCHAOKECHHUS.

4. BpIOOp KOJIMYECTBA U MOIIIHOCTH TPAHC(HOPMATOPOB 1IEXOBBIX (TOPOJICKHX)
NOACTAaHUUN C YYETOM KOMIIEHCAIIUU PEAKTUBHON MOITHOCTH.

5. I[IpoexkTupoBaHue HCTOYHKMKA TUTaHUsI U BbIOOp o6opyaoanus (I'TIIT, LIPIT)
6. IlpoektupoBaHue »syeKTpUUecKO cetu. Pacuer pexuMoB pabOThI
BJIEKTPUYECKOMN CETH.

7. PacdeT TOKOB KOPOTKOTO 3aMbIKaHUSI.

8. BbIOOp ceueHUsT MPOBOJHUKOB, MHUTAIOIIMUX U PACIPEACITUTENbHBIX
ANEKTPUYECKUX CETEN. Pacuer ceTr 1o noTepu HanpsiKEHNUs.
SAKVIIOYEHHE

CIIMCOK UCIHTOJBb30OBAHHBIX NCTOYHUKOB

I'PAOUYECKASA YACTD

JIuct 1 I'enruian npeanpuaTust (MUKpOpaioHa) ¢ CETSIMHU U MOICTAHIIUSIMHU.
Jluecr 2 OpHonuHeWHasT  cXeMa  DJIEKTPOCHAOKEHUS  TPEIIPUSITHS
(MHKpOpaiioHa).

CBeIleHI/ISI 00 MCTOYHHUKAX NMUTAHUS

1. IIpu pacyeTHOI MOIIHOCTH NPEANPUATHS MEHEE 5 muic. KB4 npennaratorcs
JBa UICTOYHHUKA!
a) Unum=06-10 kB, paccrostaue 1,2 km, Si;6=100 MB-A, S¢:10=140 MB-A.
0) Uum=35 kB, I= 18 km, S;;=550 MB-A.
2. IIpn Spacy OT 5 10 15 moic. kKB-A NICTOYHUKH TATAHUSA.
a) Uum=35 kB, I= 18 km, S;s=550 MB-A.
0) Uum=110 kB, I= 22 kxm, Sx;=1500 MB-A.
3. Ilpu Space, O0nEE 15 Movic. kKB-A NICTOUHUKY TUTAHUSL.
a) Uum=110 kB, I= 22 km, Sis=1500 MB-A.
0) Unum=220 kB, I= 38 xm, Sx;=2800 MB-A.



PA3EJI 2 METOANYECKHUE YKA3AHHWA K BBIITIOJIHEHU IO
KYPCOBOI'O ITPOEKTA

BBenenue

Bo BBOAHON 4YacTM KypcOBOrO IPOEKTa CIEAYET OXapaKTepHu30BaTh pOJib
AJIEKTPOPHEPTUH B HAPOJHOM XO34HMCTBE, OCOOEHHOCTH M CHEHU(PHUKY CUCTEM
UIEKTPOCHAOKEHUS  JUIl  pas3iIu4HbIX  oTpacied. Paccmorpers TpeOoBaHus,
MPEABSBISIEMbIE K CUCTEMAaM 3JIEKTPOCHA0KEHHSI, KOTOPBIM HEOOXOIUMO CIEA0BATh
B MPOLECCE BBITOJIHEHHUS] KypCOBOIO MPOEKTa. B KOHIlE BBEEHUS MOYKHO IPHUBECTH
Ta0IUIBI UCXOJIHBIX JAHHBIX Ul MpoekTupoBanus [1-5, 9, 13].

1 XapakrepucTUKA 3JIeKTPONPUEMHUKOB U MOTPeOUTEIeH IJIeKTPUIECKOM
JHEPIruHU

B nanHom pa3znene HEOOXOAMMO JaTh XapaKTEPUCTHUKY AJIEKTPOIPUEMHHUKOB U
NOTpeOUTENECH ANEKTPUUECKON HEPIHH COTJIACHO TEME KYpCOBOI'O IpOEKTa (3aBOJ,
dabpuka, xwiast 30Ha). [lepeynucianuTb OCHOBHBIE TPYMIBI JIEKTPONPUEMHHUKOB, UX
KAaTErOpUI0 HAJEKHOCTH DJIEKTPOCHA0XKEHUS;, OIUCAaTh PEKUMBbI MOTPEOICHHUS
ANEKTPUYECKON JHEPTUMU 3IaHUM, COOPYKEHUN NPEANPUITHS U TOPOJAA; NPUBECTU
rpaduK JIEKTPUYECKUX HArPY30K MOTPEOUTENEH IIEKTPUIECKON SHEPTUH.

C 3TUMU CBEICHUSIMH MOKHO O3HAaKOMHTHCS B [1-5,9, 13, 15].

2 Pacuer ajiekTpuueckux Harpys3ok. Kaprorpamma. LIOH
2.1 Pacuer 2J1eKTpHMYECKUX HATPY30K NMPOMBIILJIEHHOT0 NPeANnpUATHSA

Pacuer Harpy3ku no uexam

Pacuer Harpy3o0k 1o 1exaMm u 00beKTaM NPeANpUsTUs HAUMHAIOT C OIPEIeICHUs
[0 CIPABOYHBIM MaTepuaiaM Ko3(p(UIHMEHTa MOUIHOCTH M KO3 ULKEHTa crpoca
ANEKTPONPUEMHHUKOB IeXa. 3HaueHus KO3(P(UUHUEHTOB MPUBEICHBI B MPHIOKECHUU
Al. JIns nexoB W MOJpa3feieHHil, He yKa3aHHBIX B MPUIIOKEHHH, KOA(DDUIIMEHT
CIpoca MOXET OBIThb MPUHAT MO AHAJIOTUYHBIM MPOU3BOACTBAM JAPYIHX OTpacieu
XO035MCTBA.

PacueTHas Harpyska CHJIOBBIX AJIEKTPONPUEMHUKOB HU3KOTO HANPSDKEHHS IS
OOBEKTOB OIpPENEIAETCS U3 COOTHOIICHU:

P,=K,-P,; (D)

Q, =P, 180 . )
rae P, - cymMMapHas yCTaHOBJIEHHAs] MOLTHOCTh BCEX JIEKTPOIIPUEMHHUKOB LIEXA;

K. - xoadduiuent crpoca;

120 - KOOPPUIUEHT PEaKTUBHON MOLTHOCTH, MPUHUMAETCS 110 COOTBETCTBYIOILIEMY

3HAYCHUIO KOA(DPUITMEeHTa MOIITHOCTH.

ITpuemuuku HanpspkeHueM Boiie 1000 B yuuTsIBaroTCss OTAENBHO.
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Harpy3ku OT BBICOKOBOJIBTHBIX 3iekTponpueMHukoB (OII) B mexax
OIIPEAEISAIOTCA € YUYETOM CIIELYIOIIMX MOMEHTOB:

a) IpU KOJIUYECTBE BBICOKOBONIBTHBIX OIl  n<2 wux cpemHue M pacucTHBIE
MOIIIHOCTH IPUPABHUBAIOTCS K HOMUHAJIBHBIM, T.€.

Pp:Pc.p:PH; (3)

Oy =0cp =P, 180, (4)

0) mpu KoJUYecTBe 7 >2 N7l BRICOKOBOJBTHBIX OII, UMEIOMUX ATUTEbHBIN
pexum pabotsl, T.e. K, >0,6 (mpunoxkenue A2), u kodpuIMEeHTe BKIIOYCHUS,
OMM3KOM K €AMHULIE (BEHTUJISITOPBI, HACOCHI, KOMIPECCOpPHl U T.I.), PACUCTHHIC
MOII[HOCTH PAaBHBI CPEAHKUM U IJIS HUX 71, paBHO n,a K, =1.

P,=P, =K, P,; %)

Q=0 =K, P, 180y =P, - 18Py (6)

Crnenyet 3aMeTuTh, 4TO JyroBeie cTanemiaBuibHbie ieuu (JCII) xoTs u umeroT
pe3KonepeMeHHbIN rpaduk Harpy3ku, HO UX KO3(GOUITMEHT UCTIOIB30BaHUs OJIU30K K
JUIUTeNbHOMY pexumy K, >0,6 —0,75 (npunoxenue A2). Pacuer narpysku ot JICII
MPOU3BOJIUTCS TAKXKE C YUYETOM BBIIICHPUBEACHHBIX YTOYHEHHUM. AHAJIOTUYHO
MIPOU3BOJIUTCS pacyeT U JJIsl MHIYKIIMOHHBIX TUIABUJIBHBIX yCTaHOBOK. IIpu pacuere
Harpy30K BEICOKOBOJIbTHBIX 3JIEKTPOYCTAaHOBOK PEaKTUBHAS MOIIHOCTh ONIPEIEIseTCs
HE 1O CpPEIHEB3BEUICHHOMY #g(®, a [0 HOMHUHAIIbHOMY 3HAY€HUIO g0y,

COOTBETCTBYIOIIEMY Ccos®,. I[lpu orom 3HayeHus (), B pacyeTe Harpy3oK OT

CHHXPOHHBIX JBUTATEJIEH MPUBOJOB MEXaHW3MOB B Ipady 8 3aHOCATCS CO 3HAKOM
«munycy» (Tabnuna A3), Tak KaKk CUHXPOHHBIC JBUTATENN SIBJISIOTCS MCTOYHUKAMU
peakTUBHOM MoIIHOCTH [1, 2, 5, 8].

Pac4yer ocBeTUTEJIBHOM HATPY3KH

Pacuer ocBeTUTENBHON HArpPy3KU COOPYKEHUM BBINIOJIHIIOT METOAOM YIEIbHON
MOIIHOCTU U K03 duiinenTa crpoca. J[Jis 5Toro HaMeuaroT TUI UCTOYHHKA CBETA U B
3aBUCUMOCTH OT TIPENIOJaraéMoro paspsiia 3pUTEIbHBIX padoT Ha O0OBEKTe
NPUHUMAIOT  YIEJIbHYIO MOIIHOCTh OCBETUTEILHON HArpy3ku  p,, (Bm/ Mm?) .
PekoMeHjlyemble  3HA4Y€HUs p,,, WIS HEKOTOPbIX OOBEKTOB MPHUBEACHBI B

npuioxeHuu bl.
[To reHmmany npeanpusTUs MPOU3BOIAT PacCyET peajlbHOM IUIOIIAAN KayKIIOTO
nexa. OnpenenstoT yCTaHOBJIEHHYI0 MOITHOCTh OCBEILEHUS 1iexa 1o (hopmyie:

-3
Py.o:pyd.o'F'lo ’ (7)
rac F- omaab paCCUuTbIBACMOI'O IICXA, Jl/lz.
B 3aBucuMocTH OT Ha3HA4YCHUSI U omaan 1exa, O6T>€KTa, 110 Ta6J'II/II_[e

npwioxkeHuss b2 npuHumaroT koddduinmeHt cnpoca, K. PacueTtHas MoOImHOCTH

OCBETHUTEJIBHON HATPY3KH ONpeesieTcs mo Gopmyiam:
Pp.():Py.o.Kc ; (8)
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on_ po'g(p . (9)

IIpn pacuere peakTMBHOM MOIIHOCTH OCBETUTEIIBHOW YCTAHOBKM CIENYET
YYUTBHIBaTh, YTO YCTAHOBKHU C JIIOMHUHECIIEHTHBIMH JIaMIIaMUd UMEIOT KO3 UIIUEHT
MoOUTHOCTH, paBHbIit 0,8 (7ge = 0,75), ¢ namnamu JIPU, JIPJI - 0,5 (fgp =1,73 ), ac
nammamu LED — 0,98 (g =0,2) [1, 2, 8].

Hony4enusle 3Hadenust P, , P,, u (J,, BHOCAT B TaOJIMIly pacyera Harpy30K

IO 1IeXaM 3aB0Jia B KOJIOHKH 3, 7 u 8 (mpusoxxenue A3) COOTBETCTBEHHO.

Pacuer Harpy3ok Ha BbICLIEM HANPSKEHUHU

DTOMY YpOBHIO pacueTa COOTBETCTBYET OINPEAECICHUE IEKTPUUECKON HArpy3KH
Ha IIMHAX BBICOKOBOJIbTHBIX PACHPENEIUTENbHBIX IMYHKTOB M HAa IIMHAX HU3IIETO
Hanpsokenus ['TII (ITT'B). Pacuet BegeTcs B cienyroieil mociie10BaTeIbHOCTH:

CyMMupYIOTCS 3HaueHus » P!, ZP’;, ZQ”p BCEX MPUCOEAMHEHHBIX K PII,

['TIIT (TII'B) narpy3ok Hamnpsbkenrem a0 1000 B B rpadax 3, 7, 8 (Tabauma A3).
Onpenensiercss yucio npucoeauHenuit, N (6-10 kB) na coopubix mmnax ['TIIT

(II'B), PII. B OosblIMHCTBE cly4aeB, IIOKa HE pa3zpaboTaHa cxema

ANEKTPOCHAOKEHUS, MOXKHO TPUHATh N U1 MPEIIpUATHII ¢ pacyeTHON Harpy3Kou

35,<5000xkB-4 B puanazoHe 5-8 w 9-25 s MPEMNpPUSTHH, Yy KOTOPBIX

28, >5000 kB-A. XS, = \/( P +2P5 ) +(20n+20%)° . PexoMenyeTcs IpH Yncie

npucoenuHeHnt N =15...8 koaddurmment omHoBpemenHoctu K,=0,95, a tmpum
N=9..25 K,=09. Pacuernsie wmomHoctH P, u (s ONPEHCISIOTCS 0

BBIPKCHUSM:
P, =K,(ZPy+XP}); (10)
sz =K (ZQ” +2Q6) (11)
Spz = P j2 +sz

rne XP, u X(Q) - CyMMapHble pAacueTHbIE HArPy3KM BBICOKOBOJBTHBIX

AIICKTPOIIPUEMHHUKOB.

PesynpTupyronyro Harpy3ky Ha cropoHe BH mo mpeanpustuio onpenesstor ¢
Y4E€TOM MOTEPh MOUTHOCTH B LIEXOBBIX TpaHCchopMaTopax.

[Ipu omnpeneneHuun MOTEPb MOIIHOCTH B TpaHCopMaTOpax CHUCTEMBI
BHYTPHU3aBOJICKOTO 3JIEKTPOCHAOXKEHHS CJIeAyeT HMMETh B BHUIY, YTO YKa3aHHbIE
MOTEpU UMEIOT MECTO B CHJIOBBIX ILIEXOBBIX TpaHcopMmaTopax, TpaHchopmaTopax
CTaJICTUIABWIIBHBIX TeYeld M MpeoOpa3oBaTENbHBIX YCTAHOBOK. JEKTPOJBHUIaTEIH
BBICOKOT'O HANPSHKEHUS ITUTAKOTCS, KaK MPABUIIO, HA HANIPSY)KEHUU BHYTPHU3aBOJICKOTO
AIIEKTPOCHAOKEHUSI W TpPH  ONPEACNCHUH TOTEeph MOIIHOCTH B  LIEXOBBIX
TpaHcopmaTopax HE JOJDKHBI yuuThIBaThcs. Eciu morepu B TpaHchopmaTopax
ONPENEIIAIOTCA B LIEJOM I10 3aBOJY, TO OHU MOTYT PACCUUTBIBATHCS IO YIIPOILLIEHHBIM
bopmynam:

AP, =0,025,; (12)
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AQ,=0,15,, (13)

rae S, - pacueTHas MOIIHOCTh HHM3KOBOIBTHOH M BBICOKOBOJLTHOH HAarpyskH,

nUTaronieiicss  4yepe3  TpaHCPoOpMaTOphbl, 3a  HUCKIIOYEHUEM  Harpy3kd  OT
BBICOKOBOJIBTHBIX  QJIEKTpoJBUTaTeNed 2P, ., KOTOPbIE  MOIKIIOYAIOTCS K
BHYTPHU3aBOJCKOM CETU, MUHYS LIEXOBBIE TPAHCPOPMATOPBHI.

PacyeTHBIC MOIITHOCTH JIJIs OTIPEICIICHUS TIOTEPh B TpaHCHOopMaTOpax HaXOAUM
o ¢popMynam:

P ,=K,(EP+IP5~2P, ,,); (14)
. QPZ .
Qrp:Pp (12, TIe 1gp =p—> (15)
px
= J(P'p)2 +(0,) . (16)

AKTUBHBIC H PCAKTUBHBIC IIOTCPH B TpaHC(i)OpMaTOan CYMMHUDPYIOTCA C
PaCUCTHBIMHA HAI'Ppy3KaMU IIPCAIIPUATHA.

Ppnp:PpZ+APm; (17)
Qpnp:QpZ +AQm: (18)

Sp :\/Ppnp2 +Qpnp2 :

Pacuer nHarpy3ku Ha BbICOKOBOJIBTHOM PII mmeer HekoTopble OCOOEHHOCTH,
3aKJII0YAIOIMecs B TOM, 4TO pacyeTHas Harpy3ka Ha PII meoOxoamma miisa BbIOOpa
ceuenus nutarouux PII kabenbHbIx uHui. [Ipu onpeaenennn pacueTHON HArpy3Ku
Ut BBIOOpaA ceueHus kabened cnenyer npunumarh K, =1, T.e. mia PIT pacuernoii

HArpy3KOH SIBJISIETCS CyMMa CPETHECMEHHBIX Harpy30K, MpucoeanHeHHbIX K PI1.

B OonpmmHCTBE CciaydaeB K  BbICOKOBONIbTHOMY PII  mpucoenunstorcs
BBICOKOBOJIBTHBIE AJIEKTPOIIPUEMHUKH U TpaHchopmaTopHble noactaHiuuu. [loatomy
pacueTtHas Harpy3ka Ha PII onpenensiercst mo popmynam:

PpPH:PpBB+ZPpTH; (19)
O, rn =0, s +ZQp T (20)
SpPH:\/PpPH2+QpPH2’ (21)

Tak xak 00sruHO PI1 MMEIOT ABa BBOJIA, TO B HOPMAJILHOM PEXHUME 3Ta HArpy3ka
JEIIATCSI PAaBHOMEPHO MEXIYy HHUMH, a MOJHOCTBIO OHA YUYHUTBIBAECTCS TOJBKO B
rociieaBapuitHom pexxume [1, 2, 5, 8].

2.2 Pacyer 3J1eKTPpHUYECKUX HATPY30K r'OPOJACKHUX NMOTPeduTeiei

Pacuer snekTpuyecKMx Harpy3oK IPOWU3BOJUTCS OT HH3MIMX K BBICIIHM
CTYIICHSIM 3JIEKTPOCHA0KEHUSI U BKJIIOUAET JIBA JTara:

- ONpe/IeJIeHNEe Harpy3KH Ha BBOJIE K KaXKIOMY MOTPEOUTEIIO;

- pacyeT Ha 3TOM OCHOBE Harpy30K OTAEJIbHBIX 3JIEMEHTOB CETH.

PacueTHoi sBisIeTCS OxKuAaeMas MakCUMallbHas Harpys3ka 3a 30 MuH.
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Pacuer HArpy30K KHJIBIX M 00II€CTBEHHbBIX 31aHUI

Pacuernas Harpy3ka KBapTHp, MPUBEICHHAS K BBOIY J0Ma, OMPEICISACTCS IO
bopmye:

Pe=Proyorn (kKBm), (22)
re Pyeyo - YHIENbHAs pacueTHas Harpys3ka OSIIEKTPONPHEMHUKOB KBapTHpP, IO
tabmune 1 (kB1/kBapt);

7 - KOJIMYECTBO KBAPTHP.

B HacToOsAmMX METONWYECKUX yKa3aHUSAX TPUBEICHBI BBIACPKKUA M3 TaOJIHUIL
HOPMAaTUBHBIX JOKYMEHTOB [13-15] (Tabnuma 1).

Tabsnua 1 -V genbHas pacyeTHast Harpy3Ka KBapTHP >KHIIBIX JJOMOB

KosmuecTBo kBapTup

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

KBaptupsl ¢ mmuramu Haraze (4,5 | 1,8 | 1,2 |1,05(0,85 [0,77 | 0,71 | 0,67

To ke ¢ AeKTpOIIuTaMu 10 {39 |26 |21 |15 1,36 | 1,27 | 1,19

JloMHku Ha caoBBIX yyacTkax | 4 1,2 0,76 10,69 | 0,61 |[0,58 |0,54 | 0,46

Tabnuua cocTaBieHa U KBapTHP ILIOIAABLI0 OT 35 10 90M?, Ha KaxIbli M’
CBEpPXYKa3aHHBIX HEOOXOAMMO YBEIMYHMBATh HArpy3Kky Ha 1% npu miMrax Ha raze u
Ha 0,5% npu osnexrpormrax. s onpeaeneHuss MaKCHUMalIbHBIX Harpy3oK
YTPEHHETO WM BEYEPHEr0 MAaKCUMyMOB KO3(DQHUIMEHT ydacTusi B Makcumyme K,
npuHuMarot 0,5 — IS )KWIbIX 3aHUH € IUIMTaMU Ha ra3e u TBepaoM Toruiuse u 0,7 —
TUTS1 5KWJIBIX 3JIaHHH C 3JIEKTPOILIUTAMM.

B nomax, rme kpome KWIBIX KBapTHP MOTYT OBITh YCTAHOBJICHBI CHJIOBBHIE
ANEKTPONIPUEMHUKHN  (JIU(THI, HACOCHI, BEHTWISATOPHl CAHUTAPHO-TEXHUYECKUX
YCTPOMCTB), pacueTHass MOIIHOCTh cujoBbiIX OII, mpuBegeHHas K BBOAY JAOMa,
onpenensieTcs: mo hopmyiie:

P.=Py.,+Pp.cm.y. (23)

MottHOCTb TU(PTOBBIX YCTaHOBOK P, onpenensiercs no Gopmyie:

Ppﬂ :K;;PH(}}) ’ (24)

rae K- koo duument cnpoca (tadiumua 2).
7 - KOJIMYECTBO TU(PTOBBIX YCTAHOBOK,
P, - YCTaHOBJIEHHAS MOIIHOCTB DJIEKTPOABUTraTeNs mudTa, KBT.

Tabmuma 2 - Koaddurments! cipoca T TOBBIX YCTAHOBOK
n 2-3 4-5 6 10 20

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

PacueTtnas montHocTh O] caHUTAPHO-TEXHUUECKUX YCTPOMUCTB OMPEAEISAETCS 10
dhopmyie:
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p

P cm. y :KCZPHcm.y . (25)
1

Tabnuma 3 - KosddunmenTtsl cnpoca 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

PacueTrHas Harpy3ka KBapTHp KHJIOTO JOMA U CUJIOBBIX 3JIEKTPOIPHEMHHUKOB

Py.ye.o=PrstK,. P, (26)
rne K, - ko3gduuueHT yyactus B MaKCUMyM€ CHJIOBBIX JIEKTPOIIPUEMHUKOB, JJIS
loMa IpuHUMaeTcs paBHbIM 0,9.

Jlnia ornpeneneHus MOJHOM MOIIHOCTH pacyeTHbIE KO3 UIIMEHTH MOIIHOCTU
MPUHUMAIOTCS U3 TaOIULBI 4.

Tabnuna 4 - PacyetHbie k03 GUIIMEHTH MOITHOCTH YKUJIBIX JIOMOB

[ToTpeburens COS(P tqo
KBapTupsl ¢ s3nekrporiraMu 0,98 0,2
KBapTupsl ¢ nnutamMu Ha ra3e Wid TBEPJIOM TOILUIMBE 0,96 0,29
Hacocel: BeHTUAATOPEI U 1Ip. 0,8 0,75
JInd et 0,65 1,17

OpuEeHTUPOBOYHO, HA CTAJUM MPEIBAPUTEIBHBIX PACUETOB, HATPY3KY KUJIBIX
JIOMOB KBapTana (MuKpopaiiona), mpuBenennyto k mmHam 0,4 kB TII moxHO
OTpeNeuTh Mo hopmyJie

Praip=Pp.5c-0.5°S- 107, 27)
A€ Pp.c.0-y0-yACIIbHAS pacUyeTHAs HAIPy3Ka *KUJIbIX JJOMOB, Bt/m?;

S' - o01mas oAb JKUJIbIX JOMOB.

Harpy3ka Hapy»xHoro ocseuienus onpenensiercs [13, 15].

JIyist 0OIIIECTBEHHBIX 3JaHUN OPHUEHTHPOBOYHO PACUETHYIO HArpy3Ky MOKHO
OTIPENIENUTH MO yACIbHON Harpy3ke v Ko3(pPuIueHTy MOITHOCTH TadauIa 5.

DJNeKTpUYecKasl Harpy3ka 3JaHUid CO CMEIIAaHHOW Harpy3kou (Kujow,
MIPOM3BOJICTBEHHOM U 0OIIIECTBEHHOMN) onpeiesisieTcs 1o hopmylie:

Pp.3o. :Pp.m,3o+Ky'Pp. nps (28)
rae Ppoes0 U Pp.,p — pacueTHBIC HATPY3KHU JKAIJIOM U IPOU3BOACTBEHHOM YaCTH 3aHUs
COOTBETCTBEHHO;

K, — ko3 punment yuactus B MakcumyMe (pases 0,9).

Pacuernas Harpy3ka nurtarommx JuHui 10 1 kB u Harpy3ka Ha mmHax 0,4 kB
MOCTAaHIIUA HAXOIUTCA 10 hopMyIie:
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p uH p

P =P 30.MaKc + ZKpr 30 (29)
1

rae P P - paCuUCTHaA HArpy3Ka 3JaHUs C MAKCUMAJIbHON HAI'PY3KOH,

30.makc
K, — ko3¢ ¢dunmenTsl y4yacTuss B MaKCUMyM€ JAPYIMX 37JaHUN OTHOCUTEIBHO
3IaHUS C MAaKCUMaIbHOM Harpy3Kkou (Tabnuua 6).

Tabmumna 5 - Harpy3ku nmpou3BOACTBEHHBIX MPEANPUIATHI W OOIIECTBEHHBIX
3JIaHUN

OO61ecTBEHHBIE 3/TaHUS €. U3MEpEHUs Y. Harpy3Ka COS(P tqop
Hpeanpusmis odwenuTa kBt/mecto 1,04 0,98 0,2
110 400 mocaIOYHBIX MECT
HponososkcTBerHEIe kB1/M? TOpT. 3314 0,25 0,82 0,7
Mara3uHbl
[IpoMTOBapHbIe Marasuusl | KBT/M? TOpT. 3a1a 0,16 0,9 0,48
[Txome! €
ANEKTPUPUIIUPOBAHHBIMU kBT1/yyar. 0,25 0,95 0,38
CTOJIOBBIMU
JleTckue cagpl/sacin kBt/mecTo 0,46 0,97 0,25
[Tapukmaxepckue kB1/pab.mecto 1,5 0,97 0,25

PacyeTHas dieKTpUYecKas Harpyska Mukpopaidona (ksaprana), P, .., KBT,

npuBeneHHas k mmHaMm 0,4 kB TII, MoxxeTr ObITh YKPYIHEHHO OMpeaesieHa IIo
yAEJIbHBIM Harpy3kam no gopmyie:

_ -3
Pp mp (Pp 24¢.30.Y0 +Po6m‘30.yd) -§-10 > (30)
Tac P D 2c.30.0 u P 06.30.0 YACIBbHBIC HAI'PY3KH JKHUJIBIX O6H_ICCTBCHHBIX 3JaHUN

MHUKpoOpaiiona, Br/m?;

S — 00w1as mIoImaas 10MOB MEUKPOpaioHa, M.

Pacuetnsbie Harpy3ku ceteid 10(6) kB onpenensitorcst myTeM YMHOXKEHUSI CYMMBI
pacyYeTHBIX HArpy30K TpanchopMaropoB otnenabHbIX TII Ha KO3 GUIIUEHT yJacTHs B
Makcumyme. KoaduimeHT MOmHOCTH B Mepruoj MaKCUMyMa Harpy30K MPUHUMAIOT
st JIDIT 10 kB cos@=0,92 (tqp=0,43).

K, MpUHHMAIOT B 3aBUCHUMOCTH OT XapaKTEPUCTUKH HArpy3KH U KOJMYECTBA
TpaHcpopMaTOPOB.

n

PpJTQH:KyZI:Pp i - (31)

st nentpoB nutanus 10(6) kB npu nuTaHMM OT TOPOJACKHX CETE€H M CeTei
IPOMBIIUICHHBIX NPEANPUATUN, pacdyeTHAas Harpy3ka OIpEIeseTcs C Y4YeTOM
HECOBIAJICHUS] MAaKCUMYMOB Harpy3kH OTpeOUTeNel rOpoACKUX CeTel U ceTeil
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Tabnuma 6 -KoaduiimenTs! yuacTusi B MAKCUMyME Harpy30K

[Ipeanpustus
0O0IIIECTBEHHOTO
. | Kunbple noma O6meobpaszo- OpraHm3anuu W yIPEKICHHS
HanMcHOBAHHC 37aHHL g THTatiu, CTONOBMIC, | (e e cOHbIE BaTIéIHLHIﬁC IITKOJTBI 13 aBneHEs[ I o}e]:KI;HLIi:[ U
(momereHmit) c pecropaHsl, Kade pen yd » | ynp ) p
N N 3aBeICHUS, PO¢heCCUOHATBHO- KOHCTPYKTOPCKHE OpTaHH3aIlHH,
HanOOJIBIIEH pacueTHON | ¢ C IUIMTaMU Ha
N OoubImoTexn TEXHUYECKUE yupexaeHuss (UHAHCHPOBAHUS
Harpy3Kon anextpu- | TBepaoM wiau | OxHO- [NonyTopa-
YUUIIAIIA 1 KpESIUTOBAHUS
YECKHMH | Ta3000pa3HOM | CMEHHBIC | JBYXCMEHHBIC
TUINTaMH | TOTUIMBE
Kunsie JloMa c
3JIEKTPUUECKUMU 0,9 0,6 0,7 0,6 0.4 0,6
TDITUTaMHU
C INIMTaMH Ha TBEPAOM
WIIH razoobpazuom | 0,9 0,6 0,7 0,5 0,3 04
TOILTBE
IIpenmpusitus
0O0IIIECTBEHHOTO
H 04 04 0,8 0,8 0,8 0,8 0,8
MTATaHHSA, CTOJIOBBIE,
pecTopaHsl, Kade
O011e00pa3oBaTeIbHBIC
TITKOJTBI,
npodeccuoHaIbHO-
pod 0,5 0,4 0,8 0,6 0,7 0,7 0,8
TEXHUYCCKUC YyUHIIUIIA,
OMONMOTEKH,  CpEIHUE
y4eOHBIC YUPEKICHHUS
[Ipenmpusituss TOProBIH
OJIHOCMECHHBIC u
(on 0,5 0.4 0.8 0,6 0.7 07 0.8
oJryTopa-
JIBYXCMEHHEIE)
N Atenbe U
HamMmenoBanne 3maHuii I[Ipenmpustys TOProBiIn
N [Herckue komOuHatel | [IpennpusTus
(nomemernii) ¢ I'ocTrHHLIBI HMapuima- SICTIH Tosk- OBICTPOTO KoOMMyHaJibHOTO | KuHOoTearphl
HanGonbIIel pacuerHoii | Om1HO- Homnyropa- XepCKHe THHUKH | P 6 Y P
Harpysxof CMEHHbIE | IByXCMEHHBIE caJipl o0CITy)u- 00CITy)KUBaHUS
BaHUA
Kubie oma c
A 0,6 0,8 0,7 0,8 0,4 0,7 0,6 0,7 0,9
BJIEKTPUYECKAMH
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IIJIMTaMHA

C IUIUTaMH Ha TBEPIOM
WA ra3000pa3HOM
TOILIVBE

0,5

0,8

0,7

0,7

0,4

0,6

0,5

0,5

0,9

IIpenmpusitus
00ILIECTBEHHOTO
MTUTAHUS, CTOJIOBEIE,
pecTopaHsl, Kade

0,8

0,8

0,7

0,8

0,8

0,8

0,8

0,8

0,5

O0m1eo6pa3oBaTeIbHBIC
IIKOJIBI,
podeCcCHOHANBEHO-
TEXHUYCCKUC YUYHIIUIIA,
OUONMMOTEKH,  CpEIHHUE
y4eOHBIC YUPEKICHIUS

0,8

0,8

0,7

0,8

0,8

0,8

0,7

0,8

0,8

[Ipennpusarust TOproBiu
(omHOCMEHHBIC u
MOy TOpa-
JIBYXCMEHHBIE)

0,8

0,8

0,7

0,8

0,8

0,8

0,7

0,8

0,8

Opranuzanuu u
YUPESIKICHUS
yIIpaBIICHUS,

MPOCKTHBIC "
KOHCTPYKTOPCKHE
OpraHH3alyny,
YUPESIKICHUS
(uHAHCHPOBaHUS u
KPEANTOBAHHS

0,8

0,8

0,7

0,8

0,8

0,8

0,7

0,8

0,5

T"ocTrHUIIBI

0,6

0,8

0,8

0,8

0,4

0,7

0,5

0,7

0,9

THonukmrHUKH

0,8

0,8

0,7

0,8

0,8

0,8

0,7

0,8

0,8

Atellbe U KOMOWHATBI
OBICTpPOTO
00CITy>KUBaHUS

0,8

0,8

0,7

0,8

0,8

0,8

0,7

0,8

0,8

Kunotrearpsl

0,2

0,8

0,7

0,8

0,2

0,4

0,4

0,5
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IPOMBILIUICHHBIX MPEAIPUATUI IIyTEM YMHOKEHHSI CYMMbI UX PaCUETHBIX Harpy30K
Ha K03 puumeHt COBMEILICHNS MAaKCHMYMOB.

Py =K, Z P, 32)

rne K HpI/IHI/IMaeTCH B 3aBUCUMOCTH OT COOTHOIICHHUS TPOMBIIUICHHON U
ropojckoit Harpysku (K;,,=0,9) [1, 3, 4, 13-15].

2.3 IlocTrpoenne KapTOrpaMMbl HArpy30K H OIpelejieHHe YCJIOBHOIO
LEHTPAa HATPY30K

KapTtorpammy Harpy3oKk pacCUMTHIBAIOT M CTpPOSIT, MOCIE TOTO Kak Oyner
BBIIIOJIHEH YEpPTEX TEHIUIAaHA MPEINpUATUS WIM MHUKpOpailoHa B yAOOHOM H
HarsgaoM Mactraoe: 1:500; 1:800 mmm 1:1000.

Kaprorpamma Harpy3ok npeactaBisieT cOoOOW HaHECEHHbIE Ha TIEHIUIaH
OKPY’KHOCTH, IUIOIIAAM KOTOPHIX B TMPUHATOM MacmTabe paBHbI PaCUYETHBIM
aKTUBHBIM Harpy3kam oO0beKkTOB. Kaxmomy oOBEKTY, 31aHHIO COOTBETCTBYET CBOS
OKPY’KHOCTb, LIEHTP KOTOPOW COBMEIIAIT C LEHTPOM HArpy30K COOPYXKEHUs, T.€.
YCIIOBHOM TOYKOW NOTpEeOJIeHUsI 3JIeKTpo3Heprun. Kaxaplii Kpyr MOXKeT ObITbh
pa3zieneH Ha CEKTOPbI, COOTBETCTBYIOIINE CUIIOBOM HU3KOBOJIBTHOM, OCBETUTEIIBHOM,
BBICOKOBOJIETHOM Harpyske.

Kaprorpamma Harpy3ok J1aeT NpeACTaBIEHUE O BEIMYMHE PACUETHON Harpy3ku
U O €€ COCTaBe.

Harpy3ku mno xapakrepy pa3MelleHHs Ha TeHIUIaHE MNPEIIpUsITHS WIH
MUKpOpailoHa MOTYT OBITh COCPEIOTOYEHHBIMU (HACOCHBIE, KOMIIPECCOPHBIE) H
pacrnpeesieHHbIMU (MEeTaIII000pad0TKa, TEKCTUIIBHBIE U T.I1).

[TockonbKy TMUIOAAL OKPYKHOCTH B MPUHATOM MAacIiTade COOTBETCTBYET
Harpyske

— o 2
P, =nrn"m, 33)
TO U3 DTOI'0 BEIPAXKEHUS PAJNYC OKPYKHOCTHU OIIPEAEIIAETC KaK
P, .,
_ |pi
R (34)
T m

rae P, — cyMMapHas pacueTHasi MOLTHOCTb i-I'0 OOBEKTa;

m — Macmrad kBm/mm?, kBm/cm?.

Bennunny wmacmtaba m moa0uparoT 3KCIEPUMEHTAIbHO, OPUEHTHPYACH Ha
YepTekK TeHIUIaHa MPEANPUATUS U MAKCUMAJIBHYI0 1 MUHUMAJIBHYIO JIEKTPUUECKYIO
Harpy3Ky oObeKTa.

Ha ocHOBaHMM NOCTPOEHHOW KapTOrpaMMbl ONPEAEIISIIOT KOOPAUHATHI LIEHTpa
aneKTqueCKHx Harpy3ok (LI9H) HpeI[HpI/I}ITI/I}I WJIM MUKpPOparoHa:

Z X, Z
X Y, =

“i °z

rac »n — 4ucio 06’I)CKTOB;

35)
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X; u Y;— xoopauHaThI i-r0 00beKTa (B CM MM MM 3aMEPSIOT 10 YEPTEKY ).

Uctounuk anexrpocHadxenus (I'TII, PIT) pa3MeiiaroT B IeHTpe MUTAEMbBIX UMU
AIEKTPUUECKUX HArpy30K WU BOJU3M HETO C HEKOTOPHIM CMEIIEHUEM B CTOPOHY
y3JIOBOM MOJICTAHIIMYU U MUTAOIMX ceTei. ECiu Ha mpeanpusITUU WK MUKPOpPaoOHe
npeamnonaraercs coopyxatb Heckosbko ['TII, PII, To onpenenstor IIOH nns kaxaoit
Ipynibl 00BEKTOB, HArPY3KU KOTOPBIX OYIyT mUTaThes OT mpoekTupyemoit ['TI nunm
PIT [1-5].

Br16op Mecta pazmenieHust nexoBblx M ropojackux TII ocymecTBisercs, Kak
npaBuio, 0€3 NOCTPOEHUS KapTOrpaMMbl HArpy30K, HO C YYE€TOM pa3MELIEHUs
HanOoJiee MOIIHBIX DJIEKTPONPHEMHUKOB. JTO MOXXHO OOBSICHHTH TEM, UTO
pasmemienue TII B 1meHTpe mNHTaeMbIX HMHM HAarpy30K 4YacTO OKa3bIBaCTCs
HEBO3MOHBIM HM3-3a PA3JIMUYHBIX OTPAHUYCHUHN (TEXHOJIOTHUYECKUX, TPAHCTIOPTHBIX U
T.11.). Ecu mecto pasmenienust ['TIIT namewaercs BOIu3u 00bEeKTa, B KOTOPOM €CTh
BBICOKOBOJIBTHBIE AJIEKTPOIIPUEMHHUKH U JUIsI KOTOPBIX HE00X0uMO coopyskenue PII,
To B 3ToM citydae ['TII1 pasmemaroT psiiom ¢ a3tum odbektoM, a PY I'TII coBmemator
¢ PII. B atom ciyuae I'TIIT mpeoOpa3zyercs B I1I'B.

Bri6op mectononoxkenusi PII B mepByro ouepenb omnpeaensercss HaIUYUeM
nBUTaTENe HampsbkeHueMm Bbilie 1 kB (kKommpeccopHble, HAcOCHbIE U T.I.) U
AIEKTPOTEXHOJIOTUYECKUX YCTaHOBOK, Harnpumep, 3JIEKTpOoNeYEn c
Tpancopmaropamu, mnpeoOpazoBaTelbHbIX ycTaHOBOK. Eciu ot PII murtarorcs
tonbko TII, To mecto pacnonoxenus PII Ha reHriane BbIOMpaeTcs CMEUIEHHBIM B
CTOPOHY MUTAHUSI U €r0 COBMEIIAIOT ¢ Onu3Jiexkaien mexoBoil wim ropojackoit TII.
Ecnum mo ycnoBusiM cpenpl HENb3s CHENaTh BCTPOEHHOE WIM INPUCTPOEHHOE, TO
COOPYIKaroT 0THeNbHO cTosiue PII.

3 O0ocHOBaHHE BbIOOPA HANIPAKEHUSA JJICKTPOCHAOKEHUA

Br16op HanpspKeHHs] MUTAHUS, T.€. BHEIIHETO SJIEKTPOCHAOKEHUS, 3aBHCHUT OT
MOIIIHOCTH, MTOTPEOIIEMOM MIPEANPUATUEM HIIM MUKPOPAHOHOM, €T0 YAAJIEHHOCTH OT
VMCTOYHHMKA MUTAHUS, HAMPSHKEHUS], UMEIOLIETOCA HA UICTOYHUKE MUTAHUS.

Jlns  BapuaHTOB, pacCMaTpPUBAIOIIMX pEAIbHBIE YCIOBUS, HEOOXOIUMO
paccMaTpuBaTh MMEIOIIMECS WCTOYHMKH MUTAHUS W HMX HANPSOKEHUS HAa IIMHAX
Y3JIOBBIX PAOHHBIX MOICTAHIIHM.

[Ipy BO3MOKHOCTH TOJYYEHUSI DJICKTPOIHEPTUU OT ABYX M 00Jie€ MCTOYHUKOB
MATAHUS HANpsKEHUE CJeAYeT BbIOMpaTh HAa OCHOBE TEXHUKO-IKOHOMHYECKOTO
CpaBHEHHUS BAPUAHTOB.

Jis npuONMKEHHOTO ONpeleieHus paluuoHanbHOro HanpsokeHust Uy, KB,
MO>KHO BOCIIOJIB30BAThHCS IMITUPUIECCKUMU (HOPMYITIaMU:

1) Unnapronosa

= 1000 : (36)
500 = 2500
- + -
t P

p np

2) Ctunna
Upau = 4934\/£ + 16Pp np 5 (37)
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3) Huxorocona

Upay =164/P, - ¥ ; (38)

4) Beiikepra
Upay =38, up +0,5¢, (39)

rne P, n 1S, ,p - nepenaBaeMasi akTUBHAS U IIOJIHAs. MOIIHOCTh NMPEATPUATHS WU
MuKpopaniona, MBm v MB-A;

I - paccrosaue ot [THI (III'B, PII) npeanpusarus (MukpopaiioHa) 10
VCTOYHUKA IUTAHUS, KM.

Pexomenayercst ucnosnanp3zoBath popmyinsl Umnapuonosa, Ctuina u Hukorocosa

JUTSL IPEAIPUATHI, Y KOTOPBIX pacyeTHasi Harpy3Ka cocTaBiisieT 0osiee S Thic. kB4, a
dbopmyny BeiikepTa - npu 3JIEKTpUUECKUX HATPY3KaX J10 5 ThIC. KB4 BKIIOYUTENIBHO.
OMnupuueckue (GpopMysbl YUUTHIBAIOT TOJBKO MNEPENAaBAEMYI0 MOIIHOCTb U
JUIMHY MUTAIOLIEH JINHUU, HO HE YYUTBHIBAIOT CTOMMOCTB IIOTEPH DJICKTPOIHEPTUU U
Haiuue TpaHcopmauuu Ha HanpsbkeHus 6 wiu 10 kB, mo3atomy 0Oosiee TOYHYIO
BEIMYUHY  HAIlPSDKEHUS  BHEUIHETO  DJIEKTPOCHAOKEHHS  MOYKHO  IOJIYUHTb,
BOCIIOJIb30BAaBIINCh HOMOI'PAMMAaMH, ITPUBEIECHHBIMU B [6] 1 npuitoxenun E.

HecMoTpst Ha 3HAUUTENIbHYIO HEOINPEAECICHHOCTh 3a/1a4yi BbIOOpa HaNpsKEHUS
BHEIIHETO JJEKTPOCHAOKEHUS, ONBIT BBINOJHEHUS TEXHUKO-I)KOHOMUYECKUX
pacueroB (TOP) B mnpoekTHOM MpakTUKE TMO3BOJSET JaTh psiig  OOLIUX
PEKOMEHJAIHM:

1) nanpsiokenud 10 u 6 kB B IUTAIOIMIKMX CETAX MOXKET MPUMEHITHCS I MaJIbIX
NPEANPUATANA MOIIHOCTBIO 10 5 MB-A nipu yJ1alleHHOCTH OT UCTOYHUKA MTUTaHUS 10
1,5-2 xunomerpoB. Hampsokenne 10 xB mpenmodrurenbHee, Kak —Oosee
HSKOHOMHYHOE, €CIIM OHO UMEETCS Y UCTOUHUKA ITUTAHUS;

2) nanpspkenue 20 kB noka He MOJy4YWIO paclpOCTPAHEHHS U3-32 OTCYTCTBHS
MacCOBOTO BBIIIyCKa OOOPYJOBaHUS Ha 3TO HampsbkeHue (TpaHchopmaTophl,
BBIKJIFOUATEIN U Ap.). Ho ero MoxHO paccMarpuBarh B Ciaydyae pacupenesieHus 1o
TEPPUTOPUU MPEANPUITHS K 11€XOBbIM nojcTaniusm 20/6-10 xB;

3) nampsbkeHue 35 kB UMeeT SKOHOMHUYECKHE MPEUMMYIIECTBA UISl CPEIHHUX
NpEANpUITAA NMpU nepegaBaeMoi MomHocTH 5-15 MB:A na paccrostue o 10-
15 xm. Ha 5TOM HamnpsskeHHMM MOXXHO M PaclpeAcsiaTh 3JIEKTPOIHEPTHIO K
noactanmmsm 35/0,4-0,66 unu 35/6-10 kB ¢ MOMOIIBIO MarucTpajied TIIyOOKHX
BBOJIOB, KOTJ1a OTCYTCTBYIOT DJIEKTPOJABUIaTEIN BBICOKOTO HAIIPSKEHMUS;

4) nanpsokenne 110 kB uenecooOpa3HO NPUMEHSTh AJIS MUTAHUS KPYITHBIX
OPEANPUATANA MOIIHOCTBIO mopsinka 10 150 MB-A. Jlns npeanpusitaii Oosbiien
MOIIIHOCTH 11eJ1IecO00pa3Ho paccMaTpuBaTh HampsbkeHue nutanus 220 xB npu
HaJIMYUU €r0 Ha UICTOYHHUKE MMUTAHUS.

JInss  pacrpenenuTeNnbHbIX CETEM TOopoJda M NOPEANPUATHN MNPUMEHSIOTCS
HanpspkeHust 10 u 6 kB, KOTOpble BBIOMPAIOTCS B 3aBUCUMOCTH OT COYETAHUS
Harpy3ok 10; 6 u 0,4 xB.

Hcnonb3oBanne HampspkeHuss 6 kB 1enecooOpazHO B JBYX Ciyyasix: IpHU
nuTaHuu npeanpusatuss or TOL[ Ha reHepaTOpHOM HampskeHUH 6 xB W mOpu
3HAYUTEJILHOM JI0JI€ SJICKTPOABUTATENECH 6 kKB B CyMMapHOU Harpy3ke. B ocTaibHBIX
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ciaydasx pexkoMeHayercs mnpuHumath 10 kB kak Haumbonee SKOHOMHYECKU
000CHOBAHHBIM.

[Ipu cymMMapHO#i J0Ji€ 3JIEKTPOABUraTeabHOl Harpy3ku 6 kB 1o 50% ot oOmiein
nenecoodpasHo ycranasiauBaTh Ha [TIII Tpanchopmaropsl C pacuienieHHBIMH
oOMOTKaMu Ha BTOpu4HOe HampsbkeHue 10 m 6 kB (COOTHOIIEHHWE MOUIHOCTEH
oomotok 100/50/50%). Torna B PY uusmero nampsixenust I'TIIT (III'B) Oyxer e
cuctemsl KMH 6 U 10 kB, aneKTpoABUTaTEIbHAs BBICOKOBOJBTHASI Harpyska OyJneT
IUTATbCS OT CUCTEMBI IIMH 6 kB, a cUI0BbIE TPaHC(HOPMATOPHI - OT CUCTEMBI IUH 10
kB. Ilpu Oonpmiem cootHomeHuu (o 60-70%) uenecooOpa3HOM OKa3bIBaETCS
ycranoBka Ha ['TIIT wim TII'B TpexoOMoTOUHBIX TpaHCHOPMATOPOB C HAIPSKEHUEM
10 u 6 kB u cootHomenuem mMourHocTeit oomoTok 100/100/100%. I1pu yctanoBke Ha
['TIIT (III'B) TpanchopMaToOpoB ¢ HEPACHICTUIEHHBIMH OOMOTKAMH MOIIHOCTBIO IO
16 MB-A BKIIIOUUTENBHO W HAIMYHWK HA NMPEINPUATHH DJICKTpPOABUTaTENEN 6 kB 1
pacrpenenuTeNbHbIX CETEH NMPAKTUYECKH BCETIa NPUMEHAIOT HanpspkeHue 6 kB [1-
6].

JUiss BHYTpM OOBEKTHOTO JJIEKTPOCHAOXKEHUS B OOJBIIMHCTBE CIy4aeB
npumensiercs cucreMa HanpsbkeHus 0,4/0,23 kB ¢ TiTyX03a3eMJIE€HHOW HEUTPAbIO.

4 BpIOOp KoJMYECTBA W MOIIHOCTH CWIOBBIX TpaHcGOpMATOpPOB
KOMILIEKTHBIX TPAHC(POPMATOPHBIX NMOACTAHIMA

4.1 BpiOOp KosM4YecTBA H MOLIHOCTH TpPaHCcGOPMATOPOB LEXOBBIX
MOACTAHIIUI

[Ipexxne uyemM mnpuctynaTb K  BbIOODY  KOJMYECTBA M MOILHOCTH
TpaHC(HOPMATOPOB LEXOBBIX MOJACTAHLUNA, HEOOXOAUMO OINPEACIUTh PACUETHBIC
Harpy3ku (1o 1 kB) 1exoB W Kareropum HaJIEKHOCTH 3JIEKTPOCHAOKEHUS
noTpeduTeneil 3Tux 1exoB. i1 3TOro peKoMeHyeTcsl BbIIUCATh M3 TaOmuibl A3
pacuetHele Harpysku P, O, S, (rpagper 7, 8 m 9), KaTeropuro HaIEKHOCTU
3JeKTpocHa0X)eHus ekTponpueMHukoB (OI1) iexa (yuactka, 00beKTa) U XapakTep
OKPY>KarOIIEH CPEIBI.

KonnuectBo TpaHchopMaTopoB Ha IEXOBBIX MOACTAHLUSAX OIpPEACIAETCS
KaTeropuen HaJeKHOCTH dJIEKTpOoCcHAOKeHus muTaeMbix JI1.

Yucno TpaHcPOpMATOPOB HA MOACTAHIUSAX OOBIYHO MpUHUMAOT | wim 2,
TpexTpaHc(hopMaTOpHble TOJCTAHLIMUA TMPUHUMAIOT KaK HCKIIOYEHHE, B Clydae
MUTAHUS 3HAYUTENBHBIX COCPEIOTOUECHHBIX HArpy3ok mnpu S,,>1,0 kB-A/M’ u
Sn 21600 kB-A. Ha nmoacTaHlMM pEKOMEH]IyETCSl YCTAHABIMBATh TPAHCPOPMATOPHI
OIMHAKOBOM MOIITHOCTH.

OnHoTtpanchopmMaTOpHbIE MOACTAHIIMY PEYyCMATPUBAIOT:

a) niia nutanus O11 Il kareropuu, 10oMycKarOUX NEPEPHIB JIEKTPOCHAOKEHUS
Ha BpeMs 3aMEHbI WK pEMOHTa 000pyAOBaHUS;

0) mns nutanus DI 11 kareropuu B ciyyae COOPY>KEHHUS B LIEXE HECKOJBKUX
OJIHOTPaHC(POPMATOPHBIX MOACTAHIINM, MUTAEMbBIX OT Pa3HbIX JUHUN, U YCTPOHUCTBA
MEXIY HUMH COEJUHUTEIBHBIX MEPEMBIUEK MO IIMHOMPOBOAAM WM KaOensM Ha
HU3IIEM HaIPSIKECHNH,
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B) mis nutanus OIl [-1I xareropuu, ecnu mourHocTh Il I kareropum He
npesbinaetr 15-20% mMomHocTH TpaHcpopmaropa ¥ BO3MOKHO pe3epBUPOBAHUE HA
BTOPUYHOM HAIIPSHKEHUM OT APYTUX NOACTaHUMU ¢ ycTporucTtBoM ABP.

Crnenyer 3aMeTUTh, UTO B OOJBIIMHCTBE CIy4aeB Harpy3ka TpaHchopmMaTopoB B
MPOU3BOJICTBEHHBIX II€XaX HEOJHOPOAHA IO HAJIEKHOCTH 3JIEKTPOCHAOXKEHUd, W,
naxe eciau  ykazanbl mnorpebutenu [-II  kareropum, Bcerma HOpPUCYTCTBYIOT
notpebutenu III xareropum (10-20%), koTOpble B aBapUHBIX CIIy4dasx MOKHO
OTKJIIOYUTH 0€3 yiepoa Jj1si IPOU3BOJICTBA.

JIByxTpanchopmaTopHble MOACTAaHIIMK TPUMEHSIOT Tipu npeodnaganun 1T 1-11
kareropuid, s nutanusa OI1 II-1I1 kateropuii B 3HEProeMKHX LiEXax C yAEIbHON
IUIOTHOCTBIO Harpysku Gosee 0.4 xB-A/m°, a Taxxke ynaneHHbIX norpebureneit 111
KaTEeropuH.

Yucno W MOIIHOCTh TpaHC(OPMATOPOB B3aUMOCBSI3aHBl MEXKIY COOOM,
IIOCKOJIBKY P OJTHOM Harpyske 1Lexa, S,, Y4Uciio TpaHchopMaTopoB OyneT MEHATHCS
B 33aBUCUMOCTM OT MX €IUHUYHOW MOIIHOCTH. MOIIHOCTH  ILEXOBBIX
TpaHchOpMaTOPOB MPUHUMAIOT MO cheayromen mkane: 160; 250; 400; 630; 1000;
1600; 2500 xB-A.

B nureparype [2, 6, 7] nparoTcs peKOMEHAAIMU O I11eJ1ecCO00pa3HOCTH
IPUMEHEHUsI TPAaHCPOPMATOPOB ONMPEIECIEHHON MOIIHOCTU S, mp B 3aBUCUMOCTH OT
YAENbHOM TUIOTHOCTH HATPy3KH Lexa:

npu S0 < 0,2 kB-A/a? Sy mp = 630, 1000, 1600 kB-A;
npu Syo > 0,2-0,5 kB-A/M> S,y = 1600 kB-A;
npu Sys > 0,5 kB-A/? Sump = 2500, 1600 kB-A.

OTU PEKOMEHJAIMU CIPABEJIMBBI MPU PACUETHOM SJIECKTPUUYECKON HArpysKe
nexa cebime 2500-3000 xB-A.

B cimyyasix, korna Harpy3ka He paclpelesieHa, a COCPENOTOYEHA Ha OTIEIbHBIX
ydacTKax Iiexa, BbIOOp €IMHMYHON MOIIHOCTH TpaHcopmaTopoB uexoBbix TII He
CIEAYET NPOU3BOAUTH IO KPUTEPHUIO YIAEIBbHOM IIJIOTHOCTH HATPY3KHU.

[Ipy MeHBIIMX HArpy3Kax HYXKHO OpPHUEHTHPOBATHCA Ha  KOJHMYECTBO
TpaHc(hopMaTopoB, HEOOXOAUMBIX IO HAJIEKHOCTHU AJIEKTPOCHAOKEHHU S, U PACUETHYIO
Harpy3ky. IIpy 9TOM  pacyeTHyr  MOIMHOCTb  S,,  WIH  KOJHYECTBO

TpanchopmatopoB N ¢ yueTom KoddduiinenTa 3arpy3ku K; MOKHO OTIpeIeIUTh O
dbopmynam:

S » Ne_ (40)
w2 WM =
P NK3 SHmp.R‘s

[Tony4yeHHbIe 3HAUCHUS OKPYTIISIOT A0 ONMMKANIIICH CTaHTAPTHON BETMYNHBI.
[IpoBepky BBIOpaHHON MOIIHOCTHA TpaHC(HOPMATOPOB C y4eTOM TpeOOBaHMIA
B3aHMHOI'0 PE3EPBUPOBAHUS U JOMYCTUMOW aBAPUMHOM MEPETPY3KH MPOUZBOLSAT I10
dbopmye:
g S S, K,
HoOM.m T
(N-1)K,,
rae K- nons snexrponpuemMHUKOB [ u Il kateropuii B pacueTHON Harpyske.

, A1)
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K,, - nomyctumsblii k03pGuUIUEHT 3arpy3ku TpaHC(HOPMATOPOB B aBapUIHOM
pexume, Uil TpaHC(OPMATOPOB C MACISAHBIM OXxJaxiaeHueM K;,=1,3, misa
TpaHCc(HOPMATOPOB C CYXUM IUINEKTpUKoM K ,=1,2.

[Ipy OTCYTCTBHM JaHHBIX OPUEHTUPOBOYHO MOXKHO MpuHuMath K;> = 0,8 nus
JNBYXTpaHC(HOpPMATOPHBIX MOJICTaHUMK, nuTaromux mnorpeourenu | u Il xateropuu
HAJIC)KHOCTH.

B omHom 1exe, Kopiyce MOTYT pa3MellaTbCsi HECKOIbKO MOJCTAHIMM C
TpaHcopmMaTopamMu OAMHAKOBOH MOITHOCTH.

Koaddumument 3arpysku K, npuHuMaeTcs:

1) s nByxTpaHc(OpMATOPHBIX MOJCTAHUMK MpU MPeoOdsiaaHud Harpy3ok |
kareropuu 0,65-0,75, npu npeobnananuu Harpy3ok I kareropuu 0,7-0,8;

2) a8 OAHOTPaHC(OPMATOPHBIX MOACTAHLIMK C YYE€TOM B3aUMHOIO
pesepBupoBanus Harpy3ok Il kareropum K, = 0,7-0,85, a mnpu Harpyskax III
kateropuu 0,85-0,95.

VYka3aHHble KOYQQUIMEHTHI 3arpy3KH B HOPMAJIbHOM M aBAPUIHHOM PEXHUMAX
JOJDKHBI HAaxXOJUThCS B YKa3aHHBIX IpeJeNnax I[ocjie MPOBEACHUS Mep 110
KOMIIEHCAIIUM PEaKTUBHOM MOIIHOCTH. [lo3TOMYy BBIOOp KOJIMYECTBA U MOILHOCTU
TpaHCc()OPMATOPOB OCYLIECTBIIAETCS B JBa 3TaIla.

Ha nepBom s3Tane BhIOMpAaOT KOJIMYECTBO U MOIIHOCTH TpaHC(HOPMATOPOB Ha
NOJICTAHLIMSX COIVIACHO TMPUBEICHHBIM BBIIIE PEKOMEHJAUUsAM. MOIIHOCTH e
TpaHc(OpPMATOPOB JJIi ILIEXOB CO 3HAYUTENIBHBIM MOTPEOJICHUEM pEaKTUBHOM
MomHOCcTH (Qyf = 500-700 xeap), Tam rae MpeanoyiaracTcss IPOBEICHUE
KOMIIEHCAIlUM PEAaKTUBHOM MOIIHOCTH, HaMEYarT MO HauOOJbIIeH BEINYHHE
ko3 duieHTa 3arpy3Ku.

Ha BTOpOM 3Tamne, nocie NpoBEACHUs pacyeTOB MO KOMIIEHCAIIMM PEaKTHUBHON
MOIIHOCTH M0 LI€XaM U MPEeANpPHUATHIO, CIeTyeT YTOUHNUTh BETMYUHBI FIEKTPUUECKUX
Harpy30K M TMOBTOPHO OMpPENeNuTh KOIPPHUIMEHTHI 3arpy3ku TpaHc(hopMaTOpoB B
HOpPMaJbHOM M aBapuUHHOM pEXKUMax, a 3aTe€M CKOPPEKTHPOBaTb MOIIHOCTU H
KOJIMYECTBO TpaHCPOpMaTOpPOB B IiexaxX, IJAe OblJa MpoBeleHAa KOMIEHCAIUs
pPEaKTUBHOW MOIIHOCTH.

[Ipn pemieHun Bompoca IJIEKTPOCHAOKEHUS OOBEKTOB C HEOOJBIITMMU
Harpy3kamu (mo 260 kB-A, cknaabl, TapaXud U T. M.), 4YTOObl HE MPOEKTUPOBATH
HOJICTAaHIIMM € TpaHCc(HOpMATOpaMU MajON MOIIHOCTHU, JOMYCKAeTCsl MPUCOEIUHSITD
AT HArpy3kd K TOJACTaHIMU Oiusnexamiero mexa. OIEHUTh 11e51eco00pa3HOCTh
NIPUCOEIMHEHNUS YKa3aHHBIX HArpy30K K MOJCTAHIIMU C YYETOM PACCTOSHUSA L MexIy
MOJICTAaHIIME M BBOAHBIM paCIpeNeTUTEeNbHBIM MIKahoM IeXa NpPUCOeIUHEHHOU
Harpy3Kkoi S, MOXHO 1O MPUOIMKEHHOHN 3MIIUpHUYEcKoi hopMmyIie:

SpL < 15000 kB-A-m.

B cnysae oObeauHEeHHs HArpy30K HECKOJbKHX OOBEKTOB HX pacyeTHbIE
aKTUBHBIE W PpEaKTUBHbIE MOIIHOCTH CKJajblBaloTca. Harpysky Hapy»XHOro
OCBEILIEHUSI TEPPUTOPUU TPEIIPUATHS HEOOXOAUMO paclpeienTh Ha 2-3 HauMeHee
3arpyXeHHbIE MOJICTaHIIHUH.

[Ipu BbIOOpE MecTa pa3MelIeHUs I1€XOBBIX MOACTAHIMI HEOO0XO0IUMO
PYKOBOJICTBOBATHCS CJIEIYIOIIMMU COOOPAKEHUSIMU:
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1) ¢ nenpto Haubomnpiero npudmmxenus Kk I 1o 1 kB u cokpaleHus: ATUHBI
HU3KOBOJIBTHBIX CETEH MOJCTAaHUMHU CIEAYET pacnojiaraTh BHYTPH LI€Xa WIH XK€
BCTpauBaTh B HEro BOJM3HM LEHTPA HArpy30K C HEKOTOPBIM CMEIIEHHUEM B CTOPOHY
MCTOYHMKA nuTaHus. Ecnm ke 71 nexa 3alpoeKTUPOBAHO HECKOJIBKO MOACTaHIIUM,
X HEOOXOAMMO pacHpeiesuTh MO IUIOMAAM [€Xa MPOMOPIHUOHAIBHO Harpy3Kam.
KoHCTpykTUBHO 3TH TpaHC(OpMATOpHbIE MOJACTAHIMHU B OOJBIIMHCTBE CIIy4acB
BBINOJIHAOTCS KoMIUIeKTHbIMU (KTII);

2) otnensHO crosimue 3akpbiThie TII 6-10/ 0,4 - 0,66 kB mpoeKTUPYIOT TOTAA,
KOTJIa TIO0 YCJIOBHUSAM I0Kapo-, B3PIBOONIACHOCTH MPOU3BOACTBA WU TI0 TPEOOBAHUSIM
TEXHOJIOTUH HEBO3MOKHO pazmecTuTh TII BHyTpH nexa wim aaxke NpUCTPOUThH UX Y
HapY’KHBIX CTEH.

OtpenbHo crosimme TII menecooOpa3Hbl Takke W Il NUTAHUS HEOOJbIIUX
00BEKTOB C pPACCPEIOTOYEHHBIMH I10 HECKOJBKUM HAaNpaBJICHHUSIM HEOOIbIIUMHU
Harpy3KaMH.

B cBs3u ¢ Tem, uro B GonbmIMHCTBE ciiydaeB Ha TII ncnosb3yroTcs MacisHble
TpaHcopMmaTopbl, HMX HeIb3sd BCTpauBaThb B JKWJIblE U OOIIECTBEHHO-
aJMUHUCTPATUBHBIC 3/1aHHUS.

3) B nexax ¢ ObUIBHOM M XMMHUYECKHM aKTUBHOW Cpelod, HO HE MOXKapo- U
B3pbIBOONAcHOW, TII BBIMOMHSAIOTCS BCTPOCHHBIMHU B BHUJE OTHAEIBHBIX 3aKPBITBHIX
IOMEIIeHN. BHYTpH 1exa, cocTosImero u3 Heckospkux mpoieros, KTII pazmemaror
y KOJIOHH 3/IaHMSI WIH Y KaKUX-JTHOO MOCTOSHHBIX MOMeleHni uexa. [lpu nannuum
MOCTOBBIX KPaHOB B MHOTONPOJIETHOM LIE€XE MOJACTAaHIIMU HEOOXOIMMO pa3MeniaTh B
MEpTBOM 30HE pabOThI KpaHOB [1, 2, 5, 6].

4.2 BpIOOp KoJMYECTBA M MOIIHOCTH TPaHCHOPMATOPOB TOPOACKOM
NnoACTAaHIMMI
PacuetHyto MOMIHOCTH TpaHC(HOPMATOPOB TOPOACKUX TMOACTAHIIUN Spr ©

y4eToM KoJsimyecTBa TpaHchopmaTopoB N u koddduuuenta 3arpy3ku K, MOXKHO
onpeaenuts o Gopmyre (40).

OpHEHTUPOBOYHO BBIOPAHHBIE MOIIHOCTH TPAHCPOPMATOPOB TOPOACKUX
noactanimii ¢ HampsbkeHuem 10(6)/0,4 kB mpoBepsitoTcsi Ha TEpErpy304HYyIO
crioco6HocTh cornacHo 'OCT 14209-97. B sTtom cTangapte At HUX B 3aBUCUMOCTH
OT CHCTEM OXJIXACHHUS YYHUTHIBAIOTCS: KOAI(DPUIIMEHTHI 3arpy3Kd B  Hachl
MUHUAMAJIBHBIX ¥ MAaKCUMAaJbHBIX HArpy30kK; KOI(P(GUIMEHT MEeperpy3Kd B YaCh
MaKCUMAJIbHBIX HAarpy3o0K, a TakXe JOMyCTHMasi JUIMTENIbHOCTh NEPErpy3Kd Ha
OCHOBAaHHMH CYTOYHOTO Tpaduka Harpy3Ku MOTpeOUTeNel dIEKTPUIECKOi sHepruu [1,
3, 5].

[IpeoOpa3zoBaHue MCXOIHOTO CYyTOYHOTO rpaduka Harpy3ku Tpanchopmaropa B
SKBUBAJICHTHBIN U MPOBEPKA BBIMIOJIHIETCS B ONPEAEICHHON MOCIe10BaTENbHOCTH:

1) Ha ucxogHOM rpaduke Harpy3Kku Tpancpopmaropa (puCyHOK 1) mpoBoauTcs
JIMHUSL, COOTBETCTBYIOIIAsl TPEABAPUTEIBHO ONPEIECIEHHON HOMUHAIBLHON MOIIIHOCTH
Tparnchopmatopa  Syouy 7, COOTBETCTBYIOIIAS  OTHOCHUTENBHOM  HOMHHAIBHOU

Harpy3ku K = 1;
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K

max

K

K3

K=1
K,

— o

| it 2 ot

Pucynok 1 - IIpeoGpa3zoBanue ucxoaHoro rpaduka Harpy3ku TpaHcopmaropa
B OKBUBAJIGHTHBIM 1 - HCXOAHBIA TpaduKk HArpy3kd, 2 - DKBHUBAJICHTHBIN
MPSIMOYTOJIbHBIN TpaduK HATPYy3KH

2) B Toukax A u b nepeceueHrss HOMUHAJIBHOM JIMHUU C UCXOJHBIM rpaduKoM
HArpy3Kd Ha HEM BBIZCISCTCS YIaCTOK MEPErpy3KU MPOIOKUTEIBHOCTRIO A’ ;
3) 71 4acTH MCXOJHOTO rpauka ¢ MEHbIIEH Harpy3Koil ¢ y4eTOM 3HA4eHUU

MOIIHOCTEW S; M HUX TPOJOILKUTENbHOCTeH Af;, paccuuThiBaeTcs KOAPPUIIUEHT
HavyajapHOM Harpy3ku K mo gopmye:

1 \/Sf-At1+S§-At2+...+S§-AtT

SHOM,T Aty + Aty +..+ At
4) s ydacTka Tieperpy3ku A ucxomHoro rpaduka (pucyHOK 1)
pPacCUYMTHIBAETCS IPEABAPUTEILHOE 3HaUeHHe KO3 duimenTa neperpysku Ko’ :

o [ A (S Ay 4 (S, A,
SHOM.T Ahl + Ahz +...+ Ahp ’
5) cpaBHuBaercs 3HauyeHnme K, ¢ Knaw McXomsoro rpadmka Harpysku: ecim

K, >0,9K

max ?

Klz

(42)

(43)

caenyer npusate K, =K, , ecmn K’ <0,9K,,,, CIeIyeT MPHHATH
K, =09K,,,, @ IpOJOJDKUTEIBHOCTh /1 TIEPErpy3Kd 3KBHUBAJIIEHTHOTO Tpaduka
HArpy3KU PAcCYUTATh 10 popmye:

Ky') - h

h =
(09K, ) “9)
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Ecnu ucxoanslit cyTouHblil rpaduk Harpy3ku TpaHCPopMaTopa COACPKUT J1BA
OJM3KHX 10 3HAYECHUIO MaKCUMyMa PAa3IMYHON MPOJOJKUTENBHOCTH, 3HAUEHU /1 U
K onpenensdrorcss mo MakCuMyMy OOJIbILIEN MPOJOJKATEIBHOCTH, a 3HadyeHue K, -
KAK CpPEIHEKBAaJIpaTUYHOE 3HA4YEHUE OCTaJIbHOM Harpy3ku. Eciu HUCXOIHBIN
CyTOUHBIi  Tpaduk  Harpy3ku  TpaHchopMaropa  COIEPXKHUT  HECKOJIBKO
NOCJIEIOBATENbHBIX OJIM3KUX MaKCUMyMOB, 3HaueHuss K> W h onpenensrorcs H3
OXBaTa BCEX MAaKCUMYyMOB, a 3HaueHue K; - KaK CpEIHEKBaJPATHYHOE 3HAYEHUE
OCTaBILIEHCS HATPY3KHU.

6) no TabauuaM JOMYyCTUMBIX CHCTEMAaTHYECKUX MEPErpy30K, NPUBEICHHBIM B
['OCT 14209-97, onpenensiercss 1oMyCcTUMOE 3HaUeHHE Kod(hdUIeHTa neperpy3ku
K, 50n- OH 3aBucHT OT Ko3(duiMeHTa HadaibHOM Harpy3ku K, cpeaHei

TEMIEPATypbl OXJAXKJAIOWIEH cpenbl 3a Bpems JAeilctBus rpaduka ©

JUTUTEIIbHOCTH MEPETPY3KH /1, & TAKKE OT CUCTEMbI OXJIAXICHHS TpaHChopMaTopa;
7) BBINIONHSETCS TMPOBEPKA - pacCUMTaHHOE 3Ha4YeHue KoddduimeHra
neperpy3ku K> He TOJDKHO MPEBBIIIATh TAOIUYHOE 3HAYCHHUE K o

oxXJ 2

5 KOMHCHC&HHH peaKTI/IBHOﬁ MOIIMHOCTH HA MPEANPUATHH

B Hacrosimiee Bpems, NMpU 3aKJIOUYEHUU JOTOBOPOB Ha 3JIEKTPOCHAOKEHUE
NPEANpUATANA, DSHEProcHadXarolue OpraHu3auu (KOMIIAHWH) YCTaHABIMBAIOT
PKOHOMHYECKH 0OOCHOBAHHYIO BEIUUYMHY MOTPEOIICHHS] PEaKTUBHOM MOLIHOCTH (J, B
yachl MakCMMyMa B sHeprocucreMe. HeoOXoaumMocTh B KOMIEHCAlUM PEaKTUBHOM
MOIIIHOCTH BO3HUKAET TOT/Ia, KOT/la BEJIMYMHA MOTPEOIEHUS] peaKTUBHON MOIIHOCTH
OpEeINpUITUEM NPEBOCXOAUT 3HAYECHHUE SKOHOMMYECKH OOOCHOBAHHOW BEMUYHMHBI
peakTuBHOM MouiHOCTH (J,. Benmnumua (, 3amaercs 4epe3 HOPMAaTUBHOE 3HAYCHUE
K03(p(uieHTa PEaKTUBHOM MOIIHOCTU g,y C YYETOM YPOBHS IMTAIOIIErO
HanpsbKeHus npeanpustus [1, 2, 6, 9].

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

Ilepen  ompeaeleHHeM  MOLIHOCTH  KOMIIEHCUPYIOIIMX  YCTPOWCTB  Ha
OpEeInpUsITUH HEOOXOAMMO YTOUYHUTH €r0 PacYeTHYIO MOIIHOCTb, TO €CTh Y4eCTb
notepu B Tpancdopmaropax I'TIIT (IIT'B).

Jlns nmanaszona MoutHocTel cumoBbix Tpancopmatopos I'TIIT (ITI'B) ot 4 no 40
MB-A v xorddunmenta 3arpy3ku 0,7 BETUIUHY TOTEPHh MOKHO TTPUHSITH:

APFHH = 0,007 . Sp np , (45)
AQFHH:O’Og 'Sp np - (46)

Torga pacueTHasi 3JeKTpUYecKas Harpy3ka MpeanpusiTus ¢ y4eToM NOTeph B
tpanchopmaropax ['TIIT (ITI'B) moxeT ObITh OnpeeneHa:

Py =Pyup + APrip 47)
pr = Qp np + AQFHH . (48)

' TIpu orcyrctBum ['TII1 B pacueTe motepb HET HEOOXOIUMOCTH
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Tabnuma 7 - BpiOop HOPMATHBHOTO 3HAa4YEHHsS KOI(PPHUIMEHTa PEaKTUBHOM
MOIITHOCTH

Hanpsoxenue, kB 3HAYEHUE Ig P
110 0,5
35 0,4
6-20 0,4
0,4 0,35

DKOHOMMUYECKHA OOOCHOBAaHHAs BEJIMYMHA PEAKTUBHOW MOILITHOCTU COCTABMT:

Qa = Ppy 18 Pon, (49)
rae P,,— pacdeTHas yTOYHEHHAs aKTUBHAs Harpy3Ka IPeaNpUsiTUs ¢ y4eTOM IIOTEPh
B Tpancopmaropax ['TII (TII'B);

120>y - HOPMATHBHOE 3HaueHHWE KO3((HUIIMEHTa pPEaKTUBHOM MOIIHOCTH

MPEANPUATHS, 33]laBaeMOe dHeprocuctemMon (Tadmuna 7).

Heo6xoiumast MOIIHOCTh KOMIIEHCUPYIOIIUX YCTPONCTB OMPEACIACTCS KakK

Qky :pr _Qa' (50)

Haitnennas BEJIMYMHA MOILIHOCTH KOMITEHCUPYIOIIUX YCTPOMCTB
pacopeaensiercs B cetsax A0 u Beime 1000 B.

JIns1 HaXOXKJI€HUSI MOIIHOCTH KOMIICHCUPYIOIIUX YCTPOMCTB, MOAKIIFOYAEMbIX K
muHaM  6-10 xB, onpenenserca  KO3PGUIMEHT PEAKTUBHOM  MOIIHOCTU
BBICOKOBOJIETHOUM HArPy3KHU 2P

20 +AQrpn
tg(PB = ” (5 1)
ZP(; + APy

rjae ZQﬁp M XPj, - CyYMMapHble pAaCU€THbIE pPEAKTHUBHbIE U  AKTUBHBIC
BBICOKOBOJIbTHBIE HATPY3KHU MTPEAITPUATHS;
AQrp ¥ APryp - morepu B Tpancdopmaropax I'TII (IIFB).
Ecnu tg@s <tg2@,,, TO pa3MeliaTh KOMIEHCUPYIOIME YCTPOMCTBA HA IIMHAX 6-
10 xB wneuenecoobpasno. Eciu 1g@s > g@sn, TO MOIIHOCTH KOMIIEHCHUPYIOIIUX
YCTPOMCTB, NOAKIIOYAEMBIX K IIMHAM 6-10 kB, HaXOIT Kak
Qkyez(tgq)@ _tg(P3H)'EP(;7' (52)
MomHOCTh KOHJIEHCATOPHBIX YCTAHOBOK J0JDKHA ObITh HE MeHee 450 xsap. Ipu
MOJIyYCHUH MEHBIIET0 3HAYEHUS KOHJCHCATOPHBIE YCTAHOBKM HAa BBICOKOM

Halmps)keHUn — He  ycraHaBmmBalor O, =0, @  pEaKkTHBHYIO  MOIIHOCTb

nepepacupeacisiioT Ha HU3KOM HANPsHKEHUU.
OcraBiiylocs 4acTh KOMIIEHCHUPYIOUIUX YCTPOMCTB pa3MEIIAlOT Ha CTOPOHE
HU3KOTO HAMPSIKEHUS LEXOBBIX MOJCTAHIIAN
Oi =0y -0, (53)
Komniencupyromue ycTpoiiCTBa Ha HU3KOM HAIPSHKEHUN MEXKY MOACTAHIUSAMU
pacnpeaensiioT MPONOPIUOHAIIBHO PACYETHBIM PEAKTUBHBIM HArpy3kaM IMOJICTaHIIUN
(1exoB).
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QKyHi - QKyH .Qpi ’ (54)

pi
rae Q,,,; - HEOOXOIMMas MOLIHOCTh HU3KOBOJIBTHBIX KOH/JICHCATOPHBIX YCTaHOBOK
i-ro 1exa (MoJICTaHITNH);
O, - pacueTHas PEaKTHBHAsA MOIIHOCTD i-T'0 11eXa (TOICTaHIHH);

ZQPZ. - CyMMapHas pacueTHas pPEaKTUBHAsS MOIIHOCTh MOTpeOuTeNe Ha

HU3KOM HaIIPSKEHUH, Te OyAeT MPOBeIeHAa KOMITEHCAITHSI.
Ilomy4eHHble  pacdeTHble — MOMIHOCTH O,  PaCOpeieIIIOT MOy

TpaHchopMaTopaMu liexa U OKPYIIIAIOT A0 ONMXKaWIIMX CTaHIApTHBIX 3HAYCHHM
KOMILJIEKTHBIX KOHJEHCATOPHBIX YCTaHOBOK (mpuiokenue B2). B mensx ymobctsa
pEeryJIupoBaHusl KOMIIEHCUPYEMOM MOITHOCTH II€JI€CO00pa3HO KOHJIEHCATOPHYIO
YCTaHOBKY MPUHUMATh PETYIUPYEMOM.

[Tocne pacuera u BBIOOpa BCEX KOMIICHCHPYIOIIUX YCTPOMCTB MPOBEPSIOT
OaJlaHC pEaKTUBHOM MOIIIHOCTHU HA TPAHUILIEC pa3jiena:

QKy < ZQ}(ye paxm +ZQky H ghaxm = QK_V parxm > (55)

e > Ouvepam B 2O .gum - CyMMapHas QakTHHeCKas — MOUIHOCTE

BBICOKOBOJIBTHBIX M HU3KOBOJIbTHBIX KOMIIEHCUPYIOIINX YCTPONUCTB COOTBETCTBEHHO.

[Tocne pacnpeneneHus KOMICHCUPYIOIIUX YCTPOUCTB MEXIY MOJICTaHIIUSIMU
HEO0OXO0IUMO OTPEETUTh (haKTUUeCKHe K0P PUIIMEHTHI 3arpy3Ku TpaHCPOpPMaTOpOB
noJjicTaHiuii. Eciy OHM 3HAYUTEIBLHO OTIIMYAIOTCS OT PEKOMEHIYEMbIX, HEOOXO0UMO

MIPOU3BECTH KOPPEKTUPOBKY YHKCIIAa WM MOIIHOCTH TPaHCHOPMATOPOB B KaXKIOM
uexe [1, 2, 6, 9].

6 Bbi0op momHoctu Tpancpopmaropos I'TII (III'B) u coOCTBEHHBIX HYK
MOJACTAHIMH

B 6onpmmncTBe cimyyaeB Ha ['TII (I1I'B) ycranaBiauBatot nBa Tpanchopmaropa.
[{enecooOpa3HOCTh YCTAHOBKM TpeX TpaHC(HOPMATOPOB MOKET pacCMaTpUBATHCA
TOJIBKO B CJIEIYIOUIUX CIydasx:

- IPY HAJIMYUU KPYIIHBIX COCPEIOTOUEHHBIX 3JIEKTPUUECKUX HArPy30K;

- NpU HEOOXOJUMOCTH BBIJICIICHUS TUTAHUS KPYMHBIX PE3KOTIEPEMEHHBIX
Harpy30K Ha OTHEeJbHblE TpaHC(OPMATOPhI, €CIM HEBO3MOXXHO OOECIEeYUTh HX
NUTAaHUE OT TPAHCPOPMATOPOB C PACIICIUIEHHONM OOMOTKOW WM CABOEHHOIO
peakrTopa;

- JUIS 1IEXOB W MPEANPUITHH C DICKTPONPUEMHUKAMH 0co0oi rpynmsl |
KaTeropul W  JJEKTPONpUEeMHHKOB | kareropum, K THUTAaHUIO KOTOPBIX
MPEABSBIISIIOTCS TIOBBIIICHHBIE TPEOOBAHUS B OTHOIIICHUH HAJICKHOCTH.

OnHoTpanchopMaTOpHBIC TIOICTAHIIUNA PUMEHSIOT TSl TUTAHUS TTOTpeOnTeeH
IIT xareropuu.

Boibop wmommuoctu Tpancpopmaropos [TIII (III'B) mnpousBoautcs Ha
OCHOBAHHUM PAaCYETHOM HATPY3KU MPEANPUATHS WIM MUKPOpPAHOHA C YYETOM MOTEPD
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MOIITHOCTH B TpaHcdopMaTopax M NPOBEACHHOM KOMIIGHCAIIMM PEaKTHUBHOMN
MOIITHOCTH.

Ecnu na T'TIIT (III'B) ycranaBnuBaercs nBa TpaHchopMaropa, TO pacueTHas
MOIIHOCTh KayKJOT'0 U3 HUX OIPENEISETCS M0 YCIOBHIO:

S =[P 2 +(0,, - % 56
TTITT py (pr Q Ky pakm b ( )

rie K,, - kxoddduuumenr 3zarpy3ku Ttpancpopmaropos (K, =0,65-0,7 npu
nutanuu ot ['TIIT (III'B) morpebureneit I u Il kareropmii, K, ,=0,75-0,85 mpu

nutanuu norpedoureneit Il u Il kateropun).

[To momyuuBLIEHCS PACYETHON MOIIHOCTH M3 PsA/la HOMUHAJIBHBIX MOIIHOCTEN
TpaHc(OpMaTOPOB BHIOMpPAIOT OJMKalIllee CTaHIAPTHOE 3HAYEHHE MOITHOCTH
TpaHcopmaropa S, , W IPOBEPSIOT €0 Ha JOIyCTHMYIO IIEPETPy3Ky B aBapUIHOM

pexuMe, T.€. IPU OTKIIFOUEHUH OJTHOTO U3 TPAHCPOPMATOPOB C YUETOM OTPaHUUYCHUS
notpebuTteneit 111 kaTeropuu (ecim B 3TOM BO3HUKAET HEOOXOAUMOCTD).
1,3 SH mp > RI,II ) Snm-

[Ipy HEOJHO3HAUHOCTH TNPUHUMAEMOIO pEHIeHHs BbIOOpa  MOLIHOCTH
TpaHcopmaropa NPOBOAAT TEXHUKO-PKOHOMHUYECKOE CpPaBHEHHE BapHaHTOB C
pa3HBIMU MOIIHOCTAMHU TpaHchopmaTopos [1, 2, 7, 10-13].

Tpancpopmaropsr ITIHI (III'B) cunenyer BbIOMpaTh €  yCTPOMCTBOM
pEryJIMpOBAaHMS HAIPsKEHUS no Harpy3kou — PITH.

Koncrpyktusno I'TIIT (IIT'B) 35-110 kB crnenyer npuMeHSTh KOMIUIEKTHBIMU
MOJICTAHLIMSIMU 3aBOJICKOTO HM3TOTOBJIEHUA OsiouHOM KoHCTpykumu cepun KTIIb
(koMIUIeKTHasi TpaHc(opMaTOpHas MOJACTAHLMS OJIOYHOTO THUIA) WIM MOIYJIBHOTO
ucrioniHeHust [7]. TexHuueckue AaHHbIE MO TpaHchopMaropam NPUBEACHbI B
npuioxeHuu B4 nanHoro mocoous.

Tpanchopmarop cOOCTBEHHBIX HYXJ HEOOXOAMM JIsi MUTAHUS COOCTBEHHBIX
HYXJl TOJACTAHIMM, KOTOPBIMHM SIBJISIIOTCA: OCBEIIEHHWE, OTOIUIEHUE, CUCTEMBI
OXJIAKIEHUS  CHUJIOBBIX TpaHCPOpPMATOPOB, BTOPUYHBIC LIENHU  YNpPaBJICHMUS,
aBTOMaTUKA M NPOYUMX HYXKIA. Ero MONIHOCTH ONpenensieTcsi 3IEKTPUYECKOM
Harpy3koil cuioBbix TpanchopmatopoB ['TIIT (ITI'B). OpueHTHPOBOYHO MOITHOCTH
Tpanchopmaropa cooctBeHnbix Hyx 1 Ha ['TIIT (ITI'B) moxeT Ob1Th onipeneneHa:

Srer 20,1%- S, 5 (57)
rae S, mp, - HOMHHAJIbHAs MOLIHOCTH cuiioBoro tpanchopmatopa ['TIIT (I1I'B).

H mp
MomHOCTh TpaHC(HOPMATOPOB COOCTBEHHBIX HYK]I BRIOMPAIOT U3 CJICAYIONIETO
psna cTaHgapTHBIX MolHocTel: 16, 25, 40 kB4, a pekomennyemas mapka TCKC.
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7 IlpoexTupoBanue PY noacranuuii v 3JIEKTPUYECKOH CeTH
7.1 lIpoexTupoBanue PY noacranumii I'TII (III'B) u PII

B nanHOM pasznene HEOOXOOUMO BBIOpaTh CXEMY BBICIIETO W HHU3IIETO
HanpspkeHuit npucoeauHenus [TIT (III'B) k mnuraronmM  JUHUSAM, CXEMBI
pacrpenenuTeNbHbIX YCTPOUCTB, IIYHKTOB U CXEMBI PACIPEEICHUs AIEKTPUUECKOM
suepruu ot ['TIIT (ITII'B, IIPTI, PII) k 11eX0BBIM WJIU TOPOJACKUM TpaHC(HOPMATOPHBIM
MOACTAHUUSIM U BBICOKOBOJIBTHBIM YCTaHOBKaM.

Ha wnanpsoxkenun 35-220 xB nurtanue [THI (III'B) ot y3nmoBoit pailioHHOM
noactanuuu (YPII) BeimosiHsIeTCS IO paANaIbHOW WIJIM MaruCTpaJibHOM cXeMaM.

PanuanpHyro cxeMy NUTaHusA NPUMEHSIOT npu HeOonbmoM yaaneHnun [TIIT
(III'B) ot VYPII, a Takxe npu BHIOJIHEHUU TUTAIONIEH JTuHuM kadenem 35-220 kB

(PHCYHOK 2).
—
&
| L

B |
IR
i

| ?

I_I

1

T T2 I3
(IIFB1) (IIFB2) (IIFB3)

I

Pucynok 2 - [uranue I'TIIT (IT'B) no paaguansHoi#t cxeme

MarucrtpanpHble CXeMbl IPUMEHSIOT Ha HanpspkeHuu 35-220 kB npu NMUTaHun
no onnou JIDII (Bo3aymHoi nuaun) Heckonbkux ['TIIT (IIT'B) ognoro npeanpusitus
wu ['TIIT (ITT'B) HeckobKUX peAnpUsTUi (pUCYHOK 3).
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JIoI

35-220 kB
VPII
P
I T2 I3
(IIFB1) (IIFB2) (II'B3)

I

Pucynok 3 - [Tutanue I'TIIT (I1I'B) no maructpanbHO cxeme

Bri6op cxembl pacnpefenuTeNbHbIX yCTpoHUCTB Ha ctopone 35-220 xB TTIII
(III'B) pekomeHayeTCSI MPOU3BOJIUTH B CIEIYIOLIECH MOCIEA0BATENbHOCTH, HAUMHAS C
MIPOCTEUIINX CXEM:

1) Onox «mHHS-TpaHcPoOpMATOP» C pazbeAMHUTENEM, OTACTUTENIEM W
KOPOTKO3aMbIKATEIIEM;

2) nBa 0JI0Ka «JIMHUA-TPaHCPOPMATOP» C BHIKIIOUYATEISIMU U HEABTOMATUYECKOM
(aBTOMaTHUYECKOI ) IEPEMBIYKON CO CTOPOHBI JINHHH;

3) MOCTUKH pa3HbIX BUIOB C BHIKIIOYATEIISIMHU;

4) 4eThIPEXyTOJIbHUKH;

5) ogHa paboyasi CEKIIMOHUPOBAHHAs U 00XOHAsl CUCTEMa IIIWH;

6) nBe paboure 1 00XOHAsI CUCTEMA IIIUH;

7) nBe paboune CeKIIMOHUPOBAHHBIE U 00X0JIHASI CHCTEMA IIIHH.

Tak kak  TpeOOBaHWE  HAJCKHOCTH  DIIEKTPOCHAOKECHHS  TOPOACKUX
NOoTpeOuTENe WM MPOMBINIICHHOTO NPEANPUSTHS MPUBOAUT K HEOOXOIUMOCTH
YCTaHOBKHU ABYX CcHiIOBbIX TpaHchopmaTopoB Ha ['TIIT (III'B), To Hanbomnee nmpoctoi
CXEMOM pachpeenTeIbHOTO ycTpoiicTBa 35-220 xB sBisercs cxema JBa Oyoka
«JTUHUA-TpaHCHOPMATOP» c pPa3beIMHUTEISIMU, OTACIIUTEIISIMU u
KOPOTKO3aMbIKaTeIIMH, HO B  COOTBETCTBUM ¢ «PexoMeHmanusiMu 1o
TEXHOJIOTUYECKOMY MPOEKTUPOBAHUIO IMOJICTAHIIMN TMEPEMEHHOI0 TOKAa C BBICIIUM
HanpspkenueM 35-750 kB (MznatensctBo HI] DHAC, 2004r.)» npu npoeKTupoBaHUU
MPUMEHSITh CXEMBI C OTACIIUTEIISIMU U KOPOTKO3aMBIKATEIISIMU HE PEKOMEHIYETCs, a
P  PEKOHCTPYKIMH U TEXHUYECKOM TMEPEBOOPYKEHUHU TMOJICTAHIIMN ClieIyeT
paccMaTpuBaTh 3aMEHY ATUX alllapaToB Ha BeIKItoyarenu [1, 2, 7, 11, 12].
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TpeboBanust pekoMeHAalnuii OOYCIOBIEHBI PSAJOM HEIOCTATKOB MPUMEHEHUS
CXEM C OTHEIMUTEISIMA U KOPOTKO3aMBIKATEIISIMU:

1) HEBBICOKOW HAJIEKHOCTHIO CpadaThlBaHUs KOPOTKO3aMbIKaTelIeH U
OTJIENUTENCH B KIMMAaTUYECKUX 30HAX C MHTEHCHUBHBIM TOJIONIET000pa30BaHUEM U
peanu3anren NHCKyCCTBEHHOTO KOPOTKOTO 3aMbIKaHMS;

2) cpabaTbIBaHUE OTHAEIMTENEH M KOPOTKO3AMBIKATEIEH MOYKET HPUBECTH K
BBIIAJICHUIO W3 CUHXPOHM3Ma BBICOKOBOJIBTHBIX CHHXPOHHBIX [JBHTATElNed MU
HapYILIEHUIO TEXHOJIOTHYECKUX ITPOLIECCOB HA NMPEATIPUATHH;

3) co3naHueM KOpPOTKO3aMBIKATEISIMU aBAPUNHBIX PEKHMOB, YBEIUYMBAIOIINX
KOJIMYECTBO OTKA30B B CHCTEME 3JIEKTPOCHAOKEHUS MPOMBIIUIEHHOTO NPEIIPUITHS
Y DHEProcHa0KaroIIe OpraHu3aluy;

4) CII0)KHOCTBIO HACTPOUKH PEIICHHOM 3aIlUThI TMHUH.

Hcxogss w3 3THX  COOOpaKeHMH  CXeMbl € OTACIUTEISIMH U
KOPOTKO3aMBbIKaTeIMU Ha HamnpsbkeHnu 35-220 kB npu  NpoeKTHUpOBaHUM U
PEKOHCTPYKLUMU IOACTAHUMKA MPUMEHATh HEe pekoMeHayerca. [loaromy mnpwu
MPOCKTUPOBAHUM CXeMbl PY mojcraHiuii B KypcOBOM IPOEKTE CieAyeT u30erarb
VICTIOJIb30BaHUs TAKOM CXEMBI.

HaGounbiiee pacnpocTpaHeHHe U3-3a CBOEH MPOCTOTHI TMOJYYUIIM CXEMBI
pacnpenenuTenabHoro ycrpoiictBa 35-220 kB — nBa 0noka «JIMHUA-TpaHCHOpMATOP»
C BBIKJIIOYATEISIMU U HEaBTOMATUYECKOM (PUCYHOK 4, a) WIM aBTOMAaTHYECKON
nepeMbIuKon (PUCYHOK 4, 0).

JIDII JIDII JIDII JIDII
TTII1 T'TIIT1
(IIT'B1) (II'B1)
QSl 35-220 kB QSs2 )’QSI 35-220 kB QS2
4 Q L QS4

Qs7 Q Qs7
Q2 Q3

6)

Pucynok 4 — Cxembl pacrpeieTuTeIbHOTO YCTPOMCTBA J1Ba OJI0OKA «JITMHUS-
TpaHchopMaTop» C BBIKITIOUYATEISIMU U HEaBTOMATHYECKOM (a) 1 aBTOMaTu4eckoit (0)
IIEPEMBIYKOU

CxeMbl MOMYyYUIIM MIUPOKOE PACHPOCTPAHEHUE HA TYNMUKOBBIX, OTBETBUTEIBHBIX
U YaCTUYHO MPOXOJHBIX MOJACTaHIMIX, TuTaronmx norpeoutenu II-1II kaTteropun
HaJie)kHOCTU. HemocTaTkaMu OJIOYHBIX CXEM SIBIISIETCS] TO, YTO MPHU MOBPEKIEHUSIX B
JUHUM WM B TpaHcpopMarope aBTOMATHYECKU OTKIIOYACTCS JIMHUA U
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TpaHchOpPMATOp, a TAKKE HEBO3MOXKHOCTH TPOBEJICHUS PEBU3UHM BHICOKOBOJIBTHBIX
BBIKJTFOYATENICH 0€3 OTKIIFOUEeHUS COOTBETCTBYIOIIETO CUIIOBOTO TpaHC(hopMaTopa.

«MOCTHKOBBIC» CXEMBI MO3BOJISIOT YCTPAHUTHh HEAOCTATKH OJIOYHBIX CXEM C
BBIKJTIOUATEISIMU. Pa3mnyaror 1Ba BUIa «MOCTHKOBBIX» CXEM C BBIKITIOUATEIISIMU:

1) MOCTHK C BBIKIIOUATEIISIMUA B LEMSAX JMHUA M PEMOHTHOW TEPEMBIUYKON CO
CTOPOHBI JTUHUU (PUCYHOK 35, a);

2) MOCTHK C BBIKJIIOYATEISIMH B IIETISIX TPaHC(POPMATOPOB M PEMOHTHOMN
nepeMHqKoﬁ CO CTOPOHBI TpaHc(hopMaTOpoB (PUCYHOK 5, 0).

JIoII JIoI JIoI
S1 S2
35-220 xB j Q 35-220 xB \ Q
~ %
QS1 QS2 QS3 QsS4

Ql

QS3 QsS4 QS5 QS6
[T T

Ql (IIFB1) Q2 &2 (IIF'B1) @3

}st 3 q QS6 QS7 \ Qs8
~—1 == P v
QS7 QS8 QS9 Qs10

§ §

Pucynox 5 - CxemMbl MOCTOB € BBIKJTIOUATEIISIMU B TIETSAX JIMHUM () U B TETSAX
Tpanchopmatopos (0)

6)

(Cxema MOCTHK C BBIKJTIOUATENIIMU B LIETISX JIMHUI U PEMOHTHOM MEPEMBIYKON CO
CTOPOHBI TMHUA MOKET IPUMEHATHCS Ha TYNUKOBBIX, OTBETBUTEIbHBIX U MTPOXOHBIX
nojcTaHiusIX Hanpsbkennem 35—220 kB (pucynok 5, a). Ha TynukoBbIX U
OTBETBUTEJIBHBIX  MOJCTAHLUMAX PEMOHTHAs MEPEMbIYKA ©  IIEPEMbIUKA C
BBIKJIIOUATEIEM HOPMalabHO pa3oMKHYThl. [Ipu aBapum Ha OOHOW U3 JIMHUU
ABTOMATUYECKU OTKJIIOYAETCSI BBIKJIIOUATEIh CO CTOPOHBI MOBPEKICHHOW JIMHUU U
BKJIIOYAETCSl  BBIKJIIOUATENb B TepeMbluke, o00a TpaHchopmaTopa OCTArOTCS
pabotaromumu. B cinydyae aBapuum Ha OJHOM U3 TpPaHCPOPMATOPOB OTKIHOUCHHUE
BBIKJIFOYATENSl MPUBOJAUT K OTKJIIOYEHHUIO TpaHcpopMaropa W MUTAIOMIECH JIMHUMU.
OTkiroYeHrue JUHUM TPU TOBPEXKIACHUU TpaHcPopMaropa sBISIETCS HEIOCTATKOM
JTAHHOU CXEMBI.

Ha npoxoaHbIX MNOACTAaHIMSIX MEPEMbIYKAa C BBIKIIOYATEIEM HOPMAaIbHO
3aMKHYTa, 4e€pe3 HEE OCYIIECTBISECTCS TPAH3UT MOIIIHOCTH.

Cxema MOCTHK C BBIKJIIOUATENISIMU B IEMAX TpaHCGHOPMATOPOB U PEMOHTHOM
NEPEMBIUYKON CO CTOPOHBI TpaHC(HOpMaTOPOB (PUCYHOK S5, 0) MPUMEHSIETCS B TE€X XKe
ClIyyasix, 4TO U CXema, MpUBEJeHHas Ha pucyHKe 5, a. OcOOEHHOCTh JAaHHOU CXEMBI
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COCTOMT B TOM, 4YTO TMpPU aBapuud B JIMHUM ABTOMATUYECKH OTKJIIOYAIOTCS
MOBPEXKICHHAs TUHUSA U TpaHnchopmarop. [Ipu aBapum Ha TpaHchopMaTope mocie
aBTOMATHYECKUX TEPEKIIOUCHU B pabOTe OCTAIOTCS JBE JIMHWHM U JBAa MCTOYHUKA
NUTAHUS. YUYUTHIBAs, YTO aBapUHWHOE OTKIIOYEHUE TpaHC(HOPMATOPOB MPOUCXOUT
CPaBHUTEJIBHO pelKo, Oojiee MPEANOYTUTEIbHA CXEMa, MPUBEIACHHAs Ha PUCYHKE
5, a.

bosiee cnoxkHble cXeMmbl IS TOACTAaHIMKA HampsbkeHuem  35-220 kB
MPUMEHSIOTCSI PY HATMYHHA TEXHUKO-I)KOHOMHUYECKOTO 0OOOCHOBAHMUSI.

Pacnpenenurenbhbie ycTpoiicTBa Hamnpsbkenrem 6-10 kB T'TII u [II'B (pucyHox
6) npu IBYXTpaHC(HOpMATOPHON MOJCTAHIIMU BBIMOJIHSAIOTCS C OJHOW OJMHOYHOMN
CEKIIMOHUPOBAHHOM BBIKJIIOYATEIEM CUCTeMOW MIMH. CEeKIIMOHUPOBAHHBIE CHUCTEMBbI
cOopHbIX uH 6-10 kB pa60Ta10T KaK IIPaBUJIO, Pa3JEIIbHO.

T'TIIT
(HFB) (II['B)
a o] 9T] o]
ABP
ABP B 60,8
410«B '—61 v
el — :
—
0)
(HFB)
Q4
ABP
; g 6-10|<ﬂ
V= !
Q6

I !
B)
Pucynok 6 - Cxemsl I'TII] Ha Hanpsxennn 6-10 kB

B cnydae ycranosku Ha ['TII1, TII'B nByx TpancdopmMaTopoB ¢ paciierieHHEIMU
0OMOTKaMHU WJIM CO CABOEGHHBIMH peaktopamu PY 6-10 kB BBINONHAIOT C ABYMS
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OJIMHOYHBIMH  CEKIIMOHUPOBAHHBIMU  BBIKJIIOYATENSIMM  CUCTEMaMHU  IIHUH.
AHanornynytro cxemy qas PVY-6-10 kB npumenstor npu ycraHoBke Ha [TIIT
TpaHCHOPMATOPOB C OOMOTKAMU Ha pa3iaudHble Hanpspkerus (6 u 10 kB).

Ot PY-6-10 xB I'TII1, III'B nuTaroTCsi BTOPUYHBIE pACTIPEIECIUTEIbHbBIEC TYHKThI
(PIT) 6-10 kB, snexrponpueMHuku 6-10 xB u TpanchopMaTOpHBIEC MOJCTAHIIMHN 6-
10/0,4 xB.

Bropuunsie PII-6-10 xB, nutatommecs ot I'TIII, pexoMeHayeTcs coopykaTb
s yaaneHHsix ot ['TIIT morpebuTtenelt (KOMIPECCOPHBIX, HACOCHBIX CTAHIIUM U Ap.).
K stum xe PII pexomennyercs noakimtouats u onusnexarmue TIT 6-10/0,4 xB. PII 6-
10 kB cnegyeTr BBIIOJIHATH C OAHOU OJUHOYHOM CEKIMOHUPOBAHHOW BBIKIIOYATEIEM
CHUCTEMOM IINH (PUCYHOK 7).

PIT
6-10 kB

Ql 3 Q2

Y ABP \ /

Pucynok 7 — Cxema PII na nanpsixenuu 6-10 kB
7.2 IIpoekTHpPOBaHUE IJTEKTPUYECKOI CeTH NPOMBIIIJICHHOTO NMPeANPUSTHSA

[TpoexTupoBaHue SIEKTPUUYECKON CETH MPEANPUITHS HEOOXOIUMO BBIOIHSITH
MIOCJI€ TOTO, KaK Ha TeHIIJIaHe Tpeanpusitys Hanecenbl Mecta ycranoBku [T (ITI'B),
PIT u Bcex TII. Boibop Buga cXeMbl, MAaruCTpaIbHON, pauaIbHON UM CMEIIAaHHOM,
OCYIIECTBISIIOT UcXos u3 B3auMHoro pacrnojioxkenust ['TIIT (IIT'B), PII u nexoBbix
TII. CornacHo HOpMaTUBHBIM AoKymeHTaMm [11, 12] ciexyer oTnaBaTh NpeANOUYTEHHE
MarucTpajJbHBIM CXeMaM JJIGKTPOCHA0KEHUS Kak Haumbojee HKOHOMHUYHBIM.
MarucrtpanbHble CXEMbl NPUMEHSIOTCS B CUCTEME PacCHpeAeeHUsl 3IEKTPOIHEPTUH
NpeAnpUsATAA B TeX CIydasX, Korja MOTpeOuTesed MHOTO M OHU HEOOJIBIION
MOIITHOCTH, a paJuajbHble CXEMbl HEIEeIecoO0pa3Hbl U3-3a HEOOXOIUMOCTH
OOJIBIIIETO YKCJIa KOMMYTAIMOHHOM anmnapaTyphl.

B 3aBucumoctu oT TpeOOBaHUN HANEKHOCTH JJIEKTPOCHAOKEHUS, MOTYT
MPUMEHSTLCA OJIMHOYHAsI MarucTpajib C OJIHO- U JABYXCTOPOHHUM TIMTAaHUEM U
JIBOMHASI CKBO3HASI MAarMCTPAJIb C OJJHOCTOPOHHUM MUTAHUEM (PUCYHOK §).

Uucno tpaHnchpopMaTopoB, MUTAKOUIUXCS OT OJHOM MarucTpayid, 3aBUCUT OT UX
MOIITHOCTH U TpeOOBaHUN K HAJEKHOCTH DJICKTPOCHAOXKEHUSI W OOBIYHO HE
MPEBBINIACT TPEX-YEThIpEX C OOIIed yCTaHOBJIEHHOW MOMHOCTRIO 10  3000-
3500 xB-A B 3aBUCUMOCTH OT HANPSIKCHUS.
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PV 6-10 xB PII, I'TIIL, III'B

u
N

S Qs Qs
D FU FU
TII1 TII3

T1 T1

0.4 kB
/ ]/

l/
QS
FU |: FU
TII1
Tl 0)

ABP
0,4 xB 0,4 xB

Pucynok 8 — MaFI/ICTpaJIBHaH pacnpenenuTenbHas cxeMa pacupeaeaeHus:
a) oquHOYHas; 0) 1BOMHAs (CMeIIaHHaAs CXeMa)

MaructpanbHble  CXeMbl IO CpPaBHEHHMIO C  pajguajbHbIMU  OOJIaJaloT
MOHMKEHHOW HAJCKHOCThIO, HO TPEOYIOT MEHBILIETO YHCIa KOMMYTAIlMOHHBIX
armaparoB BBICHIETO HANpPsDKEHUS. [[BOMHAs CKBO3HAs MArucTpajib C YCTPOMCTBOM
ABP Ha mmHax HU3LIETO HANPSHKEHUS Mo OTIMYAETCS OT PaaualibHON CXEMBbI 1O
HAJIC)KHOCTHU AJIEKTPOCHAOKEHUS.

[Tpu nutanuu tpanchopmatopoB MomHocTh0 400-1000 kB-A ceuenue kabens,
M0 YCIIOBUSIM TEPMHUYECKOM cToMKOCTH K Tokam K3, monydaercsi 3aBBIICHHBIM B
CpPaBHEHUU C CEYEHUSIMHU, BRIOPAHHBIMH 110 HOMUHAJBHBIM PeXUMaM. B cBsI3u ¢ 3TuM
TpaHcopMaTOphl ~ YKa3aHHBIX  MOIIHOCTEH  PEKOMEHIyeTCs  MUTaTh MO
MarvucTpajgbHON CXeMe, MPUCOEAUHSSI Ha OJIHY MarucTpaib 10 3 TpaHchopMaTtopoB
morrHoCcTei0 1000 xB-A, no 2 momHocthio 1600 xB-A, no 4 TpanchopmaTopoB
MOITHOCTBIO  630-250 «kB-A. Tpaunchopmaroper 2500 xB-A pexkoMeHIyeTCs
MOJKJIFOYATh MO PAIUATBHON CXEME.
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[Ipu MmarucTpanbHON cxeMe NHUTaHus AN yno0CTBa AKCIUTyaTallMH Iepen
KQKJbIM MPUCOEAUHIEMBIM TpPaHC()OPMATOPOM YCTAHABIMBAIOT KOMMYTALMOHHYIO
annaparypy B BHUJAE Pa3beIUHUTENS] WM BBIKJIIOYATENs HAarpy3kd. Tak Kak mOpu
MarucTpajJbHON CXeMe peJieiiHas 3allliTa Ha FOJIOBHOM BBIKIIFOUATENIE MOJIy4aeTCs C
OOJBIIMMHU yCTaBKaMHU, T.€. TPyOOi, TO JJisi 0OeCTIeUeHHs 3alIUThl TPaHCPOPMATOPOB
nepe] HUMHM yCTaHABIMBAIOT NpeaoxpanuTenu. [Ipyu 3ToM CUIOBBIE TPENOXPAHUTENN
CJEAYET YCTaHABIMBATH MOCIE PA3bEANHUTEIS WM BBIKIIIOYATENS HATPY3KH, CUUTAs
10 HAITPABJICHUIO PACIIPEACIICHUS DIEKTPUUECKON SHEPTUU.

B wnensx Oosiee MOMHOTO MCMOIB30BAHHUS MOIIHOCTU BBIKJIIOYATENEH TIpU
NOJKIIOYEHUH K HUM JIMHUH, MUTAIOMMX TpaHCPHOPMATOPBI MaJIol MomHOCTH (250-
630 xB-A), orxoasuux ot PII, I'TIIT (IT'B) B pa3HbIX HanpaBIeHUIX, OIMYCKAETCS U
PEKOMEHYETCsl MOAKII0YATh AT JIMHUH IO JIBE MOJ] OJIMH CUIOBOW BBIKJIFOYATEIb.

[Tpu pa3paboTke cXeMbl pacrpeneaeHus ClIeIyeT IOMHUTh O COOTBETCTBYIOIIEH
KaTeropuy HaJIeKHOCTU 3IIEKTPOCHAOKEHUS] TPaHC(HOPMATOPHBIX MOJCTAHIMM, IO
KOTOpPOW BBIOMpANU KOJIMYECTBO M MOIIHOCTH TpaHC()OpPMATOPOB HA HHUX, H
BBIOMpATH COOTBETCTBYIOIIIHE CXEMBI pE3epBUPOBAHUS. Tax,
neyxtpanchopmaropubie TII HeoOxoaumo nmoakoyaTh OT pasHbix cexiuit PIT, TTIIT
(IIT'B). Ot pa3HBIX XK€ CEKUUH HEOOXOAMMO NUTaThb M OJHOTPaHC(HOPMATOPHBIE
MOJICTaHIIMK OJIHOTO 1exa [1, 2, 4, 7, 8§].

7.3 IIpoekTHpOBaHUE TOPOACKOH 3JIEKTPHUYECKOM CeTH

[IpoekTupoBaHue ropoACKON IEKTPUUECKON CETU AOHKHO OCYLIECTBISATHCSA Ha
OCHOBE TEXHMKO-DKOHOMHYECKHX pacyeToB C YyYETOM pa3MEpoB TIopoja,
MUKpPOpaiOHa, TEPCHEKTUBBI HMX Pa3BUTHUA, CYIIECTBYIOIIUX CETeH, HCTOYHUKOB
MUATAHUS U APYTUX YCIOBUM.

Pacnpenenurensubie cetu 10(6) kB pexkomenmyercs uCHonb30BaTh IS
COBMECTHOTO TUTAaHUS TOPOJCKUX KOMMYHAJIBHO-OBITOBBIX U  HEOOJBIINX
MIPOMBIIIUICHHBIX TIOTPEOUTEIEH.

[TocTtpoenue cxembl DJIEKTPUYECKOM CETH TI0 YCJIOBHSM OOECIICYCHHS
HEOOXOIMMOW HAIEKHOCTH JJIEKTPOCHAOXKEHUsl TMOTpeOuTenel, Kak MpaBUIIo,
BBITIOTHSETCSI  MPUMEHUTEIbHO K  OCHOBHOM  Macce  AJIEKTPONPUEMHUKOB
paccMaTpuBaeMoro paiona ropoja. I[Ipy HanmuuuMM OTAENBHBIX 3JIEKTPOINPUEMHUKOB
OoJyiee BBICOKOM KaTeropum WM OCO0O0M Tpynmbl TEpBOM KaTeropvH, CXema
JOTIOJHSAETCS HEOOXOAMMBIMM MEpaMU MO CO3/JaHHUI0 TpeOyeMOll HaJeKHOCTH
ANIEKTPOCHAOKEHUS 3TUX NTpUeMHUKOB [1, 3,4, 7, 13-15].

B ropoackux pacnpenenuTeNbHbIX CeTSIX MPUMEHSIOTCS TPEUMYIIIECTBEHHO TPU
THUIIA CXEM CETe U UX KOMOMHAITUH.

PaguanbHo-MarucTpajbHasi pacnpeneautenabHas certb 0,4-10(6) kB 06e3
pe3epBUPOBAHUS JTUHUIN U TpaHCHOPMATOPOB (PUCYHOK 9).

CeTb xapakTepu3yeTcsi HAMMEHBIIINMU KalUTATIOBI0XKEHUSMH U3-32 OTCYTCTBUS
pe3epBUPOBAHUS 3JIEMEHTOB CETH M BbIOOpA MapaMeTpoB BCEX 3JIEMEHTOB CETH I10
YCJIOBUSIM HOPMAJIBHOTO pexuMa paboThI.
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Cxema mpuMeHseTcs ais diekTpocHaOxeHus notpedureneit Il xateropun B
MOCEJIKaX TOPOACKOTO THIA MIPU BBINIOJHEHUU CE€TEM A0 W Bbie | kB BO3AymIHBIMU
JINHUSIMU.

[Ipy mOBpeXICHHSIX JIOOOM JMHUM MpeKpamaeTcss dAJISKTPOCHAOKEHUE
COOTBETCTBYIOIIEH T'PYIIIBI TOTPEOUTEIICH.

10-20 kB

Pucynok 9 - PagnansHo-mMaructpaneHas  pacnpeaenurensHas — cets  0,4-10
kB: a) ctpykrypHas cxema; 0) cxema TII 10/04; B1-B6- BBoABI B TOMa

IletsieBasi HeaBTOMATU3MPOBAHHAS pacnpeneauTeabHas cerb 0,4-10(6) kB

npeacTaBiieHa Ha pucyHke 10.
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Pucynox 10 - [TerneBas HeaBTOMaTH3MPOBaHHAS pacnpeneauTenbaas ceth 0,4-
10(6) xB: a) ctpykTypHas cxema; 0) cxema MoJICTaHIuH; B) BBOJ B 3/IaHKE

[To ycnmoBusiM HaJIeXHOCTH 3JeKTpocHaOxkeHus mnetieBble nunuu 10(6) kB
cleyeT MPUCOENUHITh K TEPPUTOPUATILHO Pa3HbIM LEHTpaM MUTAHUS WIH Pa3HBIM
ceKUuusM AByxTpaHchopmaropHbix mnoxacraHuui. Jlunumm 0,4 xB Ttaxke cnenyer
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BBITIOJIHATh METJIEBBIMU C MPUCOEAVMHEHUEM K Pa3HbIM IMOJCTAHIMAM WA Pa3HBIM
TpanchopmaropaM OJHOW TOACTaHIMH. Ecimu B pailoHe, 00CITyXHBAEMOM
netieBbiMU ceTsiMu 0,4 kB nim 10(6) kB, umeroTcst OTAenbHbIE AIEKTPOIPUEMHUKH
win notpedutenu | kareropun HaIeKHOCTHU ANEKTPOCHAOKEHUS, TO B TAKUX CITydasx
IPUMEHSIOTCS] BBIOOPOUYHOE pe3epBupoBanue ¢ yctaHoBkoil ABP y morpeburens.

[TerneBble TMHUKM MOTYT BBITIOJHATHCS KaK BO3IYIIHBIMHU, TaK U KaOeabHbIMU. B
HOpMaJbHOM pexume nerieBble JuHuu 10 kB pasmeikarorcs Ha omHout u3 TIIL
[IpuBeneHHass cxeMma SIBIIIETCS OCHOBHOM JIJIsl JIEKTpOCHaOKeHus noTpedurteneit 11-
IIT xkaTeropun KWJIBIX PalilOHOB TOPOJIa C 3aCTPOMKOM 3MaHuAMU 10 9-12 sTaxeil.

JByxurydyeBasi pacnpeaeaureabHas cerb 10(6) kB (pucynox 11) ¢
JBYXCTOPOHHHM MHUTAHUEM IPU YCIOBUU MOAKIIOYEHUS B3aUMOPE3EPBUPYIOIINX
muauii 10(6) kB Kk pa3HbIM HE3aBUCHUMBIM HCTOYHHKAM SIBJIIETCSI OCHOBHOW JJisi
AIIEKTPOCHA0KEHUS AJIEKTPOIIPUEMHUKOB MepBOM Karteropuu. [Ipm 3ToM Ha mmHax
0,4 xB nByxtpancdopmaropubix TII uiam HemocpeACTBEHHO y MOTPEOUTENST AOTKHO
obiTe mpenycmorpeHo ABP. Jlunuu 10(6) kB u 0,4 kB 0ObIYHO BBIOJHAIOTCS
KaOeIbHBIMHU.

[ToMHMO BBIIEMPUBEICHHBIX CXEM MPUMEHSIOTCS Pa3IMYHbIE COUETAHUS ITHX
CXEM, a TAKXKE CII0KHO3aMKHYThIE ceTH HampsbkeHnem a0 1000 B.

NI
66 86 86 6

Pucynok 11 - [IByxiyueBas pactipenenurensHas cetb 10-20 kB ¢ pezepBupoBaHrem
JTUHUHN ¥ TpanchopmMaTopoB

7.4 IIpoekTHpOBaHUE JJIEKTPUUYECCKON CeTH HU3KOT0 HATIPSI:KEHU S

PacnipenenurensHple  CeTH HHU3KOIO  HANPSDKEHUS MOTYT  BBIMIOJIHATHCS
MarucTpaJbHbIMHU WM paauaibHbIMU. BbIOOp BHIa ceTH 3aBUCUT OT IIAHUPOBKU U
rabapuToB  TEXHOJIOIMYECKOTO O0OpyIOBaHUS OOBEKTOB, YCIOBHI  Cpenpbl,
0COOEHHOCTEH NMPOBEIEeHUS O TbEMHO-TPAHCTIOPTHBIX MEXaHU3MOB.

PangnanbHbie cxembl (pUCYHOK 12) MPUMEHSFOTCS TSI TUTaHUS:

a) Menkux rpynn OII, HaXoaAUMXCsl B Pa3IMYHbIX MECTaX W YJAJCHHBIX OT
IIMTa HU3KOTO HAMPSDKEHUS [IEXOBBIX TOICTaHITHIA;

0) MOIIHBIX cocpenoTodYeHHbIX rpymmn OIl (9nexTpoaBurareneii  HacoOCOB,
KOMITPECCOPOB, MHOTOATAXXKHBIX JIOMOB U T.I1.);

B) OI1 OTBETCTBEHHBIX IOTPEOUTETICH;
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I) MpYW HaJUYUHM B I[eXe HEOJarompusTHON Cpenbl (arpecCMBHOM, MOXKapo-
B3PBIBOOIMACHBIX 30H H JIp.).

T 72

cnf che Ch3 e - T7E T o7

Pucynok 12 — PanuanbHas cxema pacnpeiesICHUs JIEKTPOIHEPTUU
Ha HanpspkeHue 10 1 kB

PanuanpHas cxema 3J€KTPOCHAOXKEHUS NPEACTaBIAET COOOM COBOKYMHOCTH
JUHAWA DIEKTPUYECKOW ceTH, OoTXomAmux oT PY Humsmero nampsoxkenus TII m
IPEIHA3HAYEHHBIX JJI1 MUTAHHUS HEOOJBIIMX TPYII MPUEMHUKOB 3JIEKTPOIHEPTHUH,
PACIOJIOKEHHBIX B PA3JIMYHBIX HAPABICHUSIX.

Pacrnipenenenue 3eKTpOIHEPTUH K OTAENIBHBIM NOTPEOUTEISIM IPU paJralIbHbIX
CXEMax OCYUIECTBIISIIOT CaMOCTOATEIbHBIMU JMHUAMH OT CUJIOBbIX MyHKTOB (CII),
pacnpenenurenbubix 1mkadoB (IP), pacnpenenurensubix munonpoBoaos (LLIC),
BBOJIHO-pacripeeuTeNbHbIX — ycTpoiicTB  (BPY)  pacnonmaraempix B LIEHTpe
ANEKTPUYECKUX HArpy30K JaHHOW Tpymnimbl MoTpedutenedl. PanuanbHble CXEMbI
00€CTeunBaOT BBICOKYIO HAAEXKHOCTh 3J€KTpocHAaOkeHus. OQHAKO OHM TpPeOyroT
OOJBIIMX 3aTpPaT Ha AIEKTPOOOOPYI0BAHHUE U MOHTAX, YEM MAruCTPaIbHbIE CXEMBI.

PanuanbHble ceTu, Kak NMpaBWIO, BBIMOJIHAIOTCS KabeneM wid mpoBojoMm. [lpu
NPUMEHEHUU PAJAUATBHBIX CXEM HE PEKOMEHAYIOTCSI MHOTOCTYNEHYAThIE CXEMbI
(unciio cTyneHen He TOKHO ObITh 00Jiee IBYX).

Bo Bcex ocTanpHBIX Ciiydasix, Kak IpaBuiio, IPUMEHSIOT MarCTPaIbHbIE CXEMBI.

Maructpanbhbie cxeMbl (pUCYHOK 13) oOecnieunBaroT HaJAEKHOCTh HECKOJIBKO

HIDKE, YEM paJualibHbIE, IPH OJMHAKOBOM KOHCTPYKTUBHOM MCIOJHEHUHU CETH, TaK
KaK MPU MOBPEXJIECHUNA MarucTpaiv OTKIIOYaroTCs Bee DIl MOAKIIOYEHHBIE K HEW.
TeM He MeHee, y COBPEMEHHBIX MaruCTPAJIbHBIX IIMHOMPOBOJIOB HAJEKHOCTD
JIOCTAaTOYHO BEJIMKA.

[IpuMeHeHrne MarucTpaibHBIX CXEM HMEET psJl MPEUMYLIECTB Iepea
paarabHBIMHU:

a) HUKE CTOMMOCTb;

0) mnpuMeHeHHWE THOKMX U JKECTKUX LIMHONPOBOJOB HA MPEANPUATUU
o0OecrieunBaeT CKOPOCTHOM  MHIYCTPHAJIbHBII MOHTaX H  yAOOCTBO  MpH
IKCIUTyaTaluu;
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B) B MaruCTPJIbHBIX CETSIX, KAK MPABUJIO, COMPOTUBIICHUE JUHUU MEHBIIE U
MIOATOMY MEHBIIIE TOTEPH MOIIHOCTH U HAMPSHKCHUSI.

OpnHako noclieIHee TPUBOAUT K YBEIUUYCHUIO U YIOPOKAHUIO annapaTypbl U3-3a
0O0JIBIINX BeJIMYUH TOKOB K3.

71 TZ
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Pucynok 13 — Cxema 05oka TpancopmMatop — Maructpaib
JUTSL IBYXTPaHC(POPMATOPHOU MOACTAHIINH

Ha npeanpusatun nMHUIO LEXOBOW JIEKTPUYECKOM CETH, OTXOMALILYI0 OT
pacupeneauTeNIbHOr0  YCTPOMCTBA  HM3ILIEr0  HampspkeHus nexoou TII wm
npeAHa3HAYCHHYI0 JUIsi TUTaHUsl OTJEJIbHBIX HAM0O0JIe€ MOIIHBIX TPUEMHUKOB
JJIEKTPOAHEPTMM W PACHPENCIUTEIbHOM CETH  1€Xa, Ha3bIBalOT TJIABHOU
MarucTpajbHOMN JIMHUEN (MU TJIaBHOM MarucTpaiblo).

['maBHbIE MarucTpaau pacCUMTHIBAIOT Ha OoJibiive padoune Toku (10 6300 A);
OHM UMEIOT HeOONbIIOe KOJMYECTBO mpucoeauHeHuid. Ilupoko mnpumMeHsoT
MarucTpajbHble cXeMbl THNA OJ0Ka TpaHcpopmarop — maructpaib (bTM). B Takoit
cxeme OTCyTcTByeT PY Hu3mero HanpspkeHusT Ha I[€XOBOW IMOACTAaHLMH, a
MarucTpaib MOJIKIIOYAETCS HETOCPEACTBEHHO K LIEXOBOMY TpaHchopmaTopy uepe3
BBOJHBIM ~ aBTOMATHYECKUW  BBIKIIOYaTeNb. [lpu  aByxTpanchopmaTopHO
noAacTaHimu U cxeme bTM Mexny mMaructpayisiMya JJisi B3AMMHOIO PE3EPBUPOBAHUS
YCTaHABJIMBAIOT MEPEMBIUKY C ABTOMATUYECKUM BBIKIIFOYATEIIEM.

MarucTtpanbHble pacnpeaeauTeNbHbie ceTH 10 1 KB pexkoMeHayeTcsl BHINMOJIHSITh
C MOMOIIBIO0 KOMIUIEKTHBIX PACIPEICIUTEIBHBIX ITMHOMPOBOIOB.

[lexoBbie cetn HamnpsokeHuem n0 1000 B gomkHBI  MPEeUMYHIECTBEHHO
BBITIOJIHATHCS IO MaruCTpajabHbIM cxemaM. [IprmMeHeHune paguanbHbIX CXEM CIIEIyeT
OTpAaHUYMBATh LI€XaMH, B KOTOPBIX MPOKJIAJAKA MarucTpajieil HEBO3MOKHA WJIM SIBHO
HerenecooopasHa [1-15].

8 Pacuer TokoB KOPOTKOI'0O 3aMbIKAaHUHA B CUCTEME 3JI€KTpOCHaﬁ)KeHI/IH

Pacuet ToxoB KopoTkoro 3ambikanus (K3) HeoOXoaum 17151 BBIOOpa M MTPOBEPKHU
KOMMYTAITMOHHBIX aIapaToB MO OTKIIOYAOIICH CIIOCOOHOCTH, HA JUHAMUYECKYIO U
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TEPMUYECKYI0 CTOMKOCTh, Ha CTOMKOCTh K TOKaM K3 KaOenbHBIX JHUHUA W
U3MEPUTENBHBIX TpaHCPOpPMATOPOB, [UIsI pacueTa TOKOB cpabaTblBaHUS U
KO3 GUITUEHTOB YyBCTBUTEIBHOCTH peneitHon 3amuthl. [Ipu pacuere TokoB K3 Ha
HanpspkeHnd Beie 1000 B npuHUMAIOT CIEAYIOIINE PACUETHBIE YCIOBUSL:

1) Bce wuCTOYHMKM, Yy4acTBywlnue B mnoamnutke wmecta K3, pabotator
OJIHOBPEMEHHO U C HOMUHAJIBHOW HArpy3KOii;

2) Bce CUHXpOHHBIE MaluHbI padoTatoT ¢ APB u hopcrupoBkoii BO3OYKICHUS;

3) npu pacuere TokoB K3 yuHMTHIBAIOT BIIMSHHE CUHXPOHHBIX U ACHHXPOHHBIX
AIIEKTPOJBUTATENEH 32 UCKIIFOUEHHEM 3JIEKTpoJABHUraTeneil MouHoctbio 10 100 kBm,
€Clii OHHM OTJEJNEeHbl OJHON CTymeHblo TpaHchopManuu oOT Mecta K3, u
IIEKTPOJBUTATENEH JIFOOOW MOIIHOCTH, €CIIM OTHENEeHbl JByMs M Ooiiee
TpaHchOopMaIHSIMH;

4) B pacueTHOi cxeme Touku K3 BbIOMparOT TakKMMH, B KOTOPBIX TOkU K3 OynyT
UMETh MaKCUMallbHblE 3HAYEHMs, a BJEMEHTbl CETH, HOpPMalbHO paloTarolue
pa3lesnbHO, Ha CXEeMe [MPUHUMAIOTCS  paboTaloIMMU  Yepe3  CEKIMOHHBIM
BBIKJIFOYATEIIb.

B OonpmmHCTBE CilydaeB TaKMMU TOYKAaMHU SBJSIIOTCS: HAa BBOJE CHUIIOBOTO
TpaHcopmaropa - Touka K1; 3a BeIK/IIOUaTe eM MaCCUBHOTO 3JIEMEHTA Ha CTOPOHE
HH TI'TIT (yiunus x TIT) - Touka K2; Ha BBOJE 11€XOBOr0 CHIIOBOTO TpaHchopmaTopa,
OT KOTOPOT'0 MUTAETCS PACYETHBIN LIEX, - Touka K3.

[Ipn pacuere moanmutku Mecta K3 OT BBICOKOBOIBTHBIX IJIEKTPOABUTATEIEH,
ecii Mexay Toukoil K3 u anekTpoaBuraTesnsiMu €CTh peakTop Wiiu KaOelbHas JIMHUS
nuHOM 6onee 0,4 kv, UX COMPOTUBIICHUS! TOJKHBI OBITh YUTCHBI.

Jlns pacuera TokoB K3 cocraBisieTcss pacueTHas cXxeMa M CXeMma 3aMEILEHUS.
PacueTnas cxema npeacraBisier co00i OHOJMHEHHYIO CXEeMY JJIEKTPUUECKON CETH C
AIIEKTPUYECKUMHU anmapaTaMi U IPOBOJHUKAMH, MOAJICKAIMMU BEIOOPY U MPOBEPKE
no ycinoBusiM K3. B pacueTHyro cxemy BBOJSTCSI BCe I€HEPAaTOPhl (3HEProcucTeMa),
CUHXPOHHBIE KOMIIEHCATOpbI, CHHXPOHHBIE M ACUHXPOHHBIE 3JIEKTPOJIBUIaTEIN
HanpspbkeHuem Bbime 1000 B, a Ttakke Tpanchopmatopsl, peaktopsl, BJI u KIJI,
CBA3BIBAIOLME UCTOYHUKH nUuTaHus ¢ MmectoM K3. IIpu n3o0paxeHun Ha pacyeTHOM
CXEM€ OJIHOTUIIHBIX, OJIMHAKOBO COEIMHEHHBIX ¢ Toukou K3 anexrpoaBurarenei nux
1eJ1ecO00pa3HO TMOKa3blBaTh B BHUAE OJHOTO SJEKTPOABUIATENs, HOMHHAJIbHAS
MOITHOCTh KOTOPOI'O 3aIIMCHIBAETCS KaK YUCIO AJIEKTPOABUTATENEH, YMHOKEHHOE Ha
HOMMHAJIBbHYI0 MOIIHOCTh €AUHUYHOTO 3JIEKTPONpUEMHMKA, HantpuMep 4x630 kBm.

Ha ocHOBaHMM pacueTHON CXEMBbI COCTABISETCA CXEMa 3aMEILIEHUs, B KOTOPOU
DIEKTPUYECKUE W MAarHUTHBIE  CBSI3M  NPEACTABJIEHBI  DJIEKTPUUYECKUMU
conpoTuBieHusMA. KomMyTalMOHHBIE anmapaTbl Ha CXEME 3aMEIIECHUsS HE
yKa3blBatoT. [lapaMeTpbl 3JIEMEHTOB CXEMBI 3aMEIICHUS MPU HAIPSIKEHUW BBIILIE
1000 B 0ObIYHO OTpeessioT B OTHOCUTEIBHBIX eauHuIaX. B pacuerax nmpuHUMAIOT
HE HOMMHAJbHBIE HAIpPSDKEHUS HAa OTAENbHBIX CTYNEHSX TpaHcpopMmaluu, a
cpenHeHoMUHaNIbHBIE To 1mkane 230; 115; 37; 10,5; 6,3; 0,4 xB. 3/C paznuuHbIX
VCTOYHUKOB NUTAHUS B OTHOCUTENBHBIX €AMHHUIAX MPUHHUMAIOT: SHEPrOCHCTEMA —

1,0; cunxponusbii anexkTpoasuraresib — 1,05 — 1,07; aCHHXpOHHBIN 3JIEKTPOABUTATENb
-0,9.
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Pacuetnbie Qopmynsl a7 ompeneneHdus MapaMeTpoOB JJIEMEHTOB  CXEMBbI
3aMelleHus NpuBeieHsbI B [1] u npunoxenuu I

ConpoTHBICHNE MUTAIOIMUX Kabeneil MOKHO HE YUUTHIBATh, €CIM UX JJIMHA HE
npesbimaer 50 m. MHnyktuBHoe compotuBieHue JIOII nmpuHuMaroT: KaOelbHbIE
muaun 6-10 kB — 0,08 Om/km, BJI 6-10 kB — 0,39 Om/km, BJI 35-110 kB —
0,425 Om/km.

Yyer TokoB moanutku npu K3 OT rpymnmbl OAHOTHIIHBIX CHUHXPOHHBIX H
ACHHXPOHHBIX JIEKTPOJIBUTATENICH TPOU3BOIAIT IO CIAEAYIOMUM GOopMyiaM:

OT CUHXPOHHBIX AJIEKTPOJIBUraTENIEH

E,
Lowo =7 2l (58)
d MG
e E,ye=1,05-1,07: X/ e=0,15-0,18.
P
1 =N 2 ,
2luwa V3-U, -coson
AHAJIOTMYHO OT ACMHXPOHHBIX JJIEKTPOJBUIaTENEH
E,
InoM:XM .Z[HM’ (59)
* M

rne  FE,,,=09; X,, =02

HelictByroniee 3Ha4YeHUE cymMmapHoro Toka K3 ¢ yderoM NOANUTKH OT
JIBUTATEJICH ONPENEsAeTCA:

Zlno :[noGS +In0MG +In0M . (60)

[Tocne ompexneneHust JeUCTBYIOLIEro 3HaUYeHUs Toka K3 omnpenensitor ynapHbIi
Tok B Touke K3. 3Hauenus ypapubix ko3dduuuentoB K,y npuBeneHsl B [2] u
MIPUIIOKEHNUH [ .

Ha ocHoBanuu nomy4yeHHBIX 3Ha4eHH TOKOB K3 Oyaem BBIOIHATH MPOBEPKY
Ha JMHAMUYECKYH, TEPMHYECKYIO CTOMKOCTh K TokaM K3 u OTKIIOYarouryro
CIOCOOHOCTh BBICOKOBOJIbTHOM KOMMYTAIIMOHHOW amnmapaTrypbl U Ha TEPMHUYECKYIO
CTOMKOCTh MPOBOJAHUKOB [1-3, §].

IIpumep pacuera TOKa KOPOTKOIO 3aMbIKaHHMsI HA cTOpoHe Bbime 1000 B
Hcxonnble gaHHble: HanpspkeHue nwuranus —110 kB, HanpsbkeHue
pactipenenenus 10 xB; paccrosHHe OT OPEANPUITHS A0 UCTOYHUKA TMHUTAHUS —
18 xm; MOIIHOCTHL KOPOTKOTO 3aMbIKaHMUS Ha IIMHAX MCTOYHMKA TuTaHus — 1500
MB-A. B cucremMe DIEKTPOCHAOXKEHHS TMPEANPUSTHS  HUMEIOTCS  YeThIpe
BBICOKOBOJIBTHBIX CHHXPOHHBIX BJEKTPOJBUTATENSI MOIIHOCTBIO MO 630 xkBm.

[Ipuaumaem X ,=0,15. Momnocts cuaoBoro tpanchopmaropa I'TIIT 10 MB-A.
HanpsixkeHue KopoTKOro 3aMblkaHus Tpancdopmatopa U, =10,5 %.

Hns pacuéra TokoB K3 cocraBisitorcst pacu€tHas cxeMa (pucyHok 14) u Ha ee
OCHOBE CcxeMa 3amelieHus (pUucyHok 15).

Tak kak cxema HJIEKTPOCHAOKEHUS MPEINPHUSITHS UMEET HECKOJBKO CTyTCHEH
TpaHchopmanuu, To pacd€T TOKoB K3 mpowm3BOAMM B OTHOCHUTEIBHBIX €IWHUIIAX.
Jl1st 3TOro HEOOXOAUMO MPHUHSATH OA3UCHBIE YCIOBUS: MOIIHOCTh S; U HANPS>KEHUE
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U5. COHpOTI/IBJ'IeHI/Iﬁ BCCX JJICMCHTOB CXCMbI PACCHHUTBIBACM B OTHOCHUTCIIbHBIX
CANMHHNILAX, IIPUBCIACHHBIX K 0a3UCHBIM YCIOBUSM.

S5:1000 MBA, U51:Ucp HOM 1:1 15 KB; U52:Ucp HOM 2:10,5 KB.

Eme

wf] (D

Hw| | [ i

|

X

Pucynok 14 — PacueTnas cxema Pucynok 15— Cxema 3amenienus

OnpenensieM 0a3uCHBIE TOKHU:

I _L.

i \/E'Util’

L——S - 1000 505 et
B3u, 3115

;o =_ S _ 1000 —55 4.
o2 \/E'Uﬁz \/5'10,5

HaXO,Z[HM mapamMcCTphl 3JICMCHTOB CXCMBI 3aMCIICHUA.

DHeprocucrema:
X — 6 .
*c S_
X :f: 1000°_ 4, 66.
©8s, 1500
JIunus snexrponepenay (JIDII):
)(*wl = Xyo ’ ﬂ ’ ;96 >

cp.HOM

rae X ,,-ynensHoe HHAyKTHBHOE conpotusienue JIOII, X ,= 0,4 Om/km;
{ - IIMHA TMHUY 10 UCTOYHMKA MUTaHus, 18 xm.

X*,=X,o-€-—Sﬁ—=0,4-18-1000=0,54.
T Ul 15

45



CuroBoit TpanchopmMaTop:

U, S
X =T00° 5

v -Us . S, _105 1000
100 S, 100 10

OnpenensieMm Tok K3 B Touke K1:

=10,5.

o - Fe
noxl — 613
(X + X*Wl)
rne E.g- 9JC sHeprocucreMsl.
o __ Eugs I, = 1 5
no k1 H
(X.. + X)) (0,66 +0,54)
AMIUTMTYIHOE 3HAYE€HHE YJIApPHOTO TOKa KOPOTKOTO 3aMBIKAHHS C Y4ETOM
aneproUIECKON COCTaBIISIONICH:
®
y() xl \/_ Kw) Inozcl >
rae K, —yzaapHblid k03 (GuIueHT, npuHuMaemM no Tadimne I' K, =1.8.

iy =V21,8-4,2=10,7 xA.

3Ha4YeHUsI TOKOB KOPOTKOI'O 3aMblKaHHs B Touke K2 ompexaensiem ¢ y4éTtom
TOKOB IOJITUTKHA OT CHHXPOHHBIX 3JIEKTPOJABUTATENEH.
TOK KOPOTKOTO 3aMBIKaHHS OT S3HEPTrOCUCTEMBI:
E*GS
Ino GS
X + X“w/ + X
_ 1
Ino GS —
(0,66 + 0,54 +10,5)
TOK MOAMUTKH OT CHHXPOHHBIX 3JIEKTPOJBUTATEIICH
E*MG
InoMG = X" ’ Z]HOM MG>»

d MG

03=4,2 k4.

o

:55=4,7 KA.

rae E L. ;¢ - CYMMapHbIA HOMUHAJIBHBIN TOK JABUTATEIIS, A;
E.,s-TIPUBEJCHHOE 3HaUeHUE cBepxmepexonnon I/C;

X 4 vig ~CBEPXIIEPEXOAHOE PEAKTHBHOE CONPOTUBIICHHUE JIBUTATEIIS.
P

H

I Sy . R
Z nom MG \/5 'UH . COS(pH
Sl e :4-¢:161,7 A;
o M V3:10-09
1,05

/ 161,7=1,13 4.
no MG 0,15

JleficTByro11€€ 3HAUEHHE CYMMapHOT0 TOKa KOPOTKOTO 3aMbIKaHUs B TOuke K2:
]noK2 = [noGS + ]noMG = 477 +1313 = 5383 KA

AMIUTMTYTHOE 3HaYEHUE YIapHOro ToKa B Touke K2:
L, —\/_(Kocs 1,cs +Ky0MG 1Ly ric)s
iy =~/2(1,92-4,7+1,8-1,13) =15,64 KA.
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9 Bri0op u nposepka odopynosanus Ha I'TII (L{PII)

B nanHOM pasznene HEOOXOAMMO OCYIIECTBUTH BBIOOP BBICOKOBOJIBTHBIX
KOMMYTAITMOHHBIX ~amllapaToB, IMpeaoXpaHHUTeNe, TpaHCHOPMATOPOB TOKa U
HanpsHKEHUS, PEaKTOPOB.

K kxommyTtanmonHsiM amnmaparam Bbilie 1000 B oTHOCSTCS BBICOKOBOJIBTHBIE
BBIKJIIOYATENH, Pa3bEAUHUTENN U BBIKITIOUATENIM HAarpy3ku. Bece aTu anmapaThl UMEIOT
CBO€ Ha3HaueHWe U o00JlacTh TMPUMEHEHUS, W K HUM TPEAbIBISIOTCS
cooTBeTCTByIOIME TpeOoBaHusi. OHU  JOMKHBI  YIAOBJIETBOPSATH  YCIOBHSIM
OKPY’KaIOIIeH Cpebl, padOThl B UIMTEILHOM PEXKHUME U PEXKUME IEpPErpy3KH, a
TaKkXe JOJIKHBI ObITh YCTOMYUBBI K BO3JIEHCTBUIO TOKOB K3.

Kak mpaBumo, Bce 000pyaoBaHNEe BHIOMPAETCS IO HOMHHAJIBHBIM MTapaMeTpam:
HOMUHAJIBHOMY TOKY M HamnpsbkeHuro. HoMuHanbHOE HampspDKEHHE —ammapara
COOTBETCTBYET Kiaccy ero wu3oisuuu. [lpu BeIOOpe HEOOXOAMMO, YTOOBI

COOJIIOATUCH YCIIOBHS:

UH.a ZUHC 4 IH.a Z]paﬁ,max’ (61)
rne U, , u I, , - HOMUHaJIbHBIE HANIPSHKEHUS U TOK aIllapara;

U, . - HOMUHAJIbHOE HAIIPSHKEHUE CETH;

1

AnmapaTsl, BBIOpaHHBIE IO HOMUHAJIBHBIM TTapaMeTpaM, MOJjIeKaT MPOBEpKe Ha
JUHAMHYECKYI0O U TEepPMHUYECKYIO0 CTOMKOCTh K TokaM K3. PesynbraTel BbIOOpa U
IPOBEPKH O(POPMIISIIOT B BUJIE TAOJIUIIBI.

B 3aBucumocTH OT TOro, Kakas ObUla MPUHATA CXE€Ma DSJIEKTPOCHAOKEHHS
npeanpusaTus (MUKpopaiioHa), BBIOMpaeTcs COOTBETCTBYIOIIEE 000OPYA0BAHHKE.

[Ipu BbIOOpPE BBICOKOBOJBTHOTO OOOpPYAOBaHUS HEOOXOIMMO YUWUTBHIBATH DS
PEKOMEHJAIHM:

1) cneayer MIMPOKO MPUMEHSTh KOMIUIEKTHBIE TpaHC(HOPMATOPHBIE TIOICTAHIIUN
omounoro tuna (KTIIB) wiu mMomynapHOro THIa ¢ MEPBUYHBIM HampsbKeHueM 35-
220 «B;

2) st U3MEPEHUsS TOKa, HAMIPSKEHUS M PEJICMHOM 3alUThl HA CTOPOHE BBICIIIETO
HaMpPsHKEHUS JTOJHKHBI YCTaHABIMBATHLCA TpaHC(HOPMATOPBI TOKA U TpaHC(HOPMATOPHI
HaIPSKEHUS;

3) npu BbIOOpE BHICOKOBOJIbTHBIX BBIKJIIOYATENEH CIIETyeT OPUEHTHUPOBATHCS Ha
COBpPEMEHHOE 000PYIOBAaHUE C YCTPOMCTBOM BaKyyMHOT'O MJIM 3JIEra30BOr0 ralleHUs
nyru. B OonbIIMHCTBE CilydyaeB CieAyeT NMPUMEHATh BCTPOCHHBbIE BBOJAA CHUJIOBBIX
TpaHc(GOPMATOPOB MJIM BBIKIIOUaTeNnel TpaHchopMaTopbl TOKa HAa HampsbkeHue 35-
220 kB;

4) na HamnpsbxeHun 6-10 kB BpIOOp 000pyA0BaHUS HEOOXOAUMO COBMECTHUTH C
BBEIOOPOM KOMIUIEKTHBIX pactpeaenuTeNbabix yerpoict Tuma KCO umu KPY.

KCO — «kamepsl  cTranudoOHapHbIE  OJHOCTOPOHHEro  OOCITyKMBaHUS,
KOMIUIEKTYIOTCSI BAKYYMHBIMH U 3JI€Tra30BbIMH BBIKIIOUaTEIsIMU. [IpuMeHsitoTcss Ha
HEOOJBIITUX MPEANPUITHSIX ¢ ToTpeduTensimu npeumymectBerHo 11 u Il kaTeropwuii.

- MaKCUMaJIbHbIN pa60qm”4 TOK B HOCHeaBapHﬁHOM PEKUMCE.

pab. max
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KPY — KOMIUIEKTHBIE pACHPENEIUTENIbHBIE YCTPOMCTBA PA3JIUYHBIX CEPUM C
BBIKATHBIMM  TEJIEKKAMH, KOMIUIEKTYIOTCS  BaKyyMHBIMH W 3JIETa30BBIMHU
BBIKJTIOUATENSIMHA PA3JIUNYHBIX CEPUN.

B kypcoBoM mpoekre HeoOXOAUMO BBIOpaTh CHJIOBBIE BBIKIIOYATENM Ha
HanpspkeHud Boie 1000 B. Tlomumo BeIKITIOUaTenei - Bce TpaHchopMaTophl TOKa U
TpaHchOpMaTOphl ~ HAMpPSDKEHUS, a TakKe  BBIKJIIOYATENM  HArpy3kKu WU
pa3beAMHUTENN HA IOACTAHIUAX U BBICOKOBOJIBTHBIE MTPEJOXPAHUTEIH.

BrikmrouaTenun — Harpy3ku — WIM  Pa3beAUMHUTENM B KOMIUIEKTE €
MPEIOXPAHUTEISIMA YCTAaHABIIMBAIOTCS BO BBOJHBIX MmKadax TpaHCHOPMATOPOB
LEXOBBIX WM TOPOJACKHX IOACTAHIMA NpPU MUTAHHUM HX N0 MarucCTpajbHbIM,
METIICBBIM WJIM JBYXJIYYEBBIM CXeMaM. Pa3zbeIMHUTENAMU MOXKHO OTKIIFOYaTh TOK
XOJIOCTOTO XOJa TpaHcGHOpMaTOpoB MOIHOCTHIO A0 630 xkB°A, a BBIKIIOYATEISIMU
Harpy3k - TOK XOJIOCTOTO XOJa M HOMHHAJIBHBIN pabouuil TOK TpaHcHopMaTopoB
MOITHOCTBIO 110 2500 xB-A.

Tak kak NMpu NUTAaHUM HECKOJBKUX TPaHCPOPMATOPOB MO MArUCTPAJILHBIM,
IIETJICBBIM WJIM JBYXJIy4EBBIM CXE€MaM peJIeiHas 3aluTa, YCTAaHOBJICHHAs Ha
TOJIOBHOM BBIKJTIOUATENE, UMEET OOJIbIINE YCTaBKA MAKCUMAIbHOW TOKOBOM 3aIUTHI,
KOTOpbIE HE 3alMIIAIOT TPaHC(HOPMATOPBI OT MEPErpy30K U TOKOB KOPOTKOIO
3aMBbIKaHUs 3a TpaHC(HOPMATOPOM, TO JJIS 3alIUTH TpaHCPOPMATOPOB MeEpe]; HUMU
ycraHaBiIuBaroT npenoxpanurenu tuna [IKT [1, 2,4, 7, 16, 17].

YcaoBus BbIOOPA BHICOKOBOJIBTHBIX BBIKJIIOYATEICH
- no Hanpsokenuto: U, , 2U, . ;

H.C

- 10 JUIUTENBHO JOIYCTUMOMY TOKY: [, , =1

pab. max>
. 3
- 10 OTKJItOYaroIel cnocodbnoeru: 1, .. =1 IS

- TI0 INHAMMYECKOH CTOMKOCTH: i, > i) ;

- o TepMudeckoii croikocti: (1) ¢, >(I®) ¢,

YcinoBus BbI0Opa pa3beAMHUTEICH WM BBIKJIIOYATEIed HATPY3KH
1o Hamnpsbkenuto: U, , 2

H.C

- 10 JUIUTEIBHO AOIyCTUMOMY TOKY: [, , =1

pab.max>

- TI0 INHAMMUYECKOH CTOMKOCTH: iy, > 1) ;

- 110 TepMmgeckoii croitkocti: (1)) £, >(I®) ¢, .

YciaoBus BbI0Opa peakTOPOB
- no Hanpsokenuro: U, , 2

H.C

- 10 JUIMTEIBHO J0IyCTUMOMY TOKY: [, , =1

pab. max>

- TI0 INHAMMYECKOH CTOMKOCTH: Iy, > 1) ;

- 10 Tepmmyeckoit croitkoctu: (1) -2, >(I®)? -, .
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YcioBusi BbIOOpa npeaoxXpaHuTesiei
- o Hamnpspkenuto: U, , 2

H.C>

- IO JUTUTEJIBHO IOMYyCTUMOMY TOKY: [, ,>1,5+21

H.mp >

H.a —
- 110 OTKJIrOYaroIen cnocobnoeru: 1, > 1 ,(5,);
, 3
tne U, .. L .. L ooiss Louns ],(n) U t, - napaMmeTpsl 00OpyJA0BaHUs: HOMUHAIBHOE

HanpsHDKEHWE, HOMUHAIBHBIA TOK, HOMHUHAQJIBHBIM TOK OTKJIFOYEHHS armapara, TOK
JTAHAMHAYECKOU CTOMKOCTH, TOK TEPMHYECKOM CTOMKOCTH U BpPEMS ICHUCTBUS TOKa
TEPMHUYECKON CTOMKOCTH;

U, . - HOMUHAJIbHOE HAIIPSHKEHHUE CETH;

H
1 pab. max

[H. mp " HOMMHAJIBHBIM TOK TpaHC(bopMaTopa, B ICIIK KOTOPOI0 YCTAaHOBJICH

- MAKCUMAJILHBIM paOOUYnii TOK B TIOCIICABAPUIHOM PEIKUME;

BBICOKOBOJIBTHBIH ITPETOXPAHUTEIID;

1 ,Ez) - IEPUOANYECKAsl COCTABIIAIONIAS TOKA TPEX(Pa3HOTr0 KOPOTKOTO 3aMbIKaHUS,
I'Jle YCTAHOBJIEH alIapar;

i ;? - MTHOBEHHOE 3HAYEHHE YJApHOIO TOKa KOPOTKOTO 3aMBIKAHUS, TJIE

YCTAHOBIJICH aIlriapar,
tn - IPUBCACHHOC BPCM:I I[CﬁCTBHH TOKa KOPOTKOI'O 3aMbIKaHHU:].

YcaoBus Bbi0opa Tpancopmaropa Toka
- o Hanpsokenuro: U, , 2

H.C

- 10 JNIUTEILHO TOIYyCTUMOMY TOKY: [, > 1

pab. max>
- TI0 INHAMMYECKOH CTOMKOCTH: iy, > i) ;

oo 2
- o Tepmuueckoii croiikocti: (I9) -t, > (I3 -1, ;

- 110 JOMYCTUMOM Harpy3Ke BTOPUYHOM 1IeNH B TpeOyeMOM KJIacCe TOUYHOCTH:
2,,22,,.

[IpoBepka TpaHchopmMaTOpOB TOKA HA TONYCTHUMYIO Harpy3ky BTOPUYHOM LieNH
B TpeOyeMOM KJIacC€ TOYHOCTH O0YCIIOBJIEHA TPEOOBAHMSIMHU yUeTa 3JIEKTPUUECKOM
sHepruu. TpaHchopMaTopbl TOKa s MPUCOEAMHEHHS] CUETYUKOB, MO KOTOPBIM
BEIyTCSI KOMMEPYECKHE pacueTbl, JOJDKHBI ObITh Kiacca TouHoctd 0,5; s
TEXHUYECKOr0 y4eTa JoImycKaeTcs kiacc TouHoctu 1,0.

Uto6sl MOrpemHoCcTh TpaHchopMaropa Toka HE MpEeBbICKIIA JOMYCTUMYIO IS
JAHHOTO KJlacca TOYHOCTH, HEOOXOIMMO, YTOOBI BTOpUYHAs pacyeTHas Harpys3ka
Z, , He pPEeBbIIIaTa HOMUHAIBHYIO s TAHHOTO TpaHcdopmaropa Toka Z, .

NHAyKTUBHOE CONPOTUBIICHUE TOKOBBIX LIETIEH HEBEIIMKO, [I03TOMY IIPUHUMAOT
Z, , = r, , . BropuuHas Harpy3ka COCTOMT W3 CONPOTUBIECHHA TPUOOPOB,
COCIMHUTENBHBIX ITIPOBOJIOB U MIEPEXOJHOTO CONPOTUBIICHUSI KOHTAKTOB:

r2p:rnpu6+rnp+ri<9 (62)

rae 7, - COIPOTHBIICHHE MPUOOPOB, MOJKIIOUEHHBIX K TpaHCHOPMATOPY TOKA,

npu
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r wp ~ COIIPOTHUBJICHUC COCAMHUTCIIbHBIX ITPOBOAOB,

7, - COMPOTUBIICHNE KOHTAKTHBIX COCTUHEHUM.
Harpy3koit TpancopmMaTopoB TOKa SBISIOTCS aMIIEPMETPhI, TOKOBBIE KaTYIIIKH
CUYETYMKOB DJICKTPUUECKON SHEPTHH.
CyMMapHOE€ CONMPOTUBJICHUE TMPUOOPOB PACCUMTHIBAIOT 10 CYMMapHOMU
MOIIIHOCTH, %/S
2
roo= ,
npud 2
1;

(63)

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

[, - HOMUHAJIbHBIN BTOPUYHBIN TOK TpaHCPOpMaTOpa TOKA.

ComnpoTuBIIeHHE KOHTAKTHBIX COCIWHEHMM MOXKHO NpHUHATH paBHbIM 0,1 Owm.
ConpoTHBIIEHHE TPOBOJOB  pPAaCCUMTBHIBAIOT IO WX CEYCHUID U JUIMHE.
OpHEHTUPOBOYHO JJIMHA TOKOBBIX LIENIEN MOXKET OBbITh IPUHATA:

- I TMHUW HanpspkeHueM 6-10 kB — 4-6 v,

- s eneit PY 35 — 220 kB —75 - 100 .

JI1st cOeMHUTENBHBIX MEIHBIX TPOBOJHUKOB CEUEHUE JOJIKHO OBITh HE MEHEE
2.5 MM, a JUIA AMIOMUHUEBBIX — 4 Ma?.

B KypcoBOM IpOeKTe OpUEHTHUPOBOYHO MOTPEOIIEMYI0 MOIIHOCTH MPUOOPOB,
NOJKJIIOYEHHBIX K TpaHC(HOPMATOPY TOKA, MOKHO TPUHSTH:

1) amnepmerpa — 0,1 B-A4;

2) cuerunka snekTpuueckoi sHeprum (uudposoro tuna COT-4TM u nap.)
0,5+1,0 B-A.

Tpanchopmaropbl HamnpspKeHUS TpeJHa3HAYEHbl I MUTaHUS KaTyIIeK
HanpspKeHUsT MpUOOpOB M peneiiHoW 3amuThl. OHM yCTaHaBIMBAIOTCS Ha BCEX
HanpspkeHusix Bbime 1000 B. Tpancdopmaropsl BbIOMpalOT MO HUCHOJIHEHHIO,
KOHCTPYKIIMU U CXEME COEIMHEHH 0OMOTOK, HOMUHAIBHOMY HANpPsHKEHUIO, KIAcCy
TOYHOCTHU M BTOPUYHOM Harpy3ke [16, 17].

YcnoBus Bbi0opa TpancGopMaTopa HANPSAKEHUS

- no Hanpsiokennto: U, , =U,

H.C ;
- 110 AOIYCTUMOM Harpy3Ke BTOPUYHOMU 1IETIH B TPEOyEeMOM KJ1acCe TOYHOCTH:
$, 28,5,

Bropuunast Harpy3ka TpaHchopmaTopa HanpsOKSHHs KaKIOH CEKITUU CliaraeTcs
U3 JIBYX BOJBTMETPOB, JIBYX DEJi€ HAMPSHKEHUS, KATYIIeK HANpPSDKCHHS] CYETUYHUKOB
IEKTPUUECKON dHeprur. st yrpoieHus pacdeToB Harpy3Ky mpruOOpPOB MOXKHO HE
paznensaTh 1o (azam, a onpeaenuTh 1Mo hopmyre:

SZP - \/ZPZZ + ZQZZ = \/(z Snpu6i *COSQi )2 + (ZSnpu@' ) Sil’l(Pi )2 . (64)

B kypcoBoM mpoeKkTe OpHEHTHPOBOYHO MOTPEOISIEMYIO0 MOITHOCTH MPUOOPOB,
MOJIKTIOYCHHBIX K TPaHCHOPMATOPY HATPSKEHUS, MOKHO TIPUHSTH:

1) BombT™meTpa — 2,0 B-4;

2) cuerumka snekTpudeckoi sHeprum (mudposoro tuma COT-4TM u nap.)
0,5+1,0 B-4;

3) pene HanpspxkeHust — 2,0 B-A.
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[Ipn ompeneneHUM BTOPUYHOM HArpy3KH CONPOTHUBJIEHUE COEOUHUTEIBHBIX
IIPOBOJIOB MOYKHO HE YYUTHIBaTh, HO HEOOXOJAMMO OLIEHUTh MOTEPIO HAIPSKEHUS B
Hux. CornacHo IIYD mnoreps HanpspKEHUST K PACUETHBIM CUETUYMKAM HE JOJDKHA
npeBbimath 0,25%. Ecnu Harpy3ka npuOOpoB CEKIMM IIUH OyJeT MpeBbIIaTh
HOMHUHAJIbHYIO, TO Ha CEKIMH CJEIyeT YCTaHOBUTh JBa TpaHchopmaTopa
HanpspkeHusi. Tak kak B cersix 6-10 xB TpeOyeTcss KOHTPOJb H30JSLUU, TO
HEOOXOJMMa YCTAHOBKA MATUCTEP)KHEBBIX TPAHCPOPMATOPOB HAMPSHKEHHUS MapKH
HAMU, HAMUT wunm rpynma u3 Tpex OAHOGA3HBIX TpaHCHOPMATOPOB CEpPHUH
3HOM wmu 3HOJI. Cpemnsis Touka y 3THX TpPaHCPOPMATOPOB 3a3eMIISIETCS CO
CTOpPOHBI KaK BBICHIETO, TAK U HU3LIETO HAIIPSKEHUS.

Ha pacnpenenurensabix nyHkTax (PII) mns moakiroyeHUs CYETUMKOB M pefie
MUHUMAJIBHOTO HANpsDKEHUsI yCTaHABIMBAIOT KOMILUIEKT M3 JBYX OJHO(A3HBIX
tpanchopmaropo tuma HOM, HOJI, HOC, Tak kak 1o CTOMMOCTH OHH JICIICBJIC
onHoro tpanchopmaropa tuna HAMU nanpspkennem 6-10 xB.

B pacnpenenuTenbHOM — YCTPOMCTBE — BBICIIEIO  HANPSDKEHUS  CHIIOBOTO
tpanchopmaropa ['TIIT (III'B) cnexayer BoiOUpath Tpanchopmaropsl Tuna HKD wnm
HAMMU [16, 17].

10 Bo100p ceuyeHuii MPOBOJHUKOB MUTAINIUX U pacnpeleJuTeIbHbIX ceTeil

B nanHoMm pazzene HeoOXOAUMO BBIOpaTh ceueHHe nmuTaromux JuHuid BJI wium
KJI nanpspkenuem 35-220 kB u cedeHue kalenel pacnpeneuTeIbHbIX ceTel 6-
10 kB.
CeueHus IpOBOJOB U U Kabenel BBIOUParoTCs MO CIETYIOUUM YCIOBHSIM:
1) Mo 3KOHOMHYECKOW TUIOTHOCTH TOKA;
2) 1Mo HarpeBy JJIUTEIbHBIM PACUETHBIM TOKOM M TOKOM IOCJI€aBapHUitHOTO
pexuMa;
3) 1o HarpeBy OT KPaTKOBPEMEHHOTO BhIJIEJICHUS Teria TokoMm K3;
4) Mo TmOTepe HANPSDKEHUS B MPOBOJHUKAX OT TMPOXOASIIETO TOKa B
HOPMaJIbHOM M TIOCJIEABAPUINHOM PEKUMAX;
kpome Toro BJI nposepsirorest:
5) 10 KOPOHUPOBAHUIO;
6) M0 MEXaHWYECKON MPOYHOCTH.

BBI60p CEUYEHMS 10 SKOHOMHYECKOM MIOTHOCTH TOKA OCYHICCTBIIACTCA:

1
F, ==, (65)

9K

rne [ p- pPACYETHBIN AJIUTEIIbHBINA TOK B JIMHUY;

Jo - DKOHOMHYECKAs! TUIOTHOCTh TOKA, MpUHUMaeTcs 1o tabdmuie [1YD wim no

npuinoxxenuto JI2 B 3aBUCHUMOCTH OT 1), Ul TOM OTPaciay MPOMBIIIICHHOCTH, K

KOTOPOW MPUHAMIEKUT AaHHOE npeanpusatue (npunoxenus 1, 12).
Jns BozayumHo# nuHuu, nutaromieit [T (I1IT'B) npeanpustus, pacyeTHbIN TOK
OIPEAETSAECTCS MO BBIPAKEHUSM:
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I o [, =S K (66)
=—— W =—,
P n3.U, SNC S

rae S, - pacueTHas MOIIHOCTD IIPEANPUATHS;

S, mp - HOMHHAJIbHAs MOIHOCTh TPaHC(HOpMATOpA,

1 — KOJIMYECTBO MUTAIOMINX JTNHUH;

K, - xoaddunment 3arpysku;

U, - HOMUHAJIbHOE HAIIPSKEHUE CETH.

Br160op ceuenust o HarpeBy TOKOM MTPOU3BOAUTCS U3 YCIOBUSI:

Ip max < [0on ’ (67)
roe [

p max
OH 3aBHUCHT OT cXeMbI ITpucoenunenus Tpanchopmaropos ['TIIT.
Jlist cxembl 0e3 nepeMblukn Ha cropoHe BH

59 " Onump

- MAKCHMAaJIbHBI PACUYETHBIA TOK B JINHUU B MOCJIEABAPUNHOM PEKHUME.

1 =—, 68
p max \/g . UH ( )
JUISL CXEMBI C TIEPEMBIUKOMN
Sp
I p max == (69)

J3-U,
[Ipu BBIOOpE ceueHus: KabENbHON JTUHUU K JOMYCTUMBIM TOKOBBIM Harpyskawm,

NpuBOJMMBIM B Tabmumax IIYD, HeoOXoauMo  BBOAUTH  MOMPABOYHBIC
KO3((PULIMEHTHI HA peasIbHbIE YCIOBUS MPOKIAIKU KaOes.

/
Idon :Id .R'l 'KZ 'K3 D (70)
rae K; - xo3(hQUIUEHT, yUUTHIBAIOMIUN KOJIMYECTBO MAPAIJIEILHO MPOI0KEHHBIX

ka0enelt B TpaHIee,
K> - TemneparypHbliii KO3QHUIIUEHT, YIUTHIBAIOIINKN TEMIOBOE COMPOTUBICHUE

on

rpyHTa (B KypCOBOM MPOEKTE MOXKHO NPpUHATh K> =1.);

K5 - ko urmeHT, yauThIBarONINi eperpy3Ky KabeIbHOMN JIMHUU.

B nocneaBapuiinom pexxume 11 kaOeneil HanpsbkeHueMm 6-10 kB ¢ OymakHOU
u3oJsiuuen gomyckaercs neperpyska Ha 30% B TeyeHue 6 4acoB B CyTKH, He Oosee
4yeM B Te4YeHUe 5 CyTOK, i Kabejiel ¢ IMIacTMacCOBOM H3OJIALMEN Teperpyska
nomyckaetcss Ha 10%, s kaOenpHBIX JUHUN HampsbkeHuem 35-110 kB
kod(durmeHT neperpy3ku He yunthiBaercs ( Kz =1).

Toraa ycioBus BeIOOpa OyIyT UMETh BUJI;
/
[pmaxSIdon' (71)
[To TepMUYECKON CTOMKOCTH ONPEACIISIOT MUHUMAJIBHOE CEUEHUE MTPOBOIHUKOB
o gopmyie:

min =

P >M (72)
C

rne [, - yCTaHOBUBIUMICA TOK KOPOTKOTI'O 3aMbIKaHWsS B aMIiepax, npu f, <2c
MOYKHO NPpUHATE [, = [,

no >
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t, - IPUBEICHHOE BPEMs JECUCTBUSI TOKA KOPOTKOTO 3aMbIKaHUS, OHO CJIAraeTcs
Y3 BPEMEHU JICMCTBUS PEJICUHON 3aIUATHI U BPEMEHH OTKIIOUCHUS BBIKITIOYATEIIS;

tn :tp3+t0.89 (73)

t, B KypcoBoM mpoekte npuHaTh 0,5-0,7 ¢ nusg nuHuil K Tpanchopmaropam u
JIBUTaTENIIM M BBICOKOBOJBTHBIM ycCTaHOBKaMm, ¢ =1,0-1,2 ¢ nna nuauit k PII u
t,=1,5-2,0 ¢ nna nurtaromumx aunuid k T (TTTB);

¢ — KO3 (PUIIMEHT TEIUIOBOr0 MMITyjbca, s Kadenedd mo 10 kB ¢ MenHbIMH
xunamu ¢ =140, ¢ amomuaueBbIMU ¢=90 A -c*>/nm?.

[To ycnoBHIO BO3HUKHOBEHHMSI KOpPOHBI mpu HamnpsbkeHun 110 xB cedeHue
npoBoioB BJI nomkHo ObITh HE MeHee 70 MM,

[Io ycnoBHIO  MEXaHMYECKOW  MPOYHOCTH  MHUHUMAIBHOE  CEUYEHHUE
CcTajealOMUHUEBBIX TIPoBoa0B BJI noimkHo ObITh He MeHee 35 mn? mis 11 paiiona 1o
rononemy u 50 mm? ms II-1V paitonos [1-4, 7, 9].

N3 Bcex ceueHuid, BHIOPAHHBIX MO KaXKIOMY U3 YCIOBUW, IPUHUMAETCS OOJIbIIEe
CEUCHME, YJOBJIETBOPSIOIIEE BCEM YCIOBUSAM.

11 Bp100p NpOBOAHUKOB M aNNIaPATOB 3alUThI HU3KOBOJILTHOM CeTH

OCHOBHBIM METOJIOM BBIOOpA TUIOIIAJAN CEYCHUSI MPOBOJHUKOB SIBISIETCS BHIOOD
[0 HArpeBy JJIUTEIbHBIM PACYETHBIM TOKOM M IO YCJIOBHUIO COOTBETCTBUS,
BBIOpAaHHOMY TOKY arinapara 3aiiiThl.

CHauana BeIOMpaeTcss Mapka MPOBOJHUKA B 3aBUCUMOCTH OT XapaKTEPUCTUKH
cpezbl MOMEIIeHUs U crioco0a MPOKJIAIKU ceTH (IMpoBojAa B TpyoOe, Kadenb B BO3IyXE,
kabenb B 3emyie W T.A.). 3aTe€M OMNpeNesstoTCs HOMHUHANbHBbIE TOkM Ol wim
pacuetHbie Toku rpynn DIl u cpaBHUBAIOTCA C JJIMTEIBHO JOMYCTUMBIM TOKOM
IIPOBOJHUKA NPUHITON MapKU U YCIOBUM MTPOKIIATKH.

B nomemeHusax HamOosiee pacnpOCTpaHEHHBIMM CHOCOOaMU  SIBIISIFOTCS
npokiangka npoBogoB wmapok AlIB, AIIP B cTambHBIX TOHKOCTEHHBIX WIIH
AJIEKTPOCBAPHBIX TpPyOax M MpOKJIajKka HeOpOHHpOBaHHBIX KaOenei Tunma ABBIT,
ABPI', AHPT nmo depmam, creHaMm 3/1aHUM, a TaKKe HA TPOCY BHYTPU MOMEIIICHUMN C
MPOKJIAAKON U MX pa3MELICHUEM Ha BBICOTE€ HE MEHee 2,5 M OT MOJia, YTO CHUYKAET
BO3MOKHOCTh MEXaHUYECKHUX IMOBPEKICHUM.

Pacuer u BEIOOp ceueHMS TIPOBOJIOB 3aKIIFOYAETCS B ONPECTICHIH HOMUHAIBHBIX

TokoB OIl mnmm pacuetHbix TOkOB rpynn OIl U cpaBHEHMH HX C JOMYyCTUMBIMU
TOKaMH TPOBOJOB WM Kabeneil B 3aBUCUMOCTH OT croco0a uX MpOKIaJKu
(npunoxenue K).
]H Sldon;
uii 1, < Iyon. (74)
JlomycTuMble TOKOBBIE HAarpy3kd Ha NOpoBOJa M KaOelu, a Takke BbIOOp
YCJIOBHOTO JMaMeTpa TpyO B 3aBUCUMOCTH OT CEUEHHUS U KOJUYECTBA IMPOBOJOB
npuBeaeHbl B npuwioxkeHusax K1, K2 u K3.
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ITpu onpeneneHN HOMUHAIBHBIX WM PACYETHBIX TOKOB HEOOXOIMMO OOPATUTh
BHMMaHUE Ha TO, B 4YeM BbIpaxkeHa MoiHocTh Ol (B kBm umu kB-A), Tpexda3Hbliit
win onHodasueiii OIl, a Takke MNOAKIIOYEH OH Ha (a3HOEe WIM JHMHEWHOE

HaIpsKCHUE.
HomunanpHbil TOK [, ompeaenseTcs mo oomier Gopmyse ais OOJBIIMHCTBA
Tpexdazupix II:
P
I = # , 75
! \/g-UH-cosq)H (75)
S
[, =—"1—. 76
T (76)
JIJ1s1 MHOTOIBUTATEIIBHOTO 3JIEKTPOIIPHUBOJAa HOMUHAJIBHBIA TOK PaBEH:
>p
I = u ) (77)
SNE} U, - cos@y
Jnst onrodazubix D11, moaAKII0OUEHHBIX Ha (pa3HOE HAIPSKEHUE,
P
I, = —qb, (78)
U, 4 cos®u

rae Py - akTuBHas MOIIHOCTH ofHO(a3zHoro Jl1, xBm;
U,. ¢ - HOMUHaQJIbHOE (Da3HOE HANPSDKEHUE 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 xB.

Koaddumment momrHoctu (cos@) B popmynax (75 - 78) npuHumMaeTcs:

1 OI1 ¢ nBurarenbHON HArpy3kou - cosQy = 0,8 — 0,85;

JUTSI BJISKTPOHArpeBaTEIbHBIX TPUOOPOB U euert - cos@y = 0,95 — 1,0,

JUUIS CBAPOYHBIX MAIIIMH M MAIlIMH KOHTAKTHOTO Harpesa - cos®y = 0,5— 0,6;

JIJIs1 CBApOYHBIX TpaHcHopMaTopoB - cos®, = 0,4 — 0,5.

[Ipu skcrmyaTanuu 3J€KTPUYECKON CETH BO3MOKHBI HAPYLIEHUSI HOPMaJIbHOTO
pexuMa ee paboThl: TEperpy3kd, KOPOTKHE 3aMbIKaHUs, TMPU KOTOPHIX TOK B
MPOBOJAHUKAX Pe3Ko Bo3pactaeT. [lodToMy »IeKTpUUeCKHe CETH JAOJKHBI OBbITh
HAJIe)KHO 3allMIICHbl OT aBapuiHbli pexumoB. CornacHo [IYD  3ammura
ANIEKTPUUYECKUX ceTelt oT TokoB K3 moikHA OBITH MPEyCMOTPEHA BO BCEX CITyvasXx.

OT meperpy3ok HEOOXOMMO 3aIIUIIATh:

1) cunoBble U OCBETUTEIBHBIE CETH, BBIIIOJIHEHHBIE BHYTPU MOMELICHUS
OTKPBITO MPOJIOKEHHBIMU H30JIMPOBAHHBIMU HE3AUIUIICHHBIMUA TMPOBOJHUKAMU C
TOPIOYEH U30JIALUEH;

2) CWJIOBBIE CETH MPHU JJIUTEIBHBIX TEXHOJIOTHYECKUX Meperpy3Kax;

3) ceTu B MOXkapo- WU B3PHIBOOMACHBIX oMenIeHusx [1, 2, 9].

Jns 3amutel cereid 1o 1000 B npuMeEHSIOT IUIaBKUE NPEAOXPAHUTENN U
ABTOMATHYECKHE BBIKIIOUATEIM C DSJEKTPOMArHUTHBIMH, TMOJTYNPOBOJHUKOBBIMH,
TETJIOBBIMH WJIM KOMOMHUPOBAHHBIMH PACIICITUTEIISIMHU.
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B coBpeMeHHBIX yCIOBHUSIX B Kau€CTBE allapaToB 3alIUThI CIEAYET OT/aBaTh
MPEANOYTECHUE ABTOMATHUYECKHUM BBIKITIOUATEIISIM.

ABTOMATUYECKHE  BO3AYLIHBIE  BBIKJIIOYATENM  NpPEAHA3HAYEHBl  JUIS
aBTOMATHYECKOTO pa3MblKaHUsA 3ieKkTpuueckux nened npu K3 u meperpyskax, mis
PEIKUX ONEPATUBHBIX MEPEKIIOYEHUN TPU HOPMAJIBHBIX pEKUMaX.

[Ipu BbIOOpE HOMHHAJIBHBIX TOKOB  paclenuTeleil  aBTOMaTUYECKUX
BBIKJTIOUATEJICH HEOOXOIMMO YUUTHIBATh CIICIYIONINE TPEOOBAHNUS:

- HOMUHAJIbHOE HAMPSHKEHUE BBIKITIOYATENSI HE I0JHDKHO OBITh HUXKE HAINPSKEHUS
CeTH;

- OTKJIIOYAIOIIasi CIOCOOHOCTh JIOJDKHA OBITh paccyuTaHa Ha MaKCHMAaJIbHbIE
toku K3, mpoTrekaromiye no 3aimnaeMoMy 3JIEMEHTY;

- HOMHUHAJIBbHBIA TOK paclenuTessi JOJKEH OBbITh HE MEHbIE HauOOJBIIETO
pacUYEeTHOTO TOKA HArpy3KH WJIM HOMUHAIBHOTO TOKa Ol 1.

[Ipu 3amure ceTrell OT MEpPErpy3Kd AaBTOMATUUYECKUMU BBIKIIIOYATEISIMU
HOMUHAJIbHBIE TOKHU TEIJIOBBIX, MOJIYNPOBOJHUKOBBIX WM KOMOWHHUPOBAHHBIX
pacuenurenei cieayeT BbIOupaTh M0 YCIOBHIO:

IH. pacy. m(k) > KHIH’

I, (79)

re K, — Ko3hQUIMEeHT HaeKHOCTH;
[, — HOMMHaJIBHBIN TOK JIEKTPOIIPUEMHUKA,

nim IH. pacy. m(x) > Ky

[, — pac4eTHBIN TOK IPYNIbI AAEKTPOIPUEMHHUKOB.

3HaueHust K03PPUIUEHTOB K, IPUHUMAIOTCSI:

Ky = 1,05 — nns OI1 6€3 myCKOBBIX TOKOB;

Ky, = 1,2 - s cBapoOYHOTO 000PYIOBaHMS,

Ky, = 1,2+1,35 — gna DIl ¢ mycKOBbIMM TOKaMH B 3aBUCUMOCTH OT THIIA
aBTOMaTH4ecKux BhiKItouatenei (1,2 — ms cepuit AE20, A3700; 1,25 — gy A3100;
1,35 — nnst cepuu BA).

[Ipm 3amure cerel oT TOkOB K3 aBTOMarudeckne BBIKIIOYATENH C
JIEKTPOMArHUTHBIMHM PACIICIUTEISIMU HE JIOJDKHBI CpadaThiBaTh MPH JOMYCTUMBIX

KPAaTKOBPEMEHHBIX TMeperpy3kax. ITO JIOCTUTAEeTCs BBIOOPOM TOKAa YCTaBKH
AJIEKTPOMArHUTHOIO pACIENUTENsl MIHOBEHHOTO JEHCTBHS (TOKAa OTCEUYKH) MO

YCJIOBHIO:
Ly on pacyro) Z (1,25 +1,35)1,,5

W 1, oy pacy(o) 21,35 (80)
Menbime 3HAYEHUA YCTaBOK pacuenurenen IIPUHUMAIOT TUISL

DIIEKTPOTIPUEMHUKOB, HMEIOIIUX MEHBIIYI0 JUTUTEIBHOCTh IyCKa W MEHBIIYIO
KpPaTHOCTH MYCKOBOTO TOKA, OOJIBIITKE - PU OOJIBIITUX.
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B 3aBucumoctu ot Buaa 3amuthl (0T TokoB K3 wmmm ot meperpysku) I1YD
YCTaHABJIMBAE€T COOTHOIIEHHE MEXAY TOKaMM 3allUTHBIX anmaparoB I, u
JOIYCTUMBIM TOKOM MPOBOAA Ly

Lyon = Kooy L. (81)

st cereid, 3amuiaeMbIX TOJbKO OT TokoB K3, xoadduumeHT 3amurthl asis
aBTOMATHUYECKUX BBIKIIFOYATENEH C AJIEKTPOMAarHUTHBIMU PACLENUTEISIMUA CIIETYET
npuHATh Kqy = 0,22,

Torna ycnoBue 3amuThl ceTy oT TokoB K3 npunumaet Buj:

Ic)on > 0,22 IH a1 pacy (0)+ (82)

JUtst ceteid, 3allMIAEMbIX OT MEPErpy3KH BBIKIIOYATEISIMUA C TEIUIOBBIMU WJIU
KOMOMHHUPOBAHHBIMHU PACIETIUTENAMHU, KOOPPUIIUEHT 3aIUTH TPUHUMAETCS PaBHBIM
Ky = 1,0.

VY cnoBHe 3alUTHI CETH BBIKIIIOYATESIMU OT MEPETPY3KA TPUHUMAET BH/L:

[c)on > 1 ]H pacy. m (x)- (83)

Bo16op cuioBbix mkadoB, MyHKTOB U BPY BBINOTHSIOT 1O CTENEHU 3alllUTHI B
3aBUCUMOCTH OT XapaKTepa cpebl B IOMELICHUH, OT €r0 KOMILJIEKTALNH.

HomuHanbHBIM TOK CHIIOBOTO MyHKTA [, TOJKEH OBITH OO0JIBIIE PACYETHOTO TOKA
[, Tpynnsl IPUEMHHKOB:

Liup =1y, (84)
rae 1, ., — HOMMHAJIbHBINA TOK PaclpeesINTENbHOrO mKada (IIyHKTa);

I, — pacYeTHBIN TOK I'PYIIIBI JIEKTPOIPUEMHHUKOB.

Yucio HpI/ICOGI[I/IHeHI/Iﬁ K CHUJIOBOMY IIYHKTY W UX TOKHW HC JOJIKHBI IIPCBLIINATH
Juciia OTXOJAIUX OT CHUJIOBOI'O ITYHKTA JIMHUN U UX AOIyCTUMBIC TOKH:

anuc = NWH’ (85)

IH < AUH (86)
rae [, — HOMMHAJIBHBIN TOK 3JIEKTPOIPUEMHUKA;
L, — HOMUHATIBHBIN TOK JTUHUM paclpeeuTeabHOro mKada (MmyHKTa).

Boibop smmkoB ¢ pyOWIbHUKaMHM WM TMAKETHBIMU  BBIKIIOYATEISIMU
BBITIOJIHSIOT, 110 CTEIIEHHW 3aIIUATHI B 3aBUCUMOCTH OT XapakKTepa Cpelbl MOMEIIEHUS,
OT €ro KOMIUIEKTallul — PYOMIBHUK WU PYOMIIBHUK C PEIOXPAHUTEISIMHU.

YcnoBue BbIOOpa MPUHUMAET BU/L:

L, 2 I, (87)
rae [, — HOMUHAJIBHBIM TOK SIIIHKA;
1, — pacyeTHBIN TOK I'PYIIIIBI WIM OJHOTO IEKTPOIPUEMHHUKA.
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PA3JIEJI 3 YKAZAHUA K O©OPMJIEHUIO KYPCOBOTI'O ITPOEKTA

OO01mue TpeGoOBaHNS K MOSICHUTEILHOM 3aNIMCKe

Odopmiienne [13 B oOmem ciiydae MODKHO BECTHCh B COOTBETCTBHH C
TpeboBaHmsIMU TocymapcTBeHHbIX crtanmaptoB ['OCT 2.105, TOCT P 21.101 u
crangapta opranuzanuu CTO Antl'TY 12 570 [18-22].

TekCcT MOSICHUTENBLHOM 3alMCKU  JOJDKEH OBbITh  HAlKCAaH  aKKypaTHO
JUTEPATYPHBIM U TEXHUYECKU TPAMOTHBIM SI3bIKOM Ha OJIHOM CTOPOHE JIUCTa OymMaru
A4 ¢ mpuMeHeHueM MeyaTaromux 1 rpadguyueckux yctpoicts BeiBojga 9BM (I'OCT
2.004) u cranmapra CTO AntI'TY 12 570 ¢ ucnons3zoBanueM mpudrta Times New
Roman uinu aHajJOrM4YHBIX B MOMOIIBIO TEKCTOBBIX pemakTopoB Microsoft Word,
LibreOffice Writer unu OpenOffice Writer.

OneyaTky, ONMUCKH U rpadUyecKue HETOYHOCTH, OOHApYKEHHbIE B IpOIlEcCe
BBITIOJTHEHUS 3alIMCKH, JIOMYCKAETCS UCIPABIATH MOJYUCTKOW WM 3aKpalIMBAHUEM
0eloll Kpacko ¢ HaHECEHHMEM Ha TOM JK€ MECTE€ HCIPABIEHHOTO TEKCTa
MAIlMHOMUCHBIM CHOCOOOM WJIM € YEPHBIMH UYEPHHJIAMH, MAcCTOM WM TYIIbIO
PYKOIUCHBIM CIIOCOOOM.

TekcT MosICHUTENBHOM 3amuCcK 0GOPMIISIIOT Ha JIMCTaX, B paMKe: IMOoJie clieBa —
20 MM, cipaBa, CBEpXY U CHU3Y - 5 MM.

Pacctostnue ot paMku opMbI 10 TpaHUIl TEKCTA B Hayajie U B KOHIIE CTPOK - HE
MEHeeE 3 MM.

PaccrosiHMe OT BEpXHEN WIIM HUKHEW CTPOKHU TEKCTa 0 BEPXHEW WIIA HUKHEU
PaMKH JOJDKHO OBITh HE MeHee 10 M.

A03aI1pl B TEKCTE HAYMHAIOT OTCTYIIOM 15-17 MMm.

Ha nucre mNOACHUTENBPHOM 3allMCKH, CIEAYIOMIEW 3a TUTYJIBHBIM JIUCTOM,
BBITIOJIHSAETCSI OcHOBHAs Haanmuck ¢hopmsl 1 mo FOCT 21.101.

Ha mocnegyromumx JmMcTax MOSCHUTETHLHON 3amUCKA OQOPMIISIOTCS OCHOBHBIC
Haanucu GopMbl 2 U3 YKA3aHHOTO CTaHapTa.

JonyckaeTcst Ha MOCJIEIYIONIMX JTUCTaX 3aMUCKU YIPOIIeHUE HaAmucH (hopMbl 3
(mpuiioxkeHue A K JaHHOMY pa3zeny).

Paznmenbl [OMKHBI MMETh TMOPAAKOBBIE HOMeEpa B mpenenax Bceur 113,
0003HaYeHHbIE apaOCKuMU udppamMu 0€3 TOUKU U 3alKiCaHHbIe C a03aI[HOTO OTCTYTIA.
[Togpaznensl AOMKHBI MMETh HyMEpalvio B Mpenesiax Kaxjaoro paszaena. Homep
nojpasjena COCTOMT U3 HOMEPOB pasjeia W Mmojapasjena, pa3/leJIeHHbIX TOuKol. B
KOHIIE HOMEpa Mojpaszjena Touka He cTaBuUTCS. «ConepkaHuey», «3aKIOUYCHHE»,
«CHnHUCOK UCMONB30BAaHHBIX HCTOYHUKOB» HE HyMepyroTcs. «BBengeHue» He
HYMEPYETCS, €CIIU HE COACPKUT MOAPa3/IEIOB.

BHyTpu myHKTOB WU MOJITYHKTOB MOTYT OBITh IPUBE/ICHBI IEPEUNCIICHHSL.

[lepen xkaxkmod TO3UIMENH TIEPEUUCTICHUS CJEAyeT CTaBUTh JAehUC WIH
CTPOYHYIO OYKBY, MOCJIE KOTOPOH CTaBUTCS CKOOKa. [[nsi manmpHelied neramu3anuu
NepeuncieHnid HeoOXOAMMO HCIONIb30BaTh apalbckue MudpPHl, TOCIe KOTOPHIX
CTaBUTCS CKOOKa, a 3aMUCh MPOU3BOIUTCS C a03aIHOTO OTCTYIIA.

[Tpumep:
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1) -
2) -

Paznenbl, monpasnensl JTOJDKHBI MMETh 3arojioBkd. IIyHKTBI, Kak MpaBuUIIO,
3aroJ0BKOB HE UMEIOT.

3aroyioBKu cieayeT IeyaTaTh C MPOMHMCHOM OyKBbI 0€3 TOYKM B KOHIIE, HE
nonuepkuBas. IlepeHochl cIOB B 3arojloBKax He JAoIyckaroTcs. Ecim 3aroioBok
COCTOUT M3 JIBYX MPEIIIOKEHHUMN, X PA3EIAOT TOYKOM.

PaccrosiHne Mexnay 3aroJloBKOM M TEKCTOM IIPU BBINOJHEHUU JIOKYMEHTa
MAIIMHOMHUCHBIM CHOCO00M JIOJDKHO OBITh paBHO 3 - 4 uHTepBasaM. PaccrosiHue
MEXy 3aroJIOBKaMu pa3fiena U noapasjeiia - 2 UHTepBaa.

Kaxnplii pas3gen 3amMcKd  PEKOMEHAYETCS HAuyMHATh C HOBOTO JIMCTA
(cTpaHuIpl), HA KOTOPOM BBINOJHAETCS OCHOBHas Haamuch ¢opmel 1. Ha
nocneayomux guctax pasaena [13 opopmisatorest ocHOBHBIE HAAMUCH (POPMBI 2 WU
3. He cnenyer nomemars 3aroja0BKU Pa3esioB HA OTJAEIbHBIX JIUCTAX.

Hymepanusi J1UCTOB NOSICHUTEIBHOW 3allMCKU JIOJDKHA OBbITh CKBO3HOM B
npenenax Bced 3anmucku. llepBol cTpaHulend SBIAETCS TUTYJIbHBIM JCcT. Ha
TUTYJIBHOM JIUCTE HOMEP CTPAHUIIBI HE TPOCTABIIAETCS.

Homepa crpanul mpocTaBisifoTCs B OCHOBHOM Haanucu «Jluct». B rpade
OCHOBHOW Haamucu «JIMCTOB» yKa3bIBA€TCS KOJMYECTBO CTPAHUI] B MOSICHUTEIBHOM
3aIllCKe.

HN3noxenue Texcra

TexkcT 3anmucku OJDKEH ObITh KPAaTKUM, YETKUM M HE JOIMYCKaTh Pa3IMYHBIX
TOJIKOBAHUMU.

B TekcTe T0KyMeHTa He 10y CKaeTCs:

- IPUMEHSATH 000POTHI pa3rOBOPHON peUH, TEXHULIU3MBI, TPO(HECCHOHAIN3MBI;

- IPUMEHSATD ISl OJHOTO M TOTO K€ MOHATUS Pa3IMYHbIe HAYYHO-TEXHUYECKUE
TEPMUHBI, & TAKXE WHOCTPAHHBIE CJIOBAa M TEPMHUHBI NMPU HAJTUYUH PABHO3ZHAUHBIX
CJIOB U TEPMUHOB B PYCCKOM SI3bIKE;

- COKpalaTh HAaMMEHOBAaHUA €IWHUL (U3UYECKUX BEJIMYMH, €CIU OHH
ynotpeossitores 6e3 uudp;

- IPUMEHSTh COKpALIEHUsS CIIOB, KPOME YCTAHOBJICHHBIX IMpaBUJIaMHU PYCCKOM
opdorpaduu, a Taxke ['OCT 7.12;

B TekcTe MOSCHUTENBHOM 3amMUCKH, 332 UCKIIOYEHHEM (QopMmysi, TaOaull H
PUCYHKOB, HE JIOITyCKAEeTCH:

- NPUMEHATh MATEMATHYECKHUI 3HaK (-) Mepes OTpPHULATEIbHBIMU 3HAYEHUSIMU
BEJIMYMH. BMecTo MaTeMaTH4eCcKOro 3Haka (-) ClIeyeT MUcaTh «MUHYCY;

- TIPUMEHATH 3HAK «O» uis 00O03HaueHUs auameTpa (CileayeT MUcaTh CIOBO
«auametpy). [Ipu ykazannu pazMepa AuamMeTpa Ha YepTeKax, IOMEIIEHHBIX B TEKCTE
JIOKYMEHTA, Tepe]] pa3sMEPOM CIEAYET MUCATh 3HAK «D».

- YIOTpeOJIATh MaTeMaTUYECKUE 3HAKN 0€3 YMCIIOBbIX 3HAUCHUHN, HAaIpUMep, < -
(MeHbIIe WM PaBHO), > - (OoJIbllIE UM PABHO), a Takxke 3Haku Ne - (Homep), % -
(IpoueHT);

- npuMeHsaTh uHuaekchl cranpaproB (I'OCT, OCT, CT wu Tt1.1.) 06e3
PErUCTPallMOHHOTO HOMEpa.
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B I13 cneayer npuMeHATh CTaHIaPTU30BAHHBIE SUHUIBI (PU3MUECKUX BEIIUYHH,
uX HauMeHoBaHus U o0o3HayeHust B coorBercTBuu ¢ ['OCT 8. 417.

JlpoGHbIe Ymciia HEOOXOMUMO TPUBOIUTH B BHUJE JCCATUYHBIX npoOei. [lpum
HEBO3MOXHOCTH BBIPA3UTh UHCJIOBOE 3HAYEHHWE B BHUAEC JECATUYHOU ApoOH
JIOITYCKaeTCs 3alHUChIBATh B BUJIE MPOCTON JPOOU B OJJHY CTPOKY Yepe3 KOCYIO YepTy,
Harnpumep, 5/32; (50A-4C)/(40B+20).

B ¢opmynax B KkauecTBe CHUMBOJIOB CIEAYEeT NPUMEHSATh 00O3HAYCHMUS,
YCTaHOBJICHHbIE COOTBETCTBYIOIIMMH TOCYIapCTBEHHbIMU cTaHiapTamu. [loscHenus
CUMBOJIOB M YHCIOBBIX KOI(PPUIMEHTOB, BXOIAIIUMX B (OpMYJy, €ClId OHU HE
MOSICHEHBl paHee B TEKCTE, JOJDKHBI ObITh TPHUBEACHBI HEMOCPEACTBEHHO MO
dbopmymoit. TlosicHEHUST KaXXIO0TO CHUMBOJIA CJIEIYET aBaTh ¢ HOBOW CTPOKW B TOM
MOCJICIOBATEIFHOCTH, B KOTOPOM CUMBOJIBI MpuBeneHbI B Gopmyste. [lepBast cTtpoka
MOSICHEHU S JJOJDKHA HAUUHATBCS CO CJIOBA «TJe» 0€3 JBOECTOUMS TTOCIE HETO.

[lepeHocuTh GopMyJIBl Ha CIETYIONIYIO CTPOKY JOIMYCKAeTCsS TOJIBKO Ha 3HAKax
BBITIOJTHSIEMBIX OTEpallvii, MpUYEM 3HAK B Hauajie CICAYIOIIEH CTPOKH MOBTOPSIOT.
[Tpu nepenoce hopMyibl Ha 3HAKE YMHOKEHUS IPUMEHSIOT 3HAK (X).

[IpuMeHeHnEe MAIIMHOMKUCHBIX U PYKOMMCHBIX CUMBOJIOB B OJIHOM (popMyJie He
JIOITY CKaEeTCHl.

dopMyibl, 32 UCKIIOYEHUEM (OPMYJI, MTOMENIAEMbIX B MPHIOKEHUH, TOJKHBI
HYMEpPOBAThCsI CKBO3HON HyMeparueil apabckuMu 1udpamMu, KOTOpbIEe 3alMChIBAIOT
HAa YpOBHE HWXHEH CTPOKHM (OpMyJibl B KpyIibIX CcKoOkax. Onny Qopmyiry
0003HauaroT 3HaKoM (1).

CchUIKM B TEKCTE Ha MOPSAIKOBBIE HOMEpa GOpMyT Jal0T B CKOOKax, HaIpuMep,
... B hopmyuie (1).

Honyckaercs nHymeparusi ¢opmyn B Tmpeaenax paszaena. llomHsii HOMep
dbopMyJIbBl COCTOMT W3 HOMEpPOB pazzeiia u (GOpMYyJibl, pa3feieHHBIX TOYKOMH,
Harnpumep (3.1).

OdopMmienue HLIIOCTPALIUIA U IPUJIOKEHUI

Nnmoctpauuu, n0pu  HEOOXOAUMOCTH, MOTYT UWMEThb HAauUMEHOBaHUE U
NOSICHUTENbHbIE  JlaHHble (TOApUCYHOUHBIM TekcT). CrnoBo «Pucynoxk» wu
HAaUMEHOBAHUE TOMEIIAIOT TMOCJAE TOSICHUTENBHBIX JAaHHBIX W OQOPMIISIIOT
caenyrouM oopa3om: Pucynok 2 — Pacuernas cxema K3

[IpunoxkeHus: TOMKHBI PacloJiaratbCsi B MOPSIAKE MOSIBJIEHUS CCBUIOK B TEKCTE
OCHOBHBIX Pa3/IeyoB.

[Tpunoxenuss oGOPMIIIOTCS KaK MPOJODKCHHS TMOSCHUTEIHLHOM 3alluCKH Ha
MOCJICAYIONIMX €€ CTpaHuIlax Mo TNpaBwiaM u (popmaM, yCTaHOBJICHHBIM
JNEUCTBYIOIIMMHU CTaHIAPTAMMU.

Kaxaoe mnpuiokeHue [0HKHO HAYMHATBCS C HOBOIO JIUCTAa € YyKa3aHUEM
HaBepXy MocepearHe cTpaHullbl cioBa «IIpunoxenrue» u ero 0003HauYCHHUS.

[IpunoxxeHue MOHKHO MMETh 3arojIOBOK, KOTOPBIM 3alMCHIBAIOT CUMMETPUYHO
OTHOCUTEJIBHO TEKCTa C TMPOMUCHONH OYKBBI OTACIBHOM CTPOKOM, TMOJ €ro
0003HaYEHUEM.

[IpunosxkeHus: 06003HAYAIOT 3arjlaBHBIMU OYKBaMH pyccKoOTo ajdaBuTa, HAUMHAs
¢ «A», 3a uckmoueHueM Oyks E, 3, 1, O, Y, b, b, bI. Iocie ciosa «IIpunoxenne»
ciemyeT OykBa, 0003HAYAIOMIAs €r0 MOCIEeI0BATEILHOCTD.
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Ecnim B pokymenTe omHO mpuioxkeHue, OHO oOo3Hauaercs «lIpunoxenue
A».

[IpunoxeHus BBINONHAIOT Ha JucTax (opmarta A4; gomyckaercss opoOpMIISTH
npuiokeHus Ha muctax popmara A3, A4x3, Adx4, A2u Al o 'OCT 2.301.

[IpunoxeHuss OJDKHBI HMMETh OOIIYI0 C OCTaJIbHOW YaCThIO JOKYMEHTa
CKBO3HYIO HyMEPAIIMIO CTPAHMII.

Bce mpunoxkeHuss AOMKHBI OBITh MEPEUYHMCICHBI B COJACPKAHUM JTOKYMEHTa C
yKa3aHHEM UX HOMEPOB U 3aroJIOBKOB.

ITocTpoenue Tad ML

B TekcTe MosCHUTENBHOM 3aMUCKH CIEAyeT MOMeNlaTh UTOrOBble W HamOoJiee
BaKHble TaOnuipl. Ha3Banue TaONUIbl, MPU €ro HaJUYHMH, JOJDKHO OTpaXKkaTh €€
coziepkaHue, ObITh TOYHBIM, KpaTkuM. Ha3BaHnue ciemyer noMmemars Haj TaOIuIeH,
yepe3 Thpe nociie Homepa tadauisl (Tabmuna 1 — Pacuer Harpy3ok mexa).

[Ipn mepeHoce yacTu TaOMUIBI Ha Ty K€ WIM JIPYTrUe CTPAHUIIBI Ha3BaHUE
MOMEIIAIOT TOJIBKO HaJ| MEPBON YaCThIO TAOJIUIIBI.

Tabnuupl cieayer HyMmMepoBaTh apaOCKUMU LudpaMyd B TpeAenax paszena.
JomyckaeTcss HyMmeparusi Tabiuil B Tpeaenax Bcero JgokymeHTa. Hampumep,
«Tabmuma 1» wunmm «Tabmuuma B.D», xorma oHa mnpuBeneHa B TpUIIOKEHUU B.
JlonyckaeTcst HymepoBaTh TaOJIMIILI B TIPe/iesiax pa3jiena.

3aronoBku rpad U CTPOK CIEAYET MUCATh C MPOMUCHOM OYKBBI, a MO/13ar0JIOBKU
rpad - CcO CTpPOYHOM OYKBBI, €CIM OHU COCTaBJISIIOT OJHO TMPEIJIOKEHUE C
3aroJ0BKOM, WJIM C MMPOMUCHON OYKBBI, €CJIM OHU UMEIOT CAMOCTOSITEIbHOE 3HAUCHHUE.
B koHIle 3arojloBKOB M TMOA3arojIOBKOB TaOJUIl TOYKMA HE CTaBAT. 3arojIOBKH M
MO/13ar0JIOBKY Tpad yKa3bIBAIOT B €IMHCTBEHHOM YHCIIE.

Tabnuupbl crieBa, crnpaBa W CHU3Y, KaK MPaBWIO, OTPAHUYUBAIOT JIMHHUSIMHU.
JlnaronanpHOE JeJIeHHe TaOIUIBl He AomycKaercs. ['oloBka TaOnHIlel TOKHA OBITH
OT/ICJICHA JIMHUEH OT OCTAJIBbHOM 4YacTH TaOJuIlbl. BeicoTa cTpOK TaOIUIBI JTOHKHA
OBITH HE MEHEEe 8 MM.

Tabnuiy, B 3aBUCUMOCTH OT €€ pa3Mepa, MOMEIIAOT MOJ TEKCTOM, B KOTOPOM
BIIEPBBIC JIaHA CChUIKA HA HEe, WM Ha CIEAYyIOel CTpaHuIle, a TP HEeOOXOIUMOCTH,
B TIPWJIOKEHUH K JJOKYMEHTY.

JlomyckaeTtcs moMearh TadauIly BJO0JIb JJIMHHON CTOPOHBI JINCTA IOKYMEHTA.

Ecnu ctpoku wnu rpadsl TaOnMIBl BRIXOAST 32 (pOpMAT CTPAHULBI, TaOJIHUILY
JeSAT Ha 4YacTH, KOTOpPhIE B 3aBUCHUMOCTH OT OCOOEHHOCTEH TaOJMIbI MOMENIAI0T
OJIHY YacTh IO APYTOW WK PSAIOM, TIPH 3TOM B KKIOW YaCTH TaOJIUIIBI TTOBTOPSIOT
ee rojioBKy u 0okoBUK. [Ipu geneHun TabauIbl HA YACTU JOMYCKAETCS €€ TOJOBKY
UM OOKOBUK 3aMEHSITh COOTBETCTBEHHO HOMEPOM Tpad U CTPOK.

CnoBo «Tabmuma», 3arosioBoK (MpU €ro HAIWYUH) W TOPSIAKOBBI HOMEp
TaOHIIBl YKA3BIBAIOT OJMH Pa3 HaJl MEPBOM YaCThIO TAOIUIII, a HAJ TOCIE Y FOIIMHI
Y4acTsMU TaOJIUIIBI TUITYT cI0BO «IIpogomkenue Tabauiby ¢ ykazaHueM HoMepa.

I'pady «Homep mo mopsaky» B Tabmuily BKIIOYATh HE JOIMYCKAETCS.
Hywmepamus rpadg tabnuipl apabckumu 1udpaMu T0MyCKaeTcs B TEX CIIydasiX, KOTJa
B TEKCTE MMEIOTCSl CCHUIKM Ha HUX, MPHU JICJICHUU TAOIMIIBI HA YacTH, a TaKXKe MPHU
MIEPEHOCE YaCTH TaOIUIIBI HA CIEAYIONIYIO CTPAHUILY.
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Ecnu mudpoBsie qanHbie B rpadax TaOJIUIIBI BEIPAKEHBI B PA3TUYHBIX AMHHUIIAX
¢uznyecKux BEIMYMH, TO HUX YKa3blBalOT B 3aroyioBke Kaxaou rpadsl. Ecom Bce
nmapaMmeTpbl, pa3MelIeHHbIC B TaOIWIEC, BBIPAKEHBI B OJHOM M TOW K€ CIMHMIIC
duznyecKoil BeIMYUHBI, TO €€ 0003HAUCHHE HEOOXOIMMO MOMENaTh Haja TaOIHIeH
CIpaBa, a py JAEJCHUH TaOJUIbl Ha YAaCTH - HaJl KayKJ0M €€ YacThIO.

Ccebliku

Ha marepuansbl, B3sTbIE U3 JUTEPATYPhl U JPYTUX UCTOUYHHUKOB, JOJAKHBI OBITh
JAHbl CCBUIKM C YKa3aHHMEM HOMEpAa HCTOYHHMKA [0 CHHCKY HCIOIb30BaHHON
auTeparypsl. Homep cchlikm TpocTaBisieTcsl apaOCKuMu IudpaMud B KBaJIpaTHBIX
WM KOCBIX CKOOKaX.

CcbnaTtbesl cliefyeT Ha JOKYMEHT B LEJIOM WJIM €ro pa3fesibl U MPHIOKEHUS.

CchbUTKM Ha MOANMYHKTHI, MYHKTHI, TaOJUIbI U WJUTIOCTPALIUA HE JOIYCKAaKTCs, 3a
MCKIIFOUEHHEM MOPA3ENIOB, yHKTOB, TAOJUI U WUTIOCTPALUNA JAHHOTO TOKYMEHTA.

[Ipu ccpuike HA CTAaHAAPTHI U TEXHUYECKUE YCIOBUS YKA3bIBAIOT TOJBKO UX
0003HaueHue, IPHU ITOM JIOIYCKAETCS HE YKA3bIBaTh TOJ] UX YTBEPKICHUS.

[Ipu cceuike B TekcTe Ha (GOPMYTy HEOOXOIUMO yKa3aTh €€ MOJIHBIA HOMEpP B
CKOOKax, Hanpumep, «B ¢popmyie (2)» unu «B popmyie (2.3)».

[Ipu ccpuike Ha TaOMUIly YKa3bIBalOT B CKOOKax €€ TMOJHBIM HOMEpP U CJIOBO
«Tabmunay ¢ ykazanueM ee Homepa. [lo TakoMy ke MPUHIUITY JAENIal0T CChUIKU Ha
PUCYHKH, HAITPUMEP, KCMOTPU PUCYHOK 2.

[Ipy cchuike Ha MPUIIOKEHUA B CKOOKax O€3 COKpallleHHs] MUIIETCS CIOBO
«(mpumnoxxeHue A)», eclid MPUIOKEHUI HECKOJIbKO, Hampumep, «(mpuioxeHue B1,
B2)» [18-22].

TuryabHbIN JUCT

TuTynbHBIN JTUCT BBINOTHSETCS Ha O1aHke popmarta A4:

- 10 MM mnpuMmeHsieTCS TPU HAMUCAHUM TEeMbl PabOThl U 0003HAYCHUU
JTIOKyMEHTA;

- 7 MM TpUMEHSIETCS TPHU HAMUCAHWW TMOJ3arojioBKa TeMbl padOTHI, Toja
3aIlNTHL;

- 5 MM - U1 BceX OCTaIbHBIX HAJIIHCEH.

IlepeHoc c10B Ha TUTYJIBHOM JIMCTE M B 3aroJIOBKax TEKCTAa HE pa3peniaceTcs.
Touka B KOHIIE 3aT0JIOBKA HE CTABUTCA.

TUuTyIbHBIA JUCT TOSICHUTENBHOW 3amUCcKu O(DOPMIISIIOTCS, KaK IMOKa3aHO B
npunioxennu b pasnena 3.

Conep:xkanue

B copepxaHuu mocneqoBaTeNbHO TMEPEUUCIAIOTCS BCE 3aroJIOBKU pPa3feioB,
MOAPA3JAECIOB U TMPUIOKEHUH, C yKa3aHMEM HOMEpa CTpaHUIbl, HA KOTOPOW OHH
nomernieHsl. Cojep)kaHue BKIIOYAIOT B OOIIyI0 HyMEpamui MOSCHUTEIHHOU
3aUCKH.

CnoBo "Coneprkanue" 3anUChIBAIOT B BUJIE 3aroj0BKa (CHMMETPUYHO TEKCTY) C
npormucHor OykBbl. HammeHOBaHMS, BKIIOUCHHBIE B COJEpPKAHUE, 3alMCHIBAIOT
CTPOYHBIMH OyKBaMU (KpOMe IepBOM MPOIMCHOI) ¢ ad3aria.

OcHoOBHas YacTh

HanmeHoBaHMSI OCHOBHBIX Pa3/€JOB MOSICHUTEIBHON 3alUCKH OMPEAEISIOTCS
3allaHieM Ha KypcoBod mipoekT. Comepkanne W O00BEM YCTaHABIUBAIOTCS
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TpeOOBAHUSAMU  METOAMYECKMX  YKa3aHuid  mnpodumiupyromedt  kadeapsl |
PYKOBOJUTENIEM pabOTHI.

3akinro4eHue

3aKII0UYEHUE JOJDKHO COAEpPaTh OKOHUYATEIIBHBIE BBIBOJIbI, XapaKTEPU3YIOIINE
UTOTH PabOTHI CTyJIEHTa B PEIICHHM IOCTABJICHHBIX Iepea HUM 3aaad. BuIBOIBI
JOJKHBI ~ OBITh  CHIETaHbl HAa OCHOBE CpaBHEHHS TEXHHKO-DKOHOMHYECKHX
MoKasaTteliell JEHCTBYIOIIETO U IPOSKTHPYEMOTO OOBEKTOB.

CnMcoK HCO0JIb30BAHHBIX HCTOYHUKOB

B cmmcok HCMONBb30BaHHBIX HMCTOYHMKOB BKIIIOYAIOTCS BCE MCTOYHUKH,
pacMosoKEHHbIE B TIOPSAKE MOSBICHUS CCHUJIOK B TEKCTE 3aITUCKU WITU 10 an(aBuTY.

JlaeTcst Oubnmorpaguieckoe OmMcaHue KaKIOTO M3 MCTOYHUKOB B COOTBETCTBUU C
I'OCT 7.1. [25, 26].

Odopmiaenune rpadpuyeckoii YacTu MPoOEKTA

Knaccudpukanusa cxem

DneKTpudYecKrue cxeMbl 0OBEKTOB BCEX BUJIOB BBIMIOJHSIOT B COOTBETCTBHH C
tpeboBanusimu ['OCT 2.702 [Ilpasuna evinonnenus snexmpuueckux cxem, ['OCT
2.710 Ob6o3nauenus OyK6eHHO-YUPDPOBLIE B DIEKMPUUECKUX CXemax, a TaKKe
CTaHJApTOB, PETIAMEHTUPYIOIIUX YCIOBHbIE rpaduyeckue 00O3HAUYCHHSI B CXEMaX.
Knaccudukaiuys >7IeKTpUYECKUX CXEM, TEPMHUHBI M OIPEACIICHUS YCTaHABIMBAIOT
['OCT 2.702 Cxemwi. Buowvt u munwvi. Obwue mpebosanus K evinoaneHuro. [22-24].

Pexomenmyercs rpaduveckyr0o d9acTh pPaOOTHI BBIMOJTHATH C  MTOMOIIBIO
rpadguueckux pegakropon: Libre Draw, Microsoft Visio, KoMmac niam anaioruusele.

TepMuHBI 1 onIpeeIeHUA

Onexkmpuueckas cxema - TpadUUECKU KOHCTPYKTOPCKHM JOKYMEHT, Ha
KOTOPOM MPH TOMOITH TpapuiecKuXx 0003HAYCHUH H300pa)KEHBI JJICKTPUUCCKHE
COCTaBHBIC YaCTH O0BEKTA U CBSI3U MEXKIY HUMH.

Onemenm - COCTaBHasi 4YacTh OOBEKTa, KOTOpash HMMEET CaMOCTOATEIbHOE
rpaduueckoe 0003HaAYEHUE, a TaKXKe OomnpeiefieHHOe (YHKIIMOHATBHOE Ha3HAUYCHHUE U
HE MOXET OBITh pa3JiejicHa Ha YacTH, UMEIOIIUE CaMOCTOSATEIbHOE (DYHKIIMOHATIHLHOES
Ha3Ha4YCHHE.

Yempoticmeo - COBOKYIMHOCTH  DJIGMEHTOB,  TPEACTABISIONINX — SAUHYIO
KOHCTPYKIMIO (00K, miuaTel). MoeT He UMETh B OOBEKTE CTPOro OMNpPEeEICHHOTO
(GyHKIIMOHATBLHOTO Ha3HAYCHUS.

DYyHKYUOHAbHASL 2PYNNA - COBOKYITHOCTh 3JIEMEHTOB, BBITOJHSIONIUX B
00BEKTE OIpeeNICHHYI0 (DYHKITNIO U HE O0BEAMHEHHBIX B €IUHYI0 KOHCTPYKITHIO.

DYHKYUOHAIbHASA YACMb - DTIEMEHT, YCTPOUCTBO WM GyHKIIMOHAIBHAS TPYIINA,
UMEIOIAas B 00BEKTE CTPOTO ONpeielieHHOe (PYHKITMOHAIPHOE HAa3HAUYCHHUE.

DyHKYUOHAIbHASA Yenb - TUHUS, KaHaJ, TPAKT OMPEEIICHHOTO Ha3HAUCHUSI.

Jlunus 83aumocessu - TUHUS HA CXEMe, YKa3bIBAIOIIas Ha HATMYUE CBS3H MEKY
(GyHKIIMOHATBFHBIMH YaCTSIMU OOBEKTA.

Jlunus snexkmpuueckoli cés3u - JIMHAA Ha CXEMe, YKa3blBawIas IyTh
MPOTEKaHUs TOKA, CUTHAJA U T. 1.

Obvexm - yCIOBHOEC HAaMMEHOBAHWE W3IICNHsI, YCTPONUCTBA, YCTAHOBKH, CETH,
NPUMEHSEMOE B KaU€CTBE OOILEro MOHSATHS.
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Cxembl, B 3aBUCUMOCTH OT Ha3Ha4YeHMs, OApa3AestoTcsa Ha TUMbl. Kaxmomy
TUITYy TIpUCBauBaeTcs Mudp, COCTOSIIMN U3 OYKBbI O U LHUQPHL.

Cxembl rpymmbel | mnpegHazHayeHbl Uil OOIIEr0  O3HAKOMIIEHHS  C
AIIEKTPUYECKUMH COCTaBHBIMU YAaCTAMU OOBEKTA M M3YUYEHHS OOIIMX MPUHIIUIIOB UX
paboOThI M B3aUMOCBSI3EH:

» cmpykmypuas (31), onpenensioias OCHOBHbIE YaCTH 00bEKTa, UX Ha3HAYCHHE
U B3aMOCBSI3H;

* pynkyuonanvuas  (32), pa3bACHAONMIAS  OMNPEIEICHHBIE  IMPOIIECCHI,
POTEKAIOUIUE B OT/IEIbHBIX (DYHKIIMOHAIBHBIX YACTSIX WM B 00BEKTE B IIEJIOM.

Oth  cxeMbl  pa3pabaThiBalOT NpU  MNPOEKTUPOBAHMM  HA  CTAJUAX,
IPEIIIeCTBYIOIUX pa3paboTKe CXeM APYTUX TPYIII.

CxeMbl rpynmbl 2 mpeAHa3HAYEHBbl JJIA ONPENECICHHsS IOJHOrO0 COCTaBa W
NOJAPOOHOI0 U3YUYEHHUS IPUHIUIIOB PaOOThl 0OBEKTA, a TAKKE JJISl €r0 pacyera:

* npunyunuanvras (33), onpeaenstonas MmoJHbI COCTaB JIEMEHTOB U CBS3el
MEXTy HUMH U Jarolas JeTalbHOE MPEACTaBICHUE O MPUHIUIaX paboThl 00BEKTA;

* OK8UBANeHMHAs - TIpeJHA3HayeHa JJId aHaju3a W pacuera napameTpoB
(XapakTepucTuK) 00beKTa WK €ro (PyHKIIMOHAJIBHBIX YaCTeH.

OTU CcXeMBbl CIyXaT OCHOBaHHMEM i1 Pa3pabOTKH JIPYTMX KOHCTPYKTOPCKHUX
JIOKYMEHTOB, B YaCTHOCTH YepTEkeH, a Takke cxeM rpynn 3 u 4. imu nonb3yrores
IpU HajlaJlKe, PeryJInpoBKe, KOHTPOJIE, SKCILTyaTalluid U PEMOHTE U3JIEIH.

Cxembl Tpynmbl 3 mpeaHa3HAuY€Hbl [UIsl TPEACTABICHUS CBEIEHUH 00
JIIEKTPUYECKUX COETMHEHUSIX COCTABHBIX YACTEH 00bEKTA UM 0OBEKTA B LIEJOM:

* cxema coedunenuti (34) MOKa3bIBACT JICKTPHUUCCKUE COCIMHEHUS OTISIbHBIX
COCTaBHBIX 4YacTei 0O0OBEKTa U OmpeenseT NPOBOAA, KIYThl WU KalOemw s
OCYIIECTBIICHUSI ATHUX COCAMHEHUH, a TaKXKe MecTa MX MPUCOCAUHEHHs M BBOJA
(32KUMBI, pa3beMBbI, POXOHBIE U30JIATOPHI U T. I1.);

* cxema nooknrovernus (35) Moka3bIBaeT BHEITHUE TOAKITIOUCHUS 00BEKTA;

* obwas cxema (D6) onpeAessieT COCTaBHbIC YaCTU KOMITJIEKCA U AJIEKTPUUECKUE
COEIMHEHUS X MKy COOOM Ha MEeCTe IKCILTyaTaIiH.

OTU CcXeMbl UCIOJB3YIOT TMpHU pa3paboTKe APYyTUX KOHCTPYKTOPCKUX
JOKYMEHTOB, TPEXAE BCEro YEpTEKEW, OMPENENSIOMNUX NPOKIAAKY M CIOCOOBI
KpEIUIEHUsI MPOBOJIOB, )KI'yTOB M Kaleynel B 0ObEKTe, a TakkKe Ui OCYIIEeCTBICHUS
IPUCOEINHEHUH U MPU HaJIaJKe, KOHTPOJIE, KCILTyaTallui 0OBEKTOB.

Cxembl Tpynmbl 4 mnpedHa3HAUYEHbl [UIsl ONPEIEJICHHUS OTHOCUTEIBHOTO
pPacmoioKeHHs] OOBEKTOB MJIM COCTABHBIX YacTe 00BEKTa:

s cxema  271eKkmpoobopyoosanuss ~ TPOBOJAKM  HA  IUIaHAX  OMpeAesseT
OTHOCHUTEIILHOE PpACIIOJIOKEHHE COCTaBHBIX 4YacTed OO0BeKTa B 3JaHUIX W
COOPY>KEHUSIX,

*cxema  2MeKMPOCHAOJCEHUs U C8A3U  OINpPEHENsieT  OTHOCUTEIhHOE
pacnoIokKeHNe cocmaghblx YacTeit 00beKTa Ha MECTHOCTH.

Cxemamu 3TOH TpyIIbl MOJIB3YIOTCS TIPH pa3paboTKe APYTUX KOHCTPYKTOPCKUX
JIOKYMEHTOB, a TaK)Ke€ MPU U3TOTOBJICHUU U IKCIUTyaTallil OObEKTOB.

KomOunupoBanue cxem

Ha cxemax ogHOro tuma aomnyckaercs u3o0paxkarb (parMeHTbl CXeM APYTrHX
TUIIOB C MCIOJIb30BAHUEM COOTBETCTBYIOIIMX MpPaBUJ BBIMNOJHEHUs. Tunm Takoi
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CXEeMBbI KJIacCU(UIMPYETCs IO OCHOBHOMY €€ Ha3HaueHuio B cooTBeTcTBUU ¢ ['OCT
2. 701. B TexHuyeckd OOOCHOBAHHBIX CIyyasx JIOMYCKAETCS COBMEIIATH CXEMBI
pa3IMYHBIX TUIIOB. BhIMonHeHWe cxeM AO0HKHO yaoBieTBopsATh npasuiam ['OCT 2.
702 myis COOTBETCTBYIOIIMX TUMOB cxeM. COBMEIIIEHHOM CXeMe NMPUCBAMBAIOT BCE
MQpPBI TUTIOB CXEM, COBMEIICHHBIX B JITAHHOW CXeME, HAUMHas ¢ HAUMEHBIIIETO.
O0o3Ha4eHne cxeM
Cxembl 0003Ha4arOT B COOTBETCTBUU cO cTtannaptamu cepuit 'OCT 2. 700 — 00

u TI'OCT 21. 000 - 00, ycraHaBIMBAIOIIMMU €IWHYIO OOBEIUHEHHYIO
KJIACCU(PUKAIMOHHYIO CHUCTEMYy OO0O3HAu€HHUs MOJENEH U UX KOHCTPYKTOPCKHUX
JIOKYMEHTOB.

O6o3HaueHWEe TMPUCBAUBAIOT KaxaoMmy wu3fenuio. OOO3HAueHHWE W3S
SIBJISIETCSI  OJIHOBPEMEHHO 0003HAYEHUEM €ro OCHOBHOIO KOHCTPYKTOPCKOTO
NOKyMeHTa (ueprexxka, cxembl W T. hA.) OOo3HaueHWe H3AEIUS U  €ro
KOHCTPYKTOPCKOTO JIOKYMEHTa HE [OJDKHO IIOBTOPHO HCMOJIB30BAaThCS IS
0003HaUYEHUS IPYTOTo U3EIHUS U KOHCTPYKTOPCKOTO JTOKYMEHTA.

HIudp aist MOACHUTENBHBIX 3AIIUCOK U YepTeKeil

KIT 13.03.02.12.000 II3 - mosicautensbHas 3anucka (IIpoexTupoBanue
AIIEKTPOCHAOKEHUS PEMOHTHO-MEXaHUUECKOTO 3aBO/A).

KIT 13.03.02.12.001 OC - ueptex (I'enmnnan 3aBojaa ¢ CETIMU U MOACTAHIIUSIMU).

Hudpst nepen [13 o603HavaroT: neppwie mecth — mudp HanpaiaeHus (130302),
CIIEyIONIMEe JBE€ — HOMEp BapuaHTa Mo 3amanHuio (12) m mocrnegHue Tpu —
nosicautensHas 3anucka (000). Ha ueprexxax OymyT Te ke UUDPBI, TOJIBKO

nocyeaHue Tpu OyAyT yKas3bIBaTh MOPSAIKOBBIA HOMEp JiMcTa rpaduyeckod dactu
(aeprexa), a BMecto 13 O6yner OC mwm OM (OC — cxema snekTpocHab)eHus; OM —
CHJIOBOE DJICKTPOOOOPYI0BAHKE).

I'paduueckne 0003HaAYEHUSA

DneKTpuYecKrue HJIEMEHThl M YCTPONCTBA Ha CXEMe H300pakaloT B BUJEC
YCIOBHBIX rpaduueckux o0003HaueHMM, ycTaHoBieHHBIX craHaaptamu CIIC wnu
MOCTPOCHHBIX ~ Ha WX  OCHOoBe. Ilpm  HEOOXOIUMOCTH  TPUMEHSIOT
HECTAaH/IApTU30BAHHbBIC YCJIOBHBIE rpaduueckue obo3HaueHus. CTaHAapTU30BAHHbBIC
WU CTPOSIIMECs] Ha OCHOBE CTaHAApTU30BAHHBIX Tpaduueckue 00O03HAUEHUS Ha
CXeMax He MOSICHSIIOT, HeCTaHIapTU30BaHHbBIE 0003HAYEHUSI JOJIKHBI OBITH TTOSICHEHBI
Ha CBOOOJTHOM MOJIE CXEMBI.

Kpome ycnoBHBIX rpaduueckux 0003HAUCHUN, HAa CXEMaX COOTBETCTBYIOIIMX
TUTIOB MOXXHO TIPUMEHSTh JPYyTHE KAaTeropuu rpapuiecKux 0003HAYCHUI:
NPSIMOYTOJIbHUKY TMPOU3BOJIBHBIX Pa3MEpPOB, COJEpKAIIUE MOSICHUTEIbHBIN TEKCT;
BHCIITHUE OYEPTAHMS, NPEICTABIAIONINE COOON YIPOIIEHHBIE KOHCTPYKTOPCKHE
U300pKECHUST W3JCNNM;, TPSIMOYTOJIbLHUKH, BBITIOJIHCHHBIE JIMHUEH BBIICICHUS
YCTpOHUCTB ©  (PyHKIMOHANBbHBIX rpymm. [Ipu  3TOM  nmeranmbHBIE  CXEMBI
COOTBETCTBYIOIIUX OOBEKTOB BBIMOJHSIIOT HAa CBOOOJHOM TMOJIe CXEMbI B BHUJIC
CaMOCTOSITEJIbHBIX TOKYMEHTOB. [IprMeHeHHne Ha cXxeMax Te€X WJIM WHBIX KaTeropui
rpaduyeckux 0003HAYCHUM ONpeesaeTCs MpaBUIaMU BBITTOJTHEHUS CXEM.

Ecnu Ha ycnoBHble O0O3HA4Y€HHUSI YCTAaHOBJEHO HECKOJIBKO JOMYCTHUMBIX
BApUAHTOB BBIMIOJIHEHHUS, PA3IMYAIOLIUXCS T€OMETPUUYECKO (OpMON U CTENEHbIO
JNeTanu3aluy, TO WX TMPUMEHSIOT B 3aBUCMMOCTM OT HAa3HAYEHUS W TUNA
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pa3pabaTeiBaeMOM CXEMBbl, a TAKXKe KOJIMYeCTBa HHPOPMAIH, KOTOPYIO HEOOXOAUMO
nepenath rpapuveckuMu cpeactBamu. [Ipu 3ToM BO Bcex cxeMax OJHOTO THIIA,
BXOJSIIUX B KOMIUIEKT JOKYMEHTAI[MU Ha U3JIeJIUe, TPUMEHSIOT OJIMH BBIOPAHHBIN
BapuaHT 0003HAYCHUSI.

Pa3mepsnl yc10BHBIX rpaguuecKux 0003HAYEHNH

CranaapTHbIE YCIOBHBIE Tpaduueckre 0003HAUCHHUS SJIEMEHTOB BBITIOIHSIOT T10
pa3MepaM, YKa3aHHbIM B COOTBETCTBYIOIIMX CTaHaaprax. Ecaum pasmepsl
CTaHJapTaMH HE yCTAaHOBJEHBI, TO Tpaduyeckue 0003HAUCHHS HA CXEME JIOJKHBI
UMETh TAaKHE K€ Pa3Mephl, KaKk X U300paKeHUs B CTaHAApTax.

JlomyckaeTcss Ha CXE€Me YBEJIMYMBaTh pa3Mepbl O003HAYEHUN OTIEIbHBIX
AJIIEMEHTOB, €CJIM HEOOXOJIUMO IrpauiuecKy BBIIETUTh 0CO00€ UM BaXKHOE 3HAUCHUE
anemeHTa  (ycTpoiicTBa), a  TakkKe  IOMECTUTh  BHYTPM  O0O3HAUYCHUS
pEAYCMOTPEHHBIE CTaHJlapTaMHU KBTU(PUITUPYIOIINE CUMBOJIBI WIn
JOTIOJTHUTENBHYI0 HH(POPMAIIHIO.

VYcnoBuble rpaduueckue 00O3HAUYEHHS DIIEMEHTOB, HCIOJB3YEMBIX Kak
COCTaBHBIE YacTH OO0Ji€e CJIOXKHBIX 3JIEMEHTOB, HM300paKarOT YMEHBIICHHBIMH IIO
CPaBHEHHUIO C OCTaJbHBIMH AJIEMEHTAMHU CXEMBbI ISl COKpaIeHUsl OOIIMX pa3MepoB
rpaguueckux o0003HaueHWl. B ciydasX, OrOBOPEHHBIX COOTBETCTBYIOUIUMU
CTaHAApTaMH, JIONYCKAETCS HENpPONOPLUUMOHAIBHOE H3MEHEHUE TpapuUyecKux
0003HaueHu (HampruMep, MHOTOOTBOIHBIE PE3UCTOPHI).

BriOpanHbIe pa3Mepbl U TOJIIIMHBI JIUHUN Tpaduiyecknux 0003HAUYCHUM JTOTKHBI
OBITH BBIAEPKAaHbI IOCTOSSHHBIMHU BO BCEX CXEMax OJHOrO THUIA HAa JAHHOE U3/IENHE.

OpueHnTanus yCJ10BHBIX rpaguuecKux 0003HaAYeHUH

Pasmenienne ycioBHbIX Tpaduueckux O0OO3HAaUEGHUNW Ha CXeMe JOJDKHO
obecrieunBaTh HambOJEe CTPOTUN PUCYHOK CXEMbl C MUHUMAJIBHBIM KOJUYECTBOM
V3JIOMOB U IIEPECEYCHNUMN JIMHUN JJIEKTPUUECKOU CBS3H.

Pexomennyercss u300pakath yCIOBHBIE Tpaduueckue OOO3HAYeHUS B
MOJIOXKEHUH, YKa3aHHOM B CTaHAApPTaX, WU TEPEBEPHYTHIMHU OTHOCUTENBHO APYT
Jpyra Ha yribl, KpatHble 90°, a Takke 3€pKaJIbHO TIOBEPHYTHIMU.

JIunuun

JluHun Ha cxemax BCEX THUIIOB BBHITIOJHSIOT B COOTBETCTBUHU C IpaBUJIaMH,
yctanoBiieHHbiMU ['OCT 2. 702. Onexmpuueckue ceésasu, nposoda, kabeau, WUHbL.
TonumHel JTUHUA BBIOMPAIOT B 3aBHCUMOCTH OT (opMara CXeMbl M Pa3MepoB
YCIOBHBIX Tpaduueckux ob603HaueHui. Ha ogHON cXxeMe peKOMEeHAyeTCsS IPUMEHSTh
He Oosiee TpeX TUIOB Pa3MEPOB JIMHUHM MO TOJILIUHE: TOHKYIO S/3, yTOIeHHy0 S/2 u
ToJicTyto S, Tme S - TONIMHA JIMHUM, KOTOpas BBIOMpAETCs B 3aBUCUMOCTH OT
pa3MepoB cxeMbl. BbIOpaHHbBIE TOJIIMHBI JTUHUW JTOJDKHBI OBITh MOCTOSIHHBIMU BO
BCEM KOMILIEKTE CXEM Ha U3JIETIHeE.

VYcnoBHbBIE rpaduuecKkrie 0003HAUYCHHS 1 JIMHUM CBSI3U BBITIOJHSIOT OJHON U TOM
*e ToiuuHbl. OntumanbsHag ToiamuHa - 0,3-0,4 MM, uto coorBeTcTByeT mo ['OCT
2.303 cruiouIHOM TOHKOM JIMHHH.

HamMeHoBaHnue, HauepTaHue, TOJIIMHA JUHUN MO OTHOILIEHUIO K TOJIIUHE U
OCHOBHO€ Ha3HA4Y€HHE JTMHUI MpUBEIEHBI B Ta0uie 3.1.

JIMMHY ITPUXOB B IUTPUXOBBIX M IITPUXITYHKTHUPHBIX JIMHUAX BBIOMPAIOT B
YKa3aHHBIX IIPEAEIaX B 3aBUCUMOCTH OT pa3Mepa CXEMBI.
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Ta6muma 3.1 — Hauepranue nuHMi Ha YepTexax

Tommmya TuHui
Hanveropare 1o Hauepranne 110 OTHOILLIEHUIO OCHOBHOE Ha3HaYECHUE
I'OCT2 303-68)
K TOJIIIIUHE S

CrutonHas JInHnn 2NEKTPpUYECKON CBSI3H
TOHKast ‘ KabeJib, IPOBOJ, IINHA, TUHUS, TUHUS
JIHHUS §12+53 I'PYIIIIOBOM CBSI3U, JIMHUS yCIOBHBIX

rpadguueckux 0003HaUCHUH.
CIUTOIIHAS TOICTAs Ilpumeuanue. Jlomyckaerca s
OCHOBHAS JUHUHA T'PYIIIOBOW CBA3U

S IIPUMEHSATH YTOJIIECHHBIE U TOJICTHIE

JMHUH

Irpuxopas | . JInnnsa sxpanupoBaHus,
S/2+813 MEXaHUYECKON CBA3U
[ITpuxnmyHKTHpHAS JIuHuA 1715 BBIACIIEHNS HA CXEME
——————— . TPy 3JIEMEHTOB, COCTaBIISIOLINX
§12+513 YCTPOUCTBO MM (DYHKIIMOHATIBHYIO

Ipymiry

HITpuxmyHKTHpHAS Jlunus pazbeIuHUTENbHAS (U1
C IByMs TOYKaMHM | — — — — S/2 + S/3 rpau4ecKoro pas3aeiaeHus yacTei
CXEMBI)

TexcroBas unpopmauus

HpI/I HCO6XOI[I/IMOCTI/I Ha CXCMC IIOMCII AT CICAYyroHIuc JaHHBIC:
HAMMCHOBAHHUC WM XadPAKTCPUCTUKU JJICKTPUUYCCKHUX CHUI'HAJIOB, 0003HaYCHMS
QJICKTPHUYCCKHX HCHCIZ, TEXHUUYCCKUC XAPAKTCPHUCTUKHU O6’beKTa, IMPUBCACHHLIC B BUJIC

TEKCTa, TaOJIUII, TUarpaMm u T. 1.

TekcToBple  JaHHBIE MOTYT  PacHoJaratbCs

0003HaYEHUEM WJIM BHYTPHU HX; PSAOM C JIUHUSIMU, B
JUHUN; Ha CBOOOHOM ITOJIC CXCMEL.
B 3aBucmmMocTM OT Ha3HA4YCHUS TEKCTOBEIC

psgoM Cc  rpapuyecKuM
pa3phIBE JMHUI WM B KOHIIE

JaHHBIC Ha CXEME HMCIOT

cienyromuye GOpPMbI 3aMKCH: YCIOBHBIE OyKBEHHO-ITU(DpOBBIE 0003HAYCHUS (HOMEpa
1ernei, 0003HAYCHUS DJICKTPUIECKUX KOHTAKTOB, SJIEMEHTOB U T. 11.); HAUMEHOBAHHE
CUTHAJIOB, (YHKIIMOHAIBHBIX TPYII;, CIUIONIHOM TEKCT (TEXHHYECKHEe TpeOOBaHWMS,
MOSICHEHUST W T. J.); TEKCT, pa3outeiii Ha rpadsl (Tabmuiia KOMMYTAIUH
MHOTOITO3UIIMOHHBIX TEPEKIIoYaTesNiel); TaONHIlbl, B KOTOPBIX COYETACTCS TEKCT U
rpadguueckue 0003HaueHus (Ta0JIUIIA UCTIONH30BAHUS KOHTAKTOB pPeJie).

TekcToBbIE MaHHBIE, OTHOCSIIUECS K JUHUSM, OPUEHTUPYIOT MapauieIbHO MX
TOPU30HTAJIBHBIM ydYacTKaM; TMpH OONBIIONW IUIOTHOCTH CXEMBI JIOMyCKaeTCs
BEpTUKAJIbHAs OPUEHTAIIMS JaHHBIX (PUCYHOK 3.1).
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Pucynok 3.1 — Cxema 351eKTpU4eCKON CEeTH

Tabmumpl, momemiaeMble Ha CBOOOJHOM IIOJIE CXEMBI, JOKHBI HMETH
HAaUMEHOBAHUSI, PACKPBIBAIOIINE UX COJIEpKAHUE, HAIpUMep, TabJulla KOMMYTAIUU
MEPEKITIOYATENEH.

Bce wnamnmucu Ha cxemax BbIIONHAIOT mmpudTom cormacHo ['OCT 2.304.
Jonyckaercss Ha OOHOM CXEM€ [Jis BBIJICICHUS] PA3IUYHBIX KATETOpHil JaHHBIX
MPUMEHSTh MIPUQPTHI PA3HBIX pa3MEPOB, HAPUMED, YCIOBHbIE OYKBEHHO-IIU(GPOBBIC
0003HaueHUA, KBATM(DUIIMPYIOITUE CUMBOJIBI Tpaduueckux 0003HAUYECHUMN; 3ar0JIOBKH
Ta0JIMI] MOKHO BBITIOJHUTH MIpU(PTOM OOJIBIIEr0 pazMepa, B OTIMYUE OT JAPYTHX
TEKCTOBBIX JIaHHBIX.

BykBenHo-uudpoBbie 0003HAYCHHUS B CXeMax

Tunel yclOBHBIX OYKBEHHO-IIU(POBBIX 0003HAYEHUI 3JIEMEHTOB, YCTPOMUCTB U
GyHKIMOHATIBHBIX TPYMI, a Takke MpaBuia ux nocrpoeHus: ycranapimuaeT ['OCT
2.710.

[Tozunmonnoe o0O3HAaUEHHE DJIEMEHTa B OOIIEM Cllydae COCTOMT U3 JIBYX
yacTell, yKa3bIBAIONIMX BUJ HW HOMEpP OJJIEMEHTa U 3alUChIBaeMbIX 0e3
pa3enuTeNbHBIX 3HAKOB U mpobenoB. OHa sABISETCS 00s3aTEIBLHOM YacThIO
YCIOBHOTO OYKBEHHO-IIM(POBOTO 0003HAUCHHS U IIPUCBAMBACTCS BCEM dJIEMEHTAM H
yCTpocTBaM 00BekTa. B mepBoii 4acTH MO3WIIMOHHOTO O0O3HAYCHHS YKa3bIBAIOT
OYKBEHHBIM KOJ BHJA dJIeMEHTa (OJ{HA MM HECKOJbKO OYKB JIATUHCKOTO aji(haBuTa),
BO BTOpPOM 4YacTH - HOMEp dJIeMEHTa JaHHOro Buja (apadckue nudpsl). Hampumep:
(4 - KoHAEHCATOP C MOPAIKOBBIM HOMEPOM 4 Ha CXEME.

bykBeHHBIE KOIbI BHUJIOB JJIEMEHTOB MpUBEACHBI B Tabiuie 3.2. DJIEMEHTHI
pa3ouThl MO BUJAM Ha TPYIIbI, UMEIONMUE OOO3HAUYCHUS U3 OAHOM OYKBBI. [l
YTOUYHEHUS BUJIA DJIEMEHTOB MPUMEHSIOT ABYXOYKBEHHbIC U MHOTOOYKBEHHBIEC KOJIBI.

Io3uumonHbIe 0003HAYEHUS IJIEMEHTOB

Bcem n3o0pakeHHBIM Ha CXeMe AJIEMEHTaM M yCTPOUCTBAM B Mpejiesiax 00beKTa
MIPUCBAUBAIOTCS YCIOBHBIE OYKBEHHO-LIU(PPOBBIE MO3UIIMOHHBIE 0003HAUEHHUS.
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Tabnuna 3.2 - BykBeHHbI€ KOJIbl BUJIOB 3JIEMEHTOB (OTIETIBHBIE)

AByx
[lepBas
GyKsa ['pynma [Tpumep 6yKB§H-
Ko BHJIOB DJIEMEHTOB BH/JIa DJIIEMEHTOB HBIN
KOZ
1 2 3 4
A YcTpoiicTBa (001iee 0003HaUEHUE) Ycunurenu, npuOOpkI TelIeyNpaBiIeHus,
Ja3eppl, Mazepsl
B ITpeoOpa3oBarenu HeanekTpuueckux |I'poMkoroBopurensb BA
BEJIMYMH U JIEKTpUUYECKHE (KpoMe MarauTOCTPUKIIMOHHBIN AJIEMEHT BB
IrE€HEpAaTOPOB U HCTOUYHUKOB NUTaHus) | CenbCUH-IPUEMHUK Bb
WK, HA000OPOT, aHATIOTOBbIE WU CenbCUH-aTYUK BC
MHOTOpa3psiAHbIe mpeodpazoBatenu | TermmoBoit qaTunk BK
WJIM JATYUKH U YKa3aHus dorornemenT BL
W3MEPEHUS JlaTuuk naBiieHUs BP
Taxoreneparop BR
JlaTumk ckopocTn BV
C Konnencaropst
D CxeMbl HHTETpajbHble, MUKPOCOOPKH |CxeMa HHTEerpaibHast aHAIOTroBast DA
Cxema uHTerpaigbHas nudponas, DD
JIOTUYECKUM 3JIEMEHT
VYerpoiicTBa XpaHeHHs HH(GOpMaIun DS
VYerpoiicTBa 3a1€pKKU DT
E OneMeHTHI pa3Hble (ocBeTUTENbHbIE |HarpeBaresbHbIN 371€MEHT EK
YCTpOMCTBA, HArpEeBaTEIbHbIE Jlamma ocBeTuTenpHas EL
HIIEMEHTBHI) ITupomnarpon ET
F Pa3psiqHuky, nperoxpaHuTeny, JIMCKpEeTHBIN 3JIEMEHT 3alIUThI IO TOKY FA
YCTpOMCTBA 3alUTHBIC MIHOBEHHOTO JIEUCTBUSA
JIMCKPETHBIN DJIEMEHT 3aLIUThI 110 TOKY FP
WHEPIIMOHHOTO JEHCTBUS
[IpenoxpaHuTens MIaBKUN FU
JIMCKpETHBIN AJIEMEHT 3alIUThI 10
HanpspKeHuto, paspsaanHuk, OITH FV
G I'enepaTopbl, HICTOUHUKH MTUTAHUS, Barapes GB
KBapLEBbIE OCHUIUISTOPBI
H VYerpoiicTBa MHAMKALIMOHHBIE U [Ipubop 3ByKOBOI CUTHAIU3AIUH HA
CUTHAJIbHBIC Nuaukarop cHMBOJIBHBIN HG
[Ipubop cBeTOBOM CUTHANTU3ALIUN HL
K Peie, KOHTAaKTOPBI, ITyCKaTENIN Pene TokoBoe KA
Pene ykazarenbHoe KH
Pene anexrporeruioBoe KK
KoHTakTOp, MArHUTHBIN ITyCKaTEIh KM
Pene Bpemenn KT
Pene nanpsxenust KV
L Karyuiku "HIyKTUBHOCTH, Jlpoccenb JIFOMMHECIEHTHOTO ocBelenus | LL

JpOCCeH
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[Tponomkenne Tabauubl 3.2

2 3 4
JlBurarenu mocTOSHHOTO U JIBuraresb CHHXpOHHBIN MG
IIEPEMEHHOI0 TOKa
[TpuGopst, AmriepmeTp PA
HU3MEPUTEIILHOE 000PY1I0BaHHE CueTyuk UMIYJIbCOB PC
Ilpumeuanue. Coueranue PE YacTtoTomep PF
NPUMEHSTh HE JOMyCKaeTCs CueTyuk aKTUBHOM SHEPTUU PI
CdeTunK peakTUBHOM SHEPTUHN PK
Ommertp PR
Perucrpupyrommii mpudop PS
Yacsl, U3MepUTENb BPEMEHHU JACUCTBUSA PT
BonsT™eTp PV
Barrmerp PW
BrixnroyaTenu u pa3beIMHUTENN BrikntoyaTenb aBTOMaTHUECKUI QF
B CWJIOBBIX LIEeTISIX (3HeprocHabxenue, | Koporko3ambikaTesh QK
MUTaHue 000PyI0BaHUS U T. 1.) PazpenunuTenb QS
Brikirouarens Harpy3ku QW
Pe3ucropsl Tepmopesucrop RK
[Torenunomerp RP
lyHT u3mMepUTeabHbIN RS
Bapucrop RU
VYerpoiicTBa KOMMYTallMOHHBIE Briknrouarens WM nepexirovaresib SA
B LICIIAX YNIPABIEHUS, CATHAIN3aUUU | BeIkimiouaTenns KHOMOYHBIN SB
W U3MEPUTEIIBHBIX LETISIX Brikimrouarens aBTOMaTHYECKUAM SF
Brixmrouarenu, cpabatbiBaroIime
OT PA3JUYHBIX BO3CUCTBUN:
OT ypOBHS SL
OT JIaBJICHUS SP
OT MOJOXEHHUS (ITyTEBOH) SQ
OT YacTOThI BpallleHUs SR
OT TeMIIEpaTypbl SK
Tpanchopmaropsl, Tpancdopmarop Toka TA
aBTOTpaHC(HOPMATOPhI DNeKTpOMarHUTHbIN CTaOUIN3aTOP TS
Tpancdopmarop HanpsHKEHUS TV
VYerpoiicTBa CBA3U Mopnynsrop UB
[TpeoOpa3zoBaTenn ANEKTPHUECKUX Hemonyisarop UR
BEJIMYMH B JJIEKTPUUECKUE JluckpumuHarop Ul
IIpeoOpaszoBarens yacTOTHbIHN, HBEpTOp, | UZ
reHepaTop YacTOThI, BHITPSIMHUTEIb
[TpubopsI A1IeKTPOBaKyyMHBIE Jnon, cTabuIuTpoH VD
H TOJIYIIPOBOJHUKOBBIE [Tpubop ek TpOBaAKYyMHBIH VL
Tpanszucrop VT
Tupucrop VS
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[Tponomkenne Tabauubl 3.2

1 2 3 4
Y YcrpolicTBa MEXaHUUECKUE DIEKTPOMAarHuT YA
C 3JIEKTPOMAarHUTHBIM IPUBOJIOM Topmo3 ¢ 3MeKTPOMarHiuTHBIM IpUBOJIOM | YB
MydTa ¢ snekrpoMarHuTHBIM npuBogoM | YC
ONEeKTPOMarHuTHBIN aTpoH YH
WM TUTATA

[TopsinkoBeIE HOMEpA JJIEMEHTAM M YCTPOWCTBaM IIPUCBAWBAIOT, HAYMHAs C
CAVHMIIBI, JUI1 DJIEMEHTOB WIM YCTPOMCTBA OJHOTO BHAA B COOTBETCTBUH C
IIOCJIEIOBATEIBHOCTBIO MX PACIIONIOKEHUS HA CXEME CBEpPXy BHH3 B HallpaBICHUU
cieBa HampaBo. bBykBbl M LU(QpPB NO3UIIMOHHOTO OOO3HAYEHUS BBINOIHIIOT
YepTEKHBIM IIPUPTOM OAHOTO pa3mepa. llociaenoBaTeNnbHOCTh TMPUCBOCHUS
NOPSJIKOBBIX HOMEPOB MOXET OBbITh HapylleHa B 3aBUCHUMOCTH OT pa3MEIICHUS
AJIIEMEHTOB B OOBEKTE, HANIPABJICHUS MPOXOKIACHUS CUTHAJIOB WK (yHKIHOHAIBHOM
MOCJIEIOBATENBHOCTA MPOLIECCAa, @ TAKXKE IPU BHECEHHMH B CXEMY HW3MEHEHUM.
[To3nnroHHbIE 0003HAYEHUS HAHOCIT HA CXEME PSIIOM C YCIOBHBIMU rpadUyECKUMHU
0003HAYEHUAMHU 3JIEMEHTOB U YCTPOMCTB C MPABOW CTOPOHBI WM HAJl HUMHU.

IlepeyeHb 3j1eMEeHTOB

JlanHble 00 d3JIeMEHTaX W YCTpOMCTBaX, M300paXKEHHBIX Ha CXeMe OO0BEeKTa,
3aMKMCHIBAIOT B MEPEUYEHb WM MMOMEUIAOT PSIIOM C 3JIEMEHTaMU Ha CBOOOJHOM I0JI€
cxeMmbl. CBs3b MEXIY YCIOBHBIMU TIpadUyecKUMU OOO3HAUECHUSAMHU U TEpEeYHEM
3JIEMEHTOB ~ OCYILUECTBIIACTCS 4Yepe3 TO3MLIHMOHHBbIE o00o3HaueHusa. llepedenp
NOMEIIAIOT HAa TEPBOM JMCTE CXEMBbl WM BBIIOJHAKT B BHUJIE CAMOCTOSATEIBHOIO
JOKyMeHTa Ha Jjucre ¢opmara A4 C OCHOBHOM HAAMHMCHIO JJSI TEKCTOBBIX
JTOKYMEHTOB (puCyHOK 3.2). B OCHOBHOW HaANMMCH MEPEedYHs I10J]] HAaUMECHOBaHUEM
U3Jlenus, Ui  KOTOPOrO COCTaBJ€H IIEpPEeYeHb, JenaroT 3amuch «llepedeHb
3JIEMEHTOB» IIPUPTOM, HA OJUH-ABA Pa3Mepa MEHBIIUM TOTO, KAKUM 3alHMCaHO
HaMMEHOBaHUE u3zenus. B cooTBeTcTByIOMIEH Tpade OCHOBHON HAAMUCH YKA3bIBAIOT
mndp «I» nepeuns u mudp cxemsl, Hanpumep 1193 — nepeyeHs NPUHIMIHATBHON
CXEMBI.

[lepeuenb 351eMeHTOB 0OPMIISIIOT B BUE TAOIUIIbI, 3aMOTHIEMOM CBEPXY BHU3.
[Ipu pa3menieHn NepeyHs Ha MEPBOM JIMCTE CXEMbI €0 pacloyiaraloT HaJl OCHOBHOM
HAJIIMChIO HAa PACCTOSIHUM HE MeHee 12 MM OT Hee.

[IpooikeHne MepedyHs NOMEIIAOT CJIeBa OT OCHOBHOW HAJIMCH, MOBTOPSS
roJIOBKY Tabnuubl. B rpadax nepeyHs yka3plBarOT CIEAYIOLIUE TaHHBIE:

B r1pade «llo3. OO6o03HauY.» — TO3UIMOHHOE OOO3HAYCHHE DJIEMEHTA,
yCTpOHCTBA WU (YHKIIMOHATBLHOM TPYIIITH;
*B rpade «HammeHoBaHMe» — HaMMEHOBaHUE »dJIeMEHTa (YCTpPOWCTBA) B

COOTBETCTBHUH C IOKYMEHTOM, Ha OCHOBAHUU KOTOPOT'O OH MPUMEHEH, U 0003HaYEHUE
3TOTO IOKyMEHTa (OCHOBHOM KOHCTpYKTOpCcKHid okymeHT, ['OCT, I'Y);

* B rpage «KoJ1.» — KOJIM4ecTBO OAMHAKOBBIX AJIEMEHTOB;

* B rpade «lIpumeuanue» — TEXHUUECKHUE TaHHBIE DJIEMEHTA, HE COJIEpKalHECs
B €0 HAUMEHOBAHUH.
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Pucynok 3.2 — BenomMocTh y3710B YCTaHOBKH 3JIEKTPUYECKOT0 000PYI0OBaHUS HA
cxemax

JlomyckaeTcsi BBOJUTh B TMEpPEUYCHb JOMOJHUTEIbHBbIE Tpadbl, €CIU OHU HE
nyONIUpYIOT CBEACHHUI B OCHOBHBIX Irpadax.

Iopsaok 3anmucH 3J1eMEHTOB B IlepeYeHb

DOneMeHThl 3amuChiBalOT MO rpynmaMm (BuaaMm) B aid(aBUTHOM MOPSIKE
OYKBEHHBIX MO3ULMOHHBIX 0003HaueHU. Eciii Ha cXxeMe MPUMEHSIOT MTO3ULIMOHHBIE
0003HaueHnd U3 OyKB JIATHHCKOTO U PYCCKOTO aj()aBUTOB, TO B MEPEUYECHb BHayaje
3aMKCBIBAIOT 3JIEMEHTHI C MMO3ULIMOHHBIMU 0003HAYEHUSMH, COCTABICHHBIMH U3 OYKB
JaTUHCKOTO andaBuTa, a 3aTeM — U3 OykB pycckoro andasuta. B mpeaenax kaxmaou
IPyIIBl 3JEMEHTHl PacIoiararoT B MOPSAKE BO3pacTaHusl HOMEPOB. JlJI1 BHECEHUS
U3MEHEHUN PEKOMEHIYETCSI OCTABIIATh HECKOJIBKO HE3AIOJHEHHBIX CTPOK MEXIy
OTJICNIbHBIMU TPYNIIAMU 3JIEMEHTOB WM MEKY JIEMEHTaMu B 00JbIIoN rpynmne. Jis
COKpAllleHHsI IIepeYyHsl JIOIyCKAaeTCsd OJHOTHUIIHBIE 3JEMEHThl C OJMHAKOBBIMU
napamMeTpaMM, HMMEIOIIME Ha CXEMe II0CIEA0BATENIbHBIE IOPSIKOBBIE HOMEpA,
3alMChIBaTh B MEpPEYeHb OJHOM CTPOKOM, BMHCHIBAsS B COOTBETCTBYIOUIYIO rpady
TOJILKO  TO3UIMOHHBIE O00O3HAYEHUS C HAMMEHBIIUMU M  HAUOOJBUIMMHU
NopsAKOBBIMU HOMepamu (Hanpumep, R3 — RS). B rpade «Koi. « ykaszsiBaroT oOiiee
KOJIMYECTBO TAKHX AJIEMEHTOB.

[Ipn 3anucu OJHOTHIHBIX 3JIEMEHTOB JOIYCKAETCS HE MOBTOPATh B KaXIOH
CTPOKE HAaMMEHOBaHWE »JJIEMEHTa, a 3alMChbiBaTh €ro B BHJE 3arojioBKa K
COOTBETCTBYIOIIEMY pa3/ielly WM 3aluChiBaTh B  3aroJioBKE  00O3HAUYECHHE
JOKYMEHTOB, HAa OCHOBAaHUU KOTOPBIX IPUMEHEHBI STU 3JEMEHThI. 3aroJOBKH
MOTYEPKUBAKOT TOHKOM CIUIOIIHOM JIMHUEH.

Eciu B cxeMe CII0)KHOTO YCTpPOMCTBA MO3UIIMOHHBIE 0003HAYEHHS MPHCBOCHBI
3JIEMEHTaM B Mpelenax yCTPOMCTB WM OJUHAKOBBIX (DYHKIHMOHAJIBHBIX TPYIII, TO
AJIEMEHTHI, OTHOCALIMECS K YCTpPOHCTBAM U K (YHKIMOHAJIBHBIM TpyIIam,
3alUCBHIBAIOT B IIE€PEUYECHb OTACIBHO. 3alHCh 3JIEMEHTOB, BXOIAIIUMX B KaXa0e€
yCTPOMCTBO ((PyHKUMOHAJIBHYIO TpPYIIy), HAUYWHAIOT C 3aroJioBKa, KOTOPBIN
3anuceiBatoT B rpade «HaumeHoBanue» W mnoauepkuBaroT. Ha onHOM cTpoke c
3aroJIOBKOM  yKa3bIBalOT 0O0IlIee KOJIMYECTBO OJMHAKOBBIX YCTPOMCTB  WIU
(yHKLIMOHAJIBHBIX TPYII, & B COOTBETCTBYIOLIEH CTPOKE — KOJIMYECTBO JIEMEHTOB,
BXOJSIIMUX B OAHO YCTPOMCTBO ((hyHKIMOHAIBHYIO rpymiy). Takoi cnoco0 3amucu
JOIYCKAETCs U 111 HEOJAMHAKOBBIX (DYHKIIMOHAJIBHBIX TPYIII, BXOJIAIIUX B U3JIEIHE.

[Ipy Hanmuuuu Ha CcXeMe DJJIEMEHTOB, HE BXOJAIIUX B YCTPOHCTBO
(pyHKIMOHANBHYIO TPYMIY), 3aM0JHEHUE TIEPEUHsI CIeIyeT HAUMHATh C 3alUCH ATUX
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aneMeHTOB (0e3 3aronoBka). JIJist AIeMEHTOB, HE SBIISIFOIIUXCSI CAMOCTOSITEIIbHBIMH,
rpady mnepeuns «HaummenoBanme» He 3amonHsOT, a B Tpade «IIpumeuanuer
3aMMHUCHIBAIOT MOSICHSIONTYIO HAITUCH WM CChUIKY Ha HAJIIMHACh, TOMEIICHHYO Ha T0JIe
cxembl. Ecii mapameTpsl 2JIEMEHTOB BBHIOMPAIOT MPH PETYIUPOBKE W3IEIHSA, TO Ha
CXeMe W B MepedyHe WX 0003HadarT 3Be3moukoir (R*, C5*), a Ha moie CXEMbI
MOMEIIAIOT CHOCKY /« * Ilombupaercs mpu perynupoBaHum»/. Jlomyckaembie mpH
non0ope mpenenbHble 3HAYEHHUS IapaMeTpPOB 3JIEMEHTOB YKa3bIBalOT B Tpade
«IIpumeuanue» [19-24].
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HPUJIOKEHUE b K PA3JAEJLY 3
Oopa3zen opopmiIeHUS TUTYJIBHOTO JIUCTA KYPCOBOI'0 MIPOEKTA

MHUHHUCTEPCTBO HAYKH 1 BBICHIEI'O OBPA3OBAHUSA POCCUICKOM ®EJIEPAILIANA
OEJEPAJTBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30BATEJIBHOE YYPEXKJIEHUE
BBICHIEI'O OBPA30OBAHUSA
«MOCKOBCKHW MOJIUTEXHUYECKAA YHUBEPCUTET»

YEBOKCAPCKHAA HHCTUTYT 1(I)I/IJII/IAJI= MOCKOBCKOI'O IOJIMTEXHUYECKOI'O YHUBEPCUTETA

Kadenpa TpaHCOOPTHO-3HEPreTUYECKUE CUCTEMbI
Hanpasnenue 13.03.02 - DAEKTpOIHEPTreTUKA U SIEKTPOTEXHUKA

KypcoBoii mpoekT
3alUIIEH C OLIEHKON

I'.M. MuxeesB

(moamuck pyKoBoAUTENS (IIPOEKTa, paboThl))  (MHULUANIBI, (haMUIIHS)

« 202 T.

KYPCOBOM I[TPOEKT

[IpoeKTUpOBaHKE ANEKTPOCHAOKEHUS 3aBOJIa IBETHOW METAJLTYPIrUU
(Tema KypcoBOro npoekTa (paboThl))

IlogcHUTEILHAS 3alIHCKa

IO ANCHUIIJIMHE HDOCKTI/IDOBaHI/IC CHUCTEM 3J'I€KTDOCH36)KCHI/IH

KII 13.03.02.01.000 I13

(0603HaUEHNE TOKYMEHTA)

CTyAeHT rpymiibl Ilerpos .M.
((pamuust, UM, OTYECTBO) (moamuck) (mara)
PykoBoaurens
paboTel_1podeccop I'.'M. MuxeeB
(IOIDKHOCTB, YUEHOE 3BaHNE) (moxnuck) (MHMIMATBL, (haMUIIHs)
Yeboxkcapwr 202
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PA3JIEJI 4 3AIIIUTA KYPCOBOI'O IIPOEKTA

[Topsimok W CpPOKM 3alIUThl KypCOBOTO MPOEKTa Ompeneistorcs Kadeapoid,
BelyIIeH AUCIUIUIMHY, C YYETOM YTBEPKACHHBIX KaJICHAAPHBIX TpadUKoB y4eOHOTO
mpoliecca W COOOINAalOTCs  CTYJAEHTY TpU  BblJade 3aJaHusl Ha KypcOBOE
POEKTUPOBAHHUE.

[1poaOMAKUTENEHOCTD 3alIUTHI KYPCOBOTO MTPOEKTA OJJHUM CTYJIEHTOM He Oosiee
30 MUHYT.

CryneHTaM, YCHOENIHO 3allUTUBIIMM KYypCOBOM TPOEKT, B BEIOMOCTH

BBICTABJISIIOTCSI OTMETKU «OTIMYHOY, «XOPOILO», «YJIOBICTBOPUTEIBHO», a TAKXKE
COOTBeTCTBYIOMME OreHkH 1Mo 100-0ammpHoM mkaie B quanazonax 75—100, 50-74 u
25-49 6annoB ¢ y4€TOM MOJHOTHI U KadecTBa KypCOBOTO MPOEKTa, pe3yJbTaTOB
3aIllUTHI, JOMOJHUTEIbHBIX (AKTOPOB (HANMPUMEP, CUCTEMATUUYECKOTO XapakTepa
paboThI WK, HA0OOPOT, OTCTABAHUS OT CPOKOB BBITIOJHEHHUS MTPOCKTA WIIH PAOOTHI).
B 3a4€THbIE KHM>KKU CTYJIEHTOB HEYIOBJIETBOPUTEIBHBIE OIIEHKH HE IIPOCTABJISIOTCS.

KypcoBbie mpoeKkThl, HE ClIaHHbIE OOYYaIOIIMMHUCS B YCTAHOBJICHHBIE CPOKH
IIPU OTCYTCTBUU YBAXKUTEIbHBIX MPUYHMH WIH MMOTYYUBIIUE HEYAOBIECTBOPUTEIBHYIO
OLIEHKY Ha 3alluTe, MPU3HAIOTCS aKaJIeMUYECKOW 3aJ0JKEHHOCThIO. CTyJIEHTHI
00s13aHbI TUKBUIUPOBATH aKaJEMUUYECKYIO 3a/10JIKEHHOCTb.

CryneHThl, HE MPEICTABUBIIKNE KYyPCOBBIE MPOEKTHl B YCTAHOBJICHHBIE CPOKHU
MPU OTCYTCTBUHU YBAXUTEIbHBIX MPUYUH WIH MMOJYUYUBIIUE HEYJAOBICTBOPUTEIHHYIO
OILICHKY Ha 3allMTe KypCOBOr'O MPOEKTa, K c/laye SK3aMEeHa I10 3TOM JUCUUIUIMHE, KaK
paBuiIo, HE AOMYCKAIOTCS.

JlukBuanus 3a1I0;>KEHHOCTH TI0 KYPCOBOMY MPOCKTUPOBAHUIO MTPOBOIAUTCS B
coorBercTBUM ¢ pazgenom 6 CK OII 01-128 IlomoxeHus O TEKyLIEM KOHTpPOJIE
YCIIEBAEMOCTH U MTPOMEKYTOUYHOM aTTECTALIMK CTYJIEHTOB.
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NDPUIJOXEHHUE

IMPUJIOKEHHUE A

CrnpaBoYHbBI MaTepHAJI K pacyeTy dJIeKTPHYEeCKHX HATPY30K

[Tpunoxenue Al - Koaddumuentsl crnpoca u Ko3PpGUIIMEHTH MOITHOCTH JIJIs

Pa3IMYHBIX OTpaCJIeﬁ IIPOMBIIIJIICHHOCTHU

Koaddurment
[ToTpebuTtens 3MeKTPOIHEPTHH crIpoca | MOIIHOCTH
K. cosQ
1 2 3
1) Kopmyca, nexa, yYCTaHOBKHM OOIIENPOMBIILICHHOIO
Ha3HAYEHMUSsI
PeMoHTHO-MeXaHUYECKHE 0,3-0.4 0,65-0,75
DIIEKTPOPEMOHTHBIE 0,4-0,5 0,7-0,8
e oot e ST 775|705
To e, HO € JIEKTPOJIBUTATENIIMHU BBICOKOTO HAMPSHKEHUS:
a) aCHHXPOHHBIMH 0,75-0,82 | 0,8-0,85
0) CHHXPOHHBIMU 0,75-0,82 | 0,85-0,9
BeHTWISIIIMOHHBIE YCTAHOBKYU U OTOTUJIEHUE 0,65-0,75 0,8
["a3orenepaTopHbi€ CTAaHIIUU 0,5-0,6 0,7-0,8
JluteitHble EXU YEPHBIX METAJUIOB 0,7-0,8 0,7-0,8
JIuTeliHble 11eX1 [IBETHBIX METAJIJIOB 0,7-0,8 0,8-0,9
b110K1 OCHOBHBIX MEXaHOCOOPOUHBIX 11EXOB 0,5 0,75
braoxu BcrioMoraTeabHBIX 1IEX0B 0,4 0,75
[IITaMnomMexaHU4YE€CKUE U TOKApHbBIC 0,3-0,35 0,65-0,8
NHCcTpyMeHTabHBIE 0,3-0,35 0,65-0,8
MexaHn4decKHe U 3arOTOBUTEIBLHBIC 0,3-0.4 0,65-0,75
MeTamioKOHCTPYKIUI 0,5-0,7 0,65-0,75
3aKajgo4yHble C MHAYKIIMOHHBIMU yCTaHOBKaMU 0,7 0,75
Ky3HeuHo-TpeccoBbie 0,5-0,6 0,75-0,8
PemonTHO-TTMTEMHBIE 0,55-0,6 0,8
Ky3HeuHO-cBapoUHbIe 0,6 0,75
MertannonpokaTHbIN 0,7 0,8
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[Tponomkenne npunoxxenus Al

1 2 3
TpaHcnOpTHBII 0,4 0,75
3aroToBUTEIHLHO-CBAPOYHBIN 0,5 0,65-0,75
MoenbHbII 0,35 0,7-0,8
DHeproiexu 0,4 0,7
Tepmuueckue u TepMOOOpyOHBIE 0,7-0,8 | 0,85-0,9
KpanoBas Harpyska, oJJbe MHUKH 0,2-0,3 0,5-0,7
DnekTpocBapka 0,6 0,5-0,6
JepeBooOienouHbIe, CTOSPHBIC 0,35-04 | 0,6-0,8
Masnsipabie, MOJETbHbBIC 0,5-0,6 0,65-0,7
["anpBaHMYeCcKue 0,65-0,75 | 0,75-0,8
JlabGoparopuu 0,5-0,6 0,7-0,9
3aBonoympasieHue, Kb, mpoxoaHsie, KOHTOPbI 0,7-0,8 0,8-0,9
Jermo (3kene3Ho1I0pOKHbIE, TAPOBO3HBIE, TOKAPHBIEC) 0,4-0,5 0,6-0,8
Jleno anmekTpokap 0,5-0,7 0,75-0,9
[Mapaxu 0,3-0,5 0,65-0,8
KotenbHbie 0,6-0,7 0,7-0,8
Ckrazibl OTKPBITHIE 0,2-0,3 0,6-0,7
CkJaibl 3aKpBITHIE, TOTOBOM MPOJYKIIMHA U MAara3uHbl 0,5-0,7 0,8-0,9
CroJioBEIC 0,5-0,7 0,9
Jleco3aBoipI 0,3-0,5 0,7
Jlecocymmnku 0,6-0,7 0,75-0,8
2) 3aBoabI HBETHOI METALIIYPIUHA
Ilex anmekTposur3a 0,7 0,85
Otnen pereHepanuu 0,5 0,8
PaznuBounas 0,4 0,7
Jlaboparopus 0,25 0,7
3) XuMuuyecKkHe 3aB0Abl H KOMOMHATDI
[lex momumepu3anuu 0,5 0,9
[lex rpanynsuuu 0,65 0,8
Ilex xaTanu3auu 0,8 0,65
[lex xumnpenapaToB 0,7 0,75
I"a30BBbIi1 116X 0,6 0,8
[{ex 3alUTHBIX TOKPBITUIA 0,5 0,8
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[Tponomkenne npunoxxenus Al

1 2 3
CymmiibHOE OTIENIEHNE 0,7 0,8
Xumtaboparopust 0,4 0,8
4) TekcTUILHBIE, MeJIaHKeBbIe (PAOPHUKH U KOMOMHATBI
[IpsaaunbHbBIN 1IEX 0,6-0,7 0,75
Txanukoe oTIencHue 0,7-0,8 0,8
KpacunbHoe oTaeneHue 0,7-0,75 0,8
Ot0OenuBaTebHOE OTIEICHUE 0,7 0,7
[ITBeitHOE MPOU3BOCTBO 0,5-0,6 | 0,65-0,7
Otnenounsle 1iexa 0,6-0,7 0,75
CylmIbHBIE OTIEITBI 0,85 0,8
Korenpnas 0,6 0,8
HacochHas 0,7-0,8 0,85
S) ABHaLIMOHHBIN 32aBOJ
[lex oOpaboTku OJI0KOB ABUTATENICH 0.4 0,65-0,7
IL{[;;;;SJ};:SOTKH [IOPIIHEH, WIATYHOB M IIPOYMX JeTaje 0.3-0.4 0.7
I{ex cOOpKHM M UCTIBITAHUS ABUTATEIICH 0,5 0,8
[[ITamMmOBOYHBII LI€X AeTaNel KOpITyca caMoyeTa 0,4 0,6
[IITaMnOBOYHBIN LIEX AE€TANIEH MOKPBITHUS CaMOJIeTa 0,35-0.4 0,8
[{ex nmpon3BOACTBA MEJIKUX ACTANICH 0,35-0.4 0,7
6) IleMeHTHBIE 32aBOABI
[ex npobneHus 0,5 0,8
ChIpbeBOH LIEX 0,6 0,8
OtneneHne ChIPbEBBIX MEITBHHUI] 0,7 0,8
OTtnenenue eMEHTHBIX MEIBLHUI] 0,8 0,85
VYT0oJabpHBIC MEJILHUIIBI 0,7 0,8
Otnenenue o6xura (Ie4Hoe) 0,7 0,8-0,9
CymunbHOE OTIEIeHHE 0,6 0,75
VmakoBouHast 0.4 0,7
DneKTpohUIHTPHI 0,4 0,85
7) depeBooOpadaTbiBaoniasi NPOMbIILJIEHHOCTD
JleconmnnbHOE OTACIICHHUE 0,5-0,55 0,75
OOpaboTka IpeBECUHBI 0,4-0,5 0,7
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[Tponomkenne npunoxxenus Al

1 2 3

bi1ok cymmiabHBIX Kamep 0,6 0,8
[IpokineitHoe oTeNieHne 0,6 0,75
[IpousBoicTBO MeOeH 0,28-0,35 0,6
ManspHsblii 1iex 0,4-0,55| 0,5-0,6
8) [InmeBast U MACOMOJIOYHAS IPOMBILNLICHHOCTH

Cxknaapl ChIpbs U MIPOYKLIUH 0,4-0,45 0,8
[lepBuunas 06padoTKa MPOIYKIIUU 0,5 0,7-0,8
CylIAIBHO-OYUCTUTEIBHBIE OTACICHUS 0,65-0,75 0,75
IIpounsBoacTBa caxapa 0,5 0,75
X0JIOAUIIbHBIE CTAaHIIUU 0,75 0,8
MenbHUIIBI 0,8 0,75-0,8
KoHcepBHBIE KOMOMHATHI 0,35 0,7
[IepepaboTka BTOPUYHOTO CHIPbS 0,45 0,75
Macnoceip3aBoibl 0,4 0,75
KonbacHoe npon3BoacTBO 0,35 0,8

[Tpunoxenue A2 - KoadduimeHTsl UCTIONB30BaHUS U MOIITHOCTH HEKOTOPBIX

NOTpeOuTENeH DIIEKTPOIHEPTUU

Koa¢pdpuument
[ToTpebuTens 3MeKTPOIHEPTUN MCTIONB= 1\ oimmocTw
30BaHM
) cosQ
1 2 3

DIEKTPOABUTATEIN BRICOKOTO HANIPSDKESHUS
a) aCUHXPOHHBIC 0,7-0,8 0,8-0,9
0) CHHXpOHHBIC 0,7-0,8 0,85-0,9
JIyroBble cTanerniaBuiIbHbIC MTeYn 0,6-0,75 0,9
JIureiitHple yCTAaHOBKU
a) YepHBIX METAIJIOB 0,5-0,7 0,7-0,8
0) LIBETHBIX METAJLJIOB 0,6-0,7 0,8-0,9
PynHo-Tepmuyeckue neuu 0,8-0,9 0,9
NHIyKIIMOHHBIE YCTAHOBKU BBICOKOI'O HAIIPSIKEHUS 0,6-0,7 0,9
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ITpunoxenue A3 - Pacuer aeKTpUYECKUX HArPY30K MPEANPUATHUS

2Py

PacyeTHbI€ BEIMYMHBI

Haumenosanue nexa n "B Ke | cosp | tgp Py, Oy, S,, kBA
KBm Keap
1 2 3 4 5 6 7 8 9

Coopounwtii yex
a) cuioBas 180 | 950,00 | 0,50 | 0,75 | 0,88 | 475,00 | 418,91 633,33
0) ocBereHrE 314,56 [ 095| 0,5 | 1,73 |298,83 | 516,98 | 597,13
Hmozo no 0,4 kB 1264,56 773,83 | 935,89 | 1214,37
Momopnbwtii yex
a) cuioBas 65 | 720,00 | 0,50 0,75 | 0,88 | 360,00 | 317,49 | 480,00
0) ocBereHNE 247,73 [095| 0,5 | 1,73 | 235,34 | 407,14 470,27
Hmozo no 0,4 kB 967,73 595,34 | 724,63 | 937,83
Hncmpymenmanwhotit yex
a) cuioBast 52 | 600,00 |035]| 0,75 |0,88 | 210,00 | 185,20 | 280,00
0) ocBereHrE 129,44 095 | 0,5 | 1,73 12297 | 212,73 | 245,72
Hmozo no 0,4 kB 729,44 332,97 | 397,94 | 518,87
Jlumeiino-mepmuueckuii
uex
a) cuioBast 62 | 1380,00 | 0,70 | 0,80 | 0,75 | 966,00 | 724,50 | 1207,50
0) ocBereHNE 85,31 095 0,5 1,73 | 81,04 140,21 161,95
Hmozo no 0,4 kB 1465,31 1047,04 | 864,71 | 1357,95
Ky3neunwtit yex
a) cuyoBast 42 | 1350,00 | 0,50 | 0,75 (0,88 | 675,00 | 595,29 | 900,00
0) ocBelleHNe 125,34 {095 0,5|1,73 | 119,07 | 206,00 | 237,93
Hmozo no 0,4 kB 1475,34 794,07 | 801,29 | 1128,10
Cmonosasn
a) cuyoBas 26 | 480,00 | 0,700,990 (048 | 336,00 | 162,73 | 373,33
0) ocBelleHNe 7898 1090 0,8 |0,75| 71,08 53,31 88,85
Hmozo no 0,4 kB 558,98 407,08 | 216,04 | 460,86
Komnpeccopnas,
HacocHasn
a) cujoBas 25 | 310,00 | 0,70 0,85(0,62| 217,00 | 134,48 | 255,29
0) ocBeleHNE 78,65 1095(1098| 0,2 | 74,72 14,94 76,21
Hmoczo no 0,4 kB 388,65 291,72 149,42 327,76
C110kB 4 | 2520,00 | 0,80 | 0,85 0,62 | 2016,00 | -1249,40 | 2371,76
Hapysicnoe oceeujenue 1 202,64 | 1,00 {098 | 0,2 | 202,64 40,53 206,65
Hmozo no 3a600y 9572,65 | 0,67 | 091 | 0,44 | 6460,69 | 2881,05 | 7073,96

P! =4444,69 kBm;
SP; =2016 xBm;

K,=09;

20, =4130,45 keap;

ZQf7 =—1249 ,4 keap;
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P,y =0,9(4444,69 +2016 ) =5814,62 kBm;

O,s =0,9(4130,45 -1249,4) = 2592 ,95 keap ;

S,y =~/5814,622 +2592,95% =6366,57kB- 4;

P'p =0,9(4444,69 + 2016 —2016 ) =4000,22 xBm ;
2592,95
g0 =
5814,62

=0,44

Q’p =4000,22-0,44=1760 xsap;

S, =/4000,222 +1760% =4370,28xB- 4;
AP, =0,02-4370,28 =87,41xBm; AO,, =0,1-4370,28 = 437,03x6ap;
P,,,=5814,62+87,41 =5902,03 xBm;

O, np =2592,95+437,03 =3029,98 keap ;

S, p =/3902,032 +3029,98 =6634,36xB- A.
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INPUJIOXKEHUE b
YaejabHble MOITHOCTH U KOG PUIHEHTHI CIPOCA OCBETUTEIbHBIX

YCTAHOBOK
[Tpunoxkenne bl -  VYiaenbHble  MOIIHOCTA  HArpy30K  OCBEIICHUSA
MIPOU3BOJACTBEHHBIX 3/IAHUN
[InoTHOCTH
[110THOCTE Harpysku, Bm/m’
Hctoununk
HaumenoBanue 1iexa, kopiryca Harpy3KH, cBeTa npu
Bm/m? WCIIOJIB30BaHUH
LED mamn
1) JIuteitnpic U TIaBUIIHHBIC 15-17 JAPJI, 1PN 8-10
2) Mexanudeckue U COOpOYHBIC 14-16 JPJI, IPA 8-10
3) CBapounbie, TEePMHUYECKUE H 15-17 JIPJL, JIPU 210
METaJUIONPOKATHHIE
4) UncTpymMeHTaIbHbIE 19-21 JAPU, IPJI 10-12
5) JepeBooOpabaTriBaronIne U MOJICTbHBIC 17-19 JPJI, APU 8-10
6) biroku BCcrioMoraTenbHBIX IIEX0B 13-15 JPJI, 1PN 8-10
73 JUL,
aBOJIOYTPABIICHUE, WHXCHEPHbIE 210 DHeprocte- 6.7

KopIyca, JlabopaTopuu

peraronue

AP,

8) HacocHble, KOMITpECCOPHBIC, KOTEIbHbIE 12-15 OueprocoOe- 8-10

peraroiue
9) Cxnanbl 8-10 JPJI, JUI 2,5-4
10) Hapy:xHoe ocBelieHue 0,5-1,0 JPJI, JHaT 0,25-0,5

[Tpunoxenue b2 - KoadgduuneHTsl cipoca 0CBETUTEIBHBIX HATPY30K

Haunmenosanue o0bexkTa K.
1) Menkue npous3BoicTBEHHbIE 30aHus F<500 M 1,0
2) [Ipou3BOACTBEHHBIE 3/ITaHUS], COCTOSIINE U3 OTACIIbHBIX
3 0,95

oosbiux nposetoB F>1000 u
3) AAMUHUCTpATUBHBIC 3/1aHUs, OMOTUOTEKHU U MIPEATIPUSTHS 0.9
OOIIECTBEHHOTO TUTAHMUS ’
4) ITpon3BOACTBEHHBIE 3/1aHUS, COCTOSIINE U3 HECKOJIBKUX

> 2 2 0,85
oTaeNbHBIX ToMemeHuit F>500 <, 1o < 1000 m
5) JlabopaTtopHbi€ U KOHTOPCKO-OBITOBBIC 37aHUs, JIETCKUE U 0.3
y4eOHbIE yUpEKICHUS ’
6) Cxnajackue 31aHusl, pacipeiesIuTeNIbHbIE YCTPOUCTBA U 0.6
MMOACTaHIINU ’
7) Hapy»xHoe 1 aBapuitHOE OCBEIIICHHE 1,0
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[Tpunoxenue B1 - [{Tanasie KPY u KCO

MNNPUJIOKEHMUE B
TexHuveckue JaHHbIE 000PYI0BAHUS U TPOBOIHUKOB

KPY
HanmeHnoBanue napametpa M1-10.203 .63 V3 D-12P KCO-2000
«Knaccukay
E];))MI/IHaIIBHOG HaIpsDKEHHUE, 6, 10 6. 10 6. 10 6. 10
) 630, 1000, 630, 1000, 630, 1000,
HoMmuHanbpHBINA TOK TJIaBHBIX 1600, 1600 1600, 630. 1000
memnei, kA 2000. 2500. 2000. 3 150 2000, 2500, ’
3150 ’ 3150, 4000
HomMunansHBIN TOK
OTKJIIOUCHUS  BBIKJIFOYATEIIS, 12,5, 20, 31,5,
BcTpoeHHoro B KPY u KCO, 20 20,31, 40, 50 20
KA
Tok TEPMUYECKOU 20, 31,5, 40,
CTOMKOCTH, KA 20 20,315 50 20
Tok  3reKTpOAMHAMHYECKON
CTOMKOCTH TJIABHBIX IICTICH, 51 51, 81 51, 81, 125 52
KA
HoMunanbHOE€  HampsbkeHue
BCIIOMOTAaTEIbHBIX Liene, B
IMIOCTOSTHHOTO TOKa 110, 220 110, 220 220 110, 220
TIEPEMEHHOI0 TOKA 220 220 220 220
Tun BeIKIIOYaTENIEH BaKyyMHBII BaKyyMHBII BAKyyMHBII | BaKyyMHBIN
Ha Tok 10 1600 A BB/TEL-10 BB/TEL-10 BB/TEL-10 | BB/TEL-10
BBKD-10 Bb-10 VD4
BBY-COIII- EVOLIS
10
3JIETa30BbIN 3JIETa30BbIM
VF-12 9JIETa30BbIN VF-12
VF-12
Ha ToK 110 3200 A 3JIETa30BbIH 3JIEra30BbIH
VF-12 3JIETa30BbIN VF-12
VF-12
TOJI-10; TOJI-10; TOJI-10; TOJI-10;
Tun pancopmatopa Toxa TJII-10 TJILI-10 TJILI-10 TJILI-10
HOJI.08; HOJI.08; HOJI.08; HOJI.OS;
HOJI.06 HOJIL.06 HOJI.06 HOJI.06
Tun Tpancdopmaropa TAMIL10:
HaIpsKEHUS HAMMU-10; HAMMU-10; HAMMU-10; HAMUT- ’
HAMMUT-10 HAMMUT-10 HAMMUT-10 10
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[Tpunoxxenue B2 - TexHuueckue 1aHHbIE KOHAECHCATOPHBIX YCTAHOBOK

Hucno cryneHen

Tun KY U.on, KB Oion, K8ap peryIupoBaHus
MOIITHOCTH
1 2 3 4

KPM-0,4-12,6-1,8 Y3 0,4 12,6 1,8-3,6-7,2
KPM-0,4-19,8-1,8 Y3 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 Y3 0,4 324 3,6-2x7,2-14,4
KPM-0,4-34,2-1,8 V3 0,4 342 1,8-3,6-2x7,2-14,4
KPM-0,4-39,6-3,6 Y3 0,4 39,6 3,6-7,2-2x14,4
KPM-0,4-46,8-3,6 Y3 0,4 46,8 3,6-2x7,2-2x14,4
KPM-0,4-54-3,6 V3 0,4 54 3,6-7,2-3x14,4
KPM-0,4-64,8-7.2 V3 0,4 64,8 7,2-4x14,4
KPM-0,4-75-7,5VY3 0,4 75 7,5-15-22,5-30
KPM-0,4-105-7,5Y3 0,4 105 7,5-15-22,5-2x30
KPM-0,4-125-7,5Y3 0,4 125 7,5-15-22,5-30-52,5
KPM-0,4-150-15V3 0,4 150 15-30-45-60
KPM-0,4-180-15Y3 0,4 180 15-30-60-75
KPM-0,4-200-15 VY3 0,4 200 15-30-60-90
KPM-0,4-225-15V3 0,4 225 15-30-60-120
KPM-0,4-240-30 V3 0,4 240 2x30-3x60
KPM-0,4-300-30 Y3 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-0,4-375-37,5V¥3 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-0,4-525-52,5V¥3 0,4 525 52,5-52,5-4x105
KPM-0,4-600-60 V3 0,4 600 60-60-4x120
KPM-0,4-675-67,5 Y3 0,4 675 67,5-67,5-4x135
KPM-0,4-750-75 V3 0,4 750 75-75-4x150
KPM-0,4-825-82,5 V3 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 VY3 0,4 975 97,5-97,5-4x195
KPM-0,4-1050-105 VY3 0,4 1050 105-105-4x210
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[Tponomkenne npuitoxxenus: B2

1 2 3 4
VKPM-6,3 (10,5)-300 6,3 (10,5) 300 2x150
VKPM-6,3 (10,5)-450 6,3 (10,5) 450 300-150
VKPM-6,3 (10,5)-600 6,3 (10,5) 600 2x300
VKPM-10,5 (6,3)-900 6,3 (10,5) 900 2x450
VKPM-6,3 (10,5)-1350 6,3 (10,5) 1350 3x450
VKPM-6,3 (10,5)-2250 6,3 (10,5) 2250 5x450
VKPM-6,3 (10,5)-3150 6,3 (10,5) 3150 7x450

[Ipunoxenne B3 -
TIOMUHUEBBIMU XKunamu, Om/km

VY nenbHbIC COIIPOTHUBJICHHUA

KaOCIBHBIX  JIMHUHI

C

WNHayKTUBHBIE CONPOTHUBIICHUS
Ceuenue AKTHBHOE Kabennb ¢ 6ymaxHoi E;g?jﬂ; )I; ;gﬂﬁoigg
JKUIIBL, MM° | COITPOTHBIIEHHE U30JIALIEN H3OJISIHI/II; ﬁﬂ
6 kB 10 kB 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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[Mpunoxenne B4 — Texuuueckue naHHbIe TpeXpazHbIX
tparcopmatopoB 6-10 - 35-110 kB

JIBYXOOMOTOYHBIX

Tun MOIIHOCTB, Ijg;gfzfl{g U, P, P, I,

TpaHnchopmaTopa kB-A B : T % | kBm | xBm %

1 2 3 4 5 6 7 8
TM-400/10 400 6,3-10,5 0,4 5,5 1,1 5.9 2,5

TM-630/10 630 6,3-10,5 0,4 5,5 1,7 8,5 2
TM-1000/10 1000 6,3-10,5 0,4 55 | 245 11 1.4
TM-1600/10 1600 6,3-10,5 0,4 55 | 33 16,5 | 1,3
TM-2500/10 2500 6,3-10,5 0,4 55 385 235 | 1,0
TMH-6300/110 6300 115 6,3-11 | 10,5 | 13 50 1,0
TJH-10000/110 10000 115 6,3-11 | 10,5 | 18 60 0,9
TH-16000/110 16000 115 6,3-11 | 10,5 | 26 85 0,85
TPIH-25000/110 25000 115 6,3-11 | 10,5 | 36 120 | 0,8
TPIH-32000/110 32000 115 6,3-11 | 10,5 | 44 145 | 0,75
TPIH-40000/110 40000 115 6,3-11 | 10,5 | 52 175 | 0,7
TPAIIH-63000/110 63000 115 6,3-11 | 10,5 | 73 260 | 0,65
TPAIIH-80000/110 80000 115 6,3-11 | 10,5 | 89 315 | 0,6
TMH-1000/35 1000 35 0,4 6,5 | 2,1 122 | 14
TMH-1600/35 1600 35 0,4 6,5 | 2.9 18 1,3
TMH-1600/35 1600 35 6,3-11 | 6,5 | 29 | 16,5 13
TMH-2500/35 2500 35 6,3-11 | 6,5 | 41 | 23,5 | 1,0
TMH-4000/35 4000 35 6,3-11 | 7,5 | 53 | 33,5 | 0,9
TMH-6300/35 6300 35 6,3-11 | 7,5 | 80 | 46,5 | 08

[Ipunoxenne BS — TexHudeckne NaHHBIE OTPAHUYUTEINICH NEPEHAIPSIKEHUS

(OITH)
Kiace Hambonee HomunanbHabIi
Tun orpannuuTene HAIPSKEHUS, JUITEIIBHO pa3psAIHbINA
B JOITyCTUMOE oK. KA
HanpsbDKeHUe, kB ’

OIIH 35/40,5-10 YXJI1 35 40,5 10
OIIH/TEL 35/40,5 YXJI1 35 40,5 10
OIIH/TEL 110/78 YXIJI1 110 78 10
OITH/TEL 110/73 YXJI1 110 73 10
OITH 110/80-10 YXJI1 110 80 10
OITHHm-110/56-10 YXJI1 110 56 10
OIIHH®-110/56-10 YXJI1 110 56 10
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[Ipunoxenne B6 -
CTaJICATIOMUHUEBBIX POBOJIOB

AKTHUBHOE n PCAKTHBHOC COIIPOTUBJICHUC

COHpOTI/IBJIeHI/IC CAUHUIBI IJIMHBI, Om/km

Mapxka nmpoBoja
AKTUBHOE VHJIYKTUBHOE
AC35 0,9 0,43
AC 50 0,65 0,42
AC70 0,46 0,41
ACO95 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
HNPUJIOKEHUE I

K03(l)(l)HHI/IeHTbI AJIA pacdyeTa TOKOB KOPOTKOI'O 3aMbIKaAHUA

[Tpunoxenue I' - Cpeguue 3HaYEHUS OTHOIIEHUS Xy /7'y TIOCTOSIHHOW BpemeHu 1,
U yJIapHoro kos¢gduuueHta k,y IS XapaKTEpHBIX PaJUaIbHBIX BETBEU CHCTEMBI
AJIEKTPOCHA0XKEHUSI HANIpshHKEeHUEM Bblle 1 kB

Cxema T%Ka Bersn xs/rs | Ty kyo
K1 | OHeprocucrema 10 0,03 1,72
K2 | DOueprocucrema u BJI 110-220 kB 15 0,05 1,8
G5 (no) DHeprocucreMa u ] )
] éKl K3 | tpanchopmarop I'TITT 25-80 35-50 %1126 11’993
L MBAu _
] 7éKZ JInnelHbI peakTop
K4 | Lion> 114 72 0,23 1,96
Tl @ Lon< 0,63 kA 35 0,11 1,91
£ K3 Tpancdopmarop 10(6)/0,4- 0,02-
S ) K5 0,69 kB 6-10 0,03 1,6-1,7
T2 KL Kab6enbHas munus 10(6) kB
K5 j#m & mmaon 200-300 m 3 0,61 14
ACHHXPOHHBIN AIIEKTPOJIBUTaTEIb 13 0,04 1,6
© M K6 | CHHXPOHHBIHI JIEKTPOIBUTaTEb
MOIITHOCTBI0, MBT:
mo 1,6 16 0,05 1,8
2-4 22 0,07 1.9
BRIIIC 4 32 0,10 1,9
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HPUJTOXEHUE /|
I'opoBoe 4K C/10 YaCOB HCIOJIB30BAHUA MAKCUMYMA HAIPY3KH U IKOHOMHYeCKast
IVIOTHOCTH TOKA

HpI/IJIO)KeHHe ]_—[1 - FOI[OBOG YKUCJIO 9aCOB UCIIOJIB30BAHNA MAKCUMYyMa HAT'PY3KHU 110
oTpacisiM

[Ipennpusitue T, u Ty, u
AHUIIOKPACOYHBIE 3aBOJIbI 7100 -
Hedreneperonnsie 3aBoibl 7100 -
3aBO/IbI TSYKEJIOTO0 MAIIMHOCTPOCHUS 3370 4840
3aBO/JIbl CTAHKOCTPOCHHUS 4345 4750
HNHcTpyMeHTanbHbIE 3aBOIBI 4140 4960
3aBoAbI IIAPUKONOAIIUITHUKOB 5300 6130
ggl(a)gz;;or;i;zMHo-TpchnopTHOFO 3330 3330
ABTOTPaKTOPHBIE 3aBO/IbI 4960 5240
S
[Tpubopocrpoenue 3080 3180
ABTOPEMOHTHBIE 3aBO/IbI 4370 3200
BaroHopeMoHTHBIE 3aBO/bI 3560 3660
DIIEKTPOTEXHUUECKHUE 3aBOIbI 4280 6420
A30THO-TYKOBBIE 3aBO/IbI 7000 -
Pa3znbie MeTanmnooOpadbaThIBaroIne 4355 5330

3aBOJIbI




ITpunoxenue /2 - DkoHOMHYECKas INIOTHOCTh TOKA

DKOHOMUYECKAs IUIOTHOCTH TOKA, A/MM?,
P YKCJIIC YaCOB UCIIOIb30BaHUS

[TpoBoaHMKH MaKCHMYyMa Harpy3Ku B roji
S| G 0 s i
1 2 3 4
HewnzonupoBaHHbi€ MPOBOJA U ILINHBI:
MEJIHBIC 2.5 2,1 1,8
AIIOMUHHEBBIC 1,3 1,1 1,0
Kabemn ¢ OymaxxkHol U TpoBoja ¢
PE3MHOBOW W  MOJMBUHWIXJIOPUIHON
M30JISIIIUEH U KUJIAMU:
MEIHBIMH 3,0 2.5 2,0
ATFOMUHUEBBIMHA 1,6 1,4 1,2
KabGenu ¢ pe3nHOBOM M MIacTMacCcOBOM
U30JISALMEN C KUIIAMHU:
MEJTHBIMH 3,5 3,1 2.7
AJTFOMUHUEBBIMH 1,9 1,7 1,6
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MHNPUJTOXEHHUE E
HomorpaMmsl 1 iuarpamMmbl 1J1s1 IPUOJIM3UTEIHHOTO OTIpe/ie/IeHus
PAIIMOHAJILHOTO HANIPSIKEHNSI 3JIEKTPOCHAOKEHU S

[Ipunoxenne EI - Homorpammsl s OpUOIUM3HTEIBHOIO  ONpPENEICHUS
PAlMOHAIIBHOTO HAINPSDKEHUST 3JIEKTPOCHAOKEHHS B 3aBUCUMOCTH OT IE€pegaBacMoi
MOIIHOCTH S, ¥ IJIMHBI IUTAIONIEH JTUHWUH [

a) ¢ Tpanchopmanmeit Ha 10 kB; 6) ¢ Tpancopmanueli Ha 6 kB

110/10 = =
" \_L N \
NG
40
20
Js5/a
20;70 | T =tOMBA|
—L/ ' Y
19/10 ’ ] 5
a)
170/6 [ 1=
[ \\\ 62\ 700(
40 80
5 7 Sp=1OMB-A
35/6 A 2 JV ;
20/ —+ NS
8/6 =2 Z-

g T 2 3 % § 6 7 & § 10 20 30 40 S0 60 77 80 90 xm
6)
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[Tpunoxenue E2 - CpaBHHUTENbHbIE [OHAarpaMMbl IPUBEJIEHHBIX 3aTpaT Ha

ANEKTPOCHAOKEHUE MPEANPUITUIN 3aJaHHOM MOIIIHOCTH B 3aBUCUMOCTHU OT HAIPSKEHUS
u yaaneHHoctu ot UIL: a) 9 MBm; 6) 14 MBm; B) 22,5 MBm; 1) 35 MBm

3, tuit. pyd.
200
50 220/75%8
150/35
1o/ 35
100 ¢
250 | z20/110
330/110 220/110
200 330/170
35
ne
150 7 150725
116/ as
100 30
50 1 L1

5 J0 75 20 25 30 ISLpm

8 1 3 ¥ 1 3 3

5 10 J5 20 25 50 IS4

a) 6)
T LPH& Sroepyd. ;
sook
460k 500
w20} 480
J80 - 00
wor 750
Jool
B 100
250 |
i d’ I30/110
220 - 220/r1a 7 220/1¢
180 p 339/710 - w0l
10 W 50 5
me LT, 00 L
B) r)
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HPUJIOKEHUE K
Texnnuyeckue XapakTepUCTHKH pacnpeaeJuTeJbHbIX IIKA(OB U SIIUKOB €
PYOMIILHUKAMU

Ta6muma XK1 — Illkadgsl HaBecHbIE pacnpeneauTeIbHbIC IS CUITOBBIX

yCTaHOBOK nepeMenHoro toka [TP8501 — 1000

Howmep cxemsl mikaga npu HOMHUHaIBHOM TOKe 630 A

Uricio ¥ TUII BEIKJIIOYATEIEN Ha

Oe3 C BBIKJIIOYATEJIEM Ha BBOIC o
BBIKJIIOUATENEH BAS51-31 BAS5I1-35
Ha BBOJIE C C pacIenUTeNsIMHI Ha TOKH
BAKIMAMI BAS51-39 BA55-39 BA56-39 16100 A 100250 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
Tabmuua K2 — Illkadsl pacnpeaenurTenbHble AJi  CHIOBBIX YCTaHOBOK
nepeMernHoro Ttoka IIP11 ¢ aBromarmueckummn Beikmrouarenssmu cepun AE2046,
AE2066
HomMunanbhbIii KonungectBo
Tun mkada npu UCoMHEHUH | TOK Kada, [, Tun BbikTiOHaTeNs Ha JIMHENHBIX
A BBOAe BBIKJIFOUATEJIEH
HaBCCHOM HaI1t0JIbHOM
1 2 3 4 5
Ikadwi c muaeiiHbIMEU BhIKITIOUaTensiMu AE2046
[1P11-3047 - - 2
[TP11-3048 - 100 AE2066 2
ITP11-3053 - - 4
MP113054 |- 230 A3726 BY3 5
ITP11-3059 - - 6
ITP11-3060 - 250 A3726 OVY3 6
ITP11-3067 - - 8
ITP11-3068 - 250 A3726 OVY3 8
I1P11-3077 [1P11-7077 - 10
I1P11-3078 [1P11-7078 250 A3726 ©Y3 10
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[Iponomxenne npuitoxxenus K2

1 2 3 4 5
I1P11-3089 - - 6
ITP11-3090 A3726DY 3 nnun 6

400 A3796HY3
ITP11-3090 - A3726DY3 nnn 6
A3796HY3
I1P11-3097 - - 8
ITP11-3098 - 400 A3726DY3 nnn 8
A3796HY3
I1P11-3107 - - 10
I1P11-3108 - 400 A3726DY3 nmm 10
A3796HY3
Hkads! c nuHeliHbIME BbIKIItOUaTesiMu AE2066
I1P11-3117 - 250 - 4
I1P11-3118 - A3726 ®Y3 4
I1P11-3119 ITP11-7119 400 - 6
I1P11-3120 I1P11-7120 A3736DY3 nnu 6
A3796HY3
I1P11-3121 ITP11-7121 630 - 8
I1P11-3122 [1P11-7122 A3736DY3 nnu 8
A3796HY3
- ITP11-7123 630 - 12
ITP11-7124 A3736DY3 nnn 12
A3796HY3

Tabmuua X3 - Amuku onHoduaepHble ¢ pyOMSIBHUKAMU WM TaKETHBIMU
BBIKJIFOYATESAMU J1s1 HanpspkeHus 10 380 B nmepemenHoro toka u 220 B mocTossHHOTO
TOKa

HomunanbHbIM TOK, A
Tun Amnmapartypa Hcnonuenne
AIMKAa | TJIABKUX BCTaBOK
1 2 3 4 5
SAPB-6113 TpexnontocHbIN 100 -
SIPB-6114 pyOUITBEHUK 200 -
SIPB-6123 TpexmorocHbIH 100 60, 80, 100
PYOHMIBHHK U TPH 100, 125, 160, [Te11e6pshI3ro-
APB-6124 npenoxpanurens [1P-2 200 200 3alUIIEHHOC
SAPBM-6122 TpexnonrocHsIN 60 60 P54
SIPBM-6123 PYOHITbHUK 1 TPH 100 100
MIPEAOXPAHUTEIIS
SIPBM-6124 TH-2 200 200
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ITponomxenne npuiioxenus JK3

1 2 3 4 5
AB3-31 TPeXIIOIIOCHBIIT 100 60, 80, 100
AB3-32 pPYOMIBHUK U TPU 200 100, 125, 160, 200
SIB3-33 npepoxpaunurens [1P-2 300 200, 225, 260, 300 3axpbiToe
SBII3-15 TPpeXIOIOCHBII 15 6,10, 15 (3aLMILEHHOE :
AKeTHLIH C YIIOTHEHUEM
SIBII3-60 BBIKJIIOYATEIb U TPU 60 15,20,25, 35, 45,
npenoxpanurens [1P-2 60
TpexmnomtocHbIN OJIOK
ABII-1 «IIpenoxpanurens- 100 30, 40, f (()) (’) 60, 80,
BBIKJIIOYATEIIb)
ABIIBY-2 To xe 200 80,100,120,150,200
AbIIBY-4 To xe 350 200, 250, 300, 350
TpexmonrocHbIN 3armmenHoe
SAPII-20 PYOMIIBHUK U TPH 20 20
npenoxpanurens E-27
TpexnomroCcHbII
ATI-15 nyckarens [IHB-30 u 12.5 15
TPH NPEIOXPAHUTENS ’
E-27
ABIII3-25 TpexmorocHbIN 25 - 3aKkpsITOE
ABIII3-60 PYOHMIIBHHK 1 60 - (3amuiieHHoe
SBILI3-100 LITETICENIbHBIN Pa3beM 100 - C YIUIOTHEHHEM)

93




TexHn4YecKue XAPaAKTEPUCTUKU alllIapaToB 3alllUThI

IMPNJIOXKEHUE U

Tabnuna U1 - Texauyeckue naHHbIe NPEJOXpaHUTENCH

Tun Homunansnsiii HomunHanbeHb1 TOK [IpenenbHbIN TOK
IPEIOXPAHHUTEIIS TOK narpona I, A IUIABKOW BCTABKM [y nrec, A | OTKIIOUCHUS, KA
HITH-60M 60 20, 25, 35, 45, 60 -
ITH2-100 100 30, 40, 50, 60, 80, 100 50
ITH2-250 250 80, 100, 120, 200, 250 40
ITH2-400 400 200, 250, 300, 350, 400 25
ITH2-600 600 300, 400, 500, 600 25
ITH2-1000 1000 500, 600, 750, 800, 1000 10

Tabnuna 12 — Texnuyeckue qaHHble aBTOMaTHYECKUX BhIKitouarenen cepun AE2000

N [Ipenensr
HomuHanbHbIN TOK IIpenenbHas
Homu- YcraBka pEryIupoBa-
TEIJIOBBIX U KOMMYyTa-
HaJlb- cpabaThIBaHMsI TOKA| HUS MO TOKY
Tun . KOMOMHUPOBAHHBIX MOHHAA
HBIU TOK, . OTCEYKH B cpabaThIBaHUS
pacuenureneu, Ly pacy, CHOCOOHOCTb,
L, A 4 KPaTHOCTH K [y pacy | TEILIOBOTO A
pacuenuTes
BBIKJTIOUATENIN ¢ KOMOWMHUPOBAHHBIMH PACUEITUTEIISIMHU
0,3;0,4;0,5; 0,6; 0,8; 0.7
1,0; 1,25; 1,6 ’
AE2026 16 7:75:315:4-5. 63 12 0,9—-1,15 1.0
8; 10; 12,5; 16 2
0,6;0,8; 1,0; 1,25; 0.8
1,6;2:2,5;3,15;4 ’
AE2036 25 5.63:8:10; 12,5 12 0,9—-1,15 15
16; 20; 25 4,5
10; 12,5 2
AE2046 63 16; 20; 25 12 0,9—-1,15 2,5-3
31,5;40; 50;63 6
16; 20; 25 3
AE2056 100 31,5; 40, 12 0,9-1,15 6
50; 63; 80; 100 9
16; 20; 25
AE2066 160 31,5; 40;50,63 12 0,9-1,15 3-6
80; 100; 125; 160
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Ta6nuna 13 — Texuuueckue nannsie cepun BAS1, BAS2, BA74 u np.

H HomuBaasHBIN TOK YcraBska o [IpenenbHas
OMH- pacuenuTens ¢ ¥ cTaBKa BPEMEHHU KOMMYTAaI[MOH-
Tun Hath- 00paTHO3aBUCUMON CpadaTbIBaHHs TOKa cpabarbIBa- Hasl
HL;H T;K’ XapaKTEPUCTUKOM, OTCCHIH B HMS B 30HE CITOCOOHOCTb,
s L pacu, A KPAaTHOCTH K Ly pacy K3, c oA
BBIKJTIOUATENIM ¢ KOMOMHUPOBAaHHBIMH PACIEITUTEIISIMU
0,3; 0,4; 0,5; 0,6; 0,8; i - 3
BASII-25 1,0; 1,255 1,6
25 2,0;2,5;3,15;4,0;5 - - 1,5
6,3;8,0;10; 12,5 2
BA51-25 16:20: 25 7; 10 38
6,3; 8,0; 2
BASI-31 10; 12,5; 2,5
100 16; 20; 25; 3;7; 10 3,8
BASII-31 31,5; 40; 50;63; 6,0
80; 100 7,0
BA51-33 80; 100; 125; 160 12,5
BASIT-33| 16V 10
80; 10
BAS51-35 250 100; 125; 12 8
160; 200; 250 6
BA51-37 400 250; 320; 400 10 25
BAS51-39 630 400; 500; 630 10 35
BBIKJTIOUATENN C MOJYTTPOBOIHUKOBBIMU PACIICTUTEIISIMU
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 20005 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 -
BA52-39 630 250; 320; 400; 500; 10 -
630
BA53-43 1600 1000; 1280; 1600 2,0; 3,0; 5,0; 7,0
BAS55-43 1600 1000; 1280; 1600 2,0;3,0;5,0;70 | 0,1;0,2;0,3
BAS85-41 1000 | 250;400; 630; 1000 | 2; 3,0; 5,0; 6,0; 7,0 | 0,1;0,2; 0,3
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Ta6muna M4 — ABromatuueckue BoikirodaTesnu cepun A3700

HommunaneHbBIN TOK, A

YcraBku 110 TOKY

YcTaBku 110 TOKY cpaOaTbIBaHUS,

" HomuHansHBIN TOK cpabaThIBaHMs A
CITOJTHEHHE 110
Tun HOJTYIPOBOHUKOBOIO | IIOJIYTPOBOJHUKOBOTO
pacIenuTeIto BBIKIIIO- | TEIJIOBOTO AIEKTPOMArHUTHOTO | TEIJIOBOTO
qarens |pauenuTens pacuenutess, 4 PaCUCIMTC]A B 30HC aCICITUTEIS ACICITATEIS
K3 kparssie i pacy paciy paclt

TOKOOrpaHMYMBAOIKE 20,25, 32,40

C DJIEKTPOMArHUTHBIMU A3710b 160 — 40, 50, 63, 80 2, 3, 5, 7, 10 1600 —

¥ TIOJTyIIPOBO/JHUKOBBI- 80, 100, 125, 160

MH paclenuTeIIMU A3720b 250 - 160, 200, 250 3,5,7,10 2500 -

TokoorpanmamBaione | A37105| 160 N N N 400, 630, 3

C 2JIEKTPOMATHUTHBIMH 1000, 1600

pacuenuTensiMu 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 JIEKTPOMAarHUTHBIMU 63 630, 1600 72

1 TEIUIOBBIMH 80 630, 1600 92

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

A3720b 250 200 - - 2500 230

250 2500 290

CeneKkTuBHOE ¢ 250 160, 200, 250

MOJTYTIPOBOTHUKOBEIM | A3790C 600 400 250, 320, 400 2,3,5,7,10 - 3000

pacUenuTeIeM 630 400, 500, 630

TokoorpannunBaroliee 250 160, 200, 250 4000

;ﬂ”g’;i‘foﬂ‘*“om' A3790B| 600 400 250, 320, 400 2,3,5,7 4000 3000

POMaTHHT- 630 400, 500, 630 6300
HBIMHU PACHCITUTEIISIMU




MNPUJIOXKEHMUE K
TexHnveckue XapaKTePUCTHKH MPOBOTHUKOB

Tabmuua K1 - JInurensHo nomyctumsiit TOK loon U151 TpoBOOB 1 Kalenel Ha HanpsbkeHue 1kB ¢ amoMuHIEBBIMU KUIIAMU
pH OKpysKarolel Temneparype Bozayxa 25°C u 3emun 15°C

Tpynna [IpoBoaa ¢ pe3nHoBOM 1 Kabeimn SAUHIICHHBIC IPOBOMA € | pepseny ¢ OyMa)KHOH MPONTUTAHHOMN ["osbie
TIPOBO/IHU- 9 . PE3MHOBOM U TIACTMACCOBOI .
IJTACTMACCOBOM U30JISAIIUCH - U30JISIHEH poBoOjIa
KOB W30JISIIHEH
ABPI'-AHPT -
Mapxa ATIP - ATIPTO — ATIPB - ATIB | ABBT-ABPBI- AB%’I’)‘EP b- QA]‘SFF'AA%;'F AAB-ACB A
AHPBI-AIIP® ]
Crnoco0 | OTKpBI-
HpoKAKH To B CTaJIbHBIX TPpyOax B BO3JIyX¢ B 3eMJIC B BO3IIyXE B 3eMJIC OTKPBITO
Ceuenne, | loon, A | loon, A, IpH uCIIE TIPOBOJIOB, Toon, A, ipu dncie sxui1 (O JHOKHIIBHBIX MPOBOOB), PABHOM B IIOMeEIIIC-
MM paBHOM HUSIX
- 2 3 4 | 56|79 2 3 4 2 3 4 2 3 4 2 3 4
2,5 24 20 19 | 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 | 55 | 46 | 42 | 42 | 35 | 35 | 60 | 55 | 46 -
10 60 50 | 47 | 39 | 38 | 35| 55|42 | 38 |8 | 70|63 55|46 |45 |8 | 75| 65 -
16 75 60 | 60 | 55| 48 | 45| 70 | 60 | 54 [ 105| 90 | 81 | 75 | 60 | 60 | 110 { 90 | 90 105/75
25 105 85 | 80 | 70 | 65 | 60 | 90 | 75 | 68 | 135 | 115|104 | 100 | 80 | 75 | 140 | 125 | 115 | 135/105
35 130 | 100 | 95 | 8 | 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 | 215200 | 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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Tabmuua K2 - JlnurensHo gomycTuMblid TOK Loo, 7151 TpoBOIOB U Kabenelt Ha HanpsbkeHue 1kB ¢ MenHbIMu kunamu
MIpY OKpYyKaromen temmneparype Bozayxa 25°C u 3eminu 15°C

I'pynnma  |IIpoBoaa ¢ pe3nHOBO# U IJIACTMACCOBOU Kabemt n SAUIMIICITHBIC [POBOA € Kabenu ¢ 6ymakHoi Toneie
. PE3UHOBOI U TIACTMACCOBOM . .
IIPOBOTHUKOB U30JISUEH I IPONUTAHHON U30JISAIHeH poBoOJa
BPT-HPT-BBI -
Mapxa IIP - ITPTO - IIPB - I1B BPBI- HPBI- | 0 B];P%PB - | AR %F;;FABF ) AB-Cb M
BBBI'- TTP®
OTKPBITO /
Criocod OTKPBITO B CTaJIbHBIX TpyOax B BO3/yXe B 3eMJIe B BO3/yX€ B 3eMJIe B [IOMeIIle-
MIPOKJIAIKU P Py ad w HH;DI(u
Loon, A, IpH YHICIIE IPOBOJIOB, Loon, A, ipu umcIie I (OTHOKMIHHBIX TTPOBOJIOB), PABHOM
CeueHue, Loon, A ABHOM
) P
MM - 2| 3[4 [s56[79] 23423 [4]2][3][4]2]3]4
1,5 23 1911716 | 15 14| 19|19 | 17 | 33 | 27 | 24 | - - - - - - -
2,5 30 27 |25 125|120 | 19 | 27 | 25| 22 | 44 | 38 | 34 | 30 | 28 - | 45 | 40 | - -
4 41 38 1353028 |26| 38 |35 (31 | 55|49 |44 |40 | 37 |35] 60|55/ 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 85 | 80 | 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 2752551225 | - - 1260 | 220 | 200 | 385 | 330 | 300 | 275 | 245 | 215 | 380 | 340 | 310 | 415/335
120 385 3151290 | 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, MaCKM U CCUCHUS NPOBOJHUKOB

Ta6muma K3 - YcnoBHBIN MPOX0J CTaTbHBIX U TJIACTMACCOBBIX TPYO, MM, B 3aBUCHMOCTH OT

Onnoxunbhbie poBoaa [IPTO, Kabenm ABBI' c Eg(}i;gn Kabemn Kabean
y ATIPTO, IIB, AIIB, 1P, AIIP., CEUYECHHUEM KU ¢ | ABBI' o 16 | ABBb
i" ITPB, AIIPB npu umcie mpoBoaos, 25 aun” W BN 2§K ﬁf%ﬂ s’ BBI 15 jfwz "
= PaBHOM TP YUCIIC KU, poiie tpn P YHCIIC BBB mpn
% paBHOM YUCJIC KU, Ll paBHOM qucie
© 213 4 516 | 78] 2 3 4 |paHOM 4 21 3| 4 KU,
paBHOM 4
LS| 15| 15| 15 [15+]20-| 20 |20
250 15| 15| 15+({20-| 20 | 20 |20 25- 125+
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 32-132+|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- |1 70+
120 70 | 70 | 80- 100- 70 80+
150 70 | 70+| 80+ 70+ 80+
185| 80- | 80+| 100-
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[Tpunoxenue 1

3aBenyrouieMy kadeapoi TpaHCIOPTHO-
JHepreTudeckux cucreM YeGokcapckoro
uHCTUTYTA (prnuana) MocKoBCKOTo
MOJIMTEXHUYECKOTO YHUBEPCUTETA

CTyJICHTa
rpymnmna
TeN.

3asBJICHUC.

[Ipoury 3aKkpenuTs 3a MHOW TEMY KYpPCOBOT'O MPOEKTa

«

»

110 JUCHUIIIINHC
«

».

N HASHAYUTHh PYKOBOAUTCIICM

CryneHt / /

(moanuce) (®UO crynenra) (mara)
PykoBonuTens / /

(moanuck) (®UO crynenra) (mata)
3aBenyrommii kaheapon / /

(monuch) o (®UO 3aB. kapeapoii) (mata)
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[Tpunoxenue 2

MHUHHUCTEPCTBO HAYKH 1 BBICHIET'O OFPA30OBAHMS POCCUMCKOM ®EJIEPAIIAN
OEJEPAJIIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE YUYPEXKJIEHUE
BbICIIEI'O OBPA30BAHUS «MOCKOBCKHUIM NOJUTEXHUYECKUA YHUBEPCUTET»
YEBOKCAPCKHI THCTUTYT (PUJIUAJT) MOCKOBCKOI'O IMMOJUTEXHUYECKOI'O
YHUBEPCUTETA

Kadenpa TpaHCIOPTHO-)HEPreTHYECKNE CHCTEMbI

KYPCOBOMU ITPOEKT

o auciuimae « [ [poeKTHpOBaHKE CUCTEM DJIEKTPOCHAOKEHUS»

HaunmenoBanue TeMbl

Per.Homep BrimosnHw:

CTYJEHT __ Kypca, TpYyMIIb
(dhopMbI 00yUEHMS
10 HampaBJeHuo nmoaAroToBku 13.03.02
«DNEKTPOIHEPTETUKA U DIIEKTPOTEXHUKA

®.1.0.

HayuHbIi1 pyKOBOOUTEND:
JlonylieHa K 3aimre

« » 202_r. JOJDKHOCTB, 3BaHHE
F—— ®.1.0.
3amura KypcoBOIo MpOeKTa:
Ouenka
Hata « » 202 T

IToamucs HAYy4YHOTO PYKOBOJIUTEIIS

Yebokcapsl 202 T.
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[Tpunoxenue 3
OT3bIB PYKOBOJIUTEJIA
HA KYPCOBOii MPOEKT

CryneHr
Kadenpa TpaHCTIOPTHO-?HEPTE€TUYECKUE CHCTEMBI
Hamnpagpnenue noAroToBku (CHeUagIbHOCTh) U TPOGUIIb (Crieranin3aIis)

HanmeHoBaHUE TEMBI:

PykoBonurens:

JOJDKHOCTH, 3BaHue, ®.1.0.

1. AKTyanpHOCTB TEMBI KypCOBOT'O IPOEKTA

2. CoOoTBETCTBHE IMMOJIYYCHHBIX PC3YJIbTATOB 3aj4BJICHHLIM LCJIAM U 3a/ladaM

3. XapakTepHucTHKa UCIIOIb30BaHUs B pabOTe UCCIEN0BATEILCKOIO HHCTPYMEHTAPUS
(aHanmuza,  CcHHTE3a, CTAaTUCTHMKO-MAaT€MaTHYECKOW  METOJOJIOTHUH,  I1aKETOB
OPUKIIAHBIX IPOTPaMM U T.I1.)

4. CreneHb CaMOCTOATEIBHOCTH TMpU pabOTe HaJ KYpPCOBBIM IPOEKTOM
(caMOCTOATENBPHOCTh U3JIOKEHUST M 0000IlEeHUsT MaTepuana, CcaMOCTOSITeNIbHas
MHTEPIpPETALHNS TOTYYEHHBIX PE3YyIbTaTOB, 000CHOBAHHOCTDH BBIBOJIOB)

5. Orenka oopmIIeHHS TPOEKTA B COOTBETCTBUU C TPEOOBAHUSIMU, COJEPKAITUIMUCS
B MeToanuecKux yKa3zaHUsX MO BBIMOJIHEHUIO KYPCOBOTO IPOEKTA, pa3padOTAHHBIX U
YTBEPKICHHbIX Kadeapon

6.3aMeudaHus IO MOJATOTOBKE U BBIINIOJHEHHUIO KYPCOBOTO IPOEKTA

7. KypcoBoii mpOEKT COOTBETCTBYET MPEAbSIBISIEMBIM TPEOOBAHUSM U MOXKET OBITh
PEKOMEHJOBAH K 3alIUTE

8. Oenka

« » 202 r. /

(moxmuck pyKOBOIAMTEIS) pacumppoBKa MOINUCH
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