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PEDEPAT

PaGora Ha Temy «DyeKTpoCcHaOKEHHUE HOBOTO YKUJIOTO paiioHa r. AGakaHa B
rpanunax ynui Ureiruna — HekpacoBa- KupoBa» cogepkut 86 cTpaHull TEKCTOBOIO
JTOKYMEHTa, 29 UCIO0JIb30BaHHBIX HCTOYHUKOB, 3 JTUCTa IpaduuecKoro Mmarepuaa.

SJIEKTPOCHABXEHMUE, AHAJINS, ITIOTOKOPACIIPEJEJIEHHUE,
OBOPYJIOBAHHME, KAYECTBO, OJIEKTPOOHEPI'MS, HAIEXHOCTD,
OKOHOMMYHOCTD.

OOBeKTOM HUCCIIEIOBAHUS ABIISIETCS - HOBBIM KUIJIOHM paiioH r. AGakaHa

AKTyanbHOCTb TEMBI COCTOUT B TOM, 4YTO BBINOJHSAEM IPOEKTUPOBAHUE
NEPCIIEKTUBHON CXEMBI 3JIEKTPOCHA0KEHHUSI HOBOTO KHJIOTO paiioHa

[Ipenmerom wuccienoBaHMs SBISETCS MPOEKTUPOBAHHE, pacdyeT MU BbIOOD
HauOonee s3xoHomuuHoi COC.

Llenpr0 BBINOJHEHUS BBITYCKHOM KBaIM(PUKALMOHHON pabOTHl SIBISETCS
AIIEKTPOCHA0KEHNE HOBOIO JKUJIOrO paiioHa I. AOakaHa B rpaHuuax yiauy WTeirnna
— Hekpacosa- Kuposa.

B Tedenune pa®oOThl HajJ BBIMTYCKHOM KBalu(UKAIMOHHOW paboTOW  ObLIU
MIOJIyYEHBI CIEAYIOUIUE PE3YIbTATHI:

— OIpEETICHUE PACUETHBIX AEKTPUUECKUX HArPY30K;

— BBIOOp CUCTEMBI paclIpeieTICHUS;

— pacd€T TOKOB KOPOTKOT'O 3aMbIKaHHSI;

— BBIOOp OCHOBHOTO O00OOPYZOBAaHMSA, a TaKXKE €ro NIpOBEpKa IO YCIOBUSAM
KOPOTKOT'O 3aMbIKaHHS;

— CHCTE€Ma DJIIEKTPOCHA0XEHUSI YIOBJIETBOPSAET TPEeOOBAaHMUSIM HAJEKHOCTH U
SKOHOMUYHOCTH;

— TMEpPCHEKTUBHBIM IUIAH PAa3BUTHS JKWIOrO panloOHa, IOATBEPKICHHBIN
COOTBETCTBYIOIIMMH pacyeTamu,

— MNPEeAJIOKEHbl TYTH W MEPONPHUSATUS 1O CTPOUTEIBCTBY pPalMOHAIBHOM,
AKOHOMUYECKHU A (HEKTUBHOMN U aKTyaIbHOW CUCTEMBI 3JIEKTPOCHAOKEHUS.
Hayunast HOBM3HA W IpakTHYecKas 3HAUMMOCTb HCCIEAOBAHHUS OOYyCIIOBIEHA

TEM, YTO TEOPETUUYECKHE U MPAKTUUECKUE PEKOMEHAAIIMN MOTYT OBITh UCIIOJIb30BAHBI
CHELUAIMCTAMU MOAPSAHBIX OPraHU3aLU IPU CTPOUTEIIBCTBE CETEM.



THE ABSTRACT

Work on the topic "Electricity supply of the new residential area of Abakan
within the borders of the streets of Itigina - Nekrasov-Kirov" contains 86 pages of a
text document, 29 sources used, 3 sheets of graphic material.

ELECTRICAL SUPPLY, ANALYSIS, DISTRIBUTION, EQUIPMENT,
QUALITY, ELECTRICITY, RELIABILITY, ECONOMICITY.

The object of the study is a new residential area of the city of Abakan

The relevance of the topic is that we are designing a prospective scheme of
electricity supply for a new residential area

The subject of the study is the design, calculation and selection of the most
economical SES.

The goal of the final qualifying work is electricity supply of the new residential
area of Abakan city within the borders of Itigin-Nekrasov-Kirov streets.

During the work on the final qualifying work the following results were
obtained:

- determination of design electric loads;

- selection of the distribution system;

- calculation of short circuit currents;

- selection of the main equipment, as well as its verification according to the
short-circuit conditions;

- the power supply system meets the requirements of reliability and economy;

- a prospective development plan for the residential area, confirmed by
appropriate calculations;

- Ways and measures for the construction of a rational, cost-effective and
current electricity supply system have been proposed.

The scientific novelty and practical significance of the research is due to the
fact that theoretical and practical recommendations can be used by contractors'
specialists in the construction of networks.
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BBEJAEHHUE

AKTyanbHOCTh BBIOPAaHHOM TE€MBI COCTOUT B TOM, YTO, HPOEKTHPOBAHUE
CXEMbl DJIEKTPOCHAOXKEHHUSI BHOBb CTPOAIIETOCS KWJIOTO pailoHa C y4eToM
sHEprocOeperaromux MEpONpHUsSTUNA - 3TO BaXXHBIM U 00CYKJIaeMbIii Ha TOPOJICKOM
Y PETMOHAJIBHOM YPOBHE BOIIPOC.

OOBEKTOM  HUCCJEIOBAHMS  SIBIAIOTCS  JJICKTPUYECKHE CETH  BHOBB
CTPOSILETOCS KUJIOTO PalOHa.

[IpenmMeroM  HWcCcleOBaHUA  SIBISIFOTCS  CHOCOOBI  MPOEKTUPOBAHMS
DJIEKTPUUYECKUX CETEM.

Llenpr0 BBIMOIHEHUSI BBITYCKHOM KBaJIM(PUKALMOHHON pabOThl SIBISETCS
AIIEKTPOCHA0KEHNE HOBOTO JKWJIOTO paiioHa T. AOakaHa B TpaHHIAX YIIHII
Nteirnna- Hekpacosa- Kupoga.

B Tedyenuwe paboOTHI HaJa BBHIMYCKHOW KBaTH(UKAIMOHHONW paboToi ObuIn
MIOJIyYEHBI CIEAYIOUIUE PE3YIbTATHI:

— TMPEACTABJICHBI JaHHBIE JUIsl MPOEKTUPOBAHUS

— COCTaBJICHBI CXEMBbI 3JIEKTPOCHAOKEHUS NOTpeOUTENeN KUIOro paiioHa

— BBITIOJIHEHBI PACUEThI HATPY30K KUJIBbIX M OOIIECTBEHHBIX 3/IaHUN

— BBINOJHEH AaHAM3 JJIEKTPUYECKOW CETM ¢ YYETOM IHpPHUBSA30K K

CYLIECTBYIOIIEN TOPOACKOM CETH U IMPEIOKEHBl MEPONPUATHS IO

MOBBIIICHUIO ¥ 00ECTIEUeHHIO SHEProd(PHEeKTUBHOCTH.

Hayunas HOBM3HAa ¥ MNpakTUYECKas 3HAYUMOCTb MCCIEIOBAaHUA U
MPOEKTUPOBAaHUSI OOYCIIOBJIEHA TEM, YTO TEOPETHUYECKHME U MPaKTUYECKUe
pEKOMEHJAalMu MOTYT OBIThb HUCHOJIb30BaHbl NpH cTpoutenbctse COC HOBOTO

XKUJIoro pariona r. Abakana B rpanuiax yiui Uteirnaa — HekpacoBa- Kupoga.



1 TeopeTnueckas yacThb

1.1 XapaxkrepucTuka npoeKTHPYeMbIX 00beKTOB KIUJIOH 3aCTPOHKH

ITon cucrtemoi 3MEeKTPOCHAOKEHHUS )KWIOW 30HBI IOHUMAETCSI COBOKYIMHOCTD
AIEKTPUUECKUX CETeHd M TPaHCPOPMATOPHBIX IMOJCTAHIIUHN, PACMOJIOKEHHBIX Ha
TEPPUTOPUM palloHAa W MPEJHA3HAYEHHBIX JUIS  3JEKTPOCHAOKEHUS  €ro
noTpeduTeNne. CucremMa OrpaHH4YMBAETCA C OJHOM CTOPOHBI MCTOYHHKAMU
MUTaHUs, C IPYrodl CTOPOHBI - BBOJAAMHM 3JIEKTPUUYECKUX CeTel K morpedutensm. B
KA4eCTBE MUCTOYHUKOB MUTAHUSA CIIyKaT MOHMKAIOIIUE MOACTAHIUH HAIPSKEHUEM
110kB, mnuTaHMe KOTOPBIX OCYILIECTBISIETCS OT  JJEKTPUYECKUX  CETel
sHeprocuctem[10].

OCHOBHBIE TOKa3aTENM CHCTEM OIPEACISIOTCS MECTHBIMHM YCJIOBHSIMU,
pa3sMepaMu MUKpOpaloHa, HAJIMYMEM HCTOYHUKOB IHUTAHUS, XapaKTEPUCTUKAMU
noTpeduTeneu u T.1.

[TuTanue ®WIbIX U MPOMBIIIJICHHBIX 30H MOTPEOUTENEH OCYIIECTBISETCS C
TIOMOIIIBIO PACTIPEICIUTENBHBIX ceTeil HanpspkeHus 10kB[10].

AHanu3 OPUHIMIIOB IOCTPOEHUS CHCTEM HHEPrOCHA0KEHMsI MO3BOJISET
YCTaHOBUTh OCHOBHBIE 3a7aur. K HHUM OTHOCSTCS: BBIOOpD CXEMBI MOCTPOCHHS
CUCTEMBI; BEJTMUYMHBI HAMPSIKEHUS CETe M KOoJudecTBa TpaHC(OpMalMu SHEPrUu;
ONPENIECIICHHE ONTUMAJIbHBIX I1apaMeTpoB OCHOBHBIX AJIEMEHTOB
AIIEKTPOCHAOXKAIOUIEH U paclpeeIUTEIbHON CETH.

PaccmarpuBaercst HOBBIM KWJION palioH T. AOakaHa, pacroiOKEHHbIM Ha
CEBEPO-3aIajie TOPOaa, OTHOCUTCS K TOPOJACKUM 3JIEKTpuuecKuM cetsim MYII MII
«ADaKkaHCKUE INEKTPUUECKUE CETH.

OnpenenuM HEOOXOAMMBIE KIMMATHYECKHE MMAPAMETPhl, XapaKTEPHU3YIOIIUE
3aJJaHHBIM MUKpOpaoH. PaccmaTpuBaeMblii B IPOEKTE MUKPOPANOH OTHOCUTCS K
I xkmumatuueckoit 3oHe. Hambosiee BhICOKas TemmepaTypa BO3ayXa IUIHOC 42C°,
Hawbosee HU3Kas Temmeparypa munyc 44 C°. T'010BOe KOIHYECTBO OCAmKOB 358

MM. CpeaHsis TOJIIMHA CHETOBOI'O MOKpoBa 26 cM, riyouHa npomep3anus 1,8 — 2



[IpoexTupyembiii OOBEKT BKJIIOYAET B C€0S MHOTOATXKHYIO MOHOJUTHYIO
3aCTPOMKY M OOBEKTHI COIMAIBHO-KYJIbTypHOro ObiTa. OOIIas miomanb o0beKTa
cocrapuger 11064284m%. KonmuecTBo obmeit xuimor Iromanu 648601,7 M2,
19900M° TOPTOBBIX TIUIOMIAAEH, 2-X OSTaXHBIC TOA3EMHBIC Tapaku OOIIeH
miomagsio  90000M°. DNEeKTpOCHAOXKEHUE  pailoHa  OCYIIECTBIAETCS  OT
MOTPEOUTENBCKUX  TPAHCPOPMATOPHBIX  TOJCTAHIIMNA, TUTAHUE  KOTOPBIX
OCYILECTBIJISIETCSL OT cylecTByromel noactaniuu «Kamuauuckas» 110/10 kB u ot
BHOBbB IpoekTupyemoi noacranuuu «Hosas» 110/10kB.

[To crenmeHu HAACKHOCTU OIIEKTPOCHAOKEHUS, MPOCKTUPYEMbIE 3TaHUs
otHocsatcs K II m III xareropum mnorpedbuteneir. K Il kareropum oTHOCATCA
9JICKTPOIBUTATENN JIU(PTOB, HACOCOB, aBapuiiHoe ocBerieHne.[ 10]

['panuniamu paiioHa B Tmpejaesiax TMPOEKTa TUIAHUPOBKH SBISIOTCS: YII.
Kuposa; yi. Kpeuiosa; yi. Hekpacosa.

[Tnomane TeppuTopun B TpaHUIax MpoekTa riaHupoBku cocraBmser 100,0

ra.

1.2 TlepcneKTUBHBIN NJIaH PA3BUTHS TOPOJICKHUX ceTeil

[Ipunsto pemenne Coseta gemyrtatoB r. AbGakana ot 18.03.2014 N 78 "O6
yTBepkieHnd CTpaTeruyeckoro IUlaHa COLUAIbHO-3KOHOMUYECKOTO Pa3BUTHS
MyHUIMNIATBHOTO 00pa3oBanus ropoa Abakan o 2021 roga"

B unciio npuopuTeTHBIX HallpaBlIeHUN AESITENbHOCTH BXOIAT:

- YBEJIMUCHHE MPOITYCKHON CITIOCOOHOCTH CETEH;

- MOJEPHHU3ALMS JTMHUI 3JIEKTPONEpE1ayuu;

- paclIupeHHe IEKTPUIECKON CETH HAILEro Topoa;

- TIOBBIIICHHE HAJEKHOCTU AJIEKTPOCHAOKEHUS TNOTpeOUTeNed 3a CYeT
CTPOUTENBCTBA HOBBIX MOJICTAHLIMMA, BO3IYIIHBIX U KAOCIbHBIX JIMHUM.

38,,[[&‘{}/ IMPOCKTUPOBAHUA IJICKTPUYCCKUX CHCTCM CIICAYCT pPaACCMATPHUBATDH
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KaK 3aJady pas3BUTHsA E€IWHOM DHEPreTHYEeCKOM cuctembl ropoxa. llpum
MPOEKTUPOBAHUU DJIEKTPUUYECKUX CHUCTEM BaXHO YYMUTHIBATH MHTEPECHl U
crnenuPuKky aIMUHUCTPATUBHBIX U IKOHOMUYECKUX PaiOHOB.

OKOHOMHMYECKHE TpeOOBaHUS CBOAATCA K JOCTHXKEHHIO 10 MeEpe
BO3MO>KHOCTH HAMMEHBIIEH CTOMMOCTH IMEpeaadyu SJICKTPUUYECKON DSHEPTUHM IO
CETH, MOATOMY CJIEAyeT CTPEMUTHCS K CHIDKEHUIO KalUTaJbHBIX 3aTpaT Ha
CTPOHUTEIIBCTBO ceTH. HeoO0XoauMo Takke NPHHUMATh MEpPbl K YMEHBIICHHUIO
€XKErOJAHBIX PACXOJ0B Ha JIKCIUTyaTalldI0 JJIEKTpUUeCKOoW ceTh. OIHOBPEMEHHBIN
y4eT KaNUTaJIbHBIX BJIOKEHUN W SKCIUTyaTallMOHHBIX PACXOJO0B MOXET OBITh
MIPOU3BENICH C MOMOIIBI0O METOJIa MPUBEICHHBIX 3aTpaT. B CBSI3M C 3TUM OICHKA
SKOHOMHUYHOCTH BapHaHTa 3JEKTPUUECKON CETH MPOU3ZBOAMUTCS IO MPUBEICHHBIM
3aTpaTaM.

DOHeprodhPEeKTUBHOCT, M SHEProcOEPEIKCHHE SIBISIOTCS HEOTHEMIIEMOM
YacThIO CTPOMUTENBCTBA W PAa3BUTHs JKWIOTO paiioHa. g Kaxaoro oObeKTa
HEJIBIDKMMOCTH, II0 3aBEPIICHHUIO CTPOUTEIbCTBA, HEOOXOIUMO  IPOBECTH, C
MOMOIIIBIO MOJIPSITHON OpraHu3alluu, dSHepreTuyeckoe odcnenoBanue. [locpencsam
KOTOPOT'O BBIJAIOTCS SHEPTreTHYECKHE IAacmopTa M TOJIBKO TOCIe MPOHICHHOTO
obOcnemoBanmsl 00BEKTHI BBOAATCS B 3KcIuTyaTanuio. Crates 11m. 7 u m.8 @3 "O6
SHEProcOEpPeKEHUH U O TOBBIIIEHUH DJHEPreTHuecKkod S(PQPEeKTUBHOCTU U O
BHECEHMM W3MEHCHUM B OTJCIbHBIC 3aKOHOJATCIbLHBIE aKThl Poccuiickon
denepanun” [25].

Hanpasnenue skosorus u palroOHaIbHOE
MIPUPOOTI0IH30BAHUE SBIISIETCSA OJTHUM U3 MIPUOPUTETHBIX HAIIPABJICHUN B

HHHOBAIlTMOHHOM pPA3BUTHHU HOBOTO JKUJIOTO paﬁOHa r. AobOakana. OcCHOBHBIE

nosioxxenus [26], [27],[28],[29].
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2 AHAJINTHYECKAA YACTh

2.1 PacyéT 3J1eKTpUYeCKUX HATPY30K

[IpaBWiIbHOE ONpENEICHUE IEKTPUUYECKUX HArPy30K SBIISIETCSA PELIAIOIIMM
dbakTopoMm i BBIOOpA KOJIMYECTBA U MOIIIHOCTH TPAHC(POPMATOPHBIX MOICTAHIINM,
CeUeHM  Kabeneil, 3allMTHOM  ammapaTypbl,  3JEKTpoOoOOpydOBaHUS U
AIEKTPOKOHCTPYKIUH.

OJIEKTpUYECKasi Harpy3ka JKWIbIX JIOMOB SIBJIIETCS BEJIMYMHOM HE
MOCTOSAHHOM. B KWJIBIX 3[TaHUSX HArpy3ka OmpeAesseTcss Ipu NOMOIIU yAEIbHOU
Harpy3ku (KWJIOBAaTT Ha OAHY KBapTUpy). Benwuunna ynenbHON HArpy3ku 3aBUCHUT
OT pa3Mepa KHJIOH IIOLaAN KBapTUPbI, BUJA KYXOHHBIX 3JIEKTPOIPUOOPOB.

Pacuetrnas Harpy3ka KBapTHp, IPUBEICHHAs K BBOJY >KWJIOIO JOMa, JIMHUHU
wmm Kk muHaMm 0,4 kB. xkommuiekTHOM TpaHcoOpMaTOpHON MOACTAHIIMU

omnpeaensercs[6]:

PPy N (2.1)

rae Py — ylenpHas pacyeTHas Harpyska IOTpeOMTENel 3J. SHEPTUU KBApTHP
IIOCEMEHHOTO0 3aCeJICHUs B 3aBUCHMOCTH OT XapaKkTepa U KoJindecTBa KBapTup[6];

N — KOJUYECTBO KBapTUp, IPHUCOCAMHEHHBIX K JIMHUHA KOMILJICKTHOM
TpaHc(hopMaToOpHOI MOACTAHIIUH.

JInst KUNBIX JOMOB B YACHBHBIX HArpy3kax HE YYT€HO MNPUMEHEHHE B
KBapTUpPaX ObITOBBIX KOHJAUIITMOHEPOB BO3TyXa.

VYienwHble pacyeTHbIE HArpy3kd KBapTUP BKIIOYAIOT B ce0s Harpysky
OCBCIIICHUSA OOIIEAOMOBBIX TMOMEIICHUN (JIECTHUYHBIX KJIETOK, IOIOIHUM,
YepaaKkoB U T.J)

Pacuetrnast Harpy3ka CWJIOBBIX 3JIEKTPONPUEMHHMKOB, MPUBEACHHAS K BBOJIY

YKAJIOTO JIOMa, JIMHUK WIH K IrnHaM HanpsbkenueM 0,4 kB onpenensercs:
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Pan(bT:Kc'ZPnn.i (22)

rae K. — koadduuuent crpoca, ompeznensercs B 3aBUCUMOCTH OT KOJIMYECTBA
JTUQPTOBBIX YCTAHOBOK U 3TAKHOCTHU 371aHui [6];
N; — KOJMYECTBO JIU(PTOBBIX YCTAHOBOK, TUTAEMBIX JIMHHIA;

P — ycTaHOBIIEHHAs MOIITHOCTD 3JIEKTPOJIBUTATENA I-T0 udTa.

JIns mpumepa paccMoTpuM xkuinon oM Ne la:

9 sraxei, 3 moabe3a, IUIUTHI AJIEKTPUUECKUE MOITHOCTHIO 8,5 KBT.

Ha nepBom staxke pacnonokeHsl mapukMaxepckas u kage Ha 50 mecr.
KonuuectBo kBaptup: 3-6-8=144 xBapTupsl,

Ha sraxke 6 kBapTup 4 KBapTUPHI IUIOMIALI0 OOJbIIE 55 M? 1 2 MeHble 55
PacueTHyro Harpy3ky BBOJA, MUTAKOIIEr0 KBAPTUPBI OIPEAEISAEM:

P)K.IL:PKB.y' (PKB S<55M2 +1 305 ) PKB S>55M2) (23)
ITpuanmaem P, y=1,5 kB1/KkB,

Px.=1,5-(48+1,05-96)=223,2 kB,

P, =K ) Pn,;i=0,8-3-9=21,6 kBr,

Pocsu=25-2-3=150 Br,

Pocsump=60-9-3=1620 Br,

Pocsiny= Pocsunt Pocsmnp=150+1620=1770 B,

Kade:

P,,=0,9 kBt/™mecTo,
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Pyape=50-0,9=45 xBr,
[Tapukmaxepckas:

P,,=1,3 kB1/pab.mecro,

Prapm=8-1,3=10,4 kBT,

Py = Paat0,9° Ppugnt Pocsmy=223,2 +0,9-21,6+1,770=244,41 BT,
Pys= PpocrtKuaen” Prage® Kuaxcn Prapu
P,y=244,41+0,4-45+0,5-10,4=267,61 xBr,

Kumoit mom Ne 1:

9 staxkel, 5 MOABE3NOB, TUTUTHI AIEKTPUUECKUE MOITHOCTHIO 8,5 KBT.
KomnuectBo kBaptup: 5-6-9=270 xBapTHpHI,

Ha staxe 6 KBapTHp 4 KBapTHPHI MIOMANBI0 OOMbIIE 55 M° 1 2 MeHbIIe 55
PacuetHyto Harpy3Ky BBOJIa, MUTAIOIIETO KBAPTUPHI OMPEIEISIEM:

Pwy=1,36 kBT/KkB,

Py =1,36-(90+1,05-180)=379,44 kBT,

Py mmgr=K¢ > Pn,;=0,8-5-9=36 kBr,
Pocsu=25-2-5=250 Br,

Pocomup=60-9-5=2700 Br,

Poce5= Pocomnt Pocsmnp=250+2700=2950 Br,
Py s= Puxt0,9° Py gt Pocsmy

Ppy= Py ~414,79 xBr.

JlanpHenmmii pacueT cBeeM B Tadnuiry 2.1
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Tabnuua 2.1 — Pacuet Harpy30K >KHJIbIX JOMOB

Ne  mo | Kon-Bo | Oraxu | Kon-Bo | Pp BBoa B| P, kBt | Pyocs, Pcou.kynt.0bIT | Ppy, KBT
I'ennna | kBapTHp | OCTH noabe3 | KB, KBT kBT , kBT
HY JI0B
1 2 3 4 5 6 7 8 9
Nela 144 9 3 223,2 21,6 1,770 95,4 267,61
Nel 270 9 5 379,44 36 2,950 414,79
Ne2 108 9 2 167,4 14,4 1,080 181,44
Ne3 80 5 4 120 1,2 121,2
Ne4 192 9 6 261,12 43,2 3,540 129,9 303,54
Ne5 180 9 4 2448 28,8 2,360 273,08
Ne6 108 9 3 162 21,6 1,770 183,21
Ne7 108 9 3 162 21,6 1,770 183,21
Ne8 224 9 7 304,64 50,4 4,130 135 421,63
Ne9 192 9 6 261,12 43,2 3,540 100,9 353,99
NelO 216 9 6 293,76 43,2 3,540 336,18
Nell 100 5 4 150 1,500 151,5
Nel2a 72 9 2 122,4 14,4 1,180 55 164,04
Nel2 144 9 4 216 28,8 2,360 244,28
Nel3 100 5 4 150 1,500 151,5
Nel4 162 9 3 227,664 21,6 1,770 248,874
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2.2 Boioop pacnosoxenuss LHHKTII, yuciaa u MmomHocTH

TpaHchopMaTOPOB HA HUX

a) Bei6op pacrionoxxennst KTTI

[Toncranmus sBISETCS OJHUM U3 CaMbIX OCHOBHBIX 3BEHBCB CHCTECMBI
anekTpocHaOxkeHus. [loaToMy onTuMalibHOE pa3MelleHHWe TMOACTAHIMH  —
BaXHEHUIIINH BOMPOC MPH MOCTPOSHUH PAITMOHATBHBIX CHCTEM DJICKTPOCHAOKCHHSL.

[Ipu BEIOOPE MecTa pacHoJIOKCHHUS TOJACTAHIIMK B WHIWBUIYATBHOU
3aCTPOMKE KOTTEIDKAMHU SJIEKTpUYECcKas Harpy3ka paccpenoToueHa MO OTIACIbHBIM
00BEKTaM M BBIOOp MeCTa PaCIHOJIOKCHHS TOJCTAHIIMKA JOJDKEH OBITh CBSI3aH C
apXUTEKTypoil. MeCTOM YCTAaHOBKH TMOACTAHIIMM OyJeM CUHUTATh ILIOMIAIKH,
NPUMBIKAIONINE K TPOE3KEH YacTH M PACIOJIOKEHHBIE B paguyce ICHCTBHS HE
6omnee 300-400 M. 1 MOLITHOCTHIO TpaHchopMaTopoB, He npeBsimaroei 1000 kBA.

Pacuér wmomHOCTH TOTpeOuTeNe Ha IMMHAX — TpaHchopMaTOpHOU

MOACTaHIIMU CBeAEM B Ta0uIty 2.2.
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Tabnuua 2.2 — PacnpeneneHue MOIHOCTH NOTPEOUTENEH 110 OICTaHLIHSIM.

Nexrn | Hammenosanue | Ppacu, kBt Kmax Cosop Ppacu. Ha
MOTpeOUTEIS IUHAX
T..,KBT
1 2 3 4 5 6
1 Kunrie noma:
1,1a,2,14 1089,474 1 0,98
Kade 45 0,4 0,98
[Tapukmaxepckas 10,4 0,5 0.97
5% noTepH, Cospcp.s3=0.976 1112,674
YIUYHOE 55,63
OCBEIICHHE 7
Bcero 1175,3
2 Kumnere noma:
3,4 424,74 1 0,98
3 Ocduca 45,9 0,5 0,87
[Tpon.marazun 39 0,5 0,8
Kade 45 0,4 0,98 485,19
5% morepw, Cosopcp.B3=0,85 24,26
YIIUYHOE 7
OCBEIICHHE 416.365
Bcero
3 | XKuisre noma:
5,6,7 639,5 1 0,98
5% morepu 639,5
VIIMIHOE 31,975
OCBEIIEHUE 7
Bcero 678,475
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[Tpomomkenue TadmuIpl 2.2

1 2 3 4 5 6
4 Kuneie noma:
8,12,12a 734,95 1 0.98
2 Oduca 30,6 0,5 0,87
[Ipon.marazun 39 0,5 0,8
2 [Ipom.Mara3una 110 0,5 0,9
[Tapukmaxepckas 10,4 0,5 0,97
5% norepwu, Cospcp.B3=0.87
yIIMIHOE 829,95
OCBEIIICHHE 41,5
Bcero 7
878,45
Kuneie noma:
9,10,11,13 942,72 1 0,98
3 Odmuca 45,9 0,5 0,87
[Ipom.marazun 55 0,5 0.9
5% moTepH, Cosgcp.B3=0.93 993,17
YIIHYHOE 49,66
OCBeIllEHUE 7
Bcero 1049,83
6 Iapaxu:
14a,146,148,14r 1099,8 1 0,98
5% motepu, 45 0,4 0,98
YJIIMYHOE 10,4 0,5 0.97
OCBEIIIEHHE Cosqcp.B3=0.976 1155,2
Bcero 55,63
7
1217,8
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[Tpomomkenne Tadbmuibl 2.2

1 2 3 4 5 6
7 Pa3zBnekarenbHbIi
neHtp:15 824,74
5% norepwu, 45,9 1 0,98
YIIMYHOE 39 0,5 0,87
OCBEILIEHHE 45 0,5 0,8 909,64
Bcero 0,4 0,98 24,26
Cosgcp.s3=0,85 7
940,9
My3zeii:
20 205,5 1 0,98
5% notepu 205,5
YIIMYHOE 31,97
OCBEILIEHUE 5)
Bcero 7
249,5
9 Kunsle noma:
16,17,18,19 735 1 0.98
Kade, 30,6 0,5 0,87
[Ipoa.marazun 39 0,5 0,8
2 TIpom.mara3zuHa 110 0,5 0,9
[Tapukmaxepckas 10,4 0,5 0,97
5% mnotepn, Cosocp.B3=0.87
YJINYHOE 925
OCBEIIICHHE 415
Bcero 7
973,5
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Oxkonuanue TadauIe 2.2

1 2 3 4 5 6
10 | XKunble noma:

21,22 942,7 1 0,98
[Ipom.marazun 45,9 0,5 0,87
[komna 55 0,5 0.9
5% morepw, Cosopcp.s3=0.93 993,17
YIUYHOE 49,66
OCBElICHUE 7
Bcero 1050

11 Kuneie noma:
24,25 734,95 1 0.98
2 Oduca 30,6 0,5 0,87
[Ipon.marazun 39 0,5 0,8
Baccein 110 0,5 0,9
[Tapukmaxepckas 10,4 0,5 0,97
5% norepwu, Cospcp.B3=0.87
YIIMYHOE 829,95
OCBEIIICHUE 41,5
Bcero 7

878,45
12 | Pa3BiekaTenbHBbIA

IIEHTP 990 1 0,98
5% motepu, 45,9 0,5 0,87 1090,9
YJIIMYHOE 55 0,5 0.9 49,66
OCBEIIEHHE Cospcp.83=0.93 7
Bcero 1147.6

Jlist BBIOOpa MecTa YCTaHOBKHM TPAHC(OPMATOPHBIX MOJICTAHIINA HUCTIOIb3YEM
METO/I LICHTPA AIEKTPUUECKUX HATPY30K.

KoopauHate! ieHTpa 2JIeKTpUYECKUX HArpy30K BBIPAKAIOTCSA YPAaBHEHUEM:
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X = (2.4)
y 2P 25)
rae Pi — mommnoCTs I-ro qoma, kBT;
Xi, Yi — KoOpAMHATHI I-TO JJOMa, CM.
Koopaunater nomMoB cBenéM B Tabnuiy 2.3
Tabmuma 2.3 — KoopauHaThl TOMOB
Ne noma X, cMm Y, cM Ne noma X, cMm Y, cM
1 2 3 4 5 6
KTIT Ne 1
la 7,5 9,6 1 9,5 7,4
1 9,5 7,4 2 8,8 9,8
I’ 9,5 7,4 14 51 9,1
KTII Ne 2
3 2 4,8 4’ 3,5 8,6
3’ 1 3,4 4> 41 12,8
4 1,7 0,7 4 4,6 9,1
KTIT Ne3
5 7,7 4,2 6 11,2 3,8
5 8,3 2,5 7 9,5 6,3
57 9,6 2,1
KTII Ne 4
12a 16,6 7,1 8 18,9 6,3
12 14,2 6,1 8’ 17,2 3,5
12° 13,3 3,9 8’ 14,3 2,1
KTII Ne 5
9 19,2 10,8 11 8,1 10,5
9 18,5 12,7 1 9,2 12,3
9 16,1 13,4 13 11,2 11,3
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Oxkonuanne TadauIe! 2.3

1 2 3 4 5 6
10 54 9,5 13’ 10,3 9,2
10° 3,2 11,1

KTII Ne 6
1l4a 2,8 13,6 14r 3,8 8,6
146 1,5 11,4
148 2,3 9

KTII Ne 7
15 2 4,8

KTII Ne 8

20 7,7 4,2

KTII Ne 9

16 16,6 7,1 19 18,9 6,3
17 14,2 6,1 17 17,2 3,5
18 13,3 3,9 17 14,3 2,1

KTII Ne 10
21 19,2 10,8 23 8,1 10,5
21’ 18,5 12,7
21> 16,1 13,4
22 15,4 9,5
22’ 13,2 11,1
KTIT Ne 11
26 2,8 13,6 24> 3,8 8,6
24 1,5 11,4 25 5,8 12,8
24 2,3 9 25’ 58 91
KTII Ne 12
27 2 4.8

[ToacraBuM nanHble KOOpPAMHATHI B GopMyisl 2.4 U 2.5 MOJyYUM LEHTP

AIEKTPUUECKUX HArpYy30K UIsl TPaHC(HOPMATOPHBIX MOJCTAHLUUN, MPUBEIEHHBIX B

tabnuiie 2.4
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[IpousBenéM cmelleHre NOACTaHUMA K HCTOYHUKY MHTAaHHUS Uil OoJiee

PadUOHAJIBHOI'O PACIIOJIOKCHUA.

Ta6nuna 2.4 — KoopiuHaThI MOJCTAHIIMN U UX CMEIICHUE

Ne kit Xpacu. cMm VYpacu. cMm Yememw. cm Xcmemt. cM
1 2 3 4 5
1 7,2 11,2 - -
2 10,8 4,6 - -
3 12,5 7,3 - -
4 78 15,8 - :
5 8,5 12,2 - -
6 57 85,2 - -
7 8,5 16,2 - -
8 11,5 13,3 - -
9 12,8 23,8 - -
10 17,5 21,5 - -
11 18,7 18,2 - -
12 22,8 22,6 - -

0) Bb16op umciia 1 MOIIHOCTH TPaHC(HOPMATOPHBIX MOICTAHIIUN

Beibop  MomHOCTH  TpaHC(OPMATOPOB  MPOMU3BOAMUTCS  UCXOAd U3
paloHaIbHON UX 3arpy3Kd B HOPMAJbHOM PEXKUME M C Yy4ETOM MHHMMAJIBHOTO
HEO0OXO0IMMOI0 PE3ePBUPOBAHNUS B aBAPUMHOM PEXHUME.

NunuBuayanbHas 3acTporKa KUJIOro pailoHa OTHOCUTCS K moTtpedurensm |
KaTeropuu Mo HaJEXKHOCTU 3JeKTpocHa0xkeHus. OCHOBHBIMU MOTPEOUTENIMUA TPU
BbIOOpE uHncaa TpaHC(HOPMATOPOB SIBISIOTCA: HAAEKHOCTb AIEKTPOCHAOXKEHUs, a
TaK’K€ MUHUMYM NPUBEIEHHBIX 3arparT Ha TpaHchopmaropbl. CrenoBaTeNbHO,
yCTaHaBJIMBAEM IMOJACTAHIINY C IByMs TpaHC(hOpMaTopamu.

Pacuérras momHOCTH TpaHchopMmaTopa:

P
_ pacu (2 . 6)
Cos ¢cp.@3

pacu.max
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THE S, .. -~ PACUETHAS aKTHBHAS MOILIHOCTH ITOJCTAHIINH, KBT;
0S¢, ,, - KOCHHYC CPEAHEB3BEILICHHON MOICTaHIINN.

Koaddunment 3arpy3ku onpenensercs:

S'max.pacu

K 2.7
3 n- SHOM ( )
rae S'HOM — HOMUHaJIbHas MOIIHOCTh TpaHchopmMaropa, KBT;
N — KOJMYECTBO TpaHCHOPMATOPOB.
Koaddunment neperpysku He 10JDKeH npepbimarh K3<1,4
KoadduimenT neperpysku onpeneiseTcs:
S\pacq.max
Ko = 5 (2.8)

HOM

Paccmorpum it nmpumepa KTIT Nel

Spacu.max=1175,3/0,95=1211,65 kBA;

K3=1237,16/(2-1000)=0,6

Koaddumuent neperpysku He gosxkeH npesbimats K3<1,4

Knep=1237,16/100=1,21<1,4

Koaddumuent neperpysku He nomken npebimath Knep<l,4 mms KTII Nel
KO3 (PHUIMEHT eperpy3Ku COOTBETCTBYET TPEOOBAHMIO.

Takum o6pazom, npunumaeM Ha KTII Nel na tpancdopmaropa mo 1000

kBA. JlaapHelmmii pacyét cBeaéM B TaOmmiIry 2.5
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Tabmuma 2.5 — Beibop TpanchopmaTopoB Ha TOICTAHIIASIX

Ne kit PcyMm, kBt Cos@,, .. Spacu.max,xB K3zarp Knep Mapka
A TpaHchopmar
opa

1 1175,3 0,976 1211,65 0,62 1,21 TM3-2x1000
2 516,45 0,85 607,6 0,48 0,96 TM3-2x630
3 678,475 0,98 692,3 0,55 1,1 TM3-2x630
4 878,45 0,87 1009,7 0,5 1,01 TM3-2x1000
5 1049,83 0,93 1128,85 0,56 1,13 TM3-2x1000
6 1217,8 0,976 1255,5 0,63 1,26 TM3-2x1000
7 940,8 0,85 969,9 0,485 0,97 TM3-2x1000
8 249,5 0,98 257,2 0,5 1,0 TM3-2x250
9 973,5 0,87 1003,6 0,5 1,0 TM3-2x1000
10 1050 0,93 1082,5 0,54 1,08 TM3-2x1000
11 1147,6 0,976 1183,1 0,59 1,18 TM3-2x1000
12 678,5 0,85 699,4 0,56 1,11 TM3-2x630

Paccuuraem IMOTCPHU MOIIHOCTHU U aKTUBHOM OHCPIUU B TpaHC(I)OpMaTOan.

[ToTepu MonTHOCTH ONpeaenuM 1o ciexyrommmM Gopmynam[2.9,2.10]:

rae AP ., AP

[ToTepu akTUBHOM PHEPTUU OMPEILIUM 110 HopmyJie:

AP S
AP = —*.(F
n (S

HOM

AQ="100 5

xx.!

)+n-AP_

AU_% S,

HOM

| %
+ SHO.’II ' 100

U_ %, % - nacriopTHbIC IaHHBIE;

(2.9)

(2.10)

S’Harp — pacdyeTHas MOIIHOCTH TPaHCPOPMATOPHOM TOICTAHIINH, KBT;

S'HOM — HOMUHAaJIbHAs! MOIIHOCTH TpaHcpopmaTopa, KBT;

N — KonnuectBo TpancpopmaTopos.
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N

S AP
(g ) (2.11)

HOM

AA=n-AP_-7

200

rae 7., - hakThuyeckoe BpeMs paboThI moTpeduTeneit B roa, z,,,=8760 u;
T - BpeMsl MaKCUMAJIbHBIX MOTEPb, 4, 7 =2988 u.
Pacuér cBeném B Tabmuiy 2.6
Ta6muma 2.6 — IloTepu MOIHOCTH U aKTUBHOM SHEPTUHU
Ne KTTI, Stp- AP | AP kBt | U_ % | Ixx,% | Swarp, AP, AQ, AA
OB «BT kBT kBr | xBAp | mMBru
1 2 3 4 5 6 7 8 9
1 2x1000 19 12,2 55 1,7 1211,65 11,2 17,06 61,18
2 2x630 1,25 7,6 55 1,7 607,6 6,16 10,76 32,46
3 2x630 1,25 7,6 55 1,7 692,3 6,67 10,77 35,61
4 2x1000 19 12,2 55 1,7 1009,7 9,96 17,05 51,87
5 2x1000 19 12,2 55 1,7 1128,85 | 10,68 17,06 56,5
6 2x1000 19 12,2 55 1,7 1255,5 10,1 15,2 59,2
7 2x1000 19 12,2 5,5 1,7 969,9 7,16 10,8 36,5
8 2x250 15 5,6 55 1,7 257,2 55 9,7 32,7
9 2x1000 19 12,2 55 1,7 1003,6 10,9 15,1 50,9
10 2x1000 1,9 12,2 55 1,7 1082,5 10,7 14,2 53,5
11 2x1000 1,9 12,2 55 1,7 1183,1 7,7 10,9 34,6
12 2x630 1,25 7,6 55 1,7 699,4 6,96 10,05 36,87
OnpenenuM CyMMapHyO MOIIHOCTh ¢ Y4€TOM MOTEPh B TpaHchopmaTope 1o
dbopmyuie;

S5=(Peyy it AP) +j(Qeyw itAQY); (2.12)
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S:1=(1175,3+11,35)+j(294,56+17,06)=1186,5+j311,62=1226,74 kBA,
S,=522,61+j330,85=618,57 kBA,

S;=685,14+j148,43=701,03 kBA,

S,=888,4+j514,85=1026,8 kBA,

S:=978,67+j597,83=1146,82 kBA.

2.3Bb100p cevenmii :xu1 kadeseil Ha HanpsikeHue 0,4 kB

[TonpoOHbIN pacueT BBIMOJHUM JIsl 00BEKTOB, MoJTy4aromux nutanue ot TI1
1-5, BbIOpaHHOTO BapHaHTa CHUCTEMBbI 3JIeKTpocHaOkeHus. CpaBHUBATh OyJem
TOJILKO OTJIMYAIOIIUECS YaCTH CXEM.

Bribop ceuenus sxunm kabenel MPOU3BOAUTCA MO 3aJaHHOMY 3HAYCHHIO
MOTepb HANpsDKEHUs U 0e3 yuyeTa HWHIAYKTUBHOTO comnpoTuBiieHus. CoriacHo
pEKOMEHIAIUSAM CeTH HampsbkeHus 10 1 kB Mory ObITh paccuuTaHbl 0e3 ydeTa
WHIYKTUBHOTO COMPOTHUBJICHUS, €CIM UX KOI(PPUIMEHT MOIIHOCTH OIU30K K
1.JlomycTuMyt0 BEIMYHMHY IOTEpPh HampsbkeHus npuauMaeM 5% (ot KTII go
BBO/JIOB B 3/IaHHUSI) B HOPMAJIBHOM pexkume, B aBapuiiHoM 10%.

3HaYCHHUs yICIbHOM MOTepH HanpshKeHus[8]

AUpon
Ma

AU <

rae Ma=P-L — MOMEHT akTUBHOM Harpy3ku, KBt km
AU.¢ — TabnnyHOE 3HAaYEHUE YACIbHON BEIMYMHBI NOTEpU HampspkeHus B % Ha 1
KBT kM

AU o — TOTTyCTHMBI TTIOTEPH HAMIPSDKEHUS B TUHUY , %0

KTII Nel:

Kunon mom Ne 1
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BPVY-1

P=180,94 kBT,

L=0,079 xm,
Ma=180,94-0,079=14,3 kBt xm

PacderHslif TOK HalizieM 110 hopmyIie:

Ip = P
p= V3-UH-cosg

180,94
Ip =

= /304098 266,8 A

F=120 MM, 1,0,=270 A, AU,5=0,189%
AU=AU,5-Ma=0,189-14,3=2,7% < 5%

[Ipunumaem 2 B3aumopesepBupyrommx kadens 2xAAllIB-4x120 MM

BPVY-2

P=169,628 kBT,

L=0,104 xm,
Ma=169,628-0,104=17,6 kBt km

Ip=—=2%28 — 750,13 A

" \/3-0,4-0,98

F=120 Mm%, 1,6, =270 A, AU,=0,189%
AU=0,189-17,6=3,3% < 5%

[Tpunumaem 2 B3aumopesepBupyrommx kaoemns 2xAAlllB-4x120 MM’

BPVY-3
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P=165,916 BT,
L=0,072 kM,
Ma=165,916-0,072=11,9 xkB1-kxm

165,916
Ip =

= m = 244,66 A

F=120 MM?,|0=270 A, AU,5=0,189%
AU=0,189-11,9=2,25% < 5%

[Tpuaumaem 2 B3aumopesepBupyromux kaoens 2xAAlllB-4x120 MM

BPY-4

P=165,916 BT,

L=0,073 kM,
Ma=165,916-0,073=12,1 xBT-kxm

165,916

Ip = V3-0,4-0,98

= 244,66 A

F=120 MM° |,0,=270 A AU,5=0,189%
AU=0,189-12,1=2,3% < 5%

[Tpunumaem 2 B3aumopesepBupyromnmx kadens 2xAAlllB-4x120 MM
Kunown nom Ne 2:

P=181,4 kBT,

L=0,045 kM,

Ma=181,4-0,045=8,2 kB1'km

Ip=—22_ =2675A

"~ \/3-0,4-0,98
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F=120 MM?, 1,0, =270 A, AU,=0,189%
AU=0,189-8,2=1,55% < 5%

[punnMaem 2 B3aunMopesepBupyomux kabems 2xA AILIB-4x120 mm®
Kuown nom Ne 14:

BPY-1

P=82,958 kBT,

L=0,024 xm,

Ma=82,958-0,024=2 kBT1'km

Ip = 82,958
p v/3-0,4-0,98

=122,3A
F=120 MM?, Lo =135 A, AU,=0,64%
AU=0,64-2=1,28% < 5%

BPVY-2

P=165,916 kBT,

L=0,052 xm,
Ma=165,916-0,052=8,6 kBt xm

165,916

= 504098 244,66 A

F=120 MM?, 10 =270 A, AU,=0,189%
AU=0,189-8,6=1,62% < 5%

B aBapuiiHOM pexume
P=(82.958+165.916)-0.9=223.9866
I—nepeM:anz6 KM
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L=0.052 km
Ma=223,9866-0,052=11,6 kBt km

223,9866
Ip =

= 504098 330,28 A

F=185MM" |,0,=345 A, AU;5=0,138%

Ma=165,916-0,026=4,3 kBt xm

lpacs=244,6 A

F=120mM?, 1o =270 A, AU,c=0,138%

AU =0,189-4,3=0,8% < 5%

AU;==1,6+0,8=2,4% < 10%

[IpunumaeM mo omHOMYy KaOelbHOMY BBOAY Ha Kaxjaoe BPY kaGemsimu
mapki AAmB-4x185 MM° U mepembrdka Mexay obemmu BPY kabemem AAILIB-
4x120 MMZ.I[aﬂLHeﬁmHﬁ pacuer cBeneM B Ta0muiry 2.7

Tabnuua 2.7 — Beibop ceuenus kabdens Ha HanpsikeHue 0,4 kB

No No BPVY | P, kBt Lxkm | MakBtkm | Ip, A lion F, AU AU

KTII | moma A MM %

1 2 3 4 5 6 7 8 9 10 11
1 Nel 1 180,94 | 0,079 14,3 266,8 | 270 | 120 | 0,189 | 2,7
2 169,628 | 0,104 17,6 250,13 | 270 | 120 | 0,189 | 3,3

3 1165916 | 0,072 11,9 24466 | 270 | 120 | 0,189 | 2,25

4 165,916 | 0,073 12,1 24466 | 270 | 120 | 0,189 | 2,3

Ne2 181,4 | 0,045 8,2 2675 | 270 | 120 | 0,189 | 1,55

Nel4 1 82,958 | 0,024 4,3 330,28 | 345 | 185 | 0,138 | 24

2 | 165,616 | 0,052 4,3 330,28 | 345 | 185 | 0,138 | 24

2 Ne3 121,2 | 0,0325 3,9 178,71 | 200 70 0,321 | 1,25
Ned 1 116,48 | 0,037 4,3 1717 | 200 70 0,321 | 1,38

2 128,33 | 0,02 2,57 189,2 | 200 70 0,321 | 0,8

3 119,18 | 0,038 4,53 175,74 | 200 70 0,321 | 1,45
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Oxkonuanue TadauIe! 2.7

1 2 3 4 5 6 7 8 9 10 11
3 Ne5 1 136,54 | 0,034 4,6 201,34 | 245 95 0,24 11
2 68,27 0,036 2,5 100,66 | 115 25 0,908 | 2,27
3 68,27 0,038 2,6 100,66 | 115 25 0,908 | 2,36
Ne6 183,21 | 0,036 6,6 270,16 | 305 150 | 0,152 1
Ne7 183,21 | 0,047 8,6 270,16 | 305 150 | 0,152 1,3
4 Ned 1 108,83 | 0,056 6,09 160 200 70 0,321 | 195
2 198,77 0,04 7,95 293,1 150 150 | 0,152 | 1,21
3 114,03 | 0,063 7,2 168,15 | 200 70 0,321 2,3
Nel2 1 164,04 | 0,035 5,7 241,86 | 270 120 | 0,189 | 1,08
2 122,14 | 0,033 4,03 180,1 200 70 0,321 1,3
3 122,14 | 0,043 5,25 180,1 200 70 0,321 | 1,68
5 Ne9 1 108,83 0,02 2,18 160,5 200 70 0,321 0,7
2 116,48 | 0,063 7,34 171,76 | 200 70 0,321 | 2,31
3 128,68 | 0,089 11,45 189,7 200 70 0,321 | 3,67
Nel0 1 112,06 | 0,023 2,58 165,24 | 200 70 0,321 0,8
2 112,06 | 0,047 5,27 165,24 | 200 70 0,321 1,7
3 112,06 | 0,061 6,8 165,24 | 200 70 0,321 2,2
Nell 151,5 0,103 15,6 223,4 270 120 | 0,189 | 2,95
Nel3 151,5 0,063 9,5 223,4 270 120 | 0,189 1,8
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2.4 PacuéT cxembl pacnpeaeanTeabHoii cetu 10 kB

2.4.1 Pacuér MOTOKOpAacIHpeaeIeHUs MOILHOCTH BAPUAHTOB

pacnpenennTesbHoi cetn 10 kB

JUis  27eKTpOCHAOKEHUs KWIOr0 pailoHa HMEIOLEro B  OCHOBHOM
NEKTPONPUEMHUKN 2  Kareropuu Ha Hampsbkenne 10 kB paccmorpum 1iBa
BapHaHTa CXEM 3JIEKTPOCHA0XKEHUS — paJiiajbHO — MAaruCTPaJIbHYI0 U KOJBIEBYIO
qurst TTT NeNel-b.

CpaBHHBaTh OyJ€M TOJBKO OTJIMYAOIINECS YACTU CXEM.

a) PaccmoTpuM paananbHO-MarucTpagbHyIO CXEMY.

10kB
1,564 1,785
29_ —1- 1
0.220 0,244
3= —> 5
0,244
11— 4

Pucynok 2.1 — PaguanpHO-MarucTpaibHas cCXeMa pacrpeaeTuTeIbHON ceTr

10 kB

IHonnas MOIIHOCTD IIOACTAHITHUH .

S=P+jQ (2.14)

33



rjae P — akTuBHaAs MOIIHOCTH MOJICTaHIUH, KBT;

Q — peakTHBHAas COCTABJIAIOIIAS MOITHOCTh MOACTaHIIUK, KBAD.

OHpCI[eJII/IM IIOJIHYIO MOIMHOCTD Ha IMOACTAHIIUAX !

S1=1186,65+j311,62=1226,74 xBA,
S,=522,61+j330,85=618,57 kBA,
S3=685,14+)148,43=701,03 kBA,
S,=888,4+]514,85=1026,8 kBA,
Ss=978,67+)597,83=1146,82 kBA

PaccunTaem nmoTtoku MOINHOCTH HA Y4YaCTKaX CXCMBbI.

S5.4=S,= (888, 4 + j514,85) =1026,8KBA,

S1.5=S5.4+S5= (888,4 + j514,85) + (978,67 + j597,83) = (1867,07 + j1112,68) = 2173,48
kBA,

S0.1=S15+5;=
(1876,07 + j1112,68) + (1186,65+ j311,62) = (3053, 72+ j1424,3) =3369,54 KBA,

S,.3=53= (685,14 + j148,43) = 701,03KBA,

So-o= S,.3+5,= (685,14 + j148,43) + (522,61+ j330,85) = (1207, 75+ j479,28) =1299,37
kKBA

0) PaccMOTpUM KOJBIEBYIO CXEMY
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10kB

1,564 1,785
2 1
0,220 0,244
3 HI‘ 0,236 0,244 AI%S
| |
\
4

Pucynox 2.2— KonbneBas cxema pacrnpeaenureabHoi cetn 10 kB

IToToku akTUBHOM MOIIHOCTH Ha I'OJIOBHBIX YYAaCTKaX PaBHBI:

o (2.15)

rae Pn — akTuBHast MOIIHOCTH N-TO TOJIOBHOIO ydacTka, KBA;
Pi — akTHBHas1 MOIIHOCTH 1-0H MTOACTAHIIMHA HAYHHAs C OoCcHeqHeNH, KBA;

el — mmHHa TUHUY (1-0#1) 10 1-0# MOJICTAHIIUU OT UCTOYHHKA ITUTAHUS, KM.

ITotokn peaKTHBHOﬁ MOIIHOCTHU HA I'OJIOBHBIX Y4aCTKaX paBHBbI:

0-= (2.16)

rae QN — peakTUBHAS MOIIHOCTH N-TO TOJIOBHOTO ydacTka, KBA;
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Qi — peakTHBHAs MOITHOCTH I-OW TIOJICTAHITMK HAYMHAS C MTOCIIeTHEH, KBA;

el — muHHa TuHuM (1-0#) 10 -0 MOJACTAHIIUU OT UCTOYHHMKA MTUTAHUS, KM.

Konpuesas pacu€THas cxema UMEET CICTYIOIIUI BU.

- S 5 5 —

Pucynok 2.3 — PacuetHas cxema

[MoncraBuB 3HavyeHHWs B ypaBHeHWe (2.15) HaWAEM TOTOKU AaKTHBHOM

MOITHOCTHU HA I'OJIOBHBIX YUYACTKaX:

_(522,61%2,729)+(685.14%2,509)+(888,4%2,273)+(978,67%2,029)+(1186,65%1,785)

P = —
0-2 4,293
2158,97 kBT,
_(522,61%1,564)+(685.14%1,784) +(888,4%2,02)+(978,67+2,264)+(1186,652,508) _
Po-1= 4,293 -
2102,5 kBT,

BrimmonnuM npoBepky

P, +Ppy =P +P,+P,+P, +P
4261,47 xBA=4261,47 xBT;

Jnst Toro 4YTOOBI ONpeneNuTh TOYKY MOTOKOpasjena, HEeoO0X0auMo

paccunTaTb NHOTOKKW MOIIHOCTHU HAa OCTAJIbHBIX YYaCTKaX CXCMBI.

Py.3=Pg,-P,=2158,97-522,61=1636,36 kBT,
P3_4:P2_3-P3:1636,36-685,14:951,22 KBT,
P45=P3.4-P4,=951,22-888,4=62,82 kBT,
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P1_5:P0’_1-P1:2102,5-1186,65:915,85 KBT.

Taxum 06pa3oM, NOJYyUMIHM TOUKY Ps — TOUKON MOTOKOpa3aena.

[ToxcTaBuB 3HaucHHS B ypaBHeHHE (2.16) HaiinéM MOTOKM MOIIMHOCTH Ha

T'OJIOBHBIX yHJaCTKax:

_(330,85+2,729)+(148,43%2,509)+(514,85+2,273)+(597,83%2,029)+(311,62%1,785) _

Qo-2= 4,293
981,78 kBT,
_(330,85+%1,564)+(148,43+1,784)+(514,85%2,02)+(597,83%2,264)+(311,62%2,508)
Q1= 4,293 -
921,8 kBT,

BrinonHuM nposepky,

Qo-z +Q0'-1 = Ql "'Qz +Q3 +Q4 "'Qs
1903,57 kBA=1903,58 xBap;

Jnst  Toro 4YTOOBI OMpEeNeNuTh TOYKY MOTOKOpasjena, HEeo0X0aIuMo

paccunTaTtb NOTOKKW MOIIHOCTHU HA OCTAJIbHBIX YUAaCTKaX CXCMBbI:

Q2.5=Q0.,-Q,=981,78-522,61=459,17 kBap,
Q3.4=Q,.3-Q4=459,17-148,43=310,74 xBap,
Q45=Qy-.1-Q,=610,18-514,85=95,33 kBap,
Q1.5=Q1-Q:1=921,8-311,62=610,18 kBap,

Takum 06pazom, moydmin TOUKy Q4 — TOUKOM TOTOKOpasena.

[ToHas MOITHOCTH HAa ydYacTKax OyJeT paBHa:

37



S4.5=Ps5+]Qs5=62,82-j95.33=114,17 kBA,
S1.5=P1.5+jQ1.5=915,85+j610.18=1100,5 kBA,
S3.4=P3.4+jQ3.4=951,22+j310,74=1000,6 KBA,
S,.9=P2.3+]Q,.5=1636,36+j459,17=1699,56 kBA,
S02=P0.2+jQ0.,=2158,97+j981,78=2371,71 kBA,
S01=Po.1+jQ01=2102,5+j921,8=2295,69 kBA,

2.4.2 Boi0op kaoeJieil B cetn 10 kB u onpenesieHue norepb MOIHOCTH H

AKTUBHOH SHEPTHHA B JUHHUAX

a) [IpousBenem pacuer st paauaibHO-MarucTPaIbHON CXEMBI:

Hcnons3yem kadenu mapku AAILIB,

S
| o=—2— K, A,
e BUy (2.17)
I S K A
“3Uy (2.18)

K,=0,9 - monpaBo4HbIii K03(. MpH pacyeTHOM TemmepaType cpeabl, °C [8],

N=2 — KOJIUYECTBO JIUHUIA.
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Ta6muier 2.8 — Beibop ceuenus kadens Ha Hanpsbkenue 10 kB

VYyacTok JlnuHa, KM SrarpBJT, lpas> A | as, A liom A CeueHue
kBA
1 2 3 4 5 6 7
4-5 0,244 1026,8 26,71 53,42 75 3x25
1-5 0,244 2173,48 56,5 113,07 115 3x35
0-1 1,785 3369,54 97,38 194,76 205 3x95
2-3 0,22 701,03 18,23 36,47 75 3x25
0-2 1,564 1299,37 33,8 67,6 75 3x25

Hainem norepu HanpsikeHus1, TOTEPU MOILIHOCTH, IIOTEPU AKTUBHOU YHEPIUU

B MIPOBO/JIaX 1O (hopmyiam:

_ V3xIpag*Lx(Iy, /n*COSQ+Xy, /N*siN¢)

AU T + 100%, (2.19)
AP=3-1%551y/n-L-10°, kBr; (2.20)
AQ =315 Xy4/n-L-10", kBAD;. (2.21)
AA = APpay' T, MBT . (2.22)

T — BPEMsI MAKCUMAaJIbHBIX NTOTEPh, T=2988 .

JlanpHEHIiA pacyeT cBeieM B TaoiwuiIry 2.9
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Tabnuua 2.10 — Pacuer MOIIHOCTY ¥ aKTUBHOW SHEPTUU JUIsl JIMHUM.

Vaacrok | Ly | Ceuenme | €OS® | Tya Om | xy,,OM AU, AP xBt | AQ,xBAp AA,
/KM /KM % MBT1'4
1 2 3 4 5 6 7 8 9 10
4-5 0,244 | 3x25 0,87 1,17 0,113 | 0,092 | 3,055 0,25 9,13
1-5 0,244 | 3x35 0,9 0,84 0,095 | 0,092 9,81 1,11 29,32
0-1 1,785 3x95 0,92 0,31 0,083 0,44 78,7 21,07 235,2
2-3 0,22 | 3x25 09 | 1,17 | 0,113 | 0,063 | 1,28 0,11 3,83
0-2 1,564 | 3x25 0,92 1,17 0,113 | 0,782 | 31,36 2,65 93,69
Hroro 371,17
0) [IpousBeném pacu€r M1l KOIBIIEBOM CXEMBI:
Hcnons3yem kadenu mapku AAILIB,
ABapuiHBII TOK B 3TOM CJIy4Yae PaCCUUTHIBAETCS MO PopMyJie:
In/a@ :SL’A’ 2 23
J3U,,, (2.23)
rae Sy — MakCHMMallbHas II0JIHasi MOIIHOCTh B aBapUIHOM pexuMe, KBT;
SZ:S]-+ Sz+ S3+ S4+ S5
Pabounii Tok B 3TOM cily4ae pacCUUTBIBAETCA 10 (hopMyIie:
I > K A
a == nit®H 224
paé \/?U Lon ( )

rac ScyM — CyMMapHas MOIMHOCTb OT TOYKH IIOTOKOpa3acia J0 JaHHOI'O y4acTKa,

KBT;

Jlist mpumepa pacemoTpuM ydactok 0-2 mpu oTkitoueHue ydactka 0-1:
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_ (1226,74+618,57 + 701,03 +1026,8 +1146,82)

I = =272,84
as0-2 10 . \/§
| = (1226,74 +701,03+1026,8 +1146,82) _237.074
10-4/3
| L= (1226,74 +1026,8 +1146,82) 196,54
10-/3
| .= (1226,74 +1146,82) _137.24
10-4/3
VYuactok 0-1 oTKJIIOYEH TOrAA:
| = (1226,74 + 618,57 + 701,03 +1026,8 +1146,82) 272,84
10-4/3
|- (618,57 +701,03+1026,8 +1146,82) 201924
10-/3
Ipa6 :&1’71-0,9 =123,4A4
10-/3
Tabnuma-2.11 — Beibop ceuenus kabeneit Ha Hanpspkenue 10 kB
YuacTok JnuHa, KM | Syarppi, KBA lpas, A ljas, A Lo, A Ceuenne
1 2 3 4 5 6 7

0-2 1,564 2371,71 123,4 272,8 310 3x185
2-3 0,220 1699,56 88,4 237,07 275 3x150
3-4 0,236 1000,6 52,05 196,5 205 3x95
4-5 0,224 114,17 5,94 137,2 165 3x70
1-5 0,224 1100,5 57,25 201,92 205 3x150
0-1 1,785 2295,69 132,7 276,5 310 3x185
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Haiinem norepu HanpsikeHus, NOTEPU MOLIHOCTH, ITIOTEPU AKTUBHOM YHEPIUHU

B IIpoBojax 1o ¢popmyinam (2.19-2.22):

Pe3ynbTaThl pacueToB cBefeM B TaOauily 2.12

Tabmuma 2.12 — Pacuer MOIIHOCTH ¥ aKTUBHOW SHEPTHUH IS IMHUMA.

Vuaacrox | L km Ceuenue | cos@ ry, OM | x,,0M | AU, | AP,xBr AQ,xBAp | AA, MBt'u
/KM /KM %
1 2 3 4 5 6 7 8 9 10

0-2 1,564 | 3x185 | 0,92 | 0,16 0,077 | 0,53 | 1143 55,01 341,57

2-3 0,220 | 3x150 0,9 0,2 0,079 |0,065| 10,3 4,07 30,82

3-4 0,236 | 3x95 092 | 031 0,083 | 0,063 | 5,94 1,59 17,76

4-5 0,224 | 3x70 0,89 | 0,42 0,086 | 0,009 | 0,099 0,02 0,29

5-1 0,224 | 3x150 | 0,93 0,2 0,079 0,047 | 4,79 1,89 14,3

1-0 1,785 | 3x185 | 0,92 | 0,16 0,077 | 0,65 | 150,87 72,6 450,81
Hroro 855,6
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2.6 Br16op oOopynoBanust
2.6.1 Boi0op o0opynoBanusi Ha Hanpsikenue 10 kB

Pacnpenenenue anexrposneprun ot noacranuuu PTII no KTII npoussoaum
KaOeJIbHEIMM THHHSIMH Ha 10 kB.

PaccmoTpum | paguanbHO-MarucTpaabHYIO CXEMY.

BeIkmrouaTenu BEIOUPAIOT 110 HOMUHAIBHOMY TOKY lyon=lpacy, HOMMHAIBHOMY
HanPsKEHAIO U= Uyoyy, THITy B POy YCTAHOBKH.

Jist 3amMThl TMHUI BRIOMpaeM BaKyyMHBIE BRIKIIOYaTeu cepuu BBO-M.

B kauectBe mpumepa paccMOTpuM BBIOOP BbIKItOUatens s 3amuthl Kllg.,
o KTII2.

Uiowkr=10 kB, lionxn=33,8 A. BriOupaem Breikimouatens BBD-M-10-
20/630YXJI2 ¢ U,o=10 kB, 1,,,,=630 A.

JIns  ocTanbHBIX JIMHUK BBIOOpP OCYIIECTBISACTCS AHAJIOTHYHO, CBEAEM

pe3yabTaThl B Tabauity 2.13

Tabmuma 2.13 — Bei6op Beikitouareneii Ha 10 kB

KIJI Usom, KB Ipaca, A Tun lion Bomer, A KonnuectBo
BBIKJTIOYATENs
1 2 3 4 5 6
0-2 10 33,8 BB2-M-10- 630 2
20/630YXJI2
0-1 10 89,9 BB3-M-10- 630 2
20/630YXJI2

PaccMoTpuM KOIBLIEBYIO CXEMY:
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Tabnuma 2.14 — Bei6op BeikmtouaTeneit Ha 10 kB

KJI Usom, KB Ipacu, A Tun Liion momns A Konuuectso
BBIKJTIOYATES
1 2 3 4 5 6
0-2 10 125,2 BB3-M-10- 630 1
20/630YXJI2
0-1 10 121,9 BB3-M-10- 630 1
20/630YXJI2

BB2-M-10-20/630YXJI2 co cneayrommumu mapamerpamu: U,,=10 kB;
liov=630 A;
liomorn =20 KA; TpeaeabHbld CKBO3HOW TOK l.;=52 KA; mpeaeibHbId TOK

TEPMHYECKOM CTOMKOCTH lppr =20 KA; COOCTBEHHOE BpEMs BBIKIIOYATEINA

ts=0,03 ¢, tor=0,05 c.

2.6.2 Boi0op o0opyaoBaHus HA HaNpsKeHHe HIKe 1 kKB

s 3amutel muaui 0,4 kB Oyzem ucnoss3oBaTh BeikiIodaTenu BA 57.

Brikirrouarenu BeIOHpaeM 10 yCIOBHUSIM:

> |

IHOM,a Z 1pat6

>

IHOM,pacu,T Z Ipa6s

IHOM, acu,az I ab:
P p
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Tabnuma 2.15 - Bei6op Beikmtouateneit Ha 0,4 kB

No Ne JKusoro Koi-Bo loas, A Tun Liomas> A | lpacupacir s lom,pact,r lomen KA
KTII noMa BBIKJI BBIKJIFOUATEN A , A
s
1 2 3 4 5 6 7 8 9
1 XK.t Ne 1 BeTBB 2 266,8 BA 57-39 630 333,5 400 40
1
K.t Ne 1 BeTBB 2 250,13 BA 57-39 630 312,66 400 40
2
K.t Ne 1 BeTBB 2 244,66 BA 57-39 630 305,82 400 40
3
XK. Ne 1 BeTBB 2 244,66 BA 57-39 630 305,82 400 40
4
JK.n Ne 2 BeTBB 2 267,5 BA 57-39 630 334,37 400 40
1
Ko Ne 14 1 330,28 BA 57-39 630 412,85 500 40
BETBb 1
K.on Ne 14 1 330,28 BA 57-39 630 412,85 500 40
BETBb 2
K.x Ne 14 1 2446 BA 57-39 630 305,75 400 40
BETBb 3
TepeMbIUKa
2 JK.1 Ne 3 BeTBB 2 178,71 BA 57-35 250 223,4 250 40
1
K. Ne 4 BeTBB 2 171,7 BA 57-35 250 214,62 250 40
1
2K.n Ne 4 BeTBb 2 189,2 BA 57-35 250 236,5 250 40
2
2K.n Ne 4 BeTBb 2 175,74 BA 57-35 250 219,67 250 40
3
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Oxonuanue Tadauusl 2.15

1 2 3 4 6 9
K. Ne 5 201,34 BA 57-39 630 251,67 400 40
BETBb 1
Ao Ne 5 100,66 BA 57-35 250 125,8 160 40
BETBb 2
K. Ne 5 100,66 BA 57-35 250 125,8 160 40
BETBb 3
K. Ne 6 270,16 BA 57-39 630 337,7 400 40
BETBb |
XK. Ne7 BeTBB 270,16 BA 57-39 630 337,7 400 40
2
KogNe 12 241,89 BA 57-39 630 302,36 400 40
BETBb 1
AKog Ne 12 180,1 BA 57-35 250 225,12 250 40
BETBb 2
AKon Ne 12 180,1 BA 57-35 250 225,12 250 40
BETBb 3
K. Ne 8 160 BA 57-35 250 200 250 40
BETBb |
K. Ne 8 2931 BA 57-39 630 366,37 400 40
BETBb 2
K. Ne 8 168,15 BA 57-35 250 210,2 250 40
BETBb 3
AK.n Ne 9 160,5 BA 57-35 250 200,6 250 40
BETBb 1
KaNe9 171,76 BA 57-35 250 2147 250 40
BETBb 2
KaNe9 189,7 BA 57-35 250 237,12 250 40
BETBb 3
K. Ne 10 165,24 BA 57-35 250 206,55 250 40
BETBb 1
K. Ne 10 165,24 BA 57-35 250 206,55 250 40
BETBb 2
K.oxNe 10 165,24 BA 57-35 250 206,55 250 40
BETBb 3
AKogNe 11 2234 BA 57-39 630 279,25 400 40
BETBb 1
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2.7 TeXxHNKO-IKOHOMHYECKOEe CPaBHEHHE IBYX BADMAHTOB CXeM

pacnpeneauTebHbIX ceTeil 10 kB

CpaBHHBaTL 6y,Il€M TOJIBKO OTIMYAarOmMHCCA 4aCTU CXCM.
OKOHOMHYHOCTbL COMNOCTaBJISIEMBIX BApUAaHTOB OIPCACTIACTCA IIyTEM

CpaBHEHUS 3aTpaT JBYX BapuaHTOB 1o (popmye:

3=E-K+U+AA-c (2.25)

rae E=0,12 — HopmaTuBHBIN KO3 (ULIUEHT.
AA - ronoBasi CTOMMOCTb MTOTEPH JIEKTPOIHEPTUU B JIMHUSAX U TpaHCHOpMATOpaX.
N — n3nepxku.
K- BennunHa KanuTaJIbHBIX 3aTpar.
¢ — Tapud Ha DIEKTPOIHEPTHUIO.
N=1,+1,+ H,)-K
N, — u3aepxku Ha aMOPTU3ALIUIO;
N, — u31€p>KKU HA PEMOHT;
U, — u3aep>xku Ha 00CTy>KUBaHUE.

Tak Kak CXeMbI AIEKTPOCHAOKEHHUS OTIUYAIOTCS JTUIIb NPOTKEHHOCThIo KJI
U KOJMYECTBOM BBIKJIIOUYATENEH, TO BECTU IMOJHOE TEXHUKO-3KOHOMHYECKOE
CpaBHEHHME BapHaHTOB Heleraecoo0pa3Ho. Tak Kak MHOTEpH BIEKTPOIHEPTHHU B
TpanchopMaTopax OAMHAKOBEI JJIS IBYX CXEM, TO UX B pacueT He Oy/IeM BKIIOYATh.
[IpoBeneM pacueTr TOJABKO B OTIMYAIOIIEHCS YacTH.

Pacuer cronmoctu crpourtenscra KJI 10 xB:

1. Texunueckue nokazarenu KJI.

1.1. KonmnuecTBO NTUHUH — JIBE.

1.2. Mapka kab6ens - AAILIB

1.3. Tun omnop — kene300€TOHHBIE.

2.006mas xapakTepucTtuka paitona npoxosxaenus KJI 10 kB.
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2.1. MecTopacnonoxenue kabenpHoi TuHIHN — PecyOnmka Xakacwusi.

I BAPHAHT CXCMBbI:

XapakTepucTUKa U TEXHUKO-dKOHOMHUYeckue nokazarenu KJI 10 kB.

1.2. Tlporsxennocts KJI:
VYuactok 4-5 = 0,244 kwm;
Vyacrtok 1-5 = 0,224 xm;
Vyactok 0-1 = 1,785 xm;
Vyactok 2-3 = 0,220 xm;
Vyacrtok 0-2 = 1,564 xm;

1.3. Cecuenue nmuHUMN U 11eHa Kades cM Taduiry 5.1:
AAIlIB 3x25 =149,18 pyb6ueii 3a 1 meTp kabdens,
AAIIIB 3x35 =185,68 py6ueii 3a 1 meTp kabens,
AAIIIB 3x95 =269,4 py6ueii 3a 1 meTp Kabes,

Tabnuna 2.16 — Pacuer 3arpat Ha crpoutenbctBo KJI 10 kB

COCTaBJ'IHIOHII/Ie 3aTrpar

Pacuer 3arpar

Bennunna 3aTpar,

TBIC. PYO.
1 2 3
Croumocts KJI 10 kB mo 66,83+83,2+961,758+65,64+466,635 1644,063
0a3MCHBIM MTOKA3aTEISAM
VYuactok 5-4 149,18-0,224-2 66,83
VuacTtok 1-5 185,68-0,224-2 83,2
Vuacrok 0-1 269,4-1,785-2 961,758
VYdacTok 2-3 149,18-0,220-2 65,64
Vuacrtok 0-2 149,18-1,564-2 466,635
Hroro
CTOMMOCTB CTPOUTEIHCTBA 1644,063+(1644,03-0,191) 1958,08

BJI (c yuerom 3arpar
COMYTCTBYIOIIHNX

cTpoutenseTBy 19,1 %*)
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[Ipnmeuanue:

*19,1% - nns manpsoxenuit 0,4-10 xB.
Bcero: 1958,08:1,09=2134,3 TbIC. pYyo.

Pacyet cTOMMOCTH BBIKIIOUYATEIICH.

Tabnuna 2.17 — Pacuer 3aTpaT Ha BRIKJITIOYATENN

COCTaBHSIIOIJ_II/Ie 3aTpar

Pacuer 3arpar

Benuuuna 3arpar,

TBIC. PYO.
1 2 3
Baxyymubie Boikirogarenu 10 4x118 472
kB
Htoro 472

- CTPOUTCIIbHO-MOHTAKHBIC pa60TI>I

472-0,19-5,85= 524,628 ThIC. pYO.,

rae 5,85 - HMHAEKC M3MEHEHUSI CMETHOM CTOMMOCTH CTPOUTEIbHO-MOHTAKHBIX

pabort o Bugam crpoutenbetB (0e3 yuera HJC).

- 00opyI0BaHMe

472-0,6-3,94=1115,81 TsIC. pYO.,

rae 3,94 - WHIEKC U3MEHEHHS CMETHOM CTOMMOCTH O00opyJoBaHuUsl (0e3 ydeTa

HJIC).

- MyCKOHAJaJ0YHbIe padOThI

472-0,04-12,64 = 238,64 TbIC. pYO.,

rae 12,64- uHOEKC W3MEHEHHsS] CMETHOM CTOMMOCTU CTPOUTEIbHO-MOHTaKHBIX

pabot mo Bujaam ctpoutenbeTBa (6e3 yuera HJC).

- IPOYME 3aTPAThI

472-0,17-7,74 = 621,06 TtbIC. pYO.,
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rae 7,74 - WHAEKC W3MEHEHUS! CMETHOW CTOMMOCTH MpoYmMx paboT u 3arpar (0e3

yueta HIIC).

Bcero: 524,628 + 1115,81 + 238,64 + 621,06 = 2500,138-1,09 =2725,15 ThIC.
pyo.

K=2134,3 +2725,15 =4859,45 T1hIC. pYO.

U=+ U,+ U,)-K=(0,01+0,025+0,02)-2134,3=117,39 TbIC.pYO.

Wy =0,093-2725,15=253,44 1hIC.pYO.

N5=370,83 ThIC.pYO.

AA=371,17 MBT-4 (Tab:.5.2).

3=E-K+U+AA-c=0,12-4859,45-1,18+370,83-1,18+371,17-27,8=11443,22
THIC.pYO.

c=27,8 py6o/MBTu — Tapu¢ Ha motepu 5.

Il BapuaHT cxembl:

XapakTepucTuKa U TeXHUKO-dKoHOMHuueckue nokazarenu KJI 10 kB.
2.2. Ilpotrsixennocts KJI:

Vyactok 0-2 = 1,564 xm;

Vyacrtok 2-3 = 0,220 km;

Vyactok 3-4 = 0,236 xm;

Vyacrtok 4-5= 0,244 xwm;

Vyactok 5-1 = 0,244 xwm;

Vyactok 1-0 = 1,785 xm.

2.3. Ceuenue 1uHMM U 1IeHa Kabemns cM Tabnuiy 5.3:
AAIIIB 3x70 =265,2 py0Guneii 3a 1 meTp kabens,
AAIlIB 3x95 =269,4 py6seii 3a 1 meTp kabens,
AAIIIB 3x150 =385,32 py0aeii 3a 1 metp kabemns
AAIlIB 3x185 =508,2 pyb6uieii 3a 1 meTp kabemns
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Tabnuma 2.18 — Pacuer 3arpat na ctpoutenscto KJI 10 kB

Cocrasindromue 3arpat Pacuer 3arpar Bennuuna 3arpar,
TBIC. pyO.
1 2 3
Croumocts KJI 10 kB 110 794,8+84,77+62,58+64,7+94,02+907,14 2009,01
0a3MCHBIM TTOKA3aTeISIM
Yyactok 0-2 508,2-1,564 794,8
VYyacrok 2-3 385,32:0,220 84,77
VYyacrok 3-4 269,4-0,236 63,58
Yuactok 4-5 265,2-0,244 64,7
Yyacroxk 5-1 385,32-0,244 94,02
VYyacrok 1-0 508,2-1,785 907,14
Hroro
CTOMMOCTB CTPOUTEIIHCTBA 2009,1+(2009,01-0,191) 2392,73
BJI (c yuerom 3arpar
COITy TCTBYOILIUX
ctpoutenbetBy 19,1 %*)

Bcero: 2392,73-1,09= 2608,1 ThIC. pyo.

PacueTr cToMMOCTH BBIKIIOYATEIICH.

Ta6mmma 2.19— Pacyer 3aTrpar Ha BBIKJIFOUATETH

Cocrapmsromue 3aTpaT Pacuer 3aTpat Benunuuna 3arpar,
THIC. pyO0.
1 2 3
Baxyymubie Boikitouarenu 10 2x118 236
kB
Hroro 236

- CTPOUTCIBbHO-MOHTAKHEBIC pa6OTBI
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236-0,19-5,85=262,3 THIC. PYO.,
rae 5,85 - WHAEKC WM3MEHEHUSI CMETHOM CTOMMOCTH CTPOMTEIbHO-MOHTaKHBIX
paboT no Buaam ctpoutenbcTB (03 yuera HIC).

- 000pyI0BaHHE

236:0,6:3,94=557,9 ThIC. PYO.,
rae 3,94 - UHAEKC M3MEHEHUs CMETHOM CTOMMOCTH 0OopynoBaHus (0e3 ydera
HIC).

- MyCKOHAaIaI0uHbIe PabOThHI

236:0,04-12,64 = 119,32 T1hIC. PYO.,
rae 12,64- uHAEKC W3MEHEHUS CMETHOM CTOMMOCTH CTPOMTEIbHO-MOHTaKHBIX
paboT no BugaM ctpoutenbcTBa (6e3 yuera HC).

- POYHUE 3aTPATHI

236:0,17-7,74 = 310,53 TbIC. pYO.,
rae 7,74 - UHIEKC U3MEHEHUS CMETHOM CTOMMOCTH Mpo4yux padoT u 3arpaT (0e3
yueta HJIC).

Bcero: 262,3 +557,9 + 119,32 + 310,53 = 1250,05-1,09=1362,55 ThIC. pYO.

K=2608,1 + 1362,55 = 3970,65 ThIC. pYO.

Up=(U, U+ U,)-K=(0,01+0,025+0,02)- 2608,1 =143,44 TbIC.pYO.

Wy =0,093-1362,55 =126,72 1HIC.pYO.

H5=270,16 ThIC.pYO.

AA=855,6 MBT-u (Tabmn.4.4).

31=E-K+U+AA-c=0,12-3970,65-1,18+270,16-1,18+855,6-27,8=24666,7
TBIC.pYO.

c=27,8py6/MBT4 — Tapud Ha nmorepu 3.

CpaBHUM 3aTpaThl:

(3= 31/ 3u -100%=(24666,7-11443,22)/24666,7-100=53,6 %.

BriOupaem cxemy | mo Munumymy 3atpar.
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2.8I1poBepka 000pyn10BaHHs 10 TOKAM KOPOTKOI0 3aMbIKAHUS
2.8.1 PacyeTt TOKOB KOPOTKOro 3amMbikaHus B cetu 10 kB

Pacuer TOKOB KOpOTKOro 3ambiKanusi Ha HamnpsokeHue 10xkB Beperca B
OTHOCHUTEJIbHBIX €IUHUIIAX.
N300pa3um cxemy 3aMelieHus Juisi BRIOpAaHHOW pauanbHO-MarucTpaibHOU

CXCMBI.

Xc

K1
RO-2/2 RO-1/2
X0-2/2 X0-1/2
{ K2
— K4
R2-3/2 |::|

R1-5/2
X2-3/2 X1-5/2

R4-5/2

E X4-5/2

K6

Pucynox 2.5 — Cxema 3amenieHus

Cxema 3aMCHICHUA TIPCACTABIIACT coOoi YIOPOUICHHYIO OJIHOJIHHCfIHYIO
CXCMy, Ha KOTOpOfI YKa3bIBAOTCA BCC 3JICMCHTBI CUCTCMbI 3J'I€KTp00HEl6)KeHI/IH n ux
MapamMCTpbl, BIIUAIOIMINC HAa TOK KOPOTKOI'O 3aMbIKAHHA, 3ACCH JKC YKaA3bIBAIOTCA
TOYKH, B KOTOPBIX HCO6XOI[I/IMO OIMpCACIIUTL TOK KOPOTKOI'O 3aMbIKaHU.

CormpoTuBlieHHE CUCTEMBI HaiiieM 1o Gopmyre:
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X, =%, (2.26)

SOTKJ'I

TI€ Sorr - OTKIIIOYUAIONIAS CIIOCOOHOCTH FOJIOBHOIO BEIKIIOUYaTens1, MBA;

S — 6azucHoe 3HaueHne MOIHOCTH, paBHOEe 100 MBA.

Sorkn = \/§ *Tyomorrn * Usom » (227)
A€ lyomorknss Uson-- MACTIOPTHBIC TAHHBIEC TOJIOBHOTO BBIKIIFOUATEIIS.
Sorn = V3 -20-10 = 346,41 MBA.

basnucHoe 3HaueHre ToKa HaiaeM 1o hopmyIie:

_ _Ss
Ig = NEETR (2.28)

rae Ug - 6a3ucHoe 3HaueHne HanpspkeHus, pasHoe 10,5 kB.

100

l = ——— = 5499 KA.
57 J3.105

ComnpoTUBIICHUS DJIEMEHTOB CHCTEMBI DJEKTPOCHAOKEHUS TPUBOJIUM K

0a3ucHbIM YpOBHAM. CONPOTUBIICHUS TUHUM ONIPEEISIOTCS IO BBIPAKCHUSIM:

R=ry-L-%, (2.29)
Ug
x=x0-L-3—%, (2.30)

e I, U X, - YACIbHOC aKTUBHOC U PCAKTUBHOC COIPOTHUBJICHU A HHHHﬁ, OM/KM,
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L - nnuHa TUHAM, KM.

Pacuer conpoTuBnenuii ceegem B Tadauity 2.20.

Tox KOpOTKOTO 3aMbIKaHUs TpeX(azHbIil onpeaensercs mo Gopmyre:

1
& = =l (2.31)

Tac ZZ - CYMMAapHOC COIIPOTUBJICHUC YUaCTKa A0 TOYKHK KOPOTKOI'O 3aMbIKaAHM.

Paccmotpum Touky K1 KOpoTKOTO 3aMBIKaHMUS:

100
Ly =X = yPyrie 0,289 o.e.
1) = —_.5499 = 19,028 KA.
0,289

VY napsslii TOK omnpezensercs no GopmyJe:

iy = V2 Ky 1 (2.32)
rae Ky, - yaapuslif koap@uuuenr, onpeaensieMblid B 3aBUCUMOCTH OT COOTHOILEHHS
Xz/ Rz, Kyﬂ:]. [4]

JlanpHeNmuMii pacyeT TOKOB KOPOTKOTO 3aMblKaHUs Ha HampspkeHue 10 kB

cBeneM B Tabnmiry 2.20
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Tabnuma 2.20 — Pacyer conpoTuBieHni

VYyacTok L,xkm F.mMm ro,OM/KM X0, OM/KM R,o.e. X,o0.€.
1 2 3 4 5 6 7
4-5 0,244 25 1,17 0,099 0,26 0,022
1-5 0,244 35 0,84 0,095 0,186 0,021
0-1 1,785 95 0,31 0,083 0,502 0,134
2-3 0,220 25 1,17 0,099 0,233 0,019
0-2 1,564 25 1,17 0,099 1,66 0,012
Tabnuma 2.20— Pacuet TokoB K3
Touka k3 Zy,0.c. X5/ Ry Kyx 1®k3 kA iy KA
1 2 3 4 5 6
K1 0,289 0 1 19,028 26,91
K2 2,615 0,06 1 2,10 2,96
K3 2,98 0,06 1 1,84 2,6
K4 0,52 0,27 1 10,575 14,91
K5 0,8 0,22 1 6,87 9,7
K6 1,113 0,16 1 4,94 6,966

2.8.2 IlpoBepka obopyaoBanusi B cetu 10 kB

HpOBepI/IM BBIKJTIOYATCIH, 3alllUINArOIIne KaOeJIbHBIC JIMHUU HaIps’KCHUEM

10 kB. IIpoBepky Oyaem npoBoauTts o Toky K3 u ynapuomy Toxky K3.

BB5-M-10-20/630YXJI2 co cneayrommmu mapamerpamu: U,,,=10 kB;

liov=630 A;

liomorcr =20 KA; mpenenbHbli CKBO3HOM TOK l.;=52 KA; mpeaenbHbI TOK

liprer=20 KA;

TEPMHUYECKON CTOMKOCTH
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ts=0,03 ¢, {51, =0,05 c.

[To nanpsprkennto Uy sur =Unon =10 KB.

Tak xak Bce padoune Toku KJI menbie 630 A, To IpoBepKa 1Mo JIUTEILHOMY

TOKY BBIITOJIHACTCA.

Tak kKak Bce pacCuMTaHHbIE TOKM k3 MeHblie 20 KA , TO IpoBepka Mo

HOMUHAJIBHOMY TOKY OTKJIFOUEHHS BBIITOTHACTCS.
Tak kak Bce pacCUMTaHHBIE yJapHbIE TOKH K3 MEHbIIE 52 KA, TO MpOBEpKa
II0 TIPEAEIIBHOMY CKBO3HOMY TOKY K3 Ha JJIEKTPOJMHAMHUYECKYIO YCTOWYHMBOCTD

OTKJIFOYCHUA BBIIIOJTHACTCS.

0) IlpoBepum pazweaunutTenu , Hamnpsokenuem 10 kB. Ilposepky Oymem

npoBoauTh 1o ToKy K3 u ynapnomy toky K3.
PB-10/400 co caenmyromumu mapamerpamu: U,,,=10 kB; 1,,,,=400 A;
[Ipenenbublii ckBO3HOM TOK ;=51 KA; mpenenbHbIi TOK TEPMHUYECKOU
CTOMKOCTH lyp 1cr =20 KA;

[To nanpspxennto Uy suxr =Unon =10 KB.

Tak kak Bce pabouune Toku BJI menpme 400 A , To mpoBepka IO

JJIMTCIIBHOMY TOKY BBIIIOJIHACTCS.

Tak kKak Bce paccuuMTaHHbIE TOKM K3 MeHblie 20 KA , TO MpoBEpka Mo

IIPEAECIBHOMY TOKY TEPMUYECKON CTOMKOCTH BBINOJIHSAETCS.
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Tak Kak Bce pacCUMTaHHBIC yJapHbIE TOKH K3 MeHbIIEe 51 KA, TO mpoBepka
II0 NPENEIbHOMY CKBO3HOMY TOKY K3 Ha 3JIEKTPOJAMHAMMYECKYIO YCTONYMBOCTH

BBIIIOJIHACTCA.

B) IIpoBepum BbIKIIOUaTenu Harpy3ku , HampsibkeHueM 10 kB. Ilpoepky

Oynem npoBoauTh 1o ToKy K3 u ynapHomy Toxky K3.

BH-10/400 co cnenyrommmu napamerpamu: U, =10 kB; 1,,,,=400 A;
[Ipenenbublii ckBO3HOM TOK ;=41 KA; mpenenbHbli TOK TEPMHUYECKOU

CTOMKOCTH |y 1cr =16 KA;

ITo HanpsikeHUI0 U oy sy =Unow =10 KB.

Taxk kak Bce paboune Toku KJI mensme 400 A (tabnuma 5.3), To mpoBepka 1mo

MJJIUTCIBHOMY TOKY BBIIIOJHACTCA.

Tak kak Bce pacCuuMTaHHbIE TOKM K3 McHbIne 16 kA (tabmuna 8.2), TO

IIPOBEPKA 10 MPEICIIBHOMY TOKY TEPMUYECKON CTOMKOCTH BBIMOJIHSAETCS.

BrikimrouaTenu Harpy3ku NOAXOJAT MO Pe3yabTaTam MPOBEPKHU

r) [IpoBepum npenoxpanutenu [1KT-103-10-80-31,5Y3 ycranoBneHHbIE Ha
KTII Ne2 u KTTII Ne3 , nanpsoxkeruem 10 kB. [IpoBepky OyneM mpoBOAUTH MO TOKY
K3 u ynapnomy toky K3.

IIKT-103-10-80-31,5Y3  co cuenyromumu mnapamerpamu: U,,,=10 kB;
l:on=80 A;

ITpenenbHBINA TOK TEPMUYECKON CTOMKOCTH lyyp 1.0r =31,5 KA;

IIposepum mnpenoxpanutenu [TKT-104-10-200-31,5Y3 ycraHoBiIeHHBIE Ha
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KTII Ne2 u KTII Ne3 , nanpsixkenrem 10 xB. ITpoBepky Oyaem npoBOAHUTH IO TOKY
K3 u ynapaomy Toky K3.

[IKT-104-10-200-31,5Y3 co cneayrommmu napamerpamu: U,,,=10 «B;
lion=200 A;

[IpenenbHbINA TOK TEPMUYECKON CTOUKOCTH lpp10r =31,5 KA;

[To nanpspxkennto Uy suxr =Unon =10 KB.

Tak kak Bce paboume Toku KJI meHblie HOMUHaNBHBIX (Tabiuua 5.1), To

IIPOBEPKA M0 JJIUTEIBHOMY TOKY BBIIOJIHSIETCS.

Tak kak Bce pacCUMTaHHBIC TOKH K3 MEHBIIIC HOMUHAIBHBIX (Tabmuma 8.2), To

IIPOBEPKA M0 MPEIEIIBHOMY TOKY TEPMUYECKON CTOMKOCTH BBIMOJIHSAETCS.

[Ipenoxpanutenu NOAXOAAT MO PE3YIbTATAM IPOBEPKH

2.8.3 IlpoBepka ceuyeHusi Kale/jisi HA TEPMUYECKYI0 YCTOWYUBOCTH K

AEeMCTBHIO TOKOB KOPOTKOI'o 3AaMbIKaAaHUA

MuHuManbHOE CEYEHUE MPOBOJHUKA JOJDKHO OTBEUYaTh TPEOOBAHUSIM €O
TEPMUYECKOM CTOMKOCTH TMPU KOPOTKUX 3amblkaHuAX. [loatomy moimkHO

BBIMOJIHATRCS ycsioBue: F>F min

e B (2.33)

min e

rac Bk- HMITYJIbC KBAAPATUIHOI'O TOKA KOPOTKOI'O 3aMbIKAHU S, KA 2 CCK,

e- (QyHKIMs, 3HAYCHHE KOTOPOM 3aBUCHUT OT BUJA MPOBOJHWKA M HOMHHAIBHOTO
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HaIpsKEeHUs, A CeK
Bk =(Ilf'_§))2 .(tOTKJ'I +Tae) (2'34)

rae t oTkiI. — BPpCMs OTKIIFOYCHUA IJICMCHTA CCTU,

Tac - mocTostHHasi BpEMEHHU.

[IpoBepky KaOeNbHBIX JHMHUM Ha TEPMHUYECKYI0 CTOMKOCTH BBIMOJIHSIEM
tonbko Ha HampspkeHue 10xB. Ipu atom t otki.=(0,16-0,2) cex, TO1l =0.01 cek.,
=94 — nns kabens ¢ ATFOMUHUEBOMN KWION (CTUIONTHOW) M OYMa)KHOUW M30JISIUEH.

a) Jlnsa xaGens ceuenueM 95

B, =19,028%-(0,18+0,01) = 68,8x4> - c

[ 6
F :—68’8 10 =88, 24 mm®

min 94

- 2
F min=95 mm*,
TaK KaK JaHHOC YCJ'IOBI/IG BBITTIOJIHACTCA TOJIBKO IJISI y‘-IaCTKa CXEMBbI O-l

JUIsl BceX ocTalbHbIX ydacTkoB (0-2, 1-5, 2-3, 4-5) npunumaem kabens

ceueHneM 95 MM?

2.8.4 PacyeTr TOKOB KOPOTKOro 3aMbIkaHusi B ceTu 10 1 kB

Jlnst yctaHOBKM HampspDkeHHeM a0 | kKB mpu pacueTe TOKOB KOPOTKOTO
3aMBIKaHUSI CUMTAETCSA, YTO MOIIHOCTh INHTAIOIICH CHUCTEMBl HE OTpaHWYeHA M
HanpsHDKCHUE Ha CTOPOHE BBICHICTO HAIpPsDKEHUS TpaHchopMaropa SBISCTCS
HEU3MCHHBIM.

Toxu k3 OyZieM pacCUYUTHIBATh JI0 CAMBIX OJIM3KUX 3/IaHUN.

Pacuer BbIMOJHSIETCS B  HMMEHOBAHHBIX CAMHUIIAX. COHpOTI/IBJIGHI/IG
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QJICMCHTOB CHCTCEMbI 3H€KTpOCH&6)KeHI/I$I BBICIICTO HAIIPSKCHUA IIPUBOJUM K

HU3ILIEMY HaNpsDKEHUIO TIo popMmyiie:

— UCP . UsomH 2.
Z10/0,4—\/§*IK3 (UHOM.B) , (2.35)

rae I, — Tok K3 a1eMeHTOB cUCTeMBI 311eKTPOCHA0KEHUS BHICIIETO HAIIPSKCHMUS;

Ugp - CpeliHee HOMUHAIBHOE HATIPSHKEHUE

UHOM.H 0'4
= = 0,04 — koadpdunueHT TpaHCHOPMALUH.
UHOM.B 10

Jns mpumepa paccmotpum KTIT Nel (10 moma Nel).

PacueTHas cxema nMeeT BUII:

10 kB

!

N
Il

S

K2v0,4KB
/

Pucynox 2.6 — Pacuetnas cxema

[IpuBeneM  CONMPOTHUBICHHS  CHUCTEMBI  AJIEKTPOCHAOXKEHUS  BBICIIETO

HanpspkeHus K Hanpsbkenuto 0,4 kB mo gpopmyne(2.35):

10.5

ZZ 10/0.4 = m = 0,00057 OM;
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ConpoTuBJieHUE TpaHCPOPMATOPOB ONpeiessieTcs: Mo GpopMyJiaM:

2,106
RTp = APk Uﬂi; (236)

SHOM SHOM

Ur% AP UZ2%10°
X = |Gy — (22 - W (2.37)

HOM SHOM

Comnporusienus Tpanchopmaropa TM3-1000/10/0,4

12,2 0,4%x10°

TP 7 630 1000

= 0,0019 Om ;

_ |/55y2 _ 19 \p 04x10° _ .
Xrp = \/(100) (To00)” " T1o00 = 0008 On;

CyMmapHO€ aKTUBHOE COINPOTUBIECHUE, KPOME COMNPOTUBICHUM >JIEMEHTOB
CUCTEMBI JJICKTPOCHAOXEHUSI BBICOKOM CTOPOHBI W TpaHchopMaropa, JOJKHO

YUHUTBIBATh TEPEXOJAHOE COMPOTUBIEHHUE KOHTAKTOB R .. [loaTomMy BBOAMM

R 06=(15+20) MOM
R=R,+ R.,s=0,0019+0,015=0,0169 MOwm.

CyMMmapHO€E CONPOTUBIICHHUE:

Zsos = \/ R)? + (Xop)? + Zs 1004, (2.38)

Zy = 1/(0,0169)2 + (0,008)2 + 0,00057 = 0,02 OM;

Tpexda3upiii TOK KOPOTKOTO 3aMbIkaHus B Touke K2 Haiinem o ¢popmyiie:
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3 UHOM .
(@ = S (2.39)

(@) _ __400

@ = Treys = 1156 KA,

U3 cootnomenns Xy/ Ry, Ky=1,

VY napHsIit Tok 11 Touku K2:

im:ﬁ'Kyu' I£§)=\/§'1°4,24=16,2 KA ;

JlanpHeWInii pacueT TOKOB KOpOTKoro 3ambikanus B cetu 0,4 kB cBegeMm B

Tabmuiy 2.21

Tabnuna 2.22 — Pacuer TokoB KOpoTKOro 3ambikanus B cetu 0,4 kB

Ne KTII Z100.4, OM Zos, OM Z,0m |(3)K3, KA Iyn, kA
1 2 3 4 5 6
1 0,00057 0,019 0,02 11,56 16,18
2 0,0012 0,023 0,024 9,63 13,48
3 0,00088 0,023 0,0239 9,67 13,54
4 0,0029 0,019 0,0219 10,56 14,78
5 0,0033 0,019 0,0223 10,37 14,51

[IpoBepumM aBTOMaTHUECKHE BRIKIIOYaTe M Mapku BA 57-39;
HomunanbsHas oTkimrogaromas cnoCoOOHOCTb o, nonw=40 KA,
Tak Kak |y, now > lx3, (Tabmuia 2.22) To Bce aBTOMATHI BBIOPAHBI MPABIIIBHO,

Y MOAXOIAT IO OTKJIIOYAKOIIEH cliocOOHOCTH K TokaM K3.
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2.8.5 PacueT TOKOB 01HO(}A3HOT0 KOPOTKOI0 3aMbIkaHus B ceTu 10 1 kB

JUist mpaBUIBHOTO BBIOOpA MMapaMETPOB PEJICMHOM 3aIlMThl U aBTOMAaTUKU B
CHCTEME 3JIEKTPOCHA0XKEeHUs HapsALy ¢ Tokamu Tpex(das3nsix K3 HeoOxonuMo 3HaTh
ToKu HecumMmeTpuuHblx K3 — B Hamem ciyuyae ogHodasznoe K3, st mpoBepku
YyBCTBUTEIBHOCTH aBTOMATOB K TakuM K3.

)

Hns pacuera |, mo IIYD pekoMeHmyeTcss cleayromas yHopoleHHas

dbopmyna:
1y Up
I = 2.40
R (240)
rie U; - ¢asHoe HampskeHue ceTd; Zp/3 - CONPOTHBIECHHE CHIJIOBOTO

Tpanchopmaropa nmpu 0HO(Pa3HOM 3aMbIKaHUH Ha KOPITYC.

[TonHoe conpoTuBieHue NeTH (Pa3HbIi - HyJIEBOU MPOBO:

7, = \/(Rq, +R; + Ry + Ry + R+ (X + Xy + X,)2, (2.41)

rae Ry, Ry - cymMMapHble akTMBHBIE COIPOTHUBIIEHHS (Pa3HOTO U HYJIEBOTO IIPOBOJIOB
BCEX yuacTKoB paccuutbiBaemon nenouxu (TTI - D11 - TII).

Jlis mpoBONOB M3 ILBETHBIX MeTaIOB Ry M R, paBHEI OMHYecKOMy
conporuBienno mpu f = 50 T'm; R, - comporuBienme nyru B Touke K3
npuHumaetrcss paBHbiM 30 MOwm; Ry, Xpr - akTMBHOE W MHAYKTHBHOE
conpotusiierne Tpanchopmaropa Toka Rrp= 0,15 MOwm; Xrr= 0, 21 MOM; Ra, Xa -
aKTUBHOE M MHAYKTHMBHOE CONPOTHBIIEHHE aBTOMATUYECKUX BbIKiIrodarenei; X’ -
BHEIIIHEE MHIYKTUBHOE COMPOTHUBJICHUE METNIU (pa3a-HyJsb, MIPUHUMAETCS PaBHBIM
600 MOM/KM.

Z,=129 MmOwm ny151 TpancdopmaTopa MmomiHocThio 630 KBA .

Z,=81 MOwm n1s Tpancpopmaropa mouHocThio 1000 kBA .
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PaccmoTtpum pacuer onnodaznoro K3 B Touke K1
R4= Rv= R =10,8 MOwm;
X’=0,6-0,0027=0,00162 Om=1,62 MOwm;

Z, = /(10,8 + 30 + 10,8 + 0,15 + 0,4)2 + (16,2 + 0,21 + 0,99)% = 52,23 MO,

U 220
I = = & = 2,78 K A.
F+Z, 5 +5223

I[JIH OCTAJIbHBIX TOYCK PACUCT aHAJIOTHYCH.

Pe3ynbTaThl pacueToB cBegeM B Tabauiy 2.23

2.8.6 IlpoBepka 3amuTHBLIX annapatoB cetd 0,4 kB Ha oTKJ/II0YaIOLIYI0

CIIOCOOHOCTDb U YYBCTBUTECJIBHOCTb K TOKaM K3

[IpoBepka Ha OTKJIIOYAIOUIYI0 CIOCOOHOCTh  3alIUTHBIX  aNmapaTroB

OCYHICCTBJIACTCS IO BBIPAKCHUTO!

IOTKJ‘I, HOM Z |K3-

Tabnuua 2.23 — [IpoBepka aBTOMaTHYECKUX BBIKIIOYATENCH KUIOM CEKTOpe

No KTII Twun aBTOMaTa lorion nom.a, KA I3, KA
1 2 3 4
1 BA57-39 40 2,78
2 BAS57-35 40 2,43
3 BA57-39 40 2,5
4 BAS57-35 40 2,99
5 BAS57-35 40 2,96
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Tak Kak lory, wow = i3, TO BCE aBTOMATBI BBIOpaHbI MPABUIILHO, U OIXOJIAT 110
OTKJIIOYAIOIIEH CIIOCOOHOCTH K ToKaM K3.

[IpoBepka 4yBCTBUTEILHOCTU aBTOMATUYECKUX BBIKJIIOUATENICH HA JIMHUIX K
onHo(da3zHpiM K3 BEITIOTHSASTCS O YCIOBHIO YyBCTBUTECIBHOCTH (IJIsI aBTOMATOB C

00paTHO3aBUCUMOM XapaKTEPUCTUKOMN):
1
|K3( )2 3 IHOM.paCLI.
[TpoBepka npencraBieHa B Tadbnwuie 2.24

Tabnuua 2.23 — [IpoBepka aBTOMaTUUECKUX BBIKIIOYATENICH KUIOM CEKTOpe

No KTTI Tum aBTOMaTa | hom.paci, KA lk3, KA
1 2 3 4
1 BA57-39 400 2,78
2 BAS57-35 250 2,43
3 BAS57-39 400 2,5
4 BA57-35 250 2,99
5 BAS57-35 250 2,96
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2.9 AHa/IN3 KayecTBa HANPSKEHUS M PacyeT OTKJIOHEHUs] HANPSIZKeHUs].

KadecTBO  HampspkeHHE 3aBHCHUT OT IMOTEPh HAMNPSOIKCHHS B OTACIBHBIX
sJleMeHTaxX murTampomeld cern. OTkIOHeHHs HamnpsbkeHust corimacHo ['OCT  He
JOJKHBI BBIXOIUTH B HOPMAJIBHOM PEKUME pabOTHI, 3a IPEIEIIbL:

1) (-2,5++5) % ot Uey — VIS OCBEILICHHS.

2) (-5++10)% ot Uy, — Ha 32KKMax JBUTATEIICH.
3) (-5++45)% or U,y — Ha 32KMMax OCTAIBHBIX JICKTPOIPHEMHUKOB.

OTKJIIOHCHHE HANPSDKEHUS Ha KaKJIOM yY9acTKe OnpeaesieM Mo hopmyIie:

U

V= {(U _Auy‘mcmw)_uw'”}.loo %, (2.42)
OTkiioHEeHUS HAIIPSKCHUA 6y,Z[eM paCcCUUTbIBATh B MAKCHMAJIBbHOM H

MHHUMAJIBbHOM  pCKHMEC OJIs1 CaMOro MOIHOIroO MW CaMoro yaaJlCHHOI'O

anexkrponpuemMurka ot ['TIII.

Cawmpblii y1a/IeHHbIH JIEKTPONIPUEMHHK.

s mMakcuMalbHOTO pexkuMa mnpuHuMmaercs HanpsbkeHus Ha PII 1,05 ot

HomuHanbHOTO. [IpuHnMaem Uy=10500B.

Y AAUB-3395 4 AAUB-3x95 2 AAUB-3x95 3 TMe-1000/0/04 4 AAB-4x70

| R I
WF’T‘—‘—T‘ @ ‘ 63

10«8 Vel 04 kB BPY3

Pucynox 2.7-CxemMa 3aMenieHust i1l CaMOTO YIaJICHHOTO JIETPONPUEMHUKA

Campblil y1alleHHBIN:

a) makcuMaabHbIi pesxkum: Uy=1,05-U,.,=1,05-10=10,5 xB.
Uo=10,5 kB;
Cosp=0.87 Sinp=0.2431
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0-1: L=1785 wm
Imax =89.9 A.

AUy, =+/3-97,38-1,785-(0,31-0,87 +0,083-0,2431) = 87,27 B
U, =10500—87,27 =10412,73 B;

1-2: L=244 m
cos@ =0,87; sinp=0,2431; X, =0,083 Om/ xm; 1;=0,31 Om / xm;

ToK Imax =56,5 A.

AU,, =+/3-56,5-0,244-(0,31-0,87 +0,083-0,2431) =6,9 B;
U, =U, —AU,, =10412,73—-6,9 =10405,83 B.

2-3: L=244 m.
cosp=0,87; sing=0,2431;; X,=0,083 Om/xm; r,=0,31 Om/xm;,
Tok Imax =26,71 A.

AU,, =+/3-26,71-0,244-(0,31-0,87 +0,083-0,2431) = 3,27 B
U, =U, — AU, =10405,83—3,27 =10402,56 B

[Totepu B Tpancdopmarope:

2

. Br .
A = . _ . —
Ur=pfr (Uacos¢)2+Upsm(p2)+ 500 (Uasmwz Upcosgoz), (2.43)

rae  fr - OTHOLIEHHE (PAKTUYECKON Harpy3Kd OJHOro TpaHc(opmaTopa K €ro

HOMHUHAJIbHOW MOITHOCTH B PACCMAaTPUBAEMOM PEKHUME PaOOThI
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Ua ) Up - dKTHUBHasA U PCaKTHBHAA COCTABJIATOIINC HAIIPSAKCHHUA K3, paBHaA

ua%=‘;P'<3-1oo, U,%=1(U.%) >~ (%) 2 (2.44)

ul
Koaddunment 3arpy3ku tpanchopmaropa:

10097

= =0,5;
2-1000

B

AKTUBHOC HAIIPSKCHHUC!

U, =222 10096122 %:
1000

PEaKTUBHOE HAIPSIKEHUE:

U, =/5,5?~1,222 =5,36 %;

AU, =0,5-(L,22-0,87 +5,36-0,2431) =1,18 %
AUTp = (AUTp % /100) - 10000 = (1,18/100)-10000 = 118 B;
U, =U, — AU, =10402,56 —118 =10284,56 B

npuBeAEM HANPSHKEHUE K HU3KOW CTOPOHE:

U, =10284,56 A0 3918 B.
10500

4-5:
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L=63 um.
cosp=0,87; sinp=0,2431; X, =0,061 Om/ xm; 1,=0,42 Om/xm;
Tok Imax =168,15 A.

AU, =+/3-168,15-0,063-(0,42-0,87 +0,061.0,2431) = 6,98 B
U, =U, —AU,, =391,8—6,98=2384,82 B

OTKkoOHEHUE HAIIPSKCHU AL

_YUi=U, 1000  10412,73-10000

-100% = 4,13 %
10000

Vl

HOM

:m.loo%:

— U3 _UHOM .100% =

HOM

— U4 _UHOM .100% =
— U5 _UHOM .100% =

HOM

10405,83 -10000

V2
10000

-100% = 4,06 %

10402,56 —10000

V3
10000

-100% = 4,02%

V4

-§E§§§@<m@%=al%

384,82 -380

V. -100%=1,3 %

0) munuManbublii pexxum: Uyn=U,,~=10 xB.
Cosp=0.87 Sinp=0.2431

0-1:

Imin =89.9-0,6=53.94 A.

AU, = \/358,43-1785- (0,31-0,87 +0,083-0,2431) =52,36 B;
U, =10000-52,36 =9947,64 B;
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1-2: L=244 m
cosp=0,87 ; sing=0,2431;X,=0,083 Om/ xm; 1, =0,31 Om/ xm;;
Tok Imin =56,5-0.6=33.9 A.

AU, =+/3-33,9-0,244-(0,31-0,87 +0,083-0,2431) = 4,15 B;
U, =U, —AU,, = 994764 —4,15=9943,49 B.

2-3: L=244 nm.
cosp=0,87; singp=0,2431;X,=0,083 Om / xm; 1y =0,31 Om / km;
Tok Imin =26,71-0.6=16.026 A.

AU,, =+/3-16,026 -0,244-(0,31-0,87 +0,083-0,2431) = 1,96 B
U, =U, —AU,, = 9943,49 — 1,96 = 9941,53 B

[Torepu B Tpanchopmarope omnpenenuM o dpopmynam (2.43),(2.44):
KoaddumumenT 3arpysku tpancopmaropa:
B=0,25;

AKTUBHOC HAIIPSAKCHUC:

U, =222 10096122 %;
1000

PEAKTUBHOE HANPSKECHUE:!

U, =/5,5?—1,222 =5,36 %;

AU, =0,25-(1,22-0,87+5,36-0,2431) = 0,59 %
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AUTp = (AUTp % /100) - 10000 = (0.59/100)- 10000 = 59 B
U, =U, — AU, =9941,53 59 =9882,53 B

IIPUBEIEM HANPSDKEHUE K HU3KOM CTOPOHE:

U, =9882,53- 380 _ 375,53 B.
10000

4-5:

L=63 m.

cosp=0,87; singp=0,2431; X, =0,061 Om / xm; 1y=0,42 Om/xm;
Tok Imax =168,15-0.6=100.89 A.

AU, =+/3-100,89-0,063-(0,42-0,87 +0,061-0,2431) = 4,18 B
U, =U, —AU, =375,53—4,18 =371,35 B

OTknoHnenune HAIIPSIKCHU AL

V, = 517V 100, - 394764210000 1550, 57 oy
0000

v, —Ys Ui 100m - 9943489210000 o000 o oo
u_ 10000

V, =25 Yoo g g9 = 994153710000 000 4 5805
u_ 10000

V, = m Yo 10096 = 37223380 15006 - 12 9

v, = 95 =Yoo 10006 = 375397380 16000 - 5 28

> U 380

HOM
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a) mociaeapapuiinbiii pexum: Uyp=1,05-U,,,=1,05-10=10,5 xB.
Uy=10,5 kB;

Cosp=0.87 Sinp=0.2431

0-1:

Imax =89.9-2=179,8 A.

AU, =+/3-194,76-1,785-(0,31-0,87 +0,083-0,2431) = 174 55 B ;
U, =10500 — 174,55 = 1032545 B

1-2: L=244 m
cosp=0,87; sinp=0,2431;%,=0,083 Om/xm; r,=0,31 Om / xm;
ToK Imax =56,5-2=113 A.

AU,, =~/3-113.0,244-(0,31-0,87 +0,083-0,2431) = 13,8 B;
U,=U,-AU,, =1032545—-13,8=1031161 B.

2-3: L=244 m.
cosp=0,87; singp=0,2431;X,=0,083 Om / xm; 1y =0,31 Om / km;
ToK Imax =26,71-2=53,42 A.

AU,, =+/3-53,42.0,244-(0,31-0,87 +0,083-0,2431) =6,54 B
U, =U, —AU,, =10311,61—6,54 =10305,07 B

[Totepu B TpanchopmaTope onpeaenum no Gopmynam (9.2),(9.3) :
Koadpunment 3arpysku tpanchopmaropa:
B=101;

AKTUBHOC HAIIPSKCHHUC!
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U, =222 1009122 %;
1000

PEaKTUBHOE HANPSHKEHUE:

U, = /5,5 1,22 =5,36 %;

AU, =1,01-(,22-0,87 +5,36-0,2431) =2,4 %
AUTp = (AUTp % /100) - 10000 = (2,4/100)-10000 = 240 B;
U, =U, — AU, =10305,07 — 240 =10065,07 B

IIPUBEIEM HANPSHKEHUE K HU3KOM CTOPOHE:

U, =10065,07 A0 _ 383,43 B
10500

4-5:

L=63 m.

cosp=0,87; sinp=0,2431; X, =0,061 Om/ xm; 1,=0,42 Om/xm;
Tok Imax =168,15A.

AU, =+/3-168,15-0,063-(0,42-0,87 +0,061-0,2431) = 6,97 B
U, =U, —AU,, =383,43-6,97 =376,46 B

OTKIIOHEHHE HATIPSIKEHUS:

10325,45-10000
10000

_ Ul _Uno.w .100% =

HOM

v, .100% = 3,25 %
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v, Ys Ui gog0p 10BLLE1=10000 o0 ) o
0 10000

v, Ui 00 10305.0710000 o0 e
u_ 10000

v, = Je =Y 10006 = 383432380 15000 0.9 %

v, = 2e =Y 10096 = 376467380 15000 50306
U 380

HOM

CaMpblii MOIIHBIN 2JIEKTPONPUEMHUK.
JIns MakCMMaJIBHOTO pexXuMma npuHumaercs Hanpspkenus Ha PII 1,05 ot

HomuHanbHOTO. [IpHIMaem Uy=10500B.

AAUB-3495 7 AALB-3x95 2 AAUB-3x95 3 TM3-1000/10/04 4 AAU-x 150 5
B R s
1785 m 244 1 244 m ‘ ‘ ‘on
1048 04 «B BPY?

KTI7

Pucynok 9.2-Cxema 3aMelIeHHs] CaMOT'0 MOIIHOTO 3JIEKTPOITMEMHUKA

CaMbIii MOLIIHBI.

L=40 m.
cosp =0,87; sing=0,2431; X, =0,059 Om / xm; 1;,=0,2 Om/ xwm;
Tok Imax =168,15 A.

AU, =~/3-168,15-0,063-(0,2-0,87 +0,059-0,2431) = 2,198
U, =U, —AU, =391,8—2,19=389,61 B

OTKIOHEHUE HaIIPSKCHU AL
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Vlzm.loo%:

HOM

10412,73-10000

-100% =4,13 %
10000

_U;=Uyu, 1009, _ 10405,83-10000

U 10000

HOM

V, :100% = 4,06 %

10402,56 —10000
10000

— U3 _UH()M

V, -100% = -100% = 4,02%

HOM

— U4 _UHOM .100% =
U

HOM

_ US _Uuam .100% =
U

HOM

v, 391,8-380
38

-100% =3,1 %

389,61-380

V, :100% =2,5 %

0) munuManbublii pexxum: Uyn=U,,~=10 xB.
Cosp=0.87 Sinp=0.2431

0-1:

Imin =89.9-0,6=53.94 A.

AU, = \/3-58,43-1,785- (0,31-0,87 +0,083-0,2431) =52,36 B;
U, =10000 -52,36 =9947,64 B,

1-2: L=244 u
cosp=0,87 , sinp=0,2431;%,=0,083 Om /xm; 1,=0,31 Om / xm;
Tok Imin =56,5-0.6=33.9 A.

AU,, :«E-33,9-0,244-(O,31-O,87 +0,083-0,2431)=4,15 B;
U,=U, -AU,, =9947,64 —4,15=9943,49 B.

2-3: L=244 m.

cosp=0,87; singp=0,2431;X,=0,083 Om / xm; 1y =0,31 Om / km;
Tok Imin =26,71-0.6=16.026 A.
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AU, =+/3-16,026 0,244 (0,31-0,87 +0,083-0,2431) =1,96 B
U, =U, —AU,, =994349 — 1,96 =9941,53 B

ITorepu B Tpanchopmartope onpeaeaum o dpopmyiam (2.43),(2.44):
Koaddunment 3arpy3ku tpanchopmaropa:
£=0,25;
aKTHBHOE HAIpPsUKEHHE:
12,2

U,=—--100%=1,22 %;
1000

PEAKTUBHOE HaIIPSKECHUE:

u, = /5,5 —1,22° =5,36 %;
AU, =0,25-(1,22-0,87 +5,36-0,2431) =0,59 %

AUTp = (AUTp % /100) - 10000 = (0.59/100)- 10000 = 59 B;
U, =U, —AU, =9941,53 -59 =9882,53 B

IIPUBEIEM HANPSDKEHUE K HU3KOM CTOPOHE:

U, =9882,53- 380 _ 375,53 B.
10000

4-5:

L =40 wm.

cosp=0,87; singp=0,2431; X, =0,061 Om / xm; 1y =0,42 Om/xm;
Tok Imax =168,15-0.6=100.89 A.
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AU, =+/3-100,89-0,04-(0,2.0,87 +0,059-0,2431) = 1,32
U, =U, —AU, =37553-1,32=374,21 B

OTKOHEHUE HAIIPSKCHU AL

=YY 1005 3047.64-10000 00 oo
10000

V, =9 =Yuan 1000 - 994349710000 550, 4 56 94
HOM 10000

V, =95 Yoo g gggp = 294153710000 00, 4 5005
10000

V, =9s =Y 10096 = 372537380 500 1 594
HOM 380

v, =95 “Yua 10006 = 374 gég 380 100% =15 %

HOM

a) nociaeapapuiinbiii pexum: Uyp=1,05-U,,,=1,05-10=10,5 xB.
U,=10,5 kB;

Cosp=0.87 Sinp=0.2431

0-1:

Imax =89.9-2=179,8 A.

AU, =+/3-194,76-1,785-(0,31-0,87 +0,083-0,2431) = 174 55 B ;
U, =10500 — 174,55 = 1032545 B

1-2: L=244 m

cos¢p =0,87 ; singp=0,2431;X%,=0,083 Om/ km; 1y =0,31 Om / km;;
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Tok Imax =56,5-2=113 A.

AU, =+/3-113-0,244-(0,31-0,87 +0,083-0,2431) = 13,8 B;
U, =U, —AU,, =10325,45 13,8 =10311,61 B.

2-3: L=244 m.
cosp=0,87; sing=0,2431;X,=0,083 Om/ xm; 1, =0,31 Om / xm;
Tok Imax =26,71-2=53,42 A.

AU,, =+/3-53,42.0,244-(0,31-0,87 +0,083-0,2431) =6 54 B
U, =U, —AU,, =10311,61—6,54 = 10305,07 B

[Torepu B Tpanchopmarope omnpeaenum 1o popmynam (2.43),(2.44) :
Koaddunment 3arpy3ku tpanchopmaropa:
B=101;

AKTUBHOC HAIIPSIKCHUC!

U, =222 1009122 %;
1000

PCAKTHUBHOC HAIIPAKCHUC!

U, = /5,5 ~1,22 =5,36 %;
AU, =1,01-(1,22-0,87 +5,36-0,2431) = 2,4 %

AUTp = (AUTp % /100) - 10000 = (2,4/100)- 10000 = 240 B;
U, =U, — AU, =10305,07 — 240 =10065,07 B
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IPUBEIEM HANPSHKEHUE K HU3KOM CTOPOHE:

U, =10065,07 A0 _ 383,43 B
10500

4-5:

L=40 m.

cosp=0,87; sinp=0,2431; X, =0,059 Om/xm; 1,=0,2 Om/ xm;
Tok Imax =168,15A.

AU, =\/§-168,15-0,04-(0,2-0,87 +0,059-0,2431)=2,19B
U,=U,-AU, =383,43-2,19=381,24 B

OTKOHEHUE HAIIPSKCHU AL

UiV 1000 - 10325,45-10000 o0 o oo

Vl
10000

HOM

:M.loo%:

HOM

_ U, -V, .100% = 10305,07 ~10000 -100% = 3,05%
10000

10311,61-10000
10000

V, -100% =3,12 %

Vs

HOM

_ YU 10006 = 382 :g(; 380 1009 = 0,9 %

V4

HOM

~uU,-u 376,46 —380

V, e .100% = -100% =0,3 %
380

HOM

ONIOpBI HAPSKEHUS LIEXOBOW CETH:

1)Camblii yaaneHHbIHI
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Pexxum makcumasibHbIX Hagpy30K

aV, % 4
° 4,06 % 4,02 %
4 413 % 3.1%
3
2
1 1,3%
0
-1
2
-3
-4
5
o Pe>xum MuHumarsbHbIX Haepy30K
5’ A
4
3
2
1
0 -0,56 % 2058%

4 -0,52 %

1,2%

N -2,28 %

-3 T T T T e T T e T

-4

5

Pexxum nocreasapuliHbIX Haz2py30K
AV, %

5 A
4
3 3.25% 3.12 %

2 3,05 %

! 0,9 %

0 »
* -0,93 %
2
-3
-4
-5
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2)CaMBbIii MOIITHBIH

Pexum makcumarbHbIX HaepPy30K

AV, % &
> 4,06 % 4,02 %
4 413% 3.1%
3
5 2,5%
1
0 >
-1
-2
-3
-4
-5
% Pe>xum MmuHumMarnbHbIX Haepy30K
5 A
4
3
2
1
0 -0,56 % 0,58 % >
1 -0,52 %
2 L2% -1,5%
I R e e i mb e e i et it
-4
-5
Pexum nocneaeapu[mblx Haepy30K
A;/,% }
4
3 3,25% 3,12 %
2 3,05 %
! 0,9 % \ -0,3%
0 > n
1
-2
-3
-4
-5
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3AK/IIOYEHUE

B pesynbrare BBIITOJHEHUHM BBIMYCKHOW KBaNM(DUKAMOHHOW padOThl ObLIa
CIPOEKTUPOBaHA CUCTEMA AIIEKTPOCHAOKEHHSI HOBOT'O JKUJIOTO pailoHa r.AbakaHa B
rpannnax yaui Uteirnaa- Hekpacosa — Kuposa.

Tak kak OOJBIIMHCTBO 3JIEKTPONPUEMHHUKOB MPOEKTHPYEMOr0o paiioHa
OoTHOCATCS K morpebutensm |l kareropuu, To st obecriedeHHs HOPMaJIbHOTO
(GYyHKUMOHUPOBaHUS  palloHA  HEOOXOJUMO  HAJIEKHOE, SKOHOMUYHOE U
KaueCTBEHHOE AJIeKTpocHabxkeHue. To ecTh 3a1auell MpoeKTa SABISIach pa3padboTka
KOMIIJIEKCHOTO 3JIEKTPOCHAOXKEHHS BCeX MOTpeOUTeNel 0 HAJAS)KHOCTU MUTAHUS U
KaueCTBY JIEKTPOIHEPTUU.

ChnpoexTtupoBaHHasi  CHUCTEMa  JJIEKTPOCHAOKEHUS ~ OTBEYAET  BCEM
BBHIIICTICPEYUCICHHBIM TPEOOBAHUSM U TPOXOJUT IO BCEM HOPMATUBHBIM
noKasareyisiM (KauecTBY HAMNpsKEHHs, MOTEPSAM 3JIEKTPOIHEPIHMH, MOIIHOCTH,
HaJIe)KHOCTU CXEMBbI DJICKTPOCHAOKEHUS U T.1I.).

[Ipu  BBIMOJHEHUM  BBIMYCKHOW  KBadU(UKAIIMOHHOW pabOThl  ObLIH
3aKpEIJIEHbl HABBIKU MPOEKTUPOBAHUS W MPUHATUS KOHCTPYKTHUBHBIX PEIICHUH,
HeoOxoauMbIe B OyayIieil mpodecCHoHaNbHON NeaTenbHOCTH. O1eHeHbl 00bEeMBbI U
MOCJIEJOBATENbHOCTh MPOEKTUPYEMBIX pabOT, a TakKe TJIaBHAs BO3MOXXKHOCTb

MPUMCHCHHA COBPCMCHHBIX KOMIIBIOTCPHBIX TEXHOJIOT UM IIPpX UX BBIIIOJIHCHUMU.
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