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3ATAHUE
10 IUTUIOMHOMY ITPOEKTUPOBAHUIO CTYJEHTY

Cemuuenko Muxauiny Brnagumuposuay

1.Tema npoekTa: DIeKTpOCHAOKEHHE IIEMEHTHOTO 3aBO/IA.
2. Y1BepxkaeHa npukazoM 1o yuusepcurery Ne 1873/c ot 21.02.2016 r.
3. Cpok cauu CTyJI€HTOM 3aKOHUYEHHOTro mpoekTa 14 utonst 2016 r.

4. Vicxo/iHbIE JaHHBIE K MPOEKTY:

- HArpy3KH LI€XOB 3aBOJIa;

- TeHEpaJIbHBIN IJIaH 3aBOJA;

- NMUTaHUE OCYLIECTBIIETCA OT IMOACTAHLUHA YHEPrOCHUCTEMBI HEOTPAaHUYEH-

HOW MOIIHOCTH 4epe3 ABYyHenHyro auHuto 110 kB;

- KaTeropuu 3JeKTPOIPUEMHHUKOB IO HAJICKHOCTH 3JIEKTPOCHAOKEHNUS;

- paccTosiHUE OT MOACTAHIIUN YHEPTOCUCTEMBI J0 3aBoja 13 Km;

- TEXHOJIOTUs IPOU3BOACTBA €UHHULIBI IPOAYKIHUU.

5.ConepxaHue pacuyeTHO-TIOSICHUTENIBHON 3alMCKU: pacyeT EKTPUYECKUX Ha-

rpy30ok 1 mectononoxenus ['TII; BIOOp ynciaa U MOIIHOCTH CUIJIOBBIX TpaHc(op-
matopoB ['TII1, a Takxke 11€X0BbIX TpaHCHOPMATOPOB, C YIETOM KOMIICHCAIIUUPEAK-
THBHOM MOIIHOCTH; TEXHUKO-IKOHOMHYECKOE CPAaBHEHNE BAPUAHTOB CXEM BHEIIIHE-
ro 3JeKTpocHabxeHus; pacueT TokoB K3; BEIOOp OCHOBHOrO CHUIIOBOrO 000py10Ba-
HUS; SKOHOMHUYECKAasl 4acTh, pelieiHas 3ammra cuiioBoro tpancdopmaropa [TIII;

0€30MacHOCTh U SKOJOTUYHOCTD MPOEKTA; CIIEUATbHBIA BOIIPOC.

6. [lepedenn rpaduyeckoro Marepuana:
nucT 1 — reHepanbHbIN IJ1aH 3aBO/IA C KAPTOTPAMMOW HArpy3o0kK;

JUCT 2 — TEXHUKO-PKOHOMUYECKOE CPAaBHEHUE BApUAHTOB CXEM BHEIIHETO 3JIEK-
TPOCHAOKEHUS,

JUCT 3 — dJIeKTpUUECKas OJHOJIMHEIHAS cXeMa JIEKTPOCHA0KEHUS 3aB0OJ1a;
JIUCT 4 — TIJIaH U pa3pe3 TNIABHOW MOHU3UTENBHON MOICTAHIUH;

JUCT 5 — peneiinas 3ammra Tpancopmaropa TPIH-25000/110;

JUCT 6 — CIENBOMNPOC;

JINCT 7 — TEXHUKO-DKOHOMMYECKHE MMOKA3aTEIM CUCTEMBbI 3JI€KTpOCH8.6}KeHI/I}I
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KAJIEHJIAPHBIV T'PAD®UK

BbINOJTHEeHUS JI11

HanmMmeHoBaHue u COACPIKAaHUC FTAalla

CpOK BBINOJHEHUS

(paznena)

BBenenue 25.03 - 26.03
Pacuer Harpy3ok 27.03-01.04
Br160p HanpsikeHust 02.04 - 06.04
TOP u BBIOOp CXEMBI 2JIEKTPOCHA0KECHUS 07.04 — 08.04
BLI60Vp TpaHchOpPMaTOPOB U KaOEIbHBIX 09.04 — 11.04
JTUHUHT

PacueT ycTaHOBHBILIETOCS peKUMa 12.04 -18.04
Pacdet TOKOB KOPOTKOTO 3aMbIKaHHS 18.04 — 21.04
Br160op o6opynoBanus 22.04 — 26.04
Pacuér peneiinoil 3auThI 27.04 —09.05
DKOHOMUYECKAs 4acTh 10.05 -12.05
be3onacHOCTh U HKOJIOTMYHOCTH 13.05-15.05
CrieruanbHBIN BOIIPOC 16.05 — 28.05
['padmyeckas yactpb 28.05 - 10.06

« » 2016 r.

Pyxosogurens 111
(moanuce)

3a)IaHI/IC IMPUHSAI K UCITOJTHECHUTO

(TToAMuCh, MHUITHANBI U (paMUITUS CTYACHTA)
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PEOEPAT

JIMIIIOMHBIN TPOEKT MO TeMe «DIEKTPOCHA0XKEHHE 3aBoja IO 00paboTke
CBIPBSI MOJTYIIPOBOHUKOBON TEXHUKW» CONEPKUT 162 CTpaHUIBI TEKCTOBOTO JOKY-
MeHTa, 6 wuttoctparuid, 33 tabmuiel, 129 dopmyn, 2 nputoxenus, 15 ucmoas3o-
BaHHBIX UCTOYHHUKOB, 7 JINCTOB rpa)MuecKoro MaTepuara.

DJIEKTPOCHABXEHUE, PEJIEMHAS 3AILMTA, TPAHCO®OPMATOP,
PACIIPEJIEJIUTEJILHOE YCTPOMCTBO, TOK, HAIIPSIXKEHUE, KOPOTKOE
3AMBIKAHME, IEX, TEXHUKO-OKOHOMUWYECKUE I[TOKA3ATEJIN, HA-
I'PY3KA, BE3OITACHOCTbB, MOIIIHOCTbD, ITOTEPU, TTOACTAHLIMA, DJIE-
KTPOSHEPI'UAL.

OOBEKT 3IEKTPOCHAOKEHU — 3aBOJIa MO 00pabOTKE ChIPbs MOJYNPOBOAHU-
KOBOM T€XHHUKH.

[{enu npoeKTUpOBaHMUSL:

- paccMOTpeHue U BbIOOp Hamiyuuiero Bapuanta pacnonoxenus I'TII u mo-
IIHOCTH CUJIOBBIX TPAHC(HOPMATOPOB;

- BEIOOp 000py10BaHUS;

- pacdeT YKOHOMUH JIEKTPOIHEPTUH;

- OIIeHKa 0€30IMaCHOCTH U KOJIOTHYHOCTH 000pYAOBaHHUSI.

B pe3ynbraTre mMpoeKTUpPOBaHUS CUCTEMBI DJIEKTPOCHAOKEHHUS 3aBOjJia OBLIO
BBIOpAaHO HOBeHIee 000PYy/I0BaHNE, pacCUYUTaHA SKOHOMHUYECKAsl YacTh MPOEKTa U

obecrieueHa 6€30MacHOCTH JIJIs1 paboTAarOIIEro MepcoHasa 3aBoa.
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Bsenenue

CI)IpI)éM HJI IIPOU3BOACTBA HCMCHTA CIIYKUT U3BCCTHAK, MCJI, I'TIMHA, MCPI'CJIb U
APYruc MaTcpualibl. Hpouecc IMPOU3BOACTBA NEMCHTA 3aK/IIHOYACTCA B IIPHUI'OTOBJIC-
HUH O,HHOpOI[HOfI CLIpbeBOﬁ CMCCH 3a1aHHOI'O COCTaBa IIYTCM I[pO6J'I€HI/I}I N TOHKOI'O
N3MCJIBYCHUA, 0o0kura ee A0 CIICKaHUA B KIIMHKCP, pa3sMoOJia KIMHKCPAd BMCCTC C HC-
OOJBIINM KOJIUYECTBOM THUIICA B APyrumMun I[O6aBKaMI/I.

Pa3znuyaroT ABa OCHOBHBIX CIOCOOa MPOU3BOJICTBA LIEMEHTA CYXOW M MOKPBIH.
[Tpu cyxom crocobe mpou3BoJICTBA APOOICHHBIE CHIPHEBBIE MaTepUabl BBICYIIIH-
BAIOT U MEJIKO M3MEIbYaIOT, KOPPEKTUPYIOT U YCPEIHSAIOT A0 3aJaHHOTO XUMHUYEC-
KOTO COCTaBa U OOKMTraloT BO Bpamaronmxcs nedax. [Ipuy mokpom crocobe npous-
BOJICTBA ChIPbEBBIE MAaTepUaJIbl MOCIE APOOJICHHS U U3MEIbYEHUS IEPEMEIIUBAIOT C
BOJIOM, MOJTy4yaeMbIii OJJHOPOJIHBIN CMEeTaHOOOpa3HbIN IIJIaM HaIpaBJIsIoOT B Oaccei-
HBI, TJI€ €r0 KOPPEKTUPYIOT U YCPEIHAIOT JO 33JaHHOTO XMMHUYECKOIo cocTana. 1'o-
TOBBIN IJIaM HAMPAaBIIAIOT B Meub AJis oOkura. Ipo0st marepuain (KpymHOro moMo-
Ja) B HICKOBBIX, BAJIKOBBIX M MOJOTKOBBIX JIPOOMIIKAX, a TOHKOE H3MeTbYeHHE (B
MOPOILIOK) BBIMOJHSIOT B IIAPOBBIX TpyOUaThiX MenbHUIAX. Cyxol crnocod mpous-
BOJICTBA NMEET MEHBIINI yIEIbHBIN PacXo MIEKTPOIHEPTUN HA OJIHY TOHHY LiEMe-
HTA.

DIEeKTPONPHUBOJT MOJIOTKOBBIX, BOJIKOBBIX M IIEKOBBIX JPOOUIIOK OCYLIECTBIIS-
€TC aCMHXPOHHBIMU KOPOTKO3aMKHYTBIMH JIBUTaTeJIsIMU HA HarpsbkeHne 380 B npu
MoturHocTy 70 200 kBt 1 10 kB ipu momHoctu nBurateneit 6onee 200 kBT.

DIEeKTPONPHUBOJI IIAPOBBIX TPYOUATHIX MENBHUI] OCYIIECTBIISIETCS Yepe3 peay-
KTOp OT HMU3KOBOJIBTHBIX ACHHXPOHHBIX KOPOTKO3aMKHYTHIX ABurarenen 1o 100 kBT,
ot 100 kBT 10 400 kBT - yepe3 acCHHXpOHHBIC ABUTATEIHN ¢ (ha3HBIM POTOPOM, OoJiee
400 kBT uepe3 CHHXpOHHBIE BBICOKOBOJITHBIE IBUTATENN. CXEMBI YIIPABICHHUS AJIEK-
TPOIPHUBOJOM MPEIYyCMaTPUBAIOT aBTOMATU3AIMIO 3arpy3Ku U pabOThl MEJIBHUIIBI C
HEOOXOIUMBIMU CUCTEMAMH 3AIUTHI IPU OJTOKUPOBKE.

Cy1ika ChIpbeBbIX MaTepUaIOB MPOU3BOJAUTCS B CYIIMIbHBIX OapabaHax rops-
YUM BO3QYyXOM WIHA ABIMOBBIMU Ta3aMU. OJEKTPONPHUBOJ BPAIIECHHS CYIIMJIBHOIO
Oapabana ocymiectpisiercss AK3][ 14-55 kBr.

Bpamaromasicss rneup BCIIOMOTaTEIbHBIMU M PETYJUPYIOIIMMH YCTPOWCTBAMU
SBJISIETCS] OCHOBHBIM arperaToM LIEMEHTHBIX 3aBOJIOB, B KOTOPOM OOKUTalOT TBEPAYIO
WIH 1IJIJaMOOOPa3HyI0 ChIPhEBYIO MACCy JIs MOMy4YeHUsl KIIMHKepa. ChIpbEBYIO Maccy
3arpy>kar0T M JIBUTAlOT C BEPXHEro KOHIA MeYd BHU3, a TEIJIOHOCUTENb (TOpsiunid
ra3) ¢ HIbKHEro KOHIa MIe4H U JBUTAIOT BBEPX, HABCTPEUY 00KUTaeMOMY MaTepuaiy.

B mpousBoacTBe 1leMEHTa MPUMEHSIOT aBTOMAaTUYECKOE YIIPaBICHUE U PEry-
JUPOBAHUE TEXHOJIOIMYECKUX MPOIIECCOB (ITOMOJIA ChIPbSl U LIEMEHTA, 00KUTra KIIUH-
Kepa U JIp.) C MOMOILBIO AIEKTPOHHBIX U MOIYIPOBOJIHUKOBBIX PETYIIATOPOB C 3JIEKTPO-
MEXaHMYECKHUMHU UCTIOJIHUTENFHBIMU MeXaHU3MaMu. B HacTosiee BpeMst 0O1Iuii KOHT-
POJIb ¥ YIPaBJIEHHE MPOU3BOICTBEHHBIM IIPOLIECCOM M BCETO 3aBOAA aBTOMAaTU3UPOBAH
Y OCYILECTBIIAETCS C LEHTPAIILHOIO JUCIIETYEPCKOrO IyHKTA C MOMOLIBIO JIEKTPOHHBIX
BBIUMCJIUTENBHBIX MAIllMH, B TOM YHCJIE U BCIOMOTaTENIbHBIX LIEXOB.
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2 Pacuer anekTpruuecKrX Harpy30k

[lepBBpIM 3TanioM NPOEKTUPOBAHUS CUCTEMBI ANEKTPOCHAOKEHUS SIBIISIETCS OII-
peneseHne dIEKTPUIECKUX HArpy30K. 110 3HaueHHIO IIEKTPUYECKUX HAarpy30K BBI-
OMpalOT U MPOBEPSIOT INEKTPOOOOPYIOBAHUE CUCTEMBI 3JIEKTPOCHAOKEHUS, OIpe-
JEJSIOT IOTEPU MOIIHOCTHU U AJIEKTPO3HEprur. OT IpaBUIbHONW OLIEHKH OXKUAae-
MBIX Harpy30K 3aBUCSAT KalUTaJIbHBIE 3aTPAThl HA CHCTEMY JIEKTPOCHAOKEHUS,
IKCIUTyaTaI[MOHHBIE PACXO/bl, HAJIEKHOCTh PabOThI 3JIEKTPOOOOPYAOBAHUS.

Pacuer BeneTcst Mo yCTaHOBJICHHONW MOIIHOCTU U KO3 PUIIMEHTY cripoca.

Jlnst onpezenieHnsl pacyeTHBIX HArpy3oK IO JaHHOMY METOAY HEeO0OXOJMMO 3HaTh
YCTaHOBJICHHYIO MOIIHOCTb Pyoy TPYHIBI AJIEKTPONPUEMHUKOB U KOA(PUITUEHTHI
MOITHOCTH €OS ¢ 1 cripoca K¢ gaHHOM TpymIibl, OonpeaessieMble IO CIIPaBOYHBIM Ma-
TepUajaM .
Ha 3amanHom npennpusitun o00pyIOBaHUE MUTAETCS OT JIBYX KJIaccoB Ha-
npsbkeHus. CuiioBasi Harpy3ka oOOHMX KJIACCOB ONpENENsIeTcs aHAJIOTUYHO, a Ha
HanpsbkeHuu 0,4 kB He00X0aMMO TakKe pacCUUTaTh OCBETUTEIbHYIO HAIPY3KY.

PvaeTHaﬂ CHUJI0Basd Harpyska OoIpcaciriCTCA 110 (bOpMyJIel

Pricy =Ko X Py s (21)
Qricy = Pricy X199 . (2.2)
PacueTHas OCBETUTENbHAS HATPY3KA PaBHA:

Procg =Pyo*xKeos (23)

rne Kc o — koadduimenT cnpoca i1 OCBETUTENBHON HATPY3KH;
Py.o — ycTaHOBJIEHHAs] MOIITHOCTh OCBETUTEILHOM HArpy3KH, KBT.

P,y =Py, xF, (2.4)

rne Pyjo — yaenpHast ocBeTUTENbHAs Harpys3ka, OTHECEHHas K IUIOLIaau ToJja
1exa, kB1/M%;
F — miomane mona exa, M>.
Taxum 00Opa3om, IMoTHAs Harpy3Kka 1exa paBHa:

S= N/ ricy +Ppocs E +Q123Ac'1 . (25)

PacueTsl mpoBOASATCSA MO KaXAOMY M3 LIEXOB NMPEANPUITHS, YKa3aHHBIX B 3aj1a-
HUU, pe3yJIbTaThl pacYETOB MpuBeAcHbI B Tabnuie 1. (ctpanuua 13)
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3 OmnpeneneHre pacyeTHBIX AMEKTPUUECKUX Harpy30K

PacuéTHass makcumalibHas MOIIHOCTb, HOTpedsseMasi 3IEKTPONPUEMHUKAMU
IPEIIpPUITHS, BCEr1a MEHbIIIE CyMMbl HOMUHAIBbHBIX MOIIHOCTEH 3TX OII. Heol-
XOAUMOCTb ONPECIICHUsI O0KUIAEMBbIX (Pacy€THBIX) HArpy30K MPOMBIIUIEHHOTO
OPEeIIpUITHS 110 TPUMEHEHHOMY HUKE METOJY BbI3BaHA HEIIOJHOM 3arpy3Koi He-
KoTopbiX OIl, HEOAHOBPEMEHHOCTHIO UX Pa0OThI, BEPOSITHOCTHBIM CITy4ailHBIM Xa-
paKkTepOM BKJIIOUEHHUS U OTKItoueHus Oll, 3aBHCAIIMM OT OCOOEHHOCTEN TEXHOJIO-
THYECKOT0 MPOLECCAa U OPraHU3ALMOHHO-TEXHUYECKUX MEPONPUATHI IO oOecreye-
HUIO HaJJIEXKANIMX YCJIOBUHM TpyJa padouux W CIyKallUX JAHHOTO MPOHU3BOJCTBA.
[TpaBmiibHOE OMpenenNeHne 0XKHUIAEMBIX AIEKTPUUYECKUX HArpy30K M oOecreueHue
HEo0X0MMOM cTeneHu 6ecriepeOoHHOCTH UX MUTAHUSI UMEIOT OOJIbIIOE HAPOJO0XO-
391ICTBEHHOE 3HaUYCHUE.

W3 tabnuuel 1 noaHast pacueTHasi MOIIHOCTb HAarpy3ku, KBA!:

s, = 28619.

Taxk kak 1iexoBsie Tpanchopmatopsl U Tpanchopmaropsl ['TII emie He HalieHBI,
TO MOTEPHU aKTUBHOW U PEAKTUBHON MOIIIHOCTH B HUX OIPEACTIUM MPUOTHKEHHO:

4apP,, =002-S ; (3.1)

49, =01-S , (3.2)
TOTJ1a JUIsl LIEXOBBIX TpaHchopMaTopoB, KBT u kBAp:

DP, = 0,02%8619= 572,38 ;

DQ,, = 0,18619= 28619 .

OnrtumanbHas peaKTUBHASI MOIIHOCTD, IEPEIaBaeMasi U3 SJHEPrOCUCTEMBI B YaChI
MaKCHMYyMa aKTUBHBIX HAarpy3ok, KBAp:

Q3 =a LPpe (33)
Q, = 0,348464,0= 5539, 2

MoniHOCTh KOMIIEHCUPYIOIIUX YCTPOMCTB, KBAD:

Q.
Q,

Qp0,4e - Qa' (34)
21769,8- 5539,2= 16230,6

Pacuetnas peakTuBHas Harpys3ka 3aBojia, OTHecCeHHas K mmHam 6-10 kB I'TIIT ¢
y4yeToM Kod(uimeHTa pa3sHOBpeMEHHOCTH MaKCUMyMa CHUJIOBOM Harpy3ku, Oyaer
paBHa, KBAp:

Qpacll = Qp [Y{p,w + DQz;m (3.5)
Q,e, = 21769,8'D,92+ 2861,9= 22890,1

rae K, - Ko3GQuuuenT pasHOBPEMEHHOCTH MaKCUMYMOB.
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HeckommiencupoBaHHasi MOITHOCTH Ha mMHax 6-10 kB I'TIIT GyaeT paBHa, kBAp:

Q= Q.- Q, (3.6)
Q= 22890,1- 16230,6= 6659,5.

HOTepI/I aKTUBHOM MOITHOCTH B 6aTap€SIX CTaTHYCCKHUX KOHACHCATOPOB, kBT

DP, = 0,002, (3.7)
DP, = 0,00246230,6= 32,5

rae AP, - ynensnsie norepu B bCK, kBr/kBap.

AKTHBHas CyMMapHasi MOIITHOCTh 3aBOJIa, OTHeCeHHas K mmHaM 6-10 kB I'TITT
C y4€TOM Pa3HOBPEMEHHOCTH MAaKCUMYMOB CHUJIOBOM Harpy3ku, kBT:

Ps=¢ P¥K,+¢e P,+DP, +DP, (3.8)
1 1

Ky !

P = 23988,4W,92+ 113,6+ 572,4+ 32,5= 22787,8.

[Tonnast moutHOCTH Ha mMHAX 6-10 kB I'TII ¢ yyeTom KOoMIIEHCAIIUU PEAKTUB-
HOM MOIITHOCTH:

s = [P+ 07, (3.9)
s =

\/22787,82 + 6659,5” = 23741,0.

[Totepu momHOCTH B Tpanchopmatopax ['TIIT onpenensem nmpubnnkeHHOKBT u
KBAp COOTBETCTBEHHO:

DP, ;= 0,020 § (3.9.1)

DQ, i = 0,1LB§ (3.9.2)

DP, .= 0,02WR3741,0= 474,8
DQ,,,,; = 0,1®3741,0= 2374,1

[TomHas pacyeTHass MOLIHOCTB 3aBOJA Ha CTOPOHE BoIicuiero HanpsbkeHus [T
kBA:

S¥is rin = NP+ DPypyy) + (Q+ DO,y )’ (3.9.3)

S¥, 1 = \/(22787,8+ 474,8)* + (6659,5+ 2374,1)? = 24955,0.

Jlucm

Ar-140211.65 113

U3m.

Jlucm Ne dokym. lModnuck | dama 12




lNeps. npumeH.

o

Cnipas.

lModnuck u ama

UHe. Ne dy6n.

o

B3am. uHs.

lNodnuck u 0ama

UHe. Ne roorn.

4 BI)I60p MECTa PaCIOJIOKCHUA IJIaBHOW ITOHU3UTEIBHOM ImoACTaHII KU

C uenbto onpeaenenust mecta pacnonoxenus ['TIII npeanpusarus, a Takxe 1e-
xoBbIX TII mpu MpOEKTUPOBAHUU CTPOST KAPTOrpaMMy AJIEKTPUUECKUX HArpy30K.
Kaprorpamma npesncrasisier co0oil pa3MelieHHbIe Ha TeHEPATbHOM ILJIaHE MPEI-
pUSATHS OKPY>KHOCTH, IUIONIA/lb KOTOPBIX COOTBETCTBYET B BHIOpAaHHOM MacuiTabe
pacyeTHBIM Harpy3Kam.

TpancdopmatopHbIe TOACTAHIINN MAKCHMAIIBHO, HACKOJIBKO MO3BOJISIOT TIPOU-
3BOJICTBEHHBIC YCJIOBHSI, TPUOIMKAIOT K IIEHTPY HArpy30K. ITO TMO3BOJISIET TOCT-
POUTH PKOHOMHYHYIO M HAJEKHYI CHCTEMY DJICKTPOCHAOKEHHUS, TaK KaK COKpa-
MIAeTCs MPOTSKEHHOCTh CETE BTOPUYHOTO HAIPSIKEHUS, YMEHBIIIAIOTCS TOTEPU
AJIEKTPOIHEPTUH W OTKIOHEHUE HANPSHKCHUS; YACIICBISICTCS Pa3BUTUE AJIEKTPOC-
HaOKEHUSL.

B nacrosiee Bpems pazpaboTaHbl METO/IbI ONPEACIICHNS] MECTA PACIIOJIOKEHUS
MOACTAaHUUN MO TEPPUTOPUHN MPOMBIIUIEHHOTO MPEANPUSTHS, IPU KOTOPBIX JOC-
TUTaIOT HAUMEHBIIIKNX 3aTpParT.

[Ipu paBHOMEPHO paclpeeICHHON Harpy3kKe peKOMEHyeTCsl MPUMEHSTh Me-
TOJl, WCHOJIb3YIOIIUK TIOJOKECHUE TEOPETUYECKOM MEXAHUKHA W TTO3BOJISIOIINN
ONPEACTUTh LIEHTP AJCKTPUUECKON Harpy3ku. JJist 5TOro Hy>kHO MPOBECTHU aHAJIO-
THIO MEXKJIYy MAaCCaMH U 3JIEKTPUYECKUMH Harpy3kaMu, a KOOPAUHATHI UX LIEHTpa
ONPENEIUTH MO (hopMyJiaM, KM:

c I:)piq(i c PpiLyi
AR @)

rieX;, Yi - KOOpAMHATHI [IEHTPa JICKTPHUYSCKON Harpy3KH i-ro mexa Wi JoMa.
Bri6op mecta pacniosnoxkenust I'TIIT mpou3BoasT B ClieIyIOIIEM MOPSJIKE.

[Ipn mocTpoeHnn KapTOrpaMMbl HArpy30K OTHEIBHBIX LEXOB MPEANPHUATHSA
LEHTPbI OKPYKHOCTEH COBMELIAIOT C LIEHTPAaMH TSXKECTH F€OMETPUUECKUX (puryp,
M300paXkaroIMX OTJENIbHBIC 11eXa NpeAnpuaTus. s HarjasAHOCTH MPEACTaBICHUS
CTPYKTYPBI Harpy30K OKPYKHOCTH JEJISAT Ha CEKTOPBI, KaXIAbI U3 KOTOPBIX COOT-
BETCTBYET HArpy3K€ HH3LIETO HAIPSIKEHMS, HArpy3Ke BBICIIEIO HANPSDKEHUA U
OCBETUTEIBHON Harpy3ke, 0003HauUE€HHBIM B MTPOLIEHTAaX CyMMAapHOI Harpy3KH.

Ha ocHOBaHMM OCTPOEHHBIX KAPTOIPAMM HAXOAAT KOOPAUHATHI YCIOBHOTO
LEHTpa Harpy30K NpeAnpusaTUs Mo GopMynam:

_ Ppi
= pqn y (42)

raeP,i - pacueTHas akTHBHAs Harpyska i-ro mexa, KBT; u - macmrad misionpe-
JIeNICHAS TIOMAN KpyTa, KBT/MM®.
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Haiinennsie koopauHaTel YIIH He MO3BOMSIOT 10 KOHIIA PEUIUTh 3aJ1auyd BBIOO-
pa MecTa pacmnoJIOKeHUs MOACTaHIMHY, TaKk Kak B neictBuTenpbHocTy LIDH cmemae-
TCS MO TEPPUTOPUM MPEANPHUATHSA. DTO OOBICHACTCS M3MEHEHUEM IOTpeOsieMoit
MOIITHOCTH OT/ICJIbHBIMHM MPUEMHHUKAMHU B COOTBETCTBUU ¢ I'padKaMy WX Harpy3oK.

Mecto pacnionoxkenust I'TIIT BeiOupator B mr000i Hambosiee yaoOHOW TOYKE
BOm3u [IOH. B sTOM ciydae Bwiciiee HampsbkeHue OyleT MakCUMallbHO MPUOIIU-
KEHO K IEHTPY MOTPeOJICHUs 3IEKTPOIHEPTHH, & paclpeAeTUTeIbHbIE CETH OyayT
UMETh MUHUMAJIBHYIO MPOTHKEHHOCTh. Ecnu mo kakum — au00 mpuYuHaAM HENb3s
pacrionoxuts [ TII1 B 30He paccessHus Harpy30K, TO €ro CMENIAT B CTOPOHY BHEIII-
HEro UCTOYHHKA MUTAHUA.

Pe3ynbpTaThl pacyeToB cBeAeM B TabIuLy 1, rae ykaxeM KOOpAUHATHI
KaXJ10r0 00bEKTa 3aBOJ1a.

Tabnuna 1 — OnpeneneHue HEHTPA SIESKTPUUECKUX HATPY30K

I_[J:-;_)(a P, kBt EE’T’ I, MM a,’ X,M | V,M P-x Py
[Torpedburenu 0,4 kB
1 896,0 |11,0| 16,9 | 4,418 |112,3| 30,1 | 100620,4 | 26969,5
2 983,7 8,7 | 17,7 3,173 | 142,2 | 115,8 | 139877,9 | 113909,0
3 75,8 5,8 49 27,458 | 182,2 | 115,8 | 13807,1 8775,3
4 242,8 28 | 88 4,140 | 12,4 | 52,3 | 3010,6 12698,0
5 12029 | 29 | 196 | 0,863 | 124 | 71,3 | 149157 85765,5
7 25253 | 53 | 284 0,760 |205,2 | 34,6 | 518197,4 87376,4
8 6015 [425| 13,8 | 25460 |172,7| 52,9 | 103886,4 31821,6
9 31,0 3,0 3,1 34,793 | 2349 | 71,5 7280,9 2216,2
10 2048,7 | 8,7 | 255 1,524 |102,2 | 115,8 | 209374,1 | 237236,0
11 20,6 3,6 2,6 62,774 | 2716 | 99,9 5592,4 2057,0
12 963,1 31| 175 1,160 233 | 119,7 | 224403,0 | 1152834
13 7,3 73 | 15 |360,000 273,2| 61,2 2007,9 449.8
14 110,6 56 | 59 | 18,364 | 36,9 | 116,8 | 40828 12923,2
[Torpebutenu 10,5 kB
1 4800,0 39,1 4418 |112,3| 30,1 | 539040,0 | 144480,0
2 600,0 13,8 | 3,173 |142,2|115,8| 85320,0 69480,0
3 525,0 12,9 | 27,458 | 182,2 | 115,8 | 95655,0 60795,0
6 2943,2 | 3,2 | 30,6 0,396 | 265,8 | 25,2 | 782312,1 74169,5
Viroro | 18577,6 28493836 | 10864055

B cootBeTcTBUM ¢ Tabnutei 1. onpenenum mectoHaxoxaenue I'TITT mm/m:

U3m.

Jlucm

Ne dokym.

lMoonuck | [Jama

Ar-140211.65 113

Jlucm

14




lNeps. npumeH.

Cnipas. Ne

lModnuck u ama

UHe. Ne dy6n.

(]

B3am. uHs.

lNodnuck u 0ama

UHe. Ne roorn.

Yo =

_ 2849383,6 _
18577,6

10864055 _ ., ,
18577,6

153,4
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5 Bei6op umcia 1 MomHOCTH CHIIOBBIX TpaHchopmaTopos ['TITT

Hanb6onee yacto ['TIIT npoMBINUICHHBIX MPEATIPUSTUA BBITIOJIHSAIOTCS JIBYXTpaH-
chopmartopabiMu. OHO WK TpeX TpaHCHOPMATOPHBIE MOACTAHIIUN UCTIONb3YIOTCS
ropaszio pexxe u TpeOyrT 00Jee Cephbe3HOr0 TEXHUKO-IKOHOMUYECKOTO 000CHOBA-
HUS.

Br16op momrnoctu tpancopmatopos ['TIIT nmpousBoautcs Ha OCHOBaHUH pac-
4ETHON HArpy3Ku MPEANpPUATHS B HOPMAIBHOM peXHME paboThl C YUETOM pexuma
HHEProCHAOKAIOIIECH OpraHM3aIliy 10 PEaKTUBHON MOIMHOCTH. B mocieaBapuitHom
pexxrMe, TIpU OTKIIFOUEHUHU OJHOTO TpaHc(opmaTopa, sl HaJe)KHOTO AJIEKTPOCHA-
O>xeHusl MoTpeOuTeNel MpeTycCMaTpUBaeTCsl MX MUTAaHUE OT OCTaBIIErocs B padoTe
Tpancopmaropa. [Ipu 3TOM 4acTe HEOTBETCTBEHHBIX MOTPEOUTENEH C IENIBbIO CHU-
KEHHS HArpy3Ku TpaHC(HOpMaTOpa MOXKET ObITh OTKIIOUEHA.

Eciu na I'TIII ycranaBnmuBaroTcs JBa TpaHcpopMaropa, HOMUHAIbHAS MOIII-
HOCTb Ka)XJIOTO U3 HUX ONPEAEIIIETCS M0 YCIOBHIO, KBA'

S
Showe 2 5 (5.1)
3

. 24955,0
SHOM.TP 1 Tﬂ: 17825,
rae Kz — koadduiuent 3arpysku Tpanchopmaropa.
Cornacho [2], BeiOupaem qBa oauHaKoBbIX Tpancdopmaropa TPIH-25000/110.

[IpoBepsiem K03 PUIIUMEHTHI 3arpy3Ku TpaHCHOPMATOPOB B HOPMAIBHOM M IOC-
JICABAPUITHOM pEKHUMaX:

Kir—_ P <07 (5.2)
’ SHOM TP X 2
KM = Ser o 1,4 (5.3)
SHOM.TP
TP = 17825 _ 0,357J 0,7
25000WR
KB = 17825 0,7137 1,4
’ 25000 ’

VYcnoBust npoBepKH TpaHC(HOPMATOPOB BHITIOJIHSIIOTCS.
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6 Bri0op panmoHaIbHOTO HAIPSKEHUS

HomunansHOE HaIIPpAKCHUC — OIUH U3 Ba)KHEHIINX mapaMCcTpOB CUCTCMBI JJICK-
TpOCHa6}KCHHH, OHpe,ZIeJ'IHIOHII/Iﬁ ec pa3Mcep, a CJICA0BATCIIbHO U MOIITHOCTD.

Kpurepuem Bb1OOpa ONTUMAILHOTO HAMIPSHKEHUS , KaK U JPYTUX MapaMeTpoB
CUCTEM DJIEKTPOCHAOKEHUSI, SIBIISIETCS:

3. — min

BHuemrnee anexkTpocHabkeHue pelaeT 3a1ady IprueMa JIeKTPOIHEPTUU U3 SHEP-
TOCHUCTEMBI.

B kxadecTBe Ha4aNBbHOTO 11ara K BRIOOPY ONTUMAJIBHOTO HAIIPSKEHUSI BHEIITHETO
anekTpocHaOkeHust U " MOXHO mpuMeHUTh hopmyiry Ctiiia, kB:

U™ = 4,34r J(I+16P), (6.1)

rie | — paccTosHue 10 1IeHTpa MUTAHMSI, KM;
P — pacuernas momnocTs, MBT.

Takum o6paszom, kB

U™ = 4,34r 13+ 16WP5,0 = 88,2

Ha ocHoBanuu opmyIipl BEIOHpaeM JjIsl paCCMOTPEHUS JIBa BapraHTa ¢ HaIps-
skennem:U;=110 kB, U,=35 kB.

onr

Onpenenus ~° , caeayeT pacCUUTATh IPUBEICHHBIC 3aTPATHI HA JJIEKTPUYEC-
onrT
KHE CETU U MOJCTAHLIMU MPU CTAHAAPTHBIX HAMPSKEHUAX Ui BoGractn “°

U or1r .
BbIOpATh , IPA KOTOPOM 3; ® min .
B npuBeneHHbIe 3aTpaThl CIEAYET BKIIOYATh TOJIBKO COCTABIIAIOIINE, XapaKTep-

HBIE JJISI BADUAHTA HAINIPSKEHUS, HO HE BKIIFOYATh OJIMHAKOBBIE DJIEMEHTHI JUISl BCEX
HaIpsHKEHUM.
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7 TeXHUKO-PKOHOMUYECKOE CPAaBHEHHE BAPUAHTOB CXEM BHEIIIHETO DJICK-
TPOCHAOKEHUS

B 3aBucHMOCTH OT yCTaHOBJIEHHOW MOIIHOCTH MPHUEMHHUKOB AJICKTPOIHEPTUH
pa3IM4arT O0BEKTHI OOJBIION, CpeaHeld M Mallod MOIIMHOCTH. PaccmaTrpuBaemoe
NPEANPUATHE OTHOCUTCS K 00BEKTaM CpPeIHEH MOITHOCTH, JJIsI KOTOPHIX, KaK Ipa-
BUJIO, IPUMEHSIOT CXEMBI JICKTPOCHAOKEHHUS C OJTHUM NMPUEMHBIM ITyHKTOM DJICKT-
posuepruu (I'TIIT). Ecau umerorcsa notpedurtenu 1 — oif kareropuu, To mpeaycMar-
PUBAIOT CEKIIMOHUPOBAHUE IIMH MPUEMHOTO MYHKTA ¥ MUTAHUE KAXKJIOM CEKIUH IO
otaesbHON TMHUU. COTJIaCHO 3aJJaHUI0 MMUTAaHUE 3aBOJIa MOKET OCYILIECTBISETCS OT
MOACTAHIIUU SHEProcucTeMBbI. [Ipr 3TOM BO3MOKHBI ABAa BapUaHTAa BHEITHETO AJIEK-
TPOCHAOKEHUS:

JI1s TEXHUKO-3KOHOMHUYECKOTO CpaBHEHHS BhIOMpaeM JiBa BapHaHTa dJIEKTPOC-
HaOKEHUSL:

1) mepenaua snekTposaneprun ot s3ueprocucteMsl 10 I'TII nanpsokenunem 110 kB

¢ nonmxkenueM ero Ha ['TIIT 1010 kB.

2) mepemava dJaeKTpodHepruu oT 3Heprocuctemsl 10 ['TII Hanpsoxernunem 35kB ¢

noHmwxkenneM ero Ha I'TIIT no 10 xB.

& €
@ 0 kB @ b «B
& l l(& & l l(&
s Ug sl Ug
(@ W (@ M
w ne Wi ne
@By | B @y o\ @
Q Q@ Q Q@
L] L] ] L]
¥ X Y Y
T 2 T 2
PL1kB P~ 1xB
BapuaHT 1 BapwuaHT 2

Pucynox 7.1 — BapuanTtsi anexrpocrabxenus ot 110 u 35 kB
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Cxembl 3J'I€KTpOCH3.6}KCHI/I$I COriIaCHO BapHaHTaM IPEACTAaBJICHLI Ha PHCYHKE
7.1. UTorom TEXHMKO-3KOHOMHUUYECKOTO CpaBHCHHA ABYX BAapHWAaHTOB 3H€KTpOCHa6-
KCHUA ABJIACTCA CPABHCHUC IIPUBCACHHBIX 3aTpPaT ABYX BAPUAHTOB.

[IpuBeneHHbIC 3aTPaThl ONPEACISIIOTCS IO popMyIe:
3= p, %, + 4, — min, (7.1)

rae Ks, As — COOTBETCTBEHHO KalUTAIBLHBIC 3aTPAThl U €KETOAHBIC N3IEPKKU B pac-
CMaTPUBAEMBbIX BAPUAHTAX CXEM DJIEKTPOCHAOKEHHUS MPOMBIIIICHHBIX
MPEANPUATHH;
Py —HOpMAaTUBHBIA K03 duIueHT 3HPEKTUBHOCTH KaTUTATbLHBIX BIOKCHHUH,

MIPUHUMAETCS KaK HOpMa JUCKOHTA 10 Kiito4yeBou craBke LIb P®, paBHoi
11%.

Kanutanbaple 3aTparbl I pacCMaTpUBAE€MbIX BapUAHTOB CXEM BHEIIHETO
AIEKTPOCHAOKEHUS OTPEESAI0TCA 10 (GOopMyIie, ThIC. pyo.

Ks =K g + K (7.2)

rae Kjsp — KanuTanbHbIe BIIOKEHHS HA COOPYKEHHE BO3AYIIHOW JIMHUM, CKJIa-
JIBIBAFOTCS M3 KANUTAJIOBIIOKEHUM B JIMHUIO U B CUCTEMHBIC BBIKIIOYATEIN Q1, THIC.

pyo.;
Krnon — xanurtanoBnoxenus B I'TIII, ckmanpIiBaroTCsa M3 KanmUTAJIOBIOXKCHHUN B
TpaHchOopMaTopsl U BbIKItoUaTenu Q,, ThIC. pyo.

KanuTtansHbie 3aTpaThbl B JIMHUMW SJICKTPOIICPpCaad HAIIPSXKCHHA, ThIC. py'6

Kpon = Kgy +Kq (74)
Ky = Kogy -1+ Ny, (7.5)

rie Kopyy — cTouMocTh 1 KM BO3IYIITHOM JIMHUH, ThIC. py0./KM [5];
| — nMHA BO3MYIIHOM JTUHUH, KM,
Np;; — KOJIAYECTBO LICTIEH

K =Koy =Ko Ny, (7.6)
rne Ko — cTouMOCTb OTHOTO BBIKJIIOUATENS, ThIC. PyO.;

Ng — KOJUYECTBO BBIKIIIOYATENEH.

KFHH :KT +KQ2 ' KT = KOmp ' nmp ' (77)
rae Ko, — croumocTs oHOTO Tpanchopmaropa /2/, TeiC. pyo.;

N.p — uricio Tpancpopmaropos I'TIII.

U, =W, +HU, +HU,,, (7.8)

rae 4 .- cyMMapHbIe U3JCPKKH Ha aMOPTU3AIMOHHBIE OTYHCIICHUS, THIC. PYyO.;

U, - CYMMapHBbIE U3JIEPKKU Ha OOCITYKUBaHUE 00BEKTA, THIC. PYO.;

U 5, - CyMMapHBIC U3JCPKKH HA TIOTEPH IEKTPOIHEPTHH, THIC. pyO.
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1-i1 BapuaHT:

Br10op cedeHust BO3AyITHOMN JTMHUU:
CeueHue IPOBOOB BO3AYIIHBIX JINHUM ONPEAEIAETCA U3 YCIAOBHA: |, = 1,0,
ONpEeIeNIUM PAaCUETHBIN TOK I10 JUHUU dJIEKTpornepenay, A:
S

nr «3ru,,,

| 249550
PACY 2‘{/5‘110

CooTBeTcTBYIOIIEE ITOMY TOKY HECTaHAApTHOE CEYEHHUE omperenseTcs mo ¢o-
2.
pMyIie, MM

HECT — II?AJ’ (74)

F
Jox

Freer = % = 59,54 ym’

(7.7)

PACY T

= 65,46

. 2
rae j,.- PKOHOMHUYECKas IJIOTHOCTh TOKa , A/ MM”.

ITo [2] Be1Oupaem npoBox AC — 70/11 (1 4, =265 A)
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Pacuér kanuTalbHBIX BIOKEHUN C YUETOM TEPPUTOPUATLHOTO KO3 PUIIMeHTa 1
y4€TOM M3MEHEHUS LIEH MPU oMolu KoddduiinenTa ynopoxanus 1eH ¢ 1985 roga

§ Ha 2015 BeITTOTHUM B TaOIUYHOM (hopMe U TIpeICTaBIIeH B TabuIie 2.

S

Q

; Tabnuua 2 — Pacyér kanuTanoBiioKeHUH 110 IEPBOMY BapHAHTY

()

C

Croumoctb Komuuecrso Obmas
o0opyoBaHus,
Cocrasnsromnue 3arpar €IMHHIIBI, i — croumocth, | [lpumedanue
THIC. pYyO. JE—— THIC. pYyO.

JInnus AC-70/11 Ha cTanbHBIX 246 13 319.8 Kgj1 B meHax
JIBYXIIEIHBIX OIIOPaAX 1985 roga
JluHUs ¢ y9ETOM TEPPUTOPHAIIB- 4477 K. =14
HOTro K03 huImenTa ’ o
Jlunus ¢ ya€ToM N3MEHEHHUS 1IeH 88021,8 Ky, =196,6

2 Briximrouarens BEOK-110-24/630 Ko1 B LeHax

o VXIII 165 2 330 11984 rona

§ Brixmtouaresns ¢ y4€TOM TEppPUTO- 46.2 K. =14
pHaNIbHOTrO K03 GuIineHTa ’ o
Brixmrouaresns ¢ y4éToM U3MEHe- _
— 9082,9 Ky, =196,6
Hroro mmo JIDII 97104,7 Koo
Tpanchopmarop K; B menax
TPJ[H-25000/110 655 2 1310 11984 rona
Tpanchopmarop ¢ yu€rom Teppu- 182 K. =14
TOPHAIBHOrO KOO HUIIMEHTA ’ ep T
Tpanchopmarop ¢ yuétom nzme- _

o HCHHS TICH 36056,4 Ky, =196,6

3 Brixmrouarens BEOK-110-24/630 Kq2 B ieHax

> VXTI 16,1 2 3220 | 1984 roa

§ BeIkirrouaresns ¢ y4€TOM TEPPUTO- 4508 K. =14

'§ puanbHOro kKodduimenra ’ o
Brixmrouaresns ¢ y4éToM U3MEHe- 8862.7 K.. = 196.6

_ HUSA LIEH : v '

L§ Hroro mo I'TITT 44919,2 Krmm

g Bcero kanmuTaaoBIOXKeHHH 142023,8 | Ky

©

< BenmnunHy aMOpTHU3allMOHHBIX OTYHUCJIEHUN OMNPEAEISIOT B MPOLECHTAX OT Kallu-

. TaJIbHBIX 3aTPaT IO JIEMEHTAM CXEMbI BHEIIIHETO AJIEKTPOCHAOKEHUS, ThIC. pyO.

2

%D 3anaTBI Ha aMOpPTHU3alnIo0, ThIC. py6

=

§ N, =H, ‘K, (7.5)

. rae H, — Hopma amopTusanumu.

g

3 3arpaThl Ha oOCykuBaHue [8, Ta01.6.2], ThIC. PyO.

S

S U,=H, K. (7.6)

S

o

=

§ Ta6nuna 3 — Pacuér exxeroaHbIx U3AepKeK Mo IepBOMY BapUaHTy
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Kanuranbhsie ,
Hopwma amoptu- Hopma o6cny- | Pacuérnas Benu-
ITokaszarens 3aTpaTsl, THIC. o o
< py6 3auu, % XKUBaHUs, %o YHHa, THIC. PYO.
z .
] s 88021,8 6,7 58975
=
g Brixmrogarens Q1 9082,9 6,7 608,6
()
= Tpancdopmarop 36056,4 6,7 2415,8
Brixmrouarens Q2 8862,7 6,7 593,8
Hroro 3arpatsl Ha
aMOPTH3AIHIO 9515,6
JInuns 88021,8 0,4 352,1
Brixmouarens Q1 9082,9 3 2725
o Tpancdopmarop 36056,4 3 1081,7
o Beikimouarens Q2 8862,7 3 265,9
Q
S Wroro 3aTpatsl Ha
o0cTyKMBaHUE 1972,2
Uroro uznepxex 11487,8
CTOUMOCTH TOJOBBIX MOTEPH FIECKTPOIHEPTUHN PACCUUTHIBAETCS 1O (hopMyIie
Hna :ﬂ'A3'1072’ (7.7)
rze 3 — cTaBka 1o oJIHOCTaBOYHOMY Tapudy, py6./kBt-u;
o AD — ro1oBbIEe IOTEPH DIEKTPOIHEPTUH B DJIEMEHTAX CXEMBI dJIEKTPOCHAOXKE-
I Hus, KBT'u/ro.
S
§ AD=AD, +AD,, (7.8)
8
= rneADy, ADr — TroIoBbIE TOTEPH SJICKTPOIHEPTHH COOTBETCTBEHHO B JIMHHUSAX H
TpaHchopmaropax, KBt-u/roa.
S
= ITorepu axtusHOM MomHOCTH B BJI, KBT
%
X S 2
E: pp= Com) J‘;”) o (7.9)
HOM n
¢ DP = 2495?, OqO, 428‘—131_103 1432
S 110 2
3
& e o — MOrOHHOE COMpoTHBIIeHUE JIMHUU, OM/KM .[5];
N — YUCJI0 UETEN.
©
g
S
S
Q
S
S
o
=
'§ Bpems MakCUMalIbHBIX TOTEPD, U
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lNeps. npumeH.

o

Cnipas.

lModnuck u ama

UHe. Ne dy6n.

o

B3am. uHs.

lNodnuck u 0ama

UHe. Ne roorn.

2

=90, ok (7.9.1)
- %o 124+ 500051 3410.93

Jlnst TpexcMeHHOTo Tpaduka padoThl 1o [4] To0BOE YKCIIO YACOB MCIIOJIb30Ba-
HUS MakcuMyma Harpy3ku T, = 5000 u.

FOI[OBI)IG IMOTCPU JJICKTPOSHCPIUH B BO3AYINHBIX JIMHHUAX, KBT“'I/FOI[
AD, =AP-7, (7.9.2)
DO, = 143,2'B410,9= 488445, 2

rae AP — notepu akTUBHOM MOITHOCTH B BO3AYIIHOW JIMHUU, KBT;

["onoBBIE TOTEPH PIEKTPOIHEPTUU B TpaHCcPopMaTopax, KBT/roq

D2, = n,DP,, T, +—LDP S pui g} : (7.9.3)

H OM .TP

D3, = 2W5B760+ 11120 il 955

gJLBMO 93= 641920,0

CyMmMapHbI€ TOTEPH JIEKTPOIHEPTUU B IEPBOM BapHaHTe, KBT-u/ron

DO = 488445,2+ 641920,0= 1130365,1

Cpennsisi ce0eCTOUMOCTD AJIEKTPOIHEPTUM cocTapiset 3,5 pyo./kBt-u 6e3 HJIC,
torna ¢ yuérom HJIC (18%) cTtaBka coctaBut

B=35-1,18=4,13 py6./xkBt-u
CTOUMOCTh TOJOBBIX MOTEPH IIEKTPOIHEPTUUTHIC. pyO./TOT

U, = 4,131130365,140 ° = 4668, 4

CyMMapHbI€ €KeroJIHbIE 3aTpaThl MO0 MEPBOMY BapHaHTY,ThIC. py0./ToA
M, = 11487,8+ 4668,4 = 16156, 2

[TpuBenéuunie 3aTpatThl MO MEPBOMY BapUAHTY, THIC.pPYO.

3=0,11142023,8+ 16156,2= 31778,8
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Bapuanr 2:

é Pacuer BTOPOI'O BapuaHTa IIPOU3BOAUTCA aHAJIOTHYIHO IICPBOMY:
§ I1o BennuuHe TOKa U 9KOHOMHYCCKOMY CCUCHHUIO OIIPCACIIACM CCUCHHC IIPOBOJA,
;8; A:
= 24955
I, cq = —=——= 205,8
24/3185
CoOOTBETCTBYIOIIEE ITOMY TOKY HECTaHIAPTHOE CEUYEHHE ompeaensercs mo ¢o-
pMyIie, MM*:
205,8
F,., = —>2"=1851
. ITo [2] BeiGupaem mpoBog AC — 185/29 (1 ., = 5104)
§ Tabnuna 4 — Pacuér kanutanoBI0KEHUH IO BTOPOMY BapUaHTy
=
© Crou- KonuuectBo
OO01mmas cTou-
Cocrasinsomue 3aTpat MOCTE obopynosanu, MOCTb, THIC. [Mpumeuanue
€/IMHUIIBI, IIT., JUTHHA ,6
ThIC. pY0. JIMHHUH, KM pPYo-
Jluaus AC-185 Ha cTanbHBIX IBYX- Kgjr B ieHax
nensbix onopax[Hek.562-563] 244 13 317.2 1985 rona
JIuHus ¢ y4€TOM TeppUTOPHATBHO- _
ro ko3 dunyenra 444.1 Kip = 1.4
JluHus ¢ y4€TOM U3MECHEHUS 1ICH 87306,1 Ky, =196,6
Brikmouarens BBOK-35-24/630 Ko1 B eHax
g VX1 17,0 2 34,06 1985 roga
© e
S BeikirouaTens ¢ y4€TOM TeppuTo- 47,68 K. =14
3 pHragbHOro Kod(hduIMeHTa P
S .
g Beiknrogarens ¢ yuéToM U3MEHE- 9374.7 K, = 196,6
S HUSI LIEH
Uroro no JIDIIT 96680,8 Kion
) K; B menax
§ Tpanchopmarop TPAHC-25000/35 62,0 2 124,0 1985 roxa
e} e
S Tpanchopmarop ¢ yaérom Teppu- 173.6 Ky = 1,4
© TOpUATHHOTO KOdPPUIEHTA
I o
N TpanchopmaTop ¢ yuéTom u3MeHe- _
S 34129,8 Ky, =196,6
2 Brixmouarens BI'BOIT-35-12,5/630 Kg2 B 1ieHax
§§°' YXIJI1 17,03 2 34,06 1985 rona
s BrIxirodaresns ¢ y4éTOM TEpPUTO- 47 68 K. =14
§ puanbHOTrO KoddduipeHTa ' e
BrikirouaTens ¢ y4éToM U3MeHe- 9374 7 K. =165
o HUS LIEH ! e
E Hroro mo I'TITT 43504,4 Krmm
2 Bceero xanuranoBioxeHuit 140185,2 Ky,
g
S
o
=
. Tabnuna 5 — Pacuét exxeroaubIx u3aepkeK 1Mo BTOPOMY BapHaHTy
3
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Pacuérnas
Kanuraneusie 3atpaTsl, | Hopma amop- | Hopma o6cmy-
Ilokazarenn BEJIMYHMHA,
. THIC. pYyO. TH3auuu, % XKUBaHUs, %o
3 THIC. PYO.
§ Jlnaus 87306,13 6,7 5849,5
g Brixmouarens Q1 9374,674 6,7 628,1
S Tpancopmarop 34129,76 6,7 2286,7
Brixmrouarens Q2 9374,674 6,7 628,1
I/ITOFO 3aTpaThbl Ha 9392,4
aMOpPTU3alrIO
JIuaus 87306,13 0,4 349,2
Breixmouarens Q1 9374,674 3 281,2
Tpancdopmarop 34129,76 3 1023,9
Brixmrogarens Q2 9374,674 3 281,2
g Hroro 3arpaTel Ha 1935 6
g o0cCyKUBaHUE
© HToro u3aepxex 11328,0
[ToTepn akTMBHOM MOIITHOCTHU B BO3AYIIIHOM JIUHUU, KBT
2
pp— 24995 P10283y 05 g
35
["os1oBBIE TOTEPH ANEKTPOIHEPTUH B BO3IYIITHBIX JTUHUSIX, KBT-u/T0oN
D23, = 535,11B410,9 = 1825172,6
©
E ["otoBBIC TOTEPH DJIEKTPOIHEPTUHU B TpaHCcPopmaTopax, KB1/rox
S 2
2 D3, = 2W5B760+ ~115 >I<24955’O'g‘quo,g: 633421,3.
,§ 2 25000
S CyMMapHbI€ MOTEepH JICKTPOIHEPTHH BO BTOPOM BapuaHTe, KBT-u/ron
- D2 =1825172,6+ 633421, 3= 1862877,4.
O
>
g CpenHsisi ce0eCTOUMOCTD AJIEKTPOIHEPTUM cocTapiseT 3,5 pyo./kBt-u 6e3 HJIC,
és toraa ¢ yuétom HIIC (18%) craBka cocTaBUT
B=35-1,18=4,13 py0./xBt-u
o§o' CTOMMOCTB TOAOBBIX TIOTEPH ANEKTPOIHEPTUH, THIC. PYO./TO
2 U, = 4,134862577,440 ° = 7692,4.
Q
CyMMapHbI€ €XKETOoHbIE 3aTPaThl IO BTOPOMY BapUaHTY, ThIC. py0./To
©
5 U, =11328,0+ 7692,4=19020,4 .
2
S
S
o
c
;§ 1.2.3 IIpuBeieHHBIE 3aTpaThI
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lNeps. npumeH.

o

Cnipas.

lModnuck u ama

UHe. Ne dy6n.

B3sam. uHs. Ne

lNodnuck u 0ama

UHe. Ne roorn.

[IpuBeneHHbIE 3aTPATHI IO BTOPOMY BapUAHTY, ThIC. pYO.

3=0,11140185,2+ 19020, 4 = 34440,8.

Tabnuua 6 - CpaBHEeHHE BapHAHTOB BHELIHETO JIEKTPOCHA0XKEHUS 3aBO/IA

Ilokazarenn 1 BapuanTe! 5
KanuranbHble BI0OXKEHHS, THIC. pYO. 142023,8 140185,2
EsxeroniHbie U3IEPKKH, THIC. PYO. 11487,7 11328,0
B tom uncne:
aMOPTHU3AIMOHHBIC OTYHCIICHHUS 9515,6 9392,4
3arpaThl Ha O0CITY)KHBaHHE 1972,1 1935,6
MOTEPH IECKTPOIHEPTUU 4668,4 7692,4
OO6oCHOBaHHBIC 3aTPATHI, THIC. PYO. 31778,8 34440,8

BriBog — [To npuBeaéHHbIM 3aTpaTtaM BUIHO, uTo BapuaHT 1 (110 xB) Goinee BbI-
rojieH, uem Bapuanrt 2 (35 kB) Ha 7,7%. Ucxoas u3 3Toro, mpuHUMaeM HaIpsKEeHUE
BHeIHEero dekTpocHadxkenus 110 kB.

8 BI)I60p YHcCjia 1 MOIITHOCTH IICXOBBIX TpaHC(i)OpMaTOPOB C YUCTOM KOMIICHCA-
R854 peaKTI/IBHOﬁ MOIIHOCTH

[Ipu BBIOOpPE uMClIa U MOIIHOCTH ILIEXOBBIX TPaHC(HOPMATOPOB OJTHOBPEMEHHO
JIOJKEH PeIlaThCsl BOMPOC 00 SKOHOMHYECKHU 11€71eCO00pa3HO BETMUMHE PEaKTUB-
HOM MOIIHOCTH, TIepeaBaeMoi uepe3 TpaHcPopMaTopsl B CETh HAMpsHDKEHUEM 110 1
KkB.

CyMMapHyl0 pacueTHYI0 MOIIHOCTh KOHJEHCATOPHBIX OaTapei HU3IIEero Ha-
npsokenust (HBK), ycranaBiuBaeMbIX B 1IEXOBOM CETH, ONPEACIISIIOT B JIBa dTama:

1.BEIOMPAOTIKOHOMUYECKH ONITUMAILHOE YHUCIIO IIEXOBBIXTPaHC(HOPMATOPOB;
2. ONpeNeIsIIoT JONOJIHUTENbHYI0 MoliHOCTh HBK B 1ensax ontumanbHOTro CHU-
YKEHUsI TIOTeph B TpaHchopMaTopax U B ceTH HanpspkeHueM 10 kB npeanpustus.

8.1 Bribop onTuMaabHOIO YKcia IEeX0BbIX TpaHC(HOpMATOPOB

OpnoTtpanchopmaTopHbie NOACTAHIIMUA PEKOMEHYETCSA IPUMEHSTh IPU HAJIU-
YUH B 1I€XE MPUEMHHUKOB 3JIEKTPOIHEPTUH, TOMYCKAIOIINX ITEPEPHIB AIEKTPOCHA0-
JKEHHSI Ha BpEMs JTIOCTAaBKH ‘‘CKJIAJICKOTO pe3epBa’ WU IIPU PE3EPBUPOBAHKH, OCY-
LIECTBJISAEMBIM 10 JIMHUSM HU3LIETO HanpspkeHus ot cocequux TII, 1.e. oHu gomyc-
TUMBI JJ1s1 ToTpeduTeneit 2 u 3 kareropuil. J[ByxrpancdopmaTopHble NOICTaHIUN
PEKOMEHTyeTCsl IPUMEHSTh B CIEAYIOIIUX CIIydasiX: MpU Ipeodialanuy moTpeOu-
Tenen | kareropuu; 1uisi COCpETOTOYEHHOM LIEXOBOUM HArPy3KH; ISl IEXOB C BBICO-
KOM yAEJIbHOM IUIOTHOCTBIO HArPY30K.
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lNeps. npumeH.

o

Cnipas.

lModnuck u ama

UHe. Ne dy6n.

o

B3am. uHs.

lNodnuck u 0ama

UHe. Ne roorn.

OpueHTUPOBOYHBIN BHIOOP YKCIIa U MOIIIHOCTH IIEXOBBIX TpaHCHOPMATOPOB
o 2.
MPOU3BOAMUTCS MO yIETBbHOM MIIOTHOCTH HAarpy3Kku, KBA/M™:

o= (8.1)

rae S,- pacueTHasi Harpy3ka nexa, KBA; F — momans nexa, M.

[Tpu & <0,2 npumeHstoT Tpancopmatopsl MomHOCTHIO 70 1000 kKBA.
ITpu 0,2<0: <0,3 npumeHsroT TpaHchopMmaTopsl MoTHOCTEIO 1600 KBA.

[Tpu 0>0,3 mpumeHstoT Tpanchopmaropsl MomHOCThIO 1600-2500 KBA.
Pacuersl cBeieHbI B TAOIUITY 7

Tabnuma 7- [1oTHOCT HArpy3KH IO 1IeXaM

el 1] 2 (38891113 (4514] 5 | 7 | 10| 12
cBan? | 966 393|411 20,6 |137,2|8,31 | 354 | 6,03

MuHUMaITEHOE YHCIIO LIEXOBBIX TPaHC(HOPMATOPOB JIJIsl MUTAHUS TEXHOJIOTUYe-
CKU CBSI3aHHBIX Harpy3oK OIpeaesnseTcs no GopMmyiie

P,
K.-S..

N o = +AN, (8.2)

rae K, - koadduureHT 3arpy3ku TpaHcpopmaropa (mpu npeodsiafaHuu Harpy3okK
nepBoit kareropuu s nByxtpancopmaropusix TII K,=0,65-0,7; npu npeobnana-
HUM Harpy3ok 2-ii kateropuu K,=0,7-0,8);

AN-no0aBka 10 OJMKANUIIIETO [[EJIOr0 YMCJIa.

OHTHMaﬂBHoe YUCIIO TpaHC(I)OpMaTOPOBI
Nonm = N min=+ 1M ) (83)

rze M - JONOJHUTENbHBIE TPAaHC(HOPMATOPHI

[Ipenmnonaraem ycTaHOBKY 11€XOBBIX TpaHchopmMaTopoB B 1iexax NeNe 1,2, 5,7,
8,10m 12.

B nexax NeNe 3, 4, 6, 9,11, 13 u 14 ycTranaBnmBaeM HMU3KOBOJILTHBIE PY T.K. cu-
JIOBasi Harpy3Ka B HAX MaJia, ¥ YCTAaHOBKA B HUX TPaHC(HOPMATOPHBIX ITOJACTAHITUIN
HelelecooopasHa.
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Pe3ynbTaThl BEIOOpA 11€XOBBIX TPAaHC(HOPMATOPOB MOKa3aHbI B TabuIe 8

é Ta6muma 8 — BeiOop 11exoBbIX TpaHC(HOPMATOPOB

g ITotpe-

o Neo PE;KB SE’ SHOM.T! ) )

é% — 6I/I:;f/eaﬂl’l T «BA o «B-A K3 len.pacq len NOHT
1 1 896,0 | 11919 9,66 1000 0,8 1,12 2 2
2 2,3 1059,5| 14548 | 3,93 1000 0,7 1,51 2 2

3,6,8,9,

3 1113 525,4 | 1008,9 4,11 630 0,7 1,19 2 2
4 | 45,14 |1656,6 | 2278,4 2,44 1600 0,8 1,29 2 2

. 5 7 2525,3 | 3882,4 0,22 1000 0,8 3,16 4 4

?.g 6 10 2048,7 | 2409,7 3,54 1600 0,7 1,83 2 2

5 7 12 963,1 | 1374,7 6,03 1000 0,8 1,20 2 2

:

g

%l-

<

%I-

Q

%

g

S

g
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lNeps. npumeH.

o

Cnipas.

lModnuck u ama

UHe. Ne dy6n.

o

B3am. uHs.

lNodnuck u 0ama

UHe. Ne roorn.

8.2 BbiO0Op MOIIIHOCTH KOHACHCATOPHBIX OaTapel /sl CHUKEHHUS MMOTePb MOIII-
HOCTH B TpaHc(hopmaTopax

[Ipu BBIOOpE uYMCIIa U MOIIHOCTU ILIEXOBBIX TPaHCHOPMATOPOB OJHOBPEMEHHO
JIOJDKEH PeIIaThCsl BOMPOC 00 SKOHOMHUYECKH I11e71eCO000pa3HO BETUYMHE PEeaKTUB-
HOHM MOIIIHOCTH, TIepeaBaeMoi uepe3 TpaHc(hopMaTopsl B CeTh HaMpsbKeHUEM 0 1
KkB.

Han00mb111y10 peakTUBHYIO MOLIHOCTB, KOTOPYIO LeIeco00pa3Ho epeiaBaTh
yepe3 TpaHCPOopMaTopsl B ceTh HanpsbkeHueM 10 1 kB, onpenenstor o gpopmyuie,
kBAp:

QMAX T = \/(NOHT 'K‘a : SHOM.T)2 - (Pp +P()p)iexa . (83)

CyMMapHasi MOIIIHOCTb KOHJIEHCATOPHBIX OaTapeit Ha Hanpsbkenue 10 1 kB co-
cTaBuT, KBAp:

QHKl = quam _QMAX T . (8.4)

JlomonHuTENbHAS MOITHOCTH Q,,., HBK 1151 manHo# rpynmel TpancopmaTopoB
onpezensercs no popmyne, KBAp:

Q2 = quw(a —Que =7 Nogr *Spou 1 (8.5)

IZI€ ¥ - pacueTHbIN KOA(P(ULHMEHT, 3aBUCAUINI OT KO3 PumeHTa yaeabHbIX TOTEPh
K,,, KOTOpBIA MPpUHUMAETCS 110 [2].

Cymmapnas momHocth HBK 1iexa cocrasisier, KBAp:

Qrx = Qua + Qi . (86)

Pe3ynbTaThl BBIOOpa HU3KOBOJBTHBIX OaTapei KOHIECHCATOPOB IPEICTABIICHEI B
tabmuie 9

Ta6muma 9 — Beibop MoIIHOCTH KOHACHCATOPHBIX OaTapeit

Howep TIT | Qo | ot | R0 Qi gap | Qs | Qs | Kompacerso w n HBK
1 7860 | 13256 | -539,6 | -5140 | 00 0

2,3 988,3 915,2 73,2 -311,7 73,2 100 2xYKM 58-04-50-25 V3
89,11,13 | 5222 | 7084 | -1862 | -2968 | 00 0
456 | 16566 | 1951,7 | -2951 | -4234 | 0, 0

7 20489 | 19654 | 9835 | -6346 | 9835 | 1011 | 3xVKM 58-04-337-67 V3

YKM 58-04-300-33,3 V3,
10 1268,6 | 905,8 362,8 -1174,2 | 362,8 | 367 VKM 58-04-67-33.3 V3

12 980,9 1277,7 -296,7 -319,1 0,0 0

Hroro | 9151,6 14194 | 1478
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CymMmapHasi pacueTHas MOUIHOCTb BBICOKOBOJIBTHBIX OaTapeil KOHJIEHCATOPOB
(BBK) nnst Bcero mpeanpusaTdsi ONpenessieTcss U3 ycloBUs OalaHca peakTUBHOM

MOIIHOCTH, KBAp

2Quk=2Q 5 Q5= Quugp ~ZQcoTAZQy

rae Q, — BXOaHAsI peaKTUBHAS MOIIHOCTh, 33JlaHHast DHEProCUCcTeMOr Ha mmHax 10
kB, kBap.

PeakTuBHass MOIITHOCTH ABUTATENS,KBAD:

Qc

o 1y [I(3Cﬁ qgf ’

Q, = 4200W,74,02= 2999

CyMMapHbIe peakTUBHBIE TOTEPHU B TpaHC(OpMaTOpax B 3aBUCUMOCTH OT MOIILI-

HOCTH TpaHc(hopmaTopa u ero korpduienTa 3arpy3ku Beioupaem 1o [2], kBAp:

DQ,, = 2W5+ 22+ 6W9+ 2W1= 650.

Cymmapnas pacuetHass MouHocTh BBK niia Bcero 3aBona, kBAp:

Qi = 21769,8- 5539,2- 1478- 2999+ 650 = 12403,0.

[IpuruMaem

K

YCTaHOBKC YKPM

BAPHET-A-10-1-

6300/ 750[http://websor.ru/ukrm_6.html]mo oxgHOlycTaHOBKE Ha KaXAyH CEK-
ruto. O6mas momrHocth BBK paBna 12600xkBAp.

bananc peaKTHBHOf/'I MOIIHOCTH B 3TOM CJIy4dac oOecrieunBaeTCs MOJHOCTBIO.
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lNeps. npumeH.
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Cnipas.

lModnuck u ama

UHe. Ne dy6n.

o

B3am. uHs.

lNodnuck u 0ama

UHe. Ne roorn.

9 Bri6op kabeneit Hal0 kB u 0,4 kB

[Tepen pacueTom TokoB K3, He00X01uMO BbIOpaTh Kabenu, KOTOPhIE COCTUHSIIOT
['TIIT ¢ uexoBeIMH TpaHchopMaTOpamMu U TpaHCHOPMATOPHI, COSAUHEHHBIE IO Ma-
TUCTPaJIbHOM CXeMe.

OmnpenenseM pacyeTHbI TOK B HOPMAJILHOM pEKUME, A
Ss

— 9.1
n-v3-U,,, ( )

IP

rie Sy — pacdyeTHas Harpyska Ha kaOeib, KB-A.

2
CooTBeTCTBYIOIIEE ITOMY TOKY CEUEHHE ONpenesieTcs o Gopmyie, MM

F = Ipaﬁ.

Jox

(9.2)

Bribupaem kabenb mapku AIIBII ¢ amoMUHHEBBIMU KUIaMU, U30JISUUEH KU
U3 CIIUTOTO IOJUITUICHA.

Bridupaem kabenb Ha U = 10 kB - AIIBII - qns npokinaaku B 3emiie, 3aliUIEH-
HBIH OT MEXaHUYECKUX TTOBPEKICHUMN.

YcnoBHBIC 0003HAYCHUSI B MAPKUPOBKE:
A - amomuHueBas xuia (0e3 o6o3HaueHUs -MeaHas xuna) ceuenue = 50...800mMm2
1B - M30ALUSA U3 CIIUTOTO MMOJIMITHUIIEHA
IT - oOoJt0ouKa U3 MOJUAITUIIEHA

BriOpannbiii kabenb TPOKIIAIbIBAETCS B 36MIISTHON TpaHIllee Ha rryonHe 1 M.

PesynbTaThl pacueToB cBegeM B Tadauiry 10
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lNeps. npumeH.

Tabnuna 10 — Beibop kabeeit 1151 cXxeMbl BHYTPEHHETO AJIEKTPOCHA0KESHHUS

I SpkBA | 001 1A L, A | Fracotint? | oo 0% | Ly e
Ka6enu 10 kB (Ononesa ctp. 399)
[T - TII1 | 2000,0 2 57,74 33,96 50 175
T - TII2 | 5200,0 2 150,11 88,30 95 260
TII2 - TII7 | 3200,0 2 92,38 54,34 70 215
[T - TII3 | 3200,0 2 92,38 54,34 70 215
T - TI14 | 4000,0 2 115,47 67,92 70 215
s TII4 - TII5 | 2000,0 2 57,74 33,96 50 175
g T - TII6 | 1260,0 2 36,37 21,40 50 175
S T - TII8 | 2000,0 2 57,74 33,96 50 175
[T - PY1 | 7409,3 2 |213,89 125,82 | 120 295
[T - PY2 | 4014,0 2 115,87 68,16 70 215
PY2-PV5 | 2650,6 2 76,52 45,01 50 175
Kab6emn 0,4 kB (Heknenaes ctp.401)
TI2 - PII1 | 1452 2 104,79 74,85 70 200
TI13- PII2 345,8 2 | 249,56 178,26 | 185 345
@ TII3 - PII7 | 2153 2 155,38 110,99 | 120 270
3 PII6 - PII3 3,6 2 2,60 1,86 10 65
PII6 - PTI5 | 24,0 2 17,32 12,37 10 65
8 TII6 - PI14 72,6 2 52,39 37,42 35 135
TII6 - PI16 35,8 2 25,84 18,45 16 90
8
g
=
(4]
%
g
S
g Jlucm
: Hl1-140211.65T13
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10. PacueT TOKOB KOPOTKOI'O 3aMbIKAHUA

B QJICKTPOYCTAHOBKAX MOI'YT BO3HHUKATH PA3JIMYHBIC BHUIAbI KOPOTKHX 3aMbIKa-
HHﬁ, KOTOPBIC COIIPOBOXKIAIOTCA PC3KHUM YBCINMYCHHCM TOKaA. HOBTOMY AJICKTPO-
060py,Z[OBaHI/IC, YCTAaHABJIIMBACMOC B CUCTCMC 3JICKTpOCHa6}KCHI/IH JOJDKHO OBITH ycC-
TOMYMBOE K TOKam KOPOTKOI'O 3aMBbIKaHUA H BI)I6I/Ipa€TCH C YUYCTOM BCIHWYHH 3THUX
TOKOB.

B coBpeMEHHBIX 3IEKTPOCUCTEMAX PACYET TOKOB KOPOTKOTO 3AMBIKAHHUS C y4de-
TOM BCEX JCHCTBUTEIBHBIX YCIOBUH OYEHb CIOXEH. [ BHIOOpa TOKOBEIYIIHUX
yacTel M anmaparoB JOCTATOYHO MPUOIMAKEHHOE omnpeneneHue TokoB K3 T.k. uH-
TEPBAJIBI MEXIy 3HAYCHHSMHU I1APAMETPOB, XaPAKTEPU3YIOIINE PAa3JIMYHBIC THIIbI
anrapaToB BEJIUKU.

Ha npakTtuke pacuer TokoB K3 mpoBOAST C psiAOM TOMYIICHUI.
1. OtcyTcTBHE HACBHIIICHUS MATHUTHBIX CHCTEM.

2. CoxpaHeHre cUMMeTpun TpEX(Pa3zHOil CUCTEMBI.

3. [IpenebpekeHrneM EMKOCTHBIMU MTPOBOIUMOCTSIMHU.

4. TIpeneOpexxeHre BIUSIHUS EMKOCTHBIX COITPOTUBIICHUN 3JIEMEHTOB pacuETHOM
CXEMbI Ha MEPUOJUYECKYIO COCTaBistolIyI0 Toka K3 ecnu cyMMapHOE akKTHBHOE
conpotuBieHue cxeMol 10 Touku K3 He npesspimaet 30 — 35 % cyMMapHOTo MHIYK-
TUBHOTO CONIPOTUBJICHUS.

5. IlpeneOpexxeHue pa3auuueM 3HAUYEHUN CBEPX MEPEXOJHBIX UHIYKTUBHBIX CO-
IIPOTUBJICHUH T10 MTPOJOJIBHOM U MONEPEYHBIM OCSIM CUHXPOHHBIX MAILIHH.

Jns pacuéra tokoB K3 cocraBigeTcs pacu€rHasi cxema, COOTBETCTBYIOIIAS
HOPMaJILHOMY PEXKHUMY pabOThl CUCTEM dJIeKTpocHaOxkeHus. B pacu€THyio cxemy
JIOJDKHBIL OBITH BBEJIEHBI CBEPXIIEPEXOJHBIMU COTPOTUBJICHUSIMU BCE T€HEPATOPHI,
KpYIHbIE CHHXPOHHBIC U ACHHXPOHHBIC JIBUTATEIH, a TAaK)Ke TpaHC(HOPMATOPhI, BO3-
JyIIIHBIE ¥ KaOeTbHbIC TMHUHU, KOTOPBIE CBSI3BIBAIOT UCTOYHUKHU ¢ MecToM K3.
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115xB 4 ; K1

10,5 kB

12

0,4 kB

W2

W

|
1

K4

Pucynok 9.1 — Cxema pacuera Tokos K3

OCHOBHO IPUYMHON HAPYIICHUSI HOPMAIBHOTO PEKUMa PabOThI CUCTEMBI Jie-
KTPOCHAOKEeHUSI SBISIETCS BOSHUKHOBeHHE K3 B ceT Win B 3JIEMEHTax 3JIEKTPOO-
OOpyIOBaHUS BCIICJCTBUE MOBPEKICHUS W3OJSIIUNA WM HETPABWIBHBIX JEHCTBUN
oOciykuBaroIiero nepconana. Jljist cHrkeHus ymep0a, 00yCIOBICHHOTO BBIXOJ0M
U3 CTPOS DJIEKTPOOOOPpYI0BaHUS TTPU TTpoTeKkaHuu TokoB K3, a Takke 1j1s1 ObICTpOro
BOCCTaHOBJICHHUS HOPMAJILHOTO PEXUMa padOTHI CHCTEMBI AJICKTPOCHA0-)KEHUS HEO-
OXOMMMO TIPaBWJIBLHO oOmpeaeanTs Tokn K3 W 1Mo HUM BBIOMpaTh d3JIEKTPO-
000pyI0OBaHUE, 3AIMTHYIO anmapaTypy U CpeICTBO orpaHndeHus Tokos K3.
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Pacyer ToxoB K3 B yka3zaHHBIX TOYKax MPOBEIEH C MOMOIILI0 MPOTPaMMBI
MathCAD wu nipeacTaBieHbl B pHIoKeHUU B. Pe3ynbraThl pacueToB NMpUBEACHBI B

§ tabmurte 11

3

g Tabnuna 11 — Pesynbratsl pacuera TokoB K3

=

Touka K3 Us, kB Is, KA I3, KA Kyn lyj, KA
K1 115 0,525 7,95 1,999 22,15
K2 10,5 5,499 15,59 1,999 44,00
K3 10,5 5,499 15,45 1,998 43,59
K4 10,5 5,499 15,35 1,998 43,32
K5 0,4 144,338 30,75 1,997 86,67
K5-1 0,4 144,338 34,71 1,976 97,00

3

g

G

©

g
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=

8
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Q
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11 Bb16G0Op OCHOBHOTO JIEKTPOTEXHHUUYECKOTO 000PYI0BAHUS

z 11.1 Bei6op BeIKITFOUATEICH
:
S BrikiirouaTenb — 3T0 KOMMYTAllMOHHBIN anmnapar, npeaHa3HauYeHHBIA JJIs1 BKITIO-
§ YEHHUS U OTKJIFOYEHUS JICKTPUUYECKHUX IeNel B JIFOOBIX pEeXUMaXx: JJIUTEIbHAs Ha-
Ipy3Ka, reperpyska, KOpoTKoe 3aMbIKaHUE, XOJIOCTOM X0/, HECHHXPOHHAas pabora.
Bri0op BeIKITIOUATENICH IOMTYCTUMO ITPOU3BOIUTD 110 BAXKHEHIIIUM MTapaMeTpaM:
1. mo HanpsbkeHnIo yCTaHOBKH Uy, < U,y ;
2. IO IAUTENBEHOMY TOKY lpas max< luow.;
3. 10 TOKY OTKIOUCHUS |1y < o oriens
N 4. 1o TepMHUYECKON CTOMKOCTH 1y < lmax. som.-
L BH:
g
© HaunOonpmnii paboumii TOK MaKCHUMAJIBHOTO PeXHUMa, A:
S
I =— (11.1)
pab.max :
J3-U,
rje S — pacdeTHass MOITHOCTh, MECTa TJI¢ YCTAaHABIMBACTCS BBIKIIIOYATENb, KBA;
U, — HOMHHaIbHOE HANpsKEHUE, KB.
24955,0
© IPACLI.MAX = = 131'0
S {3410
S
S
3 Bri6upaem Beikimrouarens BOK-110-40/2000V1 [6].
S
S Tabnuna 12 — IpoBepka yciaoBuii BeIOOpa BeiktouaTenssBH
B VYcnoBus Beibopa PacyeTHble BeIMUNHEBI Karanoxusle 1aHHBIE
O
>
E Uyer <Upoms KB 110 110
% |K3 < IOTKJ'I.1 KA 7,95 40
o ini)II/IH.CvKA 22’15 102
%5 Ipa6.maxg|H0M, A 131,0 2000
s
©
(3]
(4]
©
S
©
(o]
S
)
S
=
(o)
o
S
S
[S]
=
%
¢ Hl-140211.65 13
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HH:

B 3akpeiTom PY 10 kB HamedyaeM yCTaHOBKY KOMIUIEKCHBIX PacClpenenuTeNb-

8
3 HbIX ycTpoicTB (KPY), npencrapnsiomux coboi KOMIUIEKC W3 BBIKJIIOUATEIICH, arl-
§ napaTypbl yIpaBJI€HUs, KOHTPOJIS, 3aIIUTHI U T. 1.
Q
2 Sueiika BBoga. Hameuaem k ycranoBke siueiiky tuma KPY-2-10 92750 c BbI-
kiouatensmu tuna BB/TEL-ISM15_Shell 2 [27].
Pabounii TOk B HOpMAJIBHOM PEXUME JJIs1 KAKI0M CEKUMU IIUH, A
I, = 24955.0 = 14410
V340
Ta6nuna 13 — [IpoBepka ycnoBuii BeIOOpa BeikIovaTesiHH
: YcnoBus BeIOOpa Pacuérnrie BenmnunHbl Karanoxxnabsle tannnie
©
g Uyer. < Usons KB 10 10
I3 < Loren, A 15590 31500
lyn < Imax.non, A 44000 80000
Ip < Liow, A 1441,0 2500
Ha orxomsmmx xaOGenbHBIX JUHUAX BbIOMpaeM sueiiky tuna KPVY-2-10 c BbI-
ximovatensiMu tuna BB/TEL-ISM15 LD 1. PaGounii TOK, MPOTEKAIONIHIA ITO JIMHUN
['TIIT — TTI2 cm. B TaGaure 10
% Tabmuua 14 — ITposepka yciaoBuil BeiOopa Beikitovarens 10 kB
e
; YcnoBus BeIOOpa Pacuérnrie BemnInHbI Karanoxxnabsle tanHnie
S
S Uyer. < Usows KB 10 10
S
I3 < Iorn, A 15450 20000
s iy < Inaxons A 43590 51000
e]
g Ip < Liow, A 150,11 1000
g
= B pacnpenenurensHoM nmyHkre PII-3 miis moakimroueHUs CHHXPOHHBIX JIBUTATE-
9 aeir BeiOMpaeMm sueiiky Tuma KPY-2-10 ¢ Beikmowarensimu thma BB/TEL-
@ ISM15_LD 1. PaGouwuii Tok, nporekatouuii no auHuu I'TIT — PY1 cm. B Tabnune
S
s 10
S Tabnuua 15 — ITpoBepka yciaoBuil BeiOopa Beikitovarens 10 kB
g YcnoBus BeIOOpa PacuerHrie BeTHnYNHbBI Karanosxarele 1aHHbIe
f§ UyCT. < Usom, kKB 10 10
Q
S I3 < Iorcn, A 15350 20000
Q
S iy < Tnaxoons A 43320 51000
. Ip < Liows A 213,89 1000
S
S
2 Jlucm
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Bribupaem aBTomMatudeckuil BeikiItouaTenb Ha ctopone 0,4 kB.

é ABTOMaTHYECKUI BBIKIIOYATESIIF IPEAHA3HAYCH IJISI aBTOMATHYECKOT'O Pa3MBbI-
s p p
% KaHUs 3JIEKTPUYECKUX LIENEd MPU HEHOPMAIIBHBIX PEXUMAX U IS PEIKUX Olepa-
3 THUBHBIX MEPEKITIOYEHUN TP HOPMAJIBLHBIX pEeKUMaxX paOOThI.
=
Bribupaem aBromatmyeckuii Boikmrodaresb HYUNDAI 25B3H Ha BBOAHBIX
sraeiikax [I[O70 mocne cunoBeix Tpanchopmatopos Ha TI17.
Ta6nuna 16 — [IpoBepka ycaoBuid BEIOOpa aBTOMAaTUYECKOTO BBIKJIFOYATES.
VYcnoBus BeiOOpa Pacuernrie BenmunauHbl Karanoxxnabele n1anHnie
UyCT.S UHOM’ KB 014 0!4
|K3 < IOTM., KA 34,71
QI
s lyn < lorcn, KA 97,0 100
Q
IS Ip < Liow, A 2309 2500
11.1 Beibop pazpequnuTenei
Pazpenunurenns — 3T0 KOMMYTAaMOHHBIN anmnapar, NpeIHa3HAY€HHbBIN I CO3-
JaHUsI BUIUMOTO pa3phbiBa B JICKTPUUYECKON 1eMU Oe3 Harpy3ku (IpeBapuTesbHO
BBIKJIFOUYCHHOHN BBIKIIIOUATEIIEM).
Bri0op 1 npoBepka pa3beIMHUTENS MPOU3BOIUTCS aHAJIOTUYHO BBIKIIIOYATENECH,
o HO 0€3 ydeTa OTKJI0YaeMOro TOKa.
£
,§ Brioupaem pazbeaunautenu Ha cropore 110 kB PH/[3-110/1000V1 [2].
n s
S Tabmuna 17 — IpoBepka yciaoBuii Beioopa pazbeaunauteasiPH3-110/1000V 1
g
VYcnoBus BeiOOpa PacueTHbIe BeMUYUHEBI Karanoxurle 1aHHEBIE
S _ _
:; Uyer <Upoms kKB Uyer =110 U,on =110
(o]
i Ipa6.maXSIHOM1 A Ipa6.maX 131;0 IHOM =1000
T
A = — - _
Iyslnp.CKB; KA ly =22,15 rip.cxs =100
%
o
I v
3 Tabnuna 18 — I[posepka ycinoBuit BeiOopa pazbeauautessPBP3-111-1-10/2000 V2
s
§ 0e3 npuBo/Ia.
o VYcnoBus BeiOOpa PacueTHbIe BeTUYUHEBI Karanoxurle 1aHHbBIE
5
(e}
> Uyer <Upows kKB 10 10
o
% Ipa6.maX§|H0M1 A 1443 2000
S —
ly<lip.cxer KA 44,00 85
S
2
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B3sam. uHs. Ne

lNodnuck u 0ama

UHe. Ne roorn.

11.3 3amuTa OT nepeHanpsHKeHUMN

Ha nunusx snexTporepeaadyd BO3HUKAIOT BOJIHBI IIEPEHANPSHKEHUS, B Pe3yibTa-
T€ MPSMBIX yAapOB MOJIHUMA B MPOBOJAA JMOO MEPEKPHITHI BO3AYUIHBIX MPOMEXKYT-
KOB IIPU yJlape€ MOJIHUU B OMOPY. DTU BOJHBI MEPEHANPSHKEHUIN TOXOAT O MO C-
TaHIUU U BBI3BIBAIOT KPATKOBPEMEHHOE MepeHarnpsbkeHrne Ha obopynoBanuu. OHH
MOTYT BBI3bIBaTh MOBPEXKACHUE U30JALMU. ISl MPeaOoTBpAILIEHNS 3TOTO U 3aIUTHI
000pyI0BaHUS UCTIOIB3YIOTCS] HETMHEHHBIE OTPAaHUYUTENN TIEPEHAIIPSHKSHUN.

Jlnig 3amuThl OT aTMOC(EPHBIX MEepEeHANpPsIKEHUN U KPAaTKOBPEMEHHBIX BHYT-
peHHMX HampspkeHuid u3omsiuun BJI u TtpancdopmaropoB Ha ctoponax BH, HH
yCTaHaBIMBAIOT OTpaHUuKTENN nepeHanpsbxenuit Tuna: OIMTH-110, OITH-10.

Bribupaem miist 3ammtel Ha Beicokoit cropone OITH-PK-110/73-760 VXJI1, nHa
uuskoit - OITH-PT/TEL-10/10.5 YXJI2 [5]

Tao6mumua 19 — Karanoxusie nanasie OITH

Usoms Haubombimiee HOMHHaHBVHHH
Tun kB U om KB PaspAZHbIN
TOK, KA
OITH-PK-110/73-760 YXJI1 110 73 10
OIIH-PT/TEL-10/10.5 YXJI2 10 10,5 10

11.4 BeiGop npenoxpaHuTeNen.

[IpenoxpanuteneM Ha3bIBAETCA amnIapar, NpeIHa3HAYEHHbIN [T aBTOMATHYE-
CKOT'O OJHOKPATHOTO OTKJIIOUEHUS 3JIEKTpruUYecKkon uenu npu K3 wim neperpyske.
OTKII0YEHUE LENU MTPEIOXPAHUTENIEM OCYIIECTBIISIETCS MYTEM PACILIABICHHUS TIJ1aB-
KOM BCTaBKH, KOTOpasi HArpeBAETCS MPOTEKAOIIMM 10 HEM TOKOM 3alMIIAEMOU 11e-
nu. [locnie oTkIIIOYEHUS TIeny TUTaBKast BCTaBKa JTOJKHA OBITh 3aMEHEHA BPYUYHYIO.

YcaoBus BeiOOpa:

1. no HanpspkeHUro YeTaHOBKU Uy < Uy, ;

2. 10 IIUTENBHOMY TOKY a6 max< luow.;

3. o ToKy OTKIt0UeHUs |, < Loy orien )

OnpenenuM HanOOIBIINN PabOUYN TOK MAKCUMAIBHOTO peXuMa, A:

1600
PACY .MAX \/§q0

[Tokaranory[27] BeiOupaem npegpoxpanurenn [IKTVK-10-200-50Y3.

I = 92,4
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Tabmuna 20 —IIpoepka ycinoBuii Beioopa npenoxpanutenel IKTVK-10-200-50Y3

3 YcnoBus BeiOOpa PacueTrHble BenunHbI KaranoxHbie JaHHbIE
3 Uyer <Upom XB 10 10
()
(i
Ipa6.max§|H0M’ A 92 200
Ip.OTKSIO.Hi KA 44 50
11.5B5160p TpancpopmMaTopoB TOKa
JI71s1 KOHTPOJISt pexuMa pabOThI AIEKTPONPUEMHUKOB, a TAKXKE JIJIsl POU3BOACT-
Ba JICHE)KHOTO pacyéra C SHEProCHAOXKAIONIEH OpraHWU3aIMed MPUMEHSIOTCS KOH-
2 TPOJIbHO-U3MEPUTEIbHbIE TTPUOOPHI Ha MOJCTAHIMIX, MPUCOEAUHSAEMBIE K LIEMSIM
o)
g BBICOKOT'O HAIPSIKEHUS Yepe3 U3MEPUTEIbHbIE TpaHC(HOPMATOPhl TOKA U HaIpsKe-
© HUSL.
Tpancpopmatopsl Toka BEIOMPAIOTCS 10 HOMUHAIBHOMY HaNPsHKEHUIO, HOMU-
HAJIbHOMY IIEPBUYHOMY TOKY U MPOBEPSFOTCS 10 JIEKTPOAUHAMUYECKON U TEPMHU-
YECKOM CTOMKOCTH K TOKaM KOPOTKOT0O 3aMbikaHusi. OCOOCHHOCTBIO BHIOOpA TpaHC-
dbopMaTopoB TOKa SIBJISIETCS] BEIOOD MO KJIACCY TOYHOCTH U MPOBEPKA HA JOMYCTH-
MYIO Harpy3Ky BTOPUYHOU LIETIN.
Tabnuna 21 — Harpyska Tpancopmatopa Toka
2 Knacc Harpyska da3er, BA
£ [Tpubop Tun py3Ka ¢
S TOYHOCTHU A B C
; Amnepmerp H-393 1,5 0,5 - -
,§ Mepkypuii
Q CUeTurK aKT. SHEPTUU 230ART-00 0,5 0,1 - 0,1
PQRSIDN
g Bartmerp J1-365 0,5 0,5
:; Bapmerp J1-365 0,5 0,5
2 Htoro 1,6 - 1,1
g
< Ob61iee conpoTuBiieHrne MpudoopoB, Om
% — npuo.
g:)- rnpu6 - I 2 (112)
S 2
5 1,6
d [ = —5 = 0,064.
npu 52
% ConpoTusiieHre NpoBo10B, OM
e}
g rnpo«. = ZZH()M - rnpu(ﬁ. - rx ! (11'3)
S
S [0, = 0,4- 0,064- 0,05= 0,286.
=
re I, — CONPOTUBIIEHUE KOHTAKTOB.
S
o
=
2 Jlucm
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UHe. Ne roorn.

[TpuHuMaeM IJIMHY KOHTPOJBHOTO KaOens ¢ MeaHbiMu skuiaamu (p=0,0175)
paBHoii I=5 m [7].
CedceHre IPOBO/IA, MM’
r4

Dpon = =, (11.4)

npos.

q = 0,0175% _ 0.306
oS 0,286 T

Bri6upaem koHTposnbHblil kabens KBBIT ceuennem 2,5 Mm2.

PeansHOe conpoTtuBnenue nposojaa, Om

rd
Yoo = (11.5)
qcm
"or. = —0’02175% = 0,035.

Bropuunas Harpyska tpancgopmaropa Toka, Om

Z,=r - +r+r

npub K npoe !

(11.6)
Z,= 0,064+ 0,05+ 0,035= 0,149.

[To [http://www.cztt.ru/userFiles/Catalog_2016/TOL-10.pdf] BeiOupaem Tpanc-
(dbopmaTopsl TOKa.

Tabnuua 22 — KaranoxHble JaHHbIE TPAHC(POPMATOPOB TOKA

UH0M1 UHOM. pab.s IHOM, A
Tun
KB KB MIePBUYHBIN BTOPUYHBIN
TOJI10 V3 10 10 1500 5

11.6 Bri6op TpanchopmMaTopoB HaMPsHKEHUS

Tpanchopmatopsl HanpsiKEHUs TPEAHA3HAYCHBI 1JI1 IpeoOpa3oBaHus BEIUYU-
HBI [IEPBUYHOIO HAIPSHKEHUS 1O HOMUHAIIBHOTO 3HAYEHUS JIEKTPOU3MEPUTEIIBHBIX

MpUOOPOB aBTOMATHKU W CHUTHAJIW3AIlMU. Y CTAHABIMBAIOTCSA Ha KaXKJOHW CEKIUU
muH PII.

TpancpopmaTopbl HAPSHKEHUS I MUATAHUS SJICKTPOU3MEPUTENBHBIX TPHUOO-
POB BBIOMPAIOT 10 HOMUHAJLHOMY HAIPSKEHUIO TIEPBUYHOMN IIETTH, KJIACCY TOYHOC-
Th. CreayeT BBITOJHUTH MPOBEPKY MYyTEM COMOCTABIICHUS HOMUHAIBHONW HArpy3Ku
BTOPHUYHOM 1IN C (PaKTUUECKON HATPY3KOU OT MOJIKJIFOUEHHBIX MPUOOPOB.

Tpancpopmatopsl HaPsHKEHUS] BIOUPAIOTCS:

-I10 HApsPKCHUIO0 yCTaHOBKK U | <U

yem Hom
- [IO KOHCTPYKIHNH U CXEME COCANHCHUA O6MOTOK;

- IO KJIACCY TOYHOCTH,
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- TI0 BTOPUYHOW HArpyskesS,; <S

Hom !

rae S, - HOMUHaJIbHAs MOIIHOCTb B BbIO-

pPaHHOM KJIacC€ TOYHOCTH; S,; - Harpy3Kka BCEX M3MEPHUTENbHBIX MPHOOPOB U pele,
MPUCOEIMHEHHBIX K TpaHcPopMaTopy HanpsbkeHus, B-A.

Bribupaem tpancopmarop 3x3HOJII-10[http://www.cztt.ru/3_znolp.html.]

MMEIOIINI HOMUHAJIBHYIO MOIHOCTH B Kijlacce ToUHOCTH 0,5, He00X0uMOM /IS

MPUCOEAUHEHUS CUeTUUKOB, 75 B-A. Takum oOpazom, Sox = 15,2 <75 B-A, TpaHc-
dbopmartop OyaeT paboTath B BRBIOpaHHOM KJIaCCE€ TOYHOCTH.

Tabnuna 23 — KaTtanoxHble JaHHbIE TPAaHC(POPMATOPOB HATIPSHKCHUS

Tun

UHOM) KB

U,on 0O0MOTOK, KB

IIepuunon BTOPUYHOU

3x3HOJII-10 ¥2

10

10000

100

Tabnuua 24 — BropuuHas Harpy3ka TpaHcpopMaTopa Hanps>KEeHUs

U3m.

=]
SEs | B
= % 3 E < g « O6mast motpediisiemMast MOIII-
T . O
[pubop e S E2m £ 3 HOoCcTh S, B-A
2EE | 3
l% =p
Boabtmetp 2-377 2,0 1 2,0
Barrmerp J1-365 15 2 3,0
Bapmerp J1-365 15 2 3,0
CyeTyuK aKTUBHOIH Mepxkypuii 230 3,6 1 75
pPEaKTUBHON 2HEprun ART-00
PQRSIDN
Hroro: 15,5
11.7 BsiGop n30a5TOPOB
Brioupaem uzonstopst MI1-10/630-750 YXJII1 /2/.
1.U,., =10 kxB<U,,,, =10 xB;
2.JlonmycTtumasi Harpy3Ka Ha roJIoBKYy u3oJisitopa, H
FﬂOH = 0,69, (117)
Fion = 0,6W50= 450
rae F,, - pazpymaroiias Harpy3ka Ha u3ruo, H.
Pacuernas cuna, nercrByromas Ha u3ouatop, H
=2
Fricy = \/§dxqq—0— !
a
2
Frcy = \/51@‘5110' "= 357,65 (11.8)
YcnoBue 2 cobmogaeTcst, U30ISTOP BHIOPaH MPaBUIBHO.
Jluem
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Tabnuna 25 — KaranoxHble JaHHBIE U30JITOPOB

Hampsixenue, kB

Tum U. B HauGonbmiee UcnbiTaTensnoe
HOND Uon, KB IPO30BOI0 MMITYJIbCA
MI1-10/630-750 VXJI1 10 630 750

11.8 Beibop TpanchopMaTOpOB COOCTBEHHBIX HYXK]T

CocraB notpedureneii ¢.H. MOJACTAaHIMI 3aBUCUT OT THIIA MOJACTaHIIMH, MOLIHO-
CTH TpaHcHOPMATOPOB, HATMYHS CHMHXPOHHBIX KOMIIEHCATOPOB, THIIA 3JIEKTPOOOO-
pynoBaHus. HanmeHsbliee KOIM4eCTBO MOTPEOUTENEH C.H. HA MOACTAHIUAX BBIIOJI-
HEHHBIX IO YIIPOLICHHBIM cXeMaM, 0€3 CHHXPOHHBIX KOMIIEHCATOPOB, O€3 MOCTOSH-
HOTO JEXYpCTBa. DTO — AJIEKTPOJABHUraTenud o0ayBa TpaHCPOpMATOpOB, HIKa(OB
KPVYH, a tak ke oCBelleHHUE MOACTaHIINU.

HanbGonee oTBETCTBEHHBIMHU HOTpe6I/IT€J'I$IMI/I C.H. HOI[CTaHI_[I/Iﬁ SABJIAIOTCA OIICpa-
THUBHBIC IICIIN, CUCTEMA CBA3U, TCICMCXAaHUKU, aBapHﬁHOC OCBCIICHUC, CUCTEMA I10-

KapOTYILICHHUS.

Mormaocts TCH BbIOMpaeTcs B COOTBETCTBUM C HArpy3KaMu B Pa3HBIX PEXKH-
Max paOoThI moacTaniuu, Ho He 6onee 1000 kB*A /4/.

Tabnuna 26 — Harpyska CH noacranmmu

DIIEKTPONPUEMHUK Ycranosnennas | KomnuectBo | CymmapHas
MOIITHOCTh, KBT | MPUEMHUKOB | MOIITHOCTb,
kBT
OGorpes:
[Mxadsr P3 0,5 13 6,5
[Mxadpsr KPY 0,6 7,8
OTOoIUIEHME W  OCBEIIEHUE 55 1 55
MTOMEIICHUS TIEpCcoHaa
HapyxHoe ocBemienue 45 1 45
Harpyska noTpeodsiemast
ONEPATUBHBIMU TETISIMU 1,8 1 1,8
Htoro: 26,1

Jlns paccMaTpruBaeMoOi MOACTAHIIMKM MOTYT ObITh MPHHATHI 18a TMI'-250/10

12 Penerinas 3anmmra tpancdopmaropa TPIH-25000/110

U3m.

Jlucm

Ne dokym. lModnuck | dama

Ar-140211.65 113

Jlucm

43




lNeps. npumeH.

o

Cnipas.

lModnuck u ama

UHe. Ne dy6n.

o

B3am. uHs.

lNodnuck u 0ama

UHe. Ne roorn.

3amuiraeMbIM 00BEKTOM sBJIsieTCsl cuiioBoi Tpancopmarop I'TI. DToT Tpan-
chopmaTop SIBISETCS MOHMKAIOIIMM C OAHOCTOPOHHUM IMUTAaHWEM, MacisHbIM. Pa-
00TaeT B ceTu ¢ OOJBIIMMHU TOKAMU 3aMbIKaHHS Ha 3€MJIIO.

HomunanpHas momHocTh TpaHcopmaropa paBHa 25 MB-A, mostoMy ero ot-
HOCST K TpaHchopmaropam Oosbinol MomHocTH. CaenaeM paciudpoBKy ero ad0-
pesuatypsl TPJIH:

— T — Tpéxdazusiii;

— P — pacmennennas ooMoTka Husniero Hanpsoxenus UL u UH! (o6moTku
BKJIIOYEHBI HA NapajuienbHylo padory UZL ):;

— J1 — npuHyAuTENbHAA HUPKYIISIUSA BO3AYXa U €CTECTBEHHAS LIUPKYJISIIUS MaC-
na;

— H — Hanu4ume cucteMbl peryaupoBanus HanpsbkeHus oy Harpyskoi (PITH), B
JTAHHOM CITy4ae MpeIelibl PEryIupOBaHus COCTaBISIIOT £9%1,78%.

3amuniaeMblil TpaHC(OPMATOP UMEET CIIEAYIOIINE BO3MOXKHBIE TOBPEXKACHUS
Y HEHOPMAJIbHBIE PEXUMBI MIPU €r0 IKCILTyaTall|H:

— MHOro(a3Hble 3aMbIKaHUsI B OOMOTKAX U Ha BbIBOJIAX;

— oJiHO(ha3HbIE 3aMBIKaHUS HAa 3€MJII0 B 0OMOTKE M Ha BBIBOJIAX, IPUCOEANHEH-
HBIX K cetn BH ¢ riyx03a3eMIeHHON HEUTPAJIBIO;

— BUTKOBBIE 3aMbIKaHUSI B OOMOTKaX;

— (IOXap» CTalIN CepACUHHKA.

— NOSIBJICHHE CBEPXTOKOB B pe3yipTare BHEHUX K3;

— TEXHOJIOTUYECKAs TIEPETPY3Ka;

— CHIKEHHE HANPSKEHUS HUKE I0ITyCTUMOTO;

— CHI)KEHHE YPOBHS Macia B 0ake TpanchopmaTopa.

J1ist 3amuThl TpaHchopmaTopa ycrtanaBinuBaroTcs mkadsr Tuna 11932607 mpo-
u3BoacTBa OO0 HIIIT OKPA.

Hcnonbs30BaHre MUKPOIPOLIECCOPHBIX YCTPOUCTB PEJIEMHOM 3aIlIUThl U aBTOMa-
THUKH TTO3BOJIIET PEeaIn30BaTh BCE HEOOXOAMMBIE BU/IbI 3aIIUT Npucoeauueruit 110
kB:

— UHAMKALMIO U3MEPSIEMBIX BEJIMYMH HA BCTPOCHHOM JHCILIEE;

— XpaHeHue uHpopmaInm;

— PETUCTPALIMIO U XPAaHEHUE aBAPUNHBIX [TapaMETPOB;

— YCTaHOBKY U U3MEHEHHUE YCTABOK 3aIUT MO JIOKAIbHOU CETH;

— IMCTAHIIMOHHOE YNPaBJI€HNE KOMMYTAlMOHHBIM aIllapaToM I10 JOKaJIbHOU
CETH.

JList 3amuThl TpaHchopMaTopa pacCMOTPHUM 4 BHJIA 3aIUTHI:

— MaKCUMaJIbHasi TOKOBAsl 3al[UTa — OT BHEITHUX KOPOTKUX 3aMbIKAHUI;

— MakcHMaJlbHasl TOKOBas 3alllUTa — 3allUTa OT MEPErPY30K U HEHOPMAIbHBIX
PEKUMOB pabOTHI;

— raszoBas 3amnuTa TpancdopmaTopa — OT BHYTPEHHUX MOBPEKICHUA B TpaH-
chopmarope;

— nuddepeHnmanbHas 3aumTa — oT Beex BuaoB K3.

Paccunraem penetinyro 3amury Tpanchopmaropa TPJIH-25000/110.
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12.1 Bri6op TpanchopmaropoB Toka s /13

TAL: Co croponbsl BH o6moTka 3amuiaemMoro TpanchopmaTopa CoOeIMHEeHa I10
CXEMeE «3Be3/1a», a BTOPUYHbIE 0OMOTKH TpaHC(hOopMaTopa TOKa COETUHEHBI B «Tpe-

YTOJIBHUK», 03TOMy Ko3dduumenT cxemsl k1A = /3.
TA2: Co croponst HH o6MoTKa 3amumiaemoro TpanchopMaropa coeauHEeHa 1Mo

CXEME «TPEYTrOJbHHUK», a BTOPUYHBIE OOMOTKH TpaHC(HOPMATOPOB TOKA B «3BE3AYY,
TA2(TA3) _

HO3TOMY KO3 (UIIMEHT CXEMBI K 1.
Ha ctopone BH (TA41), A:
S

I B = HOM.m , 12.1

HOM \/gtu fwl ( )
o 2 25000 o

" 3u1s
IpT::cJ’-lt = Ifu,w [kc.TxAl ! (12.2)

|71 — 125 543 = 217,4

pacy

A€ Syom .+ — HOMHHAJIBHAS MOLTHOCTH TpaHchopmaTopa, KBA;
UB ., — HoMHHaNIbHOE MeXTy(a3Hoe HanpsikeHne ooMoTku BH TpanchopmaTo-
pa, kB.

[MpuHrMaem ctanaapTHbIN Koddduitment Tpanchopmanuun k. = 250/5

pacu
st croponst BH npunumaem tpanchopmarop toka tuma TBT-110-1-150/5 V1.
Ha cropone HH (742), A:

| H - HOM.M

b 25000 _ oo
HOM \/qu,S

ITA2(3) — IH [I(TAZ

| TA2®) = 13754 = 1375

HOM

rae S,,,,, — HOMUHAIbHAs MOIIHOCTh Tpancdopmaropa, KBA

U, . - HOMUHaIbHOE MexaydaszHoe HanpspkeHue oomotrkn HH tpancopmato-
pa, kB.
[IpuHIMaeM CTaHAApPTHBIT kod(durment tpancdopmarmu k> = 1500/ 5

Jlns croporst HH nmpuarMaem tpancdopmatop Toka tunaTOJI-10-M-1500/5
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12.2 Bei6op TpanchopMaTOpOB TOKA sl pe3E€PBHBIX 3aIUAT

TA3: Co croponbsl BH o6moTka 3amuiaemMoro TpanchopmaTopa u BTOpUYHbIE
0OMOTKHM TpaHc(hOopMaTopa TOKa COEIMHEHBI TI0 CXEME «3Be3/1a», T0ITOMY K03 du-

unent cxemst Ko =1
Ha ctopone BH (743):

TA3 _ B TA3
I pacu IHOM Ikcx

| ™" = 125,54 = 125,5

pacy

rae |, — HoMUHAIBbHBIHA TOK 0GMoTKI BH Tpancopmaropa, A (cm. m. 12.1.1).

[IpuHEMaeM CTaHmapTHBIH Kooddurment tpanchopmarmu K™ = 150/5.
Jnsa croponst BH npunnmaem tpanchopmarop Toka tuna TBT-110-1-150/5 V1.

12.3 Bri6op TpanchopmMaTopoB HAMPSHKEHUS
Ha cropone BH (TV1):

YcranaBiuBaeM TpaHcdopmaropsr Hanpspkenus: tuna HK®-110-57 (TV1) ¢ ko-
> urmentom Tpanchopmamuu k' = 110000/100

Ha cropone HH (TV2):

YcranapnmuBaem Tpancopmatop Hanpspkerus tana 3HOJIIT-HT3-10(TV2) ¢
koa(duumenToM Tpanchopmarmu k;'2 = 10000/100.,

12.4 3ammra TpanchopmaTopa OoT MHOTrO(a3HBIX 3aMbIKaHU B OOMOTKax U Ha
BBIBOJIAX

Jlist 3amuThl TpaHchopmaTtopa OT MHOTO(a3HbIX 3aMbIKAaHUNA B OOMOTKAaxX M Ha
BBIBOJIAX MPUHUMAEM MPOO0JIbHYI0 AuddepeHInanbHy0 TOKOBYIO 3alUTy Ha Oa3e
pene cepun PHT-565.

OmnpenenseM BTOPUYHBIC TOKHU B IJIeYaX 3allUTHI, A

TAL

iTAL IB x iTAl

I2z) HOM kTA]_ 20 (123)
|
Na

i = 12554 = 4,35
250/5

rae |2 — HoMmuHANBHBIN TOK 00MOoTKH BH Tpancdopmaropa, A (cm. m. 12.1.1).
TAL
iTA2 — | H (lajTAL
20 HOM kTAl 20
|
i7" = 1375y~ — 458
1500/5

roe |} — HoMuHanbHBI TOK 0GMOTKH HH tpanchopmaropa, A(cm. . 12.1.1).

T ~TA2 sTAL
Inuavnaaen cronoay HH 23 ocxorayio Takg xax | =1
X x 4 o z vy

14

Jlucm

Ar-140211.65 113

U3m.

Jlucm Ne dokym. lModnuck | dama 46




lNeps. npumeH.

o

Cnipas.

lModnuck u ama

UHe. Ne dy6n.

B3sam. uHs. Ne

lNodnuck u 0ama

UHe. Ne roorn.

YcraBku 3allIUThI:

1) OrcTpoiika OT OpocKa TOKa HAMarHMYUBaHU, A

I, =k, 9., (12.4)

|_=1,34375= 1788

rae kH — Ko3(ppULIUEHT HAAC)KHOCTH, O.€.;

I OCH

vou — HOMAHAJIBHBIH TOK OCHOBHOHM CTOPOHBI 3amuThI (cM 1. 12.1.1).
Otctpoiika oT Toka Hebalanca, A

c3 Hu.maxc k1

| =1 3L§iq, 5,1+ M%ﬂ,%‘loh—&: 35110
100 10,5
raek,=1,5 — KO3 PUIHMEHT, YINTHIBAIOIINI IEPEXOTHBIN PEXKUM, O.€.;
Ko=1 — k03¢ HUITUEHT OTHOTUITHOCTH TPaHC(HOPMATOPOB TOKA, O.€.;
fi=0,1 — morpemHOCTH TpaHC(HOPMATOPOB TOKA, O.€.;
AU,,..— IOJOBUHA CyMMapHOI'O JHala30Ha PEryIsTopa HalpsuKeHus, 0.¢.
® — MEpUOJNYECKas COCTABIIAIONIAs TOKA, MPOXOIAILIEr0o Yepe3 3aluinac-

nn.maxe k1
MYI0 30HY IpH BHemHeM K3 B y3i1e 1, npuBeIeHHOTO K OCHOBHOM CTOPOHE 3alli-
THI, A.
BI)I6I/IpaCM OoJIbllIee 3HAUYEHUE TOKA Cpa6aTBIBaHI/IH 3alIUTHhI.

KoadduimeHT uyBCTBUTENBHOCTH, O.€.

|(2)
k =

Yy ’
IC3

.= &loz 2,148> 2
35110

(2

mun k1

rue l
3HorO K3 B y311€ 1 B 30H€E I€MCTBUS 3alUTHI, A.

Tok cpabateiBanus pene, A

= e (12.7)

cp c3 k;l’Az 1
I, = 3511011#= 117
v 1500/5

Onpez:emleM YHCJIO BUTKOB OCHOBHOM OOMOTKH

= kH T{Iyﬁ + IH5)L] (%) = kH I{ko Lka qfl + D Upee)q }(tft.)MaKc k1l (125)

mun k1 (12 .6)

— MUHHMMAaJIbHOE 3HAYEHHE TEPHOANICCKON COCTABIIAIOIICH TOKa ABYX(da-

Ar-140211.65 113
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wee = £
1,

pace _ 100 _
OCH 117

rae F— MJIC cpabGatbiBanus pene, AB.

= 0,855 gumka

OprrJI}IGM Y CJIO BUTKOB A0 OmKamIero Ocaoro.

cm
w

OCH

= 1 sumox

Ol'[peI[eJI}ICM YHCJIO BUTKOB ypaBHI/ITGJIBHOﬁ OOMOTKH

;TAL

Wpaw — Wcm [fzo

ypas ocH TA2 !
20

4,35

ypae

Wo = 1‘1—4 0,950

[IpuHuMaeM Onmkaiiiiee Hea0e YUCIO BUTKOB

w" =1 eumox .

ypas

OnpenenuM Tok HeOanmaHca, A

)praut -

" ypas

Lm
ypae (3
Wpacq nn.makc k11
ypas

1| 7071= 4583

YTO4YHUM TOK cpabaTbhIBaHUS 3alUTHI, A

pacu _ cm
ypae ypas

K
YmMouH __ ' " _ ) (3)
Ic3 - (IHE + IH6 + IH6 )LI(H - kH %ko Lka LI.I:l + D U pe2 + Wpac’lt %;lmlum"«’ xkl?

|7 =1, 3‘%1‘1 5w, 1+ J

100

478 |O o3 1%;57071 41070

YTouHUM K03 PUIUEHT UyBCTBUTEIBHOCTH, O.€.

(2)

_ “munkl

u Iymuu

c3
)

_ 87071

‘41070

= 2,120> 2

I[aHHaSI 3alyTa IMpoXOodHUT 110 YCJIOBHUIO UYBCTBUTCIBHOCTH.

(12.8)

(12.9)

(12.10)

(12.11)

(12.12)

12.53ammTa OT MOBPEXACHUA U CHIXKEHHsI YPOBHSI Maciia BHYTpH Oaka TpaHC-

dbopmaropa

U3m.
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I"azoBas 3ammTa NOJy4YrsIa IIMPOKOE MPUMEHEHHUE B KAUECTBE BECbMa YyBCTBU-
TEJIBHOM 3aIUTHI OT BHYTPEHHUX MOBpPEXIeHUN TpaHcopmaTopoB. ['a3oBas 3aiiu-
Ta SIBJIsIETCS HanbOojiee YyBCTBUTEIBHOW 3alIUTON TpaHchopMaropa OT MOBPEXIie-
HUN OOMOTOK, OCOOCHHO MPU BUTKOBBIX 3aMBIKaHUSIX, HA KOTOphie nuddepeHima-
JbHAsS 3allUTa pearupyeT TOJIbKO MPU 3aMbIKAHUM OOJIBIIOTO YUCIa BUTKOB, a MaK-
CUMAJIbHBIC 3aIlIUThI U OTCEYKHA HE PEarupyroT coBceM. Ha cerogHsimiHui J€Hb BCE
Tpanchopmatopsl MOmHOCTHEI0 1000 KB-A 1 BpIlie MOCTaBIAIOTCS C TA30BOM 3allly-
Toil. B Hamem cnmyuyae ans 3amuThl TpaHchopMaropa OyAeM MPUMEHSTh ra30BOE
peire Tuna BF-80/Q.

JUJis 3a1uThl HAIIeTo TpaHcGopMaTopa ra30Boe pesie yCTaHaBIMBAEM:

— B IaTpyoOKe,

— B PIIH,;

— B Oake.

I"azoBoe pene — KSG1, KSG2, KSG3 - BF80/Q.

["azoBoe pene 3amutel BF80/Q uMeroT mpocTyro U HaASKHYI0 KOHCTPYKIHUIO U
yn00HO B 3KcIuTyaTanuu. [lommaBky ra3oBoro pesie ¢ BCTPOCHHBIMU B HUX YITPaB-
JISTFOIMMU MarHUTaMU BBITIOJIHEHBI CTUIONTHBIMHU (LI€JIBHOJIUTHIE), O0€3 MeXaHuYe-
CKUX CBSI3€H C IpyruMU dJIeMeHTaMu petie. B mpoliiecce u3roToBiaeHus MOMIIaBKU
UCIIBITHIBAIOTCS M30BITOYHBIM JaBiieHneM Macia 100 klla, moatomy npu moce-
TYIOIIEH IKCIUTyaTallii OHU HE MOABEPTarOTCs HCTIBITAHHSIM.

OCHOBHBIC TEXHUYECKUE XapaKTePUCTUKU Ta3oBoro pene BF80/Q:

— cpabaThIBaHNE CUTHAIBHBIX KOHTAKTOB B TA30BOM pPEJIe TPOUCXOIUT TIPHU
CHIDKEHUHU YPOBHS Maciia B pejie, COOTBETCTBYIOIIEM YMEHBIIICHUIO 00beMa Maciia
Ha 100-250 cm;

— BpeMs cpabaThIBaHUs pesie MPH CKOPOCTH MOTOKA Maciia, PEBHIIIAIOIIeH 3Ha-
yeHue ycraBku B 1,25 pasa - ne 6onee 0,1 c.

B pene BF80/Q npuMeHsIOTCS TepKOHBI MOBBIIICHHOM 3JIEKTPUUECKOM MTPOYHO-
CTH, KOTOPBIE BMECTE C COSAMHUTEIILHBIMU MTPOBOJIAMHU PA3MEIIAIOTCS B KOPITYCE
KOHTaKTHOTO y3J71a. OHU HEMOJIBHKHBI, TTOJTHOCTHIO N30JIMPOBAHBI OT Maciia U UMe-
10T YCWJICHHYIO 3aIIUTYy OT MEXaHUYECKUX BO3JICUCTBHI 1 aTMOC(hEpHOIl BiIary.
KoHcTpykiust pese mo3BossieT IpOoru3BOAUTh OCMOTP U 3aMEHY KOHTAKTHOTO y3Jia
Ha MECTE YCTaHOBKH peJie 6e3 CITycKa Macia U BCKPBITUS perie.

12.6 3ammra Tpancdopmaropa oT cCBEpXTOKOB BHeIHUX K3

Ha tpancdopmatopax 60JbI110M MOITHOCTH YCTaHABIIUBAIOT:
- oT cummeTpuuHbIX BHEIIHUX K3 — MT3 ¢ [IMH nHa ctopone BH;

- oT HecumMmeTpuuHbIX BHETHUX K3 — T30I1 Ha ctopone BH.

12.7 MT3 c IIMH

YcraBku 3anmThl. TOK ¥ HAOPsDKCHHUE cpadaThIBaHMs 3aluThL, A, B
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|, =-29% 44, (12.13)
k, "
|, = £1125, 54 4= 2480
.85

rae K, — Kod(pUIHEeHT HaIe)KHOCTH 3alIUTHL, 0.€.;
K;— K03 (UIMEHT BO3BpaTa pere,o.¢.;
IB.,, — HoMuHaNBHBIH TOk TpanchopmaTopa BH, A (cm m. 12.1.1).

U,=0,7-UB,, (12.14)
U, = 0,7 - 115000 = 80500,

rae UB.,, — HomMuHanmbHOE HanpskeHue TpaHCchOpPMAaTOpa co CTOPOHBI MUTaHus, B.

Tok u HanpspkeHue cpabatbiBanus pene, A, B

TA3

K
Icp = Ies K'Icr%' (1215)

1
I, = 248,0 + 5 = 8,27

5

U,
Ucp = K{}i/gu (1216)
80500
73,18.

cp = 110000
100

Bpewms cpabaTbiBaHUs 3aLIUTHI, C
te, = 0,5.

KoadduimenT 4yBCTBUTEBHOCTH 3aLUTHI 110 TOKY, O.€.
()

I

1 __ "MHUHK2

Kq.611.pe3 - Ji > 1'5'
c3

. 13501

Ky gnpes = 5480 =54,4> 1,5,
2 o o
rac IASM?—IK—Z — MUHUMAJIbHOC 3HAYCHUC IICPUOIANICCKON COCTABJIAIOIICH TOKA JIBYX-

¢daznoro K3 B y3ne 2 B 30HE JI€WCTBUS 3alUThl B MUHUMAJIBHOM PEXHUME paOOThI
CHUCTEMBI, A .

KoadduimenT 4yBCTBUTENIBHOCTH 3aIUTHI 110 HAMTPSHKEHUIO, O.€.

U. 'k
K§ = —— > 1,25
UOCT K—2
riae K,— kodddurment Bo3spara pesne PH-54,0.¢.;
y _80500-125
= T557478 T ’
(2) _ 3)
UOCTK—Z - \/§ ' IMaKCK—Z ) XTp’
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U(Z)

OCT K—2

=+/3-35110-59,6 = 3624413

3
IISIaLCK_Z — MEPUOINYECKAS] COCTABJISIIOLIAS IEPBUYHOTO MaKCUManbHOro Toka K3,

MIPOXOISIIET0 Yepe3 3alluiaeMblii Tpanchopmarop npu BHemHeM K3 B y3ie 2,
MPUBEICHHOTO K OCHOBHOW CTOPOHE 3allUThI, A (CM. puioxkenue b);
Xyp— HHIYKTUBHOE CONPOTHBIIEHNE Tpancdopmaropa [9, Tabi. 6.11].
12.8 T30I1
VYcraBku 3anuThl. TOk cpabaTbiBaHUs 3aIIUTHI, A
I,=(0,2-05)-1E,,
I,=05-1255 = 62,75,

rae 1B, — HomunaneHIA TOK TpanchopmaTopa BH, A (cm m. 12.1.1).

Tok cpabateiBanus pene, A
Iep =1Ics - KTA3
1
Iy = 62,75 - === = 2,09
5

Bpewms cpabaThiBaHMs 3alIUTHI, C

Cornacno ITYD nHa uyBcTBUTEenbHOCTh T3OI1 HE mpoBepsieM, Tak Kak TOK cpada-
ThIBAHUS 3allUTHl MEHBIIE TOKa cpabaTeiBaHust M T3 ¢ MUHUMAaJIbHBIM ITyCKOM Ha-
NpsDKEHUS. JTO 1aeT OCHOBAHHME YTBEPKAATh, YTO 3aIMUTA SABISIETCS YyBCTBUTEIb-
HOM K HECUMMETPHUYHBIM BHEIIHUM K3.

12.93amuTa TpancopmaTopa OT TEXHOJIOTUIECKOM Meperpy3ku Ha ctopoHe BH

VYeraBku 3amuThl. Tok cpabaTblBaHMs 3aIUThL, A

Ky

— B

1c3 - IHOM - 1,4,
Ky

I,==2.1255-1,4 = 217,0,

0,85

I7IeK,, — KO3 (PUIIMESHT HaIe)KHOCTH 3aIIUTHI, O.€.;
K;— K03 (UIIMEHT BO3BpaTa peiie,o.¢.;

15.,, — HoMuHaNBHBIHA TOK TpanchopmaTopa BH, A (cm m. 12.1.1).

Tok cpabateiBaHus peine, A
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KCX
TA3
K;

1
Icp = 217,0 : 150 = 7,23

Icp =1Ie-

5
Bpewms cpabaThiBaHus 3alIUTHI, C, MUH
tl. = 10,
te, = 40.

Tox cpabGaThIBaHMs 3aIIUTHI, A

” 1,05
I, = — - 1,4 = ogs 1375-1,4=23780,
I7IeK, — KO3 PUIIMEHT HaIe)KHOCTH 3aIIUTHI, 0.€.;

K;— K03 (UIIMEHT BO3BpaTa pelie,0.¢.;
I — HoMuHanbHBIH TOK TpaHchopmatopa HH, A (cm . 12.1.1).

Tok cpabateiBanus pene, A

Kex
Iep =I5~ KTA3
Icp = 2378,0 * 1500 = 7,93.

5

Cornacuo ITY3, o ko3hpuireHTy 4yBCTBUTEIBHOCTHU JIaHHAS 3alUTa HE MPO-
BEPSIETCH.

13 Momuuesamura u 3azemiieaue [ TI11

[Ipu nmpoexTHpoBaHUU 37aHUI U COOPY>KEHUI CUCTEMBI DJICKTPOCHAOKEHHUS He-
00XOJIMMO YYHUTHIBaTh W TPEAOTBpAIIaTh BO3MOXXHOCTb WX TMOPAKECHHS yAapamu
MOJTHUU. OCOOEHHO ATO OTHOCUTCS K OTKPBITHIM JIEKTPOYCTAHOBKAM.

MonHuu XapakTepu3yloTcs OOJIBIIMM pa3pylIAOIIUM JEUCTBHEM, OOBICHSIE-
MBbIM OOJIBIIMMH aMIUTUTYAOU, KPYTU3HON HApACTAHMS U MHTETPAJIOM TOKa.

B coorBercTBUU ¢ PykoBOASAIIMMU yKA3aHUSMHU 110 3AIIUTE JIEKTPOCTAHIUAN U
noactanumii 3-500 kB ot npsimeix yaapoB MmoiaHuu (ITYM) u rpo3oBbIX BOJIH, Ha0e-
ralollux C JUHUM dJIEKTpoNepeaaun, 3aliuTe MojjiekaT ClIeIyone 00beKThI, pac-
MOJIOKEHHBIE HA UX TEPPUTOPUHU:

a) OTKpBIThIE pachpenenuresibubie ycrpoiictBa (OPY), B TOM uwuciie MIMHHBIC
MOCTBI ¥ THOKHE CBSI3H, B TOM UYHCJIC IITUHHBIC MOCTHI M THOKHE CBSI3H,

0) 3MaHMsI MAIIMHHOTO 3aJIa U 3aKPBIThIE pACIPEACIUTEIbHBIE YCTPOUCTRA,

B) 3/IaHMSI MACJIOXO35HCTBA.
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OPY cranuuii u noacranumii 3amuiarorcs ot [IYM cTep>KHEBBIMH MOJIHUEOT-
BOJIaMU U TOJIBKO JIJISI MPOTSHKEHHBIX MTUHHBIX MOCTOB M THOKHUX CBSI3€H IPUMEHSIO-
TCSI TPOCOBBIE MOJTHUEOTBO/IBI.

BaHII/ITa oprPy OCYHICCTBIIACTCA YCTaHOBKOﬁ CTCPIKHCBBIX MOJIHHUCOTBOAOB Ha
ImopTrajaax HOI[CTaHHI/Iﬁ NN YCTpOfICTBOM OTACJIBHO CTOAIIUX CTCPKHCBBIX MOJIHUC-
OTBOJOB CO CBOMMMU 000CO0ICHHBIMH 323€MJIUTCIISIMHU.

MomHuEeOTBObI, yCTAaHOBJICHHBIE Ha MOPTaliaX MOACTAHLINHN, ACIIEBIIE OTACIBHO
CTOSAILIMX MOJIHUEOTBOJOB, TaK KaKk TPeOyIOT MEHbIIE MeTalljla Ha W3TOTOBJICHHE.
Onu G6imxe pacmoiaralTcs K 3aluiaeMoMy 000pyA0BaHnI0, TOATOMY 3G (HEeKTHB-
HEe UCTOIb3yeTCs UX 3aluTHast 30Ha. Ho mpu mopaxeHu# mopTaabHOT0 MOJTHHEOT-
BOJ/Ia YIapOM MOJIHUHU C OOJBILION aMIUTUTYION U KpYTH3HOW (PpOHTA UMITYyJIbCa TO-
Ka Ha MOJIHUEOTBOJIE U HA MOpPTaje 3HAUUTENIbHO BO3pacTaeT HalpspkeHue. DTo Ha-
NPSDKEHUE MOKET OKa3aThCsl IOCTATOYHBIM, YTOOBI BBI3BaTh «00OpaTHOE) MEPEKPHI-
tue 3o OPY ¢ 3a3eMJICHHBIX AJIEMEHTOB Ha TOKOBEAYIIME YaCTH IOJCTaH-
. MOJIHME3aIUTy BBIIOJHUM CTEP)KHEBBIMU MOJHHEOTBOJAMU BbICOTOM 21 M
PacroJIOKEHHBIMUA Ha OCSIX JIMHEMHBIX U TpaHC(HOPMATOpPHBIX noprtajios. [Ipu BbI-
NOJIHEHUU MOJIHME3AILUThl MHOTOKPATHBIM CTEPKHEBBIM MOJIHUEOTBOJOM 30HY 3a-
IIUTHI OyJIeM ONpPENENiATh KaKk 30HY 3aIlMThI MOMApHO B3SITHIX COCEIHUX MOJIHHEOT-
BOJIOB.

CraHgapTHOW 30HOW 3alIUTHl OJJMHOYHOTO CTEPKHEBOTO MOJIHUEOTBOJIA BbI-
coTOM 21 MeTp ABIAETCS COOCHBIA €MY KPYTOBOM KOHYC,.
BricoTa konyca, m

hO:O,8-h, (131)
h,=0,8-28=22,4.

Paanyc koHyca Ha ypoBHE 3eMJIH, M

£ = 0,8, (13.2)
r,=0,8W8= 22,4.

[TocTpoum 30HY 3aIUTHI MEKAY | B 2 MOTHUEOTBOAAMU.
PaccTostnue MeXIyMOTHUEOTBOAAMU, M

Luax = ,35- 3,5740 °Yh- 30)ith, (13.3)
Luax = #,35- 3,5740 *Y21- 30)R1= 92,0,

L. = [2,25- 0,0107Yh- 30)}h, (13.4)
L. = [2,25- 0,0107421- 30)JR1= 49,3,

L = 40.

[Tpu pacCTOSHUM MEXKIY MOJHHEOTBOAAMHU L <Ll. TrpaHHIla 30HBI HE HMEET H
nposecau . = hy=151m,

Pa3zmMepbl ropu30HTaIBHBIX CEYEHUH 30HBI 3aIIUThI
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MakcumanbsHas I[NOoJyHiMpruHa 30HbBI B T'OPU30HTAJIBHOM CCYCHHH Ha BBICOTC
h,=75mu,M

h,- h
= o) (13.5)
0
TS 75)_
. 15,1 S

[IIvprHa TOPU30HTAIBLHOIO CEYEHHUs B LIEHTPE MEKY MOJHMEOTBOJIAMH HA BBI-
COTE, M

- roL(hC - hX)

My : (13.6)
0

. 14,7415,1- 7,5) _ -

¥ 15,1 ’
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Pucynok 13.1 Pacnonoxxenue MonHUEOTBOA0B Ha Tepputopuu OPY 110 kB

MOJIHHEOTBOABI COCTOSIT U3 MOJIHUEIIPUEMHUKA, HECYIIEN KOHCTPYKLIUH, TO-
KOOTBOJA M 3a3eMiMTeNd. MOJHUENPUEMHUK HEMOCPEACTBEHHO BOCIHPHUHHMAET
npsamMoil yaap MoiaHuu. [1o3ToMy OH JOKEH HalEeKHO MPOTUBOCTOSITH MEXaHUYEC-
KHM U TEIJIOBBIM BO3JIEUCTBHUSIM TOKAa M BBICOKOTEMIIEPATYPHOrO0 KaHajla MOJHUHU.
MoJTHHUEeTIPUEMHUKHN W3TOTOBIISIIOTCA M3 MPOKATHOM CTaiu J000Tro mpoduis ceye-
HEeM He Meree 100 M2, npu ajauHe He Oonee 2,5 M. Hecyiast KOHCTpyKIus HECeT
Ha ce0e MOJTHUENPUEMHHUK U TOKOOTBOJ, OOBEAUHSIET BCE DJIEMEHTHI MOJIHUEOTBOAA
B €JIMHYIO, KECTKYI, MEXaHHUYECKH NPOYHYI0 KOHCTPYKUUIO. B sHeprernke noiry-
YWIA MIMPOKOE PacCIpOCTPAHEHUE KOHCTPYKIIMM MOJIHHEOTBOJOB C JEPEBSHHBIMM,
KEJIe300€TOHHBIMH U METaJUNIMYECKUMU ONOopaMu. TOKOOTBOJ COCAUHSIET MOJHHETI-
PUEMHUK C 3a3€MJIMTEJIEM U MPEIHA3HAYEH JJI MTPOIYCKAHUS TOKA MOJHHHM OT MO-
JHUENPUEMHHUKA K 3a3eMiuTento. 1103ToMy OH paccuMThIBAE€TCS Ha TEIUIOBBIE W
AIEKTPOJMHAMUYECKHE BO3JIECUCTBUS, CBSI3AHHBIE C MPOXOXKIACHUEM IO HEMY TOKa
MOJIHUH. TOKOOTBO/ABI Y MOJTHUEOTBOJIOB C JEPEBSIHHBIMU ONIOPAMU M3TOTOBJISIOTCS
pa3IMyHOro Npoduis ¢ CEY4EHUEM, PACCUNTAHHBIM JJI MPOXOXKACHHS TTOJHOTO TOKA
MOJTHHH. PekoMeH/yeTcs 6paTh KPyriIylo CTalb IHAMETPOM HE MeHee 6 MM, yIiio-
BYIO CTaJIb CEYEHUEM HE MeHee 48 MM H TOJIIINHOMN CTEHKH 4 MM.

3a3eMIINTENI MOJIHUEOTBOIOB CIIYKAT JIJIs1 OTBOJA TOKAa MOJIHUH B 3eMitto0. Hc-
X0/ U3 TpeOOBaHUM IPO30YNOPHOCTU DY, CONPOTUBIICHHUS 3a3EMIIUTENEH HE
JOJKHBI TTpeBocXoauTh 10-15 Owm.
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HOCTpOI/IM 30HY 3alllUThI MCXKIY MOJTHUCOTBOJaMHU.

3 4

15120

40000

ﬁ\ < ﬂ\

Pucynox 13.230Ha 3amuThl MEXTy MOJTHUEOTBOAAMHU

26500

CoenuHenue OTAEIbHBIX YacTe TOKOOTBOIA MEKIY COOOM, C MOJIHUETIPUEMHH-
KOM U C 3a3€MJIMTEJIEM ITPOU3BOAUTCS MPH ITOMOIIN CBAPKH. /{7151 petoXpaHeHus oT
KOPPO3HH TOKOOTBOJIBI OKPAIINBAOTCS.

13.1 Pacuer 3aszemuenus ['TIIT

Cornacno ITYD 3azemustonire ycTpoicTBa 3JIEKTPOYCTaHOBOK BbIlie 1 kB cetn
¢ 93¢ GeKTUBHO 3a3eMJICHHON HEUTPAJIBIO BBITTOIHSIIOTCS C YY€TOM COMPOTUBIICHUS
R, <0,5 OM unu J0IyCTUMOIO HAaIPSKEHUS IPUKOCHOBEHUSI.

Pacuer no nonyctumomy conportusienuto R, <0,5 OM npuBoIuT K HEONpas-

JAHHOMY IepepacxoAy MPOBOJHUKOBOTO MaTepuasa U Tpya03aTpaTt IpHu coopyxe-
HUU 323€MJISIIOLIUX YCTPOUCTB JIJISl OJICTAHUMKA HEOOJIBIION MIIOIIA/IbI0, HE UMEIO-
IIMX €CTECTBEHHBIX 3a3emiinTesniei. ONbIT IKCIUTyaTaluy pacIpEeIUTENbHbBIX YCT-
poiicts 110 kB u BbIIIE 103BOJIAET IIEPEHTH K’ HOPMUPOBAHHIO HANPSKEHUS IIPUKO-
CHOBEHMS, a He BeIMuuHbl R,. OO0CHOBaHMEM 3TOTO CIyXkaT Cilelyrolue coodpa-

JKeHUsl. B MOMEHT MPUKOCHOBEHHUSI YEJIOBEKA K 3a3€MJICHHOMY 000pY/I0BaHUIO, Ha-
XOJISIIIEMYCSl TIO/] TOTEHIIMAIOM , YaCTh CONMPOTUBIICHUSI 3a3€MJIUTENS IITYHTUPYETCS
COIIPOTHBIICHUEM TeJla YeloBeKa R, , U COMPOTUBIIEHUEM PACTEKAHUIO TOKA OT CTY-

IeHeu B 3eMro R...
Ha Teno uenoBeka gaxtudecku OyeT AeWCTBOBATH HANPSKEHUE
Yo =Um ~Ue, (13.7)

rae U, = |, 'R, — ImaicHUuE HAIPsDKCHUS B CONMPOTHUBJICHUH PACTECKAHHUIO C JIBYX CTY-
ITHEU Y€JIOBEKA B 3€MIIIO.
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x
%; R. = ~£C — 1 5y (13.8)
= < oowr T PY
o
&
S R.=1,5450= 225.

rae P, =150 OM — yznenpHOE CONPOTUBIIEHUE BEPXHETO CJI0s IPyHTa (IpUMEM

3a BEPXHHH CJION CYTJIMHOK).
TOK, MPOTEKAIOIINN YepE3 YEIIOBEKA
u,-U
|, = —r——c (13.9)
RL{

3 OnacHOCTh MOPaXKEHUsI 3aBUCUT OT BEJIMHBI TOKA U €0 JJIUTEIbHOCTU MPOTEKa-
8 HUSI 4€PE3 TEJIO YETIOBEKA.
=
© 3a pacyeTHYIO JJIUTEIIBHOCTh BO3JICUCTBUS IPUMEM, C

tB = tP3 + tomm.e ' (13'10)

t,= 0,1+ 0,065= 0,165

rae t ,, — BpeMs ACUCTBUA PEIICHOMN 3alUTHI;

t .. — IIOJTHOE BPEMS OTKJIFOUCHUS BBIKIIFOYATEIS.
o ITo [8, ¢.596] mpuanmaem |, 4, =200 uA.
©
rg VLA A A AN AN A AR A AN AR AN A A AN A AN 4 4 A 4 4 4
§ NS t=0,7m
'l§ 1
= <= =

Te)
1

g o
O
S a=5mwm
%
g
N
(]}
)
3 2
< S =1800 m
S =
@ 8
©
S
©
e}
S
3
S
=
8
= 60 m
S Pucynok 13.3 — 3azemusitonuii kontyp ['TIH
g
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JlommycTuMoe HanpsbKeHre MPUKOCHOBeHus, B
U,<l,-R,+U.=1,-R, +1, R, (13.11)
U,,<0,2-1000+0,2-225=2450.

Haunbonbiee nonyctumoe HanmpsixKeHUe MPUKOCHOBEHHUSI OTIPEIETIUM HampshKe-
HHUE Ha 3a3emimmreie, B

u, = (13.12)
KH

U, =225 _1520.
0,148

rne K, — KOB(b(I)I/II_[I/ICHT HAIIPAKCHUA IIPUKOCHOBCHUA.

k=P (13.13)
LY
&3

rae |, — AJJIMHa BEPTUKAJIBHOI'O 3a3€MJIMTECIIA, paBHAs 5 M,

L, — JIJIMHA TOPU30HTAIBHBIX 3a3eminTenieit, paHas 810 m;

a — pacCTOsTHUE MEXIY BEPTHKAIBHBIMH 3a3eMJIUTENISIMU, PABHOE 5 M;
. 2.

S — IUTOIIAh 3a3eMJISIONIETO yCTpoicTBa, paBHas 1800m;

M — napameTtp, 3aBUCAIUHN OT p,/ p, =150/50;

S — Ko3(pbUIMEHT, OnpeIeNIIEMBbIi 110 COMPOTUBIICHUIO TeJla YeJIOBEKa U COMPOTH-
BJICHUIO PACTEKAHUS TOKA OT CTYIECHEN

- (13.14)
R, +R.
,8:1000 0,82
1225
K, - 069082 o0
( 5-810 j |
5-4/1800
Tak kak U, =1, -R,, TO CONPOTUBIEHUE 3a3€MIISIFOLIETO yCTPOCcTBa, OM
U, 1520
R, oy S—> =" =067,
POTT, 2217

riae |, — TOK CTEeKaIIUi ¢ 3a3eMIIUTEINS MPOSKTUPYEMOT0 3a3EMIISIFOIIETO YCTPOMC-
TBa 1pu oxHo¢azHoMm K3.

JleHcTBUTENBHBIN TUIAaH 3a3€MIISIONIETO yCcTpolicTBaHa pucyHke 14.1 mpeoOpa-
3yeM B PacyeTHYIO KBaJIpaTHYIO MOJIETb CO CTOPOHOM, M
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JS =430-60=42,4.

Yucio siueek no CTOPOHEC KBaapaTa

m=

2

810

2.42,4

L, 3
\E ’

JInMHa 10JI0C B pacueTHOW MOJEIIN, M

L =2yS(m+1),
L, =2+/1800(9+1) =849.

JInmiHa CTOPOH STYENKHU, M

Yucio BCPTHUKAJIBHBIX 3a3eMJIMTEIICH O IICPUMCTPY KOHTYpPA, IIT.

a4s

B
44/1800

=324 _4 7
9 .

5

=3

4.

061112151 JJIMHA BCPTHUKAJIbHBIX 333€MHHTGH€ﬁ, M

L,=n-1,,

L, =34.5=170.

OTtHocuTenbHas riayOuHa

g+t
Js

>0,1,

5+0,7
— =0,134>0,1.
/1800
OrnpenensieM COMPOTUBJIEHUE CIOKHOTO 3a3eMiuTtess, OM
r r.

R,= A—=+ —2—,

TS Lt
R, = 0,3514 61 , 081 565,

‘ V1800 849+ 170

(13.15)

(13.16)

(13.17)

(13.18)

(13.19)

(13.20)

IJIC p, — 9KBUBAJICHTHOE YICIBHOE COPOTUBIICHHE 3eMiid, OM kM (8, Tab11.7.6);

L, — o0Ias ;VIMHa BEPTUKAIBHBIX 3a3€MJITUTENCH, M.
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x I+t
A= 10,385- 0,25 §,

5

x (13.21)
S
3 K +
2 A= 10,385- 0, 252 0’7§X= 0,351.
3 1800
S
[Tonmy4yenHnoe 3Hauenue Menbiue R; ,, =0,67 On .
Harnpsixenue npukocHoBeHus, B
U,=K,9,R,, (13.22)
U,, = 0,150W59W,565= 64,33
PacueTHoe HanpsKeHrEe MPUKOCHOBEHUSI MEHbIIIE JoIycTUMOoro 245 B.
8
3
O
©
S
3
S
Q
S
S
o
S
g
e}
%
g
N
)
3
3
@
©
S
3
S
Q
S
S
o
=
S
g
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14 Be3omacHOCTb ¥ YKOJIOTHYHOCTH IIPOCKTa

14.1 Be3omacHOCTh JIEKTPOCHAOKEHHUS IIEMEHTHOTO 3aBO/A.
14.1.1 be3zonacHOCTh MPOU3BOACTBEHHOTO 000PY/I0BAHMS

Jl7is 37IeKTpOCHAOKEHUS [IEMEHTHOTO 3aBOJla MPUMEHSIETCS TPON3BOACTBCHHOE
obopy1oBaHUE:

— BO3/YIIHBIE JJUHUM JICKTPOIIepeiady HOMUHAJIbHBIM HamnpsikeHuem 110 kB;
—Ka0eapHbIC TUHUN HOMUHAIBHBIM HarpsikenueMm 10 u 0,4 xB;

—TpaHchopMaTOpHbIE TMOACTAHLIMKM HOMHHAIBHBIM Hampspkenuem 110/10 kB u
10/0,4 xB.

be3onacHOCTh MPOU3BOICTBEHHOTO 00OPYI0BaHUS OOECIIeUCHA:

— BbIOOPOM MPUHUUIIOB JEUCTBUS, KOHCTPYKTUBHBIX CX€M, O€30MacHBIX 3JIEMEH-
TOB KOHCTPYKLWU;

— cobuoieHneM TpeOoBaHUM 0€30MacHOCTH MPH IKCIUTyaTalliM, MOHTaXXHbBIX pa-
00Tax, TPaHCIIOPTUPOBAHUU U XPAHEHUU;

— BBIOOPOM AJIEKTPOOOOPYIOBAaHUS U KOHCTPYKIIUU OOOPYIOBaHUS C Y4ETOM IO-
YKapHOU 0€30MacHOCTH;

— BKIOYCHHCM Tpe6OBaHHﬁ 0e30I1aCHOCTH B TCXHHUYCCKYIO JOKYMCHTAIIUIO IIO0
MOHTAXY, 9KCILTyaTallui, pCMOHTY, TPAHCIIOPTHUPOBAHUIO U XPAHCHHIO,

KOHTPOJIEM 3a COOJIIOICHHEM TPeOOBaHMI 0€30MaCHOCTH, MPABUJI SKCIUTyaTalluu
U TPYZIOBOT'0 3aKOHOJATENIbCTBA MO0 OXpaHe Tpy/ia pabOTarOMIUMU.

DIIeKTPoOOOpyI0BaHUE HOMUHAIBHBIM HamnpsikeHueM 10 kB moakitouaercs K
DHEPrOCHUCTEME IT0 CXEME C U30JIMPOBAHHON HEUTPAJIBIO, 4 HOMUHAJIBHBIM HaIpsi-
xkerueM 110 u 0,4 kB — no cxeme ¢ riayxo3a3eMIEHHON HEUTPAIIBIO.

Bb160p cXeMbl 3J€KTpOCHA0XKEHHS LIEMEHTHOTO 3aBOJa OCYIIECTBIEH COTJIACHO
TpedoBanusm [1] u [2].

Jlnst mpenynpexaeHus: CiydailHOro mpuOIMKeHHs YeloBeKa, MAlluH M MEXaHM3-
MOB Ha OITacHbIE paccTosHUs B dnekTpoycTtanoBke 110/10 kB npenycmaTpuBaercs:

— IUIAHUPOBKA W KOMIIOHOBKA 3JIEKTPOOOOPYIOBaHMsI, 0OecTieurBaromas oe3omnac-
HOCTB B IIPOXO0ax, Mpoe3aax, padodyux IUIoaaKkax Ha TEPPUTOPUU U B TIOMEIIIe-
HUSX;

— OrpaxACHUs, YKPBITHS, U30JIS1USI OTKPHITBIX TOKOBEAYIIMX YacTe MO Harps-
KEHUEM, UX PACMOJIOKEHUS Ha HEJOCTYMHOM BBICOTE U YKIIaJKa KaOeneil B
TPYIHOJOCTYIHBIX MECTaX, MPUMEHEHUE WHIUBUAYAIbHBIX CUTHAJIN3aTOPOB Ha-
MpsKEHUs, 3aMKOB Ha JBEPSX, HA BOPOTaX, OTPaXKICHUSIX;

— JIOMYCK K 3JIEKTPOYCTAHOBKAM OCYIIECTBIISCTCS TOJBKO C Pa3pelICHUs JeKYpPHO-
ro MepcoHalia, 00SCIeYNBAIONIECT0 HAACKHOCTh OTPaXKJACHUH U aBTOMaTHYECKOE
OTKJIFOUCHHE HAIPSDKEHHS ITPH BCKPBITHH OTIACHBIX 30H U IIPOHUKHOBEHUH B HUX
YyeJIOBEKa;
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— CpEACTBa KOHTPOJIA MOBPEXKIACHUN U30JSALNN, TPEAYTIPEIUTENIbHAS CUTHA-
au3anus (CBETOBYIO M 3BYKOBYIO), MOKpacka IIMH Pa3jiuYHbIX (a3 B pa3iUyHbIC
1[BETa, & KOHKPETHO — MPOBOJHUKH 3aIMTHOIO 3a3€MJIEHUS BO BCEX JJIEKTPOYCTa-
HOBKaX BBIMOJHSIOTCS [[BETOBBIM 00O3HAUYEHUEM: YEPEIYIOIIUMHUCS MPOJOTbHBIMU
U TIONEPEYHBIMU KEITOTO U 3€JICHOTO I[BETOB; HYJIEBbIE pabouue (HEUTpabHBIC)
IPOBOJHUKHN 0003HAYAIOTCS TOJIyOBIM I[BETOM; MPU MIEPEMEHHOM TpeX(pa3HOM TOKE:
mHbI (a3sl A — xenThiM, B — 3enensiM, C — KpacHbIM; I[BETOBOE 0003HAYCHHUE BBI-
MIOJTHETCS 10 BCEU JJIMHE IIMH, €CIIM OHO MPETyCMOTPEHO TakxKe NIl 6ojiee MHTEH-
CHUBHOTO OXJAXJCHUS WIN aHTUKOPPO3UMHOM 3aIUTHI;

— BBIBEIIMBAHUE 3HAKOB W IUIAKATOB (3aIPEILAONINX, NPEINHUCHIBAIOIINX,
NpeaynpeaUTeNbHbIX, YKAa3aTeIbHbIX ).

[Ipu skcrutyaTanuu J1eHCTBYIONIUX JIEKTPOYCTAHOBOK /i oOecrieueHus 0e3-
OIIACHOCTH 3JIEKTPOTEXHUYECKOIO IMEPCOHAIA MPUMEHSIOTCA 3JEKTPOTEXHUYECKHE
CpEICTBA 3aLUTHI (JIEKTPO3AIIUTHBIE CPECTBA) U PEIOXPAHUTEIbHBIE TPUCTIOCO-
OJeHusICOTIIacHO TpeboBaHusM [3].

14.1.2 be3onacHOCTb 3JIEMEHTOB KOHCTPYKIIMU 000PY10BaHUS

Pacnonoxenue 371eKTpooOOpy0BaHUS TIPEAYyCMATPUBAET UCKIIOUCHUE CITY-
YalfHOTO MPUKOCHOBEHUS, a JOCTYIIHbIC MPUKOCHOBEHUIO OTKPBITHIE U CTOPOHHUE
MPOBOSIINE YaCTU HE HAXOMAATCS MOJ HAMPSYKEHUEM, IPEICTABISIONINM OMaCHOCTh
MOPAKEHUS AJIEKTPUUECKUM TOKOM, KaK B HOPMAJIBHOM PEKUME PabOThI 3JIEKTPOY-
CTaHOBKH, TaK U MPU MOBPEKICHUU N30SI,

C uenpro npenynpexacHuss BEPOSATHOCTU CIYYaWHOTO TMOSIBJICHUS HaIpsixKe-
HUS Ha METAJUTMYECKMX TOKOBEIYIIMX YacTsIX, KopIycax W T.J. A Takxe Jisi CHU-
YKEHUSI CTENIEHU MMOPAKEHUS SJIEKTPUUECKUM TOKOM MPEAYCMOTPEHO CIEAYIOIIEE:

—3amuTHoe (padoyee) 3a3eMiieHHE MOACTAHIIMKN U MEPEIBUKHOTO AJIEKTPOO-
OopyaOBaHUS;

—3aHyJICHUE;

—3alUTHOE OTKJIIOYEHUE TTPU KOPOTKUX 3aMBIKAHUSX, 3AMBIKAaHUSIX Ha 3EMITIO
B CETAX C TIIyX03a3eMJIEHHOW HEUTpasibio, MEepEeHAIPSKEHUIX, TPOOOSX HaIPsIKe-
HUS HAa METAJUTMYECKHUI KOPITYC DJIEKTPOOOOPYI0BAHUS;

—3al[uTa OT MEePEX0/1a HAMPSHKEHUS C BBICIIEH CTOPOHBI HAa HU3IIYIO B TPaH-
chopmaropax;

—3alIUTHOE 3a3emieHue, rpo3o3ammura 1 ['TII, penerinas 3ammra, yctaHo-
BKa HEJIMHEWHBIX orpaHnuutesied nepenanpspbkenus (OITH);

—000pyI0BaHNE BBIOPAHO C yUYE€TOM TOKOB HATrPy3KH U TOKOB KOPOTKOTO 3a-
MBIKaHHUS.
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14.1.3 be3zonacHOCTh UCXOIHBIX MaTEPHUAIIOB

HpH IMPOCKTHUPOBAHUU 060py,Z[OBaHI/IH ero 0e30ImacHOCTh 00OecIieueHa UCIO0Ib30-
BaHUCM B KOHCTPYKIHUHU 0e30macHBIX MaTCpUuaJIOB U BCOICCTB, OCHOBHOC O60py,Z[0-
BaHHUC PACIIOJIOKCHO B OTKPBITHIX PACIIPCACIUTCIIBHBIX YCTPOﬁCTBaX N KOMIIJICKT-
HBIX TpaHC(bOpMaTOpHLIX MOACTAaHIUAX PACIIOJIOKCHHBIX B 3IdHHUAX IICXOB.

Marepuaiisl, IpUMeHsIEMbIC B 000pyI0BaHHUH, TIPEACTABJICHBI B TaduIe 1 co-
rJIacHo TpeboBaHusaM [4].

Tabnuma 28 — BemectBa u MaTepuanbl, BXOSAIINE B KOHCTPYKILUIO 000PYIOBaHUS

ITAK
(Mr/™%) B
BO3/TyXe

Knacc Bun Bo3-

HaumenoBanue MaTCpHraJIOB N BCIICCTB o
OITIaCHOCTH| ACHUCTBUA

Bynkanu3zanuoHHbIE ra3pl pe3UHBI HA OCHOBE
CKU-3, CKJ, CKC-30, APKM-15) no cym-
MAapHOMY COJEP’KaHUI0 aMHHOCOCIMHEHUHN B
BO3J1yX€

II 0,5

Kpacurenn oprannueckne 111

Menpb II

AmroMuHUN I1I

Cepebpo 11

ITonuxnopBUHWI 111

lModnuck u ama

UHe. Ne dy6n.

o

B3am. uHs.

lNodnuck u 0ama

UHe. Ne roorn.

Macna wMuHepanbHble (TpaHchopMaTOpHOE I
MacJo)

ol o |o|lo|g|o|o
g ok |k |o

5000

Oneras SFq AV

14.1.4 MexaHu3alys ¥ aBTOMaTH3aIMs TEXHOJIOTHUSCKUX OTepaIiiii

MonTakabie pabOThI BBITIOTHUTH C UCTIOIB30BAHUEM CPEJICTB MEXaHU3AIINH: aB-
TOKpaHa, OypHJIbHO-KPAHOBOM MaIllUHBI.

JIyist ynpaBiieHHs] BBIKJIIOUATENSIMUA TIOJICTAHIIMKM MCIIOJIb30BaTh CPENICTBA aBTO-
MaTUKH: aBTOMaTHueckoe moBTopHOe BKItoueHue (AIIB), aBTomaTHdeckoe BKITIO-
yeHue pesepa (ABP), aBTomaTuyeckoe peryMpoBaHUE HAMPsHKEHUS MOJT HArpy3-
kot (PITH).

[Ipu oTKIIFOUEHUH BBIKIIIOYATEIECH MOJACTAHIIMU U JUHUI BPYUYHYIO, aBTOMATHUKA
(AIIB, ABP, APIIH) ne nomkHa cpabaTeiBaTh. JlJis 3TOTO B LIETSIX peIeiiHON 3an1u-
Thl 1 ABTOMATUKU BBIMIOJHUTH OJIOKUPOBKY.

[enu peneliHOM 3alIMTHI U ABTOMATHKHU BBIMOJHSAEM B OTAENbHBIX IIKadax, oT-
JEIbHO OT CWJIOBBIX Iienei. JIJisi MCKIIIoueHUs HEenpaBUIbLHOW pabOThl penerHOM
3aIUTHl 1 aBTOMATUKHU [IPU MOBPEXKACHUHN U30JISLUN BBIIIOJIHUTE CUTHAIU3ALUIO.

,HJIH YIPAaBJICHUS BBIKIIIOYATCIISIMHU BBICOKOT'O HAITPS’KCHHA BBIIIOJIHUTHL Opra-
HBbI YIPAaBJICHUA HCIIOCPCACTBCHHO Ha CAMOM BBIKJIHOYATCIIC, @ TAKKC INPUMCHUTD-
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AUCTAHIMWMOHHBIC OpraHbl YIIPAaBJIICHUA, PaCIIOJTOKCHHBIC HA 0e30I1aCHOM OT BBIKITIO-
qgaTeJisd paCCTOSHNM.

14.1.5 be3onacHOCTh OPraHOB yIIpaBICHUS

Bce oprassl ynpapieHus: peyCMOTPEHBI B COOTBETCTBUU C TPEOOBAHUSAMU
[5].

ITocne moHTaxka no Havana mycka ['TIIT u TII memenTHOrO03aBOIa BCE OPraHbI
yIpaBJieHUsl MOJIMKUCATh COTJIACHO AUCIIETYEPCKUM HAUMEHOBAHUSIM.

Jlns oOecrieueHuss HEOOXOAUMOM ITocieaoBaTeabHOCTH nercTBuii Ha [TIIT
NpeayCMOTpEHa MeXaHW4yecKass U 3JieKTpoMmarHuTHas OnokupoBku. Ha Bcex TII
MpeayCMOTpPEHa MeXaHuueckasi OJOKMPOBKA HCKIIOYAIONIas BKIIOYEHHUE 3a3eMIIsi-
IOIINX HOXKEN HAa TOKOBEAYIIME YACTU HAXOASAIIUECS MO HAMIPSYKEHUEM.

Opransl ynpaBi€HUs NPUBOJAMU PAa3bEIUHUTENICH BBIIOIHEHBI TIaJKUMHU
0e3 3ayCceHIIeB U 3a3yOpuH, HE UMEIOITUMHU OCTPBIX KpaéB.

14.1.6 be3onacHOCTb CPEJICTB 3alIUThI, BXOAIINX B KOHCTPYKITHIO 000py0-
BaHUS

CpencTBa 3alIMThI, BXOAIIME B KOHCTPYKIIHIO 000pYIOBaHUs, IIPEICTaBIe-
HbI B Ta0uIe 29.

Tabnuma 29 — Cpencra 3amuThl, TPEyCMOTPEHHBIE KOHCTPYKIIMEH 000pyI0BaHuUs

Bun, tun

Ne o Crnoco0 kpen- | Marepuaisl sl U3TOTOB-
CpeacTBa Ha3nauenue

/1 JIEHUS JIEHUS
3aIUTEI

Momsec, Gor dapdop, crexso, TpaHcho-
1 | Uzonsmus 3ammra OT HaNPsHKEHUS ToBOE H’T 1 pMaToOpHOE Macio, TMOJIHX-
I JOpBUHWI, d51era3 SFg

3aIJ_[I/ITa OT  HaIIPAKCHHUA

CapouHoe
BO3HHUKAIOIIETO Ha MeTal-
3amuTHOe COE€OUHEHHE,
2 JMYECKUX YacTiX 00opyao- Cranb
sasemnemne | Lo HTHSX TIDH 0onToBOE Coe-
TPy PH | inenne

TIOBPCIKACHUHN U30JIITUN

JamuTa  OT  HaNpsHKEHUs
BO3HUKAIOIIETO Ha MeETall-
3 | 3anynenue JMYECKUX YacTAX o0opyno-
BaHUA U KOHCTPYKLUAX NPU
MOBPEXKICHUH U30JISIIII

BontoBoe co-

Cranb, allFlOMUHUN, ME/Ib
SIUHCHHE

BontoBoe co-
€IUHCHUE

Crainsn

4 Or PAKIACHUC 3aH_[I/ITa OT HAITPAKCHUA
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JIist uHpOpMUPOBaHUS ASKYPHOTO MEepcoHaia 00 aBapUIHOM PEXXHME BbI3BAH-
HBIM TTOBPEXIACHUEM HU30JISIIIUU AJIEKTPooOopynoBaHus Hampsbkenrem 110 u 10 kB
npeaycMOTpeHa curHaiuzanus. [Ipyu moBpexaeHUn U30JSIUU B AJIEKTPOYCTAHOB-
kax Hanpspkenuem 0,4 kB npegycMmoTpeHa 3ammra, OTKIIo4aronas moBpexacHHYI0
AIEKTPOYCTAaHOBKY.

3ammTHOe 3a3emiieHue BoinoaHeHo juis ['TIIT 110/10 kB, Bcex TII u Bo3my1i-
HBIX JINHUW COTJIACHO TpeOoBaHUsM [2].

Tpebyemble 3HaueHHs] HanpspKeHU mpukocHoBeHus (tabmuma 30) u compo-
TUBJICHUS 3a3EMIISIONINX YCTPONUCTB MPU CTEKAHUH C HUX TOKOB 3aMbIKaHUSI Ha 3€M-
JII0 ¥ TOKOB YTEUKH TIPUHSATHI TIPU HanOoJiee HEOIAronmpusATHBIX YCIOBUSX B JII000€
BpeMs rojia.

Tabnuma 30 — HauGonpiire nomycTUMble HApsHKEHUsT pukocHoBeHust U
I

n

np » ¥ TOKH

HaubGonbiiee nonmycruMoe 3Ha4€HHUE MPHU MTPOIOJKUTETEHOCTH

Hopmupye- BO3JenCTBUA T, C

mas Benmmuu- | 0,01 0o lo 0 bo-
Ha 01(02,03|04/|05 ' ’ 9’ aee

0,08 67,8 10

Pox v yac-
TOTa TOKAa

o
=

Tepemer- Uy B | 650 500 205 156 152 100 85|70 |65|55|50 | 36

MROTI A [ eso |20 201 12210 g5 | 70| 65 |55 50| 6

lModnuck u ama

UHe. Ne dy6n.

B3sam. uHs. Ne

lNodnuck u 0ama

UHe. Ne roorn.

Ha Bcex TII 3anynenune npeaycMOTPEHO HEPA3ZbEMHBIM CBAPHBIM COEMHEHU-
€M K 3a3eMJISIIOIIEMY MPOBOIHUKY.

Ha I'TIIT 110/10 kB nieMeHTHOTO 3aBOJia MPEAYCMOTPEHO OTPAXKJICHHUE BBHICO-
TOH 2 M JJI1 MCKJIFOUCHHS BO3MOKHOCTH MPHUONMKEHUS K TOKOBEAYIIUM YacTsIM
JKUBOTHBIX W JItOJIel. BxomHble BOpoTa 00OPYAYIOTCS MEXaHUYECKUMHU 3aMKaMH.
VY cTaHOBIICHHBIE 3aMKHU MPETYCMOTPEHBI C BO3MOXKHOCTBIO 3aKPBITUS C HAPYKHOU U
C BHYTPEHHEHN CTOPOHBI OrpaxkaeHusi. Ha BXOAHBIX BOPOTAX U OTPAXKICHUIO IO BCE-
My TEpUMETpPY 4Yepe3 2,5 M Mpu MOMOIIKA OOJITOBOTO COSAMHEHHUS MOHTHPYIOTCS
npeaynpexaaronme 3Haku «OcTopokHo! DnekTpuyeckoe HanpspkeHue!». JlaHHbie
3HAKHU BBIMOJIHAIOTCS B COOTBETCTBHHU € TpeOoBaHHUSIMH [5].

14.1.7 DpronoMuka U TEXHUYECKas ICTETHKA

Bce aneKkTpoyCcTaHOBKHM BBITIOJIHEHBI B COOTBETCTBUHM C AeUcTBYromuMu 11V
«ITpaBuna ycrporictBa 31ekTpoycTaHoBok» U IITD «lIpaBuna TexHUYECKON 3KCI-
JyaTallu 3JEKTPOYCTAHOBOK.

Ha I'TIIT 110/10 kB u Bo Bcex TII 10/0,4 kB mpeaycmoTpeHo nBeToBoe 0003-
Hauy€HUE OJIHOMMEHHBIX IIHUH: IMTUHBI (Da3bl A OKpAIIMBAIOTCS B JKENTHIN 1BET, (Pa3bl
B — B 3enensiit 11set, azbl C — B KpacHBIM 1BET.
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3azeMIsIIoIMe MPOBOAHUKH, MPOJIOKEHHBIE HA OTKPBITOM BO3IyX€, OKpaIlH-
BArOTCs B UEPHBIN LIBET.
Bce npuBoga u TATH 3a3eMIISIFOIINX HOKEW OKPAIIMBAIOTCS B KPACHBIN 1IBET.

14.1.8 be3onacHOCTh IPU MOHTAXHBIX U PEMOHTHBIX paboTax

MonTtaxxuble peMoHTHbIE paboTsl B OPY - 110 kB npu pekoHCTpyKIIMU U peMo-
HTE 3JIEKTPOYCTAaHOBOK BEAYTCS CIEIHMAIbHBIMU MOHTKHBIMH OPTraHU3aLUSIMU, CO-
rJacHoO npoekTa npousBoAcTBa padot (III1P) win TexHonornyeckux KapT 1Mo Haps-
ny. TP, TexHonornyeckrue KapThl pa3padaTbIBA€TCSI MOHTAXHOW MM HaJIaJA0YHOM
OpraHM3aLMEN U COITIACYETCS C 3aKa3UMKOM.

B paznene [P “Texnuka 6e30macHOCTH MOAPOOHO U3JI0KEHBI 3apaHee Mpo-
JyMaHHbIE UHKE€HEpamMu Tpynn noaroroBku npoussoactsa (I'TIIT) meponpustus:

— YCTpaHSIOLIME NPUYUHBI BO3MOXHOTO TPaBMaTU3Ma;

— ompenensomnye 6e30macHble crocoObl MPOU3BOJICTBA BCEX BUJIOB padoT;
OIpENEIAIONINE TEPEUYeHb MAlllMH U MEXaHU3MOB, HHCTPYMEHTOB U IpUCIIOCO0IIe-
HUM 1 o0ecreynBaoIre 0e301nacHOE BBIMOJHEHUE padOT C HUMHU U ITPOYUE MEPOII-
pUATHSL.

Mactep ¢ rpynmnoil He Huke V IpOoBepsieT NMPAaBUIBHOCTh BBIIIOJHEHUS TEXHU-
YECKUX MEPONPUITHI JOMYCKAIOIIUM, IPOBEPSAET COCTOSHUE JIECOB, JIECTHHUIL U T10-
JIMOCTEH, 3alUTHBIX CPEACTB U MPUCIOCOOJICHUH, YUCTOTY U MOPSAOK Ha paboyem
MECTE MOHTaXXHUKOB, OCBELIEHHOCTh pabo4YMX MECT, 00ECIEUEHHOCTh CPEACTBAMU
MOXKAPOTYIIEHUS U CBSI3U, MPOU3BOJUT LIEJIEBOM MHCTPYKTax padouux no Th u ko-
HTPOJUPYET MPaBUIbHOE MPUMEHEHHE Pa0OYMMU 3alUTHBIX CPEJCTB U MPHUCIOCO-
OJieHui 1 coOmoieHne Mep 0e30MacHOCTH B 00bEME JAHHOTO MHCTpYKTaxka. Jlomy-
ckaromui Bpy4aet macrepy 1IIIP oguH Hapsan ¢ pocnucsiMu B HEM.

Jlist mombeMa TpaHc(hOpMATOPOB MCHOIB3YETCS MOHTAXKHBIN THAPOTIOIBEEMHUK
tina AI'TI — 12 A na 6a3e aBromobOmnst 'A3 — 53 A. Jlnsg nogbpéMa TsDKENBIX JeTa-
Jeil AIeKTpooOopyIoBaHus npuMeHstorcs: aBTokpan AK — 75, kpan-6anka K — 5,
MOHTaxkHas yiebenka tumna JIM — 1M, manorabapuTtHasi ¢ py4HbIM MPUBOJAOM THIIA
POJI — 250. [ToabeMHbIe MEXaHU3MBI 00s3aTEIBLHO 3a3eMIISIFOTCS. YacTh AIEKTPOyC-
TaHOBOK OTJIEJISIETCS OT JACHCTBYIOIIMX IIUTaMH, OapbepaMu U Tak nanee. Pa3rpysky
TpaHC(HOPMATOPOB C KEIE3HOJOPOKHBIX MIATHOPM MPOU3BOIAT aBTOKpaHoM. Jlo-
MyCKaeTcs repeMeleHre TpaichopmaTopa 1o HaKJIOHHOMY CKaTy ¢ yIJioM HaKJIOHa
He Oosiee 10°. TpanchopmaTop Co CTOPOHBI, MPOTUBOIIOIOKHOM HANIPABICHUIO CITY-
CKa MOAJICPKUBACTCS OTTSHKKAMHU MTPU TTIOMOIITH JIEOSOK.

[Tocne Toro, kak OMIMHOBKA TpaHCHOPMATOpa CMOHTHPOBAHA U IPHCOCTUHEHA K
IIIMHAM PACTIPEICTUTEIEHOTO YCTPOHUCTBA, €r0 BHIBOIBI 3aKOPAYUBAIOTCS HAKOPOTKO
W HaJIe)KHO 3a3eMIISIIOTCS Ha CiTydail omMO0YHON MOoJauu HAMpsHKEHUsST Ha TpaHcdo-
pMaTop, KOTOPBIH €Ille He MPUHSAT B SKCIUTyaTaIlUIO U B IIETIH €T0 €IIe HEe 3aKOHYCHBI
Kakue-1m00 padoThI.

[Tocne okoHUaHUs PEMOHTHBIX paboT paboyee MEeCTO MPUBOIUTCS B TIOPAJIOK,
MPUHUMAETCSI OTBETCTBEHHBIM PYKOBOJUTENEM, KOTOPBIN MOCIE BHIBOJA OpUTaIbl
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ITPOU3BOAUTECIIEM pa60T 3aIlIMChIBACTCA B HAPAAC 00 OKOHYAHHUU PEMOHTHBIX pa-
60T, 1 CcaacT €ro OrncparuBHOMY IICPpCOHAITY oo IpHu OTCYTCTBHUH ITOCICIHETO OC-
TaBJIICT B IIAIIKC I[GﬁCTBYI-OHIHX HapAa0B.

Hanagouyneie paboThl HA MOJCTAHIMN TPOU3BOAMT CIIELUAIBHO OATOTOBIIEH-
HBIW JIEKTPOTEXHUYECKUN MEPCOHAT AIEKTPOMOHTAXKHOW OPraHU3aLMK C TPYIIION
He Huwke |l mo Hapsy, moa pyKoBOICTBOM OTBETCTBEHHOI'O PYKOBOJIUTETIS, C
rpynnoit He Hike 1V. Tlepconan, nmpoBoAsIIUiA UCTIBITAHUS U HAJIAJKY, TIPOXOJIUT
CIEHHUAIBHYIO TOATOTOBKY U IMPOBEPKY 3HAHUS SJIEKTPUUECKON CXEMBI UCIIBITA-
TEJIbHOW yCTaHOBKH. /10 MPOM3BOJACTBA HANAIOYHBIX pa0OT pabouyto MIOMAIKY
XOpOUIO MOJArOTABINBAIOT, OCBEHIAIOT U BBIBEHIIMBAIOT 3ANPEIIAIONIUE IIJIAKATHI B
MecTax, re 3To Heo0xoauMo. bpurany HaaJYuKoB 00€CIeUnBAIOT HAJIAI0YHBIMU
npudopamMu U 3alUTHBIMH CPEJICTBAMHU.

COopKy cxeM UCIIBITaHUI MPOU3BOJUT TOJIBKO MEPCOHANI OpUTaAIbI, TPOBO/ISI-
M HAJIa Ky U UcnbITanus. s pa3menienust npuOopoB Opurajia HajaaJauuKoB HC-
MOJIb3YET MPOYHBIE CTOJIBI U3 AUAIIEKTPUKA, Ha HUX pa3MeIatoTCs MPUOOPHI, KIIeM-
HUKH, pyOUTTbHUKH U T.J.

UcnpiTatenbHas ycTaHOBKA UMEET B LIENHM MUTAHUS PYOMIBHUK JIJIs1 oOecneye-
HUS BUIUMOTO pa3pbiBa. [0 mpucoeIMHEHUS UCTIBITATEIbHOM YCTAHOBKHU K CETH €€
BBICOKOBOJIBTHBIN BBIBOJI 3a3€MJISIETCSI METHBIM THOKUM MTPOBOJIOM CEUCHHUEM HE
MeHee 4 MM, DTOT POBO HAKIAABIBACTCS CIICLUANBHOM H30IMPYIOLIEH IITAHT 0.
[Ipexxne yeM Ha4YaTh UCTIBITAHUS TpaHChOpMATOpa, YAAISIOT C paboyeil MI0ma K
JtoJIeH, He MPOBOASIIMX UcTbiTanus. [lepen nmonaueit HanpsHKEHMs, TOJJAETCs yCT-
Hoe npenynpexaeHue “Ilomaro HanpsiKeHUEe”, CHUMAETCS 3a3€MJICHUE C BBIBOJIA U
BBIKJTIOUAETCS PyOUIIbHUK Ha cTopoHe HampsikeHus 380/220 B.

14.1.9 IloxapHasi 6€30MacHOCTh

[ToxxapHast 6e301acHOCTh 00ECIIeYnBAETCA CUCTEMOM TIPEIOTBPAICHHS TTOXKapa
IIyTE€M OPTaHU3ALMOHHBIX U TEXHUYECKUX MEPOIIPUATUN U TEXHUUYECKUX CPENICTB,
00ecIeuynBaIIMX HEBO3MOKHOCTh BOZHUKHOBEHUS TI05Kapa., a TAK)KEe CHCTEMOU
ITOYKapHOW 3allUTHI, HAIIPABICHHON Ha MPEIOTBPALICHUE BO3ACHCTBUS HA JIFOJEH
OIMAacHBIX (PaKTOPOB MOXKapa.

Ha moactaHiusx 1exoBoro NoTpeoUTeNs YCTaHOBJIEHO AIEKTPOOOOPYI0BaHUE,
pazbeAMHUTENH, TPAaHCHOPMATOPHI, BHIKJIFOYATEIN, BEHTUIIbHBIC PA3PSIHUKH, IITH-
HbI, TOKOTIPOBO/IBI U T.J., IPY U3TOTOBIEHUH KOTOPBIX MPUMEHSIOTCS MOKapOooIac-
HbIE MaTepHUalbl U BEUIECTBA.

K noxapoonacHbIM BellleCTBaM U MaTepualiaM OTHOCITCS TpaHC(HOPMATOPHOE
MacJio, U30JISIIMOHHBIE MaTepUaJIbl U B3PBIBOOIIACHBIE T'a3bl.

[Ipu sxcrmyaranuu TpaHchOPMATOPOB MAKCUMAIIBHO JIOMTyCTUMA TeMIIepaTypa
HarpeBa BEpXHHUX CJIOE€B Maciia, KoTopasi He JoJKHA npessimars 55° C. Temnepary-
pa BcObILIKK Macia He Huke +135° C.

OcHoBHbI€ MpUYKHBI T0kapoB Ha TII: KOpOTKHE 3aMbIKaHUS U 3aMbIKaHHS Ha
3EMJIFO0 TP MEXAHUYECKUX MTOBPEKICHUAX U30JISILUH, TOKOBEAYIINX YaCTEN, CTa-
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PEHUEN30JISMHY, CTAPEHHUE U 3arpsi3HEHUE TpaHC(POPMATOPHOTO Maca, Meperpes
TOKOBEYIIUX YaCTEH MPU NEeperpy3Kax U NepeHanpsKeHusx.

J11st 3 Thl TPaHC(OPMATOPOB OT TMOXKapa MPUMEHHUTH CPEICTBA TPOPHIIaKTH-
KH: Ta30Bas 3anuTa, 1udepeHnraibaas TOKOBas 3auTa, MaKCUMallbHas TOKOBAs
3alluTa, MPOTUBOABAPUITHAS U MPOTUBOIIOXKAPHAS CUTHAJIU3AIUA, CPEJICTBA KOH-
TPOJIS 32 COCTOSTHUEM M3O0JISIINH, 3arPS3HEHNEM U CTapEHUEM TpaHC(hopMaTOpHOTO
macina. Ha I'TIIT u TTI oGopymoBaHbl MPOTUBOIOKAPHBIC IUTHI, SITAKH C TIECKOM H
T.1. B MecTax pacnosnoxeHusi Hapy>KHbIX 3JIEKTPOYCTAaHOBOK YCTaHOBIICHBI OTHE-
tymurenu OY-10, OY-5. Kaxnpiit pancdopmaTop Ha cirydail BeiOpoca maciia 000-
PyAOBaH MaclIONPUEMHOMN IMOU € 3aKPBITHIM CTOKOM B pE3€pBYap, YTO NPEIOTBpaA-
1IAEeT 3arpsi3HEHUE MMOYBHI.

DneKkTpooOOpyAOBaHUE IS TTOKAPO- U B3PHIBOOTIACHBIX YCTAHOBOK BRIOPAHO B
COOTBETCTBUH ¢ TpeboBaHusiMu [1Y D, uTo no3BosieT n30exaTh HEJOMYCTUMOTO
neperpeBa MpoBOIHUKOB M COOTBETCTBYIOLTYIO HCKPOOE30MacHOCTb.

14.1.10 bezonacHOCTb NP Ype3BbIUANHBIX CUTYALUSAX

J1J1s1 TOBBIMICHHUS YCTOMYUBOCTH CUCTEMBI DJICKTPOCHA0KCHHMSI IPEATPUATHUS
IIPH YPE3BBIYANHBIX CHTYAIMSIX (CTHXUHHBIC OCICTBHS, B3PBIBBI, TIOXKAPHI, TEXHOJIO-
THYECKHE HAPYIICHHS U JP.) BBITOJHSICTCS KOMILUIEKC MEPOTIPUATH, BKITFOYAFOIINH
IPOTHO3MPOBAHKE WJIHM JIUKBHJIAIINIO BO3MOYKHBIX HAPYIIICHHH CHCTEMBI AJICKTPO-
CHaOKEHUS MMyTEM CTPOUTEIHCTBA 3alIUTHBIX COOPYKEHUHN U YCTPONCTB, YCHIICHUS
CTPOMTEILHBIX KOHCTPYKITUH 3TaHUM, a TAK)KE OMPECIICHUsT 0U4ePETHOCTH BHITIOJI-
HEHUs paboT.

B cucreme anexkTpocHaO) eHUs IPEAIPUITHS CIIYKOOMU TJIaBHOTO SHEPreTHKa
MPOBOJUTCS MEPUOJIMYECKUIA U BHEOUEPETHBIE OCMOTPBI AEHCTBYIOIIUX CUJIOBBIX U
OCBETHUTENIbHBIX 3JIEKTPOYCTAHOBOK B MPOM3BOJICTBEHHBIX TIOMEUIEHUSAX U B HAPY K-
HBIX YCTAHOBKAaX: OCMOTPBI PACIPEAEIUTENBHBIX YCTPOMCTB MOJCTaHIUN, KOMMY-
TAllMOHHBIX alnapaToB, CUJIOBBIX U U3MEPUTENBHBIX TPaHCPOPMATOPOB, MPHUOOPOB
3aIlUT, aBTOMaTUKH, KOHTPOJIS U y4eTa JIEKTPOIHEPTHH.

Ha nucnerdyepckoM MyHKTE NPEANPUATHS UMEIOTCS MECTHAs UHCTPYKIUS 110
MPEIOTBPAICHUIO U JIMKBUIALMY aBapuil (HapyIIeHUI) U TJIaHbl TMKBUAAIIMY aBa-
puii (HapyleHuil) B CUCTEME JIEKTPOCHAOXKEHUSI, KOTOPbIE COCTABJISIOTCS CITYKO00H
IJIABHOTO SHEPIeTHKAa B COOTBETCTBUM C TUIIOBOM MHCTPYKIUEH BBIIIECTOSIETO
HHEPreTUYECKOT0 YIPABICHUS U COTIACOBBIBAIOTCS C OPraHaMH MECTHOI'O CaMO-
YIPABJICHHUS.

Jlucm

Ar-140211.65 113

U3m.

Jlucm Ne dokym. lModnuck | dama 68




lNeps. npumeH.

o

Cnipas.

lModnuck u ama

UHe. Ne dy6n.

o

B3am. uHs.

lNodnuck u 0ama

UHe. Ne roorn.

14.2 Dxonornyeckas 0€301MaCHOCTD C-)JICKTpOCHa6}KeHI/I$I OCMCHTHOI'O 3aBO/Ja

HpI/I CTPOUTCIILCTBC CUCTCMBI 3JICKTpOCH3.6}KCHI/I}I O6pa3YI-0TC$I CICAYOIIHueC OT-
XOAbI IIPOU3BOJACTBA U HOTp€6JICHI/IH:

1. TBepbIe OTXOABI: CTPOUTEIBHBIC OTXOIbI (OETOHHBIE CTOJIOBI, OUTHIN KHP-
MI1Y); UCTIOpUYCHHBIE PapdhOPOBBIC U3OIATOPHI; BETOIIIb, OOTUP; OBITOBBIC OTXO/IBI.

OO6pa3yromuecs: TBEPAbIE OTXOIbI COOUPAIOTCS B KOHTEHHEPHI M CIAFOTCS TI0
NacrnopTaM Ha FOPOJICKON MOJIUTOH TEXHUYECKUX, OBITOBBIX U MPOMBIIIJIEHHBIX OT-
XO/JIOB.

JIxOMMHECLIEHTHBIE JIAMIIBI, COAEPKAIINE APl PTYTH, OTCIYKUBIINE CBOU CPOK
aKKypaTHO YKJIAJBIBAIOTCS B OyMa)KHO-KapTOHHBIE SIIUKHU, U METAITTNYECKHE KOH-
TEUHEPA, MPEIOXPAHSA OT Pa3pPYLICHUM U BBIBO3SITCS HA CIIELMAIBHBIN CKJIAJ, OTKY-
Jla OHM CIAIOTCS HAa IEMEPKYPU3aLUIO.

OOGpa3zyromuiicss YepHbId U LBETHOM JIoM OTHOCUTCS K BMP (BTOpuuHBIE Me-
TaJIJI0 PECypChl), KOTOPBIM coOupaercs u caaetcsi Bo Bropuepmer;

2. Xuakue oTxoabl:

Ha OPY u TII umeercsa MacinoHanoJiHeHHas arnapatypa (Tpancopmaropsl). B
aBapUMHBIX PEKMMaxX MOXKET MPOU30UTH BRIOPOC Maciia WK yTeuKa, YTO IPO3UT
[IOIIaJJaHUEM Macia B II0YBY, II0J3€MHbIE BOABL. /{11 IpeaoTBpallleHus TaKUX CIIy-
4aes, [10J] TAKOM aIapaTypou UMEIOTCs MaCIONPUEMHBIE IMbI, 3aKPBITbIE HACTH-
JIOM, IOBEPX KOTOPOTO HACHINAXOT YUCTHIM I'PABUI U IPOMBITHINA I'PAHUTHBIN 111E-
OeHb. SIMa orpannumBaeTcsi OOPTOBBIM OrpaxaeHuem, He menee 200 cm. Macio-
NPUEMHBIE IMbI UMEIOT CIIELIMAJIBHBIN OTBOJ] MacJa 1o Tpy0aM B MacjIONpUEMHBIE
KoJoubl. Mcnons3oBaHHOE (TPSA3HOE) MACIO CIAMBAIOT B CIIELIMAIBHBIE EMKOCTH U
BBIBO3SITCSI HA MACJIOXO3SIICTBEHHBII KOMOUHAT, II€ MPOBOASAT €r0 pereHepaluio B
LEJSX TOBTOPHOTO UCITOIb30BAHUS.

JIMBHEBBIE CTOKH C TCPPUTOPHH IMOACTAHIHH ITPOXOAAT OYHUCTKY B MACJIOYJIOBHU-
TCIAX, a4 3aTEM IMOCTYIAK0T B T'OPOJACKYIO JIMBHCBYIO KaHAJIU3AIHIO.

3. BriOpocsl B aTMocdhepy:

Ha atmocdepHbIif BO31yX OKa3bIBaIOT BIMSHUE BHIOPOCH aBTOTpaHcmopTa. s
TEXHOJIOTUYECKUX 1iesel ucnonb3yercsa apTorpancnopt ATII 3aBona, rae oH npo-
XOIUT IKOJIOTUYECKNAN KOHTPOJIb BBIXJIONHBIX I'a30B.

Bce obpasyroniuecs 0TXobl IPU PEKOHCTPYKIMHM YUYUTHIBAIOTCS U KOMITEHCH-
PYIOTCSI OTBETCTBEHHBIMU IO OXPAHE OKPYKAIOIIEH CPEbl HA MPEAIPUATHH.

OmaTta yciIyr CTOPOHHHX OpPTaHHM3aIlui 3a MpuUéM, XpaHCHWE W YHUUYTOKCHHUC
AKOJIOTHYECKH OIMACHBIX OTXO0JIOB, CTOYHBIX BOJI, IPYTHE BHJIBI TEKYITUX TTPHUPOI00-
XpaHUTEIBHBIX 3aTpaT BKJIKOYAIOTCS B C€0€CTOMMOCTD MPOAYKIIUU (PadboT, yCiIyr).
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14.2.1 Dxonoruveckasi 6€30MaCHOCTh MAaTEPUAJIOB, BXOISAIINX B KOHCTPYKITHIO
o0opy1oBaHUs

B xoHCTpyKIIMIO 000pYyAOBaHUS BXOJIUT OK0JIO 10 HAaMMEHOBAaHUN MaTEepUAJIOB:
pe3uHa, cepedpo, Melb U T.J., KOTOPbIE B HCXOJIHOM COCTOSIHUM U HOPMAJIbHOM pe-
YKUME IKCILTyaTalluy MOMEIEHUH He TIPEJICTABIISIOT OMACHOCTH. XapaKTePUCTUKU
HEKOTOPBIX UCXOJHBIX MaTepUaIoB, BUJ BO3ACHCTBUS U HOPMBI MPEJIETBLHOTO CO-
JiepKaHusI MpUBEICHBI TabmuIe 1.

14.2.2 Dkonoruyeckas 0€30MacCHOCTh BEUIECTB, BEIOpachIBaeMbIX B aTMOchepy-
IIEMEHTHBIM 3aBOJIOM

TpanuionHo HaubosbIIeH MPOOIEMON IEMEHTHOTO 3aBOJa SIBJISIOTCS BBIOPO-
Chbl IEMEHTHOMN NbUTU. B OCHOBHOM NpUYMHON BEIOPOCOB MBLIU SIBJSIOTCS ChIPHEBbIE
3aBOJIbl, N€YU ISl O00XKHUTra, KIMHKEPHbIE XOJIOAWIbHUKU, LIEMEHTHBIE MEJbHULIBI.
OcHOBHasi 0COOEHHOCTh 3THX MPOLECCOB 3TO TO, YTO FOPSIYMNA OTPAOOTAaHHBIN ra3
WM OTpabOTaHHBIM BO3AYX MPOXOIUT Y€pe3 U3MEIbUYECHHBIA J0 COCTOSHHUS IBUIH
MaTepHall, 4TO MPUBOJMUT K 0Opa30BaHUIO NUCIIEPCUOHHON cMecH ra3za u npui. Oc-
HOBHBIE CBOMCTBA YaCTHI] 3aBUCAT OT UCXOJHOTO MaTepuaia, KIMHKepa WIH [IEMEH-
ta. [IpieoOpa3zoBaHre U3 paccpeOTOUCHHBIX UCTOYHUKOB HA TEPPUTOPUH 3aBOJA
(coyBaemasi MbLTb), MOXKET MPOUCXOJUTH B PE3YJIbTATe XPaHEHHS U MOTPY3KH, TO
€CTh B TPAaHCIOPTHOM CUCTEME, CKIAJCKUX 3aracax, BO BPEMs JBUKEHUS MOAbEM-
HOT'O KpaHa, YIIaKOBKH B MEILIKH, U T.1., U B IIPOLIECCE TPAHCIIOPTUPOBKH, BO BPEMSI
JBHYKEHUS TPAHCIIOPTA IO TPYHTOBBIM Joporam. IIoCKoJIbKy XUMUYECKH U MHUHE-
paJIOTHYECKUI COCTaB LIEMEHTHOM MM N0I00€H MPUPOIHOMY KaMHIO, €€ BO3JIeHC-
TBHE HA 3I0POBBE YEJIOBEKA CUUTAETCS BPEAHBIM, HO HE TOKCHYHBIM

BcrnioMmorarenbHbIe 11eXa, BXOSIIUE B CTPYKTYPY 3aB0j1a, TaK K€ HEraTUBHO
BO3JICHCTBYIOT Ha OKPYKAIOIIYIO CpeAy. AHAIN3 3arpsSI3HECHUN OKPY>KAIOIIEH Cpebl
Ha [IEMEHTHOM 3aBOJI€ MPEJICTABJICH B TabnuIe 4.

Tabmuma 31 — Ananu3 3arpsS3HEHUI OKPYIKAFOIICH Cpebl Ha IIEMEHTHOM 3aBOJIC

[IpousBoaCcTBEHHBIE TOME- [Tepedensb 3arpsA3HEHHUI, MOCTYMAIONIMX B OKPYXKAIOIIYIO CPEAY

HICHUs B aTtMochepy B CTOYHBIE BOJIBI

Termora, memMeHTHass MbUIb, | TeruIOTa, MPOMBIBOUHBIE PACTBOPHI

[lexa OCHOBHOT'O MPOU3BOI- .
MEYHbIE Ta3bl, YTJEKHUCIBINA | (OpraHMYecKUe W HEOPTaHUYECKUE

CTBa

ras, TMOKCHH KHUCJIOTHI, ET0OYN U JP.)
Hacocnas crannus Temora, mym Tennora, HeTENPOAYKTHI
Komnpeccopubliii iex Temora, mym Termora

Tennora, meuTh, TApBl HE-

INapaxu N Hedrenponykrsl, kuciora,
TENPOAYKTOB, YrapHBbIii ra3

ITomemenue BenTusTopoB | Termora, mym Temnora

OPY, KJIOII, BJISIIT Tennora, neuth, HHOPa3ByK | OOMBIBOUHBIE PACTBOPHI, Macia

I[J'IS{ OUYMUCTKH JABbIMOBLIX TI'a30B IIPUMCHACTCA U3BECTKOBO-KATAJIUTUYCCKUI
I[BYXCTYHGHLIaTBIﬁ MCTOJ C MOJIYYCHHUCM THUIICA, OCHOBAHHBIN Ha IIOTJIOIICHUHM M O-
KCHuJa CCphbIl U3BECTHSIKOBOM CYCHGH3Heﬁ B JIBC CTYIICHN KOHTAKTA.
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Ha 3aBojie BBeIeHbI KOHTPOJIb M PETYJIMPOBAHUE aBTOMOOUIIEH 1O TOKCUYHO-
CTH U ILIMHOCTH OTpabOTaBILIMX I'a30B.

Jiist cHIKEeHMsI BBIOPOCOB B aTMOc(hepy MPUMEHSIIOTCS 3IEKTPOPHIBTPHI.

OuncTKa CTOYHBIX BOJ MPOU3BOJIUTCS 3a CUET OTCTamBaHud, (piroTtanuu, Gpu-
JBTPOBAHMS, PA3NIOKEHUSI U OKUCIEHUSI BelecTB. B o0ieM BUJE OHU BKIIOYAIOT
MPEIOYUCTKY U MOHHBINA OOMEH.

3AKJIFOYEHUE

AHanu3upys MPON3BOJCTBEHHBIE H TEXHOJIOTUYECKUE TIPOIIECCHI IIEMEHTHOTO
3aBOJIa, & TAK)KE CBS3AHHBIC C HUMH AKOJIOTHYECKHE MPOOJIEeMbl, OCHOBHBIMHU HaIpa-
BJICHUSIMU PA3BUTHS MPEIIPUATHS SIBIISIOTCS:

1. Pa3pabotka pecypcocOeperaronmx 1 3JHEprocoeperaronux TeXHOJIOT Ui,

2. KomruiekcHas MalloOTXO0/IHasl epepaboTKa ChIphsI.

3. CymiecTBEHHOE MOBBIIIEHUE TEXHOJIOTMYECKON 0€30MacHOCTH MOTEHIIUA-
JILHO OTACHBIX MPOU3BOJICTB.

4. BuenpeHue HOBBIX TEXHOJOTHH COBMECTHO C 3aBOJCKHUM OIOPO IO JKOJIO-
MU HOBBIX TEXHOJIOTHM, HAIIPABJICHHBIX HA PE3KOE CHUKCHHUE KOJUYECTBA MPOU3-
BOJMMBIX OTXOJ/IOB U UX 0€30TXOHYIO IepepadboTKy.

5. Dkosoruueckou ciayk00#l 3aBojia oOecriedyuBaeTcs dKojoruyeckas 0e3o-
MACHOCTh Ha MPEIIPUATHH:

— HWCTOJL30BaHNE HOPMATUBHO-TIPABOBOM 0a3bl;

— COCTaBJICHHE YKOJOTHICCKUX TIPOTPaAMM;

— TMPOBEJEHUE IKOJIOTHUECKUX IKCTIIEPTU3;

— obecneynBaTh IKOJIOTHIECKOE 00pa30oBaHUE M BOCIIUTAHUS HE TOJIBKO pa-
OOTHUKOB COOCTBEHHOM CIIy>KObI, HO U IPEANPHUSATHS B LIEJIOM;

— PeryJIsSpHBIMKOHTPOIb 32 TEXHUYCCKUM COCTOSSHHEM OYHMCTHBIX M BEHTHU-
JSIIUOHHBIX COOPYKCHHM, 32 COOIIOJICHUEM TEXHUKH 0€30MacHOCTH paOOTHUKAMU
3aBO/JIa.

Kpome Toro, Ha mpeanpusiTUU UCIIOJIB3yeTCs] 000PYI0BaHUE, UMEIOIIEE Cep-
TU()UKATHI, TTOATBEPKIAIOIINE €r0 IKOJIOTHIYECKYI0 0€30macHOCTh. To ke Kacaercs
U TPUMEHSEMBIX TEXHOJIOTUM, BCE OHU MPOXOIAT CEPTU(HHUKAIINIO 1O IKOJIOTUYEC-
KUM TpeOOBaHUSIM.
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15 DkoHOMHYECKASA YaCTh

15.1 BrIOOp cXeM BHEIIHETO 3JICKTPOCHAOKEHHUS MPEANPHUATHS IO TEXHUKO-
IKOHOMUYECKUM TIOKa3aTeIIsIM

B 3aBHCcHMOCTH OT YCTaHOBJICHHOW MOITHOCTU IPUEMHHUKOB JIEKTPOIHEPTUU
pasznuyaroT 00bEKThI OOJIBIION, CpeHel 1 Maioi MolHOCTH. PaccmaTpuBaemoe
NPEANpPUATAE OTHOCUTCS K OOBEKTaM CpeIHEH MOIIHOCTH, JIJIsi KOTOPBIX, KaK Ipa-
BUJIO, IPUMEHSIOT CXEMBI JJICKTPOCHAOKCHHS C OJHUM MPUEMHBIM ITYHKTOM JJICK-
tposuepruu (I'TIIT). Ecnu umerorcst motpeburenu 1 — oif kaTeropuu, To mpe-
JyCMAaTPUBAIOT CEKIIMOHUPOBAHUE IIIMH MPUEMHOT0 MyHKTA U MUTaHUE KaXKI0U
CEKLIMH M0 OTAeIbHOM MuHUU. COrJIacCHO 3aJJaHUI0 MUTAHUE 3aBOJIa MOXKET OCY-
HIECTBIIACTCS OT MOJICTAHIINKU SHEProcucTeMbl. [Ipu 3TOM BO3MOKHBI J]Ba Bapra-HTa
BHEIIIHETO 3JIEKTPOCHAOKEHUS:

JIJIsl TEXHUKO-PKOHOMHYECKOTO CpaBHEHUS BEIOMpAEM JIBa BapHaHTa AJICKT-
POCHAOKEHUS:

1) mepenaya snexkrposHepruu ot 3HeprocucteMsl 10 ['TIIT manpsoxenuem 110 kB
¢ noumxkenueM ero Ha [ 'TIIT no 10 kB.

2) nepenaya 31eKTpo3Heprun ot sHeprocuctemsl 10 I'TII nanpsoxenuem 35 kB
¢ nonmwxkenueMm ero Ha ['TIIT no 10 xB.

&S] S
] I 110 kB l @ 35 kB
&1 &2 Bl Q2
a0 Og a0 Og
@3 &4 &3 A
WL W1 W2
QA Q@ QA Q@
T1 T2 T1 T2
PY-10«xB PY-10xB
BapvaHt 1 BapvaHt 2

Pucynok 15.1 — BapuanTsl 25iektpocHabxenus ot 110 u 35 kB
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HTorom TEXHUKO-DKOHOMHUYECKOTO CpaBHEHUS IBYX BapHaHTOB 3JIEKTPO-
CHaOKEHUS SIBISICTCS CPaBHEHHE MPUBEACHHBIX 3aTpaT IBYX BapUaHTOB.

HauGomnee BBITOAHBIN BapuaHT CXEMbI JEKTPOCHAOKEHHUS TMPOMBIIUICHHOTO
NPEINPUITHS BBIOMPAIOT MO YCJIOBHIO MUHUMAJIBHBIX MPHUBEACHHBIX 3aTpat, pac-
CUMTAHHBIX MO popMyJie, ThIC. pyo.

3= E W+ 1 ® min, (15.1)

rne  E; — HopmatuBHBINA K0dhuireHT 3 HEKTUBHOCTH KAaUTAIbHBIX BIIOKEHUH,
MIPUHUMAETCS KaK HOpMa AUCKOHTA 1o Kiro4ueBol crtaBke L{b P®, paBuoii 11%.

K — eanHOBpEeMEHHbIE KallUTAJIBHBIE BJIOKEHUS B CPABHHBAEMbIC BapUAHTHI,
THIC. PYO.

N — exeroaHsie U3AEPKKU MTPOU3BOACTBA B CPABHUBAEMbBIX BapUaHTAaX, ThIC.
pyo./rox.

KanutanbHble BIOKEHUS ONPENEISIOTCS MO BCEM 3JIEMEHTaM 3JIEKTPOCHa0-
JKEHMS, BXOJSIIMM B M3MEHSIOIIMECS YacTH CpaBHUBAEMbIX BapuaHTOB. CyMmap-
HbIC KANUTAJIbHBIE 3aTPAaThl ISl PACCMATPUBAEMbBIX BAPUAHTOB OMPEAEISIOTCA Kak
CyMMa KalUTaJIbHbBIX BJIOKECHHUI Ha COOPYKEHHE JIMHUMW AJIEKTPONEPEAAaYn U HA CO-
opyxenue ['TIIL, Teic. pyo.

Rz =Ko + K » (152)

rne Ky — xanuTtanbHbIe BIOXKEHUS HAa COOPYKEHUE JIMHUW JJIEKTPOIEpeaauH,
ThIC. pYO.;
Krpn — kanutansHble BokeHus B coopyskenue ['TII, Teic. py0.
KanuranbsHble 3aTpaThl B IMHUM AJIEKTPOINIEpEaay HAMPSIKEHUS CKJIAIbIBAIOT-
Csl U3 KalTMTAJIOBIIOKCHHUH B JIMHUIO M B CHCTEMHBIC BBIKITIOUaTeau Q;, ThIC. pyo.

Koy = Ky + Ky, (15.3)

K, =K,,, -1, (15.4)

o B/l
rne  K,,,- CTOUMOCTb | KM BO3AYIIHOM JMHUH, ThIC. PyO./KM [2];
| — nIMHA BO3MYIIHOM JIMHUH, KM.

Kanuranosnoxxenus B ['TII1, cknaasiBaroTCs M3 KaMTaJOBIOKEHUN B TPaHC-
dbopmartopsl U BbIkItoYaTean Q,, ThiC. pyo.

K =K + Ky, (15.5)

K,=K, -n (15.6)

Omp : mp !
rae Koy — cToumocTs ogHOro Tpanchopmaropa [2], Teic. pyo.;
N.p — urco Tpancpopmaropos I'TIIT.
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CyMMapHLIG CKCIroaAHBbIC M3JACPIKKH OINPCACIIAIOTCA KaK CyMMa aMOpPTH3alu-
OHHBIX OTYHMCJICHHUM II0 QJICKTPUYICCKHUM CCTAM H IMOACTAHLUAM, CXKCETOJAHBIX HU3CP-
KCK Ha O6CJIy}KI/IBaHI/I€ QJICKTPUICCKUX ceTen u HOI[CTaHHI/Iﬁ )41 CYMMapHOﬁ CTOUMO-
CTH I'OOOBLIX IIOTCPB IJICKTPOIHCPIUU B CCTAX U ITOACTAHINAX, ThIC. pY6/ IoJg

Hz = HHZ +H02 +H32 ' (15.8)

BGJ’II/I‘II/IHy AMOPTU3ANOHHBIX OTYHMCIICHUM OIIPpCACIIAIOT B IIPOICHTAX OT Ka-
IMUTAJIBHBIX 3aTPAT I10 3JICMCHTAM CXEMbI BHCITHCTO 3H€KTpOCH36}KeHHH, TBIC. pY6

U, :Zi.m , (15.9)

IJIc  aj — HOPMAaTUB aMOPTH3AI[MOHHBIX OTYHCICHUH JUIS I-TO 3JIEMEHTa CXEMBI
AIIEKTPOCHAOKECHHS, %0;

K — KamuTaibHbIC 3aTpaThl MO I-My 3JEMEHTY CXEMbI JJICKTPOCHAOXKCHUS,
THIC. PYO.

M — YUCIIO SJIEMEHTOB CXEMBI.

Pacxonel Ha 0OCITy)KMBaHHE OINPEACTSAIOT B MPOICHTAX OT KAaUTAIBHBIX 3a-
TparT, ThIC. pyO.

=2 K, (15.10)

IJIc Oj — HOPMATHB PACX0JI0B Ha OOCITYKHBAHHE I-TO 3JICMEHTA CXEMbI BHEIITHETO
ANIeKTpOoCcHa0KeHus, Yo.

CTOMMOCTB TOZIOBBIX TIOTEPH ANEKTPOIHEPTUH PACCUUTHIBACTCS 1O (hopmyiie,
TBIC. pYyO.

U, =p-A2-107, (15.11)

rie [ — CTaBKa Mo OJIHOCTaBOYHOMY Tapudy, Koi./KBT1-u;

AD — rofioBbI€ MOTEPHU IIEKTPOIHEPTUU B IJIEMEHTAX CXEMBbI JIEKTPOCHAO-
kenwus, KBt-u/rop.
AD=AD, +AD,, (15.12)

rpe  A9,, AD, — roioBbI€ NMOTEPU DJIEKTPOIHEPTUU COOTBETCTBEHHO B JIUHUAX U
TpaHchopmaropax, KBt-u/roa.
["o/1oBBIC TTOTEPH ANEKTPOIHEPTUM B BO3IYIITHBIX JTUHUSX, KBT-u/T0ON

AD, =AP-7, (15.13)

rae AP - moTepu akTHBHON MOIIHOCTH B BO3AYIIHOM JTUHUH, KBT;
T - BpEMsI MAaKCUMAJIbHBIX IIOTEPD, U
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(SpBH)2 ) ro-|
u? n

HOM

AP =

riae o —TIOrOHHOE CONMPOTUBIICHUE JUHUU, OM/KM [2];
N — 4HCIIO IIenen.

2
.o [0,124 v %) 8760 (15.14)

['omoBBIE TOTEPH IEKTPOIHEPTUH B TpaHCPopMaTopax, KBT-u/rox

Aa,:nTP.Mm.mml.Mm.[ Sy j (15.15)

P HOM .TP
15.1.1 BapuanTt Ne 1 cxembl BHEUTHETO IEKTPOCHAOKEHUS

OmnpenenseM paboyuit TOK B TUHUH, A

S

| = PBH ’ 15.16
" n3-U,, ( )
24955
— 27 6546,
” o 2.43.110

[TocneaBapuiiHbIil TOK B IUHUU, A

S
|, = po : 15.17
nlae (n—l)\/éuwv ( )

24955
(2-1)-4/3-110

[Io BennuKMHE PacdyeTHOr0 TOKA M SKOHOMHUYECKOW MJIOTHOCTH TOKA HAWJIEM
pacyeTHOE ceYeHue MpoBOAOB JHHUU 35 KB, MM’

=130,92.

nlas

Ie ], — HOPMHUPOBAHHOE 3HAYCHHE YKOHOMHUYECKOM IJIOTHOCTH TOKA, BHIOMpae-
Moe 1o /4/ B 3aBUCUMOCTH OT T'OJIOBOTO YHCJIa YaCOB MCIIOJIB30BaHUSI MaKCUMyMa
Harpy3ku. [Ipu Tae= 4300 u [4], ),.=1,1 A/Mm® IUJTI. HEU30JIMPOBAHHBIX AJIFOMUHUE-
BBIX MTPOBOJIHUKOB.

65,49

F =59,54.
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2
[Ipuaumaem crannaptHoe ceuenue Fo.= 70 mm”.

[Ipu BbIOOpE BapuMaHTOB pacueT KamUTAJIbHBIX 3aTpaT MPOU3BOJAUTCA YKPYII-

§ HEHO U 0OpMIISIETCS B BUJIE TaOIUIIBI IO KAXKIOMY BapuaHTy. B pacuérax npuHSTHI
3 — KO3 PUIIMEHT yAOpOKaHUS KaUTaIbHBIX BJIOXEeHUH — 196,6, TeppuTOpUaIbHBIN
§' ko3 dunmeHt — 1,7. PacuéT kanuTagoBI0XKEHUH B CUCTEMY 3JIEKTPOCHA0KEHHUS T10
= MIEpBOMY BapHUaHTY IpeJcTaBiieH B Tadwmie 15.1.
Tabnuna 32 — Pacuér KanuTanoBIOKEHUI 110 IEPBOMY BapUaHTY
O6mas
Konuuectso OO1mast cTouMOCTb C | CTOMMOCTB C
CroumocTb O6mas N N
00opyaoBaHus, y4€TOM TEPPUTOPHU- y4€TOM
COCTaBJ’IHIOIlII/Ie 3aTpar CAVHUIIbI, CTOUMOCTB,
TBIC py6 mT., AJIMHaA JIN- TBIC py6 aJIbHOT'O KO3(1)(1)I/IHI/I- HU3MCHCHMUA
’ ) HUH, KM ’ ) €HTa, ThIC. pYO. LIEH, THIC.
pyo.
o Jluausa AC-70 Ha
© CTAJIbHBIX JABYXIETHBIX 24,6 13 319,8 447,72 88021,75
S onopax
5 Beikmouarens BOK-
110-40/2000 V1 16,5 2 33 46,2 9082,92
Hroro o JIDIT 97104,67
Tpaucdopmarop
TPJIH-25000/110 65,5 2 131 183,4 36056,44
Beixmrouatens BOK-
110-40/2000 V1 16,5 2 33 46,2 9082,92
Hroro mo I'TIIT 45139,36
BCGFOUKaHI/ITaHOBJ'IO— 142244,03
JKECHHUU
S Tabnuna 33 — Pacy€T exxeroiHpIX U3AEPIKEK 10 IEPBOMY BapUAHTY
S Kanuransusie "
3 Hopwma amoptu- Hopwma o6cuy- Pacuérnas Benu-
a [Toxazarens 3aTpaTsl, ThIC.
S 3alun KUBAHUS YH1Ha, THIC. PYO.
5 pyo.
S JIunus 88021,75 0,060 5281,31
Beixirouarens
o1 9082,92 0,060 544,98
S
% Tpancdopmarop 36056,44 0,060 2163,39
2 Beikirouare
< PHTOSATED 9082,92 0,060 544,98
g Q2
= Hroro 3arpatsl 8534,64
2 Ha aMOPTHU3aLUIO
g JIuaus 88021,75 0,004 352,09
S Beixirouarens
s 9082,92 272,49
T Q1 0,03
a Tpancdopmarop 36056,44 0,03 1081,69
Beixirouarens
9082,92 272,49
g Q2 0,03
©
° Hroro 3arparsl
a Ha o0CITyXHBa- 1978,76
B HUE
~ Htoro usnepxex 10513,40
S
Qo
=
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[ToTepn akTMBHOM MOIIIHOCTH B BO3YIIHOM JUHUU, KBT

2
\p_ 24,9557 0428-13

110? 5 10° =143,2.

BpeMH MAaKCUMAJIbHBIX IIOTCPb, 4

5000

04

2
T= [0,124 + j -8760 =3410,93.

FOILOBBIG IMOTCPH IJICKTPOSHCPTUHU B BO3AYIIIHBIX JIMHUAX, KBT"I/I’OI[

AD,, =143,2-3410,93 = 488445 ,2 .

['onioBbIE TOTEPH ANEKTPOIHEPTUU B TpaHCchopmaTopax, KBT-u/rox

A9, = 2.25.8760 + =120 .(24’955
2 25

2
] -3410,93 = 641920 -

CyMMapHbIe TOTEPH JIEKTPOIHEPTUU B IEPBOM BapHuaHTe, KBT-4/roj

AD =488445,2 + 641920 =1130365,1.

[InaTta 3a moTpeOIEHHYIO JIEKTPOIHEPTUIO TIEPBOM 1IEHOBOM KATETOpUH IS

110 kB cocrapmnser 2,426 py6./kBt-u 6e3 H/C, Torna ¢ yuérom HJIC cTaBka cocra-
BUT, py0./kBT-u

B=2426-1,18 = 2,863.

CTOUMOCTh TOJOBBIX MOTEPH IIEKTPOIHEPTUH, THIC.pYO./TO

A, =2,863-1130365 1-107° =3236,24 .

CyMMapHbI€ €KeToIHbIE 3aTpaThl MO0 TIEPBOMY BapUAHTY,THIC.pY0./TO/I.
U, =10513,4 +3236,24 =13749,64 .

[IpuBenénnbie 3aTpaThl O MIEPBOMY BapHAHTY,ThIC. PYO.

3=011-142244 ,03 +13749,64 = 29396,48 .
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15.1.2 BapuanT Ne 2 cxeMbl BHEIIHETO 3JEKTPOCHAOKEHUSI

§ OnpenensieM pacyeTHBIM TOK BO3AYIIHOW JIMHUM BBICOKOTO HAMPSIKEHUS B
3 HOPMAJIBHOM pEeXUME, A
=
g 2495 g
” 2.43.35 o
[To BenMuMHE PacYETHOrO TOKAa M 3KOHOMHYECKOW IUIOTHOCTH TOKa HANAEM
pacuéTHOe CeueHUEe BO3YIIHOW JIMHUM 35 KB,MM2
F = @ =185,1.
2
8 BriGupaeM crangaptHOe cedenne Fo, = 185 MmP.
=
(@)
Ta6nuna 34 — Pacuét kanuTaaoBI0KEHUH 110 BTOPOMY BapHaHTY
OOmias
Crou- KomnuecTBo Obmas CT?H_ cron-
OO6mass | MOCTh ¢ YYETOM | MOCTbB C
MOCTh | 000pyaOBa- N
CocraBisronme CTOH- TEPPUTOPUATBL- | YUETOM
eIUHU- HMS, IIT.,
3aTpar MOCTb, | HOTO KO3(pdu- | m3meHe-
IIbI, TBIC. | JJIMHA JIN-
THIC. py0. | IMEHTA, THIC. | HUSA IIEH,
pyo. HUU, KM
© pyo. THIC.
£
g pyo.
3 Jluaua AC-185
S
8 Ha - CTAIRHBIX | 54 4 13 317,2 444,08 87306,13
JIBYXIICTTHBIX
ornopax
§ Brikitrouaresns
E BOK-35- 17 2 34 476 9358,16
g 40/2000 Y1
S Utoro no JIDII
S Tpanchopmarop
=2
%D. TPJTH-25000/35 62 2 124 173,6 34129,76
s Brixnrouatennb
& BDOK-35- 17 2 34 47,6 9358,16
40/2000 V1
g Htoro mo I'TITI 43487,92
§ Bcero xanwuta- 140152,2
3 JIOBJIOKECHUH 1
rg
2
S
g
2 Jlucm
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lNeps. npumeH.

o

Cnipas.

lModnuck u ama

UHe. Ne dy6n.

o

B3am. uHs.

lNodnuck u 0ama

UHe. Ne roorn.

Tabnuna 35 — Pacuér exxeroiHbIX U3Aep>KeK M0 BTOPOMY BapUaHTY

KanuranbHsie ,
Hopma amopru- Hopwma o6ciy- Pacuérnas Benu-
[Toka3zareinb 3aTpaThl, THIC.
pyb. 3 KUBaHUS YHHA, THIC. PYO.
Jlunus 87306,13 0,06 5238,37
Brixmrouarenp
01 9358,16 0,06 561,49
Tpancdhopmarop 34129,76 0,06 2047,79
Brixmrouarenp
Q2 9358,16 0,06 561,49
Uroro 3arparsl 8409.13
Ha aMOPTH3AIIHIO ’
Jlunus 87306,13 0,004 349,22
Brixmrouarens
01 9358,16 0,03 280,74
Tpancdopmarop 34129,76 0,03 1023,89
Breixnrouarens
Q2 9358,16 0,03 280,74
Hroro 3arparsl
Ha 00CITyXHBa- 1934,61
HUE
Hroro uznepxex 10343,74

2
Ap = 24955" 015213
35

2

10° =535,1,

AD, =5351-3410,9 =1825172 6.

["ogoBBIE TOTEPH BIEKTPOIHEPTUU B TpaHCcPopMaTopax, KBT-u/rox

AD, =2-25-8760 +;.115-[

24,955

2
j -3410,9 = 633421,3 -

CyMMapHbIe TOTEPH JIEKTPOIHEPTUHU B IEPBOM BapHuaHTte, KBT-4/roj

AD =1825172 ,6 +633421,3 =1862877 ,4 .

Tapud s mnepBod 1eHOBOM Kareropum st 35 kB

COCTaBJICT

2,589py6./xB1-u 6e3 HJIC, Toraa ¢ yauérom H/IC craBka coctaBut, py0./kBT-u

B=2,589-1,18 = 3,055.

CTOUMOCTB TOZIOBBIX TIOTEPH AIEKTPOIHEPTUH, THIC.pyO./TOA

U, =3,055-1862877 ,4-10 ° = 5691,09.
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CyMMapHbI€ €Kero/IHbIE 3aTpaThl [0 BTOPOMY BapHaHTY, ThIC.pyO./TOI.

U, =10343,74 +5691,09 =16034,83 .

[IpuBenénuple 3aTpaThl IO BTOPOMY BAPUAHTY, THIC. pyO.
3=011-140152,21 +16034 ,83 = 31451,57 .

Tabnuna 36— CpaBHEeHUE BapUaHTOB BHEIIHETO JIEKTPOCHAOKEHHUSI IPEATIPUATHUS

[Toka3arens 1 BapuanTer 5
KanuranbHbie BIOKEHUS, THIC. pYO. 142244,03 140152,21
Esxeromubie n31epKKH, THIC. PyO., B T.4. 13749,64 16034,83
- aMOPTHU3aIMOHHBIC OTYHCIICHHUS, 8534,64 8409,13
- 3aTpaThl Ha 00CITy>)KUBAHMUE; 1978,76 1934,61
- IOTEPH AJIEKTPOIHEPTUU 3236,24 5691,09
[TpuBenénnnie 3aTparsl, ThIC. PYO. 29396,48 31451,57

BriBox — Ilo npuBeneHHBIM 3aTpaTaM BUIHO, YTO IIPUBEICHHBIE 3aTPaThl 110
BTOPOMY BAPHUAHTY BBILIE HA [0 OTHOUIEHUIO K IIEPBOMY, I10 3TOM NPUYNHE IIPUHHU-
MaeM HallpsKEHUE BHEUIHETo AiekTpocHaoxkeHus 110 kB.

lModnuck u ama

UHe. Ne dy6n.

(]

B3am. uHs.

lNodnuck u 0ama

UHe. Ne roorn.
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15.2 Cmera 3atpar

[Toce okOHYATENBHOTO BHIOOPA CXEMBI JIEKTPOCHAOKEHUS HEOOXOAUMO CO-
CTaBUTh CMETY KalUTAIbHBIX 3aTPaT HA COOPY)KEHUE JIaHHON CXEMBI C BBIJCIICHUEM
COOTBETCTBYIOIIUX PA3/EIIOB.

CMETHYI0 CTOMMOCTb DJIEMEHTOB MPOEKTUPYEMOro 0OBbeKTa HE0OXO0IUMO
OTpeNeNATh Ha OCHOBE “YKpyNMHEHHBIX cMeTHBIX HOpM™ (Y CH), KoTOpbhIe B HACTO-
sIee BpeMs pa3paboTaHbl IJ11 MHOTHX JJIEMEHTOB CHCTEM SJIEKTPOCHAOKEHUS.

CyMMapHbI€ KalUTAJTIOBIOKEHUS B CXEMY AJIEKTPOCHAOKEHUS OMPEACIISTIOTCS
JIBYMSI COCTABJISIONIAMU, ThIC. PYO.

K, =Ky +K2.050sz ) (161)

raie  Ksxg — cyMMapHbIe KaniBJIOKCHHS B KaOeIbHBIC TUHUH, THIC. pYO.;

Kso60pys — CYMMapHbI€ KalBIOXKEHHs B 000pyI0BaHUE, ThIC. pYO.

CymMmapHbIe KanBIIOKEHHS B KaOeldbHbIC JTUHUHM BKIIIOYAIOT HECKOJIBKO COC-
TABJISIIONINX: KABJIOXKEHHs B TPaHIIEH, B 000pyJI0OBaHUE, YKIAIKy KaOens U MOH-
Tax My(T.

CTOUMOCTB CTPOUTENIBHBIX PAabOT onpeaesieTcs no Gopmyie, Toic. pyo.

ZCCP = Z Kiyz{.TpaHmeﬁ' Ii.mpcmmez?:’ (16.2)
i=1

rae  Kiygrpanmen — YZA€IbHasg CTOUMOCTh OJHOTO KMJIOMETpa TPaHILIEH, UX aBTOMa-
TU3UPOBAHHAS KOTIKA M 3aChINKa, ThIC. PYO.;

lixpanmeis — ATTMHA TPAHIICH, KM.

CTOMMOCTh MOHTaXHBIX pabOT coctaBisieT nmpuMmepHo 20% OT CTOMMOCTH
camoro kaoes.

CroumMocTs 000pyaoBaHus (MaTepuaina kadess) COCTaBIsET, ThiC. PYO.

3C06=Y K, hver » (16.3)

rae  Kiyuxn — yZlenbHas CrTouMOCTb OJHOTO KMIIOMETpa Kabens, ThIC. pyo.;

i1 — JUTMHA KaOeIbHOM THHUY, KM.

[lepen onpenenenremM oOLIMX KAMBIOKEHUN B KaOEIbHBIC JIMHUM KAXAYIO UX
COCTABJISIIOUYI0 YMHOKAIOT Ha: TEPPUTOPUATIBLHBIN KOI(PPUIIMEHT, KOTOPBIA COCTa-
Baser 1,08, ko>pdunument ypopoxkanus uen c¢ 1985 roma mHa 2015
(Kynop = 165), 1 k 00mmei cymme 100aBIAIOT CTOMMOCTh HENPEABUICHHBIX PadOT U
3aTpaT, KOTOpPbIE COCTABIAIOT 5% OT OOIIMX KaNBIOXKEHHUM C Y4ETOM TeppuUTOpHa-
JBHOTO K03 dUITMEHTA.

ZKKJZ = (KZT.KJ] +K2T.I(JY '0’05)'KHEPEC‘1. . (164)

[TonHbIe KamnBIIOXKEHHUS B 000PYAOBaHHE PACCUNTHIBAIOTCS aHAJIOTHYHO, THIC.
OVO.
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chp:_z Kyr-n (16.5)
ZC()@:Z «o0-n (16.6)
> cMP= ZKM” L (16.7)

roe Ky, Ky, Ky; - COOTBETCTBCHHO yIENIbHBIC MOKA3aTeH CTOMMOCTH CTPOUTE-

JBHBIX PabOT Ha €AUHHUIY OO0OpYJOBaHHUS, CAUHHUIIBI 00OPYJAOBaHHUS, MOHTAKHBIX
paboT Mo €€ YCTaHOBKE U MOJKIIOYEHUIO0, ThIC. py0./IIT.;

Nj — KOJIMYECTBO €IMHMI] OJMHAKOBOTO 000PYI0BAHUS.

[Ipoune 3atpaThl OEpyTCS B MPOILEHTAX OT CYMMBI CTPOUTEITHLHO-MOHTAKHBIX
pabor:

— s 0,4 kB cocraBnser 30%;

— 114 6-10 kB cocraBiset 26%;

— 114 35 kB cocraBisger 25,8%;

— nias 110 kB cocraBnser 24,7%;

— 1 220 kB cocraBaser 16,9%.

CyMMHUpOBaHUE KallBJIOKEHUH B 000pY0BaHHUE TAK)KE MIPOU3BOIUTCS TOJIBKO
mocJie mepecyeTa, ¢ y4éToM TeppuTopraibHoro koddduimenta, Ha 1ieHbl 2016 rona
(TeppuTopHaIbHbI KO3 (OUIIMEHT Ha CTPOUTENIbHBIE pabOThI paBeH 1,41, Ha MOH-
Ta)kHble paboTel — 1,21, Ha o6opynoBanue — 1,07).

Jlns ompeneneHus: CTOMMOCTH CHUCTEMBI JIEKTPOCHAOKEHHS [IEMEHTHOTO 3a-
Bojia B Tabsmiie 14.1 cocTaBieHa cMeTa, BKIIFOYAIOIIEH B ce0s 3aTpaThl Ha Ipruodpe-
TEeHHUEe 00OpYAOBAHMS U MPUCITOCOOICHUH, HA CTPOUTEIIEHBIE H MOHTaKHBIE PaOOTHI
C YU4ETOM TEPPUTOPHUATBHBIX KOIPPUIIEHTOB.

CwmetHas croumocth 179642,13 ThIC. pYO.

Cwmera cocrasiieHa B 1ieHax 2016 .

Tabnuma 37 — CMeTa Ha CTPOUTENBCTBO CXEMBI DJIEKTPOCHAOKEHUAIIEMEHTHOTO 3a-
BOJIA

CMeTHasi CTOUMOCTb, ThIC. pyO. Ob6mas
Howmep npetic- CTpouTe- CMETHas
HanmenoBanue pabot u 3aTpar MOHTaX- obopyno- MIPOYUX
KypaHTa JIBHBIX CTOMMOCTS,
HBIX paboT BaHUS 3arpar
pabot THIC. pYO0.

Ob6opynosanne I'TIIT 110 xB

1 JIuaust AC-70 Ha CTaJabHBIX JBYXLETHBIX
[2] ormopax 62872,68
24,6-13-196,6=62872,68

2 Pazpenunurenn — PHJ[3-2-110/1000 V1
1,044-6-196,6=1231,50
[2] 0.348-6-196.6=410,5 12315 410,5 51315

4,35-6-196,6=5131,26

3 Brixmrouarenu - BOK-110-
40/2000Y15,904-4-196,6=4642,91
[2] 1.968-4-196,6=1547 64 464291 1547,64 19345,44

24,6-4-196,6=19345,44

[a] [ 4 OIILPK-110/73-10-780 VX 11 [ 1241 | ) [ 7708 ]
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9,31-2=18,61
3,10-2=6,2
38,78-2=77,56

(2]

5 Cunossie
25000/110

15,72-2-196,6=6181,1
5,24-2-196,6=2060,37
65,5-2:196,6=25754,6

tpancpopmaropsr  TPJIH-

6181,1

2060,37

257546

Htoro:

12074,12

4024,71

113181,78

C yuérom Tep-
PHUTOPHATBLHOTO
ko3¢ uIenTa

12074,12-1,41=17024,51
4024,71-1,21=4869,9
113181,78-1,07=121104,5

17024,51

4869,90

121104,50

IIpouue 3arpa-
THI

(17024,51+4869,9)-0,247=5407,92

5407,92

Hroro mmo o60-

pynoBanuio 110

kB

17024,51+4869,9+121104,5+5407,92=
=148406,83

148406,83

O6opynosanue I'TITT 10 kB

(2]

1 Pazsemunurenu — PBP3-111-1-10/2000 Y2
0,048-20-196,6=186,85
0,016-20-196,6=62,28
0,198-20-196,6=778,54

186,85

62,28

778,54

(6]

2 OITH-PT/TEL-10/10.5 YXJI2
0,44-40=17,57

0,15-40=5,86

1,83-40=73,2

17,57

5,86

73,2

(6]

3 Sueiiku KPVY-2-10 ¢ BBIKIIOYATEIAMHA
BB/TEL-ISM15 LD _1

14,1-48=676,8

5-48=240

112,75-48=5412

678,8

240

5412

(2]

4 Tlpenoxpanutenun — [IKT VK-10-200-
50Y3

0,06-20-196,6=235,92

0,02:20-196,6=78,64

0,25-20-196,6=983

235,92

78,64

983

(2]

5 Tpancdopmarop Toxka TOJI-10-M VY3
2,46-104=255,84

0,82-:104=85,28

10,25-104=1066

255,84

85,28

1066

(2]

6 Slueiika ¢ TMI'™-250/10 kB-A
0,14-2-196,6=55,05
0,52-2-196,6=204,46
0,91-2-196,6=357,81

55,05

204,46

357,81

(6]

7 Tpanchopmarop Hanpspkenus 3HOJI-
HT3-10Y2
4,66-2=9,32
1,55-2=3,1
19,4-2=38,8

9,32

31

38,8

Htoro:

1439,35

679,62

8709,35

o

B3am. uHs.

lNodnuck u 0ama

UHe. Ne roorn.

C yuérom Tep-
PHUTOPHAIIBHOTO
ko3 durmenta

1439,35-1,41=2029,48
679,62-1,21=822,34
8709,35-1,07=9319

2029,48

822,34

9319,00

[Ipoune 3atpa-
ThI

(2029,48+822,34)-0,26=741,47

741,47

Hroro mmo 060-
PYIOBaHHIO
T'TIIT 10 kB

2029,48+822,34+9319+741,47=
=12912,3

12912,30

LlexoBoe 00op

nosanue 10 kB

(2]

1 Tpaucdopmaropsr — TM-630/10
0,2:2:196,6=78,64
0,71-2-196,6=279,17
1,97-2-196,6=774,6

78,64

279,17

774,6

(2]

2 Tpaucdopmaropsr — TM-1000/10
0,2-10-196,6=393,2
0,71-10-196,6=1395,86
2,95-10-196,6=5799,7

393,2

1395,86

5799,7
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3 Tpancdopmaropsr — TM-1600/10
0,31-4-196,6=243,78
- [2] 1.05-4-196.6=825.72 243,78 825,72 3271,42
3 4,16-4-196,6=3271,42
§ Wroro: 715,62 2500,75 9845,72
= C yuérom Tep- | 715,621,41=1009,02
3 puropuansaoro | 2500,75-1,21=3025,91 1009,02 3025,91 10534,92
2 koo duumenta | 9845,72:1,07=10534,92
Hp"‘*“Tifana' (1009,02+3025,91)-0,26=1049,08 1049,08
Hroro no uexo- —
BoMY 06OpYIo- i(]).(s)%f8253025,91+10534,92+1049,08— 15618,93
Baauio 10 kB '
IlexoBoe o6opyznoBanue 0,4 kB
1. Ast. Beimouatenu HYUNDAI
[4] 25B3H 1152
48-24=1152
Hpostite sa1pa- | 4159.0,3-345,6 345,6
ol Hroro mo nexo-
< BoMy obopymo- | 1152+345,6=1497,6 1497,6
g Banmio 0,4 kB
= Hroro mo 06o- | 148406,83+12912,30+15618,93+1497,6=
O 1 il ) 1
PYJOBaHHIO =178435,67 17843567
Kabenbubie nunnn 10 kB
ATIBII, F=50 mm?, 1=0,67 kM
0,11-0,67-196,6=14,49 14,49 404,39
3,07-0,67-196,6=404,39
ATIBIT, F=70 mM?, 1=0,7 kM
0,11-0,7-196,6=15,14 15,14 480,29
3,49-0,7-196,6=480,29
ATTBIT, F=95 mv?, 1=0,06 kM
0,11-0,06-196,6=1,3 1,3 47,3
4,01-0,06-196,6=47,3
ATTBIT, F=120 mmv?, 1=0,11 kM
© 0,11-0,11-196,6=2,38 2,38 98,61
g 4,56-0,11-196,6=98,61
i .
3 Hroro: 33,31 1030,59
3 C y4érom Tep-
2 putopransHoro | (33,31+1030,59)-1,08=1149,01 1149,01
3 koo durenTa
= Henpensu-
ACHHDIC 1149,01:0,05=57,45 57,45
. paboThI U 3a-
§ TpaThl
'g’l Bcero mo KJI: 1149,01+57,45=1206,46 1206,46
<
@ Hroro mo cmere | 178435,67+1206,46=179642,13 179642,13
<
o 15.3 Uzpepxku 1o IKCIITyaTaluu dIEKTPOX031iCTBA
»
T
S
5 N3nepxku 1Mo 3KCITyaTaliMi 00IIe3aBOACKON YacTH SHEProxo3sicTBa orpe-
@ JEJSAIOTCS KaKk CyMMa PacxXxoJI0B Ha 3apabOTHYIO IUIATy, CTPaXOBbIe B3HOCHI, PacXo-
Abl HA pCMOHT U IIPOYHC paCXO)IBI:
©
S
S —
S I/Ic - H3H, CH + I/IpeM + Ha + I/Inp ) (168)
)
2
S - o .
8 rac I/Ic — U3ACPIKKH 110 SKCILTyaTaluuu O6H_ICSaBOJICKOI/I YaCTHU OHCProxo3sarncTaa,
W, o — pacxons! Ha 3apabOTHYIO IUIATY U CTPAXOBBIE B3HOCHL;
,'§ I/IpeM — pacxoabl HAa PEMOHT,
=
2 Jluem
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U, - pacxoasl Ha amopTH3aIHIO;
W, p,-npoune pacxomsL.

5
§
- 15.3.1 Pacxossl Ha 3apabOTHYIO TJIaTy U CTPAaXOBbIE B3HOCHI
Q
2
Cocrapistonye pacxoJ0B Ha 3apab0THYIO TIIaTy:
1. 3apaboTHas muaTa OCHOBHas (32 OTpabOTaHHOE BpeMsl);
2. 3apaboTHas 1uiata JOMOJHUTENbHAs (32 HeoTpaboTaHHOE Bpemsi) — 7,9%
OT OCHOBHOM 3apaOOTHOM IIATHI;
3. OtuucieHust Ha CTPaxOBbIE B3HOCHI (C OCHOBHOM U JOTIOJTHUTEIHHON) 3a-
pabotHoit uratel — 30%
B Tom uucre:
2 — TMeHCHOHHBIN GoHT — 22%
§ — ¢onHa 00s13aTeIbHOT0 MEAUITMHCKOTO cTpaxoBaHus — 5,1%
S — ¢oHJ coruaabHOro cTpaxoBanus — 2,9%.
Jlns pacyeta 3apabOTHOM IJIaThl HEOOXOJIUMO OIPEIAEIUTh YUCIEHHOCTh pa-
OoTaronuX.
Pacuer 4ncneHHOCTH AKCIUTyaTaIlMOHHOTO TEePCOHANIa BEIAETCS MO TPYAOEM-
KOCTH. 3a OCHOBY pacdeToB OepyTcsi cMeThl o obopyaoBanuto u KJI. Hopmer Tpy-
JOEMKOCTH 3aJIal0TCA MO CIpaBOYHMKY [6] mo Bumam pemoHTOB. Pacuer TpymoeM-
KOCTH IIpe/ICTaBIIeH B Tabnuie 14.2.
o Tab6mmia 38 — Pacu€r cyMMapHO#t TpyJ0€MKOCTH BCEX BHJIOB PEMOHTOB
f.:; Hopwma TpynoemkocTu pemo- Beero
a HaumenoBanue o00opyaoBanus Kom. HTAa, 4eJl'y. (x0,87)
2 KaIuT. ‘ CpEeJH. ‘ TEKYIIL. ’
§ O6opynosanue I'TIIT 35 kB
1 JIunusa AC-70 13 0 0 10 (113,1)
g 2 Pazwequuurenu —PHJI3-2-110/1000 V1 6 12 3 6 (109,62)
:; 3 BrikmouaTtenn —BOK-110-40/2000V 1 4 25 0 7 (111,36)
2 40ITH-PK-110/73-10-760 YXJI1 6 4 2 0 (31,32)
g %,Cﬁ‘;‘_’gglgogﬁfl‘g‘bof’“‘aT"pm 2 720 144 71| (1626,9)
o O6opynosanue ['TITT 10 kB
S 1 Pazwsequnurenu PBP3-111-1-10/2000 Y2 20 3 0 1 80
5 2 OITH-PT/TEL-10/10.5 YXJI2 40 4 2 0 240
3 3 Sluetiku KPVY-2-10 ¢ BBIKIIIOYATEISIMH
aQ BB/TEL-ISM15_LD 1 48 24 0 ! 1488
] 4 TIpemoxpanutenmu [IKT VK-10-200- 20 4 9 0 120
S 50Y3
3 5 Tpanchopmarop Toka TOJI-10-M V3 104 12 0 3 1560
g 6 Slueiika ¢ TMI'-250/10 2 100 25 20 290
S
S
2
7 TpancpopmaTopsl HAIPSIKEHUS
5 3H8H-}(II)T§-10V§ b 2 25 8 0.5 67
g Heonoe-000pyroparHe—0-+ -
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1 Tpaucdopmaropsr TM-630/10 2 110 90 75 550
2 Tpanchopmaropst TM-1000/10 10 110 90 75 2750
3 Tpaucdopmaropsr TM-1600/10 4 130 80 87 1188
IlexoBoe obopynoBanue 0,4 kB
l. ABTOMaTHyecKue BBIKJIFOUATEIN
HYUNDAI 25B3H 24 21 0 6 648
KaGenbHble TMHUY:

1. AIIBII | 154 | 0 | o0 | 10 15,4
HToro cymmapHasi TpyJJOEMKOCTb BCEX BUJIOB PadOT 10988,7

Tapudnsiii poH1 3apabOTHOM TIIATHI AKCILTyaTaIlMOHHBIX pado4ux, pyo.
3I1°= ¢, - 1oy - 1800, (16.9)

rae ¢, — Tapu(dHas cTaBKa 3KCIUTyaTalMOHHBIX pabO4YuX MpU MOBPEMEHHOMN

oruiate, pyo./4;
I — CHUCOYHBIN COCTaB pabouunXx, yel.;
1800 — nelicTBUTENBHBIN TO0BOM (POH] BpEMEHU OJTHOTO paboyero.

r‘Cl'I = 171 : rSI1 (16.10)

rae I;— SIBOYHBIM COCTaB pabOYMX, Yel.

. Y Tow K

==, (16.11)

ra€  Tyerp — CPENHET00Bas TPYAOEMKOCTh PEMOHTHBIX pabOT CHIOBOTO 000py10-
BaHUs U CETEH, yesy (cM. Tabnuiy 24);
H,, — HopMa MEXPEMOHTHOTO OOCITYKUBaHUS.

[ 10988,7-3 _ 13
1000

Fen=1,1-33 =37,

3I1,’= 68,42 - 37 - 1800 = 4556772.

Jliist mosmydenust rogoBoro ¢hoHaa 3apaboTHOM TIaThl HEOOXOAUMO Tapu(HBIN
GboH YBETUYHUTH, YIUTHIBAs TOIJIATHI, OTHOCAIIMECS K YaCOBOMY, JTHEBHOMY M TO-

noBoMy (hoHIaM:
- IpeMuH, pyo.

IT=0,25-311., (16.12)
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- paiioHHBIN KO3 dULIHEHT, pyoO.

PK=0,5 - 3I1,,

- HOYHBIC Yachl, PyoO.

HY = 0,047 - 311, ,

- Ipa3AHUYHBIC THU, PYO.

IJa=2-0,03-0,5- 311,

JlueBHOM GoHa 3apabOTHOM IJIATHI, pyO.

J®3I1 =11+ PK + HY + I1J1 + 3I1,°.

(16.13)

(16.14)

(16.15)

(14.16)

OTtnycka u BBINIOJHEHHE TOCYAaPCTBEHHBIX 00S3aHHOCTEMH, PYO.

0=0,075 - JO3II.

Hauucnenus Ha cTpaxoBbi€ B3HOCHI, pyO.

CH = 0,3- (IdP3I1 + 0).

I'onoBoii pou 3apabOTHOM TLIATHI, PYO.

@31 = AP3I1+ O + CH.

(16.17)

(16.18)

(16.19)

Pacuér romoBoro ¢onma 3apabOTHOM TIaThl IKCIUTyaTAllMOHHBIX PabOYMX

npeacTaBuM B Tadmwuie 39

Ta6nuna 39 — Pacu€t rogoBoro ¢oHaa 3apabOTHOM IMJIATHI SKCILTyaTallMOHHBIX pa-

0ounx

HaunmenoBanwne nomnarsl O06o3HaueHne CymmMma, pyo.
Tapudusiii ¢ona 3apaboTHON 301, 4556772,00
[JIATBI
[Tpemun IT 1139193,00
Paiionnsiii kKoaddumeHt PK 2278386,00
Hounrle yacer HY 214168,28
[IpaznHuyHbIE THU I11 136703,16
Htoro JD3I1 8325222,44
Otnycka 0] 624391,68
Hauncnenuss Ha CcTpaxoBbie CH 2684884,24
B3HOCBHI
®DoHJ 3apabOTHOMN TUTATHI D311 11634498,37

15.3.2 3arpaTsl Ha pEMOHT
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3arpaThl Ha PEMOHT BKJIIOYAIOT OCHOBHYIO U JIOTIOJHUTEIBHYIO 3apIliaThl pe-
MOHTHOTO TIEpCOHAJIa, CTOUMOCTh MaTepHUaIbHBIX PECYpCOB Ha PEMOHTHBIE HYKIIbI
Y TICXOBBIC PACXOIBI.

TapudHas 3apraTa peMOHTHBIX pabouux, pyo.

31L,"= ¢ - Teerps (16.20)
rae ¢’ —tapudHas ctaBka peMOHTHBIX pabodnx, pyo./d.

3I1,°= 78,69 - 10988,7 = 8647008,

- MpeMuH, pyo.

I1=0,25 - 311", (16.21)

- palioHHBINA KO3 PuMeHT, pyo.

PK=0,5 - 3IL", (16.22)

- HOYHBIE Yachl, pyo.

HY = 0,047 - 3I1," , (16.23)

- Ipa3IHUYHBIC THU, PYO.

Ia=2-0,03-0,5-3IL", (16.24)

JlneBHOM QoHa 3apabOTHOM IJIATHI, pyoO.

J®3I1 =11 + PK + HY + I1]] + 311", (16.25)

OTtnycka u BBITIOJIHEHHE TOCYAapCTBEHHBIX 00S13aHHOCTEMH, PyO.

0=0,075 - AD3II. (16.26)

Hauncnenus Ha cTpaxoBbie B3HOCHI, PYO.

CH=0,3- (P3I1+0). (16.27)

I'onoBoii pon 3apabOTHOM MJIATHI, pYO.

@®3I1 = AD3I1+ O + CH. (16.28)

Ta6nuna 16.4 — Pacuét romoBoro (oH1a 3apaboTHOM IJIaThl PEMOHTHOT'O TIEPCOHA-
na

Jlucm

Ar-140211.65 113

U3m.

Jlucm Ne dokym. lModnuck | dama 90




HanmenoBanme nomnarsl O06o3HaueHne CyMmmMma, ThIC. pyo.
. Tapudnsiii ¢oux 3apaboTHOIA 3110 864700,80
z ILJIaThI
5 Tpemuu I 216175,20
S Paiionnblii Ko3hduuuent PK 432350,40
é% Hounble yacsl HY 40640,94
[IpaznHuunble 1HUA I1J1 157222,62
Hroro JD3I1 1711089,96
Otnycka 0] 128331,75
Hauncnenus Ha CTPaxoOBbIC CH 551826 ’ 51
B3HOCBI
®don1 3apabOTHOM TIIATHI D311 2391248,22
Bropast cocraBisitomias 3atpar Ha peMOHT ONPEAEISET CTOMMOCTh MaTepra-
- J0B, TT0Ty(habpHuKaToB, 3aMacHBIX YacTed U T. M. ¥ IPUHUMAETCS B % K OCHOBHOM
g .
g 3apabOTHOM TJIaTe PEMOHTHBIX pabodux, pyo.
M =3 - 3I1", (16.29)
M =3-864700,8 =2594102,41.
[exoBble pacxoas! manupyrorcsa B pasmepe 100-120 % ot ocHoBHOM 3apa-
OOTHOM TUIaThl PEMOHTHBIX pabouux, pyo.
© P =1,2 - 3IL,", (16.30)
g
; P = 1,2 - 864700,8 = 1037640,96.
g
o
S [IpencraBum B Tabnuie 14.5 cyMMapHbie 3aTpaThl HA PEMOHT.
§ Ta6nuna 40 — 3aTpaThl HA PEMOHT
g CraTpu pacxoJ0B CymmMa, ThIC. pYO.
g 1. 3apaboTHas nara 2594102,41
= 2. Marepuansl 1037640,96
o 3. IlexoBbIe pacxosl 6022991,60
o Hroro 9654734,97
I
S
=
3 15.3.3 AMOpTH3AIMOHHBIC OTUUCIICHHS
AMOPTH3aIIMOHHBIC OTYUCIICHUS ONPEICIISAIOT UCXO0s U3 T'OJOBBIX HOPM aMo-
g PTU3ALUN U KAaTUTATBHBIX BIOXEHUN MU PEpPeHIIMPOBAHHO MO KaX0W TPyMIe OC-
© .
© HOBHBIX (DOH/I0B. [[aHHbIE pacu€ToB cBeAeHBI B TabnuIly 14.6.
g
S
o
S
"§ Ta6nuna 41 — AMOpPTU3aIIMOHHBIE OTYHCIICHUS
5 Jlucm
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T'onoBsie aMopTH-
CpoK I10J1e3H0TO Kanmnranbabie
DNeMeHTBl OCHOBHBIX (OH- Hopwms! amop- 3aIMOHHbBIE OTYHUC-
HCTIOBb30BaHMS, o BIIOXKEHUS,
JIOB tu3anuu, % 6 JICHUS,
JIeT THIC. PyO. ThIC. PYO.
O6opynosanwue I'TIIT 11 kB 15 6,66 148406,83 9893,79
O6opymosanue I'TIIT 10 kB 10 10 12912,30 1291,23
OGopynoBanue 1exooe 10 10 10
kB 15618,93 1561,89
O6opynoBanue [IEXOBOE 5 20
0,4xB 1497,60 299,52
Kabenu cunoBsle 15 6,66 1206,46 80,43
Htoro 179642,13 13046,43
15.3.4 Tlpoune pacxobl

[Ipoune pacxoasl npuHuMaroTcs B pazmepe 0,5-1 % ot ocHOBHOM 3apaboTHOM
TJIAThI KCILTyaTallMOHHOTO MepcoHana, pyo.

ITP = 0,01 - 311,

[P = 0,01 - 4556772 = 45567,72.

(16.31)

['omoBBIC M3MEPKKU IO DKCILTyaTallMK OOIIe3aBOACKON YacTH JIEKTPOXO3sIi-
CTBa IIPE/ICTaBIICHHI B Tabymie 16.7.

Tabmuia 42 — V3aepKKu 1o dKCILTyaTaiy 001Ie3aBOACKON YacTH AJIEKTPOX03sHC-

TBa
. Cymma
HaumenoBanue cratei pacxonoB o
THIC. pyO. Y0 K UTOTY

1.3apaboTHast ryiaTa OCHOBHAS U JOTOJHUTEIbHAS C 1163450 37,84
HAYUCJICHUSIMUA Ha CTPAXOBBIE B3HOCHI
2.3aTpaThbl HA PEMOHT 6022,99 19,59
3.AMOpPTHU3aIMOHHBIC OTYUCICHUS 13046,43 42,43
7 .IIpoune pacxopl 45,57 0,15
Wroro: 30749,49 100

Takum 00pa3zom, U3IEPHKKH TI0 IKCILTyaTaI[iy 00111€3aBOICKONM YaCTH SHEPTO-
xo03sicTBa cocTaBisroT 30749,49 Thic. pyo.

15.4 Kanbkysnsauusi ce0eCTOMMOCTH NPOAYKIIUU

CebecToMMOCTh €AMHUIIBI JJIEKTPOIHEPTUU CKJIAIbIBAETCA M3 CTOMMOCTH |
KBT'4 271€KTpOsHEPrUM U U3EPIKEK 0 IKCIUTyaTalMi 0OLIE3aBOACKON YaCTH dJIEK-
TPOXO034iCcTBa, Mpuxoaauxcs Ha 1 KBT4 moTpebisieMoi JIeKTpOIHEPTUH.

Ho+pebasnepranore
Ho+p
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| 5,=P,-T,, (16.32)
&
S
3 rae P, — BEJIMYMHA MakCMMyMa Harpysku, MBT;
é:'} T,, — YMCJIO 4aCOB HCIOJIL30BaHUSI MaKCUMyMa Harpy3KH, 4
3, =23,262 - 5000 =116310 .
[TnaTta 3a moTpeOaeHHYIO AJIEKTPOIHEPTHIO, THIC. PYO
=42, (16.33)
o I[I=p-9,=2,863 116310 = 332995,53.
2
IS [Tone3no uenosp3yemas IIEKTPOIHEPTHS, ThIC. KBT 4.
3}’[{)}163 = nomp - A3 ! (16'34)
3,omes = 116310 —1130,37 =115179,63.
CebecToMMOCTD OIIPCACIIACTCA M3 OTHOIICHHUA PACXOA0B K ITIOJIC3HO HCIIOJIb-
3yeMOM 3JIeKTPOIHEPTruu,py0./KBT 4.
% I+4u
S o, 1A, (16.35)
3 O ones
S
3
= 332995 ,53 + 30749,49
5 = =316.
_ 115179,63
zi Tabnuna 43 — Kanpkymsius ce0eCTOMMOCTH 10 OJJHOCTAaBOYHOMY Tapudy
2 Equaunie: usme- | AGCoroTHAS BEIN-
@ [Tokazarenu u cTaThU PacXxoJ0B
N peHus YUHA
o 1.ITorpebniennas sHeprust TEIC. KBT4u 116310,00
q§5 2.I'o10BOI MaKCHUMyM Harpy3ku kBT 23262,60
s 3.CraBka mo Tapudy 3a NOTPEOICHHYIO AIEKTPOIHEPTHIO py6 /KB 2,863
Q (c yuerom H/IC)
7.11mata 3a moTpeOICHHYIO AIEKTPOIHEPTHIO THIC. pYyO. 332995,53
©
g 5.I'010BBIE M3IEPKKU II0 DKCIUIyaTalliy OOIE3aBOICKON
kS P Y THIC. PYO. 30749,49
s YaCTH IJICKTPOXO3SMCTBA
Q
E 6.Bcero pacxo0B THIC. PYO. 363745,02
~ 7.1loTepu 37eKTpOIHEPTUU ThIC. KBT'u 1130,37
8.Ilone3Ho ucnosib3yemast 3JIeKTPOIHEPTUs ThIC. KBT94 115179,63
,'§ 9.Cebecroumocts 1 kB1/4 moTpebi. 1. sHEprun py0./kB1u 3,16
g' Jlucm
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15.5 TexHHKO-PKOHOMUYECKHUE TTOKa3aTeIN CUCTEMbI AJIEKTPOCHAOKEHUS

T
<) v
§ B zakiroueHne DKOHOMHUYECKOU YacTH HCO6XOIII/IMO IMPUBCCTHU Ta6J'II/IHy C OC-
Q o
= HOBHBIMH TCXHHKO-3KOHOMUYCCKUMU IIOKA3ATCILIMHU IIPOCKTUPYCMOHN CHCTCMBI
V)
§ ANEKTpOoCcHAOKeHNsa. B Tabiuily BKIIIOYEHBI CICAYIONIME IMoKazaTenu (Tabiuia
14.7).
Tabmuna 45— TeXHUKO-2KOHOMHYECKUE TOKA3aTEIN
Enuanna nzme-
IToxazarenu O0o3Hauenue a H KonmnuectBo
peHus
1YcraHoBiieHHAsI MOIIHOCTD Py kBt 28619
2PacuerHas MOIIHOCTH P, kBt 23262,6
N 3IToaHasg MOLTHOCTH S kB-A 24955
4 HanpspbkeHue BHEIIHEro 3JIEKTPOCHaO0-
s P P Us «B 110
g JKEHUS
O 5 HampsikeHue BHYTPEHHErO AJIEKTPOCHA- U <B 10
OKEeHUs H
6Koaddpunment Mmomuoctu (o) o0.e. 0,649
7KonIn4ecTBO, THII M MOIITHOCTH TpaHc]o-
t panca 2xTPJIH-25000/110
pmatopoB Ha ['TII1
8KoncrpykruBHoe BoimonHnenue [ T CxeMa ¢ BBIKITIOUATEIISIMU U Pa3beIMHUTEISIMU
9MakcuMalIbHas 3asIBJIIEHHAS MOIIHOCTH P, kBT 23262.,6
10Konn4uecTBO 1IEXOBBIX MOJCTAHIINN U UX
H ACTar 2x630; 10x1000; 4x1600
MOII[HOCTb
11 IlpuaaTtas cxema BH HHETO DJJIEKT-
£ y exe YIPCHHETO 91e CMmemragHast
S pPOCHA0KEHHUS
(e}
12IToTpebnenne SIEKTPUUECKON SHEPTHHU
2 OTpebeHHe SNEKTPHIECKOH SHED Oy TBIC. KBT4 116310
S MPEIPHUITHEM 32 TOJT
=
S 13Komnencupyemasi peakTUBHAas MOIII- Qux KBap 1478
= HOCTb Qux 12600
14IToTepu aKkTHBHON MOIIIHOCTH AP kBT 252,98
§ 15ITorepu sHEpTHH ADror ThIC. KBT'4u 1130,37
(S 16 KanuranbHble 3aTpaThl Ha DJIEKTPO00O-
2 P p K ThIC. PYO. 179642,13
_ pYJIOBaHHE MPEATNPUSTHS
09
I 17Y nenpHble KamUTAJIOBIOXKEHHA Ha |
= A . Kyn TBIC. py0./KBT 6,28
KBT ycTaHOBIIEHHOI MOIIIHOCTH
3 18I"'oq0BBIE U3AEPIKKHA [0 OOCITYKHBAHUIO
i a1 Acp N y ;o TBIC. PYO. 30749,49
g AIIEKTPOOOOPYTIOBAHUS U CETEM
S
% 19YwncIeHHOCTh IIepCoHaa Ten qell. 37
§ 20l'010BOM (OHI OCHOBHOM M JOIOJHH-
TEJBHOW 3apIuiaThl AKCIUTYaTaI[HOHHOTO @311 TBIC. PYO. 11634,5
o nepcoHasa
£ 21Koaddunuent obciyxuBaHus K, yen/MBT 1,29
(e}
22CTONMMOCTEh  DJIEKTPOdHEprun  (miara
p POIHEP ( Ty TBIC. PYG. 332995,53
S YHEPTrOCUCTEME)
S 23PacXoji SNEKTPOPHEPIUH HA EIUHUILY )
= TPOTYKITHH 3. Bra 50
a) HopmatuBHBIN pacxo/ 3J€KTPOIHEPTUN 3 49,51
5 0) dakTHYECKUN PacXo] DJICKTPOIHEPTUH !
8 /Ipn‘nfor\rr\r\rxn;rr\r\rr‘r 1 er.“ N Ao TINAN IS - pyﬁ /1 Bm.“ ’2’1A
2 TTacm
¢ [lM-140211.65T13
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THH | |

Koaddumuent odcayxuBanwms, uen/MBT

i
K —Jo 16.36
o (16.36)
Ky=—" __129.

28,619

VY enbHbIE KanUTaJIOBIOXKeHUS Ha | KBT ycraHOBIEHHONH MOIIHOCTH, THIC.
py6./xBt

K, = Pi , (16.37)
%4
. 179642 13 _ 6,28
28619

KosmmuecTBo BhImyckaeMol MPOAYKIUU

B==2 (16.38)
3_H

116310
50

B =2326,2.

DaKTUYECKUN pacXo]l dJIEKTPOIHEPTUH, KBT 4.

2

D, = o 16.39
= e (16.39)
3 _115179,63 4951

2326,2

16V cTraHoBKa yCTpOMCTBA OBICTPOJICHCTBYIIIEHABTOMATHKH HA MUTAHUM IIEMESHTHOMN
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BPAILAIOLIEHCS TTEYN.
16.1 Cxemsnl ABP ceTsax 10 kB.

CCFOI[HSI IMMOHMKCHUC HAIIPAKCHUA HIIA ITOJIHOC OTKIIIOUYCHHUC 3H€KTpOCHa6}Ke-
HHS SIBJISTIOTCST HanOoJiee CCPLE3HBIMU U KPUTHYCCKHUMHA HpO6HeMaMI/I JJIA Ka4€CTBa
3HCpFOCHa6)K€HI/IH. Pe3kne oTKIIOHEHUS HAITPsOKCHUA 3J'ICKTpOCHa6)K€HI/IH B TCXHO-
JIOTMYCCKHUX YCTAHOBKaX IIPOHU3BOACTB, MOI'yT CTaTb HpH‘-IHHOﬁ IOJTHOM OCTaHOBKU
IMPOU3BOACTBCHHOIO IIpoHecCa N JIMTCIBbHBIX IICPHUOA0B IIPOCTOA.

YacTo majieHus1 HANPs>KEHUS BBI3BAHBI aBAPUSMU B CETAX AJIEKTPOCHAOKEHHUS, a
BEJIMYMHA MMaJICHUS] 3aBUCUT OT OTHOCUTEIBHOTO MECTOIOJIOKEHHS TeHEepaTopa 1
TOYKH aBapuu 1 uaMepenus. OduinanbHas CTaTUCTUKA 110 CTENIEHU CEPHE3HOCTH U
pacnpeieNICHUI0 MaJeHUH HapsHKEHUS] OTCYTCTBYET, HO B HACTOSIIIIEE BPEMsI IPO-
BOJISITCSL HEKOTOPBIE U3MEPEHUS CPEAHET0 MaciiTada, KOTOPhIE, IO 0KUIAHUSM, J1a-
IyT IieHHYI0 uHpopmaiuio. B nccnenoBanuu, mpoBeI€HHOM OJTHUM M3 OCHOBHBIX
MIPOU3BOJIUTEIICH PIIEKTPOIHEPTHH, 3aMEPSUTUCH TIepenajbl HanpsHkKeHus Ha 12 yya-
CTKax MOIIHOCTBIO OT 5 710 30 MB/A. 3a 10 mecsneB 0b110 3adukcupoBano 858 me-
penaaos, 42 U3 KOTOPBIX MPUBEIHU K COOSIM M (PUHAHCOBBIM MOTEPSIM. XOTA Ha BCEX
7TuX 12 ygacTkax moTpeOuTeNIsiMu ObUTH HU3KO TEXHOJIOTHYHBIE TPOU3BOACTBA TO-
BAapOB C HEBBICOKOU J00ABJICHHOW CTOUMOCTBIO, (DMHAHCOBBIE TOTEpH AocTUriu 600
000 eBpo (B cpeanem 14 300 eBpo 3a oaud ciydait uiau 50 000 eBpo Ha y4acTok), a
camas OoJpias udpa HHANBUIAYATBHBIX YOBITKOB paBHsuiachk 165 000 eBpo. Oue-
BUJTHO, YTO 3aBObI, TPOU3BOISIINE MPOIYKIIMIO C BBICOKOW JOOABIEHHON CTOMMO-
CTBIO, JJISI KOTOPBIX HEOOXOIUMbI MHOTOATAITHBIEC TPOU3BOACTBEHHBIEC MPOIIECCHI,
CTOJIKHYJIHUCH ObI ¢ 60J1€€ BRBICOKMMH MOTEPSMHU.

Iyt TOrO, 94TOOBI 3TOTO M30€KATh, TPUMEHSIETCS YCTPOMUCTBO OBICTPOACIHCT-
Bytoiero ABP, koTopoe rapaHTUpyeT ONTUMAIbHYIO 3aIUTY YHEPrOCHAOKEHHUS.
JlaHHas cucTeMa oOecreunBaeT HEMPEPHIBHOE CHAOXKEHUE TTOTPEOUTEISI TOCPEICT-
BOM aBTOMAaTHYECKOTO MEPEKIIOUCHUS Ha PE3EPBHBIN Quaep 1 obecreunBaeT 3amiu-
Ty TEXHOJIOTHYECKOT0 MPOLEcca OT MPOIOJKUTENbHBIX ITpocToeB. bonee Toro, 61a-
roJapsi BO3MOXXHOCTH PYYHOTO NIEPEKITIOYEHUS, HAIPUMED, ISl 3aIUIAHUPOBAaHHBIX
OTKJIFOYEHMI, B 3HAYUTEIBHON CTENEHU YIPOIIAET SKCIUTyaTalluI0 YCTAHOBKH.

Jlaxxe 0IHO yCHEIIHOE MepeKIIoueHne, 00ecrneyrBaroiiee HelmpepbIBHOCTD pa-
OOTBI yCTAaHOBKH, IPEOTBPAIIACT MPOCTOH U UCKITIOYAET HEOOXOIUMOCTh UCIIOJb-
30BaHUs JOPOTOCTOSIIETO MPOIlecca MOBTOPHOTO 3aITycKa, YTO, B CBOIO O4Yepe/lb,
o0ecrneunBaeT MPAKTUUECKH MOJIHYIO OKYITaeéMOCTh BIIOKEHUN, HEOOXOANMBIX Ha
nproOpeTeHNE BHICOKOCKOPOCTHOTO MEPEKITIOYAIOIIETO YCTPOHCTBA.

[{ex Bpamarmmxcs HEMEHTHBIX II€Y€H Ha pacCMaTPUBAEMOM 3aBOJE SIBJISIETCS
notpeduTesnem aekTpodnepruu | kareropun. OcTaHOBKA UK TIEPEPHIB B padboTe
AJIEKTPOIIPUBO/IA TeUeii BIEUYET 3a COO0M 3HAYNTENBHBIA MaTePUATBHBIN yIIIEpO U
PACCTPOMCTBO CI0KHOTO TEXHOJIOTMYECKOr0 MPoLecca NPOU3BOACTBA LIEMEHTA, CO-
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BMECTHO C CO3JaHUEM I10KAPOOIIACHOU aBaAPUMHOM CUTYALUH, IPEACTABIIIOIEH
yrpo3y KU3HU 00CITYKHBAIOIIETO MEPCOHAIa U BHIXOJ U3 CTPOS BCEH MEYH B LIETOM.

DONeKTponpUEeMHHKH | KaTeropuu B HOPMAJIBHBIX PEXUMAaX JOJKHBI 00ecnedu-
BaTbCs HIEKTPOIHEPTUEHN OT IBYX UCTOYHUKOB IIUTAHUsA, U IIEPEPBIB UX JIEKTPO-

CHa0KEHUS MOXET OBITh JTOMYIIICH JIMIIb Ha BPeMs aBTOMAaTHYECKOT'O BOCCTAHOBJIE-
Hus nutanus (ITYD n.1.2.19.).

He3aBrcuMBbIN NCTOYHUK MUTAHUSA — UCTOYHUK IIUTAHUSA, HA KOTOPOM COXpaHsi-
€TCS HANPSKEHUE B ITOCIIEABAPUUHOM PEKUME B PETIIAMEHTUPOBAHHBIX MPEeIax

IIPU UCUE3HOBEHUH €r0 Ha IPYroM WIH JIpyrux uctouyHukax nutanus (ITY D m.
1.2.10.).

K ycrpoiictBam ABP npeabsaBistoTcs ciaeayromme TpeOoBaHUs:

1. ABP nomxeH HaXOAUTBCS B COCTOSIHUM ITOCTOSIHHOW TOTOBHOCTH K JIEHCTBHIO
U cpadaThIBaTh P NPEKPALIEHUN TUTAHUS TOTpeOUTENEH MO JH000M NPUINHE U
HaJIM4YUHA HOPMAJIBHOIO HAIIPSKEHUS HA PE3EPBHOM UCTOYHHKE ITUTAHUS.

2. He AOIIYCTUTDH BKIIIOUYCHUA PC3CPBHOI0O HICTOYHHKA Ha K3, JINHUA pa60qer0
HCTOYHHKA NOJIXKHA OBITH OTKJIFOUEHA CO CTOPOHBI IIINH HOTpG6HT€JIGI>i. OTkI04eH-

HOC COCTOAHHUC 3TOI'O BBIKIIOYATCIIS JOJIDKHO KOHTPOJIHUPOBATHCA IIPU BKIITOUCHUU
ABP.

3. O6nanath OAHOKPATHOCTHIO IEUCTBUS, UTO HEOOXOIMMO JIJIsl TTpEeA0TBpallle-
HUSI MHOTOKPAaTHOTO BKJIFOUEHUSI PE3EPBHOr0 UCTOYHUKA Ha ycToiunBoe K3.

4. O6ecnieunTh yCKOpeHHe 3anuThl mocsic ABP 1 GpIcTpOro oTkimroYeHus oc-
HOBHOI'O UCTOYHMKA MUTAHUS TIPU BKIIFOYEHUHU Ha ycToiunBoe K3 (umu 3anpetuth
ABP B TakoM cityuae).

5. UMeTh MUHMMAaJIBHO BO3MOKHOE BpeMsi cpadaTeiBanusi ABP niis cokpamienus
IPOAODKUTEILHOCTH MepepbiBa MUTAHUS MOTpeOUTENIel U 00eCeueHus yCIEeUTHOTO
CaMO3aIlyCKa JIEKTPOJABATaTEICH.

6. He nonyckare BkimroueHns ABP npu ormacHOM CHUKEHUN HANIPSKEHUS HA pe-
36pBHOM UCTOYHHKE.

7. He nomyckaTb ONaCHBIX HECUHXPOHHBIX BKJIIOUEHUN CUHXPOHHBIX AJIEKTPO-
JIBUTATEJICH U TTEPErpy30K 000py1I0BaHUS.

8. Pa3pemaTb IIOJIHOC aBTOMAaTHU4YCCKOC BOCCTAHOBJIICHUEC CXCMBI I[O&B&prIHOFO
PEKUMa IIOCJIC BOCCTAHOBJIICHHS ITIMTAHUA HAa OCHOBHOM HCTOYHHUKC ITMTAHUA.

Kommnekc BBICOKOCKOPOCTHOI'O IICPCKIIIOYAIOIICTO YCTpOﬁCTBa MOJKCT IIPpUMC-
HATBCA IPAKTUYCCKHU ITOBCEMCCTHO, I'’I€ OTKIIIOUCHUC 3H€KTp0CH3_6>KCHI/I$I MOXKET
IMPUBCCTH K OCTAHOBKC IIPONU3BOACTBCHHOI'O ITpOoLECCa U, COOTBECTCTBCHHO, K I0-
IMOJIHUTCJIbHBIM paCcXodaM.
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Jliist obecnieyeHusi MOCTOSIHHOM TOTOBHOCTH YCTPOMCTBA U3MEPSIEMOE HAIpPSIKe-
HUE T0JIaeTCs OT JIBYX CHHXPOHHU3MpOBaHHBIX (uaepoB 6-10 kB, koTopsie He3aBU-
CUMBI ApyT oT Apyra. CucreMa pemaeT 3a/ladyy B HEIPEPHIBHOM PEXKUME PEATbHOTO
BPEMEHH, C YUETOM Pa3NUuYHbIX (pu3ndeckux (HakTopoB, oOecreynBas MaKCUMAaIbHO
OBICTpOE MEePEKITIOUCHNE TTUTAHUS K IPYTOMY, CIUTAIONIEMYCS pe3epPBHBIM, puaepy.

Paccmotpum tunoByto cxemy ABP B pacnpenenuTeIbHOM YCTPOHCTBE C OJJHOU
CEeKLIMOHUPOBAHHOW CHCTEMOM IIMH, pUCyHOK 1. JlaHHas cxema 3a4acTyro HeoOXo-
IMMa BO MHOTHX 3JIEKTPOYCTaHOBKAaX, pa3lM4HbIX HampsbkeHuu. Kak B anekTpo-

cHaOKeHMM KUJIbIX 31aHui Ha 0,4 kB, Tak u pacnpenenuTenbHbIX YCTPOUCTBax 6-
110 xB.

B mannom npoekte ucnomin3yercst cxema ABP B PY2 mis oGecniedenust Haaéx-
HOCTH TMTAHMS IPUBOA IIEMEHTHBIX BpaIAIOIMMUXCS MeUei. IIECKTPOIPUBOIOM
SABJISIOTCS ABa CHHXpOHHBIX aBurarens CIIH316-41-16Y3 U,,=10 kB, P,,,=600
KBT, N,o,=375 00/MuH.

Hcxonusbrit pexxum padbotel ABP:

- biok ABP BBenén B paboty

- BBOIHBIE BBIKJIFOYATENIN BKIIFOYEHBI

- CEeKIIMOHHBIN BBIKIHOYATENb OTKIIIOUYEH
- Ha cexuusax 1 u 2 ecTp HanpsbkeHUe

[Tpu cHIKEeHUM HANpsHKEHUS Ha ceKiuu 1 Huxe ycraBku 6s10ka ABP 0,8-
0,9U,,0y ipoucxoaut mmyck anroputma ABP. IIpu 3TOM o4eHb Ba)KHO TOHUMATH
MIPUYHUHBI CHUKCHUS HATIPSDKCHHMS:

- K3 u nepexiitoueHus B BBILIECTOAIIECH CETH
- K3 Ha cexum 1
- O6peiB eneit TH no 6moxa ABP

- OnepaTUBHOE OTKJIIOUECHHUE BBIKIIOYATENs BBOAA |

Bce npuunnsbl, kpome Bo3HMKHOBEHUS K3 110 BBoAa | min ncue3HOBEHUS HA HEM
HaIpPsHDKEHUS JOJKHBI IPUBOAUTE K OJIOKUpOBKe anroputma ABP:

- cpabatsiBanre MT3 na Beoge 1, JI3II, nyrosoi 3amutel stueek KPY rosopsr
o HanmmuynK K3 Ha cOOpHBIX MIMHAX MEPBON CEKINHU. BKITtoueHrne CeKIIMOHHOTO BhI-
Kiroyatenis Ha 370 K3 npuBeaér k ero aBapuitHoMy OTKITIOUEHHIO, THOO K OTKITIO-
YEHUIO BCErO paCHpeAeIUTEIbHOTO YCTPOHCTBA 1 110 BBOIY 2.

- YPOB ot BeIKITIOHaTENS OTXOAAIIEH JIMHUH, Korja K3 mpou3oiuio Ha 0TX0-
Js1eM kadese U He cpaboTall BEIKIIIOYATENb, T0KHBI ObITh OTKJIFOUEHBI BBOAHOM U
CEKIIMOHHBIN BBIKITIOYATENb, pabota ABP npu sTom Henonyctuma.
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A A

Beop 1 Bson 2

B
1 cexu. 10 kB — 2 cexy. 10 kB
{1}

A A A A

Pucynox 16.1 Cxema padotst ABP

- 00pbIB Lener TH, pukcupyeTcss HECI0KHBIMU CXEMOTEXHUYECKUMU pellie-
HUSIMU BO BTOPUYHBIX II€TSIX, B TOM YKCIIE 1yOJMpPOBaHUEM CUTHAJIa HAJTMYUS Ha-
npsbkeHusa ot TH crosiimum 1o Beona 1

- OIIEPaTUBHOE OTKJIFOYEHHE BBOJHOTO BBIKIIIOYATENs, OJOKUpOBKa padoTsl ABP
BBITIOJIHAETCS] HA YPOBHE AJITOPUTMOB.

Ecnu xoTh 0/1Ha 6JIOKMPOBKA MPUCYTCTBYET OJI0K BhINAET curHan «Heycneni-
Hblli ABP» 1 ocTaHaBIMBaeT cxemy.

JlanpHeummii mar, mpoBepKa HaJIU4Hs HAMPSHKEHUS HA 000UX CEKIUSIX, €CIH
HaIpsHKEeHUE NPUCYTCTBYET TOJIBKO Ha OJJTHOM CeKLMHU, TO Torna cpadbarsiBaetr ABP.

brox ABP o0s3aTenbHO AaET BBIIEPKKY BPEMEHHU Ha BKIFOUEHUE CEKIIMOHHOTO
BBIKJIFOYATEJS, YTO CBSI3AHO C KOHTPOJIEM BBITIOJIHEHNS] KOMAH bl HA OTKIIFOUCHHE
BbIKJTIOUaTesst Beoaa 1, Tosbko mocie cpabaTbiBaHus €ro 0J0K-KOHTaKTOB ITPOUC-
XOJIUT BKIIFOUEHUE CEKIIMOHHOTO BBIKJIFOYATENS.

Ha nmoacranmmsax ¢ CI k ABP npenbsBiasioT psi JONOJHATEIBHBIX TPeOOBa-
HUW, o3TOMy cxema ABP CyllleCTBEHHO ClI0KHEE, YEM PACCMOTPEHHAS BBIILIE.

Pasnsbie Buib1 ABP MoxHO KiaccupuuupoBaTh MO0 BpEMEHH MEPEKITIOUCHNUS,
METO/IaM U3MEPEHUS U aHaInu3a YCI0BUM cpadaTbiBaHus Uiu O6JokupoBku ABP:
. du° df
1. BeicTpoe nepekitoueHue. 3amyckaeTcs: OT GyHKIUH TS YTO TTO3BOJISIET
NepPeKIIFOIUTHCS 3a KopoTkoe 30-100 Mc BpeMs, TToOKa BhIOETAIOIINE ABUTATSIN HE

BBIIIJIN U3 CHHXPOHU3MA.
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2. AnroputM, pabotaromuii mo BenmunHaMm dU, df, <° (yriy mHanpspkenuit), ko-
TOpbIE U3MEHSIOTCS 0oJiee JMHAMUYECKU HEXXENU B IPEIbIIYIIEM Cllydae, uTo 3a-
TPYAHACT aHAJIU3 U yBEJIMUMBAET BpeMs nepekintoueHus 10 100-700 mc.

3. CpabOatbIBaHHE 10 IPOCTHIM BPEMEHHBIM (DYHKITUSIM OTCYTCTBHS-
IPHUCYTCTBHS HANPSKCHMS HAa BBOJIC M CEKIIMAX IIMH. Bpems mepektoueHus OKOJI0
700 Mc u Ootee.

16.2 BeicTpoieiicTBYIOIIKE YCTPOMCTBA aBTOMAaTHYECKOTO BBO/Ia pe3epBa

Bo3Hukaromue B cuCTeMax 3JEKTPOCHAOKEHUSI HApyILIEHUs TUTaHUsI MHOT000-
Pa3HbI ¥ 1O JUTUTENBHOCTH, U N0 IITyOWHE MOHMKEHUN HANPSHDKEHUS Ha 3JIEKTPOIABH-
raTteisix U Mo XapakTepy U3MEHEHHs BO BpeMeHHU. [IpakTuueckue nroObie BUbI Ha-
pYLIEHUS NMUTAHUA BEIYT K U3MEHEHHMIO PEXUMOB pabOThl AJIEKTPOJBUraTeNel, B
KOTOPBIX BO3HHUKAET MEPEXOAHBIN PEXUM. ECIM MepexoaHbIl PEXUM 3aBEPLINIICS
3HAYUTENIbHBIM U3MEHEHHEM pabO4YMX XapaKTEPUCTHK AJIEKTPONPUBOAA (CKOPOCTH,
MOMEHTA U JIp.), TO 3TO XapaKTepu3yercs Kak MOTepsi UM YCTOMUYHUBOCTH.

Camo3zamyck mpejacTaBisieT coboi HaOoOp ACHCTBUM, MPUEMOB, HAINPABICHHBIX
Ha OO0ECMEeUYEeHUE PEe3YyJIbTUPYIOIEH YCTOMYMBOCTU KakK MPU MaybIX, TaK U TPHU
Oonpmx Bo3MylneHusX. [IpoGiema obOecrieueHus: YCTOMYMBOCTU TIPU MaJbIX BO3-
MYILICHUSX WM CTATUYECKOW YCTOMYMBOCTH BO3HUKAET MPU KPATKOBPEMEHHBIX Ha-
PYLIEHUSX MUTAHUS THINA KOPOTKU 3aMblKaHuil, AercTBuid cxem ABP u AIIB. s
CTaTUYECKOW YCTOMYMBOCTH XAPAKTEPHO TO, YTO MOCJE YCTPAHECHUS BO3MYLICHUS
CHUCTE€Ma BO3BpAIACTCS K HOMHUHAJIBHOMY PEXUMY 0€3 CHelUaIbHbIX YIpPaBICHUH.
[IpobGnema TUHAMUYECKON YCTOMYMBOCTH, BOSHHUKAIOIIEH MPU OOJIBIIUX BO3MYIIIE-
HUSX, CIOXKHEe U TpedyeT pa3paOOTK U MPUMEHEHHS CHEIUaIbHBIX YIPaBICHUH,
0€3 KOTOPBIX CUCTEMa CaMOCTOSITEIbHO HE JIOCTUTHET HOPMaJIbHOTO pexkuma. BBu-
Jy TOTO, YTO CIOCOOBI O0ECTeYeHHUs] CTATUYECKON U TUHAMUYECKOW yCTOWYUBOCTH
3HAYUTEIBHO OTIMYAIOTCS OT APYT Apyra, 1esecooOpa3Ho UX OTIAEIbHOE pacCMOT-
peHue.

B sTom pazzene paccMatpuBaeTcs BOIIPOC 00ECIIEYEHUs CTATUYECKON yCTONYH-
BOCTH IIPH KPATKOBPEMEHHOM HapyIIEHUU [TUTAHUS.

MeTtonpl o0ecrieyeHusi CTaTUYECKON YCTOMYMBOCTH 0a3UpyIOTCS HA MUHUMU3A-
MU BPEMEHH U TITyOMHBI JeHCTBUS Bo3MyIleHus. K aTuM MeTogam oTHOCATCS MpHU-
MEHEHHE OBICTPOJEHCTBYIOUIMX 3alllUT M OBICTPOAECUCTBYIOMMX ycTpoiicTB ABP.
OTHU METOJIbl TPUMEHUMBI JJI ABUTATENIEH JTIOObIX TUHOB. J[JIs1 CHHXpOHHBIX JIBUra-
TeJeW aKTyaJbHOU SIBISIETCA TaKKe MpodJieMa yaep >KaHUs ABUTaTeNsl B CHHXPOHHU3-
M€ U pellaercs oHa ynpasieHueM (GOpCUpPOBKON BO30YKIEHUEM STUX JIBUTaTeseH.
Oto ympasieHue Heooxoaumo notomy, uro CJI, kak mpasuiio, yxe uepe3 0,2-0,4 ¢
MOTYT BBINIACTh U3 CUHXPOHU3MA, YTO MOTPEOYET ramieHue nos 3JIeKTPOIBUraTeIsl.
A 3T0 yXe nepexoj K 00ecreyeHuIo TMHAMUYECKO yCTOMYMBOCTH. Perenue 3ana-
yu quHaMuueckor ycronumBocTH st CJl obnerdaercs Bceraa Te€M, 4TO MPOBOIUT-
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cs1 OBICTpOE TaIlIeHUE TIOJISI OOMOTKHY BO30YKICHHS, B PE3YJIbTATE 3TOTO COKpAIaeT-
csl BpeMsl OTKIIFOUeHHOTO cocTosiHusl CJ] 1 MakCMMalibHO COXpaHSETCsl €ro 4acToTa
BpaIIeHUs.

WTak, OCHOBHBIMU MpoOIeMaMu 00eCIIeYeHUsI YCTOWYMBOCTH AJIEKTPOBUTATE-
Jel Tpu KpaTKOBPEMEHHBIX HAPYIICHUSX MUTAHU SBISIOTCS MpoOieMbl pa3paboT-
Ku ObIcTponericTByromux 3amuTt, ABP u 3Q@exTuBHBIX crOcOO0B ympaBiIeHHS
¢dopcuposkoii Bo30yxaenust CJ| u rameHuem ero moJsi.

bonbpmHCcTBO MOBpekAeHUM cBsizaHO ¢ K3 B pa3smuyHBIX TOYKaxX 3JIEKTpUYE-
ckoi cetd. M ecnu npu HE3HAYUTENBbHOM ynalieHnu Touku K3 HanpspkeHue Ha BbI-
BOJIaX AJIEKTPOABUTATEIIECH CHUKAETCA CYIIECTBEHHO, TO Npu yaanéHubix K3 3Haue-
HHME OCTaTOYHOIO HampshKeHWs npesblmaeT uHorga U,,>0,6U,,,. Odens mupokuii
JIAANa30H U3MEHEHUN HAIPSKEHUA Ha IIMHAX nojactaHuuu, nuratoment Cl, 3actas-
nser 1A 3anycka cxeM ABP m pecMHXpOHM3alMKM OCYIIECTBIISITH KOHTPOJb 3a U3-
MEHEHHUEM HaIIPABJICHUS] MOLIHOCTH.

HpI/I OIIMOOYHOM MCUE3HOBEHUH IMUTAOMICTO HAIIPAKCHUA (HGCGHGKTHBH&H pa-
oota 3alllUTBI U CETEeBOM ABTOMAaTHUKH, OIINOKHU OKCILTYaTallMOHHOI'O HepCOHaJ'Ia)
QJICKTPOABUTATCIIN IICPCXOOAT B FeHepaTOpHBIﬁ PCKHUM, IIOTOMY B TAKUX CJIy4asiX B
ITYCKOBBIC OpraHbl CXCM ABP IMPpUXOOUTCA BBOAUTL PCJIC YaCTOThI, pa3HOCTH YacC-
TOT, TaK KaK KOHTPOJIb TOJIBKO 3a YPOBHCM HAIIPSPKCHHA ABHO HCAJOCTATOYCH.

[TyckoBoii opraH, OTBEYArOIIMIA U3JI0)KEHHBIM BbIIIE TPEOOBAHUSIM, MOXKET OBbITH
BBINIOJIHEH HAa CEPUMHO BbINTyCKaeMbIX pene. OAHaKo B 3TOM ciydae MOJyUUTCS
MHOTO peJieiiHasi CXeMa C UCIIOJIb30BAaHUEM CIIOKHBIX PEJI€ YacCTOThI, PA3HOCTH Yac-
TOT, HaIlPpaBJICHUSI MOILHOCTH, HANPSKEHU U Ap. Takoe yClI0KHEHHE OTpULIATENb-
HO CKa)KeTCs Ha OBICTPOJIEHCTBUM MyCKOBBIX OPTAaHOB, HA €r0 HAJIEXKHOCTH U MOBBI-
CHUT 3KCIUTYyaTallHOHHBIE PACXOJIbI.

C 1uenbo MOBBINICHUS HAAEKHOCTH U ObICTpoaercTBusl cxeM ABP u pecunxpo-
HU3aIUKU ObUT pa3pabOTaH M UCTIBITAH B YCIOBHSIX, OJIM3KUX K peajbHBIM, ObICTPO-
JEUCTBYIONIUN OECKOHTAKTHBIN ITyCKOBOM OpraH.

[IpuHUMO AEHCTBHS 3TOTO MYCKOBOIO OpraHa OCHOBAaH Ha CPaBHEHUHU MIBYX
AIEKTPUUYECKUX BEIMYMH MO (pase, Mpu ITOM OJHA M3 ITUX BEJIMUYUH CUHYCOUIAJb-
Has, a Apyras mpeodpa3yeTcss U3 CUHYCOHIbl B UMITysibc. CpaBHEHHE (a3 OCYIIECT-
BJIIETCS HA TUPUCTOPE, HA aHOJA-KATOJ KOTOPOIro MOJAETCs HAIPSHKEHHE OT TPaHC-
dbopmaTopa HampsHKEHUST PE3CPBUPYIONICH CEKIIMH, a Ha YIPABJISIONIUN AIEKTPOJ -
UMITYJIBCHI, MPE0Opa3OBaHHBIE W3 CHHYCOHWJIATLHOTO HaIpsDKEHUs (TOKa) TpaHC-
dbopmaTopa HanpsiKeHUs (TOKAa BBOJA) CEKIIMH, MOTEPSBIIEH MTUTAHUE.

CrpykTypHas cxema mpeajiaracéMoro opraHa npejcraBiieHa Ha pucyHke 2. Cxe-
Ma COCTOMUT U3 JABYX CMMMETPHUYHBIX 4acTeil, Bo3AeicTByomMX Ha cxeMbl ABP u
pecunxponuzanuu CJ[ cBoux cexnmii. [Tockonpky padoTta o0enx yacteid OIMHAKOBA,
TO JOCTAaTOYHO PAaCCMOTPETh pabOTy OJTHOW U3 HUX.
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Pucynox 16.2 CtpykTypHas cxema myckoBoro oprana bABP

Hanpsxkenue, nponopumoHansHoe TOKY BBoma 1 cekiuu noacranumu, Ot
tpanchopmaropa TL1 nonaércsa Ha popmuposarens umiysnbcoB U 1. Tlomyuen-
HBII UMITYJIbC TOCTYHAET B cxeMy coBnajaenus 1. Eciu HanpsihkeHue Ha CeKIuu
HUKE 3a/IaHHOTO YPOBHS, 32 KOTOPBIM CJIEIUT OJIOK KOHTPOJISI HAlPSKEHUS

BKH1, To uMmynsc mpoxoauT Ha ycunutens Y 1, a 3atem Ha Tupuctop VS1, k
aHOAY-KaTOLy KOTOPOTr'O IIPUJIOKEHO HAIIPSKEHUE PE3EPBUPYIOLIEH ceKinu. B
HOPMAaJIbHOM pexuMe U ITpu K3 Ha OTXOIAINX OT NOACTAHIUY JTUHUAX UMITYJIbC
pacrionaraeTcsi [puMepHO NOCEPENNHE OTPULIATENBHOMN MOJYBOJIHBI CHHYCOH/IBI Ha-
IIPSKEHUS.

W3meHenue HanpaBiieHHsI MOIIIHOCTH, 4TO HaOmogaeTcs mpu K3 co cTOpoHsI
MCTOYHUKA MUTAHUA, CMEIIAET UMITYJIbC IpuMepPHO Ha 180° (B CTOPOHY MOJI0XKU-
TEJIbHOM MOJTYBOJHBI HAMPSXKEHUS ), TpH 3ToM TUpuctop VSI1 Britouaercs. Ecnu Ha
pE3epPBUPYIOINICH CEKITMU JOCTATOYHBIA ypOBEHb Hanpshkenus (6onee 0,8U,,,,), KOH-
TpoJib 3a KOTOphIM ocyiiecTBisieT BKH3, To VSI1 depes BeixonHo# 6510k bB npuBo-
IuT B nerictBue cxeMbl ABP u pecunxponu3zanmu cBoeit cekiuu. Takum oOpazom
paboTaeT mMyCKOBOM OpraH Mpu aBapusix, cBsi3aHHbIX ¢ K3.

[Tpu o1mMOGOYHOM OTKIFOUEHHUH MUTAIOUIETO HAMPSKEHUSI U TIEPEX0JIE IIEKTPO-
JIBUTATEJICH B T€HEPATOPHBIN PEKUM ITyCKOBOM Oprad paboTaeT CiaeayomumM oopa-
3oM. Hampsikenue 1 cekiuu uepes nurtaromuii Tpancdopmarop TL2 noga€res Ha
dazocasuratonryio uenb OLI, koTopast cayKUT A KOMIEHCAIlUU CABUTA 0 (a3e
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MEX1y HANpsOHKEHUEM CEKIMH MOJACTaHIMHU. 3aTeM HaIpsHKeHHE MOCTynaeT Ha (op-
MHUpPOBATENb UMITYJIbCOB PI2.

[TonydeHnHble UMITYJIbCHI OYyAyT MPOMYIIEHBI CXeMO# coBmajeHus M2 nuins B
ciy4ae, eclii ypOBEHb HalpsKeHUs, KoHTponnpyeMblii BHK?2, He cHU3UTCA HIKe
3agaHHoOTO. [Iponymennsie cxemon M2 nMIyabChl yCUIUBAKOTCS YCUIUTEISAIMA Y 2
U TIONaJaroT Ha TUpUCTOp VS2. B HOpMaNbHOM peXUME UMITYIIbChI PACIIONIararoTCs
B HayaJie IOJI0KUTEIbHOU ITOIYBOJIHBI CHHYCOUABI. Kak TOJIBKO UMITYJIBC JOCTUT-
HET yIJla €CTECTBEHHOT 0 OTIHpanus Tupuctopa VS2, on Bkimouutcs. Jlanee cxema
paboTaeT aHAJOTUYHO BBILIE ONUCAHHOMY.

dopMUpOBATENIN UMITYJIHCOB ITYCKOBOT'O OPTraHa BBIIOJIHEHBI C YyBCTBUTEIBHO-
CTBIO, MO3BOJISIONIECH MOJIy4aTh UMITYJIbCHI TPU BXOAHOM curHaie ¢ 10% ero Homu-
HAJIBHOTO YPOBHS. DTOTO BIIOJIHE JOCTATOYHO AJIs HAAEKHON paboThl popMHupoBa-
TeJe B IEPEXOAHBIX PEKUMAX CXEM AJIeKTpocHaO)eHus. PazocaBUraromas mne-
IIOYKa IyCKOBOTO OpraHa IM03BOJISIET PEryJIMpOBaTh Yroi cABUra (a3bl HalpsHKEHUS,
noaasaemsblii Ha ®U2, ot 0 1o 60° B ctopoHy onepexenus. Takas mupuHa quamna-
30HA PETYIMPOBAHUS ITO3BOJIIET OTCTPAHUTHCS OT BO3MOYKHBIX YTJIOBBIX CABUIOB
(a3 B pa3IMUHBIX IEPEXOTHBIX PEKUMAX.

VYcraBku, Ha KOTOPBIE MOTYT OBITh HACTPOCHBI OJIOKH KOHTPOJISI HATIPSKEHUS,
perynupytorcs ot 20 10 100% HOMUHAIBHOTO HANPSIKEHUS CETH.

Takum 06pazom, myckoBoi opran cxem ABP u pecuHXpoHH3aluu OTBEYAET
BCeM TpeOOoBaHMsI OBICTPOICHCTBUS M CETIEKTUBHOCTH.

PaccmoTpum Takxke cuctembl BABP npousBoactea OOO «HIIK ITpomup»

Pucynox 16.3 baok BABP OOO «HIIK ITpomup»

[TyckoBoe ycrpoiictBo BABP 072 sBnsercs ycTpoMCTBOM NPOTHBOABAPUIHOM
aBTOMATUKH U 00ecreuynBaeT ABYXCTOPOHHEE AECHCTBHE HA OTKIIOYEHHE BBIKIIIOYA-
TeJel BBOJAOB M HAa BKIKOYEHUE CEKLIMOHHOTO BBIKIIOYATEIS.
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PaGota yctpoiictea BABP 072 Bo3MOXHa Kak MpU MCYE3HOBEHUU MHUTAHUS OT
OCHOBHOTO MCTOYHHKA, TaK U B CIIy4ya€ BO3HUKHOBEHHMS BCEX BUJIOB KOPOTKHUX 3a-
MbIKaHMM B 1ersix nuratromux guHuid. Kommieke BABP 072.XX nipenHa3zHaven s
paboTHI KaK Ha MOJICTAHIIUAX, UMEIOLIUX JIBE CEKIIUU IIUH C JIByMsI pab04YrMU BBO-
JTaMUA ¥ CEKIIMOHHBIM BBIKJIIOUATENIeM, TaK M JUISl OJHOCEKIIMOHHBIX MJIU TPEXCEKIIH-
OHHBIX pacHpeeIUTENbHBIX YCTPOUCTB.

[IpenmymecrBa bABP 072 3aknroyarorcs B CIEAYIOLIEM:

* MUHUMAJIBHOE BpPEMS PEAKIIMU Ha aBApUMHBINA pexnm 5'12 mc;

* HaJIGXKHOE W HETIPEPHIBHOE AIEKTPOCHAOKEHUS TTOTPEOUTENEH 3a CUET OBICT-
POAEHCTBYIOIIETO BBOJIA PE3EPBHOTO MMUTAHUS;

* IEPEKIIIOUEHNE Ha PE3EPBHBII BBOJ OCYIIECTBIISIETCS BCEria ¢ COOJII0ICHUEM
CUH(]a3HOCTU UCTOYHUKOB MTUTAHUS;

* ipu cpabateiBanuu BABP B oTinune ot oObruHoro ABP cunxpoHHBIE 1BUTa-
TEJIM HE TEPSAIOT CUHXPOHMU3MA U HE TpeOyeTCs TalieHus MoJjsl U PECUHXPOHU3ALINH;
* TOKM BKJIFOYEHUS JIBUTATENEH, MUTAIOIUXCSA OT MOBPEAKIECHHOTO BBO/IA, HE
MPEBBIMAIT (2+2,5) [H, 4TO yBETUUYUBAET peCcypcC IEKTPOJABUTATENCH U MEXaHU3-

Ma;

* IepeXo/IHbIE MpoIecChl nmocie cpadaTeiBanusi BABP 3akanuuBaroTcs 3a necs-
ThI€ JOJIA CEKYHJIbL;

* OTKPBITasH JIOTUKA pa0OThI C BO3MOKHOCTBHIO MOJICPHHU3AIIUU 1101 3alPOCHI 3a-
Ka34yuKa;

* paboTaeT nmpu HecuMMeTpuuHbIX K3 B muTaroieit s3neprocucreMe, KOTopbie
coctaBisitoT 60see 80 % Bcex K3, ucmonb3yst KOHTPOJIb HAMIPABICHUSI MOIITHOCTH U
0c000€ peJie HampaBleHUs TOKa;

* HaJIS)KHO PadOTAET KaK MPU HAJTMYUKU CUHXPOHHBIX W/UJIM ACHHXPOHHBIX JIBU-
rateneil HanpsbkenueM 6(10) kB, Tak u mpu UX OTCYTCTBUU;

* o0ecreunBaeT ypOBHU OCTATOYHBIX HANPsKEHUN HA IIMHAX MOACTAHIIUMA HE
auxe 0,9U,,, (Bpems BeiOera Ha K3 cokpamaercs 10 14+20 Mc) U CyIIeCTBEHHO
YMEHBIIIAET OTIAIAHNE MATHUTHBIX IMyCKaTeIeH, KOHTAKTOPOB B IIE€MU MATAHUS
HU3KOBOJBTHBIX JJICKTPOJIBUTATENEH, COOU KOMIBIOTEPHBIX CUCTEM YIIPABJICHMUS,
OTKJIFOUEHHMS CTAHIIUW YIIPABJICHUS;

* OCYIIECTBJIICT ABTOMATUYECKOE OIpe/ieieHe 3HAUCHU I aKTUBHOM, PEaKTHB-
HOM Y TIOJTHOM MOIIHOCTHU; HAMPSDKEHUS U TOKOB; COCTOSIHUSI TUCKPETHBIX CUTHAJIOB
MOJICTAHIINHU ¢ TToAIepkaHueM mpotokooB MOK 60870-5-103, MDOK 60870-5-104
U niepenayen sxypHana coosituii B ACIY;

* aBTOMATUYECKOE OCITMILTOTpadupoBaHUE TapaMETPOB PEKUMa B SJHEPTOHE3a-
BHUCHMOM IMaMSATH C JJIUTECILHOCTHIO 3armucu He meHee 600 c;

* paboTaeT 0e3 NMpuBs3KHU K Kakoi-mnoo P3A Ha noacranuuu, a s PY(TII) 6e3
cymectBytomeir P3A na 6aze BABP 072 MoxxHO peanm3oBaTh 3anuTy BBoj10B MT3,
TO u 3MH;
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* CUJIOBOM THPUCTOPHBIN 0510K (Mogudukanus BABP 072.02), koTopslii mo3Bo-
JSI€T KOMMYTHUPOBATh CHJIbHOTOYHBIE LIEMH BKIFOUYEHHNS CEKIIMOHHOTO BBIKJIFOYATENS
(ucnonp3zyemsbie it BABP nanpsokenuem 35 kB);

* paboTaeT Kak Mpu CXeMe MOJICTAHIIUH C CEKIIMOHHBIM BBIKIIOYATEIEM, TaK U C
JBYMsI BBOJAMHU HA CEKIIHIO;

* 0OecreynBaeT HaIe)KHOE aBTOMATUYECKOE BOCCTAHOBIIEHUE HOPMAJIBHOTO pe-
xuma (BHP) 6e3 BMemarenscTBa nepcoHana;

* paboTaer ¢ I0OBIMU BaKyyMHBIMH W/WJTU 3JIETA30BBIMU BBIKIJIIOUATEIISIMU.

[TomHOE BpeMst IEpeKITIOUEHUS Ha PE3EPBHBINA BBOJ] 3aBUCUT OT BAKYYMHOTO BHI-
Kirouarens. B qanHoM mpoekte npuHsTh Beikrouatenu BB/TEL «TaBpuna Dnek-
TpUK». J{751 CEKIIMOHHOTO BBIKITIOUATENIsl BEIOpaHa ObICTpOCpadaThIBAIONIAS MOJICITD
ShellQ, pu 3ToM MosTHOE BpeMs IEPEKITFOUYCHHUS ONPEICIISICTCS

TEABP = T + T

6x1.CB peaxy. 11y 1

Tosr = (208 22)+ (6 12)= 26& 34 mc.

[lyckoBbIe Opranbl YCTPONCTBA BKIIOYAIOT: OPraH MUHUMAJIBHOTO HANIPSIKEHUSI,
0co0o0¢ perie HarpapiieHHs TOKa (MOIIIHOCTH), OPTaH KOHTPOJIA YTJIOB CABUTA MEXKTY
HaIpPsHKEHUSIMU TIEPBOM U BTOPOM CEKITUU, OpraHbl MUHUMAIBLHOTO U MAKCUMAaJIbHO-
ro TOKa.

XapaktepucTtuka cpabaTeiBaHus pese HanpasieHus Toka (PHT) B kommuiekcHoi
IUIOCKOCTH IMPEACTABJICHA HA PUCYHKE 5

ch 1 +kn_ubc2

Pucynok 16.4 3ona cpabaTeiBaHus, COOTBETCTBYET MEPETOKY MOIIHOCTH B (haze «A» oT uc-
TOYHHKA MMUTAHUS K HAarpy3Ke.

Hamnpasnenue Toka (MOITHOCTH) ONPEESETCS pACUETHBIM ITyTEM U CUATACTCS
IpsIMBIM (OT UICTOYHHKA K IIIMHAM), €CJIH:
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R

eg((uam iU e ) 8" ) |

|L_Jabl + kngab2| gj -

roe U,,,U,.,, U,, - KOMIUIEKCHBIE JEHUCTBYIOIINE 3HAUECHUS HANIPSKCHUN HA IIMHAX

OCHOBHOIO HCcTO4YHMKA nuTanus (Pucynok 5); U,,,U, ,, U , - KOMIUIEKCHbIE J€H-

CTBYIOILME 3HAYEHHS HATIPSDKEHHUI Ha MIMHAX PE3EPBHOIO UCTOYHHMKA IUTaHMS, |,
Lys 1., - KOMIUICKCHBIC YHCIIa, COOTBETCTBEHHO COMPSDKEHHbBIE KOMIIEKCHBIM JICH-
CTBYIOIIIMM 3HAYCHUSAM TOKOB |,,,1,,, |, Ha BBOJIC OCHOBHOI'O HCTOYHHKA MUTAHMS,
Pyer - 32JIAHHASA YCTaBKa yria; |y, - 3a1aHHas ycTaBka Toka; Ky - 3aJjanHas ycraBka
K03 duUIUEHTa MOANUTKH OT IIUH PE3EPBHOTO UCTOYHHKA MUTAHUS. 3a CUET HAJIH-
Yusl AOMOJTHUTENBHBIX OpraHoB ycTpoiictBo BABP 072 nagexuo padortaet npu K3 B
MUTAIOIIMX CETSIX, OTKJIIOUEHUSX BBIKIIIOUYaTENeH 10 BBO/A, a TAKXKE OJIOKUPYET pa-
6oty BABP npu ognodazubsix K3 10 BBoAa u Ha oTXoAs11ei JinHuu (B apyrou a-
3€) OT CEKIIUH.
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CHnucok HCnoJib30BaHHBIX HCTOYHUKOB

1 WHCTpyKIMS MO MPOEKTUPOBAHHMIO TOPOJICKUX 3JJIEKTpU4YecKux cered Pl
34.20.185-94.

2 ®enopos, A.A. YueOHOe mocoOue Al KypCOBOTO M JAUIUIOMHOTO MPOEKTH-
POBaHHUSA 1O ANEKTPOCHAOKEHUIO MTPOMBIIUICHHBIX npeanpuatuii / A.A. De-
nopos, JI.E.CrapkoBa. — M.: DOneproatomusnar, 1987r.

3 Kynpun, b.1. DnexrpocHabdxenue npomeiiieHHbIX npeanpustuil / b.. Ky-
npuH. — M.: OHeproaromuzaar, 1995r.

4 PoxkoBa, JI.J[. DnekTpooOopyaoBaHHEe CTAaHIMK M TOACTAHIWN: YYEOHHK
JUTSI TEXHUKYMOB. — 3-€ u37., mepepad. u gom. / JI.JI. Poxkkosa, B.C. KozynuH.
— M.: DHeproaromusaar, 1987r.

5 Bo3zoBuk, B.II. KoHCTpyKIIMHM OTKPBITHIX pacHpeneauTeIbHbIX YCTPOMCTB
ANEKTPUUYECKUX CTAHIUMK W mojacTa”iui: Yueb. mocobue / B.II. Bo3oBuk,
B.A. EpmakoB — KI'TY. Kpacnosipck, 1996r.

6 HexknenaeB, b.H. Dnexrpuueckas 9acTh AJIEKTPOCTAHIMN M TMOACTAHIIUN:
CnpaBouHble MaTepuajbl ISl KypCOBOIO W JUIUIOMHOTO MPOEKTHUPOBAHUS:
VYue6. mocobue s By30B. — 4-e¢ uzn., nepepad. u gon. / b.H. Heknemnaes,
N.I1. KproukoB — M.: DHeproaromusgart, 1989r.

7 Omnonea, [''H. Cxempin mnojcTanHiiuu siekTpocHaOxkeHus: CrpaBOYHHK:
Vuebnoe nocoodue. — M.: DOPYM: UHDPA — M, 2006. — 480 c.

8 ®enopoB, A.A. CipaBOYHUK IO 3JIEKTPOCHAOKEHHUIO MPOMBIIIJICHHBIX TIPe-
npusituii. [Ipomeinuienasie snekrpudeckue cetu /A.A. denopos, I'.B. Cep-
ouHoBckui. — M.: Dueprus, 1980r.

9 Bonobpunckuii, C.J[. DnexTpudeckue Harpy3ku U 6araHChl MPOMBIIIICHHBIX
npeanpusrtuii / C.J{. Bono6punckuii. — JI.: Dueprus 1976r.

10 ®denoceeB, A.M. Peneiinas 3amura ssektpudeckux cucrem / A.M. denocees.

— M.: Dueprus, 1976r.
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11 Munun, I''H. CrnpaBo4yHHK 1O 3JEKTPONOTPEOSICHUIO B MPOMBIILIEHHOCTH
/T".H. Munun, }0.B. Konertoa. — M.: Dueprus, 1978r.

12 Huxutusn, K.J1. [IpomeinuienHas 6e3omacHocTh: B 4 4. Y. 4. bezonacHas skc-
utyaTanus 35ekTpoyctanoBok: CrnpaBounoe nocooue /K.J{. Hukutun. — Kpa-
cunosipck: MIIL KI'TY, 2001r.

13 benog, C.B. Oxpana okpyxatoieit cpensl /C.B. benos. — M.: Beiciias miko-
na, 1997r.

14 Tlandunos, .M. CpaBHUTENbHBIA aHAIU3 CIIOCOOOB PETYJIMPOBAHUS CBETO-
BOro mnotoka jroMuHecueHTHbiX Jamn /J.W. Ilandunos, O6xepun E.A. —
CsetoTexnuka, 2000r.—c. 21-23.

15 KoctukoB, B.I'. VICTOYHUKH 3JIEKTPONUTAHUS BBICOKOTO HampspkeHus POA
/B.I'. Koctuxos, Hukutua U.E. — M.: Panno u cBs3b, 1986r.

16 MuTtpodanos, J[.B. UMnynbcHbIE HCTOYHUKHA BTOPUYHOTO DJIEKTPONUTAHUS B
ObITOBOM paaunoanmaparype /J1.B. Mutpodanos, Hlerones A.1. — M.: Paguo
U CBs3b, 1985r.

17 epbuna, A. IlpumMeHeHHE MHUKpPOCXEMHBIX CTaOMIM3aTOPOB cepuil 142,
K142, KP142 /A. lllep6una, C. bnaruii, B. UBanos. — Paguo, 1991.—c68-69.

18 IycToB, M.A. TlpakTtnueckas cxemorexHuka. [IpeobpazoBarenu Hampske-
Hus. Kaura 3 /ML.A. lllycroB. — M.: «AnbTexc-A», 2002r.

19 Cunsrun, H.H. u n1p. Crucrema miaHoBO - IPEAyNPEANTEIEHOTO PEMOHTA
000pyZ0BaHUS U CETEH MPOMBIIIIIEHHOW SHEPTeTHKU.—M.: DHEeproaToMus3-
nat, 1984. - 448 c.

20 Oxpana tpyna B snekrpoycranoBkax / [Tog pen. b.A. KuszeBckoro. — M..:
DOueproaromusnart, 1983.-336 c.

21 CIT 31-110-2003 - CBona mpaBuil TO MPOSKTUPOBAHUIO M CTPOUTEIIHCTRY.
[IpoekTupoBaHre W MOHTaX JJICKTPOYCTAHOBOK KHWJIBIX M OOIIECTBEHHBIX
3IaHUH.

22 TOCT 12.2.007.3 — 75. DNeKTpOTEXHUYECKHUE YCTPONCTBA HA HANIPSHKEHUE
coitie 1000 B. TpeboBanue 6e30mMacHOCTH.

23 T'OCT 12.1.038 — 82. DnekTtpobe3onacHoCTh. [IpenenbHo 10myCcTUMBIE YpO-
BHHU HAIPSHKEHUS TPUKOCHOBEHUS U TOKOB.

24 TOCT 12.1.030 — 81. DnekTpoOe30MacHOCTh. 3alUTHOE 3a36MJICHUE, 3aHY-
JICHHE.

25 IlpaBunia ycTpoiicTBa 31€KTPOyCTaHOBOK. - HoBocubupck: Cubupckoe yHH-
BepcuTeTCKOE n3narenscTBo; 2006.- S11c.
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26 MexoTtpacieBble IpaBujia MO OoXpaHe Tpyda (mpaBuia 0€30MacHOCTH) MNP
OKCIUTyaTaIlii AJIEKTPOYCTaHOBOK.-M.: CHOMpPCKOE YHHUBEPCUTETCKOE H37a-

Hue, 2006.-215c.
27 InTepHeT- pecypcehl:

http://www.tavrida.ru
https://keaz.ru/f/5251/pkt-vKk.pdf
http://www.cztt.ru/userFiles/Catalog _2016/TOL-10.pdf

http://www.electro-mpo.ru/

http://www.el-board.net/

http://www.eppr.ru/
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= —— x5=5.5 5= —- r5=1.12
100-SuoMm3 2
SuoMm3
M kI:=6.79 Ko:=2.22 cosp == 0.75 n = 0.969 n:=4 PuoMm = 1.6
1 Krm-cosd
X[l = E 1 - — xII = 0.145
e
2
86-1m-cosd S6-1-cosp-Kir -cosd
X6 = XH-P— x6 = 1.642 6 = 6 =0.134
1-PHOM n-PHOM-kl3
Pacuet
Touka K-1
x11:=x3 + x5+ x7 rll =13+ 15+ 17
x12:=x4 + x6 rl2 =rd+ 16
11-x12 11-r12
x13 = ALE1D 113 = LD
(x11 + x12) (r11 + r12)
(E2-x12 + E3-x11)
E4 = = 1.086
(x12 +x11)
x14:=x13 + x7 = 23.433 rld =113 + 17
x1-x14 rl-rl4
X¥kl = g = 0.048 R¥kl = g = 0.046
(x1 + x14) (rl +rld)
(El-x14 + E4-x1)
E¥kl = = 1.0001742
(x14 + x1)
Touka
K-2
x15:=x1 +x2 15 =r1+12
K5 = (x13-x15) RY 52 o (r13-r15)
(x13 + x15) (rl3 + rl5)
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X3¥k2 = 0.36 RY¥k2 = 0.045

(E4-x15 + E1-x13)
(x15 + x13)
EX¥x2 =1.0198

E¥k2 =

Touka K-3
(x15-x12) 6 (r15-r12)
e — rlg ;= —————
(x15 + x12) (rl5 +rl2)
El-x12+ E3-x15
ES Cp—
' (x12 + x15)
x17:=x16 + %3 17 :=rl6 + 13
x18:=x5 + x7 18 :=r5+ 17
17-x18 17-r18
Xr3 = LX) RYg3 = 7T1E)
(x17 + x18) (r17 + r18)
X3k3 = 0.363 R¥x3 = 0.051
EYx3 (E5-x18 + E2-x17)
K3 =
(x17 + x18)
EX¥x3 = 1.01978
Touka
k-4
(x15-x11) 19 (r15-r11)
e 19 = ————
(x15+x11) (rl5 +rll)
E6 (E1-x11 + E2-x15)
' (x11 + x15)
x20:=x19+ x4 20 :=r19 + 14
20-x6 20-16
X¥rd = u RYkd = &
(%20 + x6) (120 + r6)
X3¥kd = 0.366 R¥x4 = 0.049
EYxd (E3-x20 + E6-x6)
K4 =

(x20 + x6)

E¥x4 = 1.020306
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Toyka
K-5
x21:=x17 + x5 = 5.868

X¥kS5 = 4.627

(E5-x7 + E2-x21)
(x7 + x21)
EXx5 = 0.98567

EXYkS5 =

Onpegermm Tokn K3

X
ZSR,X) = [YRP+ X if R> 3

X otherwise

25, = ZS(RYk1 XSkl

_ EXk1.161

ZZl

Ix3 Ix3l = 7.95

[2 2 . X
ZY(R,X) = |§yR"+X ifR> 3

X otherwise
— -7 -7
ZZE =Z¥(RY¥Kk2,X¥k2)

ZZ2 = 0.36

EX¥k2-162
Ik32 .= — Ix32 = 15.59

Zy

2

X
ZNR.X) = [YRP+ X if R S

X otherwise

2% = Z5(RTK3 X¥k3)

RY¥k5 =

121 =r17+1r5=1.172

(r21-r7)
(r21 +r7)

R¥k5 = 1.033
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ZZ3 = 0.363

_ EXk3-162

ZZ3

Ix33

,’2 2 . X
ZY(R.X)= |JyRT+X if R> 3

X otherwise

7Y = ZY(REk4,XTkd)

Zx, = 0366
EYx4-162
Ikad = ————
Z%y

X
ZNR.X) = |YRP+ X% if R> :

X otherwise

755 = ZX(RYK5, XTK5)

ZZS = 4.627
EX¥x4-163
Ik35 = —
ZZS

Onpepenexne yaapHoro Toka
K3

Onpenemnim noc TORHH VIO BPEMEHU 3aTyXaH WA an epuoand ec Kol crar aoLL eif

aBapMF‘IH oro ToKa
X3kl

Tal := ——
(m-REkl)

X¥u2
Ta2 (= ——
(m-REEK2)

K¥K3
Ta3 = ——
(m-R¥k3)

Ik33 = 15.45 KA

Ixkz4 = 15.35 KA

Ik35 = 31.83 KA

Tal = 0.331
Ta2 = 2.546
Ta3 = 2.253
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X¥r4

Tad (= ——
(m-R¥k4)

X3K5
Ta$ = ——
(m-REKS)

YaapHblii KoaddmuneHt

—0.01
Kynl:=1+e Tal
Kynl = 1.97

—0.01
Kynd =1+e Ta4
Kynd = 1.996

Onpegeim yaapHbie TOKKU

K3
iyal = Iml-ﬁ-K‘yﬂl
iyo2 = ImZ-ﬁ-K}mE
iyo3 = IK33-ﬁ-Ky,£L3
iymd = IK.34-JE-KY,EI;4
iyos = ImS-ﬁ-K}mS

Tad = 2.363
Ta5 = 1.425
- 0.01 001
Ta2
7=
Kyon2:=1+e Ky = 1+e Ta3
2 =
Kyn2 = 1.996 Kya3 = 1.996
-0.01
KyonS =1+e Tas
Kyn5 = 1.993
iyal = 22.15 KA
iyon2 = 44 KA
iya3 = 43.59 KA
iynd = 43.32 KA
iyo5 = 89.71 KA
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