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PE®EPAT

Brimycknas kBanmdukanmonHas pabota coaepxut 125 c., 16 pucynkos, 34

TaOIUIBI, 24 UCHOJIB30BAHHBIX HCTOYHMKA.

BO3AYIIHASA JIMHKA, BBIKJIFOYATEJIb, KAIIUTAJIOBJIOXEHUA,
HAIIPSDKEHUE, HAI'PY3KA, HAJAEXHOCTDH, IIOTOKM MOIIHOCTH,
[IOTPEBUTEJIb, CETb, CEHEHUE ITPOBOJA, TPAHC®OPMATOP, IIOTEPU
SJIEKTPOSHEPT'UMN.

B BblTyCKHOM KBaMM(UKAMOHHOW pabOTe paccMOTpeHa PEKOHCTPYKIUS
CUCTEMbI 3JIEKTPOCHAOKEHUS 4YacTW ToceiKka ropojackoro tumna Hukonaeska,
pazpaboTaHa  cxemMa  BHYTPEHHEro  sJieKTpocHaOxkeHuss. Ilo  TexHuko-
HPKOHOMHYECKOMY aHaJIM3y BbIOpaH ONTHMAJIbHBII BAapUaHT 3JEKTpocHaOxeHus. B
XOJle PEKOHCTPYKLIMM pELIEHbl TaKWE 3aJayd KakK: pacyeT TOKOB KOPOTKOIO
3aMbIKaHUs U1 BbIOOpA M MPOBEPKH BBICOKOBOJIBTHOTO M  HHU3KOBOJBTHOTO
AIIEKTPOOOOPYIOBaHMs; MpPHUBEICHA OLEHKA HAJEKHOCTH pabOThl, CHUCTEMBI
AJIEKTPOCHAOKEHUS, ompeneNieHbl mapameTpbl 3azemisitomux ycrporicts [1C JICK,
30HbI 3alIUThl OT MPAMBIX YJAPOB MOJHUHM,  pacyeT pelerdHON 3aluThl U

ABTOMATHUKH, a TaK K€ 0e301acHOCTh ¥ PKOJIOTUYHOCTh IIPOCKTA.



OIIPEJAEJIEHM A, OBO3HAYEHU A, COKPALLEHUA

ABP — aBTOMaTnueckoe BKJIIOUYEHUE pe3epBa
AIIB — aBTOMaTH4Y€CKOE MOBTOPHOE BKIIFOUEHHE
BJI — BO3aylIHAs JIMHUS 3JIEKTPOIIEpEIaun

BPY — BBOgHO-pacpeieIMTeNbHbIE YCTPOUCTBA
K3 — xopoTkoe 3aMbIkaHue

KJI — xabenbHast IMHUS JEKTPOIIepeadun

KPY — koMIUTIeKTHOE pacnpeaeauTeNIbHOE YCTPOUCTBO
JIBC — nokanbHasi BBIYUCIATENIbHAS CETh

MT3 — MmakcuMaJjbHasl TOKOBAs 3alllUTa

OPY — oTKpBITOE pacpeneIuTENLHOE YCTPOUCTBO
ITA — npoTuBOaBapuiiHas aBTOMaTUKA

I1C — noxcranmnus

P3A — peneitnas 3ammura 1 aBTOMaTHKA

PV — pacnpenenurenbHOEe yCTPOUCTBO

TH — Tpanchopmarop Hanps>KeHUs

TO — TokOBas oTceuka

TII — TpanchopmaTopHasi MOACTAHIINS

TC — Tenecurnanusanus

TT — Tpancdopmarop Toka

Y30- yCTpOUCTBO 3aIIUTHOTO OTKIFOUEHUS

[IC — uenTpanbHas CUTHAI3ALNS

OII — 3aeKTpOnpPUEMHHK
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BBE/JIEHHE

OCHOBHBIM  IpPHU3HAKOM J(PPEKTUBHOCTH CHCTEMBI  DJIEKTPOCHAOKEHUS
ABJIAETCS €€ JUHAMUYHOE PAa3BUTHE U PACIIMPEHHUE 3a CUET BBOAA B padOTy HOBBIX
O0BEKTOB M PEKOHCTPYKIIMH YK€ CYILECTBYIOIINX Ha 00Jiee COBPEMEHHBIE.

[Tocenok ropoAckoro THUMAa MOCTETIEHHO pa3BUBAETCA, DSJIEKTPUUECKUE
Harpy3ku - MOCTOSIHHO ~MEHSIOIIASICS BEJIMYMHA: IMOAKIIYAIOTCA HOBBIE
NOTPEeOUTENN, TOCTENIEHHO pacTeT Harpy3ka Ha BBOJE B JIOMa, TaK Kak
YBEJIIMYUBACTCS] HACHIICHHE OBITOBBIMU Mpubopamu. Ecnu snexTpuyeckas Harpyska
YBEJIMYMBAETCS, TO MPOIYCKHAs CIOCOOHOCTh JJIEKTPUYECKHX CETEl CTAHOBUTCA
HEJ0CTAaTOYHOU U MOSBIISAETCS HEOOXOAUMOCTD B X PEKOHCTPYKIUH,

[enpro Hamucanusi OakanaBpCKOW pabOTHI SBISETCA PEKOHCTPYKIUS CUCTEMBI
AJIEKTPOCHAOKEHMSI TOceNKa Topoackoro Ttumna HukonaeBka, Tak Kak CHCTEMa
AJIEKTPOCHAOKEHUS ycTapesa (pU3NUEeCKH U MOpaIbHO, & UMEHHO HE YJOBJIETBOPSET
TpeOOBAHUSIM TIO HAJEKHOCTH, IJIEKTPOOE30MACHOCTH, CIIOCOOHOCTH O0ECIeunBaTh
norpedburensel  HEOOXOAWMBIM  KAadeCTBOM  AJIEKTPOIHEPIHUHU. Bennuuna
CBEPXHOPMATUBHBIX MOTEPh B ceTsx 10 kB manHbix Hacen€HHBIX MyHKTOB 32 2019 T.
JIOCTaTOYHO BeJNMKa. BbICOkMe mnoTepu OOYCIOBJIEHBI TEM YTO, IPOU3BOIAUTCS
0e3y4ETHOE DJIEKTPOIOTPEOICHHE, OT Yero IMOCTABIIMK TEPHUT OOJbIITHE YOBITKH.
[ToTepu Takke 00ycIOBIEHBI H3HOCOM 00OPY/IOBAHUS U AJEKTPUUECKOM ceTh. A Tak
xe HeoOxomuma pekoHcTpykius noiactaniuu «/JICK», Ttak kak oOopynoBaHue,
YCTAaHOBJICHHOE Ha TOJICTAaHLIMK, HMCYEpPHalo CBOM O3KCIUTyaTallMOHHBIA pecypc.
JlanbHeimas 3KCcIIyaTalnns YKa3aHHOrO 000pY/I0BaHUS COMPSKEHA C YBEIMUYEHHUEM
3aTpaT Ha OOCIy)KHBAaHHE, JOMOJHUTEIbHBIM CHUKEHHEM U 0€3 TOTO HEBBICOKOTO
YPOBHSI Ha/Ie)KHOCTU MUTAHUS MOTPeOUTENEH BCIEACTBUE YBEIUUYECHUS BEPOSITHOCTU
MOCTENIEHHBIX OTKa30B o0OopyaoBaHus. M3HOC 00OpynoBaHUS MPHUBOJUT TaKkKe K
CHIDKEHHUIO YPOBHS MOKapHOM 0€30MacCHOCTH HYHEProOObEKTOB.

Jlsist Toro 4to0bl JOCTUYh MOCTABJICHHYIO LIeJb HE0OX0AUMa PEKOHCTPYKIUS
CUCTEMBbI JJIEKTPOCHAOKEHHME, a HUMEHHO 3aMeHa  JIepeBSHHBIX  OMNOp  Ha

)K€J'I€306€TOHHBI€, TakK KakK CTCIICHb H3HOCa JOBOJIBHO BCJIMKA, 3aMCHa
7



HEU30JUPOBaHHBIX NTPoBOJ0B BJI Ha m3onupoBanubsie npoBona CUII, kotopsie npu
PAaBHO3HAYHBIX KallUTAJOBJIOXKEHUAX O00JIAJAIOT IMOBBIILIEHHONW TEXHOJIOTHMYHOCTHIO
CTPOMUTENBCTBA, OOECIEUMBAIOT BBICOKYIO HAJEKHOCTh JJIEKTPOCHAOKEHUS INpHU
3HAYUTENIbHO  MEHBIIMX  OJKCIUTyaTallMOHHBIX  3aTpaTax W  0e30macHOCTh
OOCIIy’)KMBAIOIIIETO  [€PCOHAja, HACEIEHHWs W JKUBOTHBIX. 3aMEHa CTapbIX
TpaHC(HOPMATOPHBIX NOJICTaHLIAN Ha COBPEMEHHBIE KOMIIJIEKTHBIE
TpaHcOpMATOpPHBIE TOJCTAHIMH. A TaK XK€ PEKOHCTPYKLHS OOOpYyIOBaHHUS Ha
ctopone 10 kB, mwuraromux mnoxacranmuit «JICK» u Ha cropone 35 kB, ¢
NPUMEHEHUEM COBPEMEHHOTO M HaJAEKHOTO 000PYI0BAHUSI, HOBEUILINX CUCTEM yUyETa
ANEKTPUYECKON SJHEPTUH.

B Xoze mnpoeKTHpOBaHMsS pPELIAXOTCS TaKue 3aJa4d Kak pacueT TOKOB
KOPOTKOT'O 3aMbIKaHHUs, BBIOOpP SHEPTreTUYECKOro 000PpYI0BaHUs, pacueT HAJEKHOCTU
HOJICTAHIIMM, BBIOOpP YCTPOMCTB peneiHON 3allWThl, MOJIHHME3AIIUTA U 3a3eMJICHHE
[1C. Taxxe HEOOXOAUMO YUECTh BOIIPOCHI MO 0€30MaCHOCTHU MPOEKTA.

JI71s1 BBITIOTHEHUS JTAHHBIX 3a/1ad UCTOJb3yeTcs mporpaMmbl: Microsoft Office

Excel, Microsoft Office Visio, Mathcad.



1 XAPAKTEPUCTUKA I[TOCEJIKA IropOACKOIO TUITA
HUKOJIAEBKA

1.1 Kparkoe onucanme nocesjika ropoackoro tuna Hukosnaeska

HukomaeBka — mocénok ropoackoro tumna B CMHIOBUYCKOM paiioHe
EBpeiickoii aBToHOMHOM 00s1actu Poccun. JKeneznonopokHas cTaHlus.

Hacenenue nocernka cocrapisier 7 ThIC. Yell.

Paccrosine mo jkene3Hod W aBTOMOOWJIBHOW JIOpOTe J0 pailOHHOTO IIEHTpa
nocénka CmumoBuy — 80 kM. PaccrosHue a0 0071acTHOTO IIEHTpa Tropoja
bupobumxan — 150 kM.

B mocénke ropoackoro tumna HwukomaeBka pacmnoyioKEeHbI OJHOKBAPTUPHBIC
JI0Ma, JABYXKBAPTHPHBIE JOMa M  MHOTO3Ta)KHbIE J0Ma. 3HAYUTEIbHYK) 4YacTb
3aHUMAIOT  YUYPEeXIEHUS KYJIbTYpHO OBITOBOrO Ha3HaueHus: aam. 3nanue, ['KC,
noura, cOepbaHK, coluaibHas 3aluTa, aBTopasdop, poccrenskoM, 3AI'C, xamepa
['ubnn, mkona, cromMaToyiorwsi, pocOaHK, METCKHM cajl, JeTcKas TMOJUKIMHUKA,
roctununa, CTOK, ciyxba 3aHSATOCTH, anTeka, MPOJIOBOJILCTBEHHBIC Mara3uHbl,
HETIPOJOBOJILCTBEHHBIC Mara3uHbl, BeTIcUcOHUIA, OaHsI, KHOCKH, OOKCHI, rapaxu. A
TaK K€ KOMMYHAJIBHO XO03siicTBeHHbIE mpeanpusatusa 310 KHC u BomoHomophHas
OarHs.

1.2 KnumaTuyeckasi XapakTepuCTUKA U TEPPUTOPHATIbHBIE 0COOEHHOCTH

noceJjika ropoackoro runa HukoJsiaeska

ITocenka roponckoro tuna HukomaeBka pacnosiokeH B EBpelickon
aBTOHOMHOM 00JIaCTH.

EBpeiickas  aBTOHOMHasi  00JlaCTh ~ 3aHHMMAeT  BbIFOJHOE  Teorpado-
PKOHOMHYECKOE ToJiokeHne Ha rore JlampHero Bocrtoka. Ilmomans oOGmactu -
36,3 Thic. KM°. BbicoTa Han ypoBHeM Mops — 80 merpoB. Ha 3amanme o6Gnacth
IpaHUYUT ¢ AMYpPCKOW 00JIacThiO, Ha BOCTOKE - ¢ Xa0apOBCKUM KpaeM, Ha IOTe ee
rpaHuIla 1Mo peke AMyp COBIIQJaeT ¢ rocydapcTBeHHOW rpanuiie Poccuu u Kuras.

O06acTh HAXOJUTCS B HEMOCPEACTBEHHON OJIM30CTH K MOOEpekbi0 TUXOTro OKeaHa U
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OCHOBHBIM 3KOHOMHMYECKHM IIApTHEPAM B 3TOM PErHOHE, UMEET BBIXOJ B MOpA
Tuxoro okeana uepe3 AMypCKHAM BOJHBIN ITYTb.

Tepputopuss EAO mnpezncrtaBieHa AByMs TUNaMHu pelibepa — TOpPHBIM U
paBHUHHBIM. ['OpHBIE 00MacTH — I0KHAS 4acTh OOMUpHON XuHraHo-bypemHckoit
TOPHOM CHCTEMBI, 3aHMMAIOIIAsl MPUMEPHO IOJOBUHY BCEW Iuiomanu. PaBHUHHAas
4acTh, MPOCTUPAIOLIASACS HA IOT€ UM BOCTOKE, IPEICTABISIET 3alaJHYI0 OKpauHy
Cpenne-AMypcKOil HU3MEHHOCTH.

[Io cBOMM KIMMAaTUYECKUM YCIOBHUSIM 00JIaCTh NMPUHAMJCKHUT K OAHOMY M3
Haubosee OnaronmpusTHbIX pernoHoB JlampHero Bocroka. 3mma ManmocHexHas U
XOJIO/HASI, JIETO TeIUloe W BiakHOe. CamMbIM TEIUIBIM MECSLEM SBISIETCS HIOJb,
caMbIM XOJIOMHBIM — siHBapb. Cpennsisi temmneparypa utois 20°C. AOCONIOTHBIN
MakcuMmyM Temrieparypsl 40°C. Cpennsas temneparypa stHBaps Ha rore Munyc 24°C.
AOGcomoTHBIM MUHUMYM jgocturaeT MuHyc 49°C. 3uMa UMeeT MPOI0JKUTETBHOCTD
or 152 nmo 165 pgneii. llepBble  OCEHHHME  3aMOpPO3KH  HAYMHAKOTCA
20 ceHTsI0psa — 7 OKTAOpS, @ YCTOMUMBBIA CHEXXHBIA MOKPOB OOBIYHO 00pa3yercs B
TPETbEN JeKae OKTAOPS.

OO6macTb OTHOCHUTCSI K 30HE OCTAaTOYHOro yBlaxxHeHus. Ha temblii nmepuoa
roga mnpuxomutrcs 85 % o0cagkoB, KOTOpbIE pACIPENESIOTCS M0 MecslaM
HepaBHOMEpHO. B Havase nera nox/aeil ObIBaeT HEMHOIO, YTO PUBOIUT K JEPULIUTY
BJIar'M, HO B KOHIIE MIOJII M Hauyaje aBrycTa HaOJt0aeTcs Pe3KOe YBEIMYEHUE
KOJIMYECTBA OCAJKOB, ITPEBBIIIAIOIIMX B [1BAa pa3a UX HOPMY MEPBOM MOJOBUHBI JIETA.
CpeaHerogoBoe KOJMYECTBO OCAJAKOB paCIpeessieTcsl B pa3HbIX paiioHax 00JsiacTu
HepaBHOMEPHO (0T 644 10 758 Mm).

N3-3a HEOONBIIOTO CHEXHOIO MOKpOBAa W HU3KUX TEMIEparyp TIOYBBI
npomep3aroT Ha 150 — 200 cwm.

Paiion mo BetpoBOoMy maBieHHO ais obiactu-lll, paiion mo romoneny-1V[1].

Huxe, Ha pucyHnke 1 npencrasiena knumaruueckas kapta EAO.
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Knumar EAO

Cxema
Macwra6 1:1 600 000 patormposanms EAO
(81cm 16xm) (Metpos, 1973)
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CoeTas o MereocraHymn

Pucynok 1 - Knnmatnueckas kapra EAO

1.3 XapakTrepucTHKa U AaHAJW3 NOTPeOUTe/Iel J1eKTPOIHEPIUH MOCEIKA

ropoackoro tuna HukosnaeBka

[InannpoBka mocenka ropoackoro Tumna HwukomaeBka nDpsSMOYrojbHas.
3acTpoiika IIoTHasl.

Ha Tepputopun paccMaTpuBaeMOl 4YacTH TOCEJIKa TOPOJCKOIO THIIA
HukonaeBka mpHCYTCTBYIOT KOMMYHAJIbHO — OBITOBBIC MOTPEOUTENH, K KOTOPHIM
OTHOCSITCS OJJHOKBAPTUPHBIE T0oMa B KojnyecTBe 120 mTyK, ABYXKBapTUPHBIE JOMa
B KomdecTBe 63 1 HEOOIBIIOE KOJIMYECTBO MHOTOITAKHBIX JOMOB: 2 MSATHATAKHBIX
JIoMa C 2 TMOabe3JaMH, 3 JIoMa TPEXdTaXHbIX C 3 THOABE3daMH, U S5 JIOMOB
JIBYX3TAXKHBIX C 2 MOIbE3IaMHU.

Tak ke Ha TEPPUTOPUM pacCMaTPUBAEMOMN YaCTH IMOCEJKa TOPOACKOro THIa
HukonaeBka neWCTBYeT YUYPEKICHUS KyJIbTypHO OBITOBOTO Ha3HA4YCHMs: JIBa
JNEeTCKUX CaJuKa, OJHa IIIKOJa, JeTCKas TMOJUKJIMHUKA, (WIHAIBl KPYIHBIX
Poccuiickux 6ankoB: «Pocbank», «COepbank», ammuuuctpatuBHoe 3manus, [ KC,
1oyTa, COlMaJIbHAs 3alluTa, 2 IEHTpa 3aHATOCTH, poctenaekoMm, 3AI'C, kamepa
IUBJI/I, cTomaToyiorusi, a TakXe NpeANpuUsATHs  Majoro OuszHeca B cdepax
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OOCTY)KMBaHUSI KOMMYHAJIBHBIX YCIYT. TOPTOBIM 3TO 12 MPOJOBOIHCTBEHHBIX
MarasuHoB MU 9 HENpoAOBOJILCTBEHHBIX Mara3uHoB, roctunuia, CTOK, amnreka,
Oans1, 7 KHOCKOB, aBTOpa30op, 77 rapaxei u 4 6okca.

Tak jxe IpUCYTCTBYIOT KOMMYHaJIBHO XO3siiicTBeHHbIE npeanpusatus 3to KHC
Y BOJIOHAIIOpHAas OAaIlHs.

B mocenke ropoackoro tuma HwukonaeBka mons moTpeOutenei mepBodl u
BTOpOIl KaTteropuu mo HaaexkHocTu coctaBisieT 20-30% ot oOmieil HarpyskH.
YacTuyHOE€ WM TOJIHOE TMOTAIlIEHWE CHUCTEM  DJIEKTPOCHAOXKEHMSI  TaKuxX
MOTpPeOUTENICH UMEET OYEHBb CEPhE3HBIE COLIMATBLHO-3KOHOMUYECKHUE MOCIIEICTBUSI.

1.4 llesnecooOpPa3HOCTh PEKOHCTPYKIIUM CUCTEMbI JIEKTPOCHAOKEHUS

noceJyka ropoackoro tuna Hukosnaeska

B  nannoit  OakamaBpckoil paboTe  paccMaTpUBAETCS  PEKOHCTPYKIIUS
AIIEKTPOCHAOKEHUS MocesKka ropoackoro tuna Hukonaeska ¢ nutanuem ot [1C JICK
mo ¢.219, ¢.234. PacnpenenurensHas cetb 0,4-10 kB B oCHOBHOM BHITIOTHEHA
npoogoM AC-35, AC-50, AC-70, aro oOycrnaBnuBaeT HAaWUMEHBITYIO HAJEKHOCTh
JTAHHBIX CETEN MPU CPABHEHUH C CETSMH BBINOJHEHHBIMU TTpoBogoM CUII.

CeTh BBINIOJIHEHHAS HEU30JMPOBAHHBIMU (TOJBIMHU) MPOBOJAMH HMEET P
HEJIOCTaTKOB:

— TOJIOJIE/l U HAJIUTIAHUE CHETa;

— HE0OXOJMMOCTh B MIEPUOIMUECKON 00pE3Ke BETOK JIEPEBHEB OT MEPEKPHITHUS
VMMH JINHUU

— OIMACHOCTh MPU OOpPBHIBE MPOBOJOB B IUIAHE MOPAKEHUS AICKTPUUESCKUM
TOKOM,;

— Ciy4yallHble TIPUKOCHOBEHHS JIIOAbMHU, >KUBOTHBIMU U MEXaHU3MaMU
(4JacTeHbKO BO3AYUIHYIO JIMHUIO, HaXOISIIYIOCS 07 pabo4yuM HampsKEHUEeM
3a/IeBa€T rPy30M0IbeMHAsI TEXHUKA).

3HauuTeNbHASA YACTh AJIEMEHTOB pachpelenuTeNbHol cetu nrr. HukonaeBka
BBEJCHO B JKCIUTyaTanuio Oojiee 34 jeT Haszaj, MpU TOM TEMIIbl MOICPHU3ALUHU
HEProoOOpPyJOBaHUSI HIKE TEMIIOB €ro €CTECTBEHHOTO crapeHus. 3-3a »Toro

OOJBIIMHCTBO OOBEKTOB BBHIPAOOTAIM CBOW HOPMATUBHBINA PECypC, UYTO IMPUBEIO K
12



YBEIMYCHUIO YHCIA OTKA30B W CHUXKEHUIO HAACKHOCTH DJIEKTPOCHAOKECHHUS
NOTpEOUTENEH.

AHanu3upys Tpu nocieaHux roga kKoHTpodbHble 3amepsl Ha [1IC JICK, moxHO
CeNIaTh BBIBOJ, YTO MPOOJEMHBIMU (UEepaMH, KOTOpBIC MUTAIOT NrT. Hukomaeska
apisitorest dunepa: 219 u 234. Ha BbeIOpaHHBIX (uaepax KOJUYECTBO OTKAa30B,
HEJIOOTITYCK  BJIEKTPOIHEPTMM U BpeMsi MPOCTOS OOOpYAOBAHHS  €XKETOIHO
YBEIUYHUBAETCS.

Januble 1o aBapuitHocTH npeaoctaBieHbl B AO «/IPCK» u npuBeneHsl B
Tabnwume 1.

Tabmuua 1 — Jlanusie no aBapuitHoctr npucoenuHenuii I1C «ICK»

O61iee Bpemst MpocTost
Henootmyck, TbIC.
KomnunuectBo oTkII. notrpedurens,
IIpucoenuHenye KBryac 4AC: ML

2017r.| 2018r. | 2019r. | 2017r. |2018r.|2019r.| 2017r. | 2018r. | 2019r.

¢.219 9 10 15 3.06 2,41 | 3,41 | 9:15 | 12:15 11:8
¢.234 5 7 4 2.05 1,35 | 3,81 | 8:34 | 16:05 | 9:15
Cymma: 15 17 19 511 3,76 | 7,22 | 17:49 | 28:20 | 20:23

[{ukioHBI, TPO30Basi aKTUBHOCTbH, MOJTOIUICHMS, aTMoc(depHas W TpyHTOBas
KOppO3Wsi, TEXHOTEHHBbIE (DaKTOPhI, MOXKAphl M JPYrHe BHEIIHWE BO3CHCTBUS
ABJSIIOTCS  (DAKTOpOM  OTKaza paboTel o0opynoBaHus, ocobenHo s BJI ¢
JUTUTEIIbHBIMU CPOKaMH DKCIUTyaTallvu.

Kak BHOHO W3 TIpUBEIECHHOW BBIMIC TaOMHMIBI 1, KOJIMYECTBO OTKA30B,
HEJOOTIYCK JJIEKTPOIHEPTMH U BpeMs TPOCTOS OOOPYIAOBAHUS  €KETOIHO

YBCIIMYHUBACTCAL.
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2 AHAJIM3 CYIIECTBVIOIIEN CUCTEMBI 3JEKTPOCHABXEHMS
[TOCEJIKA I'OPOACKOI'O TUITA HUKOJIAEBKA

Kondurypauus pacnpenenurensruoit cetu 10 kB BbInosiHeHa JTy4eBOil CeThbIO,

KOTOpas MpeJICTaBJIeHa HA PUCYHKE 2.

[iIC ALK

PN°219 PN°234

I 701
T71 430

71 419 ? 17 425
67’/7 435
@7/7 713
T 475

i

71 436

[

7 720 77 417

T 474

.30

[1 423 TI1 719 T7] 424

I71 403 11T 706

@ @ T 707@

3 3
% N~
& N

O 008 C

7771 716 T11 429 117 704 11 714

Pucynox 2 — Kondurypanust pactipeaenurensuoit ceta 10 kB
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JIyueBasi ceTb 00€CIEUMBAIOT HEHAIEKHOE IEKTPOCHAOKEHNE NOTPpEeOUTENEH,
MOCKOJIbKY aBapusi Ha y4yacTKE JMHUHU, NPUBOAAIIAS K €€ OTKIIYEHUIO0, WMEET
MOCJIEJICTBUSL U JUIsl APYTHMX MOTpeOUTeNel, HEMOCPEACTBEHHO MOJKIIOUEHHBIX K
stomy ydactky. K takum TII otHocstca TI1425; TI1413; TII417; TI1414; TII415,
TII 704, TI1429, TI1716, TI1714. danusie TII sBastoTcs ogHoTpaHCcHOPMATOPHBIMH,
IIPU 3TOM IOJYYAOT NMUTAHUE OT OJTHOIO OTBETBJIICHUS OT MaruCTPAJIbHOW JTUHUU. B
ciy4ae TOBpeXAcHHS TpaHchopmaTopa JnOO OTBETBICHUS, mMOTpeOuTend 2
Kareropun OyIyT OOECTOYEHBbI, YTO HEJOMYCTUMO JJisi JaHHOW KaTeropuu
notpedureneit cormacuo I1YD. Jlnsa takux TII HeoOXoamma peKOHCTPYKIHS CETU C
LEJIBI0 PE3EPBUPOBAHUS JIMHUHU, HETIOCPEICTBEHHO NMUTAIONIYI0 JaHHyro TII, a Takxe
ycTaHoBKa 2 TpanchopmaTopa.

2.1 UCTOYHMKHM MUTAHUS U UX aHAJIN3

[Tocénok ropoackoro tuna Huxomnaeska ocymiectsisiercss mo BJI 6 kB ot TIC
35 kB «1CK».

[1C «ICK» nuTaetcs mo AByM BO3AYLIHBIM JUHUAM 35 kB JleBoOepexHas —
«JICK» wu BJI 35 kB «/ICK» — Kimtouesoe .

I[IC «JICK» SBIACTCA MPOXOJHOW TOACTaHUMen. PacnpenenurenbHoe
ycTpoiicTBO Ha 35 kB BbINOJMHEHO MO cxeMe «OJHa CEKIIMOHWPOBAHHAS CHCTEMa
muHy». Ha moacTtaHimu yCTaHOBJIEHO JBa JBYXOOMOTOUYHBIX TpaHchopMaropa THMa
TJH - 10000 MBA 35/6 kB. PacnpenenurensHoe ycTpoiicTBO 6 KB BBITIOJHEHBI 10
cxeme: «OHa CeKIMOHMPOBAHHASI CUCTEMA LIHH).

3arpy3ka TpancpopmartopoB T-1 u T-2 na TIC «/ICK» corimacHo JaHHBIM

3UMHETO KOHTPOJsHOTO 3aMepa 18.12.2019 r. cocraBmsier T1- 54% u T2 - 36%.
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Pucynok 3 — Ynpomennas cxema [1C «ICK»
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3 PACUET DJIEKTPUUECKHX HATPY30K

JUis palMOHANBHOTO BHIOOpPA CHCTEMBI AJIEKTPOCHAOXKEHUS HE00XOIUMO
ONPENENNTh PACUETHBIE HATPY3KH, B 3aBUCHUMOCTH OT KOTOPBIX YCTAHABIMBAIOTCA
napaMeTpbl BCEX 2JIEMEHTOB CUCTEMBI.

3.1 Pacuér 3j1eKTpH4YecKHX HATPY30K KUJIBIX 3IaHNH U KOMMYHAJIbHBIX

norpeouTeseH

OcHoBy Harpy3ok nrr. HukosiaeBka COCTaBISIIOT MOTPEOUTENN CENUTEOHOU

30HbI, KOMMYHaJIbHO-OBITOBAsI 1 KOMMYHaJIbHO-00IIECTBEHHAs! Harpy3Kka. Pacuérnas

Harpy3ka - 93TO Harpy3ka II0 KOTOpOH  ONpeAensitoT U BBIOMpAIoT
3JIEKTPOOOOPYI0BAHUE, ceueHue  kabemeilT W MPOBOJOB,  MOIIHOCTb
TpaHC(HOPMATOPOB.

Oco0eHHOCTBIO pacyéTa B TOPOJCKHX CHUCTEMax SIBJISIETCS TO, YTO JaHHBIC O
XapaKTePUCTUKAX AJICKTPONPUEMHUKOB MOTYT OBITh HE M3BECTHBI, Ja U YY€CTb HUX
MPAKTUYECKA HEBO3MOXXHO, TO3TOMY [UJIsi ONPEACICHHS HArpy30K TMOJIb3YIOTCS
pasnuyHbIMH  MeTofaMu. Pacu€r mnpowusBeaéM € MOMOILIBIO METOAA YHAEJIbHBIX
AIEKTPUYECKUX HATPY30K.

Pacuetnast Harpy3ka nuTarOMMX JUHKUMI, BBOJOB U Ha mrHax PY—-0,4 kB TII ot

AIIEKTPOIIPUEMHUKOB KBAPTHUP OmpeensieTcs mo ¢popmye, kBT:

P =P ‘n, (1)

rae P — ynenbHas Harpys3ka 3JIEKTPONPUEMHUKOB KBAPTUD, MPUHUMAaeMast

.y
no Tabmuie ¢ [17], B 3aBUCMMOCTH OT YHCIIa KBApTUP, MPUCOSAUHEHHBIX K JIMHUH
(TII), Tuma KyXOHHBIX IUIUT W HaJIU4Usl OBITOBBIX KOHAUIIMOHEPOB BO3yXa,
kBT/kBapTHpYy;

N — KOJIMYECTBO KBAPTHP, MpucoennHeHHbIX K uauu (TII).

PacueTHast Harpy3Kka Kuaoro fomMa (KBapTUP U CUIIOBBIX 3JIEKTPOIIPUEMHHUKOB)
onpenensercs mo ¢popmye, kKBT:
P .. =P, +P, )

p
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rne P — pacueTHas Harpyska 31eKTpONpHUEMHUKOB KBapTUp, KBT;
P.— pacueTHas Harpy3ka CHJIOBBIX AJIEKTPOIIPHUEMHHKOB, KBT.

Ilon pacu€THOM HArpy3KOM CHJIOBBIX DJJICKTPONPUEMHUKOB ITOHUMAIOT
Harpy3Ky JU(TOBBIX YCTAHOBOK, a TAKXKE HArpy3Ky JEKTPOJBUTATENICH CAaHUTApHO —
TEXHHYECKuX ycTpouctB. Ho B nrr. HukomaeBka 10OMOB ¢ TakMMHU yCTpOWCTBaMHU

HCT, IIOTOMY paCdCTHAA HAIr'py3Ka KUJI0TI'0 JOMA paBHA:

P =P_. (3)

PeakTuBHas Harpyska >KWIBIX JOMOB OIMpPEACISETCS C MOMOIIBI0 PACUETHBIX
K03 (PUIIMEHTOB pEaKTUBHOM MOITHOCTH.

Jnst 60 KBapTUPHOTO KUIJIOTO JOMA pacyE€THAsl HArpy3Ka MUTAIONIUX JTUHUN U
OT 3JIEKTPONPUEMHUKOB KBAPTUP PaBHA:

P . . =2,8-60=168KBT;

p

Qpox = Pcn - t2(9) =168-0,2 =33, 6 KBap; (4)
Syux =\ P + Qi =168° +33,6° =171, 33kBA; )
s

| = =
Pt J3.U,, 3-0,4

[Ipu ompeneneHun >JIEKTPUUECKONM HAarpy3kud OOIIECTBEHHO-KOMMYHAJIbHBIX
NOTpeOuTENel MOCNeIHUE YCIOBHO MOTYT OBITh pa30UTHI HA JIBE TPYMIIBI: B MEPBYIO
IpYMNIy OTHOCSTCS YUYPEXKICHHSI KyJIbTYpHO OBITOBOTO Ha3zHaueHHUs (IIPOCBELICHHE,

3/IpaBOOXpaHEHUE, TOPTOBJIs, OOLIECTBEHHOE MUTAaHUE, CBSA3b), BO BTOPYIO IPYIIITY —

KOMMYHAJIbHO-XO3SICTBEHHBIE MPEINPUITUSA (KOTeNbHBIE, BOJIOITPOBO/I,
KaHaJIM3a1us).
Pacuér onexktpuueckoil  Harpy3kd — OOIIECTBEHHO — KOMMYHaJIbHOTO

noTpeOuTeNsl MPUBEIEM Ha MpuMepe Kokl OnpeneneHne TaHHBIX Harpy3oK

IIPOU3BOJIUTCS C UCIIOJIB30BAHUEM YKPYITHEHHBIX YIEIbHBIX HArPY30K.
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P =P

p ya

‘n,

(7)

rae P, — yAeIbHAs pacueTHAs dICKTPUYICCKAs HAarpy3Ka JIEKTPONPHEMHIKOB

IIKOJIBI, KBT/yuamuiics;

N — KOJIMYCCTBO YYAIIUXCH.

Takum 006pa3om, pacueTHast Harpy3Ka IIKOJIbl paBHa:

P =0,25-600 =150 kBT;

Q, =P, -tg(¢)=150-0,2 = 30kBap;

S, =[P, +Q,> =150° +30° =152,97kBA;

S

I — p

152,97

P J3-U_ {304

=35,33 A.

AHaJIOTUYHO IMPOU3BCACM PACUCT AJIA BCCX OOBEKTOB Ha IJIaHE (HCpBBIﬁ JIUCT

rpadMUecKOi YacTH BBIMYCKHOW KBaIM()PHUKAIIMOHHON pabOThI). DKCILTHKAIIHS

00BeKkTOB nrT. HukonmaeBka mpuBeaeHa B Cleayomiei Tabnure 2.

Tabnuna 2 — JlanHble U1 pacdeTa dJICKTPUIECKUX Harpy30K

19

VY nenpHas S (mmst oHOTO|  KOJI.
HaumenoBanue Harpysia n | P,xkBr | Q,kBap | tqo fioma), KBA |0Bbexros Sy, kBA
1 2 3 4 5 6 7 8 9
KOMMyHaJII)HO — 6LITOBbIe erpeﬁnTe.Jm
Korremxkn:
OIHOKBAPTUPHEIN 3.5
g 1;4 PHEM \ Br/kpapr| 1 | 3.5 29 | 02 3.57 120 | 4284
710 upa
JIByXKBapTUPHEIT 55
YXKBAPTUPHPI |\ By /ypapr| 2 29 58 | 0.2 29.57 63.00 | 353.36
IOM
npa
Joma:
JomSomaweid 2 | 33 | 45| 435 | 264 | 02 | 13461 2 | 2692
noabne3na kBT/kBapT
oM 3 ataxa 3 3.48
kBr/ksapr| 36 | 125.28 | 25.056 | 0.2 127.76 3.00 | 383.28
noabe3a
upa
Jom 2 staxa 2 52
HMOMBESAd |« Br/ksapr| 16 | 83.2 | 16.64 | 0.2 84.85 5 438
upa




[Iponomkenue TaduIb 2

1 2 3 4 5 6 7 8 9
yllpe)lqzlel-ll/lﬂ KyJ]BTypHO 5LITOB01"0 HAa3HAYCHUA (leOCBemeHI/Iﬂ, 3}IpaBO0XpaHeHI/IH,
TOPIrOBJIsl, 001IeCTBEHHOE MUTAHNE. CBA3b U T.]1.)
Anm. 3nanue 0.054
, |950| 513 | 1026 | 0.2 52.32 1 52.32
Becna kB1/™m
TKC 0.054 Vool 324 | 648 | 02 | 3304 1 33.04
kB1/™m
Toura 0.054 1 69 | 324 | 0648 | 02 3.30 1 3.30
kB1/™m
0.054
Coepbank , |550| 207 | 594 | 02 30.29 1 30.29
kB1/™m
0.054
Conr. 3au, ot |so0| 27 54 | 02 27.53 1 27.53
ABTtOpazoop 0.054kBt/M°| 400 | 21.6 4.32 0.2 22.03 1 22.03
Astopasoop 0.054kBr/n?| 400 | 216 | 432 | 02 22.03 1 22.03
Poccremsxom | 002% |60 | 324 | 0648 | 02 3.30 1 3.30
kB1/™m
0.054
3ATC , 1200 108 | 216 | 02 11.01 1 11.01
kB1/m
Kavepa Tnon | Y0 *BY 1450 69 | 138 | 02 | 7037 1| 7037
MECTO
Uikoma Nes | 022 ¥BY 1ga0 | 150 30 | 02| 15297 1| 152,97
MECTO
Cromaronorus | 0.25xBr/ | 10| 475 | 75 | g2 38.24 1 38.24
MECTO
PocGank 0.46 xBt/ | o5 | 3358 | 5716 | 0.2 34.25 1 34.25
MECTO
Aercxuit can | 0.6 xBt/ |00 10,0 | 3084 | 02 | 157.25 1 | 157.25
Nel8 MECTO
Aerckas 1055 pin?| 200| 50 10 0.2 50.99 1 50.99
IIOJIUKIIMHUKA
I'octuanma | 0.87 kB1/M% | 600 32.4 6.48 0.2 33.04 1 33.04
CTOK LO4xB1/ | o) | 6656 | 13312 | 0.2 67.88 1 67.88
MECTO
Cnyxba |14 Brn?| 75 | 105 2.1 0.2 10.71 2 21.42
3aAHATOCTHU
AriTeka 0.25 kBt/M°| 75 18.75 3.75 0.2 19.12 1 19.12
TIpOnOBONLCTBEH () 5 2l 60 | 15 3 0.2 15.30 12.00 | 183.56
HBIU Mara3mnH
Henponosonbets o (o por2l g0 | 96 | 192 | 0.2 9.79 0.00 | 8811
CHHbBIU Mara3nH
Berneuebnura - 1 16 3.2 0.2 16.32 1 16.32
Bars . 1| 23 46 | 02 23.46 1 23.46
Kook B 1 3 06 | 02 3.06 700 | 2142
Bokcbi 3 1| 56 112 | 02 5.71 400 | 22.84
rapax B 1 3 06 | 02 3.06 77.00 | 117.79
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[Iponomkenue TaduIb 2

1 2 | 3] 4 | 5 | & | 7 | 8 | o9
KomMyHa/IbHO X03s1iicTBeHHbIE NIPeANPUITHSA (KOTeJIbHbIE, BOAONPOBOI, KAHAJIU3AIUA).
KHC - 1 34 25.5 0.75 42.50 1 42.50
Bonononopras - 23| 17 | 1275 | 075 | 21.25 1 21.25

OanrHs
Bcero: 3203

3.2 KomneHcanusi peakTUBHOWH MOIITHOCTH Yy MOTpeduTe e

KommeHcanys peakTHBHOM MOIIHOCTH HalpaBJIeHAa B OCHOBHOM Ha 3KOHOMMIO
(YMEHBIIEHHIO TOTEPb) MPH SKCIUTyaTallMd paCHpEACNIMTEIbHBIX CETel U
OJIHOBPEMEHHO Ha YJy4YIICHUE KaueCTBa HAIIPSKEHUS.

Kak BuAHO U3 npuUBEAEHHOW BbIINIE TaOMHIBl KOIP(ULIHUEHT MOIIHOCTH
00BEKTOB HE MPEBBIIIACT 3HAYCHUST HOpMHUPYEMOTo B [13] (715t SNeKTpUUECKOr ceTH
0,4 kB tg(p) = 0,35), 3a uckI0YeHUEM HAaCOCHBIX cTaHuu, riae tg(e) = 0,75.

JUiss  MECTHBIX M  UEHTPAJIbHBIX HACOCHBIX, MPEAHA3HAYEHHBIX JJIA
OOCITY>KMBAHUSI JKWJIBIX W OOIIECTBEHHBIX 37aHUI, KOMIICHCAIMS PEaKTUBHOU
Harpy3ku, Kak IpaBWJIO, HE TpeOyeTcs, €clii B HOPMAIbHOM pEXKHUME pabOThI
pacdeTHas MOIIHOCTh KOMIIEHCHUPYIOILLEr0 yCTPOUCTBA HA KaXKIOM pabodeM BBOJIE HE
npesbimaet 50 kBap.

MormuHocts komneHcupytomero ycrpoiictea i KHC  (kaHanuzanuoHHas

HACOCHasl CTaHIUs1) paBHA:

Qxy =P 199, —tgp, =34 0,75—0,35 =13,6 kBap (8)

MouHocTts kKomneHcupytomux yctpoctB st KHC menbiie 50 kBap, mostomy
KOMITIEHCAIIMS pEaKTUBHOM HArpy3Kku He TpeOyeTcs.
3.3 Pacuer ajiekTpuyeckux Harpy3ok jJunum 0,4 kB
PesynbTupyromas Harpy3ka mNoTpeOuTeneil He MOXET ObITh OIpeesieHa
IPOCTHIM CYMMHPOBAHUEM HArpy30K OTAEIbHBIX NoTpeduTenei. CneayeT yuuThIBaTh
XapakTep AJIEKTPONOTPeOIeHUS KaXI0r0 pacCMaTpuBaeMoOro MoTpedUTeNst U TO, YTO
MaKCUMYyMbl Harpy3ku MOTpeOJSI0TCS HE B OJHO M TO ke BpeMmd. [Ipu pacuére

HArpy30K JOJKEH OBITh y4TE€H HaHHBIA (aKTOp BO M30ekaHWE HEOOOCHOBAHHOTO
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ynopoxanust cxembl. OrmnpeaeneHHe MaKCUMYMOB OCYIIECTBISETCA C IOMOIIBIO
K03 UIIHEHTa y9acTUsl B MAKCUMyME Harpy3KH.

Pacué€r cymMmapHOl Harpy3ku BBINOJHSETCS CleAyromuM oOpazoM. CHavana
YCTaHaBIMBAETCS OCHOBHOW MOTpeOUTENh, (HOPMHUPYIOMIHNIA MAaKCUMyM HAarpy3ku, U
[0 OTHOIIEHHIO K JTOMY MOTPEOUTENI0 HArpy3KH OCTaIbHBIX MOTpeduTenei

BBOIATCA C COOTBCTCTBYIOIINMHU KOB(i)(i)I/IHI/IGHTaMI/I.

Pp.,z = Ps().max +Zkyi 'P3()i ! (9)
1

rae P, — HauOojbIIas Harpy3ka 3JaHUS W3 YKMCIA 3JaHUN, MUTAEMBIX I10
nuHuM, KBT;

P, — pacueTHble Harpy3Ku JPYTUX 3AaHUM, MUTaeMbIX 110 JUHUH, KBAp;

ki — KOOhQUUMEHT y94aCTHs B MAaKCUMyME OJIEKTPHYECKUX HArpy3oK
OOIIECTBEHHbIX  3JaHMM  WJIM  JKWIBIX  JOMOB  (KBapTUp M CHJIOBBIX

SJICKTPOIMIPHUCMHHUKOB.

Qp.J = Qaz).max + Zkyi Qs()i ! (10)

rae Q.. — HauOoJbIee 3HaUCHNUE PCAKTUBHON HArPY3KH 37aHUS U3 YHCIIa
31aHUI, MUTAEMBIX I10 JIMHUU, KBap;
Q,,, — pacueTHas peakTUBHAs Harpy3Ka JIPyrux 3JaHUi, TUTAEMbIX 110 JIMHUH,
KBap;
ki — KOObQUUMEHT y94aCTHss B MaKCUMyME OJIEKTPHYECKUX HArpy3oK
OOI1IECTBEHHBIX 3[aHUI WJTU KHUJIBIX JJOMOB.
OnpenenuM pacueTHYIO AJIEKTPUUYECKYIO HAarpy3ky mid jguHuu Nel muraemon

or TTI415
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Pucynoxk 4 — Cxema BHyTpeHHET0 AiekTpocHabxkeHus aunuil 0,4 kB

orxomsammx ot TI1 415

PacueTrHas snekTpuyeckasl Harpy3ka paBHa:

P,,=15+0,6-13-3,5=42,3kBr;

Q,,=3+0,6-13-0,7=8,46 xBap.

S,, =P, +Q,” =1/42,3" +8,46° = 43138 KBA. (11)
PesynbTaThl pacuera o octansHbiM BJI 0,4 kB npuBenens: B Tabmuie 3.
Tabnuna 3 — Pacuetnsie Harpy3ku nunuit 0,4 kB
P S
TII | Ne nuaun Pl Q. pr? TIT  |Ne munumn| P, ,, kBt Qs o1 KBA
kBT KBap kBA KBap
1 2 3 4 5 6 7 8 9 10
1 23 4,6 23,46 1 37.8 7.56 38.55
ans 2 56 | 112 | 57 | 149 23 46 | 2346
3 30,8 6,16 31,41 TI 714 1 67.20 13.44 68.53
4 10.8 2.16 11.01 2 34 14,1 36,7
1 66.50 13.30 67.82 1 66.10 23.34 70.10
T a47— 15 3 | 15207 | 43 5 6720 | 13.44 | 6853
3 120.00 | 24.00 122.38 3 57.30 11.46 58.43
4 25.20 5.04 25.70 4 10.8 2.16 11.01
5 32.4 6.48 324 5 5.6 1.12 5.71
TII1 414 1 71.34 14.27 72.75 6 23 4.6 23,46
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2 32.4 6.48 33.04 | TIT419 1 74.88 | 1498 | 76.36
3 44.92 8.98 45.81 2 37.8 7.56 38.55
TII 415 1 42,3 8,46 43,138 3 173.60 | 34.72 | 177.04
2 25.20 5.04 25.70 | TI1 720 1 3 0.6 3,06
3 29.8 7.56 30,8 2 34 25.5 42,50
1 7,0 14 7.139 3 71.34 | 1427 | 72.75
TII 423 2 66.56 | 13.312 | 67.88 4 32,4 6,48 32,4
3 83.00 | 16.60 84.64 5 125.28 | 25.056 | 127,76
4 100.00 | 20.00 | 101.98 6 3 0.6 3.06
1 54.60 | 10.92 55.68 | TIT 437 1 78.50 | 15.70 | 80.05
TII 719 2 44.92 8.98 45.81 2 32.4 6.48 32.4
3 59.04 | 1181 60.21 3 39,6 1584 | 42.02
TII 424 1 18.75 3.75 19,12 | TII 698 1 160.78 | 32.16 | 163.96
2 71.10 | 14.22 72.51 2 131.94 | 26.39 | 134.55
3 79.20 | 15.84 80.77 3 32.4 6.48 32.4
4 34.50 6.90 35.18 4 25,8 10,32 27,8
5 54.60 | 10.92 55.68 | TIT 701 1 35,6 14,24 38,3
6 44.92 8.98 45.81 2 24,89 9,96 26,81
TII 707 1 53.30 | 20.01 56.93 3 71,2 28,48 | 76,69
2 5.6 1.12 5.71 4 1598 | 6,392 | 17,211
3 34.20 6.84 34.88 | TIT1 430 1 38,7 15,48 | 41,68
4 133.52 | 41.66 | 139.87 2 21,63 | 8,652 | 23,29
5 40.60 8.12 41.40 3 18,74 | 7.496 | 20,18
6 10.8 2.16 11.01 4 1596 | 6.384 | 17,189
TII 403 1 10.5 2.1 10,71 5 33,56 | 1342 | 36,144
2 53.30 | 20.01 56.93 | TIT 436 1 102.48 | 20.50 | 104.51
3 42,3 8,46 43,138 2 83.00 | 16.60 | 84.64
4 5,6 1,12 5,7 3 72 144 73.43
5 30,8 6,16 31,41
TII 704 1 1838 | 36.76 | 187.44
2 66.50 | 13.30 67.82
3 27 5,4 27,3
4 3 0,6 3,06

3.4 Boi0op cxembl pacnpeneauteabHoi cetu 0,4 kB

Cetu 0,4 kB BBINONHAIOTCA TpeX(Pa3HBIMU, YETHIPEXITPOBOAHBIMU. B 0OCHOBHOM

MpPUMEHSIETCS pajualibHas cxeMa pacnpeneneHus ot nonwkatomux TII 10/0,4 kB.

Heiirpanbneiii mpoBoj 3azemiieH Ha TII 10/0,4 kB m B KOHIIE Ka)KI0H BETBU HIIU

auHuu ayuHou 6osee 200 M unu Ha paccTostHuM He Oosiee 200 M OT KOHIA JIMHUM

WJIK BCTBH, T'AC MOAKIIIOUCHA HAI'PYy3Ka.

[TotpebOurenu nrr. Hukonaeska oTHocsaTcs Kk nmotpedutensm Il u 1l xkareropun

HAJISKHOCTHU 3IEKTPOCHAOKEHUS.

OCHOBHBIM TPHHIIMIIOM TMOCTpOCHHs pacnpenenutenbHon cetn 0,4 kB mns
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AIIEKTPOIIPUEMHUKOB BTOPOW KAaTErOpUHU SIBISIETCS COYETAHUE IMETJIEBBIX CXEM,
00eCreunBaOIIUX JABYXCTOpOHHEe NHUTaHue mnorpedurteneii. [Ipu sToM nuHUM B
METJIEBBIX CXEMAX MOTYT IPUCOEAUHATHCS K OAHOUN vin pa3Hbim T11.

JUIst )KHITBIX JTOMOB C AJIEKTPOILIUTAMU, aJMUHUCTPATUBHBIX 3IaHHM, TETCKUX
yupexaeHul, y4eOHbIX 3aBeICHUM MpeaycMmaTpuBaeTcs aABa BBojga B BPY, kotopsie
MO3BOJISIOT 00ECNEYNBATh PE3EPBHOE IEKTPOCHAOKEHHUE TIPU OTKIIOYEHUH MUTAHUS
OJIHOTO U3 BBOJIOB.

3.5 Pacuer u BbIOOp JuHUI Hanpsxenuem 0,4 kB

B BoimyckHOW KBanu(UKAIIMOHHONW paboTe paccMaTpUBAETCS PEKOHCTPYKIIMS
cetu 0,4 kB ¢ HCHoONB30BaHHEM CAMOHECYHIErO0 M30JMpoBaHHOro mposoga CHUII.
[IpeumymectBa npoBona CHUII 1mo cpaBHEHHIO C HEM30JIHMPOBAHHBIMH IIPOBOJAMHM
CIIEAYIOIIHE:

— BO3MOKHOCTb COOPYXEHUS JINHUU JIEKTporiepeiayd 6e3 BhIpyOKH MPOCEK;

— BO3MOKHOCTb COBMECTHOM MOJIBECKH Ha OIOPax C Te€IEPOHHOM JTMHUEH;

— BO3MOXXHOCTb MCIIOJIb30BAHUS ACHCTBYIOIIMX OMOP U ONOP MEHBIIEH BHICOTHI
JUISl HOBBIX JIMHUI;

— COKpall€HUE OKCIUIyaTallMOHHBIX pPACXOJOB 3a CYET MCKIIOYEHUS
CUCTEMAaTUYECKOM PACUYUCTKM TPAacC, 3aMEHbl MOBPEKIEHHBIX H30JIATOPOB,
COKpaIllleHne 00beMOB aBapUHO-BOCCTAHOBUTENIBHBIX padoT;

— 0e30MacHOCTh 00CITY>)KMBaHUS - OTCYTCTBUE PUCKA MOPAKEHUS NMPU KACAHUH
(bha3HBIX MPOBOJIOB, HAXOSIIUXCS MO/ HATIPSIKEHUEM;

— BO3MOXHOCTh pa0OTHI MO HAMIPSHKEHUEM, IPOCTOTA PEMOHTOB;

— MpaKTUYECKash HEBO3MOXKHOCTh KOPOTKOTO 3aMbIKaHUsl MEXIy (a3zamu u
HYJIEBBIM ITPOBOJIOM WJIA HA 3EMIJIIO;

— MEHbBIIMA Bec M OoJiblllas JJIMTEIbHOCTh HAJUINAHUS CHETa, MOBBIIIECHHAsS
HAJI)KHOCTh B 30HAX UHTEHCUBHOTO T'0JI0JIEI000pa30BaHus;

— 6e3omacHocTh padot BOIM3u nunuit ¢ CUII,

— CHW)XXEHHME TMaJeHUs] HANpsKEHUS BCIEICTBUE MAaJOT0 PEAKTUBHOTO
conpotusieHus — 0,1 Om/xMm (0,35 Om/KM — TOJIBINA TTPOBOT);

— BO3MOXKHOCTh MPOKJIAJIKH 110 (hacagam 37aHui;
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— BO3MOKHOCTh COBMECTHOM MpoKiaaku Ha oaHux onopax BJI ¢ CUII no 1 kB
u BJI 6-10 kB.
Hcnonb3yss pacyeTHyK Harpy3kKy TIOJOBHOTO YydacTKa KaKIOW JIMHUM,

OnpcaAciIsiIeM MaKCHUMAJIbHYIO BECJIMYMHY TOKA B (1)336 B HOPMAJIbHOM PCIKUME!

w

3
.10

= 12

rae S, — pacyeTHas Harpyska JIMHUH, KBA;

U ,— HoMHHaIbHOE HanpsKeHue, kB.

[Ipou3BoguM  mpenBapUTENbHBI  BBIOOP  CEYEHHS]  HEM30JIMPOBAHHOIO

aJIFOMUHUEBOTO TPOBOAA 10 ycnoBuio HarpeBa |, < lugon, A€ luison - JIIATENBHO

JIONyCTUMas TOKOBasi Harpy3ka Ha IPOBO]I BBIOPAHHOTO CEUCHHS.

JIns Bo3nyIiHbIX JIMHKM 1ekTpornepenad 0,4 kB Oynem ucnonnp30BaTh IpoOBOJIa
CHUII 2A. Otrnuune AAHHOTO MPOBOJA OT OCTAIBHBIX 3aKIIOYACTCS B HaJIWYWU
M30JINPOBAHHOW HECYIIEH HEUTPAIIN.

YuuThiBas MOJHYI MOIIHOCTh KaXKJIOW JHWHUM yKa3aHHOW B TaOmuie NeS,

onpeaenuM pacueTHbid Tok miid Jinaur Nel nurtaemoit ot T11415:

43138

| -
" J3-04

[Mpunumaercs CUIT 2A ceuenunem 50 [5].

= 62,524 (13)

BriOpanHble ceueHust Mo OCTalbHBIM JTUHUSM NIPUBEICHBI B Ta0uIe 4.

Tabnuna 4 — Pacuetnsie Harpy3ku, cedenue junuii 0,4 kB

No Q UYucno u ceyenue (a3HbIX
TII B P,., kBT pat S, KBA| |, A | u HyneBoii HecymIel Ku, oons A
JVHAN KBap T % o
1 2 3 4 5 6 7 8

TII 425 1 23 4,6 23,46 34 3x50+1x70 165
2 5,6 1,12 57 8.26 3x35+1x50 116
3 30,8 6,16 31,41 45.52 3x50+1x70 165
4 10.8 2.16 11.01 15.96 3%x35+1%50 116

TIT 417 1 66.50 13.30 67.82 98.29 3x70+1x95 240
2 15 3 15,297 22.17 3%x35+1%50 116
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[Iponomkenne Tabnuip 4

1 2 3 4 5 6 7 8
3 120.00 24.00 | 122.38 | 177.36 3x70+1x95 240
4 25.20 5.04 25.70 37.25 3x35+1x50 116
5 32.4 6.48 32.4 46.96 3x35+1x50 116
TII414) 1 71.34 14.27 72.75 | 105.43 3x50+1x70 165
2 32.4 6.48 33.04 47.88 3x35+1x50 116
3 44.92 8.98 45.81 66.39 3x50+1x70 165
TII415) 1 42,3 8,46 43,138 | 62,52 3x50+1x70 165
2 25.20 5.04 25.70 37.25 3x35+1x50 116
3 37.8 7.56 38.55 55.87 3x50+1x70 165
TI1423] 1 7,0 14 7.139 10.35 3x35+1x50 116
2 66.56 13.312 | 67.88 98.38 3x70+1x95 240
3 83.00 16.60 84.64 | 122.67 3x70+1x95 240
4 100.00 20.00 | 101.98 | 147.80 3x70+1x95 240
TII719] 1 54.60 10.92 55.68 80.70 3x50+1x70 165
2 44.92 8.98 45.81 66.39 3x50+1x70 165
3 59.04 11.81 60.21 87.26 3x50+1x70 165
TII424) 1 18.75 3.75 19,12 27.71 3x35+1x50 116
2 71.10 14.22 7251 | 105.09 3x70+1x95 240
3 79.20 15.84 80.77 | 117.06 3x70+1x95 240
4 34.50 6.90 35.18 50.99 3x50+1x70 165
5 54.60 10.92 55.68 80.70 3x50+1x70 165
6 44.92 8.98 45.81 66.39 3x50+1x70 165
TIr707) 1 53.30 20.01 56.93 82.51 3x50+1x70 165
2 5.6 1.12 5.71 8.28 3x35+1x50 116
3 34.20 6.84 34.88 50.55 3x50+1x70 165
4 133.52 | 41.66 | 139.87 | 202.71 3x70+1x95 240
5 40.60 8.12 41.40 60.00 3x50+1x70 165
6 10.8 2.16 11.01 15.96 3x35+1x50 116
TI1403] 1 10.5 2.1 10,71 15.52 3x35+1x50 116
2 53.30 20.01 56.93 82.51 3x50+1x70 165
3 42,3 8,46 43,138 | 62.52 3x50+1x70 165
4 5,6 1,12 5,7 8.26 3x25+1x35 90
5 30,8 6,16 31,41 45.52 3x35+1x50 116
TII704] 1 183.8 36.76 | 187.44 | 271.65 3x120+1x96 340
2 66.50 13.30 67.82 98.29 3x50+1x70 165
3 27 5,4 27,3 39.57 3x35+1x50 116
4 3 0,6 3,06 4.43 3x25+1x35 90
TI1429| 1 37.8 7.56 38.55 55.87 3x35+1x50 116
2 23 4,6 23,46 34.00 3x35+1x50 116
TII714] 1 67.20 13.44 68.53 99.32 3x50+1x70 165
2 34 14,1 36,7 53.19 3x35+1x50 116
TII434] 1 66.10 23.34 70.10 | 101.59 3x50+1x70 165
2 67.20 13.44 68.53 99.32 3x50+1x70 165
3 57.30 11.46 58.43 84.68 3x50+1x70 165
4 10.8 2.16 11.01 15.96 3x35+1x50 116
5 5.6 1.12 5.71 8.28 3x25+1x35 90
6 23 4,6 23,46 34.00 3x35+1x50 116
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[Iponomkenne Tabnuip 4

1 2 3 4 S) 6 7 8
TI1419| 1 74.88 14.98 76.36 | 110.67 3xT70+1x95 240
2 37.8 7.56 38.55 55.87 3x50+1x70 165
3 173.60 34.72 | 177.04 | 256.58 3x120+1x96 340
TII 720 1 3 0.6 3,06 4.43 3x25+1x35 90
2 34 25.5 42,50 61.59 3x50+1x70 165
3 71.34 14.27 72.75 | 105.43 3x50+1x70 165
4 32,4 6,48 32,4 46.96 3x35+1x50 116
5 125.28 | 25.056 | 127,76 | 185.16 3x70+1x95 240
6 3 0.6 3.06 4.43 3x25+1x35 90
TI1437| 1 78.50 15.70 80.05 | 116.01 3x70+1x95 240
2 32.4 6.48 32.4 46.96 3x35+1x50 116
3 39,6 15.84 42.02 60.90 3x50+1x70 165
TIT698| 1 160.78 32.16 | 163.96 | 237.62 3x120+1x96 340
2 131.94 26.39 | 134.55 | 195.00 3xT70+1x95 240
3 32.4 6.48 32.4 46.96 3x35+1x50 116
4 25,8 10,32 27,8 40.29 3x50+1x70 165
TIT701] 1 35,6 14,24 38,3 55.51 3x35+1x50 116
2 24,89 9,96 26,81 38.86 3x35+1x50 116
3 71,2 28,48 76,69 | 111.14 3x70+1x95 240
4 15,98 6,392 | 17,211 | 24.94 3x35+1x50 116
TIT1430f 1 38,7 15,48 41,68 60.41 3x35+1x50 116
2 21,63 8,652 23,29 33.75 3x35+1x50 116
3 18,74 7.496 20,18 29.25 3x35+1x50 116
4 15,96 6.384 | 17,189 | 24.91 3x35+1x%50 116
5 33,56 13.42 | 36,144 | 52.38 3x35+1x50 116
TI1436) 1 102.48 20.50 | 10451 | 151.46 3x70+1x95 240
2 83.00 16.60 84.64 | 122.67 3x70+1x95 240
3 72 14.4 73.43 | 106.42 3x50+1x70 165
BriOpanHoe ceueHHe TMPOBOJOB TMPOBEPSAETCS Ha JAOMYCTUMYHO TOTEPIO
HaIpsHKEHUS.

[ToTepst Hanps>KEeHUs B IMHUAX oNpeaensieTcs no Gopmyie.

AU =Z:Ii'Ji—'\/é.(ro.(:os(erxo-sinqo)-lOO%, (14)

oM

rae |, — pacyeTHbIH TOK MPOTEKAMOMIHI MO | - My YIaCTKy JIHHUH, A
L,— AavHa | - TO ydacTKa JIMHHH, KM.

U,on — HOMHHAJIBHOE HalpsDKeHue, KB;

I'o U X, — yI€TIbHbIE aKTUBHOE U MHAYKTHUBHOE COMPOTUBIICHUE, OM/KM.
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PaccunTaem moTepro HampspDKEHHS Ui YOAJIEHHOTO TOTpeOuTens (MaraswH)
auHuu Nel TII-415 Ha yyacTke 3-4.

Paccunraem notepro HanpspkeHus Ha ydactke 3-4 TII - 415 :

AU, _10,67-0,04-43

_ 380 (0,64-0,98+0,08-0,196)-100% = 0,55 %

Jlanee pacCUMTBHIBAIOTCS MOTEPU HAIPSIKEHUS Ha OCTANbHBIX ydacTkax BJIM
OUTAlOMMX Haubonee ynajneHHbId 00BbeKT. CyMmMapHble 3HA4Y€HUSA MOTEPh
HANPSHKEHUS 10 KKIOW OTXOISALICH JIMHUY PUBEICHBI B TAOIULE O.

Harpy3ounsie norepu anekrposnepruu B BJI onpenenvuM ¢ moMoIpe0 MeToaa

CPEIHHX HAIPy30K B COOTBETCTBHH ¢ [12].

AW, =K -3-1 %R, -k -(T3 +k -TJ)-10‘3 , (15)

K

rae K, — kKo UIUEHT, YIUTHIBAIONINN pa3iandre KOHPUTypamuii rpadukoB

aKTUBHOW U PEaKTUBHOM Harpy3ku (mpuHuMaercsa paBHbIM 0,99);

|, — CPENHEE 3HAYEHHE TOKOBOM HAarpy3KH,

T,,T,— KOJINYECTBO 3UMHHUX, JIETHUX YaCOB;

R,— COMpOTHUBJIEHUE JIUHNUY;

k,— koaddunuent Gopmsl rpaduxa, Ky=1,03;

K,— KO3 pUIMEHT JIECTHETO CHIDKEHHSI MaKCUMAJIbHOU Harpy3ku, K,=0,5

Tak Kak 3Ha4YE€HMs TOKOB PACCUMTAHBI IIPU MAKCUMAJIBHBIX Harpys3kax, TO IS
HaXOXKJEHUSl CPEJHUX 3HAUYECHHH TOKOBOM HArpy3Kd HCMOJIb3yeM KO3(P(PULIHEHT

3anoJHeHus rpaduka Harpy3Ku:

I, =1k, (16)

rae |, — 3HaYeHus pacueTHBIX TOKOB Ha JuHuAX 0,4 kB (Tabnuna 4);

K, — ko3 urnent 3amonnenus rpaduka Harpysku, K,=0,67.

Harpy3ounsie notepu snexkrpodHepruu Ha yyactke TII - 415:
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ZAWTH75,3—4 =0,99-3. (61, 06-0, 67)2 .0,026-1,03%-8760-107° =
=1144.4 kB1'u

[ToTepn HampsDKEHHST W CyMMAapHBIE TIOTEPH DJCKTPOSHEPTHH 10 JIMHHSAM
0,4 xB npuBenens! B TabimIie 5.

Tabnuua 5 — [loTepu HanpsKEHUs, MOIIHOCTHU U 3JIEKTpodHepruu 1o Junusam 0,4 kB

| N | au,0% | 22 | N AU % | S AW, kBru
BTy JIMHAH
1 2 3 2 5 6 7 8
1 1.23 697.4 1 0.84 2140.0
ansl 2 2.07 70459 | 429 — 0.86 2225.9
3 1.01 21320 | oo | 1 117 20735
4 2.70 4964.9 2 0.86 2252.2
T417| 1 291 46409 | T 434 | 1 141 1641.2
2 317 5026.1 2 0.70 515.8
3 2.85 37268 3 2.21 26235
1 259 5395.2 4 1.89 5675.8
5 2.79 3643.7 5 3.25 7643.0
1 333 5854.0 6 3.07 9467.2
TI414[ 2 255 59158 | TI419 | 1 2.72 8642.0
3 2.65 3601.7 2 1.95 1384.9
T 415| 1 2.71 1144.4 3 2.16 1605.2
2 3.22 45426 | T 720 | 1 2.83 5278.2
3 2.86 9946.9 2 3.38 13421.9
T423] 1 3.29 7959.8 3 3.10 10980.4
2 1.96 1621.3 4 3.19 165314
3 153 1398.8 5 1.30 862.1
4 141 8815 6 217 2315.0
1 312 90817 | TH437 | 1 256 4079.3
T 719 2 271 1082.4 2 2.65 5059.1
3 2.18 2701.2 3 3.19 5047.4
T 424] 1 1.69 30902 | TI698 | 1 2.87 3482.1
2 0.17 8385 2 211 2176.6
3 0.51 1293.0 3 2.18 2812.1
4 112 2879.0 4 1.80 1613.4
5 0.26 10709 | TI701 | 1 3.29 5182.7
6 1.49 4316.7 2 2.26 2407 4
TI707| 1 0.26 1070.9 3 2.02 3448.7
2 0.32 829.1 4 2.21 14958
3 271 57656 | TII430 | 1 3.16 3986.7
1 281 35 2 312 94198
5 1.65 731.9 3 3.05 10426.9
6 3.47 28865 4 321 13911.9
TI403| 1 2.88 91485 5 2.48 1658.4
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[Iponomxenue TabIUIBI 5

1 2 3 4 5 6 7 8

2 3.23 6888.9 TII 436 1 2.91 4718.8
3 2.07 2187.9 2 2.96 9464.2
4 1.72 1425.8 3 3.36 72435
5 1.72 1021.0

TII 704 1 3.24 7596.5
2 2.43 1467.4
3 2.33 2178.8
4 1.88 3204.8
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4 PEKOHCTPYKIIUA CHUCTEMBI BHYTPEHHEI'O
DJIEKTPOCHABXEHUA
4.1 Bb10Op HOMUHAJBLHOTO HATIPSI’KEHUSA
HomuHansHOE HAmpsDKEHHWE CETH 3aBHCHT OT MHOTHX (PAKTOPOB: MOIIHOCTH
Harpy30K, yIadEHHOCTH WX OT WMCTOYHWKA MHUTaHWs, KOH(HUTyparmuu ceTd U T. I.

CyllecTBEHHBIE M3 OTHX (aKTOPOB ABJISIOTCS: MOIIHOCT, TIEpeaaBaeMast 1o CeTh Py

U junHa JUHAA ceTd | . TIpu MoBBIIEHHH HOMHHAJIBHOTO HAMPSHKEHUS CHUKAIOTCS
MOTEpU aKTHBHOW MOITHOCTH, CEYCHHUE JIMHUM, HO PACTET MPOITyCKHAs CIIOCOOHOCTH

nuHuu. ParmonansHOe HanpsikeHue onpeaenseM mo popmyne Ctuia:

Uy =434 1+16-P,y (17)

rac | — HauGobmas JJINHa JIWHHH,

P,s — cyMMapHas akTUBHasl pacuéTHasl HArpy3Ka.

U,y =4,34-/6+16-2,52 = 29,538 «B. (18)

[IprHrMaeM HOMUHANIBHOE HanpsbkeHue 1o Beicokoi cropone 11C JICK 35 kB.

[To HU3KOM CTOpOHE COrnacHo [24] SKOHOMUYECKHA ONPaBAAHO OCYLIECTBIIATh
nepegavyy 3JeKTpodHepruu no jJuHuaM 10 kB oT mMH nmoHmxkaroumen MnoacTaHluH
npu  paccrosHuu 10 2,5 kM. Tak ke Hampspkenue 10 kB saBmsercs naubosee
SKOHOMHUYHBIM MO CPABHEHUIO C HampshkeHue 6 kB.

4.2 Boioop yuciaa u MmomHocTH Tpanchopmaropos 10/0,4 kB

Bb16op unciia 1 MOLTHOCTH TPaHC(HOPMATOPOB HA MOJACTAHLIMSIX ONMPEEISIETCS
BEJIMYMHOM M XapaKTepOM »3JIEKTPUUYECKUX HArpy3ok (TpedyemMoil HaJeKHOCTBIO
AIIEKTPOCHAOKEHU).

PacueTtHpie  MomHOCTM JUIsi  BCeX  TPAHC(POPMATOPHBIX  MOJCTAHIUHN
ONpENENAIOTCd CYMMHPOBAaHHUEM pacyeTHhIX MolHocTed Ha suHUsAX 0,4 kB
noaxoasmux K TII.

Hcxons n3 akTUBHOM M PEaKTUBHOW MOIIHOCTH Juis Kaxkaoro ¢uaepa 0,4 kB

yKa3aHHBIX B Tabnuie Ne6 onpenennum pacueTHyto MoiHocTh Ha mpumepe TII 415:
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P =) P =423+252+37.8=105.3xBm,

Py

Q =>0Q,, =846+5.04+7.56=21.06 xBap,

5>

— 2 2 _ 2 2 _
S5 = \/’Pp_z +0, 5 * =105.3 +21.06° =107.38 kBA

Pacuernbie momtaocTr myist TI1 npencraBnens B Tabmuie 6.

Taomnura 6 — Pacuetasie momraoctu TI1

(19)

(20)

(21)

TII Pp.z , KBT QP-Z , KBap SP-Z , KBA
TIT 425 70,2 14,04 71.58
TIT 417 259,1 51,82 263.597
TII 414 148,66 29,73 151.6
TIT 415 105,3 21,06 107.38
TIT 423 256.56 51.312 261.639
TIT 719 158.56 31.71 161.7
TII 424 303.07 60.61 309.07
TII 707 278.02 79.91 289.8
TII 403 142.5 37.85 147.888
TII 704 280.3 56.06 285.62
TIT 429 60.8 12.16 62.01
TII 714 101.2 27.54 105.23
TII 434 230 56.12 237.24
TIT 419 286.28 57.26 291.95
TIT 720 269.02 72.506 281.53
TIT 437 150.5 38.02 154.47
TIT 698 350.92 75.35 358.71
TIT 701 147.67 59.072 159.011
TIT 430 128.59 51.432 138.483
TII 436 257.48 51.5 262.58

Teneps nepeinéM K BIOOPY YHCIIa U MOITHOCTH CHJIOBBIX TpaHC(HOPMATOPOB

Ha TII.

Kak mpasuno,
IBYXTpaHC(HOpMaATOPHBIE MTOJCTAHITUH.

Opnotpanchopmatopubsie  TII

B CHCTCMax 3JI€KTpOCH36)KeHI/I$I INPpUMCHAKOTCA OAHO H

10/0,4 kB npumeHsitoTca MNP  MNUTAHUU

HArpy30K, JOMYCKAIOUUX TEPEPHIB AIEKTPOCHAOKEHUST HA BpeMs HE 0o0Jyiee OTHUX

CYTOK, H€O6XOJII/IMBIX AJIs1 pPEMOHTA HUJIW 3aMCHBI ITOBPEKACHHOI'O 3JICMCHTA (HI/ITaHI/Ie

anexktponpueMHukoB III kaTeropum), a Takke sl MUTAHUS JIEKTPONPUEMHUKOB 11
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KaTerOpuM, TPU YCIOBUU PE3EPBUPOBAHUS MOIIHOCTH IO TMEpPEMbIYKaM Ha
BTOPUYHOM HANPsHKCHUH WIIHA TTPU HATMYUHU CKIIAJICKOTO pe3epBa TpaHCHOpMAaTOPOB.

Tak kak 3JeKTpONPUEMHHKH paccMaTpuBaemMoro paiiona otHocsarcs k Il u 111
KaTeTOpUHM HAACKHOCTH JJICKTPOCHAOKEHUS, TO PEKOHCTPYKIHMIO CETH Oynem
MIPOM3BOIUTH C UCIIOJIB30BaHNEM ABYX M ogHOTpaHchopmaropubix TII.

MOHIHOCTI) CHJIOBBIX TpaHC(l)OpMaTOpOB OIIPCACIIACTCA IO BBIPAKCHUTIO!

Spm =1 (22)

rae K, — ontuManbHbIN KO3 GUIIMEHT 3arpy3ku TpaHchopMaTopa,

N — KOJIMYECTBO TpaHC(HOPMATOPOB.
JUiss  motpeOuteneld 1MEepBOM M BTOPOM  KaTEropuu I IBYX-
TpaHC(HOPMATOPHBIX MOACTAHLIUN KOAP(UIUEHT ONTUMAIBHOMN 3arpy3KH COCTaBIISIET:

K,=0,7 a 11 oqHOTpaHC(HOPMATOPHBIX MOACTAHIMH K;=0.85.

Ilocne BI)I60pa TpaHC(bopMaTopa OCYHICCTBIICTCA IIPOBCPKA IIPABUIIBHOCTHU

BbIOOpA 10 KO3(PPUIMEHTY 3arpy3KH B HOPMAIIBHOM PEXHUME.

S
g (23)

g’

A g AByX TpanchOpMATOPHBIX MOJCTAHIMM  HEoOXoauMa MpOBEpKa M
IIOCJICABAPUUHOM PEXKUME!

- (24)
3 S;o,w .(n _1)

Jlomyctumas mieperpy3ka TpaHc(OpMaTOpOB B TMOCJICABAPUIHOM PEKUME
cocrarisiet 1,4 [15].

Paccmotpum  BeIOOp cuioBoro TpaHchopmaropa Ha mnpumepe TIT 415.
Y4uuThIBas MOJIHYI0 MOIIHOCTH M3 (TaOymiel Ne8), ompenenuM MOUTHOCTh CHIIOBBIX

Tpanchopmaropos anst TIT 415:
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S

pm

—%2118,9KBA.
0,7-2

Bribupaem aBa tpanchopmaropa TM-100/10: S/ =100 MBA [7].

[IpoBepsiem NMpaBUIIBLHOCTH BHIOOpA:

118,9

Ko = ==~ 0,507,

nlas __ 118’ 9
100

3

100-2

=119.

[IponusBoaum anHanornusbli pacyeT s octanbHbix TII. {anueie TII u

PE3YIIbTATHI PpaCuCTa IIPUBCIACHLI B Ta6JII/IHe 1.

Tabnuua 7 — cxonHble M pacyeTHbIE JaHHBIE 1JIs1 TPOBEPKU TPaHCHOPMATOPOB

I CymectByromue VYcranaBinBaemble Surn (BA | K K
TpaHcGopMaTophbl TpaHcGopMaTOphbl P ’ ’
TII 425 1xTM-160 2xTM-63 51.13 0.57 1.14
TII 417 1xTM-630 1xTM-400 310.11 0.77 -
TII 414 1xTM-250 1xTM-250 178.35 0.71 -
TII 415 1xTM-250 2xTM-100 118.9 0.59 1.19
TII 423 1xTM-400 1xTM-250 186.89 0.74 -
TII 719 1xTM-250 2xTM-250 296.21 0.59 1.18
TII 424 1xTM-400 2xTM-250 285.3 0.58 1.14
TII 707 1xTM-400 1xTM-400 340.94 0.85 -
TII 403 1xTM-400 1xTM-250 173.99 0.69 -
TII 704 1xTM-400 2xTM-250 296.3 0.59 1.19
TII 429 1xTM-63 1xTM-100 72.95 0.73 -
TII 714 1xTM-100 2xTM-160 197.1 0.62 1.23
TII 434 1xTM-400 1xTM-400 279.11 0.69 -
TII419 1xTM-400 2xTM-250 300.8 0.602 1.20
TII 720 1xTM-250 1xTM-400 331.21 0.83 -
TII 437 1xTM-250 1xTM-250 181.73 0.73 -
TII 698 1xTM-250 1xTM-400 256.22 0.64 -
TII 701 1xTM-250 1xTM-250 187.07 0.75 -
TI1 430 1xTM-160 1xTM-250 162.92 0.65 -
TII 436 1xTM-400 2xTM-250 320.3 0.64 1.28
4.3 Br10op cxeMbl KOH(UTYPALUA CETH
CxeMbl  AJIEKTPUYECKUX CETEH JOJIKHBI HAaNMEHBIIUMHU  3aTpaTaMu

o0ecreynuTh HEOOXOIUMYIO0 HAJEKHOCTh DJIEKTPOCHAOXKEHMsI, TpeOyeMoe KadecTBO

DHEPIUM Yy NPUEMHHKOB,

ya00CTBO U  0O€30IMaCHOCTh

AKCIUTyaTaluu

CeTH,

BO3MOXHOCTBb €€ I[EUH)HGIZIHGFO Pa3BUTHA W IIOAKIIOYCHHA HOBBIX HOTpG6HT€JI€fI.
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DnexkTpudecKkas CeTh JOJDKHA 00alaTh TakKe HEOOXOIUMON SKOHOMUYHOCTHIO U
THOKOCTBIO.

JIss  MOCTpOCHHMSI  pallMOHAIBHOM  KOH(PUTYpalid  CETH  IPHUMCHSIOT
MOBAapPUAHTHBIA METOJ[, COTJIACHO KOTOPOMY IS 3aJaHHOTO PACIIOIOKEHUS
MOTpEeOUTEICH HaMe4YaeTCsl HECKOJbKO BapHAaHTOB, M W3 HUX HAa OCHOBE TCXHHKO-
SKOHOMHYECKOTO CPaBHCHUS BHIOMpPACTCS JTyUIITHH.

PaccmoTpum aBa BapraHTa KOH(GUTYpAIIUN AIEKTPUIECKON CETH.

1 ALK

PN°219 DPN°234

L]

[ 1

]

11 701

717 430
7 é”’ ‘ | 717 425

@7’/7 435
Tl 434

771 403 1171 706

7 =4
ddd ©

777 716 Tl 429 771 704 717 714

777 437 6 ﬁ @
@— TI7 423 771 719 7% 424
777 698

Pucynoxk 5 — Bapuant 1 koHdurypanuu cetu

[lepBbrit BapuaHT KOH(MUTYpalUU DIICKTPUUECKOW CETH TMPEeayCMaTpUBaET

HaJIe)KHOE  dJeKTpocHaOxeHue  notpedurteneit |l kareropum, a  Takxke
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nononautenbHoe pesepBupoBanue §.234 IIC «ICK» ¢ §.219 TIC «ACK». Ilpu
Takon cxeme Bce TII MMEIT BO3MOKHOCTB IOJy4YaTh JJIEKTPOIHEPTHUIO C JBYX
ctopoH. IIpu stom morpedbutenu |l kaTeropun HameKHOCTH OyayT OOECTOYCHBI B

TOJBKO B citydae nospexacHus BJI nenocpencrsenno Ha ornarike Bosine TII

7C ALK
PN°219 ON°234 .
] 1 [
717 7071 r

TI7 430 |
I
/7 419 |

67/7 435

777 436 = |

i

[

T 720

T 423 111 719 T7] 424

T 403 171 706

771 707

3 3
% N
& N

71 716 111 429 T/1 704 T 714

Pucynox 6 — Bapuant 2 xoHurypaimu cetu

Bo BTOpOoM BapuaHTe KOHPUIYpalMU 3IEKTPUUYECKON CETH paccMaTpUBaeTCs
PUMEHEHUE JIBYXJIYYEBOM CXEMbl 3JIeKTpocHaOxkeHust norpedureneit |l kareropuu
HAJEKHOCTH.

Bapuanter kondurypamuu nrr. HukonmaeBka mpuBEeNEeHB Ha 2 JIHCTE
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rpaduueckoil YaCcTH BBIMYCKHOM KBaTHM(PUKAITMOHHON pabOTHI.
Jlns BpIOOpa ONTHUMAIBHOTO BapuaHTa KOH(MUTYpaluu SJICKTPUYECKON CEeTH
IPOU3BENIEM TEXHUKO-DKOHOMUYECKOE CPAaBHEHHUE JTAHHBIX BAPUAHTOB.

4.4 Pacuér 3JieKTpU4ecKHX Harpy3ok Ha cropone 10 kB TII

Pacuetnble snexkTpuueckue Harpysku cereit 10 kB ompenensiercs
IPOM3BEIEHUEM CYMMBI pPacyeTHBIX Harpy3ok TpaHchopmaropoB oTnaeiabHbix TII,
INPUCOEAMHEHHBIX K JaHHOMY JJIEMEHTY CeTH Ha KOI(PQUIUEHT, yUUTHIBAIOIINN
COBMEIIICHHE MAKCUMYMOB WX Harpy3Kku, MpuHUMaeMbId 1o [17].

JUist ompeneneHusl 3JIEKTPUYECKUMX Harpy3ok cereid 10 kB, Heobxoaumo
ONPEIENNUTh MOTEPH MOIIHOCTU B TpaHchopmaTopax. OCHOBHBIMU BUJAMU MOTEPH B
CWJIOBBIX TpaHc(OpMaTopax SBISIOTCS HAarpy304HbIE MOTEPU U MOTEPU XOJOCTOTO
xona. Harpy3ouHele moTepu 3TO MOTEpU B OOMOTKax TpaHc(opmaTopa U OHHU
IJIABHBIM 00pa3oM 3aBHUCST OT CONPOTUBIEHUS OOMOTOK, U COOTBETCTBEHHO 4YacThb
MOILHOCTH, MPOXO0JALIas yepe3 TpaHchopMarop, TpaTUTCS Ha HArpeB 3TUX OOMOTOK.
[loTepu XonocTOro Xxoja 3TO MOTEPH B MArHUTHOW cucTeMe TpaHc(opmaTopa
3aBUCSLIME OT TOKA XOJOCTOTO XOJa M BHUXPEBBIX TOKOB, BO3HMKAIOIIUX B
cep/euHuKe TpaHchopmaTopa.

[ToTepu MomHOCTH B TpaHchOpMaTOpax OMPEAENIIOTCS 1o (popmyiam:

APm = ZAPXX +%APK3 .(STH /SWIPHOM)Z’ (25)

U, -S? 11 _-S
A — 2 k% yi += xx m.HOM ,
2 100-S 2 100 (26)

m.HoM

rae S;; — moJiHasg MOUIHOCTh Harpy3ku TII;

AP_— 1oTepu akTUBHOM MOIIIHOCTH Ha XOJIOCTOM XOJY;

| . — TOK X0JIOCTOTO X0/a TpaHcpopmaTopa,

U, — HampsiKeHue KOPOTKOro 3aMbIKaHUs TpaHchopMaropa,
S — HOMHUHAJIbHasi MOIIHOCTh TpaHchopmaTopa.

mpHOM

Jlns mpumepa onpenenum norepu MmomHocty s TIT 415:
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AP = 2-0.49+%-1, 97-(85,29/100) =1,697 kBT;

2
AQ, =2- 4,5-85,29 +1- 2,6-100 = 7.847 KBap.
100100 2 100

[TonHast MOIIHOCTH TpaHC(HOPMATOPHOM MOACTAHILINH, IPUBEICHHAS K BHICOKON
CTOPOHE, COCTAaBUT CYMMY HAarpy3ku Ha IIMHAX HU3ILIEr0 HANPsDKEHUS U NOTEPhb B

TpaHcopmaropax:

S =[P +8P, ) +(Q, 1 +4Q, ), (27)

S,,, =/(105,3+1,697)° + (21,06 +7,847)° =110,8 KBA.

PaccuntanHble MOJNHBIE MOLIHOCTUM  TPaHC(OPMATOPHBIX  IMOJACTAHIUMH,
IpUBEICHHBIE K BBICOKOW CTOPOHE MpEACTaBIEHBI B TabnuIe 8.

Tabnuna 8 - [lomusie momuocTH TII mpuBeneHHBIE K BBICOKOM CTOPOHE

TII S, KBA
TII 425 76.13
TII 417 335.11
TII 414 203.35
TII 415 110.8
TII 423 211.89
TII 719 215.24
TII 424 245.76
TII 707 365.94
TII 403 198.99
TII 704 229.01
TII 429 97.95
TII 714 148.8
TII 434 304.11
TIT 419 233.54
TII 720 356.21
TII 437 206.73
TII 698 281.22
TII 701 212.07
TII 430 187.92
TII 436 212.56

39



[TonpoOHBIif pacuéT MEKTpUUYECKUX HArpy30k Ha ctopoHe 10 kB nmpousBencH B
nporpamme Mathcad 14, pacder npeacTaBiieH B IPHIOKEHUHN A.

4.5 Bbi0op ceueHus pacnpeaeantebHoii cetu 10 kB

Bri6op ceuenus kabeneil HanpsbkeHneM 10 kB ocymiecTBisieTCS TakUM e
0o0pa3oM, KaKk 1 BEIOOP ceueHUs MPOBOJIHUKOB B paclpeaeauTenbhbix ceTsax 0,4 kB.

PaccMoTpuM BBIOOp c€UeHMs JIMHUM ISl IEPBOTO BapHaHTa PEKOHCTPYKLIUU
AIIEKTPUYECKON CeTH Ha npumepe puaepa 234.

OnpenenseM pacd€THBIN TOK, HA TOJIOBHOM YYaCTKE JIMHHUHN:

ITo moHOM MOIIIHOCTH MPOU3BOANM PACcUET TOKA JJI1 BRIOOpa MPOBOJIA:

S

Ip:rp\/g’ (28)

rae S,— IoyiHas MOIIHOCTD JIMHKUU, KBA;

U, — HoMHHaJIbHOE HalpshkeHue, KB.
IlonHas MOIIHOCTH NPOTEKAroLas MO JIMHUM ONPENEAeTCs CyMMUPOBAHUEM
AKTUBHBIX M peakTUBHBIX MowmHocTed TII mpuBeneHHBIE K BBICOKOM CTOPOHE

IMOJIy4aromuXx IMAUTAaHHUC OT I[ElHHOfI JIMHUH.

P,s 1= 2P = 2275 XBT; (29)

QP-Z o = 2Qp =890 KBap;

S, 5 ot = \/Pplz pos TO, 5 i’ =\2275 +890° = 2439 kBA;

=289 _140,9A.

|
? 1043

HpOI/IBBOI[I/IM BI)I60p CCUHCHUA U30JIMPOBAHHBIX IIPOBOAOB UCXOJA U3 YCIIOBUS:
Ir)fl.()on 2 Ip ' (30)

rne |,,,,— JVINTEIBHO JOMYCTUMBIN TOK IPOBOJIA BBIOPAHHOI'O CEUEHHUS.
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Bribupaem camonecymuii nzonupoBannbliil npooa CHUII-3 ceuenuem 70 mm?
C ITUTEIBHO MomycTUuMbIM TokoMm 1, , =370 A.

BI)I6paHHBIe CCUCHMS ITPOBOAOB ITPCACTABJICHLI B Ta6JII/IIIC 9.

Tabnuna 9 - BeiOpanHble MapKku U C€UeHUS pacrpeaenuTenbHbiX Juauid 10 kB u ux

rapaMeTphl
Ne Hay ‘ Ne koH ‘ I, km ‘ Ceuenue ‘ R, Om ‘ X, Om Inom, A ‘ Ip, A
bunep 234
1 2 0.9 70 0.32 0.291 370 140,9
2 3 0.3 70 0.32 0.291 370 132,6
4 5 1.425 70 0.32 0.291 370 127,7
5 6 0.825 70 0.32 0.291 370 125,2
6 7 0.075 70 0.32 0.291 370 114,55
7 8 0.45 70 0.32 0.291 370 97,42
8 9 0.825 70 0.32 0.291 370 90,59
9 10 0.525 50 0.72 0.299 245 62,95
10 13 0.075 50 0.72 0.299 245 50,54
13 14 0.375 50 0.72 0.299 245 39,89
15 16 0.56 50 0.72 0.299 245 34,64
16 17 0.45 50 0.72 0.299 245 27,65
17 18 0.11 50 0.72 0.299 245 17,1
dbunep 219
19 20 1.95 70 0.32 0.291 370 182,95
20 21 0.6 70 0.32 0.291 370 151,69
21 22 0.6 70 0.32 0.291 370 134,41
22 23 0.3 50 0.72 0.299 245 117,65
23 24 0.525 50 0.72 0.299 245 96,64
24 25 0.975 50 0.72 0.299 245 86,14
25 26 0.6 50 0.72 0.299 245 75,63
26 27 0.825 50 0.72 0.299 245 52,14
27 28 0.45 50 0.72 0.299 245 41,65

B Ttabmune 10 mpuBeneHa cpaBHUTENbHAs XapaKTEPUCTUKA BApPUAHTOB 10
JUTMHE Y CEYEHUSIM MPOBOJIOB.

Tabmuma 10 - J[nuHBI ¥ ceueHrs BApUAHTOB PEKOHCTPYKIIHH

CeueHue, MM? ‘ I, kM
1 Bapuant
CymmapHnas mmHa cedennem 50 17,55
CymmapHnas 1yimHa ceuenueM 70 15,6
2 BapuaHT
Cymmapnas jyinHa ceuenueM 50 16
CymmapHas juyimHa ceuenneM 70 13,4
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4.6 OnpenesieHue MOTEPh HANPSIAKEHU, IJIeKTPoIHeprun B cetu 10 kB

BriOpaHHOE cedeHHe MpOBEpSAETCS MO MNOTEPE HANPSHKEHUs, IPU STOM
OTKJIOHEHHE HalpsDKEHUs 10 Haubosee yJaleHHON TpaHCPOpMaTOPHON MOJCTAHLIUU
HE J0JHKHO MPEBhIIaTh + 5%.

[ToTepst Hanps>KEHUS ONPENENseTCs MO Cleayromei popmyie:

AU :ZI"J‘—'ﬁ-(rO-COS(p+x0-singo)-lOO%,, (31)

HOM

rae ry, X,— yACJIbHOC aKTUBHOC U HHAYKTUBHOC COIIPOTHUBJICHUC JIMHUH,

|,— pacYeTHBIil TOK MPOTEKAOLINH 10 | - My y4acTKy JMHUHM (Tabiuua 12);
| — nMHa |- rO0 ydyacTka JIMHWH, KM.
Jliis mpumepa ompeaenuM MoTepio HanpsbkeHus | BapuanTa juig ydactka 17-18

bunepa 234:

J3-35.63-1,43

AV =0 107

-(0,363-0,98+0,284-0,2)-100% = 0.29% (32)

Onpenenenue Mmorepb MOIIHOCTH M 3Hepruud B cersx 10 kB omnpenensiercs
aHaJIOTUYHO, Kak U B ceTax 0,4 kB coriacuo dopmyire.

Jlns paccmarpuBaemMoro ydactka §.234 moreps 2JeKTPOIHEPTUH paBHA:
W, ,; =0,99-3.(35.63-0,5)-0,52-1,33-8760-10° =

=259 kBT1'u
Pe3ynbrarel pacyeToB MOTEPU HANPSKECHUS, MOIITHOCTU JIJIA APYTUX YYACTKOB

BapuaHTa 1 npuBeaeHbI B cienyromieit Tadbauie 11.

Tab6muma 11 — [Motepu Hanpsixenusi, momuoctu BJI 10 kB

Ne mau Ne kon AU, % AP kBt AW , kBT'u
1 2 3 4 5
bunep 234

1 2 0.05 57.08 14600

2 3 0.03 33.05 84500

4 5 1.95 0.07 181

5 6 1.13 0.05 132

6 7 0.01 0.02 58

7 8 0.11 0.36 919
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ITpogomxenne Tabmauubl 11

8 9 0.95 23.2 59300
9 10 0.56 12.82 32800
10 13 0.01 0.02 50
13 14 0.05 0.1 249
15 16 0.76 15.28 39100
16 17 0.5 9.58 24500
17 18 0.29 0.1 259
dbunep 219
19 20 2.34 59.92 15300
20 21 0.2 0.79 2023
21 22 0.14 0.39 1008
22 23 0.04 0.07 186
23 24 0.05 0.06 153
24 25 1 21.8 55700
25 26 0.46 4.42 11300
26 27 0.56 4.64 11900
27 28 0.26 1.91 4881

[Ipou3BeeM OKOHYATEIIBHOE CpPaBHEHHWE [JIBYX BapHaHTOB II0 TEXHHKO-

HKOHOMHUYECKUM MTOKA3aTEIISM.

4.7 Bb10Op ONTUMAJIBHOI0 BADUAHTA PEKOHCTPYKLMHU 3JIeKTPUYECKOI

ceTn

OO0ocHOBaHHME pEHIEHUW TpU PEKOHCTPYKUMUU  IJIEKTPUUYECKUX  CeTei
OCYULIECTBJISIETCS. HA OCHOBE TEXHHMKO-3KOHOMHYECKOI'O COIOCTABIICHHS BapHUaHTOB
CXEM U MapaMeTpoOB CETU MyTEM OLEHKH MX cpaBHUTENbHOU 3(ddextuBHOCTH. Tak
kak mnapamerpel TII B 1OByX BapuaHTax BHYTPEHHETO 3JIEKTPOCHAOXKEHHS TIIT.
HukonaeBka oAMHAKOBBIE, CPABHEHUE JAHHBIX BAapUAHTOB IIPOM3BEIAEM HAa OCHOBE
TEXHUKO-D)KOHOMMUYECKUX NoKa3aTesnen BJI.

KanutajoBnoxxeHus: B JIMHUM OINpPENECIMM IO TEKYyIIMM LEHaM C Y4eTOM
MOHTaXXHBIX paboT. B tabmuue 12 mpuBenena crommocts npoonoB CUII-3 u ero
MOHTaXa.

Tabnuna 12 — Ctoumocts nipoBogoB CUII-3 u ero Mmontaxa [22]

Ceuerite. MM Ko, CroumocTts npoknanku CUII,
’ TBIC. py0./KM TBIC.pYy0./KM
50 129,492 a7
70 168,222 47
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Kanuranosnoxxenus B BJI paccuntannsle [uisi 1ByX BapHaHTOB IIPUBEICHBI B

tabaume 13.
Tabomnuma 13 — Kanmuranosnoxenus B BJI
Ceuenue, Mm° 1, km Kas
TBIC. PYO.
1 BapuanTt
50 17,55 3097,4
70 15,6 4638,5
Bceero: 7735,9
2 BapuaHTt
50 16 2823,9
70 13,4 2883,97
Bcero: 8294,7

CYMMapHBIC OKCILTyaTallMOHHBIC U3ACPKKHU OIIPEACIIAIOTCA 110 Q)OpMYHe:
N= I/Ia + I/Ia + I/IAW (33)

rac I/Ia — CPCAHCTOJ0BOC OTUMUCIICHUC HA aMOPTHU3AIHIO,

I/I3 — CYMMApHBIC 3aTpaTbl Ha PCMOHTHO-3KCILNIYaTAalIlMOHHOC O6CJIY)KI/IB3HI/I€

CETH,

M ,,y— 3aTpar Ha TEXHOJIOTUYECKUI PacXoj IEKTPOIHEPTUN.

I[JI?I OIIPCACIICHUA JKCITYaTallMOHHBIX H3ACPIKCK, U KAUCCTBCHHOI'O CPABHCHHA
BAapHUAHTOB OIIPCACIIMM KAITMTAIOBJIOKCHHA HCKOTOPLIX YK€ CYIICCTBYIOIINX ceTe:

CpenHerooBpie OTYUCICHUS BBIYUCIISIIOTCS TI0 (pOpMYyIIe:

M, = (34

Cl1

rae T ,— cpok ciyx0Osr1, mns CUII npurumaetes T,,=15 [22].

CymMapHBbIe 3aTpaThl Ha PEMOHTHO-IKCILUTyaTalIHOHHOE 00CITy)KUBAHUE CETH:

U =o,-K (35)

rae o,— HOpPMa OTYMCIICHUS Ha OOCIY)KMBaHHME ODJICKTPUYECKUX CETeH, o,
=0,85% [22].
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3arpaThl Ha TEXHOJIOTHYECKHUI pacXo/l AEKTPOIHEPTUHU:

rae C,— yzaenabHas CTOMMOCTB OTEph lekTposHeprun Co= 2,1 ;on [16]
KBm -y
AW — MOTEPU AJIEKTPOIHEPTUHU B CETH.
Tabnuna 14 — DkcmmyaTalmOHHbBIE U3AEPKKU
Nsnepxku 1 Bapuant 2 BapuanTt
U, TIC. pYO. 515,73 552,98
U, , TeiC. pyo. 65,76 70,5
U, , ThIC. PY6. 1480,13 1502,57
CyMmMapHbIe 3KCITyaTalluOHHbIE 2061,62 2126,05
U3JIEPKKHU, THIC. PYO.

OKOHOMUYECKUM IIOKAa3aTCJICM, II0 KOTOPBIM BI)I6I/Ipa€TC$I ONTUMAIbHBIN

BAPUAHT, SIBJISIOTCS SKBUBAJICHTHBIE T'OJI0BBIE PACXO/IBI.
OKBUBAJICHTHBIE CPEIHErOJIOBBIE PACXObl OINPEAEISIOTCA IO CIeayroulel

dbopmye:
3, =E-K+MU (37)

riae E — Hopmatue muckontupoBanus E = 0,1 [16];

K — kanuTanbHble BIOXKCHHUS,

U — cyMMapHbIe SKCIUTyaTallnOHHBIC U3ICPIKKH.

Pacuetsl mpoBoauauck B mporpamme Mathcad, pesynsraTtel pacueToB CBEICHBI

B Tabnune 13 u 14. 3atpatsl st BBIOpAaHHBIX BAPUAHTOB PaBHBIL:

3epri= 0,1-7735,9+2061,62 = 2835 TsIC. pYO.
3epr2=0,1-8294,7 4-2126,05 = 2956 ThIC. pYO.

o _ 29562835
2956

:100% =4.1 %
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3aTtpaThl JABYX BapHaHTOB OTJIMYAIOTCS He Oojee yem Ha 5%, MO3TOMY
BBIOMPAEM TOT BAPUAHT Y KOTOPOI'O MEHbIIIE CTOMMOCTb IOTEPh JIEKTPOIHEPTUH, T.€.
IIEPBBI BapHAHT.

BriOpanHblii BapuaHT npuBeJeH Ha 3 JTUCTE TpadUUecKO 4acTH BBITYCKHOM

KBaJIU(UKAITMOHHON PabOTHI.
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5 PACYHET TOKOB KOPOTKOI'O 3AMBIKAHW A

Kak mpaBuio, snexrpoobopynoBaHue BbhIOMpaeTcss B JBa drtamna. [lepBbiii —
IpeIBapUTEIbHbII BBIOOD AIIEKTPOOOOPYIOBAHUS o napameTpam
MPOJIOJKUTEIBHBIX PEKUMOB, BKJIKOYAs PEKUMBI TOIYCTUMBIX MEPErPYy30K. BTopoii
— MPOBEpKa MPEIBAPUTEIBHO BBIOPAHHOTO 3JIEKTPOOOOPYIOBAHMS MO MapameTpam
(YCI0BHSIM) KpPAaTKOBPEMEHHBIX PEXHMOB, OINPEACISIIONMM W3 KOTOPBIX SBISETCS
PEeXUM pacueTHOTro KopoTkoro 3ambikanus (K3).

ITo peXKUMY K3 AIEKTPOOOOPYI0BAHUE poBepsieTCA Ha
IEKTPOAUHAMUAYECKYIO U TEPMUYECKYIO CTOMKOCTD, @ KOMMYTALIMOHHBIE anllapaTsl —
Ha KOMMYTallMOHHYIO CIIOCOOHOCTh. [Ipu 3TOM mpenBapUTENbHO HYKHO MPaBUIBHO
ONPEAECIUTD pacueTHbIe YCIOBHUS K3, YYUTBIBACMBIE I1apaMeTpsl
3JIEKTpOOOOpYyIOBaHMs, BbIOpaTh MeToa pacueta TokoB K3 u  BbiOopa
AIEKTPOOOOPYI0BaAHUS.

B kauecTBe pacueTHbix Touek K3 BeiOHMpaem:

— muHb 10 kB TIC ICK;

— mmmHbl BH TpancdopmaTopHBIX OACTAHIINIA;

— mmHbl HH TpancdopMatopHbIx mocTaHInig;

— B KOHIIE OTXOJSIIMX OT TpaHCHOpMATOPHBIX MoacTaniui tunuii 0,4 kB.

Pacuer ToxoB K3 B cetn 10 kB BbINoSHEH B cOOTBETCTBUU [2].

IIpn onpenenenun TokoB K3 HCHONB3YyIOT, Kak NOpaBWiIO, OAWH M3 JIBYX
METO/I0B:

— METOJl UMEHOBAHHBIX €UHUII - B 3TOM CITy4ae MapaMeTPbl CXEMbI BBIPAXKAIOT
B IMEHOBAHHBIX €IMHUIIAX (OMax, aMIepax, BOJIbTAX U T. [I.);

— METOJ OTHOCHUTENbHBIX EAUHHUI] - B O3TOM CJIyyae MapamMeTpbl CXEMBI
BBIPAXKAIOT B JOJIIX WJIM MPOIEHTAaX OT BEJIUYUHBI, IPUHATON B KAUYECTBE OCHOBHOM
(6azucHoOM).

B GakanaBpckoit pabore pacuer TokoB K3 mpousBeneH ¢ HCIOJIb30BAHHEM
METO/a OTHOCUTENBHBIX eauHul. lIpu pacdere gaHHBIM METOAOM BCE BEJIMYMHBI

CpaBHUBAIOT C 63,3I/ICHBIMI/I, B Ka4CCTBC KOTOPBIX IMPHUHUMAIOT 6a3I/ICHYIO MOIIIHOCTH
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OJTHOTO TpaHC(HOpPMATOpPa UK YCIOBHYIO €UHUITY MOIITHOCTH, Harpumep 100 MBA.

5.1 Pacuért ToxoB K3 B cetn 10 kB
COCTAaBUTh PACUCTHYIO CXEMY

Jlns  pacuer TokoB K3 HeoOGxomumo
AJIEKTPOCHAOKEHUSI C YKa3aHWEM pPACUETHBIX TOUYEK, B KOTOPBIX HEOOXOAMMO

onpenenuTh Toku K3.

77é /?é
Y/ g /
K1
K2 K 4
. e K19

®.210
77 714

2x160xBA

7 70 mn
250 kBA
1 22
KB

K1
@234
7171 69
2%400 kBA 250 kBA
400 «kBA
} K6 K17

177 68
250 kBA
kB é

K6 K7
17 713 1 719 1 707
iz 30 k84 27250 kBA 400 kBA
2563 kBA
Ko

K8 K9

@.219

717 429 1 716
100 «xBA 250 «kBA

111 704
2x250xBA

71 75
100 kBA

K28

K27

n 73
400 kBA

K26

HODH—
:

k23
ad K2% K25
1771 698

11 437
400 xkBA

111 436 117 720
400 xkBA 250 kBA

711 434
400 «BA 2x250kBA

177 435
2x400xBA

K21 77 419
2x250kBA

K20,

777 430 111 701
250 kBA 250 kBA

Pucynok 7 — PacuetHas cxema ceTu Jyis pacuera TokoB K3

pacyeTHOM CXEME COCTaBJISIEM DJIIEKTPUYECKYIO CXEMYy 3aMEIIEHUs, B
3aMEHEHbI

Ilo
KOTOpPOM BCE BJIEKTPOMArHUTHbIE (TpaHC()OpPMATOPHBIE),  CBS3H
nekTpudeckuMu. Ha pucyHke /7 mpuBeneHa cxema 3aMelIeHHs] paccMaTpHBaeMOM

cetu otHocureapHo TI1 430.
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771430

Pucynok 8 — Cxema 3amernieHus cetu s pacdera TokoB K3

Pacuet TokoB K3 Oynem npou3BoauTh B 0a3UCHBIX BEIMYMHAX.

B kadecTBe 0a3uCHOrO HampsKEHUsI NMPUHUMAIOT CpeAHEe HaNpsKEHUE TOM
CTYNEHH, Ha KOTOpOM mpousBoauTcs pacueT TokoB K3: U;=10,5kB

bazucHas MOIITHOCTH TpUHUMAETCS: Sg,,=100 MBA.

OmnpenensieM 0a3UCHBIE TOKU:

| = 38
=0, (38)
| = 200 g5,

o 3105

[TapameTpsl munuit ot 11C no TII:
Lpm=0.,4 kM, Mmapka npoBojia AC-50, X,=0,406 Om/km [7];

ComnpoTuBIIeHHE JTMHUN HAXOUTCS 1O popMmyiie:

|

S
X =xo-l-U—62 (39)
1

X, = 0,406-0.4-1200 =0,15 o.c.
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Conpotunennie nunuid 10 kB no xaxnoit TII mpuBenensl B ciemyrolieit
Tabnure 15.

Tabnuna 15 — CymmapHoe conporusiienue auHui ot muH 10 kB T1C go TII

Netowkm K3| -y X, oM | X, oe | M| X, Om | X0
1 TIT 68 0.36 0.327 15 TIT403 | 1529 | 1.387
2 TII69 | 0428 | 0388 16 TI 704 | 0.92 0.834
3 TI70 | 0473 | 0429 17 TII429 | 0942 | 0854
4 TI71 | 0675 | 0612 18 TI 716 | 0987 | 0.89%
5 TIT 22 0.63 0571 19 TII714 | 1.009 | 0.916
6 TII425 | 0.661 0.6 20 TII430 | 1015 | 0.936
7 T 713 | 0774 | 0.702 21 TI701 | 1054 | 0.956
8 TI417 | 1.03 0.934 22 TI419 | 1.077 | 0977
9 TI414 | 1007 | 00913 23 TI435 | 1116 | 1.012
10 TI415 | 1.092 0.99 24 TII434 | 1138 | 1.033
11 TI719 | 1226 | 1112 25 TI436 | 1182 | 1.072
12 TI423 | 1226 | 1112 26 TI720 | 1203 | 1.091
13 TI707 | 1316 | 1.194 27 TI437 | 1225 | 1111
14 TI 706 | 1.3 1.025 28 TII698 | 1246 | 1.131

Comnporusnenue Tpanchopmaropa 35/10 kB na I[1C JICK:

1U_ S 175100
= 28 2 D2 0375 g, (40)
2100 S, 2 100 10

X, = %-XTB = % -0.375=0,157 o.e. (41)
CymmapHoe conpoTtuBieHue a0 Touku Kl1.1:

Xs1 =X+ X =0,375+0,157=0,532 o.e. (42)
Xs, =Xs +X,;,=0,5632+0,15=0,682 o.e. (43)

Tok Tpexda3zHoro KOpoTkoro 3ambikaHus B Touke K1.1:

o - & 61=i-5,5=10,338 KA. (44)
MOKE - Xy 0,532

Tok TpexdaszHoro kopoTkoro 3ambikanusi B Touke K20 otHocutensuo TII 430:
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| :i-|6zzi.5,5=8,065m.
e X, 0.682

B kaudectBe HCCUMMCTPHUYIHOI'O TOKAa KOPOTKOI'O 3aMbIKaHUs, PACCUUTACM TOK

nByxdaznoro K3, o cnenyromieit popmyiie:

1@ :\/g

(3
K3 7 Ino ? KA (45)
1@ = —“3-10,338 =8,95 KA
K31.1 2
@ N2 3 .8,065 = 6,984 KA.
K31.2 2

OrnpeziesIuM yiapHbIe TOKH 0 ceayomieil opMye:
i(2) _ ©))
IK3 _\/E'k}’ﬂ.lno ! (46)

rae k,,— YyAapHbId KOd(QHUUMCHT, 3aBHUCAIIMI OT IMOCTOSHHOW BPEMCHH

3aTyXaHHUs arnepuoguveckon cocrasisiromer Toka K3 T, , kotopas onpenensiercs B
3aBUCUMOCTH OT COOTHOILIEHHUS pe3YyJIbTUPYIOIIUX WHIYKTUBHOIO WM aKTHBHOIO
conportupienuit uenu K3, c.

Cornacuo [24] npuanmaem cpennee sHadenune k., =1,369.

i, =+2-1,369-10,338 =11,17 KA;

i, =2-1,369-8,065=15,614 KA.

Pe3ynbprarel pacuera TOKOB KOPOTKOTO 3aMbIKaHHMSI B OCTAJIbHBIX TOoukax K3

npejcTaBiieHbl B Ta0uie 16.
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Tabnuna 16 — 3nauenus TokoB K3 B pacueTHBIX TOUKaxX CETU

Ne Touku - ® ) Ne & ]
K3 norn (19, ANP AL LA | roman | TIC/TIT | no?| 1P, A |0 LA
K3 A
1 2 3 | 2 5 6 7 |8 9 10
11 m”‘z’&o “Bliossg| 895 | 1117 | ° |Tm403|571] 435 | 10.24
1 Tes | 876 | 758 | 1696 | 16 |Tr704|536| 464 | 10.38
> Teo | 696 | 602 | 1346 | 17 |Traz0|526] 456 | 10.20
3 T70 | 670 | 580 | 1296 | 18 |T716|522| 452 | 10.10
4 Tl | 654 | 566 | 1264 | 19 |tqo1a|512| 442 | 9.90
5 T22 | 588 | 510 | 1140 | 20 |11430|807| 698 | 1561
6 Tha2s | 602 | 522 | 1166 | 21 |Tr70; |502| 434 | 9.72
7 T3 | 592 | 514 | 1148 | 22 |Traio 498 430 | 962
8 Ta17 | 562 | 486 | 1088 | 23 | 1435 |492| 426 | 954
9 THa14 | 502 | 436 | 9.2 24 | Tr1434 486 420 | 9.40
10 | Tra1s | 508 | 440 | 982 25 | Tr1a30 480 416 | 9.30
11 | Tooio | 490 | 424 | 948 26 |20 472] 410 | 9.16
12 | Thas | 464 | 402 | 9.00 27 | Tri437|468] 406 | 9.08
13 | 170 | 464 | 402 | 9.00 28 | Tricog |4.64| 402 | 9.00
14 | Tr7oc | 448 | 388 | 8.0

5.2 Pacuér ToxoB K3 B cern 0,4 kB

Toxu K3 B cetn 0,4 kB ompenensitorcss B CAEQYIONIMX TOYKAX: HA IIMHAX
0,4 kB pacuetnoui TII, u B KOHIIE KaXI0W OTXOASAIIECH JIMHUU.

Paccmotrpum npumep pacuera TokoB K3 Ha mmnax 0,4 kB noacranuum TII
417, momHOoCTEIO 630 KBA, 1 B KoHIIE oTX0oAsMeH auHun Nel .,

Cxema 3amenieHusi ¢ TOYKaMU KOPOTKOTO 3aMbIKaHUs pacCcMaTpPUBAeMOU CETH

Mpe/ICTaBlIeHa Ha PUCYHKe 9.
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Xc
Xmp
Rmp
Xkm.B.

Rxm.b.

K71
RuwuH
K2

Xkmb6.  Rekm6.  Xn R
1 H

o N o N o N o N o B

Pucynox 10 — Cxema 3amemenus 11 pacuéra Toka K3 msa 0,4 xB

Pacuutaem mapaMCTpbl CXCMblI 3aMCIICHUA, HaﬁﬂéM COIIPOTHUBJICHHUC BCCX
DJICMCHTOB.

Comnportusiienne TpanchopMaTopoB ornpezesseM no Gopmynam

2 02
o=y (U,) | e | Sl g0t (@7)
ST.HOM ST.HOM
2
rT:M.loﬁ (48)

T.HOM

Comnportusnenue TpanchopmatopoB TII 417 paBen:

2 2
X = (5,5)2-(100 7’6j 0.4 10¢=13,63 MO
630 ) 630

. _630-04°

: 10° =3,06 MOm
630
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ConpoTUBIIEHHE CUCTEMBI:

2

X, = Yoo .10° (49)
\/§- IK3 ) UCpBH
X.= 400 10° =4,9 MOwm.

J3-177-10500

Taroke  HEOOXOOMMO  y4eCcTb  CONPOTUBIICHUS  TOKOBBIX  KaTyIIEK
aBTOMATHYECKUX BBIKIIIOYATEIICH, OOITOBBIX COCANHEHUIL:
r,=0,41mM0OmMm; x _, =0,13 MOm; 1, =0,0024 MOwm, [5];

PaCCMOTpI/IM pvaéT TOKOB KOPOTKOI'O 3aMBIKaHHS B TOYKC K1

HaﬁﬂéM 0611166 AdKTNBHOC U HHAYKTHUBHOC COIIPOTUBJICHUA:

Lt = Voo F T T e+ N = 3,06 +0,004+0,41+ 0,0024 = 3,48 mOwm;

X =X, +X,, +X,, =4,9+13,63+0,13=18,74 MmOm;

Haiiném MakcruMalbHBIM 1 MUHUMAJIBHBIA TOK IEPUOJUYECKON COCTABIISIONIEN

TOKa KOPOTKOI'O 3aMbIKAHM !

U

IHOKlmax = L '

J3- \/ s+ X, (50)
IHOKlmax = 400 :12’12 KA;

343,48 +18,74°
I UcpHH
ITOK1min = ! 51

\/5 : \/( rlZ + rztym )2 + XIZE ( )
I— 400 —8,58 KA;

TT0K1min

J3-|/(348+15,85) +18,74°

VY napusblii Tok B Touke Kl:
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IyuKl = ﬁ ’ Il'[OKlmax : kyz[’ (52)

rie Ky, — ynapHbli k03pduIMEHT, KOTOPHI MOXET OBITH ONpEeNeH I10
KPUBBIM [24].

Lot = V2 Dioimae - Ky =V2-12,12-1,56 = 26,7 KA.

ya

B kauecTBe HECHMMETPUUYHOTO KOPOTKOI'O PACCUUTAEM OJHO(PA3HOE KOPOTKOE
3ampikanue. [IpuHnun pacu€ra ocTaércs TOT K€, OAHAKO NPU HECUMMETPUYHBIX
KOPOTKHX 3aMBbIKAHHUAX IOSBISETCS OOpaTHas U HyJeBas MOCIEI0BAaTEIbHOCTh. B
npUOIMKEHHBIX pacdy€rax CONPOTHUBIIEHUE OOpATHOW IOCIIENOBATENILHOCTH MOYKHO
IIPUHATH PABHBIM CONPOTHUBIICHUIO MPSMOU MOCIEA0BATEIBHOCTH.

HaﬁﬂéM 0611166 AdKTUBHOC U HHAYKTHUBHOC COIIPOTUBJICHUA

rOKl:3-er+3-rmHH+3-rKB+3-r (53)

lo; =3-3,06+3-0,004 +3-0,41+3-0,0024 =9,6 MOm,
Xogr =2 X, +3- X, +3- X, (54)
Xoi; =2+4,9+3-13,63+3- 0,13 =51, 24 MOm.

Haliném mMakcumanbHBIM 1 MUHUMAIBHBIA TOK MIEPUOIUYECKON COCTABIISIIOIIEH

TOKa KOPOTKOI'O 3aMbIKAHUA!

U
I(l) max = L ! 55
oK1 Jg . \jrozz N st ( )
o 400

ITOK1max = = 4’ 43 KA;
V349,67 +51,24°

U

I (0) _ cpHH

MO0KImin \/é\/( roz N I‘MH )2 N X(Z)z ! (56)
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I @)

MOKImin

J3-1/(9,6+15,85)" +51,24°

| @
yaK1

AHaJIoru4yHO pacCYUTBIBAOTCS OCTAJIbHBIC TOYKHU. PCBYJIBTaTBI pPacdCTOB TOKOB

K3 na mmuax 0,4 kB, a Takke B JaJbHUX TOYKAX OTXOJSIIUX JIMHUN IIPUBEICHBI B

400

tabmuiax 17 u 18.

=4,04 kA;

= V2 L gime Ky =32 -4,43-1,56 =9,77 KA.

Tabnuua 17 — Pe3ynbratsl pacuera TokoB K3 Ha mmnax 0,4 kB TII

TII IHOmam KA IHOmino KA iyﬂ, KA Igémax , KA I(I"?Omin 5 KA Ig,lﬂ) ) KA
1 2 3 4 5) 6 7
TII 68 7.067 4.758 12.147 2.455 2.186 4.73
TII 69 10.547 7.178 18.668 3.741 3.347 7.439
TII 70 12.855 9.06 25.352 4.624 4.214 10.075
TIT 71 12.61 8.917 25.157 4.559 4.155 9.972
TII 22 10.315 7.038 18.381 3.682 3.295 7.355
TIT 425 6.844 4.601 11.724 2.392 2.127 4.598
TII1 713 12.44 8.821 25.066 4.515 4.116 9.91
TIT417 12.115 8.578 24.278 4.43 4.036 9.743
TII 414 10.119 6.918 18.135 3.632 3.25 7.282
TI1 415 12.49 8.823 24.826 4.529 4.127 9.914
TIT 719 12.115 8.578 24.278 4.43 4.036 9.743
TII1 423 9.958 6.819 17.933 3.59 3.213 7.222
TI1 707 12.282 8.687 24.523 4.474 4.077 9.82
TII 706 6.93 4.66 11.90 241 2.14 4.64
TII 403 10.34 7.03 18.29 3.67 3.28 7.29
TII 704 12.60 8.88 24.84 4.53 4.13 9.87
TII 429 12.36 8.74 24.65 4.47 4.07 9.77
TII 716 10.11 6.90 18.01 3.61 3.23 7.21
TII 714 6.71 451 11.49 2.34 2.08 451
TIT 430 12.19 8.64 24.56 4.42 4.03 9.71
TIT 701 10.03 6.89 18.20 3.58 3.21 7.19
TIT 419 9.92 6.78 17.77 3.56 3.19 7.14
TII 435 12.24 8.65 24.33 4.44 4.04 9.72
TII 434 11.87 8.41 23.79 4.34 3.96 9.55
TII1 436 9.76 6.68 17.57 3.52 3.15 7.08
TII 720 12.04 8.51 24.03 4.38 4.00 9.62
TII 437 10.235 7.027 18.575 3.657 3.275 7.336
TII 698 6.71 451 11.49 2.34 2.08 451
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Tabmuma 18 — Toku K3 B ganpHuxX Toukax orxoaamumx aunuii 0,4 kB

TI [Ne munun| Iromas KA | Iromin, KA | iy, KA 19 kA | 1Y kA I(y{: KA
TII 425 1 0.82 0.45 1.16 0.27 0.22 0.39
2 1.86 1.05 2.64 0.62 0.50 0.89
3 1.20 0.66 1.69 0.40 0.32 0.57
4 1.41 0.78 1.99 0.47 0.37 0.66
TII 417 1 1.30 0.72 1.84 0.43 0.34 0.61
2 1.23 0.68 1.74 0.41 0.32 0.58
3 1.15 0.63 1.63 0.38 0.30 0.54
4 1.80 1.00 2.54 0.60 0.48 0.85
5 1.02 0.56 1.44 0.34 0.27 0.48
TII 414 1 1.10 0.61 1.56 0.37 0.29 0.52
2 1.14 0.63 1.62 0.38 0.30 0.54
3 0.89 0.49 1.26 0.30 0.23 0.42
TII 415 1 2.02 1.13 2.86 0.68 0.54 0.96
2 211 1.18 2.99 0.71 0.56 1.00
3 1.37 0.75 1.93 0.46 0.36 0.65
TII 423 1 0.97 0.53 1.37 0.32 0.26 0.46
2 1.00 0.55 1.41 0.33 0.26 0.47
3 1.03 0.56 1.45 0.34 0.27 0.49
4 2.25 1.26 3.19 0.76 0.60 1.07
T 719 1 1.33 0.74 1.88 0.45 0.35 0.63
2 1.98 1.10 2.80 0.66 0.53 0.94
3 8.27 5.02 12.70 2.88 2.39 4.36
TII 424 1 5.89 3.42 8.53 2.02 1.63 2.90
2 6.37 3.73 9.30 2.19 1.78 3.17
3 4.28 2.43 6.10 1.45 1.16 2.06
4 7.55 4.51 11.32 2.61 2.15 3.88
5 4.05 2.29 5.76 1.37 1.09 1.94
6 5.39 3.15 7.84 1.84 1.50 2.66
TII 707 1 5.04 2.93 7.29 1.72 1.39 2.47
2 4.21 2.41 6.02 1.43 1.15 2.03
3 5.04 2.93 7.29 1.72 1.39 2.47
4 1.98 1.10 2.81 0.66 0.52 0.94
5 2.37 1.31 3.35 0.79 0.63 1.12
6 1.24 0.68 1.75 0.41 0.33 0.59
TIT 403 1 2.75 1.53 3.89 0.92 0.73 1.31
2 1.68 0.94 2.38 0.56 0.45 0.80
3 2.34 1.31 3.32 0.79 0.62 1.11
4 0.87 0.48 1.23 0.29 0.23 0.41
5 1.79 0.99 253 0.60 0.47 0.85
TII 704 1 2.60 1.46 3.68 0.87 0.69 1.24
2 1.18 0.65 1.67 0.40 0.31 0.56
3 1.32 0.73 1.87 0.44 0.35 0.63
4 1.55 0.86 2.19 0.52 0.41 0.73
TII 429 1 0.94 0.51 1.33 0.31 0.25 0.44
2 1.00 0.55 1.41 0.33 0.26 0.47
TII 714 1 1.06 0.58 1.50 0.35 0.28 0.50
2 0.92 0.51 1.31 0.31 0.24 0.44
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6 BbIBOP U ITPOBEPKA OBOPYZIOBAHMA 10 KB HA TIC JICK

6.1 Bb100p KOMILJIEKTHBIX pacnpeneJnuTeIbHbIX YCTPOMCTB

K ycranoBke mnpunumaem KPY  (koMIuiekTHOE — pacnpeneauTeabHOe
ycTpoicTBo) cepun K-63, koTopoe mpenHa3sHa4eHO ISl IpUeMa U paclpeesieHUs
AIEKTPUUECKOM SHEPTUH MEPEMEHHOT0 TpeX(a3zHOTO TOKA MPOMBIILIEHHON YacTOTHI
50 T'm ©Ha HoMHMHanbHOe Hampsbkenne 6 u 10 kB u  komiekToBaHus
pacrnpeieMTeIbHbIX YCTPOUCTB HampsbkeHueM 6 u 10 kB mojcranuumii, Brirodas
KOMILJIEKTHBIE TpaHchopMaTtopHble moactanimu 35/6-10 kB, 110/6-10 kB m
110/35/6-10 kB. KPVY cepun K-63 MoOryr mocTaBiAThCS IS PACHIMPEHHS YyiKe
JNEUCTBYIOIIUX PaCIpPEIyCTPOMCTB APYTHMX MPOU3BOJIUTENECH Yepe3 IMEepeXOIHbIC
mkadsl, Bxoqsmue B coctaB KPY.

[TpumenstoTcs BAKYYMHBIE BBIKJIFOYATEIN C JTOTIOJIHUTEIbHBIMHU
pacuenuTessIMu pabOTaIONIUMHU B PEKUME JICIITYHTUPOBAHUS.

Peneitnass 3ammurta mnpucoenuHeHuid k 1mkapam KPY  oGecneuuBaetcs
MHOTO(YHKIIMOHAILHBIMU MajorabapuTHHIMU BBICOKOHAICKHBIMHU
MUKPOIPOLIECCOPHBIMU O10KamMu pupmbl «CHpUyC».

6.2 Boi0op u npoBepka Boik/I0UYaTeeil BctpoeHHbix B KPY K-63

Ha TIC JICK npemiaraercst BEIOOp CEKIIMOHHBIX U BBOJHBIX BBIKJITIOUYATENICH, a
Tak xe Ha .219, §.234 nuTaromumx paccMaTpuBaeMylo 4acTh nrT. Hukomaeska.

Br16op BeIKITIOUATENSI TPOU3BOAUTCS 10 CIIEAYIONIUM MapaMeTpam:

— HanpskeHUIO: Uyoy = Ucer nows

— JUTATEIBHOMY TOKY : luom > luopupace; Karluom = lnpon paca-

[IpoBepky BBIKIIFOUATENEH CIEAYET IPOU3BOAUTH HAa CUMMETPUYHBIA TOK

OTKJTFOYEHUS 110 yCiioBuio: | > |

OTKJI.HOM ot *
3arem IIPOBECPACTCA BO3MOXHOCTb OTKIIFOUCHH aHepHOI[quCKOﬁ

cocTaBigromien Toka K3:

ia.HOM = \/E ’ BHOpM ) IOTKJ‘I.HOM /100 = iar (57)
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rie I, ..~ HOMHHAIbHOE JOMyCKAeMOE 3HAYCHHE AlePUOANYCCKOM

a.HOM

COCTEIBJBHOIH@IZ B OTKJIFOYaCMOM TOKE IJI1 BPEMCHH T,

BHOpM - HOPMHPOBAHHOC 3HAa4YCHHUC COACPKaHUA AIlICpruoOaINICCKON

COCTaBJISIONICH B OTKIIFOYaeMoM Toke , % [8];

| — alICpuoaAnuvICCKasA COCTABJIAIOIIAsA TOKa K3 B MomeHT PaACXOKIACHUA

at
KOHTaKTOB T,

T — HauMMCHBIICC BpPEMA OT Hadalia K3 A0 MOMCHTA PaACXOKIACHUA

AYTroraCuTCIbHBIX KOHTAKTOB

=1, ., t1 (58)

3 min C.B

rae t, . — MUHUMalbHOE BpeMS ACHCTBUS PEICHHOMN 3aIlUTHI;

3 min
t cB CO6CTB€HHO€ BpeMﬂ OTKJIIFOYCHUMA BBIKJIFOYATCIIA.

IIo BKJII-OLIaIOIHeﬁ CITOCOOHOCTH IIPOBCPKA IIPOU3BOIUTCA 110 YCIIOBUIO!:

=i L =1,

BKJI ya ! "BKI
rae |, — HanOOoNBLINIA ITMK TOKA BKITFOUEHHMS (IO KaTajory);

i,,— yaapHslii Tok K3 B rienu BeIKIIFOYaTess;

|, ,— HOMUHAIIEHBIN TOK BKIIOUEHUS (JeHCTBYIOIIEE 3HAUCHUE ITEPUOTUIECKOM

COCTaBJISIOIICH);

| ,,— HadalbHOE 3HAuYCHHE NEPHOAMYECKON cocTaBistomell Toka K3 B menu

BbIKJTFOUaTes ( Tabnuna 19).
Ha »rnekTpoanHaMMYeCKyr0 CTOMKOCTh BBIKJIIOYATENIb IPOBEPSAECTCA MO
MpeeIbHBIM CKBO3HBIM TOKaMm K3:

TS D U

Tp.CKB yn'! p.CKB

rae i — HaumOONBIIMI MUK (TOK 3JIEKTPOJAMHAMHYECKOW CTOMKOCTH) IO

IIp.CKB

KaTajory;

| p.cce — ACHCTBYIOIICE 3HAUCHUE MEPUOUUCCKOH COCTABIAIONICH MPEACIBHOTO

ckBo3HOro Toka K3 (1o xarasory).
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Ha Tepmuueckyro  CTOHMKOCTBH BBIKJIIOYATENb IPOBEPSETCA IO TEILNIOBOMY

uMItysbcy Toka K3:

2
ITep ) tTep 2 BK (59)

rae | — TOK TepMUYECKOW CTOWKOCTH 10 Karaiory [8];
Tep

tTep— JJIUTCIIBHOCTD IIPOTCKAHUS TOKA T€pMH‘I€CKOﬁ CTOMKOCTH I10 KaTaJiory, C;

b

B, — TermoBoit ummynse Toka K3 (maTerpan [xoyns) mo pacyery:

B, =1%(t,.. + T,), kA% -C (60)

K I

rae t  — pacdeTHas MpoAOJLKUTENIbHOCTh K3, KoTopast AJist OTXOASAIIUX JTUHUN

OTKII

10 kB cornachHo [8] mpuauMaeTcs paBHOH 1c;

T, — mocrosiHHAsE BPEMEHHU 3aTyXaHUs alepHOANYECKON COCTABISIONIEH TOKa
K3 [8].

Ha mpumepe npoussenem BoiOOp Boikitouarens Ha ¢.234 T1C JICK.

3HayeHrWe TOKa B HOPMaJIbHOM PEXKHME MPOTEKAIOLIEro MO JaHHOMY duaepy

coctapisgeT 140,9 A.

Tennosoit ummynsc Toka K3 paseH:

B, =12, (t,.. +T,)=6,02%-(1+0,01) = 36,6 kA’ -c

K

[TpenBapuTenbHO BBIOMpaeM BaKyyMHbBIH BbikiouaTens BB/TEL-10-20/300
BCTPOECHHBIN B BhIKaTHOU 31nemeHT BO/TEL.

JIns  TpoBEpKHM  OTKJIOYAIOUIEH  CIIOCOOHOCTH — OMNpENeIuM  3HA4YCHUS
arepuoIMYECKON U MEePUOANYECKOM cocTaBistomiei Toka K3 ajist MoMeHTa BpeMeHHU

T.

Haumensiiee Bpems orT Hadama K3 10 MOMEHTa  pacXOoXKICHUS

AYyroraCuTCJIbHbIX KOHTAKTOB PaBHO:

t=0,01+t,, =1+0,015=1,015c.
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Anepuoanueckas cocrasistonias Toka K3 paBna:

-1,015

ia,t:\/z'lno'e?a:—\/5-6’02-eW:0’91 KA (61)

JelicTByroliee 3Ha4YeHUWE MEpPHOIUYECKON cocTaBismoneid Toka K3 ot

cucteMbl mipu Tpexdaznom K3 mng mob60oro MomMeHTa BpPEMEHHM MOKHO CUUTATh

paBHBIM | =l .

OHpeI[eJ'H/IM HOMMHAJIBHOC AO0ITyCKaceMoOcC 3HA4YCHUC aHepHOHquCKOﬁ
COCTABJIAIONIEN B OTKIIFOYA€MOM TOKE BBIKIIOYATEIA:
— JZ.BHOPM‘IOTKJ'I.HOM _ V25712;5_10 08 kA
a.HOM - = KA.

100

TepMuueckast CTOUKOCTb:

100

2 -t,,=12,5?-1=156 kA® -c

Pesynbpratel BeIOOpa BbIKitouarens ¢.219 u §.234 na IIC JICK cBenensl B

tabymue 19.

Tabnuna 19 — KaranoxHbie 1 pacyeTHBIEC JAHHBIE 0 BEIOOPY BBIKIIIOYATEIS

Brikimrouarens Karanosxarle tananie PacuerHrle ntaHHLIE YcnoBust BeIOOpa
Unow=10 kB Ucer.non=10 kB Usiom = Ucer.nom
lhon=300 A Imax=140,9 A liom = Imax

IOTKJ'I.HOM: 12’5 KA Il‘l‘r :6’02 KA IOTKJ'[.HOM Z Il‘I‘E
D234 I, on =10,08 KA I, =0,51 kKA (R
BB/TEL-10-20/300 I o =12,5 KA l,,=6,02 KA o = Lo
Lw =32 KA i, =11,60 KA L =1,
1%, - t,, =156 KA®-C B.=36,6kA”-c 17, toe = B,
Uion=10 kB Ucernon=10 kB Usion = Ucer.mom
lhon=300 A Imax=182,95 A liom = Imax
loroimon = 12,5 KA l,.=8,065 kA loorson = e
D219 I, ,oy=10,08 KA i, =1,61 KA U = e
BB/TEL-10-20/300 Lpcen — 1255 KA l,,=8,065 kA Lip e = 1ao
L =32 KA i, =15,614 kA L =y
13, - t,, =156 KA®-C B, =36,6kA”-c 12, -t =B,
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Jlns BbIOOpa BBIKIIIOYATENE Ha BBOJHBIX sUEHKaX, a TaKKe CEKIMOHHOTO
BBIKJIFOYATENS OINPEAECIUM MAaKCHUMaJbHBIM PACYETHBIM TOK M TEIUIOBOW HMITYJIBC
Toka K3.

— HaumOOJIbIIMK pabdoyuii TOK MPOTEKAIOIIMIA 4Yepe3 BBOAHOW BBIKIHOYATEINb
10 xB:

. __S, _ 1210
max HH ‘/§'UH0M J§-10

— TEIJIOBOM uMITyJbC Toka K3:

=420 A (62)

B, = 1% (t ., + T,)=10,338%-(1,9+0,01) =104.13 kA? ¢

OTKJI

— HauOOJBIIUNA pabOUYHl TOK MPOTEKAIOIIUNA Yepe3 CEKIIMOHHBIN BBIKIIOYATENb

ONpENEIAECTCS OT MAKCUMaIbHOM HAarpy3Ku ogHoM u3 muH 10 xB:

S
24800 . 2a (63)
max HH — - - !
J3-U. - /310

— TEIJI0OBOM UMITYJIbC TOKa K3 Ha CEKIIMOHHBIN BBIKIIOYATENb:

B, =12, (t,n + T,)=10,338?-(1,4+0,01) =150,6 kA*-c

OTKII

BbI60p BBIKJIIOYATCJIA Ha BBOJHBIX H‘-ICfIKElX, a TaKXKXC CCKIHOHHOI'O

BBIKJTIOUATEN s puBeIeH B Tabaumax 20, 21.

Tabmuma 20 — KarajmoxxHble W pacyeTHbIE JaHHBIE TIO0 BBIOOPY BBOJIHBIX
BBIKJIFOYATEIEN
Brikiarouarens KaranoxHslie JaHHBIC Pacuernnie JaHHBIC VYcnoBus BLI60pa
UHOMZIO KB UCeT.HOMZIO KB UHOM Z UCCT.HOM
liow=630 A Imax=420 A Liom = Imax
loronon = 12,5 KA | .=10,338 kA loson = e
5545/56;610' i =10,08 KA i =1,5KA i >
Inp,CKB :12’5 KA In() =10’338 KA Il'[p.CKB = InO
i, =32 KA i, =11,17 kA e =1,
P Loy =156 KA - B,=104,13 kAc ey Loy = B,
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Tabmuma 21 — KaranmokHble M pacyeTHBIC JIaHHBIE IO BBIOOPY CEKIIMOHHOTO

BBIKJTFOYATCIIA
Brixmrouarenp Karanoxxubie 1aHHbIC PacueTHbie nanHbIe YcnoBus BeIOOpa
Unow—10 B Ucernon=10 kB Usow = Ucer non
lion=630 A Imax=277 A Liom = Imax
| ronon = 12,5 KA l.=10,338 kA looson = e
BB/TEL-10- i =10,08 kA i, =15 kA low = e
20/630 Lo — 12,5 KA l,,=10,338 kA lpcw = Lo
Lw =32 KA i, 11,17 kA I I
12, -t,, =156 kA% -c B.=150,6 kAZc e "Ly = B,

6.3 Boioop TpancdopmMaTopa ToKa

Tpancpopmarop Toka npeaHazHA4YeH JJiI YMEHBIICHUS TMEPBUYHOTO TOKA [0
3Ha4YCHUH, HanboJsiee YIOOHBIX ISl UBMEPUTEIBHBIX MPUOOPOB U pelie, a TAKXKe I
OTIICJICHUSI 1IeTed M3MEpPeHUs] W 3allUuThl OT TIEPBUYHBIX IEMEd BBICOKOTO
HaIPSHKCHUS.

Tpancpopmatopsl Toka BEIOMPAIOT:

— 10 HanpsKEeHUI0 YCTAaHOBKU Uy > Ueer nows

— TOKY IHOM2 Ipacq;

HoMuHanpHBIM TOK JOJDKEH OBITH KaK MOXHO OJMKe K pabodyeMy TOKY
YCTAaHOBKH, TaK KaK HEIOTPYy3Ka TEPBUYHOW OOMOTKH TMPUBOAUT K YBEIWUYCHHUIO
MTOTPEIIHOCTEN.

— KOHCTPYKIIMH U KJIaCCY TOUHOCTH;

— 3JIEKTPOTUHAMUYCCKOM CTOUKOCTH i > i

o o 2 .
— 10 TePMHUYECKOU cTorKocTH: | -t >B ;

Tep Tep K

— BTOPUYHOM Harpys3kKe:

Z,<Z (64)

2HOM !

rae Z,— BTOpUYHAs Harpys3ka TpaHc(opmaropa TOKa;

z HOMHUHaJbHAs JOMYyCTUMash Harpy3ka TpaHcdopmaTopa TOKa B

2HOM

BBIOPAHHOM KJIaCCE€ TOYHOCTH.
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Jnis Toro ytoObl BRIOpaTh TpaHC(HOPMATOPHI TOKA HEOOXOAMMO ONPEIEIHUTH
YHUCJIO Y TUI U3MEPUTEIHHBIX TPHOOPOB, BKIIOYECHHBIX BO BTOPUUHYIO 11emb TT.

CA3020 - mmToBO¥M HU(POBON aMmepMmeTp MpeaHa3Ha4YeH I H3MEPCHHS
JNEUCTBYIOLIErO 3HAYEHHsS NEPEMEHHOrO0 TOKa M Mepefady €ero 3HadeHus II0
untepdeiicy RS485. Tloaxmtouwaercss HemocpenctBeHHo k WTT u  usmepser
JEUCTBYIOIIEE 3HAYEHHUE TOKA, MPOTEKAIOIIEr0 Yepe3 €ro BTOPUUYHYIO OOMOTKY.
[ToTpebasiemast MOIITHOCTD COCTABIAET S,oua=4 B-A.

CB3020 - mmrToBOM HUGPOBON BOIBTMETP MpEeAHA3HAYECH JII HU3MEPEHUS
JNEHCTBYIOLIErO 3HAYEHUS HAIIPSDKEHUS IEPEMEHHOTO TOKA U NIEpeiayy €ro 3Ha4eHHUs
no uHtepdeiicy RS485. O0benunser B cebe M3MEPUTENbHBINA MPeoOpa3oBaTesib U
mupoBol  mpuOOp, MOAKIIOYAETCS  HENOCPEACTBEHHO K  M3MEPUTEIbHBIM
tparcdopmaropam Hanpspkerus (UTH). [TotpebriseMas MOIHOCTD Syo=5 B-A.

CP3020 - mmroBOM HM(PpPOBON BaTTMETp (BapMeTp) MNpeaHA3HAYEHBI IS
U3MEpPEHUsS] aKTUBHOM MOIIHOCTH, a BapMETPhl — I W3MEPEHHs] PEaKTHUBHOM
MOIIIHOCTA B Tpex(as3HbIX YETHIPEXMPOBOIHBIX WM TPEXMPOBOJHBIX IIETISIX
MEPEMEHHOT0 TOKa Ha 3JEKTPOCTAHIMIX M MOACTAHIMAX U Mepefadyd UX 3HAUYCHUN
no untepdeiicy RS485. Ilorpedasiemast MomHOCTE: S=5 B-A.

Mepxkypuit 236 ART- npegHazHaueH st MHOTOTapu()PHOTO KOMMEPYECKOTO
WM TEXHUYECKOTO y4yeTa SJCKTPUYECKON DHEPTUU B TPEX- M YETHIPEXIPOBOIHBIX
CeTSAX MEePEMEHHOro Toka. CYETUMKU MOTYT 3KCILUIyaTUPOBAThCS aBTOHOMHO WIJIA B
COCTaBE€ AaBTOMATU3MPOBAHHBIX CHCTEM: KOHTPOJS U YydeTa DSJIEKTPOIHEPTruu
(ACKYD); nucneruepckoro ympasieHus (ACHY). IlorpebasieMass MOIIHOCTh
cocTasisieT 9 B-A.

JIyist Bcex M3MepUTENbHBIX MPUOOPOB MPUHUMAEM Kiacc TO9HOCTH 0,5, Tak Kak
nout Bce TT MOIKITIOUEHBI K paCU€THBIM CYETUHKAM.

Ha BBome ycranaBmuBaem Tpancdopmarop toka mapku TOJI-10-1-1-0,5. B
9TOM  TpaHcopmaTope poJib  TMEPBUYHONM  OOMOTKHA  BBIMIONHSIOT  HIUHBI
pacrnpenenuTeabHOro yCTpOuCTBa.

Harpy3ska npu0GopoB, MOIKIIOYEHHBIX K TpaHCchopmMaTopaM TOKa, MPUBECHA B

tabnurie 22.
64



Tabnuna 22 — Harpy3ka npu6opoB TT Ha Hu3KO# cTopoHe noactanimu [19]

Iems HaumenoBanue Tun Harpyska, B-A, da3sr

npubopa [Tpubopa A B C

AmMniepmerp CA3020 4 — 4

Cueruuk AD Mepxkypuii 236

Beoz 10 kB Cuerunk P ART 4 B 4.5
Hroro: 8,5 - 8,5

CeKIHOHHBIIT Ammepmerp | CA3020 4 — 4
BBIKJIFOUYaTens 10 Wtoro: 4 B 4

kB

Ammnepmerp CA3020 4 — 4
Ha orxonmsmux Cuetunk AD Mepxkypuii 236 45 B 45

JIMHHSAX Cuerunk PO ART ’ '
Hroro: 8,5 - 8,5

[IpoBepsiem TpaHcpopMaTop TOKA HA IEKTPOJAHMHAMHUYECKYIO U TEPMHUYECKYIO

CTOMKOCTB:
L =52KA >0 =11,17 KA, (65)
12, -t =12,5°-1=156,25> B, _=150,6 kA® -c, (66)

BTOpI/ILIHEUI Harpy3ka COCTOUT U3 COIIPOTHUBJIICHUA HpI/I60p0B, COCOHMHUTCIBbHBIX

IIPOBOAOB M IICPCXOJHOT'O COIIPOTHUBJIICHHA KOHTAKTOB!

r‘2 = ran6 + r‘r[p + rK (67)
COHpOTI/IBHCHI/IC HpI/I60pOB ONpCACIIACTCSA IO BBIPAKCHUTO!

pud
r p

(68)

pu6 = |2
2

rne SnpuG

— MOIIIHOCTh, TOTpedIsiemast mprudopamu;

|, — BTOpUYHBII HOMUHATIBHBIN TOK MPUOOPA.

— SHPH6 —

rnpn6 - I 2
2

8,5

52

=0,34 Om.
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[IpyarMaemM BO BTOPUYHBIX IIEMSIX TpaHCPOPMATOPOB TOKa MPOBOAA C

MeaHbIMH xkunaMu (p=0,0175) . ConporuBienne koHTakToB npuHuMaeTcs 0,050,

TOT' Ja COIIPOTUBJICHUC ITPOBOJOB:

Suion 20
er = ZZHOM npu6 r1< :Zl—g_ ran6 - rK :¥_0,34_0,05:O,410M (69)
Ceuenue ITPOBOJOB!:
p-1_0,0175-40 2
ST T e NI (70)

p

[IpuHrMaeM cTaHAApPTHOE ceYeHue 2,5 MM?, TOrJa CONPOTHBIEHUE MPOBOJA
paBHO:

. _p-1_0,0175-40
S 2,5

=0,280m. (71)

,Z[anee HaXOJHUM COIIPOTHUBJICHUC HAI'PY3KHU:
r,=0,34+0,28+0,05=0,67 Om. (72)

CormocraBpieHrue  pacyeTHBIX M KAaTaJIOXKHBIX  JaHHBIX  BBIOPAHHOTO
tparcopmaropa toka Mapku TOJI-10-1-1-0,5 (Tpanchopmarop TOKa, OMOPHEIH, C
IUTON m3osinuert, 10-HoMuHanpHOE HamnpsikeHus, 0,5- Kj1acC TOYHOCTH) CBOJIUM B
Tabauiry 23.

Tab6muma 23 — [IpoBepka TpanchopmaTopa Toka Ha BBozAe 10 kB

KaranoxxHsie JaHHBIC Pacuernrie JaHHBbIC YcnoBus BbI60pa
Uiov=10 xB Ucer.non=10 xB Uson= Ucer.nom
ow=600 A =210 A Liow™ bace
i =1 02KA i,,=8,48 KA e =1,
I Ly =1600KA® - B.=11,17KA? -¢ Loy’ Ly 2 B,
ZZHOM=018 22=0167 ZZ < ZZHOM

Ha cexmmmonHoM BeIKITIOUaTenie BeiOMpaeM Tpanchopmartop Toxka mapku TOJI-

10-1-VY2. ComnocTaBiieHre pacueTHBIX U KaTaJIOKHBIX JTAHHBIX CBOJIUM B TaOIHILy 24,
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Tabmuna 24 — Ipoepka TT Ha CEKIIMOHHOM BBIKIIIOUATEIE

Karanoxable jaHHbIe

PacueTHbie naHHbIE

YcnoBus BeiOOpa

UHOMZIO KB UCeT.HOle 0 KB UHOM2 UCeT.HOM
Liow=500 A laci=138.6 A Luow lpaca
=8 1KA Iy,=11,17 kA L =1,

12, - t., =1600kA? - c B.=150,6 kA% - ¢ e’ by = By
ZZHOM:Ol8 2220167 ZZ < ZZHOM

Ha orxondmux mpuUCOEIMHEHUSX TaK >K€ BhIOMpaeM TpaHChOpMATOphl TOKa

mapku TOJI-10-1-V2.

CorocTaBieHue PACUYCTHBIX U KaTAJIOKHBIX JJaHHBIX CBOJIUM B Ta6J'II/ILIy 25.

Tabnuna 25 — [Iposepka TT Ha oTXOASIIMX MPUCOECTUHEHUSIX

Karanoxxable jaHHbIe

PacueTHble naHHBIE

YcnoBust BEIOOpa

UHOMZIO kB UCBT.HOMZIO kB UHOMZ UceT.HOM
lion=400 A lpacu=91.475 A liow = lpacu
=8 1KA i,,=15,614 KA i =,

15, T, Z992KA% - C B=36,6 kA’ - ¢ ety = By
ZZHOM:Ol8 22:0167 ZZ < ZZHOM

6.4 Bpioop TpaHchopmaTopa HANPSKEHUSI

Tpancpopmarop HanpspKeHHs] TpeAHA3HAYEH ISl TOHMXKEHHSI BBICOKOTO

HanpspKeHUs 10 ctaHgaptHoro 3HadeHus 100 mmm 100/ 3B u mis orieneHus

LENe W3MEPEHHs] W PEJICWHOW 3allUThI

HaIpsKCHUS.

Tpancpopmatopsl HaNPsHKEHUST BEIOUPAIOTCS:

— 10 HanpsiKeHUI0 YCTAaHOBKHU Uyo0n > Ucer nons

— KOHCTPYKIIMHM M CXEME COSTMHEHUS 0OMOTOK;

— KJIaCCy TOYHOCTH,

— BTOPUYHOM HArpys3kKe :

SHOM = SZZ !

OT TICPBHUYHBIX HGHGﬁ BBICOKOI'O

Trac SHOM— HOMMWHAaJIbHas1 MOIIIHOCTD B BBI6paHHOM KJIaCCC TOYHOCTH,

S,y — Harpyska BCEX U3MEPUTENLHBIX NPUOOPOB M pelle, NPUCOEANHEHHBIX K

TpaHchOpPMATOPy HAIPSKEHUS, pacCUUThIBaeMas 1o (hopmyJe:
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Sps = \/(anpm "COSQ 6 )2 + (anpm -sin (Pnpﬂﬁ)

2

(73)

[TapameTpsl BTOpUUHON Harpy3ku TpanchopmaTopa HanpsHKEHUS IPUBEICHBI B

tabnuiie 26.

Tabnuna 26 — BropuuHnas Harpy3ka TpaHncdopmaTopa HanpsbkeHus Ha 10 kB

ITpuod Tun Momocts Konnectso cos sin i}(’)MN}IIiPCIia:
pHrbop npubopa, B-A puOOpOB ? ¢ H}; A ’
Bonbtrmerp CB 3020 4 2 1 0 8
Cuerunk AD | Mepkypuid
Cuetunk PO 236 ART J J 0,38 0,925 2
Hroro 80

S, =\/(4-2+9-8-0,38)2 +(9-8-0,925)° =75,4BA;

Bri6upaem tpancpopmarop Hanpsokenus HAMMU-10-95-Y2 (tpancdopmarop

HaIpsDKEHUs,, AHTUPE30HAHCHBIM, C JUTOM W30JSALMEN, [ HW3MEPEeHHi) ¢
HOMHUHaJIBHOW MOIIHOCTHIO 200 BA.

CpaBHeHHE KaTaJOXHBIX W pacCUYETHbIX JaAHHBIX Ui TpaHcdopmaropa
HaNPsDKEHUS TPEICTaBICHO B Ta0nwmie 27.

Tabnuna 327 — Katanoxusie 1 pacyeTHbIe JaHHBIE BIOOpa TH

Karamoxasie JaHHBIC PacdeTHrpie JaHHEIE Ycaopus BBI60pa

Uion=10 kB Ucernov=10 kB Usiom = Ucer.nom

S,., =200 B-A S,y =75.4 BA Sy = Soy

Kax BunHo u3 pesynbratoB, TH COOTBETCTBYET MaHHBIM YCIOBHSIM BBIOOpA U
MOXET OBITh NPUHST K YCTAHOBKE.

6.5 BpIOOp :KecTKUX HIMH

B 3zakpeiteix PY 6-10 kB ommHOBKa W COOpHBIE NIMHBI BBITTOJIHSIOTCS
YKECTKUMHU aJIFOMUHUEBBIMU IIMHAMU. MeHbIe IMHBI U3-32 BBICOKOM MX CTOMMOCTHU
HE MPUMEHSIIOTCS Ja)Ke NpU OOJBIINX TOKOBBIX Harpys3kax. [Ipm Tokax mo 3000 A
MPUMEHSIOTCS OJTHO - U JIBYXTIOJIOCHBIC MUHBI. [Ipy GOIBIINX TOKaX PEKOMEHYIOTCS

ITMHBI K0p06anOFO CCUCHHU, TaK KaK OHH 00ecIeunBaOT MEHBIIHE moTepn OT
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apdekra OIM30CTH M TMOBEPXHOCTHOTO 3(PdexrTa, a TakKe JIydllhue YCIOBUSA
OXJIQXKICHHUS.

Haubonpmuii pabounii Tok Ha muHax 10 kB paBen 420 A. Ilpunumaem
ATIOMHUHHMEBYIO IIMHY TpsAMOyroipHoro cedenus 40x5SmM, S=200 MM, ¢
HOMHUHAJIBHBIM JIOITYCTUMBIM TOKOM | o, =540 A.

IIpoBepka IMIMHBI HA TEPMHYECKYIO CTOWKOCTh IPOM3BOJUTCS MCXOIs U3

YCIIOBHI:

qmin = q (74)

A€ (min — MUHUMAJIbHOE CEYCHUE 110 TEPMHUYECKON CTOMKOCTH
g — BbIOpaHHOE CEUYCHHE.

MuHMMaIBHOE CEYEHUE IO YCIOBUIO TEPMUYECKON CTOMKOCTH:

B, 10°
B \/C_ _ 1045113 10° 586 (75)

qmin -
T

rae C,= 91 A-cY?m? — st anmomunmeBbIx mu, [19].

Bix — TemoBoit umynsc Toka K3, mpunmmaercs paBubiM 104.13  kAZc

pPacCYMTAHHOTO JJI BBOJHOTO BhIKTFOUaTens (Tadmuia 23).

Tak xak Qpj, <, CJIEAOBATEIBHO, IIMHBI TEPMUYECKH YCTOWYUBBI.

DIIEKTPOJIMHAMUYECKHE CHIIbI, BO3HMKaromue npu K3, uMeroT cocTaBisionue,
KoTopbie u3MeHstoTcs: ¢ yactoto 50 u 100 I'm. Eciu coOCTBEHHBIE YaCTOTHI
KOJIeOATEeIbHON CHUCTEMBI IIMHBI — U30JISITOPHI COBIAIYT C ATUMH 3HAYCHUSIMHU, TO
HArpy3Kd Ha IIUHBI U U30JISITOPBI BO3pacTyT. Eciu cOOCTBEHHBIE YaCTOTHI MEHBIIIE
30 u 6osbire 200 I'11, To MEXaHUYECKOTO pe30HAHCA HE BO3HUKAET.

JInuHy mposieTa MEXIy OMOPHBIMH H30JIATOpaMHu MpuMmeM paBHo# | =1,5 M
[19].

Co0OcTBeHHas yacToTa KoJIeOaHUM IIMHBIL:

1732 |J

f. = —
0 |2 q J (76)
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9] 2.
rac (J — DonepeyYHOC CCUYCHUE BBI6paHHOI/I IWHEBI, CM ,

J — MOMEHT WHepIIUU MUHBI, KOTOPHIN coriacHo [19] paseH:

3 3
J= bh” _ 0,5-4 = 2,67 cm™. (77)
12
£ :173,2 2 2,67 _ 1333
15 2

OHpeI[eHHeM MAaKCUMAaJIbHOC YCHWIIMC, MPUXOIAINICCCS Ha OAWH MCETP IAJIMHBI

IIWHBI:

-(3)2

|
& =3.1077 .%, (78)

£(3)2 - :
rze Iy,”— ylapHbIi TOK Ha LIUHE, A;

a — pacctosiHre Mexy dhazamu, m [19].

2
O =3.107- 13112 = 95,8 H/m (79)

PaBHOMepHO pacnipenenenHas cuna f cozmaer m3rudarommii MOMEHT:

_f.P 95815

Mmax 10

= 21,56 H/m (80)

rae | — nvHa nposieta MeX 1y OMOPHBIMU M30JISTOPAMH, M.
Hanpskenne B marepuasie  MIWHBI, BO3HUKAKOUIEE TIPU  BO3JACHCTBUU

U3Tr10aroIEero MOMEHTA:

Omax = 1ay (81)

rae W — MOMEHT CONPOTUBIICHHUSI IIIMHBI, KOTOPBII paBEH:
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__bh* 0,5-4
6 6

W

—1,33cMm’. (82)

21,56

()
max
1,

=16,17 MIla

Jns BeiOpannoi mmnbl o, =85 MIla, [19], cnenosarensHo, Hanps keHUE B

MaTepualie NUHbI He IPEBBIIIAET JOMYCTUMOTO 3HAUYCHHUS.

6.6 Bb10Op ONOPHBIX H30JISITOPOB

OnopHble HM30JATOPHl BBHIOMPAIOTCS MO HAMNPSHKEHUIO, POAY YCTAHOBKU U
JIOITyCKaeMOM MEXaHUYECKOM HarpyskKe.

PacueTHas mHarpyska Ha WU30IATOP Fpaeq B MHOTONPOJIETHOM INMHHOM
KOHCTPYKIIMU OTPEEsAeTCs] paCueTHON HArpy3KoM IIMH Ha ojuH mpoJieT. CorinacHo
ITYD pacuetHas Harpy3ka He JOJbKHA MpeBbimaTh 60% OT pa3pyiiaromnieil Harpy3Ku
Fpasp, MPUBOIMMOM B IACIIOPTHBIX JAHHBIX HA M30JIATOPBI, U JIOJDKHBI COOJIIONATHCS

CICAYIOIHC YCIOBUA IIPHU BBI60pC H30JATOPOB:

UyCT S UHOM’ (83)

Fpacq = O’ 6Fpa3p = F[LOH ' (84)

1€ Fpap— paspymiaronias Harpy3Kka Ha U3ruo.
Boibupaem omopusie uzonaropsl  MMOP-10-3,75 VXJI ¢ MuHHManbHOU
paspymatomieit cunoint 3,75 kH.

JlonmycTumas Harpy3ka Ha U30JISITOP:

Fon =0,6-3750=2250H

MaxkcuMmasbHas cuiia, IeHCTBYIOIIAs Ha U3rH0:

Faea =T 1Ky, (85)

rae  ky— mompaBouHbIit K03()DUIIMEHT HA BBICOTY IIMHBI, TPH PACIIOIOKEHUH

IIVH IUIAIIMS1, PaBHBIN:
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H,+b+" 120441+ %
H 120

us3

F..=958-15-1,2=172,46H

pacu

BrIOpaHHBI M30JTOP yIOBIETBOPAET YCIOBHIO Fnon > Foucq B MOXKET OBITH
MPUHSAT K YCTAHOBKE.

6.7 Boi0OoOp npexoxpanuTesiei s 3amuThbl Tpancgopmaropon TII

Tpaachopmaroper  10/04 kB B  TOpOACKHMX  pacHpeneTuTEIbHBIX
ANEKTPUUYECKUX CETAX MOIIHOCThIO A0 630 kBA BKIIOUUTENBHO, KaK IPaBHIIO,
3aIIMIIAKOTCA [UIABKUMU IPEAOXpaHUTENs MU Ha cTopoHe 10 kB.

[InaBkMM  TOpeloXpaHUTEIEM  Ha3bIBACTCA KOMMYTALIMOHHBIM  amnmapar,
NpEAHA3HAYEHHBI 11 OTKIIOYEHHUS  3allMIIAEMON  [eNu  MOCPEICTBOM
paCIUIaBJICHHS] CIELHMAJIBHBIX TOKOBEAYIIMX YacTed (IUIABKUX BCTABOK) IMOA
BO3JICMCTBHEM TOKa, MPEBBIIIAIONIEIO OIMPEAEIEHHOE 3HAYEHHE, C IMOCIEeAYIOIUM
ralieHHEeM BO3HUKAOIIEH 3JIEKTPUIECKOM TyTH.

Ha cropone 10 kB TtpaHchopmaTOopoB ycTaHaBIMBAIOTCA IIIaBHBIM 00pa3oM
kBapueBble npepoxpanurenu tuna IIK. Ksapuessie MPENOXPAHUTENN UMEIOT
HECKOJIBKO BaYKHBIX MOJIOKUTENIbHBIX CBOICTB: OHH o0naaaroT
TOKOOTPAHMYMBAIOIICH CMOCOOHOCTRIO  (Oyarojapsi O4eHb OBICTPOMY TaIICHUIO
NeKTpudecko ayru Tok K3 He ycmeBaeT HOCTHYL CBOETO MaKCHMAJIBHOIO
aMIUTUTYJJTHOTO 3HA4YEHMs); MJABKHE BCTABKU 3aIUIIEHBI OT BO3JEHUCTBHS BHEIIHEU
CpeIbl KBapIeBBIM TIECKOM M TE€PMETUYHO 3aKpbiToil (aphopoBoil TpyOKoOid,
Onarogapss 4eMy OHM JUIMTEIBHOE BpeMs HE CTapeloT U He TpeOYyIoT 3aMEHbl;
KOHCTPYKTHUBHOE UCITOJIHEHUE npenoxpanureneit [IK mnpegycmarpuBaer
CUTHAJIM3AINIO CpabaThIBaHUsI, MPUYEM KOHTAKTHl CUTHAJILHOTO YCTPONCTBA MOTYT
JaBaThb KOMAaHJy Ha OTKIIOYEHHE TpexX(a3HOro BBIKIIOYATENSl Harpy3ku, 4YTO
Mpe0TBpaIacT BO3MOXKHOCTh HEMOJHO(A3HOTO pexxuMa paboThl TpaHchopmaTopa.

[IpenoxpanuTenu BHIOUPAOTCS:

— 1o HanpsokeHu0 U,y = Ucernon,
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—TOKY IIJIABKOU BCTaBKU:
IH.B Z 2- IT.HOM ! (87)
— HOMUHAJIBHOMY TOKY OTKJIFOUECHUS:

IHOM.O > IK.max ' (88)

r71€ |y max — MaKCUMasIbHOE 3HaUEeHHE TOKA Npu K3 B MecTe yCcTaHOBKH, KA.
[TpousBeaeM BpIOOD MpeoXpanuTetst Ha oJgHoTpaHcpopmatopron TIT 417.

HomunaneHsiif Tox Tpanchopmaropa TM-630:

| __ S _ 630
T.HOM \/§ UHOM \/§ 10

=36,35 A (89)

[IpeaBaputenbHo BbIOMpaem mnpegoxpanutens Ttuna [IKT-103-10-80-20-VY3
(ITIKT - mpegoxpaHuTeNb KBapLEBbI JIS 3allUThl CHJIOBBIX TpaHCHOPMATOPOB,
1 - HanmuyMe yAapHOTO yCcTpoicTBa yierkoro tuma; 03 - mpenoxpaHuTeab COCTOUT U3
JIBYX JKECTKO CBSI3aHHBIX MEXIy cO00il maTpoHOB (Ha Kaxao0#l ¢aze), uepes aeduc
Janee yKa3bIBaeTCsd HOMHUHAJIbHOE HampsbkeHwe B KuioBosibTax (10 kB), 3arem
HOMUHAJIBHBIA TOK IIPEAOXPAHUTENS, PABHBI HOMUHAJIBHOMY TOKY IJIAaBKOI BCTaBKH
(80 A) u HoMUHANIBHBINA TOK OTKIIOUEHUS (lyono= 20 KA 111 HaHHOTO TIpUMEpa),
a TaK)Ke KJIMMAaTUYECKOE UCIIOJIHEHUE U KaTErOpusl pa3MENICHUs).

[IpoBepuM JaHHBIN NPETOXPAHUTEINH MO YKA3aHHBIM BBIIIE YCIOBUSM:

—TOKY IIJIaBKOM BCTaBKU:
Il'[.BZ 2‘ IT.HOM’ 80 A Z 72’7 A’
— HOMUHAJIBHOMY TOKY OTKJIFOUECHUS:

IHOM.0> IK.maX1 20kA > 12,12 KA

Bce ycnoBus BBIMOJHSIOTCS, CIIEOBATENBHO, MPEIOXPAHUTEND OB BEIOpaH
MPaBUJIBHO.
PesynbraThl BbIOOpa mpemoxpaHuTeneil Ha octanbHbIX TII mpuBeneHnl B

tabnuiie 28.
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Tabnuna 28 — KaTtanoxxHble 1 pacueTHbIE JaHHBIE TIO BEIOOPY MperoXpaHUTeNei

[TapameTpsl npegoxpanuTens YcnoBust
TII [Ipenoxpanurens

lioms KA lorin, KA 2 Linowy KA| o, KA
TII 425 I1KT-102-10-31,5-31,5-Y3 31.5 10,5 21,3 5,01
TI1 417 I1KT-102-10-50-12,5-Y3 50 12.50 46.2 10.12
TI1 414 I1KT-103-10-80-20-V3 80 20.00 72.7 12.86
TII 415 ITKT-102-10-31,5-31,5-Y3 31.5 10,5 21,3 5,01
TII 423 ITKT-102-10-50-12,5-V3 50 12.50 46.2 10.12
TIT 719 ITKT-101-10-16-12,5-V3 16 12.50 11.5 6.84
TII 424 I1KT-102-10-50-12,5-Y3 50 12.50 46.2 12.44
TI1 707 [1KT-102-10-31,5-31,5-Y3 31.5 10,5 28.9 10.24
TII 403 IT1KT-102-10-50-12,5-Y3 50 12.50 46.2 10.12
TII 704 ITKT-102-10-31,5-31,5-Y3 50 12.50 46.2 10.12
TIT 429 IT1KT-103-10-80-20-V3 80 20.00 72.7 12.12
TII 714 IT1KT-102-10-50-12,5-Y3 50 12.50 46.2 9.96

6.8 Bb10op orpannumTes el nepeHanpszKeHust

Jlmst 3aiuThl

HN30JBIOUK  OJICKTPUYCCKHUX CHUCTEM  OT HepCHaHpH)KCHI/Iﬁ

TpeOyeTcsl yCTaHOBKA HEIMHEHHBIX orpanuunTene nepenanpspkerus (OITH).

OIIH npencraBnsitoT co0OMl  HENMHEWHBIA PE3UCTOP HU3TOTOBIICHHBIN 10

KepaMHUYeCKOW TEXHOJIOTMM Ha OCHOBe okcuaa muHka (ZnO) ¢ HeOoIbImM

7100aBJICHUEM OKHCIIOB APYTHX METAJUIOB.

B HOpMmanbHOM pabodyeM peKUMe COMPOTHBIIEHHWE BapUCTOpa BEIIMKO U TOK
yepe3 OIIH cocraBnsier nonm muwummamnepa. [Ipu Bo3nelcTBUM mepeHANPsKEHUS
BAPUCTOP TMEPEXOAUT B MPOBOJAIICE COCTOSAHUE, U TOK MOXET JOCTUraTh JECATKA
Kujioamnep u 0oJiee, 4YTO M MPUBOJIUT K OTPaHUUYCHUIO JaTbHEWIIEro HapacTaHUS
HanpspkeHns. Korjga HanpsbkeHUE CHHMXKAeTCs, OTPAHMYMTENb BO3BpAallacTCs B

HCXOOHOC HCITPOBOAAIICC COCTOAHUC.

OcHoBubiMu niapamerpamu OITH siBistirorest:

— HauOOoJbIIEe JIUTEIBHO JOMYCTUMOE paboyee HaNpsKEHUE OrpaHUYUTENs,

Uipo. OTO HamOonbniee NEHCTBYIOIIECE HANpPSKEHWA IPOMBIIIICHHOW YaCTOTHI,

KOTOPOE HEOTPaHWYEHHO JOJITO MOKET OBITh MPUJI0KeHO K BhiBogaM OITH;
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— HOMMHAJIBHBIN pa3psAaHbld TOK, |, 9T0 MakcHMallbHOE 3HAYEHHE IPO30BOIO
UMIyJIbca TOKa, Hcmoibdyemoe it kiaccuduramuun OITH. Tlo 3mauenuro |
OTPAaHUYMUTENH MePEHAIPIKEHUA IEJISIT Ha Tpu kiacca: 5,10, u 20 kA;

— yJAenbHas 3HEPrOoeMKOCTb, Wy, OTO oTHomeHue Beiaenusiencs B OITH
DHEPruv, 0e3 MOTEepH YCTOMYMBOCTH €r0 XapaKTepUCTUK, MOCIE HarpeBa €ro o
60 °C u nmanmpHEWIEro NPWIOKEHHS OJHOTO HOPMHUPOBAHHOIO MPSIMOYTOJBHOTO
uMmIirysibca Toka |, mmrensHocThIO T\, = 2000 MKc, k HaMOOMBIIEMY JJIUTEITHHO
JOMYCTUMOMY pabouemy HampstkeHuio B kJDk/kB. XapaktepuszyeT cnocoOHOCTH
OIIH pacceuBath ONpeAeICHHYIO SHEPTUI0 0€3 TOTEPH CBOMX KAYECTB;

— OCTarolleecs] HaNpsHKeHWE MPU HOPMHUPYEMOM TOKE KOMMYTAallHOHHOTO
nepeHanpspkeHust U; , KB. KoMMyTanmonHsiii uMiysbc Toka |, iMeeT BpeMeHHbIe
napameTpsl 30/60Mkc;

— ocTarmouleecss  HanpsDKEHWE NpU  HOPMHUPYEMOM  TOKE  I'PO30BBIX
nepeHanpspkeHuit Uy, . ['po30Boi umnynbe Toka |. uMeeT BpeMeHHbIE MapaMeTphl
8/20 Mxc;

— TOK B3pBIBOOE30MACHOCTH ly5, KA. DTO nelicTBytolee 3HaueHue Toka K3 npu
KOTOpPOM cpabaThiBaeT MEMOpPaHHOE YCTPOUCTBO (KJlaraH) B3phIBOOE30MACHOCTU U HE
MIPOUCXOIUT B3PHIBHOTO PA3PYIICHUSI MTOKPHIIIKH OTPAaHUUIUTEIIS;

— TOK MPOMYCKHOM crocoOHocTH | mu, KA. DTO aMIuUTyJa MPSMOYTOJIBHOTO
MMITyJIbCa TOKa JUIMTENbHOCTHI0O HE MeHee 2000 Mkc Bo3zzaerictBue kortoporo OITH
BBIJICP’KMBAET MPHU UCIIBITAHUSIX HA TIPOITYCKHYIO CrTocOOHOCTH 20 pa3s;

— AJVMHA MyTU yTe€4KU BHeNIHel uzomanuu ly,, M.

UroObl  ompeAenuTh  pacuETHYK  BEIMYMHY  pabodyero  HampsHKeHUs
OrpaHUYMTENIed HEOOXOIMMO 3HATh PACUETHYIO BEIMYMHY MaKCHUMAaJIbHOTO

JIOMYCTUMOTO Ha OTpaHMYMTENE HampsbkeHus U,,, , KoTtopoe s cered 35 kB

Hp

ompenensieTcs no gopmyre:

UH.p. =1,2-U,0.comu , (90)

U,,=12-35=42 xB.
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Bpemst neiictBus moBpexaeHus (BpeMs JEHCTBUS pENEeHHOM 3allluThl)
cocraBisier — 0,5 c¢. B coorBerctBUM ¢ 3THM KO3(pPuIHeHT Kp, yYUTHIBAIOIIUN
YBEIIMYECHHUE BEIMYMHBI JOIIYCTHMOIO HANPSIKEHUS 33 CYET COKPAIICHUS KPATHOCTH
BoznerictBus Ha OIIH ucxoas u3 ycioBuil TemioBoro OajnaHca, MMEET 3HAYECHHE
pasHoe 1.1 [9].

PacueTtHas BenMuYMHA  JUIMTENBHOIO  JIONYCTUMOIO — HAIpsDKEHUS — Ha

OTpaHUYHUTEIIE ONpeAesieTcs no GopMyIie:

U
— up. .
Upacq KB 1 (91)
42
Upacu = ﬁ = 38, 18 kB.

[lo nmutensHO nomyctuMoMy HampsbkeHust BeiOupaem OITH mapku OITH-IT1-
135/40,5/10/3V XJ11 [9].

DHeprus, BelaeisIeMas B orpanuuunrene 3-35 kB:

W=05-C-[(K,-0.82-U,)*~(L77-U,,)?], (92)

rae C — eMKOCTh KaOess Wiii KOHAeHcupytomiel oarapen [9];
k —xpatHOCTh Hanpspokenuit [9];

U,, — Haubosbllee paboyee HANPSIKEHUE CETH,

U,, — HanOoublliee JonoaHuTenbHoe Hanpsbkenue OITH.
W =0.5-2-[(2:0.82-42)° —(1.77-35.7)* | = 28,95 x/loxc

OmnpenenseM yAelIbHYIO SHEPIrOEMKOCTb:

« W
3 =
«  28.95
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OxonuatensHO BeiOupaem OITH mapku OITH- 35/40,5-10(1)VXJI1

Jnsa 3anmuTsl TpanchopMaTopa Hampsbkenus 10 kB mpuHMMaeMm K ycTaHOBKe
OINIH-TI-10/11,5/10 VYXIJI1 BcTtpauBaembie B suediky K-63. Xapakrepuctuku
BbIOpanHbIx OITH npencraBnens! B Tabmure 29.

Tabnuua 29 — Xapakrepuctuku OITH

Karanoxxusie JTAHHBIC ‘ PacueTHbIE JaHHBIC ‘ YcaoBus BBI60pa
OITH-I11-/35/40,5/10/3Y XJI1
Uupo=40,5 kB Uy =40,5 kB Uipo = Uye
lys = 20 KA |, =8,065 s> 1,2 |,
3 omn =1,73 kJ[x/xB 197=0.827 x/[x/xB D om> D
OIH-I-10/11,5/10 YXJI1
Uspo= 12 kB Une =11,5 kB Uspo = Use
lys = 20 KA l, = 10,338 kKA lis> 1,2 - Iy
=2 kJx/kB 2'=1.07 k/[x/xB 9*OHH >

Bri6op u pesynbrarel 000OpyAOBaHMS TMPHUBEIEHB Ha 5 ymcte Trpaduyueckon

YaCTH BBIMYCKHOM KBaTU(UKAIITMOHHON PaOOTHI.
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7 TIPOBEPKA OBOPYZIOBAHMA 0,4 KB HA TII

7.1 IlpoBepka BbiOpanHbIX cedennii BJI 0,4 kB na Bo3aeiictBue TokoB K3

Jliis Toro, 4toObl Kabenb ObUl YCTOWYMB K TEPMHUYECKOMY JCHCTBHIO TOKOB
KOPOTKOTO 3aMbIKaHHUsI, pacyeTHas TemIeparypa kademns npu nporekanuu Toka K3 He
JOJDKHA TMPEBBINIATH JTOMYCTUMYIO TEMIIepaTypy AJisi MaTepuaia U30JSuu Kades,
KOTOpast orpejesseTcs coracHo [15] .

[IpoBepka kabenelt Ha TepMuueckoe nedcTBue Toka K3 mpousBoguTcs Mo

TEIJIOBOMY UMIYJIbCY:

BK3 = II?IO ' (tOTKJ'I + Ta.cp) ' (94)

rae l,o — nelcTByroniee 3HaYeHHWE MEPUOAMYECKON cocTaBistome Toka K3
(Tabnuma 17);

tor — BpeMs oTKITIOUeHUs Toka K3 [24];

Tacp — YCPEAHEHHOE BpeMs 3aTyXaHHs CBOOOJHOW cocTaBipitomen Ttoka K3,

cornacHo [24] mpunumaetcs 0,03 c;

tOTKJ'[: tC.O-i- ta’ (95)

rne t., — BBIIEpPKKA BpeMEHH cpadaThbIBaHUSI OTCEUKH CEJIEKTHUBHOTO
aBTOMaTa, JJi1 aBTOMATOB OTXOJAIIMX JIMHUM OOBIYHO MPUHUMAIOT MHUHUMAaJbHbIC
YCTaBKH 110 BpeMEHH, coriacHo [24] t.,= 0,25 c;

t, — BpeMs rameHus QyTru, JJisl aBTOMAaTUYECKUX BBIKIHOYATEIEH TPUHUMAETCS
t,=0,06 ¢ [24]

MuHuManbHO  JOMYyCTUMOE  TEPMHYECKHM  CTOMKOE  ceueHue  Kadeus

OIIPEIEIISICTCS 110 CIIeAyIoIIeH hopmyIie:

BK
Fo - \/C . (96)
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rne C — KodpQuIMeHT, 3Haue€HHE KOTOPOro 3aBUCUT OT Marepuana
IPOBOJHMKA M HANpPSHKEHUS, OCYIIECTBISICT MEPECUYeT JOMYCTUMOM TemrmepaTyphl
HarpeBa K TCIUIOBOMY MMIIYJIbCY, I amoMuHKeBbIX skui 10 kB C = 65 [8].

HpaBI/IHBHO BI>I6paHHOC CCYCHHUC ITPpOBOAA JOJIKHO YAOBJICTBOPATH YCIIOBUIO!
FTep S FBI;I6D (97)

[IpoBepky CHUII Ha TepMUYECKOE [EHWCTBUE TOKAa KOPOTKOIO 3aMBIKAHMS
nokaxxeM Ha npumepe auHur Nel TIT 417.

TennoBor UMITYJILC PABEH:
B., =1,3*-(0,25+0,06+0,03) =0.575 kA%¢c

MuHMMaIBHO IOIYCTUMOE CEUYCHHE:

f 6
F :Mzm,az MM

P 100

CedenneM BBIOpaHHOTO NPOBOAA  Fyyep, =50 MM MPEBBIIIACT MUHUMAJIBHO
JOITyCTUMOE CEYEHHUE, YTO TOBOPUT O BBIIOJHEHUM YCIOBUS TEPMHUYECKOU
cToiikocTu. Pe3ynbrarsl mpoBepka ocTaibHbIX MpoBoAoB 0,4 kB Ha Tepmuueckoe
neiicteue Toka K3 npeacrasnenst B Tadbnuie 30.

Tab6numa 30 — [Tposepka npoBoaos 0,4 kB Ha Tepmudeckoe nericteue Toka K3

TII |Ne nuaMM Cejf;zn © Ki‘i’c Freps mm2|  TI  |Ne nunuu Ce;e;zn © KIZI?"C Freps MM
1 2 3 4 5 6 7 8 9 10
T 425 1 50 730 | 2078 |TH424| 1 95 1024 | 3432
2 120 9.49 | 23.70 2 95 1024 | 34.32
3 50 9.49 | 23.70 3 95 1024 | 3432
4 70 21.14 | 3536 4 95 1024 | 34.32
TI417 1 70 21.14 | 3536 5 50 1012 | 33.93
2 95 21.14 | 3536 6 50 1012 | 33.93
3 70 31.40 | 4310 |THL707) 1 50 1012 | 33.93
1 95 31.40 | 43.10 2 50 1012 | 33.93
5 50 31.40 | 43.10 3 120 | 1249 | 41.88
T 414 1 70 31.40 | 43.10 4 120 | 1249 | 41.88
2 50 3021 | 42.28 5 50 1249 | 41.88
3 50 3021 | 42.28 6 95 1249 | 41.88
T 415 1 120 | 3021 | 42.28 |TI403| 1 120 | 1249 | 41.88
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[Tponomxenue Tabnuib 30

1 2 3 4 5 6 7 8 9 10
2 95 30.21 | 42.28 2 50 12.12 40.62
3 50 30.21 | 42.28 3 70 12.12 40.62
TII 423 1 50 20.22 | 34.59 4 95 12.12 40.62
2 50 20.22 | 34.59 5 50 12.12 40.62
3 50 20.22 | 34.59 |TII 704 1 50 9.96 33.39
4 120 20.22 | 34.59 2 50 9.96 33.39
TII 719 1 50 8.90 22.95 3 50 9.96 33.39
2 50 8.90 22.95 4 50 9.96 33.39
3 95 29.40 | 41.71 |TII429 1 50 12.28 41.18

7.2 BpiOOp ¥ MpoBepKka aBTOMaTH4YeCKUX BbIKI0OUYaTeeii Ha 0.4 kB

B  nanHoif  OakamaBpckoil ~ paboTe  yCTaHAaBIMBAaEM  aBTOMATHUYECKHE
BBIKJIFOYATEIM Ha HU3KOW cTOpoHe TpaHchopmaropa kaxmou TII u mns xaxmoit
OTXOZALIEH JTUHUU.

Br160op aBTOMaTnueckux Beikiarouareneit 0,4 kB npousBoautes:

- I1O HAITPSIZKCHUIO YCTAHOBKU!
UHOM = UCCT.HOM;

- I1O BCJIMYHNHC TOKA.

IHOM = IHopM.pacq;

- KOHCTPYKTMBHOMY UCIIOJIHEHUIO;

- KOMMYTallHOHHOM CIIOCOOHOCTH:

IOTKJ’[.HOM 2 Imz |n01

1€ lornnon — TOK MPEISTLHON KOMMYTAITMOHHOM CITIOCOOHOCTH aBTOMATa,;
|, — Tok K3 B MOMEHT pacxoKAeHUsI KOHTAKTOB (MPUHUMAIOT |~ |y0).

- 110 YyBCTBUTENBHOCTH K ToKam K3:

10 >125.1 (98)

cp.pacir ?

(2)

rae lyjomi, — MUHAMaIBbHBIN TOK Ipu ofgHO(daszHoM K3, KA,

| cp pacn — TOK CpabaTBIBaHMS HIIEKTPOMATHUTHOIO PACLIEITUTENS.
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[TponsBeneM BEIOOP BBOJHOTO aBTOMATHYECKOTO BhIKTIOUaTesst Ha TIT 417.

OrnpenenuM pacyeTHBIN TOK:

Spm 263,597

I = =
HOpM.pacd \/§ ) UHH \/§ . 0’ 4

=517,4A

rae S, ;,— pacuernas MoutHocts TTI, kKBA (Tabnuua 6).

BriOupaem aBTOMaTtHueckuil BoikiodaTe b BAS5S1-39 ¢ HOMUHAIBHBIM TOKOM
pacuenurens 630 A.
[TpoBeprM BBIKITIOUYATENH IO BHIICYKA3aHHBIM YCIOBUSIM:

- 110 BEJINYMHE TOKA!

liom = lhopu.pacss 630A > 517A

- KOMMYTallUOHHOW CITIOCOOHOCTH:
lorcnmon = lnos 20 KA > 1,3 KA

- 110 YyBCTBUTENBHOCTH K TOKam K3:

10 >125.1 1,2 kA >0,72 kA

cp.pact !

Bce ycnoBus BBINONHSIOTCS, CJIEAOBATEIbHO, aBTOMAT ObLI  BBIOpaH
MPaBUJIBHO.

PesynbpTaTel BeIOOpa BBIKIIOUATENEH Ha ocTalbHBIX TII W Ha OTXOIAITUX
JUHUSX TIPUBEICHBI B Tabmumax 31, 32.

Tab6muma 31 — Ber6op u mpoBepka aBTOMAaTHYECKHUX BBIKITIoUaTeneit Ha BBogax TT1

napaMeTpsl BBIKITIOYATENS YCIOBUS
TII BrIkarouarens
Inom, A | Im.pact, A |lomcwnoms KA | lpaca, A | Ino, KA I(l)no, KA

TII 425 BA51-37 400 320 18 284.6 | 7.067 2.19
TIT 713 BAS51-37 400 400 18 384.2 | 10.547 3.35
TIT 417 BAS51-39 630 630 20 517.4 |12.115 4.04
TI1 414 BAS88-40 800 800 35 549.3 | 12.61 4.16
TIT 415 BA51-37 400 400 18 355.0 [10.315 3.30
TIT 719 BA51-35 250 250 18 200.1 | 6.844 2.13
TIT 423 BAS51-41 1000 1000 50 764.4 | 12.44 4.12
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ITponomxkenne Tadmuisr 31

1 2 3 4 5 6 7 8
TI1 707 BAS88-40 800 800 35 508.4 |10.235 3.28
TI1 706 BAS51-37 400 400 18 330.6 |10.119 3.25
TII 403 BA51-39 630 630 20 528.4 | 12.49 4.13
TII 704 BA51-39 630 630 20 623,4 |12.115 4.04
TII 429 BAS51-37 400 400 18 388.5 | 9.958 3.21
TII 716 BAS51-39 630 630 20 607.6 | 12.282 4.08
TII 714 BAS51-35 250 250 18 198,3 | 6.844 2.13

Tabmuma 32 — BeiOop u mpoBepka aBTOMATHYECKUX BBIKITIOUATEICH HA OTXOSIIUX
mnanii 0,4 kB

TI Ne BAIKIOATENE [TapameTpsl BRIKITIOUATEIIS VYcnosus
JIMHUHA Inom, A In.paci, A | lorcnnom KA | lpacas A|lno, KA I(l)no, KA
1 2 3 4 5 6 7 8 9
TII 425 1 BA51-31 100 80 18 66.24 | 7.07 0.22
2 BA51-33 160 160 18 135.18| 7.07 0.50
3 BAS51-31 100 100 18 83.17 | 7.07 0.32
4 BA51-35 250 200 18 176.64 | 10.55 0.37
TI1 417 1 BA51-33 160 125 18 97.89 | 10.55 0.34
2 BA51-33 160 125 18 109.66 | 10.55 0.32
3 BA51-35 250 200 18 170.01| 12.86 0.30
4 BA51-35 250 200 18 180.32 | 12.86 0.48
5 BAS51-33 160 160 18 123.64 | 12.86 0.27
TI1 414 1 BA51-33 160 160 18 149.40| 12.86 0.29
2 BA51-31 100 50 8 37.09 | 12.61 0.30
3 BA51-33 160 125 18 110.22 | 12.61 0.23
TII 415 1 BA51-35 250 250 18 236.66 | 12.61 0.54
2 BA51-33 160 160 18 129.39| 12.61 0.56
3 BA51-35 250 200 18 170.81| 12.61 0.36
TII 423 1 BA51-31 100 80 18 59.76 | 10.32 0.26
2 BAS51-31 100 100 18 82.17 | 10.32 0.26
3 BAS51-31 100 63 8 50.34 | 10.32 0.27
4 BA51-37 400 320 18 298.87 | 10.32 0.60
TIT 719 1 BA51-33 160 160 18 14459 | 6.84 0.35
2 BAS51-33 160 160 18 134.68| 6.84 0.53
3 BA51-35 250 250 18 244,93 | 12.44 2.39
TII 424 1 BA51-35 250 250 18 246.26 | 12.44 1.63
2 BAS51-35 250 250 18 247.58 | 12.44 1.78
3 BA51-37 400 320 18 261.27| 12.44 1.16
4 BAS51-35 250 250 18 244.93| 12.44 2.15
5 BA51-37 400 320 18 254.21| 12.44 1.09
6 BAS51-37 400 320 18 247.58 | 10.24 1.50
TII 707 1 BA51-37 400 320 18 250.23| 10.24 1.39
2 BA51-37 400 320 18 247.58 | 10.24 1.15
3 BAS51-37 400 320 18 252.88 | 10.24 1.39
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[Tponomkenne Tabauisr 32

1 2 3 4 5 6 7 8 9
4 BA51-31 100 80 18 65.00 | 10.12 | 0.52
5 BAS51-31 100 50 8 37.09 | 10.12 | 0.63
6 BA51-31 100 100 18 77.63 | 10.12 | 0.33
TII 403 1 BAS51-33 160 160 18 150.85] 10.12 | 0.73
2 BAS51-37 400 320 18 2849111249 | 0.45
3 BA51-37 400 320 18 255.33|12.49 | 0.62
4 BAS51-31 100 63 8 50.78 | 1249 | 0.23
5 BA51-33 160 160 18 152.70| 12.49 | 0.47
TII 704 1 BAS51-35 250 250 18 201.88| 1249 | 0.69
2 BA51-33 160 160 18 147.20)12.12 | 031
3 BA51-33 160 160 18 122171 12.12 | 0.35
4 BAS51-33 160 160 18 132.48]12.12 | 0.41
TII 429 1 BAS51-33 160 125 18 11555 12.12 | 0.25
2 BA51-31 100 100 18 86.90 | 9.96 0.26
TII 714 1 BAS51-33 160 125 18 104.66| 9.96 0.28
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8 MOJIHUE3AILINTA U 3A3EMJIEHUE TTOICTAHIIAA JICK

8.1 3azemuienne nmoacrannuu JJCK

3a3eMJISIOIIME YCTPOICTBA SIBISIOTCS COCTABHOM YaCThIO 3JIEKTPOYCTAHOBOK U
ciyxaT njsi oOecriedyeHuss HEeOOXOJAMMOTro YpPOBHS 3JIEKTPOOE30MacHOCTU B 30HE
OOCTy>KMBaHUSI DJEKTPOYCTAHOBKM M 3a €€ MpelejaMu, s OTBOJa B 3EMIIIO
MMITYJIbCHBIX TOKOB C MOJIHUEOTBOJIOB U Pa3psIAHUKOB, MJI CO3JaHUSI LENH MpU
paboTe 3aIUThI OT 3aMbIKAaHUHN Ha 3EMJTIO.

3azeMysitoniee  yCTPOMCTBO — NPENCTaBIsACT COOOW  CIOKHYIO  CHCTEMY.
Jluneiinpie pasmepsl U oOmas Gopma ITOW CHUCTEMBl ONMpPENEseTCs KOMIIOHOBKOM
NeKTpoobopynoBanua. OOBIYHO O3TO CeTKa C NPSIMOYTOJBHBIMHU sSUCHKaMH, C
KOTOPOM COEIUHSAIOTCA BEPTUKAIBHBIE 3JIEKTPOJIbI MOJHUEOTBOJIOB. Kpome ToOTO,
BEPTUKAJIBHBIE 3JEKTPOAbl MOTYT YCTAaHABJIMBATHCS W MO MHEPUMETPY CETKH, IJIA
JIOCTUKEHUSI HOPMUPOBAHHBIX 3HAUCHUN COMTPOTUBJICHUS 3a3€MIIUTES.

B smekTpoycraHoBKax HanpspkeHueMm Bblie | kB cetm ¢ wm3onmmpoBaHHOM
HEWUTpaJbl0 COMNPOTUBICHUE 3a3€MJIAIONIETO YCTPOMCTBA TMpPU MPOXOKICHHUU
PAcyeTHOTO TOKAa 3aMbIKaHUs Ha 3€MJIIO B JTI000€ BpeMs Trojia corjacHo [15] momkHo
OBITH:

R< @ : (99)

rjae | — pacueTHBIN TOK 3aMbIKaHUS HA 3eMJTI0, A.

ComnpoTuBIIeHHE 3a3EMIISIFOIIETO YCTPOKCTBA HE AOJKHO IpeBbimaTth 10 Om.

BeHI/I‘lI/IHy CMKOCTHOI'O TOKa IJIA ceTen ¢ HCU30JIUPOBAHHBIMU ITPOBOJaMHU

PEKOMEHTYETCsI, ONPEIEIATh CIASAYIOIIUM 00pa3oM:

| o =—tow —X (100)

rae U, — HOMHHAJIBHOE HalpshKEeHUE CeTH, KB;
L — cymmapHas ajuHa JUHUN, KM.

Cymmaphast jyiHa cMexHbIX JmHHE 35 kB (otxomsammx ot IIC JICK)
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coctaBisieT 15,6 km.
CyMMapHbIii EeMKOCTHBINA TOK CETH OMPEACIISIETCSI KAaK CyMMa OITMCAHHBIX BBIIIE
COCTABJISIONINX JJISI BCEX raJlbBaHMYECCKH CBSI3aHHBIX IMHUI CETH.

CyMMapHBbIil eMKOCTHBIN TOK B ceTu 35 kB paBeH:

35-15,6
lcss =————— =156 A.

COHpOTI/IBHCHHe 3a3CMJIAIOIICTO YCTPOﬁCTBaI

R S%ZZSOM.

Tak kak cormacHo IIYD compoTuBIICHHE 3a3eMIISIIONIETO YCTPOWCTBA HE
JOJDKHO nipeBbiaTh 10 OM, To B JajdbHEHIINX pacueTax npuHumaeM, uto R <10 Owm.
Cormacio mmany IIC JCK, onpenenum r1uiomanb S moxacraHUU

HCHOHBSYCMOﬁ 1101 3a3CMJICHHC:

S=(38+2-1,5)- (55,4 +2-1,5)=2394,4 m*

[IprHMMaeTca quaMeTp W JJIMHA NPYTKa Uil 3a3€MIIMTENA: d=10 wmm,
L, =5 m. Cedennie JaHHOTO NMPYTKa COCTABIAET Sy = 78,5 MM

BriOpanHblii MPYTOK TPOBEpPSAETCS HA TEPMHUYECKYIO CTOMKOCTH TOKaM
KOPOTKOTO 3aMbIKaHUs 10 (HOopMyJIe:

BriOpanHoe ceueHue npoBepsieTcs Ha KOPPO3HMOHHYIO CTOMKOCTH MO popmyre:

Fop=78,(d,,+3,,) . (101)

rae Ocp — CpemHsas TiyOMHAa KOPpO3WM, IO CEUCHUIO TPOBOJIHHKA,
ompezensiemast mo GopMmyiie:

8., =a,-In(T) +b,_-In(T) +c_-In(T) +d,, mm (102)

cp

rae T — pacueTHBIN CPOK CITy)ObI 3a3emiuTess, 240 MecsIeB;

a, , Dk, Cx, Ox — KO3 duLEeHTEI, 3aBHCALINE OT TPYHTOBBIX YCIOBMIA.
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5., =0,0026-In(240)’ +0,00915- In(240)’ +0,0104- In(240)’ +0,0224 =

=0,782mMm;

F.op =3.14-0,78(10+0,78) = 26,49 mv’.

KOp

[lonTBepkaeTcss MPaBHWIBHOCTH BHIOOpA CEYCHHS] TMPYTKOB AT 3a3€MIIUTEIS

MMOACTaHIIMU COTJIACHO YCJIOBHIO!:

Sl‘[p.B. 2 FKOp '
78,5 Mm> > 26,49 Mm®

I'myOuHa 3aneraHusi rOPU30HTAIBHBIX JIEMEHTOB 3a3€MJIMTENSI TPUHUMAETCS
0,8 MeTpoB.

[Tonp3ysch IMJIaHOM PaCIOJIOXKEHUS O0OpYJOBaHMS, 3AaHUNU U COOPY>KEHUI
MOJCTAHIMU, OMNPEIECIACTCI MECTOPACIOI0KEHUE W JJUHA  TOPU30OHTAIBHBIX
3a3eMJIMTEIICH, PUHUMAsT BO BHUMAHUE, YTO Pa3MeEpPhl SUEEK 3a3EMIIIOLICH CETKH,
MPUMBIKAIOIIEH K MeCTaM MPHUCOCIMHEHUS HEUTpasiel CHIIOBBIX TpaHC(POopMaTopoB
HE JIOJKHA MPEBBIaTh 6 X 6 METPOB.

ITpou3BOMM KOHCTPYKTHBHOE BBITIOMHEHHE 3azemisitonieii cerku. Ctopona d

YCJIOBHO ACIINTCA HAa OCJIOC YUCJIO C IIaromM aq =6 M.

CyMmapHasi [JMHa TOPU30HTAJIbHBIX 3a3€MIIMTENICH OINpeNenseTcss 1o

bopmyie:

L-| S .2:(%)2:798,13 M. (103)

a,

[IpeacTaBuM 1UIOIIAAb MOACTAHIIMN KBAaIPATUYHONW MOJEIBIO CO CTOPOHAMH 4,
Toraa a =+/2394,4 =48,93 wm.

Yucio ssueeK B 3TOM CJIydac OInpcACiIsACTCA Kak:
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L 798,13
m=— 1=

=20 _1-7,16
2.a = 248,93 (104)

IIPUHAMAEM 3HAYECHUE — 8 ITYK.
JnuHa staeiiku @, =a/m=48,93/8=6,1wm.

JIiiHa TOPU30OHTAIBHBIX MOJIOC B 3TOI MOJIENN ONpeAeseTcs no popmyIie:
L=2-a-(m+1)=2-48,93-(8+1) =880,8 m. (105)
KonndecTBo BEpTUKAIBHBIX AJIEKTPOJAOB HAXOAUTCS U3 BBIPAKCHHUS

N - 4.a :4.48’93:33,62,

A 6 (106)

_a,
B
IB

re &, — pacCTOsIHAE MEXy BEPTHKAIBHBIMH JJIEKTPOaMH, paBHast 6 M;

|, — AnMHA BEPTUKAIBHBIX JIEKTPOJIOB, M.
OxkpyrisieM 10 OJvKanuIero 1Mexoro 3HadyeHust N,= 34 mir.
OrnpeneneHue CTallMOHAPHOTO COMPOTHUBIICHUS 3a3€MJIMTEIISI, BHIMIOJHEHHOTO B

BUAC CCTKH.

A 1
R == M )
o =P (\/§+L+nB-IJ (107)

r€ p — YAEIbHOE COMPOTUBICHUE TPYHTA;

A — mapameTtp, 3aBUCSIIHIA OT COOTHOLICHUS | / \/g , paBHbIii 0,05.

R., =100- 0,05 + 1 =0,320m.
' 48,93 798,13+34-5

I/IMHYJIBCHOC COIMPOTHUBJICHUC Ru ONpPCACIIICTCA YMHOKCHHUCM COIIPOTUBJICHUA

IIpU CTallMOHAPHOM pekuMe R Ha MMIyJIbCHBINA KOAQOUIMEHT O, , 3aBUCSIINN OT

XapaKTCPUCTUKHU I'PYHTA, 3HAYCHUA UMITYJIbCa TOKA MOJIHUW U THUIIA 3a3CMIIUTCIIA:
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RI/I = RCT ) an’ (108)

. 1500-+/S
"\ (p+320)-(1,, +45)

(109)

rae lyox — TOK MOJTHUH, IPUHUMAETCS paBHBIM 60 KA.

1500- 48,93
o = = 1, 26
"1/ (100 +320)- (60 + 45)

R,=0,32-1,26=0,4 < 10 Owm.

[TomyyeHHOE 3HaueHWE coONpoTHUBICHUE 3azemunTenss MmeHee 10 Owm, dro
COOTBETCTBYET TpeboBanusm 1Y .

8.2 3amuTa oT NpSIMBIX YAapOB MOJIHUHU

Jli1st BBIOOpa HEOOXOIUMOT0 YKCIIa U MECTa PACIIOJIONKEHUSI MOJTHUEOTBOIOB Ha
TEPPUTOPHUH MOJCTAHIIMK HEOOXOIUMO 3HATh 30HBI 3alIUTHl MOJIHHUEOTBOOB. 30HOM
3allUThl HA3bIBAE€TCS Ta 4YacTh MPOCTPAHCTBA OKOJIO MOJHUEOTBOJA, B KOTOPO
BEPOSITHOCTH MPOPHIBA MOJIHUM B 3aIlUIIaeMBbIii 00beKT He mpeBocxoauT 0,05 wim
0,005 OTHOCHUTENBHO BEPOSATHOCTH IIONMAJAHHUS MOJIHMM B CIIy4yae OTCYTCTBUSA
MOJHHUEOTBOAA.

Pacdaer npousBoauTcs st 3anuThl 00bekToB noactanunu JICK, Haxomsmmecs
Ha BBICOTE Ny OT YPOBHSI 3EMIIH:

— 8 M i moptainios 35 kB [9];

— 6 M 11 ocTanbHOro 00opyaoBanus (Beicota 3PY 10 kB).

[Ipranmaem BoicoTy 1 MOHMEOTBOA paBHOM 21 M, BTOpOoro 19 m.
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h=21
h=19

| P JIl fA 42 v 1

PI/ICYHOK 11 - 3oHEI 3dalIUTHI ABYX CTCPKHCBBIX MOJIHHUCOTBOI0B

he=15.6

N —  ———

30Ha 3amUThl OJIMHOYHOIO CTEPKHEBOTO MOJIHMEOTBOJA C BBICOTOM h
IPEACTAaBIIIET KPYroBOM KOHYC C BEpHIIMHOM Ha BbicOTe h,, < h m pagmycom

OCHOBAHWUS I, Ha YpoBHE 3eMJH [9].

h,, =0,85-h=0,85-21=17,8M; (110)
h,,, =0,85-19=0,85-21=16,1m;

1 =(11-0,002-h,)-h, =(11-0,002-21)-21=22,2 m; (111)
fh, =(11—0,002-h,)-h, =(1,1—0,002-19)-19 = 20,2 m;

VcranaBiauBaem JABa OTACJIBHO CTOAIIMUX MOJIHUCOTBOAA.

FpaHI/IHI)I BHYTpeHHeﬁ 06J'I3CTI/I 30HBbI 3alIIUTHI PACCUUTBIBAIOTCA I10 (I)OpMYJ'IeI
_ cr i
li=lo ——, (112)

rae  h., — BbICOTa BHYTpEHHEHW 30HBI 3alIMTHI HA YPOBHE 3€MJIM B CEpEIUHE
MEX1Y COBMECTHO JCHCTBYIOIIMMHU MOJIHUEOTBOIAMH ;

I'co — IIOJIOBUHA IIMPUHBI BHYTPEHHEW 30HBI 3a1[UTHI HA YPOBHE 3€MJIU.

BricoTa BHYTpeHHEW 30HBI 3alIUTBI B CEPEAUHE MEKIY COBMECTHO

JEUCTBYIOIIIUMU MOJIHUEOTBOIaMH OJIMHAKOBOM BBICOTHI OIpeeseTcs no Gopmyiie:
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h, =h,,—(017+3-10*-h)-(L-h) (113)
Jlnst 1 MOJTHUEOTBO1a ONIPEACITUM:

hy, =17,85—(0,17+3-10*-21) (28 -21)=16,6m

s 2 MmorHHUEOTBO1A:

h,,=16,15—(0,17+3-1019)(28-19)=14,6 m

Bricora  BHyTpeHHEW  30HBI  3alllMTBl B CepeauHe Mexay | u 2

MOJIHUCOTBOJOM paBHaA:

h hcrl _h

erl2 = 5

16,6-14,6

cr2

=15,6 M (114)

PaI[I/IYC 30HBI 3allIUTbl MOJIHMCOTBOJA4 HA BBICOTC h 3allUINACMBIX IIOPTAJIOB

35 kB:

h 8
r,=r.[1-—%1=222.11-— |=12,3M,
11~ foa ( hacbl] ( l7.8j M (115)
o=t 1- Dot =2o,2-(1—iJ=1o,2M
S 16.1

[Ipu paccrosiHusx Mexay moiaHueorsogamu h < L., <2 h nonoBuHa mMUpPUHBI
BHYTPEHHEW 30HBI 3alIMTHI HA YPOBHE 3€MJIM PaBHA: I¢=Iy.
['panuibl BHyTpeHHEW 00JacTH 30HBI 3alllUTHI HA BbICOTE MopTasioB 35 kB

OIIPEENSIOTCS CIEAYIONIM 00pa3oM:

h,, —h 16,6 -8
rclzrcm-(”‘TF"G‘j:ZZ,Z-( 166 J:11,5M (116)

1

H
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14,6—8)

rczzzo,z-(

r,—r, 11,5-91
cl2 2

=10,3m (117)
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9 OIEHKA HAJIEXKHOCTHU CETU ITOCJIE PEKOHCTPYKIINN

HanexxHocTh onpenensercs, Kak CBOMCTBO 0OBEKTa COXPaHSATh BO BPEMEHH B
YCTAHOBJIEHHBIX TMpEJesax 3HA4YeHUs BCEX MapaMeTpoOB, XapaKTEPU3YIOLINX
CITOCOOHOCTh BBIMIOJIHATE TpeOyemble (YHKIIMU B 3aJaHHBIX PEKUMaX M YCIOBHSIX
INPUMCHECHHS,  TEXHUYECKOIO0  OOCIY)KHMBaHHUSA,  PEMOHTOB,  XpaHCHHS W
TPAHCIOPTUPOBKU. B  TaHHOM IyHKTE, OMNpEICIICHUE HAIECKHOCTU CXEMBI
AIEKTPOIHEPTETUUECKON CHUCTEMBI OyJeM IPOBOJAUTH AHAJUTUYECKUM METOJIOM.
JIaHHBIT METOJA TO3BOJISIET KOJWYECTBEHHO OLEHUTh HANECKHOCTH JJIEKTPUYECKOU
CXEMBI J1000M CIOKHOCTH. OH OCHOBaH Ha KOMIIO3UIIMH CHCTEMHOI'O aHajin3a Hu
TEOpUU  BEpoATHOCTEM. Ero  CymHOCTh  3aKifo4aeTcs B ONPEACICHUU
KOJINYECTBEHHBIX BEPOSITHOCTHBIX 3HAYEHUN IMOKa3aTeNed HAJIC)KHOCTH, K KOTOPBIM
OTHOCSITCS: TIOJIHOE TIOTAIlIEHUE CXEMbl, Pa3pbIB TPAH3UTA, OLIEHKAa BO3MOKHBIX
HEJIOOTITYCKOB 3JIEKTPOIHEPTUU MPU YACTUYHBIX OTKA3aX CXEMBI.

Paccmorpum Hanéxuocts TII 10/0,4 xB, m moaxomsmux K HEH JUHUH,
MUATAIOIICHCA OT LIEHTpa NMUTaHus. 3a pacu€THyto cxeMy npuHAat yyactok JICK - TII
417. Cxema 3amemenust ydyactka cetu [JJCK - TII 417 B HOpMabHOM pEXHME,

Ipe/cTaBlieHa Ha pUcyHKe 12.

B B
/7 A1
P P
Ip Ip
AB AB
U ABP u

ai
REE:

Pucynok 12 - Cxema 3aMelieHusl B HOPMaJbHOM PEXKUME
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Hcxoansle nannble 1 pacyéra qaHbl B Tabmuie 33.

Tabnuna 33 — Micxoanble nanHbIe I pacuéra HaAEKHOCTU

Cpenus Cpennee Bpems
Cpensis Cpennee BpeMs 4acToTa peal p
DJeMEHT CXeMbI Hacrota BOCCTaHOBJICHU, IIAHOBBIX HHaHOBOZO
3aMelieHUs YCTOHYHMBBIX o OTKITIOeHH, BOCCTaHOBJICHHS,
0TKa30B, A B> 1 .
Breixnmrouarens
10 kB 0,003 11 0,14 8
PaswpenuuauTens,
10 «B 0,01 7 0,166 4
ABTOMaTHYECCKUI
BBIKJIFOYATENb 0,02 4 0,33 10
0.4 xB
JInnug 0,4 kB 0,25Ha 1 XM 2 0,17 5
JIuansa 10 kB 0,076 Ha 1 xm 5 0,17 6
Tpancdopmarop
10/0.4 0,016 50 0,166 150

Pa3pe3a;1 CXCMYy IIO ABP, I[Mojady4acM ABC OTIACIIBHBIC HOCIIOYKH, IJISI KOTOPBIX

6YII€M IIPOBOJAHUTL PACUCT. PaccunTaem mnokazartenu HAJIC)KHOCTU IS DJIEMEHTOB

cxembl. CpenHssa yactora yctonunBbix 0TkazoB BJI 10 kB onpenenena kak MoAens:

A

BT

=Ny +A

‘BJlycm ‘BJIneycm

T Agjpyem — BEPOATHOCTB OTKA3a NpHU yCTOMUMBOM K3;

ABJjiyem — BEPOSTHOCTD OTKa3a IpH HeycToiunsom K3.

ﬂ’Bﬂycm =1 'ﬂ’Bﬂ '
‘BJIneycm =a: ﬂBﬂycm '

rae | — nmaa muann, KM,

(118)

(119)

(120)

0. — K03 GUIUEHT CPeIHEH YacTOThI HEYCTONYMBBIX OTKA30B, [4].

Az =0,67-0,076+2-0,67-0,076 = 0,153,

Ay, =0,67-0,076+2-0,67-0,076 =0,153,
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Ay, =0,3-0,076+2-0,3-0,076 = 0,225,
Ayya =0,32-0,076+2-0,32-0,076 =0, 24,
Ayys =0,36-0,076+2-0,36-0,076 =0,27,
Aye =0,4-0,076+2-0,4-0,076=0,3.

CpenHsast yacTtoTa YCTOMYMBBIX OTKa3oB Bbikiouatenss 10 kB rtaxxe

OIIpCACICHA KaK MOJCIIb:

//LBlOJuodeﬂb = ﬂ’ebm.lO + 2 ) ﬂ’paﬂo (121)

Agoron. =0,003+2-0,01=0,023.

[IponsBeném pacu€r mokasareied HaIEXHOCTU JIsI HOPMAJIBHOIO PEXUMA
cxembl. OnpenenuM napameTpsl IOTOKA OTKA30B MEPBOM U BTOPOM LIENEN, YUUTHIBAS

UX TIpeJHAMEPEHHBIE OTKIIOUEHHUSI, MOJIb3YSICh CAeAyoIIeH (HOopMYIIOii:

ﬂ’c = zﬂ'l +2’np.Hau6 ' (122)
i=1

TOE Aup uaus — HAMOOJBIIAS CPEAHAS YACTOTA IUNIAHOBBIX OTKIIOYEHUH LEMOYKH.

Pacuér nns mepBoi U BTOPOM LEMOYKH:

+A

mpl0

A=A, +A, +A

BbIK 7l ‘paz10

A, A2 A, A A+ A, A =

np.naub

=0,023+0,153+0,01+0,016+0,02+2-0,02+ 0,225+ 0,24 + 0,166 = 0,893,

ﬂ’cl:}L +ﬂ“.72+/1

BbIK ‘paz10

+A

mpl0

+A, 42 A, A A+ A+ A

np.naud =

=0,023+0,153+0,01+0,016+0,02+2-0,02+ 0,27+ 0,3+ 0,166 =0,998 .

OmnpezenseM BEPOITHOCTh OTKA30B 000MX LIETEH:
n

q,=2 4t (123)
i=1

Taxk kax tgj, 31aHO B Yacax, TO €r0 HY>KHO BBIPa3UTh B TOJaX, TOT/A:
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Lt

= 124
58760 (124)
CJ'IGI[OB&TGJILHO, BCPOATHOCTHU OTKa3a COCTABAT:

q =1 . _6.6bIK . te./zl + A ,_6-pas ,_6mp . _6.as
o' 8760 ™ 8760 7 8760 "™ 8760 8760
A, ey o ) 1) Y2003 22 10,1532 40,010+
8760 8760 * ° 8760 8760 8760
+0,016- S0 +0,02- 4 2.0,02.i+i-(0,225+0,24)=
8760 8760 8760 8760
=3,501-107*,
t t6 a3 6.m,
q2 — ﬂghm . _6.6bIK +/1_72 ._eual +/1 - P +/1m ,_6.mp o 6.a8
8760 8760 7 8760 ™ 8760 8760
2., -—was LR (A5 +4,4)=0,023- A +0,153- S +0,01- —— 8
8760 8760 ° ©° 8760 8760 8760
50 4 4 2 B
+0,016 - ——+0,02- ——+2-0,02- ——+——-(0,27+0,3)=3,741-10*.
8760 8760 8760 8760

OnpenenuMm cpeHee BpeMsi BOCCTAHOBIIEHUS KaXKI0M 1eMH:

t & ql — qi
Be -
/I /1 ﬂ'l o 2'np.l-tau6
-4
R S - 5 [PV
=2z 0,893-0,166
-4
t, = q1 _3,501-10 8760=4.22 4.
ﬂ'l np naud 0’893_ 0’166

OnpenenHM mapamMCcTp IIOTOKAa OTKAa30B CHCTCMEI,

mapauICIbHBIX 3JICMCHTOB!
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A, = Zﬂ:zil;[(/z, 4+ A, -tnp,) (126)

i#]

0,727-150-0,166 +
8760

A, =0,893-3,741-10* +0998-3,501-10* +
+0,832-150- 0,166

=5,113-10" 1/rox.

Haitném cpeHior0 BEpOSITHOCTD COCTOSIHUA OTKa3a CUCTEMBI:
n n n
qc = KIY.C. :Hﬁ“l .tBi +HKnpi .ﬂ’np .tnpi Hﬂ'z 'tBi ! (127)
i=1 i=1 =
i#]

rie K, — KoopQuiuenT, yanTeiBaromui pakTop yMEHBIIECHUS BEPOSATHOCTH

NpCaAHaMCPCHHOI'O OTKIIFOYCHUA OAHOI'O 3JICMCHTA U aBapHﬁHOFO OTKIIOYCHUA

APpyroro.
K, =1t (128)
Knpl :1_effnp1/f32 :1_ e—150/3,94 :1’ Knpz zl_effnpzlfgl :1_8—150/4,22 :1.
Torna:
qc = ql ) q2 + Knpl ) ﬂ’npl .tnpl ) q2 + Kan ) ﬂ’an ) tnp2 ) ql = 3’ 50110_4 ) 3’ 74110_4 +
—4 —4
+l 0,166-150-3,741-10" +1-0,166-150-3,501-10 —2189.10°.

8760

Haiiném cpennee Bpemsi 0€30TKa3HOW pabOThI CUCTEMbI, U PAacCUETHOE BpeMs

0e30TKa3HON PabOTHI:

- 1

Te=— 129
) (129)

T,=—In(l-a)-T. (130)

Te =% =195,569 ner, T, =In(1—0.1)-195,569 = 20,605 et .
5113-10
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CpezLHee BpEMs BOCCTAHOBJIICHUSA CHCTEMbI WM MATCMATHUUYCCKOC OXKHWIAHHC

HEJOOTIIYIIEHHOHN 3JIEKTPOIHEPTUU:

9%
tye =% (131)
Wl-te() = qc ’ Pmpeﬁ ) TF (132)
Torna:
-6
BC :i: &10_3 8760:3,751 q,
4. | 5,113-10

W, =2,189-10°-(400-2-0,7-0,8)-8760 =8,592 kBr-u.

Tenepp HEOOXOAMMO OLEHUTh HAAEKHOCTh CcUCTEeMbl C yudetom ABP.
Pe3epBupoBaHne 3aMENIEHUEM HA3bIBAETCS TAKOE PE3EPBUPOBAHME, MPU KOTOPOM
PE3EpBHBIC DJIEMEHTHI BKIIFOYAIOTCS TOJBKO IIOCIE aBTOMATHYECKOTO OTKIIFOUEHHSI
OTKa3aBUIMX 3JIEMEHTOB. Pe3epBupoBaHME 3aMellleHUEM ONUChIBaeTca (HOpMysoin

ITOJTHOM BEPOSITHOCTH, TO €CTh C yueToM ABP:

0.(1)=d(S/AA)-p(A)-p(A)+a(S/AA, )-a(A)- p(A)+
+4(S/AA)-p(A)-a(A)+q(S/ AAz)-a(A)-a(A,), (133)

rae (S/A14;) — yciioBHas BEpOSITHOCTh OTKa3a CHCTEMbI IMPH OTCYTCTBHH
OTKAa30B ammapaTyphl;

q(S/A145) — To ke Tpu OTKa3e B OTKIIFOUEHUHU OTKA3aBIIETO DJIEMEHTA;

q(S/A145) — To ke Tpu OTKa3e BO BKIOYEHUH PE3CPBHOIO DIIEMEHTA,;

q(S/A14,) — To Ke pH COBMAJCHUN O0TKa3a B OTKIIOYCHUH C OTKA30M BO

BKJIIOYCHUU;

P(A1),p(A1) — COOTBETCTBEHHO, BEPOSITHOCTh OTCYTCTBHUS OTKa3a U BEPOSTHOCTh

OTKa3a BO BKJIFOUCHHUU,
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P(A2),p(Az) — COOTBETCTBEHHO, BEPOSATHOCTH OTCYTCTBHS OTKa3a H BEPOSITHOCTh

OTKa3a BO BKIIFOUCHUH.

Ka;mmﬁ H3 HO’I‘pC6I/ITeHCﬁ MOJKCT OKa3aTbCsA IMPHUCOCIWMHCHHBIM K OI[HOﬁ u3

CEKIHUI IIHMH C BEPOATHOCTHIO 0,5, MO3TOMY:

a(S/ A, )=a(S/ AR)=q(S AA)=05.
Torna:

a(A)=q(A) =2 tew 0024

=9,132-10°°,
8760 8760

p(A)=p(A)=1-q(A)=1-9132.10° =1.

Torna dhopmyra MoaHON BEPOATHOCTH OYJET UMETH BUJL:

0,50 (t)=2,189 10°.1-1+0,5-9,132-10°-1+0,5-9,132-10° -1+
+0,5-2-9,132-10°=2,045-10".

B HOCHeaBapHﬁHOM PCKUMC pacqéT 6y,Z[CT dHAJIOI'NMYCH BBIINIC HU3JIOKCHHOMY,

OJIHAKO, CXeMa MTOMEHSETCS, U pacu€T OyAeT MPOXOAUTH TOJBKO JJIS OJJHOM IIEMH.

PaccMoTpum pexuM, mpu KOTOPOM OJIMH U3 TpaHCHOPMATOPOB BBIWIET M3

W TMTaHue OyaeT ocymiecTBiAThesa depe3 ABP. Cxema 3amernieHus

AIEKTPUUYECKOUN CETH OYJIeT UMETh CJICAYIOIINI BU/I;

B
/A1

Tp
AB
U ABP

—
LI

E 45 E g 45 E

/13 /14 /15 /16

Pucynok 13 - Cxema 3aMelieHus B MocieaBapuitHOM pexKUMe
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Pesynbratel pacuéra, s 000MX PEKUMOB CBEICHBI B Ta0uIy 34.

Tabnuna 34 — Pe3ynbTaThl pacueTa HOPMAJIBHOTO U IMOCIEaBAPUIHOTO PEXUMA

HopMmanbhblii pesxxum

ITocneaBapuitHbIN PEXUM

Hoxazaremt T 417 T 417
[TapameTpsl TOTOKA OTKA30B, lc 0,005113 1,463
CpenHsist BEpOSITHOCTb COCTOSIHUS
0,000002189 0,0007128
oTKa3a cuctemsl (,
Cpennee Bpemst 6€30TKa3HOM
= 195,5 0,684
pabots, T, ner
PaGouee Bpems 6e30TKa3HOM
T 20,6 0,072
paboTEL Tp , JIeT
Bpemst BocCTaHOBIICHUS CUCTEMBI,
t 3,75 4,27
pc> 1
CpenHuii HeT0OTITYCK
P Y 8,592 2797

snexrposneprun, W ., kBru

ITo pe3yiibTaTaM pacqéTa MOXXHO CACJIaTb BbIBOJA, 4YTO CHCTCMAa B

HOCHeaBapHﬁHOM COCTOIHHMHN CKJIIOHHA K 6OJII>IH€My YuClIy OTKa30B, BBICOKaA

BCPOATHOCTL OTKIKOYCHHA KAaKOI'O 00 9JICMCHTA, BpCEM:, HGO6XOI[I/IMO€ JJIA

PEMOHTaA, BO3paCTACT, a4 TAK JKC CHUCTCMa HCCCT OoJIBIIIHE Y6BITKI/I OT HCOOOTIIYCKa

DIIEKTPOIHEPTUH.
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10 PEJIEMUHA S BALLIUTA

10.1 O0mue NPpUHIMIIBI MOCTPOEHMS 3AIAT

Peneiinas 3ammra COAECPKUT TPU YACTH: HU3MEPUTEIBHYIO, JIOTUYECKYIO H
BBIXOJIHYI0. B M3MepuTenbHyto 4acTh BXOJSAT U3MEPUTENIbHBIC U MTyCKOBBIE OpraHbl
3alllUThI, KOTOpPbIE BO3JEHCTBYIOT Ha JOTMYECKYI0 YacTb NPH OTKJIOHEHUU
ANEKTPUUYECKUX TapaMeTpoB (TOKA, HAMPSHKEHUS, MOIIIHOCTH, COMPOTHUBJIEHUS) OT
3HAYEHUMN, TPEIBAPUTEIHHO 3aJaHHBIX JJIs 3alIUIIaeMOro 00OBEKTa.

Jlornyeckasgs 4acTb COCTOUT M3 OTACJIBHBIX NEPEKIIOYAIOIIUX 3JIEMEHTOB M
OpraHOB  BBIJIEP)KKM  BPEMEHHU, KOTOpPbIE TMPHU  OMNPEACICHHOM  JEHCTBUU
(cpabaThiBaHUU) W3MEPUTEIBHBIX M IYCKOBBIX OpPraHOB B COOTBETCTBUHU C
3aJI0)KEHHOM B JIOTUYECKYIO YaCTh IPOrPAMMON 3alyCKaIOT BBIXOJHYIO YaCTh.

BbIxo/1Hast 4acTh CBS3BIBACT PENECHHYIO 3aIIUTY C IEMSIMHU yIPABICHUS] KOMMY-
TallMOHHBIMU anmnaparamu (BBIKJIIOUATENISIMU) W YCTPONCTBAMH IMepefayud KOMaH]]
M0 KaHajaM CBSI3M M TeJIEMEXaHUKU. BBIXOJHBIE OpraHbl 3allUThl UMEIOT Ha
BBIXO/IE€ TEPEKIIIOYAIOUINE AJIEMEHThl JOCTATOYHOW MOULIHOCTH, OOecredyrBaroIne
paboTy Lienel yrpaBieHHUs.

J1o oceIHETO BpEMEHU BCE OpraHbl PEJICHHON 3alIUThl BBITOJIHWINCH TOJIBKO
C MOMOIIIBIO JIEKTPOMEXaHUUECKUX perie. Takas anmaparypa ycTapeia U HyKJIaeTcs
B 3ameHe. Ha Hell TpyaHO JOOUTBCS  BBICOKOM TOYHOCTH, OBICTPOACHCTBUS,
BBITIOJIHUTH CJIOKHBIE XapakTepucTuku. g mopmepxkaHusi pabo4yero COCTOSHUS
3alMTBl  TPeOYyIOTCS  3HAYUTENbHBIE  TpyJdo3aTpaTbl  HAa  TEXHHYECKOE
oOcimykMBaHue. Amnmaparypa 3aHHUMaeT MHOTO MecTa W TpeOyeT OO0JbIIoro
KOJIMYECTBA DJIEKTPOTEXHUUYECKHX MATEPHATIOB.  3HAYUTENbHOE  MOTpeOJIeHHE
DHEPrul TpPeOyeT MOIIHBIX WCTOYHHUKOB NMHUTAHHS OIEPATUBHBIM TOKOM, a TaKKe
OOJBINIONM MOIIHOCTH HW3MEPUTETBHBIX TpaHC(HOPMATOPOB TOKA U HAIPSIKEHUS.
Hepenko HOBble TpeOOBaHUS K peEJIEHHON 3allMTe HE MOTYT OBITH YAOBJIETBOPEHBI
M3-32  HECOBEPILIEHCTBA  alMapaTypbl, COJEpXKalled  AIEKTPOMEXAHUYECKUE
YCTPOUCTBA.

OcHOBHBIE XapaKTCPUCTUKKU MHUKPOIPOLNCCCOPHBIX 3alIUT 3HAYUTCIHbHO BLBIIIC
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MUKPODJIEKTPOHHBIX, a TeM O0oJyiee 3JIEKTpOMEXaHW4YecKux. B wyacTHOCTH, 3TH
PEUMYIIECTBA 3aKIOYAIOTCS B CIEYIOIIEM:

— TIOBBIIICHUM ammapaTHOW HaJEKHOCTH, MAacChl U TabapuTOB YCTPOMCTB
Omaromapsi CyIIECTBEHHOMY YMEHBIIICHUIO YHCIA UCIOJB3yeMbIX OJIOKOB U
COCJIMHCHUM;

— CYILIECTBEHHOM IMOBBIIIEHUH YJI00CTBa OOCTYXKMBAHHS M BO3MOXKHOCTH
COKpaIIeHHs 00CITy>KUBAIOIIETO MEPCOHAIIA;

—  pacHIMpeHHd M  YJAy4YNIEHWHM  KadyecTBa  3alllMTHBIX  (QYHKIUN
(4yBCTBUTEIBHOCTU, CEJIECKTUBHOCTH, CTATUYECKOW U JUHAMHUYECKON YCTOWUYHMBOCTH
(YyHKIHOHUPOBAHMUS);

— BO3MOXHOCTH HETOCPEJCTBEHHOM PErucTpalliyd IMPOIECCOB U COOBITUN U
aHaJu3a BO3HUKIIUX B YHEPTOCUCTEME TTOBPEKICHUN;

— IPUHIIUITHAIBHO HOBBIX BO3MOXKHOCTEH YIPABJICHUS 3alTUTON U Mepejauu OT
Hee nHdopmalu Ha reorpaduyuecku yaaJleHHbIe YPOBHU YIIPABIICHHUS;

— TEXHOJIOTUYHOCTH MPOU3BOICTBA.

10.2 3amuTa cui10BBIX TPaHC(hOPMATOPOB

B oOMoTkax TpancpopmaropoB mMoryT Bo3HuKaTh K3 mMexay dazamu, omHou
Wi AByX (a3 Ha 3eMilt0, MEXIY BUTKAMU OJHOM (pa3bl M 3aMBIKAHUS MEXKIY
oOMOTKaMH  pa3HbIX  HampsbkeHuid. Ha  BBomax — TpanchopmaTopoB U
aBTOTpaHC(OPMATOPOB, OIIMHOBKE U B KaOEIsAX MOTYT Takke BO3HMKaTh K3 mexmy
dazamu 1 Ha 3eMITI0. B sKkcIuTyaTaiiu MOTyT IPOUCXOIUTh HAPYIICHUS] HOPMaJTbHBIX
pPEXKUMOB pabOThI TpaHC(HOPMATOPOB, K KOTOPHIM OTHOCATCS: MPOXOXKJICHUE UYepe3
TpancopMatop Wik aBTOTpaHCHOPMATOP CBEPXTOKOB MPU MOBPEKICHUU IAPYTUX
CBSI3aHHBIX C HUMH DJIEMEHTOB, TIEpPETpy3Ka, BHIICICHUE W3 Macja rOPHYHX Ta30B,
MOHMYKEHUE YPOBHS Mac-Jia, MOBBIIIIEHNUE €r0 TEMIIEPaTyphl.

Cornacuo [TYD tpebytrorcs crneayrorniye 3anuThl Juist TpanchopmaTopa:

— 3ammTa OT BHYTPEHHUX MOBPEKIECHUHN sl TpaHcpopmaTtopoB meHee 4MBA
- MakCuUMaJlbHas 3allluTa W TOKOBas OTCeYKa, IS TpaHC(HOPMATOPOB OOJIBIICH
MOITHOCTH Aud epeHInanbHas 3aIuTa.

— 3ammra OT NOBpEXIeHUA BHYTpU Oaka TtpaHchopmartopa wmiam PIIH -
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razoBas 3ammrta TpaHchopmartopa u ycrpoiictBa PIIH ¢ nelictBuem Ha curHan u
OTKJIIOYECHHE.

— 3amura OT BHEIIHMX KOPOTKUX 3aMBIKaHUN - MaKCHUMaJIbHas 3aliuTa C
OJIOKUPOBKOM IO HaMpspKEHUIo uiau 6e3 Hee. OHa ke HCMONb3yeTcsl Kak pe3epBHAs
3alUTa TpaHC(POPMATOPOB OT BHYTPEHHUX MOBPEXKICHUH.

— 3ammrta 0T OAHO(A3HBIX KOPOTKMX 3aMbIKAHHH HA  CTOpOHax
TpaHcopmaTopa ¢ TITyx03a3eMICHHONW HENTPabIo.

— 3ammra oT eperpy3Ku C JeHcTBUEM Ha curHail. B psae cinyuaes, Ha [IC 6e3
00CITy’>KMBAIOIIETO MEPCOHANA, 3allliTa OT NEPErpy3KH BBHIOIHACTCS C ICUCTBUEM Ha
pasrpy3Ky WM Ha OTKIIFOYEHUE.

Jis 3amuThl TpaHnchopmaTopoB BeIOpaHo ycTpoiicTBo Thna «Cupuyc-Ty.

10.3 Bbi6op paGo4ux 0TBeTBJIEHUI TOKOBBLIX BX0J0B TePMHUHAJIA

Homunanbsubie TOKM 115 TpaHchopMaTopa onpenesstores no Gopmysie:

S

_ HOM.TpP

| =— )
HOM.N \/5 . UHOM.N (134)

rae S — HOMUHAJIbHasi MOIIIHOCTH TpaHCchOpMaTopa;

HOM.Tp
U, . n — HOMHHAJIbHOE HanpsikeHre cTopoHsl N.

Homunansusie Toku Tpanchopmatopa T1 u T2 na IIC ACK paBHbt:

| __ Swwp _ 10000
HoM. BH \/§ ) UHOM.BH \/§ . 35

=165 A,

S
oup 10000 _ o

I =
nom.HH \j§ . UHOM_HH x/§ 11

[Ipu nporekannu B 0OMOTKaX CHUJIOBOTO TpaHcPopMaTopa HOMUHAIBLHOTO TOKa

Ha BXOJAC TCpMHHAJIa Ha6J'IIOI[aeTC$I BTOpH‘—IHLIﬁ TOK B HOMHHAJIBHOM PCKUMC!

wIT.B _

|
HOM. N , (135)

. TT.IT KTP.TT.N

— IHOM.N )
HOM.BTOp.N I
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rae Koprrn =1 i/ e — KO3QduueHT tpanchopmauy H3MEpUTEILHOTO
TpaHchopmaropa Toka CTOpoHbI N;

l.rrn»  loprg — TEpBUYHBIM M  BTOPUYHBIA HOMHUHAJIBHBIE  TOKHU
TpaHchopmaropa Toka cTopoHsl N.

Koaddunments Tpanchopmaiiu TpancpopMaTopoB TOKaA:

KTP.TT.BH =200/5=40

Kpprr i =600/5=120

_165_ 41054
40

HoMm.BTOp. BH

—§=4,3A

wom.BTop.HH 120

[Tpu BeIOOpE paboyero OTBETBJICHUS TOKOBOI'O BXOJa TEPMHUHANA, K KOTOPOMY
MOAKJIIOYAIOTCA BTOPUYHBIE LIEMH TpaHchopMmaTopa TOKa, JOJKHO BBIOIHSATHCS
YCIIOBHUE TI0 MAaKCUMaJbHOMY KOd(DPUIMEHTY 1Iu(POBOTr0 BHIPABHUBAHUS, KOTOPBIM

JIOJDKEH OBITH MeHee aTh 1 6oitee 0,5.

0,5<Kprn 25
|0 =4 125A, BEIOHpaem SA
| =43 A, BeIOUpaem 5 A

10.4 Bbi6op ycTaBok auddepeHuaIbLHOM 3alIUTHI TPaHcdhopMaTopa

[IpononbHas auddepeHmanpHas 3amuTa TpaHcPopMaTopa HCIOIb3YEeTCs B
Ka4eCTBE OCHOBHOW 3allUTHI OT BHYTPEHHUX ITOBPEKICHUN U OT NOBPEKICHUN Ha
BbIBOJIax. JlomkHO ObITH oOecmedeHo HecpabaThiBaHUE 3alMTHI MPU OpOCKaxX TOKa
HaMarHUYHUBaHUS.

Huddepennmanbuas 3ammura TpaHcpopmaropa BkiIodaeT B cebs: JI3T-1

(ObicTponeiicTBytomas  auddepennuansHas  TokoBas — orceuka) wu o JI3T-2
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(uyBcTBUTENbHAsA AudQepeHinanbiHas TOKOBas 3allldTa C TOPMOXKEHHEM OT
CKBO3HOI'O TOKa M OTCTPOMKOM OT OpockoB Toka HamarHnuuBanus (bHT))

— nudepeHuanbHbII Opral ¢ TOPMOKEHUEM;

— nuddepennuanbayio TokoByto oTceuky (JTO).

HuddepeHnnanbHyo 3auTy TpaHchopMaTropa HEOOXOAUMO OTCTpauBaTh OT
MaKCHMaJIbHOTO TOKa HeOajaHca U OT OpOCKOB TOKa HAMarHMYMBaHUS.

Otctpoiika oT Opocka TOKa HaMarHWYMBAHHUS OOECIIEYUBACTCS C MOMOUIBIO
TOPMOKEHHUS OT OJIOKHUPOBKH IO BTOPOI rapMOHUKE U OJIOKUPOBKH 110 (JOpME TOKA.

Topmo3Hast xapakTepucTuka 4yBCcTBUTENbHON ctyneHu [I3T-2 nzobpaxkena Ha
pucynke 14. OHa nocTpoeHa B OTHOCHUTENIbHBIX €JUHULAX, TO €CTh TOKH IPUBEJICHBI

K 0a3ucHOMY TOKYy cTopoHbl BH.

Y 2 lBuch/IGas

3oHa cpabameigaHus

C ~ 60 rpag.

Kmopu, %

100 g(@)

®

101 /l6az | /

Pucynok 14 — Topmo3sHas xapakrepuctuka ctynenu [[3T-2 (uyBcTBUTENbHAS

Imopm/iGas

-

[ X
Im2 / lfas

muddepeHnranpHas TOKOBas 3alIUTa ¢ TOPMOKEHUEM )

Topmo3Has XxapakTepUCTUKA OMPEIEISETCS YCTaBKAMM:
i/ liowBn — MUHHMAJIbHBIN IU(G(GEPCHIUAIBHBIA TOK (OTHECEHHBIH K Ig,;)
cpabaThIBaHUS,

Kiopws %0 — K03 OULIMEHT TOPMOKEHHSI BTOPOI'O Y4aCTKa XapaKTePUCTUKY;
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|5/ lion.BH — TOUKA BTOPOTO H3JIOMA XaPAKTEPUCTHKH.

B xauectBe 6a3UCHOrO TOKa B YCTPOMCTBE MPUHATO 3HAUEHUE YCTaBKU ;o\ pH-

XapakTepuCTUKa UMEET TPU y4acCTKa:

VYyactok 1(oTpe3ok A- B): Touka B(Touka mepBoro u3iaoma xapakT€pUCTHKH)
nojyvaercs kak nepeceucHue yctaBku JI3T-2 — |1/ lyonpn © IPAMOM, TIPOXOIAIICH
yepe3 Havyano koopauHaT U Touky C. Ha gannom yuyactke auddepeHuaibHbIi TOK,
HEOOXOAUMBIN JIJI OTKIIOUCHHS, IIOCTOSIHHEI.

VYyacrok 2 (mexay Toukamu B u C): Touka C onpenensercs AByMsl YCTaBKaMu
HakI0HOM NpAMOi JA3T-2 — K;opy, %0 1 JA3T-2 — liof liouh.

VYyacrok 3 (mpaBee Touku C): Hauanmo JieKUT B Touke C, HAKJIOH yyacTka
MOCTOSTHEH U paBeH 60 rpaaycam.

3uauenue I/l,oypy BEIOHpPACTCS MO YCIOBUIO OTCTPOMKH OT TOKa HeOajaHca

IIpHu IIPOTCKAHNH HOMHUHAJIBHOI'O TOKa Tpchq)opMaTopa:

Izlmb/IGas = KOTC ) IHG.pacq ! (136)

rie K .— ko3dummeHT OTCTpONKH, YYUTHIBAIOMIMN OMMOKHM pacdyera H

HEO0OXOAMMBIN 3amac, MPUHUMAETCA paBHbIM 1,2.
OTHocuTeNnbHBI TOK HeOanmaHca  ompenensercs Kak CcymMma  Tpex

COCTABJISIFOIINX, KOTOPbIE O0YCIIOBIEHBI MOIPEIIHOCTIMU TPAHCPOPMATOPOB TOKA

H6.paca I;I6.pacq + I;;G.pacq + I;,I,6.pact1 1 (137)
opacs = Kuep Ko 871 (138)
Dopaes =AU, (139)
I:ﬁ.pac‘l = fBpr ) I;wq ’ (140)
rae lig e — COCTABIAIOMAS TOKA HebaNaHCa, 00YCIOBICHHAS MOrPEUIHOCTBIO

HU3MEPUTEILHOTO TpaHc(hopMaTopa ToKa;
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knep —  KO3((PULIMEHT, YUYUTHIBAIOIIMM TEPEXOJHOW pexuM (HaId4yue

aneproUYECKO COCTaBIAIONICH ), peKkoMeHayeTcs puHuMath 1,0 cornmacHo /4/;

K — KO3QQUIHEHT OJHOTUIIHOCTH TpaHCchHOpMaToOpoB ToKa. J[mst 3amuThi

onm
Bbpecnep pexomenayercs BO BCEX PEXHMMaxX C 3alacoM MPUHUMATh KO3 UIIMEHT
OJIHOTUITHOCTH paBHBIM 1,0;

€ — OTHOCHTEJIbHOE 3HAYEHHE MOJIHON MOTPEIIHOCTH TPAaHC(HOPMATOPOB TOKA.

Pexomenayerca npuHumath paBHoi 0,05;

n

u6.paca — COCTABIIIONIAs TOKA HeOanaHca, OOYCIIOBJICHHAs PEryIHpOBaHHEM

3alUIIaeMOT0 TpaHChOopMaTopa;
AU— morpentHocTb, OOYCIIOBIICHHAs] PETYJIMPOBAHUEM HAIPSDKEHUS TIOA
Harpy3Koil Ha CTOpPOHAax 3alllMIIAEMOro TpaHcopmaTopa M INpUHHMaeMasi paBHOU

IIOJIOBHUHC UCIIOJIB3YCMOI'0 AUAIIa30HA PECTYJIMPOBAHUA

"

u6.paca — COCTABISIONIASE TOKAa HeOamaHca, OOYCIOBIECHHAS IOIPEIIHOCTHIO

BbIpaBHHBAHHA TOKOB IIJICY B TCPMHUHAJIC 3aIlIIUTHI;

f

IOTPCINHOCTL BbIPABHHUBAHHA TOKOB IIJICY B TCPMHHAJIC 3alllUThI,

BBIp

npuHumMaetcst paBHbM 0,03;

*

|  — OTHOCHUTENBHOE 3HAYEHUE TMEPUOJMYECKON COCTABISAIONIEH TOKa,

pacu

MPOXOJIAIIETO uepe3 3aluiaeMyto 300y npu tpexdaznom K3.

—(1-1-0,05-0,16 +0,03)-12,91=0,490.c.

IH6.pacq
OTHOCHUTENbHBIN HaYaNIbHBIN Au(depeHIInanbHbIi TOK cpabaThIBaHUS PABEH:

LI =K -]

nud © " 6a3 ¢ " HO.pacu

=12.0,24=0,590.c.

Koadpunuent topmoxenus Ko, J0KEH oOecreunBaTh HecpabaTbIBaHUE
CTYIIEHM MpPU CKBO3HBIX TOKAaX, COOTBETCTBYIOIIUX BTOPOMY YYacCTKy TOPMO3HOM
XapakTepucTUKu. Takue TOKM BO3MOXHBI TMpU JIeWcTBUU ycTpoiicTB ABP
TpaHchopmaropos, AIIB nuTaromumx JUHUANA.

KoaddurmenT cHmkeHs: TOPMO3HOTO TOKA PaBEH:
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Kyr =1-0,5 15 .0, =1-0,5:0,49=0,76 (141)

HO.pacy

Koaddurment Topmoskenust onpeaensercs 1no BeIpaKeHUIO:

Koy 2100-K, 1o /K

TOp

(142)

HO.pacyu

Kyopy =100-1,2-0,49/0,76 =77%

Bropast Touka u3moma TOpMO3HOM XapakrtepucTuku lo/lg,; onpenenser pazmep
BTOPOr0 ydacTKa TOPMO3HOM XapaKTEpUCTHKU. B Harpy3ouHoM M aHaJIOTHYHBIX
peXMMax TOPMO3HOM TOK paBeH CKBO3HOMY. llosBnenume BHUTKOBBIX K3 numb
HE3HAUNUTEIbHO W3MEHSET INEPBUYHBIE TOKHM, IIO3TOMY TOPMO3HOM TOK IOYTH HE
U3MEHUTCS. {71 BBICOKOW 4yBCTBUTENBHOCTH K BUTKOBBIM K3 ciemyer, 4ToObl BO
BTOPOM ydYacTOK TOmal peXuM HOMHHANBHBIX Harpy3ok (I/lg,=1), pexum
JTONMYCTHMBIX JIUTENbHBIX meperpy3ok (I./1s,,=1,3). XKenatenpHo, 4TO0OBI BO BTOPOIi
Y4acTOK TMOMajd M PEXKUMbl BO3MOXKHBIX KPAaTKOBPEMEHHBIX IEPErpy30K
(camozamnyck asurarenei nocie ABP, myckoBble TOKM MOIIHBIX JBHUraTeNed, €ciin
TaKOBBIE UMEIOTCS). [[03TOMY peKOMEHIyeTCsl MPUHUMATh YCTaBKYy paBHYIO Lpo/lg,; =
1,5-2.

10.5 Bo10op ycTaBok nudpepeHnnaibLHOi TOKOBOH 0TCEYKH

HuddepenunansHas TokoBass otceuka (JTO) caykur a8 MrHOBEHHOTO
OTKJIFOUEHUS OOJBIINX TOKOB TOBPEXKIECHUS B 30HE IEUCTBHUS 3aIUTHI.

VYcraBka [ITO orcTpanBaercs:

— OT OPOCKOB TOKa HAMArHWUYMBAHUS,

— OT MaKCHMaJILHOTO TOKa Hebamanca npu K3.

orc  HO.pacu*

rae K, =1,5 — ko3bpULIUEeHT OTCTPONKY;
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46.pace+— PACUETHBIA TOK HebaaHca npu MakcuMabHoM Toke K3.

IIpu pacuere | KO3 (PUIIMEHT MNEePEeXOJHOT0 peXUMa PEKOMEHIYETCs

HO.pacy*

NpUHMMATh paBHbIM 3+4. Bemuwunna | .. npuHumaercs paBHOH TOKy (B

OTHOCUTEJBHBIX €IMHHUIAX), MPOXOJALIEMY Yepe3 3allMIaeMyl0 30HY IpHU
pacuetHoM Tpex(daszHom K3 Ha cTopoHe, re paccMaTpuBaeTCsl MOBPEKIACHHE. DTOT
TOK ompeaensercs mnpu paboTe TpaHcPopmaTopa HA PACUETHOM OTBETBICHHH,
COOTBETCTBYIOIIEM, KakK IPAaBWJIO MHUHUMAJIBHOMY 3HAUECHHUIO  HAIPSKEHUS
peryinupyeMoil OOMOTKH.

VYcraka JITO BbiOupaetcs paBHOM HanOOJIbIIEMY 3HAYEHUIO.

|6 pace = (35-1:0,1+0,1+0,03)-12,91=2,650.c.
|, =125-2,65=3,310.c.
Bribupaem | = 3,5 o.¢.

10.6 Br100p ycTaBOK MAKCMMAJILHOW TOKOBOM 321U THI
[lepBuunbiii Tok cpabarbiBanus MT3 6e3 mycka MO HANPsHKEHUIO JOJIKEH
OBITh OTCTPOEH OT MAaKCUMaJbHOTO TOKA HArpy3kd ¢ YYeTOM caMo3aImycka

JIBUTaTEJIbHOW HArpy3KH 110 BBIPAKECHUIO:

Ic.3 = % ) IpaG.MaKc ! (143)

rae Ky — koadduiment oTcTpoiku, paBHbIi 1,2;

Ksan — KOO(QOUIIMEHT, YYUTHIBAIONIUN yBEIUYCHHE TOKAa B  YCJIOBHSIX
camMo3alycka 3aTOPMOXKEHHBIX JBHUrareieil Harpy3ku. B mpenBapuTenbHBIX
pacyeTax, a TakXke B CIy4yae OTCYTCTBHS COOTBETCTBYIOIIEH MH(OpMaALUU, JaHHBIM
K03 PHIIHEHT MOKET OBITh MPUHAT |3 auama3ona ot 1,5 mo 2,5. Cormacho [23]
JIJIS1 TOPOACKUX ceTer oOero HazHauenus: K,,,=2,5;

K: — ko3 punmeHT Bo3BpaTa, KOTOpbIi NnpuHuMaerca paBHbiM 0,9 (st pene

MaKCHUMAJIbHOTO TOKA);
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|l pa6,maxc — MEPBUYHBIM MAKCHMAJbHBIA paOOYMi TOK B MECTE YCTaHOBKH
3aIIUTHI.

IlepBasi cTyneHb HMCMOJIB3YEeTCS B KAayeCTBE TOKOBOM OTCEUKH Oe3 IycKa I10
HaIpsHKEHUIO U 0€3 opraHa HarpaBJICHUs] MOIIIHOCTH.

Tox cpabaTeiBanus Ha cTopoHe BH:

>1,2-2,5

c.3 T

-92,38 =307,92 A.

Tok cpabarbiBanus Ha cropone HH:

>12:25 450 979,75A.

C.3
Lk

[IpoBepka  kod(pdunMeHTa  YYBCTBUTEIBHOCTH  MPOU3BOAMUTCS  MpHU
MetasmmmyeckoM K3 pacuerHoro BuAa B pacueTHOM TOYKE B  PEKUME,

06YCJIOBJIHBaI-OIHCM HaMMCHBIICC 3HAYCHUC 3TOT'O TOKA, I10 BEIPAKCHUIO!

I
Kq —_ _K3,MHH ’ (144)

rae liuun — MUHIMAaJIbHOE 3HAUEHUE TOKA B MECTE YCTAHOBKU 3alllUThI, TPU
pacuetHoM Buue K3;

lyer — IpUHATOE 3HAUYEHKE TOKA CpaOaThIBaAHNUS.

B kauecTBe pacueTHOro Buja npuHuMaetcs mexaygdasnoe K3.

Cornacno [1YD 3nauenue kodduimeHta 4YyBCTBUTEIBHOCTH JOJKHO OBITh
He meHee 1,5 mis MT3, ycranosnenHoit Ha cropoHe HH Tpanchopmaropa, u He

Menee 1,2 miiss MT3, yctaHoBieHHOM Ha ctopone BH.

3
K, :ﬂ =13,81,>1,2
308
3
= M =3,87>15
979,75

Br100op 1 pe3ynbTathl peieiHOM 3aluThl IPUBEIEHBI Ha 6 JTUCTe rpadudecKoi

YaCTH BBIMMYCKHOM KBaTU(UKAITMOHHON PAaOOTHI.
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11 BE3OITACHOCTD U OKOJIOTMYHOCTD

11.1 Be3onacHocTh

be3onacHOCTh TpyAa B CTPOMTENIBCTBE M HKCILTyaTAllMH AJIEKTPOYCTAHOBOK
cienyeT nmpou3Boauth B cooTBeTcTBUM co CHull 12-03-01, tpeGoBaHus KOTOpBIX
YUUTHIBAIOT YCJIOBHUSI O€30MACHOCTU TPYJa, MPEayNpeKIeHUE MPOU3BOJICTBEHHOIO
TpaBMaTH3Ma, MPOPeCcCCUOHANBHBIX 3a00JIeBaHUMN, TIOKAPOB U B3PHIBOB.

CrtpouTtenbHble, MOHTAaXHbBIE, HAJAJOYHbIe paboThl M  AKCIUTyaTallUIo
JJIEKTPOYCTAHOBOK  TMPH  PEKOHCTPYKIUM  CHUCTEMBI  3JIEKTPOCHAOXKEHHUS  C.
[TepBomaiickoe ciaemayeT MPOU3BOJWTH B COOTBETCTBHM ¢ TpeOoBanusmu "[IpaBun
0€30MacCHOCTH TPU CTPOUTENICTBE JIMHUI 3JIEKTpONEepeaayd U IPOU3BOJICTBE
NEeKTPOMOHTaXHBIX padoT" PJ[ 34.03.285-97 u "lIpaBun mo oxpaHe Tpyaa Ipu
AKCIUTyaTaluu 3JIeKTpoycTaHoBOK" 2014 r.

11.1.1 TexHuka 0e301MacHOCTH pU MOHTaXHBIX padoTax CUII

Pabotsl mo MonTaxxy u Hanaake BJI 10/0,4 kB HeoOXonuMoO OCyIIECTBISAThH B
COOTBETCTBUM ¢ palbouell JOKyMEHTAlMel, NpHUIEpKUBAsICh COOTBETCTBYIOIIMX
npaBui 0€30MACHOCTH.

K pabGoram nomyckaercs TOJIBKO CHEIMAJIbHO OOY4YeHHBIM mepcoHan. Bcee
AIIEKTPOMOHTAXKHBIE PAOOTHI CJIETyET BBHIOIHSATE, B IBE CTA/IUH:

1. pa®oThI MO MOHTaXXy OMOPHBIX KOHCTPYKIIUH;

2. paboThI MO MOHTAXKY TIPOBOJIOB.

Meponpusatus U orpaHUYeHUs AJ11 00eCeYeHNs] TEXHUKH 0€3011aCHOCTH:

1) mpoceka o tpacce BJI qomxHa ObITh OUYMIlIEHA OT BHIPYOJIEHHBIX JAEPEBHEB
U KycTapHUKOB. CXUTaHHE CY4YheB W JPYTUX TMOPYOOUYHBIX OCTATKOB CIEIYyEeT
MPOU3BOIMTH B PAa3pELIEHHBIN 7151 TOTO MEPUOJ BPEMEHH;

2) 3ampemiaeTcs NPOM3BOJCTBO PpabOT WM HaXOXKACHHE pabodyux II0f
MOHTHUPYEMBIM 000pY/IOBaHHEM;

3) MeTaJTHYeCcKre KopIyca 4acTu 000py10BaHUHN JOJIKHBI OBITh 3a3€MJICHBI,

4) paboTHI ClIeTyeT MPOU3BOIUTH B 3aIIUTHOMN KacKe U IMepyaTKax, a B KAUYeCTBE

06YBI/I HCIIOJIBb30BaTh PE3MHOBLIC CAIllOT'U;
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5) 3ampemaeTrcsl MOMPAaBIATh BUTKU TMPOBOJAa Ha OapabaHe BO BpeMsi €ro
pacKaTKu;

6) mpu NOJBECKE, BU3UPOBAHMU M 3aKPEIUICHUU IPOBOAOB B IIOCEIKE, Ha
y4acTKe HEOoOXOJUMO pa3MECTUTh COOTBETCTBYIOLIME IUIAKaThl M BBICTaBUTH
HaOJIIOIAIOIINX

7) 3ampelaroTcs MOHTaKHbIE pabOThl IPU MPUOIMKEHUN U BO BPEMS TPO3BL;

8) 3ampemaetcs HaTsbkeHue mpoBoaoB CUIT mpu ckopoctu Betpa 6omee 10-12
Mm/c.

11.1.2 Be3onacHOCTh npu pabOTE HA OMOPaAX

[IpoekToM mpeycMOTpEHa MOJIHAs 3aMEHAa IEPEBSIHHBIX H3HOIICHHBIX OIOpP Ha
xene300eTonHble onopsl g cered 10/0,4 kB mo Bcemy ceny.

PaboTsl o eMoHTaxXy onop U npoBoaoB BJI, a Takke 1o 3aMeHe 31€MEHTOB
OTIOp JOJKHBI MPOBOAUTHCS MO TexHosnornueckoi kapre uiau [P B mpucyrcreun
pykoBouTes padoT.

[logaumaTecss Ha Omopy M paboTarhb Ha HEW paspemaercss TONbKO B TEX
ClIy4asiX, KOIrJla UMEETCSl YBEPEHHOCTh B JOCTATOYHOW YCTOMYMBOCTH U MPOYHOCTU
OTIOPBI.

HeoOxomumMocTh W CcHOCOOBI  YKpEIUIEHHS OMNOpPbl, IPOYHOCTh KOTOPOMU
BbI3bIBACT COMHEHHE (HEJOCTATOYHOE 3ariyOsieHHe, BCIyYMBAHHWE TPYHTA,
3arHMBAaHME JPEBECUHBI, TPEUIMHbI B OETOHE WU T. 1.), ONPEHEISIOTCA Ha MeECTe
IIPOU3BOJUTENIEM WA PYKOBOAUTEIEM padoOT.

PaboThl 10 yCHUIIEHHIO OMOPHI C TOMOIIBIO PACTSKEK CIEAYET BBINOIHATH 0€3
MOJbEMA Ha OMOpPY, T. €. C TEJIECKOMMYECKON BBIIIKK WU JPYroro MexaHu3Ma JJis
noJbeMa JIOACH, C YCTAaHOBJIICHHOM psIOM OMNOpPBI, JMOO MPUMEHSTH JUISI ITOTO
CHelUalbHbIe PACKPEIUISIONIME YCTPOMCTBA, NIl HABECKH KOTOPBIX HE Tpedyercs
MOJHUMATBCS 10 OIOPE.

[TogHMMATBCS MO OMOPE Pa3pELIAETCS TOJIBKO MOCIE €€ YKPEIUICHMUS.

Onopbl, HE pacCUMTaHHbIE HA OJJHOCTOPOHHEE TSKEHHE MPOBOJIOB U TPOCOB U
BPEMEHHO IMOJBEpraeéMbleé TaKOMYy TSDKEHHIO, JIOJDKHBI OBbITh MpPEIBapUTEIHHO

YKPCILICHEBI BO n30eKaHue ux ImaacHus.
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3anpem@aeTcs Hapylmarh LEJIOCTHOCTh IPOBOJOB M CHHUMATh BA3KH Ha
POMEKYTOUYHBIX ONOpax 0€3 MpeaBAPUTENBHOTO YKPEIJIEHUS OMOp.

[TogHuMaThCS HA OTOPY pa3penIaeTcs YWieHaM OpUrajibl:

- ¢ |l rpynmoii mo snekTpoOe30macHOCTH - MPU BCEX BHUIAX paboOT 10 Bepxa
OTIOPBI;

- co Il rpynmnoii mo »nekTpo6e30nacHOCTH - IPU paboTax, BHIOJHIEMBIX C OT-
kiroueHueM BJI, o Bepxa omopsbl, a mpu paboTax Ha HETOKOBEAYIIMX YaCTSIX HE
oTkioueHHo BJI He Bblllie ypoBHS, MpU KOTOPOM OT TOJOBBI pabOTAIOUIEro J10
YPOBHSI HMXKHUX HpoBoAoB 3Toul BJI ocraercs paccrossnue 2 m. HckimoueHue
COCTABJISIFOT pa0OTHI IO OKPACKE OMOp;

- ¢ | rpynmoit o 35ekTpo0e30nacHOCTH - MPHU BCEX BHUJAX pabOT HE BhILIE 3 M
OT 3eMJId (0 HOT pabOTaIOIIETO).

TpebGoBanus 6e30macHOCTH MpU paboTe Ha Omopax:

1) npu mnoabemMe Ha JAEPEBAHHYI0 U IKEJIE300€TOHHYIO OIOpPHI CTPOI
MPEIOXPAHUTEILHOTO MOsACA CIEYET Ha IEPEBSIHHBIX OMOpax 3aBOAUTH 3a CTOMKY, a
Ha 7KeJIe300€TOHHBIX 3aBOJIUTH 32 CTOMKY WM MPUKPEILIATH K JIa3y;

2) 3ampemiaercs Ha YIJOBBIX ONOpax €O IITBIPEBBIMH  H30JISITOPAMU
MOJHUMATHCS U padOTaTh CO CTOPOHBI BHYTPEHHETO YIJIa;

3) npu paboTe Ha OMOpEe CIEAYET MOJIb30BATHCA MPEIOXPAHUTEIBHBIM MOSICOM
Y ONMpaThcs Ha 00a KOrTA (j1a3a) B ciiydyae UX MPUMEHEHUS;

4) mpu paboTe Ha CTOMKE OMOPHI paclojiaraThCsl CIEIYyET TaKuM 00pa3oM,
9TOOBI HE TEPATH U3 BUAY ONMKaiIIre MpOoBO/Ia, HAXOASIINECs 0] HapsHKEHUEM;

5) 3anmpeniaeTcst OTKanbIBaTh Cpa3y 00€ CTOWKH OMOPHI IIPU 3aMEHE OJMHAPHBIX
U CABOCHHBIX MpucTaBok [1- u ATl-06pa3ubix onop. CiemayeT 3aMEHUTh MPUCTABKY Ha
OJIHOM CTOMKE OMOpbI, 3aKPENUTh OaHJAXKU U yTpamMOOBaTh 3€MJIIO U TOJIBKO TOTJa
NPUCTYNaTh K 3aMEHE TMPUCTABOK HAa JPYyrod CTOWKEe. 3aMEHSTh CHABOCHHBIC
MIPUCTABKH HEOOXOIUMO MTOOYEPETHO;

6) 3ampeniaercs HaXOUThCA B KOTJIOBAHE MPU BBHITACKUBAHUU WM OIYCKAHHUH

MPUCTAaBKH,
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7) cnocoObl BaJKd M YCTAHOBKM OIOpPBI, HEOOXOAMMOCTb W CIOCOOBI €€
YKpeIUIEHUs! BO H30eKaHue OTKIIOHEHUS OINPEAeTsieT pyKOBOIUTENb paboT, a €ClIi OH
HE Ha3HA4€H, TO PA0OTHUK, BBIAAOIINNA HAPSI.

PaboTa Ha 0THOLIETHON HATSKHON M30JUPYIOIIEH MOABECKE JOMYCKAETCs MpU
UCIIOJIb30BaHUU CIIEUAIBHBIX MPUCIIOCOONIEHUH WM Jie)Ka Ha HEH U 3alCNUBIINCH
HOTaMHU 3a TpaBepcy i (pUKcaluy MOJIOKEHUS TeNa.

[Ipu pabore Ha NOJAECPKUBAOIICH HN30IUPYIOIIEH MOJBECKE CTPOI
IPEeIOXPaHUTEIBHOTO M0siCa JOJDKEH ObITh 3aKpeIuleH 3a TpaBepcy. Ecinu amuHa
CTpOIla HEIOCTAaTOYHA, HEOOXOJIMMO MOJIb30BATHCS 3aKPEIUICHHBIMU 32 MOSIC JBYMS
CTPaxXOBOYHbIMU KaHaTaMu. OJIMH KaHAT MPUBA3BIBAIOT K TpaBepce, a BTOPOid,
IpeBapUTENIbHO 3aBEJCHHBIM 3a TpaBepcy, MOACTPAaXOBBIBAIOLINI ujieH OpHUrajibl
MOMYCKAaET M0 Mepe HEOOXOIUMOCTH.

[Ipu paGoTe Ha  HATSHKHOM  M3OJMPYIOLMIEH  TOJABECKE  CTPOI
IPEOXPAaHUTEIBHOTO TOACa JIOJDKEH OBITh 3aKpeIuieH 3a TpaBepcy WM 3a
IpeIHAa3HAYEHHOE JUIsl 3TOM LENH MPUCITOCOOIIEHHE.

Ha moaiep’uBarImux 1 HaTSKHBIX MHOTOLIEITHBIX M30JUPYIOIIMX MTOABECKAX
JOMYCKAeTCsl 3aKperuIATh CTPOIl MPEAOXPAHUTENBHOIO Mosica 32 OAHY M3 THUPJISHI
U30JISITOPOB, HAa KOTOPOM paboTa He BeAeTCs. 3alperiaeTcs 3aKperIsiTh 3TOT CTPOII 3a
TUPJISIHY, Ha KOTOPOM UAET paboTa.

B cnyuyae oOHapyXeHUsT HEUCHPABHOCTHU, KOTOpasi MOXKET IPUBECTH K
pacIlerIeHUIO U30JUPYIOLIeH MoABECKH, padoTa JOKHA OBITH MPEKpaIleHA.

3anpemaercs npu noabeMe (WM ONMYyCKAaHWK) Ha TPaBEpChl IPOBOJOB,
TPOCOB, a TAKXK€ NPHU UX HATSHKEHUU HAXOOUTHCSA Ha ATUX TpaBepcax WIM CTOMKaX
10J1 HUMH.

BriOupats cxemy noabema rpys3a v pa3MeniaTh NoabeMHbIE OJIOKH CIEAyeT C
TaKUM pacuyeToM, 4YTOObl HE BO3HUKAIW YCHUJIIUS, KOTOpPbIE MOTYT BbI3BATh
NOBPEXKICHUE ONIOPHI.

Oxkpacky ornopsl ¢ MNOJHEMOM J0 €€ BEpXa MOTYT BBIMOJHAThH YJI€HbI OpUTaibl

c rpynmnoii Il mo snexTpode3onacuoctu. [Ipu okpacke omopsl JOKHBI OBITH TPUHSITHI
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Mepbl i1 TOPENOTBpAIICHUS IONaJaHus KpPacKH Ha M30JATOPbl M IMPOBOJA
(HanpuMep, NPUMEHEHBI MTO/IJIOHBI).
Kareropuuecku 3ampemieHa paboTa KpaHOB U JIPYTMX MEXAaHU3MOB IO

nerictBytonumMu BJI 6€3 UxX OTKIIFOUEHHS M TOJTHOTO 3a3eMiieHuHs [3].

11.2 IK0JI0THIHOCTH

CorunacHo 3akony Poccuiickoit @enepanun «O0 oxpaHe OKpY>KaloIIeH cpeib»
ot 1992 roga, «npu pa3MelleHnH, MPOSKTUPOBAHUS, PEKOHCTPYKIIUHA B YHEPreTUKE,
Opy  MPOKIAIKE JUHUW JOJKHBI BBINONHATHCS TPEOOBAHUS DKOJIOTMYECKOU
0e30MacHOCTH M OXpaHbl 310pOBbsl HaceneHus. HapyiieHne yka3aHHBIX TpeOOBaHUMI
BJI€YET 3a COOOM MPUOCTAHOBJIEHHE A0 YCTPAHEHHA HEAOCTAaTKOB, JHOO IOJIHOE
IIPEKPAILEHUE JEATEIBHOCTU 110 Pa3MEIICHUIO, ITPOCKTUPOBAHUIO, PEKOHCTPYKLIUU
BPEIHBIX IKOJIOTMYECKUX OOBEKTOB B COOTBETCTBUU C MPEANUCAHUEM CIIEUATBHO HA
TO YIOJIHOMOYEHHBIX TOCYAapCTBEHHBIX opranoB Poccuiickoii @enepaiuu B o01acTu
OXpaHbl OKPY’KAIOLIEN CPEebl.

Cornacio CaunlluH No 2971-84 «3amura HaceleHHs] OT BO3JCUCTBUS
AIIEKTPUYECKOr0 TO0JIA, CO31aBa€MOr0 BO3AYIIHBIMU JIMHUAMHU DIIEKTPOIEPEAAUU
MIEPEMEHHOIO TOKa MPOMBIIUIEHHOW YacTOThD», 3aIlATAa HACEJIEHUsS OT BO3AECHCTBUS
ANEKTPUYECKOr0 TMOJds BO3AYIIHBIX JUHUM 220 KB M HMKe yIOBIETBOPSIOUIUX
TpeboBanusmM [1YD He Tpebyercs. [Ipu mpoeKTUpOBaHUU AIEKTPUUECKUX CETEH, B
COCTaB KOTOPBIX BXOJSAT BO3IYIIHbIE W KaOeNbHbIE JMHUM D3JIEKTpONepenaud H
MMOHWXKAIOIIUE TTOJACTAHIMHU, IUIOLIAb IOJIOCHI 3€MJIM BOKPYI BHEIIHETO KOHTYpa
OTOPHI I JINHKUM dJieKTponepenadn HanpsokenueM 0,4 kB u 10 kB npunsita 1m.

[lepenaua u pacnpeneneHue MeKTpodHeprun Ha Hamnpsbkenun 0,38 — 110 kB
SBJISIETCSL O€30TXOJHBIM MPOLECCOM U HE CONPOBOXKIAETCS BPEIHBIMU BHIOpOCAMH B
OKpYXalolllylo cpeny (Kak BO3AYIIHYIO, TaK M BOJHYIO), a ypOBEHb IIIyMa U
BUOpAINH, HE IOCTUTAET BHICOKUX 3HAYCHUH.

Bpennoe nelicTBHE MAarHWTHOIO TMOJIS HA >KUBBIE OPraHU3Mbl, U B IIEPBYIO
ouepellb Ha YEJIOBEKA, MPOSBIETCS TOJBKO MPH OYEHb BBICOKMX HANpsKEHUsX. B

nanHou pabote orcyrcrByror juauu CBH u YBH, a gunum 10 u 0,4 B He
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OKa3bIBAIOT HETaTUBHOT'O BO3/ICHCTBUS HA YEIIOBEKA.

TparachopMaropsl MOTYT SBISTHCS HCTOYHHKOM  ITOCTOSSHHOTO — IITyMa
MEXaHUUYECKOTO TPOUCXOXKJICHMUS. MeXaHW4YecKHil IIIyM H3JydaeTcss OakoMm
TpaHchopMaTopa U B OCHOBHOM 3aBHCHT OT THIIOBOW MOIIHOCTH TpaHchopmaropa.
Jns 3ammThl HAceleHHWs OT IIyMa pelalliee 3Ha4eHHWEe HMEIOT CAaHUTapHO —
TUTUCHUYECKME HOPMATHBBI JONMYCTUMBIX YPOBHEM IlIymMa, IIOCKOJIBKY OHH
OMPENIENAIOT HEOOXOJAUMOCTh Pa3pabOTKH TEXHUYECKUX WJIM HHBIX MEp IO
[IyMO3aIIUTE B HACEJIICHHBIX TyHKTaX.

JlonycTuMble YpOBHU IlIyMa Ha TEPPUTOPHUH, HETIOCPEICTBEHHO MPUJIETratoen
K JKHJIBIM JIOMaM, 3JaHHMSM IOJHKIMHUK, JOMOB OTIbIXA, JETCKUX IOIIKOJBHBIX
YUPEKJICHHM, KOJ M IPYTUX YU4eOHBIX 3aBEJICHUM, OMOIMOTEK ClIeayeT MPUHSATh I10
tabmumam CHull 23-03-2003, [1].

[IpousBenémM  pacy€éT  MHUHUMAJIBLHOIO  3AlIATHOTO  PACCTOSIHUS  OT
TpaHc(opMaTOpHOI MOACTAHIIUUA JI0 CEIUTESOHOM 30HBI, JJISI 3alIUTHI OT IITYMOBOTO
3arpsisHeHusi. MoimHocTh  TpaHcopmaropoB Ha mnoxactaniuu 4000 kBA.
DKBHUBAJICHTHBIN YPOBEHB 3BYKa, JJIsI CETUTEOHOM 30HBI C 700, 0 23% paBeH 55 nbA,

a ¢ 23% 10 7%° — 45 nBA. PacuérHas cxema H300pakeHa Ha CIIEAYIOEM pUCYHKe 15.

/] <

PacvyemHas moyvka

Teppumopus HenocpedcmbeHHo
npu/sezamu/as K Xu/siM 30aHUSM

Pucynok 15 — Pacnosno)xeHue moACTaHIuy B OJIM3H KUJIOU 3aCTPOMKHU

OnpenensieM  ypoBeHb 3BYKOBOM  MOIIHOCTH OT  TpaHc(opmaTopoB

YCTAaHOBJICHHBIX Ha IOJACTAHIMMU, TaK KaK IIOJACTaHIIUA )IBYXTpaHC(i)OpMaTOpHaH, TO
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HEOOXOJMMO HAMTH YPOBEHb 3BYKOBOM MOIIHOCTH, U3JIy4aeMbld  JBYMs

TpaHcpopmMaTopamu.

2
Ly =10-1g > 10°%% (152)
i=1

MunuMaabHOE PaCCTOAHUC Inip, H€O6XOI[I/IMOG JJI  BBIIIOJIHCHHMA 3alllMTHI

HACEJICHUs OT LIyMa, OTNpeeNsieTcs no GopMyIie:

0.1(Lyay —AY(a)
e (153)
27

rae  AY, o-  KOPPCKTHPOBAaHHBIH  yPOBEHb  3BYKOBOH  MOIIHOCTH

tpancdopmaropa cocraBigeT L+—p= 68 n1bA
P P P TP

[IpuBeném npumep pacuéra ms TII.

2
Ly =10-1g-| D°10%*% | =71,01 1BA,
i=1

100,1-(71,01—45)

=7,96 m.
2.7

CornacHo mjaHy peKOHCTpyHpyemon yacTu nrt. HukonaeBka MUHUMAaIbHOE
paccrosiure oT TII 10 >KuJION 30HBI COCTABISAET 25 M, @ TO HA MHOTO OOJIbIIE, YeM
pacu€THasi BEJIMYMHA, CJEAOBATENIbHO, pe3ylbTaTbl pacuéTa YIAOBIECTBOPSIOT
HEOOXOMMBIM YCIIOBUSIM.

Cornacio  tpeboBanusim  CHull  2.07.01-89*  «I'pamocTpouTensCcTBoO,
IUTAHUPOBKA M 3aCTPOiKa TOPOJCKUX M CEIbCKUX TMOCEICHHI» NpU pa3MEelIeHUU
otnenbHo crogmux TII (PTII) 6-20 kB ¢ aByms Tpanchopmaropamu go 1000 kBA
paccTosTHUE 70 OKOH KUJIBIX U OOIIECTBEHHBIX 31aHUM JOHKHO ObITh HE MeHee 10 M.
AHanoruuHoe TpeOOBaHHE COJEPXKUTCSA B JUISl YCIOBUSL OOECIEUeHUs! TOMYCTUMOTO

ypoBHS 1ryMa nipu padote tpanchopmaropoB. [Toacranuuu 10/0,4 kB pacnosioxeHb
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coryiacHoO JaHHOMy TpeOoBaHuto. Camasi O6nuskopacnonokenHas TII moka3ana Ha

pucyske 16.

1NN 72 25 m
2x400
5 137 138

136 [

maz

%3 H D
147 148 149

T4 | | | ]
145 150 157 152 153 7154

(1] Ooono

179 140 141

PHCYHOK 16 — Pacnonoxxenne IIoACTAaHIIMHM BO3JIC KXHUJIBIX JOMOB

11.3 Upe3BbluaiiHbie CUTYalMU

B mnporecce skcruryaTanuu 3JIEKTPOIHEPIETHUECKOTO 000PYIOBAHUS MOTYT
BO3HUKATh PAa3JIMYHBbIE HEMPEABUACHHBIC CUTYallMU, KOTOPbIE MOTYT MNPUBECTH K
TSOKENIBIM TOCJIeNCTBUSAM. OJHONM M3 MHOTHX OIACHBIX CHUTyalluid MOXET OBITh
BO3HHUKHOBEHHUE MOXKapa BBOJOB U JJIEKTPOIPOBOJKHU 3aHUNA U COOPYKECHUM.

BBoaoMm ot BJI Ha3bIiBaeTCA 3NEKTPONPOBOIKA, COEAUHSIONIAS OTBETBICHUE OT
BO3AYIIHON JIMHUMA DJJEKTPONEPENAYM C BHYTPEHHEH DJIJIEKTPOIIPOBOJAKOM, OT
U30JISITOPOB, YCTAHOBJICHHBIX Ha HAPY)KHOW MOBEPXHOCTH (CTEHE, KPBILIE ) 3AaHMUS
WJIM COOPYKEHUS, 10 3aKUMOB BBOAHOTO ycTporcTBa. OtBeTBiaeHneM ot BJI k BBogy
Ha3bIBAETCS YyYacCTOK MpoBOJIoB OT omopel BJI no BBoma. Jlisg obGecreueHus
MokapHOM 0€30MacCHOCTU BO BpPeMs MOHTa)Ka M AKCIUTyaTallMd BBOJIOB HEOOXOAMMO
BBINOJIHATH onpenesneHHble mepbl. [ orBerBienuit or BJI Kk BBogam gomyckaercs
IIPUMEHCHUE HEU3O0JUPOBAHHBIX W M30JHUPOBAHHBIX MPOBOJOB ONPEAECIECHHBIX
CEUCHUU M OIPENEIEHHON IJMHBbI OTBETBIICHMI OT BJI k BBOmam. Tak mpu miuHe
OTBETBJICHUS JI0 25 METPOB CEUCHHE MPOBOJIA JTOJKHO OBITh HE MeHee 16 MM? TPOBOT
AJTFOMUHUEBBINA WJIM U3 €ro ciuiaBoB. B GakanmaBpckoil paboTe 1Jis BBOJOB B 3JaHUS

MIPUMEHSIIOTCSI CAMOHECYIIHE H30JHpoBaHHble npoBoja CHII4, thma «ABpopa» u
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«Topcapga». 1lo cpaBHEHHMIO C  TPaJUUHMOHHBIM  BBINOJHEHWEM  BBOJOB
HEU30JMPOBAHHBIMA POBOJAAMH YCTPOMCTBO BBOJIOB YKAa3aHHBIMU U30JIUPOBAHHBIMU
MIPOBOJAMU UMEET PAJI MPEUMYLIECTB:

Hcknroyaercss  CXJECTBIBAHME NPOBOJOB, a  CJIEAOBATEIbHO KOPOTKHE
3aMBIKaHUS MEXKIY HUMU.

[ToBbImaercst 6€30MaCHOCTh, M COKPAIIAIOTCS CIIydad 3JIEKTpOTpaBMaTu3Ma B
30HE YCTPOMCTBA BBOJIOB B 31aHUS.

Marepuan >Kwibl MpoBoja — amtoMuHUN. M3omsuus — atrmocdepocToNKuiA
CTaOMIM3UPOBAHHBIM TOMUAITUIICH, HE TMOAJEP>KUBAIONINN TOpPEHUs, 00JaNaroImui
3aIUTHBIMU CBOMCTBAMM OT COJIHEYHOW paguanuu (yIabTpadHroIeTOBOrO U3ITyUYECHHS)
U BozjaeicTBUs  o30HAa. OOnamaer  BJIArOHENMPOHHUIIAEMOCTHIO,  BBICOKOMU
JTUAJIEKTPUUECKOW MKECTKOCThIO M 00ECHeUYMBAET MEXAHWYECKYI0 IMPOYHOCTh MpPH
temriepatypax ot muHyc 40 mo matoc 80 C°. BBoabI B 3/1aHUS BBINOIHSIOTCS Yepes
CTEHbl B U3OJSIMOHHBIX TpyOax  TakuM o0Opa3oM, 4TOObI BOJa HE MOTJa
CKaIlJIMBaTbCsl B MPOXOAE M MPOHUKATh BHYTPh 3JaHWs. BBOJBI B MHOrO3Ta)HbIC
KUJIbIC 37aHUsl, a TaKXke 3JaHus OOCIHYy)KMBaHUS HACEJICHUS, BBITOJHEHBI
TPEXKUIBHBIM KabesieM ce4eHHeM He MeHee 35 MM?, YTO HeOOXOAMMO MO YCIOBUAM
MexaHudeckoil mpounoctu. Kabens tuna AAbnY, ¢ 6poHél U3 CTaIbHBIX MPOBOJIOK,
YTO TaKXKe 3aTPYJHSET ero noppexjacHue. Kabenb mpokiagsBacTCsl B TPAHIIESX HA
riyousne 0,7 M, OT TOBEPXHOCTH 3€MJIH.

K dpes3BblUaiiHbIM  CUTyalMsiM, KOTOpbIE  MOTYT  IIPOM3OWTH B
pacIpeneauTENIBLHOM YCTPOUCTBE MOKHO OTHECTH CIIETYIOIIHE:

Paszpyiienne onopHbeIX KOJIOHOK pa3beAUHUTENS;

B3psiB TpanchopmaTopa TOKa;

PaszpyiieHre MacisiHOTO BBIKJIKOYATENS;

[Toxxap kaOenbHBIX TUHUH.

Jns mpenoTBpamnieHus [aHHBIX CHUTyallMd Ha MOACTAaHUUSX YCTaHOBJICHO
COBPEMEHHOE 000pYyI0BaHKE, BAKYYMHBIEC BBIKIIOUATENH, CyXUE TPaHC(HOPMATOPHI, U

npouee 6e3MacasHHOEe 000pYyI0BaHHE.
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[Tutanne Haceln€HHBIX IMYHKTOB PEKOHCTPYMPYEMBIX B JaHHOW pabore,
ocyuiectBisiercss oT mnoactaHuuu JICK, Ha KOTOpBIX YCTaHOBJIEHBI MacCIISIHbIE
TpaHchOpMATOPhI, U HA KOTOPHIX MOKET BO3HUKHYTh MI0KApOOIACHAs] CUTYaIlHUs.

[loxkapHasi ONAaCHOCTH AIEKTPOYCTAHOBOK CBSi3aHA C IMPUMEHEHHEM TOPIOYHX
M30JLIMOHHBIX ~MaTEpUajoB: PpPE3WHbI, JIAaKoB, Macedl u T.1. [IpuunHamm
BOCIUJITAMEHEHUSI MOTYT OBITh 3JIEKTPUUYECKUE UCKPBI, TYTH, KOPOTKHE 3aMbIKAaHUS U
reperpy3ka npoBOJOB, HEMCIPABHOCTU JJIEKTPUYECKMX MAIIMH M ammaparos. llpu
TYIIEHUH TIOXKAapOB B JJIEKTPOYCTAHOBKAX, KOTOPBIE MOTYT OKa3aTbCAd MO
HaIIpsSKEHUEM, CIEAYET PyKOBOJACTBOBAaThCA « IHCTpyKIMEN 10 TyIIEHUIO MOKAPOB B
AIEKTPOYCTAHOBKAX AJIEKTPOCTAHIWN U OACTAHLININY, [2].

[Topsinok TylieHUs Mokapa Ha SHEProOObEKTE:

1) IlepBslii, 3aMeTUBILINKA BO3ropaHue 00s3aH HEMEJIEHHO COOOIIHUTHh 00 3TOM
B MOXAPHYIO OXpaHy U CTaplieMy IO CMEHE SHEProoObeKTa, OCIe Yero OH JOJHKEH
IPUCTYIUTH K TYIIEHUIO [10YKapa UMEIOIIUMHUCS CPEJICTBAMM.

2) Crapuuii o cMeHe JIMYHO WM C MTOMOIIBIO JEKYPHOTro MepcoHana o0s3aH
ONPENEIIUTh MECTO II0’Kapa, BO3MOXKHBIE IIYTH €r0 PAaCHpPOCTPAaHEHMs, YIpO3y
JNEUCTBYIOLIEMY  3JIEKTPOOOOPYJOBAHMUIO M  YYaCTKM  DJIEKTPUYECKOW CXEMBI,
OKa3aBllIMECs B 30HE MOXapa.

3) Ilocne ompeneneHust oyara Io)kapa CTapliMil MO CMEHE JUYHO WU C
MOMOILBIO JIEKYPHOIO MEpPCOHANa 0053aH MPOBEPUTH BKIIIOUEHHE ABTOMATHYECKON
(cTamMoOHapHOM) CHUCTEMBI TMOXAPOTYIICHHs, CO37aTh Oe€30mMacHble  YCIOBUSA
NEPCOHANTY U MOKAPHBIM MOJpa3ACICHUSIM [Jisl JIUKBUJALUMU TOXapa (OTKIIOUYEHHE
000OpyZOBaHUs, CHITHE HANPSKEHUS, CIMB Macia), IPUCTYNUTh K TYHIEHUIO TOKapa
cuinamu u cpeactsamMu OPY u BbIIENUTHh IJ11 BCTPEUM IMOKAPHBIX MOJIPa3IeIICHHIM
JIMLIO, XOPOILIO 3HAIOIIEE PACIIONOKEHUE NOABE3HBIX MYTEW U BOJOUCTOYHUKOB.

4) Jlo npuObITHS MEpPBOro MOMXAPHOTO TMOJApa3AesieHUusT PYKOBOAUTEIEM
TYLICHHS T0YKApa SIBISETCS CTAPLIMK IO CMEHE SHEPTONPEAIPUATHS, PYKOBOAUTEID
oObekTa. CTapiiuii KOMaHAUP MOXKAPHOTO MOJAPA3ACICHUS O NPUOBITUN Ha TOXKAp

MPUHUMAET Ha ceOsi pyKOBOJACTBO TYIICHHEM TOXKapa.
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5) Otxiodath MPUCOSAWHEHHS, HA KOTOPBIX TOPUT OOOpPYIOBaHUE, MOMKET
NEXKYpPHBIII ~ mepcoHan  0€3  IpelBapUTENbHOTO  MOJYYEHHS  pa3pelleHHs
BBILIECTOSIIErO JIMIA, OCYIIECTBIISIIOIIETO OINEPAaTUBHOE PYKOBOJICTBO, HO C
MTOCJEAYIOIIUM YBEOMIIEHUEM €T0 O MPOU3BEAECHHOM OTKJIIOYEHUU.

6) [loxapHble oapa3neNeHns MOTYT MPUCTYNHUTh K TYIICHHUIO TOXKapa Mociie
WHCTPYKTaKa, MTPOBEAECHHOIO CTAapIIMM M3 TEXHUYECKOrO MEPCOHAa, U MOTYYEHHUS
OT HETO MUCbMEHHOTO pa3pelleHus Ha TyLIEHHE MoXapa.

7) PaGota noxapHbIX MOJPA3ACICHUNA MPU TYUICHUHU T0Kapa MPOU3BOJAUTCS C
YU4ETOM YKa3aHHM CTapliero Julla TEXHUYECKOrO IMEepCoHala IO COOJIOICHUIO
NpaBui TEXHUKA OE30IaCHOCTH W BO3MOXXHOCTH 3aropaHus psIOM CTOSILErO
o0opynoBaHusi (HEOOXOAMMO COTJIaCOBaHWE JEHUCTBUNM MO pPACCTAaHOBKE CHUJ U
CPEJICTB MOKAPOTYIICHHUS ).

8) HemonmyctumMo  NpPOHUKHOBEHHE  JIMYHOTO  COCTaBa  IOKAPHBIX
MOAPA3NCICHUNA 3a OrpaxJACHUs TOKOBEAYIIMX YacTel, HaxOMSIUIMXCs TOJ
HarnpsbkeHreM. Takke BO BpeMs Tokapa HEOOXOIUMO YCHUIIUTh OXpPaHy TEPPUTOPUU
Y HE JOIYCKaTh K MECTY MOkKapa MNOCTOPOHHUX JIHII.

[ToxapHbIii ”THBEHTAPb, IEPBUYHBIE CPEJICTBA MOXKAPOTYIICHUS U IIUTHI JJIsI KX
XpaHEeHHs JOJDKHBI HAXOJIUTHCS HAa BUIHBIX MECTaX, UMETh CBOOOJHBIN JTOCTYI W
JTOJDKHBI OBITH OKPAIIIEHBI MACJISTHONM KPAcKOW B KPaCHBIN IIBET.

Tpancpopmaropsl U ApPyTrHe 3JIEKTPOYCTAHOBKHU, PACIOJIOKEHHBIE PSIOM C
MCTOYHUKOM BO3TOpaHUsl, CIEAYET 3alIUIIATh OT JIEUCTBUSA BBICOKOW TEMIEPATYPHI
(Jiydiie Bcero pacnbUIeHHOW Bojoi). Bo n3bexxaHue yBelIMYeHUS TIONMIAAN MOXKapa
ropsiuee Maciio He CJIeAyeT TYIIUTh KOMIIAKTHBIMU BOJSHBIMHU CTPYSIMH. MeTObI
TYIIEHUs JIPYrOod MAaCJIOHANOJIHEHHOM amlmaparypbl HE OTJIMYAKOTCS OT METO/OB
TyIIEHUs] TpaHC(HOPMATOPOB — OTKIIOYEHHE ammapara co BCEX CTOPOH U TYIICHHUE
BCEMU UMEIOITUMHUCS OJAPYYHBIMU CPEACTBAMH.

[Ipu TylmieHHMH UTIMTOB YNPABICHUS, PEICUHBIX NAHENIEeH, SBISIOIIUXCS
HamOoJjiee OTBETCTBEHHOM YacTbhl0  AJEKTPOYCTAHOBKM, CIEAYET COXPAaHUTH

anraparypy, yCTaHOBJICHHYIO Ha HUX.
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[Tpu 3aropanum kabemneil, MPOBOJOK W ammapaTyphl Ha MAHENSX B MEPBYIO
ouepe/ib CIENYET CHATh C HUX HaNpsDKEHUE, NIPUCTYNUTh K TYLIEHUIO, HE JTIOMyCKas
nepexoja OrHA Ha coceaHue mnaHenu. I[Ipu >ToM HEOOXOIMMO MPUMEHSTH
VIJEKUCIOTHBIE WM  YIJIEKUCIOTHBIE-OPOMATHIIOBBIE OTHETYIIUTENIH, a TaKXKe
pacnblUieHHYI0 Boay. B ciyuae HEOOXOOMMOCTH TyIIeHHsI Tokapa 0e3 CHATUS

HaIIPAKCHUA IIPUKACATHCA K K&6CJ’IHM, IIPpOBOAAaM H allllapaTypcC 3alpCuracTcCd.
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3AKJIFOYEHUE

B nannoit OGakanmaBpckodl paboTe MpPOM3BENEHA PEKOHCTPYKIUS CHUCTEMBbI
AJIEKTPOCHAOKEHUS YacTH NrT. Hukomaeska.

B GakanaBpckoii paboTe BBIITOJHEHBI CIIEIYIONME OCHOBHbBIC 33/1a4H:

— JlaHa XapaKTEepUCTUKAa OJJICKTPUUYECKUX CETEH U PEKOHCTPYHPYyEeMOU
MO/ICTAHIINH;

— JIaHa OIIEHKA COCTOSTHUS AJIEKTPpUUECKOM cucTteMbl NrT. Hukonaeska;

— pacyeT Harpy30K KOMMYHaJIbHO-OBITOBBIX TOTPEOUTEINEH;

— BBIOpansl MomHOCTh 1 Tumn TI1 10/0,4 xB;

— BBIOpaH ONTHUMAJIBHBIN BApUAHT PEKOHCTPYKIIUH ICKTPUIECCKON CETH;

— IPOU3BENICHA 3aMEHa HEH30JIMPOBAHHBIX NPOBONOB BJI Ha m3ommpoBaHHBIE
CHUII, xotopbie 00ecmeunBalOT BBICOKYIO HAJEKHOCTh JJIEKTPOCHAOKEHUS U
0e30MacHOCTh 0OCITYKMBAIOILIETO MEPCOHANA W HACEICHUS;

— BoimonHeHa pekoHcTpykius [IC JICK, a uWMEHHO 3aMeHa CHJIOBBIX
TpaHc(hOpMaTOpOB,

— TIPOU3BEICHBI pPAcCyeThl TOKOB KOPOTKOTO 3aMbIKaHUS [JIi BbIOOpa U
MIPOBEPKH DJIEKTPOOOOPYZOBaHUS, a TaKkKe [JIi pacuera U TPOBEPKH YCTaBOK
YCTPOMCTB PENECHHON 3aIUTHI U ABTOMATUKH;

— TMpOaHaJU3UPOBAHBI BCE OINACHBbIC BpeAHbIE (AKTOPbI, KOTOPhHIE MOTYT
JIEHCTBOBATDH MPHU peaTU3alMK MPOCKTA, a TAKKe MPHU IKCIUTyaTAUH dIECKTPUIESCKOM
cetu. [IpousBenen pacyer myma co3gaBaeMoro ot tpaichopmaropon TII;

Takum o6pa3om, pa3paboTaH BapuUaHT PEKOHCTPYKIIMH DJIEKTPUUYECKOW CETH,
oOecrieunBamii YQPEKTUBHOEC U HANEKHOE DIIEKTPOCHAOXKEHUS MOTpeduTenei

yacTy nrr. Hukosaeska.
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