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IIpobJiema u pemenue

Pa3BuTHe MPOMBINIJICHHBIX MPEANPUATUN XapaKTEPU3yeTCs pOCTOM 3HEPrOBOOPYKEHHOCTH TpyZAa
(aurm. Power availability per worker), moBbliieHHEM €IHHHYHONW MOIIHOCTH TEXHOJIOTMYECKHX MAIIUH H
KOMIUIEKCOB,  BHEJPEHHUEM  COBPEMEHHBIX  TEXHOJIOTWH  mpou3BoAcTBa. Bcé€ asTto  Tpelyer
COBEpIICHCTBOBAHUSA CHCTEM JJIEKTPOCHAOKEHUSI — TOBBIIICHUS HS(PPEKTUBHOCTH, HAACIKHOCTH H
0€30MaCHOCTH UX 3KCIUTyaTalllH.

OnHOM M3 OCHOBHBIX MPOOJEM NPOMBIIUICHHBIX MPEANPHUITANR U TOPOJIOB SIBIAIOTCS aBapUKHBIC
OTKJIIOYCHHSI B CHCTEMax OJJIEKTPOCHAOXKeHMs. ABapuiiHbIe OTKIIIOYEHHS JMHHUHA 3JICKTPOCHAOKECHHS
SBIISIIOTCS MPUYMHAMM ~aBapUHHBIX IPOCTOEB TEXHOJOTHYECKOTO OOOpYJOBaHUS M  HEIOOTIIYCKa
AIEKTPOIHEPIUH MOTPEOUTENIM. ABapUiiHbIE POCTOM U 3aTpaThl HA BOCCTAHOBIIEHHE paboyero mporecca
OPUBOJAT K OOJBIIMM M3AEPKKaM U YIYIIEHHOMN BBITOJE AJISl MPOMBIIUIEHHBIX MPEANPUATUI U TOPOJICKHX
AIEKTPOCETEBBIX KOMITAHUH.

OCHOBHBIMH TIPUYMHAMH aBapUHHBIX OTKJIIOUEHUH B CHCTeMax oJjeKTpocHaOxenus 6-10 kB
SBISTIOTCS OHO(a3HbIe 3ambikanus Ha 3eMitto (O33), kopotkue 3ambikanus (K3) u oOpeiBEI a3. Ha moiro
033 npuxoaurcs 10 80% Bcex aBapUMHBIX OTKIIOUYEHUH, @ HAa KPYIIHBIX Kapbepax U pa3pe3ax Habrogaercs
1o 500+600 O33 B rog. CnemoBaTenbHO, BaKHEHIIYIO pOJb B (POPMHUPOBAHUU SIEKTPOOE30IMACHOCTH H
OecriepeOOHHOCTH B CHCTEMax JJIeKTpocHaOkeHus 6-10 kB MpPOMBINUIEHHBIX NPENNpUATHI U TOPOJOB
urpator O33, kak HaumOoJee YacThlii BHJ TMOBPSKICHUN H30ISAIUU KaOeIbHO-BO3IYIIHBIX JIMHUH,
3EeKTpooOOpyIoBaHusi, TpaHCHOPMATOpOB U dnekTpoasurateneid. [lo cratucTuke Ha OIHO aBapuUiiHOE
otkimouenue o npuyrHe O33 mpuxoautcs oT 1 10 9 TOKHBIX OTKIIOUYEHUN TUHHUH 3JIEKTPOCHAOKEHUS 13-
3a HECENEeKTUBHOM (J103kHO#) paboTel 3amutT oT O33. JlokHBIE OTKIIOYEHUS JMHUN AIIEKTPOCHAOKECHHUS
BI00ABOK MPUBOASAT K AaBapUUHBIM MPOCTOSIM TEXHOJIOTHMUYECKOTO OOOpYIOBaHHS W HEIOOTIYCKY
anekTpodHepruu. Yacte Bo3HuKaroumx O33 (mo 33%) mepexoAuT B MHOIOMECTHBIE MOBPEXKACHUS
m3omsiuuu M Mexaydasusle K3, npuBoasiue k 0ojiee CIOKHBIM U ONAaCHBIM aBapUMHBIM COCTOSIHUSAM
CUCTEMBI 3JIEKTPOCHA0KEHHUS.

[Ipo6oii n3onsauM KabenbHO-BO3AYIIHBIX JMHHUM, 31€KTpooOOpYyNIOBaHUs, 3JIEKTPOJBUTATENeH U
TpaHC(OpPMATOPOB  SBJISETCS HE  TOJBKO  HMCTOYHHUKOM  CHMXKEHUS  I(PQPEKTUBHOCTH  CHUCTEMBI
JNIEKTPOCHAOXKEeHHUs, HO W  HCTOYHHMKOM  3JIEKTPOTpaBMaTH3Ma  OOCIIY)KHBAIOLIEro  IepcoHaa.
CrnenoarenbHo, 60ps0a ¢ O33 B cucremax 3iekTpocHaO)eHus: 6-10 KB mpoMBINUIEHHBIX MpeInpUsTHil
SBIISIETCS aKTyalbHOH MPOOIIeMOH.

OcuHoBHo#t npuunHoil O33 sBiseTcss MPoOOH H3ONISIUK KaOEIbHBIX JIMHUHM, SJIEKTPOJIBUTATENEH,
CUJIOBBIX TpaHC(hOPMATOPOB U AJIEKTpooOopymoBanus. [IpoOGoil M30MAIUK TPOUCXOAUT B pPE3yJbTare
BO3HUKHOBEHHUS BHYTPEHHUX IEpEHANpsDKEHUH B cucreMax anekTpocHaOxeHuss 6-10 kB u cBsizan c
€CTECTBEHHbIM CcTapeHueM wu3osauuu. Hanbonee yacTbIMM BHJIaMU BHYTPEHHUX IE€pPEHANpPSOKEHUH B
cucreMax 3JekTpocHaOxeHus 6-10 kB sBistorcs nepenanpsbkenus B peskume 033 (10 85% ciyuyaeB) u
KOMMYTallMOHHBIE TiepeHanpsikeHus (1o 34% cnydaeB). Bennuuna nepenamnpspkeHuid B pexume 033 u
KOMMYTAllUOHHBIX IEPEHANPSIKEHUM MOKET IOCTHraTh COOTBETCTBEHHO 4,3 u 7,4 OT HOMMHAJIBHOTO
HanpspkeHuss cetu. HaydHbIMM — UCClIEOBaHMSIMH  YCTAHOBJIEHO, 4YTO KpPAaTHOCTb BHYTPEHHHUX
nepeHanpsHpKeHud He JoJDKHA mpeBblmaTth 2,8Uy A CUIIOBBIX TpaHC(OPMATOPOB U KaOETbHBIX JTUHUN U
1,8 Uy Ut 3IeKTpOoABUTATENICH CO CPOKOM DKCIUTyaTaIlK 0oJiee TSATH JIeT.
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Ha ocnoBanuu 6onee uem 420 HayqHBIX UCCIEAOBAHUI aBapUHHBIX PEKUMOB, DJICKTPOMOTPEOICHUS
W DOKCIUTyaTallud dJCKTPONPUEMHHKOB B CHCTeMax JJIeKTpocHaOxkeHus 3, 6, 10 kB KpymHbBIX
IPOMBIIUICHHBIX TMPEANPUSATHI M TOpOAOB Hamled KOMaHIoM Obuld pa3paboTaHbl CHEIHATbHBIC
YCTPOMCTBA, BHEAPEHHE KOTOPOrO IO3BOJSET IOBBICUTH HAAECKHOCTb, CHU3UTh aBapUUHOCTb U PHUCKHU
BBIXOJIa U3 CTPOsl 3JIEKTPOIHEpreTHyeckoi MHGpacTpyKTypsl. Ha ocHOBe pa3paboTaHHBIX YCTPOMCTB H
METOUK c(HOopMHpOBaHA YETBIPEXKOMIIOHEHTHASI TEXHOJOTUSl CHIDKCHUS aBAPUHHOCTH M TIOBBIIICHUS
3P PEKTUBHOCTH NEKTPOIHEPTETUUCCKUX CUCTEM.

KoMnoHEHTHI TEXHOIOTHH .

K1 BHeapenue crenyaibHO pa3paO0OTaHHBIX YCTPOMCTB JOOABOYHOI'O aKTUBHOI'O TOKa (PE3UCTOPOB LIS
3a3eMJICHUST HEUTpalbHON ToukM ceTelt 6-10 kB) mo3BosiseT nepeBecTy pexxuM HerTpanu cereit 6-10
KB ¢ M301MpOBaHHOTO Ha PE3UCTUBHBIA W ¢ KOMIICHCHPOBAaHHOTO Ha KOMOWHUpOBaHHBIH. [lepeBox
peKrUMa HEUTpaIM CETeH MO3BOJISIET OTPaHUYHTh NIepeHanpsokeHus B pexxkume 033 no yposas 2,0+2,1
OT HOMHHAJIBHOTO HANpPSHKCHHST CeTH, cokpatuth KosmdectBo O33 Ha 50%, WCKIIOYHATH
BO3HUKHOBEHUE (DEpPPOPE30HAHCHBIX MEPEHANPSIKEHUH, COKPAaTHTh KOJUYECTBO MHOI'OMECTHBIX
po00eB M30JAIMH KaOEIbHBIX JIMHUM, AJIEKTpoABUraTesneil u TpanchopmaTopoB Ha 73%. BHenpenue
NEpBOTO KOMIIOHEHTa OOECHEeYMBAECT BBICOKYIO paboTOCHOCOOHOCTh M 3((HEKTUBHOCTh TMPOCTHIX
TOKOBBIX 3amuT ot 0O33.

- OOocHoBaHMe, pacyeT, BHeJApPeHMEe W HACTPOKAa MpPOCTHIX TOKOBBIX 3ammT oT O33 1o
pa3paboTaHHBIM METOAMKAM Halled KOMaH/Abl IO3BOJIIET IOJHOCTHIO MCKIIIOUUTBH JIOKHBIE
(He0OOCHOBaHHbIE) OTKIJIIOUEHMSI JIMHUM 3JIEKTPOCHAOXKEHUS, COKPATUTh TPYNIIOBbIE OTKIIOUEHHS
JUHUH 31ekTpocHa0)eHuss Ha 97%, COKpaTUTh KOJIMYECTBO KOMMYTALUN JIMHUN 3JIEKTPOCHA0KEHUS
B aBapuitHbIX pexxumax O33 Ha 98%, BbIBeCTH celeKTUBHOCTD 3auT oT O33 Ha ypoBeHb 100% naxe
pu HOpMHUpYyeMbIX Tokax O33, B uTOre JOMOJHUTENBHO COKpaTUTh KoaudecTBo O33 Ha 8%.

K2 Baeapenme croenuanbHO pa3padOTaHHBIX  YCTPOMCTB — «TacUTENb-KOMIIEHCATOP»  [O3BOJISIET
UCKJIIOUYUTh PE30HAHCHBIEC SBJICHMS, KOTOpPbIE BO3HUKAIOT B TOUYKAX IMOIKIIOUEHHsS HHIYKTHBHOM
Harpy3ku (dJeKTpojaBUTATENH, TpaHchopmaropel) B pexkume O33, IOMONTHUTENIBHO CHU3HTH
nepeHanpsbkeHuss B pexxume O33 g0 ypoBHs 1,76-1,78 HOMHMHAJIBHOTO HaNpsDKEHUS CETH,
JIOTIOJTHUTENIBHO ~ TMOBBICUTh  HAJEKHOCTh U COKPAaTUTh  KOJUYECTBO MPOOOEB  H30JISILUU
anekTpoaBHuraTeneii Ha 22%, B HWTOTe JOMOJHUTENBHO COKpaTHTh KoimdectBo O33 Ha 12%.
['acurenu-koMIeHCaTOppl  MOAKIIOYAKOTCA K 3aKMMaM  JJIEKTPOJBHraTesied M BBOJAM
TpaHCPOPMATOPOB, OCYLIECTBIIAIOT (PHIBTPAIMIO BBICIIUX FAPMOHUK TOKA HArpy3Kd KpaTHBIX TPEM,
OCYILIECTBIISAIOT YACTUYHYIO KOMIIEHCALUIO PEAKTUBHOM MOIIHOCTH.

K3 BHeapeHue crnenuagbHO pa3pabOTaHHBIX YCTPOMCTB Ui OTPAaHUYEHUS KOMMYTAIlMOHHBIX
nepeHanpsbkeHuid  «RC-racutenb»  MO3BOJSET  pelIMTh  NpodjaeMy ¢  KOMMYTallMOHHBIMU
NEPEHAIPSHKEHUSMH, CHU3UTh UX YPOBEHb 10 1,5-1,68 HOMHMHAJIIBHOTO HAIIPSKEHUS CETH, COKPATUTh
KOJIMYECTBO MPOOOEB M3OJISIIIMM AJIEKTPOABUraTeNIeld U CUIIOBBIX TpaHc(opmaTtopoB Ha 71%, B utore
JIOTIONTHUTENBHO COKpaTuTh KonuuecTBo O33 Ha 18%. RC-racurenu noaxmrodaroTcs K 3aXUMaM
AJIEKTPOJIBUTATEIEH U BBOJAM TpaHC(HOPMATOPOB, OCYHIECTBISIOT (DUIBTPAIMIO BBICIINX TapMOHUK
TOKa Harpy3Ku KpoMe KpaTHbBIX TPEM.

K4 BHeapenue crnenuanbHO pa3paboTaHHbIX ycTpoiicTB «RC-K4» ¢ menbio 3amuThl  SKpaHOB
COBpEMEHHBIX Kaleseill M3 CHIMTOro MOJIMATHIIEHA OT TePMUYECKOro paspyiieHus B pexumax K3.
[Tocne BHEApPEHN EPBBIX TPEX KOMIIOHEHTOB TEXHOJIOTUM KonnuecTBo O33, nepexoAsiue B IBYX U
TpEX (ha3HbIE KOPOTKUE 3aMbIKaHUs CHUXKaeTcs Oosiee yeM B 4 pasa u He npesbliaet 8%. [Iporekanue
tokoB K3 mo onHoda3HbIM KabensiM ¢ M30JALMell U3 CIIUTOrO MOJMITHIICHA SIBIISETCS NMPUYUHON
TEPMUYECKOTO pa3pyLIeHUs SKPaHOB JaHHBIX Kabenei. DTO MPUBOIUT K HEOOXOIUMOCTH 3aMEHbI
KUJIOMETPOB MOBPEKICHHBIX Kabemneil.



NuUTAS

OcHoBHbIE 3} PeKThI TEXHUYECKUX PeleHHn i

Tabmuna 1 — OcHoBHBIE dhDeKThl BHEAPEeHUsT TexHOoJIoruH 4K 1 €€ KOMIIOHEHTOB.

Apdexr

Buenpenne
K1
CoxpallleHie KOJIMYECTBA TIPOOOEB N3OSN JIEKTPOABUIaTENEN 32 %
CoxkpallleHH€e KOJIMYECTBA IIPOOOEB H3O0JISAIMU KaOEIbHBIX JINHAN U My(T 48 %
Coxpanienne komaectsa 033 58 %
JIoCTHXKEHHE YPOBHS CEIEKTUBHOCTH TOKOBBIX 3ammut or 033 100 %
CokpalieHue 3aTpar BpeMeHH Ha onpejenenue guann ¢ 033 98 %
CoxkpallleHHe BHYTPEHHHX KOPOTKHX 3aMbIKAHUT 38 %
CokpallieHre KOJMYECTBA POBAJIOB HAMPSHKEHUS 24 %
CokpallleHHe TOIOBbIX aBapUIHBIX U3IEPKEK 39 %

NuHoBanMu B cHUCTEMAaX CpeaHero Hanpsikenust 3-35 kB

Buenpenue
K3

71 %
23 %
18 %

12 %
8%
25 %

¢ deKTUBHOCTH

Buenpenue
K1+K3

84 %
71 %
76 %
100 %
98 %
47 %
31 %
64 %

Buenpenue
K1+K2

54 %
76 %
70 %
100 %
98 %
42 %
27 %
56 %

Buenpenune
4K TexHoJIOTMH

93 %
81 %
88 %
100 %
98 %
63 %0
41 %
81 %

I[aHHBIe 3(1)(I)CKTI/IBHOCTI/I OCHOBAHbI Ha CO6paHHBIX CTaTUCTHYCCKHUX JAaHHBIX 3a 26 JICT, KaK 00 peajin3dalluu TCXHUYCCKUX peH.IeHPIﬁ, TaK 1 IIOCJIC.

Jannsie o6HOBIEHHI B 2020 romy.
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Texuunueckasi uHpopmanus no ycrpocream «YAAT»

YerpoiicTBO  100aBOYHOTO akTHBHOTO Toka Tuma YJIAT mnpemHazHaueHO IS
PE3UCTUBHOIO WJIM KOMOWHUPOBAHHOTO 3a3eMJICHUS HeWTpanu cereit 3, 6, 10 kB, uro
MO3BOJISIET OTPAHWYUTH TEPEHANPSHKEHHST B PEeXKHME OMHO(PA3HOTO 3aMBIKAHHA Ha
3emitio (O33) mo yposas (2,0-2,1)Un u co3aars ycmoBust mist 100 % cenexkTHBHOCTH 3,6, 10 KB 3 6 10 KB
MPOCTHIX TOKOBBIX 3aImuT oT 033. —

Pe3nCTUBHbIN peXxnm KomMBUHUPOBAHHbIN pexum

[Mpuanun paboThel ycTpOWCTBA OCHOBAaH Ha TOM, 4To B pexume 033 mexmy . QF . QF
HEUTPAJIBHONM TOYKOH CETH BO3HHUKAET HAIPSDKEHUE CMEILECHHS HEUTpalld, KOTOPOE
MIPUKJIAABIBACTCA K pE3UCTOpy. B pesynprare 3TOro 4epe3 pe3UCTOp IPOTEKAET

AKTHBHBIA TOK, CIIOCOOCTBYIOIIMH TOBBINICHHIO CEJIEKTUBHOCTH TOKOBBIX 3aIUT OT v, v,
033.

Orpanunuenue nepeHanpspkeHudd B pekume 033 mocTHraercs 3a CYET CHIDKCHUS A A\
BEJIMYMHBI HATIPSDKEHUSI CMEIICHHST HEUTPAIU M CO3JIaHHsT HU3KOOMHOTO KOHTYypa s

nepesapsijia eMKocTel (pa3 mo OTHOIICHHIO K 3eMIIe. a

o0ecreunBaeT BBICOKYIO Ha/IKHOCTb YCTPOMCTBA B JUIMTENBHBIX PEXUMax padOTHl U
MO3BOJIMJIO YMEHBIIMTh TabapuThl ycTpoHcTBa. [IpWHYAMTENBHBIH OTBOJ TeIlIa
MO3BOJISIET CHU3UTH TeMmiepaTypy pesuctopa ¢ 350 rpaaycoB lLlenbcus go 100
rpaaycoB Llenbcnsi, YTO CyIECTBEHHO YBEIMYMBAET CPOK IKCIUTyaTallui YCTPOUCTBA.

yCTPOﬁCTBO OCHAIlICHO aBTOMAaTUYCCKUM IMPUHYAUTCIbHBIM OTBOAOM TCIUIA, YTO @

YCTpOMCTBO  OCYIIECTBIISIET  PETUCTPAlI0 BPEMEHH W MPOJODKUTEIHLHOCTH
0THO(a3HOTO 3aMBbIKaHUs Ha 3EMITIO.

KoHCTpyKIust  yCTpoiicTBa IO3BOJISICT PEryJIMPOBaTh BEIWYHMHY 100aBOYHOTO
AKTUBHOTO TOKa IPH HACTPOMKE TOKOBBIX 3alUT C Y4ETOM pazdpoca mapameTpoB
TpaHC(OPMATOPOB TOKA HYIEBOH MOCIEIOBATEILHOCTA. JTO IIO3BOJIET JTOOUTHCS
100% cemekTHBHOCTH PabOTHl TOKOBBIX 3amuT OT O33 W HUCKIIOYUTH BIIMSHHE

KOH()UTYpaIlliy CETH Ha UX padoTy. V / /// o W /Wf

I"abaputs! ycrpotictea: 1850x1500x1500 (BbicoTa, ANTHMHA, ITUPUHA).
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Texnuveckas nngopmanus no ycrpoiicream «I'acuresb-koMnencaTop»

lacutens-komMmneHcaTop paspaboTan c LEIBI0 3alIUTHI H30JISIAH

anekTpoodopynoBanus 3, 6, 10 kB (quaMH, TpanchOpMAaTOPHI, AIEKTPOJBUTATENN) OT QS QF 3 6 10 KB
repeHanpspkeHnid B pekume O33 1 pe30HAHCHBIX MepeHanpsbkeHni B pekume O33 B r=

ceTsax Tpex(a3Horo nepeMeHHoro Toka yactotor 50 I'n A &

Pesonancuble mnepeHanpsbkeHust B pexume O33 MOryT BO3HHUKAaTh B TOYKaxX B T
MOJKJIIOUEHUS MHAYKTUBHOW Harpy3ku (TpaHcopMmarop, 3IIEKTPOABUTATEID). C

BenuunHa pe3oHAHCHBIX NEPEHANpPSDKEHUN MOXET TPEeBbIIaTh HOMHHAIbHOE
HampspkeHue cetu B 4-6 pa3, 4TO NPUBOOUT K MpoOOI0 H30JIALIUH OOMOTOK
3JIEKTPOABUTATENEH, TPAHC(HOPMATOPOB MU U30JIALUH KaOeIbHBIX KOHLIEBBIX My (]T.

l'acutenb-koMneHcarop:

: |
|
(9 | -

- JIMKBUAWPYET YCJIOBHA BO3HHKHOBEHHA PE30HAHCHBIX SBJICHUM Ha 3aXXUMax | raCMTEJ'I b :
alIeKTpoJBUraTeneil u BBogax TpaHchopmaTtopos B pexume O33; : KOMMEeHCcaTop |
- YaCTUYHO OTPAHUYUBAET BBICIINE TAPMOHUKH TOKA HAIPy3KH KPATHBIE TPEM; | 3 ” :
-  UYaCTUYHO KOMIICHCHUPYET PCAKTUBHYHO  MOMIIHOCTH 3J'I€KTpO,Z[BPIFaT€J'I6ﬁ nu : -X ¢)a 3HblIN |
|

TpaHc(hOpMaTOpOB; L !
- OCYIIIECTBIISIET JaJIbHEHIIIee CHIDKEHUE MepeHarnpsykeHuil B peskume O33 10 ypoBHSA

He mnpeBblmatomero 1,78UH B ceTAX ¢ PE3UCTUBHBIM MJIM KOMOMHHUPOBAHHBIM
peXuMaMy HEUTpPaJIH CEeTH.

I"abaputs! ycrpoiicta: 800x700x550 (BbIcOTa, ANTMHA, ITUPUHA).
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Texnunueckasi uHpopmanus no ycrpoiicream «RC-racuresiby

RC-racurtens: TpexdasHblii PE3HCTHBHO-EMKOCTHOW TacHTENb KOMMYTAIIHOHHBIX

MEPECHAIPSDKCHUN pa3padoTaH ¢ IETbI0 3allUThl M30JSAIUHN 3JIEKTPOOOOpYI0BaHUS QS QF 3 4 6 5 10 KB
(rHAw, TpaHCHOPMATOPHI, DIIEKTPOIBUTATEIIN ) oT KOMMYTaIlHOHHBIX

TIepeHANPSDKCHUHA B CETAX Tpex(aszHoro mepeMeHHOro Toka dactotoit 50 I'm, kak mpu A +

HaJIM4YUHU, TaK U IIPU OTCYTCTBHUU BBICIINX I'APMOHUK I10 TOKY U HAIIPSAKCHUIO. B

RC-racuTens OrpaHMYMBAET KOMMYTAIMOHHBIE IlepeHanpsykeHus 10 ypoBHs He
npessImaroniero 1,68UH.

[Ipuxnun paGoTel OCHOBAaH Ha OIPAaHMYCHUU aMIUIMTYIbl HEPEHANPSDKCHUN 3a CUET
YMEHBIICHUS] BOJHOBOTO CONPOTHUBIICHHUS 3alIUIAEMOT0 OOBEKTa C IOMOUIBIO
€MKOCTH U YCTPaHEHHUS! MHOTOKPATHBIX MOBTOPHBIX 3a)KUTaHUI JYTH B BBIKIIIOYATENE
C TIOMOIIBIO0 AKTUBHOTO COIPOTHBIICHHUSL.

RC-racutennb!
3-x ¢pa3HbIN

I"abaputs! ycrpoticta: 800x700x550 (BbIcOTa, ANTMHA, ITUPUHA).
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Texuunueckasi uHpopmanus no ycrpoiicream «RC-K4»

YerpoiictBo RC-K4 pazpaborano mjis 3amuThl 3KpaHOB omHO(a3HBIX KaOemed w3

Usonauma Cunosas xuna JKpaH
CIOMUTOI'0 MOJIUITUIICHA OT TCPMHUYCCKOI'O PA3PYILICHHNA B PEKHUMaAX NIEPCTPY3KU U K3.

[Napamerpsr RC-ientn BeIOMparOTCS TakuM 00pa3oM, 9TOOBI B PEeXUME YCTOHYHNBOTO
K3 mo »skpany kabenst mpoTekal TOK HECHOCOOHBIH  BBI3BaTh TEPMHUYECKOE [ = T T O
paspymieHme 3KkpaHa. T T e e e e e o L B B W

B nepexoHOM pexume B TIEPBBIH MOTYNEPUO]] MPOMBILIIICHHON YacTOTHI IO KaOelto
OyJeT NpoTeKaTh YAapHBIH TOK, BEJIMYMHA KOTOPOTO MOKET IIPEBBINIATH |
yCcTaHOBHUBIICeCs 3HaueHHe Toka K3 B 2,2-2,7 paza. B naHHBII MOMEHT BpeMCHH |
BenmunHa JJIC Bo3pacraer B 2-2,5 pasa. B srom cimyuae cpabareiBaer OIIH m
orpannuuBaet BenuuuHy DJIC B skpane kabens, a RC-uens mocne 3akpeitus OITH
OrpaHUYUBACT TOK B 9KpaHe Kabesst 1o 6e301acHON BETUYHHBEI.

I"abaputs! ycrpoiicta: 300x530x220 (BbIcOTa, ATMHA, ITUPUHA).



== NuHoBanmu B cucTeMax cpeaHero Hampsikenusi 3-35 kB

BHemnuii B ycTpoiicTB

INacurens-xkomneHncarop RC-racurens RC-K4
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MecTta noAKJIIOYEHHS YCTPOMCTB K CHCTeMe JIeKTPOCHA0KeHU s

rnn 110/10 kB

T1 T2

1c.w. 2 c.u. 10 kKB

]

]

E K

M1

[ |
i =g @ 6/0,4KB
Gl

RC-r

BB (3B) - BaKyyMHblIli (31€ra3oBblii) BbiKAoYaTeNb

@ MB - macnsHbIl BbIKAOYaTENb

M3

VYerpoiictBa «YIAT» noakmoyaroTess K ceKuusM IMH. Ha oguH y3en 3JeKTprUuecKux Harpys3ok
HEO0OXOIMMO OJHO YCTPOHCTBO.

YerpoiictBa «RC-racutens» (RC-r) u «["acutenb-komnencarop» (I'-K) moakmrodaroTes K 3axuMam
AJICKTPOJIBUTATENIEH WM BBOJaM TPaHC(HOPMATOPOB CHEIUATBHON KaOEeNIbHOUW MepeMbIuKoi. OOBEKTHI
3alIUTHl ONPEAEISIOTCS NPEABAPUTENBHO C YYETOM HX CTENEeHHM OTBETCTBEHHOCTH M PHCKOB MpoOOs
u3ossiun. CTeneHb pUCcKa 3aBUCHT OT TEKYILETro CpOoKa SKCIUTyaTalluy IEKTPOIIPUEMHHIKA, €T0 MOIITHOCTH,
TUIIa KOMMYTAIIMOHHOT'O arapara, BeIMYNHbl KOMMYTAIIMOHHBIX IIepeHanpsHKeHUH.
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NuUTAS

MeponpusiTusi Heo0XoaAUMBbIe /ISl BHeApeHHs ycTPoicTB U gocThkeHust 100% cesieKTUBHOCTH TOKOBBIX 3a1uT oT 033

NuHoBanMu B cHUCTEMAaX CpeaHero Hanpsikenust 3-35 kB

Ta6muma 2 — Heo6xomuMble MEpOTIPUATHS I BHEAPEHUS yCTPOUCTB U AocTkeHus 100% ceneKTUBHOCTH TOKOBBIX 3amuT oT 033

Ne

*

O0caenoBanus CHCTEMBI
3JIEKTPOCHADKEHH S

O0ciienoBanue pe;xMMOB
0HO(A3HOI0 3aMBbIKAHUS HA
3eMJII0 B ceTsix 3, 6, 10, 35 kB

Oo6caenoBanue
paboToCcnoCOOHOCTH 3aIIUT OT
033 B cetsix 3, 6, 10, 35 kB

OocienoBanue
KOMMYTAaIlMOHHBIX
nepeHanpsKeHui

O0c/ienoBaHue TEPMUYECKOMH
yCTOIYHMBOCTH Kadesiei

¢ M30JII0HMell U3 CIIUTOr0
noaudTujeHa B pe:xkume K3

- B CJIy4dac HCO6XOI[I/IMOCTI/I

Pe3yabTaThl 00ce10BaHUs

- Onenka BenuunHbl TOKOB 033

- O6ocHoBaHKE HEOOXOAUMOCTH KOMIeHcauu Tokos 033

- Be1Gop myroracsmmx peakTopos (KaTymiek)™

- Onenka BeIMYUHBI lepeHanpsikeHuid B pexxume 033

- OnpezesneHne CTENIEHN PUCKOB BBIXOZA U3 CTPOsI KaOENbHBIX JTMHUH,
3JIEKTPOOOOPYIOBAHUS U HIIEKTPOIPUEMHHUKOB

- ObocHOBaHHE HEOOXOAMMOCTH OTPaHUYCHUS MepeHanpspkeHuit B pexume 033

- O6ocHOBaHKE PAIIIOHATILHOTO PEKUMA HEUTPAJIH CeTH

- ObocHoBanHme 3 (HEeKTUBHBIX CPEACTB OTPAHWUYEHUS IepeHanpsbkeHni B pexume 033
- Bo160p BeTMUMHBI 1 MOLTHOCTH PE3UCTOPa 3a3€MIICHUS] HEUTpal CeTH.

- Onpenencaue ko3 durmenta 3 pekTuBHOCTH 3amuT 0T O33 I pa3IUYHBIX PEKUMOB
HEUTpalld ceTu

- ObocHOBaHKE BETMYNHBI 100ABOYHOIO aKTHBHOT'O TOKA JUISL BRIOOpa yHUBEPCAIBbHON
ycTaBku 3amut ot 033

- O6ocuoBanue 100% cenektuBHOCTH 3amuT OT 033

- octmxenune 100% cenexkruBHOCTH 3amuT oT O33.

- O1eHKa BeIMYMHBI KOMMYTAIIMOHHBIX EpEHANPSKECHUI

- OnpeesieHNE CTETIEHN PUCKOB BBIXOZA U3 CTPOsI KaOENbHBIX JTUHUH,
3NIEKTPOOOOPYIOBAHUS U IIEKTPOIIPUEMHHUKOB

- O6ocHOBaHNE HEOOXOAMMOCTH OTPAHUYEHUS] KOMMYTALMOHHBIX IT€PEHANPSHKEHUN

- O6ocHoBaHue 1 BEIOOP 3()(HEKTUBHBIX CPEICTB OTPAHUICHUS] KOMMYTAIIMOHHBIX
IepeHaNPSKEHUN

- O0ocHoBaHKe Y3PPEKTUBHON 3aIUTHI SKPAHOB CHUJIOBBIX KaOeJieH ¢ n3osmnuen u3
CIIIMTOTO MOJIMATHIIEHA B peXKHUMeE Tieperpy3ku u pexnme K3 3a BpeMs feiicTBUs 3alIuThI

IIpunoxenus

Coctas pabor:
IIpunoxenue 1

Cocras pabor:
Hpuniaoxenue 2

CocraB pabor:
Ipunoxenue 3

Cocras pabor:
Ipnioxenue 4

12



NUTAS

Pedepenc-nuct

Tabmuna 3 — Pedepenc-nmuct

NuHoBanMu B cHCTEMAaX CpeaHero Hanpsikenust 3-35 kB

O0beKThI, Ha KOTOPBIX BHePeHO 000py10BaHue TexHoaornu 4K

rE PYCAJI

POCHEDTb

Eurasian

E R G Resources

Group

L

KY3BACCPA3PE3YI0/lb

N7 GHHCKIHEPTD

MATHUTOFOPCKMI _
METANTYPTUYECKWiA
K KOMBMHAT

Oraznpom
. . [ ]
L] .
YPANKAJIVNIA ®
. .

AO «PYCAJI Aunncknii I muaosemusiii KomOuaaT»

AO «PYCAIJI CasHoropckuit AfOMUHHEBBIN 3aBO»
OAO "CYAII" "BA3-CYAJI"
ITAO «PYCAJI Bparck»

3A0O «boryuaHckuit ATIOMUHUBBINA 3aBO)

AO «Aunnckuit HIT3 BHK»

YronbHbll pa3pe3 «BocTouHbLIY,
pecnyonmka Kazaxcran
VYronbHe# pazpes «KenpoBckuii»

YronwsHbIH paszpe3 «KpacHOOpoaCKuiny

VYronbHbll pa3pe3 «MexaypeueHCKUn»

AO «bwnitckanepro» TOL] r.buiick
«Cubupckas ['enepupyromias Kommanus»

YronpHbll pazpes «HepHOropcKuin»
YronsHbll pazpe3 «bepe3oBckuin»

VronwHbli pazpe3 «bopoauHCKHID»
VYronsHsii pazpe3 «TymyHCKn»

YroubHbIl pa3pe3 «MyryHCKH»
ITAO «MMK»

Pynank «Masrii Kyitbacy

IIC 110/6 «KC-0» KC «HansiMckasi»

ITAO «VYpankanuii»

13
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Tabmuna 3 — Pedepenc-nuct

O0BeKTHI, HA KOTOPBIX BHEAPEHO 000pyA0oBaHHue TexXHOJI0Tuu 4K

‘I .’ POCATOM ®I'YII «'OpHO-XMMHYECKHI KOMOUHAT

VA
i IMTAO «HropOuHCcKuit ropHO-000TaTUTENBHBI KOMOUHATY
~ ITAO «HanexxanHCKuii MeTaTypruieckuii 3aBop
HOPHUKEJb
_(“:5 AMRUK AO «AXK» IIC 110/10 kB «HoBozamannasy
. ENERGY r. Anmartel, pecny6nuka Kazaxcran

INEKTPOCETEBASA

EKATEPIHBYFI GRAS AO «EDCK» IIC 110/10 kB «bapxoTtkay,
KOMMAHUS r. ExarepunOypr

Y l‘lEHPCH"“ 000 «KpacHospcKuit IEMEHT», IIEMEHTHBINA 3aBOJI
LlemeHT

a
el b IMAO «Kpuorenmarm»
REL KPUOINreEHMALL p

n " E y F 000 «TobombCK-HEPTEXUM

G
TPAHCHE®TD

000 «TpancuedTts — BocTox»

14



NuUTAS

CpaBHeHMe ¢ MUPOBBIMH aHAJIOTaMU

Tabnuma 4 — CpaBHeHue yctpoictB «Y JJAT» ¢ MUPOBBIMU aHAJIOTaMH

Ne

Texunueckue XApaKTCPUCTUKHU

YpoBeHb OrpaHHuEHUS
IIepEHAIPSKEHUN

PerynupoBka 106aBo4HOTO
AKTHUBHOTO TOKA JIJISl IOCTHIKECHUS
CEJIEKTUBHON PabOTHI 3aIUT OT
0/1HO(a3HBIX 3aMBbIKAaHUH Ha

3emitro (033)

Perucrpanus Bpemenu n
mmreabHocta 033

JTUTensHOCTh paboThI

Jnama3zoH okpykarouei

TeMIepaTypbl
["aGaputsl, MM

(BBICOTA X ITTMHA X IIMPHUHA)

Macca, kr

PCMOHTOHpI/IF OJHOCTb

CTpaHa MMPONU3BOAUTCIIb

NERS

(2-2,2)Un

HCT

HET
JJIUTCIIBHO
-60°C + +40°C
2200x1800x1800

600
HET

AHrnns

DANGER

(2-2,2)Un

HCT

HET
JJIUTCIIBHO
-40°C + +40°C
2400x2000x2000

1300
na

ABcTpanus

NGR

(2-2,2)Uy

HET

HET
10c
-40°C + +40°C
2000x1600x1600

700
HET

Kurai

Tun (mapka) ycTpoiicTBa

CRESSOL

(2-2,2)Un

HCT

HET
60c
-40,C + +40°C
2000x1800x1800

1200
Ia

Nunus

VAT (RUTAS)

(2-2,2)Un

Ja

aa
JJIUTCIIBHO
-60°C + +50°C
1800x1500x1500

500
Ia

Poccusa

NuHoBanMu B cHUCTEMAaX CpeaHero Hanpsikenust 3-35 kB
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NuUTAS

NuHoBanMu B cHUCTEMAaX CpeaHero Hanpsikenust 3-35 kB

Tabnuma 5 — CpaBHeHue yctpoicTB «RC-racuTesnb» ¢ MUPOBBIMU aHAJIOTaMU

[62 BUENN =N V]

TexHuueckue XxapakTepUCTUKH

YpoBeHb OrpaHUYECHUS
KOMMYTallMOHHBIX TePEHANPSKEHUI
["aGaputsl, MM

(BBICOTA, VTMHA, ITUPHHA)

Macca, xr
TemnepaTypa okpyKaroleu cpesl

PemoHTOIIPUTOAHOCTH

TepMI/I‘leCKaH YCTOﬁqHBOCTL K BBICIIIMM
rapMOHHUKaM TOKa

BivsiHre Ha BenMMYMHy EMKOCTHOTO
TOKa OAHO(A3HOTO 3aMbIKaHUS Ha
semitio (033)

VYceranoska JII'P nnu ux HacTpoiika

CrtpaHa mpou3BOAUTEIND

SURGEPACK
2,2 Uy

1320x1066x580

70
-40°C + +46°C
HET

Huzkas,
T.K. KOHACHCATOPp 1
PE3UCTOP B OJHOM KOPITyCE

VBenuuuBaet
éMKocTHOI Tok O33

Tpebyercs
CIIA

Tun (mapka) ycTpoiicTBa
ZORC
2,8 Uy

650x650x350

40
-40°C = +55°C
HCT

Huzkas,
T.K. KOHACHCATOp U
PE3UCTOP B OAHOM KOPITyCe

VYBeauuuBaeT
éMKkocTHOI Tok O33

TpeGyercs

ABcTpanus

RC-racurens (RUTAS)
(1,5-1,68) Uy

800x700x550

60
-46°C + +55°C

Ja

Bricokast,
T.K. PE3UCTOP BBIHECEH M3
KOpITyca KOHJIeHcaTopa

He Biuser

He tpebyercs

Poccus

AHAJIOTOB BTOPOro (racureib-komMmneHcarop) u yerseproro (RC-K4) komnonenToB Texnosiorun 4K He cymecTnyer.
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AuccepranuoHHbie padoThI

B Tabaune 6 ykasaHbl CChUIKM Ha AMCCEPTALIMOHHBIE paOOThHI YJICHOB Halllel KOMaHJbl Ha 3BaHUE
«Kanaunatr TeXHMYECKHMX HAyK» [0 TeME PEKHMOB HEUTpalu CEeTH, BHYTPEHHHX IEepEHANpSKCHUH,
pa3pabOTKH U COBEPILIEHCTBOBAHUS METOOB U CPEJCTB OTPAHUYEHUS BHYTPEHHUX NEpeHaNpsHKeHUN

Tab6muma 6 — {ucceprarmonasie paboThI

ABTOp

. Ccblika Ha MaTepHAJIbI
AMCCEPTAIUOHHON padoThI

ABtopedepar: https://rutas.group/files/kuzmin r.s. avtoreferat.pdf
PaGorta: https://rutas.group/files/kuzmin r.s. dissertaciya.pdf

Ky3pmun Poman Cepreeuu

I'aBpunosa Exarepuna ABTtopedepart: https://rutas.group/files/gavrilova e.v. avtoreferat.pdf
Brnagumuposna PaGota: https://rutas.group/files/gavrilova e.v. dissertaciya.pdf

bapsiiarkoB JMutpuit ABtopedepar: https://rutas.group/files/baryshnikov d.v. avtoreferat 2.pdf
Brnagumuposuu PaGota: https://rutas.group/files/baryshnikov d.v. dissertaciya 2.pdf

MenbinkoB Butanuit ABTtopedepart: https://rutas.group/files/menshikov v.a. avtoreferat.pdf

AnekceeBu4 Pabora: https://rutas.group/files/menshikov v.a. dissertaciya.pdf

Maiitnarames Poman ABTtopedepart: https://rutas.group/files/mainagashev r.a. avtoreferat.pdf

AnekcaHnipoBuY PaGota: https://rutas.group/files/mainagashev r.a. dissertaciya.pdf
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NuUTAS

Crarbpn

B Ta6J'II/II_[e 7 IIPUBEACHBI CChLIIKKM Ha HEKOTOPBIC U3 HAIINUX cTaTeH 1o TemMe PEXKUMOB HCfITpaHI/I

CETH, aBapUITHOCTU CUCTEM DJIEKTPOCHAOKEHHSI, BHYTPEHHHUX MepEeHANPSIKEHUH.

Tabmauua 7 - Cratbu

Ne

10

Ha3zBanue craren

[TprurHbBI BO3HUKHOBEHHS KOPOTKHX M OAHO(Aa3HBIX
3aMbIKaHUM Ha 3€MJII0 B CETSX FOPHBIX NPEIIIPUATUI

AHali3 ¥ MPOrHO3 aBapUIHOCTH paclpeaeIUTEeIbHbIX
BJIEKTPOCETEH U AJIEKTpOonprueMHUKOB 6-10 kB B ropHoit
oTpaciu

AHanu3 aBapuiHOCTH B CUCTEME HJIEKTPOCHAOKEHUs 6-
10 xB ropHo-metannypruueckux npeanpuaruii Cubupu

AHanu3 AMHAMUKY aBapUHHOCTHU U MOBBIIICHUE

3¢ (HEeKTHBHOCTH 3aIIHUTHI OT OJHO(A3ZHBIX 3aMBIKAHHUH Ha
3eMJTIO B CETSIX U AJIeKTpoobopynoBanuu 6-10 kB
KapbepoB U Pa3pe30B

OnnodaszHble 3aMbIKaHUS HA 3eMITI0 B ceTsiX 6-10 kB n
ANEKTPOTPABMATU3M Ha YTOJBHBIX pa3pe3ax

OnbIT AKCIUTyaTallMM CPEACTB 3alUThI OT
KOMMYTAllMOHHBIX [TEpEHANPSHKEHUI B CUCTEMAX
anekTpocHaOxkeHus 6 KB ropHeix npeanpusituii
Bnusiaue npouecca gyrorameHus B BBICOKOBOJIBTHBIX
BBIKJIIOYATENISAX HA BEJTMYMHY KOMMYTAIlMOHHBIX
nepeHanpsHKeHui, BO3HUKaoImX B ceTsx 6...10 kB
TOPHO-A00BIBAIOIINX NPEAIPUITUN

BnusiHue THna u MOILIHOCTH AJIEKTPOIBUraTeNIel ¥ TUIIa
BBIKJIIOUATEIEH HA BEIMYMHY KOMMYTallMOHHBIX
nepeHanpsHKeHuH, BO3HUKAONuMX B ceTsx 6-10 kB
TOPHO-A00BIBAIOIINX MPEAIPUITAN

AHanu3 KOMMYTAI[MOHHBIX NIEPEHAIIPSKEHNUN B CETIX 6-
10 xB yronbHbIX pazpe3oB

BinsiHMEe KOMMYTAallMOHHBIX MEPEHANPSKEHUN Ha
Ha/IeXHOCTb CUCTEM 3JIEKTpOCHaOXeHus 6 KB maxT u
PYIHHUKOB

Cratps:

Cratpi:

Cratps:

Crarps:

Crarps:

Crarps:

Crarps:

Cratpi:

Crarps:

Crarps:

Ccbuika HA MaTepuaJibl

https://rutas.group/files/tl2.pdf

https://rutas.group/files/tl1.pdf

https://rutas.group/files/t|3.pdf

https://rutas.group/files/tl4.pdf

https://rutas.group/files/t|39.pdf

https://rutas.group/files/tl124.pdf

https://rutas.group/files/tl126.pdf

https://rutas.group/files/t|33.pdf

https://rutas.group/files/t|34.pdf

https://rutas.group/files/t|36.pdf

NuHoBauMu B cHCTEMAaX cCpeAHero Hanpsi:kenusi 3-35 kB
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OT3LIBBI

UHXUHUPUHI
| ' CrpouTenscreo |

O6cnyxuBanwe \

®uinan B r. AMHHCK

OT3bIB
o pesyaprarax paborel RC-racuresneii B cersx 3, 6 u 10 kB, racuresneii-koMnescaropos,
KOMOMHMPOBAHHOTO pexuma HeiTpamn B cetax 10 kB na AO «PYCAJI Aunnck»

Ha ocnosanun npopeaéuusix ucenejosanuii cnenpamcravy 000 «HIII «Pyrac» u B
COOTBETCTBHM C BBIZIAHHEIMHM PEKOMCH/IALMSIMH JUIS CHMXKEHUS ABapHHHOCTH M TNOBBINICHHA
abdexrnBocTH cuctem anekrpocHabkenns 3-10 kB AO «PYCAJT Aunnck» ¢ 2004 roxa no
Hacrosiee Bpemsi npoucxoaur sueapenue RC-racuresneii n racurteneii-komnencaropos (I'K).
OBmee Yueso BHEAPEHHBIX YCTPONCTB COCTABHIO 93 T, ‘

Jlo sueapenuss RC-racureneit m 'K cpemnnii BbIXOA M3 CTPOA  BEICOKOBOJIBTHBIX
afleKTpozBHraTesieill MommocTeio o1 1250 g0 10000 xBr coctamisin 16 juratesneii, a
MoiHocThio 01 250 10 625 kBt — 37 asurareicii B roi. ‘

Iocne sueapenns RC-racuresneit n I'K cpejtnuii BLIXOJ U3 CTPOS JABHIATENCH MOIIHOCTBIO
or 1250 n0 10000 B rox He npebiuaer 3 jBurareieii, a MonHocThio o1 250 so 625 kBT ne
Goutee 7 BAraTeieH B 1oz, T.¢. aBapuiHOCTH JIBMIaTe/Icii cunsmniach B S pas u Gonce. B cpsisu ¢
JarnbsM addexrom cpok okynaemocti RC-racaresneii ne npessiuaet 1,2 roxa.

Cern 10 xB AO «PYCAJl AYMHCK» € KOMIEHCHPOBAHHOIO DPEXKHMa HCHTpalM Ha
KomOuEMpoBannbiil 3a cuér ycrpoiictsa Y/IAT O nepesesenst 8 2013 roay. 3a nepuoj
2014-2019 rr. KOJIHYECTBO NOBPEKACHHIH H30IAIMH KaOETLHBIX JIMHHI M 2/IeKTPOOOOPYIOBAHHS
cuusniaoch ¢ 38 jo 6, T.e. upumepHo B 6 pas. Ilpexparnics BBIXOZL M3 CTPOS H3MCPHTC/IBHBIX
TpancPOPMATOPOB HANPAKCHHA. |IPCKPATHIHCh IPYIIOBLIC OTK/IOYEHHS 3IEKTPONIPHEMHIKOB
B pekuMe OAHOPA3ZHOIO 3aMBIKAHHA HA 3eMJIO, YTO T03BOJIJIO COKPATHTH TOJIOBBIE 3aTPATHI
BPEMCHM Ha DPEMOHTHbIE M  BOCCTAHOBHTC/BHBIC DAbOThI  NICKTPHYCCKAX CCTCH M
2MEKTPooOOpy/I0BaKs NpaKTHyeckd B 2,6-3 pasa. DTO MO3BOAHIO OKYNHTL 3arparhl Ha
BHE/Pene KOMOMHUPOBAHHOIO peknMa HelTpany 3a 0,92 rojia, T.e. MEHee, YeM 3a rojL.

C yuéTOM 3aTpaT Ha Hay4HO-HCCICIOBATEIBCKYIO PaGoTy Cpeamnii CPOK OKYIACeMOCTH
RC-racureneii, I'K n yerpoiicts VJIAT ne npessicun 1,5 roja.

Hayuso-HccsieioBaTehekne paboThL, NPOU3BOJACTBO, [OCTABKAa M IICH-MOHTaX RC-
racuteaei, 'K u cucremsl YJIAT ocymecrsaamics komnanueii 000 «HIIIT «PyTacy.

["JiaBHBI CIICIHATHCT 110 2JISKTPO0OOPY10BaAHHIO
(rnaBHBIA SHEPreTHK) JIMPEKITHH 110 PEMOHTY
snepreruyeckoro odopy/osaunms puimaia 000 «UCO»
B I'. AYHHCKE

19



Q |_| TA 5 NuHoBauMu B cHCTEMAaX cCpeAHero Hanpsi:kenusi 3-35 kB

OT3bIB
o pesynpTarax padorsr O6iecTBa ¢ OrpaHMYeHHON OTBETCTBEHHOCTRIO «Hay4uHo-
NIPOX3BOACTBeHHOTO npeanpusitus «Pyrac» Ha AO «PYCAJI CasiHOropck»

000 «HII «Pyrac» corpyannuaer ¢ AO «PYCAJI Casnoropck» ¢ 2004r. B obnactu
HAyYHO-TEXHUYECKUX YCJIYI MO MOBLILEHHIO HAA&KHOCTH W 3(PQEeKTHBHOCTH CHCTEMbI
anekTpocHabmenus AO «PYCAJI CassHoropek».

Cneupamictamu OO0 «HIIIT «Pyrac» 6BUIO BBITIOIHEHO KOMILIEKCHOE 0OCHe 0BaHHE
cucreMmsbl saekTpocHabxkenusa 6-10 kB Casnoropckoro u Xaxkacckoro amOMHHHEBBIX 3aBOJIOB.
OGocHoBana u Hauata ¢ 2019r. peanusaiys paszaeneHns dIeKTPUYECKHX Harpy30K JABYX 3aBOJOB,
YTO MO3BOJIUT YBEIHYHTE MPOMYCKHYIO CIIOCOOHOCTD, MOBBLICHTH PEMOHTOCIIOCOOHOCTE CHCTEMBbI
NEKTPOCHAOKEHNS!, HCKIIOYHTh B3aMMHOE BIIMSIHHE JJIEKTPHYCCKHX HArpy3oK JIByX 3aBOZOB W
CBECTH K MUHMMYMY HEOOOCHOBaHHEIE IIPOCTOH TEXHOJOTHH MO MPON3BOJICTBY AJIOMUHMSL.

W3yyeHsl BOMNPOCHI KOMMYTALIMOHHBIX IEPCHATIPSKECHUH IIpH SKCIUTYATAlMH [eYHEBIX
arperaros C 3/1era30BbIMH BRIKJIIOYATEIAMH M JIEKTPOIBUTaTENIeH COBMECTHO ¢ MATIOMACIIAHBIMH
M BaKyyMHBIMH BEIKJIIOYaTeNsAMH ¢ Yyu€rom ocoGeHHOCTel NpoM3BOACTBA amoMuHuiA. B
YACTHOCTH, BBISBJICHO BJIHAHHME BBICIIMX TAPMOHMK TOKA HA BEIHYHHY KOMMYTALHOHHBIX
nepenanpsbkenui.  Jlokazana Huzkas  3Q(PEKTHBHOCTH  HEJHMHCHHBIX  OrpaHMuHTENei
TMIepEHANPSHKCHUN A 3aUIATHI 3/IeKTPOABUIaTeNeH M MEYHBIX arperaTtoB OT KOMMYTAllHOHHBIX
nepeHanpsiKeHU .

[Tpoananu3upoBana aBapuifHOCTL cucTeMbl anexTpocHabmenus 6-10 kB AO «PYCAIJI
Castnoropek». Tloka3aHo, 4TO OCHOBHEIMHM NpuuMHamMu apapuifHocTH cereii 6-10xkB
3MEKTPONPUEMHHKOB SIBJIAIOTCA: YCKOPEHHOE CTapeHHMe W30JIMUMH, HAIMYHC YCIOBHM JUIs
BO3HHKHOBEHHSA  KOMMYTALIMOHHBIX  TEpeHanpsyKeHHil, MpPEeBHILIAIOLUIMX  HOMHHAIBHOE
HanpMkeHue cetd B 5-6 pas, B pexume AYroBblX 0ZHOGMA3HBIX 3aMbikauuit Ha 3emunio (O33)
nepeHanpsKeHUst MOTYT JOCTUTaTh BenuurHbl 4Uy, a HenocTaTtoHas 3G heKTHBHOCTE 3allUT OT
033 MOoXKeT NpHBOANTE K MPYININOBLIM OTKJIIOYCHHAM JICKTPONPUEMHHKOB.

PexomenioBano u nayaro sHeapenne ¢ 2018r. rexnonoruu, pazpaborannoii 8 OO0 «HIIIT
«PyTacy, 1o CHHXKEHHIO aBapuiHHOCTH B cucTeme anekTpocHadxkeHus AO «PYCAJI CagHoropck»,
OCHOBAHHO Ha KOMITJICKCHOM MCIIOJIb30BaHUHM KOMOMHHPOBAHHOIO peskuMa Heltpanu B cetu 10
kB, RC-racureneii, racuteneif-komnexncaropos u yerpoiicts RC-K4.

Ycranopsied 3(QexT HOHM3AUMH JOXNAEBBIX Karejib B MOLIHOM MAarHUTHOM I10Jie
MOCTOSIHHOTO TOKa, 4YTO TMO3BOJHIO paspaborath 3ddexkTHBHYIO cHCTEMY MOJIHHE3aIHTDI
TSDKEJION OLIMHOBKH H HCKJTIOYHTE TPAMOE MONAaJaHHE MOJHUA B TSHKETYIO OIIHHOBKY.

YOCAR CasHoropek»

"h" o
N %
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OT3bIB
o corpymauyectse [TAO «PYCAJI-bparck» ¢ 000 «HITIT «PyTac»

Cotpynunuecto [TAO «PYCAJI-Bparcx» ¢ OOO «HIIIT «Pyrac» ocymectsasercs ¢
2004r. ¥ MO3BOIMIIO PELTHTE PSiJi HEOTIOXKHEIX HAYYHO-TEXHHYECKHX 3a/1a4, CBA3AHHBIX C:

- YCTOWYHBOCTEIO CHCTEMBI deKTpocHaOeHus 6-10 kB B pexuMax KOPOTKHX 3aMbIKaHUM
1 oaHO(a3HBIX 3aMbIKaHKIT Ha 3eMTi0 B ceTax 6-10 kB;

- 5QdexkTHBHBIM  OrpaHHYeHHEM  BHYTPEHHHMX  [epeHaNpsUKEHMH B CHCTeMe
anexkTpocHabxenus 6-10 kB;

- CHH/KCHHEM aBapHHHOCTH BHINPAMHTEIBHBIX arperaTtoB B TEXHOJIOTHH MO MPOH3BOACTBY
ATFOMHHHA.

YcTaHOBjIeHA — 3aKOHOMEDHOCTh  BIHAHHA  KOMMYTAUHOHHBIX  IEPEHANpPDKCHHH,
BO3HHKAIOMIMX B MEPBMYHON OOMOTKe, Ha IEPEHANPSKCHHA BTODHYHOM OOMOTKH IEYHOIO
tpancdopMaTopa, KpaTHOCTh KOTOPBIX MPEBBIIACT KPAaTHOCTH MEPEHANpPAKEHHH B IEPBHYHON
oOmoTtke B 3-4 pa3a. [lauHoe siBjieHHE SIBASETCS OCHOBHOM MPUUYHHOM NMpo6oeB CHIOBBIX IHOIOB
00paTHBIM HAIPSKEHUSIM B BBITPAMHTE/IBHBIX arperaTax.

CoOTBeTCTBYIOL[as HAyyHas IOATOTOBKA W BBICOKMH NpPO(MECCHOHATU3M MO3BOIIMI
corpyarukaM OOO «HIIIT «Pyrac» paspaborate 3(exTHBHOE pelieHHe MO HeUTpanu3auuu
BHILICYKA3AHHEIX ABJICHUH, OCHOBAaHHOM Ha coBMecTHOM Hcnoib3opanuu RC-racureneit u RC-
pene.

RC-racuteny obecneyuBaioT 3aLUHATY NepBHYHOH oOMOTKH medHoro tpancdopmaropa, a
RC-pene 3ammiuarOT CHIOBbIC AHOAbI BHINPAMHTENbHBIX arperaroB OT HMIY/IBCHBIX
NepeHanpsaKEeHAHN.

JletanbHbiii aHanu3 aBapuiHOCTH cucTeMsl anekTpocHabkenus [TAO «PYCAJI-bparck»
nossonun npuctynute ¢ 2017r. k peanu3anMM TEXHOJOTHHM MO CHHXKCHHIO aBapHAHOCTH B
cuctemax anextpocHabkenus 6-10 kB, pazpaborannoit cotpyasukamu OO0 «HIIIT «Pytac». B
OCHOBE TEXHOJIOIMH JIEKUT OJHOBPEMEHHOE HCIONB30BAHHE YETHIPEX KOMIIOHEHTOB!
pe3uCTHBHOrO pexxuma Helitpanu Ha Oaze cucrem YJIAT-63/10,5-150/1000-15/85-YXIJI1, RC-
racutens tuna RC-6,3/10,5-0,25/30-YXJI1; racurens-komnencaropa tuna I'K-10,5-0,75 YXJI1
u pene RC-8000-1000.

[nasusiit saepretuk [TAO «PYEAJI-Bparck»

3rpynno C.M.
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AKIMOHEPHOE OBUECTBO
«AYUHCKAIA HEGTENEPEPAGATBLIBAIOWUIA 3ABOJ] BOCTOYHOW HEQTAHOR KOMIAHWUM»
(AQ «AHN3 BHK»)
TMoyrosest apec: N3, Gon panon, K wpad, P (1) 662110
Meoto Pocevsiceas O Kpacuospens) vpait, Banimeynyicrst poion, nporsona N3

Tenedpon: B39159) 5-33-10, dpaxc: B(39159) 5-37-10, e-mal: sekr@achnpz.ru
OKMO 05747208, OrPH 1022401153532, WHH /KNN 2443000518 /397250001

o 20.0Y 20200 241/06{

Ha Na e — | V—

Hupexmopy
00O HITIT «PyTac»
Kyzomuny C.B.

Omizeie 0 pabome
mpéxghasuvix RC-2acumenei

Yeancaemorit Cepzent Bacunvesuu!

Ha AO «AHIT3 BHK» ¢ 2001 roja juist 3amuThl OT KOMMYTallHOHHBIX NEPEHATIPSHKEHHH, OT-
BETCTBEHHBIX U YaCTO KOMMYTHPYEMBIX 3JIEKTPOJBHTATENCH, HCMosb3yioTess RC-racuresnn B KO-
yectie 42 mtyk nponssojcTea OO0 HIII «Pytacy. 3ammra pesiko KOMMYTHPYEMBIX U HE OTBET-
CTBEHHBIX JICKTPOJABHUIATENCH OCYIIECTBIISIETCH HEJIMHEIHBIMU OrPAHHYHTEIISAMH TIEPEeHAITPSIKEHH I
OITH B xonmmuecrse 15 mryk.

OnpIT 2KCIUTyaTalMy MOKa3bIBacT, YTO IEKTPHUCCKHE MPoOOH H30JIIHH, pa3/IeiioK Kabenei
u anekrpozsuraresneit npu ucnonszosanun RC-racureneit 3a nepuos ¢ 2001 no 2019rr. orcyr-
ctByIoT. B 10 ke Bpemst npu ucnosnszoranun OITH wabmogann npoGou H30JSILHK 2JIEKTPO/IBHIa-
TeJIeH MPU X KOMMYTAIMK BaKYYMHBIM BbIKJIIOYATENIeM B cpejiHeM y 1-2 aBuraresneit B roj, a pas-
JICJIKH CHITOBBIX KaOeJieit BBIXOAT U3 CTPOS valle MeKTpoBHrarTencii B 2,5-3 pa3a.

Beiuenpuseiénnbie  (hakThbl yKa3bBAlOT HA BBICOKYIO d(dexrunocts RC-racureneii mno
cpaguenuio ¢ OITH npu 3amure 25eKTpojBHIaTeNed U pasjienok kabeneid oT KOMMYTalHOHHBIX
HepeHarnpsKeHuii.

Oxymnaemocts RC-racutesicii Ha OCHOBE CHHIKCHHS 3aTpaT HA PEMOHT DICKTPOJIBUraTesie u
pazjienok kabesel u ¢ yu€ToM MpoCcTos TEXHOJIOrnYeckoro obopyioBanus He npeppimaet 1,4 roja.

C yBaxkenuem,
3 ~t
InaBublii JHepreTHK / A.1O. Pazun

CIL2TO

nen. HNapinsy Oasra Msanosia
8 (39159) 5-32-17
OlPavilch@anpz rosneft.ru

NuHoBauMu B cHCTEMAaX cCpeAHero Hanpsi:kenusi 3-35 kB
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IANIEKTPOIMNPOEKT

KpacHosipckuit oununan AO «3neKTponpoekT»

20.06.2019

OT3bIB
HA METOJMKH OLICHKH, MTPOTHO3UPOBAHHs BHYTPEHHHUX MEPEHANPSIKEHUIN H
MCIOJIb30BAHUE B MPOCKTAX TEXHUUECKUX PELICHUIN MO CHUKECHUIO aBApUHHOCTH B
cucrTemax sekTpocHadkenus 6-35 kB npombiinensix npeanpustuid «Rutas 4K»

Ilpy  npoekTMpoBaHMM  CHCTEM  IEKTPOCHAOKEHUs Ul HOBBIX
MPOMBIILITICHHBIX NPEANPUATHH M MOJICPHHM3ALIMKM CUCTEM 3i1eKTpocHabxkenust AO
«DIIEKTPOMPOEKT» MIMPOKO mpuMenseT paspadorannyio B OO0 «HIIIT «PyTtac»
TexHonoruio 4K, HanpapiIeHHYIO Ha yBEJIMUYEHHE B peXuMe HapabOTKM Ha OTKa3
HOBBIX KaOCHIBbHBIX JMHHH, YICKTpOJBUTATENICH, TpaHCHOPMATOPOB M CHHIKCHHE
aBapMHHOCTH B CYILECTBYIOIUX (MOJIepHU3HPYEMBIX) cUCTEMAX
aseKkTpocHabkenus 6-10 kB.

B ocuoBe texnomoruu Rutas 4K neKuUT KOMIUIEKCHOE HCIOJIb30BaHUE
YeTHIPEX KOMIOHEHTOB:

1. Vuusepcambubie RC-racurenun ans  3GQGeKTHBHOrO  OrpaHHyYeHUs
KOMMYTallMOHHBIX NIepeHanpsukenui 10 yposus (1,65-1,7)Uy;

2. VYcrpoiictea YJIAT wmm BSR jans nepesojila W30JMPOBaHHOIO M
KOMITIEHCHPOBAHHOTO COOTBETCTBEHHO HA pPE3UCTUBHBIH M KOMOWHHPOBAHHBIN
pexkuMbl HeHTpaau ceteil 6-10kB, no3BoIAIOMMX OrPAHUYHUBATE NEPEHANIPSIKCHHS
B pexxume 033 o yposus (2-2,1)Uy, obecneumBats 100% cenekTUBHOCTH
TOKOBbIX 3amurT 0T O33 M JUKBUAMPOBATH YCJIOBUSL BO3HMKHOBEHMs
(beppope3oHaHCHBIX NepeHanpPsKEeH I

3. Tlacurenu-KoMneHcaTopsl, NMO3BOJAIONINE OCYIIECTBHTL Oojee riaybokoe
orpaHuueHue nepeHanpspkenui B pexume 033 o yposus (1,7-1,8)Uy B cetsx ¢
PE3MCTUBHBIM HIIH KOMOWHMPOBAHHBIM pEXKHMaMH HEHUTpalu, JHKBHIMPOBATH
BO3HMKHOBCHHMC JIOKAJIbHBIX PE30HAHCHBIX TICPCHANPSKCHUH M OCYLIECTBIATH
YaCTHYHYIO KOMIICHCALIMIO PEAKTUBHOH MOLIHOCTH;

4. Yerpoiicteo RC-K4 s 3ammtsl sxpaHoB kabeneit 6-10 kB ¢ nzonsuumeit
M3 CHIMTOrO MOJHITHIIEHA OT TEPMUYECKOTO pa3pylLeHuUsI.

Meroauka OLIGHKHM M IPOTHO3UPOBAHHMS BHYTPEHHUX IEPEHANpPSIKCHUI B
cucremax  ekrpocHaOxkeHuss 6-10 kB npOMBILUIEHHBIX — NIPEeINPUATHHA
paspadarbiBaniack cotpyanukamu OOO «HIIIT «Pyrac» B nepuoa ¢ 2006r. no
2011r. u cocTOUT M3 TPEX OCHOBHBIX Pa3/eNOB:

Anpec: 660075, r. KpacHoapck, ya1. Maepuaka, 8, 0(.225 OI'PH 1037739219088

+7 (391), 221-65-29 ; +7(391) 221-82-54 OKIIO 01403935

office(@kraselp.ru, www.kraselp.ru HUHH 7712013517
KITIT 246602001
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1. DKcripecc-MeTo/1bl OLEHKH KOMMYTALIMOHHBIX MEPEHANpPsHKeHNH;

2. MeToauKa OLIEHKH TEpEeHAnpsuKeHWH B pekuMe JyroBoro ojJHo(asHoro
3aMBIKaHUA Ha 3eMJTIO (033), M30/IHPOBAHHOTO, PE3HCTHBHOTO,
KOMITEHCMPOBAHHOTO0 U KOMOMHHUPOBAHHOTO PEKUMOB HEUTPAIH CETH;

3. MeroauKa OLCHKH PE30HAHCHBIX U (DEPPOPE30HAHCHBIX MePEHAIPSIKCHHUI,

[lo cpaBHEHHIO C KOMIBIOTEPHBIM  MOJCIMPOBAHMEM  BHYTPEHHHMX
NepeHanpsKCHUH B CHCTEME DJICKTPOCHAOXKEHHS TOPHO-METaJUlypTHUECKHX
HPEANPUSATHIL, CPeIHss NPOLOIKUTEIBHOCT KOTOPLIX cocTaBiseT 6-14 mecsues,
JaHHAsA METOJMKAa MMECT MPOCTOH alropuT™ pacuéra, 4Tro MO3BOJIACT B 5-6 pas
COKpPAaTHThL BpeMsl pPacuéToB M CHHM3UTh KOIMYECTBO MHIKEHEPOB, 3aHATHIX
pacuéraMu nepeHanpspkeHud ¢ 5-6 10 OJJHOTO COTPYJHHMKA H, KaK CJe/ICTBHE,
YMEHBILUTL Ce0eCTOMMOCTb JaHHbIX paboT B 7-8 pas.

AKTYyaJIbHOCTh M CBOEBPEMEHHOCTb METOJAMKHM COCTOMT B TOM, 4YTO C
IIMPOKUM BHEJIPEHHUEM BaKYyMHBIX M 3JIera30BbIX BbIKItouarenei B cetsax 6-10 kB
BO3MOKEH OOOCHOBaHHBIH  BBIOOD O((MEKTHBHBIX CPEACTB  3alUUTBI  OT
KOMMYTALIMOHHBIX ~[I€PEHANPSIKEHHHM M MECT MX YCTAaHOBKH, a TaKKe
000CHOBaHHBIH BBHIOOP PAIMOHANTBHOIO pekuma HedTpamu B ceTsax 6-10 kB ¢
uenabto  H(PQPEKTHBHOTO OrpaHHYCHUs mepeHanpsukeHuid B pexkume 033,
pe30HaHCHBIX, (EeppOpPEe30HAHCHBIX MepeHanpsukeHUH U obecmeunts  100%
CeJIeKTHBHOCTh  3amurT orT 033, uro CcHMKAeT aBapUHHOCTb CHUCTEMbI
3NEKTPOCHAOKEHUS U ANEKTPONPHEMHHKOB.

Meroauka OLIGHKM M TNPOrHO3MPOBAHHMS BHYTPECHHHMX TEPEHAINpPSKEHUH B
cvcremax 9eKkTpocHaOkeHus 6-10 KB npoMbILUICHHBIX NPEANPUATHH MOKET
OBITH MCIOJIB30BAHA KaK [UIsl CTAaJMM HPOEKTHPOBAaHUHA, TaAK U BO Bpems
SKCTUIyaTallui CUCTEM JIEKTPOCHAOKEHHA.

SHOE &

Jupexrop .

.r b,
Kpachospckoro ¢pununana A
AO «DIeKTpONpoeKT aii
Ajnpec: 660075, r. Kpacnoapck, yin. Maepuaka, 8, o.225 OT'PH 1037739219088
+7 (391), 221-65-29 ; +7(391) 221-82-54 OKII10 01403935
office(@kraselp.ru, www.kraselp.ru HHH 7712013517

KITIT 246602001

NuHoBanuM B cucTEeMax cpeaHero Hampsixenus 3-35 kB
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AKT Ne__7
ot «20» nos6ps 2018 r.
PE3VJBTATOB OIBITHOM KCILIYATAIIAA YCTPONCTB
THIIA YIAT-6,3-200/750-65/75 YXJI1

Komuccns, nasuauennas npuxasom No 74 73 otr« F7 » téoctd 20 /4.
o pwmany «Keaposckuit yronesusiii pazpes» AO «Kysbaccpaspesyroisy»:

Pacemorper o6pasis yerpoiicts Tuna YJIAT-6.3-200/750-65/75 YXII1,

npenocrasiennsie 000 «CepBodneproKpary.

M pe3yNbTaThl AKCIUIyaTALMOHHBIX HCIBITaHMM, npoBeaeHHbix Ha [IC 110/6 xB. Ne36
«Bnagumuposckany» punuana «Kenposekuii yronsubii paspes» AO «Kysbaccpa3pe3yroisy.

CUUTAET:
1. PaspaGoranHoe ycTpoiicTBO cooTBeTcTBYET Tpebosanusm I[1VD, ITTI3I1, I1T6 PYMOC.
2. OcHOBHBIE IIOKA3aTelH YCTPOHCTB cooTBercTByIoT TpebGoBanusm [1YD, ITTO3II, 1B
PYMOC.
3a nepuox ¢ 13.06.2018 r. mo 01.11.2018 r. B KOMIUIEKCE C CEKIIMOHHBIMHU SHUEHKAMMU
tuna AKHO-6V-1B5 cornacHo jaHHBIM JKypHaja ONBITHOM 3Kciuryataiuu ycrpoicts YJIAT
(npunoxenue K axty) mocturayra 100 % CeneKTHBHOCTH OTKIIIOUEHHH NpPH BO3HHKHOBEHHU
0/1HO(ha3HBIX 3aMBIKAHHI HA 3EMITIO.
3amuTa oT O33 syeek Ha OTBETBICHUAX (DHICPOB yKa3aHHOM MOJCTAHIMHA cpabaThiBaia
CEJIEKTUBHO, HE OTKJIIOYAs CeKIIHOHHEBIC SYEHKH, MO3BOJISS APYTHUM SJIEKTPOIOTPeOHTENIM ITHX
(duzepos nponomkark pabory.
BrlsIBNIeHHbIE HEIOCTATKH YCTPOUCTB: HEIOCTATKOB HE BRISIBJIEHO.
3. Hcnerrannble  yCTpPOWCTBA, TMOJHOCTBIO COOTBETCTBYIOIIME 3asBIICHHBIM K  HHM
TpebGoBanusaM, nenecoodbpasHo ucrnonszoBars Ha [IC 110\6 kB ¥ aHanoru4HeIX NOACTAHIHAX,
IHTAIOIMX NEPEABIIKHEIE HIEKTPONPHEMHHUKH (3KCKaBaTOPhI) Ha FOPHEIX paboTax.

PEKOMEHIYET:

VeranOBNEHHYIO NApTHIO YCTPOUCTB NMPHOOPECTH B pamMKaX MHBECTHIMOHHON IPOrpamMMmbl B
2019r.

IMpunoxenue: 1. Xypuan onsrraoit axciutyaranun yerpoiicts YIAT (cexuus 1).
2. Xypnan onsitHoif axcrutyatauun yerpoucts Y AT (cexuns 2).
YiieHb! KOMHCCHH:

H. o. 3amectuTens JAUPEKTOPa — TEXHHYECKOI'o

Jupextopa punuana « KeJpoBCKHii yroJbHEI paspes /%7_/ Hukonos JI.W.

AO «Kysbaccpazpesyroyiny»

(no.uméb
I'naBHsIi sHEepreTHK (punnana «Kexposckuit Yynemun A.JL
yronsHbli paspes» AO «Kysbaccpaspe3yromnsy»
Hawansnuk Kenposckoro POC g // Anpprotenko A.B.
P

OAO «Ky3b6acconexTpo»

(noanucs)

—



Q |_| T4 5 NuHoBauMu B cHCTEMAaX cCpeAHero Hanpsi:kenusi 3-35 kB

Hpnioxenne 1

OBCJIEJOBAHUE PEXKXUMOB OJJHOPA3ZHOI'O 3AMBIKAHUMSA HA 3EMJIIO B CUCTEMAX
IJIEKTPOCHABXEHMUA 3, 6, 10, 35 B

COCTAB PABOT:

1.

w N

16.

17.
18.
19.
20.

*

Pacyer coOCTBEHHBIX EMKOCTHBIX TOKOB OJHO(A3HOTO 3aMbikaHus Ha 3eMitt0 (O33) OTAeNbHBIX JTMHUN
U TIPUCOEAMHEHH /11 HOPMaJIbHON KOH(UTYpAlluU CETH

Pacuet TokoB O33 B y371aX 3JIEKTPUUYECKUX HArPY30K JJII HOPMAJIbHON KOH(DHUTYpalluK CETH

Pacuer TOkOB O33 B y31ax JJIEKTPUUYCCKUX HATPY30K IS KOHPUTYpaluid CETH OTIUYHBIX OT
HOpPMaJIbHOU

N3mepenne TokoB O33*

Pacuet Toka O33 11t KOHGUTYpalluy CeTH Ha MOMEHT u3MepeHus Toka O33*

CpaBHeHUE pacyeTHOTO U U3MEPEHHOT0 TOKOB O33*

O6ocHOBaHNE HEOOXOAMMOCTH KOMITEHCAIIUN €MKOCTHBIX TOKOB 033

Br16op nyroracsmux peakTopoB (KaTYIIEK)

OrneHka nepeHanpsHKeHUH B CUCTEME dIIeKTpocHabx)enus B pexume 033

. OnieHka yciaoBHii BOSHUKHOBEHHUS (PeppOpe30HAHCHBIX NIEpeHAIPsHKEHUN

. OLleHKa TepMUYECKOW YCTOMUYMBOCTH HETMHENHBIX OIpaHUYUTENEH nepeHanpskeHuid B pexume 033

. O6ocHOBaHME paIMOHATIBHOTO PEKUMa HEUTpaIH CeTH

. Onpenenenue AOMYCTUMOMN BEIUYUHBI JOOABOUHOTO aKTUBHOTO TOKA

. Onenka nepeHanpspkeHnit B pexkume 033 ¢ yueTom J100aBOYHOTO aKTHBHOT'O TOKA

. OnieHka yciioBHii BO3HUKHOBEHUS (EPPOPE30HAHCHBIX MEPECHANPSHKCHUH C Yy4eTOM J00aBOYHOTO

aKTHBHOI'O TOKa
OneHka TepMUYECKONW yCTONYMBOCTH HEJIMHEHHBIX OrpaHUuUTENel nepeHanpsbkeHuil B pexxume O33 ¢
y4€TOM J100aBOYHOT0 aKTHBHOT'O TOKA

CpaBHMTENBHBIN aHAIN3 PEKUMOB HEUTPAIH CETH

Br160p parmoHanbHOTO peskumMa HeHTpaiu CeTH

Br160p BeIMYMHBI U MOLTHOCTH PE3UCTOPA

Br10op THma u MonHOCTH HEeWTpageoOpa3ytomiero Tpaachopmaropa

Z[aHHBIe IMYHKTBI 110 COIIACOBAHUIO C 3aKa34YUMKOM. Brimonasiorcs B cjydac H€O6XOIH/IMOCTI/I
JA0Ka3aTejIbCTBa JOCTOBCPHOCTH PACUCTHBIX JaHHBIX.
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puioxenne 2

OBCJIEJOBAHUE PABOTOCIIOCOBHOCTH 3AIIUAT OT OJHOP®A3HOI'O 3AMbBIKAHUA
HA 3EMJIIO B CETSX 3, 6, 10, 35 kB

COCTAB PABOT:

1.
2.
3.

12.

O06ocHOBaHME PAITMOHATIFHOTO PEXKUMa HEUTpaH ceTu ¢ yueToM 3 pextuBHOCTH 3amuT oT 033
Pacuer ycraBok 3amut ot O33 110 NepBUYHOMY TOKY JUIsl CYLIECTBYIOILIETO peKUMa HEUTpaJId CeTH
Onpenenenne koddduimenta 3¢ dekrTuBHOCTH 3ammT OT O33 I CYIIECTBYIONIETO PEKUMa HEUTpaIH
ceTH

Pacuer ycraBok 3amur or O33 1m0 NEPBHYHOMY TOKYy C YYETOM HEOOXOIMMON KOMITCHCAIIUH
€MKOCTHOT'O TOKa

Onpenenenne xkodpduimenta 3pdekTuBHOCTH 3auT 0T O33 ¢ y4yeToM KOMIIEHCAIlMd €MKOCTHOTO
TOKa

Pacuer ycraBok 3amut ot O33 ¢ yueTom 100aBOYHOTO aKTUBHOT'O TOKA

Onpenenenne kodhdunmenta 3pdexruBHoCcTH 3amUT OT O33 ¢ y4eTOM JT00aBOYHOTO AKTHBHOTO TOKA
CpaBHuTeNnbHBIN aHamu3 3QGEeKTUBHOCTH 3amuT 0T 033 It BO3MOXKHBIX PEKHUMOB HEHTPATU CETH
O6ocuoBanue 100% cemextuBHocTH 3amut ot 033

. CHATHE XapaKTepUCTUK TpaHCPOPMATOPOB TOKA HYJIEBOM MMOCIEI0BATEILHOCTH
. IIpoBepka paborocmocoOHOCTH ycTpoicTB 3amT OoT O33 mpH BHIOPAHHBIX YCTaBKax U BbIOpaAaHHOMY

TOKY CpabaThIBaHUs
Koppektuposka ycraBok 3amut ot O33 mist noctuxenust 100% cenektuBHOCTH
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Ipuio:xkenue 3

OBCJEJOBAHUE KOMMYTAIIMOHHBIX NEPEHAIIPS)KEHUI

COCTAB PABOT:

1. Pacuer kommyTanmoHHbIX iepeHanpspxkenuii (KIT)

2. Pacder KOMMYTallMOHHBIX TEpeHAIPsKEHHH B pexkume 033

3. H3mepeHne KOMMYTallMOHHBIX TEPEHAIIPSKEHHUH

4. CpaBHUTENBHBIA aHATIN3 PACUCTHBIX U M3MepeHHbIX 3HaueHu KI1

5. OmnpexeneHne CTEIICHH PUCKOB MPOOOS U30JIAIMH KaOCIIbHBIX JIMHUMA, KaOEITbHBIX MY(T,

3JIEKTPOOOOPYAOBAHUS U DJICKTPOITPUEMHHUKOB.
O6ocHoBaHue U BBIOOP cpeacTB 3amuThl oT KIT
Bri6op mect ycranoBku cpencts 3amuThl oT KI1

N o
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Ipuioxkenne 4

OBCJIEJOBAHUE TEPMUYECKOMN YCTOMUYMBOCTHU KABEJIEN C U3OJISILUEN U3
CIHIUTOI'O MOJIUDITUJIEHA B PEXKUME K3

COCTAB PABOT:

1. Omenka BeIMYMHBI TOKA MPOTEKAIOIIETO B SKpaHe Kabesel ¢ N30IAIHel U3 CIIUTOrO HOJIMATHIICHA B
pexume K3

2. OrneHka BeTMYMHBI TOKA IPOTEKAOIIETO B SKpaHe Kabelei ¢ N30IAIUel U3 CIIUTOTO MOJUATUIICHA B
HOPMAJILHOM PEXHME IKCIUTyaTaI[iH

3. OrueHka BeIMYMHBI TOKA MTPOTEKAIOIIETO B 3KpaHe KaOeslel ¢ 30JIAIUei U3 CIIMUTOTO MOJUAITUIICHA B
IYCKOBBIX PEXKUMaX

4. Omnpenenenue BpeMEHU TEPMUUYECKON YCTOWYMBOCTU SKPAHOB Kabesel ¢ 30sIuel U3 CIIMTOro
MOJIMATHIICHA JIJII HOPMAJIBHOTO PEKUMa, ITyCKOBBIX PEKUMOB 1 B perkume K3

5. OmnpeneneHue MOTEHIMAIA MEXKY SKpaHOM KaOess ¥ 3eMJIeH B CiIydae ero 3a3eMJICHHS C OJTHOM
CTOPOHBI

6. M3mepeHue Toka B 9KpaHe KaOels M CUIOBOM XKHJIE B HOPMAIBHOM PEKUME IKCIUTyaTalluu

7. BpI0Op palmoHaNbHBIX YCTPOMCTB 3alIMTHI OT TEPMUYECKOTO pa3pylICHUs YIKPAHOB Kalenen
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