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IIpenncnosue

Henu u npuHiMnel crangaprusanuu B Poccriickoii denepalin yCTaHOBJICHBI
e nepanbHEIM 3aK0HOM OT 27.12.2002 Ne 184-D3 «O TeXHHYECKOM PETYIIHPOBAHANY,
OODBEKTHl CTAaHAAPTH3ANMM U OOIME MONOXKEHHs NpH pa3paboTke M TMPUMEHEHUH
cranaaproB opranuzaumii  Poccuiickoii  ®enepauuun - TOCT P 1.4-2004
«Cranpaptuzanust B Poccmiickoit ®enepannm. Ctanaaptel opranmsaruid. OOmue
MOJIOJKEHHSD», OOIMe TPeOOBaHUS K TIOCTPOCHHUIO, H3IOXKEHHIO, O(OPMIICHUIO,
COACPXAHUI0 M OOO3HAYCHHIO MEXIOCYJApCTBEHHBIX CTaHAApTOB, MpaBWI U
peKOMEHAaNMi MO0 MEXTOCyAapCTBEHHON CTaHAApTH3alMyd M M3MCHEHHWH K HUM -
TI'OCT 1.5-2001, npaBuna mocTpOEHHs, M3JIOKEHHUs, OQOPMIICHUS H 0003HAYCHHS
HAUMOHAIBHBIX cTaHgapToB Poccuiickoii ®eneparmu, obmme TpeGoBaHMS K HX
COIEP)KAaHMIO, a Takke MpaBwia OGOPMJICHHS W HW3JIOXKCHHS H3MEHEHHH K
HALMOHAIBHBIM cTanaapTaM Poccuiickoii ®enepauun - FOCT P 1.5-2012.

Caeenns 0 COOPHHKE THIIOBbIX TEXHHYECKHX peLleHuii no
JIMHEHHOMH 9aCTH ¢ NPUMEHEHHEM CEKIIHOHHPYIOLIUX NNYHKTOB
(pekJyoy3epoB)

1 PABPABOTAH:
(AO «IT3») npu yuactuu JlenapraMeHTa OnepaTuBHO-
TexHonornyeckoro ynpasnenus [TAO «Poccetm»
(ITerpos C.A.), 3amecTuTens NIaBHOTO HHXKeHEPa AO
SAurapbanepro (Moucee M.M.)

2 BHECEH:
JlenapTaMeHTOM ONEPATHBHO-TEXHOIOTHYECKOTO
ynpaenenus [TAO «Poccetn»

3 VTBEPXJIEH U BBEJIEH B JIEUCTBHE
Pacnopsoxenuem ITAO «Poccern» ot 14.11.2017 Ne617p.

4. BBEJIEH BIIEPBBIE

3ameyanus u® nOpemiokenus 1no HTJl  cnegyer  HampaBnmsate B
IMAO «PoccetH» COrMacHO KOHTAkTaM, VyKa3aHHBIM Ha  O(QHIHATBHOM
UHGPOPMALMOHHOM PECYPCE HITH 110 3JIEKTPOHHOM MOUTOi 10 ajpecy: nto@rosseti.ru.
HacTosimuii TOKyMEHT HE MOXKET OBITh NOJIHOCTHIO MJIM YaCTHYHO BOCTIPOHM3BE/ICH,
THPQKHPOBAH U PACIPOCTPAHEH B KaUeCTBE OQHIMATIBHOTO U3aHus 0€3 pa3perneHnst
IMAO «Poccetny.

Hannoe ocpanuvenue ue npedycmampusaem 3anpema HA NPUcoeOuHeHue
CMOpOHHUX opeanusayuil k Hacmosuemy Cmandapmy u e20 UCnoNb306alue 8 Ceoell
HPOU3BOOCMBEHHO-XO3SAHCMEEHHON  OessmenvHocmu. B ciyuae npucoedunenus
Hacmosaujesmy Cmanoapmy CHOpoHHeil opeanuzayuu 1eobxooumo ygeoomume [TA0
«Poccemuy.


https://meganorm.ru/Index/4/4777.htm
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CocTtap cOOPHHKA THIOBBIX TEXHHYECKHUX PeIICHHI
ITAO «Poccern» no THHEHHOH 9aCTH ¢ NPHMEHEHAEM CeKIHOHUPYIOIAX
TMYHKTOB (PEKJI0y3epoB):

Tom Nel.1 OOmue naHHEIE,
Tom Nel.2. CexunOHUPYIOIE TYHKTH (PEKJIOY3EPHI):

e Kuura 1.2.1 Pexnoysepsr AO «I'K «TaBpuna Onekrpuk».

e Kumra 1.2.2 Cexumonmpytoume nyHkTHl 3A0 «['K «Onekrpommty»
TM Camapay.
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1. ObaacTp npuMeHeHust

«COOpPHHMK THUNOBBIX TEXHHYECKMX pEIICHHMII 10 JHHEHHOW WacTw ¢
IPUMEHEHUEM CEKLIMOHMPYIOIIMX MYHKTOB (peknoy3epoB)» (manee COOpHHK)
pa3paboTaH A7 pelICHUs 3aa4 [0 Pa3BUTHUIO NEKTPOCETEBOTO KOMILIEKCA, B YaCTH
MPOEKTUPOBAHKS M CTPOMTENBCTBA PACTIPEACTINTENBHBIX ceTelt 6-35 kB u mo3Bosser
OpUHUMATh PELICHWs HA NMPEANpPOeKTHOM 3Tane. COOpPHUK pacTpocTpaHseTcsl Ha
JMHEHHOE KOMMYTAallIOHHOE 000pyXOoBaHWE 6-35 KB — CEKIMOHMPYIOLIME MYHKTHI
(pexmoy3epsl) I BO3AYIIHBIX JIMHUIT 31eKTpoIepeiad.

COOpHMK COJCPXUT THIIOBBIC TEXHWYCCKHE PEHICHUS M0 MOBBINICHAIO
HAJIeKHOCTU PacIIpeaenuTENbHEIX ceTelt 6-35 kB 00vextoB 30 ITAO «PocceTtny.

COopHuK npegHa3HAYeH HA IPAKTHKE:

~ A7 NOBBINICHUS YPOBHS HAJIGKHOCTH TEKTPOCETEBOTO KOMILIEKCA,

— Ji peairu3anun GZ[I/IHOf;I TEXHUYCCKON TIOJTUTUKH

~ A7 OOHOBJICHHSI HOPMATHBHO-TEXHIYECKAX TOKYMEHTOB OTPACIIH,

— INs pelleHns 3aJad MO0 Pa3BUTHIO JIEKTPOCETEBOTO KOMILIEKCA, B YACTH
IIPOEKTHPOBAHMS U CTPOUTEIBCTBA PACIPEIEIUTENBHBIX ceTelt 6-35 KB,

— Jusl o0mel ONEHKW TUTYJa LEIUKOM MPH MOATOTOBKE HHBECTHIMOHHON
mnporpammsl 130 ITAO «Poccetin,

- IS IPEAPOEKTHOM oLleHKM 06 beMoB padoT no o6vektam 6-35 kB 130 TTAO
«PocceTny;

— JJ1 YMEHBIIEHUS CTOMMOCTH M CPOKOB BBITIOJTHEHUS TIPOSKTHOM U paboueit
JOKYMCHTAIWH,

~ AN YHU(QWKALWH THIOBHIX PELICHUH, IPUMEHAEMBIX B PACHPCACIIMTEIbHBIX
ceTax 6-35 kB;

— I TPOEKTHPOBAHWs, HOBOTO CTPOUTENBCTBA, PEMOHTA M OKCIITyaTaluH
00BEKTOB 3JIECKTPOCETEBOTO KOMILIEKCA,

— ANd HOATOTOBKH 3aKyMOYHOH MOKYMEHTAllMd M OLEHKE MOCTYHHBIIHX
IOPEIVIOKEHMA I 3aKyMmOK  MaTepHAJOB HW  3MIEKTPOOOOpYNOBaHHSA  IpPH
CTPOUTENLCTBE;

— I CTPOUTEIBHOTO KOHTPOJIS,

— 1715 00y4eHUs W MOBHINEHUS KBaTH DHKaIMy MepcoHaa.

2. HopmaTHBHbBIE CCHUIKH

ITOCT 12.2.007.3-75 CucreMa cTaHmapToB  O€30macHOCTH  TpyAa.
OIIeKTPOTEXHUYECKHE YCTpolicTBa Ha HampsbkeHwe cebime 1000 B. TpeGoBamus
6€30MMacHOCTH.
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T'OCT 15543.1-89 Hznmenmms SMEKTPOTEXHUYECKHE W JPYTHE TEXHUYECKHE
u3genus. OOmme TpeGoBaHUS B YAaCTH CTOMKOCTM K KIIMMAard4eCKUM BHELIHHM
BO3A€HCTBYOMMUM (hakTOpam.

I'OCT 16350-80 Kitumar CCCP. PaifioHEpOBaHUE ¥ CTATUCTUYECKUE IAPAMETPhI
KIUMaTHIeCKUX (HaKTOPOB AN TEXHUYECKUX IIeeit.

T'OCT 17516.1-90 M3penus anexrpoTexaudeckue. O0mue TpeOoBaHUS B 9aCTH
CTOMKOCTH K MEXAHMYECKIM BHELIHUM BO3ACHCTBYIOIMM (hakTOpaMm.

I'OCT 23118-2012 KoHCTpykumu crajbHble CcTponTeneHblE.  OOmme
TEXHUYECKHUE YCIIOBHUSL

I'OCT 26.005-82  Tenemexannka. TepMHHEL U onpeaecneus (¢ M3meHenuem
Ne 1).

T'OCT 27.003-90 Hanexxnocts B TexHuke. CocTaB U OOLTIME IpaBuia 3a/[aHus
TpeOoBaHuit M0 HAJEIKHOCTH.

TI'OCT 27751-2014 Hane)HOCTb CTPOMTENBHBIX KOHCTPYKLUMHA W OCHOBAHUA.
OCHOBHBIE TIOJTOXKEHHUSL.

T'OCT 28249-93 KopoTkue 3aMbIKaHHs B SJIEKTPOYCTaHOBKax. MeTo/ bl pacuera
B 2JIEKTPOYCTAHOBKAX IIEPEMEHHOI0O TOKA HAIPsDKEHUEM 110 1 kB.

I'OCT 31946-2012 IIpoBona caMOHECYLLHE H30IUPOBAHHBIC M 3AIMIICHHBIC IS
BO3IYIUHBIX JTUHAI snekrponepenadn. O0Iue TEXHUIECKHE YCIOBUS.

T'OCT 32144-2013 ODmnextpudeckas 5Heprus. COBMECTUMOCTh TEXHUYECKHX
CPEACTB 3EKTpoMarHuTHas. HOpMBI kauecTBa HJICKTPHUYECKON SHEPIHU B CUCTEMAx
3JEKTPOCHA0KEHHS OOIIEr0 HA3HAYCHMAS.

T'OCT 34.201-89 HUudopmaumonHas texHonorus. KoMIUIEKC CTaHAApPTOB Ha
ABTOMATU3HPOBAHHBIE CUCTEMBL. BHIbl, KOMILIEKTHOCTb U 0003HAYEHHE JOKYMEHTOB
[P CO3AaHKUH ABTOMATH3UPOBaHHBIX cucTeM (¢ MameHeHnem Nel).

I'OCT 7746-2015 Tpancdopmatopsl Toka. O0IUE TEXHUUECKHE YCIIOBHSL.

I'OCT 1983-2015 Tpanchopmaropsl HanpspkeHHs.. OOLME TEXHMYECKHC
YCIOBHSL.

T'OCT 9920-89 DnexTpoycTaHOBKH IIEPEMEHHOIO TOKA Ha HANPSDKEHUE OT 3 10
750 xB. [yMHA My TH YTEUKA BHELIHEH U30JISLIMH.

T'OCT P 21.1101-2013 Cucrema IPOEKTHOH TOKYMEHTALIMY IS CTPOUTENBCTBA.
OcHoBHBIE TPeOOBAHHUS K MPOSKTHOH 1 pabodeii TOKyMEHTAIIHIL.

T'OCT P 50397-2011 CoBMeCTIMOCTb TEXHUUECKUX CPEACTB 3IEKTPOMArHUTHAS.
TepMHHEL B OLIPEAETEHHUS.
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I'OCT P 50571-4-44-2011 (MOK 60364-4-44:2007). DneKTpOyCTaHOBKH
HU3KOBOJNBbTHBIE. YacTh 4-44. TpeGopaHus 1Mo 00ECIEUCHUIO 3NEKTPOOE30MACHOCTH.
3amurTa 0T OTKJIOHEHMH HAITPSHKEHNUS U JIIEKTPOMATHATHEIX TIOMEX.

TI'OCT P 51317.6.5-2006 (M3K 61000-6-5:2001). COBMECTUMOCTb TEXHUIECKHUX
CPEICTB HIEKTPOMAarHWUTHas. YCTOWYMBOCTE K OIEKTPOMArHUTHBIM MOMEXaM
TEXHWYECKUX CPEACTB, MNPUMEHSEMBIX Ha OJJEKTPOCTAHLUSAX M IMOACTAHLIHSIX.
TpeGoBanus 1 METOIBI UCIIBITAHMIA.

I'OCT P 52736-2007 Koporkue 3aMblkaHHs B 3JIEKTPOYCTaHOBKax. MeTOAbI
pacyeTa SNEKTPOIAMHAMUYECKOTO M TEPMHUYECKOTO JEHCTBHS TOKAa KOPOTKOTO
3aMBIKAHUS.

I'OCT P 55195-2012 DnekTpoobopy10BaHUE U 3IEKTPOYCTAHOBKU IEPEMEHHOTO
TOKa Ha Hampspkenue oT 1 mo 750 kB. TpeOoBaHHS K JNEKTPUIECKOM MPOUYHOCTH
M30JIALUMY.

I'OCT P M3K 60870-5-101-2006 YcTpoiicTBa U CHCTEMBI TETIEMEXaHUKH. YacTh
5. Ilporoxonsl nepenaun. Pasmen 101, OGoOwaromuif craHaapT IO OCHOBHBIM
(YHKIUAM TEIEMEXAHUKH.

I'OCT P M3K 60870-5-103-2005 YcTpoiicTBa M CHCTEMBI TeNleMeXaHnKh. YacTb
5. Tlporokonmel mepemaun. Pasmen 103.  OG6oOwaromuii  cTraHAapT Mo
UH(OpPMALMOHHOMY HHTEpQeiicy AJIsl annapaTypsl peeitHoi 3aluThbl.

I'OCT P M3K 60870-5-104-2004 YcTpoicTBa M CHCTEMBI TENIEMEXaHUKH. HacTb
5. TIpotoko:nsl nepenaun. Pazaen 104. Noctyn k cetu mnst TOCT P MOK 870-5-101 ¢
HCIOb30BAHNEM CTAHAAPTHBIX TPAHCIIOPTHHIX MpodIeit.

CTO 34.01-3.2-004-2016 Pewnoy3epsl 6-35 kB. OOmme TeXHHUYECKUC
TpeOoBaHHUS

3. YcaoBHble 0003HAYCHHA H COKPALICHHS

ABP — aBTOMaTHUECKUii BBOA pe3epBa;

AHHUC KYI — aproMatu3upoBaHHas HHOOPMAIHOHHO-U3MEPHUTENIbHASA CUCTEMA
KOMMEPYECKOI'0 Y4€Ta 3NEKTPOSHEPTHH;

AHHC TYI — aBTOMaTH3UPOBaHHAA UHPOPMAIIMOHHO-H3MEPHTENBHAS CUCTEMA
TEXHAYECCKOTO YIETA JJICKTPOIHEPTUH,

AIIB — aBTOMaTHYECKOE NOBTOPHOE BKJIIOUCHUE;

BOJIC — BONOKOHHO-ONITHUECKAS JIMHUS CBA3H,

3HIT — 3a1yTa OT NOTEPU MUTAHMS,

3MH — 3ampTa MUHUMAIBHOIO HANPSDKECHHUS

K3 — KOpoTKO€ 3aMBbIKaHHE,

KK — KOHTPOIIb Ka4€CTBA 3JICKTPOIHEPTUH;

JI3II — nvuawst 3NeKTponepesay,



MT3 — MakcuUMaJibHas TOKOBAs 3aIluTa;

HMT3 — HarnipaBJieHHas MAKCHMAJIbHAS TOKOBAs 3aILMTA;

HTP — vopManbHas TOYKA pa3jena,

033 — omHo(]asHbIe 3aMBIKaHHS Ha 3EMITIO;

OITH — orpaHUyUTENb HAIPSHKCHUS,

ITY3 — npaBuiia yCTpOCTBA ITEKTPOYCTAHOBOK;

P — pa3zbeUHUTENE,

TH — TpanchopMaToOp HaNPSKCHHUSI,

TOuP — TexHUYECKOE O0CITY)KHBAHUE U PEMOHT;

TITuP — TEXHUYECKOE EPEBOOPYIKEHUE U PEKOHCTPYKLIUS,

TIT — TpancdopMaTOpHast HOICTAHII,

TCH — tpancdopMaTop cOOCTBEHHEIX HYXK],

TT — tparcdopmarop TOKa;

GPRS — HagcTpolika Haja TexHONormed MoOunbHON  cBasu  GSM,
OCYIIECTBILIOMIAS TAKETHYIO NIEPEiady JaHHBIX;

GSM kanan — (Global System for Mobile Communications) — roGanbHbIH
craHmapt mudpoBoi MOOMITBHOI COTOBO CBS3H, € Pa3/IeTICHAEM KaHATIOB MO BPeMEHH
(TDMA) u gactote (FDMA);

SAIDI — (System Average Interruption Duration Index — cpenHss
IPOIOIDKUTEIEHOCT OTKITFOYEHWs)  —  XapaKTepusyeT B CpeIHeEM
[IPOIOIDKUTEIBHOCTD OAHOTO OTKIIOUEHHS B CUCTEME B IO,

SAIFI — (System Average Interruption Frequency Index — cpenmHsis yactota
HOSIBJICHUS IIOBPEXKICHUNH B CUCTEME) — XapaKTepPU3yeT CPEeAHEE YKMCIO pa3 B rof,
KOTJia MOTPEOUTENHN TEPSUH HIEKTPOCHAOKEHIIE,

SCADA - (Supervisory Control And Data Acquisition — aucmieTdepcKoe
yIpaBieHHe W cOOP JaHHBIX) — IPOTPAMMHEIN MAaKeT, MpeJHA3HAUCHHEI JUIs
paspaboTku WM oOecreueHus paboTEl B peallbHOM BPEMEHH CHCTEM cOopa,
00paboTKH, 0TOOpaKEHHS U apXUBUPOBaHUS HH(popManmi 06 00beKTe MOHHTOPHHTA
WIH YIIPABJICHASL.

4, ToBbllIeHHE HAXEKHOCTH
CucTteMHas HaJEKHOCTh (POPMHUPYETCS M3 PAfia TAKUX TTOKa3areeil:

- PEeKAMHAS HaIC)KHOCTH,
- HaJISKHOCTH 000PYI0BaHHS,
- HAJICKHOCTH CXEM 3JIEKTPOCHA0KEHUS KOHKPETHBIX TOTPEOUTENCH.

PesxxnMHas HafiekKHOCTP HE OTHOCHUTCS K OONAcTH TIPHMEHEHHUS JAHHOTO
CTaHJapTa v B JaHHOM cOOPHHKE HE PacCMaTPHBACTCS.

HapexnocTs 060pyaoBaHHs — OJMH W3 OCHOBHBIX INOKa3aTenel mpomecca
SKcITyaTauu. 110 ompeieneHno, HaIeKHOCTb — 3TO CBOMCTBO OOBEKTA COXPAHSATH BO
BPEMEHU B YCTAHOB/ICHHBIX IPE/EIaX 3HAUCHHS BCEX NapaMeTPOB, XapaKTEPU3YOIINX
CIOCOOHOCTh BHIMONHATE TpeOyeMble (hYHKIMHM B 3aAHHBIX PEKIMAX M YCIOBHSIX
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IPUMEHEHUS,  TEXHWYECKOrOo  OOCTyXWBAaHMS, PEMOHTOB,  XpaHEHHI U
TPAHCTIOPTUPOBKH.

TokasaTens HaASKHOCTH 3NEKTPOCHAOKEHHS OTpeduTeNnelt popMupyercs u3
HECKO/IBKHX COCTABIIAIOIINX, OMACAHHBIX HIDKE.

Tlosviuenue HaoesCcHoCmu 21eKMpOCHADACeH U nNompebumeneii:

¢ CeKIMOHMPOBAHUE CETH MO3BOJLIET JIOKATIM30BATH IOBPEXKIACHHBIC YIACTKH,
COXpaHss MpPH 3TOM IUTaHWE OCTAJNBHBIX MOTpeduTtenedl muraromero ¢umepa u
No/iaBasi MHTAHIE HA HEMOBPEX/ACHHBIHN YIACTOK OT PE3CPBHOO HCTOYHUKA TIHTAHHS,

¢ CeKIMOHNPOBAaHUE CETH MO3BOJIIET JIOKANH30BaTh MOBPEKACHHBIE YIACTKH,
COXpaHsisl TIPM 5TOM HCTOYHMK MUTaHuUs B paboTe;

¢ Pexondurypauus ceTH BCJICACTBUE IUIAHOBBIX PEMOHTOB HJTH MOBPEKICHUS
B CETU MOBBIIAET OOIIYIO HAIEKHOCTD HIIEKTPOCHAOKEHHS MOTPeOHTENIA,

e 3a0laroBpeMEHHOE BBISIBICHUE HEHOPMAIBHBIX DPEKAMOB pabOTHI CETH,
00opyioBaHus B pe3yJbTare on-line AHarHOCTUKH.

Coxpayenue gpemer 0ONYHCUBAHYS, PeMOHMA

o CeKLUHOHHPOBAaHHE CETH TIO3BONACT YMEHBIIMTH BpeMs ONpPEIeICHHST
MOBPEXAEHHOTO y4YacTKa (uaepa 1 €ro JOKaIU3alHIo.

THosviuternue nabmodaemocmu cemu:

¢ BHempeHue aBTOMATM3MPOBAHHBIX CHCTEM KOHTPOJIA KavecTBa, ydera
anexrposHepran (KKO, AUMC KYD, AUMC TY3), MmonutopuHTra napamerpos JIDIT
np.

¢ MOHHTOPHHT NAPAMETPOB CETH B PEKIME PEAJILHOTO BPEMEHH, TOCPEICTBOM
GSM kanana.

e ABTOMATH3anMs yuéra OTKIIOUCHME, (OPMHpPOBAHHME  CTATUCTHKH
MIOBPEKACHUHA

e ABTOMATH3aIUs AHATH3a TEXHOJOTHYECKUX HAPYIICHWH, MOCPEIACTBOM
TPUMEHEHHUS! PETHCTPATOPa MOBPEKACHHUH (OCIIILIOrPAaMM | JKYPHAIIOB COOBITHiA ).

¢ Opranu3anus JOTIOTHATEBHBIX BO3MOXKHOCTE! H3MEPCHNS M YIIPABICHHS HA
OCHOBE CYIICCTBYIOIIETO KaHalla CBA3U

Iosviuenue ynpasnsemocmu cemu.

e VmpapneHHWe OTIACTBPHEIMA KOMMYTALMOHHBIMH anllapaTaMd, a Takoke
BeJICHHE PEXAMa ceTH AUCTaHIMOHHO U3 SCADA cucTeMBI M 1O MecTy
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4.1 Metoanka cpaBHeHHsI H BbIOopa HanGosiee 3PPEKTHBHOTO TEXHHYECKOTO
peLleHHs N0 MOBLIMIEHHIO HAIEKHOCTH

INpu BEIGOpE U CPABHEHMH PA3IMYHBIX BAPHAHTOB MOBBIICHHUS HAICKHOCTH
pacipeeNUTeNbHON CETH PACCUMTHIBAIOTCS CIICAYIONTIE OCHOBHBIC TOKA3ATENH
HaJEXXHOCTH U 3P HEKTUBHOCTU PEKOHCTPYKIIWH.

4.1.1 Ioka3aTeH HAXEKHOCTH

a) SATFI — cpeiHee KOIMMYECTBO OTKIMIOUCHU NOTpeOHUTENeH B TO.

— Z@N)
SAIFI = =5, @41

rac

®; — KOIMYECTBO OTK/IIOYEHHH moTpedurteneif i-ro ydactka (uaepa,
OMpeaeNsieMOE MO BHIPAXKEHUIO (2), OTKIL/TOJ;

N; — xonmnuecTBO NOTpedUTENEH i-ro yaactka dumepa, wr.;
i — KOIMYECTBO YUACTKOB Quaepa, wiT..

w; = 0,01 wo - (1—kyy)- L, “4.2)
rac

Wy — YOeNbHAs 4acToTa MOBpeXIeHui Ha 100 kM nuMHMM , ompenenseMas 1o
BBIPKEHUIO (3), OTKIL/TOS,

kyy KO3(PULUMEHT, YYMTHIBAIONIMN HaIMuhHe MHOTOKpaTHBIX AIIB Ha
YCTPaHEHUE HEYCTOMUMBBIX NOBpeXkacHWi B cetn. Ilpm otcyrcteuu  AlIB
npuHUMaeTcs papHbiM 0. IIpu Hammuum oguokparHoro AIIB — 0,6. Ilpu Hanuuum
asykparsoro AIIB —0,8.

L; — cymmapHas JUiHA y9acTKOB (uiepa, pu NOBPEKACHAH Ha KOTOPHIX
MPOUCXOJUT OTKITFOYEHHE TIOTPEOUTENEH i-T0 yyacTKa, KM.

— noTKn 100 (43)

Wo T

rie
NoTi — KOJTMYECTBO OTKIOYEHHH Qraepa B roj, OTKIL/TOT,
L — nnyHa TMHAA, KM.

6) SAIDI — cpeaHss JUINTENBHOCT OTKITIOUEHHI OTpeOUTENEH B IO,

_ X(TiNy)
SAIDI = ST 4.4)
e

T; — BpeMs mepepbiBa JIEKTPOCHAOKeH S NOTpeOuTeNnel i-ro yuacTka guaepa,
OIpeeNsieMoe MO BHIpaXKeHHIO (5), w/rom.
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Ti =i T keg, (4.5)
rae
T — cpenHee BpeMs BOCCTAaHOBJIEHHS OJHOTO YCTOWYMBOTO TOBPEXKICHMUS,
OINPEAETISIEMOE TIO BHIPAYKEHUIO (6), U,

kg — KOO(UIMEHT, YUHTHIBAIOMMI BIMSHHE COKDAIIEHWS 30HBI MOHCKA
MOBPEKIEHHOrO y4acTKa 32 CYET CEKIHMOHMPOBAHHS HA O0IIee BPEMsl BOCCTAHOBIICHHS
snekTpocHaOXeHus. IIpy HamM4uy aBTOMATHYECKHX IIYHKTOB CEKIMOHHPOBAHHSA
MIPUHUMAETCs paBHbIM 0,6.

T
T =", (4.6)
Motk ’
rae
Thep. — oOmee BpeMs TepepbiBa OJNEKTPOCHAOKEHMS NPH  aBAPUAHBIX

OTKITIOUeHUsX puaepa, Wrox,

Ngricn. — KOMAYECTBO aBAPUIHHBIX OTKITIOYEHHI (priiepa, MPHBOAAIX K IIEPEPEIBY
INIEKTPOCHAOKEHUS, OTKJI/TO/,

4.1.2 Iloka3arenn 3¢ PpeKTHBHOCTH

a) RNRE - otHocurenbHas 3(Q@EKTHBHOCTE PEKOHCTPYKLMH  CETH,
XapakTepu3yeT HacKombKo yyummics SAIF] nociie peKOHCTPYKIMY 10 CPABHEHHIO C
CUTyalMel 10 PEKOHCTPYKIAH.

SAIFI

RNRE = (1 ~ SAIFI(0)

)* 100%,
(4.7)

e

SAIFI(0) — 3nauenne SAIFI 10 peKOHCTPYKLHMA.

6) ARIE — cpeansst 3G(eKTUBHOCTL WHBECTHLMIA, XapaKTEPH3YET, CKOJIBKO
TpedyeTcs BIOXKUTh MHBECTHLIMIA B PEKOHCTPYKIHIO Ulst yBenuueHust RNRE Ha 1 %.

ARIE = i (4.8)
RNRE :
roe
CIE— MHBECTHULIMH, TPEOYCMBIC T PEKOHCTPYKITHH, PYO.
B) RDCO — 0THOCHTEIBHOE CHIKEHHE CTOMMOCTH BIIANCHHUS CETBIO
RDCO = (1 —i> * 100%, (4.9)
€0(0) :
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rac

C0,C0(0)- crommocTh BJIaNCHUS CETBIO (M3ACPXKKH) JO ©  IOCIE
PEKOHCTPYKIMH, pyo/roa.

CTOMMOCTH BITAICHUST PACCUUTBIBACTCS KaK CyMMa aMOPTHM3AlMOHHBIX 3aTpar,
OTEPAIMOHHBIX 3aTPaT, CTOMMOCTH 23.

4.1.3 Bri0op HanGoJiee 3(pheKTHBHOr0 BAPHAHTA

HauGomee TeXHUYECKH H SKOHOMHYECKH BBI'OAHBIM BapuaHTOM MOBBIMICHUSA
HAOEKHOCTH PACTPENCTHUTENbHOM CETH SBISAETCS BAapUaHT ¢ HANMEHBIIHM
nokaszatenieM ARIE m nHauGonsmmm RDCO. Tlpu 3TOM JODKHA YYHTHIBATHCA
TOMOJIOTHSI CETH, Teorpapuueckie OCOOCHHOCTH MECTHOCTH, HEOOXOAUMOCTh
MHUHHMH3ALMY YCTAHOBKU HETEIEMEXaHU3UPOBAHHBIX KOMMYTALMOHHLIX alNapaToB
(pa3bemuHMTENCH), JOKANM3ALUID M KaTerOPUK HAAEKHOCTH 3IEKTPOCHAOKEHWUS
noTpeduTenei.

Vayumenue nokasaresst SAIDI, SAIFI MoxeT OBITh Takke JOCTUTHYTO TAKUMU
TEXHUYECKUMHA MEPOIPUATHAMHE KaK:

- MojepHHu3auus ycTpoicTs P3A Ha NUTAIOIMX MyHKTaX;
- BheinonHeHue nporpaMm TOwuP, TITuP.

IIpu HOBOM CTPOWTENBCTBE, BHIMONHEHHE mnporpaMMm TOuP u TIMP ang
TIOBBIIIEHUS HAASKHOCTH PaclpeICIUTENBHOM ceTH HE00X0UMO PYKOBOACTBOBATHCS
IIV3, monoxkenmsmu ITAO «Poccetnmy «O eauHOM TEXHHUUECKOH IIOMTHKE B
JNIEKTPOCETEBOM KOMIUIEKCE» B 4YacTH BbIOOpa THma IpoBogoB BJI u cmocoba ux
TIOJIBECKHU M3 YCIIOBHS TIPOXOKICHHS TPACCHI, TPUMEHEHHEM JOTIONHUTENBHBIX MEP 110
3alIMTe MPOBOAOB, BEIOOpA MaTepraa M KOHCTPYKIIMOHHOM 0COOEHHOCTEH OIOp U T. 1.
Texnuueckas COCTaBJIAOMIAd PaCCMOTPCHHBIX Meponpmm/lﬁ II0 TIIOBBIILICHUC
HaACKHOCTHU HE OTHOCHUTCA K obmactu TIPpUMCHCHUA OAaHHOTO CTaHaapTa U B JaHHOM
cOOpHHKE HE pacCMaTPUBAETC.

CexIMOHMpYIOIHE TMYHKTH (PEKJIOY3€phl) PEKOMEHAYETCS YCTaHaBIMBaTh B
HOpMaJTbHBIX TOUKax paszaena (HTP).

5. Meroanka BpI00pa napaMeTpoB cpadaTbIBaHHsA 3aLHT

IIpumeneHue yctpoiicTBa A 3aWMTHl KAOENBbHOM WITM BO3YLIHOW JIMHUHM,
IIPeAyCMOTPEHO B JBYX BapHaHTax: 0e3 M3MEPEHHS IO TEMsIM HANpKEHWS WIH C
HATHYHUEM ueneﬁ HanpPsOKCHUS.

B cioydae nmpuMmeHeHHs nenel HanpshKeHUs Ut CeTeil, MMEIOIMMX B CBOEM
cocTtaBe OONBIIYIO OO ABUTATENBEHON HAPY3KH, JJIEMEHTH MAJION T¢HEpaIti | Ip.
BO3MOXKHA OpraHHM3allisl HAOpPaBICHHOM MaKCHMATLHOM TOkOBOI 3amutel (HMT3),
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peanu3aiyg BONBTMETPOBOH OJIOKMPOBKM TOKOBBIX 3alllUT, 4 TAKXKE BHIMOJHEHHE
aBTOMATUKH [OBTOPHOIO BKIIOUEHUS (AIIB) ¢ KOHTPOJEM HAMYMS WU OTCYTCTBUS
HAaIpsOKCHUS HA JIMHUM, aBTOMaTUKH BBoAa pesepsa (ABP).

B cnyuae npuMmeHeHHS yCTpoiicTBa Oe3 W3MEpeHHS Ienel HamnpskeHHS
Heo0X0UMO TPH KOH(UTypalui H YCTaHOBKE YCTABOK YCTPOMCTBA YUUTHIBATh, UTO
yacTh (yHKUMH OyAyT ONOKMPOBAaHE, W NPHMEHEHHE YycTpoiictBa Oyaer
OrPaHHYMBATECS PEXXAMAMH pPabOTH KOHKPETHOM CETH.

Cocrap 3amuT HEOOXOAUMO YTOUHSTH MPH KOHKPETHOM TIPOSKTUPOBAHMH II0
pe3yJbTaTaM PacueTOB TOKOB KOPOTKOIO 3aMBIKAHW, TOKOB 3aMBIKaHHS HA 3€MJIIO H
pacuera TOKOPACIEACICHHS. B YCIOBUSAX HAIWYMS NMUTAHUS OOJIBIIE YEM OT OJHOTO
HCTOYHHKA.

5.1 Pacders! paGovuHx yCTABOK MAKCHUMAJIBLHOM TOKOBOI 3amuThl aunuii (MT3)
Toxk cpadaTbiBanus MT3
BEIOMPAETCS B amMIiepax (MIEPBUYHBIX ) TI0 TPEM YCIIOBHSM:

- HecpabaTeIBaHuUs 3aUThl 2P3 npu cBEpXTOKax NOCieaBapuitHbIX MEPETPY30K,
T.€. TIOCJIE OTKITIOUYCHUS KOPOTKOTO 3aMBIKAHWS Ha TIPSIBIIYIIEM SJIEMEHTE (PHCYHOK.
5.1),

- COIJIACOBAHWS WyBCTBHTEIBHOCTH 3AIINT TMOCIEAYIOMETO W MPEABIAYIIETO
JIIEMEHTOB

- obecrnieyeHHs AOCTATOYHON UyBCTBUTENBHOCTH TpH K3 B KOHIIE 3aIMIIAEMOTO
3JIeMEHTa (OCHOBHAS 30HA) M B KOHIIE KAXKIOTO W3 MPEIBIAYINNX 3JIEMEHTOB (30HBI
JAITBHETO PE3ECPBUPOBAHUS).

2P3 n2 1P3 ni
e m
TIOCTETVEOIITIE 11 NPETE TV K3

SKRMBANIEHTHAA
HarpyaKa

Pucynok 5.1. PacuérHas cxema 111 BEIOOpa yCTaBOK
peneiHOH 3aIuTEL

ITo mepBoMy m3 3THX ycioBHiA Tok cpabarsiBanus MT3 Ha JI2 BeiOupaetcs mo
CTaHJAPTHOMY BHIPKCHHIO:

k‘[ ’ kC.’“‘[
Ic.x = T : IpaG.MaKc (5.1)

B



TIIe
Fu - KO3 GUIMEHT HANEKHOCTH HecPabATHIBAHUS 3AILMTHI;
ke - KO3 HUIEHT BO3BpaTa MAKCIMAJIBHBIX pelie TOKa,

ke - KOO HIMEHT camo3aIycKa Harpy3KH, OTPaKaOIHi YBEMIeHHe pabodero
TOKA /pa6 maxc 38 CUET OJJHOBPEMEHHOTO IYCKA BCEX TEX NMEKTPOABUTATENCH, KOTOPEIE
3aTOPMO3UIMCH NPH CHUKCHHM HANPSDKEHHUS BO BPEMs KOPOTKOTO 3aMbikaHus. [1pu
OTCYTCTBHH B COCTaBE HArPy3KM ICKTpojBHrareneii Hanpskenuem 6 kB u 10 kB u
mpu Bpemenu cpadarbiBanust MT3 Gonee 0,3 ¢ MOXKHO IPHHUMATE 3HAYCHUS Kesn > 1,1
+1,3.

3nadyeHus k03GPUIUEHTOB &y U &, 11d THGPOBHIX peyie COOTBETCTBEHHO 1,1 1
0,94.

>

MakcumanbHble 3HaYeHUs Kodd@uiueHTa camo3amycka MpU 3HAYMTENBHOI
J0JI€ 3IEKTPOABUIaTENbHONH (MOTOPHOM) HArpy3Kd ONpPENENIOTCS PacyeToOM Ui
KOHKPETHBIX YCJIOBHH, HO 00s3aTeNbHO NIpU Hauboliee TSDKENOM YCIIOBHH ITyCKa
TMOJIHOCTBIO 3aTOPMOKCHHBIX SJICKTPOABUT aTeei.

MakcuManbHOE 3HAUEHHE pabodero TOKAa 3aLIMINACMOIO 3MEMEHTA Jpasaac
OTIPEeIeIAETCA C YIETOM €r0 MAKCHMAIIBHO AONMYCTUMOI neperpy3ku. Hampumep, wis
tpancdopmaropoB 10 u 6 kB mommocteio a0 630 kB-A B Poccuu nomyckaercs
JUTHTENBHAS ieperpyska 1o 1,6 + 1,8 HoMuHansHOro ToKAa. /711 HEKOTOPBIX 3JIEMEHTOB
meperpyska He gonyckaetcs (kabenu HanpskeHueM Boilie 10 kB, peakTopsr).

Ilo yCNOBHIO COITIACOBAHUS YYBCTBUTENBHOCTH 3aILUT HOCICAYIOLIETO
(3amuImaeMoro) W NPEAbIAYIIUX 3JEMEHTOB TOK cpalaTblBaHMs MOCIEAYIOMEH
3AITUTEI BEIOMPACTCS MO BEIPKECHHIO:

k N-n
I HC

n
¢.3.110¢T — k ZIC.'}.H})C}IMHKC(].\) + ZIpaﬁMal«:(N—n) (52)
p L1 1

rac

ke - K03 PHUITMEHT HANEKHOCTH COTNIACOBAHMSA, 3HAYECHUA KOTOPOTO 3aBHCAT OT
THIA TOKOBBIX pejie M NPMHIMAOTCS B NpeAenax ot 1,1 nmpu cornmacoBanuy Lu@poBbIx
pene ¢ pene tuna PT-40, PCT, u 1pyruMu MEKpPOIIPOLIECCOPHBIMU YCTPOHCTBAMH J10
1,3 + 1,4 npu cornacoBanuu HupOBOro pelie ¢ pene npsaMoro aeicteus tuna PTB;

kp - K03(hUUUCHT TOKOPACIPEACNCHHS, KOTOPBIH YYHTBIBAETCA TOJBKO IPH
HAJIMYMU HECKOJIBKUX NCTOYHUKOB IUTAaHM, 2 IPH OJHOM MCTOYHHKE IUTAHAS PABEH
1 .

>
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n
2 Lo s peamane(n) - HAHOONBIIAS M3 TEOMETPHYCCKHX CYMM TOKOB CPaGaThIBAHMS
1

MaKCHMMAJTbHBIX TOKOBBIX 3aIUT NapaljIeNnbHO paboTAOLIMX MPEAbLAYLIIUX IEMEHTOB
n (PUCYHOK 5.2); IpU pa3HMLE MEXKIY yriaMu (asoBoro cJBUATA HAMPSHKEHHUS U TOKa
JUIA  BCEX MPEABLIYIIMX 3JEMEHTOB n He Oomee 50 TpagycoB JOMYCTHMO
apuPMETHUECKOE CIOKEHUE BMECTO TEOMETPHIECKOTO;
N-n
leaﬁ_m(N_n) - TeOMETpUYecKas CyMMa MAaKCHMAIIBHBIX 3HaYeHMI paboumx
1

TOKOB BCEX MPEABLAYIIIX 3IEMEHTOB (N), 32 HCKITIOYEHHEM TEX, C 3aIUTaMH KOTOPBIX
TPOM3BOANTCS COTJIACOBAHUE (#2);, IPH IPAMEPHO OJHOPOIHOM HArpy3Ke MPaKTHYECKN
JOMYCTUMO apH()METHUECKOE CIIOKEHHE BMECTO T€OMETPHYECKOr0, 9TO CO3AACT
HEKOTOPbIN pacueTHsIi 3amac [1].

f

MopcTaHuws 1

WE‘L T

PI/IcyHOK 5.2. Cxema 3J'IeKTpI/I‘ICCKOfI CCTH ¢ HXKCCTOALINUMHA DJICMCHTAMH 3aIlllUThI

MOSCHSOMIAs YCJIOBHE (5.2) COTIacOBaHMS YyBCTBUTEIHHOCTH MAaKCHMAJTbHBIX
TOKOBBIX 3aIUT HOCIEAYIOMNX M NPEABIIYIIHX HIEMCHTOB.

W3 nonmy4eHHBIX 10 BhIpaskeHUsM (5.1) u (5.2) 3HaueHu# TOKOB cpaGaThIBAHHA
3aIIUTHI BEIOMpAETCs HauOOIbIIEE.

Ouenka >(pGHeKTUBHOCTH 3aIIUTHI IPOU3BOMUTCI ¢ NOMOLIBIO KodddunuenTa
qyBCTBHTENBHOCTH Ky, KOTOPBIM MOKA3BIBAECT, HACKOIBKO TOK B PEJie 3aLUMTH MPH
pasHeIx Brmax K3 mpeBslmaeT Tok cpabaTeiBaHus /. p (YCTABKY):

I

k PMUK

ST (5.3)

cp
rac
[p.mu-x - MUHHAMAQJIBHOC 3HAYCHHUC TOKA B PCJIC MIPH HAMMEHEC 6JTaFOHpPI$[THbIX

yenoeusx. [Ipu ompeaeneHny 3HAYCHHUs 3TOr0 TOKA HEOOXOAMMO YYHTHIBATh BHI M
Mmecto K3, cxemy BKIIOYESHMS H3MEPUTEIBHBIX OPraHOB (pene) 3alMTH, a Takxke
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PE€aJIbHO BO3MOXXHBIC MUHUMAJIbHBIC PEXUMBI pa60TLI MUTAOIIEH OHCProCUuCTCMbI,
IIPH KOTOPBIX TOKHA K3 umeroT HauMEHbBIINE 3HAUEHNS.

MuHnMaIbHEIE  3HQUEHHS  KOO(QHIHEHTa  UYyBCTBHTCIBHOCTH  JUIS
MaKCHMAaIbHONH TOKOBOH 3aIMTH JOJDKHBEI OBITh He 1,5 mpu K3 B OCHOBHOH 30HE
3ammThl 1 0K0JI0 1,2 mpu K3 B 30HaX JAJIbHETO Pe3epPBUPOBAHMSL, T.€. HA MPEIBIIYIINX
(HIPKECTOSIINX ) DIIeMEHTax [2].

5.2 BuiOop Bpemenu cpadarbiBanust MT3.

Beiiepskka  BPEMEHM MAaKCHMAIbHBIX TOKOBBIX —3aIUT BBOJMTCS UL
3aMeUIcHNs ACHCTBUS 3aLIUTBHI C LEIbE0 OOECTICUCHUs] CEIEKTUBHOCTH JCHCTBUS
3aMIUTHl  TMOCIEAYIOIIETO 3JIEMEHTa MO OTHOUICHWIO K 3allUTaM MPeAbIIyIIuX
37eMEHTOB. [l 3TOro BBIACP)KKA BPEMEHH (WM BpeMsi CpabaThIBaHWS) 3alllUTHI
nocneayomed muEuM JI2 (pucyHok 5.1) BriOupaercs OonmbpInei, 4eM y 3aiuT
NPEABLAYILINX 3JIEMEHTOB, HartpuMep, auaun JI1:

tC.S.HOCJ'I = tc.s.rrpe}:[ + Al (54)
rre

At - cryneHb ceneKTHBHOCTH. E€ 3HaueHWEe BBHIOMPAETCS B 3aBUCHMOCTH OT
TOYHOCTU PabOTHI 3ALIUTHBIX YCTPONUCTB ¥ BPEMEHH OTKITIOUSHHS BBIKITIOUaTeNeli.

3naueHue At mnd nUQPOBBEIX pelde C HE3aBUCUMOM XapaKTEpPUCTUKOH
OTIPEAEIISIETCS, TIIaBHBIM 00Pa30M, TOYHOCTBIO OTPAOOTKH CTYTIEHH CEJECKTHBHOCTH
MPEOBIAYIIEN 3alTUTOMN.

CTyneHb CeIeKTUBHOCTH 3aLUMTHI /151 HU(POBBIX Pelie O BPEMEHU BEIOUpaeTCst
U3 BBIPKEHAS:

t = Ilorkn T feozep T fuorpl T frorp2 T Lan (5.5)
TAC:

fonor — Bpems JeiicTBus (OTKIIOYEHHS) BBIKIIOUATENs (IPH OTCYTCTBUU
NacHOPTHBIX AaHHBIX NPUHUMAOT toTKI=0,06 C);

teossp — BPEMsl BO3BpaTa 3amuThl. JUIsi HUPPOBBIX PEINE tgosp OMPEAENAETCS C
YUETOM KOHKPETHOTO MPOU3BOAUTENS

tnorpl — MOTPEIITHOCTH CPAOATHIBAHKS IO BPEMEHH JUTS ITPEAbIAYLIEH 3alUThl,
trorp2 — MOTPEIHOCTD CpabaTHIBAHUs [0 BPEMEHU ISl OCIIEAYOIIEH 3aIATHI,
tsan— BpEMS 3amaca HaJAeKHOCTH cpabarbiBaHus pene (tzan=0,1 c).

[orpenrHocTts cpabaTeiBaHus IU(POBBIX PEIIE BCEX BBIICPIKEK BPEMEHH, KPOME
3aUIUT C 3aBUCUMOI BPEMATOKOBOM XapaKTEPUCTUKON, OOBIYHO HE MpeBbIacT + 2 %
OT yCTaBKH TIpH BBIAEpXkKax 6onee 0,5 ¢ u + 25 mMc npu BeiAepkKax Meree 0,5 ¢. C
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Y4E€TOM BBILICU3JIOKEHHOTO CTYMEHB CENEKTHBHOCTH 110 BPEMEHH 1s LU(POBBIX pene
pexoMeHayeTes npusaTh 0,3 c.

ITpu cornacoBaHuy (POBLIX penie ¢ MOMYMPOBOAHUKOBEIME (CTATHIECKIMH)
pelie BpeMEHHas CTYTICHb CENICKTHBHOCTH OTpPEAeNsIeTCS W3 MACIOPTHIX JAHHBIX HA
51TH penie. OMBIT paboTH ¢ TMONYTNPOBOJHMKOBEIMH OpPraHaMM BBIAECP)KKH BPEMEHH
(nanpumep: PB-01, SIPJ) noka3biBacT Ha BO3MOXKHOCTH mpuMeHeHus At=0,3 - 0,4 ¢
(1]

JUts coryacoBaHMs IMQPOBEIX peNie ¢ DICKTPOMEXAHUUECKHMM pene ¢
3aBUCHMO# XapakTepucTHkoii BpemeHu cpabatsiBanusi PT-80 wmu PT-90 crynens
cenekruBHOCTY npuHUMatoT At = 0,6 ¢ u At = 0,8 ¢ ans pene PTB.

Crynesns cenekTuBHOCTH At T0TKHA 00eCIeUNBATHCS:

a) MpU COINAacOBAHMM 3AIOUT C 3aBHCHMBIMH XapaKTEPUCTHKaMU — IIpH
MakcUMallbHOM 3HadeHMHM Toka K3 B Hauajge NpenblAylIero y4yacTka;, TaKoe
COTTIACOBAHKE MMO3BOJISIET B P CIYYAeB YCKOPATH OTKIoueHHE K3.

6) IpH COINIACOBAHUM 3aIIUT ¢ HE3ABUCUMOI U 3aBUCUMOM XapaKTE€PHCTHKAMHU
— IpH TOKe cpabaThIBaHUs MOCIEAYIOMICH 3aIUThI C HE3ABUCUMOM XapaKTePUCTHKOIA.

5.3 3amuTa ot oxHOGa3HbIX 3aMbikanuii HA 3emio (033) B pacnpeae/MTeIbHBIX
cersix 6 - 35 kB

HecpabateiBanue 3amurel npu BHemHWX O33 um B pexumax 0e3 033
obecrieunBaeTcs BBHIOOPOM TOKa cpabareiBanHus [lyc3, a HEOOXOAUMBIX CITydasx
BpeMeHHU cpadaTbiBaHus fc 3. [lepBUUHBIA TOK cpadaThlBaHUS 3AIIUTHl BHIOMPAETCS U3
JByX ycnoBui [1, 3]:

- OTCTPOMKH OT COOCTBEHHOTO EMKOCTHOTO TOKA 3AIHIIAEMOTO ITPHCOSIVHEHUS
Ic; mpu AyToBBIX niepeMeskatommmxcst O33:

]00.5. = Komc ) K6p ) [c (56)
rac

Kore = 1,2 + 1,3 — k03 pUIIMEHT OTCTPORKY, YUUTHIBAIOLINI IIOTPEITHOCTD PEIle
TOKa, ommOKK pacdeTa /c; U 3amac;

Keop — K03QPHLUHEHT, YINTHIBAIOIIMI YBETHUEHNE ACHCTBYIOIIETO 3HaUCHUs [c
mpu  AyroBeiXx nepemexatommxcs O33 (npuHEMaeTcs paBHoW 2 + 2,5 Ha
MUKPOIJIEKTPOHHOM 1 MUKPOTIPOIIECCOPHOH Oaze).

- OTCTPOMKH OT MaKCHMAaJbHOro Toka HeOananca @THII B pexxumax 6e3 O33
WITH TIPW BHEITHUX MKy PasHbix K3:

I()c.x. = Komc ) Im’.,\mxc (57)
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rac

Kowe = 1,25 mna tpextpancopmaropubix OTHIT u 1,5 — 2 (yunTeiBas
OpUOIIDKEHHBIH XapakTep ONPeACaCHUS [is maxc) B KabempHerx TTHIT.

CoOcCTBEHHBIH €MKOCTHO# TOK /¢ ONpenesnseTcs Kak CyMMa EMKOCTHBIX TOKOB
BCEX NEKTPUUECKH CBI3aHHBIX Y4acTKOB U eMeHToB (KJI wiu BJT), Haxoasumxcs B
30He jeiicTBus 3amuThl 0T O33.

CoOcrennblii  emkocTHOH TOok JIOIT (yuactka JIOII) ompenmensercs Mo
BBIPOKCHUIO!

lo,=n-Cyl,-0-U,,, (5.8)
uia

I

o =h-1

conla (5.9)
rne Coy — yaenbHas eMkocTh (a3sl JIDII Ha 3emitio, D/kM;
I; — nnuna JIDII (yaactok JIOIT), km;
o»=2150,1/c;
Usxow — HOMIHATIBHOE (ha3HOE HAIPSDKCHHE CETH, B;
n — unciio napamiensHbx JISI B oquoit nenu (s KJT);
Icox — cOOCTBEHHBIH eMKOCTHOH ToK JIOIT Ha eaMHULY ITHHEBL, A/KM.
Jins KJT Coy (M Icoy) ONIPEAENSAETCS 110 CIPABOYHBIM IJAHHBIM.

IepBuunelit Tok HeOanmaHca s TpexTtpancopmaroproro  ®THII
OTPENENSETCS 110 BEIPAXKEHHIO:

L5 e = Koo L pacsiare (510)
rac

Inacuvexc — MAKCHMAITBHOE 3HAUYCHWE (DA3HOr0 TOK, MPOTEKAIOIIETO B MECTE
ycranoBku @OTHIT B pexumax 0e3 O33 (paboueM pexxwume, TpPH MyCKE HITH
camo3zarnycke 3/], BuemHeM K3 u 1.11.);

Kis — koa(purmenT HeOananca.

Koapdumuent nebananca Kys NpUHUMaeTcs B 3aBECHMOCTH OT KPATHOCTH
Ipacunaxe IO OTHOIICHWIO K HOMHHAJIBHOMY TOKY TpaHC(OPMAaTopoB Toka. I[Ipu
HEOOMBIIIX KPATHOCTAX, H0 (2+3)/uoy, PEKOMEHAyeTCA TpuHUMATh Kis = 0,05, mpu
GonbLKX KpaTHOCTAX Ky = 0,1.

TIpoBepka yyBCTBUTEIBHOCTH 3AIIATHL

ky=I/1,, =15-2 (5.11)
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5.4. YcTaBKH aBTOMATHYECKOr0 BKJIIOUEHHs pe3epBa (ABP)

ITon ycrapkamu ycrpoiicts ABP B niepByio ouepeab UMEIOTCS B BUAY YCTaBKU
3aMMTHl MAHAMAIBHOIO HANPDKCHHUs, KOTOpas BXOOWT B COCTaB IPAKTHYECKH
Kaxoro ycrpoiictea ABP. Kpome Toro, B cxemax ABP ecTb psii BClIOMOTaTeNnbHBIX
pene (HanpuMep, pene BO3Bpara CXEMBbl, pejie OrpaHNYEHHs DTUTEFHOCTH HMITYJIbCa
U JIp.), 4715l KOTOPBIX TAKOKe HEOOXOAMMO BLIOpPATh YCTABKH.

Pene, KOHTPOIMPYIOIUE UCUEC3HOBCHUE HAIPSDKCHHS, JOJDKHBI OTNAAATh MpU
HOJIHOM €r0 HMCYE3HOBCHMU WIM CHIDKCHHM JI0 BEJUYMHBI, NPH KOTOpOH He
obecneunBaercs HopManbHas pabota motpedbutencii. C 310N TOUKH 3pEHUS MOKHO
IPUHATH YCTAaBKY MO HAOPsDKEHHIO OKOMO (0,5-0,6)Usey. OnHAKO TpPH BHIMOTHEHUH
3aIUTHl MUHUMAJIBHOTO HANpPSHKEHUS CTpeMATCs OOecmeunTh, YTOOBI OHA MO
BO3MOXKHOCTH HE TIPUXOJIMIIA B CHCTBUE TIPY MOBPEXKICHUAX B MUATAIOLICH ceTH 35-
220 kB, a Takxe, 4uTo0bl He cpabaTbiBasia IPH HEMCIPABHOCTH B LEMAX HAMPSKEHUSL.
TTosToMy pEKOMEHIYETCsl HACTpauBaTh HANPsLKEHUE CpalaThiBaHUs pene Mopsaka
(0,25-0,4)Uson.  YcTaBKY pesie KOHTPOJISI HAJIW9US HANPSKEHHA I1e71eCo00pasHO
OPUHUMATh, BO3MOXHO, OMMk€ K HOMUHAILHOMY HANPsKEHHIO, 4TOOBl IpU
NOAKIIOYEHUH HOBOM HATrPYy3KM K PpE3EPBHOMY MCTOYHHKY ObUT obecmedeH
caMo3amycKk 3aTOPMOJKEHHBIX ABUrareneil. B AaHHOM cilydae OTpaHUYMBAIOLINM
SBISIETCST TpeOOBaHWE OOCCICUNTh HAACKHOE CpabaTHIBAHHE pENe KOHTPOIS B
HOPMAJIGHBIX YCITOBHSIX [4].

U, un (5.12)

rac

Usgm - MUHAMAJIBHOE IONYCTUMOE padouee HAIPsDKEHHE,
ky — koo ppunment nagexuoct (npunumaercs 1,05-1,1);
ky - ko3 puLIEHT BO3BpAaTa.

Bpewms cpalaTbiBaHus 3aIATHl MUHUMAITBHOTO HAMPSHKEHMs BBIOMPAETCs, Kak
MpaBuyIo, TakuM o0pa3oM, 9ToOBI OHA He ycmena nopaboTaTe W MojCHCTBOBATL HA
oTkiroueHue B nukie AIIB mnm ABP nuTaromero HCTOYHNKA, JTO ASNACTC I TOro,
4TOObl B KKIOM Cyyae HapyIIeHUs] HOPMAJEHOTO SHEProcHaOXKeHns moTpeduTemncit
MUTaHUE BOCCTAHABIMBAIOCH C IOMOIIBI0 MUHIMAIBHOTO KOJTMYECTRA IIEPEKITIOYEHIA
W CXEMa CETH OCTaBaIach BOZMOYKHO OJIike K HOPMAaIBHOM.

IIpu coryacoBaHuy BEIOEPXKKA BPEMEHH 3aLIUTHl MUHAMAIBHOTO HAMPSDKEHUS
¢ BBILIECTOAIUM YCTPOHCTBOM ABP, Takke HMMEOMMM IIyCK OT CBOEH 3amuThl
MHMHHMAIBHOTO HANpPsOKeHHs, HEOOXOAMMO OOECIeunTh, YTOOBI paccMaTpuUBaeMas
3aliMTa He ycnena cpaboTaTh A0 MOJavy HANPSDKEHHST B PE3YJIbTare YCIEIIHOTO
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JeiicTBus  BhIIECTOAIIEro ycrpoiictea ABP, 3amymieHHoro cpoedt 3ammToii
MHUHUMQIBHOTO HAaNpsDKeHus. Jlas 3TOro J0CTarO4HO KO BPEMEHH JCHCTBHS
BBILIECTOSALIEH 3alUTEl MUHUMAIBHOTO HAIPDKEHUS MpuOaBUTh BpeMs Ha padoTy
BBIKITFOUATENEH W IPYIMX amnnaparoB, ydacTBYHOIIMX B ABP, y4ecTb BO3MOXKHBIM
pazbpoc BpeMeHHU cpabaTbiBaHMs peie BPEMEH! M IaTh HEKOTOPBIH 3amac. Toraa st
ABP B cxemax ¢ BBHIKITIOUaTeNnsamMu [4]:

L2ttt +l o TAL AL+ +1 (5.13)

orki1.B1 cpPH 3an

roe
!1 - yCTaBKa paccMaTpUBacMOH 3allUThl;
fsanp - YCTABKA BBIIECTOSIIIEH 3aLIUTEL, C KOTOPOU MPOMU3BOANTCS COTTIACOBAHUE,

loreiBl - BpeMs OTKIFOYEHWs BBIKJIIFOYATENS OCHOBHOIO TIMTAHHUS HA
BBILIECTOALICH MTOACTAHIUH,

fonB2 - BPEMs BKIIOUEHUS BBIKIKOUYATENIS PE3CPBHOIO MUTAHHMS HA
BBIIIECTOSILECH ITOACTAHLINH,

Aty, Aty - MakCMMabHOE OTKIIOHEHHE BPEMEHH CPabaTHIBAHUS PEJic BPEMEHH OT
YCTaBKH HA BBILICCTOSIICH U PACCMATPHBACMOTO YYacTKa COOTBETCTBEHHO,

feppHi - BpeMs cpalbaThIBaHMS pesie, KOHTPOIHPYIOLIEr0 HATWIME HANPSDKECHAS Ha
paccMaTprBacMOM yuacT;

I5an - BPEM4 3a11aca.

[TpuBenenHas gopmyna cocTaBieHa i npocreiinieii cxembl ABP, B koTopoit
YYacTBYIOT TOJBKO BBIKITIOYATEM OCHOBHOTO M PE3EPBHOTO MUTAHUSI.

[Tpy coTNacoBaHWW B JAHHOM CJyYae HMCXOAAT W3 TOTO, 9TO 00€ 3amUTHI
MHUHHUMAJILHOTO HATIPSHKCHHUS 3aMyCKAIOTCS OTHOBPEMEHHO.

Wnm npubmM3uTeEHO MOXKHO TIPHHSTS [5]:

t, >t +(1.75-3) (5.14)

1 = "zam2

[Ipu cornacoBaHNX BHIICP;KKMA BPEMEHHU 3aIUTHl MUHIMAILHOTO HANPSDKEHUS
c BpeMeneM geicTBus AIIB, ycTaHOBIEHHOTO HA JIMHUM BBICHIETO HAMPSDKCHUS,
HE0OX0 MO 00ecneunTh, YTOObI paccMaTpuBacMasi 3alluTa He ycnena cpaboTars J10
NoJa4M HampsbKeHHs B pesyibrarte ycnemnoro AlB.

CrenoBarenbHO, BpeMs 3alIUTHL 0043aTENLHO JOIDKHO OBITH GOMbIIE BPEMECHH
yenemHoro AIIB. OueBnaHO, YTO 3ammra MUHMMAIBHOIO HANPSDHKCHUS, MOXKET
3aIyCTUTHCA HE TOTA, KOIIa MOBPEXKICHHAS JIMHKS OTKIFOYHUTCS CBOSH 3aIUTOMH, a B
MOMEHT BO3HHMKHOBCHHS HOBpeXkacHHA. CIIEHOBATENBHO, HYXHO YYECTh BpEMs
PaboTHI 3aIMUTEL HA JTMHAM OCHOBHOTO muTaHus. KpoMe Toro, HeoO0XoAuMO y4ecTb



21

BpeMs IEHCTBUS BBIKIIIOYATEN S, HA KOTOPOM POUCXOANT ATIB, OTKIIOHEHHE BPEMEHH
cpabaTbIBaHKs OT YCTABKH Y pejie BPEMEHH, BXOIAIIUX B CXEMY, M BpEMs 3araca.

Tornma

>t

1 = "zam2

+1 +t + AL AL+ L, (5.15)

orknB1 BKiILB2

TJIE ¢; - Bpems cpabaThiBaHUs 3aIUTHl MUHUMAJIEHOTO HANPSDKEHHUS,

Lam - PACYETHOE BPEMS ACICTBHS 3alLUTH MUTAKOLIEH JIMHUY,

Iams - yeraBka ATIB Ha nuTaromeii TMHUY,

lorcnB, Iy B - BPEMS OTKJIFOYCHUS M BKITFOUCHUS BBIKITIOYATENA MUTAIOLIECH JINHAH,

Atsam, Atarp - HAMOOJIBINNE BO3MOXKHBIE OTKJIOHEHHS OT YCTABKH 3aIllATHI MUTAIOMICH
muaud, AlIB mwTamomell NMHUM M paccMaTpuBacMON 3alllUThl MWHUMAIBHOTO
HaNpspKCHUS COOTBETCTBEHHO,

tsan - BPEMSI 3a11aca.

Ilopsioox BEMUYMH, BXOOAMUX B (JOPMYILy COTJIACOBAHUS, TAKOH JKe, KaK U IIPH
cornmacoBanuu ¢ ABP. Bpems 3ammutsl MUHUMAIBHOTO HampspkeHus ABP 1omkHO
ObITh [S] Ha 2,5 - 3,5 cek Gosnblme, geM cymMMa BpeMeHH 3ammtel 1 AIIB mutaromeid
JIVHUH.

5.5. ABTOMaTH4YeCKO€ MOBTOPHOe BKI4Yenne (AIIB)

Mo ycnopusm decrniepeOOHHOCTH MUTAHUSA TOTPEOUTENEH U HAAEKHOCTH PaboThI
IHEPrOCHCTEMBI BpeMs cpabarbiBanusi ycrpoiictBa AlIB (farB) XKenaTeabHO UMETH
MHUHAMAIbHBIM. OJHAKO MHUHHUMAJIBHO BO3MOKHOE BPEMSI BOCCTAHOBIICHUSA CXEMBI
neitictBueM AlIB orpannumBactcs psaoM GakToOpOB: BpEMEHEM MOJIHOTO OTKIFOYCHHUS
MecTa MOBPEXICHUS OT BCEX MCTOYHHMKOB MUTaHMs, HOMUHAJIBHBIM HANPDKEHUEM
CEeTH, KOHCTPYKLIUEH IPUBOJIA M BBIKITIFOYATENS U AP.

5.5.1.Pacuet ycraBok AIIB

Jinsi OMHOYHBIX JIMHUM C OZHOCTOPOHHHM TUTAaHWEM BpeMs cpabaTbiBaHUs
ycTpoiicTBa oqHOKpaTHOTO AlIB #1A1B BEIOMpAETCS MO IBYM YCIOBHSM:

- I10 YCJIOBUAM ACUOHU3ANNU CPEOBI BPEM OT MOMCHTA OTKIIFOUCHUS JINHUU 10
MOMCHTA NOBTOPHOI'O BKJIFOUCHHWA U ITOAAa4YH HAPOKCHUA JOJDKHO OIPEACIATHCA 1O
BBIPAKCHUIO

hame 21, +1,,, (5.16)
rae
t; - BpeMs aenoHu3anuu, cocrapstomiee 0,1—0,3 ¢;

lxan - BPEMS 3amaca.
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ITo nannbM nuTepatypsl [6] B ceTsax HanpsbkeHueM Ao 220 kB #; coctaBiser
okoino 0,2 ¢ mpu Toke K3 10 15 kA u 0,3-0,4 ¢ npu tokax 6onee 15 kA. TTosTomy B
pacuerax no ¢opmyine (5.16) mid cereit HanpsbkeHueM 6-35 kB ¢, cocrapnser 0,2 c;
BpEMs 3aMaca fay U MHKPONPOLIECCOPHBIX ycTpoiicTB paBHo 0,3 ¢ (y4YMTHIBaeT
pazdpoc #,, B YaCTHOCTH 3a CUET aTMOCGEPHBIX YCIOBHii, W MOTPEIIHOCTh pene
BpemeHH AIIB).

- IO YCIOBHK TOTOBHOCTH IIpHBOJA BBIKIIOYATENSA fr;1 K IOBTOPHOMY
BKIIIOUCHHIO ITOCIIC OTKIIIOYUCHHS.

Takum oOpasom, BbIEp)kka BpeMeHH AIIB Ha NMOBTOpHOE BKIIOUEHHE IO
YCIIOBHAM T'OTOBHOCTH IIPUBOAA

ham 2t +,, (517)

rac

fr11 — BpeMs TOTOBHOCTH NpuBoAa, paBHoe 0,3-1.2 ¢ (cormacHo [7]) At pa3HBIX
THUIIOB NPHBOJA;

Ln - BpEMs 3amaca, YUUTHIBAIOIIEE HEMOCTOSHCTBO BPEMEHH TOTOBHOCTH
TIpUBOJA U MOrpeIHOCTh cxeM ATIB, f; = 0,3-0,5¢.

U3 pacyeTHbIX BHIAEP)KEK BPEMEHHU O BhIpakeHUAM (5.16) u (5.17) BeiOupaetcs
OoIbILIEE 3HAUCHHUE.

Bpems aBTomarmueckoro Bo3epara AIIB B MCXOAHOE NOJOKEHHE MOCIE
cpabaTbIBaHuS (BpeMs TOTOBHOCTH) JIOJDKHO 00€CTIEYMBATh OJTHOKPATHOCTH JICHCTBHS
ATIB. inst 3T0r0 npu NOBTOPHOM BKIIKOUYEHHH HA ycroiumsoe K3 Bo3zepar AIIB B
HCXOJHOE TOJIOKEHHUE JOKEH TPOUCXOMUTD TOJIBKO IOCIIE TOT0, KaK BBIKIIIOYATENb,
MOBTOPHO BKJIIOUEHHBIH OT AIIB, BHOBB OTKITIOUHUTCA PENeHHON 3aluTOoi, UMEIoIEi
HAMOOJTBIIYIO BRIICPIKKY BPEMEHH.

Jlns cxem ATTB BpeMst BO3BpaTa B UCXOIHOE TTOJIOKEHHUE a1 IOJDKHO OBITH HE
MEHBIIE 3HAYEHUS, ONPEACIIEHHOTO 10 BEIPAKEHUIO

(5.18)

touii > b+ o 1

sam san>
e

Isam - HAMOOITBINAS BBIAEPIKKA BPEMEHH 3aILUTHI,
Lomen - BPEMST OTKITIOUEHHUS BBIKITIOUATENS.

JUtsl 3alWT ¢ HE3aBUCHMOIN XapaKTepPHUCTHKOM BBIACIKKM BPEMEHH  luam
OIMPECACTIACTCA MO YCTaBKEC BPEMCHU 3aIllUTHL I[J'IS[ 3aluT ¢ 3aBUCHUMbIMH
XaPAKTEPUCTHKAMH BBIIEPKEK BPEMEHH CIIENYET YYUTEIBATE BBIAECPKKY BPEMEHH TPH
TOKE CpabaThiBAHUS fzarcp-
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B cxemax ATIB, Bo3BpaT KOTOPBIX B MCXOJHOE IOJIOKEHHE IPOU3BOJUT PEIe
BPEMEHM, 3aIlyCKAEMOE B MOMEHT OTKIIFOUCHHUS BHIKIFOYATENS, BBLACPIKKA BPEMEHU
aBTOMATUYECKOr0 BO3BPATA OIPEAEIIACTCS BEIPAKECHUEM

o 2t e +lm + tone +1 (5.19)

van>
rae

haT - onpenensercs u3 (5.16), (5.17);

Ly - HAUOOTIBIIIEE BPEMS BKITIOUEHHS BEIKIFOUATEIS.

Boinepsxkkn  BpemeHH mepBoro mumkia  AIIB  mBykpaTHOro  JeHCTBHA
onpenensitores mo (5.16), (5.17), xak u At ATIB 0MHOKpPATHOTO JeHCTRHSL.

Bropo#i UMK 10/KEH MPOUCXOAUTH COINIAcHO [7] CIyCcTd HE MEHEe YeM uepe3
20 ¢ u mocne BTOPMYHOTO OTKITIOUEHHS BBIKITIOUaTeNsi. Takas Gobiias BRIIEPKKA
BpeMeHH AIIB BO BTOpOM IHKJIE IUKTYeTCS HEOOXOOUMOCTHIO MOATOTOBKU
BBIKITIOUATENd K OTKIFOUEHMIO TpeThero K3 B ciaydae BKITIOYEHHS HA YCTOWYHMBOE
MOBPEKCHHUE.
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Ipunoxenune A, Tadauna aHAIOrOB CEKIHOHMPYOIINX MYHKTOB

(pexJy10y3epoB)
Tabmiana A.1
AO (IK «Taspuma | 3A0 «I'K «DexTpomuT»
Haumenosanue DNeKTPUK» TM Camapa»
Tun Tun
Peknoysepr! (CeKIMOHUPYIOIIIE MyHKTHI) Recls TIC-CAIL, TICC-COLI

6-10 kB

Pexnoyseps! (CeKI[MOHUPYIOIIIE IYHKTEHI)
B

Rec35_Smart
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