Munucrepcrso o0pazoBanust 1 Hayku Poccuiickoii @enepanun
(benepanbHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHUE
BBICILIET0 00pa30BaHuUs
«HAIIMOHAJIBHBIN UCCJIEJJOBATEJBCKHI
TOMCKHWHN NOJUTEXHUYECKWI YHUBEPCUTET»

DHEPreTU4eCKUil UHCTUTYT
Hampasnenne noarorosku 13.04.02 «OnekTposHEpreTHKa U 3JEKTPOTEXHUKA
Kadenpa «3nekTposnepreTudeckie CUCTEMBbI»

MATHUCTEPCKASA ITUCCEPTALIUA

Tema padoTbl

Peneitnas 3anuTa 1 npoTuBoaBapuiiHas aBTomatuka parona 220 kB noxacrannuu “IleTpoBck-
3abaiikaybek - moacTanmu “Yura” 3a0aiikabCKOM YHEPTOCHCTEMBI.

YK 621.316.925:621.315.1

CryneHt
I'pynna DPUO Hoanuch Jara
5AM4b Pourynkun EBrenuit BuktopoBnu
PykoBoaurens
J0KHOCTH [5(0] Yuenas crenenb, Moanucey Jata
3BaHHe
JHouent xadenpsr 32C [lTecrakosa B.B. K.T.H.
OHUH TITY
KOHCYJIbTAHTBI:
ITo pasaciny «®DuUHAHCOBBIHM MCHCIKMCHT, pecprOBq)(beKTHBHOCTB u pecypcoc6epe>KeHHe»
JokHocTh [5(0] Yu4eHnas creneHb, Moanuch JlaTa
3BaHHUE
Accucrent xadenpsl
enp I'paxosa E.A.

meHexkMenTa TITY

ITo pazneny «ConmaibHasi OTBETCTBEHHOCThY

J0/KHOCTH [(%(0] Yuenas crenens, Moanucey JaTa

3BaHHMe

oreHT Kadeaps DbXK
Iji[IHHK THYQ) s H3sekor B.H. K.T.H.
JOIIYCTUTSD K 3AILIUTE:

3aB. kadeapoii dPUO Yuyenas creneHb, Toanucn Jlata

3BaHMe

29C CymnaitmanoB A.O. K.T.H.

Tomck — 2016 .




IInanupyemsie pe3yabTaThl 00yuyeHus mo OOIL

Kon
PesyabTara

Pe3yabrar 00y4yeHus

yHueepcaﬂbeze KomnemeHnyuu

P1

CoBepILICHCTBOBAaTh M PA3BUBATh CBOW MHTEIUICKTYaJIbHBIH M OOIIEKYIbTYpPHBI yPOBEHD,
JOOMBaTBhCA HPABCTBEHHOTO M (DU3MUECKOTO COBEPIICHCTBOBAHHS CBOEH JIMYHOCTH,
00y4eHHIO HOBBIM METOJAM HCCICOOBaHMSA, K HM3MEHCHHIO HAayYHOTO W HaydHO-
MPOM3BOJICTBEHHOT0 Npoduiis cBoel npodeccnoHaIbHOM NesTeTbHOCTH.

P2

CBOOOIHO TIONB30BATHCS PYCCKUM M WHOCTPAHHBIM SI3BIKAMH KaK CPEACTBOM IEIIOBOTO
00ILIeHHs], CIIOCOOHOCTRIO K aKTHBHOI COLIMAILHON MOOUIBLHOCTH.

P3

Hcnonp3oBaTe Ha MpakTHKE HABRIKK W YMEHHS B  OpraHM3alddl  HAYYHO-
WCCIIEIOBATEIbCKIX W TPOM3BOICTBEHHBIX paboT, B YIPaBICHHH KOJDICKTHBOM,
WCIIONB30BaTh 3HAHUS IMPABOBBIX M 3TUYECKUX HOPM IIPH OLEHKE ITOCIEACTBUI CBOEH
PO eCCUOHANTBHON JCSITEIBHOCTH.

P4

Hcnonp30BaTe NpeAcTaBIEHHE O METOJOJOTMYECKMX OCHOBaX HAy4YHOTO MO3HAHHUSA U
TBOPYECTBA, POJIM HAYYHOH MH(OpMALNK B Pa3BUTUH HayKH, TOTOBHOCTBIO BECTH pabOTy
C TMpPHBJIEYCHUEM COBPEMEHHBIX HWH()OPMALMOHHBIX TEXHOJOTUH, CHHTE3UpPOBaTh U
KPUTHYECKH PE3IOMHPOBATh HH(YOPMALHUIO.

HqubeCCUOHaﬂbele KomnemeHyuu

P5

IIpumensaTs  yriyOJeHHbIE  €CTECTBEHHOHAy4YHBIE, MaTeMaTH4ecKHe, COIMAIbHO-
9KOHOMHYECKHE M Npo(deccCHOHANbHBIE 3HAHMS B MEXKAWUCHUIUIMHAPHOM KOHTEKCTE B
WHHOBAIIMOHHON MHXCHEPHON MEeSATeTbHOCTHM B  OONACTH  AJIEKTPOIHEPTEeTHKH U
DJICKTPOTEXHHUKH.

Po6

CrtaBuTh H peuiaTb HWHHOBAIIMOHHBIC 3adadd HWHXCHCPHOI'0 aHaliu3a B obnactu
DJICKTPOIHCPICTUKHU U IJICKTPOTCXHUKHU C HCIIOJIBb30BAHHUCM FJ'Iy6OKI/IX Q)yHHaMeHTaHBHLIX
N CICIHAJIBHBIX 3HaHHﬁ, AHAJIUTUHYCCKHUX MCETOAOB M CJIOXKHBIX MOHGHeﬁ B YCJIOBHAX
HCONPEACICHHOCTH.

P7

Brimonasate HNHKCHCPHBIC IPOCKThI  C NpUMEHCHUCM  OpUI'MHAJIbHBIX  MCTOAOB
MMPOCKTUPOBAHUA IJIA JOCTUKCHHUS HOBBIX PE3YJIbTATOB, o6ecneqHBa}ome KOHKYPEHTHBIC
NpeUMYHICCTBA DJJICKTPOIHCPICTUICCKOTO M IJICKTPOTCXHHUYCCKOI0 IMPOU3BOACTBA B
YCIOBUAX KECCTKUX OKOHOMHUYECCKUX U OKOJOTHYCCKUX OFpaHH‘IeHHﬁ.

P8

HpOBOZ[I/ITB HMHHOBALIMOHHBIC MHXXCHCPHBIC HMCCIICAOBAHUSA B obnactu QJICKTPOIHCPICTUKH
u QJICKTPOTEXHUKU, BKJIKOYast KpI/ITI/I‘IeCKI/Iﬁ aHaJIu3 JaHHBIX us3 MHPOBBIX

MH()OpPMAMOHHBIX PECYPCOB.

P9

[IpoBOANTE TEXHHKO-KOHOMHUYECKOE OOOCHOBAHME IIPOEKTHBIX pEIICHHH; BBIOIHITH
OPraHU3aLHOHHO-TIIAHOBBIE PACYETHI 10 CO3AHUIO WIIM PEOPTaHM3ALNH TIPOU3BOICTBEHHBIX
Y4YacTKOB, IUIAHMPOBaTh pabOTy mepcoHana M (OHMOB OIUIATHI TPyJa; ONpPENeNsTh M
obecrieunBaTh P PEeKTHBHBIE PEKUMBI TEXHOJIOTHYECKOT0 IpoIiecca.

P10

[IpoBoaMTE MOHTAXKHBIC, PEryJIHPOBOYHBIC, HCIIBITATENIBHBIC, HalaJ04Hble pPaboThI
3JIEKTPOIHEPIETUYECKOTO0 U JJIEKTPOTEXHUUYECKOr0 00OpYyHOBaHUS, 000PYJOBAHMS IS
HAay4YHO-OKCHEPUMEHTAIBHBIX HCCIICIOBAHHIA.

P11

OcBauBaTb HOBOE JJIEKTPOIHEPTETUYECKOE M 3IEKTPOTEXHUUECKOE 00OpyJOBaHUE;
NPOBEPSTh TEXHWYECKOE COCTOSHHE W OCTaTOYHBIH pecypc o00OpylnoBaHWA U
OPTraHU30BBIBATh MPODIIAKTHIECKUNH OCMOTP U TEKYIIHH PEMOHT.

P12

PazpabatbiBaTh pabouyro MPOSKTHYIO U HAYYHO-TEXHUUECKYIO IOKYMEHTAIMIO B COOTBETCTBHU
CO CTaH[aPTAMH, TEXHUYECKMMH YCJIOBUSMHU U JAPYIUMH HOPMATHUBHBIMH JIOKYMEHTAMHU;
OpraHU30BbIBATH METPOJIOTHYECKOe obecrieueHne AJIEKTPOIHEPIETHIECKOTO u
JNEKTPOTEXHUYECKOTO ~ OOOpPY/OBAHMS;  COCTABISATH  OINEPATHBHYIO  JIOKYMEHTAIWIO,
MPEAYCMOTPEHHYIO TIPABUIIAMHM TEXHHYECKOH JKCILTyaTallii OOOpYAOBAHHS WM OpraHHU3alH
paboTHL




MunucrepcrBo o0pazoBanusi 1 Hayku Poccuiickoii @enepannu
(benepaabHOE rOCYAapCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE yUPEkKACHNE
BBICIIET0 00pa30BaHUs
«HAIIMOHAJIbHBIN UCCJIEJJOBATEJbCKHUI
TOMCKHWI MOJUTEXHUYECKHI YHUBEPCUTET»

Nuctutyr JQHUH

HaHpaBHeHI/Ie IMOATOTOBKHA ((SHGKTDOSHGDFGTI/IKE[ " 3JICKTPOTCXHHUKA»

Ka(bez[pa «DIIEKTPOIHEPIeTUUCCKUE CUCTEMBI

YTBEPX]IAIO:
3aB. kadeapoii

(IMommuce) (Jlata) (®.1.0.)

3AJJAHHUE

HA BBINOJIHEHHE BBIIYCKHOM KBAJIN(PUKAIMOHHON PadoThl

B dopwme:

MarucTepcKou auccepTanuu

(bakanaBpcKoil pabOTHI, TUITIOMHOTO MPOEKTa/pabOThl, MAarUCTEPCKOI ArcCepTaLim)

CryneHry:

I'pynna [0)% (0]
5AMA4b Pomynkuny Esrenuto Bukrtoposuuy
Tema paboThI:

Peneitnas 3amura u npoTuBoaBapuiiHas aBToMaTHKa paiiona 220 kB nmoacranimu “IleTpoBck-

3abatikanbck” -rmoacranumu “Yura”

YTBepkaeHa MpuKa3oM JUpPeKTopa (J1aTa, HoMep) 27.01.2016, Ne432/c

CpoK cauu CTYICHTOM BEITIOTHEHHOM pabOTHI:

08.06.2016

TEXHUYECKOE 3AJIAHHUE:

HcxoaHble 1aHHbIE K padoTe

(naumenosanue 0bveKma UCCIe008aHUs UNU NPOSKMUPOBAHUS,

NnpoU3E00UMENbHOCHIb UL HAZPY3KA, PEHCUM PAbOMb
(Henpepvlgnblil, nepuoOUdecKuil, YUKIUYeckul u m. 0.); 6uo
CIPbS UTU MAMEPUAT U30eusl;, mpebosanus K npooyKny,
u30enUIo U npoyeccy, 0cobvle mpebosanus K 0COOeHHOCMAM
@dyHKyuonuposanus (IKChayamayuu) 06vekma un u3oenus 8
niane 6e30nacHOCMU IKCIYAMAayuu, BIUAHUS HA
OKPYHCAIOULYIO CPeOy, IHEP2O3AMPAMAM, IKOHOMUUECKUT
aHanuz u m. o.).

Onepeocucmema 3a6aiikanbcko2o Kkpas | IKEUSAIEHMUPOBAHHAS PACHENHAS
modens 6 [TK “RastrWin3” u Mustang.win na 2015 200 ;pacuemnas modens 6
IIK APM CP34 ; memoouueckue yKa3aHus no yCmouyugocmu,; HopmMaibHas
anekmpuyeckasn cxema 3a6atikanbCKol SHepeocucmemyl, UHGoOpmayuu o
o0bopyodosanuu snekmpocmanyutl 3a6atikanbCKol SHEP2OCUCEMbL U CeMesoM
060py008aHUlL; NONOACEHUE NO YRPABIEHUIO PEHCUMAMU PABOMbL IHEP2OCUCTEMbL
3abaikanvckoeo Kpasi.




Hepeqeﬂb moAJIeKalMuX HCCJICT0BAHHUIO,

1)  Onucanue snepeocucmemut 3abaiikanbcko2o Kpas;,
IPOCKTUPOBAHUIO U pa3pa60TKe BOIIPOCOB 2)  Onucanue 3awuwaemozo obvexma,
(ananumuyeckuii 0630p No AUMEPAMYPHLIM UCTNOYHUKAM C 3)  Buwibop u obocrosanue ycmaHo6IeHHbIX 3aum;
YeNbIO BbIACHEHUS. OOCHIUIICEHULE MUPOBOU HAYKU MEXHUKU 6 4)  Modemposanue p a6of”bl AlIB; y
pacesampusaenoii obacmu; nocmanosia sadav 5)  Oyernxa cmamuueckoil ycmouuugoCcmu 6 HOPMANLHOM U ABAPULIHOM
uccne008ans, NPOEKMUPOBAHUsL, KOHCIMPYUPOBAHUS, peaeue.
cooeparcatie npoyedypul UCCIE008AHUSL, NPOEKMUPOBAHUS,
KOHCMPYUpOSaHus; 00CYHcOeHUe pe3yIbmamog 6binoIHEeHHOU
pabomvl; HaumeHO8aHUue OONOTHUMETbHLIX PA30EIO8,
noonescawux paspabomxe, 3aKuioueHue no pabome).
HepequB rpa(]mquKoro mMarepuajia 1. Cxema ocnosnoi cucmve/woo6pa3yiomeﬁ cemu 220-110 kB

. 9Hepeocucmemvl 3a0alikanbCko2o Kpas,
(c mounbLM ykasanuen obasamensuuIx uepmedicers) 2. Vnpowennas nopmanvHas cxema snexmpudeckux coedunenuti 220-110
KB snepeocucmemur 3abatikaibckoeo Kpas
3. Cxema pasmewenus ycmpoiicmg AJIAP.

KoncyibTanThl M0 pa3jesiaM BbIMYCKHOI KBaTU(pHKANIMOHHOMH PadoThl

Pazgen

KoncyabTant

DUHAHCOBBIH MEHEeIKMEHT,
pecypcod(ppeKTHBHOCTD U
pecypcocoepe:kenne

Accucrtent kadeapsl kadheapsl MeHeKMEHTa —

I'paxoBa E.A.

ConpajbHasi OTBETCTBEHHOCTh

Houent kadenpsr 6K — U3eexor B.H

«Pa3gen Ha aHTJIHIICKOM
A3BIKE»

Koncynbsrant — nuarBucT Kadeapsr USAOU —

Tapacosa E.C.
Koncynbrant xadenps 99C —
Anpnpees M.B.

HaszBanus pa3aejioB, KOTOPbIC H0JKHbI ObITh HAIIMCAHBI HA PYCCKOM H UHOCTPAHHOM SI3bIKAaX:

Distance relay protection

JlaTta BbIIa4u 3a1aHUA HA BBINOJHEHUE BBINYCKHOMI
KBAJIN(PUKALUOHHOI padoThl 10 JTUHEHHOMY rpauky

3aganue BbIIAT PYKOBOAUTE/Ib:

J0KHOCTH [(%(0] Yuenas cTeneHs, Moanucey JlaTa
3BaHHMe
JloneHT [ITecrakoBa Bepa K.T.H.
BacunbeBHa
33}13HI/IC NPUHAJT K HCIOJHCHUI0 CTYACHT:
T'pynna ®UO Hoamucs Jara
5AM4b Pomrynkun E.B




MunucrepcrBo o0pazoBanusi U Hayku Poccuiickoii @enepannu
(benepanbHOE rocy1apcTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEkKAECHUE
BBICIIET0 00pa30BaHUs
«HAIIMOHAJIbHBIN UCCJIEJJOBATEJbCKHM
TOMCKHWI MOJUTEXHUYECKWIA YHUBEPCUTET»

Nuctutyr JQHUH

Hamnpagnenue noAroToBku (CENUaIbHOCTh) «DJIEKTPOIHEPIETUKA U DJICKTPOTEXHUKA
YpoBeHb 00pa3oBaHUs MarucTparypa

Kadenpa «31eKTpOIHEPTreTHUESCKHE CUCTEMbBD»

[lepuon BbITIOTHEHUS (oceunuii / Becennnii cemectp 2015/2016 yuebHOrO roma)

®dopma npeacTaBieHus: paboThI:

Maructepckas auccepraius

(bakamaBpckas paboTa, TUITIOMHBIH TPOEKT/padoTa, MarucTepcKas TUCCcepTaIys)

KAJIEHJAPHBIA PEUTUHI -TLJIAH
BbINIOJIHEHH S BBINYCKHOM KBAJITH(UKANMOHHOH PadoThI

CpoK ciauv CTyJIEHTOM BBITTOJIHEHHOW PaOOTHI: 08.06.2016r.
JaTa Haspanue pasnena (MoayJs) / MaxcuMaabHbIH
KOHTPOJIst BUJI padoThl (Mcciiel0BaHN) Oas1 pazaesa (Moay.is)

10.02.2015 Wzyuenne npobieMbl 1 0030p TUTEPATYPHI 10

16.03.2015 @opMHUPOBAHUE MCXOJHBIX JAHHBIX, MCIIOJb30BAHHBIX MPHU 25
IIPOBEACHUY PACYETOB PEIICHHOMN 3aINTHI.

29.04.2015 O1ieHKa CTaTHYECKON YCTOHYUBOCTH 30

11.05.2015 MogenupoBanue pabotsl AIIB 15

20.05.2015 OUHAHCOBBI MEHEDKMEHT, pecypcoddPeKTUBHOCTh U 10
pecypcocOepexeHne

02.06.2015 ConpnanpHas OTBETCTBEHHOCTD 10

CocraBul IpenoiaBaTelib:

J0KHOCTH DdUO YueHasl CTeNeHb, Moanuch [arta

3BaHHUE

Houent IITecrakoBa Bepa K.T.H.

BacunbeBna
COI'JIACOBAHO:

3aB. Kadeapoi (017 YyeHas cTeneHb, Noanucb Dara

3BaHue

20C Cymnaiimanos A. O. K.T.H.

JOLICHT




Pegepar

Marucrepckas auccepramusi coctout u3 127 1. 30 puc., 13 tabn., 31

HNCTOYHHKOB, 2 IIpui.

Kmrouessie cnoBa: DHEPT'OCUCTEMA, DOJIEKTPUYECKASA CETb,
PEJIEMHASI 3AILIMTA U ABTOMATHKA, PAMOH, VYCTABKA,
YYBCTBUTEJIbBHOCTb, JIMHNS, SKOHOMUYECKA S DYODEKTUBHOCTD,
BEPOSTHOCTS.

OO0OBexTOM IIPOCKTUPOBAHUA ABJISICTCA peﬂeﬁHaﬂ 3allfuTa W aBTOMAaTHKa

munuu 220 kB «IlerpoBck-3abaiikanbck— UnTa» 3a0alikalbCKOM SHEPTOCUCTEMBI.

[lens Marucrepckoil nuccepTauu: pa3zpadoTaTh peNCeHHYI0 3alluTy s
JIMHUU u BBITIOJTHUTh OLICHKY AKOHOMHYECKOHN s hexTuBHOCTH

CIIPOEKTUPOBAHHBIX PEJICHOM 3aIUTHI 1 aBTOMATHUKH.

JIns TOCTHIKEHMS 1IeJIM MCIIOJIB30BaHbl pacueTHhIC U TpadoaHAIUTHYECKUC
METOJIbI, BBIYUCIIMTENBHBIE pacueTHble Komiuiekcbl APM CP3A, RastrWin

nakeTsl mporpamMm Mathcad.

CrpoekTupoBaHHBIC peJiciiHas 3allMTa U aBTOMATHKA JIMHUK 0a3UpPYIOTCS Ha
OTEUYECTBEHHOW MHKPOMPOIIECCOpHON 0aze. UyBCTBUTEIBLHOCTh MU3MEPUTEIBHBIX
OpraHOB OCHOBHBIX W pAJla PE3EPBHBIX IUCTAHIIMOHHBIX U TOKOBBIX CTYIICHEU
HYJIEBOW TMOCJIEI0BATEILHOCTH 3alUT JOCTUTHYTa OJjarofaps HCIOJIb30BAHUIO

BO3MOXKHOCTeH TmmoBo# anmapatypsl (LLID3-2607) 3amuT tuHuH.

[Tonmy4yeHHble MOKa3aTea CHOPOEKTHPOBAHHBIX cpelacTB P3A Moryt ObITH
UCIIOJIb30BaHbl KaK OCHOBa /il pabodyero NpOEKTUPOBAaHUSA, [UId HaJaAKu
anmapaTrypsl IpU 3aMEHE AJIEKTPOMEXAHHUUECKUX KOMIUIEKCOB PEJICHHOMN 3allNThI

Ha MUKPOIIPOLIECCOPHBIE.



O003HaUYeHNSI M COKPALIIEHUSA

O3C-311eKTpOIHEPreTUYECKAs CUCTEMA

K3-kopoTkoe 3ambIkaHuE

JIDII-nunuus snexrponepeaadu

P3A-peneiinas 3anmTa 1 aBTOMaTHKa
TOLI-Tenno3JeKTpOLEHTPAIIb

['POC-rocynapcTBeHHasi paiOHHAs SJIEKTPOCTAHIIMS

[1YD- npaBuia ycTpoUCTBa AIEKTPOYCTAHOBOK;
J3-nucTaHuroOHHAs 3a1IUTa
JPBY3-nuddepenunanbHo-pa3oBast BBICOKOYACTOTHAS 3aIUTA
AIIB-aBTOMaTHKa HOBTOPHOT'O BKIIFOUEHUS

TT-tpanchopmaTtop Toka

TH-Tpancdopuatop HanpsKeHus

TH3HII-TokoBas HarpasjeHas cTyleHyaras 3alura
IIOCJIEI0BATEIILHOCTH

IIC-nmoacranmus

TO-TokOBas oTCEUKa

AJIAP-aBTOMaTHKa TUKBUIALNNA ACHHXPOHOTO PEXUMA

YPOB-ycTpo#icTBO pe3epBUPOBAHKUE TPU OTKA3E BHIKIIOYATEISA

HYJIEBOU



OrnasiieHue

POICPAT ... 6
OOO03HAYCHUS Y COKPAIIICHIIS ....evvveenttreeireeasteeaseeesssseessseaessseeessseeaasseesasbeeeasseesaseeeaasseesseeeannneesnnnas 7
3101 (<) 07 (< P 10
1. XapaktepucTrka 3a0alKabcKoi 3HeprocucTemsl .. Ommoka! 3akiaaka He onpeaesieHa.

1.2  Bri6op u 000CHOBaHHE yCTaHABJIMBAEMBIX 3aIIUT... OmuodKka! 3akjaaka He onpe/esieHa.
1.3  BbI00Op u3MepUTEIBHBIX TPAHCHOPMATOPOB ............ Ommoka! 3akiajgka He onpeieseHa.
2 JAMCTAHITNOHHAS BAIIHTA. . .vvvvrereeeessssnrrrnereeeeesssnnnnenns Ommoka! 3akaaaka He onpeaesieHa.

2.1  Pacuer ycTaBOK M MpoOBepKa YyBCTBUTEILHOCTH AUCTAHITMOHHON 3amUThIOmmoKka! 3akiaaka He

2.1.1 Pacuér ycraBku | crynenu /I3 nuHuM................... Ommoka! 3akaaaka He onpeaesieHa.
2.1.2  Pacuér ycraku Il ctynenu /I3 muuui ................. Ommunoka! 3akaanka He onpeesieHa.
2.1.3  Pacuér ycrasku Il crynenn /I3 nuHuH................. Ommunoka! 3akaanka He onpeesieHa.
3 HuddepennmnansHo-ha3Has 3ammra ¢ 00MeHOM MHPOpMAIUEH MEXy KOMIUIEKTaMH 10
BbICOKOYacTOTHOMY KaHaLy (JAPBY3).......cccccovviiiiinn Ommuoka! 3akaanka He onpeesieHa.

3.1  Pacuer ycraBok I®BY3 myst nunmit 110, 220 kB (Meroauka « 9KPA»)Ommoka! 3akiaaaka He omj

3.2 OpraH MAHUITYIISIIHH ..ccvveeeeesireesieesnreesieessneessesssneees Ommoka! 3akinaaka He onpeeseHa.
4 TokoBas HampaBiieHHas CTyICHYaTas 3alluTa HYJIEBOH IOCIENOBAaTEIIbHOCTH JIMHUU
(THSBHII) evvveiiieeciieecie e Ommoka! 3akiiagka He onpeeseHa.

4.1  Pacuer ycraBok cryneneid TH3HII nmunnn [1C IlerpoBck-3abaiikanbek — [IC Ynta-5000mmoKa!
41.1  TokoBas oTceuka HyneBol nocienoBatenbHocT Omuodka! 3akaaaka He onpeesieHa.

4.1.2  TokoBas OTceuka HYJEBOH MOCIICIOBATEIILHOCTH ¢ BBIEP kKoM BpeMeHNOmuoka! 3akaaaka He
4.1.3  TokoBas OTceuka HYJIEBOH MOCIEeIOBATEIILHOCTH ¢ BhIIepkkoi BpemeHH (11 ctymens)Ommobka!l
414  MaxkcumanbHas TOKOBas 3allMTa HYJEBOH nocnenoBarenbHocTHOMMOKA! 3akiaaKka He onpee
5 Tpéxdasznoe aBromarnveckoe moBTopHOE BKiItoueHneQmmnoka! 3akaaaka He onpeaeseHa.

5.1  Boi6op yctaBok AIIB ......ccooiiiiiiiiice Ommoka! 3akiagka He onpeaesIeHa.

5.2 MopenupoBaHue paboThl aBTOMAaTHYECKOT0 MOBTOpHOro BkItoYeHus (AIIB) ¢ momoribio

nporpammuoro kommuiekca MUSTANG.WIN .................... Ommnoka! 3akaanka He onpeesieHa.
6. OreHka cTaTu4ecKoi yCTOWYMBOCTH B 3abaiikanbckoil sHeprocucreMeOmmoka! 3akaaaka He o
KpaTkne TEOPETHUECKNE CBEACHMSL. ...vevvvvrvrieviesirieies s Ommnoka! 3akaanka He onpeaesieHa.
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6.1 OrmeHka CTaTUYECKON YCTOWYMBOCTH B HOPMAJIBHOM PEXKHUME NMPU 3UMHEM MaKCHMyMe

12 E 1 03710 QT Ommunoka! 3akaanka He onpeesieHa.

6.2 OmeHka CTaTUYECKOH YCTOWYMBOCTH B aBapUHHOM peXHME IpPU 3UMHEM MaKCUMyMe

HATPYBOK. . uvvveeesurrnnessssnneeessssneeesasneeessassnsessanssneeesansseeessnnnes Ommoka! 3akaaaka He onpeesieHa.
7 Br16op Tuma, Mmecta ycTaHOBKHM U TlapameTpoB cpadaTeiBanus AJIAPOmmoOka! 3akiaaaka He onpe
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BBenenue

CoBpeMeHHbIE  3leKTpodHepreTudeckue cucteMbl (D9C)  gBistoTCA
CJIOKHBIMH MHOTONIApaMETPUIECKUMH TUHAMUYECKHUMH CUCTEMAaMH, BCE 3JIEMEHTHI
KOTOPBIX KECTKO CBSI3aHHBI MEXIy COOO0M OOIIMMH pexumMaMu padoThl, a TaKkkKe
METOJaMH M CpEJACTBAaMU HUX peanu3ainuu. B sHeprocucremMe HMEIOT MECTO
pPa3IMYHOrO pOJA MOBPEXKICHHUS W IEPErpy3KH CHIOBOTO OOOpYJOBaHUS B
npoliecce AKCIUTyaTalud, KOTOphbIe, KaK IMPaBUJIO, SIBISIOTCS HEJOIMYCTUMBIMHU.
Cpenu >Tux siBIeHUN HanOoJIee TAKEIBIM CUUTaeTCsl KOpoTKoe 3aMmbikaHue (K3).

K3 - aBapuiinbiii pexxuM pabOThI Jis JTIOOOTO 3JIEMEHTA SHEPrOCUCTEMBI, B
ToM uuciie u auHui anekrponepenaun (JISI). Ilpu K3 nabmronaercs naMeHeHnue
napaMmeTpoB pabdotel JIOII: TOK, mpoTekaromuil yepe3 JIUHUIO, MHOTOKPATHO
YBEIMYMBACTCS, a HAMPSIKEHUE CHUIKACTCS. YKa3aHHbIE OOCTOATENHCTBA MOTYT
MPUBECTU K HETATUBHBIM MOCJIEICTBUSM, KaK JJIsl JIMHUU (DJIEKTPOJUHAMUYECKOE U
TEPMUYECKOE  pa3pylieHue), Tak ¢ g norpedouteneid  (OCTaHOBKA
3JIEKTPOJIBUraTENIEN) U SHEPTOCUCTEMBI B LIETIOM.

JUtst BbISBIEHUS M OBICTPOW JIOKAJTU3ALMK AHOPMAJBHBIX PEXKHUMOB H
noBpexaeHuid, B ToM unciie K3, B 99C ciyxur peneitnas 3ammura (P3). B cBsizu ¢
OTUM OT HAJEKHOCTU M TOYHOCTH HacTpoiiku P3 3aBucutr OecmnepeboitHoe
AIEKTPOCHAOKEHUE TTOTPEOUTEIEH.

Hanexunocts GpynkimonupoBanust P3 obecnieunBaeTcsi HE TOJBKO Ka4€CTBOM
anmapaTHOM ¥ (PYHKIIMOHAJIBHOW  peanu3alud, HO U  TMPUMEHEHHEM
pe3epBupoBanus. JIro6o0it komiieke P3 BkitouaeT B ce0s1 OCHOBHBIE, PE3EPBHBIC U
JIOTIOJIHUTENbHBIE 3alIUTHBIE YCTPOUCTBA.

OCHOBHOI CUMTAIOT 3AILUTY, NPEIHA3HAYEHHYIO JJI1 pabOThl PU BCEX WIIU
gactu BUAOB K3 B mpenenax Bcero 3amuiiaemMoro oonekra (Hampumep, 100 %
JUTUHBI JINHUM) CO BPEMEHEM, MEHBIIINM, Y€M Y JIPYTUX YCTAHOBJIECHHBIX 3aIIIUT.

Pe3epBHOI cuuTalOT 3alUTy, KOTOpas MperycMaTpUBaeTcss Mg paboThI
BMECTO OCHOBHOU 3aIlIUTHI JAHHOTO 00BEKTa B CIy4asx €€ OTKa3a WM BBIBOJA U3

paboThI (OJMKHEE PE3ePBUPOBAHKE), @ TAKKE BMECTO 3aIUT CMEKHBIX SJIEMEHTOB
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IpU UX OTKAa3e WIM B CIydasX OTKa30B BBIKIIOUATEIEH CMEXHBIX 3JIEMEHTOB
(manbHEE pe3epBUPOBAHMUE).

Komnekc P3 Beimonssiercs Tak, 4ToObl npHu OTKa3e P3 wim BhIKIHOYATENs
NOBPEXJIEHHOTO 351eMeHTa K3 OTKIII04anoch ApyruMH 3alllUTHBIMU YCTPOMCTBAMU
WIH BBIKJIIOYATEISIMU, BBITOJIHAIOIUMU (YHKIIUN PE3EPBHBIX.

BelnonHeHne ycia0BUM MO HAJEKHOCTH U Ka4e€CTBY HACTPOWKH BO3MOYKHO
JUIIb TPU YETKOM COOTBETCTBUU KOMIUIEKCY TpEOOBaHUM, H3JI0KEHHBIX B
HOpPMATHUBHBIX Marepuanax. COOTBETCTBHE pPEAJBHBIX YCTPOMCTB pPEIECHHON
3ammThl 1 aBroMaTuku (P3A) 3tuM TpeboBaHMsSM 00eCTieUMBAECTCS, B OCHOBHOM,
Ha CTaJuu MPOEKTUPOBAHUS, KOTOPOE IMpU MpPaBUIBHOM €ro OpraHu3aluu

00s13aTE€NBbHO JOJIKHO OBITH KOMILIEKCHBIM.

7/  DOuHAHCOBBIN MEHE/I)KMEHT, pecypcodpPeKTUBHOCTD 7|

pecypcocoepe:xeHue

B mHacrosmiee BpeMs MEPCHEKTUBHOCTh HAYYHOIO  HCCIEAOBAHUS
OIPENENAETCS] HU CKOJIBKO MacIITadOM OTKPBITHSI, OLIEHUTh KOTOPOE Ha MEPBBIX
JTanax >KM3HEHHOTO IMKJA BBICOKOTEXHOJOTMYECKOIO M PecypcodP(HeKTUBHOIO
NPOAyKTa OBIBAET JOCTATOYHO TPYAHO, CKOJBKO KOMMEPUYECKOM II€HHOCTHIO
pazpabotku. OIleHKa KOMMEpPYECKOW IIeHHOCTH (TMOTeHIuana) pa3paboTKu
ABJIIETCSI HEOOXOJMMBIM YCIIOBUEM IPU MOUCKE HWCTOYHHKOB (PMHAHCHUPOBAHUS
JUISl IPOBEJICHUSI HAYYHOT'O MCCIIEIOBAHUS U KOMMEPLHAIU3ALMH €r0 PE3YIIHTATOB.
OT0 BaXHO ISl Pa3pabOTYMKOB, KOTOPBIE JOJKHBI HPEICTABIATH COCTOSIHUE U
NEPCHEKTUBbBl MPOBOJUMBIX HAyYHbIX HCCIeOBaHUN. Yepe3 Takylo OLEHKY
YYEHBIA MOXKET HAWTH MapTHepa I JajJbHEHMIIEro NPOBEICHUS HAay4YyHOIO
UCCJIEIOBAHMS, KOMMEpPIMAIU3AMU PE3YJbTaTOB TAaKOrO HCCIEIOBaHUS U
OTKpBbITUS OU3HEcCA.

HeoOxomumMo  moHMMaTh, dYTO KOMMeEpHYEcKas MpPHUBIEKATEIbHOCTD
HAyYHOT'O MCCIIEIOBAHUSI OMpPEAENAEeTCS HE TOJBKO MPEBBIIIEHUEM TEXHUYECKUX
napaMeTpoB HaJl MPEeAbLAYIIMMH pa3padOTKaMH, HO U HACKOJBKO OBICTPO

pa3paboOTUMK CyMeeT HalTH OTBEThl HAa TaKWe BOMPOCHl — OyAeT JM MPOAYKT
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BOCTpEOOBaH pPBIHKOM, KakoBa OyJIeT ero IieHa, 4YTOObl YAOBIETBOPUTH
MOTPeOUTENsI, KAKOB OIOJKET HAYYHOTO MPOEKTA, CKOJIBKO BPEMEHHU MOTpeOyeTcs
JUTSL BBIXOJIa HAa PHIHOK U T.]I.

Takum  obOpazom, T1enpi0 pazgena «DUHAHCOBBIA ~ MEHEHKMEHT,
pecypcoddPEeKTUBHOCTE H  PECypcOCOEpeKCHHE»  SBIACTCS  OIpEIEIICHHE
MEPCIIEKTUBHOCTH W YCIENIHOCTH  HAYYHO-HCCIIENOBATEIBCKOTO  MPOECKTA,
pa3paboTKa MeXaHW3Ma YIPABJICHHUS U COMPOBOXKICHUS KOHKPETHBIX MPOEKTHBIX
pEIIeHNH Ha dTare peaanu3aliy.

JlocTikeHre 1enu 00ecrednBaeTCs PEIICHHEM 3a71a4:

e pa3paboTka oOIIeld 3KOHOMHYECKOW HJeH MNpoeKTa, (HOpMHPOBAHUE
KOHIICTIIINH MTPOCKTA;

e opra"u3anus padoT M0 HAYYHO-HCCIICOBATEIHCKOMY IMPOCKTY;

® OIpelnelicHHE BO3MOXHBIX albTEPHATUB IPOBEICHUS  HAYYHBIX
HCCIICIOBAHUM;

® TUTAHUPOBAHNE HAYYHO-UCCIIEI0OBATCIHLCKUX PAbOT;

® OIICHKM KOMMEPYECKOTO TIOTEHI[HAIa W MEPCIEKTUBHOCTH IMPOBEICHUS
HAyYHBIX WCCJICTOBAHMM C MO3UIIAN pecypcorhHEeKTUBHOCTH 1
pecypcocOepeKeHHS;

e ompenelieHHe pecypcHor  (pecypcocOeperaromieii), (HHUHAHCOBOM,

OIOHKETHOM, COIIMAIbHON U IKOHOMHYECKOU d(DPEKTUBHOCTH UCCIICTOBAHMUS.

7.1 TexXHHMKO-IKOHOMHYECKOE 000CHOBAHUE MPOEKTA

[IpoexkTrpoBaHue CpeACTB PEJICUHON 3allMThl U AaBTOMATHKU BKJIIOYAET B
ce0s1 HECKOJIbKO 3TaroB. BBIUMCICHUS JIEKTPUUYECKUX BEJIMYUH, HEOOXOIUMBIX
Il ONIPEJICIICHUSI YCTABOK M MPOBEPKU YYBCTBUTEIBHOCTU YCTPOMCTB PEIICHHOMN
3aIUTHI TPOU3BOSITCS B PYUHYIO.

Jlns  opraHM3alnUd  MOPOEKTa MPUMEHSIIOTCS  pa3juyHble  METOMbI
HYKOHOMHYECKOTO TUTAHUPOBAHUS C 1IN0 Oosiee 3(PGEeKTHBHOTO MCIOJIb30BaHUS

BpEMEHU U paboueldl CWUJIbI, CHIDKEHMsS Tpyno3aTpar. [lnaHupoBaHue mpoekTa
12



3aKJIIOYAETCSl B COCTABJICHUU TEpPEeYHs padboT, HEOOXOJUMBIX AJ TOCTHXKEHUS
MOCTaBJICHHOW 33/1a4u, ONPEACICHUN YYaCTHUKOB KaKJ0W pabOThl, YCTAaHOBICHUU
IPOAODKUTEIBHOCTH B PAabOUMX JHAX, MOCTPOCHUS JIMHEWHOTO WM CETEBOTO

rpaduka ¥ ero ONTUMHU3AIIHH.

7.2 Tlnanuposanue pador mo HTII

JUist  mpoeKkTUpoBaHUS ObLIM 3aJ€HCTBOBAHbI HCIOJHUTENN: HAYYHBIN
pykoBomutens mpoekra (HP) — goment 15 paspsma (15 p.) xademps
«9nexrposnepretrudeckue cuctembol (D23C)y; umkenep (M) 9 pazpsga (9 p.) —
JTUTIIOMUPYIOITUICS CTYICHT.

JI7is y9acTHUKOB MPOEKTa HEOOXOAUMO OTPEACTUTh UX 3arpy3Ky. 3arpys3ka
UCIIOJIHUTENIEH - 3TO Orepanus, Mpu KOTOPOH MPOUCXOIUT OIPEICNICHUE HYKHOTO
KOJIMYECTBA UCTIOJIHUTENECH U 00beMa UX 3arpy3Kd B 3aBUCHMOCTU OT KOJUYECTBA
BBIIIOJIHEHHBIX padoT. [loyid 3arpy3ku HaydyHOTO pykoBojautens He 6onee 10% ot

BpPEMCHH, 3aTPAaYCHHOI'O MHKCHCPOM Ha ITPOCKTHUPOBAHUC.

Tabnuna 6 - Komruiekc pabot 1o pa3zpaboTke MpoeKTa

ITpongoimkute
No po 3arpyska
[Tepeuens padot Wcnoaaurenn | TPHOCTD
pao. . | AHA
paboT, nHe
IToaroToBUTENBHBIN dTAIl
1 ITocTanoBKa 11€/1€# U 3a7a4, n9p. 1 1
MOJTYYCHUE UCXOIHBIX JaHHBIX HP 15 p. 1
5 CocTaBicHHE U YTBEPKICHUEC n9p. 3 3
TEXHUYECKOTO 33JIaHMS IIPOCKTa HP 15 p. 1
3 [Ton6op 1 n3yueHue JIUTEePaTyphl nop. 5 5
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HccnenoBanue U aHAIN3 IPEAMETHOM 001acTH

n9p. 3
4 AHaJIN3 CXeMBbI dDHEpropaioHa 3
HP 15 p. 1
CocraBnenue cxem 3aMelieHus
5 psIMOM, 0OpaTHOM U HYJIEBOM n9p. 4 4
II0CJIEI0BATENBHOCTEN. PacueT TOKOB | [P 15 p. 1
K3
Pacuert penelinoii 3amutsl B komruiekce APM CP3A
Pacuet TOKOBOM 3alIUTHI HYJIEBOU M 9p. 4
6 MOCJIEIOBATEILHOCTH IS JINHUU U 4
IV H. 1
v Pacuer AMCTAHLIMOHHOM 3amuTel st | 19 P- 5 5
JIMHUY ¥ TIIYH.
8 Pacuer auddepenupmansroii samursr | 119 P- 5 5
JUTSI JIMHUU, TTUH U TpaHCc()OopMaTopoB.
9 Pacuer 3amuT cHII0BbIX n9p. 4 4
TpaHc(hopMaTopoB
OdopmiieHne TOKyMEHTAIIMU U TIOJITOTOBKA K Ca4e MPOeKTa
Nop. 3
10 | AHayIM3 TIOJTyYCHHBIX PE3yIbTaTOB 3
1
11 Cnaya >7eKTpOHHOTO BapHaHTa n9p. 5 1
pa3paboTKu
AHanu3 U pacyeThl IPOU3BOICTBEHHON
10 | AKOJIOTUUECKOI 0€30MacCHOCTH, n9p. 5 5
TEXHUKO- S KOHOMUYECKOTO
000CHOBaHUS TPOCKTA
n9p.
13 | Hanmcanue NosICHUTEIbHOMN 3aIMUCKU 15 15
14 | Ogopmnenne rpaduueckoro n9p. 3 3
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Marepuana

N9 p. 62
HP 15 p. 6

Hroro

B tabnuiie 6 npuBeneH nepevyeHb, JNIUTEIbHOCTh, HCTIOTHUTEIH U 3arpy3Ka
OCHOBHBIX 3TanoB U pabOT, UMEIOIUX MECTO MpH mpoekTupoBaHuu P3A yuactka

CCTH.

7.3 bromxer HTII

llenpto nmaHHOTO paszfena SBISETCS HAKOHOMHYECKH OOOCHOBAaHHOE
OTpeJieieHHe 3aTpaT Ha pa3paboTKy MpoekTta. B pamkax aHHOTO MpOEKTa
co3maeTcs OAHa pa3paboTKa, OmpeeNieHue 3aTpar MPOU3BOAUTCA IMyTEM
COCTaBJICHUSI CMETHI 3aTpaT, T.€. TPYIIIUPOBKA MTPOBOIUTCS MO DJIEMEHTAM.

3arparsl, oOpasyroiue cebeCcTOMMOCTh pa3paboTKH MOKHO

CTPYIIIHAPOBATH CIEAYIOUIMM 00pa3oM:
- MaTepUaJIbHBIE 3aTpaThl Ha IPOEKTUPOBAHMUE;
- aMOPTHU3aLHUs KOMIIBIOTEPHOU TEXHUKH;
- 3aTpaThl Ha OIUIATY TPYAA;
- COIMAJIbHBIE OTYMCIICHUS OT 3apa0OTHOM TJIATHI.
- IPOYME PaCXOIbl;
- HaKJIQJHbBIE PACXOJIbL;
a) MaTepuasbHbIE 3aTPAThHI

JIaHHBINM 3JEMEHT BKJIIOYAET CTOMMOCTH BCEX MATEPHANIOB, MCHOJb3YEMBIX
npy pa3pabOTKU MPOEKTa, BKIOYAsh pPACXOJbl Ha WX MNpUOOpeTeHue |, MpH
HEOOXOJMMOCTH — JIOCTaBKy. MarepuanabHble 3aTpaTbl Ha MPOEKTUPOBAHUE

coctaBisitoT 900 pyOie.
0) amopTU3aIys KOMIIBIOTEPHON TEXHUKU

15




AMOpTI/ISaHI/Iﬂ — 9TO OTYHUCJICHHBIA B ACHCKHOM BBIPAKCHHUHN H3HOC
OCHOBHBIX CpCACTB B IIpoHECCC HX NMPHUMCHCHUS, JTIPOU3BOACTBCHHOIO
HCIIOJIb30BaHMHI. I[aHHLIﬁ QJICMCHT OTPaXacT CYMMY dAMOPTHU3AIIMOHHBIX U3IACPIKCK
Ha ITOJIHOC BOCCTAHOBJIICHHC OCHOBHBLIX CPCACTB, MCIIOJIB3YyCMBIX IIPpHU pCain3aliun

MpoeKTa (KOMIBIOTEPHOU TEXHUKH ).

OcHoBHOE  cpeACTBO  (KOMIIBIOTEpHass  TEXHHKA)  IEepBOHAYAIbHOU
ctoumocTteio 35000 pyoOuseit. Cpok MOJE3HOr0 HCIOJIb30BaHUsA 5 jeT. Bpewms
paboThl 3a KoMmmbioTepoM 43 nusa. Takum 00pa3oM aMopTH3alUs 3a BECh NMEPUOJ

IIPOEKTUPOBAHMUSL:

AMOPTH3aLMOHHBIE U3EPKKH PACCUUTHIBAIOTCS MO POpMyIIe:

C

nepe

365-t

n

Ay =

rae  "eps

— IEpBOHAYAJIbHASL CTOMMOCTh OOBEKTA;
N — BpeMsi pabOThI 32 KOMIIBIOTEPOM.

t — CpOK T0JIE3HOTO UCTIONBL30BAHUS 00BEKTA (CPOK CITYKOBI).

Takum obpazom:

_ Cneps no 35000-43 .

U = -8
AM ™ 3651 365-5 pyO6IIei.

B) 3aTpaThl HA OIJIATy TpyJa

Pacuér 3apabotHoii matel (3II) BBIMONTHSETCS HAa OCHOBE MECSYHOTO
oknana, kKodhdummeHTa OTMYCKHBIX, HAA0ABKU W pPaiOHHOTO Kod(hduImeHTa
yucnoJiHuTensd. Jliisg yd4acTHHKOB NIPOEKTa IPEIyCMOTPEH TOJIBKO pPadOHHBIN
kod(dummenT, koropsid ayia r. Tomcka coctaBisier 30%. M3nepxku Ha oraTy

Tpyna:
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H3H:(3H0'Kl+ﬂ)'1<2’

311

rae: 0— MecsiuHbIA oknaja ucnoaHutens (s uaxkenepa 14500 pyo.,
st pykoBoauTens (momenta) 23605 py0. a Taxke HagoaBka 2200 py0. K okiamy
PYKOBOJUTETS);

K o :

- KO3 (OUIIMEHT YIUTHIBAIOIINHN OTITYCK, MPUHUMAETCS paBHBIM 1,1;

J1 - HambaBKa, MeHeXHas BhITUIaTa CBEepX 3apaboTHOW tuiatel (2200 pyo.,

JUISL TOIICHTA);
2 - palloHHBIN KOG PUIMENT, IPUHAMAETCS PaBHBIM 1,3;

dakTuueckas 3apa60THaﬁ IiaTa pacCUUuThIBACTCA CIICAYIOIITNM 06pa:«;0M:

A3
M

®
sy = ny

rjie: A3 _ 3apaboTHas MIIaTa 3a MECSII;
™ _ xommaectso pabouux aHei (21 aeHs);

n o
2 - (haKTUUECKOE KOJMYECTBO OTPAOOTAHHBIX JHE;

Pacder 3apaboTHOI TIaThl C yY€TOM TPYJOEMKOCTH MPHUBEICH B TaOIUIIE

2.
Tabnuna 7 - 3aTpaThl Ha 3apabOTHYIO TIJIATy
Hcnonuurens 3apruiara 3a dakTHyecKas 3apIuara,
MecsiIl, pyo. pyoO.
Wnxenep 20735 62217,6
Hayunslii 36615 10461,4
PYKOBOAMTEIH
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Hroro 71679

Takum oOpa3oM, 3aTpaTbl Ha OIUIATy Tpyda IS 2-X YYaCTHHUKOB
MIPOCKTUPOBAHMUS 32 BECh TIEPHO]T COCTABISIIOT 71679 pyOei.

r) ConanabHble OTYUCIICHUS OT 3apa00THOM IJIaThI

OTtunciiennsi BO BHEOIOKETHBIC (DOHIBI BKIIOYAIOT B CEOSl OTUYHUCIICHUS B
pasznudHbie (OHIBI (ICHCUOHHBIN, 00513aTEIFHOTO MEIUITMHCKOTO CTPAXOBaHUS U

1p.), kKoTopble cocTaBisitoT 30 % ot cymmbl 3apaboTHoi miatel (311).

HUpp=0,3- U5, =0,3-71679 = 21503,7 pyo6.
n) IIpoune 3aTpatbl
B mnpoune pacxompl MOTYT ObITh BKIIFOUEHBI: PAcXOAbl Ha MOJb30BAHHE
HHTCPHCTOM, Pa3MHOXKCHHC MaTcpHUaiosB, apCHay CH€H060py,IIOBaHI/IH,

KOMaHIHUPOBKHU, ITIOUYTOBLIC U Teﬂel"pa(l)HI)IC pacxoabl U T.II.

[Ipoune pacxonsl coctaBisitor 10% OT Bcex mNpeAblAyIIUX 3aTpaTr Ha

peaiu3anuro MMpoCcKTa U COCTABJIAIOT:

Hpp=Hyy+H g+ U+ U= 900+825 +71679 +21503,7 -0,1=9490
pyOIeH.

e) HaknanHbie pacxo/ibl

Haknanueie pacxoast coctaBisitoT 200% OT cyMMBbI 3apaOOTHOM TIATHI 2-X

Y4aCTHHUKOB IIPOCKTUPOBAHHA U COCTABJIAIOT!

D
Hyp_ 1%, -2=71679-2=143358 600

Bce BhlmienepeuncieHHbIE 3aTpaThl  BKJIIOYAKOTCA B CMETY, KOTOpasd

npuBezeHa B TabmuIe 8

Tabnuna 8 - CmeTa 3aTpart Ha pa3paboTKy

DneMeHTHI 3aTpaT VYcnoBHOe 0003HaUCHME Cymma pyo0.
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MatrepuaibHble 3aTpaThl 3 900
AMopTHU3a1ys KOMIIBIOTEPHOMN u AM 825
TEXHUKU

3aTpaThl Ha OIIaTy TpyAa HE’DH 71679
ConumanbHble OTUYMCIICHUS V41 o 21503,7
[Ipoune 3aTpaTh App 9490
Haxnagasie pacxoasl Hyp 143358
Htoro: 247755,7

Takum oOpa3om, 3aTpaThl Ha pealu3aluio NpoekTta coctaBuwin 2477557

pyouIei.

7.4 Dxonomuyeckas 3PPeKTUBHOCTH CNIPOEKTUPOBAHHBIX pesleHHbIX
3aIl0MT U ABTOMATUKH

O} pekTUBHOCTh peneiiHOM 3alMThl OMNPEEIsSeTcs MPeaoTBPAlIEHHBIM

yiiepOoM 3a CYET BHEpEHUs yCTpoicTB P3A:
2=y-y™

Yuep6 npu orcyrcTBuM Ha 00bekTe P3A cknaawpiBaeTcs u3 yimiepba ot
nevicteus K3 (V,,), ymepba oT BO3HUKHOBEHHS HEOATaHCOB MOIIHOCTH Y3JIOB
Berencteue K3 Ha oObekTe coemuHsmonieM 3tv y3iael (V) u ymepba ot
npeKpamieHus nmepetokos (V,):

V=V _ +V_+V,
Yuep6 ot aedicteust K3 npu Hanuuuu Ha oObekTe P3A, ckianpiBaeTcs u3

yIIepOOB BCIICCTBUE M3IUIIHUX Cpa0aThIBAaHUM , JIOXKHBIX, & TaK K€ PacCUCTHHIC

3aTpaThl HA YCTAHOBKY M COJIepkKaHue ycTpoicTB P3A:
P3A P3A P3A
yP3A =VYoc +VYuc +VYic + CP3A
19




B urore umeem

_ P3A P3A P3A
O=Vis Vst Yu-VY Tuc-VY “nc-Y Toc - Cpsa

7.4.1 Yiiep0 npu orcyrctBumM Ha o0bekTe P3A
Yuep06, 00yc10BJIeHHBII pa3pylInTebHbIM aeiictBueM K3 Ha jmanm:
VYiz= U3 0°5ty 0y

rae ks - 1leHa BOCCTaHOBIIEHUS JMHHUU IMOCJTE aBapUHHOrO pa3pylieHUs
BCIIEAICTBUE TpOTeKaHUss Toka K3, Moker OBITh OIleHEeHAa KaK CTOMMOCTh
COOPYKEHUS OJTHOTO MpoJieTa JUHUH , Llgz= 55 ThIC.Y.I1.€.;

©°, - mapameTp moroka K3 Ha JMHHU, IPUHMMAECTCS PaBHBEIM IapaMeTpy
MOTOKA MOBPEKACHUS JIMHUU, KOTOPBIA HaXOJUTCS Kak MPOU3BEACHUE YIEIbHOU
BEJIMYUHBI JAHHOTO 1MOTOKa Ha 100 KM JIMHMHK JaHHOTO KJlacca HalpshKeHus ©°, Ha
mHy auHuM [letpoBek-3abaiikanbek —Uurta L=413,964 kwm, T.¢€.

0% = ®°,-1/100 = 1-413,964/100 = 4,14 1/rox;

rae  ©°, - mapamerp HoToka mospexacHuii 100kM aunuM, pasen 1,00;

t,— pacyeTHsIli CpoK = 1 rox;

J,- BEpPOATHOCTh BKJIFOUEHHOTO COCTOSIHUS JIMHUM (OTCYTCTBUSI TJIAHOBOTO
PEMOHTA), HA pacCMaTPUBAEMON JIMHUU:

Q=1-p%=1-0"mT"),
rme p’ 1 M(T"), — BEPOATHOCTH M CPEAHSS IPOIOKUTEIBHOCTD
MJIAHOBOT'O PEMOHTA JIMHUH;

®" ;- IMapaMeTp MOTOKA BHIBOJIA JHHUU B IIAHOBLIM PEMOHT.

[Tokazaremu ®",; u m(TH)H BBIUMCIIAIOTCA 4Ye€pe3 mnapamerpbl IOTOKA U
CpeHHEe MPOJOIKUTENBHOCTH COOTBETCTBEHHO Tekymero o™, , m(T™), wu
KamuTaabHoro o™, M(T™), PEeMOHTOB :

o, =0 =1,
M(T™),= (0™ mT™),+ (- 0™)- T,/ ", |
©™,=0,18 1/rox
m(T"),= 3,4-10° ron, m(T"™),=37-10° rop.
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Iy _0,18-37-107° +(1-0,18)-3,4-10°°
”KT‘)W_ ( )

1 =0,00944 TO/,

=1-p%=1-0" mT"),=1-10,00944 = 0,99056.

VYuiep0, o0yCioBIEHHBIN pa3pyIUTeNbHbIM AeiicTBUeM K3 Ha nuHuM:
Vi = Uz @0°yty0, = 55:4,14-0,99056- 1 = 225,53 ThIC. y.A.C.
Yiep0, or HebaIaHCA AKTUBHOM MOIITHOCTH
Vs = Qr 0y (pally + pall2 ) t,,

rae  t, =l rox — pacu€THBIN IEPHOL;

®’,;=0,352 1/ron,

0:= 0,99056 — BepoATHOCTH OTCYTCTBHUS IJIAHOBOTO PEMOHTA HA JIMHUH,

p1 = p2 = p(Ai/pa, r, s) - BeposTHOCTb mnepexodga K3 Ha jauHUM B
0O0IIIEY3JI0BYIO aBapHIO
BeposiTHOCTH ompezensercs: myTéM MOAESIUPOBaHUS pa3nudyHbIX BU0B K3 1o Beeit
JUIMHE JIMHUM. [Ipy 3TOM KpuTepueM aBapuiHOW MOTEPHU y3J1a SBISIETCS CHUKEHUE

HarpsbkeHus 6osee, ueM Ha 30%.

468 300
7 = 59,82
O t t } } } } O
1 2 3 4 5 6 7 8

Puc.28. Cxema nccnenyeMoro yyactka CETH IIPU ONPEIEIICHUN BEPOSITHOCTH
aBapUIHOM MOTEPH y3JIa.

Pesynbrarsl pacuéra:

N 1 2 3 4 ) 6 7 8

Z,0Om 0 1,18 | 2,36 | 3,54 5,04 6,94 7,64 | 9,82

U,Y, kB|200,49 | 226,85 (242,34 | 252,21 | 259,87 | 265,33 |267,92 | 270,02

U, xB|166,61| 185,9 |200,32| 211,39 | 219,92 | 226,69 |230,74 |236,91

U, kBl 0 41,4 | 72,05 | 9542 | 113,31 | 127,41 |135,82 | 148,52

U, kB| 88,2 | 133,14 |159,41| 176,99 | 190,39 | 200,38 | 205,75 |212,31

AUY 0,326 | 0,237 | 0,185 | 0,152 | 0,126 | 0,108 | 0,099 | 0,092
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AU® | 0,44 | 0,375 | 0,326 | 0,289 | 0,26 0,238 | 0,224 | 0,203
AU® 1 | 0,861 (0,758 | 0,679 | 0,619 | 0,572 | 0,543 | 0,501
AU® {0,703 | 0,552 | 0,464 | 0,405 | 0,36 0,326 | 0,308 | 0,286

[Tpumep rpaduka u pacueta Jist AU,®:

035

0.3 i\ = = = = = = E
0.25 \
0.2 \
015 \

o1 T

005 +

PucyHok 29. Ipadux 3aucumocta AU;M(Z)
P(AD) = Z» N Z,-Z, P[AIOU,(Z,)]+1 _ 0,3 N 9,82-0,3,0,3+1
z, z, 2 9,82 9,82 2

=0,691

AHaJI0TUYHO pacCUuTaCM:
P(A®) = 0,892

P(A®) =1

P(A™) = 0,996

OO611ast BEpOATHOCTh aBApUHHOMN MOTEPH y3I1a:

P(A) = 24: P(A¥)*P(k) = P(A")*P(1) + P(A®)*P(2) + P(A®)*P(3) + P(A)*P(4) =

k=1
=0,691*0,7+0,892*0,1+1*0,05+0,996*0,15=0,754
L= a-m(N;)-m(T"); - HeHbl eAUHBIX OOIICY3IOBBIX aBapHil 00BEIMHICMBIX
y3JI0B,
a =1 yne/kBru - crouMocTh | kBT-yaca HemoOTmylIEHHOU
DJIGKTPOIHEPTHUH, OOYCIIOBJICHA HCKaMH TPEATNPUATANR B Ciydac aBapHHOTO

MpEeKpaIIeHHs JIEKTPOCHAOKEHUS U IPYTUMU TPUUUHAMH.
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mM(N;) - cpeHue 3HaUEHUS BTEKAOIICH aKTHBHOW MOIIHOCTH B I-BIH y3eI B
kuioBatrTax (ompezeneHnsie mo nporpamme "Jlakap" m(Nig) = 2749,42 MBr,
M(N4g0) = 390 MBT);

m(T") = 1 yac — NPOOIHKUTEIBHOCTD JIMKBHIAIIUH OOIICY3I0BBIX aBapHid.

Yiep6, oT HebaaHca aKTHBHOW MOIITHOCTH:

Vs = 0,99056-4,14-[1-(0,754-2749,42-10%1 + 0,754-390-10*1)]-1 = 9707,38 Thic.
y.a.€.

Yuiep0 ot npeKkpaiieHusi NepeToKa AKTUBHO MOITHOCTH 1O
3aIUIIAeMOMY JIEMEHTY

V= gra-m(Nig)-m(T°)

rae ;= 0,99056 — BeposITHOCTh OTCYTCTBHS TUIAHOBOT'O PEMOHTA Ha
JIVHAH;

a=1y.ne/kBru;

M(Nijc) — cpeaHee 3HaYeHHE MOLIHOCTH, IPOTEKAIOIIEH 10 JIEMEHTY U
HEJIOOTMHYIIEHHOM, BCJIEACTBUE €ro notepu (onpeaesseM o nporpamme "Jlakap"
m(N1,)=653 MBT);

m(T®) = 0,438 waca — cpeHssA IPOTOIIKHTEIBHOCTD ONEPATHBHBIX
MEPEKITFOYCHUN.

Y1 =0,99056-1-10°653-0,438=283,314 ThIC. y.1.C.

CaeneM pe3ysbTaThl pacYeTOB B TAOIUILY:

Ta6nuna 9 Cocrapinsroniue 6a30Boro yiiepoa

Benuuuna, ThIC.
Cocrasromas
y. 1. €.
Vi3 225,53
Vs 9707,38
Y 283,314

Yiep06 npu ycTaHOBKe COBPeMeHHbIX MojieJieii 3aimT
VYuiep0, oOyclioBIEHHBIN OTKazaMu cpabaTbiBaHUs (MPOIMYCKaMu aBapuil)

P3
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Y =(q"qypp, +P"qpp, +9"PpP) (Vi + Vis)

rac q" u qg - BCPOATHOCTH OTCYTCTBHUA IINIAHOBOT'O PCMOHTA OCHOBHOH H

pe3epBHOMU 3aIUT COOTBETCTBEHHO

q" =1-p" =1-0,0000685 =0,99993 qg =1 —pg =1-0,0000685 =0,99993
p"=w'm(T") u pt=wim(Ty) - BEPOATHOCTH  IUIAHOBOTO  PEMOHTA

OCHOBHOM M pE3epBHOI 3amuT CcooTBeTCTBeHHO (p" =0,05-0,00137=0,0000685

p, =0,05-0,00137 = 0,0000685 ),
o" 1} - MapaMETPhl IOTOKOB IIaHOBOro peMonTa (o" = o; = 0,05 1/rox ),

m(T") " m(T;) - CpCOHHUC ITPOIJOJLDKUTCIBHOCTH IIJIAHOBOI'O pCMOHTA OCHOBHOM

1 pesepBHOoii P3 ( m(1")=m(1")=0,00137 roxa ),

pup, - BEPOATHOCTU COCTOSHHMN OCHOBHOM M pe3epBHOM P3, koropnie

XapakTEepU3ylT MPOMYCK AaBAPUMHBIX  CUTYallUH, ONPEAEIAIOTCA  KaK

IMPOU3BCIACHHA IIapaMETPOB IIOTOKOB uw, BbIXOJa B JAaHHBIC COCTOAHHA Ha

CpeIHUE  TPOIOJDKUTEIBHOCTH  m(T,) u m(T,) npeObiBaHUS B HHX, T.€.

p=om(T,), p,=0,m(T)),
(p=0,00182-6,34-10"° =1,15-10™, p_=0,00455-1,59-10° =7,235-10™" ),

m(T,) u m(T,) ONPEAEIAOTCA yCTAaBKaMH II0 BPEMEHH OCHOBHOM H

esepBHOM 3amuT (M(T,.)=6.34-10" roma, m(T,)=1,59-10° roma),
pe3ep 0 P

o=p(O/H)- 0, u o,=p(0,/H) o,,— OApaMETpPbl  IIOTOKOB  OTKa30B

cpalaTbIBaHus, KOTOpBIE TIpM HCHOJb30BaHMM P3 ¢ rapaHTUpOBaHHOMN
YYBCTBUTEIBHOCTBIO OIPEACIAIOTCS TOJBKO 3a CYET ammnapaTypHbIX OTKa30B (

»=0,1-0,0182=0,00182 1/rom o =0,1-0,0455=0,00455 1/roxn ),
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p(O/H), p(O,/H) - YCJIOBHBIE BEPOATHOCTH OTKa30B OCHOBHOM O u

pesepBHoit O, P3 npu HempasunsHOi H paborte P3 B ciydae ee nocrarodHoi

4yBCTBUTENIBHOCTH (p(O/H), p(O, /H)=0,1),

o, =mT)no,=Ym(T, ) - OapaMeTpbl IOTOKOB  HENPABUIbHBIX
JeHCTBUI OCHOBHOM 1 pe3epBHOM P3 (w, =0,0182 1/ron ,, =0,0455 1/rox),
m(T,)um(T,)- CpPEAHHUE TNECPUOJAUYHOCTH MEXKAY HEIPABUIBHBIMU

JNEUCTBUSIMU OCHOBHOM U pe3epBHOU P3.
Tornma ymep0, o0OycIOBICHHBIH OTKa3aMU cpadaTbiBaHHs (TPOITyCKaMu
aBapuit) P3

VP =(0,99993-0,99993-1,15-10"%-7,235-10""" +0,0000685-0,99993-7,235-10" "' +
+0,99993-0,0000685-1,15-10*?)(225,53+9707,38) = 5,7-10"** thic. y1. €. =
=5,7-10"% yn.e.

p3 _
[IpuruMaem Yo =0,

Yiep0, 00yci10B/IeHHbI QYHKIIMOHAJIbHBIMU JIOKHBIMHU 1€HCTBUAMU
He nmerotr MecTo BCieACTBUE JOCTATOYHOW YyBCTBUTENBHOCTH P3.

Yuep0, BcieacTBHE M3JIHIIHUX CPA0ATHIBAHUIA!
= [q“qqup o, +o, + q'q,p+qp" 9,0, + q'q,p, +q'p; qw“}yntp

TI€ q" u g - BEPOATHOCTH OTCYTCTBHUS IJIAHOBOI'O PEMOHTA OCHOBHOM U
PE3EpBHOI 3aIUT COOTBETCTBEHHO (
q"=1-p"=1-0,00137=0,99993 q,=1-p, =1-0,00137 =0,99993),

p" =w'm(T") u pi =wim(T;) - BEPOATHOCTH IJIAHOBOI'O PEMOHTA
OCHOBHOM M pe3epBHOM 3alIUT COOTBETCTBEHHO (p" =0,05-0,00137 =0,0000685 ,
p, =0,05-0,00137 =0,0000685 ),

®" 1 o) - TapaMeTPhl IOTOKOB IIaHOBOTO peMoHTa (0" = o), = 0,05 1/rox ),

m(T") ¥ m(T!) - CPEAHUE NPOJOIDKUTEILHOCTY IIAHOBOIO PEMOHTA OCHOBHOM
1 pesepsHoi P3 ( m(1")=m(1")=0,00137 roxa ),
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. , o - IApaMeTpbl HIOTOKOB U3JIMUIIHUX JCVUCTBUA OCHOBHOM U

u pu
pe3epBHON (MHACKC «P») 3aIUT:

o,=p1/H)-0,6 =0,4-0,0182=0,0073 1/rox,
o,, =p(Ap/H)-0,, =0,4-0,0455=0,0182 1/rox .

p(M/H) u pM,/H) - YCIOBHBIE BEPOSTHOCTH W3JIUIIHUX JEUCTBUU
ocHoBHou U m pesepsnoit M, P3 mpu menpasuisnoit H padore P3 B ciyuae ee
JIOCTaTOYHOM YyBCTBUTEIBHOCTH ( p(1/H) = p(1, /H) =0,4),

Q U0, - BEPOSATHOCTH COCTOSHMM OCHOBHOW M pe3epBHOW P3, B KOTOPHIX
. oo _ 12 -
OHM HE IPOITyCKAIOT aBapuiHble cutyanui (q=1-p=1-4,56-10""=ln g,=1 -
pp=1-2,89-10"= 1),
pup, - BEPOATHOCTU COCTOSHMH OCHOBHOM M pe3epBHOM P3, xoropnie

XapaKTepU3ylT TMPOMYCK AaBapUHHBIX  CHUTYaIHi, OMpENENAI0TC  Kak

IPOU3BEACHUSA MAapaMETPOB IMOTOKOB o m®, BBIXOAA B JAaHHBIC COCTOSHHS Ha
CpeIHHE NPOJOIKMTENBHOCTH  m(T,)um(T,) TpeObIBaHMA B HHUX, T.C.
p=om(T,), p,=wo,m(T,),

(p=0,0072-6,34-107° =4,56-10"*, p_=0,0182-1,59-10° =2,89-10™ ),

m(T,) u m(T,) ONPEAEIAOTCA YyCTAaBKaMH II0 BPEMEHH OCHOBHOM H
pesepsHO# 3amuT (M(T,) =6.34-10" roga, m(T)=1,59-10"° roma),

o=p(M/H)-o, nu o,=p(U, /H) o, ,— ITAPAMCTPbl IIOTOKOB H3JIMIIHHUX
cpalOaThIBaHU:

(®=0,4-0,0182=0,00728 1/rox, o, =0,4-0,0455=0,0182 1/ron),

o, =mT)no,=Ym(T, ) - OapaMeTpbl MOTOKOB  HEMPABUJIbHBIX
NeHCTBHH OCHOBHOM 1 pe3epBHON P3 (v, =0,0182 1/ron o, =0,0455 1/roxn),

m(T,)um(T,)- CpEeIHHUE NEPUOJUYHOCTH MEXAY HENPaBUIbHBIMU

JIEUCTBUSIMH OCHOBHOM U pe3epBHOi P3.
V., — yiep6 oT mpeKpamieHus mepeToka Mo 3amuinaeMomMy JIEMEHTY
(V,=283,314 ThIC. y.1.€.).

t,=1rox,
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[Tomyuaem yiepO, BCIEACTBUE U3IHUILIHUX CpabaThIBAaHHIA:

0,99993-0,99993-1-1- 0,0073+0,0182 +
V=] + 0,99993-0,99993-1,15-107'"2 +0,99993-0,0000685 1-0,0182+ |-283,314-1=
+ 0,99993-0,99993-7,235-107"* +0,99993-0,0000685 1-0,0073

=7,22 TBHIC. Y. €.

Yiep0, BciaeACcTBHE JIOKHBIX CPA0ATHLIBAHMH

VI =[d"qag, o, +0, + a'Gprapt 4,0, + a4, +a'p) 9o, |Vt

1€ o, , ®, - HapaMeTpbl IOTOKOB JOKHBIX JEHCTBUM OCHOBHOM U

pI

pEe3epBHOM (MHAEKC «p») 3aILMT:

o, =p(JI/H)-0, =0,5-0,0182=0,0091 1/rox,
o,, =p(Ip/H) -0, =0,5-0,0455=0,023 1/ron .

p(JI/H) u p(J,/H) - YCIOBHBIE BEpPOSATHOCTU JIOKHBIX JIEUCTBUU

ocHosHol JI u pesepsroii JI, P3 npwm menpasuiasnoit H pabore P3 B ciyuae ce

JOCTaTOYHOM YyBCTBUTEINBHOCTH ( p(J1/H) = p(JI, /H)=0,5).

q HU(, - BEPOATHOCTH COCTOSIHMI OCHOBHOMW M pe3epBHOU P3, B KOTOpBIX
. . -12 —
OHH HE MPOITYCKalOT aBapuiiHble cutyauuii (q=1-p=1-5,77110""~=1mn q,=1-
— -10
pp=1-3,617-107" = 1),
pup, - BEPOATHOCTU COCTOSHMH OCHOBHOM M pe3epBHOM P3, xoropnie

XapakTepU3ylT MPOMYCK AaBAPUMHBIX  CHUTYallUH, ONPEAEIAIOTCA KAk

IMPOU3BCIACHHA IIapaMETPOB IIOTOKOB uw, BbIXOJa B JAaHHBIC COCTOAHHA Ha

CpCIHUE  TPOJOJDKUTEIBHOCTH  m(T,) u m(T,) npeOblBaHUS B HHUX, T.C.

(p=0,0091-6,34-107° =5,77-107, p_=0,02275-1,59-10° =3,617-107° ),

m(T,) u m(T,) ONPEACTATCA YCTaBKaMu II0 BPEMCHU OCHOBHOH H

pesepBHoii 3amut (M(T,) =6.34-10" roma, m(T,)=1,59-10° rona),
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o=p(JI/H)-0, n o, =p(Jl,/H)o, ~ ImapamMeTphl IIOTOKOB JIOKHBIX

cpabaThIBaHUM:

(»=0,5-0,0182=0,0091 1/rox, o, =0,5-0,0455=0,02275 1/rox),

OcTanbHbIC BENWYMHBI aHAJOTMYHBI BEJIMYMHAM IIpru PacdCTC HI3JIMITHUX

cpabaThIBaHUM.

VYep6, BCiaeACTBUE JTOKHBIX CpadaThIBAHUM:

0,99993-0,99993-1-1- 0,0091+0,023 +
VP =|+ 0,99993-0,99993-1,15-107% +0,99993-0,0000685 1-0,023+ |-283,314-1=
+ 0,99993-0,99993-7,235-10™ +0,99993-0,0000685 1-0,0091

=9,1 THIC. V.1 €.

7.4.2 PacueTHble 3aTpaThl HA BHeJAPEHHE W COAEpP:KAHHE YCTPOIicTBa

P3A:
Cpa=E- K+ MW =0,18-10020 + 501 = 2305 y.n.e.

rae E = 0,18- nopmaruBHbli KO3(hPUIMEHT 3(PPEeKTUBHOCTH

(ymyIieHHas BbITOJla MHBECTOPA);
A = 0,05 - k03hPUITUEHT FKCTUTYaTalIMOHHBIX U3ICPIKEK,

K = 10020 y.n.e. - CTOUMOCTh YCTAaHOBKHM W HaJIaJIKW KOMILJIEKTA

OCHOBHOM 3aIl[UThlI;
N — sKkcrutyaTallOHHBIE W3JEPHKKH,
N=A-K=0,05-10020 =501 y.n.e.
B urore numeem s3xoHOMHUECKUH 3P DEKT :
V=Vi3+¥Yus+ Yn=225,53 +9707,38 +283,314 = 10216,224 ThIC.Y.7.C.

V= ym o+ Y 4 Yk CPM = 0 4 722 + 91 + 2,305 = 18,625

TBIC.Y.]I.C.
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D=V -y* =10216,244 - 18,625 =10197,599 teIC.Yy.1.€.

OmnpenensieM SKOHOMHYECKYIO 3P(EKTUBHOCTB:

5 _10197.59 _

Y 10216224

9

Kak BuaHo, skoHomMHueckass 3(PQPEKTUBHOCTb OT YCTAHOBKHU peJICHHOU

3aluThl cocTaBisaeT 99,8 %.
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9. ConnanbHasi 0TBETCTBEHHOCTh

Ilemamu 3TOrO pasnena SBIAIOTCA BBIABICHUE W AHAINA3 BPEOHBIX H
OMacHbIX (HaKTOPOB, UMEIOIIUX MECTO Ha OO0BEeKTe, W pa3zpadoTka Mep IO
CHIDKEHHUIO BO3JICHCTBUS BPEIHBIX M OMAcHBIX (akTOpoB HA mepcoHal. [Ipu stom
HEO0OXOAMMO COOJIIOJICHUE TMPaBUJ, HOPM, MHCTPYKIHMH U JIPYTUX JITOKYMEHTOB,
YTBEPKIEHHBIX B YCTAHOBJIECHHOM MOPSIAKE 3aKOHOM.

OOBEKTOM paccMOTPEHHUs pasfena SIBISICTCA dJCKTpUUYecKas MOACTAHIUS
«IlerpoBck-3abaiikanbck», KOTOpas MpeIHa3HaueHa AJis IpueMa, npeoOpa3oBaHUs
Y pacIpeAcseHus dJIEKTPOIHEPTHH.

AHAJIM3 ONTACHBIX U BPEeIHbIX (PAKTOPOB

IIpy »KcIuryatanuu 3JEKTPUYECKHUX IOJACTAHIMM HMMEIOTCS ONACHBIE U
BpEIHbIE MPOU3BOIACTBEHHBIE (PAKTOPBI.

K BpenHbIM MpOM3BOJACTBEHHBIM (akTopaM OTHOCATCA  (PaKTOpHI,
BO3/ICIICTBHE KOTOPBIX Ha IMEPCOHAN TMPUBOAAT K MNPOPECCHOHATbHBIM
3a00JIeBaHUSIM.

BpeansiMu pon3BOACTBEHHBIMHU (paKTOpaMU Ha MOCTAHLIUN SBIISIOTCS:

—  BpPEIHOE BO3ACUCTBHE KIMMATUYECKUX YCIOBH;

—  DJIEKTPOMArHUTHBIC U3JTYyYCHHUS;

—  TOBBILICHHBIN IIyM;

—  OCBEILECHHOCT.

K omacHeIM mpOM3BOACTBEHHBIM (akTOpaM OTHOCATCA  (PaKTOpHI,
BO3JICMCTBHE KOTOPBIX HA MEPCOHAI PUBOJAT K TPAaBME.

OnacHbIMU IPOU3BOACTBEHHBIMU (PaKTOPaMU Ha MOACTAHLIUHN SBJISIOTCS:

—  MOpaXEHUs YEJIOBEKA DJIEKTPUUECKUM TOKOM;

—  MEXaHMYECKHE TPABMBI;

—  B3pBIB;

—  Toxap;
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HpOl/BBOIICTBeHHaﬂ CaHMTapusd

PaboTrocnocoOHOCTh TEepcoHala B 3HAYUTENBHOM CTENEHU 3aBUCUT OT

napamMeTpoB MHKpOKJIMMaTa Ha pabouux MecTax. JlomycTumble mMapaMerphbl

MUKpokaumara, coriacio CanlluH 2.2.4.548-96 [26], npuBenens! B Tadimiry 10.

Tabmuma 10 — JlomycTtumbie mapaMeTpbl MHUKpOKIMMaTa Ha pabodmx

MCECTaXx IMPOU3BOACTBCHHBIX HOMGMGHHﬁ.

[Mepuon Temneparypa OtnocurensHal  CKOpOCTH
roja = BO31yXa, ‘C Temneparyp| s BIQKHOCTH | JBHOKCHHS
3 a BO31yXa, 0% | BO3AyXa, M/C
é« Jnanazo| /lmamaszo | MOBEPXHOCT Ecmu | Ecan
= H HUKE | H BBIIIE ei1, t°C t°< t°>
S ONTHMAJI| OIITUMAII o | Ponr
% BHBIX BHBIX
4 BEJIMYMH| BEIUYUH
tOOHT tOOHT
Xomomuer | 10 19,0 - 23,1 - 18,0 - 25,0 15-75 0,1 0,2
i 20,9 24,0
Tennblii 16 20,0 - 241- | 19,0-29,0 15-75 0,1 0,3
21,9 28,0

B IIOMCHICHUAX IIOACTAHIHUH IIPCAYCMATPUBACTCA IIPUTOYHO-BBITAKHAA

CHUCTCMa BCHTHUJIINHNH C CCTCCTBCHHBIM HNJIN MCXaHHNYCCKHUM HO6Y)KIIGHI/IGM.

B cootBerctBun ¢ I'OCT 12.1.005-88 [27] MHTEHCHBHOCTH TEILIOBOI'O

o0ydyeHus: paboyero nepcoHajia OT HarpeThIX MOBEPXHOCTEN, TEXHOIOTHYECKOTO
000pyOBaHUs, OCBETUTENBHBIX MPUOOPOB HE JOJKHA MPEBBIIATH 35 Br/m” pu
o6nyuennn 50% u Gomee 70 Br/M® Benmmumbe oGnydenus ot 25 10 50% u 100
Br/M” mipu o6nydeHnu He 6omee 25% MOBEPXHOCTH Tea.

Kpome oTknoHeHMi1 mapamMeTpoB BO3AyXa OT ONTHUMAJbHBIX 3HAYCHUU
BO3MOKHO HAJINYKE B BO3yX€E BPEAHBIX BEILIECTB.

Bpennsle BemecTsa MO CTENEHUM BO3ACHCTBUS HA OPraHU3M YEJIOBEKA
MOAPA3AEIAETCA HA YETBIPE KIlacca:
— YpE3BbIYANHO OITACHBIE;
- BBICOKOOITACHBIE;
- YMEPEHHO ONACHBIE;

— MaJIOOIIaCHBIC.
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Knacc omacHOoCTH CBSi3aH ¢ TPEACIBHO JOMYCTUMON KOHIIEHTPAIHH
(ITIK). Conepskanvie BpeaHBIX BEIIECTB B BO3ayXe pabodeil 30HBI HE OJDKHO
npeBbliiath yctaHoBieHHBIX TTJIK (mpunoxenus k PJ] 52.04.186.-89 [28]). Eciu
MpOM30IIJIa aBapusi C BBUICICHWEM BPEIHBIX BEIIECTB, TO HEOOXOIUMO
MOJIb30BAThCSL CPEACTBAMU WHIUBUIYATLHON 3alllUTHl U MPUHUMAIOTCS CPOYHBIE

MCPBI 110 HOpMAJIU3alIuH COCTaBa BO3yXa pa60qeﬁ 30HBI.

3ammTa oT 3J1eKTPOMArHUTHBIX U3JTy4YeHu il

['enepaTtopsl, TpaHCPOpPMATOPBI, JUHUHU JJICKTPOTEPEadn, OTKPHITHIC
pacnpenenuTeNbHbIC YCTPOMCTBA, KOMMYTAIIMOHHBIC amnmapaThl HAMpsHKEHUEM
220-110 B sBasfioTcS WMCTOYHWUKAMH DJIGKTPOMArHUTHBIX Tmosei  (OMII)

MPOMBINLICHHON YyacTOThI (50 I'm).

JlnuTenbHOE BO3ACMCTBHE TaKUX TMOJEH BBIpaKaeTcsi CyObEKTUBHBIMU
paccTpoiicTBaMH B BUJE KajJ0o0 HEBPOTHUECKOTO XapakTepa, TOJIOBHOW Ooiu B
BHUCOYHON M 3aThUIOYHON 00J1aCTH, OIIYILIEHHWE BSJIOCTH, PACCTPOICTBa CHa,
YXYALIEHUE NaMsATH, pa3apa’kKUTEIbHOCTH, allaTHH, JENPEeccu, 00Jau B 00JacTu
cepama, a Takke (YHKIUOHAIBPHBIMA HAPYIIEHUSMU [EHTPATbHOW HEPBHOM
CUCTEMBI, CEpJEYHO-COCYIMCTOM CHUCTEMBbI, B BHJAE€ W3MEHEHHMs COCTaBa

nepudepruuecKoil KpOoBH.

B coorBerctBum ¢ T'OCT 12.1.002-84 [29] — nns mepcoHnana,
00CITy’>KMBAIOIIETO 3JEKTPOYCTAHOBKHU U HAXOSIIHUECS B 30HE CO3/1aBAEMOI0 UMHU
OMII ycraHaBAMBAIOTCA NPEAENBHO JOMYCTUMBIE YPOBHU HANPSKEHHOCTU

aneKTpuueckoro nossg yactoroil 50 I’ B 3aBUCHMOCTH OT BpEMEHH NpeObIBaHUS B

OMIL

Ecnun HanpsskeHHOCTh  DJIEKTPHYECKOTO TMOJsi Ha pabodmx MecTax

npeBbImaeT 5 KB/M, TOKHBI IPOU3BOIUTHCS B SKPAHUPYIONTUX KOMIUICKTaX.

OKpaHupymlomas  OAeXKJa,  SABISIETCA  3alllUTHBIM  YCTPOHCTBOM,

3alUIAOIAN nepcoHall 0T BCEX BUA0B BO3JICHCTBUS QJICKTPUICCKOT'O ITOJIA.
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Ta6numa 11 — 'urueHnveckre HOpMaTUBBI

Hanpsixkennocts Jonyctumas
SICKTPHUCCKOTO MPOIOJIKUTEIBHOCTD
npeObIBaHUS YyesioBeKa 0e3
oJist, KB/m CPEJICTB 3aIlUTHI B [Tpumeuanne
TeyeHuH cyTok B OMII,
MUH
o 5 bes orpannuenui
BKJIFOUUTEIILHO

HopmatuBbl 1€CTBUTEBHBI

Cspiiie 5 g0 10 180 IIPU YCIIOBUH, YTO OCTAIbHOE
BpEMsI CYTOK YEJIOBEK
HAXOJIUTCS B MECTaX, T

BKIIIOUUTCIIBHO

Csprmre 10 1o 15 90 AIEKTPUIECKOE TTOJIC
OTCYTCTBYET WJIA HE MPEBHIIIACT

BKJIFOYUTEIHHO
5 kB/M 1 uCKJIrOUEeHa

Csrime 15 go 20 10 BO3MOYKHOCTH BO3/E€HCTBUS

QJICKTPHUYCCKUX pa3psAa0B.
BKIIIOYUTCIIBHO

Cspite 20 go 25 5

BKIIIOYUTCIIBHO

3ammra oT myma

OnHuM ©3 METOAOB YMEHBIIEHUS BO3JACHCTBUS IlIyMa Ha OOBEKTax
HHEPTreTUYECKOTO MPOU3BOJICTBA ABJISETCS CHIKEHUE WM OCTa0JIeHHe 1IymMa B €T
UCTOYHUKAX  —  TEHepaTopbl,  TYpOUHBI, AJIEKTPUYECKUE  MAIMHBI,
TpaHcopMaToOpbl, = KOMIIPECCOPHBIE U  BEHTWIATOPHL..  HeHopManbHbIN
MOBBIIMICHHBIA ITyM, CO3JaBaeMbIii TpaHcPopMaTOpaMu U DIEKTPUUYECCKUMHU
MalllMHAMH, YacTO OBIBAIOT MO NPUYMHE HEIJIOTHOTO CTATUBAHUS I1aKETOB
CTaJIbHOTO CepJeYHUKa. B KauecTBe MHIMBUAYAIBHBIX CPEACTB 3alIUTHI OT LIymMa
UCIOJB3YIOT CHEUUANIbHbIE HAyUIHWKHW, BKJAJblIa B VIIHYI0 PAaKOBHHY,
MPOTUBOIITYMHBIE KAaCKH, 3allIUTHOE JCHCTBHE KOTOPHIX OCHOBAHO Ha M3OJISIIIUU U

MOTJIOIICHMS IITyMa.
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Tabmuna 12 — Jlonyctumeie ypoBuu 1ryma (I'OCT 12.1.003-83 [30])

Pa6oun YpoBHu 3BykoBOro nasieHus (/1b) B okTaBHBIX YpoBHM 3BYyKa U
e HKBUBAJICHTHbBIC
M0JIOCaX CO CPEIHEreOMETPUUECKUMH YacToTamMu, [ 11
MECT® 1763 125 [ 250 | 500 | 1000 | 2000 | 4000 | 8ooo | YPORHHSEYED,
1o
nbA
TI] 9| 92 | 86 | 83 80 78 76 74 85

OcBemenune
PamnmonanbHOEe OCBelIeHHME HMEET OOJBIIOE 3HAYEHHWE B MPOIEcce

AKCIUTYaTalMK 3JIEKTPUUECKON MOCTAHIIUH.

OcBenieHue JODKHO OBITH TakKWM, 4YTOOBI paboTarolue MOriM 0e3
HalpsDKCHUS 3pCHHMS  BBIIOJHATH CBOKO  paboTy. HeymoBimerBopurenbHOE
OCBEIIICHHE MOYKET UCKaKATh HHPOPMAITHIO: KPOME TOTO, OHO HE TOJHKO YTOMIISIET
3peHHE, HO BBI3BIBACT TaK)KE YTOMJICHHE BCEro OpraHu3Ma B IiesioM. [IpumeHsiorT
JIBa BHJIa OCBEIICHUS: €CTECTBEHHOE W WCKYCCTBEHHOE. J[JI1 MCKYCCTBEHHOTO

OCBCIICHUA IIPUMCHAIOT SJICKTPUUCCKUC JTFOMUHCCHCHTHBIC JIAMIIbI.

J7ist ygacTkoB, T1ie TpeObyeMas OCBEIEHHOCTb, npeBblatomnias 3 ak (CHull
23.05-95 [31]) »T0 BBOIBI TpaHCGHOPMATOPOB M BBIKJIIOUYATENCH, T'€HEPaTOPHI,
pa3psIHUKH, yKa3aTeld Macia, ra3oBoe pele, HE JOCTUTaeTcsi MyTeM OOLIEro
PaBHOMEPHOTO OCBEIIEHUS, HEOOXOIUMO MPETyCMOTPETh 00IIee JIOKATM30BaHHOE
ocemieHre. OOmiee JOKaIM30BAaHHOE OCBEIIEHUE CIEAYET OCYIIECTBIATH
OCBETHTEIIBHBIMU MPUOOPAMH, YCTAaHABIMBAEMBIMH Ha MOPTAJIaX, KOHCTPYKIUAX U
MayTaXx paBHOMEPHOTO OCBEIIeHUS. B KadecTBe OCBETUTEIBHBIX MPUOOPOB

MIPUMEHSIOT ra30pa3psIHbIC JIAMIIBI.

OcBellieHre Ha TOJCTAHIIMU TOJPA3CISICTCss Ha pabodee, aBapHiiHOE U
oxpanHoe. Pabodee ocBemeHue BKIIOYaeT B ce0s oOmiee CTarmoHapHOE,

PEMOHTHOC U MCCTHOC OCBCHICHHC. OXpaHHOG OCBCIICHUEC MMPECAYCMATPHUBACTCA 110
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NnepuMeETpy. PemonTHOE OCBCILICHUC HGO6XOI[I/IMO BBINIOJIHATE OT IIOHMXKAKOIICTO

Tpancdopmaropa 12-42 B.

Tabnuna 13 — HopMbl OCBEIIEHHOCTH OTKPBITHIX YYACTKOB TEPPUTOPUU

CTaHIIUU
Mecro, [TnockocTh B Pazpsinu | OcBeleHHOCTh
TomaKa KOTOPOH noApaspsz paboueit
HOPMUPYETCS CanlluH | mnoBepxHOCTH,
ocBenieHHoCcTh | 2.2.1/2.1.1 K
.1278-03
[31]
[Tomemenns MacTepCcKux TOPHU30HTAJIbHAA B-1 150
[xads! 1 manenu BEpTUKAJIbHAS E 150
ycTpoiicTB P3A

AHAJIN3 OMACHOCTH NMOPAKEHUS FIEKTPUIECKHM TOKOM

B npouecce »skcrutyaranuu yctpoctB P3A  peMOHTHBIM MepcoHAl
MIPOU3BOJNT ONpPEACICHHYI0 pabOoTy B pa3IWYHBIX TIOMEIICHHSX, KOTOPHIC
cormacHo (ITYD m. 1.1.13 [1]) xmaccuguiupyrorcss Mo CTENEHU OIMAaCHOCTH
MOPAKEHUS JIIOACH JICKTPUYECKUM TOKOM, KaK IOMEIICHUS C TOBBIIICHHON
OMMacHOCTHIO. TpeboBaHMs, MPEIBIBIIEMBIC K TAKIM ITOMEIIEHUSM CIIEAYIOIINE:

—  BCE DJIEKTPOOOOPYAOBAHKE JOHKHO OBITH 3a3€MJICHO, JUISl YETO B ATUX
MOMENICHHX JTOJDKEH OBbITh CMOHTHUPOBAH 3a3€MJISIOIINI KOHTYD.

— paboTy Ha  SJIEKTPOOOOPYAOBAaHWU  JOJDKHBI  OCYIIECTBISATH
CHEIMaIbHO OOYUYCHHBIN ITEPCOHAN ¢ OTMETKOM 00 3TOM B YOCTOBEPEHUH.

OcMOTp  DIEKTPOOOOPYIOBAaHUSA, HAXOJAIIETOCS TIOJI HANpPsHDKCHHEM,
COTIPSDKEH C OMACHOCTBIO TMTOPAKEHHUS IJICKTPUUYESCKUM TOKOM. Bo3HHMKaeT 310 mpH

CJ'Iy‘-IElfIHOM IIPUKOCHOBCHNU K HCHU3OJIMPOBAHHBIM TOKOBCAYIIMM YaCTiAM WJIN
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npUOIMKEHNE K HUM Ha PAacCTOSHUE, KOT/Ia BO3MOXKHO MEPEKPBITUE BO3MYIITHOTO
MIPOMEKYTKA.

[Ipr ocMOTpe 3IEKTPOYCTAHOBOK pa3pellaeTcsi OTKPbIBaTh JABEPHU IIHUTOB,
cOOpOK, MyJbTOB ynpasieHus. B anexkrtpoycranoBkax Bbimie 1000B mpu ocmotpe
HE JIONyCKaeTcs BXOJUTh B TOMENICHUS, KaMmMepbl, HEe O000pyI0BaHHbBIE
OTpaXICHUSIMH WM  Oapbepamu, NPEMSATCTBYIONIMMHU  NPUOMIKEHUIO K
TOKOBEIYIIUM YacTsIM Ha paccTosiHue MeHee yka3zanHbix B [IOT PM-016-2001 PJ]
153-34.0-03.150-00 [21]. Tak B DY gmo 1kB gomycTuMoe pacCTOSHHE [0
TOKOBeAyIux yactei coctapuset 0,6 m; 1-35kB — 0,6 m; S00kB — 3,5 m.

[Ipu skcmiiyaTanuu JEUCTBYIOIIUX SJIEKTPOYCTAHOBOK Ba)KHYIO POJIb B
oOecrieueHUU 0E30MacCHOCTH TEPCOHANIAa UTPAIOT DIEKTPOTEXHUUYECKHE CPEJICTBA
3alUTBl U TPENOXpaHUTEIbHbIE TMpUCiocoOsieHus. Bce anexkTpo3amuTHbIe
CpPEACTBa MOAPA3ACISIIOTCS HA YEThIPE TPYMIbL: M3OJHPYIOIINE, OrPAKIaroNIue,
SKPAHUPYIOILINE, IPEIOXPAHUTEIBHBIE.

B anexktpoycranoBkax HampsbkeHueMm  Beimie  1000B k  OCHOBHBIM
M30JIUPYIOLIUM CPEJICTBAM OTHOCSITCA: M30JUPYIONIUE IITAHTH, U30JUPYIOLIUE U
U3MEpPUTEIbHBIE  KJCIIW, YyKa3zaTelu HampsbkeHus. K 10mogHUTenbHbIM
U30JUPYIOIIUM CPEJCTBAM OTHOCSTCS AUDJICKTPUUYECKUE MEePUYATKH, OOTHI, KOBPHI,
M30JIMpyIolMe MojcTaBku. K orpaxgaromuM 3IeKTPO3AMUTHBIM CpPEJICTBAM
OTHOCSITCSI BPEMEHHBIE TEPEHOCHBIC OTpaXKJACHUsS, TMEPEHOCHBIC 3a3eMJICHUS U
NpeayNpeIUTEIIbHBIC MIAKATHI.

DKpaHUpPYIOIIUE CPEACTBA — JTO WHIUWBHUAYAJIbHBIC OJKPAHUPYIOLIUE
KOMIUICKTBI, TEPEHOCHUMBIC JSKPaHUPYIOIIUE YCTPOWCTBA M OSKpaHUPYIOIIUE
TKaHEBbIC U37eNUs (30HTHI, TIAKATHI).

K npenoxpanuTenbHbIM CpeICTBAM 3alllUThl OTHOCSITCS: 3aI[UTHBIE OYKH,
CIEUUAJIbHBIC PYKABUIIbI, 3alIUTHBIE KAacKH, MPEIOXPAaHUTEIbHBIE MOHTEPCKHUE

I1osCa, CTPAXOBOYHBIC KaHATbI, MOHTCPCKHUC KOI'THU, JICCTHHUIIBI.
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OprasnuzannoHHble MeponpHusATHA, olOecrnedyuBaole 0e30MaACHOCTH
pador
Opranu3alilMOHHBIMH MEPOTPUATHIMHU, 00ECIIEUNBAIONIUME O€30MaCHOCTh

pa60T B 3JICKTPOYCTAaHOBKAX, ABJIACTCA:

—  odopmieHue paboT HAPSAIOM, PACTIOPSHKCHUEM WITH TIEpeYHEM padoT,
BEITIOJTHSEMBIX B TIOPSIKE TEKYIIEH IKCIUTyaTallnH;

—  JIOMYCK K pabore;

—  HaJ30p BO BpeMsl pabOTHI;

—  odopmieHHe nepepbiBa B paboTe, MEpPeBo] Ha APyroe pabouee MeCTo,
OKOHYaHHUs padOTHI.

Texnuvyeckue mMeponpusitus, odecnevyuBamue 0e30MaACHOCTb padoOT
CO CHSITHEM HANPSIKEHUS

[Tpu moAroTOBKE pabOUYEro MecTa CO CHATHEM HaIPsDKEHUS JOJDKHBI OBITh

B YKa3aHHOM IIOPSAJAKC BBIIIOJIHCHBI CJICAYIOMINE TCXHUYCCKUE MCPOITPHUATHUA:

—  TpOU3BEACHBI HEOOXOAMMBIC OTKIIOYEHUS ¢ TPHUHATHI MEpHI,
NPENATCTBYIONIME TMOJlaue HanpsDKEHUsS Ha MeCTO pabdoThl  BCIEACTBUE
OIIMOOYHOTO MJIM CAMOIIPOU3BOJIBLHOTO BKIFOUEHUS KOMMYTAIIMOHHBIX aIllapaToB;

—  Ha IPUBOJAX PYYHOIO M Ha KJIOYAX AUCTAHUMOHHOTO YIIPAaBIICHUS
KOMMYTAI[MOHHBIX aMMapaToB JIOKHBI ObITh BHIBEIICHBI 3aMTPEIIAIONINE TIaKaTHI;

—  NOPOBEPEHO OTCYTCTBUE HANPSHKEHUS HA TOKOBEAYIIMX YacTAX,
KOTOpbIE JIOJDKHBI OBITh 3a3€MJICHBI IS 3alllUThl JIIOJAEH OT MOpa)KeHUs
AIEKTPUYECKUM TOKOM;

—  YCTaHOBJIEHO 3a3€MJICHHE (BKJIIOYEHBI 3a3€MJISIOIIME HOXH, a TaM,
I7Ie OHU OTCYTCTBYIOT, YCTAaHOBJICHBI IEPEHOCHBIE 3a3€MJICHHUS );

—  BBIBEIIEHBI YKAa3aTEJbHBIC IUIAKAThl «3a3€MJICHO», OTPAXKICHBI TpHU
HEOOXOMMOCTH paboune MecTa U OCTaBIIUECS MO HaIMpPsHKEHHEM TOKOBEAYIIHE

YaCTH, BBIBCIICHBI ITPCAYIIPCIKAAOINE U ITPCAITNCHIBAOIINC TIJIAKATHI.
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IMoxkapuasi 6€30MaCHOCTH

OCHOBHBIMH IMPUYINHAMHU IT0KAapOB UCCIICAYEMOTI'O 00BEKTA SIBIISIOTCS:

—  TPHUYMHBI  DJIEKTPUYECKOrO0 Xapakrepa (KOPOTKHE 3aMbIKaHUS,
neperpeB NpPOBOJIOB);

—  OTKpBITBI OroHb (CBapOuYHBIE pabOThI, KypeHHE, HCKpbl OT
aBTOTPAHCIIOPTA U OMETHEHHOTO HHCTPYMEHTA);

—  yZJap MOJIHUY;

—  paspsj 3apsioB CTaTUYECKOTO AIEKTPUYECTBA.

CyliecTBEHHYI0 poOJIb B MOXapHOH 0€30IacHOCTH 3JEKTPOYCTaHOBOK
UTPAIOT MPABWIBHBIA BBIOOP M PEXHUM pabOTHI AJIEKTPOOOOPYIOBAHUSA C YUETOM
I10’KapOOIIACHOCTH " B3PBIBOONACHOCTH IIOMEIICHUI, IPUMEHEHUE

MOJIHUCOTBOJOB U OTBOAOB 3JICKTPOCTATHUYCCKUX 3aPA0B.

Br16op anekTpruyeckoro o00py0BaHus IS MOXKAPOOTACHBIX MTOMEIIEHUH,
Y HapY>KHBIX YCTAaHOBOK MPOU3BOJIUTCS B 3aBUCUMOCTH OT KJiacca MOMEIICHHUS, 110

CTEIICHH MOKapHOW OIMMACHOCTH OCYIIeCTBIIsIeTCs corsacHo [TV rin.7.4 [1].

B IMOXKApPOOIIACHBIX IMOMCHICHUAX, KaK IIPaBHIIO, IIPHUMCHAIOTCA MalllNHbI

3aKpBITOTO THIA, 3aIUTa U alapaTypa B MbUICHEPOHUIIAEMOM HCTIOJIHEHHUU.
Jiist oGecniedeHus B3phIBOTIOKAPHOUM OMACHOCTH MPeycMaTpUBaETC:

— Ka0emu TPOKIAABIBAIOTCS B TPAHIICSX HA3eMHBIX JIOKKaX ¢
coOoieHreM TpeboBanuit u pekomernpanuii. (ITYD I'masa 2.3. [1])

— U1 IPEIOTBPAIICHHS pacTEKaHUs Maciia U PaclpoCTPaHSHHS TIOXKapa
IpH TIOBPEXKICHUU TpaHcpopMaTopa BBIMOIHICTCS CETh MACJIONPOBOAOB CO
cOpocoM Macjia B 3aKpBITBId MacCJIONPHEMHHMK, PACCUYMTAHHBIA Ha 3aJeprKaHue

OJTHOro 00bEMa Macia OJTHOro TpaHchopmaTopa.

38



Ha xaxxmom sHeprooObeKTe H0KEH ObITh YCTAaHOBJICH MPOTHBOIMOKAPHBIN
pEXUM U BBINOJHEHBl NPOTUBOINOXApPHBIE Meponpuatus. g noacraHuui
COCTaBISIIOTCA ~ KapTOYKM  TYLIEHMs  IoXKapa M ONEpaTHBHBIA  IIJIaH
nokaporymenus. OnepaTuBHBIA IUIAH MOXAPOTYILIEHHS SIBISETCA OCHOBHBIM
JOKYMEHTOM, COCTOUT U3 Ipapuueckoil M TEKCTOBOM 4YacTU W pa3pabdaThIBacTCs

DHEPreTUYECKUM IPEANPUITHEM COBMECTHO C TIOKAPHOU OXPAHOM.

Ha noncranuuy  n0mkHBI  OBITh  OOPMIIEHBI  YTOJKH — TOKapHOM
O0e3omacHOCTH M TOKapHble MMTHL. [[ns BeneHus Haa3opa 3a COOJIIOJIEHHEM
MPOTUBOIIOKAPHBIM PEKUMOM M3 YHUCJIAa HMHKEHEPHO-TEXHUYECKOro IepcoHalia
JIOJDKHBI OBITh HAa3HA4Y€Hbl JIMIA OTBETCTBEHHBIE 3a MOXKAPHYIO O€30MaCHOCTb.
ABTOTPaKTOPHBIA TPAHCIIOPT TaKXKE JOJDKEH OBbITh 000PYIOBaH HCIPABHBIMU

OIrHCTYIIHUTCIIAMMU.

[Ipu oOHapyXeHHUM BO3TOpaHWM WIM TOXKapa ONEPATHBHBIA MEPCOHAT

COIJIaCHO pCrilaMCHTaA:

1. BbI3bIBacT NOXKAPHYIO KOMaH]Y.

2. OmoBemiaet pyKoBOJICTBO MOJACTAHIINH.

3. IlpomsBomur  HEOOXOAWMBIC  OTKIIOYCHUS W 3a3¢MIICHHSA
00opy10BaHUS.

4. BcrpedaeT nmoxapHyr KOMaHay, IpOu3BoaAUT HHCTPpYKTax 1o [1Th.

5. Brimaer paspelnienue (10MyCK) Ha TyIIEHUE MOXKapa.

6. Bsimaer cpeactBa 3amUThI (AUDIEKTPUUECKUE TTEPUATKH U OOTHI).

/. 3a3zemiisieT MOKAPHYIO MAIIUHY U CTBOJI.

B kaxnom uexe, sabopaTopuu, MacTepCKOM IOJDKHA OBITH pa3padoTaHa
WHCTPYKITUSL O KOHKPETHBIX Mepax MOKapHOM 0€30MacHOCTH, MPOTHUBOIMOKAPHOM
pPeXHMeE U TUIaH 3BaKyalluy MEpCoOHAIa U3 TOMEIICHUH.

[TyTn »Bakyaluu nepcoHana KaTErOpUYECKH 3alpellaeTcsl 3arpoMOKIaTh
obopynoBanueM. Ha myTsax sBakyariiy yCTaHaBIMBAIOTCS YKa3aTe€ld W CBETOBBIC

tabJ10.
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iniiiee XIY4HYNOUIU NUOHE
4riliee XIMHVIOUOU ViloHE

o ] 0

© - epBUYHBIE CPEACTBA MOKAPOTYILICHUS

‘ - HarpaBJIeHUE BbIX0Ja (IyTh ABAKYyalllH)
Pucynox 30 — I[Ipumep miana sBakyaruu nepcoHasia.

Kaxnapiii cinywyait moxkapa (BO3ropaHusi) JOJDKEH paccieloBaThCcsl B
cooTBeTcTBUM C «MHCTpyKIueld IO paccilefoBaHUI0 W y4YeTy II0KapOB,
MPOUCIIEAIINX HAa O0OBEKTaX HHEPreTUKW» CHEUUaTbHO HA3HAUYEHHON KOMHCCHEHN
JUISL YCTQHOBJICHHUSI TPUYUH, YOBITKOB, BHHOBHUKOB BO3HUKHOBEHHUS TOXKapa
(Bosropanusi) W pa3pabOTKH MPOTUBOMOKAPHBIX MEPONPUITHI I JIPYTUX
O0OBEKTOB.

OxpaHa okpy:kamwiuei cpeabl

Pa3menienue, npoeKTHpPOBaHKUE, CTPOUTEIBCTBO U KCILTyaTalusi 00bEKTOB
DHEPreTHKU OCYIIECTBISIOTCS B COOTBETCTBUMU C TpeboBaHusMu crtateit 34 - 39
Hacrosiero ®enepanbHoro 3akona "O06 oxpaHe okpyskaromieit cpensr” [22].

[Ipy DpPOEKTUPOBAHUM U CTPOUTENHBCTBE TEIUIOBBIX 3JIEKTPOCTAHIUHN
JOJDKHBI TPEyCMaTpUBATBHCS MX OCHAIIEHUE BBICOKOA(DPEKTUBHBIMU CPEACTBAMU
OYUCTKM BBIOPOCOB M COPOCOB 3arps3HSAIONIMX BEIIECTB, HCIOIb30BaHHUE
HKOJIOTUYECKM O€30MacHbIX BUIOB TOIUIMBA M O€30MaCHOE pa3MENIeHUE OTXO0J/I0B

MPOU3BO/ICTBA.
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Jl5ia mpeoxpaHeHus MOYBHI OT 3arpsi3HEHUN cOpocaMu Macia, pu aBapuu
aBTOTpPaHCPOPMATOPOB, MPEIYCMOTPEHO COOPYKEHHE 3aKPBITHIX MAacCJIOCTOKOB
3aKpBITOTO MAacjOYJIOBHUTENsS. BomoOTBOX ¢ IUIOMIAJKM HPEeLyCMaTpUBAETCS
OTKPBITOM CHUCTEMOM 3a CYET ECTECTBEHHOIO YKIOHA B CTOPOHY IIOHMKECHUS

penbeda MECTHOCTH.

YpesBblyalHbIC CUTYaUN
OpmHOM W3 OCHOBHBIX 3a/lad MPU MPOCKTUPOBAHUU OOBEKTOB HAPOIHOTO
xo3siictBa (OHX) siBiisieTcst MOBBILIEHUSI UX YCTOMYMBOM pabOThI B Upe3BbIYANHBIX

CUTyaIusax (BOGHHOE BpeMsl, CTUXUITHBIC OCICTBHUA).

Jl71s1 3TOrO 3a0J1arOBPEMEHHO OPTraHU3yeTCsl U MMPUBOUTCS O0JIBINON 00BbeM
paboT, HampaBJCHHBIA HA TOBBIIIEHUE YCTOWYMBOCTH pabOThl OOBEKTa B
Ype3BbIYAMHBIX YCIOBUSIX. K HHM OTHOCATCS HMHXEHEPHO-TEXHUYECKHE U
OpraHU3allMOHHbIE MEpONpUATHUs. WHXKEHEPHO-TEXHUYECKUMU MEPONPUATUIMU
00eCleynBalOTCS  TOBBIIMICHHE  YCTOWYMBOCTH  IPOMBIIUICHHBIX  3/IaHUH,
COOpYKEHUM, 00OpYyJAOBaHUS M KOMMYHHMKAIMM TPEANPUITHS K BO3JICUCTBHUIO

IMOopa*XaroIux (b&KTOpOB SAACPHOTO OPYIKHA, CTUXMHUHOTO 6€,Z[CTBHH.

YcroitunBocTh paboOThl 00BEKTA 3aBUCUT OT (PAKTOPOB, OCHOBHBIMHU U3

KOTOPBLIX ABJISAFOTCH:

- Ha/Ie)KHOCTh 3allUThl PadOTaIOLIUMX OT MOKapOB, OPYXKHUS MaccCOBOIO
nopaxenus (OIIM);

- CIIOCOOHOCTh MHXKEHepHO-TexHu4eckoro komiuiekca (MTK) oObekrta
(31aHMsL, TEXHOJIOTUYECKOTro 00OpYAOBAaHUS, KOMMYHUKALUN) B OMNPEIEICHHOM
CTEINEHU 3alIUThl OT MOPAXKAUIUX U pa3pyluTenbHbIX (hakTopoB OIIM;

— 00€CTIeYeHHOCTh CHUCTEMBI Pa0OThl OOBEKTAa BCEM HEOOXOIUMBIM JIJIst
IIPOU3BOJICTBA NPOAYKIMH (3JIEKTPUUECTBOM, CBIPBEM, TOILLIUBOM, BOJIOK);

- MNOJTOTOBJIEHHOCTh OOBEKTA K BEJICHUIO BOCCTAHOBUTENBHBIX padoT;

- NOJITOTOBJIEHHOCTh OOBEKTA K BEJCHHUIO CIIACaTENIbHBIX padoT;

- HaACKHOCTD YIIPABJICHUSA, OIIOBCIICHUSA U CBA3H.
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Hopwmbl npoekTrpoBaHusl MHKEHEPHO-TEXHUUYECKUX Meponpustuil (MTM)
'O — 3T0 pyKOBOASAIIMI TOKYMEHT, ONPEIETAIONINN TPEOOBaHUS U PEKOMEHAAIIUN
K TIPOBEACHUIO MEPONPUATUI 00ECIIeUnBaIONIUX YCTOHYMBYIO pabOTy HApOIHOTO

X03s1icTBa cTpaHbl (pazpadbarsiBaercs mradom ['O Poccun).
MeponpusITHs 10 MOBBIIICHNUI0 YCTOWIHMBOCTH CUCTEM AJIEKTPOCHAOKEHUSI.

— CO31aI0TCs TyOIUPYIOMINE UCTOYHUKHY JIEKTPHIESCKOW SHEPTHH, Ta3a;

— WHKEHEPHBIC H  DHEPreTUYCCKHEe KOMMYHHKAIIUW TEPEHOCATCS B
MIO/I3EMHBIC COOPYKCHUS;

— HanOoJiee OTBETCTBEHHBIC YCTPOWCTBA pa3Memarh B  IMOJABATBHBIX
IIOMENICHUSIX;

— IPOU3BOJIATCS TMPOYHBIC KPEIUICHUS TPYOONpPOBOJAOB M ACTaKai, YTOOBI
n30eXaTh UX CIBUTA WK cOpoca;

- JIEPEBSHHBIC OMOPHI 3aMCHSITh HA METATMICCKUE WITH JKEJIE300€ TOHHEIE;

- CO37acTCs pe3epB ABTOHOMHBIX HMCTOYHUKOB DJEKTPOCHAOKECHHS U
BOJIOCHA0OKCHHS;

—  NOOAKIIYEHHE OOBEKTa K HECKOJIBKMM HCTOYHHMKAM IIATAHHA,
YAAJICHHBIX OJWH OT JIPYroT0 Ha PAacCTOSHUE WCKITFOYAOIINM UX OJHOBPEMEHHOE
opakeHHE.

YuuThiBass ~ CIIOKHOCTb  CHCTEM  DJICKTPOCHAOKEHHS,  OIAaCHOCTH
MPOU3BOJACTBA PAOOT Ha TMOBPEKIACHHBIX CETAX BOCCTAHOBUTEIBHBIC PAOOTHI
JIOJDKHBI BECTHCH CIICIIUATU3UPOBAHHBIMU  (POPMHUPOBAHUSMH JHEPIETUUCCKHUX

CITY k0.

3a3zeMJIeHHE MOACTAHIIUH
DJIEKTPUUECKUM TOK, MPOTEKAIOIIMNA dYepe3 TElIO 4YeJIOBEKa, BBI3bIBACT
pa3pa)keHHe WM MOPAKEHUE OTIEIbHBIX YYaCTKOB WIIM BCETO Teja: OXOTH,

AIEKTPUYECKUH yAap U Ip.

DJIEKTPUYECKUI yIap COMPOBOXAAETCS MOSIBIICHUEM CYJIOpPOT, TMOTEPEH

CO3HaHUsA, IPCKpaAllCHHUCM HJIN CHJIbHBIM ocjabjieHueM ACATCIIBHOCTH OpPraHoOB
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IbIXaHUA W KpoBooOpamieHus. [Ipu 3TOM BO3MOXKHO HCUE3HOBEHHE BUIMMBIX
MIPU3HAKOB XW3HU U HACTYIUIEHUS TAK Ha3bIBaeMOM MHHUMOM cMmeptu. [lopaxkenue
YeJIOBEKa  DJICKTPUYECKHUM  TOKOM  BO3MOXKHO IIPU  HEMOCPEICTBEHHOM
COIIPUKOCHOBEHUM €r0 C 4YacTSIMH 3JJIEKTPOYCTAHOBOK, KOTOPBIE HOPMAJIbHO
HaXOJATCS MOJ1 HanpsbkeHueM. st mpeaynpexxaeHus 3TOro B JIEKTPOYCTaHOBKaX
MPElyCMaTPUBAIOT CIICIUATIbHBIC OTPaXkKACHUE 4YacTeil, HOpMaJIbHO HAXOASIIUXCA

IO HAIIPSPKCHUCM, CO6J'II-0I[8.I-OT OIIPCACICHHYIO IINPUHY IIPOXOJ0B U T.I.

HOpa)KCHI/Ie YCJIOBCKA OJJICKTPUYCCKUM TOKOM TaK K€ BO3MOKHO IIpHU
HCIIOCPCACTBECHHOM COIIPUKOCHOBCHHUHU €ro € TCMH YaCTAMH JJICKTPOYCTAHOBOK,
KOTOPBIC HOPMAJIBHO HC HAXOAATCA IMOA HAIIPSIKCHUCM, HO MOI'YT OKa3aTbCs IO
HaIIpsSKCHUCM IIPU HCHUCIIPABHOCTH  M30JIAIUHU (1)331)1. B »tux clIydasax
0e30macHOCTh 00ecCIIeunBacTCs 3a3eMJICHHEM BCEX YacTeH YCTAaHOBKH, HOPMAJIBHO
HC HaxOoAJAIIMUXCA 1104 HAIPsAKCHUCM, HO KOTOPBIC MOI'YT OKa3aTbCiad 110

HaIpsHKEHUEM IIPU HEUCTIPABHOCTHU U30JISUUU (as3bl.

3a3eMJICHUE BBIIOJHAKT IYTEM NPHUCOCIUHEHUS COOTBETCTBYIOLIUX
yacTed YCTAHOBKM K 3aJOKEHHBIM B TPyHTE DJJIEKTPOAAM  3a3€MIICHUS,
o0pa3ylolMM TaK Ha3blBAEMbId 3a3eMJIMTENb. MeTauIMuecKue MPOBOJAHUKH,
COEJIMHAIOIIME YACTH YCTAHOBKHM C 3a3€MIIMTEJIEM, HA3bIBAIOTCS 3a3€MIISIOIIMMHU
npoBoaamMu. COBOKYITHOCTh 3a3€MJIMTEN M 3a3€MIISIIOIIMX MPOBOJOB HAa3bIBAKOT

3a3CMJIAIOIIINM yCTpOfICTBOM HNJIH 3a3€MJICHUECM.

B anexktpoycranoBkax HampsbkeHuem Bbie 1000 B ¢ GonbimimMu Tokamu
3aMBIKaHMSI Ha 3E€MJII0 TIPM  BCEX 3aMBbIKaHUSX Ha 3€MJII0  cpabaThiBaeT
COOTBETCTBYIOILIAas peJieiiHas 3allluTa, OTKIIOYaollas MOBPEXIACHHYIO YacTb
yCTaHOBKU. I[loATOMY 3TH YCTaHOBKH XapakKTEpHU3YIOTCS KpPaTKOBPEMEHHBIM
MOSIBJICHHMEM TIOTEHIIMAJIa Ha 3a3eMJISIONIUX YCTPOMCTBAX MpPH 3aMbIKaHUW Ha
3emutto. BenenctBue Manoil BEpOSITHOCTH OJJTHOBPEMEHHOTO 3aMBIKAHUSI Ha 3EMJIIO
U TPUKOCHOBEHMS TEPCOHANIA K YacTAM YCTAHOBKH, KpPAaTKOBPEMEHHO

OKa3zaBIIMMCS MOJ Hampsbkenwem, paBHbiM Uj, IIYD [1] He HOpmupyer
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HauOOBIIYIO0 JomycKaeMyto Bennuuny Uj, HO TpeOyer, yTOOBI B 3THX YCTaHOBKax

COIIPOTHUBJICHUEC 3a3CMJICHUS B Tr000¢e BpEM: roJia HE IMPCBLIIIAIIO 0,5 Owm:

r, < 0,5 Om

[Ipy BBIMONMHEHHM 3a3€MJICHUM MOYKHO HCHOJIb30BaTh €CTECTBEHHBIC
3a3€MJIUTENIM, KAaKOBBIMH SIBIISIFOTCS TPOJIOKEHHBIE B 3eMjie TpyObl (Kpome
TpyOONIPOBOJIOB TOPIOUMX SKHAKOCTEM W Ta30B), METAUIMYECKHE KOHCTPYKIUU
3MaHUA U COOPYKECHUH, HMEIONIME COCIMHEHHUS C 3€MJIEM M aJTtOMUHUEBBIC

000JIOUKHY TTPOJIOKEHHBIX B 3eMJie KaOemeil.

HckyccTBeHHBIE — 3a3eMJIMTENM  Haubojiee  YacTO  BBINOJHAIOT U3
BEPTHUKAJIBHO 3a0UTHIX B TPYHT CTAJIbHBIX TPYO U YroJIKOB JUIMHOM 2-3 M. TpyOsl
IIPUMEHSIIOT ¢ BHEIIHUM auamMeTpoM 35-50 MM, npH TONIIMHE CTEHKW HE MeHee 4
MM. 3abuBarOT TpyObl W YrOJKM B TPYHT TakK, 4YTOObl BEPXHMH KOHEI] HX
pacnosarasics Ha 0,4-1,5 M HWXKE NOBEPXHOCTH 3€MJIM. OTHUM JOCTUTACTCS
MEHBIINE KOJEOAaHUSI CONPOTUBJICHUS 3a3€MJICHUS BCIIEJCTBHE IPOMEP3aHUs
IIOYBBI 3MMOW M YMEHBIICHUS BJIAXKHOCTU JIETOM. CONpPOTHBIIEHHE 3a3€MIICHUS
OJTHOM TpyOBI WM OHOTO yrojka oObldHO cocTtaBisieT 20-50 Om. 3abutbie B
IPYHT TpyObl MM YIOJKH COCAMHSIOT MEXIY COOOM CTaJlbHBIMH TOJIOCAMH,
KOTOpbIE MPOKJIAAbIBAIOT Ha r1yOuHe He MeHee 0,3 M U IpHUBapHUBAIOT K BEPXHUM

KOHIIaM TPpYyO MJIM YTOJIKOB.

[To ycnoBusiM yCTOMYHMBOCTH TPOTHUB KOPPO3WHU, 3aJ0KEHHBIE B TPYHT
CTaJIbHBIC TPYOBI JODKHBI MMEThH TOJIIMHY CTEHOK HE MeHee 3,5 MM, a YIroJIKH,
JIEHTHI U Tojiockl He MeHee 4 MMm. [Ipu ycTpolicTBe 3a3eMieHUN HEOOXOIMMO
CTPEMHTHCS K BO3MOXKHO O0Jiee paBHOMEPHOMY paclpe/eleHUI0 TTOTeHIMala Ha

IIomaa yCTaHOBKHU B ICIIAX YMCHBIICHUA HAIIPSIKCHUSA IIPUKOCHOBCHUS U IIara.
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3akiiroueHue

OcHOBHBIE pe3yJIbTAaThl, IMOJIYYEHHbIE B MPOEKTE, 3aKIOYAIOTCS B
CIEAYIOIIEM:

JIyist pacdeTa yCTaBOK PEJICHHOMN 3alTuThl OBLT MCTIOIB30BaH COBPEMEHHBIM
komiiekc APM CP3A. B mporpamme APM CP3A 06bUtM MOATOTOBJIEHBI
pacyeTHbIE JAHHBIE PACCMATPUBAEMOI0 PailOHA, MOJATOTOBIICHBI PACUETHI YCTABOK
3aIIAT TIEPBOU M BTOPOM Tepudepuu Uisi pacCMaTPUBAEMON JTMHUW TIOJICTAHITAN
[TerpoBck-3abaiikanbck- moacTaHIuy Yura

Jist 3pdeKTHBHOTO HMCHOJB30BaHUSI COBPEMEHHBIX aBTOMATHYECKUX
YCTPOUCTB ObUTM MPOAHATU3UPOBAHBI U MPUHATHI MPOEKTHBIC PEIICHUS C YYETOM
COBPEMEHHOW TEHJECHLIHUM I[I€PEX0/la PEJCHON 3aluThl W aBTOMAaTHKU Ha
uuppoBoe o0OpyoBaHUE. A Takke ObUIM NPHHATHI OKOHYATEJIbHBIE PELICHUS
YUUTHIBAsE 0COOCHHOCTH MTPOCKTUPYEMBIX OOBEKTOB.

[IpuHsTOE pelIeHne OCYLIECTBUTh peneiHyto 3amuty u AlIB nuHum Ha
OCHOBE  MHKPOTPOIIECCOPHOTO  Komiuiekca  mkadoB  3ammt  [119-2607
npousBojictea OOO HIIII «Dxpa» B 1EeIOM SBISETCS YIOBIECTBOPUTEIBHBIM,
PacueTpl moKa3zaiv, 4YTO BBIOpAHHBIE YCTaBKM Kak oOcHOBHOW J®3, Tak u
pE3epBHBIX 3amMT JucTaHimoHHo u TokoBoi (CT3HII), ynmoBineTBopstOT
TpeOOBAHMSIM TI0 YyBCTBUTEIHLHOCTH.

Ouenena »skoHoMHUYeCcKas dS(P(HEKTUBHOCTH COBMECTHOIO KOMILICKCA
OCHOBHOW M PE3EPBHBIX 3AIIUT JIMHUU orpeaensercs mudpoir 99%, npu padote
OJTHOTO  OCHOBHOTO WJIM PE3EPBHOIO0 KOMIUIEKTa yKa3aHHas 3>(P(EKTUBHOCTb

OyJeT HUXKe.
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Introduction

The purpose of the paper is to show the importance of relay protection and
automation and to outline distance relay protection which is used to protect the
electric equipment.

The first part of the paper describes the main principles and characteristics
of distance relays.

Further the paper provides information on the possibilities and peculiarities
of distance relays operation.

The last part of the paper discusses possible design protection on the basis
of distance relays and the problems encountered.

The power system represents a complicated multilink technical system
intended for generating, distributing and consuming the electric power. All
elements of the power system need to be protected from short circuits and other
problems.

In this regard protective relaying and automation is a vital part of any
electric power system: unnecessary during normal operation but very important
during trouble, faults, and abnormal disturbances. Properly applied protective
relaying initiates the disconnection of the trouble area while operation and service

in the rest of the system continue.

Principles of distance relays

Since the impedance of a transmission line is proportional to its length, for
distance measurement it is appropriate to use a relay capable of measuring the
impedance of a line up to a predetermined point (the reach point). Such a relay is
described as a distance relay and is designed to operate only for faults occurring
between the relay location and the selected reach point, thus giving discrimination
for faults that may occur in different line sections. The basic principle of distance
protection involves the division of the voltage at the relaying point by the

measured current. The apparent impedance so calculated is compared with the
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reach point impedance. If the measured impedance is less than the reach point
impedance, it is assumed that a fault exists on the line between the relay and the
reach point. The reach point of a relay is the point along the line impedance locus
that is intersected by the boundary characteristic of the relay. Since this is
dependent on the ratio of voltage and current and the phase angle between them, it
may be plotted on an R/Xdiagram. The loci of power system impedances as seen
by the relay during faults, power swings and load variations may be plotted on the
same diagram and in this manner the performance of the relay in the presence of

system faults and disturbances may be studied.

Relay performance

Distance relay performance is defined in terms of reach accuracy and
operating time. Reach accuracy is a comparison of the actual ohmic reach of the
relay under practical conditions with the relay setting value in ohms. Reach
accuracy particularly depends on the level of voltage presented to the relay under
fault conditions. The impedance measuring techniques employed in particular relay
designs also have an impact. Operating times can vary with fault current, with fault
position relative to the relay setting, and with the point on the voltage wave at
which the fault occurs. Depending on the measuring techniques employed in a
particular relay design, measuring signal transient errors, such as those produced
by Capacitor Voltage Transformers or saturating current transformers (CT), can
also adversely delay relay operation for faults close to the reach point. It is usual
for electromechanical and static distance relays to claim both maximum and

minimum operating times.

Electromechanical/Static Distance Relays

With electromechanical and earlier static relay designs, the magnitude of

input quantities particularly influenced both reach accuracy and operating time. It
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was customary to present information on relay performance by voltage/reach

curves, as shown in figure 1, and operating time/fault position curves for various

values of system impedance ratios (S.I.R.’s) as shown in figure 2, where:

SI.R=2Z47Z,

and

Zs — system source impedance behind the relay location

Z, — line impedance equivalent to relay reach setting
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(% Zone 1 setting)

Impedance reach
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(% Zone 1 setting)

(% Zone 1 setting)
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Figure 1 - Typical impedance reach accuracy characteristics for Zone 1
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Alternatively, the above information was combined in a family of contour
curves, where the fault position expressed as a percentage of the relay setting is

plotted against the source to line impedance ratio, as illustrated in figure 3.
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Figure 3 - Typical operation-time contours

Digital/Numerical Distance Relays

Digital/Numerical distance relays tend to have more consistent operating
times. They are usually slightly slower than some of the older relay designs when
operating under the best conditions, but their maximum operating times are also

less under adverse waveform conditions or for boundary fault conditions.

Relationship between relay voltage ZS/ZL ratio

A single, generic, equivalent circuit, as shown in figure 4(a), may represent
any fault condition in a threephase power system. The voltage V applied to the
impedance loop is the open circuit voltage of the power system. Point R represents
the relay location; Iz and Vg are the current and voltage measured by the relay,
respectively.

The impedances Zs and Z_ are described as source and line impedances
because of their position with respect to the relay location. Source impedance Zs is
a measure of the fault level at the relaying point. For faults involving earth it is
dependent on the method of system earthing behind the relaying point. Line
impedance Z_ is a measure of the impedance of the protected section. The voltage
VR applied to the relay is, therefore, 1gZ, . For a fault at the reach point, this may be
alternatively expressed in terms of source to line impedance ratio Zs/Z, by means
of the following expressions:

Vr= IRZ,
where:
1r=V/( Zs+Z))
Therefore:
Vr=Z.VI( Zs+Z,)
Or:

VR:V/ (ZslzL +1)
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The above generic relationship between Vg and Zs/Z,, illustrated in figure
4(b), is valid for all types of short circuits provided a few simple rules are
observed. These are:

I. for phase faults, V is the phase-phase source voltage and Zs/Z, is the
positive sequence source to line impedance ratio. Vg is the phase-phase relay
voltage and Iy is the phase-phase relay current, for the faulted phases

Vr=V, (Zs/Z,)+1

Ii. for earth faults, V is the phase-neutral source voltage and Zs/Z, is a
composite ratio involving the positive and zero sequence impedances. Vr is the
phase-neutral relay voltage and I is the relay current for the faulted phase

V

I-n

2

V, = D
)+1
2+(

(2,12,

Where
Zs=2Zs+ Zso= Zs1(2+p)
2\ =221+ Z1 0= Z11(2+0)

And
P=Zso/Zsy
0=Zio/Z11
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Voltage limit for accurate reach point measurement

The ability of a distance relay to measure accurately for a reach point fault
depends on the minimum voltage at the relay location under this condition being
above a declared value. This voltage, which depends on the relay design, can also
be quoted in terms of an equivalent maximum Zs/Z, or S.1.R.

Distance relays are designed so that, provided the reach point voltage
criterion is met, any increased measuring errors for faults closer to the relay will
not prevent relay operation. Most modern relays are provided with healthy phase

voltage polarisation and/or memory voltage polarisation.
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Zones of protection

Careful selection of the reach settings and tripping times for the various
zones of measurement enables correct coordination between distance relays on a
power system. Basic distance protection will comprise instantaneous directional
Zone 1 protection and one or more time delayed zones. Typical reach and time
settings for a 3- zone distance protection are shown in figure 5. Digital and
numerical distance relays may have up to five zones, some set to measure in the
reverse direction. Typical settings for three forward-looking zones of basic
distance protection are given in the following sub-sections. To determine the
settings for a particular relay design or for a particular distance teleprotection
scheme, involving end-to-end signalling, the relay manufacturer’s instructions

should be referred to.

Zone 1 setting

Electromechanical/static relays usually have a reach setting of up to 80% of
the protected line impedance for instantaneous Zone 1 protection. For
digital/numerical distance relays, settings of up to 85% may be safe. The resulting
15-20% safety margin ensures that there is no risk of the Zone 1 protection over-
reaching the protected line due to errors in the current and voltage transformers,
inaccuracies in line impedance data provided for setting purposes and errors of
relay setting and measurement. Otherwise, there would be a loss of discrimination
with fast operating protection on the following line section. Zone 2 of the distance

protection must cover the remaining 15-20% of the line.
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Zone 2 setting

To ensure full cover of the line with allowance for the sources of error
already listed in the previous section, the reach setting of the Zone 2 protection
should be at least 120% of the protected line impedance. In many applications it is
common practice to set the Zone 2 reach to be equal to the protected line section
+50% of the shortest adjacent line. Where possible, this ensures that the resulting
maximum effective Zone 2 reach does not extend beyond the minimum effective
Zone 1 reach of the adjacent line protection. This avoids the need to grade the
Zone 2 time settings between upstream and downstream relays. In
electromechanical and static relays, Zone 2 protection is provided either by
separate elements or by extending the reach of the Zone 1 elements after a time
delay that is initiated by a fault detector. In most digital and numerical relays, the
Zone 2 elements are implemented in software. Zone 2 tripping must be time-
delayed to ensure grading with the primary relaying applied to adjacent circuits
that fall within the Zone 2 reach. Thus complete coverage of a line section is
obtained, with fast clearance of faults in the first 80-85% of the line and somewhat

slower clearance of faults in the remaining section of the line.

Time Za; 1
ZJJ H— zIL
Source W K “ Source
0 | B0
zl.'u, T g
= Zyg
Time 4 Zyr  Laxe

Zone 1 = 80-B5% of protected line impedance

Zone 2 [minimum] = 120% of protected line

Zone 2 [maximum) < Protected line + 50% of shortest second line
Zone 3F = 1.2 [protected line + longest second line)

Zone 3R = 20% of protected line

X = Circuit breaker tripping time

Y = Discriminating time

Figure 5 - Typical time/distance characteristics for three zone distance

protection
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Zone 3 setting

Remote back-up protection for all faults on adjacent lines can be provided
by a third zone of protection that is time delayed to discriminate with Zone 2
protection plus circuit breaker trip time for the adjacent line. Zone 3 reach should
be set to at least 1.2 times the impedance presented to the relay for a fault at the
remote end of the second line section. On interconnected power systems, the effect
of fault current in feed at the remote busbars will cause the impedance presented to
the relay to be much greater than the actual impedance to the fault and this needs to
be taken into account when setting Zone 3. In some systems, variations in the
remote busbar in feed can prevent the application of remote back-up Zone 3
protection but on radial distribution systems with single end in feed, no difficulties

should arise.

Settings for Reverse Reach and Other Zones

Modern digital or numerical relays may have additional impedance zones
that can be utilised to provide additional protection functions. For example, where
the first three zones are set as above, Zone 4 might be used to provide back-up
protection for the local busbar, by applying a reverse reach setting of the order of
25% of the Zone 1 reach. Alternatively, one of the forward looking zones
(typically Zone 3) could be set with a small reverse offset reach from the origin of
the R/X diagram, in addition to its forward reach setting. One advantage of a non-
directional zone of impedance measurement is that it is able to operate for a close-
up, zero-impedance fault, in situations where there may be no healthy phase
voltage signal or memory voltage signal available to allow operation of a
directional impedance zone. With the offset-zone time delay bypassed, there can be
provision of ‘Switch-on-to Fault’ (SOTF) protection. This is required where there

are line voltage transformers, to provide fast tripping in the event of accidental line
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energisation with maintenance earthing clamps left in position. Additional
impedance zones may be deployed as part of a distance protection scheme used in

conjunction with a teleprotection signalling channel.

Distance relay characteristics

Some numerical relays measure the absolute fault impedance and then
determine whether operation is required according to impedance boundaries
defined on the R/X diagram. Traditional distance relays and numerical relays that
emulate the impedance elements of traditional relays do not measure absolute
impedance.

They compare the measured fault voltage with a replica voltage derived
from the fault current and the zone impedance setting to determine whether the
fault is within zone or out-of-zone. Distance relay impedance comparators or
algorithms which emulate traditional comparators are classified according to their
polar characteristics, the number of signal inputs they have, and the method by
which signal comparisons are made.

The common types compare either the relative amplitude or phase of two
input quantities to obtain operating characteristics that are either straight lines or
circles when plotted on an R/X diagram. At each stage of distance relay design
evolution, the development of impedance operating characteristic shapes and
sophistication has been governed by the technology available and the acceptable
cost. Since many traditional relays are still in service and since some numerical
relays emulate the techniques of the traditional relays, a brief review of impedance

comparators is justified.
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Distance relay implementation

Discriminating zones of protection can be achieved using distance relays,
provided that fault distance is a simple function of impedance. While this is true in
principle for transmission circuits, the impedances actually measured by a distance
relay also depend on the following factors:

1. the magnitudes of current and voltage (the relay may not see all the
current that produces the fault voltage)

2. the fault impedance loop being measured

3. the type of fault

4. the fault resistance

5. the symmetry of line impedance

6. the circuit configuration

It is impossible to eliminate all of the above factors for all possible
operating conditions. However, considerable success can be achieved with a
suitable distance relay.

This may comprise relay elements or algorithms for starting, distance
measuring and for scheme logic. The distance measurement elements may produce
impedance characteristics. Various distance relay formats exist, depending on the
operating speed required and cost considerations related to the relaying hardware,
software or numerical relay processing capacity required. The most common
formats are:

a. a single measuring element for each phase is provided, that covers all
phase faults

b. a more economical arrangement is for ‘starter’ elements to detect which
phase or phases have suffered a fault.

The starter elements switch a single measuring element or algorithm to
measure the most appropriate fault impedance loop. This is commonly referred to
as a switched distance relay c. a single set of impedance measuring elements for

each impedance loop may have their reach settings progressively increased from
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one zone reach setting to another. The increase occurs after zone time delays that
are initiated by operation of starter elements. This type of relay is commonly
referred to as a reach-stepped distance relay d. each zone may be provided with
independent sets of impedance measuring elements for each impedance loop. This
Is known as a full distance scheme, capable of offering the highest performance in
terms of speed and application flexibility Furthermore, protection against earth
faults may require different characteristics and/or settings to those required for
phase faults, resulting in additional units being required.

With electromechanical technology, each of the measuring elements would
have been a separate relay housed in its own case, so that the distance relay
comprised a panel-mounted assembly of the required relays with suitable inter-unit
wiring. Figure 6(a) shows an example of such a relay scheme.

Digital/numerical distance relays (Figure 6(b)) are likely to have all of the
above functions implemented in software. Starter units may not be necessary. The
complete distance relay is housed in a single unit, making for significant
economies in space, wiring and increased dependability, through the increased

availability that stems from the provision of continuous self-supervision.
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Figure 6 (a) - First generation of static distance relay
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Figure 6 (b) - MiCOM P440 series numerical distance relay

Starters for switched distance protection
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Electromechanical and static distance relays do not normally use an
individual impedance-measuring element per phase. The cost and the resulting
physical scheme size made this arrangement impractical, except for the most
demanding EHV transmission applications. To achieve economy for other
applications, only one measuring element was provided, together with ‘starter’
units that detected which phases were faulted, in order to switch the appropriate
signals to the single measuring function. A distance relay using this technique is
known as a switched distance relay. A number of different types of starters have
been used, the most common being based on overcurrent, undervoltage or under-
impedance measurement.

Numerical distance relays permit direct detection of the phases involved in
a fault. This is called faulted phase selection, often abbreviated to phase selection.
Several techniques are available for faulted phase selection, which then permits the
appropriate distance-measuring zone to trip. Without phase selection, the relay
risks having over or underreach problems, or tripping threephase when single-pole
fault clearance is required. Several techniques are available for faulted phase
selection, such as:

a. superimposed current comparisons, comparing the step change of level
between pre-fault load, and fault current (the ‘Delta’ algorithm). This enables very
fast detection of the faulted phases, within only a few samples of the analogue
current inputs

b. change in voltage magnitude

c. change in current magnitude

Numerical phase selection is much faster than traditional starter techniques
used in electromechanical or static distance relays. It does not impose a time
penalty as the phase selection and measuring zone algorithms run in parallel. The
phase selection algorithm provides faulted phase selection, together with a
segregated measuring algorithm for each phase-ground and phase to phase fault
loop (AN, BN, CN, AB, BC, CA), thus ensuring fullscheme operation.
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However, there may be occasions where a numerical relay that mimics
earlier switched distance protection techniques is desired. The reasons may be
economic (less software required — thus cheaper than a relay that contains a full-
scheme implementation) and/or technical.

Some applications may require the numerical relay characteristics to match
those of earlier generations already installed on a network, to aid selectivity. Such
relays are available, often with refinements such as multi-sided polygonal
iImpedance characteristics that assist in avoiding tripping due to heavy load
conditions.

With electromechanical or static switched distance relays, a selection of
available starters often had to be made. The choice of starter was dependent on
power system parameters such as maximum load transfer in relation to maximum
reach required and power system earthing arrangements.

Where overcurrent starters are used, care must be taken to ensure that, with
minimum generating plant in service, the setting of the overcurrent starters is
sensitive enough to detect faults beyond the third zone. Furthermore, these starters
require a high drop-off to pick-up ratio, to ensure that they will drop off under
maximum load conditions after a second or third zone fault has been cleared by the
first zone relay in the faulty section. Without this feature, indiscriminate tripping
may result for subsequent faults in the second or third zone. For satisfactory
operation of the overcurrent starters in a switched distance scheme, the following
conditions must be fulfilled:

a. the current setting of the overcurrent starters must be not less than 1.2
times the maximum full load current of the protected line

b. the power system minimum fault current for a fault at the Zone 3 reach
of the distance relay must not be less than 1.5 times the setting of the overcurrent
starters

On multiple-earthed systems where the neutrals of all the power

transformers are solidly earthed, or in power systems where the fault current is less
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than the full load current of the protected line, it is not possible to use overcurrent
starters.

The type of under-impedance starter used is mainly dependent on the
maximum expected load current and equivalent minimum load impedance in

relation to the required relay setting to cover faults in Zone 3.

Distance relay application problems

Distance relays may suffer from a number of difficulties in their
application. Many of them have been overcome in the latest numerical relays.
Nevertheless, an awareness of the problems is useful where a protection engineer

has to deal with older relays that are already installed and not due for replacement.

Minimum Voltage at Relay Terminals

To attain their claimed accuracy, distance relays that do not employ voltage
memory techniques require a minimum voltage at the relay terminals under fault
conditions. This voltage should be declared in the data sheet for the relay. With
knowledge of the sequence impedances involved in the fault, or alternatively the
fault MVA, the system voltage and the earthing arrangements, it is possible to
calculate the minimum voltage at the relay terminals for a fault at the reach point
of the relay. It is then only necessary to check that the minimum voltage for

accurate reach measurement can be attained for a given application.

Minimum Length of Line

To determine the minimum length of line that can be protected by a

distance relay, it is necessary to check first that any minimum voltage requirement

68



of the relay for a fault at the Zone 1 reach is within the declared sensitivity for the
relay. Secondly, the ohmic impedance of the line (referred if necessary to VT/CT
secondary side quantities) must fall within the ohmic setting range for Zone 1
reach of the relay. For very short lines and especially for cable circuits, it may be
found that the circuit impedance is less than the minimum setting range of the
relay. In such cases, an alternative method of protection will be required.

A suitable alternative might be current differential protection, as the line
length will probably be short enough for the cost-effective provision of a high
bandwidth communication link between the relays fitted at the ends of the
protected circuit. However, the latest numerical distance relays have a very wide
range of impedance setting ranges and good sensitivity with low levels of relaying
voltage, so such problems are now rarely encountered. Application checks are still
essential, though. When considering earth faults, particular care must be taken to

ensure that the appropriate earth fault loop impedance is used in the calculation.

Power Swing Blocking

Power swings are variations in power flow that occur when the internal
voltages of generators at different points of the power system slip relative to each
other. The changes in load flows that occur as a result of faults and their
subsequent clearance are one cause of power swings. A power swing may cause
the impedance presented to a distance relay to move away from the normal load
area and into the relay characteristic. In the case of a stable power swing it is
especially important that the distance relay should not trip in order to allow the
power system to return to a stable conditions. For this reason, most distance
protection schemes applied to transmission systems have a power swing blocking

facility available.
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Different relays may use different principles for detection of a power
swing, but all involve recognising that the movement of the measured impedance
in relation to the relay measurement characteristics is at a rate that is significantly
less than the rate of change that occurs during fault conditions. When the relay
detects such a condition, operation of the relay elements can be blocked. Power
swing blocking may be applied individually to each of the relay zones, or on an all
zones applied/inhibited basis, depending on the particular relay used.

Various techniques are used in different relay designs to inhibit power
swing blocking in the event of a fault occurring while a power swing is in progress.
This is particularly important, for example, to allow the relay to respond to a fault
that develops on a line during the dead time of a single pole autoreclose cycle.

Some Utilities may designate certain points on the network as split points,
where the network should be split in the event of an unstable power swing or pole

slipping occurring.

Voltage Transformer Supervision

Fuses or sensitive miniature circuit breakers normally protect the secondary
wiring between the voltage transformer secondary windings and the relay
terminals.

For these types of distance relay, supervision of the voltage inputs is
recommended. The supervision may be provided by external means, e.g. separate
voltage supervision circuits, or it may be incorporated into the distance relay itself.
On detection of VT failure, tripping of the distance relay can be inhibited and/or
an alarm is given. Modern distance protection relays employ voltage supervision
that operates from sequence voltages and currents. Zero or negative sequence
voltages and corresponding zero or negative sequence currents are derived.
Discrimination between primary power system faults and wiring faults or loss of
supply due to individual fuses blowing or circuit breaker, the opened is obtained by

blocking the distance protection only when zero or negative sequence voltage is
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detected without the presence of zero or negative sequence current. This
arrangement will not detect the simultaneous loss of all three voltages and
additional detection is required that operates for loss of voltage with no change in
current, or a current less than that corresponding to the three phase fault current
under minimum fault infeed conditions. If fast-acting miniature circuit breakers are
used to protect the VT secondary circuits, contacts from these may be used to

inhibit operation of the distance protection elements and prevent tripping.

Conclusion

Due to rapid processes which occur in case of short circuit in electric power
system it's necessary to install automatic control and eliminate emergency
situations. Relay protection can cope with both of these cases, the main aim in the
electric power system is stable and reliable functioning. Steady work is impossible
without relay scheme and emergency control systems. It is important to develop
relay scheme for all kinds of EPS equipment’s.

The most known overhead circuit RS are:

-carrier-current protection

-impedance protection

- stepped current protection

The most known transformers RS are:

- self-balancing protection

- transformer gas protection

71



References

1. AREVA T&D Automation & Information Systems, 2005. Network
protection & automation guide. Overcurrent protection for phase and earth faults,
122-51, [chapter 9].

2. Chilvers, 1., Jenkins, N., Crossley, P., 2005. Distance relaying of 11 kV
circuits to increase the installed capacity of distributed generation. IEE Proc
Gener Transm Distrib 152 (1), 40-46.

3. Urdaneta AJ, Nadira R, Perez LG. Optimal coordination of directional
overcurrent relay in interconnected power systems. IEEE Transactions on Power
Delivery 1988; 3:903-911. DOI: 10.1109/61.193867.

4. Urdaneta AJ, Restrepo H, Marquez S, Sanchez J. Coordination of
directional overcurrent relays timing using linear programming. |EEE
Transactions on Power Delivery 1996; 11:122—-129. DOI: 10.1109/61.484008.

5. Mustahsan MIR, Hasan M. A mathematical technique for the optimum
reach

setting of distance relays considering system uncertainties. Electr Pow Syst
Res

1989:101-8.

6. IEC, International electrotechnical vocabulary—~Part 447. Measuring
relays, in:IEC 60050-446, IEC, 2010.

7. CIGRE, Modern Techniques for protection and monitoring of
transmission lines,in: WG B5-07, CIGRE, 2010.

8. Wheatly JM, A microprocessor based current differential protection, In:

Proceedings of the fourth international conference on developments in

power system protection, IEE Publications, April 11-13, 1989. pp. 116-20.

72



9. Dugan, R.C., McDermott, T.E., 2002. Operating conflicts for distributed
generation interconnected with utility distribution systems. IEEE Ind Appl Mag 8
(2), 19-25.

10. Doyle, M.T., 2002. Reviewing the impacts of distributed generation on
distribution system protection. IEEE Power Engineering Society summer meeting
1, 103-105.

11. Rezaei, N., Haghifam, M., 2008. Protection scheme for a distribution
system with distributed generation using neural networks. Int J Electr Power
Energy Syst 30 (4), 235-241.

12. M., Zhe, C., Birgitte, B.J., Claus, L.B., 2011. A Simple Adaptive
Overcurrent Protection of Distribution Systems With Distributed Generation.
IEEE Trans. on Smart Grid 2 (3), 428-437.

13. Adelnia F, Moravej Z, Farzinfar M. A new formulation for coordination
of directional overcurrent relays in interconnected networks. International
Transactions on Electrical Energy Systems 2013; 25:120-137. DOI: 10.1002/

etep.1828

14. Rose SJ, Crossley PA, Walker EP, Johns AT, Martin MA, Peck D.
Disturbance

monitoring/fault test evaluation of a directional comparison protection on
the UK 400 kV transmission system. IEEE Trans Power Del 1988;3(4): 1410-8.

73



74



