MunucrepcrBo o0pazoBanusi 1 Hayku Poccuiickoii @enepannu
denepanbHOE rocy1apCTBEHHOE ABTOHOMHOE 00pa30BaTeIbHOE YUPEXKICHHE
BBICIIET0 00pa30BaHUs
«HAIIMOHAJIbHBIN UCCJIEJJOBATEJIBCKHM
TOMCKHWI MOJUTEXHUYECKHI YHUBEPCUTET»

NHcTuTyT JHEpreTuyecKuii
Hampasnenue noarorosku 13.04.02 — DnekTposHepreTHKa U IEKTPOTEXHUKA
Kadenpa DiekTpruueckux ceTei U 3JIEKTPOTEXHUKH

MAT'UCTEPCKASA JUCCEPTALMUA

Tema pa6oTbI

HccnenoBanne MEeTOI0B MOBBILICHHS KAY€CTBA JIEKTPOCHAOKEHHS U YMEHBIIICHUS TOTEPh
sHepruu B cetsax 10-0,4 kB

YK 621.311.1.017-021.465

CryneHt
I'pynna ()5 (0] Hoanmuch Jara
5AM5B [TaBanuenox FOpuii FOpbeBuu
PykoBogurens
JloJzKHOCTH [01% (0] Yu4eHnas creneHb, Iloanucn JlaTa
3BaHHe
Houent xadenpsr 2Cud I0.A. KpacHsiTOB | K.T.H., JOLIEHT

KOHCVYJIbTAHTHI:
ITo pazneny «OUHAHCOBBI MEHEKMEHT, peCypcodPhEKTHBHOCTH M PECYPCOCOEPEIKEHUE
JloJzKHOCTH [01% (0] Yu4eHnas crenenb, Moanuch Jlata

3BaHHE

Houent kad. menemxmenta |  C.U. Cepreitunk K.T.H., JOLEHT

IIo pasacity ((COI_[I/IaJIBHaH OTBCTCTBCHHOCTL»

JoKkHOCTD (1% (0] Yuenas crenens, Moanucey JaTa
3BaHHe
JHouent xad. 96K B.H. 13BekosB K.T.H., JOIIEHT
JONMYCTUTD K BAILIUTE:
3aB. kadeapoii ()7 (0] YueHasi cTeneHb, Hoanuch Jara
3BaHHe
9Cud A.B. IIpoxopos K.T.H.

Tomck — 2017 1.




INVIAHUPYEMBIE PE3YJIBTATBI OBYYEHMUS 110 OOII

Kon
pe3yabTaTa

Pe3yabTar o0yuenus

(BBIMYCKHHMK /10JI:KeH OBITH TOTOB)

IIpodeccnonajbHbIe KOMIIETEHIIUT

P1

HpI/IMeHSITB COOTBCTCTBYIOIIHUEC T'YMAHUTAPHBIC, COMUAJIbBHO-OKOHOMUYCCKHUC,
MaTEMATUYCCKHUE, CCTCCTBCHHO-HAYUYHBIC 1 MHXKCHCPHBIC 3HAaHWA, KOMIIBIOTECPHBIC
TCXHOJIOTHUHU JJIA pCIICHUS 3a/]a4 pacdcTa U aHaJIn3a SJICKTPUICCKUX yCTpOﬁCTB,
00BEKTOB U CHUCTEM.

P2

YMeTs hopMyTupoBaTh 331a4H B 00JIACTH SJICKTPOIHEPTETUKHU U dJIEKTPOTEXHUKH,
aQHAJIM3UPOBATH U PEIIATh UX C UCIOJB30BaHUEM BCEX TPEOYEMbIX U JOCTYIHBIX

pECypCoB.

P3

YMerb IMPOCKTUPOBATD IJICKTPOIHECPICTHICCKUC U SJICKTPOTCXHUYCCKHUEC CUCTCMbI
N UX KOMIIOHCHTBI.

P4

YMeTb IUIAHUPOBATb U ITPOBOJAUTD H606XOI[I/IMBIG OKCIICPUMCHTAJIbHBIC
HCCIICOOBAaHUs, CBA3AHHBIC C OIIPCACICHUCM MMapaMETPOB, XapaKTCPHUCTUK U
COCTOsAAHUA 3H€KTpOO60pyI[OBaHI/I$I, 00BEKTOB U CUCTEM QJICKTPOSHECPICTUKH U
SJICKTPOTCXHUKH, HHTCPIPETUPOBATH JAHHBIC U ACJIATHh BHIBO/JIbI.

PS5

HpI/IMeHHTL COBPCMCHHBIC METOJAbI U HHCTPYMCHTBI HpaKTI/I‘{eCKOﬁ PIH)KGHGpHOfI
ACATCIIBHOCTH IIpHU PCIICHUU 3a/1a4 B obnact QJICKTPOOHCPICTUKHU U
QJICKTPOTCXHUKH.

P6

HMmeTh npakTUyecKre 3HaHUsl IPUHLIUIIOB U TEXHOJIOTUH 3JIEKTPOIHEPTreTHUECKON
U 3JIEKTPOTEXHUYECKOH OTpaciel, CBSI3aHHbIX ¢ 0COOEHHOCTbIO ITPO0IIeM,
00BEKTOB M BU10B IPO(HECCHOHATBHON JeSATENIbHOCTH MPO(UIIS OIATOTOBKY Ha
NPEANPUATHSIX M B OPraHU3aMUIX — MOTEHIIMAIBHBIX pa00TOIaTeNsX.

yHI/IBepcaﬂLHBIe KOMIICTCHIIMHU

P7

Hcnonn30BaTh 3HaHUS B 00J1aCTH MCHCIPKMCHTA JJIA YIIPABJICHUA KOMILJICKCHOM
I/IH)KeHepHOI\/'I JACATCIIBHOCTBIO B obiactu OJICKTPOOHEPI'CTUKHU U SJICKTPOTCXHUKNU

P8

Hcronb30BaTh HaBBIKM YCTHOM, TMCBMEHHOM pe4H, B TOM YHCIIE HA MHOCTPAHHOM
A3BIKE, KOMIIBIOTEPHBIE TEXHOJIOTUHU JJI1 KOMMYHHKAIIUH, TPE3CHTALNH,
COCTaBJICHUS OTYETOB U OOMEHa TEXHUYECKON HHpopMaiuel B 001acTax
JJIEKTPOOHEPIETUKHU U NIEKTPOTEXHUKH.

P9

D¢ dexkTuBHO padoTaTh MHANBUIYATHFHO U B KAUYECTBE WICHA WU JUACpa
KOMaH/Ibl, B TOM YHCJIe MEKIUCIUILINHAPHOMN, B 00JIACTH SJEKTPOIHEPTETUKH U
AJIIEKTPOTEXHUKH.

P10

IIposIBIATE IMYHYIO OTBETCTBEHHOCTD U IIPUBEPKEHHOCTH HOPMaM
npodecCuoHaNbHOM STUKU U HOPMaM BeJIeHUSI KOMIUIEKCHON MH)KEHEPHOU
JeATEIbHOCTH.

P11

OcymiecTBISATh KOMIUIEKCHYIO HHXKEHEPHYIO e TeIbHOCTh B 00J1aCTH
3JIEKTPOIHEPTETUKH U FIEKTPOTEXHUKH C YUETOM IIPABOBBIX U KYJIBTYPHBIX
aCIIeKTOB, BOIIPOCOB OXPAHBI 3/I0POBbsI U O€30MACHOCTH KHU3HEESTEITbHOCTH.

P12

BbITh 3aMHTEpEeCcOBaHHBIM B HEMPEPHIBHOM O0YYEHUU U COBEPILICHCTBOBAHUH
CBOMX 3HAHMH M KaYeCTB B 00JIACTH JIEKTPOIHEPTETUKU U IICKTPOTEXHUKH.




denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30oBaTelIbHOE YUPEKICHUE
BBICIIETO 00pa3OBaHUs
«HAITMOHAJIBHBIN UCCJIEJOBATEJIbCKUM
TOMCKHWA MOJIMTEXHUYECKWNA YHUBEPCUTET»

NuctutyT DHEpreTuyeckuit

Hanpasnenue noarorosku 13.04.02 D1eKTPOIHEPreTUKA U 3IEKTPOTEXHUKA

Kadenpa Diekrpuueckue ceT U JIEeKTPOTEXHUKA

YTBEPXAIO:
3aB. kadenpoit ICud

A.B. [Ipoxopos

(IToanuce) ([ara)

3AJJAHUE
HA BBINOJIHEHNE BbINYCKHON KBAJIN(PUKAIMOHHONH padoThl
B dopwme:
Marucrepckoil 1ucceprannu
(bakanaBpcKoil pabOTHI, TUITIOMHOTO MPOEKTa/pabOTHI, MATUCTEPCKOM AUCCEPTALIIH)
CryneHry:
I'pynna (0] (0]
5SAM5B [TaBanuenox FOpuii FOpbeuu

Tema paboThI:

HccnenoBanre METOI0B MOBBIIICHHS KAUeCTBA AIIEKTPOCHAOKEHHS U YMEHbBILIEHUS TOTEPh
sHepruu B cetsx 10-0,4 kB

YT1BepxkaeHa TpUKa3oM [ara Ne

Cpok ciaum CTy/IEHTOM BBIIIOJIHEHHON paboThI:

TEXHUYECKOE 3AJIAHHUE:

Hcxonnbie nanHbIie K padore 1. JlaHHBIE TO TEXHOJIOTMYECKHM HapyLICHUSAM
MpeaNpUATHS,

(HaumeHosaHue 0bvexma uccied08anust Uil NpOeKmupoeatus,

NPOU3BOOUMENbHOCMb UMY  HASPY3KA,  pedxcum  pabomsl 2 HaHHBI e oo 3amepam KadecTBa

(HenpepbiBHbILL, NepuOOUHecKull, YUKIUYecKuil u m. 0.); 6uUo
CbIpbsl UMY Mamepuan uzoeius;  mpeboeanus K npoOyKmy,
U30enUIo U npoyeccy; 0cobvle mpebosanus K 0Co6eHHOCMAM
@ynkyuonuposanus (dxcnayamayuu) 06veKma uu uzoenus 6
nramne  OesonacHocmu  IKCHIYAMAyuu, GIUAHUSL  HA
OKpYJICalowyio  cpedy,  dHep2o3ampamam;  IKOHOMUYECKUll
ananuz u m. 0.).

3JEKTPOIHEPTUU TPEAPUATHSA.




IMepeyeHb MOAJIEKAIMX HCCIIEIOBAHUIO,
NPOEeKTHPOBAHUIO U pa3padoTKe
BOINPOCOB

(aHarumuyeckuli 0030p nO AUMEPAMYPHLIM UCOYHUKAM C
Yenbio BbISICHEHUST QOCMUIICEHUN MUPOBOU HAYKU MEXHUKU 6
paccmampugaemotl obracmu; NOCMAHOBKA 3a0auu
uccneo08anus,

codepoicanue

nPOEKMUPOBAHLUS,
npoyeoypel  UCCIe008aHIS,
KOHCIMPYUpO8aHus; 00Cysicoene pe3ynbmamos 6blnoJIHEHHO
pasoenos,

KOHCIMPYUPOBAHUSL;
NpOeKMUposaHus,
O00NONHUMENbHBIX

paﬁombt; HaumeHoeaHue

noonesicawux paspabomxe, 3aKuioyeHue no pabome).

1. AHanUTHYECKUN 0030p HCTOYHUKOB B 00J1aCTH
MOBBIIIECHUS dIeKTpocHa0keHus B ceTsax 10-0,4 xB;

2. AHanu3 po0sIeM KadecTBa AJIEKTPOCHA0KEHUS
cymectBytomuii cetu 10-0,4 kB;
3. TexHUYecKne MPEIIOKEHUSI 10 IMOBBIIICHUIO

KauecTBa djeKkTpocHabxenus B ceTsax 10-0,4 xB;

OcoObie  TpeOoBaHUS:  OIEHKAa  0O€30MacHOCTH

HUCCICI0BaHMsA, 9KOHOMMYCCKUI aHAJIN3.

Ilepedyensb rpaguueckoro Marepuasia

(C mouHbIM YKazaHuem 06s3amenvHbIX yepmedicell)

JleMOHCTpallMOHHBIN MaTepra

(nmpezentanust B8 MS Office Power Point)

KOHchIbTaHTbI 1o pasaejgam BbIHyCKHOﬁ KBaJII/I(l)I/IKaIII/IOHHOﬁ paﬁoTbI

Pazgen

KoncyabTant

ConmanpHas OTBETCTBEHHOCTD

N3BexkoB Bnagumup Huxonaesuu

duHAHCOBBIM MEHEIKMEHT,
pecypcodhheKTHBHOCT U
pecypcocOepexeHne

Cepreitunk Cepreii FIBanoBu4

Haszpanus pa3aejioB, KOTOPbLIE€ JTOJ/IZKHBI ObITh HANMCAHBLI HA PYCCKOM M HHOCTPAHHOM

A3bIKAX:

3.6 Analysis of power quality «IDGC of Siberia»-«Hakasenergo»

3.7 Recommendations to improve the quality of power supply and reduce losses in networks 10-0, 4 kV

«IDGC of Siberian-«Hakasenergo»

JlaTa BpI1a4u 3aJaHUS HA BINOJHEHNE BbINYCKHOM 15.10.2016
10. T.
KBAJIM(PUKAIMOHHOH PadoThI N0 JUHeIHOMY rpaduKky
3anaHue BbIIaJ PYKOBOAUTE/Ib:
JokHOCTH [01% (0] YueHnas creneHb, 3BaHue MMoanucn JlaTa

Homent xadenpet 2Cud | Kpacusaros A.I1O. K.T.H., IOLICHT
3aiaHue NPUHSJ K MCIIOJTHEHUIO CTYAEeHT:

T'pynna (07 (0] Hoanuch Hara

5AMSB [TaBnnuenok FOpuit FOpbeBuu




MunucTepcTBO 00pa3oBaHus U HayKu Poccuiickoil @enepanun
denepanbHOE TOCYIapCTBEHHOE aBTOHOMHOE 00pa30BaTesbHOE YUpexKICHUE

BBICIIET0 00pa30BaHUs
«HAITMOHAJIBHBIN UCCJIEJOBATEJIbCKUM
TOMCKHU NOJJUTEXHUYECKNU YHUBEPCUTET»

NHCcTUTYT — DHEpPreTHYeCcKuit

Hampasnenue noaroroBku — 13.04.02 — DiieKTpodHEPreTUKA U JIEKTPOTEXHUKA
YpoBeHs ob6pa3oBanus — Marucrparypa

Kadenpa — Dnekrpuueckux ceTei U 3JIeKTPOTEXHUKH

[lepuon BeITTOTHEHNS OCeHHUI/BeceHHUH cemectp 2016/2017 yyeOHoro roga

®opma npeacTaBieHus: padoThI:

MaFI/ICTepCKaH AUuccepranusa

(bakamaBpckast paboTa, TUIIIOMHBIHN MPOEKT/padoTa, MarucTepcKas TUCcepTarys)

KAJIEHJIAPHBIN PEUTUHI -TIIVIAH
BbINIOJIHEHH S BBINYCKHOM KBAJTH(UKANMOHHOH PadoThI

Cpok c1auM CTy/IEHTOM BBIIIOJIHEHHOM pabOThI: ‘

Harta Ha3zsaHnue pa3gena (Mmoay.s) / MaxkcumabHbIH
KOHTPOJIs BHUJ paboThI (MCCIe0BAHUS) 0an1 pa3gena (Moxy.as)
I'naga 1. JIutepaTypHbIii 0030D. 20 6annoB
I'masa 3. KagectBo anexrpocHabxenus. [[puamHp! OTKIIOHEHUS
KadecTBa JIEKTPUIECKOM dSHEPTrunu. MeTOo bl U CpeicTBa 60 6ayutoB
TTOBBIIIICHHS KAYECTBA IJIEKTPOCHA0KECHHUS.
(DUHAHCOBBI MEHEKMEHT, pecypco3(pPeKTUBHOCTS U
10 6ammoB
pecypcocOepexeHne
CornuanbHast OTBETCTBEHHOCTD 10 GastoB
Hroro 100 6amioB
CocTaBui npenoaaBaresib:
JomxHocTh DdUO YuyeHasi cTeneHb, Iloanucek JlaTta
3BaHHUe
JHouent xadenpsr ICud Kpacnsros 10.A. K.T.H., JIOUEHT
COI'TACOBAHO:
3aB. kadenpoii DOUO Yu4eHas cTeneHb, Moanucey Jara
3BaHHUe
DNEKTPUYECKUX CETEN U ITpoxopos A.B. K.T.H.




ANEKTPOTEXHUKHU ‘

3AJAHUE JUISI PA3JAEJA
«®UHAHCOBBIMU MEHEJKMEHT, PECYPCO®®PEKTUBHOCTb U
PECYPCOCBEPEXEHUE»

CTyneHry:

I'pynna L0250

5AMS5B [TaBnuuenok Opuii FOpreBuu

HAucraryT OHepreTUYeCcKui Kadgenpa 9Cud

YpoBeHb 06pa3oBaHus Marucrparypa HanpasJjienne/cnenuaabHOCTh DJIEKTPOIHEPTETUKA U DIEKTPOTEXHUKA

Hcxoanbie 1aHHbIe K pasaeny «PHHAHCOBBIH MEHEIKMEHT, pecypcod(p(PpeKTHBHOCTD U
pecypcocOepeKeHHe»

Benuuuna skomomuu 61002cemmuvix cpedcms npu
UCNOTL30BAHUU CPEOCME NOBbIUEHUA KA4ecmed
anekmpocHabxcenus.  Benuuuna  ywepba  om
HeKA4eCMBeHHO20 eKMPOCHADHCEH U

1. Cmoumocms pecypcog Hayurozo ucciredoganus (HH):
MAMepUATbHO-MEXHUYECKUX, IHEPeMUYEeCKUX,
DUHAHCOBBIX, UHPOPMAYUOHHBIX U YETOBEUECKUX

Cmema sampam HaA  NnoeblUleHUe  Kavecmed

2. Hopmbl u Hopmamuesl pacxo008anusi pecypcos
P P p peayp 3JZ€Kmp06‘Ha6DIC€Hu}1 npedcmaeﬂen 6 ma6ﬂuue

3. chwzbs*yemaﬂ cucmema Ha]l02006]l09fceHu}l, cmaesKku
HAJl02086, omlmc’ﬂeHuﬁ, Oucm)HmupogaHuﬂ u erdumosanuﬂ

IlepeueHnb BONPOCOB, MO/JIEKANIMX HCCIEI0BAHNIO, TPOEKTHPOBAHUIO U pa3padoTKe:

Hnnosayuonnwiii nomeHyuan npoexma
1. Oyenxa Kommepuyeckoeo u UHHOBAYUOHHO20 HOMEHYUANA 3aKa0yaemcs 80  GHEOPeHUU  IKOHOMUYECKU
HTH appexmusnblx Memooos NOBbIUUEHUSI KAYecmed
9NEeKMPOCHAOIHCEHUS
2. Paspabomxa ycmaga HayuHO-mMeXHUUECKO20 NPOEeKmd He paspabamvieaemcs
3. IInanuposanue npoyecca ynpasienus HTH: cmpykmypa u .
P oY i PYRIP QuHancuposanue npouszeooumcs cemesoii
epagux npogedenust, 6I00icem, pUCKU U OP2AHU3AYUSL .
opeaHusayuell

3aKYNOK

IIposooumcesi nHa 0CHOBE BO3MOJICHVIX OMKA308
000py008aHUsL NPU HEKAYECTNBEHHBIX MOHMANCHBIX
pabomax

4. Onpedenenue pecypcHoul, PUHAHCOBOU, IKOHOMUYECKOU
agpgpexmusrocmu

Hepeqeﬂb r pac[)nquKoro MaATEPHUAJIA (c mounvim ykasanuem obazamenvhvix uepmedicetl):

1. Oyenounas xapma ons cpagHenuss KOHKYPEHMHbIX MEXHUYECKUX PeuleHUl,

2. Obodwennvle mexHuKo-IKOHOMUYEeCKue OaHHbIe 6HEOPEHU MEMOOA NOBbIUUEHUS KAYeCTNA DIeKMPOCHAOIHCEHU,
3. Y] om paccmampusaemvix 8apuanmos,

4. I'paghuxu OUCKOHMUPOBAHHO20 OEHENHCHO20 NOMOKA C HAPACMAIOWUM UIMO2OM

\ JlaTa BbIIa4M 3alaHUHA JJIA pa3/ienia o JHHEHHOMY rpauky \

3aganue BbIAAJ KOHCYJBTAHT:

J0/KHOCTH (0115 (0] Y4enasi cTeneHs, TMoanuch JaTa
3BaHNe

JomeHnT xad. MEHEPKMEHTA C.1. Cepreitanx K.T.H., JIOIICHT

3a11aH1/1e NMPUHHAJT K UICITIOJTHEHUIO CTYACHT:

I'pynna PUO Moamucy Jara

5AMS5B [TaBnmuenox FOpwuii FOpreBru




3AJJAHUE JJISAA PA3AEJIA
«COIUAJIBHAA OTBETCTBEHHOCTDb»

CTyneHry:
I'pynna ouo
5SAMS5SB [TaBnnuenok FOpuii FOpbeBuu
HucruryT OHepreTuyecknit Kagenpa 9Cud
YpoBeHb 00pa3oBaHus Marucrparypa HanpasJ/ieHue/cnenuajbHOCTb OneKTposHepreTuka u
IIEKTPOTEXHHUKA

Hcxoanble JaHHBbIE K pasgeiny «Couua.m)naﬂ OTBETCTBEHHOCTb».

1. Xapakrtepucruka o0bekTa mucciael0BaHusl (BellecTBO,
MaTepuaJj, npudop, aJIrOPUTM, METOAMKA, padoyasi 30HA) U
00J1aCTH ero NpuMeHeHus!

OOBEKT HCCIIEAOBAHMUS: METO/IBI OBBIIICHHS
Ka4ecTBa HJICKTPOCHAOKCHNS U YMECHBIICHUS
MOTEPb.

Ob6mnacte ero npumeneHus: cetu 10-0,4 kB.

IlepeyeHs BONMPOCOB, MOAJIEKAUIUX HCCIEAOBAHNIO, MPOEKTHPOBAHMIO H pa3padoTke:

1. [Ipon3BoacTBeHHAs1 6€30MACHOCTH

1.1. AHanu3 BBISIBJIEHHBIX BPeAHBIX (hpaKTOPOB npu
pa3padoTKe M IKCIUIyaTallUH POEKTHPYEMOTO pellieHHsI B
cleayoIei mocjae10BaTeIbHOCTH:

— MeteonapaMmeTpsl;

— HanpsixeHHOCTB 3peHust;

— OCBEIIEHHOCTR;

— DNeKTPOMarHUTHbIC U3ITyUCHNUS;

— Mym

— INcuxodpuznonormaeckue GakTopsl

1.2. AHa/M3 BBISABJIEHHBIX ONACHBIX (JAKTOPOB NPHU
pa3padoTKe M IKCILUIYaTallMi MPOEKTHPYEMOro pelieHus: B
cieyoIei nocjae10BaTeIbHOCTH:

— DIEKTPUYECKUN TOK.

— Pa3paboTka OpraHM3allMOHHBIX U TEXHHYECKHX
Mep [0 HOpMallM3allid YpPOBHEH (HakTopoB U
3aILUTE OT UX ACUCTBUS

2. DKoJiornueckasi 0e30MacHOCTD:

— OTXOI[I)I IIpyu UCCICAOBAHNN

— Pa3paborath perienus mo ooecrnedyeHHIo
9KOJIOrM4ECKON 0€30MacHOCTH CO CChUIKAMU Ha
HT/I no oxpaHe okpyxaroei cpesl.

3. Be3onacHoOCTh B Ype3BbIYAliHBIX CHTYaLIMAX:

— [epeuens Bo3moxHBIX UC mpu pazpaboTke
IIpoexTupyemoro pemeHus;

— Bri6op nHanbonee tunmanoit UC;

Pa3paboTka neiicTBuil B pe3yabTaTe BOSHUKIICH
YC u Mep 1o TUKBUIALUH €€ OCIEACTBHM.

4. IlpaBoBbIe U OPraHU3aLMOHHBIC BONPOCHI 00ecnedeHn s
0e3omacHOCTH:

— CnennanbHbIe (XapaKTEepHBIC PU KCILTyaTaIlHU
00BEKTa UCCIICIOBAHMS, IIPOCKTUPYEMOH paboueit
30HBI) IPABOBBIC HOPMBI TPYIOBOTO
3aKOHO/IATEJIbCTRA;

— OpraHu3aoHHBIE MEPOIIPHATHS TIPH
KOMITOHOBKE paboueii 30HEbI.

‘ JlaTa BbI1a4M 3a1aHUsA JJIs1 pa3/iesia o JHHeHHOMY rpaduky

3aganue BbIAAJ KOHCYJBTAHT:

JokHOCTH [01% (0] YuyeHas cTeneHb, MMoanucn JlaTa

3BaAHHE

Houenr xad. 5K | zpekoB Bagumup HukosaeBuu K.T.H., IOLEHT




33)13HI/IC NPUHAJT K HCIOJHCHUIO CTYACHT:

I'pynna [7(0] Hoanuch Jara
SAMSB [TaBnnuenok FOpuit FOpbeBuu
Pegepar

Brinmycknas kBanudukannoHHas pabora cocrout u3 123 c., 33 puc., 17
TabJ1., 32 UCTOUYHUKOB U 1 MpuiiokeHus.

KitoueBbie ciioBa: Ka4ecTBO AJIEKTPOCHAOKEHUS, KAUeCTBO IIEKTPUUECKON
DHEPrUH, MOKa3aTeId KauyecTBa AJIEKTPUUECKOW 3HEPruu, METOAbl MOBBILICHUS
KayecTBa 3JIEKTPOCHA0XKEHNUS, IOTEPH IIEKTPUUECKON SHEPTUH.

OO0bexToM mccaenoBanus apisgoTcsa cetu 10-0,4 kB.

Lens paboTel — HCCIEOOBAaHUE METOJIOB TMOBBIIICHUS KadecTBa
AJIEKTPOCHAOKEHUS M YMEHbIIICHUS TIOTeph dHepruu B ceTsix 10-0,4 xB.

B nmpomecce paboThl TPOU3BOJAMIMCH aHANM3Bl MPOOJEM KayecTBa
AIIEKTPOCHA0KEHUS, BIIUSIHUE poOiemM KauecTBa Ha paboty
AIIEKTPOOOOPYIOBAaHUE U YEJOBEKa, PEKOMEHJOBAaHbl METOJIbl IOBBILLICHUS
KaueCTBAa AJIEKTPOCHAOKEHUS U YMEHBIIICHHUS.

O6nactb npuMenenus: anekrpudeckue cetu 10-0,4 kB.

[loBpllIeHME  KauecTBa  BJEKTPOCHAOKEHHUS  MO3BOJSET  COKPATHUThH
JOTIOJTHUTENbHBIE PACXO/Ibl, TAKUE KAK: JIOMOJHUTEIbHBIE MOTEPH AIEKTPUUECKOU
SHEPrUM, HEAOOTIYCK O3JIEKTPOIHEPTUH, YIIEpO MOTPEOUTENIO 3IEKTPUUECKON

HHEPTUU.
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BBenenue

Tema marucrepckoit qucceprauuu — «lccienoBanne METOI0B MTOBBILICHUS
KadyecTBa AJICKTPOCHAOKEHUS U YMEHbBIIIEHUS 1oTeph B ceTsax 10-0,4 kBy.

Lenpro maHHOW pabOTHI SIBISETCS PACCMOTPEHUE METOIOB IMOBBIIICHHUS
KaueCcTBa DSJEKTPOCHAOKEHUSI M YMEHBIICHUSI MOTEPh, a TaK K€ Ha IMPUMEPE
po0JIeM CYIIECTBYIONIEH pallOHHON JIEKTPUYECKOM CeTH clienaTh PEKOMEH AU
10 TIOBBIIICHUIO KAYECTBA JIEKTPOCHAOKEHMUS.

OCHOBHBIMHM  33J]JayaMH, pEIIAEMBIMH B MarucTEpCKOM JUCCepTallH,
SABJISIFOTCSL:

—  O3HAaKOMJICHME€ C TIOHATHEM KadyecTBa DJICKTPOCHAOXKECHUS U
TpeOOBAHMIM K KaU€CTBY AJIEKTPOCHAOKEHUS;

— 0030p ¥ aHanM3 JUTEPATyphl C LEIbI0 PACCMOTPEHHUS OCHOBHBIX
MoKazaresied KadecTBa DJIGKTPOCHAOXXEHUST W METOJAaMU  TOBBIIICHUS B
OTZIEJIbHOCTH Ka)XJI0TO MOKA3aTessl KaueCcTBa;

—  aHaJIM3 KayecTBa AJIEKTPOCHAOKEHUSI CYIIECTBYIOIIECH AIEKTPUUECKOM
cetu (Ilupunckoit P3C);

—  TMPEeIJIoKEHUE MEpONPUSTUI o MOBEILICHUIO KauyecTBa
AIEKTPOCHAOKEHHUS aHATTM3UPYEMOM CETH.

KadectBo paboThl pactipeieIUTEIbHBIX CHCTEM UMEET MPSIMOE BIMSIHUE HA
TEXHOJIOTUYECKUN TPOIECC MOTPEOUTENsI CTpaHbl, B CBS3U C ATUM OCHOBHOM
3a/1a4eil AIEKTPOCHAOKEHUS TOTPEOUTENISI MOKHO 0003HAYUTH TaK: OOecreyeHue
NOTPEOUTENST ANEKTPUUECKOM JHEpruu OecrepeObOHO B HYKHOM 00beMe U
HY>KHOTO Ka4yecTBa.

[TonsiTHe «Ka4eCTBO DJIGKTPOCHAOKEHHS» TMOApasyMeBaeT B cebe
KOMIUIEKCHYIO ~ XapaKTepUCTHKYy, a HMEHHO  I[IOKa3aTelil  HaJIeKHOCTU

AIEKTPOCHAOKEHUS, SHEPTrodIP(HEKTUBHOCTH U KaU€CTBO JIEKTPUUECKON IHEPTUH.
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Takum 006pa3om, eciii TOBOPUTH 00 YPOBHE KAadeCTBA AJICKTPOCHAOKEHUS,

TO HCO6XOI[I/IMO YUUTBIBATHL BCC COCTABJIAIOMHC. HAACKHOCTbL HW KadYCCTBO

QJICKTPOOHCPIHUHU.

KayecTtBO

3/1eKTPOCHabKeHnA

HapgexHocCTb

KayecTtBO
3/1IeKTPO3HEPIrnmn

PI/ICYHOK 1- CBOP'ICTBa, OIIPCACIIAIOIINC YPOBCHb KaUCCTBA 3JI€KTpOCHa6)KCHI/IH
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Pasznen 1 O030p uTepatypsl

1.1 TpeGoBaHus K Ka4eCcTBY JIEKTPOCHAOKEHUSI

Ocy1iecTBiieHHE ONPENEICHUST KauyecTBa yCIyr U TOBApOB IPOBOAMTCS I10
YCTaHOBJICHHBIM HOPMAaTHBHBIM JIOKYMEHTaM. B pOCCHICKOM 3SHEpPreTHYecKOM
pPBIHKE TOBAPOM SIBIISICTCS SJICKTPUUYECKasi DHEPIHsl, a MPOLIECC IIEKTPOCHAOKEHNUS
DHEPTUEH SIBIISIETCS YCIIYTOM.

Cornmaco npenycmoTtpeHHou cratbein No547 I'paxxkmanckoro kouaekca PO
[1], moTpeOuTenb SIIEKTPUUYECKOW HHEPrHMHM BIpPaBe TpPeOOBATh BO3MEIICHHE
y1epOOB BO3HUKILHUE B PE3yIbTaTe€ HU3KOTO KAueCTBA TOBAPA WM YCIYTH.

[IpuunH yniep0a HAHOCUMOMY MOTPEOUTETIO MOXKET OBITh HECKOJIBKO:

—  yuiep0, CBA3aHHBIN C IEPEPHIBOM AEKTpocHaOXkeHus. B 3ToM ciydae
NOTpeOUTENh MONTYy4aeT HKOHOMUYECKMH yiepd OoT He (PYHKIHMOHUPOBAHHUSA
NPEANpUATAS B 3TOT MPOMEXKYTOK BpeMEHU. A Tak e ymepO B pa3bl MOXKET
YBEIIMYHUTHCS B PE3YJIbTAaTE NOPYU JOPOTOCTOSILIETO ChIPbS;

— ymep0O, CBS3aHHBIA C TMOSIBICHHE OpaKOBAHHOW MPOIYKLHHU.
bpakoBaHHass mnpoAyKUMs BO3HHUKAeT B pe3ylibTaTe HapyleHUus padoThl
o00opya0BaHUs, OOBSICHIEMOTO OTKJIOHCHUSMH KAa4eCTBa JIEKTPOIHEPTUH. Yiepo
YBEIUYHUBAETCS, €CIIU JIEKTPOIIPUEMHUKH MTUTAIOTCA OT CETU C HU3KUM KaueCTBOM
NIEKTPOIHEPTUH JUIMTEIBHOE BpEMSA. OTO NPHUBOJUT K YCKOPEHHOMY H3HOCY
AIEKTPOOOOPYI0BAHUS;

— Tepelada W paclpeielieHHe AJIEKTPOIHEPIHMH  COMPOBOXKIACTCS
NOTEPSIMU, KOTOpble HEOOXOJUMO OIlauuBaTh. BO MHOTOM BelMYMHA MOTEPh
3aBUCHUT OT PEKUMa paOOTHI DIIEKTPUUICCKON CeTH.[2]

3aKiloueHue O KauyecTBE JJIEKTPOCHAOKEHUS MOXKHO CJIeNaTh IyTeM
KOMIUIEKCHOTO aHaju3a ToKa3aTeliel AIIEKTPOCHAOKEHHs, B COOTBETCTBUU C

HopMmaMmu, yctaHoBieHHbIMA B ['OCT u [1YO.
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1.1.1 TpeGoBaHus K HAAEKHOCTH FIEKTPOCHAOKEHUS

OGecnieueHne  HAAECKHOTO  CHAOXKEHHSA  DJIEKTPUYECKOM  SHEprueut
MOTPEOUTESI, MUTAIOIIETOCS OT CETH, SIBIIIETCSI OCHOBHOM 3a/1aueil 3JIEKTPUYECKON
cetd. [lorTOMY HaIEKHOCTH DJIEKTPUUYECKON CETH HEOOXOAMMO 0003HAYMTh, KaK
CBOMCTBO 2JIEKTPUUYECKON CETH 00ecreurnBaTh HEOOXOIUMYIO CBSI3b MEXKIY Y3JIaMHU
UCTOYHHUKA U TIOTPEOUTEINS IICKTPUUECKOM SHEPTUU ISl BBITIOJTHEHUS IOTOBOPHBIX
0053aTENIbCTB CETH MO0 HAZEKHOMY JIEKTPOCHAOKEHUIO MOTpEeOUTENEH.

[IpyuriHaMu  HapylIeHHs] JJIEKTPOCHAOKEHUST MOTpeOuTeNed B  BHUAC
NPEKpalIeHUs] WIM OTPAaHWYCHHsS] TOJAa4Yd DJIEKTPOSHEPTHU B OONBIINHCTBE
CIIy4aeB SIBIISIOTCA:

—  TEXHOJIOTWYECKHE HApYIICHWs Ha JHHHUAX OJJCKTpoIepenayn u
MOJICTAHIIMSIX;

— B HOPMaJIbHOW CXEM€ M TMOCJICaBapUIHBIX PEKUMAX BO3HUKAECT
OrpaHUYEHHE 110 MPOIYCKHON CIOCOOHOCTH CETEBBIX OOBEKTOB;

—  7edUIUT MOIIHOCTH pabOThl TEHEPUPYIOIIMX KOMITAHWK B
HOPMAaJIbHBIX U MOCICaBAPHIHBIX PEXKUMAaX padOTHI;

— OomMOKM B ONEPATUBHO-AUCIETUYEPCKOM YIPABICHUU IO BEACHUIO
pexumMoB pabotsl IIC;

—  HempaBuibHas padoTa NPOTUBOABAPUNHON aBTOMATHKHU

—  HECOIJIaCOBAaHHBIC U OMIMOOYHBIC ICHCTBHS MOTpeOuTeNns [2].

[lepBpie 1aBEe TPUYUHBI BIUSIOT B OOJNBINCH CTENEHH HAa HAJEKHOCTH
DJIEKTPUYECKOM CETH.

TpeGoBanuss K  HaAEKHOCTH  DJICKTPOCHAOKEHUS  JOJDKHBI  OBITH
oOecrieueHHbl Ha CTaIuM MPOEKTUpOBaHME O00BEKTa. B mpoliecce sKCIUTyaTaIuu
HAJ)KHOCTh OOECreurBaeTcs IyTeM NPOBEACHHUS IUIAHOBBIX, PEMOHTHO-
pOPHIAKTHIECKUX Pa0dO0T C YCTAHOBIIEHHON TIEPUOUIHOCTHIO.

DJEKTpOIHEPreTHUECKass CUCTEMa COCTOUT M3 YCTPOMCTB, T€HEPHPYIOIINX

QJICKTPUYCCKYIO OSHCPIrur0 U HOTpe6J'I$IIOHII/IX cc, 06’be,Z[I/IHCHHBIX JIMHUAMHA

15



AIEKTPUUECKUX CETEW C pacHpeleaUuTENbHbIMA YCTPOWCTBAMM, IMOBBIIIAIOIIUMU U
MOHMKAFOIIUMH MTOJICTAHIUAMHU [ 3].

Ilo BaKHOCTH HaJISKHOTO obecrnieuyeHus AIIEKTPOIHEPTHEN
AIEKTPOIIPUEMHUKH  (3JEKTPUYECKass 4YacTh IPOU3BOJICTBEHHOW YCTaHOBKH,
HOJTy4yarolasi JIEKTPO’HEPIHI0 U Ipeodpasyrolas ee) pasfeisiioT Ha Tpu 3
kareropu# [3].

—  NOTpeOuTeNb TPETHHd KAaTerOpUH, OJICKTPOCHAOXKEHHE KOTOPOTo
OCYLIECTBJISIETCS IO OJHOLEITHOM JIMHUU JJIEKTPOIIEpenad OT OJHOI'O0 MCTOYHHKA
NUTaHus, ©O€3 JIONMOJHHUTEIbHBIX PE3EPBUPYIOMIMX  AJIEMEHTOB,  JOJIKEH
XapaKTepHU30BaThCAd KOA(DPUIMEHTOM ONEPATUBHOM TOTOBHOCTU HE HMke 99.671
%, oxumaemMoe BpeMs HaXOXKICHUS B HEHUCIIPABHOM COCTOSIHUM HE JOJIKHO
IpeBbIIATh 28.8 4. B TOL;

—  NOTpeOuTeNb BTOPOH KATErOpUH, SIIEKTPOCHAOKEHHE KOTOPOTO
OCYILECTBISIETCSl 1O HECKOJIBKMM JIMHHUSM 3JEKTpolepenad OT JByX U Oojee
HE3aBUCUMBIX HMCTOYHUKOB IHUTaHUSA, MAOMYCKAIOMIMI MPOBEACHUE PEMOHTHO-
npodriiakTHaeckux pabor 0e3 MpekpamieHusi DIEKTPOCHAOKEHHS, JOJIKEH
XapaKTepU30BaThCAd KOADPUIIMEHTOM ONEPATUBHOM FOTOBHOCTH HE HUke 99,982
%. BpeMsi HaXOKJCHUSI B HEUCIIPABHOM COCTOSIHUE HE JOJKHO MpeBbImath 1,58 u.
B roa. llepepblB 31€KTPOCHAOXKEHHS MPUBOAUT K OOJIBIIOMY KOJUYECTBY
HEJOTOJTYYEHHUIO OPOIYKIHUH, JUTUTEIbHBIM IPOCTOSIM MEXaHU3MOB
IPOMBIIIIIEHHOCTH, TPOCTOSI pab0YMX, HAPYILIEHUIO HACEICHMUS,

—  TOTpeOuTeNb MEPBOM KAaTEropuH, dJIEKTPOCHAOKEHUS KOTOPOTO OCY-
HIECTBJISIETCS. MO HECKOJbKHM JIMHUM JJIEKTpoIepeaad oT JBYyX U Oojee
HE3aBUCUMBIX HMCTOYHHUKOB IHUTaHWSA, MAOMYCKAIOMIMI MPOBEACHUE PEMOHTHO-
NpOPUIAKTUYECKUX padoT 0e3 MpeKpalieHUs] 3JIEKTPOCHAOKEHUS  MMEIOIEro
JOTIOJTHUTENBHBIE  PE3EPBUPYIOLIME 3JEMEHThl JOJDKEH XapaKTEepU30BaThCA
KO3(pPUIIMEHTOM ONEpaTUBHOM TOTOBHOCTH He HIkKe 99,995 %, Bpems

HAXOXJICHUSI B HEMCHPABHOM COCTOSIHME HE NOJDKHO npeBbimath 0.44 4. B rof.
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DTO0 3MEKTPONPUEMHHIKH, TIEPEPHIB KOTOPHIX MOXKET MOBJIEYh 3a COOOM OMAaCHOCTh
JUTSI )KA3HU YeJTOBEKa, OOJIBIIION MaTepHuabHbIN yIepo.

JUJIst OLIEHKH HAaJIe)KHOCTH Haubosiee MpUeMIIEMbl METOJbl OIEHUBAHUS
HAJIC)KHOCTU MO CTAaTUCTHUYECKHMM JIaHHBIM JKciutyaTauuu. [losTomy B Kaxkaou
ANEKUPUYECKOM CceTH opraHu3oBaH cOop u Qopmupyercs 0aza ciydyaeB
TEXHOJIOTUYECKUX  HApyIIEHWHW U  OrpaHUYEHUH B  BIEKTPOCHAOKEHUU,
comepkamiyro uH(OpPMAIMIO O MeCTe, BPEMEHHW, TMPUYUHBI, BEITUYHHE

OT'PaHUYICHUA].

1.1.2 TpeOoBaHuA K Ka4eCTBY JIEKTPOIHEPIUU

DneKTpuYecKass SHEPrus SBISACTCS OCOOBIM BHJIOM TMPOIYKIIMHA, HWMEET
OTIPEJICIICHHBIC XapPAKTEPUCTHUKU, MO KOTOPHIM CYIAT O TMPUTOJHOCTH B
TEXHOJIOTUYECKHX MPOIIeCCax.

OOmiee  mMOHATHE  KadecTBa  DJIEKTPOSHEPTHU  3TO  COBOKYIHOCTH
XapaKTEPUCTUK, MPH KOTOPBIX DJIEKTPONPUEMHUKH CHOCOOHBI BBIMOJIHATH 0€3
HapylmIeHWHd 3aJlO)KeHHBIE B  HUX (QYHKIUU. KadecTBO 3IEKTPOIHEPTUU
OIICHUBAETCS IO TEXHUKO-DKOHOMHYECKUM TTOKA3ATEIISIM:

—  TexHoJoruyeckuit ymepd (Opak, CHUKEHUE MPOU3BOAUTEILHOCTH
TpyJa U MEXaHNU3MOB, YXYAIICHUE KaueCTBa MPOAYKITHH)

—  DJIEKTPOMATrHUTHBIN yiiepo (moBpexaeHue o0opyI0oBaHus,
YBEIMYCHHE TIOTEPh AJICKTPOIHEPTHH, HAPYIICHUE PaOOThI CBS3H, TEICMEXaHUKH,
aBTOMATHKH) [4].

ABTOMaTH3aIMs, a TaKXKE YCIOKHEHHE TEXHOJIOTHUECKUX MPOIIECCOB
BMECT€ CO CTPEMJICHHEM K TIOBBIIICHUIO IPOM3BOAMTEIILHOCTH TpyJda Ha
COBPEMEHHBIX TMPOMBINIJICHHBIX MPEANPUATUAX OOYCIOBUIU  MNPUMECHECHHE
MOIIHBIX BEHTWJIBHBIX TIPUBOJIOB, CBAPOYHBIX YCTAHOBOK, MOIIHBIX JTYTOBBIX
neueii. Ha kadecTBO mMTarOmEed CeTH TakuWe TMOTPEOUTENM OKa3bIBAIOT

CymCeCTBCHHOC BJIMAHHC.
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KauecTBO 37€KTpO’HEprHM KaKk U HAJEKHOCTb SIBISIETCS 00sS3aTeIbHBIM
TpeOOBaHMEM TPEIBSIBISIEMBIM K cCHCTeMaM »dJekTpocHabxkenus. [lokazarenu
kauectBa ekTposHepruu (I1K3D), nHopmupyemsie B [OCT 32144—2013 «Hopmbl
KayecTBa DJEKTPUUECKOH DHEPrMH B CHUCTEMax »JIJIEKTPOCHAOKEHHUsS O0OI1Iero
Ha3HaueHus»[d]. B craHmapTe ycTaHOBIIGHBI MOKa3aTeNM M HOPMBI KadyecTBa
anekTpuueckoir sHeprun (KD) B Toukax mnepemaum SJIEKTPUUYECKON IHEPTrUU
NOTPEOUTENSAM 3JIEKTPUYECKONM 3HEPIMM CETH HU3KOr0, CPEIHEr0 U BBICOKOIO
HampspDKeHUsl. A Takke, B CBS3M C BKJIIOYEHUEM DJIEKTPUUYECKOW HHEPruu B
nepeyeHb ToBapoB ¢ BeIxoAoM Ilocranosienus IlpaBurensctBa Poccuiickon
Oeneparuun Nel013 ot 14.08.1997 1., kauectBO anekTposnepruu (KD) tak ke
JNOJDKHO coOnoiateesi € TOukM 3peHus 3akoHa P® «O 3ammure mnpas
MOTPEOUTENECI.

Jnisa obecrieueHUs] HaAJEXKAIUX TEXHUKO-3KOHOMHYECKHUX IOKa3aTesen
(YHKIIMOHUPOBAHUS CUCTEM 3JIEKTPOCHAOKEHUs, HEOOXOAMMO IOKa3aTelu
KauecTBa  DJIGKTPOAHEPrHMH  TOJJEpKMBaTh  HAa  ypoBHE  TpeOOBaHUU
npeactaBieHHbix B ['OCT 32144—2013 «Hopmbl KadecTBa 3JIEKTPUYECKOU
SHEPTMM B CHCTEMaxX  JJIGKTPOCHAOXeHHs ~ oOmero  HasHadYeHUs»|5]

MpeCTaBICHHBIX B TabuIe 1.

Tabmuua 1 — [lokazaTenu kauecTBa 3JIEKTPUUYECKON IHEPTUU U UX HOPMATHUBBI

HaunmenoBanue I1IKD u ero JlonmycTumeple 3HaUEHUS
Ne i/m o0o3HaueHUE o 'OCT 32144-2013
o 'OCT 32144-2013 HopmanbHhblie [IpenenbHbIE
OTKIIOHEHNE HAPSIKEHUS —
1 — +10
6U,,%
Jlo3a uukepa:
5 KpaTKOBPEMEHHas — 1,38
JUIATEIIbHAS - 1,0
P;, o.e.
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Haumenosanue I1K3 u ero JlonycTumele 3HaYEHUS

No /ot 0003HaueHnE o 'OCT 32144-2013

no 'OCT 32144-2013 HopmanbsHbie [IpenenbHble

KoadpunmenT nckaxxeHus
3 CUHYCOUJIATbHOCTH KPUBOU 8,0 12,0

Hanpspkenus K, %

Koadduruent n-oi
5 Taobmuna Ta0Omuma
rapMOHUYECKON

4 1-3B 1-3B

COCTaBJIAIOIICH HAIIPSKCHUA
T'OCT 32144—2013 | TOCT 32144—2013
Ku(n), %

Koadpunment necummerpuu
5 HaIPsHKEHUH 0 00paTHOM 2,0 4,0

nocienoBatenbHocTu Ky, ,%

Koadpdunment necummeTpun
6 HanpsH>KEHUM 10 HYJIEBOM 2,0 4,0

nocnenoBatenbHocTu Ky, %0

7 Ortknonenue yactotsl Af, I'ig 0,2 0,4

JImuTenbHOCTh MpoBaIa

Hanpsbkenus Atg, ¢

9 [epeHanpspkeHust Ly, , C — 60

JIns aBapuiiHOTO peXMMa JAaHHBIA CTaHAAPT HE YCTAHABIMBACT HOPMBI
Ka4yeCTBa AJIEKTPUYECKOU SHEPTUU Y TPUEMHUKOB.

KoHTpoas mokasarenei kauecTBa ICKTPUUSCKON IHEPTHH HEOOXO UM JIJIs
NOAJCpKaHUS TOKa3aTeliel KadecTBa SJIEKTPOSHEPIrMM B HOpME. 3ajayaMu
koHTponupoBanus [IKD saBnsroTcs:

— 3aMep TIOKa3zaTeled KaudecTBa JJIEKTPOIHEPTHH JOJDKEH OBITh
npousseneH cormacuo 'OCT 30804.30-2013[6];

—  mposepka coorBercTtBus [IKD TpedoBanusam ['OCT 32144—2013[5];
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—  BbISICHEHHUE NpUYUH HecooTBeTcTBUsA [TKD;

—  ompeneneHue yuepoa HAaHECEHHOTO pe3ynbTaToM OTKIoHeHHs [1KD;

—  BBIABJICHUE BUHOBHBIX B HapyuieHuu KO;

Crnenyer OTMETHTH BBICOKHE TpEeOOBaHUS K KA4eCTBY AJICKTPUUCCKOU
sHeprud B Poccum, KOTOphlE HE YCTYNAlOT €BPONEHCKUM CTaHJapTaM.
EBponeiickue cranmaptel |EEE  Standart 519, IEEE Standart 1159 wu
Awmepukanckuit ctannapt ANSI C84-1.
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Pa3zgen 2 O0LeKT M METOABI MCCJICI0OBAHUSA

OcHOBHOI 3a7adeil WcclIeAOBaHUS SBISETCS PACCMOTPEHUE M aHAIIU3
METOJIOB MOBBIIIEHUS KAYECTBA AJIEKTPOCHAOKEHHS U YMEHBIIECHUSI IOTEPb.

B wmarucrepckoil amccepranudyd pacCMOTPEHbI MEPONPUSITHS, KOTOpHIE
JaayT  TOJOXUTENbHBIM  3¢h@dekT B  BOMpOce  TMOBBIIMICHHUS  KayecTBa
AJIEKTPOCHAOKEHUST HA TIpuMepe pailoHHBIX dekTpudecknx ceteir [TAO «MPCK
Cubupny - «XaxkacsHeproy».

OOBEKTOM HUCCIIENOBAHUS SIBISIOTCS.

1. OObexThl paitoHHOM nekTpudeckoi cetu 10-0,4 kB;

2. TpeboBaHusl K KauecTBY 3JIEKTPOCHAOXKEHUsI CETEW MOCTaBJICHHBIC K
CETEBOM OpraHu3aluy;

3. Tlokazarenu KauecTBa IEKTPOIHEPIUH;

4. BnusiHue OTKJIOHEHUS KauecTBa AIEKTPOIHEPTUH Ha
AIEKTPOOOOPYI0BAHUE;

5. OtedecTBeHHBI OMBIT M 3apyOCKHBIH B 00JIACTH TOBBIMICHUS
KaueCTBa AJIEKTPOCHAOKEHUS;

[ToBbIIeHHE KauecTBa DJIEKTPOCHAOKEHHUS 3aKIIOYaeTca B aHAINU3E
NPUYUH TIJIOXOTO KadecTBA M TMPUMEHEHHE MEpPONPUSITHI HampaBlIeHHBIX Ha
YCTpaHCHHE NAaHHBIX MPUYMH. METO bl MOBHIIIICHUS KauyeCcTBa IJICKTPOCHAOKEHHUS
pa3eAoTCsA Ha CIEIYIOIINE:

1. TloBbllieHWE HAACKHOCTH DJIEKTPOCHAOKEHUS

2. lloBblleHNE KayecTBa JIEKTPUUECKONU SHEPTUU
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Paznen 3 KauectBo »3iekTpocHaO:xkeHusi. I[IpMyMHBI OTKJIOHEHHUSs
KAa4yecTBa JJIEKTPU4YecKOi »JHepruu. MeToasl W cpeacTBa MOBbIMICHHSA

Ka4dyeCcTBa 3.JIeKTp0CHaﬁ)KeHI/Iﬂ

3.1 OTK/II0HEeHHE HATIPSAKEHUSA

JleiicTBytomiee 3Ha4YeHHWE JIUMHEHHOTO WM (pa3HOTO (B 3aBUCUMOCTH OT
CXEMbl TMOJKIIOUEHHUS) SBJISETCS OJHUM U3 BAXKHBIX IOKazaTelied KadyecTBa
AIIEKTPOIHEPTUH.

ITon oOTKIOHEHWEM HaMNpsDKEHUsT SU  MOHUMAIOT Pa3sHOCTh  MEXITY

HOMHWHAJIbHBIM U )51 ﬂeﬁCTBHTGHBHBIM 3Ha4YCHHUCM U HaIIPpsKCHUA.

HOM

ITokazarensamu KS, OTHOCAIIUMHUCA K MCIJICHHBIM H3MCHCHUAM HAIIPAKCHUSA

QICKTPOIINTAHUA, ABJIIOTCA OTPHUIATCIIBHOC U(f) N IIOJIOKHTCIIBHOC U(+)

OTKJIOHEHUS HAIPSKEHUS AIEKTPOIUTAHUA.

Cormacio T'OCT 32144-2013 B yclOBHUSX HOPMaJIbHOM pPabOTHI
AJIEKTPOIIPUEMHHUKOB 3JIEKTPOIHEPIHHM OTKIOHEHHE OT HOMHHAJIBHOIO 3HAYEHUS
HaIpsDKEHUS AoIyckaercs B npenenax +10%.

B snexTpudeckoii cetu moTpeduTens N0KHBI ObITh 00ECIIEYeHBI YCIOBUS,
Ipd  KOTOPBIX  OTKJIOHEHUS  HANpsDKEHUs ~ NUTAaHWS ~ HAa  3aXUMax
AIIEKTPOIIPUEMHUKOB HE TMPEBBIMIAIOT YCTAHOBJIEHHBIX I HUX JOMYCTUMBIX
3HAUEHUU TPHU BHITIOJHEHUM TpeOOBaHMWI HacTosmiero cranmapra kK KO B Touke

nepeiavum dICKTPUISCKOM sHepruu [5].

3.1.1 Bausinue OTKJIOHEHMS HaNPsKeHU s Ha padory

AJICKTPONPUEMHHUKOB

[IposiBnsieTcst BIMSIHUE OTKJIOHEHUSI HAMPSKECHUS B BUJIE YIKOHOMHYECKOTO
yimiepba, a WMEHHO TMOTEpPSIMU AaKTUBHOM MOIIHOCTH W COKpalIeHHEeM CpOKa

CIIy>KObI  3JIEKTPOOOOPYAOBAaHUS BBHUAY YCKOPEHHOrO cTapeHus u3ossuu. C
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orkjaoHeHueM [IKD yBennumBaeTcsl AJIMTENBHOCTh TEXHOJOTHYECKOTO Ipoliecca,

YTO NPUBOAUT K YBEIUUYEHUIO PACXO0/a YHEPTUH HA €AUHUILY TPOTYKIIUH.
Otknonenue [1KD oka3biBaeT BIMSIHUE Ha OCHOBHBIE THUIIBI MPUEMHUKOB:

ANEKTPOABUTATEN, OCBETUTEIbHBIC U TEXHOJIOTUYECKUE YCTAHOBKH.
Onexmpoodsuecamenu. Ilpyu OTKIOHEHWM HANPsHKEHUS W3MEHSIIOT CBOM

MexaHnueckue xapakrepuctuku (Taomuna X) [4].

Tabnuna 2 — I3MeHeHue napaMeTpoB BPaIAFOIIUXCS MaIlTUH

H3meHeHne XxapakTepuCcTUK
XapakTepUCTUKH AJICKTPOABUTATEIICH
-10% +10%
[TyckoBO# 1 MaKCUMAaJIbHBIN BpAIAIOIINI MOMEHT -19% 21%
CuHXpOHHAas 4acTOTa BpalleHUs Const const
CkounbxeHue 23% -17%
YacroTa BpalieHus IpU HOMUHAIBHON Harpy3ke -15% 1%
KoadduimeHT mone3Horo qeicTBUs Mpu Harpy3Ke:
- HOMHUHAITEHOM -2% +1%
- 75 % const const
- 50 % -1.-2% 1.2%
KoadduiimeHT MOIIIHOCTH MpH HArpy3Ke:
- HOMUHAJIBLHOU 1% -3%
- 75 % 2.3% -4%
- 50 % 4..5% -5...-6%
Tok poTopa npu HOMUHAJIBHON Harpy3ke 14% 11 %
Tok cratopa mpy HOMHUHAIILHOM Harpy3Ke 10% -1%
ITyckoBoii TOk 10...-12% 10...12%
[Tpupoct TemmepaTypbl OOMOTKH ITPH HOMUHAITBHOMN 5...6° MIPAKTUICCKH
Harpyske oe3
W3MEHEHUH
Ocsemumenvhole YCmMAaHOBKU. B OCBCTUTCJIIbHBIX YCTaHOBKax

MNPUMCHAIOTCA pPasHbIC MCTOYHHMKH CBCTAa — JIAMIIbl HaKaJIMBAaHHs, KCCHOHOBBIC,
HAaTPHUCBLIC, PTYTHBLIC JIaMIIbl BLICOKOT'O JABJICHHA WM JIOMHUHCCHCHTHBIC JIAMIIbBI. B
PE3YJIbTATC OTKIIOHCHUA HAIPAKCHUA H3MCHACTCA OCBCIICHHOCTL, CPOK CJ'Iy>K6BI

JaMmMIlbl M CBETOBOM ITOTOK. Ha KaXIpld NPOUEHT NOHWKEHUS HaIPKEHUS
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CBETOBOM TMOTOK yMEHbIIaeTcss mnpubamsutenbHo Ha 3,5%. Cpok  cmykObl
ymenbmaercs Ha 1,3% [9].
[Ipu mnpeBBIIEHUH HANpPsSOHKEHUS HAONIONAETCS POCT MOTpediIsieMoin

MOIIIHOCTH Jammnamu (Tadiauna 3)

Ta6nuna 3 — Poct nmoTpe6ieHus MOIITHOCTH JIaMIT OCBEIICHHUS

[IpeBblieHre HanpsKeHns, %o
Tun JaMIibl
1 2 3 5 6 10
JlamMmbl HaKaJIMBaHUS 1,6 3,2 4.7 8,1 11,5 16,4
PTyTHBIE TamMIIbI 2,4 49 7,2 12,2 17 24,3
HaTtpuesbie 1aMIibl 2 8 11 18 24 34

Texnonocuueckue ycmanogxu. CUNOBBIE TPAaHCPOPMATOPHI 0OECIIEUNBAIOT
ANEKTPOCHAOKEHUE JIIEKTPONPUEMHUKOB Pa3IMYHOrO Ha3zHauyeHus. M3meHeHue
HANpsDKEHUs TpaHC(OPMAaTOpOB MNPUBOAUT K IMOBBIILIEHUIO MOTEPH AKTUBHOU
MOIIHOCTA B CcTaiu. [Ipu TIOHM)KEHUHM HaIpsSKEHUST B CETU MOIIHOCTh

KOHJICHCATOPHOM OaTtapen CHUXKACTCS MPOMOPIMOHATIFHO KBApaTy HANTPSHKCHHUS.

3.1.3 MeToabl U cpeacTBa OTPAHUYCHUS OTKJIOHCHUS HANPSKEHUSA

OTKIIOHEHUE  HANPSODKEHUS  JIOCTUTACTCS  MyTeM  PETyJIUPOBaHHS
HampspkeHus. PerynupoBaHue HanpsHKEHUs 9TO MPOIIECC M3MEHEHHSI €ro 3HAYCHUS
B TOYKAX CHCTEMBI AJICKTPOCHAOKEHHUSI C TIOMOIILI0 KOMIUIEKCAa MEPOMPHUSITHI C
WCITOJIb30BAaHUEM CITEIIUATBHBIX TEXHUYECKUX CPECTB.

CyIIecTBYIOT CJICYIONTNE CIIOCOOBI PETYIUPOBAHMS HATIPSKCHUS

—  pETyNHpOBaHUE HAIPSKEHUS B IIECHTPE MUTAHUS

—  MECTHOE€ PEryJMpOBaHUE B pacClpeaeIuTEIbHbIX CETIX
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Pecynuposanue mnanpsoicenus 6 yenmpe numanus. PerynupoBaHue
HanpspKeHUst  siBnsieTcs: HauOosiee d¢¢eKTHUBHBIM MeToaoM. PerynupoBanue
OCYILECTBIISACTCS clieAyromumMu crocodamu [10]:

—  u3MeHeHHe Ko3(pPHUIHMEeHTOB TpaHchopManuu TpaHcHOpMaTopoB
peryaupyeMbIX [OJ ~ Harpy3kod wuiM 0e3 Harpy3kd Wi  BKIIOYCHHUE
MOCJIEIOBATEIBHBIX PETYIUPYIONINX TpaHC(HOPMATOPOB;

—  HU3MEHEHHE HANpsDKEHUS CeTH MyTeM M3MEHEHHUs TOKa BO30YXKICHHUS
rE€HEPATOPOB;

—  TepepacnpeesieHHe MOTOKOB PEAKTHBHOM MOIIHOCTH C IOMOIIBIO
YCTPOMCTB KOMIICHCAIlMM PEAKTUBHOM MOIIMHOCTH (0OaTapell KOHIEHCATOPHBIX,
CUHXPOHHBIX KOMIIEHCATOPOB)

—  W3MEHEHHUE COMPOTHUBJICHUI 3JIEMEHTOB CETHU U IPYTHUE CPEACTBA.

PerynupoBanue HanpsiKeHHs! B LIEHTPE MUTAaHUS 00ECIEUnBAET BCTPEUHOE
perynupoBaHue. BceTpedHoe peryaupoBaHHE — TOBBIIIEHUE WM IOHM)KCHHE
HarpspkeHus: Ha 5-8 % OT HOMHUHANIBHOTO HANPSKEHHS B PEKUME HAMOONBIINX
WIM HAUMEHbIIMX HAarpy3ok. Takke Takoe peryJMpoBaHUE Ha3bIBAKOT
LHEHTPAIN30BaHHBIM.

[leHTpanu30BaHHOE PEryJIUPOBAHUE POU3BOINUTCS

— Ha  TpaHC(QOpPMATOPHBIX  MOACTAHLHUAX, IyTEM  HU3MEHEHHUS
kod(pdunrenTa Tpanchopmanuu TpancPHopMaTopoB

—  Ha 3JIEKTPOCTAHLMIX, UK3MEHEHHEM TOKa BO30YKICHHS T€HEPaTOPOB

CymiecTByer nBa BuJa W3MEHEHHUS Kod(dduimeHTa TpaHcpopMauuu, B
3aBUCUMOCTH OT KOHCTPYKLHMU TpaHc(hopmaTopa: peryaupoBaHUe MOJ Harpy3kou
(PTTH), nepexmtouenne 6e3 Bo30yxaeHus (I16B).

Kak mnpaBuno, tpanchopmatopsl oOopynoBaHHbie ycTpoiictBom (PITH)
nopoxe Tpancopmaropos ¢ [IbB u npumensitorcs Ha TpanchopmaTopax Kiacca
HanpspkeHust 35 kB w Bemme. Tpanchopmartoper ¢ IIBB mpumenstorcss Ha

HanpsbkeHue 6-10 kB.
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Tpanchopmaropsr ¢ PITH umeror nuanaszon perynupoBanus ot £10 % no
+16 % co ctynensimu peryiaupoBanus ot 1,25 % no 2,6 %. PerynupoBanue Moxer
ObITh KaK PY4YHBIM, TaK M aBTOMaTthyeckuMm. Ho jomyckaercss W NpUMEHEHHE
tpanchopmaropoB ¢ PITH Ha mHanpsokenue 6-10 kB, B ciiydasix TeXHOJIOTHYECKON
HE0OXOMMOCTH MTPOU3BOACTBA (IJIEKTPOIIN3, DNEKTPOTEPMHUUECKIE YCTAHOBKH).

PerynupoBanue 6e3 Bo30yxaenus (I1IbB) umeer nuanazoH peryinupoBaHus
+5 %. Tak kak mporecc peryJupoBaHHE MPOUCXOAUT CO CHATOM Harpy3Kou, TO
peryaupoBaHie TaKUM CIIOCOOOM HOCUT HE YacTbld Cllydail U MPOUCXOAUT B
OCHOBHOM B CE30HHOM HW3MCHEHWHW Harpy3kw (IpU TEpexojae OT JICTHETO Ha
3UMHUI rpaduK HArpy3Ku).

3a cueT YMEHBIICHHUS] AKTUBHOTO COMPOTUBICHUS R H PEAKTUBHOTO
COTPOTHUBJICHUS DJIEMEHTOB CETH 3JIEKTPOCHAOKECHHS MOXHO YMCHBIIUTH TIOTEPH
IpU  TPAHCIOPTHUPOBKE AJIEKTPOIHEPTUHM, TEM CaMbiM H3MEHUTh YPOBEHB
HampspkeHusl. VI3MeHeHHe aKTUBHOTO COMPOTHBJICHUS BO3MOXHO 3a CUET
YBEIMYCHHS CEUEHUS JKWJI TIPOBOJA M KW DJIEKTPHYECKO ceTu. V3meHeHue
PEaKTUBHOTO COMPOTHUBJICHUE JOCTUTaeTCs pacuieruieHneM ¢a3 TPOBOJOB U
MPUMEHECHUE MPOJOJbHOM €MKOCTHOM KOMMeHcauu. lIpuMeHnenne mpo1oabpHOM

KOMIICHCAIIMM ~ yYMEHBINACT TOJHOEe compoTuBieHne JuHHU (X =X, —X.),

yMEHbIIIasi TMOoTepu HanpspkeHusa. llocienctBueM nNpUMEHEHHS MPOAOJIbHON
KOMIIEHCALIUH SIBJISIETCS BO3PACTaHUE TOKOB KOPOTKOTO 3aMbIKAHHS.

[IpumeHeHue ycTpoiCcTBa MPOAOJIBHON KOMIIEHCALMU JJIsl PETYJIUPOBAHUS
MMOTOKOB MOIIHOCTH B MUTAIOUIMX M PACHPENEIUTEIbHbIX JIMHUSAX TO3BOJUT
W3MEHATh MOTepU HampsbkeHus. boiee A(DPEKTUBHBIM SBISIETCS KOMIUIEKCHOE
peryJiupoBaHue, a UMEHHO MU3MEHEHHE MOIIHOCTU KOMIIEHCHUPYIOUIUX YCTPONCTB
WU3MEHAETCS BMECTE U3MEHEHHUEM koahummenTa TpaHchopMaIiu
TpaHc(hHOPMATOPOB.

Mecmnoe  pezynupoeanue  nanpsdcenus.  OTIOENbHBIE  MOTPEOUTENS
AJIEKTPOIHEPTUH MMEIOT pa3Hble TpaduKu HArPy3KH, Pa3HYIO JUIHHY MUATAIOIINX

JIMHUH OT HCHTpa IIMTaHWA, YTO IMPUBOAWT K PaA3JIUMYHBIM OTKIIOHCHUSAM
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HAnpsDKEHUsT U TpeOyeT HECOBMAJEHUsl PEryqupoBaHus HampspkeHus. [lostomy
NPUMEHSAETCS PETyJUpOBaHUE OTACNIbHBIX TOYEK CETH WIM Ha 3aXUMax
noTpeduTenel Ha3blBAEMOE MECTHBIM peryiaupoBanueM. g »TUX 1ene
IPUMEHSIOTCS YIpaBisieMble WCTOUYHUKU PEAKTUBHON MOIIHOCTH (CHHXPOHHBIE
JIBUTATENM, KOHACHCATOpHbIE OaTapeu), YCTpoWcTBa co3jalomue JA00aBKy
HaIpsHKeHUs (JIMHEWHBIE PETYIATOPbI, CTAOMIIN3aTOPhI HAMIPSKEHU ).

Opnako, AJii KOMMYHaJbHO-OBITOBOM Harpy3kw, XapaKTepHU3yrollencs
sHayeHussiMu ~ cos f 0,95-0,98 u  ycTraHOBKa  KOHJIGHCATOPHBIX  Oartapei
Mano3¢eKkTuBHa.

Co3zpganne ponosuTensbHOM JOJIC  mpM  MECTHOM  PETyIMPOBAaHUU
OCYIIECTBIIACTCS YCTAHOBKOW BOJIBTOA00aBOYHOTO TpaHnchopmaropa (BIAT) [11].
[To cpaBuenuto c¢ pexkonctpykiueid BJI, ycranoBka BT He TpeOyer Oonbiimx
3arpar. Hcnonws3zoBanue BJIT oOecrneunBaeT peryiupoBaHUE HANPSIKEHUS B

npenenax +15 %.

3.2 KosieOaHus HANPSIZKEHU S

Konebanuss HamnpsbkeHuss — cepus KpPAaTKOBPEMEHHBIX  W3MEHEHUH
HaIIpsDKEHMS, BBI3BAHHBIEC BKJIIOYEHHEM MOILHBIX HAarpy30K € PE3KONEPEMEHHBIM
rpadukom noTpebieHuss MOIHOCTU. K TakuM Harpy3kaM OTHOCHUTCSI TIOPUIHEBBIE
KOMITPECCOPBI, AIIEKTPOCBAPOYHBIC YCTAHOBKH, IyTOBBIC Ie4n u apyrue [12].

IIpy pe3koM yMEHBIIEHUH HArpy3KU MPOUCXOAUT MIHOBEHHOE U3MEHEHUE
MOTEPh HAIPSHKEHUS B MUTAKOIIMX JIMHUSIX U B PE3yJbTaTe BO3HUKAET PE3KOE
NOBBILIEHNE HanpspkeHue. [Ipu pe3kom BoO3pacTaHMM HArpy3KW IIPOUCXOIUT
pe3Koe yBEIMYCHHE MOTeph HANPSLKEHUS MUTAOMKX notpedutens. B pesynbrare
MIPOUCXOJNUT PE3KOE MOHMKEHNE HATIPSKEHUS B y3JI€ HArPYy3KH.

IlokazarenamMu KadecTBa JJIEKTPUUYECKOW DJHEPIUM, OTHOCSILIMMHUCST K

KOJICOAHMSIM HaIpsKEHUS, SBIIAIOTCS JUIMTENbHAs 103a Qurkepa P, , u3mMmepeHHas B
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WHTEpBaje 2 dYaca, W KpaTKOBpeMeHHas mo3a (Qumkepa P,

), W3MEpEHHas B
uHTepBasie 10 MUHYT.

JIns  [aHHBIX TIIOKA3aTelIe KadecTBa JJIEKTPOIHEPTMU  yCTAHOBJIEHBI
CJIEIYIOLIE HOPMBI:

—  KpaTKOBpEMEHHas /1032 (puukepa P, He IOJKHA MPEBBIIATh 3HAYECHUE
1,38;

—  JuaTenbHas ao3a (aukepa P, He M0JDKHA MpeBblaTh 3HaueHue 1,0 B

tedeHuu 100 % BpeMeHHM UHTEpBaJa B OJHY Henero [4].

®dnukep (Mepranue) — CyObeKTUBHOE BOCIIPUSATHE YEIOBEKOM KoJieOaHUMN
CBETOBOTO TIOTOKA OT MCTOYHHMKA CBETA, BBI3BAHHBIX KOJCOAHMSIMHU HAMPSKCHUS B
AJICKTPUYECKOMN CETH.

Jlo3a ¢daukepa — Mepa BOCHPHUATHS 4YEIOBEKa BO3JACUCTBUS (unkepa 3a
YCTaHOBJICHHBIN TTPOMEKYTOK BPEMEHHU.

3HaueHHE pa3Maxa W3MEHEHHUS HaNpsDKEHUS HaXOJUTCS Kak pPa3HOCTb
MEXIy HanOOJBIINM U HAUMEHBIIINM 3HAYCHUSIMH HATPSDKCHUSI 32 OTIPEACIICHHBIN
WHTEpBaJl BpeMeHU. [IpuHMMAaeTCs pa3HOCTh 3HAUCHUN CIEAYIOIUX JpYyr 3a
JPYrOM MaKCUMajlbHble W MHHUMAJbHBbIC 3HAUCHUS JCHCTBYIONIMX 3HAYCHHI

HaIpsKCHUS.

U, —U

SU, = —me_Zmin 10004
U

H

rae U, — MakCUMaJbHOE 3HAYEHHUE ACHCTBYIOIIETO HanpsokeHus; U, —
MHUHMMAJbHOE 3HAYEHWE JIEWCTBYIOLIETO HanpsskeHus; U, — HOMHHAJIBHOE

Mexaydaznoe (pazHoe) HanpsKEHUE.
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Pucynok 2 — KonebGanus HanpsxeHUsI(MATh pa3MaxoB U3MEHEHUS HalPSKEHU )
3.2.1 Bausinue KOJIeOaHUi HaNpsKeHUs Ha padory

AJICKTPONIPUEMHHUKOB H IIE€EPCOHATIA

Konebanus HampspkeHHsI B MEPBYIO OYEpPEb OKa3bIBAIOT CYIIECTBEHHOE
BIIUSIHAE HAa OCBETUTEJBHBIE YCTAaHOBKU. B Tmporiecce KoieOaHWs HaNpsKEHUs
BO3HHUKAET (iuKep-3PPEeKT, YTO BO3AECUCTBYET HA 3pUTENbHBIA OpraH 4eJoBeKa U
BbI3bIBaCT yTOMJIeHHWE. [IpW OJMHAKOBBIX KOJICOAHUSAX HAMPSDKCHUS JIAMITBI
HaKaJIMBaHMS OKa3bIBAIOT 00Jiee 3HAUUTEITFHOE BO3ACHCTBUE, YEM ra3opa3psiaHbIe.

Uccnenoanus mokazanm [13], uto mpu muraamm ¢ gactotoit (3-10) I'iy
MoSBJIIETCS HambOoJiee CUJIbHOE BO3JeHCTBHE Ha desioBeka. Hauwmnas c¢ 0,25%
HOMHUHAJIBHOTO.

Konebanus nanpsbxkenus 6onee 10 % cyliecTBeHHO BAMSIOT Ha padboTy
ra3opaspsiIHBIX JJaMI W MOTYT TPHUBECTH K ToracaHuio Jjamm. Mx pabora
BOCCTaHABIIMBAETCA TOJIBKO Y€pe3 HECKOJBKO CEKYH/] WIIH JJaXKe MUHYT.

Kpome Toro, mpm BBICOKHMX KoieOaHHSAX ¢ pa3zmaxom Ooinee 15 % or

HOMHWHAJIBHOTO HAIIPSKCHHUA BO3MOKHO OTIIYCKAHUC CHUCTCMbI MAIHUTHBIX
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IyCKaTesei, 4To MPUBEAET K HAPYIICHHIO TEXHOJOTMYECKOro mpouecca. Takxke
koneOanusi B auanazoHe 10-15 % MoryT BbI3BaTh BBIXOA U3 CTPOS OTKa3
KOH/ICHCATOPOB U BBIIIPSIMUTENIbHBIX arperaTos.

Oxa3plBaeT BIMAHUE KOJICOAHWSI HANpPSDKEHUS HM HA ACHHXPOHHBIE
JBUTATEIN Majiod MomHocTH. Ha mnpeanmpusTusX ¢ TEXHOJOTMSIMH BBICOKOU
TOYHOCTH, TaKMX Kak IIBeHHble (aOpuku, OyMaronenabHble U Jpyrue
INPOM3BOJACTBA KOJICOAHMUS HAMpPSDKEHUS MOTYT TMPHUBECTH K OpakoBaHHOMN
OPOAYKIMH B PE3YJIbTATE HE TOUHOCTHU YaCTOThI BPAIIEHUS IPUBOJIOB.

Konebanus HampsixkeHuss OOBSI3bIBAIOT BJIMSHUE HAa KOHTAKTHYIO CBapKy.
BnusHue oka3bIBaeTCs Kak Ha MPOLECC CBAPKHU M HA HAIEKHOCTh PabOThI CXEMBbI
ynpasieHus. g cBapKu »KapoIpPOYHBIX METAJUIOB HAKJIA/BIBAECTCS OINPAHHYEHUE

+3 % pa3Maxa U3MEHEHUs HaNpsLKEHUs], a Ha CBapKy cTtanen +5 %.

3.2.2 MeToabl U CpeICTBA OTPAHUYCHUS KOJeOAHUS HANIPSIZKEHUSI

Cy1iecTByIOT pa3jInyHble METOABI CHM)KEHMS BIIMSHHS PE3KOIEPEMEHHBIX
Harpy3oK, BbI3bIBalOIIMX KoJjieOaHusi. Haubonee mnpocThiM METOAOM SIBISIETCS
IIATAaHUE DJIEKTPOIIPUEMHUKOB C PE3KONEPEMEHHOM HArpy3Ko OT MCTOYHHKA
IIATAHUS C IOMOILBIO OTACIbHBIX JIMHUMN.

C npuMeHeHHEM CABOECHHOIO PEaKTOpa BO3MOKHO MUTAHUE CIIOKOMHOM U
PE3KONEPEMEHHOM HAarpy3kd OT OJHOTO HCTOYHMKA nuTaHusa. Harpysku

MOJKJIIOYAOTCS K Pa3JIMYHBIM CEKIUSM peakTopa (PUCYHOK 3).
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Pucynox 3 — CxeMa nCIIoNb30BaHUs CIBOCHHOTO peaKTopa

B cerax 6-10 kB mnpumeHsIOT CcUIOBBIE  TpaHC(OpPMATOPBl €
paclIeIEeHHBIMU OOMOTKaMU JUIsl pa3AesieHHus] CIOKOMHBIX M PE3KONEPEMEHHBIX
Harpy3oK. Ha oaHy BeTky OOMOTKM HHU3KOIO HANpPsDKEHUS MOJKIIOYAIOT
CIIOKOMHYIO HAarpy3Ky, a Ha Ipyr'yl0 pe3KOIEPEMEHHYIO HAarpy3Ky.

VYuuTpIBas, 4YTO AaKTUBHOE COMNPOTHUBIICHUS CETH DJIEKTPOCHAOXKEHUs
3HAYUTENIbHO MEHbIIE PEaKTUBHOIO TO BETMUMHY KOJICOAHHSI MOXKHO 3allUCaTh TaK:

oU =+AQ/S,

rie S, — moumHocth K3 (MBA) B Touke cetu 3amepa I[IKC, AQ-—

M3MEHEHHUE PEaKTUBHOU MOIIHOCTH.

Buano, 4to BenuMunMHa KoJeOaHUS 3aBUCUT OT W3MEHEHHUS PEaKTUBHOU
MOIIHOCTH H MOIIHOCTH KOPOTKOTO 3aMbIkaHusi ceTu. (ClenoBaTelnbHO,
PE3KOMEPEMEHHYIO HArpy3Ky ClieyeT MOAKIIYaTh K CETH ¢ Hanbojee MOITHON

cetu K3.
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Bo3moxHO mpumeHeHne TpaHChOPMATOpPOB C PACILEIICHHONH OOMOTKOIA.
Takoit  cmoco®  TO3BOJISIET  pacHpeleNuTh  CIOKOWHYIO  Harpy3sky u

PE3KOTNIEPEMEHHYIO Ha BBIBOJIbI PACHICTUICHHOW OOMOTKH (PUCYHOK 4).

T1 T2

1 2
| 1] 2
@ <>

< >

Pucynok 4 — Paznenenue Harpy3Kku MOCpeCTBOM: TpaHCchopMaTopa ¢

pacuierI€HHBIMA OOMOTKAMH M OTAEJIBHOTO TpaHchopmaropa

3.3 HecuHycouajbHbIe PeKUMBbI JIEKTPOCHAOKEHUS

B pesynbprare pocra COBpPEMEHHBIX TEXHOJOIMH W BHEAPEHUS HOBBIX
TEXHOJIOTUM HA MPEANPUSATUSIX MPOUCXOIUT POCT NMPUMEHEHUSI TAKHUX YCTPOMCTB
KaK: AJIEKTPOAYTOBbIE MEYH, CBAPOUHbIE YCTAHOBKHM OAHOGA3HBIE U Tpex(as3HbIe,
BEHTUJIbHBIE TPE0Opa3oBaTEeNM, SJICKTPOMATHUTHBIE M JJIEKTPOHHBIC 0aIacThl
CUCTEM OCBEUICHHUS W JIpyrM€ YCTPOWCTBA, HMMEIOIIME HEJIUHECUHBIE BOJIBT-
aMIIEPHBIE XApPAaKTEPUCTUKUA. Tak K€ K YCTPOMCTBAM C HEJIWHEHMHOW BOJIBT-
aMIIepHOW  XapaKTePUCTUKOW  OTHOCSTCS  CHJIOBBIE  TPaHC(POPMATOPHI,
razopas3psiIHbIC JJaMIIbl, MATHUTHBIE YCUITUTENH.

HUckaxxenne KpHBOM NEPEMEHHOrO TOKAa WJIM HECUHYCOUJIAIBHOCTH
HaMpsDKeHUST TIPEACTaBisgeT coOoi  ommune ¢GOpMbl KPUBOW TMEPEMEHHOTO

HaMPsHKEHUS B CHCTEME 3JIEKTPOCHAOKEHUS OT TpeOyeMoit (pucyHok 5) [5].
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cKakeHHbI curHan

kr_f—”

CurHan oCHOBHOW YacToThl

‘(,,._—f“'

3-A rapMOHMUKa

™
\

PI/IC}/HOK 5 — IlosBiIeHUE HCCHUHYCONOAJIBHOI'O HAIIPSXKCHUA

KpuBble  HampsbkeHuss B Tpexda3HOl  cuCTeMe  HalpsiKEHUS
XapaKTEePU3YIOTCS TEM, UTO CIABUHYTHI HA OJIHY TPETh MEPHUOJIa OTHOCUTEIBHO JIPYT
apyra— 2rz/3.

[apMoHukH KiaccuPUIMPYIOTCS TO TPEeM MapaMeTpaM: MOPSAKY, THITY
ITOCJIEN0BATENBHOCTH U YaCTOTE.

B Poccuum ocHoBHas wyactota B cetu S50 I'n, mopsgok TrapMOHUKH
MOKa3bIBAET YHCJIO, BO CKOJBKO pa3 4acTOTa TapMOHUKHU MPEBBIIAET OCHOBHYIO
YacToTYy.

[Topsanok rapMOHHUKH OIPENENSIETCS OTHOIIEHUEM YaCTOThl TAPMOHUKH K

OCHOBHOM YaCTOTE.

YacroTa rapMOHHKHN OIIPCACIIICTCS YMHOKCHUCM IOPAAKA TapMOHUKHU Ha

BCIIMYUHY OCHOBHOM YaCTOTHI.
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YeTHble TAPMOHHMKH BCTPEYAIOTCS B HECHUMMETPHUHBIX CETSAX, HEUETHBIC
TapMOHHMKHU BCTPEYAIOTCS BO BCEX BUAAX MPOU3BOICTBA.

[Io creneHw BIUSHUS Ha DJIEKTPUYECKYIO CETh TapMOHHKH MPSMOM
NOCJIEIOBATEIBHOCTH U OOpPAaTHOM HE OTIMYAIOTCS IpYyr oT Apyra. OHH BpEIHBI,
HE3aBHCHUMO OT THIIA MOCJIC0BATEILHOCTH.

HecunyconmanbHOCTD HANIPSDKCHUS XapaKTePU3YeTCs:

— ko3 dummeHToM n-i TapMOHWYECKOH COCTABIISIONICH HAMPSHKCHUS

K

U (n) ;
— KOB(b(I)I/II_[I/ICHTOM HNCKAXCHUA CHUHYCOHNAAJIbHOCTH KpHBOﬁ

HanpsbkeHust K .

Brnusaue Ha paboTy 2JIEKTPONPUEMHUKOB U JIHEPrOCHUCTEMY ITH
IIOKA3aTeIM  OKa3bIBAIOT  Pa3HOE. Toxu, BbI3BAaHHBIC  HCKaXKEHHEM
CUHYCOUJAIbHOCTH KPUBOM, BIMSIOT Ha U3MEHEHHE IIOTEPh B CETH U B
ANEKTPONPUEMHUKAX. Takke MpPOSBICHUE TAPMOHUYECKUX  COCTABIISIOIINX
HalpspKeHWsT  MOTYT — BBI3BaTh  PE30HAHC B dJEKTpoycTaHoBKax. Ilpu
BO3HMKHOBEHUHU PE30HAHCA, HA KaKO# OO0 BHICIICH TapMOHUKE, HAMIPSHKEHNE UITH
TOK MOXXET OBITh OOJIBIIIE YEM TOK WJIM HANpPSXKEHUE OCHOBHOM TapMOHUKHU B CETH.
OTO NPUBOAUT K PE30HAHCY TOKOB, MPHU KOTOPOM MPOUCXOJUT JOMOJHUTEIbHBIN
HArpeB WIM PE30HAHCY HANMPSHKEHUS U MPU KOTOPOM MOXKET MPOU30UTU MPOOOH
U30JISIUY.

3HaueHne  KOIP(GUIMEHTa  HCKAXEHUS  CHUHYCOMJAIBHOCTH  N-H
FapMOHHUYECKOW COCTABJISIFOIIEH ONPEACISIETCS KaK OTHOUICHHWE JEUCTBYIOIIETO
3HAYEHHUs] N- TapMOHUYECKOW COCTABIMIOIIENM K JACHUCTBYIOLIEMY 3HAYCHUIO

OCHOBHOM COCTABJISIFOILIEN KPUBOM ITIEPEMEHHOTO HAIIPSIKEHUS.

u
Ky = U<“> 100%
(1)

Hopmanbao pomycTumbie 3HavueHHs] KOd(PQUIMEeHTa n-ii rapMOHUYECKON

COCTAaBJISIOIICH HAIpsHKCHUS B TOYKax O6IHCI‘O MPUCOCAUHCHUSA K DJICKTPHUICCKUM
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CCTAM C pa3HbIMHM HOMHUHAJIBHBIMHU HAIPSXKCHUAMU U

[4].

()

Ta6nuna 4 — HopMansHo gomycTuMbie 3HaYeHUsI KO PUITUEHTOB

npuBeIeHbl B Tabmuie 4

HeuérHbie TapMOHUKH, Heuérnabie rapmMOHUKH,
HE KpaTHBIE 3, KpaTHBIE 3, HETHELS TaPMOHMHIH ipy
U,,kB
npu U kB npu U kB
n 0,4-10 | 6-20 n 0,4-10| 6-20 n 0,4-10| 6-20
5 6,0 4,0 3 5,0 3,0 2 2,0 1,5
7 5,0 3,0 9 1,5 1,0 4 1,0 0,7
11 3,5 2,0 15 0,3 0,3 6 0,5 0,3
13 3,0 2,0 21 0,2 0,2 8 0,5 0,3
17 2,0 1,5 >21 0,2 0,2 10 0,5 0,3
19 1,5 1,0 12 0,2 0,2
23 1,5 1,0 >12 0,2 0,2
25 1,5 1,0
>25 0,2+ 0,2+
+1,3x | +0,8%
x25m | %x25/n
B CHUCTEMAxX AIEKTPOCHAOKEHUS MOKET Ha0JII0/1aThCs u
HECHHYCOUJIATbHOCTh TOKOB. Koaduimentsl HECUHYCOMIATBHOCTH TOKOB

OMPENEIAIOTCS, KaK U KO3 OUITMEHTH HECUHYCOUJATLHOCTH HAMPSIKCHUS.

3.3.1 Biusinve BHICHIUX TAPMOHUK HA CHCTEMBbI 3JIEKTPOCHAOKEeHU S

Bricime TapMOHHYCCKHEC  COCTABAIOINMC TOKAa WM  HAIIPAXKCHUA
OKa3bIBAIOT CYHICCTBCHHOC OTpULATCIIBHOC BIHUSTHUC Ha CHCTCMBI
3J'ICKTpOCHa6)KCHI/I$[. HpI/I BO3HHUKHOBCHHNU BBICIINX rapMOHHNYCCKUX
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COCTABJSIIOUIMX HANpsDKEHHUsT WM TOKAa BO3pacTaeT JCHCTBYIOLIEE 3HAUYCHHE
HaIlpsDKEHUsT WIM TOKa. OJTO MPUBOJUT K HArpeBy M YCKOPEHHOMY W3HOCY
AIIEKTPOOOOPYI0BAHUS U U30JISIIUN TTPOBOIOB.

OgHO W3  OTPULATENBHBIX  MPOSIBICHUI  BBICIIMX TapMOHHK  BO
BpalaloUMXcsl MallMHAaX »JTO JIONOJIHUTENIbHbIE noTepu. OHU TPUBOAAT K
MOBBIIICHUIO TEMIIEPATYPbl MAIIMHBI 1 MECTHBIM IEpErpeBaM B YacTSX MAalllUHBI.
TOKM TapMOHUK B CTAaTOPE BBI3BIBAIOT ABMKYILYIO CHILY, BbI3bIBAsl IMOSIBJICHUE
BpallaloluMXx MOMEHTOB Ha Bajly, KOTOpbIE MOTYT MPUBECTH K BUOPALIHH.

B nenom HecuHycouganbHbIe HAMIPSKEHUS U TOKH OKa3bIBAIOT BIUSHUE:

—  YCKOPEHHO€ CTapeHue Wu30Jsuu  Kabenei, TpaHchOpMaTOpOB,
AIIEKTPUYECKUX MAIlIMH;

—  U3MeHeHHe K03 (ULMEeHTa MOIIIHOCTHU 3JIEKTPOIIPUEMHHUKOB,;

—  MOMEHTHI M 3JIEKTPOMAarHUTHBIE MOJS B ACUHXPOHHBIX JIBUraTElsX,
YXYAIIA0NINE XapaKTePUCTUKUA MAIIIUHBI,

—  HapywmeHue paboThl YCTPOWCTB  TEIEMEXaHUKH, AaBTOMAaTHKH,
KOMIIBIOTEPHOU TEXHUKH;

—  HEMOJIHBIA y4YeT »BJEKTPOIHEPrMU B PE3yNbTaTe MOTPEIIHOCTH
npubopa yyera;

—  BBI3BIBAIOT NOTEPU MOIIHOCTHU B TpaHC(hopMaTopax;

—  JIOTIOJHUTEJIbHbIE TOTEPU B KOHJACHCATOPHBIX YCTAHOBKAX MPHUBOJAT K

UX IIEPErpeBy U BO3MOKHOMY BBIXOJY U3 CTPOS;
3.3.2 MeToabl CHUKEHUS YPOBHS FAPMOHUK

B cersix 3nexkTpocHaOXeHUs [ CHIMXKEHHMSI HECHHYCOMJIaTbHOCTH

HaIPSHDKEHUST IPUMEHSIOT CIIEIYIOIME METOABl U CPEACTBA, PA3ACIICHHbIE HA TPU

IPYIIIIBL:

a) CXEMHBbIE PEILICHUS
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—  TNpPUMEHEHHE  pa3[elIbHOTO  MHUTAaHUS  DJIEKTPONPUEMHUKOB  C
HEJIMHEWHOW BOJIBT-AMIIEPHOMN XapaKTEPUCTUKON; [InTaHne HETMHENHBIX HArpPy30K
OT OTHEJIBHBIX TPaHC(HOPMATOPOB, WM TMOAKIIOYEHHUE HEIMHEHHOW Harpy3Ku K
OTZICTILHBIM OOMOTKaM TpaHchOopMaTopa;

—  NOJKJIIOYEHHE Harpy3Ke K CUCTEME C OOJIbIIEH MOIIHOCTBIO;

—  IpyIIHUpOBKa npeoOpa3oBaTeiell 0 CXeMe YMHOKEHUS (as3.

0) npuMeHeHne QPUIBTPOB BBHICIINX FAPMOHUK ((UIBTPOKOMIICHCUPYIOIINE
ycrpoiicta (DKY, ®CY), uctouHuku peakTuBHOM MoiHocTH (MIPM))

B) MpHMEHEHHE OOOPYIOBAHMS, XapaKTEPU3YIOUIETOCS MOHMKEHHBIM

YPOBHEM I'CHCPpAllN BBICIINX I'APMOHHUK

3.4 HecumMeTpusi B cCTEMAX JIEKTPOCHAOKeHUS

OpnHuM U3 caMbIX BaXKHBIX ITOKa3aTelIel KauecTBa 3JIEKTPOIHEPTUU SABIISETCSA
HecuMMeTpusi. Pexxum paboTel TpexdazHoil cHucTeMbl, MpU KOTOPOM (ha3HbIE
HAOpsDKEHUST WIM TOKM HE O0pa3yloT CHMMETPUYHYIO CHUCTEMY, Ha3bIBaIOT
HECUMMETPUYHBIM pPEKUMOM [5]. HecuMMmeTHpHUyHBIE PEXHMBI SKCIUTyaTalUud
CUCTEM DJIEKTPOCHAOXKEHHUS SIBISIETCd TNPUYMHOM TMOSIBICHUS HECUMMETPHUH
HaIIPSHDKEHUS U TOKOB.

Bo3MoxkHO nABa BapuaHTa BO3HMKHOBEHHS HECHMMETPUM B CHCTEMax
AIEKTPOCHAOKEHUS:

—  HecMMMeTpusi, OOYCJIOBJIEHHAas HECUMMETPHUEH 3JIEKTPUUYECKON ceTn
(mpomonbHas);

—  HECUMMETpHs, BbI3BaHHas TMOAKIIOYEHHEM K Tpex(da3HOoH ceTH
HECMMMETPUYHBIX Harpy3o0kK (momnepeyHas).

HampsokeHuss 1pu  HECHMMMETPUM MOXHO —Ppa3lIOKUTh Ha MPSIMYIO,

00paTHYIO U HYJIEBYIO TOCJIEI0BATEIBHOCTD (PUCYHOK 6).
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Pucynok 6 — Cuctema npsiMoit, 00paTHOM 1 HyJIEBOM MOCIEI0BATEIBHOCTH

Hecummerpus  da3HbIX  HampspKEHUH — BBI3BIBACTCS  HaJUYHUEM
COCTABJISIIOIIMX HYJIEBOHM IOCJIEI0BATEIbHOCTH, @ HECUMMETPHUS MEXIY (ha3HBIX
HaOpsDKEHUH — HaJM4MeM COCTaBISIOIIMX OOpaTHOM IOCIIEN0BATENbHOCTH.
HampsokeHue Mexay HEWTpalbi0 M 3€MIIEH Ha3bIBAIOT HAINPSDHKEHUEM CMEILEHUS
[6].

HecnmmeTtpus xapakTepu3yeTcsi:

—  Ko3(hUIMEHTOM  HECUMMMETPUU  HANpSDKEHUs MO  HYJEBOH

nocienoBaTenbHoCTH  K;, paBHBIM OTHOUIEHWIO HANpPSDKEHUA  HYJIEBOU

MOCJIEIOBATEILHOCTH K HOMUHAJILHOMY (pa3HOMY HanpsbkeHuro U

nom 1

—  K03(h(UIIMEHTOM HECUMMETPUM MO OOpAaTHOW MOCIIEIOBATEILHOCTH

K,,, PaBHBIM OTHOIICHHWIO HAMPSHKEHUS OOpPATHOM IMOCIEeN0BATEILHOCTH K

HOMMHAJIbHOMY MEXy(pazHOMY Halps>KEHUIO.
JlomycTuMble 3HAYE€HUS HECUMMETHUPHM 10 OOpaTHOW U HyJEBOU

nocjenoBareabHocTH ycranosieHo B 'OCT 32144-2013 [5].

3.4.1 BuusHue  HeCMMMETPHUYHBLIX  HArpy30K Ha  pa0orty

3JIEKTPONPUEMHHUKOB
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HecummeTpus oka3biBaeT 00JIbIIOE BIMSHUE HA CETU AJIEKTPOCHAOKEHUS U
Ha JJIEKTPOIIPUEMHHUKHU.

JIOTIOJIHUTENBHBI HAarpeB poTopa U CTATOpa ACUHXPOHHOW MAalIWHBI B
pe3yNbTaTe HAJIOXKEHUS TOKa IPSIMOM M 00paTHOM MOCIIET0BATENBHOCTA HPUBOIUT
K ObIcTpoMYy cTapeHuto u3oisaiuu. C HarpeBOM YacTeil MalluHbl MPOUCXOJSAT
JOTIOJIHUTENBHBIE OTEPU AJIEKTPOIHEPTUH.

B tpanchopmaropax moTrepu MOIIHOCTH OOYCIOBIEHBI HAIMYMEM TOKOB
0OpaTHOM MOCIe10BATEILHOCTH.

B ka0enbHBIX ¥ BO3AYIIHBIX JIMHUAX TOKH OOpaTHOM MOCIIEI0BATEIbHOCTH
BBI3BIBAIOT JIOMOJIHUTENbHBIE TIOTEPU B JIMHUAX. B 4eThIpeXmpoBOJHON cucTeME
AIIEKTPOCHAOKEHHSI NP HECUMMETPUYHOM HArpy3Ke TOK B HYJIEBOM IPOBOJE
MOXKET MpPEBBICUTh (a3HbId TOK, YTO NPHUBEAET K MEperpy3ke MNpoBoAa U
BO3pPACTaHUIO NOTEPh B NMPOBOJAE. TOKM HYJIEBOW IOCIEAOBATEIBHOCTA MPOXOIAT
4yepe3 3a36MIINTEIIbHBIE YCTPOMCTBA, BBICYIIMBAs TI'PYHT BOKPYT 3a3eMIIMTEJNICH
YBEIIMYMBAsl CONPOTUBIICHUE PACTEKaHMs. TOKM HYJEBOW IOCIEAOBATEIBHOCTU
VCKAKAIOT HHU3KOYACTOTHBIE CHUTHAJbl, TEM CAaMbIM BIMSAIOT Ha YCTPOMCTBA
TEJIEeMEXAHUKU U aBTOMATHKHU.

[Ipu moakitoueHNH KOHACHCATOPHBIX Oarapeil K SJIEKTPUYECKON CeTU C
HECUMMETPUYHBIM HamnpsOKEHUEM  yCyryOJsioT HECHUMMETPUIO CETH.
KoHneHcaTopHble yCTaHOBKM OyAyT HEpaBHOMEpPHO 3arpyxatb 1o (a3am

PEAaKTUBHOM MOILHOCTBIO.

3.4.2 CHuKeHMe HeCHMMETPHUH HATIPSAKESHUI

Cambiii 3¢ dexTuBHbI cnoco0 OOpbOBI € HECHUMMETpPUEH SIBIAETCS
paBHOMEpPHOE paclpezielieHue Harpy3ok mo ¢as3aMm, Te€M caMbIM JOBOJS J0
JOTYCTUMBIX 3HaYeHUH koddduirieHTa HecumMmeTprun. JlaHHBII MeToI HE Bceraa
MIPUHOCUT KEITAEMOTO pe3yibTaTa. B Takux ciaydasx NPUMEHSIOTCS CIELUUAIIbHbBIC

CUMMETPHUPYIOIIUE YCTPOUCTBA.
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B cersx nanpspkenwe 10 1 kB Bo3MokHa 3aMeHa TpaHCc()OpMaTOpOB €O
CXEeMOI COoeIMHEHHS 3Be37a — 3Be3/1a C HYJEM Ha CHUJIOBBIE TPaHC(HOPMATOPHI CO
CXEMOH COEIMHEHMsI TPEYyroJdbHUK — 3Be3Ja C HyleM. B ciydae 3aMeHbI
TpaHcopMmaTopa Ha CXeMy COEIWHEHHUS TpPEYroJbHUK-3BE3/la TOKH HYJIEBOMU
HOCJIEZIOBATEIbHOCTH, KpPAaTHBIE TPEM 3aMBIKAIOTCA B IEPBUYHOM OOMOTKE U
CONPOTUBJICHUE HYJIEBOM IOCIEAOBATEIBHOCTH YMEHBINAETCA, TEM CaMbIM
YPAaBHOBEIINBAS CUCTEMY.

YMEHBIIEHHE HECUMMETPUU BO3MOXHO C IIPUMEHEHUEM YIIPABISEMBIX U
HEYIIPABIIEMBIX CHMMETPUPYIOIINX YCTPOMCTB.

PaznuuaroT MHAUBUAYaNbHBIM, KOMOMHUPOBAHHBIN M TPYINIIOBOM CIOCOOBI
CUMMETPUPOBAHMSL.

C momouipl0 HECUMMETPHYHOW OaTaper KOHIEHCATOPOB (PUCYHOK 7)
MOKHO JOOUTBHCSI CUMMETPUPOBAHUS HECUMMETPUUYHBIX HAarpy30K C HHU3KUM
KOA(p(UIIMEHTOM MOIIHOCTH. B pe3ynpTaTe NpUMEHEHUs TaKOM CXEMbl yIaeTcs
KOMIIEHCUPOBAaTh HECHMMETPHUIO PEAKTHBHBIX COCTABISIONIUX TOKOB. AKTHUBHBIC

COCTAaBJIAOIIHNC TOKOB OCTAarOTCA 0e3 U3MEHCHHS.

e

Pucynox 7 — CxemMa cuMMETpUpOBaHUS HAIPSHKEHUS C TIOMOIIBIO OaTapeu

KOHACHCATOPOB

HecummeTputo 3arpy3ku  ofgHOW  (pa3el  yCTpaHSIIOT NPUMEHEHHEM
WHIYKTUBHO-EMKOCTHBIMH CHMMETPUPYIOIIUX yCTpocTB. Hambosiee u3BecTHas

cxema Illteiimenca (pucynok 10).
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Pucynok 10 — Cxema cumMeTpupoBanusi ofHO(Da3HON HArpy3Ku

[Tpu akTHBHOMN Harpy3ke (Z, = R,) MOIHOE CHMMETPUPOBAHUE OYAET €CIH:

P
Q=Q=—F
| V3
Ecnm  nHarpy3ka ~ MMeeT  MHAYKTUBHYK)  COCTAaBIIIOLIYHO,  TO

KOMIICHCUPOBAHHUE BO3MOKHO IOJKIIOYEHUEM EMKOCTH IapajuIelIbHO Harpyske
(myrkTHp Ha pucyHke 10).
Ha pucynke 11 nokaszana BeKTOpHas Auarpamma CXeMbl CHMMETPUPOBAHUS

oJIHO(a3HON HArPy3KH.

Pucynok 11 — BektopHas auarpaMma cxemMbl CHMMETPUPOBAHUS 0THO(DA3HOM

Harpy3Kku
Cxembl mnpeoOpazoBaHusi a3 SBISETCS NEPCIEKTUBHBIM BapUaHTOM

ynydiienus cummeTpun (a3. Ha pucynke 12 nmokaszan npumep npeoOpa3zoBaHuUs

da3 ¢ ucnonpzoBanueM Tpanchopmaropa (cxema CKOTTa).
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Pucynoxk 12 — Cxema Ckotra

Cxema cocTouT M3 JIBYX TpaHCc(hHOpMaTopoB M (HopMHUpYyeT ABYX(azHYIO
cucreMy HanpsbkeHus. Ilpu paBHOMEpHOI 3arpy3ke BTOPHUYHBIX OOMOTOK
TpaHcPopMaTopoB 0O0ECIIEUUBACTCS CUMMETPUS TpeX(Pa3HOU CUCTEMBbI MUTAIOIIEH
CETH.

[Io cxemaM BBINPAMUTEILHO-UHBEPTOPHOrO MpeolOpa3zoBarens (PUCYHOK
13) MokeT OBITh BBITIOJIHEH IpeoOpa3oBarens uncia ¢as. Cxema mpeoOpasyer
Tpex(da3Hoe HaIlpsHKEHHE B MOCTOSHHOE HANpsKEHUE ¢ PaBHOMEPHOM 3arpy3Koit

¢ba3 cetn.

Pucynok 13 — CxeMa BEHTHUIILHOTO MPeoOpa3zoBaTeis
BrinpsimienHoe HampspkeHHE C MOMOIIBIO 0JHO(Aa3HOTO aBTOHOMHOIO

unBepropa Hanpsbkenus (AMH) npeoOpa3yetcst B oqHO(pa3HbINH EPEMEHHBINA TOK.

OOpatHbIe TUOJBI CITY>KAT JUTsl 3aMbIKaHUS TOKOB PEAKTUBHOTO XapakTepa.
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TupuctopHslii TpeoOpazoBaTelb MO3BOJIAECT MOAKIIOYUTH OJHO(DAZHYIO
Harpy3Ky B CETb C CHMMETPHUEHN.
3.5 Ananu3 padorbl 3iementoB cetn IMAO «MPCK Cubupmn» -

«XaKaciHepro»

HakomnuieHne CTaTHUCTUYECKOTO Marepuajla B TEUYEHHU JABYX JIET IO
sHepretuueckomy mnpennpuaruio [IAO «MPCK Cubupn» - «XakacaHepro»
NO3BOJINJIO  OLUEHUTh BIMSHUE (AKTOPOB Ha  HAJAEKHOCTb  IJIEMEHTOB
AIIEKTPOCHAOKEHHSI. 3a ITOT MEPHOJ MO OMNEPATUBHBIM CBOJKAM MPEATNPHUATHUS
OBLJIO 3apETUCTPUPOBAHO 173 TEXHOIOTMUECKUX HAPYILICHUM.

Metoauka MaTeMaTHYecKol OOpabOTKM  CTaTUCTHUYECKUX  JaHHbBIX
ocHoBeIBaJIack Ha PJ1-50-680-89 [14] C wucmosnbp3oBaHHMEM  CTaHIAPTOB
PYKOBOJSIIIETO TOKYMEHTA.

AHanu3 oOmnepaTHUBHBIX CBOJAOK IO3BOJWI OIpPENEIUTh paclpeeieHne
OTKa30B, TMOBPESXKICHUM M aBaphil MO OOBEKTAM CHCTEM JIJIEKTPOCHAOKCHHS

ceteBoil opranusaiuu [IAO «MPCK Cubupmn» - «XakacrHepro»

Tabnuna 5 — Pacnipenenenne aBapuii, 0TKa30B U MOBPEKIACHUI 000pyA0BaHUS

[Tupunckue
paliOHHbIE
OOBEKTHI
AIIEKTPUYECKHUE CETU
(P2C)

Bosznymnsie

83,8

JUHUU

[Toncranuun 16,2

Kak BugHO W3 TaOnuIBl pachpenescHUs aBapvil Ha BO3MYIIHBIC JIMHHUH

npuxoautcs 83,8%, Ha TpaHchopMaropHble mnoAcTaHUMU 16,2%. JlaHHbIE
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pe3ynabTaThl MOKa3bIBAIOT, YTO OTKAa3bl BO3MYIIHBIX JUHUI Hamboiee 4acThl U
SBIISIIOTCA YSI3BUMBIMU OOBEKTaMH.

BrlIsiBIEHHBIE TEXHOJIOTUYECKUE HAPYIIEHUSI MOXKHO PaclpeieuTh Ha TpU
TPYIIIbI IPUYHUH:

| rpynna — BeIXOA M3 CTPOS BO3AYIIHOW JIMHUU O HNPUYMHE CTOPOHHUX
BO3/CICTBUI (Hae3[, MOKOT JEPEBSIHHBIX OIIOP, PACCTPE U30JSATOPOB U Ip.);

Il rpynna — npoucmenmme otkasel BJI, B pe3ynbTaTe HEmpaBUIBHOTO
JNEHCTBUSL PEMOHTHOIO IIEpCOHaNa, HENOCTAaTKa J3KCIUTyaTallud, JAe(eKToB
MOHTAaXa;

1l rpynma — npuumHsl oTKIOYeHHs BJI Bo3HuKIIME B pe3yibTaTe
BO3/ICHCTBUS KIMMATUYECKUX (PAKTOPOB;

B Tabnuiie 6 mpuBeAeHBI TPYIIIHI 10 MPUYHHAM 0TKa30B BJIL.

Tabnuma 6 — Pacnipenenenue TeXHOIOTMUYECKUX HAPYIICHUI 110 TpyHam

['pynmsl mpuymH OTKa3a Pacnpenenenne otkazos, %
| rpynima 27,3
CtopoHHME BO3ACHCTBUSA 26,7
Pacctpen u3onsaropos 0,6
Il rpymima 13,1
Henocratku sKkcmtyaTanuu 9,7
Hedektsl 3,4
Il rpynma 59,7
BerpoBas Harpyska 18,2
HeycraHoBiIeHHBIE IPUYUHBI 16,5
['po3oBasi akTUBHOCTb 10,2
["ononen 9,7
CruxuiiHbie sSBICHUS (T0KapPhI) 10,8
[Ipoune 3,4
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Kak BuaHO M3 Tabnuibl 6 pacrpeneiaeHus] TEXHOJOTUYECKUX HapyIIECHUH,
59,7% TEXHOJOTMYECKUX HAPYLIEHUH SIBIIAIOTCS BO3JEHUCTBHUS KIMMATHYECKUX
¢dakropoB. Tak kak MpPOBOAMMBIN aHAJINW3 MOKa3ajl, YTO HA OTKa3bl HauOoOJIblIEE
BIIMSIHUE OKa3bIBAECT KIMMATUYECKOE YCIOBHE, TO BAXXHO H3YYUTh BIMSHUE

KJIIMMaTHYECKUX OCOOCHHOCTEHN Ha HaJeKHOCTh padoThl BJI.

B CTOpOHHUE BO3JICHCTBHS
H BeTtpoBasi Harpy3ka
B HeycTaHOBJICHHBIC TPUYHUHBI
B ['p030BbIE aKTUBHOCTHU
B HemocTaTKy SKCILTyaTauu
H omonen
B JledpexThl MOHTaXA
¥ Pactpen n3omsitopa
[Ipouune(B TOM Uncie TEKyIIUN

PEMOHT)

B CTUXUiiHBIEC SABICHUS

Pucynox 14 — IMpuuuns otknroyenus JIDI 10-0,4 kB

[lo aHanM3y TEXHOJOTMYECKHX HApYLWIEHWH OTKa3bl M IOBPEXKACHUS Ha
JMHUSAX JIEKTPONEPEIauyd MOKHO PA3AECIUTh HA JBE TPYIIIBIL:
1) TeXHOJOTMYECKHE HAPYIICHWsS, MPOUCIICANINEG B 3UMHHHA MEPHOM, B
pe3yJbTaTe royonénoo0pa3oBaHus;
2) TEXHOJOTMYECKHE HApyIICHWS B JICTHE-BECCHHUI MEpUON, B
pe3yJsibTate rpo30BOM aKTUBHOCTBIO, BUJIBHOTO BETPA, THUEHHUE JIEPEBSIHHBIX OIOP

U IpyTUMH (paKTOpaMHu.
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Kak moxka3siBaeT a”HaJIu3, HanboJee YacThIMU MMpUInHaAMU ITOBPCIKJICHHUA B
TCINIOC BPCMsI Iroia ABJIAIOTCA BETPOBBIC HAI'PY3KH U I'PO30BBIC AKTUBHOCTH.

Ha pucynke 15 mnpuBeneHbl THCTOrpaMma OTKa30B Ha JIMHUAX

anexTponepeaaun no mecsuam 3a 2014-2015 roxa.
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Pucynok 15 — JIlmarpamma otkiroueHuit 3a Bech nepuo 2014-2015 rona

Ha nuarpamme B ampene 2015 roma MoOXHO HaOIIOgaTh CKaydek
TEXHOJIOTMYECKUX HapyLIeHUH. DTO OOBIACHSETCS MPOIIEAIIMMU B 3TOT MeECAI]
noxkapamu 1o pecrnyonuke Xakacus. bonpmas yacTeh MOXKapoB M 3aTpOHYJa
aHaNMM3upyeMbli 00BbeKT. B pesynpraTe moskapa mo pecryosivke, ObUTA Ciydau
CropaHusi JI€pEBSHHBIX OMNOp, B TOCIEICTBHE Yero ObUIM HapyLICHUS
ANEKTPOCHA0KEHUS HA OOJIBIINE MPOMEKYTKH BPEMEHHU.

CrarucTruueckuii  aHalnu3 IMO3BOJMJ  TAakK€ OLEHUTh HEIOOTIYyCK
anektpodHepruu B [lIupunckom POC B pe3ynbrate TEXHOJIOrMYECKUX HAPYIIEHUH,

oTKa3oB u moBpexaeHuit BJI. B Tabmuiie 7 mpuBeneHbI OLICHOYHBIC JAHHBIC T10

rpynmnaM npyu4uH.

Tabnumna 7 — HemooTIyCK 31€KTPOIHEPTHH B CETh
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Henoormyck
AIIEKTPUICCKOM %, OT CyMMapHOTO
[IpnumHa oTKa30B
SHEPTHH, HEJI0O0TITyCKa
ThIC.KBT-u
[ rpynima
Croponnue
5,14311 14,82
BO3/ICUCTBUA
Paccrpen uzomsitopoB 0,04713 0,14
II rpymma
HenocraTtkn
1,50042 4,32
JKCILTyaTaluu
JedexTs 1,94855 5,61
[II rpymma
BerpoBas Harpy3ska 2,28433 6,58
HEYCTaHOBJICHHAS
0,97686 2,81
pUYrHA
I'po3oBast akTHBHOCTH 1,8594 5,36
T'ononen 0,01245 0,04
CTUXUUHBIE SBIICHUS 20,8788 60,16
[Ipoune (B Tom ymcie
0,112 0,32
TEKYILUI PEMOHT)

N3 tabmuupl 7/ BUAHO, YTO HAUOONBIIMN YHIEPO BBI3BIBAIOT CTUXHUIHBIC
saBiaeHus. Tak Kak CTUXUMHBIC SIBJICHUS, @ UMEHHO TOXaphl, /71 JAHHOTO peruoHa
JIOBOJIBHO PEJIKH, TO JJig 00Jee TOYHOrO aHajIu3a IPOBEACM aHalM3 OTKIIOUCHHM
0e3 ydeTa OTKIIOUCHUM U3-3a BIUSHUS MTOKaPOB.

Ha pucynkax 16,17 mpexacraBieHsl auarpaMmbl  BO3HUKHOBEHHS

TEXHOJIOTUYECKUX HApYIIEHHUH 10 MecsiuaMm roja u 3a nepuoa 2014-2015 roaa.
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Pucynok 17 — JluarpamMMa OTKJIFOUEHUH MO MecsSaMm
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[To nuarpamMMaM BHIHO, YTO HAaWOOJIBIIEEe YUCTO OTKIFOYCHHUU MPUXOIUTCS
Ha JICTHWA TEepUOM, T.K. B JISTHEE BpeMs Tojia HaOMromaeTcs OOJbInas Tpo30Bas
aKTHBHOCTh. B OCeHHHE Mecsla OTKa3bl CBSI3aHbl C IPUCYTCTBHEM BETPOBOM

AKTHUBHOCTH.

1,14%

0,57%

B CTOpOHHHE BO3JICHCTBUS
H BeTtpoBas Harpy3ka
¥ HeycraHOBJICHHBIC IPUYUHEI
® ['p030BbIE aKTUBHOCTHU
B HemocTaTku SKCILTyaTaIluH
E T ononen
¥ JlehekThl MOHTaXKA
¥ Pactpen n3omnsitopa
IIpouune(B TOM dncie TEKYIIUN

PEMOHT)

B CTuxuiiHbIe SABICHUS

Pucynox 18 — IMpuuuns orknroyenus JIDIT 10-0,4 kB

Tabmumna 8 — HemooTmyck 31eKTpOsHEPTHH B ceTh O€3 ydeTa mokapa

Henoormyck
JJIEKTPUYECKOU %, OT CyMMapHOTO
IIpuunna oTka3oB
SHEpPruwy, HEJ0O0TITyCKa
ThIC.KBT- 4
I rpynna
CroponHue
5,1151 34,85
BO3JICUCTBUS
Pacctpen uzonsaropos 0,09 4,6
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Henootmyck
ANEKTPUIECKOM %, OT CyMMapHOT0
IIpnunHa oTKa30B
SHEPTHH, HEJO0O0TITyCKa
TBIC.KBT- 4
II rpynna
Henocratku
1,50042 10,22
IKCIUTYaTaI|H
JedexTs 1,94855 13,28
III rpymma
BerpoBas Harpy3ka 2,28433 15,57
HEYCTaHOBJICHHAS
0,97686 6,66
IpUYHHA
['po3oBast akTHBHOCTH 1,8594 12,67
Tononexn 0,01245 0,08
CTUXUIHEBIE SIBJICHUA 0,879 5,99
[Tpoune (B Tom yucie
0,112 0,76
TEKYIIUIA PEMOHT)

ITo pe3ynbraram TabauIbl 8 BUIHO, YTO HAUOOJBIIEE BIMSHUS OKa3bIBAIOT
MPUYMHBl KJIMMAaTHYECKOTO XapakTepa, a TakKXke CTOPOHHHUE BO3JCUCTBUS.
[IpumMeHEHME KOHCTPYKIIMHA OIOP, B 3HAUYMUTENBHOM MeEpE MCKIHOYAOIINX
MOBPEXKJICHUE BO3AYIIHBIX JIMHUKA 3a CYET BETPOBOM HArpy3KH, TI'PO30BOM
AKTUBHOCTH, TIO3BOJINT CHU3UThH BEIIMUMHY HEIOOTITYCKA AJIEKTPOIHEPTUM. Tak xe
JUTSl YCTpaHEHUsI HEJOOTITYCKa AJIEKTPOIHEPTUH B CETh MO MPpUYHHAM Je(EKTOB U
HEJIOCTAaTKOB JKCIUTyaTali TpeOyeTcs BHUMAHUE CETeBOW OpraHu3allid 110
COCTAaBJICHUIO OMNPEACICHHBIX MEp HAMPAaBJICHHBIX HA M3YYEHUE NAHHBIX MPUYUH

OTKJ/IIIOYCHUA.

3.6 Anaau3 kauyecrBa JjekTpodHeprun I[NAO «MPCK Cubupn» -

«XaKkaciHepro»
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Opranusanusi KOHTPOJIA Ka4eCTBA 3JIEKTPUUECKON SHEPTUU U MPOBEACHHE
€ro aHamu3a — SBISETCAd OJHUM W3 MEPONPUATHNA 1O  TOBBIIICHUS
sHeprocoepexenus. [1o peynpraTaM aHaau3a MOKHO IIPEAJIOKUTh PEKOMEH Iallun
10 MOBBIIIEHUIO KAY€CTBA 3JIEKTPOIHEPIHH.

COop IaHHBIX [0 TOKA3aTeNAM KayecTBa AJIEKTPOIHEPTUU ObLT COBEPIIICH B
Heckoibkux Toukax [Hupunckoro POC. U mpoBoamics B COOTBETCTBUM C
TpeOOBaHUSIMU K MPOBEJICHUIO U3MEPEHUI TTOKa3aTeNlel KauecTBa AIEKTPOIHEPTUU
I'OCT 33073-2014 [5], ¢ yueToM TpeOOBaHMI K CpEICTBAM HW3MEPECHUH W
u3mepenusm ['OCT 30804.4.30-2013 [6].

OneHka mokaszaresiedd Ka4ecTBa 3JIEKTPOIHEPIMU NPOBOJWIIACH B 7 y3JlIax
cucteMbl anekTpocHaOxkeHust 10-0,4 kB palloHHON SIEKTPUYECKON CETH, C
ucrnonb3zoBanueM mpuoopa Pecypc-UF2M. Ilpubop Pecypc-UF2M sBasercs
MOOUJIBHOW MOAM(UKALMEH HW3MepUTeNs MoKa3aTesed KauecTBa 3JICKTPUUECKON

SHEPIUH.

3.6.1 Pe3yabTaThl H3MepeHHs

Omxnonenue yacmomuvl. HOMUHANBHOE 3HAYEHHE YaCTOThI HAIPSIKEHUS
ANeKTponuTaHus B 3iekTpuueckoil cet paBHo 50 I'm. lnsg KD ycraHOBIeHbI
CJIEIyIOLIME HOPMBI. OTKJIOHEHUE YacTOThl B CHHXPOHU3HPOBAHHBIX CHUCTEMax
AJIEKTPOCHAOKEHUST HE MOJDKHO mpeBbimarh + 0,2 I’ B Teuenue 95 % Bpemenu
uHTEepBaIa B onHy Hexemto U + 0,4 I'n B Teuenue 100 % BpemeHn mHTEpBaja B
OJIHY HEJIEIIIO.

OTKJIOHEHUSI 4acTOThl B HUCCIEAyeMOM OOBEKTE HaXOAWUTCA B Mpeneiax
HOPMBI.

Omxnonenuss nanpsxcenus. OTKIOHEHUE HAIPSIKEHUS XapaKTEPHU3yeTCs
IIOKAa3aTeJIeM yCTAHOBUBLIETOCS OTKJIOHEHHS HAIpSKEHUsA, I KOTOPOro
YCTaHOBJIEHbl HOpMbI. HopManbHO [0OmycTHUMbIE W TPENETbHO JIONMYCTHMbIE

SHAYCHUA YCTAHOBHUBLICTOCA OTKJIOHCHUS  HAIPSAKCHUA SUy Ha BBIBOJAX

51



INPUEMHUKOB JJIEKTPUYECKOW DSHEPrUM paBHbl COOTBETCTBEHHO +10% ot
HOMMHAJILHOTO HaIpsbKeHHs dnekTprdeckoit cetn o 'OCT 32144-2013 [4].

B pesynbprare aHanusa ObUIO BBISBJICHO, YTO BO MHOTHX CIIy4aeB 3amepa
Ka4yecTBa AJIEKTPOIHEPTHU HAOIIOAAECTCA HEIOIMYCTUMOE 3HAUCHUE TMOBBIIICHUS U
NOHMKEHUsI ypoBHA HamnpsbkeHus B cetu 0,4 kB, mpeBblnaromee I0MycTUMOE

3Hauenue (pucynok 19,20).

OTpuuatenbHoe OTKMOHEeHWe HanpsXeHUs
tpasa A chasa B chasa C

%

20

18

16

14

q_._—-——:
—

12

) Ny

L AN N
| A VALY

| Il Vi [\ Wy S WA

01.03.2009 01.03.2009 01.03.2009 01.03.2009 01.03.2009 01.03.2009 02.03.2009 02.03.2009 02.03.2009 02.03.2009 02.03.2009 02.03.2009 02.03.2009 02.03.2009 02.03.2009
16:10:00 17:40:00 19:10:00 20:40:00 22:10:00 23:40:00  1:10:00 2:40:00 4:10:00 5:40:00 7:10:00 8:40:00 10:10:00  11:40:00  13:10:00

Pucynox 19 — I'paduk oTpuniatenbHOro (pazHoro OTKIOHEHUS HANPSIKEHUS
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% MonoXuTenbHOe OTKNOHEHUE HanpaXeHUsa
‘ caza A thaza B e chaza C

16

14

12

10 -] H A 1]

‘
0 \ P'\/\/v \. LM—ALBQ
01.03.2009 01.03.2009 01.03.2009 01.03.2009 01.03.2009 01.03.2009 02.03.2009 02.03.2009 02.03.2009 02.03.2009 02.03.2009 02.03.2009 02.03.2009 02.03.2009 02.03.2009
16:10:00 174000 191000 2040-00 221000 234000 11000 24000 41000 54000 71000 84000 101000 114000 131000

Pucynox 20 — I'paduk momoxuTensHOTO (ha3HOTO OTKIOHEHUS HAIIPSHKCHUS

Konebanusa nanpsiorcenusn u gauxep. Ilokazarensmu KO, oTHOCAIIMMUCS K
KOJICOAHMSIM HAMNpsDKEHUs, SBISIOTCS KpaTKOBpEeMEHHast jo3a (Quukepa Pst,
U3MEpeHHass B MHTepBasie BpemeHU 10 MuH, u anurenbHas no3a duukepa Plt,
W3MEpPEHHass B HWHTEpPBAJIC BPEMEHM 2 4, B TOYKE IMepelayd DIICKTPUUYECKOU
sHepruu. Ilo pe3ynapTaTaMm U3MEpEHUS BHUAHO, YTO KpPAaTKOBPEMEHHas U
JUIMTENIbHAsE J103a (hJMKepa HEOJHOKPATHO MpeBbIIIaNa JOMYCTUMOE 3HAY€HUE

(pucyHok 21,22).
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1 mapTa 2017 1.
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Pucynok 21 — I'paduk KpaTKOBpeMEHHOH 10361 (hrukepa

1 mapta 2017 T.
—PIN PltA —PIB —PItC PItAB PIBC PItCA

2,00 -
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1,20 4

Plt
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0,40
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16:00 18:00 20:00 22:00 0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00

Bpemsa

Pucynok 22 — I'paduk niautenbHOU 10361 Quiukepa

HeCMHyCOZlanZbHOCWlb HANDPASICEHUAL. FapMOHI/I‘-IeCKI/Ie COCTaBJIAIOIIHNC

HaIpsKCHU S O6y0J'I OBJICHBI, KakK IIpaBUJIo, HEJIMHEHHBIMU HarpyskamMu
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MI0JI30BATENEHN JEKTPUUECKUX CETEH, MOAKIIOYAEMBIMHU K JIEKTPHUUYECKUM CETSIM
Pa3IMYHOrO HAMPSKEHHUS.

["apMoHMYECKHE TOKH, MPOTEKAIOLIUE B AIEKTPUYECKUX CETIX, CO3a0T
NaJeHUs] HaIpSOKEHUH Ha TMOJHBIX COMNPOTUBJICHUSAX JJIEKTPUYECKHX CETEH.
["apmMoHMYECKHME TOKH, TOJHBIE CONPOTUBJICHMS JJIEKTPUYECKUX CEeTell W,
CJIEIOBATEIbHO, HAMPSKEHUS] TAPMOHUYECKUX COCTABIIAIOIINX B TOUKAX IMEperadu
AIEKTPUUECKON SHEPTUH U3MEHSIOTCSI BO BPEMEHH.

ITokazaremsimu KO, OTHOCAIMMUCA K TapMOHMYECKUM COCTABIISIFOLIUM
HaIpPsHKEHUS SBISIOTCS:

- 3Ha4Y€HUS KO3(PPUIMEHTOB rapMOHUYECKUX COCTABJISIOIIMX HAIMPSKEHUS
10 40-ro mnopsaka B NPOLEHTaX HANPSIKEHHSs OCHOBHOM TapMOHHMYECKOU
COCTABJISIIOLIEH B TOUKE MEpeadn dJIEKTPUIECKON SJHEPrUH;

- 3HaU€HUE CYMMapHOro Kod(d(duineHTa TapMOHUYECKUX COCTABIISIFOIIMX
HaIpspDKeHUs (OTHOILEHHUS CPEIHEKBAIpPaTUUYECKOr0 3HAYEHHs CYMMBI BCEX
FapMOHUYECKUX COCTaBisronMX 10 40-ro mopsaka K CpeIHEKBagpATHUYECKOMY
3HAYEHUIO OCHOBHOM COCTAaBIIAIONICH ) B TOUKE NIEPEIaun AIEKTPUUECKONW SHEPTUH.

[lo pe3ynbrary aHaiu3a 3HA4YCHUH KOA(D(PUIMEHTOB TapMOHUYECKUX
COCTABJLSIIONIMX HanpspkeHuss 10 40-ro mnopska BCEe 3HAYEHUS CYMMAapHBIX
KO3((PUIIMEHTOB TApPMOHUYECKUX COCTABISIIOLIUMX HANpsDKeHHs K,, a Tak e

3Ha4YeHHs KOO()OUIMEHTOB rapMOHUYECKUX COCTABIIAIOIIUX Hanpsokenus K, He

IPEBBINIAOT 3HaYeHUH yctaHoBIeHHBIX B [[OCT 32144—2013 (tabmune 1-5) [5].
Ha pucynke 23 mnpencraBieH 3amep 3HadueHHS Kod(uIMEeHTOB N-x

rapMOHHYCCKHX COCTABJIAIOIMINX HAIIPAKCHU A (1)2131)1.
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Howmep rapMoHHKI
Pucynok 23 — I'padux K03pPUIMEHTOB N-X TAPMOHUYECKUX COCTABIISIOIINX

HarpsokeHus Gasbl

Hecummempusa nanpsaxcenuu 6 mpexgasnvix cucmemax. Hecummerpus
Tpex(}a3HOM CHUCTEMbl HANPSHKEHUM  XapaKTepU3yeTcs HECHUMMETPUUYHBIMU
Harpy3kaMu TMOTpeOUTENed ANEKTPUYECKOM DJHEPrud WM HECUMMETpHUen
AIIEMEHTOB 3JIEKTPUYECKOM CETH.

[Tokazaremsimu KO, oTHOCAIMMHUCS K HECUMMETPUU HANPSHKEHUN B
Tpex(a3HbIX CUCTEMaX, SBISIOTCS KOIPDUIIMEHT HECUMMETPUU HANPSHKCHHUM 110
oOpaTHOI MoCNeA0BaTENbHOCTH K,, U KOYPPHUIMEHT HECUMMETPUH HaNpsKEHUH
10 HYJIEBOM MOCIEAOBATEIBHOCTU K, .

CormacHo HOpMmaMm KauecTBa anekTposneprun ['OCT 32144-2013 [5],
3HaUYC€HUA  KOAP(PPUIIMEHTOB  HECUMMETPUM  HaNpsHKEHUH 10  0OpaTHOMU
NOCNIEOBATEIbHOCTH  K,, M HECUMMETPUU HANpsDKEHUH 10  HYJIEBOM

IIOCJIACA0BAaTCIbHOCTH Kou B TOYKC IICpcaadu BHGKT’pI/I‘{eCKOﬁ OHCPI'UU,

yCpeAHEHHbIE B HMHTepBayie BpemMeHH 10 MuH, HE JOJKHBI IpeBbimath 2 % B
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TeyeHue 95 % BpeMeHu MHTepBaia B OJHY HEJENI0, U €€ JOJDKHBI NpeBbIuaTh 4 %
B TeueHue 100 % BpeMeHU MHTEpBaJia B OJJHY HEJEIIO.

B pesynprare ananuza 3HaYeHWW KOAY(PPHUIMEHTOB HECHMMETPUU
HanpsOKEHUH ObUIM  BBISIBJICHBI MHOTOYHCIIGHHBIE CIIy4aW OTKJIOHEHHUS OT
YCTAHOBJIGHHOW HOpPMBI (pucyHOK 24). Takum oOpa3om, uccieayemMas CeTh

HYKIACTCA B MCPOIIPUATHUAX 110 YCTPAHCHUIO HGI[OHYCTHMOﬁ HCCUMMCTpPHUHU.

1 mapta 2017 1.
—KO0 —K2 —K0p ==KO0u6 —K2B ===K2ut
9.00
8,00 +
7,00

6,00 ~

5,00 1

LA WA g
: A VI 7

1,00 +

Kosdppunuent necummerpuu, %

0,00 1

16:00
17:.00 +
15.00 +

Pucynox 24 — I'paduku k03PGUIIMEHTOB HECUMMETPUHN HATIPSHDKEHUM 110 HYJIEBOU

1 00paTHOM MOCIE0BATEILHOCTH

Ilposanvl  Hanpsadicenusi u  nepeHanpsadxceHus. B COOTBETCTBUH €
TpeOOBAHUSIMU HOPMATUBHOTO JIOKYMEHTA MPOBaJ HANPSKEHUS pacCMaTpUBAETCA
KAaK JJIEKTPOMAarHMWTHAas IMOMEXd, HMHTEHCUBHOCTb KOTOPOM ONpENeNsaeTcs Kak
HaIlpsDKEHUEM, TaK M JUIMTEIBHOCTBIO. JIIMTENBHOCTH MpOBaJa HANPSLKEHUS
MOKET ObITh 10 1 MUH. [[TUTETbHOCTh IEPEHANPSIKEHUSI MOXKET ObITh 0 1 MUH.

Ilo pesynpraTaM aHanu3a 3HAYECHUs IPOBAJIA U IIEPEHANPSDKEHUS HE

MPEBBIIIAIOT TPEOYEMYIO ITTUTENBHOCTb.
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Tabnuna 9 — [Nokaszarenu kauectsa snekrposanepruu o ['OCT 32144-2013

Ne

n/a

Haumenosanue [1KD u

€ero 0003Ha4YeHHe 110

I'OCT 32144-2013

Z[OHYCTI/IMBIC 3HAa4YCHUA 110

I'OCT 32144-2013

PesynbTate! 3amep [1KD

[Inpunckoit POC

Hopmaibnslie

IIpenenbHble

Hopmaibnslie

IIpenenbubie

OTKJIOHEHHE

Hanpspxenus — Uy, %

+10

-18,6
+20,39

Jlo3a ¢daukepa:
KpPaTKOBPEMEHHas!
JUTUTEIIbHAS

P, o.e.

1,38
1,0

3,98
1,75

Koapdpumment
MCKaKCHUS
CHHYCOUIaJIbHOCTH

KpUBOH HAMpPSKEHUS

K,, %

8,0

12,0

3,02

Koadpdunment n-oit
rapMOHUYECKOMN
COCTaBJISAIOLIEN

Hanpspkenus K, (n), %

Tabnuna
1-3
I'OCT
32144—2013

Tabnuna
1-3
I'oCT
32144—2013

B
JIOITYCTUMBIX

3HAYCHUAX

B
JIOITYCTUMBIX

3HAYCHUAX

Koadduunent
HECHUMMETPUHU
HaIpsDKEHUH 110
oOpatHO#
M0CJIEI0BATEIbHOCTH

KZuv%

2,0

4,0

1,15

1,25

Koadpounuent
HECUMMETPUHU
HaIpsDKEHUH 110
HYJIEBOU

IIOCJICA0BATCIBHOCTHU

2,0

4,0

7,02

8,28
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Haunmenosanue [1KD u JlonmycTrMble 3HaYEHHUS 110 Pesynbratel 3amep IIKD

Ne
) ero o003Ha4YeHueE 10 I'OCT 32144-2013 [Mupunckoit POC
/i
I'OCT 32144-2013 Hopmanbnsie | Ilpenensubie | Hopmanbnbeie | [Ipenenbhbie
Kou, %
OTKIJIOHEHUE YaCTOThI
7 0,2 0,4 0,02 0,04

Af, T

JnmuTensHOCTh MpoBasia
8 — 60 — 56,7
HanpspkeHus At,, ¢

[TepenanpspkeHus tyep,
9 _ 60 — 59,6
C

B pesynaprare anamuza pabotel ceteit 10-0,4 kB, Obu1 BBISBICH psif
npoOieM KauecTBa dJeKTpocHaOxeHus. [IpoaHanu3upoBaHHbIE  TPUYUHBI
OTKJIIOUCHMSI JIMHUW DJJIEKTpPONEpeNaud 3a YKa3aHHBIM Mepuoj IMoKa3alu, 4TO
OCHOBHBIMHU MTPUYMHAMH OTKJIFOUCHHSI JIMHUN dJICKTpoIiepenay sBisirores: 26,7 % —
cTopoHHHe BoznercTBus; 16,48 % — HeycTaHOBJICHHBIC MPUYUHBI OTKIIOYCHHUS;
18,18 % — BerpoBoe BoznetictBue; 10,23 % — rpo3oBbie akTUBHOCTH; 9,66 % —
HeJIOoCTaTKM dKcrutyaranuu, 10,8 % — cTuxuiinbie sBICHHUS.

Nmerommecss kapTel paliOHOB TI0 BETPOBOM, TOJIOJIEAHOM Harpyske,
KOJIMYECTBY TPO30BBIX YacOB B TOAy W JAp. OBbUIM COCTaBJIE€HbI B TEPHUOJ
cymectBoBanusi CCCP u He oTpaxkaroT B OJIHOW Mepe NEeUCTBUTEILHON KapTUHBI
MOCJIEAHEr0 Mepuojia. ITO OOYCIOBICHO TEHACHIIMEH K W3MEHEHUIO KJIMMarTa.
Hanpumep, Ha W3HOC U30JSLMUA OKAa3bIBAIOT CYIIECTBEHHOE BIIMSHHUE IEpPENabl
CYTOYHOM TEeMIEpaTypbl, BO3pOCIa CpPEIHSAS CKOPOCTh BeTpa (OCOOCHHO B
BECEHHUH MEPHO/T), YBEIIMUUIOCh YUCIIO MECTHBIX U MEPEJICTHHIX MTHII.

K cTropoHHMM BO3HEHCTBUSM OTHOCSTCS CTOPOHHHME BO3JIECHCTBUSA
TEXHUUYECKUX CPEACTB, YEJIOBEKa M >KMBOTHBIX Ha IPOBOJA M OMOPHI JIMHUH

3NIEKTponepeaay.
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HGYCTaHOBJ'IeHHLIe IMPUYNHbI OTKIKOYCHHA HMCIOT 6OJ'H)IHYIO qaCTb
OTKJIFOUCHUM oT 061].[61"0 qucia, n B OeiadaxX  IIOBBIIMICHUA KadyeCTBa

AIEKTPOCHAOKEHUS TPEeOyIOT 0COO0Tr0 BHUMAHMUS.

3.7 PexoMeHIAIUM TO MOBBIIIEHUI0 KAYECTBA JIEKTPOCHAOKEHUSI U
yMeHblieHuss mnorepbs B cerax 10-0,4 kB IMAO «MPCK Cubupm» -

«XaKaciHepro»

3.7.1 MeponpusiTisi N0 NOBBILIEHUIO HATEKHOCTH ceTeil

Ha ocHoBe aHanmmza TexXHOJOrHM4yeckux otkmodenuii cerert 10-0,4 xB
MOXHO OIPEIEIUTh CIEIYIONINE OPraHU3alMOHHO-TEXHUYECKUE MEPONPUSITUS U
MyTHU 1O TOBBIIICHUIO HA/IEKHOCTH.

[Ipy mpOEKTUPOBAHUM HOBBIX ANEKTPUUECKUX CETEHl OCHOBHBIMHU MYTSIMU
MOBBIIIIEHUS HAJIC)KHOCTH CETEH SIBIISAIOTCS:

— COBEpUICHCTBOBAaHME METOJIUK pacueTa Ha MEXaHWYECKYH0 MPOYHOCTH
OMOp M TMPOBOJIOB BO3AYIIHBIX JIMHUWA. MMerommecss KapTbl MO BETPOBOUM U
TOJIOIHON Harpy3Ke M KOJMYECTBY I'PO30BbIX yacoB Obun coctaBieHsl B CCCP. B
HACTOSIIIIMMT MOMEHT OHHM HE MOTYT HECTH JOCTOBEPHYIO HWH(MOPMAIUIO, 3TO
0oOyCJIOBJIEHO TEHJICHIIMEH HM3MEHEHUsl KiIuMara. B peruoHe BbIpociia CpeIHsis
CKOPOCTb BeTpa (0COOEHHO MOBBIIIEHNUE CKOPOCTU BETPa HAOIIOAACTCSl B BECCHHHIM
nepuon). [losBunucey peskue nepenaasl TeMneparyp. boNbIIMHCTBO YKCTIO aBapuil
MOXET OBITh CHUXEHO B pe3ysibTaTe IMEepecMOTpa KIUMATHYECKUX KapT MpHU
MPOEKTUPOBAHUY HOBBIX JIUHUN JIEKTPOIIEpEaay;

— TPUMEHEHHME HOBBIX TEXHUYECKUX  PEIICHUH, HCIOJb30BAHUE
COBPEMEHHOI'0 CaMOHECYIIero n3ompoBanHoro nposoja (CUIIT).  CHUII nokpsit
MOJIMMEPHON 00OJIOUKOM, a ATO 3HAYUT, YTO H3OJALUS MPOBOJA MPETOXPaHSIET

BO3AYIIHBIC IMHHUHU OT KOPOTKOT'O 3aMBIKAHUWA ITPHU CXJICCThIBAHUA ITPOBOJOB U IIPH
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NaJIEHUU BETOK JepeBbeB Ha HHMIO. Takke CUIl ymeHblIaeT HaIMMaHue cHera u
A0,

— onTuMaibHbIN BbIOOp Tpaccsl JIDII, pacnonokeHus: MpoBOAOB Ha ONOpax
Y PACCTOSIHUE MEXKY HUMU;

— HCIIOJIb30BAHUE MEXAHWYECKUX CPEICTB IPENOTBPALIAONINX IUIICKY
npoBoioB  (MexdasHble pacrnopku). MexdasHble pacnopkud 3HAYUTEIBHO
OTPAaHUYMBAIOT AMIUTUTYJY KOJIeOaHUS MPOBOJAa U COXPAHSIOT HEOOXOAUMBIE
M30JISIIMOHHBIEC PACCTOSIHUS B KPUTUUECKUX MECTAX;

[Ipu »sKcrmulyaTallud OCHOBHBIMH MEPOIPHUATHUAMH 11O TOBBIIIEHUIO
HAJIeKHOCTU PaOOTHI CETEU ABIISIFOTCS:

—  NEpUOJMYECKHA HAA30p 3a TEXHUYECKUM COCTOSIHUEM JIMHUMI
AIEKTPOIIEpEAay C LEJIbIO BBISIBJIECHUS BO3MOKHBIX MEXAHHMUYECKUX MOBPEXICHUN U
CBOEBPEMEHHOE UX YCTPAHECHUE;

— B LEJIIX NPEJOTBPALLEHUS YCTPAHEHUS TEXHOJIOIMYECKUX HapyLIEHUI
0 NPUYMHE HEJOCTAaTKa SKCIUTyaTallid U OIIHMOOK IepCcoHalla PEKOMEHIYETCs
MOJIFOTOBKA BBICOKOKBAIU(PHUIIMPOBAHHOTO 3KCIUTyaTallUOHHOIO U ONEPATUBHOIO
IIEpCOHAa;

—  BHempeHue  IGGEKTUBHBIX  METOJAOB  KOHTPOJIS  HW3OJISIIIUU
000opy1I0BaHUS;

—  KAuUeCTBEHHBIH OCMOTpP OOOPYJOBaHUS W BBINOJHEHHE padOT IO
PEMOHTY;

—  TPOBENECHHE MPOPUIAKTUYECKUX MEpOnpHsITHil (yucTka Tpaccsl BJI,
o0pe3Kka BETOK JE€PEBLER);

—  IPUMEHEHUE METOJOB HENPEPHIBHOIO aBTOMATHUYECKOIO KOHTPOJISA
DIEKTPUYECKUX CETEH Il ONPEACIICHUS JIMHUW C TOBPEXACHUSMH Ha OCHOBE
IIEKTPOMArHUTHBIX IapaMETPOB;

— B IeNAX YCTAHOBJICGHHSA TMPUYMH OTKIIOUEHHUs 000pyAOBaHHUA

PCKOMECHAYCTCA Oonee TIIATCJIbHOC N3YUCHHUEC OTKA30B.
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[To mpuuuHe TPO30BBIX AaKTUBHOCTEH aBapwuiiHbie oTkmouenus BJI 10-0,4
kB cocraBisaroT okoso 15 % ot oOmiero yrciia oTKIOYeHU. UTO TOBOPUT O TOM,
qyT10 TpedyeTcs 3P deKkTuBHAS TPO303aIuTa.

OneiT  npuMeHeHust orpaHnuuteneil  nepenanpsbkenuss  (OIIH) w
pa3psAHMKOB MOKA3bIBAET, YTO TAaKOM COCOO MOJIHME3ALIUThI HE B MOJHON Mepe
MOJKET yJIOBJIETBOPUTH IOCTABIICHHBIE TPEOOBAHMSL.

[Ipn uCnoJIb30BaHUM «POTOB» B KA4YECTBE I'PO303AIUTHI IPHU MHpPOLECcCe
JYrOOTBOJIa IIPOMCXOANUT UX OOropaHue, TpeOYIOLUE UX MEPUOJUIECKON 3aMEHBI.
A mpu He OOJBIIMX TOKAaX Oyra HE BBIXOJUT HA POra, 4ro BIEYET K NEPEXKOTY
IIPOBO/JIA.

Kaxk yka3bIBaJIOCH BBILIE, C BBEICHUE HOBBIX HOPMAaTUBOB Ha IPHUMEHEHUE
npoBogoB  CHUII, nmomkHBI  y4HUTBIBAaTbCS  O0s3aTeIbHOE  MPUMEHEHUE
IpO303aIIUTHBIX cpeAcTB Ha BJI mpoxomsmmx Ha OTKpBITOM MecTHOcTH. U
HEOOXOJMMO MPUMEHEHHE OT TPO30BbIX NEPEHAINPSHKEHUN JUIMHHO-MCKPOBBIX
pa3psanukos (P/IN).

PJIA He w©MET MHUPOBBIX AHAJIOTOB MO CBOMM KOHCTPYKTHBHBIM
napamMeTpaM M TEXHUYECKHUX XapaKTEpUCTUKAM U  SBISIOTCS POCCUHCKOU
pazpabotkoit HIIO «Ctpumep». Ilpunmun peiictBus PJIW 3akmiouaercs B
OTpaHUYECHHM TIPO30BBIX MEPEHANPSDKEHUM Ha BO3AYIIHBIX JIMHUSAX 3a CYET
MCKPOBOTO TMEPEKPHITUS O MOBEPXHOCTH H3OJISILIMOHHOIO Tella pPa3psAHUKA C
JUIMHOW KaHaJla pa3ps/ia, B HECKOJIBKO pa3 MPEBOCXOIAIIEN CTPOUTEIBHYIO BBICOTY
3aIMIIAEMON M30JISUUU, U TAalleHUH COMPOBOXKAAIOUIMX TOKOB MPOMBILIICHHON
YacTOThI 32 CYET 00ECIEYEHHOT0 TaKUM OOpa30M CHIKEHMS BEJIMYMHBI CPEIHETO

rpagueHTa pabo4ero HanmpspKeHHs BAOJb KaHalla TPO30BOTO IEPEKPBITHS.
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HI0NATOP NMPOMEXYTONHbLIE KaHan paspaga

nposon i aneTpoast

KpenneHusa

BO3AYWHBIM
npoMexyTox

MeTasuimveckan

\ TpyGKa

YHUBEPCANbHbIN
3AKHMM
Ha npoeope

HIONMPOBAKHHAA
nerna

PucyHnoxk 25 — Pa3psIHUK TITMHHO-HCKPOBOU

['po30BBIE TOKM MPOTEKAIOT MO BO3AYXY BIIOJb MOBEPXHOCTH, STO 3HAUMUT,
YTO JIAHHBIA THUI Pa3psSIAHUKOB HE MOJBEPIKEH MOBPEKICHUSIM. A 3HAUNAT JTAHHBIN
TUN pa3pAJHUKAa NOPUXOIUT 3ameHe wucnonbdyeMblx OIIH u  myroracsmmx
HCKPOBBIX MPOMEXYTKOB (poroB). OOecrneunMBaeTcs 3aliuTa OT MEPEKPBITHS
u3ossinuu BJI 1 Bce HeraTuBHBIE MOCTEACTBUS TPO30BBIX MEPEHAIPSKEHUHN (Tpr
OpsSIMOM ~ TIOMAJaHWKM  MOJHUM U TPU  UHAYKTUPOBAHHBIX  I'PO30BBIX
nepeHanpsbkeHusx ). Pazpsannuku tuna JJPU ycranaBnuBaroTcst Ha BC€ BUIbI OTIOP.

3ammTa AepeBSHHBIX OMOP BKJIKOYAET JBA BapUaHTA!

—  [OpH OpsIMOM TMOMaJaHUX MOJHUU B OMOPY MPOUCXOIUT PACILCIICHUE;

—  OpH OpSMOM MONAJAaHWK MOJIHUHM B OMOPY MPOUCXOIUT PACIICIUICHHUE
Y OTKJIFOUCHHE OT MEePEeHANPSIHKEHUS.

JInst mpenoTBpalieHusl pacUIeIUIeHHs] OMop IeJIecO00pa3HO MPOIOKUTh
BJI0JIb CTOMKH 3a3€MJISIFOIINE CITYCKHU U BBIIIOJHUTH 3a3€MJICHUE.

MeponpusitTus 1O pacyUCTKE TpacC HEOOXOAUMBI Il 3allMThI
AJIEKTPOOOOPY/IOBaHUS OT TIOBPEXKICHWM B TIOXKAPOOIMACHBIA TEpUoj U

oOecrnevyeHns HaJeKHOTO 3JIEKTPOCHAOXKEHUS TOTpeOUTENei.

3.7.2 MeponpusiTisi 10 NOBBILIEHUI) Ka4eCTBA 3JIEKTPOIHEPTUH
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[To pe3ynbraTam aHaliM3a KauecTBa AJIEKTPOIHEPTUU BEIOPAHHON paloHHOM
DIEKTPUYECKON CETM MOYKHO CKa3aTh, YTO NOKA3aTEIM Ka4eCTBA DJIEKTPOIHEPIUU
MPEBBIIAIOT AomycThuMble HOpMbI OTKIOHeHUs [IK ycranoemennsie B I'OCT
32144-2013 [5]. A iMEeHHO HAOJIFOIaeTCsl HEAOYCTUMOE JUTUTEIIbHOE OTKIIOHECHHUES
HalpspKeHWE, MNpeBbllieHME HecummeTpun B cersax 0.4 kB, oTkinoHeHus
JUTUTEIIbHON U KpaTKOBPEMEHHOM /10351 (hIuKepa.

Jlns npuBeaenus B Hopmy I[IKD cymecTtByrommux ceteil, a Takxke s
HOBBIX MpoekTtupyembix cereir 10-0,4 kB HE0OXOIMMBI HOBbIE PEIICHHS B IEJISIX
JOCTHKEHHUSI BBICOKOTO YPOBHS Ka4€CTBA AIEKTPOIHEPTHH.

CaMblii BBITOJHBIN KMCXOJ M3 MAJIBIX 3aTpaT PeCypc MO BBIPABHUBAHUIO
HECUMMETpPUHU SIBIISIETCS PABHOMEPHOE paclpeleleHue Harpy3sku 1o ¢azam.
PaBHOMEpHOE pacnpeneneHue Harpy3ok 1o (a3zaM MO3BOJUT YCTPaHUTh
JOTIOJIHUTENBHBIE TOTEPH MOIIHOCTU B JIMHUAX U NEPETPY3KY HYJIEBOIO MIPOBOJA.
Tax ke HeCUMMETpHsL Harpy30K BbI3bIBACT OOJIBIINE TOTEPU MOIIHOCTH B CUIIOBOM
TpaHcopmarope (T.K. B 4YeThlpexnpoBoAHbiXx cersax 0,4 kB wucnons3yror
TpaHcOpMaTOpbl CO CXEMOM COEIUHEHMsI OOMOTOK 3B€3/1a-3Be€31a-Hylb, a 3TU
TpaHchOpMaTOpbl HE HKOHOMHYHBI MPU HCIOJIb30BAHUM HECUMMETPUYHOU
Harpy3KkH).

B HekoTOphIX ciayyasx pacrpeneleHHeM Harpy3ku no ¢azam He yaaercs
NO0OUTHCSI CUMMETPHUH. B 3TOM citydae, peKOMEH1yeM MPpU MPOECKTUPOBAHUHM HOBOM
CeTH WJIM 3aMEHE CYLIECTBYIOIIUX TpaHCPOPMATOPOB Ha Tpex(aszHble MaCIICHbIC
TpaHchopMaTopsl ¢ cuMMeTpupyromum yctpoctsoM (TMI'CY).

Ha pucynke 25 moka3zaHbl 3aBUCUMOCTH IMOTEPh KOPOTKOTO 3aMbIKaHHS
tpanchopmaropa TM100/10 mpu coemuHeHHIX OOMOTOK 3Be€3/1a-3BE3/1a-HYIIb,

3Be3/1a-3Ur3ar-HyJb U 3Be3/1a-3Be3/]a-HyJIb C CEMMUTPUPYIOLIUM YCTPOHCTBOM.
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Pucynox 26 — 3aBHCHMOCTB MOTEPHh KOPOTKOTO 3aMBbIKaHUS TPAHC(POPMATOPOB C
pa3HOM CXeMOM COeTMHEHUSI 0OMOTOK OT BEJIMYMHBI TOKA B HYJIEBOM IIpoBoje: 1)
3Be3/1a-3B€3/1a-HYJIb 2) 3B€3/1a-3Ur3ar-HyJib 3) 3Be3/1a-3Be3a-HYJIb C

CEMMETPUPYIOIIUM YCTPOHCTBOM

Kak BuaHo w3 pucynka 25, mnortepu KOPOTKOTO 3aMbIKaHUSl B
TpaHchopMaTope CO CXEMOM COeAMHEHUsS 3Be3/a-3BE3/a-HyJlb PE3KO pPACTYT C
YBEJIMYEHUEM TOKa B HYJIEBOM MPOBOJIE.

Ucnonp3oBanne TpanchopmaTopa € CHUMMETPUPYIOIIMM YCTPONCTBOM
MO3BOJIUT YCTPAHUTh HECHUMMETPUIO, TEM CaMbIM YCTPAHUB HEJIOMYCTUMBIC
OTKJIOHEHUsI HampspkeHust OoJiee 3arpyxeHHbIx ¢da3. [lpu HecummeTpuuHOU
Harpy3Ke HEIONMyCTHMbIC OTKJIOHECHUS HAIPSIKEHUS MOTYT HAaOIIOJAThCA yKe Ha
HU3KOBOJIBTHBIX BBOJIaX TpaHcopmaTopa, a y MOTpeOUTENeil B TaHHOM Cily4yae
OyayT erie 00Jiee BHICOKHE UCKAKEHUS (Da3HBIX HAMPSHKEHUH.

B pacmpenenmurensubix  certsax 10-0,4 kB Bo3MOXHa  ycTaHOBKa
KOHJIEHCATOPHBIX YCTAaHOBOK Ha TpaHcpopmaropHoi mnoxactanuuu 10/0,4 kB.
LEJSAX pa3rpy3KH MUTAIOIIUX JUHUN, HOPMaIU3alU HAPSKEHUSI U YMEHbBIICHUS

MOTEPb DJIEKTPOSHEPTHH HA YAAJCHHBIX OT IIEHTpa TMUTAHUS TMOTpeOUTemeH.
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OpHako HE aKTyaJbHO WCIOJIb30BAaHUE ISl SKHJIMITHOTO CeKTopa. Tak Kak
KO3 GUIIMEHT MOIIHOCTH y TaKMX NoTpeOuteneil Haxomutcs B Auamazone 0,85-
0,98 1 ycTaHOBKA HCTOYHHKOB PEAKTUBHON MOIIIHOCTH HE IIes1ieco00pa3Ha.

Jlist cimydaeB, TAe KOMIIGHCAITUMS PEaKTUBHOW MOIIHOCTH IieJiecoo0pasHa,
PEKOMEH]IyeM MPUMEHEHHE YCTPONUCTB aBTOMATHYECKON YCTAaHOBKH KOMITCHCAIIMU
peaktuBHOM MoIHOCTH (AYKPM), mo3Bossitoniue o6ecreunTs emie 0oiee TOUHOe
noj/iep)kaHue 3HadeHUue Kod((UIMEHTa PEaKTHBHOW MOITHOCTH OJM3KOTO K
eaunuile. I[IpuMeHeHHE TO3BOJUT CYIIECTBEHHO YBEJIMYUTH IMPOIYCKHYIO
CIIOCOOHOCTh ~ MHTAIMIMX JHHUA H TpaHC(HOPMATOPOB, COKPATUTH IOTEPH
aKTUBHOM MOIITHOCTH, UYTO COKpaTuT miaty Ha 5-30 % BbIIaT 3a motpedsieHue
aKTUBHOM MorHocTH [11].

Ycrpanenue Kkosie0aHWN HANPsDKCHHS CIIEAyeT HadaTh C  BBISIBICHHS
noTpeduTenel MMEIIMX pe3KolepeMeHHyo Harpysky. s cereir 6...10 kB
BO3MOYKHO HCIIOJIb30BaHHUE TPaHCPOPMATOPOB C PACHICTUICHHOW OOMOTKOM, st
paszielicHusl CIIOKOWHON Harpy3Kd M pe3KonepeMeHHoW. Tak ke BO3MOXKHO
pUMEHEHUE OBICTPOICHCTBYIOMIUX UCTOYHUKOB PEAKTUBHON MOIIIHOCTH, KOTOPHIE

CIIOCOOHBI KOMIIEHCUPOBATHh U3MEHEHUSI PEaKTUBHOW MOITHOCTH [15].
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Pasznen 4 ®OuHAHCOBBIII MEHEIKMEHT, pecypcod(Pp(PeKTHBHOCTL H

pecypcocdepe:xeHue

BBeaenue mo pasaeny

B mHacrosiiee BpeMs MEpPCHEKTUBHOCTh HAYYHOIO  HCCIEAOBAHUS
OMpEeNIEeNIAeTCS HU CKOJIBKO MAacIITa0OM OTKPBITHS, OIIEHUTh KOTOPOE Ha MEPBBIX
ATanax >KM3HEHHOTO IMKJA BBICOKOTEXHOJOTHYECKOTO M pecypcodPheKTUBHOTO
MpoAyKTa OBbIBa€T JOCTATOYHO TPYAHO, CKOJBKO KOMMEPUYECKOH IEHHOCTHIO
pa3paboTku. OleHKa KOMMEPYECKOM IEHHOCTH (TOoTeHIMana) pa3paboTKu
ABJIIETCSI HEOOXOJMMBIM YCIIOBUEM IPU MOUCKE HCTOYHUKOB (DMHAHCUPOBAHUS
JUJISl IPOBEJICHUSI HAYYHOT'O UCCIIEAOBAaHUS U KOMMEPLIHAIU3ALUU €T0 PE3YIbTaTOB.
OTO BaXHO I pa3pabOTYMKOB, KOTOPBIE IOJKHBI MPEJCTABISATH COCTOSHUE U
MEPCIEKTUBBI TPOBOIUMBIX HAYYHBIX MUCCIIECIOBAHUN.

Uepes Takyro OLEHKY YYEHBIM MOXKET HAaWTH MapTHEpa I JaTbHEUIIEro
MPOBEICHUS] HAYYHOT'O HCCIIEIOBAaHUS, KOMMEPIIMAIN3allud PE3yJbTaTOB TaKOTO
UCCIIEIOBaHUSI M OTKPBITHS Ou3Heca. HeoOxoauMo moHMMATh, YTO KOMMEpUYecKas
MPUBJICKATEILHOCTh HAYYHOTO  HWCCJIEAOBAHHS  OMPEAENseTCS HE  TOJBKO
MPEBBINICHUEM TEXHUYECKUX MTapaMeTPOB HAJl MPEABIIYIIUMH pa3paboTkamMu, HO U
HACKOJIBKO OBICTPO pa3pabOTUUK CyMEeT HAMTH OTBETHI Ha TaKUE BOMPOCHI — OyIeT
JIM TIPOJIYKT BOCTPEOOBaH PHIHKOM, KaKoBa OYJET €ro 11eHa, YTOObI YIOBIETBOPUTH
MOTPeOUTENSI, KaKOB OIOJIPKET HAYYHOT'O MPOEKTa, CKOJIBLKO BPEMEHHU MOTpeOyeTCs
JIJIS1 BBIXOJ1a HA PHIHOK U T.]I.

Takum  oOpazom, menplo paszgena «DOUHAHCOBBIM  MEHEIKMEHT,
pecypcoddpHEeKTUBHOCTE M pecypcocOepeKeHue»  SBISACTCS  OMpEeIICHHE
MEPCIEKTUBHOCTH U YCIEIIHOCTH HAYyYHO-UCCIIEIOBATEIILCKOTO MPOEKTa, a TaKkKe
TJIaHUpOBaHKUE ¥ GOPMUPOBAHKE OFO/KETA HAYUYHBIX UCCIICIOBAHUMN, OTIPECICHNE
pecypcHoit (pecypcocbeperaroreii), (pUHAHCOBOM, OIKETHOM, COIUAIBHOU U

HKOHOMHUYECKOH 3PPEKTUBHOCTH UCCIIEOBAHUSI.
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B pazmene paccmorpeHa skoHomHueckas 3(P(EKTUBHOCTh OT pean3aluu

METO/Ia TTOBBIIIIEHUS KauecTBa deKTpocHa0dxeHus B ceTsax 10-0,4 xB.

4.1 OnucaHue NMpoeKTa

Pacnpenenenne 3neKTpUUECKON 3HEPTUU - AJIEKTPOTEXHUYECKUN MPOLECC
nepeayu  JIEKTPOIHEPTUU TMOTPEOUTENSIM TOCPEACTBOM  PACIPEACIUTEIIbHBIX
YCTPOMUCTB B MECTHBIX pACIpPEACIUTEIbHBIX CETSIX, KOTOpbhle 00ecneunBaroT
ANEKTPOCHAOKEHUE TOPOJCKMX KOMMYHAJIBHO-OBITOBBIX  IMOTpEOHTENIed U
NPOMBINUICHHBIX ~ OpeaAnpusiTuil. B MECTHBIX CEeTAX  JJEKTPOdHEpPrus K
noTpebuTensiM pacnpezensercs ot ueHtpoB nutanus (L{I1), mox xoTopeimu
MOHMMAIOTCS IIWHBI PACHPEACIUTEIIBHBIX YCTPOWCTB BTOPUYHOTO HAMPSHKEHUS
(6...10 xB), moHmXaroMMX MOACTAHIINMN JIEKTPOIHEPTETUUECKUX CUCTEM.

HenpeppiBHBIE POCT HArpy30K DJJIEKTPUYECKUX CETEW, CBSA3AHHBIA C
€CTECTBEHHBIM POCTOM HArpy30K MOTPEOUTENICH U OTCTaBAHUEM TEMIIOB NMPUPOCTA
MPOMYCKHOW  CHOCOOHOCTHM CETH OT TEMIIOB MPUPOCTa  MOTPEOICHUS
AIIEKTPOIHEPTUM, a TaK K€ CTapeHHe OOOpYyIOBaHUS TMOACTAHIMN W JMHUU
AJIEKTpOIIepeaaud MPUBOJIUT K POCTY MHTEHCUBHOCTH OTKa3oB. Ha pucynke 26

IIOKa3aHa 3aBUCUMOCTDb OTKIIIOUCHHUC JIMHHUHN 3JICKTPOIICPCaadH I10 I'oJaM.

68



OTKAl0YeHue obbekTa
. A
14 /' \\ 1’—’
12 /\ M /
0 ~/ [ \/

. [~ \ ] 4
) r~/ ™

Konunuyecrso oTkasos

O T T T T T T T T T 1
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

lfop

Pucynok 27 — I'padux 0TKa30B 00bEKTa

[lo rpaduky BuaHo, uro 3a 10 €T KOJMYECTBO OTKIIOYCHHI
3a(pUKCUPOBAHHBIX HAa TUHUH JIEKTPOIEPEIadr BBIPOCIO OUYTH B 2 pasa.

Otxirouenue mo6oro ooopynoBanus ( 000pyI0BaHUS MOACTAHITUHN, JTUHUH
AIIEKTpOTIepeaun) COMPOBOXKIACTCS HEAOOTIIYCKOM JJIEKTPOIHEPTHH B CETh.
HenooTmyck 3J€KTpO’HEprHMH B CETh, NPUBOJUT K OTPAHUYCHHUIO CHAOKEHUS
AIIEKTPUYECKOW SHEprueil MNpeanpusiTuss U OCTAHOBKE MPOM3BOACTBEHHOI'O
IpoIIecca, YTO CYIECTBEHHO MOXKET MOBJIUATH HA pa3Mep YOBITOK MPEAPHUSTHSL.

K kadectBy dieKTpocHaOXKEHUS TaK K€ OTHOCUTCS U KayecTBO
anexkTpuueckoit snepruu (K9). [lo nopmarusabeimM nokymentam ['OCT 32144-2013
[5] cereBas opraHmzanus JO/DKHA TOMJCPKHMBATH IMOKA3aTeJId  KadyecTBa
anextposneprun (IIKD) B mpenenax gomyctumbix 3HaueHuid. Ecnm gomyckaroTcs
OTKJIOHEHHUSI BBIIIE JOMYCTHUMBIX 3HAYCHHIA, TO Pe3yIbTaToM OyaeT HaOII0IaThCs
YBEIMYCHHE TIOTEPh DJIEKTPOIHEPTHH B DJIEKTPOOOOPYAOBAaHUHU, COOEM pabOTHI

AJIEKTPOIIPUEMHUKOB TOTPEOUTENST W BO3MOXKEH BBIXOA U3 paboThl. Tak xe
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pE3yNbTATOM TAaKUX PEKUMOB pPabOThl OyaeT ymepOd OT HEKaueCTBEHHOTO
AIIEKTPOCHAOKEHUS.

[ToBbIIICHHE KayecTBa 3JCKTPOCHAOKECHHS TIPOUCXOJIUT 3a CUCT OIOKETa
CEeTEBOM  OpraHu3aluy, TMOJyYeHHE CPEACTB 3aJOkKEeHO B Tapude Ha
AJIEKTPOIHEPTHIO. B HEKOTOPBIX cllydasx (pUHAHCHPOBAHHE BO3MOXKHO 3a CUET
MOTPEOUTENS, €CIIM  TEXHOJIOTMYECKHH Tpolecc TpedyeT KadeCTBEHHOTO
AJIEKTPOCHAOKEHUSI W YOBITKM OT HEKAYECTBEHHOTO JJICKTPOCHAOKEHHUS BBIIIE,

4YCM 3aTpaThl HAa ITOBBIIICHUC KaYCCTBA.

4.2 AHAJIN3 TeXHUYECKU peleHni

B rmaBe 3 ObUT TpOM3BENEH AaHAIMW3 CYIIECTBYIONIEH pallOHHOU
NIEKTpUUECKO ceTu. B pesynpraTe aHanmza OBLUIO YCTAHOBIEHO, 4YTO JIJIS
pPELIECHUS] COKPAILEHHUS] TEXHOJOTWYECKUX HAPYIIEHUNH BO3MOXKHBI CIIEIYIOIINE
METO/IbI:

—  ycTaHOBKa Mex(ha3HbIX PaCIOPOK;

—  KOMIIEHCAlMs pEaKTUBHOW MOUTHOCTH;

—  OpraHu3allMOHHBIE MEPOTIPUSTHS;

— W JIpyTHe.

s mpuMepa pacCMOTPUM AJIEKTPOCHAOKEHUE MPEANPUITUS CEThCKOTO
xo3siicTBa. [ mpumepa paccMOTpUM  TPENNPUSATAE MOJOYHON  depMmbl,
nutatonieecs no juHusM 10 kB. Paccmorpum skoHoMuueckuit 3hdext ot
YCTaHOBOK MeX(a3HbIX PaCIIOPOK.

Ymep6 nmo momounoit pepme Ha 800 roJIOB, C TOJOBBIM HEIOOTITYCKOM
anektposHeprun 3500 xBt-u. Momounas ¢epma nwuraercs no BJI 10 kB
npoTsKeHHOCThI0 14,85 kM (271 omnopa, 262 nposneTa)

BcecorosHblit  MHCTUTYT — JNEKTpU(DHKAIMKA  CETBCKOTO  XO3SMCTBA
pa3zpaboTtan yaenbHble BETUYHMHBI yliepOa OT NEPEephIBOB B 3JIEKTPOCHAOKEHUU

(tabmuma 9).
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Tabnuna 9 — Y aenbHble BeTWYUHBI yiiepOa Ha HEAOOTHYyIeHHbINH | kKBT-1

Cpennsis ynenbHas BeIMYnHA yiiepoa

OOBeKT
pyo. py0./kBT-u

depma IPUBA3HOTO

COJIEpKaHUsT KPYITHOTO
pOraToro CKOTa:
JloeHue B cTonnax 15 3a ouH yac nepepriBa 271
Ha OJIHY TOJIOBY

Jloenue Ha mmomaakax | 21 3a oguH 9ac nmepepniBa 349

Ha OJIHY T'OJIOBY

Paccuntaem yuiep0 oT mepepbiBa 3JIEKTPOCHAOKEHUS

V=V, A

I'me — A KOJIMYECTBO HENOOTHYIIEHHOW AJIEKTPOIHEPTUH; YV, — yIEIBbHBIN

yiiepO Ha HEAOOTIMYIIEHHBIN KBT- 4 3J1eKTposHepTru.

¥ =3500-271= 948500 py6.

CTOMMOCTBH YCTAaHOBKHM pacnopku MexdazHble nzonupytouiero tuna PMU

npeacTasieHa B Tabnmre 10.

Ta6nuna 10 — CTouMoCTh YCTaHOBKH MEX(a3HBIX PACIIOPOK

MexdaszHbie pacriopku
Ne i/m [TapameTp
tunia PMU 16/10-450-P
PacueTHblil cpeHuii CpoOK CITyKObI
1 Oonee 25 ner
Mex(ha3HBIX paCIIOPOK
2 KonuyecTBo pacnopok, mr 262
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MexdaszHbie pacriopku

Ne n/m [TapameTtp
tuna PMU 16/10-450-P
3 CrouMocTh pacnopku, pyo. 12000
4 CroumocTh MOHTaxa, pyo. 3590
CyMMapHasi CTOMMOCTD PaCIOPKH,
5 yNMAP P P 15590
pyo.
6 CrouMocTs 00CTyKUBaHUS, pyo/TO —

CymmapHas CTOMMOCTh yCTaHOBKHM pacmopok Tuma PMU 16/10-450-P
PacCUUTBIBACTCSL:

C=(C+C,)n

rac C — CyMMmapHasd CTOUMOCTb CIAHMHHIBI YCTaHABJIMBACMOI'O

e

o0opynoBanusi, C, — CcyMMapHasi CTOUMOCTbh MOHTa)Ka €JMHUIIBI , N — KOJIMYECTBO
HITYK.
C = (12000 +3590) - 262 = 4084580py6.

CpOK OKYyIaeMOCTH PacCUUTHIBACTCS

PP:E— =

9 - CRO().H - Ce

00.61

rae D — CyMMapHas roJioBasi 5KOHOMHUS CPEJICTB MPHU YCTAHOBKE PaCIOpPOK,

pyo.

4084580

=———12=52 mecayes
948500

4.3 Onenka 3(p(hpeKTUBHOCTH HCCJIeIOBAHMS

O} peKTUBHOCTh HECKOJIBKUX WHBECTULIMOHHBIX MPOEKTOB OYAET OlICHEHa

METOJIOM ONPEAEIEHUs] YUCTOM Tekymen croumoctn u  YJJ[ — wyumcroro
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MPUBEICHHOTO  J0XOJa, Ha KOTOPbIM MOXKET YBEIHUYUTHCS CTOMMOCTH
MEPOIPHUAITUAN B PE3YIIBTATE PEATU3ALAN IPOCKTA.

Pacuer sddekTuBHOCTM OCHOBaH Ha JIaHHBIX JCHEKHOIO II0TOKAa U
npoleAype JIUCKOHTUPOBAHUS JICHEXKHBIX TIOTOKOB, NPHUBEACHHBIX UX K
HACTOSIIIEMY MOMEHTY BPEMEHH.

JIGHeXXHBII TIOTOK PACCUUTHIBACTCS OTHACJIBHO MO KaXJIOMy BHUIY
JIEATEIIbHOCTH, TI0 BCEM BHUJIaM JICSITEIbHOCTH HA KaXKJIOM IIare pacyeTa U 1o BCEM
BHUJIaM JICSITEILHOCTH HAKOMUTEIbHBIM UTOTOM. [l0 omepanuoHHON (TeKylien) u
WHBECTUIIMOHHON JESATEIbHOCTU TMPUHUMAETCS BO BHHMAaHUE CYMMAapHbIN
JICHEe)KHBIA TOTOK, a MO (PMHAHCOBOW JEATENBbHOCTU, YTOOBI M30€KATh BIIMSHUS
MIPUHIIAIIA IBOMHOM 3aIIMCH, YUUTHIBAEM TOJIBKO OAHKOBCKUU KPEIUT U CYOCHIUU
Ha OIUIATy MPOLIEHTOB.

B onepanimoHHON [I€STETBHOCTH YYMTBHIBAIOTCS TEKYIIUE JICHEKHBIC
MOTOKW: TIPUTOKHA (BBIpyYKa OT peajlu3aluu MNPOAYKIUH, CYOCHIMH IO
0aHKOBCKOMY IMPOLIEHTY), OTTOKH (Pacxo/ibl Ha MPOU3BOICTBO, HAJIOTH, MIPOICHTHI
110 OAHKOBCKOMY KPEIUTY).

[TpubbuIL cuMTaETCS TOJIBKO M3 BO3MOXKHOU 3KOHOMUU. He yduThIBas
BO3MOXXHOE€ H3MEHCHHME IIeH Ha O0OpYyJIOBaHHE, M3MEHECHHE Kypca BalllOT WIIU
u3MeHeHue Tapuda.

[To WMHBECTUIIMOHHOW JEATEIBHOCTH MNPUCYTCTBYIOT TOJIBKO OTTOKM Ha
KaluTaJdbHbIE BIIOXKEHUS. BiokeHue IepBOHAYAbHBIX OOOPOTHBIX AKTHBOB HE
BBIJICJIEHO OTAENBHOM CTPOKOM, TaK KakKk O3TH CPEACTBA YK€ YUTCHBI B
ce0eCcTOMMOCTH, a, CJeJ0BaTelbHO, B 3arparax. Peanuzainus HMyIIECTBa IO
OKOHYaHHMH MPOEKTa HE MPEeInoJiaraeTcs.

[lenb AMCKOHTUPOBAHMS — MPUBECTU JICHEXKHBIM TMOTOK, HEPABHOMEPHO
pa3OpOCaHHBIE TI0O TOPU3OHTAIM ITUTAHUPOBAHUS, K HACTOAINIEMY MOMEHTY,
CBEpPHYTH MPOTSKEHHYIO JUHUIO U OLEHUTH 3(PPEKTUBHOCTh MPOEKTA C YUETOM
BpeMeHHOTo (akropa. CTaBka JIUCKOHTHUPOBAHUS OMpeaesercs crenuukon

MPOEKTA.
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Koadduiment nuCKOHTHpOBaHUS, OH K€ (AKTOp WM MHOXKHUTEIb
TEKyIIel CTOMMOCTH, PACCUMTHIBACTCS HAa KaXXJOM IIare pacuera (g KaskKIoro
roja):

1
K,=——=
(1+E)
rae E — craBka MUCKOHTHpOBaHHMS 3a Mepuoia; U — MOPAIKOBBIM HOMED

Iepunoga ¢ Hadajia pCaJin3allu IIPOCKTA.

JIMCKOHTUPOBaHHBIN JEHEKHBIN IIOTOK MIPEACTABIACT co0oit
IPOU3BENIEHUE YUCTOTO JIEHEKHOTO OTOKA Ha KO3()PUIMEHT AUCKOHTUPOBAHMUSL.

JINCKOHTUPOBAaHUE JEHEKHOIO IMOTOKAa O(QOpMIIAETCS B BUAE TaOJIMLIBI
TakuM 00pa3oM, 4TOOBl OOECHEYUTh MAKCHUMAJIbHYIO HArJISAHOCTh M YJ0OCTBO
pacyeToB.

HrtoroBoe 3HaueHUE YUCTOrO JUCKOHTUPOBAHHOTO JEHENKHOTO MOTOKA —
31O mokazarens YJ1/1, uiam To KOIM4YECTBO JEHET, KOTOPOE IJIaHUPYETCS MOJTYyYUTh
10 JOCTHKEHUH TOPU30HTA IJIAHUPOBAHUS C YUIETOM BPEMEHHOTO (hakTopa.

Pacuer 3¢(heKTUBHOCTH peanu3alny yCTAaHOBKH MEK(Pa3HbIX pacliopoK
IIPY rapaHTUPOBAHHOM CPOKE CIIyKObI TIpesicTaBiieH B Tabnwuie 11.

Pacuer 3¢(heKTUBHOCTH peanu3alny yCTAaHOBKH MEX(a3HbIX pacloOpoK
IpU YCIOBUM Opaka U JedekTax MpU MOHTa)XE U IKCIUTyaTalluy NMPEACTaBICHbBI B
Tadimuue 12.

Ha pucynke 27 mpencTtaBieH NUCKOHTUPOBAHHBIM JCHEKHBIM TOTOK C

HapacTaronmM 3(PQPeKToM OT peanu3anu yCTAHOBKHA MEX(a3HBIX PaCHoOpOK.
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Ta6muma 11 — Y11 ot ycTaHOBKH MEK(a3HBIX Paciopok

Ne

[TapameTp

Howmep mrara (repuoja) pacuera (t)

0

3

4

5

6

HNuaBectunmmn

-4 084 580

DKOHOMHUSA OT

MOJIEpHU3AIUN

DKOHOMUS NPU
oriaTe
AJIEKTPOIHEPTU

u

948500

948500

948500

948500

948500

948500

948500

948500

948500

Canpzo

948500

948500

948500

948500

948500

948500

948500

948500

948500

Koaddumment
JTUCKOHTUPOBA
HUS TIpH

CTaBKC JOXO0Ja

10%

0,909

0,826

0,751

0,683

0,621

0,564

0,513

0,466

0,424

JluckonTrpoBa

-4 084 580

862186

783461

712323,5

647825,5

589018,5

534954

486580,5

442001

402164
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Howmep 1rara (mepuoja) pacuera (t)

Ne|  Ilapametp
0 1 2 3 4 5 6 7 8 9
HHOE CaJibJI0
JIleHeXHBIM
MOTOK
9 -4 084 580 | -3222393 | -2438932 | -1726609 | -1078783 | -489765 45189 531769 973770 | 1375934
HapacTarluM
UTOTOM
Tabmuma 12 — YJI/] ot ycranoBKH Mexda3zHbIX pacnopok (5% Opak u 1eheKThl YCTaHOBKH)
Howmep mara (mepuoaa) pacuera (t)
Ne|  IlapameTtp
0 1 2 3 4 5 6 7 8 9
1 | NuBectuiun -4 084580 -204229 -204229 -204229 -204229 -204229 -204229 -204229 | -204229 | -204229
DKOHOMHUS OT
2 | MoJIepHH3AIIN — — — — — —
"
3 DKOHOMMUS — 948500 948500 948500 948500 948500 948500 948500 948500 948500
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%

[TapameTp

Howmep miara (mepuoja) pacuera (t)

3

4

5

6

U OIIaTe
AIIEKTPOIHEPT

nn

Canpzo

744271

744271

744271

744271

744271

744271

744271

744271

744271

Koaddummen
T
JVCKOHTUPOB
aHus Ipu
CTaBKE

noxona 10%

0,909

0,826

0,751

0,683

0,621

0,564

0,513

0,466

0,424

JIMCKOHTUPOB

AHHOC CaJIb10

-4 084580

862186

614767

558947

508337

462192

419768

381811

346830

315570

JIeHEKHBIM

ITIOTOK

-4 084580

-3222 393

-2 607625

-2048 678

-1540341

-1078148

-658 379

-276 568

70 261

385 832
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%

[TapameTp

Howmep miara (mepuoja) pacuera (t)

3

4

5

6

HapacTalou

M UTOI'OM
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Pucynox 28 — I'padvik TUCKOHTUPOBAHHOTO JACHEKHOTO MOTOKA C HAPACTAIOIIMM UTOTOM OT PealTU3aliK PACIoOpOK ¢ BAPUAHTOM

Opaka u neexToB
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4.4 BIBOBI MO pa3iesry

Hcnons3oBanne metoaa YJIJ[ oOyclioBiIeHO €ro MnpeuMyiiecTBaMu IO
CPaBHEHUIO C JIPYTUMHU METOJAMH OIEHKUA 3(P(HEKTUBHOCTH MPOECKTOB, KOTOPHIC
CTPOSITCSL Ha UCIOJIb30BAHUM TEPUOAA BO3MEUIECHHUS 3aTpaT WIA TOJOBOM HOpMa
MOCTYIIJICHUH, TTOCKOJIBKY OH YYHTBIBAET BECh CPOK (DYHKIIMOHUPOBAHUS MMPOCKTA
1 Tpaduik TOTOKa HATMIHOCTEH. MeToa 00s1ajaeT JOCTaATOYHON YCTOWIUBOCTRIO
Opy  pa3HbIX KOMOWHAIMSAX HCXOJHBIX YCJIOBUM, TIO3BOJISIE HAaXOJIUTh
SKOHOMMYECKH PAaIlMOHATBHOE pElIeHHWE W MOoJydaTh HanbOojee 0O0O0OIIEHHYIO
XapaKTepUCTUKY pe3yjibTaTa WHBECTUPOBAHUS (€ro KOHEUYHbIH »(PdekT B
abcorroTHOM hopme).

[lepron OKymaeMOCTH PaCCMOTPEHHBIX HWHBECTHUIMOHHBIX MPOEKTOB B
npeaenax 52-60 wecsueB MToroBoe 3HAYEHUE YUCTOTO JTUCKOHTUPOBAHHOIO
JEHE)KHOTO MOTOKA — 3TO nokaszarens Y/[JI, wim To KOIM4YecTBO JEHET, KOTOpOe
IJITAHUPYETCS MOJYYUTh O JOCTHXKEHUM TOPU30HTA IUIAHUPOBAHUSA C YYETOM
BPEMEHHOTO (hakTOopa.

MeTton YUCTOU TEKyUIEH CTOMMOCTH BKJIIOYAET pacuer
JUCKOHTUPOBAHHON BEJIWYUHBI TOJIOKUTEIBHBIX M OTPULIATEIIBHBIX IOTOKOB
JNEHEXKHBIX CPEACTB OT NpoeKTa. J[aHHBIM MPOEKT HMEET MOJOKUTEIbHYIO
YUCTYIO TEKYIYI0O CTOUMOCTD T.K. JUCKOHTHUPOBAHHASI CTOMMOCTh €0 BXOJSIIINX

ITOTOKOB IIPCBOCXOIUT JUCKOHTUPOBAHHYIO CTOMMOCTDb UCXOOAIINX.
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Pa3znen 5 CounajnbHasi OTBETCTBEHHOCTH

Beenenue B pasaed

[Ipencrasnenue MOHATHUS «CormmanbHas OTBETCTBEHHOCTb
chopMynrpoBaHO B MeXayHapoiHOM ctanaapte |1C CSR 26000 2011
«CouuanbHas OTBETCTBEHHOCTH OpraHu3alyny» [17]. CoumanbHas
OTBETCTBEHHOCTh BKJIIOYAET B c€0sl OTBETCTBEHHOCTh IEpe JIOAbMU U JTaHHBIMU
UM OOCIIaHUsIMHU, KOT/Ia OpTaHM3alUs YYUTHIBAET HHTEPECHl KOJJICKTHBA U
oO1ecTBa, Bo3jarasi Ha ce€0sl OTBETCTBEHHOCTh 3@ BIIMSIHUE WX JCSITEIBHOCTU Ha
3aKa34YMKOB, IOCTABIIUKOB, PAOOTHHUKOB.

Cpenu Hambonee pacIpOCTPAHEHHBIX HAIMPABICHUNA  COLMAIBHBIX
IporpamMm KOMIIAHUN MOKHO BBIJICIUTH TaKue, KaK: pa3BUTHE MEPCOHANA, OXpaHa
3I0pOBbsl U Oe30macHble yCIOBUS TpPyAd, COLUUAIBHO OTBETCTBEHHAs
PECTPYKTYpHU3allvs, MNPUPOJOOXpaHHAS NEATEIBHOCTh M pecypcocOepexeHue,
pa3BUTHE MECTHOTO COOOILIECTBA U OXpaHa OKPYKAIOIIEH Cpeibl.

Marucrepckasi ~ gucceprams — MpEICTaBlICHA  aHATU30M  METOJOB
MOBBINICHUS KauyecTBa JIEKTPOCHAOKEHUS U YMEHbIIeHus noteps B ceTsix 10-0,4
kB.

OOBbeKTaMu UCCIIETOBAHMS SIBIISTFOTCSL:

1. CymecTBytomnye METOAbl MOBBIIIEHUS KayecTBa 3JIEKTPOCHAOKEHNUS
1 yMeHblIeHus noteps B ceTax 10-0,4 xB;

2. IlpuyuHBI HEKAYECTBEHHOIO JJIEKTPOCHAOXKEHHSI MOTpeOuTenei
cereit 10-0.4 kB;

3. BrausHue HEeKaueCTBEHHOTrO 3JIEKTPOCHAOXKEHMsI HAa NOTpeOuTeNne u
AJIEKTPOYCTAHOBKHU

[lenp naHHOrO pasnena: MNpPOAHATM3UPOBATh OMACHbIE W BPEAHBIC
(dakTOphl, OKa3bIBAIOIINE BO3JICHCTBHME HA YeJOBEKA MPU KOHKPETHOM BHJIE

HpOHSBOI[CTBCHHOfI ACATCIIbHOCTH, PCHINTL BOIIPOCHI o0OecreyeHus 3allUTbl OT
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OMAaCHBIX U BpEOHBIX (HAKTOPOB HA OCHOBE TpPeOOBaHWM AEHWCTBYIOIINX

HOPMATUBHO-TCXHUYCCKUX JOKYMCHTOB.

5.1 lIpodeccuonanbHas counaibHas 0€30MACHOCTH

HccnenoBaHre METOMOB TMOBBINICHUS KauecTBa 3JCKTPOCHAOKEHUS W
YMEHBIIIEHUE TIOTEPh B CETAX KaK OOBEKT MCCIICNOBAHUS HE UMEET OMACHBIX W
BpPEIHBIX (DAaKTOPOB BIUSIONIMX Ha OKPYXAIONIYI0 Cpeay Wi denoBeka. s
aHaJIM3a JAHHOTO 00BEeKTa HEOOXOAMMBIMU JIJIsl aHAIH3a SBIISIOTCS OMACHBIC WIIN
BpeaHbIC (PAKTOPHI IPH UCCIIECAOBAaHUN B O(PUCHOM TIOMEIIICHHUH.

B tabnune 13 mpencraBieHbl OmMacHble WM BpeaHble (HAKTOPBI TMPHU
MOBBIICHUST ~ KadecTBa  DJICKTPOCHAOKEHUS U

HCCICAOBAHUHN MCTOJ0OB

yMeHblIeHus noteps B cetax 10-0.4 xB.

Tabnuma 13 — OnacHble U BpeaHbie (aKTOPhI

Hcrounuk DakTopsl
¢axropa, HopmatusHbIe
HAauMEHOBAHUE Bpennslie OnacHble JOKYMEHTBI
BUJIOB paboT
OducHoe 1. Mukpoxknumar; 1. Puck 1. CanlluH 2.2.4-548-96
MIOMELICHUE 2. OCBELIEHHOCTE; BO3HUKHOBEHHs | ['uruenmdeckue
3. Mywm; 110Kapa; TpeOoBaHUS K
4 Tlcuxodusuonornueckue | 2. INEKTPHUECKUI | MUKPOKIIUMATY
(bakTopsl; TOK; MIPOU3BOICTBEHHBIX
5. DIEeKTpOMarHuTHoOE ITOMEILICHU;

HU3JTy4YCHUC..

2. CHullI 23-05-95
Hopwmsl ectecTBEHHOTO 1
HCKYCCTBEHHOTO
OCBELICHUS
IIPEANPUATHI;

3.TOCT 12.1.003-83.
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CCBT [omyctumslie
YPOBHHU IIIyMOB B
IIPOU3BOJICTBEHHBIX
MOMEIIEHUSX;

4. CaulluH
2.2.2/2.4.1340-03
['uruennueckue
TpeOOBaHUS K
NIEPCOHATBHBIM
3JIEKTPOHHO-
BBIUMCIUTENbHBIM
MaIlIMHaAM U
OpraHu3aIy padoThI;
5. [I1b 01-03 IpaBuna
MoXKapHOHM 6€30MacHOCTH
B Poccuiickoit

®enepanuu.

5.1.1 TpeGoBanus k nmomMenmeHusAM AJs padorsl ¢ [I9BM

B cooTBeTcTBUM C OCHOBHBIMHU Tpe6OBaHI/I$IMI/I K TIOMCHICHUAM JIA

skcuryataiun  [I19BM  (CanlluH 2.2.2/2.4.1340-03) [23] »Td nomemnieHUs

AO0JZKHBI UMCThb €CTCCTBCHHOC M MCKYCCTBCHHOC OCBCIICHHC. HJ'IOH.[&I[B Ha OOHO

pabouee mecto moiw3zoBareneir [19BM c¢ BJIT na 6a3e »ieKTpOHHO-TY4eBOM

Tpy6ku (DJIT) HOMmKHA cOCTAaBIATH He MeHee 6 M° u ¢ BJIT Ha Gase MmIOCKHX

2
JTUCKPETHBIX SKPAHOB (3KUJIKOKPUCTAJUIMYECKUE, IJIa3MEHHbIE) 4,5 M.

J{nsi BHyTpeHHEN oTAenku uHTepbepa nomemenui ¢ [IDBM nmomxHbI

UCIIOIb30BaThCsd U Py3UOHHO-OTpaKAIOIMe Marepualibl ¢ KodhuimeHToMm

otpaxkerus oT moroaka — 0.7 - 0.8; mms cren — 0.5 - 0.6; ms monma — 0.3 - 0.5.
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5.1.2 MuxkpokJmumMat

MukpokiuMaT — KOMIUIEKC (Pu3ndecKkux (PakTopoB BHYTPEHHEU Cpeibl
MTOMEIICHHH, OKa3bIBAIONINI BIUSHIE HA TEIJIOBOM 0OMEH OpTaHU3Ma U 37J0POBbE
yenoBeka. K MUKpOKIMMATHYECKUMM IOKA3aTesiM OTHOCATCS TeMIleparypa,
BJIQXKHOCTh W CKOPOCTh JIBMKEHUS BO31yXa, TEMIEpaTypa IOBEPXHOCTEN
OrpaXJAIOIINX KOHCTPYKUUU, MPEAMETOB, O0OpPYAOBaHMS, a TaKK€ HEKOTOpPbIE
UX MPOU3BOJHBIC (TPAIUECHT TEMIIEPATypPhl BO3yXa MO BEPTUKAIN U TOPU3OHTAIIN
IIOMEIIEHNS, HMHTEHCUBHOCTh  TEIUIOBOTO  M3JIYyYEHUS OT  BHYTPEHHUX
MTOBEPXHOCTEN ).

Bo3zneiicTBue KOMITJIEKCa MUKPOKIMMATHUYECKUX (PaKTOPOB OTpa)kaeTcs
Ha  TEIUIOOLIYIICHUN YelnoBeKa U 00yCIJIOBIIMBAET 0COOEHHOCTH
(GU3HONIOTUYECKUX  peakIMii  opraHu3ma. TemriepaTypHble  BO3JCUCTBUS,
BBIXOJSIIIIME 3a TMpEAesibl HEeUTpalIbHBIX KOJIeOAHUM, BBI3BIBAIOT H3MEHEHUS
TOHYCa MBIIIL, MepU(PEepUYECKUX COCYAOB, MAEITEIBHOCTU IOTOBBIX KEJe3,
TeIIonpoAyKuMU. [Ipy 3TOM MOCTOSHCTBO TEIIOBOro OanaHca JOCTUTaeTcs 3a
CYET 3HAYMUTENBHOTO HANPSKEHUS TEPMOPETYJSLHUM, YTO OTPULATEIBHO
CKa3bIBAaETCS Ha CaMOYyBCTBUH, pabOTOCIIOCOOHOCTH YEJIOBEKa, €r0 COCTOSIHUU
310POBBA.

Meponpustus o o0ecreYeHu0 HOPMAaTHUBHBIX 3HAYCHUI
MUKPOKJIIMMAaTUYECKUX IIOKA3aTeJIed BKIIOYAKOTCS B KOMIUIEKCHBIE IUIAHBI
MPEANPUATHN 110 OXpaHe TpyAa.

C uenplo co3naHug  OJarompusTHBIX YCIOBUKA JUIsl  MepcoHana
YCTAHOBJIEHbl HOPMBI TPOM3BOJICTBEHHOIO MHUKpOKJINMaTa. OmnTuMmaibHble U
JOIYCTUMBIE BEIMYMHBI TOKa3aTeleil MUKpOKIMMAara Ha pabdoyux MecTax

IPOM3BOICTBEHHBIX NoMenieHui npuBeaensl B CanlluH 2.2.4.548-96 [24].
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Tabmnua 14 — OnTumManbHble BEIMYMHBI IOKa3aTeaeil MUKPOKIMMATa

Kareropus

CxopocTh
pabor 1o Temneparypa | OTHOcUTEIbHAS
Ilepuon Temneparypa JBHKEHUS
YPOBHSM MOBEPXHOCTEH, BJIQ)KHOCTh
roja BO3ayxa, ° C BO3/1yXa,
JHEepro3arpar, °C BO31yXa, %
Mm/c
Br
Ia (mo 139)
16 (140 -
174) 22 - 24 21-25 60 — 40 0,1
ITa (175 - 2123 20-24 60 — 40 0,1
X 00 THBIH 232) 19-21 18 — 22 60 — 40 0,2
116 (233 - 17-19 16 - 20 60 — 40 0,2
290) 16 - 18 15-19 60 — 40 0,3
III (6onee
290)
Ia (mo 139)
16 (140 -
174) 23-25 22 — 26 60 — 40 0,1
ITa (175 - 22 - 24 21-25 60 — 40 0,1
Terutbrii 232) 20 - 22 19 -23 60 — 40 0,2
I16 (233 - 19-21 18 — 22 60 — 40 0,2
290) 18 - 20 17-21 60 — 40 0,3
III (Gonee
290)

86




Tabmuua 15 — JlomycTrMble BEIMYMHBI IOKA3aTENE MUKPOKIMMAaTa

Temneparypa Bo3ayxa, © C Cxkopoct
Kareropus
Junana3on Huanazon | Temneparyp | OTtHOcuTENb b
pabor 1o
ITepuon HUKE BBIIIIE a Hasg JIBIDKEH
YPOBHSM
rojaa ONTHUMAJBH | ONTUMAIBH | IIOBEPXHOCT | BIJIAXKHOCTh usi
SHEpro3arp
BIX BIX e, °C BO31yXa, % | BO3myxa,
art, Bt
BEJIMYMH BEJIMYUH Mm/c
Ia (mo 139) | 20,0-21,9
16 (140 - 19,0- 20,9
174) 17,0-189 | 241-25,0 | 19,0-26,0 15-75 0,1
ITa (175 - 15,0-16,9 | 23,1-24,0 | 18,0-25,0 15-75 0,1
Xo0noaH
5 232) 13,0-159 | 21,1-23,0 | 16,0-24,0 15-75 0,3
BIiA
116 (233 - 19,1-22,0 | 14,0-23,0 15-75 0,4
290) 18,1-210 | 12,0-22,0 15-75 0,4
III (6onee
290)
Ia (mo 139) | 21,0-22)9
16 (140 - 20,0-21,9
174) 18,0-19,9 | 251-28,0 | 20,0-29,0 15-75 0,1
Ia (175 - 16,0-189 | 24,1-28,0 | 19,0-29,0 15-75 0,1
Terubrii 232) 15,0-179 | 22,1-27,0 | 17,0-28,0 15-75 0,3
116 (233 - 21,1-27,0 | 15,0-28,0 15-75 0,4
290) 20,1-26,0 | 14,0-27,0 15-75 0,4
IIT (Gonee
290)
Jlnst obecrieueHrss  YCTAHOBJIEHHBIX HOPM  MHUKPOKIMMATUYECKHX

mapamMeTpoOB W YHCTOTHI BO3JIyXa Ha pabo4YMxX MecTaX W B TIOMEIICHHSX
MPUMEHSIOT BeHTW M. OOmeoOMeHHas BEHTWISALUS WCIOJb3YeTCS IS
oOecreueHus B MMOMEILEHUIX

COOTBCTCTBYIOIIICTO MHUKPpOKJINMATa.

Hepno;mqecm/l AOJDKCH BECTHCH KOHTPOJIb BJIAKHOCTBIO BO3ayXaA. B netHee
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BpeMsl IIPY BBICOKOM YJIMYHOM TEMIIEPAType NOJKHBI HUCIIOJIb30BATHCA CUCTEMBI
KOH/IMIIMOHUPOBaHUA. B XonomHoe Bpems roja IpH HU3KOM TeMIeparype

BO3/TyXa U MMOBEPXHOCTEH BO3MOXHO HMCIIOJIh30BaHHE 00OTPEBATEIICH.
5.1.3 OcBeieHHOCTD

CreneHb OCBEIIEHHOCTH HANpPSIMYIO BIHUSET Ha 370POBbE UEIOBEKa,
paboTOCIIOCOOHOCTh U €ro (PU3UYECKOe COCTOSIHME. B 3aBUCUMOCTH OT TOYHOCTH
MPOBOJMMBIX pabOT B TOMEMICHUSAX PA3IUYHOTO HA3HAYEHUS 3aBUCAT
TpeOOBaHUS K TOMEIIECHUIO.

OcBelieHue JeNMUTCS Ha €CTECTBEHHOE, MCKYCCTBEHHOE U COBMEIIEHHOE.
CoBMmernieHHOE coyeTaeT 00a BUa OCBEIICHHUS.

Hopma ocsemiennoctu corimacio CHull 23-05-95 [26] nmas odwucos
o0Illero Ha3HAa4YeHUsI C HCIOJIb30BaHWEM KOMIBIOTepoB cocTtasisier 200-300
JIIOKC.

Cormacio  CanlluH  2.2.2/2.4.1340-03 [23] OCBELICHHOCTh Ha
MMOBEPXHOCTH CTOJIa B 30HE pa3MeIleHUs paboyero JoKymeHTa A0mkHa ObITh 300-
500 nk.

Pacuem cucmemvl uckyccmeennozo oceewenus Ha paboyem mecme.
Pacuer cucTemMbl MCKYCCTBEHHOTO OCBEIICHHS MPOBOJUTCS TSI IPSMOYTOJIBHOTO
MOMEIIeHUs, pasmepamu: JyinHa A = 6 (M), mupuHa B = 3,1 (M), Beicota H = 2,5
(M), konuaecTBO Jiamn N = 3 ().

BricoTa 1o paboueit moBepxHoctu 1,9 M, BbIcOTa MOABECa CBETHJIBHHKA
0,1 m.

Wuaexc moMenieHust onpeaensiercs mno Gopmyre

S
h-(A+B)

rae S — miomaab noMelieHus, Mm2; h — BeIcoTa moMenieHus, M; A — JjuHa

MOMEIIICHUA, M; B — mrpuHa noMenieHus, M.
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Paccuntaem HHACKC ITIOMCIICHUA:

__ 631
2,5:(6+3,1)

=0,8176

ITpu u3BecTHOM HHJEKCE NOMEUIEHUS KO3((UIMEHT HCIOIb30BaHMS
paccMaTpUBaEMOI'0 CBETWJIBHHKA C JIFOMHHECLIEHTHBIMH JIaMIiaMH paBeH 39%
['OCT 6825-91 [21].

CBeTOBOM NOTOK JIaMIIbl HAaKaJIMBaHWSA WM TPYIIbl JTHOMHUHECLIEHTHBIX
JIaMIT CBETHJIBHUKA OnpesenseTcs o Gpopmyie:

®=E,-S-K,-Z-100/ (n+n)
rae N — 4uciO CBETWJIBHMKOB B MOMEIIEHUH, WIT.; N — YKUCIO JamI B

CBETWJIBHHUKE, IIIT., @ — BEJIINUNHA CTaHIapPTHOI'O CBCTOBOI'O IIOTOKA CBCTUJIbHHKA

JIBO 4x18-CSVT, nm; 1 — Ko3DPUIIMEHT UCIIOIb30BAaHUS CBETOBOTO MOTOKA; K

— koaddunment 3anaca; Z — KodGPUIUEeHT HEPABHOMEPHOCTH OCBEIIICHHUS.
CeetunpHuk JIBO 4x18-CSVT cOCTOUT M3 YETBIPEX JIFOMUHECIIEHTHBIX
nami MomHOcThiO 18 BT co cBeToBbIM moTOKOM 1200 M.

Haiinem (hakTH4ecKyro OCBEIIEHHOCTD:

_N-n-@_ -n
paxm SKSZ
~3-4-1200-0,39

s = =182,99 Jlk
6-31-1,5-1

Haiinem 4ucieHHYIO OIEHKY Pa3HOCTH MEXAY (PaKTHUYECKUM 3HAYECHUEM
OCBEIIIECHHOCTH U HOPMATHUBHBIM:

AE = (E’bl’;—_E) 100% < AE,

H

= _ (182,99-200)

-100% = —8,505% < +20%
200

rae E, — HOpPMaTUBHOE 3HAYCHUE OCBEIICHHOCTH; AE — HOIMYyCTHMOE

OTKJIOHCHHUH OCBCIIICHHOCTH.
N3 pe3yiibTara pacucra BHUIAHO, HYTO OCBCIICHHOCTH ITOMCIICHUA

HAXOAUTCS B  JOMYCTUMBIX 3HaueHUsAX, oaHako cormacHo CanlluH
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2.2.2/12.4.1340-03 [23] ocBemeHHOCTh HAa TOBEPXHOCTH CTOJa B 30HE
pasmMereHus pabodero qokymeHTa goiikHa 061t 300-500 1K, 3HaYUT HaA pabodeit

ITOBCPXHOCTH HCO6XOI[I/IMO JOITIOJIHUTCJIIBHOC OCBCIICHHUC B BHJIC HACTOJbHOM

JIAMTIBI.
] ]
= -
]
m —
]
A=6M _
Pucynoxk 29 — Cxema pacnosioKeHus CBEeTUIIbHUKOB
5.1.4 lym

[IIymoBoe BO3xA€WCTBHE yXyAmaeT yciaoBus Tpyna. OHO OKa3bIBaeT
BpEHOE BIIMSHHE Ha BeChb OpraHu3M uenoBeka. [Ipu pabore B ycCIOBHSIX
MIPOJOJDKUTEIBHOIO IIYMOBOTO BO3JCUCTBHS JIFOAM HAYWHAKOT HCHBITHIBATH
rOJIOBHbIE 0O0JIM, TOJOBOKpY>KE€HUE, O0JIM B yIIaX, MOBBIILIEHHYIO YTOMIIIEMOCTb,
YXYILICHUE AanIeTUTa, CHW)KECHUE IaMATH, CTAHOBSTCA Pa3ApaKUTEIbHBIMH.
[TogoOHBIE OTKJIOHEHHSI B pabOTe HEKOTOPHIX OPraHOB M CHUCTEM OpraHu3Ma
YEJI0BEKA B3bIBAIOT HETATHBHBIE H3MEHEHMS B HMOLMOHAIBHOM COCTOSHHUM
yenoBeka. IIpum BO3aedcTBMM 1IymMa y YEJNOBEKA HAYMHAET CHUXKATHCA
KOHIICHTpAIUsl BHUMAaHUS, TPOUCXOIUT HApyIIeHUE PU3NOTOTHICCKUX (QYHKIIUH,
BO3HUKAECT YCTAJIOCTh H3-3a IOBBIMICHHBIX JHEPreTUYECKUX 3aTPAT U HEPBHO-
NICUXWYECKUX HAIpPSIKEHUM, YXYALIEHUE pEeYeBOM KOMMYTallMUM. OJTO BCE

IIOHMXKACT paGOTOCHOCO6HOCTb YCJIOBCKA U €Iro Ka4CCTBO, IIPOU3BOAUTCIBHOCTD,
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U 0e30macHOCTh TpyAa. B MpOM3BOACTBEHHBIX YCIOBHUAX HMMEIOT MECTO IIIyMbI

pPa3IMYHONM WHTEHCHBHOCTHM M YAaCTOTHOI'O CHIEKTPA, KOTOPBIE TE€HEPUPYIOTCA

NCTOYHHKaMH1 IITYMOB.

I[J'IH O(I)I/ICHOFO MMOMCIICHUA OCHOBHBIMU HCTOYHHKAMMH HIYMOB OCI)I/ICHaH

TCXHHKA.

[TAY myma qi1s 00beKTOB THIA TTocTa yrnpasienus: Hopmupytores [[OCT

12.1.003-2014 [3] u CH 2.2.4/2.1.8.562-96 [25] (Ta6muua 16)

Tabnuua 16 — [penenbHo 10MyCcTUMbIE YPOBHU 3BYKOBOTO JIABJICHHUS

BpaueOHas J1esTenbHOCTh. Paboune
MecTa B IOMEIICHUIX AUPEKLINH,
POEKTHO-KOHCTPYKTOPCKHX O10pO,
pacyeTYNKOB, IPOrPaMMHCTOB
BBIYHCIUTENbHBIX MAIlIUH, B
1a00paTOpUSIX AJI TEOPETHUECKUX
paboT 1 00pabOTKH TaHHBIX,

npuema OOJIBHBIX B 3APABIYHKTaX

YpoBHU 3BYKOBOI'O J1aBiIeHHUs, 1b, B YpoBHU 3ByKa
Bun TpynoBoi aesTenbHOCTH, OKTaBHBIX I10JIOCAX CO u
pabouee MecTo CPEIHEr€OMETPUYECKUMU YaCTOTaMU, |1l (IKBUBaJICHTHBIE
YPOBHU
31,5 | 63 | 125 {250|500|1000{2000|4000(8000
3ByKa (B 1bA)
TBOpUeckas AeATENbHOCTb,
pyKoBoJsIIas paboTa ¢
MOBBIIIEHHBIMU TPEOOBaHUSAMU,
Hay4Hasl 1eATeIbHOCTb,
KOHCTPYMPOBAaHHE U
IIPOEKTUPOBAHUE,
IIPOrpaMMHUPOBAHUE,
IpenojaBaHue U 00ydyeHue,
86 | 71|61 (5449|4542 40| 38 50

Knaccuduxaiuys cpeACTB M METOJOB 3allMTHl OT IIyMa MNpPUBEJICHA B

TOCT 12.1.029-80 [20].
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Jlnst onenku cobmonenus [1J[Y mryma HEeoOXomauMm TPOW3BOACTBEHHBIN
KOHTPOJIb (M3MEPEHUS U OLICHKA). B cilyyae mpeBbIIeHUs] YPOBHEN HEOOXOAUMBI
OpPraHU3allMOHHO-TEXHUYECKUE MEPOIPUATUS MO 3allUTe OT JCHCTBUA IIyMa,
TaKMe Kak: 3alluTa BPEMEHEM; PAaCCTOSHHEM; SKPaHUPOBAHUE MCTOYHHUKA, JINOO
paboueii 30HbI; 3aMEHa 000PYJOBaHMSL.

VYpoBeHb 1IyMa, KOTOPbIM BO3ZHUKAET OT PA3JIMYHBIX UCTOUHUKOB, KOTOPBIE
pa0oTalOT  OJHOBPEMEHHO,  pAacCCUUTHIBAETCS HAa  OCHOBAaHMM  IIPHUHLUIA
HEPIreTUUECKOr0 CyMMHUPOBAHUS U3yYEHUH OTAEIbHBIMU UCTOYHUKAMHU :

L, =101g > "10%"

rie L, — ypoBeHb 3BYKOBOI'O JaBJI€HMS 1-TO MCTOYHMKA UIyma; N —
KOJINYECTBO NUCTOYHHUKOB IITyMa.

M cTOYHMKHN IIIyMOB MOKHO Pa3JIeJINTh Ha 3 TPYIIIbL:

—  TEXHUYECKHUE;

—  YEJIOBEUYECKHE;

—  HapyXHbIE.

K TexHMuecKMM HMCTOYHMKAM MOXHO OTHECTH: paboTy BcCeX O(PHCHBIX
aneKTponpuOopoB. EMWHCTBEHHBINH CIMOCOO — 3TO 3aMEHa CTapbhiX U IIYMHBIX
MpUOOPOB WJIM 3HAYUTENIBHOE OrpaHHuYeHHUE uX paboThl. Takxke CHU3UTH IIyM
MO>KHO C TIOMOLIBIO YCTAHOBKH 3BYKOMIOIJIOIIAOIIUX EPETOPOIOK.

YenoBeyeckue € MUCTOUYHUKU — 3TO «IIyMHbIE PAaOOTHHUKW», KOTOPbIE
cOuBarOT ¢ pabOThI APYTUX, VISl HUX YACTO UCIIOJIB3YIOT IEPCOHATbHBIE CAaHKIUH.

HapyHble IIyMbl — 3TO YJWYHBIM IIyM, 3a4acTyl0 OT HEr0 MO>KHO

M30aBUTHCS TOJIBKO XOPOIIEH 3BYKOU3OJIAIIMEN OKOH.
5.1.5 D1eKTpOMarHuTHbIE U3JTyYeHUs

3H€KTpOMaFHI/ITHBIM HN3JIydCHUCM HAa3bIBACTCA H3JIIYUCHHC, IPAMO HIIA

KOCBCHHO BBI3BIBAIOIICC NOHU3AIUIO CPCADI.
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BrusiHue 37I€KTPOMAarHUTHOTO CMOTA OIMYINASTCS C TEPBBIX MECSIICB
pabotel B oduce. [lozke UenmoBeK amanTHPYyeTCsi, HO BPEIHOE BO3JCHCTBUE
U3IYYCHUH TMPOJOJDKAeT pa3pyliaTh €ro OpraHu3M. OJIEKTPOMarHUTHBIC
W3IIy9CHUS HE TPOCTO CHWXAIOT  PabOTOCMOCOOHOCTh W YXYIIAIOT
CaMOYYBCTBHE, a JICHCTBYIOT Ha J>KM3HECHHO Ba)XHBIC CHCTEMbl: HMMMYHHYIO,
HEPBHYIO, YHJIOKPHHHYIO.

TpeOoBaHusI IO HOpPMaM 3JIEKTPOMAarHUTHOTO HW3JTydeHUs IPHUBEIACHBI B

CanlluH 2.2.2/2.4.1340-03 [23] (Tabmuia 17).

Tabnuua 17 — Bpemennsie nonyctumsle ypoBHu DMII, coznaBaembix [I9BM

HaumenoBanue napameTpos BIY OMII
HanpsxkeHHoCTh B 1rana3oHe 4actotT 5 ['u-2 k' 25 B/m
AJIEKTPUYECKOTO

P B nuamnasone 4actoT 2 K[ 11-400 kI 2,5 B/m
oJIst
[lnotHOCTH
B quamna3oHe 9actoT 5 I'-2 kI 250 HTn
MAarHuTHOTO
IMOTOKa B nuamnasone 4actoT 2 K[ 11-400 kI'11 25 HTn
DJIEKTPOCTATUYECKHUI OTEHIIMA YKpaHa BUJEOMOHUTOPA 500

Jlis oueHku coOoAeHHus ypOBHEH HEOOXOIUM MPOU3BOICTBEHHBIH
KOHTpOJIb (M3MepeHus). B ciywyae TmpeBbIIEHHS YPOBHEH HEOOXOAMMBI
OpraHU3alMOHHO-TEXHUYECKUE MEPONPUATHS (3alUTa BPEMEHEM; PACCTOSIHUEM;
AKpaHWPOBAHUE UCTOYHHUKA, TUOO paboueit 30HbI; 3aMeHa 000PyI0BaHU).

Meponpusitus  npoUIAKTUKU  CHUKEHUS  CTEIIEHU  BO3JICUCTBUSA
3JIEKTPOMArHUTHBIX MOJIEW HAa CBOW OPraHU3M:

—  UCIOJIb30BAaHUE >KUJIKOKPUCTAIIMYECKUX MOHUTOPOB;

—  YCTaHOBHUTE€ MOHUTOpP KOMIIbIOTEpa TNOJajblIe OT Trja3 — Ha
paccTOssHUM BBITAHYTOM pyku. Ilpomeccop Toxke OTOABUHBTE HACTOJBKO,
HACKOJIBKO 3TO BO3MOXHO.

—  JIeNlaiiTe TepephIiBEI BO BpeMs pabOThI 3a KOMIBIOTEpOM — 1o 15

MUHYT KaXple 2 Jaca.
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- TIOKWJas Be4epoM OQuC, 0 BO3ZMOKHOCTU OTKIIFOUAUTE OT PO3ETOK
BCIO TEXHUKY.

—  €CJIM Bbl BBIHYXJICHBI pab0TaTh 3a KOMIIBIOTEPOM BECh JIEHb, JOMa K
HEMY HE MOJXOJIUTE, YTOOBI JaTh OPTaHU3MY BO3MOKHOCTh BOCCTAHOBUTHCS.

— He JepxuTe MOOWUIIBHBIN TeneoH B KapMaHE WIM MOOJIM30CTH Ha
CTOJIE.
—  JIEp>KaTbhCsl OT OPITEXHHUKH HA PACCTOSHUU HE MeHee 1,5 M.
—  HCHOJIb30BAHHE  YCTPOMCTB  COOTBETCTBYIOLIMM  CTaHAAPTaM

0€30IacHOCTH.

5.1.6 [Icuxopusnonoruveckne PakTopbI

OmnacHple (PakTOphl, OOYCIOBJICHHBIE OCOOCHHOCTSAMH (DU3HOJIOTHH U
NICUXOJIOTUU YEJIOBEKA, HA3bIBAIOTCS NMCUXO(PU3UOTOTUYECKUMH.

[lcuxodusnonornueckue OMacHOCTU B COBPEMEHHOM MHPE SIBISIOTCA
CJIIEICTBHEM IIEJIOCTHOCTH WM pasiaja, CTOWKOCTH WM JIUCTaPMOHHUU,
CIIOKOMCTBUSI WJIM TPEBOTH, yClexa WU Heynaad, (U3MYecKOro U MOpPajbHOTO
Omaromonyuus. Ha ceromHs He CymiecTByeT HH  OJHOrO  (pakTopa
NCUXO0(PU3NOIOTHYECKUX OMACHOCTEH, KOTOPBIM Obl HE BIUSI Ha YeJOBEKa.
Kaxnapiit u3 31X (PakTopoB B 3aBUCUMOCTU OT JIJIUTEIBHOCTU JIEUCTBUS MOKHO
OTHECTH K TIOCTOSIHHBIM WJIM BPEMEHHBIM.

[Tcuxoduznonornueckumu  ¢GakTopamMu  MOTCHIMAIBHOM  OMACHOCTHU
MIOCTOSTHHOTO JISUCTBUS CIEAYET CUUTATh:

1. HemoctaTtku opraHoB 4yBCTB (fedeKThI 3peHus, CIyXa 1 JIp.).

2. Hapymienne cBsized MEXIy CEHCOPHBIMH M MOTOPHBIMH IIEHTPaMH,
BCJICJICTBHE YETO YEJIOBEK HE CIOCOOCH pearupoBaTh aJeKBATHO HAa TE€ WIIU
JIpyTrue N3MEHEHHUsI, BOCIIPUHUMAEMbIE OpraHaMH 9yBCTB.

3. JledgekThl KOOpAUHALIMKM ABMXKEHUM (OCOOEHHO CIIOKHBIX JBWXKCHUU U

omneparuii, IpUEMOB U T.I1.).

94



4. IToBbIIEHHAS SMOLIMOHAIBHOCTb.

5. OtcyTcTBHE MOTHUBAIUU K TPYIOBOM NEATEeIbHOCTH
(He3aMHTEPECOBAaHHOCTh B JOCTHXKEHUU IIEJeH, HEYJOBJICTBOPEHUE OIIATON
TpyZla, MOHOTOHHOCTb TpYyJad, OTCYTCTBHME IIO3HABATEJIbHOIO MOMEHTA, T.€.
HEHWHTepecHas paboTa U T.I1.).

[lcuxoduznonornyeckuMu  ¢GakTopamMu  MOTEHIMATBHOM  OMACHOCTH
BPEMEHHOTO JEHCTBUS SIBJISIOTCSL:

1. Henmocratok ombiTa (MOSIBICHUE BEPOSITHOW OLIMOKU, HEBEpHBIC
NEUCTBUS, HAIMpPSHKEHUE HEPBHO-TICUXUYECKOW CHUCTEMbI, OOS3HbL JIOMYCTUTH
OIIHOKY.)

2. HeocTOpoXHOCTh (MOXKET TPUBECTH K TMOPAKEHUIO HE TOJIBKO
OTJIETILHOTO YEJIOBEKA, HO M BCEro KOJUIEKTUBA).

3. VYrtomnenue (pa3auvarOT (U3HOJOTUYECKOE U TICHUXOJIOTHYECKOEe
YTOMJICHUE).

4. DMoUMOHANIbHBIC  SBICHUSA (KOH(QIMKTHBIE C CHUTyallUd C
COTPYIHHKAMHU U PYKOBOJICTBOM).

Ha ¢one HOpManbHOrOo MNPOTEKaHUSI MPOU3BOJCTBEHHBIX MPOIECCOB
OJIHUM W3 BAXKHBIX (PUBUOJOTUYECKUX MEPOINPHUATANA TMPOTHUB yTOMIICHUS
ABJISIETCA  TMPAaBWIBHBIM  pexxuM Tpyda U otabixa corjmacHo CanlluH
2.2.212.4.1340-03 [23].

CylecTBYIOT CIEAYIOIIME MEPHI 10 CHHKEHUIO BIMSIHUS MOHOTOHHOCTH:

- HE0OXOJUMO MPUMEHSTh ONTUMAJIbHBIE PEKUMBI TPYyJa U OTIbIXa B
TeUeHUe paboyvero AHS;

- CO6HIOI[3TI> 9CTCTUYHOCTD IIPOMU3BOJACTBA.

5.1.7 dnexTpuyeckas 6€30NaCHOCTD
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CoOmroieHrie  TpaBU  DJIEKTPOOE30MAaCHOCTH BXOJHWT B  €XKEIHEBHBIC
00s13aHHOCTH TIepcoHanma oduca. ITa OTBETCTBEHHOCTH JICKHT Ha KaXKIOM U3
COTPYIHHUKOB.

TpeboBanust MO0 HOpMaM 3JEKTPOOE30MacHOCTH TpuBeneHsl B [1YD 7
[28]. PaccmarpuBaemoe moOMEIIEHHE OTHOCHUTCS K KJIAcCy IOMEIICHUs 0Oe3
TIOBBINIIEHHOHN OMTACHOCTH.

OCHOBHBIMH MEPOIPUSATUSMU IO 3aLIUTE OT MOPAKEHUS IIIEKTPUUECKUM
TOKOM SIBJISIFOTCSI: OOECIIEUEHHE HEIOCTYMHOCTH TOKOBEAYIIMX YacTed IMyTeM
UCIIOJIb30BAHUSl M3OJISIIIUU B KOpIycax oOOpyAOBaHUS; MPUMEHEHHE CPEICTB
KOJUIEKTUBHOM 3alIUThI OT TOPAKEHUSI DSJIEKTPUYECKUM TOKOM; 3allUTHOE
3a3eMJICHUE U 3aHYJICHHE; 3alllUTHAs] aBTOMAaTHKA.

TexHuueckue cmocoObl U CpPENCTBA MPUMEHSIOT pa3/ieIbHO WU B
COYETaHUU APYT C APYrOM Tak, YTOOBI 0OECIIEUnBAIACh ONITUMAJIbHAS 3aIUTA.

[IpodumnakTuyeckue MeponpusiThs s oOecriedyeHus: 0e30MacHOCTH
AKCIUTyaTaIlMH JIEKTPUUECKOTO 000PYTI0BAHUS:

— TMpOBEpKa HU3OJISIUU TOKOBEAYIIUX YacTeW, YHCTKA KOHTAKTOB,
IIpOBEpKa M OYMCTKA ABUKYIIHUXCS YacTel 000py10BaHMUS;

— o0ecreyeHue KOHBEKIIMM BO3/yXa JiJIsl OTBOJA Temia OT 000pyI0BaHUs
JUTSL TMKBUAAIIUY TIEPErpeBa;

— MPOKJIAJKa TOKOBEIYIIMX YacTel, a TaK >K€ YCTaHOBKa 000PYI0BaHUS
BHE 30HBI CIyYaHOTO B3aUMOJICHCTBUSA C YEIIOBEKOM;

— OTKJIIOYEHHE O00OpyIOBaHHUS OT CETH, YCTAaHOBKA YCTPOWCTB
Oecrniepe00itHOr0 MUTAaHUA WM MOIIHBIX CTa0MJIM3aTOPOB Ha BBOJHOM KabOele

JUTsl 00ecieYeHH sl 3JIEKTPOOEe30MacHOCTH BO BPEMSI I'PO3BbI.

5.2 Dkosiornueckas 0€30MaACHOCTh
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Bo Bpems mnpoBeaeHHs HCCIEIOBAaHHUS BO3HUKAET HEOOXOIUMOCTD
YTWIM3aUUN TAaKUX OTXOJIOB KAaK: OTXOJbl OT MaKyJaTypbl U KapTOHA, O3TUJIEH,
AJIEKTPOHUKH U 3JIEKTPOTEXHUKH, TFOMUHECIICHTHBIX JIaMIl.

CymiecTByeT KOMITaHHsSI, KOTOPasi OKa3bIBAET KOMILUIEKC 3KOJIOTMYECKUX
yCIyT 1O BBIBO3Y, YJAJICHHUIO U yTHIM3auuu oTxonoB IV-I kmaccoB onmacHocTH.
Cpenu TakMX OTXOAOB - OTXOAbl, 0Opa3yrolMecs B IPOLECCE AESITENbHOCTU
O(HCHBIX, CKJIAICKUX W CEPBUCHBIX MPOMBIIIJICHHBIX MOMEIICHUN -  JIAMIIBI
(JIFOMMHECLIEHTHBIE, dHEpProcoeperampue, pTyTHbIe, Ta30pa3psiiHble, JHEBHOIO
ceeuenusi, JIb, JIPJI), ymakoBO4HBIII Marepuayn (3arpsi3HEHHasT Tapa
MOJIMATUIICHOBAS, TOJMMEpHas, KapTOHHas, OyMa)kHas), ycrapeBiuas oducHas
OpPITEXHUKAa U D3JIEKTPOHHMKA (KOMIIBIOTEPBI, NPUHTEPHI, KACCOBBIC amMapaThl,
TenedOoHbI, U Ap).

[Tocnennue 10 yer oTMedaeTcs MOCTOSIHHOE YBEJIMUYEHUE UHTEHCUBHOCTH
TEXHOT€HHbIX u3nydeHuil. Ilpaktnyecku mo0oe pabouee mecto B oduce
000py10BaHO KOMIBIOTEPOM U JIPyrod oprrexHUKo. C KaKIbIM roJ0M pacTeT
SHEpPronoTpedieHrne, yBEIUUYMBAETCS Harpy3ka Ha kabGenn. B cBsizu ¢ »TuM
YBEJIMYMBAIOTCS 3HAUEHUS] TEXHOT€HHBIX AJIEKTPOMArHUTHBIX MOJIEH Ha paboumx
MecTaXx. A TaKk K€ 3a CuUeT YBEJIMYEHHUs MOTPEOJCHUsI AIIEKTPOIHEPIUU
HEOOXOMMO yBEJIMYMBATh MOUIHOCTh 3JIEKTPOCTAHIUI. YBEIUUYEHNE MOILIHOCTU
ANEKTPOCTAHLIUA MPUBOJIUT K YBEIMUYEHUIO 3arpsi3HEHUS OKPYXKAIOLIEW Cpelbl,
M3MEHEeHue aHamadra 3eMIu, U3MEHEHHUE KIIuMaTa.

B uensix ymMeHbUIEHUSI HETaTHUBHOTO BIIMSHMS Ha OKPYKAIOIIYIO Cpeay
HEO00X0IUMO BHEJpEHUE SHEProd(P(PEeKTUBHBIX TEXHOJOTUH B O(QUCHBIC

ITOMEIICHHUS, a TaKke d(HPEKTHBHOE UCITOIH30BaHUE O(PHUCHON TEXHUKH.

5.3 be3onacHOCTH B Ype3BbIYAHBIX CUTYAUSIX

HenocpencTBeHHO OOBEKTHI UCCIENOBAHUS HE MOTYT OBITh HMPUYUHON

YC. Heobxonumbimu it aHanu3a sBisitoress YC, KoTopble MOTyT BOZHUKHYTH B
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MPOIIECCE HCCIENOBAaHUS IO TEME MAarucTepCKOd OuUccepTaluu 3a padouyuM
MeCTOM B O(pMCHOM TIOMEIIICHHUH.

K ocnoBHoit YC Ha paboyemM MecTe MOKHO OTHECTH KPYITHBIH MmoXxKap.

OCHOBBI MPOTUBOIIOKAPHOW 3aIIUTHl omnpeaessitores crangapramu ['OCT
12.1.004-91 «Iloxapuas 6e3omacHoctby [19], TIIIb 01-03 [IpaBuna moxapHOH
oe3omacHoct B Poccuiickoit depeparuu [27], HIIb 105-03 Omnpenenenue
KaTeropuii MOMEILIEHU, 3JaHUi U HAPYKHBIX YCTAHOBOK IO B3PBIBOMOKAPHOUN U
Mo’KapHOU ormacHocTH [28].

[Ipumenenue Mep mokapHOW Oe30MacHOCTH B oducax, 3aHUMAIOIIUXCS
pPa3IMYHON JIESITEILHOCTBIO, SIBIIIETCS. BaXXHBIM YCJIOBHUSIM IS COXPaHCHMS
KU3HU TIepcOoHaia U MaTepUaIbHOTO UMYIIECTBA.

[IpodumnakTuyeckue MeponpusaTHS Uil  OOECHeUEeHHs]  IMOXKapHOU
0€30MacHOCTH:

[IpaBuna noxkapHoii 6€30MacHOCTH Ha paboTe.

—  KYpHUTb TOJBKO B CTPOTO OTBEAEHHBIX JJI 3TOI0 MECTaxX.

- co0moJaTh akKypaTHOCTh Ha paboueM mecte. PazOpocanHast Oymara
— 3TO Toprouee. XpaHWTE€ MX B MaNKaxX WM CHEHUAJbHBIX IUIACTHKOBBIX
HakonuTeNsX. MHaye ecTh mIaHc, 4TO OJHaXAbl OyMakka MOMaJeT Ha BHE3AIMHO
3aMCKPUBIINHI YIJTMHUTEIb UJIK Ha 000TpeBaTeb.

—  CJIeIUTh 32 TE€M, YTOOBI KOJIECUKH O(DHUCHBIX Kpecesl He €3[UJIH IO
MpoBOAaM, JIekKAIUM Ha MOJy. DTO MOXKET MOBPEIUTh KaK BHYTPEHHIOIO 4YacCThb
POBOJIA, TAK U U3OJIALIHIO.

- He meperpyxarb opuc MeOeIbl0 U aKceccyapamu, 3TO YCIOXKHHUT
BO3MOKHOCThH 0€3011aCHO ABAKYHPOBAThCHI.

-~ 00BIYHO B JTIO0O0M OpraHu3aIuu €CTh COTPYJIHUK, OTBETCTBEHHBIN 32
noxkapHyto Oe3omacHocTh. Ecnu 310 mopydeHo Bawm, oTHecuTech K 3TOMY
CEpPbE3HO. DBBINOMHAS YETKO NPEANUCAHHBIE JIEUCTBUSA, Bbl 3HAYMTEIBHO
COKpaTUTE€ BO3MOXKHOCTh TOXKapa W MHHUMHU3UPYETE €ro MOCIEICTBUS:

HHCTPYKTAXH, YUCHH, IIJIAHLI O9BaKyallul U UX U3YUCHHUC.
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[Inan sBakyaumu mnpu noxape u npyrux YC c pabouero mecra u3
0(HCHOTrO MOMEIIECHHS MPECTABIICH Ha pUCYHKe 29,

[TomerieHre OTHOCUTCS K KaTETOPHH 10 MoKapHoit onacHoctu /1. [29].

Pucynok 30 — Ilnan 3Bakyanuu mpu nokape u Ipyrux 4pe3BbIYAHBIX CUTYaIHsIX

[Ipu oOHapyxkeHUH TOXKapa pabOTHHK O0s3aH JIEHCTBOBATH COTJIACHO
nonoxxenusm II16 01-03 [27].

Cornacuo IIITBb 01-03 [27], nomereHus, oTHOCsIIUECs K kateropuu [l,
KOMITJIEKTYIOTCSI OTHETYIITUTEISIMHI TOJIBKO TMPH YCIOBHH, YTO WX 00IIAast IUIONIA b
cocraBisier Oonee 100 M2, modTOMy B TIOMEIIEHMM HE TNPEIyCMOTPEH
OTHETYIIIHUTETb.

B 00miecTBeHHBIX 3MaHUSAX M COOPYKCHHSIX Ha KaXKIOM JTa)e JTOJKHBI
pasMeInaThCcsl He MEHee JBYX PYYHBIX OTHETyIIuTenel [26], mosTomy Ha sTaxe
HAXOAATCSl JBa OTHETymHTeNs. Takke B 3JaHUAX TMOXKAPHBIA KpaH B
00s13aTEIPHOM TIOPSAJIKE JOJKEH TMPUCYTCTBOBATh B 3JIaHUAX C OOJBIION
MIPOXOJMMOCTBIO JIFOJICH — IMIKOJIaX, OOJIbHUIIAX, TIPOU3BOJICTBEHHBIX W O(HCHBIX
NoMeNICHUsX [26], Tak jke Ha KaKIOM 3TaXe UMECTCS TOYKAPHBINA KPaH.

B kaxaoMm momenieHnu nmpuiiaracTcs mamsATKa 0 COOJIO/ICHUN TTOKapHON

oe3omacHoctH (pucyHok 30).
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Pucynox 31 — IlamsiTka 0 coOmtoIeHn TTpaBuIl MOXKapHOM 0€30MaCHOCTH.

I[Ipy  BO3HMKHOBEHMM  TMOKapa  JOJDKHAa  cpaboTaTh  cuUcTeMma
M0>KAPOTYILIEHNUs, IEpeJaB Ha MYHKT NOKapHO# craHuuu curai o YC. B ciydae
ecliu cucTemMa He cpaboTaiia, To HeOOXOAMMO CaMOCTOSITENIbHO TPOU3BECTH BHI30B
MOKapHOU CIIy>KObI, COOOIIUTh MECTO BO3HUKHOBEHHUS TMOXapa U OXHUAATb

MpHUE3/Ia CICITUATICTOB.,

5.4 [IlpaBoBble M OpPraHU3alMOHHbIE BONMPOCHI o0ecnevYeHus

0e30macHoOCTH
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5.4.1 CneunajbHbIe PaBOBbIe HOPMbI TPYAOBOI'0 32KOHOAATEIHCTBA

HopMmbl TpymoBoro mpaBa — 3TO MpaBWwiIa TPYAOBBIX OTHOIICHH,
YCTAHOBJICHHBIE WJIM  CAHKIIMOHUPOBAHHBIE TOCYJApCTBOM  IOCPEACTBOM
3aKOHOJATEIbHBIX AKTOB.

OcHoBoli TpynoBOoro mpama sBisieTcss TpyaoBoil konekc Poccuiickoi
®enepanuu [16], permameHTHpyIOMUi TpaBa pabOTHUKA:

- TpemocTaBlieHMe eMmy paboThl, OOYCJIOBIIEHHOHW  TpPYAOBBIM
JIOTOBOPOM;

- paOouee MECTO, COOTBETCTBYIOLIEE roCyAapCTBEHHBIM
HOPMATHUBHBIM TPEOOBAHUSIM OXPaHbI TPY/Ia;

- OTIBIX, oOecrieunBaeMbI YCTaHOBJIIECHUEM HOPMAJIBHOM
IPOJIOJDKUTEIHLHOCTH Pab0UYEero BpEMEHH;

-  TIOJIHYIO JIOCTOBEpHYIO HH(poOpmaiuio 00 YCIOBUSX Tpyla H
TpeOOBaHUIX OXPaHBI TPY/Ia HA paboYeM MECTE;

—  BO3MECIIECHUE BpEIa, NMPUYUHEHHOIO €MY B CBA3U C MCIIOJHEHHUEM
TPYIOBBIX 00SI3aHHOCTEM, U KOMIIEHCAIINIO MOPAJIbHOTO BpE/a;

—  HA OTKa3 OT BBIMOJHEHUS padOT B Ciiydae BOZHUKHOBEHHS OMTAaCHOCTHU
JUTSL €T0 JKU3HH U 3JI0POBbS BCJICICTBHE HAPYIICHHS TPEOOBAaHUI OXpaHbI TPy/a,
3a HUCKJIIOUECHHEM CJIy4aeB, MPEAyCMOTPEHHBIX (elepaabHbIMU 3aKOHAMU, 0
YCTpPaHEHUs TAKOU OIACHOCTH;

—  Ha TapaHTHUM W KOMIICHCAIlUHM, YCTAaHOBJICHHbIE B COOTBETCTBUU C
HACTOSIIIUM KOJIEKCOM, KOJIJIEKTUBHBIM JIOTOBOPOM, COTJIALICHHEM, JIOKAJIbHBIM
HOPMATHBHBIM aKTOM, TPYJOBBIM JOTOBOPOM, €CIIM OH 3aHSAT Ha paboTax ¢
BpPEIHBIMU U (KUJIM) OMACHBIMU YCIIOBUSIMU TPY/A;

- Ha obecreueHrue CpeACTBAMU WHIUBUIYATbHOW W KOJUICKTUBHOM
3alUTHl B COOTBETCTBUU C TPEOOBAHMSIMH OXpaHBl TPyda 3a CYET CPEICTB

paboToarerns;

101



- HA JUYHOE Y4YaCTHE WJIM YyYacTHE Yepe3 CBOUX MPEACTaBUTEICH B
PAcCCMOTPEHHH BOIPOCOB, CBSI3aHHBIX C oOecreueHneM O€30MacHBIX YCIOBHMA
TpyAa Ha ero pabodeM MeCTe, W B PaCCIICJOBAHWU MPOUCIICANIETO C HUM
HECYACTHOTO CITy4yasi Ha MPOU3BOICTBE WJIH NMPO(ECCHOHANIBHOTO 3a00JIEBaHUSI.

5.4.2 Opranu3zalnuoHHble MepONPHUATHS NPH KOMIIOHOBKe padoueil

30HBI

Opranuzanuss pabouux MeCT O(HUCHBIX COTPYAHHKOB 3aKJIIOUAETCS B
0o0€ecreyeHnn PpalMoOHAJIBHOTO  YCTPOWCTBA W IUIAHUPOBKH  CITY>KEOHBIX
MOMENICHUI, OCHAIlEHHH pabdouMx MEeCT HeoOXOoauMoill  MeOenbro U
COBPEMEHHBIMH CPEACTBAMHU OPTTEXHUKHU.

Opranuzanust pabouero wmecra omnepatopa OMII pernamentupyercs
CanlluH 2.2.2/2.4.1340-03 [23].

CornacHO peKOMEHAAUMSIM AJii PAalMOHAIBHOM OpraHu3aluu padouyux
MECT HEOOXOIUMO:

- [pu pa3MelieHud pabodyero MecTta YUHUThIBaTh HOPMATHUBHYIO
IJIOIIAb HA OJJHOTO pabOTaIOIIEro, MPaBUIbHYIO OCBEIIEHHOCTD;

—  HCKJIIOYWTh OTBJEKAaIollee W HEeOJaronpusTHOE BO3JCHCTBHE
YIIMYHBIX pa3IpaXuTesield, a TakKe I10 BO3MOXXHOCTH YMEHBIIUTBH TEIJIOBOE
U3JIy4eHHE OT TPUOOPOB OTOIUICHHUS;

—  COBEpILEHCTBOBaTb YCIOBUS TpyJa, co3aaBas OJaronpusiTHYIO
CaHUTAPHO-TUTHEHUYECKYI0 OOCTAaHOBKY;

[IpaBunbHOE TOJNIOKEHUE TPU CHUIAYEH pabdoTe 3a KOMIBIOTEPOM

MpUBEJICHO Ha pucyHke 31.
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Kn PaccToaHue oT
ABHETY A Mas Ao MOHWTOpa
Ha NOBEPXHOCTH

Perynupyemas
BbICOTA CMMHIG

|
4

72-75 cm

|
|

Pery nupyeman BbICoTa
THH ONMPEKTCA
CHAEHBA M NOANOKITHHKOE mon P HCBWJ;D;I::

Pucynox 32 — I[IpaBuiibHOE MOJIOXKEHUE TeNa MPU pabOTe 32 KOMITBIOTEPOM

Pabouee MecTo MOMKHO OBITH KOM(DOPTHBIM M JOCTATOYHO OCBEIIEHHBIM,

Jy4H CBETa HE JOJDKHBI MIONAAaTh NPSIMO B IJ1a3a (PUCYHOK 32)

Mpurep

Pucynok 33 — IIpaBunbsHOe pabouee MecTo
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HeoOxomumo ucnonp30BaTh MeOETh C BO3MOXHOCTBIO PETyJIHMPOBKH,
KOTOPYI0O MOXXHO aJanTHpOBaTh K KOHKPETHOW paboTe ¢ ompeaeneHHOU

TEXHUKOHN 1 nepudepueii, mo KOHKpEeTHbIE (U3MUECKUE TapaMeTphl YeJIOBEKa.
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3akJIroueHue

B xone uccnenoBanusi ObUT BBIIOJHEH JIMTEPATYPHBIM 0030p, B KOTOPOM
ObLIH PacCMOTPEHBI TpeOOBaHMUS, NPEABSBISIEMbIC K KaueCTBY
AIIEKTPOCHAOKEHMUS.

B OCHOBHOI 4YacTH pacCMOTPEHBI NPUYMHBI U CIEACTBUS OTKIOHEHUS
I[IKD, a Tak e MeToabl HMX YycTpaHeHusa. Tak jXe Ha pealbHbIX JIaHHBIX
CYUIECTBYIOIIEH DJIEKTPUYECKOW CeTU ObUI IMPOU3BEAECH aHAIW3 CBOJOK IIO
TEXHOJIOTUYECKUM HapYLIEHUsIM 3a HECKOJIBKO JIeT. B pe3ynbpTaTe aHamu3bl Obun
BBISIBJICHBI OCHOBHBIE MPUYHMHBI OTKA30B 3JIEMEHTOB CETU M PEKOMEHIOBAHBI
MEPONPUATUS JJIsl YBEJIMYEHUS YpPOBHS KadecTBa 3JIEKTpOCHaOXkeHus. bpiio
BBIABJIIEHO, YTO OTKJIOHEHUS KadyeCTBa JJIEKTPUYECKOM DHEPTHM HOCHT BECHMA
YacThld XapakTep, a HMMEHHO HEIONYCTHUMbIE OTKIOHEHMS HANPSKEHUS,
HECUMMETpPHUS CETH, KoJieOaHUs HanpspKeHUs. J{Js ymydieHus 3TUX noka3aTtenen
JaHbl PEKOMEHJAIMM Ha CIIy4ail MPOEKTUPOBAHUS HOBBIX YacTel ceTu H
MEPOIIPUATHSA 10 YIYyYIIEHUIO CTAPOM.

DKOHOMMYECKUM pacyeT 3akKJIIo4yajcid B pacueTe JAUCKOHTUPOBAHHOTO
JEHEKHOTO0 IOTOKAa OT BHEAPEHHS OAHOTO MEPONPHUATHS IO IOBBILIEHUIO
Ka4yecTBa 3JIEKTPOCHAOKEHUSI.

B pa3gene counanbHas OTBETCTBEHHOCTh POAHAIM3UPOBAHBI ONIACHBIE U
BpeHble (aKTOPbI, OKa3bIBAIOIINE BO3/ACHCTBHE HA YeJIOBEKa IPU UCCIIEIOBAHUN
METO/IOB KauecTBa 3JeKTpocHAOKeHus. PenieHsl BOpocsl 00eceyeHus: 3aiuThl
OT ONAcCHbIX W BpEAHBIX (PAKTOPOB Ha OCHOBE TpPEOOBaHUM NEWCTBYIOIIMX

HOPMATUBHO-TCXHUYCCKUX NTOKYMCHTOB.
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Analysis of the elements of the network «IDGC of Siberia» — «Hakasenergo»
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3.5 Analysis of the elements of the network «IDGC of Siberia»-

«Hakasenergo»

Accumulation of statistical material within two years on energy company
IDGC of Siberia "-" Hakasenergo "made it possible to assess the impact of factors
on the reliability of power supply elements. During this period, the company's
operational reports recorded 173 technological violations.

The methodology for mathematical processing of statistical data was
based on RD-50-680-89 [14].

Analysis of the operational reports determined the distribution of failures
on objects of power supply systems network of «IDGC of Siberiay-

«Hakasenergoy.

Table 5-Breakdown of equipment accidents

District Electrical
Objects Distribution
Networks
Power lines 83,8 %
Transformer
_ 16,2 %
substations

As the table shows the distribution of accidents on power lines accounted
for 83.8%, 6.2% transformer substations. These results show that most failures
occur in power lines. Power lines are more vulnerable to disabling.

Identified technological violations can be divided into three groups:

— group I-failure of a power line because of third-party effects (collision,

burning wooden poles, the shooting of insulators, etc.);

110



— group ll-the failure of the power line owing to the incorrect operation of

the repair staff, the lack of operation and the defects in the mounting;

— group lll-causes disabling power lines caused by the impact of climatic

factors:;

Table 6 lists the cause of the power line failures.

Table 6 - Distribution of technological violations of power lines

Groups of causes of failure

Distribution of failures,%

| group 21,3
Third-party effects 26,7
The shooting of insulators 0,6
Il group 13,1
Disadvantages of exploitation 9,7
Defects 3,4

111 group 59,7

Wind load 18,2
Unspecified causes 16,5
Thunderstorm activity 10,2
Ice 9,7

Natural phenomena (fires) 10,8
Other 3,4
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As can be seen from the table 6 of the distribution of technological
violations, 59.7 per cent of technological violations are influenced by climatic
factors. Since the analysis has shown that the climate condition is the most
influenced by the failures, it is important to examine the impact of climatic

features on the reliability of power lines.

m Third-party effects
= Wind load
m Unspecified causes
® Thunderstorm activity
m Disadvantages of exploitation
m Disadvantages of exploitation
mlce
= Defects
The shooting of insulators
m Other

Figure 14 — causes disabling power lines 6-0, 4 kV

For the analysis of technological disorders, the failures on the power lines
can be divided into two groups:

1) The technological irregularities that occurred during the winter period
as a result of the ice;

2) Technological disturbances in the summer-spring period, as a result of

thunderstorm activity, wind, wooden support decay and other factors.
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As the analysis shows, the most common causes of damage during the
warm time of the year are wind loads and storm.

Figure 5 shows the failure of the power lines for 2014-2015.
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Figure 15 — The failure chart for the entire 2014-2015 period

In the April 2015 graph, there is a growing technological violation. This is
due to fires in the Republic of Khakassia this month. Most of the fires affected the
object being analyzed. As a result of the fire in the Republic, there were cases of
the combustion of wooden pylons, which resulted in the disruption of electricity
for long periods of time.

The statistical analysis also made it possible to estimate the network's

power outage as a result of technology violations of transmission lines. Table 7
provides estimates for groups of reasons.
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Table 7 - Shortage of electricity to the grid

Shortage of
electricity to the
Causes of failure grid, %
thousands of
kW/hour
| group
Third-party effects 5,14311 14,82
The shooting of
. 0,04713 0,14
insulators
I group
Disadvantages of
I 1,50042 4,32
exploitation
Defects 1,94855 5,61
111 group
Wind load 2,28433 6,58
Unspecified causes
0,97686 2,81
Thunderstorm activity
1,8594 5,36
Ice
0,01245 0,04
Natural phenomena
) 20,8788 60,16
(fires)
Other 0,112 0,32

Table 7 shows that the greatest damage is caused by natural phenomena.
Since natural phenomena, namely fires, are quite rare for a given region, a more
accurate analysis will lead to an analysis of blackouts without regard to blackouts

due to fire effects.
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Figures 16.17 provide graphs of the occurrence of technological violations

by month of the year and during the 2014-2015 year.

(]
i

<
i

oV}
—

O o0 VU < o O

i

salnjied

STOC ‘4eqwiadag
STOC ‘“4/eqwanonN
ST0T 4290120
ST0T “4aquiardas
GTOT ‘¥sndny
SToC ‘Ainf

GTOC ‘aun

S10T ‘AeIN

S10T udy

ST0T ‘YaieiN
ST0C ‘Aenugay
STOT ‘Adenuer
10 1aquiadag
10¢C ‘49quanoN
¥10T 4290120
¥T0¢ 4aquiandas
¥T0T ‘Isnsny
v10T ‘AInf

¥10zZ ‘aunf

v10C ‘AeiN

¥10¢ ‘|udy
10T ‘YoienN
¥T0Z ‘Aeniga4
¥T0C ‘Adenuer

Figure 16 — Failure chart for the entire period of 2014-2015 year with no fire
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According to the diagrams, the greatest pure shutdowns accounted for
summer, because during the summer there is a big storm activity. In the autumn

months, failures are associated with the presence of wind activity.

1,14%

m Third-party effects
= Wind load
= Unspecified causes
® Thunderstorm activity
m Disadvantages of exploitation
= Disadvantages of exploitation
= lce
= Defects
The shooting of insulators
= Other
Natural phenomena (fires)

Figure 18 — causes disabling power lines 10-0,4 kV

Table 8 - Shortage of electricity to the grid (no fires)

Shortage of
electricity to the
Causes of failure grid, %

thousands of

kW/hour
| group
Third-party effects 51151 34,85
The shooting of 0,09 4,6
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Shortage of
electricity to the
Causes of failure grid, %
thousands of
kW/hour
insulators
I group
Disadvantages of 1,50042 10,22
exploitation
Defects 1,94855 13,28
111 group
Wind load 2,28433 15,57
Unspecified causes 0,97686 6,66
Thunderstorm activity 1,8594 12,67
Ice 0,01245 0,08
Natural phenomena 0,879 5,99
(fires)
Other 0,112 0,76

The results of Table 8 show that the most influential influences are
climatic causes as well as third-party influences. The application of support
structures, which largely excludes damage to the air lines through wind and storm
activity, will reduce the amount of power-on-demand. Similarly, in order to
eliminate the lack of power to the network for reasons of defects and exploitation,
the attention of the network organization is required to develop certain measures

to investigate the causes of the disconnection.

3.6 Analysis of power quality «IDGC of Siberia»-«Hakasenergo»
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The organization and analysis of the quality control of electrical energy is
one of the measures to improve energy conservation. The results of the analysis
include recommendations for improving the quality of electricity.

Data on energy quality indicators were collected at several points in the
district electricity grid. The measurements are carried out in accordance with the
requirements for measuring the energy quality of the Interstate Standard 33073-
2014, taking into account the measurement and measurement requirements of the
Interstate Standard 30804.4.30-2013.

The assessment of the electricity quality was carried out in 7 units of the
electrical grid, 10-0.4 kV, using the Resource-UF2M. The Resource-UF2M is a

mobile modification of the electric energy meter.

3.6.1 Measurement results

Frequency deviation. Nominal power supply voltage frequency in the
electric network is 50 Hz. Electric energy quality is as follows: frequency
deviation in synchronized energy supply systems must not exceed + 0.2 Hz for
95% of the time interval of one week and + 0.4 Hz for 100% of the time interval
of one week.

Frequency deviations in the object being investigated are within the limits
of the norm.

Voltage deviation. Normally valid and permissible voltage deviations of
the established value 6Uy on the findings of the receivers of electrical energy are
equal respectively to = 10% from the nominal voltage of the electrical network in
accordance with Interstate Standard 32144-2013.

As a result of the analysis, it was found that, in many cases, there was an
unacceptable voltage level deviation in the 0.4 kV network exceeding the
permissible value (Figure 19.20).
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Figure 20 — Schedule positive phase voltage deviation

Voltage fluctuations and flicker. The quality of electrical energy related to
voltage fluctuations is the short-term dose of flicker, measured in the 10-min time
interval, and the long dose of flicker measured in the time interval of 2 h at the

point of transmission of electrical power. The measurement results show that the
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short and long dose of flicker repeatedly exceeded the allowed value (Figure
21.22).
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Non-sinusoidal voltage. VVoltage harmonic components are typically non-
linear loads users of electrical networks, connected to power grids of different
voltage.

Harmonic currents occurring in the electric networks, create the fall
voltage on full resistance of electrical networks. Harmonic currents, the full
resistance of electrical networks and therefore voltage harmonics in electric
power transmission points change over time.

The energy quality of the harmonic component of the voltage is:

— the values of the harmonic stress factors up to 40 order in the stress
percentage of the main harmonic element at the point of transmission of the
electrical power;

—  the value of the total coefficient of the harmonic components of the
stress (the ratio deviation the sum of all harmonic components to 40 order to the
mean value of the main component) at the point of electrical power transmission.

According to the results of the analysis of the values of the coefficients of
voltage harmonics up to order 40 all the values of the summary ratios of voltage
harmonics, as well as the values of the coefficients harmonic voltage do not
exceed those established in Interstate Standard 32144 — 2013 (table 1-5)

Figure 23 shows the measurement of the harmonic components of the

voltage of the phase.
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Figure 23 — Graph of harmonic components of phase voltage

Unbalance of voltages in three-phase systems. Voltage unbalance is
caused by unbalanced phase loads of the electrical network.

Electric energy quality indicators related to the asymmetry in three-phase
voltage systems are asymmetry ratio of voltages on the reverse sequence and
asymmetry voltage ratio on zero-sequence.

According to the standards of the Interstate standard 32144-2013 power
quality, asymmetry coefficients on reverse voltage and asymmetry voltage for
zero-sequence at the point of electric power transmission averaged 10 minutes in
the time interval shall not exceed 2% for 95% of the time interval of one week,
and it should be no more than 4% over 100% of the time interval of one week.

As a result of the analysis of the values of the unbalance of voltages,
many cases of deviation from the established norm have been identified (Figure

24). The network is therefore in need of measures to correct the unbalance.
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Figure 24 — graphs of voltage unbalance coefficients to zero and reverse sequence

Voltage failure and over-voltage. In accordance with the requirements of
the regulatory instrument, the voltage failure is considered as an electromagnetic
interference, the intensity of which is determined by both the voltage and the
duration. The voltage failure duration can be up to 1 min. The voltage duration
can be up to 1 min.

As a result of the analysis, the values of the failure and overloading do not

exceed the norm.

Table 9-Electricity quality indicators by Interstate standard 32144-2013

Electric power Valid values for the
o Results Measurement of
quality indicator on | Interstate Standard 32144- _ _
Ne electrical energy quality
Interstate Standard 2013
32144-2013 norm limit norm limit
Voltage deviation — -18,6
1 — +10 —
85U, % +20,39
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Electric power

quality indicator on

Valid values for the
Interstate Standard 32144-

Results Measurement of

Ne electrical ener ualit
Interstate Standard 2013 4 Y
32144-2013 norm limit norm limit
Dose of flicker:
, Short-term 1,38 3,98
long 1,0 1,75
Plti Pst
Voltage
3 8,0 12,0 3,02
THD, K, %
_ Table 1-3 the | Table 1-3 the
Harmonic voltage _ _
) Interstate Interstate In Valid In Valid
4 component ratio
standard standard values values
K,(n), %
32144—2013 | 32144—2013
Coefficient of
unbalance of
5 ) 2,0 4.0 1,15 1,25
voltage in reverse
sequence, K,,,,%
Coefficient of
unbalance of
6 voltage in zero 2,0 4,0 7,02 8,28
sequence
Kow %
Frequency
7 . 0,2 0,4 0,02 0,04
deviation Af, Hz
Duration of a
8 | voltage failure Aty, — 60 — 56,7
S
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Electric power Valid values for the
o Results Measurement of
quality indicator on | Interstate Standard 32144- _ _
Ne electrical energy quality
Interstate Standard 2013

32144-2013 norm limit norm limit

Over-voltage
9 - 60 - 59,6
ty,S

As a result of the analysis of the networks, problems of quality of supply
have been identified. Analyzed reasons for disabling power lines over the
specified period showed that the main causes of the disabling power lines are:
26.7%-third-party effects; 16.48% unknown disconnect reasons; 18.18%-wind
effects; 10.23%-lightning activity; 9.66% 10.8% exploitation flaws-natural
phenomena.

Existing maps of areas by wind load, number of storm hours per year, etc.
were drawn up during the existence of the USSR and do not fully reflect the
actual picture of the last period. This is due to the trend towards climate change.
For example, the daily temperature variations have a significant impact on the
wear of insulation. The average wind speed (especially in the spring period)
increased, and the number of local and migratory birds increased.

Third-party effects include the external impact of equipment, man and
animals on wires and power lines.

Unspecified shutdown causes are most disconnected from the total

number and require special attention in order to improve the quality of power

supply.

3.7 Recommendations to improve the quality of power supply and

reduce losses in networks 10-0, 4 kV «IDGC of Siberia»-«Hakasenergo»

3.7.1 Activities to improve network reliability
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Based on an analysis of the technological disconnections of 10-0.4 kv, the
following organizational and technical activities and ways to improve the
reliability of the electrical networks can be determined.

When designing new electrical networks main ways of improving the
reliability of networks are:

—  improvement of the methods for calculating the mechanical strength
of the supports and wires of the air lines. The existing maps for wind and hunger
loads and the number of thunderstorms were drawn up in the USSR. At the
moment, they are unable to carry reliable information, because of the climate
change trend. The average wind speed has grown in the region (especially the
wind speed is observed during the spring period). There are sharp changes in
temperature. Most accidents can be reduced as a result of the revision of climate
maps in the design of new transmission lines;

— Application of new technical solutions, use of modern self-
supporting insulated wire. Self-supporting insulated wire covered by a polymer
shell, which means that isolating the wire protects the air lines from short circuits
when cross-whipping and when the tree branches fall on the line. Also self-
supporting insulated wire reduces the sticking of snow and ice;

—  the optimal choice of the route of the power line, the location of the
wires on the legs and the distance between them;

— use mechanical means to prevent round wires (aerial cable spacer).
aerial cable spacer greatly limit the amplitude of fluctuations of wires and retain

the necessary clearances in critical areas;

During operation the main activities to improve the reliability of networks
are:

—  periodic supervision of technical condition of power transmission
lines with a view to identifying possible mechanical damage and prompt their

removal;
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— inorder to prevent the removal of technological violations because of
lack of exploitation and training of highly qualified personnel errors, it is
recommended that highly skilled operational and operational personnel is trained;

— introduction of effective methods to control the isolation of
equipment;

— quality inspection of equipment and repair work;

— implementation of preventive measures (clean-up of transmission
lines, cutting of tree branches);

— application of techniques for continuous automatic control of electric
networks to identify damaged lines based on electromagnetic parameters;

— in order to establish the causes of switch off the equipment, it is

recommended to conduct a more thorough analysis of the failures.
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