MunncrepcrBo o6pazoBanusi 4 Hayku Poccuiickoii ®@enepanuu
denepanbHOE rOCyIapCTBEHHOE OI0/DKETHOE 00pa30BaTeNIbHOE YUPEIKICHUE
BBICHIETO MPO(ECCHOHATEHOTO 00pa30BaHHUS
«HAITMOHAJIbHBIA UCCJIEJOBATEJIbCKUM
TOMCKHU MOJIATEXHUYECKA YHUBEPCUTET»

HNuctutyr DHepreruueckuit
Hanpasnenue noarorosku 13.03.02
Kadenpa DnekrposHepreTnyeckue CHCTEMbI M 3JIEKTPOTEXHUKA

BAKAJIABPCKAS PABOTA

Tema pa6oTsl

HCCJ’IC}IOBaHI/IC BJIMAHUSA CTATUYCCKUX XAPAKTCPUCTHK HAI'PY3KU HA MAKCUMAJIbLHO -}IOHYCTI/IMI)II\/’I
nepetok B ceueHun «ODC Ypana — TomcKkast JHEprocucTemMay

V/]IK 621.311.004.016(470.5)(571.16)

CryneHt
I'pynna (025 (0] Hoanuce Jara
5A2T° [llopunkoB EBrenuit UropeBny
PykoBoaurens
JloJzKHOCTH DdUO Yuenast cTeneHb, Hoanuce Jara
3BaHHue
Homent ITankparos A.B. K.T.H., JIOLICHT
KOHCYJIbTAHTHI:
ITo pazneny «®UHAHCOBBIM MEHEIHKMEHT, PECypcod(PPEKTHBHOCTD U PECYPCOCOEPEIKECHHE)
Jlo/zKHOCTH DdUO Yuenast cTeneHb, Hoanmucny Hara
3BaHHUE
ACCHCTEHT I'paxoBa E.A
[To pazgeny «CounanbHas OTBETCTBEHHOCTbY
JloszKHOCTH DPUO Yuenasi cTeneHb, MMoanucn Jara
3BaHHUE
Jouent AwmenpkoBud 10.A K.T.H., JOIICHT
JOITYCTUTD K 3AILIUTE:
3aB. kadeapoii ouo YuyeHasi cTeneHb, Moanucey Jara
3BaHHUe
DIIEKTPUYECKHUX CETEH [Ipoxopos A.B K.T.H., JIOLEHT
U 3JIEKTPOTEXHUKHU

Tomck — 2016 1.



IIVIAHUPYEMBIE PE3YJIBTATBI OBYUYEHUS 110 OOII

Kon
pe3yJjabTara

PesyabTat 00yuenuns

(BBINYCKHUK J0JI7KeH ObITh TOTOB)

IpodeccuonanibHbIe KOMIIETEHIIUHM

P1

[IpuMeHATH COOTBETCTBYIOLIME IT'YMAHUTAPHBIE, COLUAIIBHO -3KOHOMUYECKHUE,
MaTEMaTHYCCKUC, CCTCCTBCHHO'HayLIHI)IC n I/IH)KCHGPHI)IG 3HaHUA, KOMHI)IOTepHBIG
TEXHOJIOTHH TS PELICHHUS 3aJ1a4 pacueTa U aHalIu3a JICKTPHUECKUX YCTPONCTB,
OOBEKTOB U CHCTEM.

P2

YMeTb popMynupoBaTh 3a/1a4u B 00JIACTH AIEKTPOIHEPTETUKHU U DIIEKTPOTEXHHUKH,
aQHAJIM3UPOBATH U PEIIATh UX C UCTOIB30BAHUEM BCEX TPEOYEMBIX U JIOCTYITHBIX

pecypcoB.

P3

YmeTs MPOCKTUPOBATH SJICKTPOIHEPICTUUCCKUEC U DJICKTPOTEXHUUCCKUEC CUCTEMBI U
UX KOMIIOHCHTHEI.

P4

YMeTh 1aHupOBaTh U IPOBOJAUTH HEOOXO0IUMBIE IKCIIEPUMEHTATBHBIC
WCCTIeI0BaHUs, CBA3aHHBIC C OTIPEICTICHUEM TTapaMeTPOB, XapaKTEPUCTUK U
COCTOSIHUSI DJIEKTPOOOOPYI0BAHHUS, 00BEKTOB M CHCTEM JJIEKTPOIHEPTETUKH U
AIEKTPOTEXHUKH, HHTEPIIPETUPOBATH JIAaHHBIE U JIEIAaTh BHIBOIBI.

P5

[IpuMeHATh COBpEMEHHBIE METOABI U HHCTPYMEHTHI IPAKTUYECKON NHXKEHEPHOU
JEeSITeIbHOCTH MPH PEIIeHUH 3a/1a4 B 00JIaCTH 3JIEKTPOIHEPTETUKU U
JNEKTPOTEXHUKH.

P6

Nmets MPAKTUYCCKUC 3HAHUA TPUHIUIIOB 1 TEXHOJIOTHUH 3HeKTp03HepFeTquCKOﬁ n
ANEKTPOTEXHUYECKON OTpaciie, CBI3aHHBIX C 0COOEHHOCTHIO MPOOJIeM, 0OBEKTOB U
BHJIOB MTPO(ECCHOHATBFHON IEATEILHOCTH MPO(UIIS OITOTOBKH HA MPEIPUATHSIX
Y B OpraHu3alysIXx — NOTEHIIMAIbHBIX padOTOIATEIISIX.

y}lﬂBepcaﬂbl{ble KOMIICTCHIIMH

P7

Hcnonb3oBaTh 3HaHUS B 00JaCTH MEHEDKMEHTA JJIs1 YIIPaBJICHUsI KOMILIEKCHOM
WHXEHEPHOU IESTEIIbHOCTHIO B 00IACTH AJIEKTPOIHEPTEeTUKU U DJIEKTPOTEXHUKHU

P8

Hcnonp30BaTh HaBBIKA YCTHOﬁ, MMMChbMEHHOM p€uH, B TOM YHCJIC HAa HHOCTPAHHOM
SA3BIKE, KOMIIBIOTCPHBIC TEXHOJIOTHH IJId KOMMYHHKAIIMK, IPE3CHTAlNH,
COCTaBJIEHUS OTUYETOB U 0OMeEHA TEXHUYECKOU HH(bOpMaHHeﬁ B 00J1aCTAX
OJICKTPOOHEPI'CTUKU M DJICKTPOTEXHUKH.

P9

9(1)(1)6KTI/IBHO pa6OTaTI) HHIUBUAYAJIBHO U B KAQUE€CTBC YWICHA WK JIUACPA KOMAaHIbI,
B TOM 4HUCJIC MCH(HHCHHHHHHapHOfI, B 00J1acTu OJICKTPOSHEPI'CTUKHU U
OJICKTPOTCXHUKHU.

P10

HpOSIBJ'IHTL JIMYHYHKO OTBCTCTBCHHOCTH U IIPUBCPKCHHOCTHL HOPMaM
HpO(b@CCHOHEU'ILHOﬁ OTUKHU U HOpMaM BCACHUS KOMILJICKCHOM I/IH)I(CHepHOﬁ
ACATCIBbHOCTH.

P11

OCYH_IGCTBJ'IHTB KOMIUJICKCHYIO NHXXCHCPHYIO NCATCIIBHOCTD B obnactu
QJICKTPOOHEPI'CTUKHU U IJICKTPOTCXHUKU C YIHCTOM IIPABOBBLIX U KYJIBTYPHBIX
ACIICKTOB, BOIIPOCOB OXpPaHbI 3A0POBbA U 0e30MIacHOCTH KUBHCOACATCIIBHOCTH.

P12

briTh 3aUHTCPCCOBAHHBIM B HCIIPEPBIBHOM O6y‘IeHI/II/I " COBCPIICHCTBOBAHNU CBOUX
3HAHHMM M Ka4eCTB B 00JIaCTH OJICKTPOSHCPI'CTUKU U IJICKTPOTCXHUKHU.




MunncrepcrBo o6pazoBanusi 4 Hayku Poccuiickoii ®@enepanuu
(benepanabHOE TOCYAaPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKACHUE
BBICIIIETO 00pa30BaHuUs
«HAITMOHAJIbHBIA UCCJIEJOBATEJIbCKUM
TOMCKHU MOJIATEXHUYECKA YHUBEPCUTET»

HNuctutyr DHepreruueckuit
Hanpasiienne noaroroBku (cnenuanbHocth) 13.03.02
Kadenpa DnekrposHepreTnyeckne CUCTEMBbI U DJIEKTPOTEXHUKA

VYTBEPXIAIO:
3aB. kadenpoii

A.B. IIpoxopos
(ITonmuce) (Mata) (®.1.0.)

3AJJAHUE
HA BbINOJIHEHNE BbINYCKHON KBAJIN(PUKAMOHHON PadoThI
B dopwme:

0akalaBpCKOM BBIMMYCKHOM KBaTU(PUKAIMOHHON pabOThI

(bakanmaBpckoit pabOTHI, AUTTIOMHOTO MIPOEKTa/paboThl, MAaruCTEPCKON IUCCEPTALINH)

CryneHnry:

I'pynna (0700

SA2T° [TopuukoB EBrennii Uropesuu

Tema paboThI:

HccnenoBanue BIUSHUS CTaTUYECKUX XapaKTEPUCTHK HATPY3KH HAa MaKCHUMAaJIbHO-AOMYCTUMBIH
nepetok B ceueHnu «OIC Ypanna — ToMmckast 3HEprocucteMa

YTBepxaeHa IPUKA30M TUPEKTOpa (aTa, HOMEp) Hata 20.01.2016 Ne 3266/C
Cpok ciauu CTYZCHTOM BBITIOJTHEHHOHN paOOThI: 01.06.2016
TEXHUYECKOE 3AIAHUE:
Hcxoanbie JaHHbIE K padoTe TpaH3ur: HwxneBapToBckas I'POC -

Coserctko-CocHUHCKAA

7 o 0 7 o o
(naunenosatiue oGvekma uccaedosaiis i a) CxeMa 3JIeKTPUIECKUX COeqMHEHUN ToMCKOi
NPOEKMUPOBAHUSL; NPOUSEOOUMENLHOCTLb W HAZPY3KA;
peoscum pabomsl (HenpepulsHbiil, NepuUoOUecKull, oC
YUKIUYeCKULl U m. 0.); 8UO CbIPbS UL MAMEPUAT U0, 6) CxeMa TpaH3UuTa 220 xB HI/I)KHeBapTOBCKaH
mpebosanus K npoOYKny, U30eauro Uil npoyeccy, ocobvle TPAC — Coercko-CoCHUHCKAS

mpebosanus K 0COOeHHOCMAM QYHKYUOHUPOBAHIUSL
(aKcnayamayuu) 06vekma unu uzoenus 6 niane 6e30nacHocmu
IKCIIyamayuu, GIUHUSL HA OKPYICAIOWYIO Cpedy,
DHEPeO3AMPAMAM, IKOHOMUYECKUL AHAMU3 U M. O.).




Ilepeyens moaJie:kammMx
HCCJIeIOBAHUIO, TPOEKTUPOBAHUIO U
pa3padoTke BONPOCOB

(ananumuyeckuti 0630p NO IUMEPAMYPHLIM UCTIOYHUKAM C
Yebio 8bISACHEHUs. OO0 CIMUICEHUL MUPOBOT HAYKU MEXHUKU 8
paccemampusaemoil 0oaacmi; NOCMAHOBKA 3a0adu
uccnedosanus, NPOEKMUPOSAanUs, KOHCMPYUPOBAHUSL;
cooepaicanue npoyedypsl UCCIeO0BaAHUS, NPOEKMUPOBANUS,
KOHCMPYUPOBAHUsl, 00CydIcOeHUe pe3yibimamos 6binoIHEeHHOU
pabomul; HaumeHo8anue OONOTHUMETbHBIX PA3OEN08,
noonedicawux paspadbomxe, 3aKnOueHue no pabome).

1) [Tox60p HEOOXOAUMOI TUTEPATYPHI

2) Ornucanue MOHSATHUSA u KpUTEpHUEB
OTIpeeIICHUs MaKCUMaJbHO  JIOIYCTUMBIX
MEPETOKOB MOIIIHOCTHU B ceueHusix JC

3) OnpeneneHre MakCUMaJIbHO —JIOIIYCTUMOIO

neperoka o tpan3uty 220 kB Tomckas —Ilapabenb
— HmwxueBaptoBckas [ POC 6e3 yuera CXH

4) OrnpeneneHue MaKCUMaIbHO —JTOMYCTUMOIO
neperoka o tpan3uty 220 kB Tomckas —Ilapabenb
— HuwxneBaprosckas ' POC ¢ yuerom CXH

5) CorrianbHast OTBETCTBEHHOCTb;

6) DUHAHCOBBIN MEHEKMEHT,
pecypcodhPeKTUBHOCTH U pecypcocOepexeHue.

Ilepeyennb rpaguyeckoro Mmarepuajia

(c mounbIM yKazanuem 00s13amenbHbIX uepmedicell)

Pacuetnas cxema  ToMCKMX  MarmcrpaibHBIX

AJIEKTPUYECKUX CETEU

KOHch'IbTaHTbI 110 pa3aejiaMm BLIHYCKHOﬁ KBaJIH(l)HKaIII/IOHHOﬁ paﬁoTI)I

Paznen

Koncynabranr

DUHAHCOBBI MEHEeIKMEHT
pecypcodpexkTuBHOCTL U
pecypcocoepe:keHune

I'paxoBa Enena AnekcanapoBHa

ConunajanHas
OTBETCTBEHHOCTH

AwmenbkoBuy FOnmus AnexkcanapoBHa

AI3bIKAX:

Ha3Banusi pasagenoB, KOTOpble NOJIKHbI ObITH HANMHCAHBI HA PYCCKOM H HMHOCTPAHHOM

M 3KOJIOrM4YecKas 0e30IacCHOCTh

Ha pycckoM s3pike: omucaHue OObEKTa M TMOCTAHOBKA 3a/ayM, pacueT U aHaliu3 PEeKUMOB
(buHAHCOBBIH MEHEIKMEHT, pecypcoddheKTUBHOCTh U pecypcocOepekeHre, IPOu3BOICTBEHHA

JlaTa BbIIa4uH 3a1aHUS HA BBHINOJHEHHE BbINYCKHOM 09.02.2016
KBAIH(pUKAMOHHON padoThI 10 JHHEHHOMY rpaduKy o
3aganue BbIIAJ PYKOBOIUTEIb:
JIoJIKHOCTH ®UO Yuenas crenen, Moanuck Jara
3BaHHe
JlouieHT [Tankparos A.B. K.T.H., IOLIEHT 09.02.2016
3agaHue NPUHAJI K HCIIOJIHEHHUIO CTY/IeHT:
I'pynna DPUO Moanucey Jara
SA2I° [Ilopuuxos Esrennii Mropesnu 09.02.2016




3AJAHUE JUISI PA3JIEJIA
«@UHAHCOBBIN MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEXEHUE»
Crynenty:
I'pynna DPUO
SA2I° [ITopuukoB EBrennii ropesuu
HHCcTHTYT HUH Kadenpa 9Cud
YpoBenb o0pazoBaHust EaKaJIaBpI/IaT Hanpasienune/cnienuaabHOCTh SHCKTpOSHepFCTI/IKa u
3JIEKTPOTEXHUKA

Hcxonnbie naHHble K pasaeay «@PUHAHCOBBII
pecypcochepeskeHne»:

MEHEIKMEHT, pecypcodPPeKTUHBHOCTD H

1.

Cmoumocms pecypcog Hayunoz2o ucciedosanus (HHU):
MAmMepuaIbHO-MeXHU4ecKux, 9Hepeemu1ecKux,
Gunancosvix, UHGHOPMAYUOHHBIX U HEL08EHECKUX

- Ilpoexm svinonusiemces na 6asze rabopamopuu TI1Y,
onsa peanusayuu HU ucnonvzyemces mamepuanvho-
mexnuueckas basa kageopvr ICud

- B uccnedosanuu 3adeiicmeosanvl 2 4enio6eKd:

HAYYHbIll PYKOBOOUMENb NPOEKMA U CMYyOennt;

2. Hopmbul u Hopmamuesl pacxo008anus pecypcos Hccnedosanue 6vinoaneHo 6 COOMEEMCMEUU  C
I'OCT 14.322-83 Hopmuposanue pacxooa
mamepuana. Ocnosnvle nonodicenusi; 1'OCT 51541-
99 Duepeocbepedicenue. Onepeemuuecxas
agpgpexmusnocme. Cocmae noxazamenei. Obuue
HOONCEHUSL.
3. HUcnomwsyeman cucmema Hano200010cenus, cmaeku| Omyucienus no cmpaxosvblM 63HOCAM COCMABIAIOM
HaN0208, OMYUCAeHUl, OUCKOHMUPOBAHUSL u| 30,2% om @OT
Kpeoumosanus

IlepeyeHb BONPOCOB, MOMJIEKANIMX HCCIET0BAHNIO, IPOEKTHPOBAHUIO U Pa3padoTKe:

1

OueHKa KOMMepUEeCKo20 U UHHO6AYUOHHO20 NOMEHYUala
HTH

Onpeoenenue Konyenyuu npoekmad.

2.

Pa3pa60m1<a ycmaesa Hay4YHO-MexXHu4eCcKo2o npoekma

He mpebyemcs

3.

IInanupoeanue npoyecca ynpaenenus HTHU: cmpykmypa
u epagux nposedenus, 6I0NCem, PUCKU U OP2AHUZAYUSL
3aKynoK

Opeanuzayus padom HaAYYHO20 UCCAeO08AHU.
IInanuposanue HAYYHO-UCCIe008AMENbCKOU
pabomul.
Onpeoenenue
UCcnedo8aHus.
Paspabomxa epaghuxa I'anma.

Cocmaenenue cmemul 3ampam Ha npogederue HU.
Onpedeneniie MamepuaibHulX 3ampam.

Onpedenenue 3apabomuol niamvl UCHOTHUMENEl
uccnedo6aHusl.

Omuucnenust 80 gHebI00NHCemHble HOHObL.
Haxknaonwie pacxoowr.

DopmuposaHue cmemul Ha npoeederue HI.

mpy()oeMKocmu BbINOJIHEHUA

4]

Onpeodenenue pecypcHotl, QUHAHCOBOU, IKOHOMUYECKOU
aghpexmusnocmu

Oyenxa s¢gexmusHocmu NpUMeHeHUss HAYYHO20
uccnedo8aHusl.

Hepeqeﬂb rpa(l)wleCKoro MAaTEPHUAJIA (c mounvim yxasanuem obsa3amenvHbix yepmedicel):

1. Iepeuens pabom
2. Jluneiinwiii 2paghux pabom
3. Bwoocem npoexma

| laTa BbLIauM 321aHus 15 pa3jieia 110 JHHeiiHOMY rpaduKy | 09.02.2016
3agaHue BbIIAJ1 KOHCYJIbTAHT:
JI0JIZKHOCTH (017 (0} qun::a:lj;neﬂb, Moanucek Hara




AccucteHnt

I'paxoBa Enena AnekcanapoBHa

09.02.2016

3anafme NPUHAJ K UCITIOJIHECHUIO CTYACHT:

I'pynna

[025(0)

Hoanuch

Jara

S5A2T

ITopuuxos EBrenunii Mropesnu

09.02.2016




3AJAHUE JUISI PA3JIEJIA
«COLUMUAJILHASI OTBETCTBEHHOCTb»

Crynenry:
I'pynna DPUO
SA2I° [ITopuukoB Esrennii ropesud
HHcTHTYT HUH Kadenpa 9Cud
ONeKTpOo3HEepreTHKa U
YpoBenb o0pazoBaHus bakanaspuar Hanpasienune/cnienuajabHOCTh P P
3JIEKTPOTEXHUKA

I/ICXOI{HLIC AaHHBIC K pa3iery «COIII/IaJ'[I)Haﬂ OTBETCTBEHHOCTB) .
1. Onucanue pabouezo mecma (paboueti 301bl, Ilpeomemom UCCIe008aHsL Aaen1emcs

mexHojlocu4ecKozo npoyecca, MeEXaHu4ecKkozco 060py606‘6lH1/lﬂ)

HAa npedMem 603HUKHOBEHUA.

—  BPEOHBIX NPOSGIEHUN PAKMOPO8 NPOU3600CMEEHHOU
cpeovbl

(Memeoywloeu}z, epedﬁbze eeyecmea, oceeuienue, uymaol,

8UOpayuLl, INEKMPOMACHUMHbLE NOJISL, UOHUZUPYIOUjUE
u3nyyenus)

—  ONACHBIX NPosAGIeHUl PaKkmopos nPou3B0O0CMEEHHO
cpeovl (Mexanu4ecKou npupoobl, MepMuUIecKo2o
Xapaxmepa, 91eKmpUYecKoll, NOAHCAPHOU U G3PbIBHOU
npupoowt)

—  He2amusHO20 8030€UCMBUsL HA OKPYICAIOUYIO RPUPOOHYIO

cpedy (ammocghepy, cudpocghepy, iumocghepy)
—  Upe3BbIYAUHBIX CUMYAYULl (MEXHO2EHHO20, CIMUXUIHOZO,
9KONI0ZUUECKO20 U COYUATILHO20 XapaKmepa)

HOOCMAaHYuUsi, Ha KOMOPOU YCMAHOBIeHO O0IbULOe
pasnoobpasue INeKmpoyCcmaHo8oK No CmeneHu
ONACHOCU NOPAJICEHUS. INEKMPULECKUM HOKOM
OMHOCAWUXCSL K 0COOO ONACHBIM

-gpedHble  NposeieHus  (NeKMPOMASHUMHbIE
NOJIsl, NOBLIUEHHBIN YPOBEeHb WYMA HaA pabodem
Mecme, NOGbIUEHHAsT meMnepamypa 8030yxa Hda
pabouem mecme)

-OnacHwvie nposieienHust (onachvle ypoeHu
HANPSIHICEHUs: 8 INEKMPULECKUX YensiX,

3aMbIKaHUe KOMOPBIX MOJICem npoumu uepes
MeNo Yeno8eKa; a maK e nPposigieHus
NOXNCAPHOUL U 83PbIEHOT NPUPOODL).

2. 3naxomcmeo u 0m60p 3AKOHOOAMEIbHBIX U HOpMamueHblx
()OKyMeHWlOS no meme

"OCT 12.0.003-74., TOCT 12.1.002 — 84., CanlluH 2.2.4.1191-
03, ITOCT 12.4.172 — 2014., I'OCT 12.1.003-2014., I'OCT
11677-85., I'OCT 12.1.029-80., CanlluH 2.2.1/2.1.1.1278-03.,
CanlluH 2.2.4.548-96 , P/ 34.03.603., HII 05-03.

IlepeyeHb BOPOCOB, MOMJIEKANMX HCCTETOBAHNIO, IPOEKTHPOBAHMUIO U pa3padoTKe:

1. Ananus evisignenHbx 8PEOHbIX PAKMOPOS NPOEKMUPYeMou
NnpouU3800CMBEHHOU Cpeobl & clledyioujeli
nOCIe008aMeNbHOCNU.!

—  QusuKo-XUMUYECKAs NPUPOOa 8peOHOCIU, €€ C8:3b C
paspabamuvleaemol. memoi,

—  Oelicmeue hakmopa Ha opeanusm 4en08exd;

— npuseodeHue OONYCMUMbIX HOPM C He0DX0OUMOU
DPA3MEPHOCMBIO (CO CCHLIKOU HA COOMBEMCMBYIOWUlL
HOPMAMUHO-MexXHU4eCKuti OOKYMeHm);

— npeodnazaemvie cpeOCMBa 3auunmbl
(CHauana KoANeKMuUBHOI 3auumsl, 3amem —
UHOUBUOYATIbHBIE 3AUUMHble CPedCm8a)

Ananu3s 6peoHvIx 1 OnAcHvIX GaKmopos.
Dnekmpomaznummuie NOAA U USTYHEHUS,
8030elicmsue Ha Op2aHusm, 0oNyCmuMble HOpMbl,
cpedcmea 3auyumul.

Axycmuueckuil ulym, 6o30eticmaue Ha OpeaHu3M,
oonycmumble HOPMbl, CPEOCMEA 3aUUMb.
Ocsewjenue, Hopmupoganue.

Muxpoxaumam, HOpMUuposaHue

2. AHanu3 8bIAGIEHHBIX ONACHBIX YAKMOPOS NPOEKMUPYEMOT
Nnpou38e0EHHOU Cpedbl 6 cledyiouell Nocied08amenbHOCINU
— MexauuuecKkue ONacHOCMU (UCMOYHUKY, CPeOCcmea

sawumol;

—  mepmuyecKue onacHoCmu (UCMOYHUKY, CPeOCea
3auumot);

—  971eKmpoOe30nacHOCmb (8 M.4. CMAmu4ecKoe
INEKMPULECBO, MOTHUCSAUUMA — UCTIOYHUKY,
cpeocmea 3auumst);

—  n0JHapo83PHIB0OE30NACHOCY (NPUYUHDL,

npoghunakmuuecKue Meponpusmus, nepeuiHsle cpeocmsa

nOJCApoOmyuleHus1)

DnexmpobesonacrHocmy

Knaccupurayus nomewenuii no cmenenu
ONACHOCU NOPAHCEHUA TH00ell INeKMPULECKUM
MOKOM

Tlocnedcmeusn npomexanus 31eKmpuieckKoeo
MOKA Yepe3 OpeanHusm

3awuma om nopadicenus NeKMpPULECKUM MOKOM




3. Oxpana oxpysicaroweli cpeovl.

3awuma cenumeOHol 301bl

ananu3z 6030elcmeusi 06veKma Ha ammocgepy
(8b16pocCyl);

ananu3z 8030elicmeusi 0bvekma Ha euopocgepy (copocul);
ananu3z 6030elicmeusi 06vekma Ha aumocgepy (omxoowvt),
paszpabomamu peuteHus nO 06eCneyeHuI0 IKON0UYECKOU
bezonacnocmu co ccolikamu Ha HTJ] no oxpane
OKpysicaroujell cpeovl.

Okonoeuneckas be3onacHocme.
Ymunuzayus meepovix omxooos

4. 3awuma 6 upe3suIuatinbIX CUMYaYUSX:

nepeyens 603modcHvix 4C na obvexme;

ev100p Haubonee munuunou 4C;

Ppazpaboma npegeHmuUsHuIX Mep no nPedynpercoenuro
4yc;

pazpabomxa mep no NOGLIUEHUIO YCHOUYUBOCNU
obvexma k oannoti YC;

paspabomxa Oeticmsuil 6 pezyiemame gosHuxuwen 4C u
Mep no qukeudayuu eé nocieocmeull

bezonacnocms 6 llpe‘j’@bl'{aleblx cumyayusix
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ITYD — npaBuna ycTpoiicTBa 31€KTPOYCTaHOBOK;

UC — upesBbluaiiHasi CUTYaIUSI.
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KOHTPOJUPYEMOM CEUEHUU
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2.3 Crartuyeckue XapaKTepUCTUKU OOOOIIEHHOW HArpy3Kd M HX MpEJACTaBICHHE B
mporpaMMHOM KoMiuiekce «RastrWiny

OneHka BAMSHUS CTaTUYECKUX  XapaKTEpPUCTUK HAarpy3kM Ha  MaKCHUMaJIbHO
JOIYCTUMBIN MEPETOK aKTUBHOM MOIIHOCTH B KOHTPOJIMPYEMOM CEUYEHUU Ha IpUMEpPE
ToOMCKOM PHEPrOCUCTEMBI

3.1 Onucanue ToMCKOW PHEPrOCUCTEMBI, €€ Y3KUE MECTa

3.2 IlpencraBnenne yactu TOMCKOW 3HEProCHCTEMBI JUIsl ONPENEICHUS] MAKCUMAaJIbHO
JOIYCTUMOIO IE€peTOKa B KOHTPOJUPYEMOM CEYEHHM B IPOrPAMMHOM KOMILIEKCE
«Rastrwin3y»

3.2.2 OmnpeneneHue COMPOTUBICHUNW W MPOBOJUMOCTEH JIMHUM SJIEKTpONEepenayd B
CXeMe 3aMeUICHUS DJIEKTPUUECKON CeTH

3.2.3 Onpenenenue CONpOTUBIIEHUI U POBOJUMOCTEN aBTOTpaHCPOPMATOPOB

3.2.4 Cocrasnenue pacuetHoi cxembl B [TK «RastrWin3

3.3 Ompenenenne MaKCHMaJIbHO JIOIIYCTUMOTO TIiepeToka 1o Tpamsury 220 kB
HuxueBaproBckas I'POC — IIC Cosercko-CocHuHCKass 0e3 ydera CTaTHMYECKHUX
XapaKTEePUCTUK HArpy3KH

3.3.1 Kpurepuit ob6ecneuennss HopmatuBHoro (20%) xoaddunmenta 3amaca
CTaTUYECKOW  amnepHoJUYEeCKONM  YCTOMYMBOCTH 1O  AaKTUBHOM  MOIIHOCTH B
KOHTPOJMPYEMOM CEYEHUH B HOpMaJIbHON (PEMOHTHOI) cxeme

3.3.2 Kputepuii obGecrneueHuss HOPMATUBHOTO Kod(dduimeHTa 3amaca CTaTHYECKOM
YCTOWYMBOCTHU IO HANPSDKEHUIO B y3J1aX HAarpy3Ku B HOpMaIbHON (PEMOHTHOM) cXxeme
3.3.3 Kputepuii obecrneueHuss HOPMATUBHOTO Kod(dduimeHTa 3amaca CTaTHYECKOM
anepuoaNYecKOd YCTOMUYMBOCTH M0 aKTUBHOM MOIIHOCTH B KOHTPOJIUPYEMOM CEUEHHUHU B
MOCJIEaBAPUIHBIX peKUMaXx MOCIe HOPMATUBHBIX BO3MYILIEHUI
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YCTOMYHMBOCTH IO HANPSHKEHUIO B y3JIaX Harpy3Ku B MOCJI€aBapUNHBIX PEKUMaX paObOThI
[10CJIe HOPMATUBHBIX BO3MYIIICHHI

3.3.5 Kpurepuit obecrieueHrst 1OIMyCTUMON TOKOBOUM HArpy3KH JIMHUH JICKTPOIIepeIaun
U DIIEKTPOCETEBOr0 000pYyAOBaHHMS B HOPMAJIbHON (PEMOHTHOI) cXxemMe U B
MOCJIEaBAPUIHBIX PEKUMAaX MOCIe HOPMATUBHBIX BO3MYIIEHUH.

3.3.6 OmpezneneHne MaKCUMaJIbHO JOIYCTUMOIO II€PETOKA AKTUBHOM MOIIHOCTH B
ceuennn HumxueBaproBckas ' POC — [IC CoBercko-CocHuHCKas 6€3 ydeTa CTaTUYeCKHX
XapaKTEePUCTUK HATrPy3KH

3.4 OmpeneneHre MaKCUMaJbHO JIOMYCTHMOTO TMepeToka mo TpaH3uty 220 kB
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BBenenue

B naHHOW BBIMYCKHOW KBaNU(PUKAIIMOHHON paboTe OyaeT NpoBEACHO
WCCIICIOBAHUE BIIMSIHUSI CTATMYECKUX XAPAKTEPUCTUK HArpy3Kd Ha MaKCUMAJIbHO
JOMYCTHUMBIM NEPETOK aKTUBHOM MOIIHOCTU B ceueHnn HwmkueBaptoBckas ['POC —
Cosercko-CocHHUHCKAS.

Jlns TOro, 4To OMUCAaTh KAaKO€ y4dacTHE B JHEpProcucreme, padortaromnieii B
HOPMAJIBHOM PEXKHUME pabOoThl, MPUHUMAET KPYMHBIA MOTpeOUTENb, MPUMEHSIOTCS
XapaKTEPUCTUKU IKBUBAJICHTHOW HArpy3Ku AaHHOTO mMoTpebutens. Mcrnonbp3zoBaHue
ATUX XapAKTEPUCTUK TaKKE OKa3bIBA€T 3HAYMTEIBHOE BIMSHUE W TMPU pacyere
MOCJICAaBAPUNHBIX PEXKUMOB, KOTJla HANpsDKEHUWE Ha IIMHAX moTpebutens Oyner
CUJIBHO OTJIMYAThCSl OT HOMUHAJIBHOTO HAMPSIKECHHUS.

B o0mem ciydae, ydeT CTaTHUYECKHUX XapaKTEPUCTHK Harpy3ku BeIeT K
U3MEHEHUIO MOITHOCTH, MOTpeOIsieMor »JJeKTponpueMHUuKaMu. To ecTh, TpH
YBEJIMUEHUH HAIPSOKEHUS B y3JI€ MUTAHUS, DJIEKTPONPUEMHHUKUA OYIyT MOTPEOIATH
OOJBIIYI0O AaKTUBHYIO MOIIHOCTh, @ NpPU YMEHBIICHUM HANpPSHKEHUS HaoO0OpOT.
CrnenmoBarenbHO, MPU y4Y€TE€ CTATHUYECKUX XAPAKTEPUCTUK HArpy3KH MaKCHUMAaJbHO
NOMYCTHUMBIM MEPETOK B KOHTPOJUPYEMOM CEYEHUU JOJDKEH YBEIUYUBATHCS.
HccnenoBanne M OIEHKA ATOTO BIUSHUS M SBISCTCS OCHOBHOM 3ajadeil paboOTHI.

HccrenoBanre MpoBOAUTCS Ha Oa3e mporpaMMHOro komiuiekca «RastrWin3y.
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1 MakcuMalbHO [ONMYCTHMbIH M AaBapUHHO [ONMYCTHUMBbIN INepPeTOK

AKTHBHOW MOIIHOCTH B KOHTPOJIMPYEMOM Ce4YCHUH

1.1 IlonsiTHe MAKCHMAJIbHO [ONMYCTHUMOrO0 W ABAPUITHO [OIyCTHMOIO

MePeTOKa AKTUBHON MOIIHOCTH B KOHTPOJIHPYEMOM CEYECHHH

MakcuMallbHO JOMYCTUMBIN TnepeTok akTuBHOM MomHoctu (MIII) — 3T0
HauOOJBIINI TEpPEeTOK AaKTUBHOM MOIIHOCTH B KOHTPOJIMPYEMOM CEUYEHMH,
o0ecreynBaroiii TONyCTUMbIE MapaMeTphbl 3JEKTPOIHEPIeTHUECKOr0 pPEKUMa B
HOpMaJbHOM (PEMOHTHOM) CXeMe M B I[OCJI€aBapUMHBIX peKUMax Mocie
HOPMAaTUBHBIX BO3MYLIECHHIA.

ABapuiiHO JOMYCTUMBIM mepeToKk akTuBHOM MoutHocTH (AJIl) — »3TO
HAauOOJBIINKM TMEePEeTOK AaKTUBHOM MOIMHOCTH B KOHTPOJUPYEMOM CEUYEHHUH,
OTpeeNsIEMbIl TUCTIETYEPCKUM LIEHTPOM CYyOBEKTa OIepaTUBHO-IUCIETYEPCKOrO
YIpPaBIEHUS B AJIEKTPOIHEPreTUKe, OOECNEeYUBAIOIINNA JTOMyCTUMbIE IapaMeTphl
3JIEKTPOIHEPTrEeTHUECKOTO PEKUMa B HOpMaJIbHOM (peMOHTHOM) cxeme. [1]

[Ton KOHTPOMUPYEMBIM CEUEHHEM IIOHUMAETCS COBOKYIIHOCTb JIMHHUU
AJIEKTPOIIEpEeNaYu U APYTUX DBJIEMEHTOB CETH, NEPETOKU AKTUBHOW MOIIHOCTH II0
KOTOPBIM  KOHTPOJUPYIOTCS W/WIM  PETyJIUpPYIOTCS B  IENIX oOecredyeHus
YCTOWYMBOCTH DHEPIOCUCTEMBI M JOMYCTUMBIX PEXKUMOB pabOTHl (IOMYyCTUMOU
TOKOBOW Harpy3KkH) JIMHUH JICKTPOTIEpeIaud U 000pyA0BaHUS.

Onpenenenus MIIT u AJIIl npou3BoAUTCS B KOHTPOIUPYEMOM CEUCHHUH MPHU
YTSDKEIICHUU  JJIEKTPOIHEPIreTUYECKOr0 peXuMa. J{s BBIIOJHEHUS YTSKEICHUS
AIEKTPOIHEPIreTUUECKOTO PEKUMa C LENbl0  ONPENENECHUs IPEAEeIbHOr0 IO
CTaTUYECKOW YCTOMYHMBOCTH II€PETOKA AKTHBHOM MOIIHOCTA B KOHTPOJIHPYEMOM
CEYCHUU MCIOJIB3YIOTCS TPACKTOPUM YTSKEICHUs. TpaeKTopus yTsKEIeHUs JOJDKHA
3a1aBaTbCd B BHMJAE  COBOKYIIHOCTM  HM3MEHEHMH  3HAY€HUW  I1apaMeTpOB
AIEKTPOIHEPIreTUUECKOTO PEKMMa Ha KaKJIOM LIare yTSDHKEIEHHUs, NMPUBOIAIINX K

YBCIMYCHUIO IICPCTOKA aKTHUBHOM MOITHOCTH B KOHTPOJINPYCMOM CCUCHHUU.
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1.2 Kpurepuu ompeaejieHHsi MAaKCMMAJbHO JONMYCTUMOIO M aBAPHUITHO

AOIMYCTUMOI'0 TMIEPETOKA aKTHUBHOM MOIIMHOCTA B KOHTPOJIUPYEMOM CCHCHHUM

MakcumanbHO ~ JONYCTHMBIM  IIEPETOK  AKTUBHOW  MOIIHOCTH B
KOHTPOJUPYEMBIX CEUEHUAX JOJKEH COOTBETCTBOBATH CIEAYIOIIUM KPUTEPHUSIM:

1) KoadoduiueHr 3amaca cTtaTHIeCKON anepruoaHYECKON YCTOWYUBOCTH 10
AKTUBHOM MOILHOCTH B KOHTPOJIMPYEMOM CEUYEHHH B HOPMAJIBLHOM (PEMOHTHOM)
cxeme — He menee 0,20.

2) Kosddunment 3amaca cTaTHYECKON YCTOWYMBOCTH TIO HAMPSIKECHUIO B
y3JaxX Harpy3Ku B HOpMaJibHOU (peMOHTHOM) cxeme — He MeHee 0,15.

3) Koaddumument 3amnaca craTH4ECKOl arepuoanIecKOl YCTOWYMBOCTH T10
AKTUBHOW MOIIHOCTU B KOHTPOJUPYEMOM CEUEHUU B MOCIICABAPUIHBIX PEXKUMAaX MPHU
HOPMAaTUBHBIX BO3MYLIEeHHX — HE MeHee 0,08.

4)  KoaddumueHT 3anaca CTaTHYECKOW YCTOHYMBOCTU MO HAMPSDKCHHIO B
y3J1aX Harpy3Kd B TIOCJI€ABAPUUHBIX PEKUMAX IPU HOPMATUBHBIX BO3MYIICHHUIX — HE
menee 0,10.

5) OrtcyrcTBUe — HapylIeHUS  JWHAMHYECKOM  YCTOWYMBOCTH  TPH
HOPMAaTUBHBIX BO3MYIIECHHSIX.

6) TokoBbIe HArpy3KH DIIEKTPOCETEBOTO U TCHEPUPYIOMIETO 000PYA0BaHUS
HE TPEBBIIIAIOT JJIMTEIBHO JOMYCTUMBIX 3HAYEHUW B HOPMaJbHOW (PEMOHTHONN)
CXEM€ M aBapuUMHO JOMYyCTUMBIX (Ha BpeMsi 20 MUHYT) 3Ha4Y€HUN B MOCJI€aBapUHHbBIX
pPEeKHUMaXx IMPU HOPMATHBHBIX BO3MYIICHHX. [1]

anee paccmotpum onpenenenue M/III mo kaxaoMy U3 KpUTEPHUEB.

1.2.1 Onpeaesienne aMIUIMTYAbl HePeryJsipHbIX OTKJIOHEHUH AKTHUBHOM

MOIIIHOCTH B KOHTPOJHUPYEMOM CeYeHUMN

BennunHy amMmiauTyabpl HEPETYJSIPHBIX OTKJIIOHEHUM AaKTHUBHOM MOIIHOCTH B
KOHTPOJINPYEMOM CEUYEHUHU PEKOMEHIYETCS ONPENeNsTh Ha OCHOBAaHUM aHajlu3a
(aKTUYECKOTO WM3MEHEHHUS TEPETOKOB AKTUBHOW MOIIHOCTA B KOHTPOJIHPEYMOM

CCUYCHHMHM, OJHAKO, MPU HEBO3MOXKHOCTH TaKOI'0 ompejesiacHus coriacHo [1, m. 7.2]
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AOITYCKACTCs ONPCACIIATE BCIIMYUHY 3THUX OTKJIOHCHHUH B IIOJTHOM KOHTPOJUPYEMOM

cedyeHuu 1no dhopmyre:

1)

rae AP, — aMIUINTyAa HEPETYJSPHBIX OTKIOHEHUN AKTMBHOM MOLIHOCTH B

KOHTposiupyeMoM ceuenuu (MBT);

P,,P, — aKkTUBHas MOIIHOCTh TOTPEOJICHUS HHEPrOCUCTEMBI (YacTu

HHEPrOCUCTEMBI,  COBOKYIHOCTHM  DJHEPrOCHCTEM) C€  KaXIOM U3  CTOPOH
paccmaTtpuBaemoro ceuenus (MBT);

K — KO3(p(QUIUEHT, XapaKTepU3YIOIIMHA CIOCO0 pPEryaupOBaHUs IEPETOKa
AKTMBHOH MOIIHOCTH B KOHTpOJIUpYeMOM cedeHun (+MBm). Ilpu omepatuBHOM

PETYJINPOBAHUUN TICPCTOKA aKTUBHOM MOIMHOCTHU B KOHTPOJIUPYEMOM CCUYCHHUU

3HaueHue KodpduirenTa K A0HKHO MPUHUMATHCS PaBHBIM 1,5.

1.2.2 OmnpeaejieHue AOMYCTUMOIO IepPeTOKA AKTHUBHOH MOIIHOCTH IO
KPUTEPHUI0 oOecreyeHUusi HOPMATUBHOI0 Ko3((uIHMEeHTAa 3amaca CTAaTHYEeCKOM
anepuoauYeCcKOd yCTONYMBOCTH M0 AKTUBHOW MOIIHOCTH B KOHTPOJHMPYEMOM

CeYeHNH B HOPMAJILHOM (PEMOHTHOM) cxeMe

BenmnunHa nOomycTUMOTO MNEPETOKA AKTUBHOW MOIIHOCTH IO KPUTEPHUIO
obOecrieuenusi HopmatuBHOro (20 %) kosddumumenta 3amaca  CTaTUYECKOU
arepuogUYEeCKOM YCTOMYMBOCTH 110 AKTUBHOM MOIIHOCTH B KOHTPOJHUPYEMOM

CEUYCHHH B HOPMAIHHOU (PEMOHTHOMN) CXeMe OIpeaensercs mo Gopmyse:

P

jiortl

= (1_ K3an1 ) ) P B APHO = 0’ 8 ) Pﬂpell - APHO' (2)

npen

rone P JIOONYCTUMBIA IIEPETOK AaKTUBHOM MOIIHOCTH II0 KPUTEPHUIO
pi(

onl

obecrieuenusi HopmatuBHOro (20 %) koddumumenta 3amaca  CTaTUYECKOU
allepUOIUYECKOM YCTOWYMBOCTH MO AKTUBHOM MOIIHOCTH B KOHTPOJIMPYEMOM
CEYEHUU B HOpMaJbHOHU (peMOHTHOM) cxeme (MBT);

K HopMatuBHBIA (20 %) Kkod(duMeHT 3amaca CTaTHYECKOU

3anl

arepuoaNIeCKON YCTOMUYUBOCTH 110 AKTUBHOM MOIIIHOCTH;
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P — IIpElENbHBIM IO CTaTUYECKOM AalepUOJUYECKOW YCTOWYUBOCTH

npex
MEPETOK AKTUBHON MOILHOCTH B KOHTpoaupyeMoM ceuennn (MBT).

Hns  ompeneneHuss MPENEIbHOrO IO CTaTMYECKOM — alepHOAUYECKOU
YCTOMYMBOCTU  II€peTOKa  aKTUBHOM  MOIIHOCTM B pacCMarpuBacMoM
KOHTPOJUPYEMOM CEUYEHUU HEOOXOJUMO B UCIOJIb3YEMOM JIJIsl POBEACHUS PacueTOB
0a30BOM pacyeTHOW MOJENH 3a7aTh PacCMaTpPUBAEMOE KOHTPOJIMPYEMOE CEUEHUE U
PAaCUETHYIO TPACKTOPHUIO YTSDKEIEHUS. 3aTeéM MPOBECTH ABTOMATHYECKOE WIIH
[OIIATOBOE YTSKEIICHUE DJIEKTPOIHEPIeTUYECKOr0 pEeXHMMa B PacCMATPUBAEMOM
KOHTPOJIMPYEMOM CEYEHHMH 10 MOJTYyUYEHUS MOCIEHEro cOaJaHCUPOBAHHOTO peXuMa
(mpenenbHOro MO CTATUYECKOM anepuoAMYecKod YCTOMYMBOCTH pEXHUMA) C
KOHTPOJIEM KOPPEKTHOCTH IapaMETPOB DJIEKTPOIHEPrETUYECKOrO PEeXUMa B y3jax

YTAXKCIICHUA.

1.2.3 OnmnpenejieHne AONYCTUMOIr0 TMEPeTOKAa AKTUBHOW MOIIHOCTH B
KOHTPOJIMPYEMOM CE€YE€HUW MO0 KPHUTepui0 obecriedeHUusT HOPMATHUBHOIO
K03 puuuenTa 3amaca CTaTU4eCKON YCTOMYHUBOCTH IO HANMPHKEHUIO B y3Jax

HATrPy3KHM B HOPMAJIbHOM (PEMOHTHOM) cxeme

BennunHa 10mycTUMOro MnepeTroka akTUBHOM MOIIHOCTH B KOHTPOJIUPYEMOM
CEUYCHHH TI0 KpuTepHio obecrneuenus HopmatuBHoro (15 %) xoaddunuenrta 3anaca
CTaTUYECKOW YCTOMYMBOCTH MO HANPSKECHUIO B y3JaX HArpy3kd B HOPMAIbHOU

(peMOHTHOM) cxeMe orpeensercs mo Gopmyie:
Puonz = P (U Jon ) B APHO ! (3)

rae P — JA0II CTUMBIM IIEPETOK aKTHUBHOU MOIIHOCTH B KOHTPOJIHUPYEMOM
it

on2
CEUYCHHH TIO0 KpUTepuio obecrieueHuss HopmMatuBHOTO (15 %) K0addunmenta 3amaca
CTaTUYECKOW YCTOWYMBOCTH [0 HANPSDKEHHWIO B y3JaX HArpy3ku B HOPMaJIbHOMN
(pemonTHoOIT) cxeme (MBT);

U — JIOMMYCTUMOE€ HalpsHKEHUWE B y3J€ HArpy3khk B HOPMaJIbHOM

Jon

(pemoHTHOI) cxeMme (kB);
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PU,.) — IepeToK aKTHUBHOW MOIIHOCTH B KOHTPOJIUPYEMOM CEYEHHH,

COOTBETCTBYIOLUIA JOMYCTUMOMY HANPSKEHUIO B KOHTpoIUpyeMbix y3nax (MBT).
BenuuuHa [O0IMyCTUMOrO HaIpsDKEHUs B Yy3JI€ Harpy3kd B HOPMAJIBHOU
(peMOHTHOI1) cXxeMe, B COOTBETCTBUH C KOTOPOM JOJHKEH ONMPEAENSIThCS JOIMYCTUMBIN
IIEPETOK AaKTUBHOW MOILMHOCTM B KOHTPOJHMPYEMOM CEYEHHH II0 KPUTEPHUIO
oOecreyeHus: HOpMaTUBHOTO KO3 (UIIMEHTA 3amaca CTaTUYECKOM YCTOMYMBOCTH T10
HaIPsKEHUIO B y3J1aX HArpy3KH, olpenesseTcs no GopMmyie:
U U

U — Kp — Kp ’
»~{I=K,,) 085 @

3

rae U, — KPUTUYECKOE HANPSUKEHHE B y3J€ Harpysku (kB);

K HopMatuBHbIN  (15%) Kkoa(dduimeHT 3amaca CTaTUYECKOH

3an2

YCTOMYUBOCTH IO HANIPSHKEHUIO B y3JI€ HATPY3KHU.

Kputnueckoe HampspkeHHe B y3Jie HArpy3kd COOTBETCTBYET TpPaHUIIE
CTATUYECKOW YCTOMYMBOCTH IJIEKTPOABUTATEILHON HArPy3KH.

[Ipu mpoBeneHUU pacyeToB BEIUYMHY KPUTHUYECKOTO HANPSDKEHUS CIIETyeT
NPUHUMATh Ha OCHOBAaHMM (DaKTHUYECKUX JIaHHBIX, B TOM YHCJIE JaHHBIX O
JOTYCTUMBIX peXUMax padOThl AJIEKTPOJBUTAaTEILHON HArpy3KH, MPEICTaBICHHBIX
notpedureneM (COOCTBEHHMKOM 00OpYI0BaHHUS ).

[Ipu orcyrcTBUM 0OoJiee TOYHBIX JITAHHBIX BEJIMYHUHY KPUTHUYECKOTO
HaInpspKeHUd B y3J1ax Harpy3ku 110 kB u BbIlie ciaeayeT npuHUMaTh PaBHOM:

U,=0,7-U,., (5)
rae U, , — HOMUHAJIbHOE HaNpsiKEHUE dIeKTpuueckoi cetu (kB).

JIns  omnpeneneHuss JAOMYCTUMOIO INEPETOKAa AKTUBHOM MOIIHOCTH B
KOHTPOJUPYEMOM  CEUEHHH 1O  KpHUTepUur0  oOecreueHrus  HOPMATHUBHOTO
kKodddummenTa 3amaca CTATUYECKOW YCTOWYMBOCTH 10 HANPSDKCHHWIO B y3Jax
Harpy3kKu HEOOXOAUMO:

B wucnone3yeMoit juisi mpoOBENEHUS pacyeToB 0a30BOM pacUETHOW MOJETHU
3a1aTh:

1) paccMaTpuBaeMoe KOHTPOJIUPYEMOE CEUCHHE;
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2) pacdeTHYIO TPACKTOPHUIO YTSIKEICHHUS;

3) y37BI, B KOTOPBIX OY/IET OCYIIECTBIISATHCS KOHTPOJIb HAPSKCHUSI.

Ha ocHoBanum wumeromeiicsa (pacueTHoi) UHGOpPMALMKM O BEJIUYUHE
KPUTUYECKOTO HANPSHKEHHUS B KOHTPOJMPYEMBIX y3JIaX BBIIOJHUTH pPacuer
JOMYCTUMOTO HANPSDKEHUS] B KOHTPOJIMPYEMBIX y3i1ax 1o Gopmysie (4).

[IpoBecTn moOIIaroBoe YTSDKEIEHUE DIIEKTPOIHEPTreTUYECKOIO peKuMa B
paccMaTpUBa€MOM  KOHTPOJHMPYEMOM CEYEHHMHM C KOHTPOJIEM KOPPEKTHOCTH
napaMeTpoB AIEKTPOIHEPIeTUUECKOT0 PEeKUMA B y3JaX YTSKEIEHUS 10 MOJYYeHUS
cOQIaHCUPOBAHHOTO PEKKMMA, XapaKTEPHU3YIOUIEroCs BEJIUYMHON HampsLDKeHHUs! B
OJIHOM WA HECKOJbKMX U3 KOHTPOJUPYEMBbIX Y3JIOB PABHOM JOMYyCTUMOMY

HAIIPSIKCHUTO.

1.2.4 OmnpenesieHHe JOMYCTHMOI0 MEPETOKA AKTUBHOM MOINHOCTH IO
KpPUTepHI0 ol0ecreYeHUs] HOPMATHBHOIO KO3((HUUIHEHTA 3amaca CTaTH4YeCKOu
anepuoauYecKOd yCTONYMBOCTH MO0 AKTUBHOM MOIIHOCTH B KOHTPOJHPYEMOM

CeYEeHNHU B MOCIeaBAPUIHHBIX PesKMMAaX MOCJe HOPMATHBHBIX BO3MYIIIEHU I

BenmnunHa nomycTHMOTO MNEPETOKAa AKTUBHOW MOIIHOCTH IO KPUTEPHUIO
oOecrieueHusi  HopMmaTuBHOTO (8 %) koadduimeHTa 3amaca  CTaTMYECKOU
arepuogUYEeCKOM YCTOMYMBOCTH 110 AKTUBHOM MOIIHOCTA B KOHTPOJHPYEMOM
CEYEHUU B I[IOCICABAPUMHBIX PEXKUMAX ITOCJIE€ HOPMATUBHBIX BO3MYIICHUUN
ompenenseTcs mo hopmyle:

P

mom3

P

1/aB

(P

/aB

) - APHO + AP]‘[A 1 (6)

rae P, JOIYCTUMBIM IIEPETOK AaKTUBHOW MOIIHOCTH MO KPUTEPHUIO

o3

obOecrieueHusi  HopMmaTuBHOTO (8 %) koddduimeHnTa 3amaca  CTaTHYECKOU
allepUOJIUYECKOM YCTOWYMBOCTA IO AKTUBHOW MOIIHOCTA B KOHTPOJIUPYEMOM
CEUYEHUU B nocaeaBapuitHom pexume (MBT);

P

n/aB

IICPCTOK aKTUBHOU MOIDHOCTH B KOHTPOJIHPYECMOM CCUYCHHH B

noaBapuitHoM pexume (MBT);
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P

/aB

IIEPETOK aKTUBHOM MOHOIHOCTH B KOHTPOJHUPYECMOM CCUCHHU B

nocjeaBapuiiHOM peKUME MOociie HOpMaTUBHOTO Bo3myieHust (MBT);

P, (P) — IEPETOK aKTUBHOM MOILMHOCTH B KOHTPOJIMPYEMOM CEYEHUH B

NOAaBAPUMHOM DPEXUME, COOTBETCTBYIOIIUN IIEPETOKY AKTHUBHOW MOIIHOCTH B
KOHTPOJIUPYEMOM CEYEHHMHU B II0CJICABAPUMHOM pEXHUME II0CIE€ HOPMATUBHOI'O
Bo3myteHus: (MBT);

AP., — TIIpupamieHue AONYCTHMOI'O IIEPETOKA AaKTUBHOW MOIIHOCTH B
T1A

KOHTPOJIMPYEMOM CEUEHUM 3a CYET pPEANM3ALMH YHPABISIONMX BO3IEHUCTBUU OT
YCTPOUCTB ¥ KOMILJIEKCOB ITPOTHBOaBapuiiHOM aBToMaTuku (MBT).
Bennunna nmeperoka akTMBHOM MOIIHOCTH B KOHTPOJMPYEMOM CEUYEHUU B

MOCJICAaBAPUHHOM PEKUME T0C]IC HOPMATHUBHOTO Bo3MYyIeHus ( P, ), OTHOCUTEIBHO

/aB

KOTOpOﬁ HOJDKCH paCCUUTBIBATHCA IICPCTOK aKTUBHOM MOITHOCTH B KOHTPOJIHUPYEMOM

CEYEHUH B JloaBapuitHoM pexume ( P, ) onpenenserca no Gopmyie:

/aB

Pn/aB = (1_ K3an3 ) ) P”Pell = 0’ 92 ) P“Pell (7)

/aB mas !

rie K HOopMaTuBHBIN (8 %) KOd(puUIMEHT 3amaca CTaTUYECKON

3an3

al'IepI/IO,ZII/I‘IGCKOﬁ YCTOﬁQHBOCTH 110 aKTUBHOM MOITHOCTH,

PP — TpeNeNbHbId IO CTAaTUYECKOM AalepUuOAUYECKON YCTOMYHMBOCTH

m/aB

NEPETOK AKTUBHOM MOIIHOCTH B KOHTPOJHMPYEMOM CEUEHHH B IOCII€aBAPUHHOM
peKUMeE TTocTIe HOPMAaTUBHOTO Bo3MmyteHus: (MBT).

[lopsanok ompeneneHuss TOMyCTUMOTO MEPETOKA MO YCIOBHIO OOECIICUCHHS
HOPMAaTHBHOI'O 3araca CTaTUYE€CKOW YCTOWYMBOCTHM B IIOCICABAPUMHOM pPEXUME
CIEAYIOLINM: B PACUETHON MOJIEIIN 3a1at0TCSI KOHTPOJIMPYEMOE CEUEHUE U pacueTHas
TPACKTOPUS YTsDKENeHUsA. Jlanee BBINOJIHAETCS MOAEIMPOBAHUE IOCICABAPUIHOTO
peXuMa, a 3aTeM C TOMOIIBIO YTSHKETICHUS HEOOXOMMMO OMPENSIUTh MPeaeTbHBIN
MEPETOK AKTUBHOM MOIIHOCTH B KOHTPOJHMPYEMOM CE€UYEHUHM B IOCICABAPUIHOM
pEeXKHME TI0 YCIOBHI) CTAaTUYECKOM YCTOWYMBOCTH. B TOIy4EeHHOM pexume
HEOOXOIMMO TPOBEPUTh COXPAHEHHWE CTATHYECKOW YCTOMYMBOCTH B JPYTUX
CEUCHHMSIX, M B cCiydae €€ HapyLICHUS BBINOJHUTh KOPPEKUUIO TPACKTOPUHU

YTSDKEIIEHUS. U IOBTOPUTH PACUET.
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[lonyyeHHOE 3HaYeHWE MEPETOKA AKTHUBHOM MOIIHOCTH B KOHTPOJIUPYEMOM

CEYCHMU B IIOJIyYCHHOM PEXUME COOTBETCTBYET BEIIMUYUHE P’ Ha OCHOBE KOTOpPOH

m/aB

HEOOXOUMO ONPEACIUTh BEIIUUMHY MPEAETbHOTO MEePeToKa aKTUBHOW MOIIHOCTHU B
KOHTPOJIMPYEMOM CEUYEHHUU B MOCICaBAPUHHOM PEXKUME MO KPUTEPHUIO 0O0ECIIeUCHUs

HOPMAaTHBHOI'O 3amaca CTaTUYECKOM yCTOWYMBOCTH P

/aB

C HCIIOIb30BAaHUEM
dopmyust (7).

Jlanee c WCHONBb30BAaHUEM TOH K€ TPACKTOPUM YTsDKEJIEHUS HEOoOXOJIUMO
NOJIyYUTh IOCJIECaBAPUKHBIA PEXUM, MEPETOK IO KOHTPOJIUPYEMOMY CEUYECHHUIO B

KOTOpPOM COOTBCTCTBYCT BCIMYHUHC P

n/aB *

B MMOJIYYCHHOM PCKUMC BbITTOJIHACTCA

nepexon K HOpMaHBHOfI CXCMC U TOBTOPACTCA pacqéT YCTAHOBUBHICTOCA PCKUMA.
HOJ'Iy"ICHHaSI B PpE3yiIbTaTC BCJIWYHMHA TICPCTOKA aKTUBHOM MOIIHOCTH B
KOHTPOJIMPYCMOM CCUCHUU COOTBCTCTBYCT MAKCUMAJIBHO JIOHyCTHMOﬁ BCIIMYHNHC
}IO&B&pHﬁHOFO IMCPCTOKA aKTUBHOM MOIMHOCTHU B KOHTPOJUPYCMOM CCUHCHHU

Pw(Py), IIPU KOTOPOH B IOCII€ABAPUHHOM PEXKUME 00€CIEUNBACTCS HOPMATUBHBIIH

(8%) koapuIMeHT 3amaca CTaTHYECKON YCTOMYMBOCTH 110 AKTUBHOW MOIITHOCTH.

Onpenenenue BEIUMYMHBI IEPETOKA IO KOHTPOJIUPYEMOMY CEYEHUIO B
HOpMaJIbHOM cXeMe, MpU KOTOPOM B IOCJTEaBAPUITHOM pEeXUME O00ECIeUHBACTCS
HOPMATUBHBIA 3alac CTAaTUYECKOW YCTOMYMBOCTH 10 AKTUBHOM MOIIHOCTH
BBINIOJIHsAETCS 110 popmysie (6).

Jlanubiii  pacy€éT HEOOXOAMMO TIOBTOPUTH IS BCEX BO3MYIICHHM,
OKa3bIBAIOIIUX BIMSHUE HA YCTOMYMBOCTh B paccMaTpuBaeMoM cedueHuu. Mtorosas
BEJIMYMHA JOIYCTUMOTO IIEPETOKA B HOPMAJIIBHOM CXeMe€, NpU KOTOpOH
o0OecreuynBaeTcss HOPMATHBHBIM 3amac CTaTUYECKON YCTOWYMBOCTH TIO aKTUBHOMU
MOIIHOCTH B NIOCJIEABAPUMHON CXEME, COOTBETCTBYET MUHUMAJIBHOW U3 MOJYYEHHBIX

BCIINYHH.
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1.2.5 OmnpegesieHne XONYCTHMOI0 IMEPeTOKA AKTUBHOW MOIIHOCTH B
KOHTPOJIUPYEMOM CeYeHUM M0 KPUTEepPUI0 olecnedyeHUss HOPMATHBHOIO
ko3 dunuenTa 3anaca CTaTU4ECKON YCTOMYMBOCTH MO HANPSKEHUIO B y3J1aX

Harpy3kK B HOCHeaBapHﬁHbIX PEKUMAX IMOCJIE€ HOPMATUBHBIX BOSMyIHeHI/Iﬁ

BennyuHa 1omycTHMOro MepeToka akTUBHOW MOIIIHOCTH B KOHTPOJIUPYEMOM
CEYEHUU MO Kputepuro odecrnedyeHuss HopMatuBHOro (10 %) xoddduimenta 3amaca
CTaTHYECKOW YCTOWYMBOCTHU IO HANPSDKCHUIO B y3JIaX HArpy3KH B MOCCaBapUHHBIX

pexKUMax Mocjae HOPMATUBHBIX BO3MYIIIEHUU omnpesenseTcs no Gopmyie:

P

jior4

-P

W/aB (U Vo ) - APHO + AP]'[A 1 (8)

n/aB

TAc Pﬂ I[OHyCTHMBIﬁ MEPCTOK aKTUBHOU MOITHOCTHU II0 KPUTCPHUIO

o4

obOecrieuenusi HopmatuBHOro (10 %) koaddunmeHTa 3amaca CTaTHYECKOU
YCTOMYMBOCTH IO HANPSDKEHUIO B y3JIaX HArpy3kd B KOHTPOJHMPYEMOM CEUYCHUHU B
nocieaBapuitHoM pexume (MBT);

P

J/aB

— IIEPCTOK aKTUBHOM MOIMHOCTH B KOHTPOJIUPYEMOM CCUCHHU B

noaBapuitHoM pexume (MBT);

U’ — JOMyCTUMOE HalpshKEHUE B y3Jie Harpy3kd B IOCJIeaBapHilHOM

m/aB

pexume (kB);

PwUjw) — NEPETOK aKTUBHOM MOLIHOCTU B KOHTPOJIMPYEMOM CE€YEHHM B

J0aBAapUHHOM  PEXKUME, COOTBETCTBYIOIIUN  JOIMMYCTUMOMY  HANpSOKCHUIO B
KOHTPOJIMPYEMBIX y3JIaX B TIOCJICaBAPUUHBIX PEKHUMAX IOCIIe HOPMATHUBHBIX
Bo3mytienuit (MBT).

BenuyuHa 1omycTUMOTO HANpsDKEHUS B y3Ji€ Harpy3Kd B IOCJI€aBapUHHOM
pPEKHUME, B COOTBETCTBUU C KOTOPOW JOJIKEH OMNPENCNISITHCS JOMYCTUMBIA MEPETOK
AKTUBHOM MOIIHOCTH B KOHTPOJIMPYEMOM CEUEHHH TI0 KPUTEPHIO ObOecTedeHUs
HOPMaTHUBHOTO KO3 (UITMEeHTa 3amaca CTaTHICCKON YCTOMYMBOCTH 110 HAIPSHKCHUIO
B y3JIaX Harpy3KH, onpeaensercs mo Gopmye:

U U
Ui == (9)
(1_ Kzarl4) 019
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rie K — HopmatuBHbld (10 %) ko>pdulMeHT 3amaca CcTaTUYECKOU

3an4

YCTOMYMBOCTH IO HANPSIKEHUIO B y3JI€ HATPY3KH.

1.2.6 OmnpeaejieHue AOMYCTHMOrO IEPeTOKA AKTHBHOW MOIIHOCTH B
KOHTPOJIMPYEMOM CeYeHHMH 10 KpPHUTEpPUI0 olOecnedyeHUs: IHHAMMYECKON

YCTONYHUBOCTH NOCI€ HOPMATHUBHBIX BO3MYIIIEHU M

BennyuHa 1omycTHMOro MepeToka akTUBHOW MOIIHOCTH B KOHTPOJIUPYEMOM
CCUYCHHH TI0 KPUTEPHIO 00CCIICUCHUS JUHAMUYCCKOW YCTOHYMBOCTH TCHEPUPYIOIIETO
000pyIOBaHUS 3JEKTPOCTAHIIMN TMOCIC HOPMATHUBHBIX BO3MYIICHUU OMPEACIAETCS
o ¢opmyse:

P =P™ _AP

nons JUH HO !

(10)

}IOHYCTI/IMHﬁ MMCPCTOK aKTUBHOU MOITHOCTU TII0 KPUTCPHIO

rac P
obecrieyeHUsT JUHAMHYECKOM YCTOWYMBOCTH T'E€HEPUPYIOIIETO0  00OpYAOBaHUS
3JIEKTPOCTAHIIUM B TTOcaeaBapuiiHoM pexume (MBT);

PP — TIpeNeNbHBIA 0 JTUHAMHUYECKOW YCTOMYMBOCTH IEPETOK AKTUBHOU

JAUH

MOIIIHOCTH B KOHTpoOJIUpyeMoM ceueHnu (MBT).

Pacuetsl guHaAMUYECKOW yCTOWYMBOCTH HEOOXOJUWMO BBIMOJHATH Ha
BepUUIIMPOBAHHBIX PACUYETHBIX MOJENSIX C HCIHOJIB30BAHHUEM COBPEMEHHBIX
IIPOTPAMMHBIX KOMILUIEKCOB pacyera NEPEeXOJHBIX PEXKUMOB U JUHAMUYECKOU
YCTOWYMBOCTH, OOECIEUMBAIONIMX TOYHOE MOJCIHUPOBAHUE TEHEPHUPYIOLIETO
o0opynoOBaHUs, WX CHCTEM BO30YXKICHHUS, aBTOMAaTHYECKUX PETYISTOPOB

BO30Y)KJICHUS U CUCTEM PETYIHPOBAHUS.
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1.2.7 OmnpepgesieHHe XONMYCTHMOI0 IEPeTOKA AKTUBHOW MOIIHOCTH B
KOHTPOJIUPYEMOM CEYCHUM N0 KPHUTEPUIO olecneyeHHUs AONYCTHMOM TOKOBOM
HAIPY3KH JIMHHMH JJICEKTpomepesadyd H JJIEKTPOCeTeBOro 000pyAOBaHHMSA B
HOPMAJILHOM (PEMOHTHOH) cXeMe M B IOCJeaBAPHMHHBLIX PeKUMAX MOCJIe

HOPMATHBHBIX BO3MYIICHU I

BenmnunHa 10mycTUMOro MepeToka aKTUBHOM MOIIHOCTH B KOHTPOJIUPYEMOM
CEYCHMM [0 KPUTEPUIO OOECHEeHYeHHUs JOMYyCTUMOW TOKOBOM HAarpy3ku JIMHUN
AIEKTPONEPEaun U DJIEKTPOCETEBOTO 000PYAOBaHUS B MOCICABAPUHHBIX PEKUMAX
nocJjie HOPMaTUBHBIX BO3MYILIEHUH orpejaensercs no ¢hopmye:

PJZlOl'l6 = P)Z[/aB (I /10”) - APHO + AF)l'lA ’ (11)

/aB

}IOHYCTI/IMHﬁ MMCPCTOK aKTUBHOU MOIITHOCTHU II0 KPUTCPHUIO

e P
oOecrieueHusl JOMYCTUMON TOKOBOW HArpy3KM JIMHUW JJICKTpOIepeaaud U
AJIEKTPOCETEBOTO 000PYI0BaHUS B IMOCICABAPHIHBIX PEKUMAaX TOCIE HOPMATHBHBIX
Bo3MymeHuit (MBT);

P

n/aB

IMCPCTOK aKTUBHOM MOIMHOCTH B KOHTPOJIUPYEMOM CCUCHHU B

noaBapuitHoM pexume (MBT);

I on
m/aB

— JO0IIyCTHMas TOKOBasA HAI'pPpy3Ka JIMHUHN QJICKTpoIicpcaadYn u

AIIEKTPOCETEBOT0 00OPYIOBAHMS B ITOCICaBAPUMHOM peknuMe (A);

Pw(lim) — IEPETOK AKTUBHOM MOIIHOCTH B KOHTPOJIMPYEMOM CEYEHUU B

JI0aBAPUHOM PEXKHUME, COOTBETCTBYIOIIUM JTOIMYCTUMOM TOKOBOW HAarpy3ke JUHUU
AIIEKTPONEPEIaun U DIEKTPOCETEBOr0 OOOPYIOBAaHMS B IMOCIEaBAPUITHBIX PEKUMaX
MOCJIe HOPMATUBHBIX Bo3MylieHud (MBT).

B kadecTBe AOMYyCTMMOW TOKOBOW HArpy3ky JIMHUM DJIEKTPONEpENadd U

AIEKTPOCETEBOIO0 00OpPYAOBaHUS B IMOCJI€aBApPUUHOM pexume (17°7) HeoOXoauMo

n/aB

MPUHUMATh JIONYCTUMYIO TOKOBYIO HArpy3Ky JIMHUW D3JEKTponepeayu U
AIEKTPOCETEBOIO0  O0OpPYyNOBaHUSI C Y4YETOM TMEpPErpy3KH, pa3pelieHHON B

teuerne 20 MUHYT.
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1.3 OmnpeneneHue MAKCHMAJBHO [ONYCTHMOIO IEPeTOKAa AKTHBHOM

MOIIMHOCTA B KOHTPOJIHPYEMOM CCHCHUH

Jist  ompeneneHuss MAaKCUMaldbHO JIOMYCTUMOrO MEpPETOKa aKTUBHOM
MOIIIHOCTH B KOHTPOJUPYEMOM CEYEHUM HEOOXOJHMMO BBIIOJHUTH pPAacueThl s
KOKJIOTO M3 KPUTEPUEB OMNpPENENEHUsS MaKCUMaJlbHO JOMYCTUMOIO IEpeToKa
AKTUBHOW MOIIIHOCTH, YKa3aHHbBIX B nojpasnaene 1.2.

MakcuMallbHO ~ JIONYCTUMBIM ~ NEPETOKOM  AKTUBHOW  MOIIHOCTH B
KOHTPOJUPYEMOM CEUEHUHU SIBISIETCS MHHHMaJIbHOE 3HAYEHUE JOIMYCTUMOIO
NEPEeTOKa AKTUBHOM MOUIIHOCTH W3 BEJIIMYUH, OMNPEIEICHHBIX M0 KaXKIOMY U3

KpUTEPUEB, YKa3aHHBIX B nojpaszaene 1.2.

1.4 Onmnpenenenue aBapuilHO [JOIMYCTHMOIO IEpPeTOKAa AaKTHBHOM

MOIIMHOCTA B KOHTPOJIHPYEMOM CCUCHUH

JIns onpeneneHrs aBapHilHO TOMYCTUMOIO MEPETOKA aKTUBHOM MOILHOCTH B
KOHTPOJUPYEMOM CEUEHUH HEOOXOIMMO BBIMIOJHUTH PACUEThl IS KaXIOTO W3
KPUTEPUEB ONPEACIICHUS aBAPUMHO JIOMYCTUMOIO MEPETOKAa AKTMBHOM MOILIHOCTH,
yKa3aHHBIX B moapasaeine 1.2.

[Ipu mnpoBeneHWH pacyeToB MO KPHUTEPUIO OOECIEeUeHUsT HOPMATHUBHOTO
Kod(puIMeHTa 3amaca CTaTUYECKON arepuoguIeCKOd YCTOMYMBOCTH IO aKTUBHOMU
MOIIIHOCTH B KOHTPOJIMPYEMOM CEYEHUM B HOPMaJIbHOM (PEMOHTHOH) CXEME B
COOTBETCTBHH C TpebOoBaHUsAMU [1], 3HAaUeHHE HOPMATUBHOTO KO3 dHUIlHeHTa 3amaca
(K

) HEOOXOIMMO TIPUHUMATH PaBHEIM 8 %0.

3anl

[Ipu mnpoBemeHWH pacyeToOB MO KPHUTEPHUIO OOECIEUEHUST HOPMATHBHOTO
kodddummenTa 3amaca CTATUYECKOW YCTOWYMBOCTH 10 HAMPSHKEHUIO B y3Jax
Harpy3kv B HOpMaJbHOM (PEMOHTHOI) cXe€Me B COOTBETCTBUU C TpeOoBaHusMU [1],

3HaYCHWE HOpPMATHUBHOrO Kod(duimeHTa 3amaca (K,_,) HEOOXOIWMO TPUHHMATH

paBHbIM 10 %.

26



ABapuiiHO  JONYCTUMBIM  NEPETOKOM  AKTUBHOM  MOIIHOCTH B
KOHTPOJIMPYEMOM CEUYEHHUH SBIIETCS MHUHHUMAIBHOE 3HAYEHUE JIONMYCTHUMOTO
[IEPETOKAa AKTHUBHOM MOIIHOCTH W3 BEJIMYMH, ONPEACICHHBIX II0 KaXIOMy U3

KpUTEPHUEB, YKa3aHHbBIX B Mojpazaene 1.2.
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2 MaremaTtu4ecKkue MOJeJ 1M HArPY3KHU

2.1 Cnioco0bl1 3a1aHMS JJIEKTPUYECKOI HATPY3KH

[Ipu pacueTe pEKUMOB DIIEKTPUYECKUX CETEM U CHUCTEM IPUMEHSIOTCS
MareMaTtuyeckue Mozenu Harpy3ku. CylecTByeT HECKOJIbKO CIOCOOOB 3aJaHus
3JIEKTPUYECKON HArpy3KH, KOTOPBIE 3aBUCAT OT BUJA CETU U LeJen pacuera. JIluauu u
TpaHC(HOPMATOPHI B DJIEKTPUUECKON CETU SABJISIOTCS TACCUBHBIMU AJIEMEHTAMHU, U TIPU
pacdyere MX MHapaMeTpbl CIEAYEeT NPUHUMATh ITOCTOSHHBIMHM, & CAMHU DJIEMEHTHI
paccMaTpuBaTh Kak JMHEHHbIE. Harpy3ku W reHepatopbl OTHOCSTCS K AKTUBHOM
YaCTH DJJIEKTPUUECKOW CETU W MNPEACTABIISIIOTCA KaK JIMHEHHBIE W HEJIWHEWHBIE
HUCTOYHHKH. [2]

Crnioco0sI 3a/1aHUsl HATPY30K MIPH pacyeTax PeKUMOB ICKTPUUECKUX CETEH U

CUCTCM IIPCACTABJICHBI HA PUCYHKC 1.
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[y
|

|, =1+ jl =const

—H

U
| S, =P, +jQ, =const

2 o)
U . U |
rH XH
gt Y

H

Y, =09, — Jb, =const Z, =r + jX =const

8) 2)

5.(U)=P,(U)+]Q, (U) 1)

( — ciIy4yaiiHasi BeJIMYNHA

0) e)

Pucynok 1 — CriocoOsI 3a/1aHusI HAaTrPy30K MPH pacueTe PeKUMOB:

@ — TIOCTOSIHHBIHN 110 MOAYJIO U (ha3e TOK; O — MOCTOSIHHAS 110 MOJIYJIFO MOIIHOCTH;
8, 2 — IOCTOSIHHBIE POBOJUMOCTD U COIIPOTUBJIEHUE (IIPEACTABICHUE HATPY3KU
MIOCTOSIHHBIM IIIYHTOM); O — CTATHYECKHE XapaKTePUCTUKU HATPY3KHU T10
HaIIPSLKEHUIO; e — CIIyYalHbIN TOK

PaccMmoTpuM kax bl U3 cmocoOOB 3a/1aHusl HATPY3KU B OTACIBHOCTH:
2.1.1 llpeacTaBjieHUe HATPY3KH MOCTOSIHHBIM 0 MOAYJII0 U (ha3e TOKOM

I, =1_+jl =const., (12)

Hannas Qopma 3amaHuss HArpy3kw (pUCYHOK 1, a). TpHUMEHSETCS IpH
pacueTax BCEX paclpe/leNUTENbHbIX CeTe HU3KOro HampsikeHus (menbiie 1 kB), a
TaKXe JJI1 MPOMBIILICHHBIX, TOPOJICKUX U CEIIbCKUX CETel C HANpsHKEHUEM MEHbIIe
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nnu paBHO 35 kB. [Insg AaHHBIX ceTe IIMHBI HHU3KOTO HAIPSDHKEHHUS PaOHHBIX
MTOACTaHUUH SIBJISAIOTCSA HCTOYHUKOM NUTaHus. Clie10BaTeNbHO, IPEAIONAraeTcs, YTo
HalpsDKEHUE KMCTOYHUKA IIMTAaHUE U3BECTHO. Toraa yCTaHOBUBILMHICA PEXUM
OINMILETCS CUCTEMOM JMHEHHBIX anredpandeckux ypaBHeHUI. OCOOEHHOCTBIO 3THUX
ypaBHEeHMI Oynet sBisThes orcyTcTBUE D/IC B BETBAX U 3aJ]JaHUE UCTOYHHKA TOKA B
Harpy304HbIX y3Jax.

JlanHblid crioco0® 3aaHus HAarpy3kd HE MOKET MPUMEHSTHCSA MPU pacuerax

NUTAIONINX CETEH, N3-3a OYEHb OOJIBIION MOTPEUTHOCTH.
2.1.2 llpeacTaB/ieHUe HATPY3KHM NMOCTOSIHHOM M0 BeJIMYMHE MOIIHOCTHIO

P =const,, Q, =const, wiu

i
S, =P + jQ, =const (13)
[IpumensieTcss 11 pacdeTa YCTAHOBHMBIIUXCS PEKUMOB THUTAIOIMMX U B
HEKOTOPBIX CIIydasix pacrpeeTuTeTbHbIX cerei BBICOKOT'O
HanpspDKEHUs (PUCYHOK 1, 6).
Jlis muTarommMx ceTted mpu HEM3BECTHOM HANPSHKEHWH B y3Jie 3a/laeTcs
S, =const. To ecTb B y3j€ 3a7aH HEMMHEHHBII UCTOYHUK TOKA, MOIHOCTh KOTOPOTO

3dBUCHUT OT HAIIPSXKCHUSA B Y3JIC!

[ __S. _R-iQ._

—H \/gg* - \/§L_J* -

[Ipu Bemonnenun ycinoBuit (13) u (14) ypaBHEHHS YCTaHOBHBIIETOCS

var. (14)

peXrMa NUTAOUIEH CETH HenuHEeWHbl. J[1g 3agaHus HArpy3Kd IOCTOSHHOM IO
BEITUYMHE MOIIHOCTH, TPEOYEeTCS MHOTOJETHSS MPAaKTHKA JKCIUTyaTallid W aHalu3
pabOThI IMEKTPUUYECKUX CETEH U CHCTEM.

JIaHHBIN METOJ MPEACTaBICHUS Harpy3KH SIBISETCS JOCTATOYHO TOYHBIM JJISI
ANEKTPUUYECKUX CHUCTEM, KOTOpble OOECHEYEHHBI YCTPOMCTBAMH PETyJIUPOBAHUS
HampspkeHus. B Takmx  cuctemax — Omaromaps  TpaHchopmatopaMm @ U
aBToTpaHchopMaropam € peryjaupoBaHueM HampsikeHus noxa Harpyskou (PITH), a

TaKKE  HEpPeryJupyeMbIM  TpaHcopMaropam,  OCHAIIEHHBIX  JIMHCHHBIMU
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pPEryIMpPOBOYHBIMU  TpaHc(opmMaTOopaMu, Ha  IIMHAX  AJIEKTPONPHUEMHUKOB
MOAICP/KUBAETCS TIOCTOSIHHOE HampspkeHue. Kpome Toro, mpu HMCHOJb30BAaHHUU
CPEACTB MECTHOT'O PETYJMPOBAHUS HANIPSKEHUS, TAKUX KaK CHHXPOHHBIE JIBUTATEH,
ylpasiisieMble OaTaped KOHJIEHCAaTOpPOB U T.[., B YCIOBHUSAX H3MEHEHHUS peXHUMa,
HaIpsHDKeHUE Ha IIMHAX HArpy3KH OCTaeTCsl JOCTATOYHO OJIM3KUM K HOMUHAJIBHOMY,
U, CJICIOBATEIIbHO, MTOJIHAS MOIIHOCTh HATPY3KH M3MEHSETCS] He3HAYUTENBHO. [2]

Ha npakrtuke, noajnep:xaHue MOCTOSHHOIO HANPSDKEHUs y NOTpeOuTenei He
nocTuraercs. BcneacTtBue 3TOro 3aJaHWe HArpy3Kd IIOCTOSSHHOW 10 BEJIMYMHE
MOIIIHOCTBIO MPUBOJAUT K MOTPEIIHOCTAM MPU PACUYETE YCTAHOBUBIIUXCS PEKUMOB.
Yem Oonplie HampspDKeHHsT Ha I[IMHAX [OTpeOuTens OylneT OTIMYaThCs OT
HOMHMHAJIbHBIX, TeM OO0Jbllleé CTAaHOBUTCS MOrPEIIHOCTh pacueta. [loatomy mpu
pacyeTe pacupeaesIUTeNIbHBIX CETe HU3KOTO HAIIPSKEHUS MPEANoaratoT, YTo B y3J1€
3a/1aH JIMHEWHBI UCTOYHUK TOKA KOTOPBIA HE 3aBHCUT OT HAMNPSIKEHUS y3ja U TOrIa
HaANpPsHKEHMsSI BO BeeX y3iax OyayT paBHbl HOMUHAJIbHBIM:

s P-jQ
|, =—2—=—2 L = const. 15
- %.QHOM %.UHOM ( )

ITpu ucnonw3oBanuu (13) u (15) ypaBHeHUS yCTaHOBHUBILIETOCS PEXHMa B

pacrpenenuTeNbHbIX CETAX JUHEHHBbL. [Ipu MCIOIB30BAHMM MOIIHOCTEW HArpy30K
IPOU3BOAUTCSA PacueT MOTOKOB MOUIHOCTEM, NMPU 3TOM YPABHEHUSI TAKKE OCTAKOTCS
nuHerHbIMUA. [IpeacraBieHne Harpy3Kku MOCTOSTHHOM O BEJIMYMHE MOUIHOCTHIO, IIPU

YCJIOBUH, YTO HAMPSIKCHUE y3J1aX PaBHbI HOMHHAIBHBIM, 9KBUBAICHTHO (12).

2.1.3 3ajanue HATPY3KH MOCTOSIHHOW NMPOBOAUMOCTHIO HJIU MOCTOSIHHBIM

COIIPOTUBJ/ICHHEM

JlauHbI coco® HOCUT elle OJHO Ha3BaHHME — IMPEJCTABJIICHUE HArpy3KH
MOCTOSTHHBIM IIYHTOM (PHUCYHOK 1, 8, 2):
Y.=0,—jb,=const wmm Z, =r, + jX = const. (16)
Takoit cmoco0 3amaHusi HArPpy3KHM DKBUBAJICHTECH 3aIaHUI0 CTATHYECKUX

XAPaKTCPUCTHUK HAI'PY3KHU B BUAC KBAJAPATUYHBIX 3aBUCUMOCTEH OT HAIIPAXKCHUA !
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P =U?.g, umu Q,=U?-h,. (17)
[Tpu wucnonb3oBanuu (16) w (17) ypaBHEHHUS YCTAaHOBHMBIIETOCS pEXHMA
Oynyr HenuHelHbl. IlpeacTaBieHue Harpy3kKd MOCTOSHHOW MPOBOAMMOCTBIO

IIPUMEHSIETCS TIPU PACUETE DIIEKTPOMEXAHUYECKHUX MTEPEXOIHBIX IIPOLIECCOB.
2.2 CtaTnyecKHe XapaKTePUCTHKH HATPY3KHU

Jlns Toro 4roObl OMUCAaTh KAaKO€ HMMEHHO Yy4YacTHE MNPUHUMAET KPYIHBIN
noTpeOUTeNb B DJHEPrOCUCTEME, NPUMEHSIOT XapaKTEPUCTUKU HKBUBAJICHTHOU
HArpy3Kd JJAHHOTO MOTPEOUTEIsI.

OTU XapaKTePUCTUKH MOTYT 3aBUCETh OT MHOXECTBa (DaKTOpPOB, MPEXKJIEC
BCET0, OT COCTaBa Harpy3KH, CXEMbI COCIMHEHUS JICKTPOIIPUEMHUKOB U PEKUMOB UX
paboThl, HAJIUYWEM YCTPOWCTB pETYJIUPOBAHUS HAMNPSIKCHUS, HOMHHAIBHOM
MOIITHOCTHIO KOMIIEHCHUPYIOIIUX YCTPOUCTB U T.JI.

Paznuuaror cratmyeckue xapakrepuctuku Harpy3ku (CXH) u nunamudeckue
xapakTepucTuku Harpy3ku (JIXH).

Crarnueckre XapaKTepUCTUKH HAarpy3Kd MO HANpPSHKEHUIO MPEACTABIISIOT
co00¥ 3aBUCUMOCTH aKTUBHOM U PEAKTUBHOM MOIIHOCTH HArpy3KH OT HANPSKEHUS B
ycranoBuBiiemcs pexume Py(U), Qu(U) npu mocTosHHO#N (HOMHUHAIBHOM) YacToTe.
BonpmmHcTBO y3510B sHeprocucteMbl CXH 10 HampsskeHHIO MOXKHO —OINKCATh
ITOJIMHOMOM BTOPOM CTEICHU:

1) B MMEHOBAHHBIX CIUHHIIAX:

P(U)=a,+aU +aU?, (18)

2) B OTHOCUTEIbHBIX €ANHULAX:

P*(U*):(b0+blu*+b2 (U*)Z), (19)

IIpu 3aganum CXH 1o HampsiKEHHIO CBOMCTBA HArpy3KH OTPaKaroTCs
HanOoJIee TIOJTHO, YEM B CIIydae 3aJlaHHsl Harpy3KH MOCTOSHHBIM 10 MOIYIIO U (pa3e
TOKOM, MOCTOSIHHOW MO BEJIMYHWHE MOIIHOCTBIO WJIU MOCTOSSHHOW MPOBOAUMOCTEHIO,

oaHako ucnoyibzoBaHue CXH mo HampsoKEHHIO BEJET K YCJIOKHEHHIO pacyeToB. B
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OOJBIINHCTBE CJIydacB O9THU XAPAKTCPHUCTUKKU HCU3BCCTHBLI, IIO3TOMY IIOJB3YIOTCIA
THUIIOBBIMH XapPAaKTCPUCTHUKAMHU.

Hcnonp3zoBanne CXH mno HAIIPpAKCHUIO OKAa3bIBACT 3HAYUTCIIBHO BJIMAHHC Ha
pPE3YJIbTATEl  PACUYCTOB HOCJIeaBapPIP'IHBIX YCTaHOBUBINUXCA  PCIKHUMOB, KOraa

HAaIIpsKCHUEC 6YI[CT CHJIBHO OTJIHWYaThCA OT HOMHUHAJIBHOTI'O.

_ ﬁ,gi(npurr-—consj;)

Y

PI/IcyHOK 2 — Ctatuueckue XAPAKTCPUCTUKH 110 HAIIPIKCHUIO JIS PA3JIMYHBIX

CIoco0oB 3alaHUA HArpy3kKu

Ha PUCYHKC 2 MpCACTABJICHBI CTATUYCCKUC XAPAKTCPUCTHUKH OJIA PA3JIMYHbIX

croco0oB 3amanusi Harpys3ku. IIpsmas 1, mapamienbHas OCH HANpPsDKCHUM, —
§H =const, gocrhraeTcs NpU NPUMECHCHHHM PETYJIHPOBAHUS  HAIPSHKCHHS,
00€eCIeynBaloIIero MPUMEPHOE MOCTOSHCTBO HANPSDKEHHS Ha IIMHAX MOTPEOUTENs,
KBaJpaTuuHas mapabona (Ha pucynke 2 mox Homepowm 2) Y =CONSt; kpusble 10z
HOoMepaMu 3 UM 4 — 3TO THUINOBBIE CTAaTHMYECKUE XapakTepucTuku. Ilpu 3amanun

IOCTOSHHOM HpoBoaMMOcTH Harpysku rpagux Q. cTaHoBHTCA Onike K THIOBOM

XapaKTEPUCTUKE, YEM K XapaKTEPHUCTHKE IOJ HOMEPOM 2 MpHU S, =const, a I:’H —

Hao00OpOT.
CraTuyecKkre XapaKTePUCTUKH HArpy3KH IO YacTOTE MPEACTABISIOT COOOM

3aBUCUMOCTH aKTUBHOU U peaKTHBHOﬁ MOIDHOCTH OT 4YaCTOThBI B YCTAHOBHBIICMCA

pexume Py(f), Qu(f).
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CXH no yactoTe MOryT ObITh ONPEJEIEeHbI IPU MOCTOSHHOM HaNpsKEHUH B
y3JI€ Harpy3ku WIH IPU HAIpPSHKEHUH, KOTOPOE M3MEHSETCS BCICICTBUE U3MEHEHHUS
gactorel. CXH 1O d4actore y4YMTBIBAIOTCA IIPU pacyerax I[OCIeaBapUMHBIX
YCTAHOBUBIIMXCS PEXKUMOB, B KOTOPBIX BO3HHUKaeT JePUIUT (Mepeu30bITOK)
reHepUpPyEeMO MOUTHOCTH M, CJI€OBATENIbHO, TPOUCXOIUT CHUKEHUE (IOBBILICHUE)
4acToThl. [Ipn Takmx pacuerax yCTAHOBUBIIMXCS PEKUMOB YUUTHIBAETCS U3MEHEHUE
YacCTOTbl M IPOBOJMTCS AHAJIU3 JACUCTBHUS YCTPOWCTB PETYJIMPOBAHUS YaCTOTHI U
IIPOTUBOABAPUUHON aBTOMATUKH.

JInHaMH4YECKHE XapaKTEpPUCTHUK HArpy3KU II0 HAIpSIKEHHUS NPEACTaBISIOT
co00# 3aBUCUMOCTH aKTUBHOM U PEAKTUBHOW MOIIHOCTU HArpy3Ku OT HANpPsLKEHUS U

Bpemenn Py(U, t), Qu(U, t) mpu pazauvHbIX mpoleccax U3MEHEHHUS HANPSIKECHUIO 110
du du
Bpemenn U(t) mn P,(U, E)’ Qu(U, E). JlnHaMUYecKue XapaKTePUCTUKH TI0 YacTOTe
HPEACTABIISAIOT COOOH 3aBUCHMOCTH aKTUBHOM M PEaKTUBHOM MOIIHOCTH HArpy3Kd OT
arf arf
gactoThl U BpeMeHu Py(f, t), Qu(f, t) mau P, (U, E)’ Q. (U, )

BBI/I,IIy TOr'o, 4TO B 3HCPTOCUCTCMC YaCTOTA U3MCHACTCA HC3HAYUTCIBHO, TO
BIIMAHUCM CTATHYCCKHUX XAPAKTCPUCTUK HAI'PY3KHU 110 YACTOTC MOKHO Hp€H€6p€‘{B.
I[anee B pa60Te pacCMaTpuBarOTCA TOJIBKO CTATUYCCKHUC XaPAKTCPUCTUK HAT'PY3KHU 110

HANPSKEHUIO.

2.3 CraruvyecKkue XapaKTePUCTHKH O0OOIIEHHONl HAIPY3KH H HX

npeAcTaBJIeHHE B MPOrpaMMHOM KoMIuiekce «RastrWiny»

Kaxk yxxe Obuto ykazaHo B mojpaszene 2.2, njsi TOro, 9TOObl MONYYUTh Oojee
KOPPEKTHYIO pacyeTHYI0 MOJIETh DJIEKTPOIHEPTEeTHUYECKUX CHUCTEM, HEO0OXO0IUMO
YUYUTHIBATh KAKO€ MMEHHO Y4YacTHE NMPUHUMAET KaXKIbId KPYMHBIM MOTPEOUTENh B
stoii DC. Bee ciocobObl 3a1anust HAarpy3KH, paCCMOTPEHHBIE B mojapasaene 2.1, MoryT

Ob1Th 000011IeHB! TIpH oMot CXH 1o HanpsKeHN 0, UMETOIITHA BU:

2
U U
P(U)=P a| — [+a,| —| |
() HOM a0+lU +2U (20)

HOM HOM
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2
U U
ol | (21)

HOM HOM

Q(U)=Q,., | by +b

rae a,, &, a,, by, b, b, — xospdunmenter mommaoma CXH mo akTuBHOU U
PEaKTHUBHOW MOIIHOCTH; MPHU 3TOM JIOJDKHBI BBITIONHATCS paBeHcTBaP=P_,Q=0Q,  ,
ecnu a;+a +a,=1 u b,+b +b,=1. Harpy3ku B 0000LIEHHBIX XapaKTEPUCTUKAX JJIs

Pa3IUYHBIX CUTYallUl pUBeAEHbI B Ta0muue 1.

Tabnuua 1 — 3Hauenust K03PPUIHUEHTOB KBAPATUYHOTO MOJIMHOMA JJI MPOCTEHIINX

CrI0c000B 3aJJaHUs HATPY30K

AKTHUBHAs MOIHOCTh PeakTuBHAS MOILITHOCTH
Tun
do a; as bo by b,
IlocTostHHOE
0 0 1 0 1 0
CONPOTHBIICHHUE
[ToCTOSIHHBIN TOK 0 1 0 0 1 0
[TocTostHHAA MOIIHOCTH 1 0 0 1 0 0

IIpu pabore ¢ mnporpammusiM kommuiekcom (ITK) «RastrWin3» CXH

3aJal0TC:A 110 CICAYIOIEMY aJITOPUTMY .

1) Bo Bkiaake «Y3Ibl» HEOOXOIUMO 3a7aTh HOMUHAJIbHOE HAMPSKCHHUE;

2) Bo Brmagke «CXH» HeoOXoAuMO 3agaTh HOMEpP  CTaTHYECKOM
xapakTepucTuku. Kaxapli Habop Kod(PGUIIMEHTOB OMpPEaessieTCs] CBOUM
HOMEPOM.

3) 3atem B Tabmmme  «[lommHOMBI»  3amaroTCa KO3 PUITUCHTEHI,
COOTBETCTBYIOIIIME HOMEPAM CTATHUECKUX XapaKTEPUCTHK;

4) Jlanee BO BKIAAKe «Y3JbD» JUISI KaKIOTO W3 KOHTPOJHMPYEMBIX Y3JIOB B
rpade Ny BRIOpAaTh HOMEP CTaTHYCCKOW XapaKTepUCTUKH. [3]

Taroke B 1K «RastrWin3» ycTaHOBICHBI CTaHIAPTHBIC CTATHYCCKUE

XapakTEPUCTUKU O] HOMepamu 1 u 2.
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CXHI:

2
P(U ) = PHOM {0’83_013(Lj+0,47ﬂij ]’
UHOM UHOM

2
3,7-7 L +4,3 L , econ 0,815< L <L2
UHOM UHOM UHOM

Q(U)=Q,. {o, 721+ 0,158[#” ecin [ULJ <0,815

HOM HOM

1,49, ecin [—U j>1,2
UHOM
CXH 2:
U u Y
P(U)=P,,[083-0,3 — |+0,47| — | |;
UHOM UHOM
U u Y U
4,9-10,1| — |+6,2,3| — | |, ecmm 0,815 — |[<1,2
UHOM UHOM UHOM
U U
Q (U ) = QHOM |:0’ 657 + 0’158(U—jj|1 €Clin (U—j < 0,815
1,708, eclu [—UU J>1,2

Takue  craHmapTHbIE  CTaTHYECKHUE  XapAKTEPUCTHKH, MOTYT  OBITh

WCIIOJIb30BaHbl TPH 3aJaHUU OOOOIIEHHOW THUMOBOW HATrpPy3KH, TPHUBEIACHHOW K

Hanpspkeruto 110 kB (CXH 1) u 35 kB (CXH 2). [3]
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3 OneHka BJIMSAHHUA CTATHYECKHX XAPAKTEPUCTHK HArPY3KHM HAa
MaKCHUMAJIbHO I0IyCTUMBIH MEPETOK AKTHBHON MOIIHOCTH B KOHTPOJIHPYEMOM

ceueHUN Ha nmpuMepe ToMCKO# IHeprocucTeMbI

3.1 Onucanune ToMCKOH JHEPIroOCHCTEMBI, €€ Y3KHE MecTa

B Towmckoif sHeprocuctemMe CyiecTByer npobiieMHsbli sHepropaiion — I[IC
220 xB Cosercko-Cocuunckas u IIC 110 pacnpenenurenbHON CETEBOM KOMITAHUU
CrpexeBckas, Baxckasd. B Hactosmee Bpems Ha 1IC 220 kB CoBetcko-CoCHUHCKOM
B pabote HaxoxasaTcsa 3 AT 220/110/6 kB nmo 63 MBA, cymecTBytomias Harpyska
3umon coctasisieT 155 MBA, netom — 134 MBA. C ganHO# noJACTaHIIMK ITMTACTCS
HedTerazono0bIBaOmMi KoMIuieke u ropos CtpexkeBoit. [lpu oTKIrOYEHUH OJTHOTO
u3 AT B MakcuMyMm Harpy3ok neperpy3 octaBinuxcsi B padore AT cocrasiser 20%.
ITpu orxmrouenun 1 CII 220 uam 110 kB meperpy3 ocrasmierocst B padore AT
coctaBut 6oisiee 200%. BeiBog B pemont AT 220/110/6 kB B netHuii nepuos Takxke
3arpynHeH. Jlns oOecrieueHusi HAAEKHOTO DJIEKTPOCHAOXKEHUs TOoTpeOuTennei
HeoOXxoauMa 3aMeHa Tpex aBToTpaHchopmaTopoB 220/110/6 kB MOIIHOCTEIO
63 MBA kax sl Ha Tpu aBTOTpaHchopMaTopa MOITHOCTRIO TI0 125 MBA u 3ameHa
nByx TpaHncopmatopoB 110/35/6 kB wmomHOCTRIO 1O 63 MBA Ha jBa
TpaHchopMaTopa MOIHOCTHIO 10 80 MBA KaxbIid.

MakcuManbHO JonycTUMbId mepetok B ceueHun ODC VYpana — Tomckas
sHeprocucrema coctanisgeT 250 MBT o nonyctumoi TokoBoit 3arpy3ke BJI 220 kB
HuxneapToBckas [ POC — CoBercko-CocHUHCKas IpH OTKIOUYEHUH OJHOU 1enu. B
3UMHUX pEeXUMax TMEepeToK B yKa3aHHOM cedyeHuu jocturaer 250 MBT.
OnekTpocHaOkeHue mMoTpeduteneii B aBapuifHBIX cUTyanusx oT HOxHOW wacTu
AHEProcucTemMbl TOMCKO# 00yiacTh HEBO3MOXHA B mMoidHOM o6beme (1o 100 MBT).
Takum o0pazoM MOAKIIOUEHHE MOTpeOUTeNneli B CEBEPHOW YAaCTH SHEPrOCHUCTEMBI
Tomckolt 00sactu, 6€3 CETEBOro CTPOUTEIBCTBA HEBO3MOKHO. JJIsl CHATHUSL CETEBBIX
orpannueHuid Heooxoaumo ctpoutenbeTBo BJI 500 kB HumxneBaprosckas [POC —

CoBetcko-CocamacKas co ctpoutenabctBoM [1C 500/220 kB CoBetcko-CocHUHCKAS.
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3.2 IlpeacraBiieHue YyacTu TOMCKOM JHEProcucTeMbl sl ONpeAeeHHUs
MaKCHUMAJbHO [OIyCTUMOI0 IIEPETOKA B KOHTPOJIMPYEMOM CE€4YeHHMH B

NMporpaMMHOM KoMmILiekce «Rastr\Win3y

[Ipu cocraBnenuu pacueTHOM cxembl B mnporpamMmmMHoM Komiuiekce (I1K)
«RastrWin3» HeoOX0a1MMO 3HATh TTApaMeTPhl €€ IIEMEHTOB. JIJIs ONpeneneHus: 3TUX
nmapaMeTpoB cieayet Bocnonb3oBaTecsa cxemor O3 Tomckoro PAY ot 09.09.2013 r.
(mpuiokeHue A), JaHHAs CXeMa XapaKTEepU3yeT HOPMAIbHBIA YCTaHOBUBIIMICS
pexum padoThl. [TapaMeTpsl TUHUHN 3IeKTponepead HEOOX0UMO ONPEEIATh 0 UX
JUIMHE W MapKe IpOBOJAA, HapaMeTpbl TpaHC(POPMATOPOB CIEAYET OMPENENATH IO
KaTaJOXHbIM JIaHHBIM, TaK € HE00XOJUMO Yy4ecTb, KaKHe W3 BbIKJIIOUaTee

OTKIIOYCHBI, 4 KaKNC HAXOAATCA B pa60Te.

3.2.2 OnpenejeHue CONPOTUBJIEHUNH W MNPOBOAUMOCTEH  JIMHHUH

JICKTpPoOHIEpeaIadIu B CXEME 3aMECIICHUA 3.]1e1chnqec1<0i71 ceTn

COHpOTI/IBJ'IeHI/Ie JIMHUU OIIPCACIIACTCA 110 (1)OpMy.H€:
Z, =R+ X, (22)
AKTHBHOE COIMPOTHUBJIICHUC JIMHUU OIIPCACIIACTCA 110 (i)OpMy.TIG:
R, =r,-l, (23)
rjae | — nmuHa auHuM, KM; [, — TOTOHHOE aKTUBHOE CONMPOTHBICHUE, OM/KM;
PeakTrBHOE CONPOTUBIICHHE IMHUM OTIPEEIsIeTCs o0 popmyie:
X, =%, (24)
re X, — MOTOHHOE WHIYKTHBHOE CONPOTHUBICHUE, OM/KM.
EMKoCTHast TpOBOMMOCTh, OOYCIIOBIEHHAS €MKOCTSIMU MEXAY IpOBOJaMHU
Pa3HbIX (1)33 N CMKOCTBIO ITPOBOA 3EMJIA, OIIPCACIIACTCA I10 Q)opMyne:

B, =b,I, (25)

rae b, — MoroHHas €MKOCTHasi MPOBOIUMOCTh, CM/KM, OmpezenseMas IIo

CIIpaBOYHBIM JaHHBIM.
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Jns mpumepa pacdeta pacCMOTPUM OJHY JIMHUK, KOTOpash COEAUHSAET
nojacrtanumoo YamaeBka ¢ nmojacTtanuueid Packuno. [[nrHa 3Toi TMHUM COCTaBIsET 88
KUJIOMETPOB, HOMHUHAJIBbHOE HAIPSKEHUE JIMHUU 220 kB,

Mmapka npoBoja — AC -240/32.

Tabauma 2 — CipaBouHble JaHHBIC 1)1 TpoBoaa Mapku AC-240/32

r,, OM/KkM Xy, OM/KM b,107°, Cm/km

0,118 0,435 2,604

OmnpenenuM akTHBHOE COMTPOTUBIICHHE JTMHUH 110 (23):
R, =r,-1=0,118-88=10,380mM,
OnpeaenuM peakTUBHOE COMPOTUBIICHUE JIUHUU 110 (24):
X, =X%,-1=0,435-88=38,28 Om,
Torna moixHOE CONMPOTUBIEHUE IMHUK B COOTBETCTBHH C (22) OyieT paBHO:
Z =R +jX, =10,38+ j38,280m.
OmnpenenimM eMKOCTHYIO POBOJAMMOCTD JIMHUHU COTJIacHO (25):
B, =Db, -1 =2,604,-88 = 229,15Cwm.

OcragBimecs: TMHUHM PACCYUTHIBAIOTCS aHAJIOTUYHBIM 00Pa3oM, pe3yiabTaThl
ATUX PACUeTOB MPUBEICHBI B IPUIIOKEHHUH b.

[Tpumeuanwue: nis ynoOCTBa MpeICTaBICHUS CXEMBbI, TMHUU BepTukoc —
[Tapa6ens JI1 u Beprukoc — [1apa6ens JI2 Obutn pa3aeneHsl Ha TpU yacTu: BepTukoc
— 3aBbsuoBo JI1, 3aBwsioBo JI1 — Kapracox JI1, Kapracok JI1 — [TapaGensb u
Beptukoc — 3aBbsioBo JI12, 3aBesnoso JI2 — Kapracox JI2, Kapracoxk JI2 — I[Tapa6ens
COOTBETCTBEHHO.

3.2.3 Omnpenesienne CONPOTHUBJIEHUI " MPOBOAMMOCTeEI

aBTOTpaHcGopMaTopoB

B paccmaTtpuBaemoil cxeme NPHUCYTCTBYIOT IIECTh aBTOTPaHC(HOPMATOPOB

tunta  ATJIITH-63000/220/110, Tpu aBTOTpancopMaropa yCTaHOBJICHO Ha
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IIC CoBercko-CocHuackorn u eme Tpu Ha [IC YamaeBka. Omnpenenum  ux
MIPOBOJUMOCTH:

1. PeakTBHAs MPOBOJUMOCTD aBTOTpaHCcPopmaTopa:

3
= 3?"2 _ 31510 >~ =5,955MKCm.

Briow (230-103)

2. AKTHBHAas MPOBOJUMOCTh aBTOTpaHcpopmaTopa:

3
G, = AP 4510 > =0,851MKCm.

Ubiow  (230-10°)

[TapameTpbl aBTOTpancpopmaTopa TUTIA ATJILITH-63000/220/110

npe/ICTaBIeHbI B Ta0IMUIE 3

Ta6auma 3 — INapamerpsl aBroTpanchopmartopa tiuma ATAITH-63000/220/110

U 00MOTOK, KB R; ,Om X;,0M B

HOM 2

AT? GAT '

BH | CH | HH | BH | CH [ HH | BH | CH | HH |MKCM | MkCu
230 | 121 | 11 | 14 | 1,4 | 28 | 104 | 0 |[1956]5,955 0,851

3.2.4 CocraBienue pacuernoii cxembl B IIK «Rastr\Win3»

JIns OUEHKM BIMSHUSA CTAaTUYECKUX XAapaKTEPUCTUK HArpy3ku Ha
MaKCUMAaJIbHO JOIMYCTHUMbIE MEPETOKM MOUIHOCTH COCTABHUM PACUYETHYI) CXEMY,
KoTopas cocTouT u3 18 y3moB m 34 BerBeil. B kauecTBe TeHEpUPYIOILIETO Y3ia
BbicTynaeT TromeHckass sHeprocuctema — HukneBapToBckas ['POC cormacHo
MPUJIOKEHHUIO 1.

JInnuu 3aBpsanoBo JI2 — 3aBbsioBo, 3aBbsanoBo JI2 — Kapracok JI2, Kapracok
JI1 — Tlapabenr u Kapracok JI2 — IlapaGenb B HOpManbHON YCTaHOBHBIIEMCS
pexume cormacHo 1, Oymyt otkmtouenbl. Torma [IC TlapaGens Toxe Oymer
OTKJIFOYEHA OT pPaccMaTpUBAEMOW CXEeMbl M Jajiee cxema OyJeT OrpaHuyeHa.
[Moacranuuu, Haxonsmuecs 3a [IC IlapaGenb cyliecTBEHHOTO BIMSIHUS HAa MEPETOK

MOIDHOCTH B KOHTPOJIHPYCMOM CCUCHHMHM OKa3aTb HC MOI'YT. Taxxe cxema
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orpanndyeHa g0 muH 110 kB TIC Cosercko-Cocuunckas, IIC Pazmonenas u I1C
Katpuibrunckasi, moTpeOUTeN H MOJACTAHIMHU, oTxoasmme oT muH 110 kB,
MPEJCTABICHbBl B BUAE Harpy3ku. Harpy3ku, NOHWXKAOIMMX MOACTAHIUM H HX

MIPUCOEANHEHUH coryiacHo [4] mpeacTaBieHbl B TabiuIe 4.

Tabmuia 4 — Harpy3ku nojictaniuii

AKTHBHas MOIITHOCTh | PeakTUBHAs MOITHOCTH
Ha3zanue noacraniuu
Harpy3ku, P ,MBrT Harpy3ku, Q ,MBT

CoBetrcko-CocHUHCKAS 131,0 29,0
Pa3nonpHOE 19,0 2,0
Packuno 5,0 0,5
Beptukoc 5,2 1,1
3aBbsIJIOBO 0,6 0,1
Kapracok 7,5 2,0
Karteuibruackas 34,0 3,5

Ha noacrannun YanaeBka ofuH U3 YCTAaHOBJIEHHBIX aBTOTpaHC(HOPMATOPOB
— AT3/63 B HOpMaJIbHOM YCTAHOBHBIIIEMCS PeKUME — OTKIIIOUEH, nojioxkenue PITH,
OCTaNbHBIX aBTOTpaHC(hopMmaTopoB yctaHoBieHHbIX Ha [IC YamaeBka, a Takxke Ha

I1C CoBetcko-CocHuHCKas coriacHo [4] mpuBeneHsl B Tabure 5.

Ta6muma 5 — INonoxxenne PITH aBToTpanchopmaTopos.

[loacTanuus, Ha KOTOPOH [Tonoxxenue Koadppumment
Haseanue AT
yctaHoBieH AT PITH Tpa"chopManuu
ATI1/63 16 2,05
YamaeBka
AT2/63 16 2,05
AT3/63 8 1,87
CoBetcko-CocHUHCKAs AT4/63 7 1,85
AT5/63 7 1,85
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PacuetHass cxema, cocTaBlieHHas B NporpaMMHOM Komiuiekce «RastrWin3y,
npuBeneHa B npwioxkeHnu B. Brnagku «Y3iubD» u «BeTBu» MpencTaBleHbl Ha

pucyHkax 3 u 4 COOTBETCTBEHHO.

Q|5 | Tun Homep HassaHue U _Hom  M... Paiod P H QH Pr Qr V 3
1 [ i bBasa 1 HibkHesapTosckas .. 220 e 212,7 51,3 236,0
2 Harp 2 NC CoeeToko-CoHWH. .. 220 -
3 Harp 212 MC CoseTeko-CocHuH... 110 B e =0
4 Harp 3 NC Yanaeska 220 220 -
5 Harp 31 NC Yaniaeska 110 110 e
5 Harp 311 MC PasaonsHoe 110 | R 2,0
7 Harp 4 MC PackuHo 220 | B 0,5
8 Harp 5 C BepTitkoc 220 B :: 1,1
9 Harp 51 NC 3asssnoso 220 K 0,1
10 Harp 52 NC Kapracok 220 | RE 2,0
11 Burp s NC Napabens 220 B0 w0 40,5 4,3
12 Harp 211 NC CoseTako-CoHMH, ., 220 -
13 Harp 30 NC Yanaeska Hynesaa 220 -
14 Harp 50 SaesbAnoso N1 220 -
15 Harp 501 Kapracok N1 220 -
16 Harp 312 NC KaTeinervHckan 110 - 34,0 3,5
17 Harp 500 SaBbanoso N2 220 -
18 Harp 502 Kapracok N2 220 -

Pucynoxk 3 — CocraBnenue pacueTHoi cxemsl B [TK «RastrWin3y, Bkinaaka «Y35b0»
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5 Tun
1 nan
2 nan
3 nan
4 nan
5 Tp-p
& Tp-p
7 Tp-p
8 Tp-p
g Tp-p
10 Tpp
i1 & o
12 Tpp
13 Tpp
14 Tpp
15 Tpp
16 # ™o
17 n=n
18 n=n
19 n=n
20 nan
21 nan
22 nan
23 nan
24 nan
25 nan
28 nan
27 nan
28 n=n
29 n=n
30 n=n
31 nan
32 nan
33 £ n=n
34 & n=n

N_ray

211
211
211

LS L R I S R o R

501
502
501
502

N_rkoH

LS5 B UK B oK |

212
212
212
211
211
211
30
30
30
31
31
31
31
31
312
312

50
500
51
51
501
502
52
52

N _n | I..
1
2
1

L pa (R [FTREN X R

Lo

HazsaHwe
HwkHesapToeckan P3C ...,
HwkHesapToeckan P3C ...,
MC CoseToko-CocHMHCKE. .,
MC CoseToko-CotHUMHIKE. ..
MC CoseToko-CotHUMHIKE. ..
MC CoseToko-CotHUMHIKE. ..
NC CoseToko-CotHUHOKE. ..
NC CoseToko-CotHUHOKE. ..
NC CoseToko-CotHUHOKE. ..
MC CoseTako-CocHMHCKE. .,
MC Yanaeska 220 -NC Ya...
MC Yanaeska 220 -NC Ya...
MC Yanaeska 220 -NC Ya...
MC Yanaeexka HYNeBan - ...
MC Yanaeexka HYNeBan - ...
MC Yanaeexka HYNeBan - ...
MNC Yanaeswka 110 -MNC Fa...
MNC Yanaeswka 110 -MNC Fa...
NC Yanaeska 110 - NC Ka...
MC Yanaeska 110 -NC Ka...
MC Yanaeska 220 -TC Pa...
MC Yanaeska 220 -TC Pa...
MC PackiHo - NC BepTukoc
MC PackuHo - MNC BepTHKoC
MC BepTHKOC - 33BEAN0E. ..
MC BepTHKOC - 33BEAN0E. ..
3asbAnoso M1 -TC 3a8bA...
3asbAnoso N2 -NC 3a8bA...
3asbAnoso N1 - Kapracok...
3asbAnoso N2 - Kapracok...
Kapracok N1 - NC Kapracok
Kapracok N2 - NC Kapracox
Kapracow N1 - MNC Napabens
Kapracow N2 - MNC Napabens

R
3,92
3,92
13,81
13,81
1,40
1,40
1,40
1,40
1,40
1,40
1,40
1,40
1,40
1,40
1,40
1,40
4,82
4,82
44,90
44,90
10,38
10,38
5,39
5,39
5,88
5,88
0,08
0,08
4,00
4,00
0,55
0,55
6,88
5,88

X
14,44
14,44
50,50
50,50

104,00
104,00
104,00
104,00
104,00
104,00

6,94
6,94
78,57
73,57
33,28
33,28
19,88
19,88
21,66
21,66
0,30
0,30
14,75
14,75
2,04
2,04
25,36
25,30

B
86,5
86,5
-304,7
-304,7
6,0
6,0
6,0

5,0
5,0
5,0
-41,8
-41,8
-489,1
-489,1
-229,2
-229,2
-119,0
-119,0
-129,7
-129,7
-1,8
-1,8
-88,3
-88,3
-12,2
-12,2
-151,3
-131,8

G Krfr

08 0,0
0,8 0,5
0,8 0,534
1,000
1,000
1,000
1,000
1,000
1,000
0,8 0487
0,8 0487
0,8 0,502

Pucynok 4 — Cocrasienue pacyetHoi cxembl B [IK «RastrWin3», Bkinaaka «BeTsu»
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3.3 OnpeaeneHne MAaKCUMAJIbHO J10IIyCTUMOIO NIEPETOKA M0 TPAH3UTY
220 xB Hu:xkneBaprosckass 'PIC — IIC CoBercko-CocHuHCKas 0e3 yuera

CTATHYECCKHUX XAPAKTEPUCTUK HAI'PY3KHU

Jlnss  Toro 4ToOBl MOPOBECTH HUCCIEIOBAHME BIUAHUS  CTaTHUYECKUX
XapaKTEPUCTUK HArpy3kM Ha MaKCUMAJIbHO JIOMYCTUMBIA MEPETOK MOIIHOCTH B
KOHTPOJIUPYEMOM CEYEHUH, BOCHOJIb3yeMca MeToAukoi onucaHHou B 1.1-1.3. Ilpu
pacueTe HE MPUHUMAETCS BO BHUMAaHUE KPUTEPUM TUHAMHYECKON YCTOWUYHUBOCTH,
MOCKOJIBKY 1IEIbI0 pacueTa SIBISETCS BIUSHUE CTATHUYECKUX XapaKTEPUCTUK HATPY3KU
Ha YCTAaHOBUBIIMKCS PEXHUM. Pe3ynbrar pacuera HOPMaJIbHOTO YCTaHOBUBIIETOCS
pexXuMa MpeJICTaBIICH B PUIOKESHUH 3.

YTsbKkeneHue paccMaTpUBAEMOTO PEXUMA OCYIICCTBISETCS C ITOMOIIBIO
byukuun «YTsokenenue» B IIK RastrWin3 cineayromum obOpaszom. Harpysounbie
y31bl corjacHo Tabnuie 4 n. 3.2.4 oObeauHeHbl B paiioH. Ha kaxaom 1mare
VTSOKEICHUST CyMMapHasi akTHMBHash Harpy3ka pailoHa yBEJIWYHBAaeTCS Ha
OTPEJICNICHHYI0 BEJIMYMHY, YTOOB KOA((UIMEHT MOLIHOCTH B KaXIOM Yy3Je
OCTaBaJICSi HEU3MEHHBIM, HAa OIPEIEICHHYIO BEIUYMHY TAaKK€ YBEJIWYMUBAETCA WU
PEaKTUBHAsI MOIIHOCTh. Y BEJIMYEHUE TEKYIIEH HAarpy3Kd BBIIOJHSAETCS PABHOMEPHO
B COOTBETCTBUM C JOJIEM KaXJOWM HArpy3kd Yy3JIOB B CYMMapHOM MOIIHOCTH
notpebnenus. Takum oOpa3om, oOecrneurBaeTCs pPaBHOMEPHOE HW3MEHEHHE
MOIITHOCTH B y3JaX Harpy3KH B y3JIaX yTSAKEICHUS.

Ilepen Tem, Kak meperT K ONPEACICHUIO BEIMYMHBI IOMYCTUMOTO MEPETOKa
M0 KaXKJIOMY M3 KpUTEPHUEB, OMMMCAHHBIX B Mojipaszeie 1.2, HeoOXoauMo OnpeeanuTh
BEJIMYMHY AaMIUIUTYAbl HEPETYJSPHBIX OTKIOHEHHH MOIIHOCTA B IOJHOM

KOHTPOJIMPYEMOM CeUeHHH corjiacHo dhopmye (1).

Fafe g [1041055 166\ p;,
106,4+105,5
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3.3.1 Kpurepuii obecneyenuss HopmatuBHOro (20%) xoddduumnenra
3amaca CTaTH4eCKOM anepruoAn4ecKOM YCTOHYUBOCTH 110 AKTUBHOM MOIIIHOCTH B
KOHTPOJIMPYEMOM C€YeHUHU B HOPMAJIbHOM (PEMOHTHOM) cXeme

JIns onpeneneHus TOMyCTUMOIO MEPETOKAa AKTUBHOM MOIHOCTH IO JAHHOMY
KPUTEPHIO, HEOOXOJUMO BBINOJHUTH CIEAYIOLIEe: OTKIIOYUTh OJHY U3 JIHMHHM,
coenunstomyo HuxueBapToBckyto ['POC u noacrannmio CoBeTcko-COCHUHCKYIO, a
3aTeEM TPOU3BECTU YTSKEIICHHE pexuMa. YacTb pacyeTHOM CXEMBI IIOCIHE

YTSOKEJIEHUS peKUMa MPUBEJICHA HA PUCYHKE 5.

MC PackuHo

HW#HeeapToBCKan TP3C 2 3 .

V] 3p7aerisogs E07-J23.7% 33-117.7+

E£14.9+ J3EL7
3074+ T180.8+ E0.7-JZ3.7+ I3-JF.r+

236 4135241172 e+ T4 G+

+158.2+J117.2 ZE.E+T4.E+ 22137

+158.2+J117.2 +

220,25
220.73
MC CoeeTcro-CocCHWHCKaa 220

NC Yanaeerka 220

z1l 30

NC CoEeTCKO-COCHHHCE2A HYNegan 179.81 MC Hanaeeka Hyneeaa 218.76

Pucynoxk 5 — Hacth pacueTHoi#t cxembl npeacrasiaeHuoi B ITK «RastrWin3y mocie

YTSDKEJICHUST PEeKUMa 110 aKTUBHOM MOITHOCTH B HOPMaJIbHOM (PEMOHTHOM) cXeMe

OmpenenuM  BeJIMYMHY JOMYCTUMOIO TI€PETOKA MOIIMHOCTH [0 JaHHOMY
KpuTepuio o Gopmyie (2):

P..=(1-K,.,)-P...~AP_=0,8-P

nonl — npen npexn

-AP_=0,8-614,9-10,9 = 481,0 MBr.

3.3.2 Kpurepuii oOecmeyeHHuss HOPMATHBHOro ko3¢pduumeHra 3amaca
CTATHYECKON YCTOMYMBOCTH M0 HANPSAKEHHUIO B y3JIaX HATPY3KH B HOPMAJIbHOM

(peMOHTHOM) cxeMe

IIpexne Bcero, HEOOXOAUMO OMNPEACIUTh  BEJIWYHMHY JOIMYCTHUMOTO

HalpsDKeHHUsT B y3JIaX Harpy3kd B HOPMaJIbHOM (PEeMOHTHOM) cxeMe, TaKk Kak B
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pacyeTHOM cXeMe NMPUCYTCTBYIOT y3ibl Harpy3ku HanpspkeHuem 110 m 220 kB, To
ucnonb3ys popmyisl (4) u (5):

) . .
Kpl — 0’ 7 UHOMI — 0’ 7-220 :181’ ZKB,

U =
o (1-K,,) 085 0,85

U, 07U_, 07110
Jon2 (1— K3an2) 0,85 O’ 85

U =90,6kB.

Jist  ompeneneHus JOMYCTUMOTO TIEPETOKa AaKTUBHOM MOLIHOCTH IO
Kputepuro oOecriedeHusi HOPMAaTUBHOTO Kod(duimeHTa 3amaca CTaTUYECKOU
YCTOMYMBOCTU MO HANPSKEHUIO B y3JaX HArpy3kd B HOPMaJIbHOW (PEMOHTHOM)
cXeMe He0OXOAMMO MPOU3BECTH YTSAKEICHUE PeKUMa B COOTBETCTBHU C 1.2.3.

PeByJ'IBTaTBI YTAKCIICHUA PpCKUMaA IIPUBCACHBI HA PUCYHKAX 6u’.

Q5| T Homep Hazearne U_Hom  M... PaiioH PH QH Pr Qr V_=a W U_min Delta

1 Basa 1 HivkHesapTosakan M., 220 [ ] ¥6,6 47,9 236,0 236,00

2 Harp 2 MC CoseTcko-CocHir... 220 [ ] 231,59 3,67
3 Harp 212 NC CopeToko-CocHMH,., 110 1 223,0 46,4 118,76 91 -11,48
4 Hap 3 MC Yanaeska 220 220 [ ] 231,39 6,53
5 Harp 31 NC Yanaeska 110 110 [ ] 108,77 12,20
[ Harp 311 MNiC PazponeHoe 110 1 32,3 4.5 108,92 91 -12,69
7 Harp 4 MC PackuHo 220 1 8,5 1,2 233,93 181 7,38
a8 Harp 5 MNC BepTukoc 220 1 8,9 1,3 234,60 131 -7,68
9 Harp 51 MNC 3aBeAnoso 220 1 1,0 0,2 234,86 131 -8,03
10 Harp 52 MNC Kapracow 220 1 12,3 3,0 234,64 131 3,25
11 Harp & M MNapabens 220 1 146,0 1,0 40,5 4,3 -2,73
12 Harp 211 MC CoseTaro-CocHin... 220 [ ] 220,35 -11,51
13 Harp 30 MC Yanaeska Hynesas 220 [ ] 225,71 12,21
14 Harp 50 E— 220 [ ] 234,86 8,03
15 Harp 501 Kapracok N1 220 [ ] 234,69 8,23
16 Harp 312 MC KaTeineruHckan 110 1 57,9 8,0 91,13 91 -24,81
17 Harp 500 3ambAnoso N2 220 [ ] 234,93 3,70
18 Harp 502 Kapracor N2 220 [ ] 234,65 8,25

Pucynok 6 —Pe3yiabTarhl yTSKEICHUS PeKUMa M0 HAIPSYKEHUIO B HOPMaJIbHOM

(peMOoHTHOI) cxeMe (BKJIaaKa «Y3JIb1»)
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MC PackuHo

HuwHerapToeckan [P3C 2 3 .
! 183.3+J24+ BE.9-JZ23+ 15.7-J25.6+
3EE.E+T47.9
183.3+J24+ EE.S-JZ3+ 15.7-J23.6+
236 F7E+IZ8.5 49.9+J14.4+
+7E+J28.5 49.9+714.4+ 233.93
+7E+J28.5 +
23159

231.39
MC CopeTcko-CocHWHCKan 220

MC Hanaeeka 220

2?11 MC CoeeTcko-COCHHHCKaA HUNeean =0

270.95 NC Hanaeerka HYnegan 275.71

Pucynok 7 — Yactb pacueTHoit cxembl nipescraienHoi B [TK «RastrWin3y mocne

YTAKCIICHUA PpCKUMaA 110 HAIIPAKCHUTIO B HOpMaHBHOﬁ (peMOHTHOﬁ) CXEMC

Toraa BemM4YMHY JOMYCTUMOTO IMEPETOKA IO PacCMaTPUBAEMOMY KPHTEPHUIO
MOKHO OIPECIUTD 110 popmyiie (3):

P =P(U,,)-AP, =366,6—-10,9=3557MBr.

P JoIm

3.3.3 Kpurepuii obecriedeHHs1 HOPMATHBHOro kod(duiueHra 3amaca
CTATUYECKON AamnepuoauYecKOd YCTOHMYMBOCTH 10 AKTHBHOM MOIIHOCTH B
KOHTPOJIUPYEMOM Ce4YeHHH B IMOCJIeaBAPUIHBIX PeKMMAaX MOCJIe HOPMATHBHBIX

BO3MYIIICHU I

Jns onpenenenrs JOMyCTUMOTO MEPETOKA AKTUBHOM MOIIHOCTHU IO TaHHOMY
KPUTEPHUIO HEOOXOIUMO MPOU3BECTH YTSHKEICHHE PEKUMa B COOTBETCTBHH ¢ 1.2.4.

Pe3ynbTaThl yTS)KENEeHUS pekrMa IPUBECHBI HA PUCYHKE 8.
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MNC PackxHo
HiuwneeapTosckan [P3C 5 3 1
L 2BE.7+J80.1+ 92.8-JE.EB+ 23.3-J21.2+
533.4+T1E0.3
2BE.7+J50.1+ 52.8-JE.B+ 23.3-J21.2+
538 +112.24755.5 B7.2+ 7210+
+112.2+J535.59 E7.24J21.2+ 22312
+112.2+J535.59 +
22B.39
221.48
MNC Coeetcko—CocHuHokan 220
MC Hanaeeka 220
211 an
NC CoeeTcko-CocHWHCKaa HYneead 207.35 NC Hanaeeka Huneean M3.44

Pucynok 8 — YacTb pacueTHoit cxembl npejcraienHoi B [TK «RastrWin3y mocne

YTAXKCIICHUA PEKUMaA 110 aKTUBHOM MOIIIHOCTH B HOCHeaBaprIHOﬁ CXEMC

PaccunTaeM BeIMUYMHY IEPETOKA aKTHMBHON MOIIHOCTH B KOHTPOJIHUPYEMOM
CEeUCHHH B IIOCJICABAPUMHOM pEKUME IIOCIE HOPMATHBHOIO BO3MYILEHHUS IO
bopmyie (7):

Pn/aB = (1_ K

3

an3 ) ) Pnpeu = 01 92 Prrpe;[ = 01 92- 533’ 4= 490’ 7/ MBr.

n/aB /aB
Torga BenM4MHY MOMYyCTUMOIO MEPETOKAa aKTUBHOW MOUIHOCTH O JaHHOMY
KPUTEPHUIO MOKHO OIPEICIUTD M0 popmyie (6):

(P

m/aB

P

mom3

P

(P )—AP, +AP,, =490,7-10,9+0 = 479,8MBr,

BBUOY TOI'O, YTO HCU3BCCTHO, KAKOC UMCHHO BJIMAHHUC OKA3bIBAIOT YCTPOﬁCTBa

U KOMIUIEKCHI POTHBOABAPUITHON aBTOMATHUKH, TpuMeM, uTo AR, =0.

3.3.4 Kpurepuii oOecrniedyeHUsI HOPMAaTHBHOro ko3(dduuuenra 3amaca
CTATHYECKONl YCTOMYMBOCTH MO0 HANPSLKEHWMI0 B y3J1aX Harpy3kKd B

MOCJICABAPUIHBIX PEKUMAX PA0OTHI MOCJIe HOPMATHBHBIX BO3MYIICHU I

I[OHYCTI/IMBIG HAIIPpSAKCHUA I Y3JI0B HArpy3kmk €  HOMMHAJIBHBIM

HanpspbkeaneM 110 u 220 kB, MoryT ObITh paccuuTaHHbI 10 Gopmyie (9):
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monl __

U

kpl

_0’

7-U

HOM |

- 0,7-220

e (1_ K3an4) -

non2

U

Kp2

0,7-U

0,9

HOM2 __

0,9

0,7-110

n/as (1_ K3ﬁﬂ4) -

0,9

0,9

=171,1xB;

=85,6kB.

B cootBercTBUM ¢ 1.2.5. mpou3BeieM yTSKEICHUE PEKUMa.

PesynbTaThl yTsKeneHus pexuMa npeicTaBieHbl Ha pucyHkax 9 u 10.

0| 5| T
basa
Harp
Harp
Harp
Harp
Harp
Harp

Harp

LY T I - e T

Harp

=
=]

Harp

®

Harp

-
X

Harp

-
L

Harp

[
i

Harp

-
tn

Harp

—
o

Harp

-
=l

Harp

-
o

Harp

Homep
1
2
212
3
31
311

51
52

211
30

50

501
312
500
502

HazsaHne

HusHeBapToBckan ..,

MNC CoseTako-CocHiH. ..

MNC CoBeTko-CocHWH. ..

MNC Yanaeska 220
MNC Yanaesxka 110
MNC PazaoneHoe
MNC PackuHo

MNC BepTHKoC

MNC 3aesanoso
MNC Kapracok

MC MNapabens

MNC CoBeTko-CocHWH. ..

MNC Yanaeeka Hynesas
3asbAnoso M1
Kapracok N1

MNC KaTtbineruHckan
3aBbAnoso M2

Kapracox N2

U_Hom
220
220
110
220
110
110
220
220
220
220
220
220
220
220
220
110
220
220

N...

PaltoH

1

IIHIIIIH RNl HII

PH

221,0

32,1
8,4
8,8
1,0
12,7
145,0

574

QH Pr Qr V_sn v
3a9,7 31,8 236,0 236,00
225,71
46,0 115,40
224,66
106,09
4,5 105,22
1,1 227,05
1,8 227,68
0,2 227,90
3,0 227,66

1,0 40,5 4,3

214,73
218,15
227,90
227,71

7,9 85,22
223,00
227,67

U_min

a6

a5

171
171
171
171

86

Delta

-5,40

-14,62
9,42

-15,46
-15,98
-10,30
-10,61
-10,97
-11,21
-2,73

-14,65
-15,48
-10,97
-11,18
-29,10
-10,63
-11,21

Pucynok 9 —Pe3ynbraThl yTsKeIeHUS peKUMa 10 HAPSHKEHUIO B TTOCIIeaBapUHON

cxeMe (BKJIaJIKa «Y3JIbD»)
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NC PackuHo
HiuwHeeapToeckan [P3C 2 3 4
b1 ieLerizese B5.2-J23.7% 15.6-125.7
IB3.2+J44.5
IBLE+J22.5+ EE.2-J23.7+ 15.6-J25.7+
036 704282 49.4+]13.9+
+75.4+728.2 48.4+J13.9+ 23426
+75.4+J28.2 +
23171
2317
MC CoeeTcko—CocHuHokan 220
MC Hanaeeka 220
21 30
NC CoeeTcko-CocHuHCkan HYneean 22119 MC Hamaeeka Hynesan 226,24

Pucynok 10 — Yacts pacuetHol cxemsbl ipeactaBineHnoi B [IK «RastrWin3» mocie

YTAKCIICHUA PCKUMa 110 HAIIPAKCHUIO B HOCHeaBapHﬁHOﬁ CXEMC

Jlanee BOCHOIb3yeMcCs pe3y/ibTaTaMH YTSDKEICHHS pekuMma U 1o Gpopmysie (8)
ONpENEeNUM  BEIUYUHY JOMYCTUMOTO TEpeToKa AaKTUBHOM  MOIIHOCTH IO

paccMaTpUBaEMOMY KPUTEPHIO:

P

ont = Pua (Union ) = AP, + AP, =363,2-10,9+0 =352, 3«B,
BBUOY TOI'0, YTO HCU3BCCTHO, KAKOC UMCHHO BJIMAHHUC OKA3bIBAIOT YCTpoﬁCTBa

M KOMILJICKCHI IPOTHBOABAPHIHON aBTOMATHKH, mpumeM, uto AP, =0.

3.3.5 Kpurtepnii ob0ecnevyeHusi JONMYCTUMOI TOKOBOW HATIPY3KHM JIUHHUH
JJIEKTponepeAaYd M JJIEKTPOCETEBOro O0OPYIOBAHHUSI B  HOPMAJbHOMH
(PeMOHTHOM) cXeMe H B IOCHCABAPUMHBIX peKUMAX I0CJe HOPMATHBHBIX

BO3MYIIICHU M.

[IpousBenem yTsKeICHHE peKMMa B COOTBEeTCTBUHM ¢ 1.2.7. Pe3ynprarsl

YTSDKEIICHUS] peKHMa MPUBEJCHBI HA puUCyHKax 11 u 12.
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M_Haq M_KoH HaszeaHwe I_Hauy I_KoH Mecto k... N_I(T) Tc Inon_25  I_gon... Imon_p... W_dop

1 1 2 HieHeBapToBckan P3C ... BEH &05,0 &05,0

2 1 2 HikHesapToBckana MP3C ... 602 601 BH &05,0 &05,0 99,6
3 2 3 MNC CopeTcko-CocHuHcKa, .. 147 122 BH

4 2 3 MNC CoseTcko-CocHuHCKE, .. 147 122 BH

5 31 311 MNC Yanaeska 110 -MCPa... 55 35 BH

& 3l 311 MNC Yanaeska 110 -MNC Pa... 55 a5 BH

7 | 312 MNC Yanaeska 110 -MNC Ka... 104 105 BH

] 31 312 MNC Yanaeska 110 -NC Ka... 104 105 BH

9 3 4 MC Yanaeska 220 -NCPa... 74 45 BH

10 3 4 MNC Yanaeska 220 -NCPa... 74 45 BH

11 4 5 MC PackuHo -MC Beprukoc 43 28 BH

12 4 5 MNC PackuHo -MC BepTikoc 43 28 BH

Pucynok 11 —Pe3ynbTaThl yTsKEJIEHUS pexuMa Mo TOKOBOU
Harpy3ke B HOpMaJIbHOM (PEMOHTHOM) CXeMe U B MOCJICaBAPUNHBIX PEKUMAaX

(Bxknagka «Tokoas 3arpyska JIDI»)

" pac MC PackWHo
HHHEBAPTOBCKAA 2 3 4
121.4-J18.9+ 43.1-142.2+ 10.5-J25.1+
242.7-137.7
121.4-J18.9+ 43.1-J42.2+ 10.5-J29.1+
— +51.4+T16.5 TG4+
+51.4+11E.5 31.8+71.4+ 243.31
+51.4+11E.5 +
735.12
240.17
MC CoeeTcko-CocHWHCKan 220
MC Yanaeeka 220
71 30
NC CoeeTcko-CoCHWHCKaA HYneead 273,64 fC Hanaeeka HYneean 239.73

Pucynok 12 — YacTh pacueTHO# cxeMbl npeactabienHoi B [IK «RastrWin3» mocie
YTSDKEJICHUS PeKUMa 0 TOKY B HOPMaJIbHOM (PEMOHTHOM) CXeME U B

IIOCJICaBaPUMHBIX PEKUMAX

Bocnonp30BaBmINCE  pe3ysibTaTaMU  YTSDKEJIEHUS  PEXUMA, ONPEACITUM
BEJIMYMHY JONYCTUMOIO IIEPETOKAa aKTHBHOM MOIIHOCTH B KOHTPOJIUPYEMOM

CCUCHUH TI0 PACCMAaTPUBACMOMY KPHUTEPHIO coriacHo ¢opmyie (11):

P

non6

P (1260) — AP, + APy, =242,8-10,9+0=231,9MBr,

51



BBHUAY TOT'O, YTO HCU3BCCTHO, KAKOC NMMCHHO BJIMAHUC OKA3bIBAIOT YCTPOfICTBa

Y KOMIUIEKCHI IIPOTUBOABAPUITHON aBTOMATHKH, TpuMeM, uyTo AR, =0.

3.3.6 Omnpeaenenne MaKCMMAJBHO [ONMYCTHMOIr0 IEpPeTOKAa AKTUBHOI
MomHOcTH B ceyennn HmxkueBaproBckas I'PIC — IIC CoBercko-CocHUHCKAS

0e3 yyeTa CTATHYECKUX XaPAKTEPUCTHK HATPY3KH

Hnst onpenenenns MJIII, HeoOXOIMMO OLIEHUTH BEJIMYHUHY JOMYCTUMOTO
IIepeToKa II0 Ka)XKAOMYy M3 KpuTepueB. [l 3TOro cBeaeM pe3yibTaTbl pacyeToB

pexuMoB B nojipasnaenax 3.3.1-3.3.5 B TaGauny 6.

Tabnuna 6 — JlomycTuMBbIe IEPETOKU MOIIHOCTHU IO PACCMATPUBAEMBIM KPUTEPUIM

JlommycTUMBIN IEpETOK
PaccmarpuBaemeiil kputepui
AKTUBHOW MOIIIHOCTHU

HopmaTtuBHBIM K03 HHUITMEHT 3amaca CTaTUYECKOM
YCTOMYHUBOCTH IO aKTUBHON MOIIIHOCTH COCTABJISIET HE 481,0

menee 20%

HopmaTtuBHBIM K03 HHUITMEHT 3amaca CTaTUYECKOM
YCTOWYUBOCTBD 10 HAMPSIKEHUIO B y3JI€ Harpy3Ku 355,7

cocTaBiiieT He MmeHee 15%

HopmaTtuBHBIH K03 HHUITMEHT 3amaca CTaTHYeCKOM
YCTOWYUBOCTH 110 aKTHBHON MOIITHOCTH B 479,8

nocJieaBapuiHOM pexuMe cocTapisieT He meHee 20%

HopmatuBHbIif kK03 PuIueHT 3amaca craTH4ecKon
YCTOMYHUBOCTH MO HAIIPSIKEHHUIO B y3JI€ HArpy3KH B 352,3

NocJIeaBapUHHOM peXUME COCTaBisAeT He MeHee 15%

TokOBBIE HArPY3KHU HE MPEBBIIAIOT JJIUTEIBHO 2319
1,

AOITYCTUMBIX 3HAYCHUM
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B cooTBerctBHE ¢ mompasnenoM 1.3, MaKCUMabHO JOIYCTUMBIM IIEPETOKOM
aKTUBHOW MomHOcTH B ceueHun HmxueBaptoBckas ['POC — IIC Cosercko-
CocHUHCKasl SBIAETCA MUHUMAJIbHOE 3HAYEHHE JOMYCTUMOTO IMEPETOKAa AKTUBHOMN
MOIITHOCTH M3 BEJIMUMH, YKa3aHHBIX B Ta0iuie 6, To ectb MJIII paBen 231,9 MBT.

CornacHo [5] MakCUMaJIBHO JIOMYCTHUMBINA NEPETOK aKTUBHOW MOIIHOCTH IO
BJI 220 kB HwuxneBaproBckas ['POC — Cosercko-CocHunckas npu 25°C s
HOPMaJIbHOM (peMOHTHOI) cxembl paBeH 230 MBT.

OnpenenuM OTHOCUTEIBHYIO MOTPEIIHOCTD PACYETOB:

P> = Pros _ [230-231,9]

&y, = ——21.100% =

ITyp

-100% = 0,83%,

rne Py, — MJIII cormacuo [5], km; P, — MJII, ompeneneHHBINA II0

i)
KPUTEPHUIO 00ECTICUCHHS] TOKOBOM Harpy3KH.
[TorpemHoCTh pac4eTOB COCTABHIIa MEHEE OJHOTO MPOLEHTA, YTO JOMYCTUMO
JUIT WHXXEHEPHBIX pacdeToB. TakuMm 00pa3oM, MOXHO CJejaTh BBIBOJA, 4YTO
MaKCUMaJIbHO JIONMYCTUMBIM mepeTok B ceueHun HwuxueBaproBckas ['POC — TIC
CoBercko-COCHUHCKasi COOTBETCTBYET KPUTEPHUIO OOecredeHus TOKOBOM Harpys3Ku
JUHUM DJIEKTpolepeayd U dJIEKTPOCETEeBOro O00OpYyIOBaHMS B HOPMaIbHOU
(peMOHTHO) cxemMe U B TOCICaBapUHHBIX PEXKHUMAX TOCIE€ HOPMATHUBHBIX

Bo3MyIIeHn. CreqoBaTenbHO, B JaJbHEHUIINX pacdyeTax, HEOOXOJMMO OIpEeIesaTh

MJIII mo aTomMy KpUTEpHIO.

3.4 Onpenesenue MAKCUMAJIbHO JI0MYCTUMOIO MEPETOKA MO TPAH3UTY
220 kB Hu:xkneBaproBckast 'PIC — IIC CoBercko-COCHUHCKAA € y4€TOM

CTATHYCCKHUX XAPAKTCPUCTUK HAI'PY3KHA

JIns  OUEHKM BIMSHUSA CTAaTUYECKUX XapaKTEPUCTUK HArpy3ku Ha
MAaKCHMAaJbHO JOIMYCTHUMBIN IMEPETOK AKTUBHOW MOIIHOCTH, CIEAYET PacCMOTPETH
Tpu Tina CXH:

1) O6o06mennas CXH;

2) CXH c cribHO# 3aBUCUMOCTBIO OT HAIPSHKCHHS,

3) CXH co cnaboii 3aBHCUMOCTBIO OT HAIPSHKESHUSI.
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Koadpunmentsr kBaaparnunoro noauuoMa maiiss CXH co cnaboii v cuibHOM
3aBHCHUMOCTSIMH OT HAmNpSIKCHUS B3SAThI IO JaHHBIM aKTHBHOTO JKcriepuMeHTa [6].
Ot KOdPUIIMEHTH KBaAPATUUYHOTO TMOJMHOMA, a Takke KOIPDUIIMEHTHI IS

00606menHoit CXH cBenensl B Tadnuiy 7.

Tabnuia 7 — 3naueHus: k03P HUIMEHTOB KBAPATUYHOTO MOJIUHOMA

AKTHUBHAs MOIIHOCTh PeakTBHAS MOIIIHOCTD
Tun
ag a a bo by by
O06o06mmennas CXH 0,83 -0,3 0,47 3,7 -7 4.3
CXH c¢ cunsHOU
0,1 0,9 0 10 -14,4 5,4
3aBUCUMOCTBIO
CXH co cnaboi
0,7 0,3 0 9 -18 10
3aBUCUMOCTBIO

Ha pucynke 13 mnpencraBieHbl CTaTUYECKHE XapaKTEPUCTHKU Harpy3Ku
Pa3IMYHBIX THUIIOB. JTH 3aBUCUMOCTH OBLTH MOCTpoeHbI Mo dhopMmynam (20) u (21) u3

nmoapasaciia 2.3 ¢ HCIOJIL30BaHHEM KOC—)(i)(l)I/ILII/IGHTOB KBaApaTUIHOI'O ITOJIMHOMA U3

TaOJIUIBI 7.
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0,75 0,8 0,85 0,9 0,95 1 1,05 1,1
U, o.e.
=—P (O606mmennas CXH) == Q (O606mennas CXH)

=#—P (C cunbHol 3aBUCHMOCTBIO 0T U) =>¢=Q (C cmibHOi#1 3aBHCcHMOCTHIO 0T U)

=#=P (Co cmaboii 3aBucumMocthio ot U) Q (Co cnaboii 3aBucumMocThio 0T U)

Pucynok 13 — Cratnueckue XxapakTepUCTUKN Harpy3KH pa3IN4HbIX TUIIOB

Cornacno mompasneny 2.3 Bo Bkiaake «CXH» HeoOXoaumo 3a1aTh HOMEP
CTaTUYECKOM XapaKTepUCTHUKH, a 3areM B TaOmmie «llomuHOMBI» 3amaTh
KO3()(PUIIUEHTHI, COOTBETCTBYIOIIHE ITUM HOMEpAM CTATHYECKHUX XapaKTEPHUCTHK.

Tpu pasznuunsix Tna CXH, npeacrasiennbix B [IK «RastrWin3y» npuseneHsl Ha

pucyHke 14.
NexH PO P1 P2 Qo Q1 Qz
1 i
2 2
3 3 0,830  -0,300 0,470 3,700  -7,000 4,300
4 4 0,100 0,900 0,000 10,000  -14,400 5,400
5 5 0,700 0,300 0,000 9,000  -18,000 10,000

Pucynok 14 — Ilpeacrasiaeaue CXH B ITK «RastrWin3»

[IpuMeuaHue: cTaTUYECKUE XapaKTEPUCTUKHU MoA HomepamMu |1 u 2 ObuiH
MPONYLIEHBI, TAK KaK COIVIACHO 2.3 OHM SBJIAKOTCS CTAaHJAPTHBIMU MU IMPU pacyeTax

HGO6XOI[I/IMO IMOJBb30BAaThCA CTATUUCCKHUMHU XAPAKTCPUCTHUKAMH, HAYWHAA C HOMCPaA 3.
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OmnpenenuM  AOMYCTHUMBIM NEPETOK AKTUBHOM MOIIHOCTH B CEYEHUH
HuxueBaprosckas ['POC — IIC CoBetcko-CocHUHCKAsI IO KPpUTEPHIO 00ecTieueHus
TOKOBOM Harpy3Kd JIMHMHM 3JIEKTPOIEPEAAaud U 3JIEKTPOCETEBOro 00OPYIOBaHUS B
HOpMaJbHOM (PEMOHTHOWM) CcXeMe€ ¢ B TIOCJICaBAPUUHBIX pPEKHUMAX TOCIIE
HOPMAaTUBHBIX BO3MYILIEHUH, C YYE€TOM CTaTHYECKUX XapaKTEPUCTUK HArpy3KH,
IIPEACTABIECHHBIX Ha pUCYHKax 13 u 14.

Jlist Hayana paccMOTpUM OOOOIIEHHYIO CTaTHMYECKYI0 XapaKTEepUCTHUKY,
HaObop Kod(PUIUEHTOB KBagpaTUYHOTrO moiauHoMa Juisi Takoro Tuna CXH
IpeACTaBIEH Ha pUCyHKe 14 mox HoMepom 3.

[Ipy uWCHONB30BAaHMM CTATHUYECKUX XapAaKTEPUCTUK OYAEeT U3MEHSITHhCS
BEJIMYMHA HEPETYJSIPHBIX OTKJIOHEHWH MOIIHOCTH B IIOJHOM KOHTPOJIHMPYEMOM

CEUYEHUH, ONIPEICIIUM 3TO BenuuuHy 11t 00061enHoit CXH cornacHo dopmye (1):

112,9-112
112,9+112

=11, 3MBT.

[IpousBenem yTspkeneHue pexuma B cOOTBeTCTBUU C 1.2.7. Pe3ynbrarhl

yTSOKEICHUS peKuMa MpUBEICHBI Ha pucyHKax 15 u 16.

M_Hau N_xoH HazsaHue I_Hay I_KoH Mecto | k... N_I(E) Tc lmon_25 | I_pon... Lgon_p... IfI_dop
605,0
605,0 99,9

2 HiHesapToeckan P3C ... BEH
2 HusHesapToeakaa MP3C ... 605 &04 EH
3
3

NC CoseTcko-CocHuHCKE, .. 146 120 BH
MNC CoseTcko-CotHWHCKA, .. 146 120 BH
MNC Yanaesxa 110 -NC Pa... 54 74 BH
3 311 MNC Yanaesxa 110 -NC Pa... 54 54 BH
31 312 MNC Yanaeska 110 -NC Ka... 99 99 BH
31 312 NC Yanaeska 110 -NC Ka... 99 99 BH
4 NC Yanaeska 220 -NC Pa... 73 45 BH
4 MNC HYanaeska 220 -MNC Pa... 73 45 BH
5

5

L s I = I - R
[
=y
)
[y
[y

=
[=]

MNC Pacwuro -MNC Beptukoc 42 28 BEH

[
|-
[ N T I i |

MNC PacxuHo -MNC Beptukoo 42 28 EH

PucyHok 15 —Pe3ynbTathl yTsSxKEIEHUS peXrUMa 0 TOKOBOW Harpy3ke B HOpMaIbHOM
(pPEeMOHTHOM) CXEM€ M B TIOCIICABAPUIHBIX PEKUMAaX C UCIOJIb30BAaHHEM 0000IICHHOM

CXH (Bkianka «TokoBas 3arpyska JIDII»)
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[ HackuHD
HuHeeapTorckan P30 2 3 .
L 122.8-J15.2+ 42.1-J42.4+ 10.8-JZ8.E+
245.5-J30.5
122.8-T15.24 42.1-T42.4+ 10.8-T28.6+
236 +52.9+713 306+ 0.8+
+52.9+J19 30.6+J0.84 243.08
+52.9+J19 +
27487
240.02
NC CoeeTcko—CocHMHCKan 220
MNC YHanaeeka 220
211 30
NC CoeeTcko-COCHWMHCKEA HYNEESA 227.35 Nt Hanaeeka Hyneesaq 239,85

Pucynok 16 — Yacts pacuetHoli cxembl ipeactabieHHoi B [TK «RastrWin3» mocie
YTSDKEICHHS PEKUMa 10 TOKY B HOPMaJIbHOHM (PEMOHTHOM) CXeMe U B

nocJIeaBapUHHBIX PeKUMaX C UCIOJIb30BaHueM 00001ennon CXH

Bocnonb3oBaBmuch pe3yjabTaTaMu  YTAXKCICHUA  PCKHUMA, OIPCACINM
BCIIMYNHY JOIIYCTHUMOI'O IICPCTOKaA AKTUBHOM MOII[HOCTH B KOHTPOJINPYCMOM

CEUYEHUU T10 pacCMaTpUBaeMOMY KpHUTepHIo coriacHo ¢opmyde (11):

P

nom6-1

=Py (120)~ AP, + AR, =245,6—11,3+0 = 234,3MBr,

1/aB

BBUOY TOI'O, YTO HCU3BCCTHO, KAKOC UMCHHO BJIMAHHUC OKA3bIBAIOT YCTPOﬁCTBa

¥ KOMIUICKCHI IPOTUBOABAPUIHOM aBTOMATHKH, ipuMeM, uto AP, =0.

Hanee paccMorpum CXH ¢ cunbHO#M 3aBUCHMOCTBIO OT HampsOKEHHUs, HaOOp
K03 (PHUIMEHTOB KBaapaTHUHOTO TonMHOMa Juisi Takoro tTuma CXH mpencrasinen Ha
pucyHnke 14 nox Homepom 4.

OnpenenuM BETUYUHY HEPETYISIPHBIX OTKJIOHEHWW MOIIHOCTH B IOJHOM
KOHTpoJiupyeMoMm cedeHuu, g CXH ¢ cuibHON 3aBUCUMOCTBIO OT HaIpPsHOKEHUS

cornacHo opmyne (1):

PaP _qg. [1631153 )00
P.+P, 116,3+115,3

AP, =K.

HO2
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[IpousBenem yTskeleHue pexkuma B COOTBETCTBUM ¢ 1.2.7. Pe3ynbrars

YTSDKEJIEHUS peKUMa NPUBEAECHBI HA pUCYHKax 17 u 18.

M_Ha4 M_koH HazsaHue I_Hay I_KoH Mecto k... N_I(t) Tc Igon_25 | I_pgon... |Igon_p... | Wi_dop

i 1 2 HiHesapToeckana P3C ... BEH 605,0 05,0

2 1 2 HiwHesapToeckaa MP3C ... 604 602 BH 605,0 ©505,0 Ll
3 2 3 NC CoeeTcko-CocHuHcka. .. 149 120 BH

4 2 3 NC CoseTcko-CocHuHcKa, .. 149 120 BH

5 31 311 NC Yanaeska 110 -NC Pa... 52 52 BH

6 31 311 NC Yanaeska 110 -NC Pa... 52 52 BH

7 31 312 MNC Yanaeska 110 -NC Ka... 94 94 BH

8 G | 312 NC 4Yanaesxa 110 -MNC Ka... 94 94 BH

a 3 4 NC Yanaesxa 220 -MNMC Pa... 75 47 BH

10 3 4 NC Yanaesxa 220 -NMC Pa... 75 47 BH

i1 4 5 MNC PacwuHo - MNC BepTukoc 44 30 BH

12 4 5 MNC Packmo - NC Beptukoc 44 30 EH

Pucynok 17 —Pe3ynbTaTsl yTsKelIeHUs peXuMa Mo TOKOBOW Harpy3ke B HOpMaJibHOM
(PEMOHTHOI1) CXeMe M B TIOCNIeaBapUHBIX pexxuMax ¢ ucronb3zoBanueM CXH c

CUJILHOM 3aBUCHUMOCTBIO OT HampsikeHus (Bkiagka « TokoBas 3arpyska JIDI»)

MC FackuHo
HumHerapTorckan (P30 2 3 4
Ll 1209-128.8+ 41-J45.2+ 10.6-130.3+
241.9-J57.5
120.9-T28.8+ 41-J45.2+ 10.6-T30.5+
236 +S52.E+T1L.E 20.6- 0.2+
+52,6+T11.8 28.6-J0.2+ 244,81
+52.6+T11.8 +
23574
241.52
MC CoeeTcko-CocHuHckan 220
NC YHanaeeka 220
211 a0
MC CoeeTcko-CocHWHCKad Hyneean 23136 Nt Hanaeeka HUneead 241,79

Pucynok 18 — Yactp pacuetHoii cxembl nipenctaBieHHoi B [1K «RastrWin3» mocine
YTSOKEIEHUS PEeKUMAa 10 TOKY B HOPMalIbHOM (PEMOHTHOM) CXEME U B
MocjeaBapuiHbIX pexxumMax ¢ ucnosb3zoBanueM CXH ¢ cuiibHON 3aBUCUMOCTBIO OT

HaIpsHKEHUS
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Bocnoab3oBaBmuch pe3yjibTaTaMM  YTAXKCICHUS  PCKHMaA, OIPCACINM
BCIIMUMHY OOIIYCTUMOI'O IICPCTOKA AKTHUBHOM MOHOIHOCTH B KOHTPOJUPYCMOM

CEUYEHUU T10 pacCMaTpUBaeMOMY KpHUTEpHIO coriacHo ¢opmyre (11):

P

1/aB

P

Jon6-2 =

( I ﬂon)_APHOZ +APHA = 241,8_11’ 4+ O = 230’ 4MBT’

1/aB

BBU]lY TOT'0, YTO HEU3BECTHO, KAKOE MMEHHO BJIMSHUE OKA3bIBAIOT YCTPOMCTBA
Y KOMIUIEKCHI IPOTUBOABAPUITHON aBTOMATHUKH, TipuMeM, uto AR, =0.

ITepeitnem k mocnennemy u3 paccmarpuBaembix TunoB CXH — CXH co
cnaboil 3aBHCHUMOCTBIO OT HAaIpsKeHUs, Habop KOA()PUIMEHTOB KBaJIPATUUHOIO
MOJINHOMA MIPE/ICTaBIIEH HA PUCYHKE 14 o1 HOMEPOM O.

OnpenenuM BeIMYMHY HEPETYJISPHBIX OTKIOHEHHUUW MOIIHOCTH B IOJHOM
KoHTpoaupyemMoMm ceuenun, Aiig CXH co cnaboit 3aBUCUMOCTBIO OT HANpsKEHUs

cornacHo opmyie (1):

PH1 ) PH2 =15- w =111MBTr.
P.+P, 109,1+108,3

AP =K.

HO3

[IpousBenem yTspkeneHue pexuma B cOOTBeTCTBUU C 1.2.7. Pe3ynbrarhl

yTSOKEJICHUS pekuMa MpuBeeHbl Ha pucyHkax 19 u 20.

MN_Hau N_KOH HasgaHue I_Hau I_KoH Mecto k... N_I(t) Tc Inon_25 I_gon... laon_p... Wi_dop

1 1 2 HusresapTosckan MP3C ... EH @05,0 &05,0

2 1 2 HusHesapTosckan PIC .., 602 602 EH @05,0 &05,0 99,6
3 2 3 MNC CoseTcko-CocHUHCKE, .. 146 120 BH

5 2 3 MNC CoBeTcko-COCHWHCKE. ., 146 120 BH

5 31 311 MNC Yanaeska 110 -NCPa... 54 55 BH

[ 31 311 MNC Yanaeska 110 -NCPa... 54 55 BH

7 31 312 MNC Yanaeska 110 -NC Ka... 102 103 BH

3 31 312 MNC Yanaeska 110 -NC Ka... 102 103 BH

g 3 4 NC Yanaeska 220 -NCPa... 72 + BH

10 3 4 NC Yanaeska 220 -NCPa... 72 44 EH

i1 4 5 MNC Pacsudo -MNC Beptukoc 41 28 EH

e 4 5 MNC Pacsudo -MNC Beptukoc 41 28 EH

Pucynok 19 —Pe3ynbTaThl yTsSHKEISHUS peKuUMa M0 TOKOBOM
Harpy3ke B HOpMaJIbHOM (PEMOHTHOM) CXeMe U B MOCIE€aBapUIHBIX PEXKUMAX C
ucnonb3oBanreM CXH co cnaboii 3aBUCMMOCTBIO OT HaNpsKeHUS (BKIIaIKa

«TokoBas 3arpy3ska JIDID»)

59



MC PackWHo
HuwHerapTorCkag MPAC 3
4
1
122-112.5+ 42 7-141.6+ 10.6-J28.3+
244,1-J25
122-J12.5+ 42.7-J41. 6+ 10.6-J258.3+
236 +32.1+J20.3 3L3+IL3+
+52.1+4J20.3 3.3+J1.3+ 242,68
+52.1+4J20.3 +
234.72
239.6E
NC CoeeTcko-CocHMHCkan 220
MC Yanaegka 220
il 30
MC CoeeTcko-COCHWHCKaA HYNegan 220,55 MC Yanaeeka Hyneean 230,53

Pucynok 20 — Yacts pacuetHol cxembl ipeactaBieHnoi B [IK «RastrWin3» mocie

YTSDKENIEHUsI peXUMa 10 TOKY B HOpMallbHOM (PEMOHTHOM) cXeme U B

nociieaBapuiHbIX pexxumax ¢ ucrosnb3zoBanueM CXH co crnaboit 3aBUCHUMOCTBIO OT

HaIIPSKCHU S

Bocnonbs3oBaBmmch pe3yjabTaTaMu  YTAKCICHUA

pexunma,

OoIIpCaciinM

BCIIMYNHY JOIIYCTHUMOI'O IICPCTOKaA AKTUBHOM MOOIHOCTH B KOHTPOJIHUPYEMOM

CEUYEHHUU T10 pacCMaTpUBaeMOMYy KpUTEpHIo corjacHo ¢opmyie (11):

P

J1016-3

=P, (127) - AP, + AP, =244,0-11,1+0=232,9MBr,

BBUOY TOI'O, YTO HCU3BCCTHO, KAKOC UMCHHO BJIMAHHUC OKA3bIBAIOT YCTPOﬁCTBa

Y KOMIUICKCHI IPOTUBOABAPUIHON aBTOMATHKH, puMeM, uto AP, =0.

PesynbpTaThl mpoBeeHUS pacueTOB CBEJICHHI B TAOIUILYy 8.
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Tabmuma 8 — Pesynbprathl pacuera M/IIT 6e3 CXH u ¢ ucnosib3oBaHreM pa3aIndyHbIX

tunnoB CXH

MakcuManbHO AOMYCTUMBIHA
Tun CXH MIEPETOK AKTUBHOM
MOIITHOCTH
be3z CXH 231,9
O06o06mmennas CXH 234.,3
CXH ¢ cunbHOM 3aBUCUMOCTBIO OT HAIIPSKEHUS 230,4
CXH co cnaboit 3aBUCUMOCTBIO OT HAINPSKEHUS 232,9

[lo pe3ynbratam, mpencTaBICHHBIM B Ta0JUIlEe 8 MOXKHO MPUHTH K BHIBONY,
yTo yyeT CXH OKa3bIBa€T HE3HAUUTEIBHOE BIUSHUE HA MAKCUMAJIbHO JAOMYCTUMBIN
NEPETOK aKTUBHOM MouIHOCTH B ceueHnn HukneBapToBckass ['POC — IIC CoBercko-
CocHuHCKasi. DTO MOXKET OBITh CBSI3aHO, C TEM, UTO MpPH pacuerax ObLT pacCMOTPEH
OTHOCHUTEIIBHO HEOOBILON pailoH, copepKaliuii Majoe KOJIMYECTBO y3JI0B HArpy3Ku
[0 CPaBHEHHIO C pealpHbIMM paiioHamMu OJC, YTO TOBOPUT O BO3MOKHOCTH
3aHMKEHUSI TIOJIYYEHHOI'O pe3ysibTaTa, M, CIEJO0BaTelIbHO, 00Jie€ 3HAYUTEIHHOIO

BiusiHUS pa3innuHbiX TUIOB CXH Ha Benuuuny M/IIT B ceueHusx peaabHOM CETH.
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4 DUHAHCOBBIM MEHEeKMEHT, pecypcod(ppexTuBHOCTD U

pecypcocoepexenmne

Llensro JITAHHOTO pasnena «PUHAHCOBBIN MEHEIKMEHT,
pecypcodPEeKTUBHOCTL U pecypcocOepekeHue»  SIBISETCS  ONpeJesieHue
MEPCTIICKTUBHOCTH U 1EI€CO00Pa3HOCTH HAYTHOTO MCCIICIOBAHUSI.

B pazgene pemraroTcs ciaeayoomue 3a1adi: COCTaBISETCS KaJICHIApHBIN T1aH
BBITIOJTHEHUST PaOOThI, OMPEACIICTCS TPYAOEMKOCTh padOT, CTPOUTCS JIMHEHHBIN
rpapuk. Kpome  TOro, paccuuThIBacTCS ~ CTOMMOCTh  3aTpaT  HAyYHOM

UCCIIEZIOBATEIBCKOM pabOTHl.
4.1 OnpeaesjieHue KOHUENIMHU MPOEKTA

B nmanHO# Hay4yHO-HMCClEIOBATENBCKOW pabOTe MPOBOAUTCS HCCIIEIOBAHUE
BIIMSHUSA CTaTUYECKUX XapaKTEPUCTUK HArpy3kKM Ha MAaKCUMAaJbHO JOIMYCTUMBIC
MEPETOKU B KOHTPOJIMPYEMBIX CEUEHUSIX.

VY4er cTaTUYeCKUX XapaKTePUCTUK HArpy3Kd HEOOXOIUM ISl TOBBIIICHUS
aJIeKBaTHOCTU PACUETHBIX MOJENEH DJIIEKTPOIHEPreTUUECKUX CHCTEM B IIEJIOM.
OKCHEepUMEHTAJIbHBIE HCCIEOBAaHUS SBIISIIOTCS €IMHCTBEHHBIM CIOCOOOM HX
JIIOCTOBEPHOr0 onpeaeneHusi. M3Mmepsemas MOIIHOCTh 3aBUCUT KAaK OT PEAKLIUH
00BEKTa Ha M3MEHEHHE MHUTAIONIETO HAMpPsDKEHHs, TaK M OT CIy4ailHOro mporecca
HU3MEHEHUS Harpy3ku. [7]

Pa3paboranHas Meroauka mpakTuyeckoro uccieaoBanus BiusiHus CXH nHa
MJII B KOHTPOTUPYEMOM CEUYECHHUU MOKET OBITh MPUMEHHMMA IS JTFOOOTO «y3KOTO
MECTa»  JHEpProcucteMbl.  llONOKUTENBHBIMM  XapaKTEPUCTUKAMHU  JTAHHOTO
HCCIIEIOBAHUS SIBJIIIOTCS, MPEK/IE BCEro, HOBU3HA Pa3pabOTKU U MPOCTOTA METOAUKH
ONPEAEIEHNUS] MAKCUMAJIBHO JIOIYCTUMBIX MEPETOKOB. Take IpU MPOEKTUPOBAHUU
HOBBIX OOBEKTOB yU€T CTATHUYECKUX XAPAKTEPUCTUK HATPY3KH, MO3BOJIUT aJ€KBATHO
ONpeNeNuTh MNEPeTOK MOIMHOCTH 1o cedeHussM. Omnpenenenne MJII  no

pa3pabOTaHHON METONUKE HE TpeOyeT JOMOIHUTEIHHOTO 00Yy4YeHUs ISl TIepCcoHaa,
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HEOOXOIMMOCTH YCTAHOBKH JIOTIOJIHUTEIBHOIO 00OpY/AOBaHMS, a TAaKKe HEe TpeOyeT
OOJIBIINX JACHEKHBIX 3aTPAT HA peaU3aIHIo.
BoiBon: Metonuka omnpenenenuss MJIII, pazpaGoTanHas B XOAe€ HAy4HOTO
HCCIIEIOBAHUS UMEET P MOJIOKUTEIBbHBIX XapaKTEPUCTHUK:
1) HoBu3Ha pa3paboTKu;
2) Tlpocrora metoauku onpenencaus MJIIT;
3) Yuer CXH npu npoeKTHPOBAHUN HOBBIX O0BEKTOB;
4) He tpeOyeT JOMOIHUTEIBHOTO 00YUCHUS JIJIsl TIEPCOHAIA;
5) 3asBicHHAS dKOHOMUYHOCTh TEXHOJIOTHH;
6) OtcyrcTBHE HEOOXOIUMOCTH YCTAHOBKH JIOTIOJHUTEIIBEHOTO 000PY/I0BaHHS.
Taxke naHHas METOAMKA MOXET HAWUTH MPUMEHEHHUE ISl MPAKTHYECKOTO
ONpENIECNICHNs] MAKCUMAJIBHO NEPEAAaBa€MOM MOIIHOCTH IO CEYEHHUSIM B KPYIHBIX

SHEProcucTemMax
4.2 Opranuszanusi padoT HAY4YHOT 0 HCCJIeI0BAHUS

[IraHupoBaHWE KOMILIEKCA TMPEIIOaraéMbIX padOT OCYIIECTBISETCS B
CJICTYIOIIEM TIOPSIIKE:

-OTIpe/IeJICHNE CTPYKTYPHI paboT B paMKax HAyYHOTO UCCIIEIOBaHMS,

-OTIpe/ICIICHNE YYACTHUKOB KaXK10H paboTHI,

-YCTaHOBJICHHE MTPOIOJKUTEILHOCTH PadoT;

-moctpoeHre rpaduka nposeneHus uccienoBanus MJIII ¢ yuerom m 6e3

yueta CXH.
4.2.1 TlnanupoBaHue HAYYHO-UCCJIE0BATEIbCKOI padoThl

[InaHupoBaHKEe HAYYHOrO HCCIIENOBAHUS SIBISETCS HEOTHEMIIEMOW YACTHIO
pabotel. [lpaBuibHOE TJIAaHUPOBAHWE BCEX JITAMOB IO3BOJIAET O0Jiee TOYHO U
pallMOHAJIBbHO HCHOJIb30BaTh JCHEKHBIE CpPEJICTBA M HEOOXOJUMBbIE TPYJIOBbIE
peCypCehl.

NcxonHbiMu TaHHBIMU [JI1 pacyeTa SIBISETCS IUIaH BBIOJIHEHUs padoT, UxX

TPYAOCMKOCTDb M IIEPCUCHb NCXOAHBIX MATCPHUAJIOB.
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I[Hﬂ ONpCACICHUA TPYAOCMKOCTH BBIIOJIHCHHUA HAYYHOI'O HCCICOOBAHUSA

COCTaBUM IICPCUYCHL OCHOBHBLIX BHUIOB M 3TAllOB pa6OTBI, KOTOPBIC JOJIKHBI OBITH

BbINOJIHEHBI. [1nan padoT cBeneH B Tabnumy 9.

Tabnuua 9 — [1nan HayyHO-HCCIEN0BATENBCKON pabOThI

Ne
Jramna

HaunmenoBaunue
J3TAIOB

HanmenoBanue padbot

Ucnonuurenu

IIponomxure
JIBHOCTh
3TaroB B %

TloarotoBUTENHLHBINA
JTar

[Tonyyenue
3aJaHHsI

TCXHHUYCCKOT'O

Omnpenenenne oobemMa paboT

[Ton6op HEOOXOJUMOK
JUTEPATyPHI

PykoBourens
CryneHt

10

PazpaboTka
TEOPETUYECKON YacTu
HAy4YHOTO
HCCIEeN0BaHUs

Omnucanue
KpUTEPHEB
MaKCHUMaJIbLHO
MEPETOKOB
ceueHmsax JC

IIOHATUSA u
OTIpe/IeTICHUS
JAOITYCTUMBIX

MOIITHOCTHU B

IIpencraBnenne cTaTUYECKUX
XapaKTEPUCTUK 000OIIEHHON
HAarpy3ku B IIPOrpaMMHOM
koMIuiekce «RasrWin3»

PykoBoaurens
Crynent

35

DKcIepuMeHTabHbIC
paboThl

OnpeneneHre MaKCUMAJIbHO
JOIYCTUMOTO TEpeToKa IO
tpan3uty 220 kB Tomckas —
[Tapabens —
HwxneBaprosckas ['POC 6e3
yuera CXH

Omnpenenenve MaKCUMalIbHO
JOIYCTUMOIO TEpeToKa IO
tpan3uty 220 kB Tomckas —
[Tapabenn —
HwxneBaprosckas ['POC ¢
yuetom CXH

PykoBoauTenn
CryneHt

35

BriBoib1 1
MPEeJI0KEHUS 110 TEME

BeiBogsl 1O mpojaenaHHOU
pabore

OdopmiieHue T0KyMEHTaluu

PykoBoaurens
CryneHt

15

3aBepIiaronuii sran

CormacoBanue
JTOKYyMEHTAII!
C PYKOBOJAUTEIIEM

[lyOnukanuss  MOJYy4EHHBIX
pE3YIABTATOB

PykoBoaurens
CryneHt

Bcero

100
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4.2.2 Onpenenenue TPYA0EMKOCTH BbINOJTHEHHUS MCCJIEI0BAHNS

Pcuer TpynoeMKOCTH OCYHIECTBISIETCS OMNBITHO-CTATUYECKUM METOA0M,
OCHOBAaHHBIM Ha OMNpPENETHUU 0°KHIAEMOr0 BPEMEHH BBIIIOJHEHUS padOT B YEJIOBEKO-
IHSX 110 hopmyIe:

3t . +2t .
t = (26)

rae {,.; — oKumaemast TpyJOEMKOCTb BBITIOHEHHUS i-0i pabOTHI Yell.-/TH. ;

tmini — MAKCHUMAJIBHO BO3MOXHaAA TPYIOCMKOCTH BBLITTOJITHCHUA SaﬂaHHOﬁ i-oi

pa60T51 (OHTI/IMI/ICTI/I‘ICCKaSI OICHKA: B HIPCAIOJIOKCHUHA HauoOoJiee 6Har0HpI/ISITHOFO

CTEUYEHHS 0OCTOSATEIBCTB), YeH.-IH.;

tmaxi — MAaKCUMAJIbHO BO3MOJKHAA TPYAOCMKOCTb BBITTOJTHCHUA BaHaHHOﬁ i-oi

paboThI (meccuMucTHUECKas OIICHKA: B MPEITOIOKEHUH HauOoJiee
HEOJIarONPHUATHOTO CTEUCHUSI 0OCTOSITEIIHCTB), YEIL.-/TH.

Hcxons u3 0KHIaEMOH TPYIO€MKOCTH pabor, onpenenseM
IPOJOJKUTENBHOCTh  KaXJI0W paboTel B pabounmx JHAX 7, y4dUTHIBarOLIas
NapajuieIbHOCTh  BBITIOJIHEHUS Pa0OT HECKOJBKUMHU HCTIOJHUTENAMH. Takoe
BBIYHMCJICHUE HEOOX0IUMO JIs 0O0CHOBAHHOTO pacyeTa 3apa00THOM IJIATHI.

tonci
T, = (27)

rmue Tpi — TIPOJIOJKUTEIIHFHOCTE OJTHON PadoThI, pad.aH.;

i, — oKnmaemas TPy0eMKOCTb BBIITOJHEHUS OXHOM paboThI, Uesl. -1IH. ;

qi — YHUCJICHHOCTD I/ICHOHHI/ITGHCI\/’I, BBIIIOJHAIOIMUX OAJHOBPEMCHHO OAHY H

Ty K€ paboTy Ha JaHHOM JTarle, Yel.

PesynbTaThl pacuetoB o ¢popmynam (26) u (27) cBenensl B Tadnuiy 10.
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Tabnuua 10 — TpynoeMKocTh U JUIMTENBHOCTh pa0OT

TpynoémkocTs pador JIMTeILHOCTH
_ t pador B
Liin Lax odci paGounx aTHAX
yeJI-aHI r pi
HasBanue " 2 2 2
paGOTLI ;E § = ;E § = ,E qE = ;E § =
=2| € =2 § ES| 8§ |E8| ¢
el & gl 2 LZg| z|Lg >
2 [ ] [ =] [ =] [
g © gl 9 gl 9 | 2g| ©
2 2 ~ ~
1. CocraBieHue U yTBEpKI€HUE 1 i 3 18 5
TEXHUYECKOI'O 3aJaHus
2. Onpenenenune oobema padoT,
Mo 100p HEOOXOAMMOM - 7 - 9 - 7.8 - 8
JTUTEPATYPHI
3. Onucanue MOHATHS U
KPUTEPHUEB OTIPEICTICHUS
MaKCUMAaJIbHO JIOMTyCTUMBIX 2 20 4 24 28 | 21,6 3 22
MEPETOKOB MOIIIHOCTH B
ceueHusax OC
4. TIpeacraBieHNe CTATUICCKUX
XapaKTEPUCTHK 0000IICHHOM 1 7 5 9 14 7.8 5 8
Harpy3k B MPOrpaMMHOM
komiuiekce «RasrWin3»
5. OnpeneneHue MakKCUMaJIbHO
JOTIYCTUMOTO TIePETOKa T0
tpau3uty 220 kB Tomckas — 2 15 4 18 2,8 | 16,2 3 17
[TapaGenb — HuwxHeBapTOBCKast
I'POC 6e3 yuera CXH
6. OnpeneneHue MaKCUMaJIbHO
JOTIYCTUMOTO TIEPETOKA T10
tpau3uty 220 kB Tomckas — 1 11 2 14 14 | 12,2 2 13
[TapaGenb — HuwxHeBapTOBCKast
I'POC ¢ yuerom CXH
7. BBIBOJIbI IO TIPOJICTTAHHOU
pabore, ohopmiIeHHE - 14 - 16 - 14.8 - 15
JTOKYMEHTAIluU
8. CornacoBaHue
JOKYMEHTAINH C 2 - 4 - 2,8 - 3 -
PYKOBOIUTEIIEM
9. ITy6nukarus noy4yeHHbIX 1 1 1 1 1 1 1 1
pe3ynbTaToB
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4.2.3 Pazpa0orka rpaduka I'anta

Haubonee ynoOHBIM M HaIJISIIHBIM B JTAHHOM CIIy4ae SIBJIIETCA MOCTPOEHHUE
JIEHTOYHOTO Tpaduka npoBeaeHus padot B popme auarpammel I'aHTa.

HNuarpamma ['aHTa — TrOpU30OHTANBHBIN JIEHTOUHBIA TpaduK, HA KOTOPOM
paboThl MO TEME NPEACTABIAIOTCS MNPOTSKEHHBIMH BO BPEMEHH OTpPE3KAMH,
XapaKTePU3YIOIUMHUCS JaTaMU Hadayia U OKOHYAHHSI BBITIOJTHEHUS TaHHBIX padoT [8].

I'padux ctpoutcs Ha ocHoBaHuM Tabmuubl 10 ¢ pazdbuBkoi Mo mecsuaM u
HeaensaMm (7 nHel) 3a Mepuoj BPEMEHM MPOBEACHHS HAy4HOro ucciefoBaHus. Jlis
ynoOcTBa uteHus rpaduka, paboTsl, peacTaBieHHble B Tabnuie 10, B 3aBUCUMOCTH
OT HUCIIOJIHUTENEH, BBIMOJHSIOMIUX Ty WM UHYIO paboTy, BbIACIUM pa3iudHbIMU
mrpuxoBkaMu. Kaxknas pabota o603HaueHa HOMEPOM, COOTBETCTBYIOIIUM HA3BAHUIO
pa6otel B Tabnune 10. [ToctpoeHHslii rpaguk npuBesieH B MpuiioxeHuu I

[lo nuarpamme [aHTa MOXHO OIpEAENUTh MPOJOJKUTEIBHOCTh PalOTHI,
KOTOpasi cocTaBisieT 15 Henmenb, HAUMHASL C YETBEPTOM Heaenu (QeBpalisd, 10 BTOPOH
Hexaenu wuioHA. OpHAKO eclu  Y4ecTh BEPOSTHOCTHBIM  XapaKTep OILICHKHU
TPYJOEMKOCTH, TO pealibHasi MPOIOJDKUTETLHOCTh PAb0T MOXKET OBITh KaK MEHbIIEe
(mpu GIAarompUATHOM CTEYEHHH OOCTOATENbCTB), TaK U HECKOJIBKO IPEBBICUTH
YKa3aHHYIO MPOAOHKUTENILHOCTS (TP HEOIaronpusiTHOM CTEYEHUU OOCTOSITENIBCTB).

Takxe mno paumarpamMe [aHTa MOXHO MPEABAPUTEIBHO  OLECHUTH
POJOJIKUTEIIHBHOCTh BPEMEHH PA0O0ThI KaX0TO M3 UCTIOIHUTECH.

[TpomomKUTETLHOCTD BBIMOJTHEHHS Bee paboThl coctaiseT 100 muei. [lpwu
TOM MPOAOKUTEIBHOCTh BpEeMEHM paloThl CTyAeHTa cocTaBiser 84 1HA, a

MPOJIOJDKUTEIFHOCTh BPEMEHH Pal0OThl HAYYHOTO PYKOBOJMTENS COCTaBIseT 16

JTHEH.

4.3 CocTaBiieHue cMeThl 3aTpaT Ha npoBenedue HU

Cmeta 3aTpar — 3TO NOJIHBIM pacyeT 3aTpaT Ha MPOBEJACHHUE HAYyYHOTO
HCCIIETOBAHUS.

Cwmerta 3aTpat BKIIIOYAET B ce0s:
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1) marepuanbHBIC 3aTPATHL;
2) TOJHYIO 3apa0OTHYIO TUIATY MCIIOJIHUTENICH UCCIICIOBaHMS;
3) oTuucieHHs BO BHEOIOKETHBIC (DOHJIBI (CTPaXOBBIC OTYUCIICHNUA);

4) HakKJIaJHBIC PACXOJIbI.
4.3.1 Onpenesienne MaTepUAJIbHBIX 3aTPAT

Ilog marepuanbHBIMU 3aTpaTaMyd B JAaHHOM ClIly4a€ CleayeT IOHHUMAaTh
3aTpaTbl Ha KaHUEISAPCKUE TOBApbBI, II€4aThb C DJJIEKTPOHHBIX HOCHUTEJNEH.
OpHEHTUPOBOYHO NPUHMMAEM BEJIMYMHY MATEpHUANIBHBIX 3aTpaT paBHyro 1500

pyOIei.
4.3.2 Onpenesenue 3apaboTHOI MJIATHI UCIIOJHUTE/IEH UCCTEeI0BAHUSA

CraThsi  BKIIOYACT  OCHOBHYIO  3apaboTHyl0  mjary  paOOTHHKOB,
HETIOCPEJICTBEHHO 3aHATHIX BBIMOJIHCHUEM HAyYHOTO HCCICAOBaHMS, (BKIIIOUas
IPEMUH, JTOTUIATHI) U JOTIOTHUTENBHYIO 3apab0THYIO TUIATY:

30 = Bacat 3uon0 (28)

rae 3., — OCHOBHas 3apaboTHas I1aTa;

3, — JIOTIOJHUTENbHAsA 3apaboTHas wiata (12-15% ot 3,,,).

OcHOBHYIO 3apabOTHYIO IJIaTy CIEAYET PACCUUTHIBATH MO PopMyIie:

Boen = 3 Ty (29)

rae 3,, — cpelHeAHEeBHAas 3apa0oTHas IIaTa;

T, — Tapudnas craska.

CpennenneBHasi 3apabOTHAs IJIaTa PAaCCUUTHIBAETCS 0 popmyIie:

B 3. +3,+3,

3, =——2 T,
e (30)

a

rae 3, — MECSYHBIN JTIOJDKHOCTHOM OKJIa] paOOTHHKA;
3, — nomiarta, 3a ocoOble ycnexu npu BeinoaHenun HU;

3,« — JloTIaTa ¢ y4eToM paiioHHoro ko3d¢unnenta, K =13;

68



F, — donx pabouero BpeMeHH MepCcoHANA.

PacueTr ocHOBHOM 3apabOTHOM IIaThl IpUBEEH B Tabauue 11.

Tabnuua 11 — Pacyer ocHOBHOI 3apabOTHO MIIaThI

Ucnonuurenu | 3,, pyo ?;;’g 36 PYO | 3u PYO | 3 PYO | Tp, 1H | 3ocu, YO
PykoBonurens | 20389,9 | 2200,0 | 6776,9 | 29366,9 | 1129,5 16 18072,0
CryneHr 8000,0 - 2400,0 | 10400,0 | 400,0 84 33600,0
HUroro 51672,0

3arpartbl TO JOMOJHHUTEIBHOW 3apaOOTHOM TMJaTe WCIOJHHUTENCH pPabOoThI
YUUTHIBAIOT BEIWYMHY NPEIYCMOTPEHHBIX TpydoBBIM KojekcomM P® morutar,
CBSA3aHHBIX C OOCCIICUCHWEM TapaHTUH W KOMIICHCAIMi (MPU HMCIIOJIHECHUHU
TOCY/JIapCTBEHHBIX W OOIIECTBCHHBIX OOS3aHHOCTEH, MPH COBMEIICHUU PadOTHhI C
o0ydeHUeM, TPH TPEOCTABICHHH €KETOHOTO OIUIAYMBAEMOT0 OTITYCKa  T.11.).

Pacyer nmomonmHuWTENnbHOW 3apabOTHOM IUIATBl BENETCS IO CIEIYIOIICH
dbopmyie:
(31)

rae K., — koadpduimeHTt nononHuTenpHON 3apaboTHOM IIaThl (IPUHUMACTCS

pasubiM 0,12-0,15).

Pacuer nonosiHuTENBHOM 3apabOTHOM IJIATHI IPUBEICH B Tabymie 12.

Tabmuma 12 — PacueT 7onOJHUATENIbHON 3apaO0THOM TIIATHI

Hcnonaurenu Kon 3ocis PYO 301 PYO 3.0, PYO
PykoBoauTenb 0,14 18072,0 2530,0 20602,0
CtyneHT 0,13 33600,0 4368,0 37968,0
Htoro - 51672,0 6989,0 58570,0

4.3.3 OTunc/ieHus: BO BHeOOIKeTHbIE (DOH/IBI

B nanHOW cTathe pacxo0OB OTpaKalOTCS O0sS3aTeIbHBIC OTYUCICHUS TIO0

YCTaHOBJICHHBIM 3aKOHOJATENIbCTBOM Poccuiickonn denepanuyr HOpMaM OpPraHoB
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rocynapctBeHHOro conuanbHoro crpaxoanusi (OCC), nencuonnoro ¢ouna (I1D) u
MeauuuHckoro crpaxoBanusi (OOOMC) ot 3aTpat Ha omiaty TpyAa paOOTHUKOB.
Benuunna otuncneHuil BO BHEOIOKETHBIE (DOHIBI OMPEEIsSeTCS UCXOs U3

cieayriieit GopmyIb:

3BHe6 = kBHeG ) (3 + 311011 ) ’ (32)

OCH

rae K,.; — KoopPUIUCHT OTYMCIICHUH Ha YIUIATy BO BHEOIOKETHBIC (hOH/IbI

BHEO

(nerncuoHHbIN GoHA, POHI 0043aTEIBHOIO CTPAXOBAHUS U TIP).

Ha 2016 r. B cooTBeTcBuu ¢ PenepanbHbiM 3aKOHOM OT 25.07.2009 Neo212
YCTaHOBJIEH pa3Mep CTPaxOBbIX B3HOCOB paBHbIN 30,2%.

Torna mo ¢gopmyne (32) Benu4YrHA OTYUCICHUN BO BHEOIO/KETHBIE (HOHIBI

COCTAaBUT:

3,6 = Kones *(Buent 30n ) = 0,302 58570 =17690 pyG.

OCH
4.3.4 Hakinaanble pacxoabl

Haknagneie pacxonbl y4YMTHIBAIOT MpOYHME 3aTpaThl OpraHu3alud, He
NOMABIIME B TPEIbIAYIIME CTaThU pPACXOJOB: TIeYaTb U KCEPOKOMMPOBAHUE
MaTEpHUAJIOB MCCIEOBAHUs, OIUIaTa YCIYT CBS3U, AJIEKTPOIHEPTUU, MOUTOBBIE U
TenerpadHble pacXxo/bl, pa3MHOKEHHUE MAaTEPUAJIOB U T.J.

Nx BennuuHa onpeaesieTcs 1Mo ciaeayrmei hopmyie:
3Hal<.n = ka ) 3Tex 2 (33)
rae K, — koadduuueHt, yquThIBalONMil HaKIaJHbIE pacxoisl. Bemuunua

JTaHHOTO K03 ulleHTa mpuHUMaeTcs B pazmepe 16%.
4.3.5 ®opmupoBanue cMeThbl Ha npoBeaenue HU

Paccuntannas BenmnunHaA 3aTpaT Ha MPOBEACHUE HAYYHOI'O HCCIIEIOBAHMS
SBIISIETCSI OCHOBOHM i (opMuUpoBaHUs OOJKETa 3aTpaT MPOEKTa, KOTOPBIA IMpHU
dbopMHUpOBAaHUU JOTOBOPA C 3aKA3UYMKOM 3aIMIIAETCS OpraHW3aIfeil B KayecTBE
HUKHETO TIpejiesia 3aTpaT Ha pa3padoTKy TeXHUYECKON TPOTYKITHH.

Omnpenenenne cMeThI 3aTpat Ha nposeaeane HU npuseneno B Tabmmie 13.
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Tabmuua 13 — Onpenenenue cMEThI 3aTpaT Ha IPOBEICHNUE HAYYHOT'O UCCIIEI0BAHUS

HaumeHnoBaHue cTaTbu Cymma, CrpyKTypa
ThIC. pYO. 3arpar, %
1. MarepuanbHble 3aTpaThl 0,9 1
2. 3arpatsl 1o 3apabOTHOM IJIaTe UCTIOTHUTENEH 58,60 64
paboThI
3.0t1uncienust BO BHEOIOIKETHbBIE (DOHBI 17,40 19
4. Haknagnele pacxoibl 14,70 16
HUroro 91,6 100

B Xoxme  BBIOJIHEHMS ~ JAHHOTO — MojJpasfjena  Oblla  paccuuTaHa
IPOJOJIKUTENIBHOCTh BBIMOJHEHUSI HAYYHOT'O UCCIEI0BaHUs, KOTOopas cocTaBiser 84
pabouux AHS 1 cryneHta u 16 ans pykoBoautensa. CocTaBieH KaleHIApHBIN
rpaduK BBITIOJHEHUS padoT.

CMmera 3aTpaT Ha NpOBEAECHHE HAy4yHOro uccienoBaHus coctasiseT 91,60

ThIC. py0, M3 KOTOpbIX Ooiiee moJIOBUHBI (64%) COCTaBISAIOT 3aTpaThl Ha OIJIATy

Tpyza.

4.4 Ouenka 3(p(peKTUBHOCTH HAYYHOI' 0 UCCJIEIOBAHUS

[IpuMeHEeHNE CTaTUYECKUX XapaKTEPUCTHK HArpy3Kd IpU ONPENEIICHUH
MaKCUMAaJIbHO JOMYCTUMBIX NEPETOKOB B KOHTPOJHMPYEMBIX CEUEHHUSX MPHUBOIHUT K
0oJiee TOUHOMY OINMCAHUIO CTETICHH 3arPYKEHHOCTH JIMHUN JIEKTpOoTepead Mo TOKY
U 10 akTUBHOW MoOImHOCTH. C MOMOIIBIO 3TOM WH(OPMAIMM MOMHO BBISICHUTb,
CYILIECTBYET JIM MPEBBIINICHUE 3HAYEHUN TOKA M AKTUBHOW MOIIHOCTH B «Yy3KHX
MECTax» HEPIOCUCTEMBI U YK€ Ha OCHOBAHHMM ITOTO CAENATh BBIBOJ O JONMYIIECHUU
JanbpHeWe paboThl JAHHOTO ceueHus 0e3 MPUMEHEHHS JOTOTHUTEIbHBIX MEP, 10
YBEJIIMYEHUIO MAKCUMAJIbHO JOIYCTUMOTO IIEPETOKA.

Takum 00pa3om, BBINOJHHUB IOCTABJICHHBIE 3aJladyd IO JAHHOMY pas3feny,
MOYKHO CJI€JIaTh CIEAYIOIINE BBIBOJIBL:

I. Metonuka onpenenenuss MJII, pa3paboTraHHass B XOA€ HAy4YHOIO
WCCIIEIOBAHUSI UMEET PSiJ TTOJIOKUTENBHBIX XapaKTEPUCTHUK:

1) HOBH3Ha pa3pabOTKH;
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2) mpocrtota MeToauku onpeaenenus MJIIT;

3) yuer CXH npu npoeKTHPOBAHUN HOBBIX O0OBEKTOB;

4) He TpeOyeT AOMOIHUTEIBHOTO O0YUSHUS IS IEPCOHAIA;

5) 3asBICHHAS YKOHOMHYHOCThH TEXHOJIOTHUH;

6) orcyrcTBHE HE00XO0AMMOCTHU YCTaHOBKHU JOTIOJHUTEIBHOTO
000py10BaHMUS;

7) BO3MOXHOCTh TPUMCHEHHUS JUIA  MPAKTHYECKOTO  OMpPEICIICHHUS
MaKCHMAaJIbHO TIepe/1aBaeMON MOIIHOCTHU 10 CEYEHUSIM B KPYITHBIX SHEPIOCUCTEMAX.

2. Ilpyn nymaHUpOBaHUM HAYYHOI'O HCCIEAOBaHHUS ObLT pa3paboTaH rpaduk
3aHATOCTU JJIsl UCIIOJIHUTENed paloThl, cOCTaBieHa JeHTouHas auarpamma ['aHTa,
KOTOpasi MO3BOJIET OLICHUTD U JIyUllle CIUIaHUPOBaTh paboyee BpeMs UCTIOJHUTENEH.
[IpoaomKnuTeTbHOCTh BBIMOJIHEHUsT Beeil pabothl coctasnsger 100 mueit. [Ipu stom
NPOJOJKUTEIBHOCTh BpEMEHU pabOThl  CTyJdeHTa cocTaBiser 84 nHsd, a
POJOJIKUTEIBHOCTh BPEMEHU pabOThl HAYYHOTO PYKOBOAMTENS COCTaBisgeT 16
JTHEMH.

3. CocraBieHa cMeTa Ha IMPOBEICHHE HAYYHOI'O HCCIEIOBAaHMS, KOTOpas
MO3BOJIMJIA OLIEHUTh TIEPBOHAYAIBHBIN OI0/KET 3aTpar Ha peanuszanuio HU. Cmera
3aTpaT Ha MPOBEJACHHE HAYYHOIro HccienoBaHus coctaBisieT 91,60 Teic. pyo, u3
KOTOPBIX OoJiee mosI0BUHEI (64%) COCTABIAIOT 3aTPAThl HA OIUIATY TPY/a.

Peanuzanust maHHOrO HAyYHOTO HCCJICAOBAHUS IO3BOJUT MPUMEHSTH
pa3pabOTaHHYIO METOAUKY JUISl Pa3IMYHBIX CYIIECTBYIOUIUX CXEM DHEPTrOCUCTEM MPH

ONPEAECIECHUH MAaKCUMAaJIbHO JOIYCTUMOIO IIEPETOKA B KOHTPOJIUPYEMOM CEUECHUMU.
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5. ConnajbHasl OTBEeTCTBEHHOCTH

CoumanpHass OTBETCTBEHHOCTb — pa3edl  pPacCCMOTPEHUS  BOIPOCOB
BBITIOJIHEHUS TpeOOBaHUN K O€30MaCHOCTH M TUTHUEHE TPyJa, K MPOMBIIUICHHOM
0€30IacHOCTU, OXpaHE OKPYKAIOIICH CPe/Ibl.

[lenpt0 gaHHOrO paszgena SBISIETCA PACCMOTPEHUE BPEIHBIX M OIMACHBIX
MIPOU3BOJICTBEHHBIX (PAKTOPOB, ACHCTBYIOIIMX HA JIEKTPOMOHTEPOB Ha IMOJCTAHIIUU
Beptuxoc, a Takke 6e3omacHocTh pu UC u sxosiorudeckasi 6€30macHOCTb.

Jlns  oOecreueHust 0€30MACHOCTH  OCYIIECTBJICHHUS  JACATEIBHOCTH U
UCKIIIOUCHUS 3arpsi3HEHUsT OKPYKaroled Cpenbl, HOKEH ObITh MPOW3BEICH aHAIU3
omacHOCTeN (OPMUPYEMBIX MPHU ATOM JAEATEILHOCTH, 3aT€M NPUHATHI 3P(HEKTUBHbBIC
Mepel 1o 3amure. [lociae dero MomKHBI OBITH pa3paOOTaHbl MEphI 3alIUTHI OT
OCTaTOYHOT'O PUCKA JIEITEIIBHOCTH, TaK Kak oOecrnieueHrne adbCoIOTHON 0€30MacHOCTH
HEBO3MOKHO MPEANPUHATD.

OGecrieueHne O€30MACHOCTH  JKU3HENEATEIIBHOCTH 4eJioBeKa (pabouwid,
00CITy>)KMBaIOIIUN TIEPCOHANI) HA TMPOU3BOJCTBEHHBIX NPEANPHUATUSAX 3aHUMACTCS
«oxpaHa Tpyaa». OxpaHa Tpyna W 3J0POBbs, TPYISIIUXCS Ha MPOU3BOJICTBE,
HauBaXHeWme 3amauveir. Ilpu pemieHMu dTOM 3amaduu  HEOOXOJAMMO YETKO
IPEACTABIATh CYIIHOCTh IIPOIIECCOB U OTHICKATh CIMIOCOOBI (Hanbosee MmoIX0 IsIIue K
KOKJIOMY KOHKPETHOMY CJIy4dal0) YCTpaHSIOIIUE BIMSHHE HA OPraHU3M BPEIHBIX U
omacHbIX (aKTOPOB MW MCKIIOYAIONIME TpaBMaTu3M H  NpodeccCuoHaIbHbIC

3a00J1eBaHMS.
5.1 AHaIu3 BpeIHbIX U ONACHBIX ()AKTOPOB

Bo Bpems ocymiecTBICHUS TPYAOBOM JACATEIBHOCTH JJICKTPOMOHTED
MOABEPracTCsl BO3JICHCTBUEM BPEIHBIX M OIACHBIX IPOHM3BOICTBEHHBIX (DAKTOPOB,
KOTOpPBIE ~ MOTYT  TPUBE3TH K  CHIDKCHHIO  €ro  pabOTOCIIOCOOHOCTH,
mpodeccuoHaIbHBIM 3a00JIEBaHKMSM U TpaBMe, coryiacHo [9].

B mpomecce TpymoBod MEATEIBHOCTH SJICKTPOMOHTED HCIIBITBIBACT TaKHE

BPCIOHBIC (baKTOPBI Kak aKYCTI/ILIeCKI/Iﬁ IyM, DJICKTPOMArHuTHBIC ITOJIA M U3JTYUCHUA,
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pabouee OCBEIICHNE, MUKPOKIMMATHICCKHE YCIOBHUS, OMTACHBIM (DAKTOPOM SIBIISICTCSI
MOPAKEHUE DIICKTPUIECKUM TOKOM.
Hanee OynyT mnoapoOHEEe pacCMOTPEHBI MPUPOAA, BO3JCUCTBUE U

MEPOTIPUATHUS 110 CHIXKEHUIO BO3JIEHCTBUM KaXK10T0 U3 (PaKTOpOB.
5.1.1 DjeKTpOMardHuTHbIE MOJIA U U3J1yYeHUsI

BHGKTpOMaFHI/ITHOC IIoJIE — DJOTO CHJIOBOC IIOJIC, O6pa3OBaHHO€ BOKpPYT
QJICKTPUYICCKOI'O TOKA, 9KBUBAJICHTHOC JJICKTPUUCCKOMY U MATHUTHOMY IIOJITO. Tak
KaK Jr00as QJICKTPOYCTAaHOBKA TOH WIA HMHOM CTCNECHM SBJISIETCS WCTOYHUKOM
QJICKTPOMArHuTHOI'O IOJII B IPOCTPAHCTBC, TO PACCMOTPCHUC I3TOIO BOSﬂGﬁCTBHH

UMEET MECTO.
5.1.1.1 Bo3neiicTBUE HA OPraHU3M

DJIEKTPOMArHUTHBIC MO 00J1aaf0T BBICOKOW OMOJOTHYECKON aKTUBHOCTBIO
BO BCEX UYACTOTHBIX JAMamna3zoHax. Bo3aeilcTBus moisi Ha 4YeloBeKa MOXKHO
KJaccu(UIUpoBaTh KaK HENPEphIBHOE U IMpephIBUCTOE, OO0Iee U MECTHOE,
KOMOMHUPOBAHHOE OT HECKOJIbKUX HCTOYHHUKOB M COYETaHHE C JpPYyTrUMU
HEeOJIaronpuaATHBIMU  (haKTOpaMu Cpelibl, UIMTEIbHOE BO3ACHCTBHE KOTOPBIX Ha
OpraHu3M  4YeJoBeKa MOTYT  BbI3BaTh  HEHpoOJerepatuBHbICE  OOJIE3HU U
HEUPOJIOTUYECKUE PACCTPOMCTBA. B CBSI3M C 3TUM HOPMHPOBAHME U KOHTPOJb
BO3JICHCTBUSA AJIEKTPOMArHUTHOTO TIOJNSL SIBIISIOTCS  BaXKHBIMU — 3aJladyaMu st
obecrieueHus1 6€30MaCHOCTH PabOT B ANEKTPOYCTAHOBKAX MOCPEICTBOM TEXHUYCCKHUX

Y OpraHU3alMOHHBIX MEPOTIPUATHH.
5.1.1.2 lomycTUMBbIE HOPMBI

[TapameTpamu, OMpENENSIONIUMU CTEIICHh BO3JCHCTBUS Ha OPTaHU3M,
SIBJISTFOTCSI:
1) gactora f, I';
2) HaNPSHKEHHOCTH AJIEKTpUIeckoro mois E, kB/M;

3) HampsLKEHHOCTh MarHUTHOTO ToJist H, A/Mm.
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HopmupoBaHue 3IeKTpOMAarHUTHbBIX II0JIEM MPOMBIINUIEHHONM  YacTOThI
OCYLIECTBIAOT MO  MNPEAECIbHO  JONYCTUMBIM  YPOBHSM  HANPSKEHHOCTH
AIEKTPUUYECKOTO U MArHUTHOTO TOJISI B 3aBUCUMOCTH OT BPEMEHU NPEObIBAHUS B HEM.

B Tabmuue 14 npencraBieHbl  MPEAENbHO  JIONYCTUMbBIE  YPOBHU

HANPSHKEHHOCTH 3JICKTPUIECKOTo mouis coriacHo [10].

Tabnuua 14 — IlpenenabHo 1ONyCTUMbIE YPOBHHU AJIEKTPUUECKOTO MOJIS

JHomyctumoe BpeMs peObIBaHUS B 30HE

E, kB/m .
BO3EUCTBUSA

npeObIBaHUE B AJIEKTPUUECKOM TI0JIC
E<5S JIOIYCKAETCA B TEYEHUE TTOJIHOTO
pabouero gHsl.

JOITYCTUMOE BpeMs IpeObIBaHUS B
DJICKTPUYECKOM IT0JIC BBIYUCIISIFOT TI0
bopmyre:

T, yacoB = (50 / E) — 2;
npeOBIBaHNE B DJIEKTPUICCKOM TIOJIE HE
oomnee 10 MmunyT

5<E=<20

20< E<25

E>25 HpC6BIBaHI/I€ B SJICKTPHUYCCKOM II0JIC oe3

CpCACTB 3allIUTHI HC OOITYCKACTCA

JIns MarHUTHOTO MOJI MOPEAEIbHO AONYCTUMBIE YPOBHM HAIPS)KEHHOCTH

npuBeeHbl corsiacHo [11] B Tabmure 15.

Tabnuna 15 — IlpeaenbHO JOMYCTUMBIE YPOBHU MAarHUTHOTO OIS

Bpems npeObiBanust (4) JlonmycTrMble ypOBHM MAarHUTHOTO TIOJISI

H, (A/m) | B, (MxTn) | H,(A/M) | B, (mxTn)

OO0uree Bo3nencTeue | JIokaibHOE BO3IEUCTBUE

<1 1600/2000 6400/8000
2 800/1000 3200/4000
4 400/500 1600/2000
8 80/100 800/1000
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5.1.1.3 CpeacrBa 3a11MTHI

Ecnu HanmpspKeHHOCTh  AJIEKTPUYECKOTO W MArHUTHOTO TOJIE IPEBBIIIAET
MPENENbHO T0MYCTUMbIE YPOBHHU, JOJIKHBI ObITh MPUHATHI MEPHI MO €€ CHUKEHUIO.

Camxenue  BosgerctBus  OMII  pmocturaercss  myreM  yJdajeHUs
AIEKTPOYCTAHOBOK OT paboueil 30HBI, a B CIyyasiX, KOrja MPOU3BOASATCS pabOTHI
BOM3M uctouHuka OMII — orpaHnyeHueM BpeMeHU NpeObIBaHUS PabOYUX B 30HE
nevctBusi, cornacHo Tabmuuam 14, 15 [m. 5.1.1.2], wim npuMeHEeHHEeM
AKPAHUPYIOIIUX 3AIIUTHBIX YCTPOMCTB, KaK aKTUBHBIX, TaKk M maccuBHbIX. Kpome
TOTO, CHWXXEHUE BO3JIEUCTBHUS TOJIA MOXET ObITh JOCTHUTHYTO  IyTEM
KOHCTPYKTHBHOTO COBEPIIEHCTBOBAHMSI OOOPYAOBAaHUS B HANPABICHUU CHUXKEHUS
OMIL

Tak >xe 3ammMTa OT BO3JCUCTBHUS DSJIEKTPOMATHUTHOTO TIOJNS MOXKET
oOecrieuynBaTbCcd NPUMEHEHHE CPEJCTB M METOJOB KOJUIEKTUBHOM (3a3eMIISIOLINE
YCTPOIMCTBA, HEUTPAIMU3aTOPhl, YBIAKHSIOUIME YCTPOMCTBA) W WHIWBHUIYAIbHOU
(okpaHupyrolas KypTka, OpIOKM, HaKaCHHK, IepyaTKd, OOyBb M DKpaH AJs JIMIA)

3amuThl [12].
5.1.2 AkycTHYeCKMid IIyM

AKYyCTHYECKHM IITyM — OECIopsiA0UHbIE 3BYKOBBIC KoJIeOaHHS B aTMocdepe.
[loHsiTHE aKyCTHYECKOTO IIIyMa CBSI3aHO CO 3BYKOBBIMU BOJHAMH, IOJ] KOTOPBIMU
MOHUMAIOT PACIPOCTPAHSIONIUECS B OKpYXAIOIIeH cpefie M BOCIPUHUMAEMbIE YXOM
4eJioBeKa yrpyrue KoiaeOanus.

CunoBsie TpaHcPOpPMATOPHI SIBISIOTCA OJHUM U3 HCTOYHUKOB IIyMa IS
MIPOU3BOJICTBEHHBIX TEPPUTOPHM M OKpyxatomiero paiona. [llym tpancdopmaropon
BBI3BIBAETCS BHOpaIMell aKTUBHOW 4YacTH, a TaKKe BEHTHWIATOPAMH CHCTEMBI
oxnaxnenus. CylIecTBEHHOE BIMSHHUE Ha IIyM TpaHchopMaTopa OKa3bIBAIOT
PE30HAHCHBIC SIBICHHS, BO3HUKAIONINE B €ro OTACIBHBIX JJIeMeHTaxX. BuOparus
aKTUBHOW dYacTH TpaHcpopMaropa oOycIOBICHA MArHUTOCTPUKIMOHHBIMU U

QJICKTPOMAaroiuiTHbIMHU CHJIaMH B MarHuTHON CHUCTEME U JUHAMHW4YCCKMMHU CHJIaMH B
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00OMOTKaX. YpoBHU 3BYKOBOU MOIIIHOCTH TpaHcpopMaropa psAMO
MPOIMOPLIMOHATIBHEI MacCOrabapuTHBIM IapaMeTpaM, OJHAKO Ha 3Ty 3aBUCHUMOCTH
MOJXXET 3HAQYUTEIBHO BIUATH PAa3HOIO poAa KOHCTPYKTUBHO-TEXHOJIOTMUYECKUE
(akTopBbI.

Kpome Toro, kopona na nmposoaax BJI Takxke sBI€TCS UCTOYHHKOM LIyMa,
MHTEHCUBHOCTH KOTOPOI'O 3aBUCUT OT TIEOMETPUYECKUX XapaKTEPUCTUK U
HanpspkeHus BJI, a Takke oT MOrogHbIX yCIOBUSX.

KopoHHBIi1 pa3psx — 3TO CaMOCTOSITENBHBIN pa3psi, BOSHUKAIOUIUNA B PE3KO
HEOJHOPOJHBIX IOJAX, B KOTOPBIX MOHU3ALMOHHBIE MPOLIECCH MOTYT IIPOUCXOAUTH
TOJLKO B Yy371€e o0jacTtu BOAM3M 3JeKTpoaoB. K TakuMm MOJNSIM OTHOCUTCA H

3JIEKTpUYECKOe noJie mpoBoaoB JIDIL.
5.1.2.1 Bo3aeiicTBHE HA OPraHU3M

BrnussHue myma Ha 370pOBhE UETIOBEKAa MOXKET OBITh pa3IUYHBIM — OT
OPOCTOTO  pa3ApaKEeHUsT O CEepPbe3HBIX NATOJOTMYECKUX 3a00JieBaHUM BceX
BHYTPEHHUX OpraHoB U cucteM. [Ipexe Bcero, cTpagaeT Ciyx 4enoBeKa.

[loBBIlIEHHBIN [IYMOBOM pa3Ipa)kKUTEJIb TaKXe HEraTuBHO BIMSAET Ha
HEPBHYI0 CHUCTEMY YEJIOBEKA, CEPACYHOCOCYAUCTYIO CHUCTEMY, BBI3BIBAET CUJIBHOE
paszapakeHHe, MOXKET CTaTh TMPUYMHON OECCOHHUIBI, OBICTPOrO YTOMIICHHS,
arpecCMBHOCTH, BJIHUSATh HA PENPOAYKTUBHYIO (YHKIMIO M CIIOCOOCTBOBATH
CEPbE3HOMY PACCTPOMCTBY MCUXUKU. 3aQUKCUPOBAHBI (DYHKIIMOHATIBHBIE U3MEHEHUS
Oprausma II0J| BIMSHHUEM IIyMa: MOBBILICHHE KPOBSHOI'O JABJICHHUS, HAPYIICHUE
(GYHKIIMU IUTOBUIHON KENe3bl U KOPbl HAAMOYCYHUKOB, U3MEHEHUE AKTUBHOCTHU

MO3Ta ¥ UEHTPAIbHON HEPBHOM CUCTEMBI.
5.1.2.2 lonycTUMBbIE€ HOPMBI

HopmupoBanue ypoBHS myma Ha pabOYMX MeECTaX OCYIIECTBISETCS IIO
MpeAeabHO I0MYCTUMBIM YPOBHSIM coryacHo [13].
HopmupoBanue 1miyma 3BYKOBOTO  JHMama3oHa  OCYILIECTBISETCS IO

NpeaeIbHOMY CHEKTpy ypoBHS myma u no nbA. IIJIY ycraHoBiieHbl B J€BATH
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OKTaBHBIX IOJOCAaX CO CPEAHEr€OMETPUYECKUMHU 3HAueHUAMHU dacTtoT 31, 63, 125,
250, 500, 1000, 2000, 4000, 8000 I'u. JomycTuMble YPOBHM 3BYKOBOT'O JIABJICHUS B

OKTaBHBIX OJIOCAX YAaCTOT NPUBEAEHBI B Ta0Onuie 16.

Tabmuua 16 — JlomycTuMble YpOBHHU 3BYKOBOI'O JAaBJIEHHUS B OKTABHBIX MOJIOCAX

qacToT

YpOBHM 3BYKOBOT'O JaBJICHUs, 1D B OKTaBHBIX IMOJOCAX CO | YPOBHU 3ByKa U

CPCAHCTCOMCTPHUUICCKUMHA YaCTOTAMU, F]_I OKBHUBAJICHTHBIC

YPOBHU 3BYKa,
nbA
107 95 87 82 78 75 73 71 69 80

31,5| 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

[IIym, co3zmaBaemblii Tipu paboTe TpaHcpopmaTopa, HOPMUPYETCS COTJIACHO

['OCT 11677 npusenennomy B [14].
5.1.2.3 CpeacrTBa 32114 ThI

3amura OT myma JoJhKHA oOecreunBaThesl pa3paboTKOM IIyMoOe30macHoM
TEXHUKHU, TPUMEHEHHEM CPEJICTB U METOJ0B KOJUIEKTUBHOM 3aIllMThl, B TOM YHCIIE
CTPOMTEIbHO-aKYCTHUECKHX, IPUMCHECHHUEM CPEJACTB MHIANBUAYATbHOM 3amuThl [ 15].

B nepByro odepens cieayeT UCHOIb30BaTh CPEACTBA KOJUIEKTUBHOM 3allUTHI.
KomnekTuBHbBIE CpecTBa 3alIUTHI MOAPA3IESIOTCS Ha CPEACTBA, CHIDKAIOIINE HIyM
B HMCTOYHHKE €r0 BO3HHUKHOBEHMS, W CPEJICTBA, CHIDKAIOIIME IIYyM Ha MYTH €ro
pacrpoCTpaHEeHUsI OT UCTOYHHUKA JI0 3aIIHUIIAEMOro 0ObEKTa.

CHmXeHue myma B ICTOYHHKE TOCTUTAETCS MyTEM YIYUYIIEHUSI KOHCTPYKIUH
WM U3MEHEHUS TEXHOJOTHMYECKOIo IMpOolecca, CPEICTBA, IMOCPEIACTBOM KOTOPBIX
OCYIIECTBIISIETCS. ’TO CHUKEHUE MOJIPA3ICIISIIOTCA B 3aBUCUMOCTH OT IPOUCXOKIEHUS
myma (MEeXaHM4eCKOro, 3JIEKTPOMAarHuTHOTO U T.J.).

Metoapsl U cpeacTBa KOJUIEKTUBHOM 3alllMThl B 3aBUCHMOCTH OT CIIOC00a
peanuzaiu MoJapa3eNsaioTCsa CIAeAYIIUM 00pa3oM: CTPOUTEIbHO-aKyCTHUECKHUE,

APXUTCKTYPHO-INIAHUPOBOYHLIC U OPraHU3allMOHHO-TCXHHUYCCKHUC. Onu BKIIOYAIOT B
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ce0si: U3MEHEHHE HANPABICHHOCTH M3JIYYEHMs IIyMa, PALMOHAJIBHYIO IJIAHUPOBKY
NPEeANpUATAA W MPOU3BOACTBEHHBIX IMOMEUIEHUH, aKyCTHYECKyr0 00paboTKy
ITIOMELIECHNN, NPUMEHEHHUE 3BYKOM3OJSLHMM, TAKXKE K IUIAHUPOBOYHBIM PELIEHUSAM
MOXHO OTHECTH CO3JaHUE CAHUTAPHO-3AIUTHBIX 30H, YTO SBIAETCS Haubolee
MPOCTHIM CIIOCOOOM OOECIIEYEHHS] CAHUTAPHO-TUTUEHUYECKUX HOPM.

CpenctBa unauBunyaibHol 3ammuThl (CU3) mpumeHsioTcs B TOM cliydae,
€CIM JPYrMMH croco0aMu 00ecrneunTh AONYCTUMBIA YpOBEHb IlIyMa Ha pabouem
MECTE HE YAAETCH.

[Mpunuun nevictBuss CU3 — 3amutuTh HauOojiee YYBCTBUTEIBHBIN KaHa
BO3JICUCTBUS LIymMa Ha OpraHu3M uenoBeka — yxo. [Ipumenenme CU3 no3sosseT
OpEAYNPENUTh PACCTPONCTBO HE TOJIBKO OPraHoOB ClyXd, HO U HEPBHOW CHCTEMBI OT
NENCTBHS YPE3MEPHOTO Pa3IpaXKUTES.

CH3 BritoyaroT B ce0si MPOTUBOLIYMHBIE BKIAIbININ (OEpyIIn), HAYIIHUKH,
IUJIEMbl M KAaCKH, CIEeNHMaJIbHbIE KOCTIOMBI. Boicokas addextuBnocts CU3 umeer

MECTO TIPH BBICOKHX YacTOTaX IIyMa.
5.1.3 OcBenrenne

PaGouee ocBemieHwe mnpeaycMaTpuBaeTcss I BCEX  MOMEIIEHUU
IPOU3BOJACTBEHHBIX 3JaHUWA, a TaKXe YYaCTKOB OTKPBITBIX IPOCTPAHCTB,
npeHa3HAYEeHHBIX JIJIs1 PAaOOTHI.

Ha pabGoyem mecTe SIEKTpOMOHTEpa OCBEIICHHE HOPMHUPYETCS COTJIACHO

Tabmure 17 [16].
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Tabmuma 17 — Hopmupyembie moOKa3aTeIud €CTECTBEHHOI0, HCKYCCTBEHHOTO U

COBMCIICHHOI'O OCBCIICHHA.

M cKyCcCTBEHHOE OCBELEHUE

OCBEIIEHHOCTD, JIK
Koa¢ppunment

[Ipu
IHomerienue IIyJIbCALUU

KOMOMHUPOBaHHOM | [Ipm oOmem
ocBenieHHocTH, K,

OCBEILIEHUH OCBEIEHUHU
%, He Ooee

Bcero | Ot o0miero

Ilomemenus masg
pabotsl ¢ qucmiesmu | 500 300 400 10

U BUACOTCpMHHATIaMHU

HckyccTBeHHOE  oOcBelleHME Ha  paboyeM  MecTe  3JIeKTPOMOHTEpa
OCYIIECTBIISIETCS C MTOMOIIBIO AIEKTPUUECKUX MCTOYHUKOB CBeTa,
JIOMUHECIIEHTHBIMU JIaMIIaMH, 10 CPaBHEHHUIO C JIaMIIaMHU HaKaJMBaHUS UMEIOT
CYIIIECTBEHHBIE IPEUMYIIIECTBA:

1) Tlo criekTpabHOMY COCTaBY CBETa OHU OJIU3KU K JHCBHOMY;
2) Bricokas cBetooTnaua (B 3-4 pasa BbIIIe, YEM Y JIAMIT HaKaTMBAHHSA ),
3) Beicokwuit KITJT (B 1,5-2 pasa Bsimie, uem KITJ] namn HakanuBaHus);

4) Bojee IIUTEIbHBIA CPOK CAYIKOBI.
5.1.4 MukpoxkjumMar

OntuMalibHble MUKPOKIMMATUYECKUE YCIIOBUS — COYETaHUE MapamMeTPOB
KJIUMaTa, KOTOPbIE MPH JJIUTEIbHOM U CUCTEMATHUYECKOM BO3/ICMCTBUU Ha YEJIOBEKA
00eCreunBalOT COXpPAaHEHHE HOPMAIbHOTO (YHKIIMOHMPOBAHUS H  TETIOBOTO
COCTOSIHMSL 0€3 HampspKeHUs peakuuil Tepmoperyisinud. OHH - 00ecreuuBaroT
OIYIICHUE TEIJIOBOTO KOM(OpTa U CO3AAIOT MPEAMOCHUTKH i BHICOKOTO YpPOBHS

PaboTOCIIOCOOHOCTH.
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PaboTa anexTpoMoOHTEpa MO KaTErOpUH TSHKECTH OTHOCUTCS CPEIHEN TAKECTU

kareropus 116 cornacuo [17].

JlonmycTuMble BENIMYMHBI TOKa3aTejled MUKpPOKIMMaTa Ha pabodyux MecTax

IMPONU3BOACTBCHHBIX HOMC]_HCHI/Iﬁ IMpCACTAaBJIICHbI B Ta6J'II/I]_IC 18 u AOIMYCTHUMBIC

BEJIMYMHBl UHTEHCUBHOCTH TEIJIOBOTO OOJIY4YEHUS MOBEPXHOCTH Teja pabdOoTaroIInX

OT IIPOU3BOJICTBEHHBIX HCTOYHUKOB B Tabmuie 19 [17].

Tabnuua 18 — JlomycTuMmble BEeIUYMHBI MOKa3aTeNe MUKpPOKIMMAara Ha pabodux

MCCTax MPOU3BOJACTBCHHbBIX HOM@IJ_IGHl/If/'I

s 5 g = =
< | & E = . S s ¢ :

o o~ I PN Lo
=g |8 |gE | :F% : =
= | & 5 &= |& 0| & 8 5 & 2 g
e) = o M > o O s o~ ) o) o)
5 ° 9 8, z & g 3 g 3

— (] D) o
= | € & & = g S & g =

e |z . : S

5 — =2
=
2
X 116(233-290) 15-22 14-23 15-75 0,2-0,4
3
>
=
5 116(233-290) | 16-27 | 15-28 15-75 0,2-0,5
(D]
o

Tabnuna 19 — JlomycTuMble BEIMYHMHBI MHTEHCUBHOCTH TEIJIOBOTO OOJTYyYEHHUS OT

IMPOU3BOACTBCHHBIX HCTOYHHUKOB HOBerHOCTeﬁ TCJI pa60TaIOIHI/IX

O6yyaemasi TOBEpXHOCTH Tena, %

MHTEHCUBHOCTH TEILIOBOTO

o0nyuenus, Br/m, He Gonee

50 u 6oxee 35
25-50 70
He Oomnee 25 100
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5.1.5 DuexkTpode30nacHOCTH

OcCHOBHast JIEATENBHOCTh JJIIEKTPOMOHTEpPA CONpPSDKEHA C  PEMOHTOM H
00CITy’)KHUBAaHHEM 3JIEKTPOYCTAHOBOK, OOJbINAsl YaCTh M3 KOTOPBIX HAXOIAUTCS MOJ
HanpspkenueMm. CormacHo IIYD paGouee MecTo 3IE€KTPOMOHTEpAa OTHOCHUTCS K
MOMEIICHUIO C MOBBIIICHHONW OMTACHOCTHIO OPAKEHUSI AJIEKTpUIeCKUM TokoM [18].

[lopaxxeHue 5SIEKTPUYECKHM TOKOM BO3HUKAET IPU CONPHUKOCHOBEHHH C
ANEKTPUUECKON 1IE€TbI0, B KOTOPOM MPUCYTCTBYIOT UCTOYHHKU HANPSXKEHUS W/WIH
UCTOYHUKH TOKA, CIOCOOHBIE BBI3BATH MPOTEKAHHE TOKA IO MOMNaBUIed moJ
HaIpsDKEHWEe 4YacTu Tena. Kpome Toro, Ha yCTaHOBKax BBICOKOTO HANPSKEHUS
BO3MOXXEH yAap DJIEKTPUYECKHUM TOKOM 0€3 MPUKOCHOBEHUS K TOKOBEAYIIUM
AJIIEMEHTaM, B pe3yJIbTaTe YTeUKHU TOKA WU MPOOO0s BO3AYIIHOTO IPOMEKYTKA.

OnexkTpo0e30MacHOCTh — CHUCTEMa OPraHU3alMOHHBIX MEPONPUATHH U
TEXHUYECKUX CPEICTB, MPEAOTBPAIIAIOIINX BCE BO3MOXKHBIE BPEAHBIE M OIACHBIC

BOS}IGfICTBPISI, MCPCUYNCIICHHBIC BBIIIC.

5.1.5.1 Knaccupukanusi moMeeHN MO CTeNeHN ONMACHOCTH MOPAaKeHU S

Joaen AICEKTPUIECCKUM TOKOM

OcHOBHast JICATCIIBHOCTD JJICKTPOMOHTEpPA CONPSDKCHA C PEMOHTOM M
00CITy)KHBaHHEM 3JICKTPOYCTAHOBOK, OOJbINAsl YacTh M3 KOTOPBIX HAXOIUTCS IO
HanpspkeareMm. CoriacHo IIVD pabouyee MecTo 3JIEKTPOMOHTEpAa OTHOCHTCS K
IOMEIICHHUIO C TOBBIIIEHHON OMACHOCTBIO MOPAKEHUS ICKTPHUECKUM TokoMm [18].
DTO0 XapaKTepU3yeTCs HaJUYMEeM YCIOBHH, CO3JAIONIMX IOBBIIICHHYIO ONACHOCTH
cormacHo [18, m 1.1.13]:

1) ToxompoBOaAIIAs MbLIb;

2) ToxompoBOISIINE TOJIBI;

3) BO03MOXHOCTH  OJHOBPEMEHHOTO  INPUKOCHOBEHHMS  dYelIOBeKa K
METaJUIOKOHCTPYKIUAM 3JaHUM, UMEIOIINM COEMHEHNE C 3eMIIEH,
TCXHOJOTHYCCKUM ammapaTtaM, MeXaHu3MaM M T.I. C OJHOW CTOPOHBI, M K

METAITHICCKUM KOPITycaM 3JIEKTPOOOOPYI0BAHUS, C APYTOM.
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[lopaxxeHue 5SIEKTPUYECKMM TOKOM BO3HUKAET IPU CONPHUKOCHOBEHHH C
ANEKTPUYECKON LIETbI0, B KOTOPOH MPUCYTCTBYIOT MCTOYHHMKHM HAIPSIKEHUS W/WIH
HMCTOYHHUKH TOKa, CIOCOOHBIE BbI3BaTh NPOTEKAHHE TOKAa IO TMOMAaBIIEH MOA
HalpsDKeHHEe 4acTu Tena. Kpome TOoro, Ha YCTaHOBKaxX BBICOKOTO HaNpPsIKEHUS
BO3MOXEH YyAap OJJIEKTPUUECKMM TOKOM 0€3 NPUKOCHOBEHMSI K TOKOBEAYLIUM
AJIIEMEHTaM, B pe3yJibTaTe YT€UKU TOKA WM MPOOO0s BO3AYIIHOTO IPOMEKYTKA.

OnexkTpo0e30MacHOCTh — CUCTEMA OPraHU3alMOHHBIX MEpPONPUATHH U
TEXHUYECKUX CPEICTB, MPEAOTBPALIAIOIINX BCE BO3MOXKHBIE BPEAHBIE M OIACHBIC

BO3JICUCTBUS, IEPEUNCIICHHBIE BHIIIIE.
5.1.5.2 llocaencTBUA NPOTEKAHUS IJTEKTPUIECKOT0 TOKA Yepe3 OPraHu3M

[TocnencTBus, KOTOpbIE BOBHUKHYT B PE3yJibTaTe AECUCTBUA AJIEKTPUUYECKOTO
TOKa Ha YEJIOBEKA 3aBHCSAT OT MHOTHX (DAKTOPOB, TAKUX KaK: BEJMYMHA U POJI TOKA
(mepemMeHHBIE  TOK  sIBIsieTcss ~ Oojiee  OMAacHBIM,  4Ye€M  TOCTOSIHHBIN),
POJOJIKUTEIBHOCT €r0 BO3JCUCTBUS M IMYTHU €ro MpoTekaHus (Hambojee OracHo
IPOTEKAaHMs TOKA Yepe3 TOJIOBHOM U CIIMHHOW MO3T, Yepe3 00J1acTh cep/lia U OpraHoB
IBIXaHUS ), @ TAKKe OT (PU3UYECKOTO U MICUXOJIOTMYECKOTO COCTOSHUS YeJIOBEKa.

DNEeKTpUYECKUN TOK, MPOXO/sl Yepe3 OpraHru3M YEJIOBEKA, MOKET OKa3bIBATh
HA HEro TpH BHUAA BO3IACHUCTBHI: TEPMHUYECKOE, DIIEKTPOJIUTHYECKOE U
OHOJIOTUYECKOE.

Tepmuueckoe AEHCTBHE TOKa MOAPA3yMEBAET MOSIBICHHE HA TEJE OXOTOB
pasHbIX  (opMm, TeperpeBaHHE  KPOBEHOCHBIX  COCYAOB M  HapylleHHE
(GYHKIIMOHAIBHOCTA ~ BHYTPEHHHUX  OPTaHOB.  ODIEKTPOJHMTHYECKOE  JCHCTBHUE
MPOSIBISIETCA B PACHICIUICHUE KPOBH M MHOM OPraHUYECKOM KUJIKOCTH, B TKAHIX
OpraHu3Ma BbBI3bIBasl CYIIECTBEHHBIC M3MEHEHHUs €€ (DU3UKO-XMMHYECKOTO COCTaBa.
buonornyeckoe meiicTBUE BBI3BIBACT HAPYIICHHE HOPMAJIBLHOW paOOTHI MBIIIICYHON
cuctemMbl. BO3HHUKAOT HENPOU3BOJIBHBIE CYAOPOKHBIE COKPALICHUS MBIIIL, OMacHO
TAKO€ BIUSHUE Ha OpraHbl JbIXaHUS U KPOBOOOPAILCHMS, TAKUX KaK JIETKHE H
cepAlle, ’TO MOXKET MPUBECTU K HAPYUIEHUIO UX HOPMAJIbHON pabOThl, B TOM YHUCJE U

K a0COJIOTHOMY MPEKPAIEHHUIO UX () YHKIIMOHATBHOCTH.
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5.1.5.3 3amura oT MOpaKeHUus JIEKTPUIECKHM TOKOM

Jlyumeit wmepoit OOppOBI € HECUACTHBIMH CIy4assMU OT TOPaXEHUS
ANEKTPUYECKUM TOKOM SIBIsieTCS WX mpeaymnpexacHue. HeoOxonaumo mHpPOKO
pacrpoCTpaHsITh TpaBUIIBHBIE CBEJACHUS 00 OMAaCHOCTH, KOTOPYIO HECET
ANEKTPUUYECKUI TOK, U3y4aTh U COOIIOIAThH MTPaBUiia TEXHUKHU DJIEKTPOOE30MacHOCTH,
WHCTPYKTUPOBATh TMEpPCOHA U OOpPOThCA C JIOKHBIMU TPEACTaBICHUSIMHU O
«0€30MacHOCTH» HU3KOTO HAIPSIKCHMUS.

I[Ipu  skcrmyatanuu — 2JIEKTPOOOOPYJIOBaHMUS ~ HEOOXOIMMO  IIMPOKO
UCIIOJIb30BATh 3allIUTHBIC CPEACTBA JJIsI U30JISIIMM YEJIOBEKA OT TOKOBEAYIIMX YacTen
u oT 3emuin [19] (pe3uHOBBbIE MEepUYATKH, TAJIOIIN, U30JUPOBAHHBIC IITAHTH, IIUIIIIHI,
WHCTPYMEHT C U30JIMPOBAHHBIMHU PYUYKaAMH ).

Heo6xoauMo Takke MIHUPOKO MPUMEHSITH MPUOOPHI, ¢ MOMOIIBI0 KOTOPHIX
MOXHO OOHAPYKUTh HAINpPSHKCHUE, W UCIBITATEIbHbIE MPUOOPHI IS ONpe/eeHus
WCIIPABHOCTU U3OJISLINH.

VYKkazaHHBIE 3alIUTHBIE CPEACTBA HEOOXOJIMMO MEPUOJAUYECKH TMPOBEPITH
UCIIBITAHUEM Ha TIOBBIIIICHHOE HANpsDKEHUE, OCOOEHHO W3JeNus U3 PE3UHBI,
U30JIMPYIOLIME CBOMCTBA KOTOpPOM pe3KO MajaroT TMOj] BO3JEHCTBHEM OEH3MHA,
KHUCIIOT, WIEJIOYEH, a TakKe I0J] BIHUSHUEM CBETA, BBICOKOW TeMIEepaTypbl H
MEXAHUYECKUX TTOBPEKICHUM.

CHM>KEHUIO OMACHOCTU MOPAXKEHUS AJIEKTPUYECKUM TOKOM B 3HAYMTEIIBHOM
CTETNIEHU CIOCOOCTBYET OPraHM30BAHHBIN MOPSIOK BBHIOIHEHHS pabOT M JOIMyCKa K
HuM. K obOcmyxuBaHUIO 37€KTPOOOOPYIOBAHUS MOTYT JOMYCKAaThCS TOJBKO JIHIIA,
UMEIOIIEe HEOO0XOAUMYI0 KBadU(UKAINIO, TOATBEPKICHHYIO JUIJIOMOM WA
CBUJICTEIILCTBOM. BBITIONIHEHHE PEMOHTHBIX paboOT TOJ HANpSOKEHHEM  He
JOITYCKAETCA.

[Tpu pabGote BOMM3M YacTel, HAXOIAMIUXCS O] HAMIPSHKCHHEM paOOoTaroNIuit
JOJKEH OTrpaJuTh ce0sl OT TOKOBEAYIIUX YACTEH U OT OKPYKAIOIUX METAINIMUYECKUX
yacTed, MNpUMEHss ISl STOM LeNH HW3O0JSIUI0 (CyXue JOCKHU, TOHKHE JIMCTHI

TEKCTOJINTA WA CYXYIO TKaHb).
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Kpome Toro, cormacHo [18] nmns 3amurthl JoAed OT MOpaKeHUS
AIEKTPUUYECKUM TOKOM JOJKHA OBITh NMPUMEHEHa, MO KpalHel wmepe, oJHa U3
CIEAYIOIINX 3alIUTHBIX MEP — 3a3E€MJICHUE.

3a3eMJICHUEM HAa3bIBAECTCS MPEIHAMEPEHHOE DIJIEKTPUUYECKOE COCIUHEHUE
KaKOU-JIMOO TOUKH CETH, DJIEKTPOYCTAHOBKU WM OOOPYIOBaHHS C 3a3€MIISIOIIUM
YCTPOKUCTBOM.

3a3eMJICHUE WIH 3aHYJCHUE 3JIEKTPOYCTAHOBOK CJIEAYET BBITOJIHSATH:

1) npu nanpsixkenun 380 B u Bbime nepemenHoro Ttoka u 440 B u BbIie
MOCTOSIHHOT'O TOKa — BO BCEX DJIEKTPOYCTAHOBKAX.

2) npu HOMMHAJIBHBIX HampsbkeHusX Boie 42 B, HO Hmwke 380 B
nepemeHHoro Toka u Bbiie 110 B, Ho Huxke 440 B mocTOSITHHOrO TOKa — TOJIBKO B
MOMEIIEHUAX C TIOBBIIIEHHOW OMACHOCTBIO, OCO0O OMACHBIX M B HAPYXKHBIX
yCTaHOBKaX.

Cornacio [18] k wyacTsaM, NOJJIEKAIIMM 3aHYJICHHIO WU 3a3€MJICHUIO
OTHOCSTCS:

1) kopmyca  DIIEKTPUYECKHUX  MAIlWH,  TpaHCc(HhOpMAaTopoB,  ammapartos,
CBETWJIBHUKOB U T.IL.;
2) TPHUBOJBI DIICKTPUUYCCKUX alllapaToB;
3) BTOpHUYHBIC OOMOTKH U3MEPHUTEIBHBIX TPAHC(HOPMATOPOB;
4) Kapkachl pacrpeae/IUTEIbHBIX [IIUTOB, IIUTOB YIPABICHHS, IIUTKOB U MKa()OB
U T.J.
He nmomyckaeTcsi mpubImKaThCs K 3JIEKTPOYCTaHOBKaM, HE 00OpYIOBaHHBIM

OTPKICHHUSIM Ha paccTOsSHUS yka3aHHbIe B Tabmuie 20 [20].
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Tabmuma 20 —  JlomycTuMble  pacCTOSIHUSL 0  TOKOBEAYIIMX  YacTel

QJICKTPOYCTAHOBOK, HAXOAAIIUXCSA MO HAIIPSAXKCHUCM

Paccrogaus ot
MEXAHU3MOB U
PacctostHue oT paGOTHUKOB U | TPY30IMOABEMHBIX MaIIUH

Hanpsikenne IPUMEHSIEMBIX UMU B paboyeM u
UHCTPYMEHTOB, U TPaHCHIOPTHOM
3JIEKTPOYCTAHOBOK, KB o
IpUCTIOCOOJIEHUH, OT MOJIO)KEHUH OT CTPOIIOB,
BPEMEHHBIX OTPaKICHUI, M Ipy303aXBaTHBIX
PUCTIOCOOJICHUI U
Ipy30B, M
01 He HopMmupyetcs (0e3 10
IIPUKOCHOBEHMS]) ’
1-35 0,6 1,0
110 1,0 1,5
150 1,5 2,0
220 2,0 2,5
330 2,5 3,5
500 3,5 4,5
750 5,0 6,0
1150 8,0 10,0

5.2 Dkosoruueckas 0€30MacCHOCTh

Bo3ayuiHble TMHUY 37€KTponepeaayi ¥ NOACTAHIUNA B HOPMAJIBHOM PEKHUME
DKCIUTyaTalluk  cJa00  3arpsi3HSIOT  OKPYJKAIOLIYI0 TpHUpoAHyro cpemny. [lo
cnenupuyecKkoMy BO3JCHCTBUIO HA SKOJOTHUIO DJIEKTPUUYECKUE CETU MOXKHO OTHECTH
K «MSITKO» BIMSIOIIMM MPOU3BOJICTBAM. 3arpsi3HEHUE BOJHOM, BO3AYIIHON Cpeabl U
IOYBBI, KaK IIPAaBWJIO, IPOUCXOJUT JUIIb BO BPEMS CTPOUTENIBCTBA U YaCTUYHO IIPHU
PEMOHTHBIX paboTax.

K cnemudpuyeckum BozaeiictBusim BJI u IIC orHOCsTCSA: BO3rOpaHus
MacJIOHAMIOJTHEHHOTO 000py0BaHuUsl, IONaJaHUEe Maclia B ITOYBY, JIEKTPOMATrHUTHbBIE
OJIS, AaKyCTUYECKUN IIIYM, O30H, OKHCJIBI a30Ta, 3JIEKTPONOPAKEHUE KUBOTHBIX.

Hambonee BecoMblii Bpel DSKOJOTMM HWMEET MECTO TpU BO3TOpPaHUU

MacJIOHAMOJTHEHHOTO OOOpYy/IOBaHUS M TMOMNaJaHuM Maclia B TpyHT. [ns Takux
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CllydaeB TMpeayCcMaTpUBAIOTCA MAaciIOCOOpHBIE TPUSMKH, PACIOJIOXKECHHBIE Ha
TEPPUTOPUM TIOJACTAHIIMU, pa3MeEpoM TMoA o0beM Macia TpaHnchopmaTopa C
ucnonp3oBanueM rpaBus. OTBOJ Macia M aTMOC(HEPHBIX BOJA W3 MAaCIONPUEMHHUKA
npeaycMaTpuBaeTCss B MAclOYJIOBHUTENh 4Yepe3 CIENUaIbHYI KaHaJIH3aIHIo.
OtpaboTanHble HedTecoAepKaIUE >KUJIKOCTH COOUpAIOTCs B TE€PMETUUHYIO
€MKOCTh, YCTAaHOBJIEHHYI0 Ha IUIOMIAJKE C TBEPAbIM TOKPHITHEM, HMEIOIIEH
OTOOPTOBKY WM OOBaJOBKY IO BCEMY IEPUMETPY, YAAJECHHOW OT HCTOYHHKA
BO3MOKHOTO BO3TOpaHUs, C IEJIhI0 MOCIEAYIONIEr0 BBHIBO/A CIECIHMATU3UPOBAHHON

opraHu3aiuen s yTHIn3aluH.
5.2 YTunuzauus TBepAbIX 0TXO0/10B

[lon ytunuzamnueit moapasymeBaeTcsl mnepepaboTKa OTXOJOB B IOJIE3HBIC
CBIPbEBBIC MaTEpHabl W DSHEprur. Hampumep, TemioTa, BBIICIAIONIASACS TPU
CXKUTAaHUU OIACHBIX OTXOJ0B, MOXET OBITh HCIOJIb30BaHA JJIA CO3JaHUS Tapa,
IPUBOASIIETO B IBMKEHUE TEHEPATOP SIEKTPOIHEPTUH U T. 1.

JIns yMEHBILIEHHS U3IEPKEK B TPOU3BOJCTBE, a TaKXKE KOJIMYECTBA H
MaciiTaba CBajJoK 000pyJOBaHME HA MOJCTAHLHUAX, Y KOTOPOTO 3aKOHUYMJIICS CPOK
AKCIUTyaTallUM WM KOTOPOE€ BBIIUIO U3 CTPOSl B JAJbHEWIEM OTIPABISIETCA Ha
nepepabotky. Ilpu sTOM mpeaBapuUTENbHO TMepe] clayeil Bce KOMIUICKTYIOIIHE
o0OpyZOBaHUSI HEOOXOIUMO COPTHUPOBATH IO TpYINaM, B 3aBUCUMOCTH OT

MaTepuana.
5.3 be3onacHOCTH NPH YPe3BbIYANHBIX CUTYALUSIX

Cpenn MHOXECTBA YPE3BbIUAWHBIX CUTyallMd, TEXHOTE€HHOI'O, MPUPOJHOTO,
OMOJIOT0-COIMATBLHOTO, JKOJIOTHYECKOT0 XapakTepa, Haumbojee TUIWYHOW s
MOJACTAHIMM SIBISIOTCST BO3HUKHOBEHME N0XKapoB. [IpuumHON moOXapa MOryT
CIIYy’KUTh: DNIEKTPUYECKHI TOK, OTKPBITBIM OTOHb, yAap MOJHHUH, aHOMAJIbHO BBICOKAS
TeMIepaTypa BO31yXa U JIp.

Tepputopusi TOACTAaHIMKA OTHOCUTCS K Kiaccy «Bl» mo mnoxapHoit

OIIaCHOCTH, TaK KaK OombIIas 4acTh O6OI)YI[OBaHI/I$I ABJACTCA MACJIOHAIIOJIHCHBIM, a
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Maclio, B CBOIO OYe€peAb OTHOCUTCS K TOpOYEH >KHAKOCTH, KOTOpas CIOCOOHas
TOpeTh MOCIIe yaaleHUsS HCTOYHMKa [21].

B mHacTosmiee BpeMsi CyImIECTBYIOT JIBAa OCHOBHBIX  HaIlpaBICHUS
MUHHAMH3AIUN BEPOSTHOCTH BOSHUKHOBEHUS TOXKapa — 3TO pa3pabOTKa MHKEHEPHO-
TEXHHYECKUX W OPraHU3alMOHHBIX Meponpuatuid. K HHKEHEepHO-TEeXHUYECKUM
MEPOTIPUATUSAM OTHOCSATCSA: CTPOUTEIBCTBO 3aIUTHBIX COOPYKEHUH, CO3/IaHUC
CaHUTAPHO-3AIUTHBIX 30H BOKPYT MOTEHIIMAIHLHO OTMACHBIX OOBEKTOB, MHKCHEPHOE
o0Opy/lOBaHME TEPPUTOPUU pPErMoHAa ¢ YYETOM  XapakTepa  BO3JIEUCTBUS
nporHo3upyeMbix UC. K opraHu3alilmOHHBIM MEPOIPHUSATUSIM OTHOCSATCS OOYYCHUS
AJIIEKTPOMOHTEPOB MOACTAHIIUN MEpaM MOKapHOU 0€30MacCHOCTH: TPOTUBOIIOXKAPHBIN
MHCTPYKTX (BBOJHBIN, MEPBUYHBIN Ha pabouyeM MecTe, TOBTOPHBIN, BHEIIJIAHOBBIM,
IICJICBOM), HM3yYeHHWE M TPOBEpKa 3HAHUH B 00BEME IOKAPHO-TCXHUYECKOTO
MUHUMYyMa, MPOBEJACHUE MPOTUBOIIOKAPHBIX TPEHUPOBOK, MPOBEJICHUE TPEHUPOBOK
MO0 DHBaKyalluud JIIOJeH TMpu Mmoxape, MNpodecCHOHANIBHOE JOMOJHUTEIIBHOE
oOpa3oBaHue JUIsl HEMPEPHIBHOTO MOBBIIIEHUS KBATHU(PUKAIINH.

Taxxke Ha  TOACTAaHUMM  TPEIYCMOTPEHBI  TEPBUYHBIE  CpEICTBa
MOKapOTYIIEHUSI, KOTOpPbIE MCIHOJB3YIOTCS [UIs JIOKAJIW3AalMK M JIMKBUJAIIUU
HEOOJBIINX OPTraHOB BO3rOpaHHWsA, a TakKe IOXapoB B MX HAyaJbHOM CTaguu
pasButus. TyleHus noxkapa Mpou3BOIUTCA MOKAPHBIMU MallTUHAMM.

HopMmaTuBHBII TepedeHb CPe/ICTB MOKAPOTYIIECHUS Ha MOJACTAHIINH:

1) -OrHEeTyIINUTENb YIIIEKUCIbIN pyuHoi OY-2;
2) -OrHeTyIuTe b Bo3ayIrHO-TieHHbIH OBIIC-250A;
3) -ALIUK ¢ TeCKOM, JIOIaTa;
4) -Boiinok, acoect (2x1,5; 2x2).
JIist 3amuThl OT BO3TOPAaHUS TIOCPEACTBOM TPSIMOTO ylapa MOJHHHM B

O60py,HOBaHI/I€ Ha IOACTAHIUU IIPCAYCMATPHUBACTCA CUCTEMA MOJIHNC3aIllUThI.
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5.4 IIpaBoBble W OpraHuU3alMOHHbIE BOINPOCHI  O0ecHeYeHUs

0€30IaACHOCTH

Ha cerogusmHnii aeHP HOPMBI BBIAAYM CIIEHOAECKIBl B DJHEPrETHKE
pernamentupyercs Ilpukazom Munsapascoupazsutus P® Ne340n ot 25 ampens
2011, yTBep>kaarouumii oTpaciieBble HOPMbI BbIa4U CHELOJEKAbl, OOYBU U MPOUYMK
CPEICTB  MHAMBUAYAIBbHOM  3alIUThl  paOOTHUKAM  3JIEKTPOIHEPreTUYECKON
IPOMBIIIJIEHHOCTH.

Oco0OeHHOCTBI0O PaboThl B cdepe 3IEKTPOIHEPTeTHUECKOro KOMILIEKca
ABJISIETCS TOBBIIMIEHHBIM PUCK TMOJYYEHUS TPaBM PpPA3JIUYHON CTENEHU TAXKECTH.
NMeHHO mOo3TOMY B HOpPMax BBIJAYM CIELOJEKIbl NPOMHCAHO KAKWE KAaTErOpHUH
pabOTHUKOB  JOJKHBI ~ OBITh  CHAOKEHbI  TEPMOCTOMKMMH  KOMILJICKTaMH,
3aIIMIIAIIMMHA OT JJIEKTpudeckor 1yru. K HuM oTHocsTCA:

1) 371eKTPOMOHTEPHI, 00CTYKUBAIOIIUE TIOACTAHIINH;
2) SICKTPOMOHTEPHI, 00CTyKUBAIOIINE ANEKTPOOOOPYyI0BaHKE
ANEKTPOCTAHLIN;
3) DIEKTPOMOHTEPHI TNIABHOTO IIWTA YIIPABICHHS SJICKTPOCTAHIINM.
[Ipumep HOpM BBITAYM CIELOACKIBI PAOOTHHUKAM 3JIEKTPOIHEPTreTUUECKON

IIPOMBIIIIJICHHOCTH TPEeJCTaBlIeH B Tabnuie 21.
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Tabnuua 21 — Hopma Bbl1aun crienoAesk bl 3JIEKTPOMOHTEPHI Ha MOJCTaHIUU

Cpok
HaumeHnoBaHue crie1o1ex bl UCIIOIb30BaHUs

N HOPMBI BblAa41

1 xocTIOM Ha 2
KocTiom u3 TepMOCTOMKUX MaTepHranoB

roja

KypTka-Hakuka U3 TEpMOCTOMKUX MaTEPUAIIOB 1 Ha 2 rona
KypTka-py06aiika u3 TepMOCTOMKUX MAaTepUajoB 1 Ha 2 rona
dydaiika-cBUTEp U3 TEPMOCTOMKHX MAaTEPUAIIOB 1 Ha 2 rona

benbe narenbHOE XJ'IOH‘IaTO6yMa)KHOC WK OeJibe HATEIBLHOE 2 KoMIUIeKTa Ha 1

TEPMOCTOMKOE roJI
[TepyaTku TPUKOTAXKHBIC TEPMOCTONKHIE 4 mapsl Ha 1 Tox
BoTtuHKH KOXKaHBIE C 3aIIUTHBIM [TOJHOCKOM 1 mapa Ha lrox
Kacka TepMocToiikasi ¢ 3aIllIUTHBIM IIIUTKOM JIJIS JTUIIA C
o 5 1 Ha 2 To1a
TEPMOCTOMKON OKaHTOBKOM
[MonnuieMHUK TTOJ KACKY TEPMOCTOMKHUIA 1 Ha 2 To1a
CpencTBo MHAMBUYaJIbHOM 3aIIMTHl OPTaHOB JAbIXaHUS Jlo u3Hoca
Haymauku npoTuBomyMHbIe Jlo n3Hoca
[Tnamr TepMOCTOMKUI J1s1 3aIIUTHI OT BOBI 1 Ha 3 rona
Canoru pe3rHOBBIE € 3aIIUTHBIM MOJJHOCKOM 1 mapa Ha 2 roga

PaGoThl MO OOCTY)KMBAHHIO U PEMOHTY JEUCTBYIOMIUX 3JIEKTPOYCTAHOBOK C
HarnpsbkeHreM 42 B u Beillie nepeMeHHoro Toka, 110 B u Bbllie MOCTOSHHOTO TOKA, a
Tak)Ke MOHTAXKHBbIC, HaIaJO4YHbIE paOOTHI, WCIBITAHWS W U3MEPEHUS B ITHUX
ANEKTPOYCTAHOBKAX, npeaycMaTpuBaeT MPOXOXKACHUE MeJI0CMOTpa c
MIEpUOIUYHOCTBIO | pa3 B 2 roxa.

B coorBerctBHe ¢ TpymoBeim koaekcom Poccuiickon ®epepannu,
[IpaButensctBO Poccuiickoit @enepaunu nocraHoieHueMm ot 20.11.2008 Ne870

YCTAHOBWJIO paOOTHUKAM, 3aHSTHIM Ha TSXKENbIX paborax, paboTax ¢ BpeAHBIMU U
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OMAacHbBIMU U WHBIMH OCOOBIMU YCJIOBHUSIMH TpyAa, MO pe3yjbTaTaM arTecTalluu
pabounx MecCT, CIEAyIolMe KOMIIEHCAIIMU: TOBBIINIEHUWE OIUIaThl  TPYJa,
COKpAalIEHHYI0  MPOAOJDKUTENBHOCTh  pab04ero  BpPEMEHHM U €XKETrOJHbIN
JIOTIOJIHUTEIIBHBIN OTIAYMBAEMBIN OTITYCK.

B cootBerctBUM co ctatbeit 219 TpymoBoro koaekca P® B ciyuae
oOecrieyeHus: Ha paboyMX MecTax O€30MACHBIX YCIOBUN TpyAa, MOATBEPKAEHHBIX
pe3yibTaTaMHi aTTecTalliyd pabo4YuX MECT IO YCIOBUSM TpyAa WU 3aKITIOYEHUEM
TOCYJapCTBEHHOW OKCHEPTU3bl YCIOBHH Tpyda, KOMIICHCAIIUU pPAaOOTHUKAM HE
yCTaHABJIMBACTCHI.

Opranu3aliMOHHBIMU ~ MEPONPUITUSIMH TIO0 O0ECIEeUeHUI0 OEe30MaCHOCTH
PabOTHUKOB SIBISIFOTCS:

BbIJlaya Haps/la WM PACHOPSHKEHUS TMPOU3ZBOJUTENIO PpabOT; WHCTPYKTaXK
BBIJIAIONIMM Hapsii TPOU3BOAUTENS pabOT;, BblAada pa3peliecHuss Ha TMOJITOTOBKY
MecTa pabdOoThl; MHCTPYKTaX MPOU3BOJIUTENIEM PaldOT UJIEHOB OpUTaabl U JOMYCK K
pabore; Ha/130p BO BpeMs paboThl; opopMIIeHHE NTEPEPHIBOB B paboTe, Mepexo 0B Ha
npyroe pabodee MECTO, MIPOJJICHUS Hapsiia U OKOHYAaHUS pabOTHI.

OpraHu3alMoOHHbIE W TEXHUYECKUE MEPOIPHUATHS, O0OecreunBaronue
0e3omacHOCTh paboTarolMX Ha KOHTakTHOM cetu, BJI u cBs3aHHOM C Hero
000py/TI0BaHNH, 3aBUCST OT KATETOPHH padoT.

B otHomenun mep 06€30MacHOCTH YCTAHOBJIEHBI CIENYIOIIUE KATETOpUU
paboT:

1) co CHATHEM HANPSIKCHUS U 3a3EMIICHUEM;

2) Toj] HanpsKeHHEM (Ha KOHTAaKTHOM CEeTH);

3) BOJIM3M YacTeH, HAXOMSIIUXCS MO HAMPSIKCHUEM;

4) Bnanu OT 4acTeW, HaXOISIIUXCS TT0/] HAITPSKCHHEM.

1) Ilpu BHITIOTHEHUH PAOOTHI CO CHATHEM HAIPSDKEHUS U 3a3eMJICHUEM B 30HE
(MecTe) ee BBITOTHEHHS TOJDKHO OBITh CHATO HAMPSIKEHHWE W 3a3€MIICHBI T€ TIPOBOA
U yCTPOMCTBA, HA KOTOPBIX OY/IET BHIMOIHATHCS dTa padoTa.

[Tpubnuxenne paOOTHWKA HETMOCPEACTBEHHO WM Yepe3 WHCTPYMEHT,

MPUCTIOCOOJICHHE K TIPOBOJIaM, HAXOASIIUMCSA TMOA pabdounM WM HaBEICHHBIM
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HaIIpSDKEHUEM, a TAK)KE K HEHUTPaJIbHBIM dJEMEHTaM Ha paccTossHue meHee 0,8 M
3anpenieHo.

Ecnu B mpouecce BbINOIHEHUS paOOThl HAa OTKIIOYEHHBIX M 3a3€MJICHHBIX
MPOBOJAX HEOOXOAMMO MPHUOJIU3UTHCA K HEUTPAIbHBIM JJIEMEHTaM, IOCJEIHUE
JTOJKHBI OBITh 323€MJICHBI.

2) Tlpu BBIOTHEHUH PAOOTHI MO HAMPSHKEHUEM MPOBOA U 000PYI0BaHKE B
30He (MecTe) paboThl HAXOAATCS MOJA pabOuMM WM HaBEAECHHBIM HaNpsHDKEHUEM.
be3omacHocTh pabOTHUKOB JJOJIKHA 00ECTIEUNBATHCS IPUMEHEHUEM CPEJICTB 3allUThI
(M30JIMPYIOMIMX BBILIEK, U30JIUPYIOUIUX PaO0OYMX IUIOIMIAI0K JIPE3UH U aBTOMOTPUC,
U30JIMPYIOLIMX IITAaHT M T.J.) M CHEUUAIbHBIMU MepaMH (3aBelIMBAHUEM
CTAIlMOHAPHBIX U MEPEHOCHBIX MTYHTUPYIOMIUX IITAHT, ITYHTUPYIOIIUX IEPEMBIYCK U
T.1.).

[TpubnuxxeHue K 3a3eMJICHHBIM M HEUTPAJbHBIM 4YacTSIM Ha pacCTOSTHUE
Mmenee 0,8 M 3anpenieHo.

3) Ilpu BeIMOMHEHMHM pabOTHl BONM3M YacTeH, HAXOISAIIUXCS IO
HanpsDKeHUEM, pabOTHHUKY, HaxXoAslieMycs B 30He (Mecte) paboThl Ha MOCTOSHHO
3a3eMJICHHOM KOHCTPYKIIMH, IO YCJIOBHSIM pabOThl HEOOXOIUMO MPHUOINKATHCS
HEMOCPEJCTBEHHO WJIM Yepe3 HEU3O0JIMPOBAHHBIA WHCTPYMEHT K 3JIEKTPOOIACHBIM
aieMeHTaM (B TOM UYHCJE K IPOBOJIaM OCBETUTEIBHON CETH) Ha pPacCTOSHUE
meHee 2 M. [IpuOmmkeHne K  DJIEKTPOOMACHBIM — 3JEMEHTaM Ha  PacCTOSHHE
menee 0,8 M 3ampereHo.

4) Tlpu BbIMONHEHMH pPabOTBI BAAJIM OT 4YacTed, HAXOIAIIMXCS MO
HaTpsDKeHHEeM, paboTarlieMy B ATOW 30HE (MeCTe) 3ampelieHo MpUOIMKAThCS K
AJEKTPOOTIACHBIM 3JIEMEHTAM Ha PACCTOSIHUE MEHEE 2 M.

5) Ilpu BBIIOJHEHUH KOMOWMHHPOBAHHBIX pPabOT TpeOyeTcs coOMoaaTh
OpraHU3alMOHHBIE U TEXHUYECKHE MEPBI, COOTBETCTBYIOIIHNE KAXJ0M U3 KaTErOpui,

BXOJISAIINX B 3T PAOOTHI.
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3aKJII0UeHHe

B BbllyCKHON KBaJM(PUKALMOHHON paboTe OBbLIO MPOBEAEHO HCCIEIOBaHUE
BIUSHUSL CTATHUYECKUX XapaKTEPUCTHUK Harpy3ku Ha MaKCHUMAaJIbHO JOMYCTHUMBIH
nepetok B ceyeHun HwxHeBaptoBckas ['POC — Cosercko-CocHunckad. [lo
pe3ysibTaTaM MCCIEJOBaHUS MOXHO TNPUWTH K BBIBOAY, YTO B JaHHOM
KOHTponupyeMoM ceueHun ydyeT CXH oka3piBaeT HE3HAUMTENbHOE BIUSHHE Ha
MIII. 310 o0BsicHseTcss TeMm, 4To B JaHHoM ciaydae MJII omnpenensercs
JOIYCTUMOM TOKOBOM 3arpy3koil BJI, kotopas sBiiseTcss KOHCTaHTOM M OT crocoba
3a/laHus Harpy3kd He 3aBUCHUT. Takke 3TO MOXKET ObITh CBSI3aHO C TEM, YTO MpHU
pacuerax ObUT pacCMOTPEH OTHOCHUTENIbHO HEOONBIION paiioH, COAEpKaIUi Majoe
KOJIMYECTBO Y3JIOB HATPY3KHU MO CPABHEHUIO C PEAJIBHBIMH AJIEKTPOIHEPTreTHUECKUMHU
cucreMamu. Cienyer OTMETUTbh, YTO NMPHU OMNPEIEICHUH JOMYCTUMBIX MEPETOKOB IO
KPUTEpUSIM HE OBbLIO YYTEHO BIMSHHUE YCTPOMCTB M KOMIUIEKCOB IMPOTHMBOABPUUHOMN
aBTOMATHKH, YTO MOIJIO 3aHU3UTh NOIyYeHHbIE pe3ynbTaTel M/

B skoHOMUYECKON YacTH, B KauecTBE IIABHOM 3ajjauM sIBJIsUIACHh pa3padoTKa
METOAUKH ONPENEIICHUS] MaKCUMAJIbHO JOMYCTUMOIO NEPETOKA B KOHTPOIHPYEMOM
ceueHud. [lpu MiIaHUpPOBaHMM HAYYHOTO HCCIEOoBaHUS ObLT pa3paboraH Tpadux
3aHATOCTH UCIIOJIHUTENEH paboThl, COCTaBlIeHA JIEHTOYHas jAuarpamMma [ aHTa.
[IpogomkuTenbHOCTh BBIMOTHEHUST Beel paboThl coctaBuia 100. CocraBiena cMmerta
Ha MIPOBEJCHNE HAYIHOTO UCCIEI0BaHUs, KOTOpas cocTaBuia 91,6 Twic. pyo.

B pasnene «CommanbHasi OTBETCTBEHHOCTBY» ObUIM pacCMOTPEHBI BPEIHBIE U
oracHele (pakTOphI, AEHCTBYIOLINE HAa 3JIEKTPOMOHTEPOB Ha MojAcTanuu BepTukoc, a
TaKXKe paccMOTpeHbl Bompockl OezomacHoctd 1npu  UYC u 3KOIOrHuYEcKOi

0€30I1aCHOCTH.
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Cxema O3 PZ1Y B popmare Al

[Ipunoxenne A

(o0s13aTenpHOE)
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[Ipunoxenue b

(o0s13aTenpHOE)

Tabnuua b.1 — /Inunsl u napametpsl JIDIT

Towsia AxTHBHOE PeaktuBHOE EMKOCTHAS
Haspanue nunun JIMHUN COHPJ?I:EEJ;IGHHG COHPJ?;EEEGHHG IIPOBOJMMOCTH
I, xm R . Om X_,Om munuu B, Cm
Hwuxueaprosckas ['POC — ; J
Cosetcko-CocHuHckas JI1 33,2 3,92 14,44 86,5
Hwuxueaprosckas ['POC —
Cosetcko-CocHuHckas JI2 33,2 3,92 14,44 86,5
Cosercko-CocHUHCKas —

Yanaeska JT1 117 13,81 50,90 -304,7
Cosercko-CocHUHCKas —

Yanaeska T2 117 13,81 50,90 -304,7
Yanaeska — Packuno JI1 88 10,38 38,28 -229,2
Yamnaeska — Packuno JI2 88 10,38 38,28 -229,2
Packuno — Beptukoc JI1 45,7 5,39 19,88 -119,0
Packuno — Beprtuxoc JI2 457 5,39 19,88 -119,0

Beprukoc — 3aBpsnoso JI1 49,8 5,88 21,66 -129,7
Beptukoc — 3aBbsiioso JI2 49,8 5,88 21,66 -129.7
3aBps10BO JI1 — 3aBpAnOBO 0,69 0,08 0,30 -1,8
3aBps10BO JI2 — 3aBpANOBO 0,69 0,08 0,30 -1,8
3aBbsioBo JI1 — Kapracok JI1 33,9 4,00 14,75 -88,3
3aBbsanoso JI2 — Kapracox JI2 33,9 4,00 14,75 -88,3
Kapracok JI1 — Kapracok 4,7 0,55 2,04 12,2
Kapracox JI2 — Kaparacok 47 0,55 2,04 12,2
Kapracox JI1 — ITapaGens 58,3 6,88 25,36 -151,8
Kapracox JI2 — TTapabens 58,3 6,88 25,36 -151,8
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Pucynok B.1 — PacueTHas cxema B HOpMaJbHOM PEKHAME, COCTABIICHHAsS B IIPOrpaMMHOM KoMIuiekce «Rastr\Win3y
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[Ipunoxenue I

(o0s3aTenbpHOE)
06 [TpoOIKUTENEHOCT BBITIOIHEHUS paboT
:/Ilzaqe Wcnonnurens Ty, ®eBpa Maprt Amnpens Mait Uronp
aGor pabot pab. aH. b
P 4 3 4 1 2 3 4 1

1 Hayunsrit 2
) PYKOBOIUTEID

2. CryneHr 8

Crynenr 22

3 Hayunbrii 3
PYKOBOZIUTENb

CryneHr 8

4 Hayunwrit 2
PYKOBOAMTENb

CryneHt 17

> Hayunsrit 3
PYKOBOAHTENb

CryneHr 13

6. Hayunsrit 2
PYKOBOIHTENb

7. CryneHt 15

8 Hayunprii 3
' PYKOBOIHUTEIH

CryneHr 1

% Hayunbrit 1
PYKOBOIHTENb

Pucynok I'.1 — luarpamma ['anta
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