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BBEJEHUE

HacTosiiee mocodue pa3paboTaHo B CBS3H C MOCTAHOBKOW TUCIUIUIMHBI «DJICKTPOCHAOKEHHUE» IS CTYICHTOB, 00Y-
yaroumxcs 1o crenuansHocTh: 100*** - «OnekTponprBoa M aBTOMATHKA MPOMBIIUIEHHBIX YCTAHOBOK U TEXHOJIOTHYECKUX
KOMIUIEKCOB)» JHEBHOH M 3a04HOM GopM oOyuyeHus. HeoOXoMMMOCTh JaHHOTO 1OCOOHs 00YCIIOBIEHa TeM, YTO OOJIBIINH-
CTBO Y4eOHUKOB M y4eOHBIX IIOCOOMH 110 3aJJaHHON ANUCIMIUIMHE HE OPUEHTHUPOBAHbI HA CTYAEHTOB 3TOH CIIEIMAIBHOCTH U
BKJIIOYAIOT BOIIPOCHI, KOTOPBIE M3YYarOTCS B PYTUX AHCUUILIMHAX. Kpome Toro, yueOHas uTeparypa, Kak MpaBHio, OpH-
SHTHPOBAaHA Ha OTJCNIBHBIC pa3lielibl JIESKTPOCHAOKEHHUS, TAKUE KaK: IEKTPOCHAOKECHNUE MPOMBIIUICHHBIX IPEANPUSITHIH,
AIEKTPOCHA0XKEHHE TOPOJIOB, AIIEKTPOCHAOKEHIE TPAHCIIOPTA, SJIEKTPOCHAOKEHHE CETbCKOXO03SIMCTBEHHBIX TOTPEONTEIEH.

s ocBoeHUs MaTepuaia mocodus TpedyeTcs 3HaHUe paHee M3yYeHHBIX AUCLUIUINH, TAaKUX KaK: TEOPETHYECKHe Oc-
HOBBI ICKTPOTEXHHUKH, IIEKTPUUECKUE MALINHEI.

1. QJIEKTPOITPUEMHUKU U PEXKUMbI UX PABOTbI
1.1 OcHOBHBIE MOHATHSA H KJIaccH(PUKAIMS JIEKTPONPHEMHUKOB

Cucmemon 3nexmpocnadxicenun (COC) HazpIBaeTCs COBOKYITHOCTh YCTPONCTB IJIsI MPOW3BOACTBA, IEpeladn, pac-
npeneeHust U nmoTpednenus snekTpodHeprun. COC co3naroTcs A o0ecneyeHns MUTaHUS POMBIIUICHHBIX, TOPOJCKUX,
CEIIbCKOXO3SIMCTBEHHBIX U ITPOYUX ITOTPEOHTEINEH.

[TpoGnemsbl, CBsI3aHHBIE C ANIEKTPOCHA0KEHHEM TOTpeOHTENeil IEKTPOIHEPTUH, BOSHUKIM B CBSI3H C IIUPOKUM IIPH-
MEHEHHEM 3JIEKTPOIHEPTHU KaK caMoil TMOKOH 1 ynoOHOH Gopmel sHepruH [ 1], obecrieunBaromieil paboTy pa3IH4YHbIX Me-



XaHHU3MOB U arperaToB MPOU3BOJICTBCHHOTO, CEIBCKOX03HCTBEHHOTO, TPAHCIIOPTHOTO, KOMMYHAIIEHO-OBITOBOTO M IPYTUX
Ha3HAYEeHHH.

B ob6mem sHEpreTiueckoM OaaHCe CTPAHBI OIS SHEPTHU, TOTPEOIIIeMON B IPOMBIIIUIEHHOCTH M CTPOUTEIBCTBE, CO-
ctaBisieT Oonee 70%, cliemoBaTEIbHO, MPOMBIIUICHHBIC MPENMPUATHS SIBITIOTCS OCHOBHBIMH HOTPEOHTEISIMH DIIEKTPO-
SHeprud. s TOpoIoB W TMOCENKOB OCHOBHAS JOJS AJIEKTPOMOTPEOICHHUS JIOKHUTCSA Ha OOIIECTBEHHO-KOMMYHAIIBHBIE H
OBITOBBIC HY Kbl HACEIICHHS.

B Hacrosiiiee BpeMst 00JIBLUIMHCTBO MOTPEOUTENEH MOMYyYaroT 3JIEKTPOIHEPTUIO OT SHEProcucTeM (LIEHTPAIM30BAHHOE
aneKkTpocHabxeHne). B To xe BpeMs, HapsAy ¢ ICHTPATN30BAHHBIMU HCIIONB3YIOTCS MECTHBIE HCTOYHUKA MMUTAHUS — TEll-
nosnextpouenTpanu (TII1), nuzensHbie u Ap. CenbCKOXO3IUCTBEHHBIE MOTPEOUTENN 00ECIIEUNBAIOTCS TEIIOM, TJIaBHBIM
00pa3oM, OT KOTEIBHBIX, a 3JEKTPOIHEPTHEN — 3a CUET IEHTPATHN30BAHHBIX U MECTHBIX HCTOYHHKOB.

Onexmponpuemuukom (JI]) HA3BIBAIOT HIEKTPUIECKYIO YaCTh YCTAHOBKH, MOJTyHYAIOIIYIO 3JIEKTPOIHEPTHUIO OT HC-
TOYHMKA M IPeoOpas3yIollyo ee B JAPYrue BUIbI SHEPTUH: MEXaHUYECKYIO, TEIIOBYI0, XUMHYECKYI0, CBETOBYIO, SJHEPTHIO
AJIEKTPOMArHUTHOTO U AJIEKTPOCTATHYECKOTO MOJIEH.

1o pody moxa NpUeMHHUKH SJIEKTPOIHEPTUU JICIIATCS HA TPYIIIBI, HCIIONB3YIOIINE:

— MIOCTOSIHHBINA TOK;

— IIEPEMEHHBIH TOK;

— UMILYJIbCHBIH TOK.

Ilo nomunanvnomy nanpaxycenuio Il nenarcs Ha:

— NpUEMHUKHU HanpspkeHuem no 1000 B,

— IPUEMHHKH HanpsbkeHueM Beiite 1000 B.

Ilo pesicumy neiimpanu:

— € INIyX03a36MJIEHHOU HEUTPAIbIO;

— ¢ 9 peKTUBHO 3a3eMJICHHOH Yepe3 aKTHBHOE COMPOTUBIICHUE HEHTPAIBIO;

— ¢ KOMIIEHCUPOBAaHHOM HHIYKTUBHOCTBIO HEUTPAJIBIO;

— C U30JIMPOBAHHON HEUTPAIbIO.

Ilo senuuune moxkos 3amMplKanus Ha 3eMIIIO:

— ¢ ManbiMu Tokamu (10 500 4);

— ¢ 6ompmMu Tokamu (6osee 500 A).

Ilo uacmome D11 gensTcst Ha TPYIIIBI, UCTIOIB3YIOUIHE:

— MPOMBIIIICHHYTO 4acToTy (50 1);

— noBBIIIeHHYIO 9acToTy (0T 50 Iy mo 10 xly);

— MOHMKEHHYIO YacToty (1o 50 Iy},

— BBICOKYIO yacToty (6oxnee 10 x/y).

Ilo 6udy zpaghurkoe nazpy3xu >1eKTPONPUEMHUKH NOAPA3IEISIOTCS Ha TPYIIIBI [0 CXOJCTBY PEKUMOB pabOTHI:

— IPUEMHHKH, paboTaromue B PEXIME POJOIDKUTENIFHO HEM3MEHHOW MITM Majlo MEHSIOMIeHcss Harpy3Kku. B aTom pe-
JKUMCE DJICKTPUYECKas MalllhiHa WJIK alrapar MOryT pa60TaT1> MMPOJAOJIKUTCIIbHOC BPEMs 663 IIOBBIIIICHUA yCTaHOBI/IBLHeﬁCH
TeMIIepaTypbl OT/ENbHBIX YacTeil BBIIIE AOIMYCTHMOH (3JIEKTPOABUIATEIM HACOCOB, BEHTUIATOPOB, KOMIIPECCOPOB U T.II.)
(puc. 1.1, a);

— MIPUEMHHUKH, paboTaolIie B PeXUMe KPaTKOBPEMEHHON Harpy3ku. B aTom pexxume pabouuii nepro/ 3J1eKTpuIecKon
MalIWHBI UK alnapaTa He HACTOJIBKO JuIATelNeH, 4ToOsl TeMiepaTypa OTIeNbHBIX YacTei MOTJIA TOCTUTHYTH YCTAHOBHB-
merocs 3Ha4eHus. [leproa 0CTaHOBKH HACTONBKO JUTUTEIICH, YTO MAIIMHA WK allapaT IPaKTUYeCKH yCIIEBAIOT OXJIAUTh-
Csl IO TeMIIepaTyphl OKPYKAIOMIEH cpenbl (AIEKTPOABUTATETH JIEKTPOIPHBOIOB BCIIOMOTATEIIFHBIX MEXaHH3MOB MeETall-
JIOPEXXYIINX CTAHKOB, THAPABIUIECKUX 3aTBOPOB U T.11.) (puc. 1.1, 0);

— MPUEMHUKH, paOOTAIOIIUE B PE)KUME TOBTOPHO-KPATKOBPEMEHHOH HAarpy3kd. B 3ToM pexuMe KpaTKOBPEMEHHBIE Tie-
proIBI pabOTHI YePEyIOTCS ¢ KPaTKOBPEMEHHBIMH MEPUOIaMU OTKIFOUeHHs. [I0BTOPHO-KPaTKOBPEMEHHBIH PeKUM pabo-
Thl XapaKTEPU3yeTCs OTHOCUTENIbHOM MPOIOIDKUTENbHOCTbI0 BKItoueHus ([1B) u amurenbHOCTBIO LuKia ¢,. B TakoM pe-
JKUME AJIEKTpHYEeCKasi MalllMHa FUTH aIrmapaT MOTYT paboTaTe C JOIMyCTUMOW JJISI HUX MPOJODKUTENFHOCTHIO BKITIOUSHHS
HEOTpaHMYEHHOE BpeMs 0e3 MOBBIIICHUS TEMIIEPAaTyphl OTAEIBHBIX YacTed BhIIIE JOMYCTUMOH (JIEKTPOIBUTATENN Kpa-
HOB, CBapOYHBIE anmapartsl U T.11.) (puc. 1.1, B).
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Puc. 1.1. I'paduku Harpy3ok:
a - TIPOIOJDKUTENILHO HEM3MEHHBIN PeXUM; O - KPaTKOBPEMEHHBIH PEXUM;
B - IOBTOPHO-KPATKOBPEMEHHBIN PEXKUM

Ilo cmenenu cummempuu Harpyska DII 37eKTpOIHEPrHH MOXKET OBITh Tpex(ha3HOW CUMMETPUYHOHN (IBUIaTeINH,
Tpexda3Hble MeYr) U HECUMMETPUYHOM OHO(ha3HOW WK NBYyX(a3HOM, eClii ee He yIaeTcs PaclpeIeuTh MEeXIy (ha3zamu
paBHOMepHO (OcBelIeHue, 01HO(a3HbIE CBAPOUHBIC TPAHC(POPMATOPHI).

Ilo nadexcnocmu u Hecnepedoiinocmu IATAHUS TOTPEONUTEIH AIIEKTPOIHEPTHHU IEJIATCS Ha TPU KaTETOPHU.



1. Tlorpebureny nepBoii KaTErOpUU — MPUEMHUKH, ITEPEPHIB B DJIEKTPOCHA0KEHNU KOTOPBIX MOJXKET IOBJIEYb 32 COOOM
OTIACHOCTH IS JKU3HM JIIo/ieil niin OOJBION MaTepuaibHbIA yiepO, CBS3aHHBIH C HMOBPEXJICHUEM 00OpYIOBaHHMS, JJIH-
TEJBHBIM PACCTPOUCTBOM CI0>KHOIO TEXHOJIOTHUYECKOTO Mpoliecca.

2. ITorpebuTenu BTOPOH KaTeropuu — MPHUEMHHKH, IIEPEPHIB B AJIEKTPOCHA0KEHUN KOTOPBIX CBS3aH C CYLIECTBEHHBIM
HEJI0OTITyCKOM IPOYKIMH, IPOCTOEM JIIO/IeH 1 000pyJOBaHHSI.

3. [Torpeburenu TpeTbeil KaTEropuu — NPUEMHUKH, ITEPEPHIB B AJIEKTPOCHAOKEHUH KOTOPBIX MOXKET HOBJIEYb MaTepH-
JIBHBIHN yIep0, COMOCTaBUMBIH 110 BEINYHNHE CO CTOMMOCTBIO COOPYKEHHS PE3EPBHBIX HCTOUHUKOB IMUTAHMSL.

4. Ocobas rpynna norpeduTenei — CBepX0TBETCTBEHHBIE; U HUX 00s13aTeIeH He3aBUCHMBII NCTOYHHK ITUTAHMS.

Ilo genuuune nyckossix mokog paznmiaiot Il ¢ CymecTBeHHBIMU M HECYIIIECTBEHHBIMH ITyCKOBBIMU TOKaMHU.

[Tyckosbie Toku DIl ¥ UX IIUTENBEHOCTH CIEIYET CUNTATh CYNIECTBEHHBIMH, KOTZIa X Y4eT MPUBOJHUT K KOPPEKLUH
MapaMeTPOB AJIEMEHTOB CUCTEMBI 3IEKTPOCHA0KEHHS, BBIOPAHHBIX IO TOKaM HOPMAJIBHOTO PEKMMa, ¥ HECYIIECTBEHHBIMH,
KOT/1a MX y4eT He MPUBOJUT K TAKOH KOPPEKINH.

Cy1ecTBEHHBIMH Yallle BCETO OKA3bIBAIOTCS ITyCKOBBIE TOKH ACHHXPOHHBIX KOPOTKO3aMKHYTBIX [IBUraTeNeH, IpeBbl-
MIA0IIME HOMHHAIBHBIE B 4-7 pa3 M AJSMIKECS OT JOTMEH CEeKyHIbI 10 HECKOIbKHX CeKyHA. CyIIEeCTBEHHBIMH MOTYT OKa-
3aThCS U PErylIHUpyeMble IIyCKOBBIE TOKHM JAPYTUX JBUTATeNell M TOKM, BOSHUKAIOUIME B NMPOLECCE 3aKUTAHUS pa3psIHBIX
namn (1,5-2 HOMMHaANBHBIX B T€YEHHE HECKOJIBKUX MHUHYT). KpoMe TOro, 3HaUNTENbHBIMH SBJISIOTCS ITyCKOBBIE TOKH Ipe-
oOpasoBartereii.

HecymectBenHpiMu, Onaromaps Majoil AJIUTENFHOCTH (HECKOJIBKO MWIIMCEKYHJA) M, HECMOTpPS Ha OOJBLIYIO WX
KPaTHOCTb T OTHOIICHUIO K HOMHHAJIBHBIM TOKaM, OKa3bIBalOTCS ITyCKOBBIE TOKH JaMII HAaKJINBaHUS (KPATHOCTBIO 110 6),
KOHJICHCATOPHBIX YCTaHOBOK (KpaTHOCTHIO 110 20).

Ycemanoenennas mowsnocms sBisieTcs OHON M3 BaxKHEHIMX xapaktepucTuk Ol u onpenensiercst Kak cyMMa HOMU-
HaJIbHBIX MOIIHOCTEH OJHOPOIHBIX NMPHEMHHKOB. [Ipn 3TOM ciemyer yduuTeIBaTh, 4TO y pasznnuHbelx Ol HOMuHambHAS
MOIIIHOCTh TIOHMMAETCsI MO-pa3sHOMY: &) Yy JJIEKTPOJBHrareseil HOMUHAJIbHAs MOIIHOCTb PaBHA MOIIHOCTH Ha Baly HpHU
HOMHHJIBHOH TPOAODKUTEIBHOCTH BKIIFOUCHHUS; 0) Y JIEKTPOTEXHOJIOTHYECKUX YCTAaHOBOK — paBHA MOJHOW MOIIHOCTH,
MOTPeOIsIEMON U3 CETH; B) Y JIAMIT HAKAJIMBAaHUS HOMHHAJIbHAS U TOTpeOsieMast MOITHOCTH COBIAAAIOT; I') Y CBETHIIBHUKOB
C pa3psAHBIMH JaMIAMH HOMUHAJbHAS MOIIHOCTH PaBHA MOIIHOCTH JIaMIl 0€3 ydyeTa MOoTepb MOIIHOCTH B ITyCKOPETYJIH-
PYIOILUX YCTPOHCTBAX.

B cBs13u ¢ 3TUM IIpH OnpeieNIeHUH yCTaHOBIECHHOH MontHoCcTH D11 HOMHHAIBHBIE MOIIIHOCTH Pa3HOXapaKTEepHBIX I10-
TpebuTelnel CyMMUPYIOTCSI TOJIBKO TIOCIIE TPUBEIEHHS UX K OJIMHAKOBBIM YCIOBHSIM OIPE/ICIICHHSI.

Koappuyuenm mouwgnocmu siBisiercss OTHOIICHUEM aKTMBHOW MOIITHOCTH K HOJIHOW M XapakKTepH3yeT IoTpedieHrne
peakTuBHOI MoiHOCTH. [Ipu pacuerax 1o 3J1eKTPOCHAOKEHHUIO IS ITOJTyYeHUs] KO PHUIMEHTa MOIITHOCTH UCTIONIB3YIOTCS
yCpeIHEeHHbIE 3HaYeHHs MOLIIHOCTEH, ITI0JlydeHHbIE HA OCHOBE JJAHHBIX AJICKTPOCUETUYMKOB 32 olpenesieHHoe BpeMs (15 nim
30 MHHYT, HHOTJ]a CMEHA).

1.2 OcHOBHBIE 3JIEKTPONPUEMHUKH U 0COOEHHOCTH
PEKHMOB UX PadoThI

PaccMotpum ocHOBHBIE BUjibl D11 pa3iuuyHOro TEXHOIOTMYECKOTO HA3HAUCHUS, XapaKTep UX PaboThl U OCOOCHHOCTH
pexumoB. CooTHoleHHe Harpy30K D11 B pa3nu4HbIX OTPACIISAX HAPOAHOTO XO3sHCTBA MpUBeIeHO B Tabu. 1.1.

Tabnuya 1.1
[IpouenTHOE COOTHOIIEHNE OCHOBHBIX BUI0B DI B oTpacisx HapoIHOro X03siicTBa
CJ] AJl Oc- |[Ile- |ITeun |Csa- |BsI- |IIpo-
6-10 6-10 380 BEC- qua | CcOoIl- PKa |mps- |4as
OTpaciib HEPOIHOTO X035HcTBa «B «B p |we- |ay- |porn- MH- |Har-
HUe |ro- |Bie- Te- |pys3-
BBIC | HUS m |ka
1. Merauryprust 25 10 36 3 4 7 3 11 1
2. 'opHOpY/IHAs IPOMBIIIEHHOCTE 21 21 47 5 - - - - 6
3. XuMHYecKas NPOMBIIUICHHOCTh 40 24 28 2 - 2 1 2 1
4. Jlerkasi IpOMBINIJIEHHOCTh - 6 78 12 - - - - 10
5. ManmmHoCTpOEHHE 8 5 50 5 7 6 14 3 2
6. HedrenoOriBatomas 8 48 30| 5 - - - - 9
MIPOMBILIJICHHOCTh
7. I"'a3oBas IPOMBIIILIEHHOCTh 40 57 - 2 - - - - 1
8. HedrenepepabdaTriBarommas 24 18 50 | 2 - - - - 2
IIDOMBINUICHHOCTH
9. Cenbckoe X03IHUCTBO 2 8 28 | 44 | - - - - 18
10. KoMMyHa1bHO-OBITOBBIE 6 10 321 30 | - - 1 2 17
norpedutenu
11. DnexrpudumpoBaHHbIi - - - 10 | - - - 12 -
TPaHCIIOPT

Cunxponnvie (CA) u acunxponnvie (Al) ABUTraTenn NPUMEHSIOTCS B 3JEKTPOIPHUBOJAX PA3IUYHBIX MPOU3BOJCT-
BEHHBIX U OBITOBBIX MEXaHU3MOB.

Dnekmponpueod — KOMILICKC IEKTPHUYSCKIX MAIIVH, alllapaToB U CUCTEM YIIPABICHHS, B KOTOPOM 3JIEKTPOIBUTA-
TEJIH CBSI3aHBI C HCIIOTHUTEIEHBIM MEXaHIU3MOM H IIPE0OPa3yroT IEKTPOIHEPTHIO B MEXaHUIECKYIO paboTy.

B anekTponpuBoiax yCTAHOBOK, HE TPEOYIOIIMX PETYIMPOBAHUS CKOPOCTH BpAICHUs B Tpolecce paboThl, IpUMe-
wstores CJ u AL

O6uactu mpumenenust CJ] u AJl onpenenstoTcs Ha OCHOBE TEXHHUKO-dKOHOMHUYECKOTO pacueTa. OpHUEeHTHUPOBOYHBIE
30HBI 5KOHOMUYHOCTH JIBUTATENel oKa3aHbl Ha puc. 1.2.



AJl ¢ pa3HBIM pOTOPOM IIPUMEHSIOTCS B MOIIHBIX 3JIEKTPOIPHBOIAX C MAXOBUKOM U ITPH
TSDKEJIBIX YCIIOBUSIX paboThI (1TpeoOpa3oBaTebHbIE arperarsl, IIaXTHBIE TOIbEMHHKN).

CJ] UMeroT psiIl MPENMYIIECTB MO CpaBHEHUIO ¢ AJl, B CHIIy KOTOPBIX WX IPUMEHSIOT
yalie 1 AaxKe Tam, re paHblue ctosau AJl:

— cnocobHocTh CJl KOMIIEHCHPOBATh PEaKTUBHYIO MOIIHOCTh C MEHBIIMMH 3aTpaTaMy,
U,.x8 4eM AJl B coueTaHUM C KOHAEHCATOPHOM OaTapeeii;
1 — TOBBIIIEHHE TIEPETPY309HOI crIOcOOHOCTH 1 ycToitunBoctu CJ] Oaromaps npuMeHEHUIO
Puc.1.2. OpueHTHPOBOTHKE ABTOMATHUYECKOTO peryiupoBanust Bo30yxaeHus (APB) ¢ dhopcupoBkoil mpu CHHXKEHUH Ha-
30HbI DKOHOMHYHOCTH
Cllu All npsbkeHus Ha 3axumax Huxe 0,85U,,,,;
— 6onee Boicokuit KI1J] CII B cpaBHennu ¢ AJl. [To opueHTHPOBOYHBIM TaHHBIM HCTIONb-
30BaHHUE B Pa3IMYHBIX OTPACIIIX CHHXPOHHBIC M ACHHXPOHHBIC JBUTATENN COCTABIAET OT 65 10 95%, B ToM uncne CJ] ot 8
10 10%, 3T0 TOBOPHUT O TOM, YTO HEPETYIUPYEMbIE NCKTPOABUIATENHN IEPEMEHHOTO THKA SIBIISIFOTCS OCHOBHBIMHU TIOTPEOH-
TEeNSIMHU, Ha J0JII0 KOTOPBIX IpUX0oAUTCs 0koio 0,7 cyMMapHOH MOIIHOCTH.

[Ipu HEOOXOMMOCTH IIJIABHOTO PETYJIMPOBAHUSI CKOPOCTH B HIMPOKUX IIPeesiax B OCHOBHOM IPUMEHSFOTCS TIPHUBO/IBI
MOCTOSIHHOTO TOKa, YTO TpeOyeT YCTAaHOBKH JIOPOTHX IpeoOpa3oBatelield W ammaparypsl yrpasieHus. Cucrema 3JeKTpo-
CHAOXXEHHUS M yJeJIbHasi CTOUMOCTD JJIEKTPOIHEPTHH Ha MOCTOSHHOM TOKE JOPOXKE, YEM Ha IIEPEMEHHOM, HO PEryiupye-
MBbI€ TIPUBO/BI IIOCTOSIHHOTO TOKa TEXHOJIOTMYecKH Ooiiee 3((eKTUBHBI, 0COOEHHO NPU HEOOXOANMOCTH peBepca JBUTaTe-
7151 (IpOKATHBIE CTaHbI).

Dnexmpomepmuueckue npuemMHuUKU B COOTBETCTBHM C METOJAMH HArpeBa JENATCS HA CIEAYIOIINE TPYIIBI (pHC.
1.3):

— JyrOBBIE IT€YH JUIS TUIABKH YEPHBIX M [IBETHBIX METAJUIOB;

— YCTaHOBKU MHAYKIIMOHHOTO HAarpeBa Julsl IUIaBKH U TEPMOOOPaOOTKH METAILIOB;
— 3JIEKTPUYECKHUE MY COIIPOTUBIICHHS;

— 3JIEKTPOCBAPOYHBIE YCTaHOBKHY;

— TEPMHUYECKHE KOMMYHaJIbHO-OBITOBBIE ITPUOOPHI.

OcoObI1it MHTEpEC MPEACTABIAET aHAIN3 MPUEMHUKOB 3JIEKTPO’HEPTHU KaK 3JIEKTPONOTPEOUTENEH IS JJIEKTPOIHEp-
rerudeckux cucteM. OcoOeHHOCTH pabOThl OCHOBHBIX BHIOB Ol ¢ OIHOW CTOPOHBI, OMPEIEIIIOT UX TpeOOBaHHA K II0-
CTPOCHHIO CXEM 3JIEKTPOCHA0KEHHS, HaIe)KHOCTH M KaueCTBY 3JIEKTPO3HEPTHH, IIOCTABIAEMOI 3JIEKTPOIHEPTETHIECKIMHU
CHCTEMaMH, a C APYTOH CTOPOHBI, BIMSAIOT Ha pabOTy CaMUX SHEPrOCUCTEM M JOJDKHBI YUUTHIBATHCS MPH PELICHUH BOIPO-
COB UX (YHKIMOHUpPOBaHUs [2].

]
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MeTORAW BAGKTPUUBCKOro Harpesa
i
Conpotvanesma 1 Ayrosoi 1 7 WngyrmonHui AneKTponHbIn

| —{ Konvaxmmwia ——{ Mpamon i C MaruTHOA

1  uemwo
}—— Kocsennbin - Koceennuid

- Be3 marmnumioR

_T CmewanHbin L. MnameHHbin yenn

Puc. 1.3. Kinaccu¢uKaius MeToI0B JIEKTPUIECKOTr0 Harpesa
OCHOBHBIE BHIIBI TIOTPEOHTENEH SIEKTPOIHEPTHU U UX XapaKTEPUCTHUKH B COOTBETCTBHH C KIacCH(UKAINCH, IPUBE-
nedHou B 1. 1.1. moka3ausl B Ta0i. 1.2



Ananuz QJICKTPONPUCMHUKOB 3JICKTPOOHCPTCTUICCKUX CUCTCM

Tabnuya 1.2

Ne | HanmenoBanue a5ek- | Pox | Uy, |YacTora, |Pe- |Crenens cum- | Homunansabie | Kosdduim- | Ilepepsis B
n/n TPOIIPHUEMHHMKA Toka| xB |[y UM |METPHUU HATPY3- | MOILITHOCTHU, KBm | €HT MOIIIHO-| TMHTaHUU
pa- |ku CTH
0OTBI
1. |2meKTpoaBUraTenu cu-
JIOBBIX YCTaHOBOK:
1.1| - xoMIpeccopsl, Haco-| ~ |(,22- 50 HUN | Cummerpuuna |OT eauHUIL 10 0,8-0,85 [Hemomyctum
cbl. BeHTUIsITOpHI 10 TBICSTY
1.2} - momwemo- = 50 |TIKB| O6bruno cum- |OT eHHULL 10 0.3-0,8 |Hemomyctum
TpaHCHOpTHLIe MEXa- 0’22_ MeTpI/I‘{Ha COTCH
HHU3MBI 0,4
2. |DneKTpoaBUraTEIn ~ 10,22-| Ormno- | HU | OO6pryHO cum- |OT noneit enu- | B mmpokux |MHora He-
MTPOM3-BOJCTBEHHBIX = 10 HU- [[IKB METpHYHA  |HHII O THICSY npenenax |Io-IyCTHM T0
MEXAHU3MOB YKEHHOU
710 TIOBBI-
IEHHOU
3. ) Onnodasznas, Homyctum o
3.] | P7eKTpOOCBeIIeHNUE! 50 HU |npu rpymre He- |[Jo 2 1 HECKOJIbKHMX
3.2 7 1AMIIBI HAKQIMBAHWA | g g6 | 50 | HII |[cHMMeTpHH HE (]]o 2 0,6 CeKyH]I
- ra30paspsyiHbIe IaM- | _ )9y onee (5-10)%
IIBbI 0206_
0,22
4. |IIpeoGpazoBaremnu:
4.1 | - nnst anekTponnsa ~=16-10 50 HU | Cummerpuuna | Ot eguann no | 0,85-0.9 | domycTum
4.2 | - nns TpaHcniopTa ~=10,4- 50 PIT | OGbryHO CUM- TBICAY 0,7-0,8 |0T MUHYT /10
43| - wisa onextpodumsr- | ~ | 35 50 | HMU | MerpuuHa 0,7-0.8 [1acos Hejo-
poB Or CuMMeTpuuHa | Ot coteH 10 ycTHM
CIIelL. TRICSY Jomyctum no
TEXHOJIOTHH
Tp- 200
pOB Ao
5. |Dmekrporeyn:
- CONPOTHUBJICHUS HOI 50 HU 1-, 2-, u 3- O CAUHUIT 10 0,7-09 I[OHyCTI/IMI)I
5.11|- WHIYKIIMOHHBIC ~ 1Ot 0150 110 HMN (asHas ThICAY 0,05-0,8 |kpaTKOBpe-
0.4 10000 1-,2-, 1 3- Jlo ThICSY MCHHBIC IIC-
5.2| - myrosere aH HU daznas 0,85-0,9 |pepbIBbI 1K~
BhI1Ie |50 JI0 JecsITKOB TaHUsA
5.3 6-10 CummMmeTpuyuHa THICAY

B tabnune: HU — neusmennsiii pexum; [IKB — moBropHo-kpaTtkoBpemeHHbIN pexum: HIT — Hempe-
pBIBHBIN pexuM; PII — pe3konepeMeHHBIN pexuM.




2. PACYET 2JIEKTPUYECKHUX HAT'PY30K

Jliist BBIOOpA palMOHATIBHOM CXEMBbI AJIEKTPOCHAOKEHHS U €€ 3JIEMEHTOB, 00ECIIEUNBAIONINX HA/ISKHOE, KAUYSCTBEHHOE
M 9KOHOMHYHOE JIIEKTPOCHAOKEHNE TOTpeOuTENneil, HEOOXOAUMO MPABHIHLHO OMPEIEIUTh PACUETHBIC HAMPY30UHBIE TOKH U
MOIITHOCTH ITPHEMHHUKOB JIEKTPHUECKON dHEepTu [2].

3aBbIlIEHUE PACYETHBIX TOKOB U MOIIHOCTEH MPUBOAUT K Pa0OTE 3JIEMEHTOB CUCTEM DIIEKTPOCHAOKEHHSI B HEIOTPY-
KEHHOM, a 3HAYUT, HEAKOHOMHYHOM pEeKHUME. 3aHWKEHHbIC 3HAUEHHsI PACUETHBIX MapaMeTpoB MPHUBOMIAT K BBIOOPY diie-
MEHTOB CHCTEMBI JIEKTPOCHAOKEHHS, He 00eCIeUNBAIONINX HA/IeKHOE M KauyeCTBEHHOE DJIEKTPOCHAOXKEeHHE MOTpeOuTe-
Jei.

2.1. XapaKTepuCTUKHU JIEKTPHUYECKUX HATPY30K

Homunanvhaa mowpocms NpUEMHUKA 3IIEKTPOIHEPIUU — 3TO MOIIHOCTh, 0003HA4Y€HHAasl B €r0 [aclopTe.
[TacnopTHas MOIIHOCTH NPUEMHHUKOB MOBTOPHO-KPATKOBPEMEHHOI'O PEXKHMMa IMPUBOJUTCA K HOMUHAJIBHOW JJIUTEIb-
HOH MOIIHOCTH (K IpoJoipkuTenbHOCTH BKitoueHus [1B = 100%) no cnenyrommm popmynam:

a) aud snekrponsurareneid P, =P A[IIB_ _;

0) 11t OOBIYHBIX CHIIOBBIX TpaHCopmaTopoB S, =S . A/ [IB_ . ;

B) [UIsl TPAaHC(HOPMATOPOB CBAPOYHBIX MAIIUH

PHOM = Snacn. \I HBnacn. cos wnacn. 4

T) JJ1s1 TPaHC(OPMATOPOB INEKTPHIECKUX mewed P, =S — -cos@ .. .

B sTux BBIPAKCHUAX HBnacn. H COS @, ... NACIHOPTHBIC OTHOCUTC/IbHAA MPOAO/DKATC/IPHOCTE BKIIFOUCHUS 1 KOS(bq)I/IHI/ICHT

moiaHoctu OI1.
I'pymmoBasi HOMHHalIbHAsI aKTHBHAS MOLIIHOCTh — 3TO CyMMa HOMHHAJIBHBIX aKTUBHBIX MOIIHOCTEH 71 OTIEIbHBIX pa-

Gounx JI: P, =2 p.. .
i=1 !

[Ton HOMUHANBHOW PEaKTUBHOM MOIIHOCTHIO NMPHEMHHKA TIOHUMAETCsI PEaKTHBHAS MOILIHOCTD, TOTpedIIsieMast UM M3
CeTH WX OTJaBaeMas B CETh, IPH HOMHHAJIBHON aKTMBHOW MOIIHOCTH M HOMHMHAJIBHOM HampshkeHHH. [lacmiopTHas peak-
THUBHAs MOIIHOCTH NPUEMHHKA ITOBTOPHO-KPATKOBPEMEHHOTO PEKMMa IPUBOAUTCS K JIUTEILHOMY PEXUMY II0 BBIpaske-

10 = B .
o g HOM qnacn. nacr.

I'pynmoBas HOMMHAJIBHAS PEAKTUBHAS MOIIHOCTH — 3TO anarebpanyeckas CyMMa HOMHHAIBHBIX PEAKTUBHBIX MOIIIHO-
n
creif n oTaenbHbIX pabounx OIl: O, =2q. . .
i=l !

Cpeonsna nazpyska. CymmapHasi cpefiHss Harpy3ka rpymmbl 11 qaet BO3MOXXKHOCTh MPUOJIMKESHHO OLEHUTh HUXHUN
IpeJieNl BO3MOXKHBIX 3HAYCHUI pacueTHOW Harpy3ku. CpeHUEe aKTUBHAs M PEaKTUBHAS HATPY3KH TPYIIIBI IPUESMHUKOB 32
000! HHTEPBAT BPEMEHH OIPEICIISIOTCS IO BRIPAKCHUSIM:

t t
[ p(t)dt [o(t)dt
p=0— 0 =t—.
t ¢ t
B ycnoBusxX sKcIUTyaTalMyl CpeJHHE Harpy3KH paccMaTpUBAIOTCS 3a ONPEIeICHHBIH XapaKTepHBIil HHTEPBal BpeMe-
HM, HaIIPHMED 32 BPeMsl LIUKIIA #,, ¥ ONPEJENAIOTCA 110 NOKA3aHUAM CYETYHKOB aKTHBHOM (3,) ¥ peakTHBHOM () 35eKTpo-
SHEPTUH C IOMOIIBIO CIIEIYIOIINX BBIPAKSHUI:

P, =3,/ 0.=9,/1,.
BaxkHoe 3HaueHHE B pacyeTax Harpy30K, a TAKKe Pacxoia MoTeph MEKTPOIHEPTUH UMEIOT CPE/IHSS HArpy3Ka 3a Hau-
Goree 3arpyxeHHyo cmeny P, (wmm Q) u cpenHeronosas Harpyska P, (nmm (Q..). Hanbomee 3arpyeHHOM CMEHOW CUH-

TaeTcs CMEHa ¢ HanOOJBIINM MOTPeOICHNEM aKTHBHOW »HEpruu naHHOU rpynmoit DI1. ns cpenHeil Harpys3K 3a BpeMs
t.y HauboJee 3arpy>KeHHOW CMEHBI MOXKHO 3aITUCATh:

Pc = 3uCM' /tCM. > Qc = 3pCM. /tCM. :

CpenneronoBasi Harpy3Kka OIpeneNsieTcs KaKk OTHOIICHHE TO0BOTO PacxXoia aKTHBHOW WIIM PEaKTHBHON 3HEPTHU K

rogosomy doumy paGouero spemenu T, 1.e. P, =2 /T, O, = O, /T,

BperI T,— HE CJIeAyCeT CMCIIMBATh C TOAOBBIM YUCJIOM YaCOB UCIOJIb30BAHUSA MaKCHUMyMa aKTUBHOM Harpys3ku TMaKc.

orpeessieMbIM 110 hopmyiie =9, / P, (P,,— MakcuMalbHas aKTUBHAs HAIPy3Ka).
T

TMaKC
Makcumanvnaa nazpy3ka. MakcuMalbHble 3HAY€HUsI aKTUBHOW Harpy3ku otaensHoro Ol p,, u rpynnst OI1 P, pe-
AKTHUBHOW HATPY3KH ey, Oy M TOKA ey, I, TPEACTABISIOT COOOH HaMOOJBIINE 3 COOTBETCTBYIOLIUX CPEIHNX BEJIMYUH 32

HEKOTOPBIH POMEKYTOK BPEMEHH.
B Teuenne cMeHHOro rpaduka Harpy3KH MOKET OBITh HECKOJIBKO IEPHOIOB €€ MOBBIIICHHS, TOATOMY ONIPEICISIOT

CPEJHEKBAIPaTHYHBIC HATPY3KH 33 KaX[bIHA IIEPHOJ BPEMEHH M BbIOMpAIOT HamOoJblyro u3 HuX (puc. 2.1, P, ). Han-

OosbIasi BENMMYMHA CPEIHEKBAJPATHIHOW HArpy3Kd M SIBISIETCSl PACUETHOW HArpy3KOH, MO KOTOPOH CliefyeT BhIOMpaTh
3JIEMEHTHI CUCTEMBI 3JIEKTPOCHAOKEeHNUS 10 HarpeBy. OHAKO HAXOKACHUE CPEIHEKBAAPATUIHON HArpy3KH MPEACTaBIsIET
CIIOXKHYI0 3a1a4dy. [loaToMy 0OBIYHO ONpeneNsoT He CPETHEKBAPATUIHYIO, @ CPEJHIOI HArpy3Ky 3a IEPHOJ OCPEAHEHHUS.
Takoil pacuer ABIsIETCS MPUOIMKEHHBIM, HO OH 3HAYNTEIIBHO MPOIIE U HE BHOCUT CYIIECTBEHHBIX OMINOOK.



s P pe " B 3aBHCHMMOCTH OT NPOIODKUTEIBHOCTH IPOMEKYTKA BPEMEHH Pa3IMYaioT 1Ba
ﬁ/ 4. (2 o™ A
f‘* \_/PT\ BHU1a MAKCUMAJIbHBIX Harpy3ok (puc. 2.2):
o ‘ a) MakcCHMaJIbHbIe KPaTKOBPEMEHHBIE Harpy3Kd UTUTENBHOCTBIO | + 2 ¢ (TMKOBbIE
T T P.,x); onpeneneHre MUKOBBIX HATPy30K HEOOXOAMMO JUIA MPOBEpKH KoleOaHWil Ha-
0P | LN MPSDKEHHS, TIPOBEPKH CETEH MO YCIOBHAM CaMO3aIycKa SJIeKTPOIBHUraTeliel, BEIOOpa
'.* NIaBKMX BCTABOK IIpENOXPaHUTENIEH, pacueTa peIeHHON 3alIuTh U aBTOMATHKHY;
8§ 9 10 11 12 13 1415 0) MakcHMalbHBIC JTUTEIBHBIE HATPY3KU P, 32 pa3INYHbIE WHTEPBAIBI BPEMEHH
Puc. 2.1. PaznuuHble MaKCUMaJIbHbIE
cpestHHe Harpy3KH Pex 5a (5, 10, 30 mun); oHM ompeAeNAIOTCS IS BEIOOpA SJIEMEHTOB CHCTEMBI AJICKTPOCHA0Ke-
Bpemst Top = 30 Mun HUS 110 HarpeBY U pacueTa MaKCUMAJbHBIX ITOTEPh MOITHOCTH B HUX.
Pacuemnasn nazpyska. 1lon pacyeTHON Harpy3Ko# 1o JOMyCTUMOMY HarpeBy IMO-
PP HUMACTCA TaKasd JIMTCJIbHAasd HCU3MCHHAd BO BPEMEHU HaArpys3Ka 3JICMCHTAa CUCTEMbI
A T aJIeKTpocHa0keHus1 (TpaHcopmaropa, JUHHKA WU T.I.), KOTOPas SKBHBAJICHTHA OXKH-
TN ? Po JlaeMOW U3MEHSIOIIEHcsl Harpy3Ke 1o Haubosee TSHKEJIOMY TEIUIOBOMY BO3JEHCTBHIO:
1 o \ Ps MaKCHMaJIbHOM TeMIlepaType HarpeBa MpOBOJHMKA MM TEIFIOBOMY M3HOCY €r0 W30JIs-
al | Pro 1. COOTBETCTBEHHO 3TUM ABYM 3 EeKTaM HarpeBa MpOBOIHUKA Pa3/INuatoT:
30 l a) pacueTHYIO0 Harpy3Ky M0 MaKCHMalIbHOW TeMIlepaType Harpepa, T.. TaKyl He-
i y - U3MEHHYIO BO BPEMEHH HArpysKy Py, KOTOpas BBI3BIBAET B IPOBOJHHMKE TOT e CaMblid
0 i MaKCHUMAJIbHBIMA MEPETPEB HAJ OKPYKAIOILIEH TEMIIEPATYPOH, UTO U 3aJaHHAsl IEPEMEH-

Puc. 2.2. MakcuMalibHbIEe Harpy3Ku

paSHHqHOﬁ JIIATCIIBHOCTH Hasd HarpySKa P(t)

6) pacdyeTHyI0 Harpy3Ky IO TEIUIOBOMY H3HOCY M3OJISIIHH, T.C. TAKYI0 HEU3MEHHYIO
BO BPEMEHH HArpy3Ky Ppi, KOTOpas BBI3bIBACT B IPOBOIHHUKE TOT K€ TEIUIOBOI H3HOC U30JIALMY, YTO U 33JaHHAs IePeMEH-
Has Harpy3ka P(2).
Harpes npoBogHuKa sBiIIeTCSl pe3yJIbTaTOM BO3ACHCTBUS HA HETO HArpy3KH 3a HEKOTOPBIM MEepuol BPEMEHHU, TI03TO-
MYy Cpe/Hss Harpy3Ka 3a uHTepBai Bpemenu T 0oJice TOYHO XapaKTepU3yeT HArpeB MPOBOJHUKA, YeM HauOOJbias (IIUKO-
Bas) Harpy3Kka B TOM ke nHTepBaie. [Ipu oleHKe MaKCUMAJILHOTO HArpeBa MPOBOJHUKA WK JAPYTOrO 3JIEMEHTA CUCTEMBI
AIIEKTPOCHAOKEHHST TPaBHIIbHEE ObLIO ObI OMPENesiTh CPEAHEKBAJPATHUHYIO HArPY3KY 3a MEPHOJ BPEMEHH, KOTOPBIN
MEHBIIE JUTUTEIBHOCTH OJHON CMEHBI, TaK KaKk B 9TOM HHTEpBaje MPOBOAHKK yCIEBAET HATPETHCSA M OCTHITH HECKOIBKO
pa3. OgHaKO ATOT MEPHUOI BPEMEHH HE MOXET OBITh W CIMIIKOM MaJbIM, TIOCKOJBKY HarpeB TMPOBOJHWKA HE JOCTHIHET
YCTaHOBHBIIETOCS 3HAYCHHS.
CyliecTByeT ONTUMAaNbHAS JUINTEIbHOCTh HHTEPBANIA OCPeIHEHUS Toq,, P KOTOPOH CpeAHEKBaApaTHUHAs Harpy3Ka
TIPH TIPOYHX PABHBIX YCIOBUAX OYyIET YIOBICTBOPUTEIBHO XapaKTEPH30BaTh H3MEHEHHE HarpeBa nMpoBoanuka. Ha puc. 2.3

NPUBE/ICHO M3MEHEHHE HArPY3KH 3a PA3IMYHbIC MHTEPBAIb! OCpeHeHus. Mnrepsan 7, , CIMIIKOM Majl, ¥ MPOBOJHHUK 32

9TO BPEMs HE YCIICBAC€T HArpe€ThCA O YCTAaHOBUBILIETOCS 3HAYCHHSA, a MHTEPBAJ T .
Pon_ Pi Pl o

P .
, CIIMIIKOM OOJIBIIION, IPOBOJHHUK YCIEBAET HATPETHCA U K KOHIY HHTEPBaJIa JaKe OCTHITh.
ocp
" I
4 o
/ ey Tocp OnTumanbHbIA UHTEPBAJI OCPEAHEHUS TOCp JIOJDKEH OBITh PaBEH TPEM MOCTOSIHHBIM Bpe-
A P .
"
1 o, =
] P MEHHU HarpeBa NpoOBOJHUKA, T.€. Tocp' =3-T,.
t
0 s JIyis IpakTHYECKUX PacueToOB 3a OCHOBY OepeTcs MOCTOSHHAS BPEMEHH HarpeBa Hau-
Puc. 2.3. Tpaduk Harpy3oK ¢ pas- 0oJjee 9acTo MPUMEHSIEMBIX MPOBOJHUKOB MANBIX U cpenHux ceueHuin 7y = 10 mun. Ta-

JIAIHBIM BPEMCHEM OCPEIHEHHU KUM 00pa3oM, B KauyecTBE MHTEpBaja OCPEAHEHMsS o, NMPUHUMAIOT 30-TM MUHYTHBIH
(mosryyacoBoif) MaKCUMyM Harpy3ku. 3a 3TO BpeMs HarpeB IPOBOJHHKA jgocTuraetr 95%

YCTaHOBUBIIETOCs 3HaueHHs. Hanbombimas 3 cpeiHnX HAarpysok 3a MHTEpBan Bpemenn I =3 - T, IpUHEMACTCS B Ka-

YECTBE PACUETHOW BEITUUHMHBI Pp ~ P, . B cucremax 3eKTpPOCHA0KEHNSA, MIMEHHO 0 3TOM BEIMYUHE (IO YCIOBHIO Ha-
rpeBa) BbIOMpaeTcs Bed almaparypa, kademiu, TpaHCc(hopMaTops! U T.A.

2.2. lloxka3aTenu rpa¢uKOB HATPY30K MPHEMHHKOB
3JIEKTPHYeCKOil JHepruun

[Tpu pacuerax Harpy3ok NPUMEHSIOTCS MokazaTenu (koddduimeHTsr) rpadKoB HArpy30K, XapakTepH3yIOIIue pe-
UM PabOThI TPUEMHHUKOB JICKTPOIHEPTUU.

KoaddumeHTs rpaduKoB HArPY30K OMPEACISIOTCS I UHAWBUIYAILHOTO W FPYIIIOBOTO Ipad)MKOB aKTHBHOM H pe-
aKTUBHOU HArpy30K WJIM TOKA. B CBS3M C 3THM MpHHSATA CIeIyromas cucTeMa 0003HAYCHU:

1. Koa¢pdurmeHTsl HTHANBUAYAIFHBIX M TPYIIOBEIX TPapUKOB 0003HAYAIOTCS COOTBETCTBCHHO CTPOYHOM k WM Tpo-

mucHOM K.

2. Bun xordpdunmenTa onpenesieTcss HHASKCOM, COCTOSIINM W3 Ha9aJbHBIX OYKB €ro Ha3BaHUS.

3. KoaddurmenTs! rpadMkoB akKTHBHOW MOIITHOCTA UMEIOT HHJIEKC «a», PEAKTUBHONW MOIIHOCTH — «p», TOKa — «/».
Hanpumep, K, 03Ha9aeT KO3POUIUEHT 3aI0HEHAS TPYIIIOBOTO TpadrKa HATPY3KH 10 aKTHBHOW MOIITHOCTH.
Koagppuyuenmom ucnonv3oéanun akTMBHONH MOIIHOCTH TIPHUEMHUKA Ky, VI TPYIIIHI IPUEMHUKOB K, Ha3bIBaeTCS

OTHOIIICHHE CpeAHEH aKTWBHOW MOIIHOCTH OTAEIHHOTO NMPHEMHHUKA (I TPYIIH UX) K HOMHHAIBHON aKTUBHOW MOIIHO-

CTH 3TOT0 IPUEMHHUKA (FJTH TPYIIIBI UX):
n

P zkuai .pHOM“
k — pc . K = c _ =l

ua

n
Pron PHOM
pHOM,
i=1




D10t K03 PHUITUCHT, KaK U CPEIHHUE HATPY3KHU p., P., OTHOCUTCS K CMeHe ¢ HanbombIeil 3arpy3koit D1, HO MOXeT OBITh
OTHECEH U K APYToMYy MEepHOy BPEMEHHU.

Koagppuyuenmom exntouenusn npueMHuKa k, HA3BIBACTCS OTHOIICHHE MPOJOIDKUTEIHHOCTHA BKIFOUCHUS f, TIPHUEM-
HHUKA 32 BpeMs [IUKJIAa KO BCEH MPOIOIDKUTEIFHOCTH UK ¢, (BpeMs BKIIFOUCHUS MIPUEMHHKA 32 UK COCTOUT U3 BPEMEHH
PaboTHI £, 1 BpeMeHH XonocToro Xoma t): k, =t,/t, =(t, +1,)/1,.

Koa¢pdumpeHToM BKIIOYEHHS TPYIITBI IPUEMHUKOB WIH TPYNIOBBIM KO3(QQUINEHTOM BKIIOYeHUS K, Ha3bIBaeTcs
CpeIHeB3BEIICHHOE 3HaUeHNE KO3(PPHUIIMEHTOB BKITFOUSHISI, OTIpeiessieMoe TI0 (hopMyIIe
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Koagppuyuenmom 3azpy3xu npueMHUKa HO aKTUBHON MOIIHOCTHU k,, Ha3BIBACTCS OTHOIICHHE (PAKTHUECKHU TOTpeO-
JIIEMOM MM CpeAHEH aKTHBHOM MOLIHOCTH P_ 3a BpeMs BKJIIOUEHUS f, B TEUEHHUE BPEMEHM LIUKJIA f; K €F0 HOMUHAJIBHOMI
MOIIHOCTH;
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I'pynmnoBsiM KO3 GHUIUEHTOM 3arpy3KU 1O aKTUBHON MOIITHOCTH Ha3BIBAETCSI OTHOIICHHE TPYMIIOBOTO KO3 GHUIIHEH-
Ta WCTIOJIb30BAHUSI K TPYIIIOBOMY KO((PHUIIUECHTY BKIIOYCHHSL:

KB PHOM tB
Koaddunment 3arpysku, kak ¥ kodpOUIMEHT BKIIOYEHNUS, CBSI3aH C TEXHOJIOTHYECKHM IPOLECCOM M M3MEHSIETCS C
N3MEHEHHEM peKrMa paboThl IPHEMHHKA.
Kosgpduyuenmom popmvt vHANBHAYATLHOTO MIIU IPYIIIOBOTO TPAQUKOB HATPY30K Kya, K¢ HA3BIBAETCS OTHOLICHHE
CpeIHEeKBAAPATHYHON aKTHBHOM MOIIHOCTH IIPHEMHHUKA HIIH TPYIIIBI IPUEMHHKOB 32 ONPEACICHHBII IEpHO.] BpEMEHH K e

CpeIHeMy 3HAUYCHHUIO 3a TOT JKE TePUOL:
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Koaddunment popmbl xapakrepusyeT HepaBHOMEPHOCTh Tpaduka Bo BpeMeHH. CBOe HaMMEHbIlIee 3HaYECHHE, PaBHOE
€/IMHMILIE, OH MIPUHUMAET NP Harpyske, HEM3MEHHOH BO BpeMeHH. [yl GONBIIMHCTBA AJIEKTPOIIPUEMHUKOB C JIOCTATOYHO
PUTMHYHBIM MPOLIECCOM MPOU3BOJICTBA KO PHIMEHT GopMbl M3MeHsieTcs B Tipenenax ot 1,05 mo 1,15.

B ycnoBusix skcrutyatanuu koddguimeHT GopMbl OIpeNeNsIoT 1Mo MoKa3aHH-
SM  CYETYHMKOB aKTHBHOM dHepruu (puc. 2.4), wucnonedys Gopmyiy
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Ka; AD,. — pacxoji akTHBHOU 3JEKTpodHepruu 3a Bpemst AT=T/m; 3, — pacxon
AKTHBHOMW JIEKTPORHEPTHHU 32 HEKOTOPBIH NepHo/1 BpeMeHH 7, HanpuMep CyTKH.
Hcnone3yst cBsA3b MEXTy HHAWBUIYAITGHBIMH U TPYIIIOBBIM KO3 HUITHEHTaMU
thopmsl rpadukoB Harpy3ok OI1 ogHOTO peskiMa paboTHI, BBEIEM HMOHITHE TIPHBE-
JIeHHOTO (3((QEKTUBHOTO0) YMCIIa HIIEKTPOIIPUEMHHUKOB 71,
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Puc. 2.4. T'pynnoBoii rpagux Harpy3ok 1o
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Ilpusedennoe uucno INEKPORPUEMHUKOE N, €CTh TAKOE YUCIO OTHOPOITHBIX IO pexumy pabotsl DI oguHakoBoH
MOIIHOCTH, KOTOpBIE 00YCIIOBIMBAIOT Ty K€ PACUCTHYIO Harpy3Ky, 4To U IPYIIa Pa3IHYHbIX IO HOMHHAJIBHON MOIIHOCTH
U pexuMy pabOThl NMPHUEMHHUKOB JIEKTpOIHEpruu. [ToHsATHE MPUBENEHHOrO YUCia 3JIEKPOIPUEMHUKOB TO3BOJISIET 3aMe-
HUTH TPYIIY pa3HOpoaHBIX DIl 3KBUBaJCHTHON TPYNIONH OAMHAKOBBIX, YTO CYIIECTBEHHO YNpOIaeT pacueTsl. BemmunHa
MIPUBEJICHHOTO YHCJIa IPUEMHHUKOB 3JIEKTPOSHEPTHUH 71, BCET/Ia MEHbIIe peanbHoro yncna Ol » wnn paBHa emy. Ecnu Bce
OIl rpynmnsl UMEIOT OJJUHAKOBYI0 HOMHHAIBHYI0 MOIIHOCTD, TO
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CornacHo BbeIpaxkeHHto (2.1) npu n, — o umeeM Ky, —> 1. OT0 03HadaeT, 4TO NMPU HEOTPAHHIEHHOM BO3PaCTaHHU
YUCIIa 3JIEKTPOIPHEMHUKOB TPYIIIOBOX TpadyK HATPY30K CTPEMUTCS K IOCTOSIHHOW BenmmanHe P(t) = const.
Kosgppuyuenmom maxcumyma akTHBHOW MOIIHOCTH HA3BIBACTCSA OTHOIICHHE PACUCTHOW aKTHBHOM HArpy3KH K

Cpe/IHel HarpysKe 3a HCCIIeyeMbli epuoa BpeMenn K, = P, / P,,. Uccnenyemplii eproi BpEMEHN IPUHUMAETCS PaB-

HBIM IIPO/IOJDKUTEIBHOCTH Hanbosee 3arpykeHHoi cMeHbl. OOBIMHO K03 (HUIIMEHT MaKkcHMyMa XapaKTepu3yeT rPyTIOBbIe
rpadyKH Harpys3oK.

Koaddunment makcumyma Ki,,, CBS3bIBasl IB€ HAMJICHHBIC U3 TPYMIIOBOTO Ipadrka BEIMIMHBI — PACUETHYIO U MaK-
CHUMaJIbHYIO CPE/IHIOI0 HAarpy3KH, PEJCTaBIsIeT cO00H BayKHYIO XapaKTepUCTHKY rpaduka. BemmunHa koaddunmenra mak-
cumyma K, 3aBUCUT OT IIPHBEICHHOTO YHCJIA IEKTPONPHEMHHUKOB 71, M PAIa KOdQPUIMEHTOB, XapaKTePHU3YIOIINX PEKHM
MOTpeOIICHUS SIEKTPOIHEPTHU JaHHOU Tpymmoit OI1.

[Ipu pacdeTe 3IMEKTPHUSCKUX HATPY30K METOAOM YIOPSAOYCHHBIX TuarpaMm (cM. puc. 2.4) UCIONb3yeTcs MpHOIm-
’KEHHas aHAJIUTHYeCKast 3aBUCHMOCTE K, OT OCHOBHBIX ITOKa3aTenell pexkiuMa paboThl OTIENbHBIX He3aBUCHMBIX Ol u nx
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1,67 mpu 1,1 < Kya < 1,5; Kpua ¥ Kipus — K0IOPUIHEHTBI POPMBI YTIOPATOYEHHBIX THAarPaMM HHIMBHIYaIbHBIX KO3 QHIIHN-
€HTOB UCIOJIb30BAHUS [0 aKTHBHON MOIHOCTH M BKIIOUEHUS; Kypy — KOOQOUIMERT HOPMBI HHAMBUIYaNBHOTO TpaduKa 3a
BpeMs BKIIIOUEHHS; K, — cpeHee 3HaUeHHe K03((UINEeHTa BKIIOYCHHS.

J7st ynpomeHus: pacyeToB SKCIEPUMEHTAIBHO TOCTPOSHBI CEMENCTBA KPUBBIX Ky, = f(1,) IPU Pa3NNYHBIX 3HAYEHHAX

koaddunmenta ncrnonszoBanus K, (puc. 2.5). Kpusble paccuntaHbl 1jisl npUBe-

3.5 e To =10 mun nernoro yucna Ol 7,, ot 4 7o 300. Kpome yka3aHHBIX KPHUBBIX B CIIPABOYHHUKAX
TPUBOJISITCS. COOTBETCTBYIONINE TaOJHMYHbBIE 3aBUCHMOCTH.

Kpussie K,,, = f{n,) NOCTpOEHHI JUIsl TOCTOSIHHOM HarpeBa MpoBOAHUKA T =
10 mum, T.e. 008 ANUTENBHOCTH MHTepBana ocpexHeHust Too, = 37 (Tak Ha3biBae-
MOTO IOJy4acoBoro Makcumyma). [Ipn BeIOOpe ITpoBOZOB M Kabeseil, MMEIOIX
WHBIE ITOCTOSTHHBIE BpeMeHH 71, KOAQHUITMEHT MaKCUMyMa JI0JDKEH OBITh Mepecyu-
TaH 1o gopmyie:

Kya =011
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Puc. 2.6. 3aBucumocts pasnuaHbIx Ky,=f(n,) K -1
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B KOTOpOIt K, — KoddurmenT makcumyma npu 7o, = 30 mun, HalAeHHBIH 0 KPUBBIM Ky, = f(11,).
Kosgppuyuenmom cnpoca no akTUBHONH MOITHOCTH HA3bIBAETCS OTHOLIEHHUE PACUETHON aKTUBHOU Harpy3KH K HOMH-
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HaJIbHOW aKTMBHOM MOIIHOCTH IPYMIIbI NPUEMHUKOB K = =K, K, . Kosbpdpuuuenr cnpoca orso-
CHUTCS K TPYNITOBBIM Ipadukam. 3HaueHUst K., Ul Pa3IMIHBIX TPYII IPHEMHHUKOB B Pa3JIMUHBIX OTPACIISIX MTPOMBIIUICHHO-
CTH JUISl PA3IMYHBIX IPOWU3BOJCTB M MPEANIPUATHI ONPEAEISAIOTCS M3 ONBITA SKCIUIYaTAlH U MPUHUMAIOTCS TIPH TPOSKTH-
POBaHMH TI0 CHIPABOYHBIM MaTEepHATIAM.

Ko3ppuyuenmom 3anonnenusn zpaguxa Hazpy3ok 1m0 aKTUBHON MOIIHOCTH HA3bIBACTCSl OTHOIIEHHE CPEAHEH ak-
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THUBHOM HArpy3KH K Pac4eTHOIT 3a HCCIIeAyeMblil epuoa BpeMenn K, = ——=——.
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Cpenuss Harpyska P, GepeTcs 3a HanOoJee Harpy>KeHHYIO CMEHY, a pacdeTHas Harpyska P, = P3y — 3a I0JIy4acoBoit
MakcUMyM Harpysku. KoadduureHT 3anonHeHus rpaguka Harpy30K XapaKTepu3yeT TPyIoBbIe rpaduKy U UCTIONb3YeTCs
JUISL OLICHKH CYTOYHBIX U TOJOBBIX rpadukoB Harpy3ok. IIpu npoektupoBanun K., NPUHUMAETCS 1O CIIPaBOYHBIM Marte-
pHuazaM.

2.3. MeTtoasbl pacuera Harpy3oK

OcHnogHnble MemoObl ONPENIEIICHNs PACUCTHBIX (0’KHUAAEMBIX) NEKTPHUECKUX HArPy30K, IPUMEHsIEMbIE B HACTOsIIICE
BpEM: IIpU IPOEKTUPOBAHHUH JIEKTPOCHA0KEHHS, MOTYT OBITh pa3/iesIeHbl Ha TPU TPYIIIILL
1. Meropl, onpelensiolie pacueTHyI0 Harpy3Ky IyTéM YMHO)KEHHsS HOMHHAJIBHON MOIIHOCTH Ha Ko3((uIMeHT,

MCHBIINH €IHHUIIBI Pp = klPHOM . K sroix rpynme cJieaAyeT OTHECTH METOJ OIIPEACIICHUA PACUCTHON HAI'PY3KHU IO YCTAHOB-

JICHHOW MOIITHOCTH U KOA(PHIIUEHTY cIipoca.
2. Metojpbl, OnpenessIoIIne PacCUeTHYIO HArPY3Ky MyTeM YMHOXKEHHUS CpeiHel Harpy3Kd Ha KO3()(HIHEHT, KOTOPHIit

Gonbine eIMHAIBI WK paBeH el £, =k, F, . . K 9T0if rpymme OTHOCATCS CIEYIONUIMe METOBI ONPECICH s PACIeTHOM

Harpy3Ku: 10 cpeiHeil Harpyske u koadduimenty ¢opmbl rpaduka Harpy3Ku; Mo cpegHed Harpy3ke U KOI(pQHUIUESHTY
MaKCHMyMa Harpy3kd (METOJ YIOPSAOYCHHBIX JHArpaMM); MO CPEAHEeH Harpyske W CpeHEKBaJAPATHIHOMY OTKIOHEHHIO
(craTucTHYECKUIl METON).

3. Ocoby1o rpyImIy COCTABISIOT METOBI ONPEIEICHHUS PACUSTHBIX HATPY30K MO yJENbHBIM HOKa3aTesIM IPOU3BOJICTBA,
a UIMEHHO: 0 YASIbHOMY PacXoy SJICKTPOSHEPIHU Ha €IMHHIYY MPOAYKIHH; 0 YACTEHOH Harpy3Ke Ha eIUHUILY TPOU3-
BOJICTBEHHOM TIIOILA/H.



Xapaxkmepnoie pacuemnsle mouku. B cucteme 371eKTpoCHA0XEHHsI CyIIECTBYET HECKOIBKO XapaKTEPHBIX TOYEK, B
KOTOPBIX HEOOXOANMO ONPEENSATh pacdeTHbIE AIEeKTPHUECKe Harpy3ku. Pacuer Harpy3ok BemeTcs I1OCIeI0BAaTEeIbHO OT
HU3IINX K BEICIINM CTYIICHSIM CHCTEMBI dIIeKTpocHaOkeHus. Ha puc. 2.6 mpeacraBieH ¢pparMeHT CHCTEMBI JIEKTPOCHA0-
JKEHUSI TPOMBIIUIEHHOTO PEANPHUSTHS C YKa3aHUEM B KPY)KKax HanOoiee XapaKTEPHBIX y3JI0B.

1. Otgensapie DI Hanpspkeruem mo 1000 B. OmpeneneHne pacdeTHONH HArpy3KH HEOOXOAMMO JAJIs BBIOOpa CEYCHUS
[IPOBOJA WK Kabes, muTaroiero AaHHeli OI1, u anmapara nx NpUCOEANHEHUsS] K HU3KOBOJIIBTHOMY PaclpeelIHTeIbHOMY
nyHkty (PII) wim nutaromeit tuHum.

2. I'pynmna D11 Hanpspxenuem no 1000 B, HaxoxkaeHue pacueTHOH Harpy3KH HEOOXOAUMO /Il BBIOOpa CeUeHHs Pajiu-
AIBHOM JIMHUK WK paclipeAeInTeIbHOM MarucTpay, MUTAIoIIel JTaHHYI0 TPYIITy NPUEMHHUKOB, U anmapara ux MprucoeIn-
HEHUS K TNIABHOMY paclipeieuTeIbHOMY ITyHKTY HanpsbkenueM 1o 1000 B.

3. JIuHny, NOAKITIOUEHHBIE K CEKIMSIM IIUH HarpsbkenueM a0 1000 B uexooii Tpanchopmaroproii noacranmu (TI1),
10 KOTOPBIM MHUTAIOTCS OT/ENIbHBIE KPYITHbIE IPUEMHHKH 3JIEKTPOIHEPTHH, paclpeienTeIbHbIE ITyHKThI, MarHCTPaJIH.
Omnpenenenne TaHHOW Harpy3KH HEOOXOIMMO ISl BBIOOpa CEUSHHMST OTXOIIINX JIMHUI N KOMMYTAIlMOHHBIX aIllapaToB.

4. Cexunn muH HanpspkerreM 10 1000 B nexosoii TII nnn rmaBHas MarucTpanb 0J10Ka TpaHC(HOPMATOP-MarucTpasb.
Haxoxnenne naHHoN Harpy3kn HE0OOXOIMMO JUTsl BBIOOpA YHCIIa M MOIITHOCTH IIEXOBBIX TPaHC(OpMAaTOPOB, CEUCHHS U Ma-
Tepuasia muH HexoBoi TII nian rinmaBHON MarucTpajiy U OTKIIOYAIOUINX allapaToB, yCTaHABINBAEMbIX Ha CTOPOHE HU3LIE-
'O HaNPsDKEHMS LIEXOBBIX TPaHC(HOPMATOPOB,

5. JIunum, MOAKIIIOYEHHBIE K pacnpenenutensHomMy myHKTy (PII) Hampspkenunem 6, 10 kB, 10 KOTOPBIM IUTAIOTCS IIEX0-
Boie TII, BeicokoBombTHEIE D11 (aBUTaTENHN, TIeUH U T.1.). OnpeneneHue TaHHON Harpy3ku HeoOXOoAuMo IS BEIOOpa ceue-
HUS JTUHUH, nuTaromux nexossle TII u BeicOkOBOIBTHBIE DI, a TakkKe OTKIIIOYAIONINX allapaToB.
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Puc. 2.6. bparMeHT CHCTEMBI 3JIEKTPOCHAOKEHHUS IIPOMBIIIUIEHHOTO MIPEIIDUATHS
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6. Cekunmn WWH paclpeAeTNTeNbHOTO IyHKTa HanpsokerneM 6, 10 xB. OnpeneneHne JaHHOW HATPY3KH HEOOXOIMMO
JUTS BBIOOpa cedeHus u MaTepuaina muH PII, ceuenns nuHMM, MUTAIOMKX KaXayro u3 cekuuit PI1 u BeIKITIO9aTesneit co cTo-
POHBI IIMH TIIaBHOM MOHU3UTENbHOM moacTanmuu (I'TIIT).

7. CexIMy IIUH TIaBHON NOHMU3UTENBHON MOJCTAHINH HanpspkeHueM 6, 10 xB. OnpeneneHue JaHHON Harpy3ku HE0O-
XOIMMO JIJIsl BBIOOPA YKCIa U MOIIHOCTH TpaHc(hopMaTopoB, ycTaHasiauBaeMbix Ha ['TII1, BeiOOpa ceyeHus u marepuaia
IIIMH U BBIKJIFOYATEICH, yCTaHABIMBAECMBIX HA CTOPOHE Hu3Iero Hanpsokerus [T

8. JIunum BeIciIero HanpspkeHus 35 +220 xB I'TIIL. Onpenenenne JaHHOW HATPY3KH HEOOXOIMMO ISl BEIOOpA CeUeHUs
nuHAA, muTaonmx tpanchopmatopsl I'TII, u anmapatoB mpUCOSTMHEHUS TPAaHC(POPMATOPOB M MHUTAIOUINX WX JIMHHHA K
HMCTOYHUKAM MTUTAHUS.

2.4. OnpeneJieHHe Pac4eTHO HATPY3KH M0 METOAY YHOPSA0YEHHBIX AHATPAMM

Ocnognole nonoscenus u donywjenus. B MeToze 1cnosp3yercs cieayomue nojoxeHus [2].

1. B pasmerne. 2.1 moka3aHo, 4To JUIs JHOOOTO 3aIaHHOTO TpadiKa HArpy3KH MOTYT ObITh HAi/ICHBI J[Ba 3HAUCHHS pac-
YeTHOH HarpysKH: 10 MUKy TEMIIEPATyphl HarpeBa P, U TEMJIOBOMY U3HOCY M30JA1MHU Py,. B MeToe NpuHAT nep-
BEI KpHUEpHi, TOCKOJIEKY YCTAaHOBJICHUE PACUCTHON HATPY3KH I10 TEIIOBOMY U3HOCY M3OJISAIHMU TPeOyeT KOHKpET-
HBIX MCCIICJIOBAaHUI CBOMCTB M3OIIAIIUH PA3IMIHBIX MapOK IIPOBOJIOB U KaOEIeH.



2. B ocHOBY onpeneneHust pacueTHON Harpy3KH MOJOXEH MPUHIUI MakCUMyMa CpeiHell Harpys3ku. B kxauecTBe pac-
YETHOM Harpys3ku P, IPUHAMAETCsl MAKCUMAallbHasl CPEAHSA Harpy3Ka 3a MHTepBan Bpemenu I = 37,

3. 3a uHTepBaN OcpeiHEHNs NPUHATO BpeMs 1o, =30 Mmun — BpeMs Harpesa NnpoBojHHKa. IIpu 3ToM ¢ Lenbo yHuduka-
IIMM PacyeToB AAaHHBIM MHTEPBAJ MPHUHAT OJMHAKOBBIM /IS BBIOOpA KaK CEUCHUH MPOBOIOB M KabeneH, Tak W JUIsl TpaHC-
(hopmaropoB. HecMoTps Ha SIBHOE HECOOTBETCTBHE 3TOT0 MHTEPBaJla OCPEIHEHHS PEXUMY HarpeBa MPOBOAHUKOB OOJIBIINX
CeYeHMH 1 0COOEHHO TPaHC(POPMATOPOB, TAKOW IMPUHIIUIT PACUETa IPOCT U JAET JOCTATOYHO XOPOIIHE PE3yIbTATHI.

PacuerHas akTHBHas Harpyska IPYIIbl IPUEMHHKOB C TIEPEMEHHBIM I'pa)IKOM Harpy3KH Ha BCEX CTYTEHSX MUTAlO-
XX ¥ paclpeieuTeIbHBIX CETEH OTIpeIenseTcs T0 MaKCHMAIbHOM CpeHel Harpy3ke 1 Ko PUIIMeHTy MaKCHMyMa!

B =K,,P,, =K, K, P 24

HOM ?

rae P, — pacueTHas akTMBHAs Harpyska rpynnsl DIl npu anurensHOCTH MHTEpBana ocpeHeHust Toq, =30 Mun, MM Tak Ha-
3BIBAEMOM II0JTy4aCOBOM MaKCUMyMe Harpy3kd; K, — K03()(UIIMEeHT MaKCUMyMa aKTHUBHOI Harpy3KH IpHU JUTUTEIEHOCTH
uHTepBaa ocpeareHus 30 mun, onpenenseMblid o KpuBbiM K,,,=f(1,,K;,) (cM. puc. 2.7) WM CIpaBOYHBIM TaOIHIIaM (CM.
Ta61.2.1); P, —MaKkcUMallbHasl CpE/IHsSI aKTUBHASI Harpy3Ka IPYIIIBI IPHEMHUKOB 32 HanOouee 3arpyKeHHyIo cMeHy; K, —
K03(h(UIMEHT MCTIONB30BaHUs aKTUBHOW MOIIHOCTH JUISI HAUOOJIee 3arpy)KeHHONH CMEHBI; Py, — HOMHHAIIbHAs MOIIHOCTh
rpynmsl OI1.

Ecnu BeIOMpaeMEIil IO HArpeBY MPOBOJHUK HUMEET MOCTOSTHHYIO BpeMeHHU 7\, 3HaYMTENBHO MpeBHImarontyto 10 yuw,
TO pacyeTHasl Harpy3ka, onpenenseMas o 30-MHHYTHOMY WHTEpPBATY OCPETHECHHUS, JODKHA OBITh ITepecYnTaHa Ha IPyroi
BPEMEHHOW UHTEPBAJI, OOJBINEH IUTEIEHOCTH 10 POpMYyIIe:
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Puc. 2.7. Kpusbie k03 unmeHToB Makcumyma Ky, UIsl pasiIuIHbIX
K09 HHUIHEHTOB HCTIOIb30BaHuUs K}y, B 3aBUCHMOCTH OT 11,

3nech Py ¥ Kiur — pacueTHas Harpyska u Kod(QUIMEHT MakCUMyMa IIpU JUTUTEIBHOCTH HHTEpBaIa ocpeqHeHus Toc, > 30
mun. Koapdumment K, onpenensercs mo hopmyne (2.3).

O¢ddexTnBHOE YUHNCITO FTEKTPOIPHEMHHUKOB 71, HaxoauTcs mo Gopmyne (2.2). 3HaueHus K, Kak A oTaenbHeIX Ol
TaK ¥ XapaKTepHbIX IPYIN NMPUHUMAIOTCS M0 CIIPAaBOYHBIM JaHHBIM. B Tex ciydasx, koraa HalJeHHOE n,, OKa3bIBaeTcs
Ooublile 1, €ro 3HaYeHUE MpUHUMaeTcst paBHbIM 7. [Ipu K, < 0,2 addekrunoe uncno D11 onpenensiercs mo tabun. 2.2. To-
PSIOK OTIpENeNIeHHUs 71, CIICAYIOIIUIA: BEIOUpaeTCsl HanOOBILHI 10 HOMUHANBEHON MotHocTH JI1 paccMaTpuBaemMoro ysia;
BBIOMparoTcsl Hanbonee KpymHble OI1, HOMHUHANBHAsT MOIIHOCTh Ka)JI0TO M3 KOTOPBIX paBHA MOJIOBHHE MOIIHOCTH HaW-
Oomnbrrero D11 wim Oombllie €e; MOACYUTHIBACTCS MX YUCIO M) U UX MOIIHOCTh Py, @ TaKke CyMMapHash HOMHHaJIbHAs
MOIIHOCTh Bcex pabounx OII paccmarpuBaeMoro y3ina Poy; HAXOASATCS OTHOCHTENbHBIE 3HaUeHHs 3(PQEKTUBHOTO YUCia U

MOLIHOCTH KDYIIHBIX 3/I€KTPONPHEMHUKOB 7y =n,/n, P, =P, /P, 10 NOIy4CHHBIM 3HaYeHUSIM 713+ U Pix 1O

Tab. 2.2 onpenenseTcs OTHOCHTENbHAs BemurHa 3¢ dexTnBHOro urcia Ol 7.+, a 3aTeM HAXOIUTCS 1, = HpxH.
Pacuernas peaktuBHas Harpyska rpynmsl Ol ¢ mepeMeHHBIM rpadMKOM Harpy3Ku MPUHAMACTCS:
Qp = 131QCM = lalKHaPHoM £ Puoms 1pu - n, < 109
Qp = QCM = KHaPHOM 1€ Guons opu  n, > 10)
rie Q. — MaKCUMalIbHasl CPEAHss peakTHBHAsI Harpy3Ka IpyIIbl IPUEMHUKOB 332 HanOoJiee 3arpyKEHHYIO0 CMEHY; t€ Pyoy —
HOMHHAIBHBIN KO3 (QUIIMEHT MOIIHOCTH.

[TonHas pacyerHas Harpy3ka S > = 1[sz + Q; .

OnpenencHue pacueTHOM Harpy3ku mo ¢opmyiaam (2.4) u (2.5) BO3MOXKHO TOJBKO MPH TpuBeaeHHOM uucie I n, >
4, Tax xak kpuBble Ky, = f(n,, K,,) onpeneneHs! TONbKO ¢ 1, = 4. IIpn adpdextnBrOM uncne 11 n, <4 pekomMeHIyIOTCS Clle-
IYFOIUH YTIPOIIEHHBIN CcItoco0 ompeneNeHns pacueTHON Harpy3Ku. PacueTHas Harpyska Tpymisl, comepxkameit tpu O u

n
MeHee (n, < 3), NpPUHMMACTCA PABHOM CyMMEe HX HOMHMHAIBHBIX —MOIIHOCTeH, T.e. P :Z Puow; ¥
i=1



n n
0, = unom- = z Prow; " 18Pron; - 3neck n — uncio gakruueckux JI1 B rpynme (10 Tpex); tg P oy — HOMHHAIBHBIA KO-
1 1
i=1 i=1
3¢ GUIMEHT MOIITHOCTH i-TO IPUEMHHKA.

Tabauya 2.1
Koaddunmentsr makcumyma Ky, UIsl pa3iuvHbIX KO3()(GUIMEHTOB UCTIONb30BaHUS Ky, B 3aBUCUMOCTH OT H,
n, 3nauenue K, npu K,
0,1 0,15 0,2 0,3 0,4 0,5 0,6 (0,7 0,8

4 3.43 3,11 2,64 2,14 1,87 1,65 1,46 1,29 1,14
5 3,23 2,87 2,42 2,00 1,76 1,57 1,41 (1,26 1,12
6 3,04 2,64 2,24 1.88 1,66 1,51 1,37 (1,23 1,10
7
8
9

2,88 2,48 2,10 1,80 1,58 1,45 1,33 [1.21 1,09
2,72 2,31 1,99 1,72 1,52 1,40 1.30 (1,20 1,08
2,56 2,20 1,90 1,65 1,47 1,37 1,28 (1,18 1,08

10 242 | 2,10 1,84 1,60 1,43 1,34 126 |1,16 1,07
12 2,24 1.96 1,75 1.52 1,36 1,28 123|115 1,07
14 2,10 1,85 1,67 1,45 1,32 125 120 |1,13 1,07
16 1,99 1.77 1,61 1,41 1,28 1,23 1,18 |1,12 1,07
18 1.91 1,70 1,55 1,37 1,26 1,21 1.16 |L,11 1,06
20 1,84 1,65 1,50 1,34 1,24 1,20 L1s |1,11 1,06
25 1,71 1,55 1,40 1,28 1,21 1,17 1,14 |1,10 1,06
30 1,62 1,46 1,34 1,24 1,19 1,16 1,13 |L,10 1,05
40 1,50 137 1,27 1,19 1,15 1,13 1,12 1,09 1,05
50 1,40 1,30 1,23 1,16 1,14 111 1,10 |1,08 1,04
60 1.32 1,25 1,19 1,14 1,12 1,11 1,09 |1,07 1,03
70 1,27 1,22 1,17 1,12 1,10 1,10 1,09 |1,06 1,03
80 1,25 1,20 1,15 1.11 1,10 1,10 1,08 |1,06 1,01
90 1,23 1,18 1.13 1.10 1,09 1,09 1.08 |1,05 1,02

100 1,21 1.17 1,12 1,10 1,08 1,08 1.07 [1,05 1,02
120 1,19 1,16 1.12 1.09 1,07 1.07 1,07 (1,05 1,02
140 1,17 1,15 1,10 1,08 1,06 1,06 1,06 (1,05 1,02
160 1,16 1,13 1,10 1,08 1,05 1,05 1,05 (1,04 1,02
180 1,16 1,12 1.10 1.08 1,05 1,05 1,05 (1,04 1,01
200 1,15 1,12 1,09 1.07 1,05 1,05 1,05 (1,04 1,01

IIpumeuanwue. [1pu n, > 200 BenuunHa K, IPUHAMAETCS] paBHON €IMHHUIIE.

Takum 00pa3oM, ISt OTBETBICHHH OT pacHpeeNIUTENbHBIX MKaQOB WM MarucTpaiei Kk otaensHeM D11 equHCTBEH-
HBIM TIIapaMeTpoOM JJIsl pacueTa MX I10 HarpeBy SIBIISICTCS HOMHHAIBHAs MOIIHOCTH dJIeKTponpueMHuKa. [Ipu uncne daktu-
geckux OI1 6ompmie Tpex (7 > 3), HO npu 3PPEKTUBHOM UX YUCIIE MEHBIIE YeThIpeX MaKCUMAallbHasi Harpy3Ka MOXeET OBITh
MPUHATA KaK IS TPYIIIEI IPHEMHHUKOB 3JIEKTPO3HEPTHH C /1, PaBHBIM YETBIPEM, HO HE MEHEEe CYMMBbl HOMHHAIBHBIX MOIII-
HOcTelt Tpex HanOompmmx JI1.

Pacuemnasa nazpy3ka onsa neKmponpUEMHUKOE ¢ MalomeHawumca pagurkom. Ins rpynn D11 amurensHOro
pexknMa paboTHI C IPAKTHYECKH TOCTOSTHHBIM rpadukoM Harpy3ku ( Ky, > 0,6; K;; ~ | u koagduuueHT 3amnonHeHus rpadu-
Ka Harpy3KH 3a HamboJyee 3arpykeHHyro cMeHy K., > 0,9) xoapdunment makcumyma Ky, MOXKET OBITh NPUHAT PABHBIM
eIWHUIIE, a pacueTHas Harpy3ka rpymmbl Takux DIl — paBHOW MaKCHMAallbHOW cpenHel 3a Hambolee 3arpyKeHHYIO CMEHY,

T.C. Pp = KMaKl/laPHOM = Kl/lPHOM; Pp = PCM; Qp = QCM'

OmpeneneHne pacyeTHON HArpy3Kd pacCMOTPEHHBIMU YHPOLIECHHBIMH CIOCOOAaMH MPUBOIHT, KaK MPAaBHIIO, K 3aBbI-
IIEHHOMY PEe3yJbTaTy U JOIYCKAaeTCsl TOJNBKO Ut HeOombimon rpymnmsl O11. PacdeTnas peakTuBHas Harpy3Ka OT CHHXPOH-
HBIX JIBUTaTelieil MPUHIUMAETCsl paBHOI MaKCHMaIIbHOM cpe/iHel 3a HanboJee 3arpyKeHHYI0 CMEHY, a OT CTATHYECKHX KOH-
JICHCATOPOB — HOMUHAJIBHOW MOIIHOCTH C IIEPECYETOM TOCIeIHEH Ha ()aKTHIECKOE HAIPSKEHHUE CETH.

Onpeodenenue nukoewvix nazpy3ok. ITMKOBBIMH Ha3bIBAIOTCSI MAaKCHMAaJIbHbIE HArPY3KH JUINTEIBHOCTRIO 1+2 c. Bemn-
YMHA [TMKOBOTO TOKA HCIIOJIB3YETCs NMPH pacueTe KonebaHui HampshKeHHs, BHIOOPE yCTaBOK 3allUT, IJIs IPOBEPKH Ha ca-
Mo3aryck aBuratesneil. [IMKOBBIA TOK TPYIIIBI 3IEKTPOABUraTeNeld ¢ AIUTEIBHBIM PEXKUMOM pabOTHI olpenesnsercs Kak
apudmeTnyeckas cyMMa HauOOJBIIETO U3 ITyCKOBBIX TOKOB JBHUTraTeNel, BXOIIMIMX B IPYIILY, U PACYETHOTO (CPEIHEro)
TOKa Harpy3Kd BCEH IpyMITbl MPUEMHUKOB 33 BBIYETOM PACUETHOT'O TOKA JIBUTATENsI, UMEIOIIEro HauOOJBbIINHA MyCKOBOM
TOK:

I =i + (Ip —k i ). (2.6)

TIHK. Myake M Hyake

3necy I — HaubONBIIMA W3 IYCKOBBIX TOKOB JABHMrareleil B rpymme; I
MakKkc

. — HOMWHAIBHBIA (TPUBEACHHBIA K

Hyake

[1B=100%) TOK; k;— K03 HUIMEHT UCTIONB30BAHUS ABUTATENS; [;— PacUeTHBIH TOK Harpy3ku Bcex OII rpynimbl.
B Tex ciyuasx, xorga B Ipyliie MMEIOTCS NOCTaTOYHO MOIIHbIE CHHXPOHHBIC NBHTATENIH, & YHCIIO ABUrateiei B
TPYyIIe Majo ¥ UX HOMHHAJIBHBIE MOIHOCTH PE3KO pa3IMyaloTcs, TMKOBBIH TOK MOXKET OBITh ONpesielieH 00i1ee TOYHO:

_i +k' \/(E;M_pcm)2+(QCM_qCM)2
MUK, Ty Mma i
Makc \/gUH

rie Pey, Ocy — CyMMapHble MaKCHUMaJIbHbIE CPETHHE aKTHBHAS M peakTHBHas Harpy3ku Ol Bceil rpymmsl 3a Haubomnee 3a-

IPYKEHHYIO CMEHY; k,, — KO3(puIueHT MakcuMyMa 11 rpynmsl J11 6e3 yueTa JBUraTens, MMEIOIEro Hay



Tabauya 2.2
OTtHocuTenbHbIe 3HaUeHHUS a)PEKTUBHOTO YUCIIA ANEKTPOIMPUEMHUKOB Ny+ B 3aBUCUIMOCTH OT N+ U P+

nyx* Pl*-

1,0 1095 09 |085] 0,8 |0, 75| 0,7 |0,65| 0,6 |0,55]| 0,5 (045 04 [035| 0,3 [0,25(0,2(0,15] 0,1

0,00510,005{0,0050,006|0,007{0,007{0,009]0,010{0,011|0,0130,016{0,019|0,0240,030{0,039|0,051(0,073{0,11|0,18|0,34
0,01 {0,009(0,011{0,012/0,013{0,015]0,017|0,019{0,023]0,026(0,031{0,037]0,047|0,059{0,076| 0,10 | 0,14 {0,20|0,32|0,52
0,02 | 0,02 | 0,02 | 0,02 | 0,03 | 0,03 | 0,03 | 0,04 | 0,01 | 0,05 | 0,06 | 0,07 | 0,09 | 0,11 | 0,14 | 0,19 | 0,26 [0,36]|0,31|0,71

0,03 | 0,03 | 0,03 | 0,04 [ 0,04 | 0,04 | 0,05 | 0,06 | 0,07 | 0,08 | 0,09 | 0,11 | 0,13 | 0,16 | 0,21 | 0,27 | 0,36 |0,48|0,64|0,81
0,04 | 0,04 | 0,04 | 0,05 | 0,05 | 0,06 | 0,07 | 0,08 | 0,09 | 0,10 | 0,12 | 0,15 0,18 | 0,22 | 0,27 | 034 | 0,44 |0,57|0,72|0,86
0,051 0,05 0,05 |0,06 | 0,07 (0,07 (0,08 |0,10(0,11]|0,13|0,15]|0,18| 0,22 0,26 | 0,33 | 0,41 | 0,51 |0,64|0,79]0,90

0,06 | 0,06 | 0,06 | 0,07 | 0,08 | 0,09 | 0,10 | 0,12 | 0,13 | 0,15 | 0,18 | 0,21 | 0,26 | 0,31 | 0,38 | 0,47 | 0,58 |0,70|0,83]0,92
0,08 | 0,08 | 0,08 | 0,09 | 0,11 | 0,12 | 0,13 | 0,15 | 0,17 | 0,20 | 0,24 | 0,23 | 0,33 | 0,40 | 0,48 | 0,57 | 0,68 |0,790,89|0,94
0,10 | 0,09 | 0,10 | 0,12 | 0,13 | 0,15 { 0,17 | 0,19 | 0,22 | 0,25 | 029 | 0,34 | 0,40 | 0,47 | 0,56 | 0,66 | 0,76 |0,85]0,92]0,95

0,15 0,14 | 0,16 | 0,17 | 0,20 | 0,23 | 0,25 | 0,28 | 0,32 | 0,37 | 0,42 | 0,48 | 0,56 | 0,67 | 0,72 | 0,80 | 0,88 {0,93]0,95
0,20 | 0,19 { 0,21 | 0,23 | 0,26 | 0,29 | 0,33 | 0,37 | 0,42 | 0,47 | 0,54 | 0,64 | 0,69 | 0,76 | 0,83 | 0,89 | 0,93 [0,95
0,25 10,24 10,25 (0,29 { 0,32 { 0,36 | 0,41 | 045 | 0,51 | 0,57 | 0,64 | 0,71 | 0,78 | 0,85 ] 0,90 | 0,93 | 0,95

0,30 | 0,29 10,32 (10,35 (0,39 (0,43 | 0,48 | 0,53 | 0,60 | 0,66 | 0,73 | 0,80 | 0,86 | 0,90 | 0,94 | 0,95
0,35 0,33 | 0,37 | 0,41 | 0,45 | 0,50 | 0,56 | 0,62 | 0,68 | 0,74 | 0,81 | 0,86 | 0,91 | 0,94 | 0,95
0,10 0,38 | 0,42 | 0,47 | 0,52 | 0,57 | 0,63 | 0,69 | 0,75 | 0,81 | 0,86 | 0,91 | 0,93 | 0,95

0,45 0,43 | 0,47 0,52 0,58 | 0,64 | 0,70 [ 0,76 | 0,81 | 0,87 | 0,91 | 0,93 | 0,95
0,50 | 0,48 | 0,53 | 0,58 | 0,64 | 0,70 { 0,76 | 0,82 | 0,89 | 0,91 | 0,94 | 0,95
0,55 0,52 { 0,57 | 0,63 10,69 | 0,75 | 0,82 | 0,87 | 0,91 | 0,94 | 0,95
1

0,60 | 0,57 | 0,63 | 0,69 | 0,75 | 0,81 | 0,87 | 0,91 | 0,94 | 0,95
0,65 | 0,62 | 0,68 | 0,74 | 0,81 | 0,86 | 0,91 | 0,94 | 0,95
0,70 | 0,66 | 0,73 | 0,80 | 0,86 | 0,90 | 0,94 | 0,95

0,751 0,71 1 0,78 | 0,85 [ 0,90 | 0,93 | 0,95
0,80 | 0,76 | 0,83 | 0,89 | 0,94 | 0,95
0,851 0,80 | 0,88 | 0,93 | 0,95

0,40 | 0,85 [ 0,92 | 0,95
1,00 | 0,45

[Tpumeuanue: 1i1si MpOMEKYTOUHBIX 3HAUSHUI PEKOMEHAYeTCs OpaTh OrKalIie MEHbIIHE 3HAYCHUS 71,




O0JIBIINIT MTYCKOBOM TOK; Pey, ey — MAKCUMANIBHBIE CPEHNE AKTHBHAS M PEaKTHBHAs HAarpy3KH 3a HanOoJee 3arpyKeHHYIO
CMEHY JBUTATENs], UMEIOIIEro
HauOOJIBIINN ITyCKOBOH TOK.

B kauecTBe HanOOJNBIIETO MUKOBOTO TOKA OJHOTO NMPHEMHHKA MPUHUMAIOTCS UL JBUTATENIeH — ITyCKOBOW TOK, IUIS
TICYHBIX W CBAPOYHBIX TPAHC(HOPMATOPOB — MMUKOBBIA TOK MO MACIIOPTHBIM JaHHBIM. IIpy OTCYTCTBHMHM MaclOPTHBIX AaHHBIX
ycKkoBoil Tok A/l ¢ KOpOTKO3aMKHYTBIM poTOpoM U CJI MOKeT OBITh NPUHAT PABHBIM 5-KPaTHOMY HOMHHAJIBHOMY, ITyCKO-
BOI TOK JBUTaTeneil moctosHHoro Toka M A/l ¢ ¢hazHeiM poTopoM — 2-2,5-KpaTHOMY HOMUHAJIBHOMY, IMKOBBIA TOK TEYHBIX
U CBapOYHBIX TPAHCPOPMATOPOB — HE MEHEE 3-KPaTHOr0 HOMHHAJIBHOTO. IIMKOBBII TOK IrpymIisl JBUraTenel, KOTOpbIE MO-
T'YT BKIIFOUaThCsl OTHOBPEMEHHO, HEOOXOANMO NPUHUMATh PABHBIM CyMME ITyCKOBBIX TOKOB 3TUX JBUTaTEICH.

Jlns naMn HakaJaMBaHHS M Teuel COMPOTUBIEHHS MOIIHOCTBIO 10 500 Bm Iy, = I, Tak Kak TOMUKH NPH BKIIOUEHUH
9THX JJIEMEHTOB KPaTKOBPEMEHHBI ¥ BIMSHUS HA KAYECTBO AJIEKTPHUYECKON SHEPIHH PAKTUYECKU He OKasbiBatoT. J{ist Goee
MOIIHBIX JJaMI HaKaJUBaHHUA U PTYTHO-AYTOBBIX JIAMIT KPaTHOCTh ITMKOBOTO TOKA JoCTHraeT 12+14, 4To B HEKOTOPBIX CITy-
Yasx MPUBOJUT K OTKJIIOUEHHIO aBTOMATOB M NIEPETOPaHUIO MTPEAOXPAHUTEIICH.

JUist IyrOBBIX CTalCIUIaBUIILHBIX TeUeii MMKOBBIE HArpy3KH BO3HHMKAIOT MPU 00BaaX IIMUXTHI HAa AJIEKTPOB! B TIEPHO.
paciuiaBa ¥ IMpH SKCILTYaTal[MOHHBIX KOPOTKHX 3aMBIKaHHAX. BenndnHa MMKoBOro TokKa JOCTHTaeT 3 - 3,5/, IpH JUINTEIbHO-
CTH JI0 HECKOJIBKMX CEKYH]I, TOKa He cpaboTaeT aBTOMaTHKa MOAbeMa 3JIEKTPOJIOB.

Pacuem nekmpuueckux HAazpy30K HA PA3NUYHBLIX CHIYREHAX CUCMEMbl INeKmpocHadycenus. 1lpu onpenencHun
pacyeTHBIX HAarpy30K Ha Pa3IMYHBIX CTYIEHSIX CHCTEMBI IICKTPOCHAOKEHNS TPOMBIIUICHHOTO TPEINPHUITHS (110 pacipese-
mutensHOMY Ty 0,4 kB, OTAENeHHIo, IeXy, TPYIIIE IIEX0B, MPEAIIPUATHIO B IIEJIOM) HCIIOJIB3YETCS OJHA U Ta K€ METOIHKA.

B o61em cityuae B y3ie cucteMbl anekTpocHadxkeHus MoryT 0b1Th JI1 ¢ nepemenubiMu (K, < 0,6) 1 MaJOMEHSIOIIUM-
cst (K 2 0,6) pesxumamu pabotsl. [lepereie D11 ycaoBHO OTHOCST K TpyIe 4, BTOphIe — K TpyImme 5.

PacuetHble Harpy3ku y3ina, coctosimero u3 Ol rpynn A (m 37eKTponpHeMHHUKOB) U b (f 3J€KTPONPHEMHHUKOB), HaX0-
JSITCSL TIO BBIPAXKECHUSIM:

m f
P =KD Poy + D Py, = Poy+ P’
i=1 j=1
m f
0y, = 1,12 Oy, + ZQCM,» =0, +Qps» mpH, <10
i=1

J=1

m f
Oy = 2Oy + 2o = Qs + Qs 1P A,> 10
i=1 Jj=1
_ 2 2
Spy3 - Ppy3 + QPy3 :

roe P

pya oy ,Spy3 — pacueTHbIe aKTHBHASA, PEaKTUBHAS U MOJHAs HArpy3ku y3ina; Ky, — ko3dduimenT makcumyMma 1o ax-

THBHOH MomHoCcTH Beex DIl ¢ mepeMeHHBIM pexxuMoM pabotsl; P, ,0 . — MaKCHUMAalbHEIE CPEIHUE AKTHBHAS M PEAKTHB-
1 1
Has Harpysku i -ro OII unm Heckonbkux ogHOTUNHBIX OII ¢ mepemenHbIM pexumom paboter; P, 0,  — To xe mus Oll ¢
J J

MaJIOMEHSIOIIUMCS PEXUMOM PabOThL; Py, Ppg M Opy, Opp — PACUETHBIE aKTUBHBIE M PEAKTHBHBIE HATPY3KU COOTBETCTBEH-
Ho rpynn 4 u b.

2.5. OnpenesieHue 31eKTPUYECKUX HATPY30K OAHO(DAZHBIX 3JIeKTPONPUEMHHKOB

DJIEKTPOTIPHEMHHUKH B O0IIIEM cIlydae MOTYT OBITh Kak Tpex(dasHble, Tak M OgHO(a3HBIE, TOCISAHNE TIOAKIIOYAI0TCS Ha
nuHeitHoe win ¢azHoe Hanpspkenue (puc. 2.8), OxHodazubiMu D11 MoryT OBITH CBapOUHBIE TPAHC(HOPMATOPBI, TIEYH COMPO-
THUBJICHNUS, ACHHXPOHHBIE JABUTATEIH U T.JI.

O W

<

1114 1114 1111‘ Ics A 14 lcd .’114 .14
Ucl$ Ul ¢ Uaj AN

1 fac \] 2 3
4 b
Puc. 2.8. Cxemsl BKIIOYEHNS Tpex(PasHBIX U OAHO(DAZHBIX IEKTPOIPHEMUHUKOB:
1 — Tpexdasubie; 2 - oaHOGDa3HbIe, BKIIOYCHHbIC HA JTMHEHHOE HANPSDKEHHE;
3 - ogHOGa3HbIe, BKIIOUCHHbIE Ha (ha3HOe HANPsDKEHHE

Opnnodazusie D11 cuntaroTcs paBHOMEPHO paclpeeJIeHHBIMHE 10 (a3aM, e HepaBHOMEPHOCTh Harpy3KH 1o ¢a3am —
Pa3HOCTh HOMHHAIBHBIX MOIIHOCTEH Hambosee M HauMeHee 3arpy>KeHHbIX (a3 He mpeBbImaet 15% cymMMapHOW HOMUHAIB-
HOM MomHOCTH Tpex(as3HbIX u ogHo¢a3zHex DI paccmarpuBaeMoro y3ma. YciioBHas TpexdasHas HOMHHAIbHAS MOITHOCTD
MIPUHAMAETCS PaBHOW CyMMapHOW HOMHHAIBFHON MOIIHOCTH Bcex omHodasHbx JIl. Ecnm HepaBHOMEpHOCTH HAarpy3ku 00-
nee 15%, To pacueTHas HarpysKa olpenenserca o Haubosee 3arpykeHHoil ¢ase.i1s1 onpenenenus Hanbosee 3arpykKeHHON



¢asbl paccmoTpuM o0mmmit ciyyaii Brmodenust JI1 B y3ne (cm. puc. 2.8). [lpu onpeneneHry TOKOB B JTMHEHHBIX MPOBOAAX
Tpex(}azHOW CeTH HCIOJIb3yeM pa3lIoKEHHUE BEKTOPOB TOKA B KAK/IOW (pa3e Ha aKTUBHBIC M PEAKTHUBHBIE COCTABJISIOLIME.
[Ipoekunu BEKTOPOB TOKOB Ha OCH, COBHAJAMONIKE C (ha3HBIMU HAIPSHKEHHUSIMH, SBISIOTCS aKTUBHBIMH, a MPOEKIIMH BEKTO-
POB TOKOB Ha TIEPIIEHANKYJISIPHBIE OCH — PEAKTUBHBIMH COCTABJISIOIIMMH TOKOB.

Ha puc. 2.9 npuBeneHa BEKTOpHas AUarpaMma TOKOB Tpexda3Hol U oqHOo(ha3HBIX HArpy3o0k B ¢ase A. 3mecs 0003HaYe-
HO: Ijjj — TOK, 00yCTIOBJICHHBIH

tpexdazuasiMu O11; Iy, Ic4 — TOKH, 00ycIOBIEHHBIE OqHO(Ga3HEIMU D11, BKITTOYEHHBIMU HA JTMHEHHBIC HATIPSHKCHUS; Ly —
TOK, 00ycIoBJIeHHbIH oHO(a3HbMu D11, BritoYeHHBIMU Ha (a3Hoe HanpshkeHue. Hampshkenue ¢asbl 4 COBMEIICHO C Bellle-
CTBEHHOM OCBHIO (+).

Ipg\30°

P
1 Oct aKTHBHBIX TOXOE
____________ >

+_

Icq S
Puc. 2.9. BektopHas auarpaMma TOKOB Tpex(ha3Hoii 1 0ZHO(pa3HO
Harpv3ok B daze A

AKTUBHBIN TOK B (hase A4:

B

I =1,,c0530° =@, )+ 1., c0330° + @, )+ 1y cospy +1,,cosp,, =
=1p,c0830°cosgy, +1,sin30°sing,, + 1, cos30° cosp., —
—1.,sin30°sing, + Iy cosey +1 4, cosg 4 =

NER N
=1y, cos0,, 7+Etg(pBA +1,,cosp., 7_Etg(pm + Iy cospypy +

1 1
+1 45080 0 =15 7+5fg<03,4 +1¢y 7—51g¢CA +1Im + 1o

PeaxTuBHEBII TOK B daze 4:
1% =1,,sin(30° =g, )—1,,sin(30° + ¢, )1, sing, -1, sing, =
=1p,sin30° cospy, — 15, cos30°sing,, —1.,sin30° cos@, —
—1.,c0s30°sing., — I sing; — 1, sing , =

1 3

K K 1 K K
=1y _Ttg(oBA"'_ —-1¢y TIg("CA —— = Imewm — 15018 4

2 2
[osHast MOITHOCTE (a3bl A:

S, =P+ 0, =10, = (1%~ jIU, = (1% — I\, /A3,

Teneppb akTUBHBIE HArPy3KH AJIEKTPOIPUEMHUKOB B (aze A:

11

P,=1%U, =I1%U /N3 =P,,| —+—F=1gp

A A A I B4 B4
¢ 2 23

1 1
+P.,| ———=1gp., |+ Py /3+P,, =

22\5

=Py K pgaya + PeaKpicaya + Py /34 Py,

rae Kppaa Kpcaa — K030 Puuments! npusenenns k ¢ase A akTUBHON cOCTaBIAOIIEN 01HO(A3HON HATPY3KH, BKIIIOUEHHON
Ha JITHEWHOE HATIPSHKCHHE COOTBETCTBEHHO MeXy (dazamu 4 u B u pazamu C u 4.
PeaxTuBHBIC Harpy3KH 3JIEKTPOIIPHEMHHUKOB B (haze A:

1

23

1 1
+Po| T1gpc, + +Pryigoy, /3+PAOtg‘/’A0 =
2 213

1
_ P _ P _ —
0,=-1U, = —-1"U /N3 =P, ; 1804, — +

=Py, Koaya T PeaKocaya + Puitgo 13+ Pyyigp 40



rie Kogaja, Kocaya — KodpdunnenTs! npusesienus k ¢ase 4 peakTUBHOU COCTaBIIAOIIEH o1HO(a3HOH Harpy3Ku, BKIIIOUEH-
HOW COOTBETCTBEHHO MeXIy pazamu 4 u B u dhazamu C u 4.

AHaJOTHYHO BBIBOAATCA KO (UIMEHTHI IpUBEACHHUA U U1 Apyrux ¢a3. UncioBele 3HaueHNS K03 (GHUIIMEHTOB IpHBE-
JeHUS JUT pa3iM4YHbIX KO3 (UIINEHTOB MOITHOCTH JAIOTCA B CIIPABOYHOM JIUTEpaType.

OO0miast pacyeTHas Harpy3Ka OTHENIBHBIX (a3 onpeieNnseTcs CyMMUPOBaHHEM O1HO(MA3HBIX HAarPy30K, BKIIIOYEHHBIX Ha
(a3Hoe ¥ NMHEIHOe HaANpPsDKEHNs, C IPUBEACHIEM OCIIEHIX K Harpy3ke ogHoi (a3el. Hampumep, akTHBHAsS HOMHHAJIbHAS
Harpy3ka ogHoga3ubix OI1, BkimodeHHbIX Mexay (azamu 4 u B, dhazamu C u 4 u Mmexay $azoil 4 1 HyJIEBbIM IIPOBOJIOM,

IPUBE/ICHHBIM K (aze A4, onpenensercs BeipaenneM P, =P, Kppy + P, Kpcpy s+ Py -

COOTBETCTBEHHO PEAKTHBHAsI HOMUHAJIbHAs HArpy3Ka QHA = PHBA K 0BAY4 T PHCA K oca QHA0 .

AHaJIOTHYHO OCYIIECTBIISIETCS MPUBEICHNE aKTUBHON M peaKTUBHOU Harpy3ok k ¢gasam B u C. Jlanee ompexnemnsercs
HOMHHAJIbHAsl aKTHBHAs Harpyska HauOounee 3arpyxeHHOH da3bl oT oqHOGba3HBIX DI Pyyg. YcIIOBHAS HOMHHANBHAS aKTHB-
Has TpexdasHas Harpyska Py, TPUHUMAaeTCs PaBHON TPOHHOMY 3HAYEHHIO HOMHHAIBHOI aKTHBHOW Harpysku HamoOoiee

3arpykeHHOH ¢a3sl 0T ogHO(Da3HBIX D11 Py =3P

AHaJOrn4YHO HAXOJMTCS yCIOBHAs HOMHHAIIbHASI PEaKTHBHAs Harpy3Kka ot oquodaszueix D11 st TpexdaszHoii cetn.

[ony4eHHbIe ycIOBHBIE HOMUHAJBHBIC aKTUBHAs W PeakTHBHasl Harpy3ku oaHodaszHeix DI mcmons3yrorcs nanee Kak
Tpexdas3Hble Harpy3H IIPU pacueTe Harpy30K y3jla CUCTEMbI 3JEKTPOCHA0KEHHs, COleprKallero TpexdasHble U 0JHO(a3HbIE
OIl.

[Ipn HEOOXOaMMOCTH ONpeNeNIeHHsT pacdeTHOH Tpexda3Hoi Harpy3Ku ToJbKO oT ogHodasHbIXx D11 pacyer mpoBoanTCS
crenyronmmM odpazom. st pasHOTHUIHBIX ogHodaszHbx D11, nmeronmx paznnunbie KodGdunreHTsl K, 1 cos@, MaKCUMallb-
HBIE CPEJJHNE aKTUBHAS M PEaKTHBHAsI HArpy3KH, HarpuMmep Ui Gas3bl 4, 3aruIIyTcs:

P, = Kilyy Kpgaya + KuPu [ Kpicaya + K;PHAO ;

cM
Ocn, = KuPyy, Kosaya + KuPu, Kocaya +K;4PHAOtg¢A0’

rae K, u K, — koaddurments! ncrnonszoBanus oqHodazueix D11 paznudHoro pexxuma padoThl COOTBETCTBEHHO Tpyni A u b.
AHaJOru4HO OIpeessIIoTCs cpeaHue onHodasHble Harpy3kH st Gasel B u C. [locne onpeneneHns CpeqHUX Harpy3oK
10 BceM (pazaM HaxoIuTCsl Hauboiee 3arpykxeHHas pasza 1o akTHBHOM MOIIIHOCTH, a 3aTeM ONpEIENsIeTCs YCIOBHAS MaKCH-

MaJlbHas CpeHsIs Harpyska TpexdasHoii cetnt ot omHO(a3HbIx JII: Py = 3PCM¢ u QCM'y = 3QCM¢.

Cpennee 3Hauenre K03(h(HUIMEHTa UCIIOIB30BAHUS TS BeeX oqHO(a3HbIx D11 HaxoauTces o HauboJIee 3arpyKeHHOM
¢asze:
Pp
cmd
K = , 2.7)

ua
P +P
H.JHMH] H.JIMH2 + P
2

rae Puowp — CyMMapHas HOMHHaJIbHAs MOIIHOCTh oHO(a3HeIX DI, BKIITOYEeHHBIX Ha (a3HOE HANPsHKEHHE MEXIy Haubomee
3arpykKeHHOH (ha30i U CMEKHBIMU C HEl B Tpex(ha3HOU CHCTEME.

HOM(

PP
CM
Hampumep, nis dasel A Beipakenwue (2.7) 3anumercs kak K, = 4
P +P
H Hc
BA C4 + PHAO
2
n
22 p HOM; ”
=
I[IpuBeneHHOE YUCIO 1, Tpymmsl ogHodasHbx DI paccynThiBaeMOro ysma n, = — .3nece 2 p,..,. — cymma
3P, i=1 !
HOMyjac

HOMHHANBHBIX MonIHocTel ogHodasneix OIl; P, — HOMMHambHas MouiHocTh HauOomsmrero OII. Ilocie ompenenenus
Makc

3HaueHui K, 1 1, o KpuBbIM K, = f(1,, Ky1y) (puc.2.5, 2.7) Haxoautcst Ko3hdunneHT Makcumyma K.
YcnoBHBIE pacueTHBIE Harpy3KH TpexdaszHoi cetn oT oxHodasHbIX DII mpu uncne ux Gonee Tpex u n, > 4 ¢ nepeMeH-
HBIM IrpaKOM Harpy3Kd BBIUYUCISIOTCS 110 (hopMyiam:

P =3K, P>
OQp =3-1L1-0> mpun, < 10;
Opy =30cup> pu n, > 10.

Juist ciyyast, koraa yucio oauodaszueix DI He npesbiaer Tpex (n < 3), a Takke Kornua # > 3, HO IPUBEJCHHOE YUCIIO
n, <4, UCTIONB3YIOTCS METOJIBI pacueTa, MpUMeHsIeMbIe Ui Tpexdaszubix DI1.



3. PEXKUMBI PABOTHI HEMTPAJIEN JEKTPHUYECKUX CETEN

Heiimpanamu 3nekmpoycmanogok Ha3bIBalOT O0IIHE TOYKA OOMOTOK T€HEPAaTOPOB WM TPaHC(POPMATOPOB, COSAU-
HEHHBIX B 3BE31Y.

Bupa cBsi3u HelTpasieit MalnH 1 TpaHC(HOPMATOPOB C 3eMJyIel B 3HAUUTENBLHON CTEIICHU ONPENeNseT YPOBEHb 30N
3JIEKTPOYCTAHOBOK M BBIOOP KOMMYTAIITMOHHON allapaTyphl, BEIHYNHY IIepeHaNpsHDKEHIH U clIocOObI UX OrpaHHYCHHS, TOKH
npu o7HO(DA3HBIX KOPOTKUX 3aMBIKAHUIX Ha 3€MJIIO, YCIOBHS PaOOTHI peleiiHON 3auuThl, 0€30MacCHOCTh B AIEKTPHYECKUX
CeTsIX, 3JIEKTPOMAarHUTHOE BIMSHHE Ha JIMHUU CBSA3U H T.1. [2].

B 3aBucuMocTH OT peskiMa paboThl HEUTpaTH AJIEKTPUUECKHE CETH JETSTCS Ha 4 TPYIIbI:

1) cetu ¢ He3a3eMIICHHBIMU (M30JIMPOBAHHBIMI) HEUTPATISIMI,

2) ceTH ¢ pe30HAHCHO-3a3eMJICHHBIMU (KOMIICHCHPOBAaHHBIMH ) HEUTPAJISIMH,
3) cetu ¢ 3¢ heKTUBHO-3a3eMICHHBIMI HEHTPAIISMU;

4) ceTH ¢ TIyX03a3eMIICHHBIMI HEHTPaISIMA.

PexxwM HelTpanu onpenenseT TOK OAHO(PA3HOTO KOPOTKOTO 3aMBIKAHUS, U B 3aBHCHMOCTH OT €T0 BEIHYHHEI CETH Je-
JIATCSI Ha CETH C MaJIbIMH TOKaMH 3aMbIKaHH Ha 3emmo (MeHee 500 4), B OCHOBHOM 3TO ceTH 1-#f u 2-if rpymm, U ceTu ¢
OOJNBIIMMH TOKaMU 3aMbIKaHUS Ha 3emitto (6omee 500 A).

3.1. PaboTa ceTH ¢ H30JIMPOBAHHOI HEHTPAIbLIO

Ha puc. 3.1 npexncraBieHa TpexIHHEHAA cxeMa 3aMeIeHHs TpeX(Pa3HOH CeTH ¢ U30JIMPOBAHHOM OT 3eMITH HEHTPAbIO.
Bce nCTOYHMKH TUTAHUS CETH 3aMEHEHBI OJJTHIM SKBHUBAJICHTHBIM, COeIMHEHHBIM B 3BE31y UCTOYHHKOM, BCE JIMHUH — OTHOM
SKBHUBAJIECHTHON JMHUEH, BCe MIPUEMHUKHU — OJJHUM KBHBAJIEHTHBIM IPHUEMHUKOM. C TOCTaTOYHO BBICOKON JOCTOBEPHOCTBIO
MOJKHO CUHTATh, 9TO Bce (a3bl CXEMBI 3aMEIICHNS IMEIOT OJMHAKOBEIE MTapaMeTpsl (CxeMa cuMMeTpudHa). M3 mapameTpos
SKBHUBAJICHTHON JIMHUU NPU aHAJIN3E PeKUMa HEUTpaIu UMEIOT 3HAYeHUE TOJIBKO 3apsAHBIe TOKH M €eMKOCTHBIE TIPOBOIMMO-
CTH OTHOCHUTEJIHHO 3eMJTH, KOTOPbIE B H300pakeHbI Ha puc. 3.1.

PacueTHast eMKOCTHAs IIPOBOAMMOCTD OJHOM (pa3bl CETH paBHA

B= Zn:bmzi :
i=1

rae B — eMKOCTHas mpoBOAUMOCTh ceTH, Cum; by, — ylelbHas eMKOCTHasi ITPOBOAMMOCTD JIMHUM | (HAa €JUHUILY IJTHHBI).
Cm/xm; |; — DKBUBaNIGHTHAs! [IJIMHA JIMHUY § C Y4€TOM IIapajllelIbHbIX BETBEH, Ku.
B ceTsix 6 - 35 kB yjenbHas eMKOCTHAS TIPOBOIMMOCTE by Y KabeIbHBIX JTHHMIL IpH cedenusx xm1 10-300 amm® Haxo-

a 6
1 I 2 3 1 a 2
b
N b
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sl 11 _ 1
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uc. 3.1. Cxema 3aMelIeHUs CeTH C U30JMPOBAHHON HEUTpPaJIbIO:
a) HOPMaJIbHBIH pexxrM paboThl; 0) pexxuM oaHO(A3HOTO 3aMBIKAaHHUS Ha 3eMitio B dase ¢,
1 - 5KBUBAJICHTHBIiI HCTOYHUK [UTAHUS CETH; 2 - SKBUBAIICHTHAS JIHHHUS.
3 - 9KBUBAJICHTHBII IPUEMHHK, [OKIIOYCHHBIH K CETH

mutest B mpenenax (60-180)-10° Cw/km u onpenenseTcss KOHCTpyKIWei kaberns [3]. Y BO3AYIIHBIX JTHHHHA CO CTaleaTioMH-
HUEBBIMH TPOBOJAMH CeueHHeM 25+150 mu’ U CpeHereOMeTPHUECKHM PACCTOSHHEM MEXKIy MPoBOAaMHU 1+3 a yrenbHas
eMKOCTHAs IPOBOAMMOCTh HAXOIUTCS B mpeaenax (2,7 + 3,6)-107° Cu/kon.

[Tpn OTCYTCTBMM NAHHBIX O JJIMHE M €MKOCTHOM NPOBOAMMOCTH Ka)KJOH JIMHUM CETH JUIsS pacyera 3apsIHOrO TOKa
OOBIYHO TOJB3YIOTCS! YCPEIHEHHBIMH K03()(UINEHTaMH €eMKOCTHOM TTPOBOJMMOCTH:

I, =U_,(bl +b.l),

rne I, — 3apsaHbli ToK, 4; Uy, — HOMHHAIIBHOE (pa3HOE HAINpshKeHUe CeTH, kB; b, —cpenHuii ko3 GULIMEeHT eMKOCTHON Tpo-
BOJMMOCTH KaOeIbHBIX TUHUH, Cm/km; [, — CyMMapHasi DKBHUBaJICHTHAs JUIMHA KaOEJIbHBIX JIMHUH CeTH, KM; b, — CpeaHUH
K03(h(HULINEHT eMKOCTHON TPOBOJMUMOCTH BO3AYIIHBIX JMHUHA, Cm/km; [, — cyMMapHasi SKBUBAJICHTHAs JUTHHA BO3IYIIHBIX
JIMHUMA, KM.

[MTpu vHanpspkenusx 10 10 kB ata popMyia UMeeT BUA

HOM

U
I, =—" 351 +1).
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B JeiicTBYIOIUX CeTsX HanboJiee JOCTOBEPHBIC AaHHBIE O 3apSIIHOM TOKe
MOJIYYAI0T MyTeM U3MEPEHUIA.

BekropHasi quarpaMMa HarmpsKEHUH OTHOCUTEIBHO 3€MITH M 3apSIHBIX TO-
KOB CETH IMpUBeieHa Ha puc. 3.2, a. [1o cpaBHEHWIO C TOKOM Harpy3KH 3apsiIHBIit
TOK OYEHBb MaJl ¥ B HOPMAJIBHBIX PEKAMaX pabOTH 3aMETHOTO BIHMAHUSA Ha pabo-
Ty CETH HE OKa3bIBaeT.

[pu HapyIIeHUH U3OJAIMKA OXHON (a3sl BOHHKAET OJHO(A3HOE 3aMbIKa-
Hue Ha 3eMiIro (cM. puc. 3.1, 6). Hampsbkerue 3To# ¢assl (ha3a ¢) OTHOCHTEIIBHO

Puc. 3.2. BexTopHbIe 1MarpaMMbl HalpsHkeHus oT-  3€MJIM CTAHOBUTCS PaBHBIM HYJIIO, HANIPSKEHUE OCTAJIbHBIX (1)33 OTHOCHUTCIIBHO
HOCHTENIBHO 3eMIIH H 3apAIHBIX TOKOB CETH C U30-
JIUPOBAHHOW HEUTpaJIbIO




3eMJIM — MEXKAY(PAa3HOMY HAINPSDKEHUIO, & 3apsiIHbIE TOKH ATUX JBYX (a3 yBEIUIUBAIOTCS B \/g pas (puc. 3.2, 6).

B cetn ¢ u30/1MpoBaHHOl HeliTpanbio K09QOUIHEHTOM 3aMbIKaHHs Ha 3€MII0 Ha3bIBAIOT OTHOWeHHe k., =U | /U -
B KoTOpoM U — HampsKeHHe HEHOBPEKJIEHHOH (a3bl IPU KOPOTKOM 3aMBIKaHUM B Apyroit ¢dase (apyrux ¢aszax); Uy, —

HaTpsDKeHHe Toi ke (as3sl B HopMabHOM pexnme). [l paccmatpuBaeMoro ciydas k, ,= \/5 .
CyMMa 3apsiiHBIX TOKOB (pa3 U TOKa 3aMBIKaHHSI Ha 3eMITIO [, ; TIOJDKHA PABHATHCS HYJO. YUHUTHIBas CABHT (hazbl MEXIY

3apAIHBIMHE TOKAMH JBYX HETOBPEKIECHHBIX (ba3, MOXKHO 3aKIIOYUTh, 4TO [, = \/EI 33 =31,. 3nech [, — 3apAHBIA TOK 0f1-

'

HOU (ha3bl B HOPMAJILHOM pEeKHME Pa0boThl; /.. — TO )K€ B HEMOBPEKIECHHOW (paze mpu 3aMbIKaHWU Ha 3eMJIIO B APYroi da-

3.3
3e). Tok ,, 1Mo CpaBHEHHIO C HATPY30YHBIM TOKOM CETH WM €€ OTACIBHBIX JTMHUHA OTHOCHUTEIHHO Mall U MOXET BBI3HIBAThH
3aMETHYIO TIeperpy3Ky JIMHUH TOIBKO MPH OYEHb MaJbIX CEUECHISIX MPOBOIHUKOB TIOBPEKACHHON JIMHUM.

3aMbIKaHHe Ha 3eMITI0 MTPAKTUICCKH HE BIUSAET Ha CHCTEMY MEXITy(pa3HBIX HANPSKCHUN W PEKUMBI pabOTHI IPUEMHH-
KOB, BKJIFOUEHHBIX Ha JJMHEHHOE HampspKeHUe, TaKk KaK MIOBEPXHOCTH 3eMJIM B TOUKE 3a3eMIIeHH (ITOBPEXICHNS) IpuoOpeTa-
eT rmoTeHIan ¢assl (Ha puc. 3.2 — gassl ¢), a HanpsHKEHNE 3T0POBBIX Pa3 a u b OTHOCUTENBHO 3eMiH (M (a3l ¢) CTAHOBHUTCS
JTUHEHHBIM (MEXTy(ha3HbIM).

B cBs13u ¢ 3TUM 3aMbIKaHHE Ha 3€MJIIO B CETSIX C U30JIUPOBAHHON HEUTpaJIbIO CUMTAETCS HE aBapUMHBIM, a JIUIb aHOP-
MaJIbHBIM PEKMMOM, IPY BOSHUKHOBEHWH KOTOPOTO CETh M TMOBPEXKICHHAS JIMHUS MOTYT OCTABaTHCS BKIIOYEHHBIMH U B Te-
YeHHE HEKOTOPOTO BPEMEHH MPOJO0JIKaTh paboTy; IpHU A3TOM NMHUTaHME MOTpeOuTeneil He npepbiBaeTcs. Bpems, 3a koTopoe
TpeOyeTcsi OTBICKATh M OTKJIFOYMTH BOSHUKAIOIEE B CETH 3aMbIKaHHE Ha 3eMIII0, OOBIYHO IIPHHUMAIOT paBHBIM 2 u. [Tockoub-
Ky M3 BCEX BHJOB HapyIICHHs W30JSILMH OXHO(pA3HbIE 3aMBIKAaHHS Ha 3EMIIIO COCTaBJIAIOT OKoJo 75+85%, To 310 006CTOS-
TEJILCTBO CYLIECTBEHHO ISl OOecTieueH sl HaIe)KHOCTH TIMTaHus MOTpeOuTeNei. J[pyrum mpeuMyIecTBOM paccMaTpHBaeMoO-
IO BHJIa CeTEeH SABISIETCSI OTCYTCTBUE YCTPOMCTB 3a3eMIICHHS] HEUTPAIIH, YTO CHHXKAET CTOUMOCTB CETH.

[Tpu pabote B ceTsIX ¢ H30JMPOBAHHON HEUTPAIBIO CIeayeT 00palaTh BHUMaHHE Ha CIIEIYIOIINE 00CTOsITENbCTBA:

1) moBBIIIEHUE HATIPSDKEHUS ABYX (pa3 OTHOCHUTENHFHO 3eMIIM BO BpeMs 3aMBIKaHUS HA 3EMITIO TPEThEW MPUBOANUT K TOMY,
YTO M30JIALUI0 BceX (a3 OTHOCUTEIHHO 3eMIIM HEOOXOIMMO PacCUUTHIBATH HE Ha (a3Hoe, a Ha MeXIy(hazHoe HalpspKeHHE.
TonpKo TIpH HANIPSDKEHMSIX 10 35 kB 3TO HE BBI3BIBACT CYIIECTBEHHOTO YIOPOKAHMS CETH;

2) BO3MOXKHOCTh 00pa30BaHMSA B MECTE 3aMBIKAHHS Ha 3eMJIIO TIEPEMEKAIOIICHCS dIEKTPUIECKO Tyru 00yCIOBIMBAET
BO3HMKHOBEHHE KOMMYTAIIMOHHBIX MEPEHANPSHKEHUN C aMILTUTY0N 4-+6U,,. DTH TepeHaNnpsDKeHNUsT MOTYT HAapyIIUTh pa-
00Ty HEKOTOPBIX MPHEMHUKOB U MPUBECTH K MPOOOI0 30NN B IPYTHX MECTax M JPYTUX (a3zax CeTH;

3) TemoBoe NeicTBHE YT Ha W30ISIMI0 (a3 ceTH B MecTe 3aMbIKaHHs Ha 3eMIII0 MOKET MPHUBECTH K MEPEXOy OITHO-
(ha3HOro 3aMBIKaHMS Ha 3€MITIO B IBYX WM Tpex(a3Hoe (B KaOEIbHBIX JMHUIX U B IPYTUX CIYyYasX OIU3KOr0 PacroNOKeHHs
(ha3HBIX IPOBOJHHUKOB JPYT K JPYTY);

4) BO3HMKHOBEHHE B CETH W B MCTOYHHUKAX NMUTAHUS MPH 3aMbIKaHUU Ha 3EMJII0 CUCTEMBI TOKOB OOpaTHOW TOCIeI0Ba-
TEIFHOCTH MOXKET IPUBECTH K WHIYIMPOBAHUIO B POTOPAaX CHHXPOHHBIX TeHEPATOPOB TOKOB JIBOMHOM YacTOTHI M K CYILECT-
BEHHOMY JIOTIOJTHUTEIBHOMY HarpeBy poTOpOB.

H3-3a npuBeeHHBIX Bbille HeXKelaTebHbIX SIBJeHUH padoTa ceTH ¢ U30JIMPOBAHHON HeHTPaJIbIO J0IyCKaeTcs,
€CJIM TOKHM 3aMbIKAHUS HA 3eMJII0 He MPEeBbIMIAIT HEKOTOPBHIX MAKCHMAJIBLHO I0MYCTUMBIX 3HAYEHUH, HAXOAAIMXCS
00b1yHo B mpeneaax 1030 4 (Tadua. 3.1). BernunHpl MAKCHMAJIBHO AOMYCTHUMBIX TOKOB 3aMBIKAHHS HA 3eMJII0 3aBH-
CAT OT THIIA HCIOJIb3yeMBbIX ONOP.

Tabauuya 3.1.

JonycTUMBIi TOK 3aMbIKAHUSI HA 3eMJII0 B CETSIX BHICOKOI0 HANPSIAKEHUSI ¢ U30JTUPOBAHHON Heli-
Tpajiblo HanpskeHueM 10 35 kB

Tun omop Hanpspxenne cety, kB | MakcuMalIbHO JOIYCTHMBIH
TOK 3aMbIKaHHUs Ha 3eMIII0, A
JlepeBsiHHBIE 3u6 30
10 20
15+20 15
35 10
JKene300eToHHbBIE, CTATbHBIE 3+35 10

B Poccuu ¢ n301MpoBaHHON HeHTpaibio padoTaloT CJIeAyIolHe CeTH:
1) Tpexda3susbie ceTu 6-35 kB, B KOTOPHIX TOKH 3aMBIKAHUS HA 3eMJII0 He MPEBBIIAIOT AOMYCTHUMBIX 3HAYEHHU;
2) TpexasHble TpexnpoBoAHbIe ceTH 10 1 kB (Hanmpumep, cetn 220 u 660 B);
3) ABYXNIPOBOAHBIE CCTH MOCTOSTHHOIO TOKA;

4) Bce ceTH HU3KUX HANPS:KeHUH, B KOTOPBIX VISl o0ecrnevyeHnsi 0e30MacHOCTH JI0/iell MpeaycMaTPpUBaIOT 3alIUT-
Hble MepPONpHSTHS, He CBA3aHHbIe ¢ MPUMEHeHNeM 3a3eMJIeHHIi (3alUMTHAsA M30JISILMsA, pa3/ejsioniue TpaHcopma-
TOPHI U AP.).

3.2. PexxuM padoThl CETH ¢ pe30HAHCHO-3a3eMJIEHHBIMH HEHTPaIsAMu



. Ecam B ceTsix 6-35 kB TOK 3aMbIKaHHUA. HA 3eMJII0 npesBblliaeT a0myc-

N ' THMble 3HAYEHHUS], TO HEHTPaJb MCTOYHMKA MUTAHUS CETH COeIMHA-
Iy 0T ¢ 3emJieil yepe3 3a3emusiionuii peakrop (puc. 3.3). Ilpu npeHeo-
. PeKEHMM aKTHBHBLIMH CONPOTHBJICHMSIMH MCTOYHHKA, CETH U peak-
TOpa 4Yepe3 MOCJEIHHI B ciIy4yae 3aMbIKAHMS HA 3eMJI0 MPOXOAUT
‘TOK [ = £ (E,— 9JC roii (pasbl HCTOYHUKA, B KOTO-
Puc. 3.3. KomneHcanus ToKa 3aMbIKaHHs Ha 3€MJTIO TIPH jx_ +x a T X )
TIOMOIIIH 3a3€MIIAIOIIECTO PEaKTOpa: P
a - cxeMa; 6 - BEKTOpHA ANArpaMMa TOKOB po¥i MPOM301ILJI0 3aMbIKAHHE HA 3eMJI0 (Ha puc. 3.3 ¢asza ¢); x, — uH-

AYKTHBHOE CONPOTHBJICHHE PEAKTOPA; X, — HHAYKTHBHOE CONMPOTUBJICHHE OJHOH ()a3bl HCTOYHMKA; X, — HHIYKTHB-

HOe CONPOTHBJIEHME JIMHMII CeTH 0 MecTa 3aMbIKaHus Ha 3emJ10). U3 ycioBust 13a + 1317 + 13p +1,, = 0 u Ha oCHO-

BaHHH pHC. 3.2 U 3.3 MOKHO 3aKJII0YUTh, 4T0 [ =3/ - Ip . B yacTtHOM ciry4ae, KOrjaa CONpoTHBJICHHE 3a3eMJIAIIO-
1Hero peakTopa 0TPeryJIMpoBaHo TaK, 4To [ =3/, , TOK B MecTe 3aMbIKAHHS HA 3eMJII0 MOKET OKA3aThCs PABHBIM

HYJII0 (TIOJHOCTHI0 CKOMIEHCHPOBAHHBIM), T.€. BOSHHKAET siBJieHHe pesonanca ([, =—/-wm [, +[- =0) u ayra B

MeCTE€ KOPOTKOro 3aMbIKaAHUS HE BOSHUKAET.

Ilyroracsmme KaTyIIKH JOJIZKHbI YCTAHABJIUBATHCHA Ha Y3JIOBBIX NMUTAIIHUX MOACTAHIUHUAX, CBA3AHHLIX C KOM-
ﬂeHCpreMOﬁ CeThbI0 HE MeHEEe YeM TpeMd JIUHUSAMM. Hpﬂ KOMIICHCAIIMM B CE€THAX I'CHEPATOPHOT0 HANPHAXKCHUA Ka-
TYHIKH pacmoJiararorcs 00BIYHO HA IJICKTPOCTAHIMAX BOJIM3H refsepaTopos. le/l MNOAKJJIIOYEHNH Ayroracaimx Ka-
TyHIeK 4Yepe3 ClieluajJbHbIE TpaHC(l)OpMaTOpLI 4 TpaHC(l)OpMaTOpl)I COOCTBEHHBIX HYK], COU3BMEPUMBI 10 MOIIHOCTH
¢ MOIMHOCTAMHU KATYIIKH, He00X0IMMO YUYATHIBATH UX B3AaMMHOC BJIMAATHHEC [2].

B HOPMAJIBHOM pPe€KHME TOK 4Yepe3 Ayroracaiue KaTyllKd NPaKTU4Ye€CKH paBe€H HYJIIO0. le/l 02[]-[0(])33]-[0M KO-
POTKOM 3aMbIKAHUM KaTyIIKAa HAXOAUTCH Ha q)a3]-[0M HaNPAXKEeHUHN Uq, H TOrjga CcyMmMapHasi MOITHOCTDb BCEX KaTyLIEK

— 772 L
Q_an)xp'

3azemuisiionye peakTopbl B Poccuu BhIMyCKAKOTCS HA HOMUHAJBHBIE TOKU OT 25 10 400 A ¢ npeaenamu peryJu-
poBanus toka (1 - 0,5)1,,,. Hapsny ¢ HauGosiee pacnpocTpaHeHHbIM PYYHbIM CTYNEHYATHIM PeryJjupoBaHUeM IpH-
MEHSIIOT aBTOMATHYECKOE CTYNeHYaToe WM NJaBHOE PeryJuMpoBaHHe CONMPOTHUBJIEHUS PeaKTOpa MO0 HANPSKEHUIO
HeiiTpaau. B peskume moIHOW KOMIEHCAIIMM TOKA 3aMBbIKAHUSI HA 3€MJII0 PEaKTOP HACTPOEH HA PEe30HAHC C eMKOCT-
HBIMH NPOBOAUMOCTSIMH C€TH, H HANPsIZKeHHe HeNTPAJIM OTHOCUTEJILHO 3eMJIM HMeeT MaAKCUMAJIbHOe 3HAYEHHeE.

Baaronaps 3a3emJ/ieHN10 HelTPAJIM CETU Yepe3 peaKkTop:

— HAMHOTI0 YMEHbIIAETCS TOK 3aMbIKAHUS Ha 3eMJII0, B pe3yJbTaTe 4ero Ayra B MecTe 3aMbIKAHUsI CTAHOBHTCH
HeyCTOHYMBOIl U OBICTPO racHeT;

— MMoCJIe TAICHUA QYT HANPHAKCHUE BOCCTAHABJIHUBACTCH MEAJICHHO, BCJICACTBHEC Y€r0 BEPOATHOCTH MOBTOPHOTO
3AKUTaHUA 1YT'M H BOSBHUKHOBCHHUS KOMMYTAallMOHHDbIX nepeuanpmxeﬂnf/l MaJ1a;

— NPU COXPAHEHHMM YCTOWYMBOI AYrH Majia BepOSATHOCTb Iepexo/ia 3aMbIKAHUS Ha 3eMJII0 B MHoOrogasHoe u3-3a
MaJIoro 3Ha4YeHus TOKA;

— TOKH OﬁpaTHOﬁ mocjaea0BaTe/JIbHOCTH MAJIbl, 1 UX HeﬁCTBHe Ha BpallalIIMecsda reHepaTopbl MOKET OCTAaBaATLCH
HECYIIECTBEHHDbIM.

Koa¢pdpummenT 3ampikaHus Ha 3eMJII0 TIPU 3a3eMJIEHHH HelTPaIu Yyepe3 peakTop Mo CPABHEHUIO ¢ H30JUPOBAH-

HOW HelTPaJbI0 He U3MEHsIeTCSl M paBeH k, ,= \B .

3.3. PesxuMbl padoThI CETH € IJIyX03a3eMJIeHHBIMH U 3((PEeKTHBHO 3a3eMJIEHHBIMHM HelTpaIAMu

[Tpu rmyxom 3a3eMIIeHHH HEHTpaIy 3aMbIKaHHe OJHOHU (ha3bl Ha 3EMJIIO SIBIISIETCS OHO(A3HBIM KOPOTKUM 3aMbIKaHH-
eM (puc. 3.4) 1 TOIHKHO IPUBECTH K CpadaThIBAaHHIO 3aIIUTHBIX aIllapaToB, OTKIIOYAOIINX
: MOBPEXICHHYIO JIMHUIO OT CETH. Y IOPOXKaHUE TAKOM CETH, BBI3BAHHOE NMPUMEHEHHEM 3a-
b 3EMISIFOLIAX YCTPOWCTB M YCTPOWCTB 3amIMTBHl OT OXHO(A3HBIX KOPOTKHX 3aMbIKaHHH,

< ) KOMITEHCHPYETCSI TE€M, YTO H30JALHUIO (Da3HBIX IPOBOJHHUKOB PACCUMTHIBAIOT Ha (hazHOE
HanpsbkeHue (a He Ha MexaydaszHoe, Kak B IBYX NPEAbIIYIIMX Clydasx). ITo 00cTosi-

e TEIBCTBO OCOOCHHO CYIIECTBEHHO Npu HanpspkeHusx 110 xB u BeImIe.

= Jlnst Toro 4toObl YacThle OTKIIOYEHUS JIMHUN M3-3a 3aMBIKAaHMH Ha 3eMJII0 HE Hapyllanu
Puc. 3.4. OnHodasHoe K.3. B ceTH ¢ Ha/Ie)KHOCTH MUTAHUs TOTpeOUTeNell, Ha TaKMX JIMHUAX HPUMEHSETCS OJHO(A3HOE WIN
TIYXHM 3a3eMIICHHEM HeHTparmy TpexdazHoe aBTOMAaTHYECKOe TIOBTOPHOE BKIIOUeHHUE. [{Jisi OrpaHMYEeHUs] TOKOB 3aMBIKaHHS
Ha 3eMJII0 BMECTO TJIyXOro 3a3eMJICHHS] MOXKET MPUMEHSTHCS 3a3eMJICHHUE HEWTpanu uepes

a




TOKOOTPaHNYHMBAIOIEe aKTHBHOE CONPOTHBIEHUE (3 PeKTHBHO-3a3eMIIeHHas HelTpanb). [Ipu 3ToM BO Bpemst ogHO(pa3HBIX
3aMBIKaHM{ Ha 3eMIII0 HETIOBPEXACHHBIX (a3 HaIpsDKEHHE HE NOCTUraeT 3HaudeHHs JIMHEeHHoro (MexamydasHoro) u cocras-
nsiet okouo 0,8U,. CeTH ¢ rITyXuM 3a3eMIICHUEM HEHTpaId UMEIOT Ko PHUIIMESHT 3aMbIKaHUs Ha 3eMITIO k;, = 1, pu s dek-
THUBHO-33a3eMJICHHBIX HeHTpamix k,, < 1,4.

OCHOBHBIM (haKTOPOM, OIPEACISIONIMM croco0 3azemiieHusi Heifrpanel B cersix 110 kB u Bbime, sBisercst (hakTop

CTOMMOCTH HU30JIAHH. 3(1)(1)GKTI/IBH06 3a3C€MJICHUEC HeﬁTpaJ'IPI TMO3BOJIACT YJIYUIIUTh 9KOHOMHNYCCKHUE MMOKAa3aTCJin CETU UMCH-
HO 3a CYCT 3TOro (l)aKTOpa.

B Poccun rnyxoe 3a3zemiieHnue HeUTpasneil mpuMeHseTcs:

— B ceTsX 110 kB u Bbile (B HEKOTOPBIX APYIUX CTPAHAX TAKHKE B CETAX MEHbLIEr0 HANIPSIKEHMS);

— B YeThIpex- U NATHIPOBOIHBIX CETAX HU3KHX HANPSKEHMIi;

— B TPEXIPOBOJHBIX CeTAX MOCTOSTHHOIO TOKA.

K 0CHOBHBIM He0CTATKAM IJIYXOI'0 3a3eMJICHUS] HeliTpaJieil OTHOCATCA cieaylouue:

1. lIpu 3ampikaHuM oaHOM U3 (a3 Tpexda3Hoil ceTH HA 3eMJII0 00pa3yeTcsi KOPOTKOIAMKHYTbIi KOHTYp depe3
3eMJII0 U HeliTpaab MCTOYHMKA (cM. puc. 3.4) ¢ MaJILIM CONMPOTHBJIEHHEM, K KoTopoMy npujoxena I/IC ¢a3bl. Bos-
HHUKAeT PeKMM KOPOTKOro 3aMbIKAHMS ¢ 0OJbIIMM TOKOM. JI1fl 3alIUTHI 000pPYAOBaHUS OAHO(A3HBbIE 3aMbIKAHUSA
JOJKHBI OTKJIIOYATHCS CpedcTBaMU peJieiiHoi 3amuThl. Ciaeayer yYuThHIBaTh, YTO OOJBIIMHCTBO OAHO(A3HBIX KO-

POTKHX 3aMBbIKAHUH OTHOCATCS K CAMOYCTPAHSIIONIUMCS M MCYe3al0T MOocje CHATUS Hanpsikenus. B 3Tux ciayyasx
3¢ppexTuBHO npumenenue AIIB u OAIIB.

2. 3HauuTeILHOE YaopoikaHuE€ KOHTYPOB 3a3€MJICHUS B PY, KOTOPbI€ TOIKHBI OTBECTH HA 3€MJIIO 0oJIbIIIME TOKH
KOPOTKHX 3aMBIKAHHIA.

3. B cersx ¢ aBroTpancdopmMaTopaMu TOKH OJHO(A3HBIX KOPOTKHUX 3aMbIKAHMH MOTYT MPEBBIIATH TOKH TpexdasHeix. B
TaKUX CIIydasX NMPUXOAUTCA OrPAaHUYMBATH UYKMCIO 3a3€MJICHHBIX HEHTpanell W NMPUMEHATh YaCTUYHOE pa3z3eMiieHHEe (CETH
110-220 xB), a TaxKe UCIOJI30BaTh TOKOOIPAHWYHBAIOIIUE COMPOTUBIICHHUS, BKITIOUEHHBIC B HEHTPaJbh TpaHC(HOPMATOPOB.

3.4. Crioco6b1 3a3emMJIeHHUS 000PY10BAHMSA
B cersax Huskux HanpspkeHuit (o 1000 B), B oTiMuKe OT ceTeil BHICOKMX HANpPsDKEHUH, 3a3eMIIEHHE HEWTPaIn UCIIONb-
3YIOT TOT/a, KOTJIa 9TO HYKHO JJIsl OCYIIECTBICHHS 3AIUTHOTO 3aHYJIEHHS WIN YIy4IIEHUsS 3alIUTHOTO 3a3eMJICHHUS MeTaj-
JIMYECKHUX KOPITYCOB 3JIEKTPOOOOpYyIOBaHMs. Pa3niyaroT itk THIIOB ceTell Tpexpa3Horo NepeMeHHOTO TOKa!

— TPEXIIPOBOAHYIO CETh C U30JIMPOBAHHOW OT 3€MIIM HEHTpaJIbio, B KOTOPOW B Ka4eCTBE 3aIlIUTHOTO MEPOIIPHUATHS OT I10-
paKeHHUS HIEKTPHYECKUM TOKOM HCIOJIB3YIOT 3a3eMIIEHHE KOPITyCOB 3JeKTpoobopynoBanus (puc. 3.5, a), 1 Takoi cetn
TIPUHATO COKpalleHHoe OykBeHHOe oOo3HaueHue /7, B KOTOPOM IepBas OykBa O3HA4YaeT M30JIMPOBAaHHYIO HeWrpanb (I oT
(paHIry3cKoro ciosa isole), a BTopas — MECTHOE 3a3eMIIeHHE KOPILycoB (7 0T (GpaHILy3CKOrO CI0BA ferre — «3eMIL»);

— TPEXMPOBOJIHYIO CETh C ITyX03a3eMJICHHON HEHTPaJIbIO U, KaK M B TIPEBIAYIIEM CIIydae, C MECTHBIM 3aIllUTHBIM 3a3eM-
JICHUEM KopmycoB — cetb 17T (puc. 3.5, 6);
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Puc. 3.5. 3a3emieHne HeWTpaIu U HCIOJIB30BaHUE HEUTPAJIb-
HBIX
NPOBOJTHMKOB B TpeX(a3HbIX CETAX HHU3KOTO HaIpsi-
KEHUS

— YETBIPEXIPOBOIHYIO CETh C TIIyX03a3eMJIEHHOW HEHTPAJIbIo U ¢ UCIOIb30BaHHEM HEHTPAJIbHOTO IMPOBOAHMKA JUIA 3a-
HyJICHHUS KOPITyCOB 3JIEKTPOOOOPYAOBaHIS (IS 3a3eMJICHHSI UX Yepe3 HyJIeBOi HeUTpaIbHbIN MPOBOIHUK) — ceTh IN-C (puc.



3.5, 6); mepBast OykBa 0003HaUeHH, KaK U B ciiydae ceTd 77, 0O3Ha4aeT 3a3eMJICHHE HEeUTpali, BTOpas — 3a3eMJICHHE KOPITY-
COB Uepe3 HeUTpalbHBIN NMPOBOAHUK (N neutre — «HEUTPANBHEIN»), a TPEThSI — YTO ITOT IMPOBOJHUK SBISIETCS OJHOBpE-
MEHHO pabounM u 3amuTHBIM (C OT combine — «<kOMOMHUPOBAHHBIN, COBMEIICHHBIN);

— IIATHIIPOBOJHYIO CETh C IIyX03a3eMJICHHOW HEHTPasbio M OTAEIBHBIMH pabOUYMM M 3allUTHBIM HEWTpaIbHBIMH (HyJIe-
BBIMH) NPOBOAHUKAaMH — ceTb TN-S (puc. 3.5, 2; OykBa S 0T clioBa separe — «pa3leNbHBIN»);

— YaCTUYHO YETHIPEX-, & YaCTUYHO IIATHUIIPOBOJHYIO CETh C INTyX03a3eMJICHHOH HelTpaibio — ceTh TN-S (puc. 3.5, 0).

TpexnpoBoxHsie cet Trma /7 TPUMEHSIOT TOTAa, KOTa HET HeOOXOOMMOCTH B pabodeM HEHTpallbHOM NPOBOIHUKE,
T.e. Koraa HeT ogHo¢asHbex O, Tpebyromux BKIIOUYeHN Ha Ga3Hoe HanpshkeHne. K HUM OTHOCAT, HalpuMep, CeTH Harpsi-
xkerneM 220 B u monairtomiee OONBITHHCTBO ceTell HanpsokeHneM 660 B. B Takux ke ciydasx HCIONB3YIOT U CETH THIIa
TT, ornuyarontiecs Oombied 3(pGEKTHBHOCTRIO TaKHX 3aLIUTHBIX MEPONPHATHH, KaK 3aIUTHOE 3a3eMJICHHE M 3alIUTHOE
OTKJIFOUEHUE I10 TOKY yTEUKH.

Hanbonee pacrpocTpaHeHHBIMH B HAcTOsIEe BpeMs SBIsIOTCA cetu Tuna IN-C, MO3BONAIOIINE, HAIPUMEDP, peaan3o-
BaTh Tpexdasuyro cuctemy 220/380 B. CoBmeleHre pabodero 1 3allluTHOTO HEWTPATbHBIX MTPOBOTHIKOB 00ECIICUMBACT IIPU
9TOM MHHUMAJIBHYIO CTOUMOCTb CeTH. Takoe COBMEIIEHHE MOXKET, OJJHAKO, OKa3aThCsl HETPUEMIIEMBIM H3-32 YMEHBIICHHON
HaJIe)KHOCTH 3alIUTHBIX MEPONPUSITHH, U B TAKUX CIy4YasX MPHOETraloT K MOJHOCTHIO WM YaCTHYHO TSITUIIPOBOIHBIM CETSIM
taroB IN-S u TN-C-S. [ins nosbimenus 3p¢GEeKTUBHOCTH 3aIIUTHBIX MEPONPUSTHH HCIOJB3YIOT TaKXKE MOBTOPHBIE 3a3€M-
JICHUS! 3alUTHOTO HYJIEBOTO MPOBOIHHIKA MII KOPITYCOB 3JIEKTPOOOOPYIOBAaHHS, TIOKa3aHHBIE HA PHC. 3.5 IyHKTUPOM.

3.5. 3azemusiionue yCTpoiicTBa M Mepbl AJ1eKTPOOE30NACHOCTH

OcHoeénble onpedenenun. Pa3nuyaroT [Ba BUIA OMTACHOCTH MOPAXKEHUS YEIIOBEKa SJICKTPUIECKUM TOKOM: 1) MPHKOCHO-
BEHHE YEJIOBEKa K TOKOBEIYIIUM YaCTSIM 3JIEKTPOYCTaHOBKH, HAXOIAIIMMCS O] HAIIpsDKEHHEM; 2) IPUKOCHOBEHHE YellOBe-
Ka K KOHCTPYKTHBHBIM 4acTAM, KOTOPBIE MOTYT OKa3aThCs IO HANPsDKEHHEM MPU MOBPEKACHUH H30JIALINN TOKOBETYIITHX
YacTel AJIEKTPOYCTaHOBKH, T. €. IIPH 3aMbIKaHWHU Ha 3eMJTIO WIIM TIPH 3aMBIKAaHUH Ha KOPITYC.

OCHOBHBIMHU 3aIlIUTHBIMA MEpaMH MPOTHB MOPAXKECHUS YEIOBEKA IJIEKTPUYECKHM TOKOM, T. €. MEpPaMH 3JIEKTpoOe30-
MACHOCTH, B IIEPBOM CIydae SIBJISIETCS] 3HAHUE M CTPOToe COOII0ICHHE MTPaBUII TEXHUKK 0€30MaCHOCTH ITPHU MOHTAXE M IKC-
TUTyaTaluy MIEKTPOYCTAaHOBOK, a TAK)Ke TIPH MOJIb30BaHNUH JIEKTPONPHOOPAaMH 1 3JIEKTPOMHCTPYMEHTOM. [IpH »i1eKTpOoMOH-
TaXHBIX paboTax Cilydad IMOPAKEHMS YeJIOBEKa 3JIEKTPUIECKUM TOKOM IHPH NMPUKOCHOBEHHH K YacTsM, HAXOMAIIMMCS MO
HATIPSDKCHUEM, Yallle BCETO UMEIOT MECTO B AeKTpoycTtaHoBKax 220-380 B (okomo 80% Bcex ciydaeB), a TaKKe B 3JICKTPO-
ycranoBkax 6 u 10 kB (oxomno 20%) [2].

Mepamu 311eKTpo0e30ImacHOCTH TPH MOBPEXKICHUN U30JLILUH SBIIOTCS: 3a3eMJICHHE, 3aHYJICHNE, 3allIUTHOE OTKITFOYE-
HHUE, yCTAaHOBKA Pa3leNIONINX TPaHC(HOpMaTOpOB, HCIIOIH30BAHNE MAIOTO HATIPSIKCHUS, IPUMEHEHUE TBOMHON HM30IIAIINH,
BBIpaBHUBaHHE TIOTEHIIAAIOB.

[To TpeGoBaHMSM, MIPEIBABIIEMBIM K dIIEKTPOOE30IIACHOCTH, AIIEKTPOYCTAHOBKH MOPA3/ICISIOTCS Ha:

— 3JIEKTPOYCTaHOBKHU HAINpsbKkeHHeM Bbilie 1 kB B ceTsx ¢ 3¢ (HeKTUBHO 3a3eMIIEHHOI HeUTpalibio (C OOJIBIIUMU TOKaMHU
3aMBIKaHHS Ha 3E6MJTIO);

— DIIEKTPOYCTaHOBKH HAIPsHKEHHEM BbIIIE | kB B CETSAX C M30JIMPOBAHHBIN HEUTPANIBIO (C MaIbIMU TOKaMH 3aMbIKaHHsI Ha
3eMITIO);

— BJIEKTPOYCTAHOBKH HAIPsDKEHNEM 10 | kB ¢ IiTyx03a3eMIICHHON HEHTpaIIbio;

— DJIEKTPOYCTAaHOBKHU HampspkeHHeM 10 1 kB ¢ H30IUpOBaHHOM HEHTpabIo.

[Mpexxae 4yeM mepelTH K pacCMOTPEHHIO 3a3eMIIIIOIINX YCTPOUCTB M Mep JIEKTPOoOe30I1acHOCTH, HEOOXO0IUMO IIPUBECTH
OCHOBHBIE OTIPE/IENICHUS U 1aTh HEKOTOPbIE IOSICHEHHS K HHAM.

Hsonuposannoii Helimpanvio Ha3bIBaeTCA HEUTpadh TpaHCQOpMAaTopa WM TeHepaTopa, He MPHCOSNIMHEHHAS K 3a3eM-
JISIOMIEMY YCTPOICTBY WIIM MPHUCOCIUHEHHAS K HEMY udepe3 MPUOOpHl CHTHAJHM3AINN, U3MEPEHHUs, 3aIIUTHI, 3a3eMJISIOIINE
IYTOTacAIINE PEaKTOPHI U IIOAOOHBIE UM YCTPOUCTBA, MMEIOIIHE OOJBIIIOE COTIPOTHBIICHHUE.

3amvikanuem Ha 3ema0 Ha3BIBACTCS CIyYalHOE COEAMHEHHME HAXOIIIIMXCSA MO HAIpsDKEHHEM YacTeil aJeKTpoycTa-
HOBKH C KOHCTPYKTUBHBIMH YaCTSIMH, HE HU30JUPOBAHHBIMU OT 3€MJIH, HJIH HETIOCPEICTBEHHO C 3eMJICH.

3amvikanuem Ha Kopnyc Ha3bIBa€TCs CIydaifHOE COETMHEHHE HAaXOJSAIIMXCS IOJ HaIllpsDKEHHEM 4YacTell AJIeKTpoycTa-
HOBKH C UX KOHCTPYKTHBHBIMH YacTsIMU, HOPMAJIBHO HE HAXOASIIMMUCS TIOJ HANPSHKEHUEM.

3azemnarowum ycmpoticmeom Ha3bIBAETCSI COBOKYITHOCTD 3a3€MJIUTENS U 3a3€MIISIFOIUX IPOBOJHUKOB.

3azemaumenem Ha3bIBaeTCS MPOBOAHMK (AIIEKTPOMA) WM COBOKYIMHOCTh METAUTMYECKH COCTUHEHHBIX MEXIY COO0i
MPOBO/IHUKOB (AJIEKTPOJIOB), HAXOAALIUXCS B CONPUKOCHOBEHUH C 3eMIICH.

3azemnaiowum npoeoOHUKOM HA3BIBACTCS MIPOBOJAHUK, COSAUHSIIONIMN 3a3eMIISIEMbIE YaCTH C 3a3EMJIUTENIEM.

3azemnenuem KakoW-Iu00 YaCTH AIIEKTPOYCTAHOBKH MJIM APYTOil YCTAaHOBKH Ha3bIBaeTCs NpeHAMEPEHHOE rajlbBaHUue-
CKO€ COETMHEHHE 3TON YacTH € 3a3eMJISIFOLIIM YCTPOHCTBOM.

Hcxycemeennvim 3a3emnumenem Ha3bIBaCTCS 3a3€MITUTENb, CIICIAAIBEHO BHITIOTHEHHBIH TS HeNIeH 3a3€MIICHISL.

Ecmecmeennvim 3azemnumenem Ha3bIBAIOTCA HAXOIAIINECS B CONMPUKOCHOBEHHUH C 3eMJIEH AIIEKTPONPOBOISIINE YaCTH
KOMMYHUKAIIH, 3MaHUH U COOPY)KEHUI IMPOU3BOACTBEHHOIO WJIM WHOTO Ha3HAYEHUS, HCIIOJIB3yeMble UL IeJel 3a3emie-
HUSL.

Hanpsisicenuem na 3azemnsarowem ycmpoticmee Ha3bIBaCTCS HATIPSDKEHNE, BOHUKAIOIIEE TIPH CTEKAHNH TOKA B 3EMITIO MEXKITY
TOYKOM BBO/Ia TOKA B 3a3eMJIIOIIEE YCTPOHCTBO U 30HOM HyJIEBOTO MoTeHIMana (Ha puc. 3.6 o6o3zHadeHo U,).

Hanpsioicenuem omuocumenvHo 3emau npu 3amMblKaHuy Hy KOpnyc Ha3bIBA€TCS HANpPsDKEHHE MEXITy 3TUM KOPILyCOM U
30HOM HYJICBOT'O MOTeHIMaNa (Ha puc. 3.6 paBHo U,).

3onoil pacmexanus Ha3bpIBaeTCS 00IACTH 3€MITH, B TIpeJiesiaX KOTOPOW BO3HHKAET 3aMETHBIA IPaJiueHT MOTEHIMANa IPH
CTCKaHUU TOKa C 3a3eMiuTers (Ha puc. 3.6 3Ta 30Ha umeet auametp 30-40 u).

3onoil Hynesoeo nomenyuana Ha3bIBaeTCs 30HA 3€MIIM 32 TIpeJieNlaMH 30HBI pacTeKaHus (Ha puc. 3.6 3Ta 30Ha HAXOANUTCS
Ha paccTostHAM 15-20 M OT 3a3emMiuTens).

Hanpsajicenuem npukocHo6eHus Ha3bIBaeTCsl HaNpsiKeHHe MexIy ABYMs TOYKAMM LeNMH TOKA 3aMbIKAHMS Ha
3eMJII0 (HA KOPIYC) NPH 0OAHOBPEMEHHOM NMPHKOCHOBEHHH ¢ HUM 4YejI0oBeKa (Ha puc.3.6 o6o3naqeno Uyy,,)-



Hanpsscenuem wiaza HA3bIBaeTCsl HANPSIZKEHUE MEXKIY IBYMSA TOYKAMH 3€MJIH, 00YCJIOBJIEHHOE PACTEKAHHEM
TOKA 3aMbIKAHUS HA 3eMJII0, IPH OJJTHOBPEMEHHOM KACAHUM MX HOTaMHM 4YesoBeKa (Ha puc 3.6 oHo 0003HaYeHO U,y,,).

Ha puc. 3.6 1151 HarJISIAHOCTH TOKAa3aHO pacipele/eHne rpajlenTa 3IeKTPHIeCKOro MOTeHINAaIa BOKPYT O/IH-
HOYHOI'0 3a3eMJINTeJIsl (3J1eKTPoJa) NPH PacTeKAHWH TOKAa 3aMBIKAHHS Ha 3eMJl0. [Jisi yMeHbIIeHUs] HANpPsKeHus
NPUKOCHOBEHHS W HATNPSIKEHUS IIATa NPHHUMAIOT Mepbl VISl BLIDABHUBAHHUS MOTCHIUAIOB. JTO JAOCTUIAeTCs 10-
rpy:KeHHeM B 3eMJII0 He00XO0AMMOro 10 pacyeTy 4HucJia 3JeKTPOAOB 3a3eMJICHHA (3a3eMiIuTelIelf), pacioJaraeMbIxX Ha
paccTosiHuu 3-5 M OIMH OT APYroro M coeJMHsIeMbIX MexAy c000il TOPU3OHTAIbHBIMH BbIPABHMBAIOIIMMH 323eMJIM-
TeJISIMU, MPOKJIaAbIBaeMbIMH Ha T1youne 0,5-0,7 » 0T MOBePXHOCTH 3eMJIH.
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Puc. 3.6. KpuBas pacnpeaeneHus rpaaueHTa JIeKTPHYECKOro IMOTeH-
I[MaJla B 3aBUCHMOCTH OT PACCTOSIHYS IO OJMHOYHOTO 3a3eMIIHTEIS IPU
3aMBIKAaHUU Ha 3eMJIIO (Ha 3a3€MJICHHBIH KOpITyC).
U; - HaIpsPKCHUE Ha 3a3€MIIAIOIIEM yCTpO]‘;ICTBej PaBHOC DJICKTPUYICCKOMY IMMOTECHIIHATY HA OJTH-
HOYHOM 3a3eMiiutene, Uy, - I1aroBoe HanpspkeHHe, PaBHOE Pa3HOCTH AIEKTPUYECKUX MOTEH-
mHaoB Vy-Vs; Uppux - HAPSHKEHNE NPUKOCHOBEHHSI, PABHOE PA3HOCTH DJIEKTPUIECKUX TIOTEH-
muanos Us- V3,

B hj1ekTpoycTaHOBKAX MPOMBIILIEHHBIX MPEINPHUATHI B HACTOsIIIEEe BpeMsl BMECTO YCTPOICTBA HCKYCCTBEHHbBIX
3a3eMJINTeJIeil OTPAHMYUBAIOTCS MCNOJIb30BAHHEM €CTeCTBEHHBIX 3a3eMJ/MTesel — sKejie300eTOHHBIX (PYHJAMEHTOB
NMPOMBIIIJIEHHBIX 3JAHUH M COOPY KEHUIA.

Tokom 3ambikanus Ha 3emM/110 HA3BIBAETCS TOK, CTEeKAKIIUHA B 3eMJII0 yepes MeCTO 3aMbIKaHUSA (Ha puc. 3.6 000-

3HayveH [).

Conpomusﬂenuem 3azemnawuieco ycmpoﬁcmea Ha3bIBACTCH OTHOIMICHUEC HANMPHAKCHUA HA 3a3€MJIAIOIIIEM yCTpOﬁ-
CTBC U; K TOKY, CTEKAKOIIEMY C 3a3€MJINTEC/IA B 3€EMJII0, I.

3amumnbmt OmMKJjIl04eHuem B IJIEKTPOYCTAHOBKAX HAIIPSI)KEHUEM /10 1 kB Ha3bIBaeTCsA aBTOMATHYECKOE OTKJIIO-
YECHUC BCEX (1)33 (l'lOJ'llOCOB) YJyacTKa CceTH, odecneunBallInee 0e30MacHbIe IJIA YeJ0BEKA COUYETAHUS TOKA U BpPEeMEHHA
€ro NpoxoKACHUs MpPHU 3aMbIKAaHUAX HA KOPITYC WJIH CHU)KCHUH YPOBHSA U30JIIMH HUKE ONIPEAEeJTEHHOI0 3HAYCHUs.

Jeoitnoini uzonayuen I Ha3bIBaeTCs COBOKYNHOCTh padoyeil M 3alIUTHOMN (JONMOJHHUTENbHOI) M30JALNH, IPH
KOTOPO# A0CTyNHbIe NPUKOCHOBeHHIO YacTH DIl He MpHOGpETAIOT ONACHOT0 HANPS:KEHHUA NMPHU MOBPEKAEHUH TOJBKO
padoueii HJIM TOJHKO 3aAIIUTHOMH (JOMOJHUTETbHON) U30JISIIIUMH.

Mansim Hanpaxcenuem HA3bIBaeTCSl HOMHHAILHOE HANPsKeHHe He Gosiee 42 B Mexay (pa3aMu U M0 OTHOLIEHUIO
K 3eMJIe, IPUMEeHsieMoe B 3J1eKTPHYeCKHX YCTAHOBKAX /1151 00ecreveHHusl 3JIeKTP0o0e30MacHOCTH.

Pazoenarwowum mpancopmamopom Ha3biBaeTcst TpanchopmaTop, NpeAHA3ZHAYEHHBIH ISl TAJIbBAHUYECKOro 0OT-
nejeHusi cetu, nurawinei I, oT nepBUYHON YTeKTPHYECKOH CETH, a TAKKe OT CeTH 3a3eMJICHHS WM 3aHYJIeHHUsI.



3anynenuem B 3J1eKTPOYCTAHOBKAX HampstbkeHueM 10 1 kB Ha3piBaeTcsi nmpeJHaAMepeHHOe COelMHEHHe YacTei
3JIEKTPOYCTAHOBKH, HOPMAJIBHO He HAXOASAIIUXCH MO/ HANpPsKeHHeM, ¢ IJIyX03a3eMJICHHON HellTpaabio TpaHcop-
MAaTOpa WIN IeHepaTopa B ceTAX Tpex¢a3Horo ToKa, ¢ rNIyX03a3eMJICHHBIM BBIBOJOM HCTOYHHMKA OHO(A3HOI0 TOKA,
€ IJIyX03a3eMJICHHOH cpefHell TOYKOH MCTOYHHMKA B CeTAX MOCTOSIHHOro Toka. Ha puc. 3.7, 0 noka3anbl 3aHyJieHue
KOpIyca CBeTHJILHUKA U IIYTh OCHOBHOI'0 TOKA 3aMbIKAHHSA HA KOPIYC CBETHJIbHUKA.
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Puc. 3.7. 3anuTHOE 3a3eMJICHUE:
a - B CETH C IIIyX03a3eMJICHHOI HEUTpalibio; O - B CETH C N30JMPOBAHHOI HEUTPAIIbIO;
R, - conpoTuBIIEHNE 3a3EMIISIOIIET0 YCTPOUCTBA; Ry - CONPOTHBIEHHUE YEJI0BEKa; R, - CONpPO-
TUBJICHUE M30JIALIUU TPOBOAOB; A - 3a3eMIISIIOLINH KOHTAKT HA KOpIyce CBETUIbHUKA; EL -
JJIEKTPHYECKas JIaMIIa.

Hynegvim 3auyumuvim npo60OHUKOM B DJIEKTPOYCTAHOBKAX HampsizkeHHeM 10 1 kB Ha3bIBaeTcsl NPOBOJHHK, CO-
CIUHSIIOINHIT 3aHyJIsieMble YaCTH C IVIyX03a3eMJICHHOH HEeHTpaiblo reHepaTopa WM TpaHcopMaTopa B CeTAX Tpex-
(asHOrO TOKA, € rTyX03a3eMJICHHBIM BBIBOJIOM HCTOYHHKA 0QHO(A3HOI0 TOKA, C IJIyX03a3eMJICHHOI CpelHeld TOYKOM
HCTOYHHMKA B CeTAX NMOCTOSIHHOrO Toka. Ha puc. 3.7, a HyJ1eBoii 3allMTHBIN MPOBOJHMK MOKA3aH MYHKTHPOM MEXKAY
3a3eMUIIIOIUM KOHTAKTOM A HA CBeTHJIbHHKE H MAarHCTPAJIbIO 3aHyJ1eHusl, 0003Ha4yeHHOM nmudpoi «0». Marucrpaan
3aHyJeHust «0» oJHOBpeMeHHO BbINOJIHACT GYHKIHMH HYJIeBOr0 pabo4ero ¥ HyJIeBOIr0 3allIUTHOTO NMPOBOAHUKOB.

CoraacHo npasuiaM TexHuku 0ezonacHoctu (IITH) 3azeMienne wiM 3aHyJeHHe A0JKHO NPUMEHATHCA BO BCeX
3JeKTpoycTaHoBKax HanpsikenneM 380 B u Bbille mepeMeHHOro Toka u 440 B u BbIle MOCTOSIHHOTO TOKA, 4 B TIOMe-
IIeHUSIX C MOBBINIEHHOI ONMACHOCTHIO, 0C000 OMACHBIX M B HAPY’KHBIX YCTAHOBKAX NMPH NMepeMEeHHOM TOKe HampsLKe-
HHeM Bbilne 42 B u no 380 B n npu nocrosinHoM Toke Boime 110 B u 1o 440 B.

3azemiieHHe U 3aHyJICHHe He TpeOyeTcsl IPH HANpsixKeHNHU 10 42 B nepemenHoro toka u 10 110 B nocrossHHOr0
TOKAa BO BCexX ClIy4yasix, Kpome crnenuajibHo orosopeHHbix B IITH. B kadecTBe 3a3eMifIIOIIUX B NEPBYI0 o4Yepenb
JOJIZKHBI MCIO0JIb30BAThCSl €CTeCTBEHHBIE 3a3eMilsionue ycrpoiictBa. Heo0xoauMoCTh cOOpyKeHHMsI HCKYCCTBEHHBIX
3a3eMJInTeJIeH, BLIDABHHBAIINX IO0JIOC U KOHTYPOB 3a3eMJleHHsSl BHYTPHM 3JaHMIi B Ka:KIOM OTAEJLHOM ClIy4ae
JI0J:KHA OBITH 000CHOBaHA B MPOEKTe.

IIpoMbIlJIEHHBIE JIEKTPOYCTAHOBKH, a TAKXKe JJIEeKTPOYCTAHOBKH KMJIBIX, 00IIECTBEHHBIX W APYrUX 3AaHMil
TPa’KIAHCKOr0 HA3ZHAYCHHS HANPsKeHHeM 10 1 kB BBINOJHAIOTCA C IiIyXo3a3emieHHOH HedTpaiabo. Kak BugHO M3
pu3. 3.7, a, B TAKMX JIEKTPOYCTAHOBKAX 3aMbIKaHHe HA KOPIYC MPH MOBPEKICHUH H30JSUU ABJSIETCH KOPOTKUM
3aMbIKaHueM (a3bl (Lenb TOKAa KOPOTKOI0 3aMbIKAHUS NOKa3aHa cTpeiakaMu). [Ipu 3ToM 10/5KHO NPOU30iiTH mepe-
ropaHue npegoxpanuTess B ()ase ¢ NoBpeKIeHHON H3osinueii, orkiaouenue Il (B 1aHHOM ciIyyae CBeTHIBHHKA) OT
HCTOYHHMKA TOKA M, CJIe0BATEIbHO, CHSTHE HANPSIAKEHHs € ero Kopimyca.

J1s1 oGecneyeHusi OLICTPOr0 aBTOMATHYECKOI0 OTKJIIOYEHHUSI YYACTKA CeTH, HA KOTOPOM B pe3y.ibTaTe Hapyllle-
HHUSI H30JIALMH NTPOU30LLT0 0AHO(A3HOe KOPOTKOe 3aMbIKaHMe, (pa3Hble U HYyJeBble 3aIlIMTHbIe POBOTHUKH JOJIKHbI
OBITH PacCCYNTAHBI TAaK, YTOOBI 3HAUCHHE OHO(PA3HOTO TOKA 3aMbIKaHHSI HA 3eMJII0 ObLIO:

— HE MEHbIIIC TPEXKPATHOTI0 HOMMHAJIBHOI'0 TOKA IUIABKOM BCTABKH OJIMKANIINX K MECTY MOBPEKIACHUA U301~
MU IJNIABKHX npez[oxpaHnTe.ﬂeifI;

— TPEXKPAaTHOI'0 HOMHHAJIBHOI'0 TOKA PEryJIMPyeMoro pacuenure/si ABTOMATHYECKOI0 BbIKJII0YATe s, HMEIOLIero
00paTHO 3aBHCUMYIO0 XaPAKTEPHCTHKY;

— 1,4-KpaTHOro TOKA YCTABKH 3JIEKTPOMATHUTHOIO PacHenuTes (0TCeYKH) ABTOMATHYECKOI0 BLIKJIIOYATEJISI €
HOMHHAJLHBLIM TOKOM 10 100 A;

—1,25-KpaTHOro TOKa yCTABKH aBTOMATHYECKOI0 BHIK/II0YATEI ¢ HOMHHAJIbHBIM TOKOM 0oJiee 100/4.

Ecau npyu HapymeHusiX U30/s1IMU 0€30MaCHOCTh He MOKeT ObITh o0ecleyeHa CUCTEMO 3a3eMJIeHUs MU 3aHYy-
genns, IITh pekoMeHAYIOT NPUMEHATH B Ka4eCTBe OCHOBHON WM JONOJHHUTEIbHOH Mepbl 3allIUThI 3aIIUTHOE OT-
KJIIOYeHHUe.

B anexTpoycTaHoBKax HanmpsixkeHueM 10 1 kB Ha TopaHBIX pa3padoTKax, B IIAXTAX, HA NMePeIBUKHBIX U JIpY-
THX 3JIEKTPOYCTAHOBKAX C MOBBLIIICHHBIMH TPe0OOBAHUAMH K 0€30IACHOCTH NPUMEHSIIOT JIEKTPHYECKHE CeTH ¢ H30-



JIMPOBAHHOI HelTpaabio (puc. 3.7, §). B Takux 3JIeKTPOYCTAHOBKAX B Ka4yecTBe 3aIMTHON Mepbl NOJKHO NpHMe-
HSATHCA 3a3eMJIeHHe BCeX HEeTOKOBEAYIIUX 3J1eMEHTOB, KOTOPble MOI'YT OKA3aThCsl O] HANIPSIKEHMEM IPH NOBpexK/e-
HHUSAX U30JSIIUH, WM 3alUUTHOe OTK/IYeHUue. Kpome Toro, takas tpexdasHasi ceTb ¢ M30JMPOBAHHOH HEHTPAJIbIO
WIn ogHo(a3HasA ceTh ¢ U30JHPOBAHHBIM BBHIBOJOM, CBSI3AHHASI C. CeThI0 HampsuKkeHueM Bbille 1 kB yepe3 TpaHc-
¢popmaTop, 10:KHA MMETHh 3aLMUTY OT OMACHOCTH MPOHHMKAHUS B Hee HANpsiKeHus: Boille 1 kB nmpu moBpexIeHHH
H30JISIIMH MeKAY 00MOTKAMM BbICIIEro M HU3IIEro Hanmpsi:KeHUil nuTaouero Tpancgopmaropa. ITa 3aliMTa ocyue-
CTBJIsleTCSA MPOOMBHBIM NMpeAOXPAHHUTe €M, BKJIIYaeMbIM MeKAy HeliTpajibio U 3a3eM/IeHHeM WM (a3oii u 3a3eMiie-
HHEM Ha CTOPOHE HU3IIero HampsiKeHusl Y KasKA0ro MoHM:KaoLero Tpancgopmaropa.

B as1ekTpoycTaHOBKaX HaNpsizkeHUeM Bbille 1 kB ¢ H30,IMPOBAHHOI HEHTPaIbI0 B KauecTBe Mepbl 0€301aCHOCTH
JO0JIKHO OBITH BBINOJTHEHO 3a3eMileHHe (CM. puc. 3.6) M NPUHATHI MepPbl BLIPABHUBAHUS MOTEHIMAJIOB, IPUMEHEHbI
YCTpPOiicTBa KOHTPOJISI COCTOSIHMS M30JISIUH, 00ecleYnBaloliie BO3MOKHOCTh ObICTPOr0 OTHICKAHUS 3aMbIKAHUI HA
3eMJII0 (3aLIMTa OT 3aMBIKAHUII HA 3eMJIIO ¢ JAeiicTBHEM Ha cMrHaJ). B ycTaHOBKAaX ¢ MOBBIIIEHHBIMH TPeOOBAHUAMU
K 0e30macHOCTH (TMepeABHKHbIE 3JIEKTPOYCTAHOBKHM, YCTAHOBKH HAa TOpGAHBIX pa3padoTkax, B IIAXTAX) AOJIKHA
NPUMEHSATHCSA 3alIMTa OT 3aMbIKAaHUI Ha 3eMJIIO ¢ JAeificTBHEM HA OTKJIOYEeHHe BBIKJIIOYATE/sI 3JIeMEHTOB CeTH ¢ Mo-
BPE:KICHHON H30/I51HeI.

Ecau B 3eKkTpoycTaHOBKaxX HampsikeHneM 10 1 kB B kadecTBe 3alIUTHOI Mepbl MPUMEHSIIOTCSI pa3/ieisiionne
TpaHcopMaTOpPbI ¢ BTOPHYHBIM HanpsikenueM He 0osee 380 B nau TpaHcdopMaTopsl, MOHMKAIOIINE HANPSIKEHNE
a0 6e3onacHoro (He 0oJiee 42 B), To 3a3eMJIeHHe BTOPHYHOI 00MOTKH pa3fe/sioniero TpancopmMmaropa He J0MycKa-
eTcsi; Kopiyc TpaHcdopMaTopa J0JKeH ObITh 3a3eMJIeH HJIH 3aHyJeH; OT OIHOTO0 pa3ieiisiioiiero Tpancgopmaropa
J0JI’KeH MUTATHCA TOAbKO oauH JII ¢ HOMMHATBHBIM TOKOM NJIABKOI BCTABKH MPeIOXPAHUTE/SI HJIM PacuenuTesist
ABTOMATHY€CKOI'0 BBIKJIIYATE/ISI HA IEPBUYHOM cTOpOoHe He 0oJiee 15 A.

B kadecTBe pasgeasIOMIUX TPAHC(HOPMATOPOB MOTYT OBITH MCIIOJb30BAHBI MIOHMKAKIHE TPAHC(HOPMATOPHI CO
BTOPHYHBIM HANpsikeHHeM 42 B 1 HUKe MOBBILICHHON HA/IEKHOCTH MPH YCJIOBHH, YTO 0T KAXKI0r0 TpaHchopmaTopa
nuraercst He 6os1ee oqHOro JI1 ¢ HOMHHAIBHBIM TOKOM ILIABKOI BCTABKH NPEAOXPAHUTEIS WIM paclenuTe/sl aBTO-
MaTH4YeCKOr0 BbIKJIIOYATe/Isl HA IePBUYHOH cTOPOHe He GoJiee 15 A. YV noHmkaomux TpaicpopmMaTopos, He SIBJISIIO-
HIUXCS Pa3IesIOUIMMU, 102KeH ObITh 3a3eMJIeH WU 3aHYyJeH KOpIyc, a TaKke OAMH U3 (a3HbIX BLIBOJOB MJIM Heii-
Tpajab (CpeHsisi TOUKA) BTOPHYHOI 00MOTKH.

Eciau no kakuM-1n00 NPpUYNHAM HEBO3MOKHO BBINOJHHUTH 3a3eMJeHHe, 3aHyJIeHHe WJIM NPUMEHHMTh 3allluTHOe
OTKJII0YeHHe, TONYCKAETCSl OCYIIECTBJIATh 00CIyKHUBAaHHE 3JIeKTPOOOOPYI0BAHMS € H30JUPYIOIIMX IUIOMIAOK NMPH
YCJIOBHSI HCK/IIOYeHHs] BO3MOKHOCTH OJJTHOBPEMEHHOr0 NPHKOCHOBEHHUSI K 3JIeKTPHYECKHM M JIPYTHMM 4YacTsiM 000py-
JOBAaHMSI WJIM K 4YacTSM 3/aHHsfA, 2 MPUKOCHOBEHHE K He3a3eMJIEHHbIM (He3aHYJICHHbIM) YACTAM, MpeAcTaBJsioliee
OIIACHOCTD, BO3MOKHO TOJIbKO € H30JUPYIOIINX MI0MAT0K.

B saextpoycranoBkax a0 1 kB ¢ u3ompoBaHHoii HelTpajbio (puc. 3.7, 6) U Bo Bcex ycTaHOBKax Boiine 1 kB 3a-
3eMJICHHe H BbIPABHMBAaHHE MOTEHIHMAIOB J0JKHO 00ecleYnBaTh 0e30MacHOe 3HAYEeHHe HANPSKeHUs] MPUKOCHOBe-
Husl Uppye M HAnpskenust wara Uy, 1 CHUKEHHE TOKA, NPOXO/SIIIEero 4epes TeJo YesIoBeKa, 10 0e301acHoro 3Hayve-
Husl. JlJst 3TOro conpoTuB/ieHHe 3a3eMyIeHHs] R; , BKIIOYEHHOr0 B Lellb TOKA 3aMbIKAHUS HAa 3eMJII0 NMapajlie/ibHO
TeJly 4eaoBeKa (puc. 3.7, 6), JOTKHO ObITh MAJIO II0 CPABHEHHUIO € CONPOTHBJICHHEM TeJIa YeloBeKa R..

Buoioop 3azemnsowiux ycmpoiicme. 3azeMilsiiolife yCTPOCTBA 3J€KTPOYCTAHOBOK BBINOJIHSIIOTCS HJIH 1O YCJIO-
BHSM c00JII0JeHHs] HOPMUPOBAHHBIX 3HAYEHMIi K HX CONPOTHUBJICHHUIO R,, TM00 K HANPSIZKEHHIO NPUKOCHOBEHUS! Upyyice
3azemuisiioInye yCTPOiiCTBAa JIEKTPOYCTAHOBOK HampsizkeHueM Bbiile 1 kB ¢ 3¢ ¢ekTHUBHO 3a3eMJIEHHOI HelTpaIbIo
PEKOMEHIYeTCs BBLINOJIHSATH M0 PACYETHBLIM YCJIOBHUSM JAOMYCTHMOI0 HANMPSKEHUS] MPHKOCHOBEHMSI, 2 BCeX MPOYMX
3J1eKTPOYCTAHOBOK — II0 YCJOBHSIM JIONMYCTUMBIX CONPOTHUBJIEHUN 3a3eMJISIIOIIEro ycTpoiicTBa. 3a3emulsiionmme ycr-
PoiicTBa 3J1EKTPOYCTAHOBOK HanpsikeHUueM Boile 1 kB ceTn ¢ 3¢ (peKTHBHO 3a3eMJIEHHOI HelTPaIbI0, BHINOJIHEHHbIE
10 YCJIOBHSIM CO0JII0IeHHsI TPeOOBaHHUIi K ero CONPOTHBJIEHUIO, 10JKHBI HMEThH B JII000€ BpeMsi roJa CONpPOTHBIIEHHE
R, <, 0,5 Om, BRITIOYASI CONMPOTHBJIEHHE €CTECTBEHHBIX 3a3eMJIMTeJIeH.

IIpu pacuere yKa3aHHOI0 3a3eMJISIIOLIET0 YCTPOICTBA MO YCJIOBUAM J0NMYCTHUMOr0 HANPSI:KEHUs MPUKOCHOBEHMS
COMPOTHUBJICHHE €ro onpeaeisieTcs M0 JOMYyCTHMOMY HANIPSIKEHHIO HA 3a3eMulsiionieM ycrpoiicTBe U, M TOKY 3aMBbIKa-
Husl Ha 3emuio. [Ipu 3ToM B J11060€ BpeMsl roJa NpU CTEKAHHH C 3a3eMJISIIOLIET0 YCTPOIiCTBA TOKA 3aMbIKAHHS HA
3eMJII0 3HAYEHHME HANPSKEHHMs] MPHKOCHOBeHHs (HAMpsKeHHsI HA Teje 4YejoBeka U, He J0JKHO NMPEBBINATH clie-
AYIOIIUX JOMYCTUMBIX 3HaYeHUH B 3aBUCUMOCTH OT AnuTeabHOocTH Bo3aelicTeus (I'OCT 12.1.038-82):
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PacyeTHast 1aNTEIHLHOCTH BO3ECTBHS onmpeaeasaeTcss Kak CyMmmMa BpEMEHH CpaﬁaTbIBaHI/Iﬂ 3alllMThBI U BPEMECHHU
OTKJIIOYCHHUS BBIKJIIOYATECIA. HpI/I 9TOM 3a BpemMs CpaﬁaTBIBaHl/Iﬂ 3alIMThI IPDUHUMACTCH:



— IJ1s1 paGo4YuX MecT, Ha KOTOPBIX NMPH NPOU3BOJCTBE ONEPATHBHBIX NePeKII0YeHHIl BO3MOKHBI KOPOTKHE 3aMbl-
KaHMsA C epexX0J0M Ha KOHCTPYKIMH (HApuMep, 1Js MecT YIpaBJIeHHsl pa3beHHUTEISIMU C PYYHBIM NPHBOIOM), —
BpeMsl JeliCTBUSI pe3ePBHOM 3a1UMThI;

— VI Beell 0CTATBHOM TePPUTOPHH JAHHOM 3JIEKTPOYCTAHOBKH — BpeMsl JeliCTBHSI OCHOBHOM 3allINThI.

[ 3aeKTpoycTaHOBOK HamnpsikeHueM Bbiie 1 kB ¢ 3¢ (pexTHBHO 3a3eMJIEHHOI HelTpPaabi0 MOMHMO YKa3aH-
HBIX JIOJIZKHBI CO0JTII0AAThCS cieaylonue oduue TpeGoOBaHUSA:

— HanpsikeHMe Ha 3aseMulsiomieM ycrpoiicree U, npu cTeKaHHU ¢ Hero TOKa 3aMbIKaHUs HA 3eMuio I, (cMm. puc.
3.6) He noxHO MpeBbIATh 10 kB. Ecin B TAKHX 3/1eKTPOYCTAHOBKAX HCKJIIOYEHA BO3MOKHOCTh BHIHOCA MOTEHIHA-
Jia 32 MpeeJbl 3aHMI 1 BHEITHUX orpaskaeHnu, To U, nonyckaercs Boime 10 xB;

— IIPU HANIPHAKCHUAX l]3 ot 5 10 10 kB n10JKHBI OCYIIECTBJATHCH MEPDLI MO 3aAIMUTE U30JISAIUHA OTXOAAIIIUX KaoeJieit
CBSI3H U TCJICMEXAHUKH U MO NMPEJOTBPALICHUIO BLIHOCA OIMACHBIX MOTEHUHUAJIOB 3a Ipe/aeJibl 3JIEKTPOYCTAHOBKH.

B ceTsiX 3JIEKTPOYCTAaHOBOK HANpsiKeHHEM Bbllle 1 kB ¢ M30JHPOBAHHOW HETPablo COMPOTHBIIEHHE 3a3eM-
JISIIONIEro ycTpoiicTBa, Om, 10KHO ObITh:

— ecJId 3a3eMJIMIIONIee YCTPOICTBO MCMOJIb3YeTCsl OTHOBPEMEHHO /ISl YJIEKTPOYCTAHOBOK HampsieHHeM 10 1 kB,
TO R, < 125/I, , npu 3TOM T0JLKHBI BBIMOJTHSITHCS TakiKe TPeOOBaHMS, MPeAbABJIsieMble K 3a3eMJICHHIO (3aHYJIEHHIO)
3JIeKTPOYCTAHOBOK Hampsi:keHueM 110 1 kB;

— eCJId 3a3eMJIsIIoNIIee YCTPOICTBO HCMOJIb3YyeTCs TOIbKO JJIsl YCTAHOBOK HanpsizkeHueM Bbiine 1 kB, To R, < 250/1,,
HO He 0oJiee 10 Om.

B ceTsix 3JIeKTPOyCTaHOBOK HampsikeHHeM 10 1 kB ¢ riyxo3aseMJ/IeHHOH HeHTPA/IbI0O CONPOTHBJICHHE 3a3eM-
JIIIOIIEr0 YCTPOHCTBA He A0JIKHO NPEeBbINIATD:

— B ceTsIX Tpex(a3Horo Toka Hanpsi:kenueM 660 B u onnogasznoro toxa HanpsikeHuem 380 B R, < 2 Owm;
— B ceTsiX Tpex(aszHoro Toka HanpszkenneM 380 B n onHodaszHoro Toxka HanpsizkenueM 220 B R, < 4 Owm;
— B ceTsiX Tpexda3zHoro Toka HanpsukenueM 220 B u ognodazHoro Toka HanpstkenueMm 127 B R, < 8 Om.

Yxka3anHble BeJIUYMHBbI R, T10JKHBI ObITH 00ecnedyeHbl ¢ Y4eTOM UCINO0/b30BaHUS eCTeCTBEHHBIX 3a3eMJiuTeeil (B
TOM YHCJIe M IOBTOPHBIX 3a3eMJIuTesIell HyJIeBOro MPoBOa).

B 3iexTpoycTaHoBKax HanpsikeHHeM 10 1 kB ¢ riyxo3a3eM/JIeHHOH HedTpaJbi0 NMPAaBUJIAMH yCTPOHCTBA JJIeK-
TPOYCTAHOBOK AONMYCKAaeTcsl MPH yAeJbHOM CONPOTHBJICHUH 3eMJIu p > 100 Om-m yBesimueHHe PACUeTHOIO 3HAYCHHS
CONpOTUBJIEHUs 3a3eMisiionlero ycrpoiictea B 0,01p pa3 npoTuB npuBeJeHHbIX Bblllleé HOPMUPOBAHHBIX 3HAYEHUI.
IIpu 3TOM MaKcHMMAaJbHO JOMYCTHMOE COMPOTUBJIEHHE 323eMJISIIOIEr0 YCTPOiicTBA He JOJIKHO NPeBbIIIATh HOPMHU-
poBaHHOe 3HaYeHUe Gosiee yeM B 10 pa3.

B ssekTpoycTanoBkax HanpsikenueM Boile 1 kB, a Takxe 10 1 kB ¢ nzonmpoBanHoii HeiiTpansio npu p > 500
Om-m I0NyCKaeTcsl MOBbINIATH 3HAYEHHE CONPOTHBJIEHHS 3a3eMJsIouX ycrpoiicTs B 0,002p pa3, Ho TakKe He 0oJiee
yeMm B 10 pas.

B cersix HanpsizkeHreM 10 1 kB ¢ N30JIMPOBAHHON HEHTPAJIBIO CONPOTHBJICHHE 323eMJISIIOLLIEr0 YCTPOHCTBA 3J1eKTPO-
YCTAaHOBKH He J0JKHO NpeBbIATH 4 Om.

JJ1s1 371eKTPOYCTAHOBOK MAJIOH MOLIHOCTH NIPH MOLIHOCTH reHeparopa win tpancpopmatopa 100 kBA u menee
CONMPOTHBJIEHHE 323eMJISIOLIEr0 yCTpoicTBa N0KHO ObITh He 60see 10 Oxm. Eciau mpu 3ToM mapaiieabHo padoTaeT
HECKOJIbKO reHepaTopoB WM TpancGopMaTopoB, HX CyMMapHasi MOLITHOCTDH He A0Ji:KHA mpeBbImaTh 100 kBA.

Jas oGecrievyeHHs] BHIPABHUBAHHMS INOTEHIHAJIOB CTPOUTE/IbHbIC KOHCTPYKLIMH, CTAMOHAPHO NPOJIOKEHHBIE
Tpy0ONpPOBOABI, META/UNINYECKHE KOHCTPYKIMH TEXHOJIOTHYeCKOro 000pyI0BAHHSA JO0JKHBI ObITh NPHCOECAMHEHBI K
apMartype xej1e300eTOHHbIX KOJIOHH WM (yHAaMeHTOB 3aaHuii. Eciiu 3amepamMu uiiu pacyeTaMu yCTAHOBJIEHO, YTO
ecTecTBeHHbIE 3a3eMJIMTEIN He o0ecreYHBAIOT HOPMHPOBAHHbIE 3HAYEHMS] CONMPOTHBJEHHMS PACTEKAHWI0 WM Ha-
Npsi’KeHUs] TPUKOCHOBEHMSI, TO IPHUMEHSAIT COBMECTHOE HCIO0JIb30BAHNE €CTeCTBEHHBIX M HCKYCCTBEHHBIX 3a3eMJIH-
TeJieli. IIpn 3TOM KOHTYP MCKYCCTBEHHBIX 3a3eMJIMTelell J0JKeH ObITh COeMHEH C apMaTypoii Kee300eTOHHBIX
(yHI1aMeHTOB He MeHee 4eM B ABYX MecTax. IIpn 3ToM coeiMHeHHe JOJIKHO BBINOTHATHCS BbIlIe YPOBHS MJIAHNPOB-
KH Npujerampmeil TeppuTopuu.



4. KABEJIBHBIE IMHUN B CUCTEMAX 2JIEKTPOCHABXEHUA

B cucremax aneKTpocHaOKEeHUs POMBIIIICHHBIX TPEANPUSITHHA, TOPOIOB, SNEKTPHHULIUPOBAHHOTO TPAHCIIOPTA CHIIb-
HO Pa3BHUTO KabenbHOe X03sIHCTBO. Ha COBpEMEHHBIX MPOMBIIIICHHBIX TPEANPUATUAX 001ast [inHa kadenbHbix auHui (KJT)
COCTaBIISIET AECATKH M COTHM KWJIOMETpoB. [[ns oOecrmedeHHs >IeKTpOCHAOXKeHHs MoTpeOuTeneld kadeslbHOe XO3SHCTBO
J0JDKHO paboTaTh HAEKHO, SKOHOMUYHO, OBITH JOCTYITHO IJIsI PEMOHTA M O0CITY>KMBAaHMS. 3HAUUTENILHBIE IIEHbI Ha IPOBOJI-
HHUKOBBIE MaTepualibl kKabenel (Meb U alIOMHHUIT) 00YCIIOBIMBAIOT HEOOXOIMMOCTh Ka4eCTBEHHOTO BBITIOIHEHUS PaboT 110
NPOKJIaJIKe, MOHTAXY, PEMOHTY M 00CITYKMBaHHIO KaOEIbHOTO X03SHCTBa C LEIbIO MTPOUIEHHS CPOKOB €ro ciykO0sl [4, 5].

Kak u3BecTHO, B cHCTeMax 3JIeKTPOCHAOKEHHs HauOOoJIbIIee PacpoCTpaHEeHHe TONyYITN Kabenu HanpshkeHuid 6 —10
KB B ceTsiX BBICOKHMX HalpshDKEHHH (Harmpumep, Ui BHYTPU3aBOACKOTO CETEBOTO X035 CTBA M MUTAHUsI MOILIHBIX OTpeOuTe-
neit) u 0,4 kB (BHyTpHIIEXOBOE 3JIeKTpocHaOXeHue). VIcXxons n3 3Toro, HIXKE paccMaTpUBAIOTCSl BOIPOCHI, OTHOCSIINECS K
KOHCTPYKIIMH, MapKUPOBKE, 00JIACTSM MPUMEHEHHUSI © 0COOCHHOCTSIM ITPOKJIAIKN Kabeneil Ha HOMHHAIbHBIE HAPSDKEHUS 10
35 kB.

4.1. MapkupoBka kaodeJei

Kabenmn HOMHHANBHBIX HANPSHKCHUN HIKE 35 kB MMEIOT OJHY WJIH HECKOJIBKO M30JMPOBAHHBIX KU, 3aKIFOUCHHBIX B
METAUTMYECKYIO WM HEMETAUIMYECKYI0 000JI0UKY, IOBEpX KOTOPOH B 3aBUCHMOCTH OT YCJIOBHI MPOKJIQJKA MOXKET Haxo-
JNTHCS 3aIIUTHBIN TTOKPOB.

CuiioBble KaOenu COCTOST U3 CIEAYIONIMX 3JIEMEHTOB: TOKOMPOBOISIIUX KU, H30JIAIUH, 000I0UEK M 3alIUTHBIX MO-
KpoBOB. [ToMHMO 3TOr0 B KOHCTPYKIHH KaOeiss MOTYT MPHUCYTCTBOBATh 3KPAHBI, HYJIEBBIC MKUIIbI, )KUJIbI 3AIIUTHOTO 3a3€M-
JICHUSI U 3AMOTHUTEITH.

Toxonposodsuue srcunbl IPeAHA3HAYCHBI ISl TIPOXOXKIACHHUS TOKA. Pa3iiyaroT OCHOBHBIE M HYyJIEBbIC JKWIIbI KaOeieH.
Kyl 3alMTHOTO 3a3eMIICHHMS SIBIISIFOTCSl BCIIOMOTATENIbHBIMU M TIPEIHA3HAYCHBI Ul COCTMHEHHS HE HaXOMSIIUXCS IOJ
paboynM HarpsHKEHHEM METaJUTMUECKHUX YacTel 3JIEKTPOYCTaHOBOK C KOHTYPaMH 3allIUTHBIX 3a3eMIICHHH.

Hzonayus cimyxut Ui obecriedeHHss HEOOXOIMMOM 3JIEKTPUYECKON MPOYHOCTU KHJ KaOens M0 OTHOIIEHHIO JPYT K
JPYTY ¥ K 3a3eMJICHHOH 000J104Ke (3emIIe).

Okpanel Kabenel 3aUIaloT BHEIIHIE ST CUCTEM 3JIEKTPOCHA0KEHHS OT BIMSHMS 3J€KTPOMArHUTHBIX MTOJIEH TOKOB,
MIPOTEKAIOIINX 110 Kabeltto.

3anornumenu peAHa3HAYCHBI IS YCTPAHEHHUS CBOOOTHBIX TIPOMEXKYTKOB MEXKIY KOHCTPYKTHBHBEIMH 3JICMEHTAMH Ka-
0eIsl B IeJsIX TepMETH3AIHH, IPUAAHIS Kabemo Heo0XotuMon (OPMBI I MEXaHUIECKOW yCTOMIMBOCTH.

O600uKy 3aIININAIOT BHYTPEHHUE DIIEMEHTBI KaOels OT YBIXKHEHHS U PYTHX BHEIIHUX BO3ICHCTBUIA.

3awumnsle nokpoebl NCTIONB3YIOTCS IS 3AIUTH 0007I04eK Kabenel OT BHEIIHHX BO3JCUCTBUU M B 3aBUCHMOCTH OT
KOHCTPYKIIMH MOTYT COCTOSITh U3 TIOAYIIIKH, OPOHETIOKPOBA M HAPYIKHOTO TIOKPOBA.

MapxkupoBka kaberneii BoinosiHseTcst OykBamu 1 1iudpamu. BykBbl 0003HaYaI0T MaTepHai K KaOesl, THIT N30SI U
3aIIHTHI.

Mapruposka scun kabenei. Hamuaue B Hayalie Mapku OYKBBI A 03HAUYACT, YTO JKUJIa KaOeJIsl BBITOJHCHA U3 ATFOMUHUS.
[Ipu otcyTcTBUU OYKBBI A — xuibl U3 Menu. CodeTaHne «0X» B KOHIIE MAPKHPOBKHU MOKAa3bIBAET, YTO XKUJIbI BHIIIOIHEHBI B
BU/IE OIHOW TIPOBOJIOKU KPYTJIOTO MK (PaCOHHOTO CeYEHUsI (CEKTOPHBIE, OBAJILHBIC U T.JI.).

Mapkuposka uzonayuu scun kabeneu:

B (B xoHIIe 0603Ha4YeHus Yepe3 neduc) - OymaxHas ¢ o0eTHeHHOH mponuTKoi (Harpumep, AABY-B);

II (B Hagane obo3HaUCHUS) - OyMaXkHas ¢ HecTeKaroteil nporuTkoi riepesurom (LJACB);

B (mocne nHnexca xmin) - u3 noauBuHUIXIopuaa (ABBI);

IT (mocne wHmEKca xwm) - u3 mosmdTieHa (ATIBI);

VY (B xoHIIe 0003HaUEHHS) - OyMa)kHas C TTOBBIIIEHHON TeMIiepaTypoii Harpesa (AABY);

IIc (B. cepennue 0003HAUEHNS) - M3 camo3aryxaromero nommTmwieHa (AllcBI);

I1B (B cepenuue) - U3 ByJIKaHU3UPOBAHHOTO camo3aTyxaromero nonmytuieHa (AIIBBI);

P (B cepenune mapkn) - u3 pe3unsl (API);

Pt (B cepeanHe Mapku) - U3 pe3uHBI MOBBINIEHHON TerutocTorikoctu (HPTI).

OTcyTcTBHE MapKHPOBKHU M30JISILIMM JKUJT KaOessl 03HavaeT, 4YTo U30JIIus OyMaskHast C BSI3KOHM ITPOIHUTKOM.

Mapkuposka obonouex:

A (Ha IepBOM WJIM BTOPOM MecCTe) — allfoMuHueBast obonouka (AAbnY);
C (na mepBoM W BTOpoM MecTe) — cBuHIOBas (ACBY);
B (B cepenune o603HaueHus1) — moauBUHMWIXIOpUaHAsS (ABBI);
IT (B cepenune o603naueHus) — nonmdtTmieHosas (ABIID);
I' (mocne mamekca 0601049Kkn) — kabens 6e3 3amuTHoro mokposa (ACIY);
H (1a mepBOM i BTOpoM MecTe) — 000J109Ka pe3UHOBas1, He pacnpocTpanstomas ropeaus (AHPT);
O (Ha IEpBOM HIIM BTOPOM MECTe) — OTAeIbHast 00oouka Kaxxaoi xmwisl (AOCBY).
IIpu orcyTcTBHM OYKBBI - 000JI0YKa BBHITIOIHEHA U3 KPENHUPOBaHHOW Oymaru, nponutanHoit outymom (ACBY);
1 (Tocle uHeKca OpOHM) — KpennpoBaHHast Oymara, ponuTaHHas OUTYMOM U oJiHa ruactmaccosas Jienra (ACBnY);
21 (moce uHAEeKca OPOHM) — TO XKe, ABE TuTacTMaccoBble eHTH (AJIB21Y);
B (TIOCITe MHIEKCA OPOHM) — MMPECCOBAHHBINA OIMBHHWIXIOPUAHEIN utadr (AABBY);
1 (TTocIie HHAEeKca OPOHN) — MPECCOBAHHBIHN IMONMATHIICHOBHIH NUTaHT (AABNY);
0 (mocie namekca Oporn) — 6e3 moxymiku (AIBOY);
b (mocite naAeKca 000I09KH) — TUTOCKHE CTAlTbHBIE JIEHTH (AABITY);
IT (To xe) — cTanbHbIe INIOCKHE OIMHKOBAaHHBIE MPOBOIOKH (AAIITY);
K (10 *e) — cranbHble KpYTJIble OIMHKOBaHHBIE poBoiokH (ACKY);
Mapxuposka nokpogos:



I' (mocne nanexca OpoHN) — 6e3 HapykHOTO TIOKpoBa Ha OpoHe (ACBI'Y);

H (TIocIte mHAeKca OpOHH WK JIGHTHI) — HETOPIOYHIA cocTaB u3 cTekistHHON npsixu (ACBRY);
[ (o e) — moau THIIeHOBHIH nutaHr (AAILMY);

1B (To Xe) - mommBHHIIXIOPHIHBIH nuTaHT (AAILIBY);

e (To e) — nutaHT U3 camo3aTyxatomiero mommdTmwieHa (AAIIncY);

[Ipu oTcyTcTBHM OYKBBI — HOKPOB BBHIIIOJIHEH M3 ITPONUTAHHON OMTYyMOM KabensHOH npsoxu (AABRY).
O06nacTb npUMeHeHHs Kabene:

T (B xoHIIe 0003HAYCHHUS Yepe3 neduc) — IUIsd SKCIUTyaTanuu B TporudeckoM kimumate (ACBY-T);
C (10 xe) — ana cenbckoro xo3siicrsa (ABBI'-C).
[Tpumep mapkupoBku kabensi: ABBB — kabenb ¢ antOMUHUEBBIMH KHUJIaMHU B TIOJUBHHUIXIOPUAHON U30JSIIUH, OpPOHU-
POBaH JIByMsl CTIbHBIMH JICHTAMH C 3alUTHBIM Hapy>KHBIM ITOKPOBOM W3 HPONUTAHHOM OMTyMOM KabeibpHOU npsbku. Huke
B Tabi. 4.1 n 4.2 mpuBeseHBI CBOIHBIE JaHHBIE O MApKUPOBKAX Kabesel ¢ OyMaXHOH M ITacCTMAcCOBOM M30IMAMHE [6].

4.2. DneMeHTBbI KOHCTPYKIINHU Kaleei

Tokonpogoodaugue xcuvl CUIOBBIX Kabenell m3roraBinuBarTcs B coorBercteun ¢ ['OCT 22483-77. MenHble U alrOMu-
HUEBBIE KIIBI MOTYT OBITH IO (popMe KPyTIBIMHU Wi (PaCOHHBIMU M OTHOTIPOBOJIOYHBIMHU HIT MHOTOIIPOBOJIOYHBIMH.

Tpex- U YeTHIPEeX>KMIbHBIe Ka0e MOTYT BBITIOTHSTHCS C JKAIAMH OJMHAKOBOTO CEYEHUS MU C OTHOM W3 JKUIJI MEHbIIIE-
TO CEUEHHsI, YeM OCTAIIbHBIC (I YETHIPEXIIPOBOTHOTO). DTa JKMJIa MEHBIIIETO CEYCHUS MCIIONB3YETCsl KaK HyJIeBas WIIH JKHjIa
3a3eMJICHHSI.

[IIkana HOMHHAIIBHBIX CEYeHMH >XKuil Kabesel (B CKOOKax NPHBECHBI BO3MOXKHBIC 3HAUCHUSI CEUCHUI HYJIEBBIX JKIII)
umeer Bua: 6(4), 10(6), 16(10), 25(16), 35(16), 50(25), 70(25,35), 95(35,50), 120(35,70), 150(50,70), 185(50,95),
240(70,120). Beibop cedeHHU HYJCBBIX KW OMPEICIICTCS PEKUMOM pabOThI HEHTpayied ceTh 3JeKTpocHaOkeHus. Kak
BUJTHO, HOMHHAJIbHBIE

Tabnuya 4.1
MapxkupoBka kabesneit ¢ OyMaxHON H30IIsIIEiH
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Tabnuya 4.2
MapxkupoBka kabelei ¢ mIacTMaccoBOi H30IsIIHei
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CTaHJApTHBIE CEUYSHHS CHIOBBIX Kabemei HaxomsaTcs B nHTepBaie ot 6 1o 240 mn® ¢ marom (oTHOIIIEHUE COCETHUX TIO ITKa-
JIe cedenunit)oxoro 1,6.

Kabenu ¢ HopMallbHO MPONHUTAaHHOW M30JISILMENH UMEIOT CIIeNYIOUINI ANalla30H ceueHni: kabenu HanpshkeHneM 1o 1 kB
— ot 6 o 240 MM2,' kabenu 6 kB — ot 10 no 240 MM2, xabemn 10 kB — ot 16 o 240 MM, Kabenu ¢ HeCcTeKaromuMK MIPOTIHT-
KaMH H30JISIMH JUISL TFOOBIX KJIACCOB HAMPSKEHHS HMEIOT CeueHns oT 25 10 240 .

H3zonayus u 3anonnumenu. ]I cunoBeIx Kabeneil npuMeHsieTcst OyMakHasi IPONMTAaHHAS WM TUIACTMAcCoBasi N30J1sI-
must. Vzomsinust, Halmo)KeHHas! HETIOCPEACTBEHHO Ha JKWITY, Ha3bIBAETCSI M3OJISIIMEH JKMIIBL. M30511usl, HaoXKEeHHast MTOBEPX
BCEX JKWJI, HA3bIBACTCS MOSICHOH.

BymaxxHast M30IIS1HsT BBITTOTHSETCS B BUIE HECKOJIBKUX CIIOEB U3 JIGHT KaOeIbHOW OyMard, NpOIMTaHHOM CliennaTbHbIM
cocraBoM. J{is xabeneii no 10 kB npumensiercss 6ymara mapok K-080, K-120, K-170 (tommmunoii cootBercTBeHHO 0,08; 0,12
u 0,17 mm). B 3aBUCHMOCTH OT BSI3KOCTH TPOITUTOYHOTO COCTaBa PAa3ACISIFOT KaOelH ¢ BA3KAM IPOMUTOYHBIM, 00CTHEHHO-
MIPOTIUTOYHBIM M HECTEKAIOUIMM COCTaBaMH. Bs3kuii mpornuTouHblli coctaB — Mapku MII-3 (kaHu]oOIb, TONMNITHIICHOBBIH
BOCK 1 HeTsiHOEe Macio). OOeHEHHO-TIPONIMTOYHBIN cocTaB — Mapka MII-3, Ho n3nuIIKK cocTaBa U3 Oymaru yaaneHsl. DTH
Kabenw mperHa3Ha4YeHb! UIA MPOKIAIKH BEPTHKAIBHBIX W HAKIOHHBIX TPacc C OTpaHWYEHHOH pa3HOCThIO ypoBHEH. Hecte-
Karomui coctaB — Mapkn MII-5 (kaHM]OIB, TOMMATHIICHOBBIN BOCK, HEYTIHOE MACJIO M IIepe3rH). DT Kabesu npeiHa3Ha-
YEHBI 7SI POKJIAIKN Ha BEPTUKAIBHBIX M HAKJIIOHHBIX Tpaccax 0e3 orpaHndeHHs Pa3HOCTEH ypOBHEH.

TomuHa H30IAIUH KU (B CKOOKaX — TOJIIITMHA ITOSCHOMW W30S ):

— kabens 10 1 kB — ot 0,75 mo 0,95 (ot 0,5 1m0 0,6) Mm;

— kabens 6 kB — 2 (0,95) mm;

— kabens 6 kB ¢ 00eTHEHHO-TIPOTUTaHHON M3oJsImen — 2,75 (1,25) mm;
— xabens 10 kB — 2,75 (1,25) mm.

Kabemu ¢ mracTMaccoBoil M30JAIME UMEIOT M30JLAIHUI0 B BHE CIUIOITHOTO CJIOS U3 moiuBHHIIXIopuaHOTO ([IBX)
IUTACTHKATA WJIM KOMIO3UIIMOHHOTO TOJNMATIICHA. [Ipr 3TOM MOsSICHAs M30JSIIUS MOKET OBITH BBINIOJHEHA B BHJE IPECCO-
BanHOTO [1BX muraHra, HECKOJNBKHX CIIOEB MOIMATHIICHTepePTaTaTHON TUIEHKH Wil codeTanus Oymaru u [1BX mieHkm.

Dkpanst. [{11 BEIpaBHUBAHUS JIEKTPHUECKOTO OIS CHIIOBBIX Kabemeil HampspkeHueM 6-10 kB IPUMEHSIOTCS 3IeKTPOo-
MIPOBOASIINE 3KpaHbl. B kabensx ¢ OyMaKHOH M30IIsIIMel SKpaHbl PACTIONararoT Ha MOSCHOM N30Is1MU, B KauecTBe SKpaHOB
HCIOJB3yeTCs ANeKTponpoBosmas kabensHas Oymara mapok KITYV-80 u KITY-120. Dto ogHOCHOMHAsA WM IBYXCIIOHASA
Oymara, cojeprkalnasi alleTHJICHOBYIO caxy. JIomycKkaeTcsl BBIITOIHATH SKpaH U3 MOJYHPOBOISIIEH MEeTaIUIM3UPOBaHHOH Oy-
Maru, MoBepX KOTOPOH HaJoKeHa aTroMHHHEBas (ojbra. B kabensx ¢ miacTMacCOBOWM W30JAIUCH 6 kB 3KpaHbI BBITIOIHS-
IOTCSI Ha JKMJIaX M TOSICHOW M30JISIIMH U3 3JIEKTPOIPOBOJSILNETO MOMMITHiIeHa. [Ipy 3TOM HE0OX0qUMMO MMETh OJIMHAKOBBIC
K03()HDUIMEHTHI TETIIOBOTO PacIPEHHs y MaTepHUaliOB U30JISILIAH KT U SKPAHOB.

O6on0uku. JIns TpenoTBpaIieHns] MPOHUKHOBEHHS BJIATH B M30JIIHMIO, 3AIUTHI OT CBETA, Pa3IMYHBIX XMMHUUECKHUX Be-
IIeCTB M MEXaHWYECKUX BO3JCHCTBUI KaOenp WMeeT 3almTHBIe 000704KH. JIydmmMu oGonodkamMu it Kabemei ¢ Oymax-
HOW M30JIAIHEH SBISIOTCS AFOMUHINA 1 CBHHEI. KaOenn ¢ HeBIaroeMKoW IIacCTMacCOBOM M3OJSIMEN HEe HYKIAIOTCS B Me-
TAJITMYECKOW 000JI0YKe, TTOITOMY H3TOTOBIISIOTCS B IIACTMACCOBOM 00OJIOYKE. ATFOMHHHEBBIE 00OIOYKH M3-332 XOPOIIHX
MEXaHHYEeCKHUX XapaKTEePUCTHK (MPOYHOCTh, CTOWKOCTh K BHOpALUsAM H T.1.) He TpeOyroT OpoHHpoBaHus. Bricokast ai1eKkTpu-
yecKasi IPOBOJUMOCTb AJIOMUHUS 00YCIIOBINBAET OTCYTCTBHE 3KPAHOB U BO3MOXHOCTb HCIIOJIb30BAHUSI 000JOYKU B Kade-
CTBE HYJIEBOM JKUJIBI.

CBUHIIOBBIE 000JIOYKH 00JIAIAFOT PSIIOM HEOCTATKOB: MEHEE IPOYHBI 10 CPABHEHHUIO C AIIOMHUHUEBBIMH; TIPH BO3IEH-
CTBHMHM BHOpaLUil M PacTATHBAIOIINX YCHIMN PacTyT KPHCTAJUIBI M 00pa3yloTCs TPEUIMHBI; U3-32 MOJI3Y4YeCTH CBUHIIA HA Ha-
KJIOHHBIX M BEPTHKAJIBHBIX Tpaccax HaOIIOAaI0TCS HEOOpaTUMBIE MTPOLIECCHl pacTshKEHHsT 000JI0UeK B HIKHUX YacTsIX; CBHH-
LIOBbIE 00OOJIOUKH TTOIBEP KEHBI BO3AEHCTBUIO IIOYBEHHON U JIEKTPOXUMHYECKOH KOPPO3HH.

[TmacTmMaccoBble 00OJIOYKH OTJIMYAIOTCS OT M3OJSIIIMOHHOTO COCTaBa JA00aBKOW ITACTH(UKATOPOB U CTAOHMIM3aTOPOB,
00€ecCIeYNBAONINX TOBBIIIEHHYIO CTOMKOCT IPOTHB CBETOBOTO CTapeHus. [1oNM3THIICHOBBIE U NOJIMBUHIIXJIOPHIHBIE 000-
JOYKH 0OJee CTOMKHM K arpecCHBHBIM CpedaM IO CPaBHEHHUIO C aJIOMHHHEBBIMH W CBHHIOBBIMH. OOomoukn m3 [IBX-
IUTaCTHKATa 00JIaIal0T OONBIINM HEOCTAaTKOM — XPYNKOCTBIO IIPH HU3KHUX TEMITEpaTypax.

3aujumnsle NOKpoabl. 3aIUTHBIE TIOKPOBHI B TIOJIHOM COCTaBE MMEIOT MOIYIIKY, OPOHETIOKPOB M HAPY>KHBIH MTOKPOB. B
3aBUCHMOCTH OT KOHCTPYKIIMH MOTYT OTCYTCTBOBATh OJHMH WM JBa KOMIOHeHTa. [loaymika HakmagpBaeTcsS Ha 000JI0UKY U
MIpeHa3HaueHa I €€ MPEAOXPAHEHUS OT MEXaHUIECKUX OBPEXICHUI JIEeHTaMU UK poBosiokaMu OpoHu. Ee TomnmuHa ot
1,4 o 3,2 mm. BpoHENOKPOB MpenoxpaHseT Kadelb OT BHEIIHUX MEXaHUYECKHX BO3JEHCTBUN U COCTOUT M3 METAJUTMYECKHX
JIGHT WU TPOBOJIOK. JIGHTHI OBIBAIOT CTalIbHbIE, TOKPBITHIE OUTYMHBIM COCTABOM WJIM OLMHKOBaHHBIE. [IpoBOJIOKH HCHONb-
3YIOT CTaJIbHBIE OI[MHKOBaHHbBIE IuaMeTpoM ot 1,4 1o 6 mm. HapyxHbIil TOKpPOB NpeHa3Ha4YeH sl 3alUThl OPOHU OT KOp-
PO3MH U BBINOJHSETCS] B BUJE IIUIAHTa W3 IJIACTMACCHI WIIM BOJIOKHUCTBIX MaTE€PUANIOB, IPONHUTAHHBIX CIIEHAIBHBIMHU MPO-
THBOTHWJIOCTHBIMH cOCTaBaMu. TOJIIIMHA Hapy»KHOTO MOoKpoBa oT 1,6 mo 3,1 mm.

Cpoku ciycobl kabeneii. Pa3nuvaiorT CpoKd TapaHTHU U CITY»KObI kabesei. Cpok rapaHTHH — IIEPUOJ BPEMEHH, B TeUe-
HHE KOTOPOTO 3aBOJ M3TOTOBUTENb I'aPaHTHPYET BHINOJIHEHNE YCTAHOBJIEHHBIX TPeOOBaHWI 1O mapameTrpaM KaOeied mpu
BBINOJIHEHUH YCIIOBHH XpaHEHHs M TpaHCHOPTUPOBKH. CpPOK TapaHTHH MCUYHCISIETCS C MOMEHTA BBOJA B 3KCIUTyaTalluio.
Cpok CiryKObI — MTPOIOIDKUTENBHOCTD SKCIUTyaTalluk 10 MOMEHTa BO3HUKHOBEHHSI MTPEAEIBHOIO COCTOSHHUS, T.€. HEBO3MOX-
HOCTH JlalbHEHIIEeH SKCIUTyaTaluu.

Jns kabenelt ¢ mitacTMaccoBOM M30JISIIMEH YCTaHOBIICHBI: TApPAaHTUHHBIA CPOK — 5 JIET, CPOK CIyObI — 25 JeT; s Ka-
Oeneil ¢ MPONUTaHHOM OYMaXKHOM M30JIAIUCH — COOTBETCTBEHHO 4,5 1 30 JieT.

4.3. lIpoxiaaka kadeneit

4.3.1. OcHoBHBIE ONIpeAesIeHHs] M TPeOOBaHHUS K MPOKJIaaKe Kabeueii



Kabenvhaa nunua — TAHUS UTA TIEpeadn SICKTPOIHEPTHH, COCTOSIIAA W3 OJHOTO FIIM HECKONBKHX IapaijieIbHBIX
KaleJel ¢ COeIMHUTENILHBIMY, CTOIIOPHBIMU M KOHIIEBBIMU My()TaMH (3aA€NKaMH) U KPEHeKHBIMH AETASIMH.

Kabenvhaa mpanuies — OTKPBITOE MCKYCCTBEHHOE COOPY)KEHHE, BBIPBITOE B 3€MJIE C ONPENCICHHBIMHU TITyOWHON U
IIMPUHON U MpeJHa3HaYeHHOEe IS MPOKIIAAKH B Hell kabemnei. [locne mpokmanku kabenei i MX UCHBITAaHUN TpaHIIIes 3achl-
TIAETCS 3EMIICH.

Kabenvhoe coopyscenue — coopyxeHue, CIEHAIbHO NMPEIHA3HAYCHHOE IS Pa3MEIeHNs B HeM Kalelnel, KaOeIbHbIX
My(dT U Ipyroro o0opyaoBaHusl, 0OECIIEUNBAIONIET0 HOPMAIBbHYI0 paboTy kadesel. K kabelbHbIM COOPYKEHHSIM OTHOCSTCS
KaOenbHbIe TYHHEIH, KaHalbl, Kopo0a, MMaxThl U T.JI.

Kabenvuolii mynnens — 3akpbiTo€ COOpYKeHHE (KOPUAOP) C PACHIONO0KEHHBIMU B HEM OMOPHBIMU KOHCTPYKIIMSIMU IS
pasMelieHust Ha HUX Kadenel u KabesJbHBIX My(T, CO CBOOOIHBIM IPOXOJIOM II0 BCEH JJIMHE, TO3BOJISIOIINM TPOU3BOIUTH
NPOKJIAJIKy, PEMOHT U 00CITy)KMBaHHe Kabenei.

Kabenvuulii kanan — 3akpeiToe U 3ariIyOJeHHOE (YaCTHYHO WM ITOJHOCTBIO) HEMIPOXOAHOE COOpYKeHHe, IpeaHazHa-
YEeHHOE ISl pa3MelleHns B HeM Kaleleil. YKiaaKky, peMOHT B 00CiITy>)KuBaHUe Kaleseil MOKHO MPOBOJMTH TOJNBKO TP CHSI-
TBIX MIEPEKPHITHSIX.

Kaobenvuutii 610k — xabeTbHOE COOPYKEHHE ¢ TpyOamu (KaHAIaMu) [T MPOKJIAKKA B HUX KaOeliel ¢ OTHOCSIIUMUCS K
HUM KOJIOZLIAMH.

Kabenvnan kamepa — nonzeMHoe COOpYyKEHHUE, 3aKPHIBAEMOE INTyX0i CheMHOW OETOHHOI IIUTOW U MpeTHa3HAueHHOE
JUISL YKITaJIKU KaOeJbHBIX My (T MITH JUTA TPOTSHKKH Kabenei B Giioku. Kamepa, nmeromiast JIfoK JUIss BXOa B Hee, Ha3bIBAeTCs
Ka0EeJIbHBIM KOJIOIEM.

Kabenvhaa scmakada — TOPU30HTAIBEHOE WM HAKJIIOHHOE COOpY)KEHHWE, NpeTHa3HAueHHOE JUIS MPOKJIaIKH Kabemei
Hax 3emJeii. KabenpHas acTakaga MOKET OBITH IIPOXOJHOM HITH HEMPOXOTHOM.

Kabenwvhulii Kopo6 — 3aKkpbITasi KOHCTPYKIHS NPSMOYTOIBHOTO MIIH JPYTOT0O CEYEHHs, M3TOTOBJICHHAS N3 HECTOPAEMBIX
MaTeprayioB (MeTaul, acOOEeMeHT U T.JI.) ¥ IpeqHa3HauCHHAs I POKIIAIKY B Hell kabenei. Kopoba MOryT OBITH TITyXUMH
WM C OTKPBIBAIOIMMHCS KPBIIIKAMH, CO CIUTOLTHBIMH HJIH Mep(OPUPOBAHHBIMHU CTEHKaMH M KpBIIIKaMH. [ ryxue kopoba He
nMeroT Kpeiek. Kopoda renonb3yroTest BHYTpH HOMELICHUH U B HAPYKHBIX YCTaHOBKAX.

Kabenvhoiii 10mok — OTKpBITass KOHCTPYKIMS, M3TOTOBJICHHAs! M3 HETOPIOYMX MaTepUalioB W NMpEJHA3HAuYCHHAs IS
NPOKJIAAKK Ha Hell kabeseid. JIOTKkH MOTyT OBITH CIUTOLIHBIMH, TEPGOPUPOBAHHBIMU WM peIieTdaTbIMU. JIOTKY He SBISAIOTCS
3aIUTON OT BHEIIHUX MEXaHUYECKUX MOBPEKICHUN.

Kabenvhaa waxma — crienpaibHOE BEPTHKAIBHOE COOPYKCHNE B 31aHUM C 3aKJIaJHBIMH JIETATIMH B CTEHAX, B KOTO-
PBIX MOHTUPYIOTCS] METAJUTMUECKHNE KOHCTPYKIMU JUTA KPEIUICHHsI K HUM BEPTUKAJILHO TPOJIOKEHHBIX Kabesel.

Kabenvhaa zanepea — Haa3eMHOE WM HA3€MHOE 3aKPBHITOE MTOJHOCTHIO WIIM YaCTUYHO (HampuMmep, 6e3 OOKOBBIX CTEH)
TOPU30HTANIbHOE WIN HAKIIOHHOE MPOTSKHOE NTPOXOJHOE KaOeIbHOE COOPYKEHHE.

OrpaHuueHHOCTh CBOOOIHON TEPPUTOPUH M TNIOTHOCTH 3aCTPOWKH TOPOJIOB M IPOMBIIUIEHHBIX MPEANIPUSTHI OTpe/e-
JISIFOT UCTIONIb30BaHKUE KaOEeNbHBIX JIMHUHN U MPOKJIAKy X B CHEIUAIBHBIX COOPYKEHUSIX.

Tpacca kaOenbHOM JIMHUK BHIOMpPAETCSl C yY4ETOM HAaWMEHBILEro pacxoja Kabesst  oOecreyeHs ero COXpaHHOCTH OT
MEXaHWYECKUX MOBPEXICHNH, KOppo3uH, Bubpanun. Cieayer n3derats nepekpenuBanus Kadenen apyr ¢ Ipyrom, ¢ Tpyoo-
MIPOBOAAMH, KaOEIsIMU CBSI3U U T.11. KaOenbHbIe TMHUM OJDKHBI BBIIOIHATHCS TaKMM 00pa3oM, YTOOB! MCKIIIOUYNTH OIacHbIE
MeXaHWYECKHe HANPsDKeHUS ¥ OBpeXeHuUs. [IJIs1 5TOro He0OX0ANMO COOIIO/ICHNE CIIEAYIOINX YCIOBHI:

— KabeJH JTOJDKHBI OBITh YIJIOKEHBI C 3aI1acoM MO JUTMHE JUIsl KOMITEHCAI[MH BO3MOXKHBIX JIe(hOpMaLHii MY W3MEHEHNH TeM-
TIepaTypsbl, CMEIEHNH ITOYBbI U T.1.;

— Ka0emH, MPOJIOKEHHbIE TOPU30HTAIFHO MO KOHCTPYKIMSM, CTEHAM, MEPEKPBITHSIM, JOJDKHBI KECTKO 3aKpEIISATHCS B
KOHEYHBIX TOUKaX, y My(T, C 00€MX CTOPOH Y IIOBOPOTOB;

— Ka0emH, MPOoJIOKEHHBIE BEPTUKAIBHO, JOJDKHBI 3aKPETUIATHCS TaK, YTOOB! HE HApyIIaIich 000JI0UKH 1 Wb IO/ JeH-
CTBHEM COOCTBEHHOTO Beca Kabers,

— KOHCTPYKIWH, Ha KOTOPBIX NPOKJIIBIBAIOTCS Kabenn 6e3 OpOoHM, TOIKHEI OBITH BBIIIOIHEHBI TAK, YTOOBI H30€KaTh M0-
BPEXKICHHS 000JIOUEK, B MECTAX JKECTKOTO 3aKPETIICHHUS JOIDKHBI OBITh TPOJI0KEHBI 3TAaCTHIHBIC IIPOKIAKH;

— KabeJM BceX THIIOB, PACIIONIOKEHHBIE B MECTaX, I7Ie BO3MOXHO HX MEXaHHYECKOE MOBPEXICHNE (JIBIKCHNE TPAHCIIOP-
Ta, MEXaHW3MOB ¥ JJOCTYITHOCTb ISl IOCTOPOHHMUX JIMIT), TOJDKHBI 3aIUINATHCSA HAa BBICOTY HE MEHEE 2 METPOB;

— kabenn TOIKHBI MPOKJIAABIBATECS Ha yJAJCHUH OT HAarpeThIX IMMOBEPXHOCTEH, MPEIOTBPAIIAOIIEM HarpeB €ro CBBHIIIE
JOMYCTUMOTO, IPU 3TOM HEOOXOUMO MPEAyCMOTPETh 3aIUTY OT IIPOPBIBA FOPSIYMX BEIIECTB;

— COOPY>KEHHS ¥ KOHCTPYKINH KaOEIBHBIX TPACC JOJDKHBI BBIIOTHATHCSA M3 HETOPIOUMX MAaTEPHAJIOB;

— 3ampemraeTcs yCTpoicTBO B KaOEIbHBIX COOPY)KEHHUSAX KaKMX-JTHMOO BPEMEHHBIX YCTPOMCTB, XpaHEHNE B HUX MaTepHa-
JIOB ¥ 000PYAOBaHHUA.

[Tpu BeIOOpE crtoco60B npokaaku kadeneit 1o 10 kB creayeT pyKOBOICTBOBATHCS CIETYIONIIM:

— [PH TIPOKIIAJKE B 3eMJIe PEKOMEHIYETCs B OJHOM TpaHIIlee MPOKIaapIBaTh He Ooree 6 kabenei;

— MPOKJIaKa B TYHHEISIX peKOMEHIYETCs TIpH Yrcie Kadenei, naymux B OXHOM HarpasieHnn, 6omree 20;

— MPOKJIaZIKa B OJIOKAaX PEKOMEHIYETCSI MPH OOJIBIION CTECHEHHOCTH IO Tpacce, B MECTaxX NEPecedeHHst ¢ KeIe3HOI0-
POXKHBIMH ITyTSAMH U T.1.;

— Ha TEPPUTOPUSIX IEKTPOCTAHINI U KPYIHBIX MIPOMBIIUICHHBIX Npeanpusatuii KJI, kak mpaBuio, TOKHBI BHITTOJIHSTHCS
B TYHHEJISIX, KaHayaX, OJ0Kax M mo scrakazaMm. [Ipokiaska B TpaHIIESIX PEKOMEHIyeTCs K yAAIEHHBIM 00BEKTaM IIPH YHCIe
Kkabeeii He Ootee 4;

— Ha TEPPUTOPHAX MOJCTAaHLUH U PaCHpENENUTENbHbIX ycTpoicTB KJI MOMKHBI IPOKIAAbIBATECS B TYHHEISX, KaHalax,
TpyOax, B 3eMJie, B HaJ3eMHBIX KeIe300eTOHHBIX JIOTKaX U 110 3CTaKalaM;

— B ropoaax u noceskax KJI ciexyer npoknaapBaTe B TPAHIIESX 110 HETIPOE3KEH JaCTH YIIHIL;



— 110 yJUIAM | IDIOMIASIM C OOJBIIMM HACBHIIICHHEM MOJ3eMHBIX KOMMYHUKaIuii npoxnaaky KJI mpu gucne 10 u Gonee
B [TIOTOKE PEKOMEHAYETCS MPOU3BOIUTH B KOJIEKTOPAX U TYHHEISX;

— [PU TIePECCUCHNUH YIHII ¢ OOIBIIOI HHTEHCHBHOCTRIO ABIKEeHUS TpaHcopTa KJI Heo6XoamMo IpoKIIaapBaTh B OJI0Kax
WM Tpyoax;

— B YETBIPEXIPOBOJHBIX CETSIX MOJDKHBI MCIIOJIE30BAThCSA YSTHIPEXKIIIbHBIC KaOeln; MPOKIIaaKka HyJIEBBIX KU OTIACIHHO
OT (ha3HBIX HE JIOMYCKAETCs;

— JIOTTYCKAeTCs UCIOIB30BAHNE TPEXKIIIBHBIX CHIIOBBIX Kabenel B allfOMHHIEBOI 000JI0YKe Ha HOMHHAIBFHOE HATIPsKE-
Hue 1 kB ¢ ucmonb30BaHNEM 000JIOUKH B KaueCTBE HYJIEBOTO NMPOBOJA B YETHIPEXIIPOBOJIHBIX CETSAX MEPEMEHHOIO TOKa C
3a3€MJICHHOM HEWTpPAJIbIO, 32 UCKJIFOUEHUEM YCTaHOBOK C B3pPBIBOOIIACHOM CpPEIOM, YCTAaHOBOK, IJI€ TOK B HYJIEBOM IIPOBOJE
cocrariset 6oiee 75% MOMyCTUMOTO MO HArPEBY TOKa (pa3HOTO MPOBOMA, YCTAHOBOK IMUTAHUS OJIOYHBIX M MECTHBIX IIIUTKOB
Ha JJIEKTPOCTAHIIUAX;

— JUIA 9EeTHIPEXIPOBOIHBIX ceTel 10 | kB creayeT MpUMEHATh Kabenu ¢ MIacTMAacCOBOM M30JSIKEH U MIacTMacCOBON
000JIOYKO¥ ¢ HYJICBOW JKUIIOH, CEUSHUE KOTOPOI paBHO CEYCHHUIO (DAa3HBIX XKIJI, a TAKKE KaOEIU C TIACTMACCOBOMN H30JISIIH-
el JKUIT C aTFOMIHUEBOM 000JIOYKOM U ¢ HYJICBOH JKIIIOH, CeUeHIE KOTOPOIl paBHO TIOJIOBUHE CCUCHUS OCHOBHBIX JKHIL.

Oco0BIe yCITOBUS MPOKIAAKH Kadelel B BEUYHOMEP3IIBIX IPyHTaX:

— HWDKE TIIyOWHBI TPOMEP3aHus;

— B UCKYCCTBCHHBIX HACHINSAX C IPUBO3HBIM IPYHTOM;

— B JIOTKaX Ha MOBEPXHOCTH 3EMJIH;

— Ha dCTaKajax.

Pexomennyercs npoxiaaka KJI coBMecTHO ¢ TpyOOIpoBOIaMu TEILUTO(QHKAIIMN, BOJOMPOBO/IA, KAHAIH3AIUN B CIICIU-
AITBHBIX COOPYKCHHUSX.

JIis IpOKJIaiKK B 3eMJIC M B BOJIE MICTIONB3YIOTCS Kabenu B Opone. [Ipu mpokianke B KOJUICKTOPax, TOHHEISIX, KaHallaX
7 B KaOeIbHBIX TOMEIIEHHUX JOIMYCTHMO HCIIONB30BaTh Kabemn 6e3 OpoHH.

[Tpu BBIOOpE crmocoba mpokIaaku kKadenael HeoOXOqMMO TOMHUTH O TPeOOBAHUAX HANISKHOCTH PabOTHI TOTO 000pyI0-
BaHUS, KOTOPOE TONTyJaeT MUTaHHEe OT Kabens. B gacTHOCTH, HEOOXOMMMO TIOMHHTB, YTO MPOKIAAKa Kabeneil B TpaHIIesXx,
ABIISISICH CaMOM JICIIIeBOM, OHOBPEMEHHO SBIISETCA caMmoil HeHanexxHo#. M3BecTHO, uTo okoio 80% Bcex 0TKa30B Kabemei
Pa3HBIX HANPSKEHUH U CIOCOOOB MPOKJIAAKK MPUXOIUTCS MMEHHO Ha KaOellu, MpOoJIoKeHHbIe B TpaHuIesx. Hanbonee Ha-
JEKHBIMHU SIBIISIOTCS MPOKJIAIKM HA 3CTaKanax M B TyHHEIsX. O4eHb BaXKHO TO, YTO OKOJIO 36% BceX OTKA30B BHI3BAHO IIO-
BPOKICHUSAMHU CTPOUTEIBHBIMA MeXaHH3MaMHU. BooOIle cTaTHCTHKA CBHIETEILCTBYET, UTO Yallle BCErO OTKa3bl B padoTe
KabeJicil BBI3BaHbI 3aBOJICKUMH JIe()eKTaMH, MEXaHUUICCKUMH TIOBPSKACHUSAMHE TPU MPOKIIAIKE U MEPEKIIaIKe X B MPOIECCe
SKCIUTyaTaIuy, U3-3a KOPpo3uu 000IOYKH U T.JI.

4.3.2. Cnoco0blI NpoKJIaaKH KadeJiei

Ilpoknaoka kabenvHvix TunUIl 6 mpanuieax. PazMepsl 3eMeNbHBIX YYaCTKOB U oXpaHHbIe 30HbI a5t KJI nmpu ux mpo-
KJIaJIKe B 3eMJIE YCTAHOBJICHBI CIICIIMaTbHBIMU MpaBmwiIaMy. B mmpezenax 30HbI He JIOMyCKaeTcsl yKIaaKa APYruX KOMMYHHKa-
i 6e3 corylacoBaHusl ¢ OpraHu3anuei, skcuryarupyommei KJI.

I'nmy6una tpaummei: amsa KJI mo 20 kB — 0,7 m; 35 kB — 1 m; ipu nepecedenuu yauil 1 miomanen — 1 u. [lupuna Tpan-
el o aHy i kabeneit 1o 10 kB nmpuHUMaeTcs: IpH MPOKJIajKe ogHoro kademst — 350/250, npu aByx kabensx — 500/300
MM ¥ T.J (B UNCITUTENE TIPH 3alIuTe KaOeJsl KUPIIMYOM WM JKeJIe300eTOHHBIMH OJIoOKaMu, B 3HaMeHarene 0e3 3amursr). C
YBEJIMYCHUEM YHMCIIa MPOKIIAIbIBaeMbIX Kabenei 1 + 6 ¢ 3alIMTON KUPIHYOM HJIM KeJIe300€TOHHBIMH IUTUTaMH IIUPUHY
tpaniueii (T) mo auy yBennunsatot Ha 120-130 mm. CooTBeTcTBeHHO 0003HaueHus TpaHuend — T-1 + T-6.

JIHO TpaHIIen Mo Bced JUIMHE JOJDKHO OBIThH MOJICHIIIAHO TIECKOM WIITH MPOCESHHOW 3eMJIeH, TOJIIUHA TTOICHIIKH — He
menee 100 yvm (puc.4.1).

Brosnp Bceld TpaHIIeH JOIDKHBI OBITH TIPUTOTOBJIEHBI JUIS 3aChIKN Kabemnel mecok wim 3emirs. [Ipu npokiagke kadems

BJIOJIb MMEIOIIMXCS KaOeel Wi KOMMYHHUKani, BOJIM3H 34aHUH U COOPYXEHUH JTOJDKHBI CO-
(— OIOIATHCS PACCTOSHIS B CBETY (MEXKITy OJIM3JIEKAIMMHI TOYKAMH TI0 OTBECY) HE MECHEe:
— Mexy kademsmu 110 10 kB — 0,1 m;
s /) \ — ot kabeneii 35 kB — 0,25 m;
— oT Kabenel Apyrux opraHuzanuii u kadenei cszu — 0,5 a;
— OT CTBOJIOB JIEPEBHEB 2 M U OT KycTapHUKOB 0,75 m;
— OT yHIITaMEHTOB 3/1aHui 1 coopykeHui 0,6 i,

NN
.

700

. A — OT TPyOOIPOBOAOB, BOJOIPOBO/A, KAHATU3ALMH, Fa30MPOBOIOB HU3KOTO U CPETHETO JaB-
‘ 350 nenus 1 m;
Puc.4.1. Pasmepst kaGesbHOIt — OT ra3onpoBOAOB BEICOKOTO JABJIEHHS U TEMIOMPOBOIOB 2 M;
Tpanmen T-1 ¢ sammroi — OT BIEKTPUPHUIMPOBAHHOMN Kee3H0i noporu 10,75 m;
KUPITUYOM

— OT TpaMBaiHbIX myTeit 2,75 m;
— OoT oTBeca Kkpaitero nposoja BJI 110 kB 10 a;

—otonopel Bl o 1 kB 1 M.

[Tpu nepeceueHnu Ipyrux KaOeNbHBIX JMHUH U MH)XEHEPHBIX KOMMYHHKAIIMH PACCTOSIHUS B CBETY JOJDKHBI OBITH HE

MEHee:

— ot kabeneit 10 10 xB 0,25 m;

— OT TpyOOINpPOBOJIOB, TEIMJIONPOBOIOB, Ta301poBoAoB 0,5 u;

— OT IOJIOTHA JKEJIE3HON TIOPOTH, TPaMBaWHBIX MyTel, aBTOMOOHIBHBIX Jopor 0,6 .



ITpu mpokiagke o MOCTaM KaOenu OJKHBI OBITh B AJIFOMHHUEBOH MM IIACTMAcCOBON M30JILUH (TIPU YCIIOBHH dJIEK-
TPUYECKON M30JSIIMU UX OT METAUIMYECKUX YacTel), IO MEeMEeX0JHOH JacThI0 MOCTOB — B Tpy0ax M3 HECTOpPaeMbIX MaTe-
pHaoB.

Jliist Bcex TUIOB Kabeselt B 3aBUCHMOCTH OT MapKu M CE4EHHs KU HOPMHUPYIOTCS BETUYUHBI MUHUMAIBHBIX PaJlyCoOB
u3ruba B MECTax MOBOPOTA M OTBETBJIICHUH. DTOT paauyc uMeeT 3HaueHus ot 450 10 950 mm.

Ha yknonax ot 20 no 50 rpaxycoB npokiajka kaOeneil B TpaHIIEesX MPOU3BOIUTCS C KPEIUIEHHEM HX K Kene300eToH-
HBIM CBasiM, BOMBAa€MBIM BEPTUKAILHO Ha PacCTOSHUSX OT 15 1o 50 .

Kabenu 1o Tpacce yKiIaapIBaloTCsl «3MEHKOi» ¢ 3amacoM 1-2% OT ero JAIMHBI 1711 UCKITIOUEHHST BO3MO)KHOCTH BO3HHK-
HOBEHHS ONACHBIX MEXaHMYECKNX HaNpsDKEHUH MPpH CMEIIeHNH MOYBHI M TeMIeparypHbIX Aedopmanusx. [Tocne ykimaaku u
MOJICHITIKK Kabeinst (cmoeM He MeHee 100 auu) yKitagbIBaeTCs CUTHANBHAs JIEHTa KPacHOTO I[BETa M3 IUIACTUKATa TOJIIMHON
0,5 - 1 mm u mmpurOit He MeHee 150 mm. Eciu mpoekToM mpemycMoTpeHa 3ammTa Kadelss KpacHBIM KHPIIHYOM WK acOo1ie-
MEHTHBIMH TUTUTaMH, CHTHAIBHYIO JICHTY yKJIabIBaTh HEOOA3aTEIBHO.

[Toce yka3aHHBIX PabOT COCTABISIETCS aKT Ha MTPOM3BOACTBO CKPBITHIX pabOT, KOTOPBIH SABIAETCS O(QUIMATBEHBIM TOKY-
MEHTOM, pa3pellaroliM 3aChIIKy TPAHILIEH IPYHTOM. 3alpeliaeTcsl 3aChllKa IPYHTOM ¢ KaMHSMH, OTXOJaMU MeTaJula U T.1.

BHe 3aBHCHMOCTH OT MecTa U criocoba MPOKIaaKy Kabenel, posia H30JSIUH U HalpsHKEHHs MPOKIAAKY, Kak MPaBHIIo,
cllelyeT MPOBOJUTE MPH MOJOXKUTEIBHON TeMIepaType OKpY’Karolero Bo3ayxa. Pa3MoTka, mepeHocKka U MPOKIajgKa B XO-
JIOJJHOE BpeMsi 0e3 MpeABapUTEIHHOTO MOJOIPEBa JAOIYCKAIOTCS IS BCEX MAapOK KaOeneil NMpH HEeKOTOPHIX OINpeAeIeHHBIX
Temneparypax. Hampumep, mist kabeneii ¢ OyMaXHOH H30JSAIMEH, MPOITUTAHHOW HECTEKAIOIIUM COCTaBOM, U C MPOITUTAHHOM
U30JIAIUCH MHUHUMAIIbHO JomycTuMas tTemmnepatypa 0°C. [l kabenei ¢ miacTMaccoBOM M30IIUei 0e3 3alUTHBIX MOKPO-
BOB — MuHYC 15 - 20°C u 1 Kabeneil ¢ 3auTHRIMU MOKpoBamMu — MUHYC 7°C.

[Tpu TemmepaType Bo3yxa HH)KE MUHAMAIIBLHO JOIYCTUMOM pa3peraeTcsi MpOoKIIaaKka TOJIBKO MOCie MpeABapUTEIbHO-
ro MOJOrpeBa U B MUHMMAJIBHO CXKaTble CpOKH: NpH TeMnepaType oT 0 1o -10°C B teuenue 1 uaca; npu Temneparype ot -10
1o -20°C B teuenne 40 mun; npu Temneparype Hwke -20°C B Teuenue 30 mun. I1pu 5TOM npeBapuTenbHO Kabenb moaorpe-
BaeTcs 0 HeoOXoanMoi TeMrepaTypsl. CIiocoObl MooTpeBa BEIOUPAIOTCS B 3aBUCHIMOCTH OT BO3MOXKHOCTEH: Tpex(da3HbIM
TOKOM (TIpH TETUIOM3OJAIHNK O0apaOaHOB BOMIIOYHO-OPE3CHTOBHIM KAaIlOTOM), IIOCTOSIHHBIM T OIHO(A3HBEIM TOKOM TpH OH-
GUITAPHOM COSTMHEHUH KU (TIPH TETUION30ILINE OapabaHOB), BHYTPH 000TpEeBaeMBIX ITOMEIICHUH, B TTaJIATKE C ITAPOBBIM
OTOIUIEHHEM, BO3AYXOJyBKaMH U T.1. B kauecTBe MCTOYHMKA NPH MpUTPEBE Kabess TOKOM CllefyeT BBIOMpPATh CBApOUHbIC
ammaparsl MOITHOCTBIO 15-25 kBA. Ha Bce BuabI paboT CyIIECTBYIOT HOPMBI M IIpaBUiIa, HA KOTOPHIX B JaHHOU paboTe MBI
He OyzieM OCTaHaBIMBATHCS TTOAPOOHO.

Ilpoknaoka kabeneii 6 mpyoax. B tex ciydasx, koraa HeoOX0IUMO 3alIMINATh KaOenn OT MEXaHWYECKHX MOBPEkK/Ie-
HHH, OT BO3JIEHCTBHS arpecCHUBHBIX TPYHTOB M OJIy’>KJAIOIIMX TOKOB, MX HEOOXOIMMO NMPOKIaAbIBaTh B TpyOax. s aToii
LENM MPUMEHSIOT CTaJIbHBIE, YyTyHHbIE, acOOLlEMEHTHbIe, KepaMUYeCKUE W TIacTMAcCoBble TPyObl. BHyTpeHHMI auamerp
TpyO AJIsl MPOKITAKK KaOesl C OHOIIPOBOJIOYHBIMH AFOMHHUEBBIMH XHUJIaAMH C CUMBOJIOM (0X), a Takke sl Kabenei Map-
ku AAILIB nomkeH OBITH HE MEHEE ABYKPATHOTO Hapy>KHOTO JuaMeTpa Kabeins. Bo Bcex ocTalbHBIX Cllydasx AuaMmeTp Tpyo
HE MEHee ITOJ[yTOPAKPaTHOTO JraMeTpa Kabers.

TpyOBsl TOKHBI YAOBIETBOPSATH CIIEAYIONINM YCIOBHIM:

— BHYTPEHHSIS TOBEPXHOCTB JI0JDKHA OBITH TJIaIKOM;

— TOpLBI TPYO C BHYTPEHHEW CTOPOHBI OJDKHBI OBITH CKPYIJIEHBI C PAJMycOM HE MEHEe 5 MM M NPH 3TOM HE JIOJDKHBI
HMMETh M3JI0MOB, 3ayCCHHUII;

— COeTMHEHUS TPYO JTOJKHBI OBITH CTPOTO COOCHBI;

— Topubl TpyO B MecTax BXOJla B TYHHEIIM, KaHAIIBI JOJDKHBI OBITH 3a/IeJIaHbl 3aI10/UTUII0 C BHYTPEHHUMH ITOBEPXHOCTSIMHU
CTEH.

CoenuHeHHS TPYO JOIDKHO BBIMOJHATHCS C MOMOIIBI0 METANIMUYECKNX, TIIACTMACCOBBIX WM PE3MHOBBIX MAH)KET WIIN
acOOLEMEHTHBIX MY (T.

[Tpu oOpazoBaHuK OJIOKOB pacCTOSHHE MEXAY TPyOaMu J0KHO ObiTh He MeHee 100 ym (110 BepTHKANM U TOPU30HTA-
nu). [Ipu 3TOM BepxHHMe TpyObI OJ0Ka JODKHBI HAXOIUTHCS OT BEpXHEro cpesa TpaHmien Ha riyoune 0,7 m. Konusr Tpy6
HOCJIE TIPOKIIAJAKH B HUX Kabenel yIIOTHSIOT HAMOTKOH HECKOJIBKUX CIIOEB CMOJISTHO JIGHTBI MIIN KaOeJIbHOM MPsKH.

Ilpoxnaoka kaodeneii ¢ kananax. KabenpHble KaHAIBI CIIEAYET MCIIOJIB30BaTh MPU BHYTPHUIIEXOBOW M BHEIIEXOBOM MPO-
Ki1aaKax. KaHasbl BEITONHSIOT U3 YHH(UIIMPOBAHHBIX KeJIe300€TOHHBIX JIOTKOB C MEPEKPHITUSIMU, U3 )KEIe300€TOHHBIX TUIUT
C OCHOBAaHUSIMU M MEPEKPHITUSIMU M3 MOHOJIUTHOTO JKeNIe300€TOHa, a TAKXKe U3 KHPIHYa. DTOT CIIOCO0 IMPOKIIa KU ITO3BOJISIET
00eceuynTh OCMOTPHI M PEMOHTHI KaOEIbHBIX JIMHUH B Ipoliecce IKCIUTyaTauy 0e3 MPOU3BOCTBA 3eMIISIHBIX PaboT, KpoMme
TOrO0, OOecrieunBaeTCs 3anTa Kabenei OT MEXaHNIECKUX ITOBPEKIACHHH.

B kaHanax IOKHBI OBITH BBITTOJIHEHBI MEPOTIPHATHS 1O MPEAOTBPALICHUIO ONAJaHNs B HUX TEXHOJIOTUYECKUX BOI 1
Mmacen. i 0TBoJa TPYHTOBBIX BOJ JHO B KaHANaX JOJDKHO MMeETh YKIOH He MeHee 0,1% B cTOpoHY BOZOCOOPHMKOB MITH
JMBHEBON KaHaiW3aruH. KaHaibl, pacrosoKeHHbIE HIDKE YPOBHS TPYHTOBBIX BOJ WM BO BIIQXHBIX TPYHTAaX, JOJDKHBI NMETh
THAPOU3OJIALIUIO CTEH U JTHA.

Ha yyactkax, rae BO3MOKHO pa3jIMTUE PACILIABICHHBIX METAJIOB, JKUIKOCTEH C BBICOKOM TEMIEPATYypOi WM BEILECT-
Ba, pa3pylIaroiiero o0oa04ku kabenei, coopykeHne KaHalIoB He pa3peraeTcs.

KabenpHble KaHanbl BHE 34aHUH MO COOOpaXEHHSM OXpaHbl MOT'YT OBITh 3aChINIaHbI MOBEPX IUIMT 3€MJICH TOJIMHON
ciost 300 mm u Goxee. Pacnonoxxenne xabeneil B kaHajlaX Ha KOHCTPYKIHSX MOJKET OBITH PAa3JIMYHBIM B 3aBUCHMOCTH OT
pa3MepoB KaHaja: Ha OJIHON CTEHKE Ha IT0/IBECax, Ha OJIHON CTEHKe Ha II0JIKaX, Ha JBYX CTEHKaX Ha ITOJ[Becax, M0 JAHY KaHa-
7a pu riryoune ero He 6onee 0,9 . u 1. llupuna nmpoxona nomkaa ObITh He MeHee 300 auu 1yt KaHaIoB TTyOnHOH 10 600
mm 1 He MeHee 400 v Ut KaHaoB OoJpuiel TiryOMHBI. B KaHanax JOJDKHBI IIPOKIIABIBATECS KaOean ¢ 000J0YKaMH, He
PpacIpoCTpaHsIIOIIMU TOPEHHUE.

Ilpoxnaoka kabeneii 6 610Kkax. DTOT BUI MPOKIATKNA PEKOMEHIYETCSI B MECTaX IEPECEUCHUH C KeJIe3HBIMHU M aBTOMO-
OWIBHBIMH JOpOTaMH, B YCIOBHSX CTECHEHHOCTH IO Tpacce, MPH BO3MOXHOCTH MPOJIHMBA PACIUIABIEHHOTO METajula, TpH
arpeccUBHBIX CPeax, IMPH HEOOXOAUMOCTH 3aIUThI OT OTy>KIAIOINX TOKOB.



Jist coopyskeHust OJIOKOB TPHMEHSIOT IBYX- M TPeXKaHaJbHbIEC ’KelIe300€TOHHBIE MaHEIH AJSl MPOKJIAJKU B CYXHX,
BIIQXXHBIX M HACBIIEHHBIX BOAOW TPyHTaX; acOOIEMEHTHBIC TPYOBI A 3aIUTHI OT ONY>KIAIOIIHUX TOKOB; KEpPaMHUYECKHE
TpyOBI AJISI 3aIIUTHI B aTPECCUBHBIX TPYHTaX.

B Mecrax m3MeHeHUs HalpaBleHUs] TPACChl M Ha MPSMOJMHEWHBIX y4acTKaxX OOJBIIOHN JUIMHBI BBIMOHSIOTCS KaOeib-
HbIE KOJOALBL. YHCIO0 KOJOALEB AOJKHO ObITh MHHUMAIBHBIM TIPU COOJIIOJICHUH YCIIOBHH: JJIMHA Kabeneil He Ooiee cTpou-
TENBHOI; PU MPOTIATMBaHUK Kabenell ycunus He 0oJiee J0IyCTUMBIX.

['abapuThl KOJIOMIIEB JOJIKHBI ObITh TAKUMH, YTOOBI 00ECIICUNTh MPOTKKY Kabenell ¢ paanycom m3ruda R=25d (d —
JraMeTp Kabesst) M ycTaHOBKY My (T jumHOH 1250 mm. Kodoals! BEIMONHAIOTCS U3 KUpIHYa WM COOPHOTO XKeIe300eToHa U
OBIBAIOT CJIETYIONINX TUIIOB: IIPOXOIHON IPSIMOTO YTJIa; YITIOBOM /Uit M3MEHEHHUS HAIlpaBJIeHus ¢ yriiamu nosopota 90, 120,
135 u 150 rpamgycoB; TPOHHUKOBBIH NPSIMOIt; KPECTOOOPA3HBIH.

I'op;1OBHHBI KONOIEB TOIDKHBI OBITH KPYTJIBIMHU MM OBAIBHBIMHU M HIMETh J[BE KPBIIIKHM, HIKHASA C MPUCTIOCOOTIEHIEM
st cHsaTrsA. Komoamsl DomKHBI OBITE CHa0XKEHBI CKOOAMM FITH METATMIECKON JIECTHHIEH IS ciycka. Bxoxsr TpyO B Ko-
JIOAUBI JOJDKHBI OBITH YIDIOTHEHBI, a TIPU BIQXKHBIX I'PYHTAX OJDKHA OBITH ycTpoeHa ruapowsossnus. [Ipu mapamiensHON
MpOKJIaaKke OJOKOB ¢ TPyOONpPOBOZAMHU PAcCTOSIHHE MEXIy HUMHU TOJDKHO OBITh He MeHee 250 mm, a Ipu mapauieNbHON
TIPOKJIAJIKE C TEIUIONPOBOIaMH — He MeHee 2 y. Kakaplit kaOempHbIH 070K JomKeH nMeTh He MeHee 10 % pe3epBHBIX KaHa-
JIOB (HO HE MEHee OJIHOTO KaHaJa).

Jns 3aTspkku kabens B TpyOsl 0710ka HEOOXOAUMO OYHCTUTH UX OT Mycopa U pacTBopa. Cienyer mpuMeHsTh Kabenu ¢
royoii cBuHIOBOM obonoukoit Mapok CI' u ACT, a taxxe kabenu c¢ rosoii [IBX obonoukoit mapox BBI', ABBI', urp u
ABI'P. Ilpotskky kabenst BeAyT C MCIOIb30BaHUEM JICOEIKN WM aBTOMOOWIS co ckopocThio 0,6 - 1 kym/y M IO BO3MOXKHO-
cTH 0e3 OCTaHOBOK JJIsl TOTO, YTOOBI M30eKaTh OONBIINX yCWINK Npu Tporanuu. [locie npoTshkku Kabenb B KOJOLE yKIla-
JIBIBACTCSI Ha KOHCTPYKIMHU, KOHIIBI €r0 TepMETU3UPYIOTCS, a B MECTax BBIXO/a Ka0ess U3 KaHAIoB OJIOKa IS 3alIuThl 000-
JIOYKH OT UCTHPAHUS TOAKIIAIBIBAIOTCS JIACTUYHBIE TIPOKIIAIKH, OTBEPCTHs OJIOKOB Ha BBOJAX B COOPY)KEHHS 3a]IeIBIBAIOT-
Csl HECTOPAEMBIM U JIETKO MPOOHBAEMBIM MaTEPHAIIOM.

Ilpoxnaoka kabeneit 6 mynnenax u Koanekmopax. KabeapHble TMHAN TOPOACKAX DJIEKTPHUUECKUX CETEH MPOKIAIBI-
BAOT B TYHHEISX: a) IPH MPOXOXKIACHUH B OJHOM HampasiieHHH Oolee 30 kabeneif; 0) ecny HET APYrod BOZMOKHOCTH MPO-
KJIaJKH (B JIOTKAX | Jp.); B) IPH HAJMYUH HEUCIIOIB3YyEMBIX MIIM YaCTHIHO MCIOJIB3YEMBIX TOTOBBIX TyHHENECH APYTHX Opra-
Huzauuil. KabenbHble TyHHENN M KOJIJIEKTOPBI PEKOMEHIYETCSl COOPYKaTh B ropojax M Ha MPENNpPUSTUSAX C YIUIOTHEHHOMH
3aCTPOMKON TePPUTOPUH WIIH ITPU OOJIBIIOM HACHIIIEHHH TEPPUTOPUH HHXEHEPHBIMH KOMMYHUKALUAMH, a TAKKe HA TEPPHU-
TOPUSX OOJIBIINX METAJLUTyPrHYeCKHX, MAIIHHOCTPOUTEIILHBIX U IPYTUX TIPEAIIPUATHH.

TyHHENU U KOJJIEKTOPBI KPYIJIOTO MPOXOJHOTO CEYEHUS MMEIOT BHYTPEHHHM nuamerp 2,6 M W IpeaHa3HAYeHbI IS
JIBYCTOPOHHEH MPOKJIaJAKK Kadesel. KomekTopsl n TyHHENN NpsSIMOYTOJIBHOTO CEYEHHUs! TIpeTHa3HaueHbl IS 1By CTOPOHHEH
Y OJTHOCTOPOHHEH YKJaaK Kaleseil 1 OBIBAIOT MPOXOIHOTO M ITOJIYIIPOXOJHOTo ucnonHeHui. [IpoxonHoit (puc. 4.2) umeet
BBICOTY He MeHee 2,1 u, noxynpoxonHoit —1,65 m. Hlupuna tynnens 1,5 m (ogHoctoponnero) u 1,8; 2,1; 2,4 m (AByCTOpOH-
Hero obciyxuBaHus). [IpuMeHeHne MOIyIPOXOAHBIX KOJUIEKTOPOB JIOMTYCKAETCsl B MECTaX, I/ie MOJ3eMHbIE KOMMYHHUKAINU
MEIIAIOT BHITOJIHUTH MMPOXOIHOM, [UIMHOM He Oonee 15 v u st xabeneit HanpspkeHneM He 6outee 10 xB. IIpoxonpl, Kak mpa-
BIJIO, JIOJDKHBI OBITH HE MeHee | ., oJjHaKo momyckaercs ux ymeHsmenue 1o 800 mm Ha ydacTkax He Oomee 500 mm. Ilon
JIOJDKEH MMETh HaKJIOH B CTOPOHY BOJOCOOPHHUKOB, @ IPH OTCYTCTBHH ApEHa)Ka JOJDKHBI OBITh YCTPOEHBI BOJOCOOPHBIE KO-
noausl pazmepom 0,4x0,4x0,3 m, IepekprIBaeMbIe METALTHYECKIMH PEIICTKAMH.

TyHHENN M KOJIEKTOPHI JOIDKHBI OBITH 0OECTIEYEHBI B IEPBYIO OYEPENh €CTECT-
BEHHOM BEHTWJIAIMEH, PU 3TOM pacyeT BEHTHIIILUHU MIPOBOJAT C yUETOM TEILIOBBI-
JeneHust kabeneil m TpyOonpoBooB. BeHTHIISAIIMOHHBIE YCTPONCTBA TOIKHBI aBTO-
MaTH4ECKH OTKIIOYATHCS, 4 BO3AYILIHbIEC 3aCTOHKH aBTOMaTHYECKH 3aKPbIBATHCS TPH
BO3HUKHOBEHUH Nokapa. Kpome Toro, mpeaycmMaTpuBaroTcs CTallMOHAPHBIE CPENICTBA
JUIs TUCTaHIIMOHHOTO U aBTOMATHUYECKOTO MOXKapoTymieHus. JIomKHbI OBITh ycTa-
HOBJICHBI JATYMKH MOSIBJICHUS AbIMA U MOBBIIEHHs TeMmnepaTypsl cBeie 50°C. Kon-
JIEKTOPBl W TYHHENIH JOJDKHBI OCHAIATHCS JJIEKTPUUECKHM OCBEIICHHEM M CETBIO
MTUTaHHS TIEPEHOCHBIX CBETHIIBHUKOB U HHCTPYMEHTA.

1800 [IpoTskeHHBIE TyHHENH W KOJUIEKTOPHI Pa3/iesIsiiOT OTHECTOWKUMHE TIEPEropo-
Puc. 4.2. Cxemariueckoe m3oGpakenme npo- KaMH Ha OTCEKH IIMHOU He Gonee 150 »m ¢ nsepsmu mmpuHoi ve menee 0,8 m. Ilo
XOJIHOTO KaGeNbHOTO TyHHeNs ABYCTOPOHHero CII0C00aM OTKPBIBAHHS JABEpeil (BHYTPh WM HAPYXKY, C KIFOUOM WIH 0e3) UMEIOTCS
obcyKuBanH CIleUaJIbHBIE IIpaBWia. B HEKOTOPBIX CilydasX HOIYCKAaeTCs NPHUMEHEHHUE JIOKOB B

MEPEKPBITUSIX, JIIOKU UMeroT quaMeTp 700 v U cHaOXeHB! JBYMs KPBIIIKAMH, OHA
U3 HUX (HWKHAA) CTalbHAs C MPHUCIIOCOOJICHNEM s 3aMKa, a BEpXHAsA (YyTyHHas) 3aKpBIBAeT JOCTYI K TOPJIOBHUHE JIIOKA.
Bce metannudeckne KOHCTPYKIMH JOKHBI MMETh aHTUKOPPO3UOHHOE MOKPBITHE.

[Mepen npokinankoii kabenel TyHHEIH (KOJUIEKTOPHI) NPUHUMAIOTCS IO aKTY 3JIEKTPOMOHTaXKHOW W IKCILTyaTUpYOLIen
opranmuzanusaMu. K npokiaake pa3pemarorcsi ToJIbKO Kabeslu ¢ HeroprtoYrMH 000I04KaMH.

Kabenu o BBICOTE pacroyiararoT ciIeIyIomnuM 00pa3oM: CHU3Y — KOHTPOJIbHBIE (CBSI3H), BBIIIE — CHIIOBBIE KaOemy Ha-
npsoxenueM Hike 1000 B u, HakoHel, crioBble kKabenu HanpsbkeHreM Beire 1000 B. KaGenu 10omKHBI OBITH KECTKO 3aKpe-
IUIEHB! B KOHEYHBIX TOYKaX ¢ 00EMX CTOPOH M3rHOOB U y COeNMMHMTENBHBIX My(pT. Kaxkmyro coenHnTenbHYI0 MyQTy HE00-
XOAMMO YKJIa/IbIBaTh HA OT/AEIHHOH ITOJIKE U 3aKJII0YaTh B 3alUTHBIN TPOTHBOIIOKAPHBIM KOXKYX, OT/IEISS €r0 OT BEPXHUX U
HIDKHHX KaOeJel 3aIlMTHRIMU acOOIIEMEHTHBIMI IIEPETOPOIKAMH. 3AIUTHBIE KOXKYXHU NPEIHA3HAUYCHBI JUIS 3aIUTh Kabenei
1 000pyI0BaHMS IIPH B3PBIBAX M BO3rOpaHusaxX My(T. TumopasMepsl KOKyX0B HMEIOTCS B CHIEIMATIBHOM CIIPaBOYHON JINTEpa-
Type. i1t mpoxoaa kabenel yepe3 MeperopoaKy, CTEHBI M MIEPEKPHITHS TOJDKHBI OBITh YCTAaHOBJIEHBI NaTpyOKH M3 HECropae-
MBIX MaTepuanoB. MexaHU3UpOBaHHAas NPOKIaAKa Kabens MpoBOAUTCA, Kak Mpasuio, TSHKeHUEM JieOenkoil. bapabdan ycra-
HaBJIMBAETCs HA JIOMKpaTax Ha OJHOM KOHIIE TPacchl, Jebeaka Ha IpyroM (puc. 4.3).
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Brnone Tpacchkl paccTaBiIAIOTCS JIMHEHHBIE U YTJIOBBIE POJIMKHU (4a-
e BCETO OHH IIPENICTABIIIOT COOOW CTOWKY, YCTaHAaBIMBAEMYIO B pac-
Iop OT T0JIa A0 MOTOJIKA MM OT CTEHBI JI0 CTEHBI C 3aKPEIUICHHBIMU Ha
¢ croiike ponukamu). [locne pacTspkkn Kabens 1Mo Tpacce OH BPYYHYIO

R nepeKiabiBaeTcsl Ha KaOenbHble KOHCTpyKuuH. [Ipoxiaaky wmaioro
S A, "{ yucna Kkabemnei npu HeOOJIBIION UX UIMHE OOBIYHO MPOBOASAT BPYUHYIO.
5 \1;\ ) Kperenne kabemnelt K KOHCTPYKIUSIM OCYIIECTBIISICTCS XOMYTaMH depe3

I AT TIPOKJIA/IKK (JIMCTOBOH acOecT, smcroBoii [IBX).
Puc. 4.3. Cxema HPOT;KK" KaGelst Ha OHOM YUacTKe. Ilpoknaodka xabdeneii na nomkax. JIOTKM NpeIHAa3HAYEHBI IS OT-
1 - xaGenbHbii Gapaban; 2 - HANaBNAIONIME CeKTopb; 3 - kabens; 4 - KPBITOM MPOKIAAKH Kabemneil TaM, Tie 1Mo AeHCTBYIOIINM MIPaBHiIaM TIPO-
gﬁiﬁ ;ﬁ;ﬁif”“a (coeanmente Tpoca 1 Kabens); 6 - pacropHbie g yjanga X B CTATBHBIX TPyOax HeoGs3arenpHa. Ha moTkax paspemraercs
MIPOU3BOANTH YKJIAAKy HEOpOHHPOBAHHBIX KaOeneil HampsikeHHeM M0

1000 B u cedenneM e Gomee 16 mn’.

JIoTKM TpencTaBIsAoT co00i MeTaulndecKre KOHCTPYKIMU KOPBITOOOPa3HOTO CEUeHHs, CIIOIIHBIE, ep(opHpoBaH-
Hble WM pelIeTYaTble W HE SBILSIFOTCS 3alIMTON OT MEXaHWYEeCKUX MOBpEeXAEHHH. JIOTKHM yCTaHaBIMBAIOTCS Ha OMOPHBIX
KOHCTPYKLMSX MO CTEHaM U MO MEPEKPHITHSIM Ha BBICOTE HE MEHee 2 M OT YPOBHS I10J1a WM Ha IJIOINAAKaX 0OCITyKUBaHUs,
IrZie HET OITACHOCTH MEXaHMYECKUX MOBPEKACHHUH, B DJIEKTPOTEXHUIECKUX MOMEIIEHHUSX, 00CTY)KUBAEMBIX CIIEIHANBHO 00y-
YEHHBIM IIEPCOHANIOM, BBICOTa He HOpMHpYyeTcs. [Ipy napayurebHOlM MPOKIIaaKe JOTKOB U TPYOOIIPOBOJOB PACCTOSHUE MEX-
Iy HUMH 10JbKHO ObITh He MeHee 100 mm. Ipoxnanky xabenei MpoBOIST TSHKEHHEM BIONb TPACCHI € TIOCIEAYIONIeH yKiIal-
KOI1 Ha JOTKH BpyuHYI0. [Ipn packaTke HCHOJIB3YIOT POJIMKH HA PACCTOSIHUHU He Oosiee 2 m IpyT OT ApYra, a B MecTax IOBO-
poTa ¢ TaKUM y4EeTOM, YTOOBI paJiyc MOBOPOTa OBUT HE MEHEE AOITYCTUMOTO.

Kabenn ykmagpIBaroT OTHOCIOWHO (C pPacCTOSHHEM B CBETY MEXIY HUMH OKOJIO 5 Mm), TTydKaMH B OJHMH CJIOH (pac-
CTOsIHUE MeXAy mydkaMu 20 iu), OMHOCIONHO 0e3 MPOMEKYTKOB B MHOTOCIOWHO. KperuteHus kaberneil Ha IpsSMBIX y4acT-
Kax Tpacchl He Tpebyercsa. Kabenn B mydykax CKpeIUIsIOTCS MEXIy COOON M MPHKPEIUIAIOTCS K JIOTKY. B mMectax moBopoTa
Tpacchl BO BCEX CIIydyasx KpEIUICHHE JAeNaeTcs 0 U IOcle MOBOpOTa Ha paccTossHUM He 6onee 0,5 m. Kpenenue ocymects-
JSIeTCsl TIPH TIOMOIIIN METaITMYECKOM TI0JI0ChI C XOMYTOM, CKOOOH, NpspKKoi u T.4. [Ipu kperieHn: HeOpOHUPOBaHHBIX Ka-
OeJieli enmaercs MoAKIaAKa oA nosocy U3 acoecra, [IBX u qpyrux MaTepuaioB TOJIIHMHONW HE MEHee 2 MM.

Ipoknadxa xabeneii na ycmaxadax u ¢ zanepesx. Ipoxnanxa kaGeneii HanpsokerreM 10 10 kB cedernem 10 240 yn’
Ha 3CTaKaJax M B Tayiepesix MPUMEHSETCS U1l MEXKIIEXOBBIX JIEKTPUUECKUX CETeH 10 TEPPUTOPHSIM NPEeANpUsITHH (Kak yKa-
3aHO BBIIIE, ICTaKa/la OTJIMIACTCS OT Talepeu: Tajiepesi 3aKphITa MOIHOCTHIO WIIM YaCTHYHO OT BHEIIHUX BO3/IEHCTBUM, B 4a-
CTHOCTH COJTHIIE3AIIMTHBIMHU KO3bIpbKaMH). [IpuMeHeHne nX peKOMEH/I0BaHO B YCIOBUSIX XUMHUECKUX M HEPTEXUMHUECKUX
TIPEATIPHUATHH, TA€ BO3MOXKHBI PA3JIMBbI BELIECTB, PA3PYIINTEIBHO JCHCTBYIOMNX Ha 000104KH. JlOITyCcKaeTcs NCIOIb30BATh
ACTaKabl Ui COBMEMICHHON TPOKIIAIKU TPYOOIIPOBOIOB M Kabeneil. PasmiaaroT sctakaabl HEIIPOXOAHbIE (Kene300eTOHHBIe
WM METAJUTMYECKHE), POXOAHBIE (KeIe300eTOHHbIE, MEeTAJUTYEeCKHe I KOMOMHIPOBaHHEIE) — puc. 4.4.

HenpoxonHeie BBITOTHAIOT TaKUM 00pa3oM, 9TOOBI OBLTa BO3MOXHOCTH OOCITY)KH-
BaTh UX CO CIIEIHAIFHO 000PYJOBAaHHBIX MAIIHH.

B GospIMHCTBE ciydae 3CTakaibl M rajeped BBIIONHSAIOT M3 YHU(DUIIMPOBAHHBIX
3JIEMEHTOB, a 3CTaKa/bl sl COBMECTHOM MPOKIAJKH TPyOONpoBOIOB U Kabeneil uMeroT
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: i oc : HHIUBUAYyaJIbHOE UCIIONHEHHe. PaccTosHne MexIy omopaMu 3cTakaisl MpUHUMaeTcs 6

= l w 12 m. OcHOBHAs BBICOTa OT MOJIOTHA aBTOAOpPOrH — 5 m. Ha Teppuropusix, rae oT-

m% : CYTCTBYIOT IIEPECEUYECHUs C aBTOAOPOTaMH, JOIyCKaeTcs BICOTA 2,5 M (OT MIaHUPOBOY-

o =S ot otmerkn 3emun). [Ipu nepeceueHnu ¢ HEINEKTPUDUIIMPOBAHHBIME JKEJIE3HBIMH J10-

e ’ 00 poramu BBICOTa 3cTakam 6 M, a ¢ MeKTpUPULIUPOBAHHBIMU 6,5 M OT TOJIOBKH PENbCa.
YTI161 TOBOpPOTA ICTAKAL HE HOPMHUPYIOTCSL.

Henpoxonusle 3cTakap! 06e3 CONHIE3aIIMTHBIX KO3BIPHKOB (puc. 4.5) mpenHasHa-
YeHBI I pokitanku 16, 24 u 40 xabeneid, mpoxoaHble I NpoKiIaaky 64 u 128 kabe-
nel. PaccTossHUST MeKTy TOJNKaMHU Ha HENPOXOIHBIX 3cTakamax 200 iy, Ha MPOXOTHBIX

250 mm. PaccTossHUS TIO TOPU3OHTAIIN MEXKIY ITOTKaMH | v, HO OHO MOXKET OBITh yBEJIH-
Puc. 4.4. KabenpHas scrakazna (razepes) 6 6 C 6 .
W3 cGopHOTo KenesobeTona, mpoxomuan ¢ ICHO JUIS 00serdeHmst oocmyxuanust. Crperna mpoBeca Kabereil Mex/y KOHCTPYKIMIMH
JIBYCTOPOHHHM 0BCITyKUBAHHEM He foipkHa npeBsimath 0,4 . Bee ocranpHble TpeOoBaHUS 10 MpoKiIaake kabemneil (pac-
CTOSHMS MEXIy HIMH B CBETY, YCTAaHOBKAa My(T U T.H.) TaKHe ke, KaK ¥ IS IIPOKJIaIKH

B TYHHEJISIX

Jnst poKiTafikyM Ha ACTakaiax AOJDKHBI IPUMEHSTHCS KaOelu ¢ aHTUKOPPO3UHHOM 3amunToi 6e3 Hapy>KHBIX TOPIOYUX
MIOKPOBOB WJIH C HAPY>KHBIM 3alIUTHBIM TOKPOBOM M3 HETOPIOYMX MaTEPHAIIOB.

Packarka xaOesneli B 3aKpBITHIX 3CTAKaaX M Tajiepesix MPOBOAUTCS TSHKEHHEM KaHaTa HO YIJIIOBBIM WIIM JIMHEHHBIM pPO-
JMKaM C MCIOJIb30BaHNEM JICOCIKH M MOCIEAYIONeH YKIaJKOH Ha OIOpHbIE KOHCTPYKIUH Bpy4YHYI0. JIJIsl packaTku 1o ot-
KPBITBIM 3CTAKa/laM M TaJepesiM HCTIONB3YIOT CIIEHaIbHbIE MAIIMHBI, HA KOTOPBIX pacriojaraercs 6apabdaH 1 «xo00T», yepe3
KOTOPBIN TTO1aeTCs Kabellb HEMOCPEICTBEHHO HA KOHCTPYKIIHH.

Ilpoxnaoku kabeneit na mpocax. Ilpoxnanka xabenelt HanpspDKeHUEM 10 1 kB momyckaeTcst Kak BHYTPH, Tak U BHE TIO-
MemeHni. MoHTax Kabenel Ha Tpocax MPUMEHSETCS B 0COOBIX CITydasix, KOTJa APYTHe CIIOCOOBI MTPOKIAAKNA HEITPUMEHUMBI
0 KaKMM-TI00 coobpaxxeHusM. Kabemnu, npoxnagsiBaeMble BHE IOMEIIEHHH, OJDKHBI IMETh 3allIUTHOE Heroprouee Hapyx-
HOE MOKpBITHE. BIOOp Tpoca ompenenseTcs Harpy3koil. B kadecTBe TpPOCOB MPUMEHSIOTCS CIUIETEHHbIE U3 CTAJIBHBIX OLMH-
KOBaHHBIX MIPOBOJIOK KaHATBI UM KPYTJlasl CTalbHast IPOBOJIOKA.

Paccrosinne Mexly aHKepHBIMH KpEIUIEHHSMH (T.€. KPEIUICHUSIMH, Ha KOTOPBIX YCTaHABIMBAETCS YCTPOWCTBO ISl Ha-
TSOKKH TPOCa) TOJKHO OBITh He Oosee 100 i, a pacCTOsHIE MEXITy MPOMEKYTOYHBIME KpeIuieHusIMu He Ooee 30 v st of-
HOro-JBYX Kabeeil ceuennem 10 70 my’ u He Gomee 12 m mpu Goblnem unciIe kKabenei, pacCTOSHMS MEKIy KaOembHbIMHU



nmonBeckamu 0,8-1 m. CTpena mpoBeca Tpoca IOcjie HaTATHBAHUS C IMOMOIIBIO HATSHKHOM
My(dThI He HoMKHA npeBbIiaTh 1/40-1/60 muHb nposeTa.

Mapkuposka kabenvnvix aunuil. Ilepen coadeil B 3KCIDTyaTallMI0 Ha BCEX IIPOJIO-
JKEHHBIX KaOelsiX, a TakKe Ha BceX My(Tax JOJDKHBI OBITh YCTaHOBJIEHBI MapKHPOBOYHBIC
O6upku. Ha CKpBITO MpOoJIOKEHHBIX KabessX B TpaHIIesX, TpyOax, OJIokax OMpKH ycTaHaB-
JIMBAIOTCSI HA KOHIIEBBIX ITyHKTaX, ¥ KOHIIEBBIX 33JI€JI0K, B KOJIOJAX U KaMepax OJo4HON
KaHanmu3anuu. Ha OTKPBITO NPOJIOKEHHBIX KaOeJsMX, B MPOW3BOJCTBEHHBIX MOMEIICHHUSX,
KOJUIEKTOPAX, TYHHEJSIX OMPKH yCTAHABIMBAIOTCS Ha KOHIIEBBIX 33/I€NKAX, Y COCTMHUTEIb-
HBIX My(]T, B MECTax M3MEHEHHs HalpaBJICHNSI TPAcChl, C 00EUX CTOPOH MPOXOIOB Yepe3
Puc. 45. KaGemsmas scraxama ws MCKAYITOKHBIC NIEPEKPBITHSA, CTCHBI H [EPETOPOIKH, B MECTAX BXOJ[A-BBIXOJA B TPAHIICH,
cGopHOTO Kee300eTona Kanambioro KAHAIBI, TPYOBI, OJIOKM M T.N., @ TAKKE HAa MPAMOJIMHENHBIX ydacTKax depes Kaxasre 50-70

TUNa 6€3 COJHIE3aUTHBIX KO3BIPbKOB M.

Jnsa xabeneil pasHBIX HaNPsHKEHUH cienyeT IPUMEHSTh MapKUpOBOYHBIE OUPKH pas-
HOW KOH(UTYpaIMU: IPSIMOYTONbHBIE pa3MepoM 55x55 mm 1ust kabeneit 1o 1 kB, Kpyrible 1uaMeTpoM 55 mm amst kabeneit
cebitie 1 xkB. TommumHa 6upok 1 mm. Bupku U3 mtactMaccsl IPUMEHSIIOTCS Ul CHIPBIX IOMENICHUH, BHE 3/IaHUH U B 3eMIIE U
U3 TUIACTMACCHI, CTAIM WM AJIIOMHHUS B CyXUX MoMmeneHusx. Ha Oupkax 0003HavaroT MapKy Kabessi, HOMMHAIIBHOE HaIpsi-
KEHHeE, YHCJIO U CEUYCHHUE XKHJI, HOMEp WM HaMMEHOBaHUE KaOeJIbHOM JIMHKY, a Ha OUpKax y My(T U 3a1e10K — HoMep My Q-
THI, JaTy MOHTaXXa U (PaMIIMI0 MOHTa)KHHKA. J1J1s1 MOA3EMHBIX JIMHUI M B MOMEIIEHUAX C XUMHYECKH arpecCUBHON cpenoi
0003HaUEHHs] HAHOCAT MITAMITIOBKOM, KEPHEHHEM WJIM BbDKHTaHHEM. BO BCEX OCTAJBHBIX CIy4asxX JIOITYyCKaeTcsi HAaHOCUTh
MapKHpPOBKY KpacKoil. BUpkM 3akpelisroTcs KanpOHOBOM HUTBIO WM OLMHKOBAaHHOM MPOBOJIOKOM auaMmeTpoMm 1-2 mm, a
TaKKe IJIaCTMACCOBOM JICHTON C KHOITKAMH.

Haoescnocms paznuuHsix 6udoe npokiadku kabenet. Kak okasamy craTHCTUYECKUE UccaenoBanus (Taou. 4.3), Hau-
6onpmee konmmaectBO 0TKa30B KJI Hampspkernem 6-10 kB TMPOMBINIUIEHHBIX MIPEIIPUATHHA, TPUXOANUTCS HA Kabemw, IpoIio-
JKCHHBIE B TpaHIIesX. FIMEHHO 3TUM OOyCIIOBJIEHO TO, YTO B COBPEMEHHBIX YCIOBHSAX HA MPOMBIIUICHHBIX MPEANPHATHIX
60JIBIIIOE PACTIPOCTPAHEHHE MOMYUAI0T MPOKIAAKH Ha Talepesx U 3CTaKkaaax.

Boaee 36% Bcex orkazos KJI cBa3aHbI ¢ 0TKa3aMU NPH NOBPEKICHUAX CTPOUTEIbHBIMA MEeXaHU3MAMHU. 3HAYH-
TeJIbHOE YHCJIO 0TKA30B BO3HUKAET OT NMOBPEKIEHUI, KOTOPbIe BHI3BIBAIOTCS 3aBOACKMMH NedeKTaMH, MeXaHnve-
CKHMH NMOBPeKIeHUMHU NPH NPOKJIAJAKe HJIM NMepeKIaike kadeei, H3-3a KOPPO3UHN MeTaJJIHYecKoi 00010UKH, a
TaKKe U3-32 ONOJI3HeH, mpocaaku rpyuTa u 1.4. K 3aBoackum gedexTaM MOKHO OTHECTH CKJIAJKH HAa OYMasKHbBIX
JIGHTaX, NPO/10JIbHbIE U NoNepeYHble Mope3bl H HAAPBIBLI, e(heKThI KHJI U CBUHIOBBIX 000J104eK U T.4. [Ipu 3ToM
MHOTHe ie(peKThI He BBISBJISAIOTCS IPH KOHTPOJIBHBIX HCNBITAHUSX U IPHBOJAT K ABAPUITHOMY NPOJOI0 TOIBKO B
npouecce KCIIyaTaAUH.

Tabnuya 4.3
OmkKa3vl KadenbHBIX TUHUI BPU PA3TUYHBIX CHOCOOAX NPOKNAOKU
Crioco6 npokIagKu Uwrciio 0TKa30B, %
Kaoenei COENMHNUTENREHBIX MVGBT

B Tpanmesx 81.3 90.3
B TyHHemsIX 22 2.0
B kananax 4.5 2,6
B 6n0kax 7.9 4.8
Ha scrakayiax 0.4 -

Ha kabenbHbIX KOHCTPYKIMSX B [IEXaxX 3,7 0,3

4.4. 3amuTa 0T KOPPO3UM U 3a3eMJeHHe Kalesei

3azemnenue METaINIMIECKUX 000JI0UEK U OpOHM Kadelnel, MeTalTMIeCKuX KOPITyCOB My(®T W KOHCTPYKITHIA, Ha KOTO-
PBIX paCIIONOKEHBI KaOel, MPOM3BOAUTCS I oOecredeHnss 0e30MacHOCTH OOCTYKHMBAIOIIETO MEePCOHAaa, a TAaKKe I
NIPEIOTBPALICHHs BBIILIABICHAS CBUHIIOBOM MIIM aTIOMHHHEBOH 00OJOYKHM NPH MpoOoe M30JIMU Ha 3eMitto. bpoHs n me-
TaJUTMYEeCKHe 000JI0UKH Kabeel TOIKHBI MMEeTh HaJAe)KHbIe COeMHEHUS [0 BCEil [UTMHE MEXKITy COO0H M ¢ METaINYEeCKUMHU
koprycamu Mydt. CoenuHeHne OpoHH 1 000JI04eK ¢ My(pTaMU OCYLIECTBIAETCS C IIOMOIIBI0 THOKHX MHOTOIPOBOJIOYHBIX
MEeIHBIX NMPOBOIHHUKOB. Ha KoHIax kaOelbHBIX JIMHUA MeJHbIE IPOBOAHUKU IPHCOSIUHAIOTCS K MarkcTPaiy 3a3eMIICHHS.
CedeHust TIPOBOTHUKOB JIOJKHEI OBITH HE MEHEE:

— s kaGetedt ¢ ceuennem xun 10 10 mn’ — 6 MMZ;'

— s Kabesiedi ¢ ceueruneM sxun ot 10 10 35 mn® =10 aad’;
— nuts Kabesiedi ¢ ceuenueM xkua ot 50 10 120 mr’ — 16 yun’;
— 115 Kabesieit ¢ GOMBIIIM ceueHneM — 25 ane’.

CriocoObl KperyIeHus 3a3eMIISIIOIINX POBOTHUKOB K KaOeNbHBIM My(TaMm OIpeAessiioTCs CleNUalIbHBIMU MTPABUIIAMH,
OIMMCAHHBIMH B MHCTPYKIMSAX MO MOHTaXy 3THUX My(T. [IpoBOx 3a3eMiIeHHs] K CBHHIIOBBIM HJIM JIFOMHHUEBBIM 000JI0UKaM
KPEIUTCS C TOMOIIIBIO OaH/Iaka U3 CTaJIbHOW OLMHKOBAHHOMW IPOBOJIOKU ITuaMeTpoM 1-1,5 aum ¢ mocnenyromei naikoi npu-
noeMm. [Ipucoenunenne k OpoHe aenaercs it 00eHX JICHT, a Ul MPOBOJIOYHOIH OPOHM — MO OKPYKHOCTH KO BCEM IPOBOJIO-
kaMm. MecTa nprcoeIMHEHH s T0JDKHBI OBITh 3aYHIIEHBI 10 OJiecka M 00ITy>KEeHBI.

3a3eMiieHHE CTAIBHBIX JIOTKOB U KOPOOOB JIOIKHO OBITH HE MEHEE YeM B JIBYX MeCTax, Kak IPaBHJIO, 10 KOHL[AM JINHHH.

3awuma kabeneii om xopposzuu. Metanmnueckne 000I0uKy Kabeseil B arpeccuBHOM cpejie TOIDKHBI OBITh 3aIUIICHE]
0T Koppo3uH. OTKPBITO NPOJIOKEHHbBIE Ka0eI ! 3alHIIaloT 0T KOPPO3HOHHOTO BO3ACHCTBUS OKPY’KaIOIIEH cpesbl MyTeM OK-
packu OpOHM WM METAUTNYECKOH OOONOYKM aHTHKOPPO3HOHHBIMH KpPAacKaMH M JlakaMH. PasnmuyaroT aBa BHIOa KOPPO3HU
METaJUIOB B 3eMJIe: IOUBSHHYIO (JIEKTPOXHUMHIYECKYIO) M OT ONyKIaromuX TOKOB. Koppo3us OT mepeMeHHBIX Oy KIaroInx
TOKOB OBIBacT OOBIYHO HE3HAYMTEIHHOH, HambOollee OMACHBIM SIBIECTCS Oy XIAIOMIMKA TOCTOSHHBIA TOK, OOBIYHO BO3HU-
KaloIMH BOJIU3H 3JIeKTPUPUIIMPOBAHHOTO TPAHCHIOPTA.



Koppo3noHHast akTHBHOCTh TI0YB OIPEENAETCS 0 KOHIIEHTPALUK BOIOPOIHBIX HOHOB pH U pa3zaensercs Ha HU3KYIO,
CPEHIOI U BBICOKYI0. VIHOTJa KOPPO3HOHHYIO aKTHBHOCTH OIPENENSIOT HE M0 XUMUYECKOMY COCTaBYy IIOYBBI, a MO €€
yIENBHOMY 3JIEKTPUIECKOMY COMPOTUBIICHHIO TI0 COOTHOLIEHUSIM, TIPUBEICHHBIM HIKE!

MHUHUMAaIIBHOE yIeNIbHOE

COIIPOTHUBIICHUE TPYHTOB, OM-M >100 >20 >10 >5 <5
CreneHb KOPPO3UOHHOM
aKTUBHOCTH I'DYHTOB Huskas Cpennss Ilosbimen Beicokas OuyeHb BbICOKast

Juist 3ammTel Kabenst OT KOPPO3UH CIIEAYeT PallioHaIbHO BHIONPATh TPAcChl U THIBI Kalelnei, a Takke, Ipu HeoOXo1u-
MOCTH, MCIIOJIb30BaTh aKTHBHYIO 3JeKTpo3amuTy. KabenpHbple THHIN TOAJIekKAaT 3alUTe OT KOPPO3UH:

— B TPYHTaxX C YAEIbHBIM conpoTHBieHneM Boinie 20 Om-m U CpeHECYTOYHOH IIIOTHOCTBIO TOKA, CTEKAIOIIETO B 3€MITIO,
0,15 mA/on’;

— IIpY MPOKJIAJIKE B TPYHTAX C YACIbHBIM conpoTuBieHneM MeHee 20 Oy v HE3aBUCHMO OT INIOTHOCTH CTEKAfOIIEro TO-
Ka.

[Tpu OTCYTCTBUM TOYHBIX JaHHBIX O CTENECHH KOPPO3HOHHOI aKTHBHOCTH IPYHTOB 3alllUTa yCTaHABIMBAETCS, CIH MO-
TEHIMAJl B aHOIHOH 30He mpeBbimaet 0,2 B. [l mpokIaaky B 3emile IPUMEHSIOT KaOeNH ¢ 3alIUTHBIMA OUTYMHBIMH TTOKPO-
BaMH 1oBepx OpoHH. C TeueHneM BpEeMEHH 3alIUTHBIE TOKPOBBI IPOMUTHIBAIOTCS BOJOMH, a TaK KaK BOJA COJNEPIKUT KHCIIOTH,
IIEJIOYH WM COJIH, TO MOKPOBBI CTAHOBSTCS JIEKTPOJIUTAMHU, BCTYIAIOIIMMH B JIEKTPOXHMMHYECKYIO PEAKLHUIO ¢ MeTaJlInde-
CKUMHU 000JI09KaMu Kabesnel. Hane>kHpIMM M CTOMKMME 3aIIUTHBIMH IOKPOBAMH SIBJISIFOTCS IIIJTAHTOBBIE TIOKPOBBI U3 TIOJIU-
BUHWJIXJIOPUAHOTO TUIACTHKATA U TIOJUATUIIEHA BHICOKOTO JaBieHusl TonmuHom 0,8-2,5 .

Jnst 3amuTel kabesel, He UIMEIOIINX MPOTHBOKOPPO3HOHHBIX 3alIUTHBIX TOKPOBOB, IPUMEHSFOTCS 3JIEKTPOIPEHAX, Ka-
TOJJHBIE TIEPEMBIYKH M NMPOTEKTOPHAs 3aIlUTa. DJIEKTPOAPEHAK — METAJUINYEcKasi epeMbluKa, ¢ TOMOIIBI0 KOTOPOH OJyX-
JIAfoIIHe TOKU ¢ 000JI0UeK Kabemss OTBOJASATCS B PENILCHI MIIM HETIOCPEACTBEHHO HA OTPUIATENIbHbIE IIUHBI TPAMBAHBIX TO/I-
craHimi. [Ipyu 3TOM OTpHIATENBFHBIN MMOTEHIMAN ITOAETCsl Ha 000JI0UKY, BCIIEACTBHE YEro NpeKpamiaeTcs OTeKaHue C Hee
OJIy K JafOIINX TOKOB M IPEKPAIAETCs] KOPPO3HSL.

KaTomHple ycTaHOBKH MPUMEHSIOTCS, KOTIa 3JIEKTPOAPEHaX HEBO3MOXKEH MM HeBBITO/IeH. KaToaHas ycTaHOBKa co3ia-
eT Ha 000JIOUKE OTPHIATENBHBIN moTeHIHan (puc. 4.6). [IpOMBIIUIEHHOCTHIO BEBIMYCKAIOTCSI HECKOJIBKO THIIOB KaTOIHBIX
CTAHLUH, Pa3JIMYAIOIINXCSl MOLTHOCTEIO.

2 O O

o

Puc.4.6. IlpuHuun peiicTBUs KaTo/1-
HOI 3amMTEL: 1 — Kabesb; 2 — KOHTAKT
CTaJbHOM LIMHBI C METAJUTHYECKOM
000710uKO# Kabes; 3 - cTajbHas IIMHA;
4 — UCTOYHHK TTOCTOSIHHOTO TOKa; 5 -
MIPOTEKTOP

Puc.4.7. Ilpuniun aeicTBus MPOTEK-
TOPHOI 3auThL: 1 — Kabenb; 2 — KOH-
TaKT CTAJIBbHON HIMHBI C METAJUTHYESCKOM
0005104K0#1 Kabenst; 3 - cTajabHas IIHUHA;
4 — npoTtexTop

[IpoTexTopHas 3amura (puc. 4.7) 3aKirodaercs B TOM, YTO IEKTPO. (TIpo

TEKTOp), MOAKIIOYaeMBIA K METaJUINIeCcKoi 000I0uke Kabels, COCTOUT U3 CIUIaBa MeTajlla, MMEIOIero 6ojee BHICOKHHA OT-
PHUIATEIBHBIA IEKTPOXUMUYCCKUH MOTCHIMAN, TIOATOMY TOKH ITUPKYJIHUPYIOT OT 000JIOUKH K MPOTEKTOpy. [IpoTeKTOpHYIO
3aIUTY BBHITIONHSIOT MPH MAJIbIX 3HAYCHUSAX OJYXIAONIMX TOKOB, €CJIH MOTCHIIMAN 000JIOUKH KaOessl MPEBhIIIAcT 0 OTHO-
777 77 menmio k 3emie 0,3 B.

[ ] [pu HanmIvH OITY>KAAFONTNX TOKOB MPOMBIIIICHHOW YaCTOTHI WIIH 3HAKOTICPEMEHHBIX

1 L2 Oy TAafOIINX TOKOB (B TPYHTaX C YAEIBbHBIM CONPOTHBIEHHEM He Bbire 60 Owm/u) npu-
3 — . MEHSIOT IPOTEKTOPHYIO MOJSIPH30BaHHYIO 3amuTy (puc. 4.8), IeHCTBYIONIYIO B HampasJe-
HUH 0TCOCa » 3eMJII0 B MOMEHT HaJIM4Hs Ha 000J0YKE KaOEIsI TOJIOKHUTEIFHOTO TTOTEH-

npana.

Puc.4.8. Ilpunnun aeidcTByUs NOISPU30-
BaHHOM NMPOTEKTOPHOM 3alUThI: 1 —
000s10uKa Kabes; 2 — U0, 3 - CTajb-
Has MIKHA; 4 — NPOTEKTOp

4.5. O0cay:xxuBaHue KadeaIbHbIX JMHUI

B mpouecce mpoxnanku u MoHTaxka KJI skcrutyatupyromasi opraHuzanust o0si3aHa
OCYIIECTBIIATh TEXHUYECKUH HAA30p 32 IPOU3BOJICTBOM PadoT.
KabenpHbIe IMHUM MOTYT 00ECIICUUTh HA/ISKHYIO U JIOJITOBEYHYIO PabOTy TOJNBKO MPH YCIOBHH COOIIOICHHS TEXHOIIO-
MM MOHTXHBIX paboT u TpeboBanuii I[1YD. HeoOXoaMMO MOCTOSHHO CIEQHUTH 332 COCTOSHHEM KaOelIbHBIX KOJUIEKTOPOB,
TYHHEJIEH W IIaXT, I CKaIUIMBaeTCs OOJIBIIOe YUCII0 KabemneH; moXkaphl B KaOebHBIX TYHHEISX MPUBOIAT K KPYITHOMY Ma-
TepuagbHOMY yuiepOy. Temrieparypa Bo3tyxa B KaOEIbHBIX COOPY)KEHHSX HE JOJDKHA NPEBBIMIATh TEMIIEPaTypy OKpYXKaro-
mero Bo3ayxa Oosee uem Ha 10 rpamgycos.
Ha tpaccax KJI no 35 kB cucteMaTHYECKH MPOBOAAT OCMOTPHI H 00XOBI:
— xabereil, IpOJI0KEHHBIX B 3€MJIE — HE PeXe OJJHOTO pasa B TPU MECSIIa;
— xoH1eBbIX Myt Ha KJI BeItIe 1 ¥B — 01MH pa3 B mecTh MecseB; 10 | kB — oauH pa3 B TOJ;
— ka0OeNbHBIX KOJIOALEB — JBA pa3a B TOJI.



BHeodepenHble 0OCMOTPBI IPOU3BOIAT B IIEPHUO]] TABOIKOB U I1OCIIE JIMBHEBBIX JTOMKICH.

Oco0oe BHIMaHHE HEOOXOAMMO YACTATH KaOeJsaM, MPONOKEHHBIM B palfoHaX MPOXOXKACHUS 3JIEKTPHUPHUINPOBAHHOTO
TpaHcriopTa. He MeHee AByX pa3 B Te€deHHE NEPBOro rojia dKCIUIyaTallMd HEOOXOIUMO H3MEpATh YPOBHU HMOTEHIMATIOB U
Oy K IaroIMX TOKOB. /111 CBOEBPEMEHHOTO BBISIBJICHUS Je(DEKTOB U30JIALUH KaOess U My(T U TEM CaMbIM MPEAYIPEKACHHS
BBIXO/Ia M3 CTPOS KaOesst U pa3pylIeHHs ero TOKaMH KOPOTKHX 3aMbIKaHUI NMPOBOAAT NMpoduitakTiueckrue ucnpitanus. Mc-
TBITaHUSI KaOeJiel OBBIIICHHBIM HANPSDKEHUEM ITPOBOAAT OOBIYHO HA MOCTOSHHOM TOKE (ITPU TIEPEMEHHOM TOKE 3HAYHUTEIb-
HO YBEJIMYHMBACTCS MOIIHOCTH WCIIBITATEIbHON YCTaHOBKHM). [Ipn 3TOM M3MEHSIOT BBHIIPSIMIIEHHOE HAINPsDKEHHE CTYTICHIMH
OT HYJIS 10 BEJIMYUHBI, ycTaHOBIeHHOH I1YD. B cpennem mis kabenelt ¢ OyMayKHOH M IJIacTMAacCOBOW M30JISILIMEH MCTIBITa-
TEJIFHOE HaIpsHKeHUE B 5-6 pa3 BbIle HOMUHAJIBHOTO HanpshKeHHs Kalens. MckiroueHne coCcTaBisIoT KaOeu ¢ pe3nHOBON
M30JISIIMEH, AT HUX MCIBITaTeIbHOE HANPSDKEHUE B 2 Pasa BBIIIE HOMHUHAIBHOTO.

JMmATeNbHOCTE NCTIBITAHNHN KaXKTOH JKHJIBI IO OTHOIICHUIO K ABYM JPYTUM, COSAWHEHHBIM C 000JI0UYKOM 1 OpoHei, co-
CTaBISET s Kabenel ¢ OyMaKHOU M TIACTMAcCOBOM m3oismmeit — 10 mun, ¢ pe3snHoBO# m3onsamuen — 5 mun. [lpu ncneira-
HUSIX Kabenel 1o 1 kB, MpoJoXEeHHBIX KaK BHYTPH MOMELIEHUH TaK U B 3eMJIe, PYKOBOJCTBYIOTCS CIECAYIOIINMH TpeOoBa-
HUAMH: KaOeNbHble JMHUH, COSOUHSIONINE HU3KOBOJIBTHYIO CTOPOHY TPaHC(OPMATOPOB C paclpeleNUTeNbHBIMH LIIUTaMH
HCTIBITBIBAIOT METOMMETPOM Ha HalpspKeHue 2,5 kB, a kabesrbHble TMHUH OT PacIpeeNUTeNbHbIX MNTOB K JI1 — merommer-
poM Ha HanpspkeHue 1 xB. IIpu 3ToM cOnpoTHBIEHHE U30IIALMU KaX IO KUJIbI 10 OTHOIIEHHIO K IByM IPYTHM, COEANHEH-
HBIM BMeCTe ¢ 000JI04KOii 1 ¢ OpoHe, JomKHO ObITh He MeHee 0,5 MOm.

[Tpu npoxnanke kadenen no 20-35 kB ¢ OyMa)kHOW NMPOMUTAHHON W3OJIILIUEH 10 KPYTOHAKIOHHBIM TPaccaM MpPOHCXO-
JUT OTEKaHWE MPOIHUTOYHOTO COCTaBa M YCHJIEHHE MPOLECCOB MOHM3AIMH, NPUBOMIIINX K MpoOoto. [{isi cBoeBpeMEeHHOTo
oOHapy>XKeHHsI OTIaCHOW cTerneHu ocymieHus kabeneit [1TH npennuceBaloT MepUOAMYECKH OCYIIECTBISITH KOHTPOJb BEPTH-
KaJIbHBIX YYacTKOB TPACCHI ITyTeM M3MEPEHHs Pa3sHOCTH B HAarpeBe OTIEIbHBIX TOYEK BEPTUKAIBHOTO yd4acTKa, KOTopas He
JOIDKHA TipeBbIaTh 2-3°C, WK AUIEKTPUYECKUX MOTEPh CO CHATHEM KPUBBIX /g0 = f{U) Al BEPTUKAIBHOTO y4acTKa U
OCTaJIbHOM 4acTh JIMHKM. 11 N3MEpeHHsl pa3HOCTH TEMIIEPATyp YCTaHABJIMBAIOT MO TPH-YETHIPE TEPMOCOIIPOTHUBIICHHS Ha
oboouke kabens. IIpeBblmeHne TeMneparypsl X0Ts OBl B OJJHOM TOUKE 110 OTHOIICHHUIO K ApyruM Oosee yem HU 2-3°C yKa-
3bIBAET HA OMACHOE CHIDKEHNE N30JISIIUU M HEOOXO0IMMOCTh 3aMEHBI YJacTKa.

s ompeneneHust MEeCTa MOBPEXICHNS B Kabele, MPOMCIIEAIIEro B Mpouecce dKCINTyaTaluy Wi Ipu Ipoboe B pe-
3yJbTaTe MPO(MIAKTHYECKUX HCIBITAHWH, CYIIECTBYEeT HECKONBKO MeTonoB. Hambosee pacmpocTpaHEHHBIMHU SBISTFOTCS
ClJIeIyIOIIHe: UMITYJIbCHBIH, IETIN 1 UHYKIIHOHHBIMN.

HMnynsCcHBINH METOJI OCHOBaH Ha U3MEPEHUH BPEMEHHU IpoOera NMpsIMOTO UMITYJIbca OT 3JIEKTPOHHOTO IpHUbopa 10 Mec-
Ta MOBPEXIEeHUsI U 00paTHOro, oTpakeHHoro. [Ipudops! BeimyckatoTes Heckoibkux Turnos: UKJI-4, UKJI-5, P5-1A u P5-5.

[Tputop NKJI-4 npuMeHSIOT TOJBKO Uil KaOEIbHBIX JHHUH, OCTAIBHBIE MOTYT

' HMCIIONB30BaThes U A Bo3AymHbIX JIOIT.
R2 MeTtoa meTau OCHOBaH Ha CONOCTABJICHUHU CONPOTHUBIEHUIl IeNo U mmo-
] BPEXIICHHON KT kaberst. Vi3MepeHnst mpon3BOIsT C MTOMOIIBI0 YHUBEPCABLHO-
) TO MOCTa CONPOTHUBICHUN WIH CIEIUATBFHOTO KabempHOro mocta (puc. 4.9).

VA
Ri l x (L_u)l ITocie mocturHyToro mo mokasaHusiM raiabBaHoMmerpa (I') paBHOBecust miey
MOCTa pacCTOSHHE OO MECTa TOBPEKACHHWA ONpenensercs 1o (opmye:

3

Puc. 4.9. Cxema ETIEBOT0 METO/Ia ONIPEICIICHUS 2R1L
MecTa HOBPEXKICHHUs KaOelbHOM THHUN LX =
R, +R,

HUS IJIeY MOCTA.

WHAyKIIMOHHBIN METO] OCHOBAaH Ha MPOITyCKaHUH IO KabeJro ToKa 3BYKOBOHM 9acToThl (00br4HO okoso | x/y) u ynas-
JIMBaHUH B TeJe(oHe ¢ MOMOIBI0 MATHUTHOW PaMKH-HUCKATENs YCHJICHHOTO 3BYKa B MECTE MOBPEKACHHUS TIPH MTPOXOIKACHUN
C paMKo¥i-McKaTeseM BIOJIb TPacchl. BhIMycKaloT MprOOpkI ¢ TeHepaTOpaMH 3BYKOBOW YacTOTHI (C PAMKOW M YCHITUTENEM )
tuna MHK-3 mis otkpeIThiX kKadeneit u tunma KWU-2M s kabeneii mox 3emiteil. IIpu onpeeseHHBIX HABBIKaX TOCTUTACTCS
BBICOKAsl TOYHOCTH OTBICKaHHUSI MECTA TIOBPEXKICHUS B KaOEeIsX.

, e L — myiMHa BCEero yyacTka JIMHUM; Ri; U R, — conpoTtusie-

4.6. MapkHupoBKa M 00,1aCTH MPUMEHEHHUS YCTAHOBOYHBIX MPOBO/I0B

YcTaHOBOYHBIE TPOBO/IA TPUMEHSIOT AJIS paclpeieeHus JEKTPOIHEPTHH B CHIIOBBIX U OCBETUTENBHBIX CETAX, a TAKXKE

JUISL 3JIEKTPOCHAOKEHUsI AJIEKTPOYCTAaHOBOK. [IpoBOIa BBIITYyCKAIOTCS C PE3MHOBOM, IMTOJMBHHUIXIOPUAHONW M MOJIUITHIEHO-

BOI m3ossimueii. THTepBan pabodnx TemMmeparyp Ui IPOBOJOB ¢ pe3HHOBOH m3oismei ot -40 no +65°C; mpoBoaos ¢ [IBX

U MOJNMATUIIEHOBOU m3oisinueit ot -50 no +70°C. Bce BuABl yCTaHOBOUHBIX MPOBOJOB MOXHO MCIIOJIB30BATh NMPU OTHOCH-

TeNbHOH BraskHOCTH 10 98% mpn 20°C (mpoBofa ¢ pe3nHoBoH m3oisiuuei) u 40°C (IpoBoja ¢ MIacTMacCOBOH M30JSIIUEH).
Hwxe (Tabm. 4.4, 4.5) mpuBOIATCS OCHOBHBIE MAapKH IIPOBOJIOB.

Ta6nmua 4.4
Mapku u o6nacmu npumMeHeHUA yCIMaHo80YHbIX NHPOBOOUE C PE3UHOGOI U30IANUEI

Mapka |Ceuenue Kpartkas xapakrepucTika O0racTh IpUMEHEHMS
SKIITBI, MM

AIIIIP 2,5—-10 |IIpoBox ¢ anrOMUHUEBOHN XWUJIOW U pe3u-|/Ins HemOABUKHOUM MPOKIAAKU BHYTPU U BHE
HOBOW M3OJISIMEH, HE pacIpOCTpPaHSIO-|MOMEIIeHNH (Ha W30JIATOpax) B CETSIX Hamps-
el ropeHus JxeHneM 1o 660 B

AIIP 2,5-120 |To ke, B OIUIETKE U3 XJIOMIATOOYMaKHOH Toxe
MPSDKU, TPOMUTAHHOM MPOTUBOTHUIOCT-
HBIM COCTaBOM

AITPB 2,5-16 |To xe, c Hapy»KHOU 000J109K0#l M3 1monu-|To ke, ¥ B MOMENEHHSIX C MOBBIIICHHON




BUHWIXJIOPUAHOTO IJIACTUKATA

BnaxxHocTEIO

AITPH 2,5-120 |To xe c Hapy>XHOH OOOJIOUKOH M3 pE3H- Toxe
HbI, HE PacIpOCTPaHAIOIIECH TPEHUs

ITPTO 1-120 | To xe c uj10i U3 MEJTHBIX MPOBOJIOK Toxe

I1P 0,75-120 |IIpoBom ¢ MeoHOW OAHOMPOBOJOYHOM |[1JI1 HEMOABUKHON MPOKIAIKU BHYTPU U BHE
KON C PE3WHOBOM HM3OJISAIMEN B MPOIH- |IOMEIIeHNH (Ha W30JIATOpax) B CETSIX Harmps-
TaHHOW XJIOMYATOOYMaXKHOH OILICTKE >keHueM g0 660 B

ITIPT 0,75-120 |To ke ¢ THOKOM MHOTOIIPOBOJIOYHOM KU- Toxe
JI0i1

ITPJI 0,75-6,0 |IIpoBom C OTHOMPOBOJIOYHOW METHOM /I MPOKIAAKH BO BTOPHUYHBIX IEISIX (pac-
JKUIION C pEe3WHOBON M3OIIALMEH B OIJIET-|MPEeIyCTPOUCTB U 1p.) MPHU TEPEMEHHOM Ha-
Ke W3 XJIOMm4aToOyMaKHOW TMpsDKH, T0-|mpsbkeHnu 1o 660 B
KPBITOU JTaKOM

Ta6ynmua 4.5
Mapku u o6nacmu npumenenus yCmano8oOUHbIX NPOBOOOE C NIACIMMACCOBOU U30NAUUEN
Mapka Ceuenue Kparkas xapakrepucTuka OO6nacTh NpUMEHEHUs
JKHITBL, MM~

I1B 0,5-95 IIpoBox ¢ MenHOW OAHONPOBOJIOUHOM /{11 HEMOABMXKHOM NPOKJIAAKH B CHUJIOBBIX M OCBE-
JKIJIOW B TIOJIMBHHUIIXJIOPUAHOM M30JIS- | THTETBHBIX CETSIX epeMeHHoro Hanpsokerus 380 u 660
17071 B (B 3aBUCHMOCTH OT TOJIIWHBI N3OSN )

AIIB 2.5-120 To ke ¢ aTrOMIHNAEBON KHUIION To xe

11 0,5-95 [IpoBox ¢ MemHO# oxmHOMpOeoIO4YHOM [ To ke mpu mepeMeHHOM HarpsbkeHun 10 660 B
JKUJION B MOJIMATHUIIEHOBOU U30JISLIUN

ATITT 2,5-120 To e ¢ aJIOMUHUEBOM KUIION To xe

I[II'B 0,5-95 [IpoBox ¢ MemHON MHOTONPOBOJIOYHOM | /1151 HEMONBMKHOM MPOKIIAJAKU U JUIsi THOKMUX COEIIHE-
JKWJIONW B TIOJMBUHWIXJIOPUIHON H30JI51-|HUM B MPOBOJIKAX C MEPEMEHHBIM HampsbkeHueM 70 660
05031 B

[ITIB 0,75-4 IIpoBox ¢ aBymMs mnM TpeMs OAHOIPO-|/[nsi HEMOABMXKHOM IMPOKIAIAKU B CETAX C NEPEMEHHBIM
BOJIOYHBIMHU TapajuleNIbHBIMA MeAHBIMU [HarpsbkenueM 380 u 660 B (B 3aBHCHMOCTH OT TOJIIIH-
KUJIaMU B TOJIIMHUI-XJIOPUIHON W30-|HBI H30JISIIH)
JISIIIMY C Pa3eIUTeNIbHBIM OCHOBAaHHEM

ATIITIB 2,5-6 To xe. ¢ aIFOMUHUEBBIMU KUJIaMU To xe

1111B 0,75-4 IIpoBox ¢ mBymMsS wimm Tpemst OXHO-|[Iys HEMOABIKHON MPOKITAIKU B CETAX C IEPEMEHHBIM
[lpoBa.ouHBIME TapaIeNbHBIMU Me-|HanpsokeHneM 35.") u 660 B (B 3aBucMMocTH OT TOJI-
HBIMH  JKWJIaMH B IIOJHMBHHWI- | IIMHBI H30JISLMHN)
XJIOPDUIHOM  M30JALMM C  pa3lelu-
TEJILHBIM OCHOBAaHHEM

AIITII 2,5-6 To e, ¢ aTFOMUHHEBBIMH JKHJIAMU To xe
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[Ipunoxenue 1
IIpumep onpenesieHus pacyeTHOl HArPy3KH

Ilocmanoska 3a0auu. BEITOTHNTE pacdeThl HATPY30K M BBIOOP OCHOBHOTO 3JIEKTPOTEXHUYECKOTO 000PYIOBAHHS CHC-
TEMBbI IEKTPOCHAOKCHHMS II€Xa TPEINPHSITHS, CBSI3aHHBIC C PEKOHCTPYKIMEH OIHOTO M3 YYACTKOB II€Xa, BBOIOM JOTIOIHH-
TEeNBHBIX 3JeKTponpreMHuKkoB (OI1) u ycraHOBKOIT HOBOTO pacnpeaenuTenbHoro myHkra (PII).

Xapakmepucmuka ucxoonoii ungopmayuu. INEKTPOCHAOKEHNE IeXa MPEANPUATHI OCYIIECTBISIETCSA MO IBYM Ka-
OebHBIM JMHUSM HOMMHaNbHOTO HampsbkeHus 10 xB. B mexe ycTaHoBIeHa KOMIUIEKTHas 1I€XOBas MOHM3HUTENbHAS IMOJ-
cranms (L[TTI) ¢ Tpancdopmaropamu 630 xBA. BenmunHa Toka Tpex($hazHOro KOPOTKOTO 3aMBIKaHUS HA IIMHAX BBICIIETO
HanpsokeHus LITII coctaBnser 19 k4.

VYuporennas cxema L[TTI u cBs3b €€ ¢ rimaBHoi noHm3urTenbHoi noacranuueit (I'TIIT) npuBenena na puc. I1.1.1.

[Tomemenne 1exa cyxoe, B3pBIBO - I0Kapo0e30nacHoe, CPEIHsISI TeMITepaTypa
Bo3ayxa B momemieHnn +25°C, Ha TEPPUTOPHH IieXa MMEIOTCS 3ariryOJIeHHBIE Ka-
—I>—<l—®—¥:: OepHBIC KaHAJBI, paccTosiHUE 10 HOBoro PII, mpw mcronp30BaHny KaOelIbHBIX KaHa-

rIn / ABP 710B. 50 m.
Iepeuens npeamnonaraemMsix K ycraHoBke D11 1 ux mapameTps:
— CTaHKH TOKApHBIE Py = 7,5kBm, 3 wm;
Ceximss B — CTaHKHU CTpOrajbHbie Py, = 18,5 kBm, 2 wm,;
Puc. I11.1. YxpynsenHas cxema LTI — ITAaMIOBOYHBIE NPECCHI Pyoy =25 kBm, 2 wim;
— BEHTWISITOPBI Poy =4, 5kBm, 2 wim;
— MOCTOBOH KpaH P, = 32 kBm, IIB = 0,41, 1 wm.

Jliist BBIOOpA MapaMeTpoB MUTAONINX KaOeIbHBIX JIMHNH 1 000pynoBanust PII He00X0MMMO BBITIOIIHUTE PacdeT MOIIHO-
cteii 1 TokoB DI B HOpMaIbHOM pEXXUME, PeKUMax Iycka nsurarteneii 11 1 KOpOTKHUX 3aMBIKaHHH.

Pacuem nazpysku 3nekmponpuemnukog. IIpn onpeneneHny pacueTHBIX 3JIEKTPUIECKUX HAarpy30K BBOAMMOTO 000py-
JIOBaHHMS CIOJIB3YETCSl METO/I YIOPSIIOYSHHBIX Auarpamm (pasa. 2.4 HacTOSIIEro Hocoous).

Ha ocHOBe cnpaBOYHBIX MaTepHAIOB ONPENEIAIOTCS 3HAUCHUS KOI(P(UINEHTOB NCTIOIb30BaHUS AKTHBHON MOIIHOCTH
Kiya 1 COSQ/tg( U BCEX SIEKTPOIPHEMHHUKOB M 3aHOCATCS B TAOJNHILy, OXMH W3 BO3MOXHBIX BapHAHTOB TAKOH TaOIMIIBI
npuBesieH Hiwke (tadn. I11.1). TIpenBaputensHO U 3JEKTPOABUTATENS] MOCTOBOIO KpaHa PacCUMTBHIBACTCS HOMHHAJIbHAs

1.

[Tpu aHanmmM3e BBIAEISIOTCS ABE TPYIIIBI AJIEKTPOIIPUEMHHKOB: IPyIIa A ¢ MOBTOPHO-KPaTKOBPEMEHHBIM PEKUMOM pa-
60T1H! (K, < 0,6); Tpynma b ¢ mpo1omkuTensHBIM peKUMOM (B paccMaTpuBaeMoOM NpuMepe rpymnmna b mpeacraBieHa TONBKO
BEHTIJIATOpPaMH), it KoTopor K, > 0,6 u IIB = 1. K rpynme b 00bIMHO OTHOCAT 3JEKTPOJBUTATENN HACOCOB, BEHTUIIATO-
POB, HEPETYJIUPYEMBIX JBIMOCOCOB, IIAPOBBIX MEIbHUI, II€YH COIPOTHBIECHHA U T.I. IlepedncieHHble 3IeKTpOpUeMHUKI
NP BBIYUCIICHUH MaKCHMAJIbHOM PacueTHOW HAarpy3KH I'PYIIIbI yUYUTHIBAIOTCS BEIMUMHOM UX CpeHENW MOIIHOCTH.

Tabnuya I1.1.1

Cexkmust A

MOMIHOCTD, MPUBCACHHAA K IMTPOJAOJIKUTCIIbBHOCTU BKITFOYCHU S IIB = 1, PHOM = Pnacn

Pacuer MakcuMaIbHBIX Harpy3o0kK 3JICKTPOIIPpHEMHUKOB

HanmenoBanune Kom-Bo, |Hom. MomHOCTE, kBm K. cosQ Poy. Ocu-
0G0y HOBaHHsI IT. EJVHUYHASL |  OBLIAS kBT kBAp
F'pvimaA A
1. TOKAPHbBIE CTAHKU 3 7,5 22,5 0,08 0,6 2,0 2,6
2. CTPOT AJIbHBIE CTAHKU 2 18,5 37 0,16 0,6 5,9 8,0
3. IITAMITOBOYHBIE ITPECChI 2 25 50 0,17 0,65 8,5 9.8
4. MOCTOBOW KPAH 1; 20,6 20,6 0,1 0,5 2 3,5
WTOro 110 rey1ime A 8 - 130 0,14 - 18.4 23,9
I'PYIIIIA b
1. BEHTWISTOPBI 2 4.5 9 | 0,6 | 0,8 5,414,05

Beauunna 3¢ dextuBnoro unciaa Il n,, onpenessier BbI60p MeToANKH pacyeTa Harpy3ok PII mo rpynme 4. O6-
mee yucjao I rpynnel A coctapiasier 8 3jieMeHTOB (7 = 8), OTHOLIEHNMe HOMUHAJIBHBIX MOLIHOCTeli HanboJiee U HaU-
MeHee kKpynHbIx JII B rpynme A cocraBisiet 3,33 (m = 25/7,5= 3,33). 00mmii ko3ppuuuent ucnoabzopanus K, rpyn-

nel A: K, =P, /PHOM =18,4/130 = 0,14, (Peyy Prow — MAKCUMAIbHASA CPeHSSI U CyMMapHasi HOMUHAJAbHAs MOII-

HocTh rpynnsl A). Ilpu m >3 u K, < 0,2 Bernuuna s3pextuBHoro ynciaa I n, onpenesisiercs: yepe3 0THOCHTETbHOE
3Hayenue yncaa Il n,., B caenyomei nocae10BaTeIbHOCTH:

— BeIOMpaeTcs camblii MonHbIH D11 paccmarpruBaeMoro y3ia (JIBUTaTeNb IMTaMIIOBOYHOTO ITPEecca MOIIHOCTHIO 25 kBm);

— BeIOupatorcs D11, HOMUHATBHBIC MOITHOCTH KOTOPBIX PABHEI MOJIOBHHE MOIIHOCTH HAUOOJBIIETO (IBUTATENH TPUBO-
JIOB CTPOTAIBHBIX CTAHKOB — 2 wim., Py, = 18,5kBT; mtamMmnoBo4Hble nipecchl — 2 wim., Pyoy = 25 kBm; MocTOBO# KpaH — 1
wm., Py = 20,6 kBm) unu OoJblIIe ee;

— MOJICYUTHIBAIOTCS Yucio TakuX Ol 7 1 uX cyMMapHas HOMUHAIBHAS MOITHOCTD Pygy (11 =5, Pyoy1 =107,6 kBm);

— HaxOIATCA OTHOCHUTEILHbIE 3HAYEHUS YMCIIA M), U MOIIHOCTH Px; KpyIHBIX DI 0 COOTHOIIEHHUAM: 1+ =n1/n U P« =
Priosit/ Puow (1:=5/8 = 0,625 u P+; =107,6/130 = 0,828);

— OIIpeessieTCsl OTHOCUTENbHOE Yncio 3P dekTUBHBIX DI 7,+ (cM. Tab1. 2.2.) ¢ UCTIOIH30BAaHUEM ITOJTYYEHHBIX 3HAUCHUH
1+ U P+; Ha OCHOBE UHTEpMOAUH (1,« = 0,8);




— ompenensercs abcoMroTHOE Yrcio dPPexTuBHBIX 11, n, = n,« n (n, = 0,8x8 = 6,4);

— onpexenstercs KodQpPUIHEeHT MaKCHMyMa aKTUBHON MOITHOCTH Ky, (cM. Tabx. 2.1) mo HaliieHHBIM 3HAYCHUAM 71, U Ky,
C MCIIONTB30BaHneM HHTepons (K., = 2,6);

— ONpeeNsIeTCs PACUeTHAs MAaKCUMAIlbHAsl aKTUBHASI MOIIIHOCTh IPYIIIHI 4

Py=Kyo Pey ( Py =2,6°18,4 = 47,8 kBm).

PacueTHblli MAKCUMYM PEaKTUBHON MOLIHOCTH HaxoauTcs 1o dpopmyne Op=K,,Ocy. Koodpuunent Mmakcumyma peax-
THBHOM MOIHOCTH K, pH 3ddexrrBHOM uncie D1 mensuie 10 mpuruMaeTcs pasHbM 1,1, mostomy O, = 1,1.23,9 = 26,3
KkBAp.

Teneps mst Bcero PII BEMHCIAIOTCS pacdeTHbIE CyMMAapHBIE MAKCHMAJIbHBIE AKTUBHBIE W PEAKTUBHBIC MOIIHOCTH IO
rpymnam A u b: P, = 47,8 + 5,4 = 53,2 xBm; 0, = 26,3 +4=30,3 xBAp.

PacueTHblii MakCMMyM IOJHOM MOIMHOCTH S, = 61,22 kBA.

PacueTHblil TOK Harpy3KH I10Jy4acoBOro Maxcumyma /, = 88,5 4.

Pacuem nukoevlx Hazpy3ox 3nekmponpuemnukos. B xadectse nukosoro pexuma DIl s nmpoBepkH KaOeNbHBIX JIH-
HUH paccMaTpUBAETCsl PEXUM ITycKa HauOosiee MOIIHOTO JABHIaTelNsl M ONpeNessieTCss MUKOBBIA TOK MO KaOeIbHOW JMHUH
Ly, uTaroredt PN TIukoBenid Tok mist rpynmbl DI HaxoAnTCs Kak CyMMa TOKOB MaKCUMAaJIBHOTO pabodyero TOKa rpyIIibl
0e3 yduera Toka camoro MomHOro AJ[ W myckoBoro Toka 3Toro (camoro MoinHoro) AJl mo dopmyrne (2.6):

Ly =1, - k1 nompy T k1 KoM A * (Zuowan — TOK camoro MomHoro AJl; &, — kpaTHocTb IyckoBoro Toka sroro AJl). B pac-

CMaTpUBaEMOM Cllydae caMmblii MolHblil AJl — IBUraTenb NPUBOJA MTAMIOBOYHOIO Ipecca ( Pyowan = 25 kBm, Lyoyan = 42
A, k,=5,2). Torna, Iy, = 88,5-0,17 42+ 5,2 - 42 =300 4.

Buioop kabenwvnvix nunuii. B cBs3u BBomoM HOBoro PII B m1exe HeoOX0oaMMO TpOW3BECTH BEIOOp Kabernei s ero mu-
tauus ot LITIL. Ipoknanka ka6ens ot mmH 0,4 kB LTIl npennonaraerca B kabeIbHOM KaHajle, B KOTOPOM YK€ MPOJI0KEHBI
5 kaberei, JuiHa kabenbHOTro Kanana 50 i, B KaHalle OTCYTCTBYET BO3MOXKHOCTh MEXaHUYECKUX TTOBPEXKICHUI, TOMEILIICHUE
1iexa, Kak yKa3aHo BBIIIE, CyXO€, B3pBIBO- U IMoxkapobe3onacHoe. Ha ocHOBaHMM aHaN3a yCIOBUH NMPOKIAIKK CIETYET BbI-
BOJI O BO3MOXHOCTH UCIIOJIb30BaHMs Kabens Tuna ABBIT (ajroMyrHIEBbIE JKUITBI, 1ACTMACCOBAst 30JIALNS, 000J04Ka B BHJE
NJTaHTa U3 IJIacTUKaTa, 0e3 OpOHU U HAPYKHBIX TTIOKPOBOB).

Ceuenne kabensi BEIOMpaeTcs 10 JOMYCTUMOMY TOKY M3 yciioBui Harpesa (B ceTsix 0,4 kB NpOMBINIICHHBIX TIPeIIpH-
SITUH BBIOOP CEYEHUH 10 SKOHOMUYECKON INIOTHOCTH TOKa MPOBOAWTCS NPH YMCIIE YacOB MCIIOJIb30BaHMS MakcuMyMa Ooee
5000, T.e. MpW MPAKTUYECKH HETIPEPBIBHOM pexxnMe padotsl). [1pu BeiOope kabems aenaercs AOMyIeHNE O HeCYIIeCTBEHHOM
BIMSHUM Ha BBEIOOP CEUEHMS TEMIIEPaTyphl OKPYKaIOIIEH cpepl (He yIUThIBAeTCS MONPABOYHBINA KO (UIIEHT Ha TeMIIepa-
Typy OKpPY>KaIOIIeH Cpepl).

[Ipn npoknanke B kKabeTbHOM KaHaIe HECKOJIBKUX KaOenel cieqyeT y9ecTb UX B3aUMHOE TEeMIIEpaTypHOE BIMSHUE TIPH
ONPENEIEHUN JOMYCTUMOTO JIIMTENBHOIO TOKA. J[OMyCTUMBIN IUIMTENBHBIA TOK BBIYHMCIISAETCS 10 COOTHOWEHHIO [, < KTy
re I, - pacueTHBIN TOK; I;on — MOMYCTUMBIH AJNTENBHBIA TOK U1 KaOens 0 yCIOBUAM Harpesa B HOPMaJbHbBIX ycIoBUAX; K
— koaddrmment (0,85 mpu yncne kadeneit B kaHaiue 6 [1]), ¢ TOMOIIBIO0 KOTOPOTO YYUTHIBAIOT MPOKIAIKY HECKOIBKUX Kade-
JIeH B KaHale.

OO0paTHBIM X0/10M ONpeae/IsieTcs JIMTeIbHO A0IyCTUMBIH TOK: 1oy 2 I/K =88,5/0,85 = 104 A.

Coruacno ITYJ B cersix 0,4 kB 3anpeimena npokiaagka kadeseil 0e3 HyJIeBOH KHJIbI, I0ITOMY 0y CTHMbIE TOKH
NPUHAMAKTCH KaK JJIf TPEXsKHIBHBIX, HO ¢ Kod(pduumentom 0,92. Torma momycTumblii pacueTHbId TOK I,,,
=104/0,92=113 A.

IIo cnpaBo4yHbIM AaHHBIM (Ta0J1. 1.3.7 [3]) HaxoauTcs Oauskaiiliee 0oJibllee ceuyeHHe, BblIEP:KUBaOLIee B 1JIM-
TeJIbHOM (I0JIy4acOBOM) pexxumMe TOK 0oJibuie 113 4, ITo ceueHue 70mrm’. Takum 00pa3oM, NPUHUMAEM K NPOKJIAJAKE
kabeabp ABBI - (3x70 + 1x35)

CeucHre HYJICBOW KBl BRIOMPAETCST HA OCHOBAHWY aHAJIM3a BO3MOKHBIX BEJIMYMH TOKOB HYJICBOH MOCIIEIOBATEIILHO-
ctu. [Ipn Hammuuu onHO(A3HBIX JCKTPONPHUEMHUKOB B OOJBIIHHCTBE CIy4YacB MPUMEHSIOT HYJICBYIO XKUY TOTO XK€ cede-
HUSL, 4TO U (ha3HbIe.

HeobxonuMo uMeTh B BUY, YTO JaHHBIC MHOTOYHCICHHBIX UCCICIOBAHNN CBUICTEILCTBYIOT O TOM, UTO JACHCTBUTEIb-
HBIIA TOK 00bI9HO Ha 20 U OoJiee MPOIECHTOB HIDKE, YeM PACUCTHBIN, IMOMYYCHHBIH M0 METOMY YHOPSIOYEHHBIX IHArPaMM.
Kpowme Toro, B ykazaHHOM METOAE MPHHATO, YTO MOCTOSHHAS BPeMEeHH HarpeBa kademns paBHa 10 mun. PeansHO 3Ta Benmmyu-
Ha OTJIIMYACTCS IS Pa3NIMYHBIX ceueHnit kabemneir. Ecmu ydaecTs nepedncieHHble (GakTOphl, TO MOXKHO TIPUHSTH cedeHue (as-
HBIX KuI Kabenst 50 ma’. B pasa. 2 (2.3) u [2] mpuBeIeH anropuT™ ydeTa peaibHOH MOCTOSHHON BPEeMEHH HATPEBa IPH Bbi-
6ope ceueHus I Kabenel co CBUHIIOBOM 0007109K0i 1 OpoHEi.

Pacuem moxoé Kopomkux 3amvikanuil. Pacyer TOKOB KOPOTKUX 3aMBIKaHUH NpenHa3HaueH [UId IPOBEPKH 000PYI0-
BaHUs Ha AJIEKTPOIMHAMHYCCKYIO U TEPMUYECKYIO0 CTOMKOCTh, BRIOOpA 3aIIUTHON M KOMMYTAITMOHHOMW ammapaTypsl. B cuc-
TeMax AJIEKTPOCHAOKEHUS AIICKTPUUYCCKHE ceTH HanpspkeHHeM 10 1000 B UMEIOT 3HAUYUTENIbHBIC AKTUBHBIC COMTPOTHBIICHHS,
OKAa3bIBAIOIIHE CYIICCTBCHHOE BIUSIHHUE HA BEJIMYHMHY TOKOB KOPOTKUX 3aMBIKAHHMU, TO3TOMY PACUeThl TOKOB TPex(ha3zHOro U
0THO()a3HOTO KOPOTKHX 3aMBIKAHUI HAa 3€MITIO BBIMOIHSIIOTCS C YUIETOM HE TOJIHKO PEaKTHBHBIX, KaK B CETIX HAMPSIKCHHEM
Boiiie 1000 B, HO U aKTUBHBIX conpoTuBiIeHUH. [lpu pacyeTax yduThIBaeTCs, UTO alepUOAUYECKasi COCTABIISIIONIAs TOKA KO-
POTKOTO 3aMBIKAHISI 3aTyXaeT OUEHb OBICTPO B CBSI3H C OOJIBIIMMHU aKTUBHBIMU COIIPOTHBIICHHUSIMU.

B cBs3u ¢ HeOomBIIONH MOIHOCTRIO DI1 M0 CpaBHEHHIO ¢ MOITHOCTHIO MUTAOIICH YHEPTOCUCTEMBI IEPHOIIMIECKas CO-
CTaBIIIONIAS MIPAKTHIECKA HE 3aTyXaeT U OCTAETCS TIOCTOSHHOM 10 MOMEHTa OTKITFOUCHHSI.

PacdeTs! BEITOTHEHBI IPH CICTYIOMINX JOTOTHATENBFHBIX YCIOBHAX.



1. Ha IITII ycranoBnerno asa Tpancopmaropa TM-630/10/0,4 co cxemoii coequreHmst ooMoTok A/Y,,. [Tapamerpsr cxe-
MBI 3aMelleHust TpaHcopmaropa npsMoi, 00paTHO U HyJIEBOIl [TOCIIEA0BATEILHOCTEH ONHAKOBBI M COCTABIISIIOT X1 = Xp; =
Xor = 13,5 MOm; 112 = ryp = r3; = 3,4 MmOm.

2. Ha ocHOBaHMHM IpeIBapHUTENbHBIX PACUYETOB M3BECTHO, YTO BEIWYMHA TOKa TpeX(a3HOTO KOPOTKOIO 3aMbIKaHHS Ha
mmHax Beicokoro Hampsbkenust LITIT paBHa 19 k4, oTcloa MOXET OBITH ONpEeNIeHO CONPOTUBIIEHHE cucTeMbl. CONpOTHB-

\/gl 19v3

K3.CUCT
BeJIcHHOE K cTopoHe Husmiero Hanpspxenus LITIT (0,4 kB), pasHo x. = 0,5 mOm.

3. YaenbHble CONPOTUBIEHNS (a3bl KabenbHON TUHUM U NeTnu Gaza—Hynb: [3|, 7y, = 0,549 MOm/m, xy; = 0,065 MOm/m,
Zmo = 1,59 MOm/m. TloyHBIE COMPOTUBIICHUS MPSIMO# TOCIEI0BATEIFHOCTH Kabems U neTiu (a3a—HyIb COOTBETCTBCHHO: 7y
=27,45 mOm', x. = 3,25 mOm, zy = 80 MOm.

4. CompoTHBIIEHHUs aBTOMAaTHYECKHX BhIKMovarenei (AB), Tpancdopmaropos Toka (TT) u Apyrux 3;1€eMEeHTOB HE yUHUTHI-
BArOTCS BBUAY UX MaiocTh (cMm. [3]).

5. IlepexoaHoe cONMPOTHBJIEHHE, BKIIOYAIOIIEEe CONPOTHBICHUS KOHTAKTOB M CONMPOTHBJEHNE AYTH B MecTe KO-
POTKOro 3aMbIKaHus, Npu pacyerax BOu3u muH I{TII MmuaumaabHo U coctaBisier 15 MOMm. B ciyyae pacyeToB To-
KOB KOPOTKOIO0 3aMbIKAHHSI HEMOCPEACTBEHHO HAa 3a;KMMax MoTpeduTesed, MOJYYalOUIUX MUTAHHE OT BTOPHMYHBIX
PIIL, u 3HaunTeabHOI yaanenHoctu ot muH 0,4 kB I[TTI, 3T0 conpoTuBiIeHUEe peKOMeHIyeTcsl YBeJIMYUBATh (B Mpe-
neqe 1o 30 MOm) [3].

Pacuem mpexgasnozo kopomxozo 3amvikanus. Cxema 3aMellleHHsl /UIsl PACYeTOB TOKOB Tpex(a3Horo KOpPOTKOro
3aMbIKaHUsl MoKa3aHa Ha puc. I1.1.2.

O0o3HaYeHHs] HA CXeMe: I, — CONMPOTHBJIEHHE CHCTEMBI; Z, — CONMPOTHBJIEHHE
TpaHcdopMaTopa;z, — CONPOTHBIEHNE Kadesl.

Ipu pacyeTax NPHHATO, YTO BeJIHUMHBI C HHACKCOM R 0603HAYAIOT TOK C yde-
Puc. I1.1.2- Cxema 3aMEIICHUA CETH. oM [IepeXOJHBIX CONPOTHBJICHHI KOHTAKTOB M 3JIEKTPHYECKOil JyrH B MecTe KO-
POTKOr0 3aMbIKAHMSI.

Tok Tpex$a3HOro MeTANINYECKOT0 KOPOTKOro 3aMbIKaHHs Ha 3eMJII0 B Touke K] (MakcHMaJdbHBINA TOK) omnpe-
JeJIsieTcsl 0 COOTHONIEHUIO

U 400
&= . =16,06 kA

19 = -
a7 o, vx)?) 1734347 4+ (13.5405)

Tok Tpex(a3HOro MeTaVINYeCKOr0 KOPOTKOIr0 3aMBIKAHH HA 3¢MJII0 B ToUKe K1 ¢ y4eToM NnepexoaHoro conpo-
THBJeHUS] (MUHMMAJIBHBIN TOK K.3.) ONpee/isieTcsl 0 BhIPAKEeHUI0

U 400
IS5y = . =10 KA.

kIR =
\/3((rh +R) +(x,, + xc)z) LT3 (G4 +15)° + (135 +0.5)°

Pacuer TOkOB Tpex(pa3HOr0 KOPOTKOr0 3aMbIKaHUS B ToUke K2 BbINoJHEH aHAJIOTHYHO:

— 0e3 yuyeTa nepexoaHbIX CONPOTUBJIEHUMN

6 UH 400
1) = - — = - = =65 KkA;
\/3(("1K + r]T) + (xll< + X+ xc) ) 1,73\/(27,45 +3,4) +(3,25+13,5+0,5)

— C YYETOM IEPEXOAHBIX COHpOTl/IBJIeHI/lﬁ KOHTAKTOB M AyT'H

O U,
kIR —
\/3((le +r, +R )+ (X X, + xc)z)

400
_ =5,05kA.
L73y(27.45 + 3,4 +15)% + (3,25 + 13,5+ 0,5)°

Pacuem oonogasnozo kopomrozo 3amvixanus. Cxema 3aMellleHMsl JUIsl pac4eTOB TOKOB 0HO(a3HOro KOPOTKOro
3aMBbIKAHUSI AHAJIOTHYHA cXeMe, HCII0JIb3yeMOoii 1JIsl pacyeTa TpeX(pa3HOro KOPOTKOIro 3aMbIKAHUS € Y4eTOM KOpPpeK-
MM apaMeTPOoB.

Tox 0a1HO(a3HOr0 KOPOTKOT0 3aMbIKaHUsI B TOUKe K2



(©)

B 3T0M BBIpazkeHHH 0003HAYEHO: Z;; — CONPOTHBJICHHE NETJH (ha3a-Hyb Kabens; z,

— INOJIHO€ CONIPOTUBJICHHUE

OT MCTOYHMKA /10 TOUKH K2 ToxkaM oaHO}a3HOI0 KOPOTKOI0 3aMbIKaHHUsl, KOTOpoe 0e3 yuyeTa cONPOTHBJICHUS CHCTe-
MBI MOKeT OBITh HAli/ICHO M0 CIPABOYHBIM JAHHBIM WJIH PACCYMTAHO 1O GopmyJie

) 2 2
zy = \/((rlT +r, 1)+ (g, F X2, +Xx,) )

C y4eToM cONpoTHBIICHUS NMUTAIOLIEH cucTeMbl (OpPMYJIa HMeeT BUJ

(1) 2 2
.Zy =\/((rlT +ry, 1) (g, X2, +x, +2x) )

< 1
B ciay4ae He00X0IMMOCTH YueTra nepexoJHbIX COMPOTUBJICHUH KOHTAKTOB M AyIr'u Z;R) CyMMapHo€ CONMpPOTHUBJIC-

HME BBIYUCIACTCH KaK

 _ \/( 2 2)
zg =A\GBR, + 1, +1, +75,) + (X, + X2, +x, +2x) ).
Tok 01HO(A3HOT0 KOPOTKOT0 3aMBbIKAHMSA

— ¢ yueToM conpoTuBIeHusi cucTembl z, = 42,7 mOm ') =220/(42,7/3)= 15,44 rA;

— € y4€eTOM IIePeXOAHbIX CONPOTUBJICHHI z;; =69 MOm I S; =220/(69/3) = 9,5kA.

AHAJIOTMYHBIA pacyeT MpoBeleH A/ TOUKH 2 (B KOHUe kadens). IIpu pacyere TOKOB y4TeHO CONPOTHBJICHHE
neru ¢gaza—Hy,ab Kabess

15)=220/(42,7/3 + 80) = 2,33 KA;

@ _ -
11 =220/(69/3+80) = 2,13 KA.

Buibop zawumnoii u kommymayuonnot annapamypsei. Coraacuo ITYJ ([1], m. 3.1.10) Bce ceTH JIeKTPOCHAGKEHHUS
JEeJISITCSl HA JIBE TPYIbI:

a) 3alMiaeMble TOJIbKO OT TOKOB KOPOTKHX 3aMbIKAHUIA;
0) 3amMiaemMblie 0T TOKOB KOPOTKHUX 3aMbIKAHMII U OT NepPerpy3Ku. 3ammure OT neperpy3Ku MoAJIeKaT ceTH:

— BHYTPHU NOMeleHMI, BbIIOJIHEHHbIe OTKPBITO NMPOJIOKEHHbIMU NPOBOJHUKAMU € TOPIOYeil HApYyKHOH 000J104-
KO MJIM M30JIsIHel;

— OCBETHUTCJ/IBHBIC B )KNJIBIX, OﬁllleCTBeHH])IX U TOProBbIX NOMEIICHUAX, CJ'ly)KeﬁHO-ﬁ])ITOBLIX NnMoMeEIICHUAX, BKJIIO-
yas CeTH 1Jid OBLITOBBIX H NMEPEHOCHBIX 3JICKTPOIIPUEMHHUKOB, 4 TAKIKE B IMOKAPOOMACHBIX MOMEIICHUAX S

— CHJIOBbIE B NMPOMBILIJIEHHBIX NPEANPUATHAX, B JKWJIbIX H O0LIECTBEHHBIX 31aHHSAX, B TOProOBBIX MOMELICHUAX,
KOI'/Ia M0 YCJAOBHMSIM TEXHOJIOTMYeCKOro Mpouecca MOKeT BOSHHKATH JJUTeNbLHAsI Meperpy3Ka NpoBoAoB U Kabeeii;

— BO B3PBIBOOIIACHBIX HAPY/KHBIX YCTAHOBKAX HE3ABUCUMO OT yCJ'lOBl/Iﬁ TEXHOJOI'MYE€CKOIo0 nmpouecca.

Bce ocTanbHbIE CETH He TpeﬁleT 3aIUTHI OT MEPErpy3Ku U 3alIUIIAKTCH TOJBKO OT TOKOB KOPOTKHX 3aMbIKa-
Huii. Huxe PacCMOTPEHO HECKOJIBKO BAPDHAHTOB YCTAHOBKH 3alIUTHON U KOMMyTa].[PlOHHOfI anmnapartypsbl.

Bapuanm 1. YcraHOBKa BO3IYIIHOTO0 aBTOMATHYECKOr0 BhIKjIUYaTens (AB) B Hauajie npoekTupyemMoii kabdelib-
HO JuHuMHu. B kaxnoi ¢ase (moJstoce) AB yecranoB/eHbl MakCUMAJIbHbIE pesie (B CIIPABOYHOM JIMTepaType Ha3bIBa-
0TCs pacuenuTe samMu). Pacuennreab MoxkeT COCTOATh U3 ABYX 3JIeMEHTOB: HATPeBaTeJbHOI0 3J1eMeHTa u3 OuMeTa-
JIMYeCKOH TMJIACTHHBI WJIH 3JIeMEHTA JPYroii KOHCTPYKIHUH (MOJYNPOBOAHNKOBOI0), OCYINECTBIAIONIEro 3alHuTy OT
neperpy3ku ¢ BbIAEP:KKOH BpeMeHH; 3JIEKTPOMATHHTHOTO 3JIEMEHTAa, OCYLIECTBJSIIONICI0 MAKCHMAJILHYI0 TOKOBYIO
3aIMTy 0e3 BbIAEPKKH BpeMeHH (TOKOBasl 0TCeYKa) NPH BOSHUKHOBEHMH TOKOB KOPOTKHMX 3aMbIKaHMI.

Bbi6op AB 3aBucHT OT TOro, k Kakoii U3 rpynmn (a wjin 0) OTHOCUTCSI MPOEKTHPYeMasi CeTh JIEKTPOCHAOKeHHU .
Huzke paccmoTpensl 00e cutyauuu: BapuaHT 1.1 — B ceTu He Tpe0yeTcsi yCTAaHOBKA 3alUMTHI OT Neperpy3ku (rpynna
a); apuanT 1.2 — TpedyeTcsl yCTAHOBKA 3alIUTHI OT Neperpy3ku (rpynmna 6).



Bapuanm 1.1. 3ammTa ceTH 0T meperpy3ku He Tpedyercsi, no3ToMmy AB MoskeT BoIOMpaThesi 6€3 KOMOMHMPOBAH-
HOT'0 PACIHENUTEIs, 2 TOJbKO ¢ YJIeKTPOMATHUTHBIM. AB BBIOHpAIOTCS MO MapaMeTpaM HOPMAJIbHOTO Pe:KMMA U MPO-
BEPHAIOTCS U3 YCJIOBUI MIKOBBIX PEXKMMOB H PEKHMOB KOPOTKHX 3aMbIKAHMIA.

Ipuauune! BeIOOpa AB o napaMeTpaM HOPMAJIBHOIO PesKUMA:
— COOTBETCTBHE HOMHUHAJIBbHOI0 HanpskeHusA AB Uy, HOMUHATbHOMY HANPSKEHUIO CeTU Ulygy: Uyp 2 Uyons

— COOTBETCTBHE HOMHHAJILHOIO TOKA PACUENUTENS Iy yaen MAKCHMAJILHOMY JVIMTEIBLHOMY PACYETHOMY TOKY Ipyn-
bl I 12 1 paey 2 1,

Toxk cpadaTbiBaHusl 3JIEKTPOMATHMTHOIO pacuenureas I, oTcTpanBaercs 0T TOKa noaHoi Harpy3ku PII u myc-
KOBOI0 Toka I, Handojiee KPYMHOIO ABHUraTeiisi (ABTOMAT He J0JIKeH cpadaTbIBaTh NMPH YKa3aHHBIX YCJOBHSIX):

I, 2K, 1, . . K, — Ko3pPUuuueHT HAXEKHOCTH, YIMTHLIBAIOMIMN Pa3dpoc NapaMeTpoB BBIKIIOYATEs (IPUHMMAETCS

paBubM 1,5 st AB Tunos A3700, BA, A3110, AIIS0, AE20; «Qaexktpon» - 1,65 1,35 nost A3120, A3130, A3140 u ABM).

IIpeaBaputensHo BoiOupaeTcss AB Tuna AE2053 (Beikiaouatens cepun AE20, S-ro radapura Ha Toxu 1o 100 A,
TPEXIOJIIOCHBIN € JJIEKTPOMATHUTHBIM pacuenurenaem). s sroro Beikmouarenst Io/Iy pacy =12, 1.0.1,= 1200 A. BpI-
1ie HalIeHbl 3HAYeHUs1 HCKOMBIX Beanuuu (I, = 88,5 4 u Iy, = 300 A), Takum obpasom: I, p.cq > 88,55 I, > 1,5.300 =
450 A.

ITYD HOpMHPYIOT COOTHOILICHHE JOIYCTHMOIO M0 HArpeBy TOKA 3aIIUINAEMOro kaldeas W yCTABKH 3alMTHOIO
anmnapara, B YaCTHOCTH /il CHWJIOBBIX ceTell, He TPeOYIIMX 3alHUThI 0T Neperpy3Ku, J0JKHO ObITh BBIIEPKAHO CO-
oTHomenue [2, n.3.1.9.] K;-K,.I,,, = K;-I.. 3necb K; — ko3¢ dunueHT, y4uTHIBAIOIINI TeMIepaTypy OKpy:Kaoleii cpe-
abl; K; — ko3 puuuenT, yYuTHIBaIOLIMIA YucI0 Kadeneil B kaHaje; I, — AOMYCTUMBIH JJUTEIbHBIH TOK N0 Kaleio;
K, — ko3¢ pu1IHeHT 3a1MThl, IPUHUMAEMbIil B 3aBMCUMOCTH OT BH/Aa 3AIUMTHI U ceTH; I; — TOK YCTaBKH 3allIUThI.

B pemaemoii 3agaue I, = I, K, = 0,22 (ceTb He TpedyeT 3alUMTHI OT Meperpy3u, a 3alMTa 0T KOPOTKUX 3aMbIKA-
HHMI OCYLIECTBJISIETCS TOKOBOW OTCEYKOW — JIEKTPOMATHHUTHBIM pacuenurtenem). [IpoBepka nmo 1aHHOMY YCJIOBHIO
naer K;-K,-I,,, = 1,0.0,85.(140.0,92) = 109,5 4; K,.I, = 0,22.1200 = 264 A, 1.e. TpedoBanue [IYD He BhImoansiercs. JAas
BhINOJIHEHNS TpeOoBaHuii [1YD Bo3MOKHBI ABa MyTH: yBeJndeHHe I,,, MyTeM YBeJIUYEHHsSI CeUeHUs] KaOeTbHOM JIu-
HHH; YCTaHOBKA AB ¢ KOMOMHMPOBAHHBIM pacHenuTeIeM.

B nepBoM ciiyuae TpebyeTcsi yBeIHUHTh cedenne kabeas 10 300 ym’ u GoJee, 4TO HeKeIATETLHO MO TEXHHKO-
IKOHOMHYECKUM NPUYUHAM, MO3TOMY MpOBepsieTcsl BO3MOKHOCTh ycTaHOBKH AB tHna AE 2056 (5-ro radapura c
KOMOMHUPOBAHHBLIM pacuenurtesieM). Tok orceuku 1Jist 3Toro AB paBen, kak u aist AE 2053, 1200 4. {nst aBToOMaTH-
YeCKHMX BBIKJIIOUYATeN el ¢ HeperyJupyemMoii 00paTHO3aBHCHMOM OT TOKa XapakrTepuctukoii K, = 1,0, a I, paBeH HoMHu-
HaJbHOMY TOKY pacuenures (100 4). Teneps K.-I, = 1,0.100 = 100 4, u yciaoBue I1YD BbInosHsieTcs.

CrenyomuM 3TanoM padoThl sBJIseTCA NMPOBePKa YYBCTBUTEJIBHOCTH OTCEYKH. JTAa NMPOBEPKa BBINMOJIHSETCSH
CpaBHEHHEM PacYeTHHIX H HOPMHMPOBAHHBIX KO3()(PUIHEHTOB YyBCTBUTEIbHOCTH NPH ABYX(a3HBIX U ogHO(A3ZHBIX
KOPOTKHX 3aMbIKAHHSAX, PacueTHble 3HaUeHHs K03()PUIHEHTOB YyBCTBHTEILHOCTH TipH ABYX(hasubix K,? u oxmo-
da3nbix K,V KOPOTKHX 3aMBIKAHHSIX ONPEEISIOTCS 110 COOTHOMICHHSIM:

@ _ ;@ _ 3) .
K =10 11, =086710) /1., >1lk,;
KD =10 /1 >11k,

q KoR co P

2 1 N
rae: K i ‘uK i ) MHHEMAJIbHDbIE TOKH KOPOTKMX 3aMbIKanuii B Touke K2; k, — kodpuuuent pasdopoca cpadarniBa-

HHSI OTCEYKH IO TOKY (IPHHAMAETCH MO JAHHBIM 3aBO/IOB H3TOTOBUTEJIEH, MPH OTCYTCTBUH TOYHBIX JAHHBIX MPOU3-
seaenne 1,1 k, — HopMUPOBaHHBIA KO3(QHUMEHT YyBCTBUTEJLHOCTH PEKOMEH1yeTcsl IPUHUMATh He MeHee 1,4 +1,5).

Takum o0pa3oM, pacdeTHble KO3(Q(PHUIUEHTBI YyBCTBHTEJIbHOCTH Kflz)= 0,867-5050/1200 = 3,64; Rl(ll)=
2130/1200 =1,78.

Hopmuposannelii K03()(puunenT 4yBCTBUTENLHOCTH /I BhIKJIO4YaTeas cepun AE20 1,1 kp, =1,1.1,3 = 1,43, 1. e.
YYBCTBUTEJIBHOCTh OTCEYKH COOTBETCTBYeT TPeOOBAHUSIM M o0eclevynBaeT CeJIeKTHBHOCTh 3aLIUTHI 000pYyAOBaHMSI.
Bpemennnie xapaktepuctuku AB tuna AE20: co0cTBenHoe Bpems cpadaTteiBanus He 0oJiee 0,04 ¢ mpu Tokax, 0Jm3-
KHX K TOKaM cpadaTbIBaHUs 0TCeYKH, MUHMMAaJIbHOe Bpems — 0,01 c.

Ilposepxa kabens na mepmuueckyro cmoiikocms. IlpoBepka TepMUYECKOl CTORKOCTH KadeJsisi 0CHOBaAaHA HA pacyeTe
TEeMJI0BOI0 UMIMYJIHCA — KOJHYECTBA TelJIa, KOTOPOe BbIAeJsAeTCs B AKTUBHOM CONPOTHUBJICEHHHN Ka0ejs MPU MpPoOTeKa-
HHH Yepe3 Hero TOKa KOPOTKOT0 3aMbIKAHNS 32 BpeMs Ha4aJjia KOPOTKOr0 3aMbIKAHUS 10 MOJHOI0 MOTalleHus Tyru



NPH ero OTKII4YeHnH. Bpems fAeiicTBHSA TOKa 3aBHCHT OT IapaMeTPOB ycTaHOBJeHHOM Ha PII 3amuTHOM 1 KoMMyTa-
IHMOHHOM anmapatypbl. MHHMMAJIBHO JONYCTHMOE cedeHUEe KabeJs (Syuy) M0 TEPMUYECKOH CTOIKOCTH onpeesieTcs

M0 BBIPAYKECHHUIO
100073 ¢, +T,

MHUH s

C

N

I7ie f4;; — COOCTBEHHOE BpeMsl OTKJIIOYEHHUs 3allMTHOro anmaparta; 7,, — cpeaHee 3HauyeHHe MOCTOSIHHOW BpeMeHH
anepuoIuvecKoil ciaramouleii TOka KOPOTKOro 3amMbikaHusi; C — NMOCTOSTHHASI BPeMeHM, 3aBHCSIIAsl OT BHJA M30J5-
MM U MaTepHaJja ;Kuj Kadeis (onpeaessieTcsi NPH YCJI0BHH, YTO TeMIepaTypa HArpeBa NPOBOJHUKOB P KOPOTKOM
3aMBIKAHHH He NpeBbIMAeT JoNmycTHMYI0 — 150°C uisi MOJIMBHHIIXJIOPUIHON M pe3nHoBoi m3oasmun [2]); 19 —
MAKCHMAJIbHBII PacYeTHBIN TOK KOPOTKOro0 3aMbIKaHus (To4ka 1, puc. I1.1.2).

Jasi paccMaTpuBaemMoro cay4ast " =16,06 kA, C=75, tycn =0,04 ¢, T, = 0,01 c. Torma S,,, = 47,9 .MMZ, 9YTO0 MEHb-
1Ie Ce4eHHs, BHIOPAHHOIO 10 YCJIOBHSAM HOPMAJbLHOrO pe:xxuma. TakuM 00pa3oM, TepMuUYecKasi CTOHKOCTE K TOKaM
KOPOTKOI'0 3aMbIKAHUS BEIOPAHHOI0 Ka0eJisi IPOBEPKON MOATBEPKIACHA.

Bapuanm 1.2. Coraacuo IIYD, npu ycraHoBke AB, CHa0:KeHHBIX 3aLUTONH € He3AaBHCHMOI XapaKTepPUCTHKOI
(3/1eKTPOMATrHUTHBIM paclenuTeieM, 0TCEUKOii), ceueHue Kaldesisi JOKHO OBITH COIJIACOBAHO ¢ TOKOM cpadaTbiBa-
HHUS 0TCEYKH 10 cooTHomennio I, < (0,8 + 1,0)1,4y npos-

Taxkum odpa3zoMm, eciu AE2053, BbIOpaHHbIii 0 YCJIOBHAM HOPMAJIBbHOIO peKUMa, HMeeT TOJIbKO oTceuky (1200
A), To cedeHme Kabes HOIKHO GbITH Gosee 1200 yn’, YTO COBEPLIEHHO HEPeATHLHO 110 TeXHHKO-IKOHOMHYECKHM I10-
Ka3zaTessiM, U cjeayeT YCTaHOBHTh AB ¢ 3amuToii oT meperpy3ku (TenjoBoii WM NMOJYNPOBOAHUKOBBIH pacienu-
TeJIb).

IIpoBepka BbIGOpa Toro ke Tuna AB - AE20, koTopsiii BHIOPaH N0 yCJI0BUAM HOPMAJIBHOTO Pe:KMMa, HO ¢ KOM-
OMHMPOBAHHBIM (TEIJIOBOIi U 3JIEKTPOMATHUTHBIN) pacuenutesiem (AE2056).

3ameuanue: MCX0As M3 NPUBEAEHHOr0 cooTHomenus I, < (0,8 + 1,0)],,.up0s MOKHO ObLIO ObI MOKOOpPaTHL AB C
TOKOM OTceuku MeHbIe 1200 4, nHanpumep:

— cepun A37, 111 KOTOPBIX BO3MOKHO cOO0THOMEHHE Lo/l yacy = 4 M GOJICE;
— cepun BASO, nast koropbIx Lo/, pacy = 2, 3, S, 7, 10 (Ipu MEHEMAJIBHOM TOKe pacuenurens 160 4);
— cepun BJIS1, nus koropbIX Ioo/Iy pacy = 3, 7, 10 1 HOMHHAJIbHBIE TOKH pacuenuTesieii or 50 A u 0osee u T.1.

OnHako Bce 3TH aBTOMATHI HMEIOT BCTPOCHHbIC KOM6HHHpOBaHHLIe pacuenuTegan, mo3TomMy CMbBIC/JIa B YMEHb-
HICHUHU TOKA OTCECYKH NPU HAJHYIMH 3AIMUTHI OT MEPErpPpy3KH HET.

Hrak, ycranaBinuBaetrcss AB cepuu AE20 ¢ [, ;,c; = 100 4 u ycraBkoii I, =1200 A. OnpeneJisieTcsi TOK cpadaTbi-
BaHUS 3aUUTHI OT Neperpy3ku (I.;), KOTOPbIi 3aBUCUT OT YCJIOBHI BO3BPATa 3alIMThI MOCJEe OKOHYAHUSA MYCKA UJIH
€aMo03aMycKa 3JeKTPOABHUraTeseil, UMEOMUX TSKeJIbIH NMycK (TIAKECTh MyCKa ONpeessieTcsl ero JAJIUTeIbHOCTbIO:
JIErKHii MyCK CYUTAETCH NMPHU JJIUTEIHLHOCTH 10 8 ¢, TKeblil — NPH JJINTEJBLHOCTH OoJbiue 8 ¢).

Ipu pacyere 3amuTsl rpynnsl I 101KkHO BHINOIHATHCA yciaoBue I, = I-k,/k,. 3nech k, — kodppuuuent Ha-
JIe’KHOCTH, YYMTHIBAIOLIMIA 3aMac M0 TOKY (HETOYHOCTH HACTPOWKU, U pa3dpoc cpadaTbiBaHus 3alIUTHI); k, — K03~
(unueHT BO3BpaTa, paBHbIN OTHOLIEHHIO TOKA BO3BPaTa (MAKCMMAJIBLHOIO TOKA, IPH KOTOPOM TeII0BOe peJie BO3-
BpamaeTcs B HCXOAHOE COCTOSTHNE) K MUHHUMAJILHOMY TOKY CpadaThIBAHMS.

3amura cunrtaercs I3¢pexTuBHOi, ecu I, = (1,2 + 1,4)1.,. dan
. BpIKI0o4aTeseii AE20 ornomenne I/l pacy = 1,15. B paccmarpusae-

1 .
e moii 3apaue I, =115 A, I, =88,5 A, rorna I.,/I, =1,29, Takum o0pasom,
1000071 . 3amuUTa 10cTaTo4Ho dPpdexTuBHa. Huke npuBeneHbl JaHHbIE 0 Bpe-
: J MeHHU CcpadaThIBAHUS TENJOBOI0 paclenuTesisi BHIKJIOYATESI CepUHr
10007 e o AE20:
100-4 Iﬂ.pacu
’ ) — He cpabaTeiBaer npu I =1,05 I, ., B Teyenue 2 u;
1 —E-=09 1
] ’ lg -
H.pacK Iy pacu — cpabartbiBaer npu I = 1,25 I, 5, B TeueHne 25 mun;

— cpabareiBaer npu I =7 I, ,,., B Teuenune 1 +15 c.
Puc. I11.3. 3aBUcUMOCTb BpeMeHH cpadaTbIBaHMSI OT
TOKAa TeII0BOro pacuenuressi aBromata AE20 Ecan NOCTPOUTH ITY 3aBUCUMOCTL B CTAHAAPTHOM BHAE lgt =

o(tgl), To MO:kHO OyaeT OLEHUTH BpeMsl cpaGaThIBaHUS TENMJI0BOI0
pesie npu gw0dom Toke (puc. I1.1.3). Bpemsi cpadaTbiBaHus 3alIIUTHI OT



neperpy3Ku J0/2KHO ObITh BHIOPaHO 0oJibIle, YeM BpeMs IIyCKa JABHraTesie JJisl JMKBUAALMH JIOXKHOTO cpadaThiBa-
HUSA 3aIUTHI: fey = (1,5 +2)tyc- 10 KPHBBIM BBINO/IHEHA OLEHKA BPeMeHH CpadaThIBAHHUS TEIJIOBOIO peJie NPH TOKe
299 4 u nerkoM mycke ABHMrarteJiei, Ansmemcs okosao 5 c. Ilpu 3ToM Bpemsi cpadaThIBaHUs ., AOJKHO ObITH NMpHU-
MepHO 7,5 +10 c. ITo xapakTepuctuke (puc. I11.3), M0OKHO onpeaeuTh, YTO NMPH MUKOBOM Toke 0K010 300 A Temio-
BOii pacuenuTesib cpadoTaer npumMepHo depes 40 c.

Aptomatel AE20 umeroT B 00JbIIMHCTBE CJYy4aeB BCTPOCHHYIO PeryJIMpoBKy Beauaunsbl I, = (0,9 +1,15)1, ;e .-
Jiist yMeHbIIeHUSI BpEMEHH CPadATHIBAHUSA 3aINMTHI OT NMeperpy3kH Heo0X0AMMO CHU3HTh YCTABKY IO TOKY cpada-
TBHIBAHMSI 3AIIMTEHI OT MEPErpy3Ku. Y MEHbLUINB YCTaBKY ToKa 10 0,91, ;,c, MOKHO YMEHLIIHTH BpeMsl CpadaThIBaHUS
321U ThI NPUMePHO A0 20 ¢, YTO BIOJIHE 10CTATOYHO 15 HOPMAJIbLHOIO AelCTBUS 3alUThI.

Jajiee ciexyeTr mpoBecTH NPOBEPKY JOIMYCTHMOCTH Ieperpesa kaleis MPU NMPOTEKAHUH 10 HEMY NHKOBOI'0 TOKA
B Te4eHHe BpeMEeHH CpadaThIBAHUS 3alINTHI (TeMIepaTypa kaleis He J0JKHA NMPEeBbINIATh KPUTHYCCKYIO IS AaH-
HBIX THIOB Kaless: M u3oasinuu). Jomycrumasi Temmeparypa 1Jisi BeIOpaHHOro Bbime kadeias ABBIT cocraBaser
150°C. PacueT neperpeBa kadeJisi 0T MMKOBBIX TOKOB MPOBOIUTCS MO YIPOIIEHHOMY AJITOPUTMY, KOTOPBIi 1aeT He-
CK0JIbKO 3aBbIIIEHHYIO TeMIlepaTypy Kades.

1. OnpenensieTcst Macca m MPOBOTHUKOBOI0 MaTepHaaa (Macca aJIOMHHHUS OHOI KIIbI Kabens): m = 2,7 2/em’ X
70 mr’ X 5000 cm = 9450 2 = 9,45 k2.

2. ITo cnpaBOYHBIM JAHHBIM HAXOAUTCS YAeJIbHAS TENMJ0EMKOCTD JJIsl ATIOMUHUS JIEKTPOTEXHMYECKOro: ¢ = 920
[/ (ke-°C).

3. Onpenensiercsi KOJUYeCTBO TEMJIOThI, HEOOXOAUMON /I HArpeBa Macchl AJIOMUHMSA 1 ¢ YAeJAbHOH TeNJI0eMKO-
CTBIO ¢ OT HAYAJILHON TeMIIePaTyPhl £, 10 KPUTHYECKOH TeMIepaTypsl £, 1o ¢popmyJie: Q = m-c-(t, — t,). lIpu 3Tom He
YUHTBHIBAETCS TEIUIOOTAAYA B OKPY:Kaloliee NpocTpancTso. s 60b1Iero y:kecTtoueHus yCJI0BUHI NPUHAMAETCS, YTO
710 HAYAJIa MPOTeKAHUSI MUKOBOI0 TOKA Ka0esb 0BT HATPY’KeH TAKHM TOKOM, IPH KOTOPOM TeMIepaTypa KuJ Oblia
PaBHa MaKCUMAJbHOI JJauTeabHo aonycrumoii (05°C). Toraa Q = 9,45.920.(150 — 65) = 738990 Jrwc =739 x/xec.

4. Onpenensiercss MOIIHOCTH (IIOTEPH AKTHBHOW MOIIHOCTU NPH NMPOTEKAHUH NMHKOBOI0 TOKA, BBIIEISIOLINECS B
BHU/I€ TeIIa U HAarpeBawlue Kadeb)

P= SIZH“Kst, rae: p — yaeibHoe o0beMHOe conpoTuBaeHue (s amoMunus 0,0265 mxOm-m) matepuana xun kade-
Jasi; [ — nimHa kadesisi; s — ceueHue Kbl kaodeuas, P =3-3002-0,0265-50/70 = 5112 Bm =5,112 kBm.

5. Haxoaurcs BpeMsi, B Te4eHHe KOTOPOIo Npu MoLIHOCTH P B Kabese Oy/eT BblIeIeHO HaiileHHoe B 1.3 KoJuYe-
cTBO Temothbl: 7 =0,0028.0/P = 0,0028.739/5,112 =0,4 u.

6. CpaBHMBaeTcsl peajibHOEe BpeMsl HarpeBa KadeJisi IpU NPOTEKaHNU MUKOBOro Toka (40 ¢) ¢ Bpemenem m. 5. Eciu
BpeMs IPOTEKAHNsI MHKOBOI0 TOKA MEHbIIIE, TO JeJAeTCsl BBIBOA 0 TOM, YTO Ka0eJib H €ro H30JIsIIisl He HATPEeIoTCsI
J10 HeJONYyCTHMOT0 YPOBHSI TEMIIEPATYP U, CJIe0BATEIbHO, BpeMsi CpadaThbIBAaHUS TENJIOBOI 3alIIUTHI OT NMEPerpy3Ku
AB BbIOpaHo npaBuwibHO. KpoMme 3TOro He00X0AMMO MMETh B BHY, YTO B JefiCTBUTEILHOCTH 3AIIMTY OT MEPErpy3Ku
MpHU MyCcKe JBUTraTe el JO/KHBI OCYIIECTBISATh 3AIIMTHBIE ANNAPATHI, YCTAHOBJIEHHbIE HEMOCPEICTBEHHO B IEMsIX
MUTAHUSA JIEKTPONPHEMHNKOB (AB WM mpegoxpaHuTe d B Havaje JUHU, oTxoasumx ot PII k sjekTponpuemMHu-
KaM, WIH TeIJIOBbIE peJie MATHUTHBIX MycKaTeJieil).

Bapuanm 2. YcTaHOBKA NpeIOXPaHUTENA B HaYajie MPoeKTHPYeMoii kadebHoii JuHnd. BoiGop npexoxpanuTeneit
BBINOJIHAETCS W3 CJIEAYIOIINX YCJIOBHIA:

— TOK IJIABKOW BCTABKH J0JIKeH ObITh He MEHbIlle MAKCHMAJILHOI0 pado4ero ToKa I,y = I;

— TOK IUIABKOM BCTABKH JI0JI’K€H MPEBbIIIATH MMYCKOBOI (MUKOBBII) TOK aBuraresei: Iy o = I 'k, THE kK — K03~
(puuueHT KpaTKOBpeMeHHOI TeNJIOBOil Meperpy3KH IUIAaBKOIl BCTaBKHM, KOTOPbIi NMpUMHUMAaeTCsd PaBHBIM 2,5 mpu
JIerKoM IycKe ¢ JJINTeJbHOCTBIO 2 +5 ¢ v paBHbIM 1,6 + 2 NpH TSKeJ0M MyCKe ¢ JJUTeJNbHOCTHI0 0K0J10 10 c.

Jasi paccMaTpuBaeMoi 3a1a4M TOK IUIABKOW BCTABKHU J0JIKEH ObITh: IO YCJOBHIO OTCTPOMKHU OT Pac4eTHOIO
TOKA I, 5o > 88,5 A; mo ycji0BuI0 IMKOBOr0 pexuma I, po; > 300/2,5 =120 A. BBegeHHbIM OrpaHUYEHUSIM COOTBETCTBY-
et npenoxpanutensb Tuna [MH-2-250 (npegoxpanuTesib pa30opHbIil ¢ HANOJIHUTEIEM) ¢ HOMHHAJLHBIM TOKOM 250 A u
TOKOM IJIaBKO# BcTaBku Ha 120 A.

ITocJie BbIOOpa NpeaoXpaHUTeEIs cleAyeT BHINOJHUTH €ro MpoBepKY:

— NMPOBEPKA YYBCTBUTEIbHOCTH 3alIUTHI 000PYI0BaHMS NMpPeJI0XPAHUTE]EM N0 MHHUMAJIBHOMY TOKY KOPOTKOIO
3aMbIKaHUS (KPATHOCTh MHHUMAJIBHOTO TOKA KOPOTKOI0 3aMbIKAHHUS MO OTHOLIEHHI0 K HOMMHAJIBHOMY TOKY IJIaB-

KO#i BCTABKH JA0JKHA ObITH 00Jib1Ie 3 IJIs1 HEB3PBHIBOONACHBIX MOMeLeHHii 1 4 1J151 B3pbIBOONACHBIX Ko=lonui! Lisers



- npOBepKa ceueHus Kaﬁe.]'lﬂ mo TOKy yCTaBKl/I l'[pe[[OXpaHI/ITeJIﬂ: TOK y CTAaBKH HE€ J0JI’KCH npem,lman, MaKCH-
MaJIBHO I[Ol'lyCTI(lMLIﬁ mnmo HarpeBy TOK Kaﬁe.]m (yKa3aHHaﬂ TpeﬁyeTCﬂ TOJbKO NpH HeOﬁXOIll/lMOCTl/l 3alIMTBI OT Iepe-
rpy3KH), I per < (0,8 +1,0)L,0n.0poe.

[Iposepka npexoxpanutess ITH-2-250:

— MIHHMAJIBHBIA TOK KOPOTKOr0 3aMbIKaHHUA (0HO(Aa3HOE B TOUKE 2 ¢ YYeTOM IEPEXOTHOr0 CONPOTHBJIEHHS) CO-
craBJsieT 2,13 kA, T.e. 6oJiee yeM B 4 pa3a npeBbIIAeT TOK MJIABKOH BCTABKH;

— AomycTUMBIH TOK a5 kabeasst ABBI'-(3x70 + 1x35) cocraBisieT Jyon.npos =143 A, TOK N1aBKoii BCTaBKM Iy yer = 120
A,120 A £(0,8+1,0)-143. Takum o6pa3om, 002 yc10BHsI NPOBEPKH BHLIOPAHHOI0 MPEI0OXPAHUTEISI BHINOJTHEHBI.

IMocyie BbIOOpa M MPOBEPKH NPeIOXPaHUTEsI TPedyeTcsl MPOBEPUTh TEPMHYECKYI0 CTOHKOCTh Kabeiasl K TOKY
KOPOTKOT0 3aMbIKaHMsl, TPOTEKAIOIIeMy B KadeJie /10 ero OTKJIIOUeHHUsI nperoxpanuTesieM. Bpemsi oTkiIlouenus: Toka
KOPOTKOT0 3aMbIKAHUS ONpe/IeIsieTcs M0 3alllUTHBIM XapaKTepUCTHKAM NpeioXpanuTesnei [2].

Bpemsi niaBienusi BctaBku npeaoxpanurtens ITH-2-250 npu toke 2,13 kA4 cocraBasier npumepHo 0,045 ¢, T.e.
NMPAKTHYECKH COBIAJAET C BPeMEHEM OTKJIIOUeHHsI BLIOpaHHOTO Bbille AB (mpoBepka TepMHUecKOii CTOHKOCTH Ka-
oeast 111 AB BbInosiHeHa). [1o 3aIMTHBIM XapaKTePUCTHKAM OIIpPeIeIeHO BpeMsl Meperopanusi BCTABKH MPH THKO-
BOM TOKe: 3TO BpeMsl, Kak | 1 AB, npumepno paBHo 2 mun. TakuM 00pa3oM, 3allIUTHbIE XaPAKTEPUCTHKH TIPeI0-
XPaHHUTEJS B EJIOM He3HAYHTEIHLHO XyKe aHAJIOTHYHBIX i AB.

Buibop annapamypul u ceuenus npooooe 6 yenu dgucamerns. BbI0op MPOBOIOB H ANNAPATYPHI BHINOJHEH B HEMH
€aMoOro MOIIIHOTO JABHraTes, noay4yawuero nuranue ot PII. 3To ABurare/i» NpuBoAa WTAMIOBOYHOI0 npecca (Py,y
=25 kBm, c08@,,,=0,85). [lnmna npoBoaos 10 m. C y4yeToM yc/10BHii KOMIIOHOBKH 000pPY/1I0BaHMSA B lieXe MPHHATO pe-
1IeHHe 0 MPOKJIaaKe MPoBoAKHU B TpyOe. ITocie mpeaBapuTeJHLHOr0 aHAJIM3A YCJI0BHI padoThl U MPOKJIAIKH NPOBOAA
BbIOpaH npoBoa AITPTO (HeckoJBbKO OJHONPOBOJOYHBIX AJTIOMUHHEBBIX KUJI B Pe3MHOBOI HM30JIMU U B 00UIei
XJ10MYATOOYMAKHOM OIUIeTKe, MPONMUTAHHON JJakoM). DTOT Il YCTAHOBOYHBIX MPOBOJOB PEKOMEHI0BAaH AJs MpPO-
KJIaJaKku B Tpy0ax. B cayyae nutanus ogHoro J1I ceyenune npoBoaoB BHIOMPaeTCcs 10 HOMUHAILHOMY TOKY JII:

P 25000
1 HoM, =42 A.

"M L30,,, cosp,,,  1,73-400-0,85

o Ta6.1. 1.3.5 ITYD BbIGHpaercs ceyenne nposoaa 16 mmu’ (4 nposoaa B oxHoii Tpy6e, Loy = 55 A).
IIpoBepka BHIOPAaHHOrO cedeHHsI TPOBOAA MPOBOAMTCS MO0 HECKOJbKIM MapaMeTpaM.

1. IIpoBepka no ycjoBHI0 o0ecniedeHUs! AONMYCTUMBIX YPOBHEIl HaNPSZKeHUs Ha 3a)KUMAaX JBUraTessi B YCIOBHIX
HOPMAJIBHOIO pe:xxuMa. Pacder npoBoanTes 00bIYHBIMU METOJAMH pacyeTa ceTeil, H B MOAABIAIOIEM 00JIbIINHCTBE
CJIy4aeB 3TO YCI0BHE BBIIOJHACTCS.

2. TIpoBepKa Mo yCJIOBHIO MyCKa JBUTATeJIsl. ITO YCJI0BUE TPeGyeT pacueToB TeX Ke, YTO U /ISl IEPBOro MyHKTA.
B npakTHKe 00BIYHO CYUTAETCS, YTO ITO YCJIOBHE BHINOJIHSIETCS, €CJIH BbIIEPKABAKOTCH COOTHOIIEHHMSI:
(3)
-1/

nyex = 2 — AJIsE ABHTaTeIeil ¢ JIErKHM IIyCKOM;

3) .
- IR/ nyex = 350 — IS IBUTATesieii ¢ THKeIbIM Iy CKOM.

JJis1 mMpoBepKU MO 3TOMY YCJOBHUIO CJie[lyeT PAcCUUTATHh TOKH KOPOTKOr0 3aMbIKAHUSI HA IIMHAX JBUraTe/Isl,
cxema 3aMelleHHs npuBeaena Ha puc. I11.4.

B 3T0ii cxeme pacueTHasg TOYKa KOPOTKOIo 3aMbIKaHUSl pac-

E P Ilnnst P MOJIOKEeHA HA 3a)kuMax aBurartens (touka K3). B pesyabrate pac-
@ c Z L | @ (ZI\ YeTOB MOJIy4YeHbI TOKH TpeX(}a3Horo u ogHo(Ga3HOro KOPOTKHUX 3a-
:/7 i | ,7 MBIKAHU HA 3eMJII0 0€3 y4eTa M ¢ y4eTOM MEePeXOIHBIX CONMPOTHB-

K, K, K; JIeHN# KOHTAKTOB H TyTH:

19 =4xd; 15 =32k45

7o

1<3:

1,7kd; 1V =
k3R

1,6 kA.

IlyckoBoii TOK ABMraTeIsi onpeeisiercs Yepe3 nyckoBoii Ko3(ppuuueHT, KOTOPDIii 1JIsl JAHHOT0 IBUTATEJs pa-
BeH 5,2 (I iy = 218 A). Takum 00pa3om, NIpoBepKa 10 yCJIOBUAM IyCKAa ABUIaTeIsi BbINOJHEHA.



3. IlpoBepka kalens M0 yCI0BHSIM TePMHU4YECKOH CTOHKOCTH NPH KOPOTKHUX 3aMbikaHusx. Ilo peiictByromum B
HacTosimee Bpems I1YD 3Ta npoBepka He Tpedyercs, HO pekomeHayercs. IIpoBepka BhINOJIHAETCSH AHAJIOTHYHO TOMY,
KAaK 3T0 OBLIO CIeJaHO BbIII¢ H HAYMHAETCS ¢ BIOOPA 3aIINTHO-KOMMYTAIIMOHHOT0 (AB) Min 3aIMTHOrO annapara
(mpepoxpaHureJs).

IpenBapurtensHo BeiOupaercs AB Tuna AE20.

Ycaosue BbI0Opa — Iypacy = Iyge MO 3TOMY YCJIOBHMIO BbIOHMPAaeTcsi HOMMHAJIBHBIH TOK pacuenurenss — S04
(AE2043 — aBTOMAT 4-r0 ra6apura Ha TOKHU 10 63 A, cHa0:KeHHBIH TOJIbKO 3JIeKTPOMATHHTHBIM pacuenunreieM, HO-
MHHAIBLHBIA TOK pacuenurens 50 A, I/l pacy = 12). st nanHoro Tuna AB BpemMsi OTKJII0YEHHsI KOPOTKOI0 3aMbIKa-
Hus coctaBiasiet 0,04 c. [IpoBepka moka3piBaeT, YT0 MUHUMAJIbHO JT0MyCTHMOE CeYeHHe M0 TEPMHUUYECKOIl CTOIKOCTH
cocTapJisieT npuoM3NTENLHO 11 M,

IIpoBepka cooTBeTCTBHS CeveHUsI IPOBO0B M YCTABKH TOKOBOIl 0TceukH AB BbINo/IHeHa B COOTBETCTBMHU C II.
1.7.79 IIYD, xotopslii riaacut: «IIpoBoaumMocTs (a3sHbIX H HYJEBBIX MPOBOAHUKOB JA0KHA OBITh TAKOMH, YTOOBI TOK
01HO(}a3HOr0 KOPOTKOr0 3aMbIKAHUSI ObLI He HM)Ke YCTABKH TOKA MIHOBEHHOro cpadaTbiBaHHsl (0TCEYKH), YMHO-
JKeHHOl Ha K03 PuuMeHT, yYUuThIBAOWMHA pa3dpoc, U HA Ko3dduument 3anaca 1,1». Ilpu oTcyTcTBMU JAHHBIX O
pa3dpoce napameTrpoB AB pexkoMeHayeTcsl IPHHUMATh KPATHOCTh TOKAa KOPOTKOI0 3aMbIKAHUS OTHOCHTEIBHO yC-
TaBKH He MeHee 1,4 111 AB ¢ HoMHUHaAJIBLHBIM TokOM A0 100 4. B pemaemoii 3agaye yctaBka Toka oTcedku paBHa 600

A ¥ COOTBETCTBEHHO Ii;)R /ICo =1600/600=2,66 >1,4.

IIposepka BomoJHenns 1. 3.1.9 ITY3 0 co0THOIMIEHUH TOKOBBIX HATPY30K IPOBOJOB H YCTABOK 3aIlMTHBIX all-
napatoB. YciaoBue Ki-K,.I,, > K,.I, B 1aHHOM cjiy4yae 3anucbiBaercs (ceTh He TpPeOyeT 3allMTHI OT Meperpy3ku, 3a-
INMTHBIA annapart uMeeT TOJAbKO 0TceuKy) Kak KKyl o, =1,0-1,0.55 =55 A; K..I, = 0,22.600=132 A.

Kak u B paHee paccMOTPEHHOM cjIy4yae 3alMTHI KaGenss, nutaomero PII, 3To ycioBue He BhINOJIHsETCS, U He-
00X0AMMO TG0 YBEJIMYUTDH ceuyeHue Kabesi, IH00 paccMOTPeTh BAPUAHT YCTaHOBKM AB ¢ KOMOMHHPOBaHHBIM pac-
nenutenaem Tuna AE2046. B cayuae yeranoBku AB TpedoBanue ITYD Boinoansiercs (K1, = 1,0.50 =50 A).

Teneps He00X0AUMO NMPOBECTH MPOBEPKY YYBCTBUTEILHOCTH 3alIUTHI MPU 0AHOGA3HOM U ABYX()a3HOM KOPOT-
KHX 3aMbIKaHusX. IIpu ycTaHOBKe B 3TOi Leny mpeAoXpaHuTeas BHIOOP NPOM3BOAUTCS AHAJTOTHYHO MPUBEIEHHOMY
BbIIIIE 110 YCJIOBUAM HOPMATBHOTO pexXkuMa: Iy per 2 Loy e = 42 A3 Ly per 2 Ly 'k = 218/2,5 = 87 A. Wcxoas u3 3TOr0 BbI-
oupaetcs npenoxpanurtens [TH2-100 ¢ niaBkoii BctaBkoi 100 A.

MuHuMaJbLHBIH TOK KOPOTKOI0 3aMbIKAHUSI HA 3allUIIaeMOM y4dacTKe (Touka K3) GoJiee yueM B TpU pa3a mpe-
BbIIIIaeT HOMHUHAJBLHBIA TOK NJIABKOH BCTaBKH, yciaoBue . 1.7.79 [1] BbimonneHo. HoMUHANBHBIA TOK NJIABKOWM
BCTABKH He 00Jiee 4eM B TPH pa3a MpeBBIIIAeT MAKCHMAJIbHO AONMYCTHMBIH TOK NMPOBOJOB, BHINOJIHEHO YCIOBHE II.
3.1.9 [1]. Takum 00pa3oM, BLIOOP U NPOBEPKA NPeJOXPAHUTEJISI 3aBepLIeHbI.

IIyckoBasi U 3alIMTHAsI ANNAPATyPa CTAHKOB, MeYell U APYroro TeXHOJI0rH4ecKoro 000py/10BaHusi MOCTABJISIETCS
B KOMILIeKTe ¢ 3TUM o0opyaoBanueM. IlyckoByio annmaparypy caHTeXHMYeCKOro 060py10BaHusi (BEeHTHJISITOPbI, HAa-
cochbl) HE00X0IMMO BHIOMPaTh. B paccMoTpeHHOM npuMepe TpedyeTcs BHIOPATh MYyCKOBYIO M 3aIIMTHYI0 ammapaTypy
JJISl ABMraTeJiel BeHTHIATOPOB (P, =4,5 kBm, ¢0S @0, = 0,85, 1,0, =7,7 A). BoiOupaem HepeBepCHBHBII MATHUTHBII
nyckartesb [IMJI-1200 ¢ HOMMHATBHBIM TOKOM I,y v = 10 A aBymsi TensioBbiMu pesie PTJI-101404 u makcumanb-
HBIM TOKOM TEILI0BOIO0 3J1eMeHTA I .5 rens=10 A.



[Ipunoxenne 2
3agaHne Ha KyPCOBOI MPOEKT MO JIEKTPOCHAOKEHHUIO IPOMBILNIJICHHBIX NPeINpPHATHI

Bribpats ceuenne kabenpHOM JIMHIM-2 U TIpeIOXpaHuTens B ceTu. 0,4 kB.
Hcxonnble naHHbIE K pacyery:
VYkazaHus

— BCe IOTPEOUTENN OTHOCATCS K 2 M 3 KaTeropuu HaJeKHOCTH, T.€. He TPeOYIOT pe3epBUPOBAHUS TUTAHHS;

— [IpU pacdeTe He TpebyeTcs corylacoBaHue (CeNEKTUBHOCTD) 3aIlIUT;

— P OTCYTCTBHHU AAHHBIX JOIyCKAETCS MPUHATHE CTYJEHTOM HEKOTOPBIX AOMYLIEHHI IIPHU COOTBETCTBYIOIIEM OOOCHO-
BaHHUH BHIOOPA;

— CONPOTHUBIICHHUS 3JIEMEHTOB ceTu (TpaHcdopmaropa u kabeneit) pekoMeHayeTcs: IpuHUMaTh 1o [1] wim [2], B ciaydae
HEBO3MOXKHOCTH HAXOY/ICHHS BETHUMH Z, LI KaOenell MOXKHO TPHHEMATH Zyo = 2,37, (T.e. MpUHUMATh BeNUUHHY
YIENBHOTO MOJTHOTO CONPOTHUBIICHHUS TTeTIIN (paza-Hyb B 2,3 paza OoJblile aKTHBHOTO YAEIBHOI'O COIPOTHBIICHUS JKHJIbI );

— [IPU pacyeTax He YUUTHIBaTh COMPOTHBIICHUE BHEHIHEH ceTr 6(10) kB.

CxeMa ydJacTka CeTH Iiexa ITPOMBIIUICHHOTO TIPeIIpHSTHS ITpruBeieHa Ha puc. [12.1.

Coopurte unmsi 0,4 kB
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Puc. [12.1. Cxema yyacTKa CETH LieXa POMBIIIIEHHOTO PEIPHATHS

BapuanT 1
Tpaucdopmarop T-1 TM-1000/6/0,4 A/Y,
Ka6enbuas munus 1: L=45 u, mapka AAILLIB-(4x95)
KaGenpnas sans 2: L=25 m, cioco0 MpoKIaaky - B KabeIbHOM KaHalle (Yucio Kadeneil yxe HaXOQAIIMXCs B KaHaJle - 3), TOMEIeHHE HEeB3PhIBO-
OIaCHOE U I0Kapo0e30IacHoe.

CocraB 1 napameTpsl 000pyA0BaHus, ody4arouiero nuranue ot PII-5:

Tumn snexkTponpueMHUKa Homunanshas K, tgp 11IB
moutHocTs D11, (%)
(xBm)

1. TokapHBbIil CTAHOK 2,5 0,2 1,33 —

2. CynmuisHeli mkad 1,3 1,0 0,1 —

3. CBapouHblif TpaHCHOPMATOP PYUHOH IIEKTPO- 0,8 0,2 2,3 —
CBApKU

4. TIprBOJI aBTOMATHYECKOTO OTKPBIBAHUSI BOPOT 1.2 0.1 1,4 15

5. BeHTHIATOpBI TEIIOBO# 3aBECHI (2 IT) 0,4 0,8 1,0 —

Bapwuanr 2.

Tpaucdopmarop T-1 TM-1600/6/0,4 A/Y,,.
Kabenpnas muaust 1: L=45 u, mapka AAILIB-(3x120 +1x95)
Kabenpnast muaust 2: L=25 m, croco6 MpoKIIa Ky - OTKPEITO B JIOTKE, IOMEIIEHHE HEB3PHIBOONIACHOE M IT0XKapoOe30macHoe.

CocraB 1 napameTpsl 000pyA0BaHus, Moay4arouiero nuranue ot PII-5:

Tun s5nekTponpreMHIKa Homunanbhas | K, tgp | 1IB
morHocTh D11, (%)
(xBm)
1. TokapHBIH CTAHOK 2,5 0,2 1,33 —
2. dpesepHblil CTAHOK 2,0 0,2 1,33 —
3. CBapouHblil TpaHCHOPMATOP PYUHOH IEKTPO- 0,8 0,2 2,3 —
CBapKH




4. Ipecc Jyis MOJMATHICHA HU3KOTO AaBJIeHUs (3 HIT) 1,2 0,4 1,0 60
5. Bentunarop 0,4 0,8 1,0 —

Bapuant 3
Tpancdopmarop T-1 TM-1600/6/0,4 Y/Y,
Ka6enpras muans 1: L=25 u, mapka AAILB-(3x120+1x95)
KabempHast yiasms 2: L=25 m, criocod NpoKIaaKy - B CTATBHOH TpyOe, B OSTOHHOM MacCHBE.

CoctaB 1 mapameTpsl 000pyIOBaHUs, oTydaroniero nuranue ot PII-5:

Twur 31eKTporpueMHIKa Homunanshas| K, tgp | 1B

MOIIHOCTb (%)
DI, (xkBm)

1. BeIIpsIMUATEIIbHBIN arperar 0,5 0,8 0,1 -

2. Juctmuistop 1,2 0,5 0,13 —

3. JIBurarenb BBITSHKHON BEHTHIISIIIMH 0,8 0,75 1,0 —

4. Teabdep 2,4 0.1 1,33 15

5. IIpecc 3,0 0,15 1,33 —

Bapuant 4

Tpaucdopmarop T-1 TM-630/6/0,4 A/Y,

Kab6enbnas muausg 1: L=45 u, mapxa ACI'-(3x120+1x95)

Kab6enpnas mans 2: L=30 », criocod mpokianky - B KabeJIbHOM KaHauie (y)Ke MPOJIoKEeHbI 2 CHIIOBBIX Kabens HanpsbkeHueM 0,4 kB), moMeleHne He-
B3PBIBOOIIACHOE 1 [OKapo0e301acHoe.

CocraB 1 mapameTpbl 000pyA0BaHuUs, Moayvaromiero nuranue ot PI1-5:

Tun snexTponpueMHuKa Homunanbhas K, tgp 1B
MorHocTh D11, (%)
(xBm)
1. TokapHslii cTaHOK (3 1mT) 4,5 0,2 1,33 —
2. CBepIIMIIbHBIN CTAaHOK 2,0 0,2 1,33 —
3.3aTOYHOM CTAaHOK 0,8 0,2 2,3 —
4. TTogpeMHHK 6,0 0,1 23 —
5. Bentuiarop 0,4 0,8 1,0 —
Bapuanrt 5

Tpancdopmarop T-1 TM-1600/6/0,4 A/Y,
Kabenpnast muaust 1: L=45 u,. mapka ABBOIIB-(3x120+1x95)
Kabenpnast muams 2: L=10 wm, crioco6 mpoxiaky - B cTaJbHOU TpyOe B OETOHHOM MaccHBe, IIOMEIIEHHEe HEB3PEIBOOIIACHOE U MOXKapooOe-
30I1aCHOE.
CocraB 1 mapameTpbl 000pyA0BaHuUs, Mody4Yaromiero nuranue ot PI1-5:

Tur 31eKTporpUeMHIKA HomunaneHnas Ky tgp 11B
MorHocTh D11, (%)
(kBm)
1. HupkynsipHas nuia 4,5 0,2 1,33 —
2. BHITSDKHOM HUKIIOHHBINA HACOC 2,0 0,5 1,5 —
3. lllka¢ cymmbHbIH (2 T) 1,8 0,8 0,1 —
4. CBepnuIbHBIHA CTaHOK (2 1mT) 0,8 0,15 1,33 —
5 Ilpecc 0,4 0,1 1,33 40
Bapuant 6

Tpaucdopmarop T-1 TM-1000/6/0,4 A/Y .

Ka6enpnas muans 1: L=70 u, mapka AALB-(3x120+1x95)

Kabenpnast muaust 2: L=25 »m, crioco6 MpoKIagKy - OTKPHITO 110 CTEHE, TIOMEIEHIe HeB3PEIBOOIIACHOE 1 II0XKapoOe30IacHoe.
CoctaB 1 mapameTpsl 000pyIOBaHUs, OTydaroniero nuranue ot PII-5:

Tun snexTponpueMHUKa Homunanenas| K, tgp | IIB
MOMIIOCTb (%)

OIl, (xkBm)
1. ToBapHbIil CTAHOK 3,6 0,2 1,33 —
2. dpe3epHbli CTAHOK 2,0 0,2 1,33 | —
3. CBapouHsblii TpaHC()OPMATOP PYUHOIT DTEKTPOCBAPKH 3,0 0,2 2,3 —
4. TpyOorubGo4HBIil CTAHOK 1,2 0,1 2,3 —
5. Benruisirop 0,4 0,8 1,0 —
6. 3aTOYHOM CTAaHOK 1,0 0,1 1.33 —

Bapuant 7

Tpaucdopmarop T-1 TM-1000/6/0,4 A/Y .

Kabenpnas muaust 1: L=70 u, mapka AAIlIB-(4x150)

Kabenpnast muaust 2: L=25 m, crioco0 MpoKIagKy - OTKPEITO 110 CTEHE, TIOMEIIeHIe HeB3PEIBOOIIACHOE 1 II0XKapoOe30IacHoe.
CocTtaB 1 mapameTpsl 000pyA0OBaHuUs, MToTydaroniero nuranue ot PII-5:

Tun snexTponpueMHUKa HomunanbHas K, tgp 1B
momHocTs JIT , (%)
(kBm)
1. ITocytomoeuHast MaluHa 33,0 0,8 1,33 —
2. KunstuiasHHUK 12,0 0,4 1,33 —




3 XonoauibHas kamepa (2 mr) 1,0 0,4 2,0 0,6

4. YHUBepcaJIbHbIH IPHBOJL 0,8 0,1 2,3 —
5. Bentumsitop 3,0 0,8 1,0 —
Bapuant 8

Tpancdopmarop T-1 TM-400/6/0,4 A/Y,.

Kab6enpnas muaus 1: L=70 m, mapka AAILB-(3x 120+1x95)

KaGenpHas nunust 1: L=25 m, ciocod NpoKIagKy - OTKPBITO 10 CTEHE, HOMEIIEHHE HEB3PHIBOOIIACHOE U IT0Kapo0e30nacHoe.
CoctaB u mapameTpbl 000pyA0BaHuUs, MOayYaroiero nuranue ot PII-5.

Tun snekTponpreMHIKa Homunans- Ky tgp | IIB
Has MOIII- (%)
HocTh DI,
1. TokapHBIH CTAHOK 3,6 0,2 1,33 —
2. TokapHbIi CTAaHOK 2,0 0,2 1.33 —
3. CtaHOK TOYHOI 00paboTKH
nBHTATEND 1 3,6 0,2 1,5 —
JBUTATEID 2 1.5 0,2 1,6
JIBUTATEIb 3 0,4 0.2 1,5
4. BenTuisitop 1,2 0,7 1,0 —
5. OcBemneHne 3.0 0.8 0.1 —
Bapuant 9

Tpancdopmarop T-1 TM-1000/6/0,4 Y/Y,.

KaGenpnas munust 1: L=65 u, mapka ACI'-(4x120)

Ka6emsnas muaus 2: L=30 ., criocob mpoknanky - B kabenbHOM KaHaiie (ke IposokeHo 4 cioBbIx kKabemst 0,4 xB), moMeleHne HeB3phIBO-
OIIaCHOE H M0JKapo0e30IacHoe.

CocraB 1 napameTpsl 000pyA0BaHus, oay4arouiero nuranue ot PII-5:

Tumn 3nexkTponpueMHIKa Homunanenas K, tgp 1B
MomtHocTs II1, (%)
(xBm)
1. Komnpeccop 17,0 0,8 1,0 —
2. Hacoc 14,0 0,8 1,0 —
3. Jleadparop 10,0 0,7 1,0 —
4. DnexTpoHarpeBareib 1,2 0,4 0,0 —
5. BBITSKHON BEHTHIATOP 0,4 0,8 1,0 —
Bapuant 10

Tpancdopmarop T-1 TM-1000/10/0,4 A/Y,.

Kab6enpnas nmuausg 1: b=70 m, mapka ACPI'-(3x70+1x50).

Kab6enbnas nuaus 2: b=65 M, ciocod npokiaaky - OTKPHITO 10 CTEHE, TOMEIIEHHE HEB3PBIBOOIIACHOE U M0XKapoOe30macHoe.
CocraB 1 mapameTpsl 000pyAOBaHUS, Modyvatoniero nuranue ot PI1-5:

Tun snekTponpueMHUKa HomunanpHas K, tgp I1B
MomrHocTh D11, (%)
(kBm)
1. YcTaHOBKA TOYEYHOM 3JIEKTPOCBAPKU 3,6 0,1 0,3 40
2. ITogpeMHHK 6,0 0,1 1,3 —
3. llInu¢oBanpHbIi CTAHOK 3,0 0,2 1,3 —
4. Komnpeccop 1,2 0,1 2,3 —
5. Bentumsitop 0,4 0,8 1,0 —
6. OcBeleHue CMOTPOBOM SMbI 1,0 0,8 0,0 —
Bapuant 11

Tpaucdopmarop T-1 TM-1000/10/0,4 Y/Y,.
Ka6enpnas muans 1: L=70 u, mapka ACPT'-(3x120+1x95)
Kabenpnast muaust 2: L=50 », crioco6 MpoKIagKy - OTKPHITO 110 CTEHE, ITIOMEIIEHIe HeB3PEIBOOIIACHOE 1 II0XKapoOe30IacHoe.

CocraB 1 mapameTpbl 000pyA0BaHuUs, odyYatoniero nuranue ot PI1-5:

Tu 31eKTpOnprueMHIKa HoMHHAIBHAs K, tgp B
MorrHocTh DI, (%)
(kBm)
1. Hentpudyra 2,4 0,2 1,33 —
2. Belnapusatens 4,0 0,8 0,2 —
3. CMecHTenb MOPOIIKOBBIX KOMIIOHEHTOB 12,0 0,2 1,5 —
4. CynmmibHbIi mkad 1,2 0,8 0,2 —
5. Bentumsitop 1,0 0,8 1,0 -
6. TabneTouHbli npecc 20,0 0,3 1,2 40
BapuanTt 12

Tpaucdopmarop T-1 TM-1000/6/0,4 A/Y .

Ka6enpras muans 1: L=55 m, mapka AALLB-(3x 120+1x95)

Kabenpnast muams 2: L=45 u, ciocob mpoknaaky - B kabenbHOM KaHae (ke IMPOJIOXKEeHBI 5 CHIOBBIX Kabeneil 0,4 kB), nomerieHne He-
B3PBIBOOIIACHOE U 110Kap00e30I1acHoe.



CocraB 1 mapameTpsl 000pyAOBaHUs, TOTydaroniero nuranue ot PII-5:

Tun snexTponpueMHuKa Homunanbnas K, tgp 1B
MOIIHOCTh (%)

OIl, (xBm)
1. TokapHslii ctanok N 34 4,6 0,2 1,33 —
2. Tokapusiii cranok N 35 4.6 0,2 1,33 —
3. ToxapHslii ctaHok N 36 10,0 0,2 1,33 —
4. ToxapHslii ctanok N 37 10,0 0,2 1,33 —
5. TokapHslii ctanok N 38 2.4 0,2 1,33 —
6. [TogbeMHUK 2,0 0,2 1,3 15
7. Ilynsnionacoc 1,0 0,7 1,0 —

Bapuant 13

Tpancdopmarop T-1 TM-1600/10/0,4 A/Y,.

Ka6enpnas smaus 1: L=90 m, mapka AAIIIB-(3x 120+1x95)

Kab6enpnas munus 2: L=55 m, croco0d mpoknagky - B KaOelnbHOM KaHaie (yKe MPOJIOKEHBI 5 CHIIOBBIX Kabenei 0,4 kB), moMerieHne He-
B3pBIBOONIACHOE U [I0XKapo0e30I1acHoe.

CocraB 1 mapameTpsl 000pyIOBaHUs, oTydaroniero nuranue ot PII-5:

Tum 31eKTporpueMHIKa HomunanbeHas K, tgp 11B
MOIIIHOCTh (%)
(kBm)

1. YcTaHOBKA 3JIEKTPOHOIUIABKH 8,0 0,3 0,2 —

2. CBapouHblii anmapar 3,6 0,2 0,3 60

3. YcraHoBKa py4HOii nuidoBKH (2 mT) 0,6 0,2 1,3 —

4. Komnpeccop 2,1 0,7 1.3 —

5. Benruisirop 0,6 0,7 1,3 —

6. ITeur BU-HarpeBa 1,0 0,8 1,0 —
Bapuant 14

Tpancdopmarop T-1 TM-1600/10/0,4 A/Y,.
Ka6enpnas muans [: L=100 a, mapka ABI'-(3 x150+1x95)
Ka6enpras muans 2: L=25 u, cioco0 mpokmagkn — B TpyOe B 0ETOHHOM MacCHBE, TIOMELICHNE HEB3PHIBOOMIACHOE U MOKapo0Oe30macHoe.

CocraB 1 mapameTpbl 000pyA0BaHuUs, ModyYatoniero nuranue ot PI1-5:

Tur 371eKTpONpUeMHHIKA Howmunanenas |  K; tgp | 1IB

MOII[HOCTb (%)
OIl, (xBm)

1. JIBuraresu koHseiiepa (2 mr) 16,0 0,8 1.0 —

2. 11THeKOBBIi HOIbEMHHK CHIMYYHX MaTepuanos (2 mr) 24,0 0,8 1,0 —

3, Kommnpeccop 2,6 0,7 1,3 —

4. YcranoBka otbopa pod 1,6 0,7 1.3 15

5. Bentuiarop 0,6 0,7 1,3 —

6. [TogpeMHUK 6,0 0,1 1,5 —

Bapunant 15

Tpancdopmarop T-1 TM-630/10/0,4 Y/Y,.

Ka6enpnas smaus 1: L=90 u, mapka ACB-(4x90)

Ka6enbuas nmuaus 2: L=65 m, cnocob npoknanku - B kabenbHOM KaHaie (yke MpoJioxkeHsl 4 cuiioBbIX kabeneit 0,4 xkB), moMerieHue He-
B3PBIBOOIIACHOE U M0XKap0o0e301acHoe.

CocraB 1 mapameTpbl 000pyA0BaHuUs, Modyvaromiero nuranue ot PI1-5:

Tur 371eKTporpUeMHIKA HomunaneHnas Ky tgp 1B
MomtHocTs OI1, (%)
(kBm)
1. Cranku Tokapubie (4 1r) 17.0 0.3 1,2 —
2. Craiiky mnndosaibible (4 mT) 3,6 0,2 0,3 —
BapuanT 16

Tpaucdopmarop T-1 TM-1600/10/0,4 Y/Y,.

Kab6enpbitas muausg 1: L=120 u, mapka AAILIB-(4x185)

KabenpHast muaus 2: L=72 m, coco® npokianku - B kabeabHOM KaHaine (yke mposioxkeHsl 7 kabeneii HampspkeHrem 0,4 kB), nomerieHne
HEB3PBIBOOIIACHOE U MOXKApOOE30MacHoe.

CocraB 1 nmapameTpbl 000pyA0BaHuUs, Moayvaromiero nuranue ot PI1-5:



Tum 3nexkTponpueMHIKa HowmunaneHnas K, tgp 1B
MomtHocTs II1, (%)
(xBm)

1. JIBurarreny peBepcHble II0Ja4yu 3ar0TOBOK (2 mT) 16,0 0,45 1,0 15
2. BY npeobpa3zoBarenu 50,0 0,8 1,3 —
3. Kommnpeccop 30 0,7 1,3 —
4. YcTaHOBKa TOYEYHOI CBAPKH 2.4 0,1 1.0 —
5. Bentuiarop 0,6 0,7 1,3 —
6. [TonbeMHUK 6,0 0,1 1.5 —

BapunanTt 17

Tpancdopmarop T-1 TM-2500/10/0,4 A/Y,.

Kat6enbnas smaus 1: L.=90 u, mapka ABI'-(3x185+1x150)

Ka6enbnas muaus 2: L=45 m, ciocod MpoKIaaKy - OTKPBITO IO CTEHE 3aHus, IOMEIEHHE HEB3PBIBOOIIACHOE U MOXKapoOe30macHoe.
CocraB 1 napameTpsl 000pyA0OBaHus, Mody4arouiero nuranue ot PII-5:

Tun snekTponpueMHUKa Homunanehas | K, tgp |1IB
morrocTs O, (%)
(xBm)
1. Tupucropusie BU npeodpazosarenu (400 I'y) 2 mr 16,0 0.3 3,0 —
2. Arperatsl raJbBaHHYECKOT0 IOKPHITHS (2 1T) 8,0 0,6 1,0 —
3. Kommpeccop 2,6 0,7 1,3 —
4. Hacoc OYHCTHOW BaHHBI 3,6 0,7 1,3 —
5. Bakyym-Hacoc 6,0 0,8 1,5 —
Bapuanr 18

Tpancdopmarop T-1 TM-630/6/0,4 A/Y,.

Kabenpnas muaus 1: L=60 u, mapka ACT-(3x50+1x35)

Kabenpnas muuans 2: L=65 m, croco6 IpOKIaaKy - OTKPHITO B JIOTKE MO CTEHE 3[aHHs, IIOMEIICHNE HEB3PHIBOOIIACHOE U IOXKapooe3omnac-
HoE.

CocraB 1 napameTpsl 000pyA0OBaHus, Modyvarouiero nuranue ot PII-5:

Tun s5nekTponpreMHIKa Homunanbhas Ky tgp 1B
MoIHOCTE DI, (%)
(kBm)
1. HoxxHu1b! ropsyeit pe3ku (2 mr) 20,0 0,2 1,7 —
2. IIpeoOpa3zoBarenn 4acToTh! (2 mIT) 12,0 0,3 1,0 —
3. Kommnpeccop 5,6 0,7 1,3 —
4. KanToBareib 15,0 0,1 1.3 —
5. BeHTUIsITOp BO3/IyIIIHOM 3aBEChI 6,0 0,8 1,5 —
Bapuant 19

Tpancdopmarop T-1 TM-400/6/0,4 A/Y,.
Kabenpnast muaust 1: L=90 u, mapka ABI'-(3x185+1xI'50)
Ka6enpnast uans 2: L=45 u, cioco0 NpoKIaiaky - B OJIOKE.

CocraB 1 napameTpsl 000pyAOBaHuUs, Modyvarouiero nuranue ot PI1-5:

Tun >nexTponpueMHuKa Homunansnas | K, tgp I1B

MormrHocTh D11, (%)

(kBm)
1. IllTaMrIOBOYHBIi arperat 10,0 0,7 1,1 —
2. Ipecc ppuKLHOHHBIH (2 1mT) 24,0 0,65 1,3 —
3. MexaHusM nbliey6opkH 6,0 0,45 1,1 —
4. Kougeiiep 8,0 0,5 1,0 —
5. Boasuoii Hacoc (2 mT) 3,0 0,9 1,5 —
Bapmnanr 20

Tpaucdopmarop T-1 TM-1000/6/0,4 A/Y.,.
Kabenpnas muaust 1: L=50 u, mapxa ABBT'-(3x185+1x150)
Kab6enpnast uans 2: L=45 u, cioco0 NpoKIaaky - B OJIOKE.

CocraB 1 mapameTpbl 000pyA0BaHus, Moayvaromiero nuranue ot PI1-5:

Tun snekTponpueMHuKa Homunanenas | K, | Tge | IIB
momHocTs I, (%)

(kBm)
1. Tupucropusie BU npeodpazosarenu (400 I'ty) 2 mr 16,0 0,3 3,0 —
2. ArperaTbl HenpepbIBHOU nogayu Tpyo (2 mr) 32,0 0,4 1,3 —
3. ITorpeMHuKH (2 1T) 2,6 0,1 1,3 40
4. KanToBarenb 3,6 0,7 1,3 —




Bapuant 21
Tpancdopmarop T-1 TM-1000/10/0,4 A/Y,.
Ka6enpnas ymaus 1: L=90 u, mapka ABI'-(3x185+1x150)
Kabenpnas munust 2: L=55 m, crioco6 Mpokia Ky - OTKPBITO I10 CTEHE 3[4aHMs, IOMELIEHHE HEB3PHIBOONIACHOE M TI0XKapoOe30macHoe.

CoctaB 1 mapameTpsl 000pyAOBaHUs, TOTydaroniero nuranue ot PII-5:

Twun 31eKkTporpueMHIKa HowmunaneHas Ky Tge | 1IB
MorrHocTh DI, (%)
(kBm)
1. Cranku MetasioobpadarbiBaroye (3 1mr) 3,1 0,13 1,7 —
2. Cranku Metamnoo6pabarsiBatonye (2 mr) 13,0 0,17 1,2 —
3. CTaHOK MeTal1000padaThIBAOIIMI 74,0 0,17 1,2 —
4. Beinpsimuresns 4,7 0,3 1,3 —
5. CBapouHsbIi TpaHCpOpPMATOp 4,7 0,3 1,3 —
Bapnanr 22

Tpancdopmarop T-1 TM-1000/10/0,4 Y/Y,.
Ka6enpras muans 1: L=90 u, mapka ABI'-(3x185+1x150).
Ka6enpras muans 2: L=35 u, cioco® MpoKIaaKH - OTKPBITO IO CTEHE 3JaHus, TOMEIIECHHE HEB3PHIBOOIIACHOE M MOXKap0oOe30macHoe.

CocraB 1 mapameTpbl 000pyA0BaHuUs, odyYatoniero nuranue ot PII-5:

Tur 371eKTporpUeMHIKA HomunaneHnas Ky tgp I1B
MomtHocTs II1, (%)
(xBm)
1. lenTpudyra 2,4 0,2 1,3
2. Belnapusatens 4.0 0,8 0,2 —
3. CMecHTelb IOPOIIKOBBIX KOMIIOHEHTOB 12,0 0,2 1,5
4. Tenbdep 2.4 0,06 2,0 —
5. Bentuiarop 1,0 0,8 1,0
6. Ilpecc HpUKIMOHHBIH 12,0 0,3 1,2




