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BBEJEHHWE

OfecnieueHne AIEKTPOIHEPTHel POU3BOACTBEHHBIX, KOMMYHAJIbHO-OBITOBBIX,
CEJIbCKOXO3SIMCTBEHHBIX U MPOYMX OOBEKTOB OCYLIECTBIISETCS! C ITOMOIIIBIO CHC-
TeMm asekTpocHadxeHust (CIC), B KOTOPBIX UCIIONB3YETCs AIEKTPOOOOPYA0BaHHE,
BBITIOJIHEHHOE Ha Pa3Hble HAaNpspKeHUs. B o0mieM NoHMMaHMN 3J1eKTpoo0opyao-
BaHUE TIPEACTABISET COOOM COBOKYIHOCTH JIEKTPOTEXHWYECKUX W3JCIHH, HC-
MOJIB3YEMBIX ISl MIPOW3BOACTBA, MPEOOpa30OBaHMUS, MEPEAauy, paclpeAcieHus],
HAKOIUICHHS] WM TTOTPEOICHNS NIEKTPOIHEPTHH. DTO MHOKECTBO CHEHHATIM3HPO-
BaHHBIX YCTPONCTB, NMEIOIINX pa3HOe (YHKINOHATIBHOE Ha3HAUCHHE, BBILyCKae-
MBIX C IIUPOKHM CIIEKTPOM TeXHHYECKHX XapakTepuctuk. B COC mpombInnieH-
HBIX MPEANPUSITHH K AJIEKTPOOOOPYIOBaHUIO OTHOCSTCS 3JIEKTPUUECKUE MAIINHBI,
TpaHc(opMaTopsl, anmaparbl, U3MEPHUTCILHBIC MPUOOPHL, YCTPOWCTBA 3aIIUTHI
" aBTOMAaTHKH, Ka6eJ'II)Ha${ MNpOoaYyKIUA U T. II.

[TpoekTrpoBaHue AEKTPOYCTAHOBOK JIFOOOTO HANpPSHKEHUSI B KOHEYHOM WTOTE
BCETJIa CBSI3aHO C BBIOOPOM 3JIeKTpooOopynoBaHus. OT HErO 3aBHCAT TEXHHUKO-
SKOHOMHYECKHE TOKA3aTeNH, HaIeKHOCTh U ddekTuBHOCTD dKciuryaTauun COC
MIPOM3BO/ICTBEHHBIX 00BEKTOB. [103TOMY OZHMM M3 OCHOBHBIX BOIIPOCOB OITH-
MasibHOTO TpoekThpoBaHuss COC NMPOMBIIUICHHBIX MPEINPHUATHH SBISETCS BbI-
60p 3NIEKTPOOOOPYAOBAHUS, COOTBETCTBYIOLIEIO XapaKTEPHCTHKAM DIICKTpHUe-
CKHX CeTeil, mapaMeTpaM M peXuMam.padOThl IEKTPONPHEMHHKOB, yCIOBHIM
9KCIUTYaTAIlH C YYE€TOM COCTOSHHS OKPY’KAIOIIeil Cpepl.

B nocoOuu u3nararotcst METO/Ibl pacdeTa U BhIOOpa OCHOBHBIX BUJIOB DJIEKTPO-
00opyI0BaHuS, MPUMEHIEMOTO B 3IeKTpoycTaHoBKaX COC MPOMBIIUIEHHBIX MPET-
NPUATHI; paccMaTpUBAeTCs BBIOOpP AJIEKTPUYECKHX alllaparoB, IIHHOIPOBOJIOB,
NPOBO/IOB W Kaberel HampspkeHneM 1o 1 kB, a Taxke ka0ernei, IiH, BBIKITIo4aTe-
JIeH, pa3zbeIMHUTENCH U U3MEPHUTENBHBIX TPaHC()OPMAaTOPOB HAIPSHKEHWEM BBIILE
1 xB. Tlpumeps! pacueToB, IMPUBEICHHbBIE B OCOOMH, OPUEHTUPOBAHBI HA MPUME-
HEHHE COBPEMEHHOTO JIEKTPOOOOPY/IOBaHUS C y4EeTOM TpeOOBaHMH HOPMaTHBHO-
TEeXHUYECKOH JIOKyMEHTaluH, ercTByromnieii B PecryOiike benmapycs.

[Nocobue mpenHasHaveHo Uil CTYACHTOB crienmanbHocTH 1-43 01 03 «Dnekt-
pocHabxkeHue (TIo oTpacisaMm)» cnenuanmzanuu 1-43 01 03 01 «3BmexkrpocHab-
JKEHUE TPOMBIIIICHHBIX TPeInpusThin». OHO MOXET HCIIONIb30BATHCS TIPH U3Y-
qeHUU TUCHUIUTHH «[loTpeOnuTenn AmeKTposHepTui», «IEKTPOoCcHAOKEHIE TIPO-
MBIIIJICHHBIX NPEeINpHATHI, «CHCTEMBI AEKTPOCHAOKEHHUD», «DNEKTPHIECKOE
OCBCIICHHEC», 4 TAKXKC IIPU BBITIOJJHCHUHN KYPCOBBIX U JUIIJIOMHBIX ITPOCKTOB.

[Tocobue MOeT OBITh HOJE3HBIM TAKKE CTYIEHTAaM APYTHX CIIENUAIBHOCTEH,
M3YYaIOIMM B 3JIEKTPOTEXHUUYECKUX THUCIMILUIMHAX BOMPOCHI 3JIEKTPOCHAOKEHHS
MPOMBIIIUICHHBIX 0OBEKTOB U METOJIbI BEIOOPA AIIEKTPOOOOPYIOBAHUSL.



1. BLIBOP DJIEKTPOOBOPY,IOBAHHUSI IO TEXHUYECKHUM
XAPAKTEPUCTUKAM, PEXKUMAM PABOTbI
U YCJIOBUSIM OKPYIKAIOIIEN CPEJBI

1.1. Knaccupukanus moMmenmeHuii 1 30H

10 YCJIOBHUSIM OKPY:Kalollei cpeabl

YcioBusi okpyxaromield cpefbl B MPOU3BOJCTBEHHBIX IMOMEIIEHUSIX
1 30HaX, B KOTOPBIX Pa3MEIIACTCsl TEXHOJIOTUYECKOE U CBI3aHHOE C HUM
AIIEKTPOTEXHUYECKOE 000pYyIOBAaHHE, ONPENCIISIOTCS TeMIIepaTypol BO3-
JyXa, BIQKHOCTHIO, HAIMYHEM ArpecCHBHBIX Ta30B W MbLIH, BO3MOXK-
HOCTBIO BO3HHMKHOBEHHS yCJIOBHI B3phIBOMOXAapoonacHocTd. Kiaccudu-
KaIys TOMETICHUA B COOTBETCTBHU C [ 1] mpuBeneHa B Tabm. 1.1.

Tabmuma 1.1

Krnaccuduxarnwst mpon3BOACTBEHHBIX HOMEMICHUN TI0 yCIOBHSIM

OKpYXKarollei cpe/ibl

Kiaccwl momere-

XapaKkTepuCTUKU OMELIECHU

HUH (cpen)
TKapkite TemmepaTypa BO3IyXa TOCTOSHHO WM IEPUOIMYECKH
P (bonee oHKX CYTOK) mpeBbiaeT +35°C
Cyxue OTHOCHTENbHAS BIAXKHOCTH Bo3yXa Y < 60 %
Brnaxxusie OTHOCHUTETBbHAS BIAXKHOCTB Bo3ayxa 60 % <y <75 %
JnmutenpHOE BpeMsl OTHOCHTENBHAs BIAXHOCTH BO3IyXa
Ceipele

w>T75%

Oco60 chIpble

OtHocHTeNnbHAs BIAXKHOCTH Bo3ayxa y =~ 100 %

IIe1IpHBIC

Beigensiercs TEXHOJNOTMYecKas IMbUIb B TAKOM KOJIWYECTBE,
YTO OHA MOKET OCeNIaTh Ha MPOBOTHHUKAX, IPOHNKATH BHYTPb
MAIIIMH, ammapaToB ¢ T. . IIpUTh MOXKET OBITH TOKOIIPOBO-
JUSIILIEN 1 HETOKOIIPOBOSIIIEH

C XUMHYECKH aK-
THUBHOM WK opra-
HUYECKOH cpenoit

Copnepxarcst arpecCHBHBIE TApHI, Ta3bl, )XKUAKOCTH, 00pa3y-
I0TCSl OTJIOXKEHHS WM IUIECeHb, Pa3pyILaoIIie HU30JILHIO
Y TOKOBEAYIINE YacTH MIEKTPOOOOpYIOBaHHS

HopmanbHeie

Cyxwue moMerenus mpu temieparype ue Boiie +35 °C u ot1-
CYTCTBUHM TEXHOJOTMYECKOW ITBIIM, XUMHUYECKH aKTHBHOM
1 OpPraHMYECKOM cpefbl




Oxonyanue ta0m. 1.1

Kiaccel mometne-

N XapaKkTepUCTUKH TOMEUIEHUH
HUM (cpen)

Cpenpl B NMOMEUICHHUAX WJIH Ha OTKPBITOM BO3AyXe, IIe
IIPUMEHSIIOTCS. WM XPaHATCS TOPIOYNE BELIECTBA

Cpenipl, B KOTOPBIX MOTYT 00pa30BBIBATHCSI B3PHIBOOIIACHBIE
CMECH TOPIOYMX I'a30B WIIH I1aPOB C BO3LYXOM, a TAK)Ke B3PbI-
BOOIIACHBIE KOHILICHTPALMU PA3JIMYHBIX BELLECTB B BUJE IIbl-
JIM WIY BOJIOKOH, HAXOASAIIMXCS BO B3BEILIEHHOM COCTOSIHUU

IToxapoonacHblie

B3peiBoonacHbie

[ToxxapooracHbIe 30HBI TOAPA3ICIAIOTCS Ha YeThIpe Kimacca [1]:

[1-I — 30HBI, pacmoOKEHHBIC B MMOMEIIEHUSAX, B KOTOPBIX 00PaIatoTCs
TOpIOYME KUAKOCTH C TeMIepaTypol BcIbILKH Bhimie 61 °C (ckmagsl ma-
CeJI, MaCJITHOE XO3SMCTBO TPaHC(HOPMATOPHBIX TOACTAHIAN H T. 11.);

IT-1T — 30HBI, pacMOI0KEHHBIE B MOMEMICHUSX,; B KOTOPBIX BBIAEISAIOT-
Csl TOPIOYHME BOJIOKHA WJIM TBUIH C HIDKHUM KOHIICHTPAIMOHHBIM IIpese-
JIOM BOCILIaMeHeHns 6oee 65 /M’ K 00beMy Bo3ayxa (1epeBooOpabaThi-
BaIOIIKE 1eXa, OT/IENICHNE N3METbUeHHUS alleTHIIIEIUTIONO03HI U T. 1.);

[1-Ila — 30HBI, paCHOJIOKEHHBIC B MOMEIIEHUIX, B KOTOPBIX o0paria-
I0TCSL TBEP/bIE TOPIOYHE BellecTBa (CKJIaabl TKaHel, Oymaru, JepeBsH-
HBIX MOZEIeH U T. II.);

[1-I1I — 30HBI, pacnoyiOKESHHBIC BHE MOMEIICHHIA, B KOTOPBIX oOpaiia-
IOTCSI TOPIOYME JKUAKOCTH C TeMrepaTypoil BenblmkH Bbime 61 °C umm
TBEpAbIE TOPIOYHE BEMIECTBA (CKIaIbl Macel, YIUI, Topda, AepeBa u T. II.).

B cootserctBru ¢ 'OCT 30852.9-2002 «2nekTpoobopyIoBaHKE B3PbI-
BozamuineHHoe. Y. 10. Knaccudukaiys B3phIBOOIACHBIX 30H» B3PBIBO-
OITacHBIE 30HBI B 3aBUCUMOCTH OT YacCTOTHI U JITUTEIHHOCTH MPUCYTCTBHA
B3pBIBYATON Ta30BOM CMECH MOIPA3IEIIAIOTCS HA TPH Kilacca:

0 —30Ha, B KOTOpOH B3pbIBOONACHAs ra3oBas CMECh MPHCYTCTBYET
MOCTOSHHO WJIM B TEUSHHE JUTUTEIEHOTO BPEMEHH;

1 —30Ha, B KOTOPOH CYyIIECTBYET BEPOSITHOCTH NPHUCYTCTBHUS B3PHIBO-
OTIACHOM CMECH B HOPMAaJIbHBIX YCIIOBHUSX SKCILTyaTalluu;

2 — 30Ha, B KOTOPOH MaJIOBEPOSTHO MPHUCYTCTBUE ra30BOK CMECH B HOP-
MAaJIbHBIX YCJIOBHSAX DKCIUTyaTalliH, a €CJIM OHa BO3HHUKAET, TO PEIKO,
Y CYIIECTBYET O4Y€Hb HETPOIOIKUTEIHHOE BPEMHS.

OpnHako MHOTHE AEUCTBYIOIINE HOPMATUBHO-TEXHUYECKHIE TOKYMEHTHI
MO TMPOEKTHPOBAHUIO 3JIEKTPOOOOPYIOBaHMs CO3MaHBI C TMPUMEHEHHUEM
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kiaccuukanyu [ 1], cormacHo KOTOPOH B3pBIBOOIIACHBIE 30HBI IETSATCS Ha
CJIEAYIOIINE KIIACCHI:

B-I — 30HBI, pacnionokeHHbIE B TOMEIIEHUAX, B KOTOPBIX BBLACIAIOTCS
TOpIOYMe Tra3bl WM Taphl JITKOBOCILIAMEHSIOMMXCS kumkocter (JIBXK),
CIO0COOHBIE 00Pa30BBIBATh C BO3LYXOM B3PbIBOONIACHBIE CMECH IIPU HOP-
MaJIBHBIX PEKMMax paboTHI, HAPUMEp, MPHU 3arpy3Ke U pasrpy3Ke TEXHO-
JIOTMYECKUX alllaparoB, XxpaHeHUU U nepenuBanuu JIBXK u T. 1.;

B-Ia — 30HBI, pacronoXeHHbIE B IOMEIIECHHUAX, B KOTOPBIX 00pa3oBa-
HUE B3PBIBOOMACHBIX CMeced roprourx rasos wiu napos JIBXK ¢ Bo3ny-
XOM BO3MOYKHO TOJIBKO B pe3yJIbTaTe aBapuil MIIM HEUCIIPAaBHOCTEH;

B-I0 — 30HBI, UMelOIIME XapaKTEepUCTHKY 30H B-la, HO oTimmuaronmecs
OJTHOH M3 CIEAYIOMNX 0COOCHHOCTEH:

— TOPIOYHME Ta3bl B 3TUX 30HAX 00JIAAAIOT BBICOKMM HMKHHM KOH-
LEHTPAIMOHHBIM TIpezienioM Bociuiamenenus (15 % u Gonee) u pes-
KHM 3aI1axoM (HalpuMep, MalllMHHbIE 3aJ1bl aMMHAYHBIX KOMIIPECCOP-
HBIX ¥ XOJIOJMIBHBIX YCTaHOBOK);

— TMOMEIIEHHsT TIPOM3BO/ICTB, CBSI3aHHBIX ¢ OOpalieHneM razoodpas-
HOTO BOJOpPOJIa, B KOTOPBIX BO3MOXKHO 00pa3oBaHHE B3PBHIBOOMACHOM
cMecH B o0beMme, TpeBbImarmeM 5 % cBoOOgHOTO oObemMa ToMe-
LICHUS, UMEIOT B3PBIBOOIACHYIO 30HY TOJIKO B BEpXHEN yacTu Iome-
HIeHus (HampuMep, MOMEIIEHHUS HIEKTPOIn3a BOABL, 3apsIHbIe CTAaHIUH
aKKyMYJIATOPHBIX OaTapeit);

B-Ir — mpocTpaHcTBa y HapyKHBIX YCTAHOBOK, COJEPIKAIIMX FOPIOYHE
ra3sl uiu JIBX (3a uckimoueHrneM HapyKHBIX aMMHAaYHBIX KOMIIPECCOp-
HBIX YCTaHOBOK, AJISL KOTOPBIX 3JIEKTPOOOOPYAOBaHHE BBIOMpAETCs, KaK
W JUI pacTiofioKEHHBIX B MMOMEIIEHUSX ), HaJ3eMHBIE U TTO/I3EMHBIE pe3ep-
Byaps! ¢ JIBX wnu roprounMu razaMmu, 3cTakazabl A CAMBa UM HAJIMBa
JIBK, oTKpBITBIe HE(TETOBYILIKH, IIPYbI-OTCTOMHUKY C IUIaBaroUIei Hed-
TSHOM ITIJIEHKOM | T. I1.;

B-II — 30HBI, pacnonoXeHHbIE B IOMEIEHUSAX, B KOTOPBIX BBIICIISIOT-
sl IEPEXOAIINE BO B3BEIIEHHOE COCTOSHUE TOPIOYHE NBUTH MM BOJIOK-
Ha, clI0cOOHBIE 00Pa30BBIBATh C BO3AYXOM B3PBIBOOIACHBIE CMECU IPU
HOPMAaJILHOM PEKUMe PabOoThI;

B-Ila — 30HBI B IOMEIEHUAX, B KOTOPBIX B3PBIBOOIIACHBIE CMECH T'O-
PIOYNX MBUICH MM BOJIOKOH C BO3AYXOM MOTYT 00pa30BBIBATHCS TOIBKO
B PE3yNbTATE aBAPUI WIH HEUCIIPABHOCTEM.



[Ipu mpoexTUpOBaHUM MPOMBIIIICHHBIX 3JEKTPOYCTAHOBOK OAHO U
TO € TIOMEIICHHE MOYKET OTHOCHUTBHCS OIHOBPEMEHHO K HECKOJIBKHM
KJIaccaM IO OKPY’Karollei cpeae.

1.2. Y4er ycioBuii Okpy:kawuei cpeabl
NpU BbIOOPE 3JIEKTPOOOOPYA0BAHMS

[Ipyn NMpOEeKTUPOBAaHMM W SKCILTyaTallH dJIEKTPOYCTAaHOBOK HEO00XO-
JMMO 00eCHeyrBaTh COBMECTHMOCTh AJIEKTPOOOOPYIOBAaHHS C OKPYIKaro-
e cpenoit. [l 3Toro anekTpooOopyI0BaHNE JOHKHO OBITH UCTIOIHEHO
B COOTBETCTBUM C KJIMMAaTHYECKUMHU YCIOBUAMHU MECTHOCTH, MECTOM pa3-
MEILEHHU U TpeOyeMoil CTeeHbI0 3aIUThl OT HMONaJaHus TBEPABIX I10-
CTOPOHHUX MPEIMETOB, IIBIIIN U BOJBI.

[Ipu BBIOOpE BMEKTPOTEXHUYECKUX W3/CIHNA W 00OPYAOBaHHS CIIETyeT
YUUTBIBATH PEXHM IOToJbl paiioHa, B KOTOPOM IPETIONAracTcsi Coopyxke-
HHE NPOMBIIUIEHHOT0 00bekTa. [IpuMeHeHne 3eKTpooOOpynOBaHMs, HE
COOTBETCTBYIOIIETO PEATFHOMY KJIMMATy, MOKET TIPUBECTU K YBEITUIECHHIO
3aTpaT Ha COOpPYKEHHE W OKCIUTyaTalldio CHCTEMBI BJICKTPOCHAOXKEHHS
U TIPEXKIEBPEMEHHOMY BBIXOLY U3 CTpOS OTACNIBHBIX €€ 3eMeHToB. llo-
3TOMY JJIEKTPOTEXHUIECKOW MPOMBIILIEHHOCTHIO BBIITyCKAIOTCA H3IEIHS
B pa3jIMUHBIX KIMMATHUECKUX HCMOTHEHUsAX. VX BO3MOYKHBIE BapHaHTHI
npencrasieHsl B Ta0M. 1.2 OykBamu pycckoro (JIATHHCKOTO) ayaBuTa.

Tabmuua 1.2

KiuMaTtnyeckue uComHEeHHS OJICKTPOTEXHUYECCKUX W3S

Ob6o3Ha4eHue
XapakTepucTHKa KIUMaTa
VCTIOJTHEHHSI
Y (N) YMepeHHsblit
YXIJI (NF) YMepeHHbIH U X0JIOTHBIN
XJL(F) X010 IHBIN
TB (TH) Tponuueckuii BIa>KHbIN
TC (TA) Tponuyeckuii cyxon
T (T) Tponuyeckuil Kak CyXoil, Tak U BIaKHBII
ow JIroOoii KJIIMMAT Ha cymie, KpoMe O4eHb XOJIOIHOTO
M (M) YMepeHHO XOJIOIHBIA MOPCKOH
™ (TM) TponmuecKmii MOPCKOM
OM (MU) JIro60it Mopckoit kmmar (kKak YMEpEHHO XOJIOIHBIH,
TaK U TPONIUYECKHUI)
B W) JIro60it KIMMaT (BCEKIMMATHYECKOE UCTIOHEHHE)




B ycnoBusx kmimara Pecriyonmiku benapychk cnenyer npumeHsTs 000-
pyaoBanue ucnonaHenust Y u YXJI.

[To pa3MenieHHI0 TPOMBIIIICHHOCTHIO BBIMYCKAIOTCS AJICKTPOTCXHH-
YecKHe U3JIeNus MATH Kateropuii (tabdmn. 1.3).

Tabmuna 1.3

Kareropuu 351ekTpoo60opy10BaHus 110 MECTY pa3MelleHUs

Kareropus MecTo pa3MmenieHus B 9KCIUTyaTaI[iu

Ha otkpeiToM BO3myxe (MPsMOE COTHEYHOE W3IYYEHUE, aTMOC-
(hepHBIC 0CcaTKN)

ITox HaBecOM WM B IOMEIICHHUSX, T KOJICOAHMUS TeMIIepaTyphl
U BJIAYKHOCTH BO3/yXa HECYIIECTBCHHO OTIHYAIOTCS OT Kojeba-
2 HUI Ha OTKPBITOM BO3JyXE, a TAKXKE B 000JI0YKE KOMIUIEKTHOTO
U3JICNINS TIEPBOU KATErOpHH (OTCYTCTBHE NPSMOTO COJHECYHOTO
M3ITYYCHUS U aTMOC(EPHBIX OCATKOB)

B 3aKphITBIX MOMEIICHUSIX 0€3 HCKYCCTBEHHO PEryIHPYEMBIX
KIIMMAaTHYECKUX YCIIOBUIA (CYILIECTBEHHOE YMEHBIIICHUE BO3JIEH-
CTBUS COJIHCUHOM pajiHalliy, BETpa, aTMOC(EPHBIX OCAIKOB, MECKA,
TIBIJIN; OTCYTCTBHE POCHI)

B momenieHnsx ¢ MCKyCCTBEHHO DPEryIMPYEMBIMH KIMMaTHUe-
CKHMH YCJIOBHUSIMH (OTCYTCTBHE BO3JEHCTBUI MPSIMOTO COHEY-
4 HOTO M3JIy4€HHMs, BETpa, aTMOC(HEpPHBIX OCAJIKOB, MECKa, IbLIH,
Hapy»XHOT'O BO3/yXa; OTCYTCTBHE WJIM YMEHBIICHHUE BO3JACHUCT-
BUS PACCESIHHOTO COJTHEYHOTO M3JTYUEeHMsI, KOHJECHCAIINY BIIaTH)
B momenieHnsax ¢ MOBBIIMICHHON BIaKHOCTBIO (JUTUTENILHOE HAaJIM-
Yye BOJIbI MJIM YacTasi KOHJICHCAIHsl BJIar HA CTEHAX M TIOTOJIKE)

CoueTaHne KIMMAaTUYECKOTO HCIIONHEHUS W KaTerOpuu pasMmelre-
HUS Ha3bIBalOT BUJIOM KIMMAaTH4ECKOT0 UCIONHEeHus (Hanpumep, Y XJI1,
Y3uT. o).

3amuTa 3JIeKTpooOOPyA0BaHNS HANIPsUKEHUEM 110 72,5 KB OT BIUSHMS
OKpY’KaloIIeH Cpeapl OCYIIECTBISIETCA C MOMOIIBIO 000JI0YKH, KOTOPOH,
KakK IpaBWIo, SABIAETCS Kopiyc u3aenusd. CTeneHb 3aliuThl, YCTaHOBIICH-
Hast 'OCT 14254-96, o6o3navaercss OykBamu [P u ayms mudpamu (Ha-
npumep, [P44). IlepBas xapakTepucTudeckas udpa onpeaenseT CTeneHb
3alIUTHI MIEPCOHANA OT MPUKOCHOBEHUSI K TOKOBEAYIIUM M JBIKYIIUMCS
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qacTsiaM 3HeKTpOO60py,Z[OBaHI/ISI, a TAaKXKXC OT HoIllalaHus 4Yepe3 060)’[0‘le
TBEPABIX ITOCTOPOHHUX TECJI U IIBUIM, a BTOpasA — OT IPOHUKHOBEHNS BHYTPb

000510uKH BOAIbI (Ta0u. 1.4).

Taomuma 1.4

CrereHb 3auTH 000JI0YEK IIEKTPOOOOPYAOBAHIS

3HadYeHUS XapaKTCPUCTUICCKUX I_II/I(bp B 0003HAYCHUH CTEIICHU 3alTUThI

ITepsas

Bropas

0 — 3amuTa OTCYyTCTBYET

0 — 3amuTa OTCyTCTBYET

1 — 3amuTa OT TBEPABIX TN pa3MepPOM
50 MM u Gosee

1 — 3amuTa OT Kaneib BOJIbI, 1a/ar0-
1111%0,4 BepTI/IKaJ'[I)HO

2 —3amuTa OT MPOHNKHOBEHUS TBEP-
IBIX Tel pa3mepoM 12,5 mm u Oonee

2 — 3amuTa OT Karenb BOJABI IIPH OT-
KJIOHEHUH 000JI0YKH OT BEPTUKAIIU Ha
yroin jo 15°

3 — 3amuTa OT IPOHUKHOBEHHS TBEP-
JIBIX TN pa3MepoM 2,5 MM u bonee

3 — 3ammuTa OT Kaneib OIS

4 — 3amuTa OT MPOHNKHOBEHUS TBEP-
JBIX Tex pa3mepoM 1 MM u Gonee

4 — 3amurTa OT OpPEI3T JTFOOOTO HATIpaB-
JICHHS

5 — 3amura OT IPOHUKHOBEHUS IIBLITH
B KOJIMYECTBE, CIIOCOOHOM HAPYIIUTh
paboty u3nenus

5 — 3amuTa oT BOJSHBIX CTPYH JTHO00-
T'O HaNpaBIICHUS

6 — 3anmTa OT CUJIbHBIX CTPYH BOJBI
JM000T0 HAIIPABIICHHS

6 — IIpIIeHenpoHUIIAEMOE U3ZeTue
(TIpPOHUKHOBEHHUE MBUTH MPEIOTBPA-
LIEHO TOJHOCTHIO)

7 — 3amuTa pyu NOrpy>KEHUH B BOLY
(Ha onpeiesIeHHOE BpeMsi)

8 — 3ammuTa npy JUTUTETEHOM MOTPYKe-
HUH B BOJY TIPH YCJIOBHUSX, YCTAHOB-
JIEHHBIX U3rOTOBUTEIIEM

Ecnm HeT HEOOXOIMMOCTH B OJIHOM M3 BUJOB 3alllUTHI, TO JOMyCKa-
€Tcs B 0003HAUEHUH CTETIEHH 3allUThl IPOCTaBIATh 3HAK X BMECTO CO-
OTBeTCTBYIOIIEH udphI (Harpumep, IP5X).

B 1abn. 1.5 npuBeneHbl peKOMEHAYyEeMbIe CTEIICHH 3alUThI 000JI0UEK
B 3aBHCHMOCTH OT KaT€rOpPUH Pa3MEIICHUS IEKTPOTEXHIIECKUX U3/IeIIHIL.
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Tabmuna 1.5

CrereHn 3aIuTh 000JI0YEK M KaTETOPHH pa3MEIleHUS

AIEKTPOOOOPYIOBAHUS
IMomemnienns nm ycranoBku | Kareropus mo pa3memniennto | CTEneHb 3alUTHI
HapysxHbie 1 IP54
Hapy:xHsble 2 1P20
AJIMUHUCTpPaTUBHBIE 4 IP30
DNEKTPOTEXHUUECKUE 4 1P00
HpOI/IBBO,I[CTBveHHbIC 5 4 P20
C HOpMaJIBHOH cpenoi
ITsutbHEIE 34 1P40
Kapxmue 4 1P20
Brnaxusie 4 1P20
Ceipble 3,5 1IP44
Oco00 chIpble 5 IP54
C XuUMHUYECKH aKTI:IBHOﬁ 3 45 IP54
WUJI OPraHu4ecKou cpenoit

Ot BBIOpaHHOM CTENEHHN 3aIUThI U Pa3MeLleHHs HIEKTPOoO0py T0BaHUS
3aBUCAT YCJIOBHSI OXJIAKAEHHS DJIEKTPUUYECKHUX allapaTroB, X HOMHHAIIb-
HBI€ TOKH, CPOK CIIy>KOBbI, CTOUMOCTb M HaIe)KHOCTh (h)YHKLIMOHUPOBAHUS
JIEKTPOYCTAaHOBOK. UeM BBl CTENEeHb 3alUTHl, TeM XYK€ YCIOBHUS
OXJIQXKIICHUS], MEHbIIIE HOMHUHAJIBHBIA TOK, OONBIIE CTOMMOCTH 000pYIO-
BaHusl. [1o3ToMy Ipu NpOEKTUPOBAHUHN U 3KCILTyaTalluK JIEKTPOYCTAHOBOK
HE CIIe/lyeT 3aBbIIIATh CTENEHb 3allUThl MIEKTPOTEXHUIECKUX U3IEIUIL.

1.3. O01ue 10J105keHUsI IO BHIOOPY 3J1€KTPOOOOPYA0BAHUS

WcxomHBIMI JAHHBIMU TIPH pacdeTe dJIEKTPOOOOPYNOBAHUS SBIIIOT-
Ci UX TEXHUYECKHE XaPAKTEPUCTHUKU MU DICKTPUUECCKUE HATPY3KH dIie-
MEHTOB 3JICKTPUYECKUX CeTel. DIEeKTPUYECKHE almaparbl BEIOUPAIOTCS
10 CJIEAYIOIINM MOKA3aTEISM:

— (yHKIMOHATLHOMY Ha3HAYCHUIO;

— HOMHHAJILHOMY HaNps>KEHUIO;

— HOMHHAJIBHOMY TOKY;

— HOMHHAJIbHOW MOIIHOCTH;

— 4acToTe TOKa;

— KOMMYTaIlMOHHON U3HOCOCTOMKOCTH;

— TIpeNeIHHON OTKITIOYAIONIEH ClIOCOOHOCTH;
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— WCTIOJIHEHUIO 3allIUThHI OT BO3JEHCTBHS OKPYIKAIOIIEH CPEIbL;

— KIIUMATHIECKOMY UCTIOTHEHHIO.

DnekTpoobopyioBaHue (TIAHENIH, CUJIOBBIC MYyHKTHI, IIUHOIPOBOJIBI
U T. 1.) TIPOBEPSIFOTCS HA IEKTPOJANHAMUYECCKYIO CTOMKOCTD K JICHCTBUIO
TOKa KOpoTkoro 3ambikanus (K3) mo ycimoBuio

> iy, (1.1)

TIIE iy — TOK AIEKTPOIMHAMUYECKOW CTOMKOCTH IaHENH, CHIOBOIO ITyHK-
Ta, IMUHOIIPOBO/AA (TIpeAEIbHBINA TOK OTKIIOUEHUS anmnapara), KA;
iy — yaapHslil Tok K3 B Touke yCTaHOBKH 3JIEKTPOOOOPY 10BaHMUS, KA.
Anmapatsl ypaBlIeHHs BBIOUPAIOTCS C yUETOM PEeKUMa PaOOTHI U BU-
JIa 3JIEKTPOIIPUEMHHKOB, /7151 KOTOPBIX OHM MpeJHa3HaYeHbl. B 3aBrcumo-
CTH OT 3TOT0 yCTaHOBJIEHBI KaTeropuu ux npumenenus [10]. Hexotopsie
13 DTHX KaTeropuii MpUBEIACHEI B Ta0I. 1.6.

Tabnuma 1.6

Kareropun npruMeHEeHHUs armapaToB B 3aBHCUMOCTH OT POJia TOKa
1 pexxumMa paboTsl (00JIACTH IPUMECHEHHS )

Kareropust npuMeHeHus
TIPH TOKE
NEPEMEHHOM MTOCTOSTHHOM OO6nacTi NPUMEHEHNUS aIllapaToB
(AC — alternating | (DC — direct
current) current)
AC 1 DC 1 OJeKTpHYeCcKUe Ie4y CONPOTUBICHNS, HEUH-
JYKTUBHAs M MAJIOMH/TYKTHBHAsI HATpy3Ka
AC2 3 [Tyck ¥ TOpMO>KEHUE ITPOTHBOBKITIOUEHHEM
JBHUTaTenei ¢ pasHpIM pOTOPOM
4103 Hycxv 1 OTKJIIOUEHHE BPAIIAIONINXCS ABHTA-
TeJei ¢ KOPOTKO3aMKHYTBIM POTOPOM
AC4 ITyck n TOPMOXKEHHE NPOTHBOBKITIOTEHHEM
JIBUTaTeNneil ¢ KOPOTKO3aMKHYTHIM POTOPOM
AC 11 DC 11 YipasieHHue MIEKTPOMarHuTaMu
AC 20 DC 20 KommyTanus snekTpudeckux 1erneit 6e3
TOKA WJIM C HE3HAYUTEIbHBIM TOKOM
AC 21 DC21 KomMmyTarms akTHBHBIX HAarpy30K, BKITIOYAs
yMepeHHBIE eperpy3Ku
AC 22 DC22 To ke, HO CMEIIaHHBIX HarPy30K
AC 23 DC 3 KommyTanus nsurareneil Wi Ipyrux BbICO-
KOMHIYKTHBHBIX HArpy30K
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KommuiektHOE 000pYyI0BaHUE U 3NEKTPUUYECKUE alIapaThl HampsiKe-
HueM 10 1 kB, BXoasmme B ero coctaB, BEIOUPAIOTCS B 3aBUCHMOCTH OT
3HAUCHUU PAaCUETHBIX MapaMeTpoB (HAMPSDKCHHSI, TOKA, MOITHOCTH, Yac-
TOTHI U T. I.). B 0011eM city4ae HOMHUHAIIbHOE 3HaUYE€HHE PacYeTHOTO Ta-
pameTpa X0y JOTDKHO YAOBIETBOPATH YCIOBUIO

KXuow = KX,

rae K — k03 hunuenT, BeIuyrMHa KOTOPOTO NPUHUMAETCS B 3aBUCHMO-=
CTH OT psizna GakTOpOB (JOMYCTUMOI Neperpys3KH, TeMIepaTypsl Harpesa
UT. 1), 1 >K>1;

X, — pacueTHOE 3HAYEHHE IapaMeTpa (HampsHKEHHs, TOKA, YacTOTHI
UT. 1O.).

Ilo ¢ynxyuonanvromy nasnaueHuo SASKTPUUECKHUE amlapaTsl BHIOU-
paroTcs mpu pa3paboTKe CXEM IEKTPUUIECKUX CETeH 3IEKTPOYCTaHOBOK,
B IIpOIECCe KOTOPOH ¢ y4eTOM COOTBETCTBYIOIIMX YCIOBHHA M TpeOoBa-
HUM HOPMaTHBHO-TEXHUYECKHX JOKYMEHTOB IIPEIYyCMaTpUBaIOTC HEOO-
XOAMMBIE KOMMYTAIIIOHHbIE U 3aIIUTHBIE alllapaThl.

Ilo HomuHnanvHoMy HanpsiCeHuro BHIOOP 31EKTPO0OOPYA0BaHUS MIPO-
HU3BOAMUTCA 110 YCIIOBUIO

UHOM > Z UHOM Cs

1€ Usons ¥ Usoy c — HOMUHAIIBHOE HAIPSDKEHUE IIEKTPOOOOPYIOBAHHS
1 DJICKTPUUIECKOH CETH COOTBETCTBEHHO.

Buibop annapama no HomuHanrbHOMy MOKY BBIOTHIETCS 1O BhIpa-
JKEHUIO

Liow 2 1, (1.2)
r1e luou ¥ I, — HOMMHAJIBHBINA M pacyeTHBIN (paboumii) TOK anmapara co-
OTBETCTBEHHO.

Ecnu B mporecce 3KCIuTyaTald BO3MOXHBI IJIUTENIbHbIE IEPETPY3KH

anmapara, TO OH BBIOMPAeTCs 10 TOKY B IOCIEaBAPUHHOM PEXHUME [y,
¢ yueroM K03 uIMeHTa JOMyCTUMOM neperpy3ku Ki;:

Koduon = Ipa.
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Bwibop no uacmome ocymecTBisieTcs IS SIEKTPOOOOPYIOBaHHA yCTa-
HOBOK, paboTarormux mpu gactote Beime 50 I'm. B ycraHoBkax ¢ wacToToi
10 10000 I'q mmpoko MPUMEHSIOTCS JJIEKTPUYECKHE ammapaThl, MpegHa-
3HAUCHHBIE J1s1 paOOTHI B 3JIEKTPHUECKHX CETAX MPOMBIIIICHHONH YacTOTHI.
BenencTBre CHIBHO BBIpRKEHHOTO TIOBEPXHOCTHOTO 3(dekra m adderra
ommzoctr mpu Tokax Oosnee 100 A Harpy3kd TOKOBENYIIMX DJIEMEHTOB
JIOJDKHBI ObITh cHYKeHbI Ha 20—50 %, eciii He MPUHSATHI CIICIUAILHBIC Me-
PBI IO CHHKEHHIO ITOTEPh MOIIIHOCTH M Harpesa anmnaparos [13].

[Ipu BEIOOpE 37EKTPOOOOPYIOBAHHUA HEOOXOAUMO YUUTHIBATH PEXKUM
paboThI AIEKTPOIIPUEMHHKOB 0 HAarpeBy: MPOAOIDKUTENBHBIN (S1), KpaT-
KOBpEMEHHBIN (S2) 1 MOBTOPHO-KpaTKOBpeMeHHBIH (S3): OCHOBHBIM pac-
4yeTHBIM pexumoM sBsietcst S1. [Ipu BeiOOpe 3meKTpooOopyIoBaHUS TI0
ycnoBuio (1.2) B memsax NMuTaHus €OUHUYHBIX AJIEKTPOIPHUEMHHKOB, pabo-
TAIOLIMX B PEKUME S3, B KaUeCTBE PAacYETHOIO TOKA MPHUHMUMAETCS HOMU-
HaJIbHBII TOK NPHEMHUKA, IIPUBEICHHBIM K NPOAOIDKUTENBHOCTH BKIIIOYE-
Hust 100 % (To ecth K pexxumy S1). DTOT TOK onpenesnsioT o Gopmyie

[Homa = [n \]HBH 4

rae I; — HOMUHAJIBbHBIN TOK 3JIEKTPONPUEMHHUKA TIPU MACHOPTHON MPOAOI-
JKUTENBHOCTH BKIItOUEHUS [1By;, BBIpAXKEHHOM B OTHOCUTENBHBIX €IMHUIIAX.

MHorue TpoU3BOACTBEHHBIE MEXaHU3MBI M YCTAHOBKH (CTAHKH, DJICKT-
PHUYECKHE TIEYH | T. JI.) BBITYCKAIOTCS CO BCTPOSHHOM armapaTypoil yrpas-
JieHus u 3amuThl. [103TOMY B IpOEKTax 3JeKTPOOOOPYI0BaHNUS TaKas arma-
parypa He BHIOMpAeTCs, HCKITI0Yas CAaHTEXHUYECKHE YCTAHOBKU (BEHTUIIS-
TOPBI, HACOCHI K. T. 11.).

1.4. DJiekTp0o06OpPyI0BaHHE B MOKAPOONACHBIX
H B3PBIBOONIACHBIX 30HAX

B noswcapoonachvix 30nax xabemm M W30JMPOBAHHBIE MTPOBOIA JTOIDKHEI
MMETh HapyKHBII IMOKPOB M 00O0JIOYKY M3 MaTepHalIOB, HE PacIpOCTpaHs-
forux ropenue. [lpumenenue kabenel ¢ MONMMATUICHOBON W3OS HE
JIOITyCKaeTCsl. 3anpellaeTcsl UCIONIb30BaHNE HEU30JIMPOBAHHBIX MPOBOJIOB.

Uepes moxapoorracHble 30HBI, a TaKKe HA pACCTOSHUU MEeHee 1 M OoT
HUX TI0 BEPTUKAIU M TOPU3OHTAIH, 3alpeniacTcs MpOKIaAbIBaTh TPaH-
3UTHBIC JIMHUM JIFOOBIX HANPSIKEHHI, HE OTHOCSIIUECS K JaHHOMY TeX-
HOJIOTHYECKOMY IIPOLIECCY .
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B moxapoonacusix 3oHax knaccos II-I, II-II u II-Ila momyckaercs
NPUMEHEHUE IIWHOMNPOBOJOB C MEIHBIMU U AJFOMUHUEBBIMU IIWHAMU,
MMEIOIUX cTeneHb 3amuTsl He MeHee /P20. I1pu stom B 30Hax I1-1 u I1-11
BCE€ IIMHBI JIOJDKHBI OBITH M30JIMPOBaHHBIMU. B HIMHOMPOBOIAX CO CTe-
TIEHBI0 3aIUTHl /P54 MUHBI MOTYT OBITH HEN30JIUPOBAHHBIMH.

HepaszbopHubie coernHeHUs MIMH JOHKHBI OBITh BHITTOIHEHBI CBAPKOM,
a pa30opHbBIe — C MPUMEHEHHEM MPUCTIOCOOICHUHI IS IPEIOTBPALCHUS
CaMOOTBUHYMBAHUS OOJITOB U rack.

OTBeTBUTENBHBIE KOPOOKH, YCTaHABIMBaeMble Ha IIMHOTIPOBOJAX;
JIOJIKHBI UIMETh CTENeHb 3aluThl /P44 U BbIIIE 11 0’KapOONACHBIX 30H
knaccoB I1-1 u I1-11a, /P54 u BeIE — 11 30H Kinacca I1-11.

TokxonoaBoAbl MOABEMHBIX MEXAHM3MOB B IOXKAPOOMACHBIX 30HAX
kiaccoB [1I-1 u I1-II omKHBI BBHITONHATHCS MEPSHOCHBIM I'MOKUM Kabe-
JIEM C MEIHBIMH XHIIAMH C PE3MHOBOH M30JIAIUEH B 000I0UKE, CTONKOM
K OKpy>karomieit cpeae [1].

B nomemenusx knacca Il-Ila u 3onax II-IIl pomyckaerca mpumeHe-
HUE TPOJUIEEB U TPOJUIEHHBIX IIKMHONPOBOAOB. OJTHAKO OHHM HE JOJKHBI
OBITH PACIOJIOKEHBI HaJl MECTAMH Pa3MELICHHS TOPIOYHX BEIIIECTB.

B mokapoomacHBIX 30HaX pa3penraroTcs Bce BUABI MPOKIAIOK Kabe-
neit u mpoBonoB. Ilpu aTom paccTosHue OT Kabeneil U OTKPHITO MPOKJIa-
JIBIBAEMBIX M30JUPOBAHHBIX MIPOBOJOB JO MECT OTKPBITO XPAHUMBIX WU
pa3MeniaeMbIX TOPIYMX BEIEeCTB JIOJDKHO ObITh He MeHee | M. Hesa-
HIUIIEHHBIE N30JIMPOBAaHHBIE TIPOBO/IA AOJDKHBI MPOKIIAABIBATECS B TPY-
0ax u Kopobax.

B noxapoomnacHbIX 30HaX MOT'YT NPUMEHATHCS AJIEKTPUYECKUE amma-
paThl ¥ IPUOOPEI, UMCIOIIHIE CTETICHD 3aruThl /P54 u [P44. I1o BO3MOX-
HOCTHU pacHpeeNUTeNbHbIE INUTHI, IIUTKHA U BBIKJIIOYATETH OCBETUTEIb-
HBIX CETEH clemyeT BBIHOCUTD U3 M0’KapOOMACHBIX 30H. DJIEKTPHUUECKHE
MallUHBl, YCTAHABIMBAEMbIE B MOKAPOONACHBIX 30HAX, JOJIKHBI UMETh
cTenenb 3amuTel /P44 u IP54.

Temneparypa Bcex 3JI€MEHTOB IIMHONPOAOB, IPUMEHSIEMBIX B MOXKa-
pooracHbEIX 30Hax kiacca [1-1, He mommkua mpeBsimats 60 °C.

Bo e3pvisoonachvix 30Hax TPUMEHATh HEW3OJIHPOBAHHBIE MTPOBOIHUKH
3ampenaercs. JT0 OTHOCUTCS U K TpoJUiesM BceX BHIOB. B 30Hax kiaccoB
B-I, B-Ir, B-II u B-Ila Henb3s npuMeHsITh IIKUHONPOBOALL. B momMemeHusx
kiaccoB B-la u B-16 mmHONIPOBOABI JOMTyCTUMBI TIpH COOIOEHUH CTie-
Iyromux ycioBuit [1]:
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— IIWHBI JOJDKHBI OBITH H30JIUPOBAHbL;

— B 30He Kiacca B-la cnemyer mpuMeHSATH MWHOMPOBOBI C IIMHAMHU
U3 MEJH;

— Hepa3beMHbIE COSAMHEHUS IIMH BBIMOJHIIOTCS CBAPKOW MJIH OTIpec-
COBKOII;

— OOJITOBBIC COCIUHECHHMSI JIOJDKHBI OCHAIIATHCS MPUCIIOCOOICHUSMHU
MPOTHUB CAMOOTBUHYMBAHHS;

— IIMHOTIPOBOJ] IOJDKEH MMETh METAITMYECKUN KOXKYX CO CTEICHBIO
3amuTel HEe MeHee [P31.

Bo B3peiBoonacHeix 30Hax kiaccoB B-I u B-la cinenyer npumMeHaTs
MpoBOJia U Kabenu ¢ MEIHBIMU KUJIaMH. B ocTanbHBIX 30HaX (KIaccoB
B-16, B-Ir, B-II u B-Ila) nomyckatoTcsi IpOBOJHUKH C aFOMHHHUEBBIMH
xumamu [1].

[IpoBonHUKHM BO B3pbIBOONACHBIX 30HaX KiaccoB B-1, B-la, B-1I u B-Ila
HEe0OXOAMMO 3aIlUIIaTh OT TOKOB Ieperpy3ok u K3. B ykazaHHBIX 30HaX
CEYCHMS MPOBOJHUKOB OTBETBICHHHA K DJIEKTPOJBHUTATEISAM C KOPOTKO-
3aMKHYTBIM POTOPOM JOJKHBI TOMYCKAaTh JUINTEILHYIO HArPY3Ky HE Me-
Hee 125 % HOMHHAJILHOIO TOKA ABUTATEIIS.

['ubOxuit ToKOMOABOX HA HANMPSDKEHUH A0 1 KB K MepeaBMKHBIM Me-
XaHU3MaM BO BCEX B3PBIBOOMACHBIX 30HAX JOJDKEH BBIMOIHSATHCS THO-
KHM Ka0elleM C METHBIMHU JKUJIaMH, PE3MHOBOW H30JISIHEH, B PE3UHO-
BOH MacjoCTOHKOW 0000YKe, HEe PactpoCTpaHsIONei TopeHus (MapKu
KI'H u 1. m.).

Bo B3pBIBOONACHBIX 30HAX MOTYT MPUMEHSTHCS CIIECTYIOIINE TPOBOI-
HUKH [1]:

— MPOBOJA C PE3UHOBOM U MOJMBUHWIXJIOPUIHON U30JALUEH;

—Kabenu ¢ pPe3MHOBOW, MONMBHUHWIXJIOPUAHOW W OyMaKHOW H30JIS-
el B pe3NHOBOM, TIOJIMBUHILTXJIOPUIHON U METAITIYECKON 000JI0UKe.

[Ipumenenue kabeneil ¢ aTrOMHHHEBOH 000J0YKOH B IMOMEMICHUIX
kiaccoB B-I u B-la 3anpemaercs. Bo Bcex B3pBIBOOMACHBIX 30HAX HE
JTOITYCKAeTCsl MCITONIb30BaTh MPOBOJIA M Ka0ENH ¢ TOJIMITUICHOBOW U30-
e wim o0onoukoil. Kabemn, MOHTHpYyeMBIE OTKPBITO, HE JOJKHBI
MMETh HapYy>XHBIX ITOKPOBOB M MOKPBITMA W3 TOPIOYHUX MaTepHUaIOB
(IoKyT, OUTYM, XJomyaroOyMaxkHasi oruieTka u T. 1.). Crnenyer u3berarsb
MPUMEHEHUS MPOKIIAIOK Kabesei B KaHaax.

Uepes B3pBIBOOMIACHBIC 30HBI,  TAKXKE HA PACCTOSIHIN MEHEE 5 M OT HUX
M0 BEPTHKAJIM W TOPU3OHTAIHM, 3aMpeliacTcsi MPOKIaIbIBaTh TPAH3UTHBIC
KaOelnu M DJIEKTPOIIPOBOJIKY, HE OTHOCSIIMECS K JaHHOMY TEXHOJOTHYe-
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CKOMy mporieccy. Bo Bcex B3phIBOONACHBIX 30HAX MOXHO HCIIOJIB30BATH
OpOHHpPOBaHHEIC KaOEIH, TPOJIOYKEHHBIEC JTFOOBIM CIIOCOOOM, a HEOPOHHPO-
BaHHBIC KaOelT! U U30JMPOBAHHBIC MPOBOJIA — B CTAJIBHBIX TPyOax.

[Ipu oTCYTCTBMM MEXaHUYECKUX M XUMUYECKUX BO3JICHCTBHI HEOPOHH-
pOBaHHBIC Kabemn MOYKHO TPOKJIAABIBATh OTKPBITO (IO CTEHaM W CTPOU-
TETBHBIM KOHCTPYKIMSIM C KpEIUICHHEM CKoOaMu, Ha KaOeIhbHBIX KOH-
CTPYKILUSIX, TPOCAX M HA JIOTKAax) B 30HaX kinaccoB B-10, B-Ir u B-1la mis
CUJIOBEIX ceTel, u kimaccoB B-Ia, B-10, B-Ir u B-Ila — fj11 0ocBeTUTCIBHEIX.

ONEKTpUIECKUE MAIWHEI, arapaTsl U MPUOOPHI, TPUMEHSIEMBIC BO
B3PBIBOOMACHBIX 30HAX, MOJKHBI UMETh JOMYCTUMBIA YPOBEHb B3PBIBO-
3aIIUTHl U CTETIEHb 3aIIUTHl 000J0YKH coriacHo [1]. Dmexkrpoobopymo-
BaHHE, 0OCOOCHHO C YaCTSIMHM, UCKPSITUMHI TIPH HOPMAJTLHOM padore, pe-
KOMEH[TyeTCsI BEIHOCHUTE 3a TPaHUIIBI B3PHIBOOTIACHBIX 30H, €CJIM 3TO HE
co3/1aeT OCOOBIX 3aTPyIHEHHH MPU IKCILTyaTallul U HE COMpPSHKEHO CO
3HAYUTENHHBIMU 3aTpaTaMi. Takoe AIeKTpooOOpyIoBaHUE BHIOMpaeTcs
¢ yderoM TpeboBanwmii [1].

JUIs 3IIEKTpUYECKOro OCBELICHUS B 30HE Kilacca B-I moipkHbl npumMe-
HATBCS opHO(Ma3Hble rpymmoBkie JuHUK. [Ipn atom ot Toka K3 momxen
OBITh 3alIUIeH Kak (a3HBIN, TaK U HyJIEeBOH pabOUYMii IMPOBOJHUK C TIOMO-
IIBI0 JIBYXTIOJIOCHOTO aBTOMAaTHYECKOT0 BBHIKIIOYaTens. B Takoil 30He
HEITb3s pa3MeliaTh TPYIIOBbIE OCBETUTEIbHBIC JIMHUN. Pa3peniatoTcs ToIb-
KO OTBETBJICHHUS OT TPYMITOBBIX JIMHUM K CBETOBBIM MpHOOpam. B momerre-
HUSX ¢ 30Hamu KiaccoB B-Ia, B-16, B-1I u B-Ila rpynmoBsie ocBeTHTEIEHBIC
JTUHUY PEKOMEHIYETCs TPOKJIAIBIBATh BHE B3PHIBOOMIACHBIX 30H.

[Ipu IpoeKTHPOBAHNH AIEKTPOYCTAHOBOK OIPEACIISICTCS HCIIOTHCHHE
IO B3PHIBO3AIIUTE W MAPKUPOBKA B3PHIBO3AIIMUIIECHHOTO AJIEKTPOOOOpPY-
JIOBAHUS HA COOTBETCTBUE B3PHIBOOIIACHON CMECH.
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2. JIEKTPUUYECKHUE JIBUTI'ATEJIN U AIIITAPATBI
HAIIPSI’)KEHUEM J1O 1 xB

2.1. DaeKTpoABUTaTE M NMPOU3BOACTBEHHBIX YCTAHOBOK

B cucremax 3JeKTPONPUBOAOB TEXHOJOTHYECKOrO O0OPYIOBaHUS
B OOJIBIIIMHCTBE CITy4aeB MPUMEHSIOTCS aCHHXPOHHBIC TPpeX()a3HbIe JJISKT-
ponsurarenu. Kak mpaBuiio, MpOU3BOJCTBEHHOE O0OPYIOBaHUE KOMII-
JIEKTYeTCS JIEKTPOJBUTATENIIMA H3TOTOBUTEISIMH. [109TOMY B MpOEKTax
3JIEKTPOOOOPYIOBAHHS M DIIEKTPOCHAOKEHUS BBHIOOD DIIEKTPOBUTATEIICH
00bIYHO HE mpou3BoaAUTCs. [Ipu HEOOXOAUMOCTH 3JICKTPOIABUTATEIH IS
MIPUBOJIAa IPOU3BOACTBEHHBIX MEXaHU3MOB BEIOMPAIOTCS TI0 HAINPSDKEHUIO,
MOIIHOCTH, PEXUMY PabOThI, YaCTOTE BpaIllCHHS, a KOHCTPYKTUBHOE HC-
TIOJTHEHUE — C YYETOM YCJIOBUH OKPYKAIOIICH CPEJIbI.

DNEKTPOABUTATEb HEOOXOUMO BHIOMpATh TaKMM 00pa3oM, YTOOBI
€ro HOMHHAaJIbHAst MOITHOCTE Pyo, COOTBETCTBOBAIA MOIITHOCTH IIPHBO/-
HOT0 MeXaHU3Ma P,x, TO €CTh JOJDKHO COOJIFOAATHCS YCIOBHE

PHOM 2 PMCX‘

HomuHanbpHast MOIITHOCTH 3JIEKTPOABHUraTeNIel TOBTOPHO-KPATKOBpPE-
MEHHOTO peXuMa padoTHl (KpaHbI, TOALEMHUKH U T. I1.) OMpPEISIsIeTCS
o opmyie

PHOM:PH1,HBH P

rae P, — HOMUHaJIbHAs aKTUBHASI MOIITHOCTH DJIEKTPOABUTATENS TIPH Tac-
MOPTHON OPOAOIKUTENLHOCTH BKItOYeHUs [1B;, BhIpa)keHHOH B OTHO-
CHUTEIIbHBIX €IUHHIIAX.

B noseMHO-TpaHCIIOPTHBIX YCTPOMCTBaX (KpaHaX, KpaH-Oakax u T. I1.),
KaK MPaBuio, JOJLKHBI IPUMEHSTHCS CIIELHUAIbHbIE KPAHOBBIE AJIEKTPO-
JIBUTATEJIN C KOPOTKO3aMKHYTHIM poTopoMm cepuu MTKF wnu ¢ ¢ha3HbBIM
poTtopoM cepun MTF, UMeroNIMe NaclopTHOE 3HAYEHHUE IPOJOJIKUTEINb-
Hocth BkmrodyeHus 1B, = 40 %.

[Ipu BEIOOpE ITEKTPOABHUTATENSA MO YAaCTOTE BpAIICHHUS HEOOXOIUMO
VYIUTBHIBATh CKOPOCTH BPAIICHUS MTPUBOJIUMOIO B ABMKCHHIEC MEXaHU3MA.
OOGBIYHO TPUMEHSIOTCS IBUTATEIM C 4acToTo¥ BpamieHus 1500 MUH .
Jns HeperynupyemblX HTPHUBOJOB CIEAYET IMIMPOKO MPUMEHSITh aCHHX-
POHHBIE AJIEKTPOIBUTATEIH NTEPEMEHHOTO ToKa cepunl AUP.
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[Ipu ucnons3oBanum snekTpoaBurareneii HanpsxenneM 6—10 kB, He
TpeOYIOUINX PEryIUPOBaHHS YaCTOTHI BPAIIEHUs, B TIEPBYIO O4Yepe/lb Clre-
JlyeT MPUMEHITh CUHXPOHHBIC nBUTarenn. OTKa3z OT UX YCTaHOBKH JOJ-
JKeH ObITh 000cHOBaH. Hampsbkenne 6 kB MokeT OBITH MOJYYEHO OT OT-
JIENBHBIX IPOMEKYTOUHBIX TpaHC(HOPMATOPHBIX mocTanIwii 10/6 kB mpu
MMUTAHAH 3HAYUTEIHFHOTO KOJMYECTBA DJICKTPOIBUTATEIICH, UMEIOITIX OT-
HOCHUTEJIbHO HEOOJBIINE €AMHUYHBIE HOMHHAIBHBIC MOIIHOCTH, WIH IO
cxeMe 0JI0Ka TpaHC(hOpPMaTOp—IBUraTelb, KOTIa YHCIIO ABUTATEIeH HEBe-
JIUKO W OHHU PACIOIOKEHBI 000C00JIeHO. 3arpy3ka CHHXPOHHBIX JJIEKTPO-
JIBUTATEJIeH MOMKHA OBITh, KaK MIPAaBUIIO, MEHBIIIE 85 %. DTO yBennIuBacT
UX pacrnojaracMyo peakTUBHYIO MOLIHOCTh, UCIIONIb3YEMYIO AJIsl KOMIIEH-
calliy peaKTHBHBIX Harpy30K HOTpeOHTeIeil.

OJNEKTPOABUTATENN, YCTAHABINBAEMBIC B TTOMEMICHHUSIX C HOPMAITLHOU
cpenoH, Kak MpaBuio, JOJKHBI UMETh ucnoiunenue P23 unu [P44.

2.2. MarHuTHbIe IyCKATEJH U KOHTAKTOPbI

MarHuTHbI€ IyCcKaTeNnu U KOHTaKTOPbI AOJKHBI BEIOMpPATHCA IO Cie-
JIYIOIIUM OCHOBHBIM TEXHHYECKHM IapaMeTpaM:

— Ha3HAYEHUIO U 00JIACTH IPUMECHEHMUS,;

— poAy TOKa, KOJIMYECTBY M UCIOJIHEHHIO IVIABHBIX M BCIIOMOTAaTENb-
HBIX KOHTaKTOB;

— HOMUHAQJIBHOMY HAaOPsSHKEHHIO U TOKY TJIaBHOU IIEeTIH;

— KaTeropyuu NpuMEeHEeHHUS;

— peXXuMy pabOTHI,

— KIIMMaTUIECKOMY HUCITOTHEHHUIO W KATETOPHH Pa3MeIleHUs;

— MEXaHUYECKOH U KOMMYTAllUOHHON U3HOCOCTOMKOCTH;

— HOMUHQJIFHOMY HampsDKEHUIO M HOTPeOsieMOil MOITHOCTH BKJIIO-
YaIOMKX KaTyIIeK.

[lyckatens, He UMEIOIIUI TEIUIOBOTO pejie, BEIOMpaeTcs Tak, YTOOBI
€r0 HOMUHAJIBHBIA TOK [y, ; HE TIPEBBIIIAT HOMUHANBHBIN TOK 3JEKTPO-
IBUTATEIS [,0y:

IHOMI’I EIHOM' (21)

HomuHamBHBINA TOK 3JIEKTpoABHTATENS Tpex(ha3HOTO TOKa (B aMIepax)
ompenenseTcs no popmyie
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PHOM (2‘2)

ﬁUHOM cos (pHOMnHOM

HOM

rae B, — HOMHHaJIbHas MOLUIHOCTh JABMrarens, KBr;

Uyon — HOMUHAIIBHOE HaIpsDKeHUe, KB;
COS (., — HOMHHANIBHBIH KO3()(PUIHMEHT MOLIHOCTH;

Nuow — KIL a1eKkTpoaBuraress npu HOMUHAILHOM HATPY3KE, OTH. €]1.

3Ha4YeHUE /0y ; 3ABUCUT OT CTETNEHH 3aIUTHI KOPITyCca U peKUMa paboThI
nmyckarensd. Harpumep, B pexume 4C4 HoMuHaIbHBIE TOKU B 2,5-3,8 paza
MeHbIIIEe, 4eM B pexume 4C3.

DJeKkTpuiecKas H3HOCOCTOWKOCTh KOHTAaKTOB ITyCKaTessi 00paTHO Ipo-
MOPIIMOHATbHA MOILTHOCTH YIPAaBISEMOIr0o 3JEKTPOABHUraTeNss B CTele-
Hu 1,5-2 [14]. [losTOMy A7Nsl yBENMUYEHHS CpPOKa CITY>KOBI IyCKaTels
€ro Heo0XOANMO BBIOMpATh Ha TOK, IIPEBBIMIAIONINI HOMUHAIBHBINA TOK
JIBUTATEII.

Kak npaBuno, B myckarenb, TOMHUMO KOHTaKTOpa, BCTPOEHHI TEILIO-
BbIe pene. B aToM ciiyyae HOMUHaNBHBIN paboumii TOK MycKaTens Loy p
ompezessieTcss MaKCUMaJbHOM YCTAHOBKOW TEIUIOBOTO 3JIEMEHTa pelle,
MpUMEHEeHHOro B myckarene. Hampumep, myckatens tuma [IMJ1221002
C HOMUHAJIBHBIM TOKOM 22 A 1 ¢ HOMUHAJIbHBIM TOKOM TEIUIOBOTO pefe
25 A nipu cpegHeM 3HaUY€HUU TOKa TEIJIOBOTO 3JieMeHTa 16 A ¢ mpexaena-
MU peryJIupoBaHus ToKa HecpaOaTeiBauus 13—18 A mmeeT oy, = 18 A.
CrnenoBatenbHO, MIPU BBIOOpE MyCcKaTeNsl ¢ TEIJIOBBIM pelie He00X0IUMO
co0Jr0/1aTh yCIOBHE

]HOMD 2 ]HOM'

Jt HarpeBaTenbHOTO AJIEMEHTa TEIUIOBOTO pejlie yCTaHABIMBACTCS
CpeliHee 3HAUYCHUE TOKa I ,, U TPEJCIbl PEeryJIupoBaHus TOKa Hecpada-
TBIBaHUS, KOTOpbIE 00bIYHO paBHsbI (0,75-1,25) L ».

PaboTa TemmoBoro peire 3aBUCUT OT YCJIOBHM €ro OXJakIeHUs . Yem
OHH XYK€, TeM HIDKE TOK cpabarbiBanus. Ecim pene HaxoauTcs Ha OT-
KpPBITOM BO3/yXE, HAIIPUMEpP, BHE KOXKyXa IycKaTels, cpeHee 3HaUCHUE
TOKa HarpeBaTeJIbHOIO 3JeMeHTa npuHuMaercs Ha 15-20 % MeHbLie Ho-
MHHAJIBHOTO TOKA JBUTATEIS, TO €CTh OepeTcs HarpeBarelb C TOKOM Ha
OOHY-ABC CTYIICHHU MCHBLIIIC.
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MarHuTHBIN TyCKaTelnbh U KOHTAKTOP BBEIOMPAETCS C YUETOM peXHMa
KoMMyTaruu Harpy3ku (AC3, AC4 u T. 1.) ¥ CTENIEHU 3aIIUTHI OT BO3-
JIeWCcTBUS OKpykaromeil cpeapl /P. HoMUHANbHBIA TOK IyCKaTess, He
MMEIOIIETO TEMIOBOTO pelie, BRIOMpaeTCs 1Mo yciioBuio (2.1).

Hpumep 2.1. BoiOpaTh HepeBEpCHBHBI MAarHUTHBIN MyCKAaTEelb CO CTE-
MIEHBI0 3aUTHI /P54 sl aCHHXPOHHOTO DJIEKTPOABUTATENS, HMEIOIIETO
CIIEIYIOIINE MapaMeTphbl: HOMUHAJIbHAS MOIIHOCTE Py, = 45 kBT; HOMU-
HaJBHOE 3Ha4YeHre KO PHIMEHTa MOIIHOCTH COS Pyoy = 0,89; HOMHHAITE-
=B KT/ Nuoy = 92,5 %; KpaTHOCTH IyCKOBOTO TOKA TI0 OTHOIIEHUIO K HO-
MUHAIBHOMY kyyee = 7. Pesxum xommyTarmu — AC3. HomuHankHOe Hamps-
skeHue cetu Uy, =400 B. YenoBust okpysxarorieit cpeabl HOpMallbHEIE.

Pewenue. 11o dhopmyne (2.2) BEIYUCIIIEM HOMHUHATLHBIA TOK JJICKT-
pOIBHUTATEIS:

45
J3-0,4-0,89-0,925

=78,99= 79,0 A.

]HOM =

OrmpenensieM HOMHHAIBHBIA TOK MAarHHUTHOTO IyCKaTelss IO YCIIO-
Buto (2.1):

Lioun =279,0 A.

Bri6upaem mo taba. 112.1 HepeBepCcHUBHBIM MarHUTHBIN MyCKaTeNb TH-
na [IMJI521002 co crenenbto 3amuThl /P54, y kotoporo B pexume 4AC3
Liown = 80 A. Ilyckatens mmeet TermnoBoe pene tuma PTJI co cpemanm
3Ha4EHUEM TOKa TEIUIOBOTO 3JIEMEHTa I, = 74,5A C mpenenaMu pery-
TupoBaHms Toka 63—86 A (tabm. I12.3). CnengoBarensHO, HOMUHATBHBIN
pabounii TOK MycKaTeNs Loy p = 86 A.

2.3. IlnaBKue NpeAOXPAHUTEIH

Br160p miaBKOro mpegoXpaHuTelis CBOJUTCS K ONPENEIIEHUIO €ro TH-
12 1 HOMUHAJIBHOTO TOKA IJIABKOM BCTaBKU [,. 3HaU€HNE HOMUHAIBLHOTO
TOKa IJIAaBKHWX BCTaBOK IPEOXpaHUTENeH, 3alluiarimmx oT Toka K3
QJICKTPOJABUTATCIIN U IMUTAIOIINE UX JIMHUU, OIMPEACIACTCA 110 BEIUYNHE
JUTUTEIHHOTO pacyeTHOr0 TOKa

L>1, (2.3)
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U 10 YCJIOBHIO OTCTPAaWBAHHS OT TOKOB KPATKOBPEMEHHOH IOMYCTUMOMN
neperpysku

(2.4)

111€ Iy — TUKOBBIM TOK JJUHUH WA OTBETBIICHUS, A;

0. — KO3 PUIMEHT KPAaTKOBPEMEHHOH TEIJIOBOH Meperpy3KHu.

3HaueHue o JJii aCHMHXPOHHBIX JIBUTATENCH C JIETKUMU YCIOBHUSIMU
mycka (ITUTENHHOCTRIO 2—5 ¢) IPHHUMACTCS PaBHBIM 2,5; ¢ TSHKCIBIMHU
(mmmrtensHOCTBIO OKOJIO 10 ¢) — 1,6; A1 OTBETCTBEHHBIX 3JIEKTPOIPUEM-
HUKOB, JIO)KHOE OTKJIFOUEHHE KOTOPBIX MpHU MyCKe Hemomyctumo, — 1,6.
[pu 3ammrTe MpeaoXpaHUTENSIMH JIMHAHY, TUTAIOIICH TPYIILY IEKTPOIPH-
E€MHUKOB, 3HAUYECHUE O IPUHUMAETCSA PaBHBIM 2,5.

W3 ycnosuit (2.3) u (2.4) mo pacueTHOH BeIuunHeE [; IO CIIPaBOYHBIM
JTAHHBIM BBIOMpAeTCa CTaHAApTHOE 3HAYEHHWE HOMHHAJIHHOTO TOKA IJIaB-
KOW BCTaBKH.

[Ipu BEIOOpPE TpeAOXpaHUTENEH IS 3alITH OTBETBICHUS K OJHOMY
SNIEKTPOIPUEMHHKY B KauecTBe [, IPUHUMAETCA €r0 HOMHMHAIIBHBIA TOK
Lyov, @ B KQYECTBE [y — IYCKOBOM TOK Jppycyc.

[MukoBBIE TOKHM MEKTPUYECKUX MeYel U CBAPOYHBIX TpaHC(HOpMATO-
POB MIPUBOJATCS B UX IMACTIOPTHBIX TAHHBIX.

I1yckoBOM TOK 3JE€KTPOJIBUTATEINSI ONIPEAEIAETCS IO BEIPAXKEHHUIO

1o = Fpve]

IIyCK IIyCK™ HOM *

rae k

nyex — KPaTHOCTB IIyCKOBOI'O TOKA 10 OTHOLICHHIO K HOMHHAIIbHO-
MY TOKY 3JEKTPOABHTaTeisl (IAclopTHasl BEMYMHA, KOTOpas yKasbIBa-
eTcsi Ha TaOJIMYKe JBUTATEIN);

I 5n — HOMUHAJIBHBIN TOK DJIEKTPOJBUIraTelis, A, KOTOPbIA IPUHUMA-

€TCs MO MACIOPTHHIM (CIPaBOYHBIM) JaHHBIM WM PACCUMTHIBACTCS IO
BEIpaKeHUIO (2.2).

Jlns ompeneneHus MUKOBOTO TOKA TPYIIBI DJIEKTPOIPUEMHHUKOB Ha-
npsbkernreM 1o 1 kB ¢ goctarouHol A MpakTUYECKUX Lened TO4YHO-
CTBIO PaCYeTOB JIOIYCKAETCS MOIh30BATHCS (HOPMYIIOi

IHl/l]( = Il'l max + (]p - kl/l IHOM l’l’laX)s
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1€ I; max — MMYCKOBOM TOK AJIEKTPONPUEMHHUKA WM TPYIIBI OTHOBPEMEHHO
BKITIOYaE€MBIX TIPHEMHHUKOB, TIPH ITyCKEe KOTOPBIX MUKOBBIA TOK JIMHUH JI0-
CTUTAET MaKCUMAJIBHOTO 3HAUCHUS, A;

I, — pacueTHBbI TOK Harpy3KH IPyIIIbl AIEKTPOIPHEMHUKOB, A;

ky — KOO(DPUITMEHT HCITONB30BAHUA, XapaKTCPHBIA ISl MPHUEMHHKA
C HaNOOJIBIIINM ITYCKOBBIM TOKOM;

Liior max — HOMUHAJIBHBIN TOK 3JIEKTPOIPUEMHHUKA, UMEIOIIEr0 MaKCH-
MaJIbHBII TyCKOBOM TOK, A.

HoMuHanbHBIM TOK IJIABKMX BCTaBOK IMPEAOXPAHUTENEH, 3allUILa0-
IIMX OTBETBJICHUE K CBAPOYHOMY amrapary, BRIOUPACTCS U3 COOTHOINEHHS

1,212 1,JTIB, , (2.5)

rae I, — HOMUHAIIbHBIA TOK CBapOYHOTO anmnapara IpHu acHOPTHOU Mpo-
JIOJDKUTENbHOCTU BKItoueHus [1B;,.

HomuHanbHble TOKM MIIaBKUX BCTABOK IPEAOXPaHUTENEHN, 3allUIIat0-
IIMX CHJIOBBIC TPAHC(POPMATOPHI, MPUOIMIKEHHO OMPEICSIISIOTCS 110 BbI-
PpaxKeHUIO

[B 2 (1’5 N 2)-[HOMT,

1€ yon - — HOMUHAJIBHBIA TOK TPaHC(HOpMaTopa.

JUyist 3aIUThl OTBETBJICHUI K AJICKTPOIPHEMHUKAM, KOTOPbIE HE HMEIOT
SHAYUTCIIbHBIX ITHKOBBIX TOKOB, HOMHWHAJIBHBIC TOKH IINIABKUX BCTABOK BBI-
OmparoTcst U3 yCIOBHS

IB Z IHOMﬂ

TA€ [0 — HOMUHATIBHBIN TOK 37eKkTponpuemMunka rnpu I[1B = 100 %.
[InaBkue npenoxXpaHUTENU CIeLyeT POBEPATH 110 TOKY UX Ipeaeib-
HOI OTKJIFOYAIOIIEH CIOCOOHOCTH [y 11O YCIIOBHIO

[np it = IK(H)7 (26)

rae Iy — Tok K3 B Havane 3amuimaeMoro y4acTka CeTu, KA.

Jns obecrieueHrss HAZEKHOCTH OTKIIIOUEHHS] aBapUHHOTO yYacTKa
JTOIDKHBI COOJTFOIaThCSI CIISIYTOIINE COOTHOIIEHHUST MeKAy TOkoM K3 B KoH-
1€ 3aLUIIAEMON JIMHUH /i) © HOMUHAIBHBIM TOKOM IIJIABKOM BCTABKH /5
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— B HCB3PBIBOOITACHBIX 30HAX
IK(K) 2 315; (27)
— BO B3PbBIBOOIIACHBIX 30HAaX

Lo = 4L,

Ipumep 2.2. BriOpaTs mnaBkue npepoxpanutenu FU1-FU3 mis 3a-
IIUTHI OTBETBJICHUS [UTMHON 5 M K aCHHXPOHHOMY 3JIeKTpoaBUTaTento M
C TSDKENBIMH YCIOBUSIMH Tiycka (puc. 2.1). IlapameTpsr nBurarens: Ho-
MHHAJIBHAS MOITHOCTH Py, = 11 kBT; HOMHHANEHOE 3HaUEeHNE KO3 hU-
[IUEHTA MOITHOCTH COS Pyon = 0,87; HOMHHANBHBIL KIL/ Nyon = 87,5 %;
KPaTHOCTb ITyCKOBOI'O TOKA IO OTHOIIEHHMIO K HOMHHAIBHOMY kyyee = 7.5.
HomunanpHoe Hampspkenue cetu Uy, = 400 B. Tok tpexdasznoro K3

B HauaJjle OTBETBIEHHA Iy = 9,3 KA, ognodaszHoro — IK(H)(” = 6,1 KA.
Okpy:xaroras cpesia HeB3phIBOOIIACHAS.
0,4 kB
cr I = +—O
FU1-FU3 KM M

Puc. 2.1. Cxema nuTaHus 31E€KTPOABUTATENS:
CII — cunoBoii myHKT; KM — MarHuTHBI Iy cKaTelb

Pewenue. 11o dhopmyne (2.2) BEIYUCIIIEM HOMHUHATBHBIA TOK JJICKT-
poJBUTATEIIS:

11
J3-0,4-0,87-0,875

20,88 A.

IHOM

OnpenensieM MyCKOBOM TOK IBUTATENs:
Ly = 7,5 - 20,88 = 156,6 A.

JUIs1 aCUHXPOHHBIX 3JIEKTPOJBMUIaTENEC ONPENEISIOIIUM YCIOBHEM
BBIOOpA MJIaBKUX BCTABOK NpeAoXpaHuTenei sisercs (2.4):

156,6
>_—>"

I =979 A.

b
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[IpuHrMaeM cTaHgapTHOE 3HAYEHME HOMMHAIBHOIO TOKA IUIABKOM
BctaBku [, = 100 A. Beibupaem tpu mpemoxpanutens tuma [ITTH-33
C HOMMHAJIBHBIMH TOKaMHU mnpenoxpanurens 160 A u miuaBkoil BCTaBKU
100 A (tabx. [12.5).

BriOpaHHBIE TTPEOXPAHUTENN UMEIOT MPEIEIbHBINA OTKIIFOYaeMBbIN TOK
Iy = 50 XA, 4T0 3HaunTENBHO OoblIe ToKa K3 B Havane 3amuimaemMon
muaun: 50 > 9.3 kA (ycnoBue (2.6)). Tak kak JJMHAa OTBETBJICHUS He-
Oomnpras (Menee 10 M), TO €ro akKTHBHBIM U PEAKTUBHBIM COIPOTHUBIIC-
HUSIMH MOKHO TIpeHeOpedb U CYUTaTh, 4TO TOK K3 B KOHIIE JIUHHAN MTpH=
MEpHO TaKou ke, Kak u B Havane. [lo ycmosuro (2.7) 6,1 >3 - 0,1 KA.
CrenoBarenbHO, IPEAOXPAHUTENN OTKITIOYAT TOK oxHO(pasHoro K3 B ciy-
Yae ero MOsBICHMUS.

Hpumep 2.3. BriOpaTs 11aBKkie BCTaBKH MPEAOXPaHUTENEH IS 3a-
IIUTHI OTBETBIICHUS, BBIMTOJTHEHHOTO THOKMM Kabenem Mapku KI', ot simnka
kommyTauun (SIK) tuna SIPB311 k cBapounomy Tpancopmatopy (7)
tuna TCII-2 (puc. 2.2). B KOMMyTalliOHHOM SIIUKE UMEETCS TPEXIIo-
JOCHBIA PYOMIIBHUK W IIaBkue mpenoxpanntenu tuna [1H2-100. ac-
MOPTHAasi MOITHOCTH TpaHcdopmaropa Sy = 19,4 xB-A npu npomomxu-
tenpHOCTH BKmoyeHus [1B, = 20 %. Tpanchopmarop BKIIOUEH Ha MEXK-
nydaszHoe Hanpstkerne U, = 400 B.

i?gs
iﬂ
)

Puc. 2.2. Cxema npucoemHEHHsT CBAPOYHOTO TpaHchopmaropa

AK
FU1-FU2

Pewenue. OnpenenseM HOMHHAIBHBIA TOK CBapOYHOTO TpaHChOp-
MaTopa MpH MacmopPTHON MPOJOIDKUTETFHOCTH BKIFOUEHUS:
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[ =S =24 4554
0,4

[To dopmyne (2.5) HaxogMM HOMUHANBHBIA TOK IJIABKOW BCTaBKU
MPEIOXPAHUTEIIS:

I, >21,2-48,54/0,2 =26,02=26,0 A.

[Mpuaumaem mo tabm. [12.5 cranmaptHoe 3Hauenue [, = 31,5 A s
IByx npenoxpanureneit (FU1, FU2) tuna [TH2-100.

2.4. ABTOMaTH4YeCKHE BLIKJIIOYATEIN

[Ipu BEIOOpE aBTOMATHYECKHUX BBIKIIOYATEICH HEOOXOAMMO YUHTHI-
BaTh MX OCHOBHBIE TEXHUYECKHE XaPAKTEPUCTHKH:

— HOMUHaJIbHOE HanpsbkeHue Uy, B;

— HOMUHAJIbHBIH TOK BBIKITIOUATEIS Loy 0y A

— HOMHMHAJIBHBIN TOK PaCUEIUTENS Ly py A

— ycraBKa cpabaTelBaHMs (TOK cpabaTelBaHMs) paclenurTels o, , IpH
Toke K3, xoropas ykaspiBaeTcsi B BuAe abcomoTHOro umcna (A) wimm
KPaTHOCTH TOKa OTCEYKH 110 OTHOIICHHUIO K HOMHHAJIHLHOMY TOKY TEILIO-

Lepp
BOT'O pacienuTens K, = ( );

HOM p
— IpeAenbHas OTKIIOYA0IIasi CIIOCOOHOCTH (TIPeAeTbHO AO0MyCTUMOE
3HAYECHUE OTKII0YaeMOro Toka K3) /1, ., KA;
— 3aiuTHAas (BpPEMITOKOBAs) XapaKTEPUCTHKA, OTpaKarollas 3aBUCU-
MOCTh BpEMEHH CPa0aThIBAaHMS BHIKITIOUATENS ¢ OT KPAaTHOCTH TOKA HArpy3-
1
).

Ku /110 OTHOIIIEHHIO K HOMUHAJIBHOMY TOKY pacienurens, ¢ = f(

HOM p

HomuHanbHbIe TOKM aBTOMATUYECKOTO BBIKITIOUATEINS [0y , U €TO pac-
LEMUTENS Loy p BEIOMPAIOTCS IO CIAEAYIOIUM YCIOBUAM:

IHOMa 2 Ip; (28)
Liowp =1, (2.9)

rae I, — anuTenbHbli pabounii (B yCIOBHAX KCILTyaTal[uy) WIN PaCUETHBIH
(TIpH TIPOSKTHPOBAHKH ) TOK B 3aIUIIACMOM IIEKTPHICCKOH TIenH, A.
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Toxk cpabareiBanus (OTCEYKH) IEKTPOMArHUTHOTO WM KOMOUHHPO-
BAaHHOTO PACLENHTENs Iy, , IPOBEPSAETCSA IO YCIOBHIO OTCTPAUBAHUA OT
MHUKOBOI'O TOKA JIUHUHU [y

Lopp 2K, (2.10)

TIUK *
rae k — ko3 HUIUEHT, YYUTHIBAIOIINA TOTPEITHOCTh pacueTa MAKOBOTO
TOKa M pa3dpOC 3alIUTHBIX XapaKTEPUCTUK PACIISITUTENS aBTOMATa.

Jlyist OONBIIMHCTBA aBTOMAaTHYECKHUX BBIKIIOYareneit k = 1,25, Takoi
k03(h(uIMEeHT 00ecreunBacT HEBO3MOKHOCTh JIOXKHOTO OTKITFOUCHUS JTH-
HUU TIPY TTyCKe DIIEKTPOJBUTATENS TIPU pa3dpoce BPEMSTOKOBBIX Xapak-
TEepHUCTUK B quana3one +15 %. Eciau pa3dpoc oTimyaercs 0T yKa3aHHOTO
JManasoHa, TO IPU pacyeTe Mo BeIpaxkeHuto (2.10) mpuMeHsieTcs Apyroe
3Ha4YeHue KodpuuuenTa k.

[Ipn ompenereHN HOMHHABHOTO TOKA PACLEATENsI aBTOMAra, 3allli-
IIAIOIIET0 OTBETBIICHHUE K OJJMHOYHOMY 3JICKTPOJIBUTATEIIIO, B BHIPAKCHHAX
(2.8) u (2.9) B KkauecTBe [, IPUHUMAECTCS HOMHUHAIBHBIA TOK JBHUIaTells,

a B hopmyiie (2.10) BMECTO /yy [IOJCTABIISETCS IyCKOBOM TOK [y

Tox cpabaTpIBaHHsS aBTOMATHYECKOTO BBIKIIOYATENSI, KaK IPABHIIO,
YCTaHABJIMBAETCSA U3TOTOBUTEIIEM B 3aBUCHMOCTH OT Jyjoy p:

Icp.p =KTOIH0Mp) (211)

rae K., — KpaTHOCTh TOKa OTCEYKH, MPHHUMAaeMasi 10 TeXHUIECKOH J10-
KyYMEHTAIlMU UK CIIPABOYHOM JIUTEPATYpE.

C yuerom (2.10) pacueTHOe 3HAUYCHUE KPATHOCTH TOKA OTCEYKH MO-
XKeT OBITh HAWEHO MO BEIPAKECHUIO

Ky Kl

I HOM p
B crmydae 3ammThl aBTOMATHYECKHMMH BBIKIIOYATEISIMA cepuu BA
k= 1,25. CnenoBarenbHo, JJi1 TAKMX aBTOMAaTOB KPATHOCTh TOKAa OTCEY-
KU OIPENEsieTCs 0 YCIOBUIO

K> 2250
I

HOM p

(2.12)
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[IpenenbHbIN OTKIIOYAIOUN TOK I, ABTOMATHYECKOTO BBIKIIIOYATE-
JIs1 JOJDKEH COOTBETCTBOBATh TOKY K3 B Hauane 3auiuiiaeMoi 3JIeKTpHU-
YeCKOM 1IeTIH:

Lipa 2 Ly (2.13)

[IpoBepka BEIOMpaeMbIX aBTOMATOB MO ycJ0BUIO (2.13) B obiem ciry-
Yae COCTOUT B 00ECIIEUEHHH COOTBETCTBHS TEXHUUECKUX XaPaKTEPHUCTHK
aBTOMara 3HaueHusIM Toka K3 B 3aimuimaemMoi nemnm.

HanexHOCTh OTKITIOUEHUS] aBTOMAaTOM aBapUHHOTO y4acTKa CeTH MpU
K3 B KOHIIE IMHUH CIIEAYET MPOBEPSTH MO CIEAYIOMINM YCIOBHSM:

— IIPY 3aIIUTE EKTPHYECKUX IIeNeld BO B3PhIBOOHACHBIX 30HAX:

IK(K) 2 6IH0M p;
— 3alIUTC B HECB3PHIBOOIMACHBIX 30HAX!
Loy 2 3Lsiom p- (2.14)

B n100b1x 30Hax Tok K3 /() 110 OTHOIICHUIO K yCTaBKe cpadaThIBaHUS
aBTOMAaTa MPU KOPOTKOM 3aMBIKaHUU JIOJKEH COOTBETCTBOBATH CICITY-
FOIIIM YCIIOBUSIM:

— JUId aBTOMATOB ¢ HOMHHAJIBHBIM TOKOM 10 100 A

IK(K) 2 1=4Icp.n; (215)
— aBTOMAaTOB C HOMHHAJILHBIM TOKOM Ooitee 100 A
IK(K) 2 lazslcp.p' (216)

Ecnu pacuerHas npoBepka MOKa3bIBaeT, YTO MPUBEACHHBIE BBIIIE yC-
JIOBHSI HE BBITIOJHSIOTCS (3TO HaIlle BCETO OTHOCUTCS K TOKaM oxHOda3-
Horo K3), To otkmouenue K3 B cetu Hampspkenuem 1o 1 kB momkHO
o0ecneunBaThCs CeUaIbHON 3aIIUTOM.

IMpumep 2.4. [{ns 351€eKTpOABUTATEINS, JaHHBIE KOTOPOT'O MPUBEICHBI
B npumepe 2.2, B Ka4eCTBE 3alUTHOrO ammapara TpeOyercs BbIOpaTh
aBTOMaTHYeCKui BeIKIIOUaTens OF. CxeMa muTaHus 3JEKTPOIBUTATENS
MpuBeieHa Ha puc. 2.3.
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QF KM M

Puc. 2.3. Dnekrprudeckas cxema y4acTKka CETH AJsI pumepa 2.4

Pewenue. HoMuHaIBHBIN TOK aBTOMAaTa M €ro paciienuTeNs BEIOnpa-
em 1o ycnoBusM (2.8) u (2.9):

Lyoma = 20,88 A, Liowp = 20,88 A.

[IpuaMaeM aBTOMaTHYECKUH BEIKTIOYaTeNb TUIIA BA 52-31 € Loy =
=100 A ¥ KOMOMHMPOBAHHBIM DPAaCLENUTENEM Ha TOK Lyoup =25 A
(tabm. 112.7).

Brikmrouarens ©MeeT mpeaenbHyl0 KOMMYTallMOHHYIO CIOCOOHOCTH
Iipa = 12 KA. Tak KaK Iy, > 9,3 KA, BBIKIIOYATENb CIIOCOOEH OTKIIIOUUTH
JIaHHBIA CBEPXTOK.

Omnpenenum no ¢opmyiie (2.12) pacueTHOe 3HaUEHUE KPATHOCTH TOKa
OTCEUKHU

S 1,25:156,6

KTO = — o S 7,83
25

[Mpunumaem o tadi. [12.7 crangaptHoe 3HaueHue K., = 10. B atom
ciryyae o ¢opmyie (2.11) I, ,= 10 - 25 =250 A.

[Iposepsiem 1o (2.10) mpu k& = 1,25 HEBO3MOXXHOCTEL cpabaThIBaHUS
aBTOMATa NPU IIyCKE JIEKTPOIBUTATEIIS

Iy, >1,25-156,6 = 195,75 A.

Tak kak 250 > 195,75 A, aBTOMaTHYeCKHUN BBIKIIOYATENh HEe OyAeT
OTKJTIOYATHCSI B MOMCHT ITyCKa AJICKTPOBUTATEIIA.

[punsie Tok ogHO(da3HOro K3 B KOHIIE TMHUY TaKUM K€, KaK U B Ha-
gajie, MPOBEPUM HAJACKHOCTh OTKJITIOYCHHS aBTOMATOM CBEPXTOKa I10 yC-
noBusiM (2.14) u (2.15):

6,1>3-0,025 kA; 6,1 >1,4-0,25 KA.

Ycnosus (2.14) u (2.15) Bemonnstotcs. CiaemnoBaTensHO, aBTOMAaTHYE-
CKUH BBIKJIFOUATEIh CIOCOOCH HA/ICKHO OTKIIIOYATh TOK OfHO(a3zHoro K3.
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Ipumep 2.5. [IpoBeputs aBTOMaTUYECKUH BBIKIIOYaTens OF2 Tuma
BAS52-39 Ha oTKIIOYAIONIYI0 CIIOCOOHOCTh W HAJEKHOCTh OTKIIFOYECHUS
TokoB K3 (puc. 2.4). Ilapamerpsl aBTOMaTa: [0y 2 = 630A, Lionp = 250 A,
K, = 10. Tok tpexdaznoro K3 B Touke K1 I = 12,4 kA. Toku ogHo-
¢daznoro K3 B Toukax K1 u K2: I, = 13,1 kKA un 1,V = 3,6 KA. Okpy-
JKaroIas cpeja HeB3phIBOOTIACHASI.

0.4 kB PM
TA1 t—> TA2 +—
ri\ N 4 -
orhn _@Fé_”é o S os T
QF1 QF2
T BA55-43 K; BA52-39 ; .

Puc. 2.4. Cxema siieKTprueckoil cetu st npumepa 2.5:
UII — ucrounuk nuranust; PI1 — pacnpenenurensHplil myHKT; JI — kaOenbHas TMHUS
HanpsbkenueM 0,4 kB; OF1 u QF2 — aBTOMaTUYECKHIE BBIKITIOYATEIH;
OS — pa3beIUHNUTEINH

Pewenue. 1o tabn. 112.7 HaxoquMm mpenenbHBI TOK OTKIIOUEHUS
UL aBTOMaTHYECKOIo BBIKIOYarTesss tuna BAS52-39 I, , = 40 kKA. Tok
B Havalle 3alMINaeMOro y4acTKa MPUHUMAaeM TaKUM ke, Kak B Touke K1.
Tak kak [q"" > I, To 10 ycioBuio (2.13) mpoBepsieM aBTOMAT 110 TOKY
onHodaznoro K3. B ganHOM ciaygae 40 > 13,1 kA. CiaenoBaTtensHO, aB-
TOMAT CIIOCOOEH OTKIIF0YATh TOKH Kak Tpex(azHoro, Tak U 0HO(hA3HOTO
K3 B 3ammmiaemoit neny.

[IpoBepuM HaAEKHOCTH OTKIIFOUCHHUS JIMHUU aBTOMATHYECKUM BBIKJIIO-
yareneM npu onHodasHoMm K3 B Touke K2. /i atoro onpenennM o ¢op-
myse (2.11) Tok cpabaTeIBaHUS AIEKTPOMAarHUTHOTO PACLEIHUTEIST aBTO-
Mata npu K3:

Ipp=10-025=2,5 KA.

HapmexHocTh cpabaThIiBaHHsI TEIUIOBOTO PACIHENHUTENS MPOBEPSEM IO
ycnosuto (2.14): 3,6 >3 - 0,25 kA; 3,6 > 0,75 kA, a 2IeKTPOMarHUTHOTO —
mo (2.16): 3,6 > 1,25 - 2,5 kA; 3,6 > 3,13 KA.

HOJIy‘-IeHHLIe PEIYJNIbTAThI IIOKA3bIBAIOT, YTO aBTOMATUYECKUH BBLIKIIIO-
yaresnb QF?2 yCcrenHo OTKIOYUT TOK ogHodasznoro K3.
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2.5. O6ecnieyenne N30UPATEJIHLHOCTH 3AIUTHI
B JJIEKTPUYECKHUX ceTAX Hanpsi:keHueM 10 1 kB

PaccmoTpum, kak o0OecriednBaeTCsi CENeKTHBHOCTD 3allUThI TIPeI0Xpa-
HUTENSIMH YU aBTOMAaTHYE€CKHMHU BBIKIIOYATESIMA Ha TIPUMEpE IBYXCTY-
MIEHYaTON 3aIIUTHI YJIEKTPUIECKON CeTH, IPUBEICHHON Ha puc. 2.5.

IBM
g —
ot 1N fes tw
—
~ 1 |
te
g ——
a
IHOMp M
oT UM /HOMp 6 tw
P
le | .
9]

Puc. 2.5. Cxema nByXCTymeHYaTOM 3alIUTHI CETH:
a — MPEeJOXPAHUTEISIMU; O — ABTOMATHYECKIMU BBIKITFOUATEIISIMU

Haubonee TouHO M30MpaTENHHOCTH OMPENENICTCS Ha OCHOBE KapThl
CEJIEKTUBHOCTH, Ha KOTOPYIO HAHOCATCS 3aBOJICKHE 3alIUTHBIE XapaKTe-
PHCTHKU TIOCJIE0BATEIILHO BKIIFOUCHHBIX MPEIOXPAHUTENCH U aBTOMa-
TUYECKHX BBIKIHOYATEIIEH.

[Tpu HaTMYMK 3aIMUTHBIX BPEMATOKOBBIX XapaKTEPHCTHK YCIOBHE H3-
OMpaTeNbHOCTH IS IPeIOXpaHNTEIeH

te >3t,,

Iae tz U t,, — COOTBETCTBEHHO BpeMsl cpabaThIBaHUsl BbIILIECTOAILEH (OI1u-
e K UIT) u HmxecTosiiiell cTyneHei 3almThl Iy CBEPXTOKE.

32



[Ipy mpoeKTUPOBAHUH IIEKTPOOOOPYAOBAHUS CEIEKTUBHOCTD ACUCT-
BUS NIPEIOXPAHUTENEH TOCTUraeTcsi MoA0OPOM HOMHMHAIBHBIX TOKOB MX
TUIaBKUX BcTaBoOK. CoryacHo [4] Mo yciIoBHIO U30UPATEIbHOCTH 3aIUTHI
HOMUHAJIbHBIE TOKU IIJIABKHX BCTaBOK Iy U Iy, JBYX MOCIIEIOBATEIHHO
PAacIIONOKEHHBIX NPEJOXPAaHUTENICH 110 HANPABICHUIO IIOTOKA 3HEPIHH
JTOJDKHBI pa3IMdaThCsl HE MeHee 4eM B 1,6—2 paza:

Ls = (1,6 — 2),. 2.17)

[To ycnoBHIO CENEKTHBHOCTH aBTOMATHUYECKUH BBIKIIIOYATEIb BHIIIIE-
JIeKaIel CTyIeHH 3aIlIUThl JOJDKEH UMETh TaKylo 3alllUTHYIO BPEMATOKO-
BYIO XapaKTEPUCTHUKY, IIPH KOTOPOH BpeMs cpabaThIBaHMS aBTOMATa fg

IIpH JIFOO0OM 3HAYEHWH CBEPXTOKA INMPEBHINIACT HE MEHEe 4eM B 1,5 pasa
BpEMsl ACUCTBUS BBIKJIIOYATENA #,, HIJKENEKAILEH CTYINECHHU 3alUThI IIPU

TaKOM K€ TOKE:
ts >1,5¢4,.

CenekTuBHas padOTa aBTOMAaTHYECKUX BBIKIIIOYATEIICH MOXKET MPOBE-
PATBCSA IO CIICIUATBHBIM Ta0IUIaM, KOTOPhIe HMEIOTCS B KaTaJlorax mpo-
M3BOJIUTENICH JICKTPOOOOPYMOBAHUS.

[To [4] mst oOecnieueHUs CeJICKTUBHOCTH HOMHHAJIBHBIE TOKU paciie-
nuTenelt Boimenexkamei (Lyoy ps) 1 HIOKeNexKameh (/o py) CTyIICHEH 3a-
ITUTHI JOJKHBI Pa3IndaThbcs He MEHEEe YeM B JIBa pasa:

[H()M 622]H0M M- 2.18
p p

TokoBasi CeNEeKTUBHOCTh 3allUThI, HAUOOJIEE YacTO HCIONb3yeMas B
pacIpeenuTeIbHbIX CeTSIX, ABIACTCS HEMOJHOH, TaK KaKk UMEEeT B Kaye-
CTBE MPEIETbHOTO TOKA N30MPATENbHOCTH YCTaBKY CpaOaThIBAHUS DIIEK-
TPOMAarHUTHOT'O PACLICTTUTEIS! BBIILIECIIE)KAIICH CTYIIEHH 3alHUTHL.

Mpumep 2.6. i1 muavu (JI) Hanpspxernem 0,4 kB (puc. 2.6) BEIOpaTh
TUTaBKUE TIPEIOXPAHUTENHN C YUETOM CEJIEKTUBHOCTHU 3aIIUThI. JIMHUS muTa-
et cunoBoi myHKT (CII), B KOTOPOM YCTAHOBJIEHO TPW IPYIIIBI IPeoXpa-
Hureneil Tuna 1TH2-100. HomuHanbHbIE TOKH IJIaBKHUX BCTaBOK MPEROXpa-
HUTENEW KaKI0M IPYIIbI yKa3aHbl HA CXEME JIEKTPUUYECKOM ceTh. Pacuer-
HbIM TOK JIMHUH [, = 18,9 A, TMKOBBIN TOK /iy = 167,2 A.
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cn

/6=31,5A
PM +——F—
les [6=63A
n B
}— — =
[s=50A

Puc. 2.6. Cxema 271eKTpHIecKOl CeTH ¢ IpeJOXPaHUTEISIMU IS IpuMepa 2.6

Pewenue. Ilo popmynam (2.3) u (2.4) onpenenseM HOMUHAIBHBIN
TOK TIJIABKOW BCTABKH IPEIOXPAHHUTENEH, YCTAHOBICHHBIX JUIS 3AIIUTHI
nvauu B PIT:

I > 18,9 A, 152167,2/2,5=669 A.

[To GomnbiieMy pacueTHOMY 3HAYCHHIO s = 66,9A mpuHUMaeM HO-
MUHAQJIBHBIA TOK IJIaBKOW BCTaBKH [ys =80 A I peoXpaHUTENs TUIIA
ITH2-100 (Taba. I12.5).

[IpoBepsieM BHIOpaHHBIE MPEAOXPAHUTENN TI0 YCIOBUIO CEIIEKTHBHO-
ctu (2.17). nsa npoBepku npuHuMaeM Iy, = 63 A, Tak Kak B 3TOM ciydae
yCIIOBHE H30UpPATEIbHOCTH 3aIlUTHl [0 OTHOIICHUIO K MEHBIIMM 3Ha-
yenusim (31,5 u 50 A) Oyzaer cobmoaarees. Pacyer mo (2.17) nokasbiBa-
€T, YTO yCJIOBHE CEJIEKTUBHOCTH 3aILUTHI HE BHIOIHIETCSA:

80 < (1,6 2)63 A, 80 < (100,8 — 126) A.

Taxum o0Opazom, A obecreyeHns: CEeIeKTUBHOCTH 3alUThl HE00X0-
MO BBIOpaTh npenoxpanntenu tuna [TH2-250 ¢ HoMUHATEHBIM TOKOM
IUTABKOW BCTaBKH [,5 = 125 A.

Ipumep 2.7. Ina nuaun (J1) nanpsoxenuem 0,4 kB (puc. 2.7) ¢ yue-
TOM CENEKTUBHOCTH 3allUTHl BHIOpATh aBTOMATHYECKHAN BBIKIIOYATENb
C KOMOWHUPOBaHHBIM pacuenureneM. JIMHUS MHUTaeT CHIOBOM IYHKT
(CIT), B KOTOPOM YCTaHOBJICHO TPH aBTOMaTHYECKHX BBIKIIOUATEIIS TUIIA
BAS52-31 ¢ KOMOMHUPOBAaHHBIMU PaCUEHUTEISIMU, HOMHHAIBHBIE TOKU
KOTOPBIX yKa3aHbl Ha cxeMme ceTu. PacueTHwid TOK nuaMH [, = 75,2 A,
IMMKOBBIN TOK I, = 483,5 A.
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chn

/HOMp=25A
PN =
IHOMp 6 n /HOMp=40A

P &
/HOMp=50A

P

Puc. 2.7. Cxema 351eKTpU4ecKoi CeTH ¢ aBTOMAaTHYECKUMU BBIKITIOYATEIIMU
Ui npumepa 2.7

Pewenue. 1lo dopmynam (2.8) u (2.9) omnpexnensieM HOMUHANBHEIE
TOKHM aBTOMAaTa U €ro KOMOMHUPOBAHHOTO PACHEITUTEIIS:

Liowa > 75,2 A; Liowis > 75.2A.

[To Tabn. I12.7 BEIOMpaeM aBTOMATHYECKHI BBIKIIOYATEIh THIIA
BAS52-31, umeroruii Loy, = 100 A 11 Lion p = 80 A.

ITo dpopmyne (2.12) HaxonuM pacdeTHOE 3HaYeHHEe TpeOyeMon KpaT-
HOCTH TOKa OTCEYKH aBTOMATa:

K. = 1,25-483,5 _7.55.

80

[Mpuanmaem mo tadm. 112.7 K, = 10. B atom ciygae mo (2.11) Tok

cpabaThIBaHU SMEKTPOMArHUTHOTO pacuenuTens Io,, = 10 - 80 = 800 A.

[Ipu mpoBepKe CENeKTHBHOCTH 3aIIUTHl OPUCHTHUPYEMCSI Ha aBTOMAT

¢ 0ONBIINUM 3HAYCHHUEM Iyoy, = 50 A Ha HWKHEW CTymeHu 3amuThl. 1o

YCJIOBUIO M30MPATENBHOCTH 3aIIUTHI (2.18) HOMUHATBHBIN TOK paclenu-
TE€JIsl aBTOMAaTa, ycTaHoBJIeHHOTO B PII, onpenensercs kak

Liowns 22 - 50 =100 A.

CreoBarenbHO, A1 00eCIeUYeHUsT CEIEKTUBHOCTH 3alllUThl aBTOMA-
TUYECKHUH BBIKIIIOYATENb B HaYalle JJMHUU JTOJDKEH UMETH [y 6 = 100 A.
B PII nmpexnycmarpuBaeM YCTaHOBKY aBTOMAaTUYECKOIO BBIKIIIOUATENS
tuna BA52-31, umeromero yona = 100 A 1 Lonp, = 100 A.
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2.6. UzmepuTesabHble TpaHCHOPMATOPHI TOKA
HanpsixkenueMm 1o 1 kB

WzmeputenbHble TpaHchOpMaTOphl TOKA YCTaHABIMBAIOTCS B pacipe-
JICTIMTEBHBIX YCTPOMCTBAX IIEXOBBIX TPaHCPOPMATOPHBIX IOACTAHIINI
(TIT) Hanpsoxenuem (6—10) / 0,4 kKB ¥ B maHemsIX pacrpeieUTENbHBIX 1IH-
TOB. [IpH MPOEKTUPOBAHMH CHUCTEM 3JIEKTPOCHAOKEHUS HEOOXOAUMO BBI-
oupatps Tpanchopmarops! Toka B TII.

Paccmotpum, kak BeIOMparoTcs TpaHcgopmaTtopsl Toka B TII, cxema
KoTopoll mpuBeAeHa Ha puc. 2.8. B TII ycraHoBneHbl W3MEpPHUTEIbHBIE
Tpanchopmaropsl Toka 7A1-TA3, HeoOXoauMbIe IS TTOAKIIOYCHUS aM-
MIEPMETPOB M TOKOBBIX IETICH IEKTPUIECKUX CYETUMKOB. TpancdopmaTop
ToKa TA4 ucnonb3yeTcsa B cxeMe 3aluThl HelTpanu. K Hemy moakiovaet-
Csl pesie MaKCUMAaIBHOTO TOKa, KOTOPOE MOIaeT OTKITIOYAIOIIUIA HMITYJIbC Ha
aproMaT QF B 1ier cuitoBoro Tpancdopmatopa 7' (puc. 2.8, @) Win Ha BbI-
KJIto4aTenb Harpy3ku QW (puc. 2.8, 6), ycTaHOBJCHHBIA B IIKady BBOJA
WM B PACPEACIUTEIFHOM YCTPOHCTBE BBICOKOTO HATPSKEHHUSL.

Kn
6-10 kB

KIl 6-10 kB

TA1 TA3

0,4 kB

TA3
0,4 kB

PE
a
Puc. 2.8. DnexTpudeckas cxema TpaHC(HOPMATOPHOU MOICTaHITHN:
a — ¢ TIIyXHAM NPUCOEINHEHNEM CHIIOBOTO TpaHchopmaropa k cetn 6—10 kB;
0 — ¢ IpUCOeIMHeHNEM TpaHc(hOpMATOpa Yepe3 BbIKII0YATENIb HArPy3KH
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[Ipu ogHOda3HOM HArpy3Ke BeMTUUMHA TOKa B 000N (aze He ITOHKHA
MIPEBHIIIATh HOMUHAIBHOE 3HAUEHHE, a HEHTpallb MOKET UMETh Harpy3Ky
He Oonee 25 % HOMUHAJILHOW MOIMHOCTH (ha3bl MPH CXEME COCAMHEHHS
oomorok Y/Y,, 40 % — nipu cxeme Y/Z, u 75 % — npu cxeme A/Y, [16].

CornacHO 3KCIUTyaTallMOHHBIM JOKYMEHTaM M3TOTOBUTENS B pacmpesie-
JUTENBHBIX TpaHchopMaTopax HampsbkeHreM (6—10)/0,4 kB cepuit TMI'11,
TMI'12 u TMI'15 BBOm HEHTpald CO CTOPOHBI HU3IIETO HAMPSKCHUS
paccuMTaH Ha TPOJODKUTEIBHYIO HAarpy3Ky, PaBHYI HOMUHAIBLHOMY
TOKY OOMOTKH.

B cootBercTBHU ¢ [1] B 3ieKTpOycTaHOBKAX HampspkeHHeM 10 1 kB
TpaHcpopMaTopsl ToKa 1Mo pexxumy K3 He nposepsitores. Tak kak B pac-
NpEAeTUTENbHBIX YCTPOHCTBAX TPaHC(HOPMATOPHI TOKA yCTAHABIUBAIOT-
Csl TIPOM3BOJUTEIISIMHU DIIEKTPOTEXHUYECKUX H3ACITUH, TO IPH MPOEKTH-
POBaHUU IEKTPOYCTAHOBOK OHH, KaK MPaBUIIO, HE PACCUUTHIBAIOTCS.

[Tpu HeobxomnumocTu Tpanchopmaropsl Toka 741-TA3 B uensix BTO-
PUYHOTO HANPSOKEHHS CHIJIOBOTO TpaHc(opMaropa BEIOMPArOTCS MO HO-
MUHAJIBHOMY HaNpsHKEHHUIO, PACYETHOMY TOKY B IIEMTH TpaHcgopMmaropa
B HOPMaJIbHOM /;, ¥ TIOC/ICaBapUIHOM (PEMOHTHOM) pexXuMe I, U Kiiaccy
TOYHOCTH.

[To pacaeTHOMY TOKY B HOPMAIBFHOM PEXUME U3MEPHUTEIbHBIE TPAHC-
¢dopmaTopsl TA1-TA3 BeIOUPAIOTCS IO YCIOBHIO

Luowt = I, (2.19)

rae ;o1 — HOMUHTBHBIN TOK IIEPBUYHON 0OMOTKH TpaHc(hopmaTopa.
3HavyeHue pacueTHOTO TOKA B IIETH TpaHc(hopMaTopa MOKHO OIpeie-
JIUTH 110 PopMyJIe

B Sho
I, =—tromou (2.20)
’ ﬁUHOM

rae B, — ko3 HUIUEeHT 3arpy3Ku CHIIOBOTO TpaHc(hopMaTopa B HOPMallb-
HOM PEXHUME;
Shon — HOMHUHAJIbHAS! MOIIIHOCTBH CHJIOBOTO TpaHcdopmaropa, kB-A;
ULioy — HOMHHATIBHOE HamnpspkeHue ceTH, KB (U, = 0,4 kB).
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TpanchopMaTop TOKa JOIDKEH BBIACPKUBATH PACUETHBIN TOK TOCHE-
aBapHHHOIO (PEMOHTHOIO) peKHMa I,, C yu4eToM Kod((dHULMEeHTa I0ITy-
CTUMOMH neperpysku Kyy:

KHTIHOMI 2 Ipa- (221)

IIpu pacyerax smeKTpooOOpyAOBaHMs 3Ha4YeHUE K, KaK IpaBHIIO,
MPUHUMAETCS paBHBIM 1,2.

N3 dbopmyner (2.21) monyduM 3HaYEHHE HOMHHAIHHOTO TOKa IIep-
BUYHOU OOMOTKH

IHOMI 2 Ipa / Km- (222)

PacueTHbIli TOK B IocieaBapritHOM PEKUME ONpeeIsieTcs 1o Gopmysie

BryS
I, =tmonon (2.23)
’ \/gUHOM

rae Pr. — K03 PUIMEHT 3arpy3Kku CHIOBOTO TpaHchopMaTopa B MOCe-
aBaputHOM MJIM PEMOHTHOM pexume, B, = 1,3—1,4.
C yuerom (2.23) popmyiy (2.22) mpeacTaBuM B CIEIYIOIIEM BUJIE

BTa S HOM
> o (2.24)
Hom 1
K nT \/§UH0M

HomuHanbHBIHA TOK TIEPBUYHBIX OOMOTOK U3MEPUTEIBHBIX TpaHCchOp-
MaTOpPOB, YCTaHABIMBAEMBIX B HEUTpaaM CHJIOBBIX TpaHC(HOPMATOpOB
cepuit TMI'L1, TMI'12 u TMI'15, onpenensiercs mo yCIOBHIO

S

HOM

KI'IT \/gUHOM .

HoMm 1 2

s cunoBbIX TpaHC(OPMATOPOB JAPYTUX CEPUIl CO CXEMOU coemuHe-
HUs1 0OMOTOK A/Y, pacder BhINONHSAETCS 10 HOopMyJie

0,755,0,

> ChoM (2.25)
KHT \/EUHOM

HOM1 =
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B KOMITIEKTHBIX pacHpeeuTeNbHBIX YCTPOMCTBAX Ha HANPSKCHUU
mo 1 kB mmpoko MpUMEHSFOTCS IIMHHBIE TpaHC(HOPMAaTOpPHI TOKAa THIA
THIHIJI-0,66 ¢ nutoi m3onduued. OHK BBIMYCKalOTCA Ha HOMHHAJIbHBIE
nepBuyHble TokU oT 75 o 10 000 A. Mx kinacc TOYHOCTU 3aBUCUT OT
HOMHHAJIBHOTO MEPBHYHOTO TOKA. B pacmpenenuTensHBIX yCTPOHCTBaX
TII mupoKo UCTONB3YIOTCS TPaHC(HOPMATOPh ¢ HOMUHAJILHBIM TIEPBUY-
HbIM ToKOM 600-5000A, koTopble MOTYT UMETh Kiacc TouHOCTH 0,2S;
0,2; 0,5S; 0,5; 10P. Ins pacueTHOro ydera 3JIEKTPO3HEPrUH CICAYET
MIPUMEHATH TpaHchopmaTopsl Toka kiacca 0,25 nm 0,5S.

[pumep 2.8. Bribpath u3MepuTebHbIC TPAaHCHOPMATOPBI TOKA HA Ha-
npspkenun 10 1 kB s cunoBoro tpancdopmaropa trna TMI-1000/10 co
cxeMoii coennHeHns 00MoToK A/Y,. HomuHaIpHAsS MOIIHOCTH TpaHCHOP-
MaTopa Syon = 1000 kB-A, koadduuenT 3arpy3ku B HOPMaITBHOM PEXKH-
me B, = 0,7, B mocneaBapuiitnoMm — f3,, = 1,4. Ha tpancdopmaropnoii nox-
CTaHIIUU MPelyCMaTPUBACTCS TEXHUUECKUIN YUET 3JICKTPOIHEPTHH.

Pewenue. 1o popmyne (2.20) HaXoUM PACUETHBIN TOK B IIETIH BTO-
PUYHOTO HAIPsDKEHUS TpaHCPOpMaTOpa B HOPMATBHOM PEXHME!

~0,7-1000

I A &
P \/5034

=1014,5 A.

o ycnosuro (2.19) onpeaensieM HOMUHAIBHBIA TOK U3MEPUTEIBHBIX
TpaHc(popMaTopoB, yCTaHABIMBAEMbIX B LIETIH BTOPUYHOTO HAMPSKEHUS
CHJIOBOrO TpaHc(opmaropa:

Liom1 2 10145 AL

HoMuHanmsHbBIN TOK NEpBUYHONW OOMOTKH TpaHc(opMaTopa 1Mo TOKY
MOCJIeaBAPUHHOTO peKUMa OTIPEAEISAETCS MO BEIpaKeHHIO (2.24)

=1690,8 A.

[Ipu BEIOOpE TpaHCHOPMATOPA TOKA ONPEACIISIONIUM SBIISACTCS YCIIO0-
Bue (2.24). Ilpunumaem Tpu TpancopmaTtopa Toka tuna THIIJI-0,66
C HOMHMHAJIBHBIM HanpspkeHueM 660 B, kinaccom Tounoctu 0,5, HOMUHAB-
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HBIM TEPBUYHBIM TOKOM [0y = 2000 A, HOMUHAIBHBIM BTOPUYHBIM TO-
KOM [0 = 5 A (Tabm. I12.23).

Onpenenum /o, Tpanchopmaropa TOKa B HEHTpaIH CUIOBOTO TPAHC-
¢dopmaropa mo popmyie (2.25):

0,75-1000
> 22 T 9057 A
ol = 5304

Bribupaem tpanchopmarop toka tuna THIIJI-0,66 ¢ HOMUHAIBHBIM
HanpsbkeHueM 660 B, kmaccom Tounocty 10P, HOMHHAIBHBIM HEPBUYHBIM
TOKOM Iyyop1 = 1000 A 1 HOMUHAIEHBIM BTOPUIHBIM TOKOM L2 = 5 A.
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3. IIMHOMMPOBO/AbI U PACHIPEJIEJIMTEJ/IbBHBIE
YCTPOMCTBA HANIPSI)KEHUEM JIO 1 KB

3.1. MarucTpajibHble IIMHOMPOBOABI

[II1HOIIPOBOABI IPUMEHSIOTCS B IOMELIEHUSX C HOPMAJIBHON CPEOM.
JomyckaeTcs MX HCHONB30BaTh B MOKapOOMacHbIX 30Hax kiacca [1-I
C OTpaHWYEHHEM JOIYCTUMOTO TOKa 10 65 % OT HOMHHAIBHOLO 3HadJe-
Hus u [I-1la. OHn He mpegHa3HAYEHBI /U1 YCTAaHOBKM B XHUMHYECKH aK-
THUBHBIX Cpelax U B3PHIBOOIMACHBIX 30HAX.

B TII maructpanbHble IIMHONPOBOABI MOIKIIOYAIOTCS K- HEOONBIINM
pacrpenenmuTebHBIM yeTpoiicTBaM (PY) depes rHeHHBINH aBTOMaTHICCKUN
BEIKITIOUaTeh JF3 WiIu HArIyXo, TO €CTh 0€3 KOMMYTAIIMOHHOTO arapara
(puc. 3.1). HenocpenctBeHHO K TpaHchopMaTopy, KpoMe TIIaBHOW MarkcT-
pai, pasperaercs IprucoeanHeHne Heboboro PY, HeoOXoauMoro s
TIOKITIOYEHHS 3JIEKTPUYECKOT0 OCBEIeHUS] U APYIHMX Harpy3oK, OTKIIIO-
YeHHe KOTOPBIX BMECTE C TJIaBHOM MarucTpalbio HEAOIYyCTUMO.

0(6) kB 0(6) KB
T
QF1 % 0.4 kB % 0.4 kB
[
QF2 QF3 QF2
MLLI MLL
a o

Puc. 3.1. Cxema mpucoeANHEHNSI MarHCTPANbHBIX IIHHOIPOBOIOB!
a — C TIOMOIIBI0 ABTOMAaTHYECKOTO BBIKIIIOYATENIS; O — HATITyXO:
MIII — MarucTpanbHbIN IUHOIIPOBOJ

[Ipu MarmcTpambHBIX cXeMaX MHUTAIONUX CeTe K TpaHchopMaTopy
¢ HOMMHAILHOM MOIIHOCTHIO 1000 KB-A 0OBIMHO MPHUCOSAWHSICTCS OJUH
MarucTpaibHbII MIMHOMPOBO, ¢ MomHOCTRIO 1600 1 2500 kB-A — He 60-
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nee 1ByX. IIpy oHOM MarucTpaibHOM HIMHOIPOBOJE €r0 HOMHHAJBHBII
TOK [0\ JOJDKEH OBITh HE MEHEE HOMHHAJIBLHOIO TOKA CHJIOBOIO TPAaHC-

(hopmaropa Ha BTOPHYHOH CTOpOHE [,

wom ¢ (TTO YCIIOBUIO PaBHOIIPOYHOCTH):

1

HOM III 2 HOM T* (31)
HomuHanbsHbIH TOK TpaHchopMaTopa onpeaeisercs mno hopmyJie

_ Suow (3.2)

1
HOM T \/gUHOM

rae S, — HOMHUHaJIbHAs MOLIHOCTb TpaHc(hopMaTopa, KB-A;

Ulion — HOMHUHAIIBHOE HANIPSDKEHUE CETH, IPUCOSTUHEHHOM K BTOpUY-
HOI 0OMOTKe TpaHcdopmaTopa, KB.

Ecmu x TpancdopMaTopy MOIKIIOUEHBI ABE MATUCTPAIA WU TI0 Ma-
THCTpaJTU TIEPeaeTCs YacTh MOIIHOCTH TPaHCOpMATopa, TO ITHHOIIPOBO/T
JIOJDKEH TpucoeauHATbea K mmHaMm PY TII uepe3 nuHelHbIM aBTOMA-
TUYECKUH BBIKIIOUaTens (puc. 3.1,.a), BEIOpaHHBIH MO0 paCYEeTHOMY TOKY
Mmaructpanu [17].

MarucrpanbHble IHHOIPOBOIBI MPOBEPSIOTCS o ycioBuio (1.1) Ha
ANMEKTPOTMHAMHYECKYIO CTOMKOCTE K JIEHCTBHIO ymapHOro Toka K3 B ToU-
ke npucoennHenus k PY TII.

B marucrpanbHOM muHONpoBoAe (puc. 3.2) MoTeps HANpsSIKCHHS HE
noipkHa mpesbiath 1,5-1,8 % [18]. Ee BennuuHa mpu OJMHAKOBBIX
3HAUCHHUAX COS @ HArPY3KH YUYACTKOB IIMHOMPOBOJA BBIYHMCIACTCS IO
BEIPKCHHIO

n
V31003 1,
i=1 .
AU = U—(I”OLH cosQ +x, sin 0),

HOM

rae Ip,- i l,. — pacyeTHBId TOK, A, W JIMHA, KM, i-TO y4acTKa IIUHO-

MIPOBOJIA;
Fom Y Xom — YACIbHBIC aKTUBHOE U PEAKTUBHOE CONPOTUBIICHHS IIH-
HompoBoaa, OM/KM;
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1 — KOJIMYECTBO YYaCTKOB, Ha KOTOPBIX ONPEIECISIOTCA NOTEPHU Ha-
MPSOKEHUS;
Uon — HOMHHQJIBHOE HANpPsKEHUE CETH, B.

T 0,4 xB

©57) oF L ooy
10(6) xB > I MII 1 lp li l n l

Puc. 3.2. PacuerHas cxema MarucTpajibHOro LIMHOIPOBOAA

[Ipu pa3HbIX 3HAYCHHUAX KOAIPPHULIHNEHTa MOIIHOCTH HATPY3KH HA yda-
CTKaX MarucTpajbHOr0 MIMHOIIPOBOJA

x/;IOO(FOm )3 I, coso,l; + Xy ¥ 1, sing,l;)
AU = =1 = . (33)
U

HOM

rzie coS @; — KOAQPULUUEHT MOLTHOCTY HArpy3KH i-T0 y4acTKa IHUHOIPO-
BOJIA.

[Torepu axTuBHON MomHOCTH (KBT) B MarucTpagibHOM IIMHOIIPOBO/IE
OTIPECTISIOTCS 10 (hopMyJie

AP=3-10"7, 3 121
- O piti»

i=1

a aneKTpodHepruu (kBt-1) xak

n
AW =310 1, (X150,
i=1

rje T — BpeMsa MaKCHMMAaJbHBIX ITOTEPH, Y.

Ilorepu peakTHBHON MOIIHOCTH M S3HEPTUM B MAarUCTPAIILHOM LIMHO-
MPOBOJE PACCUMTHLIBAIOTCA O AHAJOTUYHBLIM BBIPAKEHHAM C MCIOIb30-
BAaHUEM X, BMECTO /gy
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3.2. PaCl'lpeHe.HHTe.]'leble IHAHOMPOBOABI

Pacnipenenurensupie mmHONpoBoas! (PLI) mpucoemuusiorcs ¢ mo-
MOIUIBIO aNMapaToB YIpPaBICHUs U 3alIUTHl K IIMHAM HAIpPSHKEHUEM 0
1 kB TII, pacnpenenuTenbHbIM MYHKTAM WM [JIaBHBIM MaructpasiM. Mx
TOK 3JIEKTPOTMHAMHYECKOH CTOHKOCTH JOJDKEH OBITh HE MEHee yIapHOTro
Toka K3 B Touke npucoequHeHus K nmuTaromiei cetu (ycmorue (1.1)).

[IuHONPOBOABI BHIOUPAIOTCA TaK, YTOOBI HOMHUHAJIBHBIH TOK LIMHO-
POBOJA [0y i OBLT HE MEHEE €r0 pacueTHOTO TOKa [, TO eCTh

IH()M it 2 Ip

3.4)

Pacuer pacnpenenuTenbHBIX ITHHOTPOBOIOB BEACTCS B TIPEIITOIONKE-
HAY PaBHOMEPHOTO pacCIpe/eICHHs] Harpy3KH 1o ero jiunHe. [Ipu stom
3HaUYEHHE PACUETHOI0 TOKA IIMHOMPOBOAA 3aBUCHUT OT TOUKHU MOJKIIIOUE-
Hus kK HeMy nuratomiert muaun (11J1). Bo3MoXkHBIE BapraHTHI MOIKITIOUE-
Hus [1J1 x PII mokazansr Ha puc. 3.3.

P”T'uuufmmu
P”‘fmu%‘mum}

Puc. 3.3. PacuetHas cxema pacrpeaeauTeIbHOrO IHHOIPOBOIA:
a — npucoeaunenue 11 B Topue PILI; 6 — npucoenunenue [1J1
Ha HEKOTOPOM paccTosiHKH /; oT Havana PIII
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Ecmu I npucoegunsiercss B Topue PLI (puc. 3.3, @), To mmHOMIpO-
BOJI BBIOMPAETCS 110 PaCUETHOMY TOKY I'PYMIIBI 3JIEKTPOIIPHEMHHUKOB, IIH-
tatomuxcs ot P, koTopsiii onpenensiercs mo popmyiie

I Spu (3.5)
P B \/gUHOM j .

rae Spy — MOJHAs MOIIHOCTh PACYETHOM HAarpy3KH IPYIIbI 3JIEKTPOIPH-
€MHHKOB, MUTAKOUIUXCS OT IIMHOMNPOBOJIa, KB-A;
Uy — HOMMHAJIBHOE HANPsKEHUE CeTH, KB.

B stom cnyuae mmHOmpoBoj BhIOHpacTcs o Gopmysie (3.4) ¢ wuc-
HOJb30BaHUEM TOKA [, = Iy, a NJIMHA PAaCYETHOIO Y4acTKa HMIMHOIIPOBO-
1a [, 17151 KOTOPOrO PacCUUTHIBAETCA MOTEPs HANPKEHUS, TIPHHUMAETCA
paBHOI JyTMHE MIMHOIIpOBOA /.

[Ipu nmoaxnroYeHUH OUTAIOUIEH JUHUM HE B Havalle IIMHONPOBOAA
(puc. 3.3, 6) PILI BeiOMpaeTcs Mo pacyeTHOMY TOKY €r0 HanOoJiee 3arpy-
JKEHHOTO Tuieya oT Touku npucoeanneHus I mo manbonee yganeHHOTO
KOHIIa muHOoNpoBoaa. B Touke noaknrouenus [1JI mmHonpoBoa aenurcs
Ha JBa y4acTKa, UMeromux anunsl i u L. Ecomn [y > L, 10 [, = [, mpu [, <
b, I, = [,. B Tom cnyuae, xorna [y=15b, l,= 0,5..

PacueTHbIi TOK y4acTKa, 110 KOTOPOMY BBIOMpPAETCs MIWHOMPOBO/ MO
ycioButo (3.4) U pacCUMTHIBACTCS MOTEPS HANPSKEHUS, MOKHO HAWTH
10 BBIPAXKEHUIO

IP
Ip =Ipm7' (36)

[Ipu pacuere notepu HanpsxkeHus B PII Harpyska, paBHOMEpPHO pac-
MpeJiesieHHasl M0 JJMHE IIMHOIPOBOJA, 3aMEHIETCS COCPENOTOUYEHHOU
HArpy3Ko# [, TOM € BEIMYMHEI, IPUIIOKEHHONW B CEPEAMHE PACYETHOIO
yuactka. [loreps nanpsoxenus (%) B P1 onpenensercs mo ¢popmyie

V3100051, ,
U= U (rom CosQ+ X, sin 0), 3.7

HOM

rae [, — pacyeTHbI TOK paclpeAeIuTeNbHOrO IUHONPOBOAA (UK HaH-
6onee 3arpyxerroro mieda PIII), A;
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[, — pacueTHas AnMHA mKHONpoBoja (wiu yuyactka PIIT), xm;

Fow Y X — YACTbHBIC aKTHBHOE M peakTuBHOe conpotusienus PIII,
OM/KM;

COSQ — KO3 PHUIMEHT MOIIHOCTH HATPY3KH TPYIIIIbI 3JIEKTPOIPUEM-

HUKOB, IUTAIOIINXCS OT PACIPEeUTEIHHOTO IMTHHOPOBOA.

B pacnpenenuTenbHbIX HIMHONMPOBOJAX C PABHOMEPHOW Harpy3Kon
MoTeps HANPSKEHUS He TOJDKHA ObITh Oobine 2—2,5 % [18].

IMpumep 3.1. Iy cxeMbl, TOKa3aHHONW Ha puc. 3.4, BHIOpaTh Maru-
CTpaJIbHBIA HIMHOMPOBOJ, MPUCOSAMHECHHBIA K LIEXOBOMY TpaHC(opma-
topy tuna TMI'11 MomHOCTBIO Syyon = 1000 kB-A, a Taxxe pacnpenenu-
tenbHble muHOnpoBoasl PII1 u PII2 ¢ Harpyskamu Sy, = 270 kB-A
1 Spmx = 160 kB-A coorserctBerHO. IlInnonposox PII1, umeromuil auu-
Hy [ = 42 M, TOIKITIOYEH B TOYKE, KOTOPAs JIEIHUT €r0 Ha JBE YacTH JTH-
Hoti /1 = 12 Mm u [, = 30 m. Y apnsiit Tok K3 Ha mmHax pacrpenenuTenb-
HOT'O yCTpOHCTBA TpaHC(HOPMATOPHON NOACTAHIMU paBeH 22 KA, B TOUKE
noaxirodenus PII1 x muraromeit aunny — 13 KA, a P12 — 10 KA.

T 0.4 kB

10 kB | MLLI
@” I
aF i

Spuw1

-

4l 2) PLLU2
PLU1

-t »
- !

Puc. 3.4. Pacuetnas cxema st nmpumepa 3.1

Pewenue. MaructpaibHblii IIMHONPOBO/I BEIOMPaeM MO0 HOMHUHAIBHO-
My TOKY CHJIOBOTO TpaHchopMaropa, BEIYUcIsieMoro mo Gopmyie (3.2):

1000

IHOMT: =
V30,4

[To ycmowuto (3.1) HomMmuHaNBHBINA TOK MILT

=1445,1 A.

Liowm = 1445,1 A.
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Ilo tabm. [12.18 BeIOMpaem MarucTpansHbIi muHONpoBoA THa IIIMAS-
1600 ¢ Lyjouwm = 1600 A. JlomycTMOE aMIDIMTYAHOE 3HaueHue Toka K3
IIMAS5-1600 cocraBisier 70 KA, 4TO 3HAYUTEIBLHO OOJIBIIE YAAPHOIO
toka K3 Ha mmuax Hanpspkenus qo 1 kB TII (70 > 22 kA). CnenoBa-
TEJIbHO, BEIOPAHHBIN MaruCTPATbHBIN IIMHOPOBO.T JIEKTPOIHHAMHYECKU
CTO€EK K aericTBHIo Toka K3.

Jlnst BEIOOpA pacnpenenutenbHoro muHonpoBosa P11 BerauciuM mo
BEIpaXXeHUIO (3.5) pacueTHBIN TOK TPYIIIBI AIEKTPOIPUEMHHUKOB; TTUTAFO-
IIUXCS OT IMIUHOIIPOBO/IA:

270

Ly = ———
Pl \/§074

Tak xak /; < [, To Haubosee 3arpykeHHbIM TuiedoM PILI1 siBrsieTcs
yuacTok /, nHoi 30 M. ITo dhopmyie (3.6)-ompenensieM pacyeTHBINA TOK
HauboJee 3arpyKeHHOro Tieya

=390,2 A.

I,= 390,232 = 2787 A.
42

HomunanbHsii TOk mmHONpoBoa P11 Haxoaum mo yciosuto (3.4):
Lot = 278,7 A.

Bribupaem mmHOomposox PII 1 tuma [ITPAS5-400, nmetomuii HOMIHATB-
HBIA TOK Iy = 400 A (tabi. I12.19). Tok ero 3aeKTpOIMHAMUYECKOM
croiikoctu — 25 kKA. Ot0 Oosbie ynapHoro Toka K3 B Touke moxpkiroye-
aus PIL1 (25 > 13 kA). CnemoBaTelbHO, IS JAHHOTO IITHHOIPOBOIA
YCIIOBHE 3IEKTPOJHAMUIecKoi croiikocTH (1.1) BeImomHseTcs.

OmnpenensieM pacueTHBIN TOK AJ1s1 BBIOOpa muHonpoBoaa PIII2:

Lyws = 160 3104

V30,4

[To popmyme (3.4) HOMUHANBHBIN TOK mKUHONPOoBOAa P12

Liowm = 231,2 A
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BriOupaem mmunonpoBox ILIPAS-250. Ero HoOMuHanmbHBIA TOK
Lo = 250 A, TOK DJIEKTPOIMHAMUIECKON cTOHKOCTH — 15 KA. Tak kak
15> 10 kA, To ycnosue (1.1) BeImOTHAETCSL.

Ipumep 3.2. OT nexoBoro Tpanchopmaropa ¢ HOMHUHAILHONW MOLI-
HocThio 1600 kB-A ¢ momoripio MarucTpansHoro muHonpooga (ML)
NpernoaraeTcsi IMTaTh TPU TPYIIIBI IEKTPONPUEMHHUKOB (puc. 3.5). Pac-
YETHBIE TIOJIHBIE MOIIIHOCTH T'PYTIIL:

nepBoi — S, = 500 + 7300 kB-A;

BTpopoi — Sy, = 400 + ;300 kB-A;

TpeTher — Sp3 = 300 + 7200 xkB-A.

Harpysku noxgkimouarorcs k MII B Toukax, MoKa3aHHBIX Ha pacyeT-
HOH cxeme. Ymapubiii Tok K3 Ha mmHax HampsbkeHueMm jao 1 kB mon-
craammu 32 kKA. Heo6xonnmo BeiOpats MILI u onpeaenuTs B HEM mOTe-
PH HaIPSKEHUSI.

T 0,4 kB

j . 700+j500xB-A i .

1m©_ | ML 1200+j800kB-A ’ 500K 5 300+j200kB-A 3
&

I 50 m l 60m l 30m l

500+j300kB-A 400+j300kB-A 300+j200kB-A

Puc. 3.5. PacuetHas cxema Juis npumepa 3.2

Pewenue. OnpenenseM HOMHUHAIBHBIA TOK TpaHchopmaropa 1o ¢op-
myne (3.2):

1600

[HOMT: =
V30,4

=2318,8 A.

Beibupaem mo Ta6m. 112.18 ML tuna HIMAS ¢ HOMHHAIIBHBIM TOKOM
Liow m = 2500 A. Jlnsa BeiOpannoro IHIMAS-2500 ynenpHOE akTHBHOE
conpoTuBicHue roy = 0,017 Om/kM, peakTuBHOE Xoy = 0,008 Om/kM,
JolrycTuMoe amrututyaHoe 3Hadenne Toka K3 — 100 kA. YcnoBue amekT-
pomuHamuueckoit croiikoctn (1.1) mma IIMAS-2500 BwImomHSETCS
(100 > 32 xA).

Ucnons3ys nepsblil 3akoH Kupxroda, HaxoauM akTHUBHBIE U PEak-
TUBHBIE HAarpy3k# yuactkoB ML (cM. puc. 3.5).

OrmnpezensieM MOIHYI0 MOIIHOCTD Sp;, KO3()(UIMEHT MOIIHOCTH COS ¢;
U TOK [, JUISl KaXKI0T0 y4acTKa IIHHOIIPOBOAA 110 (hOopMyJIaMm:
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P. S .
S . =.P:+0%; cos@, =—; ) A ——
ProNTRE =R LS, " BU

rae By u O, — COOTBETCTBCHHO PAacyCTHas aKTHBHAS (xBT) m peakTuB-

Has (KBap) Harpyska i-ro yyactka IIHHOIIPOBO/A.

1 ydacToxk:
1200
Sp1 = 12007 +800% = 14422 kB-A; cos@, = =0,832;
1442,2
Iy = 14422 _ 5084,1 A;
V30,4
2 y4yacToK:
Sy2 =4/7007 +500% =860,2 KB'A; c0s ¢y _ 70 g3,
860,2
I, = 860.2 _ 12431 A
V3404
3 y4acToK:
S 5 =+/300%4200% =360,6 kB-A; cos@; = 390 _ o832
P 360,6
Iy = 3906 _5h11 A,
V30,4

Haxonum 3mauenus sin ¢, = 0,555, sin ¢, = 0,582 u sin @3 = 0,555,
a 3aTemM paCC‘II/ITI)IBaCM HOTepIO HaHpH)KeHI/IH B MaFI/ICTpaJII)HOM HINHO-
mposoje no hopmyre (3.3):

AU =\/§-100((0,017(2084,1-0,832-0,05 +1243,1-0,813-0,06 +
+521,1-0,832-0,03) + 0,008(2084,1-0,555-0,05+1243,1-0,582-0,06 +
+521,1-0,555-0,03)) / 400 = 1,56 %.
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Hpumep 3.3. I'pynny CHIOBBIX 3JEKTPONPUEMHHUKOB C pacuyeTHOU
aKTUBHOM Harpy3koi Py, = 180,6 kBT n peaktuBHOU O,y = 135,5 kBap
npeanoaraeTcs NuTaTh Ha HanpsbkeHuu 0,4kB ot pacnpenenurensHoro
mHOonpoBoa (PI) mnuno# 54 M. Iluraromas nuaus (I1UJ]) moxkimroua-
eTCs K pacIpeeIuTeIbHOMY IIMHOTIPOBOAY Ha paccTOSHUU 18 M OT Ha-
gana (puc. 3.6). Ymapusiit Tok K3 B koH1Ie nutatomet nuanm — 12,5 KA.
Heo6xoaumo BBIOpaTh pacipeaenuTeNbHbI IIMHOMPOBO H ONPEACIHTh
B HEM ITOTEPIO HANIPSHKEHUS.

{1=18m {>=36Mm
PLL : :
108,8A 217,5A

_ M
Iow=326,3A 1 1p=217.5A

Puc. 3.6. Pacuernas cxema k npumepy 3.3

Pewenue. Onpez[em/IM MOJIHYIO MOITHOCTb HArpy3KHW I'PYIIIIbI 3JICKTPO-
IMPUEMHUKOB, ITUTAIOIUXCA OT IIMHOIIPOBOAA:

Som =\ Po + Ot 5 Spr=/180,67 +135,52 =2258 kB-A.

Haxomum koadduiiment MomrHoctd Harpysku PI:

ITo dopmyse (3.5) BBIUMCINM PaCUETHBIH TOK TPYIIIBI AIIEKTPOIPH-
€MHHKOB:

Lo= 2228 _ 33634

V3-0,4

HauOonee 3arpyxenHsiM miedom PII sBisieTrcs ywacTok IiMHON
[, =36 m. Ilo popmyze (3.6) HaXOaUM pacUETHBII TOK Hauboee 3arpy-
KEHHOTO IIIe4a IIMHOTPOBOIA!

I,= 326,328 —2175 A,
54

50



3areM 1o BeIpaxeHHto (3.4) ompezaensieM HOMUHAIBHBIN TOK IIMHO-
MpoBOJA:

1 >217,5 A.

HOM I —

Brei6bupaem o ta6um. 112.19 mmuonposoy tumna [IIPAS-250 ¢ Ligyw =
= 250 A. [Ing BRIOpaHHOTO paclpeAeTUTeN-HOT0 ITMHOMPOBOA yI€Tb-
HO€ aKTUBHOE COINPOTHUBJICHUE Foy = 0,21 OM/KM, PEaKTHBHOE — Xgy =
= 0,21 OM/KM, TOK 3JIEKTPOIMHAMHYECKOMN CTOMKOCTH — 15 KA.

Ycnosue anekrpoauHammdeckoit croiikoctu (1.1) mst [ITPAS-250 BEI-
nonHseTcs (15> 12,5 xkA)

[ToTepro HampspKEHUS B pacHpeleIUTEIbHOM IIMHOMPOBOJIE BBHIYHUC-
JIsieM 110 BeIpaxkeHuto (3.7):

/3-100-0,5-217,5-0,036
400

AU (0,21-0,8+0,21-0,6) = 0,5 %.

3.3. Tpoaneiinble LINHONPOBOABI

B coctaB TposieitHo# smHuE (pHC. 3.7) BXOIAT TJIaBHBIC TPOJUICH (pac-
MOJIOKEHHbIE BHE KpaHa), MUTAIONIas JWHHUA (WA HECKOJBKO JIMHHK)
K TJIaBHBIM TPOJUIESM, KOMMYTAallMOHHBIE anmaparbl U cBeTO(OPHI TIaB-
HBIX TPOJLIEEB.

QF

Puc. 3.7. Cxema TposieiHON JTUHUU:
1 — xpaHOBasl YCTaHOBKa; 2 — IIaBHBINA TpoJuleil; 3 — nuTaromas JIMHUS

[Ipu BBIOOpPE TPOJUICHHOTO IIMHOMPOBOJIA OMPEACIIACTCS €ro HOMH-
HaJIbHBIA TOK, YAOBJIETBOPSIOLIMM YCIOBUSAM HArpeBa, 3JIEKTPOJUHAMU-
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4yeckoil croiikoct (1.1) n momycTrMON MOTEpH HANPSHKEHUS B MOMEHT
nuka Harpysku. Ilo ycioBuio momyctumoro HarpeBa HEOOXOANMO, YTO-
OBl HOMHMHAJBHBIA TOK [, IIMHONMPOBOJA OBUI HE MEHEE PacueTHOIro
TOKa [, TpOJUIEHHOH TMHUY, TO ECTh

Liow > I, (3:8)

PacueTHbli TOK TPOJUIEHHON JTUHUU ONPEIENSIETCS B 3aBUCUMOCTH OT
KOJIMYECTBA KPAHOBBIX YCTaHOBOK, MUTAIOIIMUXCS MO TPOJUICHHON JTUHUU
METOJaMH, N3JI0KCHHBIMU B [12].

[Totepst manpspxenwst (%) Ha pacIETHOM YUaCTKE TPOJUICHHON JIMHUH
(OT TOYKM TOIKIIOYEHHs MUTAIOUICH JIMHUM A0 Hauboliee ynaleHHOTro
KOHI[a ITUHOIIPOBO/Ia) PACCUUTHIBAETCS TIO Cleayromeil popmye:

AU, y

HOM

(r,cos@, +x,sinQ,), (3.9

1€ /e — MAKOBBIM TOK JTUHHUH, A;
Fr U X; — COOTBETCTBEHHO aKTHBHOE U PEAKTHBHOE COIPOTHBIICHHE
PacyYeTHOr0 y4acTKa riaBHoOro rpoies, Owm;
cos ¢, — K03 QUINEHT MOIHOCTH HAarpy3KH TPOJUIEHHOMN TMHNY;
UL — HOMMHAJIBHOE HaNpsiKEHUE ceTu, B.
3HaAYCHHUS 7; ¥ X; BBIYUCIBIFOTCS TI0 CICAYIOIIUM BBIPKCHUSIM:

ro=r1,1-107; (3.10)
x, = %o, [ 107, (3.11)

IAe 7y U Xy, — YACJIbHBIC aKTMBHOC U PCAKTUBHOC COIIPOTHUBIICHUS TPOJI-

JICHHOTO UHOMPOBOAa, OM/KM;

| — paccTosiHUE OT TOYKW TOJKJIFOYCHUS MUTAIOINSH JIMHUU 10 Hau-
0oJiee yIajIeHHOTO KOHIIA TPOJUIES, M.

Ecnu ot TposnneiiHoW JTMHUM MUTAETCs TOJIBKO OJHA MOAbEMHO-TPaHC-
MOPTHAsl yCTAHOBKA, TO ITUKOBBIN TOK, CO3/1aBa€Mblii KPAHOBBIMU JIBUTa-
TEJSIMH, OTIpeNeNsieTcs o opmyie
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I =1 +1, -1

UK MyCK max p HOM max *

1€ Iyyex max — HAMOOJBIINI U3 IyCKOBBIX TOKOB JBHMraTeseil kpaHa, npH-
HHUMAa€EMBbIi 10 MACIIOPTHHIM WJIM CIIPABOYHBIM JJAHHBIM HPH NAaCIIOPTHOM
3HAYEHUHU NPOAOJDKUTEIBHOCTH BKIIOUCHHS;
Lion max — HOMAHAIBHBIA TOK JBUTATENIS, MIMEIOIIETO HAMOOJBIHN ITyC-
KOBOMH TOK, IPHUBEIEHHBIN K MTPOIOKUTENbHOCTH BKITtoueHus [1B = 100 %.
[Ipu nmuTaHuuU OT TPOJUIEHHON TUHUU HECKOJIBKUX KPAaHOBBIX YCTaHO-
BOK IMHUKOBBIA TOK PACCUUTHIBAETCS MO BBIPAKEHUIO
I =1 + Ip -k I

IIMK IIyCK max HU~”HOM max *

rae k, — cpenHee 3HaueHHE KOA((UIMEHTa WCIOIL30BaHMS KPaHOBOU
YCTaHOBKH;

L yom max — HOMMHAJIBHBIN IACTIOPTHBII TOK ABUIaTeNs ¢ HAUOONIBIIMM

ITyCKOBBIM TOKOM (0e3 mpuBeaenus k [1B = 100 %).

Hanpsbxkenne Ha 3a)kumax KpaHOBBIX 2JIEKTPOJABHUTraTeneil U B IEmsIX
YIpaBJICHUS UMU BO BCEX PEKUMaxX PabOTHI 3JIEKTPOOOOPYA0BaHUS Kpa-
Ha, B TOM YHCJIE U IIPH IMKOBOM TOKE, HOJDKHO ObITH HE MeHee 85 % oT
HOMHHAJIbHOTO 3HaUeHHs [1]. C y4eToM BO3MOXHOW MOTEPH HampsKe-
HUS B 2JIEMEHTaX CeTH J10 TOUYKH HOJKII0UEHHUS MUTAIOIIEH JIMHUHN JOIy-
CTUMas NIOTEPs HAPSDKEHUS A0 JIEKTPOJIBUIATelsl KpaHa, Kak IMPaBuJIo,
HE J0JDKHA TPEBHIIATh 12 %. JTa moTeps CKIIaIbIBACTCS U3 CICTYIOIMINX
cocTapnsronuyx [19]:

— MOTEPH HANpPSDKEHUS B MUTAIOMIEH TUHUN (TIpuMepHO 4-5 %);

— MOTEPH HaNpsLKEHUs B Tposuiee (mpuMepHo 4—5 %);

— MIOTEPU HAIPSKEHUS B paclpeAeTuTeNIbHON ceTH KpaHa (TIpUMepPHO
1-2 %).

[Ipn BbIOOpE TPOJUICHHBIX IIMHONPOBOAOB CIEAYET YUUTHIBATh YCIIO-
BUsI OKpY Karolel cpefipl. MIX Henb3sl IPUMEHATh B OXapOONACHBIX 30-
Hax knaccos II-I u II-1I, a Tak:xe BO B3pbIBOOIIACHBIX 30HAX.

IIpumep 3.4. BeiOpath TposuielHbIH MMHONPOBOA AJIsI TPOJICHHOM Jn-
HUH JUIMHOU 72 M, OT KOTOPO# MUTAETCsI MOCTOBOM KpaH Tpy30I10ITHEMHO-
creio 10 T. PacyeTHbli TOK TposuieiiHo# maun [, = 33,8 A, IIMKOBBIHA TOK
Ly = 140,2 A. KoadduimeHT MOIIHOCTH Harpy3ku kpana cos @, = 0,5.
Ynapusiii Tok K3 B xoH1ie mutatorieit mann — 4,5 KA. Oxpyskaromast cpe-
Jla HopManbHasa. HoMuHagpHOE HanpsikeHne anekTpudeckoii cetu — 400 B.
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Pewienue. JIns TponneWHONW JIMHUM NPUHUMAEM IIMHONPOBOJ THIA
[IITM-76, TexHUYECKHME  XapaKTEPUCTHUKHA  KOTOPOTO  MPHUBEICHBI
B TabOn. [12.22. Onpenenum 1o BblpaxkeHHIO (3.8) HOMUHAIBHBIA TOK
HIIMHOIPOBOJA!

Liow > 33,8 A.

Beibupaem Tposuieiinbiii muHonposon LITM-76 ¢ HOMUHAIBHBIM TO-
KOM Iy = 100 A, umeromuil ynenbHble conpoTusnenus 7, = 0,4 Om/km

u X, = 0,42 OM/KkM, 10IyCTHMOE aMILUTMTYHOE 3HaYE€HHE TOKA KOPOT-

KOTO 3aMBIKaHHA 5 KA.

Ycnosue anextpoanHamudeckoit croitkoctu (1:1) g [IITM-76 BeI-
nonHseTcs (5 > 4,5 kA).

Omnpenenum o BeipakeHusiM (3.10) u (3:11) akTUBHOE M MHIYKTHUB-
HOE CONPOTHBIICHHE PACYECTHOI'O YYaCTKa TPOJUICHHON JIMHUU TIPH YCIIO-
BUY MMOJIKITIOUEHHS MUTAIONIeH IMHAN B Hadalle IIMHOMPOBOJIA!

r,=0,4-72-107 =0,03 O™, ~ x;=0,42-72-107 =0,03 Om.

ITo ¢popmyine (3.9) paccuntaem norepro HanpspkeHus (%) B TpoJLICH-
HOM IITUHOIIPOBOJIC:

AU, =W(0,03-O,S+0,03-O,866) =2,49 %.

3.4. Tpoasen u3 npopuIMPOBaAHHOI CTAIH

B nmomMenieHnsx ¢ HOpMaJIbHOM OKpY Karoled cpeioil, a TakKe B I0-
’kapoonacHeix 30Hax knaccoB II-Ia, I1-11I, kpaHOBBIE YCTAaHOBKH MOTYT
MUTATBCA OT KOHTAKTHBIX MPOBOJOB (TPOJUIEEB), BHIIIOJHEHHBIX U3 TPO-
¢uupoBaHHON cTany (MOJI0COBOHM, yrioBoif). Ilpm oTHocuTenbHO He-
OOJIBIIMX TOKaX IJIsl U3rOTOBJIEHUS TPOJUIEEB IPUMEHSETCS KPYTJIask Win
MIOJIOCOBAsI CTallb, a TPH OONBIMX Harpyskax — yriosas (Tabm. 3.1).
CrajibHble TPOJIIeH, KaK MPaBUJIIO, BBEIIOIHIIOTCS U3 YIJIOBOM CTalu pas-
MepoM oT 50 x 50 x 5 mm.
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Tab6muma 3.1

JlomycTuMBIiA TOK JUIsl YIJIOBOM CTalu

JonmycTumslii TOK, A, Ui pa3MePOB YIIOBOM CTalll, MM

25%x25%3 40x40x 4 50x50x5 60x60x6 T5x75x8
150 250 315 395 520

B pesynprare pacdera TpOJIEHMHBIX JIMHWUN BBIOMPAIOTCS pa3Mephl
YIJIOBOM CTajM, yAOBIETBOPSIOIIME YCIOBUIO HAarpeBa U JOIyCTHUMOM
MOTEPU HAMIPSDKEHUSI IPY TUKOBOM Harpys3kKe.

Pa3meps! yrimoBoii crany BRIOMPAIOTCS MO IIUTEIHHO JOITYCTHMOMY
TOKY CTaJIbHOTO TPOJUIES 1,0 TIO YCIOBHUIO

I):lon 2 p>

rie [, — paCYETHBIN TOK TPOJJIEs, OIPENENIEMBI B COOTBETCTBHHU C M€-
TOAaMH, U3JIOXKEHHBIMHU B [12].

JomycTuMble AMUTENbHBIE TOKU ISl YIJIOBOM CTalM MPUHHUMAIOTCS
10 CHpPaBOYHOW JHUTEpaType. IS HEKOTOPHIX pasMEPOB CEUEHHUS YIIIO-
BOH cTanmu, HauOoJiee MPUMEHSIECMbIX Ha MPAKTUKE, STH JaHHBIC MPHUBE-
neHsl B Ta0m. 3.1.

[Horepn Hanpsikerus (%) B CTaNBHBIX KPAaHOBBIX TPOJUIESX PACCUH-
THIBAIOTCA 110 BBIPAXKEHUIO

AU = ml, (3.12)

TZAe m — yJenbHas MOTepsl HAaNpsDKeHHs, IPUHUMAaeMasi B 3aBUCUMOCTH
OT MaKCUMAaJIbHOH BEJIMYMHEI IIMKOBOI'O TOKa, %0/M.

3HaueHusl yaeIbHBIX TOTeph B Tpex(a3HbIX ceTsx HanpshkeHneM 380 B,
BBITIOJHEHHBIX M3 YIJIOBOM CTajM, MPOJIOKCHHOW B OIHOM IJIOCKOCTH
C pacCTOSIHHEM MEXAy coceqHuMH Gazamu 25-38 cm, pu cos ¢ = 0,4-0,7

NpUBEACHBI B Ta0I. 3.2.
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Tab6nuua 3.2

VYV nenbHble NOTEPU HAIPSDKEHMS B KPAHOBBIX TPOJLIESX,
BBITIOJTHEHHBIX U3 YTJIOBOM CTaln

Pacuernslii TOK, A, IpU pasMepax yrJIOBOM cTaiu, MM m,
40x40x4 50x50x5 60x60x6 T5x75%8 % /'m
65 80 95 125 0,060
75 95 111 140 0,070
85 110 130 168 0,080
95 125 150 194 0,090
100 133 160 208 0,095
108 140 171 222 0,100
115 149 182 236 0,105
123 158 193 250 0,110
130 168 204 264 0,115
138 177 215 278 0,120
145 186 226 292 0,125
153 195 235 306 0,130
160 204 248 320 0,135
168 214 259 334 0,140
175 223 270 348 0,145
183 282 280 362 0,150
200 250 300 390 0,160
210 264 317 404 0,165
220 277 334 427 0,170
230 291 351 449 0,175
240 304 368 472 0,180
250 315 395 494 0,185
260 331 402 520 0,190
270 345 419 539 0,195
300 385 470 607 0,210
340 439 538 697 0,230
380 493 606 787 0,250
420 547 674 877 0,270
460 601 742 967 0,290
480 628 776 1012 0,300

Ilpumeuanue. BoineneHHbIC B TaOJIHIIE YKCTa COOTBETCTBYIOT JIOIYCTHMBIM
0 HATPEBY TOKaM YIJIOBOM CTaJIH.
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ITpu paboTe HECKOJIBKUX KPaHOB Ha OJHOW TPOJUICHHOM NMHUM y4H-
THIBACTCS Mallas BEPOSTHOCTh WX OJHOBPEMEHHOW paldoTHI Ha yIalieH-
HOM KOHIIe TpoJuies. st 3Toro mpu ompeeieHnH MOTeph HAMPSKCHUS
JUTHHY PacYeTHOTO y4acTka / TpoJuies MpH JBYX KpaHaX YMHOXKAIOT Ha
0,8, a mpu Tpex —Ha 0,7.

Ecnu ypoBHM HampspkeHHs Ha 3aKMMaxX KPAHOBBIX IBUTATENICH HE
YAOBJICTBOPSIIOT TPEOOBAHUSIM JCUCTBYIOIIUX HOPMATHUBHBIX JOKYMEH-
ToB [1] (Hampumep, mpu OOJIBIION MPOTHKEHHOCTH TPOJUICHHBIX JTUHUH
¥ 3HAYUTENBHONW WX HArpy3Ke), TO MPUMEHSIOT CIEIyIONTNe MEPhI It
CHIKEHUS TIOTEPh HATIPSDKCHHUS:

— YBEJIMYUBAIOT CEUCHUE TPOJLIIES;

— U3MEHSIOT CXeMY MHTaHUS TPOJUICHHOW IIMHUM, TIEPEHOCS TOYKY
MOJIKITIOYECHUS TPOJIIes OJFKE K eT0 CepenHe;

— MPUMEHSIOT CEKIIMOHUPOBAHUE TPOJUICS C PA3ACIbHBIM MUTAaHHEM
CEKITHH;

— UCTIONB3YIOT HHAYKIIMOHHYO MTOAMUTKY C TIOMOIIBIO aJIFOMUHUEBOM
JICHTHI, TPOKJIabIBa€MOI MapasuieNbHO C MPHCOSANHEHHUEM K TPOJUICIO
yepes Kaxabie 1,5 m.

IMpumep 3.5. Bei0Opats Tpoiuieli JIUHONW 84 M, OT KOTOPOT'O ITUTAIOT-
cs IBa KpaHa Tpy30noabeMHOCThIO 10 1 15 1. PacueTHsIit TOK TpoJuieii-
Hoi nuHuu [, = 41,0 A, nUKOBBINA TOK [y = 310,9 A. HomunaneHOE
HampspkeHue anekrpudeckoi cetn — 400 B. [Jonmyctumas notepst Hanps-
)eHus B Tposuiee 5,7 %.

Pewenue. Tlo tabiu. 3.1 BeiOupaem i TpoJUIes YIIIOBYIO CTallb pas-
MepoM 50 x 50 x 5 MM C IIUTENBHO AOMYyCTUMBIM TOKOM o, = 315 A.

[To Tabm. 3.2 MeTOAOM NHMHEHHOW WHTEPHOJSINA HAXOAUM 3HAYCHUC
yZIeJBbHOM MOTepH HapsKEHHs B YIIIOBOM ctanu pazMepoM 50 x50 x5 MM
npu nukoBoM Toke 310,9 A:

m =0,18+(310,9-304) / (315 —-304)(0,185 - 0,18) = 0,183 %/m.
[To BeIpaskenuto (3.12) BeIUUCIIAEM MOTEPIO HANPSDKEHUS TIPU yCIIO-
BHUU TOJKIIOUCHUS MUTAIONICH TUHUU B Hadaje TPOJUIes IIUHOU 84 M.

YuuThIBaEM, 4TO MPU MUTAHUU OT OJHOTO TPOJUIES ABYX KPaHOB JJIMHA
pacyeTHOro y4Jactka ymMHoxaercs Ha 0,8:

AU=0,183-0,8 -84 =12,3 %.
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Taxoll BapHaHT MOAKIIOUYEHHUS HE 00eCleunBaeT 3aJaHHOe 3HAUCHHE
notepu HanpspkeHus (12,3 % > 5,7 %).

PaccmoTpuM BapuaHT MOAKIIOUEHUS MUTAIOIIEH JIMHUM B CepeavHe
Tposies. B aToMm ciydae AnmMHA pacueTHOro y4yacTKa, a CI€J0BaTENbHO,
Y TIOTepsl HalPsDKEHHSI B TPOJUIEE COKPALIAETCs B ABA pa3a U COCTABIISIET
6,15 %. JlaHHOE pemieHne TakKe HE TIPUBOTUT K KEITAEMOMY PE3yJIbTaTy
(6,15 % > 5,7 %).

[lpuauMaeM ast Tpoijiess YIJIOBYIO CTallb OOJIBIIErO pa3Mepa
75x75x 8 MM H OIpelenseM A Hee 3HauCHHE YJIEJIbHOM I0TepH Ha-
TPSKCHUS:

m = 0,13 +(310,9 — 306) / (320 — 306)(0,135 — 0,13) = 0,132 %/m.

OmpenensieM TTOTEPIO HAMIPSKEHUS B TPOJUIEE IIPH MPUMEHEHUHN yTII0-
BOHM cTanu pazmMepoM 75 x 75X 8 MM U NOJIKIIOYEHUN MUTAOIECH JTUHUU
B CEpEAUMHE TPOJLIES:

AU=0,132-0,8-42=4,43 %~ 4,4 %.

[Tony4eHHasi BeIMYMHA TOTEPU HAIPSDKCHHS B TPOJUICE YJOBIECTBO-
psier ycnosuto 3anaun (4,4 % < 5,7 %).

3.5. PacnpenennrejibHbIC YCTPOHCTBAa HANIpsiakeHHeM 10 1 kB

OCHOBHBIMH BUJIAMH PACIIPEICIUTEIBHBIX YCTPOMCTB Ha HAPSXKEHUN
1o 1 kB sBusitoTCsS pacnpeneauTeNbHble UThI, TaHEeIH, CUIOBBIC MyHK-
THI, SIIIIAKA ¥ OCBETUTEIHHBIC IITUTKH.

Pacnpederumenvhvle wumsl TPUMEHSIOTCS TPU OOJBIIOM YHCIC
1 OOJIBIIUX TOKAX NpucoequHeHnid. OHU KOMIUIEKTYIOTCS U3 OTJIEIBHBIX
naHeJiel (BBOJHBIX, JTJMHEHHBIX, CEKITMOHHBIX, TOPIEBBIX, YUETa JIEKTPO-
SHEPTHH, TUCIIETYEPCKOTO YNPABICHUS YJINYHBIM OCBEUICHHEM U T. II.).
LuTHI BBITYCKAIOTCS B OTKPBITOM U 3aIIUIIEHHOM HCTIOJHEHUH.

Ha puc. 3.8 mns wunrocTpauuy nNpuBeleHa B OJHONUHEHHOM HCIION-
HEHWH NPUHLIMIHNATIBHASA CXEMa 3JIeKTpUUecKkuX coeaquHenuil PIT Hanpsoke-
HueMm 1o 1 kB, cocTaBieHHOro U3 pacpeACTIUTENbHBIX TAHECH.
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BII JIIT1 JII12

OT UCTOYHMKA

K npuémHukam 1 noTpeOUTENSIM 3/1eKTPO3HEPTr UK
MTUTaHUS

Puc. 3.8. Dnexrpudeckas cxema pacipeaeHTeNIbHOrO Iy HKTa:
BII — BBoHAst manens ¢ pyOomnsHuKoM; JIII1 — nuHeiinas naHens ¢ pyOMIBHIKaMU
u npenoxpanuresnsimu; JII12 — auHeiiHas naHeIb ¢ aBTOMATHYECKUMH BBIKITFOYATEISIMU

PacnpenenuTensHble MyHKTH ¢ HEOOJBIIMM YHCIIOM PUCOSANHEHHUN
OTHOCHUTENBHO MaIOW MOIIHOCTH Ha3bIBArOTCS cunosbimu nynkmamu (CII),
Wi wkagamvu. OHU yCTaHABIUBAIOTCS HA TPAHMLE MEKAY MUTAIOIINMHU
U PACIpeNENUTENbHBIMHI CETAMU U CIIYKaT Ui paclpeeIeHHs dJIEKTPO-
SHEPTMH MEXAY CHJIOBBIMH JJIEKTPONPUEMHHUKAMH, a TAKKE 3allUThI
JIMHUM pacrupenesuTeNIbHbIX CEeTe OT CBEPXTOKOB. B 3aBHUCMMOCTH OT
YCTaHOBJICHHBIX B HUX AJIEKTpHUECKUX ammaparoB pasznuyator CII tuma
IITP ¢ mmaBkuMmu npenoxpaHutensamu u tuna IIP ¢ aBromatndecKUMHU
BBIKJTIOUATESIMU.

LlIxagul pacnpeoerumenvhvlie muna [IIP COCTOAT U3 METAJUTUUECKOTO
KOpITyca C JBEPHIO, BHYTPH KOTOPOTO Ha U30JISITOPAX YCTAHOBJIEHA ChEMHas
cOopka, TpencTaBisiroiasi co0ol pamy C BBOJHBIM PYOWIEHHKOM (FUIH
IBYMsl PyOWIbHUKAMM) U NPEIOXPAHUTEISIMU Ha OTXOMSINUX JHHUSAX,
a B HEKOTOPBIX TUTax mKkados — u Ha BBoze (puc. 3.9 u 3.10).

PacnpepenurenpHble mKadpl ¢ pyOUIBHUKOM M IPEAOXPAHUTEISIMH
Ha BBojiE (pHc. 3.9, 6) MPUMEHSIOTCS NPU MUTAHWW WX IO JIMHUH, TPH-
COEIMHEHHOI K MarkCTpajbHOMY HIMHOMPOBOTY O€3 arnapara 3aiuThl.

B mkady umeercs ot 5 mo 8 TpexdazHbIX TpyNI IJIABKUX NPEao-
xpanuteneit (FU) Ha HoMuHaIBHBIE TOKK 70 250 A. CHIIOBBIE TyHKTHI
tuna HIP no cpasaenuto ¢ CII tumna 1P umMeroT MEHbIIYI0 CTOMMOCTb.
OpHako MpH UX MPUMEHEHWH MOTYT BO3HHKHYTH HEKOTOpHIE HEyH00-
CTBa IIPU 3aMEHE NEPErOPEeBIINX IPEIOXPaHUTEINEH U BBIBOAE U3 PaOOTHI
KaKoTro-HHOYIb AJIEKTPOITPHEMHHKA.
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Puc. 3.9. Onexrpuyeckas cxema cUI0BOro myHkTa tumna I1IP:
a — ¢ pyOMIILHUKOM Ha BBOJIE; 6 — ¢ pyOHIEHUKOM M IIPEJIOXPAHUTEISIMU HA BBOJIE

QS1\| \'QSZ

FU1-FU5

Puc. 3.10. Dnexrpuyeckas cxema CHJIOBOro myHkTa tumna [P
C IByMs pyOMIIbHUKAMH Ha BBOJIC

Cunosvle nynkmol muna 1P TipeqHa3HAYCHBI JUTSI IPUEMa U pacipe-
JIEJICHUS 3JCKTPOIHEPTUU B CUIIOBBIX U OCBETHTEIBHBIX CETSIX MEPEMEH-
HOTO TOKa HampspkeHHeM 10 690 B (puc. 3.11). [IyHKTBI BEITyCKatOTCS
MIPOMBITINICHHOCTRIO0 Ha HOMHUHANBHBIE TOKH 100; 160; 250; 400 1 630 A
B HaBECHOM, yTOIUICHHOM W HAMOJHHOM HCIIONHEHHH. B HUX MpuUMeEHs-
IOTCSI TPEXIIONIOCHBIC ¥ OJTHOTIONIOCHBIE aBTOMATHUYECKUE BBIKIIIOUATEIN
TuioB BA, AEn 1. m.

OF

1 R

J 1

[ BREREREN
1 OF1-0OF5 1 OF1-0F6
a o

Puc. 3.11. Dnexrpuyeckas cxema CHIOBOro IMyHKTa THmna [1P:
@ — ¢ 31KUMaMH Ha BBOJIE; 6 — C aBTOMAaTH4YECKUM BBIKJIFOYATENIEM Ha BBOJIC

N
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WuHOBaIMOHHBIME pa3pabOTKaMH B 3JIEKTPOOOOPYIOBAHUH HAIPsIKe-
HUEM 10 1 KB ABISIOTCS MOOYibHbIE pachpedenumenshvlie YCMpoucmad,
TIO3BOJISIIOIINE CO3/1aBaTh KOMIIAKTHBIC pacnpeeuTeNbHbIe IUThI JTI000MH
KOH(HTYpalluu CTAIlHOHAPHOTO, BBIIBIIKHOTO U Pa3beMHOTO UCIIOHEHHS
Ha HOMHUHaJILHEBIE TOKU 10 6300 A.

MogyneHbIE CHCTEMBI JOCTATOYHO 3()(HEKTHBHBI B YCIOBHUSIX ITPOMBIII-
JieHHoro mpousBojcTBa. Hanpumep, nanenu tuna HII Ha ogHol U Tou
K€ TUIOIIAAN YBEIMYMBAIOT KOJIWYECTBO OTXOJSIINX JIMHUM MPUMEPHO
B 1,5-2 paza.

CuoBble IYHKTBI, KOTOpBIE CIyKaT A7 KOMMYTAIMM U 3allUTHL O1-
HOHM Tpexda3Hoi nuHuK HanpspbkeHuem 0,4/0,23 kB, comepskamiye Wb
ONIMH KOMMYTAIMOHHBIN amlmapar, Ha3bIBAIOTCS CUIOBbIMU (KOMMYmMAayu-
OHHbIMU) AwuKkamy. B HAX yCTaHaBIMBAIOTCS PyOMIIEHUKH, PYOHILHUKA
C TIPEIOXPAHUTEIISIMU, OJIOKH «IIPEOXPAHNUTEIb—BBIKITIOYATEIhY U aBTO-
MaTH4YecKue BBIKIFoUaTenu (puc. 3.12).

|
|
RSN

a o 8 2

Puc: 3.12. DnekTpruecKkue cXeMbl CUIIOBBIX SIUKOB:
a — ¢ pyOUIBHUKOM; 6 — ¢ pyOUIBHIKOM H NPEAOXPAHUTEISIMU; 8 — C OJIOKOM
«IPENOXPaHUTENb—BBIKIIOUATENb); & — C ABTOMATHYECKUM BBIKIIOYATENICM

B snekTpoycraHoBkax HampspkeHHeM 10 1 KB IpuUMEHSIOTCS CHITO-
BeIe simuky Tuma SAC, B3, SPII, SABIIBY, Y, LIC u 1. m.

KoMMyTalmoHHbIC SIUKK TPUMEHSIOTCS IIPH TOIKITFOUCHUHN PacIpe-
JIETUTEBHBIX [THHOIPOBOJIOB, TPOJUICHHBIX JIMHUH, OTACIBHBIX JJICKTPO-
MIPUEMHHKOB (HaIlpuMep, CBAPOYHBIX allapaToB), a TAKKE UCTIONB3YIOTCA
B TIOMEHICHUAX C HEOONBIINM YHCIIOM DJIEKTPOIPHUEMHHUKOB, TNl yCTa-
HoBKka CII tuma 1P wiu [1P HenenecoobpasHa.

B anexTprdyecKknX OCBETHTEIBHBIX CETSAX MPOHU3BOJCTBEHHBIX, M-
HUCTPATUBHO-OBITOBBIX M OOIIECTBEHHBIX 3[aHHI B Ka4eCTBE IIYHKTOB
pa3BETBICHUS MIPUMEHSIOTCA ocgemumenvivie wumky (tumos SI0Y 8500,
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OIl, OIL, 11108505 u ap.) ¢ OJHOMOMIOCHBIMU M TPEXTONIOCHBIMUA aBTO-
MaTHYECKUMU BBIKITIOUATENSIMU Ha TPYTITOBBIX JINHUSX.

CuiIoBbIE MYHKTHI, IIKA(bI, PACTIPEACIUTEIbHBIC TAHEIH U IIUTHI BbI-
OuparoTcsl ¢ y4eTOM YCIOBHH OKpY’KaloIIeH cpelbl M0 HOMHHAIBHOMY
HaAPSHKEHUI0, HOMUHAIEHOMY TOKY, JJIEKTPOJUHAMHYECKON CTOHMKOCTH
npu K3, KonnyecTBy NprUCOEeIUHIEMBIX K HUM JIMHUIA WM OTBETBICHAN
K DJICKTPOIIPUEMHHKAM, UX PACUETHBIM TOKaM U TPeOyEeMbIM 3alIUTHBIM
amnmaparam.

Hpumep 3.6. Beidpats crnoBoit myHKT Hanpspkernem 0,4 kB mis moz-
KIIIOUEHUs TPYIIBI 3JEKTPOIIPUEMHHMKOB, COCTOSINEH M3 CeMHU 3JIeKTpo-
JIBUTATENEH, KaXIbId U3 KOTOPHIX UIMEET HOMUHAIBHYIO MOIIHOCTE 11 KBT.
PacyeTHBIil TOK IPYIIIBI 2IEKTPONPUEMHUKOB [, = 45,3 A, Jlns 3aIIuThI
OTBETBJICHUH K 3JIEKTPOABHUTATEISIM HEOOXOAUMBI TIPEIOXPAHUTEIH C HO-
MUHaJbHBIM TOKOM IUTaBKOM BcTaBku 100 A. Vmapuseiii Tox K3 B KoH-
ne ymany, muraromen CIIL iy = 9,5 KA. YcIoBHs OKpy’Karollen cpeasbl
B I[€X€ HOPMAaJIbHBIE.

Pewenue. B xauectse CII BbiOMpaeM pacnpeaenuTebHbIN mKad Tuna
[IIP11-73705 ¢ KIMMAaTHYECKUM HCIIOJTHEHHEM Y3 U CTEHNEHBIO 3aIlUTEI
IP22 (tabn. 12.14). Ha BBome CII nmeercst pyomnbHuk P18 ¢ HomuHAb-
HBIM TOKOM /0y, = 400 A. TOK 351eKTpOANHAMUYECKON CTOMKOCTH CHIIOBOTO
MYHKTA iy, = 25 KA. B mxady Ha oTXOIAIIMX JTHHHUAX HUMEETCS BOCEMb
TPEXMONIOCHBIX TPYIII NPeA0XpAHUTENCH Ha HOMUHANIBHBIE TOKU 100 A.

Tak kak Lyon > 1, (400> 45,3 A), o CII moaxoauT 1o HOMUHATBHOMY
TOKy. YcnoBue anekTpoarHamudeckoi croitkoctu CII (1.1) BeImonHA-
ercs: 25 > 9,5 kA. KonudecTBo npucoeanHeHuii, umeromuxcs B CI1, mo-
3BOJISIET MUTATh OT HETO CEMb 3JieKTpoBurareneul. [Ipu aTom oaHO CBO-
00/1HOE TIPUCOETUHEHNE ABISIETCA PE3EPBHBIM.
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4. BBIBOP ITIPOBO/IOB U KABEJIEN
HAIIPSI)KEHUEM J1O 1 xB

4.1. U30aupoBaHHbIe NPOBOJA U Kadeu HANPszKeHneM 10 1 kB,
crnoco0bl UX NPOKJIAAKH U yCJI0BHUS BbIOOpa

OnexTpudecKkue ceTH HampskeHueM A0 1 kKB mpombluieHHBIX Ipe-
MPUATUH KOHCTPYKTHBHO BBIIOJIHAIOTCS B BUJAE IIMHOIPOBOJOB, SJIEKT-
POTIPOBOOK U KaOETBHBIX JIMHUH JIEKTPOTIepeIadm.

B arekTpornpoBoakax MpOU3BOJACTBEHHBIX OOBEKTOB LIMPOKO MPHME-
HSAIOTCSI IIPOBOJA C MOJIMBUHWIXJIOPUIHON H30JSIIKEN ¢ aIFOMUHHEBBIMU
xwuinamu Mapku AIIB u menueivu sxunamu Mapku [B. Tlpu npoknagxe
B Tpy0ax NPOBOAOB, MUTAIOLIMX CBAPOUYHBIE YCTAHOBKH, LE€JI€CO00pa3HO
MIPUMEHSTh MHOTOKMIbHBIE MTpoBoga Mapku AIIPTO mmn ITPTO c xnon-
4aTOOYMaKHOM OIUIETKOH, IPONUTaHHON MPOTHBOIHUIOCTHBIM COCTaBOM.

B anexTpoycranoBkax HanpspkerreM 10 1 kB B mogassroniemM 60b-
HIMHCTBE CITy4aeB MPUMEHSIOTCS KaOelu ¢ MOJMMEepHOH (U3 MOTUBUHIII-
XJIOPUIHOTO IUIACTHKATA, MOJUITUIICHA, CUINTOrO MOJMATHIICHA U T. [.)
WM PE3UHOBOM M30isiuuel. [ NpoKIaaKky BHYTPU 34aHUM B OCHOBHOM
npumenstoTcs kabenu mapok ABBIT, BBI, AIIBT', I1eBI" u 1. 1. [Tpu mpo-
KJIaIke B 3eMJIe PEKOMEHAYyeTCsl HCIob30BaTh kabemn mapok AIIBBOILIB,
I1BBOIIB 1 T. 1., UMEIOIIHE JICHTOYHYIO OPOHIO, 3AIIUIIAIOLIYI0 000TI0UKY
Y TOKOIPOBOISIIINE KBl OT MEXaHUUECKUX MOBpEXIeHUl. bpornposan-
HBIE Ka0eIn MOXKHO TPOKJIAbIBATE BO B3PHIBOONACHBIX 30HAX.

i1 nuTaHus IepeMeINalonXcs 3JIEKTPOIPUEMHHUKOB (KPaHOBBIX
YCTaHOBOK, IOJJbEMHUKOB U T. II.) MOTYT IPUMEHSTHCS THOKHE IIUIAHTO-
BbIe Kabenu ¢ MeaubiMu xunamu Mapku KI' u K[H. B moskapoonacHbix
3oHax kiaccoB II-I u I1-1I u Bo B3pbIBOONAcHBIX 30HaX MUTAaHUE KPaHO-
BBIX YCTaHOBOK OCYILIECTBIISIETCS ¢ ToMoLIbo kabemnst mapku KI'H.

Ha mipoMpIniuieHHOM NpepHsITHH 3JIEKTPUYECKUE BHYTPHIIEXOBEIE Ce-
TH JIOJDKHBI OBITH COBMECTHMBI C YCIOBHSAMH OKPY>KAIOIEH CpeAbl U Mpo-
U3BOJICTBA. B 3aBHCHUMOCTH OT yCIIOBHI OKpPY>KarOLIEH Cpenbl, TEPPUTO-
PHATBHOTO pa3MeIleHHs 3IEeKTPOIPHUEMHHUKOB, BEJHMYUHBI M XapakTepa
AIICKTPUYECKON HArpy3KH MPUEMHUKOB U MOTPEOUTENEH 3JIEKTPOIHEPTHH,
BO3MOXHBIX JIEKTPOJUHAMUYECKUX, MEXAHUYECKUX U TEPMUYECKUX BO3-
NEHCTBUI Ha TIPOBOTHHUKH, a TaKXKe TPEOOBaHUI DIICKTPOOE30MACHOCTH
Y TEXHUYECKOI 3CTETHMKH BHYTPEHHHE 3JIEKTPOIPOBOJKH MMEIOT MHOTO
KOHCTPYKTHBHBIX UCIIOJTHEHUH (Tabx. 4.1).
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Tab6numa 4.1

KoHCcTpyKTHBHOE HCTIONHEHNE 3JIEKTPOIPOBOIOK BHYTPH ITOMELIEHHH

OIeKTpONpOBOIKA

OTkpbITast Ckpsitas

HermocpencTBeHHO 110 TOBEPXHOCTH
CTPOHTEIBHBIX KOHCTPYKLIHH

Ha MOHTa)XHBIX MOJIOCAX, JIEHTaX B 6opo3nax ¢ 3a1enkoit ITyKaTypHbIM
U CTpYHaX WJIM THIICOBBIM PacTBOPOM

Ha m3omupyromux ornopax (posmkax,
H30JIATOpax, KIAIAX)

[Mox cnoem mTyKaTypku

B mBax mexay 6ia0kaMu

B tpybax B tpybax
B meramiopykasax B meramiopykasax
B xopo6ax ¢ OTKPBIBAIOLTIMHUCS
p p B B xopobax 6e3 KpbIiek
KPBILLKaMH
B kananax u ITyCTOTaxX CTPOUTEIIbHBIX
Ha norkax 4
KOHCTPYKIUH
B Tosmie naneneit npu ux u3roToBie-
Ha tpocax

HUU (3aMOHOJIMYEHHAs IPOBOJIKA)
B mummHTYCHBIX KOpoOax -

Ommemum, umo He3auUUeHHble U30TUPOBAHHbIE NPOBOOA (MAPOK
AIIB, IIB u m. n.) Mo2ym npoxiaovi8amucs MoIbKO mpemsi CROCO0aMU:
Ha U3013mopax, 8 mpyoax u Kopooax.

B OTKpBITBIX U CKPBITBIX 3JEKTPOIIPOBOJIKAX MPUMEHSIOTCS CTaJIbHbIE
Y TJIaCTMACCOBBIC TPYOBI. DJIEKTPOIPOBOAKU B CTAJBHBIX TPyOax MMEIOT
BBICOKYIO CTOMMOCTB, TPEOYIOT OOJIBIINX TPYA03aTpaT MPH BBIIOJIHEHUH
AIIEKTPOMOHTAXKHBIX PabOT M 3HAYUTEIBHOIO pacxoja Meraiuia. [loaromy
UX TPAUMEHSIOT 00OCHOBaHHO B COOTBETCTBHU C [1], Korma mo yciaoBusM
OKpY>KaroIIel cpenbl ApYTHe BUABI JIEKTPOIPOBOAOK HEJOIY CTUMBI.

Ha npomviuwnennvix npeonpuamusx OmMKpbImMds 21eKmponpogooKd
uquje 6ce20 GLINONHAEMCA 6 mpydax, Kopobax, Memaniopykaeax u Ha
JIOMKax, cKkpulmas — 6 mpyoax, kopooax u memannopykaeax. llpu BbI-
MOJIHCHUH Hapy’KHBIX M OCBETUTEIBHBIX JJIEKTPUYECKHX CETEH MOTyT
MIPUMEHSATHCS TPOCOBBIE TPOBOIKH.

[Ipu mpoeKTHPOBaHUM ANIEKTPUYECKUX CETEH MPOMBIIUICHHBIX M-
HPUSTUI, KaK MPaBHUJIO, BEIOUPAIOTCS] IPOBOJHUKYU C AJTFOMUHHUEBBIMH KH-
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JlaMU, 32 UCKIIOUYEHUEM CeTell BO B3PBIBOONACHBIX 30HAX kiaccoB B-I
1 B-Ia, B KOTOPBIX MPUMEHEHUE TIPOBOIOB M KaOemel ¢ METHBIMH KHJIaAMH
ABJIsIeTCA 00sI3aTeNbHBIM. MeHble MPOBOMHUKH TaKKe MpeaycMaTpuBa-
FOTCSL JUISl NTUTAHUS TIEPEHOCHBIX M NMEPEABMKHBIX JIEKTPONPHEMHHUKOB,
JUTS TIPUCOETMHEHUS DJIEKTPOTEXHUYECKUX YCTPONCTB, yCTAaHOBIEHHBIX
HETIOCPE/ICTBEHHO Ha BHOPOHM30JIHMPYIOMIMX OIMOpax, JAJIS CHJIOBBIX LiEeTen
KPaHOBBIX YCTAHOBOK, a TAKXKe B HEKOTOPBIX APYTHX ciaydasx [1].

[Tpu BEIOOpE MPOBOJOB U JKUII KabeJel, HCIOb3yEeMBIX B CTAlMOHAP-
HBIX 3JIEKTPOYCTAaHOBKax HampsbkeHueM a0 1 kB, HeoOXoauMo y4HThI-
BaTh UX MUHUMAJIBHO JIOITyCTHMBIE CEUEHUS 110 MEXaHWYECKOW MPOYHO-

ctu (tabma. 4.2) [9].

Tabnuma 4.2

MuHUMaIbHBIC CEUCHUS MMPOBOJJHUKOB

Hasnauenue [Tposoanuk
SJIEKTPHUHCCKOU LT Bupn Martepuan | Ceuenue, MM

CHJIOBEIE B OCBETUTENLHBIE Kab6enn u mzompo- Menp, 1,5
nenu BaHHbIE [TPOBOAA | aJTFOMUHUI 2,5
Heru curHamusarmy 1 ynpas- - | Kabenu u usonmmpo- Mexs 0.5
JICHUS BaHHbIE IPOBOJIA ’
Ienu curHanM3anuu 1 yrpas-

Kabenu u nzonupo-
JIEHUS DJIEKTPOHHOT0-000pY- Menb 0,1

BaHHbIE IPOBOJIA

JIOBaHUS

HeusonupoBannsie | Menp, 10
CuoBble Lienu .

TIPOBOAHUKH ATIOMUHUN 16

enu curHanm3aiu U yrnpas- | HenzonupoBaHHbIe Mers 4
JICHUS MTPOBOIHHUKH

CeueHus Xu MPOBOJHUKOB CHJIOBBIX JJICKTPUUCCKUX CETCH Hamps-
keHueM 70 1 kB BbIOMparoTCst 1o JAOMYyCTUMOMY HarpeBy. Eciau yucio
4ACo8 UCNONb308aAHUSA Markcumyma Hazpysku Ty, > 5000 u 6 200, mo
8blOPAHHOE ceyeHue NPosepsemcs N0 IKOHOMUYECKOL NIOMHOCHU MOKA
(kpome omeemenenull K INeKMmponpuemMHuKam).

CeueHus poBOJIOB U Kabenel OCBEeTUTENLHBIX CETEH BBIOMPAIOTCS 110
JIOITyCTUMOMY HarpeBy W IOIYCTHMOM TOTepe HalpsDKeHHA. B CHITOBBIX
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CeTsIX CEUCHUS! MPOBOJHMKOB IO IMOTEPE HANPSDKEHHS HE BHIOMPAIOTCS.
OnHaKo CeTH pacCUHUTHIBAIOTCS IO MOTEpe HaNpshKEHUs. Ecy B AIIeKTpo-
YCT@HOBKAaX 3JIaHU{ MOTeps HanpsbkeHus npesbimaet 4 % [9], To npuHu-
MAaroTCs Mephl MO MOBBIIIEHUIO YPOBHS HANPSDKEHHUA B DIEKTPUYECKUX
CETSIX, B TOM YHUCIIE U ITyTEM YBEIMUYCHNS CEUEHNS IIPOBOIHUKOB.

Ecnu cetb TpeOyeT 3aliuThl OT NEPErpy3Ku, TO JIUTEIBHO JOIYCTH-
MBIE TOKH BBIOpaHHBIX MPOBOJOB M KaOelneil JOMKHBI COOTBETCTBOBATH
TOKaM ammnaparoB 3aIlUThl, yCTAHOBJIECHHBIX B HayaJle JINHUU.

KaGenun, nmpumensiemble B ceTsx HampspkeHHs 10 1 kB, mposepsitoTces
10 TEPMUYECKON CTOUKOCTH.

4.2. Boi0op cevyeHuii NPOBOJHUKOB 0 JOMYCTHMOMY HATPEBY

ITo nonmycTMOMY HarpeBy ceueHHsI TOKOMPOBOISIINX KU TPOBOJIOB
1 Kabeneil BRIOMPAIOTCS 110 YCIOBHIO

Lon> I,/ Ky (4.1)

1€ [;on — HOTYCTUMBIN ITUTEIHHBINA TOK ITPOBOJIOB MK Kademnel, A;

1, — pacUETHBIN TOK JINHUH, A;

K, — monpaBouHbIA KO3(PPUIUEHT HA JOMYCTUMBIA TOK, YUHTHIBAIO-
mHi QakTHYecKre YCIOBHS TPOKIAAKH TPOBOJOB U Kabeei.

[Tpu BBIOOpPE CeYeHUH MPOBOJHUKOB JJIsl OTBETBICHUH K OTAEITBHBIM
3IIEKTPONPHEMHHKAM B Ka4eCTBE [, IPUHUMAIOTCS X HOMHUHAJIbHBIE TO-
KU Iyyoy. [IpudeM Bo B3pBIBOOMACHBIX 30HaX (Kpome B-10 u B-Ir) npu BbI-
0ope MPOBOJHMKOB OTBETBIICHHS K 3JEKTPOIABHUIaTEII0 C KOPOTKO3aMK-
HYTBIM POTOPOM JQJIKHO COOJIONATHCS yCIOBUE

Lion > 1,250,00/ K.

Jlonycmumbim OnumenbHbiM MOKOM TIO HATPEBY HA3BIBACTCS TOK, MIPH
KOTOPOM yCTaHABJIMBAETCS JIMTENBHO NOMYCTHUMasi TeMIepaTypa Mpo-
BogHMKAa O, . B coorBercTBHH C [1] ycTaHOBJIEHBI ClleAylOIIUE 3HAYE-
HuA O,

90 °C — ms xabeneii ¢ H30IsLKMeEN U3 CIIUTOrO ITOJIMITHIIEHA;
80 °C — mus xabeneit ¢ OyMaXHOH MPOTUTAHHOW M30JSIIUEN Hamps-
’keHueM 710 3 kB;
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70 °C — nj1s1 LIMH ¥ HEU30JIMPOBAHHBIX MTPOBOJIOB;

65 °C — mns xabesel u MPOBOJOB C PE3WHOBOM HIIM IIIAaCTMAaCCOBOMU
n3onsuei Hanpspkenuem 10 1 kB.

3HaueHus [y, IPUBOASTCSA B CIIPABOYHOMN JINTEPATYypE WA TEXHUYE-
CKOW JOKYMEHTAIlM! TPOU3BOAMTENCH TPH YCIOBHOW TEMITEpaType OKpYy-
xKaromeit cpeapl ©, = 15 °C npu npoknanxe B 3emne u O, =25 °C —
B BO3ZYyXe.

JlormycTrMble TOKH JUIsl U30JMPOBAHHBIX MPOBOIOB MPUBEAEHHI B [1]
MIPH MPOKIIAJKE B CTAIBHBIX TPYyOaxX M OTKPHITO, sl KaOelel — Mpu 1mpo-
KJIaJIKe B BO3JIyXe W 3eMiie. 3HAUCHHS JIOMYyCTHMBIX IUTEIHHBIX TOKOB
MIPOBOJIOB, MIPOJIOKEHHBIX B KOP0Oax, a TakKe B JIOTKaX ITygKaMH, MPH-
HUMAIOTCsI, KaK JUIs MPOBOJIOB B TpyOaX, a pPacloIOKEHHBIX B JIOTKax
B OJIMH PsJl, — KaK JJIsl OTKPBITO IMPOJIOKEHHBIX TTPOBOAOB.

Ilpu ucnonvzosanuu 31eKMponpoBoOOK 8 NIACMMACCO8bIX MpPYyOax
oonycmumsle moKu npo8ooos ciedyem nouudicamos Ha 10—15 %.

Jns snexTpudeckux ceteil HampstkeHueM 10 1 kB monpaBouHsbIl Ko-
3¢ GUIHEHT, KaK MPABIIIO, OTPEAEIISETCS MO BBIPAKEHUIO

Kn ~ K1K2, (42)

rae Ky 1 K, — koo punueHTsl, yIUTHIBaIONINE (PaKTHUECKYI0 TeMIepa-
TYpYy OKpYXarollel cpebl M KOJIMYECTBO COBMECTHO MPOJIOKEHHBIX TPO-
BOJIHUKOB.

C yuetom (4.2) popmyity (4.1) mpencTaBuM B CISAYIOIIEM BHIIE:

Lion 2 1,/ (K1 K5). (4.3)
Ecnu ycnoBust cpelibl U NPOKIAAKH HE OTJIMYAKOTCS OT MPUHATHIX B [1],

TO 3HAYEHHS TOMPABOYHBIX KOIPPHUIIMEHTOB TPUHUMAIOTCS PaBHBIMU 1.
B s10M ciiydae Belpaxkenue (4.3) uMmeer BUA

Lion 2 1, 4.4)
[ompaBounblii k03(pHUIMEHT HA AOMYyCTUMBIA TOK, YYHTBHIBAIOIIMI

(haKTUYECKYIO TeMIIEpaTypy OKPYIKAIOIICH CPe/Ibl, MOKHO ONPEIEIUTh 0
cnpaBo4HOH Tabnuie [1] wmm paccunTats 1Mo crieayronei popmyse [12]:
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(4.5)

rae ®, — nelicTBUTENbHAs TEMIIEpaTypa OKpyKarollel Cpebl.

[Ipu mpoknanke B TpyOax OOMYCTHMBIC TOKH MPOBOJOB B CIPaBOY-
HBIX TAaOJUIAX MPUBOIATCS ¢ yaeToM kodhdunmenta K,. B ciaydae mpo-
KKK OoJiee YeThIpeX OJHOBPEMEHHO HAarpy>XEHHBIX MPOBOJOB B TPY-
0ax, Kopobax, a Takke B JOTKax My4YKamH, UX JOMYCTHMbIE TOKH IIpH-=
HUMAIOTCSI, KaK JIsl IPOBOAOB, MPOJIOKEHHBIX OTKPBITO, HO C BBEACHUEM
cHIKaromero koadunuenrta K,, Kotopsrii pasex 0,68 ans Su 6; 0,63 —
st 7-9 u 0,6 — s 10—12 mpoBooB.

3nauenus K, s kadenei (kabeIbHBIX JTMHHIA ), IIPOIOKEHHBIX B 36M-
e, mpuBeneHbl B Tabm. 113.18.

B cootBetcTBHU c [1] Ha mepHo TMKBUAALMHN TTOCIIEABAPHIHOTO pe-
JKuMa i Kabeneill ¢ MONMMITUIICHOBOW W3OJISIMEH NOIMyCKaeTCsl Iepe-
rpy3ka g0 10 %, a s kabenel ¢ MOJUBUHWIXJIOPUIHON U30JIALIUEH —
o 15 % HoMHMHANBHON Ha BpeMs MaKCHMyMOB HArpy3KH HpPOIOJIKH-
TEJILHOCTBIO He Oojiee 6 U B CYTKM B TeUeHHE MATH CyToK. [Ipu sTom
Harpy3ka B OCTaJbHOE BpeMs CYTOK HE JOJKHA IMPEBBIIIATh HOMHHAIb-
HOT'O 3HAYECHWSI.

4.3. IIpoBepka BLIOPAHHOIO ceUeHHs MPOBOIHUKOB CHJIOBOIi ceTH
10 IKOHOMHY€eCKOii MJIOTHOCTH TOKA

ITo sKOHOMHMUYECKON IUIOTHOCTH TOKa IUIOLIAJb CEYEHHUs MPOBOJHHU-
KOB [, IPOBEPSIETCS TI0 COOTHOLLIEHUIO

F,=1,/}, (4.6)

T/€ j, — HOPMHUPOBAaHHOE 3HaU€HHE IKOHOMHYECKOH IUIOTHOCTH TOKa,
Alin?, MIPUHUMAEMOE B COOTBETCTBUH C [1].

OKOHOMHUECKAs IUIONIA[b CEYCHUS, MOJYUYCHHAS IO BBIPAKCHUIO
(4.6), okpyrisiercs 10 OIMKaNIIero CTaHAapTHOTO 3HAYCHUSI.

3HaYeHUST PKOHOMHYECKOMW TUIOTHOCTH TOKA MPH 1.y > 5000 u mis
MPOBOJ/IHUKOB, MPUMEHSEMBIX B JICKTPUUYCCKUX CETAX HANPSHKESHUEM 0
1 kB, npuBexeHs! B Tad. 4.3.
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Tabmuna 4.3

OKOHOMUYECKas IIOTHOCTh TOKA JIJIsl IPOBOAHUKOB
CUJIOBBIX DJIEKTPUUECKUX ceTel HanpspkeHueM jo0 1 kB

OKOHOMUYECKas! INIOTHOCTH TOKA,
A/MM’, TS MaTepHaa Kbl

[IpoBoaHMKH
ATIOMUHHAI Mens
IIpoBoja ¢ pe3nHOBOM U MOJUBUHUII- 12 20
XJIOPUAHOM H30sILuen ’ ’
Kabenu ¢ pe3suHOBOI U IJIaCTMACCOBOM 1.6 2.7
H30JILHEN ’ >

OTMmeTuM, 4TO Il IPOBOJIOB M KaOesel, MMEINUX MIoaab cede-
HUs 10 16 MM°, 3HAYEHHE SKOHOMHYECKON TIOTHOCTH TOKA yBEIUYMBa-
ercsa Ha 40 %.

Ceuenusi npoBOOHUKOB8 OCEECMUMENbHLIX CEmel No IKOHOMUUECKOU
NIOMHOCMU MOKA He NPOBEPSIOMCAL.

4.4. PacueT CHJI0BOM 2JIEKTPUUYECKOM ceTH
N0 MoTepe HANPSKeHUs

ITo nomyctuMoit moTepe HANPSIKEHUS] B 00sI3aTEIBHOM TMOPSIKE BbI-
OmparoTcsi ceueHus MPOBOJIHUKOB OCBETUTENBHBIX ceTel. [IpoBoaa u ka-
0eM CHIIOBBIX AJIEKTPUYECKUX ceTel HampsbkeHueM Ao 1 kB mpowmbim-
JICHHBIX MPEINPHUSITHI IT0 TOMYCTHMOH TOTEepe HANPSHKEHUsS, KaK MPaBH-
J10, HE BHIOMPAIOTCSI.

[Ipu HeoO6xoaMMOCTH BBIOOpa ceUeHHs MPOBOAHUKOB Tpex(a3HOU -
HUM C yYETOM WX WHIYKTUBHOTO CONPOTHBIICHHS MOYKHO BOCIIOJIB30-
BaThCs cleayromein hopmymoit [20]:

PL-10°
F=—3j 110 (4.7)
YU (AU 1o — AU

b
Z[Ol'[p)

rae P — akTUBHAs Harpy3Ka JUHHUHU, KBT;

| — 1vHa JTMHUH, M;

Y — yIenbHas MPOBOAUMOCTh MaTepuaia MPOBOJIHUKA NIPH JACHCTBU-
TeJIbHOM Temieparype Kuibl, M/(OM-MM>);
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Uion — HOMUHAJIHOE HATIPSKEHUE TUHUH, B;
AU, — AOTIycTUMAS TTIOTEPS HAIPSDKEHUS B JIMHAH, %0;
AU,onp — fOIMyCTUMAs NOTEPS HANpPsKEHHs, 0OyCIIOBIEHHAs peak-
TUBHOU HArpy3Kou U MHAYKTUBHBIM CONPOTUBICHUEM JIUHUH, Y.
Y nenpHas IPOBOIUMOCTH MTPOBOJHUKOBOTO MaTepHalia pu JIeiHCTBH-
TEIBHOM TeMIiepaType HarpeBa xui1 @ omnpenemnseTcs mo BhIPaXKEHUIO

y= Yo
1+o(®-20)’

2
e Y, — yAelabHas IpoBoauMocTh 1pu Temneparype 20 °C, M/(OmMMm);
0. — TeMIlepaTypHbIi KO3()(QUIMEHT 3JIEKTPUYECKOrO CONPOTHUBIIC-

. 1
HUsI, KOTOPBIH U1 Mean U amtoMuHus paseH 0,004 %

3HadyeHus 7y, U1 Meau cocraBisieT 55,56 M/(OM'MMz), a Ui ajro-
MEHES — 33,9 M/(OM-MM?).

BenuurHa peakTHUBHON COCTaBIAIOLIEW AOIYCTUMOW MOTEPU HAIps-
YKCHUS BBIYUCIISETCS 110 (hopMyIie

0l-10°
2
HOM

AUI{OH p = xO 5

rie Q) — peakTUBHAS Harpy3Kka JIMHHUHU, KBap;

Xo — TIPEIBApPHUTENBHO MPUHSATOS MHIYKTHBHOE COMPOTUBIICHUE OJTHOM
¢a3pl muHNH, OM/M.

Ecnu npuOIMmKEeHHO OICHUTh BETUUUHY X, 3aTPYAHUTEIHHO, TO MOX-
HO TEPBOHAYAIILHO BHIOpATh CEYECHUS] TOKOBEAYIIMX KU MPOBOAHUKOB
no ¢opmyie (4.7) 6e3 yuera AUy, U IO CHPABOYHBIM TaONUIAM NIPU-
HSTHh COOTBETCTBYIOIIEE €My 3HAYCHHUE X.

[Ipu oTCyTCTBHM B 31aHUH TPAaHCHOPMATOPHOM MOJCTAHIIMN CHIIOBbIC
CETH PACCUNUTHIBAIOTCA MO MOoTepe HanpsbkeHus. i pacyera noTepu Ha-
NPSOKCHUST B JIMHUM TpeX(asHoro Toka HampspkeHueM 70 1 kB, Beipa-
KEHHOHU B %, KaK IMpaBUIIO, UCIIONB3yeTCs cieaytomias hopmyna:

AU = 3 *1001,/(rocos ¢ + Xosin @) /Uyoys, (4.8)
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rae / — JuiHa INHUH, KM;

Fo U Xo — COOTBETCTBEHHO aKTHBHOE W WHIYKTHBHOE MOTOHHOE CO-
MPOTHUBJICHUE JINHUHU, OM/KM;

c0s @ — KO3 PHUIMEHT MOIITHOCTH HATPY3KHU JINHUU.

4.5. ITIpoBepka BLIOPAHHBIX ceUeHU KIJI Kabeed HANpPsKeHueM
10 1 kB no Tepmuyeckoii croiikocTn

ITo TepMuyeckoit croiikoctu Kk AeiictBuio Toka K3 MuHMMansHoe ce-
YeHHUe KU Kabenel onpeaesnsieTcs Mo BhIPAXKEHHUIO

F, = VB (4.9)

rae B, — TernoBoi umMmnyibsc ot Toka K3, Az-c;

C — pacueTHbI KO UINEHT, 3aBUCIIINNA OT MaTepraa >Kuji MMpo-
BOJHHKA 1 ero m30msiun, A-c™/mMm’.

Pacuernsiii koaddunuent C umeer cienyroliye 3Ha4eHus [8]:

115 — s xabeneld ¢ MEOHBIMU JKHJIAMHU C TOJMBHHIIXJIOPUIHON
M30JISIUeH, a TakKe JUIsi COCTUHCHUN METHBIX MPOBOJHUKOB, BBITIOJ-
HEHHBIX TTaNKOIi;

74 — nns xkabenelt ¢ ATFOMHHHEBBIMH KHJIAMH C TTOJTHBUHIIIXJIOPHI-
HOW U30JISIUEN;

135 — s kabeseid ¢ MEIHBIMHM JKWIAMU C PE3MHOBOW H30JISIUCH
(B TOM umcCIe ¢ n3oIANuel N3 OyTHIOBOH W ATHJICHIPONIIEHOBOH pe3u-
HBI) U C U30JISIIIUCH U3 CITUTOTO TIOJUITHIICHA,

87 — nnsi kabenel ¢ alFOMMHUEBBIMH JKWJIAMU C PE3UHOBON WU30JIsA-
el (B TOM 4HCiIe ¢ U30JAIUed n3 OyTHIIOBOW M 3TUJICHIIPOIIMICHOBOM
PE3HHBI) B ¢ H30JIAIUEH U3 CITUTOTO MTOMATHIICHA.

TernoBoii umnyisc oT Toka K3 onpezensercs no popmyiie

Be=It, (4.10)

rne I, — neiicTBytromiee 3HaueHue Toka K3, A;

¢t — Bpems oTkmoueHus Toka K3, koTopoe ompenensercs mo Bpemsi-
TOKOBBIM XapaKTePUCTHKAM 3aIIUTHBIX aIlapaTos, C.
IIpoBepky kabemneil Ha TEPMHUUECKYIO CTOMKOCTH CJIEIYET BBITOIHSTH
0 CBEPXTOKY, o0ecrieunBaronieMy OoJbliiee 3HauUeHUE By.
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4.6. O6ecnieyeHne COOTBETCTBHS CeYeHHUs MPOBOJHUKOB
U YCTPOICTB 3alLUTHI OT Neperpy3Ku

[Ipu 3ammTe SIEKTPHUUECKIX TIeTIel OT TOKOB MEPErpy3KH HE0OX0AUMO
00eCreYrBaTh COIJIaCOBAHHOCTh IPUMEHSEMBIX MTPOBOJHUKOB W 3allUT-
HBIX YCTpOWCTB. [InaBkue nmpenoxpaHUTEN U aBTOMAaTHYECKHE BBIKITIOYa-
TENW JOJDKHBI OTKIIOYaTh TOK meperpy3ku. [ storo pabodast xapakre-
pHCTHKa JIF000T0 YCTPOHCTRA, 3alHIIAIONIETO TIPOBOJIHUKY OT IEPEerpy3Ku,
JIOJDKHA COOTBETCTBOBATH YCIIOBHIO

II[OH ZIHOM3 le) (4.11)

r71e lyon; — HOMUHAJIBHBINA TOK YCTPOWCTBA 3aIlUTHI (IDTABKOW BCTABKH ITpe-
JIOXPaHUTEIISI, TETUIOBOTO T KOMOMHUPOBAHHOTO PACIISITATENST aBTOMATA).
B cootBercTBUM C [4] A 97EKTPHUYECKUX CETEH, 3alllUIaeMbIX OT Iie-
Perpy3KH, TapaMeTpPHI aIlllapaToB 3allnuThI /, TI0 OTHOMICHUIO K 1, TOIDKHBI
HMMETh KPaTHOCTH, HE NPEBBIIIAIOIINE 3HAUCHHUS, TIPUBEICHHbBIC B Ta0. 4.4,

Taomnma 4.4

[IpenenbHble KPATHOCTH HOMHHAIBHBIX TOKOB MM TOKOB CpaOaThIBaHUS
3alIUTHBIX alnapaToB MO OTHOMICHHIO K JOITYyCTUMBIM TOKOBBIM
Harpy3Kkam IpOBOJHUKOB

Bun 3amutHoro
IIpoBogHUK ahal 1, L,/ L,
anmapara
HomunanbHbIi TOK "
IIpenoxpanurens . 0,8
IIpoBonHUKY C IOJH- IJIAaBKON BCTAaBKU
BHHWIXJIODUAHON M | ABTOMAaTUYIECCKHUN BBI-
N o .. | Tok ycraBku pac- 5
PE3UHOBOM U30JIUEN | KITFOUATENh, IMEIOIHI 0,8
LETTHTENS
TOJIEKO OTCEUKY
HomuHaneHBIN TOK
[Ipenoxpanutenp o 1,0
. IUTABKOW BCTABKH
Kabenn ¢ 6ymakHoit "
o ABTOMAaTHYECKUH BHI-
H30JsI0UER . | Tok ycraBku pac-
KJII0YaTeNh, UMEIOLIHA 1,0
LETHUTENs
TOJIBKO OTCEUKY
ABTOMaTHYECKHUI Bbl-
KITFOYaTesb C HeperyJIH- .
IIpoBogHUKH BCex . Homunanbsblit TOK
pyemoii 00paTHO 3aBH- 1,0
MapoK . pacuenuTens
CHMOM OT TOKa Xapax-
TEPUCTUKON
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Oxonyanue tao0mn. 4.4

Buj 3amurHOro
ammapara
ABTOMAaTHYSCKHI BEI-
[IpoBomHWKY C TIONK- | KITIOYATENh ¢ peryimn- | Tok cpabaThIBaHUS

TpoBoHUK 1 L/ Lion

BUHIIXJIOPUTHOM U pe- | pyeMoii 0OpaTHO 3aBH- | TEIUIOBOTO paciie- 1,0
3MHOBOM M30JISIIMEN | CUMOM OT TOKa Xapak- |UTEINs
TEPUCTUKOM

ABTOMAaTHYCCKHI1 BBI-

Kabenu ¢ OymaxkHoit
KIIo4artenb ¢ perynn- | Tok cpabaTbiBaHuUs

H30JIALUMEN U W30S~

N pyeMoii 00paTHO 3aBU- | TEIUIOBOTO paciie- 1,25
eii U3 BYJIKaHU3HPOBaH- o
CHUMOW OT TOKa XapakK- |IHUTeNs
HOT'O TIOJIU3THIICHA .
TEPUCTUKOM

*HJ’IH IMPOBOAHUKOB, IMPOKIAABIBAEMBIX B HEB3PLIBOOIMACHBIX ITPOU3BOACT-
BCHHBIX ITIOMCIICHUAX HpOMI:-II_HJ'[eHHI)IX Hpe}IHpHﬂTHﬁ, }IOHyCKaCTCﬂ HpI/IHI/IMaTI)
L/ Lgn=1.

4.7. Bb16op ceyeHUs HYJEBbIX IPOBOJIHUKOB

[Tommane ceyeHus: HyJIEBOro padouero mpoBoAHuKa (N) B 0THO(A3HBIX
JBYXIPOBOAHBIX LIEMSIX MPUHUMAETCSl TaKOW ke, Kak M ()a3HOro MpOBOJI-
HHUKa. OTO MPABWJIO PacHpOCTpaHsercss Ha OAHO(A3HBIE TPEXIPOBOIHBIC
e U Ha MHOTo(a3HbIe TIEMH TPH TUIOIIAAN ce4eHUs (a3HBIX MPOBOJI-
HHUKOB F; ¢ MeaHOM )uitoi 10 16 MM2, a C AJTIOMHHHUEBOM — 110 25 MM’

B MHOro()a3HbIX LEMAX C MEIHBIMH MPOBOIHUKAMH TIpH F > 16 MM®
¥ ATIOMUHHEBBIMH TpH F, > 25 MM’ HyleBbIe HTPOBOXHHKH N MOTYT
UMETh CeYeHue, MeHbllee, ueM (pasHble TPOBOAHUKH (HO HE MEHEE YeM
16 MM MemHble B 25 MM’ aTIOMHHHEBBIE), [P YCIOBHH, YTO HyJIEBOIA
MPOBOJHUK 3aILMILIEH OT CBEPXTOKOB. [Ipy 3TOM mpormyckHas ciocoOHOCTh
HYJIEBOTO MPOBOJHUKA JJOJDKHA COOTBETCTBOBATH €r0 paboueMy TOKY.

[Tnomans ceyeHust HyJIEBOTO 3alUTHOrO MPOBOAHMKA PE mpu cede-
HEM (a3HOro mpoBomHMKA F; < 16 MM® npuHEMAaeTcs paBHOH Fj; mpu
F, =25-35um* — 16 MM2, anpu F; > 35 MM’ — HE MeHee 0,5 F;. Ilpn
3TOM 3alllUTHBIE MPOBOAHUKU JOJDKHBI OBITH M3TOTOBJICHBI M3 TOTO K€
Marepuaia, 9To u (asHele. Bo Bcex ciaydasx cedeHue 3allUTHOTO Ipo-
BOJIHMKA, HE BXOJMAIIETO B COCTaB Ka0OeJsIs, TOJDKHO ObITh HE MeHee 2,5 MM
TIpH HAIMYHH 3aIIUTHl OT MEXAHWYECKUX TIOBPEKICHHUH U 4 MM® — IpH
€€ OTCYTCTBHH.
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B craumoHapHBIX ycTaHOBKaX cucTeMbl 7N (YHKIMH HyJEBBIX 3aIllUT-
HOI'O M pabo4ero MpOBOIHUKOB MOXHO COBMECTHTH B OJHOM IIPOBOJ-
Huke PEN 1pu yCIOBHH, YTO IUIOMIAJb €r0 CeueHMs He MeHee 10 MM’
JIs Meau U 16 MM® [UIs aTIOMHHES, @ PACCMATPUBAEMAS YaCTh CETH He
3alIMIIeHa YCTPONHCTBAMH 3aIUTHOIO OTKIIIOYEHHs, PearnpyloyuMi Ha
T depeHInanbHbIe TOKH.

Ipumep 4.1. Pactipenenutensueiii myHKT (PIT) nexa nmpombliieHHOTo
NPEANPHUATUS Mody4aeT 3eKkTpodHepruto ot TII mo nuHuM HanpspKeHH-
eMm 0,4 kB, cocrosmieit u3 aAByx mapamiensHbeix kadeneir K1 u K2 mapku
ABBOIIB (puc. 4.1). KaGenu nponokeHsl B OTHON TpaHIIEe ¢ paccTosi-
HueM B ceety 100 mm. Temneparypa 3emnu — 10 °C. Ilonnas pacueTrHas
MOITHOCTB JIMHUH S, = 245,7 kB-A. Bpems HCIONB30BaHMAsA MAKCHMyMa
Harpy3ku T, = 3200 9. BeibpaTh cedeHue KwI KaOeiel 1Mo yCIOBHIO
JIOITyCTUMOT'O Harpesa.

0,4 kB
— P
T N K1 A
- Sp
< N K2 4
V N
—>

Puc. 4.1. Cxema cetu mis npumepa 4.1

Pewenue. OnpenensieM pacyeTHBIN TOK OJHOTO Kalens B MPeAroo-
JKEHUH, YTO Harpy3Ka MEXIy KaOeIsIMH pacrpeaesieTCs IOPOBHY:

L=S,/(2\B3U,.,), 1,=2457/(23-0,4)=177,5A.

Haxonum monpaBounbie K03(h(GUIIMEHTH Ha JOIYCTHMBIN TOK Kabes,
YUUTHIBAIOIINE (PAKTUUECKHE YCIOBHUS IMPOKJIAAKA B 3€MIISTHOM TpaHIIeEe.
Koodduupment, yautsiBaromuii TemnepaTypy 3eMITH, paccyutaeM 1o Gop-

myne (4.5):
K = [©=10 48~ 105,
(65-15)

1

[To Tabn. I13.18 npuaumaem koapdunment K, = 0,9, yuutbBarommii
KOJIMYE€CTBO COBMECTHO IMPOJIOKEHHBIX Kabenel B 0OTHOM TpaHIIee.
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Tak xak B 1jexe MOTYT OBITh OHO(A3HbIE 3JEKTPOIIPUEMHHUKH, BBIOH-
paeM AJsl JMHUW MATYDKWIbHBIE KaOeiau ¢ HyJIeBBIMH pabOouyuMH U 3a-
MIMTHBIMH TpOBOAHMKaMH. Harpysky OynyT Hectu (asHble U HyJieBbIE
paboune xwunbl. B tabn. [13.3 HeT maHHBIX MO TOKaM HArpy3KH IJIsl Ka-
0emst ¢ 4eThlppbMsl pabounmu xuinamu. [losToMy npuHMMaeMm AOIyCTH-
MBI TOK YE€THIPEXKUIBHOTO Kabess, KakK Ui TPEX>KUIBHOTO, HO € K0d(-
¢urmentom 0,92. C yuerom 3Toro paccurraeM o dpopmyie (4.3):

0,927,0n > 177,5 /(1,05 - 0.9),
Lion > 177,57 (0,92 - 1,05 - 0,9) = 204,16 = 204,2 A.

[To tabm. I13.3 anst momy4eHHOTo 3HaYEeHHS TOKa BEIOMpPAaeM MO JaHHBIM
JUISL TPEXXKMIIBHOTO KaOelsi, MPOKJIapIBaeMOTO B 3eMJle, CEUEHHE TOKOBE-
ymux xui 70 MM ¢ JIOITyCTUMBIM JJIUTEIBHBIM TOKOM Lo, = 210 A. Ilpu-
HUMaeM IMATHKUIbHBIN kabeas ABBOIIIB 5% 70-1.

[IpoBepsiem BBIOpaHHBINH Kabenb MO TOKY MOCIEaBApUHHOTO peXHMa
MIPH BBIXOJIE M3 CTPOs 0HOTO Kabems. B aTOM cilydae ocTaBmuniics B pa-
0oTe kabenb OyIeT HECTH BCIO HArpy3Ky Lexa. ToK B MocieaBapuiiHOM
peXUMe TPUHUMAEM PaBHBIM YJIBOCHHOMY 3HAYCHHIO TOKa KaOels IpH
HOpMaJTEHOH paboTe:

Ie=2I;  1,=2-177,5=355A.

C yderoMm momycTEMOU meperpy3ku Ha 15 % (koaddumment mepe-
rpy3ku Ky, = 1,15) B 11epuos MakcuMyMa Harpy3KH HOpPOJOJKHTEIBHO-
CTBIO He OoJiee 6.4 B CyTKH B T€UEHHE MSTH CYTOK KaOellb I0JIKeH UMETh
JIOTY CTUMBIH JAJIUTENbHBIN TOK:

Liow = Ia /| (Kuep0,92K);
Lon =355 /(1,15- 0,92 - 1,05) = 319,6 A.

[To marHOMY YCITOBHIO HEOOXO0AUMO TPHHATH Kabeas ABBOILLIB 5 x 150-1
(i ABBGILIB 4 x 150 + 1 x95-1) ¢ cedeHreM TOKOBEAYIMX Ku 150 Mm’
C IOMYCTUMBIM TOKOM I, = 335 A.

Hpumep 4.2. I'pynmy 37eKTPONPUEMHHKOB C pacUeTHBIM TOKOM Ha-
rpysku I, = 150,7 A n xoaddunnenrom momHoctu cos ¢ = 0,85 mpexn-
roJlaraercsi mutaTh Ha HanpspkeHHH 0,4 kKB oT mMH pacnpenennTenbHo-
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ro ycrpotictBa (PY) TII nmo kabenprolt muamu (KJI) snexrponepenaun
nmmaHOH 40 M (puc. 4.2). I[TukoBBI# TOK MUHAN [y, = 420,5 A. Tok Tpex-
¢aznoro K3 na mmuax nanpspkenuem 0,4xB TII [, = 12,0 xkA. KaGens
npucoenuusiercs Kk PY TII ¢ noMoupio TOKOOTpaHUUUBAIOLIETO aBTOMa-
THYECKOTO BEIKITIOUaTeNns Tuma BAS2-35 ¢ KoMOMHHpPOBAHHEIM paclie-
MATEJIEM ¥ TIPOKJIAABIBACTCS HA METAIUIMICCKUX KPOHIITCHHAX B MTOME-
LIEHUU ¢ HOPMAJIBHOU Ccpefoi. Bpems HCIonb30BaHUS MAaKCUMyMa Ha-
TPY3KU Tinax = 5200 4.

Bri6pats kabenb 1 onpeIeuTh IUIOMIAAb CEUCHUS €T0 TOKOTIPOBOIS-
HIMX KHJI [IPH YCJIOBUH, YTO JIMHHUIO TpeOyeTcs 3aIuiaTh 0T TOKOB K3
u nieperpy3ku. OnpenenanTs MOTepro HANPsHKEHUS B KaOeJIbHOW JIMHUU.

0,4 kB
. +— PN
10kB QF1 | QF2

— N
S 1<V aom Ip

I;'-—»

Puc. 4.2. Cxema cetu 11 npumepa 4.2

Pewenue. OnpenensieM HOMUHAIBHBIA TOK pacUENUTENs aBTOMaTa
BAS52-35, umeromiero HOMUHaNBHEIH TOK 250 A, o ycnosuto (2.9):

Luowp = 150,7 A.

Mo tabm. I12.7 gns aBromata BAS52-35 BeIOMpaeM KOMOMHHPOBAHHBIN
pacLenureNns ¢ HOMUHAIBHBIM TOKOM [yonp = 160 A. KpaTHOCTB TOKA OT-
CEYKH 110 OTHOIIEHHIO K o p Kro = 12.

[IpenenmsHast KOMMYTAITMOHHAsI CIIOCOOHOCTH aBToMata 30 KA, 4To 3Ha-
YUTETBHO Ooubiie Toka K3 B TOUKe yCTAaHOBKY ammapara 3aiuThl.

[IpoBepsieM HEBO3MOXKHOCTH CpadaTHIBAHUS ABTOMATUIECKOTO BHIKITIO-
garess MpHU MUKOBOM ToKe. JlJist aToro mo BeIpakeHuto (2.12) paccuuta-
eM TpeOyeMyt0 KPaTHOCTh TOKA OTCCUKH:

K> 1,25-420,5 ~33.
160
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PacuerHoe 3Hauenue K,, MeHblE MNPUHATOrO B aBTomare. CiemoBa-
TEJBHO, BRIKITIOYATEIh He OyIeT cpadaThIBaTh MPH IMAKOBOM TOKE JIFHUH.

[MpuHrMaeM 11 MPOKIAJAKH KaOelb C aIFOMUHUEBBIMH JKUJIAMU Map-
ku ABBI'. Onpenensem miomaapr cedeHus] TOKOITPOBOASIIUX KU Kade-
JIS TI0 TOTIYCTHUMOMY HarpeBy pacdeTHBHIM TOKOM C YUETOM ITOTIPaBOYHO-
ro koadduimenta 0,92 Ha YSTBEPTYIO PabOUYIO KUY

Lion 2 150,7 /0,92 =163,8 A.

[To Tabn. 113.3 mo maHHBIM ISl TPEXKUIBHOTO Kabems, pOKIa bIBa-
eMOro B BO3JyXe, BHIOMpPAEM CedeHHe TOKOBELYIMX il 95 Mm” ¢ j10-
MyCTUMBIM JUIUTENIBHBIM TOKOM [0 = 170 A. IlpuHuMaeM NATHKHUIIb-
HbIid kabenb ABBIT 5 x95-1.

Ycnosue (4.11) cOOTBETCTBHS CeUSHHSI KU U almapara 3aluThl s
BBIOPAHHOTO Ka0OesIs BBITIOTHASTCS

170 2160 > 150,7 A.

OmnpenensieM MUTHIMAIILHOE CEYEHHE JKUIT KaOes TI0 TEPMHIESCKON CTOM-
KOCTH. {1 ATOTO 1O 3aIMTHON XapakTepucTuke aBromara BAS52-35 [10]
HaxoIuM BpeMmsl ero cpabarbiBanusi ¢ npu Toke K3 [, = 12,0 kA. Ono
cocrasinget npumepHo 0,015 c.

PaccunthiBaeM TeruioBoi nMIyJic oT Toka K3 mo gpopmyine (4.10):

B.=12000%-0,015=2 160 000 A*-c=2,16 - 10° A* - c.

[To BEIpakeHUt0 (4.9) HaXOMUM ILIOMAAL CEUCHHS JKHIIBI 10 TEPMHU-
o v 2
yecKoii CTOHKOCTH pu pacuetHoM kodddummente C = 74 A-c”/mm’:

f 6
F =M =19,9 MM,
74

T

brnwxkaiiiee crtaHmapTHOE CEYeHHE PaBHO 25 mm’. CIIeI0BaTeIbHO,
BHIOPAHHOE IO JOMYCTUMOMY HATPEBY CedeHHe KHIbl (95 MM®) MPOXo-
JIAT TIO TEPMUYECKOU CTOMKOCTH.

Tak kak Tiax > 5000 4, ceueHue un Kabels MPoBepsAETCs MO IKOHO-
MUYECKOH TUIOTHOCTH TOKa. 3HAYCHHE YKOHOMHYECKOH IJIOTHOCTH TOKa
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JUTSL Ka0ells ¢ aIFOMHUHUEBBIMH JKUJIAMH C TTOJUBUHUIXJIOPUIHON H3015-
nueit j, = 1,6 A/ MIpUBEACHO B Ta0I. 4.3.
OnpezenseM CEYCHHE KU 10 3KOHOMHYECKOW TUIOTHOCTH TOKa IO

dopmyne (4.6):
F,=150,7/1,6 =942 mm’.

Bmxaiiiee craHaapTHoe ceuenue xuia 95 Mm”. CrienoBaTelbHO, M0
HKOHOMHYECKOH IUIOTHOCTH TOKa HE TpeOyeTcs MOBBIIIATH CEYCHUE
TOKONPOBOIAMMX KW KaOenss. OKOHYATeNbHO NpPUHUMAaEM Kabelsb
ABBT" 5x95-1.

[To Tabm. I13.20 HaxoauM yAenbHbIE 3HAYEHUS] aKTHUBHOTO U PEaKTUBHO-
TO CONPOTHUBIICHUS TSl KaOelsi ¢ AIFOMUHHEBBIMHU KIJIAMH C 11aCTMAcCO-
Bo# m3omstmeit: 7y = 0,329 Om/kmM, xo = 0,081 Om/xm. I1o hopmye (4.8)
paccuuTaeM MOTEPIO HANPsDKEHUS B KaOEIbHOM JIMHUM:

AU=~/3-100 - 150,7 - 0,04 x
x (0,329 - 0,85 + 0,081 - 0,527) / 400 = 0,84 %.

Ipumep 4.3. [Torpedutens 3AEKTPOIHEPTUN C PACIETHBIM TOKOM Ha-
rpysku I, = 110,5 A mpennonaraercs nuTars Ha HanpspkeHud 0,4 kB ot
TII mo xabenbHOW MWHHUM dJeKTporepenadn. Kadems mpokiiagsiBacTCs
Ha JIOTKaX B TIOMEIICHUHU C HOopMalibHOU cpenoil. Tok Tpexdasnoro K3
Ha muHax Hanpspkerwem 1o 1 kB TII [, = 13,0 kA. KaGens npucoenu-
Hsercs kK PY TII ¢ MOMOIIBIO CETEKTUBHOIO aBTOMATUYECKOTO BBIKIIIO-
gatens tuma BAS5S5-37 ¢ moaynmpoBOMTHUKOBBIM pacienuteneMm. Homm-
HaJlbHBIA TOK aBTOMara 160 A. BpeMms ncnonb3oBaHHs MakCcUMyMa Ha-
TPpY3KA Linax = 4500 4. ABTOMAaTHYECKUN BBIKJIIOYATEIh UMEET YCTaBKY
BpEeMeHH CcpadaThiBaHUs B 30HE 3auThl 0T TOKOB K3 7= 0,1 c.

Peutenue. ]Iy 51eKTpOCHAOKEHUS TOTPEOUTENS SJIEKTPOIHEPTUH BbI-
Ooupaem kabenb mapku AIIBB ¢ amoMHHHEBBIMH XUJIaMH € HU30JSLHMEH
M3 CIIATOTO TOJMATHIICHA M TTOJUBUHIIIXIIOPUIHON 00010uKoi. [1o dop-
MmyJe (4.4) onpexaenseM IOMYyCTUMBIN JUTUTENBHBIN TOK Kabess

Lion 2 110,5 A.
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[To Ta6mn. [13.6 mis 4eTHIPEXKUIBHOTO KaOelsl ¢ U30JIAIUEH U3 CIIH-
TOTO MOJMITHIICHA BHIGMPAEM CEUEHHE KIITBI 35 MM C JIOIyCTHMBIM TO-
KOM IIpU MPOKIaAKe B Bo3ayxe [op = 118 A. C ydyeroMm HyJeBBIX Mpo-
BOJIHUKOB BBIOMpaeM MATIKUIBHBIN Kaberns AIIBB 5 x35-1.

Jnst mpoBepky KaOemsl 0 TEPMUYECKOW CTOMKOCTH OTpe/esieM Tell-
noBoii umiysbsc oT Toka K3 mo gpopmyne (4.10):

B.=13000%-0,1 =16 900 000 A*>-c=16,9- 10° A” - ¢.

Jns xabeneit ¢ n3omsnuel U3 CHINTOTO MOJMATHUIICHA HANPSKEHUEM
o 2
10 1 kB pacuetHsiii ko3ddumuent C = 87 A-c/mm’. Tlo hopmyie (4.9)
ompezeisieM MUHIMaIbHOE TEPMHUUECKH CTOWKOE CEUEHHE KU

[ 6
F :% = 47,25 MM’

T

TepMudecku CTOWKUM SBIISETCS Kabelb ¢ CeYeHHUEM TOKOIPOBOJISI-
mux Kui 50 MM°. B cBsi3M ¢ 9THM JUTST TIATAIOIIEH TMHUN BHIOMpaeM Ka-
6emp AIIBB 5 x50-1 ¢ gomycTuMbeiM TOKOM [, = 147 A mipu mpoxmmaake
B BO3JyX€.
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5. BBIBOP KABEJIEN U IIUH HATIPSI)KEHUEM
BBIIIE 1 xB

5.1. KaGesn nanps:kenneM Boime 1 kB
U CIOCOOBI MX MPOKJIATKH

Ha nampspkenun Beime 1 kB kabenmn MOTyT OBITH OJHOKHIBHOTO H
TPEeXKIIbHOTO HcroiHeHus. B cersx HampspkeHuem 6—10 kB u Boimne
MPUMEHSIOTCS TPEUMYIIIECTBEHHO TPEXXKHUIIbHBIC Ka0elin, a Ha JHHHIX
¢ OOJBIION MPOITYCKHOW CIIOCOOHOCTHIO — OJTHOXKHIIbHBIE. B KaOembHbBIX
cersx HanpspkeHueM 6—10 kB ucnons3yroTes kadenu ¢ MponUTaHHON Oy-
Ma)KHOW M30JIAIIUCH U TepMETHYHON 000JI0UKON U3 aTFOMUHUS WM CBUH-
na (mapox AAlllB, AAbn, AAB2n, ACB, Cb u 1. 1), a Takke ¢ U30s-
mueit u3 cmmroro nommTIieHa (CI19) B muracTMaccoBoi 000J109ke (MapoK
AIIgIL, II8I1, AIIBB u T. 1m.). Ha nHanpsoxkenun 635 kB kabenu ¢ nzons-
uueit u3 CIID BbIMycKalOTCA B ONHOXKUIBHOM U TPEX>KUIBHOM HCIIOIHE-
HuM, Ha HanpsbkeHuu 110-500 kB — tonbpko B ogHOXKUIsHOM. briaronaps
CBOHMIM BBICOKHUM TEPMOMEXaHUIECKUM CBOMCTBAM 3TH KaOEJH JIOITyCKAIOT
OOJIBIIIME TOKOBBIE HATPY3KH, UeM Kabeln ¢ 000 APYTroi U30JISAIUCH.

[Tpu ncnonp30BaHNY OTHOKWIILHBIX Kabereil TpexdasHast TUHUS JJIeKT-
poriepenadyn IpeCTaBIsIeT CO00M CHCTEMY M3 TPEX H30JUPOBAHHBIX ITPO-
BOJHUKOB, PACIIOIOKEHHBIX 110 BEPIIMHAM PAaBHOCTOPOHHETO TPEYTOJIb-
HUKAa WIM B OgHOW ruiockocTu. Ha puc. 5.1 B kauecTBe WILIIOCTpaluu
MIOKa3aHO BO3MOXXKHOE PACIOJIOKEHUE MPHU MPOKIAAKE TPEX OJHOXKHIIb-
HBIX KabOemel, IMEIOIIMX BHEITHUHN TuaMeTp d.

Puc. 5.1. PacmionoxeHne oTHOKIIBHBIX KaOelei mpu mpoKiaKe:
a — TI0 BEpIIMHAM PaBHOCTOPOHHETO TPEYTOJILHUKA; O — B OJJHOH IIOCKOCTH
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[Ipu pacmonoxenun kabenei MO BepIIMHAM PABHOCTOPOHHETO Tpe-
YTOJNBHUKA Tpexda3Has JTUHU dJIEKTpoIepeiadn UMeeT MEeHbIHe rada-
PUTHL U OJIMHAKOBEIE COMPOTUBIICHUS TOKOMPOBOMSIINX XKW, [Ipu aTOM
HECKOIIbKO YXY/IIAIOTCS YCIOBHS OXJIKICHHS KaOenel, 4To CHUXKAeT
JUTHTEBHO JOITyCTHMBIE TI0 HarpeBy TOKHU. TeMm He MeHee, TaKoe pacrio-
JIO)KCHWE OMHOXKWIBHBIX Kabesed Hambojee 9acTo MPUMEHSIETCS IIpH
COOPYXKEHHU TPex(a3HbIX JIMHUN DIICKTPOIIEPEayd B CHCTEMaX JJICK-
TPOCHAOKEHUS.

Kab6enu ¢ momsmueit n3 CIIO nanpsoxkennem Boime 1 kB umeror skpa-
HBI U3 MEIHBIX TPOBOJIOK U JICHT, KOTOPHIE BHITIOJIHAIOT BaKHYIO 3aIIUT-
Hy10 (QYHKIHIO B pabodeM u aBapuiiHOM pexxume. Hanbonee pacmpoct-
paHeHa cxeMma, MpeIyCMaTpUBAIOIIas COCTUHEHHE JKPAaHOB IO KOHIAM
Kalenel ¢ UX 3a3eMJICHAEM.

Kabenu, nmeromue n3omsimuto xwn u3 CIID, nenecoodpasHo npume-
HATh B AJIEKTPUUYECKUX CETIX HamnpsbkeHueM 6—10 kB mpoMbIlIeHHbIX
MPEeINpUATHI BMeCTO Kaleneld ¢ OyMaXHOW MPONMMTAHHOW H3OJSAIHEH.
[Ipu 01HOM U TOM K€ CEYEHUU TOKOTIPOBOISIIUX KU JIMHUS, BBITIOTHEH-
Has TPEXKHUIbHBIM KabeneM, TpeOyeT MEHbIINX KalTUTaJIbHBIX BIOXKCHUH,
HEXXETM JIMHHS, COCTOAIIAs U3 TPEeX OAHOXKWIBHBIX Kabemel. [loaTomy
B COC B mepByro ouepenp CIEAYeT NpeaycMaTpUBaTh TPEXKHUIIbHBIE
kabemn. OgHOXWIBbHBIE Kabenu ¢ msoisinuerd 3 CIID ucmonp3yrores
B CIIEIYIOIINX CIyYasx:

— IpU HEOOXOAMMOCTH Tepenadyr OOJBIION MOIHOCTH, YTO MOXKET
MMETh MECTO B CHCTEMax BHEIIHETO JEKTPOCHAOKEHUS CPEIHUX U KPYII-
HBIX TPOMBITIIICHHBIX MTPEIPUITHN;

— B DJICKTPUYECKUX TETISIX, COSAMHSIIONINX reHepaTopsl (Tpanchopma-
TOpBl) ¢ mMHamMu PY (mprMeHeHHe OJHOXHIIBHBIX KaOesed, MMEIOLIHX
IJIOLIAb CEUCHUSI TOKOPOBOASILEH Kuibl 630 MM | BBIIIIE, TTIO3BOJISIET
OTKa3aThCsl OT WCIOJIH30BAHHUS TOKOIPOBOJIOB WM HECKOIBKHX TpeX-
JKUJIBHBIX Ka0esnei).

Kabenmn nanpspkeHueM Boimie 1 KB MOTYT MPOKIaABIBATHCS OTKPBITO
WIH CKPBITO B 3eMite. IIpokianka B 3eMIISIHBIX TpaHIIEAX, KaK MIPaBHIIO,
MPEyCMATPUBACTCSI B CHCTEMaX BHEITHETO 3JICKTPOCHAOKECHUS MTPOMBIIII-
JICHHBIX mpeanpusaTuii. Ha TeppuTopru MNpPOU3BOJICTBEHHOTO OOBEKTa
0oyiee palMOHAIBHO KCIIOJIB30BaTh OTKPHITYIO MPOKIAAKYy KaOeneil: Ha
ACTaKajax, B rajepesx, Ha METAJUIOKOHCTPYKITUAX, B JIOTKaX, KOpodax,
M0 CTPOUTENBHBIM 3JIEMEHTAM 3[aHUN M COOpPYKEHHH ¢ KperieHHeM
ckobamu, xoMyTamu | T. . [Ipu 0o00cHOBaHMH Kabenu MOTYT MpOKia-
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JABIBATHCA TAKXC B CIICHIHAJIBHBIX KaOeNbHBIX COOPYIKCHUAX: 6J'IOK8,X,
KaHaJ1axX, TYHHEJIAX U T. 1.

5.2. ®axTopsl, BANAOIINE HA BHIOOP CeYeHU N
TOKOINPOBOASIINX KUJI Kadesell HanpskeHnem 6—10 kB

CedeHMs TOKOTIPOBOISIINX KM Kabeneil BEIOUPAIOTCsl ¢ yUeTOM Ciie-
JYFOIIUX SKOHOMHUYECKHUX M TEXHHUYECKUX (DaKTOPOB:

— SKOHOMHYECKOH TIOTHOCTH TOKA WJIM HAUMEHBIINX MPHUBEICHHBIX
3arpar;

— IIUTENHHO JOITyCTUMOTO HarpeBa PacyeTHBIM TOKOM B HOPMallb-
HOM | TTOCJICaBapHIHOM (PEMOHTHOM) PEKHME;

— KpaTKOBPEMEHHOT0 HarpeBa TokoM K3 (TepMuyecKol CTOWKOCTH).

Kabenu, 3amuiieHHbIe TOKOOTPaHUYUBAOIIUMH TPEI0XPAHUTEISIMA
(tuma IIK, TIKT u T. 11.), IO TEPMHYECKONW CTOMKOCTH HE TIPOBEPSIOTCS.

N3 Tpex ceueHuil, MOJyYEHHBIX MO pacyeTaM, — M0 IKOHOMHUYECKON
TUIOTHOCTH TOKA (IIPUBEIECHHBIM 3aTpaTaM), JOMyCTUMOMY HarpeBy H Tep-
MHUuecKo croiikocTu pu K3 — npuHumaetcs 6osbiiee.

BriOpannbple cedeHus KU KaOeslel TOJDKHBI o0ecreunBath TpeOye-
MBIE YPOBHH HAIPSKEHUS Ha 3KAMax BHIEKTPONPUEMHHUKOB C yUETOM
YCTPOMCTB PEryJIMpPOBaHUS CHIOBBIX TPaHC(HOPMATOPOB M YCTAHOBIICH-
HBIX CPEACTB KOMIIEHCANN PEaKTUBHON MOIIHOCTH.

5.3. Bei0op ceueHMii TOKOMPOBOASIIMX KU Kadenei
HanpsikeHueM 6—10 kB o 3xoHOMHYecKHM KPpHTEPUSIM

IIpy mpOEKTUPOBAHUU JIMHUN BIEKTPONEPENAUYN HANPSIKEHUEM [0
220 kB cedeHMsi HPOBOJHHUKOB, KaK MPaBHJIO, BHIOMPAIOTCSA IO 3KOHO-
MHUYECKOW IUIOTHOCTH TOKA j,, 3HAUYCHHUS KOTOPOIl U MPOBOIOB, Kabe-
Jiel ¥ mMH npuBeneHsl B Ta0d. 5.1. CeueHus] IPOBOJHUKOB OIPEIEIsi-
10TCsl 110 _popmyie (4.6) U OKPYIIIAIOTCS 10 OnrKanIIero craHIapTHOTO
3HavyeHus [1].

OKOHOMHYECKHE CEYCHHA IPOBOJHUKOB BO3MYIIHBIX M KaOEIbHBIX
JMHUN, UMEIOIINE MPOMEXKYTOUYHbIE OTOOPHI MOIIHOCTH (MarucTpaiib-
HBIX JIMHUH), CIEAyeT BBIOUPATh AJS KOKAOTO M3 YYaCTKOB, UCXOIS U3
COOTBETCTBYIOINX PACYETHBIX TOKOB.
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Tab6muua 5.1

DKOHOMUYECKAs IIIOTHOCTh TOKA

2
DKOHOMUYECKas TNIOTHOCTh TOKa, A/MM”,
TIPH YHCJIEC YaCOB HCIIOIB30BAHMUS
MaKCHMYMa Harpy3KH B TOJT

1001-3000 3001-5000 6onee 5000

IIpoBogHUKH

HewnzomupoBanHkIe mpo-
BOJIA M IITUHBI:
MEIHBIC 2,5 2,1 1,8
ATFOMUHHEBBIE 1,3 1,1 1,0
Kabemu ¢ 6ymaxHOit
U IIPOBOJA C PE3UHOBOM
U TIOJIMBUHHUITXJIOPUTHOM
H30JIIIMEH C )KUIaMu:
MEIHBIMU 3,0 2,5 2,0
ATFOMUHUEBBIMU 1,6 1,4 1,2
Kabenu ¢ pe3suHOBOI
M IJTACTMACCOBOM M30-
JISIUEH C KUITaAMH:
MEJIHBIMHU 3,5 3,1 2,7
AJTFOMHUHHUEBBIMU 1,9 1,7 1,6

CedeHns TIPOBOIOB JUHHUMA JJIEKTPOIIEPEIay TIOCTOSIHHOTO M Tiepe-
MeHHOro Toka HampsbkeHneM 330 kB u BbIme, a Takke MPOBOJHHKOB
MOIIIHBIX KECTKUX W THOKUX TOKOIIPOBOJOB, PabOTAOIMIUX C OONBIIAM
YHUCIIOM YacOB HCHOIB30BaHMS MaKCHMaJIbHOW HArpy3KH, BBEIOWPArOTCS
Ha OCHOBE TEXHUKO-KOHOMUYECKUX pacyeTos [1].

OTMeTHM, UTO ISl BEIOOpa IKOHOMHUYECKH 11EIeCO00Pa3HBIX CEUCHUN
MIPOBOIOB ¥ TOKOITPOBO/IAIINX KU KaOenen [Tt TMHUH 3JeKTponepea-
9u HanpspDKeHneM Bbime 1 kB MOryT HCIIONIb30BaThCS IKOHOMHYECKHE
MHTepBaJbl TOKOBBIX HAarpy3ok [12].

IIpumep 5.1. ITo 5KOHOMHUYECKOH TIIOTHOCTH TOKA BBIOpATh CeUueHHE
KT KaOels ¢ allOMUHHUEBBIMU XWiamMu ¢ wusonanueit n3 CIID misg mu-
HuW HanpspkeHneM 10 kB, nuraromeit MexaHoCOOPOUYHBIH 11X C pacdeT-
HBIM TOKOM Harpysku I, = 210,5 A. Bpems ucnonb30BaHUs MaKCUMalb-
HOW HArpy3K# 1.« = 3500 4. KaGenp mpokiagpiBaeTcsi Ha MeTaJuIH4e-
CKHX KOHCTPYKIIHUSX.
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Pewenue. Tlo tabn. 5.1 npu Trx = 3500 4 st kabenst ¢ TUIACTMACCO-
BOH M30JIIMeH W aTFOMHHUEBBIMHE JKIJIAMH TTPHHAMAEeM SKOHOMHYECKYTO
IJIOTHOCTH TOKa j, = 1,7 A/Mm?.

ITo Belpakenuio (4.6) ompeznernseM KOHOMHUYECKH Ieecoo0pazHoe
CEUYEHHE JKHIIBI Kabels

F,=210,5/1,7=123,8 Mmm".

[IpranMaem Ommkaiimiee cTaHAAPTHOE CEYEHHE TOKOMPOBOJSIIEH Ku-
et 120 mmv?. BeiGupaeM TpexskiibHblit kaberns Mapku AIIBIT 3x 120(16)-10
C JIOITyCTHMBIM JJTUTENFHBIM TOKOM IIPH TPOKJIaaKe B BO3myxe Jon =291 A
(ta6m. T13.14). Ceuenne skpana — 16 M.

5.4. Onpenenenne ceueHui KU kadenei
1o JOMyCTHMOMY HATPeBY

Ceuenus xwun kabenell HanpspkeHHeM Bblile 1 kB, BBIOpaHHBIX O 3KO-
HOMMYECKUM KPUTEPHAM, IPOBEPAIOTCA MO JOMyCTUMOMY HarpeBy.

Jls xabeneit ¢ n3oMsAIHel U3 MPOIMMTAaHHOM KaOeIbHOW OyMaru B CBUH-
LIOBOH, aJTIOMHUHUEBON WM TOJUBUHWIXJIOPUAHON 000I0UKE IPH HOMH-
HaJbHOM HanpsokeHUU Uy, < 35 KB momycTuMble IUTeNbHBIE TOKH [,
YCTaHOBJIEHbI B COOTBETCTBUM € JOIYCTHUMBIMH TEMIIEpaTypaMH KU
kabeneit O, [1]:

65 °C — pu Uyoy = 6 KB;

60 °C — ipu Uy = 10 kB;

50 °C —put Uy =20 u 35 kB.

Jis kabereil ¢ W30MAIMEN W3 CHOINTOTO TOJIMITHICHA JOMYCTUMBIC
JUINTeIIbHbIE TOKU yKa3blBalOTCA IIpu Temneparype xui O, =90 °C.

Ceuenus xui kabeneil, KOTOpbIe B OCTI€aBapUITHBIX MM PEMOHTHBIX
PEKUMax MOTYT padoTaTh C Meperpy3koil (Hampumep, JTUHUH, MUTAI0-
umwmx PII wimn neyxTpanchopmartopusie TII), mpoBepsIoTCs M0 TOMyCTH-
MOMY HarpeBy II0 YCJIOBHIO

I »—ﬁL— (5.1)
oK KKK '

nep
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rae I, — pacyeTHbIA TOK JMHUU B NOCICABAPUIHHOM HIIM PEMOHTHOM

pexume, A;

K ep — KPaTHOCTH IIEperpysKkH, AOMycKaeMast COracHo [1] u Texuu-

YECKOH TOKYMEHTALUU 10 Kabemsim;
K,, K, n K; —nonpaBouHble K0O3(GQUIUEHTHI Ha JOILyCTUMBIH TOK,

COOTBETCTBEHHO YUYHUTHIBAIONINE (PAKTHUECKYIO TEMIIEPATypy OKpPY Karo-

e Cpebl, 9UCII0 PaboTaIOMUX KaOelleH, MPOI0’KeHHBIX B OJTHOM TpaH-

niee, hakTHYECKOE YACIbHOE TEIIOBOE COMPOTUBIICHHE 3eMilH [ 1].
[TonpaBounblii KO3GGHULUUEHT K, YYUTHIBAIOMMN AEHCTBUTENBHYIO

TEMIEPaTypy OKPY’KaloIled cpebl, mpuHUMaeTcs 1o [ 1] win paccuuTol-
Baetcs o gopmyde (4.5). s xabeneii ¢ m3omsaueit n3 CIIOD 3nadeHms
aToro Kod¢¢unueHta nansl B Tadu. I13.15. [lonpaBounsie koadduiuen-
THl K, Ha KOJIMYECTBO paboTaromux KabeneH, Jexallux psaoM B 3eMie,
npuBeneHsl B a0 I13.18. Koaddumment K3 mis kabeneir Hampsoke-
HueM 6-10 kB, yunTtsiBaromuii neficTBUTENBHOE yAEIbHOE TEIIOBOE CO-
MPOTHBJICHUE 3EMJIH, MOXET ONPEACIATHCA o hopmyie

S, +8,

K3 = N
S+ 5.

rie Sy — YIeIbHOE TEIUIOBOE ConpoTHBiIeHHE Kabens, K - cm/BT;

Stz — HOPMUPOBAaHHOE VICIBHOE TEIUIOBOEC COMPOTHBIICHUE 3EMIIH,
S =120 K - cMm/Br;

S — NeWCTBUTEILHOE YyAEIbHOE TEIUIOBOE COIMPOTUBIICHUE 3EMIIH,
K- cm/Br.

CeueHus KW KaOeNel, MUTAIONMX LEXOBBIC MOJCTAHIMK C OJHUM
TpaHchopmMaTopoM, 10 JOIMYCTUMOMY HAaIPEBY MPOBEPSIOTCS 10 YCIOBUIO

I, > Ly (5.2)
o K1K2K3 ' ‘

[Ipy nuTanum oxHOTPaHCHOPMATOPHBIX MOJICTAHLIUN KaOeIH JOJIK-
HBI JUTUTEILHO BBIICPKUBATh HOMUHAIBHBINA TOK, A, MPUCOCAMHEHHBIX
K HIM TpaHC(HOPMATOPOB, OIPEICIIEMBIH 110 (hopMyIIe
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NT
Z SHOMi

=1

Loy =——, 5.3
° \/EUHOM ( )

riae N; — KOJM4ecTBO TpaHc(HOpMaToOpoB, MUTAIOLIMXCS 110 JIMHUH B HOP-
MaJIbHOM PEXHME;
Shomi — HOMHUHAJIBHAS! MOIHOCTH i-T0 TpaHcopmartopa, KB-Aj;
ULioy — HOMHHAJIEHOE HAIIPSDKEHUE KaOCSNbHOM JIMHNH, KB:
Heo0x01uMo, 4TOOB! AIMTENbHBINA JOMYCTHUMBIH TOK KaOes [y, C yue-
TOM KOHKPETHBIX YCJIOBHI MPOKIJIAAKH ObUT HE MEHEE oy, TO €CTh

I
1oy 22— —. 5.4
KKK CY

Ceuenust xun kabenell, MATAIOIMX BHICOKOBOJIBTHBIE JJIEKTPOIPHEM-
HUKU (QJIEKTPOIBHUIATEIH, MPeoOpa3oBaTeiy, MEUHbIe TPaHCPOPMATOPHI),
0 JIOITyCTUMOMY HarpeBy MPOBEPSIOTCS 10 ycioBuio (5.4). B atom ciy-
yae B KauecTBe /y,, MPUHUMAETCI HOMHUHAIBHBIA TOK BEICOKOBOJIBTHOTO
MIPUEMHHUKA 3JIEKTPOIHEPTUH.

Ecnu ycnoBust npokiaikiu OAMHOYHOTO KaOess SIBISIOTCS HOPMaib-
HBIMH, TO 3HaYeHHs kodpdunuentoB K;, K, u K; NpUHUMAIOTCS paB-

HBIMU eMHUIE U BeIpaxenus (5.1), (5.2) u (5.4) umeror BUxR

o> 7 > 1. >1

JoI11 K aon — “p? J0I — “HOM*

[pw npoknaake OAMHOYHBIX Kabenel B TpyOax B 3eMJie JOIMYCTUMBIC
JUINTENbHBIE TOKH JIOJDKHBI IPUHUMATKCS, KaK U TeX ke KaOemei, rmpo-
KJIaJIbIBAEMBIX B BO3yX€ MPU TeMIlepaType, paBHOU TeMIlepaType 3eMIIH.
IIpu cmemanHON TpoKiIanke Kadeneh (B 3eMiie U BO3AYXE) Oonycmumble
OnumenbHvle MOKU OO0NHCHbL ONpedenambes Ol Y4aCmKa MpAcchl ¢ Hau-
XyOuuMuU yCrosusamu menioomoasu, eciu e2o onuna ooree 10 m [1].

Kabemu ¢ OyMakHOM TIPOTIMTAaHHOKN M30JIsIITHeH HanpspkeHueM 10 10 kB,
HUMEIOIINE HArpy3Ky MEHbIIE JIOMYCTHMOI'O TOKa, MOTYT OBITh KPaTKO-
BPEMEHHO IMEPerpyKeHbl Ha TEPUO]T JIMKBUIAIUH [TOCICaBAPUIHOTO pe-
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JKUMa B TEUCHHE IATHU CYTOK B COOTBETCTBHH C Tabmn. 5.2 [1]. Jnst ompe-
JISNIEHUs] JAOMyCTHUMOW Teperpy3Ku HeoOXOauMOo HalTu Kod(h UIMEeHT
MPEIBAPUTEIBHON HATPY3KH KaOeJs MO BBIPAKCHHIO

I
KH:—]"

J011

Tabmuua 5.2

JomyctuMast KpaTKOBpEeMEHHasI Teperpy3ka sl Kadereit
¢ OyMaXHOW MPONUTAHHON M30JISIITHEH HanpsprkeHueM 10 10 kB

JlomycTumast rieperpy3Ka o OTHOIICHHIO
Koaddrmment Bun K HOMHMHAJIBHOW Harpys3Ke MpH JJTU-
K, MPOKIIA/IKK TEIIbHOCTH MaKCUMyMa, 4
1 3 6

B zemne 1,50 1,35 1,25
0,6 B Boznyxe 1,35 1,25 1,25

B tpy6ax (B 3emie) 1,30 1,20 1,15

B zemne 1,35 1,25 1,20
0,8 B Boznyxe 1,30 1,25 1,25

B tpy6ax (B 3emie) 1,20 1,15 1,10

B cootBeTcTBHM ¢ TEXHHYECKOW JoKyMeHTammen [21] mims xabeneit
C M30JISIIMEN U3 CUIUTOrO MOJUATUIIEHA HanpsbkeHueM 6, 10, 20 u 35 kB
3HaYCHHE KOA(PQHUIMECHTA MEePEerpy3Ku K,ep TpH MPOKIAJAKE B 3eMie

MO>HO IpuHuMats 1,17, a npu npoknaake B Bozayxe — 1,20.

Hpumep 5.2. Tlo 5KOHOMHUYECKOW MIIOTHOCTH TOKA U JOIYCTHMOMY
HarpeBy BBIOPATh CEUCHHUS KU KaOesel i MarucTpaJIbHOM JIMHUU Ha-
npspkerrem 10 kB, cocrosiet u3 yyactkoB JI1 u JI2, nutaromux TII1
u TII2 mo cxeme, mokazaHHOW Ha puc. 5.2. PacueTHbIe TOKH YJaCTKOB
aunauu JI1 u JI2 coorBercTBeHHO paBHHI [y = 126,7 A u I, = 51,6 A.
Bpems ucnonb30BaHns MaKCUMaIBHON HATPY3KH 1y = 4500 u. Ha mon-
CTaHIUAX YCTaHOBJIEHBI TPaHC(POPMATOPHI C HOMHHAIBFHOW MOITHOCTBIO
Suont = Suoz = 1000 kB-A. Kabenn npoxiaapIBalOTCsl Ha 3CTaKaAe MMpU
Temnepatype Bozayxa +30 °C.
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10xB

. Ip1=126,7A Ip2=51,6A
1k N2

PM 1o

Stom1 Shom2

0,4 kB 0,4 kB
T Tn2

Puc. 5.2. Cxema pacnpenenuTebHON JMHUY U1 IpuMepa 5.2

Pewenue. ]I TUHAN TPUHAMAEM TPEXIKUIIbHBIC KaOCTH ¢ aFOMUHKE-
BbIMU kmiamu 1 m3oisinuer u3 CIID. Tlo Beipaxkenuro (4.6) onpenensem
CeUeHre X Kadens ydacTka JuHUA JI2 1o SKOHOMHUYECKOW TIOTHOCTH
TOKa, IpUHB 110 Tab. 5.1 pu 71, = 4500 1 3HAUCHME j, = 1,7 A

Fyp=51,6/1,7=30,4 mm°.

[puanMaeM A7 JaHHOTO. YYacTKa JIMHUN TPEX KWIBHBIA KaOelb Harpsi-
skeHreM 10 kB mapku AIIBII ¢ cedeHusiMu TOKONPOBOAALIMX KU 35 MM
¥ oKkpana 16 Mm”. Jlnsa BeIGpanHoro kabemst ATIBIT 3 x 35(16)-10 mpu mpo-
KJIaJIKe Ha ACTaKaJie B HOPMAJbHBIX YCIOBHAX [y, = 151 A (Tabm. [13.14).

HomuHanpHBIH TOK TpaHChOpMaTOpa, MUTAIOLIETOCS M0 YYACTKY JIH-
Huu JI2, Beuucnsiercs mo gopmyiie

IHOMZ = SHOMZ / (\/g UHOM); IHgMz = 1000 / (\/g 10) = 57,8 A.

[TonpaBounblii kKOA(hGHUIUEHT HA JOMYCTHUMBIA TOK, YIUTHIBAFOIIIHIA
(baxTHYeCKyIO TeMIepaTypy, npuaumaem mo tabdm. I13.15: K; = 0,96.

Tak kak lyom> > I, TO IPOBEPKY MO YCIOBUIO JOIMyCTUMOIO Harpesa
BBITIONTHsIEM 110 hopmyie (5.4):

Lion 257,8/0,96 = 60,2 A.

Pacuersl nmokaszanu, 4To BBIOPAHHBIA [0 YKOHOMHUYECKOH MIOTHOCTH
TOKa KabeJb 10 yCIoBHIO Harpesa npoxoaut (151 > 60,2 A).
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AHaJOTHYHO OMpEAENTUM CEeUeHHE XM Kalens ydactka juHuu JI1.
Ceuenne XWI Ka0€e 0 DKOHOMHUYECKOH INIOTHOCTH TOKA:

Fy=126,7/1,7=74,5 MM’

Brioupaem xabens AIIBIT 3 x 70(16)-10 ¢ JIATETBLHBIM JOITYCTUMBIM
TOKOM IIPH MPOKJIAAKE B BO3IyXe [on = 196 A (Tabm. 113.14).

CyMMapHBbIii HOMUHAIIBHBIA TOK TPaHC(OPMATOPOB, MTUTAIOLIUXCS 110
yuactky nmuaun JI1, onpenensiercs mo Beipaxennto (5.3):

Liows = (1000 + 1000) / (+/3 -10) = 115,6 A.

3nauenue Iy > Liowi. CliegoBatenpHo, IPOBEPKY MO AOILyCTUMOMY Ha-
TpeBY OCYIIECTBIISIEM 110 YCIOBHIO (5.2):

Lion 2126,7/0,96 = 131,98 = 132,0 A.

[MpunsTerit kadens AIIBIT 3 x 70(16)-10 mpoXoauT MO YCIOBHIO AJIH-
TEJIFHO JOIYCTHMOTO HarpeBa, TakK KakK MMeeT OOJBIIYIO MPOIYCKHYIO
criocobHOCTh (196 > 132 A).

Mpumep 5.3. IToTpeduTens IEKTPOIHEPTUH B HOPMATIBHOM PEKHME
MHUTaeTCs MO0 ABYM pa3iesibHO paboTaromyM JIMHUIM HanpsbkeHreM 10 kB,
BBINIOJIHEHHBIM Kabemsimu ¢ m3omsinueit n3 CIIO. Kaxnas nueuMs nmeer
pacueTHslif Tok 1, = 240 A. Kabemu mapku AIIBBIT 3 x 150(25)-10, ceuenus
KT KOTOPBIX BBHIOPAHBI 0 SKOHOMUYECKOW IIOTHOCTH TOKA, MPOJIOKEHBI
B 3eMJIe B Pa3HBIX TpaHmlesx Ha rnyoune 0,7vM. HauBpicmasi cpenHeme-
csiaHas Temmeparypa 3emin — 12 °C. JlomyCTUMBIN UTUTENBHBIA TOK Ka-
Gemst ¢ cedenmeM ki1 150 Mm® pH mpokimazgke B 3emite o, = 300 A.
BrImomHUTE TPOBEPKY ceYeHH KU KaOelsd 110 HarpeBy PacyeTHBIM TO-
KOM TOCJI€aBapUIHOTO pexXHUMa.

Pewienue. B nocneaBapuitHOM peKuMe OTKa3aBlasi MATAOIIAs JIMHUS
OTKJIIOYAeTCd, a OCTaBIIasicsi B paboTe JNWHUS NOJDKHA 00ecrednBaTh
aNieKTpocHaOXeHue motpedutens. Ecan He orpaHnMuymMBaTh Harpysky IO-
TpeOuTeNs, TO pacyeTHBI TOK JIMHUU B IIOCICaBAPUIHOM PEXUME OIpe-
JIeTISIeTCs KaK yIBOCHHOE 3HAYEHHE TOKa KaOelsl B HOPMaIEHOM PEKUME:

La=2l, I,=2-240=480A.
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Beranciium no gpopmyiie (4.5) morpaBovHbId KOIGGHUIIMEHT Ha TOMTYC-
TUMBIA TOK, YUUTHIBAOIINUN AEHCTBUTENBHYIO TEMIIEPATYPY 3EMIIU:

 Joo-12) _
PV ©0-15

Tak kak JgaHHBIE O TEIIOBOM COMPOTHBJICHHH TPYHTA OTCYTCTBYIOT,
TO MpUHUMaeM Kodpumment K; = 1.

[Ipu npoknanke B 3emiie KOAGUIUSHT TOMYCTUMOM MEPErPy3KH Ka-
Oernell ¢ u3osALMEN U3 CIIMTOrO NOIMITHIEHA Kpep = 1,17.

Ilo ycnoBuro (5.1) mpoBepsieM kabenmp 1O JOIMYCTHUMOMY HarpeBy
B [IOCJICABAPUIHOM PEKHUME

480
Lion 2 17102 402,2 - A.

Tak kak JOMYCTUMBIA TOK Kadels MpH HOPMAaJbHBIX YCIOBHUSAX IIPO-
KIIQJKK MeHbIe moydeHHoro 3HageHus (300 < 402,2 A), to xabenb
AIIBBIT 3 x150(25)-10 He MpOXOOUT MO YCIOBUIO HarpeBa pacyeTHHIM
TOKOM B MOCJI€aBapuitHOM pexkuMe. sl KaKI0M JTMHUM CIeTyeT MPUHSTD
kabemp AIIBBIT 3 x300(25)-10 ¢ goITyCTUMBIM JITMTENEHBIM TOKOM TIPH
IPOKJIaZKe B 3eMiIe Iy, = 460 A (Tabn. I13.14).

5.5. IlpoBepka ceuenmii xxua kadenei
M0 HArPeBY TOKOM KOPOTKOTI0 3aMbIKAHUS

MuHHMAIBHO AOIMYCTHMOE CEeUeHHE XUl Kabens ¢ OyMaxHOH mpomnu-
TAaHHOW MBOJIAIEH 10 yCIoBHIO Harpea mpu K3 (1o tepmudeckor CTOH-
KOCTH) ONPEACIIICTCS M0 BRIpaxeHuto (4.9).

Just kabeneii ¢ OyMakKHOW MPONUTAHHOM M30JsIIKell 3HaUeHHe Ko }-
¢ummenta C mpuHUMAETCS cexyommM [22]:

— C QIIOMHHHEBBIMHE XujiamMu mipu Hanpsoxerann 10 kB — 100; 6 kB —
98 A-c”/mm’;

— MEIHbIMU JKWiaMu mnpu Hanpsokenun 10xkB — 150; 6xkB —
147 A-c™ /v’

TemoBoit uMmynbe oT Toka K3 BbIuMcnseTcs Mo cienyromeMy BbI-
pa’KEHUIO:
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B =1L (tow + To), (5.5)

rae [, — JelCTByIoLIEee 3HAUEHUE NEPUOJUUECKON COCTABIIIOIIEH HaYallb-
Horo Toka K3, A;

torx — BpeMsi oTKIItoueHus Toka K3, c;

T, — mOoCTOSTHHASI BpEMEHH 3aTyXaHHUs allepUOANYECKON COCTaBIISAIO-
mieit Toka K3, ¢, onpenensemas kak

T,=Xs/ (0Ry),

rae Xy u Ry — pe3yJbTUpYIOIMe WHAYKTUBHOE M aKTUBHOE CONPOTHB-
JICHUSI CXEMBI OTHOCUTENBHO ToukH K3;

® — yTIIoBas yacTora, pan/c, o = 2nf (3mech f —4acrora ToKa, [').

IIpy OTCYTCTBMH KOHKPETHBIX AAHHBIX B PACHPEAEIUTENBHBIX CETIX
HanpsokeaneM 6—10 kB moxxno npuanmars 7; = 0,01 c.

Bpewms otkmtouenus Toka K3 onpenensiercs mo hopmyiie

ZOTK = t3 + tB)

T€ t; — BpeMs JeUCTBUS OCHOBHOM 3aILIUTHI, C;

ts — BpEMA OTKIIFOUEHUS BBIKJIFOUATEN, C.

B cucremax amekTpocHAOKEHHS MPOMBIIIICHHBIX TIPESIIPUSTHA 3HAYC-
HUE for MOXKHO MPUHUMATE 110 Tab:1. 5.3, B kotopoii ['TII1 — rinaBHast moHu-
sutenbHas noactanuyst, [{PI1 — neHTpanbHbIi pacpeaeTuTeabHbIN TyHKT.

Tabmuma 5.3

Bpewms netictBus Toka K3 nms pa3nuyuHbIX yUacTKOB CETH
HanpspbkeHuem 6—10 kB

V4ACTOK coTH Yucio cTyneHei 3aimuThl Bpewms neiictBus
B CXEME CETH Toka K3, ¢
ITITT-LIPIT 3 2,6
I'TITI-PIT 2 1,6 (1,1)
LIPIT-PIT 2 1,6 (1,1)
I'TITI-TTI 2-3 0,6
PII-TIT 2-3 0,6

Ilpumeuanue. 35aueHns B CKOOKAaX HE YUUTHIBAIOT BHIIEPKKY BPEMEHH Ha
CEKIIMOHHOM BEIKTIOUaTeie PIT
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TepMmuuecku cToHKOe ceueHne KUibl 10 popmyie (4.9) Beraucnsercs
no Toky K3 B Hauane nuHMH, €cM OHA BBINOJIHEHA OAMHOYHBIM KaleseM
OJTHOTO CeyeHMs. B Tex ciydasx, Korga JUHHS COCTOUT M3 OJWHOYHBIX
Kabenell ¢ pasHbIMH CEUCHMSMH XKHJI, pacdeT BBINOJHAETCs 1Mo Toky K3
B Haydaje KaXIOro ydacTka HOBOro cedeHus. Ecnu kabenpHas JIMHUS
COCTOWT W3 My4yka Kabemneil, To ecThb W3 JABYX M Oojiee MapajuieIbHO
BKIIFOUCHHBIX Kabeyel, To Kabeau Ha TePMUYECKYI0 CTOUKOCTh CISIyeT
npoBepsATh Mo ToKy K3 HemocpeICTBEHHO 3a Iy4KOM (10 CKBO3HOMY
toky K3) [1].

Kabemn ¢ mzomsiumedt m3 CIID mpoBepsroTcst Ha TEPMHUUECKYIO CTOM-
KOCTb IO JOIyCTUMOMY OIHOCEKyHOHOMY TOKY K3 /i.; 3Ha4eHHUsI KOTO-
POro Ajsl pasHbIX CEUYCHUH TOKOMPOBOISIIMX XKHJI 3a1al0TCS 3aBOJAMHU-
W3TOTOBUTEISIMH W TIPUBOASTCS B TEXHUYECKOW JIOKYMEHTAWUH Ha Ka-
OenpHyI0 poaykuuio. [IpoBepka ocymiecTBIseTCs M0 yCIOBUIO

ko> I, (5.6)

rae k — momnpaBoYHbIA KOA((GUIIMEHT HA JTOMYCTHUMBIN TOK, YYHTHIBAO-
mwid (paKTHIECKYI0 MPOJOIDKUTENRHOCTh Toka K3, ompenenseMsrii 1o

bopmyne

k= . (5.7)

C yuerom BeIpaxkeHus (5.7) ycnoBue (5.6) mpeacTaBUM B CIEAYIOMIEM
BU/IE:

L > Jtorc - (5.8)

Ceuenme skpaHa KaOessl MPOBEPAETCS Ha TEPMHUECKYIO CTOHKOCTB
K JeUCTBHIO ToKa AByxdasznoro K3 mo ycnosuio

kllcs 2 [n(2), (59)

rae /., — JOIMyCTUMBIH 0THOCeKYHIHbIN TOoK K3 B 3kpaHe kabens, KA;
IH(Z) — JeHcTByIOIIEeEe 3HAUCHHE MEPUOAMYECKOM COCTaBISIOIICH Ha-
YaJBHOTO TOKa AByX(a3zHoro K3.
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®opmyny (5.9) MokHO 3anHcaTh B BUAE

L, 2 1o 12 (5.10)

Tok nByxdaznoro K3 onpenensercs mo BEIpaKEHHIO

L@ = gln. (5.11)

B o6miem cirydae qomycTUMBIA OTHOCEKYHIHBIA TOK B DKpaHEe KaOes
oIpezenseTcs 1o cleayromei popmyre:

e, = 0,203F,, (5.12)

2
rae F, — IUIoIahr MonepeyHoro CeueHus dKpaHa Kadesst, MM”,
C yuerom BeIpaxkenus (5.12) popmyny (5.9) MoxxHO 3anucath B BUC

0,203kF, > I,?. (5.13)
N3 dhopmymnet (5.13) BeIpa3uM MII0MIAAL CEUSHUS 3aIUTHOTO SKpaHa
Foe2 1, 1 (0,203k). (5.14)

ITo ycnosuto (5:14) nmpuanmaetcst OamKaiiiiee Oonpliee CTaHAAPTHOE
CEeYeHHUE IKpaHa.

Ipumep S5.4. 3aBoackoit PII, umeromuii pacdyeTHYIO HArpysKky S, =
= 12,8 MB-A, mATaeTCs OT MOACTAHITUN SHEPTOCHCTEMBI IO IBYM KaOelhb-
HBIM JiHHASIM HanpspkeHueM 10 kB (puc. 5.3). Kabenu muawmit JI1 u JI2
TIPOKJIaIBIBAIOTCS B TPAHIIESX C HAaUBBICLIEH cpeHEMEeCsTHHOI TeMrepa-
Typoii 3emmu +15 °C. [leiicTBytomee 3HaUeHNE TIEPUOTTIECKON COCTaB-
msromedt Toka K3 B Havane ymmanm [, = 9,2 KA. BpeMs ucronbp3oBaHus
MaKcUMalIbHOU Harpy3ku — 4200 4. OnpenenuTs cedyeHne Kul kadenen
JmHuH, uTaromux PIT.
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MoacTaHuus

SHEProcucTeMb! PM
T1 1 ¢ 10kB 1 ¢ 10kB
N m A
QB1 In QB2 S
N J12 A
P <
™ 2 c 10kB 2 ¢ 10kB

Puc. 5.3. Cxema cetu amnst npumepa 5.4

Peuwienue. PacueTHbI TOK JTUHUM HAXOAUTCS U3 YCIOBHS, YTO B HOP-
MaJIbHOM PEXKHUME KaxJasi JUHUSA HECET NOJOBUHY Harpy3ku PII:

I,=S,/ (23 Uso), 1,=12800/(2+/3 10) = 369,94 ~ 369,9 A.

[MpuHuMaeM Ui JIMHUHM Ka0elmu ¢ aJOMHHHEBBIMH KHUIAMU C WU30-
msmuet u3 CIID. DxoHOMHYECKOe CeUeHNE KT KaOes OnpeessieM 1o

dopmyie (4.6):
F,=369,9/1,7=217,6 mm’.

Jus maanit JI1 u JI2 BeiOupaem TpexsknuiabHble Kabenu mapku AIIBBIT
3 x240(25)-10 ¢ nomycTEMBIM TOKOM IIPH IPOKJIAJKE B 3eMII€ [, = 392 A
(Tabm. I13.14).

[IpoBepsiem BhIOpaHHOE CEUYCHHUE KU Kabelis Ha HarpeB B IOCJI€aBa-
PUHHOM peXUME MPU OTKIIOUEHUU OJHOM W3 nuHuil. B sToM cinyuae no
Ka0eJro MPOXOINUT TOK

L, =12800/ (/3 -10)=739,9 A.

[NpuasiB kodpduIMEHT NOMyCTUMOW Teperpy3ku Kabens B IocieaBa-
PHITHOM pexxiMe paBHBIM 1,17, BEIOepeM cedeHue JKuI 110 yCIoBHIO (5.1):

Lon 27399/ 1,17=6324 A.

Tak xak 392 < 632,4 A, TO 10 yCIIOBHIO HarpeBa MPUHATHIA Kabenh He
npoxoaut. BemeacTBue TOro, YTO MpU MPOKIAAKE B 3€MJIE OJUH TPEX-
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JKUITLHBIN Ka0elb ¢ TF0OBIM CeUeHHEM KT He CITOCOOSH JUIUTENTFHO HECTH
TaKyr0 Harpysky, TO IPWHUMAaeM Ui JTUHAW TPHU OJHOKWIBHBIX KaOemst
¢ m3omauumeit u3 CIIO, nmponokeHHbIX TpeyroabHUKoM. [To Tabm. I13.12
JUTS KaXXJIOW JIMHWUU BHIOMpaeM KaOely ¢ aTFOMUHHEBBIMH KHIJIAMH Ceve-
HueM 630 Mm® ¢ JOMYCTUMBIM TOKOM [, = 695 A, 4TO COOTBETCTBYET
YCIIOBHIO AOITyCTUMOTO Harpesa (695 > 632,4 A).

[TpoBepuM BBHIOpaHHOE CeUEHHE HA TEPMHUUYECKYIO CTOHKOCTh pu K3.
[o tabmn. I13.16 HaxoauM AOMYCTUMBIA OJXHOCEKYHIHBIN TOK K3 s BBI-
Opannoro ceueHns /. = 59,2 kA. Ilo tabmn. 5.3 onpeznemnsieM BpeMS OTKITIO=
yeHus K3 7, = 1,6 c. [Ipoepsiem ycioBue Tepmudeckoii croiikoctu (5.8):

L 24/1,6-9,2=11,6 xA.

Tak kak 59,2 > 11,6 KA, BEIOpaHHOE CEUCHUE KUIBI KAaOEIIs SIBIISCTCS
TepMHUECKH CTOMKNM mpu K3.

Jiis BeIOOpa ceueHwusl SKpaHa Kabelis HaXoauM Tok nByxdasznoro K3
no ¢popmyne (5.11):

NG

1,9 = - 9,2=7,96~ 8,0 KA.

OmnpenenseM TOMyCTUMBIH OJHOCEKYHIIHBIA TOK B dKpaHe Kabems 1mo
BBIpakeHuro (5.10)

s 24/1,6 -8,0=10,12 KA.

o Ta6n. I13.17 BeGHpaeM ceueHme >kpaHa 50 MM’, y KOTOPOIO
I, = 10,2 kKA.

CedeHne 3KpaHa MOKHO OTIPEAETATh Takxke 1o dopmyne (5.14). ns
HpUMepa BBITIOIHUM pacyeT

L

JL6

Bribupaem utst KaXI0¥ TUHUH 110 TPU OTHOKWIBHBIX Kadems AIIBIT
1 x630(50)-10. [Ipu 3TOM OIPEAEITSIONMNM CTAJIO YCIOBHE HAarpeBa pac-
YETHBIM TOKOM B I10CJIEABAPUITHOM PEXKHUME.

F,e>8.0/(0,203 )=49,7 Mm%, Foc =50 MM~
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5.6. Bei0op mimH HanpsizxeHueM 6—10 kB

B 3akpbiThix PY Hanpsbkennem 6—10 kB ommHOBKa U cOOpHBIE IMHBI
BBITOJTHSIOTCS YKECTKUMH ATIOMUHHEBBIMU IIMHAMU, KOTOPBIE KPETSTCs
Ha OMOPHEIX dapopoBeIX m3oiaTopax. Ilpu Tokax Harpy3ku mo 3000 A
MPUMEHSIOTCS. OJHO- M JIByXIOJOCHBIC IIMHBI MPSMOYTOJIBHOTO IOTIe-
peuHoro ceueHus. [Ipyu OonpIIMX TOKax enecOoOo0pa3HO UCIOJIL30BATh
KOpoOUaThie MUHBI, TAK KaK OHW MMEIOT MEHBIIINE MTOTePH MOIIHOCTH U
AIIEKTPOIHEPTHH, BhI3BIBAEMBIE TOBEPXHOCTHBIM 3 dekTom u dhherTom
0mu3ocTH, a TakKe 00eCTIeYNBAIOT JIYUIINE YCIOBHUS OXJIaXKICHHS.

unsr PY BeIOMparoTcst Mo HarpeBy MakCHUMaJIbHBIM PacdeTHBIM TO-
KOM [j,x ¥ TIPOBEPSIFOTCS Ha JJIEKTPOIMHAMHUYECKYI0 W TEPMHUYECKYIO
CTOMKOCTB.

CeueHue MIKH 10 IOITyCTUMOMY HarpeBy BBIOHMPACTCS IO YCIOBHIO

Iz{on 2 ]max / Kl’

r71€ /;oq — JOMYCTUMBIN IIUTENBHBIN TOK IIUHBEI, A;

K, — monpaBouHbIii K03 PUIUEHT; yIUTHIBAIOUINN EHCTBUTEIbHYIO
TeMIIEPATypy OKPYKAOUIEN CPEIBI.

IIpu onpeneneHun 3Ha4eHUS [x YUUTBIBAIOTCS HE TOJBKO HOpMAab-
HBIE, HO W MOCJIeaBapuiiHble (PEMOHTHBIE) PEXHUMBI pabOThI 3JIEKTPO-
YCTaHOBKH.

3naueHue kodhpuiuenTa K| BEIYUCIACTCS 110 GopmyIie

re Oy, — JUIMTENbHAS JIOIyCTUMAs TEMIIEpATYpa Harpesa muH, O, . =
=70 °C;
©. — neiicTBUTENbHAS TeMIlepaTypa Bo3ayxa, °C;

0., — ycloBHas TemiepaTypa Bosayxa, O, =25 °C.

B Tabn. I13.25 npuBeaeHsl qOMyCTUMBIE ATUTENFHBIE TOKH JJIS ajlfo-
MUHHUEBBIX IHH TPSIMOYTOJBHOTO ceueHus. [Ipu pacmonokeHuy IIuH
rwiammMs (puc. 5.4) ZOMyCTHMBIN TOK, YKa3aHHBIH B Tabi. [13.25, nomkeH
OBITH YMEHBINICH Ha 5 % IS WH ¢ MpUHOH nonoc 10 60 MM u Ha 8% —
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JUTSL IMH ¢ Oonbined mupuHo# nooc [1]. TonmuHy MKHBI IO MEXaHU-
YeCKOW MPOYHOCTH PEKOMEHAYETCs MPUHIMATh HE MEHee 6 MM.

h 1

\\i/
i Q s

Puc. 5.4. PacnonoxeHnue MIKH MIIANIMSI Ha U30JIsITOpax:
1 — muHa; 2 — ONOPHBII U30IIATOP

HpOBepKa IIVH Ha 3JICKTPOANHAMUYCCKYHO CTOMKOCTh BBIIIOJIHSCTCS
CpaBHCHUEM MCXAHUYCCKOI'O HAIIPSKCHHA B MAaTCPUAJIC IUHBL Gp C I0-

MyCTUMBIMH 3HAYCHUSIMU HanpspkeHus o, (Tadu. [13.26) no ycnosuto

JoIn

O son = Op-
MexaHn4ecKoe HallpsKEHUE B MaTepHalle IUHBI, BOSHUKAIOIIEE O]
o 2
JEeHCTBUEeM M3ru0arolero MOMEHTa, KI'C/CM~, OIpeeNseTcs 0 CIeayto-
LIEMY BBIPAKEHUIO:
272
3l
G, =176-107" =—, (5.15)

aW

rae iy — ynapHslid Tok K3, kA;
[ — paccrosiHEe MKy OTIOPHBIMHU H30JISTOPAMH, CM;
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@ — PacCTOSIHUE MEKAY OCSIMH IIMH CMEXHBIX (a3, cM;

W — MOMEHT COIPOTHBIIEHHUS IIUHBI OTHOCUTEIBHO OCH, MEPIICHIN-
KyJISIPHOI JICHCTBHIO yCHIIHS, CM.

[Ipu pacnonoxeHuM IIUMH Ha M30JATOpax IIalIMsA MOMEHT COIpO-
TUBJICHHS

w=2"1_ (5.16)

riae b u h — COOTBETCTBEHHO MEHBILHNH U OOJBIINN pa3Mep CTOPOH IoTIe-
PEYHOT0 CEYCHUS ILIUHBI, CM.

Ecnan mumHBI Ha M30IMTOpax pacrojaraioTcst Ha pedpo, TO MOMEHT
COIIPOTHBIICHHUS] PACCUUTHIBAETCS 1O popmyie

_ ke
A

w

[IpoBepka MH HA TEPMHUYECKYIO CTOMKOCTh CBOIAUTCS K Ompenese-
HUIO0 MUHUMAJILHO JOMYCTUMOTO CEYCHUS MO QopmyJie

F, = VB (5.17)

rae B, — TemnoBoil ummyibsc Toka K3, Az-c, ONPENCIISIEMBIN MO BhIpAXKE-
Huto (5.5);

C — pacueTHbI KOIQPHUIMECHT, TPUHUMACMBIA Ul AFOMUHHEBBIX
s 91 A-c™/mm™

Ipumep 5.5. Boiopars munbl PI1 Hanpsbkennem 10 kB u ipoBepuTth
UX Ha TEPMUYECKYIO U JUHAMHYECKYIO CTOMKOCTh K TokaM K3. [leicTByto-
mee 3HAYCHUE TepHOTUUeCKor cocraBipmomied Toka K3 [, = 11, 5 kA,
Bpemst otkmodeaus K3 7, = 1,1 ¢, mocTosHHAsS BpPEeMEHH 3aTyXaHUS
anepuoandeckor coctasinstoneil Toka K3 7, = 0,01 ¢, yaapnsiit Tok K3
iy = 23 KA. IlluHbl ycTaHABIMBAIOTCA HA U30JATOPax ILIAIIMS C PaccTo-
sSHIEM MeXny dazamu @ = 25 cM, MEXIy H30JATOpaMH B IPOJETe —
/=100 cM. MakcuManbHBIN pacueTHBINA TOK IIHH [ = 820,0 A.

Pewenue. BoiOupaeM 1o HarpeBy MMHBI C IUPUHON T0JI0C 10 60 MM.
B sTom cirydae ycnosue BbIOOpa

~

0,951 >1 wm [ >

JIoIT — T max Jom — *
0,95
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Torpga mpu pac4eTHOM TOKE [, = 820,0 A

Loy 2 % = 863,2 A.
ITo taba. [13.25 npuauMaem muHb pazmepoM 60 x 6 MM, UMEIOLIHE
wiomans ceueHus 360 MM u Lo =870 A.
BreinonHuM npoBepKy MIMH Ha 3JIEKTPOJMHAMHYECKYIO CTOHKOCTD.
MOMEHT CONPOTHUBIIEHUS LIMH NPH YCTAaHOBKE MX IUIAIIMSI OIpPEIEsIaeM
o popmye (5.16):

0,667

W= =3,6 c™’.

PacyeTrHoe HampspkeHHWE B METaUle INWH BBIYUCISEM IO BhIpaxe-
Huto (5.15)

2 2
o, =1,76-10‘3m=103,4 kre/em?,
25-3,6

g

4yTo cocTanisieT npumepHo 10,3 MITa.
Jns mmn mapku AJIO o, =49 MIla (tabn. I13.26). Tak xak

hit
YCTONYUBBI.

IIpoBepsieM LIMHBI HA TEPMHUUYECKYIO CTOMKOCTb. Jljig 3TOrO Haiijgem
TeIuI0BOM nMmyiibe Toka K3 mo dpopmyme (5.5):

Ouon =~ Op (49 > 10,3 MIIa), To BbIOpaHHbIC LIMHBI JUHAMHYECKH

B.=(11,5-10°)*(1,1 + 0,01) = 146,8-10° A%.c.

MuHHMaNTBbHOE CEeYeHUE LIMH 10 YCIOBHIO TEPMHYECKON CTOHKOCTH
ompenenseTcs no ¢popmyne (5.17):

[ 6
le?ﬁ,l MM-Z.
91

m

BriOpanHbIe mMHBI UMEIOT ceueHue 360 mm’. Tak kak 360 > 133,1 M’
TO mKHbI PII TepMHUUecKH yCTONYNBBIL.
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6. BLIBOP TPAHC®OPMATOPOB
N JEKTPOOBOPYAOBAHUS PACIHTPEAEJIUTEJIBHBIX
YCTPOUCTB HATIPSI)KEHUEM BBIIIIE 1 xB

6.1. Bb16op 4yKc/Ia 1 MOIIHOCTH CHJIOBBIX TPAHC(HOPMATOPOB

B cucremax »neKkTpocHaOXeHHsT KPYIHBIX MPOMBIIIIEHHBIX HPEaIpusi-
THUI MOTYT MPUMEHSATHCS TJIaBHbIE MoHU3NTENbHbIe noacTanimy (I'TII) u
nozacranuuu rityookoro Beoza (I11'B) Hanpsokenuewm (110-220) / (6—10) kB.

Ha I'TIIT npenMyIecTBEHHO MCHOJB3YIOTCS TPaHC(POPMATOPhI C HOMH-
HaJlbHOM MoInHOCThIO 32, 40, 63 1 80 MB-A. TpancdopmaTopsl MeHbILIEH
MonHocTy npuMensitorcs Ha [II'B u T'TIIT mpenmpusituid ¢ Harpy3kamu,
paccpenoToueHHbIMH Ha Oosnbinoi Tepputopuu. Kak mpasumo, na I'TII
u [II'B ycranaBnuBarotcst 1Ba TpaHcgopmaTopa ¢ 0JMHAKOBOW HOMUHAIIb-
HOU MOIITHOCTBI0, KOTOPAsk OIPENEIISAETCS MO BBIPAXKEHHIO

p
SHOM 2 >

rae S, — HoJiHas pacyeTHas MOLIHOCTBH IOTpeOuTeNeil 1eKTpodHeprun
Ha IWHAX HU3IIETO HANPSHKEHUS MOICTAHIUH, KB-A;

N, — uucno TpancopMaTOpoB Ha MOACTAHLIUH;

Br — ko3 dunmenT 3arpy3ku TpaHcpopMaTopa B HOPMAaJIbHOM pe-
JKUME, KOTOpBI IprHUMaeTcs paBHbIM 0,65-0,7.

IIpu npoekrupoBannn CIC MPOMBIIUIEHHBIX OOBEKTOB CHIIOBBIC
pacnpenenuTenbabie TpanchopMaTopsl HanpsbkeHnuem (6—10) / 0,4 kB,
KaK IpaBUJIO, BEIOWPAIOTCS B MPOLIECCE pacueTa KOMIICHCALMH PEaKTHB-
HOW MomHocTH. [IpenBaputenbHO HEOOXOAMMO NPHHATH COIUHUYHYIO
HOMUHAJIBHYIO MOIIHOCTD Sy0y TPAHC(HOpMATOpA ISt PACCMATPUBAEMOTO
NOTPEOUTEINS WU TPYIIBI ToTpeOuTeNel anekrposneprun. [Ipu paccpe-
JOTOYEHHOW Harpy3ke HOMMHAJIBHYIO MOIIHOCTH LIEXOBBIX TpaHchopma-
TOPOB OPHEHTHPOBOYHO MOXKHO MPUHUMATH 0 BEIWYHHE IIOTHOCTH
Harpy3ku, KB-A/M>, onpe/ensemMoii o BbIPaKeHHIO

5, =—= (6.1)
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rae Sps — pacueTHas IOJIHas MOIIHOCTb Harpy3ku oObekTa (Kopiyca,
1exa, OTACNEHUs U T.1.) Ha HanpspkeHuu 10 1 kB, kB-A;

F — mpou3BoACTBEeHHAs IUIOMAAbh OOBEKTa, DICKTPOCHAOKEHHE KO-
TOPOTO OCYIIECTBIISETCS OT TPAHC(HOPMATOPOB, M°.

Cornacho [17] npu BEIOOpE CHUIIOBBIX TPaHC(POPMATOPOB HANPSIKEHH-
em (6-10) / 0,4 xB nomyckaercs MpUHUMAThH CIEAYIONUE €TUHIYHBIC
MOIITHOCTH:

—1000 u 1600 kB-A — mipu s, < 0,2 KB-A/M’;

— 1600 kB-A — nipu s, = 0,2-0,5 kB-A/M’;

—2500 u 1600 kB-A — npu s, > 0,5 KB-A/M.

TpanchopmaTopsl MonHOCTEIO 10 630 KB-A npuMeHstoTcs npu Ma-
JIOW MJIOTHOCTH HATPY30K, B YACTHOCTH Ha MEJIKUX M CPETHUX 00BEKTaxX,
Ha Tepu(epuitHBIX y9acTKaxX KPYMHBIX MPEATNPHUSTHIA, IS aJMIHICTPA-
TUBHBIX 3[]aHUH U T. 1. TpaHchopMaTopbl ¢ HOMUHAILHOW MOIIHOCTEIO
Siow = 1250 kB-A B y4eOHBIX MpOEKTax MpeayCcMaTpuBaTh HE PEKOMEH-
JlyeTcsl, TaK Kak JaHHas MOUIHOCTh HE MPEIyCMOTpPEHA NCUCTBYIOIIUM
cragaaprom I'OCT 9680-77.

[pu cocpenoTodeHHON Harpy3ke NOTpeOuTeNeil HOMHHAILHYIO MOIII-
HOCTb TPaHC(OPMATOPOB 110 KPUTEPHIO Sy IPUHUMATH HE CIIEYeT.

KonuuecTBo THMOpazMepoB MEXOBHIX TpaHC()OpMAaTOpOB Ha Tpea-
MIPUATHH TOJDKHO OBITH MUHUMATBHBIM (He Oosee Tpex).

Ecnu u3BeCTHB HOMHUHAJIBHAS MOITHOCTh Syoy U KOIPQHUIMEHT 3a-
rpy3ku TpanchopmaTopa B, TO MUHHMaIbHOE YHCIO TPaHC(HOPMATOPOB
N: min, YCTAaHABIMBaEMBIX Ha 00BEKTE (B I€Xe, KOPIyCe U T. II.), pacCcUu-
THIBAETCS IO BBIPAKECHUIO

P
=, (6.2)

T min 2
BTSHOM

riae Pp, — pacueTHas aKTHBHas MOIIHOCTb PacCMaTPHBAEMOI0 OOBEKTa
Ha Hanpspkenuu 1o 1 kB, kBT.

Pacder N; i, TPOW3BOIWTCS MO aKTHBHOW HArpy3Ke MOTpeOHTEIs.
[Ipu sToM mpeamonaraercs, 4YTO peakTUBHAS MOIIHOCTh OOBEKTa OyzeT
MOKPBIBAThCSI KaK OT MCTOYHUKOB, PACIOJIOXKEHHBIX B JHEPrOCHCTEME,
TaKk W OT Oarapeil HH3KOBOJBTHBIX KOHICHCATOPOB, YCTAHOBIECHHBIX
B CETSX HampskeHueM 10 1 kB cunoBbIX TpaHCHOpMAaTOPOB.
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Hns tpanchopmaropoB nexosbix TII cnemyer mpuHUMATH ClERyIO-
ue 3HaYeHUS K03 duIMenTa 3arpy3ku [3]:

0,65-0,7 — ans1 LexoB ¢ mpeodnanaroeil Harpy3Koi AJIEKTPONpHEM-
HUKOB IIE€PBOI KaTeropuu NpH HCIOIB30BAHUM IBYXTpaHc(opMaTop-
HeIX TII;

0,7-0,8 — mst 11eX0B ¢ MpeobIaaaroIIel Harpy3KO AIIEKTPOTPUEM-
HUKOB BTOpOW KaTeropuu npu ogHoTpaHcdopmatopueix TII ¢ B3amm-
HBIM pe3epBHPOBaHUEM TpaHC(HOPMATOPOB Ha HanpshKeHuH 10 1 kB;

0,9-0,95 — mst exoB ¢ mpeoOdanatomeld Harpy3Kon IEKTPOIPUEM=
HUKOB BTOPOM KaTErOpHHU MPH BO3MOKHOCTH HCIIOJIB30BAHMUS ICHTPAIIH-
30BaHHOTO pe3epBa TPaHCHOPMATOPOB, a TAKXKE AJS LIEXOB C Harpyska-
MH 3JIEKTPOIPUEMHUKOB TPETHEH KaTErOpuH.

IIpr HEOOXOAUMOCTH pPE3epPBHUPOBAHUS DIEKTPOCHAOKEHUS HOMHU-
HaJIbHass MOIIHOCTH TPaHC(OPMATOPOB ABYXTPAHCPOPMATOPHBIX IO-
CTaHLUM BBIOMpPAETCS U3 yCIOBUS IMTAHMs BCEH HArpy3KU B IIOCI/IEaBa-
PHITHOM pEXHUME C YUETOM Ieperpy304HOii crmocodHocTH TpaHchopma-
TopoB. I[Ipu mpoeKTHpoBaHUU CHCTEM 3JEKTPOCHAOKEHUS JIOMYCTUMYIO
CHCTEMAaTHYECKYI0 Ieperpy3Ky MacisHBIX TpaHc(HOpMaTOpoB MPHUHUMA-
10T paBHO# 40 %, a cyxux — 20 %.

Hpumep 6.1. Tepmuueckuil 11eX UMEET pacuETHYIO aKTUBHYIO MOIII-
HOCTb P,y = 4400,0 kBT, peaktuBnyro — O, = 2771,3 xBap, NOJIHYIO —
Sps = 5200,0 kB-A. [IpoussoscTBenHas miomaas nexa F = 14 400 v’.
TpeOyercst BBIOpaTh MOIIHOCTB M YMCJIO TpaHC(opmaTopoB 1exoBbix T11
TIPY YCIIOBUH TIOJTHOTO PE3EPBUPOBAHUS AIEKTPOCHAOKEHNS TOTPEeOUTENCH.

Pewenue. 1o Beipaxkennto (6.1) HAXOIUM IJIOTHOCTH HArpy3KH:

~5200,0

sy= ——— =0,36 KB-A/M".
14400

IIpu s, = 0,36 kB-A/M> PEKOMEHTyeTCSl IPUHUMATh Sy = 1600 KB-A.
st anexTpocHabxkeHns niexa npexycmartpusaeM komiuiektHele TIT (KTIT)
¢ nByMms TpaHcopmatopamu tuna TMI'11. {ns aByxtpaHchopmartop-
HBIX ITOACTaHITUN IpUHAMaeM KO3 GHUITHEHT 3arpy3Ku TpaHc(hopMaTopoB
B =0,7. Ilo gopmyne (6.2) onpenensieM MUHUMAIBHOE YHUCIIO TpaHC(Op-
MaTOpPOB, HEOOXOAUMOE [T TUTAaHK AKTUBHOM HATrpy3KH Iiexa:

_ 4400
0,7-1600

Tmin s
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OxpyriisieM TOIy4YeHHOE 3HAa4eHHE B OOJBIIYI0 CTOPOHY JIO IENOTO
qucna: Nymn = 4. J1a anmekTpocHabxeHus 1exa npuanMmaeMm nse KTII
¢ TparcopmMaTopaMu MOITHOCTEIO 1600 KB-A.

6.2. KomniekTHbIe pacnpeae/uTeabHble YCTPoiicTBa

Kommnektueie PY nHanpspkenuem 6—10 kB npenHazHaueHsl 1uisl IpU-
eMa M pacIpeeleHHs JIEKTPOIHEPTHH TPeX(Pa3HOTo MePeMEHHOTO TOKa
MPOMBIIIUIEHHOW 4acTOThl. OHU COCTOSAT M3 Ha0Opa THUIOBBIX MIKA(OB,
OCHAILIEHHBIX KOMMYTAallMOHHBIMU amnmnapaTaMy, CHWIOBBIMH M H3MEpHU-
TEJILHBIMU TpaHCc(OpPMaTOPaMH, pa3psiTHUKaAMU, KaOeTbHBIMU COOpKaMH,
W3MEPUTETbHBIMA MPUOOpPaMU M T. 1. 3aBOJAMH-U3TOTOBUTEIsIMH PY
MOCTABJISIOTCS OTAENBbHBIMHA IIKadaMu WA ONOKaMH M3 HECKOJIBKHX
mKaoB B CMOHTUPOBAHHOM BHJIE ¢ HEOOXOAMMOH alaparypoil u Bce-
MU COCIMHEHUSAMM LIETIEH IEPBUYHON U BTOPUYHON KOMMYTaLlUU.

B cucremax snexTpocHaOXeHHS MPOMBIIIICHHBIX MPEANPHUATHI Ha
HanpspbkeHun 6—10 kB, kak npaBuiio, mpuMeHsitotcst PY, ycranaBnuBae-
Mbl€ BHYTpH MOMEIIEHUH. BrImyckaeMble MPOMBIIIIEHHOCTBIO KOMITIEKT-
HbI€ pacHpeleIUTENbHbIE YCTPOUCTBA BHYTPEHHEH YCTaHOBKH MOTYT
OBITH TBYX BHJIOB:

— CTallMOHAPHBIC OJTHOCTOPOHHETO 00cyx)uBanus (kamepsl Tuna KCO),
KOTOpBIE €331 HE UMEIOT 3aIIUTHON CTEHKH U YCTaHaBIUBAIOTCS y CTe-
HBI 3JaHUS;

— BeIKaTHBIE (Kamepsl Tuna KPY), B KOTOPBIX BHICOKOBOJIBTHBIE BbI-
KJIIo4aTeny (BaKyyMHbIE, MacisiHBIE U T. [.), OCHAILCHHBIC CIICIHaIbHbI-
MU BTBIYHBIMU KOHTAaKTaMH, Pa3MEIIAIOTCSl HA CIECIIUAIBHON TEIEKKE.

Kamepsr tama KPY mopoxe xamep KCO. Iloatomy ux cremayer mpu-
MEHSITh 00OCHOBaHHO IpPH IMOBBIIICHHBIX TPEOOBAaHHAX K Ha/IE)KHOCTH
AJIEKTPOCHAOKEHUSI.

PacnpenenurenbHoe yCTPOICTBO B LEIOM COCTOUT U3 COBOKYITHOCTH
siyeek. [Ipu cocTaBieHUM ANEKTPUUYECKON cxeMbl PY mpemycMaTpuBaroTCs
CJIE/TYIOIINE BUIBI MPUCOETMHEHUN: BBOJI, OTXOJSIIME JMHUM, CEKI[MOHHU-
PYIOIIHE amnmapaThl, TpaHC(HOPMATOPhl HAMPSHKSHUS, 3a3eMIISIONINE pa3b-
€/IMHUTEIH, TPAaHCPOPMATOPBI COOCTBEHHBIX HYK/I, ITMHHBIE MOCTHI U T. 1.

[IpennpuaTusMHU 371EKTPOTEXHUUECKON MPOMBILIUIEHHOCTH BBHIYCKa-
I0TCS pa3lInyHble CEpUU KOMIUIEKTHBIX PY ¢ pa3HbIMU TEXHUYECKUMU
XapaKTEPUCTUKAMU U CXEMaMH JIEKTPUYECKUX COeAMHEHUNA. B kxomIiekT-
HBIX PY MOTyT ycTaHaBIMBaThCS BaKyyMHBIE, 3JI€Ta30BbIe, MaJOMAaCs-
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HBIE€ WJIM DJEKTPOMAarHUTHBIE BBIKJIIOUATENN. YKa3aHHbIEC BBIKIIOYATENIN
pa3IMyaroTCsl CTOMMOCTHBIMH TOKa3aTeNsiMH, 3aTpaTaMH Ha JKCILTya-
TaIMI0, KOMMYTAallMOHHBIMH CIIOCOOHOCTSIMH, COOCTBEHHBIM BpEMEHEM
BKITFOUCHSI U OTKJIFOUEHUS U IPYTUMH TEXHUYECKHUMH XapaKTePUCTHKA-
Mu. B PY ¢ HanpspkeHHeM CHCTEM 3JIEKTPOCHAOKEHHUS TPOMBIIIIICHHBIX
npennpuatuii 6—10 kB B 0OCHOBHOM TpPHUMEHSIOTCS SYEHKH C BaKyyM-
HBIMH BBIKJTFOUATENSMHU.

6.3. BbICOKOBOJIBTHBIE BBIKJIIOYATEIH

Breiknrouarenu BHIOMparOT TakuM 00pa3oM, YTOOBI MX TEXHHYECKUE
XapaKTePUCTUKH OBUIH HE MEHee pacdeTHbIX. |Ipn mpoeKTHpoBaHUH CHUC-
TeM D3JIEKTPOCHAOKEHUS MPOMBINIICHHBIX MPEATIPUITHNA BBIKIIOYATECIN
BEIOUPAFOTCSI 10 CIEAYIONIMM OCHOBHBIM MapaMeTPaM:

— TI0 HANPSHKEHUIO:

U

HOM 2 pab6>

(6.3)

rae U,,, —HOMHHAIBHOE HANIPsUKEHHE anmapara, KB;

Upas — pabouee HANPSOKCHUE COTH, B KOTOPOH YCTAHOBICH arllla-
par, kB;
— TOKY:
Ly 213 (6.4)
IHOM e pa> (6-5)
rae /gy — HOMHMHAIBHBIN TOK anmapara, A;
I, I, — COOTBETCTBCHHO PACYCTHBIA TOK HOPMAIbHOTO M MOCIIE-
aBapuUHHOTO (PEMOHTHOI0) PEKUMA, A;
— OTKJIIOYAIOIIEH CIOCOOHOCTH:
Lorg 2 1 (6.6)
Sor = Sk (6.7)

104



rae Iy, I — JeHCTByIOlIee 3HaYCHUE MEPUOJUUYECKON COCTaBIsIomIEH
TOKa KOPOTKOTO 3aMBIKaHWS B TOYKE YCTAHOBKH BBIKIIOYATEIIS M €T0
HOMHHAJIBHBIM TOK OoTKIroueHus K3, kA

Sy» Sy — COOTBETCTBEHHO PacyeTHas M HOMHHAIbHAS MOIIHOCTB

orkimoueHus K3, MB-A, onpezaensiemMbie 10 CIISAYIOMUM (OpPMyJIaMm:
Se =30l (6.8)

S =30 I (6.9)

cp H' OTK >

rae Ug, , — cpe/lHee HOMUHAIBbHOE HalpsiKeHUe ceTh, KB.

Brixmtouarenu, BeIOpaHHble 1O ycinoBusaM (6.3)—(6.7), nposepsroTcs
Ha 3JEKTPOIUHAMHYECKYIO M TEPMHUUYECKYIO CTOMKOCTB. [l mpoBepkn
Ha 3JIEKTPOJMHAMHYECKYI0O CTOMKOCTh yKa3aHHOE B Karajorax (crpa-
BOYHHMKAX) aMIUIUTYJHOE 3HAUYCHME MPEJEIBHOIO CKBO3HOIO TOKA i,

anmapara CONOCTaBICTCS ¢ ynapHbIM Tokom K3 i B Touke ero ycra-

HOBKH. Ammapar o0jaiaeT 3JeKTpPOJMHaMHUYECKON cTOUKOCThIO pu K3,
ecnu cobmonaetcs ycinosue (1.1). 3nauenne ynaproro toka K3 Berumc-
JISIETCSI 110 hopMyJIe

iy = k21, (6.10)

rae ky, — ynapHsId KO3 GULICHT, OnpeelsieMblii 10 rpauKy B 3aBUCH-
MOCTH OT COOTHOIIIEHUSI PEaKTUBHOT'O M aKTHBHOT'O COMPOTHUBIICHMIA [19].
HprOmmkeHHO 3Ha4eHHE Ky, MOXKHO NPUHUMATH 10 Tabu1. I13.27 B 3a-

BUCHMOCTHU OT XapaKTEPUCTUKU HUCTOYHHKA MUTAHUS CUCTEMBI AJIEKTPO-
CHa0XCHHS, B KOTOPOH paccunthiBaeTcst Tok K3 [12,19].

VYCiloBHE TEPMHUUECKON CTOMKOCTH BBIKIIOYATEIS MOXKET OBITh 3allu-
CaHO B CIICAYIOIIEM BHUJE:

2
1%, >B,, (6.11)

T°'T —

rae [T — HOMMHAJIbHBIA TOK TepMH‘IeCKOfI CTOMKOCTH arrapara, ycra-

HOBJICHHBIA M3rOTOBHUTEIEM, KA ;
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t, — JOIIyCTUMOE BpeMs AEUCTBHS TOKA TEPMUYECKON CTOMKOCTH, C;
B, — pacueTHBIN TEMIOBOM MMITYJIbC OT TOKAa KOPOTKOIO 3aMbIKa-

Hus, KA®-c, onpesiensemsiii 1o popmyie (5.5).

CeKUMOHHBIN BBIKIIOYATENb CJIEAYEeT BBIOMpaTh IO TOKY Haubojee
3arpykeHHo# cexuuu. Ecnu pacuer Harpysku no cexkuusam PII mwnm mo-
HUKAIOIEH TOJCTAaHIIUN HE BBIMOJIHAETCS, TO /U1 CEKIIMOHHOTO BBIKIIIO-
qaTemnsl pacueTHBIM TOK NMpUHUMaeTcs paBHBIM 60 % cymMmapHOro TOKa
pacIpenenuTeabHOro yCTpoicTBa.

Ipumep 6.2. BeiOpars BeIKIIIOYATENb Ui TpeX(a3HOM KaOenbHOM
JIMHUY dJIeKTpoliepeaayn HanpsbkenueM 10 kB, nuratonield notpeouress
or PII. PacueTHpIii TOK JMHMM B HOPMajbHOM pexume I, = 2255 A,
B InocjeaBapuiiHoM [, = 451,0 A. JleficTByioniee 3Ha4eHHe NEPUOH-
yeckoit cocraBisromed Toka K3 na mmuax PII [, = 7,7 kA, BpeMs OTK-
mroyeHus Toka K3 BeikmovareneM fon = 0,6 C, IOCTOSHHAs BpPEMEHU
3aTyxaHus anepuoanydeckon cocrapistomeit Toka K3 7, = 0,01 c.

Pewenue. BriOupaeM BakyyMHBIM BBIKIIFOUATEIh IO YCJIOBHSIM
(6.3)6.5):

Uion 2 10kB, Loy 2225,5A, ILion=451,0 A.

B tab6n. I14.1 »>TuM yCIIOBHSM COOTBETCTBYET BBIKJIIOYATENh THIIA
BB/TEL-10-630-Y3, uMeronuii HOMUHAILHEINA TOK [0, = 630 A, HOMU-
HaJbHBIA TOK oTKItoueHus K3 [, = 12,5 KA, TOK 31eKTpOAMHAMUYECKON
CTOMKOCTH I, = 32 KA, TOK TepMUIECKOH cTorkocTu I, = 12,5 KA, nomy-

CTUMOE BpEMsI ICUCTBHSI TOKA TEPMUIECKON CTOMKOCTH ¢, = 3 C.

[IpoBepsieM JaHHBIN BBIKIIOYATENb 110 OTKIIOYAIOMIEH CIOCOOHOCTH.
st aTOTO MpPEaBapUTENBHO PACCUUTAEM MOIIHOCTH KOPOTKOTO 3aMbIKa-
HUSI 1 HOMHHAJIFHYIO MOIIHOCTH OTKJIIOUeHus 1o (opmynam (6.8) u (6.9)
COOTBETCTBEHHO:

S, =+/3:10,5-7,7=140,0 MB-A;
S...=~3°10,5-12,5=227,3 MB-A.

Tak kak 12,5 > 7,7 kA u 227,3 > 140,0 MB-A, To ycnoBus (6.6) u (6.7)
BBITIOJHSFOTCSL M, CJICJIOBATEIBHO, BBIKJIFOYATENIb O0JIajacT Tpedyemoi
OTKJIIOYAIOIIEH CLIOCOOHOCTHIO.
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[Tpunss no tabu. 113.27 mis pacupeaeauTenbHON CeTH HapsKEHHEM
10 kB ynapHstit koapuument ky, = 1,369 no seipaxenuto (6.10) Haxoanm

ynapHbIi Tok K3:
i, =1,369-+/2-7,7 = 14,9 kA.

ITo ycnoBuro (1.1) mpoBepsieM BBIKIIOYATENb Ha 3JIEKTPOAMHAMHUYE-
CKYIO CTOHMKOCTh

32> 14,9 KA.

CreoBartenbHO, BBIKIIOUATENb CIIOCOOEH BhIIEPKaTh yaapHbIid Tok K3.
Jns pacuera TEPMHUYECKOW CTOHMKOCTH BBIKIIOUYATEISl ONpPEACINM
TEIUIOBOM UMITyIbC OT Toka K3 1o Beipakenuto (5.5)

B, =7,7%(0,6+0,01) = 36,2 kA%c.

[IpoBepsieM BBIKIIOYATENh HA TEPMHYECKYIO CTOMKOCTH IO YCIIO-
Buio (6.11):

12,5%-3>36,2 kA% c; 468,75 > 36,2 kA*-c.

BriOpanHbIii BRIKIIOHATENTb yIAOBICTBOPSET YCIOBUIO TEPMHUIECKOM
CTOMKOCTH.

6.4. Pa3zneauHuTe I

PazpequanTEIM TPUMEHSIOTCS B paclpeAeTUTeNbHBIX YCTPOHCTBAX
JUTSL CO3@HMs BUAMMBIX Pa3pbIBOB AJIEKTPUUECKUX IIeTIel IIPH pEMOHTax
anekTpoobopynoBanus. B kamepax tuna KCO nanpsbkenuem 6—10 kB,
K KOTOPBIM TPUCOETUHSIIOTCS JTUHUH, THTafonue nexosbie TII, mis BbI-
KIIFOYaTens pelycMaTpUBaIOTCs JBa pa3belMnHUTEN BHYTPEHHEH ycTa-
HOBKH: IIMHHBINA (MIPUMBIKAIOMMN K muHaM PY) u nuHelHbIH (IpUMBI-
KAIoMMK K JIMHUW 3JIeKTponepenaun). st sueex BBIKIIOYATECH, TOI-
KJTFOYAIOIIMX BBICOKOBOJIBTHBIE JIEKTPOIPUEMHHUKH WM KOHIEHCATOpPHEIC
YCTaHOBKH, JJMHEHHbIC pa3beIUHHUTENN He TpeOytoTcsa. Tak Kak IIMHHBIC
Y JIMHEHHBIE Pa3beMHUTEIH YCTAHABIMBAIOTCS B IETISIX OJHOTO TOKA, TO
OHHM BBIOHMPAIOTCS C OJTMHAKOBBIMU TEXHUYECKUMHU XapaKTEPUCTHKAMHU.
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Br100op pazbeauHuTeNeil aHaIOruueH BEIOOPY BBIKIIIOYATENICH, 32 UCK-
JIFOUYCHUEM IIPOBEPKHU 0 OTKJIIOYAIOLIEH CIIOCOOHOCTH, TaK KaK pa3benu-
HUTEJM HE MpeHa3HaueHBbI JJIs OTKJIIOYEHHs TOKOB Harpy3ku u K3.

s BBomHOM stueiiku PI1 pa3beauHuTeNn® BEIOMPAIOTCS 1O PacyeTHO-
MY MaKCHUMaJbHOMY TOKy HOTpeOHTeNs, TMHEHHONW — IO HauOOJbIIEMYy
TOKY IPHCOEANHEHUS.

JA7st pacTipeAeTUTENbHBIX YCTPOICTB MPONU3BOACTBEHHBIX O0BEKTOB, KaK
NPaBUIIO, TIPUMEHSIOTCS PA3bEAMHUTENN B KOMIUIEKTE C 3a3eMJLIOLIMMU
Hokamu THra 3P-10Y3 ¢ TOKOM 3JeKTpOIMHAMUYIECKOH CTOHKOCTH 51 KA
U IOy CTUMBIM TEIUIOBBIM UMIYJbCOM OT Toka K3 400 kAZ ¢

Hpumep 6.3. BoiObpaTts MIUHHBINA U TUHEHHBIN pa3beAMHATENN B Ka-
Mepe pacnpeAeTUTeNIbHOI0 YCTPOMCTBa ¢ BBIKIIOUATENeM IS IOAKIIIO-
geHus kabenpbHOW MuHUN HanpsbkerneMm 10 kB. Mcxomabie maHHBIE IS
pacuera npuBeAeHbI B mpuMepe 6.2.

Pewenue. BeiOnpaeM TpeXIOIOCHBIE Pa3beIUHUTENH Il BHYTPEH-
Hell ycranoBku tuna PB3 no ycnmosusiM (6.3)—(6.5):

Usow > 10 KB, Loy > 225,5A,  Lyow > 451,0 A.

Io pacueTHBIM YCTIOBHSAM BbIOMpaeM pazbenuHutens Thia PB3-10/630-Y3
(tabm. 114.2), uMmerommii CIEAYIOMNE TEXHUYECKHE XapaKTEPHCTUKU:
HOMHHAJIbHOE HapshKeHUE U,y = 10 KB, HOMUHABHBIN TOK 0y = 630 A,
TOK DJIEKTPOIUHAMUYECKON CTOUKOCTH iy = 52,0 KA, TOK TepMHUUECKON
crorkocTH I; = 20 KA, JOIyCcTHMOe BpeMs JIeHCTBUS TOKa TEPMUIECKON
croiikoctH ¢, =4 c.

Ynapuerii Tok K3'Ha muuax PII i, =149 KA ¥ pacyeTHBIN TETUIOBOM

umITyIsc ot Toka K3 B, = 36,2 KA? - ¢ paccuHTaHbI B MpeabIayIIeH 3a1aue.
ITo popmyiie (1.1) BHIOIHAM MPOBEPKY Pa3bEIUHHUTEINS HA DIIEKTPO-
JUHAMHYECKYIO CTOMKOCTB:

52,0> 14,9 KA.

CrnenoBaTenbHO, pa3beIMHUTENb HMEET HEOOXOJUMYIO 3JIEKTPOIUHA-
MHYECKYIO CTOMKOCTb.

[IpoBepky pa3bequHHUTENS] HA TEPMHUYECKYIO CTOMKOCTH BBIMOJIHHUM
o ycioButo (6.11):

20%-4>362 kA%c, 1600,0>36,2 kA’-c.
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PacueTsl moka3anu, 4TO BBIOpAaHHBIM Pa3beAMHUTEIb YAOBIECTBOPSIET
YCIOBUIO TEPMUYECKONH CTOMKOCTH.
[puHUMaeM MIMHHBIA 1 JIMHEWHBIH pa3beanHuTens Tana PB3-10/630-Y3.

6.5. BeixsIrouaTesm HArpy3Ku

B anextpuyeckux cetsx HampsbkeHneM 6—10 kB Beikmrouartenn Ha-
TPY3KH MPUMEHSIOT IPH OTHOCHTEIBLHO HeOONbImmx Tokax (400-600 A
npu HanpspkeHnn 10 kB) B PII, pactipenenuTensHBIX yeTpoiicTBaX U IIKa~
(ax BBOJA BBICOKOTO HampshKeHUs! KOMIUeKTHBIX TII. DT komMMyTamm-
OHHBIE anmnaparbl MOTyT ObITh ¢ npepoxpanutensmu (tuna KT u 1. 11.)
i 6e3 Hux. B mepBoM BapmanTte ucnonHeHuss BH cmoco0eH He TOIpKO
OTKJTIOYATh W BKJIIOYATh TOK HATPY3KH, HO M 3alIUIIATH AIEKTPHIECKYIO
Lenb OT CBEPXTOKOB. Bo BTOpOM BapuaHTe Iienb HE 3alUILAETCS OT
cBepxTokoB. [0 Bo3MOxkHOCTH TiesecooOpa3Ho nmpuMeHsaTh BH ¢ BrIcO-
KOBOJIETHBIMU TIPeJ0XpaHuTensiMu (Hanpumep, Tuna BHPn-10).

BeikitouaTens Harpy3Kd UMeeT JyTroracuTelIbHOE YCTPOHCTBO HEOOIb-
II0H MOIIIHOCTH, ITO3BOJIAIONIEE OTKIIIOYATh paboune TOKU, HE TPEBBIIIA0-
II¥€ €ro HOMUHAIBHBIA TOK.

BeikimtouaTenu Harpy3Kd BBIOMPAIOTCS aHAJOTMYHO BBICOKOBOJITHBIM
BBIKJIIOYATEISAM TI0 CICAYIOLUIMM YCIOBHAM: HanpspkeHHto (6.3); Toky (6.4);
ANeKTpoIMHAMHYECKOH cToikocTH (1.1); TepMudeckoi croiikoctr (6.11).
Kpome Toro, momyctumoe neiicTByrolee 3Ha4eHHE CKBO3HOro Toka K3
Iip o« BH 10omxHO ObITH HE MeHbIIE JIEHCTBYIOIETO 3HAUEHUs EPUOIU-
yeckoi coctaBnstomei Toka K3 1, To ecThb

Lip e 2 L. (6.12)

[Ipu HEOO6XOMMOCTH 3alUTHI ATEKTpUUecKoi 1enu ot Toka K3 mpu-
MeHsitoTcss BH, ocHalieHHbIE BEICOKOBOJIBTHBIMU MPEIOXPAHUTEIAMHU, KO-
TOpBIE BEIOUPAIOTCS 0 HOMUHAJIFHOMY TOKY, HAIlPSDKEHUIO M TPEAEIh-
HO OTKIIFOYaeMOMY TOKY Iy (IT0 yCoBHIO (6.6)).

HomMuHaNBHEBIA TOK TPETOXPAHUTENS Loy p, 3AIMIIATOIIAMA TpaHchop-
Mmarop ot TokoB K3, BeiOupaercs 1o ycinoBHio

IHOM np = (1,5 - 290)IHOM T> (613)

1€ /0 1 — HOMUHAIIBHBINM TOK CHIIOBOTO TpaHc(opMaTopa, A, onpeneis-
eMBbIii TIo (hopmyre
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Srion (6.14)

Loz =224,
HOM T \/gUHOM

rae Sy, — HOMHHalIbHas MOLIHOCTB TpaHcopmaropa, KB-A;

Uyou — HOMUHAJIBHOE HampspKEHWE MEPBUYHON 0OMOTKH TpaHchop-
Maropa, kB.

OcHOBHBIE THIIBI BBIKJTIOUATENIEH HAarpy3Ky U MpeAOXpaHUTENeH Ipu-
BeAeHsl B Ta0u. [14.3 u I14.6.

IIpumep 6.4. BoiOpats BbIKIIIOUATEIb HATPY3KH B IIKady BBOJA BbI-
cokoro Hanpspkerus (ILIBBH) KTIT nanpsoxkennem 10/0,4 kB ¢ tpancdop-
matopoM MomHOCTEI0 1000 kB-A. Pacuernsii Tok B e BH 7, = 46,5 A.
JeiicTBytoiee 3HaUeHNE IEPHUOTUICCKON cocTaBiitromei Toka K3 Ha cro-
pone 10 kB TII /, = 7,16 kA. Bpems otkmouenust K3 Beikmouarenem,
YCTAHOBJICHHBIM Ha UCTOYHMKE IUTAHUS, for = 0,6 c. IIocTosiHHAs Bpeme-
HU 3aTyXaHHsA alepruoaAndecKoil cocrasirtomien Toka K3 7, = 0,01 c.

Pewenue. Bridbupaem LIIBBH ¢ BH n mpepoxpanutensMu 1o ycio-
BHsIM (6.3) u (6.4):

Unon = 10 kB, Lo = 46,5 A.

Beibupaem Boikmouarens Harpy3kun BHPn-10/400-103Y3 ¢ 1, = 400 A
(tabn. I14.3) u npenoxpanutessimu thna [IKT. Beikmouarens umeer
HaubOompmuii Tok oTkiIodeHns 800 A, MOMyCTIMOE aMIUIUTYIHOE 3Ha-
YeHHue CKBO3HOro Toka K3 (TOK 3JEKTpOAMHAMHYECKOH CTOMKOCTH)
Tip ox = Ty = 25 KA, JONyCTHMOE JEUCTBYIONIEE 3HAUEHUE CKBO3HOIO TO-
ka K3 [, o« =10 KA, Tok Tepmuueckoii croiikoctu I, = 10 KA, nomycTu-
MO€ BpeMsi IEHCTBHS TOKA TEPMUIECKOM cTOMKOCTH £, = 1 C.

s mposepku BH Ha 351€KTpOAMHAMHUYECKYIO CTOMKOCTB IIO BbIpa-
skeHuro (6.10) onpenennm yaapusbiii Tok K3:

i, =1,369-+/2-7,16=13,9 xA.

ITo popmyne (1.1) BemmonHuM npoBepky BH Ha snekrpoannammye-
CKYIO CTOHKOCTB!

25 kA > 13,9 xA.
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[Iposepum BH no yciosuto (6.12):
10 kA > 7,16 KA.
ITo BeIpaxkenuto (5.5) paccunTaeM TEIIOBOM UMITYJIBC OT Toka K3:
B =17,16%(0,6 + 0,01) = 31,3 kA*c.
[IpoBepum BH Ha TepMuueckyro cToiKocTs 1o ycioBuio (6.11):
10*-1>31,3kA%c; 100,0 > 36,2 kKA’c.

BriOpannsblii Beikitouarens Harpy3ku BHPn-10/400-103Y 3 ynosierso-
psIET YCIOBUAM JIEKTPOANHAMUYECKON U TEpMUUYECKON cToMKoCTH Ipu K3.

B nannom BH ycranosiensl npenoxpanutenu Hampsbkenuem 10 kB
tuna [IKT. [ns BeiOopa mpemoxpaHUTeNeil onpeaennM HOMUHAIbHBIHN
TOK CHJIOBOTO TpaHc(hopMaTopa 1o BBIpAXKEHHIO (6.14)

1000

HOM T Zmz 57,7 A

[To BeIpaxkenuto (6.13) HaxoaMM, YTO HOMHUHANBHBIN TOK MpeaoXpa-
HUTEJS JOJKEH OBITh B AWANa30HE

Lownp=(1,5—2,0)57,7 = (86,6 — 115,4) A.

Breibupaem cTaHmapTHOE 3HAYEHHWE HOMHHAJIHHOTO TOKa IIperoXpa-
HUTENSA Ljou np = 100 A. IlpuHHMaeM K yCTaHOBKE NPENOXPAHUTEH TUIIA
ITKT 103-10-100-12,5 Y3 (ta6n. I14.6) ¢ HOMUHATBEHBIM TOKOM OTKJIIO-
yeHuA 4o = 12,5 KA.

[IpoBeprM BRIOpaHHBIE MPEAOXPAHUTETN Ha OTKIIOYAIONIYIO CITOCO0-
HOCTB T10 yCJIOBHUIO (6.6)

12,5 kA > 7,16 xA.

CrenmoBaTenbHO, MPEAOXPAHUTENN CIOCOOHBI OTKITIOYATh TOK K3 B 3a-
UIUIIAEMOH AJIEKTPUUYECKOH 1ETH.
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6.6. U3smepuTesabHbIe TPaHCHOPMATOPHI TOKA
Hanpsikennem 6-10 kB

Uzmeputensable Tpanchopmaropsl Toka (TT) B anekrpoycTaHoBKax
HanpspkeHrneM 6—10 kB BIOMpatoTcs 1o Clie My ronwM rmapaMeTpam: KIIaccy
TOYHOCTH, HOMHHAJIFHOMY HAaIlpSXKEHHUIO, TOKY HOPMAaJIbHOTO M IOCTIeaBa-
PHIHOTO peXUMa, Harpy3Ke BTOPUYHBIX LEMEH, TEPMUIECKOH U 3IIEKTPO-
JIMHAMUYECKON CTOUKOCTH.

Knacc mounocmu TT BbIOMpaeTcst B COOTBETCTBHH C €r0 Ha3HAUCHUEM:
Kitaccel TOUYHOCTH M3MEPUTENBHBIX TPAHC(HOPMATOPOB TOKA M HAPSKEHHS
peTIIaMEeHTHPYIOTCS HOPMATUBHBIME JIOKyMeHTamu. TpaHchopMaTopsl To-
Ka ¢ k1accoM TouHocTH 0,5S; 0,5 u 1,0 ucrnonp3yrores i SJEKTPUUECKUX
m3mepennii. st peneiiHoi 3amuthl BeiOuparotrcs 1T, uMeroniine HeoOXo-
JUMYI0 HOMUHAJIBHYIO IPEAEIbHYI0 KPATHOCT MEPBUYHOIO TOKA MO OTHO-
LICHUIO K €r0 HOMUHAJIBHOMY 3HAUEHHIO, IIPM KOTOPOH TOJIHAS MOrpenl-
Hocth gocturaer 5 unn 10 %. CoorBercrBenno TT MMEIOT KiTacc TOYHOCTH
5P u 10P. Harpy3ka Tpancopmaropa Toka U ee Ko3(PHIHEHT MOIIHOCTH
JIOJDKHBI OBITh HOMHHAITBHBIMU.

[IpumensieMble U1 pacyeTHOro ydera 3eKTposHepruu TT IOJKHBI
uMeTh Kiacc ToyHoctH He MeHee 0,5S. Ilpm sTOoM Kakmasi mocieno-
BaTeNbHAsA II€Mb CTATUYECKOTO CUETYMKA JOJDKHA MOIKIIOYATHCS K OT-
JIENTbHOW BTOpHYHOHN m3MepurebHoi ooMoTke TT. IlomkirodeHue ko BTO-
pruHOit 06MoTKe TT, B KOTOPYIO BKIIFOUEHBI CYETYMKH PACUETHOTO YUeTa,
JIPYTUX WU3MEPHUTENBHBIX MPUOOPOB, CPEICTB aBTOMATUKU M 3aIlUTHI, 3a-
npewaercs. [lostomy B Lemsix Hanpsbkenuem 6—-10 kB, rme ocyiecTs-
JSIETCSl PACUETHBIN YUET 3JIEKTPOIHEPTUH, B TpeX (azaxX yCTaHABIHBAFOTCS
TT ¢ Tpemst BTOpHYHBIMH OOMOTKaMH (IJ1s1 ydeTa 3JIEeKTPOIHEPTHH, 3JIEKT-
PHUYECKUX M3MEPEHHI U pelieHON 3aummThl). PekomMeHIyeTcsl MpUMEeHATH
TT ¢ cepmeyHUKaMy W3 HAHOKPHCTAJUTMYECKHUX CIDIABOB MM C KOMOMHU-
POBaHHBIMH CEpACHHUKAMU.

B cucteme TeXHUYECKOro ydeTa 3JIEKTPOIHEPIUM JOIMYCKAETCs MpH-
MeHATh TT ¢ xmaccom Tounoctr 1,0. 3mech Mpy UCIIOIB30BAHHN MHKPO-
MPOIIECCOPHON 3alUThl B Kakaoh (aze ycraHaeiuBatorcs TT ¢ aByMs
BTOPUYHBIME 00MOTKaMH. [Ipu 3amure Ha SIEKTPOMAarHUTHBIX pene 10-
myctumo npumenenue TT B nByx dazax (L1 u L3).

Ilo nomunanvnomy nanpasxcenuto T'T BEIONPAIOTCS 110 YCIOBUIO

U >U,

wHoml = ~ HOM C»

(6.15)
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rae U, — HOMHHAJIbHOE HANPSKEHUE EPBUYHONM 0OOMOTKH TpaHc(hop-

oml
Maropa Toka, kB;

Upom ¢ — HOMHHAJIBHOE HAIIPSKEHUE DIEKTPUYECKOM ceTH, KB.

ITo moky nopmanvnozo pexcuma I, B dIeKTpUUECKOH 1€ BBIOOP
TT npou3BOIUTCS NO CIAEAYIOIIEMY BBIPaKEHUIO:

Lo 21, (6:16)

rae lyow1 — HOMHHAIBHBIA TOK NEPBHYHOW OOMOTKH TpaHcdopmaropa
TOKa, A.

Ilo moky nocneagapuiinozo pexcuma I, B S51EKTPUUECKON LENH BbI-
0op TpaHcopMaTopa TOKA OCYIIECTBIAETCS MO YCIOBUIO

kel womt = Lpas (6.17)
rie ky, — ko3¢ dunueHt nonycrumoii neperpysku TT, £, =1,2.
[punsas k. = 1,2, MoxHO 3anucars BbIpaskeHue (6.17) B Buze
I
IHOMl 2 La- (618)

1,2

ITo mownocmu Hazpy3ku emopuuHol 006MomKu TpaHCHOPMATOP
TOKa BblOMpaeTcs ajsi obecnieueHus ero paboTel B TpeOyeMoM Kiacce
To4yHOCTHU. [IpH 3TOM HEOOXOIMMO YUIHUTHIBATh, YTO €0 pealbHOM Harpys-
KOH SIBJISIIOTCSL HE TOJILKO OOMOTKH M3MEPHUTEIbHBIX MPUOOPOB U pedie,
HO Y COTIPOTHUBIICHUSI COCAMHUTEIBHBIX IPOBOIOB.

C HCIonp30BaHuEM KaTallOKHBIX JTaHHBIX MpHOOpoB [23] ompenens-
eTcsl Harpy3Kka TpanchopMaropa Toka Juisi Haubosee 3arpyKeHHO! (asbl.
[Toce aTOTO BBHIYMCIISAETCS TUIOIAAb CEUSHHS XU [ KOHTPOJIBHBIX Ka-
Oeneii o cneayromuM Gopmyaam:

— 1pu coequHeHuu 1ByX TT 1o cxeme HENoNHOM 3BE3/bl:

V3l

F>—;
T"p
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— COCIUHCHUU TPECX TT nmo cxeme 3BC3/bI:

Fet (6.19)

Vi

rae [ — IImHa KOHTPOJIBHOTO Kabems, M;
Y — yJAenbHasi MPOBOJUMOCTh MaTepualia COCAHMHUTEIbHBIX MPOBO/I-

HUKOB (U1 Memu y = 53 M/ (OM - MM?));

rnp — COIIPOTHUBJICHNE NPOBOAHUKOB, Om.

JinHa coeqMHUTENBHBIX IPOBOJHUKOB PACCUUTHIBAECTCS C YUETOM pac-
oJIoKkeHUs B PY n3MeputenbHbIX MpruOOpPOB U TPAHCHOPMATOPOB.

CorpoTurBIeHHE TIPOBOTHUKOB MEXIy TpaHC(HOpMaTOpaMH TOKA U TIPH-
Oopamu ompenenseTcs mo Gopmylie

S 2= S 6 _[2 2]"
rnp _ Hom 1'[]2)1/1 HOM 2K , (620)
IHOM2

rae S — HOMHHAJIbHAS HAarpy3Kka BTOPHIHOM 0OMOTKH TpaHc(opMaropa

HOM2
TOKa, B-A;
Sppno — MOJIHASL MOIIHOCTS, IIOTpebisieMast npubopamu, B-A;
1, 0\» — HOMAHAJIbHBIA TOK BTOPUYHOM 0OMOTKH TpaHc(opmaTopa To-
Ka, [, =5A;

7. — CONPOTHUBJICHUE TTEPEXOTHBIX KOHTAKTOB, 3HAYEHHE KOTOPOTO MPH-
ommxenHao npuanMaercs 0,1 Owm.

HomunanbHast Harpy3ka BTOPUYHON OOMOTKHU TpaHC(opMaTopa Toka
B HOPMAJIBHOM PEXHME HaXOJHUTCS Kak

_ 2
SH0M2 _SanG +IH0M2(er + VK)'

[Ipu BEIOOpE KOHTPOIBHOTO Kalems MpUHUMAaETCs OrKaifiee 001b-
1iee CTaHIapTHOE ceucHue Kuil. [1o yCIIoBHIO MEXaHUYECKON TIPOYHOCTH
CeUCHUE XUJIBI IPOBOJHUKOB BO BTOPHUHBIX Hemsx TT He T0MKHO ObITh
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MeHbIIe 4 MM’ JUTS QJTIOMMHHUEBBIX KT B 2,5 MM — Jutst MenHBIX [1]. B co-
orBercTBuU ¢ 'OCT 30331.15-2001 (MBK 364-5-52-93) B memsx BTO-
PUYHON KOMMYTAIIUHU JECKTPOYCTAHOBOK 3AaHUM JOJKHBI MIPUMEHSITHCS
MPOBO/Ia U KaOeIH ¢ MEAHBIMH JKUITAMU.

Ilo mepmuueckon cmouikocmu TT IPOBEPSIOTCS IO BBIPAKEHUIO

(kL) 7 2 By, (6.21)

rae kT — KpaTHOCTb TOKa TCpMH'—ICCKOﬁ CTOP'IKOCTPI;

!, — IOIlyCTUMOE BpeMs AECHCTBHA TOKA TEPMHUYECKOM CTOMKOCTH, C.

I1o nexkmpoounamuueckoii cmoiikocmu TT BoIOHUpaeTCs MO YCIOBHIO

bex N2 oy > i (6.22)

e k, — KpaTHOCTb TOKa TMHAMUYECKOH CTOHKOCTH;
I, — ymapHslii Tok K3, KA.

Tpancdopmartops! Toka ¢ HEOOJIBIIMMH HOMUHAIBHBIMUA TOKAMU MOTYT
OBITH HemocTaTOUHO cToMkuMH K TokaMm K3. Ilostomy B psnme ciiydaeB
npuxoauTcst BeIOupath TT ¢ Oombuieii TepMUUECKON U 3JEKTPOAMHAMHU-
YECKOW CTOMKOCTHIO HA HOMUHAJIbHBIA TOK, MPEBBIIIAIONTUANA TOK KOHTPO-
JMPYEMON YCTaHOBKH, YTO MOXKET IPUBECTH K YBEIUYCHHUIO TIOTPEITHOCTH
u3MepeHuil. B nemsx ydera 3JIeKTpO’HEpPTHU JOIycKaeTcs MPUMEHSTh
TpaHchOpPMAaTOPsl TOKA € 3aBBILICHHBIMH KOd(QQULIMEHTaMH TpaHchop-
MaIuy (TI0 YCITOBHAM 3JIEKTPOTMHAMUYECKON U TEPMHYECKON CTOMKOCTH),
€CJIM NIPU_ MaKCUMAaJbHOW Harpy3ke MpHCOEANHEHUs] TOK BO BTOPUYHOU
oOMoTKe Oyner cocraBiare He MeHee 40 % HOMHMHAIBHOTO TOKa CUET-
YHKa, a IpY MUHUMaJIbHON — He MeHee 5 %o.

[iHHBIE TpaHCPOPMATOPHI TOKA HA AIEKTPOJTUHAMUYECKYIO CTOMKOCTD
HE TPOBEPSIOTCS, TaK KaK UX YCTOMUMBOCTH ONPENENAETCS yCTONUNBO-
CTbIO IIMHHON KOHCTPYKILIMH.

B osnextpuueckux cersax HampsbkenneM 6—10 kB ¢ m3onmupoBaHHOU
HEUTpaJbIo JJIs 3alUTHl OT OAHO(A3HBIX 3aMBIKAaHUN Ha 3eMJII0, ACHCT-
BYIOILICH Ha CHUTHAIM3ALMIO WIM OTKJIIOUEHHE, Ha KaOENbHBIX JIMHUSIX
JIEKTPOINIEpENaul yCTaHABIMBAIOTCA TPAaHCPOPMATOPBI TOKA HYJIEBON
nocnenoBaTenbHocT (Tumna T3JIM-Y3 u 1. ).
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IIpumep 6.5. BriOpats TpanchopmaTopsl ToKa Al KaOelIbHOH TMHAN
HanpspkenueM 10 kB, otxonsmeid ot PIT. K TT noakitouaroTcsi cCUeTUYHK
JUISL TEXHUYECKOTO y4eTa JIEKTPOSHEPTHH U aMIepMETp AT U3MEPEHUS
TEeKYIIUX 3HAYCHWU BEIIMYMH TOKA. PacyeTHBI TOK JIMHUU B HOPMAllb-
HoM pexume I, = 320,0 A, B nocneaBapuitHoMm — I, = 640,0 A. Jleii-
CTBYIOIIEE 3HAUCHUE TIEPUOINIECKOM cocTaBistomneit Toka K3 Ha mmHax
PII 7, = 8,0 kA, Bpems oTkiroueHus Toka K3 BeIKIIOUaTENneM £, = 0,6 ¢,
MMOCTOSTHHAS. BPEMEHH 3aTyXaHHUs allepUOIMIeCKON COCTAaBIISIOIIEH TOKa
K37,=0,01c.

Pewenue. B xaxnoli (aze ycTaHaBIMBaIOTCS TpaHC(HOPMATOPBI TOKA
C IBYMs1 BTOPMYHBIMU 0OMOTKaMu ¢ kiaccom Tounoctd 0,5/10P. Homu-
HaJIbHAs MOIITHOCTh BTOPUYHOM 00MOTKH cocTariser 10 B-A.

B pacuere mpmHMMaeM, 9TO K HM3MEPHUTEIFHBIM TpaHCPoOpMaTopam
MOJKITIOYAIOTCST TOKOBBIE eTH TpeX(a3HOTO CUeTYHKa aKTHBHOW M peak-
TUBHOU 3Heprun thna [[36850M, koTophiii UMEET MOTPEOISIEMYHO MOIII-
HOCTh Kaxoi nern toka 0,1 B-A (tabmn. [15.2). B onHo#t u3 da3 (Hanpu-
mep, L1) k TT Takxe npucoeaunsiercs ammepmerp tuna 38032M1, mo-
TpeOisitonuii He O6onee 1,5 B-A. Takum o0pa3om, Harpy3ka HauOoliee
3arpyxennoro TT cocrasmser 1,6 B-A.

[o ycnoBusim (6.15), (6.16) u(6.18) Beioupaem TT

640,0

UHOMI 2 10 KBa IHOMI 2 320’0 A, IHOM] 2 1.2

=5333 A.

[lo pacueTHBIM JaHHBIM BBHIOMpAaEM MPOXOTHON OJHOBUTKOBBIN TpaHC-
¢dopmarop Toka tuna TIIOJI-600/5 ¢ m3onsuuel U3 ITUTOM CHHTETHYE-
ckoit cMouthl (Tad:. 114.4).

BriOpanHbIil TpaHCPOpMATOp TOKA UMEET CIIEAYIOIINE TeXHHYECKHE
xapakTepUCTUKU: Uy = 10 KB; Loy = 600 A, HOMUHATBEHBIA BTOPUYHBIMA
TOK Loy = 5 A, HOMHHAJIbHAS MOIITHOCTH BTOpUYIHON oO6MOTKH 10 B-A,
HOMUHAaJIbHAs Harpyska B kiacce toudHoctu 0,5 z, = 0,4 OM; KpaTHOCTh
TOKAa THHAMHYECKOH CTOMKOCTH k, = 81, KpaTHOCTh TOKa TEPMHYCCKOU
cToMKocTH k; = 32, nomyctumoe BpeMs nericteus Toka K3 ¢, =3 c.

Omnpenennm TerIoBoi UMIyJibc oT Toka K3 no Beipaskenuto (5.5):
B =8,0%(0,6 + 0,01) = 39,0 kA*c.
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[IpoBepky TpancdopmaTopa TOka Ha TEPMHUECKYIO CTOWKOCTh BBIMOJI-
HSIEM IT0 BRIpaXkeHuIo (6.21)

(32-600-107)*3 >39,0 kA*c, 1105,9 > 39,0 kA’-c.

CrnenoBatensHO, BBIOpaHHbIE TPaHC(HOPMATOPHI TOKA TEPMHUYECKH
YCTOWYUBHI.
VY napusriii Tok K3 Haxonum no ¢gopmyie (6.10)

i, =1,369-1/2-8,0=15,5 KA.

[To ycmosuto (6.22) BemonauM npoepky 1T Ha anmekTpoamHaMude-
CKYI0 CTOMKOCTb

81-4/2-600>15,5 kKA, 68,7 >15,5 KA.

VYcnoBre 3IIeKTPOJIMHAMUYECKON CTOMKOCTH TpaHcopMmaropa ToKa
BBITIOJTHSIETCSI.

BriOupaem cedeHne XKHJI KOHTPOJBHOTO KaOens NMpH COeIUHEHHH
TpaHc(hOPMATOPOB TOKA IO cXeMe 3Be3Abl. [ 3TOro mpenBapUTENnbHO
paccuyuThIBaeTCsl CONMPOTHUBIICHNE MPOBOJHUKOB MEXIYy TpaHchopmaro-
pamu Toka 1 npudopamu 110 hopmyie (6.20):

10-1,6-5%-0,1
Tp = 52

=0,236 Om.

[punsiB MIMHY TPOBOIHUKOB [ = 4 M, paccuntaeM 1o dopmyie (6.18)
TpeOyeMoe CeUCHHUE KT KOHTPOIBHOTO Kabes

>4 032w
530,236

Tak kaKk MUHUMAJIBHOE CEUCHUE KUIJI MEAHBIX MPOBOJIHUKOB JOJIKHO
OBITH HE MEHee 2,5 MM°, TO TIPUHUMAEM YCTBIPEXKUIBHBIA KOHTPOIIb-
Hb1id kabenb Mapku KBBI 4 x 2,5-0,66.
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6.7. U3mMepuTebHbIEe TPAHC(HOPMATOPHI HANIPSKEHUSI

Tpancdopmatopsl Hanpsoxenus: (TH) cmyxar mis npeoOpazoBanus
BBICOKOTO HAIPSDKEHUS B HU3IIEE CTAHJAPTHOE HANpsDKEHHE, YI00HOe
i u3mepenus: 100 B u 100 / J3B.B 3JIEKTPOYCTAaHOBKaX TpeX(a3HOTo
Toka HampstkeHueMm 6—10 kB TH ciyxaT He TOMBKO JUIS MOIKITIOYCHUS
AIIEKTPOU3MEPHUTEITHHBIX MTPUOOPOB, YCTPOUCTB PENICHHOM 3aIUThI U aBTO-
MAaTUKH, HO JUIsl KOHTPOJIS U3OJSILUM B CETAX C M30JIMPOBAHHON HEWUT-
pansio. B aTom cnydae mpumensiercst Tpexdasubsii TH ¢ nBymst Bropmd-
HeIMH 0OMOTKamu. OmHa 0OMOTKA, MCIONb3yeMasi ISl AJICKTPUUICCKHIX
M3MEPEHU, coeluHseTCs B 3BE3y, a4 BTOpas, NMpUMEHAEMas B CHCTEME
KOHTPOJISI M30JSIIINN, — B Pa3OMKHYTHIH TpeyroiapHUK. BmecTo Tpexdasz-
Horo TH moxer ucnons3oBathest Tpu oHO(a3HeIX TH ¢ aBymst BTOpHY-
HBIMH OOMOTKAaMU, KOTOPBIE COSTUHSIIOTCS 110 COOTBETCTBYIOIINM CXEMaM.
TpanchopMaTopsl HaNPsKEHUST YCTAHABITUBAKOTCS HA KAKIOW CEKIMU
pacTpeaeTuTeI-HOTO yCTpoiicTBa HanpshxerreM 6—10 kB.

B cucremax snextpocHaOxeHus HarpsokenueM 6—10 kB TH nomxHb
3aLIUILATECS CO CTOPOHBI BBICHIETO HANPSHKEHUS MPEAOXPAHUTEISIMU TUIIA
ITIKH, 060py10BaHHBIMI CUCTEMOI CUTHATM3AINH TIPH X CpaOaTHIBAHUH.

TpanchopMaTopbl HaNPsHKSHHUS BRIOUPAFOTCS 10 KJIaCCy TOYHOCTH, HO-
MUHAITEHOMY HaIpPsHKEHHUIO, MOIITHOCTH HATPy3KU BTOPUYHOM OOMOTKH.

Knacc mounocmu tpanchopMaTopoB HampsKEHHS, HUCIOIB3yEMBIX
B CHCTEME yueTa 3JIeKTPOIHEPTUH, TO0JHKEeH ObITh He Hibke (,5.

Ilo nomunansnomy nanpaycenuto TH BeIOHparoTcs 1o yCIOBHIO

U 22U

HOM 1 =~ HOM C*

(6.23)

rae Usow1 U Uyoye — COOTBETCTBEHHO HOMMHAJIBHOE HAMNPSIKEHUE Tep-
BHYHOM 00MOTKH TH 1 s1ekTpudeckoit cetu, KB.

Ilo mownocmu nazpysxu BropudHoir o0Motku TH BeIOMparoTCs 10
CIIEIYIONIEMY BBIPaKEHHUIO:

Sion =Sy, (6.24)

rae S,,, — HoMHHanbHas molHocTe TH B BeIOpaHHOM Kilacce TOYHO-
ctH, B-A;
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S, — MoIHas MOIIHOCTb, MOTpeOnsgeMas NpUOOPaMH, MOAKIIOYEH-

HBIMH K TpaHC(POpPMaTOpy HalpsKeHus, B-A.
3HavueHHEe TOTPEOIIEeMO MOITHOCTH TPHOOPOB, TPHUCOCTMHEHHBIX
k TH, onpenensercs mo GpopmyJie

S2 :\/PZZHpMG +Q§npn6 ’ (6~25)

rae B ypus Osnpus — CYMMapHble aktuBHas (BT) n peakruBHast (Bap)

MOIIHOCTh IPUOOPOB, MOIKIIOYSHHBIX K TPaHC(HOPMATOPY HATPSIKEHHSL.
[IpubGmmkeHHO 3HAYCHMS] aKTUBHON M PEaKTHBHOW MOITHOCTH IIPH-
0OPOB MOXKHO HAWMTH T10 CICTYIONINM BBIPAKCHUSIM:

R >pub — SnpnG cos (Pnpmﬁ;

QZ npu6é — SHpI/I6 sin (pnpn6 ’

rae Sypus — CyMMapHas MOJHas MOLTHOCTb IPUOOPOB, MPUCOETUHEHHBIX
k TH, B-A;

COS Qppus — CPEIHEB3BEIICHHOE 3HaUeHHE KO PUIMEHTa MOIIHOCTU
npudopoB.

Harpy3ka, moakmrogaemas k TH, momkHa OBITHE paBHOMEPHO pacIipe-
JIeJIeHa 110 (a3am.

CeucHre KOHTPOJIBHBIX KaOenei isl enel HanpsoKeHUs TI0 MeXaHH-
4eCKOU MPOYHOCTH JIOJDKHO OBITH HE MeHee 1,5 MM JUIS MEITA U 2,5 MM —
JUTSL aImfoMHIHES [1].

Bo BTOpuYHBIX 1ensx TpaHChOpMaTopa HAMPSHKEHUS, UCIIONh3yEeMOTo
JUTSL PACUETHOTO yUeTa 3JIEKTPOIHEPTUH, MOTePs HAMPSIKSHHUS HE JTOJDKHA
obITE Ooee 0,2 %, a Texauueckoro — 0,25 % OT BTOPUYHOI0 HOMHHAIb-
HOT'O HAaIPSDKEHUS] M3MEPUTEIILHOTO TpaHcdopmaropa [5].

3HaueHWe MOTepu HampspkeHus B Henn TH MoXXHO paccumrtaTh 1O

dhopmyme

AU % = 1001,/(rocos @ + xosin @) / Usou ¢ (6.26)
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rie I, — pacueTHbIi TOK B Lien¥ BTopuuHOi oOMoTkH TH, A;

| — paccrostaue ot TH 1o paccmarpuBaeMoro 3J1eKTpUIECKOTO CUeT-
4yHKa (IUIMHA KOHTPOJBHOTO Ka0ens ), KM;

70, X0 — COOTBETCTBEHHO aKTUBHOE M MHAYKTHBHOE YAEIHHOE COMPO-
THUBJICHHUE KUJIBI Ka0emst, OM/KM;

ULion p — HOMUHAJIBHOE HanpsbkeHue (assl BTopuuHoii oomotku TH, B.

IIpumep 6.6. BeiOpats TpaHchopmaTop HANpSHKEHUS IS DJICKTPH-
YECKMX WM3MEPEHHA W KOHTPOJSI W3OJSIUH JJIS CEKIUU HampsKeHHEM
10 kB PII. K TH npucoeanHeHsl OOMOTKH HaNPSOKEHUS MATH CUYETYHKOB
TEXHUUYECKOro yueTa anekTposHeprun tuna «I'pan-anexkrpo CC-301» u ye-
TeIpe BosnbTMeTpa TUNa 9-8030-M1. BonbTMeETphl H3MEPSIOT HaNpsKEHUS
da3 L1, L2 u L3, a Takxe mexny dazamu L1 u L3. Pacctostaue ot TH mo
HanOoJiee yTaleHHOTO AMEKTPUYECKOTo cyeTyrKa — 15 M.

Pewenue. C yuetoM (pyHKUIMOHATIBHOTO HAa3HAUCHHUS TpeOyeTcs ycra-
HoBHTH TH ¢ Kitaccom Touroctu 0,5. Io ycmoBuio (6.23) criemyer BEIOpaTh
TH ¢ HOMUHAIBHBIM HAPSDKSHUEM TIEPBUYHON 0OMOTKU Uy = 10 KB.

Jnst cekumy mpenmnoyiaraéM yCTaHOBKY Tpex oAHO(a3HBIX TpaHcdop-
maropos HanpsoxeHus Thna 3HOJI (onHodasHbli TpancdopmaTop Hampsi-
KEHMS C JIMTON M30JALMEeN U 3a3eMJICHHBIM BBIBOJIOM NEPBUYHONW OOMOT-
k). JlaHHbI TpaHcdopmaTop MMeeT ABe BTOpHYHBIE 0OMOTKH. HoMuHAE-
HOE HAaNpsDKCHWE OCHOBHOM BTOPHMYHOW OOMOTKM (ISl AIIEKTPUYECKUX
nusmepenuit) — 100 / /3 B, sononsmtensHoit (U1 KOHTPOJS WU3OJISILIUH) —
100 B. HomunaneHast Mmontaocts TH S, = 75 B-A B knacce Tou”octH 0,5.

g onpeenenust Harpy3ku BTOpuaHOM 00MoTkr TH mo cipaBouHoO#
JATEPAType HAXOJUM MOTPEOISIEMYy0 MOIIIHOCTh IPHCOSTUHEHHBIX K HEMY
nprubopoB. CTaTHUECKMI CYETYNK AKTUBHOH M PEaKTUBHOW DJIEKTPO-
sHeprun THna «I'pan-amekrpo CC-301» (Tabm. I15.2) nmeer nmotpebdiise-
MYI0 MOIIHOCTH Kaxxol nenu Hanpspkenus S = 1,0 B-A (cos¢@ =0,38).
CymmapHasi motpebiisieMasi MOIIHOCTh OJTHOW Iieny HanpsbkeHus ((asbr)
cueturkoB S; = 5-1,0=15,0 B-A.

VY BomprMmerpa Tuma 38030M1 (tadm. I15.1) morpebnsiemast MOLIHOCTD
S=10,0 B-A (cosp =0,2).

J7st BOJIBTMETPA, M3MEPSIIOIIEr0 MEeXIy(pazHoe HalpsDKEHHE, 3Ta MOII-
HOCTP PaCTIpEeISIETCS MKy COOTBETCTBYIOIIUMH (a3aMi TIOPOBHY.

OOmias BTOpHYHAsI Harpy3Ka TPaHC(HOPMATOPOB HANPSLKEHUS Mpe-
craBieHa B Ta0m. 6.1.
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Tab6muma 6.1
Harpy3ka TpancdopMaTopoB HanpsKeHUS

Harpyska ¢ass1, B-A

[Tpubopst Tun mpubopa i1 T2 I3
BonpTMeTpH 38030M1 10 10 10
BonetMmeTp 28030M1 5 — 5
CueTynKy aKTHUBHOU
U peakTuBHOM 3Heprun | «I'pan-anextpo CC-301» 5 5 5
(5 mwTyK)
Wroro: 20,0 15,0 20,0

[NomHas Harpy3ka BTOPUYHON OOMOTKM HauOoJee 3arpyKEHHOTO OJ1-
HodazHoro TH ¢ ydyerom koa(duIEIeHTa MOITHOCTH OIPENEISIeTCs 10
BEIpakeHUtO (6.25):

S, =/(5:1,0-0,38+15,0-0,2)2+ (51,0 0,925 +15,0-0,98)> =19,9 B-A.

[IpoBepum BeiOpannslii TH no yenosuio (6.24). Tak kak 75 > 19,9 B-A,
to TH Oyzner paboTats B TpeOyeMoM Ki1acce TOUHOCTH.

Jlist mpuMepa BRIOEpPEM KOHTPOJBHBIA KaOellb OT TpaHC(hOpPMaTOpOB
HanpsDKEHUsE 10 Hanbosiee yaaeHHOTO CTaATHIECKOTO CUSTUHKA.

Tok B 1lenn HANPSHKEHUST CUETYMKA PACCUUTBIBAETCA 1O opMyIie

S 1,0
=g h=53
omd ’

=0,017 A.

H

ITo ycnoBuio MeXaHWYECKOW MPOYHOCTH MUHHUMAJILHOE CEYCHHE ME]I-
HBIX JKWJI KOHTPOJILHOTO Kabemns paBHO 1,5 MM” [1, 5]. BeiOupaem 4ethI-
pexxmIbHbI Kabens mapku KBBI' 4 x 1,5-0,66 ¢ IOmMyCTHMBIM TOKOM
Lion = 19° A, uMeromuil yaenpHOE aKTUBHOE CONMPOTHUBIICHUE JKUJIBL 7y =
= 12,3 OM/kM 1 peakTuBHOE Xo = 0,126 OM/KM.

Paccunraem norepro HanpspkeHust BO BropuuHOW nenn TH mo ¢op-
myiie (6.26):

AU%=100-0,017- 0,015 (12,3 - 0,38 + 0,126 - 0,925) / 57,7 = 0,002 %.

Taxk kak 0,002 % < 0,25 %, To TpeOOBaHMSI HOPMATHBHBIX JOKYMCH-
TOB B OTHOIIICHUH JIOMYCTUMOM MOTEPH HANPSHKCHHUS BBITOTHSIOTCS.

TpanchopMaTop HaNpsDKEHHUS MOAKIIIOYACTCS 4epe3 BBICOKOBOJIBTHBIC
npegoxpanutenu [IKH 001-10 V3 (tabn. [14.6).
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MNPUJIOKEHHUE 1

TexHnYeCKHE XaPAKTEPUCTHUKHM IJIEKTPOABUTaTEI€i,
CIJIOBBIX TPAHCHOPMATOPOB U KOHIEHCATOPHBIX YCTAHOBOK

Tabmuua I11.1

TexHUUYeCKHe XapaKTePUCTHKH ACHHXPOHHBIX JIEKTPOABUraTENeH
cepunn AUP (U, ., =220,380 u 660 B; n=1500 MHH_l)

HOM

Tun P oys KBT KIIO, % COSPpom Ilnﬂ
HOM
ANP71A4 0,55 70,5 0,7 5
AVP71B4 0,75 73,0 0,73 5
AVP80A4 1,1 75,0 0,81 55
AP80B4 1,5 78,0 0,83 5,5
ANPI0L4 2,2 81,0 0,83 6,5
ANWP100S4 3 82,0 0,83 7
AUWP100L4 4 85,0 0,84 7
ANP112M4 5,5 87,5 0,88 7
ANP13284 7,5 87,5 0,86 7,5
AWP132M4 11 87,5 0,87 7,5
ANP160S4 15 89,5 0,89 7
AVP160M4 18,5 90,0 0,89 7
AVP180S4 22 90,0 0,87 6,5
ANP180M4 30 91,5 0,86
ANP200M4 45 92,5 0,89
ANP225M4 55 93,0 0,89 7
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Tab6muua I11.2

Texauueckue XapaKTCPHUCTHUKU KPAHOBLIX ACUHXPOHHBIX

anextpoasurareneii cepuu MTKE (U,

oM

=220/380B; I1B =40 %)

Tun gurarens | B, , kKBt Lo A COS P, | KO, % ]HYCK’ A,
mpu 380 B mpu 380 B
MTKF 011-6 1,4 52 0,66 61,5 15
MTKF 012-6 2,2 72 0,69 67 22
MTKF 111-6 3,5 9.4 0,79 72 35
MTKF 112-6 5 13,8 0,74 74 53
MTKF 211-6 7,5 19,5 0,77 75,5 78
MTKF 311-6 11 28,5 0,76 77,5 130
MTKF 312-6 15 36 0,78 81 205
MTKF 411-6 22 51 0,79 82,5 275
MTKF 412-6 30 70 0,78 83,5 380

Tabmuna I11.3

TexHuuecKre XapakTepUCTUKU CUHXPOHHBIX 3JIEKTPOABUTATENEH

(Uyon =10 kB; cosg,,,,, = 0,9)

Tun geurarens | P, , KBT | 7, MHH ' KIIO, % | Di, kBt D,, kBt
CTJ1-630-2V3 630 3000 95,53 2,07 3,44
CTJ1-800-2V3 800 3000 95,58 2,47 4,46
CTJ1-1000-2VY3 1000 3000 95,79 3,21 3,03
CJIH17-41-16Y3 1250 375 93,76 10,0 7,79
CJIH17-49-16Y3 1600 375 94,25 10,3 10,4
CJIH17-59-16Y3 2000 375 94,95 10,4 12,0
CJIH18-49-16Y3 2500 375 94,88 13,2 13,1
CJIH17-34-12V3 1250 500 92,86 9,08 8,53
CJIH17-41-12V3 1600 500 93,76 9,51 11,0
CJIH17-49-12V3 2000 500 94,76 10,0 9,36
CJIH17-59-12V3 2500 500 95,57 8,49 10,2
CJIH16-44-10Y3 1250 600 94,01 7,79 5,23
CJIH16-54-10Y3 1600 600 94,65 8,99 7,43
CJIH16-71-10Y3 2000 600 95,38 9,64 7,5
CJIH16-86-10Y3 2500 600 95,6 10,1 10,2
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Oxonuanue ta0mn. I11.3

Tun geurarens | By, XBT| n,mun' | KIIJ, % | D), xBr D,, kBt
CJIH16-39-8Y3 1250 750 93,86 7,2 6,48
CJIH16-44-8Y3 1600 750 94,58 8,3 8,12
CJIH16-54-8Y3 2000 750 95,04 9,48 9,83
CJIH16-71-8Y3 2500 750 95,80 8,81 8,23
CJIH15-39-6Y3 1250 1000 94,45 6,77 6,98
CJIH15-49-6Y3 1600 1000 95,08 7,58 7,56
CJIH15-64-6Y3 2000 1000 95,73 8,39 7,2
CJIH16-64-8 Y3 2500 1000 96,07 9,2 8,93

Tabmuma I11.4

TexHuyeckne XapakTepUCTUKH CHHXPOHHBIX 3JIEKTPOJBUIaTeNei
cepun C/IH (U, = 6 xB; cos@,,,= 0,9)

Tun neurarens | By, KBT| n,mun!' | KO/, % | D, xBtr | D,, kBt
CJIH15-21-16Y3 320 375 90,12 4.46 4.1
CJIH15-26-16Y3 400 375 91,45 5,31 427
CJIH14-36-12V3 400 500 92,66 3,88 2,97
CJIH14-44-12V3 500 500 93,45 5,05 3,63
CJIH15-34-12V3 630 500 93,82 5,16 4,72
CJIH14-44-10Y3 630 600 93,98 6,6 4,06
CJIH14-56-10Y3 800 600 94,65 5,76 4,63
CJIH15-49-10Y3 1000 600 94,68 7,66 5,36
CJIH16-44-10Y3 1250 600 95,16 7,54 6,59
CJIH14-46-8Y3 800 750 94,86 4.9 4,57
CJIH14-59-8V3 1000 750 95,61 4,37 4,96
CJIH15-30-8V3 1250 750 94,84 7,73 7,29
CJIH15-49-8V3 1600 750 95,77 7,22 7,33
CJIH15-64-8Y3 2000 750 96,12 8,08 6,98
CJIH16-54-8Y3 2500 750 95,85 11,2 10,2
CJIH14-49-6Y3 1000 1000 95,37 5,62 391
CJIH14-59-6Y3 1250 1000 95,95 4,74 4,42
CJIH15-30-6Y3 1600 1000 95,75 7,53 6,64
CJIH15-49-6Y3 2000 1000 96,06 8,06 7,53
CJIH15-64-6Y3 2500 1000 96,5 8,13 7,74
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Tabmuna I11.5

TexHHUECKUE XapaKTEePUCTUKH TPeX(Pa3HbIX CHIIOBBIX TPaHC(HOPMATOPOB
¢ BeICHINM HarpspkeHuem 6—10 kB

Homunanbras Horepu, kBt Hamnpsoxenne | Tok XX,
Tun MOIIHOCTb, o N

<B-A XX K3 K3, % /o
TM3-630/10 630 1,31 7,6 5,5 1,8
TM3-1000/10 1000 1,9 10,8 5,5 1,2
TM3-1600/10 1600 2,65 16,5 6,0 1,0
TM3-2500/10 2500 3,75 24,0 6,0 0,8
TMI'11-400/10 400 0,83 5,4 4,5 0,8
TMT11-630/10 630 1,06 | 7.45 55 0,6
TMT11-1000/10 1000 14 10,8 55 0,5
TMI'11-1250/10 1250 1,65 | 135 6,0 0,5
TMI'11-1600/10 1600 2,15 | 16,5 6,0 0,4
TMI'12-400/10 400 0,61 4,6 4.5 0,8
TMI'12-630/10 630 0,8 6,7 5,5 0,6
TMT12-1000/10 1000 L1 10,5 55 0,5
TMI'12-1250/10 1250 135 | 13,25 6,0 0,5
TMI'13-250/10 250 0,58 4,2 4.5 1,0
TMI'13-400/10 400 0,83 6,0 4.5 0,8
TMI'13-630/10 630 1,24 8,6 5,5 0,6
TMI'13-1000/10 1000 1,6 12,4 55 0,5
TMT15-250/10 250 036 | 325 45 1,0
TMI'15-400/10 400 0,52 4,6 4.5 0,8
TMI'15-630/10 630 0,73 | 6,75 55 0,6
TMI'15-1000/10 1000 094 | 105 55 0,5
TMI'15-1250/10 1250 1,15 | 13,25 6,0 0,5
TMI21-1000/10 1000 12 11,6 55 0,5
TM-400/10 400 0,90 55 45 1,5
TM-630/10 630 1,25 7,6 5,5 1,25
TM-1000/10 1000 1,9 10,5 5,5 1,15
TM-1600/10 1600 33 16,5 55 1,3
TM-2500/10 2500 385 | 235 6,5 1,0
TCI'JI-400/10 400 1,2 39 5,5 2,5
TCIJ1-630/10 630 1,65 | 573 55 2,0
TCI'JI-1000/10 1000 2,15 8,4 6,0 1,5
TCIJ1-1250/10 1250 225 | 10,6 6,0 1,0
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Oxonuanue taoum. I1.1.5

HomransHas Horepw, kBT | Happsikenue | Tok XX,
Tun MOIIHOCTE, o 0

KB-A XX | K3 K3, % 0
TCI'JI-1600/10 1600 2,6 11,4 6,0 1,0
TCI'JI-2500/10 2500 44 16,4 6,0 0,5
TC3IJ1-400/10 400 1,2 3,9 5,5 25
TC3IJ1-630/10 630 1,65 5,73 5,5 2,0
TC3IJI-1000/10 1000 2,15 8,8 6,0 1,5
TC3IJI-1250/10 1250 2,25 10,8 8,0 1,0
TC3IJI-1600/10 1600 3,2 12,8 8,0 1,0
TC3IJI-2500/10 2500 4,6 17,5 8,0 0,5

Tab6muma I11.6

TexHuueckue AaHHbIE TPeX(Pa3zHbIX MACTSHBIX ABYXOOMOTOYHBIX
TpaHcpOpMaTOpoB 00IIero Ha3HaueHus HanpsbkeHreM 110 kB

Homu- | Codveranue Ha-
. Iotepu, kBT
HajbHas | IpsbkeHui, kB Hamps- Tox
Tun MOILI- KEHUE |y o,
HOCTb, | BH HH XX | K3 | K3,% ’
kB-A
TMH-6300/110 6300 | 115 | 6,6;11 10 44 10,5 1,0
T/AH-10000/110 10000 | 115 | 6,6;11 14 58 10,5 0,9
TAH-16000/110 16000 | 115 | 6,6;11 18 85 10,5 0,7
6,3-6,3
TPAH-25000/110 | 25000 | 115 |10,5-10,5| 25 120 | 10,5 | 0,65
6,3-10,5
6,3-6,3
TPIH-40000/110 | 40 000 | 115 |10,5-10,5| 34 170 | 10,5 | 0,55
6,3-10,5
6,3-6,3
TPIH-63000/110 | 63000 | 115 |10,5-10,5| 50 | 245 10,5 0,5
6,3-10,5
6,3-6,3
TPH-80000/110 | 80000 | 115 |10,5-10,5| 58 | 310 | 10,5 | 0,45
6,3-10,5
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Ta6muma I11.7

OCHOBHBIC TEXHUUECKHE XapaKTCPUCTHUKHU HU3KOBOJIbTHBIX
KOMIIJICKTHBIX KOHACHCATOPHBIX YCTAHOBOK

Tun Homunanbehas MoutHocTs cTynienn | Yucno cry-
MOUIHOCTh, KBap | peryJMpoBaHus, KBap | MEHEewu, T.
1 2 3 4
AKY 0.4-100-10Y3 100 10 10
AKY 0,4-100-25V3 100 25 4
AKY 0,4-125-25V3 125 25 5
AKY 0,4-150-10Y3 150 10 15
AKY 0,4-150-25V3 150 25 6
AKY 0,4-175-25V3 175 25 7
AKY 0,4-200-20Y3 200 20 10
AKY 0,4-200-25V3 200 25 8
AKY 0,4-220-20Y3 220 20 11
AKY 0,4-225-25V3 225 25 9
AKY 0,4-240-20Y3 240 20 12
AKY 0,4-250-25V3 250 25 10
AKY 0,4-260-20Y3 260 20 13
AKY 0,4-275-25VY3 275 25 11
AKY 0,4-280-20V3 280 20 14
AKY 0,4-300-20V3 300 20 15
AKY 0,4-300-25V3 300 25 12
AKY 0,4-325-25V3 325 25 13
AKY 0,4-330-15V3 330 15 22
AKY 0,4-350-25V3 350 25 14
AKY 0,4-375-25V3 375 25 15
AKY 0,4-380-20V3 380 20 19
AKY 0,4-400-20V3 400 20 20
AKY 0,4-400-25V3 400 25 16
AKY 0:4-420-20Y3 420 20 21
AKY 0,4-425-25V3 425 25 17
ABTOMaTU3UPOBAHHBIE KOHJIEHCATOPHBIE YCTAHOBKH HACTEHHOTO UCTIOTHEHHSI
AKY 0,4-50-10Y3 50 10 5
AKY 0,4-50-12,5Y3 50 12,5 4
AKY 0,4-75-12,5Y3 75 12,5 6
AKY 0,4-100-25Y3 100 100 4
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MNPUJIOKEHHUE 2

TexHUYECKUE XAPAKTEPUCTHUKH IJTEKTPOOOPYT10BAHMS
Hanps:xkenueM 10 1 kB

Tabmuua I12.1

TexHuueckre XapakTepUCTUKU HEPEBEPCUBHBIX MAarHUTHBIX ITyCKaTeIeH
Tpexdasznoro Toka cepur [IMJI mpu mHanpsokennu 380 B

HomunanbeHbi TOK, A, B peskume AC3
Twum B 3aBUCHMOCTH OT CTEIIEHH 3allUThI

IIPH CTETICHU 3alUThHI

1P00 IP54 1IP00 1P54
ITMJI 110004 TIMJI 121002 10 10
ITMJI 210004 TIMJI 221002 25 22
ITMJI 310004 IIMJI 321002 40 36
ITMJI 410004 1IMJI 421002 63 60
ITMJI 510004 IIMJI 521002 80 80

ITMJI 610004 IIMJI 621002 125 100

ITMJI 710004 IIMJI 721002 200 160

Tabmuua I12.2

TexHUYECKHE XapaKTEPUCTUKUA HEPEBEPCUBHBIX MArHUTHBIX ITyCKaTeNIeH
tpexdazHoro Toka cepuu [IMA

HomunanbHeIi TOK, A, pu HanpspxkeHuH, B,
T B 3aBUCUMOCTH OT CTENEHH 3aIIUTHI
I Bemu-| B pexume AC3 B pexxume 4C4
YuHA 10 500 380 660
HEPEBEPCHUB- | pEBEPCUB- 1P00, IP40,| IP0O0,
HBIN HBI IPO0 | IP40, IP54 1P54 IP40, IP54
IIMA IIMA
3100004 3300004
IMA IMA 3 40 36 16 10
3200004 3410004
IIMA IIMA
4100004 4300004
IMA TIMA 4 63 60 25 16
4200004 4400004
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Oxonyanue taon. [12.2

HomunanbHelil Tok, A, npu HanpsbxkeHud, B,
T B 3aBUCUMOCTH OT CTENEHH 3aILUThI
Hr myerares Bemn-| B pexxume AC3 B pexxume 4C4
qyHa 1o 500 380 660
HEPEBEPCHB- | PEBEPCUB- 1P00, IP40,| IP0O,
HBIN HBIN P00 | P40, P34 IP54 IP40, IP54
IIMA IIMA
5100004 5300004
IMA IMA 5 100 95 40 25
5200004 5400004
IIMA IIMA
6010004 6300004
IMA IMA 6 160 150 48 40
6200004 6400004

Tabmuma I12.3

Hannbie TernoBbix pene PTJI, BerpanBaeMbIx
B MarHuTHbIE Iyckarenu cepun [IMJI

TeruoBoe pene
HomuuanbHsIiH 5 IIpenens! perymaupo- Cpemce
TOK IyCKaTeJs, HomuHanbHell | BaHMS TOKa Hecpa-
Tun 3HA4YCHHE,
A TOK peine, A | OaTbIBaHMS TEILIO- A
BOTO peine, A
100104 0,1-0,17 0,14
100204 0,16-0,26 0,21
100304 0,24-0,4 0,32
100404 0,38-0,65 0,52
100504 0,61-1,0 0,8
10 100604 25 0,95-1,6 1,3
100704 1,5-2,6 2,0
100804 2,4-4,0 3,2
101004 3,8-6,0 5,0
101204 5,5-8,0 6,8
101404 7,0-10,0 8,5
101404 7,0-10,0 8,5
101604 9,5-14,0 12,0
2 102104 2 13,0-18,0 16,0
102204 18,0-25,0 21,5
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Oxonuanue ta0mn. I12.3

TemoBoe pene
HomunanbsHsbli 5 IIpenensl perynupo- Cpermee
TOK ITyCKaTels, HomuHanbHbli | BaHMs TOKa HECpa-
Tun 3HA4YCHHE,
A TOK pene, A 0aThIBaHUS TEILIO- A
BOTO peie, A
40 205304 23,0-32,0 27,5
205504 30,041,0 35,5
205504 30,041,0 35,5
63 205704 20 38,0-52,0 45,0
205904 47,0-64,0 55,5
206104 54,0-74,0 64,0
30 206104 54,0-74,0 64,0
206104 63,0-86.0 74,5
125 310604 75,0-106,0 90,0
312504 90,0-125,0 107,5
312504 200 90,0-125,0 107,5
200 316004 115,0-160,0 137,5
320004 145,0-200,0 172,5
Ta6muma I[12.4

Hannsie Ternobix pene PTT ans marautHeIX myckarteneit cepun [IMA

TemuioBoe pene
HomunainbHsb1it 5 IIpenensl perymaupo- Cpenmee
TOK ITyCKaTeJsl, HomuHanbHbIi | BaHHMS TOKa Hecpa-
A THI A | Garbamus temo- | oo oS,
TOK peJie, €110 A
BOTO pene, A

10,6-14,3 12,5%

13,6-18,4 16,0*

17,0-23,0 20,0*

40 40 21,2-28,6 25,0

) 27,2-36,8 32,0%

34,0-46,0 40,0

27,20-36,8 32,0

34,0-46,0 40,0

63 63 42,5575 50,0*

53,5-72,5 63,0
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Oxonyanue tab0mn. [12.4

TemuoBoe pene

HomunanbHb1it IIpenensl perynupo-
N Cpennee
TOK HyCKaTeHﬂ, HoMuHannHEIN BaHHWA TOKa HECpa-
A Tun 3Ha4YEHHUE,
TOK penie, A | OaTbIBaHHS TEILIO- A
BOTO pene, A
42,5-57,5 50,0
53,5-72,3 63,0
100 100 68,0-92,0 80,0
3 85,0-115,0 100,0
68,0-92,0 80,0*
85,0-115,0 100,0
160 160 106,0°143,0 1250
136,0-160,0 160,0

*[Tyckaremu [IMA BBITycKaroTcs TOIBKO Ha 660 B.

TexHuuyeckue AaHHbIE NPeIOXpaHUuTENEH

Tabmuna I12.5

Howmu- HomuHanbHBIN TOK, A .
[IpenenbHblid
T HaJbHOE | TIpeno-
AT . OTKJIFOYae-
HarpsbKe- | XpaHu- [IJIABKOH BCTaBKU N
MBIH TOK, KA
Hue, B TEs
2;4;6;8;10; 12; 16; 25; 32;
TIH-33 380 4 1601 4550, 63, 80; 100; 125, 160 >0
40; 50; 63; 80; 100; 125; 160;
IIITH-35 380 250 200: 250 50
40; 50; 63; 80; 100; 125; 160;
TIITH-37 380 400 200: 250- 315- 400 50
100; 125; 160; 200; 250; 315;
TIITH-39 380 630 400: 500: 630 50
IIITH-41 380 1250 500; 630; 800; 1000; 1250 50
ITH2-100 380 100 31,5; 40; 50; 63; 80; 100 100
TTH2-250 380 250 80; 100; 125; 160; 200; 250 100
TIH2-400 380 400 200; 250; 315; 355; 400 40
ITH2-600 380 630 315; 400; 500; 630 25
HITH2-63 380 63 6; 10; 16; 20; 25; 31; 40; 63 10
TIPC-25 380 25 6; 10; 16; 20; 25 30
T11124-25 380 25 6; 10; 16; 20; 25 100
T1I117-3970 380 1000 500; 630; 800; 1000 120
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Tab6muma I[12.6

TexHudeckne naHHbIE ABTOMAaTUYECKUX BBIKITIOUaTenei cepuit BAS1
C KOMOWHUPOBAHHBIM PaCIENMUTEIEM

HomuuanbHslii T0K, A Kpataoctp | IIpenenshbrii
Tun TeIIOBOrO TOKa OTCEYKH | OTK/IOHAC-
BBIKIIONATENS | oy owarens | pacriermurens 0 OTHOIIIE- | MBbIH TOK,
Tows " | HHIO K Lyowp | KA /cOs @
OOHONOMIOCHEIE
6,3; 8; 10; 12,5;
BA 51-29 63 16; 20; 25; 31,5; - 8/0,5
40; 63
6,3; 8; 10; 12,5; 2/0,9
16; 2,5/0,9
BA 51-31-1 100 20; 25; 3;7; 10 3,5/0,8
31,5; 40; 50; 63; 5,0/0,7
80; 100 7,0/0,5
TpexmontocHsle
6,3;8; 1,5/0,7
BA 51-25 25 10; 12,5; 7; 10 2,0/0,7
16; 20; 25 3,0/0,7
6,3; 8; 2,0/0,9
10; 12,5; 2,5/0,9
BA 51-31 100 16; 20; 25; 3;7;10 3,8/0,8
31,5; 40; 50; 63 6,0/0,7
80; 100 7,0/0,5
BA 51-33 160 80; 100; 125; 160 10 12,5/0,3
80; 100; 125;
BA 51-35 250 160; 200; 250 12 15/0,5
BA 51-37 400 250; 320; 400 10 10,0
BA 51-39 630 400; 500; 630 10 35/0,25

Ilpumeuanue. Brixmouatenu BAS] uMeroT cpenHIOI KOMMYTAIMOHHYIO
CHOCOOHOCTb.
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Tab6muua I12.7

TexHuueckue naHHbIE ABTOMATUYECKHUX BBIKIIIOUaTenei cepuit BAS2
C KOMOMHUPOBAHHBIM PaCHENUTEIEM

HowmuHanbHbli TOK, A Kpatrocts | IIpenenshsiii
Tun TEIIOBOTO TOKa OTCEUYKH | OTKIIOoYae-
BBIKJIIOYATENIS | BBIKJIFOUYATENS | PACIENUTENs, | I10 OTHOIIE- | MBbIH TOK,
Liowsp HHIO K Jyoup | KA /COS @
16; 20; 25; 12/0,3
BAS52-31, 31,5; 40; . 15/0,3
BAS52I-31 100 50; 63; 3 7:10 18/0,3
80; 100 25/0,3
BA52-33 160 80; 100; 10 28/0,25
BAS52I'-33 125; 160 35/0,25
80; 100; 125;
BAS52-35 250 160; 200, 250 12 30/0,25
BAS52-37 400 250; 320; 400 10 30/0,25
250; 320; 400;
BAS52-39 630 500: 630 10 40/0,25
Ilpumeuanue. Brikmoyatenu BAS2 MMeEIOT MOBBIIEHHYI) KOMMYTaIlMOH-

HYIO CIIOCOOHOCTb.

Tab6muma I12.8

Texanueckue TaHHBIE aBTOMATUYECKUX BRIKITIOUaTeneit cepuit BAS3,
BAS5S5, BA75 ¢ nonynpoBOJHUKOBBIMUA MaKCUMaJIbHBIMH

pacuenuTensiMu
YcTaBka Toka pac-
Tum HoMUHATBHBIA TOK uenutens B 30He | [IpeaenbHblit
K3, xpaTHast HOMU- | OTKJIFOUAEMBIii
BBIKJIFOYATEIIS BEIKJIIOUATENs, A
HAITLHOMY TOKY TOK, KA
pacuenuTens

BAS53-37
BA55-37 160; 250; 400 2;3;5;7;,10 20
BA53-39
BAS55-39 160; 250; 400; 630 2:3:;5;7;10 25
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Oxonyanue ta0mn. [12.8

YcraBka Toka pac-

. uenutens B 30He | [IpeaenbHblit
Tun HoMuHanbpHEBIH TOK o
K3, xpaTHast HOMU- | OTKJIFOUAEMBIii
BBIKJIFOYATENS BBIKJIFOYATES, A
HaJILHOMY TOKY TOK, KA
pacuenuTens
BAS53-41 BA55-41 | 250; 400, 630, 1000 2357 55,0
BA55-43 1000, 1250, 1600 > 31,0
BA53-43
BA55.43 2500 2;3;5 36
BA75-45 2500 2;3;5;,7 36
BA75-47 4000 2;3;5 45

Ilpumeuanue. 1. BelkimoyaTenu JOMYCKAlOT PETYJINPOBKY HOMHHAIBHOTO
TOKA YCTaBKH MaKCUMAaJbHOIO PacuenuTens (Luoy p) TPEMS CTYNIEHAMH B TIpeie-
Jax OT HOMUHAJIBHOTO TokKa 70 0,8 I, niu 10 0,63 I, Hanpumep, BA55-37
Ha TOK 250 A MOXET UMETb [0y , = 250; 200 1 157,5 A. Bpems cpabaTsiBaHus
3aBUCHUT OT NIPOTEKAIOLIEr0 TOKA U PETYIUPYyeTCs TpeMs cTyneHaMu. 1pu 61,0y p
yCTaBKH BpeMeHH cocTaBisitoT 4; 8; 16 c. [Ipn oqHO(a3HBIX KOPOTKHUX 3aMbIKa-
HUSIX aBTOMAThl CpabaThIBAIOT P HOMHHAIEHOM TOKE PaclIeIHUTEIs.

2. Beikmouatenu cepuit BA55 n BA75 — cenexrtuBHble, BA53 — tokoorpa-

HHUYUBAIOIIHC.

Tab6muma I12.9

TexHuueckue naHHbIE ABTOMATHUYECKUX BBIKIIIOUaTenen cepuiit BAS7
C KOMOMHUPOBAHHEBIM PACIIETTUTEIIEM

Homunanenslii Tox, A VYcraBka 10 TOKY [penenbublii
Tun BBllo- | TETIOBOTO cpabaThIBaHUS JJIEKT- OTKIIOYaE-
BBIKITIOYATENS pacuenure- | POMarHUTHOTIO paclie- | MBbIA TOK,
Harer 151, Lo p MATENsA, A KA / cos @
16 400 4/0,5
20 400 6/0,5
25 400 25/0,35
BAST-31 100 31,5; 40 400 40/0,2
50; 63 400; 800 40/0,2
80; 100 400; 800; 1200 40/0,2
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Oxonyanue ta0mn. I12.9

Homunanenslii Tox, A VYcraBka 110 TOKY [penenbublii
Tun BBllo- | TETIOBOTO cpabaThIBaHUS JJIEKT- OTKIIOaE-
BBIKITIOUATENS pacuenure- | POMarHUTHOTIO paclie- | MBbIA TOK,
JaTess
151, Lo p MATENsA, A KA / cos @
16; 20 320 3,5/0,8
25 320 9/0,5
31,5; 40; 50 630 10/0,3
63 1250 15/0,3
BA57-35 250 80 1250 25/0,25
100 1250 30/0,25
125 1600 35/0,25
160 2000 35/0,25
200; 250 2500 40/0,2
250 1000; 1250; 1600; 2000
320 1000; 12505 1600; 2000;
2500; 3200
400 1000; 12505 1600; 2000;
BA-57-39 630 2500; 4000 40/0,25
500 1000; 1600; 2000; 2500;
5000
630 1250; 2000; 2500; 3200;
4000; 5000

Ta6muma I12.10

Texauueckue JaHHBIC aBTOMAaTHYCCKUX BBIKJIIOYATEIICH cepun AE

KpatrocTs Tpenems-
Tun Kojnye- HomunanbHbIN TOK, A TOKa OT- HBI OT-
CTBO CEUYKH
BBIKJIFOYA- KJII0Jae-
[OJIIOCOB, 10 OTHO- N
eI MBI TOK,
IIT. BBIKJIFOYAa- pacuenuTe, HIEHUIO
TS Liowp K Lyomp kA /cos @
10; 12,5; 16; 20; 25 5/0,7
QE2044 ! 63 31.5: 40; 50; 63 12 6/0.7
10; 12,5; 16; 20; 25 6/0,7
AE2046 3 63 31,5: 40; 50; 63 12 7/0.5
10; 12,5; 16; 20; 25 6/0,5
AE2056 3 100 31,5; 40; 50; 63 12 7/0,5
80; 100 8,5/0,5
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Tabnuna I12.11

TexHuyeckue JaHHBIE OCHOBHBIX TUITOB mmaHeneu 11070

HomuHanbHbIN TOK, A,
THm naHeau | ¥ KOJHYECTBO MPUCOCIH- Kommyrammonibie 1 samutibie
—— anmapaThbl
JIuHeliHbIe TaHeTn

11070-01 100 % 2+ 250 x 2 PyOunbHuKY ¢ 11}Ip}<lagoxpaHMTeH;{MH

111070-02 250 x 4 To xe

11070-03 250 x 2 +400 x 2 To xe

111070-04 630 x 1 To xe
Pazbenuuutenu 2 x 400 A(ogun

LO70-03 1006 Ha TpH npucoenunenus), BA51-31
Pazpegunutenu 2 x 630A(onun

11070-08 2504 Ha JiBa mpucoenuHenus), BA57-35

111070-09 630 x 2 Pazsequnurens, BA51-39

Pazwsequnurennl x 400 A,

o70-11 1004 na 4 x BAS1-31

111070-23 1000 x 1 Pazwequnurens, BA55-41

111070-24 630 x 1 To xe, BAS1-39

BBoanble nanenu

111070-32 630 Py6unsuuk, [TH2-630

11070-33 1250 Pyb6unpauk 1 x 1000 A, TTTTH-41

111070-34 1000 Pazwequnurens, BA55-41

111070-37 1600 Pazwequnurens, BA55-43

111070-40 2000 Pazwequnurens, BA55-45

111070-50 630 Pazwequnurens, BA51-39

CeKIMOHHBIE MTaHeH

1070-70 600 PyOunpHuK

111070-71 1000 To xe

11O70-72 1000 JIBa pazpenunutens, BA55-41

11070-73 1600 To xe, BA55-43

Paszpequnurenn 2 x 400 A,
Ho70-75 800 BA51-39 (1x630 A)

Ilpumeuanue. 1. llpuBeneHnbie TUHEHHBIE W BBOJHBIE MAaHETH JOIMYCKAIOT
BBOJI CHU3Y IIPOBOJAMH MIIN KabeJeM.
2. Tox »IeKTpOANHAMUYECKON CTOMKOCTH JUIs cOOpHBIX miMH g0 1000 A —
30 kA, cseiie 1000 A — 50 xA.
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Tabmuna I12.12

Texunueckue JaHHBIE OCHOBHBIX THIOB naHened I1T— XX — 94

Homunanensri TOK, A,
KoMMmyTanmoHHbIe 1 3aIIUTHBIE
Tum maHenyw | ¥ KOJIMYECTBO IMPUCOSIH-
. ammaparsl
HEHMH, IIT.
JIuHeiinple TaHeau
1101-94 100 % 2 + 250 x 2 PyOunbpHUKH C IpeToXpaHATEIIMEI
TTH2
1102-94 250 x 4 To xe
1103-94 250 x 24+ 400 x 2 To xe
1104-94 600 x 1 Pazwemuuntens 1 x 1000 A
¢ nmpenoxpanutenem [TH2
PaswenuuauTenn 2 x 1000 A (oxuH
- +
1106-94 1002+250 x4 Ha TpH mpucoenuHenus), BA57-35
) Pazbennnutenu 2 x 1000 A (onun
1108-94 250 <4 Ha J1Ba npucoeanHeHus ), BA57-35
Pazbpequnnrenu 2 x 1000 A,
1109-94 600 x 2 BA51-39
1123-94 1000 x 1 Pazwenunnrens, BA53-41
BBoubIe manenu
1130-94 600 Paswenuautens 1 x 1000 A, [TH2
1131-94 1000 PazbenunuTens
1134-94 1000 Paszwenunurens, BA53-41
Paspegunurens 1 x 1600 A,
1136-94 1600 BAS55.-41
1140-94 2000 Pasbegunurens, BA53-43
CeKIMOHHBIE TTAaHETTH
1171-94 1000 Pasbequnurens
Paswenunurens 1 x 1600 A,
1172-94 1000 BA53-41
1173-94 1600 Paszwenunurens, BAS5-41

Ilpumeuanue. 1. IlpuBencHHbIC JTUHEHHBIC U BBOJHBIC MAHENH JOMYCKAIOT
BBOJ] CHU3Y IIPOBOIAMH HJIM KaOeJIeM.
2. Tok 3JEeKTpOIUHAMUYECKOH cToikocTH mis cOopHBIX muH 1o 1000 A —
30 kA, cBeie 1000 A — 50 kKA.
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Tabnuna I12.13

[kadsr pacnpenaenurensubie cepuu 11IP1

HomunanbeHeli TOK BBOA- ‘ueito 1p CXIMOTIOCHBIX IPYII
Tom mxada | Horo pybwbHmKa PB, A MpeaoxXpaHuTeseH (BBIKIIOYaTeIeH)
(ucrionmerue IP30, V3) Ha OTXOASALINX JIUHUSIX W UX HOMH-
’ HaJIbHBIC TOKH, A
11P1-20 250 5x63
11P1-21 250 5 %100
11P1-22 250 2x63+3x100
111P1-23 400 8 X'63
11P1-24 400 8 x 100
11P1-25 400 4x63+4x100
11P1-26 400 5x250
11pP1-27 400 5x100+2 x250
11P1-28 400 2x63+4x100+2 x250
11P1-30 2 x 400 8 x 100
11P1-31 400 8 x 100
111P1-33 1 x 400 8 x 100; AE2044; AE2046; AE2056

Ilpumeuanue. 1. DneKTpoJUHAMUYECKAS CTOMKOCTh K TOKaM KOPOTKOTO 3a-
MBIKaHUS: IPY HOMHUHAJIBHOM TOKE [y, BBOJAHOTO ammapaTta 250 A — 10 kA;

400 A — 25 ¥A.

2. TpeXHOJ’I}OCHLIC U OOHOIIOJKOCHBIC aBTOMAaTbl MOTYT YCTaHaBJIMBATBCA
B pPas3/IMYHbIX COUCTAHUAX, MIPU 9TOM Ha MECTC OJAHOT'O0 TPCXMOJIKOCHOIO J0ITyC-
KaeTCs MPUMEHATH TPU OAHOIIOJIFOCHBIX.

Taomuma I12.14

[Ixadsr pactipenenurensHbie cepuu [1IP11

. YucIto TpeXmoTIOCHBIX
HoMuHabHBIN TOK BBOJHOTO .
Tun mwkada pyounbauka P18, A (ucron- [PYIII HIPCHOXPATHTECH
Henne IP22, V3) Ha OTXOJSIINX JIMHUAX U UX
HOMHHAJIbHBIC TOKH, A
11P11-73701 250 5% 63
11P11-73702 250 5 x 100
11P11-73703 250 2 x63+3x100
11P11-73704 400 8 x 63
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Oxonyuanue ta0mn. [12.14

N YHucao TpexmnoroCHbIX
HomuHanbHbIi TOK BBOJTHOTO .
Tun mwkada pyounbauka P18, A (ucron- H;I:) iiﬁ;f;iixﬁjgﬁziﬂgﬁx
Henue IP22,Y3)
HOMHHAJIbHBIE TOKH, A
11P11-73705 400 8 x 100
1IP11-73706 400 8 x 250
11P11-73707 400 3 x100+2 x250
11P11-73708 400 5 x 250
11P11-73709 400 4 x63+4x100
1IP11-73710 400 2x63+4x100+2 x250
HIP11-73711 400 6100 +2 x250

Ilpumeuanue. DneKTPOANHAMUYECKAs] CTOUKOCTh K TOKaM KOPOTKOTO 3a-
MBIKaHUS: TIPU HOMHHAJIBHOM TOKe [, BBOAHOTrO: ammapaTta 250 A — 10 kA;
400 A — 25 KA.

Tabnuna I12.15

IlynxTel pacupenenutenbhabie cepuu [TP11

Howmu- KomanuectBo .
. | Tum BBO- . | Tun BEIKITIOUATEIICH
HaJIbHBII BBIKITIOYaTEIeH

Tum myHKTa HOT'O BBI- Ha OTXOJISIINX

TOK Lyon Ha OTXOJISAIINX

KJTFOYaTeIIst JIMHHUAX
MyHKTa, A JIMHHUSAX, IIIT.
T1IP11-1-001 100 §f§$—53;61 4 BAS57-31, AE2044,
P11-1-002 100 — AE2046, AE2056
T1P11-1-003 200 BAS57-35 6
T1IP11-1-004 200 — 8
TIP11-1-005 200 BAS57-35 10
1IP11-1-006 200 — 12 BAS57-31, BAS7-35,
11P11-1-007 200 BAS57-35 12
AE2044, AE2046,
T1IP11-1-008 200 — 14
400 AE2056
T1P11-1-009 630 BAS57-39 12
400

11P11-1-010 630 - 14
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Oxonuanue ta0mn. I12.15

Howmu- KomanuectBo .
. | Tum BBOI- . | Tum BEIKTIOUATENNCH
HaJIbHBII BBIKJTFOUATEIEH
Tun myHkra HOTO BEI- Ha OTXOISAIINX
TOK Iyo Ha OTXOISIINX
KJIIOYAaTeIIst JIMHUSIX
MyHKTa, A JIMHHUAX, IIT.
I1P11-7-011 228 BA57-39 14 BA57-31, BA57-35,
400 AE2044, AE2046,
I11P11-7-012 630 - 14 AE2056

Ilpumeuanue. 1. ludpa 1 00603HagaeT yTOIUIEHHOE UCIIOTHEHNE (BCTpanBa-
€MOe B HUIILY CTEHHI), nr(pa 7 — HAMOIHHOE UCIIOTHEHHUE.

2. DnexTpoIuHAMHUYecKas CTOWKOCTh K TOKaM KOPOTKOTO 3aMBIKaHHS HpHU
Loy myHKTA 100 A — 10 KA, 400 A — 25 KA, 630 A — 50 KA.

3. IIlyHKTBI MOTYT MMETh WCIOJHEHHE CO CTENEHbIO 3amuThl /P21u [P44.
ITpu crenenu 3amurtsl /P21 HOMUHAIBHBIE TOKH BBIKJIIOUATENIEH CHIDKAIOTCS HA
10 %, mpu ctenenu 3amuTsl /P44 — na 20 %.

4. TpexmomoCcHbIE U OAHOMOIIOCHBIE BBIKJIIOUATEIN MOT'YT YCTaHABIUBATHCA
B Pa3IIMYHBIX COUYETAHUSAX, IPU ITOM HA MECTE OJHOrO TPEXIIOIIOCHOIO JOIMyC-
KaeTcs IPUMEHSTH TP OTHOTIOTIOCHBIX.

Tabmuma I12.16

Pacnpenenmurensabie myHKTH cepun [TP8501

Ne cxembl Yucmo aBTOMAToOB
C 3aKH- Homunans- TPEXIIONIOCHBIX
MAME C aBTOMarom | HOE HaHPI;I' OJTHOTIOJIFOCHBIX

na spoel WO BBOIC KEHHME, BAS51-31-1 | BAS51-31 | BA51-35
001 045; BA51-33 380 3 - —
002 046; BA51-33 380 6 - —
003 047; BA51-33 380 3 1 —
004 048;BA51-33 660 — 2 —
005 049; BA51-33 380 12 - —
006 050; BA51-33 380 6 2 —
007 051; BA51-33 660 — 4 —
008 052; BA51-33 660 18 - —
009 053; BA51-33 380 12 2 —
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Oxonyanue ta0mn. [12.16

Ne cxembl Yucno aBTOMaTOB
C 3AKH- Homurass- TPEXIIONIOCHBIX
MAMI ¢ aBTomarom | HOC HaHp};I- OJHOIIOJIFOCHBIX
Ha BBoge | 1A BBOAC KEHwe, BAS51-31-1 |BAS1-31 | BA51-35

010 054; BA51-33 380 6 4 —
011 055; BA51-33 660 — 6 —
019 063; BA51-35 380 24 - —
020 064; BA51-35 660 18 2 —
021 065; BA51-35 660 12 4 —
022 066; BA51-35 660 6 6 —
023 067; BA51-35 660 — 8 —
024 068; BA51-35 660 30 — —
025 069; BA51-35 660 24 2 —
026 070; BA51-35 660 18 4 —
027 071; BA51-35 660 12 6 —
028 072; BA51-35 660 6 8 —
029 073; BA51-35 660 — 10 —
044 089;BA51-37 660 — 10 —
153 094; BA51-39 660 — — 4
154 095; BA51-39 660 — 2 2
155 096; BA51-39 660 — 4 2
156 097; BA51-39 660 — 6 2
157 098; BA51-39 660 — 8 2

Ilpumeuanue. 1. HomuHanbsHeIi TOK BBoga 160 A, pabouwmii Tok most IP21 —
128 A, ms IP54 — 120 A.

2. HomuHanpHbl TOK BBoma 250 A, paboumit Tox mis [P21 —200 A, mis
IP54 — 188 A.

3. HomuHanbHeii Tok BBoAa 400 A, pabGounii Tox mis /P21 —320 A, mis
IP54 —300 A.

4. HomunanepHbli TOK BBoJa 630 A, paboumii Tox mns [P21 — 504 A, nmis
IP54 — 473 A.

5. COopHBIC IIUHBI JOMYCKAIOT YAAPHBI TOK KOPOTKOTO 3aMBIKAHHS IPU
HOMUHAJIEHOM TOKE [0, IKaoB: 160, 250, 400 A — 25 kA; 630 A — 50 KA.
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CHIIOBEIE SIIAKHA

Ta6muna I12.17

Ne Homunanbseiii | HoMuHanbHbI TOK KpaTKOBpeMeHHS)
n/n T TOK amnmapara, A | npefoxpanureneid, A BBIICPAHBACMBIH
’ ’ TOK, KA
SIBIIB-1 100 T1IH2-100 20
1 |SBIIB-2 200 1IH2-250 20
SIBIIB-4 315 TTH2-400 30
) sb1-2 200 TTH2-250 20
sb1-4 315 TTH2-400 20
3 | SIPII-20 20 E27-20 0,6
4 | AIIII-15 16 E27-16 0,6
100 IIH2-100 5
5 SIPII11-311; 250 TTH2-250 8
SPB-311 400 TTH2-400 11
630 TTH2-630 16
100 TIITH33 5
6 SPIT11M; 250 TITTH35 8
518601 400 TITIH37 11
630 T1TTH39 16
SIB3-31-1M 100 - 5
7 |5B3-35-1M 250 - 8
SIB3-37-1M 400 — 11
Tabmuma I12.18
TexHuyeckue JaHHbIE MaruCTPAIbHBIX ITMHOIIPOBOIOB
IIIMA4 u IIIMAS
Tun muHONpoBOIa
Ilokazarenn [HIMA4 HIMA4 [HLIMA4 [HIMA4
(IIMAS) (IIMAS) (IIMAS) (IIMAS)
) A 1250 1600 2500 3200
TOK, A
QOMHUBAILHOS 660 660 660 660
Hampsbkenue, B
Homyctumoe
AMILTUTYIHOE
SHAYCHIE TOKa 70 (50) 70 (70) 70 (100) 70 (100)
K3, kA
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Oxonyanue ta0mn. [12.18

ITokazaTenn

Tun HIIUHOMPOBOJAA

[IIMA4
(ILIMAS5)

IIMA4
(ILIMAS5)

IIMA4
(ILIMAS5)

IIMA4
(ILIMAS)

ConpotusieHue
(ase1 (cpennee)
MIPY HOMUHAJb-
HOM TOKE 1 yCTa-
HOBHUBLIEMCS pe-
xume, OM/KM:

— aKTHBHOE

— HHIYKTUBHOE

— IIOJIHOE

0,0338 (0,33)
0,0161 (0,018)
—(0,038)

0,0297 (0,030)
0,0143 (0,014)
~(0,0330)

0,0169 (0,017)
0,0082 (0,008)
—(0,019)

0,015 (0,015)
0,0072 (0,005)
—0,016)

ITonHoe compo-
THUBJICHUE TIET-
1M (haza—HyIb,
Om/xkmM

0,0862 (0,112)

0,0872 (0,095)

0,0822 (0,032)

0,053 (0,083)

IoTeps Hanpske-
HusL, B, Ha mimmHE
100 M npu HOMHU-
HAJILHOM TOKE U
Harpyske, cocpe-
JOTOUEHHON

B KOHIIC JIMHUH,
ucos ¢ =0,8

8,93 (8,1)

9,13 (9,1)

9,7 (8,2)

9,0 (8,3)

Konunuectso
U pa3Mepsl ce-
YCHHA IIIUHBI
(A1O), Mm,
(s HIMAS):
— Ha (azy
— Ha HyJeBOH
N IpOBOJAHUK

1 x(8x140)
1 x (4 x 140)

1 x(8x160)
1 x(4x%160)

2 x (8 x 140)
2 x (4 x 140)

2 x(8x160)
2 x(4x160)

MakcumanpHO
JIOIYCTHMOE pac-
CTOSIHHE MEKIY
TOYKaMU KpeTl-
JIEHUS, M

CrereHp 3amuThl

P44

1P44

1P44

1P44
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Ta6nuua I12.19

OCHOBHBIEC TEXHUYCCKHE AAHHBIC paCcpCACIUTCIIbHBIX IIMHOIIPOBOJOB

LITPA4 u IITPAS
Tun muHONpoBoOIa
[oxazarenu [IPA4(ILIPAS)- | ITPA4(IITPAS)- | ITPA4(IIIPAS)-

THPA4-100 250 400 630
Homitra b Hbit 100 250 400 630
TOK, A
DNEeKTpOAUHAMHU-
YyecKasi CTOHKOCTb, 7 15 (15) 25 (25) 35 (35)
KA
ComnpoTHBIeHHE
Ha dazy, OM/km:

— aKTHBHOE - 0,21 (0,21) 0,15 (0,15) 0,10 (0,10)
— WHJIYKTUBHOE - 0,21 (0,21) 0,17 (0,17) 0,13 (0,13)

[TonHoe conpoTtus-
JICHHUE MeTIH (a- —0,55) —(0,49) —0,29)
3a—HyJb, OM/KM
Jluneiinas norepst
HanpspkeHus, B
0. o L - 6,5 (8,5) 8,0 (7,5) 8,5 (8,5)
cos=0,8
CTeneHb 3anUThl 1P44 P44 1P44 1P44

Ilpumeuanue. 1. llunonpososa IIIPA4 — deTbipexnpoBOAHBIN HyeBOU (V)
MPOBOJ 3aMKHYT Ha 3aLUTHBIN METAIIMYECKUI KOKYX U 00pa3yeT cOBMEIICH-
Hblil PEN — IPOBOJTHUK B CUCTEME C TIyX03a3eMJIEHHOM HEHTPAJIBIO.

2. Hlunomnposox ILIPA-5 — nsTunpoBoaHBIA HyJeBO# (N) M 3allUIEHHBIN
(PE) npoBoaHUKH pa3aeseHsl. [Ipu 3ToM ponb 3allMTHOrO MPOBOJHUKA BBIMOJI-
HSET METAIIMYECKUH KOXKyX IMIMHOMPOBOAA.

3. B mmHonposoae IIIPA4-100 npumeHsroTCs anmapaTsl 3allUTHl ¢ HOMH-

HaJIBHBIM TOKOM 25 A.

Taomuma I12.20

OTtBeTBUTENBHBIE KOPOOKH mIHONPOBOIOB [IIPA4 1 [IIPAS

HanmenoBanme |HomuHaneHBIN TOK | HOMUHATBHEBIN TOK
Tum kopoOku
arnmnapara amnmapara, A ITMHOMIPOBOJIA, A
IIpenoxpanureins
V2031, Y5031 TH2-100 100 250, 400, 630
V2032, Y5032 Pa3benunuTenn 160 250, 400, 630
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Oxonyanue ta0n. [12.20

HaumenoBanue |HomunaaneHbIN TOK | HOMHMHANIBHEIN TOK
Tun xopoOku
arnmnapara amnmapara, A ITMHOMIPOBOJIA, A
¥2033, ¥5033 PazwegunuTenn 250 400, 630
V5039 Artomat BAS51-33 160 250, 400, 630
V5051 Astomat BA51-35 250 400, 630
V2038, Y5038 | Asromat AE2046 40 250, 400, 630
Y2038, Y5038 | ABromar AE2056 100 250, 400, 630
V2180 Pa3benunuTenn 400 400, 630

Tabnuna I12.21

OCHOBHBIE TEXHUYECKHUE JaHHBIC TpOHHCﬁHOFO HIIMHOIIPOBOda

HIMT-AY2
n HomuHanbHBIH TOK, A
OKa3aTelb 750 400
DneKTpoAuHaMHUUeCKasi CTOMKOCTh, KA 10 15
HomuHasbHbII TOK TOKOChEMHOM KapeTku, A 40 —
HomunanbHbI TOK ClTapEHHON TOKOCHEMHOM _ 63
KapeTku, A
CreneHp 3alIMThI IP21 IP21
Taomua I12.22
OCHOBHBIC TEXHUYECKHUE IAaHHBIE TPOJIICHHOTO MUHOIIPOBOAA
tuna [lIITM-76
HaumeHnoBanue napamerpa 3HaueHue

HomuHaIbHEI TOK, A 100
HoMmuHasIbHbIN TOK TOKOChEMHOM KapeTku, A 16
HomuHaNBHBIA TOK TOKOChEMHOM CIAPEHHOH KapeTku, A 25
HommuHanpHOE HanpshKeHHE KapeTku, B 380
YacroTa, 'y 50
JomycTnmoe aMIUTUTY THOE 3Ha4€HHE TOKa KOPOTKOTO 3aMbl- 5
KaHUs, KA
AXTHBHOE CONPOTHUBIICHUE (pa3bl MIMHONPOBOIA ITPU TEMIIE- 0.40
parype 20 °C, OmM/km ’
WunykTuBHOE conpoTuBieHue ¢as3pl, OM/KM 0,42
[omHoe conporusnenne ¢azpr, OM/KM 0,58
[ToTteps HanpsbkeHust Ha ydactke 100 M, B 10,1
CreneHp 3ammTH 000JI0YKH IMHHOIPOBOIA P42
CreneHp 3alIMTHI CO CTOPOHBI a3a U X013 KapeTKU IP12
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Tabnuna I12.23

TexHuueckue gaHHbIe TpaHchopmaTopoB Toka Tuna THIIJI-0,66

HaunmenoBanue napamerpa

3HaueHue napameTpa

HomunansHoe Hanpsixenue, kB
Homunanehas yactorta, I'1g
THIIJI-0,66 na Toxn 75-500 A
HomuHanbHbINM nepBUYHBIN TOK, A
HomuHanbHbIM BTOPUYHBIN TOK, A

Kiacc TouHoCTH 111 HOMUHAIIBHOTO
MIEPBUYHOIO TOKa, A:

75, 80

100

150

200-500

0,66
50, 60

75, 80, 100, 150, 200, 300, 400, 500
5

0,5; 1;
0,5S5;0,5; 1
0,2; 0,55;0,5; 1; 10P
0,25; 0,2; 0,55, 0,5; 1; 10P

THIIJI-0,66 na Toxku 600-10000 A
HomuHanbHBIH NEepBUYHBIN TOK, A

HomuHanbHBINM BTOPUUHBIN TOK, A
Kracc TouHoCTH )11 HOMUHAIIBHOTO
MIEPBUYHOTO TOKa, A:

600-5000

8000, 10 000

600; 800; 1000; 1200; 1500; 2000;
2500; 3000; 4000; 5000; 6000; 8000;
10 000
1 i 5

0,25; 0,2; 0,5S; 0,5; 10P
3; 10P
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CnpaBquue MaTepHuaJibl 1Jid pacueTa npoBoaoB,

Ka0eJeH U IINH

MNPUJIOKEHHUE 3

Tab6muua I13.1

I[OHYCTI/IMBIG JUIMTCIIbHBIC TOKH IJIs1 IIPOBOAOB € AJIIOMUHHCBBIMU JKNJIAMU
)51 HOJ]I/IBI/IHI/IJIXJIOPI/II[HOﬁ HSOHHHHeﬁ

Toxk, A, IUTI IPOBOJOB, TPOJIOKESHHBIX

Ceuenue B OJIHOM TpyOe
TOKOIIPO-
BOISIICH OTKpBITO |  ABYX Tpex YeThIPEX | OJHOTO | OIHOTO
JKHUITBI, MM OJIHO- OJIHO- OJTHO- JIBYX- Tpex-
JKUIIBHBIX | dKUIBHBIX | dKUIBHBIX | JKUJIBHOTO | KUIBHOIO
2 21 19 18 15 17 14
2,5 24 20 19 19 19 16
3 27 24 22 21 22 18
4 32 28 28 23 25 21
5 36 32 30 27 28 24
6 39 36 32 30 31 26
8 46 43 40 37 38 32
10 60 50 47 39 42 38
16 75 60 60 55 60 55
25 105 85 30 70 75 65
35 130 100 95 85 95 75
50 165 140 130 120 125 105
70 210 175 165 140 150 135
95 255 215 200 175 190 165
120 295 245 220 200 230 190
160 340 275 255 - - -
185 390 — - - - —
240 465 - - - - -
300 535 - - - - -
400 645 - - - - -
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Tab6muua I13.2

HOHYCTI/IMBIG JJIATCIIbHBIC TOKU IJIA ITPOBOJAOB U IHYPOB C pC3I/IHOBOI>'I
u HOHHBHHHHXHOpHﬂHOﬁ I/I3OJ'I$ILIHCI>1 C MCIHBIMU XUJIaMH

Tox, A, 11t IPOBOJIOB, MTPOJIOKEHHBIX
Ceuenue B OmHOM Tpy6e
TOKOIPO-
BOJALICH | orpprro|  ABYX Tpex YeThIPEX | OJHOTO | OIHOTO
JKUITBI, MM OJTHO- OJTHO- OJTHO- JIBYX= Tpex-
JKUITBHBIX | )KIITBHBIX | KITBHBIX | JKUIBHOTO | JKHITHHOTO
1,5 23 19 17 16 18 15
2 26 24 22 20 23 19
2,5 30 27 25 25 25 21
3 34 32 28 26 28 24
4 41 38 35 30 32 27
5 46 42 39 34 37 31
6 50 46 42 40 40 34
8 62 54 51 46 48 43
10 80 70 60 50 55 50
16 100 85 80 75 80 70
25 140 115 100 90 100 85
35 170 135 125 115 125 100
50 215 185 170 150 160 135
70 270 225 210 185 195 175
95 330 275 255 225 245 215
120 385 315 290 260 295 250
150 440 360 330 - - -
185 510 - - - - -
240 605 - - - - -
300 695 - - - - -
400 830 - - - - -
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Tabmuna I13.3

JonycTuMble AMUTENbHBIE TOKU ISt KaOenel HanpsbkeHneM 10 1 kB
C AJIIOMUHUEBBIMU >KWJIAMU C PE3UHOBOM MM TIACTMACCOBOM M30JISIUEH
B CBHHIIOBOH, TIOJTMBUHUITXJIOPHUTHON W PE3MHOBOM 000JI0UKaX,
OpOHMPOBAHHBIX U HEOPOHUPOBAHHBIX

Tox kabeneii, A

Ceuenne TOKO~ | 0 {HOMKHITBHBIX IBYXKHIBHBIX TPEXIKIITHHBIX

npoBoseit
JKUJIBI, MM’ TIpH IPOKTIaAKe
B BO3IyXE |B BO3AYyXe| B 3eMJIE |B BO3AyXE| B 3eMIE

2,5 23 21 34 19 29

4 31 29 42 27 38

6 38 38 55 32 46

10 60 55 80 42 70

16 75 70 105 60 90

25 105 90 135 75 115

35 130 105 160 90 140

50 165 135 205 110 175

70 210 165 245 140 210

95 250 200 295 170 255

120 295 230 340 200 295

150 340 270 390 235 335

185 390 310 440 270 385

Ilpumeuanue. JlomycTUMBIE TOKH JUIS YETBIPEXKIIBHBIX KaOeNeH ¢ macTMac-
COBOM M30JILIMEH Ha HampspkeHre 10 | kB MoryT nmpuHHMaThCS MO MPUBEICHHOM
BBIILIE TAONHILIE, KaK JUIsl TPEX KWIBHBIX Kabeeit, Ho ¢ koadduuuentrom 0,92.
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Tab6muma I13.4

JlommycTrMBbIe JUTMTENBHBIC TOKY JUIs KaOenei HanpsbkeHueM 10 1 kB
C MEIHBIMU XKUJIAMH C PE3UHOBOH U IIIACTMACCOBOM U30JSIIUEH
B CBHHIIOBOH, TIOJTMBUHUITXJIOPUTHON W PE3MHOBOI 000JI0UKAaX,
OpOHUPOBAHHBIX U HEOPOHUPOBAHHBIX

Tox ans kabeneit, A
Ceuenne TOK?- OJTHOKHJIBHBIX JBYXOKHJIBHBIX TPEXJKMIBHBIX
TIPOBOAAIIEH
UL, M TIPU IIPOKJIAIKE
B BO3JyX€ B BO3yX€| B3e€MJE [B BO3AYXE| B 3eMIle
1,5 23 19 33 19 27
2,5 30 27 44 25 38
4 41 38 55 35 49
6 50 50 70 42 60
10 80 70 105 55 90
16 100 90 135 75 115
25 140 115 175 95 150
35 170 140 210 120 180
50 215 175 265 145 225
70 270 215 320 180 275
95 325 260 385 220 330
120 385 300 445 260 385
150 440 350 505 305 435
185 510 405 570 350 500
240 605 — - - -

Ilpumeuanue. JlomycTUMbIe AIUTENBHBIE TOKU U YETHIPEXKUIBHBIX Ka-
Geneil ¢ TuTacTMaccoBOH M30JMKEH Ha HAaMpsDKeHHe 10 1 KB MOTyT IpUMEHSTh-
1 IO BEIIIETIPUBEICHHON Ta0nHIle, KaKk JJIs TPEXKIIBHBIX Kabenei, Ho ¢ Kodg-
¢unuentom 0,92.
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Tabmuna I13.5

JlommycTUMBIE JUTUTEBHBIC TOKH JIJIS TIEPESHOCHBIX NUTAHTOBBIX IIIHYPOB
U Ka0Oelel, riOKuX KaOene, MIaXTHBIX THOKUX IIJIAHTOBEIX,
MIPOXKEKTOPHBIX Kabelel U MePeHOCHBIX MPOBOOB C MEIHBIMHU KHJIAMH

CeueHune TOKONPOBO- JlomycTumblii TOK IPOBOAHUKOB, A
JUAeH KHITBL, MM” OHOKWJIBHBIX | JABYXXKWIBHBIX | TPEXKUIbHBIX
0,5 — 12 —
0,75 - 16 14
1,0 — 18 16
1,5 — 23 20
2,5 40 33 28
4 50 43 36
6 65 55 45
10 90 75 60
16 120 95 80
25 160 125 105
35 190 150 130
50 235 185 160
70 290 235 200

Ilpumeuanue. TOKV OTHOCSTCS K TIPOBOIHUKAM C HyJIEBOH JKIIION 1 Oe3 Hee.

Tabmmna I13.6

JormyctrMeble JuInTeIbHBIE TOKH JUIs Kabenei HanpspkeHneM 1o 1 kB
C ATFOMUHUEBBIMU KUJIAMH C U30JISIIUENA U3 CIITATOTO MOJINITHIECHA

Tox ans kabeneit, A

CeueHune TOKOIPOBO- TPEXKUIBHBIX YETBIPEXIKUIBHBIX
JSTEH KIITBL, MM” IIPH OPOKJIATKE IIPH OPOKIAJKE
B BO3AyX€ B 3eMJIe B BO3yX€ B 3eMJIE
2,5 24 32 23 29
4 34 42 31 39
6 43 50 40 46
10 58 67 54 62
16 78 87 72 81
25 102 113 95 105
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Oxonyanue tab0mn. I13.6

CeueHure TOKOIPOBO-
ISIIIECH JKUJIBI, MM

Toxk s kabeneit, A

TPEXKHIBHBIX
IIPU NPOKJIAKE

YETBIPEXIKMITBHBIX
IIPU NPOKIATKE

B BO3IyXe B 3eMIIe B BO3IyXe B 3eMJIE
35 126 137 118 127
50 158 166 147 154
70 194 201 180 187
95 237 240 220 223
120 274 272 255 253
150 317 310 295 288
185 363 348 338 324
240 428 401 398 373

Ta6muma I13.7

JlomycTUMBbIe JUTMTENBbHBIC TOKH JUIs KaOenel HanpsbkeHreM 1o 1 kB
C MEIHBIMM KUJIAMHU C M30JIAIIUEH U3 CIIUTOIO MOJIUATHIICHA

CeueHune TOKOIPOBO-
TISIITIEH KUJTTBI, MM’

Toxk s kabeneit, A

TPEXKHUIBHBIX
TpH POKIIAJIKE

YETBIPEXIKMITBHBIX
IIPU IPOKIATKE

B BO31lyX€ B 3eMIIe B BO3JyX€ B 3eMJIE

1,5 24 32 23 29
2,5 32 42 30 39
4 43 54 40 50
6 57 66 53 61
10 77 87 71 81
16 101 113 94 105
25 133 147 124 137
35 164 179 152 166
50 205 217 191 202
70 262 268 244 249
95 318 316 296 294
120 372 363 346 337
150 429 410 399 381
185 488 459 454 427
240 579 529 538 492
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Tab6muua I13.8

JlormmycTrMble OTHOCEKYHTHBIE TOKH KOPOTKOTO 3aMBIKaHUs Kabemneit
HarpspkeHueM 10 1 kB ¢ u30ysmmei u3 CMToro MoJuITHIICHA

Ceuenue TokonpoBo- | JlomycTumslii Tok ogHocekyHHoro K3 kabems, KA
IAIIEH KUITbI, MM C MEJTHOM KHJIOHN C ATFOMHHHUEBOM >KHIION
4 0,54 0,36
6 0,81 0,52
10 1,36 0,87
16 2,16 1,40
25 3,46 2,24
35 4,80 3,09
50 6,50 4,18
70 9,38 6,12
95 13,03 8,48
120 16,43 10,71
150 20,26 13,16
185 25,35 16,53
240 33,32 21,70

Ta6muma I13.9

JonycTuMble TOKOBBIE HATPY3KH U1 Kabenel ¢ MeIHBIMU
Y QJIFOMUHUEBBIMHU KIJIAMH C U30JIANKEH CIIUTOTO MOIUATHIICHA
HanpspkeHHeM A0 1 kB (s ueThipeXx- U MATIKUIBHBIX KaOemeit)

Ceucnie JomnycTumMbie TOKOBBIE HArpy3KH Kadelel ¢ N30JsIUei U3 CIIUTOro
MOJIMATUIIEHA JaHbl U PacueTHOW TeMIepaTypbl OKpY Karolen
TOKOTIPO~ cpensl 15 °C npu npoknaake B 3emie, 25 °C — npu NpokIaake
BOZATICH B BO3JIyX€ U HOPMHUPOBaHHOM TeMmeparype Ha xxuie 90 °C, A
m;ﬁlz’l’ C MEIHBIMH XHUIAMHU C AJTFOMUHHMEBBIMH KHJIAMU
B BO3yXe B 3eMJIe B BO3AyXE B 3eMJIe
4 40 50 - -
6 53 61 - -
10 76 87 58 67
16 101 113 78 87
25 133 147 102 113
35 164 178 126 137
50 205 217 158 166
70 262 268 194 201
95 318 316 237 240
120 372 363 274 272
150 429 410 317 310
185 488 459 363 348
240 579 529 428 401
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Ta6muna I13.10

JlommycTrMBbIe JUTMTENBHBIC TOKY JUIs KaOenei HanpsbkeHueM 10 1 kB
C TIACTMACCOBOU U30IIAIIMEH, HE pacIPOCTPAHSIONINX TOPEHUE,
C HU3KUM JIBIMO- ¥ Ta30BbIAeNieHreM (HT — LS) pu MpoKIaaKe B BO3IyXe

CeucHue Tok, A, s kabeneit
TOKOIIPO-
— C MEIHBIMH KXUJIaMH C AIIOMMHHEBBIMHU KHIAMH
X(Hmz’l’ OJIHO- JBYX- Tpex- OJIHO- JBYX- Tpex-
MM JKUIIBHBIX | JKUIIBHBIX | JKMJIBHBIX | JKMJIGHBIX | )KHJIBHBIX | JKUIBHBIX
1,5 29 24 21 - — -
2,5 40 33 28 30 25 21
4 53 44 37 40 34 29
6 67 56 49 51 43 37
10 91 76 66 69 58 50
16 121 101 87 93 77 67
25 160 134 115 122 103 88
35 197 166 141 151 127 109
50 247 208 177 189 159 136
70 318 = 226 233 — 167
95 386 - 274 284 — 204
120 450 — 321 330 — 236
150 521 — 370 380 — 273
185 594 — 421 436 — 313
240 704 — 499 515 — 369

ITpumeuanue. 1. lonycTumble TOKH IJIS1 YE€THIPEX- U TATHXHUIBHBIX Kabe-
JIeW TIpU Harpy3Ke B YETBIPEX KHUJIaX B HOPMAIBHOM PEXHUME NPUHUMAIOTCS KaK
JUTSL TPEXOKWIIBHBIX, HO ¢ Koaddumentom 0,93.

2. JIns OMHOXKWIBHBIX KaOenel MOMyCTHMBbIE HAarpy3KH MPHUBEICHBI AT I10-
CTOSTHHOTO TOKa.
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Tabmuna I13.11

I[OHyCTI/IMI)IC JUIMTCIIbHBIC TOKU JJIA KaOenei

C AJIFOMHUHUCBBIMU XKUJIaMH C 6yMa)KHOI71 H3OH$IHH€ﬁ

B CBHHIIOBOH MJIM aIFOMHUHHEBOI 000I0YKE

Toxk xabenei, A
Ceuenue
ToKompo- |  OJHO- IBYX- TPEXKUIIBHBIX HATIPSOKEHHEM, | yerpipex-
BOJAIIEH | )KWIBHBIX | )KHIBHBIX kB JKHITBHBIX
JKUJIIBI, Hamps- Hanpsi- Harps-
MM JKEHHEM | KEHHEM 103 6 10 JKEHHEM
nolxkB | nolxB no 1 kB
6 — 60/42 55/35 — = —
10 110/75 80/55 75/46 60/42 — 65/45
16 135/90 110/75 90/60 80/50 75/46 90/60
25 180/125 | 140/100 125/80 105/70 90/65 115/75
35 220/155 | 175/115 145/95 125/85 115/80 135/95
50 275/190 | 210/140 /| 180/120 | 155/110 | 140/105 | 165/110
70 340/235 | 250/175 | 230/155 | 190/135 | 165/130 | 200/140
95 400/275 | 290/210 | 260/190 | 225/165 | 205/155 | 240/165
120 460/320| 335/245 | 300/220 | 260/190 | 240/185 | 270/200
150 520/360 | 385/290 | 335/255 | 300/225 | 275/210 | 385/230
185 580/405 — 380/290 | 340/250 | 310/235 | 345/260
240 675/470 — 440/330 | 390/290 | 355/270 —

Ilpumeuanue. Ilepen depToil yKka3aHBI TOKM KaOeneH, MPOKIAIbIBAEMBIX
B 3eMJIe, 32 YepTOi — B BO3IyXe.
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Ta6muuna I13.12

HOHyCTI/IMLIe JJIMTCIIBHBIC TOKH JIsI OJHOXKHIIBHBIX Kabesen
C H30J'I$IIII/ICI71 U3 CIOUTOIO MOJIUITUIICHA HAIPSAXKCHHUEM 10 xB

TokoBble Harpy3ku, A

Ceucnne MEIHBIC KIUTBI ATFOMHHHUEBBIC SKIJIBI
TOKOIpPO- | TMPOKIaaKa MIPOKJIaIKa MIPOKJIaIKa TIPOKJIAIKA
BOJSALICH B 3eMJIE B BO3yXE B 3eMJIC B BO3IYXE
HILTEL, B Tpe- B Tpe- B Tpe- B Tpe-
MM IUIOC- | YTOJIb- | IUIOC- | YIOJb- | IUIOC- | YTOJIb- | IUIOC- | yIOJb-
KOCTH | HUKOM | KOCTH | HUKOM | KOCTH | HUKOM | KOCTH | HUKOM
35 221 193 250 203 172 147 188 155
50 250 225 290 240 195 170 225 185
70 310 275 360 300 240 210 280 230
95 336 326 448 387 263 253 349 300
120 380 370 515 445 298 288 403 346
150 416 413 574 503 329 322 452 392
185 466 466 654 577 371 364 518 450
240 531 537 762 677 426 422 607 531
300 590 604 865 776 477 476 693 609
400 633 677 959 891 525 541 787 710
500 697 759 1081 |<1025 | 587 614 900 822
630 762 848 1213+ 1166 | 653 695 1026 | 954
800 825 933 1349 | 1319 | 719 780 1161 | 1094

Tao6muma I1 3.13

JlonycTuMble AIUTENbHbBIE TOKU AT TPEXKWIBHBIX OPOHHPOBaHHBIX
U HEOpOHUPOBAHHBIX Kabesell ¢ U30JIMEN U3 CIIUTOrO IOIUITUIIEHA

Ha HamnpsibkeHue 6 kB

Ceuenne ToxoBbl€ HArpy3Ku, A
TOKOIPO- MIPOKJIAKA B 3eMJIE TIPOKJIA/IKA B BO3AYXE
BOJIAIIEH IIOMHHUEBBIE ANFOMHHUEBBIE
2 | MEIHBIE KHJIIbI MEIHBIC KHIIbI
HAKUJITBL,MM JKHJIIBI JKHJIBI
35 164 126 179 138
50 192 148 213 165
70 233 181 263 204
95 279 216 319 248
120 316 246 366 285
150 352 275 413 321
185 396 311 417 368
240 457 358 550 432
300 557 442 630 495
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Tabmnna I1 3.14

JlomyCTUMBIE JUTUTEBHBIC TOKHU JIJIS TPEXKUIIBHBIX OPOHUPOBAHHBIX
1 HeOpOHUPOBAHHBIX Kabesel ¢ N30IAIMel U3 CITUTOTrO OJMITHIICHA
Ha Hanpspkerne 10 kB

Ceyenne ToxoBble Harpy3ku, A
TOKOIIPO- MIPOKJIaIKa B 3eMiIe MPOKJIaaKa B BO3AyXe
BOAALIEH
) AIIOMUHNEBBIE AIFOMHHUEBBIC
AKUJIBL,MM~ | MEJHBIC JKUIIBI MEIHBIE KB
HKHITBI JKHUITBI
35 192 145 196 151
50 207 156 206 159
70 253 193 255 196
95 300 233 329 255
120 340 262 374 291
150 384 300 423 329
185 433 338 479 374
240 500 392 562 441
300 573 460 635 501

Ta6mmna I13.15

[MonpaBouHbIe K03 (MUIHEHTHI HA JOMMyCTUMBIE TOKH JUTs Kadeen
Y3 CIIMTOTO TOJUATHIICHA, YUUTHIBAIONIUE TEMIIEPATyPY
OKpY>KaroIen cpebl

YcnoBus [TompaBounsie K03 GUIMEHTH IpH TemmepaType, °C
npo-
kiaakm | -5 | 0 5 110 15]20 |25 |30| 35|40 (45| 50

3emns |1,13| 1,1 |1,06{1,03| 1,0 |10,97|0,93|0,89|0,86(0,820,77|0,73

Bo3myx |1,21|1,181,14|1,11|1,07|1,04| 1,0 {0,96(0,920,88]0,83{0,78
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Ta6muua I13.16

JlommycTrMbIe TOKH OJHOCEKYHIHOTO KOPOTKOTO 3aMBIKaHUS KaOeei
C M3OJIAIIMEH U3 CIIUTOTO MOJUATIICHA HanpsbkeHneM 6—10 kB

Ceuenrie TOKONPOBOAIEH: JlomyCTUMBIN TOK OJTHOCEKYHTHOT'O KOPOTKOTO
2 3aMBIKaHUs Ka0els, KA
JKUJTBI, MM = > > .
C MEITHOM KO C AIFOMUHUEBOM JKUITOM
35 5,0 3,3
50 7,15 4,7
70 10,0 6,6
95 13,6 8,9
120 17,2 11,3
150 21,5 14,2
185 26,5 17,5
240 34,3 22,7
300 42,9 28,2
400 57,2 37,6
500 71,5 47,0
630 90,1 59,2
800 114,4 75,2

Tabmuma I13.17

}IOHyCTI/IMLIe TOKH OJJHOCCKYHIHOI'O KOPOTKOT'O 3aMbIKaHUA
B MCIIHBIX 3KpaHax Kabeeit ¢ PI30J]$1HH€I>'I N3 CIHIMTOI'O ITIOJIHUITUIICHA

HanpspkeHnueM 6—10 kB

CedeHne METHOTO SKpaHa,
2

Tok OQHOCEKYHIHOTO KOPOTKOI'O 3aMbIKaHU,

MM KA
16 3,3
25 5,1
35 7,1
50 10,2
70 14,2
95 19,3

Ilpumeuanue. 11 Npyrux ce4eHUH MEIHOTO 3KpaHa IOIMYCTHMBIH TOK OJI-
HOCEKYHIHOTO KOPOTKOT'O 3aMbIKaHUs IPUHHMAETCs PaBHBIM IIPOM3BEACHUIO
ko3(duumenta 0,203 (KA/MM”) Ha 3HAUCHHE CEUEHHS MEIHOTO SKPAHa, MM’
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Ta6muma I13.18

[MonpaBouHbie KOAPDUITMESHTHI Ha KOJIMYECTBO pa0OTAIONIMX Kabeme,
JIeKaIUX PAIoM B 3emiie (B TpyOax wim 6e3 Tpyo)

Paccrosnue Koaddunuent npu xonuuectse kadeneit
MEXIy KaOemsaMu
B CBETY, MM 1 2 3 4 5 6
100 1,0 0,9 0,85 0,8 0,78 0,75
200 1,0 0,92 0,87 0,84 0,82 0,81
300 1,0 0,93 0,90 0,87 0,86 0,85

Taomuua I13.19

3uaueHue koddduuenta C i pacyeTa CeUeHUH MPOBOHUKOB

IO TEPMHYECKON CTOUKOCTH

Bun npoBoaHnka

3uauenue C,

A-c0 /vm?
[[IuHBI aTIOMUHUEBBIE 91
Kabenu ¢ anoMUHHUEBBIME XKUJIaMK ¢ OyMa)KHOH MPOTH- 100
TaHHOM M3ossinKel HanpspkeHueM 10 kB
Kabenu ¢ aimoMUHUEBBIMY KUIaMu ¢ OyMa>KHOH ITpOTIH- 08
TaHHOU M30JsILMell HanpshxkeHueM 6 kB
Kabenm ¢ MeaHBIME XHUIaMH ¢ OyMaXKHOW IIPOITUTAaHHOH 150
n3ossiuueit Hanpsbkenuem 10 kB
Kabemnu ¢ MegHBIMHE K¥1aMu ¢ OyMa)KHOU TIPOTIMTAaHHOMN 147

m3omAnueit HanpsokerneM 6 kKB
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Ta6muuna I13.20

COHpOTI/IBJ'IeHI/IH MIPOBOJOB U TPCXIKUIIbHBIX KaOeei

AKTHBHOE COMPO-

WunyxTrBHOE conpoTHBieHne, OM/KM
(MOwm/m)

Ceuenne | TUBJICHHE XKHITbI =
0 Ka0emb C MOsSCHOM
tokompo- |1pu 30 °C, OM/km Bomsimel Hanms | TPH TPOBOzIa B TpyOe,
BOJIAIIEH (MOm/m) 1 P Ka0elb C Pe3UHOBO
5 JKeHneM, kB
JKWJTBI, MM WJIH TIOJTMBUHIITXJTO-
aJIOMHU- . N N
. | MeqHOM 1 6 10 PUIHOK H30ISIIMEN
HHUEBOH
1,5 — 12,3 — — — 0,126
2,5 12,5 7,4 0,104 — — 0,116
4 7,81 4,63 | 0,095 — — 0,107
6 5,21 3,09 0,9 — — 0,1
10 3,12 1,84 10,073 | 0,11 — 0,099
16 1,95 1,16 10,0675| 0,102 | 0,113 0,095
25 1,25 0,74 10,0662| 0,091 | 0,099 0,091
35 0,894 0,53 10,0637| 0,087 | 0,095 0,088
50 0,625 0,37 10,0625] 0,083 | 0,09 0,085
70 0,447 | 0,265 [0,0612| 0,08 | 0,086 0,082
95 0,329 | 0,195 ]0,0602| 0,078 | 0,083 0,081
120 0,291 0,154 10,0602| 0,076 | 0,081 0,08
150 0,208 0,124 10,0596| 0,074 | 0,079 0,079
185 0,169 0,1 10,0596| 0,073 | 0,077 0,078
240 0,13 0,077 10,0587| 0,071 | 0,075 0,077

Tabmuna I13.21

SHCKTpI/ILICCKOG COIMMPOTHUBJICHUC TOCTOAHHOMY TOKY KHJI Kabeneit
C M30JIHUEH U3 CIIUTOTO IOJUATHICHA

Cedenne TOKONPOBOASALLEH

Comnpotusinenue xxwibl ipu 20 °C, OM/kmM

JKHJTBI, MM° MEJIHBIC KHIIBI AIFOMUHUEBBIE JKUJIBI
35 0,524 0,868
50 0,387 0,641
70 0,268 0,443
95 0,193 0,320
120 0,153 0,253
150 0,124 0,206
185 0,099 0,164
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Oxonyanue 1a0n. 3.21

CeveHne TOKOMPOBOAAIIEH Conporusienue xuisl npu 20 °C, OM/km
JKUIIBL, MM’ MEJTHBIC KUJIbI AIFOMUHUEBBIE KUIIbI
240 0,075 0,125
300 0,060 0,100
400 0,0470 0,078
500 0,037 0,061
630 0,028 0,047
800 0,022 0,037

Taomua I13.22

DJEKTPUUYECKOE CONPOTUBIICHHE IEPEMEHHOMY TOKY JKWJI Kabemen
C M30JILIUMEN U3 CIIMTOTO HOJIMATHIICHA

CeueHne TOKOMPOBOZAIIEH Comporusnenue xuibl pu 90 °C, OM/kM
JKUJIBL, vive ME/THBIE KUJIBI AJIFOMUHUEBBIE KUIIbL
35 0,668 1,113
50 0,494 0,822
70 0,342 0,568
95 0,247 0,411
120 0,196 0,325
150 0,159 0,265
185 0,128 0,211
240 0,098 0,161
300 0,079 0,130
400 0,063 0,102
500 0,051 0,080
630 0,041 0,064
800 0,032 0,051
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Tabnuma I13.23

WMHOyKTHBHOE CONMPOTHBIIEHUE TPEXKIITBHBIX Kabemeit
C M3OJIAIMEH U3 CIIMTOTO MOMUATHIIEHA

Ceyenne | VHAyKTHBHOE CONPOTUBIICHUE OAHOKUIBHBIX Kademei, OM/KM,
TOKOTIPO- Ha HOMHMHAJIbHOE HaMpsbKEHUE
BOJIAIIEH 6 kB npu npokiaake 10 kB npu mpokiagke
KIJTBL, MM” | B TLIOCKOCTH TPEYTOJBbHUKOM | B TNIOCKOCTH | TPEYTOIbHUKOM
35 0,170 0,127 0,175 0,133
50 0,163 0,121 0,168 0,126
70 0,156 0,114 0,160 0,118
95 0,149 0,106 0,153 0,111
120 0,144 0,102 0,148 0,106
150 0,139 0,098 0,143 0,101
185 0,136 0,094 0,140 0,098
240 0,133 0,091 0,136 0,094
300 0,129 0,087 0,131 0,089
400 0,127 0,085 0,128 0,086
500 0,125 0,083 0,125 0,084
630 0,122 0,081 0,124 0,082
800 0,120 0,079 0,120 0,079

Taomuua [13.24

WHAYKTHBHOE CONPOTHBIIEHUE TPEXKIITBHBIX Kabemneit
C M30JLAIMEH U3 CIIUTOTO MOMUATHIIEHA

o I/IH}IyKTHBHOG COITPOTUBJICHUE TPEXIKUJIIBHBIX
Ceuenue TOKOTIPOBOISIIEH N
2 kabenei, OM/KM, HA HOMUHAJIbHOE HANIPSDKECHHUE
HKHITBI, MM

’ 6 kB 10 xB
35 0,103 0,109
50 0,098 0,104
70 0,093 0,098
95 0,087 0,092
120 0,084 0,089
150 0,081 0,085
185 0,079 0,082
240 0,077 0,080
300 0,070 0,077
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Tabmuna I13.25

JomyCTUMBI JUIMTENBHBIN TOK JJI aJIIOMUHUEBBIX IMH
MPSAMOYTOJIBHOTO CEYEHUS

Pazmepsnl, MM Jomyctumslii Tok, A
25 %3 265
30 x4 365
40 x 4 480
40 x5 540
50 x5 665
50 x 6 740
60 x 6 870
80 x 6 1150
100 x 6 1425
60 x 8 1025
80 x 8 1320
100 x 8 1625
120 x 8 1900
60 x 10 1155
80 x 10 1480
100 x 10 1820
120 x 10 2070

Ta6muna I13.26

BpemennbIe cOnpoOTHBIIEHNUS pa3phIBY U JOITYCTHMEbIE HATIPSKEHUS
B MaTepHaJie ImH

GB (¢ oM = 0,70 B
IInomans
Marepuai Mapka | nonepedyHoro Mlla, Kre/MM? Mlla, KIC/MM>
2 > ’
CEUYeHUs, CM HE e menee| _ "¢ | me Gonee
MeHee Gornee
AJrroMuHuH AJ1IO o 100 70 7 49 4.9
. Or 100
AIOMAHAN AJIO 10 300 60 6 42 4,2
ATIOMUHHEBSI | A 31T | Bee pasmepst | 130 | 13 | 91 | 9.1
CILIaB
ATIOMMHUEBBIN AJIBITI | Bee pasmepsi | 200 20 136 13,6
CIIaB
ANOMUHKEBBIT AJIBITS | Bee pasmepst | 160 16 108 10,8
CIIIaB
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Ta6mnuuna I13.27

3HaYeHUS OCTOSHHOMN BPCMCHHU 3aTyXaHUA anepnoz[quCKoﬁ
COCTaBJlHIOH_Ieﬁ TOKa KOPOTKOT'O 3aMbIKAHUA U YAAPHOTO KOS(I)(i)I/ILII/IeHTa

XapaKkTepuCcTHKa HCTOYHIKA ITUTaHUs cUcTeMBbl | [locTosHHAS V 1apHbi
AIEKTPOCHA0XKEHHUS, B KOTOPOH PACCUUTHIBACTCS | BPEMEHHU s1ap
K03 (hpurmeHT
TOK KOPOTKOTO 3aMbIKaHHS 3aTyXaHmusl, C
Cucrema, CBsI3aHHASI CO COOPHBIMU IIUHAMH, TIC
paccMaTpuBaeTCsi KOPOTKOE 3aMbIKaHUE, BO3-
JYLIHOM JTUHHUEN HanpsbkeHueM, KB:
35 0,02 1,608
110-150 0,02—0,03 1,608-1,717
220-330 0,03-0,04 1,717-1,78
500-750 0,06-0,08 1,85-1,875
Cuctema, CBsI3aHHAsI CO COOPHBIMH IIUHAMH Ha-
npspkeHneM 6—10 kB, rie paccMatpuBaeTcst KO-
POTKOE 3aMBIKaHHE, Yepe3 TPAaHCPOPMATOp.C CITH-
HAYHOM HOMHHAJILHOM MOIIHOCTEIO, MB-A::
80 u BBIIIIE 0,06-0,15 1,85-1,935
32-80 0,05-0,1 1,82-1,904
5,6-32 0,2-0,05 1,6-182
PacnpenenurenbHbie ceTu Hampsbkenuem 6—10 kB 0,01 1,369

166




MNPUJIOKEHUE 4

TexHHUYeCKHE XaAPaKTEePUCTUKH 3ﬂeRTp060py&0BaHHﬂ
HaNPAKEHUEM BbILIEC 1 kB

Tab6muua I14.1

Brixurouarenu ais BHyTpEHHENH yCTAaHOBKHU

vl HomunanbHblit i Tox TepMUUECKON CTOM-
Tun HoM?| THOM? | Tok oTKIIOYe- | M7 | KocTH, KA/momycTrMOe
KB A HUA, KA KA BpEMs ero JeucTBus, C
BB/TEL-10-12,5/630¥2 | 10 | 630 12,5 32 12,5/3
BB/TEL-10-20/1000Y2 | 10 | 1000 20 52 20/3
BB/TEL-10-20/1600Y2 | 10 | 1600 20 52 20/3
BB-10-20/630Y3 10 | 630 20 52 20/3
BB-10-20/1000Y3 10 | 1000 20 52 20/3
BBD-10-20/630Y3 10 | 630 20 52 20/3
BB53-10-31,5/1000Y3 10 | 1000 31,5 80 31,5/3
BBD>-10-31,5/1600Y3 10 | 1600 31,5 80 31,5/3
BOM-102-1000/20V3 10 | 1000 20 52 20/4
BIIM-10-20/630Y3 10 | 630 20 52 20/4
BIIM-10-20/1000Y3 10 | 1000 20 52 20/4
BIIMII-10-20/630Y3 10 7| 630 20 52 20/4
BMII>-10-1000-20Y3 10 | 1000 20 52 20/8
BMII>-10-1600-31,5Y3 | 10 | 1600 31,5 80 31,5/4

Tabmuua I[14.2

PasbennHuTENN 11 BHYTPEHHENW yCTaHOBKU

U I . Tox TepMUYECKOM CTOM-
Tun foM? HoM? A KOCTH, KA/IOIyCTHMOE
kB A KA BpEMsI €ro JICUCTBHS, C
PB3-10/630Y3 10 630 52 20/4
PB3-10/1000 Y3 10 1000 81 31,5/4
PB®3-10/630Y3 10 630 52 20/4
PB®3-10/1000¥3 10 1000 81 31,5/4
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Tabmuna I14.3

Breiktouarenu Harpy3ku

[Ipenenbubiit | Tok Tepmuye-
Haubounb- | ckBO3HOM TOK, KA | CKOI CTOMKO-
Tun Uvons | Luom» | 1wt Tox i cTH, KA/mo-
kB A OTKJIFOYEC- | aMILIN- JACUCTBY- HyCTI/IMoe
HUSL, A | TyoHbI# | romuit BpEMsi €T0
JIGACTBUS, C
BHP-10/400-103Y3 10 400 800 25 10 10/1
BHP;-10/400-103Y3 10 400 800 25 10 10/1
BH-10/630-103Y3 10 630 630 41 10 16/1
BHII-10/630-103Y3 10 630 800 51 10 20/1
BHTSM-10/630-103Y3 10 630 1000 80 10 31,5/1
BH-11-10/200-103Y3 10 200 400 80 10 31,5/1
BH-16-10/200-103Y3 10 200 400 25 10 6/10
BHIIP-10/630-103Y3 10 630 630 41 10 16/1
Tabnuna [14.4

TpanchopMaTopsl TOKa [Tt BHYyTPEHHEH YCTAHOBKU
HanpspokeHueM 10 kB

Tepmuueckas
Homunansnsii | Kaace Touno- | Homu- ngﬁiﬂgﬂg CTOHKOCTB
Tun nepBuuHpIii Tok | CTH M3MEpH- | HaubHas | o L 07| HIH KpaT-
TEJNbHOU 00- | HAarpy3Ka, HOCTB/J10-
Liowts A o WK Kpar-
MOTKH M HOCTE MyCTHMOE
BpeMsi, C
30; 50; 75;:100 | 0,2; 0,2S; 0,5;
TIUI-10 150: 200 0.5S: 10P 0,4 250 45/3
0,2;0,25;0,5;
TIUI-10 300 0.55: 10P 0,4 175 45/3
0,2; 0,2S5;0,5;
TIUI-10 400 0.55: 10P 0,4 165 35/3
) 0,2;0,25; 0,5;
TIIOJI-10 600;800 0.55: 10P 0,4 81 32/3
0,2;0,25;0,5;
TIOJI-10 1000 0.55: 10P 0,4 69 27/3
0,2;0,25;0,5;
TITIOJI-10 1500 0.55: 10P 0,4 45 18/3
30; 50 8 1,6/3
100; 150:200 | 0.2:025: 05, 25 43
TJIK-10 300; 400 0.58; 10P 0.4 o s
600; 800; 1000; ]1 31.5/3
1500 ’
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Tabmuuna I14.5

TpancdopmaTopbl HaNPsHKEHUS T BHYTPEHHEH YCTaHOBKU
Hanpsbkenuem 10 kB

HomunanbHast MOIIHOCTE, B-A,
Tun B KJIacce TOYHOCTHU Ipenenpas
MOIIIHOCTB, B-A
0,2 0,5 1 3
HOJI.08 50 75 150 300 640
3HOJI.09 50 75 150 300 640
3HOJIL.06 50 75 150 300 640
HOM - 75 150 300 640
3HOM - 75 150 300 640
Tab6muma I[14.6

IlnaBkue npeaoxpaHuTeNnn

HoMuHanbHBIN TOK
Tun Uiou> KB Loow> A OTKIIIOYEHHS, KA

TIKT-102-10-40-12,5V3 10 40 12,5
IIKT-103-10-50-31,5VY3 10 50 31,5
TIKT-103-10-80-20Y3 10 80 20
TIKT-103-10-100-12,5V3 10 100 12,5
TIKT-104-10-100-31,5Y3 10 100 31,5
TIKT-104-10-160-20Y3 10 160 20
IIKT-104-10-200-12,5¥V3 10 200 12,5
TIKD3-107-10-31,5-12,5VY3 31,5

10 12,5
IIKD-107-10-40-12,5Y3 40
TIKD>-108-10-50-12,5VY3 50

10 12,5
IIKD-108-10-80-12,5VY3 80
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MNPUJIOKEHHUE 5

DJIeKTPOU3MepUTeIbHbIe MPHOOPDI

Tab6muma I15.1

AMIepMeTpHI U BOIBTMETPHI

[ToTpebisiemast MOLITHOCTD
HaumenoBanue Kinacc
Tun npubopa KaTymku, B-A
npudopa TOYHOCTH

HaINpPsDKEHUs TOKa
Awmnepmetp 98030; 98030M 1 2,5 - 2,5
Awmnepmetp 98032; 98032M1 1,5 - 1,5
Awmnepmerp 928035; 98035M1 1,5 — 1,5
Bo . 98030; 25 o 250 B - 5; 3

JINTMETP 58030M1 ’ 500-750 B 10
58032: 10250 B —4;

BoasT™merp 58032M1 1,5 1o 500 B - 6; -

10 600 B —8
BoasT™meTp 28035; 98035M1 1,5 5 —

Tab6muua I15.2

CueTunku Tpexha3HbIe 1) U3MEPECHUS aKTUBHOM

nu pCaKTHBHOﬁ OHEPTUU B IBYX HAIIPABJICHUAX

[orpebnsemas Cre-
Kitacc TOYHOCTH | MOLIHOCTb KATYIUKM, | reqp
HaunmeHnoBanue B-A (Br) 3aIn-
IIpousBogurens
npu6opa 0 aK- | IO peak- ThI
TUBHOW | TUBHOM I:Kael;p;}; TOKa 06o-
SHEPIHH | SHEPrUU JIOUKH
HIT OO0 «I'pan-
I'pan-DOnexrpo Cucrema-Cy, 0,25;
€C-301 Pecny6mca | 055 | O ! 0,5 P31
benapycp
Konuepu
«DHepromepay, 9 B
CE303 Poccniickas 0,58 1,0 0.8) 0,2
Denepanust
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Oxonyanue taon. I15.2

IMotpebdnsemast Cre-
Kitacc TOYHOCTH | MOLIHOCTb KATYHIKH, | reqp
HaunmenoBanue B-A (Br) 3amu-
[IpousBoaurens
npubopa 0 aK- | IO peak- TBl
. . | Hamps- 60-
THBHOH | THBHOH | _ TOKa o
SHEPIrUH | SHEPTUU JIOUKH
COT- O&?&‘%ﬁi&”’ 02s; | 05 | 25 ol -
4TM.02MBY y 0,58 L0 | (1,5 g
Benapycs
0,01 -
Tparcdop-
0,25; 0,5; 36 MaTopHOe
Anbsda A1800 0,5S; 1; 1,0; (i) BKIL; IP54
2 2,0 0,04 —
Herocp.
CIIOOO BKIL
«QnbcTep 7
MeTpoHHKaY, 3 106
Poccuiickas (2,5-107) -
Denepanys Tparcdop-
1L0- 13 MaTopHOe
Anbda A1140 0,55; 1 oy ’ BKIL; IP53
2,0 0,8) 6
15-10
(12,5 -10% —
Herocp.
BKJL.
Konuepn
«OHepromepar, 0,2S; 0,5; 4
56850M Poccutickas 0,5;1 1;2 (1,5) 0.1 P31
Denepauus

Ilpumeuanue. Jlji1 CYETUMKOB AKTUBHOM M PEAKTUBHON 3HEPIUU MOXKET
6w1TH TIpUHsATO 3Hauenue cos P = 0,38, sing =0,925.
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Tabmuna I15.3

CueTynku TpeX(I)a3HI>Ie AJ1d U3MECPCHUS aKTHUBHOM
nu peaKTHBHOfI OHCPTryuu B OAHOM HAIIPABJICHUN

[otpednsemas
HaumenoBanue 1} P Kracc MOUIHOCTb KaTYyIIKH,
npu6opa P a TOYHOCTH B-A (Br)
HAIpPSDKSHHUS | TOKa
OHEPI'US 9BY | ®umman «Oueprocosm» | 0,2S; 0,5S; 36 03
CTK3 PVII «"omens3HEproN» 1,0 ’ ’
000 «DaHUTIONbCKHIA
3aBOJI K3MEPUTEIIBHBIX 9
CE301 BY prubOpoB «IHEPTo- 0,55; 1,0 (0.8) 0,1
Mepay, Pecry6nnka ’
benapych
OAO «bpecrckuit
COT 7007.H anexktpomexanndeckuii | 0,55; 1,0; 1,5 02
' 3aBOJI», Pecny6nuka 2,0 ’
Benapycs
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