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AHHOTAIMSA

Brinmycknas kBanudukannoHHas pa0oTa BBIMOJHEHAa Ha 53 CTpaHHMIAX,
COACPXKUT S5 PUCYHKOB, 10 Tabnui, 32 HCTOYHWKA JUTEpaTyphl, a Takke 2
IPWIOKEHUS Ha 4 CTpaHULAX.

KmroueBole cimoBa: TPAHCDOOPMATOP, OSJIEKTPOCHABXEHMUE,
DJIEKTPOOBOPYIOBAHMUE, DJIEKTPOBE3OITACHOCTD,
DJIEKTPUUYECKAS HATPY3KA.

Kucmuupin A. E. Pa3paboTka 351eKTpOCHAOXKEHHS TEIJIOBOTO IYyHKTA:
BBIMMYCKHAs KBanuQukaruonnas padora / A. E. Kucnuueis; Poc. roc. mpod.-nien.
yH-T, WH-T wuHX.-ieq. oOpa3oBanus, Kad. sHepretuku u TpaHcnopra. —
ExatepunOypr, 2018. — 53 c.

Kparkas xapakrepucrtuka conepxanus BKP:

1. Tema  BeINyCKHOW  KBaM(UKAIMOHHONW  paboTel  «Pa3paboTka
ANEKTPOCHAOKEHHS TETIJIOBOTO MTyHKTa.

2. llenp BBIMYCKHOM KBaM(UKAIMOHHONW PabOTHI SBIISIETCS pa3padoTaTh
CUCTEMY 3JIEKTPOCHAOXKEHHUSI [ICHTPAIBLHOTO TEIIOBOIO MyHKTA.

3. B Xone BbINMOJHEHUS BBIMYCKHOW KBalIU(PUKAIIMOHHON paboThl ObLI
NpoU3BEAEH pacy€T HArpy3kd TEIUIOBOrO IMYHKTa HAa OCHOBAHUM KOTOPOTO OBLI
BBIMIOJITHEH  pacyeT TOKOB  KOPOTKOTO  3aMbIKaHUS, BBIOOpD  CHJIOBOTO
TpaHcopmartopa, KpoMe 3TOr0 MPOHM3BEJAEH BHIOOP 3alMTHOW ammaparypbl U
IIPOBOJTHUKOB. Taxxe ObL1a BBITIOJIHEHA poBepKa BBIOpAHHOTO
3IIEKTPOOOOPYIOBAaHUS U TPOU3BENIEH pacyeT 3alUTHOIO KOHTypa 3a3€MJICHUS.
PaccmoTrpensl  Bompochl 0€30MacHOCTH M AKOJOTMYHOCTH TEIUIOBOTO IMYHKTA.
BriOpansl  Mepbl 1O  TEXHUKE  O€30MAaCHOCTH,  DJIEKTPOOE30MacCHOCTH,

IPOTHUBOIIOKAPHOM 3aIUTE U BO3JEHCTBUS HA OKPY>KAIOLIYIO CPEy.
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BBEAEHUE

OnexTpocHabKeHHe — 3TO MOCTOSTHHAs paboTa M KOMILIEKC B3aMMO3aBUCHUMBIX
ANIEKTPOYCTAHOBOK, TOATOTOBICHHBIX C IENbIO  TMPOM3BOJCTBA, TMEpeaunl U
pacrpezeneHus AIEKTPOIHEPTUH TTOTPEOUTETIO.

Cucrema 371eKTpocHAOXKEeHUsT 00beKTa 00s13aHa TapaHTUPOBAaTh YA00CTBO U
0e30MacHOCTh B OOCIYKMBAaHMHM, HEOOXOJUMOE KaueCTBO DJEKTPOIHEPTUU U
OecriepeOOMHOCT  ANEKTPOCHAOXKEHUSI B~ HOPMajibHOM, AaBapUMHOM U
noclieaBapuitHOM pekuMax. BMecTe ¢ 3TuM, cCUCTeMa 3JIeKTPOCHA0KEeHUs 00s3aHa
OBITh JOCTATOYHO SKOHOMHYHOM. /[0CTaTOuHO 3HAYMTENTHHBIE BCIIOMOTATENIbHBIC
YCIIOBUSI TPEABSIBISIOT DJICKTPOTPUEMHUKH C CUJIBHO HEYCTOWYMBOHN yHAapHOM
HArpy3Kol W moTpedurtenu, TpeOyrommue TOJIbKO Oecrepe0OMHOr0 MUTAHUS MpU
pa3nuuHBIX pexkuMax pabotel. C  IeNbl0  HCIONHEHHUS a0CONIOTHO BCEX
BBIIICH3IIOKEHHBIX OOCTOSTENBCTB CIIEMYeT emé Ha CTaaAud TPOCKTUPOBAHUS
rapaHTUPOBAThH CO3/IaHKE TOIXOSIICH CUCTEMBI AIIEKTPOCHAOKEHHUS.

3amaqn 3JIeKTPOCHAOKEHUS:

1. HagexxHOCTh, KOTOpas 3aBUCUT OT TWPABHIBHOTO BBIOOpa CXeM
000pyI0BaHus U 3aIIUTHI 110 KaTteropusim OI1.

2. KadectBo oOecrmeurnBaeT HOPMHUpPOBaHWE KOJICOAHHWA HANPSDKCHUS |
YaCTOTBHI.

3. DKOHOMHMYHOCTb - 3TO MOTPEOJCHHUE BICKTPOIHEPTHH C HOPMAIIbHO
paboTaromumM 000pyI0BaHUEM, T.€. C HAMOOJIBIIICH OTaaueH.

3ajaun 3JIEKTPOCHA0KEHMSI HE JOJDKHBI PEAIM30BaThCs, B CIIy4Yae €Clid He
yCTaHOBJICHBI BCe 0€3 MCKIIOUeHUs TpeOyemble Meponpustus coriaacao OT, T. k.
HE BBIMOJIHEHHE MTPABWII MPUBOIUT K HECYACTHBIM CIIyYasiM, TPaBMaM U YBEUbsM, a
IPOCYETHI AJIEKTPOCHAOKEHHUS] HMEIOT BCE IIAHCHl TMOCIYXUTh HPUUYUHOU K
HETaTUBHBIM BIUSHUSM Ha YKOJIOTHIO OKPYXKAIOIICH CPEIbl.

B cucreme »nekTpocHaOXKEeHHS OOBEKTOB MOXHO OTMETHUTh 3 THIA

ANEKTPOYCTAHOBOK:
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® 3JIEKTPUYECKHE CTAHLIMH (IO MPOU3BOJICTBY JIEKTPOIHEPTUN);

® DJJEKTPUYECKHUE CETH M MOJCTAHIMHU (MO Mepeaaye, mpeodpa3oBaHUIO U
pacIpeeIICHUIO AICKTPOIHEPTHH);

® T[IPUEMHHUKU DJEKTPOIHEPrHUH (MO MOTPEOIECHUIO JIIEKTPOIHEPIUU B
MPOU3BOICTBEHHBIX U JIOMAITHUX HYXJaX).

DrexTpocHabKeHUEe TEIUIOBOTO MYHKTa MOJpa3yMeBaeT COOOI0 OIepaluio
pPa3BUTHSA U NPHUHATHS 3aKIOYEHHH B COOTBETCTBUU C CXEMAMHU AJIEKTPUUYECKUX
COCIMHEHUI,  COCTaBy  AJIEKTPOOOOpPYIOBAaHUS U  €r0  pa3MeICHHUIO,
B3aMMOCBS3aHHbBIN ¢ (POPMHUPOBAHUEM PACUETOB, TIOMCKOM U3SALIHBIX KOMIIOHOBOK,
ONTUMU3ALIUEN PJIEMEHTOB U 00BEKTA B LIeJIOM. [ 1aBHOE 000pyA0OBaHHE TEMJIOBOTO
MYHKTa paCCUUTHIBACTCSI HA OCHOBE YCIIOBUI MPaBUII MPUOOPOB JIEKTPOYCTAHOBOK
(ITY3) u 1omKHO COOTBETCTBOBATh IUIAHY paOOThl CXEMbl, B KOTOpPOH
YCTaHOBJICHO.

TemoBble MyHKTHI B YacTU MPOYHOCTH 3JIEKTPOCHAOKEHUS HEOOXOIMMO
OPUYUCIATh K dJekTpornpueMHukaM Il rpynmbl npu  MOHTaxe B HHX
NOJIKAYMBAIOIIUX MHKCEPHBIX M OOOpPOTHBIX HACOCOB CHCTEM OTOIUICHUS,
BEHTWISILIUU U TOPSIYEr0 BOJOCHAOKEHHUA, a KpOME TOTO 3allOpHOI apMaTypbl Npu
TeJeyNnpaBleHud. B TEemiaoBbIX NYHKTaX HEOOXOJUMO YYHUTHIBaTh padouee
UCKYCCTBEHHOE ocBenieHue paau VI paspsina BusyasibHOW pabOThI M aBapuUifHOE
OCBEIICHHE.

DJeKTpuYecKue CceTh O0S3aHbl TapaHTUPOBATh BEPOSTHOCTH PabOTHI
CBAapHBIX  arperaroB M pPYyYHOIO  DJIEKTPOMEXAHWYECKOTO  HHCTPYMEHTA.
O6opynoBanue 00g43aHO COOTBETCTBOBATh yCJIOBUsIM [1YD ¢ 1enbio 1esaTeabHOCTb
BO BJIQXHBIX ITOMEIICHUSAX, a B IOJ3EMHBIX BCTPOCHHBIX U IPUCTPOEHHBIX
TEIJIOBBIX MYHKTaX - B CBHIPbIX MOMEIIEHUAX. JlJI1 METaINIMYECKUX 3IIEMEHTOB
3JIEKTPOYCTAHOBOK, HE HAXOAAIIUXCS TOJ HampsDKEHUEM, JOJDKHO — OBITh
IIPELYCMOTPEHO 3a3EMIICHHUE.

OOBEKTOM  HCCIIEJOBAaHUSI  BBIMYCKHOM  KBaJIU(UKAIMOHHOM  palbOThI

ABJIACTCA I.ICHTpEU'IBHBIfI TEILIOBOM ITYHKT JKHWJIBIX IOMOB.
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[IpenmeTromM wHccnenoBaHUs BBIMYCKHOM  KBaTU(UKALMOHHOW pabOTHI
SBIICTCS AIIEKTPOOOOPYI0BAaHUE LIEHTPAIIBHOTO TEIJIOBOTO MTyHKTA.

lenb naHHOW  BBIMYCKHOM  KBaJIM(UKAIIMOHHOW  pabOThl  SBJISIETCS
pa3paboTaTh CHCTEMY OJJIEKTPOCHAOXKEHUS LEHTPATbHOTO TEIIOBOTO ITYHKTA.
['aBHOM 11€7bI0 BBIMOJHEHUSI pa0OTHI SBIAETCS MPOBEPKA YCBOEHHUS TUCLMUILUIUH,
IPEAYCMOTPEHHBIX  Y4YEOHBIM IJJaHOM, U  (OpMUPOBaHHE BO3MOXKHOCTHU
HE3aBUCHMO  YJaXXUBAaTh IPAKTUYECKUE 3aJa4d IPOCKTUPOBAHUS  CHUCTEM
AJIEKTPOCHA0KEHHUS.

3amaun paboThI:

® [IPOM3BECTHU PACYET ICKTPUUYECKUX HATPY30K;

® [IPOM3BECTH pacyeT U BbIOOp TpaHchopMaTopa;

e BbBIOpaTh MPOBOJIA AJI BHEIIHUX U BHYTPEHHUX AJIEKTPOIPOBOJIOK;

® POU3BECTHU PacyeT U BHIOOP YCTPOICTB 3aIUTHON anmaparypsbl;

®  BBINIOJHUTH IPOBEPKY BHIOPAHHOI 3aIIUTHOM anmaparypbl;

® [IPOM3BECTHU PACUET 3a3€MIIAIOIIETO YCTPOUCTBA,

e pa3paboTaTh MPAKTUYECKOE 3aHSITHE.
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1. XAPAKTEPUCTHUKA TEIIJIOBOI'O ITYHKTA

1.1. O0uue cBeieHNs O TEMJIOBOM IMYHKTe

I{eHTpasbHBINA TEIJIOBOM IIYHKT PACIOJIOKEH B OJHOM M3 PallOHOB ropoja
Bepxnss [Ieimma.

OOmiasi TeruioBas Harpy3ka YCTaHOBJIEHHOTO OOOpYIOBaHUSI COCTaBIISET
11,32 I'kan/gac (13,165MBT), B TOM uncIIe:

e Ha ororuienue — 7,33 I'kan/yac (8,53 MBT);

e Ha BeHTwsnuo — 0,104 I'kan/ygac (0,12 MBT);

e Haropsdee BogocHabxkenue — 3,9 ['kan/ygac (4,54 MBT).

TeroBast sHeprus, BbIpaOaThbiBaeMas TEIUIOBBIM ITYHKTOM, CIIYXKHUT IS
TETMJIOCHA0KEHUS HKUJIBIX JIOMOB.

DaKkTUYECKUE MapaMeTPbl TEIJIOHOCUTENS B TEIJIOBBIX CETSIX MPUHSTHI IO
JAHHBIM SKCIUTyaTUPYIOLIEH OpraHu3alyy Ipyu TEMIIEpaType OKpYyKaroulel cpebl
paBHoM MunHyc 35 °C:

e TeMIeparypa TEIUIOHOCUTENST B oronuTelbHbld mnepuon o LTII B
noxatomem Tpyoomnposoae 170 °C, B obparnom 70 °C. [laBiieHue HCHBITaHUN
25,0 krc/em® (2,5 MITa);

e TEeMIeparypa TEIUIOHOCHUTENA B MeXOTOonUTEeNnbHBIM mnepuon o LITII
65 °C;

e Ttemneparypa rertonocurels nocie LTI Ha oToruieHre U BEHTUIISALIUEO
B nonxaromem tpyodomnpoBoae 105 °C, B ooparnom 70 °C. JlaBneHue WCTBITAHUN
16,0 krc/em® (1,6 MITa);

e Ttemneparypa temioHocurens nocie LTIl Ha ropsiuee BogocHaOkeHue
65 °C.

CymectBytomias cxema TteruocHabxkenuss g0 LTIl — nByxtpyOHas; mocie
LTIT — tpex- m aByxTpyOHas. Cxema MPUCOEIUHEHHS CHUCTEMbl OTOIUICHUS U

BCHTWJSIIIAM — 3aBUCHMasl C YCTAHOBKOW KOPPEKTUPYIOMIETO Hacoca, ¢

bP.44.03.04.132.2018



BO3MOXKHOCTBIO DPabOTBl B pPEXHME «HA BKAauKy» B OOpaTHYIO MarucTpab.
OTKpBITHIN BoZOpa3z0op Ha ropsuee BogocHabxkenue (I'BC) mo camocrositensHOMY
TpyO6onpooay nocie LTI 6e3 uupkyasiuuu 1j1s1 5KMIIbIX JOMOB 1 TpyIIbI.

Jlnig 3nanuit 2 rpynmsl — NpeaycCMOTpEHa IBYXTpyOHas cxema ¢ OTKPBITHIM
BOZI0pa300pOM Ha ropsiuee BOJI0CHA0KEHUE U3 TPYOOIpoOBOAa Ha OTOIIICHHUE.

Koppektupyromue Hacochl MHNPUHATBI € 3JIEKTPOHHO-PETYIUPYEMbIM
npuOOpPOB B CBS3U C PANIUYHBIMU PEKMMaMU B TETJIOBOM CETH.

JUist mojjepkaHus mepernaja JaBjeHUsi B TEIUIOBOM CETH, Ha OOpaTHOM
TpyOOTIIPOBOJIE TMPEayCMOTPEHA YCTaHOBKA peryisrtopa nabieHus Buma AFP-
9/VFG1y200.

C uenpl0 NOrOAHOrO PETYJIMPOBAaHUS, HA TMOJAIOIIEM TpPyOONpOBOE
TEIJIOBOM CETH YCTAHOBJIEH pEryaupyrolmmii ceaenbHbld kiaman VF 2 Ty150
dbupmer Danfass ¢ anekTponpruBoaoM U BeIBOOM Ha TPM.

[To maHHBIM PKCIUTYaTHPYIOIICH OpraHU3aIiK, B OTACIbHBIC THU, JaBICHHUE
B nofaromieM Tpyoomnposoae Ha BBoae B IITII, cocraBnser 100,0-120,0 m.B.CT., B
CBSA3M C 4YE€M MPEIyCMOTPEHA YCTAaHOBKA PETYJSTOpa JABJICHUS Ha MOJAIOIIEM
TpyOOINpPOBOIe perynsTopa naBieHus «rocie cebs» upmbr Danfass AFD/VFG2
Hy150 st nopaepxkanus padodero gasieHust papHoro 60,0 M.B.CT.

JIJ1st KOHTYpa OTOIJIEHUSI U BEHTUJISILIMU MIPEAYCMOTPEHa YCTaHOBKA 1aTUYMKa

TEMIIEpaTypbl HAPYKHOTO BO3AyXa.

1.2. O61mme cBeeHusi 060 000pyTI0BAHUM

PaGouune HanpspkeHus: Bce TpéxdazHble MOTPEOUTETN TEIJIOBOTO IMYHKTA C
HOMHMHAJBHBIM  HampspkeHueM 380B, 500'm, oxHodasHble mnoTpedutenu u
OCBEIIICHHE ¢ HOMUHAJIbHBIM Hanpsikenuem 2208, 50I.

OCHOBHBIMU TIOTPEOUTESIMU SABJISIIOTCS TpeX(azHble 3JIEKTPOJIBUTaTENH,
OHU B CBOIO OYepelb HE HYXAAIOTCS B HYJIEBOM paboyeM NMPOBOJHUKE, MOTOMY
4yTO Harpy3ka cumMmerpuusa. [Ipu pexxume neittpanu TN-C-S npoBoauuk PEN niis

aNieKTpoaBUraTesnied  OyneT  BBINONHATH  (YHKIUIO HYJIEBOTO  3al[UTHOTO
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MpOBOJHUKA. A Ha oxHOo(a3zHbIE TOTPEOUTENIM W HA OCBEIMICHHE, B KOTOPBIX
3alMUTHBIA W pabouuMii HYJNEBOM MPOBOJHUKH JOJDKHBI OBITH pa3feliCHBI,
npoBoaHuk PEN Oyner pasnenén na PE (3amutnbeiit) u N (paGouuit) HysneBoi
MPOBOJAHUKH.

Kareropusi »ieKTpONPUEMHUKOB MO HAJIEKHOCTH AJIEKTPOCHAOKEHUS, MO
cTeneHu OecnepeOONHOCTH IIEKTPOCHAOKEHUSI IIEKTPOPUEMHUKH TETUIOMYHKTA
OTHOCATCS K TEPBON KATErOpWH, TaK KakK, MEPEPHIB ICKTPOCHAOKEHUS MOMKET
OPUBECTH K HAPYLICHUIO (YHKIMOHUPOBAHHUS 0OCO00 BaXKHBIX 3JIEMEHTOB
KOMMYHAQJIBHOTO  XO3SIUCTBA.  DJIEKTPONPUEMHUKH TEPBOM  KaTEropun B
HOPMAJIBHBIX PEXKUMax JOJKHBI OOCCIEYMBATHCA DJIEKTPOIHEPTHEH OT JBYX
HE3aBUCUMBIX B3aUMHO PE3EPBUPYIOIIMX HWCTOYHMKOB TUTAHUSA, TaK IpuU
HApYIIEHUU HUX DJEKTPOCHAOKEHUS OT OJHOTO W3 MCTOYHHUKOB MUTAHUS MOXKET
OBITh JOIYIIECH JIUIIb HA BPEMsI aBTOMAaTUYECKOT'O BOCCTAHOBJICHUS ITUTaHUS.

B TemioBoM MyHKTE yCTaHOBJICHBI:

e mmt ABP (aBTOMaTtuueckwii BBOJ pe3epBa) - OJIOK, KOTOPHIA HMEET
aBTOMAaTUYECKYI0 HA4YMHKY, OTBETCTBEHHYIO 3a (YHKIMIO TEPEKIIOUCHHUS C
OCHOBHOM JIMHWU NMUTAHUS HAa pe3ePBHBIN, U, HAOOOPOT, C PE3EPBHOM HA OCHOBHYIO
CeTh. YCTPOWCTBO pa3pabOTaHO IS TOTO, YTOOBI AJIEKTPOCHAOKEHUE B CETU
paboTano GecriepeOoiiHO;

e gt IC (mur cunoBoi) - cucrteMa, co3dgaHHas IS BBOJA/BBIBOIA M
KOHTPOJISI PacX0JlyeMOM 3HEpPruu, 3allUilaroas TakKe OT KOPOTKUX 3aMbIKaHUN
U YTEUEK TOKA;

e [IIYH (mxad ympaBiaeHuss Hacocamu) - TpeAHA3HAYCH s
ABTOMATHUYECKON TOJJIEPKKU TPeOyeMOro JaBjCHUS B CHCTEME BOJOCHAOXKCHUS
31 aHUM;

o [IIA (mkad aBTOMATHUKHU) - YCTPOHCTBO, KOTOPOE HUMEET 3JIEMEHTHI
yIOpaBJICHHS, KOTOpbIE TPEIHA3HAYCHBl ISl YyMpaBlICHUS U 00OecreueHus
paboTOCIOCOOHOCTH YCTPOMCTB CHUCTeMBbl BOJOcHaOxkeHus. Kak mpaBuio, oHO

MOXXET MPUMEHATbCA Uil oOecrnedyeHHs paboTOCIOCOOHOCTH CHUCTEM TOPSYEro
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BOJIOCHA0KEHUS, XOJOJHOTO BOJOCHAOXKEHHUS M CHUCTEMBI IIEHTPAIbHOTO
BOJIOCHAOKEHHS;

e [IIO (muT ocBemeHHUs) - AICKTPOTEXHUYECKUN pacIpeaeaTuTeIbHbII
IIUT, HA3HAYEHHWE KOTOPOro - 3alluTa, M[PHUCOECIUHEHUE W KOMMYTAIUs
AIIEKTPUYECKUX LIETIEH OCBELIEHUS, PACIIPEAEICHHBIX 10 30HAM;

e Juis mepekaduku Boabsl 3 Hacoca ¢upmer Wilo IL 100/165-22/2 (2
pabouux, 1 pe3epBHBIii).

XapakTepuCcTUKa HACOCOB CJIETYIOLIAs.

Hacoc WILO IL 100/165-22/2 - unpKy/IsIIIMOHHBINA HACOC C CYXUM POTOPOM,
(hIaHIIEBBIM COSIUHEHHEM, KiIaccoM 3amuThl [P 55, nBurarens Hacoca oTaeneH oT
paboueil 30HBI C NMEpeKaunBaeMOM JKUIKOCTbIO M HAJEXKHO 3alIUILEH TOPLEBHIM
YIUIOTHEHUEM. OTO COBPEMEHHBIM M HAJEKHBIM IMPOMBIIUIEHHBIM Hacoc. Ero
OPUMEHSIOT B CHCTEMax OTOIUICHUS U TOPSAYEro BOJOCHAOKEHHUS, LIUPKYJIALNY,
MPOMBIIUIEHHBIX YCTAHOBKAaX U TEXHOJOTMYECKHUX MPOLIECCaX.

Hacoc nepekaunBaeT BOay B cucTeMax OTOIUICHHs Temmeparypoit ot -200
°C no +1400 °C, oxJ1a)XJaroIyr0 WIN XOJOIHYIO BOJY, BOJIOTJIMKOJIEBYIO CMECH (C
noneit riaukois 20-40 06. % u Temneparypoit nepexadnBaemoii cpeapl < 400 °C)
[11].

[Inan pacnosioxkeHuss 00OpyAOBaHUS TIpEACTaBleH Ha 1 pHUCYHKe, a

HWCXOJHBIE JaHHbIE B Ta0IHIE 1.

Tabnuma 1 - Ucxoauble janHble 000py10BaHUS

Haumenosanue | KomuuecTBo U, kB Pyer, KBT cosQ

Hacocsr 3 0,38 22 0,87

HIA 1 0,22 0,3 0,9
10
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2. PACUET DJIEKTPOCHABKXEHUSA TEIIJIOBOT'O ITYHKTA

2.1. Pacyer 3JIeKTPUYECKHUX HATPY30K B ceTsiX C Hanpsizkenuem 10 1 kB

[lepBBIM U TJIABHBIM 3TAlOM MPOCKTUPOBAHUS 3JIEKTPOCHAOKEHUS SBIIACTCS
onpeereHre dIEKTPUUECKUX Harpy3ok. [1o 3HAYeHUIO 3JIEKTPUYECKUX Harpy3ok
BBIOMPAIOT U MPOBEPSIOT 3JIEKTPOOOOPYJOBAHHE CUCTEMBI 3JIEKTPOCHAOXKEHUS,
ONPEIEIAIOT MOTEPU MOLTHOCTH U 3JEKTPOIHEPTHH.

Pacuér snextponpuémuukoB HamnpsbkeHueMm 10 1000 B, pacnonararommxcst
B TEIUIOBOM IYHKTE, IMPOU3BOJUM METOM Ko3((dulreHTa pacu€THON aKTUBHOMN
MOIITHOCTH OTJIEJIBHO ISl KaXKI0To y37a corjiacHo popme @636-92. Bee pacdéTsl
CBOJIMM B Tabnuiry 2.

HcxomusiMu 11 pacuéra CiiyKaT JaHHble TaOJuIbl 1, HA OCHOBE KOTOPBIX
3anonHsierca cronousl 2, 3 u 6. Kospduuuentst wucnonb3zoBanus Ky
AIIEKTPONPUEMHHIKOB OTIPEICTICHBI COTIIACHO CIIPABOYHBIM JTaHHBIM [9].

HomunanpHasi akTHBHasE MOLIHOCTH 3JIEKTPOOOOPYIOBAaHUS — MOIIHOCTb,
yKa3aHHasi B TEXHUYECKOM MaclopTe JAaHHOTO O0OpyAOBaHUS, MPU KOTOPOU OHO
JOJDKHO paboTaTh.

B cronben 4 3anuceiBaercs oOuias yCTaHOBJICHHAS MOIHOCTh OJAHOTHUITHBIX
DIEKTPONPUEMHUKOB:

PHOM = ZpHOM' (1)

B cronbernr 7 3anuceiBaeM 3Ha4YCHHE tZ(, ONPEALISIEMOE KaK:

1. (2)

tga= 5
cosa

B cton6uax 8,9 moctpouno 3anuckiBaroTcs 3HaUeHUS K, P oy 1 Ky P oy tgo.
['pynmoBoit kK03 GUIMEHT HUCIONB30BAHUS ISl y3JIa OMNPEHESeTCs TI0
caenyromiei hopmyne:

K -P

KH(Fp) = Z("—HOM . (3)
Z PHOM

HOJIy‘{eHHOC 3HAYCHHUEC 3aHOCUTCS B UTOTOBYIO CTPOKY I10 H_IC croJora 5.

12
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JIns HaxXOKIEeHHMs PACUYETHOM AKTMBHOM MOIIHOCTH JJIEKTPONPUEMHHUKOB
HEo0XOIUMMO 3HaTh pacyeTHbl KoddduumeHnt K,, KOTOpBIi 3aBHCUT OT
3¢ (HEKTUBHOTO YKCIIa IEKTPOIPUEMHHUKOB.

D¢ PexTHBHOE YKCIO IIEKTPONPHUEMHUKOB - TAKOE YHCIO OJHOPOIHBIX IO
peXuMy pabOThl  DJIEKTPONPUEMHUKOB OJAMHAKOBOM  MOIIHOCTH, KOTOpOE
00yCJIOBIMBAET T€ K€ 3HAUYEHUSI PACUETHOM HAarpys3Ku, 4TO U IpyIa pasiIMyHbIX
10 MOIITHOCTH AJIEKTPOIIPHEMHUKOB [21].

JUist €10 HAXOJKICHUS IIOCTPOYHO OMPEICIIACM 3HAUCHHE N'Pyoy’ AT KAXKIOI
TPYHONbl ANEKTPONPUEMHUKOB U CyMMY IOJyUYEHHBIX 3HaueHUil. Pe3ynmpTaTsl
3amnuceiBatoTcs B cronoderr 10.

D¢ heKTUBHOE YUCIIO IIEKTPONPUEMHUKOB (cToJberr 11):

N = (Xr.) 4

S @

Omnpenensgem koddduuueHT pacyéTHOM akTHBHOM MomHocTH K, (cTonben
12) Ha OCHOBE MOIY4EHHOrOo 3()PEKTUBHONO YHCIA IIIEKTPONPUEMHUKOB,
MIOCTOSTHHOWM BPEMEHHU HarpeBa u rpynmnoBoro koddduimenTa ucrmonb3oBanus [21].

PacueTHass akTUBHas MOIIHOCTh TMOJKIIOYEHHBIX K Yy3Jy [UTaHUA
AIIEKTPONIPUEMHUKOB HarpspkeHueM 10 1 kB (ctonber 13):

Pp = sz (KH'PHOM)- (5)

[lon  peakTMBHOM  MOUIHOCTb  AJIEKTPONPUEMHHUKA  IPEICTABISAIOT
PEaKTUBHYIO MOLTHOCTh, MOTPEOIIEMYIO U3 CETH.

PacyetHas peakTHBHAsi MOIIHOCTb MOJKIIOUEHHBIX K Y3JIy THTaHUA

AJIEKTPONPUEMHHUKOB HamnpspkeHueM 10 1 kB (cronber 14):

npu N,<10:

Qp= L1 (K Proutge);

(6)

pu N,>10:

Qp = Z (KH'PHOM'tg(P); (7)
JJIA MarI/ICTpaHBHBIX IHI/IHOHpOBOI[OB HC3aBUCHUMO OT n32

Qp = Kp'z (KH'PHOM'tg(P)- (8)

13
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[Torast pacu€THas MOIIHOCTH paBHa (cToaber 15):

S, = [P+Q2 . (9

PacuérasIii TOK (cTOmoOeIr 16):
S

1, ST (10)

[TpuBeném mpumep pacuéra s noakirodeHHbIX K IC Hacocos.

Pezeprabie DI, a taxke DI, padoTaromue KpaTKOBPEMEHHO, B pacyeTe He
YUYHUTBIBAIOTCS, ITIOATOMY BBIIIOJIHUM PAcyeT HAarpy3KH TOJIBKO JJIA 2 HAaCOCOB, Tak
KaK 3 pe3epBHBI.

OOmas ycraHoBieHHas MomHOCTh (1) u tgo (2):

Piow = X Prow = 222 = 44 xBT;

1 1
- 1= -1=0,57.
0o \/cosa2 : \/(0,87)2 :

3nauenus K, Pov, Ky Pruowtge u n-pHOMZ:
K, Puow=0,7-44 = 30,8 kBrT;

Ky Puowtge =0,7-44-0,57 = 17,556 kBAp;
N'Proy = 2:22° = 968.

['pynmoBoii ko3 duipent ucnoab3oBanus (3):

— K,-P..) 317 _
Ko ‘Z(zp )37 =07,

D HeKTUBHOE YUCIIO IICKTPOIIPHUEMHHUKOB (4):

(XP.) @49y
D nP% 968,81

n,= =2,08.

[Tpuaumaem n,=2.

ITpn 3navenmsix N, = 2 u Kyqop = 0,7 g IC kospuument pacuéTHoit
AKTUBHOW MOIIHOCTHU NpuHKUMaeTcs paBHbiM K, = 1,14 [21].

Pacuernas  aktuBHas ~ MomHOCTh  (5) momkmouenHeix k  IIIC

SJICKTPOIIPHUECMHHUKOB!

P, =K,y (K, Pyoy) = 1,14:31,7 = 36,14 kBr.
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Pacuernass peaktuBHass MomHOCTh (6) momkmoueHHeix Kk LIC
IIEKTPOIIPUEMHUKOB HamnpskeHueM (N, = 3<10):
Qp=1,1-Y (KyPyoutgp) = 1,118 = 19,8 kBAp.

[Tosmnas pacu€rHast MOHOCTS (9):

S, = P7+Q? = /(36,14)" + (19,8)" = 41,2 kBA.

Pacuéraerii Tok LIC (10):
S, 41,2

| = _
P J3.U. 3.0,38

Haiinem pac4€THyr0 MOIITHOCTB TEIIJIOBOTO ITYHKTA C YYETOM OCBETUTEIBHOU

=624 A.

Harpy3KHu.

HomuHanbHast MOILIHOCTh OCBETUTEIIBHON HATPY3KU:

Poo= FPyo = —11?015612 =1,36 kBT,

rae Py, — yJe/TbHAs IIOTHOCTH HArpy3ku Ha 1M’ momam [9].

Hapsiny ¢ Tpexda3HbIMHU 3IIEKTPONPHUEHUKAMH UMEIOT MECTO CTallMOHAPHBIE
U TCPEIBUKHBIC 3JICKTPONPUEMHHUKHA OAHO(DA3HOTO TOKA, MOAKIIOYaeMbIe Ha
(asHoe WM TMHEHHOE HAMPSHKEHHE.

[lpu Yucie HEPaBHOMEPHO pachpeaeieHHBIX Mo (¢a3zaM 0gHO(A3HBIX
PUEMHHKOB MEHEE YeThIpex P, onpenenstoT ynpoueHHbBIME CII0CO0aMHu:

IIpu BKIOYEHHU OTHO(MA3HBIX NPHEMHHKOB Ha (ha3HbIC HAIPKEHUS P oy .y
NPUHUMAIOT PABHOM yTPOECHHOMY 3HAYCHHIO HOMHHAJIBHOM MONIHOCTH P
MaKCHUMAJIbHO 3arpyKeHHOU (ha3bl

Py=3puo. (11)

Tak kak OCBETUTEIbHAS HATPy3Ka y HAC OAHO(A3HBIN INKTPONPUEMHHUK, KaK
u 1A, To mpu BKIIOYCHMH WX Ha (ha3HOE HANPSHKCHHE OHM YYUTHIBAIOTCS Kak
skBHBaJIeHTHBIC Tpex(asubie DI (11) HoMuHATBEHOM MOIITHOCTHIO[21]:

P.o=31,36 = 4,08 xBr.

PacueTHas aKTHBHAs OCBETUTEIbHAS HArpy3Ka:

Pyo = PuoKeo =4,08:0,85 = 3,49 xBr,

rne K., — koaddumuent cnpoca ocBeTuTeNbHOM HArpy3ku|[9].
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B Kauy€CTBC€ HNCTOUYHHUKOB CBE€Ta I/ICHOJILSYCM JJFIOMUHECLICHTHBIC JIaMIIbI,
cosp,= 0,95.

Qp.o = Puo” t2p, = 4,08-:0,33 = 1,14 xBAp.

Ilonnasa pacdy€THas MOIIHOCTH LEHTPAIBHOIO TEIIOBOIO IYHKTA C YYETOM

OCBETUTEIBLHOU Harpy3Ku:

S5 =P +P,0)" +(Q, +Q,)* =4/(36,14+3,49)" +(19,8+1,14)" =448 kBA.

PCBYJ'II)T&TBI pacqéTa Harpy3oK OCHTPAJIbHOI'O TCIIJIOBOT'O ITYHKTAa CBCACHLI B

Tadmmiry 2.

Tabnuna 2 - PacueTHble Harpy3Ku

PacueTHEbIE Be- PacueTnas
Hcxonuple naHHbIE
JINYUHBI MOIIIHOCTD
ITo 3amanuro TexHomno- | Ilo cipaBoyHBIM
TOB JTAHHBIM S|
Homu- 5
Koao- 2
HAJIbHAS du- =
(ycra- Koad- =
LIUEHT =
HOB- ¢bunu- = S
peak- ™ =
Hanwme JCHHAs) | €HT . ° 5
TUBHONI = =
HOBa- MOII- HcC- _ Q Q a, <
MOIIT = < <
HHUE = | HOCTb, IOJIb- HOCTH Z S e m <&
o1 @ | kBr 30Ba- o | 5| % :n < | 2
é on- | o | HuA &0 = = < | 2 3 =
© | Ho- KU cos | tg z z | gl A T | E| 5| &
= I = = 2 2 & =5l g2l 8|2
5l |an S Rl R &1 E| 2| E| 8|52
w | Ol v | gl ol |2l ElE[L
1 2 |3 4 |5 6 7 8 9 10 11 (12 |13 |14 |15 |16
IIC
Haco- 08105130, 1175
CBI 2 |22 |44 0.7 7 7 8 56 968
ma |1 o9 |% |1 00 |94 109(%2% 081
9 8 2
IIiIOT"“’ 3 4 | 5 080531, | o |98, |, |11 |36 |19 |4 62
LIC 9 7 7 7 81 4 14 | 8 |2 4
OcBe-
TH-
TeJIb- 4, 09 10,3 34 |1,
Has 08 |98 |5 |3 9 |14
Harpy3
Ka
Hroro 48 39, | 20 | 44, | 68
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TII 8 4

2.2. Pac4er u BbIOOP OCBelIeHHUS

[IpaBuiibHOE BBINOJIHEHWE OCBETUTENBHBIX YCTAHOBOK CIIOCOOCTBYIOT
palroHaIbHOMY  HCIIOJIB30BAHUIO  BJIEKTPOIHEPTHH, YIYUIICHUIO KayecTBa
BBIIIYCKA€MON  MPOJYKIMH,  TOBBIIIEHUIO  IPOU3BOAUTEIBHOCTH  TPY.a,
YMEHBILICHUIO KOJMWYECTBA aBapuil W ClydyaeB TpaBMaTU3Ma, CHIDKEHUIO
YTOMJISIEMOCTH pabOUuX.

Pabouee HCKyCCTBEHHOE OCBELIEHHE CO34AaeT TpeOdyeMyro [0 HOpMaM
OCBEILIEHHOCTh, O0OecreynBasi TeM CaMbIM HEOOXOAMMBbIE YCIOBHS pabOThl MpHU
HOpMaJbHOM pPEXHUME OKCIUTyaTauuu 3aaHus. Ilpu moracaHuu mno Kakum-imOo
IpUYMHAM padOyero OCBELIEHUS NPEAyCMaTPUBAETCS aBApUITHOE OCBEILICHUE.

B nomernienne TOJIbKO MCKYCCTBEHHOE OCBEIICHHE, TaK KaK OTCYTCTBYIOT
Kakue-mubo OKHa M H3-3a ATOrO0 HET €CTECTBEHHOro ocaelleHus. Hopwma
OCBCIIICHUS IS TEIUIOBOTO ITyHKTa paBHa 75 JtokcoB (JIK) mo Tabmnwme 1 [27]
XapaKTepUCTHKA 3pUTENbHON paboThl — ofmiee HaOMIOACHHE 33 XOIO0M
IPOM3BOJCTBEHHOIO MPOIECCA: NEPUOANYECKOE NPHU IMOCTOSTHHOM NpeOBbIBAHUN
JIOJEH B MOBELIEHUM; pa3psia 3puTenbHoi padoTel — VIII; moapaspsan 3putenbHON
paboThl — 6.

Koaddumument 3amaca MCKyCCTBEHHOTO OCBEIICHUS I TIOMEIICHUN, B
KOTOPBIX MeHee | MI/M° TBIITH, JBIMA U KOIIOTH, paBeH 1,4 o Tabmwe 3 [27].

Beibepem  mMeron — ko3(d@uuMeHTa  HUCNONB30BaHMA s pacuera
AIIEKTPUYECKOTO OCBEIICHUS, TOTOMY YTO 3TOT METOJ] HCIONb3yeTCs Uil pacuera
oOlIero OCBEUIEHMsI [UIsl PaBHOMEPHOrO pacmlpereseHus 0e3  OoJsbLIMX
3aTEMHAIOIUX O0BEKTOB U LI€JIeCO00pa3eH B CiydasX, KOI/la pacyeT IpOBOAUTCSA
0 CpEIHEH OCBEIIEHHOCTH, KOrga He TpeOyeTcsi BBICOKOM TOYHOCTH
OCBETUTEIIbHOW HArpy3KH.

Jliis ycranoBku BeiOepem cBeTmibHuKH Buaa JICIT 3908A [6] 230 B, co

cTeneHbo 3ammThl IP65, ¢ maMmamu momuHecieHTHOro Buja Basic T8 Osram [6],
17
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MOIIIHOCTH JIaMIibl - 36 BT, 1okoins - G13, xapakTepucTuKka CBEYEHHSI - XOJIOTHBIN
oenbrii (mHeBHOM) cBeTOBOM MOTOK — 3000 M.

OHpCI[eJII/IM HY>XHOC KOJIMYCCTBO CBECTUJIbHHUKOB AJIA TCIIJIOBOT'O ITYHKTA!

E-S-Z-K,
=

o (12)

rane E - MuHUMAaIpHas OCBEIICHHOCTh TIOMEIICHHUS, JIK;
S — mmomaas noMemenus S = 113,16 MZ;
Z — x03(pPUIMeHT MUHUMaIbHOU ocBeménnoctr, Z = 1,1 [26];
K, — ko dunuenT 3amnaca;
@® — CBETOBOM MOTOK JIaMIIbI, JIM;
U,y — K03 uiuenT ucrnoabp30BaHus;
N- KonngecTBo 1amit B CBETUIIHHHKE, IIT.
Haiinem xoadduument ucnonszoBanusi, ans 3toro ompeaenum KCC, on

xapakrepu3syercs kak J[-1 [26] u HalizeM HHIEKC TOMEICHHS:

S

H,-(A+B)’ (13)

IHOM -

rae  H, — pacyerHas BbICOTa II0BECA CBETUIILHHUKOB,;
H, =H-h=45-03=42 M,
rae  H - BpICOTa MOTOJIKA;
h — BeICOTA CBETUJIBHUKA, CBETHJILHUK YCTAHOBJICH T0]] TIOTOJIKOM, TO3TOMY
npuarMaeM h = 0,3 m.
[To (13) dhopmyne mosrygaeTcst:

Inow = 113,16 =1,25.
4,2.(9,2+12,3)

Tak >xe HalineM K03(pPUIMECHTHI OTPaKEHUS TTOTOJIKA, CTEH U T10J1a, KOTOPHIC
corsacHo [26] paBHBI Pyor = 0,3; Per = Prona 0,1.

W3 sto cnenyer, uro U, = 42% = 0,42.

I[To (12) popmyne HaitmeM:

_ 75-11316-11-1,4 _
©3000-0,42.2

IT.
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HToro K yCTaHOBKE OCHOBHOTO MCKYCCTBEHHOTO OCBEIIEHUS MOIYYIHIOCH 5
MITYK CBETHJIHHUKOB.

DBaKyallMOHHOE (aBapHWifHOE) OCBEIIEHHWE HEOOXOIUMO JUIS CO3JIaHus
yCIIOBH 0€3011aCHOTO BBIXO/Ia JIFOCH MU MOTACAHUH PadOUero OCBEIIECHUS.

[TpousBeneM pacdeT aBapuUHHOrO OCBEILICHHUS — 3BaKyalMoHHOro [26]. s
MyTeH 3BaKyalldd MIUPUHOW JIO 2 M TOPHU30HTaJIbHAs OCBEHICHHOCTh Ha IOy
BJI0JIb IIEHTPAJIBHOUW JTMHUW MPOXO0Ja JIOJDKHA OBITh HE MEHee | JIroKca, pu 3TOM
noyioca ImmpuHOM He MeHee S50 9% MPHHBI TPOX0JAa, CHUMMETPUYHO
pacmoyio)KeHHasi ~ OTHOCHUTEIBHO  IICHTPAJbHOM  JIMHUM, JOJDKHA  WMETh
OCBeIeHHOCTh He MeHee 0,5 rokca [21].

Jliis aBapUHOTO OCBEIICHUs IpuMeHseM cBeTriabHukH Buaa JICIT 3908 [6]
co creneHpio 3amuThel [P65, KCC Buaa JI. ¢ TJIOMHHECIIGHTHBIMM JIaMIIaMH BHJA
Basic T8 Osram [6]. XapaKkTepuUCTHKHU JIIOMHUHECIIEHTHOW JIAMITBI: MOIITHOCTD - 36
BTt, nokons - G13, xapakTepucThKa CBEUCHMS - XOJOJHBIA Oeiblii (IHEBHOIN),
cBeToBOM TTOTOK — 1200 M.

Koan4yecTBO CBETHIILBHMKOB aBapHHHOTO OCBEIICHUS (IBaKyallMOHHOTO)
(12):

= E-S-Z-K, 111316-11-14 _ 1
®-U,-N 1200-0,42-1

Hroro k YCTaHOBKC aBapHﬁHOFO OCBCIICHUA ITOJTYYUIICA 1 CBETUJIBHUK.
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JIns  ocBelieHuss YCTaHOBUM oOTAeNbHbIM 1mUTOK Buaa OILIB. Ilnan

pacmojoXKeHUs] CBETUJILHUKOB MIPEIOCTABIICH HA PUCYHKE 2.
2.3. Be10op cuiioBoro tpancopmaropa u pacyer ero MOIUIHOCTH

I[Ipu mnnotHocTM Harpy3ku HamnpspkeHuem 380 B nmo 0,2 kBA/M
1e7Iecoo0pa3sHo TpUMEHsATh TpaHchopmaTopbl MomHOCTEIO 10 1000 xkBA
BKJIFOUUTENBHO, TIpU MoTHOCTH 0,2 — 0,3 kBA/M? — MonmocTsio 1600 KBA. [Tpu
miotHocTH Gosee 0,3 KBA/M 11e1ec006pa3HOCTb IPHMEHEHHUS TPAaHC(OPMATOPOB

momHocThi0 1600 kBA wm 2500 kBA [omkHa oOnpenensiTbes TEXHUKO-

Pucynox 2 - [nan ocBemnenus

HKOHOMHYECKUM PacCueToOM.
[Io crenenn OecrnepeOONHOCTH 3IIEKTPOCHAOKEHUS AIIEKTPONPUEMHUKU
TEIJIOBOTO IMyHKTa OTHOCATCS K | kareropuu, corjmacuo m. 1.2.18 [17], Tak Kak,
HepepbIB AIEKTPOCHAOKEHNS MOKET IPUBECTH K HAPYIICHHUIO ()YHKIIMOHUPOBAHUS
0Cc000 BaXKHBIX DJIEMEHTOB KOMMYHAJILHOTO XO3SIICTBA.
CnenosarenbHo, mo 1. 1.2.19 [17] »snextponpuemuuku [ kareropuu
pEKOMEHIyeTCsl 00eCIIeunBaTh JIEKTPOIHEPTUEH OT JABYX HE3aBUCHUMBIX B3aHMMHO

PE3EPBUPYIOIIUX UCTOYHUKOB ITUTAHUSL.

H
l

12300
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Jns cyxux TpaHchopMaTopoB KOA(DGUIIMEHT MEeperpy3Kd MPUHUMAETCS
K.=1,2 u koadpdunmenra 3arpysku K,=0,6 [16].

OmnpenenseM pacyeTHY0 MOLTHOCTh TpaHchopmaTopa:

pacs — K

rie K, —koadduimeHT 3arpys3ku;

S, — pacueTHas MOIIHOCTb.

[Ipuaumaem Ommkaiiniee OoJiplliee CTAaHAAPTHOE 3HAUYEHUE MOIIHOCTH
Tparcdopmaropa:

S;=100 kBA > S,., = 69 kBA.

Brioupaem tpanchopmarop suga TC3-100/0,66 [25].

Homunansnas momrHocts 100 kBA; BH = 380 B; HH = 230 B; norepu:
XX=390 Bt; K3=1450 BT; Uy, = 4,5%; |« = 2,7%.

OnpenensieM paxkTruueckre KodPHUIIMEHTHI 3aKTPY3KH TpaHC(HOPMATOPOB:

S

K= 22 = 208 448
Sipue 100
S

KsZcm = e = 73’ 2 = 01 732 .
S 100

ThakTt

OmnpenensieM pakTrnueckre KodPHUIIMEHTHI TEPETPy3KH TpaHCHOPMATOPOB:

S
Kpp= 22 =48_0a48<12.
' St 100

VYcaoBue BBIMOTHSAETCS.
2.5. Bb100p pacnpeneuTebHbIX YCTPOHCTB

JIJist TOAKITIOYEHUST HACOCOB Oy/IeM MCIOJIb30BaTh KAOEIb CUIIOBOM METHBIM
C 5 MeOHBIMH TOKOHECyIIMMM >Xuiamu, thuna BBI'Hr, nmpokianka B 3emie B
TpyOax.

Jliist mpuMepa paccuntaeM KabenbHYI0 JUHUIO U1 1 Hacoca.

Bri6op cedenus xun kadesnei mo JomycTUMON TOKOBOM Harpyske.
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Br10op cedeHust mporuCXOIUT 1O HIDKETPUBEICHHON (hopMyTIe:

=P
\/§-U-cosa

Haiinsg BenmuumHy TOKa, CEYeHHME MPOBOJA HaxomaT mo tabmwuie [17]. Ipwu

=38 A. (14)

HECOBMAJECHUU PACUETHOTO M TaOJIMYHOIO 3HAUYECHMS TOKA, BbIOMpaeM Orpkaiiiiee
HauOosbiIee 3HaYeHne. Hanpumep, Halle pacyeTHOE 3HaYEHHE TOKA COCTaBMIIO 38
A, BbIOMpaem 1o Tabsmie Omkaiee Oomnbinee 47 A - ¢ cedenuem 4 MM (ns
MEJTHOTO MATHKHJIBHOTO MPOBO/IA, TPOKIIAIBIBAEMOT0 B 3€MJIE).

Br16op ceuenus xun kabenei o MeXaHu4eCKOM MPOYHOCTH.

CeueHus TOKOMPOBOISIIMX KU MIPOBOJIOB U Kabesei B 3JeKTPONpPOBOAKAX
JIOJKHBI OBITh HE MEHEee NPUBEICHHBIX 110 Tabuie [17].

W3 Ttabmuupl ciegyer, 4TO CEUeHHUs KU Kabened Mo MeXaHU4eCKOu
IPOYHOCTH [JIi MEIHBIX KaOeJell He3allMIIeHHBIX U MPOJIOKEHHBIX B TpyOax,
METAIUTNYIECKIX PyKaBaxX JIOJDKHO ObITh He MeHee 1 MM,

[lo HaiineHHBIM 3HAYEHUSIM BbIOMpaeM KabOelb JUis MOoJKIoueHust 1 Hacoca
ot IITYH — BBI'ar 5x4, Tox npu npoknaake B 3emie - 47 A, TOK OJJHOCEKYHIHOT'O
KOPOTKOr0 3aMbIKkaHus - 430 Amriep.

Pacuét moteppb HanpspkeHUs B Kadede.

[lotepss HampsbxkeHust B KaOejge — BEIMYMHA, paBHAs PA3HOCTH MEXIY
YCTaHOBUBIIUMUCS 3HAYCHHUSMH JCUCTBYIOUIETO HANpSOKEHUS, U3MEPEHHBIMU B
JIBYX TOYKaX CUCTEMBI 3JEKTPOCHAOXKEHUS. DTOT mapameTp HeoOXOJUMO 3HATh
OpU TPOU3BOACTBE JIIOOBIX JJIEKTPOMOHTAXKHBIX padOT — HaAuyMHasg OT
BuneoHabmonenuss u OIIC wu 3akaHuMBasg cUCTEMaMH AJIEKTPOCHAOKEHUS
IPOMBIIUIEHHBIX OOBEKTOB. JTa CyMMapHas IMOTEps, B HOPMaJbHOM pPEXHUME
paboThI ANEKTPOYCTAHOBKH, HE TOJIKHA MPEBBIMATE 5%.

Pacuér morepp nuHeiHOro (Mexay (azamu) HampspKeHUs B Kabeye Ipu

TpEXx(Ha3HOM EPEMEHHOM TOKE MPOU3BOIUTCS 10 GOopMyJiaM:

K

au, =P RLFQXL 55, (15)
U

I

rae P - akTuBHas MOIIHOCTB, EpeaaBaeMasi o JUHUM, BT;
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Q - peakTUBHAs MOIIHOCTH, TIEpeIaBaeMasi mo JuHuu, BAp;

R - yaenbHOE aKTHBHOE CONIPOTHUBIICHHUE KabenbHOU uHNN, OM/M;

X - yaenbHO€ UHIYKTUBHOE COMPOTUBIIEHUE KaOeabHOM TuHuu, OM/M;

L - nnmrHa kaOenbHOM IMHUH, M;

U, - 1uHeliHOe HamnpshDKeHne ceTH, B.

AHaNOTMYHBIM ~ CHOCOOOM  TPOU3BOAMM  pacueTbl JUIsl  OCTAJIbHBIX
AJIEKTPOIPUEMHHUKOB.

Pacuer notepp HanpsHKeHUS Ha 32KUMax dJIEKTPOIPUEMHUKOB.

[locne Toro kak ObLT chenaH BBIOOP BCEX DBJIEKTPUUECKUX CBs3eH
MPOU3BOAMUTCS Pacy€T CYMMApHBIX TMOTEPh HAMNPSDKCHWS HAa 3aXHMaX BCeX
BJIEKTPONPUEMHUKOB.

CymMapHasi ToTepss HampsDKEHHS B TMPOIEHTaX, Ha 3aXKUMax KaXKJIoTo
ANEKTPONPUEMHHUKA, BBIYUCISAETCS 10 PopMmyIie:

AUy =AU, + AU , (16)
rae  AU,, — norepu HanpspKeHUH Ha TpaHcdopmaTope, Y.

[ToTepu HanpsKeHU HA TpaHCPOpPMATOPE:

AU, =K, - (AU, - cosp + AU, - sing) = 1,6%,
rie K, — koadpdunment 3arpy3ku Tpanchopmaropa,

15

P, 100 =—--100=1,5%,
100

H

AU, = JU? U2 = /4,57 ~1,5% = 4,2%.

Paccuntaem CYMMApHBIC TIOTCPU HAIIPSKCHUSA B Ka6eHBHBIX JIMHUAX,
BXOJSIIUX B DJIEKTPUUECKYIO CBS3b, UAYIIYIO OT MUTAIOIIETO TpaHchopmaTopa 10
DIEKTPONPUEMHHKA.

[TpousBemeM pacuéT cyMMapHBIX IMOTEph HanpspkeHus 11 1 Hacoca (16):

AUy =16+09+0,6 =3,1%.

I[H?I OCTAJIbHBIX JJICKTPOIIPHUCMHHUKOB ITPOBOJNM aHAJIOTHYHBIC PACUCTHI.

BriOpanHble ceueHHs TMPOBEPSIOT IO TMOTepe HamnpsbKeHus. 3Has
HAaIpsDKCHUC HAa IMMHAX MCTOYHHMKA IIUTAHUA W MIOACUMTAB IMOTCPHU HAIPAKCHUSA B

CETH, ONPEACIAIOT HaNpsiKeHue y norpedureneit. CymmapHbIe IOTEPU 3aHECEHBI B
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tabnuity 3. IlonHble naHHBIE MO BHIOOPY KaOENbHBIX JIMHUN MpPENCTaBICHBI B

Tabnuie A.3 (mpunoxxenue A).

Ta6nuna 3 - CymmapHbie TOTEpH

HanmenoBanme KaOenpHbIe TUHUT

AIIEKTPONTPUEMHHKA AUr, % Ui, % U, % AUz %
Hacoc 1 1,6 0,6 0,9 3,1
Hacoc 2 1,6 0,6 0,9 3,1
Hacoc 3 (pe3epn) 1,6 0,6 0,9 3,1
HIYH 1,6 0,8 0,9 3,3
IIA 1,6 0,7 0,9 3,2
11(0) 1,6 0,5

IC 1,6 0,9

2.6. PacyeT TOKOB KOPOTKOI'0 3aMbIKAHMSI

TpeOyeTcsi ompenenuTh BEpPOSTHBIE MAaKCUMAIbHOE W MHHUMAIHHOE
3HAYCHMS TOKa B HadalbHbBII MOMEHT K3 B Touke K1 U Kk MOMEHTY OTKIIIOUEHUS
K3.

[IpoBoiMM pacyeThl TOKOB KOPOTKOTO 3aMBIKAHUS B CETSAX HAIPSIKECHUEM IO
1 kB 1o MmeToukaM, KOTOpbIEe IPUBEICHBI B IuTepatype [4,18].

Toku KOPOTKOro 3aMbIKaHHs B 3JEKTPOYCTaHOBKAaxX HampsbkeHueM 10 1000
B pekoMeHiyeTcsi pacCUMThIBaTh B UMEHOBAHHBIX €TMHULIAX.

Ompenenmum  cymmapHoe aktuBHOe (R|y) M CyMMapHOE HWHIYKTHBHOE
conpoTtuBiaeHuss (Xiy) TPAMOM  IOCIEIOBATENILHOCTH  PACYETHOM  CXEMBI
OTHOCUTEILHO TOYKHA KOPOTKOTO 3aMbIKAHUS.

RIZ: ZR1T+ZR1KB+ZR1KOHT+ZR1HJ; (17)

Xiy =2 Xie T2 X0 + 2 X T 2 X (18)

Opnako, TmNpuW  OTCYTCTBUM  HayalbHBIX  JAHHBIX  HMHAYKTUBHOE
COTIPOTUBIICHUE MOKHO HalTH 110 popmyIie:

U2

cp.HH ’ (19)

XIZ =
\/é ’ IOTKJ‘I.BH ’ UchH
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i€ lonapy — OTKIFOYArOMIAs CIOCOOHOCTh OJU3KOTO K TpaHchOpMaTopy
MIPEIOXPAHUTENSA, YCTAHOBJICHHOTO HA CTOPOHE BBICIICTO HAIPSDKCHUS
TpaHcopmartopa;
Uepnn — cpeaHee 3HAu€HUE HOMUHAIBHOIO HANPSDKEHUs HU3IIETO
HaNPsHKCHUS TpaHCchopMaTopa.

ITo popmyie (19):

C ar1

S

Qré

QF9

l o
ar11

®

Hacoc 1 Hacoc 2 Hacoc 3

QF12

Pucynok 3 - Cxema 3amenieHus

2 2
=29 _0,3mOMm.
\/3-0,25-380
Ry; (aktuBHoe) u X;, (MHAYKTUBHOE) COINPOTHUBJICHHUE MPSIMOMU
MOCJIETIOBATEIFHOCTH TTOHIKAIOIIETO TpaHChopMaTopa, MPUBEACHHBIC K HU3IIEMY

HaIpsKCHUIO.

AP -U?
R1T=I§—2UHH; (20)

P

Uz, AP | U?
XlT 32 -— 3 |, HH
100 S, ) S

Tp

(21)
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rae Sy, — HOMHHaJbHAs MOLIHOCTh TpaHCc(opMaTopa;
AP, — moTepH KOPOTKOTO 3aMbIKaHUs B TpaHC(HOpMaTope;
Upnn  — ~ HOMMHAQIBHOE — HANpPsDKEHUE  HUBINETO  HANpsDKEHUS
Tpanchopmaropa.
Uy, — HampsbKeHUE KOPOTKOTO 3aMbIKaHUsI TpaHchopMaTopa.
Hcxons u3 dopmyi (20) u (21):

_ 1450- 2302
(100-10°%)?

2 2 2
po| [45 180 | 200 o, 6w
100° (100-10%)? | 100-10

= 7,7 MOM;

1T

Riw (aktuBHoe) u X, (MHIYKTHBHOE) CONPOTHBIECHHE MPAMOM
IOCJIEI0BATEIBHOCTH KATYIIEK AJIEKTPOMAarHUTHBIX PAacLENUTENe U MOABUKHBIX
KOHTAaKTOB aBTOMATHMYECKHX BBIKJIIIOYATENEH 3aHOCUM B HIKEIPUBEICHHYIO

Taduiy 4.

Ta6J'II/IHa 4 — COHpOTI/IBJICHI/IH ABTOMATUYECKHUX BBIKJIOYATEIICH

O0o3HaueHue . AKTHBHOE NunykTuBHOE
HomwunansHBIM TOK, A

BBIKJTIOUATEIIS conpotusieHrne, MOM | conpoTtuiaeHue, MOM

QF1, QF2 250 0,4 0,12

QF3, QF4, QF5, QF6 | 200 11 0,5

QF7 10 7 45

QF8 16 7 45

QF9 160 15 0,37

QF10, QF11, QF12 63 4 2,1

Rix (axtuBHoe) u X, (MHIYKTHUBHOE) CONPOTUBIEHUE MPSIMOIl
nocieaoBaTeabHocTH 1muHONpoBoaa IIIPA-73 OyayT COOTBETCTBEHHO paBHBI 1
MOM u 1,3 MOm.

Riw (aktuBHOoe) u X (MHIYKTUBHOE) COMNPOTUBICHUE MPSIMOil
MOCJIeI0BATEILHOCTH Kabeel U MPOBOJIOB, TPOJIOKEHHBIX B TpyOax.

Jyist mprMepa BBITIOTHUM Pacyu€T JIsl OJTHO U3 Kalemeit:

Ris = Mo * | (22)

><11<6 = Xix6 - IK6! (23)

roe | — nmHa xabes.
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Paccunraem o popmymnam (22) u (23):

Riw =4,65:8 =37,2 MOwm;

Xix =0,1-8 = 0,8 MOmM.

[To aHamorum pgenaemM pacyeThl IS OCTAIbHBIX KaOenel M 3aHOCHM B

TadauIy O.
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Tabmuia 5 - ConpoTuBieHus kadbenei

S{;iiiH;Mz Ixs, MOM/M X1xs, MOM/M I, M R ks, MOM Xixs, MOM
4 4,65 0,1 8 37,2 0,8

35 0,54 0,9 14 7,56 12,6

0,5 15 0,135 15 225 2,025

0,5 15 0,135 1 15 0,135

15 14,09 0,126 8 112,72 1,008

PaccuntaeM cymMapHbie CONMPOTHUBIICHHS] OT UCTOYHUKA MUTAHUS 10 TOUKH
K1 no cxeme 3amemenus (pucynok 3) (17 u 18).

Riy = 0,4+7,7+1,1+7,56+1,5+4+37,2+1=60,46 MOwm;

Xy =0,124+22,4+0,5+12,6+0,37+2,1+0,8=38,89 MOm.

HauanpHOE 3HaYeHHE TEPUOIUYECKON COCTABISIONICH Tpex(a3HOro ToKa
KOPOTKOIO 3aMbIKaHUsI OT MCTOYHMKA nuTaHus 10 Touku K1 ompenensiercs mo
dbopmye:

U o _ 400

= =3,2KA.
RS +X§ {/3-,(60,46)° +(38,89)°

VYaapubiii Toxk 1 Toukn K1 OT uMCTOYHMKA nUTaHUS 1O HEE Ke
onpenensercs no Gopmyie:

i =V2-1, K, (24)
rae |, - HadampHOE 3HAYECHHE NEPUOIUYECKON COCTaBISIONMEH Tpex(asHOTro

TOKa KOPOTKOTO 3aMbIKaHHSI OT UCTOYHMUKA MUTaHUs A0 Touku K1;

Ky, — yaapHsiit k03 pUIIHEHT, ONIpeaeseTcs 0 KPUBbIM Ha pUCYHKe [4].

Hatinem o (24) dhopmyire:

i, =1/2-3,2.1,5=6,8KA.

[Io mnocnegHUM BBIYKUCIECHHBIM BEJIMYMHAM TOKOB JEJaeM MPOBEPKY

ABTOMATHUYECKUX BBIKJIFOUATENECH U APYTHX 3AIIUTHBIX YCTPOUCTB.
2.4. Bb10oOp 3J1IeKTPHYECKUX aNlllapaToB

ABTOMAaTHYECKHUE BBIKJIIOYATEIIN
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bepem nmns mpumepa pacuer s 1 Hacoca, BeIOMpaeM aBTOMAaTHYECKHMA

BeIkTIouaTe b QF10 Buga BA88-32 3P 63A 25kA U,=400 B; [,=63 A; 1.,=25 KA.

Bb100op 10 HanpsHKEHUIo CeTH:

U,.=400B>U, =380 B.

Br16op no omycTuMoi TOKOBOM Harpys3ke:

lha=63A>1,=39A.

[IpenBapuTenbHas OllEHKa OTKIIOYAIOIIEH CIOCOOHOCTH aBTOMATa!

lw=25kA>1,,=5,57 kKA;

100 S 100 100
Ino = ' o = : :5,57 A
[UKSM@UHJ (4,5j(@-230j .

3a (QaxTHueckoe 3HAUYEHHE YCTaBKM CpadaTbhiBaHUS TOKOBOW OTCEUYKHU

BBI6I/IpaCTCH CTaHAApPTHOC 3HAYCHHUC YCTAaBKHU Cpa6aTBIBaHI/I$I TOKOBOM OTCEYKH

BBI6paHHOFO ABTOMATHYCCKOT'O BBIKJIFOYATCIA:

rac

Ipyerro = 2500 A.

[TpousBoarM BBIOOp yCTaBKHU cpabaThIBAHUS 3aIUTHI OT MEPETPY3KH.
PacyeTHas ycraBka cpabaThIBaHUS 3alTUTHI OT Tieperpy3ku [1]:

lnepawn = Kp Ky lp = 1.1-1.1-39 = 47.19 A;

Inepwaxe = Kp 'Kyl = 1,1-1,3:39 = 55,77 A;

|, — pacyeTHBIH TOK U1 JaHHOH JINHUM;

K, =11,

K, = 10 ... 1,1 - nna He meperpyxaembix Ieneil (HarpeBaTebHBIX
AJIEMEHTOB U T.IL.);

K, =11 ... 1,3 — ang uenei, B KOTOPbIX BO3MOKHBI KPAaTKOBPEMEHHBIC
neperpy3ku (HarmpuMmep, Mpy MyCcKe ABUTATENS WK TpaHchopMaropa u T.11.).

I[GJI&GM AHAJIOTUYHBIN BI)I60p L OCTABHIMXCA JJICKTPOIIPUCMHHKOB U

3aHOCHUM IOJTyYEHHbIC JJaHHbIE B Ta0nuiy A.l (mpuiioxeHue A).

[TyckaTenu (KOHTAKTOPHI)

bepem nnsi mpumepa pacuer ansi 1 Hacoca, BbIOMpaeM KOHTAKTOp BHUIA

KMU35062[6].

Ugorr =380 B=U, =380 B.
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BeiOop 1o J0mycTUMOM TOKOBOM HAarpy3ke TJIABHBIX KOHTaKTOPOB
yCKaTEes:

IH.KOHT: 50A > IH =39 A,

Prowr =22 kBT =P, =22 kBrT.

Bb160p 1o poay TOKa 1 HOMUHAJILHOMY HalPs)KEHUIO

Tun HanpspokeHus ynpasieHus — nepeMeHHsbiin (AC),

HomunaneHoe pabodee HampsbkeHUe epeMeHHoro Toka - 400 B.

Tak ke aHaMOrMYHBIM CHOCOOOM JeneaM BbIOOpP JJIsi  OCTABILUXCS
AIIEKTPOTNIPUEMHUKOB M 3aHOCHM TIOJlyuY€HHBbIE JaHHble B Tabmuiy A.2

(mpunoxenue A).

2.7. IlpoBepka aBTOMATHYECKHX BbIKJIIOUYATEJIei

OuneHka OTKJIIOYAIOUIEH  CIIOCOOHOCTM  aBTOMaTra MPOUCXOAMUT  TIO
BBIPAKEHUIO:

low =35KA>1,,=6,27 KA,
rae lq - HOMHHAIBHAS OTKITIOYAOIIAs CTIOCOOHOCTH aBTOMATA;

l,c - HauampbHOE 3HAYEHWE TMEPUOJMYECKON COCTaBIAIONICH Tpexda3zHOro

TOKa KOPOTKOTO 3aMbIKAHMUSI.

Brikirouarens, 1y KOTOPOro NpoOBOAUIACH MPOBEPKA MO TOKY, €€ MPOIIEIL.
Jlanee nisa ocTanbHBIX BBIKIIFOUATENIEH J€IaeM aHAJIOTUYHBIE IEUCTBUS U 3aHOCUM

B Ta0uIy 6.
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Tabmma 6 - [TpoBepka aBTOMaTHYECKUX BBIKITIOYATEICH

TokoBag Onerka

Mecrto VYcnoBHOE Tun Hanpskerne Harpyska OTKIIOHAIOMEH
YCTaHOBKI/I 0603HaquI/Ie aBToMara BOSMOKHOCTH

UH.aBTl UH.CCTI/II IH.aBT1 I A ICU1 Il'IOl

B B A pA A kA
Ilur ABP | QF1, QF2 ?5‘28?615 400 |380 |250 |1109 |35 |27
It IIC SEg 8E‘6‘ ?5‘285615 400 |380 |200 |68 |35 |27
Uur IC | QF7 ]flf‘fgfg 400 1380 |10 |51 |45 [134
Uur IC | QF8 ]flﬁ*fgfg 400 |380 |16 |7 45 |215
IVH QF9 ?ﬁfé&f’ 400 |380 |160 |60 |35 |6.27
LIVH 822 QF11, ??238?2 400 1380 |63 |40 |25 |348

2.8. 3azemusiomee ycTpoiicTBo

3a3eMJICHUEM HAa3bIBalOT IIPEIHAMEPEHHOE TajJbBaHUYECKOE COCIUHEHHE
METAJUIMYECKIX YaCTeH AIEKTPOYCTAHOBKH C 3a3eMIISIONINM yCTPOHCTBOM [29].

CywiecTByOT pa3iau4HbIC BBl 3a3€MJICHMM: 3alUTHOE — BBINOJHAOT C
LENIbI0 00eCIeYeHNs AIEKTPOOE30MaCHOCTH MPU 3aMbIKAHUU TOKOBEIYIHUX YacTeH
Ha 3eMIII0; paboyee — MpeJHa3HAYEHO AJIsi O0ECHEeUeHUsT HOPMAIbHBIX PEXHMOB
paboOThl yCTaHOBKM; MOJIHE3AIUTHOE — JUISl 3aIUUTHI 3JIEKTPOOOOpPYAOBaHUS OT
NEpeHANpPsHKEHUH M MOJIHE3AIUThl 3JaHMi M coopykeHuil. B OosbimHcTBE
CIIy4aeB OJHO M TO € 3a3€MJICHHUE BBINMOJHSIET HECKOJBbKO (YHKIUH, TO €CTh
OJTHOBPEMEHHO SIBJIICTCSI 3alIUTHBIM, pabounM u Tak gaiee [29].

3aszeMIIsIoIIee yCTPOUCTBO — COBOKYITHOCTD 3a3€MIIUTENS U 3a3€MIISIOLINX
pOBOTHUKOB [29].

B kaudecTBe BepTHKAIbHBIX 3a3eMJIMTENICH OepeM CTallbHbIE CTEPXKHU
JuaMeTpoM 15 MM M JJIMHOM 2 M, KOTOpBIE MOrPYXkarT B TPYHT METOJOM
BBEpThIBaHUA. BepxHue KOHILBI 3JIEKTPOAOB pacnoiaraioT Ha riayoune 0,7 M OT
NOBEPXHOCTH  3EMJIU.

K HuM 1npuBapuBarOT TOPU3OHTAIBHBIE SJIEKTPOABI

CTCP>KHEBOI'O THUIIA U3 TOHU KE CTaJIk, 4YTO N BEPTUKAJIBHBIC 3JICKTPOALI.
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ComnpoTuBlieHHE 3a3eMIIIONIETO0 YCTPOWCTBA I DJIEKTPOYCTAaHOBOK
HanpspkeHueMm 10 1000 B we momxHO ObITh Oosbiie 4 Om, MOSTOMY pacdyeTHOE
compoTHBjeHUE MpuHuMaeM R, =4 Owm.

[IpeaBapuTebHO C y4eTOM IUIOMIAAN, 3aHUMAaeMOW OOBEKTOM, HaMedaem
pacloJIOKEHUE 3a3eMJIMTENIe — MO0 TMEepPUMETPY C PACCTOSIHUEM MEXAY
BEPTUKAJILHBIMU AJIEKTPOJaMU 4 M.

ComnpoTuBIIEHHE  HUCKYCCTBEHHOTO  3a3€MJIMTENSI MPU  OTCYTCTBUU
€CTECTBEHHBIX 3a3eMIIUTENICH MPUHUMAEM PAaBHBIM JIOITYCTUMOMY COIPOTHUBIICHUIO
3azemuisitolero ycrpoiictea R, = R, =4 Owm.

OnpenensieM  pacueTHbIE  y/ACJIbHBIE  COMNPOTUBICHUS  TpPyHTa s
TOPU30HTAIBHBIX U BEPTUKAIBHBIX 3a3EMIIUTENCH:

Ppr = Pya Kir = 100-2 = 200 Om-m;

Pps = Py Kis = 100-1,4 = 140 Om-Mm,

TI€ Py, — ACIBHOE CONPOTHBIEHHE TPYHTA (CYTJINHOK);

Ki, Ki — moBbmmarmme KodGOUIMEHTH a1 BEPTHKAIBHBIX H

TOPU3OHTAJIBHBIX  3JEKTPOJOB, TMpUHATBIE M0 [29] 1 JaHHOM

KJIMMAaTH4YE€CKOU 30HBI.

ComnpoTuBlIieHHE  PACTEKAHWIO  OJHOTO  BEPTHKAJIBHOTO  3JIEKTPOJa

CTCPIKHCBOI'O THUIIA.

R

d 2 4t

Pps 21 1, 4t+l 140 2-2 4.1, 7+2
wm=———| In—+= = In —+In
2-m-1 2-3,14-2 15-10 4.1,7-2

j: 68,9 OM.

OmpenensieM NPUMEPHOE YHUCIO BEPTHKAIBHBIX 3a3eMIIUTEICH IpH
BBIOpaHHOM KO3 dunmente ucnonszoBanus K,; = 0,64 [29].

R 68,9

OB3

N: =
K,-R, 0,64.4

=26,9~27 mr.

BpruncirM  pacdyeTHOE  CONPOTUBIIEHHWE PACTEKAHHWIO TOPU3OHTAIBHBIX
3JIEKTPOJIOB 1O (hopmyiie:

Ppr & 200 80?

R =—2 = -In =17,04 OM.
oK -2.m-1 d-t 0,31-2-3,14-80  0,015-0,71

HaXOILI/IM H€O6XO,Z[I/IMOC COIIPOTHUBJIICHUC BEPTUKAJIBHBIX 3JICKTPOJ0B.

32
bP.44.03.04.132.2018



n R R, _17,04-4
" R _-R, 17,04-4

pra

=5,230Mm.

BrruucisieM KOIMYECTBO BEPTHKAIBHBIX AJICKTPOJOB MpHU KodhuimeHTe

ucnons3oBaHus K,y = 0,49 npunsarsmv no [29]:

Ne_Raw __ 689
K., R, 049523

HBY BD

=26,7= 27 .

OKoOHYaTEeNbHO NPUHUMAEM K YCTAaHOBKE 27 BEPTUKAIBHO PACIIOIOXKEHHBIX
ANIEKTpOAA nocTaBiaeHHbIX o nepumetpy LITII.

Takke ycTaHOBIEHAa MOJHHE3AIIWTa — MOJIHMEIPUEMHHMK, a mure ABP
ycTaHOBJeHa I1aBHas 3azemisitomias wmmHa (I'3IL), xotopas coenunsieTcs ¢

OCHOBHBIM KOHTYPOM 3a3CMJICHHA.

2.9. be30nacHOCTB M 3KO0JIOTUSI OKPY/KAKOLIEH Cpebl

B nmanHoMm pazzgene OyayT pacCMOTpPEHBI BONPOCHI OE30MAaCHOCTH U
HKOJIOTUYHOCTU OKPYKAIOMICH Cpellbl M TTOMEIICHHsI B 11€JIOM, TaK KaK B TCUCHHUE
ocHoBHOU pabotrel LTIl wim, momycTum, ero TEXHHYECKOTO OOCIY)KHBaHUS, a
TaK)K€ M PEMOHT 3JIEKTPOOOOPYI0BaHHUS, MOTYT BO3HUKATh CUTYyallMU Pa3IUYHOU
OIAaCHOCTH, KaK JIJIsl OKPY>KaIOIIEH Cpeibl, TaK U JIJIs YeJIOBeKa.

JIyisi Hayama pacCMOTPUM YCIIOBUS MUKPOKIMMATA, B JIAHHBIX YCIIOBUAX, a
MMEHHO B MPOU3BOACTBEHHBIX, OH OIpEAENsIeTCs] MO CISAYIOIIMM MOHITHIM:
TEMIEepaTypa BO3/AyXa, OTHOCHUTEIbHAas BJIAXKHOCTh M CKOPOCTh BO3JAyXa Ha
pabouem wmecte. [Ipm HOpManbHBIX MapaMeTpax MHUKPOKJIMMATa TeMIIeparypa
MOMEIICHHS IEPKUTCS B HOPME M HE OeCrOKOUT uenoBeka. st paGoueil 30HbBI
MTOMEIICHHS YCTAaHABIUBAIOTCS ONTHMAIbHBIE MHUKPOKIMMATHYCCKUE YCIOBHS IO
'OCT12.1.005-88 [3]. s pabodero mecra OOCTYKHUBAIOIIETO IEPCOHANIA €CTh
CJIeIyIOLIUE TapaMeTpbl MUKPOKIMMATA:

e TeMIepaTypa OKpykaromero Bo3ayxa — 19-25 °C;

® OTHOCHUTEIbHAsA BIAXXHOCTH - <75%;
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® CKOpPOCTb JBHXKEHHUS OKpY’Karoliero Bo3ayxa - <0,2 m/c.

HeoOxogumbie mapameTpsl MOTYT OBITh JIOCTUTHYTHBI C  TTOMOIIBIO
BEHTWISIIIUU U OTOTJICHUS] TOMEIICHUS.

Xopomiasi MoJHOIIEHHasi padoTa TakKKe JOCTUTAeTCs 32 CUET KaueCTBEHHOIO
ocBemieHuss paboyero Mecra. [Ipy MI0OXOM OCBELIEHUWH YEJIOBEK OBICTPO
YTOMJISIETCS, BO3HMKAET BO3MOKHOCTh OIIMOUTHCSA. V3-3a TMIIOXOro OCBELICHUS
MOYET IPOU30MTH ONIACHASI CUTYALUs U1l )KU3HH YEJIOBEKa.

Paznuuaror Tpu BHJA OCBELICHUS: €CTECTBEHHOE, HCKYCCTBEHHOE U
coBMmeniéHHoe. B nHamem L[TII ncronp3yeTcs TOIbKO MCKYCCTBEHHOE OCBELICHHUE,
TaK Kak JJisl €CTECTBEHHOI'O HET OKOH. [[pMMEHSIOTCS TIOMUHECUEHTHBIE JIAMIIBI,
KOTOPBIE CO3AAI0T HYKHYIO OCBEILIEHHOCTh B 75 JIFOKCOB.

Ilym — omuH wu3 HamboJee pACIPOCTPAHCHHBIX HEOJIArOMPUSTHBIX
(bakTOpoB MPOU3BOJICTBEHHOU cpeibl. OCHOBHBIE MPOU3BOJICTBEHHBIC IMPOIIECCHI,
COMPOBOXKIAIOIINECS TYyMOM, — 3TO pab0Ta HACOCOB, BEHTWJIATOPOB U JIPYTOTO
AEKTpooOOpynOBaHus. ['0BOpS O ACHCTBUM IITyMa Ha OPTaHU3M, CJIEAyeT UMETh B
BUJly, YTO OH OKa3blBa€T KAaK MECTHOE, Tak u oOimee Bo3zciicTBue. Ilpu
MOBBIIIEHHOM NIyME YYallaeTCs IyJbC, AbIXaHWE, IOBBIIIACTCS ApTEPUATIBHOE
JaBJICHUE, W3MEHSIOTCS JBUraTelibHasT W CEKpeTopHas (YHKIUU >KEIyAKa Hu
JIpYruX OpraHoB. Takke HEOIArompusITHO OTpakaeTcsa IIyM W Ha HEPBHOU
CHUCTEME, BBI3BIBAs TOJIOBHBIE ©OOJM, OCECCOHHMILy, OcJIabjieHue BHHUMAaHUSA,
3aMeJJICHue TCUXUYECKUX pEeaAKIUid, 4YTO B KOHEYHOM CYETE TMPUBOJUT K
MOHM)KEHUIO Pa00TOCIIOCOOHOCTH.

[IIy™m onpenensieTcs caeayolUMU OCHOBHBIMU TapaMeTPaMU:

® YPOBEHb 3BYKOBOI'O JIaBJIICHUS;

® UHTEHCUBHOCTH 3BYKA;

® YpPOBEHbH 3BYKA.

Emé ectp BuOpamus, KoTopas TOXe HEOIAronpusiTHO BO3ACHCTBYET Ha

opraHu3M 4enoBeka. BuOpauuio MoxkHO HaOdogaTh npu padote Jr000ro
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o0opynoBaHusA, BO BpeMs NPOXOXKIEHUs TpaHcmopTa, nmpu K3 Oompinme Toku
BBI3BIBAIOT IMHAMUYECKYIO HATPY3KYy.

Bubpatus onpeaensieTcst caeayronMMA OCHOBHBIMY MapamMeTpaMu:

® 4acToTa,

® aAMIUIUTYJA KOJIEOaHUM.

3amuTa OT BUOpamMi JOJDKHA HAYMHATHCS, TPEKIE BCETO, C HX
JIUKBUIAIINN.

KosnekTuBHbIE METOBI 3aLTUTHI:

e yIydileHue paboThl MEXaHU3MOB,

® [IPUMEHECHUE aMOPTU3aTOPOB (pEe3UHOBBIX, NPY>KUHHBIX,
MMHEBMATUYECKUX );

® JCIOJIb30BAaHUE BUOPOracslero OCHOBaHUS I0J COOTBETCTBYIOILEE
000py10BaHUE;

® CpeACTBA HWHIUBUAYAJbHOM  3allUThl:  CHEIUAJIbHBIE  PYKaBUIIHI,
nepyaTK, BUOPO3AIIUTHBIE MPOKIAJKU U O0YBb.

BosneiictBue AJIEKTPOMArHUTHBIX TIOJIEH. HUcTounukamu
AJIIEKTPOMATHUTHBIX TMOJEH SABIAIOTCS Haxoxsmme BOmm3u JIOII, Brirouaromue
KOMMYTAI[MOHHBIE amnmnapaThl, YCTPONCTBA 3allUThl U aBTOMATUKHU. B Hacrtosiee
BpeMsl B KauyeCTBE MPEJEIbHO JOMYCTUMON HANpsHKEHHOCTU DJIEKTPUYECKOrO U
MarHUTHOTO T0JIel Ha pabounux MecTax cooTBeTcTBeHHO paBHO 500 B/M u 50 A/wm.
[IpenensHo nOMyCTUMOE 3HAYEHUE IUIOTHOCTH IMOTOKA JHEPTUM HE JOJIKHO
npessbimaTh 10 Br/™.

OcHoBHbIe mapameTpsl IMIT:

® Y4acToTa;

® HaNpsHKEHHOCTH DJICKTPUUYECKOTO MOJIS;

® HanpsHKEHHOCTh MArHUTHOTO TOJISE;

® JTUIOTHOCTDB IIOTOKA SHCPI'UU.
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B anektpoycTtaHOBKax BCeX HANpPsDKEHUM OJDKHA OBITh YCTaHOBIIEHA
3amuTa paboyux OT BO3ACHCTBHS 3JIEKTPOMArHUTHOTO TMOJIS, HANPSHKEHHOCTD
KOTOPOTO TPEBBIIIAET JOMYCTUMOE 3HAUYEHUE, TO €CTh HEOOXOIUMO OIpaHUYUTH

Bpems npeObiBanus (Tabmuma 7).

Tabnuua 7 - lomyctuMoe Bpemsi peObIBaHMsI B 3JIEKTPOMArHUTHOM T10JI€

HarmpsixeHHOCTH 5-10 10-15 15-20 20-25 25w

noisg E, kB/m OobIe
Honyctumoe He Gomee 2 | 90 MunyT 10 munyT 5 MHUHYT bes 3amuTel
BpeMs 4acoB HE
peObIBaHUS JIOITyCKaeTCsl

DJIIeKTPOINOpaKEHUe IepcoHaga, paldoTalolero ¢ AJIEKTPOyCTaHOBKaMU,
SIBJIIETCSL ONACHBIM JIJIA JKM3HM 4YEJIOBEKA M HACTYNAET MPHU CONMPUKOCHOBEHUH €T0
C CEThIO HE MEHEE YEM B JIBYX TOUKAX.

Bubl BO3AEHCTBUN SJIEKTPUUECKOTO TOKA HA OPraHU3M 4Y€JIOBEKA!

® TEPMHUYECKOE BO3JCHCTBUE TOKA TPOSBISIETCA B O0XOrax, HarpeBe
KPOBEHOCHBIX COCYAOB, CE€p/Illa, MO3ra U JPYTUX OPraHOB, HAXOJAIIMXCS HA IMYTH
MIPOTEKAHUS TOKA, 10 KPUTUUECKON TEMIIEPATYPHI;

® JJIEKTPOJIMTUYECKOE JIEMCTBUE TOKA BBIPAKAETCS B PA3I0KEHUU KPOBH,
YTO HapyIIaeT € cOCTaB U QyHKIIUY;

® MEXAHUYECKOE JICMCTBUE TOKA MPOSIBISACTCSA B 3HAYUTEIBHOM JIABJICHUU
B KPOBEHOCHBIX COCY/IaX M MBIIIEYHBIX TKAHSX;

® OHOJIOTUYECKOE JICMCTBUE TOKA MPOSBISIETCS B Pa3IpPaKCHUHM KUBBIX
TKaHEW, YTO BBI3BIBAET TAKyI0 PEAKIUI0 OpraHu3Ma, Kak BO30yXJACHHUE, YTO U
o0ycaBIMBaeT HEMPOU3BOJIBHOE COKPAIIICHUE MBIIIIII.

IIpu Haunbosnee HEOIATONPUIATHOM HMCXOJI€ BO3ACHCTBHUE SJICKTPUUYECKOIO
TOKa MOYET IMPUBECTU U K CMEPTHU YEIIOBEKA.

JIOMKHBI  OBITH TPEIYCMOTPEHBI WHAWBUIAYAITbHBIE JJIEKTPO3AIIUTHEIC

cpeactBa. B ycranoBkax no 1000 B ucnons3yroTcss TUAJIEKTPUYECKAE NEPUATKH,
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yKa3zaTelnu HampsHKeHUs, IUAJIEKTPUYECKHE KOBPUKA W OOTHI, H30JIHMPYIOIINE
MOJICTABKH, a TAKKE MHCTPYMEHT C U30JIMPOBAHHBIMU PYKOSATKaAMHU.

OCHOBHBIMM TpUYMHAMM [OXapa MOTYT OBITh: IEperpy3ka IIpOBOJOB,
KOPOTKOE 3aMbIKaHUE, OOJbIINE MEPEXOAHBIE COMPOTHUBICHUS B JJIEKTPUUYECKHUX
LENsX, MEKTpUUEcKas 1yra, ICKpeHHE U HEMCIPABHOCTH 000PY10BaHMSL.

IToxxapHast npo¢uaakTuka 00ECIEeUnBAETCSI: CUCTEMOW IPEAOTBpAIECHUs
110’Kapa, CUCTEMOI POTUBOIIOKAPHOM 3aIUTHI, OPrAaHU3ALUOHHO - TEXHUYECKUMU
MeponpusatiaMu. K MepaMm npenoTBpallleHHs] IOKapa OTHOCSTCS: NPUMEHEHUE
CPENCTB 3aLIUTHOTO OTKJIFOYEHHSI BO3MOKHBIX UCTOUHHUKOB 3aropaHus (3alUTHOTO
3aHyJIEHHsA); MPUMEHEHHE HUCKpPOOe30macHOro oO0OpYyAOBaHUS;, MPUMEHEHHE
yCTPOMCTBA MOJIHME3AIUThl 3/1aHUS; BBINOJHEHUE MNpPaBUI (MHCTPYKLMH) IO
MOKapHOH O€30MaCHOCTH.

K MepaM NpOTHBONOXApHOW 3aIUTHI OTHOCATCA: NPUMEHEHHE IOKAPHBIX
U3BEIIaTeNIel, CPEJCTB KOJJIEKTUBHOM M WHJMBHUAYATbHOU 3aIUTHI OT (DAKTOPOB
[10’Kapa, CUCTEMbl aBTOMATUYECKOW MOKAPHOW CUTHAIM3ALMH, TOPOIIKOBBIX HIIN
YIIEKHCITOTHBIX OTHETYIIMTENeH, 1Ba AlKKa ¢ meckom 0,5 m°,

OpraHn3alMOHHO-TEXHUYECKUE MEpPONPHUATHS: HArIsgHas aruTauus M
MHCTPYKTaX paboTaroluX MO I0XAapHOW Oe30macHOCTH; pa3paboTKa CXEMbl
JNEUCTBUM aIMUHHCTpAlMM WU paboTaIUMX B CiIy4ae Io)Kapa W OpraHu3auus
ABAKyalUU JIOJIEH; OpraHu3ausl BHEIITATHOW MOKAPHOU JPYKUHBI.

ITpu oOHapyxeHuM 3aropaHus paOouuii HEMEMJIEHHO COOO0IIaeT Mo
tenedony 0l B mokapHyHO OXpaHy, COOOIIAET PYKOBOAMTEIIO, MPUCTYMAIOT K
HBAKyalluy JIIOJEW U MaTEpUAJIbHBIX LEHHOCTEU. TylleHue noxapa OpraHu3yeTcs
NEPBUYHBIMM CPEJICTBAMU C MOMEHTa OOHapy»keHus noxapa. [locrpagaBmmm npu
nokape 00ecreynBaeTcsi CKopasi MEAUIIMHCKAs IIOMOIIIb.

CoBpeMeHHass cUCTEMa 3JIEKTPOOE30IaCHOCTH O0ECIIEUMBAET 3aLUTY OT
NOPa’KEHHUA B JIByX HanOosee BEPOATHBIX U OMACHBIX CIyYasx:

e @pu  [pPIMOM  HIPUKOCHOBEHMHM K  TOKOBEAYIIMM  YacTsAM
AIEKTPOOOOPYI0BAHMUS;

® [pU KOCBEHHOM MPUKOCHOBEHUH.
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[Ton KOCBEHHBIM MPUKOCHOBEHWEM TOHUMAETCSI IPUKOCHOBEHHUE YeIOBEKa K

OTKPBITHIM  IPOBOAAIIMM 4YacTAM O0OOpyAOBaHHSA, Ha KOTOPBHIX B
HOPMaJbHOM pPEXKUME (MCIIPAaBHOM COCTOSHUHM) 3JIEKTPOYCTAaHOBKH OTCYTCTBYET
AIIEKTPUYECKUI MOTEHIMAJ, HO MPU KaKUX-TUOO HEUCIPABHOCTAX, BBI3BABLIMX
HapyIICHHE W30JAIMA WIH ee MpoOoil Ha KOpIyC, HAa 3TUX YacCTAX BO3MOYKHO
MIOSIBJICHHE OTIACHOTO JIJIs )KM3HU YeJIOBeKa MOTEHITHAIA.

JlJig 3a1uThl OT MPSMOTO MPUKOCHOBEHHS K TOKOBEIYIIUM YacTsIM CITy>KaT
U30JISIIIHAS ATUX CaMbIX YacTel, MPUMEHEHHE OTPXKICHUA U 000JI0UeK, yCTaHOBKA
OapbepoB, pa3MENIeHHE YCTPOUCTBA 3aUTHOTO OTKItoueHus (Y30).

JUis 3aiuThl OT KOCBEHHOTO NPUKOCHOBEHHSI NMPUMEHSIOTCS: 3alUTHOE
3a3eMJICHHE U 3alUTHOE 3aHyleHue. Jlake eciaum Tpu  AIeKTPONOpakKeHUU
paboTarouMii BHEITHE COXpaHSAET BHUJ, KaK MPH HOPMaJbHOM CaMOYyBCTBHH, OH
BCE PABHO JOJKEH OBITh HEMEUICHHO OCMOTPEH BpadyoM C 3aKIIOYCHHEM O
COCTOSTHUM 37I0POBBS, TO €CTh IOCTpaJaBlIeMy MOJDKHA OBITh OKa3zaHa CKOpas
MEAMIMHCKas oMollb. [IpeaBapuTenbHO MOCTPagaBIIET0 HYKHO OCBOOOIUTH OT
JEHCTBHS NEKTPUIECKOTO TOKa. ECIIU MPH 3TOM OTKIIIOYUTH HAMPsDKEHUE ObICTPO
HEBO3MOKHO, OCBOOOXKICHHE OT D3JIEKTPUUYECTBA IOCTPAZABIIET0 HEOOXOAMMO
IPOU3BOIUTH, U30JUPOBAB CEOS NUAICKTPUUECKUMHU TEPUATKaMU WM TaJOIIaAMH.
I[Ipu HeoOxomumocTH mepepe3aTh IMpoBoAa (KaXIbli B OTAEIBHOCTH)
UHCTPYMEHTOM C H30JIMPOBAaHHBIMU pyuykamu. Eciu ecTs HeoO0XoauMocTh (Tpu
NoTepe CO3HAHUs, OCTAHOBKE CEepAla U MOJ00HOE) OKa3aHWs TIEPBOM MOMOIIH, TO
10 TpHOBITHS CKOpPOW TMOMOIIM HEOOXOAMMO HadaTh OKa3aTh IEPBYIO
MEIUIIUHCKYI0 TTOMOIIIb (HApYKHBIA Maccax ceplila, UCKyCCTBEHHOE JIbIXaHUE).

HeobxomuMo  Takke  YCTAaHOBUTH  3allUTHOE  3a3eMJICHHE  JUIS
IPEIOTBPALICHHUS] OT MOPAXKEHHS HIEKTPUUECKHUM TOKOM IMPH MPUKOCHOBEHUH K
KOpITycaM 3JIEKTPOYCTAHOBOK, HAXO/SIIIUXCS MO HAMPSHKECHUEM WU TpU Tpodoe

H30JIAIWH, a4 TAK)XKEC U B IPYIrUX Ciydasx.
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3. METOAUYECKASA YACTD

JlaHHBIE METOOMYECKHE YKa3aHWs IPEJHAa3HA4YeHbl JUIsl IIPOBEICHHUS
IPAKTUYECKOI0 3aHATUS U BKIIIOYAIOT B ce0s1 MaTepual JUIsl 3aKpeIyICHUs] 3HaHWH,
NOJyYEHHBIX BO BpeMsa u3ydeHus mnpodeccuoHanbHoro wmoxayns [IM.01
«Texnuueckoe oOCITyKMBaHUE OOOpPYNOBAaHUS AIIEKTPUUYECKUX IOACTAHUUN U
cereity, MJIK 01.02 «YcTpoilcTBO M TeXHUYECKOE OOCIYyKXHUBAaHUE CeTel
AIIEKTPOCHAOKEHUSY.

BrinosnHeHNE MaHHOTO MPAKTUYECKOIO 3aHATHs MO3BOJISET 00ydaromuMces
BOCTIOJIb30BaThCSl CBOEW HAKOIUIEHHOM 0a30il 3HaHMM, W OTpaboTaTh HaBBIKH,
HIOJTyYEHHBIE 32 BpeMs O0yUeHUsI.

[Io OKOHYAHWIO MPAKTHYECKOTO 3aHITHS OOYyJalOUIUHCsA MOJDKeH OyaeT
COCTaBUTb OTUET MO MPOAETIaHHON paboTe U 3aIUTUTH €T0 Y MPENno1aBaTesl.

I[IpakTH4yeckoe 3aHsITHE

Tema: «MccnenoBanue paboThl aBBTOMAaTHUECKUX BBIKIIIOUATEIICH».

[{enb paGoThI: OCBOUTH MPUHLUI AEUCTBUSI, KOHCTPYKILIHMIO, XapAKTEPUCTUKU
U METOJIUKY BbIOOpa aBTOMATUYECKOTO BBIKITIOUATES.

3amaun: OBJaNeTh METOAMKOM pacuéTa W BbBIOOpAa ABTOMATHYECKHUX
BBIKJIFOYATENCH.

Kpartkue Teopernyeckue cBeeHUs

Koncmpykuyua u ycmpoiicmeo agmomamuueckozo 6blK1i04ames

ABTOMAaTHYECKHE BBIKIIIOYATENN (BBIKJIIOYATENM, AaBTOMATbl) SBISIOTCA
KOMMYTAallMOHHBIMHM 3JIEKTPUYECKUMH aIllapaTaMy, MPEeIHA3HAYEHHbIMH JUIS
MPOBEICHUS TOKA LIETIH B HOPMAJIbHBIX PEXUMAX U Il aBTOMATUYECKOUW 3aIUThI
ANEKTPUYECKUX CeTell U 000pylOBaHHS OT aBapUUHBIX PEXKUMOB (TOKOB
KOPOTKOIO 3aMBIKaHHs, TOKOB II€PErpy3KH, CHWXXEHUS WIM HCYE3HOBEHUS
HaIpsHKEHUs!, U3BMEHEHMsI HAlpaBJIeHUs] TOKA, BOZHUKHOBEHHUS MAarHUTHOTO TMOJIS
MOIIHBIX T€HEPATOpPOB B ABApPUMHBIX YCJIOBHUSX W Jp.), & TaKXKe Il HE4YacTOH

KOMMYTAIIMA HOMUHAIBHBIX TOKOB (6-30 pa3 B cytku)[10].
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brnaromapss mpoctote, ymoOcTBy, Oe€30macHOCTH OOCTY)KUBaHUS W
HAJICKHOCTH 3alUTHl OT TOKOB KOPOTKOT'O 3aMBIKAHWS OTH allaparbl IMUPOKO
IPUMEHSIOTCS B 9JICKTPHUECKUX YCTAaHOBKAX Majiol U OOJBIION MOIITHOCTH.

ABTOMaTHUYECKHE BBIKITIOUATEIIA OTHOCATCSA K KOMMYTAIIMOHHBIM aIaparam
PYYHOTO YIpaBIEHUS, OAHAKO MHOTHE THITBI MMEIOT JJIEKTPOMATHUTHBIA WM
DIIEKTPOJIBUTATENIbHBIN TPUBOMA, YTO JAeT BO3MOXKHOCTh YIPABIATH HWMH Ha
pacCcTOSTHUM.

ABTOMATHUYECKHE BBIKIIOYATETN TOCTOSSHHOTO U TIEPEMEHHOTO TOKa
CYImIECTBYIOT  pPA3JIMYHBIX  THUIIOB:  OJHONOJIOCHBIC,  JBYXIIOJIFOCHBIE U
TPEXIOJIIOCHBIC. Bce OHU, HE3aBUCUMO OT KOJMYECTBA ITOJIFOCOB, MPEIHA3HAYCHBI
JUTSL OTIEPATUBHONW KOMMYTAIIUU W 3AIIUTHI AJIEKTPUUYCCKUX IIETIe OT aBapHHBIX
CUTYaIluii: TOKOB KOPOTKOTO 3aMBIKaHHUS W TEPETPy3KH CETH, CHIDKCHUS WIH
WCYE3HOBEHUS HAIPSDKCHUS, U3MEHEHUS HaPaBIICHUS TOKA U APYTHUX.

OCHOBHBIE TTApaMEeTPbl ABTOMATHYECKOTO BBIKITIOYATCIIS:

1) HOMHHAJIBHBIH TOK;

2) HOMHHAJBHOE pabouee HANPsIKCHUE,

3) OoTKIOYaroas CrrocoOHOCTE;

4) HOMHUHAJILHOE UMITYJIbCHOE BBIICPKUBACMOE HAINIPSHKECHUE,

5) coOCTBEeHHOE BPEMS OTKIIIOUCHMS.

[Tox cOOCTBEHHBIM BpEMEHEM OTKIIFOUCHHUSI aBTOMATHYECKOTO BBIKITIOUATEIIS
NPUHUMAIOT HHTEPBAT BPEMEHH OT MOMEHTA MO0JJa4i KOMaH/Ibl Ha OTKIIOUEHHUE 10
MOMEHTA TTOJIHOTO Pa3MbIKaHUsI KOHTaKTOB.

PaccMoTpyuM OCHOBHBIC Y3IIbI aBTOMATHUYECKOTO BBIKJIFOUATEIS, KOTOPHIC
NIPE/ICTaBJICHBI HA PUCYHKE 4:

1) KOHTaKTHasi CHCTEMBI;

2) nyroracuTelbHAas CUCTEMA;

3) pacuerisionee yCTporcTBO;

4) paclenuTenb;

5) mnpuBoj.
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!

PI/ICYHOK 4 - KOHCTpYKTI/IBHaH CXEMa aBTOMAaTUYCCKOI'O BBIK/IIFOYATCIIA

KoHTakTHas cucrema BKJIIOYaeT B ceOs: TIaBHBIE W JAYrOracUTEIbHBIC
KOHTaKkThl (3 u 18), mpyXuHBl KOHTAaKTHOro Haxxatus (2 u 19), xommeHcaTop
aeKTpoauHaMudeckux ycwimid (1) u rubkyro TokoBemymryto cBs3b (4). Ona
JOJDKHA O0ecneynBaTh MPOAOIKUTENBHBIA pPEeXUM pabOThl MPU HOMHHAIBHOM
TOKE, HE TIEPETrPeBaAsCh U HE OKUCIISISACH, @ TAKXKe OBITH CIIOCOOHOM HE MOBPEKIASCH
BKJIFOYATh W OTKJIFOYATh BEICOKAE TOKHA KOPOTKOTO 3aMbIKAHUS.

JlyroracutenpHas CUCTEMa BKIIIOYAE€T B Ce0S JYroracMTENIbHYIO Kamepy
(20), oma momkHa oOecmeuMBaTh TalIEHUE OHICKTPUYECKYIO Oyry, KOTOopas
BO3ZHHMKAET MIPU OTKIIOUYEHUN TOKA KOPOTKOTO 3aMBbIKAHUSI.

JIJsl MCKITIOYEHUsI BO3MOKHOCTH YJIEPKUBATh KOHTAKTHI aBTOMATHYECKOTO
BBIKJTIOUATENISI BO BKJIOUEHHOM TIOJIOKCHHHM PYKOSTKOW, JHOO JMCTAHIIMOHHBIM
MPUBOJIOM, IIPU HAJIMYUU HECTAHAAPTHOIO PEeXHMa B 3alIMIIAEMON LIENH U s
oOecreyeHuss MOMEHTAJIbHOTO OTKIIFOUEHHUS, TO €CTh HE 3aBUCAIIMN OT oreparopa,
pola W MacChl TPHUBOJA, a TaKKe CKOPOCTH pACXOXKIEHUS KOHTAKTOB,
NpelHa3HAaYeH MEeXaHu3M CBOOOJHO pacuerieHus. OH mpeacTaBisieT coOoi

CUCTEMY CBA3AHHBIX PHIYArOB IIAPHUPAMH, COCIUHSIONIMX MPUBOJ BKJIIOUEHUS C
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CUCTEMOM TMOJBUKHBIX KOHTAaKTOB, KOTOpPBIE B CBOK OYEPEAb COEAUHEHBI C
OTKJIIOUAIONIEH Mpy>KWHOW. BkitouaeT B ceOsl 3BEHbs] MIAPHUPHO-CBA3AHHOTO
pbruara (14 u 15), kontakTHbIM phryar (17), ynop (21), oTKIIOYAIOUIYIO PYXUHY
(16), onopy (11) u mexanuyeckyto cBa3b (10).

YcerpoiictBa, peanusyromue (YHKIHUIO 3allUThl B aBTOMATHYECKUX BbI-
BKJIIOYATENAX, Ha3bIBalOTCs pacuenurensiMu. OH  KOHTPOJIMPYET 3aJaHHbIe
napaMeTphl 3allUIaeMON IENU U MPU UX OTKIOHEHUU OTKIIOYAET BBIKIIIOUATEIIb,
BO3JIEMCTBYST Ha  MeXaHu3M cBoOojgHoro pacuerieHus. CocToutr U3
oumerammyeckoro  asnemenra  (5), myHra  (6), HarpeBarens  (7),
AJIEKTPOMArHUTHOrO pacuenutenss (8) W HE3aBUCUMOIO pacCUENUTENs s
yAQICHHOTO OTKJItoUeHUs (9).

JIns BKJIIOYEHHMS] BBIKJIIOYATENS [0 KOMAaHJE HCHOJIb3YyeTCsl TPUBO/I,

KOTOPBIN COCTOUT U3 pydHOTO MprBoJa (12) u anekrpoMarautHoro npusojaa (13).

I ‘ |1 § Fycr
FBxa 6 =5
Forkn .
W =)

wue/ R i ’]l
1

77777
Pucynok 5 - CtpykTypHas cxema JedCTBHSI aBTOMATHUYECKOTO BBIKJIFOUATEIS

o

Ly

PaccMoTpuM pUCYHOK 5: IpU CTaHAAPTHOM peXUME paboThl Yepe3 INIaBHYIO
TOKOBEAYyIIyIO merb (1) mpoTtekaeT Tok (1), KOTOPBIN MEHbIIE TOKa CpadaThIBAHHUS.
B stom pexume 3yObsi kopombiciia (5) u TaAru (6) HaXOAATCA B 3allCINICHHOM
COCTOSIHUM, (UKCUPYSd 3aMKHYTO€ IIOJIO)KEHHE KOHTAKTOB TJaBHOM IeNu U
YAEPKUBAS OTKIIOYAIOLIYI0 MpYXKHHY (2) B pacTIHYTOM IMOJOXKeHUU. EcThb
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cootHomenne Fy, > F,, — 3TO COOTHOIIEHHE MEXKIY YCHWIUSAMH HPYKHHBI
peryJiMpoBaHUs TOKa YCTaBKU cpaOaThIBaHMsI aBTOMATHUECKOTO BBIKIIOUaTens (4)
U DJICKTPOMAarHuTHOro Mexanusma(3).

Kak Tombko B 1lemu TOSIBISETCS TOK, KOTOPBIM MPEBBIIIAET TOK
cpalaTbhIBaHUsA, PETYIUPYEMbI MPY>KUHOM, MOABUTCS OOpPAaTHOE COOTHOIICHHE, a
umeHHo F,, > F,.;. B pe3ynbrare yero Akopb 3J€KTPOMarHUTHOrO MexaHusMa (7)
Cpa3y MPUTATUBAETCSA K KaTYIIKE C CEPACYHUKOM, BBIBOJS KOPOMBICIO U TSIy U3
3aiiena, 4YTo NPUBOJUT K OCBOOOXKIICHUIO MPYKUHBI OTKIItoueHus. [lox aeiicTBueM
Forx: TIPOMCXOUT pa3MbIKaHUE KOHTAKTOB CHUCTEMbI IJIABHOM LIETH, B CIEACTBHUH
Yero aBTOMaTU4YECKHUM BBIKIIOYATENb OTKJIFOUAETCSI.

UtoObl BEpHYTh ABTOMATUYECKUW  BBIKJIIOYATEIh BO  BKIIOUEHHOE
MOJIOKEHNE Heo0XoauMo ae(opMHpOBaTH OTKIIOUYAIONIYIO MPYXHHY C YCHIIMEM
F ks C TOMOILBIO BO3ACHCTBUS YEIOBEUECKON CHUJIBI.

CymiectByer OOJBIIOE KOJIMYECTBO ABTOMATHMUECKUX  BBIKIHOYATENECH,
KOTOpBIE pa3IUYalOTCs IO BHAY pPACLUENUTENs, OCYIIECTBISIEMON 3alluTe,
KOHCTPYKIIUU U IO JPYTUM KPUTEPHSIM.

Hampumep, aBTOMaTHMdecKkue BBIKIIOYATETN  PAa3jIMYHBIE 10  BUIY
pacuenuTens:

® pacleNHTeNId aBTOMAaTOB MAaKCUMAJIbHOTO TOKA;

® pacHenuTesl aBTOMAaTOB MUHUMAJILHOTO HAMIPSKCHHUS,;

® pacuenuTesld aBTOMAaTOB MUHUMAJIbHOTO TOKA;

e pacuenuTenyu 0OpaTHON MOITHOCTH M OOPAaTHOTO TOKA.

Buioop aemomamuueckozo svikntouamens

Br16op aBTOMAaTHYECKHMX BBIKIIOYATENICH 3aBUCUT OT KOH(HUTypamuu wu
MapaMeTpPOB 3alIMINAEMON LENU U SABJISAETCS HE caMOM MpocTou 3amadent. Jid
ATOr0 HEOOXOAMMO MPEABAPUTENHHO PACCUUTATh TOKM KOPOTKOTO 3aMbIKaHUS B
Pa3IMYHBIX yYacTKaX CETH U COINIACOBAaHHOCTH JAeWCTBHA 3amuThl. OHAKO €CThb

06HII/IC Tpe60BaHI/IH Inpu BI>I60pC ABTOMATHUYCCKOT'O BBIK/IIFOYATCIIA:

43
bP.44.03.04.132.2018



e HOMHMHaJIbHOE HampsbkeHue aBTomata U, .., HTOHKHO COOTBETCTBOBATH
HaIlpsDKEHUIO CETH, B KOTOPOM OH YCTAaHABIMBACTCA, a €ro OTKIIOYArolas
CIIOCOOHOCTH JIOJI’KHA OBITh HE HMXKE MAaKCUMAJIbHOTO TOKa KOPOTKOTO 3aMbIKaHUS
Ha 3alUIIAEMOM UM YYACTKE LIEH;

® HOMHUHAIBHBIM TOK pacuenurens |y uon JOKEH COOTBETCTBOBATH
MAaKCHMaJIbHOMY pabo4eMy TOKA | a6 vaxc, KOTOPBIA MOXKET UIUTEIBHOE BpEMs
MIPOTEKATH MO 3ALIUIIAEMON UM JIMHUU C YYETOM BO3MOKHOM MEPETPY3KH.

Pacuenurens  aBTOMAaTMYECKOro  BBIKIIOYATENsl  JOJDKEH  paboTarh
CEJIEKTUBHO, TO €CTh OTKJIIOYaTh TOJBKO TOT YYaCTOK, KOTOPBIA IOBPEKIECH.
CeNleKTUBHOCTh JEUCTBHUSI aBTOMATHYECKOTO BBIKJIKOYATENS JTOCTUTAETCA IyTEM
COTJIACOBaHUsl 3alllMTHBIX XapaKTEPUCTUK ero pacuenutened. Yem Omke
ABTOMATHYECKWW BBIKJIIOYATENb PACIONAracTcss K MCTOYHUKY IIUTAHUS, TEM
Oonpllle JOJDKHA OBITh YCTaBKa TOKAa pACLENUTENs, M TEM BBIIIE J0JDKHA
HAXOJIUThCA €ro 3alllUTHAs XapaKTEepUCTHKA. B ceTsax ¢ HampsskeHueM He OoJiblie
1000 B HeoOXxoauMa COIJIaCOBAaHHOCThH CEJIEKTUBHOCTH JIEUCTBUSI
aBTOMATHYECKOTO BBIKIIIOUATENSI W MpeaoXpaHuTeneil. B HEKoTophIX ciyyasx
MOJIHOM  CENEKTUBHOCTU MX JEHUCTBUA JIOCTUTHYTh HE MPEIOCTaBISETCS
BO3MO>KHBIM, U3-32 MHOI000pa3us yCIOBUH, B KOTOPBIX OHH pabOTaloT.

OyeHp IIMPOKO CBOE NMPUMEHEHUE aBTOMATUYECKUE BBIKIIFOUATENN HAILIU B
3allIUTE ACUHXPOHHBIX D3JIEKTPOJBUIATENIEH, KOTOPBIE COCTaBIAIOT OKoio S0
MIPOIICHTOB BCEX MOTpeOuTeNnei aiekTpodnepruu. [1yCKoBOW TOK aCHHXPOHHBIX
AIIEKTPOJBUTATENEH C KOPOTKO3aMKHYTBIM POTOPOM MPEBBIIIAET HOMUHAJIBHBIN B
5-7 pa3. Taxxke HEOOXOIUMO YUYUTHIBATH BO3MOKHOCTh BOSHHUKHOBEHHUS YIAPHBIX
TOKOB, KOTOpBIE BBI3BIBAIOT MOMEHTAJIBHOE CpabaThIBAHWE AIIEKTPOMATHUTHBIX
pacuenuTenel aBTOMaTUYECKOro BeIKIIIOUaTenst. C 3TUM y4eTOM YCTaBKa IO TOKY
3JIEKTPOMArHUTHOTO pacuenurens |ly,5v aBTOMaTH4ECKOTO BBIKIHOYATENS IS
OJIHOT'O 3JIEKTPOJIBUTaTENs] BLIOUPAETCS MO YCIOBHIO:

Luow = (1,5-1,8)-1 (25)

myck "

W nns rpynnsl 21€KTpoABUATATENIEN:
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Ipu.3M > (1’5-1’8) (i IH0M4i + ( Inycx.max -IHOM.maX )j ! (26)
i=1

rie > l,.,- CyMMa HOMMHAIBHBIX TOKOB OJHOBPEMEHHO pPabOTAIOMIMX

3JIEKTPOABUTATEIIEH;

| - MakKCHMMajlbHas pasHOCTb MCKIAY IMIYCKOBbBIM HOMHWHAJIbHBIM

( InyCKAmax HOM.Mmax )

TOKOM.
VYcTaBKky TEIIOBBIX pacLEenuTesnell BbIOMPalOTCS MO HOMHHAIBHOMY TOKY
AJIEKTPOABUTATENSA C YYETOM YCIOBHM IyCKa, JUI T'PYIIBI JJEKTPOJBHUIaTENICH

AHAJIOTHYHO.

n

e = (1,0-1,5) 1

prLTert

HOM.i " (2 7)

i=1

3HavyeHus ko3¢ dUIMEHTa 3anaca BHIOUPAOTCs CICAYIOMKUM 00pa3oM:

® HAWMEHBIIHUE - PH JIETKUX YCIOBHSIX MTyCKa;

e HauOOJBIINE — MTPHU TSHKEIIOM ITyCKE MOIIIHBIX 3JIEKTPOIBUTATEIICH.

[Ipu HemocTaTke MAHHBIX HOMHHAIBHBIA U ITYCKOBOH TOKH OIPENETSIOTCS

1O CIIEAYIOMIUM (POpMYIIaMm:

I HOM = PHOM 1 (28)
3-U,,, -cosa-n

y (29)

1 HOM

InyCK:K
rae  cos@ — K03 OUITMEHT MOIITHOCTH AJICKTPOABUTATES;

U, — HOMHHAJIbHOE HaIpsHKEHUE OOMOTKHM ABUTATEINSA, MPU COSAUHEHUH

00OMOTOK aCHHXPOHHOTO 3JIEKTpOJIBUTaTelis o cxeme «3Be3ga» U, = 220 B,

npu cxeme 0OMOTOK «TpeyroiabHuk» U, = 380 B;

n — KIIJI anektponsurarens;

K| — KpaTHOCTb ITyCKOBOT'O TOKA.

3agaHnue

Paccunrtath u BLI6paTB aBTOMATUYECKHUM BBIKJIFOYATCIb JJIs1

QJICKTPOABUTIATCIIA.
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TpedoBanus K 0(pOPMJICHUIO OTUYETA

OT4€T IO MIPAKTUYECKOMY 3aHATHIO O(DOPMITSIETCS MHIMBHIYATBHO KaXKIIbIM
CTYJICHTOM B JJICKTPOHHOM BapUaHTE, BBIMOJHUBIIMM HEOOXOAMMOE 3a/laHue.
CrpaHHIIBI OTYETA CIIETyEeT MPOHYMEPOBATh (TUTYJIBHBIA JTUCT HE HyMEPYeTCs).

TutynpHbIl JUCT OTuéTa JAOKEH couepxkath ¢paszy: «OT4€r 110
MPAKTUYECKOMY  3aHSATHIO «HccnenoBanue  pabOThl ~ aBTOMAaTHYECKHX
BBIKJIFOYATENEC», HUKE: BBINOMHUI CTYIeHT rpynmnbl (Homep rpymnimbl) (Pamumnus,
WHULIMAJBI)». BHU3Y nHcTa ciieyeT yKka3aTh TOpOJl U TEKYIIHM ro.

Bropas cTpanmuiia nomkHa HaYMHATHCS ¢ GopMyaupoBku «llemn paboTh».

OTtu€T, KaK MpaBUIIO, JOJDKEH COJAEPKATh CIEAYIOIINE OCHOBHBIE Pa3/eiibl:
L{enb MpaKTUYECKOTO 3aHATHS.
3agauu NpaKTUYECKON YacTH.
DTarbl BBINOJHEHUS PaOOTHI.

Pe3ynbpTaThl npojaenanHoi paboThl, a UMEHHO Tadauna 8.

o 0~ D -

BriBosb! 0 pojienanHoit padoTe.

Pazpen c pesynbraramu BKJIIOYaeT B ceOs TaOIMIy 8 C pacyeTHbIMU
JAaHHBIMU M CaMU pacuéThl, BMECTE ¢ (popmyIamH.

B BbIBOJIE BaXXHO OTMETHTh, KAKHME HOBBIE 3HAHUS O MpeaMeETe
UCCJEeNOBaHUSI ObUIM TMOJYYEHBl TMPU BBINOJHEHUH JAHHOTO MPAKTUYECKOTO
3aHSTHUS.

[ToAroTOBUTH OTUET U OBITH TOTOBBIM K 3alIUTE y MPENoAaBaTeNsl, AJIsl 3TOrO
HYXKHO: XOPOIIO U3yYUTh MaTe€pHall U OTBETUTh YCTHO HA KOHTPOJIbHBIE BOIPOCHI,
IpE/ICTaBICHHbBIE B KOHILIE NMpaKkTU4eckoro 3aHsATus. [IpernogaBarens MOXeT 3a1aTh
JOTIOJTHUTENbHBIE BOITPOCHI.

Xoxa paboTbl

1. TloaroroBka k paboTe

1.1.M3yunth TeOpeTHUECKUE CBEACHUSI 00 aBTOMAaTUYECKOM BBIKITIOUATENE.

1.2.0100pa3uth B CBOMX pabOuuXx TETPAIIX KOHCTPYKTUBHYIO CXEMY
(pucyHOK 4) U CTPYKTYPHYIO CXE€MYy JEHCTBHSI aBTOMATUYECKOI'O BBIKIIOYATEIS

(pucyHOK 5).
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2. lTlomyunth y mnpenopaBaTels WHIWBUIyAIbHBIH HOMEp BapHaHTa C
HOMUHAIBHBIMH JJAHHBIMU JICKTpOABUTATEN (Tabmia 9).

3. PaccuuTaTh ycTaBKM 3JIEKTPOMArHUTHBIX U TEIJIOBBIX PacIENUTENIeH Mo
dbopmynam, KOTOpbIE TPENOCTaBIeHB B paszaene «Bpibop aBTOMaTHYECKOTO
BBIKJIFOUATENS»,  HUCIOJNb3ys  JaHHBIE  TIpEeACTaBlIieHHble B  Tabiuie 9,
COOTBETCTBYIOIIIME HOMEPY BapHaHTa.

3.1.Pacuér ycTaBKM 3JIEKTPOMATHUTHOTO PACLEIUTENS MPOU3BOIUTCS TIO
popmyne (25): I,y =(1,5-1,8)1

JIns 3TOro cCcHauyajna HYKHO pPaccUUTaTh

myck *

yCKOBO# TOK 1o (opmyie (29): I =K, -1 . . Eciu HeT JaHHBIX 0 HOMUHAJILHOM

myck

- PHOM
TOKE, TO OH paccUuThIBaeTcs 1o dpopmyne (28): 1 =

3-U,, -cosa-n

3.2.Jlanee mpoM3BOAMUTCA pPaAcU€T YCTAaBKU TEIJIOBOTO PACHEHUTENs II0

bopmyie (27): 1 — (1,0-1,5)Zn: Lo -

i=1
3.3.Taxxke BO3MOKHO pPAacCCUUTATh YCTaBKU DJIEKTPOMAarHUTHOTO U

TCIIJIOBOI'O paCHeHHTGHGﬁ HJIs TPYHIIbI I[BI/IFaTeJIGI\/'I, Jri 9TOr0  HYXKHO

BOCIIOJIB30BAaThCs hopmymam (26): 1, > (1,5'1,8)(Zn:|H0M.i+(|nycx4max'|H0M4max)j u (27):
i=1

- (1,0-1,5)Zn: Lo -

i=1
4. Tlo NOJIy4YEHHBIM ~ JAHHBIM no100paTh COOTBETCTBYIOILIHIA
aBTOMATUYECKUH BBIKJIIOUATENb U3 Tabnuusl 10.
5. Ilomy4yeHHbIE JaHHBIE 3aHECTU B TYEHKH TAOIUIBI 8.

6. CocrtaBuTh OTYET O MPOJEITAHHON paboTe.

Ta6nuna 8 - [lomydeHHbIE TaHHBIC

Tun
Tun | om layex oM lpu remn aBTOMATHYECKOTO
JIBATATEIIS

BBIKJTFOYATEIIS
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Tabnuna 9 - HomuHanbHbIe TaHHBIE AIEKTPOABUraTENeH

Bapmanr HT;‘;MTGM N OMHOCTE: | 06 i‘iﬁ‘*aﬂb‘“"“ o 2b s | K
1 AUP71A2 | 0,75 3000 1,3 75 0,8 6
2 ANP71B2 | 1,1 3000 2,6 76,2 0,8 6
3 AUUP71A4 | 0,55 1500 1,7 71 0,71 5
4 ANP71B4 | 0,75 1500 - 73 0,75 5
5 AUP71A6 | 0,37 1000 14 62 0,63 45
6 AWP71B6 | 0,55 1000 1,8 65 0,68 4,5
7 AUP80A2 |15 3000 3,6 78,5 0,85 6,5
8 AWP80OB2 | 2,2 3000 - 81 0,87 6,4
9 AUP80A4 | 1,1 1500 3,1 76,2 0,77 50
10 AWP80B4 |15 1500 3,9 78,5 0,80 53
11 AUP80A6 | 0,75 1000 2,3 69 0,71 4,0
12 ANP80B6 | 1,1 1000 - 72 0,71 4,5
13 AWP80AS8 | 0,37 750 15 62 0,59 3,5
14 ANP80OB8 | 0,55 750 2,2 63 0,60 3,5
15 ANP90OL2 |3 3000 6,5 82,6 0,85 7,0
16 AUPIOL4 | 2,2 1500 - 80 0,79 6,0
17 ANP100S2 | 4 3000 8,4 84,2 0,88 7,5
18 AWP100L2 | 5,5 3000 11,0 85,7 0,88 7,5
19 ANP100S4 | 3 1500 7,2 82,6 0,82 7,0
20 ANP100L4 | 4 1500 - 84,2 0,84 7,0
Ta6mumua 10 - Tumnsl aBTOMaTHYECKUX BBIKJIFOYATEIEH
HomuH. Homuu. tok | O003Ha
Tun aB- Yucno Or-
TOK aBTO- Bun pacuienurens pacrenurens, | YeHue
TOoMara wara, A ITOJIFOCOB A TN ceuka
1 2 3 4 5 6 7
16 25 4 6,4
AII-50 50 3 KombunupoBannsiii | 10 16 25 40 An-50- | 11
50 3MT liom
o 15 20 25 30
A3160 50 3 Tennosoi 40 50 A3163 |-
. |15 20 30 40 | A3114/ | 10
A3110 100 3 KoMOuHMpoBaHHBIIH 50 60 80 100 | 1 Lo
15 20 25 30 430 6
A3120 100 3 KomOunuposannsiii | 40 50 60 80 | A3124 | 00
100 800
A3130 200 3 KomOunupoBanubeiii | 120 150 200 | A3134 | 7 lyou
. | 250 300 400
A3140 600 3 KomOunnpoBaHHBIH 500 600 A3144 | 7 lyom
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Oxonuauue Tadmusr 10

1 2 3 4 5 6 7
0,60811,25
. 11622532
AE2030 |25 3 KoMOuHMpOBaHHBIIH 45 68 10 AE2036 | 12 lyou
12,516 20 25
10 12,5 16 20
AE2040 |63 3 KomoOunupoBanusiii | 25 32 40 50 | AE2046 | 12 Iy
63
16 20 25 32
AE2050 | 100 3 KomoOunuposanusiii | 40 50 63 80 | AE2056 | 12 ;0
100
16 20 25 32
. |40 50 63
A3710 160 3 KoMOuHMpOBaHHBIIH 80 100 125 A3716¢ | 1600
160
A3720 250 3 Kom6unmnposannsii | 160 200 250 | A3726¢ | 2500
A3730 400 3 KomOunuposannsii | 250 320 400 | A3736¢ | 4000
A3740 630 3 Komb6unmnposanusii | 400 500 630 | A3746¢ | 6300
KonTpoabHbIe BONIPOCHI
1. Ilo xakum ImapamMeTpam BBI6I/IpaIOTC5I ABTOMAaTUYECKUE BBIKJIIOYATEIIN ?
2. Kaxk ycTpoeH aBTOMaTU4eCKUN BBIKITIOYATEh?
3. MexaHu3M CBOOOJHOTO pACIEIUICHUS, €r0 Ha3HAYeHWE M IPUHIIUII
JICVCTBHSI.

4. Yro Ha3pIBaeTCs pPancnruTCIICM aBTOMAaTHYCCKOT'O BBIKJTIOYATEIIA?

5. Yto Takoe CeNeKTUBHOCTH JICHCTBUSL aBTOMAaTHYECKOTO BBIKJTIOYATEIIS?

6. HepeqnanTb THUIIbBI pacuenI/ITeneﬁ ABTOMATHYCCKOI'O BBIKIIIOYATCIIA H

OOBSICHUTH IIPUHIUIT UX ﬂ@ﬁCTBI/IH.
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3AK/IIOYEHHUE

B nmanHO#ll paGoTe OOBEKTOM UCCIENOBAHMS SBISUICS IEHTPATbHBIN
TEIUIOBOM IMYyHKT JKWUJBIX JIOMOB, KOTOPBIM OOECHeuYMBaeT WX TOPSYH
BOJIOCHA0XEHWEM M OTOIUICHMEM B XOJIOJHBIE BpeMeHa roaa. [IpemMerom ke
TaHHOU BBIITYCKHOM KBaJTU()UKAITMOHHOU paboThI SBIISITIOCH
JIEKTPOOOOPYIOBaHNWE, KOTOpPOE HAAO0 YCTAHOBHUTH JUJISi TPABWIBHOW U
Oecriepe0oitHONM paboOThl HACOCOB, KOTOpBhIE CHAOXKAIOT JKUTENEeH OimKaiIiero
panoHa.

Jist  9TorOo  OBLT  BBIMIOJHEH pacueT CHUCTEMBbI  BJIEKTPOCHAOKECHUS
IIEHTPaJIHLHOTO TEIMJIOBOTO MyHKTa. B KOTOPOM M3HAa4YaNbHO OBLIIO YCTAHOBJICHO TPU
HAcoca, HO He OBLJIO AIEKTPOCHAOKEHUSI.

PaGoTta Oblna BHITIOJIHEHA B COOTBETCTBHM C OCHOBHBIMH TpPEOOBaHUSAMHU
NPaBWJI YCTAHOBKH DJIEKTPOOOOPYIOBAHMS, TMPABUJI TEXHUKU OE30MacHOCTH U
cootBercTByrommUMu ['OCTamu.

JlaHa xapakTepuCTHKa 00BEKTA AJIEKTPOCHAOKECHHUS.

[TocTaBieHHBIC 32141 OBLITN BHITIOJHCHBI:

® TIPOM3BEACHBI PACUETHI HATPY3KH JJIS IIEHTPAIBHOTO TEIIJIOBOTO IMYHKTA,

®  BBINOJHEH PacyeT TOKOB KOPOTKOTO 3aMbIKaHHS;

e  ObUI BBINOJHEH BHIOOP CHIIOBOTO TpaHCchOpMaTopa;

® TIPOM3BECH BHIOOP 3aIMTHOMN arapaTypbl H MPOBOJTHUKOB,;

® TIPOM3BEJICH pacueT 3a3eMIISIIOIIETO YCTPOIMCTBA;

Takoxke ObLIa BBITTOJIHEHA MPOBEPKA BBIOPAHHOTO AJIEKTPOOOOPY/IOBAHUS U
MIPOU3BEIICH PacyeT 3alUTHOTO KOHTYpa 3a3eMIICHHS.

PaccmoTpenst Borpochl 6€30MacHOCTH M AKOJIOTMYHOCTH TEIJIOBOTO IMMYHKTA.
BeiOpansl  Mepel 1O  TEXHUKE  OE€30MacHOCTH,  3JIEKTPOOE30MacHOCTH,

POTHUBOIIOKAPHOM 3aIUTE U BO3JICHCTBUS HA OKPY>KAIOIIYIO CPELy.
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TemnoBoii MyHKT SBJSETCS HKOJIOTHYECKH 0€30MacHbIM 00BEKTOM, KOTOPBIi
MOXKET IKCIUTyaTHPOBAThCS 0€3 HaHECEHHUs Bpejia 00CITyKMUBAIOIIETO MepcoHaia U
OKpY>Kalolllel cpesie mpu coOJII0IEHUH BCEX MPaBUIl U HOPM.

Pa3paboTtanHoe NpakTUYECKOE 3aHATHE, B KOTOPOM pPaccCMOTpEeHbl Oosee
noipOOHO aBTOMATUYECKHE BBIKIIIOUATEIN U KaK MPOU3BECTU UX BHIOOD.

ens  BbIMYCKHOW  KBaIM(UKAIMOHHONW  pabOThl  MOXHO  CUYHUTAaTh
JOCTUTHYTOM, TaKk Kak pa3paboTaHa TJiaBHas CXeMa dJIEKTPOCHAOXKEHUs

LHCHTPAJIBbHOT'O TCIIJIOBOI'O ITYHKTA.

51
bP.44.03.04.132.2018



CIIMCOK HUCITIOJIB30BAHHbBIX ICTOYHUKOB

1. BepkoBuu A.M. OCHOBBI TeXHHUKH pefeiitHoi 3amuTel. / A.M. BepkoBuy,
B.B. Monuanos, B.A. CemenoB — MockBa: DHeproaromusaar, 1984. - 375 c.

2. beictpunkuit I.®d. / Obmas snepreruka. YuebHuk - Mocksa: Knopyc.
2016. - 243 c.

3. TOCT 12.1.005-88. Cuctema cranmaptoB 6e3omacHocTu Tpyaa. Oomme
CaHUTApHO-TUTHUEHWYECKUE TpeOOBaHUSA K BO3AyXy paboyeil 30HBI: BBOJI B
neiictue ¢ 01.01.1989 — Mocksa: U3narenbcTBO ctangapToB, 1989.

4. T'OCT 28249-93. KopoTkue 3aMbIKaHUs B 3JEKTPOYCTaHOBKaX. MeTo bl
pacyeTa B 3JIEKTPOYCTAaHOBKAX MEPEMEHHOr0 TOKa HampsbkeHuem 10 1 kB: BBoa B
nericteue ¢ 01.01.1995 — Mocksa: U3naTenbcTBO cTaHaapToB, 1994.

5. T'OCT 31947-2012 IIpoBoga u xabenu IJIsl SIEKTPUUECKUX YCTaHOBOK
Ha HOMHUHaJIbHOE HampsikeHue 10 450/750 B BxmtountenbHo. OOIIHMe TEXHUYECKUE
ycioBus: BBoA B nericteue ¢ 01.01.2014 — Mocksa: M3naTenbcTBO CTaHIApTOB,
2014.

6. I'pynna xomnanuii «lEK» [Dnexkrponnsiii pecypc] — Pexum nocryna:

https://www.iek.ru/ - rmaBrast crpanwuia (gara oopamenus 25.05.2018).

7. HanunmoB H.U. DueprocOepexenue - ExarepunOypr: Dnepro-Ilpecc,
1999. - 109 c.

8. EpmunoB A.A. OCHOBBl  3JIEKTPOCHAOXKEHHUS  MPOMBIILICHHBIX
npennpusThii. 4-¢ W34, TmepepaboTaHHBIE U JIOTIOJHEHHBIE - MOCKBa!
OHneproaromusznart, 1983. - 208 c.

9. Kab6wpimer A.B., O6yxoB C.I'. Pacuer u mnpoeKkTUpOBaHUE CHUCTEM
anekTpocHaOxkeHus:: CrHpaBOYHBIE MaTepHalbl IO  AJIEKTPOOOOPYIOBaHUIO.
Vue6noe nocoodue - Tomck: TITY, 2005. — 168 c.

10. Kao6pimeB A.B., TapacoB E.B. HwuskoBosbTHbIE aBTOMaTHYECKHE

BBIKITIOUaTenn: Yuedbnoe nocodue — Tomck: TITV, 2011. — 346 c.

52
bP.44.03.04.132.2018


https://www.iek.ru/

11. Komnanus «I'uaporexHuka» [DIEKTPOHHBIA pecypc| — pexuM AocTyna

http://www.hydrotehnika.ru/ - rmaBHas ctpanuna (mara oopamenus 29.05.2018).

12. Konosanosa JI.JI., Poxxkora JI.JI. DnekTpocHaOXeHUe MPOMBIIIIEHHbIX
OpeanpusITUA U YCTAaHOBOK: Y4eb. mocoOue s TEeXHHMKYMOB - Mocksa:
DHeproaromusaart, 1989. - 528 c.

13. KonroxoBa E.A. OnekTtpocHabkeHne 0O0BEKTOB: Yueb. mocobue st
CTyH. YyupexnaeHud cpea. mnpod. obOpazoBanusi - MockBa: W3parenbcTBo
MactepctBo, 2001. - 320c.

14. Kynpun B.U., Ilpoxomuuk B.B. DnekrpocHabxkeHHE MPOMBIIIICHHBIX
npennpustuii: Y4yeOHnoe nocodue ais By30B - MockBa: Beici. mik. 1988.- 420 c.

15. Heknenaee  b.H.,  Kproukor  WN.II.  Dnekrpuueckas  4acTh
anekTpocranuuidi: CnpaB. Marepuaiiel  Jyisi  KypcoOBOTO M JUIUIOMHOI'O
MPOCKTUPOBaHMSA: YueOHOe mocoOue s BY30B. 4-e¢ W31., nepepad. U JOI. -
Mocksa: Dueproaromusaart, 1989. - 608 c.

16. HTII D2I1I1-94. IlpoexTupoBaHue 3IEKTPOCHAOKEHHUS MPOMBIIIICHHBIX
npeanpuatuii. HopMmbl TeXHOJIOTHYECKOTO poeKTUpoBanus (1 pegakiuus): BBOI B
neiicteue ¢ 01.01.1994 - OAO «BHUIIUN TsxnpomanekrponpoekT», 1994,

17. IlpaBusia yctpoiictBa siekTpoycrtaHoBok: [IYD: Wsznanue 7: yTB.
MunuctepctBoM TomuBa W dHepretukn PO 06.10.1999: BBox B neicTBue C
01.07.2000 - Mocksa. M3znarensctBo HI] DHAC, 1999.

18. PJ] 153-34.0-20.527-98. PykoBojagimue yka3zaHHsi MO pacyeTy TOKOB
KOPOTKOTO 3aMbIKaHHUS M BBIOOPY 3JEKTPOOOOPYAOBaHUS: BBOJA B JIEHCTBUE C
23.03.1998 - Mocksa. Uznarenscteo HI] DHAC, 2002.

19. Puctxeitn 2.M. DnekTpocHa0KeHNE TPOMBIIIJIEHHBIX YCTAaHOBOK: Yueo.
17151 By30B - MockBa: DHeproatomusnar, 1991. - 424 c.

20. PoxkoBa JI.JI., Koszymun b.C. DnektpooOopynoBaHuWe CTaHUUNA U
nojctanuui - Mockpa: DHeproaromusaar, 1987. - 648 c.

21. PTM 36.18.32.4-92. Vka3zaHusi 1Mo pacyeTy >JIEKTPUUECKHX Harpy30K:
BBOJ B Aeiicteue ¢ 01.01.93 - OAO «BHUIIN TspxmpomanekTporpoekT, 1992,

53
bP.44.03.04.132.2018


http://www.hydrotehnika.ru/

22. PykoBogsiue yka3zaHUs MO pacueTy TOKOB KOPOTKOTO 3aMBbIKaHUS H
BbIOOpY anekTpoobopynoBanust / mon pen. b.H.HexnemaeBa - Mocksa:
NznarensctBo HIL DHAC, 2001. - 152c.

23. CuBkoB  A.A., Caitram A.C., TIepacumoB JI.}IO. OcHOBBHI
anekTpocHabxkeHus - Mockasa: FOpaiit. 2016. — 173 c.

24. CrpaBoyHuk: KOMIUJIEKTHBIE —3JEKTPOTEXHUYECKUE YCTPOMCTBA -
Mocksa: DHeproaromusznar, 1999.

25. CipaBOYHHUK MO MPOSKTUPOBAHUIO IEKTpocHa0xeHus / nmox pea. FO.T.
bapeibuna u ap - Mocksa: DHeproatomusaat, 1990. - 576 c.

26. CipaBo4yHasi KHUTA I IPOESKTUPOBAHMSI SJIEKTPUUECKOTO OCBELICHUS /
I''M. Kuoppunr, 1. M. ®anun, B. H. Cugopos. - 2-¢ uzn., nepepab. u jom. -
Mocksa. DHeproatomusaat, 1992. - 448 c.

27. CII 52.13330.2011 EcrecTBeHHOE M UCKYCCTBEHHOE OCBEIIICHHUE: BBOI B
nevicteue ¢ 20.05.2011 - Mocksa: OAO «I1I1I1», 2011.

28. ®enepoB  A.A., KameneB B.B. OcHOBBI  35IeKTpOCHAOKEHHUS
MPOMBINUICHHBIX OpeaAnpusTuii: Yuebd. /s By30B. 4-¢ uza., nepepad. u JOI. -
Mocksa: DHeproaromusaar, 1984. - 576 c.

29. ®enepoB A.A., CrapukoB JI.LE. YueOHOoe mocoOue i KypcoBOro M
JTUTUIOMHOTO  TPOCKTHPOBAHUS  TO  AJIEKTPOCHAOKEHHIO  MPOMBIIUICHHBIX
npeanpuaTuii: YaeOHoe mocodue s By30B - MockBa: DHeproatomusaat, 1987.
368 c.

30. ®ponos 0.M., lllensaxkun B.I1. OcHoBBI 31ekTpocHaO)eHus. YdyeOHoe
rmocobue, 1-e m3a. - Mocksa: Jlane. 2013. — 194 c.

31. [Mabang B.K. DOnexkTpoMexaHWyYecKHe TNEPEXOAHbIE MPOLECCHl B
ANEKTPOIHEPTETUUECKUX cucTeMax - MockBa: Akangemus. 2013. — 232 c.

32. lllexornoB B.I1. CnpaBouHoe mocoOue MO 3JIEKTPOOOOPYAOBAHUIO U

anekTpocHabxkeHuto - Mocka: ®opym. 2011. - 137 c.

54
bP.44.03.04.132.2018



HHPUJIOKEHHUE A

Tabmuna A.1 — Beibop aBTOMaTHYECKUX BBIKITIOYATEICH

TokoBas Ouenka otki. | [IpenBaputenbHbIil BBIOOp Br16op ycTaBKH 3aIUTHI OT
Ycnosuoe | Tun Hanpskerue Harpy3ka | BO3MOXHOCTH | yCTaBKH TOKOBOW OTCEUKHU EPErpy3Ku
MecTto 6 | | | |
yCTaHOBKI/I I?IeogHaqu :zTOMa U H.aB U H.CET I H.aB I p ) I CU» I o K K I UK I p.yCTl yCTA(b K3 K3 I:T.yCT' Q)aKT.yC p.yCT'
WB | wB [ nA A [ra fxa Ko (RO AT AT e i e
Illur ABP | QF1, QF2 ?SAES' 400 |380 | 250 310, 35 |627 |11 |13 2203 |5067 3500 |11 |13 |133 |250 | 1596
QF3, QF4, | BASS-
Wir UC | e’ O’ | 353p | 400 |380 |200 |68 |35 | 627 |11 |13 |1386 |3188 |3500 11|13 |8L6 (200 | 97,24
I HIC | QF7 2B9Af;' 400 380 |10 |51 |45 |134 |11 |13 5 115 |450 |11 |13 612 [10 |73
Iur IIC | QF8 2BgAfIZ' 400 [380 |16 |7 |45 |215 |11 |13 |8 184 [450 |11 |13 |84 |16 |10
MYH | QF9 ?ffg' 400 |380 |160 |60 |35 |627 |11 |1,3 |1134 |260,8 | 3500 | 1,1 |13 |72 |160 | 858
QFI0, | pass-
YH | OF1L, 400 380 |63 |40 |25 |348 |11 |13 |585 |1346 |250 |11 |13 |48 |63 |57.2
OFL2 323p
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Tabnuma A.2 - Be160p MarHUTHBIX IycKaTesnen

VYcnoBH [Iposepka | ITpoBepka o

oe o IJINTEIILHO Homunan

6 . . Tun Ypeso Pon

YKBEHH KommyTranu HanpspKeH | TOMYCTUMOW TOKOBOM | Ywucio BHOE
Karerop Hamu JIOTIOJIHUT | nomomauT | TOKA

oe Tun OHHAas 15000) Harpyske U BHUI Harpsixe
1554 . | une €JILHOTO €JIbHBIX KaTyIIK

0003Ha4 | KOHTaK W3HOCOCTOM OJIOK- N HUE

eHue TOpa TIpHMCH KOCTb, MIJH pesep KOHTAaK MOZLyJtA MonyIeu 1 KaTyIIKA

KOHTaKT CHUA I/IKJ‘I(;B | ca Ui | Une | lixo I Pronr | Pp, TOB Grox- b0k KOHTAK 1 oHrakTo

H OHT eTH) HT) AP ' _JIOM 1 kB KOHTaKTOB | KOHTAaKTOB TOpa

opa Ha B |[B |A KBr | T pa, B

cxeme

KMI, KMI3 13+ 1|2pt23 [Tepeme

KM2, 5062 AC-3 1,0 Her 400 | 380 (50 |40 |22 22 | p TIKJI | TIKJI -2 HHEIA 230

KM3 -11(M) | 22(M) (AC)
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Tabnuma A.3 - Bei6op kabenbHbIX JIMHUHN

Jluaus Hposep Xd 1O MIHTEIRHO. AOTYCTHMOH [ToTeps HanpsKEHUS B TMHUU
TOKOBOH HarpysKe IIposepka 1m0 Utorosoe
Tun MeXaHUYECKOU
Kka0es S | | son MPOYHOCTH, R X AU ;e;ge HHC,
’ JUI.JIOT 3 n. . . 2 0y 0y . KIIy
Otkyna | Kyna wl | A K4 Elpl Ki | lp, A | Smin, MM MOM/M | MOM/M L,m | cosp | sing %
=Zlp
ut ut )
ABP 1IC BBI'ar | 35 158 158 134 1 0,54 0,9 1 091 |041 |0,78 35
gll? IIYH |BBMar |35 |158 |- 158  |112 |1 054 |09 |14 |091 |041 |066 |35
ﬁ? A | BBMwr |15 |27 |- |27 6 |1 1409 0126 |15 |095 |031 |006 |15
Iut
1C 1o BBI'ar | 1,5 27 - 27 11 1 14,09 0,126 |1 095 |0,31 |0,06 0,5
IIIYH | Hacocl | BBI'ar | 4 47 - 47 39 1 4,65 0,1 8 0,93 (0,37 |0,31 4
IIIYH | Hacoc2 | BBI'ur | 4 47 - 47 39 1 4,65 0,1 8 0,93 0,37 |0,31 4
IIIYH | Hacoc3 | BBI'ar | 4 47 - 47 39 1 4,65 0,1 8 0,93 (0,37 |0,31 4
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INPUJIOKEHUE b

Pucynok Bb.1 - Cxema snekTpocHaOXeHHs TEMJIOBOTO MyHKTA
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