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BBEAEHMUE

B ydueOHOoM mocoOMM paccMOTpPEHBI  BOIMPOCHI  MPUMEHEHUs
ANEKTPUYECKUX alMapaTOB HU3KOTO HANpPsDKEHUsT B paMKax KypcOBOTO
MPOCKTUPOBAHUS 10 JUCHMIUIMHE «OJEKTPUUYECKUE M  DJIEKTPOHHBIC
anmnapatbl». Y4eOHOe OCOOME CTPYKTYPHO MOJPA3JEiIeHO HAa TPU OCHOBHBIE
YacCTH, COOTBETCTBYIOIIUE KIIFOUEBBIM ATAIlaM BBIMOJHEHHS IPOEKTA.

B nmepBoii yacTh WUBJIOKEHA METOAMKA pacyéra HIEKTPUUYECKHUX
napaMeTpoB IEKTPOOOOPYAO0BaHUS, BHIOOpA MOMEPEYHOr0 CeUeHHs KabeneH, a
TaK)X€ ONPENEIICHUSI TOKOB KOPOTKHUX 3aMBbIKAHUN U MaJCHUN HANPSHKECHUN B
XapaKTEPHBIX TOYKAX CUCTEMBI AJIEKTPOCHAOKEHUS.

Bropas yacTe mocBsilieHa BOIIpOcaM BbIOOpa amnmaparoB 3alUTH U
ynpasieHus. [IpuBeneHbl OCHOBHBIE KPUTEPHHM BbIOOpA BIEKTPUUYECKUX
anmnapaToB pa3IMYHbIX TUIOB. Kaxaplil U3 KpuTepreB MOAPOOHO 0OOCHOBAH C
TOYKHU 3peHus ero Heodoxoaumoctu. Oco0oe BHHUMAaHHUE YIEIEHO BBIOOPY H
OCOOEHHOCTSIM  HACTPOMKH  BJEKTPOHHBIX  pACUENUTENed  CHIIOBBIX
ABTOMATUYECKUX BBIKJIIOUATENEH, a TaKK€ METOJIUKE IOCTPOEHUS KAapThl
CEJIEKTUBHOCTH.

B TpeTheit yacTu yueOHOro nocoOus paccCMOTPEHbI OCHOBHBIE BOITPOCHI
CO3/IaHHUS YepTeka OOIIEro BUa HU3KOBOJBTHOTO KOMIUIEKTHOI'O YCTPOMCTBA
(HKY). CdhopmynupoBanbsl ocHOBHbIE TpeOoBaHusi K KoHCTpykiuu HKY wu
OpUBEJIEH AJITOPUTM CO3JAHUS yepTexka oouiero Buaa. Pa3oOpaHbl THIMYHBIE
OLIMOKY, BOSHUKAIOUIUE NPU KOHCTPYKTOPCKOM npopadbotke HKY.

OTIUYUTENPHOM YacThi0 Y4YEOHOro IMOCOOHMsS SBISETCS MOAPOOHOE
paccMOTpeHHe Haubosee MpOoOJIEeMHBIX I CTYJEHTOB BOIIPOCOB IpHU
BBIIIOJITHEHUM  IPOEKTA.  TEOpPEeTHYECKH  MaTepuanl  COMPOBOXKIAETCS
KOHKPETHBIMU  MPAaKTHUYECKMMH  IpUMEpaMH  pacu€ToB U BbIOOpa
AJIEKTPUUYECKUX anmnapaToB, JJig YEro B MOCOOUU UCIIOIB3YyeTCsS 0000IIEHHBIM
BapUAHT CXEMBI JJIEKTPOCHAOKEHUs, TPUBEAEHHBIN Ha puc. 1. B nanbHeiiem
B y4eOHOM MOCOOMH HCMOJB3YIOTCA OyKBEHHO-LIM(POBbIE 0003HAUCHUS
anmnapaToB, XapaKTEPHBIX TOUEK U Kabesield UMEHHO COTrJIacHO 3TOM cxeMe.

BakHO OTMETHUTBH, UTO OCHOBHAS 11€Jb Y4€OHOT0 MOCOOMS 3aKITH0YACTCS
B o0ecrieueHMH OOy4arOmMXCs  METOAMYECKMMM  MaTepuajamMu o
BBIIIOJIHEHUIO KYypPCOBOI'O MPOEKTa M0 JUCHUIUIMHE «OJIEKTPUUYECKUE U
AJIEKTPOHHBIE ammapatb». [lpu 3TOM moapasymeBaercs, yTo, oOpalasch K
paszenaM  1OcOOMs, 4YMTaTeldb YK€ 3HAaKOM C COOTBETCTBYIOIIMMU
IIOJIOKEHUSIMUA OCHOBHOM TEOPETUYECKOM YacTH Kypca. B CBs3u € 3TUM MHOTHE
TEOPETUYECKHE BOIPOCHI, KACAIOIIMECS YCTPOWCTBAa M IMPUHLMUIIA ACHCTBUSA
AIEKTPUUECKUX allapaToB, a TaKXe CHelualbHble TEPMUHBI, B MOCOOUHU
MOSICHAIOTCS HE B TOJHOM 00bEéMe. [lpu BO3HMKHOBEHUHM TPYAHOCTEH C
OCBOCHHMEM MaTepuajia MocoOHus PpEKOMEHIYEeTCSl CHayala OCBOUTH
COOTBETCTBYIOIIME  pa3fiejbl OCHOBHOIO y4e€OHHMKA 1O JAMCIMIUIAHE
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Puc. B1l. O6mas cxema 3J1eKTPOCHAOKEHHA:

T1 — tpanchopmatop; QF10, QF11, QF1...QF4 — aBToMaTHYeCKHE BHIKIIOYATEIN;
QS1 - BeikmTIOYaTenb-pazbequHuTens; FD1, FD2, FD3 — aBTOMaTHuUeckue
BbIKITIOUaTenu nuddepennmansaoro Toka; KM1 — kontaktop; KK1 — remnosoe perne;
FU1 — npenoxpanurens; SB1, SB2 — knonku; M1 — sanekTpoaBurarens;
KB1...Kb8 — kabenpubie tuaNH; 0...4 — XapaKTepHBIE TOYKH

«ONEKTPUUECKUE U DJIEKTPOHHBIE allapaTh», MPEICTABICHHOTO B CIIHCKE
PEKOMEHTyeMO TUTEPATYPHI MO mo3uIueit 1.

DneKkTpoycTaHOBKa, TMpejcTaBieHHass Ha puc. Bl, BbimonHena c
cucremoii 3azemiieHns TN-C-S 1 moygaeT nmutanue oT CHIIOBOTO TPEX(ha3HOTO
Tpanchopmaropa T1, nmpeobpasyromiero Beicokoe HampsikeHue cetu 10 kB B
Huskoe Hanpspkenne 400 B. OOMoTka BICIIET0 HanpsoKeHHsI TpaHchopMaTopa
COeIMHEHA M0 CXEeME TPEYTroJIbHUK (A), a 0OMOTKa HUBIIETO HAMPSIKEHUS — B
3Be3ay (Y) ¢ miyxo 3a3emuiénHoi HedTpansio. OT TpancopmaTopa T1 depes
TPEXIMOMIOCHBIN aBTOMaTH4eckuid Beikitovaresb QF10 nutanue nocrymaer Ha
coopubie muHbl 230/400 B koMIIeKTHON TpaHc@OpMaTOpPHON MOJCTAHLIUU
(KTII), na koTopsix o6o3HaueHa xapaktepHas Touka 0. [Ipu 3Tom 1o cxeme k
aBTomMatudyeckomy BeikmodaTenro QF10 moakmtodeHbl TONBKO —(ha3HBIC



npoeoauuku L1, L2, L3, B 1o Bpems kak HyneBoil PEN-mpoBogHuk
noakitouaercs k muHe PEN nanpsmyro B 00xox QF10. K cOopHbIM muHaM
MOJIKJIFOYEHBI JIBE OTXOSIINE IMHUU, OJHAKO B JaJIbHEHUIIIEM pacCMaTpUBAETCS
TOJIbKO TepBas U3 HUX. PaccMaTtpuBaeMast 1anee OTXOoAs1as JMHUS 3aluieHa
YCTAHOBJIIEHHBIM B €€  Hayaje  TPEXIMOIIOCHBIM  aBTOMATHYECKUM
BbIkITrouaTenemM QF11, kK KoTopoMy MOJKIIIOUEHBI TOJIBKO (ha3HbIE IPOBOIHUKU
L1, L2, L3, a PEN-npoBoanuk mpoxomut B ob6xox QF11l. K BeIxogHbIM
kiemmaM QF11 mogkmiouen ueTelpExskminbHbIA Kabenb Kbl (Tpu ¢aznbix
Xkl 1 o;Ha PEN-XmMIT1a), KOTOPBIH MOIKIII0OYASTCS HEITOCPEICTBEHHO K BBOIY
HKY.

Ha BBoze HKY ycranomnen Beikitouarens-pasbequautens QS1, mocie
KOTOPOTO THUTAHHE pACIPEAEAETCS Ha HECKOJbKO MapayljieNIbHbIX JIHHUA,
nutaromuxcss 1mo  kabensm Kb2-Kb8. Ha Beixomaeix 3axkummax QS1
pacroJiokeHa xapakTepHasi Touka 1.

Yereipéxxmibabiii kadenb Kb2 (tpu dasHbIx sxubl u ogHa PE-xuia)
nuTaeT TpExQazHyl Harpy3Ky B BUJE aCHHXPOHHOIO 3JIEKTPOJIBUraTelsl C
KOPOTKO3aMKHYTbIM poTopoM M1, Ha KiIeMMax KOTOPOro pacrnojoKeHa
xapakTtepHas Touka 2. J{ns 3ammtel kadens Kb2 u snexrpoasurarens M1 ot
CBEPXTOKOB NPEAYCMOTPEHBI TPEXIOIIOCHBIM aBTOMAaTUUECKUN BBIKIIOYATEIh
QF1, ocHamEHHBIN TONBKO 3JEKTPOMArHUTHBIM PAaCLENUTENEM, U TEIUIOBOE
pene KKI1. Jlng mycka M OCTAaHOBKHM 3JIEKTPOJBHUIaTeNsl HCIOJIBb3YETCS
ANEKTPOMArHUTHBIM ~ KoHTakTop KM1, n1nd  koMMyTamuu — KOTOPOTo
MpeIyCMOTpEeHa BCoMorarenbHas c1aboToYHas 1enb YIPaBIeHUs, COCTOSIIAs
u3 kKHomok myck SB1 u cron SB2, karymiku sanekTpomarauta konrakropa KM1,
BCIIOMOT'aTEJIbHOTO 3aMBIKAIOLIEro KOHTakTa KoHTakropa KMI1, a Taxxke
pasMbIKaromero’ konrakra remiosoro peixe KK1. Ilens ynpasnenus 3amumnieHa
OT CBEpXTOKOB TUTABKUM Tipefoxpanutenem FUL.

JByxokuibhbiii kabeab Kb3 (kwnbl L1 m N) mutaer omHodaszHyro
OCBETUTEJIbHYIO HAarpy3ky U 3alMIIEH OT CBEPXTOKOB TpU MOMOIIH
OJTHOTIOJIFOCHOTO aBTOMaThdeckoro Bbikimtouarens QF2. Jlmaun Kb4 u Kb5
aHasnornunbl Kb3, 3a uckitoyeHreM Toro, 4To NOJAKIIOUYEHBI K IpYrUM (hazam
CETH.

Tpéxokunphbiii kabenbr Kb6 (xumer L1, N u PE) nutaetr omHodaszHyro
Harpy3Ky, MOJKII0YaeMyI0 K CETH MpHU MOMOIIM po3eTOUHbIX rpynn. Kabenb
KB6 3amumién oT cBepXTOKOB MPH MOMOIIN aBTOMAaTHYECKOTO BBIKITIOYATEIS
muddepenunansioro Toka (AB/JIT) FD1. [lomumo 3toro, 3a cyét QpyHKIIUU

! 3aMBIKaromMe M pa3MBIKAIOIIME KOHTAKTHl B TEXHHUYECKOH JIMTEpaType M Ha
MPAKTUKE 3a4acTyI0 Ha3bIBAIOTCS COOTBETCTBEHHO HOPMAIBHO OTKPHITHIMA M HOPMAaJIbHO
3aKpBITHIMA M 0003HAYAIOTCS Ha Koprycax ammapatoB adOpeBuatypamu NO (oT aHr.
Normally Open) u NC (ot anrn. Normally Closed). ITox HopMaJIbHBIM MO/Ipa3yMeBaeTCs
COCTOSIHHE KOHTAKTOB 0€3 Moja4yy CUTHAIA Ha BKJIIOUCHHE, HAPUMEP MPH 00eCTOYCHHOM
KaTyIIKe YIPaBICHHUS KOHTAKTOPA.



muddepennnanbHoi 3aumTel FD1 cpabaTbiBaeT mpu BO3HUKHOBEHHHM TOKa
YyTE€YKH M TEeM CaMbIM OO0ECIeuHMBaeT 3allUuTy OT T0XKapa, BBI3BAHHOTO
MOBPEXKJACHUEM U30JSIIMKM, a TaKXe 3alluTy dYeJoBeKa OT IOpakKeHUs
anexktpuueckuM TokoM. Jlunumm Kb7 u Kb8 anamormunsl nunuu Kb6, 3a
UCKJIFOYEHHUEM TOTO, YTO MOJAKIIOUEHBI K APYruM ¢azaM CeTH. XapaKTepHBIC
Touku 3 W 4 pacnosiokeHbl B KoHIle KaOenbHbIX JuHUM KB3 u Kb6
COOTBETCTBEHHO.

3a4acTyl0o KOPOTKHE 3aMBIKaHUS TPOUCXOIAT H3-3a HEKOPPEKTHOTO
ANEKTPOMOHTaXa, IMO3TOMY BCE€  XapaKTepHbIE TOYKH Ha  CXEMe
AIIEKTPOCHAOKEHUSI PACIIONOKEHBI B MECTax NPHCOCTUHEHUS KaOelel K
KJIeMMaM o0opyaoBaaus. KpoMe Toro, pacmosiokeHne XapakTepPHBIX TOUYEK B
Hayaje U KOHIle Ka0Oes 1aéT BO3MOKHOCTh OIIEHUTh KaK MHUHUMAJIbHO, TaK U
MaKCUMaJIbHO BO3MOJXKHBI TOK KOPOTKOTO 3aMBIKAHUSA JUISI KaXJAO0ro W3
arrapaToB 3aIUThI.

Ha BBose B HKY Brinonneno pazaenenue PEN-npoBoganka vHa PE u N
B cooTBeTcTBUU ¢ cucteMmoi 3asemiueHus [N-C-S. B memax obecneueHus
TpeOOBAaHUM 3aIUTBI OT TMOPAXKEHUs DJIESKTPUUECKUM TOKOM IpoBoja PE
MPUCOCANHSACTCS K MeTaJTndeckoi ooosouke HKY.



1 ONPEABAPUTEJBbHBIE PACUETHI

1.1 OOmme pekoMeHIAIMH

Ha nHavanmpHOM 3Tarie BBIOJHEHUS IPOEKTa HEOOXOIUMO BBIIIOJIHUTH
pacuéThl TOKOB B JIMHMSX, BbIOpaTh CEUEHMs NMUTAIOIIMX Kabeyned M HalTu
CONPOTHUBJICHUSI BCEX BXOJSIIMX B LEMNb 3JIEMEHTOB, HA OCHOBAHHHM YETO
PacCUMTaTh TOKM KOPOTKHMX 3aMBIKAHHH B XapAKTEPHBIX TOUKAX CUCTEMBI,

[Ipy BBINONHEHUH MPEABAPUTENBHBIX PAcdyE€TOB  LEIECO00Pa3HO
COOJTIOAATH CIEIYIOIINE MTPaBIIa;

1. Bo wus0exaHue MyTaHHUIBI C Pa3MEPHOCTAMU PEKOMEHIYETCs
BBITIOJHATH BCE PAacUEThl HCKIIOUNUTENbHO B CH 6e3 ncmnonbp30BaHus KPaTHBIX
€IMHUL (IPUCTABKU KWJIO-, MUJIIU- U T. ]1.), @ UCIIOJIb30BAaTh KPATHBIE €MHULIBI
TOJIBKO JIMIIb IIPH NPEACTaBICHUN KOHEYHOIO PE3YNIbTaTa BBIYMCICHUM.

2. Bce TOKH, 32 HCKIIFOUEHUEM TOKOB KOPOTKUX 3aMbIKaHH, BBIPAKaTh
B aMIIepax U OKPYTIATH JO IECATHIX.

3. TokM KOPOTKHUX 3aMbIKAaHUW BBIPAKaTh B KUJIOAMIIEPax U OKPYTIISATh
110 COTBIX.

4. ConpoTHBIICHUs (aKTUBHBIC, UHIYKTUBHBIC H TIOJHBIC) BBIPAXKATh B
MUJUTHOMAX U OKPYTJIATH J10 IECSTHIX.

5. BoimonHeHHble  pacy€Thl  HEOOXOOUMMO  MPEACTABISATH B
JOKYMEHTAIMU K MPOEKTY B BHUJE pacu€THO-NosgcHUTENIbHOM 3anucku (PII3),
O(pOpMJIIEHHOM B COOTBETCTBUM C TpeOOBaHUAMH, NPUBEAEHHBIMU B
MIPUJIOKEHUH A.

6. lns  mpPOMEXYTOYHOTO  KOHTPOJII  BBIMOJHEHHBIX  pPacdy€éToB
HE0OXO0IUMO 3aMOJHUTH CBOAHYIO TaOuILy 1o ¢hopme npusoxenus K.

1.2 TlapameTpsl cUJI0BOr0 TpaHcpopMmaTopa

HomuHnanpHBIA TOK (Da3bl OOMOTKM HH3IIETO HAMPSHKEHUS CHUIOBOTO
Tp€xdazHoro tpanchopmaropa lummom, A, pacCUUTHIBACTCS IO PopMyIie

S
IHH.HOM :\/é LTjHOM ’ (11)
"~ HH.nom
A€ Spuow — HOMHHaAJIbHA MOIIMHOCTH TpaHchopmatopa, B-A; Unpnwow —

HOMUHAJIbHOE HaNpshKeHHe 0OMOTKHY HU3ILIET0 HanpsKeHus TpaHchopMmaTopa, B.

2 HcxonHble JaHHBIE IS pacqéTa COACPIKATCA B 3alaHUN HA ITPOCKT.



[Tonnoe Z,, OM, a Takxe akTUBHOE Iy, OM U UHIYKTUBHOE X;, OM,
conpoTuBieHUs (a3bl CHIOBOrO TpaHcpopmaTopa, IPUBEIEHHBIC K CTYIICHU
HUBIIETO HAIPSHKEHUS, PACCUUTHIBAIOTCS TI0 (hOpMyJiaM:

2
ZT — UHH.HOM . UK ’ (12)
ST.HOM 100
P
A (1.3)
3 IHH.HOM
_ 2 2
Xe =Ly =T, (1.4)
rae Ugx — HampsbKeHHE KOPOTKOTO 3aMBIKaHWs TpaHcdopmaTopa, %; P, —

OTepU KOPOTKOTO 3aMbIKaHus TpaHchopmaTopa, BT.

1.3 Toku Harpy3ok
1.3.1 Tpéxda3nasa Harpy3ka

[Io cxeme »snexktpocHabxenus (puc.l) B kadectBe TpéxdazHOU
Harpy3Ku UCIIOJIb3YETCS ACUHXPOHHBIM AJIEKTPOJIBUTATENb C
KOPOTKO3aMKHYTBIM POTOPOM. DJIEKTPOABUIaTEb IPE0Opa3yeT MoABOIUMYIO
K HEMYy DJJEKTPUUYECKYI0 JHEPIMI0 B MEXaHHUYECKYI0, MOJITOMY IOJ €ro
HOMHHAJIFHOM MOIITHOCTBIO TIOJIPa3yMeBaeTCI MEXaHUIECKasi MOIIIHOCTh Ha €T0
Bany°. TakuM 00pa3oM, I pacdéTa MOTPEOISAEMON DIEKTPOIBUIATENEM OT
CeTH DKJIIEKTHMYECKON MOIIHOCTH, a CJIEeJ0BaTeIbHO, M TOKa HEOOXOIWMO
yuutbiBaTh ero KIIJI u koapumment momuoctu. Kabens Kb2 nutaet Tonbko
BJIEKTPOIBUTATEND, IO3TOMY JIMHENHBIN TOK, MOTPEOJIIEMbIii
ANIEKTPOJBUTATENEM, U pacu€THBIM TOK (a3zHoi >kuibl kabdenss Kb2 paBHbI
Takum oOpa3om, AeicTByIollee 3HAUEHHE TOKA, MOTPEOISIEMOrO U3 CETH
TpEX(Pa3HbIM IEKTPOJABUTATEIIEM B HOMUHAIIBHOM PEXUME 0 K01 u3 (a3
| inoms A, OTIpeensieTcs mo hopmyiie

P,I[.HOM
| inon =182 = , 15
JI.HO B2 \/§‘UH_H0M'T]H -COS([)H ( )

rae lgp — pacuérnbiii Tok kabdens Kb2, A; Pjwon — HOMHUHAIbHAS MOIIHOCTH
AIIEKTPOBUTATEIIS, Br; U 1 1on — HOMUHAJIBHOE HanpsDKEHUE
3JIEKTpoABUTaTes, B; Ma — KIIJI BJICKTPOJIBUTATEIS (B TOJIAX);
COS (o — KOA(PUIIMEHT MOIIHOCTH AJIEKTPOABUTATEIIS.

3 TOCT IEC 60034-1-2014. Mamvusr ANeKTpUYEeCKre Bpamaromuecs. Yactp 1.
HomunansHble 3HaUEHUS TAPaMETPOB U IKCILUTYaTallMOHHBIE XapaKTePUCTHKH, il 5.5.3.



[Ipu momade HampspkeHUsT HA OOMOTKY cTatopa acCHHXPOHHOTO
AIIEKTPOJBUTATENS €T0 POTOP HAYMHAET YCKOPATHCSA M MOCTENEHHO B TEUEHUE
HEKOTOPOTO BPEMEHHM JOCTUraeT HOMHHAJIBHOW YacTOThl BpaileHus. Ha
UHTEpBaJe YCKOPEHHUs MOMHUMO HEMOCPEICTBEHHO MOMEHTa CONPOTHUBIICHUS
MEXaHUYECKOM  HArpy3Kd  DJIEKTPOJBUTATENb  JIOJDKEH  IIPEOJ0JIETh
3HAUUTETBHBIN JTUHAMHUYECKU MOMEHT, CBSI3AHHBIA C MOMEHTOM HWHEPIHUH
poTOpa 3IEKTPOABUTATENSI U HArpy3ku. B CBsI3u ¢ 3TUM BO BpeMs IycKa TOK,
MOTPEOIAEMBIN AJIECKTPOIBUTATEIIEM M3 CETH, B HECKOJIBKO pa3 MPEBHINIACT
HOMHUHAJIBHOE 3HAYEHHE. YCTAaHOBUBLIEECS JEHCTBYIOIIEE 3HAUYEHHE 3TOrO
TOKA Ha3bIBAETCS NnYcKkosbim mokom* |, A, n onpenensercs mo Gopmyie

LI

(1.6)

JI.HOM !

rie Kj — KpaTHOCTh IYCKOBOTO TOKA IO OTHOIICHUIO K HOMHHAJIBHOMY TOKY
ANEKTPOBUTATENS.

OOMOTKa  3JIeKTpoABUTaTeNs  o0JajaeT  aKTHBHO-UHIYKTUBHBIM
CONPOTUBJIECHUEM, MO3TOMY B IMEPBbII MOMEHT BPEMEHHU IIOCIIE MOAAYU
HaIpsHKEHUS IUTaHKS TOK B HEM HE MOXKET YBEITMUUTHCS CKaukoM. Benenctue
ATOTO BO3HUKAET MEPEXOJIHBIA MPOIECC, aHATIOTMYHBIA BKIIIOUeHUI0 RL menu
Ha CHUHYCOMJAJIbHOE HampsbKeHHe. 3a CYET 3TOro B TOKE, MOTpeOssieMOM
ANIEKTPOJBUTATENEM U3 CETH, BO3HUKAET MpPEeXoAsias (anepuoandeckas)
COCTaBJISOLIAs], YTO MPUBOJUT K MOSIBICHUIO 3HAYUTEIBLHOTO OpOCKa TOKa B
0OMOTKE 3JIEKTpOABUraTesl B Hauase mycka. Bpems, 3a koTopoe nocie nogauu
HaNpsOKEHUS. Ha AJIEKTPOJIBUraTellb TOK B OJHOM M3 (ha3 JTOCTUraeT CBOETO
MaKCUMaJIBHOT'O 3HA4Y€HMsI, COCTaBIIeT B cpeaHeM 10 MC Ipu 4acToTe CEeTH
50 I'u. MakcumanbHOE 3HaY€HHE 3TOT0 TOKA HAa3bIBAETCA YAAPHBIM ITYCKOBBIM
TOKOM DdJeKTpojaBurarensi. B o0mem ciydae yaapHbId IyCKOBOW TOK
OompenensieTcss  JJIEKTPUYECKUMHU  TNapaMeTpaMH [HTAIOMIe ceTh U
ANEKTPOJBUTATENS], a TAKK€ MTHOBEHHBIM 3Ha4€HHEM (Pa3HOTO HaNpSLKEHHS
CETH B MOMEHT KOMMYyTalHH ((pa3oil KoMMyTaluH).

B cBs3u ¢ TeM, 4ro (aza KOMMyTaluuu BEJIMYMHA Ciy4yailHas, TO
3HaYEHUE YAAPHOIO IyCKOBOTO TOKa l;y, A, MOXXHO paccUuTaTrh TOJBKO
npubmmkEHHO (B mepBOM  MNpUOIMKEHUH  KOI(PQGUIIMEHT BbIOUpaAETCS
MIPOU3BOJIHHO)

Ly ~(11.22)V2 1. (1.7)

4 TOCT IEC 60050-411-2015 MesxTyHapOIHBIH 3IeKTPOTEXHUUECKHH CIOBAph.
Yacte 411. Mammuns! Bpamatomuecs, m. 411-48-17.
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1.3.2 Oanodgasnble HATPY3KH

PacuéTtHoe 3HaueHHE TOKa, MPOTEKAoIIEero mo ¢pasHomy L u HyneBomy
pabouemy N MpoBOAHUKAM KaXJIO0TO M3 Kabesel, MUTAIIMMX OJHO(a3HYIO
Harpy3ky (Kb3-KB8) Igi, A, onpenensiercs mo hopmyne

N i (L8)

U m.iom ~ COS Py

rae | — nomep kabens (i = 3-8); Py — MomHocTh 0gHO(a3HON HArpy3KHu,
nutaeMoii i-m kabenem, BT; Uy oy — HOMHHATIBHOE HAMpsHKEHHE 01HO(a3HON
Harpy3ku, B; COS ¢y — KO3 GHIUEHT MOIIIHOCTH OAHO(A3HOM HArPY3KH.

1.4 Omnpenesenue MJIOIIATHA MOMEPEYHOT0 CEHEHUS KU
Ka0eJsiel

[TogxiroueHne HArpy3KH K UCTOYHUKY MUTAHUSL OCYIIECTBISETCS NPH
MOMOIIM DJIEKTPUUYECKUX Kabeneh, TMpeACTaBIsIomuX Cco00H HECKOJIBKO
M30JIMPOBAHHBIX JPYT OT Apyra *Kujl (IPOBOJHUKOB), KOTOPHIE 3aKIIOUYEHBI B
o6mryro 0601m0uKy®. IIpoTekaromuii Mo xunaM Kabess IeKTPUUECKUH TOK O
3akoHy [[xoynsa-JIeHa BbI3bIBAET MOTEPHU MOITHOCTH, KOTOPHIE BBIICIISIOTCS B
BHJIE TEIUIOBOM DJSHEPrMHA. OTO TPHUBOJUT K HArPEBaHUIO KaK CaMoOWu
TOKOBEAYIIEH XWibl Kabemns, Tak u e€ u3oysiiuu. [Ipu oanHaKoBOM AJIMHE
Kabesst yeM OOoJblle MIIONIAAb MOMEPEUYHOr0 CEUCHUS KUJIbI, TEM HUXKE €€
AJIEKTPUYECKOE COITPOTUBIIEHUE, U TEM MEHBIIE TENJIOBOM SHEPTUU BbIICIISIETCA
Opy TNPOTeKaHWW Toka. Bo wu30exaHWe TMPEBBINICHUS JTOMYyCTUMOU
TEeMIIepaTyphl TUIOMIAN TOMEPEUYHBIX CEUCHUM KU Kalesei JOKHBI ObITh
BBIOpAHbI B COOTBETCTBUH C MPOTEKAOIIMMH IO HUM pacyETHBIMHU TOKamu. Ha
IPaKTUKE TeMIlepaTypa KaOeisl 3aBUCHUT HE TOJIBKO OT JEHCTBYIOIIETO
3HAYEHMS IPOTEKAIOLIETO IO HEMY TOKA U IUIOIIA/IH ITOTIEPEYHOTO CEUYCHUS €TI0
KW, HO U OT MaTepuala Wi, TUIa U30JISINH, a TAKXKE CIoco0a M YCIOBUM
npoknaaku. JIeHCTBylollee 3HAYECHHE TOKa, IMPU KOTOPOM JIOCTUTAETCA
JOIyCTAMAas TEMIIEpPATypa U3O0JISIAN TTPU 33JaHHBIX YCIOBUAX dKCIUTyaTallHH,
Ha3bIBACTCS OIUMENbHO OONYCMUMBIM MOKOM WM JAOMYCTUMON TOKOBOM
Harpy3koi kabens® |z.

B pamxax npoexma pexomenoyemcsi @vibupams MeOHblll Kabenib ¢
PE3UHOB0U U30NAYUel 68 NOJUBUHUIXTOPUOHOU 000N0YKe, NPOJIONHCEHHbIU HA
omKpulmom 6030yxe. BbIOOp TUIOIIAM TOMEPEUHBIX CEYCHHM XUl Kabenein

*TOCT 15845-80. Uznenus kabenbHble. TepMUHBI U OTIpe/IeTeHH S,
*TOCT P 50571.5.52-2011. DneKTpoycTaHOBKH HH3KOBONbTHBIE. YacTh 5-52.
Br160op 1 MOHTaX 37€KTPO0OOPYA0BaHHS. DIEKTPOIIPOBOAKH, pa3en 523.
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IPOBOIUTCA M3 JUCKPETHOTO psAa 3HadeHui no tabmuue 1.3.6 IIYD'. Ilpu
ATOM pPEKOMEHIyeTcs oOecneynTh MUHUMaNbHBIA 3amac B 30 % wMexmy
pacu€THbIM lgi U drumenvro donycmumviv TOKaMu Kadens Iz, A

rae | — HoMep kabens; lzi — JUTMTEeNbHO JOIMyCTUMBIA TOK I-0T0 Kades, A;
Isi — pacu€THBII TOK B i-oM Kabere, A.

[Ipu noxbope miomaau NOMEPEYHOro CEUCHUS KUl Kabenel BaKHO UMETh B
BUJTY, YTO TEIUIOBOE COCTOSIHUE KaOels ONpeeiieTcsl HE CyMMapHbIM YUCIOM
€ro KWI, a YHCIOM S>KHJI HarpyXeHHbIX TOKOM, B CBSI3M C OTUM IO
KoauuecTBOM kuil B Tabnuie 1.3.6 ITY D nonpazymeBaercs He pealibHOE YHCIIO0
KU KaOensl, a TOJbKO TO YHUCJIO JKWJ, MO KOTOPHIM NPOTEKAeT TOK B
HOPMAJIbHBIX YCJIOBUSIX AKCIUTyaTamuu. [Ipyu 3ToM B paMKkax paccMaTpuBaeMoiu
CXEMBbl DJIEKTPOCHAOKEHUS NPUHIMIIHAIBHO BBIJEISIETCS JBa BO3MOKHBIX
ciryyJasi:

1. Kabenu, numarowue mpéxgasznyro uaepysxy. Jis takux kademneit
MPUHUMAETCS, 9TO Tpéxda3Has Harpy3ka CHMMETPUYHA, B CBS3H C YEM TOK B
HYJIEBBIX MPOBOJHMKAX OTCYTCTBYET. [loaTOMy HyleBoi paboumii MPOBOIHUK
N, 3amuTtHbIN poBogHUK PE, a Takke npoBoanuk PEN B pacuér konmmuecTtBa
ki o IIYD me HpI/IHI/IMaIOTCHs. Takum o0Opa3zoM, IUIOIIAb MONEPEYHOTO
ceuenust ¢asupix ki1 (L1, L2, L3) BbiOMpaeTcs Ha OCHOBAaHWU JTUTEIBHO
JOITYCTUMOTO TOKa JUIA mpéxaculvupix Kabene. B pamkax mpoekra
PEKOMEHIYeTCs BRIOUPATH IUIOMIAN MONEPEYHbIX ceueHUI HymeBbIX kui (N,
PE, PEN) Takumu ke, kak u 11 pasusix sxmi (L1, L2, L3).

2. Kabenu, numarowue oonogasnyo uaepysky. Y Takux Kabelen
daszuplii L u HyneBoil pabounii N TIPOBOJHUKM B HOPMAaJbHOM PEKHUME
oOTekaroTcs pacu€THBIM TOKOM Harpy3ku. B 3ammutHoM mpoBognuke PE B
HOpPMaJbHOM pEXKHUME TOK HE TMpoTekaeT. TakuM oOpa3om, IUIOMIANb
nonepeyHoro ceueHust (asHoit L m HyneBoil pabouerd N xun mo I[1YD
BBIOMPAIOTCS HA OCHOBAHUM JUTUTEIBHO JIOMYCTUMOTO TOKA JJISL O8YXHCUTLHBIX
ka0enel. B pamMkax npoekta peKOMEeHAyeTCsl BBIOMPATh IMJIOMIAIU MONEPEYHBIX
CEUYEHMI 3aIUTHBIX k1 PE TakuMu e, Kak 1 Juis pa3HbIX KU L.

Ha ocHOBaHMH BBIOPAHHOTO IMONEPEYHOTO CEUCHHS KU KaOeNs, ero
JUIMHBl ¥ JAHHBIX 10 YACJIbHBIM CONPOTHUBICHUAM (mpuiioxeHue b )
MPOBOJUTCS pacdy€T akTUBHOrO I, OM, W HHAYKTUBHOIO X(, OM,
COTIPOTUBIICHUH Ka0Oessi COOTBETCTBEHHO

" TIpaBuna ycrpoiicTa snexrpoycranook (ITYD). 7-e m3x. M. : DHAC, 2005.

8 Ipauna ycrpoiicta snektpoycranook (IIYD). 7-e m3x. M. : DHAC, 2005.
mm. 1.3.10., TOCT P 50571.5.52-2011 DnexTpoycTaHOBKH HU3KOBOJBTHBIE. YacTh 5-52.
Br100op 1 MOHTaX 37€KTpOo0OOPYI0BaHUS. DIEKTPOIIPOBOAKH, MIl. 523.6.
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I‘Ki == I’yﬂi . IKi’ (110)
rae | — HoMep KaOems; Iy, Xysi — YIENbHOE aKTHBHOE M WHIYKTHBHOE

COIPOTHBIICHUE I-T0O Kabess COOTBETCTBEHHO, OM/M (cM. nipuiioxkenue b); I —
JUTHHA 1-T0 Kabes, M.

BaxHo OTMETHTDH, YTO B 00IIEM CiIy4ae JUIMTEIbHO TOMYCTUMBIA TOK
Kka0enss B 3HAYUTENBHOW CTENEHWM 3aBHCHT OT CIOco0a €ro MpOKIAJKH,
KOTOPBI, IO CYIIECTBY, OMNpeaensieT Kod(OUIMEHT TEeIUIOOTIaYl C
MOBEpXHOCTH KaOens. PexkomeHmyemass B TIpOeKTe MpOKIagka Kabems Ha
OTKPBITOM BO3AyXe OOECHeYMBaeT OTHOCHUTEIBHO XOPOIIUE  YCIIOBHS
TETUIOOTA4H, TOATOMY JUTUTEIIBHO JOITYCTHMBIE TOKH B 3TOM CIIy4ae JOBOJIBHO
BbicOkre. OIHAaKO Ha TpaKTUKe KaOenW 3a4acTylo TPOKJIAIbIBAIOTCS B
CJIOKHBIX C TOUKU 3pEHUS TEIIOOTAAUN YCIOBUX, 32 CUET YETO UX JJTUTEIIBHO
JOMyCTUMbIE TOKM 3HAYUTENHbHO HWXKe. Bc€ MHOrooOpasme pazamdHbIX
COCOOOB MPOKJAAKMA Kabenel W COOTBETCTBYIOUIMX UM  JJIUTEIBHO
nommycTUMbIX TOKOB coaepxutcs B TOCT P 50571.5.52—-2011.

TUNUYHBIM MPAKTHYECKUM TPUMEPOM SIBJISIETCS BBIOOp CEUEHUS
kaOenmed 1 JOMalIHEd >JIEKTpONpoBOAKUA. B 3ToM ciydae yciioBus
MPOKJIAAKK Kabenel 3a4acTyio He OICHUBACTCS JOJIKHBIM 00pa3oM, TIOITOMY
UX JUIATEIBHO JOMYCTUMBbIE TOKH HEPEAKO OMPEACNSAIOTCA U3 HAMXYIIETO
cilydas, KOTOpBIM COOTBETCTBYET IIPOKJIAJKE MHOTOXWIbHBIX KabOeneil B
TpyOax BHYTpU TEPMOU3OJIUPYIOMIMX CTEH, OONajgarolmx KodhduuneHtom
TEIIOOTAAYM ¢ BHYTPEHHeH moBepxHocTH He Menee 10 Br/(M?-K) (cmoco6
npoxaanku A2 B tepmunonoruu OCT P 50571.5.52-2011)°.

OTO0 MO3BOJISET OBITh YBEPEHHBIM, UYTO, HECMOTpPS Ha YCIOBUS
MPOKJIAJIKK, TeMIleparypa HW30JSIUUA Kaless TapaHTHUPOBAHO HE TMPEBBICUT
JOMYCTUMBIX  3HAQYEHUH, UYTO  OOECHEUUT JOJTUHA  CPOK  CIIYXKOBI
aneKTponpoBo k. OTHAKO TaKOW MOIX0/ HE BCET/Ia ONpaBIAaH C TOUYKH 3pEHUS
TEXHUKO-PKOHOMUYECKOU 3((HEKTUBHOCTH MPH MPOMBIIITIEHHOM TPUMEHEHUH.

® Ilo »roit mpuuMHE B OBITY NPH MOAKIIOUEHHH OAHO(DA3HOH HATpy3KH Kabemb ¢

IBYMS HArpyKeHHBIMHU JKMIAaMH TonepeunsiM cedenneM 1,5 mm? (I, = 14 A npu crnocobe
npokianku A2), 3a4acTyro 3alUINaeTcs MOIYJIbHBIM aBTOMATHYECKUM BBIKIIFOUYATEIEM C

HOMHHAIEHBIM TokoM 10 A, a ceuenmem 2,5 mm? (I;=18,5 A npu crocobe MpOKIagKn
A2) — ¢ HOMHUHAJILHBIM TOKOM 16 A.
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1.4.1 Ilpumep BbIOOPA IUIOIIAM MONIEPEYHOro cedenus xui kadeas Kbl

[ycth I, = 14,8 A; Ig3 = 2,4 A; lgs = 15,8 A; |3 = 50 m. PacuéTHblii TOK
B Ka)x10i n3 (asubix sxun kadens Kb1 gy, A, onpenensercs kak'?

rae lg2, Igs, lIss — pacuérubie Toku B kabensix Kb2, Kb3 u Kb6 cooTBeTcTBEHHO,
A.

B coorBerctBum ¢ (1.9) HeoOXoAMMO BBIOpaTh TaKOE IOICPEUYHOE
ceuenue xus kabens KB1l, 4yToObl ero JIMTenbHO AOMYCTUMBIM TOK lz1, A,
YAOBIIETBOPSIII HEPABEHCTBY

121,315, =1,3-33=42,9A. (1.13)

Jl1st onpeienieHust IO Id TOTIEPEYHOr0 CeYEHUs KaOessi ¢ TOMOIIBIO
[1YD HeoOXomuMO OMmpenennuTh KOJWYECTBO HArPYKEHHBIX TOKOM KHJL.
Kabens Kb1 coenunsier Mexay coboit cOOpHbIE IMIUHBI HU3KOTO HAMPSKEHUS
KTII u BBom HKY. B cooTBeTcTBUM CO cxemoii anekTpocHabxkenus kadeins Kbl
YeTBIPEXKUITBHBIN. TI0 OJTHOM JKmiTe Ha Kakmyro u3 ¢a3z L1, L2, L3 u ognHa xua
U1 00BEAMHEHHOTO HYJIEBOrO pabouero u 3amuTHOTO mpoBojHuka PEN.
[Ipeamonaras, 4ro Harpy3ka mo (asaMm pacmpeneieHa CHMMETPUYHO, B
HOpMaJIbHOM pexkuMe Tok B kabene Kb1 npoTtekaer Toapko no Tpém xunam L1,
L2, L3 u3 dersipéx. Takum oOpa3om, IUIOMIaah MOMEPEYHOTO CEUEHUS €ro
dasnaprx xma L1, L2, L3 ompenensercs Kak sl mpéxoicunvHozo kabdens. B
COOTBETCTBUH C OOIIMMH PEKOMEHIAITUSAMHU TUTOMIAAb MOTIEPEYHOTO CEUSHUS
xuael PEN mpuauMaeTcs Takoit sxe kak u i ¢gaszasix xkui L1, L2, L3. Takum
oOpa3zoM, coriacHo Tabmuue 1.3.6 IIYD nmns TpéxkunpHOro Kabens,
IPOJIO’)KEHHOTO B BO3[yXe, HAUMEHBIIUN JIUTEIHHO JOMYCTUMBIN TOK,
ynosierBopsitonuii ycimouio (1.13), cocrtaBiasier 55 A, 9TO COOTBETCTBYET
IJIOLIAU TIONEPEYHOro ceuenus Kumbl 10 mm2, CleoBaTenbHO, IPUHAMAEM:
I2,=55 A, S« = 10 MM?2.

B CcOOTBETCTBMM CO CHpPABOYHBIMU JaHHBIMH W3 TIPUIOXKEHUS b u
dopmynamu (1.10) u (1.11) mpoBoaUTCS pacuéT CONMPOTUBICHHUM KU KaOes
Kb1

10 Cnemyer ormeTuth, 49TO, CTPOrO TOBOpS, CYMMApHBIi TOK He sBIsfeTcs
apudmeTnyecKkoil CyMMON pacu€THBIX TOKOB OTAENbHBIX MoTpeduTeneil. Tak kak B 001eM
cllyyae mOoTpeOUTENN UMEIOT Pa3HbIi KO PHUIIMEHT MOLTHOCTH, TO HEOOXOAUMO BBIITOJIHSATH
reOMEeTPHUECKOEe CYMMHPOBAHUE BEKTOPOB TOKOB JUIsl yuéra ux (asoBoro casura. OaHako,
B MHXXCHEPHBIX pacuérax OOLIENPUHATO JeNlaTh MPOCTOe apu(METHUECKOE CIIOKEHHUE,
pe3yabTaT KOTOPOro AAET HECKOJIBKO 3aBBIINIEHHOE 3HAYEHHE TOKA, 4TO O00ecredYuBaeT
pac4yE€THBIN 3amac.
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ey =Ty -l =2,27-107°-50 =113,5 MOwm, (1.14)
Xe1 = Xgq1 by =0,0861-107° -50 = 4,3 MOM. (1.15)

Anasiorn4able  pacu€Thl HEOOXOAWMO MPOBECTH W JUII OCTaIbHBIX
Ka0eJIeid, orpeeNsis uX pacuETHBIC TOKU B cOOTBeTCTBHHU ¢ hopmynamu (1.5) n
(1.8). [Tony4eHHbIe pe3yabTaThl cBOAATCS B Ta0II. 1.1.

Tabmmma 1.1
PacuyéTHble TOKH 1 MapaMeTpbl KadeJieil
KBl | Kb2 | Kb3 | Kb6

Jinna xa6ens, lg, M 50
Pacuérneiii Tok kabens, Ig, A 33
Pacuérnbrii Tok kabens ¢ 3amacom B 30 %, A 42,9
CymMmapHO€E KOJIMYECTBO KUJT Kabess 4
KonugecTBo i1 o Harpy3Koiu 3
TI1o11a/1b TTOIEPEYHOTO CEUSHMS HKHII, Sk, MM? 10
JImUTenbHO JOMYyCTUMBIHN TOK Kabens, 1z, A 55
VY 1e71bHOE aKTUBHOE CONPOTHUBIIEHHUE, Iy MOM/M 2,27
V enpHOE MHAYKTUBHOE CONPOTUBIIEHHUE, Xy, MOM/M 0,0861
AKTHUBHOE CONPOTHUBJIEHUE, I, MOM 113,5
WNuaykTuBHOE CONPOTUBIIEHUE, X¢, MOM 4,3

1.5 IIpoBepka kabeJieil 10 JOMYCTUMOMY NAACHUIO
HANIPSIKEHU S

1.5.1 HoMuHaJbHBIA pe:KUM PadoThI YJIEKTPOYCTAHOBKHU

JlomycTiMoe TMajieHne HaNpsOKCHHUST MEXKAY WUCTOYHUKOM THUTAHUS U
Harpy3kol JUIsi OCBETHUTENIBHBIX CeTel cocTaBisieTr 3 %, 1 JApyrux
notpedutenet — 5 % oT HOMUHAIBHOTO HANPSDKEHHS] CETH MEXIYy (dazon u
Heitrpanpiotl. Bonblnye 3HaYEHUs NaJEHUS HAIPSHKEHHUS CBUIETEILCTBYIOT O
BBICOKUX TOTEPSIX AJICKTPOIHEPTUM B TMUTAIOIIUX KaOensx, a TakKe MOTYT
OKa3bIBaTh HETATUBHOE BIIMSHUE HA pa0OTY AIEKTPOOOOPYI0BAHHUS.

[Ipu ycnmoBum cuMMeTpuyHOW TpExha3HOW HArpy3Kd B HYJIECBOM
paboueM mpoBojgHUKE N TOK OTCYTCTBYET, M TMaJCHHUS HANPSDKCHHUS B STOM
MpPOBOJHUKE HET. TakuM o00pa3oM, B HOMHUHAIBHOM PEXKHUME pPaOOTHI

1 TOCT P 50571.5.52-2011. DneKTpoycTaHOBKM HH3KOBONBTHEIE. YacTh 5-52.
Br16op 1 MOHTaX 371eKTpo0bopyRoBaHus. DiekTporpoBoaku. [Ipunoxenue G.
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ANIEKTPOYCTAHOBKH PACUETHBIC MAJCHUS HANIPSHKEHUS B TPEX(Pa3HbIX Kabemsax
Kbl u KB2, ug, B, omnpenenstorcs ToibKO (a3HBIMU OJKUJIAMH U
pPacCUYMTHIBAOTCS 10 popMmyIie

U = g -A[F5 + X5 (1.16)

Ki Ki Ki !
riae | — HoMep kabdens (I = 1w 2); lgi — pacu€THbIi TOK I-ro Kabens, A.
[Tpu mutanuu omgHO(DA3ZHOW HATPY3KU HYIegol pabouutl nposoonux N
oOTekaeTcss pacuéTHBIM TOKOM H, TPU YCIOBHHM PAaBEHCTBA IUIOIIAIACH
MIOTIEPEYHBIX CEUCHUH (a3HOTO U HY1e6020 paboyeco TPOBOJAHHUKOB, B HEM
BO3HUKAET TaKOE )K€ MaJieHUE HamNpsDKEHUs, Kak ¥ B (ha3HOM IPOBOJHHKE L.
Taxkum obpazom, mis kadeneir Kb3—Kb8, nuratomux onHodasHyo Harpysky,
pacuéTHpIC TMAJCHUS HamNpsOKEHUS Ugi, B, B HOMHHaIbHOM PEXHUME

OTpEeENIOTCA 10 hopMyIie

=2l gi /T3 + X5 (1.17)

KI Kl !

riae | — Homep kabens (i = 3-8).

[Ipenebperass casurom (a3 Mexay BEKTOpaMU HaIPSKEHUN
OTHOCHTEIIbHBIC 3HAYCHHUsS TAJCHUN HANPSOHKCHHs Ha BBIBOJAX HArpy3KH B
Toukax 2, 3 U 4 onpenensroTcs Kak

12
]

ug,+u
AU, ~ —KL K2 (1.18)
UHH HOM/\/_
ug+u
Auy ~ —KL 6 (1.19)
UHH HOM/\/_
Au, ~ 1 Tl (1.20)

UHHHOM/\/_

1.5.2 Pexum mycka 3J1eKTPOJABHUTaTe sl

Bo BpeMs pasroHa poTtopa aCHMHXPOHHOIO JJICKTPOJABHUTATENS [0
HOMUHAJIBHOM 4aCTOTHI BpaIlEHUS U3 CETU MOTPEOJIIeTCs: O0IBIION MyCKOBOM
TOK lyn. DTOT TOK mpoTekaer depe3 kadbemu Kbl m Kb2, oka3wiBas Ha HUX,
MPEKAE BCETO, TEPMUUECKOE BO3IACUCTBUE. TaK KaK B HOPMAJIbHBIX YCIIOBUAX
MYCK 3JIEKTPOJBUraTENsl U BBIXOJI €M0 HA HOMUHAJIBHBIA PEKUM ITPOUCXOIUT 32

12 BBC}IeHI/Ie 9TOro0 AOIMYIICHHA Ja€T BO3MOYKHOCTDH BBIIIOJIHSTH apI/I(l)MeTI/I'-IeCKOQ
CJIOKCHUEC BCKTOPOB, PE3YJIBTATOM KOTOPOTO ABJIAACTCA HCCKOJIBKO 3aBBINICHHOC 3HAYCHUC
MaaCHUA HANPsSKCHUA 110 CPABHCHUIO C JIGfICTBHTGJ'IBHBIM, yTO 00eCIIeunBaeT paCLIéTHLIﬁ
3ariac.
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HECKOJIBKO CEKYHJ, TO 3TOT TOK HE€ BbI3BIBAET OMNACHOIO IPEBBIIICHUS
TEeMIIepaTypbl M30JSLUMUA Kabesnel Bblle MOMYyCTUMbIX 3HadueHuil. OpHako,
KpOME TOBBIIIEHHOTO BBIJCJICHUS TEIIOBOM IHEPrUH, MyCKOBOM TOK TaKKe
BBI3bIBAE€T 3HAUMTENbHbIE TazeHUs HampsbkeHuss B kabemsax Kbl u Kb2.
MoMeHT, pa3BUBaeMblii ACHHXPOHHBIM JJIEKTPOBUTATENIEM, IPOMOPLIUOHATICH
KBaJpaTy TMOJBOJANMOrO HAaNpsbKeHUsA. B cBs3M ¢ 3TUM  yMEHbILIEHHE
HaMPsHKEHUS Ha BBIBO/IAX JIEKTPOABUTATENSI MOKET IPUBOJIUTH K YBEITUUCHUIO
BPEMEHU MyCKa WX K MOJIHOW HEBO3MOXHOCTH ITyCKa.

Heobxoammo Takke OTMETUTh, UTO OOJIBIIIOE MMaJICHUE HAMPSIKEHUS B
MOMEHT ITyCKa 3JIEKTPOJBUTATEIII MOXKET MPUBECTU K TOMY, UTO TOK B KaTyIIKe
anekTpoMarHuta koHtaktopa KM1 okaxkeTcss HEAOCTATOUHBIM JJI CO3/IaHUS
AIIEKTPOMATHUTHOM CHJIbI, HEOOXOIUMOM JIJIsl YACPKaHUSI IKOPSI B 3aMKHYTOM
MOJI0KEeHUH. B 3TOM ciydae riiaBHbIE KOHTAKThl KOHTAKTOPa Pa30MKHYTCSI, YTO
npuBeAET K BPEMEHHOMY OOECTOUMBAHUIO 3JeKTpojaBurareinsi. OTCyTCTBUE
TOKAa B JIMHUM C BJIEKTPOABUraTelIeM YMEHBIIUT MaJCHUE HAIMpPSKECHUE B
nutatomieM kadene Kbl, 4ro mnpuBenér K yBETUYECHHUIO HANPSKEHUS,
NOJaBa€MOr0 Ha KaTylIKy KOHTAKTOpa, W €ro TJIABHbIE KOHTAaKThl BHOBb
3amMKHYTcs. [locie 3aMmbIkaHisi KOHTAaKTOB CHOBA HAYHET MPOTEKATh ITyCKOBOM
TOK 3JIEKTPOJBHUIAaTENsA, KOTOPBIN OMATh YMEHBIIUT HANPSKEHUE HA KaTYIIKE
ANEKTPOMAarHuTa KOHTAaKTOpa, M BECh IPOILIECC MOBTOPUTCSA CHadaia. Takue
KpPAaTKOBPEMEHHBIC 3aMbIKaHUS M pPa3MbIKaHWS KOHTAKTOB (BHOparius)
CONIPOBOKJIAIOTCS 3aropaHueM MEXKIy HUMU KOPOTKHMX JYyT, YTO BBI3bIBAET
MPEXKIECBPEMEHHBIN N3HOC KOHTAKTOB U MOKET NMPUBECTU K UX CBapuBaHuio0. B
JIOTIOJIHEHUE K 3TOMY, MarHUTHAas IEMb SJEKTPOMArHUTa MPU Pa30OMKHYTOM
AKope 00JaJaeT MaJlod MarHUTHOW MPOBOJMMOCTBIO, 3a CYET YEro
WHJIYKTUBHOCTh KATYIIKM dJIEKTpOMarHuTa YyMeEHbIIaeTcsa. B ciydae
AJEKTPOMAarHuTa MePeMEHHOI0 TOKAa 3TO MPUBOJIUT K YMEHBIICHHUIO MOJHOTO
COTIPOTHUBJICHUS KATYIIIKH, YTO BJICUET 3a COOOM yBEIIMUEHUE CPETHEr0 TOKA B
KaTyIIKe MO CPaBHEHHUIO C HOPMAJIbHBIM PEKUMOM PaOOTHI U MOKET NMPUBECTU
K IIEpErpeBY U3OJSALMHU KaTyIIKH U BBIXOY U3 CTPOSI KOHTAKTOPA.

CornacHo IEeWCTBYIOLIMM CTaHIapTaM, MaJICHUE HAMPSHKEHUS. BO BpEMS
MycKa SJEKTPOABUTATENEH U APYroro o00pya0BaHUS C OOJBIIUM ITYCKOBBIM
TOKOM MOXET TPEBBINIATh JAOMYyCTUMBIE Tipenenbl B 5 %. B pamkax mpoekta
HE0OX0oAMMO OOecCleyuTh MaJeHHe HampsDKeHUsT BO  BpeMsl  IMycKa
AJIEKTpOABUTATENS HE Bbile 15 %.

Pacuérnblii Tok B kabene Kb1 Bo Bpems mycka lg;, A, onpenensercs B
COOTBETCTBUH C BhIpaxkeHneM ™’

e |+ 13+ Igg- (1.21)

ITanenue HampsbkeHuss Bo Bpems mycka B kabeme Kbl ug,, B,

OIIPCACIIACTCA 110 BBIPAXKCHHUIO
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o o 2 2
Ugr = Igy -4/ Fer + X1 (1.22)

ITanenue HanpspkeHus BO Bpemsl mycka B kabGeme Kb2 ul,, B,
onpeensieTcs: Kak

u1r<12 ~ II[.H "N rK22 + XI%2' (123)

[IpeneOperass caBurom (a3 MeXITy BEKTOpaMU HaMpPsLKEHUH,
OTHOCUTEJIPHOE MAaJICHHE HANPSIKEHUsS HAa BBIBOJAX JJIEKTPOABUTATENS BO

BpeMs IycKa AU, , %, onpezensercs no popmyie
-100. (1.24)

[lpy HeBBIMONHEHHUH TPeOOBAaHUM IO JOMYCTUMOMY IaJCHHUIO
Hanpspkenns (1.18)—(1.20) u (1.24) pexoMeHAyeTCsl YBEIWYHMTH IUIOIIAIH
MONIEPEYHOTr0 CCUCHHS JKMJI KaOesel, HauyuMHasi ¢ KaOejaed ¢ HauOOJBIIMM
HaJICHUEM HAIPSIKCHHS, U TIOBTOPUTH PACUYETHI.

1.6 Toxu KOPOTKOIro 3aMbIKAHUA

KopoTkoe 3amMblkaHWe — 3TO CIy4allHOEC WIH TPEIHAMEPEHHOE
COCMHEHHE JABYX WJIM HECKOJBKHX TOKOMPOBOIAILINX YaCTell Mexay coOoii,
MPHUBOJAIIEE K TOMY, YTO Pa3HOCTh MOTEHIIMANIOB ITHUX YacTe CTaHOBUTCS
omuskoli Kk Hymo3. B paboueM peskuMe >IeKTpOyCTaHOBKU Mexkay (asHbiv L
U HyJEBbIM pabouuM mpoBogHuKOM N mojkirodeHa Harpyska, o0Jiagaroras
3HAUYUTETBFHBIM CONPOTUBIIEHUEM, KOTOPOE B OCHOBHOM M OMNpPEIEISIET
noTpeossiemMblii 1o JinHuu ToK. [1pu coenurennu ¢aszel L u HyneBoro pabouero
npoBogHuka N mian pasHbix (a3 HanmpsMyro 0e3 Harpy3Kd TOK OIMpenessercs
JIMIIb COMPOTHUBIICHUSMU CETH W JIMHHA OT WCTOYHHWKA IMMUTAHUS 10 TOYKH
KOPOTKOTO 3aMBIKaHUs, BCIICACTBUE YETO TOKH MOTYT IOBBIIIIATHCS HA TTOPSIIKU
OTHOCHUTEIFHO HOMHUHAIBHOTO PEXHUMa. TeruioBas MOIIHOCTH, BBIAEIsIEMast B
Ka0eJsx, a TaKkKe YCUITHS MEXITY TOKOBEAYITUMHU YaCTSIMHU TIPOITOPIIHOHATBHBI
KBaJpaTy  TOKa, YTO  ONpEAeNseT  CepbE3HBIE  TEPMUYECKHUE U
SJIEKTPOMHAMUYecKHe (MEXaHWMUYECKUE) HArpy3KH W MOXKET NPUBOJIUTH K
MOBPEXKICHUIO 000PYI0BaHUSI, TIO’KapaM M OMACHOCTH JIJIsl 0OCITYKHUBAIOIIIETO
nepcoHasna. B cBs3u ¢ 3TUM HEOOXOAMMO HCTIOIB30BATh allapaThl 3aIUTHI OT

BTOCT IEC 60947-1-2014. Anmaparypa pacmpefieleHus M  yIpaBleHHs
HU3KoBOJbTHAS. YacTe 1. O0mue npaBuna. mm. 2.1.5
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CBEPXTOKOB (aBTOMaTHYECKHE BBIKJTFOUATEIH, NPEIOXPAHUTEITH),
00ecCIeunBarIFe aBTOMATHYECKOE OTKIIOUEHHE IMOBPEKAECHHOTO Yy4YacTKa
IIENA B CJIydae BO3HUKHOBEHHUS KOPOTKOTO 3aMBIKAHUS WM Teperpysku. B
paMKax MPOEKTa pacCMaTPUBAETCS JIBA BUIa KOPOTKUX 3aMbIKaHUN

1) mpéxgpasnoe  kopomxoe  3amvikaHue,  BO3HHKAIOIIEE  IPH
AJIEKTPUYECKOM COCTMHEHUHU MEXTy coboi cpazy Tpéx da3 L1, L2, L3;

2) oonoghasznoe  Kopomkoe — 3aMblKaHue,  BO3HHKAIOIICe  IPHU
AJIEKTPUIECKOM COCIMHEHUU MEXTy co0oil omHol m3 a3, Hampumep L1, u
OJTHOTO W3 HYJIEBBIX MMPOBOTHUKOB, Hampumep N.

[Ipy BO3HMKHOBEHHWH KOPOTKOTO 3aMbIKaHHWS Ha YAAUICHHH OT
TpaHchopmaTopa ToK TpEx(Ha3HOTO KOPOTKOTO 3aMbIKaHHUS BCETIa MPEBHIIIACT
TOK OJHO(A3HOTO KOPOTKOTO 3aMbIKaHWsA. J[7s BhIOOpa ammapaToB 3aliUThI
HEOOXOAMMO 3HATh KaK MHUHUMAJIbLHO BO3MOXKHBIH, TaK M MaKCHMAaJbHO
BO3MOJKHBII TOK KOPOTKOTO 3aMbIKaHUS B XapaKTEPHBIX TOUYKAX CUCTEMBI. ITH
TOYKU 0003HAUYCHBI Ha cXxeme AekTpocHadxkenus kak 0, 1, 2, 3 u 4. B Touke 0
HE0OXOIUMO PacCUUTaTh TOK TPEXPA3HOTO KOPOTKOTO 3aMbIKaHHU, B TOUKax 1
U 2 — TpéxdazHoro u 0AHO(HA3HOTr0 KOPOTKHUX 3aMblkaHUi. B Toukax 3 u 4 —
TOJIBKO TOKH OJHO(A3HOTO KOPOTKOTO 3aMBIKaHWSA, TaK KaKk B HHUX
MOAKIIOYaeTCs oaHoda3Has Harpyska, MOdTOMYy TpExdasHoe KOPOTKOE
3aMBIKaHUE B KOHIIE JIMHUHN MPAKTHICCKH HEBO3MOKHO.

[TotHOE 2JIEKTpUUYECKOE COMPOTHBJICHUE IEMH 0 TOYKH KOPOTKOTO
3aMbIKaHUS OOBIYHO HOCHUT AaKTUBHO-UHAYKTHBHBIM xapakrtep. [losTomy B
o011eM citydae Mpu BO3HUKHOBEHHH KOPOTKOTO 3aMBIKAHUS B 1€ HAYWHAET
IpOoTeKaTh MEepPeXOHbI Tmporecc. [lepexoaHblii TOK HpU 3ITOM MOKHO
IPEACTaBUTh B BHAE CYMMBI YycTaHoBUBLHIEHca® wu  mpexomsamieir™
coctaBisitonx. OJHAKO Ha MPaKTUKE B LEISIX BbIOOpa almapaToB 3alUThI
J0CTaTOYHO  OBIBaeT  paccyuTaTh TOJBKO  JICWCTBYIOIIEEC 3HAUYCHHE
YCTaHOBUBIIETOCS TOKA KOPOTKOTO 3aMbBIKaHHUSI, YTO ¥ paCCMaTPHUBAETCS J1ajiee.

Pacu€r TOKOB KOPOTKOTO 3aMBIKaHHUS TPOBOIUTCS B COOTBETCTBHH C
YIOPOIIEHHON METOIMKON™®, ¢ BBeJeHHEM HECKOJIBKUX JOMYILEHHUH, COTIACHO
KOTOPBIM HE YYUTBHIBAIOTCSA: HACBIIICEHUE MArHUTHBIX CUCTEM O0OpYIOBaHMS,
TOK HaMarHM4YMBaHUSI CUJIOBOTO TpaHChOpMaTopa, aKTUBHBIE CONPOTUBIICHHUS
KOHTaKTHBIX COCIUHEHUN, WHAYKTHUBHBIC COIMPOTUBIICHUS aBTOMATUYECKHX
BBIKJTIOUATENICH, BIMSHUE aCHHXPOHHOTO JBUTATENS U KOMIUICKCHOW HArpy3KH
Ha TOK KOPOTKOTO 3aMBIKaHHsI, COTPOTHUBIICHNUE AJICKTPHUECCKOU AYTH B MECTE

1B Texnmueckoif nMTepaType TakKe MCIIONb3yeTCS TEPMUH «IIEPHOAMYECKas»
COCTaBJfIoONIasi, TaK KaK Ha T[EepEeMEHHOM TOKE YCTaHOBHUBLIEECS COCTABIISIOIIAS
MIEPUOANYECKAs.

1B rtexumyeckoii nMTepaType TakkKe HCHOIB3YIOTCS TEPMUH «AMepHOAMYecKas
COCTABJISOLIAs», TAK KaK MPEXOJAIasi COCTABISIONMIAs IPH KOPOTKOM 3aMbIKAaHUH OOBIYHO
HOCHT alepHoNUECKUil XapakTep.

18 TOCT 28249-93 KopoTkue 3aMBIKaHKS B 3IEKTPOyCTaHOBKAX. MeToIbl pacuéra B
AJIEKTPOYCTAHOBKAaX IEPEMEHHOro ToKa HampsbkeHuem 10 1 kB, Mocksa
Crannaptungopm, 2006. 45 c.
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KOPOTKOT'O 3aMbIKaHMS, I3MEHEHHNE aKTUBHOT'O CONPOTUBIICHUS MPOBOIHUKOB
BCJIEJICTBUE MX HarpeBa TOKOM KOPOTKOTO 3aMbIKaHUS, TOKU B MapaJlIeIbHbIX
BETBAX M uepe3 3amuTHoe 3a3zemiieHue PEN mnpoBogHuka B MecTe €ro
paznenenus Ha PE u N.

1.6.1 TpéxdasHoe KOPpoTKOe 3aMbIKAHUE

[Ipu 3aMbIKaHUM MEXKTYy cO00M oiHOBpeMeHHO Tpéx ¢az L1, L2, L3 Tok
KOPOTKOTO 3aMbIKaHMsI OIpENEsieTCs] HampsHKeHHEM OOMOTKH  HU3IIETrOo
HanpspkeHus: Tpanc@opmaropa Upppow, @ TaKKE COMPOTUBICHUSMU (Pa3HBIX
poBOHUKOB. Da3Hbie KMIIbI Kabenen npu TpéxdazHOM KOPOTKOM 3aMbIKaHUU
OKa3bIBAIOTCSl COCMMHEHHBIMU B 3Be3qy, o0paszys co0oi CHMMETPUYHYIO
Harpy3kKy. B pgomosHeHuwe, K 3TOM CHUMMETPUYHOM Harpy3Ke IIPUIOKEHA
CUMMETPUYHAS CHUCTEMa HAMpsDKEHWW OT TpaHChOpMaTopa, YTO BBI3BIBACT
MPOTEKAHUE CUMMETPUYHOMN CUCTEMBI TOKOB. [loaTOMy TpéxdazHoe KOpOTKOE
3aMBIKAHUE HA3BIBAKOT CUMMEMPUUHBIM.

N3-3a CHMMETPUYHOCTH LENH IEUCTBYIOIINE 3HAYEHHSI TOKOB BO BCEX
¢azax paBHBI, B CBA3U C YEM PACUET TOKA MPOBOJAT TOJBKO JJIsi OJHOM (ha3bl.
JlelicTByIOIIME 3HAUYCHUE YCTAHOBUBUIEHCS COCTABIISAIONIEN JIMHEMHOIO TOKA
Tpéx(ha3zHOro KOPOTKOTO 3aMBIKAHHUS B J-OH TOUKE CXEMBI, A, OIIPEICIIICTCS 10

bopmyie

U
II(<33) _ HHuom (1.25)
SN NG + %5

re | — HOMEp XapaKTepHOH TOYKH, B KOTOPOH IMPOU3OILIO KOPOTKOE
3ambikaHue; Upppow — HOMHUHAIBHOE HAIpPSDKEHUE OOMOTKHA —HHU3LIETO
HAaIpspKEHUs TpaHchopMaTopa, B; ), Xsj — COOTBETCTBEHHO CyMMBbI aKTUBHBIX
Y UHAYKTUBHBIX COMTPOTHUBIICHUI OJHOM U3 (pa3 HEenu KOPOTKOTO 3aMbIKAHUS OT
UCTOYHHKA JI0 TOYKH |, OM, paCCUUTHIBAEMbIE KaK

Iyj =1 + ErKj + Zraj , (1.26)
Xsj =X + X + 22X, (1.27)

rje Zrkj — CyMMa aKTUBHBIX CONPOTUBIICHUN Kabesel oT TpaHncpopmaTopa 10
Touku |, Owm; 2 ¥, — CyMMa aKTHBHBIX CONPOTHBJICHHH ammnapaTtoB OT

TpaHchopmaropa o Touku j, OM (cM. mpuiiokeHue b); X. — HHIYKTHBHOE
CONPOTUBJICHUE DHEPrOCUCTEMbI, MPUBEAEHHOE K CTYNEHM HU3ILIEro
HaIpspKeHus1, npuHuMmaetrcsa paBHbIM 0,8 MOwm; ZXKJ. — CyYMMa UHIYKTHUBHBIX

COIPOTHUBIICHU Kabenel oT TpaHchopmaropa a0 TOUkH |, OM.
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1.6.2 OnHoda3Hoe KOPOTKOE 3aMbIKAHHE

B oOmeMm cinydae pexum o0aHO(DA3HOTO KOPOTKOTO 3aMbIKaHUS
BO3HUKAET TPU COCAUMHEHUU MeXay coOoi omHOW u3 (a3 ¢ HYJIEBBIM
MPOBOJHUKOM (C HYyJNEBBIM pabounMm TpoBOAHUKOM N, C 3alUTHBEIM
npoBoauukoM PE umu ¢ mpoBoguukom PEN). [Tpu aToM octaBimecs ase (ass
OCTAIOTCS HEMOBPEXAEHHBIMH, BCIEJICTBHE YEro CONPOTUBIEHUS (a3
pasnuuHbl, W Tpéx(daszHas 1enb paboTaeT B HECUMMETPUYHOM PEXKHUME.
HecummeTprunbie peskuMbl pabOThI TPEX(PA3HBIX METeH PACCUUTHIBAIOTCS 110
METOy CHMMETPHYHBIX COCTABIIAIOIIMX ., COTIACHO KOTOPOMY BO3HHKAIOLIYIO
npu 0JHO(A3HOM KOPOTKOM 3aMBIKAHUM HECUMMETPUYHYIO CHUCTEMY TOKOB
MOYHO TPEJICTaBUTh B BUJIE CYMMBI TPEX CUMMETPHUYHBIX CHUCTEM TOKOB —
npsiMoii, 0OpaTHOM 1 HYJIEBOM MocenoBaTeIbHOCTEH. [ pacuéTa mo MeTony
CUMMETPHUYHBIX COCTABIISIOIINX BBOJSATCA SKBUBAJIEHTHBIE CXEMBI JIJIs1 KaXKI0U
U3 MOCIIEN0BATEIbHOCTEM, a2 COOTBETCTBYIOIIME AKTUBHBICE W WHIYKTHBHBIE
COMPOTHUBJICHUS 3TUX CXEM Ha3bIBAIOT COMPOTUBICHUSIMU MPSIMONA, 0OpaTHOM 1
HYJIEBOU MOCJIEIOBATEIILHOCTEM.

YcranoBuBIIEECS NEUCTBYIONIECE 3HAYCHUE TOKA NMPU BO3SHUKHOBEHUU

0HO(A3HOTO KOPOTKOTO 3aMBIKaHHsS B j-OW TOYKE CXEMBI B OOIIEM ciydae

I%j , A, oripenensiercs 1mo popmye

@ _ \/§ ‘U HH.HOM

I3 = >
N r——

, (1.28)

2

rJie | — HOMEp TOYKH, B KOTOPO# IIPOU30IIIO KOPOTKOE 3aMbIKaHUE; 1), X15j —
CyMMapHble  aKTMBHOC ¥  HMHIYKTHBHOE  CONPOTHBIICHUS  IPSIMOI
HIOCJICIOBATEIILHOCTH OT UCTOYHUKA JI0 TOYKHU j, OM; Fosj, Xozj — CyMMapHBIe
AKTUBHOE W WHIAYKTUBHOE COMPOTHUBJICHUS HYJICBOW IMOCIEIOBATEILHOCTH OT
MCTOYHHKA JI0 TOYKH |.

CyMMapHble CONPOTHBICHHS MPSAMON TOCIECI0BATECIBHOCTH IICIH
KOPOTKOI'O 3aMBIKAHHSI OT HMCTOYHHMKA O TOYKH | NMPHHUMAIOTCS DPaBHBIM
paccunTaHHbIM paHee 1o Qopmynam (1.26), (1.27) compoTtuBieHusM (a3bl
LIEIH KOPOTKOTO 3aMbIKaHHsI OT HCTOYHHMKA IO TOYKH |

rlzj = I’zj, (129)

17 OcnoBe! Teopun nemneit : yue6uuk ans By3os / I'. B. 3esexke, I1. A. Honkun, A. B.
Herymm, C. B. CtpaxoB. 5-¢ uzn., nepepad. M. : Dueproaromusaar, 1989. I'masa 11. C.
188.

21



AKTHBHOE COINPOTUBIECHUE HYJIEBOM MOCIENOBATENIBLHOCTH WEMU OT
MCTOYHHKA JI0 TOYKH ] [ozj, OM, paccunThiBaeTcs 1o hopmyie

loxj = For + 20 + 20 +3- X,

H.IIj ?

(1.31)

rac j — HOMCp TOYKH, B KOTOpOﬁ IPOU30IIJII0O KOPOTKOC 3aMBIKAHHC, rOT—

aKTUBHOE COMNPOTHUBJICHUE HYJIEBOM MOCIEAOBATEIILHOCTU TpaHcpopMaTopa,
Om; )r — CyMMa aKTHBHBIX CONpOTHBIICHWH (asHBIX KXW Kabenmeid ot

TpanchopMaropa 10 TOUYKH |, Om; DT . — cyMMa aKTHUBHBIX COIPOTUBIICHUI
> aj

KOMMYTAIIMOHHBIX alllapatoB OT TpaHcdopmatopa a0 Touku J, OM (cMm.
npuwiokenne b); >r . — cyMMa aKTHBHBIX COINPOTHBIICHUH HYJIEBBIX

H.IIj

npoBoaHKUKOB (B 3aBucuMocTd oT Touku K3 N, PEN wim PE npoBoxnukm) ot
TpaHchopmaTopa 10 TOUKH |, OM.
3a cuér TOro, 4ro OOMOTKAa BBICHIEIO HANPSHKEHHUS CHIIOBOTO
TpaHchopMaTopa coelMHEHA B TPEYTOIBHUK, TO B IMHUU Ha CTOPOHE BBICIIIETO
HaIpsDKEHWsT HE MOTYT NPOTEKaTh TOKU HYJIEBOM MOCIEN0BATEIbHOCTH,
MO3TOMY IPHU pacyére CyMMapHOTO MHIYKTUBHOTO CONPOTHUBIICHHS HYJIEBOU
IOCJIEOBATENBHOCTH Xoszj, OM, HE YUUTBIBA€TCS HHIYKTHUBHOE CONIPOTUBIICHUE
SHEPIOCUCTEMBI X,
Xozj = Xor T 2Xj +3- XX

H.ILj !

(1.32)

i€ | — HOMEp TOYKH, B KOTOPOH HPOM3OILIO KOPOTKOE 3aMBIKAHHE; X, —
UHIYKTUBHOE CONPOTUBIICHUE HYJIEBOM IIOCJIEI0BATEIBbHOCTH
TpaHchopmaropa, Owm; ZXKJ. — CyMMa UHAYKTUBHBIX CONMPOTHUBIEHUI Kabenen

oT TpaHchopmaropa A0 TO4YKH |, Om; DX — CyMMa WHIYKTHUBHBIX

H.IL ]
COHpOTI/IBJ'ICHI/Iﬁ HYJICBBIX IIPOBOAHWKOB OT TpaHC(bopMaTopa J0 TOYKH j, Owm.

HpI/I CO€ANMHCHUUN 00MOTOK TpaHC(bOpMaTOPa 10 CXEMC «TPCYTOJIbHUK-
3BE3aa» MOKHO IIPHUHATD, 4TO

rOT = rT’ (1-33)
Xor = X;- (1.34)

CymMapHO€ akTUBHOE ) I . M HHAYKTHUBHOE Y X . COMPOTUBICHUS

H.IIJ
HYJICBBIX TPOBOJHUKOB MPUHUMAIOTCS PAaBHBIMH CyMME COINPOTHUBICHUM
COOTBETCTBYIOIIUX KalOeneld M TeX KOMMYTAlMOHHBIX aIlapaToB, KOTOPHIE
pa3phIBAIOT CBOCH KOHTAKTHOM cucTteMoi HyseBbie nmpoBoaauku (N wim PEN).
Ecnu niomaay nmonepeyHbIx ceueHui (pazHbIX W HYJIEBBIX MPOBOIHUKOB IS
BCeX Kabesiel BbIOpaHbl OJJUHAKOBBIMU, TO CONPOTUBIICHUS (Pa3HBIX U HYJIEBBIX

H.IIj
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KU I BCeX KaOemed paBHbl. TakuM 00pa3oM, B pamMKax MPOEKTa
BBITIOTHSIOTCS CIISYIONINE COOTHOIICHHSI

Ih o =2 T 20 (1.35)

H.II
e z“l‘atj — CYMMa aKTHBHBIX COIIPOTHUBJICHNHN KOMMYTALIMOHHBIX aIlllapaToOB,

Pa3phIBAIOIIMX HYJIEBOU IPOBOJ.
C yuérom pomymenuii (1.29)—(1.36) dopmymna (1.28) npurHMaer
CHEAYIOIIUI yIPOIIEHHBIA PACUETHBIN BUT

U
1 = Mo . (1.37)
J3- \/(ij + 20 + Zra‘}'“) + (ij — X + X )

1.6.3 Ilpumep pacuéTa 0:KHIaeMBbIX TOKOB KOPOTKOI0 3aMbIKaHUS

Pacuér BbBIIONHEH I CXEeMbl DJJEKTpocHaOxeHus puc.l B
COOTBETCTBUH C UCXOJHBIMU YHCIOBBIMU JaHHBIMU Ta0m. 1.2.

Tabanma 1.2

HMcxoanbie JaHHBIE 115 pacqéTa TOKOB KOPOTKOI'0o 3aMbIKaHHUA

[TapameTpsl [TapameTpsl Ilromam ConpotuBnenus
rorepey. cey. o
TpanchopmaTopa OMEKTPOB. |~ e o KU Kabesen
IHH.H0M1 Ir, X, IILHOMa Sk1, Sk2, k1, Xkl k2, Xk2,
A MOM | MOMm A MM? MM? MOMm | MOM | MOM | MOm
909,3 3,3 13,6 14,8 10 2,5 113,5 43 90,8 1,1

Koporkoe 3aMmbikanue B Touke 0

Tpanchopmarop T1 momydaer mUTaHUE OT YHEPTOCUCTEMBI, KOTOPYIO
YCIOBHO MOHO TPEACTaBUTh HCTOYHUKOM cuHycounaibHod OJIJC ¢
neucTByromuM  3HadyeHueM  Uppguow ¥ BHYTPEHHUM — MHAYKTHUBHBIM
CONPOTHUBJIIEHUEM HHEPrOCUCTEMBI X.. 3HAYEHUE HBTOr0 COMPOTUBIICHUS
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OTpEeIeIISIETCSl CBOMCTBAMU SHEPIOCUCTEMBI M B paMKaX MPOEKTA MPUHUMAETCS
paBHbIM 0,8 MOwMm. Jlemast 06X0/ cXeMbl OT UCTOYHMKA TUTaHus kK Touke 0, B
enb  KOpoTkoro  3ambikanus  (puc. 1.1), mOMHMO  CONPOTHBIICHHUS
DHEPrOCUCTEMBI X., OyAyT BXOAWTH AaKTUBHOE Iy W MHAYKTHUBHOE Xp
CONPOTHUBJICHUSI TpaHcPopMaropa, a TakKe aKTHUBHOE CONPOTUBIICHUE
aBromatudeckoro Boikitouarenss QF10 rorio, onpenensemMoe U3 CTaHIAPTHOTO
psana 3HadeHudt mno Tabn. b.2 mpunoxenus b. Ha BepxHeM ypoBHe
AIEKTPOCHAOXKEHHUS 3a4aCTyI0 TPUMEHSIOTCS aBTOMAaTUYECKHUE BHIKITIOUATEIH C
pacuenuTeNs MU, HUMEIOIIMMH PETYJIUPYEeMble YCTaBKU cpaOaThiBaHUS (CM.
pasmen 2.10). IlpenBapurenbHOe 3HaYeHWE HOMHHAIBbHOTO Toka QF10
OTIPENENSCTCS N0 HOMUHANbHOMY mOKy mpanchopmamopa luguom C
OKPYIJICHHEM B OOJIBIIIYIO CTOPOHY 0 OJIMYKAWIIIETO CTAaHAAPTHOTO 3HAYCHUS
U3 JIMCKpEeTHOro psaa TokoB Tabn. b.2. B paccmarpuBaemom mpumepe
HOMUHAJIbHBIA TOK TpaHchopmaropa lppmow = 909,3 A, Onwkaiiee
CTaHJapTHOE 3HAUYCHHE HOMUHAJIBLHOIO TOKa 1o Tabj. b.2. coctaBmser 1000 A,
YTO COOTBETCTBYET CONPOTHUBJICHUIO aBTOMAaTHUYECKOTO  BBIKIIOUYATEIIS
loF10 = 0,05 MOwm.

3
3
UHH.HOM / \/§ 12 Xe ]K(33 7t Xt rQF 10
0 — oS B 1)
3

Puc. 1.1. Cxema 3amemiennsi npu TPEx¢ga3HOM KOPOTKOM 3aMbIKAHUM B Touke 0

Jlis paccMaTpMBaeMoOro cliydas KOPOTKOrO 3aMbIkaHusi B Touke 0
dopmyna (1.25) npuHUMAET CACTYIOINIA BHT

U
|(3) _ HH.zom ’ (1.38)
K30 \/— [o o
rac rZO, Xz0 — COOTBETCTBECHHO CYMMI)I dAKTUBHBIX WU HHI[yKTI/IBHBIX

COMpPOTUBIEHUN (Ha3bl LENMH KOPOTKOTO 3aMbIKaHHWA OT HCTOYHHMKA [0
touku 0, OM, paccuuThIBa€MbI€ KaKk

fyo =y + Tor10 =3,3-107° +0,05-107° =3,4 MO, (1.39)
Xso = Xc + X, =0,8-107° +13,6-107° =14,4MOm. (1.40)
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[ToxcraBnsst  umcnoBble  jgamHble B (1.38), ompenensercs
YCTAHOBMBILIEECS JICHCTBYIOIIEE 3HAYCHHE TOKa TPEX(Pa3HOro KOPOTKOTO
3aMbIkaHus B Touke 0

@ _ 400
K30 — 2 2
\@.\/(3,4-10-3) +(14,4-1o—3)

=15,61kA.

KopoTrkoe 3amMmpikaHue B TOuke 1

Tpéxgaznoe kopomroe 3amvixanue. [Ipy BOSHUKHOBEHUHU TPEXHA3HOTO
KOpPOTKOTr'0 3aMbIKaHusl B Touke 1, Haxoasmieiica Ha BBojge HKY, B kaxmyro
a3y menmm KOPOTKOTO 3aMBIKaHHUS MMOMHMO HHIYKTHBHOTO COTIPOTHBIICHUS
DHEPTOCUCTEMBI ~ X;, AKTUBHOTO ¥  HMHAYKTHBHOTO  COINPOTHBICHUS
Tpanchopmaropa Iy, Xy, a TAK)KE aKTUBHOTO COMTPOTUBIICHUSI aBTOMATHIECKOTO
BoIkirouatenss QF10 rorio, OMIOHUTENEHO BXOST aKTUBHOE COMPOTUBIICHUE
aBromatudeckoro Boikitouarenss QF11 rori1, akTUBHOE W HMHIYKTUBHOE
conpotuBneHus kademnst Kbl ry;, X« 1 aKkTUBHOE COMPOTUBIICHUE BRIKITIOYATEIS
Harpy3ku QS1 rosi. Jpyrumu ciioBamu, cxema 3aMeIieHus ey Mpyu KOPOTKOM
3aMbBIKaHUU B TOYKE 1 MOXXeT OBbITh MpPEACTaBII€HA C MCHOJIb30BaHUEM
PACCUMTAHHBIX PAaHEE CYMMAaPHBIX aKTUBHBIX U UHYKTUBHBIX COIPOTUBIICHUM
(a3pl OT ucTOuHMKA 10 TOUYKH O Iso, Xs0, U CONPOTUBIECHUIN IIEMEHTOB CXEMBI,
Haxomsmmxcst Mmexay Toukamu 0 u 1 (puc. 1.2).

Amnmapatr QF11, kak u paccmorpennsiii panee QF10, nHaxonurcs Ha
ypoHe KTII wm mo3ToMy 3ayacTyro CcHa0XaeTcs paclenuTelieM C
peryJupyeMbIMH  ycTaBkamMu  cpaOateiBanus  (cMm.  pasmen  2.10).
[IpenBapurenbHOe 3HadYeHHE HOMHHaIbHOTO Toka QF11l ompenensercs no
onumenvHo oonycmumomy moky kaoens Kbl lz1 ¢ okpyrinenueM B OOJNbIIIyIO
CTOPOHY /10 OJIMKANIIIETO CTaHIAPTHOTO 3HAUCHUS U3 JUCKPETHOTO Psifia TOKOB
no 1abia. b.2.

B paccmarpuBaeMoM mpuMepe IUIONIAAb ITOMEPEYHOTO CEUCHUS

kabens KBl cocraBaser 10 mm2 B coorBercTBuM ¢ Tadm. 1.3.6. ITYD

JUTUTEBHO JIOMYCTUMBIA TOK Kabens ¢ cedeHuem 10 MM2 U Tpems
Harpy>Ke€HHBIMH KUJIaMH cocTaBisieT 55 A. bimkaiiiiee Oosblliee CTaHAAPTHOE
3HaueHHe HOMMHAJIBHOrO TOKa 1o Taba. Bb.2. cocraBmser 63 A, uTO
COOTBETCTBYET aKTMBHOMY COIPOTHUBJICHUIO aBTOMATUYECKOTO BBIKIIOUATES
FoF11 = 1,2 MOM.

Brikmrouarenb-pa3beIUHATEND (CM. pa3aen 2.9) He MMEeT 3alUTHBIX
¢yaknuid. IlosToMy OH J0MKEH OBITh 3alMIIEH aBTOMATHYECKUM
BeikirogaTenneM QF11. Ilpm sToM HacTpoiika 3JIGKTPOHHOTO PACICIUTENsS
QF11 OGyner BrimonHEeHa Tak, yToObI 00ecmeunTs 3amuTy kadenst Kbl. Takum

oOpasoM, JuIsi TapaHTUPOBAHHOW 3aIUTHI BBHIKIIIOUATENsA-pazbequuuTens QS1
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€r0 YCJIOBHBIA TEIJIOBOM TOK MOJDKEH OBITh HE MEHBINE, YeM JJIUTEIHHO
nomyctuMbIi Tok kabens Kb1. B ¢Bs3u ¢ 3TiM B IepBOM IPUOINKEHUN MOYKHO
OpUHATH comnpotuBieHrne QS1 paBHBIM CONPOTHBIICHUIO aBTOMAaTHYECKOTO
BeIKTIOUaTenss QF11.

U () g
HH.Hom/\B i1 I3 Isq Xs0 ’QFH Fx1 Xi1 0s1

oO——T {3k
—/

U 3)
Hinow /N3 har o X0 Torn Ta xg oS!

(S—— 1 [ H
_/

U, (3) g
HH.HoM /\6 13 I3 Isq Xs0 Torn Tl Xkl Tos1

S——C
—/

Puc. 1.2. Cxema 3ameineHust npu TpéxpazHoM KOPOTKOM 3aMbIKAHUM B Touke 1

Jns paccMatpuBaeMoro cirydasi TpEx¢da3sHOro KOpOTKOro 3aMbIKaHUS B
touke 1 popmyna (1.25) npuHUMAET CIIC YOI BH/T

U
|(3) _ HH.zoM ’ (1_41)
K31 \/— > o
raic [Isi, Xs1— COOTBETCTBECHHO CYMMBI AaKTHUBHBIX H HHAYKTHBHBIX

COMpPOTUBIEHUN (ha3bl LEMH KOPOTKOIO 3aMbIKaHUS OT HWCTOYHHMKA [0
Ttouku 1, OM, onpenensiemsie 1o popmynam

Iy =Ty +gr11 + i +lgst =
=3,4-10°%+1,2-10° +113,5-10° +1,2-10~° =119,3 MOmM,
Xsq = Xgg + X =14,4-107° + 4,3.10° =18, 7mMOm. (1.43)

(1.42)

[ToxcraBnsist mony4deHHble yucioBbie AaHHbie B (1.41), onpenensercs
3HaYCHHUE TOKa TPEX(Ha3HOTO KOPOTKOTO 3aMbIKaHUs B TOUke 1

18 = 400 =1,91KkA

J3- \/(119,3-10—3)2 + (18,7 -10—3)2

Oonogasznoe kopomkoe 3amvikanue. B Touke 1 BO3MOXKHO 3aMbIKaHHUE
MeXay coboii (asznoro mpooguuka L m PEN-npoBognuka. [Ipu stom TOK
0IHO(Aa3HOTO KOPOTKOTO 3aMBIKAHUS TMPOTEKaeT Mo meTiie «da3a—Hymby,
cocrosimeit w3 ¢asnmor L wmw PEN xmm kaGens KBbl, a Ttakke
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ANEKTPOOOOPYIOBAHUS, PpACHOJOKEHHOr0 B 3ToM uwenu. Ilpm  sToMm
HEOOXOIMMO y4YeCTh, YTO II0 OJHOJMHCHHOW CXeMe DJICKTPOCHAOKCHUS
npoogHuk PEN wupér B 00X0a KOMMYTallMOHHBIX —amnmapaToB U
IPUCOCIUHSACTCS K 00meld Touke OOMOTKHM HHU3IIETO HAIPSKEHUS CHIOBOTO
Tpancopmaropa. 3a Cc4€T OITOro B CYMMAapHOE COIPOTHUBJICHHUE
PEN-npoBoHMKA HE BXOASAT COMPOTUBJICHUS KOMMYTAIMOHHBIX aIlllapaToB M
cuioBoro Tpanchopmaropa. Cxema 3aMeIISHHsS IS KOPOTKOT'O 3aMbIKaHUS
JUTSI TAKOTO CJTydasi IpeJicTaBlieHa Ha puc. 1.3.

T Da3HbIN IPOBOXHKK |

U 0 \
HHJ-[OM/’\/g | IK31 Fy Xyy — Xe

®
[g

Puc. 1.3. Cxema 3amemienusi npu 0AHO(a3HOM KOPOTKOM 3aMbIKAHHM B TOUYKe 1

Takum o6pazom, hopmyna (1.37) ayis cinydas o1HO(GA3HOrO KOPOTKOTO
3aMbIKaHUs B TOUKe 1 MpuHUMAET ClIeayIomuil pacuéTHBIN BU/T

U
II(<1%1 — HH.nom — (144)
\/5-\/(@1 + rKl)2 +(Xg — X, + xKl)2
400

2 2
J3 -\/(119,3-10—3 +113,5-10—3) +(18,7 1072-0,8-1073 +4,3-10‘3)
— 099 KA.

KopoTrkoe 3aMbiIKkaHUEe B TOYKe 2

Tpéxgasznoe xropomroe 3amvikanue. AHATOTUYHO MPEIBITYIIIUM
CIIyJasiM CXeMa 3aMeIIeHUS e MPU KOPOTKOM 3aMbIKAHUH B TOUKE 2 MOXKET
OBITH TpEACTaBICHA C KCIOJb30BAaHHUEM PACCUMTAHHBIX paHEe CyMMAapHBIX
AKTUBHBIX U MHTYKTUBHBIX COMIPOTUBIICHUH (Pa3bl OT ICTOYHUKA 10 TOYKH 1 Is1,
Xs1, ¥ COMPOTUBJICHUHN 2JIEMEHTOB CXEMbI, HAXOASAIIUXCS MEXK Ty Toukamu 1 u 2
(puc. 1.4). BaxxHOo OTMETUTbH, UTO MPU PACUETE COMPOTHBIECHUN KOPOTKOTO
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3aMBIKaHUS B TOUKE 2 He YUUMbl8aromcs CONpOMUGIeHUs NapauiesibHblX TUHUL
Kb2-Kb7. ABromatndeckuii BoikirodaTenb QF1 npennasnaueH st 3aniuThl
ANIEKTPOJBUTATENS] W 3a4acTyl0 HMeEeT JIMOO pEryIupyeMblil TEmIoBOM
pacuenurenb, JM00 yCTaHABIMBAETCS B KOMOMHAIMU C TEIJIOBBIM perne. [lo
ATOM MPUYMHE COMPOTUBJICHUE aBTOMAaTU4YECKOro BoikitouaTesns QF1 B mepBom
npUOIMKEHUU ONIPeIeIIeTCS 0 HOMUHAIBHOMY TOKY 3JiekTpoaBurarens M1 ¢
OKpYIJICHHEM [0 OKaiiero OOJBUIEr0 WA PAaBHOTO CTaHIAPTHOIO
3HA4YEHUsI U3 IUCKpPETHOTO psiaa Tadbmuipsl b.2. B paccmaTtpuBaemom npumepe
HOMUHAJBHBIA TOK 3nekrpojasurarens 14,8 A. bowxaiimee Oosbliee
CTaHJAApTHOE 3HaueHWe Toka 1o Tabm. b.2. cocraBmser 16 A, utO
COOTBETCTBYET aKTUBHOMY COINPOTUBIICHUIO aBTOMATUYECKOTO BBIKIIOUYATENS
ror1 = 8,5 MOM. HomuHanbpHBI TOK KOHTAKTOpa B MEPBOM MPHUOIMKEHUU
ompeseNsieTcss Mo TeM ke cooOpaxkeHusiM. [loatomy B pamkax mpoekTa
OPUHUMACTCA 'km1 = FoF1.

UH%/\B L1 IL%, 51 X Tom rpn e X2
) o ] H M =

UHH/H«){/\@ ) [L@» Fyq Xy Yorl  rron "2 X2
A C M 2

Uniryon /N3 13 s X1 Tom ot T xo

Puc. 1.4. Cxema 3ameneHusi npu Tpéx¢azHoM KOPOTKOM 3aMbIKAHHHU B TOUYKe 2

dopmyna (1.25) s paccmarpuBaeMoro ciydas TpéxgaszHOTo
KOPOTKOT'O 3aMbIKaHUS B TOUKE 2 MPUHUMACT CJICAYIONIUI BU]T

U
|(3) _ HH.nom ’ (1.45)
K32 a2 122
352 + X5
raec [Is2, Xs2 — COOTBETCTBCHHO CYMMBI AKTHBHBIX W HHAYKTHBHBIX

COTPOTUBIIEHUIN (a3bl I[EMU KOPOTKOTO 3aMBIKaHWS OT WCTOYHHKA [0
Touku 2, OM, onpezensieMbie o Gopmynam

o =Ts1 tlopr kM tho =
=119,3-10°2+8,5-102+8,5-107° +90,8-107° = 227,1 MOM,
Xsp = Xgq + X p =18,7-10° +1,1-10° =19,8 MOm. (1.47)

(1.46)
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[ToxcraBnss uncnosbie AanHbie B (1.45), onpenensercs 3HaYeHHE TOKa
TpEX(Pa3HOTO KOPOTKOIO 3aMbIKAHUS B TOUKE 2

Q) _ 400

19), = 2 _ = 1,01 KA.
\E-\/(227,1-1o—3) +(19,8-10‘3)

Oonogasznoe kopomkoe 3amvikanue. B Touke 2 BO3MOKHO 3aMbIKaHHUE
Mexay coboit ¢gasznoro L mu PE mpoBoguukoB. Ilpu 3TomM TOK 0ojHOGa3HOTO
KOPOTKOTO 3aMbIKaHUs MPOTEKaeT MO MeTie «(aza—Hylb», coCTosIIeH U3
daznoii L u PE xun kabenst Kb2, dhasnoii L u PEN xwun kabens Kb1, a Takke
AIIEKTPOOOOPYIOBAHUS, PACIIONIOKEHHOTO B 3Tol 1enu. [Ipu atom mo cxeme
anekTpocHabxenus npoBoauuku PE u PEN uayT B 00Xx01 KOMMYTallMOHHBIX
anmapatoB. CxeMa 3aMelIeHHUS €U KOPOTKOTO 3aMBIKAHUS HJSl TakKOTo
cilyuas npejcraBieHa Ha puc. 1.5.

T ®asHbIi NPOBOJHUK

U (M)
! HH.HoM/\/g Il IK32 I Xgp— Xe

| o
o3

- ] _

b2
N e
?_:_NI;\L:'MY

\

Puc. 1.5. Cxema 3amenneHusi Npu 0{HO(pa3HOM KOPOTKOM 3aMbIKAHUH B TOYKe 2

Takum oOpasom, mocie mnpeobpaszoBanuii ¢Gopmyna (1.37) s
OTIpeIeIEHUs TOKA OJHO()Aa3HOTO KOPOTKOTO 3aMbIKAHKSI B TOUKE 2 IPUHUMACT
BHJI

U
II(<1%2 = HH.HoM _ (148)
\@-\/(rzz +r,+ er)2 +(x22 — X, + X g + sz)2
= 400 =0,53 kA

3 3 _3\2
(227,1-10 +113.5-1072 +90,8-10 )+
J3-

-3 3 3 _3\2
+(19,8-1O ~0.8-103+4,3-102+11-10 )
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B 1mpoekre aHajOrM4HO MNPUBEAEHHBIM IpUMEpPaM HEOOXOAMMO
paccuuTaTh TOKM OJHO(A3HOTO KOPOTKOTO 3aMblKaHHS B Toukax 3 u 4. B
oOmiemM ciyyae B TOYKe 4 BO3MOXXHO 3aMbIKaHHE (PazHOTo MpoBOAHMKA L
pabounM HyJeBbIM IPOBOAHMKOM N MM ¢ 3alIUTHBIM MpoBogHHKOM PE. B
IIPOEKTE PEKOMEHIYETCSl pACCMOTPETh NEPBBIN Cy4yai, TO €CTh 3aMbIKaHue L
1 N mpoBoAHMKOB. Ba)XKHO OTMETHTh, YTO aBTOMATHUUECKHUE BBIKJIIOUATENN U
ABIT B muausax 3 u 4 mnpeaHasHadyeHbl IS 3alIUTHl KaOenedl W HMEIoT
HEPETYJIUPYEMBIE paCLENUTENN. B CBA3M € 3TUM NpEeABApUTEIILHOE 3HAYCHHE
UX HOMMHAJIBHOIO TOKAa IO NPUIIOKEHHIO b ompeznensercss mo IIUTENbHO
JOIYCTUMOMY TOKY OTXOIAIIMX OT HHUX KalOelned ¢ OKpYyIJIEHUEM [0
OnmuKailiero MEHBIIET0 WJW PaBHOTO CTAaHAAPTHOTO 3HAYCHUS U3
JUCKPETHOTO psiia Tadiu. b.2.

JIns caMOCTOATENBHOM OLIEHKU KOPPEKTHOCTH NOJIYYEHHBIX 3HAYCHUU
TOKOB KOPOTKOTO 3aMbIKaHUS HEOOXOJIUMO NPOBEPUTH BBINOJIHAEMOCTb
CIICIYIOIINX COOTHOLICHHUM:

3 3 3
|1(<3)0 > |1(<3?1 > II(<3)2’ (1.49)
1 ) (1) (@
II(<?)>1 > |1(<%2, II(<523’ II(<5)’4’ (1.50)
(3)
%zm...z, (151)
IK31
|(3)
LS SR (152)
IK32

KoHTpoJIbHBIE BONIPOCHI

1. B uéMm cocTtouT npuyrHa BO3HUKHOBEHUS YJAPHOIO ITyCKOBOI'O TOKA
BO BpeMs ITyCKa JIEKTPOBUTATENs?

2. Kak ompenenuth HOMUHAJIBHBIA TOK SJEKTPOABHUTATENsI, 3HAs €ro
MOIIHOCTb, HOMUHAJIbHOE HampsikeHue, kodpduunent moutHoctu u KITJ(?

3. Uewm omacHbI OOJBIINE 3HAYCHUS MTa/ICHUS HATPSHKEHUS B JINHUU?

4. Tlouemy BO BpeMs ITycKa dJEKTPOIABUTATENIS MMaICHUS HAMPSKCHUH B
JUHUX OO0JIbLIE, YEM MPU pabOTE ANEKTPOABUTaTENs B HOMUHAILHOM peKUME?

5. Yto Takoe KOpPOTKOE 3aMbIKaHHE U Y€M OHO OTMacHO?

6. B uém ommuus TpéxdaszHOro KOPOTKOTO 3aMBIKAHUS  OT
onHodazHoro?  VYKaXWT€ Ha CXEME DJIJIEKTPOCHAOKEHUS  MPUMEPHI
HETMPaBUJIBHBIX COCIWHEHWH, KOTOpPhIE TMPUBOAIT K BO3HUKHOBEHHIO
o1HO(ha3HOTO U TPEXPA3HOTO KOPOTKUX 3aMbIKAHUMN ?

7. Uewm ompenenseTcst 3HaU€HHUE TOKA KOPOTKOTO 3aMbIKaHHs?

8. TlokaxxuTe KOHTYp TOKa MPH BO3ZHUKHOBEHUH KOPOTKOTO 3aMBIKAHUS
Ha BBOJIe HKY.

9. B kakux ciuydasx s pacu€ra TOKa KOPOTKOIO 3aMbIKaHUs
MPUMEHSIETCS METOJI CAMMETPUYHBIX COCTABJISIOMINX ?
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2 BBIBOP DJIEKTPUYECKHUX ANIITAPATOB

2.1 O0uue pekoMeHIAIUA

Beibop ammapaToB TPOBOJUTCA C HCIOJb30BAaHUEM KaTallOroOB
obopynoBaHus, kotopele nyonukyiorcs B PDF-popmare m gocTymHbl 1is
CKauMBaHM Ha OUIIMATHLHBIX caiTax mpou3BoauTenei. [Ipu BeiOope anmapara
B JOKYMEHTalldd IO TPOEKTY HEOOXOJMMO TPUBOAMTH CCHUIKY Ha
MCIIOJIb30BAHHBIN KaTaJIOT ¢ 00s3aTeIbHBIM yKa3aHWEM HOMEpPa CTPAHMIIBI, C
KOTOpOil B3dTa HHPOpMAIUs. B yueOHuIX yensix He peKoMeHOyemcs
UCNONIL3068aAMb BMECO KAMaio208 8eb-popmvl Ha caumax npouzsooumerel,
max Kaxk 6e3 OOMNCHOU NOO20MOBKU OMO  3aUaAcmyro HpU8OOUm K
HeKOppeKmHOM) 8blOODY .

[Ipy wucnosb30BaHUM KAaTajJoroB HEOOXOAMMO IOMHHUTh, YTO
OOJBIITMHCTBO M3 HUX TMEPEBOJATCS C MHOCTPAHHOTO $3bIKA, B CBS3M C YEM
HEKOTOpbIE TEPMHHBI MOTYT OBITh HCKOKEHBI M HE COOTBETCTBOBATH
JercTByroNMM ctanaaptaM. OJIHaKO ATH OTJIMYMS Yallle BCEro HE3HAYUTEIbHbBI
U HE MPUBOJAT K UCKaXKEHUIO CyTH. B TO ke Bpemsi OykBeHHOE 0003HAUCHUE
BEJIMYMHBI CTAH/IAPTU30BAHO U HE TMOMJICKHUT TepeBoay. B cBs3u ¢ stum
PEKOMEHIyeTCsl B NEPBYIO odYepenb oOpaliaTh BHHUMaHWE Ha OYyKBEHHOE
o0O3HaUYCHHE BEJIMYWH, MPUBEACHHBIX B Karajorax, a 3aTeM YKe Ha HuX
TEKCTOBYIO HHTEPIPETAIHUIO.

[Ipu BBIMOTHEHUH BTOPOM YAaCTH MPOEKTa PEKOMEHIYETCSl BBIOMPATH
anmapatsl B CIEAYIOIIECH MOCIeI0BaTEIbHOCTH:

1) aBTOMaTHYECKHE BBIKIIIOYATEIIA U yCTporcTBa IudhepeHInaTbHOM
3alUThI B JUHUAX ¢ ogHO(a3Ho# Harpy3koi (QF2—QF4, FD1-FD3);

2) aBTOMATHYCCKUI BBIKJIIOYATENb JUIS 3aIlMThl DJICKTPOIABUTATEIIs
QF1, xonraktop KM1, termmoBoe pene KK1, a takke npenoxpanutens FUIL u
kHOoMKY SB1, SB2 B 11€11b yIIpaBICHHS U 3aIIUTHI dJICKTPOABUTATEIS;

3) BhIKIIIOYATE b HArpy3ku QS1;

4) aBTOMaTHYECKUE BbIKIOUaTend B obrryto suauio Kbl QF11 u B
muHuto ¢ Tpanchopmaropom QF 10, a Takxke 37EKTPOHHBIE PACHEITUTETN K HUM.

PexomeHmyeTCsl B JOKYMEHTAIIMH TI0 MIPOEKTY MMPUBOAUTH BCE KPUTEPUN
BbIOOpa ammapaToB B TaOJWYHOM BHUJE Kak 3TO CIEIAHO HHUXKE, a TaKKe
M300pakeHHe BBIOPAHHOM MOJENM WM CEpUU anmapara ¢ HeoOXOAUMBIM
KOJIMYECTBOM TOJIOCOB M3 KaTajora Wi WHTepHeTa. [|Jig TeKyIero KOHTpos
pe3ynbTaThl BBIOOpA ammapaTtoB 3aHOCATCS B JUCT TPOBEpPKU 1O (opme
npuioxenus JI.
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2.2 ABTOMATHYECKHE BBIKJIIOYATEIU B JUHUSAX ¢ OHO(AZHOM
Harpyskoii QF2-QF4

Jlnsg nuHui ¢ ogHO(A3HONW HArpy3Kod pPEKOMEHAYETCS MPUMEHSTH
MOOYTbHble — agmomamuyeckue  evikaouameny. TepMUH — «MOIYJIbHBIEH
OTpa)kaeT CTaHJAPTU3UPOBAHHBIC pPa3MEPbl 3TUX YCTPOWCTB, B YACTHOCTH,
IMPUHA MOIYJILHOTO allapaTa ycTaHaBIMBaeTcs KpaTHOH 17,5 mm (18 mm)™,
DroT pasMmep mHorga HaseiBaerca oauH DIN-momyns!® mmm mpocto omun
MOJIYJIb IO Ha3BaHUIO YCTaHOBUBIIEro ero Hemerkoro cranaapra DIN 43 880.
Hamnpumep, eciiv 0IHOMIOIIOCHBIN MOYJIbHBIN aBTOMAaTHYECKUN BBIKIIIOUATETh
uMeeT ImwmpuHy 17,5MM, TO JABYXHOMIOCHBIM — 35MM HT. 1.
YHubunupoBanHele pa3Mepbl MOJAYJIBHOTO OOOpYAOBaHUS 3HAYUTEIHHO
ynpoiarT KoHctpyupoBanue HKY.

3a4acTyi0o MOJyJbHOE O0OpYyAOBaHHME HMMEET BCTPOCHHOE B KOPILYC
KpelieHue Ha Tak Has3siBaeMylo DIN-peiiky, mnpeacTaBisoniyr coOoit
METAILIMYIECKHi IpoQuiIb cTangapTHOM Gpopmb1?’. Biarogapst 5ToMy ycTaHOBKA
MOAYJBHOTO 000pYy/I0BaHHA HE TpeOyeT BUHTOBOIO WMJIM HMHOTO PE3bO0OBOIO
COEIMHEHMUSI, YTO 3HAYUTENIbHO 0o0JieryaeT MoHTax obopynoBanus B HKY.

MonynbHble aBTOMaTHYECKHE BBIKIIOYATENN HM3-32 KOHCTPYKTHUBHBIX
0COOEHHOCTENH HUMEIOT OTHOCUTEILHO HEOOJBIINE HOMUHAIbHbIe moku |, 1o
125 A,  HEBBICOKYIO  HOMUHAIbHYIO  HAUOOIbWYIO  OMKIIOYAIOUWYIO
cnocobnocmv?! lgn, 0OBIYHO He MPEBBIIAOILYIO 25 KA, a Takke CHabKaroTCs
pacUEenuTeIsIMU C HEPETYJIUPYEMbIMHU YCTaBKaMHU.

YopoméHnHass  KOHCTPYKIIUS B COBOKYITHOCTH C  MAacCOBBIM
MIPOU3BOCTBOM OIPEAEIISIET OTHOCUTEIIBHO HU3KYI0 CTOMMOCTb MOJYJbHBIX

18 Crannapr DIN 43 880. Onpezienser MUPHHY OJHOTO MOAYIS Kak 17,5 MM, HO mpu
TOM pACCTOSIHHSI MEXIy UEHTpaMH [IBYX COCEJHHX OJHOMOJYJBHBIX AamllapaToB
orpenensercs Kak 18 MM T.e. moipa3yMeBaeTcs, YTO MEX,1y HECKOJIbKMMHU YCTaHOBJICHHBIMU
psaoM anmapatamu ecthb 3a30p 0,25 mMMm. B cBsi3u ¢ 3TUM y HEKOTOPBIX MPOU3BOAMUTEIEH
takux kak Schneider Electric, KDA3, IEK, Siemens mmpuHa ogHoro Moaysist paBaa 18 mm,
B TO BpeMs Kak y npyrux ABB, Hager — 17,5 mm.

1DIN — a66pesuarypa memen. Deutsches Institut fiir Normung, (semenxuit
WHCTUTYT MO CTaHJAPTH3ALINHN).

2TOCT P MDK 60715-2003 Anmaparypa pacmpejeneHuss U YHpaBieHHs
HU3KOBOJIbTHASA. YCTAaHOBKAa W KpEIUICHHWE Ha pelKax »JJIEKTPHUECKUX aIlapaTtoB B
HU3KOBOJIbTHBIX KOMIUIEKTHBIX YCTPONCTBAX pacnpeAeeHNs U YIpaBIeHHUs.

2Ly MHOTHX TIpoM3BOAMTENEH B JIMHEHKE MOMYJIBHBIX ABTOMATHYECKHX
BBIKJIIOUATENSAX BBIIENAIOT TPU BUJIA HAUOOALUUUX OMKIIOYAIOWUX CROCOOHOCM e, TaK KaK

OHM MOTYT HCIOJb30BaThCSI KaK B OBITOBOM CEKTOpE, TaK U B MPOMBILUIEHHOCTH: 1) len —
HOMUHANbHAs Haubovwas omxaodarouas cnocoonocms I'OCT P 50345 (s anmapatoB

OBITOBOTO HazHaueHus); 2) les — HoOmumanvhas pabouas nauborbwias OMKIOUAIOWAS
cnocoonocmo;  3) ley — HOMuHanrbHas npedenrvHas HAUOOILWAS OMKIIOHANOWAS
CnocobHoOCmb.
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ABTOMATUYECKUX BBHIKITIOUaTeneil. Kpome Toro, cranmapTHbie TaOapUTHBIC
pa3Mepbl W TMPOCTOTa MOHTa)ka 3HAYMTENIbHO O00JierdaroT padboTy mpu
npoekTupoBanuu u coopke HKY.

[lepeunciieHHbIe 0COOCHHOCTH MOYJILHOTO 00OPYA0BAHUS JEIAI0T €ro
OJIHUM W3 CaMbIX MOIMYJISIPHBIX PEIICHUN aJii OBITOBOIO M MaJIOMOIIHOIO
IPOMBILLJIEHHOTO MPUMEHEHUS. FIMEHHO MOYJIbHBIE allllapaThl CTOST B IIUTKE
BO MHOTUX KBapTHUpax U AOMax.

2.2.1 Kputepuu BbIGOpa

[lo 3amanuio uyepe3 aBTomaTthueckue BboiKIOYaTenn QF2-QF4
MUTAETCSl Harpy3ka OJMHAKOBOM MOIIHOCTU. Takke OHHU 3alUINAIOT Kabeiu
OJIMHAKOBOTO  IOMEPEYHOro CeYeHWss U JUIMHBL. BcneactBue  3Toro
aBToMatndeckue BhIKIOUaTen QF2—QF4 mMoaHOCTBIO WASHTUYHBI, W IS
KpaTKOCTH  JaNbHEHIINE  PACCYyXICHUS  MPUBOAITCA  TOJIBKO  JUIA
aBTOMaTHYEeCKOTo BhIKItouaTeass QF2, oT koToporo Tpedyercss COOTBETCTBUE
PAIy KPUTEPHUEB, COTIIACHO KOTOPHIM OH JOJKEH 00eCIeYnBaTh.

1. PaGoty B cetn mepemenHoro Toka AC.

2. [lpucoennHeHre ¥ KOMMYTAIMIO HEOOXOIUMOTO MO OJHOTMHEHHON
cxeme uwncia npoBoaHukoB. Hampumep, B numamm KB3 aBTOMaTtmueckuit
BbIKITIOUaTenb QF2 1omkeH UMeTh OMH MOIIOC, TAK KaK OH Pa3pbIBa€T TOJIBKO
dazubiit poBoAHUK L1, a Hynesoti pabouuti nposoonux N IpoxoauT B 00X0]1
QF2. B Tex ciywasix, Korja aBTOMAaTHYECKHI BBIKIIOYATENIb pa3pbiBacT JBa
IIPOBOJIHUKA OH JIOJDKEH MMETh J[Ba TOJIOCA, MPU 3TOM B paMKax IMPOEKTa
BO3MOYHO HMCIIOJIb30BAHUE JIBYX UCIIOJTHEHUI:

2.1. Ucnonuenue 2P, B KOTOpOM paclenuTeld yCTAaHOBIICHBI B JIBYX
momocax. Bce momroca  Takoro aBTOMATHYECKOTO — BBIKIIIOUATENIS  TIPH
cpaOaTbIBaHUM Pa3MBIKAIOTCS CHHXPOHHO. BO3HWKHOBEHWE U TalllCeHUE
AIEKTPUYECKON AYTH TAaK)Ke TMPOUCXOUT B ABYX MOJIOCAX, UTO 00ECTICUnBACT
BBICOKYIO OTKJIFOYAIOILYIO CIIOCOOHOCTE?Z,

2.2. cnonuenue 1P+N, B koTOpoM paciienuTens YCTaHOBIIEH TOJIBKO
B oaHOM (pazHom momtoce. [Ipu cpabaTsiBaHuu (ha3HBIN MOITIOC PAa3MbBIKAECTCS
paHbIlle HEUTPANTHHOTO, TAaKUM O0pa3oM, 3JIEKTpUYECKasl Ayra BO3HUKACT U
racuTCs TOJBKO B (ha3HOM ToTroce. BeneacTBre Toro, 4To yra racuTcs TOIBKO

22 lcnionHeHre aBTOMATHYECKHX BBIKIToUaTeneii 2P 00s3aTelbHO K MPUMEHEHHIO
IIPU MOJKIIIOYEHNU 0J1HO(a3HOI Harpy3ku Ha JHMHEHHOE HalpsHKeHHWE CeTH, a TakXkKe MpHU
MUATaHUM OJHO(A3HONW HATrpy3KH UYepe3 TpaHchopMmMaTop € HE3a3eMJICHHOW BTOPUYHOU
oOMoTKO#. B Takux cimyyasx o0a MHUTAIOUIMX HArpy3Ky NMPOBOAHMKA MMEIOT MOTEHIHA
OTHOCHUTENIbHO 3eMJIM. B CBSI3U ¢ 3TUM 3aMbIKaHUE OJHOIO M3 MUTAIOLIUX MPOBOJHUKOB,
HanpuMep Ha 3a3eMJIEHHBIM KOPITYC, BBI30BET IPOTEKAHHE TOKA KOPOTKOTO 3aMbIKAHHUS
TOJIBKO Yepe3 OJIMH U3 MOJII0COB aBTOMAaTHYECKOTO BBIKIIIOUATENIS, U €CIIU B 3TOM IOJIIOCE HE
OKa)XeTCs paclUenuTens, TO ammapar HE CcpearupyeT Ha aBapuio. OTO JUKTYET
He00XO0IMMOCTb HaJIM4HUs paclenuTesel B IByX MOII0cax aBTOMaTHYECKOT0 BBIKITIOUATENs,
YTO COOTBETCTBYET UCHOIHEHUIO 2P.
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OJIHUM TIOJIFOCOM, @ HE JIBYMsI, KaK B UCIOJTHEHUH 2P, Takre aBTOMaTUYECKUE
BBIKJIFOYATEIM MMEIT MEHBIIYID 10 CpPaBHEHHIO C HcrnojgHeHuem 2P
OTKJIIOYAIOIIYI0 CIIOCOOHOCTh W TpPeOYIOT TMpU YCTAaHOBKE CTPOTOTro
coOMIoicHus TOpsiiKa MOAKIoYeHust ¢azHoro L u myneBoro pabouero N
IIPOBOJTHUKOB.

3. PaboTy B cetu c 3aJaHHBIM HampsDKEHUEM MEXIy (a3HbIM U
HYJIEBBIM DPA00OYMM MPOBOJHHUKOM, JJIi YETO0 €ro HOMUHAIbHOEe pabouee
Hanpsicenue Ue TOIDKHO YIOBJIETBOPSTH YCIOBHUIO

Ue or2 2Uni sow /3. (2.1)

4. OTKIIOYeHNE MaKCUMaJIbHO BO3MOXHOTO B MECTE €r0 YCTaHOBKHU
TOKa KOPOTKOrO 3aMbIKaHMs. J[as aBTOMaTrWyeckoro BbeIKtouarenas QF2
HanOosiee TSDKEIBIM PEKUMOM  SIBJISICTCS BO3HMKHOBEHHE TPEX(Ha3HOTO
KOPOTKOTO 3aMbIKaHUSl HEIOCPEJACTBEHHO Ha €ro BBIBOJAX. Takas aBapwsl
MOET BOSHUKHYTbH MPH OJTHOBPEMEHHOM AJICKTPUUECKOM COCTMHEHUN MEXKTY
coOoit BeiBos10oB QF2, QF3 1 QF4. B 3TOM ciyuyae oxxuiaeMblii TOK KOPOTKOTO
3aMBIKaHUS, TpoTeKarouil uepe3 QF2, mpuHIMaeT MakKCUMaJTbHO BO3MOYKHOE
3HaueHne. [IpeHeOperas BHYTPEHHHM COIPOTHBICHHEM aBTOMATHUYCCKUX
BBIKJIFOYATENICH, 32 0KUIaeMbIN TOK TPEX(HAa3HOTO KOPOTKOTO 3aMbIKaHUS Ha X
BBIBOJIaX MPUHUMAETCS TOK TPEX(a3HOro KOPOTKOrO 3aMbIKaHHUS B TOUYKe 1.
Takum 00pazom, 11t HAAEKHON pabOTHI aBTOMAaTHIECKOTO BhIKITIouaTens QF2
HEO00XO0JIUMO, YTOOBI €T0 HOMUHANbHAS padoyas HauboOIbLUWAs OMKIIOYAIOUAS
cnocobrnocms les yIOBIETBOpSIIA YCIOBUIO

3
lesoF2 2 1) (2.2)

5. 3ammry xabens Kb3 npu momornm MrHOBEHHOTO pa3MbIKaHUS LIETIH
B CiIy4yac BO3HHUKHOBEHHS KOPOTKHMX 3aMbIKAHHUH B TOYKAaX CHCTEMBI,
pacrionoxkeHHbIX Hmke QF2 1o cxeme »dJIeKTpocHAaOXKEHMs, IS Yero
HE0O0XOAMMO, YTOOBI MAKCUMAJIbHOE 3HAYEHUE TUana3oHa moK08 MCHOBEHHO20
pacyennenus |; 6110 He Gonblie, 4yeM ToK ogHo(pazHoro K3 B Touke 3%

@
max(li.QFZ)S I35 (2.3)
23ﬂI/IaHaBOH MOKO8 MCHOBEHHO2O pacyenjienHus || OMPECACIICTCA IS munoe

xapaxkmepucmuxu menosennozo pacyenienus B, C, D xak (3-5)-In, (5-10):1n u (10-20)1,
COOTBETCTBEHHO. B ToM ciywae, eciau ycinoBuio (2.3) yIOBJIETBOpSET cpa3y HECKOJIbKO
MUN08 XapaKxmepucmux MeHOBEHHO20 pAcyenieHus, TO B paMKaxX MPOEKTa PEKOMEHTYeTCs
JUIS JIMHUH C OCBETUTENHHOM HArpy3KOM WCHOJb30BaTh BBIKIIOYATETh C THUIIOM
XapaKTePUCTHKH MTHOBEHHOTO pacuervieHust B, a s poserounsix rpynn — ¢ tunom C.
Onnako B o0meM ciy4yae Ui TOYHOTO BbIOOpa muna XapakmepucmuKu MSHOBEHHO20
pacyennenus, ToMumo yciaoBus (2.3), HEOOXOAWMO YUYHTHIBATh IYCKOBBIE TOKH
3aIUIIaeMOTr0 000PYIOBaHUS.

34



6. [lnutenbHoe mnpoTeKkaHue padOuMX TOKOB HArpy3KH, HJs Yero
HEO0OXOAMMO, YTOOBI €T0 HOMUHANbHLIL MoK |, ObUT HE MEHbIe PacyETHOTO
Toka kabenst Kb3

Inor2 2 I3 (2.4)

7. 3amuty kabenss Kb3 B ciyuyae BO3HUKHOBEHHS IIEPErPY30K CO
CTOPOHBI Harpy3ku. [Ipm 3TOM aBTOMATHUYECKHI BBHIKIIOYATETh JOHKCH Kak
MO’XHO MEHBIIIC OTPaHUYUBATh MAKCUMAJIBHO JOMYyCTHMYIO HArpy3Ky Kabens
KB3, mis 4yero HeoOXODUMO, YTOOBI €r0 HoMuHanvhHeili mok |, ObUI Kak
MOXHO OJHXeE K UIUTEIHLHO TOMyCTHMOMY TOKY 3alllMIaeMOro Kadems, Ho
HE TIPEBBIIIAI €TO

lhor2 < 1z3. (2.5)

B Ta6:. 2.1 u Ha puc. 2.1. npuBeA¢H npuMep BHIOOpa aBTOMATUYECKOTO
BeikirodaTens QF2. B mpunoxxenuu B mpejacTtaBieH anaroputM BbIOOpa
ABTOMATHYECKOTO BBIKIIOYATENSI MO0 TEXHHUYECKOMY KaTajory MOIYJIBHOTO
obopynoBanus [1].

Tabanma 2.1

IIpumep BbIOOpa AaBTOMATHYECKOI0 BbIKJIIO4aTe s QF2

o = IIpenBapuTesbHBIN BApUAHT arapara
=
s Hcxonupie naHHbIe ; S 201 B16
1 | Pox Ttoka AC | = | Pox Toka erasnoti yenu AC
2 Hmeno KoMMyTHpYeMEIX 1 | = | Kon-60 nonrocos 1
MIPOBOTHUKOB
3 Howm. dasnoe Harmp. cetu 230 | < Homunanvnoe pabouee 930
UHH. oM / V3.B nanpscenue, Ue oF2, B
Howm. pabouas
Tok Tpéxdasznoro K3 Hauborbuias
4 ©) 1,91 | < | omkaowarowas 7,5
BT. 1 Ig3), kA cnocobrnocms (Ipu
Ue.oF2), lcs.oF2, KA
Tun xap-xu
Tok OI[HO(i)aSHOFO K3 B Makc. 3Ha4. ouan. mokosg MEHOS B
. pacy.
5 I(l) A 0,23 | > | meHOBenHo20 pacy. max{(3-5)I} =
T. 3 Ig33. % max(li.oF2), KA w e
=0,08
<
6 | Pacu. Tok Harp. lgs, A 24 | = Homunanoneiii mox 16
7 JmuTenbHO TOMyCTUMBIN 19 | > InoF2, A
Tok kabena KBb3 Iz3, A -
BriBoa: MOy IbHBIN aBTOMaTUYECKUH BhIKIOUaTens S 201 B16
MTOJTHOCTBIO YIOBJIETBOPSIET BCEM KPUTECPHSIM.
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Puc. 2.1. O6muii BU1 U OCHOBHBbIE Pa3Mepbl ABTOMATHYECKOT0 BBIKJIIOYATEs
S 201 B16

2.3 YcrpoiicTBa nudpepeHIIHATbHON 3aIUTHI B TUHHUSAX C
0aHO(a3HOI HATPY3KOH

B kauectBe ycTpoiicTB AuddepeHunanbHOi 3aluThl PEKOMEHIYETCS
UCIIOJIb30BaTh MOJYJIbHOE oOoOpyaoBaHue. B o0miem ciydyae BO3MOMKHO
MIPUMEHEHUE ABYX TUIOB YCTPOUCTB AU PepeHInanbHOM 3alUThI:

1. Beikmrouatenu auddepenuuansioro toka (BJT), Takxke uHOraa
Ha3bIBa€MbIC KaK yCTPOMCTBA 3amUTHOTO oTKiItoueHus (Y30), pearupyroiue
Ha BO3HUKHOBEHUE TOKAa yTE€UKH. BO3HMKHOBEHHE TOKa YTEUYKH B JIMHUU
IPUBOJUT K MOsBIICHUIO nuddepeHimanbHoro Toka B riaasuou nemu BT, uto
M BBI3BIBAET paclieruieHne?”,

2. ABTOMaTtuueckne  BbIKIIOYaTenu  JaudepeHnnanbHoro  TOKa
(ABT). Takue anmapatbl oOBeAMHSIOT B ce0e (YHKIIMHM aBTOMATHUYECKUX
BbIKJIFOUarener u BJIT.

2.3.1 Kpurepuu Boidopa ABAT FD1

B pamkax npoekrta ot AB/IT TpeOyeTcs COOTBETCTBHE Py KPUTEPHEB,
COTJIACHO KOTOPBIM OH JIOJKEH 00eCIIeUnBaTh:

24 Tepmun «mddepernnansueiiy npomsomén ot anrn. difference — pasauna,
pasHocth. B coorBerctBuM ¢ 'OCT P M3K 60755-2012 nox auddepeHranbHbIM WK
OCTaTOYHBIM TOKOM IOJIpa3yMeBaeTcsl JeHCTBYIOIee 3HAU€HHE BEKTOPHOM CyMMBbI
MIHOBEHHBIX 3HAa4€HMH TOKOB, IPOTEKAIOUIMX B TJaBHOW ILIENMM  yCTPOWCTBA
g depeHINaTbHON 3alUThI.
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1. MrHOBEHHOE pacCIEIUICHHE TPU BO3ZHUKHOBEHUU CUHYCOUOATLHO2O
NEPeMEeHH020 U NYIbCUPYIoue20 NOCMOSHHO20 OUP@DepeHyuaibHblx MmoKos.
Jlns obecrieueHHuss ATOro TpeOoBaHMS HEOOXOIUMO BBIOMpATh YCTPOHCTBA
nuddepeHanbHON 3auTel muna A.

2. KommyTanyio HE0OXOIUMOTO 4YHCIa IMPOBOJHHKOB, KOTOPOE
OTIPEIEISACTCS COTJIACHO CXeMe dJeKTpocHaOxkeHus. [lns omHodazHOiM
Harpy3Kd YyCTPOMCTBO AWQPQEpeHIINaTIbHOW 3alUThl JOKHO HMETh JBa
noitoca (B ciryaae AB/IT ucnonaenne 2P wiu 1P+N).

3. PaboTy B ceTu Cc 3amaHHBIM HOMUHAJIBHBIM HAMPSHKCHUEM MEXITY
(da3HBIM U HYJIEBBIM PabOYUM MTPOBOTHUKOM, JIJISI YETO HOMUHAIbHOE pabouee
Hanpsicenue ammapara Ue TOMKHO YIOBIETBOPSATH YCIOBUIO

Uerpr ZYUn som / V3. (2.6)

4. Paboty B ceTn nepeMeHHOro Toka yactoro 50 ',

5. OTKJII0OYEHHE MAaKCUMaJIbHO BO3MOXXHOTO B MECTE €r0 YCTaHOBKHU
Toka kKopoTkoro 3ambikanus. [ns ABIAT FD1 naunGonee TSKENBIM peKUMOM
SBJISIETCS  BO3HUKHOBEHHE TPEX(PA3HOTO KOPOTKOTO 3aMbIKAHUS — TIPH
AIEKTPUUECKOM COEeTMHEHNH Mex 1y co0ol BeiBoAoB FD1, FD2 u FD3. B atom
ClIy4ae 0°KM1aeMbli TOK KOPOTKOI0 3aMbIkanus uepe3 FD1 Oynet MakcumareH.
IIpenebperas BHyTpeHHUM conpotuBieHueM ABJIT, 3a oxumaemsbiii TOK

TpéX(baBHOFO KOPOTKOI'O 3aMbIKaHMA Ha C€ro BbIBOJAX IIPHHHUMACTCA TOK

.. 3
TpEX(PazHOTO KOPOTKOTO 3aMbIKaHHUS B TOUKe 1 II(<3)1' Takum oGpazom, mis

koppekTHor paboTel ABJIT FD1 HeoOXxomumo, 4TOOBI €ro HOMUHAIbHASA
pabouas Hauborvwias omraoyawwas cnocoobnocms les ynoBIeTBOpsIa
YCIIOBHIO

3
ls.Fp1 2 |1(<3)1- (2.7)

6. MrHOBEeHHOE  pacIleIUIeHHe  IeMH  NPUH  BO3HUKHOBEHUU
ougppepenyuanbHoco moka 3aaHHOTO 3HaYeHWs. [ 3aluThl YeloBeKa OT
MOPAKCHUSI DJIEKTPUYCCKHM TOKOM 3TO 3HAYCHHE HE JIOJDKHO TPEBOCXOIUTH
30MA. Jlms obOecnedyeHuss OTOr0 TpebOBaHWS HEOOXOAMMO, YTOOBI
HOMUHANbHBIL  omKIouaiowull  ouggepenyuanvuoviii. mox® |y, anmapara
YJIOBJICTBOPSLI YCIOBHUIO

25 Tepmun B cootBercTBHE ¢ TOCT P 51326.1-99. B Texuuueckoii nureparype
TaKKe MCTOJB3yeTCs TEPMUHBI «HOMUHAJIbHAS YyBCTBUTEIBHOCTDY, «IYBCTBUTEIBHOCTHY,
«HOMUHAIIBbHBIN MU (epeHITNaTBHBIA TOKY.
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[IpeamoyTuTeNnbHOE  3HAYCHUE  HOMUHAILHO20 — OMKIIOUAIOULE20
ougppepenyuanbroco moka lan 1151 ycTpoicTB nudhepeHImanbHoM 3auThl Ha
PO3ETOUHBIX IPyMNIax B mpoekte cocTasiseT 30 MAZ,

7. lnutenbHOE MPOTEKAaHWE PACUETHBIX TOKOB HArpy3KH, JUIsl 4ero
HEO0OXO0IUMO, YTOOBI €T0 HOMUHANbHbIU MOK |n Fp1 OBLIT HE MEHBIIIE PACUETHOTO
Toka B kabene Kb3

ln.Fo1 2 16 (2.9)

8. 3ammry kabens KB6 B ciiyyae BO3HUKHOBEHHUSI MEPErpy30K CO
ctopoHbl Harpy3ku. Ilpu stom ABJIT nomkeH Kak MOXHO MEHBIIE
OTpaHUYUBATh MAKCUMAJIbHO NOMYCTUMYIO Harpy3ky kabemss Kb6, mis gero
HEOOXOIMMO, YTOOBI €r0 HOMUHAIbHBIU MoK | OB KaK MOJXXHO OJHIXKE K
JUTUTEIBHO JOMYCTUMOMY TOKY 3aIlMIIAEMOTO Kabelisl, HO HE MPEBBIIIAJl €ro

9. 3amury kabens Kb6 mpu momomu menogenHoeo pacyennerus B
Cllydae BO3HHKHOBEHHMS KOPOTKHMX 3aMBIKAaHMA B TOYKaX CHCTEMBI,
pacnoyiokeHHbIX Hmwke FD2 Ha cxeme »snekTpocHaOXeHHs, i1 YEro
HE00X0IMMO, 9YTOOBI MAKCUMAIIbHOE 3HAUYECHUE OUANA30HA MOKO8 MCHOBEHHO20
pacyennenus li Ob1710 HE OOJIBIIE, YEM TOK OJHO(DA3HOIO KOPOTKOTO 3aMbIKAHUS
B TOUKE 4

max (1 gpq ) < 1 (2.11)

2.3.2 Kputepuu Boioopa BAT

[Tpu Be6Ope BJIT crnpaBemsiuBbl BCce KPUTEPHUH, MTPUBEAEHHBIC BHIIIIE
st ABIT, kpome kputepueB 5, 8 9, tak xak BJ/IT He nmeer 3amuThl OT
CBEpPXTOKOB. B cBs3u ¢ stuMm mocienoBarenbHo U Bblilie BJIT mo cxeme
AIIEKTPOCHAOKEHUS BCET/Ia YCTAHABIIUBACTCSI aBTOMATUYECKUM BBIKITIOYATENb,
o0ecreunBaNIMi Kak 3alllUTy OTXOMASIIMX KaOesel, Tak M 3aluTy CaMoro
BT ot cBepxtokoB. [locneqHee B pamMkax OJHOTO MPOU3BOIAUTENS OOBIYHO
o0ecreunBaeTcs, €CIU HOMUHANbHbIUL MOK OJMKAMIIEro BBIIMIECTOAIIETO
otHocutenbHO BJIT aBTOMarMdeckoro BBIKIIOYATENS HE MPEBBIIACT
HomunanvHoi mok BJIT.

26 MenpIre 3HAUEHHS HOMUHAIBLHO20 OMKIIOUAOWe20 OudhepeHyuanstozo

moka |An YBCINYHUBAKOT CTCIICHDB SaH_II/IH_IéHHOCTI/I OT HNOpPAXCHUA IJICKTPUUICCKHUM TOKOM, HO
IIpru 3TOM IOBBIIIAKOT BEPOATHOCTL JIOXKHBIX Cpa6aTI)IBaHI/II71 arrapara HM3-3a HaJIUndusd
C€CTCCTBCHHBIX YTCUCK UCPC3 U30JIAAINNIO 3JICKTPOYCTAHOBKHU B HOPMAJILHOM PCIKUMC pa60TBI.
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InFp2 2 InoF2- (2.12)

B Ttabn. 2.2 u na puc. 2.2 npuBenén npumep BbiOopa ABJIT. B
npuiIoxeHuu I° IpeCTaBIeH AITOPUTM BbIOOpA YCTPOKUCTB
muddepeHMaIbHON  3alUTHl 0 TEXHHYECKOMY KaTajory MOJIYJIBLHOTO
obopymoBanus [1].

Ta0mumna 2.2
IIpumep BoIoOpa ABJIT FD1

o= = [IpenBapuTenbHBIN BapyUaHT armapara
=
) Hcxonnbie JaHHbIE ; DS 201 L C25 A30
Pox AC u Tun no paboueit xap-ke
1 | muddepennumansHOTO nynvc | = npu pd. JoKax ¢ A
oK DC MIOCTOSTHHOM
COCTaBJISIOIIEH
2 LIFP)I(():]J:C())HI;(;II\::;/I]}S’TI/IPYCMBIX 2 = | Yucno nonocos 1P+N
3 Howm. ¢pasHoe Harmp. 230 | < Homunanvnoe pabouee 930-240
cett Upy you /\/éa B ~ | Hanpsocenue, Ue Fp1, B
4 | Yacrora ceru, ['1g 50 | = | HomuHansHast yacToTa 50-60
Toxk Tpéxdazuoro K3 B Hom. naubonvwasn
5 11 ©) A 1,91 | < | omxaouarowas 45
B CTE cnocobnocms, les Fp1 KA
Makc. nomycrumoe Hom. omxmouarowuii
6 | sHauenue nudd. Toka, 30 | > | ougppepenyuanvhoiii 30
MA mox, la.nFp1, MA
PaCUETHLL
7 aCUYETHBIA TOK 158 | <
Harpysku lgs, A .
OMUHAIbHBIU MOK
H
JIUTENbHO | A 25
8 | IOMyCTUMBIIA TOK 27 | > n.FDL
kabeisa KB6 lzg, A
Tun xap-xu
o Tok ogrodasnoro K3 B N Makc. 3Ha4. 1uan. moxos wmenos. pacy. C
| ) A 0,38 | > | mernoserHO20 pacy., max{(5-10)- I} =
T. 4 K341 K max(li.ep1), KA 0.25 n

Brisoa: moaynbubiit AB/IT DS 201 L C25 A30 yaoBieTBopsieT BCeM KPUTEPHSIM.
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88

Puc. 2.2. O6mmii Bua u rabaputnsie pasmepsl ABJAT
DS 201 L C25 A30 (FD1-FD3)

2.4 ABTOMATHYECKHH BBLIKJIIOYATE]b JJIf 3aLIUThHI
ytexkTpoasurarens QF1

VYBenuueHne Toka B 0OMOTKE JIEKTPOJBUTATENS BIIIIE HOMUHAIBLHOTO
3HAYEHUSI IPUBOAUT K MOBBILICHUIO TEMIIEPATYPhl 3JIEKTPOJIBUTATEIISI OOJIbIIIE
JTOMYCTUMBIX —mpenenoB. Haubosee YyBCTBUTENBHBIM K TeMIIEpaType
AJIEMEHTOM DJJICKTPOJBUTATENS SIBIASETCS W30Jsusl ero oOmorku. Ilpu
HEOONBIINX  MEperpy3kax  yMEHBIIAETCS  CPOK  CIYyXObl ~ OOMOTKHU
AJIEKTPOABUTATENIS, a MPU 3HAYUTEIBHOM TEperpy3ke MOXKET MPOU30UTH
HeoOpaTUMOE TOBPEKICHUE H30JIAIMU OOMOTKM u €€ Bosropanue. Kak
IIPaBUJIO, JIEKTPOJIBUTATENIb HE UMEET BCTPOCHHON TEMIEPaTypHOW 3aIUThI,
YTO BBI3bIBAET HEOOXOIMMOCTh MPUMEHEHHUSI CTICIIMAIM3UPOBAHHBIX aIllapaToB
3aIUTHI OT CBEPXTOKOB. [Ipu 3TOM HUCTIONB30BAHUE AJISI ATUX HETICH MOOYIbHBIX
ABMOMAamu4ecKux vlKaouameseti He BCETAa BO3MOXKHO. JTO CBS3aHO C TEM,
YTO CTAHJAPTU3UPOBAHHBIA  AUCKPETHBIA PSAJ  HOMHHAIBHBIX  TOKOB
ACHHXPOHHBIX JJIEKTPOJABUTATENE HAMHOTO IIMPE, YEM Psii HOMUHAIBHBIX
TOKOB MOOYIbHBIX —AGMOMAMUYECKUX GblKIlouamesnel. YCTaBKa TOKa
cpabaThiBaHUS TEIJIOBOTO PACUENUTENsI B MOJIYJIHHOM aBTOMATHYECKOM
BBIKJIFOYATeNIe JKECTKO MpHBSI3aHa K €ro HOMHHAJIBLHOMY TOKY uepe3 mun
Xapakxmepucmuku MSHOBEHHO20 pacyenieHus W He HMEET BO3MOXXHOCTU
peryiaupoBaHus. B CBA3M C O3TUM T1pU HUCHOJIB30BAHUU  MOO)YIbHO20
a8mMoMamu4ecko2o GviKIouamesisi yCTaBKa TOKa cpadaThIBaHUS TEIJIOBOTO
pacuienuTenss OO  HAMHOTO  OoOJyibllle, YeM  HOMMHAJIBHBIH  TOK
AIEKTPOJIBUTATENS, YTO MOKET MPUBOAUTH K €r0 MeperpeBy, JIMOO HAMHOTO
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MEHBIIIE HOMHHAJIBLHOTO TOKA »JJEKTPOJBHTATENsl, YTO HE TO3BOJISIET
AJIEKTPOJBUTATENIO Pab0TaTh MPU HOMUHAJILHONH MOUTHOCTH. TakuM o0pazom,
MOOYTbHble — asmomamuyeckue Gulkaouameny HE MOTYT 00ecneduTb
KaueCTBEHHYIO 3alUTy 3JEKTPOJABHUTATENsl OT Neperpy3ku. B cBs3u ¢ 3tum
NPUMEHSIIOTCS CHEIUAIbHBIE asmomMamuyecKue GulKaouamenu O0is 3auumol
aeKkmpoosuzameneti, AMEIOIINE PETYIUPYEMYIO YCTaBKY TOKa cpadaThIBaHUS
TEIJIOBOTO PACLETUTENS, YTO MO3BOJISET MOJIHOCTHIO MOKPHITH HITUPOKHUM Pl
HOMMHAJIBHBIX TOKOB JJIEKTpoJaBUrarenei. B gomonHeHne K  3TOMY
agmomamudeckue golKuroyamenu 0Jisl 3auumsl djeKkmpooguzamerieti 00IaaaloT
CIEAYIOIIUMU OCOOCHHOCTSIMH:

— VmeroT He cTaHAapTU30BaHHBIC TA0APUTHBIC pa3MEPHI, TOATOMY HE
OTHOCATCS K MOJTYJIBHOMY 000PYIOBaHUIO.

— BMecTo THIIOB XapakTepUCTHK MTHOBEHHOTO pacrerienus B, C, D
JUISL HUX TPUBOJUTCS TOJBKO OJIHO 3HAUEHHE YCTAaBKH TOKAa CpalOaThIBaHUS
pacuenuTesass MrHOBEHHOTO JeWcTBHs |j ¢ 3aJaHHBIM TEXHOJIOTHYECKUM
pazopocom.

— Bo wus0exxanue JOXHBIX CpabaThIBaHUNA DJIEKTPOMArHUTHOTO
pacuenuTess BO BpeMsi BOZHUKHOBEHUS YapHOTO MyCKOBOTO TOKa yCmasKa
moKa cpabamvl8anus pacyenumens MeHO8eHHo2o Oeticmseus li B cpeqHem
HAXOJUTCSl HA YPOBHE 15 KpaT OTHOCUTENBHO HOMUHAILHO20 paboye2o moxa
ABTOMATHUYCCKOTO BBIKITIOYATEIS.

— Ilo cpaBHEHUIO ¢ MOTYTHHBIMA aBTOMAaTHYECKIUMH BBIKJTFOYATEIISIMH
MMEIOT TOBBIICHHYIO HOMUHANLHYIO PAOOYYI0 HAUOOTLULYIO OMKIIOUAIOUL)IO
cnocoornocmo les mo 100 kKA.

— BpemsiTokoBass ~ xXapakTEepUCTHKAa  TEINIOBOTO  PACICTTHTEIIS
CIIeMAIBHO aJIalITUPOBAHA MOJT 0OCOOEHHOCTH Pa0OThI JICKTPOABUTATENS, YTO
oOecrieunBaeTcsi COOTBETCTBHEM €€ CTaHIApTHBIM KilaccaM pacterieHust 10,
104 u . 1.

— 3a4acTyr0 HMMEIOT TEMIIEpaTypHYI0 KOMIICHCAIMIO, 4YTO JeJaeT
BPEMSATOKOBYIO  XapaKTEPUCTHKYy  TEIJIOBOTO  pACIENHUTENsI  MEHee
YYBCTBUTEIHHOM K TEMIIEPATYPE OKPY>KAIOIIECH CPEIbI.

— Kak npaBuio, 4yBCTBUTETBHBI K OOPBIBY (Da3bl.

Ha npakTuke HCMONB3YIOTCS JBa BapuaHTa CXEMbl YMPABICHUS U
3aIATHl  DJIGKTpOABUTATENIS. B  mepBOM BapWaHTe aBTOMATHYECKHMA
BeIKTOUaTeTb QF1 wmMeeT Kak dJNEKTPOMArHWTHBIA, TaK W  TETJIOBOM
pacuerrenu?’. Bo BTopom Bapuante y QF1 HeT Termosoro pacuenurens, a
UMEETCS TOJIbKO JJICKTPOMAarHUTHBIA pPACHENHUTENb, TPH 3TOM (DYHKIHUSA
TEIJIOBOTO PACIENUTENS TIEPEHOCUTCS Ha JPYTOM armmapaT — TeIIOBOE pejie
KK1, koTopoe BeIOMpaeTcs oTaeabHO (cM. pa3zen 2.6).

27 B Ttexuudeckoi JIATCPATYPEC TAKIKE BCTPEUHACTCA TCPMHUH ((TCpMOMaFHHTHLIﬁ
pacuenuTeiiby  JJIA 0003HaUYEHHUS KOM6I/IHaHI/II/I TCIIJIOBOI'0O MW 3JICKTPOMArHuTHOTI'O
pacueIruTeIIA.
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2.4.1 Kputepuu BbIGOpa

B pamkax nmpoekra HEOOXOIMMO, YTOOBI ~ ABTOMAaTHYECKUMN
BBIKJIIOYATENb JUISL 3alllUThl  3JEKTPOJABUraTeNsl COOTBETCTBOBAN  Psay
KPUTEPUEB, COTIIACHO KOTOPBIM OH JOJIKEH 00€CIIeYnBaTh:

1. PaGoty B cetn nepemenHoro Toka AC c gactoroit 50 I'.

2. KommyTannio HE0OXOAMMOro MO CXEeME 3JIEKTPOCHA0KEHHS JHClia
MPOBOAHUKOB, JUIS YETO JOJDKEH UMETh TPEXIIONIOCHOE UcTIoHeHne 3P.

3. Paboty B ceTu ¢ 3a1aHHBIM HOMHHAJIBHBIM HAMPSKECHUEM, JIJISI YETO
ero HomuHanvbHoe paboyee nanpsxicerue Ue TOIKHO YOBIETBOPSTH YCIOBUIO

Ue.QFl = UHH.HOM ' (213)

4. 3amuty kabenss Kb2 wu osnekrtponBuratens mpu  OMOIIA
MT'HOBEHHOT'O PACIICTUICHUS B CIy4yae BOSHUKHOBEHHUS KOPOTKUX 3aMbIKAaHUH B
TOYKaX CHCTEMbI, pacnoyiokeHHbIXx Huxke QF1 Ha omHONMMHEHHON cxeme
anekTpocHaOxkeHus. g sToro HeoOXomauMo, 4TOOBl ycmaska MmMoKa
cpabamvléanus pacyenumelisi MeHo8eHHo20 Oeticmeus | Oblia He OoJiblie, YeM
TOK OJJHO()a3HOTO KOPOTKOT'O 3aMbIKAHUS B TOUKE 2

1
lior1 < 15 (2.14)

5. Bo3amoxkHOCTh mycka snektpoasurareis. [ns aToro HeoOXoaumo,
4TOOBI ycmaeka moxa cpadamul8anus pacyenumess MeHO8eHH020 oeticmeus |;
IpeBblIIaia MyCKOBOM TOK 3JeKTpoABUTaTes |,

ligrs > Lin (2.15)

6. HanéxHoe OTKIIOUEHHE MaKCHMAalbHO BO3MOKHOTO B MECTE €ro
YCTAaHOBKHU TOKA KOPOTKOTO 3aMbIKaHus. J[711 aBTOMAaTU4ECKOTO BBIKITIOYATEIS
QF1 naubonee TSKETBIM PEKUMOM SBIISCTCS BO3HMKHOBEHHE TPEX(a3HOTO
KOPOTKOTO 3aMbIKaHMsI HETOCPEJCTBEHHO Ha €ro BhIBoJax (B MecTe
npucoeauaenns kaobens Kb2 k QF1), Tak kak B 3TOM cily4ae 0KHIaeMbIil TOK
KOPOTKOTO 3aMbIKaHUsl, mpoTekarommii yepe3 QF1, npuHumaer MakcuMaibHO
BO3MOXHOE€ B JIaHHOM cxeme 3HadyeHue. IIpeHeOperas BHYTpEeHHUM
COTIPOTUBJICHUEM aBTOMaTHUecKoro BeIKmrouarens QF1, 3a oxumaeMbiii TOK
TpEX(Pa3HOTO KOPOTKOTO 3aMBbIKAHWS HA €ro BBIBOJAX IPUHUMACTCS TOK
TpEX(azHOro KOpPOTKOTO 3ambikaHusi B Touke 1. Takum oOpazom, s
HaJEXHON paboThl aBTOMaTH4eckoro Buikitouaresst QF1 Heo6xonumo, 4ToObI
€ro HOMUHANBbHAS pabouas HAUOONLWAS OMKIIOYAWAL CNOCOOHOCHDb s
YIOBIIETBOPSIIA YCIOBHIO
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3
lesoF1 2 |}(<3)1- (2.16)

7.” JlnurenbHOE IPOIyCKaHHe HOMUHAILHOTO TOKA SJIEKTPOBUIaTEIS,
JUISL 4ero He0OX0UMO, YTOOBI HOMUHAIbHBLU pabouuli Mok | aBTOMaTHYECKOTO
BBIKJTIOUATENISI OBLIT HE MEHBIIIE HOMUHAJIBLHOTO TOKA DJIEKTPOABUTATEIIS | you

Ie.QFl 2 I,E[.HOM' (217)

8.” 3ammTy SIEKTPOABHUIATENS OT IEPETPY30K, IS 4ET0 HEOOXOAUMO:

8.1. [lomobpate Takol aBTOMaTWyeckwii BhIKIIO4aTenb QF1, 9ToOBI
HOMUHAIBHBIA TOK JJCKTPOABHTATENS |ynoy TMOMAzan BHYTPh HWHTEpBaja
PETYIMPOBaHMS YCTAaBKH TOKa CpabaThIBaHUs TEIIoBOro pacienurens QF1

Ir.min < I,Zl.HOM < Ir.max’ (2-18)

A€ lrmin, lrmax — TpaHUIBI WHTEpBaNa PETYJIUPOBAHUS YCTaBKH TOKa
cpa0aTbIBaHUA TEIJIOBOIO PAaCLENUTENS, A.

8.2. N3 nmamazoHa |y min—Irmax Hy?KHO BBIOpAaTh KOHKPETHOE 3HAUCHHUE
YCTaBKM TOKa CpalaThIBaHMs TEIUIOBOTO pacienurtens |y, KoTopoe TOIKHO
OBITh  PACTIONOKEHO KaKk MOXKHO ONIMXKe K HOMHHAJIBHOMY TOKY
AAEKTPOABUTATENS | o

9.” 3ammry orxomsmero kabens KB2 B cioydae IIpEBBINICHHUS
NOTPEOJISIEMBIM  AJIEKTPOJBUTATEIEM TOKOM JITUTENBHO JOMYyCTUMOTO TOKa
kabenst lz. s yero HeoOXoaumo, yToObI BhIOpaHHAs paHee yCTaBKa TOKa
cpabaTbIBaHUS TEIUIOBOTO pacuienutens |, Obia He 00JbIlle, YeM JIUTEIbHO
JIOTTYCTUMBIN TOK 3alUIIIAeMOT0 Kabes

I or1 < 172 (2.19)

B tabn. 2.3 v Ha puc. 2.3 npuBeAEH npuMep BbIOOpa aBTOMATUYECKOTO
BBIKJIFOYATENSA  JJIs1  3amuThl  djekrpoasurarens QF1l  Tompko ¢
AJIEKTPOMArHUTHBIM PACIEIUTEICM 110 TEXHUIECKOMY KaTaory [2].

I[J'IH ABTOMATHYECKHMX BEIKIIOYATEISH TOJIBKO C SJICKTPOMAIrHUTHBIM PACHCIIUTCIICM.
** (v}
HJ'ISI ABTOMATHYCCKHUX BBIKJIIIOYATCIICH C KOM6I/IHI/IpOBaHHI)IM TCIIJIOBBIM U
QJICKTPOMAIrHUTHBIM PAaCUCIIUTCIICM.
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Tabmuna 2.3

IIpumep BbIOOPA ABTOMATHYECKOT0 BBHIKJIIOYATEJISI AJIs1 3AIUTHI
yjiektpoasurareas QF1

- = | IIpenBapuTenbHBIA BapHAHT ammapara
=
) Hcxonuble JaHHbBIE § MO132-16
1 | Yacrora cetn, I'l 50 | = | Hom. wacmoma, I'y 50
2 Hueno KoMMyTHpyeMEbIX 3 = | Kozn-60 noatocos 3
MIPOBOITHUKOB
HomuHansHOE HanpsKeHNE Hom. pabouee nanpsaocenue,
3 P 400 | < P P 690
CCTH UHH.HOM) B UEQFla B
) Howm. pabouas naubonvwas
Tox péx¢asnoro K3 s r. 1 OMKAIUAIOWas CnocoOHOCMb
4 (3) 191 | < 50
IK31 y KA ICS.QFla KA (HpH Harip.
UHH.HOM)
ITyckoBoi Tok
5 01 | <
ANEeKTpoABUTATENS, | 1, KA Yemaexa moka cpabamuvieanus
Tok oxgro(asHoro K3 B 1. 2 pacyenumeiss MCHOBEHHO20 0,2
6 | ) 0,53 | > | oeiicmsus, ligF1, KA
K32 KA
7 | Hom. TOK 31eKkTpoaB., lymom, A | 14,8 Hom. pabouuii mox le gF1, A 16

BbIBO/I: aBTOMATHYECKHUii BBIKITFOYATEIb JJIs 3aIUThI AJICKTPOABUTATEIIS
MO132-16 NOTHOCTBIO YAOBIETBOPSET BCEM KPHUTEPHSIM.
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Puc. 2.3. O6mmii Bua ¥ rabapuTHble pa3Mepbl AaBTOMATHYECKOI0 BHIKJIIOYATEs A5
3amMThI djekTpoaBurareas MO132-16
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2.5 DaexkTpoMarHuTHbIN KOHTakTOp KM1

KOHTaKkTOp OTHOCHTCS K anmaparam yIpasJIeHNs U HE UMEET 3alUTHBIX
¢yHkmiil. Ecim 0CHOBHOE Ha3HaUY€HNE aBTOMATHUECKOTO BBIKJIFOUATENSI — 3TO
peaKre aBTOMATHYECKHE OTKIIIOYECHMSI LENH B aBapUUHBIX PEXKUMAX, TO
OCHOBHOM 3a/layell KOHTAKTOpa SBJISIETCS YacTasg KOMMYTalUus LENd B
HOPMAJIBHBIX YCJIOBHSIX, a TAKXKE pellKas KOMMyTalusl MpH neperpyskax. B
CBSA3M C 3TUM KOHTAKTHAsl CHCTEMA KOHTAKTOPA UMEET OOJIBUIYIO ITO CPABHEHUIO
C aBTOMATHYECKHUM BBIKIIOYATEIEM KOMMYMAYUOHHYIO N MEXAHUYECKYIO
usHococmoukocms. KpoMe TOro, 3JeKTpOMarHuTHBIM KOHTAKTOP yIPABIAETCA
HE BPYYHYIO, a IIPY MOMOIIX BCTPOEHHOTO B HETO 3JIEKTpOMaruura. Jpyrumu
CJIOBAMM, €CJIM JUIsI BKIIFOUEHHS] aBTOMAaTUYECKOIO BBIKIIIOYATEIs], KaK IIPABUIIO,
HEOOXOMMO BPYUYHYIO B3BECTHU €0 PYKOSTKY YIPABJIEHUS, TO JJIs1 BKIIFOUEHUS
AJIEKTPOMAarHUTHOTO KOHTAaKTOpa HEOOXOJUMO MOAaTh HaIpsDKEHHE Ha
KaTylIKy €ro JJIeKTpoMar€uTa. TakuM o00pa3oM, KOHTakTOp HMEET
BCTPOEHHYIO BO3MOYKHOCTb JAMCTAHLMOHHOIO YIIPABJICHUSI, YTO MOXKET OBbITH
JOCTUTHYTO B ABTOMAaTMYECKHUX BBIKIIIOYATEISAX TOJBKO MPHU IOMOLIU
JOTIOJTHUTENBHBIX aKcecCyapoB. Ba)KHO OTMETHUTH, UTO HECMOTpPSI Ha TO, YTO
KOHTaKTOp pacCyuTaH Ha KOMMYTAlUIO TOKOB MEPErpy3KH, OH HE HMEET
pacuenuTene M Mmo3ToMy caMm Mo ce0e He pearupyer Ha BO3HUKHOBEHHE
cBepxToka. B ciydyae HeoOXoaumocTH oOecrnedeHHs 3alUTHBIX (YHKIUAN
IIOCJIEA0BATEIBHO C KOHTAKTOPOM YCTAHABIMBAETCS TEIIOBOE PENIE, KOTOPOE
BKJIFOYAETCSI CBOMM Pa3MBIKAIOIIMM KOHTAaKTOM B II€Ib NUTAaHUS KaTYyIIKH
AJIEKTPOMArHUTAa KOHTAKTOpPA U MPU BO3HUKHOBEHHH NEPETPY3KHU OTKIHOYAET
€€, 4TO PUBOJUT K OTKIIIOUYEHUIO KOHTAKTOPA.

VY KOoHTaKTOpa B OOIIEM CiIydae BBIACIAIOT TP SJICKTPUUECKUX LICTIH:

1) enasnasi yens — 3TO CUIIOBas LEMb, MO KOTOPOM MPOTEKAET TOK
Harpy3kd, M B KOTOPOM HaXONATCA TJaBHbIE KOHTAKTbl, CIOCOOHbIE
KOMMYTHUPOBATh 3TOT TOK,

2) yenv ynpasienus, HEOOXOAMMas IS YIPABICHUS 3aMbIKAHHEM U
Pa3MBIKAHHEM KOHTAKTOB 21a6HOU yenu KOHTAKTOpa. B HEE BXOAUT KaTyuka
AJEKTPOMArHUTA.

3) scnomozamenvHas yenob — 310 c1A00TOYHAS [IEITh, B KOTOPYIO BXOIST
BCIIOMOTAaTEJIbHbIE 3aMBIKAOIIME U PAa3MBIKAIOIINE KOHTAKTHI, BKIIOYaeMbIE B

LIENIX yIPABJIECHUS U CUTHATM3ALUNS,

2.5.1 Kputepuu BbIGOpa

B pamkax mnpoekta HeoOXoauMo, UTOObI KOHTakTop KM1
COOTBETCTBOBAJI PsAJly KPUTEPUEB, COTJACHO KOTOPHIM OH  JIOJKEH
00ecreynBaTh:

28 B HEKOTOPBIX MOJCIAX KOHTAKTOPOB MOXET OTCYTCTBOBATH BCTPOCHHAA
BCrioMorareijabHas ICIIb.

45



I’'nmaBHasgs mens

1. Paboty B cetu nepemerHoro Toka AC c gactorou 50 1.

2. KommyTariuio Heo0X0IuMOT0 Yrciia TPOBOIHHUKOB, JIJIS YETO JOHKECH
UMETh TPU TJIABHBIX KOHTakTa. [Ipw 3TOM B paMKax MpoeKTa BO3MOXKHO JBa
BapHaHTa UCTIOJHEHUS:

2.1. KoHTakTtop ¢ TpeMs TJIaBHBIMU 3AMbIKAOWUMYU KOHTAKTAMHU U
OJTHUM BCTPOCHHBIM BCIIOMOTATEIbHBIM 3AMbIKAIOWUM KOHTAKTOM. Takoi
KOHTaKTOp 3a4acTyIO0 BBITTISAUT KAaK UYETBIPEXTIONIOCHBIA, OJHAKO SIBJISAETCS
TPEXIOMIOCHBIM, TaK KaK KOJUYECTBO IOJIOCOB OMpEACNsAETCS MO YHUCITY
2NIABHLIX KOHMAKMOS.

2.2. KoHTakTop ¢ TpeMs TJIaBHBIMHU 3aMbIKAOWUMU KOHTAaKTaMu 0e3
BCTPOCHHOTO BCIIOMOTATEIbHOIO0 KOHTakTa. B 3TOM ciyyae K KOHTaKTOpy
HEO00XOUMO TMOA00paTh AOMOIHUTEIBHBIA aKCceccyap — BCIOMOTAaTEIbHBIN
3amblKaowull KOHTaKT, MOHTHPYEMBI Ha KOHTaKTop (pHc. 2.5).

3. PaboTy B ceTu ¢ 3aJlaHHBIM HOMUHAJIBHBIM HAIPSKECHUEM, TSI YETO
MaKCHUMAaJIbHOE 3HAYCHUE €T0 HOMUHAIbHO20 paboye20 HaANpANCeHUs 2NA6HOl
yenu Ue TOJHKHO YJIOBJIETBOPSITH YCIOBUIO

Ue.KM].ZUHH.HOM' (220)

4. 3agaHHYI0 MPOU3BOJUTEIEM KOMMYMAYUOHHYIO USHOCOCMOUKOCMD.
JUJ1s1 BBIIOJTHEHMSI 3TOTO TPEOOBaHUS HEOOXOUMO YTOOBI:

4.1. KomMyTuUpyeMblii KOHTAKTOPOM TOK BO BpeMsl OTKIIOUEHUS
AAEKTPOABUTATENS |;uom OBLT HE OONBINE, YEM HOMUHANBbHLIL PAOOUUL MOK
koHmakmopa le st kareropuu npumenerust AC3

AC3
Ie.KMl 2 I,[[.HOM' (2-21)

4.2. JleficTByrolliee  3HAYCHHE  TMEPHOJUYECKOM  COCTABIISIONICH
BKJIFOYa€MOT0 KOHTAaKTOPOM TOKa TMpHU TycKe dyekTpojasuratens |, He
MPEBBINIATIO IECTUKPATHBIM HOMUHAIbHBLL paboyuti mox Konmaxkmopa le ms
kareropun npumenenus AC3%°

AC3
6-lekm1> - (2.22)

2B COOTBETCTBHMH C PEXKHMOM HCIBITAHAH KOHTAKTOpa HA KOMMYTAaI[HOHHYIO
uszHococroiikocte nmo 'OCT P 50030.4.1-2012 (MDK 60947-4-1: 2009) Anmnaparypa
pacmpeneneHlss W yhnpaBieHUs HU3KOBOJIbTHasA. YacTh 4 KoHTakTOpbl M MyCKATENH.
Paznen 1. DnekTpoMexaHndyeckue KOHTaKTOPhI U myckaTenu. — tabia. B1. — C. 64.
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Ilens ynpaBuneHUH4

5. PaboTy B ceTH ¢ 3aJaHHBIM 110 CXEME IEKTPOCHAOKEHHSI POJIOM TOKA
1 4aCTOTOM.

6. PaboTy ¢ 3aaHHBIM IO CXEeME DJIEKTPOCHAOKEHUS HANPSHKECHUEM
uenu ympaenenus U,y, U1 4ero HOMHMHAJIBHOE HANPSIKEHUE KaTyIIKU
ynpaBieHuss KoHTaktopa Ug OJDKHO COOTBETCTBOBATh HEOOXOIUMOMY
3HaueHuto U, y.

BconomMorarensrHas oOcIIb

7. Hainune  HEOOXOIMMOTO B COOTBETCTBUHM  CO  CXEMOH
ANEKTPOCHAOKEHUS KOJIMYECTBA BCIIOMOTaTENbHBIX 3AMbIKAIOWUX KOHTAKTOB.

B Tabn.24 wu Ha puc.2.5 npuBenéH npumep BbIOOpa
AIIEKTPOMArHuTHOTO KoHTakTopa KM1 1o texanyeckoMy karaiory [2].

Tabmanma 2.4

IIpumep BbIOOpPA 3JIEKTPOMATHUTHOI0 KOHTaKTOpa KM1

= = | IIpenBapuTenbHBIM BapUaHT amnmapara
2= W CXOHbIE TaHHbBIE S
o JUIBIC A > AF26-30-00-13 + CA4-10
Thasnas yenw
1 | Yacrora cetu, 'y 50 | = | Hom. yacrora, I'ig 50
Kou-Bo rinaBHbIX
HUucino KOMMYTHPYEMBIX _
2 3 | = | 3amblKarowux KOHTAKTOB 3
MIPOBOHUKOB
(TI0J1F0COB)
MaxkcumanbHOe 3HaYeHUe 690
HomunansHoe HampsikeHne
3 U B 400 | < | Hom. pabouezo
ceTH ,
HH.nom nanpsaxcenus, Ug kM1, B
Homunanvnuiti pabouuii
HoMuHAILHBIH TOK MOK 11 KATETOPUH ITPUM. 26
4.1 148 | < AC3
3IeKTPOABHIaTeNs |y nom, A AC3 lokm1 A
(mpu Harp. UHH nowm)
[ITecTukpaTHbIN
[IvcKoBOii TOK HOMUHAILHBLU pabouull
42| " 111 | = | mox s xateropuu. npum 156
snexTpoasurarens |y, A pyH. TIPUM.
AC3 6- 15551, A
Llenv ynpaenenus
5 YacroTa Harp. MUTaHUS IETH 50 | = Howm. wactora nutanus 50
yrnpasiienus, ['mq enu ynpasieHus, '
Hanpsoenne nemm Howm. nanpsixenue
6 230 | € | karymku ynpasnenus U, 100...250
ynpasnenus Uy y, B B
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[Iponomxenne Tabuirs: 2.4.

Bcnomoeamenvuas yenbv

Kos-Bo BCTpOCHHBIX B
KOHTAKTOpP BCIIOMOTAT. 0
Heobxommoe koi-Bo 3aMbIKArOWUX KOHTAKTOB
7 | BCTIOMOTaTENBHBIX R o —— +
3aMbIKAIOWUX KOHTAKTOB B wyux 1
COOTBETCTBUH CO CXEMOI KOHTAKTOB y (CA4-10)
BCIIOMOTaTEIbHBIX
KOHTAKTHBIX OJIOKOB™
BriBOA: 3JIEKTPOMArHUTHBIA KOHTAKTOP
AF26-30-00-13 ¢ monmomHUTEIBHBIM KOHTAKTHBIM 010KOM CA4-10 noIHOCTEIO
YIIOBJICTBOPSIET BCEM HEOOXOAMMBIM KPUTEPUSIM
“BeroMoraTenbHblii KOHTAKTHBI ONOK — 3TO JONOJHMTENbHBIA aKceccyap K KOHTAKTOPY, KOTOPBIH

BBI6I/IpaeTCH OTACJIBbHO U TOJBKO IIPpHU YCJIOBHU OTCYTCTBUA H€06XOI[I/IMOFO KOJIMYCCTBA BCTPOCHHBLIX B
KOHTAKTOP BCIIOMOTATCJIbHBIX KOHTAKTOB.

805
ﬁ
|=|I ];[ﬂ
[0
.
u]
86

Puc. 2.4. O6mmii Bua M rabapuTHbIe pa3Mepbl 3J1eKTPOMATHUTHOIO0 KOHTAKTOPa
AF26-30-00-13:
1, 2, 3 — BBIBOABI TTIABHBIX KOHTAKTOB, MPUHAAJIEKAIUE KOHTAKTHBIM d1ieMeHTaM da3 L1,
L2, L3 cooTBeTCTBEHHO; 4 — BBIBO/IBI KATYIIKK yIIpaBlieHHs (MapKUpyOTCs Ha Kopiryce Al,

A2)
1 40
B
3 [d] [
— [
—

Puc. 2.5. O6mmii B u rabapuTHbIe pa3Mepbl BCHIOMOraTeJIbHOT0 KOHTAKTHOTO
os0xa CA4-10:
1 — BBIBO/IBI BCIOMOTATEIBHOTO 3aMbIKAIOIIET0 KOHTAKTa
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2.6 TenJsioBoe pesie neperpy3ku KK1

B HekoTopbx cnydasx GYHKIMS 3alldThl 3JEKTPOJBHUraTesss OT
neperpy3ku  OCYIIECTBIIETCS HE  BCTPOCHHBIM B aBTOMAaTUYECKHM
BBIKJTIOYATE b TEIJIOBBIM PACIIEUTENEM, a PY TOMOIIU OTAECIBHOIO anmnapara
— mennogoeo pene. Kak yINOMHHAIOCh BBINIE, B 3TOM CIy4ae
ABMOMAMU4eCcKull 8bIKII04Yamens OJisl 3aujumaul 2J1eKmMpoO08UeameJisl BHIIOTHIET
TOJIPKO (DYHKIIMIO 3aIUTHl OT KOPOTKUX 3aMBIKAHHUM, TO €CTh JIOJDKEH MMETh
TOJIBKO 3JIEKTPOMArHUTHBINA PACLIETUTEb.

OCHOBHBIM AIIEMEHTOM KaK, meniooco pacyenumerns
ABTOMATUYECKOTO BBIKIIIOUATENsl, TaK W Men108020 pene, SBIAETCA
OuMeTalIMyeckas IUTACTHHA, uW3rudaromasicss npu HarpeBaHud. OnHaKo B
OTIIMYHME OT Meno8o20 pacyenumess, UHTETPUPOBAHHOTO B aBTOMATUYECKUN
BBIKJIIOUATENb, Menjiogoe peie MPeNCTaBisieT coO0M OTIENbHOE YCTPOMCTBO.
BaxxHolt 0COOEHHOCTBIO Menio8oco pese SIBISETCA TO, YTO OHO BKJIIOYACTCS
MOCJIEIOBATEIbHO B IIEMb MUTAHUS OOMOTOK AJIEKTPOJBUTATEINSI, OJIHAKO HE
PEIHA3HAYCHO /11 KOMMYTALUK 3TOW LEMH. JTO CBSI3aHO C TEM, YTO TEIJIOBOE
pene o0JajaeT TOJIbKO BCIOMOTAaTENbHBIMA KOHTAKTaMH, B TO BpeMs Kak
2nasuvle  KOHmMaxkmel OTCYTCTBYIOT. BcromorarenbHblil  pa3MbIKaromui
KOHTAaKT TEIUIOBOTO peJieé BKIIIOYAETCS MOCIEAOBATENbHO B IENb YIPABICHHUS
KOHTakTopa. [Ipu cpabaThiBaHNM TEMJIOBOTO PEJI€ €r0 Pa3MbIKAIOUIUN KOHTAKT
00€CTOUMBACT KaAMywiKy YnpaejieHus KOHTakTopa. B pesynbrare 3TOro
OTKJIIOYEHUE  DJIEKTPOABUTATENII  OCYLIECTBIIACTCS HMMEHHO  21a8HbIMU
KOHmaxkmamu KOHTaKTopa. TemioBoe pele MMEET PEeryjJupyeMyro YCTaBKYy
TOKA pacUCIUICHHs, YTO I[IO3BOJISIET TMOKPBITh IIMPOKUN  JUAIa3oH
HOMHUHAJIbHBIX TOKOB 3JIEKTPOJBUTATEIIEH.

B mennoseom pene nepecpy3xu BBIAEISIOT ABE JIEKTPUUECKHUE LIECTIN:

1) enasnas yens, oOTEKaeMasi TOKOM HArpy3Kd, B KOTOPOH HaXOJSTCSI
HarpeBaTeNIbHbIE AJIEMEHTHl OMMETaUIMYECKUX IUIACTHUH, YYyBCTBUTEIBHBIX K
CBEPXTOKY;

2) ecnomozamenvHasi yenvb, B KOTOPYIO BXOISAT 6CHOMOCAMENbHbIE
Pa3MbIKAIOUIUE U 3aMbIKAIOIUE KOHTAKThI, BKIFOYAEMbI€ B LIEMU YIIPABIEHUS U
CUTHAJIA3AIUH.

2.6.1 Kputepuu BbiGOpa

B pamkax mnpoekra HeoOxoaumo, uTtoObl TerioBoe pene KK1
COOTBETCTBOBAJIO PSAY KPHUTEPUEB, COTJIACHO KOTOPHIM OHO JIOJDKHO
o0ecreynBaTh:

1. Paboty B cetu nepemeHHoro Toka AC c vacrotoii 50 I'n.

2. PaboTy B ceTH ¢ 3aJaHHBIM HOMUHAJILHBIM HaIpsikeHueM. /[ aToro
HOMUHANbHOEe pabouee HanpsdxceHue 2naeHou yenu Ue TOIDKHO OBITH HE
MEHBIIIE, YeM HOMUHAIBLHOE HAMPSHKEHNUE CETH
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Ue kk1 2 Y nH.sowm - (2.23)

3. BO3MOKHOCTB 3allUThl 3JCKTPOABUTATENSI C HOMHUHAJIBHBIM TOKOM
| 1 1om, JUIST UETO ATOT TOK JOJKEH BXOJUTH B JIUAIIa30H PETyJIUPOBAHUS YCTABOK
TOKa cpabaThIBaHUS TEIJIOBOTO pejie

Ir.min < II[.HOM < Ir.maX' (224)

[Ipu sToM u3 nuamazoHa HACTPOEK |rmin—lrmax HEOOXOAMMO BHIOPATH
KOHKPETHOE 3HAYeHHE TOKa YCTaBKH penie lrkki Kak MOXHO OJrke, HO HE
MPEBBIIAIOIIEE HOMUHAIBLHOTO TOKA AJIEKTPOABUTATEINS | o

4. 3amuty otrxonsmero kabens Kb2 B chmydae mpeBbliieHus
HOTPEOJISIEMBIM DJICKTPOJBUTATENIEM TOKOM OJIUMENbHO OONYCMUMO20 MOKA
kabens lz. Ans sToro HeoOXoAMMO, 4TOOBI BIOpaHHAsI paHEE yCTaBKa TOKa
cpabaThiBaHUs TEIJIOBOTO penie lrkki Oblma He OoJblle, YeM JJIUTEIIBHO
JOITYCTUMBII TOK KaOess

I kk1 < 172 (2.25)

5. Hanuune MHHMMYM OJHOTO BCIOMOTATEIIBHOTO pPA3ZMbIKAIOWE20
KOHTAaKTa JIJIsl BKJIIIOUECHUS €T0 B IIEMb YIPABICHUS dJICKTPOIBUTATEIIS.

6. Bo3MOXXHOCTP MOHTa)Xa Ha BBIOPAHHYIO paHee MOJENIb KOHTaKTopa
KM1, nnst 9yero 10mKHO UMETh COBMECTUMBIN ¢ HUM THIIOpa3Mep.

7. ITyck smekTpoaBuraTeNs B 3aJaHHBIX YCIOBHUSX (Bpems Imycka t u
MyCKOBOW TOK |l,;), JUII 4Yero B paMKax MpPOCKTa JODKHO HMMETh Kacc
pacuerenus 10.

B Tabmn. 2.5 u Ha puc. 2.6 npuBeaéH mpuMep BEIOOPa TEMIIOBOTO PEJie 10
TEXHUYECKOMY KaTtayory [2].

MHorre TPOW3BOAUTEIHM BBITYCKAIOT TEIUIOBBIE peJie, pa3Mephl
KOTOPBIX CIEIUAIbHO aJalTHPOBAaHbI JJII MOHTaXa IOJ KOHTAKTOp TaKUM
o0pa3oM, 4YTO TEIUIOBOE pelie M KOHTAKTOp OOpa3ylT €IUHYI0 KECTKYIO
KOHCTPYKIIMIO, KaK 3TO TIOKa3aHo Ha puc. 2.7.
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IIpumep BbIOGOPa Ten10BoOro peJie neperpyskun KK1

Ta6nuna 2.5

= = | ITlpeaBapurenbHBIA BapHaHT arapara
Z = W CcXo/HbIe TaHHbBIC S
e AIHBIC > TF42-16
Inasnas yens
1 | Yacrota cetu, I'1 50 = | Hom. vacmoma, I't 50
5 Howm. HanpspkeHue cetu 400 < | Hom. pabouee nanpsicenue, 690
UHH.nom> B Ue kk1, B
3 HomuHanbHBIN TOK 148 |~ VcTaBka toka 15
SJIEKTPOAB. |y nom, A cpabateBanms Iy kK1, A 13..16
(dunamazon yctaBoK |y min— (13..16)
4 | MmurensHo gom. ToK lzo, A 27 >
|r.max, A)
Bcnomoeamenvnas yens
Kon-Bo Bciomor.
Ko0:1-BO BCTpOCHHBIX
5 | pazmvikarowux KOHTaKTOB 1 < 1
PA3MBIKAIOWUX KOHTAKTOB
o cXeMe
Koncmpyxkmusnoe ucnonnenue
6 | Tum koHTaKTOpa AF26 | < | Tun TemioBoro pene TF42

BriBog: TerioBoe perie kiiacca pacuervieHus 10
TF42-16 ynoBneTBopsieT BceM HEOOXOAMMBIM KPUTEPUIM

Hacrpoiika: Iy kk1 = 15 A.

ﬁ M M 705
JUI= O
‘ESedy | &8 @0 o

= & i e DL
, s ) @000

® ® ®
1,23 — =

Puc. 2.6. O6mmii B u rabapuTHble pa3Mepbl Tem10Boro peiae TF42-16:
1, 2, 3 — BBIBOIBI TJIABHOM 1IeTH, ipuHapTIexkammue ¢pazam L1, L2, L3 cooTBeTCTBEHHO;

4 — BBIBOJIBI BCIOMOT'ATENILHOTO Pa3MBIKAIOLIETO KOHTAKTa (MAPKUPYIOTCS Ha KOpITyce Kak
NC ¢ xiremmamu 95, 96); 5 — BBIBOIBI BCIIOMOTATEIBHOTO 3aMBIKAFOIIETO KOHTAKTa
(mapkupyrorcest Ha kopryce kak NO ¢ knemmamu 97, 98); 6 — mOBOpOTHBIH peryiarop Toka
YCTaBKH
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Puc. 2.7. Coopka konrakropa AF26-30-00-13 ¢ BcnomorareibHbIM KOHTAKTHBIM
0s10koM CA4-10 u C TensioBbIM pejie TF42-16:
1 — xonTaktop AF26-30-00-13; 2 — xonTakTHbIN 010k CA4-10;
3 — reroBoe pene TF42-16

2.7 TlnaBkwuii npegoxpanurteab FU1L

CornacHo paccMaTpUBaeMoOM cXeme AJIEKTPOCHAOKEHUs 3alluTa 1enu
VOPABICHUS OT CBEPXTOKOB OCYIIECTBISACTCS TIPH HOMOWU NIABKO2O
npedoxpanumensi FUL. OCHOBHBIM 3JIEMEHTOM MIABKO20 HNPeOOXPAHUMEIs.
SABJISICTCS] NIABKASL 6CMABKA, BHYTPU KOTOPOU HAXOJUTCS MIABKULL JJeMeHm,
paCIUIaBJISIIONIMICS TIpU  TMPOTEKaHWW CBepxToka. [locne cpabarbiBaHus
NPENOXPAHUTENST NAABKAs 6CMABKA TOANEKUT 3ameHe. OOBIYHO niaskas
ecmaska (puc.2.8 a) HE HUMEET 3aXUMOB [JIs TPHUCOSAUHCHHS BHEIIHHUX
IPOBOJHUKOB. B CBsi3M C ATUM JOTMOJHUTEIBHO K WIABKOU BCMABKE
HEOOXOJMMO BBIOpATh Oeporcamenb NAABKO20 NpedoXpanumens, KOTOPhIM U
o0ecIeunT KaK BO3MOXHOCTh MPUCOSANHEHUS niasxol scmaexu (puc. 2.8 a) B
LEMb YIPABJIECHUS, TaK U1 MOHTax npenoxpanurens Ha DIN-peiiky.

[TnaBkwit IpeToXpaHUuTEIb JOJKEH COOTBETCTBOBATh PSIAY KPUTECPHUEB,
COTJIACHO KOTOPBIM HEOOXOAMMO, UTOOBI OH 00eCIIeurnBal;

IlmaBkasg BcTaBKa

1. Paboty B cetu nepemeHHoro toka AC.
2. PaboTy B Lienu ynpaBieHUs ¢ 3a1aHHBIM HanpsbkeHuem U, y, KoTopoe
OTIpE/IEIISAETCS TI0 CXEME IJIEKTPOCHAOKEHUS
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Ue.FUlzuu.y' (226)

3. 'apanTtupoBaHHOE OTKJIIOYEHHE TOKa OJHO(A3ZHOTO KOPOTKOTO
3aMbIKaHUSl B TOUKE 1 CHUCTEMBI, IJI1 YErO €r0 HOMUHANbHAS OMKIIOYAIOWAs
cnocodornocms len NOKHA YIOBIETBOPSTH YCIOBUIO

1
lenFu1 2 |1(<%1- (2.27)

4. InuTenbHOE NPONYCKAaHWE TOKa, MOTPEOISIEMOro  KaTyIIKOW
ynpasneHust kontakropa KM1 npu ynepxanuu |y, a Takxke 3amuTy LEeNH
YIpaBJICHUs KOHTAKTOpa OT meperpys3ok . Jlus 5Toro HeoOXOaMMO, 4TOOI
HOMUHAIbHBIL MOK NAa6Kot 6cmaeku |, COOTBETCTBOBA YCIIOBUIO

IK.y < In.FUl < IK.C’ (228)
S
| =Xy (2.29)
Yy Uu.y
S
|, =—xe (2.30)
Yy UH.y

1€ Siy — IOJIHAst MOIIHOCTD KATYIIKK YIIPABJICHHS IIPH yaepKaHuu-L, B-A;
Skc — TIOJIHAs MOIIHOCTh KAaTYIIKU YIPaBIEHUS MpU cpadaThiBaHUU, B-A;
l«c — TOK, moTpebsieMoit KaTyIIKOW yIpaBJICHHs Py cpabaThiBaHuH, A.

HJepxaTenpr NpegOXPaHUTECII:

5. COBMECTHUMOCTH C IJIaBKOM BCTaBKOM BHIOPAHHOTO TUIIOpa3Mepa.

B Tabn. 2.6 u Ha puc. 2.8 npuBeAcH npumep BbIOOpA MIaBKON BCTaBKU
U JIeprKaTells TUIABKOTO MPEIOXPAHUTEIS 10 TEXHUYeCKoMY KaTtaiory [1].

0B cnyyae mMcHoONb30BaHMA SIEKTPOMArHUTA MEPEMEHHOTO TOKA B KOHTAKTOPE,
TOKOBasi Teperpy3ka B IIEMH YIPaBICHUS MOKET BO3HUKHYTh, €CIH IOCJE IOJIa4d
HaNpsDKEHUs Ha KaTYIIKY 3JEKTPOMArHuTa ero IKOpb He MOXKET MOJTHOCTBIO MIPUTSHYTHCS K
MOJTFOCY, YTO MOYKET OBITh BBI3BAHO KAaK HEIOCTATOYHBIM HANPSHKEHWEM IUTAHHSA, TaK U
MEXaHUYECKUM 3aKJIMHUBAHUEM SKODSL.

31 B Texmmueckoii TUTEpaType TaKkKe MCIONb3yeTCsl TEPMHH DHEPromnoTpedneHne
katymku [2]. [ns konraktopoB cepun AF ABB onpenensercs no [2, ¢. 5/42-5/43].
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IIpuMmep BBIOOpaA MIaBKOTO Npeaoxpanuteas FUL

Ta0mnumna 2.6

o5 (. =5 | IlpenBapuTenbHEIA BapHaHT ammapara
e JIBIC 2 > | 1. ser. DF2CA001+ nepx. E91/32
IInaexas ecmaska
1 | Pox toka cetn AC = | Pox Toka AC
5 Hanpsoxenue nenu 230 < Hom. nanp. nnaBkoit 500

ynpasienus Uy y, B BctaBku Un Fu1, B
Tok oxnogasuoro K3 Homunanvnas
3 | 1) 0,99 < | omkmouarowas 80
BT.1, Ig3 kA cnocobnocmo len.Ful, KA
Tox, moTpebnsieMblit
4 | KaTylIKOW yIpasiL 9,6 <
npu yaepx. lgy, MA HowMm. Tok miIaBkoii BCcTaBKH 160
Tox, oTpedIIseMbIit InFut, MA
5 | KaTymKko# ynp. mnpu 217,4 >
cpad. lgc, MA
Heporcamens nnaexkozo npedoxparnumens
6 Pa3mep nmaBkoit Hununaap. o Jepxatens ¢ pyHKIHEH £91/32
BcraBkun DF2CAQ001 10x38 pa3beIMHUTETS

Brisox: miaskas scraska turna aM Schneider Electric DF2CA001 10x38 mMm u
JeprKaTelnb npenoxpanurens ¢ pynkuuei pazpenunurtens ABB E91/32 nonanocTsio
YIOBJIIETBOPSIIOT BCEM HEOOXOIUMBIM KPUTEPHSIM.

o103

7 578

Puc. 2.8. [InaBkuii npeoXpaHuTe/Ib:

a — o0uuit Bu1 1 rabaputHele pazMeps! miaBkoit Bcrasku DF2CAQ00L; 6 — oOmruit
BUJ] ¥ Ta0apUTHBIE pa3Mephl epKaTesl IIaBKOTO MPEIOXpaHUTeNs ¢ QyHKIHEH

pazbeaunuTens E91/32
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2.8 KHonku B 1lenu ynpasJjeHus djiexkTpoasurarenaem SB1, SB2

Jlnst ynpaBiieHHsI DJIEKTPOJBUTATEIIEM B CXEME MPEIyCMOTPEHBI JIBE
kHOMKK — Tyck SB1 u cron SB2. Jlanee paccMatpuBaeTcsi BHIOOp KHOIIKH U3
TaK Ha3blBaeMOW MonyJbHOU cepuu. KHomka B 3TOM ciiydyae cobupaercs u3
HECKOJILKHX 3JIEMEHTOB — KOPITyCa KHOIIKH C KJIABUIIIEH 1 KOHTAaKTHOTO 0JIOKa,
KOTOPBIA COAEPKUT HEMOCPEACTBEHHO JJICKTPUYECKHM KOHTakT. KHomka
JOJDKHA COOTBETCTBOBATH Sy KPUTEPHEB, COTIACHO KOTOPHIM OHA JIOJKHA
00ecIeunBaTh:

KoHTaxkTHBH OJIO0K

1. PaGoty B cetn nepemenHoro toka AC.

2. BO3MOXHOCTh BKJIIOYEHHS B II€Mb YIPABICHHUS KOHTAKTOpa C
3ajaHHbIM HanpspkenueM U, y. s 9Toro nvomunansrnoe nanpsascenue uzonayuu
Ui 10KHO COOTBETCTBOBATH YCIIOBUIO

Ui.SB 2Uu.y' (231)

3. lmuTensHOE MpOMyCcKaHWe MOTPeOIIeMOro KaTyIIKOW KOHTaKTOpa
Toka |,y ns aroro nomumanvueiti pabouur mok le, COOTBETCTBYIOLIUN
HanpspkeHuto U, y, T0JKeH yI0BIETBOPSITH YCIOBUIO

loss = 1,y - (2.32)

4. Hanuuue H€O6XOIII/IMOFO II0 CXEMC KOJIMYCCTBA PA3MBIKAIOINUX H
3aMbIKAIOIIIMX KOHTAKTOB. Knomnka IIyCK O0JKHa HMCTb MHHHMYM OJHUH
SaMBIKaIOI_HI/Iﬁ KOHTAKT, KHOIIKa CTOII — MHUHHMYM OIWH paSMBIKaIOHH/Iﬁ
KOHTAaKT.

Kopnyc kHODmKH

5. Bo3Bpar B MCXOJHOE TMOJIOXKEHHUE TOCE CHITHS Bo3aehcTBus. [[s
Yero OHa JI0JDKHA UMETh UCTIONHEeHHE 0e3 (hUKCcalluu.

6. CooTBeTcTBHE  HOpMaM 10  BU3YAIbHOMY  KOJIHUPOBAHHIO
uH(pOpMAIIMK, B COOTBETCTBUM C KOTOPHIMH 3€JIEHBIA I[BET O3HAYaeT
0e30macHOCTh, a KpacHbli — omacHoCTh. [loaToMy B pamkax mpoekTa
PEKOMEHTyeTCsl BHIOMPATh KHOMKY ITYCK C KJIABHIIIEH 3eTIEHOTO 1[BETA, 3 KHOIIKY
CTOII C KJIABUIIIEH KPACHOTO IIBETA.

B Tab6n. 2.7 n va puc. 2.9, 2.10 npueaéH npumMep BIOOpa KHOMKH MTYCK
0 TeXHUYeCKoMy Katayory [3].
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Tabmuna 2.7

IIpumep BIOOpa KHONIKK SB1

= = | IlpenBapuTenbHBIN BapHaHT armapara
> = HcXOmHbIE JaHHEIE S
g JUIBIC > MP1-10G + MCB-10
Konmaxmmutii 610k

1 | Pox Toka nienu ympaBJICHHS AC = | Pox Toka AC
Hanpspxenue nenu Hom. nanp. uzonsayuu

2 | AP 230 | < p- 1501 690
ynpasienus Uy .y, B Uise1, B
Tok, noTpebsieMblit Homunanvnuiii paboyuii

3 | KaTyLIKO KOHTAaKTOpa Ipu 9,6 < | mox le (1pyu HanpsHKEHUH 4
yaepxkanui ly .y, MA Uuy), A
Heo0OxonnmMoe KoJ1-Bo

4 | 3aMBIKAIOUIMX KOHTAaKTOB 1 < | Kou-Bo sambikatomyx !

= ~ | KOHTaKTOB (MCB-10)
0 CXeMe
Kopnyc knonku

5 | Heo6xomumocts ¢ukcanmu | Her | = | McnonHenue be3 ¢dukc.
TpeOyeMblii I[BET KJIaBUIIIN

6 | POy 1 3en. | = | LiBeT knaBuu 3e.
KHOIIKU MTyCK

BreiBoa: kaonka MP1-10G ¢
KOHTakTHBIM 0110koM MCB-10 ynoBneTBopseT BceM KpUTepusM

9) 1€

33

@ 21

Puc. 2.9. O01mmii Bux u rabapuTHbIe pa3Mepbl KOpnyca KHONKH myck SB1
MP1-10G

YA
O el

10

Puc. 2.10. O6muii BUa ¥ raGapuTHbie pa3Mepbl KOHTaKTHOro 6J10ka MCB-10 nis
KHONKH myck SB1

56



2.9 BpIkiaiouareib-padbeauHuTennb QS1

Buikniouamenb-pazvbeounumens 2, TaKKe HA3bIBAEMBIH KaK

8bIKIIOYamMenb Hazpy3Ku, pacnoiioxeH B ooment nuuuu Kb1 u, B cooTBeTCTBUU
CO CBOMM Ha3BaHUEM, UMEET JIB€ OCHOBHbIEC (DYHKITUU:

1. Oynkuus BbIKNI0OUAMEJIS — py4yHOE BKIIIOUCHUE u
OTKJTIOYCHUE HOMHUHAJIBHBIX ~ TOKOB, a TaKXKe TOKOB  IEPETPy3KH.
Buiknrouamenv-pazveounumens He TpeAHA3HAUYEH I KOMMYTallMd TOKOB
KOPOTKOTO 3aMbIKaHHUS.

2. OyHKIUSA pazveouHumess — TaAPAHTUPOBAHHOE CHSITHE HAMPSHKEHUS
co Bcex ammaparoB, Bxomsmmx B coctaB HKY, B memsx oOecrieueHus
0€30MacHOCTH MPHU MPOBEICHUN PAOOT Ha AJIEKTPOYCTAHOBKE.

Jlns obecnieueHust GyHKIUU pa3zbedunumens anmnapar B pa3oOMKHYTOM
MOJIOKEHUM JIOJDKEH 00€ecleunBaTh H30JUPYIOIMIMM MPOMEXYTOK MEXKIY
CBOMMH TJIABHBIMU KOHTaKTaMH, BBIJICP>KUBAIONINI 3aJaHHbIE WMITYJIbCHBIC
NepPeHaNnpsOKeHUs, a TaKkKe WMETh YETKYI0 HWHIUKAIMIO, OJHO3HAYHO
OTPaXKAIOILIYIO TIOJI0KEHHUE TIIABHBIX KOHTAKTOB,

2.9.1 Kpurtepuu Bpidopa

B pamkax mpoekta HE0OXOAMMO, YTOOBI 8bIKIIOUAMENb-PA3LEOUHUMENb
COOTBETCTBOBAJI DSy KPUTEPHUEB, COTJAaCHO KOTOPHIM OH  JIOJDKEH
o0OecreunBaTh:

1. PaGoty B cetu nepemenHoro toka AC.

2. KommyTtanuio HEoOXOOUMOTO B COOTBETCTBUHM CO  CXEMOM
AIIEKTPOCHAOKEHHSI YMCIIa TPOBOTHUKOB.

3. DIIEKTPUUYECKYI0 TPOYHOCTh MEXKAY CBOMMH KOHTAaKTaMU B
Pa30MKHYTOM TOJIOKEHUH, TOCTATOUHYIO JIJ1s1 0€30MacHOT0 MPOBEIECHUS padoT
Ha 00ECTOYECHHOH 3JEKTpOoycTaHOBKe. [[1s1 aTOrO ero nHomumanvrnoe pabouee
Hanpsicenue uzonayuu Ui JOIHKHO YOBIETBOPSITH YCIOBUIO

U i.QS1 2 UHH.HOM ' (233)

4. BO3MOXHOCTh KOMMYTAIIMM BBICOKO HHIYKTUBHOW HArpy3Ku, 4TO
CBs3aHO C TeMm, uto uyepe3 QS1 TOpoXomUT TOK ACHMHXPOHHOIO
AJICKTPOJIBUTATENS, SBJISIOMICTOCS HArpy3KOM C HU3KUM Kodghuyuenmom
MmowHocmu. J171s1 TOro He00X0IUMO, UTOOBI HOMUHANLHBIL pabouuti mok le mis

32 BpikmouaTenb-pa3beIMHUTENh B TEXHUYECKOH JUTEpaType TaKkkKe Ha3hIBACTCA
BBIKJIIOYATEh Harpy3Ku (Hamp. B katanorax ABB) nim pyounsauk (Hamp. B [1YD).

33 B coorserctBun ¢ TOCT 60947—4—1 1. 7.1.7.1 MHAMKAIMS TTIOJIOKEHMS TITABHBIX
KOHTAKTOB MOXKET OBITh 0OecIieueHa OIHUM U3 CIIEAYIOLIMX CIIOCOO0B: MOJI0KEHUEM OpraHa
VIIpaBJICHUS, CIECIUATBHBIM MEXaHHYECKUM HHIUKATOPOM, BO3MOXKHOCTHIO BHU3YaJLHOTO
OCMOTpa IJIaBHBIX MOABMKHBIX KOHTaKTOB.

57



kareropun npuMmeHeHus: AC—234, COOTBETCTBYIOMHMK HANPsDKEHUIO Upp nou,
ObLIT HEe MEHbIIIE, UeM pacuéTHbli TOK B Kabene Kbl Ig;

AC23

5. KpatkoBpeMeHHOE MPOMyCKaHHWEe TOKa KOPOTKOTO 3aMbIKaHus. J[is
KOJIMYECTBEHHOW OIICHKH 3TOW XapaKTEPUCTUKU HEOOXOIUMO paccuuTaTh
BpeMs, B TE€UEHHE KOTOPOTO BBHIKIIOYATENb-pazbenuuutTens QS1 crocoben
BBIJICP’KUBATH MMPOTEKAHKE Yepe3 ceOs MaKCUMAIILHO BO3MOYKHOTO B MECTE €T0
YCTAaHOBKM TOKa KOPOTKOTO  3ambIkaHus. Pacuér mpoBoaurtcs ¢
UCTIOJIb30BaHNEM uWHTerpaia JIKOoyiass U B paMKax MpPOEKTa CBOJIUTCS K
CII/TYIOIIEMY COOTHOIICHUIO:

2 2
3
t/:[.QSI'(II(G)l) :(ICW.QSI) “tewosis

U (2.35)

t _ Icw.QSl -t
1.QS1 | (3) cw.QS1!
K31

rae t,s1 — AomycTumMoe Bpemsi, B TedeHue kotoporo QS1 mosker mporyckarhb
gyepe3 ce0s MaKCUMaIbHO BO3MOYKHBIM B MECTE €T0 YCTAHOBKU TOK KOPOTKOTO
3aMBIKaHUsA, C; lew.qst — HOMUHANBLHBIL KPAMKOBPEMEHHO 8blOEPIHCUBAEMbIL
MoK, YKa3aHHBIM TPOW3BOAUTEIIEM B TEXHHMYECKOM Katamore, A; oy —
HOpMHUpYEMasi IITUTEbHOCTh MPOTEKAHUS lew.gs1, YKa3aHHAS] TPOU3BOUTEIIEM
B TEXHUYECKOM Kartasore (eciu t, HE yKa3aHo, TO €ro He0OXOIUMO MPHUHSITH
paBuBIM 1 €)%, c.

B Tabn. 2.8 u Ha puc. 2.11 npuBenéH npumMep BHIOOpPA BBHIKIIIOYATEIS
HArpy3KH M0 TEXHUYECKOMY Kartajiory [4].

3 TOCT 60947-3-2016 AnnapaTypa pactpeeleHus 1 yIpaBjeHUs HU3KOBOJIBTHAS.
Yacts 3. BeikirouaTteny, pa3beIMHATEH, BBIKIIOYATEN-PA3beMHATEN M KOMOWHAIIH UX
¢ npefoxpanurensmu. mi. 4.3.6.1.
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Tabmumna 2.8

IIpuMmep BbIOOpa BBIKJIOUYATEIsSI-Pa3beannuTesa QS1

o £ = [IpenBapuTenbHBINA BapyuaHT arrapara
=
s HcxonHbie JaHHbBIE ; OT63F3
1 | Pox Toka cetu AC | = | Poxg Toka AC
9 Kon-Bo pa3preiBaeMbIx 3 — | Ko-Bo nosmocos 3
MIPOBOIHUKOB
3 Howm. HampspkeHue cetu 400 | < Hom. nanpsiscenue 750
UHH.row, B usonayuu Ui gs1, B
Hom. pabouuti mox
PacuéTHpIi1 TOK AC23 45
4 < .AC-234 |
B kabene Kb1 Igg, A 33 | < |moxar eQs1 (rpu 400 B)
npu Hanp. UHH nom, A
Tok Tpé€xdaznoro K3 B T. 1
| ©) A 0,99
K310 K Hor. KngeMs[ HpOTGK;lI;I/gI
5 HomuHnanpHblil 1-cekyHaHbII = | 1oxa K3 1o dopmyare (2.35) 1
KPaTKOBPEMEHHO 1 KA taQst, €
BBIJIEP)KUBAEMBIN TOK low.Qs1

BriBog: BeIKITIOUaTEb-pazbeauauTenr OT63F3
MOJTHOCTBIO YIOBJIETBOPSIET BCEM HEOOXOAMMBIM KPUTECPHSIM.

525

69

74

Puc. 2.11. O6muii BUA ¥ TadapuTHbIE pa3Mepbl BBIKJIIOYATENS HATPY3KH
OT63F3
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2.10 ABTOMaTH4YecKHEe BHIKJIYATEIH BEPXHEro YpOBHS
jiekTpocHadxenuss QF10, QF11

ABroMatnueckue BbeIkmouarenmn QF10 m QF11 BxomsTr B cocTaB
KOMIUTIEKTHON TpaHchopmaTopHoi noactaniuu (KTII) u pacmonararorcs Ha
BEPXHEM YpPOBHE OJJIEKTPOCHAOXKEHUs. 3a CUET OSTOr0 OHU HMEIOT P
cnenuduuecknux 0COOCHHOCTEW MO CPABHEHUIO C ammapaTamu, BHIOpaHHBIMU
paHee B JIMHUU NOTPEOUTENeH, OCHOBHBIE U3 KOTOPBIX:

— Boiiee BbicOKUE mpenenbHbIe 3HAUCHUS HOMUHAILHLIX MOKOS, UTO
CBSI3aHO C TE€M, YTO Yepe3 HUX MPOTEKACT CyMMAapHBIA TOK OT HECKOJIbKHX
OTXOIAIIMNX JTUHHH.

— boree  BBICOKME  TIpeACHbHBIC  3HAYCHUS  OMKIIOYAIOUWUX
cnocobrnocmetl. ITO CBSI3aHO C TEM, UTO MPH MOSBICHUN KOPOTKOTO 3aMBbIKAHHUS
Ha ypoBHe KTII, Bo3HHKarOmMK TOK HE OTPAaHUYEH CONPOTUBIICHUSMU KaOenen
¥ TI0O3TOMY TIPUHUMACT OOJIBIIINE 3HAYCHHUS.

— Kak mpaBuio, cHaOXaroTCs pacyenumenimu € PETYIAPYEMBIMH
yCTaBKaMH cpadaThiBaHUSI JUJII  BO3MOXKHOCTHM TOHKOW HACTPOWKH H
oOecrieueHust celekmueHocmy ¢ HIDKECTOSIIMMU amnmnapaTaMu 3aluThl. JTO
CBS3aHO C TIOBBIICHHBIMU TPEOOBaHMSIMU K HaAEKHOCTH  IOAAYU
AJIIEKTPOIHEPTUH HAa BEPXHEM YPOBHE AJIEKTPOCHAOKEHUS, TaK KaK B CIIy4yae
OTKJIIOUCHHMS  aBToMathueckux  Beikmrouatenedr QF11  wmm  QFI10
o0ecTourBaeTCsl OOJIBIIIOE YUCIIO MOTPEeOUTENEH.

Jlns obecrnieueHus 3THX TPeOOBAHUM HCIOIB3YIOTCA CHEUATbHBIC
anmapaTbl, TpeAHA3HAYCHHBIC I PaCHpeNeTUTEIbHBIX  CeTeH  —
asmomamudecKkue  BbIKIIOYAMeENY 6 JUMOM Kopnyce W 8030YUIHblE
asmomamuveckue  @vikmoyamenu  Takde — ammapartbel  MpeaHA3HAYCHBI
UCKITFOUATENILHO  JIJI1  TPOMBINIICHHOTO TIPUMEHEHHS ©  CHa0XaroTcs
pPasTUYHBIMA BHUJIAMH PETYJIUPYEMBIX pacIenuTeIeii: TepMOMarHUTHBIMHU
(97EKTPOMEXaHUYCCKUMHM ) HUTH DJICKTPOHHBIMH (MUKPOIPOIIECCOPHBIMU).

B pamkax mpoekta B kauectBe QF10, QF11 pexomenmyercs
UCTIOJIb30BaTh  A8mMoMamuyecKue GulKaouUamenu 6 Jumom  Kopnyce,
CHAOXXEHHBIC  DJIEKMPOHHLIMU — pacyenumensimu  ceepxmokos.  Takue
pacuenuTeI HMEIOT CIOXKHYI0 BPEMSITOKOBYIO XapaKTEPHUCTHUKY, KOTOpas
ompenensercs  HabopoM  (¢yHkumii. Haumbonee  pacnpocTpaHEHHBIMU
GYHKIUSAME 91eKMPOHHBIX pacyenumeieli B 00JACTH 3aTUTHI OT C8EPXMOKO8
SIBJISTFOTCSI:

— Oynknus L (ot anmn. Long Time). OGecrnieunBaeT paciieryicHHe ¢
ONIUMENbHOU 0OPAMHO3ABUCUMOTL 8bl0epIcKoll BpeMeHH. Mcmonb3yercs s
3aIUTHI OT TIEPETPy3KH. J[pyrumMu ciioBamMu, 0 CBOUM (PYHKITUSM aHAJIOTHIHA
mennoeomy  pacyenumento. Kax mpaBwiio, TMOApasyMEBacT HaJIUYHC
pETyIMpyeMOl yCTaBKM TOKa paciieruieHus |, 1 BpeMeHu pacueruieHus t.
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— ®ynkmus S (ot anria. Short Time). OGecnieunBaeT pacleIuieHue ¢
KpamKo8peMeHHOU BBIACPKKOW BpeMeHU. B 3aBucuMocTH 0T Mojenu
pacuenuTeNs BeIICpKKa BpeMEHH MOXKET ObITh Kak He3aBucumoii (t = K), Tak u
oopaTtHo3aBucumoit  (t=k/I?) or mporekaromero Toka. DyHkuuA S
UCIIOJIb3YeTCSl IS 3alllUThl OT TOKOB TMEPErpy3KH U TOKOB KOPOTKOIO
3aMBIKAHHS B  Clydae  HEOOXOAMMOCTH  OOCCIICUCHHS  BPEMEHHOM
CEJICKTUBHOCTH C HIDKECTOSAIIUMMHU YCTPONUCTBAMHU 3aIlIUTHI OT CBEpXTOKOB. Kak
MPaBUIIO, MMOAPA3YMEBACT HAIMYKE PETYIUPYEMOI YCTaBKH TOKA PACLICTIIICHHS
lsa 1 Bpemenu pacuerieHus tgg.

— Oynknus | (or anra. Instantaneous). OGecrieunBaeT MeHOBeHHOE
pacuemienue. Mcnonp3yeTcst 11sl 3alUThl OT TOKOB KOPOTKOTO 3aMbIKaHUS 0€3
MpeIHAMEPEHHON BBIJEPKKM BpPEMEHH B TeX CiIydasX, KOrJa BpEeMEHHas
CEJICKTUBHOCTh HE TpeOyeTcs, TO €CTh MO CBOEMY Ha3HAYCHHUIO OJHM3Ka K
anekmpomazHumuomy pacyenumento. Kak npaBuio, nojapazymMeBaeT Hajau4ue
peryJupyeMol yCTaBKM TOKa MTHOBEHHOTO pacierieHus l;.

BBuny TOro, 4ro pacuenuTeld agmoMamuieckux GulKarouameneli 8
JUMOM KOpnyce 3a4acTylO SBIIIOTCS 3aMEHSIEMbIMH, TO IpoLecc noadopa
anmapara 3alUThl IOApa3IeseTcs Ha Ba dTara:

1. Beibop  Tumopa3Mepa  aBTOMATHYECKOI'O  BBIKJIIOYATENS B
COOTBETCTBHUH C TPEOYEMBIM HOMUHATbHBIM OumenbHbim moxkom ly.

2. llombop pacuenuTens, COBMECTUMOTO C BBIOpAaHHBIM paHee
TUTIOPA3MEPOM  aBTOMATHUYECKOTO BBIKIIOYATENS. Pacienurens JOKEH
o0janaTe HEOOXOAMMBIM HaOOpOM (YHKIIMH U JAMANA30HOM PETYIHPOBAHHUS
yCTaBOK. B pamkax mpoekTa peKOMEHIYeTCS HCIIOIb30BaTh AJIEKTPOHHBIC
pacuenuTeny, Kak MHHMMyM cHaOxkéHHble (yHkmusamu L m S, Baxkno
OTMETHUTb, YTO HOMHUHAJIBHBIA TOK pacuenurens |, mMoxer ObITh BBIOpaH
MEHBIIE  HOMUHANLHO2O  OaumenbHo2o  moka |y aBTOMAaTHYeCcKOro
BBIKJTFOYATETIS.

2.10.1 Kputepuu BbI00Opa aBTOMaTH4eCKOTr0 BhiKI0UYaTeass QF11

Jns ycraHoBku B oOmryto nuHio KBl pexomenayercs MCoOiab30BaTh
aABMoMamu4ecKull  8blKa0OYamens 6 JUMOM Kopnyce C DIIEKTPOHHBIM
pacuenureneM, OT KOTOPBIX TpeOyeTcsi COOTBETCTBUE PALYy KpPUTEPUEB,
COTJIACHO KOTOPBIM OHHU JOJKHBI 00ECIIeUnBaTh:

ABTOMAaTHYECKHUMN BBHKIIHOYATEIIb

1. Paboty B cetu nepemenHoro toka AC c gacrotoii 50 I'1r.

% B paMKax TMPOCKTa PEKOMCHAYCTCA HUCIOJb30BATH CICAYIOIHUEC BapHUaHTBI

pacuenutencit: 1) LS/l — o¢yukuus L HeoTkmoyaemas, ¢yakuuu S u | sBisiorcs
B3aMMOMCKIIIOYAIOIIMMHU T. €. MOXET ObITh BKIIOUeHa Jubo ¢yHkuus S, nubo |, a
OTHOBpeMeHHOe BKJIroueHue ¢GyHkmmid S u | HeBo3moxHO; 2) LS| — dyHkmms L

HEOoTKJI04aeMasi, QyHKIUH S ¥ | MOTYT OBITH BKJIFOUEHBI OJJHOBPEMEHHO.
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2. KommyTtanuio HEoOXOJUMOTO B COOTBETCTBUHM CO  CXEMOM
AIIEKTPOCHAOXKEHHUS 4YHCla TMPOBOAHMKOB, JJS YEro JOJDKEH HUMETh
COOTBETCTBYIOIIEE KOJMUECTBO MOIIOCOB.

3. PaboTy B ceTu ¢ 3aJJaHHBIM HOMUHAJIBHBIM HaNPSHKEHUEM, JUIS YETO
ero HoMuHanvbHoe paboyee Hanpsxicenue Ue TOIKHO YIOBIETBOPSTH YCIOBUIO

Ue or11 2 Unmuom (2.36)

4. lnutenpbHOE  TpOIMycKaHWe pacdéTHoro Toka. Jlms  3toro
HOMUHATbHBLU OnumenvHulll mox |y (M HomunanvHolli mox ln, WU ycnoeuwlil
meniosoli mox Ha omxpeimom 6030yxe lyn)*® aBTOMaTHYECKOro BBIKIIOYATENS
JIOJDKEH OBITh HE MEHBIIIE pacu€THOTO TOKA B JIMHHUH, TJI€ YCTAHOBIICH JAaHHBIH
ammapar

Iy oF11 2 lg1- (2.37)

5. KpatkoBpemMeHHOE MPOTEKaHNE MAaKCHMAJIBHO BO3MOKHOTO B MECTE
€ro YCTAaHOBKM TOKa KOPOTKOTO 3aMbIKaHWsA. J[Isg1 aBTOMaTW4ecKoro
BeIkmtouarenss QF 11 Hanboee TSHKETBIM PEKUMOM SIBIISICTCS BOSHUKHOBEHHE
TpEX(Pa3HOTO KOPOTKOTO 3aMBIKaHHs HEIOCPEICTBEHHO Ha €ro BBIBOAAX (B
Mecte npucoenuHenus kabemst Kbl k QF11), Tak kak B 3TOM ciydae
OKUJIAEMBI TOK KOPOTKOTO 3aMblKaHUs, mpoTekaromuii uepes QF11,
OPUHUMAET MAaKCMMaJbHO BO3MOXKHOE B JAHHOM CcXeMe 3HadeHHe.
[Ipenebperasi BHyTPEHHUM COMPOTHBICHHEM aBTOMATUYECKOTO BBIKITIOYATEIIS
QF11, 3a oxumaembli TOK TpEx(da3sHOr0O KOPOTKOTO 3aMbIKaHUSI HAa €ro
BBIBO/IAX MPUHUMAETCS TOK TPEX(Pa3zHOTO KOPOTKOro 3aMbikaHus B Touke 0

3 . o
II(<3)0' Takum 006pazoMm, 17151 HaJIEKHOK pabOThl aBTOMAaTHUECKOTO BBIKITFOYATEIS

QF11 mnHeoOXxommMoO, 4YTOOBI €T0 HOMUHANbHASL padouas HAUOOILULAS
omkmouarouas cnocooHocms s TpPU  3alaHHOM  HANPSHDKCHUH  CETH
YIOBJIETBOPSIJIA YCIOBUIO

3
lesoF11 2 |1(<3)0- (2.38)

JI1st aBTOMAaTHUYECKUX BBIKJIIOUYATENEN B JIMTOM KOPITyCE HOMUHANbHASA
pabouas Hauboavwias omkouaowas cnocobnocmv e, Kak IpaBHIIO,
OPUBOJUTCS B MPOLEHTAX OT HOMUHANbHOU npedenbHOU Haubolvuiel
omxnrouarouel cnocoonocmu lg,. B 3Tom ciiydae 3nauenue les onpeaensercs
IPU MIOMOIIH MPOTIOPIIUH.

$TOCT P 50030.2-2010 (MK 60947-2:2006). Anmaparypa pachpeeneHus u
yIpaBJIeHHs HU3KOBOJIbTHAs. YacTh 2. ABTOMaTH4eCKHe BhIKITtouaTenu. nm. 4.3.2.3.
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DONEeKTPOHHB W pacUuenuTensb

6. 3amuty kabens Kb1 B ciryuae mpeBbIIeHNs TPOTEKAIOIIIM Yepe3 Hero
TOKOM JJTUTETBHO JOIYCTUMOTO 3HaYCeHU |71, @ TaKoke IUTENTLHOE MIPOITYCKaHNE
pacuérHoro Toka kabens lgi. Jljig 3TOro HEOOXOAMMO MOI00PATh AIIEKTPOHHBIN
pacuenurens ¢ pyakuuen L. Homunanvhsiti mox pacuenurens |, momkeH ObITh
BbIOpaH TaKUM 00pa3oM, 4YTOOBI TMATIa30H PETYIUPOBAHUS YCTABKU C OIUMENbHOLL
oopammuoszasucumoti avioepoickou epemeru | (y ABB |1) Bkirouan B ce0s 3HaueHHE
JUTATENTHHO JOITyCTUMOTO TOKA 3aluinaeMoro kadens lz;. V3 qanHoro muamasona
HEOOXOAMMO BRIOPATh KOHKPETHOE 3HAYCHHE YCTABKH |y, yIUTHIBAS IPUBEIEHHBII
B TEXHUYECKOM KaTajore Imar peryJupoBaHusl, KOTOpas yIOBJICTBOPSET
YCIOBUIOS

lg1 <1y oF11 < 121 (2.39)

IIPU 3TOM 3Ha4Y€HHeE |, pekoMeHTyeTCsl BHIOUpaTh KaK MO>KHO OJIMKE K UTUTEIBHO
JOIYCTUMOMY TOKY KaOeJs.

7. 3amuty kabens Kb1 u Beikmtouarens-pazbequauTens QS1 oT KopoTkux
3aMbIKaHUM, a TaKkKe CEJNEKTUBHYI0 paboTy ¢  HUKECTOALIMMHU
aBTOMATUYECKUMU BBIKIIOUaTensiMu. OOecriedeHne MocieTHEro TpeOoBaHUs
UMEET psifi 0COOEHHOCTEH, KOTOPbIE MOTYT OBbITh NPOWJUTFOCTPUPOBAHBI HA
CJIEYIOILEM IIPUMEpE.

[Ipy BO3HMKHOBEHHMH OJHO(A3HOTO KOPOTKOTO 3aMbIKaHHUS Ha 6600aX

(1)

QF1 (t. e. B koniie kabenst KB1 nim B Touke 1) Bo3HukaeT Tok 3nauenreM |3,

OT1oT TOK He mpoTrekaer depe3 QF1, Tak kak MecTO KOPOTKOTO 3aMBIKAHUS
HaxXOJIUTCSA BBIIIE €ro MO CXeMe JJIeKTpocHaOxkeHus, modromy QF1 He
pearupyeT Ha aBapuio. B 3TOM cilyuae MTHOBEHHOE PAaCIEIUICHHE JOJKEH
ob6ecneunts QF11.

C npyroit CTOpOHBI, MPU BO3HUKHOBEHHUU OJHO(DA3ZHOTO KOPOTKOTO
3aMbIkaHus Ha 6b1600ax QF1 (B mecte npucoenunenus kadens Kb2 k QF1)
JOJDKHO TMPOUCXOAUTh MTHOBeHHOe pacteruienne QF1. C TouHoCThIO [0
conpotuBieHuss QF1 3HadyeHWe TOKa TpPH TAaKOW aBapuu TakK K€, KaK U B

| @)

OpeablIynieM ciaydae, paBHO lg3;. OmHako 3TOT TOK OyAeT IHpoTeKaTb

omHOBpeMeHHO Kak uepe3 QF1, rak m QF11.
Takum o6pazom, momydaercs, uto QF1 u QF11 mo ycioBusiM 3ammTel OT
KOPOTKOTO 3aMBIKaHHMSI IOJKHBI 00€CTIeunBaTh MTHOBEHHOE PaCIICIUICHHE TTPU

37 ycraska Iy pEryJIMpyeTCsl B OTPAHMYEHHOM JMANa30He KPaTHOCTEH OTHOCUTEIBHO
HOMHHaJIbHOTO ToKa pacuenutens ln. IlosTomy 3adactyro s obecrnieueHus: TpeOOBaHUS
(2.39) HeoOxomMMO BBIOMpPATh HOMHHAIBHBIN TOK pacienuTens | 3HAaYUTENbHO MEHbIIE,

YeM HOMUHANbHBIU OUMENbHbIU MOK |u ABTOMAaTUYCCKOI'O BBIK/JIFOYATCIS, HA KOTOpBIfI 9TOT
PaCUCIIUTECIIb YCTAaHABJIMBACTCA.
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1
OJHOM H TOM XK€ 3HAYCHHUH TOKa II(<%1 3a cYeT ATOro MOSIBJICHUE KOPOTKOI'O

3aMbIKaHUS B OTXOJAIIEH JIMHUM Ha 6vi600ax QF1 MokeT NmpUBOAUTH K
otkiroueHuio QF11, pacmnonokeHHOTO B 00IIIEeH TMHUH, YTO MOBJICYET 3a COO0M
o0ecTourBaHuE BCeX MOTpedOuUTeNei, nonyvaromux nutanue mno auauu Kb1l. B
ATOM CiTy4ae TpeOOBaHUS CEIEKTUBHOCTH HE BBITIOTHSIIOTCS.

JUIs  HAJEKHOCTH  DJIGKTPOCHAOKEHUS  HEOOXOAMMO  OOCCIEYHTH
cenektuBHyI0 padoty QF1 u QF11 mpu momoum 3amaHusi mpeIHaMepeHHON
3afiepkku BpeMeHH pacuerieHuss QF11 mpu mpoTtekaHuu depe3 HETrO TOKOB
KOPOTKOTO 3aMbIKaHusl B Touke 1. J[s1 3TOro y 3JMeKTPOHHOTO pacIenuTeNs
QF11 nomxna OBITH BKIIOYEHa (GYHKIUAS, y KOTOPOM HE0OXOIuMO
YCTaHOBUTH BBIICPKKY BPEMEHH pPACICIUICHUSI, YTO TO3BOJUT OOECHEYUTH
BpPeMeHHYIO cenextuBHOCTh Mexay QF1 u QF11. IIpu srom bynkms | mpu eé
HAJIMYUU JOJDKHA OBITh OTKJIIOYEHA.

OyHKIMSA S UMEeT BO3MOXHOCTh HACTPOMKHU YCTAaBOK TOKA PaCICIICHUS
lsa (y ABB |,) u BpeMenu pacuemienus tsg (y ABB t2), koTopble 107KHBI ObITH
BBIOpAHbI HCXOS U3 CICAYIONIUX YCIOBUM:

1
lsg.oF11 < |1(<:?31’ (2.40)
tsa.or11 <tyosi: (2.41)

B Tab6n. 2.9 u Ha puc.. 2.12 npuseaén npumep odopmiieHusT TaOIUIIBI
BBIOOpa asmomamuyeckozo evikaoyamens 6 aumom kopnyce QFI1 ¢
AJICKTPOHHBIM PAaCICIUTEIEM 0 TeXHUYeCKOMY Kartajory [5]. OOmuii Bux
nepenHed maHenu 3ekTpoHHoro pacuenutens EKip LS/l mpeacraBien Ha
puc. 2.13. TlonoxeHuss neEpeKIOYaTENe COOTBETCTBYIOT — BBIOpAHHBIM
yCTaBKaMH.

Tab6awnma 2.9

IIpumep BbIOOpPa aBTOMAaTHYECKOT0 BbIKJIOUYaTe st QF11

o E = | TIpenBapuTeNbHBIN BapHAHT armapara
=
= Hexonupie nanmbie S| XT2N 160 3P + Ekip LS/l In = 63
Asromarnueckuii Beikarouarens XT12N 160 3P
1 | Yacrora cetu, I'rg 50 = | Hom. uacmoma, I't 50
2 Hueno KoMMyTHpYeMEIX 3 = | Koz-60 nontocos 3
IPOBOTHUKOB
3 Howm. HampsbkeHHe ceTH 400 | < Homunanvrnoe pabouee 690
UHH.xom, B Hanpsicenue, Ue oF1, B
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[Iponomxkenue Tadbnauibl 2.9

PacuéTtHpblil TOK Hom. onumenvuwviii mok aBT.
4 33
kabemna KB1 Igg, A BBIKIL. ly.QF11, A

IA

160

Hom. pabouas naubonvwasn
OMKIIYUAIOWAA 36

cnocobnocmy, lcs.QF11, KA

Tox Tpéxdaznoro K3 B 1. 0

S 116

15,61
K30 » KA

IA

DnexkTpoHHbIii pacuenurens EKip LS/l ¢ Homunan. Tokom Iy = 63 A

Pacuérneiii Tox 33 <o g A
kabens KB1 Igg, A = | PyHKIuA L. ycTaBka [y, 52,92

6  (0,4-1)1 21
JIIMTENBHO IOy CTUMBIN s | IH[lPI;H(e)li;)jl rfO, ) In (0,84-1,)

Tok kabena KB1 lz1, A

Oyukuus S: ycraska lp, A

Tox omnodaznoro K3 B T. 1 504
1) 0,99 | > | Muanazon: (1-10)-1,
IG1 0 KA (8-1n)
7 Iar 0,5-1y
Jlor1. Bpemsi mpoTeKaHUs '
Toxa K3 uepes QS1 1o 1 > Oynkmus S: ycraBka to, € 0.1

3nauenus: 0,1 wim 0,2 ¢

dbopmyie (2.35) ty.os1, C

BreiBoa: ABromarnueckuii BeikirodaTesb XT2N 160 3P ¢ 31eKTpoHHBIM paciienuTeaeM
Ekip LS/l In = 63 A mosHOCTBIO yOBJIETBOPSET BCEM KPUTEPHUSIM
Hactpoliku pacriienurens:

L:11=0,841,=529 A; t; =36 c%;

S:1p=81,=504 A;tp=0,1¢;

I: oTKIIOUCHA

a0 116

130
||
U

Puc. 2.12. O0muii BUA 1 rabapuTHbIe pa3Mepbl aBTOMATHYECKOI0 BBIK/IIOUYATE/IS B
Jutom kopnyce XT2N 160 3P

%8 Bpems cpabaTbiBanus t; Ha HepBOM OTalle BHIOMpAETCA MPOM3BOJILHO M3
JMCKPETHOTO Psiia 3HAYCHUH, 33JaHHBIX B TEXHUYECKOM KaTajiore. 3aTeM MpH MOCTPOCHUN
KapThl CEJIEKTUBHOCTH MPOBOJUTCS MPOBEPKA TOrO, YTO BPEMATOKOBAs XapaKTEPUCTHKA
¢byHknuu L He mepecekaeT M pacroyiokeHa Ha JOCTATOYHOM YJAIIEHUH OT BPEMITOKOBBIX
xapakrepuctuk QF1 u Termosoro pene KK1.
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Puc. 2.13. Ilepeansis nmaneJb 3J1eKTpoHHOro pacuenutest EKip LS/I
A XT2N. HoJiokeHns nepek/ouaTesieil COOTBETCTBYIOT HacTpoiikaM Tada. 2.9.

2.10.2 Kputepuu Bb100pa aBTOMaTH4YeCKOr0 BhIKI0uaTeass QF10

B kauecTBe ammapaTa 3amiuThl, YCTaHABJIUBAEMOTO B II€Th OOMOTKHU
HUBILIETO  HampspDKeHUs  TpaHchopmaTtopa, PEKOMEHIYETCs  BbIOMpATh
aBmMoMamu4eckuti  8bIKIOYAmMenb 6 JUMOM Kopnyce W JIIEKTPOHHBIN
pacuenuTesb, OT KOTOPBIX TPEOYETCsl COOTBETCTBUE PSTY KPUTEPHUEB, COTIIACHO
KOTOPBIM OHHM JIOJKHBI 00€CTIeYNBATh:

ABTOMAaTHYECKHUMN BBHKIIHOYATEIIb

1. PaGoty B cetu nepemenHoro toka AC c gacrotoii 50 I'mr.

2. KomMmyTaruio Heo0X0JMMOT0 Yuciaa IPOBOJHUKOB, JIJISl YETO JIOJKEH
UMETh COOTBETCTBYIOIIEE KOJINYECTBO MOIOCOB.

3. PaGoTy B ceTu ¢ 3aJaHHBIM HOMHHAJILHBIM HAMPSHKEHUEM, JJIS1 YEro
€ro HoMuHaibHoe pabouee nanpsxcerue Ue JOTKHO YAOBIETBOPAThH YCIOBUIO

Ue.QFlO > UHH.HOM ' (242)

4. lnutenbHOE  mpomyckaHue pacu€tHoro Toka. Jimg  aroro
HOMUHANbHBLL OumenvHulil mox |y (unu HomunanvHuiti mox ln, WU ycnoeuwlil
mennoeoli Mok na omxpeimom 6030yxe ly)*® BBIKIIOUaTENs MOKEH OBITH HE
MEHBIIIE  HOMUHAJIBHOTO  TOKa  OOMOTKM  HH3IIEr0  HaNpsHKEHUs
TpanchopmMaropa lum mow

Iu.QFlO 2 IHH.HOM ' (243)

3 TOCT P 50030.2-2010 (MK 60947-2:2006). AnmapaTypa pacrpesieleHus
yIpaBIeHHUs HU3KOBOJIbTHAs. YacTh 2. ABTOMaTHYeCKHe BhIKITtouaTeny. . 4.3.2.3.
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5. KpaTKOBpeMeHHOG IMPOTCKAHUE MAKCHUMAJIbHO BO3MOKHOT'O B MECTC

3
€0 YCTAaHOBKHM TOKa KOPOTKOI'O 3aMbIKAaHUS II(<3)O I[J'IH 3TOI'O HCO6XOI[I/IMO,

YTOOBI €T0 HOMUHALHAS PAbOYas HAUOOILUASL OMKIIOYAIOWAs CNOCOOHOCb
les QF10 npu 3a1aHHOM HaIPSKEHUU CETH YJIOBIETBOPSLIA YCIOBUIO

3
lesoF10 2 |1(<3)0- (2.44)

6. CenmekTuBHYI0O  pabOTy ¢  HWKECTOSIIUM  aBTOMATHYECKUM
BeikmouareneM QF11. OGecnedenne 3Toro TpeOOBaHUS WMEET BaKHYIO
0COOEHHOCTb. Y CTaBKa TOKa MTHOBEHHOTI'O paCLETICHUS [l aBTOMATUYECKOTO
Beikirodatenss QF10 gomkHa ObITh BbIOpaHa TakuM oOpa3oM, 4YTOOBI
o0ecreynBagoCch €ro MIHOBEHHOE pacliellJIeHue Mpu Toke TpExdasHoro

3
KOPOTKOTO 3aMBIKaHMs B TOUKe 0 II(<3)0'

C npyroél CTOpPOHBI, IPH BO3HUKHOBEHUU TpeX(pa3HOro KOPOTKOIrO
3aMbIKaHUs Ha BbIBOjAx Hipkectosmero QF11 (T. e. B MecTe mpucoennHeHus
kabenst Kbl x QF11) Bo3HHMKaeT TOK MPHUOIH3UTENBHO TAKOTO K€ 3HAYCHUS

| (3)

K30 10T Tok QFI11 nomKeH OTKIIOYaTh MIHOBEHHO, 4TO OOECIEYEeHO
COOTBETCTBYIOIIIMMHU HAacTpoHKaMu ero pacrenuress. OJHaKo B 3TOM CiIy4yae

(3)

TOK KOpOTKOro 3ambikanus |3, nporekaer ue tonpko yepe3 QF11, Ho u uepes

QF10, pacuenuTens KOTOPOTO Tak)Ke€ HACTPOEH Ha €ro OTKiIoYeHue. B
pe3ynbTaTe BO3MOKHA cuTyamwms, mpu kotopod QF10 cpaboraer panbie
QF11, 4uro mnpuBeAET K HAPYIICHUIO DJIEKTPOCHAOXKEHHS BCEX JIMHUM,
MUTAIOIIUXCS OT TpaHchopMaropa.

3a4acTylo asmomamuyecKue GbIKIIOYaAmeny 6 JUmMoM KOpnyce UMEIOT
BCTPOCHHYIO CaMO3allUTy, KOTOpas YyCTaHABIMBAET TOKOBBIM mpenen lio
aeiictBust GpyHKUUU S. Aémomamuueckue GulKaOUAmMeENU 8 JUMOM KOpnyce
OOBIYHO SBIIAIOTCS TOKOOTPAaHWYHMBAIOIIMMH, W 3HadeHHe li; COOTBETCTBYyET
Havyally 3JIEKTPOJIMHAMUYECKOTO OTOpOCa KOHTAaKTOB, KOTOPBIA BBIMOJHSIET
GyHKIMIO pacuenurens ceepxmeHosenHozo Oeticmeus®®. 3naueHue Toka lio
3aBUCUT OT THUIOpa3Mepa BBIKIIOYATENS W TPUBOJUTCS B TEXHUYECKUX
karanmorax. Hampumep, y aBTOMaTWyecKux BbIKItouareneit ¢upmer ABB
3HaueHue li; MOXET OBITh TOJYYEHO W3 BPEMATOKOBOM XapaKTEPUCTUKU
pacuenuTens (cM. npunoxenue ).

B takom cirydae cenektuBHyo padoty QF10 m QF11 moxxHO obGecrieunTs

JIBYMS CIOCOOAMU:

6.1. Ecin II%)O > lio.qr10, TO Mexxny QF10 1 QF11 moxHO obecnednTs

TOJIBKO YHEPTreTUYECKYI0 CEJIEKTUBHOCTh, KOTOPasi OCHOBaHA Ha CIEAYIOIIEM
sieHun. Ecou yepe3 QF10 u QF11 npoTrekaroT TOKM 0IMHAKOBOT'O 3HAYEHHUS,

40 TOCT P 50030.2-2010 (MDK 60947-2:2006). Anmaparypa pacrpeaencHus u
yIpaBlIeHUS HU3KOBOJIbTHAs. YacTh 2. ABTOMaTH4ecKue BbIKItouaTenu. mim. 8.3.5.
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MPEBBIMIAOMIETO ljp, TO KOHTAKTHI amimapaTa MEHbBIIIETO TUIIOpa3Mepa 13 JaHHOM
napbl pa3MbIKaIOTCs ObICTPEE 3a CYUET PA3HUIIBI B MACCE MX KOHTAKTHBIX CUCTEM.
CenexktrBHasi paboTa Maphl armapaToB MPOBEPSETCS HKCIEPUMEHTATBHO
npousBoAuTENeM. Pe3ynbTaThl 3THX HCHBITAHUN TPUBOAITCS B TaOIUIAX
xoopauHanu [6, c. 140-145]*, n3 KOTOPEIX MOKHO OIPEAEINUTH MPEIEIbHBIN
ToK ceraekTuBHOCTH mapbl QF10 u QF11 (cm. mpunoxkenue E). Takum obpazom,
JUIs oOecrieueHusl dHepreTudecko cenektuBHOCTH Mexay QF10 u QF11
He0o0X0auMO, 4YTOObI OHM OBUIM Pa3HOrO THUIIOpa3Mepa, a TaKkKe YTOOBI
¢ynkmus | y QF10 6sma otkmtouena. Taxoke TpeOyercs, 4TOObI MpeebHbIiA
TOK CEJIEKTUBHOCTH IO TaOJIUIIE KOOPIUHAIIMN COOTBETCTBOBA YCIIOBHIO:

1> 1), (2.45)

VYeraBku tsg.gri0 U lsg.qr10 Ha IEPBOM 3Tarie BHIOUPAIOTCS MPOU3BOJIBHO,
3aTeM M0 KapTe CEJIEKTUBHOCTU MPOBEPSETCS, YTO MEXKAY BPEMSITOKOBBIMU
xapakrepuctukamMu QF10 u QF11 umeercs 3anmac mo BpeMeHHU pacleIUICHUs
MuHUMyM B 50 MC BO BCeM JMamna3oHe TOKOB, KpPOME 30HBI
AIIEKTPOJAUHAMUYECKOTO OTOPOCA KOHTAKTOB.

DINIEKTPOHHBU PAaCHUENHUTEND

6.2. Eciiu II%)O < lipor10> T0 Mexkmy QF10 1 QF11 moxHO obecrieduTs

BPEMEHHYIO CENEKTHBHOCTh. J{JIA 3TOr0 HEOOXOAMMO 3a1aTh 3aJCPiKKY
BPEMEHU pacleIvieHus tsy B pacienuTesie aBTOMATHYECKOTO BBIKIIOYATEIS
QF10 Berie anamoruyHoit ycraBku y QF11 ¢ MunuManbHbiM 3anacom B 50 Mc
C yu€TOM TMOTPENTHOCTH BPEMEHH pacleruieHus. YCTaBKy lsg HeoOXomammo

3
3a7aTh MEHbIIIE TOKA II(<3)O

tSd QF10 > tSd QF11 + 50MC, (246)
3
lsg.oF10 < |1(<3)o- (2.47)

7. 3amuTy TpaHcopmaropa OT MEPEerpy3Kd, a TakkKe JUTUTCIIBHOC
MPONyCKAaHUE HOMHHAJIBHOTO TOKAa OOMOTKH HH3IIEr0  HAMPSKCHHS
TpaHchopmaropa lumuow. s 3TOro HEOOXOAMMO HANMYME Yy BIEKTPOHHOIO
pacuenutens Gyukiuu L. Homunanvnoiti mok |, pacuenuresns I0DKEH OBITH
BBIOpaH TakuM 00pa3oM, YTOOBI IUANA30H PEryIUPOBAHHUS €r0 YCTaBKH C
OnumensHol 0opamuosasucumoll evroepiickoli epemenut lrmin—lrmax (y ABB 17)

4 B Ta6J'II/II_IaX KOOpAUHAllUU 3HAYCHHUC «T» O3Ha4vacT, 4To HpCHeHBHBIﬁ TOK
CCIICKTUBHOCTHU OMPCACIICTCA HAWMMCHBIIUM 3HAUCHHUCM HOMUHAILHOU npe()eﬂbuoﬁ

Haubonvbulell omkaodarowel cnocoonocmu ey BEIKITIOYATENs U3 JaHHOW Taphl.
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BKJIFOYQJI B ce0S 3HAYCHWE HOMHHAIBHOTO TOKAa OOMOTKHA HU3IIIETO
HarpspbKeHus TpanchopmaTopa | pom

Ir.min < IHH.HOM < Ir.max (2-48)

npu 3ToM u3 juana3zoHa |lrmin—lrmax HEOOXOAMMO BBIOpAaTh KOHKPETHOE
3HAYEHHUE TOKA YCTaBKH |y qgr10, KOTOPOE MOKHO OBITh KaK MOKHO OJIMKE K
HOMHHAJIBHOMY TOKY OOMOTKHU HU3IIET0 HaNpsKeHUs TpaHchopMatopa lum xow,
HO He npeBbIaTh ero. llar perynupoBanus yctaBk lyor10 UKCUPOBAHHBIN U
MIPUBOIUTCS B TEXHUUECKOU JIUTEpaType Ha PacleUTEb.

B Tabn. 210 m mna puc. 2.14 mnpuBenén mnpumep BbIOOpa
aBTOMATUYECKOTO BBIKIIOUaTedss B JutoM Kopmyce QF10 c amekTpoHHBIM
pacuenuTesieM 1Mo TeXHHYSCKOMY Katajory [7]. O0mui Bua nepeaHel maHeIu
anekTponHoro pacuenutens PR221DS npencrasien Ha puc. 2.15. Tlonoxenus
MEPEKII0YATENEH COOTBETCTBYIOT BHIOPAHHBIM YCTaBKAM.

Tabnuma 2.10

IIpumep BbIOOpa aBTOMATHYECKOI0 BbIKJIIO4aTess1 QF10

o E = | [IpenBapuTenbHBIM BapUaHT alapara
=
2 HcxoaHble faHHbBIE g T6N + PR221DS
ABTOMaTHYECKNN BHIKIIFOYaTesb 16N
1 | Yacrora cetn, I'ig 50 = | Hom. wacmoma, I'y 50
5 Uncno KOMMYTHPYEMBIX 3 — | Kot-60 nomiocos 3
MIPOBOTHUKOB
3 Howm. nanpspxenue cetu 400 | < Homunanvnoe pabouee 690
UHH.zom, B nanpsicenue, Ue oF1, B
4 Hom. Tox oomorkn HH 909.3 | < Howm. onumenvublii mok aBT. 1000
TpaHc. |HH nom, A BBIKIL. ly.QF11, A
Tok Tpéxdasnoro K3 B Howm. pabouas naubonvwasn
S 0l ©) A 15,63 | < | omxmouaiowas 36
TV TK30: K cnocobnocme, lesQF11, KA
Tok Tpéxdasznoro K3 B
(3) 15,63 | > | Tok camozamuThl lig, KA 9,6
1.0 IK3O y KA
6.1 . "
Hwxecrosmuii [IpenenpHbIN TOK To36<
aBTOMAaTUYECKHUU XT2N | = | sHEpreTHIecKoi 1563
BBIKJIIOYATEID ceneKTHBHOCTH Y, KA '

42 Cm. npunoxenne E
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[Tponomkenue Tadbnwip 2.10
Pacnenmurens PR221DS I, = 1000 A

Homunanvrolii mox
< 1000
pacyenumens ln, A

Howm. Tox oomorkn HH

7 .
tparcopmar. lHg pom, A 9093 ~ DynKi. L'_ YSTZBI;a': LA 0,88:1h =
5 | Ananazox: (0,4-1) Iy 880
mar 0,041,

HeoOxoauMbIM yCITOBHSIM YIOBIIETBOPSET aBTOMAaTHYECKUI BBIKITIOYATENb
T6N 1000 3P c snexrponnsiM pacuenureiaem PR221DS In=1000
¢ HaCTpoiikamn®®

L:11=0,881,=880; t;, =12¢c;
S:1b=451,=4500 A;to=0,1c;
|: oTKIIFOUEHA.

210 159

268

Ooooo,,
605 ® GO ® GO, 1: |

Puc. 2.14. O01uuii Bua u rabapuTHble pa3Mepbl aBTOMATHYECKOI0 BHIKJIIOYATES B
Jutom kopmyce T6N 1000 3P

In=~1000A
PR221DS
,I"] X=(0.4+ Qgébo'?c;g\/) %( DN/Ae Test
L ety o B ey Tt
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Puc. 2.15. Ilepeansisi maHeJab 3JIeKTPOHHOTro pacuenureis PR221DS nas T6N.
IToJ10:keHNs NepeKI0YaTe/ el COOTBETCTBYIOT HacTpoiikaMm Tadu. 2.10

3 Ha nepBoM sTamne ycTaBku 1y, |2, to BHIOMpaloTcs NPOM3BOILHO U3 PAA 3aJaHHBIX
B TEXHUYECKOM KaTajore 3Ha4yeHHil. 3aTeM MpH MOCTPOCHUHM KapThl CEIEKTUBHOCTU
MIPOBOJIUTCS MPOBEpKa TOrO, YTO BpeMsAToKoBas XxapakTepuctuka QF10 He mepecekaer
BpPEeMATOKOBYIO xapakTepucTuky QF11 u pacmonoxena oT He€ Ha JOCTATOYHOM YAAJCHHH.
Ecnn 3T0 ycnoBue He BBINIOJIHAETCS, TO BHOCATCS KOPPEKTHUBBI B HACTPOUKH pacLEIUTEINEN.
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2.11 KiaeMMHBIE KOJOAKH

s moacoenuuenus BBogHoro kabens Kbl u orxomsmmx kaGeneit
Kb2-Kb8 x HKY pexkomeHayeTcss NMpeayCMOTPETh KIeMMHble KOJNOOKU C
gvigo0amu eunmogozo muna W kpemienueM Ha DIN-peliky. OcHoBHOE
Ha3HAYE€HHUE KIIEMMHBIX KOJIOJOK — 3TO 3JIEKTPUYECKOE COEIMHEHNE BHEITHUX
kabeneit ¢ HKY. Mcnonb3oBaHue KremMmHbIX KOAIOOOK 3a4acTylO TMO3BOJISIET
obnerunth padoty npu coopke HKY m ympocTuTs moakitodeHne BBOJHOTO U
OTXOIAUINX Kabened, a TakkKe CHU3UTh BEPOSTHOCTb OLIMOOYHBIX
JNEKTpUYECKUX coenuHenurd npu MoHtaxke HKY HenmocpencTtBeHHO Ha
0O0BEKTE.

B mnpoekre pekOMEHAYETCS UCIOIb30BaTh JBa THMNA KIEMMHBIX
KOJIOIOK:

1. Ilpoxoonvie. IMer0T 3aKUMBI, KOTOPBHIE HANPSIMYIO JIEKTPUUECKH
COEUHSIOTCS MEXAY COOOM BHYTpPU KJIEMMHOM KOJOJAKU. Takue KIeMMBbI
n3onupoBanbl 0T DIN-peliky, Ha KOTOPYIO OHU YCTaHABIMBAIOTCS.

2. 3azemnaiowue. Tak ke Kak U MPOXOJHBbIE, UMEIOT COECIUHEHHbBIE
MEXly co00M 3akuMbl. OJTHAKO B OTJIMYKME OT MPOXOJHBIX UX 3aKUMbI UMEIOT
JOTOJHUTENbHBIA  3NeKTpuyeckuid  KOoHTakT ¢  DIN-peiikoii, koTopbIil
o0OecreynBaeTcsl CHelualbHbIM KOHTAaKTOM Ha 3aJHEH CTOpPOHE KJIEMMHOM
KOJIOJIKH.

OCHOBHBIE KPUTEPHUH BEIOOPA KIIEMMHBIX KOJIOJOK — 3TO BO3MOKHOCTb
MOAKIIOYEHUS JKUJIbI Ka0esi HE0OXOJMMOTO CEUEHHUs, a TAKXKE MX LIBETOBAs
MapkupoBka. Kinemmubie kosoaku miiss N-IpOBOAHMKOB PEKOMEHIYETCS
BbIOMpaTh CUHETO 1BeTa, A1 PE-ipoBoaAHNKOB — XKENTO-3€1EHOT0 LIBETA, IS
(a3HBIX MPOBOAHMKOB — CEPOT0, KOPUYHEBOTO, YEPHOTO WM KPaCHOTO
OBETOB. MMHHHMMaJIBHOE KOJIMYECTBO KIEMMHBIX KOJIOJAOK OIPEAEIIAETCS
yuciom scun Bcex kabeneit Ha Bxoze 1 Ha Bbixoqie HKY. [pu atom st pazubix
(L1, L2, L3) u HyneBbix pabounx xuia N HEOOX0aUMO 1M0100paTh MPOXOIHbBIC
KJIEMMBI, a Al 3awumuoco nposoonuxka PE — 3azemustromue. Baxno
OTMETHTB, 4TO Ha BBoJie B HKY npoucxonut pazaenenne PEN-npoBonHnka Ha
PE-npoBognuk u N-TpOBOIHUK B COOTBETCTBUU C CUCTEMOM 3a3emiieHUi TN—
C-S, B cBm3u ¢ stuM Ha BBoAe B HKY pexomenmyercss mpemycMOTpeTh
3azemuisitonyto kiemmy PE u mpoxoanyro kiemmy N U ganee npu nocTpOSHUH
yepreka J100aBUTh MEXKIYy HUMU MEPEeMbIUKy, JMOO HCHOJIb30BATh
CIEHHUATBHYIO KJIEMMHYIO KOI0JKY 1715 pa3aenenus PEN-ipoBoanuka. BaxxHo
OTMETHTb, YTO K OJJTHOMY BBIBOJY (32KMMY) KJIEMMHBIX KOJOJOK M anmnaparoB
JOITyCKaeTCsl MOAKII0YaTh He Oosiee ABYX MpoBOIHUKOB. Ilo 3TOi mpuumne
coenunenuss BHyTpu HKY wnHorma tpeOyioT Hamuyus TOTOJHUTEIBHBIX
KJIEMMHBIX KOJOJOK. Takum oOpa3oM, OKOHYATEIbHOE YHCIIO KIEMMHBIX
KOJIOJIOK CTaHOBHUTCS MOHSATHBIM Ha JTare CO3JaHMs yepTexa OOIIero BHIa
HKY (cm. paznen 3).
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Hampumep, B paccmaTpuBaemMoil cxeMe 3JIeKTPOCHAOKEHUS BBOJIHOU
kabenp Kbl wumeer 4 xwuner (L1, L2, L3, PEN). Ha BBome B HKY
npeaycMorpeno paszaenenue PEN-mpoBognuka nHa PE-npoBognuk u  N-
npoBogHuk. [lostomy Ha BBOojme B HKY mnorpebyercs MUHUMYM YeThIpe
IPOXOJIHBIX KJIIEMMBI M OJiHA 3a3emiisitonasi. Tak kak ceuenue >k kadens Kbl
10 MM?, TO B COOTBETCTBHH C STUM CEYEHMEM II0 [8] BHEIOMpPAETCS BUHTOBBIE
KjeMMbI ¢ yctaHoBKo# Ha DIN-peiiky M10/10%4 mit., M10/10.Px1 mrt. OqHako
Brnocienctsun Ha BBoje B HKY Ha puc. 3.1 ycTtaHoBineHa NOIOIHUTEIbHASA
KJIeMMHasi Kojoaka st N-mpoBogHHKa, HeoOXoaumas Ayt oOecreueHus
BHYTPEHHHMX dJIEKTpUUeCKuX coennHennu B HKY.

2.12 Kapra ceJleKTMBHOCTH

Kapra cenekTUBHOCTH MpEeACTaBiIsieT COO0OMl MOCTPOCHHYIO B OJHOMU
CUCTEME  KOOpAWMHAT COBOKYMHOCTh  BPEMSTOKOBBIX  XapaKTEPHUCTHUK
MOCIIEOBATEIPHO COCMMHEHHBIX ammapaTtoB 3amuTel. [lo ocu abcriucc
OTKJIaJIbIBAC€TCSA 3HAUEHHWE TOKAa B aMIlepax, a MO OCH OpJUHAT — BpEMs
pacienieHusl.

ToKM KOPOTKHMX 3aMBIKAHWHA TIPEBBINIAIOT HOMHHAJIBHBIC TOKH Ha
HECKOJIBKO TOpsAKOB. Bpems cpabaTpiBaHusi paclenuTenss MIHOBEHHOTO
JIEUCTBUSA COCTABJISIET MUJUIMCEKYHJIbI, TOT/Ia KakK BpeMs cpabaTbiBaHUS
pacuenuTene ¢ o0paTHO3aBUCHUMOW BBIJIEPKKOM TPU  MalbIX TOKax
neperpy3ku — mnopsaka yaca. OroOpakeHHWe TaKuX Pa3HOMACIITaOHBIX
3HAYEHUN Ha OJTHOM rpaduKe B TUHEHHOM MPECTABICHUY 3aTPYIHUTEIbHO. B
CBSA3M C OTUM HpPU TOCTPOEHUU KapThl CEJIIEKTUBHOCTH HCIOJIb3YETCS
norapuMHUUIECKHil MaciiTad Kak Mo OCu abCIKCC, TaK U 10 OCH OpJAMHAT.

B pamkax mpoekTa Ha KapTy CEIEKTUBHOCTU BBIHOCSTCS:

— BpeMsATOKOBBIE XapaKTEPUCTUKH allapaToB B COOTBETCTBUHU C
BeIOpanHbIMU yeTaBkamu: QF1; KK1; QF11; QF10.

— JluHMKM,  COOTBETCTBYIOIIME PACCUMTAHHBIM  paHee  TOKaM:

e e L o 6 O B (B
IZl, IBl, IZZy IBZ, IHH.HOM1IK321 IK32’ IK31’ IK31’ IK3O’

sHEpreTUdecKkon cenekTuBHOCTH |s Mexxmy QF10 m QF11.

— IlyckoBasi XapaKTepuCTHKa JIEKTPOABUTATEIIS.

Kapra cenekTMBHOCTH, MOCTPOCHHAss B COOTBETCTBUU C JIAHHBIMU
Tabm. 2.3, 2.5,2.9,2.10, npencraBnena Ha  puc.2.16. B memsax
yno0OuMTaeMOCTH Ha Hee He HaHeceHbl Toku K3, omgHako B mpoekTe
HE0OXO0IMMO HAaHECTH paccUuTaHHbIE TOKH K3 B BUe BEPTUKAIBHBIX JTHMHUH.

HeoOxoauMoO OTMETHTB, YTO paCHEIMUTEINM HMMEIOT MOTPEITHOCTH
cpabaTbIBaHUS KakK IO TOKY, TaK W 1O BpeMmeHH. 1o 3ol mpuumHe B 00mIeM
clydae BpPEMSTOKOBAas  XapaKTepHUCTHKa JII0OOOTO  ammapaTta  3aluThl
IpencTaBisieT cOO0H JIBE JTMHUHM, COOTBETCTBYIOIIHME MPEACIBHBIM 3HAYCHUSIM
norperHocTeld  cpabaTeiBaHusA. OJHAKO B YYEOHBIX IIEJSIX JIOMYCKAeTCs

a TaK)K€ NPEAENIBbHBIN TOK
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M300pakaTh TONBKO OJIHY JIMHWIO M YKa3blBaTh OKOJO HeE 3HAYCHUS
MOTPEIIHOCTEN, KaK 3TO cjenaHo Ha puc. 2.16.

BpemsTokoBbie XapaKTePUCTUKHU AJIEKTPOMEXaHUYECKHUX
pacuenuTteneit TeroBoro peine KK1 M aBTOMaTHYECKOTO BBIKITFOYATENS IS
3ammTel  AnekTponasuraresnst QF1, kak mnpaBwio, JOCTYNmHBI Ha CalTe
IIPOU3BOIUTENA 000pyA0BaHusl. HeoOXoauMo epeHecTr 3T XapaKTepUCTHKU
Ha KapTy CeJIEKTUBHOCTH, OTOOpa3WB IIPH 3TOM TOKOBYIO YCTaBKY B
COOTBETCTBHUH C BRIOPAaHHBIMH pPaHEe HACTPOUKAMU PACIICTTUTEIICH.

BpeMsaTokoBbIe  XapaKTEPUCTHKKA  DBJICKTPOHHBIX  paCIEIHTENCH
JOCTYIIHBI B KaTajorax, IJie OHUM OOBIYHO JMdaHBl JJIA BCETO Wara3oHa
pEryJIUpOBaHMS  YCTaBOK.  MeToAWKa  TIOCTPOSHUS  BPEMATOKOBOM
XapaKTEPUCTHKH AICKTPOHHOTO PACIICTIUTENS TPUBEICHA B IPIIIOKeHUH K.

[TocTpoenne mMyCKOBO# XapaKTEPUCTUKH JIBUTATEIST TTPOU3BOJIUTCS 110
HECKOJIbKMM OMNOPHBIM TOYKaM: YAAapHbI ITyCKOBOW TOK ABUTareis |y,
yCKOBOM TOK jaBUrateis |l,; ¥ HOMUHAIBHBIA TOK ABUTATENSA |yinom (CM.
npuioxenue M).

[TocTpoeHue KapThl CEIEKTUBHOCTU MPOBOJUTCS B YUCOHBIX LIEIAX, U
MOATOMY HEOOXOAMMO BBHITIOIHATH €€ WM BPYYHYIO, WM C MCIOJIb30BAHUEM
nporpammuoro obecrneuenus Excel, Autocad, Komnac u T. a. Ilo aToii ke
OpUYMHE  HE  PEKOMEHIYETCS  HCIOJIb30BaTh  CHEIHATM3UPOBAHHOE
mporpaMMHOE  OO€clieueHHe IS TIOCTPOCHHMS  KapT  CEIICKTUBHOCTH,
MPEIOCTaBIIEMOe TPOM3BOAUTENIEM o0OOpyaoBaHus. Takue TPOrpaMMbl
MPEACTABISIIOT COOOM MOIIHBIA NPO(PECCHOHANBHBI HMHCTPYMEHT, OJIHAKO
WCIIOJIb30BAaHNWE €ro Ha TEPBBIX AdTamax OOY4YeHUsS 3HAYUTEITHLHO CHIDKAET
YpOBEHH MIOHUMAHHMSI MIPOBEAEHHBIX TTOCTPOCHUH.

KoHTpoJIbHBIE BONIPOCHI

1. TlosicuTe, 9TO TOAPA3yMEBACTCA TIOA TEPMHUHOM «MOJYJIBHOE
o0opymoBaHUE»?

2. UYemy pasna mupuna ogaoro DIN-momyms?

3. B 4ém 3akmrovaroTcs TPEMMYIIECTBA M HEIOCTATKH MOIYJIbHBIX
ABTOMATUYECKUX BBIKITIOYATENICH?

4. Tlo kakUM KpUTEPHUSIM BBIOMPAETCS HOMUHAIBHBIA TOK MOJYJIBHOTO
aBTOMATHUYECKOTO BBIKITIOYATEIS?

5. Kakomy ycnoBuio JOJKHA COOTBETCTBOBATh HOMHUHAJIbHAS paboyas
HauOOJIbINAsT OTKITIOYAIOIIAsl CIOCOOHOCTH?

6. Kakme Tumbl  XapaKTepUCTUK  MTHOBEHHOTO  PACICTUICHHUS
CYIIECTBYIOT Y MOJIYJIBHBIX aBTOMAaTHYECKUX BBIKIIFOUarenei? M3o0pasure ux
BPEMSATOKOBBIC XapaKTEPUCTUKH W 0003HAYLTE HAa HHUX XapaKTEPHBIC TOYKH:
HOMHHAQJIBHBIA TOK aBTOMAaTHYECKOTO BBIKJIFOYATENS, JUANa30H TOKOB
MTHOBEHHOTO PacCIIeTICHHUs, HAHOOJBITYI0 OTKIIOYAIOIIYIO0 CITOCOOHOCTb.
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7. B uém 3akmogaercs ocHoBHOe oTinmuue BJIT ot ABJT?

8. Ilouemy mpu BbIOOpe ycTpoicTBa auddepeHInanIbHON 3alUThl B
paMKax MpPOEKTa PEKOMEHIYETCS BBIOMpaTh HOMUHAIBHBIA OTKIIOYAIOIIHMA
muddepennmanbapiii Tok 30 MA, a He 10 MA i 100 MA?

9. B uéM cOCTOST OCHOBHBIE OCOOCHHOCTH aBTOMATHUYECKOIO
BBIKJTIOUATENS JJIS 3alIUThl SJEKTPOJIBUraTelsi W Kakhe €ro OTIMYMS OT
MOJIYJIbHOTO aBTOMATHYE€CKOTO BRIKITIOYATEIIs?

10. B u4ém 3akiro4aroTCs OCHOBHBIC OTIWYHS aBTOMATHYECKOTO
BBIKJIFOYATENSI OT KOHTAaKTOpa?

11. Kakue Tumsl 1ieneil BIACISAIOT B KOHTakTope? B uém 3akimrouaercs
UX Ha3HaueHue?

12. Yto HEoOX0mMMO cJenaTh, 9TOOBl BKIIOUNTH 3JIEKTPOMArHUTHBINA
KOHTaKTOP?

13. Kakue Tumbl 1enedl BBIJACHSAIOT B TeIIoBoM pene? B uém
3aKJII0YACTCS UX Ha3HAUYCHHE?

14. Kakum 00pa3oM NpOM3BOJUTCA PETYIUPOBAHHWE TOKOBOW YCTaBKH
TEIUIOBOTO penie?

15. OTHOCUTENBHOTO KAaKOTO TOKa HACTPAMBAETCS yCTaBKa TEIIOBOTO
pene?

16. IlosicuuTe, YTO MPOUCXOTUT B CXEME IIPU CpabaThIBAHUU TEILIOBOTO
pene?

17. O0OpscHUTE YCTPOWCTBO W MNPUHLHUII  JEHUCTBHUS  IUIABKOTO
MIPENOXPAHUATEIA?

18. B 4éM OCHOBHOE Ha3HAYCHUE BBIKIIIOYATEIISA-PA3hCIUHUTENS U
MOKHO JTM BMECTO HETO B CXEME HCITOIh30BaTh MOIYJIbHBIA aBTOMATHUICCKUAN
BBIKJIIOYATENb?

19. Kakue OCHOBHBIE OCOOCHHOCTHM €CTh Yy  aBTOMAaTUYECKHX
BBIKJTIOUATENIEH B IUTOM Kopiyce?

20. Kakue ¢hyHKIHUH SJIEKTPOHHBIX pacleUTeNel B 00J1aCTH 3aIIUTHI OT
CBEPXTOKOB HCMOJIb3YIOTCS B TPOEKTE?

21. KakuM o0pa3oM B MpPOEKTE 00ECIeunBaeTCsl CEIEKTUBHOCTh MEXKTY
aBTOMaTH4YeCKUMHM BhIKItouaresvMu QF10 m QF11?

22. KakoBO OCHOBHOE Ha3HAYEHHUE KJIEMMHBIX KOJIOI0K?

23. Kakue BHIIBI KIIEMMHBIX KOJIOJOK UCIIOIB3YIOTCS B MPOCKTE U B UYEM
X OTJINYUSA?
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S KOHCTPYKTOPCKASA MPOPABOTKA
IHPOEKTA

HTOroBeIM 3TamioM MpoeKTa sIBsSETCs pa3padoTka uepTexka oOIero
Buna HKY. [{ns Gosee sicHOro nmoHuMaHusi KOMIIOHOBKH peasibHoro HKY na
puc. 3.1 npeacrasiaeHa TpEXMEPHAsT MOJIENb, BBHITIOJIHEHHAS] B COOTBETCTBUU C
NpUBEAEHHBIMU B TIOCOOMHM TpuMepaMu BbiOOpa ammapatoB. K 3amure
HEeo0X0AMMO MOJATOTOBUTH TOJIbKO JBYMEPHYIO BEPCHIO YepTeka 00IIero
BU/IA (TJIABHBIN BUI), O KOTOPOM U MTOKJIET peUb JAJIEE.

Ha uepréx oOmero Buga HKY BbIHOCATCS crnenyromue anmaparsl:
BBIKITIOUaTeh Harpy3ku QS1, aBTOMATHYECKWN BBIKITIOYATENb JJIS 3allUTHI
anexktpoasurarens QF1, kontakrop KM1, TtemmoBoe pene KK1 mpu ero
HaJau4uu, aepxkarens npenoxpanurens FUI, kaonku SB1, SB2, a Takxke Bce
ammaparbl 3amuThl B memnsx ojaHodasHeix Harpy3ok QF2-QF4, FD1-FD3 u
KJIEMMHBIE  KOJOAKH. Jlms paboThl  HAg YEPTEHKOM  PEKOMEHIYETCS
UCIIOJIb30BaTh CPEACTBA aBTOMaTHU3MpOBaHHOTO IpoekTtupoBanus (CAIIP)
Autocad, Kommac wu gap. Ilpomecc pa3paboTKu depTeka CTPYKTYPHO
OApa3esIeTCsS Ha HECKOJIbKO ATaIloB, MPUBEACHHBIX Jlajiee.

3.1 IToaroTroBKa YepTeKel anmapaTon

Ha mnepBom »3Tame HEOOXOAMMO TMOATOTOBUTH YEPTEXKU BCEX
HeoOxonumbIx 3reMeHToB HKY. Ueprexxu ammapaToB clieyeT 3arpyxarb C
caliTa TIPOU3BOJUTENS UCIIOJIB3YEeMOro OOOpYAOBaHMS WJIM BBIYEPUUBATH HX
camocTosTeNnbHO. YepTeku ammapaTtoB JODKHBI OTBEYATh  CIEAYIOIINM
TpeOOBAHMSIM:

— rabapuTHbBIE pa3Mepbl YCTPONUCTB JOKHBI TOYHO COOTBETCTBOBATH
MPUBEAEHHBIM B KaTajaore JaHHBIM,

— HEo0XoauMO H300pakaTh BCE KJIEMMBbI, a TaK)K€ MapKHpPOBaTh MX
Tak, KaK 3TO CIEJIaHO Ha KOpIyce peanbHoro ycrpoicta (mpum. L, N, Al, 42,
13,14, NO,NCu . 1.),

— JI7IS aBTOMAaTUYECKHUX BBIKJTIOYATENICH HYKHO M300pa3uTh PyKOSITKU
yIpaBJICHUs], 1JIs1 TETJIOBBIX pPejie M anmapaToB 3alIUThl DJIEKTPOJABUTATENS C
TETJIOBBIM PACIEMUTENEM — PETYJIATOP TOKA YCTAaBKHU TETUIOBOM 3alTUTHI.

Pexomennyercsi pacnosarath ammapatel Ha DIN-peiikax mmpuHOn
35 mm. Pasmepsr DIN-peek cranpapruzoBanb®, U MX 4epTekM HaxOIATCA B
CBOOOJTHOM JIOCTYTIE B HHTEPHETE.

“TOCT P M3K 60715-2003. YcTaHOBKA M KpeIUIeHHE Ha peikax dIeKTPHUECKUX
anmnapaToB B HU3KOBOJIbTHBIX KOMIUIEKTHBIX YCTPOMCTBAX PACIpPEEICHUS U YIIPABICHHUS.

76



= 3 9
24 = %
N = 10
e e e 4
® ® @ S u‘ L 77
23 St 6. -
— ! Q
CEK Jipam
22 STy
=
. |®|® @@ ®'8 i D N
27 = 2 ° > == J ? ©® Zi]
N R B <
L L oo ©]
20 o |15 y
N SO
19 | oo IR
EX
18 ool i
N g el - @[
17 16 \J5 \Je N3\ 12 -

Puc. 3.1. Tpéxmepnast mogear HKY*:
1 — o6on0uka HKY (mkad) SRN5320K 500%300x200 mm; 2 — kabenbHbIN BBOg CGS-M25
qu1s mutaromero kadens Kb1; 3 — Beikmouatenb-pazbenuantesib QS1 OT63F3;
4 — aBTOMaTUYECKUH BBIKIIIOUATENb JUTSI 3aIlIUTHI aekTpoasurarens QF1 MO132-16;
5 — nmpenoxpanutenb-pazbeauuureas FUL E 91/32; 6 — PE-npoBoaHNK, 00eCIeYnBaOIIHI
BUJIUMOE COCJIMHEHUE JIBEPITHI IIKa(a C ETbi0 3alIUThI;

7 — konTakTop KM1 AF26-30-00-13; 8 — BcrtomoratenbHbIii KOHTakTHBINA 0710k CA4-10
it KoHtaktopa KM1; 9 — reroBoe pene neperpyskn KK1 TF42-16; 10 — KOHTaKTHBIH
6ok MCB-01 xnonku cton SB2; 11 — konTaktHbii 610k MCB-10 kxHONKM Tyck SB1;
12 — camopes C kpectooOpa3HbM nutioM 4,2x13 mm i kperieaust DIN-peiiku k
MOHTa)KHOM maHenu; 13 — BcTpoeHHas B mikad mmibka M6 171 KperieHnss MOHTaKHOM
naHenu, raiika u maiiba; 14 — 6ont M6 myist npucoeTMHEHNS] MOHTaKHOM MaHETH K e
3allMTHI, TaiiKa, 1maitda; 15 — PE-npoBoaHuK, 00ecrieunBarOmIMil BUAUMOE COSIMHEHNE
MOHT)KHOW ITaHENH C TENbI0 3alUThl; 16 — MOHTa)KHAS TTaHeIb (B KOMIUIEKTE CO
mkapom); 17 — kabenpabie BBOABI CGS—M20 6 mit. mis orxoasmux kabdeneit Kb3—Kb8 u
CGS-M25 1 mrr. ans orxonsmiero kadenst Kb2; 18 — Bcrpoennas B mikad mmmibka M6 st
MPUCOEMHEHNUS KOpITyca IIKada K ey 3aluThl, raiika, maiioa; 19 — DIN-peiika 35%15 mwm;
20 — kIIeMMHBIE KOJOJKW C BAHTOBBIMH 32)KHMMaMH IS OAKITIOYSHUS OTXOIAINX Kabemeit
KB2-KB8 MA2.5/5x12 mrr., MA2.5/5.Px3 mrr., M6/8%3 mmir., M6/8.Px1 mmr.;

21 — PE-nipoBoiHUK, 00ECTIeUnBAOIIMNI BUAMMOE COSMHEHHE KOpIyca IKada ¢ Henblo
3aITUTHL;, 22 — MOAYJIBHBIN aBTOMAaTH4YeCKui BoIKrouaTeb QF2 S201 B16;

23 —monynerbIit ABJIT FD1 DS 201 L C25 A30; 24 — BUHTOBBIC KIICMMHBIE KOJIOJIKH JIJIS
nojkiroueHus nuratomero kadens Kbl M10/10x4 wt. u pazaenenus PEN-npoBogHuKa Ha
PE u N mpoBoauuku M10/10.Px1 mrr., morr. KjeMMHast KOJIOIKA ISl BHYTPEHHHUX
anexTpudeckux coenuaennii M10/10x1 mr.

* Mpocmotp 3D-monenu HKY moctynen o cewuike http:/bit.ly/distribution_board
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3.2 KommnoHnoBka 000opyaoBaHusi

[locne TOro kKak TMOJIy4eHBI YEPTEH U BCEX HYKHBIX alllapaToB
HE0OXO0IUMO KaK MOYKHO KOMITaKTHEN paclooKUTh UX Ha ToJie yeprexa. [Ipu
ATOM PEKOMEH]IYETCSI BOCIIOJIb30BAThCS CIEIYIOUIUM alrOPUTMOM

1. Pacnionioxuth Heckonbko DIN-peex mpon3BoJIbHON JJIMHBI HA T0JI€
yepTeka TaKUM 00pa3oM, YTOOBI paCCTOSIHUE MEXKTY UX LIEHTPAIbHBIMHU OCSIMU
coctapsuio 125 mm w150 mm  (DIN 43880). Ilpu BO3HUKHOBEHUU
HE0OXOIMMOCTH B JAJIbHEHIIIEM 3TO PACCTOSHUE IOMYCKACTCS YBEIUYUTh.

2. Pacnonoxute obopynoanue Ha DIN-peiikax, cobmonas mpaBuio,
YTO HIDKECTOSIIUNA MO0 CXeMe S3JEKTPOCHAOXKEHHWs amnmapar JO0DKEH OBITh
pacrnoJiokeH JuO0 TpaBee, JMOO0 HIDKE BbImiectosliero. [lo ropusoHTtamu
JIOITYCTUMO YCTaHAaBIIMBATh aIapaThl KaK BIUIOTHYIO, TAKU U C 3a30paMH, €CIIU
HE UMEETCSl UHBIX TPEOOBAHUI MPOU3BOTUTEINS.

3. OLleHUTh MUHUMAJIBHO HEOOXOIMMBIE radapuThl mkada, Kyaa oyayT
IOMEIIEHbl ammapaTbl, YYMUTHIBAs, YTO MHUHUMAJIbHOE pPACCTOSHUE OT
nenTpasibHol ocu DIN-peliku 10 BepxHeW WM HIKHEW CTEHKH Ikada —
100 mM. PexomeHayemMoe MHMHHUMAJIbHOE pPAaCCTOSHUE IO BEPTUKAIU OT
arrapara 3alliThl JIEKTPOJBUTATENIS 10 CTEHKH IIKada — 75 MMm.

3.3 Bbi6op 06010ukun HKY

[To mpoBeIEHHOM OLIEHKE pa3MepPOB HEOOXOIMMO 110A00paTh 000IOUKY
HKY (mkad), rabaputHbie pa3Mepbl KOTOPOH COOTBETCTBYIOT OMpPEICAEHHBIM
paHee TpeboBaHusIM. [Ipu 5TOM HE CTOUT BHIOMPATH CIMIIKOM OOJBIION MmIKad.
ITo mpubmm3utensHoi onenke, Ha DIN-pelikax n1omkHO ocTaBaThes He Oosiee
30 % cBOOOIHOTO MTPOCTPAHCTBA.

PekomeHnnyeTcss BbIOMpaTh METAUIMYECKUM IIKad C MOHMANCHOU
pamotui nas kperieHus DIN-peex wiu ¢ mommasicnou nauenvto. CTeneHb
3amuThl mKada JokHa ObITh He HIbke |P54.

Hampumep, nns HyXa paccMaTpuBaeMOW CXEMBbI AJIEKTPOCHAOKEHUS
(puc. B1) moxxoaut mkag ABB cepun SR2 SRN5320K 500%300x200 MM [9].

3.4 BbInoJIHEeHHE IEKTPUUYECKUX COeTUHEHUI

[IpenBapuTenbHO HaYepyeHHBIE W CKOMIIOHOBAHHBIC —amaparhl
HEOOXOUMO COCIUHUTh MEXAY CO0OW B COOTBETCTBHM CO CXEMOU
ANEeKTpocHaOkeHusA. JlomyckaeTcss KaKIblii W3 COCIWHUTEIHHBIX MPOBOJIOB
M300pakaTh KaK OJHOW, Tak W JIByMs JUHHSAMU. [IuTanwe Ha BCe ammapatsl
JOJDKHO TIO/aBaThCS CTPOTO Ha UX BepxHHE KieMMmbl. Heob6xomumo
obecreunTh, YTOOBI Ha YEpPTEXkKE OBLIO YETKO PA3IMYMMO K KaKOW MMEHHO
KJIEMME arapaTa MOIKII0YeH KaXIbIi U3 COCTMHUTEIbHBIX MPOBOJIOB.
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Knomnku 1menu ympaBieHUsS HEOOXOIUMO PACIOJIOKUTH Ha YEPTEKE
cOOKy OT 1mKada, ¥ BHIIIOJIHUTH BCE HEOOXOIUMBIE DJIEKTPUUECKUE COSTUHEHUS
MEXAy KHONKaMU W anmnapatamu BHyTpu mikada. [Ipum 3ToM Heobxoammo
M300pa3uTh MECTHBIN BUJ YacTH ABEPIbI 1iKada, e pacnoiaratoTcs KHOMKU
yIpPaBIICHHUS.

B tom ciyuae, ecniu Ha oaHoii DIN-peilike ycTaHOBIEHBI HECKOJIBKO
3a3eMJISIIOIIMX KJIEMMHBIX KOJIOJOK, TO JOIyCKaeTcs Mpucoenuuarh PE-
MIPOBOJIHUK TOJIBKO K OJHOW M3 HUX. B 3Tom ciayuyae DIN-peiika BbImonHseT
(ynxuuro PE-mmuer®. Takum 06pa3om, IOIy4aeTcs, YTO BCE 3a3€MISIOIINE
KJIIEeMMBbI, ycTaHoBlIeHHble Ha oaHou DIN-peiike, HaxoasTCs mOA OJHUM
MTOTEHITUAJIOM.

Jlnst oGecriedeHus 3amuThl OT MOPAKEHUS YICKTPUICCKUM TOKOM BCE
tokonpoBogsamue 4vactu HKY nomkHbl uMeTh HAIEXHBIM W BUIAMBIN
ANEKTPUYECKUIN KOHTAKT C LIETIbIO 3aIUTHI. JJIst 3TOro He00X0IMMO BBITIOJTHUTD
ANEKTPUUECKUE COCIMHEHUS MPU TTOMOIIH 3aIUTHBIX PE-TTpOBOTHUKOB:

— kinemmHoi konogku PE wa BBome B HKY ¢ kopmycom mikada
(mo3urus 21 Ha puc. 3.1).

— ABepIIbI MKada ¢ KoprmycoMm mikada (mosuius 6, Ha puc. 3.1).

— MOHTQ)XHO# MaHeNu ¢ KoprycoM Ikada (nosunus 15 Ha puc. 3.1).

J171s1 BBITIOJTHEHUST YKA3aHHBIX COCIMHEHUN UCTIONIb3YIOTCSI BCTPOCHHbBIE
B mKad, ABEPIY W MOHTAXHYIO MaHETh IIMWIBKA 3a3eMJICHUS, TPH HUX
OTCYTCTBUHM B HEKOTOPBIX MOJEIAX MIKaQoB HEOOXOAMMO MPEITYCMOTPEThH
OOJTHI 3a3€MJICHUS.

3.5 Odopmienue yepTexa o01Iero BUaa

Heo0xoaumo ucnons3oBaTh HakmoHHBIHN mipudt Trma A (TOCT 2.304—
81) u ocHOBHYIO Haamuch B coorBeTcTBUM ¢ ['OCT 2.104-2006.

[Ipeanoututenbubiii  ¢opmar ueprexxka Al wm A2, Ilpu
HEOOXOJMMOCTH JIOMYCKAeTCsl BBIMIOJHUTh 4epTéxX B MacmTadbe 1:2, dro
00s13aTeNTbHO HY>KHO OTPa3UTh B OCHOBHOM HAAMKCH YepTeka. BaxHo, 4To mpH
MacIITaOUPOBaHUU YepTeka OCHOBHAS HAAMKUCHh HE MacmTabupyercs. UHbimMu
CJIOBaMH, HEJb3sI BHITTOJHUTE 4epTEx Ha AQ, a pacniedarats ero Ha Al, Tak Kak
OCHOBHAs Ha/IMUCh IPHU 3TOM YMEHBILIUTCS TPONOPIUOHATIBHO.

Ha yeprexe A0IKHBI OBITH MPOCTABIICHBI TO3ULIUN KO BCEM AJIEMEHTaM:
arraparam, KJIeMMHBIM KostogkaMm, DIN-pefike, MoHTakHOM maHenu, 6ojTam,
mkadpy u T. A. [Ipy 3TOM B mpaBoM BepxXHEM YIUIy depTexka J0JKHA ObITh
pacrnojiokeHa Tabauna ¢ pacimu@poBKOM TMO3MIMM, KOTOpas JOJKHA

% TOCT IEC 60947-7-2-2016. Amnmnaparypa pacrpeneiacHuss U yIpaBJICHUs
HU3KOBOJIbTHAS. YacTh 7-2. DnexkTpoo0opyaoBaHue BcrioMoraTenbHoe. Komoaku kiieMMHbIe
3aIUTHBIX IPOBOIHUKOB JJIs1 IPUCOEANHEHNS MEHBIX IPOBOIHUKOB. II. 7.1.7.
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coJiepKaTh Ha3BaHUE anmapara, OykBeHHO-IIU(PpoBOe 0003HAUCHHE amnapaTa B
COOTBETCTBUH CO CXEMOI1, a TaKkKe MOJEJIb anmnapara.

Ha uyeprexe ykaspiBatoTCsi rabapuTHble pa3Mepbl HiKagda, a Takxke
YCTaHOBOYHBIN pazMep 00JTa 3a3eMJICHUS MPU €r0 HATNIHH.

Ha geprexe B 06sacTi INWIBKY WK 00JITA 3a3€MJIEHHUS HEOOXOAUMO
U300pa3uTh MECTHBIM pa3pe3, AJii 00ECHeueHUs: BUIAMMOCTH BBIIOJIHEHHbIX
COE€IMHEHUM.

Bo wu30exxaHnme HETOYHOCTEM TpH  NE4YaTH  PEKOMEHIYEeTCs
skcrioptupoBath cosznanublii B CAIIP wepréx B Qopmar PDF, TmarensHo
MIPOBEPUTH MOTYUYUBIICICS pe3yabTaT U OTAaBaTh UMEHHO 3TOT PDF-(aiin Ha
reyarh.

[lepen Tem kak oTHATh YEPTEK HA MPOBEPKY, HEOOXOIUMO 3aMOIHUTH
YEK-JIUCT, IPUBENEHHBIN B IPUIIOKEHUU M.

3.6 ITocTpoeHue cxeMbl JJIEKTPUUYECKON MPUHIMNINAIBLHOM

B 3aBepuieHHe KOHCTPYKTOPCKOM YacTH MpOeKTa oQopMisieTcs
npuHounuansHasg cxema HKY, Ha KOTOpyro BBIHOCSTCS TeE 7K€ annaparsl, 4TO U
Ha 4epTExX OOIIEero BUIa, HO B BU/JIE YCJIOBHBIX Ipaduyeckux o0o3HaueHuid. Ha
NPUHLUIIMAIBHON CXE€M€ TakKe JOJDKHAa ObITh OTpakeHa HH(popMauus o
CEUCHHUSAX U JUIMHAX MUTAIOLIUX M OTXOJALINX KaOelsX U UX MapKax, a TakKe
napaMeTpax Harpy3kd U MOJIEJISX amnmapaTtoB. B pamkax mpoekra TpeOoBaHUIA
K Mapke Kabells He yCTaHOBJIEHO, OJJTHAKO MPHU BbIOOpE HEOOXOIUMO TOHUMATh
0COOCHHOCTH JaHHOM Mapku. llpuHnunuanbHas cxema odgopmisiercs B
dopmare A3. Tlpumep odopmienuss npuHIUIUATBHOM cxembl HKY
MPEICTABJICH HA pUC. 3.2,

KoHTpoJIbHBIE BONIPOCHI

1. Tloscuure, Mo KakuM cOOOpakeHUsIM BrIOUpaeTcs oboouka HKY B
npoekrte?

2. UYemy paBHa crannaptHas mmpuHa DIN-peiikn?

3. KakoBo pexomenmyemoe pacctossHue Mexnay DIN-pelikamu 1o
BEpTUKAIN?

4. Kakum anmapatrom B Bamem HKY omnpenensercs nHeoOxonumas
ryonHa mkada? (kakod anmapaT HMMeEeT caMblid OOJbIIONW TrabapuT 1o
rryoune?)

5. IlosicHuTe NPUHUUI BBIIOJIHEHUS JJIEKTPUUYECKUX COEIMHEHUM
BHYTpH obosouku HKY?

6. OObsicHUTE, KaK B MpOEKTe mpou3BoAuTcs pazaenenue PEN-
npoBoaHuka Ha PE- u N-npoBonnuku?
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4 MTPUJTOXKEHUA

[IPUITOXEHHUE A

OcHoBHBbIE TPeOOBaHUSA K coAepxkaHuI0 U opopmiaeHuro PII3

Pacuémmno-noscnumenvhas 3anucka 00JHCHA COOePIAHCAMb!

1) 3anaHue ¢ ONMMMCAaHUEM UCXOTHBIX JaHHBIX;

2) peaBapUTeIbHBIC PACUYETHI CO CBOJAHBIMU TAOIHUIIAMUY;

3) mepedeHp anmnaparypsl YIpaBJICHHUs U 3aIIUTHI, KOTOPYIO HEOOXOAUMO
BBIOMpATH;

4) mepevyeHb OCHOBHBIX TEXHHYECKHX MapaMeTpOB, IO KOTOPBIM
BBIOMPATNCH anmapaThl C YKa3aHUEM UX 3HAYCHHIA;

5) pe3ynbTaThl BEIOOPA ammapaToB YIPABICHHS U 3alIUTHI, UX TPOBEPKY U
ONKCaHue 0COOEHHOCTEN KOHCTPYKIUU;

6) KapTy CEIEKTUBHOCTH.

I'paguueckas yvacmo npoexma 00NAHCHA COOEPAHCAMD .

1) koucTpykTHBHOE HcnonHeHrne HKY (Bua criepenu) ¢ 31eKTpUIecKuMu
COCJIMHECHUSIMH,

2) npunnunuaneuyto cxemy HKY (popmar A3).

[TosicuutenpHas 3amucKa JOJDKHA OBITh BBINOJIHEHA B TEKCTOBOM
penakrope MS Word B coorerctBuu ¢ [OCT 7.32-2001 u 'OCT 2.105-95. C
00s13aTeNIbHBIM COOJIIOJICHUEM CIEAYIOIINX TPeOOBAHMIA:

1. ITapameTpbl CTpaHUILIBIL:

a) pazMep cTpanulbl A4,

0) MoJIsi CTpaHMIIBI: BEpXHEE U HUKHEE 2 CM, JIeBoe — 3 cM, mpaBoe — 1
CM;

B) IIe4aTh OJJHOCTOPOHHSIS;

T') HOMEp CTpPAHHUIIBI CTAaBUTCS B HWKHEH YacTW JHCTa MO ICHTPY,
TUTYJIbHBIN JTUCT UMEET HOMEP CTPaHUIIHI 1, 07JHaKO caMa 1udpa Ha TUTYJIBHOM
JIUCTE HE CTaBUTCH.

2. OCHOBHOM TEKCT:
a) mpudt Times New Roman, pasmep 12;
0) MeXIyCTpOUHbIM uHTEpBan 1,5;
B) BBIpAaBHUBAHUE TIO IIIUPUHE;
r) abzaunblii orcryn 1,25 cMm.

3. 3aroj0BKHU U MO3ar0JI0BKH:
a) mpudt Times New Roman, pa3zmep 14;
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0) 3aroyioBKM — BCe 3arjaBHble OYKBBI, MOJ3ar0JIOBKH — IOJYKHPHBIHA
WPUQT WM KypCUBHOE HAUEPTAHUE;

B) BBIPABHHBAHUE I10 LIEHTPY 0e3 a03alHOro OTCTYMa;

I') IOCJIE 3ar0JI0BKOB U MOA3ar0JIOBKOB OCTABIISATh OJJHY ITYCTYIO CTPOKY.

4, ®opMyIbI:
a) CTpYKTypa (GOpMyJIbl: «paccyuThIBacMas epeMeHHass» = «popmya C
NEepPeMEHHbIMI» = «popmyna ¢ Oe3pa3MEpHBIMH YHCIAaMU B TOH XKe

MOCIIE0BATEIHLHOCTH, UTO U MIEPEMEHHBIE» = «UUCIIO» «Pa3MEPHOCTHY;

0) Hpudt crporo Times New Roman wmm Symbol. [Lis sHabopa dopmyin
PEKOMEHJTYETCSI HCITOJIb30BaTh peaakTop Gopmyn MathType;

B) pa3mep mpudra 12;

') BeIpaBHUBaHUE (POPMYJIBI 10 LIEHTPY;

1) Bce (opMynbl JTOJDKHBI OBITH MPOHYMEPOBaHBI, HOMEP (HOPMYJIbI
BBIPABHUBATH 110 MPABOMY KPalo U 3aKIH0YaTh B CKOOKHU.

5. Pucynku:

a) BCe PUCYHKH JOJDKHBI ObITh moamucanbl 1no ¢opme: «Pucynok 1 —
Hazpanuey;

0) pUCYHKH BMECTE C IMOAPUCYHOUYHOM HAJINKCHIO BBIPABHUBAIOTCS IO
LEHTPY CTPaHULBI;

0) Ha Bce PUCYHKHM JOJDKHA OBITh CChUIKA B TEKCTE, HAIPUMEpP «...Ha
pucyHKe 1 u300pakeHo...».

6. TaOmuuer:

a) Bce TaOIMIbI ODKHBI ObITh moamucaHbl mo ¢opme: «Tabmuma 1 —
Hazpanuey;

0) TabIUIIBl BBIPABHUBAIOTCS IO IIEHTPY, @ MX Ha3BaHHS — IO JICBOMY
Kpar CTPaHUIIbI.
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IIPUIOXEHHUE b

CunpaBoyHble JaHHbIE

Tabmuna b.1 Ta6numa b.2
IpubanskeHHbIC 3HAYECHUS CONPOTHBJICHUH IBYX IIpudian:xeHHbIC 3HAYCHUS
U TPEXKUIBbHBIX Kadesieil Ha eTUHMILY JJTHHBI AKTHUBHBIX CONPOTHBJIEHUSI
[6, c. 294] KOMMYTAIHOHHBIX
annapartos*’
ITnomans Ynenpnoe Yaensroe Hom. Tok CompoT. 0JIHOTO
momnepedyH. Ced. AKTUBHOC UHAYKTHBHOC A Hosmoca fr. MOM
SKWJIBI Kabesisi | COMPOTHUBIIEHUE | CONPOTUBIICHHUE " @
S, MM? Fyn MOM/M Xyz, MOM/M 0,5 5500
1 1440
1,5 15,1 0,118 16 630
25 9,08 0,109 é ‘1‘23
4 5,68 0,101 7 110
6 3,78 0,0955 6 55
10 2,27 0,0861 8 23
16 1,43 0,0817 10 19
25 0,907 0,0813 12 81‘;
35 0,654 0,0783 50 6.25
50 0,483 0,0779 o5 50
70 0,334 0,0751 32 3,6
95 0,241 0,0762 40 3,0
120 0,191 0,074 gg 13
150 0,157 0,0745 160 0.42
185 0,125 0,0742 ) 0.26
240 0,0966 0,0752 320 0,23
300 0,078 0,075 400 0,1
630 0,1
800 0,05
1000 0,05
1250 0,03
1600 0,03

4B yueOHpIX memsx Tabmuna B.2 MoxkeT ObITh MCIONb30BAaHA I OMpEeNeHHs
AKTUBHOTO COTPOTUBIICHUS BCEX KOMMYTAIMOHHBIX allapaToB B paMKax IMPOEKTa
(aBTOMATHYECKUX BBIKIIIOUATENIEH, BEIKIIIOUaTEIeH-pazbeAMHUTENEH, KoHTakTopoB, AB/[T n
B/IT). 3naueHus akTUBHBIX CONMPOTUBIEHUH /11 HOMUHAJIBHBIX TOKOB /10 63 A mpHUBeIEHbI
B cootBercTBHH C [1, c. 10/104]. [Ins HOMUHATBHBIX TOKOB OT 160 A B COOTBETCTBUU CO
3HAYCHHUSIMHU PAacCEMBAEMOM MOIIHOCTA aBTOMATHYECKUX BBIKITFOYATENICH B JINTOM KOPITYCe
C JIGKTPOHHBIMHU pacienurensmu [5, ¢. 4/34] u [7, c. 4/43].
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[IPNUITOXEHUE B

AJITOPUTM BBIOOPA ABTOMATHYECKHUX BBIKJIKYATEIEH 110
TEXHHYECKOMY KaTaJIory MoayJbHOro ooopynoBanusi ABB [1]

AnroputM  BBIOOpa  MOJAEIM  MOJAYJIBHOTO  aBTOMAaTHYECKOIO
BBIKJIFOYATENS] CTPYKTYPHO pa3/esiéH Ha TPU OCHOBHbIC yacTu. Ha kaxaom u3
1aroB 00JacTh MOMCKA MOCTENEHHO CY>KAeTCsl, IPUBO/ISI B KOHEUHOM CUETE K
KOHKPETHOM MOJIEIIN anmnapara:

1. Beibop cepuu aBTOMaTH4ecKOro BbiKItovarend. llox cepueti
ITOHUMAETCS COBOKYITHOCTh HECKOJIbKMX MOJENIE YCTPOMCTB, HMEIOIINX
OJINHAKOBBIE TIPEJIEIbHBIE TEXHUYECKUE XapAKTEPUCTHKU, B YACTHOCTH,
OTKJIIOYAIOLIYI0 CHOCOOHOCTb. B cepuro BXOOAT Mmooenu € pa3iIndHbIMH
HOMUHAJIBHBIMH TOKaMH, KOJMYECTBOM IIOJIFOCOB M THUIIAMU XapaKTEPUCTHUK
MTHOBEHHOT'O PaCLEIICHUS.

2. OnpenenieHne TEXHUYECKUX TMApaMETPOB, XapaKTEPHBIX I BCEX
ABTOMATUYECKUX BBIKJIIOUATENEed M3 BBIOpaHHOW cepuu, 0€3 NPUBI3KU K
KOHKPETHOM MOJIENIM anmapara.

3. BbIOOp KOHKpPETHOM Modeau MOIYJBHOTO  aBTOMAaTHYECKOIO
BBIKJIIOYATEIS] W3 BBIOPAHHOW cepuu W ONpenesieHue €€ TEXHUYECKUX
XapaKTEPUCTHK.

1. BeiOop cepuu MOAYIABHOTO
ABTOMAaTHUUYECKOTO BB KIKYATECI A

[IpenBaputenbHblii  BBIOOp cepuu  anmapata HOPOBOAUTCS IO
TEXHUYECKOMY KaTaJloTy MOJyJbHOTO obopymoBanus ABB [1] mpu momormru
cxembl, npuBenéHHot B [1,c.2/2-2/3], coOmomas  CICAYIOUIYIO
MTOCIEA0BATEIBHOCTD JEHCTBUM:

1.1. IlepBerit  cronber;y cxembl «lIpuMeHeHnue» ompenenseT B
COOTBETCTBMM C KAaKMMU HOpMaMH JOJKHO ObITh BbimosHeHo HKY. Bcee
amnmapaTthl B IPOEKTe padOTaIOT B CETH MEPEMEHHOTO TOKa U UX HEOOXOIUMO
BbIOMpaTh B COOTBETCTBUU CO CTaHAAPTOM JJIsl IPOMBIIIJIEHHOTO IPUMEHEHHUSI
I'OCT P 50030.2-2010 (MOK 60947-2). Takum o00pa3oMm, HEOOXOJIUMO
BbIOpaTh CTPOKY «IIpoMbliIeHHBIE OOBEKTHI. 3allIUTa OT CBEPXTOKOB COIJIACHO
'OCT P 50030.2-2010 (MK 60947-2)».

1.2.Bo Btropom cronbue «OTKIoUammas CrnocoOHOCTh  len»
HEOOXO0JUMO BBIOpaTh 3HAYCHHE, KOTOPOE JOJDKHO OBITh HE MEHBIIE, YeM
onpenenéunas mo (2.2) nomunanvhas pabouas HAuOOILUIAS OMKIIOUAIOWAS
cnocobnocms s, Ecmm ycnosuio (2.2) ymoBieTBOpsieT cpa3y HECKOJbKO
3HAYEHUH OTKITIOYAIONINX CIIOCOOHOCTEH, TO MPEANOYTCHHUE CIAEAYeT OTAaBaTh
HaMEHbBIIIEMY U3 HHX.

1.3.B tperbeM cronbue «HomuHanbHBIA TOK»  BBIOMpaeTCs
MaKCHUMaJIbHOE 3HAYeHHE HOMUHANbHO20 moka |y 1 anmapaToB cepuu. ITO
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3HAYCHUE JOJDKHO YAOBJIETBOPSTH Kpurtepuio (2.4). Ecmu dopmyne (2.4)
yIIOBJIETBOPSIET CPa3y HECKOJIbKO 3HaYEHUH MpeeIbHbIX HOMUHAJIBHBIX TOKOB,
TO MPENOYTECHUE CIEAYET OT/IaBaTh HAMMEHBIIIEMY U3 HUX.

1.4. B yerBéprom ctonbie «llomoca» nmpoBepsieTcs, 4To JaHHAs CEpUsl
ABTOMATUYECKUX BBIKJIIOYATENICH UMEET HEOOXOAMMOE KOJIMYECTBO MOJIIOCOB B
COOTBETCTBHH C KpuTepuem 2, ctp. 33.

1.5. B pe3ynbTaTe B MSATOM U IIECTOM CTOJOIAX CXEMbl MPUBOIUTCS
KOHKDPETHAsI cepusi ammapaTroB, KOTOpas YIOBJICTBOPSET BCEM OMHCAHHBIM
BBIIIIC YCIIOBUSM, 1 HOMED CTPAHUIIBI KATAJIOTa, HAYWHAS C KOTOPOU MPUBEICHBI
TEXHUYECKUE JIaHHbIC MoOe/ell aBTOMATUYECKUX BBIKIIIOUATENIeH U3 JTaHHOU
cepuu.

2. OnpeneneHnne TEXHUUYECKHUX
XapaKTEPHUCTHUK ammapaToOB BBHOpPaHHOMU
cepuu

Omnpenenenue OOMMX JJIST BCEM cepuu TEXHUYECKUX XaPaKTEPUCTHK
ABTOMATHUYCCKUX BBIKJIFOYATEICH MPOBOIUTCS Mo Tabiuie u3 katamora [1,
c. 2/4-2/7], B KOTOPO# COACPIKUTCS HECKOJIBKO KPYITHBIX CTPOK, COJICPIKAIINX
XapaKTEPUCTUKU amnmnapaToB B COOTBETCTBUM C PA3IUYHBIMU CTaHIAPTAMH.
OmnpeneneHre mapamMeTpoB MPOBOJAUTCS B COOTBETCTBUM CO ClEIYIOLIEH
MOCJIEIOBATEIHLHOCTHIO:

2.1 Heob6xoaumo BbIOpaTh CTPOKY, KOTOpasi OTHOCUTCA K CTaHIAPTY
«|EC/EN 60947-2 Tlepemennslif Tok»*® u B manpHelimem paboTaTh TOIBKO C
Hell. Ha »ToM »Tame CTAHOBUTCS OKOHYATEIBHO SICHO, YTO BBIKIIOYATENb
BBIOpaHHOW cepuu crnocobeH paboTath ¢ cetu mepemenHoro toka AC. Ha
OCHOBAHWM JTOTO 3amoJiHIeTCsl cTpoka 1 cromdiia ¢ XapakTepUCTHKAMH
anmapara ta6m. 2.1 ctp. 35.

2.1. Ilepetitu Kk cTpoke «lcs», TaKk Kak B UTOre HEOOXOAUMO TOJIYIUTh
HOMUHAIbHYIO pAb04yio HAUOOILULYIO OMKIIOUAIOULYIO CNOCOOHOCD |cs.

2.2. B cTonb11e «K0i1-BO TOJIFOCOBY BHIOPATh HEOOX0AMMOE KOJIMYECTBO
MIOJIFOCOB B COOTBETCTBHH € kputepueM 2 cTp. 33. Ha aTom artare 3anonHsercs
cTpoka 2 Tabu. 2.1 ctp. 35.

2.3. B cnenyromem cronbiie «Ue» BBIOpaTh CTPOKY C HEOOXOIWMBIM
3HaYEHUEM HOMUHANLHO20 paboue2o HanpsdceHusi Ue B COOTBETCTBUHU C
BeIpaxkeHreM (2.1). Eciu ycmoBuio (2.1) yaoBIETBOPSIIOT Cpa3y HECKOJIBKO
sHadyeHnid U, TO BEIOMpaeTcs HauMeHbIee U3 HuX. [lonydeHHbIM 3HAaUCHHEM

B pamkax Karamora CTaHAapT il TPOMBIIUIEHHOTO NPUMEHEHHsS Ha3bIBAeTCS
IEC/EN 60947-2, MDK 609472 wiu 'OCT P 50030.2-2010. Bo u3bexanue myTaHHUI[bI
HEOOXO0JMMO UMETh B BUY, YTO COJCPIKATEIBHO 3TO OJJMH U TOT K€ CTaHIapT.
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HOMUHANILHO20 pabouezo HanpsdiceHusi Ue 3amOTHSIETCS CTpoKa 3 CTONOMa ¢
XapaKTepuCTUKaMH anmapata Taos. 2.1 crp. 35.

2.4. B pesynbrare mepecedcHHE IOCienHeld BHIOpAaHHOW CTPOKHA |
cToyiOlla ¢ BRIOpaHHOM paHee cepueli anmapaTa JAaCT HOMUHAIbHYIO paboyyo
Haubovbuyo omkmoyaruyro cnocoonocms le. IlonydenHoe 3HaueHHe s
BHOCHUTCS B CTPOKY 4 cTOJIOIA ¢ XapaKTepUCTUKaMU ammapara taoi. 2.1 ctp. 35.

3. BoiOop KOHKpPETHOW MOJgeNHu anmmaparta U3
CEpUU U ONpeaeneHne €€ TEXHUYECKHUX
XapaKTEPUCTHUK

OrnpenenéHHble BBIIIE XAPAKTEPUCTUKU OTHOCSATCS KO BCEM MOJEISAM
ammapaToB cepuu. J11s1 BBIOOpa KOHKPETHOU MoOdeu atapaTa u3 JTaHHOU cepuul
HEOOXOJAMMO MEPEeUTH Ha CTPAHMIy KaTajora, ONPEACIEHHYIO paHee B
nm. 1.5 ctp. 86 Hacrosmero anroputMa. HaunHast ¢ 9To# CTpaHUIBI KaTaJlora,
NpUBEACHBl KOHKPETHBIE MOJIEIM aBTOMATHYECKUX BBIKIIOYaTesei. Bridop
MPOBOJIMUTCS IO CJIEIYIOUIEMY aJTOPUTMY':

3.1. Onpenenenue muna xapakmepucmuxku MeHOBEHHO20 PACYENIeHUS
U HomMuHanrbHoco moka |y, DTUMM JByMs mMapamMeTrpamMud MOAYJIbHBIX
ABTOMATUYECKUX BBIKIIIOUATEIICH ONPEACIISIeTCS JUANIa30H MOKO8 MCHOBEHHO20
pacyenienust li, KOTOPBIA JOJDKEH YJIOBICTBOPATH ycioBuio (2.3). duamazon
MOKO8 MCHOBeHHO020 pacyenienus |; onpeenseTcs g munos XapaKmepucmux
menosennozo pacyenaenuss B, C, D xak (3-5)1,, (5-10)-1, u (10-20)-1,
COOTBETCTBEHHO. B ToM ciydae, ecnu ycioBuio (2.3) yIOBIETBOPSET cpa3y
HECKOJIKO MUN08 XapaKkmepucmux MeHOB8EHHO20 pacyenienus, TO B paMKax
MPOEKTa PEKOMEHAYETCS [UId JIMHAM C OCBETUTEIBHOM  HAarpy3Kou
UCIIOJIb30BaTh BBIKIIIOYATENb C MUNOM XAPAKMEPUCTUKU MCHOBEHHO20
pacyennenus B, a nns poszerounsix rpymnn — ¢ TUOM C. OJHOBPEMEHHO C
BBIOOPOM THUNA XAPAKMEPUCMUKU MESHOBEHHO20 pAacyenieHus TIPOBOIUTCS
peIBapUTEIbHBIN BBHIOOP 3HAYCHUS HOMUHANLHO20 moka |, ammapara c
HEOOXOIUMBIM YUCIIOM TOJIFOCOB. BBIOOp MPOBOAUTCS M3 TUCKPETHOTO psizia
3HAYCHUH TaKUM 00pa3oM, 4TOOBI BHITOIHTUCH yciaoBus (2.4) u (2.5). O6b1yHO
JaHHBIM YCIIOBUSIM yJIOBJIETBOPSIOT Cpa3y HECKOJIbKO HOMUHANbHLIX MOKO8 |,
OJIHAKO B TEPBOM MNPUOIIKEHUH MPHOPUTET CIEAYyeT OTJaBaTh 3HAYCHUSIM
HOMUHANbHO20 moka |y, 601ee OIU3KUM K OumenbHo 0onycmumomy moky |z
xabens B 3amumaeMoii tuaun®®. Ilo pesynpTaTaM BEIOOpa HOMUHATLHO20 MOKA
In 1 muna xapaxmepucmuku mMeHo8eHHO20 pacyenieHus 3aNONHIIOTCA CTPOKH
5, 6 u 7 cTonbIa ¢ XxapakTepucTHKaMu ammapata taou. 2.1 ctp. 35.

3.2. [Ipu yclioBUH, 4TO BCE BBIIICONMUCAHHBIE KPUTEPUH BBITIOJIHSIIOTCS,
HEOOXOJUMO 3amucaTh THUI aBTOMATHYECKOTO BBIKJIFOYATENS, HalpUMep

9 3Byauenns womuHanbHo20 moka lp, 3HAYNTENBHO MEHBINHE OAUMETHO

oonycmumozo moxa lz, co3garoT M30BITOUHYIO 3alUIIEHHOCTh Kalens, KoTopas B
HEKOTOPBIX ClIlydasx MOXeT OBbITh ONpaBJaHHOW, HO TIPU OTOM OrPaHUYMBAIOT
YCTaHOBJIEHHYIO MOIIIHOCTb HAarpy3KH, MOAKIIOUEHHON K TaHHOW JIMHHH.
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S201BI10 (cepmss S200, 1 mosroc, mun Xapaxmepucmuku MeHOBEHHO2O
pacyennenus B, nomunanononi mox 10 A). Ilpu HecoOmoneHHH XOTS ObI
OJTHOTO KpPUTEpHUS HEOOXOAMMO TIOBTOPUTH BBIOOp, HWCIONB3YS JAPYroe
3HAYCHUEC HOMUHANIbHO2O MOKA W/WIA Mun Xapakmepucmuku MEHOBEHHO20

pacyenienus B Ipeiesiax W3HaYaIbHO BRIOPAHHOU cepuul.
3.3. N'abapuTtHbie pa3Mephl anmnapara onpeAestoTcs 100 Mpy MOMOIIU

CAD-(aitna anmapara, 1160 o karanory [1, ¢. 11/41].

88



INPUIOXEHUE T

AJITOpuTM BBIOOpA ycTpoiicTB nu(PepeHInaNbHON 321U THI 110
TEXHHYECKOMY KaTajJory MoayJbHoro ooopyaoBanusi ABB [1]

Anroputm BbIOOpA MOJIeNIN MOJIYJIbHBIX YCTPOMCTB
auddepeHInaITbHON 3alIUThl CTPYKTYPHO pa3ienéH Ha TPU OCHOBHBIC YaCTH.
Ha xaxmom u3 maroB o0jacTh MOMCKAa IMOCTEIEHHO CYy)KaeTcs, MPUBOIS B
KOHEYHOM CU€Te K KOHKPETHOW MOJEIIH allapara:

1. BeiGop cepuu yctpoiictBa auddepenunanbaoi 3amuTsl. [log cepuetl
MMOHUMAETC COBOKYITHOCTh HECKOJIBKMX MOJIENIEH YCTPOMCTB, HMMEKOUIUX
OJIMHAKOBBIE TIPENIETbHbIE TEXHUYECKUE XapaKTEPUCTHUKH, B YACTHOCTH,
OTKJIIOYAIOLLYI0 CIOCOOHOCTh. B mpenenax oiHOM cepuu coaepkaTcs mooenu ¢
Pa3IMYHBIMM HOMHUHAIBHBIMM TOKaMH, KOJIMYECTBOM IIOJIFOCOB U MUNAMU
Xapaxmepucmux MeHO8EHHO20 PACYENIeHUSL.

2. OnpeneneHne TEXHUYECKUX IMapaMETPOB, XapaKTEPHBIX I BCEX
YCTPOMCTB BHIOPAHHOM cepuH, 0€3 IPUBSI3KU K KOHKPETHOW MOJIEH anmapara.

3. Boibop  KOHKpeTHON  moderu  MOIYIBHOTO  YCTpOMCTBa
nuddepeHranbHON 3alUuThl U3 BRIOpAaHHOUW paHee cepuu W ONpeNiesieHue e
TEXHUYECKUX XaPaKTEPUCTHK.

1. BerObop cepum yctTpoucrTBa
nubpPpepeHInNAaTbHON 3alUTBHI

[IpenBapuTenbHbli  BBIOOp cepuu yCTPOWCTB AU HEepeHIIMaTbHON
3aIUThI IPOBOJIUTCS MO TEXHUUYECKOMY KaTaJlory MOAYJIBLHOTO 000pYy10BaHUs
pH MTOMOIIHM CXeMbI, TpuBeaéHHoM B [1, ¢. 3/2-3/3], cobaromast ciaeayromuyo
[MOCJIEI0BATEIbHOCTD JECUCTBUM:

1.1. [Tepserit cTonber cxembl «IIpumenenue» onpenensiercss 00JacThI0
npumeHenuss HKY, nns koroporo mpoBonautcs BbIOOp ammapaTta. B pamkax
IpoeKTa HEoOXOJUMO BBIOMpaTh 00JacTh TMpuMeHeHus «lIpombinieHHbIC
O0OBEKTBI.

1.2 Bo BTOpoM crosiOuie «3amura» HEe0O0XOAWMO BbIOpaTh HabOp
byHKIUH, KOTOPBIM JOJKHO 001aaaTh ycTpoicTBo AuddepeHimanbHoi
3auuThl: BT — «3ammra OT KOCBEHHOTO NpuKOCHOBeHUs», ABIT —
«lleperpy3ka + KOpOTKO€ 3aMblKaHME€ + 3amKUTa OT KOCBEHHOTO
MIPUKOCHOBEHHUS ... ».

1.3. Tpetwuii cronben «OTkmovaromias cnocooHocTs lenipu 230/400 By
otHocuTca Toibko K ABJIT, Tak kak omnpezaenser cnocOOHOCTh OTKIIOYATh
TOKHA KOPOTKOTO 3amblkaHus, koTopoit BJIT He obGnamaer. B aTtom cronbiie
BBIOWpaeTCs  HEOOXOAUMOE  MHUHUMAJIbHOE  3HAY€HHWE  OTKIIIOYAIoIen
CocoOHOCTH, yaoBIeTBOpsitolee (2.7) (Ha 3ToM 3tane npuHATh len = les). Eciu
ycioBui0 (2.7) yIOBIETBOPSET Cpa3y HECKOJBKO 3HAYCHHUH OTKIIIOYAIOIINX
CIIOCOOHOCTEM, TO MPEMIOYTCHHUE CIAEAYET OT/IaBaTh HAMMEHBIIIEMY U3 HHX.

89



1.4. B yetBéprom ctonbue «HoMuHaIBHBINA TOK» BBIOMPAETCS TaKOe
3HaYe€HUE MaKCUMAaJIBbHOTO HOMUHAIbHO20 MoKa |, y anmapaToB cepuu, KOTopoe
yIOBJIETBOPSCT BhIpaskeHuo (2.9).

1.5. Ilateiit  ctonbeny «IIpumeuanue» — chnpaBouHblii. B Hem
PUBOJUTCS CTaHAAPT, KOTOPOMY COOTBETCTBYET BbIOMpaeMbIid anmapart. J{is
BT cneayer Boioupars « | EC/EN 61008».

1.6. B mectom cronbiie «Ilomoca» mpoBepsercs, 9To cepusi yCTPONCTB
audepeHnaIbHON 3alIUTHl UMEET HEeOOXOIUMOE KOJIMYECTBO MOJIOCOB B
COOTBETCTBUH C Kputepuem 2 ctp. 37.

1.7. B cenbMOM U BOCBMOM CTOJIOLIAX MPUBOJAUTCS cepus amnmnaparos,
KOTOpasi yAOBJIETBOPSET MPEABABISAEMbIM TPeOOBaHUSIM, U HOMEDP CTPAHUIIBI
Karajora, HauMHasi ¢ KOTOPOW COAepkKaTCsl TEXHUUECKUE TaHHbIE KOHKPEmHOU
MoOenu ycTpoicTBa auddhepeHInaIbHOM 3aUThl U3 TAHHON CepUMN.

2. OnpeneneHune TEXHUYECKHUX
XapaKTEepPHUCTHK anmnnmapaToB BHOpaHHOMN
cepuu

Omnpenenenue OOMMX JJIST BCEM cepuu TEXHUYECKUX XaPaKTEPUCTHK
npoBoauTcs no Tadmumam [1, c. 3/6] nna BIAT, [1, c. 3/34] nnsg ABJIT. I1epBoiii
cTosioer; TaONuIl CONEP>KUT Ha3BaHWA HECKOJIbKMX TPyl mnapameTpoB. B
JanbHeNIeM HeoOX0AMMO paboTaTh C TPYNION « ITEKTPUIECKUE apaMeTPhD»
B COOTBETCTBHUU CO CJEIYIONICH MOCIIE0BATEIbHOCTHIO:

2.1. Bo BropoMm cronbie Tabnumbl B cTpoke «Tum (dhopma BOITHBI
OOHapyKEHHOUW YTEUKM Ha 3€MJII0)» HEO0OXOJUMO BBIOpaTh HYXKHBIA THII
ycTpoiictBa auddepeHunanIbHOM  3aluThl ISl  BbIOpAaHHOW cepuM B
COOTBETCTBHUH ¢ kputepueM 1 ctp. 37 . Takum oOpa3om, 3amostHseTcs cTpoka 1
Tabm. 2.2.

2.2. B crpoke «llomoca» BbIOMpaeTCss HEOOXOAMMOE KOJIUYECTBO
MIOJIFOCOB COTJIacHO KpuTepuio 2 c¢tp. 37. [1o pe3ynpraTtaM 3amoaHseTcs CTpoKa
2 Ta0yuuel 2.2.

2.3. Ilepexonst x crpoke «HomuHanpHOe HampspkeHue — Ue»,
ompenensieTcss HOMHMHAIbHOE pabodee HampsbkeHue U, ammaparta, u
3arojHsAeTcs CTpoka 3 Tadu. 2.2.

2.4. 3nauenue CTPOKHU «HomMuHanpHast JacToTay TIOJI)KHO
COOTBETCTBOBaTh KpuTepuio 4 ctp. 37. Ilo pe3ynbraraMm 3anosHIETCs CTpoKa 4
Tadm. 2.2.

2.5. Bomonusiercst tonmbko 1t ABJIT. Tlo 3Hadennio B CTpoke
«pabouuit TOK le» ompedenseTcs HomuHanvHas paboyas HauboIvLULAA
omKIOYawas cnocooHocms s M OLIEHNBAETCSl HA COOTBETCTBUE KPUTEPHIO 5
ctp. 37. 3anonuHsercsa cTpoka 5 tabin. 2.2.
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3. BeiOop KOHKpPETHOW MOJENH ammapaTa H3
CEepUU U ONpeneneHUue €€ TEXHUYECKHUX
XapaKTEpPUCTHK

OnpenenéHHbie BHIIIE XapaKTEPUCTUKH OTHOCITCS KO BCEM MOJEIISIM
anmnapaToB BHIOpaHHON cepuu. J{nsi BBIOOpa KOHKPETHOW MoOenu anmapara us3
JAHHOW cepuu HEOOXOIMMO TMEPEHTH Ha CTPAHMILY KaTaylora, ONnpeAeciEHHYIO
panee B mnm. 1. ctp. 90 manHoro anroputma. Hauumnas ¢ 3TOM CTpaHMIIbI
KaTajiora, MPUBEICHbI KOHKPETHBIE MOJEIN YCTPOWUCTB auddepeHITnanbHONU
3aIUTHI U3 BIOpaHHOU paHee cepur. OKOHYATEIBHBIN BHIOOP MPOBOAUTCS IO
CJIeIYIOLIEMY AJITOPUTMY:

3.1. HeoOxoMMoO HaWTHU CTpaHUIly C 3arojIOBKOM, COJEpKalluM
Ha3BaHME BBHIOPAHHOW paHee cepuu U Mmuna Xapaxmepucmuxku MSHOBEHHO20
pacyennenus (nocnenee toiapko anst ABJIT). B mepBom mnpubnmxenun
PEKOMEHIyeTCsl BEIOUPATh MuUn Xapakxmepucmuku MeHOBEHHO20 PACYENIeHUs]
C, npy BO3HUKHOBEHHH HeoOxoaumocTu — B,

3.2. B Tabnuukax Ha HaiijieHHOW cTpaHuie B cTojbue «Koi-Bo
MOJIFOCOB» HEOOXOAMMO BBIOpAaTh HYKHOE 3HAYCHHE B COOTBETCTBUH C
onpenenéHHbIM paHee B mil. 2.2. ctp. 90 HacTosmero anropuTma.

3.3. B cunenyromem cronbue tabmunpl «Hom. mudd. Tox IAn MA»
BBIOMpAETCA 3HAYCHHUE HOMUHAIbHO20 OMKIUAWe20 oud@epeHyuaibHoco
moxa lan, ynoBieTBopsroniee BbipakeHuio (2.8). IlosrydeHHBIM 3HaUYCHHUEM
3amoJHAETCS CTpoka 6 Tadu. 2.2.

3.4. B cTonb6ue «Hom. Tok In Ay BbIOMpaeTcs 3HAUCHUE HOMUHAILHO2O
moxa |, ynosietBopstomiero Boipaxenusm (2.9), (2.10), (2.11). IIpu stom
3HAYCHUE JTUAIa30Ha MOK08 MeHO8eHH020 pacyenienus li s ycious (2.11)
OTIPEICTISACTCS TSl MUNO8 XaAPAKMePUCMUKU MeHO8eHHo20 pacyennernus B, C,
D kak (3-5)-In, (5-10)-1, 1 (10-20)-1, coorBeTcTBeHHO. OOBIYHO COBOKYITHOCTH
JAHHBIX YCJIOBHM YJIOBIETBOPSIIOT Cpa3y HECKOJIbKO 3HAYCHUN HOMUHAIbHBIX
mokos |, B 9TOM cilyyae peKOMEHIyeTCsl BEIOMpaTh TOK Hanbosee OJU3KUM K
onumenvHo oonycmumomy moky |z 3ammimaemoro kabens. B pesynbrare
3aMoJHAIOTCS CTpoku 7, 8 u 9 tadmn. 2.2.

3.5. B pesynbrate B cTonbne «Mudopmarus s 3akazay onpeaesieTcs
KOHKpETHas MOJIeJIb arrnapara, Harpumep:

a) F202 A-40/0,01 — BJT, cepus F200, 2 momoca ucnoiaHenus 2P,
Tan A, HOMHHAJIbHBIM TOK |, 40 A, HOMMHAIBHBIA OTKIIOYAFOLIWH
muddepennmanbublil TOK lan 10 MA;

0) DS201 B32 AC30 — ABAT, cepus DS200, 2 nomtoca UCTIOTHEHUS
1+N, T XapakTepuCcTUKX MTHOBEHHOTO PacleIUIeHHs] B, HOMUHANIbHBIHN TOK |y

32 A, tun AC, HOMUHaAJIBHBIN OTKIIOYaromuid AuddepeHImanbHbii TOK lan
30 MA.

% B pamkax mpoekTa peKOMeHIyeTcsl BBIOMpaTh yCTpoiicTBa Aud(epeHInanbHOM
3alIUThl OOIIero Ha3HaueHUs 0e3 HaJu4uMs CIELUANbHBIX XapaKTePHCTHK, TaKUX Kak
«AP-R — noBbIIIIEHHAs YCTOWYMBOCTh K JIOKHOMY CpabaTBIBAHUIO», «S — CEIEKTUBHBIE» U
«/17151 BBICOKOYACTOTHOTO IIPUMEHEHUS».

91



IIPUITOXEHMUE [

IlosicHeHMsI K OnpeeIeHUI0 TOKA YJIEKTPOAUHAMMYECKOr 0
0TOpOCa KOHTAKTOB

B kadecTBe mpumepa mo ONPEACIICHUIO TOKa Camo3aluThl li; HIXKE
MpUBEICHAa BPEMSTOKOBAas XapaKTEPUCTUKA SJIEKTPOHHOIO PaCUEIUTEIIs
PR221DS nnsa aBromarmueckux Bbeikirouarenein 14 320, TS5 400/630, T6
630/800/1000 B cootBeTcTBUU C [7, c. 4/4].

Boinenennas Ha puc. JI.1. 4acTh BpeMATOKOBON XapaKTEPUCTUKU
COOTBETCTBYET 30HE 3JIEKTPOJMHAMUYECKOTO OTOpOCca KOHTAKTOB. B oTinune
OT OCTAJIBHOW BPEMSATOKOBOW XapaKTEPUCTUKH, BEIPAKEHHOM Uyepe3 KPaTHOCTh
TOKa, BBIJICJICHHAs YacTh KPUBOM 3a/laHa B aOCOJIOTHBIX 3HAYeHUSX Toka. C
MIOMOIIBIO ATOM YacTHU BPEMSATOKOBON XapaKTEPUCTUKH Ompeaensercs Tok li,
KOTOPBIN OyAET SIBISATHCS BEPXHEH TOKOBOW I'paHUIleH NeHCTBUS PYHKIUU S.
Ecnu TOk moBpexaeHusi mpeBbIlIaeT 3HaueHue li,, TO MpeaHamMepeHHas
3a/iepKKa BPEMEHU pacleruieHuss (yHKUMA S TepecTtaér eHCTBOBATHh U3
COOOpaKeHMM CaMO3alUThl aBTOMATHYECKOTO BBIKJIIOUATENSI OT TEPMUYECKOTO
BO3JICHCTBUSI TOKA KOPOTKOTO 3aMmblKaHUs. JlpyrumMu cioBaMu, MPOUCXOAUT
MPUHYAUTEILHOE MTHOBEHHOE PACIEINICHUE aBTOMATUYECKOTO BBIKIIIOUATENS.

Hanpumep, cormacuo puc. /.1, mjisi aBTOMaTH4eCKOro BBIKIIOUATENS
T6 ¢ nomunanvnvim onumenvhuvim moxom |y = 1000 A TOK camMO3aIIUTHI
coctaBuT ljp = 10 KA.

10 t[s]

108

102

3oHa
3NeKTPOLMHAMEYECKOro

~—— —m 0Tbpoca KOHTaKTOB
2 (camozalumTa)

\ R

10° Y | m..

10

102

10° ——
10 1 10 1 10
xin | [kA]

Puc. [I.1. CemelicTBO BpEeMSATOKOBBIX XapaKTePUCTUK
3j1eKTpoHHOro0 pacuenuresass PR221DS ¢ pynxkuusamu L u S [7, c. 4/4]
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IIPUIIOXEHHUE E

IHosicHeHMsl K onpeieICHUIO MPeeJIbHOI0 TOKA JHePreTH4eCKOU
CEJIEKTUBHOCTH

[Ipumep 1O ONPENENEHUIO MPENEIBHOIO TOKAa JHEPreTUYECKOU
CEJICKTUBHOCTH NIPHUBEAEH B COOTBETCTBUH ¢ JaHHBIMH Tabi. 2.9 u 2.10.:

— ABTOMaTHYECKHI BBIKIIOYATEeNlb CO CTOpOoHBI Harpy3ku: QF11
XT2N 160 (XT2, tunopasmep 160, ucromnerne N = lgor11 = 36 kKA); Tun
pacuenutens EL (3eKTpoHHBIN) C HOMHUHAIBHBIM TOKOM |y = 63 A.

— ABTOMATHYECKUM BBIKJIIOUATENb €O CTOpoHbl nutanus: QF10
T6N 1000 (T6, tumopasmep 1000, ucnonmuenue N = leori0 = 36 KA); THI
pacuenutens EL (3mexTpoHHBIN) C HOMUHAIBHBIM TOKOM | = 1000 A.

Jlnis ompeneneHus IpeaeIbHOTO TOKA SHEPTETHIECKON CEeJIeKTUBHOCTH
MEXIy JaHHOW Mapoi ammaparoB HEOOXOIMMO BOCIOJIB30BATHCS TaOMUIICH
koopauHanmu [6, c. 142—143] (cm. Tabmuiyy Hmwke). Ha mepecedenun
MOJIYYEHHOU CTPOKH W CTOJIOIa pacmoiiaraetcsi OykBa «T», o3Hadaromias, 4yro
IpENeNbHbI TOK SHEPreTUYECKON CEJIEKTUBHOCTH OIPEAENAeTCS MEHBIIUM
3HAUCHUEM  HOMUHAIbHOU  NpedelbHOlU  Haubonvulel  OmKIoyauel
cnocobrnocmu |y TaHHOM TIaphl anmapaToB

Is = min(leu.or10; leuor11) = 36 KA
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NMPUITOXEHUNE XK
IosicHeHUsI K MOCTPOCHUI0 BPEMATOKOBOH XapaKTePUCTUKHU

IJICKTPOHHOI'O pacuecimuTe/is

B kauecTBe npumMepa paccMOTpeH aBTOMaTUYeCKU BhIKIIIOYaTe b XT2N
C 2JICKTPOHHBIM pacrenurenaem EKip LS/I.

B 001iem cinyyae 3HaueHus1 yCTaBOK 3JIEKTPOHHOI'O PACLENUTENS TOKHbI
OBITH BEIOpAHBI B COOTBETCTBUU C HEOOXOAUMBIMHU KPUTEPUSMU JJIs amnapara.
JoctymHble HacTpoiiku pacuenurenein EKip LS/l mpencraBnenst B [5, c. 2/8]
(cMm. puc. XK.1). DTy TabaHIy MOXHO HHTEPIPETUPOBATH CIICIYIOIINM 00pa30M:

— @®yukuusa L. Tok | perynupyercss OTHOCUTEIbHO HOMUHAIBHOTO
Toka pacuenutens l,. Ilpu 3ToM HOMHMHANBHBIA TOK pacuenurens |, mMoxer
ObITh BBIOpAaH MEHBIIUM, YEeM HOMUHAIbHLIU Oaumenbhblit. mox |y
aBTOMATHUYECKOTO BBIKJIIOUATENs. JJOCTyIHbIE BApUaHThl HOMUHAIBHBIX TOKOB
pacuenuTeneit mpeactaBieHsl B [5, ¢. 2/4]. [luamazoH peryaupoBaHHS
KpPAaTHOCTEW OTHOCHUTEIBLHO HOMHMHaJbHOro TOoka oT 0,4 nmo 1 ¢ marom 0,04.
Bpewmst t; onpenensiercst mpu TpEXKPATHOM 3HAUYEHUU YCTaBKU |1 1 MOXKET ObITh
YCTaHOBJIEHO Ha 3HayeHue 12 ¢ mmbo 36 c.

— Oynknus S. Ycraska |y BeiOupaeTcss U3 3aJaHHOTO JUCKPETHOTO
psana kparHocteit (1...10) mo OTHOIIEHHUIO K HOMUHAJIBHOMY TOKY PacCleUTEIsI
In. YcraBka t; Moxet ObITh ycTaHoBI€Ha Ha 3HaueHue 0,1 ¢ nubo 0,2 c.

— Oyuknua |.  Ilo ycinoBuro  oOecriedeHHMs]  SHEPreTHUYECKOU
CEJIEKTUBHOCTU JIOJDKHA OBITh OTKIItOYeHA. Tak kak Tun pacuenurens LS/
UMeeT B3auMOoUCKroUaronue Gyakmuu S u |, To mpu BKIIFOYeHHH QYHKIHHA S
¢yHkuud | oTkIr0YaeTCs: aBTOMaTHYECKHU.

[Ipumep moOCTpoeHHUS BpPEMSITOKOBOW XapaKTEPUCTUKU MO JaHHBIM
Tabu. 2.9 mpeacrasien Ha puc. XK.2.

Ekip LS/l
OyHKUMA 3aWNTDI Mopor cpabaTbiBaHMA Kpusas cpabaTtbiaHma'
OT Neperpy3oK ¢ 06paTHO3aBUCMO PyyHan HacTpoiika: PyyHas HacTpoiika:
L AAMTENbLHOM 33ePHKON CPABATLIBAHNA 11=0,4...1 x In war 0,04 t1=12-36cnpnl=3xl;
cornacHo cranaapTy IEC 60947-2 TouyHoCTb: cpabaTbiBaHWe mexay | TouHocTb: 10 % npu | < 4In
1,05...1,3I; (IEC 60947-2) 120% npw | > 4In

PyuHas HacTpoitka:

. . t,=0,1-0,2
OT KOPOTKMX 3aMblKaHUM C HE3aBUCUMOM I, =1-1,5-2-2,5-3-3,5-4,5-5,5- 2 ¢

3a4eprKKoi no Bpemenn (t=k) 6,5-7-7,58-8,5-9-10 x In
ToyHocTb: £ 10 %

Py4Han HacTpoliika:

n OT KOPOTKOro 3amblKaHuA ¢ peryampyembim | I3 = 1-1,5-2-2,5-33,5-4,5-5,5-6,5-

To4yHoCTb: £15 %

<20 mc
NMOpPOrom M MrHOBEHHbIM cpabaTbiBaHWEM 7-7,5-8-8,5-9-10 x In

To4yHocTb: £10 %

(DToyHoOCTb NpMBEAEHA A1A CeAyOWNX YCAOBUN:

— aBTOHOMHOE NUTaHWe pacLenuTens 3aLnTbl MPU NOAHON MOLLHOCTK;
— ABYX- UNK TpéxdpasHoe NuTaHue.

TouHoCTb cpabaTbiBaHWA 417 YCI0BMI, OTIMYAIOLLMXCA

OT PAaCCMOTPEHHbIX BbILLIE:

PyHKUMA 3awmThl - Mopor cpabaTbiBaHUsA Bpems cpabaTbiBaHUA
L cpabaTbiBaHMe mexay 1,051 1,3 x1; | +20%

S +10 % +20 %

| +15 % <60 mc

Puc. 7K.1. loctrynubie HacTpoiiku pacuenurens Ekip LS/1 [5, c. 2/8]
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[IPUITOXEHHUE K

Jluct nposepku yacrtu 1.
IIpeaBapuTtesbHbIC PACYETHI

Bapuant Ne
(Ne mo xypHairy + Ne rpymsr) I'pynma Oamvmus Ums
TMapaMeTps! TpaschopMaTopa PacuétHpie TOKH PacuérHnie IInomanu nonepeyssIx
PaMETPRL TP p p 9JIEKTPOJBHIaTENIsl | TOKH KalOesei ceueHuil xun xabeneit
IHH.HOM’ ZT’ I X I,E[.HOM’ Iz[.ni Iz[.y’ IBl’ IB3’ IBG’ Sk Sk2s Sk3s Sk6,
A MOM | MOM | MOM | A A|A|A|A]A | M| mv? | Mv? | Mv?
ConpoTtuBrenus kadenei [Nagenue HanpsKeHUS
Mkt Xk1s M2 Xg2s s Xk3s ke Xk61 AUZ! AU3, AU4, Aug,
MOM | MOM | MOM | MOM | MOM | MOM | MOM | MOM | % % % %
CompoTHUBIICHUS [IETIH
o touku 1 o Touku 2 o Touku 3 Mo touku 4
s X1 M2 X520 3 X530 Isa X4
MOM MOM MOM MOM MOM MOM MOM MOM
ToOKM KOPOTKOTO 3aMbIKaHHUS
Touka 0 Touka 1 Touka 2 Touka 3 Touka 4
e @) @ 1o @ @ @
K30 K31 K31: K32 K32 K33: K34
KA KA KA KA KA KA KA
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IIPUIIOXEHUE IJI

Jluct npoBepku yactu 2.
Bb100p 3/IeKTPHYECKHUX ANNAPATOB 3AIHUTHI M YIIPABJICHUS

Bapuant Ne

(Ne mo xypHairy + Ne rpymsr) I'pynma Oamvmus Ums
JInnusa KB3 Jlunus Kb6

QF2 wm FD1" FD2™ FD1 wmu FD4"

Junus Kb2
QF1 KM1 KK1
Jlnaus Kb1 JIunus ¢ TpaHchopMaTopoM
QS1 QF11 Pacuienmurens QF11 QF10 Pacuenurens QF10

* Hy»xHBIif anmapat BEIOHpaeTcs B 3aBUCHMOCTH OT BApHAHTA 3aJaHHs
" B ciyuae, eciu B COOTBETCTBUM ¢ 3adaHueM anmapat FD2 B muuun KB3
OTCYTCTBYET, B slU€HKE CTABUTCS IIPOUEPK «—».
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INPUIIOXEHHNE M

Yex-aMCT A1 CAaMONPOBEPKH YacTH 3.
Yepréx o0mero suga HKY

1. | Bce ammapatsl Ha YepTexe COOTBETCTBYIOT BhIOpaHHbIM B PII3.
2 Bce nunun ueprexa 100 % yépHble 1 HIMEIOT TOCTATOYHYIO TONIIKHY. Beero
' | Ha yepTeke MpUMEHsETCs He OoJiee ABYX TOJIIWH JIMHHUH (TOJICTast K TOHKAs).
3. | Yka3zansl rabapuTHbIC pa3Mepsl mKada.
4. |TIpu Hamnuuu OONTAa 3a3EMIICHHS YKa3aH €ro YCTAHOBOYHBIN pa3Mep.
5. |KoppekTHO moKka3aH MECTHBIN pa3pe3 y 00JTa HilH IITHIBKA 3a3EMIICHHS.
6 Ilens ynpaBnenusi cobpaHa B COOTBETCTBUU C 3aJaHHeM. Bce coenuuenus B
" | Hell MOHATHBI U JIETKO Pa3IuYUMBbl.
7 [Tonnucanbl KOHTAKTHI TEIVIOBOTO PEJie U BCIIOMOTaTeNbHbIE KOHTAKTHI
" | KOHTaKTOpa, U UX PaCIHOJIOKEHUE COOTBETCTBYET PEATLHOMY.
8 CoenunurenbHble mpoBoja BHyTpu HKY pacnonoxensl 4€TKO MO LEHTPY TeX
" | KJIeMM, K KOTOPBIM OHHU MOJIKJIFOYAOTCA.
9 IIpocTaBneHbl MO3UIUHM KO BCEM JIEMEHTaM YepTeka, KpoMme
" |IOBTOPSAIOLIUXCA.
Ha ueprexxe umeercs Tabnuua ¢ MO3ULMUAMHU M UX paclIuppOBKOH,
10. | Bxirouaromeit 6ykBeHHO-IU(BPOBOE 0003HAYEHHUE allliapara B COOTBETCTBUH C
OJTHOJIMHENMHOM CXEeMOH U €er0 MOJECIIb.
11.|Ipudrer coorBerctByto OCT, u Bce HaaMUCH YETKO Pa3sIHIUMBI.
B ocHoBHoO# Hannucu yka3aHa Bamma damunus u pamunus Begymero KIT
19 |IpenosaBareis, ykasaa Bamra yueOnas rpymnna, Ha3BaHUE YepTexa,

KOPPEKTHO yKa3aH MaciiTad. PazmMepbl OCHOBHOM HAJIUCH COOTBETCTBYIOT
I'OCT.

Bap.

YuebHas rpynmna Gamunusa Ums No BapuanTta [Toanuce
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