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IMacniopt ¢oHAA OLIeHOYHBIX CpPe/ICTB

Taouna 1

dopmupyeMsble OueHouHble
Mopay/ib JUCHUTIHBI KOMIeTeHI[UU MaTepHrasibl KonunuecTBo

WM UX YaCTU Y Cpe/iCTBa

O611ue CBeJIeHUs 0 3aura ITP 14
MepexoHbIX MKoe-1. CriocoBen (CobecenoBanue)
rporeccax OCYIIeCTBATE TCk (TCm) 81
OJIeKTpOAUHAMUYeCcKoe MOHHTOPUHT 3amura [P 20
1 TepMHUYeCKoe TeXHUYECKOT0 (Cobecenosanme)
JleliCTBUe TOKOB COCTOSIHUS TCx (TCn) 27
KOPOTKOI'0 3aMbIKaHUSA obopyzioBaHUS
Teopust MO/|CTaHIUH . 3arquta TP 16
CUMMETPUYHBIX SJIEKTPUYIECKHX CETEH (CobecemoBanue)
COCTABJ/IAROIINXX TCk (TCH) 42

1 OODEHOYHBbBIE MATEPUA/JIbI, HEOBXO/JNMBbIE
JIJIs1 OIIEHKHW 3HAHUM, YMEHU 1 HABBIKOB JIEAATE/TbHOCTHU
B ITPOIECCE OCBOEHUSA JUCLHUIIVIMHbBI

Tabnuna 2 — @opMupyeMbie KOMIIeTeHIUH

Kop v HauMeHOBaHWe MHAUKATOpa O1jeHouHbIE
Kop 1 HauMmeHOBaHuWe
JIOCTYKEHHsI KOMITeTeHLIMU MaTepHrasibl
KOMIIeTeHI[UU
(4acT KOMMETEeHLIUN) Y CpeJICTBa
[TKoc-1. CiocobeH OO1ue cBeieHHUsA 0 TePexX0AHbBIX MPOIeccax.
OCYILIEeCTBJIATh JJIeKTPoAUHAMHUYECKOe U TepMUUYecKoe JeCTBUe
MOHHUTOPUHT TOKOB KOPOTKOI0 3aMbIKaHUA.
TeXHUUECKOro Teopusi CHMMeTPUYHBIX COCTABJISIIOIIUX
COCTOSIHUSA N O-1nkoc-1 OcyiecTsiaser 3aumira [IP
obopyzioBaHUS MOHHUTOPUHI TEXHUYECKOTO o
MO/ CTaHIUI COCTOSIHHSI 000pYyZI0BaHUS (Cobecenonare)
byA TCk (TCr)

57IEKTPUYECKUX CeTel

MO/ CTAHLIMHN 3/IEKTPUYECKUX CeTeu




OueHOUHBbIe MaTepUaJ/Ibl U CPEJACTBA /ISl MPOBEePKH
copMHUPOBAHHOCTH KOMIIETEHIMH

Moaynas 1. O0uiue cBejeHHsI 0 EPEXO0/JHBIX MpoIeccax
Bonpocbl 01 cobecedosaHusi:

1. JaviTe onpepeneHre TEDMUHY «KOPOTKOE 3aMbIKaHUE».

2. 3anvivre QopMyny A/ HaxXOXKeHUs TokKa Tpex(a3Horo KOpPOTKOIo
3aMbIKaHUSI.

3. 306pa3vte BEKTOPHYIO /JuarpaMMy HarpsbkKeHWd Yy TioTpebutens mpu
Tpex(a3HOM KOPOTKOM 3aMbIKaHHU BbIllIe 110 JTUHUHU.

4. Ha3oBuTe 3/IeKTPUUECKHN arlrapar, 3allUIIarolIUM OT KOPOTKUX 3aMbIKaHUM.

5. 3apucyiTe BEKTODHYKO [JuWarpaMMmy TOKOB M HamlpsyKeHWW TpU Tpex(a3HOM
KOPOTKOM 3aMBbIKaHUU.

6. Ha3oBuTe 0racHOCTH KOPOTKOI'O 3aMblKaHUS.

7. Jaute oripefeseHMe TEPMHUHY «yJapHOe 3HaueHWe TOKa KOPOTKOIO
3dMbIKdHHA» .

8. Ha3zoBuTe NpUUMHbBI BO3HUKHOBEHUSI KOPOTKHUX 3aMbIKaHUM.

9. UTto Takoe iMeHOBaHHas eIuHULIA?

10. [lepeuriciuTe OCHOBHbIE MMEHOBAHHbIE €JUHULIbI, MCIIOJIb3yemMble B
3/IeKTPOTEeXHUKE.

11. 3anuiute dhopmysy Ajs pacyeTa ToKa OZHO(PA3HOTO KOPOTKOTO 3aMbIKaHUSI
B UMEHOBAHHBIX eJJUHUL[AX.

12. TlocTpoiiTe BeKTOpHyI [AWarpaMMy HarnpsbkeHUM y moTpebuTens, eciu
TIPOM30LLI0 0AHO(Aa3HOEe KOPOTKOE 3aMbIKaHHe BbILLIE 110 JIMHUU.

13. 3anuinuTte GpopmyJiy /i pacueTa TOKa ABYX(a3HOro KOPOTKOTO 3aMbIKaHUs B
VIMEHOBaHHbBIX eJJMHULIAX.

14. Yem orpaHuuvBaeTcsi TOK KOPOTKOI'O 3aMbIKaHUS, IPOU30LLIEIIero Ha IIWHAX
MO CTaHLIUU?

TectupoBanue (TCk, TCn)

Bbibepume 00uH npasu/bHbIll 6ApUaHm omeema

YTo Ha3bIBAETCS MEPeX0 HbIM MpPoLeccoM?

+U3MeHeHHe TOKOB Y HaMpsDKeHUH TPU Mepexo/ie CUCTeMbI M OJHOTO YCTaHOBHBIIIETOCS
COCTOSIHMSI B IpyTroe

PEXKUM, TIpM KOTOPOM B TTPOBOHMKAX JTMHUH 3/IEKTPOIepejaun, Malll|H U allliapaToB
BO3HHKAIOT TOKH, MPEBLILIAIOIIHE BeIMUHHBI, 0MTyCKaeMble HOpMaMH

peXKuM paboThI CeTH, TIPU KOTOPOM COeIMHSIOTCS HAKOPOTKO /iBa (pa3HBIX MPOBO/iA
PEXKUM, TIPY KOTOPOM COEIUHSIIOTCS [IBE TOUKHU 3JIEKTPUUECKOM 1[ETTH C pa3HbIM
TOTEHIIMA/IOM Yepe3 Majioe TiepeXxo/IHOe COMPOTHBIEHHEe

ABapuiiHBIMHU pe)XXUMaMH AB/ISIFOTCA:
+KOpPOTKOe 3aMbIKaHue, reperpyska
KOPOTKOEe 3aMbIKaHue, IeperpysKa, TsKesbld IyCK JBUraTesien



rieperpysKa, TsKeJIbIM IyCK [ BUrartesien
peBepCUpOBaHKe MOIIHBIX JIBUraTesieii 6e3 0CTAaHOBKH, TSDKeJIbIM IMyCK JIBUTaTeIeu

YTo Ha3bIBaeTCsl aBapMUHbIM PE)XXUMOM?

+ W3MeHeHHe COCTOSIHUS CeTH, He IpeJlyCMOTPeHHOe 3KCILTyaTaljuOHHbIMU
XapakTepuCTUKaMH, pe3yJIbTaTOM KOTOPOI'O SIB/ISIeTCS pe3Koe M3MeHeHHe TOKOB U/IU
HarpsDKeHUH, U3-3a yero co3/aéTcs yrpo3a BbIXo/ja U3 CTposi oTpebuTesneit uim
YYaCTKOB CeTH, a TaKXKe yrposa [JIsl )KU3HU JIF0JjeH U JKUBOTHBIX

peXXuM, TP KOTOPOM COeJMHSAIOTCS [IB€ TOUKH 3JIEKTPUUYECKOH LIelU C pa3HbIM
MOTEHL[Ma/IOM Yepe3 Majioe IepexoHoe COIPOTUB/IeHHe

pe’XuM, NpY KOTOPOM COeJIMHSIIOTCSL Uuepe3 Majloe Iepexo/iHoe CONPOTUB/IeHHe (Da3HbIN
IIPOBOJ, Y 3eMJIsl

pe’XuM, NIpY KOTOPOM COeJIMHSIIOTCSL yepe3 Majloe Iepexo/iHoe CONPOTUB/IeHHe (Da3HbIN
Yl HyJIeBOM TIPOBOJHUKU

YTo Ha3bIBaeTCsl KOPOTKUM 3aMbIKaHUeM?

V3MeHeHre TOKOB U HalpsUKeHUM TP Mepexo/ie CUCTeMbI U OJHOTO yCTaHOBUBLLIET OCS
COCTOSIHUA B pyroe

PeXUM, IPU KOTOPOM B MPOBOJHUKAX JIMHUM 3JIEKTpOIlepejaur, MallliH U arrapaToB
BO3HUKAIOT TOKH, TPeBbILIAIOLINe BeJIMUKUHBI, J0IyCKaeMble HOpMaMu

pPe>KUM paboThl CeTH, MPX KOTOPOM COeIMHSIFOTCSI HAKOPOTKO JiBa (ha3HBIX ITPOBO/A
+peXXuM, TIPU KOTOPOM COEIUHSIFOTCS JABe TOUKU 3JIEKTPUUECKOU LIeTr C pa3HbIMU
MOTeHLWa/laMU yepe3 Majioe TepexoJHoe COIPOTUBJIeHHe

YTo Ha3bIBAETCA PE)XUMOM Ieperpy3Ku?

V3MeHeHVe TOKOB M HallpSDKeHWH TP [epexo/ie CUCTeMbI ¥ OJHOTO YCTaHOBUBLLET0Cs
COCTOSIHUA B [ipyroe

+pe’KuM, IIpU KOTOPOM B IIPOBOJHUKAX JIMHUU 3J/IeKTpoIlepejaun, MalllvH U arrapaToB
BO3HUKAIOT TOKU, NPeBbIIIA0II1e BeJIMYMHBI, [0ITyCKaeMble HOpMaMU

peXXuM, IIpH KOTOPOM COeUHSATCS yepe3 Majioe [epexogHoe CONpOTUBIIeHUe /IBa
(a3HbIX NpOBOJA

peXXUM, TIpU KOTOPOM COeJMHSAIOTCS [IB€ TOUKU 3JIEKTPUUYECKOH LIelU C pa3HbIM
MOTEHL[a/IOM Yepe3 Majioe IepexoHoe COIPOTUB/IeHHe

Yto Ha3biBaeTcs Tpex(a3sHbIM KOPOTKHMM 3aMbIKaHHEM?

pe’XuM, NpY KOTOPOM COeJIMHSIIOTCSL yepe3 Majloe Mepexo/iHoe CONPOTUB/IeHHe (Da3HbIN
TIPOBOJL U 3eMJISA

pe’KuM, Npy KOTOPOM COeJIMHSIFOTCSL Yyepe3 Majloe fepexo/iHoe CONPOTUB/IeHNe (Da3HbIN
Y HYJIeBOU NIPOBOJJHUK

PeXXuM, IpU KOTOPOM COeLVHSIOTCS Yepes3 Majloe Iiepexo/Hoe COIPOTUB/IEHHUE /1Ba
(a3HbIX NpOBOJA

+peXXuM, IpY KOTOPOM COeJMHSIOTCS Yepe3 Majioe IiepexoiHoe CONPOTUB/IeHUe TPU
(a3HbIX NpOBOJA

YTo Ha3bIBAeTCA HEMETA//IMYeCKMM KOPOTKHUM 3aMbIKaHHeM?
+KOPOTKOe 3aMbIKaHMe uepe3 Mepexo/[Hoe CONPOTHBIIeHNe (BeTKa, Oriopa u T. [1.)



HeroCcpeICTBEHHOe COeJJUHEHNE /IBYX Pa3HOMMEHHBIX (ha3HBIX MPOBO/IOB
o0a oTBeTa BepHbI
HeT BePHOT'0 OTBeTa

YTo Ha3bIBAETCA META/UTHYECKUM KOPOTKHM 3aMbIKaHHEM ?

KOPOTKOe 3aMbIKaHHe yepe3 Iepexo/iHoe COMPOTHBIIeHHe (BeTKa, Oropa U T. [.)
+HernocpeiICTBEHHOE COeIMHEHHUE IBYX Pa3HOMMEHHBIX ()a3HBIX ITPOBO/IOB

o0a oTBeTa BepHbI

HeT BePHOT'0 OTBeTa

B ceTsix ¢ KAKUM THIIOM 3a3eMJ/IeHUsI HEUTPA/IM MOXKeT BO3HUKATh Tpex(a3Hoe
KOpPOTKOe 3aMbIKaHue?

C TJIyX03a3eM/IeHHON HeHUTpasblo

C U30/IMPOBAaHHOM HEWUTPAaJbIO

¢ 3¢ PeKTUBHO 3a3eM/IeHHOW HeNTpabio

+B0 BCEX BbILLIENePeUnC/IeHHbIX BUIaX ceTel

IIprunHO# BO3HUKHOBeHHs TPex()a3HOro KOPOTKOro 3aMbIKaHUSI MOXKeT ObITh:
I'PO30BbI€ TepeHarpsLKeHMs

MOBBILIEHNE CeTEBOI'0 HallpsKeHHs

+CXJleCTbIBaHUE TIPOBO/ OB

3arpsisHeHue H30/IsU1

ITocneacTBHeM TPex()a3HOT0 KOPOTKOI0 3aMbIKaHUS MOXXeT ObITh:
TIOBBIIIIEHHE CeTEeBOT0 HaIpPSHKeHUs

+B0O3ropaHve U30JIsILHHn

3arpsisHeHre HU30/IS1[U1

V3MeHeHHe TUIIA 3a3eMJIeHHs HeUTpaiu

YpaBHeHue /ijif pacueTa ToKa Tpex(a3Horo KOpoTKoro 3aMbIKaHUA B KOHIL[e
JINHUM
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YpaBHeHHe /11 pacyeTa TOKa Tpex(a3HOro KOPOTKOro 3aMbIKaHUsl B Hayase
JIMTHUM:
— U./7

"Bz v 2,)
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Kak M3MeHHTCsl HanpsDKeHHe y moTpeduTesis npu Tpex¢a3sHoM KOPOTKOM
3aMBbIKAQHHH BBIIIIE 110 THHUH?

OCTaHeTCS MPEXXHUM

YMEHBIIUTCS

YBEJTHUATCS

+0y/1eT paBHO HYJIIO

Kak M3MeHHTCsl HanpshKeHHe y moTpeduTesis npu Tpex¢a3sHoM KOPOTKOM
3aMbIKAHHH HHKE T10 JTHHUU?

OCTaHeTCS MPEXXHUM

+yMEHBIITUTCS

YBEJTHUATCS

OyZieT paBHO HYJIIO

UTo Takoe yJapHbId TOK KOPOTKOI0 3aMbIKaHHA?

+MakKCUMaJlbHOe aMIUIUTYHOe 3HaueHHe TOKa KOPOTKOr0 3aMbIKaHWsl, HacCTyllaroljee
yepe3 IIOJIOBUHY Ilepuoja IIoCjie ero Hayasa

aMIUIUTYJHOe 3HaueHue TOKa KOPOTKOr'O 3aMblKaHUs

JIeUCTBYHOIIlee 3HaUeHUe TOKa KOPOTKOI'O 3aMbIKaHUS

MTHOBEHHOe 3HaueHUe TOKa KOPOTKOr'O 3aMbIKaHUs

Y japHblii TOK Tpex()a3HOro KOPOTKOIo 3aMbIKaHHUA PAaCCUMTHIBAIOT 10 (popmy.ie:
iy = XKy Iy

Lyg = ﬂ_l K3

Ly = K vid ks

im:3Km[m

Y papubii Ko3¢g¢unueHT paccunThiBaeTcs no opmyie:
- X_K T
Ky=1+e

_ Ry
KW—1+e

+



Kyﬂ=1+e ¢

B kKakux npejiesiax NIPUHUMAKOT YAAPHbIU K03()(QHUIUEeHT TOKAa KOPOTKOro
3aMbIKaHHUA [IJIl ceTeH Ce/IbCKOX03UCTBeHHOr0 Ha3HAUeHUA?

1...2

1...1,2

1,8

+1,2...1,4

B kKakux npejiesiax NPUHUMAKOT YAAPHbIA K03()QHUIUEeHT TOKAa KOPOTKOro
3aMbIKaHMA /I ceTel IPOMBIIIJIEHHOr0 Ha3HAYeHHs ?

1...2

1...1,2

+1,8

1,2..1,4

UTo Takoe Haua/bHas (pa3za KOPOTKOro 3aMbIKaHUA?

+yroJ1 OT MOMEHTA Iepexo/ia CUHYCOW/bl Yepe3 HyJIb IPX BO3pacTaHUM MTHOBEHHBIX
3HaUeHUU 10 MOMeHTa BOSHUKHOBEHUSI KOPOTKOI'O 3aMbIKaHUS

YyrOJ1 MeXXJy TOKOM U HallpshKeHHeM

YyrOJ1 MeXXJly TOKOM U MOLLIHOCTBEO

Yro/I MeXXJly TOKaMH B pa3HbIX (hazax

/3 KaKMX COCTaB/ISIOIUX CK/Ia/AbIBAeTCA TOK TPex()a3HOro KOpPOTKOro
3aMbIKaHuA?

TOJILKO CBOOO/THOM

TOJIBKO TIPUHYKeHHOU

+cBOOO/IHOM U MPUHYKAEHHOMN

TIPUHY>K/IEHHOM B OJHOU (pa3e U MPUHY K/IeHHOM B pyrou (ase

B KakoM c/1yuyae yJapHbIii TOK Tpex(a3Horo KOpoTKoro 3aMbIKaHUsA 0y/eT
oosibIe?

€CJIA YroJ1 KOPOTKOTO 3aMbIKaHHSI COBITAZIaeT C Haua/bHOU (ha30ii U MPHUCYTCTBYET TOK
Harpy3Ku

€CJIA YroJ1 KOPOTKOrO 3aMbIKaHHS COBIIAZIaeT C Haua/JbHOU (ha3bl U OTCYTCTBYET TOK
Harpy3Ku

eCJIA YroJ1 KOPOTKOTO 3aMbIKaHHSI OT/IMYAETCS OT HaualabHOU ¢a3bl Ha yromn 90° u
MIPUCYTCTBYET TOK HAarpy3KH

+eC/Ii yroJl KOPOTKOTO 3aMbIKaHHS OT/IMUYAeTCs OT HavabHOMU a3kl Ha yroa 90°
OTCYTCTBYET TOK Harpy3KH



Kak B/iusieT Ha/iMuMe TOKA Harpy3Ku Ha 3HaueHUe CBO00/{HOM cocTaB/isomie?
cBoOOHas coCTaB/stoLasi He U3MEeHseTCs

+ cBOOO/iHasA COCTaB/ISAIOL{asi YMEHbIIaeTCs

cBobOHas COCTaB/IsIOLasl YBe/IMUMBAETCS

cBob0Has coCcTaB/stoIast CMelljaeTCsi OTHOCUTETbHO HarlpsyKeHUs]

3HaueHMe NMPUHY)X/[EHHON COCTaB/IAIOIIEN TOKAa KOPOTKOIr0 3aMbIKaHUA 3aBUCHUT
oT:
+HarpspKeHUs1 U COTIPOTUBIIEHUST
HarpspKeHUst
COTMPOTUBJIEHHUS
3HaueHus1 KO3 GULIMeHTa MOLHOCTH

BekTOpHbIe [UarpaMMbl TOKOB M HaMNpsHKeHHU NpU Tpex(a3HOM KOPOTKOM
3aMbIKAHUM:

Ua Ika Ua "
Ikc
Uc Ub Uc Ub
Ikb Ikb
A b
Ua Tka
Tkc
Uc Ub
Uc Ub
Ikb
B r
+A
b
B
r

BesinunHa ToKa Tpex(a3HoOro KOPpOTKOro 3aMbIKaHHUsA 3aBUCHT OT:

+ HaTpspKeHUs CEeTH, CONTPOTHB/IEHHUS TpaHC(OpMaTopa, COTIPOTUBJIEHUS JIMHUA
3JIeKTporiepeiaur 0 TOUKM KOPOTKOTO 3aMbIKaHUS

KOJIMYeCTBAa BK/IFOUEHHbBIX 3/IeKTPOJBUraTesien

KaueCTBa MOHTa)ka JIMHUM 3/1eKTpoIiepe/jaun

PacCTOSIHUS MeXKAY MPOBOJAMU U 3eMJien

IMocTosinnas Bpemenu T (c) enu ¢ MHAYKTHBHOCTbIO L (I'H) U aKTMBHBIM
coriporuBieHueM R (Om) onpepesisiercs: mo hopmy.ie:

+T=L/R

T=R/L



T=RL
T=R+L

IMoanutKy Touku K3 ot ABuraresei B cetsix Ao 1000 B ciiegyeT yuuThbiBaTh, €C/I4:
+ CyMMapHbIM HOMHHAJIbHBIM TOK JiBUraresied He npesbiiiaeT 10% 3HaueHuUst
NepruoNYeCcKom cocTasJisiromei Toka K3

yCTaHOBJIEHO JiBUraTesieli 6osbiiie 4

CyMMapHbI HOMUHA/IbHBIM TOK JIBUraTe/ied He npeBblliaeT 5% 3HaueHus
NepruouYeCcKom cocTasJsiromeit Toka K3

K JIMHUU 3JIeKTPOIlepe/iauy MOAK/II0UeHbl TOIbKO 3/1eKTPOABUraTe I

Kakue eguHHMLIbI U3MepeHUs Ha3bIBAaKOT UMEHOBAHHBIMHU?

+Ha3BaHHbIE B UeCThb yUYeHbIX, OTKpbIBLIMX UX (I'eopr Om, AHgpe Mapu Awmrep,
Aneccangpo BosibTa)

3arnuchiBaeMble C 00JIbIION OYKBbI

HMMeloLL[1e TIPUCTaBKy KWJIO-, MUWIIU- U T.[,.

He UMeroLL1e MPUCTaBKU KWUJI0-, MUIIU- U T. [I.

BeKTOp TOKa 0TCTaeT 0T BeKTOpPa HaNPsDKeHUA Ha Harpy3kKe:
aKTUBHOM

€MKOCTHOM

+ VHJYKTUBHOU

VH/IYKTMBHO-€MKOCTHOM

BeKkTop TOKa onepe)kaeT BeKTOP HaNPsDKeHUA Ha HarpyskKe:
aKTUBHOM

+ eMKOCTHOU

VIHYKTUBHOMN

VH/1IYKTMBHO-€MKOCTHOM

BeKTop TOKa COBNa/jjaeT C BEKTOPOM HAIMpshKeHHMsl Ha Harpys3ke:
+ aKTUBHOM

€MKOCTHOM

VIHYKTUBHOMN

VH/IYKTMBHO-€MKOCTHOM

KakoB xapakTep Toka Tpéx(asHoro, jByx¢a3Horo, 0fH0(a3HOro KOpOTKOro
3aMbIKaHHUM?

aKTUBHBIU

pPeaKkTUBHBIN

€MKOCTHOU

+UHAYKTUBHBIN



IIpocrenmias TpéxgasHas Henb — 3TO:

HecMMMeTpHYHas TpéxdasHas Lielb C COCpeJ0TOYeHHbIMY NTapaMeTpamu Npu
OTCYTCTBHHU TPAaHC(OPMATOPHBIX CBS3eM

+cUMMeTpUYHas TpéxdasHas Lienb C COCpe0TOYeHHbIMY NTapaMeTpamMu Npu
OTCYTCTBMHU TPAaHC(OPMATOPHBIX CBS3EM

CcMMMeTpHUYHas TpéxQa3sHasg Liefb C pacrpezeeHHbIMY TTapaMeTpaMU MPY OTCYTCTBUU
TPaHC(OPMAaTOPHBIX CBSI3ei

CMMMeTpHUUHas TpéxQasHas Liefb C COCPeJ0TOUeHHbIMY NTapaMeTpaMy NPy HaTUUUU
TPaHC(POPMAaTOPHBIX CBSI3ei

Kakwue ponyieHus IpUHUMAKOT IIPU pacyeTe TOKA KOPOTKOr0 3aMbIKAHHA?
TOUYKa KOPOTKOI'O 3aMbIKaHMS NTUTaeTCsl OT UCTOUHWKA HeOIPAHUYeHHOU MOILIHOCTH
BCe (pa3bl UIMEIOT O/JMHAKOBOE aKTUBHO-UH/IYKTUBHOE COMPOTHB/IEHNE

yacToTa Toka B ceTu Ipy K3 He nusMmeHsietrcs

+BCe Iepeurc/ieHHble OTBeThbl BePHbI

YTo Ha3bIBaeTCsl HCTOYHMKOM HeOrpaHNUYeHHOU MOIIHOCTHU?

o060l CUHXPOHHBIN reHepaTop

+Takasi TOUKa B CeTU, B KOTOPOU TpH JitoO0M pexkruMe paboThl OTpeduTesst
HanpspKeHue u3MeHsieTcsi He 6osiee ueM Ha 5%

mobasi ToUKa 371eKTpUUecKoi ceTH

BCe [epeurC/IeHHble OTBEThl BEPHBI

ABapuiiHBIMHU pPe)XXUMaMH B CeTAX C U30/IMPOBAaHHON HEMTPA/IbIO SB/IAIOTCA:
+Tpexda3Hoe KOPOTKOe 3aMbIKaHue, 1ByX(a3Hoe 3aMblKaHHe, JBOMHOe 3aMbIKaHHe Ha
3eMJIIO, MeperpysKa

Tpexda3Hoe KOPOTKOe 3aMblKaHe, AByX(a3Hoe 3aMbIKaHUe, BOMHOe 3aMblKaHUe Ha
3eMJTI0, OHO(Da3HOe 3aMbIKaHHe Ha 3eMJII0, MeperpysKa

Tpexda3Hoe KOPOTKOe 3aMblKaHUe, AByX(a3Hoe 3aMblKaHKe, O/HO(a3HOe 3aMbIKaHUe
Ha 3eMJI0

Tpexda3Hoe KOPOTKOe 3aMbIKaHue, 0JHO(a3HOe 3aMbIKaHKe Ha 3eMJIH0, Teperpys3kKa

YeMm omacHbI /|BOIIHbIE 3aMbIKAHHUA Ha 3eMJTIO?
HUYEeM

repexo/ioM B Tpex(a3Hbie 3aMbIKaHUs

+ mepexoioM B JByX(a3Hbie 3aMbIKaHUSs
00pBIBOM MPOBO/IOB

Tok ogHO(a3HOro KOPOTKOro 3aMbIKaHHS B KOHLe IMHUM PAaCCUUTHIBAIOT JAJIS:
TIPOBEPKMU anrapaToB Ha TEPMUUECKYH0 CTOUKOCTb

+pacueTa 3aljUThbI

BbIOOpA MPOBO/IOB

BCE OTBEThI BEPHBI

Uto Ha3bIBaeTcs 0fjHO()a3HbIM KOPOTKHMM 3aMbIKaHHEM?



pe’XuM, NpY KOTOPOM COeJIMHSIIOTCSL yepe3 Majloe fepexo/iHoe CONPOTUB/IeHNe (Da3HbIN
TIPOBOJL U 3eMJISA

pe’KuM, NpY KOTOPOM COeJIMHSIIOTCSL Yyepe3 Majloe Iepexo/iHoe CONPOTUB/IeHNe (Da3HbIN
Yl HyJIeBOU TIPOBOJHUKU

+BepHBI IIePBbIM ¥ BTOPOU OTBETHI

PeXXuM, IpY KOTOPOM COeJVHSIOTCS Yepes3 Majloe [epexo/iHoe COIPOTUB/IeHUE /1Ba
(a3HbIX NpOBOJA

Yto Ha3bIBaeTcs AByX(a3HbIM KOPOTKHUM 3aMbIKaHHEM?

pe’KuM, NpY KOTOPOM COeJIMHSIIOTCSL Yyepe3 Majloe Iepexo/iHoe CONPOTUB/IeHNe (Da3HbIN
TIPOBOJL U 3eMJISA

pe’XuM, NpY KOTOPOM COeJIMHSIIOTCSL Yyepe3 Majloe Iepexo/iHoe CONPOTUB/IeHNe (Da3HbIN
Yl HyJIeBOM TIPOBOJHUKU

+PeXXUM, IpY KOTOPOM COeJMHSIIOTCS Yepe3 Majsioe IiepexoiHoe CONPOTUB/IEHUE /1Ba
(a3HbIX NpOBOJA

PeXXuM, IpU KOTOPOM COe[MHSIOTCS Yepe3 Majioe IepexoiHoe CONPOTUB/IeHNe TPU
(a3HbIX NpOBOJA

dopmysia Jia pacyeTa TOKa AByX(a3HOro KOpoTKOro 3aMbIKaHHs B KOHI[e
JIMTHUM:

I, = Y
Bz, +zy)
;o= Ya
“VB(z,)
U
Iy = 0
\/g 20,4 Znem
Uﬂ

J. =
+ . 2(ZTO,4+ZJ70,38)

dopmyna /s pacueTra ToKa 0/jH0()a3HOro KOPOTKOr0 3aMbIKaHHUS B KOHI|e
JINHUM

Y3zt z,)
I, = Ys
toB(z,)
_ UJY
I = 7
* \/g 7:;0,4 +Znem
_ UJY
Iy = 70
\/g T04



dopmysia s pacyera ToKa 0gHO()a3HOr0 KOPOTKOI'0 3aMbIKaHUsI BO3J1e
Tpancopmaropa:
I, = Ys

t Bz zy)

Kakoe 3HaueHNe TOKAa KOPOTKOIr0 3aMbIKaHUA PacCUMTHIBaeTCs o popmy.ie
U
Iy =—=——"——9
Bz, +7,)°
+1eUCTBYOLLIEe
aMIUVIUTYIHOE

yjapHOe
MI'HOBEHHOE

(I)OpMyfla AJIfA paCde€Td MITrHOBEHHOI'0 3HAYE€HHUA TOKAd KOPOTKOI'0 3dMbIKAHUA:

1 =—U”
Y Bz, +z,)
T
= + =
l‘lJK (pK 2
Xk
@, = arctg ——

k
i =1,sinQt

dopmyJia /I pacyera yrjia «@» nMpu KOPOTKOM 3aMbIKaHHU:

I, = Us
t Bz z,)

_ T
+L|JK o (pK+ Py
2

Xk

@, = arctg ——
k
ip=1,sinwt.

BekTOpHas juarpaMMa TOKOB M HalpsHKeHHU NpH ByX()a3HOM KOPOTKOM
3aMbIKAQHUM:
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KakuMu conpoTUB/IeHUsAMH 00/1a7jaeT NPOTsDKeHHas IMHUA 3J/IeKTporepejauu?
TOJIbKO aKTUBHBIM

TOJIbKO UHJYKTUBHBIM

+aKTUBHO-UH/ YKTUBHBIM

AKTUBHO-eMKOCTHbIM

Kak M3MeHHUTCH aKTUBHOe COIPOTUBJ/IEHNE JIMHUM IIPU YBe/IMUeHUHM PacCTOSAHUA
MeXxJy (pa3HbIMH NMPOBOJHUKAMMU?

+He U3MEHUTCSA

YMEHBIIUTCS

YBEJIMUUTCA

3aBUCUT OT aKTUBHOI'O COIIPOTHBI/IEHUS

Kak u3MeHHMTCs peaKTUBHOE COIIPOTHB/IeHUE JIMHUM NIPH YBE/INYEeHUU PACCTOAHUA
MeXxAay (pa3HbIMU NPOBOJHUKAMHU?

He U3MEHUTCS

YMEHBLINTCS

+yBe/IMUUTCA

3aBUCUT OT aKTMBHOI'O COIIPOTHUBJ/IEHUS

BepHblIil NOPAAOK pacyeTa TOKA KOPOTKOr0 3aMbIKaHHUsI MeTO0/J0M MMeHOBAaHHbBIX
eAUHHIL;

+COCTaBUTh PACYETHYIO CXEMY U CXEMY 3aMelleHHs], PACCUUTaTh COMPOTUB/IEHUE [0
TOYKU KOPOTKOT'O 3aMbIKaHUS, HAUTH TOK KOPOTKOT'O 3aMbIKaHUS

pacCuMTaTh COMPOTHBIIEHHE 10 TOYKU KOPOTKOIO 3aMbIKaHUS, HAUTHU TOK KOPOTKOTO
3aMbIKaHUS



COCTaBUTb paCUeTHYIO CXeMY, paCCUMTaThb COMPOTUB/IEHHE [0 TOUKHU KOPOTKOIO
3aMbIKaHHsl, HAUTU TOK KOPOTKOT'O 3aMbIKaHUSI COCTaBUTh CXeMY 3aMellleHUst
HaWTHU TOK KOPOTKOTO 3aMbIKaHHsl, COCTaBUTh PaCUeTHYIO CXeMY, COCTaBUTb CXeMY
3aMellleHus], paCCUMTaTb COMPOTUB/IEHHE [0 TOUKU KOPOTKOI'O 3aMbIKaHUsI

YTo0 noka3ssIiBaeT yroji Harpy3Ku?

MOIIIHOCTb

+OTCTaBaHUe WM Ollepe’KeHWe TOKa Harpy3KU HarpskeHueM
[eHCTBYIOLIlee 3HaUeHue TOKa Harpy3Ku

aMILUIMTYJHOe 3HaueHre TOKa Harpy3Ku

ITo KakoMy nyTH OyAeT mpoTeKaTh TOK 0JHO0()a3HOro KOPOTKOI'0 3aMbIKaHUA?

+110 offHOM 06MOTKe TpaHc(opmaTopa, ha3HOMY TTPOBO/Y, TOUKE KOPOTKOI'O
3aMbIKaHUsI, HYJIeBOMY TTPOBOTHUKY

110 0/HOM 00MOTKe TpaHchopmaTopa, (hazHOMY MPOBO/Y, TOUKE KOPOTKOTO 3aMbIKaHHSI,
da3HOMY TIPOBOAY, ApPyrou oOMoTKe TpaHCc(opmaTopa

1o TpeM 06MOTKaM TpaHchopmaTopa, ABYM JIMHEWMHBIM ITPOBOJHHUKAM, TOUKE
KOPOTKOT'O 3aMbIKaHHs

1o TpeM 06MOTKaM TpaHchopmaTopa, TpeM JIMHeHHBIM POBOAHUKAM, TOUKe KOPOTKOT'O
3aMbIKaHUS

ITo KakoMy nyTH OyAeT nmpoTeKaTh TOK 0jHO0()a3HOr0 KOPOTKOI0 3aMbIKaHHUS Ha
3eMJII0?

+110 0jHOUM 06MOTKe TpaHcdopmaTopa, (ha3HOMY TTPOBOJY, TOUKE KOPOTKOT'O
3aMbIKaHUsI, 3eMJie, 3a3eMJIeHHIO MTO/ICTaHI[UH

110 0JHOM 06MOTKe TpaHchopmaTopa, (hazHOMY MPOBO/Y, TOUKE KOPOTKOTO 3aMbIKaHHSI,
da3HOMY TIPOBOAY, ApPyrou oOMoTKe TpaHC(opmaTopa

1o TpeM 06MOoTKaM TpaHchopmaTopa, ABYM JIMHEMHBIM ITPOBOJHHUKAM, TOUKE
KOPOTKOT'O 3aMbIKaHHs

1o TpeM 06MOTKaM TpaHchopmaTopa, TpeM JIMHeHHBIM POBOAHUKAM, TOUKe
KOPOTKOT'O 3aMbIKaHHs

ITo kakomy nyTH Oy/jeT NpoTeKaTh TOK ABYX()a3HOr0 KOPOTKOI'0 3aMbIKaHUsI HA
3eMJII0?

110 OJ/HOM 06MOTKe TpaHcdopmaTopa, (hazHOMY ITPOBO/TY, TOUKE KOPOTKOI'O
3aMbIKaHUsI, 3eMJie, 3a3eMJIeHUI0 TI0/[CTaHLIUU

+110 0fHOUM 06MOTKe TpaHcdopmaTopa, (ha3HOMY TTPOBO/Y, TOUKe KOPOTKOT'O
3aMbIKaHUsi, pa3HOMY TIPOBOAY, [pyroi 06MoTKe TpaHcdopMaTopa

1o TpeM o6MoTKaM TpaHchopmaropa, ABYM JIMHEHHbIM TIPOBOJHUKAM, TOUKe
KOPOTKOTO 3aMbIKaHUS

10 TpeM 0OMOTKaM TpaHc(opmaTopa, TpeM JIMHeNHbIM MIPOBOIHUKAM, TOUKe
KOPOTKOTO 3aMbIKaHUS

ITo KakoMy nyTH OyAeT NpoTeKaTh TOK TPex()a3HOro KOPOTKOr0 3aMbIKaHUA Ha
3eMJII0?



110 OJ/HOM 0OMOTKe TpaHcdopmaTopa, (pa3HOMY IMPOBOAY, TOUKE KOPOTKOTO
3aMbIKaHUsI, 3eMJie, 3a3eMJIeHUI0 TI0/[CTaHLUU

110 OJ/HOM 06MOTKe TpaHcdopmaTopa, (hazHOMY ITPOBO/Y, TOUKE KOPOTKOI'O
3aMbIKaHUsi, pa3HOMY TIPOBOAY, [pyroi 06MoTKe TpaHchopMaTopa

1o TpeM 06MoTKaM TpaHchopmaropa, ABYM JIMHENHBIM TIPOBOJHUKAM, TOUKe
KOPOTKOTO 3aMbIKaHMUSI

+110 TpeM 06MOTKaM TpaHchopMaTopa, TpeM JTUHeMHbIM MPOBOJHUKAM, TOUKe
KOPOTKOTO 3aMbIKaHUSI

Conpotusienue ceru 10 KB npuBoaurcsa K Hanpsokenuio cety 0,4 kB
YMHO)XKeHHeM Ha Ko3¢dunueHt:

TIpUBEIeHUST

TIpUBeZIeHUs B KBajipaTe

+TpaHcopMaLMy B KBajJjpare

TIpUBe/IeHUs U ZiefieHneM Ha K03 duiiueHT TpaHchopMaliu

Pe)xuMbI padoThI Y/ IEKTPUYECKOW CeTH JAe/IATCA Ha:
+yCTaHOBUBILMECS, IEPEXO/IHbIE

MEeHSIIOIMeCs, AeUCTBYIOLHe

JIeUCTBYIOLLIME, MTHOBEHHbIE

MTHOBEHHbIE, YCTaHOBUBIIMECS

HecumMmerpuuHble K.3. — 3TO:

+ KOPOTKOe 3aMbIKaHue B 3/IeKTPOYyCTaHOBKe, [IPY KOTOPOM O/jHa U3 ee (a3 HaXO[UTCS
B YCJIOBUSIX, OTJIMYHBIX OT YCJIOBUM JpYyrux ¢a3s

KOPOTKO€ 3aMblKaHNe B 3/IeKTPOYCTaHOBKe C Pa3HbIM PacCTOSIHUEM [0 (a3

BCe KOPOTKUe 3aMbIKaHUs

KODOTKO€ 3aMbIKaHHE B 3JIEKTPOYCTaHOBKE, TP KOTOPOM BCe (pa3bl HAXOZSTCS B
O/IMHAKOBBIX YC/IOBUAX

UTo Ha3bIBaeTCsl OTHOCUTE/TbHBIMH Be/IMUMHAMM?

+0e3pa3MepHble BeTMUKHBI, [PHBe/IeHHbIe K OJTHOMY HOMHHA/IbHOMY 3HaueHHI0
(HarpsKeHus1, TOKA, MOLLJHOCTH)

O/IHU BeJTMUMHbI, BbIpa’KeHHbIe uepe3 Jpyrue

BeJTMUMHBI O€3 eJUHUI] U3MepeHUs

6eccrcTeMHbIe BeJTMUMHBI

Kako# ypoBeHb HanpshDKeHUs1 IPUHUMAETCA 3a HOMMHA/IbHOe?
Bcergaa 380 B

BCer/ja JIMHeWHOe HarlpsyKeHue

+TOT YPOBEHb HaMpsKeHWsl, HA KOTOPOM BelyTCs pacueThl
HarpspKeHre UCTOUYHUKA

(I)OpMyJIa AJIAA HAXO0XKACHUA HAIIPOXKEHUA B OTHOCUTEC/IbHbIX € JUHHUIIAX:
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Kakoe HampspkeHHe MPUHUMAIOT 3a 06a3ucHoe?
+Cpe/iHee Ha yyaCTKe CeTH

JTMHEeHHOoe

¢dazHoe

JIeUCTBYHOLLIee

BepHbIii MOPAJOK MepPex0/ia HMEHOBAHHBIX COMPOTUB/IEHHH K OTHOCHTE/TbHBIM
0a3uCHBIM:

+BBIUMC/TUTH COTIPOTUB/IEHHE 3/ieMeHTa ceTd B OMax, MPUBECTH COMIPOTHB/IEHHE K
0a3rCHOMY HaIpsKEHHMIO TOUM CTYTIEHH, Ha KOTOPOUW PaCCUMTHIBAETCSI TOK KOPOTKOTO
3aMbIKaHUSI, OTHECTH COMPOTUBJIEHHE K 0a3UCHOMY COTIPOTHB/IEHUIO

BBIUMC/TUTH COTIPOTHB/IEHHE d/1eMeHTa ceTd B OMaX, OTHECTH COTNIPOTUBJIEHHE K
0a3uCHOMY COMPOTUBJIEHHUIO

BBIUMC/IUTH COMPOTHB/IEHNE d/ieMeHTa ceTd B OMax, TIPUBECTH COTIPOTHBIIEHHE K
6a3uCHOMY HarpsHKeHHUIO TOM CTYTIeH!

BBIUMC/IUTH COMPOTHB/IEHNE d/1eMeHTa ceTh B OMax

YeM pPyKOBO/JCTBYHTCS NPH BbIOOpe 0a3UCHOM MOIIHOCTH?
0a3ncHasi MOIIIHOCTb PaBHa MOLJHOCTU NOTpebuTeis
+6a3ucHasi MOIIHOCTb BbIOMPAeTCsl TPOM3BOJILHO

0a3ncHasi MOIIIHOCTb PaBHAa MOLHOCTU TpaHchopMmaTopa
0a3ucHast MOIIHOCTh Bcerzia paBHa 100 kBA

Kak paccuMThIBaTh TOK KOPOTKOIr0 3aMbIKaHHS, €C/IM OTHOCUTE/IbHOE PaCuéTHoe
COIIPOTHUBJ/IEHHUE MeHbIle TPéx?

+UCII0/Ib30BaTh MeTO/l pACYETHBIX KPUBBIX I'eHepaTopa, OTHOCUTe/bHY0 J/1C
reHepaTopa

o 3akoHam Kupxroda

10 3aKoHy Oma

BCe OTBeThbl BepHbI

M3 KaKuX CTafi COCTOMT NepPexoJHbIH MPoLecC NPH KOPOTKOM 3aMbIKaHUHU
BO/IM3U reHepaTopa?

+CBepXIIPOBOAHOU MPOLIeCC, CTaAUs 3aTyXaHUsl, YCTAHOBUBILUMICS PeXXUM
CBEpXIIPOBOJHOM IMPOLIECC, YCTAHOBUBILIMNCS PEXXUM



repexo/iHbIY MPOLeCC, CTajuvs 3aTyXaHUsl, YCTAHOBUBLLIWKCS PEXXUM
YCTaHOBUBLIUUCS PEXXUM, TTepeX0HbIN NPOLeCC, CTafus 3aTyXaHUsl, yCTaHOBUBLLINKCS
peXxum

KakoBo co0THOLIeHNe TOKOB B CBePXIPOBOJHOM pe)XXUMe, CTaAuM 3aTyXaHus,
yCTaHOBHMBLIEMCS pexume?

+Icpepx™ Lzaryx™> Iycranos

ICBer:I3aTyx:IyCTaHOB

ICBer>I3aTyx:IyCTaHOB

Lcpepx= IaaTyx> IyCTaHOB

KakoBo COOTHOILIIEHHE COTIPOTUB/IEHHI B CBEPXIPOBOJHOM pe)KuMe, CTafiuu
3aTyXaHHsl, yCTAHOBUBIIEMCS pexume?

ZCBer:Z3aTyx:ZyCTaHOB

+Z cpepx<Zsaryx<ZLycranos

L cpepx™ Lsaryx™> Lycranos

ZCBer:Z3aTyx:ZyCTaHOB

ITo TOKy Kakoro pe)xuMa KOpPOTKOr0 3aMbIKaHHsI BO/IM3HM reHepaTopa BbIOMPAloT
obopysoBaHue?

+CBEpXIIPOBOIHOTO

3aTyXaHUs

YCTaHOBUBIIIETOCS peXXMMa

HOMMHAJIBHOT'O PeXKUMa

ITo TOKYy Kakoro pe>xuMa KOpPOTKOro 3aMbIKaHHsI BO/IM3M reHepaTopa
000pyj0BaHMeE MPOBEPSIOT HA OTK/TIOUYAKIY0 CIIOCOOHOCTH?
CBEPXITPOBO/IHOTO

+3aTyxaHus

YCTaHOBUBIIIETOCS pEXXMMa

HOMMHA/IBHOT'O PeXKUMa

ITo TOKYy Kakoro pe)xuMa KOPOTKOro 3aMbIKaHHsA BO/IM3H reHepaTopa NpoBepsiioT
YyBCTBUTE/IbHOCTH Pe/IeMHOM 3alUThI?

CBEpXIIPOBOJHOIO

3aTyXaHus

+YyCTaHOBUBILETOCS peXKUMa

HOMHMHAJILHOTO pPe)Xruma

Kak B/usieT aBTOMaTHuecKoe pery/JiMpoBaHue Bo30yK/eHHUs reHepaTopa Ha TOK
o/mm3koro K3?

HUKAaK He B/IUSIeT

MTHOBEHHO yBe/IMUMBaeT Be/IMUMHY TOKa I1oc/ie Havana K3



+yBe/inurBaeT BeJMUnHY ToKa K3 uepe3 He6oJIbI1I0M POMEXKYTOK BpeMeHH TocJie
Hauasa K3
TOK He yBeJIMUMBAETCS, a HalpsbKeHWe CTabuIM3upyeTcst

YTo Npou30iAET C TOKOM KOPOTKOI'0 3aMbIKaHUsl, eC/Td 0a3MCHYH0 MOIIHOCTh
yBeau4uThb B 10 pas?

+yBesmuutca B 10 pas

yMeHbuTca B 10 pas

yBeJIMUUTCA B 2 pasa

He U3MEeHUTCS

YTo0 0oTpaXkaroT pacuéTHbIe KPpUBbIe reHeparopa?

3aBUCHMMOCTb TOKa KOPOTKOI'O 3aMbIKaHUA OT COTIPOTUBI/IEHUS O TOUKHA KOPOTKOTO
3aMbIKaHUSA

3aBUCUMOCTb MEPUOANYECKOM COCTABJISIOLIEN OT TOKa KOPOTKOIO 3aMbIKaHUS
+3aBUCMMOCTb TTePUOJUUYECKON COCTABJISIOLEN OT COMPOTUB/IEHUS 40 TOUKH KOPOTKOTO
3aMbIKaHUSA

3aBUCUMOCTD JIeMCTBYIOLLErO HaIpPsDKEHUs OT COMPOTUB/IEHUS

Kak Ha3bIBaeTcs CONPOTHB/IEHUE reHepaTopa B Haua/IbHbIM MOMEHT BpeMeHHU?
+CBepXIIPOBOJHOE COTPOTUBJIEHUE

repexo/iHOe CONPOTUB/IEHHE

HOMUHAJIbHOE COTPOTUBJ/IEHHE

CONPOTHBI/IEHUE KOPOTKOI'O 3aMbIKAHUS

Yto Takoe ABP u /11 uero ucnoJsib3yercs?

+aBTOMaTU4eCKoe BK/IKOUeHHe pe3epBa, /IS BK/IIOUeHUs pe3epBUPYIOLIUX JIMHUU
aBTOMaTHUUeCcKoe BK/IIOUeHHe peaKkTopa, A1 YMeHbllleHUs Toka K3
aBTOMaTHUUeCcKoe BK/II0UeHVe pa3pbiBa, /1 BK/IFOUeHUs JIUHU

aBTOMaTHyeCckoe BOCCTaHOBJIeHUe paboThl, /Jisi BK/IFOUeHUsT HECKOJTbKUX JIMHUN

B uéM coCcTOUT 0CO0eHHOCTh PacyéTa TOKOB KOPOTKOI0 3aMbIKaHUsA 0T HCTOYHHUKA
OrpaHMuYeHHOM MOIIHOCTH (TeHepaTopa)?

+He00X0MMO yUHThIBATh YMeHbllIeHHe HaTpsKeHUst

He00XO0JMMO yUWTHIBaTh YBeIMUeHre HarpsyKeHUst

Heo0XO0JMMO YUHTHIBaTh pe3Koe yBe/lnueHre HarpsbKeHust

0cobeHHOCTel HeT

Pacuet BejeTcsi 10 pacyeTHBIM KPUBBIM I'éHepaTOpPoOB B C/ly4yae, eC/Iu
OTHOCHTe/IbHOe PaCuéTHOe CONPOTHB/IeHHE:

Gosbliie TPEX

+MeHBlIIe TPEX

MEeHbIIIe BYX

MEeHbIIIe OHOI'0



Taouna 3 — Kpurepun orjeHKH ¢()OpMHPOBAHHOCTH KOMIIETeHI[HH

Koj 1 HauMeHOBaHue Kpurepuu orjeHrBaHusi CQOPMUPOBAHHOCTH KOMITeTEHLIUU
WH/IMKaTOopa JAOCTHKeHHUs (4acTv KOMIeTeHL1H)
KOMIIeTeHI U1 COOTBETCTBYET OL|eHKe «3auTeHO0»
(4acTv KOMIeTeHL1H) 50-100% oT MakcuManbHOTo 6asia

CTyZeHT NIpUHUMaeT aKTUBHOE yUacTHe B XOZie TIPOBeJeHUs
W-1nkoc-1 OCYIIECTB/ISIET | mpakTHuecKUX 3aHSTHM, IPaBU/IBHO OTBEYaeT Ha T0CTaB/IeHHbIe
MOHUTOPUHT TEXHAYECKOI'0 | BOIPOCHI, 3HaeT obIre CBe/leHHs O IepexoHbIX TpoLjeccax Mpu

COCTOSIHUSI 000PY/JOBaHUS Pa3/MUHBIX KOPOTKKX 3amMbiKaHusx (K3), cBob0JHO Mpon3BogUT
MOACTaHL[UN 37IeKTPUUYECKUX pacueTel K3 B OTHOCUTE/IbHBIX U UMEHOBAHHBIX €JUHULIAX; B
ceTteii OCHOBHOM, CI1I0COO€H OCYIL[eCTB/ISITh MOHUTOPHUHT TEXHUUECKOTO

COCTOSTHUSI 000pY/I0BaHUSI TIO/ICTAHIIMI 37IeKTPUUYECKUX ceTel

Moaynb 2. J/eKTpogjuHaMHUueckoe M TepMHueckoe JeliCTBHeé TOKOB
KOPOTKOI0 3aMbIKaHUS

Bonpocbl 011 cobecedosaHus

1. Kak BbIUMC/IWTH COINPOTMBJ/IEHUE JIMHUM 3JIeKTporepeZiaud B KWMEHOBaHHbIX

eUHULIaX?

7151 yero UCMob3yrOTCs 0a3uCHbIe BeJIMUUHBI TOKOB U HaMPSHKEHUM?

YTo Ha3bIBaeTCA KCTOUHUKOM HEOTPaHWUUEeHHOW MOLLHOCTHU?

[Touemy BenmurHy 6a3UCHOM MOIIHOCTH BbIOMPAIOT MPOU3BOJIBHO?

OnuiliMTe METOJUKY pacueTa TOKOB KODOTKOTO 3aMblKaHHsi B 0a3uCHBIX

e/IMH1LIaX.

YTo mpoun30iiieT C TOKOM KOPOTKOTO 3aMbIKaHUs, ec/id 0a3uCHYI MOIHOCThb

yBeInuuTh B 10 pas?

7. B ueM BbIpa)kaeTcsi 5JIEKTPOAVMHAaMHUYeCKOe [elCTBMe TOKAa KOPOTKOr'O
3aMbIKaHUA?

8. B uem o0nacHOCTb Ype3MepHOro 3J/IEKTPOAWHAMMUYECKOTO [JeWCTBUS TOKa
KOPOTKOI'O 3aMbIKaHUA?

9. IlpuBeguTe nprMep pacueToB 3/I€KTPOAMHAMUYECKOTO JeUCTBUS TOKA KOPOTKOTO
3aMbIKaHUS.

10.3apucylite HaripaB/eHHWe CWJ, BO3JEMCTBYIOLIMX HAa MPOBOJAHUK C TOKOM,
HaxOJAIIUMCA B MATHUTHOM TI0JIe.

11.Kak npoBepuTh Ha CXBaTbIBaHWe MIPOBOJA JIMHUU 3J1eKTpoIiepesauu?

12.1Ipu KakKOM BHZle KOPOTKOI'O 3aMbIKaHWs IPOBepAOTCS NpoBoAHUKU JIDIT Ha
CxJjiecTbiBaHUe?

13.Kak yMeHbLIUTh 3/IeKTPOJWHAMUYECKUe CWIbI, JeUCTBYIOLVMe Ha MPOBOJHUKHU
TP KOPDOTKOM 3aMbIKaHUN?

14.B pe3ynbTaTe yero OKa3bIBAaeTCS 3HAUMUTE/IbHOE TEPMHUUECKOe BO3JEeHCTBHE Ha
TPOBOJHUKH U arrapar?

15.B ueMm OmnacHOCTb [JIUTE/ILHOTO TePMHUUYECKOrO BO3JeUCTBHS Ha MPOBOJHUKHU U
arraparsi?

16.Kakum o6pa3oMm 006e30MacuTh TMPOBOJHUKA U ammapaTbl OT JJUTeTbHOTO
TePMUYECKOr0 BO3/IeUCTBUSA TOKA?

17.Kak HauTH TeMmrepaTtypy NPOBOJHUKA IPU [JIATEJbHOM [POTEKAaHUM TOKa

kW

o




KOPOTKOI'O 3aMbIKaHUA?
18.YTo0 nokasbiBaeT TemrnepaTypHbId KO3(PULMEHT COTTPOTUBIIEHUS?
19.YT0 nokassiBaeT NOCTOSIHHAsA BpeMeHU Harpesa?
20.YTt0 03HayaeT TepMUH «aiiabaTHUeCKUM ITPOIecc»?

TectupoBanue (TCk, TCn)

Bbibepume 00uH npasu/bHblll 8ApUaHm omeema
dopmy.ia /i HAX0XK/AeHHsSI MAaKCUMa/IbHOW CWIbI, BO3AeCTBYIOLLEH Ha
npoBoAHUK npu K3:
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Ilo KaKkoMy NpaBUIIy onpeie/isieTcsl HallpaBJjieHue CUbl, AeMCTBYIOILEN Ha
NPOBOJHUK B MAarHUTHOM 110/1e?

T10 TIPaBUJLy [PaBOU PYKU

10 rpaBm1y OypaBuvKa

+T10 TIPaBUJIy JIEBOU PYKU

o 3akoHam Kupxroda

Kak Ha3bIBaeTcsi cuJia, AeCTBYHOIIasi HA MPOBOAHMK C TOKOM B MarHMTHOM 1ojie?
+cuna Amrepa

cuiia JIopeHca

cuia BosbTa

cuiia HeroToHa

Y c/10BHe BO3HUKHOBEHHs CHIIbI, BO3/ieliCTBYIOLIel Ha MPOBO/] B MAarHUTHOM I0JIe:
+Ha/Mure ToKa B TIPOBOjie

Ha/Muue U30JISIUHU IPOBO/ia

Ha/JMuKMe CTaTbHOW XKU/IbI B TIPOBO/IE

pacierieHHas (pa3a

ITo KaKkoMy NpaBUIIy onpejie/isieTcs HalpaBjieHHue MarHUTHBIX JIMHUU?
+ 10 TIpaBWIy TpaBoii pyku (6ypaBuMKa)

TI0 TIPaBUJLY JIEBOU PYKU

o 3akoHam Kupxroda

HarpaBJ/ieHWe MarHUTHBIX JIMHUM COBIaZiaeT C HallpaB/ieHWeM TOKa



B03M0)XXHOCTH CXJIeCTbIBaHUS MIPOBO/IOB 3aBHCHUT OT:

TOKa Harpy3Ku

Ko3(pduirieHTa MOIIIHOCTU

+ JIMHBI OJJHOTO TIPOJIeTa, OT Beca MPOBOJa, OT BeJIMYMHbI JUHAMHAYECKUX CUJT ITPU
KOPOTKOM 3aMbIKaHHUH

rabapurta TMHUA

YeM omacHbI CBepXAOIyCTUMBIe AUHAMUUYecKHe cubl ipu K3?
BO3MO>XHO HarpeBaHHe MPOBO/I0B

+BO3MOXKHO CXJ/IECThIBaHKE MMPOBO/IOB, Pa3pylleHre [IIMH Ha MO/ CTaHL[U1
BO3MO>KHO M0siB/ieHHe 3 dekTa Bubparum

BO3MOXKHO MOsiB/ieHHe 3((eKTa MIsICKHA NTPOBO/I0B

Kak npoBepuTb BO3MO)XHOCTh CXJIECThIBAHUA MPOBOJA JIUHHUH d/IeKTponepeaaun?
+CpaBHUTL HEOOXO0IMMOe yCUIIHe /ISl CXJIeCThIBAHUS C MaKCUMa/IbHO BO3MOXXHBIM
CPaBHUTb TOK KOPOTKOT'O 3aMbIKaHWsI B KOHKPETHOM TOYKE C MaKCHMabHO BO3MOXXHBIM
CPaBHUTB [IOMYCTUMOE HarpsiKeHrWe B MaTepuasie C MaKCMMa/IbHO BO3MOXXHBIM
CPaBHUTB [IOMYCTUMOE HarpsiKeHre B MaTepuasie C MUHUMalbHO BO3MO>KHBIM

Kak npoBepuTh IIUHBI NOJCTAHLMHA HA BO3MOXXHOCTb pa3pyuenus npu K3?
CPaBHUTH HEOOXOIMMOe YCU/IHe /ISl CX/IeCThIBAHUS C MaKCHUMaJ/TbHO BO3MO>KHBIM
CpPaBHUTb TOK KOPOTKOTr'O 3aMbIKaHWsI B KOHKDETHOM TOUYKE C MaKCUMaJlbHO BO3MO>XHBIM
+CpaBHUTH JOMYCTUMOE HallpsyKeHUe B MaTepurasie IKMHbl C MaKCUMalbHO BO3MOXKHBIM
CpPaBHUTb JOIyCTUMOe Harlpsi>KeHre B MaTepuasie C MUHUMa/IbHO BO3MOXXHBIM

dDopmyJia /i pacueTa HaNpsHKeHUsA B MaTepyasie IUHbIL:
L
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IIpu KakoM BH/ie KOPOTKOI'0 3aMbIKAaHM IIPOBePATCA IPoBoAHUKHY JIDII
Ha CXJIéCTbIBaHUe?

+Tpex(a3HOM 3aMbIKaHHUH

JBYyX(a3HOM 3aMbIKaHUU

0/IHO(pa3HOM 3aMbIKaHUU

JIBOMHOM 3aMbIKaHUH Ha 3eMJII0

Kak 0yayT BecTH ce0s1 mapa/iie/ibHbIe IPOBOJHUKHY, €C/IH 110 HUM MPOTeKaeT TOK B
0/{HOM HaIIpaB/IeHUH?

+0yIyT OTTaNKHUBaThCS

OyAyT NIPUTSATUBATHCS



OCTaHyTCS1 HETIO/IBU>KHBIMHU
OJJMH OCTaHeTCsl Ha MecTe, Ipyroi OyJeT OTTa/IKUBaThCS

Kak 0yayT BecTH cedsi mapa/uie/ibHbIe POBOJHIUKH, €C/IM [0 HUM MPOTeKaeT TOK B
pa3HBIX HanpaB/eHUAX?

OyAyT OTTa/IKUBAThCS

+OyayT NIPUTATUBATHCS

OCTaHYTCS HEeIOABUKHBIMU

OJJMH OCTaHeTCsl Ha MecCTe, Ipyroi OyeT OTTa/IKUBaThCs

C Kakou 1e/lbI0 Onpejie/IAITCA AUHAMUYeCKHe CUIbl IPU KOPOTKOM 3aMbIKaHUU?
+ 717151 IPOBEPKY BbIOpAaHHBIX arrapaToB T0 YCIOBUSIM AMHAMHYECKOW YCTOMUMBOCTU
JI71s1 TIPOBEPKY BLIOPAHHBIX amrapaToB I10 YCJIOBUSIM TeEPMHUYECKOM CTOMKOCTH

[/ CTaTUCTUKU

BCE OTBETHI BEPHBI

Kakas muHa nojBepraercsi HaubobileMy AHHAMHUECKOMY BO3/ieiiCTBHIO TIPH
rOPH30HTA/ILHOM PacCIl0/I0)KeHUH IIHH?

+cpenHss

KpauHsis jeBas

KpauHss rpaBast

BepPXHSA

Cx/iecTbIBaHMe NPOBO/I0OB ONpee/isiioT AJIfA A/IUHbI:
BCEeU JIMHUU

OJIHOTO KMUJIOMeTpa

JIBYX MPOJIETOB

+0HOTO MpoJieTa

BepHasi KapTuHa AUHAMHAYECKHUX CHJI

tJ (5]
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npu Tpex(a3HOM KOPOTKOM 3aMbIKaHUM:
+1

2

3

4

ITIpu K3 npoBopj HarpeBaeTrcsl BCIeACTBHE:
+rpoTrekaHus Toka K3



IpOTeKaHWs TOKa Harpy3Ku
pe3Koro Uu3MeHeHUs TOKa
ObicTporo oTKIHOYeHUs Toka K3

KakoBbI IoC/1eACTBHS AJIUTE/ILHOT0 MPOTeKaHUsl aBaAPUMHOI0 TOKA 10 NpoBojam?
BO3HUKaeT BUOpal[usi TPOBO/IOB

BO3HHMKaeT I/IsICKa IPOBO/I0B

+BO3MO>KHO BO3ropaHue HU30J/IHuHU

BCE OTBEThI BEPHbI

C kakoii 1je/1bI0 onpe/ie/iseTcs TepMUuyecKoe Bo3aeicTtBrue Toka K3?
+ 717151 IPOBEPKY TIPOBO/IOB HAa TEPMUYECKYIO0 YCTOUUNBOCTD

JI71s1 TIPOBEPKH TIPOBO/IOB Ha AMHAMUYECKYI0 YCTOMYHUBOCTh

J7IST CTAaTUCTUKHU

BCE OTBEThI BEPHbI

YTo Takoe NOCTOSAHHAsA BpeMeHHU HarpeBa?

BpeMs1 HarpeBa MPOBO/ia TOKAMU KOPOTKOT'O 3aMbIKaHUS

BpeMs1 KOPOTKOT'O 3aMbIKaHHs

+BpeMsl, 3a KOTOpOe HarpeeTcs TeJo /10 YCTaHOBUBILIEHCSl TemMIiepaTyphbl, 6e3
BbI/le/IeHUs] TeIl/la B OKPYJKaroLyl0 Cpefy

BpeMsI HarpeBa U OCTbIBaHMS alllapaToB IMPYU KOPOTKUX 3aMbIKaHUSIX

ITouemy xapakTep HarpeBa npoBo/ioB npu K3 cuntarT ajuadbarnueckum?
+IPOBO/Ia HEe yCIeBatOT HAarpeThCs A0 YCTAHOBUBILIEKCS TeMIIepaTypbl OT MOMEHTA
Hauvasia K3 1 MOMeHTa ero OTK/IHOUeHH s

MPOBO/A YCIIeBalOT HarpeThCs [J0 yCTaHOBUBLIEMCS TeMITepaTypbl OT MOMEHTa Hauasia
K3 1 MOMeHTa ero OTK/JIt0UeHUs

MPOBO/a He YCIEeBaKT HAarpeThCsl U OXJIaJUTHCS 10 YCTAHOBUBILIENCS TEMITepaTyphbl OT
MOMeHTa Havaja K3 1 MOMeHTa ero OTK/IF0UeHUs

MPOBO/a YCIIeBalOT HarpeThbCs U OXJaJUThCS 0 YCTaHOBUBLLIEKCS] TeMIepPaTyphl OT
MOMeHTa Havaja K3 1 MoOMeHTa ero OTK/IF0UeHUs

YpaBHeHue Ten1080ro 6aaanca MpoBOJHUKA:
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dopmy.ia /I onpe/ie/ieHUsI U3MeHeHUs TeMIlepaTypbl IPOBOJHUKA IPU Harpese:
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dopmy.ia /I onpe/ie/ieHUs1 U3MEeHeHUs TeMIlepaTypbl NPOBOAHUKA NPH

OCTbIBAHHUM:

dQBg =dQ gy +dQ pe
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Ilpu KakoM yC/1I0BUM KOMMYTAllMOHHBIH annapaT CYUTaeTCsl TepMHUUYeCKU

yCTOMYUBBIM?

+(kTEP[H )thEP 2 [12(3 (tO.B. Tip +TA)

dQBﬂ =dQpy; +dQpc

Temmneparypa — 3T0:

+Mepa CpeJjHel KUHeTUYeCKOW SHepruu Tesa

Harpes TeJa

HarpeB U OXJ/IaXKJAeHHe Tejld

CTeleHb HarpeBda

Taouna 4 — Kputepun orjeHKH ¢()OpMHPOBAHHOCTH KOMIIETeHI{HH

KO,E[ 1 HaMMeHOBdHHle

NHAWKATOPA OOCTH>XXEHUSA

KOMIIeTeHI U1
(4acTv KOMIeTeHL1H)

Kputepuu onjeHBaHus CQOPMUPOBAHHOCTH KOMIIETEHLIUU
(yacTu KOMIETEeHLIMH)

COOTBETCTBYET OLIEHKe «3auTeHO»
50-100% oT MakCcuMasbHOro Oasnia

NO-1nkoc-1 OcyiectsisieT
MOHUTOPHUHT TEXHUUECKOT'0
COCTOsIHUSI 000PYZI0BaHUsT
TMO/ICTAaHL[UH 2/IeKTPUUeCKUX
ceTei

CTyZeHT NpUHUMaeT aKTHBHOe yJacTUe B XO7ie POBeJeHusI
MpaKTUUeCKUX 3aHSTUH, TTPAaBU/IbHO OTBeuaeT Ha MOCTaB/IeHHbIe
BOIPOCHI, 3HaeT 001ye cBeZieHust 00 31eKmpoOUHAMUUECKOM U

mepmMuyeckom delicmaue Mmokoe KOpOmMKO20 3aMbIKAHUS1; B
OCHOBHOM, CITOCO0€H OCYIIeCTB/ISAThE MOHUTOPHUHT TEXHUUECKOTO
COCTOSTHUSI 000pY/I0BaHUSI TIO/ICTAHIMNA 37IeKTPUUYECKUX CeTei




Mopayasb 3. Teopusi CHMMETPUYHBIX COCTAB/IAIIUX

Bonpocbl 01 cobecedosaHus

1. B uem 3aknroyaercsi 0COOEHHOCTb pPAacueTOB HECUMMETPUYHBIX PEXUMOB C
TIpUMEHeHUeM TeOPUM CUMMEeTPUUHBIX COCTAaBJ/ISIOLINX?

2. 3anuvinuTe ypaBHEHUSs [isl OMpeJesieHHsi COCTaB/SIFOIIMX TPsSMOM, 0OpaTHOM,
HYJIeBOU M0C/IeJ0BaTe/IbHOCTeN HaTlPsKeHNUs.

3. IlosicHuTe pacyeT HECMMMETPDUUHBIX PpEXHMOB Ha TIpUMepe OJHO(a3HOro
KOPOTKOI'O 3aMbIKaHMUS.

4. 3anuiuvTte (OpMysbl [Is1 OMpeJiesieHHs COCTaBJISIIOIIMX TIPSIMOM, OOpaTHOWM,
HYJIeBOU M0CJIe0BaTeIbHOCTEN TOKa.

5. 3anumwmre GOPMYJIbI sl OTpefie/ieHHs COCTaB/ISAIOIMIUX TPsSMOM, 00paTHOM,
HYyJIeBOU nociesoBaTesbHOCTeN S/C.

6. 3amummmTe GopMysbl s OTNpefeieHus] COMPOTUBIEHUM TpsMOiM oOpaTHOW U
HYJIEBOU MOCJ/Ie0BaTe/IbHOCTEN TMHUM 3eKTporiepesaun 0,38 kB.

7. 3anmmure (HopMyJibl [/ OIpejie/ieHHsl COTPOTHB/IEHUN MpsSIMON 0OpaTHOW U
HyJIeBOM MOC/ie/loBaTeibHOCTeM TpaHchopmaropa 10/0,4.

8. 3amummmTe GopMynbl s OTNpefeeHus] COMPOTUBIEHUM TpsMOiM oOpaTHOW U
HYJIEBOW MOCJ/IeJ0OBaTe/IbHOCTEN peakTopa.

9. B kakOM Kjacce ceTel 3aMblKaHUMe Ha 3eMJ/II0 He SBJIIeTCsl aBapUMHBIM
pexuMoM?

10.3apucyliTe KOHTYp MPOTeKaHWs TOKA 3aMbIKaHUs Ha 3emsIto B cety 10 kB.

11.YTo MpOUCXOAMUT C HampsHKEHUEM HEMOBPEXAEHHbIX (a3 OTHOCHUTETBHO 3eMJIU
T1pY 3aMbIKaHWU Ha 3eM/1t0 B ceTd 10 KB?

12.Kak onpefiemuTh TOK 3aMbIKaHUSI Ha 3eMJTH0, UCXO/Isl U3 BEKTOPHOM AMarpaMMbl?

13.Kak BBIYMC/IWUTH TOKW 3aMblKaHUs Ha 3emiit0 B BJI, ucnonb3ys mpubIKeHHbIN
MeToJ, pacuera?

14.Kak BbIYMC/IUTb TOKH 3aMbIKaHHKs Ha 3em/it0 B BJI?

15.MosHo /i1 pukacaTthcs K oropam 10 u 35 kB?

16.Kak BBIYMCIUTH TOK 3aMblkaHus Ha 3emm0 B KJI, ucrnosnb3ys mpubmvKeHHbIN
MeToJ, pacuera?

TectupoBanue (TCk, TCn)

Bbibepume 00uH npasu/bHbIll 6ApUaHmM omeema

IIpu MOMOIM KAaKMX CHMMETPHYHBIX COCTAB/ISIOIUX MO)KHO OMMUCATH JII000#
HeCUMMEeTPUYHBIN PeXum?

COCTaBJISIOIIUX TIPSIMOM, 00paTHOM TT0C/IeJOBaTeTbHOCTEN

+COCTaB/ISIOIIMX MPSIMOM, 00paTHOM, HY/IeBOH TT0C/IeJOBaTeTbHOCTEN
COCTaBJISIOIIUX MPSIMOM MOC/Ie[j0BaTe/IbHOCTH

COCTaBJISIIOIIUX HYJIEBOU MOCe10BaTe/IbHOCTH

BekTopbI NpAMOii MOC/1eA0BaTe/IbHOCTH:
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BeKTophI Hy/IEBOH M0C/IeJ0BaTe/ILHOCTH:
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Yemy paBeH omneparop nosopora?
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Kak usmensrcs Hanpsokenus (a3 B u C npu 3ambikanuM a3sl A
Ha PEN npoBoauuk?

+yBe/IM4aTCcs

YMEHbIIIaTCs

OCTaHYTCS MPeXHUMU

CHauasia yBeJMyaTcs, 3aTeM YMeHbIIaTCs

M3 KaKMX CHMMeTPHYHBIX COCTAB/ISIIOIINX COCTOMT TOK ojHo¢a3Horo K3 nmo
TeOPHUH CHMMEeTPHUYHBIX COCTAB/IAIOLIUX?

+U13 COCTaBJ/IAIOLUX HY/IeBOU 110C/1el0BaTe/IbHOCTH

13 COCTaBJ/IAIOLMX [IPSMOU I10C/Iel0BaTe/IbHOCTU

13 COCTaBJISIIOLIMX 00paTHOM MOC/e/j0BaTe/IbHOCTU

13 COCTaB/IAIOLMX BCeX I10C/1e/i0BaTe/IbHOCTeN

Kak u3MeHsieTcs HanpsHKeHue MPAMOU MoC/ie0BaTe/IbHOCTH NPU y/Aa/IeHUH
OT UCTOYHHMKA NMUTAHMSA Npu ojHOo(a3HoM K3?

yBe/IMuMBaeTCs

+yMeHbLlIaeTCs

OCTaeTCsl NpeXHUM

CHayvasa yBeJMunBaeTCs, 3aTeM YMeHbIIIaeTCs

Kak m3MeHsieTcs1 HanpshKeHne 00paTHO Moc/ief0BaTe/IbHOCTH MPU NPUO/IMKeHUu!
K MCTOUHUKY NUTaHusA npu oguogassom K3 ?

+yBe/IMuMBaeTCs

yMeHbLIaeTCs

OCTaeTCsl NpeXHUM

CHayvasa yBeJMunBaeTCs, 3aTeM YMeHbIIaeTCs

Kak m3MeHsieTcs1 HanpshKeHHe Hy/1eBOH 10c/1e/[0BaTe/IbHOCTH NP NPHO/IVDKeHHH
K MCTOUHUKY NUTaHusA npu oguogasnom K3 ?

+yBe/IMuMBaeTCs

yMeHbLIaeTCst

OCTaeTCsl NpeXHUM

CHayvasa yBeJMunBaeTCs, 3aTeM YMeHbIIIaeTCs

B yeM 3ak/1r0uaeTcs onacHocThb ogHo(gasHoro K3 B ceTH ¢ n30/11MpoBaHHOM
HEUTPaJIbio?

+CJ/I0’KHOCTBIO BBISIB/IEHUS

CO3/jaHHeM MaKCUMaJ/IbHbIX JUHAMUYECKUX YCUTUN

3HAUWTe/IbHbIM U3MEeHeHHeM Iepe/jaBaeMo MOLTHOCTH

3HAUWTEe/IbHbIM U3MEeHEeHNeM YaCTOThI

Kak paccunTarh CONPOTUB/IeHNE NeT/IM (Pa3HbIU-HY/1€BOM NIPOBOA?
2 2
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YacTtp HelTpasied TpaHchopmaTopoB B ceTsix 110 kB u BbilIe coeJUHSIOT
C 3eMJ16{ Yepe3 pa3pAgHUK JIs:

Jy4llIero 3a3emyeHust

+3allXThI OT NepeHanpsKeHUs

TIpe/J0TBpallleHHst Hero/IHO(a3HbIX PeKUMOB PabOThI

COrJIacOBaHUsI pe)KMMOB paboThl CeTH

Kak M3MeHHTCSl MOLIIHOCTH TPEx()a3HOro HarpeBaTeJis IPH 00pbIBe IMHEHHOT 0
nposoja?

YBeJTUUUTCS

+YMEHBLIUTCS

OCTaHeTCs NpeXKHen

CHayvasa yBeJMUUTCS, 3aTeM YMEeHBLIUTCS

Kak u3MeHHTCsI MOMEHT Ha Ba/ly aCHHXPOHHOTI'0 Y/IEKTPO/IBUTaTe/Isi PH 00phIBe
JINHENHOTro MpoBoja?

yBeTUUUTCS

+yMeHBIIUTCS

OCTaHeTCsI TPeXKHUM

CHayvasia yBeJIMUUTCS, 3aTeM YMEeHBIITUTCS

ITouemy conpoTuB/eHHe TPaHCc(opMmaTopa, TOK y ogHodasHoro K3 6osibiie, uem
TOK y Tpex¢asHoro K3?

+1py 0IHO(a3HOM 3aMbIKaHUM MarHUTHBIM TIOTOK 3aMbIKaeTCsl uepe3 Mac/io U 6ak
TpaHcdopMaTopa

npu 0iHO(a3HOM 3aMbIKaHUM 3/IEKTPUUECKHI TOK 3aMbIKaeTCsl yepe3 Macjo 1 6ak
TpaHcdopMaTopa

npu oiHO(a3HOM 3aMbIKaHUM TOK TIpOTeKaeT 1o BceM (a3am

npu oiHO(a3HOM 3aMbIKaHUM TOK TIPOTeKaeT TOBLKO 10 ABYM (ha3am TpaHcpopmaTopa

Toku npsiMoOH MOC/Ie/J0BaTe/IbHOCTH NMPOTeKaloT noj Aeiicteuem J/[C:
+TIPSIMOU T0C/1e[J0BaTe/IbHOCTH

obOpaTHOM T0C/Ie/10BaTe/TbHOCTH

HYJIeBOU M0CJIe/J0BaTe/IbHOCTU

TIpsiMOl M 06paTHOM Toc/iejoBaTeTIbHOCTe!

Toku 00paTHO# MOC/IeJ0BaTe/TbHOCTH MPOTEKAOT MoA AeiictBuem J/IC:
TNIPSIMOM T0C/1eZJ0BaTeIbHOCTH
+006paTHOM MoCe0BaTe/IbHOCTH



HYJIeBOM I10C/1e/J0BaTe/IbHOCTU
TIpsiMOi M 06paTHOM 1oc/iejoBaTeTIbHOCTeN

Toxu Hy/IeBOU MOC/Iel0BaTe/IbHOCTH NMPOTeKaloT noj Aeiicteuem J/[C:
NIPSIMOM T10C/1eZJ0BaTeIbHOCTH

obOpaTHOM T10C/Ie/I0BaTe/TbHOCTH

+HYyJIeBOM T0CJ/1el0BaTeIbHOCTH

TIpsiMOi M 06paTHOM Toc/iejoBaTeTIbHOCTeN

Yemy paBHo conipoTruBienue JIJII 0,38 kB Tokam npsimoii, 00paTHOil U HY/1IeBOH
nmoc/iei0BaTe/IbHOCTeN?

L2 =2y Z,= \1R02+ Xf))L,; Zy=Z,+3Z,

Z,=2,=2,
22,=2,=2,
Z,=2Z,=2Z7,

YemMy paBHO CONIPOTHBI/IeHHe TPaHC(opMaTopa TOKaM NpsAMoOM U 00paTHOM
moc/ieioBaTe/IbHOCTeN?

Z,=272,=2,;,2,=7,

2,=72,~7;;Z,~0

+2,=2,=2;

27,=22,=72,;,Z,=27,

Bbak Tpancdopmaropa npu oguodasnom K3 pasorpeBaercs 3a cuer:
TOKOB HYJIeBOM I10C/Ie/|0BaTe/IbHOCTU

MarHWTHBIX [TOTOKOB IIPSIMOM T1OC/1eZ,0BaTe/IbHOCTH

MarHUTHBIX TTIOTOKOB 0OPATHOM Moc/ieJoBaTe/IbHOCTH

+MarHUTHBIX TTOTOKOB HYJIeBOM I1OC/Ie[0BaTeIbHOCTH

Kak onpejenuTs conpoTuB/ieHue TpaHcGopMaTopa TOKaM Hy/ieBOM
noc/1e{0BaTe/IbHOCTU?

13 OITbITA X0JIOCTOT'O X0/Ia

+U13 OIbITa KOPOTKOTO 3aMbIKaHUSI

W3MepUTh TOK TP HOMUHAJ/ILHOMN Harpy3Ke

W3MepUTh TOK TP MUHUMAaIbHOW Harpy3Ke

Ykaxure, Kak B 00111eM c/Iydyae pacCUYUTaTh COCTAaB/IAIOIHE PAMOM

nmoc/j1e0oBaTe/IbHOCTHU:

AO=%(A+B+C)

+A1=%(A+Ba+Ca2)

A2 =§(A+Ba2 +Ca)



A3=(4+Ba’ +Ca)

YKaKkuTe, KakK B 0011[eM C/Tyyae PacCYUTaTh COCTABJISIONHE 00pPaTHOM
M0C/IeJ0BaTe/IbHOCTHU:

A0 = %(A+B+C).
Al Z%(A+Ba+Ca2).

42 = L4+ Ba*+Ca).
2473

A3 =(4+Ba’*+Ca).

Ykaxure, Kak B 0011ieM c/Iydae PacCUYUTATh COCTABJISIOLINE HY/1eBOM
1oC/ie0BaTe/IbHOCTHU:

A0 = l(A+B+C).
N 3
Al Z%(A+Ba+Ca2).

A2 Z%(A+Ba2+Ca).

A3 =(4+Ba’*+Ca).

B kakoMm Kjacce ceTed 3aMmbiKaHue Ha 3emu1i0 HE siBiisieTcs1 aBapuiiHbIM
pexxumMom?

+35/10 kB

110 B

500/0,4 kB

35/10 B

B ceTsx ¢ M30/IMPOBAaHHOM HEMTPaA/IbI0 BO3HUKAKT C/1eAyI0lde BU/bl aBapUNHBIX
PEeKHMOB:

+3aMbIKaHHe Ha 3eM/Ii0; AByX(a3Hble K.3.; 3-X (ha3Hoe K.3.; 00pbIB (ha3bl

3aMbIKaHMe Ha 3eMJTI0; AByX(da3Hble K.3.; 3-X (a3Hoe K.3.; 00pbIB (ha3bl; ofHOda3HbIe
3aMbIKaHUS

3aMbIKaHUe Ha 3eM/T0; 3-X da3Hoe K.3.; 00pbiB (pa3bl, offHO(a3HbIE 3aMbIKaHUS
3aMbIKaHHe Ha 3eMJIt0; IByX(a3Hbie K.3.; 3-X (a3Hoe K.3.; ofHO(a3Hble 3aMbIKaHUSsI

YTo NpoucxouT C HanpsHKeHueM HelmoBpeXXAeHHbIX (pa3 0THOCUTE/ILHO 3eMJIH
IIpY 3aMbIKaHUH Ha 3eMJ/II0 B cetu 10 KB?

+yBe/IMuMBaeTCs

yMeHbLIaeTCs

OCTaeTCsl MPeXHUM

CHayvasa yBeJMunBaeTCs, 3aTeM YMeHbIIIaeTCs

EMKocTh MeXxay (pa3zamMu v 3eM/1éH 3aBHCHT OT:
TpaHcdopMaTopa



HarpyskKu
+paccTosiHUg MexXy (a3amMu U 3eMJIEU, JIMHbI TUHUU
MapKH NpoBOJa

Ykaxure ¢opMyJ1y /I pacuera TOKa KOPOTKOIo 3aMbIKaHUs Ha 3eMu10 Ay BJI ¢
H30/IMPOBAHHON HeHUTpa/IbIo PH Be/leHNH NPUO/IKEHHBIX PaCcyeToB:

7 = U ,kB[L,km
+ @ 350
_ U,kB[L,km
IK3_ T
10

Z,=22,=2,,Z~7,
2,=72,~7;2,~0

Ykaxurte opMyJ1y Ajisi pacueTa TOKa KOPOTKOro 3aMblKaHus Ha 3emutio s KJT ¢
H30/IMPOBAHHOI HeHUTpa/IbIo PH Be/leHNH NPUO/IKEHHBIX PaCcyeToB:
Z,=22,=2,,Z~7,

2,=72,~7;2,~0

I = U,kB[L,km
+ K3 10
7 = U ,kB[L,km
@ 350

Mo>xHo /11 IpUKacaTbca K onopam jimauu 10 u 35 kB?
+HeT, OMOPbl MOTYT OBITh T10/] HATIPsPKeHHUEM

na

TOJIBKO ThIIBHOW CTOPOHOU PYKU

TOJIBKO JIa/IOHBIO

Kak Ha noaCTaHiuy onpe/e/Al0T Ha/IMu¥e KOPOTKOro 3aMbIKaHUA Ha 3eMJII0?
+T10 Ha/IMUMIO HaTPSPKeHHUsI Ha BTOPUUHOM 0O0MOTKe TpaHCopmMaTopa HarpsiKeHuUs,
COeJUHEHHOM B Pa30MKHYTBIM TPeyrOJIbHUK

V3MepSIIOT HarpsUKeHWe MexXay azaMu U 3emiien

TIPU MIOMOILY CUJIOBBIX TPaHC(HOPMAaTOPOB

10 U3MEHEHHIO TOKa

KakoBbI Noc/1eACTBHSI KOPOTKOI'0 3aMbIKaHMsI Ha 3eMJII0 B CeTAX C
H30/IMPOBAaHHOM HEMTPa/IbIo?

+BbICbIXaHUe TPYHTA M0/ OMIOPOM, pa3pylleHre OMOpEI

roBpexx/ieHre 000pyi0BaHus B pe3yJibTaTe TOKOBBIX Tleperpy3ok

BBIXO/] U3 CTPOs Tpexda3HbIX MoTpeduTesneit

TIpeBbIllIeHKe [I0MyCTUMOM TOKOBOM Harpy3Ku MpOBO/IOB U 000py/[0BaHMS

Kak cCHU3UTBh TOK 3aMbIKaHHMS Ha 3eMJII0?
YCTaHOBUTb KOPOTKO3aMbIKaTe/I1
ycraHoBuTh AIIB



+YCTaHOBUTL PEAKTOPhI
yCTaHOBUTh TpaHCHOpMaTOphI 60JIbIIIel MOILIHOCTU

CeTH KakHX K/1aCCOB HanpshKeHUs IKCIIyaTHPYIOTCS C U30/IMPOBaHHOM
HEeUTPaJIbio?

0,38

+35/10

110/10

500/35

YTo nmoHUMaeTcs MoJi eMKOCTHOU MPOBOANMOCTBIO?
BK/IFOUEHHe KOH/IeHCAaTOPOB Ha JIMHeHOe HarpsihkeHue
BKJ/IFOUEHMe KOH/IeHCaTOPOB Ha (pa3Hoe HamnpsKeHUe
BKJ/IFOUEeHMEe KOH/IeHCaTOPOB K OJHOU (pa3e U 3emiie
+eMKOCTb, 06pa3oBaHHasi IPOBO/IaMH JIMHUU U 3eMJIeit

Kakoi xapakTep MeeT TOK 3aMbIKaHUA Ha 3eMJII0 B CeTSIX C M30/IMPOBAaHHOU
HEeUTPaJIbio?

aKTUBHBIU

ariepuouueCKun

+ eMKOCTHOU

VH/1YKTHUBHbBIN

Kakum 00pa3om ocyIiecTB/IseTCsl KOMIIeHCAI[Usi eMKOCTHOT0 TOKA 3aMbIKaHUS Ha
3eMUII0?

BK/IFOUEHHEM Pe3UCTOpa B HeWTpasib UCTOYHUKA MTUTaHUS

+BK/IFOU€HHEeM UHAYKTUBHOCTU B HEMTpasib UCTOYHUKA [TUTAHUS

BK/IFOUEHHMEM eMKOCTH B HeMTpalb UCTOUHMKA [MTUTaHUS

pas3eM/ieHreM HeuTpaiu

Ykaxure BepHOe OTHOLIeHHEe Mexx/Jy R u X /il MOIHBIX CH/IOBBIX
TpaHc(opmMaTopoB:

R>>X

+R << X

R=X

R=2X

IIpu K3 B Tpancdopmarope no ero 00MoTKaM MpoTeKa0T:

repyuoAruecKas U arepruoguyeckas CocTasJsistoliue Toka K3

riepexo/Has ¥ CBepXIiepexo/Has arepuojuyeckue cocrasistoLe Toka K3
repexo/jHas U CBepxIiepexo/Has lepuojguyeckue cocrasistoue Toka K3
+Iepexo/Has arnepuojuyeckasi, CBepxrepexoHas arepuoauyeckas v rnepuoauyeckas
cocrasJjiAroLue Toka K3



Tab6auna 5 — Kpurepuu oreHKu copMHUPOBaHHOCTH KOMIIETEeHI[UH

Kpurepuu onjeHBaHus CQOPMUPOBAHHOCTH KOMITETEHLIMU

Koj 1 HauMeHOBaHUe UHAWKaTOpa
(4acTv KOMIeTeHL1H)

AOCTH)XXeHHSA KOMITeTeHIIUN

COOTBETCTBYET OL|eHKe «3auTeHO0»
(4acTv KOMIeTeHL1H)

50-100% ot MakCUMa/IbHOTO Oasia

CTyJieHT pUHMMaeT akKTUBHOe yuacTHe B X0/le TIPOBeJieHHUsI
MPAaKTUYeCKUX 3aHSITUM, PaBU/IbHO OTBeuUaeT Ha I0CTaB/IeHHbIe
BOTIPOCHI, 3HaeT 001I[1e CBeJleHUsI O TeOPUU CUMMEeTPUUHBIX
COCTABJISIFOLIMX Y aBaPUIHBIX PeXKUMaX B CETSIX C
M30/IMPOBaHHOMN HeHUTpasibio; B OCHOBHOM, CIOCO0eH
OCYILL[eCTBJIATh MOHUTOPHUHT TeXHUYECKOTO COCTOSTHUSI
000pyIoBaHus TIO/ICTAHIUM 3/IEKTPUUECKUX ceTel

NO-1nkoc-1 OcyiectsisieT
MOHHUTOPUHT TeXHUYECKOTO
COCTOsIHUSI 000PYZI0BaHUsT
MOACTAHLIMI 3/IeKTPUUECKUX CeTel

2 OITPEJJEJIEHUE PE3YJ/IBTATA
IMPOMEXYTOUYHOM ATTECTAILIUA

dopmMa NpOMe)XKyTOYHOU aTTeCcTalyy 0 AUCLIUIIIMHE 3auen.

OLNEHOYHbLIE MATEPHUAJIBI 1 CPE/ICTBA /11 IIPOBEPKUA
C®OPMUPOBAHHOCTU KOMIIETEHIIUN

MKoc-1. OCyILIeCTB/IsIeT MOHUTOPUHT TeXHUYECKOT0 COCTOSIHUSI 000pyJ0oBaHHS
MOJCTAaHLIUM /IeKTPUUYECKUX CeTeu.

3aiaHusA 3aKPBITOro THUIIA
Bbibepume 00uH npasu/ibHbIll eApUAHM omeema

1. KopoTkuM 3aMbIKaHHEM Ha3bIBaeTCs:
V3MeHeHVe TOKOB M HallpsDKeHWH TP [epexo/ie CUCTeMbI ¥ OJHOT'O YCTaHOBUBLLET0Cs
COCTOSIHUA B [ipyroe
peXkyuM, IIpU KOTOPOM B IIPOBOJHUKAX JIMHUU 3JIeKTpoIiepeaun, MalllvH U arrapaToB
BO3HUKAIOT TOKU, NPeBbIIIA0II1e BeJIMYMHBI, [0ITyCKaeMble HOpMaMU
peXuM paboThI CeTH, TIPU KOTOPOM COeIMHSIFOTCSI HAKOPOTKO ZiBa (pa3HbIX MPOBO/iA
+peXkuM, TP KOTOPOM COeJIMHSOTCS ABe TOUKH 3JIeKTPUUYECKOU Lielu C Pa3HbIMU
NOTeHI[Ma/laMU yepe3 Majioe IepexoHoe COIIPOTHUBIIeHHe

2. YpaBHeHmHe /i pacueTa ToKa Tpex(a3Horo KOpoTKoro 3aMbIKaHHUsS B KOHLIe
JINHUM:

I=—
MRREICAE A
I =Y
©oB(z,)

I = Ua




— UJT

2(28}410 + ZT0,4 + Zﬂ0,38)
3. Tepmuueckoe Bo3jeiictBue Toka K3 onpejensiercs ans:
+TPOBEPKH MPOBO/IOB HA TEPMUYECKYH YCTOMUHMBOCTh
MPOBEPKH MPOBO/IOB Ha JJMHAMUYECKYH YCTOUUUBOCTD
CTaTUCTUKU
BCE OTBETHI BEPHBI

1y

3ajaHusA OTKPBITOr0 THUIIA

Jatime pa3eepHymbliil omeem Ha 60Npoc

4. Yto Ha3bIBaeTCH Mepexo/ HbIM IPoLeccom?
IIpasunbHbili omeem. VI3MeHeHHe TTapaMeTPOB PeXXMMa CUCTeMbI ITIPH repexo/ie eé
13 OIHOTO YCTAaHOBUMBILIETOCSI COCTOSIHUS B IPYTO€.

5. Kak u3aMeHHTCs1 HanpspkeHUe y moTpeduTesis npu Tpexga3sHoM KOPOTKOM
3aMbIKAQHUM BbIlLIe 110 JINHUH?

IIpasunbHblii omeem. HaripsbkeHue y TmioTpebutesnsi mpu Tpéxda3sHOM KOPOTKOM
3aMbIKaHUM BBbIIIIe 110 JIMHUM OyieT paBHO HYJIIO.

6. Kak 0yayT BecTH cedsi mapasijie/ibHbIe POBOJAHUKH, €C/TU 110 HUM MPOTeKaeT
TOK B Pa3HbIX HanpaB/IeHUAX?

IIpasunbHbili omeem. IlapasnienbHble TMPOBOAHUKH, IO KOTOPHIM TpPOTeKaeT TOK
pa3HbIX HarpaB/ieHUsX OYAyT MPUTATUBATHCS.

7. UTo HA3bIBAETCSA OTHOCUTE/ILHBIMHA Be/IMUMHAMU?
IIpasunbHbili omeem: OTHOCUTENTBHBIMU BeMUMHAMHK Ha3bIBalOT Oe3pa3MepHbIe
BEJIMUUHBI, TIPUBE/IEHHbIE K OJHOMY HOMHUHA/TbHOMY 3HaU€HUIO.

Jonoinume

8. YpapubiM 3HaueHueM ToKa K3 Ha3bIBaeTcss MakCUMa/IbHOE
3HaUeHHe TOKAa KOPOTKOr0 3aMblIKaHM#, HacTylarllee yepe3 II0JI0BHHY IepHOAA
1ocjie ero Havasna

IIpasunbHblil omeem: aMIIMTYy/JHOe.

9. IlocieacTBHEeM A/MTE/NHBHOrO0 NMPOTEKAaHUsI aBapUHOIO0 TOKA IO MPOBO/aM
SIBJISIETCSI BOBMO)KHOCTD U30/IAL[UH.
IIpagunbHblil omeem: BO3rOpaHUA.

10. OpgauM U3 crnoco00B NMPOBEePKH BbIOPAHHBIX 3/IEKTPUUECKHX anlapaTroB
SIBJISAETCA NIPOBepPKa X Ha YCTOMYHUBOCTb.
IIpagunbHblil omeem: AUHAMHUYECKYIO.




11. ITo Teopuu CHMMeTPUUYHBIX COCTABJIAIIUX TOK oAHO(pa3Horo K3 cocrour
U3 COCTABJISIOLIUX 1oc/1eJ0BaTe/1bHOCTH.
ITpasunbHbili omgem: HyJIe€BO¥A.

OxkoHuaTe/NbHbIe  pe3ynbTaTbl 00ydeHuss (GpopMUpOBaHHSI  KOMIT@TEHIIW)
oTipe/ie/ISIFOTCSI TIOCPe/ICTBOM TiepeBojla 0asuioB, HaOpaHHBIX CTYAEeHTOM B IIpOIiecce
OCBOEHUsI JMCIUIUVIMHBI, B OLIeHKWA: 0a30BbIi  ypOBeHb C(HOPMHUPOBAHHOCTH
KOMITeTEHI[UA CUUTAeTCS [AOCTUTHYTHIM, €CIM pe3ylbTaT 00yueHHs COOTBETCTBYET
otieHKe «3auteHo» (50-100 pelTHHTOBLIX OasIoB).

3 IIOPSAIOK ITPOBEJJEHUA IIOBTOPHOM
IMPOMEXYTOUYHOM ATTECTAILIUA

dopma NpOMe)KyTOYHOU aTTecTalyy I0 AUCLIUIIMHE 3auemn.

@OoH/, OLEHOYHBIX CpPeACTB [Ji IIpOBeJileHHs IIOBTOPHOW IIPOMEXYTOUHOH
aTTecTalii (OPMUPYETCS M3 YMC/Ia OL€HOUHBIX CpPeZACTB MO TeMaM, KOTOpble He
OCBOEHBI CTY[€HTOM.

IIpumeuaHue:

[omnonHuTebHble  KOHTPOJIbHbIE UCIIBITAHUSL NPOBOJATCH  [JIsl  CTYZeHTOB,
Habpapmmx MeHee 50 0OamioB (B COOTBeTCTBUU C «Ilojlo’keHHeM O MOAY/IBHO-
PEUTUHTOBOM CUCTEMEY).

Tab6suna 5 — Kpurepuu oreHKu copMHUPOBAaHHOCTH KOMIIETeHI[UH

Koj 1 HauMeHOBaHue Kpurepuu orjeHrBaHUsi COPMUPOBAHHOCTH KOMITeTEHLIUU
WH/IMKaTOopa JAO0CTHKeHHUs (4acTv KOMIeTeHL1H)
KOMIIeTeHI U1 COOTBETCTBYET OL|eHKe «3auTeHO0»
(4acTv KOMIeTeHI1H) 50-100% oT MakcHUMabHOTO 6asiia
CTyZeHT B OCHOBHOM BJla/ieeT MaTeprasioM 10 TeMaM
N-1nkoc-1 OcylecTsiisier JUCIUTUIAHBI, CITOCO0eH MPOU3BECTH PaCUéT TOKOB KOPOTKOTO
MOHHUTOPUHT TeXHUYECKOTO 3aMbIKaHUsl B IMEHOBaHHBIX U OTHOCHUTE/TIbHBIX eJUHULIaX,
COCTOSTHUSI 000pY/I0BaHUS 3HaeT aBapuiiHble PeXXUMbI B CETSIX C M30/MPOBAaHHOU
MOACTAHLIUM 3JIEKTPUUeCKUX HeKlTpasibio, B OCHOBHOM, CIIOCOOeH OCYIIeCTB/ISTh
ceTel MOHUTOPHHT TEXHUUECKOTO COCTOSIHHSI 000pY/10BaHMs
TMOZCTAHLMM /IeKTPUUECKUX CeTel
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