[loKyMeHT NoAnucaH NpocToit 3NeKTPOHHOM NOAMUCHI0
NHbopmaumsa o Bnagenbue:

®/10: Bonxoros Muxan NIFFEM@TEPCTBO CEJIBCKOI'O XO3AMICTBA POCCUMCKON ®EIEPALINN
Llonxwocts: P TEPAJTBHOE 'OCY JAPCTBEHHOE BHO/IKETHOE OFPA30BATEJ/IBHOE YUPEXKIEHUE
ﬂaTa noanncaHua: 6.07.2026 09:48:58 BIDICH_IEFO OBPA?)OBAHI/IH

Z(H):gng&b%gg;giggﬁig@%gm%QCY,Z[APCTBEHHAH CEJIbCKOXO3SIICTBEHHASI AKAJIEMUSI»

YTBEPXIATIO

A€KaH 3JIEKTPO3HEPreTnueckoro (baKyaneTa

Hukonai MoanucaHo unpposon
nognucoto: Hukonan

AﬂeKcaH.ququ Anekcangposuy Knumos
[Mara: 2026.05.13 14:35:40

Knumos +03'00' H.A. KnumoB
13 mas 2026 roga

®OH/I OUEHOYHBIX CPEICTB
T10 JUCLIUTIJIVHE
«TexHHKa BBICOKMX HaNpPsHKeHUuM»

HaripaBiieHue noAroToBku 13.03.02 DiekTpo3HepreTyka U 3/1eKTpOTeXHUKa
HaripaBneHnHocTs (podusib) DneKTpocHabkeHHe

KBanudukarys BbIyCKHUKA OakamnaBp

®dopmbl 06yueHust OYHasi, 3a0YHas

Cpoku ocsoenus OITOIT BO 4 roja, 4 roga 7 mec.

Kapagaeo 2026



@doH/, OL|eHOYHBIX CPe/ICTB IpeHa3HaueH [/ OLleHMBaHUsI C()OPMHUPOBAHHOCTHU
KOMIeTeHLUN M0 JUCLUTIIMHE « TeXHWKa BbICOKUX HarpsOKeHUN».

Hukonam MognucaHo unppoBoi NOANUCHIO:
P83pa6OTqI/IKI Hukonai Anekcangposuy Knumos
K.T.H., norient Kmmos H.A AnekcaHapoBuY KIMMOB fara: 2026.04.10 10:21:56 +03'00"
.T.H., A

YTBepKJeH Ha 3acefjaHud  Kadeapbl  MH(MOPMALMOHHBIX  TEXHOJOTHUU B
3/7IeKTPO3HEPreTUKe U aBTOMaTUKH, IPOTOKOJI Ne8 ot 10 anpenst 2026 ropa.

AneKce|7| CepreeBl/l y Moanucaro umdposoii nognmcsio:

Anekcenn CepreeBuny fl6nokoB
AbnokoB JlaTa: 2026.04.10 10:22:11 +03'00'

W.o. 3aBegytomiero Kadeapoii S1610koB A.C.

CoracoBaHo:
[IpencenaTens MeTOAMYECKOW KOMUCCHU /IEKTPOIHEPreTUUYeCKOro (hakyJ/ibTeTa,
ripoTokos Ned oT «12» mast 2026 roga.

TaTbFlHa meaMﬂOBHa MoanucaHo undpoBo NogNUChIo:

TaTbsiHa MuxanoBHa borgaHoBa

Boraanosa T.M. borpaHoBa Jlata: 2026.05.12 11:30:25 +03'00'




IlacnopT ¢oHJA OLIEHOYHBIX CPeJCTB

Tabmuia 1
dopmupyemsle OrjeHOuUHbIE
Mogynb AUCLUTIIAHBI KOMITeTeHLIUU Marepuaibl KomnuectBo
V/IM UX YaCTH Y Cpe/iCTBa
OCHOBHBIE 110JI0KEeHUS Kypca.
NupuBupyansHOe
Krnaccudukanyst BUJ0B 3/1€KTPUUECKHUX
rosieri. OCHOBHbIE BU/Ibl MOHU3ALMOHHBIX AOVALLIHEE 3aAaHHE 13
) A B TectupoBaHue 23
ripoLieccoB. Buzbl amuccuu
SIBneHue 371eKTPOOTPULIATE/IBHOCTH.
[Tonsitve nnasmbl. CTereHb HOHM3ALUN.
WHpyBHuayanbHOe
YpaBHenue Caxa. [Tonsitve «j1aBuHa
3/1eKTPOHOB». JIaBUHHasi opMa pa3BUTHS AOYALLIHEE 3aAaHHE >
P ’ pMap TectupoBanue 20
paspsiza. Ctpumep. CTpumMepHasi popma
pa3BUTHS paspsja
Paspsaz B pe3KkOHeoAHOPOHBIX MO/IAX. 3aKOH
[TameHa. 3akOHOMepPHOCTU BO3HUKHOBEHUS
Y pa3sBUTUSL OCHOBHBIX BH/IOB WHpyBHuayanbHOe
37IeKTPUYeCKUX pa3ps/ioB B rasax: JioMalliHee 3a/laHue 5
KOPOHHBI, NCKPOBOH, IyTOBOM, TectupoBanue 30
MOBEpXHOCTHBIN. JIuepHas ¢popma paspsija.
Monnus
[ToHaTre o0 yacTUUHBIX pa3psaax. Bpems
3aras/ibiBaHus paspsijga. Obias
A baspAa H NupuBupyansHOe
XapaKTepUCTHKA U TeOPUX TIPOOO0ST KUIKHIX OMALLIHee 3a1AMMe 5
JV3/IEKTPUKOB. MexaHu3Mbl PO0OOst [TKoc-2. Criocobes | A A
. OCYILIeCTBIISITh TectupoBaHue 21
TBep/bIX [JU3J1eKTPUKOB: 3IeKTPUYeCKUH,
o OLIeHK
TeIJIOBOM, 3/IeKTpUUYeCKoe CTapeHue HeHKy
K B TeXHUUeCKOr o
naccncbmiaunﬂ M30MIALMH. BUADI COCTOSHIS
BHYTpeHHel u30/1s1uu. JInHelHas 1 Kabe/bHbIX U WHpyBHuayanbHOe
dllllapaTHO-CTaHIJMOHHAA U30JIALINA. BO3/YLIHBIX JIMHUN | AoMalllHee 3aJlaHue 5
N3ossauus JIDIL. I'upisHabl U301 TOPOB. 3/IeKTporiepesauv Tecruposanne 20
OrnopHble ¥ TTPOXOJHbIE U30JIATOPbI
BBogpl. 30715111 MOIITHBIX
TpaHc(hOpMaToOpOB, KOHZEHCATOPOB, VHpvBUayanbHOe
Kabeieil, seKTprueckux MaiiuH. HoBbie JioMalliHee 3aJlaHue 5
TMepCrieKTHBHBIE pa3paboTKu B 06/1acTh Tectuposanue 20
V30J/I51L{11
MeTozbl M yCTPOMCTBA MOJTyYeHUs] BBICOKUX
TiepeMeHHbIX, TIOCTOSHHBIX U UMITYJ/IbCHBIX WHpyBHuayanbHOe
HarnpspKeHUW. ['eHepaTop UMITY/IbCHBIX JloMalllHee 3a/JiaHue 8
HarnpsbkeHul ApkajbeBa-Mapkca. TectupoBanue 20
["eHepaTOp UMITY/IbCHBIX TOKOB
Knaccudukarniys nepeHanpspbkeHUd. Y pOBHU WHpyBHuayanbHOe
Y KOOpJWHAaLMsA U30J1Luu. Bo/HOBbBIe JlOMalllHee 3aJjaHye 10
TIPOLIeCChl B IMHUSX M TpaHC(opMaTopax TectupoBanue 20
WHpyBHuayanbHOe
I'po3oBele nepeHarnpsikenus. [lapamerpsl
30HBI 3alUThl MOJTHUEOTBOI0B AONAILIHEE SaAAHHE 6
MOJTHHY. 1 A TectupoBanue 20
WHpyBHuayanbHOe 6
BHyTpeHHue nepeHanpsokeHus JloMalliHee 3aJlaHue 20
TectupoBanue




1 OOEHOYHbBIE MATEPHA/JIbI, HEOBXOJNMBbIE
AJId OOEHKHW 3HAHWHW, YMEHNNU U HABBIKOB JEATE/IBHOCTH
B ITPOLECCE OCBOEHUHSA JNCHUII/INHbI

Tabnwuiia 2 — PopMupyeMble KOMITETEHLIUN
Kop v HauMeHOBaHVe WHAWKATOpa OLnieHOUHBIe
Kop v HavmeHOBaHue
JOCTH)KEHUS] KOMIeTeHLIMH (4acTh Marepuarsbl
KOMIIeTeHLIUU
KOMITeTEHLUH) Y CpeficTBa
1 2 3
OcHoBHbIe noJ10KeHus Kypca. Kinaccudukanusa BHAOB 1eKTpUUecKux nosieit. OCHOBHbIe
BU/IbI MOHU3AIMOHHBIX IpoueccoB. Buabl samuccuun
ITKoc-2. CriocobeH oCyIeCTBISTh VnHauBuayansHoe
Y N O-1nKoc-2. OCy11ieCcTBisieT OLieHKY FAMBHAAY
OLIeHKY TeXHUUeCKOI'0 COCTOSIHUS JoMallHee
o TEXHUYECKOTO COCTOSTHUSI KaOe/TbHBIX U
Kabe/IbHbIX ¥ BO3/YIIHBIX JIMHUH o 3a/laHue
BO3/YLLHbBIX JIMHWW 3JIeKTpOIiepesaun
JJIEKTpornepeaun TectrpoBaHue
fIB1eHue 371eKTpoOoTpULIaTe/IbHOCTH. IToHATHE IU1a3Mbl. CTeneHb HOHU3ALMH. Y paBHEeHUe
Caxa. [TonsaTHe «1aBHMHA 371eKTPOHOB». J/laBuHHas ¢opMa pa3Butus paspsaja. Ctpumep.
CtpumepHas ¢opma pa3BuTus pa3psaja
WNupuBunyansHoe
ITKoc-2. CriocobeH oCyIeCTBISTh FHBHAY
N O-1nKoc-2. OCy11ieCcTBisieT OLeHKY JloMalliHee
OL|€HKY TeXHUYEeCKOr'0 COCTOSTHUS
o TEXHUYECKOTO COCTOSTHUSI KaOe/TbHBIX U 3a/1aHue
Kabe/IbHbIX ¥ BO3/YIITHBIX JIMHUH "
BO3/YLLIHbBIX JIMHUW 3JIeKTpOIiepesaun Ormpoc
371eKTpoliepejaun
TectupoBaHue

Pa3psj B pe3koHeoAHOPOAHBIX M0/1sX. 3aKoH IlameHa. 3aKOHOMepHOCTH BO3SHUKHOBEHHA 1
Pa3sBUTHA OCHOBHBIX BH/I0B 3/IeKTPUYECKHUX Pa3psAA0B B ra3ax: KOpOHHBIM, HCKPOBOH,

AYroBO#, MOBePXHOCTHBIN. JInjiepHas ¢opma paspsaa. MosHusa
[TKoc-2. CriocobeH oCyIiecTBsTh WHauBUyanpHOe
ym N O-11nKoc-2. OCy111eCTBASIET OLIEHKY ALY
OLIEHKY TeXHUUYEeCKOI'0 COCTOSIHUS JloMalliHee
¥ TEXHUUECKOTO COCTOSTHUS KabebHbIX U
KabesbHBIX 1 BO3/YIIHBIX TUHUH o 3a/jaHue
BO3/IYLIHBIX JIMHUM 371eKTpoIiepesauun
3/1eKTponepesiauu TectupoBaHue
IToHATHE 0 YaCTHUYHBIX pa3psjax. Bpems 3ana3biBaHus paspsaa. Obmas xapakTepucTUKa U

TeoOpHH NMPo00s XUAKUX AUIIEKTPUKOB. MexaHHW3MbI IP000s TBepAbIX AN3/IEKTPHKOB:

3/1IeKTPUYECKHH, TeIJIOBOMH, 3/IeKTPHUecKoe cTapeHue
ITKoc-2. CriocobeH oCyIeCTBISTh WNupvBuayansHoe
i N -1nkoc-2. OCyLLeCTB/SIET OLIEHKY AHBHAY
OLIeHKY TeXHUUECKOT0 COCTOSTHUS JoMallHee
< TEXHUYECKOTO COCTOSTHUSI KabesIbHbIX U
Kabe/IbHbIX ¥ BO3/YIITHBIX JIMHUH ” 3a/jaHe
BO3/1yLUIHBIX JIMHUM 3J/IeKTpOIepeaun
JJIEKTpornepeaun TectrpoBaHue
Knaccuduxkanus uzonsamun. Buabl BHyTpeHHel u3o/snuu. JInHeliiHasA U anmnapaTHo-
cTaHLMOHHasa u3oanua. M3onsanusa JIDIL. I'upasHbl n3019T0poB. ONopHbIe U NPOXO/HbIE
HU30/ISTOPBI
ITKoc-2. CriocobeH oCyIeCTB/ISATh WHauByiyanbHOe
y N O-11nKoc-2. OCy111eCTBASIET OLIEHKY TAHBIAY
OLIeHKY TeXHUUECKOT0 COCTOSIHUS JoMallHee
o TEXHUYECKOTO COCTOSTHUSI KaOe/TbHBIX U
Kabe/bHBIX U BO3AYIIHBIX JTUHUMA » 3a/jaHre
BO3/yLLIHBIX JIMHWAMW 3JIeKTpOIiepeaun
3/1eKTpornepeaun TectrpoBaHue
aHc¢opMaTopoB, KOH/eHCAaTOPOB, Kadesiel, 3/IeKTPUYeCKHX

Beoabl. 3010us MOLIHBIX TP
MamuH. HoBble mepcieKTHBHBIE Pa3padoTKU B 00/1aCTH H30/IAIHH
ITKoc-2. CriocobeH oCyIeCTB/ISATh WHauBryanbHOe
y N O-11nKoc-2. OCy111eCTBASIET OLIEHKY FHBHAY
OLIEHKY TEXHUUYECKOTO COCTOSTHUS JloMarliHee
¥ TEXHUYECKOTO COCTOSTHUSI KaOe/TbHBIX U
Kabe/bHBIX U BO3AYIIHBIX JTUHUNA » 3a/jaHue
BO3/YIIHBIX JIMHUM 371eKTporiepejaun
3/IeKTporepefauu TectupoBaHue




1

| 2

| 3

HUMIIYJ/JIbCHBIX TOKOB

MeToabI ¥ YCTPOHCTBA MOJTyYeHUsI BBICOKHUX NMepeMeHHbIX, MOCTOSTHHBIX M MMITYJ/TbCHBIX
HanpspkeHui. I'eHepaTop HMNY/IbCHBIX HaNpsDKeHUi ApkajbeBa-Mapkca. I'enepaTop

[TKoc-2. CriocobeH oCyIiecTBsTh

OLIeHKY TeXHUYECKOTO COCTOSIHUS

KabebHBIX U BO3AYIIHBIX TUHUMN
3/IeKTpOTIepeiauu

N O-11nKoc-2. OCy111eCTBASIET OLIEHKY
TEXHUYECKOTO COCTOSTHUSI KaOe/TbHBIX U
BO3/IYIIHBIX JIMHUM 371eKTporiepejaun

NupuBupyansHOe
JloMalllHee
3a/laHue
TectupoBaHue

Knaccupuxkanus nepeHanpspkeHHil. YPOBHHM M KOOPAMHALMA H30/1A1[UH. Bo/IHOBBIe npoijecchl
B JIMHUAX ¥ TPpaHcopMaTopax

[TKoc-2. CriocobeH ocyIiecTBsTh

OLIeHKY TeXHUYECKOTO COCTOSIHUS

KabebHBIX U BO3/YIIHBIX TUHUM
3/IeKTpOTIepeiauu

N O-11nKoc-2. OCy111eCTBASIET OLIEHKY
TEXHUYECKOTO COCTOSTHUSI KaOe/TbHBIX U
BO3/IYIIHBIX JIMHUM 37IeKTpoTiepejaun

NupuBupyansHOe
JloMalllHee
3a/laHue
TectupoBaHue

I'po3oBble nepeHanpsKeHH

. HapaMeprl MOJITHMH. 30HbI 341 Thl MO/JTHHEOTBO/10B

ITKoc-2. CriocobeH oCyIeCTBSTh

OLIeHKY TeXHUUECKOT0 COCTOSTHUS

Kabe/IbHbIX ¥ BO3/YIITHBIX JIMHUH
371eKTporepejaun

N -1nkoc-2. OCyLLeCTBSIET OLIEHKY
TEXHUYECKOTO COCTOSTHUSI Kabe/IbHbIX U
BO3/1yLIHBIX JIMHUM 3J/IeKTpOMepeaun

NupuBuayansHoe
JloMalliHee
3a/jaHue
TectupoBaHue

BHyTpeHHHe NepeHanpsHKeHus

[TKoc-2. CriocobeH ocyIiecTBsTh
OLIeHKY TeXHUYECKOTO COCTOSIHUS
KabebHBIX U BO3/YIIHBIX TUHUM

N O-11nKoc-2. OCy111eCTBASIET OLIEHKY
TEXHUYECKOTO COCTOSTHUSI KaOe/TbHBIX U
BO3/YIIHBIX JIMHUM 371eKTporiepejaun

JJIEKTpoInepegaiun

VuaueuayansHoe
JIOMallHee
3a/jaHK1e

TectupoBaHue

O1neHoOYHbIe MaTepHaJ/ibl U CPeACTBA /I MPOBEPKHU

chop

Mopynb

MHPOBAHHOCTH KOMHETEHHI/Iﬁ

1: OcHOBHBIE 110/I0)KeHUS Kypca.

Knaccudukanus BU/I0B 3/IeKTPUUECKUX T10JIe.

OcHOBHBIE

BU/IbIl HOHU3ALIUOHHBIX MIPOLIECCOB.
Buabl smuccum

KomvmnbiorepHoe TectupoBanue (TCK)

Bblbepume 00uH npasuibHbIl 6APUAHM OMeema U Haxcmume KHONKy «odsjee»

Jnis yero noBeIalOT HanpshkeHue B JIJII? (yka3aTh HempaBWIbHbIN 0TBET)
JJ1sl CHKeHMsI TIOTepb SHepruu

[1J11 yMeHbIlIeHHS TOKa
+ 11711 yBeJIMUeHUs TOKa
[JIs1 yBeJIM4YeHUs 1a/IbHO

CTU Tlepefiauu

Kakoro makcumMasibHOr0 3Ha4eHHsl JJOCTUraeT HOMUHA/IbHOe Hanpspkenue JIDI1?

220 kB
500 kB
750 kB
+1150 kB




OcHoBHasi MPUYMHA BbIX0/Ja U3 CTPOsI BLICOKOBOJIBTHOT'0 000Py/A0BaHUSA:
+0TKa3bl U30JIIUU
0OpBIBBI TIPOBO/IOB
riageHue orop JISII
CXJIeCTbIBaHME TIPOBO/IOB

Kakue wW30/ISIHOHHBbIE MaTepUa/ bl He HCHOJIL3YIOTCI B BBICOKOBO/IBTHOM
obopygoBaHuu?

ra3oo0pa3Hbie

JKUJIKHE

TBEp/Ible

+TI/1a3MeHHbIe

Ha Kakue BHABI pa3e/isiOT W30/ IALUI0?
ecTeCTBeHHast ¥ UCKyCCTBEHHasI
OpraHdveckasi U HeopraHuueckast
+BHEIIHSAS ¥ BHYTPEHHSISI
CheMHas U HeCheMHas

Kakou ¢)opMbI 3/1eKTPUY€ECKOr0 M0JIsl He CyIecTByeT?
OJTHOPO/IHOE
+yMepeHHO OZHOPOJHOe
c1ab0He0THOPOAHOE
Pe3KOHEeOJHOPOTHOe

Kakoil u3 HWKenpuBeJeHHbIX NMPHUMEPOB SIBJAETCA MHMPUMEPOM O/HOPOJAHOIO
noJisa?

+T1071e MEXXy MJIOCKOMapasljie/lbHbIMU 371€EKTPOAaMHU

ToJie B CUCTeMe Iap-11ap

T1oJie B CUCTEME CTeP>KeHb-CTeP>KeHb

T0Jie B CUCTEME CTEP>KEeHb-TIJIOCKOCTh

Ko3dduipeHT HeoHOPOAHOCTH pacCYUThIBaeTcs no gopmyie:

EC
KH B E.Ma}j(’(,’
E, o
+ KH — MAKc
E,
EW(JKC
KH B E:.VMH
EWIIH
Ky =

Makc

CpeaHssa HaNPSHKeHHOCTH 3/1eKTPUUYECKOro T0JIs onpejeiserca no ¢gopmyJie:
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CpegHsAis W MaKCHUMa/bHasA HANPHKEHHOCTh J/IEKTPHYECKOro IO/  [JIA
KO0AKCHA/IbHBIX Kalesiel onpeesisieTcs mo hopmy/iam:

Etzar((‘: Y ’E( = v
o r ? R-r
r-ln—
R e
Mmaxc R ) cp F+R
r-ln—
r
vg - U g U
maxc R p R—r
r-ln—
r
U U
Mmaxc ) cp R+7r
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Ko3¢uipenT HeogHOPOJHOCTH /i/IA OHOPOJHOIO I0/IS COCTaBJISACT:
Ky=0
0<Ku <1
+Ku=1
1<Ku<3

Ecnu 3/1eKTPoAbl UMEWT OJUHAKOBYHW (opMy M pa3sMepbl, U OTCYTCTByeT
3a3eMJ/IeHHe KaKoro-iu0o u3 HUX, TO TaKas CHMCTeMa 3/IeKTPO/I0B Ha3bIBaeTCH:
HeCHUMMeTPUYHOU

+CUMMeTPHUYHOMN
O/IHOPOZIHOM
Pe3KOHeoJHOPOTHOU

Ec/14 3/1eKTPo/ibl UMEHT 0T/IMYAINYHCA KOH(UrypaLuio, pa3Mepbl WIH 0JUH U3
HMX 3a3eMJIeH, TO TaKas CUCTeMa 3/1eKTPO/J0B Ha3bIBAeTCA:

HEeCUMMETPUYHOH

+CUMMeTPUYHOH

O/IHOPOIHOU

Pe3KOHEeOHOPOAHOU

KakoB0 COOTHOIIeHHE TPOOMBHBIX HANPSHKEHH B CHMMETPUYHOH H
HeCMMMEeTPHUYHOM CHCTeMax 3/1eKTPO/A0B?

7



NPOOUBHbBIE HAMPsSKeHUST PaBHbI

+B HECUMMETPUUHOM HIKe

B CUMMETPHUYHOM HIXKe

COOTHOIIIEHWe HeMOCTOSIHHO, 3aBUCUT OT JPyTruX (hakTOpOB

C yBe/MueHHeM /IaB/IEHHA W YMeHbIIIeHHEM TeMIlepaTypbl J/IHHa CBOOOJHOIO
nmpobera A:

+yMEHBIIIAeTCs

YBeJIMUHUBAETCS

He U3MEeHSIeTCst

3HAUUTE/IbHO YBeINUHMBAeTCS

IIponecc B3aMHON HeNTPa/IU3alM1 3apPsHKeHHbIX YaCTHUIl — 3TO:
HMOHM3AIS
+peKoMOHHaI[Hs
hoTOBO30OYKIEHME

dboToadhdexT

CTeneHb HOHM3ALUH T'a3a onpeze/iseTcs no (opmy.ie:

N.

_ Vg

Kyon =
" yobe
n

__ ""makc

KI/IOH -

I'a3, B KOTOPpOM 3HauuTe/bHasd YacTb aTOMOB M MOJIeKY/l HOHU3HUPOBaHa
(Nuon=10"2-10"* noHoB Ha M), Ha3bIBaeTCA:

+11/71a3Ma

VMOHW3UPOBAHHBIN ra3

HEeMOHWU3UPOBaHHbIY a3

HeWTpa/bHbIN Ta3

Kakas noHu3anus nojapas/je/isiercsa Ha yapHyH, CTYyNeHUYaTyo0, ()0TOHOHH3AIHIO,
TEPMOHOHU3ALUIO?

TTOBEPXHOCTHAs

+00bemMHast

CcBOOOHAs

TIPUHYAUTE/TbHAs

Y cioBue yJapHOU HOHU3AIMU 3aIUCHIBaeTcs B BUjie (GopMyJibI:
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mv:>=w,
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>W,

szz&

YCJIOBI/IEM CTyHEanTOﬁ HOHM3AIlUH AB/IAETCH:
m1V12 ””1V32

>W
2 2 "
lelz + le32 <w,
2
m,V, + mV, > W,
2 2
2 2
+ M + M > WI/I
2 2
Y cnoBuem GoTOHOHM3ALUM ABISIETCS:
+thvz=W,
-hvi =W,
2hv 2W,
2
hv >,

3a cueT uero He OCYIIeCTB/AETCA TOBEPXHOCTHasA
3/IEKTPOHOB)?
JYYUCTOMN 3Hepruu, 0b/1yuarorriei KaTog
HarpeBa MOBEPXHOCTH KaTo/ia
SHEpPryuy BHEILHErO 3/IeKTPUUYeCKOro MoJIs
+0X/1a)KjeHUs1 TIOBePXHOCTH aHO/la

HOHU3ALMA (AIMHUCCUA

Tabmna 3 — Kpurepuu oneHKH ¢(h)opMHPOBAaHHOCTH KOMIIETE€HI[HI

Ko v HauMeHOBaHMe UHWKATOpa
JOCTI)KEHUS] KOMIeTeHLIMH (4acTh

KpuTtepuu orieHrnBaHusi CHOPMUPOBAHHOCTH KOMIIETEHIUU
(4acTy KOMIETeHLMK)

KOMIIETeHL1M)

COOTBETCTBYET OL[€HKE «3aUTEHO»
50-100% oT MakCUMaJILHOIO Oania

N-1nkoc2 OcylijecTsrsieT
OL|eHKY TeXHUYECKOr0 COCTOSHUS
Kabe/IbHBIX ¥ BO3/YLIHBIX TUHHUIM

5/1eKTpoIiepeiauu

CTyJileHT AeMOHCTpUpYeT 3HaHWe BH/OB 3/1eKTPUUeCKUX
T10JIel, MOHW3alUy U SMUCCHY, HOMHAHA/IBHBIX HallpsKeHUH
JIMHUM, IPUYMH BbIXO/A U3 CTPOSI 371eKTPO0O0ODPY10BaHMs,
MOHATUN HaIpPSDKEeHHOCTH 3/1eKTPUUYEeCKOro MO U
OJJHOPO/JJHOCTH; CIIOCOOEH: OCYILIeCTB/ISTh OLeHKY
TEXHUUECKOTO COCTOSTHUS KabebHbIX U BO3/YLIHbIX JTTHUN
3/IeKTponepesiauu




Mogayasb 2. siB/ieHue 3/1eKTpooTpULiaTe/1IbHOCTU. IloHATHE IU1a3MBI.
Crenennb nonusauuu. YpasHenue Caxa. IlonsaTue «j1aBuHa 3/IEKTPOHOB».
JlaBuHHas ¢opma pa3Burtus paspsjga. Ctpumep.
CtpumepHas ¢opma pa3BuTHuA pa3psja

KomMmnsbrotepHoe TectupoBanue (TCK)

Bblbepume o0uH Npagu/ibHblll 8APUAHM OMeema u Hadcmume KHONKy «odaznee»
Kak Ha3bIBaeTCsl MpOIecCC HapacTaHUA CBOOOJHBIX 3/IEKTPOHOB B pe3y/bTaTe
HOHU3ALMU HOBBIX aTOMOB M MOJIEKYJI?

+/1aBUHA 3J7IEKTPOHOB

TOTOK 3JIEKTPOHOB

371eKTPUUYEeCKHH TOK

BTOpWYHAsl MOHU3ALUS

Yem xapaKTepH3yeTcsi HHTEHCUBHOCTh Pa3MHOKeHUA /IEKTPOHOB B JIaBHHe?
K03 PUIIeHTOM pa3MHOKeHHs
+K03¢p(ULMeHTOM y/lapHOW MOHU3ALIUU
K03(pbHUirieHTOM BTOPUYHOM MOHU3ALIUU
WHTEHCHUBHOCTBIO MOHU3AI[UU

ITepBbiii Ko3dunueHnT TayHceHAaQ — 3TO:
KO3(PhULIMEHT pa3MHOKeHHSI
+K03(OULIMEHT yAapHOW NOHU3ALIUU
K03(pbHULIMeHT BTOPUUYHOM MOHU3ALUU
WHTEeHCHUBHOCTb MOHU3ALIUU

Yemy paBeH K03¢puUIjMeHT yAaPHOU HOHU3AL[UU?

+4KMCTy MOHU3ALWW, TIPOU3BOAUMBIX 3JIEKTPOHOM Ha MyTH B 1 cm

YMCTy MOHU3AaLWW, TTIPOU3BOAUMBIX 3JIEKTPOHOM 3a 1 ceKyHAy

YMC/Iy WOHU3ALUM, NPOM3BOJUMBIX 3JIEKTPOHOM TIPU YBEUUYEHUW HampsKeHUs
Ha Kaxzple 100 B

4UC/Ty MOHU3ALMHY B 1 cM> HOHM3KMPOBAaHHOIO rasa

BropuuHbii 3¢)¢eKTUBHbIN 3/1IeKTPOH HY)KeH JIJIs:
Hauasia MepBOK JTaBUHbI
+B0300HOB/IEHUS JTABUHHOTO TTpoLiecca
npekpalljeHus1 JIJAaBUHHOT'O Tpoliecca
Havasia MOHU3aLUU

Eciu BTopruHbId 3P eKTUBHBIN 3/IeKTPOH M0/Iy4YaeTcsi B pe3y/ibTaTe BHEIIHero
MOHHU3aTOpa, TO pa3spsAjx Ha3bIBaeTCA:

+HeCcaMoCTOATe/TbHbIM

IIPUHYAUTETbHBIM

CaMOCTOSATe/IbHbIM

BHEIIIHUM
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Ecmi BTopuuHbId 3(Q(QeKTHBHBIN 3/1eKTPOH BO3HUKAaeT B pe3y/jbTare
MPOX0XK/ieHUs1 MePBUYHOM JIaBUHbBI, TO pPa3psij] Ha3bIBAETCA:

HeCaMOCTOSITe/IbHbIM

MIPUHYJUTETbHBIM

+CaMOCTOATE/IbHbIM

BHEIITHUM

Pa3psaj vi3 HeCaMoOCTOATE/TLHOT0 MOXKET MepPerTH B CAaMOCTOATe/IbHbIN, eC/II:
YBe/IMUUTh PACCTOSTHUE MEX/Y 3JIEKTPOZaMu
+yBe/IMUUTh MPUI0’KEHHOE K 3/IeKTPO/laM HarlpsbkeHue
YMEHBIIUTh PACCTOSIHAE MEXY 3/1eKTPOIaMU
YMEHBIIIUTh TIPUI0KEHHOE K 3/IeKTPO/iaM HallpsiKeHue

Ilpu kakou ¢opme pa3psja nepBUYHAsA JIABMHA CO3/JaeT YCJAOBHA JAJsA
B0300HOB/IeHHs JIABMHHOT'O Mponecca?

+CaMOCTOSITe/IbHBIN Pa3psif

HeCaMOCTOSITe/IbHbIN Pa3psifi

VOHU3WPYIOLIUM pa3psf

TIPUHYJATeTbHBIA pa3psi],

Ko/1M4ecTBO T0/I0KUTEIbLHLIX HOHOB, OCTABIIMXCA B TNPOMEXyTKe I0C/ae
NPOX0XK/AeHHs /TaBUHbI, PAaBHO:

+ny, =" —1
n, = el @™ _q
n;, =e " 41

n;, =e“" +1

CymMMapHBIM mporecc o0pa3oBaHMs BTOPHYHBIX J/IEKTPOHOB M3 Karoja
XapaKTepu3yeTcs:

KO3(PhHULIMEHTOM pa3MHOKeHUSI

KO3(PhULIMEeHTOM y/1apHOM MOHHW3al[Ux

+K03((HULIMEeHTOM BTOPUUYHOM MOHU3ALIUU

MHTEHCUBHOCTBIO NOHU3ALIUU

Yto Takoe BTOpoi K03 Ppunuent TayHceHpa?
K03(hPUITMeHT pa3MHOKeHUSI
K03 PULIMeHT yjapHOi HOHU3ALIUU
+K03¢hdULIMEHT BTOPUUHOM MOHU3ALIUN
WHTEHCUBHOCTH MOHHU3al[UH

O6/1acTh ¢ Han0o/IbIIeH TMJIOTHOCTHIO TOKA, KOTOpasi, pa3orpeBasiCb, HAUHHAET
CBeTUTHCH, — 3TO:
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JIaBUHa 3JIeKTPOHOB
aHo/,

KaTo/,

+CTpUMeEp

C uyeM CMeIIMBAKTCA 3J/I€EKTPOHbI BTOPUYHBIX JIAaBHH [I/I1 00pa3oBaHUA
crpuMepa?

+C II0JIOXKUTEe/TbHEIMHY NOHAMH

C OTpULIaTe/JbHBIMU NOHAMU

C HEUTPOHAMU

C BTOPUUHBIMHU 3/1eKTPOHaAMU

Jnst poTononnsanuu B 00beMe ra3a Heprus GOTOHOB /JO/DKHA ObITh:
+00JIbIIIe SHEPTUH MOHU3ALIUN
MeHbIIle SHePruv UOHU3aLUU
paBHA SHepPryuy MOHU3al[UU
MHOTOKPATHO 60/IbIlle SHePTUU NOHHU3AI[UH

@DOTOMOHM3AIUA YCIEIHO OCYIIeCTB/ISIETCA B CMECAX ra3oB, Y KOMIIOHEHTOB
KOTOPBIX YHePrusi HOHU3AI[UH:

OTHOCHUTEJTbHO BBICOKast

+0THOCUTE/IbHO HU3Kast

CBePXHHU3Kast

CBePXBBICOKasl

KpuTepuem nepexojia JTaBUHHOI'0 pa3ps/ia B CTPUMEPHbIN SIB/ISIeTCS:
+KPUTUUECKOE YKCJIO 3/IeKTPOHOB B JIaBUHE
BpeMsi CyL|eCTBOBAHUSI JTaBUHbI
KO3 GULMEHT yAapHOU HOHU3aL[U1
K03(hPUIIMeHT BTOPUUYHOU MOHHU3ALIUU

IIp¥ KaKOM KPUTHUYECKOM UYHC/Ie 3/IEKTPOHOB Nyp JIABHHA MEPEXOUT B CTpUMep?
Ny =103 —10°
Nip >10° —107
+1yp 2107 —10°
nip >10° —101!

JI/if HAKOI/IeHHs KPUTHYECKOI0 YKC/Ia Y/IEKTPOHOB INyp JIaBHHA [0/DKHA IMPONTH
paccTrosiHue:

Xmakc

Xwmun

+Xkp

Xcp
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JlaBuHa Heu30e)XHO mepeiiieT B CTPpUMepPHYH (opMy pa3BUTHA pa3psaja, ec/iu

PacCcTosTHUE MEeX/Y 3/IeKTPOJAaMu:
MEHBIIIE Xxp
+060JIbIIIe Xip
MHOT'OKPaTHO OOJIBIIIE Xyp
MHOT'OKPAaTHO MeHbIIIe X

Tab6suna 4 — Kpurepun oneHKH chopMHUPOBAHHOCTH KOMIIETEHI[HI

Kop v HaumeHOBaHMEe
VIH/IMKaTopa AOCTUXKEeHUs

KpuTepuu otjeHrBaHUs CHOPMUPOBAHHOCTH KOMIIETEHLIUN
(4acTy KOMMeTeHI1H)

KOMIIeTeHLUM (Y4acTu
KOMITeTEeHLIUN)

COOTBETCTBYET OL[eHKE «3auTeHO»
50-100% ot MakcumabHOro Oania

NO-1nkoc-2 OcylecTBasieT
OLIeHKY TeXHUUeCKOro
COCTOSIHUS KabeNbHbIX U
BO3/lyIIHBIX JTMHUN
3/1eKTporepeiauun

CTyzeHT leMOHCTpUpYeT 3HaHWe: TIOHATHH I/1a3MBl,
MepPBUYHOI0 U BTOPUYHOIO 3/IEKTPOHOB U JIABUHBI
3JIEKTPOHOB; CTeNleH! NOHU3ally; BUJ0B pa3psifioB;
CaMOCTOSITe/ILHOIO Y He CaMOCTOSITe/IbHOTO pas3psifia; BUOB
VOHM3aL1Y; CTPUMEPHOT0 pa3psifia; CriocobeH OCyILeCTBATh
OL[eHKY TeXHUYeCKOT'0 COCTOSIHUSI KabebHBIX 1 BO3JYIIHBIX
JIMHUM 3/1eKTpOIepe/jaun

Mopynb 3. Pa3psj B pe3KOHeoJHOPOAHBIX noJ/iAX. 3akoH Ilamena.
3aKOHOMEpPHOCTH BO3HUKHOBEHHS U Pa3BUTHUS OCHOBHBIX BU/IOB IEKTPHUECKUX
pa3pA/0B B ra3ax: KOPOHHbIN, HCKPOBOU, [yTOBOH, TOBEPXHOCTHBIN.
JIugepHasi dopma pa3psaaa. MosiHus

KomMmnsbrotepHoe TectupoBanue (TCK)

Bblbepume 00uH npasuibHbIli 6APUAHM OMEema U Haxcmume KHONKy «odsjee»
3aBHMCUMOCTb Pa3pAJHOr0 HAMPSDKEHHsl OT [JaBJ/IeHUs] U PACCTOSHHUS MeXAy

3/IEKTPOAAMH Ha3bIBaeTCA:
+3aKkoH [laieHa
nepBbi 3aKOH TayHceH/1a
BTOPOWU 3aKOH TayHceHza

B o0memM BHAe C Y4YeToM H3MeHEHHs

3dIINCbIBAeTCA:
P-T
Upp = f (T)
T-S
UHP = f (T)

TUpp = f(PTS)

Upp = S (PLS)

Temmeparypbsl 3akoH IlameHa

Yemy paBeH ko3¢ dunmenT § npu 3anucu 3akoHa Ilamena B Buge U, = f(5-5)?
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YeM 00BACHAETCA OT/IMYHE IKCIIEPUMEHTA/TbHON KpuBoi IlameHa ot pacueTHoi
B 00/1aCTH 0Ue€Hb Ma/IbIX PS?
+TIpub/KeHre K BaKyyMHOMY MP060t0
yBe/IMueHUe HarpsyKeHHOCTH 3JIEKTPUUeCKOT0 M0JIsl HA MUKPOBBICTYTIaX
yBe/IMYeHUe BePOSITHOCTH BOSHUKHOBEHUS JTaBUH
CHWKeHre TPOOUBHOTO HaTPsSKeHHsI

K cnoco6aM moBbIlIeHUs MPOOUBHOTO HAMPsDKEHUs ra30B Ha OCHOBAaHMM 3aKOHA
ITamiena oTHocHUTCSA:

ypaBHUBaHMe JjaB/IeHUs ra3a ¢ aTMoC(hepHbIM

+yBeJIMueHue JlaBjieHus 60sbliie aTMochepHOTro

yBeueHre oobema rasa

yMeHbIlleHHe o0beMa rasa

Hpﬂ YMEHBbIII€EHUN [IdB/IEHUA [0 3HA4Y€HHd, MEHbIIIero, 4YeM [JdB/IeHHEe

COOTBETCTBYIOIIlee MUHMMYMY, BILUIOTH 10 BaKyyMa, MPOOMBHOEe HAaNPsDKeHNe:
yMeHbIIaeTCst

He 1U3MeHsAaeTCa
+YBEJ'[I/I‘-II/IBaETCH
MHOT'OKPATHO YBE€/IMUYMBAETCHA

Ecim  pa3psg JoKaqm3yerca B 00/IaCTH € HANpPsDKEHHOCTHIO,
npeBbIilIawei 3HaueHne E'y, a BTOPHYHbBIE JIaBUHBI M0/eP)KUBAOTCA 1100 3a
cuer (oToMoHM3AMKM U3 o0BeMa rasa, 00 3a cuer (OTOIMHCCUM WIH
aBTO3/IEKTPOHHOM YMHCCHH, TO TAKOH pa3ps/| Ha3bIBaeTCA:

CaMOCTOSITe/IbHbIM

HEeCaMOCTOSITeTbHbIM

+KOPOHHBIM pa3psi/jOM B JITaBUHHOU hopme

KOPOHHBIM pa3psiioM B CTPUMepHOi (popme

C yBe/IHUEeHHUEM CTENneHW HEOJHOPOAHOCTU HAIIPS)KEHHOCTH 3J3J/IEKTPHUYECKOTo
MoJifA HANIPpAKE€HUE BOSHUKHOBEHUA KOPOHBbI:

+YMEHI:>U_IHETCH

YBe/IMUMBAETCA

3HAUUTE/IbHO YBE/IMYHNBAETCA

He 1n3MeHAeTCA
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Eciu cTpuMepsl He JOCTUTalOT NPOTHUBOIIO/I0XKHOIO 3/IEKTPOAQ, TO TAKOHM pasps/,
Ha3bIBalOT:

CaMOCTOSITe/IbHBIM

HEeCaMOCTOSITe/IbHbIM

KOPOHHBIM Pa3psiZloM B JIaBUHHOU (popme

+KOPOHHBIM pa3psiloM B CTPUMEPHOM (opMe

IIpu nepeceyeHU UCKPOBBIM KaHA/IOM BCEro MeX3/1eKTPO/JHOI0 IIPOMeXXyTKa OH
npeoOpa3yercs B:

+3/71eKTPUYECKYO AYTYy

CTpUMep

KOPOHHBIM pa3psij] TaBUHHOW (popMe

KOPOHHBIM pa3psij B CTpUMepHOi (popMme

B pe3KoHeOoAHOPOJHBIX MOJISIX HAaNpPsDKeHHe npooos:
Oosbliie HaTIPsHKeHWsI BOSHUKHOBEHUsI KOPOHHOTO pa3psizia
PaBHO HaNpsKeHWIO BOSHMKHOBEHMSI KODOHHOTO paspsizia
+MeHblLLIe HalpspKeHUs1 BOSHUKHOBEHMSI KODOHHOT'O paspsifia
3HAUMTEe/IbHO MeHbIlle HaMpsyKeHHs BOSHUKHOBEHHSI KODOHHOTO pa3psa

B c/1aboHepaBHOMEPHBIX MOJIAX KOPOHHOE W Pa3psi/[HOe HAMNpPsDKeHNe HaXOAATCS
B CJIe[yI01eM COOTHOLIeHHUH:

KOPOHHOe 00JIbIlle pa3psiiHOTO

pa3psifiHoe 00JIbille KOPDOHHOTO

+TIpaKTUYECKU COBMAZJAIOT APYT C IPYTrOM

KOPOHHOE PaBHO pa3psiHOMY

Ha CK0/IbKO pa3psjHOe HanpsDKeHHe MPH OTPUIATe/IbHOW TMO/IAPHOCTH OCTPHA
0o/1bIIIe, UeM MPH MOJI0XKUTETHHON?

Ha 150-200 B

Ha 1000 B

+B 2-2,5 pa3a

B 10 pa3

Ha Kako# mo/IIpHOCTH MPOUCXOAHUT NMPO00i NMPHU MepeMeHHOM HANpPsHKeHNH?
BCer/la Ha OTpULaTe/TbHOM
+BCer/ia Ha M0JI0)KUTe/IbHON
KaK Ha OTpUIIaTe/IbHOM, TaK U Ha I0JI0XKUTE/IbHOMU
1Tpo00s He IIPOUCXOUT

IIpu nomMelieHNH B MPOMEXYTOK 0apbepoB U3 TBEpP/0ro JU3/IeKTPHKA pa3ps/jHoe
HanpsHKeHue:

MHOT'OKPaTHO YMEHbBIIAeTCs

YMEHbIIIaeTCst

He U3MEeHSeTCs

+yBe/IMUMBaeTCs
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Bapbepbl B NPOMEXYTKe YCTaHaB/JIMBAIOTCA Ha ONpeAe/IeHHOM PAacCTOSAHUHM OT
OCTpHsl, IPU KOTOPOM:

pa3psiiHbIe HaIpsHKeHUs] MUHUMAJ/TbHBI

+pa3spsHbIe HaNPSDKEeHUsT MAaKCUMaJTbHbBI

KOJINYeCTBO OapbepoB MaKCHUMaJIbHO

KOJIUUECTBO 6apbepOB MUHMUMA/IbHO

YTo Takoe cTaTUCTHUECKOe BpeMs 3ana3jbIlBaHusA pa3psja?
BpeMsi Ipo00st BO3AYIITHOTO IMTPOMeKyTKa
+Bpemsi 0>kuAaHus 3(DPEeKTUBHOIO 3/1IeKTPOHA
BpeMsi IPOXOXK/IeHH ST TIPOME)KYTKA 37IeKTPOHOM
BpeMSsi TOPeHUs yTH B IIPOMEXKYTKe

Kakas Be/IMUMHA COCTOUT M3 IBYX COCTAB/ISIIOIUX: CTaTHUCTUUYECKOTO BpeMeHH
3ama3/bIBaHus pa3psaja tc ¥ BpeMmeHH (popMUpPOBaHuUA pa3paja ty?

Bpemsi Mpo60si BO3AYIITHOTO TTPOMEXKYTKA

BpeMsi 0>XKUIaHus 3PPeKTUBHOTO 3/IeKTPOHA

BpeMsi 0>KU/IaHUs pa3psijia

+BpeMsl 3amna3/JbIBaHusl Pa3BUTHUS pa3psijia

YTO0 NpOoMCXOAUT CO CTaTUCTHYECKUM BpeMeHeM 3arna3jblBaHus pa3psaja tc
U BpeMeHeM (hopMHUpPOBaHMsI pa3psaja lp MPH yBe/JIHMUEHUM HamnpsDKeHUsaA Ha
NpoMexyTKe?

+COKpalllaroTcs

{c COKpalllaeTcs, tp yBe/TMUUBAETCS

{c yBe/IMUMBAETCS, [ COKpAIlaeTCs

YBE/IMUUBAIOTCA

3aBHCUMOCTb MAKCMMa/JIbHOTO0 HampsDKeHUs pa3psija OT BpPeMeHH /|eMCTBHSA
UMIY/IbCa Ha3bIBaeTCH

+BOJIbT-CEKyH/IHasi XapaKTepHCTHKa U30JISLIUU

BOJIbTaMIIepHasi XapaKTepUCTHKA U30JIALIUN

KYJIOHCEKyH/IHasi XapaKTepHCTHKa U30JISLIUU

amMriepceKyH/iHasi XapaKTepHUCTHKa U30JISLIUU

Kakoe cooTHoIIeHNe Ha3biBaeTcs Ko3¢uijeHToM UMnyabca?

U
T K = U_P
K M = UHPP o
K M = %
U
UﬂPﬁ gPP

Kakoii ko3¢¢duiueHT uMMmyabca HUMEOT MNPOMEKYTKH C OAHOPOAHBIMM H
C/1a00He0/JHOPOAHBIMH MOJIAMHU?
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Ky =0
+Kumr =1
Kyumn =10
KHMU =100

C kakoil He/ b0 Napa/vleJIbHO 3allfUIlaeMOMy O0OpYJOBaHHMI0 BKJ/IHOYAeTCH
BO3/lyILIHbIM Pa3pPsAJHUK?

3allUTa OT FPO30BBIX MepeHanpsKeHU!

3alUTa OT KOMMYTAL[MOHHBIX MepeHanpsKeHun

+BCe [epeunc/IeHHoe

HUYEro U3 Tepeyrc/eHHOTO

HajexxHas 3amyTa OT NepeHamnpsbkeHHd Oyper oOecmeunmBatbes, eciu BCX
pa3pAajHUKa:

+nexut Hwke BCX 3aruiaemoro o6opy/joBaHus

nexkut Boiire BCX 3amuiijaeMoro o060pyjoBaHMs

coBraiaet ¢ BCX 3aruiaeMoro o60py/10BaHuUs

nepecekaeTcs B IByX Toukax ¢ BCX 3ariuiiaemoro o60py/joBaHust

CamocTosiTe/IbHBIM pa3psiji, NP4 KOTOPOM YyAapHas HOHU3ALMA 3/IeKTPOHAMM
HMeeT MeCTO He Ha Bcell i/IuHe MPOMeXYTKa, a JIUIIb B ero YacTH y 3JIeKTPO/OB:
JIaBMHA 371eEKTPOHOB
+KOPOHHBIW pa3psij
CTpUMep
Ayra

Kakyo (hopMy MOXXeT MIMeTh KOPOHHBIN pa3paj?
JIABUHHYO
CTPUMEPHYO
+06e popmbI
HU OJTHY U3 3TUX (POpM

UTo U3 HIDKeNepeurc/IeHHOr0 He OTHOCUTCS K KOPOHHOMY pa3psapay?
TI0TepU 3Heprur Ha KopoHy cocTtas/isgoT 100-200 kBT Ha KujomeTp JIMHUU
KODOHHBIW pa3psifi IB/SIeTCSI MICTOUHMKOM aKyCTUUeCKOro Lyma
KOPOHHBIN paspsz SIBJISIETCS VCTOYHUKOM BBICOKOUYACTOTHOT'O
3/7IeKTPOMAarHUTHOT'O U3/TyUYeHUst
+KOPOHHBIV pa3psifi He CO3/laeT MOMeXU Tejie- U pauornprueMy

YeM, B 0CHOBHOM, OTIpe/ie/IAI0TCS 3aTPaThl SHEPIUd Ha KOPOHY?
3aTpaTaMy SHePryuy Ha MOHU3allMI0 BO3/yxa
+3aTpaTaMy SHePryy Ha Trepe/iBIKeHre NOHOB
3aTpaTaMU Ha HaBeZleHUe 3/IeKTPUUYeCKOTro MOJIst
3aTpaTaMy Ha HarpeB MPOBO/IOB
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Kak Ha3bIBaeTcsi 30Ha MOHU3AI[UH, 00pa3yoinasicsi BOKpYr npoBo/ja?
30Ha KOPOHHOI'0 paspsza
30Ha KOPOHbI
+4ex0J1 KOPOHBI
paspsiiHasi 30Ha

Ha Kakoe paccTosiHue, 3aBHUCsiIIee OT HaNpsOKeHHs Ha MPOBOJe, YAa/IAeTcs
00 beMHBIN 3apaj?

40-100 MKM

40-100 mm

+40-100 cm

40-100 m

Tabmina 5 — Kpurepuu oneHKH ¢(h)oOpMHUPOBAHHOCTH KOMITETeHI[UM

Kop v HavmeHOBaHue Kputepuu orieHrBaHus c)OPMUPOBAHHOCTH KOMIIETEHLIUN
WHAUKATOpa JOCTHKeHUs (4acTy KOMITETEeHLIUM)
KOMITeTeHIUU (4acTu COOTBETCTBYeT OL[eHKEe «3auTeHO»
KOMIETEeHI[1N) 50-100% oT MakCcHMaJIbHOTO Dasiia

CTyJeHT JeMOHCTPUPYeT 3HaHHe: 3aKOHOMepHOCTel
BO3HMKHOBEHHS pa3psi/ioB B ra3ax; 3akoHa [lamieHa;
TIOHSITHI TPOOUBHOTO HAaTPs’KeHUsI; KOPOHHOT'0, UICKPOBOTO,
JYTOBOT'O ¥ TIOBEPXHOCTHOTO Pa3psi/ioB, BpeMeH!
3ara3/pIBaHuUs paspsijia ¥ UMITYJIbCOB; 0COOeHHOCTeH
Pe3KOHEeOHOPOJHBIX U /1ab0HEeOJHOPOIHBIX TTOJIel;
¢u3rky Ipobosi pU repeMeHHOM HarlpsibKeHUH; criocobeH
OCYI[ECTBJISITh OI[eHKY TEXHUUECKOTO COCTOSTHUS KaOe/TbHbIX
Y BO3/IYLUHBIX JIMHUN 3/IeKTpOrepeiaunt

N-1nkoc2 OcyiecTsrsieT
OL[eHKY TEeXHUYECKOT'O0 COCTOSTHHSI
Kabe/IbHBIX ¥ BO3/YIIHBIX TMHUMA

5/IeKTpOIIepeiaun

Mopynb 4. IloHsATHE 0 YaCTUYHBIX pa3psijax. Bpems 3ana3gbiBaHus
pa3psaja. O0jas xapakTepUCTUKA U TeOPHH NMPO00sI KUJKHX AUI/IEKTPUKOB.
MexaHu3MbI IP000sI TBEPABIX JUI/IEKTPUKOB:

3/IEKTPUYeCKHUM, TeI/IOBOM, 3/IeKTPUYeCKoe CTapeHue

KomvmnbiorepHoe TectupoBanue (TCK)

Bblibepume 00uH npasuibHbIll 6APUAHM OMeemda U Hadcmume KHONKy «odsjee»
YUeM [JUIJIEKTPUMK THrPOCKONMYHEE, TeM CHIDKeHHe JAWIIEKTPHYeCKO#
MPOYHOCTH:

MeHbIIIe

+00J1BI1IE

HeCyI[eCTBeHHO

He 3aBHUCHUT OT TUTPOCKOTTMYHOCTH

CTpEMHTCH HCI10/Ib30BaTh MA/IOTUI'PDOCKOIMUYHBIE€ NUIIEKTPUKH HM/IN MOKPbITHUA

U3 MAJIOTHTPOCKOIIHYHBIX MATE€PHA/IOB, a4 TdKXKe o0ecrneuurh HaJe)XHoe
COIIpsi’)KeHHue Te/Id U30/IAT0PAa C MeTa//INYeCKOoH apMaTypoﬁ JJIA:
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+yBe/TM4eHUs1 pa3psiHOrO HalpsDKeHUs
yJIyullleHUs] BHEIITHEro BU/a

yBe/TMYeHUs] MeEXaHUUeCKOW MPOUYHOCTH
TMOBBILLIEHNS CTOMKOCTH K aTMOC(EpPHBIM SIBJIEHUSIM

TepMuueckd HOHU3UPOBAHHBIM KaHa/J Ppa3psja, pa3BUBAKOLIErocsi B/0/Ib
AUIIeKTPUKA, Ha TMOBEPXHOCTH KOTOPOr0 HOPMajibHasA COCTaB/AOLIAs
HaNpsDKeHHOCTH MO0JIA  MpeBbIIIdeT TAaHIeHLUA/JbHYK)  COCTaBJ/ISIIOLIYIO,
Ha3bIBAIOT:

+KaHaJl CKOJIb3SII1lero pa3psjia

JIA3JIEKTPUUeCKHW KaHau

pa3psiiHbIN KaHal

Jl/InHa KaHa/la CKOJIb351ero pa3spsajaa 3aBUCUT OT:
pasmepa u30ATopa
BJI&’KHOCTU OKPY>KaroIjero Bo3ayxa
+ero rnpoBOAMMOCTH
BH/la MaTepuasia U30/ATopa

Ovmnupuyeckas ¢opmyia Terviepa, oTpa)kawinasi B/MsiHHEe HaNPsDKeHUS MEXAY
3/IeKTPOJaMH, U3MeHeHHe HalpsDKeHHs U eMKOCTh KaHasia, MMeeT C/IeAyHInHil
BUJ:

U-nw-A-D
[, =————
p'Ly
dU
+lop = -CQ'U54‘/—
cxk = X1 i
d 0.4
Up:;(-Lm—
£-&,
Ry: pLy
7-A-D

®opmysna Temepa JiA HAX0XKACHHA PaspAJHOr0 HaNpsDKeHUs HMeeT

c/1eyOLIuHd BU/J:
0.4

+U, =y-L” 4
£ &,
_Ly-pLy
81.p ﬂ'AD
U:g-go-S
d
U: p.Ly
T-AN-D
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YTo 13 HIbKenepeunc/JeHHOr0 He iaeT NMOBbIIIEeHUs Pa3psgHOro HanpsHKeHus ?
yBeJIMYeHUe JIJTMHbI U30J19TOpa
yBe/MUYeHue [uamMeTpa M30/8TOpa Yy (JiaHL@a, C KOTOPOrO MOXKHO OXXHAATh
pasBUTHS pa3psija
HaHeceHHe y (1aHLia MOMYTPOBOASLLEr0 MOKPBITUS
+yMeHbLIeHHe JIJIMHbI U30J19TOpa

ITo Kako# U3 (hopMyJ1 OTIpe/ie/IAeTCA TOK YTEUYKH 10 U30/IATOPY?
1, = U-n-A-D
p-Ly
_ L
U-p-A-D
_ p-Ly
U-n-A-D
U-m-A-L
p-D

I

\4

\4

]3/

XKugkue [AMIIEKTPUMKM KakOM TIpynnbl He TMNPUMEHSIOTCS B KaydecTBe
BbICOKOBOJ/IbTHOM HU30/ISL{AN?

yI71eBoA0opo bl MUHepasbHbIe

yI1eBoA40po bl paCcTUTE/IbHBIE

+yr/1eBOJIOPO/ibl CHHTEeTUUEeCKHEe

KpeMHUHOPraHu4eckre CoeJMHeHUsT

Kak n3MeHsieTcss MpoOMBHOEe HaNPsDKeHHe XXUAKOT0 JUI/IEKTPUKA C YBeIMUeHHEeM
TeMIeparypbI?

3HAUMTEJIbHO YBeINYMBaeTCs

YBeJIMYUBAETCS

He U3MeHseTCs

+yMeHbIIaeTcs

Kak u3MeHseTcs1 MpoOMBHOE HaNpPsDKeHUE KUAKOT0 JUIeKTPHKA C YBeTHUeHHEM
AaBJIeHUS?

3HAUMTE/IbHO YBe/TUUMBaeTCS

+yBeIMUMBaeTCs

He U3MeHsIeTCs

B KakoM BHjIe B/Iara He MO)XeT Hax0JUThCsS B Macjie?
B MOJIEKY/IIPHO-PACTBOPEHHOM BHJIe
B BH/Ie SMYJ/IbCUN
B BH/Ie OTCTOSI Ha IHe Oaka
+B BH/IE My3bIPHKOB BOZSIHOTO T1apa B Macyie

Kakoro Bujja mpo0osi TBep/ioro AU3/IEKTPUKA He CYIeCcTByeT?
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371eKTprUYeCKUI
TeI/I0BOU
+(OoTOMOHMU3ALMOHHBIN
cTapeHue

3aBUCMMOCTb MPOOMBHOIO HANpPsDKEHHsI TBEPAOH H30/IIUM OT BpPeMeHH
NMPUWI0XKEeHUS HaNPsHKeHUs Ha3bIBaloT:

BaTT-CeKyHJHOW XapaKTepPUCTHUKOU

+BOJIbT-BPEMEHHOM XapaKTePUCTUKON

BHeIITHeW XapaKTepUCTUKOU

CTapeHUeM U30JISLUU

C yBesinueHHeM TOJIIMHbI TBEPAOH M30/IAL[UM ee 3IeKTPHUecKas MPOYHOCTh:
CHKaeTCs
+BO3pacraeT
He3HauuTebHO BO3pacTaer
He U3MeHSIeTCs

BBII[EJIEHHOE TEIUVIO IIPA TeIIOBOM l'lpOﬁOE TBEpAOﬁ HU30/IA0UHA oIipeje/aeTCH 110

dopmyie:
O =w-C-tg5-I’

Oy =k-S(T-T)
+Q,=w-C-tg6-U’
O =k-S(T'+T)

OTBoJuMoOe Teli0 NMPH TeIVIOBOM Mpo0oe TBep/[0il M30/ISILIMU ONpeJe/sieTcs 10
dhopmye:

Q,=w-C-tg5-1I’

+0,=k-S(T'-T,)

Q,=w-C-tgs-U’

Q,=k-S(T+T,)

Pa3psajbl, BO3HUKAawIUe TOJ  JAeldCTBUEM BBICOKOM  HaNpPsHKeHHOCTH
3/IEKTPUUYECKOr0 MOJisi B M30/SILUM B MeCTax C NMOHWKEHHOM 3/IeKTPUYeCKOH
MPOYHOCTHI0, KOTOPbI€ TMPEACTAB/JISIT C000M MpPo00HM ra3oBbIX BK/IIOYEHHH,
JIOKa/IbHbIE TTP000H Ma/IbIX 00€MOB TBEP/I0T0 ANIIEKTPUKA, HAa3bIBAIOTCA:

+4aCTHUHbIE pa3psi/bl

CTpUMepHbIe pa3psi/ibl

JIaBUHHbIE Pa3psi/ibl

MIPOOUWBHBIE PA3PSI/IbI

Kak ompegensiercss 00masi eMKOCTh B 3KBHBA/IEHTHOM cxeMe 3aMelleHHs
AU3JIeKTpUKa?
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C;+C

C,=C,+
5 0 CB'CLZ
C,=C+Cy+Cy
C,-C
CQZCO_M
Cy+Cy
C,-C
+C,=C,+—2—4
Cy;+Cy

Kakasa ¢opmyna oTpaxaeTr CBsi3b HANPSHKEHHOCTH 3/IEKTPUYECKOro MOJisi BO
BK/IIOUeHNH Ep ¢ HaNpsHKeHHOCTHI0 B 0CTA/IBHOM YacCTH ANY/IEKTPUKaA?
&
E,=E, %
€x
E,=E; &, &

2
+E,=E, L
Ep

E,=E, + ‘x
gB

Ha Kakom BHje HanpspOKeHUs YaCTHYHbBIE pa3pAAbl MPeACTaB/IAI0T HAaH00/IbIIYI0
ONACHOCTH?

Ha ITOCTOSIHHOM

Ha repeMeHHOM

Ha UMITYJIbCHOM

+Ha repeMeHHOM U UMITYJIbCHOM

Tabmmia 6 — Kpurepun oneHku ¢(h)OpMHUPOBAHHOCTH KOMIIETeHIHI

Kop 1 HaumeHOBaHue Kputepuu orieHrBanus c)OPMUPOBAHHOCTH KOMIIETEHLIUN
VH/MKaTOpa J0CTW)KEeHHsI (4acTy KOMITETEeHLIUM)
KOMIIeTeHLUM (Y4acTu COOTBETCTBYET OL[€HKEe «3auTeHO»
KOMITeTEHIUH) 50-100% oT MakcuMasibHOTO 6asia

CTyZleHT [eMOHCTpUpPYeT 3HaHue: MOHATHUM YaCTUYHBIX
paspsoB, CTapeHNst U30JILUH, AU3/1eKTPUUeCKOU TPOYHOCTH,
N-1nkoc2 Ocyiectsser TOKa YTeUKH 110 U30/IITOPY M eMKOCTH JIU3JIeKTPUKA; TEOPUU
OL|eHKY TeXHUYeCKOr0 COCTOSIHUSL | TIP000si )KUAKUX U TBEP/bIX JU3/IeKTPUKOB; XapaKTepUCTHK
KabesbHBIX W BO3/YLIHBIX JIMHUN 5/IeKTPUYeCKOro U TeryioBoro rnpobosi; popmysel Teitnopa;
3/1eKTporepesiauu criocobeH OCyIeCTB/ATh OL{eHKY TEXHUYEeCKOT0 COCTOSTHUS
KabesbHBIX ¥ BO3/IYLIHBIX JIMHUM 3/IeKTpOTiepejaun
napaMeTphl peXXrMMa WX paboTbl
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Mogayasb 5. Knaccudgukanus u3onsuud. Buabl BHyTpeHHel U30/IALMHU.
JIuHelHasi U anMapaTHO-CTAaHIMOHHaA u3osanusa. M3onsuus JIII1.
I'upasHabl H30/19TOPOB. ONOpPHbIE ¥ NPOXOAHbIE U30/IATOPHI

KomvmnbiorepHoe TectupoBanue (TCK)

Bblibepume 00uH npasuibHbIll 6APUAHM OMeemda U Hadcmume KHONKy «od/jee»
SiB/ieHue, BO3HHMKAOIIee B M30/ISIMA NMPHU JA/TUTE/THLHOM BO3/eCTBHH padouyero
HaNpPsHKeHUsI:

+CTapeHue N30/

TTPOOOM M30JIALINH

YaCTHUYHBIN pa3psi]

CTPUMEPHBIN pa3ps]

ITo Ha3HaAUYeHHIO H30/IATOPbI MOAPa3ae/IAITCA Ha:
BHeEIIIHHWE U BHYTPEHHHE
+/11HelHbIe U CTaHLIMOHHO-AIIllapAaTHbIE
OINOpHbIE U ITPOXOJHEBIE
IITBIPEBBLIE U TIOABECHBIE

N301ATOpPHI, NMPUMEHSIOIIHECA A/l KpeIUIeHHs1 U HW30/IMPOBAaHMs TMPOBOJIOB H
TPOCOB BO3/]yIIHbIX IMHUHU 3/IeKTpoINepejaun:

+1MHenHbIe

CTaHLIMOHHO-aIapaTHbIe

OTIOpHbIe

TPOXO/HbIe

Yto o3Hauaer OykBa B B 0003HaueHuH mrbipeBoro usossiropa HId10-B?
JI/1S1 BHELLIHEW YCTaHOBKHU
[/151 BHyTPEHHEeU yCTaHOBKH
[/l YCTAHOBKM BO BJI&)KHOM Cpefie
+KOHCTPYKTHUBHOE HCII0JIHeHHe

Kak o0o3Hauaercsa ¢apdopoBblidi INTHIPEBON H30/IATOP Ha HOMHHA/IbHOE
HanpsokeHve 10 KB KOHCTPYKTUBHOIO Mcno/iHeHus B?

10111-B

10B-®I111

+Id10-B

B10/Id

JIns KaKMX HanpsOKeHWIH MPUMEHSIOTCA MThIpeBbie H30/IATOPbI?
mo 1000 B
no 10 kB
+10 35 kB
Oosbie 35 KB
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I/l KaKuX HanpsHKeHWH MPUMEHSIIOTCSA Mo/iBeCHbIe H30/IATOPbI?
no 10 kB
ot 10 1o 35 kB
+06osble 35 kKB
6osbie 110 kB

3 Kakoro Marepuasia He H3roTaB/JIMBAIOTCS MOABECHbIE H30/ISITOPHI?
3/1eKTpoTexHu4eckuii hapdop
CTEKJI0
T0JIUMEePHbIe MaTepHaIbl
+1IpomacsieHHast Oymara

Ha kakue ABad THUIIA MOAPa3Ae/JIAITCA IMoABeCHbIE I/IBOJIHTOPBI?
+Tap8ﬂbanbIe " CTEP>XHEBLIE
OIIOpHLbIE U TTPOXOJHbIE
Pd3BbEMHBIE 1 HEPpA3BEMHEIE
BBICOKOI'O 1 HU3KOI'O HAIIPDSDKEHUSA

Kakoe o0o3HaueHne OyAeT HMeTh TMO/JBECHON CTEK/JISHHBIA T'PA3ECTONKHI
U30J/ISTOP C MUHUMA/IbHOM pa3pyllaniled Harpy3Kou 6 ToHH-cuia?

[1C-6

+IICT" 6-A

CIr-6A

6-I1CT"

Yto o3Hauaer OykBa C B 0603Hauenun usossaropa CP-110/2,25?
+CTep>KHeBOU
CTEKJITHHBIN
CTaHLJMOHHO-aIapaTHbIA
CO CTaJIbHBIM CEepJIeYHUKOM

CKo/1bKO TapesbuaTrbix H30ATOPOB Ha 110 xB m™Moxer 3aMeHMTb OJMH
CTepP)XKHeBOU?

2

3

5

+7

M3onaTO0pBLl, NpeAHa3HaueHHbIe /I Kpel/ieHWsi HIMHOIMPOBOJAOB, /JeTa/ied
anmapaTroB M W30/ITMPOBAHMSA MX OT 3a3eM/IEHHbIX KOHCTPYKIMI U MeX/y CO00M:
JINHEHbIe
T10/IBeCHbIE
+OIIOpHbIE
MPOXO/IHbIE
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Kakoe o0o3HaueHue OyAer HMeTh INTHIPEBOM OMOPHBIA  H30JISATOP,
paccuMTaHHbIA HAa HOMUHA/IbHOE HaMNpsDKeHHe U MUHUMa/IbHYH pa3pyllaolyio
Harpy3Ky 2000 xI'-cuia, mpeAHa3HAUeHHbIH /i1 HAPY)KHON YCTaHOBKM?

[I1O-35/2000 H

HIII-35 O 2000

35-2 OIH

+OHIII-35-2000

Ha kakoe HampspbKeHHe H3r0TAaB/JIUBAKTCA OMOPHO-CTeP)XHEeBbIe H30/IATOPHI W3
J/IeKTpoTexHu4eckoro papdgopa?

0,38-10 kB

10-35 kB

+35-150 kB

110-220 xB

N301ATOpPHI, MCNOAL3YHIIHECd B MeCTax, I/ie TOKOBeJyllyie YaCTH TNPOXOJAT
yepe3 CTeHbl, MepPeKPbITHS 3[JaHHH, OrPaXKJeHUs 3IJIEKTPOYCTAHOBOK WJ/IM
BBO/JSATCA BHYTPh META/UTHUECKHX KOPITyCOB 000pYy/0BaHUA:

JINHEeHbIe

T0/IBeCHbIE

OTIOpHbIe

+IpOXO/IHbIE

Kak Ha3bIBalOT NPOXOAHBbIEe U30/IATOPbI, paCCUMTaHHbIe Ha Hanpsukenue 110 kB
Y Bblle?

+BBO/IbI

JIUHEVHbIe U30J/ISTOPbI

OTIOPHbIE U30JISTOPbI

OapbepHbIe U30/IATOPEI

Jins yero Ha MOBePXHOCTH H30/IITOPA /ie/Ial0T pedpa M yBe/IMUUBAIOT AHaMeTP
H30JISTOpA y 3a3eM/IeHHOr0 (j1aHia?

JI/IS1 Ty YIIIero OXJIaXKJeHust

JIIS1 3aKperyieHusI B CTeHe

+/7151 yBeJIMUeHUs1 Harps»KeHUsT TIepeKPhITHS

Kakoe yTBep)X/ieHHe He OTHOCUTCA K Mac/Ji00apbepHOMY BBOAY KOH/IEHCATOPHOTO
TUIA?
TOKOBeIYIIIUI CTep)KeHb 00MaThIBAeTCsI HECKOILKUMHU CJIOSIMU Oymaru
00K/1aIk¥ BRIDAaBHUBAIOT T10J1e B Pa/{Ma/lbHOM M aKCHa/IbHOM HarlpaB/IeHUsIX
yToObI TIOBBICUTHL Upp, MPOMEXYTOK pa30MBalOT HAa N MaJbIX TIPOMEXKYTKOB
bapbepamu
+B  KaueCcTBe  W30JSIUM  UCTOJBb3YIOTCS:  ra3, JKUAKOCTH, TBep/ble
HeopraHuuecKre MaTepyabl, TBep/ible OpraHuuecKre MaTepuaibl
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Kakoe yTBep)KJeHHe He OTHOCUTCA K OyMa)KHO-MaC/JsIHOMY BBOJY
KOH/IEHCAaTOPHOIro THIa?

B KaueCTBe M30JIALUMU UCIIO0JIb3YIOTCA: Ta3, )KUJKOCTH, TBep/ble HeOpraHuyeckue
Marepuabl, TBepZble OpraHuyeCcKrue MaTepuaslbl

+9T06bI TIOBBICUTH Upp, TTPOMEXKYTOK pa30MBAIOT HAa N MajbIX MPOMEKYTKOB
b6apbepamu

yepe3 Kaxzable 2-4 MM HaMOTKM OyMaru B Te/l0o 3aK/a/bIBalOTCS
KOH/IeHCaTOpHbIe 00K/IaIKU U3 aTFOMUHKEBOU (Posbru

KOH/IEHCAaTOp XapaKTepU3YyeTCs ye/IbHOU 3aracaemMou SHepruen

Tabmuna 7 — Kpurepun oneHKH chopMHPOBAHHOCTH KOMIIETEeHI[HI
Kputepuu ouieHnBaHus cOpPMUPOBAHHOCTU KOMIIeTeHLIUU
(4acTy KOMMeTeHI1H)
COOTBETCTBYeT OL|eHKe «3a4TeHO»
50-100% oT MakcumasbHoro 6asmia
CTyZieHT JeMOHCTpUpYeT 3HaHHe: KaaccupuKau
V30/ISI1[UH; BU/IOB BHYTPeHHEeN U30JIAL{1H, IMHENHOU U
UJ-1nkoc2 OcylljecTBsIeT OLIEHKY arrapaTHO-CTalliOHaPHOW U30JISLUH; W30JISLUY JIMHUH;

Ko v HauMeHOBaHMe UHWKATOpa
JOCTIKEHUS] KOMIeTeHLIMH (YacTh
KOMIIETeHL1M)

TE€XHUYECKOTO COCTOSTHUSI OTIOPHBIX, TPOXOZHBIX, IITHIPEBBIX U MO/IBECHBIX
Kabe/bHBIX U BO3AYIIHBIX JTUHUMA M30J19TOPOB; 00603HaUEHUM W30J/IATOPOB; KOHCTPYKLIMU
3/IeKTpoIiepeiaun BBO/IOB; CITOCOOEH OCYIIIeCTBIIATE OLIEHKY TeEXHUUECKOTO
COCTOSIHUS KabeNbHBIX U BO3/YLIHBIX TMHUAN
3/IeKTpOTepeiaun

Moayasb 6. BBoabl. 30151151 MOIIHBIX TPaHCGOPMaTOPOB, KOHAEHCATOPOB,
Kaobesieil, iekTpuuecknx MamuH. HoBble nepcneKTHBHbIE pa3paboTKu
B 00/1aCTH U30/IAL{UHA

KomMmnbrotepHoe TectupoBanue (TCK)

Bbibepume 00uH npagu/ibHbIll 8apuaHm omeema u Haxcmume KHONKy «0asee»
V3ossus, MPeACTaB/IAIONAsA U3 ceds BO3AYIIHbIE MPOMEXYTKH MeXX/y BBOAAMH
U 110 X NMOBEPXHOCTHU:

+BHeILHSs

BHYTpPEHHSISI

b6apbepHas

CUsIoBast

M301MOHHbIEe YYaCTKH, PACIo/I0OKeHHble BHYTPH 0aka TpaHcdopMaropa H
BHYTPH BBO/IOB, — 3T0 U30/ISL{HUA:

BHEIITHSS

+BHYTPEHHSIS

OapbepHast

CHJIOBasI

BHyTpeHHss n30/1sA1UA TPaHCc(opMaTopa noApasje/isieTcs Ha:
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+TJ1aBHYIO U MPOAOJIbHYIO
IIPO/I0JIbHYIO U TIOIIepEeUHYI0
IJIaBHYIO U BTOPOCTEIIEHHYIO
CUJIOBYIO U BTOPUUHYIO

N3onauusa MeXxay pa3sHbIMH 00MOTKAMH, CTEHKAMH 0aKa, MarHMTOIPOBO/OM
U Ap.:

MIpO/I0/IbHAsT

rornepeyHast

+TJ/1aBHast

BTOpUUHAs

M3onsAnus Mex/Jy 3/ieMeHTaMH OJHON MU TOH ke 00MOTKH: MeXJy BUTKaMH,
C/I0AAIMH, KaTylIKaMH:

+11pOoA0/IbHAast

rioriepeyHast

r/laBHast

BTOpUYHas

B BBICOKOBOJIBTHBIX CWIOBBIX TpaHchopMaTopax B KadecTBe IJIAaBHOM
HCIIO/TIb3YeTCH U30IALUsI:

OyMa>kHO-Mac/IsTHast

+MacyiobapbepHasi

OyMmarkHast

MacJisiHast

B BBICOKOBO/IbTHBIX CHJIOBBIX TpaHcopMaTopax B KaudecTBe IPOJOTbHOM
UCIIO/Tb3YeTCH U30/IALUs:

+O0yMaKHO-MacC/IsiHasI

MacobaprepHast

byMarkHast

Mac/IsTHast

Yro o3Hauaer OykBa M B o603Hauennu Kabeqas MCCK-110?
MeHbIN
+Mac/I0HaIOJ/THeHHbIN
MO (ULIMPOBAHHBIN
B MeTa/I/THUeCcKoi 000/10UKe

K BpamamwmuMcs MalldHaM BBICOKOTO0 HAMNpPSDKEHUsI OTHOCATCA Typ0o- u
TUJPOreHepPaTOPbl, CHHXPOHHbIE KOMIIEHCATOPbl W /JBUraTeJ M  O00/IbIION
MOIL{HOCTH C HOMMHA/IbHbIM HaIlpPshDKeHHeM:

BhIlIe 380 B

Boille 1000 B
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+BbIi1e 3000 B
Bbilie 10000 B

N3onA0MsA CTaTOPHBIX 00MOTOK BpPaLAIOIMXCSl MAIIUH BHICOKOT0 HAIpPsDKeHHs
Mo/ipa3jie/isieTcs Ha:

+TJIaBHYIO ¥ MIPO/IO/IbHYIO

MIPO/IO/IbHYIO U TIOTIEPEeUHYI0

TJIaBHYIO ¥ BTOPOCTENEeHHYH0

CUJIOBYIO ¥ BTOPUUYHYIO

CucreMa MeponpuUATHI, C MOMOIILI) KOTOPBIX 00ecnmeurBaeTcs HA/JeKHAA
paboTa U30/IALMH B MPOIecce IKCIUTyaTaluu:

PEMOHT

o0I11iee cTapeHye U30JISALIUN

+TrpoQuIaKTHKa

MeCTHBbIe Jie)eKThl U30ISIIUN

Kakue U3 HIDKeNnepeurCc/IeHHbIX 1e()eKTOB He 0OTHOCATCS K MECTHBIM JiepeKkTam?
+o0111ee cTapeHue
COCpe/JOTOYEHHbIE TPEeLUHBI
BO3/IYIIIHbIE BK/TIOUEHHUSI
YaCTUYHBIE YBIXKHEHUS

B 3aaun npopuIaKTHKH U30/ISILMU He BXOJUT:
Co3/laHre HOpMaJIbHBIX YCIOBUY pabOThI U30JIALIUN
oOHapy>xeHUe ZieeKTOB M UX YCTPaHeHHe
n3yueHue hr3nueckux ocobeHHoCTel U TIPUUMH T0sIB/IeHUs JeheKTOB
+UCMbITaHKe U30JISILIMY TIOBBIIIIEHHbIM HarpshkKeHuem

V3mMepeHHe CONPOTUB/IEHHS U30/ISILIMU MPOU3BOAUTCS C MOMOII[bI0 MPUOOPOB:
OMMETP
+MeroMmeTp
MYJIbTUMETP
amMIiepMeTp U BOJIbTMETP

Yron agu3/ieKTpUYecKHX NoTepb B U30/ISILUM HAaX0AUTCA 10 (hopmyiie:

195 ==
4 I
tigd=—+
0
P
tgd ==
& S

MeTtoa KOHTpOJ/ISi U30/ISIL{UM TIyTeM HM3MepeHHusl yrja Au3/IeKTPUYeCKHX NOoTepb
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I103B0/id€T BbIABUTDH ,E[E(l)EKTbI:

YBJ/Ia>)KHEHHE

BO3/yllIHbIe (Ta30Bble) BKIHOUEHHS
HEOHOPO/JHOCTH, 3arpsi3HEHUS
+BCe BbILLIENEepeurCc/IeHHOe

HepocTraTku MeToja MHAMKALUY YaCTUUYHBIX Pa3ps/ioB:
Ha/mure 60/bIIIOr0 KOJTNYeCcTBa IMomMex
dbukcupyeTcsi He Hanuure JedeKTa, a HaJlMure YaCTUYHBIX Pa3psiioB

+006a HegoCTaTKa
HU OJJUH U3 HUX

METO,E[, 3ammqammm71(:ﬂ B CPABHEHHHU Be€/IMYHH €MKOCTH, H3MEPEHHBIX IIPHA

ABYX Pa3/IMYHbIX YaCTOTAX:
€MKOCTHOU
YaCTOTHBIN
YaCTOTHO-eMKOCTHOM
+«eMKOCTb-UaCTOTa»

HPOI[OJ'DKHTEJ'IBHOCTB HCIIbITAHUA H30/IMIJUM [MOBBIIIE€HHBIM HAaIIpA)KEeHHUeEM,

IIPUHUMdadEeMdA Had ITPAKTHKE:

10 cekyHz
+1 muHyTa
5 MUHYT
10 MuHYyT

Ilpu npodunaKTHUECKHUX HCMBITAHHAX B IpoLecce 3KCIUTyaTaliuy BeJTHYMHA
HUCOBITaTeIbHOr0 HAlIPSDKeHUS /10/DKHA COCTaB/IATh:

0,5 OT 3aBOZICKOT0 UCTIBITATE/IbHOTO HATIPSDKEHUST

+0,75 OT 3aBO/ICKOI0 UCIIbITaTe/IbHOI'O HalPsKeHUs

1,25 OT 3aBO/ICKOI0O UCIIbITaTe/IbHOI'O HalPsKeHUs

1,5 OT 3aBOZICKOT0 MCIIBITAaTe/IbHOI'O HalpsDKeHUs

Tabma 8 — Kpurepuu oneHKH ¢(h)opMHUPOBAHHOCTH KOMITETeHI[UM

Kog v HaMeHOBaHUe
VH/MKaTOpa JOCTU)KeHUs
KOMIIeTeHLUM (Y4acTu
KOMIETeHL1H)

KpuTepuu orieHrBaHUs CHOPMUPOBAHHOCTH KOMIIETEHIIUN
(4acTH KOMIIETEHLIUH)

COOTBETCTBYET OI[eHKE «3aUTeHO»
50-100% oT MakcumasbHOro bania

N-1rkoc2 OcyiiecTsisiet
OL|eHKY TeXHUYECKOr0 COCTOSHUS
KabeIbHBIX ¥ BO3/YIIHBIX TMHUIA

5/1eKTpOIIepe/lauu

CTyZeHT [eMOHCTpUpYeT 3HaHue: U30JIALUN
TpaHChOpMaTOpPOB, KOHZIEHCATOPOB, Kabesel 1 3/1eKTpUYeCKUX
MalIIFH; HOBBIX pa3paboToK B 001aCTH U30JISILIUK; YCTPONCTBA
[JIaBHOW, BHYTPEHHEH, IPOJ0/IbHOM Y MEXBUTKOBOW U30JISALIUY;
W30JISAL[UN CTaTOPHBIX 00MOTOK; /1e()eKTOB U30JISLIMH; METO/I0B
NIpOGUNIAKTUKY U30JISILUU; CTTIOCOOeH OCYIIeCTB/STh OLIeHKY
TEXHUUECKOTO COCTOSTHUSI KabeTbHBIX U BO3/YIIHBIX JTMHUAN
371eKTpornepeaun
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Mopayab 7. MeTo/ibl U YCTPOMCTBA MO/IyUeHUA BHICOKHX MepeMeHHbIX,
MOCTOSTHHBIX U UMITY/IbCHBIX HallPsDKeHUH.
I'eHepaTop UMNYJ/IbCHBIX HaNpPsbKeHUH ApKajbeBa-MapkKca.
I'eHepaTop UMILy/IbCHBIX TOKOB

KomnbiorepHoe TectupoBanue (TCK)

Bblibepume 00uH npasuibHbIll 6APUAHM OMeemda U HadcmMume KHONKYy «odsjee»
J10 Kakoil Be/ITMUYUHBI HAMPSDKEHHsI UCIOIb3YIOT 0HO(a3Hble BHICOKOBOJ/IHTHBIE
UcnbITaTe/IbHbIe TPaHChopMaTopbI?

500 kB

750 kB

+1200 kB

2200 kB

YT0 He OTHOCUTCA K 0CO0EHHOCTAM MCIBITaTe/TbHBIX TPaHC(OPMATOPOB?
KpPaTKOBPEMEHHOCTb PA0OTHI
OTCYTCTBHE aTMOC(EPHBIX NTepeHanpsKeHU!
Ha/imure OpOCKOB TOKA W Pe3KUX CIaZIoB HampspkeHWst Mpu mpobosix u
TepeKPBITUSIX UCTIBITYeMbIX 00beKTOB
+KpyTONazarolast BHELIHSS XapaKTepUCTHKA

JI/Isl Io/TyYeHHsl MCTIbITaTe/IbHOro HanpspkeHust 0ostee 1000 kB ncno/b3yoT:
aBTOTpaHC(OpPMAaTOPkI
+KacKa/ibl TpaHC(OPMaTOpPOB
CXeMy YJIBOeHUS HallpsUKeHUst
[leJIATe b HallpsDKeHUs

HanpsokeHHMe Ha BbIX0Jle KacKaja, COCTOAIero M3 N MocIef0BaTe/IbHO
BK/IIOUEHHBIX TPaHC()OpMaTopoB, onpejessaercs o ¢popmyJie (U, — HanpshkeHHe
Ha BbIX0/e nepBoro TpaHcopmaropa):

Uy :(n—l)-U2
U, =(n+1)-U,
+UBH :n'Uz
Uy, =2n-U,

Y kakoid H3 cxeM BbINPAMJ/IEHUSI TJIyOMHA Ty/bCaljiid BbINPAM/IEHHOTO
HaMNpsDKeHUsl HaubobIIan?

+o/iHOTIO/TyTIepro/iHas 6e3 puibTpa

OJJHOTIOyTIepUo/Hasi C (GUIbLTPOM

JBYXIOJTyTIepUOHast

Tpex(as3Hasi OZHOIO/yeprUOoIHas

Ha kKakoM #3 PHCYHKOB YyKa3aH rpauk OJHOMO/IYNEepPUOJHON cxeMbl 0e3
¢dunbTpa?
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Hanuuue ¢punbTpa B 0HOMOIYIEPHOJHOM CXeMe BbINPAM/ICHHSA:
+yMeHbllIaeT ryOuHy my/ibcalui
yBeJINUMBaeT aMILUIUTYAy HarpsoKeHUs
yBenurBaeT KII/I BeinpsaMuTesis
yMeHbILIaeT aMIVIMTYly HalpsiKeHUst

,Z[JIH IMOJ/IYY€HHA BbICOKOI'0 BbIIIPAMJ/IEHHOI'0 HAITPSDKEHUA UCIIOJ/IB3YHOT:
CXeMbI YIBOE€HHSA HAIIPSOKEeHHWA
CXeMbI YTPOE€HHMA HAlIPsOKEHWA
KdCKdJHbIE€ CXeMbl YMHOK€HHWA HAITPSOKEHH A
+BCe yYKa3aHHbI€ CXeMbI

HanpsokeHue Ha BBIXOJe KAaCKa/iHOTO YCH/IUTe/IA ompejessieTcsa no ¢opmyse (n

— YHQI0 cTyneHed B Kackage; Un — aMIUIMTyJHOe 3HaueHHEe MHUTAIoIIero
TpaHcdopMaropa):

Usblx =n- Um

U,,=2-(n+1)-U,

U,,=2(n-1)U

+U_=2-n-U

6blX m

Jnsi  UCObITaHUST  M30/ISIHMH  BBICOKOBOJIBTHOTO  3/IEKTP0O00OOpPY/0BaHMSA
rpo30BbIMH U KOMMYTAllMOHHBIMH MMITY/IbCaMH HUCII0/Ib3YHOTCS:

+TeHepaTOPbl UMITY/IbCHBIX HaMpsHKeHW

KacKa/ibl TpaHC(OPMaTOpPOB

KacKajiHble CXeMbl YMHOXXeHUS HaTlPsDKeHUsT

BbICOKOBOJIbTHbIE UCTTbITaTe/IbHbIE TPaHC(HOPMATOPbI

CKO0/1IbKO M3MepeHUH HY)KHO MPOBOJAUTH MPH U3MepPeHHH BbICOKMX HaNpsHKeHUM ¢
MOMOILIBI0 HIAPOBBIX Pa3pAAHUKOB?

1 usmepenue

2-3 usMepeHus

+4-5 u3mMepeHun

O/1eKTpoCcTaTUYeCcKHue BOJIbTMeTPbI H3MepPAIOT:
+/1elCTByIOLLlee 3HaUeHUe HallpsKeHust
aMIUIMTYy/THOe 3HaueHre HarpsoKeHUst
cpefiHee 3HaueHHe HarpsHKeHUst
MT'HOBEHHOe 3HaueHre HarpsKeHUst

Kakue THObI [e/fuTe/led HaNpsOKeHUs TPUMEHAITCA [  HU3MepeHusi
HaMNpsHKeHUs?

OMHYeCKUH

€MKOCTHOM

€MKOCTHO-OMHYeCKHUI

+BC€e YKa3aHHbIE
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Kakoii Tun iesiuTe/1ed HanpsphKeHHsi Haubosiee yHUBepcasieH?
OMUYEeCKUM
€MKOCTHOU
+eMKOCTHO-OMUYeCKHU
BCe yKa3aHHbIe

TpeOoBaHusl, IpebAB/IsAEMbIE K e/ TUTE/IAM HaNpPSDKeHUA:

KO3(ppuIMeHT geneHUs He [AO/DKEH 3aBUCEThb OT aMIUIMTY[bl, TOJISIPHOCTH,
JUTATEIbHOCTH U3MepsieMOro HarlpsbKeHHs.

KO3 dULIMeHT [Je/ieHUs] He [O0J/DKeH 3aBHCeTb OT BHEIIHMX 37eKTPUUYeCKUX
TI0JIeH.

JleNIUTe b 10JKeH ObITh YZI0OHBIM B SKCIITyaTal[il U OTHOCHUTE/BHO JIeleBbIM.

+BCe nepeunrcieHHbIe

Ha kako# u3 cxeM H300pa)keH OMHYECKHH /ie/TNTe/Tb HanpsDKeHusi?
4

N
A

T

K OCIIHII.

K OCIIHT.
>

L ()
K OCIOHT.

Ha kako# 13 cxeM H300pa)keH eMKOCTHO-OMUUYeCKHIl /le/TUTe/Tb HanpsDKeHus ?
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K OCIIHJI.

K OCIIHT.
> —

= C,;
K OCIOHT.

KakumMu HejocTaTKaMH 00,/1aJaeT eMKOCTHO-OMHUYECKHUH /Ie/TUTe/Tb HaNPsDKeHUs?

CJIOKHOCTB U3T'0TOBJ/IEHUA

JIOpOTOBM3HA

+006a 3TH HeZloCTaTKa

Tabsmuna 9 — Kpurepun oneHKH chopMHPOBAHHOCTH KOMIIETEHI[HI

Kop v HameHoBaHMe
VH/MKaTOpa J0CTW)KEeHHsI
KOMIEeTeHLUM (YacTu
KOMIIETeHL1H)

KpuTepun orieHuBaHUs CHOPMUPOBAHHOCTH KOMIIETEHIIUN
(4acTu KOMMEeTeHIINH)

COOTBETCTBYET OIIEHKE «3aUTeHO»
50-100% oT MakCUMaJILHOIO Hasia

N O-1nxoc-2
Ocy1ecTBsieT OLeHKY
TeXHUYECKOT0 COCTOSIHUS
KabesbHBIX U BO3/YIIHbIX
JIMHUM 3/1eKTpOIepe/jaunt

CTy/leHT /eMOHCTPHPYeT 3HaHHe: MeTOZIOB U YCTPOUCTB TOJIyUeHu s
BBICOKHX NepeMeHHbIX, TTOCTOSIHHBIX U UMIMYJ/IbCHBIX HalpsDKeHUH;
reHepaTOPOB UMITY/IbCHBIX HaMpsKeHUN U TOKOB; BEICOKOBOJIbTHBIX
UCTIbITaTeTbHBIX TPaHCHOPMATOPOB; Kacka/JoB TPaHC(HOPMaTOpOB;
CXeM BBITIPSMJIEHUS] HaMpsDKeHUsT; O/THOTIOMyTIePUOHOM,
JIBYXTIOJ/IyTIePUOITHHOM U Tpex(da3HOM 0JHOMO/yTIePUOJHOMN CXeM;
(hopM IpO30BBIX U KOMMYTALIMOHHBIX UMITY/IbCOB; 111aPOBbIX
pa3psJHUKOB; CXeM U3MepeHUs HallpsKeHU; estuTesiei
HanpsDKeHUH; Crioco0eH OCYIIeCTBIIATh OLEHKY TeXHUUEeCKOTO
COCTOsIHUSI KabesTbHBIX M BO3/YIIHBIX JIMHUM 3/1eKTporiepefaun
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Moayasb 8. Knaccudgukanus nepeHanpsbkeHHd. Y POBHU U KOOPAUHALMS
u3osisinuu. BostHoBbIe ponecchl B IMHUAX M TPaHcopmaTopax

KomMmnbiorepHoe TectupoBanue (TCK)

Bblbepume 00uH npasuibHbIli 6APUAHM OMeema u Haxcmume KHONKy «odsjee»

Bcsikoe TOBBIIIIEHHEe HANPSDKEHUS B JJIEKTPHYECKOW CeTH 0Oosibiine
MaKCHMaJ/IbHOT0 padouero B 3aBHCUMOCTH OT KJIaCcCa HaNPsHKeHUsI:

TTPOOOM M30JIALINH

YaCTUYHBIN pa3psi]

+TepeHanpspkeHue

KOPOHHBIN pa3psif

IlepeHanpspKeHUs MOAPA3/e/ISIIOTCA Ha:
+BHeIIIHUE U BHYTPeHHUe
BBIHY>K/]eHHbIe U CBOOO/[HBIE
nepruoIuyecKrie U ariepuoindeckue
CTaTUYecKue U JTUHaMUYecKue

KparHocTh nepeHanpsbKeHUM onpejesisiercs no gopmyiie:

K. = Up..wakc
g=—
Mmaxc
+ K. = UMaKC
0=
p.Mmakc
K. = Up..wa/(c
T
HOM
K. = UHOM
7=

p.Makc

JiA M30/MUM BBICOKOBOJ/IBTHBIX YCTPOVMCTB HHM3KHMX KJ/IaCCOB HAMNpPsDKeHUS
(U<220 xB) Haubosiee onmacH6IMH SABJ/ISIFOTCS:

KOMMYTaLIMOHHBbIE TTepeHarpssKeHus

+TPO30BbIe I1epeHarpsKeHus

CTaLlMOHapHbIe TepeHarpsyKeHus

KBas3uCTaliOHApHbIe [epeHarpsyKeHnst

Jlis M30/IAMH BbICOKOBOJ/IBTHBIX YCTPOUCTB BBICOKMX U CBEPXBBICOKHMX K/IaCCOB
Hanpspkenusi (U>330 kB) HauOoJ/1ee 0NIaCHBIMH SIB/IAIOTCA:

+KOMMYyTal[OHHbIE TIepeHarpssKeHUst

I'PO30BbIe MepeHarn psHKeHus

BHEIIIHUE TlepeHarpssKeHUst

KBa3WCTaLlOHAPHbIe TlepeHanpsKeHUst
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Ha HM3KHMX KjaccaXx HamnpsDKeHHUs1 CHenuaJbHbIMH YCTPONCTBaMHU

OrpaHUYUBAIOT:
+TOJIbKO TPO30BbI€e MepeHarpsKeHust
TOJIbKO KOMMYTALIMOHHbIE TIepeHanpsKeH st
Y TPO30BbIe U KOMMYTAalIMOHHbIE
TOJTbKO BHYTPEHHUE MepeHarpssKeHust

YTo 0THOCUTCA K NPUYHUHAM BO3HUKHOBEHNsSI BHYTPEHHHUX MepeHanpsHKeHnun?

OTKJTFOUEeHHe JTNHUU
oOphIBHBI (ha3

1TPo00I1 U30/IATOPOB
+BCe Mepeunc/ieHHoe

Kakux BHyTPeHHUX NepeHanpspKeHUd He ObIBaetT?
KOMMYTaLMOHHbIe
KBa3WCTaLOHapHbIe
+TpO30BbIe
CTaljMOHapHbIe

Ha ck0/1bK0 CTagui MOXXHO pa3/ie/INTh pa3BUTHe NepeHanpsHKeHus?
1
2
+3
4

Kakum o0opy/joBaHHeM He OCYILIeCTB/ISIETCA OrpaHUYeHHe NepeHanpsHKeHnn?

TpyOuaThIil pa3psiTHUK

BEHTUJIbHBIN Pa3psIHUK

He/TMHENHbBI OrpaHAYMTe b epeHarpshkeHun
+BBIK/IFOUaTe/Ib Harpy3K1

ITo kKakoi (hopMyJie HAXOAUTCA eMKOCTHOM TOK, MPOTEKAIIIUA MeXAY MPOBO/IOM

U 3emiien?
i :C%
i :C%
i :C%
. du
+i. = —

IIpu KakoM HamNpsUKeHHH KOPOHHMPOBaHHe NPOBOJOB 0o/iee MHTEHCUBHOE TPH

MPOYMX PaBHbBIX YC/JI0BUAX?
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ITOCTOSTHHOM

+1epeMeHHOM

VMILYJIbCHOM
KOpPOHHPOBaHHEe OJMHAKOBOE

le/l aTMOC(i)eprIX 0Ca/JKaX HAaYd/IbHO€ HATIPAK€HUE BOSHUKHOBE€HUA KOPOHDbI:
He3HAUYMTe/IbHO ITOBBIIIaeTCA
Heé M3MeHseTCsa
He3HAUUTEe/IbHO CHW)KAeTCsA
+pe3K0 CHW)XaAeTCst

PacnpocTrpasneHHos ¢opmMysion A/isi pacuera NMoTepb Ha KOPOHY Ha NepeMeHHOM
HaNpsHKeHUU ABJISIeTCH:

+amrpuyeckas popmya [Mrika

dbopmyna Matipa

dbopmyna EropoBoit u TuxogeeBa

BMHl/lpl/l‘-IECKaH (bopMlea ITuka AJIA OAHUHOYHOI'0 ITPOBO/JAd 3dalIUCbIBAETCHA B BH/I€:

Uy :21.2-5-ln£-ml-m2

"o
P=k-n-f-r,-E,(E,—E,)- 2.31g%—1 107
-’/'0
wp=22 05 %O(U@—UK)Z-IO‘S

P=24-10"°-U; -exp| 8.7 Z—M—0.53 107

K

Pa3sMepHOCTH IOTEphb SHePruu Ha KOPOHY:
+kBT1/KM" (pa3a
kBT/da3a
KBT/KM
kBT-(daza

Jins onpepe/eHUusi MOTepb HEPruu NMPH KOPOHMPOBAHMHU AJA PpacilenieHHbIX
IIPOBO/I0B MCII0/Ib3yeTCs:

smmupuueckasi opmyJa ITuka

+dopmyna Matipa

dopmyna Eroposoii u TuxozneeBa

dopmyna TayHceHa

dopmya Maupa 3anucbsiBaeTcs B BUje:
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Ug :21.2-5-ln£-ml-m2
"o

1350E,, —1)10—5

.’/'O

+P=k-n-f-r,-E,(E, —EK)-(2.3lg

P=2L 05 0w, -U, Y 107
5 S
-6 2 UM -5
P=24-10"-U2 -exp| 8.7 22 —0.53||-10
UK

Jlns cpegHeit mosiocbl EBponeiickoi yactu Poccun u 3anagHoit Cudupu norepu
Ha KopoHy i Tpexda3ubix JIIII  CcBepXBBICOKOr0  HamNpsDKeHMs
PacCYUTHIBAKTCA 10 popmyJie:

sMmrnpuueckasi popmyna ITvka

dbopmyna Matipa

+@dopmyna Eroposoii 1 Tuxozeea

¢dopmyna TayHceHga

®opmyna JI. Eroposoii u H. TuxopaeeBa 3anucbiBaeTcsi B BHje:

Uy :21.2-5-ln£~ml-m2

o

1350, —1}-10-5

. ’/’0

P=k-n-f-r,-E,(E, —EK)-(2.3lg

24.1 7 2 s
P=""(f+25),2(U,-U.) -10
o S
-6 2 UM -5
+P=24-10"-Ug -exp| 8.7 ——0.53 ||-10
UK
Tab6suna 10 — Kpurepun oneHKr ¢(h)oOpMHPOBAHHOCTH KOMITETEeHIIMHI
Kputepuu orieHrBaHus cOPMUPOBAHHOCTU KOMIIeTeHLIUU
Kop v HarlMeHOBaHMe UHAMKATOPa
(4acTH KOMITETEHIUH)
JOCTHKEHUS] KOMIeTeHLIMH (YacTh
KOMITeTeHIH) COOTBETCTBYET OL|eHKe «3aYTeHO»
50-100% oT MakCHManbHOrO basia
CTyZleHT [eMOHCTPHpPYeT 3HaHHe: KlacCU(PUKaLuu
repeHanpsbkKeHuH; ypOBHeH KOOPAWHALIMM U30JISLUY;
N-1nkoc2 OcyljecTBrsieT BOJTHOBBIX TIPOL[€CCOB B JIMHUSIX U TPaHC(opmaropax;
OLIEHKY TeXHUUYECKOI'0 COCTOSIHUS KpPaTHOCTel TNepeHarnpspKeHUi; BHYTPeHHUX U BHEIITHUX
Kabe/bHBIX U BO3AYIIHBIX IMHUMA | TepeHarpsykeHUi; MpUUMH KOPOHUPOBAHKsI; METOZI0B pacueTa
37IeKTpoIiepesaun 1oTepb Ha KOpoHy; Gopmys [Tuka, Maiipa u Tuxozeesa;
CrIoco6eH OCYIIeCTBATh OLIEHKY TeXHUUYECKOTO COCTOSTHUS
KabesIbHBIX M BO3/IYLIHBIX JIMHAM 3/IeKTpOIiepejaun
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Moayas 9. I'po3oBble nnepeHanpspkenusi. [lapamerpsl MostHUM.

30HbI 3al[UTHI MO/THHEOTBO/I0B

KomvmnbioTepHoe TectupoBanue (TCK)

Bbibepume o0uH npagu/ibHbIll 6apuaHm omeema u Haxcmume KHONKy «oasnee»
OCHOBHOU K0/IHNYeCTBEHHOU XapaKTepPUCTUKON pa3psAAa MOJTHHUH SIBJ/ISETCA:

aMIUIATY/Ia HaTPsKeHUST MOJTHUM
TIPOZI0/DKUTETBHOCTb TPO30BOM eSITe/IbHOCTH
TIPOZIO/DKUTETBHOCTD UMITY/IbCA HaMPSKEHUS
+aMIIIUTyia TOKa MOJTHUH

CpeHuii pacyeTHbIA TOK MOJIHUM COCTABJISIeT:
15A
150 A
1500 A
+15000 A

Crep)xHeBble MO/IHUEOTBOABI IPUMEHSAIOT /A1 3allUThI:
+10ACTaHLM
BO3/YIIHBIX JIMTHUH
KabOeJIbHBIX JTUHUH
pacripefieIMTeIbHbIX YCTPOMCTB

Haubosibiiyie rpo3oBbie NepeHanpspkKeHUsT BO3HHKAIOT
MOJIHUM B:

+ JIMHUIO W/ IO CTaHLUIO

MOJIHUEOTBOJ,

IPO303allUTHBIN TPOC

3eMJII0 B HEToCpeJCTBeHHOM 0/1M30CTH OT JIMHUK

npu MNpAMOM

YAape

HpOCTpaHCTBO BOKPYI' MOJIHU€0TBO/id, IOIIa/ldHHAE€ B KOTOPO€ pa3pAA0B MO/THUHU

MaJ/IOBepPOATHO, Ha3bIBAETCA:
+30Ha 3aIUThI MOJTHUEOTBO/1a
oXpaHsiemMasl 30Ha
30Ha MOJ/IHHMe0e30MacHOCTH
I'pO303allUTHAs 30Ha

TpOCOBbIe MOJ/IHUE€O0TBO/AbI UCITI0/IB3YHOTCHA B OCHOBHOM [IV/ifl 3dlllUTHI:

JKAJIBIX ZIOMOB
TIPOU3BO/ICTBEHHBIX 3/JaHUN
+BO3/[yIIHbIX JIMHAW

MO/ CTaHI[AN

40



Yron Mexjay BepTUKA/JIbLHOM JIMHHEH, TeprneHJUKY/IAPHOM TPOCy, U JIMHHEH,
coeJMHAIOLEN MPOBOJ M TPOC, HA3bIBAETCHA:

+yTJIOM 3alUThI

YIJIOM aTaku

yTJIOM MOJIHHEOTBO/ja

yTJIOM MOJIHHEeTIpHeMHHKa

Kaxkoi J0/DKeH ObITh yroJi 3al{UThl Ha BO3AYIIHBIX IMHUAX?
10-15 rpazgycos
15-20 rpagycos
+20-25 rpazycos
25-30 rpagycosB

ConpoTuB/IeHHE 3a3eMJ/IEHHsI ONOpP C TJIyX03a3eM/IEHHONW HEeMTPa/ibH [J0/DKHO
OBITh:

+MeHee 5 Om

5-10 Om

10-15 Om

6osee 15 Om

ConpoTHuB/IeHHE 3a3eM/IEHHSI OTIOP C W30/ THPOBAHHON HEMTPA/IbIO J0/DKHO OBITh:
MeHee 5 OMm
+MeHee 10 Om
10-20 Om
6omee 20 Om

I'po3o3amuTa MoACTaHIMi, KpoMe 3allMThI 0T MPAMBIX y/JapOB MOJIHHH, A0/DKHA
BK/IIOYATh B Ce0s1 c/ieyIoljHe BU/bI 3aIl[UT:
OT MepPeKPBITUH MPU ylapax MOJHUU B 3a3€MJ/IEHHbIe KOHCTPYKL[UH MTOCTaHIHH
OT BOJIH, TIPUXO/SAIINUX C TMHUN
+00a BH/a 3amIUT
HU OJIVH U3 3THX BU/IOB

O)xujiaeMoe  UHCI0  (JIyyaeB  BO3HMKHOBEHHSI  OMACHBIX  I'PO30BBIX
nepeHanpspkeHud B rof ais BJI Haxoaurcs no ¢popmy.ie:

+N :O.9h-10_3-L-nﬂ-Unep-77

OMKI

Ny =0.90-10° - L-ny -0, 1

OMK

Ny =0.750-107 - L-ny -0, -7

OMmKn

N, =1.9h-103°L-7’lﬂ-0nep°77

OMKI
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Ha paHHoM pucyHke - M0Ka3aHo YCTPOKCTBO:

3alUTHOTO Pa3psiiHUKA
BEHTU/IbHOTO Pa3psiJHUKa
+TpyOuUaToro pa3psijHUKa
HEeJIMHEWUHOT0 OTPaHUYUTe/IS TTepeHanpsKeHu

JI/Isl HCK/TIOYeHHUsI JIOXKHOTO CpadaThIBaHUA BeHTHW/IBHOT0 Pa3pA/JHHUKA CTY)KHT:
+IIyHTUPYIOLL[ee COTTPOTUB/IEHHE
VMICKPOBOW MPOMEKYTOK
HeJIMHelHoe pabouee COMPOTUB/IEHUE
M30JIITOP

ToK rameHus Ayrd COBpeMeHHbIX BeHTH/IbHBIX Pa3pAJHUKOB COCTaB/IACT:
80 A
150 A
+250 A
1250 A

Bo/sibTaMnepHasi XapaKTepPUCTHKA HeJIMHEHHBIX Pa00unuX COMPOTUB/IEHUH (BU/IUT
U TePBUT) BEHTW/IBHOI'0 Pa3psAHUKA ONUCHIBAeTCS BbIPa)KeHHeM:

U=K-1*"
v=-1
K
1
U=K-I¢
+tU=K-1°

BeHTW/IbHBIE PAa3PSAAHUKA KAaKOW rpynmnbl 00/1aJal0T HAW/TyYIIHMMH 3all[UHTHHIMH
CBOMICTBaAMu?

+1

I1

111

IV

3alUTHbIE YCTPONCTBA HA 0CHOBE He/IMHENHBIX Pe31CTOPOB-BaPUCTOPOB:
BEHTUJ/IbHbIE PAa3PSAHUKU
TpyOUaThie pa3psiIHUKH
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3alMTHbIE Pa3pSISHUKN

+HeJ/IMHeNHbIe OrpaHUYKTe TN TlepeHarpssKeHU

Kos¢duimuent HemmueriHoctu OITH cocraBasier:

«=0,01+0,02
+0=0,02+0,1
«=0,1-+0,2
«=0,2+1,0

Cnoco6 nogkawouenusa OITH K ceTn:

+HeToCpeICTBEHHO K CeTH
yepe3 pa3psiHUK

yepe3 perucTpaTop cpabaTbIiBaHUIMA
yepe3 TpaHC(POpMaTOP HaIpsHKeHUs

Ta6ymma 11 — Kpurepuu oneHku copMHUpPOBaHHOCTH KOMIETEeHLIMH

Koy v HariMeHOBaHKe UHUKATOPA
JIOCTYKeHUS] KOMIIeTeHLIMHU (4acTu
KOMIIeTeHIUH)

Kputepuu oieHrBaHus cOpMUPOBAaHHOCTH
KOMIETEeHLMU (YaCTH KOMITeTEHLIUN)

COOTBETCTBYET OL[€HKEe «3auTeHO»
50-100% ot MakcumasabHOro dasnia

U-1nKoc2 OcCyIIeCTBIISIET OL{EHKY
TEXHHUUYECKOT0 COCTOSTHUS KabebHbIX
Y BO3/YIIHBIX JTUHUN
3/1eKTpOrepeaun

CTyZleHT [eMOHCTpUpPYeT 3HaHHe: [IPUYMH IPO30BbIX
repeHanpsDKeHNUH; XapakKTepUCTHK MOJIHUM; BUJIOB
MOJIHMeOTBO/,0B U MX 30H 3all{UTbl; TPOCOBBIX U
CTep>KHeBBbIX MOJTHHEOTBOZIOB; YPOBHel 3a3eMJ/IeHUsI OIIOp
Y TIO/ICTaHLUM; OrpaHUYNTe el IepeHanpshkeHuH;
BEHTU/IbHBIX U TPyOUaThIX pa3psiiHUKOB; CIIoCOOeH
OCYILIeCTBJ/ISITh OLIEHKY TEXHUYECKOr'0 COCTOSHUS
KabesbHBIX 1 BO3/[YIIHBIX JUHUHI 371€KTporepeaunt

Mopaynb 10. BHyTpeHHUe nepeHanpsuKeHust

KomnbrorepHoe TectupoBanue (TCk)

Bblbepume 00uH npasuibHbIli 6APUAHM OMEema u Haxcmume KHONKy «odsjee»
BoJ/iHa pacripocTpaHsieTcs B/0/1b JIMHHU B BO3/IyXe CO CKOPOCTBIO:

v~r0,5C
v~0,625C
v~ 0,75C
+tv=C

BoJiHa pacnpocTpaHsieTcs BJ0/Ib Ka0e/IbHOM JIMHUH CO0 CKOPOCTHIO:

+uv~0,5C
v~ 0,625 C
v~ 0,75C
v=C
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Bo/1HOBOe cONpOTHB/IeHHe HAX0AUTCA 10 popmy.ie:

v7= |k
CO
- [G
LO
Z=C, L,
z- |1

Bo/siHOBOe cOMpoTHB/IeHHE eJMHUYHOr0 MPOBOJAA BO3JYIIHOW JTUHUU NMPHMEPHO
paBHO:

50-100 Om

150-200 Om

250-300 Om

+400-450 Om

TouKy, B KOTOPOM CKAQUKOM HU3MEHSIeTCS COOTHOLIeHHEe MEeXAY 3/IEKTPHUeCKUM U
MarHMTHbBIM M0/IAMH, Ha3bIBAIOT:

repexo/IHOWM TOUKOH

+y3/10BOM TOUKOU

yJapHOH TOUKOU

KPUTHUUYECKON TOUKOU

Ha kKakoM pucyHKe H300pakeHa SKBHBa/IeHTHasl CXeMa 3aMelleHusl VTHHHOM
JMHUHU no npaBuay Ilerepcena

Hetoynug Harpyska

Ch

(& B,

-~
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Kakue mnepeHanpspkeHHMsi BO3HUKAWT B Pe30HAHCHBIX KOHTYpax,
o0pasyromuxca B CeTSX C U30/JMPOBAaHHON HeWTpa/ibio, eCId K JIMHUM
NOAK/II0YeHbl Ma/IOHArpy’)keHHbIe TpaHcGopMaTopbI?
+(eppope3oHaHCHbBIE
MarHMTOpe30HaHCHbIe
BHEILLIHUE
BHYTpEeHHUE
Ha KakoM #3 PHCYHKOB H300pakeHa cxemMa /il HCC/Ie/[0BaHUS

nepeHanpsHKeHW NPU HeCUMMETPUYHOM OTK/II0UeHuH (a3

HceTourHEK

Harpyska

_Cu

G

(3]
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Kakoe u3 MeponpusiTuii yMeHbIIAeT BePOATHOCTh HeCHMMMeTPUUYHBIX
OTK/TIOYeHHH?

+0TKa3 OT TJIaBKMX TIpeJloXpaHuTe/ield MW BbIK/IOUaTe/ned C TModasHbIM
yrpaBJieHueM

yMeHbllIeHHe Harpy3Ku Ha CUJIOBbIe TPaHC(HOPMaTOPHI

ycraHoBka OITH

3aMeHa 3all[UTHBIX pa3psiIHUKOB Ha TpyOuaThie

Kakas M3 crapuii He BXOJUT B TMPOIEeCC BO3/JeiiCTBUA BOJHBI Ha O0OMOTKY
BBICILIEr0 HanpsbKeHusi TpaHcopmaropa?

Hava/IbHbIN TIPOLiecc

repexo/IHbIN MpoLecc

YCTaHOBHUBLLIUICS PEXXKUM

+CTalMOHapHbBIN PEXXUM

Ha KakoM M3 PHCYHKOB MOKa3aHa cxeMa 3aMelleHusi 00MOTKH TpaHcopmaropa
B YCTAaHOBHUBIIEMCS pe)Kume?

46



7 Kldx
72 il [ I
I {t l I l
Cdx = Zy
dc
[)."
MM
Zy
+ =
Un _
L)L
0

Jnsa TpaHcdopMaTopoB C 3a3eM/IeHHOM HeMTpPa/ibi0 TIJIaBHasA H30JISLUA
AO/DKHA OBITH yCH/IeHA:

+B Haya/IbHOW YyaCcTU 0OMOTKHU

II0 BCEH JI/THHE OOMOTKU

B KOHIIe 0OMOTKH

I10 BCeH yIiHe, HO 0C0OeHHO B KOHIIe 0OMOTKH

Jnsa TpaHcdopMaToOpoB ¢ M30/IMPOBAHHONW HeNTPA/IbI0 IJIaBHAsA H30JIALUSA
AO/DKHA OBITH yCU/IeHA:

B Haua/IbHOM YacTH 0OMOTKHU

TI0 BCel yiHe 00OMOTKH

B KOHI[e 0OMOTKH

+T10 BCe# JjyiiHe, HO 0C00eHHO B KOHI[e 0OMOTKH

Kakue ycTpoWCTBA BBOJAT B KOHCTPYKI[HI0O 00MOTOK TpaHC(OpMaTOpoOB s
ocs1abienus 3¢ deKkToB nepeHanpPsHKeHUA U 3aIUTHI 00MOTOK OT Mpo6os?
5KpaHUPYIOIIMe KOJIblia
TreT/ieBbie 0OMOTKU
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CJiIoeBble 0OMOTKH
+BCe YKa3aHHbIE

Kak Ha3pIBawT peryjiupyeMblii peakTop, BK/IKWUYaeMbld B
TpaHcdopMaTopa /i/isi yMeHbIIIeHHs TOKA 3aMbIKaHUSA Ha 3eMJII0?
Jyroracsiasi KaTyliKa
KaTyuka Ilerepcena
HaCTpPOeHHas UH/yKTUBHOCTb
+BCe yKa3aHHbIe Ha3BaHUS IOy CTUMBI

ToK, NpoTeKawIyi uepe3 Jyroracsigy KaTylkKy, paBeH:

;, =Us
K LK
U

+1, =—2

Yool
I, :a)Uq)
K LK
I, :a)LK
K UCD

Y cnoBue HaeabHOM HACTPOUKHM Ayroracsiiei KaTylKu:

twl, = !
300,

KT 3wC,

3azem/ieHMe HeUTpaiu B cerax 35 KB wudepe3 ayroracsimyro
NMPUMEeHsIeTCSl NPU TOKaxX 3aMbIKaHUA Ha 3eMJII0:

+60s1ee 10 A

6osee 30 A

6osee 50 A

6onee 100 A

3azemsieHHMe HeuTpaau B ceTrax 6-10 kKB uepe3 ayroracsigyro
MPUMEHSeTCS MPU TOKAX 3aMbIKaHUA HA 3eMJIIO:

6omnee 10 A

+60s1ee 30 A

6omnee 50 A

6onee 100 A
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Ecnu HelTpanb cWioBoro TtpaHncgopMaropa HeJOCTyNHAa, TO B KadyecTBe
Ayroracsiiero anmnapara NpuMeHSs0T:

BEHTW/IbHBIN Pa3psiHUK

HeJIMHEeUHBIW OrpaHUYMUTe b TIepeHarpsHKeHUst

+creluanbHbIM Ayroracsiui TpaHcopMarTop

KaTyuky [letepcena

Tabsuna 12 — Kputepun oneHKH ¢()OpMHUPOBAHHOCTH KOMITETeHIMI

Kop v HaumeHOBaHMEe
VIH[MKaTOopa JOCTHKeHHsI
KOMIIeTeHLUM (4acTu

KpuTepuu otjeHrBaHUs CHOPMUPOBAHHOCTH KOMIIETEeHLIUHU (4acTh
KOMIIeTeHI1H)

COOTBETCTBYET OL|€HKE «3aUTEHO»

Ocy1ecTBiseT OLeHKY
TEeXHUUECKOTO COCTOSTHUS
Kabe/IbHbIX ¥ BO3/YIITHBIX
JIMHUM 3J1eKTporiepejaun

KOMIETEHLIVN) 50-100% oT MakcuMasibHOTO 6asia
CTyZeHT [eMOHCTpPUPYeT 3HaHWe: BUJ 0B BHYTPEHHUX
V-1 repeHarnpsbKeH!id; XapakTepa paclipoCTpaHeHus BOJIH B BO3JYLLIHBIX
~1I1Koc-2

JIMHUSIX ¥ B Kabessix; CXeM 3aMelleHusi IMHUI U TpaHC($HOpPMAaTOpOB;
TIOHATUS BOJTHOBOT'O COMNPOTUBI/IEHNST; XapaKTepa [epeHanpsykeHUi B
Pe30HaHCHBIX KOHTYPAX; 3alUThl 0OMOTOK TPaHC(OPMAaTOpPOB;
NIPUYKH 3a3eM/IeHUs HelTpasiell uepes KaTyIIKY; Clioco0eH
OCYIIIeCTBJISATh OIIEHKY TeXHUUECKOTO COCTOSIHUS KabOe/TbHbIX 1
BO3/YIIHBIX JIMHUM 371eKTpoIiepeaun

2 OOEHUBAHMUE IITMCBbMEHHbBIX PABOT CTYJEHTOB

OueHuBaHNe MUCbMEHHBIX Pa0doOT CTy/IeHTOB,
He perjiaMeHTHPYeMbIX yUeOHbIM I/IAaHOM

NuaguBuayvaianHoe goMainHee 3aganue (U13)

BapuaHumbl 3a0aHus

1. OcHOBHBbIe N0JI0)KeHUs1 Kypca.

Knaccudukanusa BU/J0B 3/1IeKTPUUECKUX T0JIeH.

OcHoBHbIEe BU/Ibl HOHU3ALUOHHBIX NMPOLeccoB. Buabl amuccun
1. 1151 yero noBbILLIAIOT HarpskeHve B JIOIT?
3. OcHOBHasl IPUYMHA BbIXO/Ia U3 CTPOSI BLICOKOBOJIBTHOTO 000PY/I0BaHHUSI.
4. Ha kakue BUJbI pa3zie/isstoT U30JISILUI0?
5. Uto Takoe Ko3hPUI[MeHT HeOoHOPOJHOCTH IO/ ?
6. Kakas cucrema 371€KTpO/I0B Ha3bIBaeTCsl CAMMETPHUUHOU ?
7. OT 4yero 3aBUCUT CTeleHb MOHU3AL[MU Tra3a?
8. PaccunTaTh 3HEpPrut0 yJapHOU MOHMW3ALIMM aTOMa 3JIeKTPOHOM MPU WU3BECTHOM

MdCcCe 1 ero CKOpocCTH.

9. PaccuuTaTh 3HEPryur0 yZilapHOW WMOHMW3Al[MM aTOMa MPOTOHOM MPU W3BECTHOM

MdCcCe M ero CKOpocCTH.

10. Paccuurathb SHEPruvro CTYHEanTOﬁ NOHU3alIM1 daTOMd 2 3JIEKTPOHAMU IIpU
M3BEeCTHOM Macce U Ux CKOPOCTH.

11. Paccuurats SHEPI'vro CTYHEHLIHTOI‘/JI HOHHU3dlIMH 4aTOMa 2 IMPOTOHAMHU TIIpHU
M3BECTHOM Macce U Ux CKOPOCTH.
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12. PaccumTaTh SHEepPru0 UOHU3ALUKU aToMa (POTOHOM.
13. PaccuuTaTh SHEpPryvr0 TOBEPXHOCTHOM HOHU3AlMA aTOMa 371eKTPOHOM IpU
V3BECTHOU Macce U ero CKOpPOCTH.

2. SfIBsieHue 31eKTpooTpULiaTe/ILHOCTU. [IoHATHE TU/Ta3MBI.
Crenenb noHusanuu. YpasHenue Caxa. IloHsaTue «jilaBMHa 3/IEKTPOHOB».
JlaBuHHasA (hopMma pa3BuTus pa3psja. Ctpumep.
CtpumepHas ¢opma pa3BuTus pa3psja

1. Kak Ha3biBaeTCsi TMpoIlecC HapacTaHWs CBOOOAHBIX 3/IEKTPOHOB B
pe3yJibTaTe MOHU3AaLMY HOBbIX aTOMOB Y MOJIEKY/1?

2. Buipl vOHU3aLU

3. Uto Takoe ctpumep?

4. Tlpu KaKuX yCJIOBUSIX pa3psil U3 HeCAMOCTOSATEBHOTO MOJKET MeperTy B
CaMOCTOSITe/IbHBIN?

5. Uto sBisieTCs KpUTepUeM Iepexo/ia JaBUHHOTO pa3psi/la B CTPUMEPHBIN?

3. Pa3psaj B pe3KOHeoHOPOAHBIX 10/isAX. 3akoH Ilamiena.
3aKOHOMEpPHOCTH BO3HUKHOBEHUA M Pa3BUTHUSA OCHOBHBIX BU/I0B
3/IEKTPUUEeCKHUX Pa3pA/i0B B ra3ax: KOpOHHbIN, HCKPOBOM, yTrOBOH,
NOBepPXHOCTHbIU. J/Iu/iepHas popma pa3psaga. MoaHus
1. Kak Ha3bIBaeTCs 3aBUCUMOCTHL pa3psiJHOrO0 HAMpsyKeHUsi OT [jaBjleHus U
PacCTOSIHUA MeXy 3/IeKTPOJaMU?
2. 3akoH [lamena.
3. Paccuntath TpoOMBHOe HampspkeHWe BO3ZAYIIHOTO TPOMEXYTKa TpHU
V3BECTHOM [IaBJIeHUU U TeMIleparype.
4. YUto Ha3biBaeTCsi KOPOHHBIM pa3psiioM B JTaBUHHOM (hopme?
5. Korza Bo3HUKaeT fyra.

4. TloHsiTHE 0 YaCTUYHBIX pa3psajax. Bpems 3ana3abiBanus paspaja.
O61as XxapaKTepruCcTHKA U TeOPUH NP000s XKUAKUX JUI/TeKTPUKOB.
MexaHu3MBbI IP000sI TBEP/IbIX JUI/IEKTPUKOB:
3/IeKTPUUeCKHUH, TeI/IOBOMH, 3/IeKTPUUYeCcKoe cTapeHue
1. Paccuutath TOK yTeUKH 10 U30JIATODY.
2. PaccunTaTh CONPOTUB/IEHNE YTEUKU 110 TTIOBEPXHOCTH U30JISITOpa.
3. PaccunTaTh 3KBUBA/eHTHYH) €MKOCTb [U3JIeKTpMKA C  BO3AYLIHBIMU
BK/THOUEHUSIMHU.
4. YTo Takoe CKO/Ib3SIIMN pa3psj?
5. ®opmyia Terepa.

5. Knaccudukanusa uzonsauun. Buabl BHyTpeHHel U30/IALMH.
JIuHelHasi U anNMapaTHO-CTAaHI{UOHHAasA u3oasauua. M3oasauus JIIII.
I'mpasitaabl M30/19TOPOB. ONIOPHBIE U IPOX0AHBbIE U30/IATOPbI
1. Ha kakue BU/bI 110Apa3Ae/IsitOTCH U30/IATOPBI 0 UX Ha3HAUYEHUIO?
2. Ha Kakve TuIIbI OApa3ae/sstoTCA MoABeCHbIe U30/IATOPbI?
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3. 551 uero Ha TIOBEPXHOCTH U30JIsiITOpa JieflatoT pebpa ¥ yBeMUMBAIOT AUAMETP
M30/15TOpa y 3a3eMJieHHOro (yiaHiia?

4. CtapeHue U30JIALHH.

5. O6o03HaueHWe U30JIATOPOB.

6. BBoabl. 301511151 MOILIHBIX TPAaHC(OPMATOPOB, KOH/IEHCATOPOB, Kabeiel,
3/IeKTPpHYeCKHUX MalnuH. HoBble nmepcrieKTUBHBIE Pa3padoTKu
B 00/1aCTH H30/IAIUHA
1. Ha kakuie BU/ibl TIO/Ipa3/ie/isieTCs BHYTPeHHsIs1 U30/1si1usl TpaHchopMartopa?
2. Kakas W30J/IALISA WUCIIO/Ib3yeTcs: B BbICOKOBOJIbTHBIX CUJIOBBIX
TpaHchopMaTopax B KaueCTBe IJIaBHOW UW30JISILUU?
3. Kakas U30/IALISA WUCIIONIb3yeTcss B BbICOKOBOJIbTHBIX CUJIOBBIX
TpaHchopMaTopax B KaueCTBe MPOZ0JIbHON U30JISILUU?
4.Ha kakue BHIBI TIO[pa3Zie/iAeTCs  W30JSI[UST  CTATOPHBIX  OOMOTOK
BpalalOLLIUXCA MallWH BbICOKOT'O HATPsyKeHUs?
5. Uto BXOAMT B 3aiauul NPO(UIAKTHUKYU U30/ISALIUN?

7. MeToOABI M yCTPOHCTBA NMO/IyYeHHUs BbICOKHUX MepeMeHHbIX, IOCTOSIHHBIX U
HUMITy/IbCHBIX HanpsDKeHUH. I'eHepaTop MMIy/IbCHBIX HaNPsDKeHUH
ApkajabeBa-Mapkca. I'eHepaTop UMILy/IbCHBIX TOKOB
1. Kakoe  obopygoBaHuWe  WCIOABb3yeTCs  [Jjid  WUCIBITAaHUST  W30JISLUU

BBICOKOBOJITHOTO ~ 3/IeEKTPOOOOPY/ZIOBaHUSI TPO30BBIMU W KOMMYTALMOHHBIMU
VIMITyJIbCaMU?

2. HapucoBaTb cXxeMy BK/IHOUeHUs KaCKaZiHbIX TPAHC(OPMaTOPOB.
. HapucoBaTe cxemy reHeparopa UMITYJIbCHBIX HallpsUKeHUH.
. Hapucosate cxeMy reHepatopa UMITYJIbCHBIX TOKOB.
. XapakTepucTrKa 3/1eKTPOCTaTUYeCKUX BOJIbTMETPOB.
. HapucoBate cxeMbl BBIIPSAMJIEHUS HalPSKeHUS.
. CxeMa OMHYECKOro [ie/iTesIst HallpsoKeHUs.
. CXxeMa eMKOCTHO-OMHUYeCKOr'0 Jie/IuTe Il HalpsiKeHUs.

O UT B~ W

&

Knaccudukanus nepeHanpspkeHUU. Y POBHU M KOOPAMHALIUS U30JISILIMH.
BosiHOBBIe MIpoLiecchbl B JIMHUSAX M TPaHcopmaTopax
. Ha kakvie BU/bI TTOJpa3aesitoTCs TepeHarpsoKeH s ?
. Kakoe obopyoBaHiie TIpUMeHsIeTCs IS OTPaHUUeHUsI TiepeHar psKeH ?
. UTo Takoe 3alllUTHbIE Pa3pSIAHUKU?
. /151 3a1UTBI Uero rMpUMeHsIFOT CTepyKHeBble MOJIHUEOTBO/bI?
. PaccunTaTh 30HY 3alllUTh] CTep;KHEBOT'0 MOJTHUEOTBOZA.
. /151 3a1{UTHI Yero MCIioJib3yT TPOCOBbIE MOJTHUEOTBObI?
7. PaccunTaTh OXUZAeMOe UHMCJIO C/IyuyaeB BO3HMKHOBEHMS OINACHBIX I'PO30BBIX
riepeHarnpsbKeHuH B TOJ, [I/11 BO3AYILIHOW TUHUU.
8. PaccuuTaTh roTepu Ha KOPOHY B JIMHUM 10 hopmyJie [Tuka.
9. PaccuuTath MoTepy Ha KOPOHY B IMHUU 110 (hopmyse Tuxogeesa.
10. PaccuuTtaTh  CpefjHETO/IOBble TOTEPU HAa KOPOHYy TIpU  HM3BECTHOU
TPOJOJDKUTE/TIBHOCTU 4-X CTaHAAPTHBIX BHU/IOB MOTO/IbI.

A UT A WN =
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9. I'po3oBble nepeHanpsixkeHus. IlapaMmerpsl MO/JIHUU.
30HbI 3aLUTHI MOJIHUEOTBO/IOB
1. XapakTepuCTUKUA MOJTHUM.
2. PacueTHbIN TOK MO/THUM.
3. 30HbI 3a[UThl MOJTHUEOTBO/IOB.
4. YT0J1 3al[UThI TPOCOBBIM MOJTHUEOTBOZOM.
5. Buzbl orpannunTenie nepeHarnpsbkKeHU.
6. Buzipl pa3psilHUKOB.

10.BHyTpeHHUe nepeHanpsHkeHus
1. CKOpOoCTh pacrpocTpaHeHusl BOJIHBI B BO3/YIITHON U B Kabe/TbHOM JTUHUM.
2. BoHOBOE COTIPOTHB/IEHKE JIMHUH.
3. Cxema 3amelleHusl IMHUU [/l pacyeTa MepeHarpssKeHU.
4. Cxema 3ameljeHus1 TpaHC(opMaTopa Ji/Isl pacueTa repeHanpsyKeHU.
5. Ycunenue u3oninum TpaHc(opmaTopa.
6. BkroueHue KaTylky B HeWTpasib TpaHc(hopmaTopa.

Tabymia 14 — Kpurepuu oneHkH c)opMHUPOBAHHOCTH KOMIIETeHIHI

Kputepuu orieHrBaHUs cOPMUPOBAHHOCTU KOMIIeTEHLIUU
Kog v HavMeHOBaHMe WHVKATOpa
(4acTy KOMMeTeHI1H)
JOCTHKeHMS] KOMIIeTeHLIMHY (4acTh
KOMIeTe M) COOTBETCTBYeT OL|eHKe «3auTeHO»
50-100% oT MakcuMasibHOrO Oasiia
CTyzeHT XOpOLIO BjlafieeT MaTepyaaoM, BbIITOTHU 3alaHUs
NO-1nkoc2 OcyiuectBisier B CPOK U B 110JTHOM 00beMe, TPH BBITIOJTHEHUH 3a/laHuH
OLIeHKY TeXHUYECKOI'0 COCTOSHUSA WCI0/1b30BajI Ha XopoleM ypoBHe naket MathCAD, o
Kabe/bHBIX U BO3AYIIHBIX JTUHUMA CYIIeCTBY OTBeuaeT Ha IOCTaB/ieHHbIe BOTIPOCHI, CII0COOeH
3/1eKTporepeau OCYIIIeCTB/ISITh OLIEHKY TEXHIUUECKOTO COCTOSTHUS KaOeTbHbIX
Y BO3JYLUHBIX JIMHUH 3/IeKTpOIiepeiauu

3 OIIPEAEJIEHUE PE3YJ/IBTATA
IMPOMEXYTOUYHOM ATTECTAIIUN

dopMa NMPOMeKyTOUHOM aTTeCTaLUM M0 AUCLUIIIMHE 3auem.

OLEHOYHLIE MATEPHAJIbI 1 CPEJCTBA OJI ITPOBEPKU
C®OPMINPOBAHHOCTU KOMIIETEHLIN

ITKoc-2. Cmnoco0eH OCymIeCTB/IATh OLeHKY TeXHHMYEeCKOro COCTOSIHHSA
Kale/IbHBIX U BO3AYIIHBIX JIMHUM 3/IEKTponepejaymn.

3ajjlaHusA 3aKPbITOr0 THIA

Bbibepume o0uH npasu/ibHbIU eapuaHm omeema

1. DHeprus »3/IeKTPOHA, KOTOpPasA /O/DKHA ObITh 00JibIIe >SHEPruu
HOHM3aLlUM aToMa:

52



coOCcTBeHHast

+KHUHeTHYeCKast

BHeIIIHAA

BHYTpPEeHHS

2. Macca npoToHa 1 3/IeKTPOHa COOTHOCATCH:
+TIpOTOHa OoJIbIIIe

TPOTOHA MeHbLIIe

O/IUHAKOBbIE

3aBUCUT OT [IaBJIeHUS

3. KopoHHbIN pa3psaj Ha NPOBO/e IMHUH 3JIeKTpornepeiayu He 3aBHCHT OT:
TIOrO/1bI

pajuyca rnpoBoja

HanpspKeHUs1 Ha MpoBoJe

+TOKa B IIPOBOJiE

3ajaHUA OTKPHITOr'0 THIIA

latime pazeepHymbliii omeem Ha onpoc

1. Kakue BuAbl HU30JALUOHHBIX MaTepua/i0oB INPUMEHAKTCA B
BBICOKOBO/JIbTHOM 000py/A0BaHUM ?

[IpasunbHbili omeem. B  BLICOKOBOJIBTHOM 00OPYJOBaHWU TPUMEHSIIOTCS
ra3oo0pasHble, )XUKHe U TBep/ble N30JISLIMOHHbIe MaTepyasbl.

2. [l1q yero ciiyKaT AUIJIeKTPUKH?

IMpasunbHbili omeem. [AUSM€KTPUKK CHAy)KaT [AJ U30JSLUUM  TOKOBEAYILIUX
3JIEKTPO/IOB Pa3HOU MOSIPHOCTH APYT OT Apyra.

3. Ha kakue Tpu ()opMbI NOAPa3AEIAITCA YIeKTPUYeCKHe MoJis?

IMpasunbHbili omeem. @POpPMBI 3/EKTPUUECKUX TIOJIed TIOZpa3fensiioTCs Ha
OJTHOpPO/IHbIe, CTabOHEeOJHOPOIHEIE Y PE3KOHEOJHOPOIHEIE.

4. Ha kKakue yeTbIpe BH/ia NO/pa3/ie/IfAeTcss 00beMHast HOHU3AIKs?

IIpasunbHbili omeem. OObeMHasi WOHM3Al[US TIO/IpasfiefiseTCss Ha yAapHYIO,
CTyMeHuaTyto, ((OTOMOHU3ALMIO0 U TEPMOUOHHU3ALIUIO.

5. B Kakux AByx (popmax npoTeKaeT pa3psj B rasax?

IMpasunbHbili omeem. Pa3psj B ra3ax MpOTeKaeT B JIABUHHOW U B CTPUMEPHOMU
dhopmax.

6. UYto mpeAcCTaB/AIOT CO00M YaCTUYHBIE Pa3PsAAbI B JUIIEKTPUKAX?

IMpasunbHbili omeem. YacTuuHble pa3psiibl TIPeACTaBISIOT coboi  rpoboi
ra30BbIX BK/IFOUEHUW B TBEPABIX AUIEKTPUKAX.

7. Kakue yeTbipe NpUYHUHbI CTAPEHUA U30/IALMHU CyLeCTBYHOT?

IpasunbHbili omeem. TIpyunHbI CTapeHUsT U30/SILUM Je/IATCS Ha 37eKTpUJYecKue,
TeIJIOBbIe, MeXaHUYeCKHEe U XUMUYECKHE.

8. Ha kakue yeTbIpe BU/A /1e/IATCA U30/IATOPHI?

IMpasunbHbili omeem. VI301TOPHI [ie/IATCS Ha JIMHElHbIe, TI0/IBeCHbIe, OTIOPHbIE U
TIPOXO/HBIE.
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OkoHuaTe/nbHble  pe3yabTaThl 00yueHuss (hOpMUpOBaHUS  KOMIIETEHI[WN)
oTipeiesisitoTCsl TTOCPeJCTBOM TepeBosia 0aoB, HAOpaHHBIX CTYAEHTOM B TIpoLiecce
OCBOEHHUSl [UCLMIUIMHBI, B OLleHKW: 0a30Bblii ypoBeHb C(HOPMHUPOBAHHOCTU
KOMITeTEHIIUM CUWTAeTCsl JOCTUTHYTBHIM, eC/u pe3y/bTaT 00yueHHss COOTBETCTBYET
orieHKe «3auteHo» (50-100 peHTUHrOBbIX OAJIIOB).

4 IIOPSATOK ITPOBEJIEHNS IIOBTOPHOU
IMPOMEXYTOUYHOM ATTECTAIITUN

dopMa IIPOMeKyTOUHOM aTTeCTalvy 110 AUCLUIVIVHE 3ayem.

@®OoH/, OLIEHOYHBIX CpPeACTB /i MPOBEJeHHsT TOBTOPHOM IPOMEXYTOUHOU
aTTectaluu (OpPMHUPYeTCs U3 YMC/a OLeHOYHBIX CPeACTB IO TeMaM, KOTOpble He
OCBOEHBI CTY/IEHTOM.

IlpumeuaHue:

[lonoHUTebHBIE KOHTPOJIbHBIE MCMBITAHWS TPOBOAATCS [/l CTY[EHTOB,
HabpaBmmx MeHee 50 OGamioB (B cooTBeTcTBUU C «[lojio’keHHMEM O MOJYJIBHO-
PEUTUHTOBOM CHUCTEME).

Tab/mna 15 — Kpurepun orjeHKH chopMHUPOBAHHOCTH KOMIIETeHIIUH

Kop v HaumeHOBaHue KpuTepuu otieHrBaHus ChOPMUPOBAHHOCTH KOMIIeTeHI[UH (UacTH
VH/MKaTOpa JOCTW)KeHUs KOMITETEHLIUN)
KOMIIeTeHLUM (Y4acTu COOTBETCTBYET OL[€HKE «3auTeHO»
KOMIETEeHLIVN) 50-100% oT MakcHMMaJIbHOTO Gasiia

CTy/leHT [eMOHCTpPHPYeT 3HaHue BU/IOB /IeKTPUUYeCKUX ToJiel,
HMOHU3aLUM U SMUCCUN; HOMUHA/IbHBIX HaNPsPKeHUU JIMHUM; TIOHSATHUN
T/1a3Mbl, TIEPBUYHBIX ¥ BTOPUYHBIX 3/IEKTPOHOB U JIaBUH;
XapaKTePUCTUK CaMOCTOSITe/TbHBIX U He CaMOCTOSITE/TbHBIX Pa3psifioB;
3aKOHOMEPHOCTel BO3HUKHOBEHUs Pa3psiioB B ra3ax; 3aKOHa
[TarmeHa; ripoiiecca mpobost TP repeMeHHOM HaTIpsKeHHH; TeOPUH
1po00si B )KUAKUX U TBEP/IbIX IUIIEKTPUKAX; TIPOIlecca CTapeHust
W30/IS1UH; TIPUYUH BO3HUKHOBEHHSI YaCTUYHBIX pa3psi/ioB;
KJIaccUpUKaLUK ¥ 0003HAUEHN I U30JISL[N; XapaKTePUCTHK
W30/IS1MU TpaHCGopMaTopoB, Kabereil, KOHZEHCaTOPOB U
3/IeKTPUYECKUX MAIlIH; MeTO/I0B U YCTPOMCTB TI0/TyueHus: BICOKUX
TiepeMeHHBIX, TTOCTOSTHHBIX Y UMITYJ/IbCHBIX HalPsDKEeHUH;
K/1accudurKalyy TepeHarpsbkeHUi; BOTHOBBIX TIPOL[@CCOB B TMHUSIX U
TpaHcopmaTopax; XapaKTePUCTUK MOJTHUM; BUI0B MOJTHHEOTBO/IOB;
orpaHUuKMTesIel repeHarnpsHKeHu; BUIOB BHYTPEHHUX
riepeHaripsbHKeH; XxapakTepa paclipoCTpaHeHHsI BOJIH B BO3/[YIIIHBIX
1 B KaOe/IbHBIX IMHUSX; CXeM 3aMell|eHUs JTMHUN 1
TpaHC(OPMaTOPOB /st pacueTa repeHanpsbkeHuH; criocobeH
OCYIECTBJISITh OI[eHKY TEXHUUECKOTO COCTOSTHUSI KaOe/TbHBIX U
BO3/YIIHBIX JIMHUAMN 3JIEKTpOTIepeiaun

I/I,H‘ll'[Koc-Z
Ocy1ecTBseT OLeHKY
TeXHUYEeCKOI0 COCTOSIHUS
Kabe/IbHbIX ¥ BO3/YIITHBIX
JIMHUM 3J1eKTporiepejaun

54



	Выберumе одuн правuльный варuанm ответа и нажмите кнопку «далее»
	Выберumе одuн правuльный варuанm ответа и нажмите кнопку «далее»
	Выберumе одuн правuльный варuанm ответа и нажмите кнопку «далее»
	Выберumе одuн правuльный варuанm ответа и нажмите кнопку «далее»
	Выберumе одuн правuльный варuанm ответа и нажмите кнопку «далее»
	Выберumе одuн правuльный варuанm ответа и нажмите кнопку «далее»
	Выберumе одuн правuльный варuанm ответа и нажмите кнопку «далее»
	Выберumе одuн правuльный варuанm ответа и нажмите кнопку «далее»
	Выберumе одuн правuльный варuанm ответа и нажмите кнопку «далее»
	Выберumе одuн правuльный варuанm ответа и нажмите кнопку «далее»

		2026-04-10T10:21:56+0300
	Николай Александрович Климов


		2026-04-10T10:22:11+0300
	Алексей Сергеевич Яблоков


		2026-05-12T11:30:25+0300
	Татьяна Михайловна Богданова


		2026-05-13T14:35:40+0300
	Николай Александрович Климов




