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IHacnopT (poHIa OLIECHOYHBIX CPEACTB

Tabmuma 1
dopmMmupyembie OneHouHsle
Moaynp AMCHUIUIMHBI KOMITETEHIINH MaTepuaibl KonunuectBo
WJIU UX YacTu Y CPEACTBA
OCHOBHBIE TIOJIO)KEHUS Kypca.
WunuBunyansHoe
Krnaccudukanus BUIOB dJIEKTPHUECKUX
N JoMaIlHee 3aJaHue 13
niosieil. OCHOBHBIE BHJIbI MOHU3ALIMOHHBIX T
€CTHUpPOBaHuE 23
npoueccoB. Buabl amuccnn
SIBneHue ANEeKTPOOTPULIATEIBHOCTH.
[Tonsitue mna3zmel. CTeneHb HOHU3AIUH.
NunuBuayanbHoe
VYpaBnenue Caxa. [lonsarue «1aBuHa
JOMAaIIHEC 3aJaHUC 5
ANEKTPOHOBY. JlaBUHHAs (hopMa pa3BUTHS
TecTupoBanue 20
paspsana. Crpumep. CtpumepHas dhopma
pa3BuTHs pa3psaa
Pa3psia B pe3KkOHEOTHOPOIHBIX MOMISAX. 3aKOH
[Tamena. 3aKOHOMEPHOCTH BO3ZHUKHOBEHUS
Y Pa3BUTHs OCHOBHBIX BUJIOB WHauBuayanbHOE
AJIEKTPUYECKUX Pa3psIOB B ra3ax: JOMAIlHEe 3a/IaHUe 5
KOPOHHBIN, HCKPOBOM, IyTOBOM, TectupoBanne 30
NOBEpXHOCTHBIN. JIuaepHast popma pazpsiaa.
Monnus
[TonsiTue 0 yacTUUHBIX paspsaax. Bpems
3ama3apiBaHus paspsana. Oomas
NunuBuayansHOe
XapaKTEPUCTUKA U TEOPUU MPOOOS KUIKUX OMALIHEE 3a/AHNE 5
JUBJIEKTPUKOB. MeXaHu3MBbl IPO0Ost [TKoc-2. Criocoben T
. OCYLIECTBIIAT €CTUPOBaHNE 21
TBEPABIX AUAIEKTPUKOB: AJIEKTPHUUECKHU, olte
. HK
TEIJIOBOM, 3JIEKTPUYECKOE CTAPEHHE HCHKY
TEXHHUYECKOTO
Knaccmbmiaum[ H30JISILUH. BVHI[I,I COCTOSHUS
BHYTPEHHEHN M30Js1uu. JInHelHas u KabeIbHBIX U WuauBuayanbHOE
arrnapaTHO-CTAHIMOHHAA U30JIAUA. BO3QYIIHBIX JIAHUM | AOMaAIIHEE 3aaHue 5
W3omsauust JIDIL. I'upnsHab n3015TOPOB. AJNIEKTpoIepeIaun TectupoBanue 20
OnopHbIE U TPOXOTHBIE N30SI TOPHI
BBoarsl. 3051111 MOIIIHBIX
TpaHchopMaTopoB, KOHIACHCATOPOB, WHauBHIyanbHOE
ka0erneil, anekTpuyeckux MamnH. HoBbie JOMAIlHEee 3a/IaHue 5
MEepCIEKTUBHBIE Pa3pabOTKH B 00J1aCTH TectupoBanue 20
W30JISILUN
MeTo/ibl M yCTPOMCTBA MOTYYEHUS BBICOKUX
MIEPEMEHHBIX, TIOCTOSIHHBIX U UMITYJIbCHBIX WuauBuayanbHOS
HaIpsDKeHU. ['eHepaTop UMITyJIbCHBIX JOMallIHee 3a/1aHKe 8
HanpsbkeHui ApkaabeBa-Mapkca. TecrupoBanne 20
['eHepaTop MMITyJIbCHBIX TOKOB
Krnaccudukanus nepeHanpsHpkeHuid. Y poBHU WunuBunyanpHoe
Y KOOpJMHALMS U30JIsSIIIuU. BosIHOBBIE IoOMallHee 3a1aHue 10
MIPOIIECChl B JJUHUSAX U TpaHCPOopMaTopax TecrupoBatne 20
NunuBuayansHoe
I'po3oBeie nepenanpspkenus. [TapameTpsr
JOMAaIlTHEE 3aIaHuE 6
MOJIHUH. 30HBI 3aIIUThl MOJIHHEOTBOJ0B
TectupoBaHue 20
NunuBuayanbHoOe 6
BHayTpenHue nepeHanpsKeHus JOMAaIIIHEee 3a/1aHHe 20
TecTupoBaHue




1 OHEHOYHBIE MATEPHUAJIbI, HEOBXO/JINMBbIE
JJIA OHEHKHW 3HAHUHU, YMEHUU U HABBIKOB AEATEJIBHOCTH
B ITPOIECCE OCBOEHUSA ITUCIHUIIJIMHBI

Tabnuna 2 — @opMupyembie KOMIIETSHINH

Kon n naumeHnoBanne uHIuKaTOpa OneHoYHbIE
Konx u HaumeHoBaHue
JTOCTMDKCHHS KOMIIETEHIIUH (JacTH MaTrepuabl
KOMIETECHIINHU
KOMIICTCHITIH) Y CpeJICTBa
1 2 3
OcHoBHbIE MoJ10:keHHus Kypca. Knaccudukanus BUI0OB 3/1eKTPpUUYECKUX NoJieil. OCHOBHbIE
BH/Ibl HOHM3AIIMOHHBIX MpoieccoB. Buabl samuccun
[1Koc-2. Cnoco0OeH ocyLecTBIAT MNunuBuayansHOE
yim N-11xoec-2. OcylliecTBAsIET OEHKY JMBHILY
OIIEHKY TEXHUYECKOTO COCTOSIHUSA IOMAaIIHEEe
o TEXHUUYECKOI'O COCTOSHUSA KaOEILHBIX U
KaOCJbHBIX U BO3IYIITHBIX JIMHUH N, 3a/aHue
BO3JYLIHBIX JUHUH 3JIEKTpoNepeaun
DJICKTpOIIepeIaun TectupoBanue

SIBnenne diekTpooTpUnaTebHOCTH. [loHsiTHE MIa3MBbl. CTEeNneHb MOHU3ALMHU. Y PaBHEHHE
Caxa. [lonsiTue «J1aBMHA JIeKTPOHOBY. JIapuHHas ¢popma pa3sutus pa3psiga. Ctpumep.
CrpumepHas popma pa3BUTHSA pa3psiaa

[TKoc-2. CriocoOeH oCyIecTBIATh

OHGHKy TCXHHUYCCKOI'O COCTOSHUA

KaGGHBHBIX nu BOBIIYH_IHBIX J'II/IHI/II\/JI
AJIEKTpOTepeaun

N -11koc-2. OCyIIECTBISET OLICHKY
TEXHUYECKOI'O COCTOSIHUSA KaOEIbHbIX U
BO3JIYIIHBIX JINHUH AJIEKTpOIiepeaun

NunuBuayanbHOE
JIOMallHEe
3a/1aHue
Ompoc
TectupoBanue

Pa3psin B pe3xkoHeoqHOPOAHBIX NMOJsiX. 3akoH [lamena. 3akoHOMepHOCTH BO3HUKHOBEHHS U
Pa3BUTHS OCHOBHBIX BH/IOB JJIEKTPUYECKHX Pa3psA0B B ra3ax: KOpOHHbII, HCKPOBOii,
AYTrOBOM, NOBePXHOCTHBIN. JInnepHas ¢gopma paspsaaa. MosHus

[TKoc-2. CriocoOeH oCyIecTBIATh

OHGHKy TCXHHUYCCKOI'O COCTOsSIHUA

KaGGHBHBIX nu BOBIIYH_IHBIX J'II/IHI/II\/JI
AJIEKTpOTepeaun

N -11koc-2. OCyIIECTBASET OLIEHKY
TEXHUYECKOI'O COCTOSIHUA KaOeIbHbIX U
BO3JIYIIHBIX JINHUH AJIEKTpOIIepeaun

NuanuBuayanbHOE
JIoMallHee
3aJJaHUC
TectupoBanue

IlonsiTHe 0 YacTHYHBIX paspsifax. Bpems 3anasabpiBanus paspsiga. O0masi XapakTepuCTHKA U
TeOPHH NMPOOOS KUAKHUX ANIIeKTPUKOB. MexaHu3Mbl IPo60s TBEPAbIX ANIJIEKTPUKOB:
3JIEKTPUYEeCKHH, TEIJIOBOM, JJIEKTPUYECKOe CTAPEHHUE

[TKoc-2. CriocobeH ocymecTBIsATh

OLICHKY TEXHUYECKOT'O COCTOSIHUSI

KaOCJIbHBIX W BO3AYIIHBIX JIMHUH
IIEKTPONEepeaadr

N /-1xoc-2. OCylIeCTBASET OLIEHKY

TEXHUYECKOIO COCTOSHUS KAaOEIbHBIX U
BO3YIIHBIX JJUHUN 3JICKTPOINEPEIAUN

NunuBunyanbHOE
JIOMaIITHee
3aJIaHue
TectupoBanue

Kanaccndukanus nzonsinuu. Buasl BHyTpeHHei n3oasiunu. JInHeliHasi 1 annapaTHo-
crannuoHHas u3onsuuda. M3oasimus JIDIL. I'mpasaasl nzonasropoB. OnopHbie U MPOXOAHbIE

H30JIATOPbI

[TKoc-2. CriocoOeH oCyIecTBIATh

OHGHKy TCXHHUYCCKOI'O COCTOsSIHUA

KaGGHBHBIX nu BOBIIYH_IHBIX J'II/IHI/II\/JI
AJIEKTpOTepeaun

N -11koc-2. OCyIIECTBISET OLICHKY

TEXHHYECKOI'O0 COCTOSIHUS KaOCIbHBIX U
BO3JYIIHBIX JIMHUK QJICKTpOoIIepcaaun

NuanuBuayanbHOE
JIoMallHee
3aJJaHue
TectupoBanue

BBoawbl. U30as111ust MOIIHBIX TPaHCGOPMATOPOB, KOHIEHCATOPOB, KadeJieil, 3JIeKTPUYeCKUX
MamuH. HoBble nepcnekTUBHBIE Ppa3pa00TKU B 00J1aCTH M30JIIIIHU

[TKoc-2. CriocoOeH oCyIecTBIATh

OHGHKy TCXHHUYCCKOI'O COCTOSIHUA

KaGGHBHBIX nu BOBIIYH_IHBIX J'II/IHI/II\/JI
AJIEKTpOTIepeaun

N - 11koc-2. OCyIIECTBISET OLICHKY

TEXHHYECKOI'O COCTOSIHUS KaOEIbHBIX U
BO3JYIIHBIX JIMHUK QJICKTpOoIIepcaaun

NuanuBuayanbHOE
JIoMaIlHee
3aJlaHue
TectupoBanue




1

2

3

MeTtoabl ¥ yCTPOICTBA MOJTYy4YeHHUs] BLICOKHX IepeMEeHHbIX, NOCTOSHHBIX U UMITYJIbCHBIX
HanpsikeHui. I'enepaTop Mny/ibCHbIX HanpsizkeHUii Apkaabesa-Mapkca. I'enepaTop

UMIIYJbCHBIX TOKOB

[TKoc-2. CriocoOeH oCyIecTBIATh

OHGHKy TCXHHUYCCKOI'O COCTOSITHUA

KaGGHBHBIX nu BOBIIYH_IHBIX J'II/IHI/II\/JI
AJIEKTpOTepeaun

N -11koc-2. OCyIIECTBISET OLICHKY
TEXHUYECKOI'O COCTOSIHUA KaOEIbHbIX U
BO3JIYIIHBIX JIMHUH AJIEKTpOIIepeaun

NuanuBuayanbHOE
JIoMaIlHee
3aJJaHUC
TectupoBanue

Kaaccupukanus nepeHanpsizkeHuil. YPOBHU U KOOPAMHAIUA U30JsiiMU. BoiHOBBIE Iponecchl

B JIMHMSIX M TPpaHcdopmaTopax

[TKoc-2. CriocoOeH oCyIIecTBIATh

OHGHKy TCXHHUYCCKOI'O COCTOSIHUA

KaGGHBHBIX nu BOBIIYH_IHBIX J'II/IHI/II\/JI
AJIEKTpOTepeaun

N -11koc-2. OCyIIECTBISET OLIEHKY
TEXHUYECKOI'O COCTOSIHUSA KaOEIbHbIX U
BO3JIYIIHBIX JIMHUH AJIEKTpOIIepeaun

NuanuBuayanbHOE
JIoMaIlHee
3aJlaHue
TectupoBanue

I'po3oBble nepeHanPsizKeHH

s1. [lapameTpbl MOJTHUM. 30HBI 3aIIMTHI MOJIH

HEeO0TBOI0B

[TKoc-2. CriocobeH ocymecTBIsATh

OLICHKY TEXHUYECKOT'O COCTOSIHUSI

KaOCJIbHBIX W BO3AYIIHBIX JIMHUH
AIIEKTPONIepEaadr

N/-1koc-2. OCyIECTBASET OLIEHKY
TEXHUYECKOI0 COCTOSHUS KAaOEIbHBIX U
BO3JIYUIHBIX JTUHUH 3JIEKTpONIEpeIaun

NuanuBunyanbHOE
JIOMaIITHEee
3aJIaHue
TectupoBanue

BHyTpeHHue nepeHanpsiKeHUs

[TKoc-2. CriocoOeH oCyIecTBIATh
OHGHKy TCXHHUYCCKOI'O COCTOsSHUA
KaGGHBHBIX nu BOBIIYH_IHBIX J'II/IHI/II\/JI

N -11koc-2. OCyIIECTBISET OLICHKY
TEXHUYECKOI'O COCTOSIHUA KaOEIbHbIX U

QJICKTponepeaavin

BO3JYIIHBIX JIMHUH QJICKTpOoIIepcaaun

NuanuBuayanbHOE
JoMaIllHee
3alaHne

TectupoBanue

OueHovHbIe MAaTEPHAJIBI U CPEACTBA I IPOBEPKHU

cop

Monayasb

MHAPOBAHHOCTH KOMIIeTeHIIUM

1: OcHOBHBIE I10JI0KEHUS Kypca.

Knaccndpuxkanus BUAOB 3JIEKTPUYCCKHUX TOJICH.

OcHOBHBIE

BH/IbI HOHU3ALMOHHBIX MMPOLECCOB.
Buabl oMuccun

Komnbrorepuoe tecrupoBanue (TCk)

Buvibepume o0un npasunbHbulli 6apuanm omeema u HadcMume KHONKY «oajieey
st yero noBpIaT Hanpsi:kenne B JIDI? (yka3zaTh HenmpaBWIbHBIH OTBET)
JUISl CHUYKEHHUSI IOTEPb SHEPTUU

AJIs1 YMCHBIICHU A TOKa
+ 1151 YBCIIMYCHUS TOKA

AJI1 YBCIIMYCHUS JAaJIbHOCTH IIEpcaaqdun

Kakoro makcumMaJjJbHOI0 3HAYEeHHUSs AOCTUTA€T HOMUHAJTBbHOC HANIPHAKCHUE JIDII?

220 xB
500 kB
750 kB
+1150 xB




OcHoBHAasi NPUYMHA BHIX0/1a U3 CTPOSI BHICOKOBOJLTHOTO 000PY/10BAHMS
+0TKa3bl U30JISAIUN
OOpBIBHI ITPOBOJIOB
najieaue onop JIDII
CXJIECTBIBAHHE ITPOBOJIOB

Kakue wu30asiiMOHHBIE MATEPUHAJBbI HE HCHOJb3YIOTCSI B BbICOKOBOJIbTHOM
obopynoBanuu?

razoo0pa3Hblie

KUIKUC

TBEpIbIC

+I1a3MEHHBIC

Ha xaxkue BUIbI pa3aejsiioT U30J0HI0?
€CTECTBEHHAsI U UCKYCCTBEHHAs
OpraHu4ecKas 1 HEOpraHN4ecKast
+BHEIHSSA U BHYTPEHHSS
ChEMHAs U HEChEMHAs

Kakoii popMbI 3/1eKTPUY€ECKOTr0 1MOJISl He CylecTBYeT?
OTHOPOJHOE
+yMEpPEHHO OTHOPOTHOE
c1a00HEOTHOPOTHOE
PE3KOHEOJHOPOTHOE

Kakoii 3 HU:KenpuBeJIeHHBIX NPHUMEPOB ABJISAETCA NPUMEPOM OJIHOPOIHOIO
nmoJs?

+110J1e MEXTy TJI0CKONapauIeIbHBIMU JIEKTPOJAMHU

1oJI€ B CUCTEME Iap-1iap

M10JI€ B CUCTEME CTEPKEHb-CTEPKEHb

M10JI€ B CUCTEME CTEPKEHb-TIOCKOCTh

Ko3¢gpuuueHT HEOTHOPOIAHOCTH PACCUYUTHLIBACTCH 110 hopMy.ie:

EC
KH B E.W:(C
+ KH — MAKC
Ecp
.
EWUH
Ky=—

Makc

CpeaHsisi HANPSIZKEHHOCTD 3JIEKTPUYECKOTr0 MO0JIs onpeesieTcs mo gopmyJie:



o5, U
rS
S
ECP :U
E\/ldKC
E, = —da
E’WuH
E, =%

Makc

Cpeanm H MaKCHUMaJIbHasd HANPSKEHHOCTb JJICKTPHYECKOT0o MoJast JIsd
KOAKCHAJbHBIX KaleJieil onpeaeasiercs mo (l)OpMyJIaM:

g =Y .p_U
make 7 cp R—r
r-ln—
Makc = U 7 E cp = U
) ron r+R
r
+ E Makc = U ; EC = U
' " R-r
r-ln—
r
U U
maxc > cp R +7
r-ln—

KO:)(I)(])I/IIII/ICHT HEOIHOPOAHOCTH IJId OAHOPOAHOTIO ITOJIsA COCTABJIACT:
KHZO
0<Ky<I
+KH:]
1<Ky<3

Ecan 3jekTpoabsl MMEOT OJMHAKOBYH (opMy M pasMmepbl, M OTCYTCTBYyeT
3a3eMJIeHHe KAKOr0-JIn00 U3 HUX, TO TAKas CHCTEMA JJIEKTPOAOB HA3bIBACTCS:
HECUMMETPUYHOU
+CUMMETPUYHON
OJHOPOIHOM
PE3KOHEOAHOPOHOMN

Ecin 3/1eKTpoabl HMET OTIMYAIIYIOCH KOH(PUTypaUuio, pa3Mepbl WM OJUH U3
HHX 3a3eMJICH, TO TAKasi CUCTEMA JIEKTPOJI0B HA3bIBACTCS:

HECUMMETPUYHOMU

+CUMMETPUYHOU

OJHOPOJTHOU

PE3KOHEOJHOPOTHOU

KakoBo cooTHOmeHMe NPOOMBHBLIX HANPSKEHUMAd B CHMMETPUYHOH H
HeCMMMEeTPUYHOM cHCTeMaX 3JIEKTPOa0B?

7



POOMBHBIE HANIPSHKEHUS PABHBI

+B HECUMMETPUYHOU HHXKE

B CUMMETPUYHOMN HUKE

COOTHOIICHHE HETIOCTOSTHHO, 3aBUCUT OT JIPYTUX (haKTOPOB

C yBeJn4yeHHeM [JaBJICHHSI M YMEHbLIEHHMEM TeMIepaTypbl JJIMHA CBOOOJAHOIO
npoodera A:

+yMEHBIIAECTCS

YBEIIMYNUBAECTCS

HE U3MEHSETCS

3HAYUTEIBLHO YBEIUYUBACTCS

IIpouecc B3aMMHOM HEMTPATU3AUNH 3APSKEHHBIX YACTHI[ — 3TO:
VOHM3ALUS
+pekoMOuHaITHS
bhoTOBO30YKICHUE

dboTodrddexT

CreneHb HOHU3ALNH ra3a onpenesasiercs mo gpopmy.ie:

KHOH

I'a3, B KOTOpOM 3HaYuTeJIbHAs 4YaCTb aTOMOB H MOJIEKYJ HOHHM3HMPOBaHA
(nm,HZl()12+1014 HOHOB HA CM), HA3bIBAETCH:

+Ia3zMa

VOHU3MPOBAHHBIN I'a3

HEMOHU3UPOBAHHBIN Ia3

HEUTpaJIbHbIN ra3

Kakasi nonn3zanus noapasziesisieTcsi Ha yIapHYI0, CTYNIeHYaTYI0, (D)OTOMOHHU3AIHIO,
TEPMOMOHMU3ALNIO?

MTOBEPXHOCTHAS

+o0BeMHas

cBOOOIHASA

MPUHYIUTETbHAS

YciaoBue yﬂapHOﬁ HOHHN3aIIlNN 3aIIMCBIBACTCHA B BU/IC (l)OpMy.]]LI:



my’?
2

mv>:=w,
my?

<w,

+2_>w,

szz&
2

YciaoBueM CTyneHYATON HOHU3ALMM SIBJIACTCH:
lel2 les2

>W
2 2 "
lel2 le32 <w,
2
mV, + mV, > W,
2 2
+ m1V12 " le32 > W,
2 2
YcaoBuem (pOTOMOHU3ANMH SABJIACTCH:
+hvz=W,
-hvizw,
2hv2W,
2
hv >,

3a cyer 4Yero He OCYUIEeCTBJsSIeTCS TMOBEPXHOCTHAS HWOHU3aNusA (AMHUCCHS
3JIEKTPOHOB)?

JY4YUCTOMN 3HEPruM, 00Iydaromen KaToa
HarpeBa IMOBEPXHOCTH KaToAa

DHEPrUM BHEIIHETO DIEKTPUYECKOTO MO
+OXJIaXKACHHUS TOBEPXHOCTHU aHOA

Tabauna 3 — Kpurepum oueHku ¢GopMHPOBAHHOCTH KOMIIETEHIUI
Kputepuu oriennBanus chopMUpOBaHHOCTH KOMIICTCHITUH
(4acTu KOMIETECHITNH)
COOTBETCTBYET OILICHKE «3aYTCHOY»
50-100% oT MakcuMaJIbHOTO Oaia
CTyaeHT AEeMOHCTPUPYET 3HaHUE BUAOB NIEKTPUUECKUX
MOJIeH, MOHU3ALUA U SMUCCHUH, HOMUHAIBHBIX HAIIPSAKEHHUI
JMHUH, IPUYUH BBIX0/1a U3 CTPOS AIIEKTPOOOOPYI0BAHUS,
TTOHATHIA HANIPSDKCHHOCTH SJICKTPUYECKOTO OIS U
OJTHOPOTHOCTH; CTIOCOOEH: OCYIIECTBISThH OLIEHKY
TEXHHYECKOTO COCTOSIHHSI KaOETBHBIX M BO3TYIITHBIX JTMHHMA
AJICKTpOIIepeIaun

Ko u HanMeHOBaHHE WHIMKATOpA
JOCTHDKCHHS KOMITETEHIIUU (4acTH
KOMIICTCHITHH )

N-1nkoec2 OcymiectBisieT
OLICHKY TEXHUYECKOTO COCTOSIHUS
Ka6eJII)HBIX nu BOBIIYIHHI)IX JH/IHI/If/'I

ANIeKTponepeaaun




MoayJb 2. SIBjeHne 3JIeKTPOOTpULATEIbHOCTH. IloHATHE M1a3MBI.
Crenenb nvoHusanuu. YpasHenue Caxa. [lonaTne «1aBuHa 3JIEKTPOHOBY.
JlapunHasi gopma passutus paspsaga. Crpumep.
CrpumepHasi gopMa pa3BuUTHS pa3psaaa

Komnbrorepnoe tecrupoBanue (TCk)

Bvibepume o0un npasunbHulil 6apuanm omeema u HadNCMume KHONKY «0aneey
Kak Ha3pIBaeTcsl mpouecc HapacTaHusi CBOOOJHBIX JJIEKTPOHOB B pe3yJibTare
MOHM3ALMH HOBBIX 2aTOMOB M MOJICKYJI?

+J1aBHMHA 3JICKTPOHOB

IIOTOK DJICKTPOHOB

AJIEKTPUYECKUN TOK

BTOPHUYHAS MOHU3AIUS

Yem xapakTepu3yeTcs HHTEHCUBHOCTh PA3MHOKEHUSI YJIEKTPOHOB B JIaBHHe?
K02 (PUIMEHTOM pa3MHOXKEHUS
+K03(pPumeHTOM yIapHOU HOHU3AINH
KO2(pPUIIMEHTOM BTOPUYHOU MOHU3ALIUU
WHTEHCUBHOCTHIO MOHU3AIINHT

IHepBoii ko3pPpuuuent Tayncenga — 3to:
KOd(hPHUIMEHT pa3MHOKECHHUS
+K03(pPUIMEHT y1apHOW HOHU3AINH
KO3 (PHUIMEHT BTOPUIHOM HOHU3AIINH
MHTEHCUBHOCTb MOHU3ALUU

Yemy paBeH K03 PUIIMEHT YIAPHOH HOHU3AIUU?

+4rcily MOHU3ALMHI, IPOU3BOJUMBIX 3JIEKTPOHOM Ha IMyTH B 1 cM

YUCITy MOHHU3ALUHI, TPOU3BOJMMBIX 3JIEKTPOHOM 3a | cekyHmy

YUCIy UOHU3ALUN, TPOU3BOJUMBIX JICKTPOHOM NPHU YBEJIUYEHUH HANPSIKEHUS
Ha kaxaeie 100 B

YHCITy HOHM3AIMK B | CM° HOHH3HPOBaHHOTO ra3a

Bropuunbiii 3 eKTUBHBIH 3JIEKTPOH HYKeH /JIs:
Haydasa IepBOu JIABUHBI
+B0300HOBJIEHUS JJABUHHOTO IIpoliecca
IIPEKPAILEHHs] JIABUHHOTI'O IIpoLecca
Hayaja MOHU3ALUU

Ecau BropuuyHbIi 3Q(PeKTUBHBIA JICKTPOH MOJYYAETCH B pe3yjbTaTe BHEIIHEro
HOHM3ATOPAa, TO Pa3ps HA3bIBACTCH:

+HECaMOCTOSATEIILHBIM

[PUHYIATEIbHBIM

CaMOCTOSITETIbHBIM

BHEITHUM
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Ecaiu BTOpuYHBIH J((QeKTUBHBIA 3JJIEKTPOH BO3HMKaeT B pe3yJjbTare
MPOXO0KACHUS EPBUYHOM JTABHHBI, TO Pa3psil HA3bIBACTCH:

HECaMOCTOATEIIbHBIM

IIPUHY AUTEIBHBIM

+CcaMOCTOSITCIIbHBIM

BHEIIIHUM

Pa3psia U3 HECAMOCTOSATEJIBHOI0 MOKET MEePEeUTH B CAMOCTOSTE/IbHbIN, €CJIN:
YBEJIIMYUTDH PACCTOSIHUE MEXKIY JICKTPOJAMU
+yBEIUYUTH NPUIOKEHHOE K JJIEKTPOJAM HAIPSIKEHUE
YMEHBIINUTh PACCTOSHUE MEKIY IEKTPOAAMHU
YMEHBIINUTh TPUI0KEHHOE K JIEKTPOJIaM HaIPSIKCHUE

IIpu kakoir d¢opme paspsga nepBUYHAS JIABHHA CO3J1AaeT YCJIOBHS ISl
BO300HOBJICHH S JIABUHHOIO mpouecca?

+CaMOCTOSATENBHBINA pa3psal

HECAMOCTOATENBHBIN pa3psi

VOHU3UPYIOIIUHN pa3psij

NPUHYAUTEIBHBIN pa3psi

Koin4ecTBO MOJI0KHTEIbHBIX HOHOB, OCTABIIUXCA B MNPOMEKYTKE II0CJIE
MPOXO0KACHUS TAaBUHbI, PAaBHO:

+n,, = 1
n;, =e“ " —1
n, =e“ " +1

+ _ _(a+n)S
n, =e +1

CymmapHbiii  npouecc o0pa3oBaHMs BTOPMYHBIX JJEKTPOHOB M3 Karojaa
XapaKTepu3yercs:

KO2(pPUIIMEHTOM pa3MHOKEHUS

K03 PUIIEHTOM yAapHON MOHU3AIUU

+K03¢h GHUITMEHTOM BTOPUYHON HOHU3AITUN

MHTEHCUBHOCTBIO HOHU3AINH

Yro Takoe BTOpOil ko3pPpunuent Tayncenga?
K03 PHUIMEHT pa3MHOKECHUS
ko3 pHUIMEeHT yaapHOH HOHU3AIUN
+K03¢DUITMEHT BTOPUYHON MOHU3AIIUU
WHTEHCUBHOCTH MOHU3AIUU

ObsacTh ¢ HauOOJIbIICH MJIOTHOCTHIO TOKA, KOTOpasi, pa3orpeBasicb, HAUMHaeT
CBETUTBCS, — ITO:
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JIJaBUHA DJIEKTPOHOB
aHON

KaToJj

+cTpuMeEp

C d4eM cMemIMBAIOTCH JJEKTPOHbI BTOPUYHBIX JIABUH Il 00pa3oBaHMA
crpumepa?

+C TOJIOKUTETHHBIMU HOHAMU

C OTpHIATEILHBIMA HOHAMHU

C HEUTPOHAMHU

C BTOPUYHBIMH JIEKTPOHAMU

Jiis1 poTonoHn3anuu B 00beMe ra3a JHeprusi GOTOHOB 10JIKHA ObITh:
+00J1b11I€ SHEPTUN MOHU3ALNU
MEHBIIIE SHEPTUA HOHU3ALUN
paBHa YHEPIUA MOHU3ALUU
MHOTOKPATHO OO0JIbIIIE SHEPTUH HOHU3AINH

DOTOMOHM3ALUA YCIHEIMIHO OCYLIECTBJSIETCH B CMeCHAX ra3oB, Y KOMIIOHEHTOB
KOTOPBIX DJHePIrus HOHU3AIUMN:

OTHOCHUTEIBHO BBICOKAS

+OTHOCHUTEIIbHO HU3KAas

CBEpXHU3Kas

CBEPXBBICOKAS

Kputepuem nepexoaa JaBUHHHOIO pa3psjia B CTPUMEPHBIii SIBJISIETCSI:
+KpPUTHYECKOE YUCIIO DJICKTPOHOB B JIABUHE
BpEMSI CYIIIECTBOBAHUS JIABUHBI
KO3 PUIMEHT yIapHON NOHU3AIIUN
KO2(pPUIIMEHT BTOPUYHON HOHU3AITUN

HpH KAaKOM KPUTHYE€CKOM YHUCJI€C DJICKTPOHOB Ryp JaBHHAaA IIePEXoauT B CTpHMep?
e >10° =10
e >10° =10’
+11, =107 =10’
e >10"—10"

JIsi HAKOIJIEHUs] KPHTHYECKOI'0 YHMCJIA 3J1eKTPOHOB M., JIABHHA J0J’KHA NPOHTH
paccrosiHue:
'xMaKC

xMI/IH
+pr
ch
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JlapuHa Hen30e:XKHO mepeilger B CTpUMepHYIO ¢opMy pa3BUTHS pa3psiia, eciau

PACCTOSIHHE MEKY dJIEKTPOAAMM:
MEHBIIE X,
+O0JIBIIE X,
MHOT'OKPATHO OOJIBLIE X,
MHOTOKPAaTHO MEHBIIE X,

Tadanua 4 — Kpurepun oueHkn ¢cGopMHUPOBAHHOCTH KOMIIETEHIIUI

Kox u HaumenoBanue
AHIUKATOPA JOCTHKEHUS

Kpurepuu onienuBanusi copMHUpOBaHHOCTH KOMIIETEHIIUN
(4acTu KOMIETEHIIIH)

KOMITETCHITUH (4acTh
KOMITIETCHITUH )

COOTBETCTBYET OIICHKE «3aUTCHOY»
50-100% ot makcumanbHOro dania

N-1mkoc2 OcymiectBisieT
OIICHKY TEXHHYECKOTO
COCTOSIHUS KaOEIbHBIX U
BO3AYIIHBIX JTUHUN
AJIeKTpoIepeayn

CTyIeHT 1eMOHCTPUPYET 3HAHUE: TOHATHM IIa3MBbl,
NEPBUYHOIO U BTOPUYIHOTO 3JICKTPOHOB U JIABUHBI
3JIEKTPOHOB; CTEIIEHU NOHU3ALIUN; BUJIOB Pa3psoB;
CaMOCTOSITEJIBHOTO Y HE CAMOCTOSITEILHOTO pa3psiia; BUIAOB
MOHM3AIMH; CTPUMEPHOTO pa3psia; CIOCOOEH OCYIIECTBIIATh
OIICHKY TEXHUYECKOTO COCTOSIHUSI KaOETbHBIX M BO3IYIIHBIX
JIMHU JIEKTponepeaun

Monayasb 3. Pa3psia B pe3KOHe0oJHOPOAHBIX NoJiAX. 3akoH Ilamena.
3aKOHOMEpPHOCTH BO3HMKHOBEHUS M PA3BUTHS OCHOBHBIX BUI0B JJIEKTPUYECKUX
pa3psAI0B B ra3ax: KOPOHHbI, HCKPOBOIi, IyrOBOM, IOBEPXHOCTHbIH.
JIupepuas ¢popma paspsiga. Moanus

Komnbrorepuoe tecrupoBanue (TCk)

Buvibepume o0un npasunbHbulli 6apuanm omeema u HadcMume KHONKY «0ajiee
3aBHCHMOCTH PAa3PSAJAHOr0 HANPSKEHUs] OT JABJEHUS] U PACCTOSHUS MEXKIY

3JIEKTPOAAMM HAa3bIBAETCH:
+3akoH [lamena
IIEepBbIM 3aKOH TayHceH1a
BTOpOM 3ak0H TayHcenna

B oO0mem Buae ¢ y4yeroM H3MEHEHHS

3aAIIUChIBAaECTCHa.
P-T
UHP = f(T)
T-S
UHP = f(T)

+U17P = f(%)

Upp = S (PLS)

Temnepatrypsl 3akoH Ilamena

Yemy paBeH ko3¢ uuneHT 6 npu 3anucu 3akoHa Ilamena B Buge U,, = f(5-5)?
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Yem 00bsiCHSICTCH OTJIHYHE IKCIIEPUMEHTAJbHOM KpuBoi [lamena o pacyeTHoH
B 00J1aCTH 04eHb MaJbIX PS?
+1puOIMKEHNE K BAKyyMHOMY ITPOOOIO
YBEIMYECHHE HANPSIYKEHHOCTH 3JIEKTPUYECKOIO MOJIsI HA MUKPOBBICTyIIAX
YBEJIMYEHHE BEPOSTHOCTH BO3SHUKHOBEHMS JIABUH
CHID)KEHHE IPOOMBHOIO HAIIPSKEHUS

K cnnoco6am noBbineHUus NPOOMBHOI0 HANPSKEHHUSI TA30B HA OCHOBAHMH 3aKOHA
ITameHna oTHocUTCS:

ypaBHUBAHUE JABJICHUS Ta3a ¢ aTMOC(EpHBIM

+yBeTUYCHHE TaBIICHUS 0O0JIbIIIe aTMOCHEPHOTO

yBEIMYEHHE 00beMa rasza

yMeHblIeHue o0beMa raza

le/l YMEHBIICHUN JaBJCHHUA [0 3HaA4YC€HUsd, MCEHLIIECro, 4YeM JdaBJICHHE

COOTBETCTBYIOLI€C MUHUMYMY, BIUIOTH 10 BaKyyMa, IIpOﬁI/IBHOC HaNpsAKCHUE:
YMCHBIIACTCS

HC U3MCHACTCA
+yB€J’II/I‘{I/IBa€TCH
MHOI'OKPAaTHO YBCINYHNBACTCA

Ecaiun  paspsg  Jokanu3yercs B 00JIJaCTH € HANPSKEHHOCTHIO,
npeBbiaOIeii 3HaYenne E y, a BTOPHYHbIE JTaBHHBI NOIIEPKUBAIOTCS JTHG0 32
cuer ¢GoronoHu3anun U3 odbema rasza, Ju00 3a cyeT (OTOIMHUCCHH WIH
aBTOYJICKTPOHHOM IMUCCUH, TO TAKOM Pa3ps] HA3bIBACTCH:

CaMOCTOSITeIIbHBIM

HECaMOCTOATEIIbHBIM

+KOPOHHBIM Pa3psiioM B JIABUHHOU (hopme

KOPOHHBIM Pa3psiioM B CTpUMEPHOI popme

C yBeJuYeHHEM CTeNEHHM HEOJAHOPOJHOCTH HANPSIKEHHOCTH 3JJIEKTPUYECKOIro
MOJIS1 HANPs2KeHNe BOSHUKHOBEHUSA KOPOHBI:

+yMEHBIIACTCSA

YBEIUYUBACTCS

3HAYUTCIILHO YBEINYNBACTCSA

HE U3MECHSCTCS
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Ecau cTtpuMepbl He 10CTUTAKOT NPOTHBOIOJI0KHOTO 3JIEKTPOAa, TO TAKOW pa3psij
Ha3bIBAIOT:

CaMOCTOSATEIbHBIM

HECAMOCTOSATEIbHBIM

KOPOHHBIM Pa3psiioM B JIABUHHOM Qopme

+KOpPOHHBIM pa3psIoM B CTPUMEPHOH (opme

IIpu nepeceyeHNH UCKPOBBIM KAHAJIOM BCEro MexK3JIEKTPOAHOI0 IPOMEKYTKA OH
npeodpa3yercs B:

+IJICKTPUYECKYIO YTy

cTpuUMep

KOPOHHBIN pa3psij JaBUHHOU (popme

KOPOHHBIN pa3psii B CTpUMEPHOM popme

B pe3koHeoJHOPOAHBIX NOJISIX HANIPSIKEHNE PO00s:
00JIbIIIe HAMPSHXKEHUS BOSHUKHOBEHUSI KOPOHHOTO pa3psiia
PaBHO HANPSHKEHUIO BOZHUKHOBEHUSI KOPOHHOTO pa3psjia
+MEHbIIE HANIPSKEHHS] BOSHUKHOBEHUSI KOPOHHOTO pa3psia
3HAUYUTEJIbHO MEHBIIIE HAMPSKEHNS] BOSHUKHOBEHUSI KOPOHHOTO pa3psjia

B c1aboHepaBHOMEPHBIX MOJIAX KOPOHHOE U pa3psiiHOe HANPSKEHUE HAXOAATCS
B CJIeIyIoIeM COOTHOIIEHUM:

KOPOHHOE OOJIBIIIE Pa3psAHOTO

paspsiiHOE 0O0JIbIIIE KOPOHHOTO

+IPaKTUIECKH COBIAIAIOT APYT C IPYTOM

KOPOHHOE PaBHO Pa3psiTHOMY

Ha ckoibko paspsiiHoe HAnpsizKeHHe NPH OTPULATENbHON MOJAPHOCTH OCTpUSA
00Jib1Ie, YeM NPH MOJ0KUTEIBHOM?

Ha 150-200 B

Ha 1000 B

+B 2-2,5 paza

B 10 pa3

Ha kakoil noJIpHOCTH NPOUCXOAUT NMPOOOi MPHU MepeMeHHOM HANIPSAKEHUN ?
BCETJla Ha OTPULIATEIBLHON
+Bcer/ia Ha IIOJIOKUTESIbHOU
KaK Ha OTPULATEIbHOW, TAK U HA TIOJO0KUTEITBHOU
npo0o0si HE MPOUCXOJIUT

IIpu nmoMeueHN B NPOMEKYTOK 0apbepoB M3 TBEPAOI0 AMIJICKTPHKA pa3psiiHoe
HamnpsizKeHue:

MHOT'OKPaTHO YMEHBIIACTCS

YMEHBIIACTCS

HE U3MEHSICTCSI

+yBCINYUBACTCS
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Bbapbepbsl B nmpoMe:KyTKe YCTAHABJIMBAIOTCH Ha ONpeJAeIeHHOM PACCTOSSHUH OT
OCTpHs, IPH KOTOPOM:

pa3psiiHbIE HANPSHKEHUS MUHUMAJIbHbI

+pa3psiAHble HAPSIKEHUS MaKCUMAaJIbHBI

KOJIMYECTBO 0apbepOB MAKCUMAJIBHO

KOJIMYECTBO OapbepOB MUHUMAIHHO

Y10 Takoe CTATUCTHYECKOE BpeMsl 3ala3AbIBAHUSA pa3psiga?
BpeMsi Tpo00s BO3YIIHOTIO TPOMEKYTKA
+BpeMst oxuAaHus 3P(HEKTUBHOTO JIEKTPOHA
BpEMSI TPOXOKICHUS MPOMEXKYTKA SJIEKTPOHOM
BpEMsI TOPEHUS AYTH B IPOMEKYTKE

Kakas BeJMYHMHA COCTOMT M3 ABYX COCTABJSIIOIIUX: CTATHCTHYECKOI0 BpPEeMEHH
3ama3sablBaHus pa3psaia f. U BpeMeHH (pOpMHUPOBAHUS pa3psAaa fy?

BpeMsi mpo00s BO3AYIIHOTO TPOMEKYTKA

BpeMs 0XKMIaHus 3(PPEKTUBHOTO IJEKTPOHA

BpEMs 0>KMJIaHUS pa3psia

+BpeMsl 3ana3/IbIBaHUs Pa3BUTHS pa3psia

Y10 NpOMCXOAUT €O CTATUCTHYECKUM BPEMEHEM 3ana3iblBaHUuA pa3psija f,
U BpemeHeM (opMHpOBAHMA pa3psiia f; NPH YBeJIHYEHHHM HANPSUKEHUs HAa
NMpoOMexKyTKe?

+COKpamarTcs

I COKpAILACTC, ¢}, yBEINUUBACTCA

I YBEIIMUUBACTCA, {3, COKpAILACTCA

YBEJIINYUBAIOTCS

3aBHCHMOCTh MAKCHMAJIBHOIO HANPSKEHUs pa3psiia OT BPEMEHHU JAelCTBHS
HMITYJIbCA HA3BIBAETCH

+BOJIBT-CEKYHIHAS XapAKTEPUCTUKA U30JISIIIUU

BOJIbTAMIIEpHAS XapaKTEPUCTHUKA U3OJISLIUU

KYJIOHCEKYH/IHasl XapaKTEPUCTUKA U30JISIUN

aMIIepCEeKyHHasl XapaKTePUCTUKA U30JISALIUU

Kakoe cooTHOIIEeHHe HA3bIBaEeTCsA KOI(PPUIIHEHTOM UMITyJibca?

U
TK i = U_P
K s =U ipp 0
Ko = UJPP
U
UHP,LZ = gPP

Kakoii ko3pPpuumeHT MMIyjabca HMEWT MNPOMEKYTKH C OJXHOPOJAHBIMHM WU
CJ1200HEOTHOPOAHBIMH NOJIAMU?
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Kynir =0
Ky =1
Kinur =10
K, UMIT — 100

C kakoil nelbl Napa/uiebHO 3alIHIIAeMOMY OOOPYIOBAHHMIO BKJIIYACTCH
BO3AYLIHbIH Pa3pATHUK?

3aIMTa OT IPO30BBIX MNEPEHANPSKEHUN

3alMTa OT KOMMYTAIIMOHHBIX MepEHANPsKEHUN

+BCC MEePEUMCICHHOC

HUYETr0 U3 MEPEYUCIEHHOTO

Hapge:xxnasi 3amura oT mnepeHampsikeHuil Oyaer odOecmedyuBatbesi, ecanm BCX
pa3psiAHUKA:

+nexut Hrke BCX 3ammimaemMoro 060py1oBanus

nexut Boiie BCX 3amumiaemoro o00pyaoBaHus

coBnagaeT ¢ BCX 3ammiaemMoro o60pynoBaHus

nepecekaercs B IByX Toukax ¢ BCX 3amuimaemMmoro o60pynoBanus

CamocrosiTeIbHBIN pa3psa, NPH KOTOPOM YAapHas HMOHU3ALMA JJIEKTPOHAMH
HMeeT MeCTO He HA BCell JUIMHEe NIPOMEXKYTKA, a JIMIIb B €ro YacTH Y 3JIeKTPO0B:
JaBUHA 3JIEKTPOHOB
+KOPOHHBIN pa3psig
CTpUMED
ayra

Kakyo ¢popmy MoxkeT uMeTh KOPOHHBIN pa3psia?
JIABUHHYIO
CTPUMEPHYIO
+006€e GopMbI
HU OJIHY U3 3TUX (popm

YTo U3 HUKENEePEeYUCJIEHHOT0 HEe OTHOCUTCH K KOPOHHOMY pa3psiay?
MOTEPHU SHEPruu Ha KOpoHy cocTaBsAoT 100-200 kBT Ha KMIIOMETp JIMHUA
KOPOHHBIN pa3psJi ABISETCS HCTOUHUKOM aKyCTHYECKOTO IIyMa
KOPOHHBIN paspsg SIBJISICTCSI HCTOYHUKOM BBICOKOYACTOTHOTO
AJEKTPOMArHUTHOTO U3JTYyUYCHUS
+KOPOHHBIN pa3psi HE CO3AAET IOMEXH TeJle- U PaauoINpruemMy

YeM, B OCHOBHOM, ONPeEAEJISIIOTCS 3aTPATHI JHEPIUHM HA KOPOHY?
3aTpaTamMu SHEPTHHU HAa MOHU3ALMIO BO3AyXa
+3aTpaTaMu SHEPrUU Ha MEPEIBHKECHUE HOHOB
3aTpaTamMu Ha HaBEJACHUE AIEKTPUUECKOTO MOJIS
3aTpaTaMH Ha HarpeB IPOBOJOB
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Kaxk Ha3bIiBaeTcsl 30Ha HOHU3AUHU, 00PA3yOIIASICS BOKPYT MpoBoaa?
30HAa KOPOHHOTO pa3psaa
30Ha KOPOHBI
+4€X0JI KOPOHBI
paspsiiHas 30Ha

Ha kakoe paccrosinue, 3aBUcsiniee OT HANPSZKEHUsI HA TIPOBOJIE, YAAJIseTCs
00beMHBI 3apsia?

40-100 mxM
40-100 mMm
+40-100 cm
40-100 m
Tabaunua S — Kpurepuu oueHku ¢cGopMHUpPOBAHHOCTH KOMIIETEHIUI
Kon u HanmeHoBaHue Kpurepun onienuBanus chopMupoBaHHOCTH KOMIIETEHIH
WHJIMKATOpa JOCTHKEHUS (4acTu KOMIIETCHITIH)
KOMIICTCHIIMH (4aCcTH COOTBETCTBYET OIICHKE «3a4TCHOY
KOMITETCHITIH ) 50-100% oT MakCUMAaJIBHOTO Oaia

CTyaeHT AEeMOHCTPUPYET 3HaHUE: 3aKOHOMEpPHOCTEN
BO3HUKHOBEHUS pa3psioB B rasax; 3akoHa [lamena;
HOHSATHI MPOOMBHOTO HAIPSIKEHUS; KOPOHHOT'O, HCKPOBOTO,
JYTOBOTO M IOBEPXHOCTHOTO Pa3ps0B, BPEMEHH
3ara3bIBaHus pa3psia U UMITyJIbCOB; 0COOCHHOCTEH
PE3KOHEOAHOPOIHBIX U CIIA00HEOJTHOPOHBIX MOJIEH;
¢u3uku npoOost MpH NEPEMEHHOM HAIPSHKEHUH; CIOCO0EH
OCYILECTBJIATh OLEHKY TEXHUYECKOTO COCTOSIHHS KaOEIbHBIX
U BO3AYIUHBIX JINHUM 3JIEKTpOIIepeiauu

N-1nkoc2 OcyiuecTsiser
OLIEHKY TEXHUYECKOT'O COCTOSIHUSI
Ka0eJbHBIX U BO3/1YIIHBIX JIMHUHA

JIEKTponepeaaun

Moayb 4. IlonsiTHe 0 YaCTHYHBIX paspsiaax. Bpems 3ana3abiBanus
paspsaaa. O0uiasi XapakTepuCcTHKA U TEOPUHU MPOOOsI JKUAKHUX TNIJIEKTPUKOB.
Mexanu3Mbl Po00s TBEPABIX INIJIEKTPUKOB:

JIEKTPUYECKHUH, TEIJIOBOM, 3JIEKTPUUYECKOE CTapeHue

Komnbrorepuoe tectupoBanue (TCk)

Buvlbepume 00un npasuibHulll 6apuanm omeema u Haxcmume KHONKY «0ajieey
YeMm JMIJIEKTPUK THIPOCKONMYHEEe, TeM CHHKEHHe JUJIEKTPUYecKO
MPOYHOCTH:

MEHBIIIE

+0o0pIIe

HECYIIECTBEHHO

HE 3aBHCHUT OT THTPOCKOITMYHOCTH

CTpeMﬂTCﬂ HCIIOJIbB30BATh MAJOIMI'POCKONMNYHBIC JUIJECEKTPUKHA WJIN IMOKPLITUA

U3 MAJOTHTPOCKOMUYHBIX MATEPHAJOB, a TakKkKe o00ecleYnTh HaJAEKHOE
CoMpsiKeHHe TeJIa H30JIATOPa ¢ MeTANJIMYECKOii apMaTypoii 1Jis:
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+yBEIUYEHHUS Pa3pSIAHOTO HANIPSIKEHUS
YIIy4IlI€HUsI BHEIIHETO BUA

YBEJIIMYEHUS MEXaHUYECKOU MPOYHOCTH
MOBBIIICHUS CTOWKOCTH K aTMOC()EPHBIM SIBICHUSM

TepMuyeckn HMOHU3MPOBAHHBIA KAaHAJ pa3psiia, Pa3sBUBAKLIETOCS BIO0JIb
AMIIEKTPUKA, HAa IMOBEPXHOCTH KOTOPOr0 HOPMAJbHAA COCTABJIAKOIAA
HANPSKEHHOCTH  MOJHA  MNPEBbIIACT TAHICHUHUAJIBHYI0  COCTABJIAIOLIYIO,
Ha3bIBAKOT:

+tKaHaJI CKOJIB3SIIETO pa3psaaa

JTHADJIEKTPUYECKUN KaHAII

pa3psAaHBIA KaHa

JiuHa kaHa/1a CKOJIb3ALIEro pa3psjia 3aBUCHUT OT:
pa3mepa u3oJiTopa
BJIQXKHOCTH OKPY KaOIIETO BO3IyXa
+€Tr0 IMIPOBOAUMOCTH
BHJIa MaTepHUaia U30JsITopa

Omnupudeckasi gopmysa Teriepa, oTpa:kamomasi BJAUsIHAE HANPSKEHUST MKy
3JIEKTPOIaMH, NU3MEHEHHE HANPSKEHUS U €MKOCTh KAaHAJIa, MMeeT CJeAyHIuil
BH/I:

U-n-A-D
Iyz—
p'Ly
dU
+1.. = ~C2-U54/—
cxk = X1 i
d 0.4
Up:Z.LO'Z—
£-&,
Ry: pLY
7-A-D

®opmysna Temnepa A1 HAX0KICHUS PA3PAJAHOrO HANPSKEHUS HUMeeT

CJeAYHOIUA BH:
0.4

+U,=y-L" 4
£ &,
U zly'p'Ly
6l1.p 7Z'-A-D
U:e‘-go-S
d
U= pLY
7-A-D
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YTo 13 HUKeNepeYncJIeHHOT0 He 1aeT NOBbIIIEHUs Pa3psiAHOT0 HANIPSKEeHUs ?
YBEIMYECHHE JUTMHBI U30J5TOPA
yBEJIMYEHUE JUaMeTpa H30JATopa Yy (iaHla, ¢ KOTOPOrO MOXHO OKUIATh
pa3BUTHUA pa3psiaa
HaHEeCeHHE y (JIaHIa TOTYTPOBOISIIETO MOKPBITUS
+yMEHbLIEHUE AJIUHBI U30JISITOpa

ITo kakoii u3 popmMy.1 onpeaeasieTcss TOK YTeUKH M0 H30JATOPY?
U-m-A-D
+[y =
p-Ly
__ L
U-p-A-D
_ p-Ly
U-m-A-D
U-n-A-Ly
p-D

\4

\4

Iy

Kuakue [IMIIEKTPUKM KaKoii Trpynnbl He NPHUMEHSIIOTC B  KadecTBe
BBICOKOBOJIbTHOM M30Js1{UM ?

YTJI€BOAOPO/Ibl MUHEPAJIbHbBIE

YTJIEBOJIOPObI PACTUTEIIbHBIE

+yTI€BOIOPOABl CUHTETUYECKUE

KPEMHUHOPraHUYECKUE COECTUHEHMS

Kak n3mensiercsi npoOMBHOE HAaNPSIZKEHUE JKUAKOT0 THIJICKTPUKA € yBeJIHYCHUEM
TeMIepaTypbi?

3HAYUTEJILHO YBEINUYUBACTCSA

YBEIINUNBACTCS

HE U3MEHAETCS

+yMEHBIIACTCS

Kak u3meHnsieTcsi npoOMBHOE HANIPSIZKEHNE KUIKOT0 JUNIEKTPUKA C YBeJIHUYEHUEM
aaBJeHus?

3HAYUTEIHHO YBEINIUBACTCS

+yBETUIMBACTCS

HE U3MEHSIETCS

B kakoM Buje BJ1ara He MOKeT HAXOJAUTLCHA B MacJjie?
B MOJICKYJIIPHO-PACTBOPCHHOM BHUJIC
B BHUJIC YMYJIbCUHU
B BHJIE OTCTOS Ha JHE Oaka
+B BHUJIC IMy3bIPHKOB BOJSTHOTO TIapa B Maciie

Kakoro Bujia npo0osi TBepA0ro IM3J1eKTPUKA He CylIeCTBYyeT?

20



DJIEKTPUYECKUH
TETUUI0OBOU
+(oTOMOHM3AITMOHHBIN
CTapeHue

3aBucuMOCTh NPOOMBHOIO HANPSKEHUS] TBEPAOM M30JISIUM OT BpPEMEHH
NMPUIOKEHUSA HANIPAKEHUS HA3BIBAIOT:

BaTT-CEKyHIHOU XapaKTEPUCTUKOU

+BOJIbT-BPEMEHHOU XapaKTEPUCTUKON

BHEIIHEH XapaKTEPUCTUKOU

CTapeHUEM U30JIALUU

C yBesiuueHHeM TOJMIUHBI TBEPAOH U30JSIMH €€ JJIEKTPUYECKas MPOYHOCTh:
CHIDKaeTCs
+BO3pacTact
HE3HAYUTEJILHO BO3pacTacT
HE U3MEHSIETCS

BobigesnenHoe Temio IIPpH TEILJIOBOM l'[pOﬁOC TBeleOﬁ H30JIIUH olpeacasaeTCa 1o

popmy.e:
O =w-C-tg5-I’

O =k-S(T-T)
+0,=w-C-1g5-U’
O =k-S(T+T,)

OTBOAMMOE TEIUI0 NPH TENJOBOM NMPo0oe TBEePAOil M30JISIUN ONpeaeasieTcs: 1o
dbopmye:

0, =0-C-tg5-I’

+0,=k-S(T-T)

Q,=w-C-tgs5-U’

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

Paspsinbl, BO3HMKAaKOIIHME TMOJA  JelCTBMEM  BBICOKOH  HANPSKEHHOCTH
JIEKTPUYECKOr0 MOJIA B M30JALMU B MECTAX € IMOHUKEHHON JJIeKTPHYECKOH
NMPOYHOCTHIO, KOTOpPbIe MPEACTABJISAIOT €000ii NMpPo00i ra3oBbIX BKJIIOYEHUId,
JIOKAJIbHbIE PO00H MAJIBIX 00bEMOB TBEPAOI0 AMIJICKTPUKA, HA3bIBAIOTCS:

‘+9acTHYHBIC pa3psAabl

CTPUMEPHBIE pPa3psiIbl

JJABUHHBIE pa3psiibl

pOOUBHBIE Pa3psbl

Kak omnpenensiercsi o0masi eMKOCTb B 3KBHMBAJEHTHOH cXeMe 3aMelleHUsi
AUIJIEKTPpUKA?
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Cy+Cy

C,=C,+
3 0 CB'Ca
C,=C+Cy+Cy
C,-C
C,=C,———2
C,+Cy
C,-C
+C,=Cy+——2
Cy+Cy

Kakasn (])opMy.]Ia oTpaka€cT CBA3b HANPAKECHHOCTH JIJECKTPUYECCKOro ImoJjst BO
BRIIOY¢HUHN EB C HANIPAKEHHOCTHIO B 0CTAJILHOM YacTH nnaneKTana?
£
E,=E; —*
€x
Ey=E, €, &

&
'i‘EB:Eﬂ.g_'ZZ
B

E,=E; + i—”
B

Ha xaxoM Bujie HANPSI’KEHUsS] YACTHYHbIE Pa3Psiibl MPEICTABJISIIOT HAUOOJIBIIYI0
ONACHOCTL?

Ha ITIOCTOSHHOM

Ha MIEPEMECHHOM

Ha UMITYJIbCHOM

+Ha MEPEeMEHHOM 1 UMITYJIbCHOM

Taoauna 6 — Kpurepun oueHku chopMUPOBAHHOCTH KOMIIETEHIIUI

Konx n HanmeHnoBanue Kpurepun oniernBanmsi chopMHUpPOBAaHHOCTH KOMIICTCHIIUN
WHIMKATOPa TOCTHKEHUS (4acTH KOMITCTCHITHH )
KOMITETCHIINH (4acTh COOTBETCTBYET OIIEHKE «3aUTECHO
KOMITCTCHITHH ) 50-100% oT MakKCHMaJIbHOTO OaJia

CTyneHT IEeMOHCTPUPYET 3HAHHWE: MOHATHM YaCTUYHBIX
pa3psioB, CTApEHUS U3OJIALUHU, TUIICKTPUIECKON MPOUYHOCTH,
N-1nkoc2 OcyiuecTBisier TOKA YTEUYKH 110 U30JIATOPY U EMKOCTH JUDJIEKTPUKA; TEOPUU
OLICHKY TEXHUYECKOTO COCTOSIHUS | TPOOO0S KUAKUX U TBEPIBIX AUIIEKTPUKOB; XapaKTEPUCTUK
KaOeNbHBIX U BO3AYUIHBIX JTUHUI IEKTPUIECKOTO U TEIUIOBOTO 1p0obosi; hopmyel Teliopa;
AJEKTpONepeaun CIOCOOEH OCYIIECTBIIATH OIICHKY TEXHHUUECKOTO COCTOSTHUS
KaOeJIbHBIX U BO3AYIIHBIX JIMHUH AJIEKTpOnepeaadn
napaMeTpbl peskuMa ux paboThl
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Moayas 5. Kinaccugukanust uzonssuuu. Buasl BHyTpeHHel U30/IsILMH.
JIuneiiHas M annmapaTHO-cTAaHUUOHHAsA u3oJauus. M3oasumsa JIDII.
I'upasinael n30asTOpoB. ONOpPHBIE U NMPOXOAHBIE H30JATOPHI

Komnbrorepuoe tectupoBanue (TCk)

Buvibepume 00un npasunbHblli gapuanm omeema u Hadcmume KHONKY «0ajieey
SIBjieHue, BO3HUKAKIIEe B HU30JSIIUU NPH JAJUTEILHOM BO3JAeHCTBHM padovero
HANPSAKEHUS

+CTapeHUEC U30JIAUN
poOo¥ U30JISIIUU
YaCTUYHBIN pa3psil
CTPUMEPHBIN pa3psiz

ITo Ha3HAYEeHHIO H30JIATOPLI HOAPA3AC/IAIOTCHA HA:

BHEIIHNE U BHYTPECHHUE
+IIMHENHBIE U CTAHLIMOHHO-AIIIAPATHHIE
OIIOPHBIE U ITPOXOIHBIE

IITHIPEBBIEC U MIOJIBECHBIC

I/I30.]ISITOpr, NPUMEHAIOIIHUECH /I KPCILJICHUS WM H30JIMPOBAHUA INPOBOAOB H
TPOCOB BO3YIIHBIX JMHUN JJIEKTponepeaaIm:

+IJIMHEHHbBIC
CTaHUMOHHO-AIIapaTHbIE
OIIOPHBIC

MIPOXOJHbIE

Yro o3Hauaer OyxkBa B B 0003HaYeHHH IITHIPeBOro u3ousropa lId10-B?

JUUT BHEIITHEW YCTaHOBKHU

JIJIsi BHYyTPEHHEW YCTaHOBKHU

JUUTA YCTAHOBKH BO BIIAXKHOM Cpelie
+KOHCTPYKTUBHOE UCTIOJHEHHE

Kak o0o3nauaercst ¢ap¢opoBblii MITHIPEBO H30JATOP HAa HOMHHAJIbHOE
Hanpsikenne 10 kB KOHCTPYKTHBHOTO McnoiHeHust B?

10I1I-B
10B-®III
+IIP10-B
B10/111D

JIJ1sl KaKUX HATIPS2KEHNH NPUMEHSI0TCS ThIpeBbie H30JSITOPbI?

mo 1000 B

o 10 kB

+10 35 kB
ooibire 35 kB
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JIJ1s1 KAaKUX HANIPSIZKEHUH MPUMEHSI0TCS MOIBECHbIE H30JISITOPHI?
1o 10 kB
ot 10 1o 35 xB
+0omnbie 35 kB
ooxbire 110 kB

N3 kakoro MarepuaJia He M3roTABJIUBAIOTCS MOABECHbIE H30JIATOPbI?
aneKTpoTexHudeckui papdop
CTEKJIO
NOJINMEPHBIE MaTepUaIb
+IpoMacieHHas Oymara

Ha xaxkue 1Ba THIA NOAPA3AEISIOTCSH NOJABECHbIE H30JISTOPbI?
+TapenbyaThie U CTEPKHEBBIC
OIIOPHBIE U ITPOXOIHBIE
pa3bEMHBIE U HEPA3BEMHBIE
BBICOKOTO Y HU3KOI'0 HAIPSKEHUS

Kakoe o0o3Havyenne Oyner HMeThb IOABECHOH CTEKJISIHHBINA TIPA3eCTOMKHI
H30JSITOP ¢ MUHUMAJIbHOM pa3pymiawiineii Harpy3koi 6 TonH-cuia?

[1C-6

+IICT 6-A

CI'-6A

6-1ICT

Yro o3navaer OykBa C B 0003HaYeHun usoasaropa CP-110/2,25?
+CTEpPKHEBOUN
CTEKJISTHHBIN
CTaHI[MOHHO-aINNapaTHbIN
CO CTAJIBHBIM CEPJICYHUKOM

CkoJIbKO Tapeab4aTbiX H30JATOPOB Ha 110 kB MoxeTr 3aMeHMTh OIMH
CTePKHEBOM?

2

3

5

+7

HN3oasiTOpPBI, NpeaHaA3HAYEeHHBbIE IS KpeIUIeHUusT I[UHONPOBOJAOB, aeTaJjiei
anmnapaToB U U30JIMPOBAHMS MX OT 3a3€eMJICHHBIX KOHCTPYKIMH U MEXKAYy c000ii:
JIMHEWHBIC
MOJBECHBIC
+OnOpHEIC
MIPOXOJIHbBIC
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Kakoe o0o3Hayenue Oyaer MMeTh IITHIPEBOM  ONOPHBIA  HM30JATOP,
PACCUYMTAHHBIN HA HOMUHAJIbHOE HANPSKeHHE 1 MUHMMAJILHYIO Pa3pylIaiolLyo
Harpy3ky 2000 kI'-cusa, npeaHasHaYeHHbIN 115l HAPYKHOM YCTAHOBKH?

10-35/2000 H

HIII-35 O 2000

35-2 OIIH

+OHII-35-2000

Ha xakoe HampsizkeHHe HM3rOTABJIMBAIOTCH ONOPHO-CTEP;KHEBbIEe HM30JSITOPHI U3
3JIEKTPOTeXHU4ecKoro gpapgopa?

0,38-10 xB

10-35 kB

+35-150 kB

110-220 xB

N3o0a5TOPHI, MCMOABL3YOIINECH B MeCTaX, Ile TOKOBeAYyIIMe YACTH MPOXOAAT
yepe3 CTEeHbl, MMEPEeKPbITUS 3AaHMH, OrPAKIAECHUNA NIEKTPOYCTAHOBOK WJIU
BBOASITCSI BHYTPb METAJIMYECKUX KOPIYCOB 000PY/10BAHMS:

JIMHEUHBIC

MMOJIBECHBIE

OTNIOPHBIE

+TIpOXOIHbIE

Kak Ha3bpIBalOT NpoOXoAHbIC M30JIATOPHI, PACCUMTAHHBbIC HA Hanpsikenue 110 kB
U BbIIE?

+BBOJIBI

JIMHENHBIE U30JISITOPBI

OIIOPHBIE U30JIATOPEI

OapbepHBIC U30JISITOPHI

JIJIfl 4ero Ha MOBEPXHOCTH HM30JIATOPA AeJAIT pedpa M YBeJUYHUBAKT IHMAMETP
H30JIATOPA y 3a3eMJICHHOI0 (uiaHua?

JUISL JTyUYIIErO OXJIAXKICHUS

JUTSI 3aKpEIJICHUS] B CTEHE

+171s1 yBENTMYEHUS HANTPSIKEHUS TIEPEKPBITHUS

Kakoe yTBep:k/1eHHe He OTHOCUTCS K MacJI00apbepHOMY BBOJY KOHJIEHCATOPHOIO
TUna?
TOKOBEIYIIUN CTEPIKEHb OOMATHIBACTCSI HECKOJIBKIUMHU CIIOSIMH OyMaru
OOKJIaJK{ BBIPABHUBAIOT T10JIC B PATMATBHOM M aKCHAILHOM HAIPaBJICHHSIX
9T00Bl MOBBICUTH Up,, IMPOMEXYTOK Pa30MBAIOT HAa 7 MajblX IPOMEKYTKOB
Oapbepamu
+B  KauecTBe W3OJSIUU  HCIOJIB3YIOTCS: Ta3, JKUIKOCTH, TBEPIbIC
HEOPTaHWYECKUE MAaTEePUAIIbI, TBEPIbIC OPTAHUIECKUE MATEPHAITBI
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Kakoe yTBep:kaeHue He OTHOCUTCH K  OyMaKHO-MAaCJSIHOMY  BBOIY
KOHJIECHCATOPHOI0 THIIA?

B KQ4€CTBE M30JSLUN UCIOIb3YIOTCS: Ta3, KUAKOCTH, TBEP/AbIE HEOPTaHUYECKHE
MaTepHuaJibl, TBEPJbIE OPraHUYECKUE MaTEPUAIIbI

+4T00bl MOBBICUTH Uy, MPOMEKYTOK Pa3OMBAIOT HAa 71 MAJIbIX HPOMEXKYTKOB
OapbepamMu

yepe3 Kaxable 2-4 MM HaMOTKM Oymarn B TEJNO  3aKJIaJbIBAIOTCS
KOH/ICHCATOPHBIE OOKJIAIKH U3 aJTIOMUHUEBON (POIbTU

KOHJCHCATOP XapaKTEPU3YETCs YAECIbHOMN 3aI1acaeMO dSHEPTUEU

Tabauua 7 — Kpurepuu oueHku ¢cGopMHPOBAHHOCTH KOMIIETEHLUI

Kputepuu ouenuBanust chopMupoBaHHOCTH KOMIIETEHIIUN
Kon u HaumMeHoBaHWEe HHIUKATOPA
(4acTv KOMIETEHITUH)
JIOCTHKEHUSI KOMITIETECHIIUM (YaCTH
COOTBETCTBYET OLIEHKE «3a4TEHO»
KOMITETCHIIHH ) 0
50-100% ot MakcuMaLHOTO Oanna
CTyAeHT JEeMOHCTPUPYET 3HaHUE: KJIacCU(PUKALUU
M30JISILIMN; BUIOB BHYTPEHHEH U30JSLUH, TUHEMHON U
N-1mkoc2 OcCylIecTBIsIET OLEHKY anmnapaTHO-CTallMOHAPHOU U30JIALIUN; U3OJIALMY JIMHUM;
TEXHUYECKOI0 COCTOSHUS OTIOPHBIX, TPOXOIHBIX, IITHIPEBBIX U MOIBECHBIX
KaOeNbHBIX U BO3IYIIHBIX JIMHAN U30JISITOPOB; 0003HAYEHHH U30JITOPOB; KOHCTPYKIIHH
3JIEKTpoIepeaun BBOJIOB; CIIOCOOEH OCYIIECTBIIATH OLIEHKY TEXHUYECKOTO
COCTOSTHUS KaOENbHBIX U BO3AYIIHBIX THHHIM
AJIEKTpoIepeaun

Monayas 6. Beoabl. 301141 MOIIHBIX TPAHCGOPMATOPOB, KOHAEHCATOPOB,
Kka0eJieil, JeKTpuYeckux MamnH. HoBble mepcneKkTUBHBbIE Pa3padoTKu
B 00J1aCTH H30JISIIUH

Komnbrorepaoe tectupoBanue (TCk)

Buvibepume 00un npasuibHbulli gapuarnm omeema u Hadcmume KHONKY «0dajieey
N3oasius, npeacTaBiasomas u3 cedsi BO3AyIIHbIE MPOMEKYTKH MEXKIY BBOJaMH
U 10 UX MOBEPXHOCTH:

+BHEITHSS

BHYTpPEHHSIS

OapbepHas

CUJIOBas

N30s1iMOHHBIE YYAaCTKH, PACIHOJO0KEHHbIe BHYTPH 0aka TpaHcdopmarTopa H
BHYTPH BBO0B, — 3TO H30JIAIHSI:

BHEIIIHASA

+BHYTPCHHSA

OapbepHas

CHIJIOBaAs

BHyTpeHHss1 u3osiuusa TpancpopMaropa noapasiessiercs Ha:
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+TJIaBHYIO U TIPOJIOJIbHYIO
POJIOJIBHYIO U MONIEPEUHYIO
[JIABHYIO U BTOPOCTEIICHHYIO
CUJIOBYIO U BTOPUYHYIO

N3onsinust Me:KAy Ppa3sHbIMM OOMOTKAMH, CTEHKaAMH 0aka, MArHMTOINPOBOJAOM
u ap.:

MPO0JIbHAS

IornepeyHast

+TJIaBHAsA

BTOpHUYHASA

MN3oasumss MexAy 3JIeMEHTaMHM OJAHOM M TOH ke OOMOTKHM: MeKAy BHTKAMHU,
CJI0SIMH, KATYIIKAMU::

+IpogoabHas

nonepeyHas

rJIaBHAas

BTOpUYHAs

B BbICOKOBOJILTHBIX CHJIOBBIX TpaHcdopMaTopax B KadecTBe TJIABHOI
UCIOJIb3YeTCS M30JISIIUA:

OyMa)kHO-MacCIIsTHas

+MaciobapbepHas

OymarkHast

MacJstHas

B BBICOKOBOJIBTHBIX CHJIOBBIX TpaHcdopMaTopax B KadecTBe IPOJ0JbLHOM
HCIOJIb3YeTCH U30JIALMA:

+0yMakHO-MacsgHas

Macio0apbepHast

OymakHast

MacJisTHas

Yto o3Hauyaer OykBa M B 0003Havennu kadeass MCCK-110?
MeEIHBIN
+MacI0HaIOJIHEHHBIN
MO (ULIPOBAHHBIH
B METAJUIMYECKON 000JI0UKe

K BpamaomuMcsi MallMHAM BbICOKOTO HAMNPSI)KEHUs] OTHOCATCS TypOo- H
THAPOreHepaTOpbl, CHHXPOHHbIE KOMIIEHCATOPbI M JABHUrareJu 00JbIIOI
MOIIHOCTH ¢ HOMHMHAJIbHBIM HANIPSAKEHUEM:

Boime 380 B

Beimie 1000 B

27



+BpI1tre 3000 B
Beire 10000 B

N3oasiusi CTATOPHBIX 00MOTOK BPAIAIOINMXCH MAIIUH BBICOKOI0 HANPSKEHHUS
nmojapasaessieTcss Ha:

+TIaBHYIO U IIPOJOJIBHYIO

IIPOJOJIBHYIO Y IIONICPECYHYIO

IJIaBHYIO ¥ BTOPOCTEIICHHYIO

CHJIOBYIO U BTOPUYHYIO

CucreMa MepoNpHUATHH, ¢ TNOMOIILI) KOTOPbLIX O0eCNeYBAETCH HaleKHAA
padoTa U30/SIIMU B NpoLecce IKCILTyaTaAlMM:

PEMOHT

o011iee cTapeHne U30JISIIAN

+rnpodunakTuka

MECTHBIE 1e(PEKThI H3OJISAINH

Kakue U3 HU:KenepeyHcJIeHHBIX e eKTOB He OTHOCATCSI K MECTHBIM JTedekTam?
+o011ee ctapeHue
COCPEIOTOYCHHBIC TPEIITHMHBI
BO3/TyIITHBIC BKIIFOUCHHUS
YaCTUYHBIC YBIAKHCHHUSI

B 3agaun npopmiIakTUKH U30JIAMU HE BXOIHT:
CO3/laHUE HOPMAJIbHBIX YCIOBUN PaObOThI U3OJIALIMH
oOHapyxeHue 1e(HeKTOB U UX YCTPAHEHUE
u3ydeHue pu3nueckux 0COOCHHOCTEN U IPUYUKH MOSBIEHUS Ne(EKTOB
+UCTIBITAHUE U30JISIIUU TIOBBIIIEHHBIM HANPSKEHUEM

N3mepenne conpoTUBIICHHUS U30JIALMU NPOU3BOAUTCS € IIOMOLIBIO NPHUOOPOB:
OMMETP
+Merommerp
MYJIbTHUMETP
aMIICpMETP U BOJILTMETP

Yroa AUIIEKTPUYECCKUX MOTEPb B U30JAINHA HAXOAUTCH 1O (l)OpMy.]'le:

1
1gd =—=
g I
+igo =—*
tg5=£

Q

P
180 =—
507

Metox KOHTPOJIS HM30JASIMH MyTeM H3MePeHHs yIja JNIJIeKTPUYEeCKHUX MOTepb
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M03BOJIsieT BbISIBUTH J1e()eKThI:
YBJIQXKHEHHE
BO3/IyLIHBIE (Ta30BbIE) BKIIOUEHUS
HEOJHOPOJHOCTH, 3arps3HEHUS
+BC€ BBIIICIICPEYHUCIICHHOE

HenocraTku MeT01a MHAMKAIIUN YaCTHYHBIX Pa3psi/IoB:
HaJIU4YKe OOJIBIIIOr0 KOJINYECTBA ITIOMEX
bukcupyeTcs He Hanuue AedeKTa, a HaATMIUe YaCTUIHBIX Pa3psiioB
+00a HegOoCTaTKA
HU OJUH U3 HUX

Metoa, 3aK/JIIOYAONIUICA B CPABHEHMH BEJMYMH E€MKOCTH, MU3MEPEHHBIX IPH
ABYX Pa3JIM4YHBIX 4YACTOTAX:

€MKOCTHOM

YaCTOTHBIN

YaCTOTHO-€MKOCTHOM

+«EMKOCTb-4aCTOTa

IIpoao/KNTENIbHOCTh HCHBITAHUSA M30JISIMUM  TOBBIIICHHBIM HaNpsiKeHUeM,
NPMHUMaeMasi Ha IPAKTHKe:

10 cexynn

+1 MuHyTa

5 MUHYT

10 MunyT

IIpu npodumiakTHyeckuX HUCHBITAHUAX B IMpolecce IKCIUIyaTAMH BeJMYMHA
HCIBITATEJILHOT0 HATIPSIZKEHUS J10JI7KHA COCTABJIATD:

0,5 OT 3aBOJICKOTO UCIIBITATEIbHOTO HAIIPSIYKCHUS

+0,75 OT 3aBOJACKOTO UCIBITATEILHOTO HANIPSIKEHUS

1,25 oT 3aBOJICKOTO UCTIBITATEILHOTO HAMPSIKEHUS

1,5 OT 3aBOJICKOT0 UCIBITATEIIbHOTO HANIPSYKCHUS

Tadoauna 8 — Kpurepun ouenkn cGopMHUpOBAHHOCTH KOMIIETEHIIUIA

Kon u HaumenoBanue Kputepuu onienuBanus chopMHUpOBAaHHOCTH KOMIIETEHIIUN
WHIUKATOPa JOCTHKEHUS (4acTv KOMIETSHITUH)
KOMITETEHITUH (JacTH COOTBETCTBYET OIICHKE «3aUTCHO»
KOMIIETEHIINH ) 50-100% oT MakCUMAaJILHOTO Oaia

CryneHT IeMOHCTpUPYET 3HAHUE: U30JIALNN
TpaHc(hopMaTOpoB, KOHAEHCATOPOB, Kabeel 1 3JeKTPUIECKUX
W-1nkec2 Ocymectsiisiet MaIIIMH; HOBBIX Pa3pab0TOK B 00JIaCTH M3O0JIAINH; YCTPOMCTBA

OLICHKY TEXHHYECKOI'0 COCTOSIHUA | TJIABHOW, BHYTPEHHEH, IPOJOJIBHON U MEXBUTKOBOW U30JISLINH;
KaOENIbHBIX M BO3AYIUHBIX IMHHUI | HM30ISLMU CTATOPHBIX OOMOTOK; 1€()EKTOB H30JIALUH; METOI0B

JJIEKTpOIIepeIaun npoGUIAKTUKN U30JISLMH; CIOCOOEH OCYILIECTBISATh OLICHKY
TEXHUYECKOI'0 COCTOSIHUSI KaOEJIbHBIX M BO3AYIIHbIX JINHUIA

JJIEKTpoIepeIaun

29




MoayJsb 7. MeToabl 4 YCTPOMCTBA MOJIYYECHUS BHICOKMX IIEPeMEeHHBbIX,
NMOCTOAHHBIX U UMIYJIbCHBIX HANIPSKEHUI.
I'enepaTop uMNyJbCHBIX HANPSIKeHU ApkaabeBa-Mapkca.
I'eHepaTop HMIYJILCHBIX TOKOB

Komnbrorepaoe tectupoBanue (TCk)

Buvlbepume 00un npasuibHulil 6apuanm omeema u Haxcmume KHONKY «0ajieey
Jlo kakoil BeJIMYMHbI HAMPSIKEHUS] UCHOJIb3YIOT OAHO(a3HbIE BHICOKOBOJIbTHBIE
HcnbITaTe/IbHbIE TPaHchopMaTopbl?

500 kB

750 kB

+1200 xB

2200 xB

Y10 He OTHOCHUTCH K 0COOCHHOCTSIM HCIIBITATEJIbHBIX TPAHCPOPMATOPOB?
KPaTKOBPEMEHHOCTb pabOThI
OTCYTCTBHE aTMOC(EPHBIX MEPEHATIPSKEHUM
HaJIu4yue OpOCKOB TOKAa M PE3KUX CIAJ0B HAINpsHKEHUS NOpH Mpo0osX H
NEPEKPBITUAX UCIIBITYEMBIX OOBEKTOB
+KpyTOIagaronias BHEIIHASA XapaKTEpUCTUKA

U151 moJ1y4YeHHsl UCIIBITATEJIbHOI0 HanpsizkeHus 0osee 1000 kB ucnoab3yror:
aBTOTpaHCc(HOpMaTOPbI
+Kacka/ibl TpaHC(HOPMATOPOB
CXEMY YABOCHMS HAIPSKCHUS
JEJIUTEIb HAIIPSKCHUS

Hanpsioxenne Ha BbIXOJe KackKaja, COCTOSIIEr0 W3 1 MOCJAeI0BATEIbHO
BKJIIOYEHHBIX TPaHCc(OpMaTOpPOB, onpeaessiercs mo ¢popmyJe (U, — HanpsixkeHue
HA BbIX0/Ie IEPBOro TpaHcphopmMaTopa):

Uy :(”_1)'U2
Uy :(n+l)-U2
TUy, =n-U,
Uy, =2n-U,

Y Kkakoil u3 cxeM BBIIPSAMJIEHUSI TJYOMHA MNYJbCAUMH BBINPSIMJIEHHOTO
HANPSIZKeHUs] HanOoabIasi?

+oaHONONyIepuoIHas 6e3 puIbTpa

OJIHOIOJIYyNIEPHOIHAS C (PUIBTPOM

JBYXIIOJIYTIEPUOHAS

TpexdazHas 0AHONONYIEPUOIHAS

Ha xakoM H3 pHCYHKOB YKa3aH rpauK OIHONOJYNEPHOAHON cxeMbl 0e3
¢puabTpa?
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9

Us

Ha xakom

¢puasTpom?
o

U3 PHCYHKOB YKa3aH rpauk

Uy

31
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Ha kakoM u3 puCyHKOB yka3aH rpa¢guk tpexdasHo
t

BbINIPAMJICHUS ?
o
.
.



Hajnn4yue puabTpa B 0JHONOJIYNEPUOIHON CXeMe BLINPAMJIICHHS
+yMeHbIlAeT TIIyOuHy IyJibcalui
YBEJIIMYUBACT aMIUIUTY Ay HAIIPSOKEHUA
yeesmmuuBaet KIIJ1 Beipsamurens
YMEHBIIAET aMIUIUTYy HaIPsHKCHUS

JlJis mos1y4eHusi BBICOKOI'0 BBINPSIMJICHHOI0 HANIPSIKEHUA UCIIO0JIb3YIOT:
CXEMBI YIBOCHUS HAIIPSDKCHHUS
CXEMBI YTPOCHHUS HANIPSIKECHUS
KaCKaJHBIE CXEMbl YMHOKEHUS HAIPSKECHUS
+BCE YKa3aHHbBIC CXCMBbI

HanpsizkeHue Ha BbIXOJe KACKaJHOI0 YCWJIUTeJdsl ompeaeasercsa no gpopmy.ae (n
— 4YHCJI0 CcTyneHed B Kackage; U, — aMIUIUTyJAHOe 3HA4YeHHE MHUTAOIIEro
Tpancdopmartopa):

v,,=nU,

8blX

Uy =2-(n+
(

=2.

6’ bIX

+U 2nUm

8blX

)-U
)-U

n—1

Jnsi  MCHBITAHUST  M30JSIHH  BBICOKOBOJIBTHOTO  JJIEKTPOOOOPYI0BAHHUS
I'PO30BBIMH H KOMMYTAIIMOHHBIMH HMITYJIbCAMH HCHOJIb3YIOTCS:

+TeHepaToOpbl UMITYJIHLCHBIX HANPSKEHUN

KacKaJibl TpaHC(OPMATOPOB

KaCKaJHbIE CXEMbl YMHOKEHHUSI HATIPSKEHISI

BBICOKOBOJIBTHBIC UCTIIBITATEIBHBIE TPAHC(HOPMATOPHI

CKo0JIbKO U3MepeHN i HY?KHO TPOBOAUTH NMPHU U3MEPEHUM BbICOKMX HANPSIKEHUH ¢
NMOMOIIbIO IIAPOBBIX PAa3PSIAHNKOB?

1 u3amepenue

2-3 u3mepeHus

+4-5 nuzmepenun

DJIEKTPOCTATHYECKHE BOJIbTMETPbI H3MEPSIOT:
+1eiicTByOIee 3HAUEHUE HAlPSDKEHUS
aMIUTUTYTHOE 3HAUCHUE HAMPSKECHUS
CpellHEE 3HaYCHHE HAIIPSIKEHUS
MIHOBEHHOE 3HAYE€HHE HAINPSKEHUS

Kakue THMObBI jgejuTesiedl HANPSKEHUA NPUMEHSIIOTCH JJIA  M3MeEpeHHs
HanpsiKeHus ?

OMUYECKHUU

€MKOCTHOM

€MKOCTHO-OMHUYECKHUI

+BC€ YKa3aHHBIC
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Kaxoi Tun nenuresieil HanpsizkeHus1 HanOoJ1ee YyHUBepcaseH?
OMMYECKHUI
€MKOCTHOU
+€MKOCTHO-OMUYECKUN
BCE YKa3aHHbIC

TpeOoBaHus, npeabsiBJsieMble K AeJUTEISIM HANIPSKEHMSI:

ko> PUIMEHT neNeHus HE MOJDKEH 3aBUCETh OT aMIUIUTYIIbI, TOJSPHOCTH,
JUTATEIIbHOCTH U3MEPSIEMOTO HAIIPSIKCHUS.

KOd(pPULIMEHT JejeHus He JMOKEH 3aBUCETh OT BHEIIHUX JJICKTPUUYECKUX
MOJICH.

JETUTENb JOJKEH ObITh YIOOHBIM B OKCIUTyaTallid U OTHOCUTEIBHO JICIICBBIM.

+BCE MEPEUNCIICHHBIC

Ha xakoii n3 cxeM U300paskeH OMHYECKUI 1eJIUTe/Ib HANIPAKEHU s ?
14

T N
%

I~ RH[

7

K OCIIHI.

(-.1=‘=
K OCIHT.
>

— (“]
K OCITHII.

Ha kakoii u3 cxem n306pa>1ceH €MKOCTHO-OMHYeCKH I JACJINTEJDb HaHpH)KeHI/IH?
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K OCIIHI.

K OCHOHIT.
———

— (“]
K OCIIILI.

Kaxkumn HegocTaTkaMu 00J1a1aeT eMKOCTHO-OMUYECKHM M 1€ INTe/ b HANPSIKEHUs ?

CJIOKHOCTDb N3T'OTOBJICHUA

JOpOTOBU3HA

+00a 2T HEegOCTATKA

Tadaunua 9 — Kpurepun ouenkn ¢cGopMHUPOBAHHOCTH KOMIIETEHIIUI

Kon n HanmeHoBaHue
MH/IMKATOpa JIOCTUKEHHUS
KOMIIETEHIIUH (4acTu
KOMIIETEHITHH )

Kputepuu oriennBanus chopMUpOBaHHOCTH KOMIICTCHITUH
(4acTv KOMIETECHITHH)

COOTBETCTBYET OIICHKE «3aUTEHO»
50-100% oT MmakcuMabHOro Oana

I/I.Z[' 1 TIKoc-2
Ocy1ecTBIsSeT OUEHKY
TEXHUYECKOTO COCTOSTHUS
KaOeJIbHBIX U BO3AYIIHBIX
JIMHUH DJIEKTpOIIepeaadn

CTyneHT IEeMOHCTpUPYET 3HAaHUE: METOIOB U yCTPOMUCTB MOJIy4ECHHUS
BBICOKUX IIEPEMEHHBIX, IIOCTOSHHBIX U UMITYJIbCHBIX HANPS)KECHUM;
TEHEPAaTOPOB UMITYJIbCHBIX HAIPSKEHUN U TOKOB; BBICOKOBOJIBTHBIX
UCTBITATEIbHBIX TPAHCPOPMATOPOB; KaCKaI0B TPaHC(HOPMATOPOB;
CXEM BBIIPSIMIICHUS HAIPSYKEHUS; OTHOIOIYIEPUOJHOM,
JBYXTOJTYHNEPUOTHHON U TpeX(pazHOU OJHOMOIYTIEPUOIHOMN CXEM;
(opM rpo30BBIX U KOMMYTALIMOHHBIX UMITYJIbCOB; IIAPOBBIX
Pa3psAIHUKOB; CXEM U3MEPEHUs HAIIPSHKEHUN; NEIUTEIIeH
HanpsKEHUH; CIIOCOOEH OCYIIECTBIIATh OLEHKY TEXHUYECKOTO
COCTOSIHUS KaOEJIbHBIX U BO3YIIHBIX JJUHUNA AJIEKTpONepeaun
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Moayas 8. Kitaccupukanusi nepeHanpsizkeHuid. YPOBHH U KOOPAUHALMS
u3osssunu. BosiHOBbIE Mpouecchl B JIMHUAX U TpaHcopmaTopax

Komnbrorepuoe tecrupoBanue (TCk)

Buvibepume 00un npasuibHbulli apuanm omeema u Haxdxcmume KHONKY «oajiee

Besikoe moBbINIEHME HANPSLKEHUSI B JJIEKTPUYECKOl ceTH OoJible

poOo¥ U30JISAIIUU
YaCTUYHBIN pa3psia
+repeHanpsKeHUe
KOPOHHBIN pa3ps

IlepenanpsizkeHus: MOAPA3AEJAIOTCSH HA:

+BHEIIIHUE U BHYTPEHHUE
BBIHYKJICHHBIE 1 CBOOOHBIC
NEPUOTUYECKUEC U alIePUOINIECKUE
CTaTUYECKUE U TUHAMHYECKUE

K _ Up.,wakc
(T
MAKC
n K _ UMaKC
= Dae
p-Mmaxc
K _ Up.MLZKC
T u
HOM
K — UHO}l/l
= Lo
U

p.makc

Jis u30JUUM BBICOKOBOJIBLTHBIX YCTPOMCTB
(U<220 kB) Han0oJ1ee onacHLIMHU SIBJISIIOTCS

KOMMYTAaIlMOHHBIE TIEPECHANIPSIKCHHUS
+TpO30BBIC IICPCHANIPSIKCHUS
CTallMOHAPHBIC IIEPEHATIPSHKCHUS
KBa3UCTallMOHAPHBIC IIEPEHANIPSIKCHUS

+KOMMYTallMOHHbBIE NIEPEHANIPSIKECHHUS
I'PO30BBIE NEPEHAIPSKEHUS

BHEIIHUE MEPEHANPSKEHUS
KBa3UCTAILMOHAPHBIC MIEPEHAIPKEHUS

36

MaKCHUMAJBbHOI'O paﬁoqero B 3ABUCHMOCTH OT KJIacCa HAIIPHAKCHUSA

KparTHocTh nepeHanpsizkeHuil onpeaensiercs no gpopmy.Jie:

HHU3KHUX KJIaCCOB

HAIPAXKCHUA

JIJ1s1 M30J11MH BbICOKOBOJIBTHBIX YCTPOHCTB BHICOKMX U CBEPXBBICOKHX KJIACCOB
Hanpsixkenusi (U>330 kB) nan6os1ee onacHbIMHU ABJIAKOTCS:



Ha Hu3kux KJjaccax HaNpskEHUA  ClIeUaAJdbHBIMU yCTpOﬁCTBaMH

OrPAaHMYNBAIOT:
+TOJBKO IPO30BBIE NIEPEHATPSIKEHUS
TOJIBKO KOMMYTAI[MOHHBIE TIEPEHATIPSAKEHUS
Y TPO30BbIE U KOMMYTallHOHHbIE
TOJIbKO BHYTPEHHHE MEPEHANPSIKEHUS

YTo OTHOCUTCH K NPUYNHAM BO3HUKHOBEHUS BHYTPEHHHX NepPeHanpsKeHn?

OTKJIFOUEHUE INHUU
oOphIBHI (pa3

npo0oil U30JIATOPOB
+BCE NIEPEUUCIICHHOE

Kakux BHYTpeHHHUX NepeHaNnpsi;KeHnu He ObIBaeT?
KOMMYTAIlMOHHBIE
KBa3MCTallMOHAPHBIE
+TpO30BBIC
CTallMOHAPHBIE

Ha ckobKo cTaguii MOKHO pa3/ie/IuTh Pa3BUTHE NepPeHANPSKeHUs ?
1
2
+3
4

Kakum o06opyaoBanneM He OCylIeCTBJISETCA OTPaHNYeHHe NepeHanpsizKeHuil?

TpyOUaThIi pa3psiIHUK

BEHTUJIbHBIN pa3psIHUK

HEJIMHENHBIA OTPAHUYUTEND IIEPEHANIPSKCHUN
+BBIKIIIOYATEIb HArPYy3KHU

IIo kakoit ¢popmyJie HAXOAUTCH €eMKOCTHOM TOK, MPOTEKAIIIMH MEKAY NPOBOJIOM

" 3eMJiei?
) di
i.=C—
dt
du
i =C—
¢ dc
dc
i =C—
< T dt
du
+i, =C
¢ dt

IIpu kakoM HaNpsiKeHHH KOPOHHPOBAaHHE TMPOBOIOB 00jiee MHTEHCHBHOE MPH

NPOYMX PABHBIX YCJIOBUAX?
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ITIOCTOAHHOM

+HCp€M€HHOM

HMITYJIbCHOM
KOPOHHUPOBAHHUEC OAUHAKOBOC

IIpu atMocepHBIX 0caTKaX HAYAJbHOE HANIPSIKEHHE BOSHUKHOBEHHSI KOPOHBI:
HE3HAYUTEIILHO MOBBINIACTCS
HE U3MECHSETCS
HE3HAYUTECIILHO CHUXKAETCS
+PE3KO CHUIKACTCS

PacnpocTpanenHoii ¢gopmysioii A1l pacuyeTa moTepb HA KOPOHY HA MepPeMEeHHOM
HANIPSZKEHU U SIBJISIETCS:

+amrupudeckas popmyna [Tuka

dbopmyra Maiipa

dbopmyna EropoBoii u Tuxoaeena

Omnupudeckasi popmy.ia [luka 151 OIMHOYHOT0 MPOBO/JA 3aNIMCbIBAETCS B BU/eE:

Uy :21.2-5-ln£-m1-m2

"o
1350E
P=k-n-f-r,-E,(E,—E,)- 2.31g&—1 107
T
+P=%(f 25) %(Uqb U, )10

P=24-10"°-U; -exp| 8.7 Z—M—o.53 107

K

Pa3MepHOCTh MOTEPH YHEPTUH HA KOPOHY:
+kB1/km- paza
kBT1/daza
kBT/km
kBT (daza

Jlns ompenesieHusl MOTePb HEPrHM NPH KOPOHMPOBAHMHM ISl pPaclleNIeHHbIX
NPOBOJOB MCIOJIb3YeTCs:

smnupuueckas popmyna [Muka

+dopmyna Maiipa

dbopmyna EropoBoii u Tuxoaeena

dbopmyna TayHncenna

®opmyia Maiipa 3anucbIBaeTcs B BUae:
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Uy :21.2-5-ln£-ml-m2

T

1350
+P=k-n-f-r,-E,(E, —Eﬁ-[2.31g%—1)-10‘5

.’/'O

24.1

P==2(/+29) (U, —U,) 107

_o
S
P=24-10"°-U; -exp 8.7(5—1”—0.53] 107

K

Jas cpeanei mosaocsl EBponeiickoii yactu Poccun u 3anagHoii Cudupu norepu
HAa  KopoHy Jjaiasa  TpexdasHbix JIJII  cBepXBBICOKOr0  HANPSKEHUS
paccYUTHIBAKOTCA 1O popmy.ie:

smnupudeckas popmyna [luka

dbopmyrna Maiipa

+hopmyna Eroposoii u Tuxoneena

dbopmyna TayHncenna

®opmy.a JI. Eroposoii u H. Tuxoaeesa 3anucbiBaercsi B BUjae:

Uy =21.2-§-ln£-ml-m2

o

P=k-n-f-r,-E,(E, —EK)-(2.31gB;&—1J-105

. ’/‘0

241(f 25)({/ ~U,. )10

+P=24-10"°-U; -exp 8.7@—1‘4 —~ 0.53} 107

K

Tabauua 10 — Kpurepuu oueHky chopMUPOBAHHOCTH KOMIIETCHIM I

Kpurepuu onennBanus copMupoBaHHOCTH KOMIIETEHIMH
Kon v HanmeHoBaHWe HHIMKATOpa
(4acTv KOMIETEHITUH)
JOCTHXKEHUS] KOMIIETEHUUH (4acTH
COOTBETCTBYET OLICHKE «3aUTEHO»
KOMITCTCHIIHH ) 0
50-100% oT MakcuMaJIbHOTO 6ajLIa
CryneHT AeMOHCTPHpYET 3HaHHE: KiIacCu(UKauu
NIEpEHANPSHKEHUI; YPOBHEW KOOPAMHALIMY U30JISALINHY;
M- 1nkoc-2 OcyiecTsisier BOJIHOBBIX IIPOLIECCOB B JIMHUAX U TpaHChOpMaToOpax;
OLICHKY TEXHUYECKOI'0 COCTOSHHUSA KpaTHOCTEH NepeHanpsKeHNI; BHYTPEHHUX U BHELTHUX
KaOeJbHBIX U BO3AYIIHBIX JIUHUNA | MepeHaIpsKeHU; MPUYUH KOPOHUPOBAHUS; METOA0B pacyera
3JIEKTpOIIepeIaun notepb Ha Kopony; popmyi [Tuka, Maiipa u Tuxoneesa;
CIOCOOEH OCYIIECTBIISTh OLIEHKY TEXHUYECKOTO COCTOSHUS
KaOenbHBIX U BO3AYIIHBIX JIMHUN JIEKTponepeaadn
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Monayas 9. I'po3oBbie nepenanpsi:kenusi. [lTapamerpsl MosiHMH.

30HbI 3allMThl MOJIHHECOTBOA0OB

Komnbrorepuoe tectupoBanue (TCk)

Buvibepume 00un npasuibHbulli 6apuarnm omeema u Haxdcmume KHONKY «oajieey
OCHOBHO KOJIMYECTBEHHOM XapaKTePUCTUKOM Pa3psaaa MOJTHUU SIBJISACTCH:

AMILUIMTYyAa HAIIPSKCHUA MOJIHUA
MMPOAOIZKUTCIIbHOCTD FpOBOBOfI ACATCIIBHOCTHU
MMPOAOJIZKUTCIIbBHOCTb UMITYJIbCAa HAIIPSAKCHUA
+aMHJ'II/ITy'I[a TOKa MOJIHUH

Cpennnii pac4eTHbI TOK MOJIHMH COCTABJISIET:
I5A
150 A
1500 A
+15000 A

Crep:kHeBbIe MOJTHMEOTBO/AbI IPUMEHSIOT VISl 3N THI:
+1oAcTaHIUI
BO3IYIUHBIX JINHUN
KaOEeIbHBIX JTUHUN
pacupeacnuTeIbHbIX YCTPONUCTB

HauboJsibiue rpo30oBbie MEPEHANPSIKEHUS BO3ZHUKAKOT
MOJIHUM B:

+ JTMHUIO WM TOJICTAHIIUIO

MOJIHUEOTBOJ

rPO303alIUTHBINA TPOC

3€MJII0 B HETIOCPEICTBEHHOM OJM30CTH OT JIMHUU

Ipd NPAMOM

yaape

IIpocTpaHCTBO BOKPYr MOJIHHEOTBO/a, MONAJaHUE B KOTOPOe Pa3psiioB MOJTHUU

MAaJIOBEPOSITHO, HA3BIBAETCSI:
+30Ha 3aIUuThl MOJTHHUEOTBOAA
oXpaHsieMast 30Ha
30Ha MOJHHEO0E30aCHOCTH
rpo303aliuTHas 30Ha

TpOCOBLIe MOJHHUEOTBO/AbI UCIIOJb3YIOTCH B OCHOBHOM IJIA 3aIIUTHI:

JKUJIBIX JOMOB
MIPOU3BOJACTBEHHBIX 3/IAHUI
+BO3QyIIHBIX JTUHUN
MOJICTAHIIN I
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Yroa Mexay BepTHKAJIbHOM JIMHHEH, NEPNEeHAMKYJAPHON Tpocy, U JIMHHEH,
COCIMHAIOIIEH MPOBO/ M TPOC, HA3LIBACTCH:

+yIJIOM 3alIUTHI

yIJIOM aTaKu

yIJIOM MOJIHUEOTBOJA

YTJIOM MOJIHUETIPUEMHUKA

Kakoii 1o/12:xeH ObITh YyroJ 3alllUThl HA BO3XYIIHbIX JJUHUAX?
10-15 rpanycos
15-20 rpaxgycoB
+20-25 rpanycoB
25-30 rpagycoB

ConporuBjieHHe 3a3eMJICHHSI ONOP C TIJIYX03a3eMJICHHON HEHTPAJIbI0 10JIKHO
ObITh:

+menee 5 Om

5-10 Om

10-15 Om

oomnee 15 Om

ConpoTuBJjieHMe 3a3eMJICEHUS OTIOP € U30JUPOBAHHOM HENTPAJIBIO T0JKHO ObITh:
MeHee 5 OM
+Menee 10 OMm
10-20 Om
6omnee 20 Om

I'po3o3amuTa MoaACTAHIMIA, KPpoMe 3aIIUTHI OT MPSMBIX YJIapOB MOJIHHH, T0JIKHA
BKJIIOYATH B ce0sl CJIeTYIOIIHe BUbI 3AIIUT:
OT MEePEKPHITUI MPH yAapax MOJHUHU B 3a3€MJICHHBIC KOHCTPYKIIMH ITOACTaHITUI
OT BOJIH, IIPUXOSIINX C JIMHUN
+00a BHa 3aIIUT
HU OJIUH U3 DTUX BUIOB

OxuagaemMoe  4YHCJI0  CJIy4YaeB  BO3HMKHOBEHHMSI  ONACHBIX  I'PO30BBIX
nepeHanpsikenuii B roa auas BJI naxoaurest mo popmy.ie:

+N :0.9h-1073-L-nﬂ-0n€p-77

OMKI

N =0.9h-103-L-nﬂ-Unep-77

OMmKi

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

OMKI

Nyt =1.90-10° - L-n; -0, 17

OMKI
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Ha nanHoMm pucynke - MOKA3aHO YCTPOMCTBO:
3aIIUTHOTO pa3psaHUKA
BEHTWJIBHOT'O pa3psIHUKa
+TpyOyaToro paspsiHUKa
HEJIMHEWHOTO OTPaHUYUTENS [IEPEHANPIKECHUN

JUJI1 MCKITI0YEeHHS JIOKHOT0 CPadaThbIBAHMS BEHTHJILHOIO PA3PAAHUKA CIYKHT:
+IIYHTUPYIOLIEE COIPOTUBIICHUE
VICKPOBOM IPOMEKYTOK
HeJIMHENHOe paboyee CONpPOTUBIICHUE
U30JIATOP

Tok ramenus AYI'u COBPEMEHHBLIX BEHTUJIBHBIX Pa3spaAIHUKOB COCTABJIACT.
80 A
150 A
+250 A
1250 A

BouabTamMnepHasi XapaKTepUCTHKA HEJMHEHHbIX Pa004uX CONPOTUBJICHUN (BUJIUT
U TEPBHUT) BEHTUJIBHOI0 Pa3psiIHUKA OMHUCHIBACTCH BbIPAKEHUEM:

U:K'[OHI
v=L
K

1

U=K-I*

‘U =K-I

BeHTH/IbHBIE PA3PATHUKH KAKOWH IPynnbl 00/1a1aI0T HAMJIYYIIMMH 3aIIMTHBIMHU
cBolicTBamMu?

+1

II

111

IV

3amuTHBIE YCTPOHCTBA HA OCHOBE HEJIMHEHHBIX Pe3UCTOPOB-BAPUCTOPOB:
BEHTWIbHBIC PA3PSTHUKU
TpyOUaThie pa3psIHUKH

42



3alIUTHBIC pa3pAAHUKH

+HEIUMHEHHBIC OTPaHUYIHNTCIIN HepeHaHpﬂ)KeHI/Iﬁ

Kosgppunuent neauneitnoctn OITH cocraBasier:

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

Cnoco0 noakiaouenusa OIIH k ceTn:

+HETIOCPEACTBEHHO K CETH
yepes paspsigHUuK

yepe3 perucTparop cpadaThIiBaHUN
yepe3 TpanchopmaTop HaANPsHKEHUS

Taoauna 11 — Kputepuu oueHKu choOpMHUPOBAHHOCTH KOMIIETEHIIUT

Kox n HauMeHOBaHME HHIUKATOPA
JOCTHOKCHHSI KOMITETEHIUH (4acTH
KOMITCTCHITHH )

Kpurepuu onenuBanust choOpMUpOBAHHOCTH
KOMITETCHITNH (4aCTH KOMITCTCHIIHH )

COOTBETCTBYET OIIEHKE «3aUTECHO
50-100% ot MmakcumMabHOr o Oaa

N-1rkoc2 OCyIIECTBISET OLIEHKY
TEXHUYECKOIO COCTOSHHUSA KaOeIbHBIX
Y BO3TYIIHBIX JIMHUMA
AJIeKTponepeaun

CTyZneHT NIeMOHCTpUpPYET 3HAaHUE: IPUYUH IPO30BbIX
NIEPEHANIPSKCHUM; XapaKTEPUCTUK MOJIHUY; BUIOB
MOJIHMEOTBOJIOB ¥ MX 30H 3aIMTHI; TPOCOBBIX U
CTEPKHEBBIX MOJIHUEOTBOOB; YPOBHEH 3a3€MJICHUS OIIOP
Y NTOACTAHIIMMI; OTPAaHUYMTEINICH ITEPEHAIIPSKEHUM;
BEHTWJIBHBIX U TPYOUaThIX pa3psIHUKOB; CIIOCOOEH
OCYILECTBIIATH OLIEHKY TEXHUYECKOTO COCTOSHUS
Ka0eJbHBIX U BO3AYIIHBIX JIMHUH JIeKTponepeaayn

MoayJb 10. BuyTpeHHue nepeHanpsikeHust

Komnbrorepnoe tecrupoBanue (TCk)

Buvibepume o0un npasunvbHbulli gapuanm omeema u HAdCMUme KHONKY «oajiee
BoJsna pacnpocTpaHsieTcsi B10J1b JUMHUU B BO3yXe €O CKOPOCTBIO:

v=05C
v=0,625C
v=0,75C
+v=C

Bouana pacnpocTpaHsieTcsl BI0JIb Ka0eJIbHOM JIUHUM €O CKOPOCTHIO:

+v=0,5C
v=0,625C
v=0,75C
v=C_C
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BosHoBoOE conpoTHBICHHE HAXOAUTCH O opmy.ie:

iz L
CWO
z= %
LO
Z=,C, L,
Z = !

Bo/iHOBOE CONPOTHB/ICHHE €IMHHUYHOIO NPOBOAA BO3AYLIHOW JIMHMH NPHMEPHO
paBHO:

50-100 Om

150-200 Om

250-300 Om

+400-450 Om

Touky, B KOTOPO#l CKAYKOM M3MEHSIETCH COOTHOLIEHHE MEKAY IJIEKTPUYECKUM H
MATHUTHBIM IOJISAMH, HA3bIBAIOT:

MEPEXOJHON TOYKOU

+y3710BOM TOYKOU

YIAAPHOU TOUYKOU

KPUTUYECKON TOYKOU

Ha xkakom PUCYHKE n306pa>1cena IKBHBAJICHTHAaA CXeMa 3aMCIICHUA I[JII/IHHOﬁ
JIMHUMA 110 MPpaBUJy HeTepceHa

HeToyHHK Harpyska

&

-~
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BO3HHUKAIOT B PE30HAHCHBIX KOHTYpax,

Kakue mnepeHanpsikeHust
HEUTPAJIbI0, €CJH K JHHUHU

00pa3ylommuxcsi B CeTAX C H30JMPOBAHHOI
MOAKJIIYEHbI MAJIOHATPY:KEHHbIe TpaHc(hopMaTophbI?

+deppope3oHaHCHBIC

MarHUTOPE30HAHCHBIC

BHEIIHUE

BHYTPEHHHE

Ha xakoM M3 PpHCYHKOB H300pakeHa cXxeMa /s HCCJIeTOBAHHUSA
nepeHanpsiKeHuii P HeCUMMETPUYHOM OTKJIIOYeHnHu a3

HeTouHHEK Harpyska

P-\
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Kakoe wu3 MeponpusiTuii yMeHbIIAET BePOSATHOCTH HECHMMETPUYHBIX
OTKJIIOUEHHU?

+0TKa3 OT IUIaBKUX TMPEJOXPAHUTENC U BBIKIIOUYATENe ¢ noda3HbIM
yIpaBJeHUEM

YMEHBITICHUE Harpy3KH HAa CUIIOBBIC TPAaHC(HOPMATOPHI

ycranoBka OITH

3aMeHa 3allUTHBIX Pa3psIHUKOB HA TpyOuaThie

Kakass w3 cragumii He BXOAMT B TNPOLECC BO3JAEICTBUA BOJHbLI HA OOMOTKY
BbICIIET0 HANPSIKeHUA Tpanchopmaropa?

HavyaJbHbII IIPOLIECC

MEPEXOIHBIN MPOIIECC

YCTaHOBUBILHUICS PEXKUM

+CTallMOHAPHBIN PEKUM

Ha xakoM u3 puCyHKOB MOKa3aHa cxeMa 3aMellleHUus1 00MOTKHU TpaHcdopmaTopa
B YCTAHOBHBIIEMCS pe:kume?
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Jdnass TpancdopMaTopoB € 3a3¢eMJICHHOM HEHUTPAJIbI0 TJIABHAS HU30JSIMSA
TOJIKHA OBITH yCHJIEHA:

+B HAYAJILHOM YaCTH OOMOTKH

110 BCEH JUIMHE OOMOTKH

B KOHIIE OOMOTKH

10 BCEH JUIMHE, HO OCOOCHHO B KOHIIC OOMOTKH

Jdas TpancopMaTopoB ¢ U30JUPOBAHHOM HEHTPAJILIO IJIABHASI M30JISALUA
T0JIKHA OBITH yCHJIEHA:

B HaYaJIbHOW YacCTH OOMOTKHU

10 BCeil 1ymHe 0OMOTKH

B KOHIIE 0OMOTKH

+110 BCel JUIMHE, HO 0COOEHHO B KOHIIE OOMOTKHU

Kakue ycrTpoiicTBa BBOAAT B KOHCTPYKLIHMIO 00MOTOK TpaHcGoOpMaTopoB sl
ocsnabaenust 3¢ GeKToB NepeHaAnpPsKeHUs U 3alUThI 00MOTOK OT podos?
HKPAHUPYIOIINE KOJIbIIA
NEeTJIEBbIC 0OMOTKHU
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CJIOEBBIC OOMOTKH
+BCe YKa3aHHBIC

Kak Ha3pIBalOT peryjMpyemMblii peakTOp, BKJIKWYaeMblii B
TpaHCcOpMATOPA I YMEHbIICHHSI TOKA 3aMbIKAHUA HA 3eMJII0?
Jyroracsimas KaTyIlKa
karymka Ilerepcena
HAaCTPOCHHAsA MHAYKTUBHOCTb
+BCE yKa3aHHbIE HA3BAaHHUS IOITYCTUMBI

TOK, l'[pOTeKaIOIHI/Iﬁ qyepes3 Ayroracamyro Kartyumky, paBeH:

_Us
Ly LK
U(D
+1, =
b oL
I, - oU,
K LK
I, = oL,
K U(D

YcaoBue naeabHONM HACTPOMKHU Ayroracsieil KaTymKm:

+ol, = !
30,

T 30C,

3azemiieHne HedTpagau B cersax 35 kB 4epe3 ayroracsimyro
NMPUMEHAETCSH NPH TOKAX 3aMbIKAHUA HA 3eMJIIO:

+6omnee 10 A

6oxee 30 A

6omee 50 A

6omee 100 A

3azemiienue HeiiTpaim B cerax 6-10 kB uyepe3 ayroracsimyro
NpUMeHsieTCs PH TOKAX 3aMbIKAHUS HA 3eMJII0:

oonee 10 A

+0onee 30 A

oomnee 50 A

6omnee 100 A
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Eciu HeHMTpaab CWIOBOr0 TpaHCPOPMATOPA HEAOCTYIIHA, TO B KayecTBe
AYroracsimero anmnapara npMuMeHsIoT:

BEHTUJIbHBIN Pa3psIHUK

HEJINHENHBIA OrPAaHUYUTEIND IIEPECHANPSKECHUS

+CcrenuanbHbIN yroracsauui TpancGopmarop

karywky [lerepcena

Tadaunna 12 — Kpurepnu oneHKH cpoOpMUPOBAHHOCTH KOMIIETCHIM A

Kox n HaumeHOBaHME Kpurepuu onenuBanust copMUpPOBAHHOCTH KOMIIETEHITUHN (YacTH
WHJUKATOpa JOCTUKEHUS KOMIIETCHITUH )
KOMITETCHIINH (4acTH COOTBETCTBYET OIIEHKE «3aUTEHOY
KOMIIETEHIINH ) 50-100% oT MakCUMAJILHOTO OaJia

CTyZneHT NIeMOHCTpUpPYET 3HAHUE: BUI0B BHYTPEHHUX
NepeHanpsHKeHU; XapakTepa pacpoCTpaHEHUsl BOJIH B BO3YIIHBIX
JUHUSX U B KaOeJsIx; CXeM 3aMeIleHUs JIMHUN U TpaHC(HOPMaTOPOB;
MOHSTHUSL BOJTHOBOTO COIPOTUBJICHHUS; XapaKTepa MepeHanpsHkeHui B

PE30HAHCHBIX KOHTYpaXx; 3alUThl 0OMOTOK TpaHC(HOPMATOPOB;
MPUYWH 3a3eMJICHUS HEUTpasiel yepe3 KaTyliKy; Clioco0eH
OCYUIECTBJIATH OLICHKY TEXHHUYECKOTO COCTOSIHUS KaOeIbHBIX U
BO3JIYUIHBIX JIMHUH 3JIEKTpoNepeiadn

HH' 1I"[Koc-2
Ocy1ecTBIsIET OLIEHKY
TEXHUYECKOI'0 COCTOSHUS
Ka0eNIbHBIX U BO3IYIIHBIX
JMHUHN 3JIeKTponepeiaun

2 OHEHUBAHMUME IMCBMEHHbBIX PABOT CTYAEHTOB

OueHnnBaHue NMCbMEHHBIX Pa0OT CTYAEHTOB,
He perjiaMeHTHPYeMbIX Y4eOHbIM IJIAHOM

NunuBuavaabHoe nomamuee 3axanue (MUJ/13)

Bapuanmur 3a0anus

1. OcHOBHBIE MOJIOKEHHSI Kypca.
Knaccudpukanus BUI0B dJIEKTPUYECKHUX TOJIEH.
OcHoBHBIC BU/bI HOHM3ALMOHHBIX MPoLeccOB. Buabl amuccun

1. Ins yero noblmaroT Hanpspkenue B JIDIT?

3. OcHOBHas NMpUYMHA BBIXO/AA U3 CTPOSI BEICOKOBOJIBTHOI'O 000PY/I0BaHHUS.

4. Ha xakue BUABI Pa3IEIAIOT U30JSALHI0?

5. Yto takoe K03 PUIMEHT HEOTHOPOIHOCTH OIS ?

6. Kakas cucrtema 21eKTpo10B Ha3bIBAETCA CHMMETPUYHOM ?

7. OT yero 3aBUCUT CTENEHb HOHU3ALMU raza?

8. Paccunrarh 3HEPrUI0 yAapHOW MOHU3ALHUUA aTOMA 3JIEKTPOHOM IPU M3BECTHOU
Macce M €ro CKOpOCTH.

9. PaccunTaTh SHEpPru0 yJIapHOW HOHHM3ALMM aTOMa MPOTOHOM IPU HU3BECTHOM
Macce U ero CKOpOCTH.

10. PaccunTaTh 3HEPrur0 CTYNMEHYATOW HMOHU3AIMU aToMa 2 3JIEKTpOHAMU IpHU
M3BECTHOM MACCE U UX CKOPOCTH.

11. Paccuntatp »HEpPrUI0 CTYNEHYAaTOM HOHM3ALMU aroMa 2 IPOTOHAMHU IIPH
M3BECTHOM MACCE U UX CKOPOCTH.
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12. Paccunurarh 2HEprur0 HOHU3AIMHU aToMa (DOTOHOM.
13. PaccuutaTth 3HEPrUi0 MOBEPXHOCTHOM MOHM3AIMK aTOMa JJICKTPOHOM IIpHU
W3BECTHOM MAaCCE€ U €ro CKOPOCTH.

2. SIBaenme 3aekTpoorpuuareibHOCTU. [loHsATHE MI1a3MBI.
Crenenb nonusauuu. YpapHenue Caxa. IloniTne «J1aBUHA 3JIEKTPOHOB.
Jlapunnasi gopma passutus paspsaga. Ctpumep.
CrpumepHasi ¢gopma pa3BUTHSA pa3psaa

1. Kak Ha3biBaeTCs MpOLIECC HapacTaHUsi CBOOOJHBIX JJICKTPOHOB B
pe3yJibTaT€ MOHU3AIMN HOBBIX ATOMOB U MOJIEKYJ?

2. Bunsl nouunszanuu

3. Uto Takoe ctpumep?

4. IIpu KakuX yCIIOBHSIX pa3psAll U3 HECAMOCTOATEIIBHOTO MOYKET NEPENTH B
CaMOCTOSITEIIbHBIN ?

5. Uto gBasieTca KpUTEPUEM MEPEX0/1a TABUHHOTO pa3psijia B CTPUMEPHBINA?

3. Pa3psija B pe3koHeoJHOPOAHBIX MoJisiX. 3akoH Ilamena.
3aKOHOMEpPHOCTH BO3HMKHOBECHUSA U Pa3BUTHS OCHOBHBIX BUA0B
JIEKTPUYECKHUX Pa3pPsI0B B ra3ax: KOPpOHHbIN, HCKPOBOM, 1YyTrOBOii,
noBepxHoCTHHIN. JIugepnas ¢popma paspsaga. Moanus
1. Kak Ha3piBaeTcs 3aBUCHMOCTb pPa3psAHOTO HANPSKEHUS OT JAABJICHUA U
PACCTOSIHUS MEXIY DJIEKTPOJIaMHU?
2. 3axoH ITameHna.
3. Paccuutath 1npoOMBHOE HANPSIXKEHHE BO3AYLIHOTO MPOMEXYTKA IpH
M3BECTHOM JIaBJICHUU U TEMIIEPATYPE.
4. YUto Ha3bIBaE€TCSI KOPOHHBIM Pa3psiioM B JaBUHHOU dopme?
5. Korpa Bo3HuKaeT nyra.

4. IlonsiTHe 0 YACTHYHBIX pa3psaaax. Bpems 3anazabiBaHus paspsajaa.
O01masi XapakTepucTUKAa U TEOPUH NMPOOOA KUIKNX JUITCKTPUKOB.
MexaHu3Mbl IPO00SI TBEPABIX INIJIEKTPUKOB:
IEKTPUYECKHH, TENJIOBOM, 3JIEKTPUYECKOE CTapeHHe
1. PaccunTaTh TOK yTE€UKH MO U30JATOPY.
2. PaccuuTarh CONPOTUBIICHUE YTEUKH MO MOBEPXHOCTU U30JISITOPA.
3. PaccunTaTth SKBHUBAJICHTHYIO €MKOCTh JIUDJIEKTPUKA C  BO3AYIIHBIMHU
BKJIIOUEHUSIMHU.
4. Yto Takoe CKOJIb3SIIUN pa3psaa’?
5. ®opmyna Tenmepa.

5. Knaccupukauus uzonsinuu. Buabl BHyTpeHHel U301 U.
JIuHeiiHasi U annapaTHO-CTAHUMOHHAs u3ouasinus. M3oasus JIDIL.
I'mpasinabl U30a9TOPOB. ONOPHBIE M MPOXO0/HbIE H30JSATOPHI
1. Ha kakue BUbI MOAPA3ALISIOTCS U30JATOPHI 110 UX Ha3HAYCHUIO?
2. Ha kakue TUNbI NOAPA3ACTAIOTCS NOABECHBIE U30JIATOPbI?
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3. JIns 4ero Ha MOBEPXHOCTH M30JISATOpA JETal0T pedpa U yBEIUIUBAIOT AUAMETP
M30JIATOpa y 3a3eMJIeHHOTO (hrianma?

4. CrapeHue U30JIs1HH.

5. O6o03HaYeHNE H30JIATOPOB.

6. BBoapl. U30as1usi MOIIHBIX TPaHCGOPMATOPOB, KOHACHCATOPOB, KaleJiei,
yjiekTpudeckux mamuH. HoBble nepcnekTuBHbIE Pa3padoTKH
B 00J1aCTH H30JIAIHH
1. Ha xakue Bubl IOApA3aeisieTCs BHYTPEHHSS 301U TpaHchopmaTopa?
2. Kakas H30JIAIUS HCIOJIb3YETCS B BBICOKOBOJILTHBIX CHJIOBBIX
TpaHcopMaTropax B KaueCTBE TJIABHON M30JSIUN?
3. Kakas W30JISIIUS HCIOJIb3YETCS B BBICOKOBOJILTHBIX CHJIOBBIX
TpaHcopmMaropax B KaueCTBE MPOJAOILHON HU3OJISIINH?
4. Ha xakue BuAbl TOAPA3NCIAETCS  M3OJLSIUS  CTAaTOPHBIX  OOMOTOK
BpAIAIOIIMXCS MAIIIMH BHICOKOTO HAIIPSYKEHUS?
5. Yto BXOIUT B 3a7a4¥ MPO(MITAKTUKH U3OJISIIHH ?

7. MeToabl U YCTPOMCTBA MOJY4YCHHUSI BHICOKHX NIEPEMEHHBIX, IOCTOSHHBIX U
HMIYJIbCHBIX HANIPsZKeHU. ['eHepaTOop UMIYJIbCHBIX HANPSIZKEHU M
ApkaabeBa-Mapkca. ['eHepaTop UMNYyJIbCHBIX TOKOB

1. Kakoe  oOopynoBaHve  HMCHOJB3YyeTCA [  WUCHOBITAHUS  W3OJALIUHU
BBICOKOBOJIbTHOT'O ~ DJIEKTPOOOOPYAOBAaHUS  TI'PO3OBBIMH M KOMMYTallUOHHBIMU
VMITYJIbCAMU?

2. HapucoBath cxeMy BKJIIOUEHHUS KaCKaHBIX TpaHCHOPMATOPOB.

3. HapucoBaTh cxemy reHeparopa UMITYJIbCHBIX HAIIPSKECHUM.

4. HapucoBaTbh cXxeMy reHepaTopa UMIYJIbCHBIX TOKOB.

5. XapakTepucTuKa 3JIEKTPOCTaTUYECKUX BOJIBTMETPOB.

6. HapucoBaTh cXxeMbl BBIIPSIMIIEHUS HAPSIHKEHUS.

7. CxemMa OMHYECKOIO JIEJIUTEINS HAPSHKEHUSI.

8. Cxema eMKOCTHO-OMUYECKOT0 ACIUTEINS HAITPSAKEHUS.

8. Kinaccudpukauus nepeHanpsizkeHuid. Y pOBHM U KOOPAMHALMS U30/ISILIMH.
BosHoBBIE IpoLecchl B IMHUAX U TPpaHchopmaTopax

1. Ha xakue BUABI OAPA3AEISAIOTCS EPEHANIPSKEHUS?

2. Kakoe o0opyaoBaHue NpUMEHSIETCS AJI OTpaHUYEHUs TepeHANPSHKEHUI?

3. Yto Takoe 3alUTHBIE Pa3psATHUKN?

4. Jlns 3a1MThl 4Ero NPUMEHSIOT CTEPKHEBBIE MOJTHUEOTBOBI?

5. PaccunTaTh 30HYy 3alIUTHI CTEPAKHEBOTO MOJIHUEOTBOA.

6. /{15 3aUTHl YETO UCHOJB3YIOT TPOCOBBIE MOJIHUEOTBOIbI?

7. PaccunTaTh 0KHJIa€MOE YHUCJIO CIy4acB BO3HMKHOBEHMS OIACHBIX T'PO30BBIX
MEPEHANPSKEHUI B TOJ I BO3AYLIHOM JIMHNM.

8. PaccuuTaTh motepu Ha KOpoHY B JinHuU 110 dhopmyre [Tuka.

9. PaccuuTaTh oTepU Ha KOPOHY B JIMHUH 10 hopmyiie Tuxoaeena.

10. PaccuntaTte  CpemHETONOBBIE TNOTEPH HAa  KOPOHY IIpM  M3BECTHOM
IIPOIOJKUTENBHOCTH 4-X CTaHIAPTHBIX BUJOB ITOTOJIBI.
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9. I'po3oBbie nepenanpsxenus. [llapamerpnl MmoJTHIH.
30HBI 3a1IUTHI MOJIHMEOTBO/I0B
1. XapakTepucTUKN MOJIHUMU.
2. PacueTHBIN TOK MOJHMHU.
3. 30HBI 3aIIUTHI MOJIHUEOTBOIOB.
4. Yroi 3alUATBI TPOCOBBIM MOJHUEOTBOJOM.
5. Buzapl orpannuuTenei nepeHanpsKeHAn.
6. Buap! pa3psiaHUKOB.

10. BuyTpeHHMe nepeHanpsiKeHust
1. CkopoCTh pacpoCTpaHEHUsI BOJIHBI B BO3AYIIHON U B KaOCJIHHOU JIMHUU.
2. BonHOBO€E CONPOTUBIICHUE JINHUU.
3. Cxema 3amMenieHus JUHAN ISl pacyeTa NepeHaIpsyKeHHM.
4. Cxema 3amenieHus TpancopmaTopa Juisl pacyeTa NepeHanpsKeHun.
5. Ycunenue uzonanuu Tpanchopmaropa.
6. Brimrouenue kaTymku B HeHTpasib TpaHchopmaropa.

Taoauna 14 — Kpurepuu oueHKu chopMHUPOBAHHOCTH KOMIIETEHIUT

Kpurepun onierrBanmsi chopMHUPOBAHHOCTH KOMIICTCHIIUN
Ko u HaumeHoBaHHe HHIUKATOPA
(4acTH KOMIETCHITUH)
JIOCTYDKCHHST KOMITETEHIIUH (JacTH
COOTBETCTBYET OIICHKE «3aUTEHOY
KOMTICTCHITHH ) o
50-100% ot MakcuMaILHOTO Oasia
CTyIeHT XOpOIIIO BIaIeeT MaTePHUAIOM, BBITTOJTHHI 33 1aHHS
U-1nkoc2 OcymiectBisier B CPOK U B TIOJTHOM 00beMe, MPH BIMOTHEHUN 33aJaHUI
OIICHKY TEXHHYECKOTO COCTOSTHHS HCIIOJIb30BaJI Ha XopoieM ypoBHe maker MathCAD, o
KaOeJbHBIX U BO3IAYILIHBIX JIMHUN CYILIECTBY OTBEYAET Ha MOCTaBICHHBIE BOMPOCHI, CIIOCOOEH
3JIEKTpoIepeaun OCYIIECTBIISATH OIICHKY TEXHUYECKOTO COCTOSIHUS KaOeThbHBIX
Y BO3AYILIHBIX JIMHUH 2JIEKTPOIIepeIauu

3 OITPEAEJIEHUME PE3YJIBTATA
MPOMEXKYTOUYHOM ATTECTAIIUU

CDopMa HpOMC}KYTO‘IHOﬁ aTTCCTalluy 110 JUCHUIIIIMHC 3a4ent.

OLEHOYHBIE MATEPUAJIbI 1 CPEACTBA JULA IIPOBEPKH
CO®OPMHNPOBAHHOCTHU KOMIIETEHLI1N

I[IKoc-2. Cnoco0eH oCymecTBJATh OIEHKY TeXHHYECKOr0 COCTOSIHUA
Ka0eJbHBIX M BO3AYUIHBIX JUHUI dJIeKTponepeaadu.

3aI[aHI/IH 3aKPLITOI'0 TUIIA

Buvioepume ooun npasunvnsiii gapuanm omeema

1. DHeprusi J3JIEKTPOHA, KOTOpasi [O0JLKHA ObITh 0o0Jbllle JHEPIruH
HOHU3ALMHU aTOMA:
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coOCTBEHHAs

+KHUHETHYECKAs

BHEIIHSA

BHYTPEHHSIS

2. Macca NpoTOHA M 3JI€eKTPOHA COOTHOCSTCSI:
+1poToHa OoJbIIe

MPOTOHA MEHBITIE

OJMHAKOBEIE

3aBHCHUT OT JaBJIEHUS

3. KopoHnblii pa3psii Ha NPoOBo/ie JIMHUHU YJIEKTPonepeaayu He 3aBUCHT OT:
IIOTOIBI

paauyca ImpoBojia

HaAIPSDKCHUS Ha MPOBOJIC

+TOKa B MPOBOJIC

3ajaHnsi OTKPBITOrO TUIIA

/Jlaiime pazeepuymulii omeem HaA 60NPOC

1. Kakne Buabl HM30JALMOHHBIX MAaTepHaJOB  NPUMEHSIOTCS B
BBICOKOBOJILTHOM 000py10BaHUM ?

IIpasunvueiii omeem. B  BBICOKOBOJIBTHOM OOOPYJIOBAaHUU MPUMEHSIOTCS
ra3000pa3HbIe, JKUJIKUE U TBEP/IbIe U30JIAIMOHHBIE MAaTEPUATTBI.

2. Jlnst 4ero cuay:xat Au3JIeKTPUKH?

IIpasunvubiii omeem. JIMDPIEKTPUKHU CIHYKAT JJIs M30JISUMU TOKOBEIYLIUX
AJIEKTPOAOB Pa3HOM MOJISIPHOCTH JIPYT OT Apyra.

3. Ha kaxue Tpu ¢opMbI NoAPA3AENAOTCH dNEKTPUIECKUE MO ?

Ilpasunvnviu omeem. @OpMBI SIEKTPUUYECKUX TMOJEH NOAPA3ACISIIOTCS Ha
OJIHOPOJHBIE, CTA0O0OHEOAHOPOIHBIE U PE3KOHEOTHOPOIHBIE.

4. Ha xaxkue 4eTbIpe BUIa MOAPa3e/asieTca 00beMHAs] HOHU3AIUSA?

IIpasunvneviii omeem. OObeMHasT WOHU3ALMS MOAPA3NEIAETCS HA YJapHYIO,
CTYINEHYaTYy10, OTOMOHHU3ALMIO U TEPMOMOHHU3ALIUIO.

5. B kakmux aByx ¢opmax nporexkaert paspsja B razax?

IIpasunvuuiii omeem. Pa3psig B rasax NMpoOTEKaeT B JAaBUHHOW U B CTPUMEPHOM
dbopmax.

6. Uto nmpeacraBjaslOT cO00M YACTUUHBIE Pa3psAbl B AMIJIEKTPUKAX?

IIpasunvueiii omeem. YacTuuHble paspsabl TPEACTABIAIOT €O000W TIPOOOI
ra3oBbIX BKJIIFOUYEHU B TBEPABIX JUAJICKTPUKAX.

7. Kakue 4eTbipe NIPUYUHBI CTAPEHUS U30JALMHU CyHIECTBYIOT?

Ipasunvuviu omeem. 1IpudnuHbI CTAPEHUS U3OJISILIUU IEIISITCA HA IICKTPUUYECKHUE,
TEIUIOBbIE, MEXaHUYECKUE U XUMUYECKUE.

8. Ha kakmue 4eTbIpe BUIAA 1eJATCH U30JIATOPHI?

IIpasunvueiii omeem. VI30519TOPHI NENATCA HA JIMHEUHbBIE, TOABECHBIE, OTIOPHBIE U
MIPOXOJTHEIE.
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OxkoHuaTenbHble  pe3yibTaThl  OOydeHus (pOpMHUpPOBAHUS  KOMIIECTEHIUH)
OTIPEJIEIISIIOTCS MMOCPEACTBOM TMepeBoja 0aioB, HAOPAHHBIX CTYJIEHTOM B IMPOIECCE
OCBOCHHMSI JTUCIUIUIMHBI, B OLIGHKU: 0a30BbId YypOBeHb CGHOPMHPOBAHHOCTH
KOMIIETCHIIUM CYMTAETCS JOCTUTHYTHIM, €CIU pe3yJbTaT OOY4YeHUsS COOTBETCTBYET
orieHke «3a4TeHo» (50-100 pedTHHTOBBIX OAIITIOB).

4 TIOPAJIOK ITPOBEJEHMS ITIOBTOPHOM
NPOMEXYTOUHOM ATTECTALIUU

dopma IPOMEKYTOYHOM aTTECTALMK MO TUCIUIUINHE 3auen.

@oHA OLEHOYHBIX CPEACTB I MPOBEICHUS IOBTOPHOM MPOMEXYTOYHOMN
aTTecTalu (OPMHUPYETCS M3 YHUCIIA OLICHOYHBIX CPEACTB IO TEMaM, KOTOphIE HE
OCBOEHBI CTYJICHTOM.

Ilpumeuanue:

JIONOJIHUTENIbHBIE KOHTPOJIbHBIE HCHBITAHUS MPOBOAATCA 1 CTYJEHTOB,
HaOpaBmmx menee S0 O0anoB (B coorBercTtBuuM C «llomokeHneM O MOIYJIBHO-
PEUTUHIOBOM CUCTEMEY).

Tadaununa 15 — Kpurepuu oneHkn cpopMUPOBAHHOCTH KOMIIETEHIM A

Kox u HauMeHOBaHHE Kpurepun ornierrBanusi cOPMUPOBAHHOCTH KOMIICTCHIIMH (4aCcTH
WHJIUKATOPA JTOCTUKCHHUS KOMIICTCHIIMH)
KOMTICTCHIINH (4acTH COOTBETCTBYET OIICHKE «3aUTCHOY»
KOMITCTCHIIHH ) 50-100% oT MakcCHMaJIbHOTO OaJia

CTyleHT NIeMOHCTpUpPYET 3HAaHUE BUIOB AJIEKTPUUECKUX MOJIEH,
MOHU3ALHUN U SMUCCHI; HOMUHAJIBHBIX HAINPSXKEHUM JIMHUAN; TTOHATUNA
IJ1a3Mbl, IEPBUYHBIX U BTOPUYHBIX JIEKTPOHOB U JIABUH;
XapaKTEPUCTUK CAMOCTOSITENIbHBIX U HE CAMOCTOSATEIbHBIX Pa3psIOB;
3aKOHOMEPHOCTEN BOZHUKHOBEHUS Pa3psiI0B B Ia3ax; 3aKOHA
[Tamena; npouecca npoOos Py MEPEMEHHOM HANPSHKEHUU; TEOPHH
po0os B KUAKUX U TBEPJBIX AUIIEKTPUKAX; IPOLIECCa CTAPEHUS
M30JISILUN; TPUYUH BO3HUKHOBEHUSI YACTUUHBIX Pa3psiiOB;
KjaccuuKaluy U 0003HAYCHUN U30JIALINN; XapaKTePUCTHK
U30JIIUH TpaHC(HOpMaTOpOB, Kabesel, KOHAEHCATOPOB U
3JIEKTPUYECKUX MAIINH; METOJIOB U YCTPONCTB MOJIYYEHUS BBICOKUX
MEPEMEHHBIX, TOCTOSIHHBIX U UMITYJIbCHBIX HAIPSHKEHUM;
KJ1accu(UKaluy NepeHaIpsHKeHU; BOJHOBBIX ITPOLIECCOB B IUHUSX U
TparcopMaTopax; XapaKTepUCTHK MOJHHI; BUIOB MOJHUEOTBOIOB;
OTpaHUYMTENICH IEPEHANPSIKEHUI; BUAOB BHY TPEHHUX
MepeHanpsKEeHU; XapakTepa paclpoCTPaHEHHUs BOJIH B BO3IYIIHBIX
U B KaOEJIbHBIX JIUHUSX; CXEM 3aMELLEHUS JINHUN 1
TpaHcGopMaTOPOB ISl pacueTa NepeHanpsHKeHUN; CiocoOeH
OCYUIECTBIIATH OLICHKY TEXHUYECKOTO COCTOSIHUSI KaOEIbHBIX U
BO3JYUIHBIX JUHUH 3JIEKTponepe adn

I/IH‘ 1 ITKoc-2
Ocy1ecTBISET OLEHKY
TEXHUYECKOTO COCTOSTHUS
KaOeJbHBIX U BO3YIIHBIX
JIMHUH 3JeKTporepeaun
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