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Llenb: noBTOpEHNE OCHOBHbIX MOHATUW, 3aKOHOB

n doopmyn
SAKOHOB TIOCTOAHHOIO TOKA B
COOTBETCTBUM C Koaundukatopom EI 3.

AnemMeHTbI cogepKaHus, npoBepsemMble Ha EIMD 2010:

1. OnekTpuyeckmin Tok. Cuna Toka, HanpshkeHune, aNeKTpu4eckoe
COnpoTMBNEHMEe

2. 3akoH Oma gnsa yyacTtka uenwm

3. OneKkTpoaBwxkKyulasa cuna

4. 3akoH Oma anst NONHOW 3NEKTPMUYECKOM Lenm
5

Flapanneanoe N nocriegoBarteribHoe coeanHeHne
npoBOAHMUKOB

6. Pabota anektpuyeckoro Toka. 3akoH [bxoynsa-JleHua
7. MoLHOCTb aneKkTpruyecKkoro Toka
s, Hocutenu anekTprnyeckoro sapsiia B pasfiMyHbIX cpeaax

5. [NonynpoBogHukn. CobCTBEHHAA U NPUMECHasi NPOBOAUMOCTb
NonynpoBoaHWKOB. [1onynpoBOAHMKOBbLIV ONO4,



IrneKkTpuyeckum Tok. Cuna Toka,
HanpsKeHne, areKTpu4ecKoe

COI'IHOTI/IBJ'IGHI/IG.

HenpeprBHoe ynopsaao4vyeHHoe JBMKEHNE
CBOOOAHBLIX HOCUTENEN AJIEKTPUYHECKOIO 3apdia
Ha3blBa€TCA IJIEKTPUNYECKMUM TOKOM.

Cwuna Toka | - ckanapHasa domsunyeckas
BENMYMHA, paBHasi OTHOLLWEHUIO 3apsida Aq,
NepeHoOCMMOro Yepes nonepeyHoe ceveHmne
npoBogHuka (puc. 1.8.1) 3a uHmepean epemeHu
At, K sTOMY MHTEpBanNy BPEMEHM:

B MexayHapogHou cucteme eaguHny CU cuna

_ e
-2

TOKa n3mepsietcsa B amnepax (A). S — nnowaab nonepe4YHoro
HanpsikeHne — 3TO OTHOLLEHME pabOoThl TOKa Ha __,CeyeHunst NpoBOAHNKa,
onpeaeneHHoOM y4yacTKe SNeKTpU4eCcKon Lenu K E — anekTpuyeckoe none
3apsagy, npoTekatoLemy no aToMy e y4acTky
Lenw.
EavHuLen namepeHust HanpskeHus ctaHet 1 U= ¢9—- ¢ = —
BOJbLT
1/0x/Kn=1B.

A — e T
3a HarpassieHUe moka npuHUMaemcsi e N —
HanpaeJsieHue O8UXeHUS MosIoKUMesSIbHbIX 4 -~ (S—— S =
3apsidos f = Sy > J—b,

- oo ) 24 - — ?;'”



IrneKkTpuyeckum Tok. Cuna Toka,
HanpsKeHne, areKTpu4ecKoe

U
conporvareHve, ;o T
] TN
I
AneKTpu4yeckoe P -
CONPOTUBIIEHMU
MaTepuan YaenbHoe YaenbHoe
(*)I/I3I/|L|eCKaFI Ben conpotusnenune (OM || conpotusneHune (Om
; R
XapaKTepu3yIoLL; i BRI y
NMPOBOAHUKA U Pg Anomunmii 2,82 - 10°® 0,0282 =
OTHOLLUEHWIO Hanm !

BucmyT 1,2 - 107 1,2

KOHLIaX MNpoBOHL
ONEKTPUYECKOrO | Borbdpan 5,5 - 10°® 0,055
npoTeKatloLemy |

Xenezo 9,8 - 1078 0,098
r'u'e p — yaean 30M10TO 2,42 - 1078 0,0242
coripomusersieHu
npOBOﬂHMKa’ KOHCTaHTaH 4,9 - 1077 0,49
| — pnNHa NPOBO| naryss qit g 0,08

S _— nnoliank ceueHmua



L
==

—

Npadhmyeckasa 3aBUCUMOCTb cunbl Toka / oT
HanpsikeHus U (Takue rpadunkn HasbiBaloTCS
80JIbm-aMrepHbLIMU Xapakmepucmukamu)




ONeKTpoaABMXKYLLaS
cuna

[na cyuiecTtBoBaHUA NOCTOSAHHOIO TOKa He0bXoaMMO
Hanu4yune B 3NIEKTPUYECKon Lenun yCTPOUCTBa,
CnocobHOro co3gasaTh M No4AepPXKMBaTb PA3HOCTH
NoTeHUMaroB Ha y4acTKax Lienu 3a cYeT paboTbl cun
He3neKTpoCTaTUYEeCKOro NPONCXoXaeHusa. Takme
YCTPOWUCTBA Ha3bIBAOTCA MUCTOYHUKaAMU
NMOCTOAHHOIO TOKa.

Curnbl HE3NEKTPOCTATUYECKOro NPOUCXOXKOEHUS,
AencTBylolmMe Ha cBObogHbIE HOCUTENN 3apsiaa co
CTOPOHbI ICTOMHMKOB TOKa, Ha3blBalOTCS
CTOPOHHMUMU CUNAMM.

dusnyeckas BennunHa, paBHasi OTHoOLLEHUIO paboThl
ACT CTOPOHHUX CUN NpU NepeMeLLeHnn 3apsaa q oT
oTpuLaTENIbHOro Nostca NCTOYHUKA TOoKa K
NOSIOXKUTENBLHOMY K BENTMYMHE 3TOro 3apsaaa,
Ha3bIBAETCS INEKTPOABUNXKYLLEN CUINON UCTOYHMUKA

(34C).

ONeKkTpoaBMXKYyLLasa cuna, Kak u pa3HOCTb
noTEeHLMaNoB, N3MepsieTcs B BornbTax (B).







| lapalrifiesyibHOE U
nocrnegoBaTefibHOEe CoeAUHEHNE

— ———

| & | % | : 2 ;

i‘ & 'i‘ s 'i — Pl

| [ - 5

—_f - ——— [ ———

H—b—l i 2 1|1 l
U'U1+U2"R u-=u,=U -+ —
R=R,+R, 1=1,+]1, R R R
Npu [pu napannenbHOM coeanHeHnn
nocrnieaoBatTeJibHOM NPOBOAHMNKOB BEJTNYNHA,
coedutenuunonHoe  ORETHEREALEN.
COHPOTHERERNE- e CyMMeE BEMMUMH, 06paTHbIX
PpaBHO CymMMe CONPOTUBMNEHUAM NapannensHo
COMPOTUBIEHUU BKJTHOYEHHbIX NPOBOAHUKOB.
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PaboTa anekTpmnyecKkoro Toka.

3akon Uxkovas-Jlenua

3aKoH ,£|,>|<o¥ns|—ﬂe e
ﬁ PaGora /| INeKTPULECKONo nons

+ / $ NO NEPEMELLEHHIO 2APANA PaBHA:
PaboTa ‘("—'—-—":- 1=q(0,-0,),
ANIeKTPUYECKOro TokKa: - ,,,' A=1t(o, W:,U,
AA - U’At 3accw Cwa [ = = R
3akoH [hkoyns-JleHua:  *=momios O Sut-Feerm

AQ=AA=RPAt i

Tennora, BLQenAenan B NPOBOAMMKAX

nocneaosaraencsHoe napanneancss=oe
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MOLLIHOCTb 3N1EKTPUYECKOTO
TOKa

1"3

MOWHOCTL INEKTPUMECKOrO TOKA

Exnunua sommoctu
A gamm ( Br )
P=T P=UI 1Bra1B-1A
4 j —— gamm « vac ( Br-y)

1 Br v = 3600 x




HocuTtenun anekTpnyeckoro 3apsaaa

B Ba3ﬂ NYHbIX Ceeﬁax

OneKkTpUYEeCKUin TOK MOXKET nNpoTekaTb B NATU
pa3nnyHbIX cpeaax:

MeTannax
Bakyyme
[TonynpoBogHuKax
Kungkoctax

[a3ax




CTPOEHWE METANNA

= ael UMl
ONEeKTPNYECKUIn A A

TOK B ME€TaNNax: i e el

@ NonOHMTENLHLIM MOH

& 3SNEKTPOH

AneKTpU4ecKuin ToK B MeTarnnax — 3To ynopsinoyeHHoe
ABWXeHUe 3M1IeKTPOHOB Noj AeNCTBNEM 3JIeKTPUYECKOro
nons.

OnbITbl NOKa3bIBaloOT, YTO NPY NPOTEKaHUM TOKa No
MeTansIn4ecKomMy NpoBOAHUKY He MPOUCXoAUT NepeHoca
BellecTBa, criegoBaTeNlbHO, MOHbLI MeTarnsa He NPUHUMaIoT
yyacTus B NepeHoce 3NeKTpMYecKoro 3apsaaa.

Hocutensamu 3apdia B MeTalijiax ABJTAIOTCA INNTEKTPOHbI;

Npouecc o6pa3oBaHUs HOCUTENeR 38~ 7~ -
0006LIeCTBNEHNE BaNeHTHbIX 3MeKT & '_ D [@ f /

Cmna TOKa NpsAMO NMponopLuoHarbHa H »

NPONOPLMOHanbHa CONPOTUBIEHMIO MNP ‘g er/—)D /e»" \@
BbINosiHAeTcAa 3akoH Oma; : G /D

TexHu4YecKoe NPUMEeHeHue anekTpude Y /J 9\ (‘g/@
0OMOTKM gBUratenen, Tpchq;)oplvlaTop ® & f %
NpoBoOAKa BHYTPW 34aHUNUN, CETU SNEKTP. .
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ANEeKTPNYEeCKUN TOK B

RAKVVMe _ .
m BakyymMHbin TPUOL nmeet TpeTUn=

3NeKTpona — CeTKy, 3HaK
noTeHUnana Ha KoTopon

/N A B
é “‘; e (61
8 2 it

O- O~
O- O~
O~
O
O~

@0‘
+
I

|
|
I

]

172

‘f
0
0
®
20
Yox
O,



ANEeKTPU4YeCKUN TOK B

nonynpoBOAHUKAX
e

[NonynpoBOOAHUKMU - TBEPAbIE BELLECTBA, NPOBOAMMOCTb KOTOPbIX 3aBUCUT OT
BHELLIHUX YCMOBWUI (B OCHOBHOM OT HarpeBaHUs! U OT OCBELLIEHUS).

[1py HarpeBaHUU UMM ocBeLleHNUn 3aBMCMMOCTb yAeNbHOro
HEKOTOpPbIE 3MEKTPOHbI NpuobpeTatoT COnROTHRNEHIA-D SMCTOTS
BO3MOXHOCTb CBOBOHO NepemMellatbcss ~ MONYNPoBOAHMKa OT abCONOTHOM
BHYTPU KpUcCTanna, Tak 4to npwu P Temneparypbli T.

NPUSTOKEHUN INEKTPUYHECKOTO MNOos4
BO3HUKaeT HanpaBJlieHHOe
nepemMeLlleHune INeKTpoHOB.

NoNynpoBOAHMKM NpeacTaBnsaoT cobon
HeyTo cpeaHee Mexay
NPOBOAHUKAMU U U3ONATOPaAMM.

Y nonynpoBOAHUKOB C MOHMXEHUEeM
TeMmnepaTypbl CONPOTUBIIEHNE
BO3pacTaeT 1 Bbrnnamn abcosnoTHOro
HYNS1 OHM MPaKTUYECKN CTAHOBSITCS 0 ’T
N3onNAaTopamm.




T
HOCUTENMN 3apsaaa — INEKTPOHbI U
ObIPKU;
npouecc obpasoBaHusA
HOCUTENeWU 3apaga — HarpeBaHue,
OCBeLleHne nnn BHegpeHne
npumeceu;
3akoH OmMa He BbINOJIHAETCH;

TeXHU4YeCKoe NpuMeHeHue -
SNEeKTPOHUKA.



O6pa3oBaHue 3INEeKTPOHHO-AbIPOYHON Napbl

Mpu noBbILWEHUN
TemMnepaTtypbl Unu
yBennm4yeHUn ocBeLeHHOCTHU
B KpUCTansie BO3HUKHYT
CBOOOAHbLIE 3NIeKTPOHDI
(3NeKTPOHbI
NpoBOANMOCTMN).

OLOHOBPEMEHHO B MecTax
pa3pbiBa CBA3en oOpa3yroTcs
BaKaHCUMU, KOTOpPLIE He
3aHATbI AfIEKTPOHAMN. DTU
BaKaHCWUM MOSy4Ynsim HasBaHue
«ObIPOK».

NMpoBOOUMOCTL
NonynpoBOAHMNKOB Npu
HariMinMm npumMmeceu
Ha3bIBAETCHA MPUMECHON
NpPOoBOANMOCTLIO.




IANEeKTpPOHHasA 1N AblpoYvHasa NPOBOAUMOCTM.

npPoBOAUMOCTb Obipou
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Vﬁwﬁg B peLue repmMaHus. ATOM nHaua B pelue repmaHM;l.
NyNPOBOAHWK N-TUNa. I'I nyNpPOBOAHN p :




ANEKTPOHHO-AbIPOYHbIN

HEEGXOE.

ANEeKTPOHHO-AbIPOYHbIN epexoa (Mnn n—-p-rnepexoon) -
3TO 06NacTb KOHTaKTa ABYX NOMYyNPOBOAHMKOB C pa3HbIMU
TMnamu NPOBOAMMOCTMW.

[1pn KOHTaKTe ABYX MOSTyNnpOBOAHUKOB N- N P-TUMOB
Ha4ynHaeTca npouecc and dy3mu: ObIpku N3 p-obnactu
nepexoaaT B n-obnacTb, a 3NeKTPoHbl, HA0OOPOT, U3 N-
obnactu B p-obnacTb.

[orpaHn4Hasa obnacTb pasgena nonynpoBOAHUKOB C
pa3HbIMW TUNAMW NPOBOAMMOCTU (TaK Ha3blBaEeMbIl
3anuparoLLmn CIIon) OObIYHO NOCTUrAAT TOMNIHIMHKI MODATKA
OECATKOB W COTEH MeXaTC 3p‘”“°“*|




TOK B NpaMOM HarnpaBneHUu

Ecnu n-p-nepexoq coeanHnTb C
NCTOYHUKOM TakK, YTOOBbI
NOSTOXXUTENbHbIN MOSHOC
NCTOYHMKA ObIN COEAUHEH C P-
obnacTbto, a oTpuuaTenbHbIN C N-
obiacTblo, TO HANMPSXXEHHOCTb | 49
3NIeKTPUYECKOro rnons B e —
3anupatoLLem croe 6yaeT N
YMEHbLUaThbCH. | L:lz’_] 50

[bIpKn N3 p-obracT N ANeKTPOHE |
n3 n-obnactu, ABUrasicb

[Ipamo# Tok

S ) BT 1y
-60B40B-20

B
HaBcTpe4y Apyr Apyry, oyayT T
nepecekatb N—p-nepexoa, U]
CcO34aBad TOK B NPAMOM ._N_.

ObpaTHEIA
TOK

HanpaBneHuM.

Cuna Toka yepes3 n—-p-nepexon B |
9TOM cnyyae byaeT Bo3pacTaTb
Npuv YBENMUYEHNN HAMPSXKEHNS

1A TNLILIVANSD




Tok B obpaTHOM HanpaBreHun

Ecnn nonynpoBogHUK ¢ N—p-
nepexoaoM NoaKItoYeH K
NCTOYHUKY TOKa TakK, YTo
NONOXUTENbHbIN NOJIIOC
NCTOYHMKA COEMNHEH C h-
o6nagTbro, aoTpuuaTenbHbIn- | | | | 4
c p-obnacTtblo, TO ——
HanpPs>XeHHOCTb NOSA B I 39
3anuparoLlem crioe Bo3pacTtaer | L:E'J 50

ObIpKK B p-obnactn u
3NeKTPOHbI B N-o0bnacTtu oyayT

[Ipamo# Tok

S ) BT 1y
-60B40B-20

B
cMellaTbCA OT N—-pP-nepexoaa, O
yBENnM4YMBasi TEM CaMbIM T
KOHLEHTPaLMN HEOCHOBHbIX ——

ObpaTHEIA
TOK

HOCUTeNen B 3anmpatoLlem cnoe. |

ToK Yyepe3 h—-p-nepexon
NnpPakTU4ecku He naer.

HanpaxeHune, nogaHHOe Ha N-p-




TpaH3UcTOp
T

MonynpoBoaHUKOBbIE NPMBOpPLI HE C OAHNM, a € T
' H3UCT TPYKTYpbI p—n—
ABYMS N—-p-NepexoaaMu Ha3biBalTCS PAH3NCTOP CTPYKTYPBI p=1—p K
TpaH3UCTOpPaMM. IK
HasBaHue NnponcxoauT oT codeTaHus E e ? 2
aHrnuinckux cros: transfer - nepeHocuTb U _l <
resistor - conpoTuBneHue. ﬁ

O6bI4HO ANSA co3aaHnsA TPAH3UCTOPOB
NCMOMb3YHT repMaHUn N KPEMHUN.

TpaH3ucTopbl 6bIBalOT ABYX TUNOB: p—N-p- TpaH3NCTOp CTPYKTYPbI N—p—n.

mpaH3ucmopbl U N-P—-N-mPaH3ucmopsbl. K

B TpaH3ucTOpe n-p-n-murna ocHOBHas I T
repMaHveBas NnacTuHka obnagaer —| P
NPOBOAUMOCTLIO P-TUMA, a CO3AaHHble Ha Hel

[Be 06nacTu — MpoOBOAMMOCTbIO N-muna. Ig

[MnacTuHKy TpaH3ncTopa Ha3biBatoT 6a3om (b),

o4HY 13 obnacten ¢ NPOTUBOMNOSIOXKHBLIM TUMOM 2 2

NpoBOANMOCTU — KonsekTopom (K),

BTOPYIO — AMUTTEPOM (I). 77 _>{3
EX

B yCNOBHbIX 0603Ha4YeHUAX pa3HbIX
CTPYKTYp CTpesika aMUTTepa NoKa3bIiBaeT

GELDELDELUER LB rnioueHne B Lenb E
TpaHaucTopa p—n—p-

Iene smutrepa  Lene xonnextopa



ANEKTPUYECKNN TOK B XKNOKOCTAX
SJWW—MW

Ha3blBaTb NpoBoAasiLme cpeabl, B
KOTOPbIX MpOTEKaHNE
SNEKTPUYECKOro ToKa
COMnpoBOXAaeTcs NepeHOCOoM
BellecTBa.

Hocutensmm cBo60aHbIX

3apsifaoB B afieKTpornmnTax i il
ABMNSAIOTCH MNOJIOXXUTESNTbHO U AHO]] KaTof
oTpuLaTeNnbHO 3apsiXKeHHble i F
NMOHDLI. Cl Cutt
AnekTponuTamn sIBMsiOTCS e S E&D+~
BOAHble pacTBOpPbI G- =0
HeopraHM4YecKnx KMcnoT, conen u -0 -©

LLlernoYen, pacnnaBbl L o @~ L
ConpoTuBneHmne anekTponnToB & /)

nagaeT c PpOCTOM TemnepaTypbl, ONeKTponu3 BOAHOro pacTBopa

ALV YAl A NAATARM TORMEAAONAT/NLI Xxnopuaa meau.



z7iBIrieHue aneKkTposrnuisa - 310
BbleNIeHNe Ha 3neKkTpoaax BeLecTs,

MonoXutenbHO 3apsXeHHble NOHbI l M
(aHWOHBI) NOA AENCTBUEM 3MEKTPUYECKOro = __k
Nons CTPEMATCA K oTpULlaTtenbHOMY F » '
KaToay,

a oTpuuaTernbHO 3apsiXXeHHbIe NOHbI F=eN, =96485 Kn / morib.

(KaTNOHBI) - K NONIOXXNUTENbHOMY aHo, F = eN, — nocmosiHHas ®apadesi.
*3akoH Dapagen onpeaensaeT Korinyectsa NepPBUYHbIX

NPOAYKTOB, BblAEMNSAOLMXCA Ha 3NeKTpoaax npu aneKTponunae:
*Macca m BellecTBa, BbiAeNUBLLErocs Ha anekrpoae, npsmMo
nponopuuoHanbHa 3apsaay Q, npowealwemy yepes
3NEeKTPOnMuT:
'‘m =kQ = kit
‘BenuuuHy k Ha3b|BaK}CT_3fi‘te_|_<1‘p6xummeCKMM 3KBUBaNEHTOM.

g neNﬁ_Fn'



[
HOCUTEJIN 3apsAaa — NOJIOXKXUTEJIbHbIE U

oTpulaTtesyibHbié NOHbI,

npoLecc oopasoBaHUA HocUTenemn sapsaa -
aneKTponuTuyeckas guccoLmaLms,

IAJNTEKTPOJINTbI NOAYNHAKOTCAH 3dKOHY Oma;

[MpuMeHeHue aneKkTponusa:

fony4yeHue usemHbix Memarisios (0YncTKa oT npumecen -
pacduHNpoBaHue);

2alibeaHocmeaus - NoflydeHne NOKPbLITUN Ha MeTanmne
(HUKenupoBaHue, XpOMUPOBAHNE, 30/T0MEHNE,
cepebpenHne nT.4a.);

2alnbeaHoriiacmuka - nonyv4eHne otTcrnanBaemMblX

NOKPbITUN (penbedHbIX KONUIA).



- PaccmoTpum 3agayu:

Er3 2001-2010 (Oemo, KMM)
'MA-9 2008-2010 (demo)



| VIA Z006 T, 10U, ConpoTnBrieHne
KakOoro pe3ncropa Ha y4acTKe Lenw,
N30b6paKeHHOM Ha PUCYHKE, paBHO 3
Om. Hamngute obLee conpoTmnBreHne
yyacTka.

2/3 Om

2
1,5 Om
3 0m
. 6 OMm




[MA 2008 r.13. [pn pemoHTe
AMNEeKTPONIUTKM ee cnuparnb

VROPOTIN B 2 pasa ROk MaVeHvnTacE .
MOLLIHOCTb 3NEeKTPONANTKN?
yBenuuusnach B 2 pa3a

yBenuuunaco B 4 pasa
yMeHblUMNachb B 2 pa3a
yMeHbluunachb B 4 pa3sa



| IA 2006 T. 15 Heobxoanmo akcnepmmeHTarnbHo
NPOBEPUTb, 3aBUCUT TN ANEKTPUYECKOE COMNMPOTUBIEHNE
KPYrnoro yrofieHOro CTepPXHA OT ero gnametpa. Kakue




HarpeBaTesIbHOro ariemMeHTa
arnekTpuveckoro YamHmka 20 Om.
npoxoadaLlero 4yepes
HarpeBaTeNbHbIN ANEME
H




(FTMA 2009r.) 10.
Uemy paBHO 0oOLLlee conpoTuBreHne

VIGCTRA LG, VSO0 RO THOTO Tar
pucyHke, ecim R, =1 Om, R, =10 Om,

R.=100Om. R . = 5ROM7

2
| R4

R,
> & [T
e

9 Om
11 Om
16 Om
26 Om

P WN R



e e e -‘v---‘hv--- T e N~ - W . w = W -

nocrneanoBaTernbHO U BKIHOYEHbI B
CeTb C HarnpshkeHem 220 B. LIege3
Kakoe BpeMs Ha 3TOWN NINUTKE 3aKUMNT
BOoOa maccou 1 kr, ecnu ee

Ha4YanbHasa Temneparypa

coctaBnsana 20°C, a KINMQ npouecca

80 JlaHo: An =0
Ri=R,=R=100Mm [? 5 A
U=220B Azﬁ";Q:mc(’z ~1,°):
SHE m =1kr Lr2 o .

£,°=20°C nﬁt:mc(t2 -1 );
Hal| ;- =100 °c 5 5. B

n=0.8 r:cm(rz — 1 )2R

¢ = 4200 JTx/(kr-°C) Uy |

t—? Omeem: t = 174 c.




ANEKTPUYECKOU Lienun (CM.
PUCYHOK) BonbTMETp V1

BONIbTMETP V2 — HanpshkeHne

0,5 B. Hanpsixer | @l
paBHO 0,5B | =l
158

2B 1




OlbITbl C ABYMA PaAa3HbIMU
pe3ncTopamu, Uamepss 3Ha4YeHUs

CUIbl TOKA, MPOXOOSALLEro Yepes HNX
NPU pasHbIX HANPSKEHUSX HA

U.B 0 ] 2 3
111 A 0 0,2 0.4 0.6
D, A 0 0,1 0.3 0.6
[ 1PAMASA MPOMOPLIMOHAIBHASA 3ABUCYMOCTE MEXIY CUNIOV

TOKA B PESNCTOPE U
HAMNPAXEHWEM HA KOHLIAX PESUCTOPA

BbINONHSAETCH TONbKO A5 NePBOro pe3ucropa
BbINOSHAETCH TONbKO 4151 BTOPOro pe3ucropa
BbINONHSAETCH A5 060MX PE3NCTOPOB

He BbIMOJTHAETCS Ans 000MX Pe3nUCTOPOB

P WN R



(ErFr3 2001 r.) A22. CpeaHee Bpems pa3psgoB MOMHUK PaBHO
0,002 c. Cuna Toka B KaHarne mosnHum okono 2:104 A. Kako

3apag NpoxoawT no kaHany mofHw?

40 Kn
107 Kn
10 Kn
4108Kn

P WN R



(Er3 2001 r., Aemo) A19. Cnupanb anekTpmn4eckom NInTKn
HarpeBaeTCs NPU NPOXOXKAEHNN Yepes3 HEE 3MNEKTPUYECKOro

BHYTpeHHSS aHeprusa cnupanu yBenmynBaeTcsi.
BHYTpeHHAS aHeprusa cnnpany yMeHbLLIaeTCs.
BHYyTpeHHAS aHeprusa cnnpanm He U3MeHsIeTCs.
MexaHuyeckasa aHeprusa cnmpanm yBenmymBaeTcsi.

1.
2.
3.
4.



(EF3 2001 r., Aemo) 19. Nccnenysa 3aBUCUMOCTb CUIbl TOKA OT
HanNps>KeHUs1 Ha KOHLLaX pe3ncTopa, Y4eHUK Nony4ns
. .

paccynTarn 3Ha4eHmne ConpoTMBIIEHUA Pe3nCcTopa, KOTOPOoe
OKa3anocb PaBHbIM . ..

0,5 Om
1 Om
1,5 Om
2 Om

P WN R




(Erd3 2001 r., Aemo) 20. NanbBaHn4yeckmn anemeHT ¢ 34C
1,6 B unBHyTpeHHUM conpotusnenmem 0,3 OM 3aMKHYT

NPOBOAHMKOM C conpoTtueneHnem 3,7 Om. Cuna toka B uenu

paBHa...

0,3A.
0,4 A.
2,5A.
6,4 A.

P WN R



(Er3 2002 r., Aemo) Al16. B kaknx n3 nepedncneHHbIX Huxe
TEXHNYECKMUX YCTPOMCTBAX MCMNOMb30BaHbl AOCTMXKEHUSA B

0%
A. COJiHeYHasd batapes

b. KOoMNbloTEP
B. paguonpnemMHuKn

1. TonbkoBA
2. TonbkoBbB
3. TonbkoBB
4. nBA nsb,nusB



(Er3 2002 r., Aemo) A32. . B anekTpuyeckomn Lenu,

N306paxeHHOn Ha PUCYHKE, NOMN3YHOK peocTarta nepemMeLlatoT
B
amnepmeTpa?

1. nokasaHus obonx npndopos
YBENNYUINCH -
2. nokasaHus oboux npubopos
YMEHBLLNITNCH
3. nokasaHus amnepmeTpa
yBENNYUINCb, BONbTMETPA
YMEHBLLNITNCH
4. nokasaHusa amnepmeTpa
YMEHbLLNIINCb, BONTILTMETPA
YBENNYUINCH



2002 r. A18 (KM). ConpoTuBneHmne pesmcrtopa
yBenuuunu B 2 pasa, a npunoXXeHHoe K Hemy
N3MeHunachb cuna Toka, NpoTeKaLero 4Yepes
pe3ncTop?

YMEHbLUNNAChL B 2 pasa
yBenuyunacos B 4 pasa
yMeHbLlUunach B 4 pasa
HE N3MeHunacbh

> WN R



2002 r. A19 (KUM). B yeTbipexBaneHTHbIN KpeMHUI
n0obaBunm B rnepBbIn pas TpexBaneHTHLIN MHAUW, a BO

npoBoAMMOCTN B OCHOBHOM gyueT Ogﬂaﬂ,aTb

NnosntyrnpoBOAHNK B Ka>XAOM Cnyqae?

B 060UX cny4asax aneKTPOHHOM

B | - anekTpoHHoNn, BO |l — AbipoyHOM
B | - Abipo4HOWN, BO || — anekTpoHHOM
B 000uMX criyvyasax ablpo4HON

2 WN -



(Er3 2003 r., KUM) A16. Ecnu nnowagb nonepevyHoro
cevyeHus o HOro LUMINHOPUYECKOro NPOBO.

pa3a, TO cura Toka, NpoTeKatoLLias no Hemy.

HE N3MEHUTCS
yBennunTcs B 2 pasa
yBenununtcs B 4 pasa
ymeHbLnTCA B 4 pasa

> WN =



(Er3 2003 r., KUM) Al7. Kak n3aMeHUTCSH MOLLHOCTb,
noTpebnsemas anekTpny4ecKkomn namMnomn, eCrnu, He NU3MEHSAS e€

SNEKTPUHECKOE CONPOTUBIEHNE, yMEHBLUTE HAMNpskeHne Ha

Hen B 3 pasa?

YMEeHbLUMTCA B 3 pasa
yMeHbLLMTCA B 9 pas
HE NU3MEHUTCS
yBenuyuTcsa B 9 pas

> WN =



(EF3 2004 r., aemo) A12. INpun yBenndeHnn Hanpsxenusa U Ha

yHacTKe SHGKTEMHGCKOVI iel'll/l cunaTokalB Hel'll/l N3IMEHAETCAH B
C x .

conportmelrieHne Ha 3ToM yHacCTKe uerim paBHO

o I, mA}
. M 6-. ..................................... ;
2. 050m
3. 2MOM 4_. .......................
4. M i -

5000 )

3 f : »
0 123UB



(ErF3 2004 r., aemo) Al13. Npu cune Toka B aNEKTPUYECKON
uenun 0,3 A conpoTtuenenme namnsl paBHo 10 Om. MowHOCTb

3MEKTPUYECKOTO TOKA, BEIAENSAIOLLASICS HA HUTU NaMnbl, paBHa

1. O,03Brt
2. 09BT
3. 3Bt

4. 308BT



(Er2 2005r., JEMO) A16 ConpoTtuBneHue mexay
Toukamm A n B yqacTka anekTpuyeckoun Lenu,

npencrtaBneHHOW Ha PUCYHKe, paBHO
.

4 Om

14 Om
8 Om
7/ Om
6 Om

P WN R

4 Om



(El'2 2005r., JEMO) A1l7 KuctoyHuky Tokac SAC =6B
NoAKIMHYMIIN peocTat. Ha pucyHKe nokasaH rpadpumk
N3MEHEHUS CUIbl TOKa B peocTaTe B 3aBUCUMOCTM OT €ro
conpoTueneHmns. Hemy paBHO BHYTPEHHEE COMNPOTUBIIEHNE
NCTOYHMKa TOKa?

I, A

O Om 12
0,5 Om 101
1 Om 8t
2OM 6.-

P WN =




(EF3 2006 r., AEMO) A16. Ha pucyHke nsobpaxxeH rpaduk
3aBUCUMOCTW CUIbl TOKA B NPOBOAHUKE OT HAMPSXKEeHUS Ha ero

KOHHaX. quﬁ EaBHO COHEOTI/IBJ'IeHl/Ie I'IﬁOBOﬁHI/IKa?
I, A4
5

0,125 Om 6 e
2 OMm 4 ............. ....... ”n_ﬂ__,
16 Om 9) uuuuuu + —

8 Om — L P
0O 4 8 12 16 20 24
U. B




(Er3 2006 r., AEMO) Al17. Kaknmu HocuTenamu
ANEKTPUYECKOro 3apsaaa co3gaeTcs TOK B BOAHOM pacTBoOpe

conu?
.

TONbKO MOHaMW
SMNEeKTPOHaAMU U «OblpKamMm»
9NeKTPOHaMU 1 MOHaMU
TOSTbKO 9NEeKTPOHaMU



(Er2 2006 r., AEMO) A28. K NCTOYHNKY TOKa C BHYTPEHHUM
conpotuenenuem 0,5 Om nogknounnm peoctat. Ha pucyHke

M
COMNpoTUBIIEHUA. aemy pPaBHa gﬂg MCTOYHUKA TOKa i

LA
2f i
12B 10 S S S
6B BINF
6. SV S S

4B 4l .
ZB 2'-__E ==

C--




(EF3 2007 r., HEMO) A18. Yepes yyacTok Lenu (CM. pUcyHOK)
TedeT nocToAHHbIN TOK | = 10 A. Kakyto cuny Toka nokasbiBaeT

AMNEPMETP? CONPOT/BNEHIEM AMNEPMETPE peHeE0pes.

7O

2 A
3A
5A
10 A



(Er3 2007 r., AEMO) Al19. B anekTpoHarpesarerse, Yepes
KOTOPbIN TEYET NOCTOSIHHbIN TOK, 3a BpeMs t BblAensieTcs
konnyecTtBo TennoTbl Q. Ecnu conpotneBneHune Harpesatens u
Bpems t yBennuuTb BOABOE, HE UBMEHSAS CUITY TOKA, TO
KONIMYECTBO BblOENMBLUENCA TENMNOTLI OyaeT paBHO

8Q
4Q
2Q
Q



(EF9 2008 r., AEMO) Al18. B yyacTke uenu, n3obpaxeHHOM
Ha PUCYHKE, CONPOTUBIIEHME KaXXO0ro N3 pe3ncTtopoB PpaBHO 2

O G R e B

1. 80wm
2. 60m
3. 50wm
4. 4 Om



(EF3 2008 r., AEMO) A19. Ha pucyHke nokasaH
rpadouk 3aBUCUMOCTU CUINbl TOKA B niamne

H
[Ton Hanps>xeHnn gg B MOLLHOCTb TOKa B

nlamMmne paBHa

L ak
1. 1358t
2. 67,5Bt 2
3. 458t ;
4. 20 BT

0 1020304050 U.B



(EF3 2009 r., AEMO) A14. Kaknum OyneTt conpoTuBNeHme
yyacTka uenu (CM. pucyHok), ecnm kntod K 3aMkHyTb?
(Kaxkabin 3 pe3ancTopoB UMEET conpoTuBrneHmne R.

4. O



(EF3 2009 r., IEMO) A19. Ha BXoaie B 311eKTPUYECKYHo Lienb

KBapTUPbl CTOUT NPpeaoxpaHuTeb, pasMblKaroLL N
uW.

HanpsikeHue pasHo 110 B. Kakoe makcumanbHoe
YUCIO SNIEKTPUYECKUX YHAaNHMNKOB, MOLLIHOCTb KaXKAoro
n3 kotopbix pasHa 400 BT, MO>)KHO 0 g4HOBPEMEHHO
BKITIOUUTb B KBApPTUPE?

1. 2,7
2. 2
3. 3

4. 2,8



(Er2 2010 r., AEMO) Al14. Ha cdboTorpacumn —
anekTpuyeckas uenb. [lokazaHua BKIHOYEHHOrO B LiEMNb

amneﬁmeTﬁa AdHbl B aMl'IeﬁaX.

Kakoe HanpsikeHne NoKaxxeT uaeanbHbl BONBTMETP, eCIn
ero NoAKNYUTb NapannenbHo pe3uctopy 3 Om?

1. 0,8B . o= i Wil

2. 16B (! 10m 20m 30
3. 24B

4. 48B

0-6 Om
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