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DinexkTpu3anus Tea . J[Ba Buaa 3apsaa.

3aKOH COXPAaHEHMS BICKTPUYCCKOTO 3apsiaa. 3aKOH
KynoHna.

DJIEKTPUYECKOE TIOJIE U €r0 XapPaAKTCPUCTHUKMU:
HaNpPsKEHHOCTh, MOTCHITUAL.

Pa3zHocTh moTeHImaios.
[IpOBOHHUKY B SIIEKTPUUECKOM I10JI€E.
JIMDJIEKTPUKU B DJIIEKTPUUYECKOM II0JIE.

DJIEKTpHUYECKas eMKOCTh. KonencaTop .OHeprus
NEKTPAYECKOTO MOJIST KOHAECHCATOPA.

DJIEKTPUYECKUH TOK M €T0 XapaKTEPUCTUKH: CHJIa TOKA,
HaNpsHKEHUE, CONPOTUBIICHUE.

3akoHbl OMa JUUIS y9acTKa W JUISL IOJTHOU IIETIH.
PaboTa u MmomHOCTh TOKa. 3akoH J/[>koyisa-JIleHna.
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Ecnu rorepeth sHTaph O mep

ce0e JIETKUEe MPEAMETHI. ITO S

nekmpusayuen. Tena, crocc =
HaTUPAHUS JPYTUE MPEAMETHI T
HAINEKMPU306AHHBIMIUL. P N

BﬂeKTpI/I‘IeCKI/II/I 3apaa g (Q} — J1U WHOMHILLUAA DUJLrtinnd,
olpcac/uiromasa HHTCHCUBHOC
B3aUMOIEHCTBHI.

— JJIEKTpU3aLU UHAYKIMEH.
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| NONOXUTENLHbIN 3apsa | | OTPULATENbHbI sapsig |
obpasyeTca Ha cTekne, obpasyercs Ha aboHuTe(aHTape),
NOTEPTOM O LUENK noTEPTOM O MEX

e Mpu gﬁmpmfpeHﬂeM 3apsy IpUPOPETAIOT
, TIp & TTHO — HOJOKURCIIbHbBIN, a

Jpyroe — OTpuLaTenbHbId, npuiexy (#) [d,)-



ONeMeHTapHbIN 3apsa

* ATOMBI COCTOAT U3 2J1EMEHMAPHBIX YACMUY — OTPULIATEIIBHO
3apSKEHHBIX — 9JIEKMPOH 08, TIOJIOKUTEIILHO 3apPSKEHHBIX HPOHIOHO8 1
HEUTPAJIbHBIX YaCTULl — HEUMPOHOE.

b BHGKTpOHbI W IIPOTOHBLI ABIAOTCS HOCUTCIIAMMU 3aPsAa0B .

*  DNEKTPUYECKHUE 3apAIbl IPOTOHA U SJIEKTPOHA 10 MOJYJIKO B TOUHOCTH
OJIMHAKOBEI ¥ PABHEI dIIEMEHTapHOMY 3apsiny e = 1,6:107"° K.

* B HEHUTpaabHOM aTOMeE | SR
YU CJIO MPOTOHOB B SIJIpE o N / | ;
PaBHO YMCITY DJIEKTPOHOB B ) "
000J10YKe (aTOMHBIM N — —+

HOMED). _
HeumpaibHble ROJIOAHCUMENTBbHBIU UOH

* Tema snekTpu3yroTcs, uacmuyol
KOI1a OHU TEPAIOT UIIU

PUOOPETAIOT SJICKTPOHBI. -~/ P - J_ ’K

ompuuameﬂbubzﬁ UOH




3aKOH COXpaHeHus
ANEeKTPUYECKOro 3apsaa
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KTPUYECKHU
HHOM CUCTEMBI




3akoH KynoHa

Toueunvim 3apsaoom - 1 KOTOPOTO B
YCTIOBHSIX JaHHOM 38 oF *{
3akon Kynona: Cuy £ g ey MIOABHIKHBIX
3apsi/ioB B BaKyyMe j HHMI0 MOTYJIeH
3apsA/I0B M OOpaTHO 4 HHUS MEXKITY
HUMM. : :
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Cuiibl B3aMMOJICHCTB 1 IOTOHA.
B MexanyHapoIHOM ¢ B KYJIOH.
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3akoH KyrnoHa

IIpuHUMD Cynepno3uvu KyJOHOBCKHUX CHJI

f: E+F}+F3




[lencrtBne anekTpmyeckoro nonsa Ha
aneKkTpuyeckmne 3apagbl

DJIeKTpHUYECKOoe MmoJie — ocobas popMma
MaTepuu, CYIIECCTBYIOIIAs BOKPYT meJl
uau yacmuy, o0J1a1aronux
INEKMPUUECKUM 3aPAOOM, A TAKKE B
CBOOOTHOM BHE B DJICKTPOMAarHUTHBIX
BOJIHAX.

QHCKTPI/I‘ICCKOC I10JIC MaTCPpHUAJIbHO, OHO
CyYICCTBYCT HC3aBUCHUMO OT HAIIICTO
CO3HaHMUI.

[J1aBHBIM CBOMCTBOM BJIEKTPUYECKOTO
T10JIS SIBJIIETCA AeMCTBUE €r0 HA
JIEKTPHYECKHE 3aPs/ibl ¢ HEKOTOPOH
CHJIOM.

DJIEKTPOMATHUTHBIE B3AaUMOJICHCTBUS
PacpOCTPaHSAIOTCA CO CKOPOCTBIO CBETA B
Bakyyme ¢ =3 - 10° m/c.

DJIEKTPUYECKOE T10JIE SIBISCTCS OMHOM U3
COCTABJISAIONIMUX €IUHOTO
IEKTPOMATHUTHOIO IOJIA U
NMPOSIBJICHUEM JIEKTPOMATHUTHOI'O
B3aUMOAENCTBUA.

HeogHopaoaHoe nodse

F F 4+ F 4+

- e e == o wm  ww

Oasopoanoe noje



Hanpsa>XeHHOCTb 3NeKTPUYEeCKOro

MoJid

* HanpsiZKeHHOCTH JIEKTPUYECKOro °
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HanpskeHHOCTD
ANEKTPUUECKOTO OIS —
BEKTOpHAs (pru3nuecKas
Benn4rHa. HarpaBieHue
BEKTOPA COBIIAJIAET B KAXKIOU
TOYKE ITPOCTPAHCTBA C
HaIPaBJICHUEM CHJIbI,
JIEMCTBYIOIIEH HA
MOJIOKUTEIbHBIN MTPOOHBIN
3aps.

HanpskeHHOCTD noJd
TOYCHHOTr0 3apsijia g, Ha
PACCTOSTHUM T OT HETO paBHA!
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[TpuHUMN cynepno3numnn
ANEKTPUYECKUX Nonen

IIpuHIUNO cynepno3uuu: €Ciiv B
JAHHOM TOYKE IMPOCTPAHCTBA
pPa3INYHbIC 3apPAKEHHBIE YACTHULIBI
CO3J1aI0T IEKTPUUYECKUE MO,

HaNpPsHKEHHOCTh KOTOPBIX E , E,, E, U T.

1., TO pe3yJIbTUPYIOIIas
HaIPSHKEHHOCTD MOJISI B 9TOM TOUYKE
paBHa:

A\ A\ A\ A
E=FE+E,+E +..
J1J1s1 HATJISITHOT O TIPEICTABIICHUS

QJICKTPHUYCCKOI'O ITOJISI UCITOJIb3YIOT
CHJIOBBIC JIMHUMH.

CuiioBasi IMHUS JIEKTPUYECKOTO
I0JISI - 3TO JIMHHUS, KacareabHas K
KOTOPOW B KaXJIOM €€ TOYKE COBHAJAECT
C HAIPaBJIICHUEM BEKTOpa
HaNps>)KEHHOCTH
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CuaoBrle JJUHHUH MOJIS ‘
IEKTPHYECKQIO TUTIONS

e

Heonnopagnoe node



[loTeHUManbHOCTb

ArNeKTpocTaTUyeckoro rnoss

DIIEKTPUUYECKHUE CUIIBI COBEPIIIAIOT padoTy Ojarogapsi
B3aMMOJICHCTBHUIO 3aDSPKEHHBIX TEJI IDVE C IDVIOM. 3HAYMT,

cUCTEMA 3
[Ipu nepe
AIEKTPUUL
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N3MCHCHU
IIPOTHUBOII
A=—W , -
3apsijia B (
IHoTenum
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Pa3HOCTb NoTeHuUnanos

3Ha4YEHME MOTEHIIMAJIa 3aBUCUT OT BLIOOPA HYJIEBOTO YPOBHHI.
[ToaTOMY IIpaKTUYECKOE 3HAYCHNE NMEET N3MEHEHHUE TTIOTEHIAAIA,
KOTOPOE HE 3aBUCHUT OT BHIOOpA HYJIEBOIO YPOBHSI.

Pa3HOCTh NOTEHIMAJIOB (HANIPSAKEHHE) MEXKAY ABYMS TOYKAMM
PABHA OTHOIUEHUIO PA0OTHI MOJIA NPHU NMEePEeMeElIeHUH 3apsaaa u3
HAYAJIbHOUW TOYKH B KOHCYHYIO K 3TOMY 3apsay.

A
U:qpl—qu:—
q

B Mexaynapoanoi cucreMe eaunmil (CH) equauier moTeHyaia
sBisiercs BoabT (B): I B =1 Jxc/ 1 Ka.

CBsA3b MEXK/Y HAIIPSIAKECHHOCTHIO JIEKTPOCTATUYECKOTO 7 U

I10JII 1 PA3HOCTBIO ITIOTCHIITMAJIOB! A d

HanpsokeHHOCTh 3JIEKTPHUYECKOTO MOJISL HallpaBjeHa B CTOPOHY
yOBbIBaHMS MOTEHIHAIA.



OKBUMOTEHLMAlbHbIE MOBEPXHOCTWU
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CuioBbie TUHUU QJICKTPHUICCKOI'O
IMOJIA BCCrAa NEPHNECHAUKYIAPHBI
SKBHUIIOTCHIIMAJIBHBIM
ITOBCPXHOCTAM.

[Ipu nepemenieHnu 3apsiga BIOJb
3TOM MOBEPXHOCTHU paboOTa He
coBepIIAeTCH.

DKBUIIOTCHIIUATBHBIE IOBEPXHOCTHU
(CUHME JTUHUW) U CHJIOBBIC JIMHUU
(KpacHbIE JUHUU ) MPOCTHIX
AIEKTPUYECKUX TOJIEU:

TOYEYHOTIO 3aps/ia;
IEKTPUIECKOTO JUTIOJIS;

JIByX PaBHBIX MOJIOKUTEIbHBIX
3apsiI0B;

OJTHOPOJTHOTO TIOJISI



[1pOBOAHMKN B ANIEKTPUYECKOM Mone
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[IpOBOOHUKM B 3NEKTPUYECKOM Mnose

A
"

Tak Kak MOBEPXHOCTH MPOBOTE
SIBJISIETCH IKBUIIOTCHUMAJIBHOMN, CHJIOBbIE
JIMHMH Y TIOBEPXHOCTH J0JIKHBI ObITH
MEePHEHIUKYJISIPHBbI K Heil.



[1NaneKTpUKn B aNeKTpMNYeCcKom norne

B muasiekTpukax (M30714TOpax) HeT CBOOOIHBIX
IJIEKTPUYECKUX 3aPAT0B.

3apskeHHbIe YaCTUIIBI B HEHTPaJIbHOM aTOME
CBSI3aHbI APYT € APYITOM U He MOI'YT
nepeMeaTbCs 101 JCMCTBUEM
JIEKTPUYECKOTO MOJIS IO BCEMY OOBEMY
IUJICKTPHUKA.

JIM3IIEKTPUKY IEIATCA HA MOJSIPHbIE U
HenmoJISIPHbIE. Bona

IHoasipHbIEe TUIIEKTPUKHU COCTOAT U3 MOJIEKYIIL,
B KOTOPBIX LEHTPHI pacupeacICHUs
[IOJIOJKUTEIIbHBIX U OTPULIATEIILHBIX 3apA10B HE
COBITQJAIOT. Takme MOJIEKYJIbI HA3bIBAKOT
TUIIOJIEM.

K noaspHbIM AUAJIEKTPUKAM OTHOCSTCS CIIUPTHI,
BOIa, IIOBApEeHHAsI COJIb U JIp.



[1naneKkTpuKn B aNeKTpnYeCckom norne




[InanekTpukn B 3NeKTPUYECKOM rorsie
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OnekTpuyeckas eMKOCTb KOHOeHcaTopa

I1oJsie m1ockoro KoHAEeHCaTOpA.
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* DJIEKTPOEMKOCTH ILIIOCKOIO £ &S
KOHJICHCATOPA: =

* JHEPIUs 3aPSAKEHHOTO : :
KOHJICHCAaTOopa.: T qgU q~ _CU




CoeanHeHne KOHOEeHCaTOpPOB

IlapajeabHoe
COeITUHEHHUE S

KOH/IEHCATOPOB: @1 | & gy | Gy
U TTTTTYTIYTIYY wﬂ»mmqmmu
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IlocaenoBaresibHOE f—T ] —j—T]
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KOHIEHCATOPOB:
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ranpsanocrermna 1PAKCH

— HAJIMYUE DJICKTPUUECCKOTO ITOJTHR
KOTOPOE CO31aET MEXKY KOHII

3apsJIOB.

) TOKA.




Cuna ToKa

Cuia Toka I — cxansipHas ¢pusndeckas
BEJIMYMHA, PABHASI OTHOILICHUIO 3apsaa
A(, IEPEHOCUMOTO Yepe3 MONEPETHOE
CEYCHME MPOBOJHUKA 32 NHTEPBAJ
BpEMEHU At, K 3TOMY UHTEpPBaIy
BPEMCHU:

At

B Mexnynapognou cucreme equaun CU
CHJIa TOKa u3MepsaeTcs B amiepax (A4).

Cuily TOKa U3MEPSAIOT aMIIEPMETPOM.

AMIIEpMETP BKJIIOYAIOT B LIETH
MOCJIEAOBATEIBLHO C TEM 3JIEMEHTOM ILIETIH,
B KOTOPOM U3MEPSIOT CUITY TOKA.

[Ipy moaKIIFOYEHUH aMIIEpMETPA
COOITFOMAIOT MOJISIPHOCTb.

o




HanpsaxeHune

Hanpsaene — 510 orromerne B e

pabOTHI TOKA HAa ONPEICIICHHOM
y4aCTKE ANEKTPUUYECKOM 1EeTH K
3apsiy, IPOTEKAIOIIEMY 10 3TOMY e
y4aCTKy ISIIH. 7 o1

U==
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EauHuma HanpsKEHWUS Ha3bIBACTCS
B0JbTOM (B).

[IpuOop Aist U3MEPEHUST HANTPSHKEHUS
HA3bIBACTCS BOJABTMETPOM.

BossTMeTp NprUCcOEIUHAIOT
[apauieIbHO K TOMY YYaCTKy LIEHU
HAIPSKEHUE HA KOTOPOM HYKHO
U3MEPUTB.

[Ipu MoaKIFOYESHUN BOJIBTMETPA
COOIIOAIOT MOJISIPHOCT.
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ONEKTPUYECKOE COMPOTUBIIEHNE

JJIeKTPUYECKOE CONMPOTHBIIEHHE — CKaIIpHas pU3ndecKas
BEJIMYMHA, XapaKTepU3yIollias IpOTUBOACUCTBHE IIPOBOJHUKA
IEKTPUYECKOMY TOKY.

ConpoTuBIICHUE OOBSICHAECTCS B3aUMOAEHCTBUEM AJIEKTPOHOB C
y3J1aMU KPUCTAJUIMYECKON PEIIETKH.

CoINpoTUBIEHNE OJHOPOJAHOIO IPOBOJIHHKA: [
[ — JIMHA IPOBOJIHUKA, R=p—
S — 1IOoIIaabh CEUECHUS.

p — YIeIbHOE COMPOTHUBIICHHE BEIECTBA IPOBOJHUKA.

VYaenapHOE CONMPOTHUBIICHUE BelllecTBa — (PU3NYECCKas BEIMYMHA,
MOKA3bIBAIOIAs, KAKUM COIPOTHUBICHHUEM 00JIafaeT IPOBOJHHK
CAUHUYHON JJIMHBI U € JUHUYHOM IIIOIIAIH ITOIEPEYHOIO CEUSHHUS.

C NOBBIIIEHUEM TEMIIEPATYPhI CONPOTUBIICHNE METAJIJIOB PACTET.
€ 0. — TEMIEPATYPHBIN KOAPDUIIUEHT

P = Py (1 + ot ) CONPOTHBIICHHUS.



3akoH Oma ans yyacTtka uenu

e Jaxkon Oma 14
OTHOPOHOI'0 YYACTKA LEeNu:
CHJIA TOKA B YYACTKe LEeNu
PAMO NMPONOPIUMOHAIBHA
HANPSIKEHUI0 HA KOHIAX
ITOI0 Y4ACTKA U O0pPaTHO
[PONMOPIUOHATILHA €ro
CONIPOTHUBJICHUIO.

* I'padpuyeckasi 3aBUCUMOCTH
cuiibl TOKa I oT HanpsixkeHus U
Ha3bIBACTCS 60/1bHI-AMREPHOU
XApaKmepucmuKkou.




Buabl coegnHeHns npoBOOHUKOB

IIpu nmocienoBareJbHOM COeTUHEHUH
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IIpn mociaenoBareaIbHOM
COEIUHEHUH TTOJIHOE
COIIPOTUBJICHUE LIENIA PABHO
CyMME CONPOTUBIICHUU
OTAEJIbHBIX ITPOBOIHUKOB

Ilpu mapajiejibHOM COCIUHCHUHU
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[Ipu mapanaenbHOM COEAUHEHUN
IIPOBOJIHUKOB BEJIIMUUHA,
oOpaTHas o01IeMy
COIPOTUBIICHUIO 1IEIIU, PABHA
CyMME€ BEJIMYHH, 0OPaTHBIX

COIIPOTHUBJICHUAM IT1apaJlJICIILHO
PRI TTIOULIITTLIV TTHORO TITIAIOR



AneKkTpoaBmXKyLLas cuna

JI1st cyniecTBOBaHUSI TOCTOSHHOTO TOKa HEOOXOAUMO
HaJIMYME B DJICKTPUYECKOM LIENN YCTPOMCTBA, CITOCOOHOTO
CO3/1aBaTh U MOJJICP>KUBATh PA3HOCTH MOTEHIIUAIOB HA
y4acTKax IEMH 3a CYET PaOOTHI CHJT
HE3JIEKTPOCTATUYECKOTO MPOUCXOXKICHUS. Takue
YCTPOMCTBA HA3bIBAIOTCA HCTOUYHMKAMM MOCTOSTHHOTO
TOKA.

CHITBI HEANEKTPOCTATHIECKOTO MPOUCXOMKICHMS,
ACHUCTBYIOIMME Ha CBOOOMHBIC HOCUTEIIN 3apsia Co
CTOPOHBI ICTOYHUKOB TOKA, HA3bIBAIOTCS CTOPOHHUMH
CHJIAMM.

Dusnyeckast BETMINHA, paBHAst OTHOLICHUIO Pa0OTBI A
CTOPOHHHUX CHJI IPU MEPEMEIICHUH 3apsija ( OT
OTPULIATEIBLHOTO MOJIF0CAa UCTOYHUKA TOKA K
MOJIOKUTEIIBHOMY K BEJIMYMHE ATOTO 3apsijia, Ha3bIBACTCS
IEKTPOABHAKYIEeH cruiion ucrounuka (3/C):

DIIEKTPOJBMIKYIIAsl CUJIA, KaK M Pa3HOCTh MOTEHIMAJIOB,
U3MepsEeTCs B BOJIbTaX (B).




3akoH Oma ons rnosiHou
ANEeKTpUYeCcKoun Lenwu

e Jakon OMa I MOJTHOM HeNMu: CHJIA TOKA B
[OJIHOM nenu paBHa oTHomeHUI0 JJIC nenu k ee [ =
[0JTHOMY CONPOTHUBJIEHHUIO. R+7r

* Tok KOPOTKOIo 3aMbIKAHMA

* Cujia TOKa KOPOTKOI0 3aMbIKAHUS —
MaKCHMAaJIbHAasl CHIIa TOKA, KOTOPYIO MOXKHO A &
MOJIYYUTh OT TAHHOTO UCTOYHMKA C K3
3JEKTPOABMKYIIEN CUIIOU U BHYTPEHHUM
COIIPOTUBIICHUEM T.

E




PaboTa 1 MOLLHOCTb 3ITIEKTPUYECKOro TOKa.
3akoH xxoyna—JleHua

* Paboty cui 3IeKTpUYECKOTO MOJIsl, CO3/IAI0IIEIO ICKTPUUECKUM TOK,
HA3bIBAIOT pa00TON TOKA: 5
U

A=TUAt = [°’RAt = — At
R
* PaboTa 371eKTpUUEeCKOro ToKa Ha y4acTKe LEMHU paBHA MPOU3BEACHUIO
Hal'Ip}DKeHI/IH Ha KOHIIAaX 3TOro yqaCTKa Ha CI/IJIy TOKA U HA BpeMSI, B
TEUEeHHE KOTOPOTO CoBepIiagach padora.

*  MOIIHOCTb JIEKTPHUUECKOr0 TOKA paBHA OTHOIICHUIO paOOTHI TOKA KO
BPEMEHH, 3a KOTOPOE A3Ta paboTa CoBEpIlICHa:
A

P=—=[U=I°R=
At

e 3axoH [xoyasi—/IeHna: KOMTUYECTBO TEIUIOTHI, BHIJACISIEMOE

ITPOBOJHUKOM C TOKOM, PABHO MPOMU3BEIACHUIO KBAJIpara CUJIbI TOKA,

COIPOTHUBJICHUS TIPOBOJHUKA U BPEMEHHM IIPOXOKJICHUS TOKA MO

ITPOBOHUKY.

* 3axon [Ixoyns-Jlenua:

U2
R

O = I°RAt



PACCMOTPUM 3A0A4YN.:



3agaym ypoBHsa B

* Kakyro Maccy JOJIKEH UMETh KAXKIbIU U3 JIBYX
mapuKoB ¢ 3apsaaoM q = 1,6 - 10"° K1, uto0bI cuna
3NEKTPOCTATUYECKOTO OTTAIIKMBAHUS [IAPUKOB
YPABHOBEIIMBAIACHh CHJIOM UX I'PABUTAIIMOHHOTO
IIPUTSIKECHUS !

2 2
1 qg- . m ek
Fgﬂ—gpjkP—Gr—zjm—q E

9
m=1,6-10" ~\/6 6971&_11 =1,6-10"7 -1/1,35-10° =1,86-10 k2



3agaym ypoBHs B

* JIBa pazHouMeHHBIX 3apana mo 0,1 MmxKi
PACIIOI0AKEHBI HA PACCTOSSHUM 8 CM JPYT OT JIpyTra.
Hangure Hanpss>KeHHOCTD 3JIEKTPOCTATUYECKOTO T10JIA
B TOUKE, YAAJICHHOM HA 5 CM OT KaXKJ0T0 3apsja.

E 8
B

9 -7
E=—E1=§qu=8 4 120 1_2 =0,58.106£
S 5-57-10 M



K He3apsaxeHHOMY npoBoaHUKY AB nogHecnu, He
KacasiCb ero, nosioXXUTenbHO 3apsXKEHHYIO
CTEKINIAHHYIO nanouyky (puc. 1). 3atem, He ybupas
nanoyky, pasgenunu NpoBOAHMK Ha ABe YacTu
(puc. 2). Kakoe yTBepXageHue o 3Hakax 3apaioB
yacten A n B nocne pasgeneHusa oyaet BepHbIM?

1. OO0e yacTu OyIyT HMETh

MOJIOKUTEIbHbIUA 3apsi/l.
I A B l A B | 2. O06e yacTu OyIyT HMETh
+ T OTPULATEIbHbIH 3apsi/.

3. Yacrs B Oyner umerth
MOJIOKUTEIbHBIN 3apsi,
YacTh A — OTPULIATEJIbHBIN.

) 4. Yacrts B Oyner nmertsn
DBC. 1 pac. 2 OTpHUATENbHbII 3apsg,
4acTh A — MOJI0KUTEJIbHBIIA.



Ha pucyHke nsobpakeHbl oguHaKOBbIE
9NIEKTPOMETPbI, COEANHEHHbIE CTEPXKHEM. U3
Kakoro matepuvana MoXeT ObITb caenaH 3ToT

CTEPXEHbL?
A. Meab.
B. Ctane.

TOJBKO A
TOJBKO b
nA,ub
HU A, HU b

el 2y TOLE




MeTannuyeckasa nnactuHa, uMeBLUas
NONOXUTENbHbLIW 3apad, NO MOAYIIHO
paBHbIN 10 e, Npu ocBeLleHNNn
notepsna YeTbipe arekTpoHa. Kakmm
cTtan 3apsg nnacTuHbI?

1. 6¢
2. —6¢
Sinii-dde

4. —14 ¢



ANeKTpUYECKNN 3apsia cdepbl MEHSETCH CO
BPEMEHEM COrfiacHo rpauky Ha pucyHke. Yepes
Kakoe BpeMs Ha cjpepe OCTaHEeTCHA YeTBEPTDL
nepBoHa4arnbHOro 3apsiga?
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B Tabnuue 3apumkcmpoBaHbl 3HA4EHUS CUSbI
NPUTSXKEHNSA 3apsXKEeHHbIX Ten Npu pasHbIX
PACCTOAHUAX MeXay HUMU. Kakou BbIBOO O CBA3U
CUIbl U PACCTOAHUSA MOXHO cAenaTb No 3Toun

Tabnuue?

r (cm) 1 2 4 10
F (H) 10" 2.310° 0.610° 1071°
1. cuia oYeHb MaJia U ee MOKHO He YYUTBHIBATH
2. CHJIa YMEHbIIAETCsl C pAcCCTOSIHMEM
3. 3aBHCHMOCTDH He MPOCJIeKNBAETCS
4. npu r Oouabmie 10 cM cuia odopamaercsi B 0




Korga Mbl CHUMaeM ogexay, 0CobeHHOo
N3rOTOBJTIEHHYIO N3 CUHTETUYECKNX
MaTepuanoB, Mbl CNbILLNM XapaKTEepPHbIN TPECK.
Kakoe siBrneHne o0bACHAET 3TOT TPEecK?

DJICKTpHU3aALIMS.
Tpenue
Harpepanue.
DJIEKTPOMAarHUTHAas
WHIYKIS

2 OhIVS=



[1Ba pa3HouMeHHbIX 3apgaa no 10° Kn

HaxoOunucb Ha paccTosaHun 3-10% M Apyr oT
apyra. C Kakon CcUon OHM B3aUMOOEUCTBYIOT?
[TpuTtarneBaroTCa MK oTTankMBaloTCs 3apsgbl?

1. IIpuraruBarorcs ¢ cunoit 310~ H.
2. Ipurarusarorcs ¢ cunoit 10~ H.
3. OtrankuBarorcs ¢ cuioi 310> H.
4. Otrankusarorcs ¢ cuioit 1073 H.

4
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2 9 —16
FapdoeZhl 20 gt

? 9.107*




[1Tnockmnn BO3QyLLUHLIM KOHOEHCATOP 3apaguin U
OTKIMOYUNM OT UCTOYHMKA TOKa. Kak nameHunTcqa
9Heprnga aneKkTpu4ecKoro nons BHyTpu
KOHOEeHcaTopa, ecrnim paccTtosaHue Mmexay
nnacTuHamMy KOHAeHcaTopa yBENMNYNTL B 2 pasa?

YBEJIIMYUTCA B 2 pasa
YMEHBIIIUTCA B 2 pas3a
YBEJIMYUTCA B 4 pasa
YMEHBIIUTCSA B 4 pas3a
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* Kak u3MeHUTCH cuiia KYJTOHOBCKOIO
B3aMMOJICUCTBUS IBYX TOUECUYHBIX 3aPsI0B,
€CJIU PACCTOSTHUE MEXIY HUMU YBEIIUYUTH
B 3 pa3a’?

YMeHbmuTCs B 9 pas
YBennMuuTcs B 3 pasa 7 99
YMEHBIIUTCSA B 3 pasa 72

YBennuurcs B 9 pa3



B ogHOpoAHOM aneKTpocTaTU4eCckoM norne
nepemMeLlaeTcs NoNoXXNTENbHbIN 3apsa U3
TO4kM A B Touky B no tpaektopuawm |, I, lll. B
KakoMm criydae pabota cun
ANEeKTpocTaTn4Yeckoro nons donblie?
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A
Kak HanpaBneHa KynoHosckasa cuna [,
OEeUCTBYIOLLAA Ha MONOXUTENbHbIN TOYEYHbIN
3apsan, NoMeLleHHbIVN B LIEHTP KBagpaTa, B
BepLLUMHAX KOTOPOro HaxogAaTca 3apsabl: +q, +q,
—q, —q7
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Kak nsmeHuTtca cmna KyJIOHOBCKOIo
B3aUMOOENCTBUA OBYX TOYEYHbIX HEMOOABUXKHbIX
3apsa0B, ECIIN PaAcCTOAHUE MeXOY HUMU YBENTNYNTDL
B n pas?

1. yBeIHMYHUTCS B 1 pa3
2. YMCHBIIIUTCS B 1 Pa3
3. yBEeIMUUTCA B K ° pa3
4. yMEHBIINTCS B 1 * pas



N3MeHUTCAa nn aneKkTpoeMKOCTb
KOHOeHcaTopa, ecrnn 3ap4ad Ha ero obknagkax
yBENMYUTbL B n pas?

1. yBeIHMYHUTCS B n pa3
2. YMCHBIIIUTCS N pa3
3. HE U3BMCHUTCS

4. yBeIU4UTCS B N° Pa3



N

Ilerknn HesapsXeHHbIW Wapuk 13
MeTannnyeckon onbri nogBeLleH Ha TOHKOW
LLernkoBou HUTW. ['lpn nogHeceHun K Wapuky
CTEPXHS C MNONOXUTENbHbLIM 3NEKTPUYECKNUM
3apsiaom (6e3 NpMKOCHOBEHUS) LLAPUK

IIPUTATINBACTCI K CTCPIKHIO

OTTAJIKHBACTCS OT CTCPIKHA

HC UCIIBITBIBACT HU IIPHUTSKCHUA, HU OTTAJIKHMBAHUSI

Ha OOJIBIITNX PAaCCTOAHUAX IIPUTATHUBACTCA K CTCP2KHIO, HA
MaAJIbIX PACCTOAHUAX OTTAJIKHNBACTCA



[1pn nccnegoBaHnm 3aBMCMMOCTU 3apsda Ha
oOKnagkax KoHgeHcaTtopa OT NMPUITOXKEHHOIO
HanpsaXXeHnsa ObIn NonyyYeH n3obpaxeHHbIN
Ha pucyHke rpadpuk. CornacHo aTomy
rpadpmKy, EMKOCTb KOHAEHcCAaTopa paBHa
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K 6eCKOHEYHOW rOpU30HTanNbHOM OTpULATENbHO 3apPsiKEHHON
NIOCKOCTU MpuBsi3aHa HEBECOMAasi HUTb C LLIAPUKOM,
NMEIOLLIM MOSIOXUTENBbHbIN 3apsig (CM. PUCYHOK). KakoBo
yCrioBMe paBHOBECUS LLApuKa, ecrniui mg — MoAynb CUMbI
TSXKECTU, F_ — Moaynb Cusbl 3NeKTpoCTaTUYeCcKoro
B3aMMOOENCTBUA LWapuKa C nnactmHon, T — moaynb Cunbl
HaTSPKEHUA HUTU ?
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B nabopatopumn nccnegoBsanacb 3aBUMCUMOCTb HanpsXKeHns
Ha oOknagkax KoHAeHcaTopa OT 3apsia 3TOoro KoHageHcaTopa.
Pe3ynbraTbl U3MepeHuin npeacTaBneHbl B Tabnumue

q. MEKT 0.1 § £ 0.3 0.4 0.5
U. xB 0.5 1.5 3.0 3.5 3.8

[TorpemHocTn n3mepennit BemuMuH U U PaBHSIMCH COOTBETCTBEHHO
0,05 mxKn u 0,25 kB. Kakoit u3 rpadukoB NpUBECH TPABUIBHO C YUETOM
BCEX PE3YJIBTATOB U3MEPEHHUS U TTIOTPEITHOCTEN 3TUX U3MEPEHUI?

1) U xB{ ¢ : 2) U xB#§ X o
St A
, :
1

3) UxBé .
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Kak N3amMeHUTCS cuna aneKkTpocTaTU4eCcKoro
B3aMMOAEUCTBUA OBYX 3NIEKTPUYECKUX
3apa00B NMpu nepeHeceHnn nx n3 Bakyyma B
cpeny C QManeKkTpuyeckon NPpoOHNLAEMOCTLIO
81, ecnun paccTtosHue Mmexay HUMW OCTaHEeTCH
NPEXHUM?

1. yBemmuurcs B 81 pa3

2. ymeHepmmuTcs B 81 pa3 F=FK 414>
3. yBeauuurcs B 9 pas er’
4.

YMEHBIIUTCA B 9 pa3



[1Tnocknn BO3oyLWHbIN KOHOEHCATOP OTKMYUIIN OT NCTOYHUKA
TOKa, a 3aTeM yBenu4ynnm pacctogHme Mmexay ero nriactmHamum.
UTo npousonaeT npm 3ToM € 3apsaoM Ha obkraakax
KOHOeHcaTopa, 3NeKTPoeMKOCTLH KOHAeH caTopa u
HanpsKeHNnemM Ha ero obknagkax?

K kaxkgon no3nuum nepBoro ctonbua nogdepure
COOTBETCTBYHOLLYIO MO3ULMIO BTOPOro U 3anuiunTe B Tabnumuy
BblOpaHHbIe LMAPbLI N04 COOTBETCTBYIOLLMMW OYKBAMU.

OUBNYECKHUE ABJTEHUA NX USMEHEHUE

A) 3apsan KoHIeHcaTopa 1) yBenuuurcs
b) DnexrpoemMKoCTh 2) YMEHBILUTCS
B) Hanpsbxenue Ha oOkinagkax 3) HE UBMEHHUTCS
g9
0 q




PaccTtosaHue Mexanay AByMA TOHEYHHbIMU
ANieKTpn4ecCknMmmn 3apdaamMmm yMeHbLLUWITN B 3 pa3a, a

OOVH 13 3apsagoB yBenuuunm B 3 pasa. Cuna
B3aMMOOENCTBUA MeXOY HUMM

1. HE U3MEHUIINCH

2. YMEHBIIWINCH B 3 pa3a
3. YBEIMYMIHCH B 3 pasza

4. yBeIMYUIUCH B 27 pa3



ToYeYHbIVN NONOXUTENbHbLIN 3apsa g NOMeLLeH
MeXay pasHOMMEHHO 3apsAXXeHHbIMU LapukamMu
(cM. pucyHok). Kyoa HanpasneHa
paBHOOEWUCTBYHOLLAA KYNOHOBCKUX CUIT,
OEUCTBYIOLLKMX Ha 3apsag q?
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ConpoTMBNEHNE KaXXO0ro pesnucrtopa Ha
yyacTKke uenu, n3obpaxeHHOM Ha PUCYHKe,
paBHO 3 OmM. Hangute obuiee
COMPOTUBNEHME y4acTKa.

1. 2/3 Om

2. 1,50m

3. 30m

4. 6 Om
1: 1 + : =—-I————:>R—§—1,50M




[1pn pEMOHTE AMEKTPONNNTKU ee crnnparnb
YKOpPOTUNK B 2 pasa. Kak nameHmnaco
MOLLIHOCTb 3NEKTPONNTKN?

e ) SN s

yBeJIMYMJIACh B 2 pa3a
yBeJIHYWIAch B 4 pa3a
YMEHbIIMWJIACH B 2 pa3a
YMEHBbIINJIACH B 4 pa3a
2 2
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ConpoTusrieHne HarpeBaTenbHOro arfieMeHTa
anekTpuyeckoro 4YamHmka 20 Om.
Onpenenute MOLLHOCTbL TOKa, NpoxoasLlero
Yyepes HarpeBaTernbHbIN 3NIEMEHT NpU
Hanps»xeHun 220 B.
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Uemy paBHO 0oOLLee conpoTuUBIiEHNE y4acTKa

Lilenu, n3obpaxxeHHOro Ha pUCyHke, ecnn R

7

PRI s

Owm, RE=sl0) Owm, Red= 10 Owm, N Om?
R'

R>

R, — R4

o & [T 7
]

1:1+1:1+1=2=l:>R'=5(OM)
9 Om Jilnt o e SR IO ST Ol -0 205
11 Om

s R=R +R'+R, =1+5+5=11(0m)



[1Be cnnpanun anekTponnuntku conpotuerieHnem no 10 Om
KaXkgaa coeuHeHbl nocrieaoBaTenbHO M BKITIOYEHBI B CETb
c HanpshxeHnem 220 B. Hepes kakoe BpeMs Ha 3TOU
NINTKE 3aKUnuT Boga maccoun 1 Kr, ecnin ee HavanbHas
Temneparypa coctasnsana 20°C, a Kl npouecca 80%"?
(Mone3Hon cunTaeTcs aHeprus, Heobxogumas ons
HarpeBaHus BOAbl.)

Jano: An =0
Rl :Rz =R=100mMm U'2 . .
UU=220B A:zRT;Q:mC(IZ —ily );
m =1xr 72 o
£:9=209C nﬁf:mc(l‘z — 1 );
%= 100 °C s g ol
¢ = 4200 JIx/(xr-°C) Up
t—72 Omeem. t =~ 174 c.




B anektpunyeckoun uenm (CM. pUCYHOK)
BonbTMETP V1 nokasbiBaeT HanpsxeHue 2 B,
BoNbTMETP V2 — HanpsikeHue 0,5 B.
HanpsikeHne Ha namne paBHO

1. 05B \ @l
) 1
2. 15B }_‘l

SraB i —y
4. 25B




Y4yeHuk npoBoAM OMbITbl C ABYMSA pa3HbIMU
pe3ncTopamm, U3Mepssa 3Ha4YeHUSA CUnbl TOKa,
MPOXOAALLEro Yepes HNX NMPU pas3HbIX HAMPAXKEHUAX
Ha pe3ncTopax, U pe3ynbraTbl 3aHOCKUIT B TabnuLy.

U.B 0 | & 3
I1. A 0 0,2 0.4 0.6
D A 0 0.1 0.3 0,6

IIpsiMA ITPOITIOPIIMOHAJIBHA S 3ABUCMMOCTD MEXY CHUJIOM TOKA B
PE3NUCTOPE U HAIIPAXKEHMEM HA KOHIJAX PE3VCTOPA

BBITIOJTHSETCS TOIBKO JIJISI TIEPBOTO PE3UCTOPA
BBITIOJTHAETCS TOJIBKO JJISI BTOPOTO PE3UCTOPA
BBITIOJIHACTCS JIJIT 000OMX PE3UCTOPOB

HE BBIIOJIHACTCS 11 000MX PE3UCTOPOB

Sl CoRISR—



CpenHee Bpems paspsanoB mosniHum paBHo 0,002 c. Cuna Toka
B KaHane mornHuu okono 2:10* A. Kakon 3apsia npoxoauT Mo

KaHany MonHnn?

1. 40 Kn

7
2R g =IAt=2-10*-0,002 = 40K

4. 410°Kn



[@anbBaHun4eckunt anemeHt ¢ 3AC 1,6 B ¥ BHYTpeHHUM
conpotusnenHmem 0,3 OM 3aMKHYT NPOBOAHUKOM C
conpotuerneHnem 3,7 Om. Cuna Toka B Lenu paBHa...

1. 0,3 A. e e

2. 0.4 A. e & ai ’ . " 20,4/1
SEN STa R+r 3,7+0,3 4

4G dvim



B anekTpuyeckon uenu, naobpaxxeHHom Ha PUCYHKe, NMosi3yHOK
peocTaTta nepemeLlatoT BnpaBo. Kak UsMeHUnncb npu aTom
nokasaHus BONbTMETPa U amnepmeTpa?

1. moka3aHus 000MX IIPHUOOPOB
YBEIUIUIUCH
2.  TIOKa3zaHus 000uX IPUOOPOB -
YMEHBIIIMIUCH
3.  TOKa3aHUA aMIIEpMETpa
YBEIUYUINCH, BOJIBTMETPA °
YMEHBIIIMINCH
4.  T1OKa3zaHUS aMIICpMETpa
YMEHBIIIWIINCH, BOJIBTMETPA °
YBEITUIUITNCH

e 5 U:]RzéR: :
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Ecnn nnowaab nornepevyHoro cevyeHnd oaHopoaHOro
LTTMHOPNYHECKOIo NpoBOAHMKA U SITEKTPUYHECKOE
HalpaxXeHne Ha ero KoHuax yBesrin4aTtcHd B 2 pa3a, TO CUJ1a

TOKa, NpoTeKkarLlad no Hemy.

1. He U3MEHHUTCH

2. yBenu4uTcs B 2 pasa ]:g.Rzpi:]:U_S
3. yBemmuurTcs B 4 pasa R’ S pl
4. yMEHBIIUTCS B 4 pa3a



Kak uaMeHuUTCA MOLLHOCTb, NOTpebnaemast afieKTpmnyeCcKkom
namMnou, ecnu, He U3MEHSASA e€e ArEKTPUYECKOE
COMNpPOTMBIIEHUNE, YMEHbLUUTL HanpsXXeHne Ha Heu B 3

pasa?

1. ymenbpmmurcs B 3 pasza 9
2. yMEHBIIUTCS B 9 pa3 U
3. HEe U3MCHUTCS P=—
4. ypenmuutcs B 9 pa3 R



K ncrtouyHuky toka ¢ 3C = 6 B nogknio4vnnu peocrar.
Ha pucyHke nokasaH rpadouk MsMeHeHns Cunbl TOKa B
peocTaTte B 3aBMCUMOCTU OT ero conpoTtmerieHus. Hemy
PaBHO BHYTPEHHEE COMPOTUBIIEHMNE NCTOYHUKA TOKa?

1. 00 LA
M

2. 0,5 Om ié
4. 2 Om o
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Uepes yyacTok uenn (CM. PUCYHOK) TEYET NOCTOSHHbIN TOK
| =10 A. Kakyto curny Toka nokasblBaeT amnepmMmeTp?
ConpoTuBneHMemM amnepmMmeTpa npeHebpeyb.

/QLZ_I’_I'_I'__I' -®_ﬂ/
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B anekTtpoHarpeBaTtene, 4epes3 KOTOPbIN TEYET MOCTOAHHbIN
TOK, 3a BpeM4 t Bblaensercsa konmndectso Tennotel Q. Ecrnin
COnpoTMBIIEHME HarpeBaTensa U Bpem4a t ypenmyntb BOABOE, HE
N3MEHAA CUSTYy TOKa, TO KONMYECTBO BblAENMUBLLUEUCA TENSOThI

byneTt paBHO

o O = I’ RAt

e ORI R
)
'S



Ha pucyHke nokasaH rpaduk 3aBUCUMOCTU CUSbI
TOKa B namne HakanuBaHUA OT HanpsXXeHus Ha ee
knemmax. ['lpn HanpaxeHun 30 B MOLLHOCTb TOKa B

rlamne paBHa

S SER 1. A‘

2. 67,5Br /
38945 B 2

4. 20 Bt l

P=Ul

0 1020304050 U.B



K{aknm byaget conpoTmMBrieHUE y4YacTKa uenu (Cm.
DUCYHOK), ecnu Kntod K 3aMkHYyTL? (Kaxkgbin 13
DEe3NCTOPOB MMeEET conpoTueneHue R.)

Tor 2 R
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3. WO

4. 0



Ha Bxode B arneKkTpuyecKkyro Lenb KBapTUpbl CTOUT
npegoxpaHuTenb, pa3MmbliKalowWwmn Luenb Npu cune
Toka 10 A. lNogaBaemoe B Lienb HanpsxeHue
paBHo 110 B. Kakoe makcumanbHOe 4Yncno
ANEKTPNYECKNX YaUHUKOB, MOLLIHOCTb Ka)aoro n3
KoTopbiX paBHa 400 BT, MO)KHO OOHOBPEMEHHO
BKMNOYUTL B KBApTUpe?

2,75 P _UI_110-10
PP 400

=2 ils



Ha gpoTorpadun — anektpuyeckasa uenb. [lokasaHus
BKITHOYEHHOrO B LieMnb amMnepMeTpa AaHbl B amnepax. Kakoe
Hanps>KeHne NOKaXXeT naearnbHbl BOSIBTMETP, €CIn ero
NoaKNYUTL napannensHo pesnctopy 3 Om?

1. 0,8 B
2. 1,6B
3. 24B

4. 48 B




[Ipu noAKIIFOYEHUH MMOJIOKUTEIBHOTO MOJIF0Cca OaTaper K Touke A
MOTEHLHAJI TOYKH A BBIIIC IIOTCHIKAIA TOUKH B (¢ 4 >¢B ),
IIOATOMY TOK uepe3 pe3ucTop R1 He TEU€T, a TEUET yepe3 pe3ucTop
R2. DKBUBaJIEHTHAs CXEMa LMY UMEET BUJI, M300paKEHHBIN Ha
puc. 1.

ITorpebaseMast MOIITHOCTD

2. IIpu u3MeHEHUM TOJISIPHOCTH MOAKIIOUEeHUs Oarapen ¢ 4 <¢B ,
TOK 4epe3 pe3nucTop R2 He TEYET, HO TEUYET uepe3 pe3uctop R1.
OKBHBaJCHTHAs CXEMa IIeMH B 3TOM Cllydae M300pakeHa Ha puc. 2.
[Ipu 5TOM nOTpedIIsieMast MOIITHOCTh

3. VI3 3TUX ypaBHECHUM:
4. Iloacrapiisist 3HaYCHUS (PU3NYECKUX BEJIIMYMH,
yKa3aHHBIE B yCJIOBUM, TToirydaeM: R1 =10 Om, R2 =20 Om .
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