Jlaboparopnasi padora 2.11
U3YUYEHMUE IENEA HOCTOSAHHOI'O TOKA

IHeanb padoThl: M3ydYEHUE IETICH ITOCTOSIHHOTO TOKA.

3agaHue: 10 U3MEPEHHBIM 3HAUYCHUSIM HaNpsDKEHUsT yOeIUThCS B
crpaBeIMBOCTH TipaBuil Kupxroda aist a5eKTpudeckux memne.

IloaroroBka K BbBINOJHEHUI0O PAa0dOThI: W3YyYHTh TpaBUIIA
Kupxroda, obpatuB ocoO€HHOE BHUMAHUE, HA UX MPAKTUYECKOE MPHU-
MEHEHHWE; U3YYUTh ONKMCAHNE YCTAHOBKH.
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KoHTpoJibHBbIC BONIPOCHI

YTO Ha3bIBAETCS Y3JIOM AJIEKTPUUECKON LIETH?

YTO0 Ha3bIBAETCA KOHTYPOM JJIEKTPUUYECKOMN LIETH ?

Kak popmynupytrorcs npasuna Kupxroda?

duznueckuit cMbica npaBuil Kupxroda.

CKOIBKO ypaBHEHUH, COOTBETCTBYIOIIUX TMEPBOMY MPaBUIY

Kupxroda, SBIAIOTCSA TUHEWHO HE3aBUCUMBIMHU ?

OT 4ero 3aBUCHUT 3HaK TOKA B YPaBHEHHUH, COOTBETCTBYIOILIEM

BTOpOMY TipaBuity Kupxroda?

7. Ot wero 3aBucuT 3HaKk J/IC B ypaBHEHUH, COOTBETCTBYIOLIEM
BTOpOoMYy TipaBmity Kupxroda?

8. Kak ompenensiercs aOCOMOTHAs MOTPEIIHOCTh  BEIUYUHBI
najaeHus Hanpspkenus u IJ1C ucrounuka?

9. Kak omnpegensiercss OTHOCUTEIbHAS MOTPEIIHOCTh BEJIMYHHBI
TOKA, TEKYILIETO B COMPOTUBIICHUU?

10. Ckouibko ypaBHEHUH 110 BTOpoMy TipaBmity Kupxroda siBisiercs

HEOOXOUMBIM U JOCTATOYHBIM JUIs pacueTa Lemnu?
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Onucanue annmaparypbl 1 MeTO1a U3MePeHUit

DIIEKTPUYECKUE 1IENU UMEIOT IMIMPOKOE MPUMEHECHHUE B HAYKE U
TEXHUKE, B TOM 4ucje U ObIToBOM. [I03TOMY HEOOXOUMO HE TOJBKO
MOHUMATh OCHOBHBIE 3aKOHBI MPOTEKAHUS TOKOB B IIEMAX, HO U YMETh
MPOU3BOAUTH PACUET PA3BETBICHHOM L€ TOCTOSTHHOTO TOKA.

Pa3BeTBiEHHBIE BJIEKTPUYECKHE IEMHA IOCTOSHHOTO  TOKa
cojiepKaT, Kak MpaBWJIO, KOMOWHAIIMY CONPOTUBJICHUE U UCTOYHUKOB
anekTpoamxkyien cuibl (31C).

OO6bryHO Bem4uHbI conpotuBiaeHu u IJIC, BXOAAIIUX B pa3-
JINYHBIE COCIVHCHUS IPOBOJHUKOB, WU3BECTHBHI. l[losToMy 3amaua
pacyera 3JIEKTPUYECKOM ILENU 3aKII0YAECTCS B OINPENICIICHUN TOKOB,
TEKYIIUX 4Yepe3 COINPOTUBIICHUS, M TMaJCHUN HANPsKCHUsS Ha
COOTBETCTBYIOIINX COMNPOTUBIICHUSAX, BXOJSAIINUX B IIEIb.

Pacder pa3BETBICHHBIX JJIEKTPUYECKUX ILEMEW 3HAYUTEIBHO

yhOpouiaeTcsl mpu Kcnosib3oBaHuu npasuil Kupxroga. Paccmorpum,
HanpHUMep, pa3BETBICHHYIO LIEMb MOCTOSIHHOIO TOKA, MOKA3aHHYIO Ha
puc. L
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[lenb COCTOUT W3 YYacCTKOB, COJEpKAIMX pe3ucTopel R u
ucrounukn JJIC, mpudyeM Ha PUCYHKE OTMEYECHBI IMOJIOKUTEIbHBIC
"+" u oTpunarenpHbie " - " MOIIOCHI HCTOYHUKOB.

[IepBoe mpaBUIJIO OTHOCUTCA K y3JaM LENHU. Y3JIOM Ha3bIBA€TCA

TOYKa IE€IIU, B KOTOpOfI CXOOATCA oojiee 4UeM JABa IIPOBOJHHKA.



Ilepoe mpaBwino Kupxroda riacut, 4To ajredpanydeckas cymma

TOKOB, CXOJSLINXCS B y3JI€, PABHA HYIIIO, T.€.
21=0, (1)

rae I - TOk, TEKymMi B IPOBOJTHUKE.

KaxxgomMy mpoOBOAHUKY IIEMU YCIOBHO MPUITMCHIBACTCS BEIUYHNHA
Y HaIpapJICHUE TOKA. Y CIIOBUMCS JIJIsi ONIPEACICHHOCTU CUUTATh TOK,
TeKyIIMA K Y371y, HUMEIMMUM 3HaK "+" W COOTBETCTBEHHO TOK,
TeKyUIUH OT y37a, - 3HaK "-".

IlepBoe mpaBmino Kupxroda sBiIsieTCS CISACTBHEM COXpPAHEHUS
aleKTpuueckoro 3apsga. JleWictBurenbHo, eciu  Obl (1) He
BBITIOJTHSJIOCh, TO B Y3JI€ HAaKaIIUBAJICS OBl AJIECKTPUUECKUM 3apsi,
YEero Ha CaMOM JieJie HE MPOUCXO/INUT.

B nenu, wu3o0paxxkeHHON Ha puc. I, uMeroTcs deTwipe y3ia,
otrmeueHHble OykBamu A, B, C, JI, 11 KaXXI0ro U3 KOTOPBIX MOKHO
HanucaTh ypaBHeHue (I). Hanpumep, niist y3na C ypaBuenue (1) umeer
BUI:

13 —I4+ I6 =0.

OtmetuM, uTo ypaBHenue (I) MoxHO 3anucars st Kaxaoro u3 N
y3JIOB IIENH, OJIHAKO He3aBUCUMBbIMU OyayT N-I ypaBHenuii, a N-e
ypaBHEHUE OYAET SBJISITHCA CJICICTBUEM U3 HUX.

Heo0xoaumMo Takke OTMETUTh, YTO €CJIM B KaKOM-JIHOO ydacTKe
LEMHU HalpaBJI€HUE TOKAa 3apaHEe HEHM3BECTHO, TO €ro YKa3bIBaIOT
POU3BOJIbHO. EcCny mpu JanpHEWIIEM pacyueTre 3HAYECHHE JaHHOTO
TOKa IMOJIY4aeTCsl CO 3HAKOM ““+”°, TO 3TO O3HAYa€T, UTO HAIMPABIICHUE
TOKa «yraJlaHO» BEPHO, €CJIU JKE€ OHO IMOJIy4aeTCs CO 3HAKOM ‘-7, TO
peanbHOE€  HalpaBJiEHHWE TOKa HAa JIaHHOM  y4YacTKe  IIeNu
MPOTUBOIIOJI0KHO HAIPaBICHUIO, BLIOpAHHOMY B Hayalle pacyera.

BTtopoe mnpaBuiao OTHOCUTCA K JIIOOOMY 3aMKHYTOMY KOHTYDY,
BBIJICJICHHOMY B Pa3BETBJICHHOW 1I€MH, U 3aKJIIOYAETCS B TOM, YTO B
TOM KOHTYype anreOpanueckas cymma DJ[C, BKIIFOUEHHBIX B KOHTYP,
paBHa  ajreOpanyeckodl  cymMMe  TPOU3BEJICHHI  TOKOB  Ha
CONPOTUBJICHUS] COOTBETCTBYIOIIUX YYACTKOB ATOTO KOHTYPA, T.€.



2, ZZRIi . (2)

Btopoe npasuno Kupxroda nosnyyaercst u3 o000IIEHHOTO 3aKOHA
Oma g pa3BeTBICHHBIX I€JIEM C Y4YETOM HE3aBUCUMOCTH
MOTEHIIMaJIa HEKOTOPOH TOYKH JaHHOTO KOHTYpa OT TOTO, OOXOIUIH
MBI JIaHHBIN KOHTYP WJIH HET.

[Ipu npumenenun Broporo npasuia Kupxroda Heo0X0auMmo:

e OTMeTUTh 3HakaMu "+" u " - " momockl nctouHukoB DJIC;
e BHIOpaTh HampaBjieHUWE 00X0Ja BBIACICHHOIO 3aMKHYTOI'O
KOHTYpa;

® TOKH, HalpaBJICHUE KOTOPHIX COBIAJACT C HaIMpaBJICHUEM
00XxoJla KOHTypa, CYUTaTh IOJOXKUTEIBHBIMU, a TOKH,
HaIpaBJICHHbBIE HABCTPEUY O0XOY - OTPULIATECIIbHBIMU;

e DJIC mpumnuchiBaTh MOJOXKHUTEIbHBIM 3HAK, €CIU IpU 00X0Je
BBIJICJICHHOTO KOHTYpa BCTPEUAETCsl BHAYaje OTPHULIATEIIbHBIN
noJiroc ucrounuka DJ1C, a 3aTeM MOJI0KUTETbHBIM.

B cootBeTcTBHM C BBIIEU3IOKEHHBIM 1711 KOoHTypa AE;B/IE,A
(HampaBiieHHMEe o00XO0Ja COBIQJAeT C HANpaBICHUEM JBH)KCHUS
4acOBOM CTPEJIKH) ypaBHEHHE (2) UMEET BUI:

81- 82:R212+R414.

Hucio He3aBUCUMBIX YPAaBHEHHUHM, COCTABJICHHBIX B COOTBETCTBUU
C MEPBBIM U BTOPHIM TpaBmiiamu Kupxroda, paBHO YUCITYy pa3auyHbIX
TOKOB, TEKYIIMX B PAa3BETBICHHOW LENU. [[pr M3BECTHBIX CONMPOTHUB-
nenusix u DJIC, pemmB cucremMy ypaBHEHUN, MOXKHO OINPEIEIUTh BCE
TOKHM, TEKyIIHE B Ienu. B 4acTHOCTH, MOJHAs CHCTEMa YPaBHEHHM
VTS TIETH, 300pakeHHOM Ha puc. I, MOXXET UMETh CICAYIOIINI BU/I;

I+ L -13=0; (A)
[1-1I4-16=0; (B)
Iy - Is + 1= 0; (©) (3)

R111‘|’R212+R4I4:81-82;(A81BD 82A)
-Rzlz- R3I3- R515:82-83;(A82DC 83A)



Rlll- R3I3+R6I6:81-83;(A81BC83A)

PemuB ee, MOKHO HAWTHU BCE 3HAYEHHS] COOTBETCTBYIOIIUX TOKOB.

Ha puc. 2 npuBeaeHa cxema 3JIEKTPUYECKUX 1ENeH, n3ydyaemas B
naHHoW pabote. ITOCKOJIBKY BeIMYMHA KaXKJIOTO0 COMPOTUBIICHUS
WU3BECTHA, TO BEJIWYMHA COOTBETCTBYIOLIETO TOKA OIPEAEISIETCS IO
3akoHy Oma

I=UR, (4)

rae U — HanpsbKeHre Ha CONPOTUBIIEHUU R.

Takum  o00pa3om, wu3Mepsisi HanmpsHKEHHE Ha  KaKIOM
CONPOTUBJICHUH, MOKHO OIPEJICIIUTh BEINYMHY U HAIPaBJIEHUE TOKA
B HEM.

[Ipy wW3MepeHHH SIEKTPUUYECKUX BEIWYMH JOIMYyCKAOTCS
MNOTPEIIHOCTH, 3aBHUCSIIME OT KJIacca TOYHOCTH H3MEPHUTEIbHBIX
npuOOpOB.

[TosTtoMy ypaBHenust (1) m (2) ¢ HOACTaBICHHBIMHU B HUX
U3MEPEHHBIMU BEJIMYMHAMU HE OYAYyT BBIMNOJHATHCS aOCOIIOTHO
To4YHO. [Tpu 3TOM, OIHAKO, JTOJXKHBI BBITIOJIHSTHCSI HEPABEHCTBRA!

2. hI< 2 1AL (5)
|2Ui_zgi|<Z|AUi|+Z|Agi| > (6)

rie Ui=R; I ; Al AU;  Ag; - aOCONIOTHBIE MOTPEIMIHOCTH TOKOB,
HanpspkeHud 1 3/]C cOOTBETCTBEHHO.

3HaueHuss AU; onpeaensiroTcss B COOTBETCTBUM C KIIACCOM
TOYHOCTU HM3MEPUTEILHOTO Mpuobopa. 3HaueHue Al; onmpenensercs B
COOTBETCTBMM C TMPABWIAMU BBIYMCICHUA IIOTPEHIHOCTH  IPH

KOCBEHHBIX U3MEpPEHUX. BemnunHbl €; yKazaHbl C TOYHOCTHIOI0 ~5%.
st otHocuTenwHOM morpemHocty Al/l; w3 ypaBHenus (4)
IMOJIYy4YHUM AII/ Ii = AUl/ Ui + ARl/ Ri‘
Torma Ali=1I;(AU;/ U;+ AR;/R;). 3nauenue AR;/R; npuHsaTh
paBHbM 0, 1.
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R; =300 Om ; R, =130 Om ; R3 =200 Om; R4=180 Owm;

R, =150 Om; Ry; =390 Om; Ry, =220 Om; Ry3 =220 Owm;

R5 =430 Om; R¢ =200 Om; R; =430 Om; Rg =47 Om; Ry =180 Owm;

R4 =200 Om; R;5 =390 Om; R4 =200 Om; R7; =150 Om ;
ng =430 Om 5 R19 =390 Om 5 R20 =430 Om ; R21 =150 Om 5

R22: 47 OM, R23:47 Owm.




IHopsanoK BBIMOJHEHUS PA0OThHI
1. O3HaKOMUTBCS CO CXEMOW PA3BETBIECHHOW AJIEKTPUUYECKOW ILEIH,
MPEIBAPUTEIIBHO COrJIaCOBAaB € MPEIOJABaTEIEeM BapUaHT €€
noAxkIro4YeHus kK ucrounnkam JJ1C.

2. CoctaBuTh cenuuKaIuio U3MEPUTEIbHBIX TPUOOPOB.

3. BpruepTutrh B MNPOTOKOJNE H3YHYAEMYKO JJIEKTPUUYECKYIO CXEMY,
OoTMeYas MOPAJKOBBIMA HOMEPAMU COIPOTHUBIICHUS, a 3HaAKaMH "+" U
""" - monsgpHOocTH NCTOUHUKOB DJIC.

4. ITogkmarounth uctounuku IJ1C k menu.

5. I3MepuTh BEJIWYMHBI MAJACHUN HANPSKEHUS HA CONPOTUBIICHUSX,
OJHOBPEMEHHO OIPEACIsis HANpaBJICHUS TOKA B HUX. 3aHECTH
JaHHbIE B TaOJNMIly, a HampaBJICHUs] TOKA OTMETHUTh Ha CXEMe
CTpEJIKaMH.

6. IIpoBens u3mepeHus, OTKIIOUYATHL UCTOYHUKH I/IC u mpuBecTu
CXEMY B MCXOJIHOE COCTOSIHUE.

Taoauma

NeNe | R, om U, B
n/n

W N -

O0paboTKa pe3yabTATOB U3MEPEHUH

1. [TomHOCTBIO 3aMOMHUTH TAOIUILy, BBIUMCISS IJISI BCEX YYaCTKOB
e OTHOCUTEIIbHBIE M aOCOJIOTHBIC 3HAYCHHS ITOTPEIIHOCTEH
U3MEPSIEMBIX BEITMYHH.

2.3Hasg HampaBJICHUs] W BEJIWYMHBI TOKOB, 3alMCaTh YPaBHEHUS,
COOTBETCTBYIOIIME TepBoMy mpaBmiry Kupxroda mis Kakux-iaudo
JIBYX Y3JI0B LIENH, U YOSIUTHCS B CIIPaBEIIMBOCTH HEpaBEeHCTBA ().

3. 3anucarb ypaBHEHHS, COOTBETCTBYIOIIME BTOPOMY MPABHILY
Kupxroda mist kakux-mu00 ABYX KOHTYPOB I€NU, U YOEIUTHhCS B
CIIpaBEIJIMBOCTU HEpaBeHCTBA (6).

4. CocTaBUTh TOJIHYIO CHCTEMY YpaBHEHUH, HEOOXOIUMYIO s
HAXOK/ICHUS BCEX BEJIUYMH TOKOB B LICTIH.
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