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IMMOCTOSITHHBIN TOK

esab padoThI: skcriepuMeHTaIbHAs IpoBepKa 3akoHoB OMa 1 npasmit Kupxroda.

1. Tok ¥ HATIpPSAKEHH e
Ecnmu BHyTpu mpOBOJHHKA OAJIEKTPUYECKOE II0JIE OTIMYHO OT HYJsA, TO B
MIPOBOJHUKE BO3HUKAET JJICKTPUUECKHUM TOK, T.€. HAMPABICHHOE IBUKECHUE 3apsJIOB.
Mepoii 371eKTpUUecKoro Toka SIBISIETCS cujla TOKa | — KOJMYECTBO AJIEKTPUYECTBA,
MIPOTEKAIOIIIEE Yepe3 CeUCHUE MPOBOJHUKA B equHUIYy BpeMmeHu. Eciu | He 3aBucHUT OT
BPEMEHH, TOK Ha3bIBAIOT MOCTOSIHHBIM.
OCHOBHOH 3aKOH IOCTOSTHHOT'O TOKa — 3aKOH OMa — MMeEET BUI

_ 99
ric ¢ 1 @, — 3HAUYCHU: IIOTCHIMAIIA Y Hadalla XM KOHI@ IIPOBOAHHUKA (CLIHTa}I 110
HANpaBJICHUIO TOKa), R — compoTuBieHHWe mMpoBoAHWKA. HampaBieHueMm Toka

CUMTAETCS TO HAIpaBICHHE, B KOTOPOM TOA JEHCTBHEM TNOJIS JOJDKHBI OBUT OBl
JIBUTATHCSI TIOJIOXKUTEIIBHBIE 3aps/Ibl, IPYTUMH CIIOBAMH: CYHTACTCS, YTO TOK TEUET OT
OoJbIlIero TMOTeHIMANIA K MeHbieMy (@1 > ¢, ). Pa3HOCTh MOTEHIMAIOB MOYKHO
BBIPA3UTh TaK:

2
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rae dl — sneMeHT JyTMHBI MPOBOAHKKA (CM. 3a7a4y 1).
JluneitHbIl nHTErpalt nojisi E HocUT Ha3BaHMe HAMTPSHKEHUSI MEXKITy TOUKAMU:

2
U12 = J;Eedl’ (2)

CpaBuuBas (1) u (2) umeem
IR =Uy,

OTO COOTHOIICHHE BBITOIHSAETCS HE TOJIBKO B CITy4yae MOCTOSTHHOTO Toka (1), HO 1 [uis
ObICTPONIEPEMEHHBIX TOKOB.

[ToueMy 371EeKTpUYECKOE ITOJIE MTOCTOSHHBIX TOKOB MOTEHIMAIBLHO? [[eno B ToM, 4TO B
10JI€ TIOCTOSTHHBIX TOKOB pacrpe/esieHrne 3apsiga B MPOCTPAHCTBE JAOKHO OCTABAThCS
CTallMOHAPHBIM, T.€. HEU3MEHHBIM BO BPEMEHHU, B MPOTUBHOM CIIy4ae YCJIOBUE
MOCTOSIHCTBA TOKOB HE BhINOJHsAETCs. Ho eciu pacnpeneneHue 3apsiioB CTallMOHAPHO,
TO TOJI€ UX JOJDKHO OBITh TOXKIAECTBEHHO C IOJIEM COOTBETCTBEHHO PACHpPEAETICHHBIX
HEMOJBM)XKHBIX 3apsA0B. To 00CTOATENBCTBO, YTO B JAHHOM TOYKE MPOCTPAHCTBA OJHU
SNIEMEHTHI 3apsiia Onarofaps TOKY CMEHSIOTCS JIPYTHMH, HE MOXKET CKa3bIBaThCs Ha
HarpspkeHHocTy ol E. TakuM 00pa3zom, cTalimoHapHOE MOJ€ MOCTOSIHHBIX TOKOB, KaK



U TI0JI€ AJIEKTPOCTATUYECKOE, JIOJDKHO OBITh TOJIEM MOTEHIMAIbHBIM. 13 cTaimoHapHocTH
pacrpeeneHus 3apsaa CleayeT, YTO TOKU JOJKHBI ObITh JTMOO 3aMKHYTHI, JIMOO YXOIUTH B
OECKOHEYHOCTh, MO0 B TPOTMBHOM CiIydyae B MECTe Hayaja WM OKOHYaHHUSA TOKa
MPOUCXOAWIO OBl HAKOIUIEHWE WM yObIBaHue 3apsga. [lo Toi ke mpuumHe yepe3
pa3lIM4HbIe CEYeHUs] IPOBOAHMKA (IIPU OTCYTCTBUU Pa3BETBIICHHUI) IOJDKEH MPOTEKATh TOK
OJTMHAKOBOW CWIIbL. HakoHeI, B KaXXI0i TOYKE Pa3BETBIICHUSI IIETTH TOKa (y3J1a) JOJDKEH
yJIOBJIETBOPSITHCS MEPBbI 3akoH Kupxroda:
2 |1 = O,

T.e. airebpanyeckasi cymMMa TOKOB, IMPOXOJAIINX 4Yepe3 y3el, paBHa Hym0. B
IPOTUBHOM CIIy4ae B y3Jie IPOUCXOAMIO Obl HAKOTIIICHUE 3apsiJIOB.

[Ipu nBMKEHUU 3apsAI0B HAa HUX JMEWCTBYET MOCTOSTHHAS CHJIA CO CTOPOHBI OIS
(E = const), koTopasi BbI3bIBa€T YCKOpeHHE, HO ycioBue | = CONSt o3Hawaer, 4TO
3apsbl IBMKYTCS C TIOCTOSSHHOM CKOpPOCThIO. Ecm crucTema MoguuHSETCS 3aKOHY
Owma, TO 3TO JOJIKHO MPOUCXOJIUTH U3-3a TOTO, YTO JIJISl TAKUX HOCUTEJIEH CKOPOCTh
npornopuroHanbHa cuie. CreoBaTenbHO, 3apsAasl HE MOTYT JIBUTaThCsl CBOOOIHO,
YTO-TO JIOJDKHO MEIIATh ABUKEHUIO, BHI3HIBAEMOMY AJIEKTPUUECKUM TOJIEM.

ComnpoTHBIICHHUE IBIKCHHIO 3aPS0B 00YCIOBICHO CTOJIKHOBEHHMSIMHU HOCHTEIICH
3apszia Ipyr ¢ IPYyroM M ¢ JII0ObIMU YacCTUIIAMU CPEJIbI.

2. DJIIEKTPOABHIKYIIHE CHJIIBI
Tak KaK TMHUU TTOCTOSTHHOTO TOKA 3aMKHYThI HJIA

YXOIAT B OECKOHEYHOCTh, TO PEATbHO CO37aTh TOCTOSHHBIN
TOK MOYHO TOJIBKO B 3aMKHYTBIX IeTsAX. J{71s mosrydeHus
MOCTOSIHHOT'O TOKa HEOOXOAMMO JIFOOBIM CITIOCOOOM 3aps/, 1 2
npurieanvii, u3 1 B 2 (o nytu 1-a-2) nepeHecTw,
MIPEOI0JIEB AIIEKTPOCTATHUECKUE CHIIBI, OTISITh B 1 11t
CJIEAYIOUIEro MPOXO0XKACHUS ATUX 3aPSIOB MO MyTH 1-a-2 u
T.1. (puc. 1). Ev

Takum 00pa3zoM, Ha AIEKTPUIECKUE 3aPSATIbL, BIKYIIIHECS
B MPOBOJIHUKAX, JCUCTBYIOT CHIIBI 3JICKTPOCTATHUECKOTO TTOJIS
(MCTOYHHUKOM KOTOPOTO SIBJISIFOTCS CaMU 3apsfibl) U CHJIbI HE AJIEKTpOCTaTHYeCKue (KX
Ha3bIBAIOT CTOpOoHHUMH). OOmas cuiaa, OTHECEHHAs K CIMHHMIIC 3apsiaa, T.€. oOIas

Puc. 1

E _ E k E’ cTop
HaMpsDKEHHOCTD, JIBUTAIOIIAS 3apsiib = + , U HampsbKeHUE MEXTy
TOuKaM¥ 1 U 2 MOXKET OBITh 3AITUCAHO
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EP ;5 - nanpsocenue cmoponnux cun Ha3pIBAIOT NEKTPOABMIKYIIEH cuioit
(B240).
E" = @1 - @ - no onpenenenuio [em. (1)]. B aTux o603HadeHnsx 3akon Oma
UMEET BU]T



IR12 = @1- @2+ Ep"™ (4)

JList 3aMKHYTOM TIend (o = u IR =E™P rpe E™P = |Edl
y L= P

nosiHast J//C B uenu Toka. OTcrofa ClenyeT, 4To B 3aMKHYTOM 1IeNu IPU OTCYTCTBUU
J/[C cuna NMoCTOAHHOTO TOKAa paBHA HYJII0. 3aMETUM, YTO Ha3BaHue J//C He OTpaKkaeT
ee GU3NYECKOTO COJEpKaHus, TaK Kak mo cmbicay J//C He cuia, a, Kak 3TO CIeIyeT
U3 omnpejesieHus], paboTa Mo MEePeMEICHUI0 €IMHUYHOTO MOJIOKUTEIBHOTO 3apsijia Mo
3aMKHYTOU LIEIH.

CnenctBuem 3akoHa Oma (4) siBisiercst Bropoe mpaBwiio Kupxroda: B 3aMKHYTOM
KOHType aireOpanyeckas CyMMa NaJCHHH HalpsyKEHHWs paBHA alnreOpanyecKou
cymme 9/ C, HaxoAAIMMXCsl B TAaHHOM KOHTYpE:

>~ iR =2 E, (5)

3. IpaBuaa Kupxroga
[TepBoe npaBuIIo:
I = 0. (6)
Toku, BXOAAIIHE B Y3, CAUTAIOTCS TTOJIOKHUTEILHBIMY, a BBIXOISIINE U3 y371a —
oTpuratenbHbIME. Eciu momHas cxema COACpKUT M y37I0B, TO ypaBHeHUs (6)
COCTaBIIAIOTCA JI71s1 M-1 y3710B.
Bropoe mmpasuio:

ZIiRi:Z EK (7)

st cocraBnienust ypaBHeHust (7) Haio 0OOWTH 3aMKHYTBIN KOHTYP, BbIJICJICHHBIN B
obmieit nenu. [Ipu o6xoxe koHTypa HampaieHHE (IO YaCOBOM CTpENKE WM MPOTHB
Hee) BhIOMpaeTcsl Mpou3BONIbHO. [lajieHre HanpsKeHWs] CUMTAETCA MOJIOXKHUTEIbHBIM,
eclii BIOpaHHOE 3apaHee HalpaBJIEHHE TOKA HAa 3TOM y4acTKe MEXIY IBYMs y3JIaMu
COBIIAJACT C HANpaBJIEHUEM 00XO0/Ja KOHTYpa, U OTpULATEIbHBIM, €CIM HaIpaBJCHUE
TOKa MPOTHBOIOJIOKHO HampapiieHuto ooxoxa. J//C cuuTaercsl MOJIOKUTENBHOM, €Clu
npyu 00X0Je MO KOHTYPY MCTOYHHMK TOKa MPOXOAMTCS OT OTPHUILATEIHHOIO MOJIOCA K
MOJIOXKUTEIIbHOMY M OTPULIATEIIbHOM B IPOTUBHOM ciywae. lIpu cocraBieHun
YpaBHEHUN 11 KOHTYPOB HYXKHO CJIEIUTh 3a TE€M, YTOObI KaKIIbIi BHOBb B3SITHIN
KOHTYpP HE MOT OBITh IMOJYYECH CJIOKCHHEM WM BBIUMTAHUEM YK€ PACCMOTPEHHBIX
KOHTYpOB. [lo/HOE YnCIio ypaBHEHU, COCTABICHHBIX MO npaBuiaM Kupxroda, 1omkHO
COBMNAJATh C YUCIIOM YYaCTKOB MEXKIY y3JaMH, T.€. C YMCJIOM PA3JUYHBIX TOKOB B
JJaHHOM cXeMme.

YCTaHOBKA: MakeT SJIEKTPUYECKON CXeMbI ¢ MCTOYHMKaMH J/{C, BOJBT-aMIiep-
OMMETP.



HOPAJAOK BBIITOJIHEHUSA PABOTDI

YnpaxHenue 1
WU3MEPEHUE COINPOTUBJEHUM U 3/C

1. He Bkitoyas MakeT 3JIEKTPUYECKOW cXxembl (puc.3) B CeTh, Pa30MKHYTh
nepeMbluky Mexxay Toukamu 1-0, 2-0, 3-0.
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Puc. 3
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BrumrounTs yHUBEpcabHBIN TPUOOP B pekuM n3MepeHus: ConpoTuBiieHus! (KHOTKU
"R"), ycranoBuTh mpenen uzMepenus "2 kOm". IToakmoYnTh MpoBoJa CO IIyNmamMH K
COOTBETCTBYIOIIIMM THE3/IaM Ha BXO7e pruOopa (KpacHbI MPoBOA K THE31y R", uepHbIit
- K THe3ay "*").

2. IlpomsBectn wu3Mepenue conpoTuBieHuid R;, R, Rs, BKIIOYEHHBIX Ha
COOTBETCTBYIOIIMX ydacTkax menu 1—4, 2—5, 3—7. IIpubop moka3biBaeT
COIPOTUBIICHNE YYaCTKa LIEMM MEXAYy TOYKaMH, K KOTOPBIM IOJKIIIOYAFOTCS IIYTIBI.
[lokazanust mpuOopa mnpu BBIOpAaHHOM TIpefene OyayT BBIPAXKEHbI B KHUJIOOMaXx.
N3mepeHHble 3HaU€HKs COITPOTUBIICHUN 3aIMCATh B TETPA/Ib:

R]_: RZ: R3=

3. Bxmrounth cxeMmy-MakeT B CETh MPHU Pa3oOMKHYTHIX nepembrukax 1-0, 2-0, 3-0.
YcTaHoBuTH IPUOOP B PEKUM M3MepeHHsl nocTosiHHoro Hampsbxenust (knorku "U", =",
KpacHbIH MpoBoj B THe3/e ¢ cuMBoiioM "U", penen usmepenus 20 B).

4. I3meputh pazHOCTh MOTEHIMaNOB B Toukax 6—4 u 8—5. Ilpu momHOCTBIO
Pa30MKHYTOM LI€lIM  [OJyYEHHbIE 3HAYEHUS PA3HOCTH IMOTEHIMAJIOB  PABHBI
JIEACTBYIOIIMM Ha COOTBETCTBYIOIIMX ydacTkax cxembl J/[C. 3mepeHHbIE 3HAUYCHMS
3/]C 3amnucarb:



YnpaxkHenue 2
ITPOBEPKA 3AKOHA OMA JUJISA OAHOPOJHOI'O YYACTKA
HEIIN

1. 3amkHyTH 1T nepembriukamu 1—0, 0—3 (mepembruka 0—2 pa3oMkHyTa). ITO
TIO3BOJISIET MOJICTIMPOBATh OAHOPOMHBIN ydacTok 1enu (6e3 I/C), n300paxeHHbIN Ha
puc. 3. Ilonoxenne nepekmodarens "I1" BBepx (+E;).

4
@, o—-——[l |—‘:;:1 ®,
| R‘n i
i |
Puc. 4
2. BKIIIOUMTH MakeT-cXeMy B CE€Tb. YCTaHOBUTb BOJIbT-aMIIEP-OMMETP B PEXKUM
U3MEpEHHs TOCTOSIHHOTO HampspkeHus (kHomku U","="), ycTaHOBUTH mpenen
u3Mepenus 20 B. BkimounTs IpoBoja co UlynaMu B THe3/a (KpacHblil — B rHesno "U",
yepHbli — B rHe3m0 "*") mpubopa. Ilogxmounts 1rynsl k Toukam 1—4 (puc.4) u

U3MEPUTh Pa3HOCTh MOTEHIIMAIOB Ha yyacTke ¢ R . 3amucaTh moiryueHHOE 3HAUCHHE.

3HaK M3MEPEHHOW Pa3HOCTH MOTEHUMAJIOB 3aBHCUT OT TMOPSIKA IMOAKIIOYEHHUS
nrynoB Kk Toukam 1-4. Ecim Ha mikasne mpuOopa BBICBEUMBAIOTCS TOJNBKO IUDpPHI O€3
3HaKa, TO U3MepsieMasi BeJIMUrHA MosiokuTesbHa (>0), T.e. 9T0 03HaYaeT, 4YTO MOTECHITHA
TOYKH, K KOTOPOW MOJKIIOYEH KPACHBINA IIyM, OOJbIIE MOTEHIMANIAa TOYKH, KOTOPO
KacaeTcsl YepHbIM IIyn, Ha BEIMYMHY MOKa3zaHUs MpuOopa. Eciu MOMEHSATh TOYKH
MPUCOSMHEHUS IIIYTIOB, TO HA IIKaje MPUOOpa MOSABUTCA MPUMEPHO TO KE 3HAUCHUE
(c y4eroM MOrpemIHOCTH NpUOOpa), HO CO 3HAKOM "MUHYC", T.e. B 3TOM Ciydae
u3MepsiemMasi BEJIMYMHA Pa3HOCTH TOTEHIIMAJIOB OTpULIATeNIbHA. Takum o00pazoMm,
npuOOp BCerja MoKa3bIBaeT Pa3HOCTh MOTEHIIMAIOB MEXKTY IBYMsI TOUKAMH, IPUYEM C
ydyeToM 3Haka "+" wam "-" MBI M3MepsieM MOTEHLMal TOYKH, KacasiCh €€ KPaCHBIM
IIyTIOM, TI0O OTHOIICHHUIO K TOTEHIMATy TOYKHU, COCAUHEHHOM C YepHbIM IIynoM. B
OOJIBIIMHCTBE CITy4aeB MOTEHIMA BTOPOM TOUYKH MOYKHO CUMTATh PABHBIM HYJIIO, THOO OH
JEUCTBUTENLHO PAaBEH HYIIO, €CIIU PUOOPHI 3a3€MIICHBI;

Tak Kak 3a TMOJIOKUTEIILHOE HAMpaBICHWE TOKA MPUHSATO CUUTATh HAMPaBIICHUE B
CTOPOHY YMEHBIIIEHUS MOTEHIMAala, TO BCE BBIILIE YIOMSIHYTOE OCTA€TCsl B CHIIE U MIPH
M3MEPEHUH MOCTOSIHHBIX TOKOB.

3. IlepeBectu IpUOOP B PEKUM U3MEPEHUS MOCTOSSHHOTO TOKA (KHOMKHU
kpacHblid 1ryn B THe3ae "l"). YcranoButh mpemen usmepenus 20 mA. PazoMkHYTH
nepembluky 1-0 (puc. 2) 1 moACOeAMHUTD KPACHBIM Iy K TOYKe 1, a YepHBIN 1Iyn K



touke 0. IIpu 3TOM mnokazaHue npubopa OyAET COOTBETCTBOBAThH IMOJI0KUTEIBHOMY
3HaYeHUI0 ToKa (TOK uepe3 R wmaer cneBa HampaBo). IloMeHsB HIynbl MecTamw,
yOenuTbca, 4YTOo IOKa3aHMEe NpuOOpa CMEHUT 3HAaK Ha IPOTHUBOIOJIOXKHBIM.
Pa3zo0parecsl, Kak C y4eToM MOpsAKa IPUCOCAMHEHMs ILIYNIOB M 3HAKa IIOKa3aHUH
npudopa YBEpEHHO OINpElelATh HalpaBiIeHHE TOoKa B nenu, CTpeinkoil OTMETHThH
HaIlpaBJICHUE TOKA U 3aIIMCaTh €ro BenuunHy |, = mA (ImA=10"°A).

4. Vcrionb3yst U3MEpEeHHbIE 3HaYeHHs pa3HOCTH noteHmanoB Ug, 1 3akon OMa jiist
ydacTKa 1€, HAalTH COMPOTUBJIEHUE ITOT0 yJYacTKa o ¢popmysie

URI

Rl = |
RI

CpaBHI/ITI) IMOJIYYCHHOC 3HAUCHHUC R]_ CO 3HA4YCHHCM, MH3MCPCHHLIM pPaHCC
HETIOCPCACTBCHHO.

5. HOBTOpI/ITB AHAJIOTUYHBIC U3MCPCHUA Ha YHACTKC L CIIH, COACPKAallINUM R3.

Yupaxuenue 3
INPOBEPKA 3AKOHA OMA JJId HEOJHOPOJHOI'O
YUACTKA LEIIN

1. 3amknyth mepembluku 1—0 u  2—0, mnepembruky 0—3 pPa3sOMKHYTb.
[lepexmouarens "II" — B nonoxenuu BeepX. [Ipu 3ToM MoaenupyeTcst y4acTOK LEMH,
coaepxarieit I//C (puc. 5,a).
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2. TlpubGopom B pexkume BosbTMeTpa (mpeaen 20 B) u3MepuTh pPa3HOCTb
MNOTEHILIMAJIOB MEXy TOUKaMu 1-6, 3anucath MojydeHHOE 3HaYEHUE C yIETOM 3HaKa
U= @1 - ¢s.

3. IlepeBectn mpuboOp B pexkuM u3MepeHus Toka (npexnen usmepenus 20 mA),
pa3oMKHYTh mnepemMbruky 1-0, moacoemuuuTh mIymbl mpubopa k Toukam 1 u O,
N3mepuTh M 3amucarth 3HaYeHHWE TOkKa Ha AToM ydacTtke uenu (1-6). C ydetom
NOpsIKa MOJKIIOYSHUS UTYTIOB M 3HAKa MOKa3aHUs MpuOopa ONpee/IuTh HallpaBIeHUe
TOKa U OTMETHUTH €ro CTpeskon |;=

4. imes 3nauenus BenuuuH Ej, |, R u ¢ - g5 = U, TIpOBEpUTH CIIPABEATUBOCTD
3akoHa OMma miist yuactka nenu ¢ I//C:

IlRl =Q1-0Ps iE]_



5. IlpoBecTd aHalOTMYHBIE H3MEpPEHHs M MPOBEpKy 3akoHa Oma, HU3MEHUB
NOJISIPHOCTh BKItOUeHUs E; (puc. 50), [uid 4ero nepeBecTH mnepekimouarens /1" Ha
cxeMe-MakeTe B moyioskenue "BHU3" (-Ep). JladbpHEHIIHIA MOPSIOK ASHCTBHM - Kak B
n.2-4 TaHHOTO YTIPaKHEHMSL.

YupaxHenue 4
IMPOBEPKA 3AKOHA OMA JIJISI 3BAMKHYTOM IIENIKA U
OINNPEAEJEHUE BHYTPEHHEI'O COIIPOTUBJIEHUA
NCTOYHHUKA 21C

1. CmonenupoBath 1IeTb, W300paXCHHYI0 Ha pHC. 6,4, IS Yero 3aMKHYTb
nepembrukn 1-0, 3-0, mepembruka 2-0 pazomMkHyTa, iepekitodatens "[1" B MOIOKCHUH
"BBepx" (+£1).

4 1
[ — 0
R,
—3 .
3
& a 7
Puc. 6

2. Ismeputpy Hampstkenne Ur B Toukax 4—6. IlepeBectu mpubop B pexum
U3MEpPEHUs] TOKa, Pa30MKHYTh mepeMbluky 1-0 mnu 0—3, u3MepuTh TOK B IENH U
OINpEJIeNIUTh €ro HampaBlieHue. 3amnucarh noiydeHHble 3HaueHus Ugr u |; (cnemyer
OTMETUTh, YTO TOJIyYEHHOE 3HaueHWe pa3HocTH mnoTeHimanoB U,s = Ug sBisercs
MaJICHMEM HaIpsbKEHUs BO BHeEIIHEH (1o oTHomeHuto K uctounuky J/1C) nenwu, T.e. Ha
conpoTuBiieHUuaX Ry U Rs, B yeM jerko yoeauTbesi, U3MEpUB MO OTAeNbHOCTH Ug| U
Ugs. B TO e Bpemst 3T0 3Hau€HUE Pa3HOCTH MOTEHIMAJIOB, KaK CIEAyeT U3 3aKOHa
OmMa 17151 3aMKHYTOM LIETIH, PaBHO

Use= 11(R1 + R3) = £y - Iry.

r7ie I - BHyTpeHHee comnpoTuBieHue ucrounuka 3//C E;. Ota ¢opmyra Mo3BosseT
KOCBEHHBIM CIIOCOOOM IMOTYyYHUTh 3HAYEHHE BHYTPEHHETO COMPOTUBIeH!s nctounnka 3//C,
KOTOPOE HEJb3d M3MEpPUTh NPUOOPOM HEMOCPEACTBEHHO, Kak »JTO JeNajoch B
ylpaxHEeHUH 1.

3. Ucnionb3ys paHee nosydeHHbIe 3HaueHus Ry, R3 U & u u3aMepenuble 3Hauenus |, u
U6, OLIEHUTH BEIMYMHY BHYTPEHHETO CONMpPOTHUBIIEHUS uctouHuka J3/[C E; o ogHOU

u3 hopmyn

Taxk kak Iy majo o cpaBHeHuto ¢ (R;+R3), To B mpenenax 10 % ToyHOCTH TOMHKHO

10



COBIIAIaTh U3MEPEHHOE 3HaueHKe Toka |1 co 3HaYeHnem, momydeHHbIM 110 hopMyJIe
/[ = i
" R+R,
1 3
4. AHaNOTUYHBIM 00Pa30M OTpEETsIeTCs BHYTPEHHEE COMIPOTUBIICHUE UCTOYHUKA
I/IC E, B 3amknyTtoit nenu 0-2-5-8-7-3-0 (puc. 6,6). it 3T70r0 He06X0AUMO
pa3oMKHYTh nepembruky 1-0 u 3amkHyTh iepembraku 0-2, 0-3 1 u3MepuTh pa3HOCTh
noteHiuanoB Us.g 1 TOk |, Tak, Kak 3T0 e1aa0ch B MPEAbLAYIIUX MyHKTaX JUIsl Ej.
Buytpennee conpotusienue ncrounuka I3//C E,, paccuuThiBaeTcs 1Mo (hopmMyam
r, _EmUss WIH T, zi—Rz —R..
2 2

Ynpaxnenue 5
IMPOBEPKA ITPABUJI KUPT O®A

1. CMogennpoBath pa3BETBICHHYIO IEKTPUUECKYIO LIETb, /ISl YETO0 3aMKHYTh BCE
Tpu mepeMbluku (puc. 2). B aToi menm mmeercs nBa y3na: Todku O u 7 u TpH
3aMKHYTBIX KOHTYypa 4-0-5-8-7-6, 4-0-7-6 u 0-5-8-7.

2. IlpubopoM B pexuMe BOJBTMETPA HU3MEPUTh TMAJCHUE HANPSIKEHUS Ha
conpotuBneHusx Ri, Ry u Rs (touku 4-1, 2-5 u 3-7 coorBercTBeHHO).. [lepeBectn
npuOop B peskuM m3Mepennst Toka (tpeaen 20 m4). [ToodeperHo pa3MbIKas IEPEMBIUKH
1-0, 0-2 u 0-3 u mnoaxmoyas TpuOOp, H3MEPUTHL 3HAYEHUS TOKOB depes
cooTBeTCTBYyOIIME compotuBieHus |y, l; u l3. Crpenkamu OTMETUTH Ha CXEMe B
TETpaJ Iy HapaBJIE€HUE TOKOB.

3. Ilpoussectu poBepKy 1-ro npasuia Kupxroda asis o1HOTo U3 y3iioB

2 Ii: 0.

Uewm OyzieT OTaMYaThCSl aHAIOTUYHOE YPaBHEHHE, 3alTMCAHHOE JIsI IPYroro y3ia?

4. Ucnonb3yst uaMepennbie 3HaueHust U;, | 1 panee nonmyudeHnnbie 3HaueHus R, I u
£i, COCTAaBUTh C Y4YE€TOM HAIlpaBJICHUS TOKOB W HaIpaBJeHUs 00XoJa KOHTypa
ypaBHeHus 2-ro npaBwia Kupxroda ais kaxaoro u3 Tpex KOHTYpOB

D IR +1E=)E,.
i k

Yb6enutbcsi, 4YTO TpeTbe U3 TOJYYEHHBIX YpaBHEHUN SBIAETCS JIMHEHHOMN
KOMOMHAIIMEN MepPBbIX ABYX (MOXKET ObITh MOJIYYEHO U3 HUX).

5. IloBTOpUTH aHAJOTMYHBIE W3MEPEHHS U PACUETHI, OMMCAHHBIE B ITyHKTax 1-4,
U3MEHHUB TMOJSPHOCTh BKIIOYEHHS ucTouHuKa I/[C E; Ha NPOTHUBOMOJIOXKHOE
[mepeBectH nepekmrouatens "I1" B monoxxenue "6Hu3" (-E1)].

6. Ilo oxoHYaHuU pabOTHI BBIKIOYUTH NMPUOOPHI U OTCOECAUHUTH MAKETHYIO
cxemy ot cetu!!!
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1. YHuBepcaabHbI NPUOOP — BOJBLTAMIIEPOMMETP

Ok~ wdNPk-

= O 00N

KPATKAS UTHOOPMALIUA
O PACITIOJIO’KEHUU U PYHKIIMOHAJIBHOM HASHAYEHHUU
OPTAHOB YTIPABJIEHUSA QJIEKTPOUSMEPUTEJ/IBHBIX ITPUBOPOB,
HUCITIOJIB3YEMBIX B IABOPATOPHBIX PABOTAX

(puc. 1)

. 'He3 10 s mojkiroueHus myna (kpacHoro) npu u3mepenuu U u R.
. 'He3110 JU1 MOAKIIFOUEHUS 1IyTa (KpacHOro) Mpu u3MepeHuH |.

. 'He3110 JU1 NOJKITIIOYEHKSl YEPHOT O IIyNa (3a3eMJICHHUE).

. Bximouenue npubopa.

. Ismepenne mocrosHubix BenmuunH U, |, R — kHOmka oTxkarta (=), M3MepeHHUe
nepeMeHHbIX BenmunH U, | — KHOMKa Haxara.
. [lepexstouenue poaa padotsl: BosbT™MeTp — U, ammiepmerp — |, ommerp — R.

. [Ipenen uamepenuit 200 mB, mxA, Om B 3aBUCUMOCTH OT poJia padOTHL.
. [Ipenensr usmepenwii 2, 20, 200, 2000, B; mA; kOm B 3aBUCUMOCTH OT pOjia paOOTHI.
. CBeToBoe TabJI10.
0.ITonceeTka cBeTOBOrO TA0JIO.

o p—
i:'{‘ =~ U TR
o jpg qpp pngpl
0 5 Y 7 5
/2 "‘ 2A\
(8] [
sl pogOY
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2. 'enepaTop nepeMeHHOTr0 Hanpsi:keHust (puc. 2 a, 0)

1. Bximrouenue npudopa (st 7 3-111 BkiroueHne BUIKU B CETEBYIO PO3ETKY).
2. JlekanHbie niepekiodarean 9actoThl (/73-118), mraBHas ycranoBka 9actotsl (/3-111).
3. Ilepexmouarens "Muooicumens"; 3HaueHUE YACTOTHI, YCTAHOBIEHHOE Py4YKaMH 2,
HAJI0 YMHOXXHUTH Ha KO3 (UIMEHT, Ha KOTOPBIA YKa3bIBACT IITPUX HA PYUKE.
4. PerynsTop BIXOAHOTO HAIPSKEHHUSL.
['He3ma, ¢ KOTOPBIX CHHMAETCs BBIXOJHOE HANPSHKEHUE NEPEMEHHOM
YaCTOTHL.

18 _

4 d o
sh,\@l = “{5 ’

:@._- a 7 EI'_._:-_-;-:”:FQ
4~ o 10
5|0 =1,

© lp pgoo00Q R g

gl \s Y1
Puc. 3

3. Ocuuanorpag  (puc. 3)

. Bkimrouenue ocrimmnorpada.

. YIIpaByieHHE SIPKOCTBIO CBEUEHUS JTyUeH.

. DOKyCUpOBKa JTy4ei.

. CTyneHuaroe nepexiroYeHre YyBCTBUTEIHPHOCTH KaHAJIOB ociiiuiorpada

(B/cm, mB/cm). TnaBHast peryMpoBKa yCUIICHUS HE HCIIOB3YETCs (PYUKH B KpaHEM
MOJIOXKEHUH TI0 YaCOBOM CTPEJIKE).

5. Bxonnbie rHe31a kKaHaIOB ocyutorpada.

. KHomku BKITHOUE€HUS OTHOBPEMEHHOM Pab0OThl 000MX KaHAJIOB.

7. CTyneHuyaToe NepeKIioueHIe YaCTOThl TOPU3OHTAIBHOM pa3BepTKU. B 1ieHTpe — pyuka
TUIABHOM TIOJICTPOMKM YacTOThl Pa3BEPTKH, — UCHOIB3YETCS I CTaOUIM3aIiU
M300paKCHUS Ha SKpaHe.

8. Pyuku BepTUKAJILHOTO CMEILICHUS JTyYeH.

9. Kronku BKJIFOUEHUST BHYTPEHHEW CHHXPOHU3AIIMU pa3BepTKH OT 1 1 2 KaHaJoB.

10. KHonky BKJTFOUEHUS BHEITHEW CUHXPOHU3AIIUU PA3BEPTKHU.

A WN -

»
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11. Knomnka nepeximoueHust ocrpuuiorpada st padboTsl B X-Y-pekume, Korjia Tpedyercs
HaOJTI0/IEHNE OJJTHOTO CUTHAJIA KaK (DYHKIIMH, 3aBUCSILEH OT APYTOTO.

12. Bxoj BHEIITHETO CUTHAJIa, 00ECTICUMBAIOIIETO TOPU30HTATIBHYIO Pa3BEPTKY

B X-Y-pexxume.

KoHTpoJibHBIE BONIPOCHI

1. Kakue ycnoBuss HEOOXOAMMBI JUIsl JUIMTENBHOTO MPOTEKAHUS TOKa I10
poBOAHUKY? UTO Ha3bIBAETCS CHUIION TOKA?

2. EcTb 1M 3JIEKTPUYECKOE I0JIE€ BHYTPU MPOBOJIHUKA, IO KOTOPOMY TE€UYET TOK, U
KyJla OHO HaIlpaBJICHO?

3. 3anummure 3akoH Oma 15 yuactka nenu 6e3 3/[C.

4. Onpenenure Benuuuny I//C. Ilokaxxkute Ha NmpUMEpPEe 3aMKHYTOM LEMH, YTO
J/[C yucneHHO paBHA CyMMe€ NAJCHHUN HANpsHDKEHUHA BO BHYTPEHHEHW M BHEIIHEU
yacTsax uenu. [lomyunte orcroga 3akoH OMa 11 MOJTHOM LETH.

5. [Momyunte 3akoH OMa mJis yyacTka 1emnu, cogepxaiero J/[C. Kakue npasuia
3HaKOB i Toka U 3/[C HeoOX0AMMO UCIIOJIB30BATh /JIsl MPABUIHLHOTO MMPUMEHEHHUS
ATOTO 3aKOHa?

6. Chopmynupyiite nepBbiii 3akoH Kupxroda v mpaBuio 3HaKOB JUisl TOKOB B
TOM 3aKOHE.

7. BeiBemute BTOpoil 3akoH Kwupxroda, paccMoTpeB 3aMKHYTBIH KOHTYp B
Pa3BETBICHHON 1€MW W NPUMEHMB 3akoH Oma mig ydactka nenu ¢ IJC ans
Ka)XJIOT0 y4acTKa KOHTYypa.

8. Kak dhopmynupyroTcst npaBuia 3HaKOB JiJisi TOKOB U 3//C B cilydae 3aMKHYTOTO
KOHTypa?

9. CKOIBKO ypaBHEHHMH IEPBOTO 3aKOHA M CKOJIBKO YPAaBHEHUU BTOPOTO 3aKOHA
HEOOXOJIMMO 3amucarb, YTOOBI OMNPEACIUTh MAaKCUMAalIbHOE YHCJIO HEU3BECTHBIX
BEJINYVH B TAHHOM Pa3BETBICHHOW LIEN?
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I'maBa 5. I1OCTOSIHHBIN DJIEKTPUUECKUH TOK.
5.1. DieKTpUYEeCKUil TOK.
5.3. DnekTpoaBuKyIIas cuia.
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5.4. 3akon Oma. ConpOoTUBIIEHHE TPOBOJIHUKOB.
5.5. 3akon Oma i1 HEOAHOPOAHOIO YYaCTKA LIETIH.
5.6. Pa3serBiennsbie nenu. [IpaBuna Kupxroda.

15



