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N3mepeHue 3JIeKTPUYECKUX CONPOTHBJICHUH Pe3UCTOPOB
OCHOBHBIE MOJOXKEHUS

Ecmn Mexay KOHIIAMM TMIPOBOJHHMKA HMEETCS PA3HOCTh MOTEHIHMAJOB,
HanpuMmep, Mpyu NOAKIIOYEHUH TPOBOJHUKA K HCTOYHUKY TOKA, TO IO MPOBOJIHUKY
UJIET TOK.

Jns yyacTka 3JNEKTpUYECKOW LENMU, HE BKIIFOYAIOLIEr0 MCTOYHUK TOKA, CHJIA
TOKa Ha 3TOM YYacTKE MPONOPLMOHAIbHA PAa3HOCTH MOTEHIIMAJIOB HAa KOHIIAX
y4acTKa:

1
J =E(¢1 —®,) (1)

1 .
Koaddumment mponopiimoHanibHOCTH » B OTOH dbopmyre paznuyeH s

pa3HbIX TPOBOIHUKOB. OH HA3bIBACTCS MPOBOJAMMOCTHIO IPOBOTHUKA, & OOpaTHAS
BeIMYMHA R Ha3bIBaeTCs COMPOTHBIIEHUEM ITPOBOIHUKA.

CormacHo  JJEKTPOHHOM  TEOpPUU  CONPOTHUBIEHHUE  METAJUIMYECKHUX
POBOJHUKOB DJIEKTPUYECKOMY TOKY BO3HHKAET BCIIEACTBHUE TOTO, YTO HOCHTEIH
TOKa — 9JIEKTPOHbI MPOBOAMMOCTH TIPU CBOEM JIBIXKCHHHM HCIIBITHIBAIOT
«COyHapeHHs’» C WOHAMHU KpUCTAIUTMUYECKoW pemerku. Ilpu 3Tom aBmKymmecs
DIIEKTPOHBI TIEPEIA0T MOHAM YacTh CBOCU JHEPTUH, MPHOOPETCHHOW UMM TpU
CBOOOJHOM TIpo0ere B D3JIEKTPOHHOM MOJie. ODHEprus, IepeAaHHas HOHaM,
NPEeBpaIacTCs B DHEPTUIO0 OCCIOPSIOYHOTO JBWKCHUS WOHOB (YBEIMYHUBACTCS
aMIUTUTyAa KojeOaHWil), T.e. BO BHYTPEHHIOIO »JHepruto. Paznmume B
CONPOTHBIICHUHM PA3IMYHBIX METAUIOB OOBACHSETCS pa3IMYUeM BEIUYUHBI
CpeIHETro CBOOOHOTO MPoOera JISKTPOHOB M KOJUYECTBA CBOOOIHBIX AJIEKTPOHOB
B eJlMHUIEe 00beMa MeTasuia.

BennunHa pa3HOCTH MOTEHIMATIOB HA KOHIAX MPOBOJHHMKA HA3BIBAIOT MaJCHHEM
HaIpspKeHUs (WM HanpsbkeHueM) 1 obo3Havarot U:

U
J=x (2)

3akoH (1) unu (2) BBIMOTHSIOTCS ¢ OOJBINON TOYHOCTHIO, U HA3BIBAECTCS 3aKOHOM
Oma aas yyacTka LenM: CWJIa TOKAa Ha yYacTKE ILIEeMH, HE BKJIIOYAIOIIEM
HMCTOYHUKOB TOKa, MPSAMO TMPOMOPLMOHAIIBHO HAIMpPSHKEHWI0 HA 3TOM YYacTKe U
0o0paTHO MPOMOPIIUOHATIEHA COMMPOTUBIICHUIO TPOBOIHUKA HA 3TOM Y4acTKE LIeTH.
3a enunuily compotuBieHuss B cucrteme eaununy CU — om (OM) — mpuHsTO
CONPOTUBJICHUE TAKOTO MPOBOJHHUKA, B KOTOPOM IpU HampspkeHUuW B 1 BoJibT (B)
BO3HMKaeT TOK B 1 ammep (A). OM paBeH CONMPOTUBIECHHUIO PTYTHOTO CTOJIOA
BBIcOTOM 106,3 cM. 1 ceuenuto 1 mm? mpu 0° C.

MHOTrOYHCIIEHHBIMH OMBITAMH yYCTAHOBJIEHO, YTO COINPOTUBIEHUE MPOBOHUKA
MPSIMO TTPOTIOPLIMOHAIIBHO TIIOMIAAM €T0 MONEPEYHOTO CEUSHUS:



R=py (3)

KO3 PHUIMEHT MPOMOPIHOHAIBHOCTH B 3TOH (OPMyJie Ha3bIBAETCA YAEJbHBIM
COMpOTHBJEHHEM: u3 (GopMmyisl (3) HaXOOUM Pa3MEPHOCTh  YAEIBHOIO
COIMIPOTHUBJICHUA B CUCTCMC CHU:
[RI[S] Owm-n?
[o]= T

VYaenbHOW MNPOBOJAMMOCTBIO & HA3bIBAETCA BEJIMYMHA, OOpaTHas YIEIbHOMY

=0m-m

COIIPOTHUBJICHUIO:

s=t
Yo,
B cucreme CU:

1 1
[5]:m:OM-M

IlociiemoBaTE/IbHOE COCITMHEHHE MTPOBOIHUKOB.

J io R %, RZ i, R3 i, Rn
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Puc 1.

[Ipu mocnenoBaTeIbHOM COCIMHEHUN Y€Pe3 BCE BKIIFOYCHHBIC B IEIb MPOBOJHUKHU
MPOXOJUT TOK OJHOM W TOM Ke Cuibl, T.e. Ji1=Jy=...=J,=Cconst, a oOmee
HaIpsHKEHUE Ha OTJENIbHBIX YUaCTKAX:

U=U,+U, +..+U,

OO6miee conpoTUBIICHUE:

R:E_U1+U2+“ +U, :$+&+...+$:R1+R2+...+Rn
J J J J J
R=R +R,+..+R,
Ecim R, =R, =...=R,,TOoU, =U, =...=U,_, Torga U =n*U,,a R=nx*R,

IlapaJjuieJibHOE cOeIMHEHHE NTPOBOJIHUKOB.




HpI/I nmapajiCJibHOM COCAMHCHHH B Y3J1aX TOK Pa3BETBIIACTCA, CyMMa CHJI TOKOB
BO BCCX COCAMHCHHLBIX IPOBOAHMWKAX PaBHA CUJIC TOKA A0 M ITOCJIC PA3BCTBJIICHUA

Vo
f
x. [l ]
v

Puc 2.
J=J,+J,+..+,

HanpspkeHue ke BO BCEX COCIUHEHHBIX MPOBOJHUKAX OJAHO M TO JK€, PaBHOE
o011IeMy HaAMPS>KEHUIO

U=U,=U,=..=U,

OO6m1ast MPOBOANUMOCT:

1 J J+J,+.+3, J J, J, 1 1 1

=== =24 24+t

R U U U U R R, R,

T.€.

1 1 1 1

=t

R R R, R,

CrnenoBatelnbHo, CONPOTHUBJIEHUE BCEro pa3BeTBJIEHUSI MeHbIIIe

COIIPOTUBJICHUA KaKA0I0 M3 Napa/uieJbHOIro COCJIMHCHHDLIX IIPOBOAHHKOB.

R
Ecmu R1=R,=...=Ry, T0 J=n*J; u Torna R=-.
n
MocTtoBas cxema (MOCT YUTCTOHA), IpeIHa3HAYCHHAS 111 U3MEPEHUS

AIEKTPUUECKUX COMPOTUBIIEHUM (pHC. 3), COCTOUT U3 YEThIPEX CONPOTUBIICHUH,



YYBCTBUTCIIBHOI'O I'aJIbBAHOMCTpPa G, HCTOYHHMKA MOCTOSTHHOTO ToKa E u kimoua K.

Puc 3.
HpI/I 3aMBbIKAHHUH KJIFOYA B ICIIU ITOTCUYCT TOK. HaHpaBHeHI/IC " BCJIMYUHBI TOKOB

B Ppa3NUYHBIX Yy4yacTKax LEMH 3aBUCUT OT CONPOTHUBJICHUS IUIEY MOCTAa,
COMNPOTUBJICHUS TaJIbBAHOMETPA, OT ANEKTPOABMIKYIIEH CUIIbI HCTOYHMKA TOKa. Ha
PHCYHKE CTpEJIKaMHi 0003HauY€Hbl BO3MOYKHBIC HAIPABJICHUS TOKOB.

[Tanennss wHanpspkenuss Ha ydactke ACB paBHO maJieHHIO HampsDKEHUS Ha
yuactke ADB npu m00BIX BeIMYMHAX CONPOTHBICHUM IUIEY MOCTa, MOATOMY,
HU3MEHSSI 3T CONPOTUBIICHHUS, MOXXHO JOOUTHCS PAaBHOBECHS MOCTa, T.€. TaKOTO
COCTOSIHUSA, KorAa moTeHuansl Touek C u D okaxyTcs oguHakoBeiMU V. =Vp

BriBegeM COOTHOIIEHUE MEXIY COMPOTUBJICHUSMH IJIEY MOCTa, KOTOPOE OyieT
BBITIOJTHATBCSI TIPU €r0 paBHOBECHHU. /[l 3TOro BOCMOJB3yeMCs MpaBUIaMU
Kuproda:

IlepBoe npaBuyio Kupxrodga

Anrebpandeckasi CyMma TOKOB, CXOJISIIMXCS B y3JIe, paBHA HYJIIO:
n

> 3. =0

k=1

N-4UCII0 TPOBOJHUKOB, CXOJAIIUXCA B y3ie (Y3JIOM Ha3bIBaeTCAd TOYKa
pPa3BETBIICHHUS 1IEMU T.€. TOUKA, B KOTOPOU CXOIUTCS OOJIBIIIE IBYX MMPOBOJHUKOB).

Toku mpoxomsiye K y37y, CUUTalOTCS (YCJIOBHO) TOJIOKUTEIIBHBIMH,
OTXOJSIINE OT y3J1a — OTPULIATEIIbHBIMH.

ITepBoe mpapuino Kuproda BeITeKaeT U3 TOro, 4To B ClIydae yCTAaHOBUBIICTOCS
MMOCTOSTHHOTO TOKA HU B OJHOW TOYKE MPOBOJIHUKA U HU HA OJTHOM €r0 YYacTKE HE
JIOJKHBI CKaIlJIMBATHCS JIEKTPUUECKUE 3aPSI/IbI.

Bropoe npaBuyio Kupxroda

B mo0oM 3aMKHYTOM KOHTYpE, HMPOM3BOJIbHO BBHIOPAHHOM B Pa3BETBICHHOM
ANEKTPUUECKOW 1enu, ajiredpavyeckass cymMma NaJeHUN HampshkeHUH Ha
OTIEJBHOM  ydacTKax »JTOro KOHTypa paBHa aiureOpandeckod cymme
ANEKTPOABMKYIIIUX CUJI HICTOYHUKOB, BKIIFOYEHHBIX B JAHHBIM KOHTYD.



M

> 3R =YE,
k=1

k=1
['te N1 — 4Kco y4yacTKOB, HA KOTOPBIE KOHTYpP pa30MBaAETCs y3/1amH,
N2 — YUCIIO UCTOYHUKOB TOKA, BKIIFOYEHHBIX B TAHHBIN KOHTYP.

Bynem cuutaTh (YyCJIOBHO) TOYKH, TEKYIIHME B KOHTYpE IO YacCOBOM CTpeliKe,
MOJIOKUTEIIbHBIMU, TPOTUB YACOBOM CTPEIKU — OTPUIIATEIHHBIMH.

Bropoe mnpasmwino Kuproda sBasercs o6oOmenueM 3akoHa Owma uis
Pa3BETBJICHHBIX AJIEKTPUUECKUX IETEH.

3anuiem nepBoe npasuio Kuproda ans ysnos C u D.
J,-J,-J.=0 (4)
J,-3,-3.=0 (5)
[Tpu paBHoBecuu MocTa (V¢-Vp, Vs=0) 311 paBeHCTBa Oy Iy T BBITIIAICTD:
J,=J, (6)
J, =3, (7)
3amuimem BTopoe mpasmiio Kupxroda mis koutypos ACD u BCD
J,R, +J,R; —J,R, =0 (8)
J,R, - J,R, = J.R, =0 (9)
B mpaBoii yacTu paBeHCTBa CTOST HYJH, TaK KaK B 3THX KOHTypax HE UMEETCs

UCTOYHHUKOB TOKA.
[Tpu paBHOBecuu MocTa paBeHCcTBa (8) u (9) OyayT BBITTIAACTS:

JiR, = J3R, (10)
J,R, =J,R,(11)
[Moaenum mounenno (10) Ha (11) u yurs (6) u (7), MOJTydUM COOTHOIICHUE MEKIY

COIIPOTUBJICHUAMM IJICY MOCTAa B MOMCHT €T'0 PaBHOBCCH:I.

Rl RS
=8 (12
R, R4( )

Teopust onbITA

B nmaboparopHoii paboTe MCIOIB3yeTCs MOCT YUTCTOHA M300paKCHHBIM Ha
pucynke 3. CompotuBienuss R3 u R4 pasubel. Takum oOpaszom, ucxons u3
dbopmynbl (12) B MOJI0KEHUH paBHOBECHS (KOrja rajbBaHOMETpP ToKa3biBaeT 0)
conpoTtuBieHue R; Oyner paBHo R,;. B nanHoii 1aGopaTtopHoii padboTre BMecTO
conporuBjJeHuss Ri moakao4dawT audo Ry, aubdo Ry, 1160 koMOuHAIMIO U3
napajuieJibHO coeUHEeHHbIX Rx1 1 Ry Win mocjieqoBaTeibHO COeMHEHHBIX
Rx1 1 Rx2

Onucanue IKCNEPUMEHTAIbHOU YCTAHOBKHU

Moct YutcTona Ha cteHae coopan yactuaHo. MimMerotcst conpotuieHus: R3
u R4 (R3=R4). TI'aipBaHOMETp HAXOIWTCS B JICBOM HIKHEM YIJy CTEHMA.



VICTOUHMKOM TOKa SIBJISIETCSI CBMHIIOBAsk aKKyMYJIATOpHas OaTapes HaxonAAIlasics
BHyTpu creHaa. ComporuBieHuss Rxi u Ry, HeH3BeCTHbI (peryiavpyrolmuMu
pydyKamMM HX 3HAY€HUsT MOXKHO MEHATh). MImeeTcss marasuH CONpPOTHBIICHHIA-
pUCYHOK 4. Pydykamu mMara3smHa MOKHO BBICTABIISITh Pa3JIMYHbIE CONPOTUBIICHUS C
TOoYHOCTEIO 710 0,010M

'@ T 700374 MATA3UH COMNPOTUBAEHUA MCP-50M -

Puc. 4. Mara3uH conpoTuBJIeHU.

IIpou3BOACTBO ONBITA

OnpeneneHne HEU3BECTHBIX CONPOTUBIEHUN Ry 1 Ryo!

1. 3apucoBarh B TeTpajke MOCT YUTCTOHA, TJ€ BMECTO COMPOTUBIEHUs Ri
oyner Ry, a BMecro R; wmarasun comnpotuBnenuil. [lokazaTth
MPENnoAaBaTeto.

2. 3apuCOBaHHYIO CXEMY cOOpaTh Ha CTCHJIE, OPUCHTHPYsCh Ha Touku A, C, B.
IToka3zare npenogaBaTesto.

3. B wmarasune comnpotruBieHudd BkiIOUMTE 90 Owm  (m0 BBeAcHUs
CONPOTHRJICHUS B MarazuHe kiod K BKIIOYUTH HENb3s, TaK Kak uepes
TaIbBAHOMETP TMPOTEUET CIUIIKOM OOJBIIONW TOK H CTpeja MOXKET
MPOTHYTHCS ). 3aT€M Ha MTHOBEHUE MepeBeCcTH K04 K B MO0KEHUE «BKIL»
U TIOCMOTPETh, B KAKYK) CTOPOHY OTKJIOHUTCS CTpPEJKA TrajJbBaHOMETpA.
3aMeTUTh HSTO HampaBJ€HUE. YMEHBIIUTh BBEJACHHOE COIMPOTUBIICHHE



PYKOATKOM A0 necsaTkoB OM, KaKIbli pa3 BKIItOYasi HAa MrHOBeHue Kirou K u
cnens 3a crpenkod. Korma crpenka OTKIOHUTCS B IMPOTHUBOIOJIOXKHOM
HaIlpaBJICHUH, 3HAYUT, BBEJICHHOE COINPOTHBIEHHE Mano. Torga ciuemyer
nepeity k eauHuIiaM OM U TakuM ke 00pa3oM HaWTH MOJIOKEHHE, KOT/Aa
BBEJICHHOE COMPOTHUBJIEHUE cTaHeT mano. [locime storo cienyer 106aBUTh
JECATKN OMa U T.1. Ba)XHO IIpU Ka)XJAOM MOJIOKEHUN PYKOSATOK BKIFOYATH
Ha MTHOBEHHE KIIIOY U CJIEAUTH 3a HAIPABICHHEM OTKIOHEHHS CTPEIKH.
OnHo HampaBJI€HUE YCIOBHO Ha3BaTh «MHOI0», APYTOE — «MAJIO».
ConpoTuBiieHHE Mara3uHa, Mpyu KOTOPOM MOCT OKa)KeTCsl B paBHOBECHH (T.€.
CTpenka He OyneT OTKIOHATHCS TPH 3aMBIKAHWHM KJII04Ya), pPaBHO
U3MEPSIEMOMY CONPOTUBIIEHUIO pe3ncTopa Ryi.

[ToBTOpUTH MyHKTHI 1, 2, 3, HO B KauecTBe R1 B MOCTE HCOIB30BaTh Ryo.
[ToBTOpPUTH MYHKTHI 1, 2, 3, HO B KauecTBe R1 B MOCTE HCIOJIB30BATH
MoCJIeA0BaTEIbHYI0 KOMOMHAIINIO. Ry 11 Ryo

[ToBTOpPUTH MYHKTHI 1, 2, 3, HO B KauecTBe R1 B MOCTE HCIOJIB30BATH
napajuielibHyr0 KOMOUHAIMI0. Ry1 1 Ry

3aHecTd B TETPalib AKCIEPUMEHTAIbHO MOJydeHHBbIE 3HaueHus Ry, Ry

3KCI 3KCI
x1,x2 mociar “*x1,x2 napaJ.

3Has OKCIICPUMCHTAJIbHBIC 3HAYCHUA Rxl, sz pacCUuTaTb TCOPCTHYCCKUC

Teop. Teop
Rxl,xz noca’ Rxl,xz napadi.

1

o opmynam.

J3KCII JKCII
PaccuntaTh aGCOMIOTHYIO TTOTPEIIHOCTh CPABHUB x1,x2 nocnr Rx1,x2 napan. 1
Teop. Teop ¥
Rx1 %2 TOC’ Rx1 X2 napan.” B kadecTBe DTAJOHHBIX 3HAYEHUU B3ATh

TEOPETUYECKHUMN paCUET.



