DHIeNbCCKUM TEXHOJIOTMYECKUA HHCTUTYT (puiinan) (penepaabHOro rocy1apcTBEHHOTO
O10KETHOTO 00Pa30BATENILHOTO YUPEKACHUS
BBICIIIET0 00Opa30BaHUs
«CapaTOBCKUI TOCYAapCTBEHHBI TEXHUYECKUI yHUBEpcUTET UMeHH ["arapuna FO0.A.»

Kadenpa «EcTecTBEeHHBIX 1 MAaTEMAaTUYECKUX HAYK

OU3UKA

Mertoaunueckue yka3aHus K
BBITIOJIHEHUIO JIA0OPaTOPHON PabOTHI
“U3MEPEHUE SJEKTPUYECKHUX COITPOTUBJIEHUIA
PE3UCTOPOB”
JUTSL CTYJIEHTOB HaIIPaBJICHUM

09.03.01 «MHu(popmaTuKa U BEIUUCIUTEIbHAS TEXHUKA»
09.03.04 «IIporpammHas HHKEHEPUS»

15.03.02 «TexHonornyeckue MammHbl 1 000PyA0BaHUE)

15.03.05 «KoHCTpYKTOPCKO-TEXHOIOTHYECKOeo0eCTIeYeHNE MAITMHOCTPOUTEIBHBIX
IIPOU3BOJICTB

18.03.01 «XuMuueckass TEXHOJIOTH
23.03.01 «HedrerazoBoe nemnox»

29.03.05 «KoHcTpynpoBaHue U31eNni JETKON MPOMBIIUIEHHOCTH»

OYHOU M 32049HOM (HOPMBI OOYUECHUS

dureianc 2024
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HN3mepeHue 3JieKTPUYECKUX CONPOTUBJIEHUI Pe3UCTOPOB
OCHOBHBI€ ITOJIOKEHHUS

Ecnmm Mexay KoHIIaMH TIPOBOJHWUKA HMMEETCS Pa3HOCTh IOTCHIIMAJIOB,
HaIIpUMeED, MPHU MOAKIIOYCHUN ITPOBOIHUKA K HCTOYHUKY TOKA, TO IO MPOBOIHUKY
UJIET TOK.

JIst ydacTka 3JICKTPUYECKOW IIeMH, HE BKIIIOYAIOIIEr0 MCTOYHUK TOKa, CHja
TOKa Ha 3TOM Yy4YacTKE MPOMOPIMOHAIIBHA Pa3HOCTH ITOTCHIIMAJIOB Ha KOHIIAX
yJacTKa:

1
J =E(¢1_§02) (1)
1 o
Kod(puLueHT mponopuuoHaIbHOCTH = B OTOii Gopmyne paznuyeH s

pa3HbIX MPOBOJAHUKOB. OH Ha3bIBACTCS MPOBOJAMMOCTBIO MPOBOJIHMKA, a 00paTHas
Benu4yrHa R Ha3pIBaeTCs CONMPOTUBJIEHHEM TTPOBOIHUKA.

CornacHO  JJEKTPOHHOM  TEOPUM  COMPOTUBIECHUE  METALTUYECKUX
MIPOBOJTHUKOB AJICKTPUUECKOMY TOKY BO3HHKAET BCJICACTBHE TOTO, YTO HOCHTEIN
TOKa — OJJIEKTPOHbI TPOBOAUMOCTH TIPH CBOEM JBW)KCHUH HCIIBITHIBAIOT
«COyMapeHus» C MOHAMH KPHUCTALIMYCCKOW pemieTku. [Ipu 3TOM ABIKyIIHECs
AJIEKTPOHBI TIEPEIal0T MOHAM YacTh CBOCH JHEPTHH, MPUOOPETCHHOW WMH IPH
CBOOOJHOM Tpo0ere B DJJICKTPOHHOM TMOJie. DHEprus, IepeAaHHas HOHaM,
MpEeBpaIlaeTCs B DHEPTHIO OECHOPSIOYHOTO ABUKEHUS HOHOB (YBEJIUYMBACTCS
aMIUTUTyJa KoyieOaHui), T.6. BO BHYTPEHHIOIO JHepruto. Pasznuume B
COMPOTHUBJICHUU PA3IUYHBIX METAUIOB OOBSCHACTCS PA3THUYACM BEITUYUHBI
CpeIHero cBoOOAHOTO MpoOera AJACKTPOHOB U KOJIMYECTBA CBOOOIHBIX DJICKTPOHOB
B €IMHUIIE 00bEMA MeTaJla.

BenmnunHa pa3HOCTH MOTEHIIMAIOB HA KOHIIAX MPOBOJHHWKA HA3bIBAIOT MAJCHUEM
HaMpsHKeHUs (WM HanpsiKeHueM) u o0o3HavaroT U:

U
J =R (2)

3akoH (1) unu (2) BBIMOTHSIOTCS ¢ OOJBINON TOYHOCTHIO, U HA3BIBAECTCS 3aKOHOM
Oma s yyacTKa HenmM: cuja TOKa Ha YYacTKe IENu, HE BKIIOYAIOUIEM
HMCTOYHUKOB TOKa, MPSAMO TPOMOPLIMOHAIILHO HAIPSHKEHWI0 HA 3TOM YYacTKe U
00paTHO MPONOPIMOHAIBHA CONTPOTUBIICHUIO MMPOBOJAHUKA HA 3TOM Y4aCTKE IIEMH.
3a egununy comnpotuBieHuss B cucreme eaunur; CM — om (OM) — mpunsTO
CONPOTUBJICHUE TAKOTO MPOBOJHHMKA, B KOTOPOM IpU HamnpspkeHUuW B 1 BoiibT (B)
BO3HMKaeT TOK B 1 ammep (A). OM paBeH CONMPOTUBIECHHIO PTYTHOTO CTOJIOA
BbIcOTOM 106,3 cM. 1 ceuenuto 1 mm? mpu 0° C.



MHOT0O4YHUCJIEHHBIMU  OIIbITAMM YCTAHOBJICHO, 4YTO COIIPOTHUBJICHHUE IIPOBOJHHKA
MpsAMO IMPOITOPHUOHAIBHO INIOHTaIN €I'0 IMOIICPCYHOTO CCUCHU !

R=p2 (3),

KO3 PUIMEHT TPOMOPIMOHATFHOCTH B ATOW (opMysie Ha3bIBACTCA Y/AeJbHbIM
CONIPOTHBJEHUEM: U3 ¢opMmyibl (3) HaxoguM pPa3sMEPHOCTh  YACIBHOTO
conpoTuBiieHus B cucreme CU:
[RI[S] Owm-n?
Lol = =
[1]

YI[CHBHOﬁ IMPpOBOAUMOCTBIO 0 Ha3bIBACTCA BEIUYMHA, 06paTHa51 YACIIBHOMY

=0m-m

COIMPOTUBJICHUIO:

s=1
yo,
B cucreme CU:
1 1
[6]=-= -
[p] Om-m

IlociietoBaTE/IHLHOE COeITMHEHNE MTPOBOJTHUKOB.

3 2 R, ], R, 3, R, 3, R
e B o o B " ----- @—
O ©) ©)
Q)
Puc 1.

[Ipu mociemoBaTEILHOM COCTMHEHUH Yepe3 BCE BKIIFOUCHHBIC B IEITh MPOBOTHUKHU
MPOXOJUT TOK OJHOM W TOM Ke Ccuibl, T.e. Ji1=Jp=...=J,=Const, a oOmee
HaIpsHKEHUE Ha OTJCNbHBIX YUaCTKAX:

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

OO6ree conpOTHBIICHUE:

Ecm R, =R, =..=R,,To U, =U, =...=U_ ,Torma U =n=*U,,a R=n*R,



ITapaJjuiejibHOE coeMHEHHUE TPOBOAHUKOB.

HpI/I mapayuiCJibHOM COCAMHCHNH B Y3JIaX TOK Pa3BCTBILACTCA, CyMMa CHUJI TOKOB
BO BCCX COCAMHCHHLIX IIPOBOAHHWKAX PaBHA CUJIC TOKA OO M ITOCJIC PA3BCTBJIICHUA

Vo
f
x. [ ]
\ 2

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

HanpsbxkeHue ke BO BCEX COECIUMHEHHBIX MPOBOJHUKAX OAHO M TO K€, PaBHOE
o0LIeMy HaNpsKEHUIO

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

OO6m1ast MPOBOANUMOCT:

1_J_ v bt :£+J—2+...+J—” :i+i+...+i

R U U Uu u U R R, R

T.C.

1 1 1 1

=ttt —

R R R, R,

CnenoBatelnbHo, CONPOTHUBJIEHUE BCEro pa3BeTBJIEHUSI MeHbIIIe

CONPOTHUBJIEHUS KAXKIAOI0 W3 NAPA/LIeJbHOr0 COeIHMHEHHBIX IPOBOIHUKOB.
R

Ecimmt R1=R,=...=R,, To J=n*J; u torma R=-.
n

MocTtoBas cxema (MOCT YUTCTOHA), IpeIHa3HAYCHHAS JJIs1 U3MEPEHUS
AIEKTPUUECKUX COMPOTUBIIEHUM (pHC. 3), COCTOUT U3 YEThIPEX CONPOTUBICHUH,



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:
$ 5, <0
k=1

N-4UCJI0O TIPOBOJHUKOB, CXOASAIIUMXCA B y3Je (y3J0M Ha3blBaeTCs TOYKa
Pa3BETBIICHHS IIEIH T.€. TOUKA, B KOTOPOM CXOIUTCS OOJIBIIE IBYX IMTPOBOJHUKOB).

Toku mpoxomsdmue K Y31y, cudTaroTrcs (YCIOBHO) IOJOKHUTEIbHBIMH,
OTXOJISIIIUE OT y3JIa — OTPULIATEIIbHBIMH.

[lepBoe mpaBuio Kuproda BeITekaeT U3 TOro, 4To B Cliydae yCTaHOBUBIIETOCS
MMOCTOSIHHOTO TOKA HA B OJHOM TOYKE MPOBOJHUKA U HA HA OJTHOM €r0 Y4acTKE HE
JIOJKHBI CKaIlJIMBATHCS JIEKTPUUECKUE 3aPSI/IbI.

Bropoe npaBujio Kupxrodga

B mo0oM 3aMKHYTOM KOHTYpE, MPOM3BOJILHO BBHIOPAHHOM B Pa3BETBICHHOM
JIEKTPUUECKOW TIemu, aireOpanyeckas CcymMma TaJeHUN HampsHKeHUH Ha
OTIIEJTPHOM  y4YacTKaX JTOr0 KOHTypa paBHa  aireOpanyeckod CyMmme
AIEKTPOABUKYIIMX CHAJI ICTOYHUKOB, BKIIFOUCHHBIX B JAHHBIA KOHTYP.



M Ny
> IR =D,
k=1 k=1
['ie N1 — 4Kcno yyacTKOB, HA KOTOPBIE KOHTYpP pa30MBaETCs y3/1aMH,
Ny — 9MCTI0 UCTOYHUKOB TOKA, BKIIFOUEHHBIX B JAHHBIN KOHTYP.
bynem cuutaTh (yCIOBHO) TOYKH, TEKyLIME B KOHTYpE MO YacOBOH CTpeEIKe,
MOJIO’KUTEIBHBIMU, IPOTUB YACOBOM CTPEJIKU — OTPUIIATEIbHBIMH.
Bropoe mpasuno Kuproda sBusercs o0oOmenuem 3akoHa Owma s
Pa3BETBJICHHBIX AJIEKTPUUECKUX IETEH.

3anumem nepsoe npasuwio Kuproda ans ysnos C u D.
J,-J,-3.,=0 (4)
J,—-J,-3;=0 (5)
[Tpu paBHoBecuu MocTa (V¢-Vp, Vs=0) 311 paBeHCTBa Oy Iy T BBITJISAICTD:
J,=J, (6)
J; =3, (7)
3amuiem BTopoe mpasmiio Kupxroda mis koutypos ACD u BCD
J,R +JRs —J;R,; =0 (8)
J,R, - J,R, —J.R, =0 (9)
B mpaBoiif yacTu paBeHCTBa CTOST HYJH, TaK KaK B ATHX KOHTypax HE UMEETCs

HUCTOYHHUKOB TOKA.
[Tpu paBHOBecuu MocTa paBeHcTBa (8) 1 (9) OyayT BBITIIAACTS:

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

COIMPOTHUBJICHUAMMU ILJICY MOCTAa B MOMCHT €I'O paBHOBCCHA.

R_Rs 19
R, R4( )

Teopus onpiTa

B naboparopHoii paboTe UCMOIB3YeTCsI MOCT YUTCTOHA M300paKEHHBIN Ha
pucynke 3. ComporuBnenuss R3 u R4 pasuapl. Takum o0Opazom, ucxoas u3s
dbopmyinbl (12) B MOJI0KEHUU paBHOBeCHsl (KOrja rajbBaHOMETpP MoKa3biBaeT 0)
conpoTtuBieHue R; Oyner paBHo R,. B nanHoii 1aGopaTtopHoii padbore BMecTO
conporuBJieHus: R1 moakiarovyawTt au60 Rxi, 1100 Rx2, 1M060 KoMOMHALMIO U3
napajuiejbHO coeAnHeHHbIX Rx1 m Rx: mim mocjienoBaTesibHO coeIMHEHHBIX
Rx1 1 Rx2

Onucanue IKCNEPUMEHTAILHON YCTAHOBKH

Moct YutcToHa Ha cTeHjae coopan yactTuuHo. MimeroTcs conpoTtuBieHus R3
u R4 (R3=R4). Tl'anpBaHOMETp HAXOIWTCS B JICBOM HIKHEM YIJy CTCHIA.



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.



