DHIeNbCCKUM TEXHOJIOTHUECKUA MHCTUTYT (puiinan) dheaepaabHOro rocy1apcTBEHHOTO
OI0/KETHOrO0 00pa30BaTEIbHOIO YUPEKACHUS
BBICIIETO 00pa30BaHuUs
«CapaToBCKuid rOCYJapCTBEHHBI TEXHUYECKUN YHUBEpCcUTET uMeHU ['arapuna FO.A.»

Kadenpa «EcTecTBEHHBIX 1 MAaTEMAaTHYECKUX HAYK»

PU3UKA

Meroauyeckue yka3aHus K
BBITIOJTHEHHIO JIAOOpaTOPHOU pabOThI
“U3MEPEHME JJIEKTPUYECKUX COIMMPOTUBJIEHUI
PE3UCTOPOB”
JUISl CTYJ€HTOB HaIPaBJICHUM

09.03.01 «MudopmaTuka 1 BEIYUCITUTEIbHAS TEXHUKA)
09.03.04 «IIporpamMMmHas HHXEHEPUS»

15.03.02 «TexHOMOTHYECKHE MAIIUHBI U 000PYIOBAHUE)

15.03.05 «KOoHCTpYKTOPCKO-TEXHOIOTHUECKOEO0ECTICUeHNE MAIIMHOCTPOUTEIBHBIX
TIPOM3BOJICTBY

18.03.01 «Xumuueckas TEXHOJIOTHUI»
23.03.01 «HedrerazoBoe memnox»

29.03.05 «KoHcTpyrpoBaHue U3EIHM JIETKONH TPOMBIIIIEHHOCTH

OYHOM U 3204HOM (POPMBI 00YUEHUS
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N3mepeHue 3J1eKTPUYECKUX CONPOTUBJICHUN PE3UCTOPOB
OCHOBHBIE MTOJIOKEHUS

Ecaim wmexay KOHIIaMHM IIPOBOJHMKA HMEETCS PA3HOCTh IOTEHUHAJIOB,
HanpuMmep, Mpyu MOAKIIFOYEHUH TPOBOIHUKA K UICTOYHUKY TOKA, TO IO IPOBOJHUKY
UJIET TOK.

JInst ydacTka 3IEKTPUYECKOW LENH, HE BKJIIOYAIOLIET0 UCTOYHUK TOKA, CHJIA
TOKa Ha 3TOM YYacTKE MPONOPUHOHAIbHA PAa3HOCTH IOTEHIMAJIIOB HAa KOHIAX
y4acTKa:

1
J==(p,—9,) (1)
R
1 o
Ko>puIueHT nponopuuoHaaIbHOCTH = B OTOii GopMysie pasnudeH s

pa3HbIX MPOBOAHUKOB. OH HA3bIBACTCS MPOBOJAMMOCTHIO MPOBOJIHKKA, & 0OpaTHAS
BeJMurMHA R Ha3bIBaeTCs cOMPOTUBJIEHHEM IPOBOJIHHKA.

CornacHO  DJIGKTPOHHOM ~ TEOpUM  CONPOTUBIICHHE  METAJUIMYECKUX
IIPOBOJTHUKOB AJIEKTPUUECKOMY TOKY BO3HUKAET BCIEACTBUE TOTO, YTO HOCHUTENU
TOKa — 3JJIEKTPOHbI TNPOBOAMMOCTH TPHU CBOEM JBW)XEHUU MCIBITHIBAIOT
«COYIapeHus» C MOHAMHM KpUCTAUIMYECKOM pemieTku. [lpu sTom nBmKyumecs
AJIEKTPOHBI TEPENAIOT MOHAM YacTh CBOCH JHEPTUM, MPUOOPETEHHONW WMH TpHU
CBOOOHOM TIpo0ere B DJJICKTPOHHOM TOJie. ODHEprus, IepeAaHHas HOHaM,
MpeBpaIiaeTcss B SHEPTHIO0 OECHOPSIOYHOTO JBWIKEHUS HOHOB (YBEITUYMBACTCS
aMIUTUTyJa KoyieOaHui), T.6. BO BHYTPEHHIOW »HHeprut. Pazmuuue B
COMPOTHUBJICHUU PA3NMYHBIX METAUIOB OOBACHACTCS Pa3IMUUEeM BEIUYHMHBI
CpeaHero cBoOOHOTO Mpodera MMEKTPOHOB U KOJIMUECTBA CBOOOHBIX JIEKTPOHOB
B €IMHUIIE 00BbEMA MeTaJlIa.

BenuunHa pa3sHOCTH MOTEHIIMAJIOB HAa KOHIAX MPOBOJHWKA HA3bIBAIOT MajeHUEM
HaIpsHKeHUs (WA HaTpsKeHueM ) 1 o6o3navarot U:

U
J =R (2)

3akoH (1) unu (2) BBIMOMHSIOTCS C OOJBIION TOYHOCTHIO, U HA3bIBAETCSI 3aKOHOM
Oma s yyacTKa menM: cuja TOKa Ha YYacTKe IEeMu, He BKIYAIoIEM
MCTOYHUKOB TOKA, MPSIMO MPOMOPIMOHAIILHO HAMNPSHKEHUIO Ha ATOM y4YacTKEe U
0o0paTHO NMPONOPIMOHATBHA COMTPOTUBIICHUIO MPOBOJHUKA HA ’TOM YYacTKe LEIH.
3a egununy comnpotuBieHus B cucreme eauHul, CHU — om (OM) — npunsTo
CONPOTHUBJIEHUE TAKOTO MPOBOJHUKA, B KOTOPOM IpH HampsbkeHud B 1 BoJbT (B)
BO3HHMKaeT TOK B 1 ammep (A). OM paBeH CONMPOTHUBIICHUIO PTYTHOTO CTOJ0a
BbICOTOH 106,3 oM. 1 ceuenmio 1 mm® mpu 0° C.



MHOro4YMCI€HHBIMUA ONBLITAMHU YCTAaHOBJICHO, 4YTO COIIPOTHUBJICHHUC IIPOBOAHHKA
MMpAMO IMPOIMOPHHUOHATIBHO IINIOMAaAN €TI0 MMOIICPEUYHOIO CCUCHU AL

R=p3 )

KO3 PUIIMEHT NPOMOPLHOHATBEHOCTH B 3TOM (opMyse Ha3bIBaeTCs YAeJbHbIM
CONnpoTHBJEeHUEM: u3 QopMmynbl (3) HAXOOAUM Pa3MEPHOCTh YIETHLHOTO

conpoTtusieHus B cucreme CU:
[R][S] Om-n?
[p] = =
[1] M

VYaenbHOM NpPOBOIMMOCTBIO & HA3bIBACTCA BEIUYMHA, OOpaTHasl YAEIbHOMY

=0m-m

COTIPOTUBIICHUIO:
s=t
P
B cucreme CU:
1 1
[6]= =
[p] Om-m

IociienoBaTe/ibHOE COeITMHEHME MPOBOIHUKOB.

[Ipu mocnenoBaTeIbHOM COCIMHEHUHN Yepe3 BCE BKIIFOUEHHBIE B IETTh TPOBOIHUKU
MPOXOJUT TOK OJHOM M TOW e cwibl, T.e. J;=J,=...=J;=const, a oOmee
HaIpsHKECHUE Ha OTACIBHBIX YUACTKAX:

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

OO6uiee cOnpoTUBIIEHUE:

Ecom R, =R, =..=R,,T0U,=U,=...=U_ ,Torma U =n*U,,a R=n*R,



IIapaJjieabHoe coeiHEHHEe MPOBOIHUKOB.
HpI/I napaJui€JIbHOM COCAMHCHHU B Y3JlaX TOK pPa3BETBIIACTCA, CyMMa CHUJI TOKOB
BO BCCX COCAMHCHHBIX IIPOBOJHUKAX paBHA CHUJIC TOKA A0 M ITOCJIC PA3BCTBIICHUSA

Vo
f
;U. [ I ]
v

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

HanpsikeHue xe BO BCEX COEIMHEHHBIX MPOBOJHUKAX OJHO M TO K€, PaBHOE
00111eMy HanpsHKEHHUIO

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

OO6m1ast MPOBOAMMOCT:

13 J+3,+.4d, 3, 3, Jj, 1 1 1

—=—= =L+ L4 L=+

R U U u u U R, R, R,

T.€.

1 1 1 1

—= ettt

R R R, R

CJ'ICI[OB&TCJ'IBHO, COIIPOTHUBJICHHUE BCEro Pa3BECTBJICHUA MEHBIIIE

CONMPOTHUBJIEHUS] KAMNKIAOT0 U3 NMAPALIEJBLHOI0 COeIHUHEHHBIX NMPOBOIHHMKOB.
R
Ecmm R1=R,=...=R,, T0 J=n*J; u Torga R =—*.
n
MocTtoBas cxema (MOCT YUTCTOHA), IpeTHa3HAYCHHAS JIJIST U3MEPCHHUS
AIIEKTPUYECKUX COMPOTUBIICHUH (pHC. 3), COCTOUT U3 YETHIPEX COMPOTUBIICHUH,



JYBCTBUTCIIbHOI'O I'aJIbBAHOMCTpA G, HCTOYHMKA NOCTOSHHOIrO Toka E u kimoua K.

Puc 3.
[Tpu 3aMbIKaHUU KJIIOYa B LIEMHU MMOTEYeT TOK. HampaBieHue U BEIHYHHBI TOKOB

B Ppa3IUYHBIX y4YacTKax II€MU 3aBUCUT OT CONPOTUBICHUS IIJIed MOCTa,
COTNPOTUBRJICHUS TaJIbBAHOMETPA, OT IEKTPOABIKYIIEH CHIIBI HICTOUYHHMKA TOKa. Ha
PUCYHKE CTpeJIKaMu 0003HAYEHBI BO3MOKHBIE HAITPABJICHUS TOKOB.

[Tanenus Hampsbxkenuss Ha ydacTke ACB paBHO TajneHWI0 HANPSOKCHUS HA
yagactke ADB mnpu nr00bIX BeTWYMHAX COMPOTUBICHUN IIJIEd MOCTA, TMOITOMY,
U3MEHSSI 3TU COMPOTHUBJICHUS, MOKHO JOOUTHCS PaBHOBECHS MOCTa, T.€. TAKOTO
cocTosiHUs, Korja noTeHuansl Touek C u D okaxyrtcs onuHakoBbiMH V=V

BriBeieM COOTHOIIIEHHE MEXy COMPOTUBJICHUSIMU IJIEY MOCTa, KOTopoe OyeT
BBITIOJIHATBCSI TIPU €r0 paBHOBecHHU. J[JI1 3TOro BOCMOJIB3yeMCsl MpaBUIaMU
Kuproda:

IlepBoe npaBujio Kupxroda
AnrebOpanyeckasi CcyMMa TOKOB, CXO/SIIIUXCS B y3JI€, paBHA HYJIIO:

>3, =0

n
k=1

N-4UCIIO TPOBOJHUKOB, CXOJAIIUXCS B Yy3ie (Yy370M Ha3bIBaeTCs TOYKa
Pa3BETBIICHHUS IICTIH T.€. TOUKA, B KOTOPOU CXOAUTCS OOJIBINE JBYX MTPOBOIHUKOB).

Toku mpoxondmue K Y31y, CUHUTAOTCS (YCJIOBHO) MOJOKHUTEIbHBIMU,
OTXOJISIIIUE OT y3J1a — OTPULIATEIIbHBIMH.

[TepBoe mpaBuio Kuproda BeITeKaeT U3 TOro, 4To B ClIiydae yCTaHOBUBIIIETOCS
MOCTOSIHHOTO TOKA HA B OJHOM TOYKE MPOBOJAHMKA U HU HA OJHOM €r0 y4acTKE HE
JTIOJKHBI CKAIlJIMBATHCS JIEKTPUYECKUE 3aPSI/bI.

Bropoe npaBujio Kupxrodga
B nmo6oM 3aMKHYTOM KOHTYype, MPOU3BOJIHLHO BBHIOPDAHHOM B Pa3BETBIICHHOUN

AIIEKTPUYECKOW ILienu, airedOpamveckass CcyMMa MaJeHUN HamnpsHkKeHHM Ha
OTJENbHOM  YyYacTKaX »3TOr0 KOHTypa paBHa  aireOpanyeckol cymme
IEKTPOJABIKYIIHUX CUJI HICTOYHUKOB, BKJIIFOUCHHBIX B JTAHHBINA KOHTYP.



M Ny
Z J k Rk = Z Er
k=1 k=1
['e Ny — 9nco y4acTKOB, HA KOTOPBIE KOHTYP pa30OWBAETCs y3/IamH;
N, — YUCJIO UCTOYHUKOB TOKA, BKJIIOUEHHBIX B JAHHBIN KOHTYP.
Bbyaem cuutaTh (YyCIOBHO) TOYKH, TEKYyIIME B KOHTYpE MO 4YaCOBOM CTpEJKE,
MOJIOKUTEIbHBIMU, TPOTUB YACOBOU CTPEJIKU — OTPUIATEIbHBIMHU.
Btopoe mnpaBuno Kuproda sBasercas o6o0meHueM 3akoHa Owma s
Pa3BETBJICHHBIX AJICKTPUUECKHX IETICH.

3anuiem nepsoe npasuiio Kuproda qis y3nos C u D.
J,-J3,-J. =0 (4)
J,-3,-3.=0 (5
[Tpu paBuoBecun MocTa (V-Vp, V5=0) 311 paBeHcTBa OyIyT BBITIIAACTD:
J,=J, (6)
J,=3, (7)
3anumieM BTopoe npaBuiio Kupxroda mis kontypo ACD u BCD
J,R +JR, —J;R, =0 (8)
J,R,—J,R,—J.R, =0 (9)
B mpaBoiif yacTu paBEHCTBA CTOSAT HYJH, TaK KaK B 3TUX KOHTypax HE MMEETCs

MCTOYHUKOB TOKA.
[Tpu paBHOBecuu Mocta paBeHCcTBa (8) 1 (9) OyayT BBITISACTS:

iR, =J;R; (10)

J,R, =J,R,(11)
[Moxenm nowinenno (10) va (11) u yurs (6) u (7), OJIyIUM COOTHOIIICHHE MEKITY
COIPOTHUBJIEHUSAMHU IJIEY MOCTA B MOMEHT €r0 PaBHOBECHSI.

R _R 19
R, R,
Teopus onpiTa
B nmaboparopHoii paboTe UCMOJIb3yeTCss MOCT YHUTCTOHA M300paKEHHBIN Ha

pucynke 3. ComporuBieHus R3 u R4 paBawl. Takum oOpazoM, ucXons U3
dbopmyinbl (12) B Mojg0oXKeHUH paBHOBECHs (KOT/a TallbBaHOMETp IMokasbiBaeT ()
conporuBieHue R; Oyner paBHo R,. B manHoii J1abdopaTopHoii pa6oTe BMecTO
conporuBjeHus R; moakiawo4yawt audo Ry, audo R,,, 1100 komOuHaANMIO U3
napajjieJibHO cOoeJUHEeHHbIX R,; 1 R,, mwiu mocjienoBaTeibHO CoeIMHEHHBIX
Ryx1 1 Ry

Onucanue IKCNEPUMEHTAIBLHOI YCTAHOBKH
Moct YurcTona Ha creHae coOpaH yacTuaHo. Mmerotcs conmpotusnenus R3
u R4 (R3=R4). l'anmpBaHOMETp HAXOAWTCS B JICBOM HW)KHEM YIJy CTCHJA.




HcTtournkoM TOKa SIBJISIETCS CBUHIIOBASs aKKyMYJATOpHasi Oarapes HaxOJSIIasCs
BHyTpH cTeHaa. CompotuBieHUS Ry; W Ry, HEHW3BECTHBI (PETyIHPYIONUMHU
pyYKaMH WX 3HAYCHHUS MOXXHO MEHATH). MMmeeTcs MaraswH CONpPOTHUBJICHUN-
pucyHOK 4. PydkaMy Mara3nHa MO>KHO BBICTaBJISITh PAa3IMYHBIC COMPOTUBICHUS C
TouHOCTHIO 710 0,010M

Puc. 4. Mara3uH conpoTuBJICHUIA.

IIpon3BoACTBO ONBITA
OnpenesieHre HEU3BECTHBIX CONPOTUBIEHUN Ryq 1 Ryo!

1. 3apucoBarh B TETpaJKe MOCT YHUTCTOHA, IJI€ BMECTO CONPOTHUBIECHUS R
oyner Ry, a BMmecro R; wmarasun comnporuBnenmii. [lokazaTth
MpenoaaBaTelto.

2. 3apucoBaHHYIO cXeMy coOpaTh Ha CTeHJe, OpUeHTUPYsICh Ha Touku A, C, B.
[Toka3aTe npemnogaBaTento.

3. B wmarasune compoTuBieHuid BkimwouuTh 90 Owm (10  BBeaeHUs
CONIPOTHBJIEHUS B MarazuHe K4 K BKIIOYMTH HENb3s, TaK Kak 4Yepe3
TaIbBAHOMETP TMPOTEUET CIUIIKOM OOJBINIOW TOK H CTpeja MOXKET
MPOTHYTHCS ). 3aTEM Ha MITHOBEHHUE MEPEBECTU KItou K B MONOKEHHUE «BKIL)»
U TIOCMOTPETh, B KaKyl) CTOPOHY OTKJIOHHUTCS CTpE€JIKa TrallbBAaHOMETpA.
3aMeTUTh HSTO HampaBl€HHE. YMEHBIIUTh BBEIACHHOE COMNPOTUBIICHUE



PYKOSITKOM 10 fiecaTkOB OM, KaxK/Iblil pa3 BKJIto4Yasi Ha MrHoBeHue kitou K u
cinena 3a crpenkod. Korma crpenika OTKIOHUTCS B IPOTHUBOIMOJIOKHOM
HanpaBJICHUM, 3HAYUT, BBEICHHOE COMPOTHUBICHHE Mayo. Toraa cieayet
nepedTd kK eauHuiiaM OM M TakuM K€ 00pa3oM HaWTH MOJIOKEHHE, KOoraa
BBEJICHHOE COTPOTUBJICHUE CTaHET Mmano. [locme sToro criemyer moO6aBUTH
JECATKY OMa U T.J. BaXXHO IpU KaXJA0M TOJIOKEHUHU PYKOATOK BKIIIOYATh
Ha MTHOBEHHE KIIIOY U CJIEAUTH 3a HAIPaBICHHEM OTKJIOHEHHS CTPEJIKH.
OpnHO HampaBJIE€HUE YCIOBHO HA3BAaTh «MHOTO», IPYTO€ — «MAJIO.
CornpoTuBiieHHE Mara3uHa, Mpu KOTOPOM MOCT OKa)KETCsl B paBHOBeCHHU (T.e.
CTpesiika He OyJeT OTKJIOHSThCA TIPU 3aMbIKaHUW KJIIOYa), PaBHO
HU3MEPSIEMOMY COITPOTHUBJICHHUIO pe3ucTopa Ry;.

[ToBTOpUTH MyHKTHI 1, 2, 3, HO B KauecTBe R; B MOCTe UCIIOIB30BATH Ry;).
[ToBTOpUTH MyHKTHI 1, 2, 3, HO B KauecTBE R; B MOCTE UCIIOIB30BATH
MOCJIeIOBATEILHYI0 KOMOMHAITNIO. Ry 11 Ry,

[ToBTOpUTH MYHKTHI 1, 2, 3, HO B KauecTBE R; B MOCTE UCIIOIB30BATH
napasuieNIbHyr0 KOMOUHAIMI0. Ry 1 Ry

3aHecT B TETpajb SKCHEPUMEHTAIIHO MOJy4YeHHble 3HaueHusd Ry, Ry,

3KCII 3KCII
x1,x2 nocar “'x1,x2 napaJ.

3Has SKCHEepUMEHTalbHble 3HaueHUsi Ry, Ry, paccuurtars Teopernueckue

RTeop. RTeop

x1,x2 mocn’ ~"x1,x2 napal. 110 (I)opMynaM.

JKCII JKCI
Paccunrarh abCONOTHYIO MOTPEIIHOCTh CPABHUB Ry7 3o nocns Rr1x2 napan, H
Teop. Teop o
Ryix2nocn  Rxixznapan. B KadecTBe OTalOHHBIX 3HAYCHUH  B3STH

TEOPETUUECKUH PaCUeT.



