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dneKTpUUEcKoe ConpoTUBeHne O0bbekTa ABAAETCA MEPOW ero NPOTUBOAENCTBMA NPOTEKAHMIO
anekTpuyeckoro Toka. Ero obpaTtHas BeanumnHa paBHa 3NeKTpuUyeckasa NpoBOANMOCTbD,
N3MepAIoLLAaa NErkoCTb, C KOTOPOW NMPOXOANT INEKTPUUYECKMIA TOK. INEKTPUUYECcKoe
COMNPOTUBAEHNE NMEET HEKOTOPbIE KOHLENTYyabHble Napanieny ¢ MexaHn4ecknum TpeHrem.
EanHunuen anektpuyeckoro conpotusnenunsa B CV aensetca Owm (QQ), B TO Bpemsa Kak
NeKTpnyeckas NPOBOANMOCTb N3MepPAETCA B cuMeHcax (S) (paHee Ha3biBasachk "mho”, a 3aTem

obo3Hauanace O).

ConpoTuBaeHne obbekTa B 3HaUNTENbHOW CTEMEHW 3aBUCUT OT MaTepmana, n3 KOTOporo oH
caenaH. O6beKTbl, U3roTOBNEHHbIE N3 3IeKTPUYECKMX N30/IATOPOB, TakKUX Kak pe3nHa, Kak
NpaBuaO, MMEOT OYEHb BbICOKOE COMPOTUBAEHWNE N HU3KYHO MPOBOAMMOCTb, B TO BPEMS Kak
06BbEKTbI, N3rOTOBJ/IEHHbIE M3 3/1EKTPUYECKMX MPOBOAHNKOB, TakMUX Kak MeTa/libl, Kak MpPaBuIo,
MMELOT OYEeHb HN3KOE COMPOTUBEHMNE U BbICOKYH MPOBOAMMOCTb. ITO COOTHOLLEHME
onpeAenseTca KOANYECTBEHHO C MOMOLLbIO YAE/IbHOrO COMPOTUBAEHNA AN NMPOBOAVMOCTU.
OgzHako Npupoga Matepuana - He eANHCTBEHHbIN GaKTop, BAVAIOLWMIA Ha COMPOTUBIEHNE U
NPOBOAMMOCTb; 3TO Tak>Xe 3aBUCUT OT pa3mepa 1 GopMbl 06beKTa, MOCKO/IbKY 3TW CBOUCTBA
OBLUNPHBI, @ HE MHTEHCKBHbI. HanprMep, conpoTuBaeHWe NPOBOAa BblLLE, €CNN OHO AJIMHHOE U
TOHKOE€, N HW>XKE, eC/I OHO KOPOTKOe M ToncToe. Bce 06bekTbl CONPOTUBAAIOTCA 3NEKTPUYECKOMY

TOKY, 3a NCKJIKDYEHMEM CBEPXMNPOBOAHUNKOB, COMPOTUBJIEHNE KOTOPbIX PaBHO HYJHO.

ConpoTuBneHne obbekTa R onpesensercs Kak OTHOLIEHWE Hanpsa>XXeHUs V Ha HeM K

NPOXOAALLEMY Yepe3 Hero Toky /, B TO Bpems Kak NpoBOANMOCTb G paBHa 0bpaTHOMN:

|4 I 1
R = —, G = — = —
I V. R
[Ans WMPOKOro cnekTpa MaTepranoB 1 yCAoBUIA ¥ 1 I NpAMO NPONOpPLMOHanbHbI APYT APYTY, U
No3ToMy R 1 G ABASAKOTCA KOHCTaHTaMK (XOTA OHW ByayT 3aBUCETb OT pa3Mepa 1 GopMbl 06bEKT],

MaTtepuana, 3 KOTOPOro OH U3roTOBJIEH, U APYrx GakTOPOB, TakMX Kak TeMnepaTypa nim
Aedopmauma). ITa NPONopPLMOHaNbHOCTb Ha3biBaeTca 3akoHoM Oma, a MaTepuanbl, KOToOpble eMy

YAOBJIETBOPAROT, HAa3bIBAOTCA OMUYeCKUMU MaTepunanamMn.

B apyrux cnyyasx, Takmx Kak TpaHchopMaTop, ANO4 AW akKyMyaaTop, V v I He ABASOTCA NPAMO

nponopumnoHanbHbIMW. CooTHOLWeHne L MHOrJa BCE elle NoJie3HO, N €ro Ha3blBatkoT XOpaOBbIM

%
(11[2]

conpomus/ieHUeM Nan cmamu4eckumMm conpomus/ieHuem, MOCKOJZIbKY OHO COOTBETCTBYET

06paTHOMY HaK/IOHY XOP/Abl MEXAY HavanoM KOopauHaT v kpusoil-V. B Apyrnx cutyaumsx
Hanbosee NONE3HOMN MOXET BbITb MPOV3BOAHASA ‘;—‘;; 3TO Ha3sbiBaeTca duggdepeHyuarbHbIM
conpomusJ/ieHuem.
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MMapaBanyeckas aHasorns CPaBHUBAET INEKTPUYECKUI TOK,

NpoTeKaroLLMA MO LLensM, C BOLOW, TekyLleln no Tpybam.

Koraza Tpyba (cneBa) 3anosHeHa Bonocamu (crnpasa),

TpebyeTtca bonbluee faBaeHne Aaa AOCTUXKEHUA TOrO Xe

noToka Bogbl. [ponyckaHne 3n1eKTpUYeckoro Toka vepes

6o/bLIOe conpoTUBAEHNE NOJO0O6HO NPOTaNKMBaHWIO BOAbI

yepes Tpyby, 3a6uTYyt0 BOoNocamu: Tpebyetca 60abLINiA

TONYOK (371eKTPOABUXKYLLLAA CMa), UTODbI BbI3BaTb TOT XKe

MOTOK (3NIEKTPUYECKUIA TOK).
B ruzapaBanyeckon aHanoruv Tok, NpoTekaroLw M no nposogy (Mam pesnctopy), nogobeH Boze,
Te|<yL|.|,e17| no pr6e, a najgeHune HarpaxeHnda Ha nposoje I'IOAO6HO najgeHMo JaBAEHNA, KOTOPOE
BbITaJIKMBa€T BO4Y 4Hepes pr6y ﬂpOBOAI/IMOCTb nponopunoHaabHa BEANYNHE pacxoda npu
3ajaHHOM JaBAeHWUK, a CONPOTUBIEHUNE MPOMNOPLNOHAJIbHO TOMY, KaKoe JaBJieHne Tpe6yeTc9|

ANna AOCTXEHNA 3a4aHHOIoO pacxoja.

MageHne Hanps>xeHua (T. . pa3HULA MeXAy HanpsaXXeHVAMM Ha OLHOW CTOPOHE pe3ncTtopa M Ha
Apyron), a He camo Hanps>keHuve, obecneymBaeT ABUXKYLLYHO CUY, MPOTaAKMBAKOLLYHO TOK Yepes
pe3nctop. B rugpasavike 3T0 aHaNOrMUYHO: Pa3HOCTb AaBAEHUIM MEXAY ABYMS CTOPOHaMu Tpy6bl,
a He caMo JaB/ieHVe, onpeenseT NoTok yepes Hee. Hanpumep, Hag Tpybon MmoxeT ObITb
6o/bLLOe AaBNEHME BOAbI, KOTOPOE MbITAaeTCsA MPOTONKHYTb BOAy BHM3 no Tpybe. Ho nog tpybon
MOXeT ObITb Takoe e 60/blLoe AaBAeHWNe BOAbl, KOTOPOEe MbITaeTcs NPOTONKHYTb BOAy 0b6paTHO
yepes Tpyby. Ecm 3T gaBneHua paBHbl, Boga He TeyeT. (Ha n3obpaxxeHunu cnpaBa jaBaeHuve

BOAbI Nog Tpybon paBHO HyAtO.)

ConpoTnBaeHWE 1 NPOBOAMMOCTb NPOBOAA, Pe3VCTOPa UAN APYroro 31emMeHTa B OCHOBHOM

onpeaenAarTCca AByMA CBOMCTBAMM:

e reometpusa (popma), u

e MmaTepvan
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CONpOoTUBAEHME (MEHBLUYHO MPOBOAMMOCTb), YEM KOPOTKMI TONCTbIN MEeAHbIV MPOBOA,

MaTtepwuanbl Tak>ke BaxkHbl. Tpyba, 3anosHeHHas BONOCaMW, OrpaHNUYMBAET NOTOK BOAbI 60AbLue,
yem ymcrasa Tpyba Ton ke GopMbl U pa3mepa. AHaNOTNYHO, 31IEKTPOHbLI MOTYT CBOHOAHO W Nerko
MPOXOANTb Yepe3 MeAHbI MPOBOJ, HO HE MOTYT TaK Xe JIerko NpPOoXoAnTb Yepes CTaibHOW
NPOBOA TOW >ke GOpPMbI N pa3mepa, 1 OHW, NO CyLLEeCTBY, BOObLLLE He MOTYT MPOXOANTbL Yepes
U30/1ATOP, TaKOW KaK pe3nHa, He3aBMCUMO OT ero GopMbl. PasHuLa MeXay Mefbto, CTabio U1
PEe3NHON CBA3aHa C NX MUKPOCKOMUYECKOW CTPYKTYPOW U 31IeKTPOHHOM KOHGUrypaLmen, u

KOJIM4eCTBEHHO onpeaendaeTca CBOI7ICTBOM, Ha3blBa€MbIM YAe/IbHbIM COMPOTUBAEHUEM.

B sononHeHWe K reoMeTpum 1 Matepuany, CyLLeCcTBYHOT pas3/inyHble Apyrne GpakTopbl, KOTOpble

BANAKOT Ha COMPOTUBJIEHNE N MPOBOANMOCTb, TaKME KaK TEMIMEPaTypa; CM. HIXKE.

ITpOBOHUKHU U PE3UCTOPHI

- : Hli-i = 2= i

Pe3nctop Ha 75 OM, naeHTnduLmpyembii

MO ero 3/JIeKTPOHHOMY LIBETOBOMY KOZY

(bnoneToBO—3€/1€HbIV—YEPHbIN-3010TUCTO-

KpacHbI). [ns NpoBepPKM 3TOr0 3HaYeHMWs

MO>XHO MCMO/Jb30BaTb OMMETP.
BeLLl,eCTBa, MO KOTOPbIM MOXET MPOTEKATb JIEKTPUUECTBO, Ha3bIBAOTCA MPOBOAHVNKAMMW. KyCOK
npoBoAALLEro MaTepmasa C ornpeaeseHHbiM CONPOTUBAEHUNEM, HpeAHa3HaHeHHbIIZ ANnA
NCNOJIb30BaHWA B LLEMN, HA3bIBAETCA PE3NCTOPOM. HpOBO,ﬂ,HVIKVI MN3roTaBMBarOTCA U3
MaTepManos C BbICOKOW npoBOAVMOCTbHO, TaKUX KakK M€E€TaJlJibl, B YaCTHOCTN ME€Ab U ANFOMUHUNA.
Pe3I/ICTOpr, C ,D,pyFOI7I CTOPOHDbI, N3roTaBANBAKOTCA N3 LLNPOKOTOo CNeKTpa MaTepmnaaos B
3aBUCMMOCTU OT TakKMX q)aKTOpOB, KaK >XesaemMoe conpoTtneaeHne, KOonm4yeCcTtsBo sHEPTNK, KOTOpPOe

OHO AOMXKHO paccenBaTb, TOYHOCTb 1 CTOMMOCTb.

3axkoH OMma

Large resistance Small resistance Diode Battery

i ;T/L ujh “IL

BonbTamnepHble XxapakTepUCTUKIN YeTbIpeX YCTPOWUCTB: ABYX PE3UCTOPOB, AMOAa U
6aTapen. lopu3oHTaNbHas OCb NpesCTaBaseT cO6OM NaseHne HanpsXeHWs,
BepTMKanbHas ocb - ToK. 3akoH OMa BbINOSHAETCH, Korga rpadurk npeactaBaset cobon
NPAMYHO JIMHNIO, MPOXOAALLYIO Yepe3 Hauano koopaunHat. CrefoBaTtesibHO, ABa

pe3ncTopa ABAAKOTCA OMUYECKUMU, a ANOA 1 baTapes - HeT.

https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Electrical_resist...  3/15


https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Electron
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Copper
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Steel
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Insulator_(electrical)
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Rubber
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Electron_configuration
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Resistivity
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Electrical_resistance_and_conductance#Dependence_on_other_conditions
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/File:Metal_film_resistor.jpg
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Resistor
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Electronic_color_code
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Ohmmeter
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Electrical_conductor
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Resistor
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Electrical_resistivity_and_conductivity
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/File:FourIVcurves.svg
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Current%E2%80%93voltage_characteristic
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Resistor
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Diode
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Battery_(electricity)
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Voltage_drop
https://translated.turbopages.org/proxy_u/en-ru.ru.2b9de015-645b4beb-ed10b6c7-74722d776562/https/en.m.wikipedia.org/wiki/Electric_current
https://ya.ru/
https://translate.yandex.ru/
https://en.m.wikipedia.org/wiki/Electrical_resistance_and_conductance

10.05.2023, 10:47 Electrical resistance and conductance - Wikipedia

en.m.wikipedia.org OpwuruHan

IxV

B LUMPOKOM AManasoHe HaI'IpFI)KGHI/II7| N TOKOB. CJ'Ie,D,OBaTeIIbHO, conpotuBaeHne n npoBoagnNMoOCTb

06BEKTOB U/ 31EKTPOHHBIX KOMMOHEHTOB, N3rOTOBNEHHbBIX U3 3TUX MaTepuanoB, MOCTOAHHbI.
ODTO COOTHOLIEeHMe Ha3biBaeTcs 3akoHoM Oma, a MaTepuanbl, KOTOpPble eMy MOAUNHAKOTCS,
Ha3bIBaOTCA OMUYeckUMU MaTepuanamu. Nprmepamm OMUYECKMX KOMMOHEHTOB ABASOTCA
npoBoAa 1 pe3nctopsbl. [paduk TOka—HaMPAXKEHNS OMUYECKOTO YCTPOMNCTBA COCTOUT U3 NPSMOW

JNHNN, npoxop,au.geﬁ yepe3 Hadano KoopanHaT C NOJIOXKUTENbHBIM HaK/JIOHOM.

Apyrve KOMMNOHEHTbI M MaTepuanbl, UCMONb3yEMbIE B 3NEKTPOHWNKE, HE MOAUNHAIOTCS 3aKOHY
OMa; TOK He NMPOMOpPLIMOHANEH HAMPSXKEHWHO, MO3TOMY COMPOTUBIEHNE U3MEHSIETCS B
3aBMCUMOCTY OT HamMps>XeHWs 1 NMPOXOAALLErO Yepes HUX Toka. OHM Ha3bIBaArOTCA He/IUHEUHbIMU
AN Heomuyeckumu. NMpumepamm MOTYT CYXWUTb AVOAbLI U NFOMUHECLLEHTHbIE Namribl. KprBas

TOK-Hanps>eHWe HEOMHOrO YCTPONCTBa NPEeACTaBAAET COOOM N3OTHYTYHO JIMHWUIO.

OTHolIeHne K YAE€JIbHOMY COIIPDOTHUBJICHHUIO U IIDOBOANMOCTH

A

Kycok pe3ncTrBHOro matepuana ¢

3/IEKTPUYECKUMU KOHTaKTaMU Ha
060MX KOHLIaxX.

ConpoTtrBaeHne JaHHOro 06bekTa 3aBUCUT B NMEPBYO o4yepesb OT ABYX GpakTOpPOB: 13 Kakoro
MaTepuana OH caenaH n ero dpopmel. aa JaHHOro Matepuana ConpoTmBeHEe 06PaTHO
NPONOPLIMOHANBbHO MAOLWAAMN NOMEPEUYHOrO CEYEHUS; HanpPUMep, TOACTbIN MeAHbIN MPOBOA,
MMeeT MeHbLLEee CONPOTUBAEHME, YEM UAEHTUYHBIA B OCTaJIbHOM TOHKWUA MEAHbIN NPOBOA.
Kpome Toro, ans gaHHOro Matepuana ConpoTUBAEHNE MPOMNOPLMOHANBHO AJIMHE; HaNpuUMep,
ANVIHHBIA MeZHbIV NPOBOA MeeT boJiee BbICOKOE COMPOTMBAEHUE, YEM UAEHTUNYHbIN B
OCTa/IbHOM KOPOTKWI MeAHbIM npoBog. CregoBatenbHO, conpoTmeaeHme R n nposoanmocts G

npoBoAHMKaA O4MHAKOBOTO nonepeyvyHoro cevyeHma MOXHO BbIUNCANTb KakK
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rae 4 A41MHa NMPpOoBOAHKMKA, M3MepPAEManA B METPax (M), 4 - naowajib nonepevyHoro cevyeHnA

NpoBOAHUKA, U3MepAaeMasn B KBaZPaTHbIX MeTpax (M 2), o (CI/IFMa) - 3TO 3/IEKTPOMNPOBOAHOCTb,

n3mMepaemMas B cumeHcax Ha meTp (C -m '1), a p (rho) - 3To 3nekTpnueckoe conpoTnBaEHNE (TakXKe

Ha3blBaeMoe y0eslbHbIM 31eKmpuYecKUM conpomusg/ieHueM) MaTepuana, uamepsaemoe B OM-
meTpax (QQ'M). YaenbHoe conpoTmBieHre U NPOBOANMOCTb ABAAOTCA KOHCTaHTaMU
NPONOPLIMOHANBHOCTU 1, CNeA0BATENbHO, 3aBUCAT TO/IbKO OT MaTepuana, n3 KOToporo
N3roTOBJIEH MPOBOZ, @ HE OT reOMeTPUM NPOBOAA. YAe/lbHOe CONMPOTMBAEHME U MPOBOANMOCTb
ABNAOTCA OOpPaTHLIMUN BEAINYMHAMU: p = 1/0. YaenoHoe cOnNpoTUBAEHME - 3TO Mepa

CNOCOBHOCTU MaTeprana NPoOTUNBOCTOATb SINEKTPUYECKOMY TOKY.

JTa CI)OpMyﬂa He ABJAETCA TOHHOI7I, MOCKOJIbKY npeanosiaraet, YTto NnJiOTHOCTb TOKa B MPOBOAHMKE

MNONHOCTbHO O4HOPOAHA, YTO HE BCErga BEPHO B MPaKTUYECKNX CUTYyalnAaX. OAHaKO oTa q)oplvlyna

BCe eLle obecneunBaeT Xopouee I'IpI/I6J'Il/I)KeHVIe ANA ANVNHHBIX TOHKUX MPOBOAHMKOB, TaKMX KakK

nposoza.

[pyras cuTyaums, ans KOTOPOW 3Ta GopMyna He ABASETCS TOYHOW, KacaeTcs NepemMeHHOro Toka

(AC), nockonbKy CkMH-3ddeKT NpenaTcTByeT NPOTeKaHWIO Toka B6AM3M LeHTpa npoBoaHuKa. Mo

3TON NPUUYNHE 2eoMempuyeckoe NornepeyHoe CeYeHne OTIMYaeTCs OT 3ghghekmusHo20

nonepeyvyHoro ce4vyeHnd, B KOTOPOM CI)aKTI/Il-IeCKI/I NPOTEKaET TOK, MO3TOMY COMPOTMBJIEHNE BbILLE,

4yem OXWUAaNocCb. AHaNOTNYHO, eC/I AABa NPOBOAHMKA PAAOM APYT C APYroM NponycKatoT
nepeMeHHbIV TOK, X COMPOTUBAEHNA yBEMYMBAKOTCA M3-3a a3ddekTa bansoctn. Ha

KOMMepreCKOI\/JI 4acToTe NMMTaHnA 3TN I-)Cl)q)eKTbI 3Ha4YNTENIbHbI ANA 6onbLUNX npoBOAHUKOB,

nponyckaroLwmnx Oo/blUME TOKK, TaKNX KakK WwmnHonpoBoAbl Ha BﬂeKTqueCKOVI I'IOACTaHLI'I/II/I,B] nnn

6onblume cnnoBble kabenn, nponyckarowme 6onee HECKONbKMX COTEH amnep.

yAeanoe ConpoTuBIEHNE Pa3/INYHbIX MaTepUanoB BapbupyeTCca Ha OTrPOMHYHO BEJIMYHUHY:

HanpuMep, NPOBOAMMOCTb TeboHa NprmepHo B 1030

pa3 HUXe, YeM NPOBOANMOCTb MEAMW.
[py60o roBops, 3TO MOTOMY, UTO MeTaa/bl UMEHT HOJbLLOE KOMYECTBO "AeN0KaNN30BaHHbIX"
3/1eKTPOHOB, KOTOPbIE He 3aCTPAIM B KaKOM-A1M6O Of4HOM MecTe, MO3TOMY OHM MOTYT CBOHOAHO
nepemeLLatbca Ha 6osblUMe paccToAHMA. B n3onatope, TakoM Kak TepIOoH, KaXK bl SNEKTPOH
MPOYHO CBA3aH C OAHOW MOJIEKYNON, MO3TOMY ANS ero OoTpbiBa TpebyeTca bonbluas cmna.
[onynpOBOAHUKN HAXOAATCA MeXAY 3TUMU ABYMA KpanHocTamMu. bonee noapobHyro
MHPOPMaLMIO MOXHO HaTU B CTaTbe: J/IeKTpnYeckoe CoOnpoTMBEHME N MPOBOAUMOCTb. B

cny4yae pactBOPOB 3JIEKTPONNTOB CMOTPUTE CTaTbHO: npOBO,D,I/IMOCTb (3ﬂeKTpOﬂI/ITI/Il-IeCKaﬂ).

Resistivity varies with temperature. In semiconductors, resistivity also changes when exposed to
light. See below.
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An ohmmeter

An instrument for measuring resistance is called an ohmmeter. Simple ohmmeters cannot
measure low resistances accurately because the resistance of their measuring leads causes a
voltage drop that interferes with the measurement, so more accurate devices use four-terminal

sensing.
TunuuHabie 3HaUEeHUA

Typical resistance values for selected objects

Component Resistance (Q) |
-1 meter of copper wire with 1 mm diameter. 0.021@ |
-l km overhead power line (typical) .0.03[5]
.AA battery (typical internal resistance) lO.l[b]
Incandescent light bulb filament (typical) 200-1000"
Human body '1000—100,000[0'1'

Cratuueckoe u quddepeHnnaaibHOe COMPOTHUBIEHNE
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inverse slope of line B through the
origin. The differential resistance

Currant (I

at A is the inverse slope of tangent
line C.

]

0 Voltags V)

The current-voltage curve of a

component with negative

differential resistance, an unusual

phenomenon where the current-

voltage curve is non-monotonic.
Many electrical elements, such as diodes and batteries do not satisfy Ohm's law. These are called
non-ohmic or non-linear, and their current-voltage curves are not straight lines through the
origin.

Resistance and conductance can still be defined for non-ohmic elements. However, unlike ohmic
resistance, non-linear resistance is not constant but varies with the voltage or current through

the device; i.e., its operating point. There are two types of resistance:[*/[!

Static resistance

This corresponds to the usual definition of resistance; the voltage divided by the current
U
T

It is the slope of the line (chord) from the origin through the point on the curve. Static

Rstatic -

resistance determines the power dissipation in an electrical component. Points on the current-
voltage curve located in the 2nd or 4th quadrants, for which the slope of the chordal line is
negative, have negative static resistance. Passive devices, which have no source of energy,
cannot have negative static resistance. However active devices such as transistors or op-amps

can synthesize negative static resistance with feedback, and it is used in some circuits such as
gyrators.

Differential resistance

Differential resistance is the derivative of the voltage with respect to the current; the slope of
the current-voltage curve at a point

Raies = — .
S
If the current-voltage curve is nonmonotonic (with peaks and troughs), the curve has a
negative slope in some regions—so in these regions the device has negative differential

resistance. Devices with negative differential resistance can amplify a signal applied to them,
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Impedance and admittance

Capacitor V - | phase relationship

7 1 z i L] 5 & 7 B 9
Thma

Inductor V - | phase relationship

Tima

The voltage (red) and current (blue) versus time
(horizontal axis) for a capacitor (top) and inductor
(bottom). Since the amplitude of the current and
voltage sinusoids are the same, the absolute value of
impedance is 1 for both the capacitor and the
inductor (in whatever units the graph is using). On
the other hand, the phase difference between
current and voltage is —90° for the capacitor;
therefore, the complex phase of the impedance of
the capacitor is —90°. Similarly, the phase difference
between current and voltage is +90° for the
inductor; therefore, the complex phase of the
impedance of the inductor is +90°.

When an alternating current flows through a circuit, the relation between current and voltage
across a circuit element is characterized not only by the ratio of their magnitudes, but also the
difference in their phases. For example, in an ideal resistor, the moment when the voltage
reaches its maximum, the current also reaches its maximum (current and voltage are oscillating in
phase). But for a capacitor or inductor, the maximum current flow occurs as the voltage passes
through zero and vice versa (current and voltage are oscillating 90° out of phase, see image

below). Complex numbers are used to keep track of both the phase and magnitude of current
and voltage:
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where:
e tistime;

e u(¢) and i(¢) are the voltage and current as a function of time, respectively;
e U, and ], indicate the amplitude of the voltage and current, respectively;
e wis the angular frequency of the AC current;

e o is the displacement angle;

e U and [ are the complex-valued voltage and current, respectively;

e Zand Y are the complex impedance and admittance, respectively;

e R, indicates the real part of a complex number; and

o j=+/—1 istheimaginary unit.

The impedance and admittance may be expressed as complex numbers that can be broken into

real and imaginary parts:

Z =R+ jX
Y =G+ jB.
where R is resistance, G is conductance, X is reactance, and B is susceptance. These lead to the

complex number identities

G x__ B
G2+ B] G4+ B]
R -X
R4+ X% R4+ X%

which are true in all cases, whereas R = 1/G is only true in the special cases of either DC or

reactance-free current.

The complex angle 8 = arg(Z) = —arg(Y") is the phase difference between the voltage and
current passing through a component with impedance Z. For capacitors and inductors, this angle
is exactly -90° or +90°, respectively, and X and B are nonzero. Ideal resistors have an angle of 0°,
since X is zero (and hence B also), and Z and Y reduce to R and G respectively. In general, AC
systems are designed to keep the phase angle close to 0° as much as possible, since it reduces
the reactive power, which does no useful work at a load. In a simple case with an inductive load

(causing the phase to increase), a capacitor may be added for compensation at one frequency,
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Y is the reciprocal of Z ( Z = 1/Y") for all circuits, just as R = 1/G for DC circuits containing
only resistors, or AC circuits for which either the reactance or susceptance happens to be zero (X

or B =0, respectively) (if one is zero, then for realistic systems both must be zero).

Frequency dependence

A key feature of AC circuits is that the resistance and conductance can be frequency-dependent,
a phenomenon known as the universal dielectric response.®) One reason, mentioned above is the
skin effect (and the related proximity effect). Another reason is that the resistivity itself may
depend on frequency (see Drude model, deep-level traps, resonant frequency, Kramers—Kronig

relations, etc.)

PaccenBaHue sHEPruu U IK0YJIEB HATPEB

Running current through a material
with resistance creates heat, in a

phenomenon called Joule heating. In
this picture, a cartridge heater,
warmed by Joule heating, is glowing
red hot.

Resistors (and other elements with resistance) oppose the flow of electric current; therefore,
electrical energy is required to push current through the resistance. This electrical energy is
dissipated, heating the resistor in the process. This is called Joule heating (after James Prescott

Joule), also called ohmic heating or resistive heating.

The dissipation of electrical energy is often undesired, particularly in the case of transmission
losses in power lines. High voltage transmission helps reduce the losses by reducing the current

for a given power.

On the other hand, Joule heating is sometimes useful, for example in electric stoves and other
electric heaters (also called resistive heaters). As another example, incandescent lamps rely on
Joule heating: the filament is heated to such a high temperature that it glows "white hot" with

thermal radiation (also called incandescence).
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where P is the power (energy per unit time) converted from electrical energy to thermal energy,

R is the resistance, and [ is the current through the resistor.

3aBUCHUMOCTD OT JPYTUX YCJIOBUUN

Temperature dependence

Near room temperature, the resistivity of metals typically increases as temperature is increased,

while the resistivity of semiconductors typically decreases as temperature is increased. The

resistivity of insulators and electrolytes may increase or decrease depending on the system. For

the detailed behavior and explanation, see Electrical resistivity and conductivity.

As a consequence, the resistance of wires, resistors, and other components often change with

temperature. This effect may be undesired, causing an electronic circuit to malfunction at

extreme temperatures. In some cases, however, the effect is put to good use. When temperature-

dependent resistance of a component is used purposefully, the component is called a resistance

thermometer or thermistor. (A resistance thermometer is made of metal, usually platinum, while a

thermistor is made of ceramic or polymer.)

Resistance thermometers and thermistors are generally used in two ways. First, they can be used

as thermometers: by measuring the resistance, the temperature of the environment can be

inferred. Second, they can be used in conjunction with Joule heating (also called self-heating): if a

large current is running through the resistor, the resistor's temperature rises and therefore its

resistance changes. Therefore, these components can be used in a circuit-protection role similar

to fuses, or for feedback in circuits, or for many other purposes. In general, self-heating can turn

a resistor into a nonlinear and hysteretic circuit element. For more details see Thermistor#Self-

heating effects.

If the temperature T does not vary too much, a linear approximation is typically used:

R(T) =Ry [1 + a(T — To)]
where « is called the temperature coefficient of resistance, Ty is a fixed reference temperature

(usually room temperature), and Ry is the resistance at temperature Tj. The parameter o is an

empirical parameter fitted from measurement data. Because the linear approximation is only an

approximation, ¢ is different for different reference temperatures. For this reason it is usual to
specify the temperature that o was measured at with a suffix, such as a5, and the relationship

only holds in a range of temperatures around the reference.”!
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magnitude.'®

Strain dependence

Just as the resistance of a conductor depends upon temperature, the resistance of a conductor
depends upon strain.'% By placing a conductor under tension (a form of stress that leads to
strain in the form of stretching of the conductor), the length of the section of conductor under
tension increases and its cross-sectional area decreases. Both these effects contribute to
increasing the resistance of the strained section of conductor. Under compression (strain in the
opposite direction), the resistance of the strained section of conductor decreases. See the

discussion on strain gauges for details about devices constructed to take advantage of this effect.

Light illumination dependence

Some resistors, particularly those made from semiconductors, exhibit photoconductivity, meaning
that their resistance changes when light is shining on them. Therefore, they are called

photoresistors (or light dependent resistors). These are a common type of light detector.

CBepxXnpoBOAMMOCTD

Superconductors are materials that have exactly zero resistance and infinite conductance,
because they can have V"= 0 and 7 # 0. This also means there is no joule heating, or in other
words no dissipation of electrical energy. Therefore, if superconductive wire is made into a closed
loop, current flows around the loop forever. Superconductors require cooling to temperatures
near 4 K with liquid helium for most metallic superconductors like niobium-tin alloys, or cooling
to temperatures near 77 K with liquid nitrogen for the expensive, brittle and delicate ceramic
high temperature superconductors. Nevertheless, there are many technological applications of

superconductivity, including superconducting magnets.
CMoTpuTe TaKKe

% Electronics portal
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¢ Johnson-Nyquist noise

e Quantum Hall effect, a standard for high-accuracy resistance measurements.
e Resistor

e RKM code

e Series and parallel circuits

e Sheet resistance

e SI electromagnetism units

e Thermal resistance

e \oltage divider

e \oltage drop
ITpumeuanusa

a. The resistivity of copper is about 1.7 x 1078 Q-m.[

b. For a fresh Energizer E91 AA alkaline battery, the internal resistance varies from 0.9 Q at -40 °C, to
0.1 Q at +40 °C.°

c. A 60 W light bulb (in the USA, with 120 V mains electricity) draws RMS current SSOVY/ =500 mA, so its
120V

200 mA = 240 Q. The resistance of a 60 W light bulb in Europe (230 V mains) is 900 Q. The

resistance of a filament is temperature-dependent; these values are for when the filament is already

resistance is

heated up and the light is already glowing.

d. 100 kQ for dry skin contact, 1 kQ for wet or broken skin contact. High voltage breaks down the skin,
lowering resistance to 500 Q. Other factors and conditions are relevant as well. For more details, see
the electric shock article, and NIOSH 98-131.”!

e. See Electrical resistivity and conductivity for a table. The temperature coefficient of resistivity is similar
but not identical to the temperature coefficient of resistance. The small difference is due to thermal

expansion changing the dimensions of the resistor.
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