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Mpeaucnosue

Knura npencrasnsier coboif mpakTHueckoe pyKOBOJCTBO MO YCTPOii-
CTBY ¥ MOHTa)Xy COBPEMEHHOI1 OBITOBOI ANEKTPONPOBOJIKU B KBapTHpeE.
OcHOBHas 11 KHUTH — MTOMOYb KayKIOMYy JKellalolieMy pa3o0paTtbes B
TOHKOCTSIX COBPEMEHHOW KBapTUPHON 3JIEKTPONpPOBOAKM, HaYMHAS C
noadopa COCTABIIAIOUINX €€ DIIEMEHTOB M 3aKaH4YWBas MOHTaKOM yCTa-
HOBOUHBIX U3nenuii. [IpuBeneHHbIe TpodeccroHaabHbIe COBETHI AOJIMKHbI
TOMOYb BJIAJIENIbIIaM KBApTUP MPHOOPECTH COOTBETCTBYIOLINE HABBIKK B
PEMOHTE 3IIEKTPONPOBOJKU C MCIOJNB30BAaHUEM COBPEMEHHBIX TEXHOJIO-
Uil W 3JeKTPOTeXHUUECKUX W3Aenwii. V3yunB mpenoxkeHHbIi MaTepu-
aji, 4uTaTtelb CMOXET HE TOJIbKO MPaBWIbHO BBIOpaTb HEOOXOOUMBbIE
KOMITOHEHTBI [Tl KBAPTHUPHOI 3JIEKTPONPOBOIKHI, HO M CAMOCTOSTEIBHO
YCTaHOBUTbH U MOAKIIIOYUTE UX B cBOeil kBapTupe. [Ipn HanucaHuyu KHUTH
aBTOp WCIOJB30BaAJ pa3iWyHble NCTOYHWKH, B TOM YHCIe W 7-10 pelax-
uuto [TYD (ITpaBuna yctpoiicTBa 31€KTpOyCTaHOBOK), BCE OHU MpPUBEE-
HBI B pazfienie «<PexoMeHyeMble HCTOUHUKN».

Knura coctout u3 Tpex raB. [7aga 1 BKIIOYAET Tak Ha3bIBaeMbIi
«QNIEKTPOTEXHUIECKUIT MIUHUMYM», OCBOCHUE KOTOPOTO TMO3BOJHT Pa3o-
Oparbcsi B 0COOEHHOCTAX (PYHKIIMOHUPOBAHUS KBAPTUPHON 3JIEKTPOMNpO-
BoAkH. OcoOeHHO BakeH maparpad, MOCBSLIEHHBI cxeMaMm 3JeKTpo-
cHabxeHus. [TpruBeeHbI COBETHI MO BHIOOPY M3MEPUTETLHBIX TPUOOPOB,
WHINKATOPOB U yKazaTeliel HampshKeHUs TPHU TPOBEICHUH JIEKTPOTEX-
HUYeckux paboT. OOpalieHo BHUMaHUe Ha MEPbI AIeKTPOOe30MacHOCTH.
JaHbl pekoMeHIanny, Kak MOCTYMHUTh MPH TOPaKSHNH YesoBeKa dIieK-
TPUYECKUM TOKOM.



2 lpeducnosue

B 2nase 2 paccMoTpeHO yCTpOHCTBO KBApTHPHOM MPOBOJKHU U 3JEK-
TPOTEXHUYECKHE KOMIIOHEHTbI, HEOOXOJUMbIE MPU €€ MOCTPOSHUU WU
pemonTe. [IpenniokeHbl KOHKPETHbIE COBETHI MO BHIOOpPY 3JEKTPOCUET-
YUKOB, UX YCTAHOBKE M MOBEPKE, M OMUCAHO BCE, YTO CBSI3aHO C UX JKC-
miyaTauueii. PaccMoTpeHbl 0COOEHHOCTH BBIOOpAa M MOHTaXka MPOBOIOB
ISl 7eKTponpoBokU. [logpoOHO M3J10kKEHBI COBPEMEHHbIE METO[bI
CcpalMBaHUs U OTBETBJICHUS MPOBOJOB. [IpuBeaeHa TEXHOJIOTHsS TMpPO-
KJIaJKU CKPBITOI MPOBOJKHM U MPOBOAKHU B Kabelb-kaHaax.

I1asa 3 mocBsleHa MOHTaXY 3J1E€KTPOYyCTaHOBOUHbIX m3aenuid. [Toj-
pOOHO omucaHbl COCOObI CAMOCTOSITENILHOW YCTAHOBKM BBIKIFOYATENIeH,
po3zetok u nmocTp. [TokazaHo, Kak MPOBEPSATh U UCMBITHIBATH U3OISLUIO
3IeKTpOCeTH. Y]IeNeHO BHUMaHWE METOJUKe OOHapyKEHUs HaW4us U
MecTa o0pbIBa B MPOBOJKE. PacCMOTpeHbl HEKOTOpbIE YacTO BCTpeYaro-
LMECS] HEMCTIPABHOCTH AJEKTPOMPOBOJAKH U UX YCTPaHEHHE.

MHOXeCTBO MJUTIOCTpalUil K MPUBEJEHHOMY MaTepuany JejaeT u3-
JIO)KEHWE TOHSATHBIM JaXXe YHUTATEN0, Malo-MalbCKH 3HAKOMOMY
C BJIEKTPOTEXHUKOIA.

[TpurnosxxeHus comepkar Moye3Hble CIPaBOYHBIE CBEAEHUS O IBETOBOM
MapKUPOBKE PE3MCTOPOB W YCIOBHBIX rpauueckux 00O3HAUeHWsX Ha
3JIEKTPUYECKUX CXeMaX. 31eCh MPUBEIEHBI TAKKE€ OCHOBHBIE CBEJIEHUS O
KOHJIEHCATOPAaX, WCIONb3YIOMIMNXCS Ui TalleHHsl HalpsKeHUs U MOBbI-
weHusd ko3dduuueHTa MOIIHOCTH 3JEKTPOYCTaHOBOK. JlaHbl OYKBEHHO-
unppoBbie 0003HaUEHUs 32)KMMOB U MPOBOJOB, a TaKXKe 1[BETOBOE 000-
3HayeHue WUH. OOOOUIeHbI JaHHbIe MO Pa3UYHbIM TUIAM CUETYHUKOB
3JIEKTPOSHEPTUA UM aBTOMATHUECKUM BBIKJIIOYATENSIM, BBIMTYCKaeMbIM
OTEUYECTBEHHO! MPOMBILIEHHOCTbI0. YuTaresnb HaiiierT 3aecb HeoOXo-
JIUMBbIE JTaHHBIE JJIsl TPAKTUYECKOTOo MPUMEHEHHUs] N30JIMPOBAHHBIX HAKO-
HEYHUKOB TIPU OINPECCOBKE MHOTOMPOBOJIOYHBIX MPOBOJOB W MHOIO€
Jipyroe.

KHura npennazHaueHa Juisi IIAPOKOTO Kpyra yuTaresnel, Kelarmlnx
MOAJEPKUBATH B UCIPABHOM COCTOSIHUM WM MPU HEOOXOJUMOCTH CaMo-
CTOATENIbHO PEMOHTUPOBATH JIOMALLIHIOK 3JIEKTPOCETh, COONIOAas MNpu
3TOM BCE Mephbl MPEeIOCTOPOKHOCTH B 00pAIEHUH C 3JIEKTPUUECTBOM.

ABTOp OyzeT mpu3HaTeNeH TeM YuTaTeNsiM, KTO BBICKaKET CBOM 3a-
MeyaHus MM TIOKeJIaHUS II0 KHUre Ha caiite usaareibcTBa «bXB-
[TetepOypr» www.bhv.ru uam ¢ MoMouipl0 3JIEKTPOHHOTO THCHbMa Ha
ajpec u3aareabcTBa mail@bhv.ru ¢ ykazaHneM HaMMEHOBaHUS KHUTH.

B. M. Ilecmpuxog (r. Cankt-IletepOypr, Poccust)
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OcHoBHbIC cCBepeHua
006 3/1eKTpoTexXHuKe

1.1. Kak nossBnsiercsi
3NIeKTPUUYECKUUN TOK

Cpeau u3BecTHBIX (hopM 3Hepruii HauboJblIee MPUMEHEHHE B
HallleM OBITY HaXOWT BJIEKTpUUecKas. ITO CBA3aHO C TEM, UTO ee JI0-
BOJILHO MPOCTO MPEBPATUTh B Apyrue (hopMbl 3HEPruii, Hanpumep, B
TETIOBYIO, MEXaHWYECKYI0 WM OMNTHUecKyto. Takoe mpeBpailneHue
MOJKHO OCYIIECTBUTh B Pa3IHUYHbIX YCTAHOBKAX W JABUraTeNIIX Tepe-
MEHHOTO WJIM TOCTOSHHOTO ToKa. WCTOYHWKAMH 3IEeKTpHUUecKOn
SHEPrUM MOTYT OBITh 3JIEKTPUYECKHE T'€HEpaTopbl, rajbBaHUYECKHUE
SJIEMEHTBI, COJTHEYHbIe OaTtaper, TePMO3JIEMEHTbI, SJepHbIC YCTAHOB-
KU U Jp. Dusndeckue UM XUMHUUECKHUE TIPOIECChI, MPOUCXOIAIINE B
3THX YCTAHOBKAX, MPUBOJAAT K BO3HUKHOBEHHIO 3JICKTPUUECKOTO TOKA.
DNeKTpUUYeCKUi TOK, KaK W3BECTHO, MPEACTaBjseT coOOM yrmopsao-
YeHHOe (HarpaBlieHHOE) JBMKCHUE DIICKTPUYECKH 3apsKEHHBIX Yac-
TULl. 3a HamnpaBJeHUE TOKAa YCJIOBHO MPUHUMAIOT HAIpaBJICHUE BU-
JKEHHS TIOJIOXKHUTENIBHO 3apSHKEHHBIX YACTHIL, IPYTHMH CIIOBaMU, MIOK
60 @HewHell yenu udem Om NONOICUMENbHO20 NOMIOCA UCTNOYHUKA
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K ompuyamejlbHomy, d 60 6Hymp€HH€17[ yenu — om ompuyaniejlbHoco
noJoca K noJ04#CumejlbHomy .

3ameuanue. MNpuHATOE HanpasneHue Toka B NPOBOAHUKE MPO-
TMBOMOJIOXHO ABVKEHUIO B HEM 3MEKTPOHOB. Takoe onpeaene-
H/E CUMTaeTCsl He OYeHb YAauHbIM, HO C HUM CMUPWUMUCL U3-3a
TOro, YTO OHO MOSIBUIIOCbL B Te BpeMeEHa, Korga MpOXOXAeHue
TOKa yepe3 MeTannbl 6bino cnabo ulyyeHo, a 06 anekTpoHe ma-
110 YTO U3BECTHO.

HJ’[H KOJUYECTBEHHOM OLICHKH QJICKTPUYUCCKOI'O TOKAa UCIOJIb3YCTCA
MNOHATHE CHUJIa TOKA, a B MPOCTOPCHUHN OOBIYHO roBOpAT, KaKoOH TOK B
ATOUN LIEMH. Cunoli ToKa Ha3bIBaeTCs BCJIMYMHA, KOTOpasd XapaKTCpH-
3YET CKOPOCTb IMMPOTEKaHUA 3apiaa 4epe3 CCUCHHUE MPOBOJHHKA. Cuna
ToKa [ OonpeacadaeTCsa KOJINYECTBOM JJICKTPUUCCTBA ¢, TPOTCKAKOIINUM
4yepes NMonepeyHoOe CEUCHUE NMPOBOJHUKA 32 €IMHULYY BPEMEHHU .

=4 (1.1)

Enunuiia uamepeHust cuibl Toka — ammnep (A) — Ha3BaHa B YeCTh
(panirysckoro ¢usrka Auape Mapu Amnepa (1775-1836).

ﬂOanble U KpaTHble eAUHULbI TOKa
1 munnunamnep (MA) = 0,001 A = 102 A;
1 amnep (A) = 1000 MA = 10° MA,;
1 mukpoamnep (MkA) = 0,000001 A = 107 A;
1 kunoamnep (kA) = 1000 A =10° A

Jis m3MepeHus CUITbl TOKa B DJIEKTPUUECKUX LEMsIX MPUMEHSIOT
npuOopkl, Ha3bIBaeMbie amnepmempamvu. @opmyna (1.1) mozBonser
OTIpeAeNNTh KOJMYECTBO 3JIEKTPOHOB, MPOTEKAOMMX 3a 1 ceKyHOy
yepe3 TOMepevHoe cevYeHre MPOBOAHHUKA mpH cuie Toka B 1 A. Co-
TJIACHO CTPABOYHBIM JTAHHBIM 3apsij OJHOTO AJIEKTPOHA COCTaBIISET
e= 1,602-10_19 Kun (Kin — KkysnoH, equHuLa u3MepeHus: BEeJIUUMHBbI 3a-
psaaa tena). Torna 1 A =ne/l c, rae n — HEU3BECTHOE YMCIIO AJIEK-
TPOHOB.

Orcrona n = 1/1,602-10™"° = 1,602-10'® AJIEKTPOHOB!



OcHosHble ceedeHusi 06 371eKmMpPoOmMexHUKe 5

DnekTpuueckue 3apsaiabl MOA JACHCTBHEM AJIEKTPHUYECKOTO OIS
MOTYT ABUTaThCs ynopsaodeHHo. Hanuuue snexTpuueckoro moJis u
CBOOOJHBIX HOCHUTEJICH DJIEKTPUUECKOro 3apsijia — AOCTATOYHOE YyC-
JIOBHE CYILIECTBOBAHMS 3JIEKTPUUYECKOrO TOKa. DJEKTPUUYECKOE MoJie
MOJKET OBITh CO3/IaHO, HATIPUMEP, IBYMsl SJICKTPUUECKUMHU 3apsiaMu
C MPOTHUBOMOJIOKHBIMU 3HaKaMH. ECIM 3TH 3apsaabl COEAMHUTH MPO-
BOJIHUKOM, TO Ha MTHOBEHHE IO HEMY IMOTEUET 3JICKTPUUECKUN TOK.
Jns [inTensHOrO MpOTEeKaHUsl TOKa B POBOAHKKE TpeOyeTcs crienu-
aJIbHBIA MCTOYHHUK, B KaU4eCTBE KOTOPOTO MOXKET OBITh B3ST, HANpH-
Mep, rajbBaHUUECKUl 3jeMeHT (00bIYHas OaTapeiika), TepMO3JIEMEHT
WM re’eparop. s 3TUX MCTOYHUKOB XapaKTepHO TO, YTO Ha OJHOM
X 32KMME MMeeTcsl M30BITOK 3JIEKTPOHOB, a Ha JPYroM — HeJ0CTa-
ToK. Haue roBops, cyllecTByeT Pa3HOCTb JJIEKTPHUECKUX YPOBHEH
Ha 3aKMMaX HMCTOYHMKA TOKa, KOTOPYIO Ha3bIBAIOT PA3HOCIbIO HO-
meHyuanos, Vv HanpsbkeHueM (o0o3HavaeTcs JaTuHcKon OykBoii U).
Takum oOpa3oM, pa3HOCTh MOTEHLUMATOB U SIBJIETCS MPUYUHON BO3-
HUKHOBEHHS BJIEKTPUUYECKOrO TOKA. DJIEKTPOHBI, B 3aBUCHMOCTH OT
THTIA UCTOYHHMKA, TIOJYYarOT UMITYJIbC JIBHXKEHUS Pa3jIMuHON BEJIMYU-
Hbl. Cuiibl, BbI3bIBAIOLIME MEpeMellleHHe SIEKTPUUECKUX 3apsioB
BHYTPU MCTOYHHKA TMOCTOSHHOTO TOKA MPOTWUB HampaBjeHHs IeicT-
BUSI CWJI DJIEKTPOCTATUUECKOrO OIS, HA3bIBAOTCS CMOPOHHUMU CU-
Jamu. B ranbBaHUYECKOM 3JIEMEHTE CTOPOHHHME CHJIbl BO3HHKAIOT B
pe3ysbTaTe AJIEKTPOXUMHUECKUX MPOLIECCOB, MPOUCXOAAUIMX Ha Tpa-
HULE pa3felia «3JIEKTPO — IEKTPOJIUT». JlecTBUE CTOPOHHUX CHJI
xapakrepusyercst anexkmpoosudicyugeri cunoti (3J1C). B 3amkHyTOM
koHType DJIC npencrapiiser coboi OTHOLIEHHE PabOTHI CTOPOHHUX
CHWJI TIpU TIepeMelleHUH 3apsa BAOJIb KOHTYpa K 3apsny. B 3aMkHy-
TOM 1enu OyAeT CyIIEeCTBOBAaTh MMOCTOSHHBIA 3JICKTPUUECKUN TOK
TOJIBKO TOTAA, KOrja B HEW AEHCTBYIOT CTOPOHHHE CUJIbI, T. €. €CTh
O/JIC. Hanmpumep, 3neKkTpoABHKYIIas cuila ralbBAaHUYECKOro 3JIeMeH-
Ta — 3To paboTa CTOPOHHUX CHJI MpPU MEePEeMEUIeHUH eAMHUYHOTO
TMOJIO’KUTENIBHOTO 3apsiia BHYTPH JIEMEHTa OT OJHOrO MOJIfoca K Apy-
romy. Eciiu Ha OaTapeiike HarucaHo «4,5 B», 3HaUUT, CTOPOHHUE CHUJIBI

x
3aXKUM — CBEMHO€ MpUCNOCOOIeHHE Ui NPUCOEAMHEHUs 3JIEKTPUUYECKUX
MIPOBOJIOB.
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(B IaHHOM cilydae XMMHUeckHe) coBepuiatoT padoty 4,5 [k npu ne-
pemetennu 3apsaa 1 Kit ot oqHoro nomoca Gatapeiiku Kk Ipyromy.

O/JIC onpenenseTr cuily Toka B LEMNH MPU 3alaHHOM €€ COIMpPOTHUB-
JIEHUM W YHCIIEHHO paBHa pPa3HOCTH MOTEHUHWAJIOB Ha TMojrocax pa-
30MKHYTOro MCTOYHMKa Toka. Enunnuein usmepenns IJIC u Hamps-
JKeHus1 apnsercss eonvm (B), Ha3BaHHBIM B 4YeCTb HWTAIBIHCKOIO
¢uzuka Aneccanapo Bonbra (1745-1827).

OonbHble U KpaTHble eanHMubl ALC U HanpsKeHUs
1 munnueonsT (MB) = 0,001 B = 107° B;
1 BonbT (B) = 1000 MB = 10° mB;
1 MukpoBonbT (MkB) = 0,000001 B = 107 B;
1 kunosonsT (kB) = 1000B = 10° B

[Tpubop mis m3mepenust IC 1 HarnpskeHUsT Ha3bIBACTCS 8016~
mempom. OH Bceraa BKIKOYAETCs B LieNb MapajiebHO TOMY 3JIEMEH-
Ty, Ha KOTOPOM XOTST U3MEPUTh HaNPSKEHHE.

OrMeruM paszHully B TOHATHAX <«DJ[C» u  «HampsHKeHHe».
O/1C — xapakTepHucTHKa UCTOYHHKA TOKA, U €€ BEJIMUMHY MOKa3bl-
BaeT BOJIbTMETP, MOJACOCIMHEHHbIH K KJieMMaM MCTOYHUKA TMPH pa-
somxuymou uenu. Ilpu samxnymoii uenu TOT ke BOJbTMETP IMOKa-
3bIBACT BEJIMUUHY HanpadceHuss WCTOYHHMKA Toka. Toibko mnpu
Pa3OMKHYTOM 3JIEKTPUUECKOW LeNH HampsKeHHe HCTOYHMKA TOKa
yucaeHHo paBHo ero D/JIC.

1.2. AneKTponpoBOAUMOCTb
BellecTB

Bce BemiecTBa Mo crnocoOHOCTH MPOBOAWUTH BIIEKTPUYECKUH TOK
YCIIOBHO JIeNST Ha TMPOBOAHMKM M AMANEKTpUKH. [IpomexyTouHoe
MOJIO’KEHUE MEeXAY HUMHM 3aHMMAIOT MosynpoBoaHuKU. [loa mpoBoa-
HUKaMH MMOHUMAIOT BEIIECTBA, B KOTOPBIX UMEIOTCs CBOOOHbIE HOCH-
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TEJIU 3apsJIOB, CIIOCOOHBIE MepeMelaThes Mo ISHCTBUEM 3JIeKTpHYe-
ckoro moss. [IpoBoHUKaMU SIBJISIFOTCSI METAJLIbI, PACTBOPBI MJIU pac-
TUIaBbI COJIEH, KUCJIOT U LIEJIOUEH.

Mertasuibl, Onaromapsi CBOMM YHHMKAJIbHBIM CBOWCTBAM 3JICKTPO-
MPOBOJIHOCTH, UMEIOT OOJIBIIOE PACIIPOCTPAHEHUE B JIEKTPOTEXHUKE.
Jnst mepemaur 37€KTPOIHEPTUM UCIIONB3YIOT B OCHOBHOM MEIHBIE U
aJIFIOMUHHUEBBIE TIPOBOJIA, B MCKIIIOUUTEINILHBIX Cllydasx — cepeops-
Heie. C 2001 r. 57eKTpONPOBOJAKY MOJOKEHO BBITIOJHATh TOJBKO
MEIHBIMU TIPOBOAAMU. AJTIOMUHUEBBIE MPOBOJIA MOKA TPUMEHSIIOT U3-
3a UX JCIIeBU3HBI, a TAaKXKe B TeX CIy4asx, KOrJa UX HCIOJb30BaHUE
BIIOJIHE OMPAaBIaHHO U HE TMPEACTABJISET OMACHOCTU. AJIOMUHUEBHIC
MPOBOJia pa3pelleHbl JIJIsl MUTaHUs CTallMOHAPHBIX MOTpebuTenell ¢
W3BECTHOW 3apaHee, rapaHTUPOBAHHON MOIIHOCTBHIO, HAapuMep, Ha-
COCOB, KOH/IMIIMOHEPOB, BEHTUJISITOPOB, OBITOBBIX PO3ETOK C HArpys-
kot 1o 1 kBT, a Takke s Hapy»HOW 3J€KTPONMpPOBOAKH (BO3AYyLI-
HBIX JIMHUM, TIOJI3eMHBIX KaOesiel W T. I.). B skunuiiax nomycThMel
TOJIbKO TIPOBO/IA HA OCHOBE MEJIH.

MeTaijibl B TBEPIOM COCTOSSHUM UMEIOT KPUCTALTUYECKOE CTpoe-
Hue. YacTulbl B KpUCTAJLJIAX PACIIOJIONKEHBI B OIMPEIeICHHOM MOpPs-
Ke, 00pa3ysl MPOCTPAaHCTBEHHYIO (KPUCTAJIMUECKYIO) peleTky. B y3-
Jlax KPUCTAJUTMUECKOM pPELIeTKH HAXOJATCS TMOJOKUTEIbHBIE HOHBI,
a B MPOCTPAHCTBE MEXKIY HUMHU JIBUXKYTCS CBOOOJHBIC 3JICKTPOHBI,
KOTOpbIE HE CBSI3aHBI C SApaMU CBOMX aTOMOB. [10TOK CBOOOIHBIX
AJIEKTPOHOB HA3bIBAIOT 3JICKTPOHHBIM Ta30M. B OOBIYHBIX YCIOBUSX
MeTaJll 3JISKTPUUYECKU HEHTpaJieH, T. K. OOIIUi OTpULIATEIBHBIN 3apsil
BCEX CBOOOIHBIX AJIEKTPOHOB MO aOCOIFOTHOMY 3HAYECHHUIO PAaBEH TO-
JIOKUTEJILHOMY 3apsijly BceX MOHOB pemeTkd. Hocutensmu cBo6oa-
HBIX 3apsJIOB B MeTajiax SIBJSIOTCS 3JEKTPOHbI. VX KOHILIEHTpauus
JIOCTAaTOUHO Bejvka — mopsaaka 10”° 1/M°. DTH 51eKTpoHbI ydacTBy-
10T B O€CMOpsAI0YHOM TEIIOBOM JBM>KEeHUU. [1oj BIUsTHUEM 3JIeKTpH-
YeCKOro MoJisi CBOOOIHBIC 3JIEKTPOHBI HAYMHAIOT YIOPSOUSHHOE T1e-
peABMIKEHHE MO TMPOBOJHUKY CO CpeIHEl CKOPOCTBIO MOpsAIKa
10* M/c. ToT (aKT, 4TO SAEKTPOHBI B METAIIAX CIYKAT HOCHTENSIMH
AJIEKTPUYECKOr0 TOKa, JI0Ka3aj Ha MPOCTOM OIbITe HEMELKUI (PU3nK



8 asa 1

Kapn Pukke eme B 1899 r. OH B35 TpU UWIMHIPA OJJUHAKOBOIO pa-
JUyca: MEJIHbIH, aJFOMUHUEBBIM U MEJIHbINA, PaCMOIOXKWI UX APYT 3a
JIpYyroM, MpuKaja TOpLaMHU U BKJIIOYMJI B TPAaMBaiHYIO JIMHUIO, a MO-
TOM B TeueHue OoJiee rojia MporycKal uepe3 HUX 3JIeKTPUUECKUN TOK.
[Tocne 3TOroO OH HcceOBaT MECTa KOHTAKTa METALNTMYECKUX LIATUH-
JIPOB U He OOHApPY>KUJI B MEAW aTOMOB aJIFOMUHUS, a B aTFOMUHUM —
aTOMOB MenH, T. €. Auddy3un He Obio. M3 3TOrO OH caenan BHIBOL,
YTO MPU MPOXOKACHUH MO MPOBOAHUKY DJICKTPUUECKOT'O TOKA MOHBI
OCTAIOTCS HEMOJBWXHBIMM, a IEPeMEeIaloTCs  JIMIIb CBOOOJHBIC
AJIEKTPOHBI, KOTOpPhIE OJMHAKOBBI Y BCEX BEIECTB W HE CBS3aHBI C
paznuuueM ux GU3NKO-XUMHUECKUX CBOMCTR.

Wrak, anexmpuueckuii mox 6 Memaniuieckux npo8OOHUKAX npeo-
cmasngem coboil ynopaooUeHHoe O8UNCeHUe C80OO0OHBIX 2NeKIMPOHO8
noo oeiicmeuem 21ekmpuyecko2o noias. CKOpOCTb 3TOrO ABUKEHHS
HEBEJIMKAa — HECKOJbKO MWUIMMETPOB B CEKYHIY, a MHOTIA M elle
MeHble. Ho, Kak TOJIbKO B MPOBOAHWKE BO3HMKAET JIEKTPUUYECKOE
ToJie, OHO ¢ OTPOMHOM CKOPOCTBIO, OJM3KOH K CKOPOCTH CBETa B Ba-
kyyme (300 000 km/c), pacripocTpaHsieTcsl MO BCEd AJIMHE MPOBOJHU-
ka. OOHOBPEMEHHO C PacnpoCTPaHEHHWEM 3JIEKTPUUECKOIo IOJisi BCe
3JIEKTPOHbl HAYMHAIOT ABUraTbCs B OJHOM HarpaBJIeHUM MO Bcei
JUTMHE MPOBOJIHUKA. Tak, Hanmpumep, MpH 3aMbIKaHUM LENH 3JIeKTPH-
YEeCKOH JIaMITbl B YMOPSAOUYEHHOE IBMXKEHHE MPUXOIST U 3JIEKTPOHHI,
HUMeroLIMecs B CIIUPAIIH JaMIIbI.

Korzaa roBopsT o ckopocTH pacnpocTpaHeHHs JIEKTPUIECKOTO ToKa
B MPOBOJIHMKE, TO UMEIOT B BUJIy CKOPOCTh pacrpoCTpaHEeHHs Mo Mpo-
BOJIHUKY 3JIEKTPUYECKOro MOJd. DIeKTPUUECKHI CUrHasl, MOCIaHHBIH,
HarpumMep, o mnpoBogaM u3 MockBbl Bo BnaguBocTok (paccrosiHue
npumepHo 8000 kM), mpuxoauT Tyaa npumepHo yepes 0,03 c.

JIMpneKTprKaMu, I W30JISITOpAaMU Ha3bIBAalOT BEIECTBA, B KOTO-
PBIX HET CBOOOIHBIX HOCHTENeH 3aps/ioB, U MOITOMY OHM HE TIPOBO-
JT 2JIeKTPUYECKUid ToK. Takue BemecTBa OTHOCAT K WACAIBHBIM JIU-
anektpukaM. Hampumep, crexno, dapdop, dasHc U mpamop —
XOpOIIMe M30JSATOPBl B XOJOIHOM COCTOSIHMM. KpHCTammsl 3TUX Ma-
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TepUaJIOB UMEIOT UOHHYIO CTPYKTYPY, T. €. COCTOST U3 MOJIOKUTEIEHO
Y OTpULIATEIHHO 3apsDKeHHBIX MOHOB. MIX anekTpudeckue 3apsbl CBsl-
3aHbI B KPUCTAJUIMYECKOM pellleTKe U He SIBJISIOTCS CBOOOHBIMU, UTO
JleJIaeT 3TU MaTepHaIbl AUDJICKTPUKAMH.

B peanbHbIX YCIOBHSAX IMBACKTPUKU MPOBOAST BIIEKTPUUECKUN
TOK, HO oueHb ciabo. J{ns obecrieyeHnss UX MPOBOAMMOCTH ClIEAyeT
MPUIOKHUTE OYeHb BBICOKOE HarpsbkeHue. lIpoBoauMocTe Auanek-
tpukos B 10°-10% pa3 MeHblie, 4eM y MPOBOIHHKOB. ITO CBA3AHO
C TeM, YTO B OOBIUHBIX YCJIOBHUSX 3apsilibl B IMAJICKTPUKAX CBS3aHbI
B YCTOWYMBbIE MOJIEKYJIbl, © OHM HE B COCTOSIHUM, KaK B MPOBOJIHM-
Kax, JIETKO OTPbIBaTbCS U CTAHOBUTHCS CBOOOAHBIMHU. DNEKTPUUIECKUI
TOK, MPOXOAALIMNA Yepe3 IUAIEKTPUKH, MPOMOPLMOHATIEH HaNpsDKEH-
HOCTH 3JIeKTpuyeckoro nossi. [Ipy HeKOTOpOM KpUTHUYECKOM 3Have-
HUU HAMpsKEHHOCTH Ey, 3J€KTPUYECKOrO MO HACTYMAeT JIIEKTPH-
yeckuii mpoGoi. Benuuuna E,, Ha3plBaeTCsd 3JIEKTPUYECKON
MPOYHOCTBIO AMAIEKTPUKAa M H3MepseTcs B B/cm. MHorue ausnek-
TpUKU Oiarofapsi UX BBICOKOM BIIEKTpHUUYECKO mpovHocTH Ep, Hc-
MOJIB3YIOT TJIaBHBIM 00pa3oM Kak 3J1EKTPOU30JIIIMOHHbIE MaTepHalIbI.
[TpuBenem 11 mpuMepa BIEKTPUUYECKYIO MPOYHOCTh Ey, HEKOTOPBIX
pacrpoCTpaHEHHBIX AUANEKTPUUECKUX MaTePHUaIOB:

e nommtiien — 4-10° B/ewm;
e cimoga— 2 10° B/ewm;
e snekrpodapdop — 3-10° B/em.

[TorynpOBOAHUKH MPU HU3KUX HAMNPSIKEHUAX NIEKTPUUECKUM TOK
HE MPOBOJSAT, a NPU YBEJIUYECHUM HAIPSDKEHUS! CTAHOBATCS JJIEKTPO-
MPOBOJHBIMU. B oTiMumMe OT MPOBOAHHUKOB (METAIOB) X MPOBOAM-
MOCTb C TMOBBILIEHUEM TeMIlepaTypbl BO3pacTaeT. DTO 0COOEHHO 3a-
METHO, HalpHUMep, Yy TPaH3UCTOPHBIX PaJAUONPUEMHUKOB, KOTOPbIE
IJI0X0 paboTaroT B XkKapKyro noropay. [ljis mosryrnpoBOAHUKOB Xapak-
TE€pHA CUJIbHASl 3aBUCUMOCTb 3JIEKTPONPOBOAHOCTU OT BHELIHMX BO3-
nevicteuid. TIoaynpoBOJHUKM LIMPOKO MPUMEHSIOT B Pa3jiW4HbIX
3IIEKTPOTEXHUYECKUX YCTPOMCTBAX, MOCKOJIBKY MX 3JIEKTPOIPOBOJ-
HOCTBIO MOKHO YIPABJISITh.
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1.3. MOXXHO N «NPUTOPMO3UTbL>»
3NIEeKTPUUYECKUM TOK?

M3 aHanu3a ayeKTPONPOBOJHOCTH BEILECTB CIEAYET BBIBOJ, 4TO,
BbIOVpast MPOBOJHUKH C Pa3TUYHBIMM CBOMCTBAMHU, MOXKHO TMOJIyYHUTh
3JIEKTPUUECKUIA TOK pa3HOW BEJWYMHBI. J[pyruMu ciioBamMH, OJUHAKO-
BbIE MO pa3MepaMm, HO pasjiMyHbie MO CBOWCTBAM MPOBOJHUKH TIO-
Pa3HOMY OKa3bIBAIOT CONPOMUGIEHUE DIEKTPUUYECKOMY TOKy. Tak,
COMpPOTHBIICHHE cepeOpsiHOM TPOBOJIOKM MEHbIIE, YeM MEIHOM, a
MEJIHON — MEHbIIE, YeM alFOMUHHEBOM. J[J1sl HAMISTHOCTH ATOT (hakT
MOYXHO TIPEACTaBUTH B BHIE 0COOOTO «TPEHHUs», KOTOpOE Mpeoaosie-
BaIOT 3JIEKTPOHBI, MOCTOSHHO CTAJKHUBAsCh C aTOMaMU MPOBOIHHUKA,
KOJIEOMIOMIMMHCS B y3J1aX KpUCTaJUIM4ecKoil pemeTkd. ConpoTusie-
HUE JJIEKTPUUYECKOMY TOKY, MPOTEKAIOIIEMy B MPOBOJHUKE, CBA3AHO
HEe TOJBKO CO CBOMCTBAMM MaTepuasla, U3 KOTOPOro OH WU3rOTOBIJIEH,
HO U C €r0 reOMEeTPUUECKUMH pa3zMepaMu (JJIMHOM Y TUIOLAAbIO TO-
MEPEYHOro CEUEHMs), a TaKkKe ¢ TeMIEPATypol OKpYKarolel Cpebl.
[IpocTelnnid OMBIT NOKA3bIBAET, YTO BJIEKTPUUECKOE COMPOTHUBIIEHUE
BO3pAaCTaeT C yBEJIMUEHUEM JJIMHBI U YMEHbIIICHUEM ILIOIIAIN ToTe-
pPEYHOro ceueHus MPOBOAHMKA. YeM JJIMHHEe U YeM TOHBIIE MPOBO-
JIoKa, TeM OoJblle ee corpoTHBieHue. Ecnu cHauana npucoeanHUTh
JJaMTIOYKy, paccuuTaHHylo Ha 3,5 B, HemocpencTBeHHO k OaTapetike
KapMaHHOTO ()OHApHKa, a MOTOM MOAKIIOUYHTE €€ K TOi ke OaTapeiike
JIByMsl IPOBOJAMH JJIMHOK 1 M, TO MOXKHO 3aMETHUTbh, UTO B MOCJE-
HEM CJTy4ae SIPKOCTh CBEUEHUS JIAMITIOYKY YMEHBIIUIACh. AMIIEPMETP,
BKJIFOUEHHBIA MEXAY JJaMIIOYKOW U OJTHUM W3 COEAUHUTENIbHBIX MPO-
BOJOB, TMOKa)KET MEHBIUIMH TOK, YeM MPU HEMOCPEACTBEHHOM IMO-
katoueHnd. CrenaTth CHIIy TOKa BO BTOPOM cilyyae TakoM ke, Kak W
B TIEPBOM, MO’KHO, TOJIKO TIOBBICUB HampsiKeHHe OaTapeiiku.

3a eaunuily conpoTtusieHus B cucteme CHU mpunsat oM. OauH om
paBeH JIEKTPUUYECKOMY COTMPOTHBIIEHHIO MPOBOJHHUKA, MO KOTOPOMY
MPOTEKAET TOK B OJIMH aMIlep MPU HAMPSIKEHUU Ha ero KOHLAX B OJIUH
BosibT: 1 OM =1 B/1 A.
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JonbHble U KpaTHbIe eaMHNLILI CONPOTMBNEHNS
1 kunoom (kOm) = 1000 Om = 10° Owm;
1 meraom (MOwm) = 1000 000 Om = 10° Owm;
1 meraom (MOm) = 1000 kOm = 10° kOm;
1 kunoom (kOm) = 0,001 MOm = 10~ MOwm;

1 munnvom (MOm) = 0,001 Om = 107° Om

Hanuune ynopsao4eHHOro ABW)KEHHS SJIEKTPOHOB BIOJIb JIMHUWMA
CTOPOHHETO MOJIsl 03HAYaeT, YTO B METAUIMUECKOM MPOBOJHUKE UET
anekTpuieckuii Tok. I1MoTHOCTE 3TOro TOka ompezensercs BeIUYH-
HOM 3apsa BceX 3JIeKTPOHOB, KOTOPbIE MPOXOJAT 3a 1 cekyHay uepe3
€JIMHMILLY TUIOLIAAM TMOMEepeyHOro ceueHus MpoBoaHuka. B3aumoneii-
CTBUE HOCHTENIeH 3apsA0B ¢ MOHAMH MPOCTPAHCTBEHHOM KpHUCTaNIH-
YeCKOi pelieTkd OOyCTIOBIMBAET BIIEKTPUUYECKOE COIMPOTHUBIICHHE.
CeoboaHble 3apsabpl B MeTajuiax — 3JekTpoHbl. Korpma uepes metann
MPOXOAUT TOK, TO MEPEMEINAlOTCs TOJbKO 3JIEKTPOHBI, a TOJI0KH-
TeJbHbIE MOHBI OCTAIOTCS B y3/1aX KpUCTaJUIMUeckoil pemeTku. CBo-
OOAHbIE AIIEKTPOHBI, COBEpIlas XaOTUYECKOE TEMJIOBOE IBMKEHHE B
MeTajiie, BeayT cebs momoOHO MosiekysiaM rasa. [loatomy ux yacto
Ha3bIBAIOT «3JIEKTPOHHBIM Ta3oM». [l Kaxkaoro Metania XxapakTepHa
CBOSI MJIOTHOCTH 3JIEKTPOHHOIO ra3a M CTPOEHHE KpHCTaNTMYecKOon
peleTkd. JTO 03HayaeT, YTO COMPOTHUBIIEHUE (ITPOBOAMMOCTB) MPO-
BOJIHMKOB 3aBMCHUT OT UX MaTepHasia, TeMIeparypbl, a TakKe AJTUHBI 1
MJIOLIAAN U3 TOMEepPeyHoro ceuveHus. [IpoBOAHUKM € 3JIEKTPOHHOM
NPOBOAMMOCTBIO HAa3bIBAOT NPOGOOHUKAMU NEPEO20 pood.

JuctuinpoBaHHas Boga — XOpOLIUHA u30JTop. B Hell He MoxeT
BO3HUKHYTb 3JICKTPUYECKHH TOK, T.K. OHa HMMEeT MOJEKYJISIPHYIO
CTPYKTYpY, U CBOOOJIHBIE DJIEKTPUUYECKHE 3apsbl OTCYTCTBYIOT. On-
HaKO JUCTWIJIMPOBAaHHAs BOJA CTAHOBUTCS XOPOILUIMM IMPOBOJHUKOM
AIIEKTPUYECKOT0 TOKA, €CIM B HEll pacTBOPUTH KaKylo-IMOO KpUCTa-
JIMYECKYIO COJib, UMEIOLLYI0O MOHHYIO CTPYKTYpYy, Hampumep, MoBa-
penHyto coinb (xnopug Hatpus NaCl) unu MmeaHblii Kynopoc (cynbdar
Meau CuSOy). B pacTBopax OTCYTCTBYET KpUCTaJJIMUYECKas pelleTKa,
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HO 3/1€Cb MOHBI B3aUMOJEUCTBYIOT APYr ¢ APYIOM M C MOJIEKYJIaMU
pacTBopuTens. biarogaps 31eKTpoNIUTHUECKON TMCCOLMALIMK, pacma-
Iy UIOHHOM peleTKH KPUCTAIJIOB Ha CBOOOJHBIE MOHBI MOJ AeHCTBU-
€M 3JIEKTPUUYECKOro TOJIs MOJEKYJd pacTBopuTens (B JaHHOM CIIy-
yae — BOJbI) oOpasyercs JIeKTPOJUT. K TUIMUYHBIM 3IeKTpoJiuTam
OTHOCATCS COJIM, KMCJIOTHI U LIEJIOYH, a TAKKE MHOTHE OpraHu4ecKre
COEJUHEHUSL.

Ecnu Tenepb B pacTBOpe 37I€KTPOJIMTA CO3AATh BIIEKTPUUYECKOE MO-
JIE, TO MOJIOXKUTECJIbHBIE MOHBI HAYHYT ABUTaThbCA K OTPULATCJILHO 3a-
PSPKEHHOMY 3JIeKTpoAay (KaTofdy), a OTpHULaTeSIbHble MOHBI — K T0JIO-
JKUTEJIBHO 3apsKeHHOMY 3JleKTpony (aHony). B uenu BO3HMKHeT
NIEKTPUUYECKUH TOK, MPEACTaBJISIOLIMKA COOOH YNOpsSIOYEHHOE IBH-
skeHre HoHOB. C MOBBIIIEHUEM TEMIICPATYPpPbl YUCJIO MOHOB B €ANUHULIC
o0beMa pacTBOPOB BO3pACTaET, YTO yBEJIUUMBAET MTPOBOJUMOCTD pac-
TBOPOB. [IpOBOHMKK C MOHHOW MPOBOAMMOCTBIO Ha3bIBAIOT MPOGOO-
HUKamu 8Mmopo2o pood.

ConpoTuBiieHHe NPOBOAHMKA HAXOIAT MO cienyrollei oluiei

thopmye:
R=—, (1.2)

rae R — conporusnenue, OM; P (uuTaercst «po») — Ko3pPuumeHt
MPONOPLMOHANIBHOCTH, 3aBUCSIIMNA OT MaTepHalia MPOBOJAHHUKA U Ha-
3BIBAEMBIi YJIENEHBIM COTPOTHBIEHHEM, OM-MM*/M; [ — IyuHa, M;
S — MOk TOMEPEYHOro CEUeH s MPOBOIHUKA, MM .

Hanpumep, ecru i MeaHo#t npoBosioku p = 0,017 Om-MM*/M, TO
3TO 3HAYMUT, YTO MEIHBIA MPOBOAHMK AJWUHON 1 M, Miouiaipo mnorme-
peunoro ceuerus 1 mm” umeet conpotusienue 0,017 Owm.

W3 dopmynsl (1.2) BUOHO, Y4TO €CM MPU OJHOW W TOH e IJIHHE
MPOBOJHMKA €T0 IUIOLIAAb MOMEPEeYHOro CEeUeHHs YBEJIUYUTh, HAMPH-
Mep, B 2 pasa, TO €ro COMpOTHBIEHHE YMEHBUIMTCA B 2 pasa
(puc. 1.1, a). Mmeem oOpaTHyIO 3aBUCHUMOCTH COIPOTHBIIEHHS OT
TIoLAAN ceueHus npoogHuka R = R(S). Ecnu npu ogHo# U Toit ke
TUIOILAAM MOMEPEYHOro CEYEeHHUs! MPOBOAHMKA €ro AJMHY YBEJIWYHUTh
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Takke B 2 pasa, TO €ro COMPOTUBIEHHE YBEJIMYUTCI B 2 pasa
(puc. 1.1, 6). B nannom ciry4ae 3aBucuMocTb ripsimast R = R([).
VaenabHOe COMPOTHUBIIEHHWE — 3TO COIMPOTHUBJIEHHE OTpe3Ka MPOBO-
HMKa ceueHHeM | MM® M JUTMHOM 1 M, BBINOIHEHHOTO M3 KOHKPETHOTO
MaTepuana, oHo m3mepsiercss B Om-M. B cucreme CHU 3a emunuity
YEIBHOrO COIMPOTHUBJIEHHS! TPUHUMAETCS YIEJbHOE COMPOTHBIICHHUE
Takoro MaTepuana, MpoBoAHUK u3 koToporo mpu 0 °C, mivHe 1 M u
TJIOMIA/IM TIONePEeUHOro cedeHus 1 M° uMeeT conpoTuBienue 1 OMm.

R/2

Puc. 1.1. 'ameHeHre conpoTUBMEHNS NPOBOAHMUKA
npv yBENM4EHUM ero NoLaamn NonepeyHoro cevexmns (a) n AnvHel (6)

I[O6aBl/lM, 4YTO BCJIMYMHA YACJIBHOTO COINPOTUBJICHUA METaJlJIMYC-
CKOT'O MPOBOJAHUKA 3aBUCHUT TOJIBKO OT CTPYKTYPbl KPUCTAIIMYECKOU
peuieTkH MaTepuasia. Eciiu BHeCTH B MeTayul MPUMECH, TO YAEIbHOE
COMNPOTUBJICHUE U3MEHUTCH, OHO YBEJIUUHUTCA.

Jlns pacueToB yao0Hee Mob30BaThCs BETUUUHOM, 00paTHOM 3JIeK-
TPUYECKOMY COIPOTHBIICHUIO MPOBOJHHMKA, HAa3bIBAEMOW 3JIEKTPO-
MPOBOAUMOCTBIO A

A=—. (1.3)

B cucreme CU 3a eaunMily MpoBOAMMOCTH MPUHAT cumeHc. Cu-
MeHcoM (1 Cm) HazbIBaeTCs MPOBOJUMOCTH MPOBOJHMKA, UMEIOIIETO
conpoTtusiieHre 1 Om.
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N3 ¢popmynst (1.3) BUIHO, UTO C yBEJWYEHUEM COMPOTHBIICHUS
3JIEKTPONPOBOAUMOCTE MPOBOAHUKA YMEHBLIAETCS, a 3HAYHT, YMEHb-
maeTcs U cuiia Toka. Mi3MeHss BeIMYKMHY COMPOTHBIICHUS MPOBOAHU-
Ka, MOXXHO YMpPaBJsTh MPOXOISIIUM Yepe3 Hero 3JIeKTPUYeCKUM TO-
koM. OOBIMHO [Is 9THX LieJIel MOJb3YI0TCsl peocTaTaMi CEKLMOHHOTO
WM TON3YHKOBOro THMOB. CyIIECTBYIOT elle M TaK Ha3biBaeMble
JKUJIKOCTHBIE PEOCTaThl, B KOTOPBIX COMPOTHBIIEHWE KOHTAKTa «3JIeK-
TPOJIUT — BJIEKTPOA» U3MEHSETCS 3a CUET MOrpy>KEHHs MOJBHKHOTO
3JIEKTPO/ia B AJIEKTPOJIUT Ha pasHylo rinyOuHy. PeoctaT ceKuMoOHHOTrO
THUTA MPEACTaBIsSeT co00M HAabOpP MPOBOJIOK M3 METAJIJIOB C OOJIBIINM
yAENbHBIM COTIPOTHBIICHHEM M pa3HOM JUIMHBI, KOTOpPbIE TIEpeKIioya-
TesieM BKITIOYAIOTCSl B LeMb ISl YCTAHOBJICHUsT HEOOXOIMMOrO TOKA.
B aTOM cityuae a5ieKTpudecKHid TOK PeryupyeTcs CTyleH4aTo.

Jnis mnaBHOTO peryjiMpoBaHUsl DIEKTPUYECKOrOo TOKa WM Ha-
NpsOKEHUS] B LUEeNW MPUMEHSIOT MON3yHKOBbIe peocTaThl. OCHOBHAS
4acTb 3TOr0 3JIEKTPUUECKOr0 YCTPOWCTBA — MPOBOASLLUAMN 3JIEMEHT
C MEepeMeHHBIM COMpPOTHBIIEHHWEM. J[BM)KKOBBIM peocTaT cHabxeH
CKOJIB3SIIMM KOHTaKTOM, COIMPHKACAIOIIUMCS ¢ MPOBOJIOKOM U3 pe-
3UCTOPHOTO CIJIaBa, HAMOTAaHHOW Ha M30JSLMOHHOE OCHOBaHHE.
[Ipu ero mepemelieHUH U3MEHSETCS] COMPOTUBIICHHE MEXKAY HUM U
KOHIIOM TPOBOJIOYHOM OOMOTKH. [Ipyrumu cioBamu, WU3MEHEHHE
COMPOTHUBIIEHUS] JOCTUTAETCS M3MEHEHHEM YHClia BUTKOB MPOBOJIO-
KH, Yepe3 KOTOpble MPOXOJIUT TOK. Takue peoctaThl HOMHUHAIBHOM
MolHOCThIO OT 2 10 800 BT mmpoko npumMeHstoTes B 1abopaTopusx
JUTsl TOYHOHM peryJIMpOBKH.

[1pu BKIIIOYEHUM peocTaTa B LIeMb HYKHO MOMHHUTB O TOM, UTO €ro
MOJI3YHOK JIOJDKEH HAaXOAMTHCS B MOJIOKEHHUH, KOTJla COMPOTHBIICHUE
peocTara MakCHMallbHO.

B anexkTpoTexHuKke Il 3aJaHHs B DJIEKTPUUECKUX LENsX omnpee-
JIEHHOTO TOKa LIHUPOKO MCIOJIBb3YIOT AJIEMEHTHI, Ha3blBa€MbIe pe3H-
cTopaMu (TEPMHH «pe3UCTOop» 00pa3oBaH OT JATHHCKOIO CJIOBa
resisto — comnpoTuBIsiock). Pe3ncTopbl ObIBAIOT MepeMeHHbIE W T0-
cTostHHbIe (puc. 1.2).
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[lepemeHHBIE pe3UCTOPBI ISl PETYJIMPOBAHMS TOKA WUJIN HaIPSKe-
HUA B LCIK HA3bIBAKOT peocmamdmul. Benwmny COMNPOTUBJICHUSA T10-
CTOAHHBIX PE3UCTOPOB HEJIb3d HM3MEHUTHL, OHa BCErja IOCTOAHHA.
B npocreiiiiemM ciiyyae NMOCTOSIHHBIN PE3UCTOP COCTOMT M3 Kapkaca,
KOTOpPBIH M3rOTOBJIEH U3 HETOPIOYEro HernpoBoAsilero marepuana. Ha
Kapkac HaMOTaHa MPOBOJIOKA W3 MeTaa ¢ OOJBIIUM YIIeNbHBIM CO-
npotusieHueM. [loBepx MpoBONOYHONM OOMOTKM HAaHOCAT 3alllUTHOE
TMOKPBLITHUE, XOPOLIO MpOBOAALIEE TCIUIO U crocodHoe BbIACPKUBATDH
temneparypsl 400-500 °C. IlpoBosiouHbIe pe3HCTOpPbl BBICOKOTO Ka-
YyecTBa MOKPBIBAIOT U30JMPYIOLIEH SMalIbiO.

Puc. 1.2. BHeLHW BUA NOCTOSHHBIX Y NEPEMEHHbIX PE3UCTOPOB

Pe3l/ICTOpr O6bl‘-lHO H3roTaBJIMBAlOT U3 MaTCpPUAJIOB C YJACJIbHBIM
conporueienneM ot 5-10° 0 8:10° Om:M (ta6x. 1.1). B Gonbiums-
CTBE CJIyyaeB BMECTO METAJUIMYECKOM MPOBOJIOKU UCHOIB3YIOT MaTe-
puyajibl € 60J'll)LHl/lM YACJIbHBIM COINPOTUBJIEHUEM. Ha Kapkac HaHOCAT
IUICHKY M3 3TOro Marepurajia U NOKpbIBAarOT 3alllUTHBIM CJIOEM CII€LU-
aJIbHOTO JIaKa.
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Tabnuya 1.1. Ceolicmea HEKOMOPbLIX Memarios U Pe3UCmMOpPHbIX Cr1agos

CocTtaB YpenbHoe co- |TemnepaTypHbIn Mpumeyanus
nportusBneHne | ko3adduumeHT
npu 20 °C, conpoTUBneHus
x107° OM-M (20-100 °C)
MeTannesl
Cepebpo 1,62 0,004 Makc. npoBoaMMOCTb
Megab 1,75 0,004 To xe
Hukenb 9,63 0,0048 BannacTtHble pe3ncTopbl
MnaTtuHa 11,95 0,0037 TepmomeTpsl,
COMPOTUBIEHNS
Cnnassbl (%)
78% Cu — 29,88 0,00016 PesncTtopel
22% Ni
55% Cu — 48,80 +0,00002 [MpnbBopHbIe pe3ncTopsbl
45% Ni
84% Cu — 48,14 +0,00002 To xe
12% Mn —
4% Ni
30% Ni — 99,50 0,00052 [o 870 °C
20% Cr —
50% Fe
60% Ni — 112,10 0,00022 [o 1000 °C
16% Cr —
24% Fe
80% Ni — 107,90 0,00014 [o 1150 °C
20% Cr
70% Ni — 72,20 0,0043 BannacTtHble pesncTopsl
30% Fe

Cyl11ecTBYIOT TaK Ha3blBaeMble KOMITO3ULMOHHBIE PE3UCTOPHI, KO-
TOpBIE U3rOTABIMBAIOT HA OCHOBE aMOP(HOI0 yriiepona uiM rpagura.
OTH MaTepHalbl JIErKOAOCTYIHBI, ACLIEeBbI, Jerko oOpadarbiBaloTc,
CrOCOOHBI BBIIEPKUBATH BBHICOKHME TEMIEPaTypbl U MO3BOJIAIOT B 3a-
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BUCHMOCTH OT COCTaBa KOMITO3MLIMK TONy4YaTh LIMPOKHH Iuamna3oH
yrensHoro comnpotupienus (ot 8:10° 10 8:10° Om-m nipu 20 °C) u
TemneparypHoro koag¢puureHTa. ¥ aeabHoe COMPOTUBIICHUE YUCTOrO
amopHoro yriepona npu HarpeBanuu 10 3000 °C ymeHbliaercs
npubnusutensHo Ha 30%. Y nenbHOe compoTHBieHHe rpadurta B TOM
JKe IMarasoHe TeMIiepatyp uaMeHseTcs B npenenax +10%.

Ta6nuuya 1.2. YcnogHble epaghuyeckue 0603HadeHUs pe3Lcmopos Ha cxemax

O6o03HauyeHue
no NOCT 2.728-74

—:'— MoCTOSHHBIN pe3ncTop 6e3 ykasaHUs HOMUHAMLHOV

MOLLHOCTHK paccenBaHna

MOCTOSIHHBIN PE3NCTOP C HOMUHATBHOM MOLLHOCTBIO
\\

OnucaHue

paccenBaHusa 0,05 BT

MOCTOSIHHBIN PE3NCTOP C HOMUHAMLHOW MOLLHOCTBIO

paccenBaHus 0,125 Bt
_“_ MOCTOSIHHBIN PE3NCTOP C HOMUHAMLHOW MOLLHOCTBIO
paccenBaHus 0,25 BT

[MOCTOSHHBIN PE3NCTOP C HOMUHANBHOW MOLLHOCTbIO
paccenBaHusa 0,5 BT

[MOCTOSHHBIN PE3NCTOP C HOMUHAMBHOW MOLLHOCTbIO
paccevBaHusa 1 Bt

[MOCTOSHHBIN PE3NCTOP C HOMUHAMBHOW MOLLHOCTbIO
paccevBaHusa 2 Bt

[MOCTOSHHBIN PE3NCTOP C HOMUHANBHOW MOLLHOCTbIO
paccevBaHusa 5 Bt

MepeMeHHbI pe3ucTop

[MoacTpoeyHbI pesncTop

HHARHE

Pesuctop BKJIIOYAETCS B 1EMb C MOMOIIBIO BBIBOJOB, UMEIOIINXCS
Ha ero kopmnyce. Ha anekTpo- v pagoTeXHUYECKHX cXeMaX pe3ncTop
n300paXkaloT B BUJIE MPSAMOYTOJIbHHUKA C OTPE3KaMH JIMHUN Ha MaJlbIX
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ctopoHax (tabn. 1.2). BHyTpu cuMMBOJa cTaBUTCS 3HAK, YKa3biBalo-
M HOMHWHAJIBHYIO MOIIHOCTb paccesHusi pesucropa. Psgom c yc-
JIOBHBIM 0003HAUEHHEM Pe3UCTOpa YKa3bIBAIOT BEJIMYKMHY €ro HOMH-
HAJILHOTO COMPOTHBIIEHUS U 3HaK R ¢ uudpoii, cOOTBETCTRYIOMIEH
MOPSAKOBOMY HOMEpY pe3ucTopa Ha cxeme (Hampumep, R1) u Benu-
YHHY COMPOTHUBIIEHUs 3TOro pesucropa (Hampumep, R1 47 kOm —
pesuctop R1 conpotuBiienuem 47 kuiaoom). YCIOBHbIE rpaduueckue
0003HaueHHs] PE3UCTOPOB HA cCXeMax JAOJDKHBI COOTBETCTBOBATH
['OCT 2.728-74.

Cyl1iecTBYIOT ABa crioco0a MapKUPOBKH MU 0003HAYEHUS Ha KOP-
Mmycax pe3UCTOpPOB MX 3HAYEHHH U JOIMycKOB. OJIMH U3 HUX LIBETOBOM
(puc. 1.3, a), BTOpoii — OykBeHHO-1IM(poBoi (puc. 1.3, 6).

Puc. 1.3. MapkupoBka pesucropa: useToas (a),
OykseHHo-Undpposas (6)

[{BeTOBYIO MapKHUPOBKY HAHOCAT B BUJIC YETHIPEX WJIHU MITH LIBET-
HBIX KoJiell. KaxkIoMy 1IBETY COOTBETCTBYET OIpejiesieHHOe udpoBoe
3HaueHue (cM. npunooicerue 1.1).

BykBeHHO-UMPPOBOI KOI AJIi MapKUPOBKH PE3UCTOPOB COCTOUT
u3 1udp, COOTBETCTBYIOIIUX HOMHHAJIBLHOMY COIMPOTHBIICHUIO, OYK-
Bbl, 00O3HAUaIOIel eANHUILY WU3MEPEeHUs, U OYKBBI, YKa3bIBaroleh
JIOMYCTUMOE OTKJIOHEHHE compoTuBieHus. [IpuMepsl HAHOCUMOTO Ha
KOpITyC pe3ucTopa OYKBEHHO-LIM(POBOrO KOAa €IUHUI] H3MEpPEHUs
HOMHHAJIBHOTO COMPOTHUBJIEHUSI CTApPOr0 M HOBOT'O CTAHIAPTOB MpPH-
BeJieHbI B Ta01. 1.3.
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Eciu HOMUHAIBHOE COMPOTUBIIEHUE BBIPAXKAETCS LIEJBIM YKCIIOM,
TO OYKBEHHBIN KOJ CTaBUTCS Tocje 3Toro uucna. Ecnm ke HOME-
HaJIbHOE COIPOTHURJICHUE TIPECTABIIIET COOO0M IECATUUHYIO IPOOh, TO
OyKBa CTaBUTCS BMECTO 3aIATOM, pasenss eyl U IpOOHYIO YacTH.
B cnyuyae, korma necsituuHasi ApoOb MEHbIIE €IMHUIBI, 1ejias 4acTh
(HOJB) HCKITFOUYAETCA.

Tabnuya 1.3. Obo3HauyeHUe HOMUHaIbHOU 8eUYUHbLI CONPOMUEBIIeHUS
Ha Koprycax pe3ucmopos

MonHoe o603HaYeHune CokpaweHHoe 0603HauYeHue Ha Kopnyce
O6o3HayeHue
O6o03HauyeHue eanHuy, fpumeptl
Mpumepbl o0603HaueHunn
eanHUL n3mepeHus
0603Ha4YeHus
n3MepeHus
Crtapoe | HoBoe | Crapoe HoBoe
Om oMbl 13 Om R E 13R 13E
470 Om 470R (K47) |470E (K47)
KOM | kunoombl |1 kOm K K 1K0 1K0
5,6 kOM 5K6 5K6
27 xOm 27K 27K
100 kOm 100K (M10) |100K (M10)
MOwm | meraombl | 470 MOm M M M47 M4a7
4,7 MOwm amMm7 apm7
47 MOwm 4TM a4TM

[Tpu MapKkuMpOBKe pe3rCTOPOB KO AOMYyCKa CTaBUTCA TMOCHe KO-
JUPOBAHHOTO 00O03HAYEHWS HOMHMHAJIBHOTO COMpPOTUBIEHUS. bByk-
BEHHbBIE KOJbI IOMYCKOB MpHBeeHbI B Ta0. 1.4.

Hanpumep, ob6o3nauenune 4K7B (uwniu 4K7M) COOTBETCTBYET
HOMHUHAJIbHOMY COMNPOTHBJICHUIO 4,7 KOM ¢ JOMYCTUMBIM OTKJIO-
HeHueM 20%.
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Tabnuya 1.4. bykeeHHble K0ObI 00rycKkos conpomusneHul,
HaHOCUMbIe Ha KopIlyca pe3ucmopos

Honyck, % +0,1|+0,2|+0,25|+0,5| +1 | +2 | +5 | +10 | £20 | £30

Crapoe koau-

poBaHHOE K Y — 0 P N n C B [0}
0603Ha4eHune
HoBoe koau-
poBaHHoOe B - C D F G J K M N
o603HauyeHue

1.4. dneKkTpuyeckasa uenb

DNeKTpUYecKO! 1Ienbio, B MPOCTEHIeM ciydae, Ha3bIBAIOT OMpe-
JIeJIeHHBIM 00pa3oM cOeIMHEeHHBbIe MeXTy cOO0H MCTOUYHUK DIIEKTPH-
YEeCKOW DHEpPruH, Harpy3Ky, KOHTPOJBHO-U3MEpPUTENbHbIE W Jpyrue
npubopsl (puc. 1.4). Llermb cunTaeTcs «3aMKHYTOM», KOTJa IO Hel
WIeT dIeKTpuueckrii Tok. PaboTa B Takoii ey coBeplaeTcs 3a cueT
OJIC ucrounuka. Ecnu B Lienu HeT TOKa, TO TOBOPSIT, YTO Takas LElb
paszoMkHyTa. /711 3aMBIKaHWS W pa3MbIKaHUS AJIEKTPUYECKOW IIenr
CITY’KHUT BBIKITFOYaTeN b (KHOMKA, pyOUIHHUK, KITIOY U T. 11.).

a INlamna

Bbikntoyatens o

SA1

1

GB16B — EL16,3B

: + CoeauHuTenbHble
P nposoaa
Barapesa

Puc. 1.4. O6wuii Bug anektpuyeckon Lenu (a) n ee npuHumMnuaneHas cxema (6)
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OcoOblii BUI COEMHEHHMS JIEMEHTOB LIeNH — COEIMHEHHE Ccoriac-
HO 2JIeKMpU4ecKoll cxeme, T. €. TpadpUUecKOMy U300PKEHHIO DIIEKTPH-
YyeCcKOM 1enu Ha OyMare Wi 9kpaHe kommnbiotepa. OOBIYHO, TIepe] TeM
KaK coOpaTth 3JIEKTPUUECKYIO LieTb, pa3pabaThIBaloOT €€ NEKTPUUECKYIO
cXeMy, 3aTeM MoAOMPAlOT COOTBETCTBYIOLINE KOMIIOHEHTBI, KOTOpbIE
COEIUHSAIOT COTJIAaCHO CXEMe C MOMOILBIO TIPOBOAOB.

PaznnyaioT NpUHLMNHAIBHYIO CXeMY W cXeMy 3amelueHus. [lpun-
YUNUATILHASL CXeMd — CXEMa, COCTOSIIAsi U3 YCIOBHBIX 0003HaYeHU
anieMeHTOB Lenu. Cxema 3ameuyenuss — dTO KOJTMUSCTBEHHAss MOJeIb
AIIEKTPUYECKOMN LEMU, COCTOsIAs U3 UACATM3UPOBAHHBIX JIEMEHTOB
Y TO3BOJISIIOIIAS PACCUMTHIBATh MapamMeTpbl ¢ HEOOXOIUMON TOUYHO-
cThlo. Ha mpHHUMMUANBHBIX 3MEKTPUUECKUX CXeMaxX KaKObld diie-
MEHT LeNnu W300paXkaeTcsi orNpelesieHHbIM YCIOBHBIM IpaduiecKum
obo3HavyeHueM (cM. npunooicerue 1.2). Psagom ¢ ycrnoBHbIMU rpadu-
4eCKUMHU 0003HaYEHUSIMHU MPOCTABIISIOT MO3WLUHOHHBIE 0003HAYEHUS
(OykBeHHbIE KOJbI) JIEMEHTOB M MX TMOPSJIKOBbIE HOMEpa Ha cXeme
(cm. npunoorcenue 1.3).

1.5. OCHOBHOM 3aKOH
3NIeKTPOTEXHUKMU

B kBapTHpe KOpOTKOe 3aMbIKaHHEe OOBIYHO aCCOLIMUPYETCS ¢ nepe-
ropaHieM MpoOOK Ha pacrpeenuTeabHOM muTKe. [lpuunHoi aToro
MOXKET OBITH COMNNPHUKOCHOBEHHUE OIr'OJIMBLIUXCA MPOBOAOB B 3JICKTPO-
npubdope, BKIIOUEHHOM B po3eTKy. TOk B 3TOM cilydae moinesn He 1o
MPEeHA3HAYEHHOMY JUISl HETO IyTH, a HEMOCPEACTBEHHO YEPE3 MECTO
KOHTaKTa MpOBOJOB. COl'lpOTl/lBJ'leHl/le JaHHOTO y4JacCTKa LCIHW OYCHb
MaJlo ¥ 4Yepe3 Hero moiues OOJNbIIOW TOK, MO3TOMY MPOBOJIOYKA B
IpeloXpaHnuTeNe paciuiaBuiack. biaromaps sToMmy ynanoch ycrpa-
HUTBH OMACHOCTH IOXKapa, KOTOpblﬁ MOI' BOBHUKHYTb OT HarpeBa Inpo-
BOJOB OOJIBLIIUM TOKOM.

Kpome KOPOTKOTI'O 3aMbIKaHHs, U3BECTHbI U APYTHUE ABJICHUA, Ta-
KHE€ KaK Harp€BaHu€ MpPOBOAHHWKA, MAarHUTHBIC U XUMHUUYCCKHE ZleP'ICT-
BUA, KOTOPBIC 3aBUCAT OT CHUJIbI TOKA. BOSILCﬁCTBl/IﬂMH SJICKTPUUCCKO-
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ro TOKa MOXHO YNpPaBJsATh, U3MEHSSA CUITy ToKa. J[s yrpasieHus To-
KOM B IIeM1 He0OXO0JUMO 3HATh ()YHKIIMOHAIBHYIO 3aBUCUMOCTb CHUJIBI
TOKa OT HEKOTOPOIl BEJIMUMHBI, BIUAIOUIEH HAa U3MEHeHue Toka. U3-
BECTHO, UTO JJIEKTPUYECKUN TOK B IIEMH — 3TO YHNOPSJOUYECHHOE IBU-
JKeHHE 3apsKEHHBIX YacTUIl B 3JIEKTpUYecKOM moje. YUem cuibHee
JIEHCTBUE BJIEKTPUUECKOTO TMOJI HAa 3TU YaCTHIIbI, TeM OOJBIIYIO CKO-
POCTh OHM MPUOOPETAIOT, UTO U MPUBOJUT K YBEIIMYCHHUIO CUJThI TOKA.
MeiicTBue nosis xapaktepuzyeTrcs (GU3NUeCKOl BEJIMYMHOW — Harpsi-
>keHueM. Mcxoas w3 3TOro, MOXKHO MPEANONOXKUTh, UYTO CHJIa TOKa
3aBUCHUT OT HAIPSDKEHUS.

Jlns moboro mpoBojHMKA, OyIb OH TBEPABIH, SKUIKUNA WU ra30-
o0pa3HbIii, CYIIECTBYET OINpe/ejeHHas 3aBUCUMOCTh CHJIbI TOKa OT
MPUWIOKEHHOM K €ro KOHIAM Pa3HOCTH MOTEHIMAJIOB (HAMIPSDKEHUS).
Takass 3aBUCUMOCTh MOXKET OBITH MOJIyd€Ha SKCIIEPUMEHTAJIBHO W
npeJcTaBliecHa B BUJe rpaduka, KOTOPbIH HOCUT Ha3BaHHWE G0/IbIMN-
amnepuoil xapakmepucmuxu (puc. 1.5). Bo Bpems skcnieprMeHTa co-
MPOTHUBJIEHHE TTPOBOJHUKA OCTAETCS MOCTOSHHBIM.

2

1,5

@ 1
Z

0,5

0

0 1 2 3 4
1(MA)

Puc. 1.5. BonbT-amnepHas xapakTepucTuka CBepXnpoBoOAsLLEN KepaMUKm
Bi,Ba,Sr,CuzOx Npu koMHaTHOW Temnepatype [1]

OCHOBBIBasICh Ha BOJIbT-aMIEPHBIX XapaKTePUCTHKAX VIS pa3ivy-
HOTO THUMa MPOBOJHUKOB, ObUIO YCTaHOBJIEHO, YTO CHJIa TOKa B MPO-
BOJHHUKE MPSIMO MPOMOPLUOHANIbHA HAMPSDKEHUIO Ha KOHLIAX MPOBOA-
HuKa. B sTomM cnywae rpaduk BONbT-aMIEpHOW XapaKTepUCTHUKH
MpeacTaBisieT OO0 NPSMYIO JIMHUIO.

Ecnu noctpouts rpaduk 3aBUCMMOCTH CHJIBI TOKA OT COTIPOTHBIIE-
HUSl IPOBOJHMKA MPH MOCTOSTHHOM HaNpsDKEHUM, TO MOTYyYUM oOpat-
HO MPOMOPLUOHAIBHYIO 3aBUCUMOCTb, T. €. P YMEHbIIEHUH COMPO-
TUBJICHUS! TPOBOHUKA ITPOUCXOIUT YBEJIMUEHHUE TOKA U HA0OOPOT.
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