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NMoxnonkosunk JXYKOB J. N. — TEJE®OH-
HOE JEJIO. Noco6He aas CEPKAHTCKOro COCTa-
BA H KYPCaHTOB YyueGHbX noapasaeneHHit Boiick
CBAI3H.

B Kuure paccMOTpEHb! BOIDOCH 3JIeKTPOTEXHHKR
B o6beMme, HEOGXONHMOM AJaA SICHOTO IOHHMAaHHS
¢dusnueckux mpoueccos p TesedoHHofl ammaparype,
JlaHO NMOApPO6HOE ONHCAHHe YCTPOHCTBA BOEHHO-NOJIE-
BHIX TeJie()OHHBIX ANIAPATOB H KOMMYTaTrOpoOB H ITIpH-
BelleHb HeoGXOoIHuMble cBeleHHs 06 o6opylosaHHR
n o6cayxupaHuH TeledOHHHX CTaHIHH.

Kuura onofpena HayajbHHKOM BOHcK cBAau Cy-
XONYTHBIX BOHCK B KauecTBe NOCOGHA ANl CEPKAHT-
CKOrO COCTaBa M KYPCaHTOB YueGRWX noApasziede-
Hud BOMCK CBA3H.



NPEAUCITOBHUE

Boun CoBerckoii ApMHH JO0/KEH HeIpepbiBHO HK00MBAaTbCH OTJHY-
HOTO 3HaHHA CBOero JeJa 4 YMEHHSI B COBEpHIEHCTBE BJAJEThb TOM
CJIO}KHOH TEeXHHKOH, KoTopoil ocHauleHa CoBeTckas Apmus.

Cpsi3ucThi  BBIIOJIHAIOT B COBPEMEHHOM  G0I0 OTBETCTBEHHEH-
mue 3ajpayu, ub6o 6e30TKasHasg paboTa CpelCTB CBA3H SBJISETCH BaX-
HefllUM ycsoBHeM o0ecrneyeHus YnpaBJeHus BOMCKaMu.

Cpenu pasiuYHBIX CpelNcTB CBSI3H TesedOHHAsi CBsA3b 3aHMMaeT
OfHO u3 BHUAHBIX MecT. [103BOssig OCYLIECTBJSATH HEMOCpEACTBEHHbIE
JMYHBIe MEpPeroBOPhl KOMAaHIAUPOB, Mepefauy roJOoCOM pacHopsKeHHd,
JOHECeHHH M T. I., OHa sBIAeTCH HauGoJee YLOGHBHIM M pacrmpocTpa-
HEHHbIM BHAOM CBSI3H.

Opranusanus tesedoHHON cBsisH TpeGyeT OT CBS3HCTOB OTJIHYHOTO
3HaHHs TeneOHHON ammapaTypel, yMeHHsi ObICTPO NPOKJaJAbiBaTh Te-
Je(OoHHEIe JHHHH, 000pYNOBaThb M OOCHYKHBATh TejedOHHbIE CTaHIUH.

B 3toM noco6un noapo6HO pa3o6paHel OCHOBHBIE CPEACTBA TeJe-
tonHoii cBA3M M mnpaBuaa uX 3Kcnaoatauud. OHO JOJKHO TIOMOYS
CepXKaHTCKOMY COCTaBY Te.leOHHbBIX M JIMHEIHBIX TNOApPa3jeneHHH,
a TaKXe KypcaHTaM y4yeOHBIX nopapasfeneHuii Haubosee NOJHO H3Y-
YHTb 5TH CPEJCTBa.






OTAEJI IEPBbIV

INEKTPOTEXHMKA
FJTABA 1
ANEKTPHYECTBO

§ 1. O6mue cBepenus

CoBpeMeHHasi TeXHMKa CBsi3H, HauMHasg C mpocTeliiefi TenedoOHROM
annapaTypbl, OCHOBaHa Ha HCIIOJb30BaHUM 3JeKTpuuectBa. Flostomy
[Jisi IOHMMaHus INPUHIHUIOB AEHCTBHs 3/eKTPUUECKHX CPENCTB CBSI3H,
CO3HaTeJbHOT0 YCBOEHHS NPaBUJ NOJb30BaHHs 3THMH CPeACTBaMH, HX
XpaHeHHs H YCTPaHEHUs BO3MOJXKHBLIX IOBpeXJeHHii HeoOXOAHMMO 3HATh
x0Tsi Obl caMoe CYIIeCTBEHHOE H OCHOBHOE M3 3JIEKTPOTEXHUKH (HAayKm
00 37eKTpHuecTBe).

JJsisi MOHUMAaHHA OCHOBHBIX 3JeKTPUYECKHX siBJIEHHH Heo6X0qHMO
npexjae BCero HMMeTh MNpPeACTaBJeHHe O CTPOEHHH OKpYXKaIOLIUX Hac
Tes (BellecTB).

CoBpeMeHHOIl TeopHeii, 0OBACHSIOLIEH BHYTPEHHeE CTPOEHHE Be-
LiecTBa, fABJseTCd 3JeKTPOHHA S TEOPH A,

CorniacHo 3T10ii TeopuM, Bce Tesla COCTOST W3 MeJbuafilIMX YacTHL,
HasblBaeMblX M O JI€ Ky Ja MH. Mosiekyna — 5T0 HaumeHbInas yacTHIa,
KOTOPYIO MOXKHO OTAEJHTbL OT TeJla u Kortopas o6JafiaeT BCeEMH CBOH-
CTBaMH, NMpHUCYWiHMH 3ToMY Teny. Tak, Hanmpumep, MoJieKyna keJjesa
MMeeT Bce CBOHCTBa Kesesa, a MoJeKyJja BOJbl — CBOACTBA BOJAbI H
T. A. Ecmu ke Mpl OyneM NpojosiKaTh AeJeHHe MOJIEKYJbl, To YacTH
ee yxe He GyayT obnajaTb CBOMCTBAMH Tesa, B COCTAB KOTOPOTO OHH
BXOAMIM, DTH MeJbuaiilllie YacCTHIbl, COCTABJSIONIHEe MOJIEKYJibl Be-
I1eCTB, HA3bIBAIOTCA a TO M a M U. KosMyecTBo aTOMOB ¥ HX CTPOEHHE
B MOJIEKYJ/IaX P33HBIX BellleCTB Pas3/HyuHO.

JoJaroe Bpemsi yueHble CUUTANH aTOM HeJeJHMOH YacTHuUeH, H JIHIb
B Havaje XX B. MocJje MHOTOUHCJIEHHBIX ONBITOB YAAJOCh paciienuTb
atoM H B OGLIHX YepTax ONpele/HTh €ro BHYTpeHHee CTpPOeHHE.

Atom (puc. 1) Jro6oro BeliecTBa COCTOUT M3 sApa U BPalLaOUIHXCA
BOKPYT HEro 1Mo 3aMKHYTbiM KPHBBHIM (0pOMTaM) OZHOH WJH HECKOJb-
KHX OSJeMeHTapHbeiXx (T. €. HeNeuMbiX) dYacTHu  JeKTPHYecTBa —
3NeKTPOHOB.
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$lnpo aTomMa COCTOHT H3 NPOTOHOB, ABIAIONIHXCH TaKke 3JeMeH-
TapHBIMH YacTHUUAMH 3/IEKTPHYECTBa, W MEJbYaHIIHX YaCTHL, He HMelo-
U[HX 3JEKTPHYECKOro 3apsja, — HeHTpoHOB. IIPOTOHBI U HEHTPOHBI Ha-
CTOJIBKO YNJIOTHEHBl B fiPe aToMa, 4TO 00beM, 3aHHMaeMbIi SPOM,
ype3BblYaifHO Maj H BO MHOILO pa3 MeHbIUE 061>ema BCero aToma.

Puc, 1. [Npunnunnansuoe
CTpOEHHEe aTtoma

YcraHoBneHo, 4TO 3apsiibl  3MEKTPOHA
4 NPOTOHA DPaBHBI NO BEJHYHHE, HO IMpPOTH-
BOMNOJIOXHBI NO cBoeMy pedctsuio. Ilpu-
HATO CUMTaTh, 4YTO 3JEKTpoH objajgaeT or-
pHIATELHBIM  3JIEKTPHUECKUM 3apsifoM, a
IPOTOH — TOJIOXKHUTeNbHBIM.  Cire0BaTe/Ib-
HO, AP0 aToOMa 3apsKEHO MOJIOKHTeNBHO.

Uem ke OTJMYalOTCA JPyr OT Jpyra
aTOMBI pa3/MUHBIX BemrecTs? Paanuuue ate-
MOB COCTOHT MpeXJe BCEro B pa3sHOM KO-
JHYecTBe TMPOTOHOB  H HEHTPOHOB B HX
A0pax, B CHNY 4ero HeOJHHAaKOB H NOJNOXKH-
TeJIbHBIH 3apsAl sioep aTOMOB pas3/IHYIIBIX
BemiecTB. KosMuecTBO 3/1€eKTPOHOB y aTo-
MOB Da3JHYHBIX BeLIECTB TaKxke He OJHHA-

KOBO W OnNpelessercs BeJMYMHON MOJOXKHTEJBbHOro 3apsja siapa. Ha-
KOHEll, Y aTOMOB OJHHX BeIIEeCTB 3/J1eKTPOHEI MPOYHO CBSI3AHBI C APOM,
B TO BpeMs Kak y aToOMOB APYrHX BelleCTB 3Ta CBS3b 3HAUUTEJBHO
cnabee,
B arome moGoro BemiecTBa KOJMYECTBO 3/J€KTPOHOB, BpallafOIHXCH
BOKDYT' A/pa, paBHO KOJHYECTBY NPOTOHOB, PacCNoONIOXeHHBIX B sifpe.
Tak xak 3.7eKTpHYECKHE 3apsifibl 3JeKTPOHAa M NPOTOHA pPaBHBEI HO Be-
JHUYAEE H MPOTUBOMOJOXHEI 10 CBOEMY AEHCTBHIO, TO W O6IMUHA (CyM-
MapHbIl) OTpHLATE/IbHBIA 3apsiA 3JIEKTPOHOB paBEH MOJOXKHTENLHOMY
3apsfy fjapa. DTH 3apsiAbl B3aHMHO YDAaBHOBELIMBAIOT OAMH ADYroro,
C/Je[0BaTeJbHO, CaM aTOM 3JEKTPHYEeCKOoro 3apsja He HMeeT H TOTOMY
ABJIAETCS HEHTpPaNbHBIM.
DJIeKTPOHBI, Bpam[aioluecst KaxKAblil mo cBoeli opbuTe, COCTABJSIOT
KaK Obl o6onoqu BOKpYI' sApa, Koropylo NPUHSTO Ha3biBaTbhb 3.J € K-
pPOHHOHR 060N0YKOIL

Slapo atoma BMecTe C OKpyxkawmuiefl ero 3JexTpoHHofl 0060J04YKoli
HaXOJHTCS B HeNnpepolBHOM ABHXKeHHH. B XUJAKHX Tenax M rasax 3To
JBHXEeHHe OecnopsifouHoe (XaoTHYeCKoe), a B TBEPABIX TEJaX OHO
HOCHT KoJiebaTeJIbHbl XapakTep.
B npounecce 3TOro ABMXKEHHS aTOMBI CTaJKHBAlOTCA APYT C APyrom,
B pe3yJbTaTe Yero OT HUX OTPLIBAIOTCH (BHINETAIOT H3 3J€KTPOHHOH
060JI0YKH) OJHH MM GoJblie 3neKTpoHOB. B 3TOM ciyyae aTtoM mepe-
craeT ObITh HeHTpasnbHBIM H TIpHuoGpeTaeT NOJOXKHTENbHHIH 3apsan. Ta-
KOe HapylleHHe 3JIeKTPOHHOH OGOJIOUKH CBOHCTBEHHO aToMaM Tex Be-
[IECTB, Y KOTODPHIX Ype3BhIYafiHo c.1abasi CBSI3b MEXAY SAAPOM H 3JieK-

T

TPOHAMIL,

K TakdM BelecTBaM OTHOCATCH BCE MeTa/lbpl H yroJib,

B TNIPOTHBONOJIOXKHOCTL APYrdM TBepAbIM T€JaM, TaKHM, KaK JepeBo,
CTeKJs0, 300HHUT, Y KOTOpLIX CB#A3b 2JAEKTPOHOB C dAApOM aroMma Ha-
CTOJIbKO TMpo4YHA, YTO HapPYWICHUA 3JJIEKTPOHHBIX 060/I04¢K aTOMOB H@
TIIPOXCXOAHNT- OTOpBaBIUHeCH OT aTOMOB 9. 1¢KTPOHBI HA3bIBAIOTCHA C B 0O-
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60X HBIMH 3MeKTPOHAMH. CBOGOJHBIE 3/EKTPOHEI «BJIyKAAOT»
B MeXX/IYaTOMHOM [MpPOCTPaHCTBE JO TeX Mop, 1oKa He OGyayT 3axpa-'
YeHbl JPYTAMH aTOMaMH, MOTEPSABLINMH, TaKXe B pe3y/bTaTe CTOJKHO-
BEH{H, CBOH 3JIEKTPOHbI. -

Takoii npouecc XaOTHYECKOrO JBHKEHHS CBOOOAHBIX 3JEKTPOHOB
B TeNle NPOMCXOAMT HenpephiBHO. C yBesMYeHHEM TEMIEPAaTypH TeJa
CKOPOCTb [BHKEHHSI aTOMOB BO3DacTaeT, HX CTOJKHOBEHHS MEXIY
co60ii MPOMCXOAAT Yallle | CHJIbHEe, B Pe3ysbTarte Yero KOJHUIECTBO
CBOGOJHBIX 3JIEKTPOHOB B.Tese yBejuuyuBaercs. OfHAKO, HECMOTPS Ha
yBe/JMYeHHE KOJHyecTBa CBOGOAHBIX 3JIEKTPOHOB BHYTPH TeJa, OHO He
NoJiydaeT 3JeKTPHUECKOro 3apsifia, Tak Kak oburee (CymMMmapHOe) KOJH-
YeCTBO 3JEKTPOHOB M MNPOTOHOB He MEHSETCH H TeJOo OCTaeTCs 3JeK-
TpUYEeCKH HelTpanbHbiM. Ecam e U3 Tena yAaJHTb KakuM-1160 obpa-
30M HEKOTOPOE KOJHM4YeCTBO CBOGOAHBIX 3JEKTPOHOB, TO OOMMit (CyM-
MapHmil) NOJIOXKHTeNbHBI 3apsf ero Oymer GoJblie CyMMapHOTO
OTPHLATEJIbHOTO 3apsifia, H, CIe[OBATEJbHO, TeJO OKaXKeTCs 3apsiXKeH-
HbIM moJsioxkuTespHo. M, HaobopoT, ecnu Teny npuGaBHTh HEKOTOpOe
KOJINYECTBO TAKHX 3/JEKTPOHOB, TO OHO TIONYYHT OTPHUATENbHBIH 3apsas.
Tlpu sTOoM Kak yjpajseHue U3 Tela SJNEKTPOHOB, TaK M cooOleHHE eMy
MX H3BHE He HapYIIAlOT MeXaHM4YeCKHX CBOHCTB TeJa, U OHO OCTaeTcs
TOYHO TAaKHM, Kakum Oblio Jo cooOlieHus eMy sapsja.

Hrak, ecan B Tesle co3aH HEHNOCTaTOK 3JEKTPOHOB, TO OHO 3aps-
JKEHO MOJOXKHUTEJBHO, €CJH K€ B Tede H3OBITOK 3JeKTDOHOB, TO OHO
3apsKEHO OTpHIATeJbHO, NpHueM ueM O6oJblie M3OHITOK HJIH HEZOCTa-
TOK 3/eKTPOHOB B Tese, TeM OOJIBIIMM 3JEKTPHYECKHM 3apsiioM 3TO
Tesio obsajgaer.

OnbITOM YCTaHOBNEHO, UTO 3apsiKeHHbie Teja B3aHMOAEHCTBYIOT
OAHO C APYTHM: TeJa, 3apsiKeHHble OJHOVMEHHLIM 3JIeKTPHUECTBOM, OT-
TaJKUBAIOTCH, a TeJa, 3apsiXKeHHble PAa3HOUMEHHBIM 3JIEKTPHYECTBOM,
TIPUTArUBalOTCA. TOYHO TaK e M 3JIEKTPOHBI, SBJSAACH OJHOMMEHHO
3apsiXKeHHbIMH 4YaCTHIIAMH, OTTAJIKHBAIOTCHA OJAWH OT JpYroro H BCerpa
CTPEMSITCS TPHTAHYTHCH K AAPY aToOMa, UMEIOLEMY NPOTHBOIMOJOXHEI
H#M {10/TOKHTE/bHBIA 3apsl.

H3nomeHHble Himu B o6uIux YepTax aTOMHOE CTPOCHHE BEUIECTB H ABJIEHHE
BAEKTPU3aUUY Tes, B COBLCHEHHH 3JEKTPOHHOH TEOPHH, He ABJKIOTCA MCUEPRHIBAIO-
UMy, KO HROCTATOYHH AJAA TOHHMAEHA JfajbHEHIIEro H3J0XKEHHS MaTtepuaia
yuebuuka. )

Mccnenoaauun NOCACAHHX JeCcATH JIeT 1O0Ka3aiaH, 4yT1o BHYTpEHHEEe CTPOEHHE

ATOMO08, a CJA€AOBATENbHO, M BEHIECTB, COCTOAIIUX U3 HHX, B ACHCTBUTENBHOCTYH
3HAYHTEJNBHO CIOXKH'€ H fABANETCA eille NpeIMeTOM H3yuYeHHd.

§ 2. MousTtHe 0 NOTeHUMaNe W Pa3HOCTH NOTEHUHANOB

Mbr 3HaeM, yTO OAHO T@JO MOXHO Harperh OGOJbiIe, a APyroe
MeHblIe; CTeleHp HarpeBa TeJa Ha3blBAETCA €ro TeMmnepaTypo it
[Topo6HO 3TOMY, OJHO Te&JO MOYKHO Ha3/JeKTPH30BaTh O0OJblle APY-
roro; CTreMeHb 3/eKTPU3aNHHM TeJa Has3blBaeTcsi 3JeKTPHUYECKHM
MTOTeHIHAaJOM HIH TPOCTO NMOTEHIIHAJOM Teja.

UTo 3HAYMT HA’/JICKTPH30BATb Te0? D10 3HAYUT COOGIIHTL eMy
9JeKTPHYECKHHA 3apsifl, T. €. NpHOGABHTb K HEMY HCKOTOPOE KOJIHYECTRO
3/IRKTPOHOB, €CJH Mbl Te10 3apAxKaeM OTPHLATEJIBbHO, WM OTHATH WX
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OT Hero, eclu Mh! TeJO 3apsKaeM MO0JIOXHTeNbHO. B ToM M apyrom’
cayuae Teno GyAer ofafath onpejesieHHON CTEeneHbio 3JeKTPHUsauuy,
T. €. TeM HJH HHbIM NOTEHLIHAJOM, TNPHYEM TeJo, 3apsKeHHoe TNOoJio-
JKUTEJIbHO, 06/afaeT MNOJIOXKHMTEJbHBIM TIOTEHIHAJIOM, a TeJo, 3aps-
JKeHHOE OTpHLAaTeNbHO, 06/1anaeT OTPUILATEJIBHBIM NOTEHUHAJIOM.
Bosbmem aBa teia A u 5 (puc. 2) u cooOIEM OXHOMY M3 HHX
NIOJIOXKHUTENbHBIA 3apsj, a JApyroMy — oTpullatesbHblll. Benwunna mno-

® O

Puc. 2. Ysc6yaxerne Puc, 3. [IBuxenne saex-

"B3apAMEHHLIX TEA: TPOHOB NO NPOBOJHHKY

A — Teno 3apmKeHO NONOMKH-

TeAbRbHIM BJeKTpUuecTBOM: b —

reno aag’.’q’;‘:ggﬂgggglggeﬂ"“““ JIOXHUTEJBHOrO NOTEHUHANa Tena A

XapaKTepu3yeTcs KOJHYeCTBOM He-

JIOCTAIOUIHX Y 2TOTO TeJsia 3JEKTPOHOB; BEJHYHHA OTPHLATEJNLHOIO

noTeHunuasa Ttena 5 Xapakrepusyercs KOJMYECTBOM HSJIMINHHX BJeK-

TpoHoB. HeM GoJbllie HeJOCTAaTOK 3JEKTPOHOB B Tesle A U H3OLITOK HX

B Tene b, teM GOJBIIMMH NMPOTHBONOJIOXKHBIMH 3JeKTPHUECKUMH 3aps-

AaMH 3TH Tena obnafaioT U TeM GoJibliie PasHOCTb TeX «3MeKTPHUECKHX

YpOBHell», JO KOTOPBIX 3apsKeHbl 3TH Tesda. PasHoCTb YPOBHA 3JieK-

TPHYECKHUX 3apsifloB JBYX TeJ Ha3blBaeTCA PasHOCTBIO 3JIEKTPHYECKHX
[IOTEHIHaJ0B HJHM NMPOCTO Pa3HOCTHIO NOTEHI HAJOB.

Eciu nBa Tena 3apsikeHbl OJNHOMMEHHBIMHM 3apsifiaMH, Pa3/MUYHBIMH
o BeJIMYHHE, TaK, YTO HX NOTeHIHaJbl HEOJHWHAKOBBI, TO MEXAY HHMH
Takxke OyJeT CYIIecTBOBaTb PasHOCTb IOTEHHHAJIOB.

Kpome Toro, pasHoctb noreHnuanoB OyAeT CYLIECTBOBATH MEXAY
JABYMs TeJaMH, OAHO H3 KOTODbIX 3apsiKeHO, a Jpyroe He HMeer
3apsina. Tak, HanpuMep, ecid Kakoe-Jubo Teso, H30JHPOBAHHOE OT
'3eMJIH, HMeeT HEKOTODBIl NOTEeRIHaN, TO PAa3HOCTb NOTEHIHAJIOB MEXAY
HHM d 3eMJel, NoTeHIHAa/ KOTOPOH NpPHHATO CUYUTATh PABHBIM HYJIO,
OyZeT YHCJIEHHO paBHa MOTEHIHAJy 3TOTO TeJa.

Wrak, eciiv ABa Tesa 3apsiKeHbl TakuM o6pasoM, YTO TOTEHIHAJbl
MX HEOJHHAKOBBI, MEXJYy HHMH OyneT HensbexHo CylIeCcTBOBaTb pas-
HOCTb MOTEHIIHAJIOB.

IaBasi onpepeneHHe pa3HOCTH MOTEHIHAJIOB, MH MMeNH B BHAY
JlBa 3apsAXeHHBIX Te/Jd, OAHAKO Pa3HOCTh MOTEHIHAJOB MOXKHO IOJY-
YUTb MEXJAY pPas3/JMUYHBIMH YacTAMH (TOYKAMM) OJTHOIO M TOTO XKe TeJa.
IlosicauM 3TO Ha cJhaefylOLLEeM NpHMepe.

Bo3bmeM Kycok MeaHOH NpPOBOJIOKH, BHYTPH KOTOPOH, KaK H BO
BCSIKOM MeTaJlle, B XaOTHYECKOM J[ABHIKEHHH HaXOAMTCH MHOTO CBO-
6oaHBIX 3/eKTpoHoB. Ecam nox aeficTBUeM KaKoH-sH00 BHEWIHEH CHJIH
HaM ygactTces CBOOGOJAHBIE 3JIEKTPOHBI TEPEMECTHTb K OJHOMY KOHIY
DIPOBOJIOKH, TO Ha JIPYIOM eeé KOHUe OyjeT HeAOCTaTOK 3.1eKTPOHOB,
T. €. MeXAY KOHmaMmy INPOBOJIOKH GyJeT CYLIECTBOBAaTb DPa3HOCTh MO-
TEHLHAJ/I0B (IPUYMHBI, KOTOPble MOI'YT Bbi3BaTh TaKoe JBHKEHHe 3K
TPOHOB, OYAYT HAMH PacCCMOTPEHBl IHXKE),
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CToMT HaM NpeKpaTHUTb JdeHCTBHe BHEIIHEH CHJbI, KaK 3JI@KTPOHbI
TOTYAaC »Ke B CHJIy MPHUTSKEHHs DAa3HOMMEHHBIX 3apsloB YCTpeMATCH
K KOHIY NPOBOJIOKH, 3apPSIXKEHHOMY MOJOMKHTE/IbHO, T. €. K MEeCTY, rle
MX HEeJOCTAaTOK, ¥ BHOBb HACTYNHT 3JEKTPHYECKOEe DaBHOBECHE.

§ 3. dnexkTpuueckuéd TOK

Ecnn gBa Metasuinueckux Tena A u B (cM. puc. 2) HaajeKTpusyem
B paBHOH CTeNeHH, HO Tpd 3ToM Tel1o A MoJNoXKuTeNbHO, a Teno b
OTpHIlaTe/IbHO, M MOJHECeM HX OJHO K APYroMy, TO Mbl OOHapyXuM,
YTO 3apsifibl T€J MIHOBEHHO HCYe3HYT H TeJla OKaXKyTCs He3apsiKeH-
HbolMH. PasbepeM, 4TO NPOW3OULIO IIPH 3TOM.

CBoGo/HbIE 3JeKTPOHbI, H3OLITOK KOTOphix Obl1 B Tesle b, nepe-
UM B Teao A, Tje MX HeLOCTaBaJo, M TakHM 06pa3oM NPOH3OLIIIO
BEIDABHMBaHME DA3HOCTH MOTEHHHAJOB, CYLIECTBOBABUIEH MeXJay
9THMH TeJaMH.

Mm yxe TOBOPHJH, UTO B psije TeJs, oco6eHHO B MeTaJiaX, NpOHC-
XOJHT HenpepbiBHOE [BHXKEHHEe CBOOOJNHBIX 3JEKTPOHOB, KOTOpble C
PasJMYHBIMA CKOPOCTSIMH M B Da3/IMYHBIX HampaBJeHHAX XaoTHYECKH
nepemeniaioTcs (OJYXKA3I0T) MEXIY aTOMaMH.

[TosTOpHM OMBIT C 3apsi:KeHHBIMH TenaMH A u b, HO Teneppb COelH-.
HHM HX MeXIy coBoHl KYCKOM MeTa/UIMYeCKOro NpoBOAHMKA (puc. 3);
MeX/Y KOHIAMH NPOBOAHHKA BO3HHKHET pasHOCTb Notennuastos. Ilox
JNefCTBHEM 3TOfl PasHOCTH MOTEHIIHAJIOB XaoTHUECKOe [epeMeleHHe
CBOOOJHBIX 3NEKTPOHOB YNOPSAJOYHTCH, T. €. SJEKTPOHbl HAUHYT fMepe-
MemaThCs MO NPOBOLHMKY B OlpeleNeHHOM HanlpaBJieHHH OT OTpHIia-
TQJILHO 3apsiKEHHOro Tesa b K MOJIOXKHTeJbHO 3apsiKeHHOMY reny A.
OnHOBPeMEHHO B TOM XK€ HampaBJeHun GylJer MPOHCXOAMTH Mepejaua.
3JEKTPOHOB OT aTOMa K aToMy.

Takoe ynopsijoueHHoe H HANPaBJEHHOE JBHIKEHHE 3JEKTPOHOB
B METa/VIH4ECKOM NPOBOJHHMKE Ha3bIBAETCH IJEKTPHUECKHM TOKOM.

B Hammem caydae (cM. pHC. 3) TeueHHe 3JIeKTPHUECKOro Toka Oy-
JleT A0 TeX mop, MOKA He HCYe3HET pa3HOCTb MOTEHIMAJN0B MEXAV
Tenamp A n b, 4TO NpaKTHUECKH NPOU30MILT OYTH MTHOBEHHO, TaK KaK
NOTEHIHaJIbl OOOMX TeJs 0ueHb OBICTPO YPABHAIOTCH K Pa3sHOCTH MNOTEH-
HajJoB yxke He Oynaer. Ilig nosnyueHus HenpepoiBHOTO TEYEHHS 3JeK-
TPHYECKOTO TOKAa [0 MPOBOJHHKY HEOGXOZMMO BCce BpeMs MNOAJep-
HBATb PA3sHOCTb NOTEHHHANOB MeXAy KOHIAMH NPOBOAHHKA.

Taxum oO6pasoM, HeOOXOJHMBIM YCJOBHEM [t MPOXOXK/JEHHS
3JIEKTPUIECKOTO TOKa MO NPOBOAHHKY SIBJISIETCS HAJHYHE pPa3HOCTH
TIOTEHNHANOB MEXAY HaYaJoM H KOHUOM WJIH MeXAYy KaKHMH-HHOYIb
JBYMsl TOYKaMH NPOBOJHHKA.

OTOo 3eKTPUYECKOe BJEHHE OYEHb CXOLHO C TEYeHHEM KHAKOCTEM.
[IpencraBum ceGe mBa cocyZla, COefMHEHHBIX TpPYGOH C KpaHOM
(puc. 4) n HayUTBIX BOJOH KO PasHeIX ypoBHeil. OTKpoeM KpaH, BOja
HEeMeNJIEHHO MoTeyeT W3 cocyla ¢ Oosiee BLICOKHM YDOBHEM B COCY[
¢ OoJiee HM3KHM YPOBHEM, H 3TO TeuYeHHe BOALI OYHET NPOHUCXOLUTHb
o Tex IMOP, MoKa He HCYe3HEeT Pa3HOCTh YPOBHEH B cOCYMaX.

Ecou npy nomomin Hacoca (puc. 5) nojgnepKkuBaTh Bce Bpems paa-
HOCTb YPOBHEH, TO NBHXXEHHE BOJAbB OVAET JIPOHCXOIHMTh HENpEPhIBRO.
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Puc. 4. Ipa coobmaomuxcsa Puc. 5. Hacoc, nomnepxusato-
cocyna: M B cocynax pasHOCTb
A u B — cocyan; B — Boxa; YPO3Hel XHAKOCTeIf:

. T — 1py6Ka; K — kpau A n 5 — cocynn; B — Boga;

T — 1pybka, K — kpan; H — nacoc

.

§ 4. JJeKkTpOABHKYIAA CHJIa M HaNpsHKeHHe

Ha npumepe ¢ JXHAKOCTbIO MBI BUAEJH, YJO AJsi MNOJYyYeHHs pas-
HOCTH YPOBHEH B cocyfaXx HEoOXOJMMO NPHMEHHTb CHJY Hacoca, Ko-
TOpBIf CcoBepius Gbt paGoOTy 1O NMOABEMY BOABI OT HU3LIEIO YPOBHS
K BBICUIEMY.

[Togo6HO 3TOMY, AJ1si TOJIy4eHHs HENpepelBHOrO TEYeHHs 3JIEKTpH-
YecKOro TOKa B NPOBOJHHKE HeoOXoauMa Kakafi-TO CHJIa, KOTOpas Bce
BpeMs nonmepxHuBasa Obl PasHOCTh MOTEHUMAJOB HAa KOHIAX 3ITOrO
1IpOBOAHHKA. ‘

Takasg cuila HOCHT Ha3BaHHe 3JEKTPOABHXYILeH CHJIBLL

daekTPoABHKYIEH CHIOH Ha3biBaeTcsl NMPHYHHA, KOTOpas co3jaer
HenpepsiBHO Je/CTBYIOIYI0O Pa3HOCTb MOTECHIHAJIOB HAa KOHUAX NpPoO-
BOJIHHKA.

DJIeKTPOJBHKYIAST CHJIA, HJH COKPAalIeHHO 3.1.C., 0003HadYaercss
6ykeoit E.

D.n.c. MoxeT ObITb NOJYy4YeHa CJAELYIOI{HMH JBYMS OCHOBHBLIMH
crnioco6amu:

1. Tlyrem Xumuuecko#f peaKuuH, KOTJa XHUMHYecKasi JHeprus mpe-
BpaljaeTcd B 3HEPrUI0 3JEKTpuyeckylo. [Ipubopsl, cospaiouide TakKHM
nyTeM 3.4.C., HOCAT HasBaHHe FaJbBaHHYECKHX 3JEMEHTOB
M aKKYMYJNATODPOB.

2. TlyreM paBHXKeHMS [POBOJHHMKA B TMoJse AeHCTBHA MAarHuTa,
Korpa 3HEPrus ABHXKEHHA MpeBpaIaeTCsi B 3JHEPTHIO 3JEKTPHUECKYIO.
Takue npuGopst HA3BHIBAIOTCY AUHAaMOMAaWIKHA MH.

Y nepeuncyeHHBIX UCTOYHHKOB TOKa, OyAb TO rajibBaHHYECKHIl 3ie-
MEHT HJH JAMHAMOMAINNHA, [EHCTBHe 3.J.C. COBEPIUEHHO OJZHHAKOBO.
Ono 3akmoyaercs B TOM, YTO 3.4.C. CO3[aeT Ha 3aXHMaX HCTOYHHKE
TOKa pPa3HOCTb 3JEKTPUYECKHX TMOTEHUHAJOB H NOJQJEPIKHBAET ee
oflipeie/leHHOS BpeMs.

OTH  3aXKMMbl Ha3blBAalOT MOJWCAaMH HCTOYHHKA TOKa
(puc. 6).

OpuH 3a)XMM HCOHITHLIBAGT HEHOCTATOK 3JEKTPOHOB H, cJenoBa-
TeJIBHO, 06JafaerT MOJOXHTETbHbIM 3apsigoM (--); JApyroil 3axum
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MCMb{THIBAET H3GLITOK 3JIEKTPOHOB H, CJIeAOBaTeNbHO, 06JIajJaeT OTpH-
LHATe/NbHBIM 32psAfoM (—).

Hanuune 3.x.c. Ha no/mocax HCTOYHHKA ToKa ellle He O3Hayaer
TeueHus IeKTpHueckoro Toka, Ho ec/n 3TH moJoca COEAUHHTD MeXAy

Puc. 6 OG6o3HayeHHe MOMIOCOB HMCTOUHHKA TOKa:
a — fansaaqnqecxnﬁ 3aeMeHr; 6 — AHHaMoMaUuIuHa

co6oii MpH NMOMOLIM KAaKOTO-HHOYAb MPOBOAHHKA, Mbl MOJYYMM 3aM-
KHYTYIO 3JIEKTPUYECKYIO lelb, MO KOTOPOH MNOTedeT 3JIeKTPHUECKHH
ToK (pHc. 7).

Pa3HOCTb MOTEHIIHAJIOB, KOTOpasi YCTaHaBJAMBAETCH MEXAY MNOJI0-
CaMH HCTOYHHKA TOKAa NPH 3aMKHYTOH 3JEKTPHUECKOH wuenH, Ha3bi-
paetcst HanpsxkenueM. Hampsokenne Bcerma menbme 3.4.c. Hanpsixe-
nue o6Go3nauaerca Gyksod U.

—UUUL—

€ 6
+ - |
— o ,
b
<y o ]
Puc. 7. 3amkHyTaa snek- Puc. 8. Bxnouenue BoabTMETpa Aas
TpHYECKasa LeMnb: H3MepeHHA:
E - JAeKTPOABHAKYINAA CHAA a — 3. K C. HCTOYHHKA TOKa; 6 — HAaNPpAXEeHud,
WK COFP.WIEHHO 3. X, C.; V — soasT™Merp; B — Gartapes

U —- HanpsikeHHe

Enununeil uaMepenus 3/eKTPOABHKYINEH CUJIbl M HANIPSIKEHHS CJy-
KHT BOJIbT. Y Hac BOJbT -COKpalleHHo 06o3HAuaeTcs OYyKBoi 8,
a B MeXIyHapoRHOM o6o3HaueHHH — G6ykBO# V.

Hanpumep, Hamo 3anucatb, 4TO 3.4.C. HCTOUHMKA TOKa paBHa 12
BOJIbTAM, MULIeTC 3TO Tak: E =12 .

Jast Toro utobbl M3MepHTH 3.4.C. HCTOYHHKA TOKA WJIH HanpsxKe-
HHEe, TIpUMeHsieTCsi TpHOOp, Ha3biBaeMblii BOJBTMET P O M.

Ha puc. 8 noxasaHo BKJOYeHHE BOJBTMETPA JJIg U3MEPEHHS 3.1.C.
HCTOYHHKA TOKA W HANpSXKEHHH Ha ero 3aXKHMax.

§ 5. HanpaBnenne u cuja 2aJeKTPHYSCKOrO TOKa

B 3aMKHYTO# Henu 3JIEKTPOHBI MepeMemaloTcs OT OTPHIATeILHOrO
710.0Ca HCTOYHMKA TOKa K [OJIOXKHTENbHOMY, a CJeJ0BaTe/bHO, H
3/1eKTPUUYECKHH TOK TeueT OT MuHyca (—) K maocy (+) (puc. 9).
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Ho no o6bscHeHHs 3JIEKTPHYECKHMX fIBJEHHH 3JIEKTPOHHOH TeopHei,
T. €. KOrJa NPHPOAA 3JeKTpHYecTBA He Obla JOCTaTOYHO H3yueHa,
YCJIOBHNHMCb CYHTATh, YTO TOK TEYET OT IOJIOXHTEJBHOTO NOJioca K
orpuuarenbHoMy. Uro6bl He H3MeHATb YCTaHOBJEHHBIX TOJIOXKEHHH,
PeILH/IH COXPaHHTb 3Ty YCJOBHOCTb M CUHTAIOT, YTO 3JIEKTPHYECKHUIl
TOK T€YeT OT «+» K «—», B TO BpeMsl KaK B NEHCTBHTEJBbHOCTH 3JeK-
TPOHBI NepeMelianTess oT «—» K «-+». [losToMy B najbHeiiuieM MbI
6yneM ykasbiBaTh HanpaBJeHHe TOKa OT MOJOXHTEJbHOIO moJioca (+)
K OTpHIaTeNbHOMY (—).

el R
| X

_L . - l +
e
INeKmponm s ]' ”
B
Puc. 9. HanpaBnenue Puc. 10. Bxnwouenne
DBHXEHHS SJAEKTPOHOB U B lienb aMiepmerpa:
9JCKTPHYECKOrO TOKa A -- amnepMmeTp; 5 — 6arapes

Ho cux nop, rosops 06 3JEKIPHYECKOM TOKe KaK MepeMelleHHH
3JIEKTPOHOB B NPOBOAHHKE, Mbl He TOBOPHJH O KOJHYecTBe INepeMme-
IAIMUXCA 3/1eKTpoHOB. Mozer OBITh TaKoe MNOJIOXKEHHEe, KOrja B Ipo-
BO/JHUKE llepeMellaeTca B OAHOM HaNpaBJeHHH HeOOo./plUIoe KOJHYECTBO
3JEKTPOHOB, 2 MOJXKeT CJYYUTBCA M TaK, YTO B STOM IepeMellleHHH
y4acTByeT MHOT'O 3/eKTpoHoB. OueBHAHO, TOK, NOJIyYeHHBIH B IIepBOM
cayuyae, Oypger ropaspo cjabee TOKa, NOJYYEHHOTO BO BTOpDOM
ciyuae.

Iia onpenesieHust BeJIMUMHBL 3JIEKTPHUYECKOro TOKa BBEJEHO TOHA-
1Me O TaK Ha3blBaeMoH cuJe 3JeKTPHUECKOTO TOKa, HIH,
1IpOCTO, CHJIe TOKa.

CuJioii ToKa Ha3blBaeTCs KOJHYECTBO 3JieKTpHUecTBa (KOJHYECTBO
3JIEKTPOHOB), MPOXOAslee B €JHHULY BpPeMEHH uepe3 nonepeyHoe ce-
4yeHHe NPOBOAHUKA *.

Cuiia Toxa oGosHauaercs GykBoit [ ugu I. Jlis cpaBHEHHR TOKOB
Pas/IMYHON CHaBI NMPHHATA eJHHHIA H3MepeHHs — a M i e p. Huxe npu-
BOJHUTCH ONpejeseHHe aMrepa, OCHOBAaHHOe Ha XHUMHYECKOM JeHCTBHH
TOKa NpPH NPOXOXKIEHUH €T0o uepe3 KUAKHH MPOBOJHHK.

AMnep ecTb cuJsla TAKOrOo TOKa, KOTOPH K NPH npo-
XOX/JAEHHH Hepe3 pacTBOp a30THOKHCJOTO cepebpa
rprgenser u3 Hero Bl cexkyuay 1,118 me wucroro
cepebpa. .

T Taxkoe ompeneneHne TOKAa COPIBENTUBO s TBCPUBIX (METANAHYECKHX) NPO=
FUAHYKOB, B KOTOPHIX MEPEHOCYMKAMH 3.JIEKTPHYECTBA ABAAIOTCH CBOGOJHBIE 3JEK~
TPOHbL. B KMAKMX NPOBOANMKAX M rasax B NMpouUecce 3JMeKTPHYETKOTO TOKAa IPH-
HHM3JOT YuaCTHE lie SJEKTPOHH, A 3APAMECHHLIE YaCTUILL MOJIEKYN BEUICCTBA.
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B renedonun Mbl MMeeM Aesio TJIaBHBIM 06pas’oM € TOKaMH MaJjoi
CHJIbI, WJIH, KaK TOBOPAT, CO c/aa6bIMA TOKaMH. [l H3MepeHHA caabblx
TOKOB Takas €JHHHNA, Kak | aMnep, CJAMIIKOM BeJHKa, MOITOMY HC-
NOJb3YIOT AOJH aMnepa — MHJIHamnep (ma) u Mukpoamnep (Mxa).

1 ma paBen I‘(;(To' amnepa, ung 0,001 g.

| k@ pasen Toousss  amnepa, am 0,000001 a.

1 a pasen 1000 nxa. 1‘
1 ma paBen 1000 mxa. 6
Ilna  uamepeHust CHIIB 5:
:;}:Iae npuMenserca npubop o Mocmommsi mon
pMeTp HJH MHJIMAM- ,
nepMerp, B 3aBHCHMOCTH 3
OT BEJHYHHbl H3MepaeMOH 24
CHJIBI TOKa. 4

¥

Yrobbl  u3Meputh aM- . ' . .
LI L]
nepMeTpoM (MM MHJTHAMs P} 2 3 4 5 e
MepMEeTPOM) CHAY TOKA B Puc. 11. I'papuueckoe n3obpaxenne MoCTOAHHOTO
U2k, HAAO0 Pa3opPBaTh ITY TOKa:
nefib # BKJKYHTD HPH60\D, I —cuaa voKa B @i I — BDEMH B CEKyHRAX

KaKk nokasaHp Ha puc. 10.
Takoe BkJWYeHHE HA3BIBACTCHA N0OC/AEL0BATEIbHBIM.

B 3aBHCHMOCTH OT HanpaBJ/JE€HHA H BEJHUYMHB 3MeKTPHUECKHHA TOX
pasfenseTcs HA NOCTOAHHBIA M mNepeMeHHHH.

[locTOSHHBIM TOKOM
Ha3blBaeTcsd TAaKOH TOK, KOTOPHIil

a.

6 1 TeYeT B OJHOM HanpaBreHUd H
51 lie H3MeHseT CBOeH BeJHUHHbI
4 ¢ reueHueM BpeMeHu (puc. 11).
31 [TlepeMeHHBIM TOKOM
21 Ha3blBaeTCs TaKOH TOK, KOTODbIH
! C TEYeHHEeM BpPEMEHH MeHSeT
0 »lcz ¥ PBeJUUHHY H  HanpasJ/eHHe
f 1 (puc. 12).

2 YacTHbIM ciiydaeM TnepeMeH-
31 HOTO TOKa SABJSETCA TaK Ha3bi-
4 1 BaeMblii  MyJIbCUPYIOIHH  TOK
51 - (puc. 13).

5', Hy,rxbcupyuomum TO-
Iy K O M Ha3bIBaeTC TaKOH TOK, KO-

TOpLI TEUeT BCe BpeMs B OLHOM
HAlpaBJIEHMH, HO  H3MeHseTCsH
IpH 3TOM NO BEJHYHHE.

Puc. 12, Tpaduueckoe H306pawenne
NepeMeHaoro Toka

3adauu.
1. ITo uenu teyer Tox cuao#h 92 ma. Beipasnts 51y BEIHUYHHY B aMIlepax.
2. Mo uenn rteyer Tok cuaoft 0,038 @ BripazuTe 3Ty BEAWUHHY B MHMIH-

amnepax.
. [To uenu teuer tok cuao#: a) 0,569 a, 6) 0,048 a 1 ) 0,003 a. Bueipasute

TH BeJIH'-lHHb! B MHJATHaAMIIEpax.
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Puc. 13. T'paduueckoe n3obpaxkeHHe nyaLCHpYOMEro TOKA

§ 6. dnexTpHuecKoe ConpoTHBlIEeHHE

Besikoe Tesio, IO KOTOPOMY NPOTEKAeT 3JeKTPUYECKHH TOK, OKA3bl-
BaeT eMy onpejneseHHoe conporusicHue. CBOUCTBO MaTepuasa NMPOBOJ-
HHKA NpPeNsTCTBOBAaTb NPOXOXKACHHIO Yepe3 Hero 3JIEKTPHYECKOro ToKa
Ha3bIBAaeTCHA 3JICKTPUYECKHM COMNPOTHBJCHHEM,

ConporusieHne o6o3Havaercd 6ykBamu R WM r. Pasznuunble Tena
o6MafaloT pa3/MYHBLIM 3JCKTPHYECKUM COTpOTHBJIeHHeM. B mpupone
eCTb TeJ/1a, KOTOpPble XOPOIIO NPOBOASAT JMEKTPHUECKHH TOK, T. €. obJa-
J2I0T MalbiM CONpPOTHBJIEHHEM. TaKue Tesa HA3bIBAIOT NMPO B O I HHU-
KaMu 3JeKTpuyYeckoro Toka. Ho ecTb u Taxkue Tena, KOTOphHE COBCEM
e TNPOBOAAT SJEKTPUUECKHH TOK WM 06/1aJal0T OoueHb OOJbIIHM CO-
uporuBieHueM. Takue Tena Ha3bBAlOT HENMPOBOAHHKAMH IJEK-
TPHYECKOT0 TOKA MM M3 018 TO0 paMu. Kpome Toro, B mpupone cy-
IIECTBYIOT TAaK Ha3blBaeMble MOJYNPOBOAHHKH.

K npoBOgHHKAM 3/€KTPHYECKOrO TOKa OTHOCATCH TIVIaBHBIM o0Opa-
30M MeTaJsibl Y CIJaBbl: cepe6po, MeAb, AJIOMHHHUIL, MKeJse30, HHKE/b,
cBuHell, PTYTh — U TaKHe Tesa, KaK Yrosb, rpadut, pacTBOpbl KHCJOT.
IlonynpoBonHUKaMU ABJAIOTCA: 3eMJs, BoXa (HeNeCTH/JHPOBAaHHAf),
ueJIoBedecKkoe TeJO W Cbhipoe mepeBo. K HenpoBOJHHKAM, HJH H30Jd-
TOpaM, oTHocATcA: (papdop, CTEKNO, LIEPCTh, LICJAK, CMOJBI, KayuykK H
pesuHa, 360HHT, CJIIOJA, BOCK, Napadud u Ap. JlecTHIIMpOBAaHHAA BOAA
M CHEr TaKxe SBJAIOTCA HENPOBOAHUKAaMH 3JIEKTPHUECKOTO TOKA.

YeMm OGoJblie CONPOTHBJIEHME NPOBOAHMKA, TE€M XyXKe€ OH NPOBOAUT
3JIEKTPUYECKHE TOK, M HAao6OpOT, YeM MeHblle€ CONPOTHBJEHHE Ipo-
BOJHHKA, TEM OH fIBJIACTCH JIYUINIM NPOBOJHHUKOM 2JIeKTPUYECKOTO , TOKa.

3a eNUHHIY U3MEDEHUs] 3JEKTPHUYECKOro CONPOTHBJEHHS MPHHAT
oM (on).

OM — conpoTHB]eHHe, OKa3piBaemoe TOKy npu Ttemneparype 0° C
PTYTHBIM cToaGoM Buicoroi 106,3 ciM, UMewW MM No CBOEH AJHHE OaM-
HaKoBOe MomnepeYHoe ceuenue, paBHoe 1 x6. .

JOna usmepeHus OoJBINHEX CONPOTHBJIEHMI TaKas €LMHMIA COTpPO-
THBJIeHHSI HeyHOoOHA, MOITOMY 4YacTO INPUMEHAETCA TaK HasbiBaeMblit
meroMm (meon).

1 seom paser 1000000 os, uiu 1 om pasen 0,000001 seom.

Ecnu conpotuB/eHne NpoBOAHHKA COCTaBfeT 22 OM3, TO NHLIETCH
5T0 Tak: KR =22 ox; ecqu CONPOTHBJIEHHE KAKOro-iMbo Tena cocra-
BAgeT 8 MeroM, TO muiieTcss 370 Tak: R =8 meom.
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§ 7. Eaunvuna namepenus ajeKTPOABHKYIeH CHIbI
M HanpsixeHus

Mpl yxe roBopusH, uTO €QMHHLEH H3MepeHHsl 3JIeKTpOABUXKYylLed
CHJIBI U HamnpsiKeHHs $BJIAETCA BOJbT.

BoabT (8) ecTh Takas 3JEKTPOABHIKYIWNAA CHJA, KOTOpas B Henu
¢ conpoTHBJeHneM B 1 ou BbI3bIBaET CHJAY TokKa B 1 a.

Uacro Takas enuHHIa He YIOBJETBOPAET 1o CBOeH BeJUYHHE, Ha-
npuMep B TeXHUKe BBICOKHX HaNpPMKEHH 3a eAHHHNY TNPHHUMAIOT
1 xunosoabt (K8, EV).

1 k6 pasen 1000 s.

HaoGopot, #HOrZa NPUXONMTCA HMETh JHeJlo C TaKUMH Hanpsxe-
HUSAMH, A8 KoTophix | @ BesuuuHa oueHb OGoJiblliasi, NO3TOMY NpuHMe-
HAeTCA TaKk HasblBaeMbld MHJAIUBOJBLT (M8, mV).

1 ne pasex 0,001 6.
1 8 paBén 1000 us.

§ 8. JleiicTBHe 21eKTPHYECKOTrO TOKa
B npeamxyiiux maparpadax Mbl pacCMOTpeJH, YTO TaKOE 3/€KTpH-

YCCKHH TOK H KaKOBBI IpHYHHbl €ro BO3HHUKHOBECHHS. paCCMOTpﬂM T€-
I1¢pb, KaKOBbI K€ OCHOBHbIE nedcTBUA 3JIEKTPHUYECKOro TOKa.

~ :"’"%_\“
P — = Y

Puc. 14. [lelicTBHe MPOBOXHHKA C TOKOM HA MAarHHTHYIO
CTpeaxy

‘Ecnu K npoBojnHMKY, 1O KOTOPOMY TeueT ToK (puc. 14), noamecru
CTpPeJKy KoMnaca (MarHHTHYIO CTPeJIKY), TO Mbl 3aMETHM, YTO CTpPeJ/IKa
OpUIeT B JIBHXKEHHE W YCTAHOBHTCA NONEPEK (NeprneHIMKYJSPHO) Npo-
poanuka. [Ipd mnpekpailleHMH TOKa B NPOBOJHHKE CTpeJKa BEPHETCA
B NepBOHAYaJbHOE MOJIOXKeHHe. DTO CBHAETE/JbCTBYET O TOM, YTO BO-
KpyT TNpPOBOJHHKA, N0 KOTOPOMY TE4eT 3JeKTpudyeCKHH TOK, oOpasyercs
onpeleseHHOe COCTOfAHHE OKpy»Kaiollero mnpocrpancTsa. OueBHAHO, B
3TOM HPOCTPAHCTBE NEHCTBYIOT KaKHe-TO CHJIbl, 3aCTaBJ/AIOLINE CTPEJKY
KOMNaca M3MeHATb CBO€ NOJI0MXKCHHE.
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Takoe cocrosHMe NPOCTPAHCTBA, OKPYXKAMOIEr0 NPOBOAHHUK < TO-
KOM, Ma3biBaeTCd MarHHTHBIM NMOJEM TOKa.

CJenoBaTesbHO, OAHUM U3 AEHCTBHH (NPOSBJIEHHI) 3/IEKTPUYECKOTO
TOKa, NMPOTEKAIOLero no NPOBOJHUKY, fBNTETCH OOPa3sOBaHHE MaTHHUT:
HOrO MOJIi BOKPYr INpPOBOAHHKA. IDTO JAEHCTBHE 3/IeKTPHUECKOro
TOKa, Ha3bBaeMoe 3JIeKTPOMATHUTHDBIM, SBJISETCH OCHOBOII
paboThl u ycTpoiicTBa MHOXEeCTBa MNPHGOPOB, COCTABJAKLIUX TEXHHKY
CBfI3H.

BTopbiM, He MeHee BaM(HbIM NPOSIBIEHHEM 3JIEKTPUYECKOr0 TOKa
SBJFIETCA €ro TenJoBoe AefcTBHE OJeKTpHUECKHH TOK, Npo-
X04d NHO NPOBOAHHKY, Harpesaer ero.

Ha srom cBolicTBe 3JIeKTPHYECKOTO TOKAa OCHOBAHO JeHCTBHE 3/€K-
TPHUECKOH JIAMMOYKH, HArpeBaTe/IbHbIX NPHOOPOB 4 HEKOTOPbIX H3Me-
pHUTe/IbHBbIX NPHOOPOB.

Anrsuitickuft gusuk IKoyib M pycckuil yuennidl JIenn nouTH 0aHO-
BPEMEHHO . ONBITHbIM TyTeM -YCTAHOBHIH, YTO KOJHYECTBO TeMJa, Bbi-
AeJSEeMOro NPH HarpeBaHHH NPOBOJAHHKA TOKOM, MPONOPIHOHAJIBHO
KBAajpaTy CHJIbl TOKA, CONPOTUBJ/IEHHIO NMPOBOJHHKA M BPEMEHH MPOXO-
XAEHHS TOKa uYepe3 MPOBOAHHK, T. €.

Q=0,24 I*-R-t maabix Kajopwui!,

rae Q — KonHYecTBO TemJa B MaJbIX KaJIOPHAX;
[ —cuha TOKa B a;
R — conpoTuBsienue B OM;
t-- BpeMda B CEeKyHJAX,
0,24 — xo3dunueHT, NOKA3bIBAIOLIMI KOJHYECTBO TeIJd B MaJblX
KaJIOpUsX, BbigesnseMoro B | CekyHAy MNpPOBOJHHKOM COMpO-
THBJIEHHEM B | oM npu cuie toka B | aq.

HarpeBanue npoBOAHHKOB TOKOM MOJKET ObITh HACTOJILKO BEJLIKO,
YTO NPOBORHUK PACKAJSIETCA M Jlaxe pacmaBiseTcs (neperopaer). 1o
MOXKeT HPOU30HTH NPH NPOXOXKAEHHH Hepe3 Hero TOKa OOJbINOH CHJIbI
(nampuMep KOpOTKOe 3aMbiKanHe). B Ttenedonun, rpe TOKH O4eHb He-
3HQYUTE/IbHBI, TEMJOBbie JEHCTBUS TOKAa HE3aMeTHbl, W JHWIb B MH-
Kpo)oHe TpH TPOXOXKIAEHHH NO HeMY TOKa OO0JblION BeJHYHHBI MECTd
COMPHUKOCHOBEHHA 3€DeH MOPOHIKAa MOTYT HaCTOJbKO HarperThesi, UTo
MPOU30HAET €ro CrneKaHHe.

M HakoHeu, npH MNPOXOXKAGHHH 5JEKTPHUECKOrO TOKa uepes pac-
TBOPb! COJIEH, KHCJOT M uleJioyejl, KOTOpble ABJIAOTCH NPOBOJHHKAMH
TOKa,— B HHUX MNPOHUCXOAAT XUMHYECKHE [MpOuecchl (passoXkenue pac-
TBOPa Ha COCTaBHbI® YaCTH). DTO AefCTBHE TOKa HA3bIBACICA XHUMH-
YeCKMM M IUMPOKO HCNOJb3yeTca B TexHHKe. B wacTHocTH, OHoO
IBJIIETCA OCHOBOIl PabOThl XUMHYECKHX HCTOYHHKOB TOKA — KHCJAOTHBIX
M UIeJIOYHBIX AKKYMYJATOPOB (BO BpeMs MX 3apsija).

[Toapo6uo 3TOT BOMpOC H3/0keH B riase 1X.

LMaaag «aj opHa- - eAMHHIa H3MEPEHHSA TeIla.
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[JIABA i

3AKOH OMA

§ 9. 3amkHyTas aJekTpHueckas Lelb

3aMKHyTas 3/1eKTPHYECKas Lelb COCTOMT M3 HCTOYHUKA TOKA, MOTPe-
6uTtensi 3JEKTPHUECKOHX 3HEPrHH, CHCTEMbl NPOBOJOB H IpHcmocole-
HHUAl [J19 3aMLIKAHHA M Pa3MblKaHHS [EnH.

HcrounukaMe TOKa CJlyXKaT TajbBaHUYECKHE 3JIEMEHTHl, aKKyMmy-
JATOPLI, AHMHAMOMAaLUHHLI.

[lorpeGuTeaiMH 3JIEKTPUUECKOTO TOKA ABJSIOTCS JIaMibl HakaJuBa-

HUfA, HArpeBaTe/bHble MNpubopbl, 3JEKTPOMOTOPLI, 3JIEKTPOMArHUTHL,
a B TeseQOHHRIX wHenAX — MuUKpodOH, 3yMmmep, TpaHchopMaTop
H T IL

[TpoBonHUKAMK 3JEKTPHYECKOTO TOKA
CJYXaT vallle BCero MeTa/JIHyecKue
[IPDOBOJHUKH pa3juuyHOH  (QOpMBI, TOJ- -

IIMHBl ¥ [JIMHBL, 2 B TesedOHUH HCIOJNb-
3yeTcsi B KaueCTBe TPOBOAHUKOB TaKKe
" 3eMJIs.

Ha puc. 15 mnoxkasaHa wnenb, coCTof-
mas u3 Oartapen b, coexuHUTEJBHBIX
npoBonoB Iy, I1s u II3 u Murpodona M,
KOTOPLIA CJIYyXKHT NOTpe6uTeNeM TOKa;
51 BKJIIOUEHHSI TOKa CJIYKUT [PUCIO-

cofsieHde, Ha3blBaeMO€  PAa3rOBOPHBIM
KJaananom PK.
Takum oOGpasoM, ecqu Kakoe-HHOYIb

Puc. 15. dnexTpuueckas nens:

b ~ ncTOuHNK Toka (6atapes); M —
noTpe6utesp TOKa (Muxpodou); PH —
BBIK/AIOYATeAb (PA3TOBODHBIA  KJAaNaH);
IT,, Iy v ITy — coequMuTeAbHBIE NIPOBOAA

CONpPOTHBJ/ICHHE, B HALUeM CJaydae MH-
KpodoH, MOAKMOYUTb K HCTOYHHKY TOKa, TO INOJYYHTCH 3aMKHYThbIH
KOHTYD, HJIH, KaK I[DHHATO Ha3biBaTh, 3aMKHYyTasf 3JeKTpHUYe-
cCKas Lenb.

~ 3aMKHyTas 3JIeKTpuyeckas [ellb Ha [PAKTHKE BCerja paccMar-
puBaercs Kak lelb, COCTOHILAA M3 ABYX uacTell: BHeWIHed u BHYT-
peHHell. _

BrHewHas umenb BkMouaer B ceGsi MOTPeGUTENb TOKA, COEZNl-
IIHTENLHBIE ‘[IPOBOAA H HeOOXONUMbIE U3MepuTeJbHble MPHOODHI.

BuyTpennsa lenb nNpeicrasiger co60i Jullb CONPOTHBJIEHHE
UCTOYHHKA TOKa, KOTOpOE€ HasLIBAlOT €ro BHYTPEHHHM COIPOTHBIJe-
HueM d 00o3HauaioT O06LIYHO OYKBOH 7.

[Mon neficTBHeM 3JEKTPOABUXKYLIEH CHJIBI HCTOYHHKa TOKa B mo
3aMKHYTOH Henu noreweT TOK- I, mpuueM mnyTb ero JBuxKeHus Oyner
CJEAYIOUHA: OT MOJIOKUTENBHOTO MOJIOCA HCTOUHHKA TOKA 4depe3 Bbl-
kaouateab PK x mukpodony M, nasee uepes MukpodoH (conpoTu-
BJIEHHE) K OTpUIATEJLHOMY MOJIOCY HCTOYHHKA TOKA.

OueHb BayKHO OTMETHTb, 4YTO CHJa TOKa Ha NPOTSKEHHH BCeH
3TOH LeNd OCTASTCH HEHU3MEHHO#, T. €., APYruMH CJoBamy, B JOGOH
TOUKe 3aMKHYTOH Lend aMmmepMeTp MNOKaxceT OAHY H TY MKe CHIY
TOKa.

2167 17



§ 10. 3akon Oma ana 3aMKHyTOH Uenu

B 1827 r. yuensiii OM, pPOU3BOMSI OMBITHI HAJ 3AMKHYTOH 3JEKTPH-
4yecKofl Ienblo, MpaKTHYeCKHM IIyTeM YCTaHOBHJ OYEHb BAaXKHOE COOT-
HOLUIGHHE MEXAY CuJoH ToKa B Uenu [, CONpOTUBJIEHHEM BCell 3aMK-
HyTOll LenmH R M 3JeKTpOABHXKYIUeH cunofi ucrounuka Ttoka E. Do
. COOTHOUIeHHE OH C(OpMYJHpOBaJ B BUAe 33aKOHA, KOTOPLIl HOCHT Ha-
3BaHe 32KoHa OMa M ABIFETCA OCHOBHLIM 33aKOHOM 3JIeKTPO-
TEXHUKH,

Cujia ToKa B 3aMKHYTOH ULenH NpsiMO MNPONMOPLHOHANbHA 3IJEKTPO-
ABHXKYu(ed cuAe HMCTOYHHKAa ToKa M o0paTHO mponopuHoHaJbHa compo-
THBJEHHIO Bcell 3aMKHYToHl Uenu:

3JEKTPOABIXYLIAS CHIIa
CONpOTHBJAEHNE BCeH uenu

Cuaa Toka =

)

\

I=% ' M

3akon OMa MOXHO OOBACHHUTH TakK:

a) ¢ yBeJMyeHHeM WM YyMeHblUeHHeM 3.4.C. B [eNH CHJI3 TOKa
COOTBETCTBEHHO YBE/NHMUHBAETCS HJIM yMEHbIIAeTcs;

6) c yBeJuueHHeM CONPOTHBJICHHS UENH Cujia ToKa YMeHbLIaeTcs
H, Hao6OpOT, C YMeHbLUEHHeM CONPOTHBJEHHA Cujla TOKa YBeJHUH-
BaeTcsl.

U3 Qopmysant 3akona OMa cjaeAYIOT ABa OYeHb BaXKHBIX [OJIOKEHHUI.

E=IR

1. D.0.c. UCTOYHHMKA TOKA UHCJEHHO paBHa TNPOH3BEACHHUIO CHJIBI
TOKa B LIEMH HA IMOJIHOE COMNPOTHBJIEHHE MEIH.

R =

£
/

2. TlonHoe compoTHB/IeHHe 3aMKHYTOH LNy YHCJEHHO PaBHO 3.4.C.
HCTOYHHKA TOKa, AEJEHHOH HAa CHJIY TOKa B LIEINH,

\ 7

Puc. 16. Tpeyroasuuk 3axona Oma

Jns sanomuHanua 3akoHa OMa M peilleHHA 33124 MOXET CJYyXHUTh
1peyrosbHUK (puc, 16). Tlpn nomowun TpeyrosbHHKa, 3Has JABe BeJH-
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YWHpBI, JErkn HafiTH, yeMy paBHa HEH3BeCTHasl TPeTbs BejuuuHa. Illpu
pellleHHd 3a4a4, KOTja W3 TpeX BeJHWYHH H3BECTHbI TOJBKO [BE, 3a-
KpbIBAIOT HCKOMYIO (HEH3BECTHYIO) BeJHUHHY NajbieM TakK, 4TO0bI
IBe OCTaJjbHble Oblid OTKPHITHL. 3HaKU YKaXXyT Ha Ae#CTBUfA, KOTODLIE

E
HYXXHO IIpou3BecTd. 3aKpbi [, BHAHM R+ 3AKpLIB R, BupuM T

sakpelB E, Bumum [-R.

Las Toro urtoGel onmpeAesudTb CHJy TOKA, HYXHO 3.J.C. Pa3lieJjHTh
Ha compoTtusjeHue. [y Toro uro6bl HaHTH BEJHYHHY CONPOTHBJIEHHS,
HyXHOo 3.0.C. pa3fieuTb Ha cuay Ttoka. Jas Ttoro uroObl HaiTu
3.A.C., Hy’KHO CHJIy TOKa YMHOXHTb HAa CONPOTHBJIEHHE.

ITpunepvi.

1. Kako#f cuabl TOX NPOXOJHT B LeNH, CONPOTHBAGHHe KOTOPOH DAaBHO B OM,
ecan 9. n. c. papHa 20 g?

Pemenmne. o 3akony Cwma,

E
l—.?.

3nas E u R, naxonum /; noncrapass UHQPH, NMONYy4YHM:

20
1_—5— 4a.

2. TocMOTpHM, 4TO OGyAeT C CcHIOH Toka B STOH e UENMH C CONMPOTHBICHHEM
5 oM, ecin MBI yBenuuUMM 9. A. C. BIBOe, T. €. Bo3bMeM E = 40 s.
Torna

=£
I=p.

MNoncraeasa nudpH, HaxonuM:

=8a.

u[g

Mel yBenuuuan . I. C. BABOE, CHIA TOKA YBEJH4YHAACh TOXE BABOE.

3. B neppomM npuMepe MbI HMeNH CONMPOTHBIAEHHE uenH 5 oM, 9. 4. c. 20 @
H Haulg, 4TO Cuia ToxKa paBHa 4 a, Kaxo# cuisl Tok Gyjner HpoTexaTh B LemH,
ecliu, He H3MeHAs 9. I. C., yBeJHYHM CONPOTHBJAEHHEe B 4 pasa, T. e. no 20 om?

E o
Tak xak I = R TO CHJA TOKa B 3TOH uenn Oyzer:

Mbi BHIHM, 4YTO ¢ YBelNH4EeHHEM CONPOTHBIAEHHA (MpH HEH3MEHHOH 9. 1. ¢.)
B 4 pasa cuaa Toka ymeHbuiunach B 4 pasa.
4. Kaxoil cuabl TOK moTeyeT II0 3TOH XXe Wemy, ecly CONpOTHBIeHHe ee Oyner

0,5 om?
20

]: 6’—-5:-40 a.

Taxum 06p330M, C ymMeHbLIEHHEM CONPOTHBAEHHA CHJA TOKA YyBEJHYHBaercCa,
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3adaus.

1. Tlo uenu npoxomut TOK cuaoi 0,5 a, comporusneHnne nemu pasHo 100 ou.
Kakyio 9. 4. c. pa3sHBaeT MCTOMHHK TOKa?

(Otsert: 508.)
2. 3. & c. snemenra Jleknanme E = 1,4 8 nmognepxuBaer B neNH TOK CHIOH

0,02 a. Uemy paBHO compoTHBieHHE LEMH?
OtseT: 70 o)

3. Kakoit cunbl TOK NpOXOmMT B LENMH, €CAH CcONMpOTHBIeHWe ee PasHO 60 ox,
a 3, n c Garapen 4,8 6? ’
(Otser: 0,08 a.)

§ 11. 3akon Oma nana yyacTka uend

3akon OMa MoXeT OLITb TakKXe MNPUMEHeH M JMJs y4acTKa NelH.

YgacTKOM I enu HasbBaeTcsi CHCTéMa MNPOBOJOB, CONpPOTH-
BJAeHufi u NpUOOPOB, 3aKJIOYEHHBIX MeXJIy JABYMS TOUKAMH IEIH,
- : ot Ha puc. 17 noxkasa y9acTok nenu
‘u 5 _J' (Mexkny rToukamu A u B), cocrosmmit

o H3 CONpOTHBJeHHsi R, amIepMeTpa u

o COCIMHATEJIbHBIX TIPOBOJAOB.

Ilpumenum sakon Oma puas 3TOro
y4acTKa UelH.

Cuna Toka / Ha ydacTke uenH
npsMo MAPOMOPUHOHAJbHA  Hampsxke-

Puc. 17. Y4acTOK LenH Mexny HHI0O Ha ydYacTKe W o0paTHo mpormop-
Toukamu A u B . UMOHAJbHa COMPOTHBJEHHIO Y4YacCTKa.

e
i
ol

(1a)

CiiencTBHEM M3 3TOrO 3aKOHA SIBJISIOTCS CJENYIOILHE JBa MOJOXKEHUS.
1. Hanpsixxesne U wHa yvacTKe UYHCJIEHHO pAaBHO IIPOH3BE[EHHIO
cusibl ToKa [ Ha yuacTKe Ha COMPOTHBJEHHE yuacTka R.

U=1I-R (2a)

2. CompoTuB/ieHHe R yuacTKa YHCJEHHO paBHO Hampsixkenuio U
Ha yuacTke, JeJeHHOMY Ha CWiay Toka [/ Ha ydacTke.

rR=Y (3a)

Ipumep. Tpebyerca onpefpendrs CHIY TOKA, NPOXOAALIEr0 Yepe3 CONMPOTHBIE-
aHe 125 om, ecin K nociefHeMy MOIBELeHO HampsiKeHHe, PaBHOE O 6.

; NOOCTAaBHB H3BECTHHIE HAM BeJH-

Mo 3axony Owma, gas ywactka uend ] = =

YHHE, TONYYHM:
5

1
’“125“”23

= 0,04a, uiu /=40 ua.
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Sadaus.

1. Onpenennts compoTHBIeHMe YYacTKa LeNd, €CIM K HeMy NOABEAEHO Hanps
wenne U = 12 ¢ H cHna TOKa, MPOXOJAAI(Ero yepe3 Hero, / == 160 ma.

(Oreer: 75 om.)

2. Onpenennth nokazamue BOAbTMEeTpa U, ecau MuaaHammepMerp mA mOKasni-
Baer cuny toka I= 240 ma, a conporusienne R = 360 ox.

(Otser: U = 86,4 8.)

§ 12. Mapenne HanpsiKeHHs HA ydYacTKe Uemu

U3 3zakona Oma [ysi yyacTKa IeNH Mpl YCTAaHOBWJIH, YTO Halps-
XKeune U Ha yvyacTKe YHCJEHHO pABHO IPOM3BENECHHIO CHJbl TOKa,
NPOXOJAILEr0 Hepe3 Y4acTOK, Ha CONPOTHBJIEHHE YYacTKa:

U=1R.

Aro HanpsikeHue U uenukoM pacxojyeTcst Ha N3HHOM YydacTke
Ha TO, 4TOObl IPEOROJIETh €ro CONPOTHBJIEHHE IpH CO3JaHHU CHJIbI
ToKa [, MO3TOMY YacTo €ro HasblBalOT MajJeHHEeM Hall psxe-
HUS Ha YyYacCTKe I[elu

IlanennemM HanpsikeHHs OT OJHOH TOYKR LenH RO ApPYrod TOYKH
‘3TOH Ke uUend Ha3biBaeTcs Ta Pa3HOCTb NOTEHUHAJNOB, KOTOpas pae-
XO0JyeTcss Ha TNpeojioJieHVe CONPOTHUBJICHUSE MEXKAY 3THMH TOYKaMH
fipd BUOIHe ONpeJeJieHHOH CHie ToKa.

Uy 3 ”3

Puc. 18, BHelnsas s;eKkTpHyeckas Lemnb:

R\, Ry u Ry — conpoTusaenue yuactkoB nemn; Uy, Uy u U —
najieHue HaNpPsHKEHHS HA yYacTKaX menu

BosbMeM BHemswon uenb (puc. 18), cocrosiyio u3 Tpex OTAeNb:
HBIX YYacCTKOB C CONPOTHBNEHUsIMH Ry, R, U Rj; mycthb mo unemu mpo-
X0uT ToK cunofi /. OueBHOHO, HA KaXKAOM Y4iaCcTKe LenH Mbl Gyaem
uMeTh nagedus Hanpskenus: Uy =1-Ry; U,=1-Ry u Uy = I-R,, xa-
XKI0e H3 KOTOpbIX PacXOAyercsi Ha Npeo]0JieHHe CONPOTHUBJIEHHAS
CBOEro ydJacrka.

Hanpsxenne U, noapefeHHoe K 3aXuWMaM BHEINHeld penu, pac-
XORYeTCsi Ha IMPeoJoJIeHHe COMPOTHBJEHHS Bcell BHeluyed nemu R,
T. €. BCEX YYacTKOB, a IOTOMY

|U=U+U.+ v, (4)
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Hanpsokenue Bo BHewHe#dl wuenu (Ha 3a)KUMax HCTOYHHKA TOKA)
PaBHO CyMMe najleHMHMii HalnpsOKeHWd Ha yuacTkax nenw. YacTo ero
Ha3bIBAIOT MajeHHeM HaNpsSKeHHs BO BHEHIHeH NeMH.

ITpumsep. Uepes yuacTok conpoTuBieHHeM 55 oM npoxoaur Tok cuaoit 0,06 a.
Onpepenutb NajeHne HaNpAXEeHHA Ha YYacTke.

Pemenne. Tfonpsysce dopMmyaoit U =/.-R, mnomctaBUM B Hee H3BEeCTHbIE

BETHYHHbL
U =0,06-55 = 3,3 s.
3aoaxu.

1. Onpenennrb NajeHKe HanpPsMEHHA HA yuacTke uenu conporvsieRxneM 940 ox,
€Cny Yepe3 HEro IPOXOAMT TOK CHAOH B 28 ma.
(Orser. 26, 32 8.)

2. Onpenennts najeHHe HanpsaeHHUs B MEPBHYHOH OGMOTKE TeNeOHHOTO TPAHC-
tdopmaropa, 3Ham, UTO ee CONPOTHBAEHHE PAaBHO 2,2 OM, @ CHMA TOKA NIpH CIIOKOM-
HOM COCTOSHHH MHKpOgOHa cocrasiaseT 48 wua. :
(Orser: npubansutessio 0,1 8.)

\

§ 13. 3aBucumMoOCTb Mexay 3JeKTpOABHKYIUell cHaoi
MCTOYHMKA TOKAa H HampseHHEM Ha ero 3axummax

BcnoMHuM, YTO 3aMKHYTas 3JeKTpHyeckasi Iemb COCTOMT M3 ABYX
nenefi: BHelwHefl u BHyTpeHHe#l. ConpoTHBIeHHE BHELIHeH LenH Hazbl-
BAIOT BHELIHHM COMPOTHBJEHHEM H o6o3HayaioT GykBoit R. Compo-
THBJIEHHE BHYTpeHHel LenH sBJfAeTcS BHYTPCHHHM CONPOTHBJICHHEM
HCTOYHHKA H OGO3HAYAeTCH yepes r.

[losinoe compoTHBJIeHHe 3aMKHYTOH ILleN# PaBHO CyMMe 3THX [BYX
COTIPOTHBJIEHHUH:

Ry=R+r )
Torna 3akon Oma JJisi 3aMKHYTOH LEMH TMPHMET BUA:
E
I'=%1 Q)

3JEeKTPOIBHXYyLlad CHja
bHEllHee CONPOTHBACHUE -~ BHYTPEHHEE CONPOTHBJEHHE '

Cuna Toxa =

Nz ¢opmyan (6) caenver, uTo
I (R+r=E, win E=1(R+r),
OTKpLIBasA CKOOKH, MOJyUYHM:
E=I-R+1I-r.

Ho [-R — mpouspefieHde CHJBI TOKa HA BHEIIHEE CONPOTHRIE-
HHE — [pefcTaBiasieT coGOH MajgeHHe HampsiKeHHs BO BHeINHel nemn U
(vim TO Ke, YTO HANpSIKEHHE HA 3a)KHMaxX HCTOYHHKA), a [.r — upo-
M3BelleHHe CHJIBl TOKA HAa BHYTpEHHee CONPOTHBJIEHHE — sIBJIieTCs na-
,(ueHneM HaTpsiKEeHHs BHYTPH MCTOYHMKA Toka. O603HauHM ero uepes e
MaJioe).
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Torma MOXHO HamuCaTh:

lE:U—{-e: | (7

T. €. 3.0.C. HCTOYHHKA TOKA paBHA CcyMMe NajeHHH# HanpsKeHHH Bo
BHEWIHEH W BHYTPEHHe# uensax, WK, APYTUMH CJIOBaMH, 3.1.C, HCTOY-
HHKa TOKa pacxoAyeTcsi Ha NpPeORQJieHHe BHEIIHEro ¥ BHYTPEHHEro co-
NPOTHUBJIEHHH LN,

Taxk Kak naleHue HanpsKeHUs BO BHeIIHeH nenu NpeAcTaB/isieT Co-
Goit HanpsxKeHHe Ha 3aXKHMaX JeMeHTa, TO M3 BhlpaxeHus E=U+e
BHAHO, YTO 3.1.C. HCTOYHHKA TOKa OoJblile, YeM HanpssKeHHe HAa ero
3aXKHMax, Ha BEJMUHHY MaJeHHus HaNpsiKeHWst BHYTPH caMoroe HCToY-
HHKa TOKa.

Ecan B 3TOM BbipaXKeHHM MepeHeCeM e B JIEBYI0 YacCTb PaBeHCTBa
(mast 3TOrQ HaNO M3MEHHTbL 3HAK Ha OGpaTHBIA), TO NOJYYHM:

E-—e=U,

HAN

U=E—e - ®

Hanpmxeﬂue Ha 32aXXHUMaX HCTOYHHKA TOKa PaBHO €ro 3.4.C. 3a Bbl~
¥EeTOM MNaRCHMA HANPAXCHUA BHYTPH HCTOUYHHKA TOKa.

Hanpumep, ecim uepes asnement Jleknanuwe, 3.0.Cc. KOTOpOTO
E =15 s, a conpotuernenne »=0,5 om, nporekaer TOK [ CuJOM}
400 ma, TO najeHHe HANpPSIKEHHS BHYTPH 3JeMeHTa OYAET paBHO.

e=1.r=04.05=02 s

BolynTtast 3Ty BeJMUHHY H3 9.0.C. 3/eMEHTa, NOJY4YHM HanpspKeHue
Ha ero 3axKuMax:

U=15—-02=13 s

Eciu uenb pa3oMKHyTa, To TOK B 3TOM ciydae He noreuer, [ =0,
Torga €=[-r=0, wu, caemoBatesbHo, E =U, T. e. Hanps:XeHue
HCTOUHHKA TOKAa PaBHO ero 3.A.C.

Besikuii HCTOYHHK TOKa JKeJlaTeJIbHO HMeTb C HAHMEHBIIWM BHYTpeH-

HHUM CONpPOTHBJICHHEM.
Ecnn HCTOUHHK TOKa 3aMKHYTh Ha QUYEHb MaJioe COMPOTUBJIEHNE

(npakTHuecKH paBHOE HYJMIO), TO B IENH YCTaHOBUTCS GOJIBINOH TOK H
ero BeJIMYMHA ONPEJENUTCS H3 (HOPMyJbl:

[ = £

r b

R

+

Wi, Tak Kak R = 0, 10

~lm

Tako#t ciy4a#t HOCHT Ha3BaHHe KOPOTKOTro 3aMblKaHHI
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Ilpu Kopotkom 3ambikanud U =/7-R =0 u, caenopaTeanbyo,
E =/.r, T.e.3.1.C. HCTOUHHKA TOKa PAaCXOJYyeTCs TQJbLKO Ha NPeofo-
JIeHHe BHYTpEHHero comnporuBieHns. KopoTkoe 3aMblKaHHE — sIBJEHHE
O4eHb ODACHOe B IPAaKTHKe, TaK KaK YaCTO NPHBOIHT K BbIXOAY H3
CTpOsi 3JIeKTpHYecKHe npubophl, BKIIOYEHHbIE B lieMb, B K MOpYE HCTOYU-
HHAKOB TOKa.

I s npemoxpaneHus peneft o 60JBLUIOr0 TOKA, BO3HUKIIEro NpH Ko-
POTKOM 3aMBEIKAHHUHM, CJYKAT Npe N OXPaHHTeJH, HasHAUYEHHe KOTO-
PHIX — MI'HOBEHHO Pa30pBaTh LeNb H TeM CaMbiM MPEKPATHTh TeueHHE
Toka., CYIHOCTh YCTPOHUCTBA NpPENOXPAHHTENSE 3aKMOYAETCS B TOM, UTO
MexAy ABYMS KJeMMaMH, KOTOpble NPHCOeJHHSIOTCA B paspe3 MpOBO-
JI0B BHEIIHeH Iieny, noMelleH NPOBOJHUK, CHOCOOHBIE GBICTPO MeEpero-
paTh NpH NPOXOXKAEHHH MO HEMY TOKAa yBeJqHueHHOH cwmunl. [Ipepoxpa-
HUTEJIH H3TOTOBJSAIOTCA OGBIYHO M3 CBHHLA HJIHM M3 JIETKOIMJIaBKHX CILIa-
BoB. Kaxnwp#i npegoxpaHHTeNb pacCUMTBHIBAETCH Ha ONpejesieHHYIo
CHJIy TOKa B ILIENH, KOTOPYIO OH MOXET BbIJEPKAaTb AJIHTEJNbHOE BPEMSI.
Ilps HexOTOGpPOM YBEJIHUEHHH TOKa OH Heperopaet. B TenedoHHOl mpak-
THKe HauboJiee pacnpocTpaHeHbl NpefoXpaHHTe M TuUna Doase.

KOHTPOJBHBIE BOIIPOCHI

UT0 Ha3HBAaETCA 3aMKHYTOH SJeKTPHUueCcKOH Henbio?:

. B uem 3akmouaercs 3axkon Oma 1as 3aMKHyTOR uenu?

Yro HasplBaeTcs yyacTKOM Ilenu?

Kak Bbipaxaercss 3akoH Oma mis yyacTka uemu?

Kak onpenenuts HanpsoxeHue yuacTka, 3Has CHIy TOKa M CONpOTubheRHe?

Kax ompemenutb compoTHBJEHHE yuacTKa, 3Has CHAY TOKA ¥ HaNpsiKeHHe?

Yro HasbiBaeTcsi majleHHeM HANPSXKEHHS HA YYacTKe Lemu?

. UeMy paBHa cyMMa nafeHu# uanpseHus Ha BceX yuacTkax?

. Kak noanocTsi0 Bhpa3uTh 3akoH Oma Iis yyacTka memu?

Uro Takoe BHyTpeHHee NajleHHe HANPMKEHHA M KAK OHO OMpefesAeTrcs?

B yem pasmntune Mexny 3. X. C. HCTOUHHKA TOK2 ¥ HAmpsXeHHEM Ha ero 3aumax?
. Yro Takoe sBIEHHE KODOTKOTQ 3aMBIKAHMA H KakKue NpuOOpH CAYyMAT Aaf
npejoXpaHeHHs KemH OT KOPOTKOro 3aMblKaHMs?

Pt et b
N~ OO0 U N -

FJTABA 1l

3JIEKTPMUECKOE CONPOTUBJIEHUE U COEIUHEHUWE
' COIMNPOTHUBJIEHUN

§ 14. 3aBHCHMOCTb CONMpPOTHBJEHHS OT MaTepuana
NPOBOAHUKA, €r0 pa3MepoB U TeMmepaTyphl

SJ'IEKTPH‘JCCKOC CONpPOTHBJIEHHE TPOBOJHHKA 3aBHCHT OT MaTe€pHaJa,
AJHHBI W IVIOHIAH TMICIEepeyHOro Ce4YE€HUdA caMoro IpOBOJHHKA.

Ecnn B3asTe fBa IPOBOJHHKA OMHAKOBOH IJHHBI U OJHHAKOBOH
nJonia H INMOMepeyHoro ceyeHusd, HO OJHH M3 HUX H3 XeJe3a, a IleI‘Ol'"l
U3 HUKeJIMHA, 0 MPONYCTUTL [0 HAM TOK IIpH OJQHHAKOBOM HANIpIKEHUH,
TO OKaxercd, 4YTO CHJIAa TOKa BO BTOpOM IIDOBOJHHKE 6}7ILET MeHble,
4YeM B NepBOoM, T. €. CONPOTHBJAEHHE HHKEJIMHA GoJiblie CONIPOTHBJIEHN
xKeJieaa.
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Uto06bl XapaKTepH30BaTh COIPOTHBJEHHE TeX MaTepHaJioB, H3 KO-
TOPhLIX H3TOTOBJSIOTCSA NPOBOAHHKH, BBEJEHO MHOHSITHE O TaK HasbiBae-
MOM YJ€JLHOM CONpPOTUBJIEHHH MaTepuaJia.

Ype/nHBIM CONpOTHBJEHHEM MaTepuaja Ha3blBaercsi COMpPOTHBJIeE-
HHE 2JIEKTPHYECKOMY TOKY NpPOBOJHHKA M3 3TOro Marepuaja AJHHOMN
1 # ¥ niomaablo monepeyHoro cevexuss B 1 ma,

YnennHoe compoTuBieHHe 0603HauaeTcst GYKBOH rpedeckoro ajda-
BUTa p (pO) H HM3MepsieTCst, KaK H BCSIKO€ 3JIEKTpPHUECKOE CONPOTHBJIE-
HHE, B oMaX. KaxXabi#i MaTepHas, u3 KOTOPOTO H3rOTOBJSIETCS NMPOBOA-
HHK, 00J1a/la€T CBOHM ONpPEIEJNEHHbIM YAEJbHBIM CONPOTHBJICHHEM.

Hanpumep, yameasHoe comportusienne Meau p = 0,0175 om, T. e.
MeJHBIA TPOBOXHHK AJHHOH 1 # u ceuenwem 1 mu® obGnamaer conpo-
tusiaenneM B 0,0175 owm. .

Huxxe npusomutcsi TaGiMua yaesbHLIX COMNPOTHBJEHHH HEKOTOPHIX
MeTa/uioB, HauboJjiee 4acTo ynoTpel/sieMblX B 3JEKTPOTEXHHKE.

Tabauya 1
Y neabroe
HB.: i
Marepian conpor exne
. B OM
Cepebpo  + . v v w v h e e e e 0,016
Memb . . . . . . ..ol 0,0175
AmoMuHHH . . . . . L L. 0L 0,027
XKeneso . . . . .. 0,12
Hukennn (50°/, Menn+26'/, Hukens+
+24/, OMHKA) . . . . e e . 0,42
Manranun (849, menu+-12'/, map-
ragua +4%, HUKeA) . . . . . . . 0,43
Koucranrag (68Y, megn+-19, wmap-
ranna+-41", uukenn) . . . . . . . 0,50

" OmnbiT 1MoKa3biBaeT, YTO CONPOTHBJIEHHe NPOBOJHHKA MEHsSieTcs Npo-
MOPUHOHAJILHO €ro AJHHE, T. €. YeM JJHHHee NMPOBOJHHK, TeM 6Go.blie
€ro COMPOTHBJEHHE, ¥ HaoO6OPOT, C yMEHbUIEHHEM [JIHHbl TIPOBOLHHKA
YMEHbUIaeTCs €ro CONpPOTHBJICHHUE,

Kpome Toro, conpoTusiieHne npoBopHHKa 0GPaTHO MPOTIOPUHOHANBHO
IVIOIAlH ero MOMEPeYHOro CeyeHHsd, T. €. YeM TOJILUie NMPOBOAHHK, TeM
€r0 COMPOTHBJICHHE MEHblIe, H Ha060POT, YeM TOHbLUE NPOBOAHHK, TeM
€ro conpoTubJeHHe GoJiblUe. '

Besnuuny comnpoTHB/ieHHS BCAKOrO NPOBOJHHKA MOMHO ONpefelHTh
no ¢opmyne:

R=p< (9}

rae R — uCKOMOe CONpOTHBJEHHE IPOBOAHHKA B OM;
p — YAEJbHOE CONpOTHBJEHHE B OM;
! — nnuHa UpoOBOAHUKA B M;
S— nyomanb NONePeyHOro CEYEHHS B MM,
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@opmysy 3Ty MOMHO BbIPa3UTh CJIOBaMH: CONPOTHBJEHHE
NPOBOAHHKA PaBHO yAEJbHOMY CONMPOTHBJAGHHUIO Ma-
TepHana, M3 KOTOPOTro H3TOTOBJEH3TOT NPOBOAHHUK,
YMHOXEHHOMY Ha AJUHY NPOBOXHHKA U NEJEHHOMY
Ha nmJjoumajb ero NONEpPeYHOro cCeYeHHs.

®opmyaa (9) RaeT BO3MOMHOCTH ONpEJEJHTb CONPOTHBJIEHHE IPO-
BOJAHMKA, €CJ¥ H3BECTHbl MAaTepHas, H3 KOTOPOrO OH H3roTOBJEH, H
pasMepsl IPOBOJHHKA.

1. JsuHa mpoBoAHHKa 1O 3TOH (opMyse onpenensercs Tak:

l= 8—\? (10)
P
2. CeueHue TNPOBORHHKA: .
=L )
S= R , (11

Kpowme Toro, 3Hafl conmpoTHBJEHHE W pa3Mepsl IIPOBORHHKA, MOMKHO
onpejesuTh MaTepHas, U3 KOTOPOr0 M3TOTOBJEH IIPOBOAHHK, MOJB3YSCh
TabJaulel YIeNbHBbIX CONPOTHBJEHHN.

Y enpHoe cONpOTHBJEHHE INPOBOJAHMKA onpenessgerca no GopMmyse

PR, 1,
u no rtabauie yAeJbHbIX CONMPOTHBJIEHHH OTHICKHBaeTcA Ha3BaHMe Ma-
TepuaJa.

Kpome maTepuajia 4 pasMepoB, CONPOTHBJEHHE NMPOBOJHMKA 3aBHCHT
eIle ¥ OT TEeMIepaTypsl. DJEKTPHUSCKHH TOK, LIPOXOAs MO NPOBOJLHUKY,
HarpeBaeT €ro, NpPHueM CTeNeHb HarpeBa 3aBHCHT OT BeJHYHHBI TOKa.

C uoBblLEHHEM TeMIEpaTyphl CONPOTHBJEHHE MeTa/UIH4YeCKHX MNpo-
BOJHHKOB BQ3pacTaeT, NMpUYEM [JS BCEX MaTepHA/NOB IOYTH OJMHA-
KoBo. B cpennem comporusienue yBeauuuBaercs Ha 0,004 o Ha Ka-
KO OM COMPOTHBJIEHHs MPH MOBHIIEHHH TeMmepaTypsl Ha 1° C; co-
NPOTHURJEHHE KHIKOCTeH M yris C yBeJHYeHHEM TeMIepaTypsi, Hao00-
pPOT, yMeHblIaercs.

IIpumepst,

1. OnpeaenuTs CONPOTHBIEHHE MAHFAHHMHOBOK NPOBOJIOKH ceuenueM 2 mm?
u aauHo#t 16 m. YpeabHoe CompoTHBReHHe HaxoXmM B Taba. 1; oHo pasuo 0,42 om.

Pewenmne.
[Mo tabamue 1 HaxoguM yHeabHOE CONPOTHBIACHHE MAHTAHHAA H NO popmyne

{
R= 4 ? onpeneasieM CONPOTHBJACHHE IPOBOJIOKH!

R=042. -l-f- =326 ox.

2. Onpenenuth AnMHY MepnHOH mnpoBonoku ceyeHHeM 2,5 #u? ¢ comporusie-
HueM 4 om.

Pemenne.



OnpegenuM Tenepb JIHHY aniOMHHEHEBOH MPOBOJNOKH, €CIH ee COMPOTHBICHHE
R = 4 oM, a nonepeutoe ceuenne S = 2,0 umd,

3. OnpenenuTh NAOMmMAAb NMONEPEYHOr0 CeyeHHA MEXHOr0 NPOBOAHHMKA JJAHHOMN
200 m, ecau conpoTHBiAeHHe ero pasHo 0,8 owx.

Pewenne.
p-?
S="—,
R
0,0175-200
0,8
4, Onpenenntb MarepHan MPOBOAHHKA HIxHOH 50 # ¢ momepeyHbIM ceyeHHeM
0,256 mM?, MMeOLEro ConpoTHBAcHHE 24 OM.

S= = 4,37 MM

Pemenmne.
RS,
P"‘ I ]
_24-025 _ 6
P=""50 =50

[To Tabnuue Haxommm eaeso, yleldbHoe COMPOTHBJAEHHE KoToporo pasHo 0,12 ou.

3adanun.

1. Onpeneauts COMPOTHBACHHE OXHONPOBOZHOH IIECTOBOH JHHHH NMPOTSXEHHEM

12 M, ecniy M3BECTHO, YTO MAaTEPHAIOM JIS Hee CAYKHT FOAblii MeIHbli npoBox
ceyenueM 3,5 muZ

(Ot1Ber: 60 om.)

2. CKOABKO MeTpOB HHKEeJHWHOBOH mnpoBojaokH ceueduem 0,5 mM2? Hajgo B3ATH,
4yT00Bl NMONYYHTb NAJeHHe HanpsikesHs 8 s HpH cHae Toxa 750 ma.
(OrBer: npuGausurenso 7 u.)

3. OnpeneluTs CeyeHHE MEJHOrO MpPOBOJLA, 3HAaf, YTO €ro JJIHHA paBHa 6 KMy
a conporusaenie 40 ox.
(Orsers 2,5 Mu2)

4. Onpefennts, H3 KaKOrO0 MaTepHana CAelaH peocTaT, €CIH H3BECTHO, YTO €ro
compoTHBAEHHE PaBHO 15 oM, AnuHA nmpoBoJokH 26 M n ceuenue ee 0,75 mm?:
(OTBet: HHKENHH.)

§ 15. HocnenoBarenbHOe coelHeHHE CONPOTHBIEHNI

Bosbmem Tpu comporusnenns (puc. 19) R, R, H R, u BKmOuHM
HX B LeNb TaK, YTOGbl KOHEl IIepBOrQ COMPOTHBJEHHS ObLT COeLHHEH
C HavaJIoM BTOPOro, KOHEI[ BTOPOro — C HAYaJioM TPeTbero, a K Hauany
[IEPBOr0 ¥ KOHIY TPeThbero MOABEJEM NPOBOJA OT HCTOYHHKA TOKA.

Takoe coefuHeHHe CONPOTHBJIEHHH Ha3bIBaeTCd MO CJ € J OB a-
TE€JbHBI M.

OueBufino, uTO O6UIEE COMPOTHBJIEHHE LENH, COCTOAUIEH u3 He-
CKOJIbKHX MOCJEX0BATEIBHO COG/MHEHHBIX CONpPOTHB/ICHAH, Oy/ler pagho
CyMMe CONpPOTHBJEHHH, BXOASIIHX B 3Ty Leflb,
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Jins MOATBepKAEHHs 3TOrO NpHBENEM CJeAYIOIlHe paccyxKAeHHus.
Y3 npenbiayiiero H3BecTHO, YTO CHJIA TOKA B KaxJOH TOUKe 3aM-
KHYTOH IleH OJHHAKOBA, CJEJOBATE/NHHO, Yepe3 BCEe CONPOTH-
pjeus Ry, R, u R, Teuer ToK / OfMRaKOBOH cuybl. KpoMe TOro, Mbl
3HaeM, UTO HaNpsKeHHe HA 3a’KMMax jementa U paBHO cyMMme mape-
HHH HanpsyKeHHst Ha YyyacTKax IenH, T. €. Ha CONpPOTHUBJIEHHAX R,

R, u R,
U=U,+U; + U,

Ho TaK Kak U=I-R, U;=I-R, U,=I1-R,, Uy=I-R, 710
' I'R=1R,+ 1Ry + IR,

. By R» R3

— U UL~ UUU L—UU UL

T T
@ GY-
+8)~ N

Puc. 19. ﬂocnenonaTeanoe CoeJiHHeHHne
COTp OTHBJAEHHUI
Ri, Ry m Ry — conpotusaenus

Bo BTopo#t yacTH paBencTsa BbiHeceM / 3a CKOOKH, TOrja MOJNYYHM:
I'R=1 R+ Ry + Ry);

nomenus o0e yacTH paBenctsa Ha /, OyfeM OKOHYATENbHO HMETh:

R.=Rx+R2+R3 (13)

Takum o6pasom:

1.Ilpy mocaepoBaTenbHOM COENHHEHHH CONpO-
THBJeHHD oO6mee cONPOTHBJEeHHEe Bceif HeNU PaBHO
CyMMe CONPDOTHBJEHHHR OTHENbHBX YYaCTKOB I[eNK

2.Cunia TOKa Ha BCeX YyuyacTKax B 3TO# uenu 6y-
LeT OLHHAKOBA, a NaJleHUe HanpPAKEHUSA HAa KaXIOM
M3 y4YacTKOB NpPONOPHHOHaNBHO HX CONpPOTHBJe-
HUAM, ~ :

Uro6bl yGenuTbcsl B NPaBHJABHOCTH 3THX BLIBOAOB, DPEKOMEHAyeM
npojesaTh CAELYIOUYO NMpaKTHuecKyio paboTy.

BoaoMeM TpH comnportuBiedus: R, =15 om, R,=3 om n
Ry =15 oM, COeIWHHM HX MOCJENOBaTeNbHO H COEJHHHM C HCTOYHH-
KOM TOKa, KaK mokaszaHo Ha puc. 19.
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B kayecTBe HCTOYHMKZ TOKAa BO3bMEM BOJOHAJHMBHOH 3jemeHT Jle-
KJaHwe, 3.4.C. Kotoporo E=15 8, a BHyTpeHHee CONPOTHBJEHHE
r=0,5 ox.

He 3ambikas uenu, moAcyutaeM, KakKue IOKa3aHHs KOJIKHBI JaTh
npubopsb!, BKJIOUEHHbIE, KAK NOKAa3aHO HAa PHUCYHKE,

1. OnpenesuM BHelIHee CONpPOTHBJIEHHE LEMH:

R=RI+R2+R3; .
R=15+3+5=95 on.

2. Onpe,ae/mu o6ee ConpoTHBJACHUE uenH, 0603HAUHB €ro ye-

pes Ry
Ro =R+ r
Ry=19,5+0,5=10 ox.

3. OnpepenuM cuay TOka B uenm mo 3axoHy Owa:

/= Ro

= 12=0,15 a, wm 150 wa.

4. 3Hasi cuJly TOKa B LIeNM ¥ CONPOTUBJIEHHA Y4ACTKOB, MBI MOXKeM
onpelesuTh NajieHNs HanpsiKeHHs Ha HUX:

Uy=/1-R =0,15-1,5=0,225 ¢, uan 225 ns;
Upy=1-R,=0,15-3 =0,45 8, unu 450 wes;
Ug=1-R;=0,15-5 =0,75 6, nau 750 we.

5. 3Has majeHus HaNpsKEHUS HA YYacTKaxX, ONpejesHM HaMlpsiKe-
HHe Ha 3aXHMax 3JieMeHTa:

U= U+ Uy + Uy = 0,225 + 0,45 + 0,75 = 1,425 s.

3aMmxHyB Tenepnb Lenb, ybeauMmcs mo npuGopaM B MPABUJIBHOCTH Ha-
II#X PacyerTosB.

Sadavu.

1. Yerbipe comporuBienus: R, =120 om, R, =150 ou, R, =20" om un
R, = 230 om— BKIOYEHH TIOCAeNioBaTenbHo. Hanpsmenne nemn 35 6. ONpelernTn
CHIy TOKA B Ilefld H NAJCHHs HallpsiXKEHMs HA YyacTKax.

(OtBer: /1 =005 a; Uy =66 Uy=175 6 Uy=108; U, = 11,5 8)

2. UssecTtHo, uto obuiee COTIPOTHBJEHHE LenH, COCTOsIleH M3 JIBYX MOC/IeI0Ba-
TEABHO COERHHCHHbIX conpotusJernd, paprO 62 om. Onpepenntb OZHO H3 CONpO-
THBAEHHH, eclH ApPyroe paBHO 24 OM.

(OtBet: 38 oa.)

3. OnpenenuTb nMajeHue HarpskeHHs B LEMH, coctosillell H3 TpeX nocieloBa-
TeAbHO BKJIIOYEHHbIX conpomsneuun Ry =90 oM; Ry =25 om u Ry =35 om, no
KOTOpOH MpPOXORHT TOK CHIOH 45 Ma.

(Orser: 67,5 8.)
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§ 16. [lapannenbHoe coeanHeHne CONpPOTHBIEHHUI
Iepemit 3akon Kupxroga

Bosbmenm Tpu comporuBienns Ry, R, B R, W COeNMHMM HX TaK,
4To0bl BCe HavYasla CONPOTHBISHMH ObUIM BKJKUYEHH B ONHY OGHIyIO
TOYKY @, a KOHLbI B Apyrylo Touky 6 (puc. 20).

(]
I nl- 4 __
4

Puc. 20, MNapannenbnoe coelHHeHue CONPOTHBICHHIL:

Ry, Ry n Ry — conportuBiedns; J — cuia T0Ka B Lenu;
fy, f3 M i3 — CHIA TOKA HAa yuyacTKaX Lenu

Takoe coefuHeHHe CONPOTHUBJIGHHH Ha3biBaeTCsd I apaJiJeJib-
HbIM COeJHHEeHUEeM COMPOTHBJEHH M

Ecnu Temepb TOUKM @ ¥ 6 COEGNMHHM € 3a)XHMaMu HCTOUYHHKA
T0Ka B, TO MOJNyuuM 3aMKHYTYIO 3JIEKTPHUECKYK IEllb.

ITpocnenum TeueHue Toka mo 3T1o# mend. OT MOJNOKHTEILHOIO MO-
JIOCa HCTOYHHMKA TOKA [0 COEJMHHMTEeJbHOMY NPOBOAHMKY ToK [ noimert
A0 TOYKH a. B TOuKe g npousoiiner pa3BeTBIEHHE TOKA HA TPU OTHEb-
HbIX TOKa Iy, I, U I3 KaxAblH M3 KOTOpbIX NPOHIET MO CBOEH BETBH
10 Toukn 6. B Touke 6 npousoHmeT CiMsIHHE STHX TOKOB  Ij, I,
u iy B oOWHA TOK /, paBHBIH 1O BeJIMYHHE TOKY AQ TOUKH @, KOTOPHIE
H MPHIET K OTPHLATEJNbHOMY NOJIOCY HUCTOUHHKA TOKa.

Takum oOpa3oM, B TOuUKe @ TPOUCXONHMT Pa3BETBJEHHE TOKa,
a B TouKe 6 — CJMfAHHE pa3BETBJEHHBIX TOKOB. Takoe pa3BeTBJieHHe
TOKOB TPH NapaJulelbHOM COeLUHEHHH COUpPOTHBJEHHH ObLIO H3yyeHo
¢usukom Kupxrodom, KoTopblli yCTaHOBHJ CJEAYIOUIHH OUEHb BaXKHBIH
3aKOH,

Cuna Toxa, npuTeKalom(ero K TO4ke pa3BeTBJEHHS, PaBHa CymMMme
CHJI TOKOB, YTEKAlOIHX OT 3TOMl TOUKM.

I=ijtigtig+ . o . (14)

Ha ocHOBaHMH 3TOr0 e 3akoHa B TOYKE 6 Mbl CHOBA NOJYYHM
Tox /.
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Eciu Mpl Henb ¢ napaielbHO COEJAMHEHHBIMH COIPOTHBJIEHHSMH,
H3BeCTHHIMHM HaM IO CBOeH BenHuyHHe, 3aMEHUM OJHHM CONpPOTHBJIEHHEM
¥ CHJIa TOKa B LIEMH IPH 5TOM OCTAHeTCH NpeKHei BeJHYHHBI, TO TaKOe
CONpPOTHBJICHHE Ha3blBaeTCs PaBHONEHCTBYIOU UM HIH 3KB H-
BAaJEHTHBIM CONpPOTHBJEeHHEM 3aMeHsisd, TakuM oOpas3oM,
pasBeTBJeHHe CONPOTHBJEHUH ONHHMM paBHOAGHCTEYIOWIMM, Mbl Ynpo-
LaeM [enb, a CJAeHOoBaTes]bHO, B objeruyaeM ee pacyer. Hama 3anaua
ceifyac COCTOMUT B TOM, YTOObI ONpene/IUTh paBHOAEHCTBYIOUIeE COMPO-
THBJICHHE XOTsi Obl TpeX H3BeCTHBIX HaM

CONPOTHBJICHHUH. R
BosbMeM TpH CONPOTHBJIEHHUS, COELHHEH- '

HBIX napasneseHo (puc. 21), u BrIOYUM Ae

BOJILTMETP MEXLY TouKamu a u 6. Uro 2 U

)

NpsiKeHHe Ha 3a)KMMaX HCTOYHHKA TOKa H

najieHue HanpsXKeHHus Ha BCeX Tpex COmpo- | '

TuBNeHHAX Ry, R, u R, ~ '
Orciopa clemyer, YTo: a) HampsKeHHe _* 4I; ,

Ha 3a)KMMax HCTOYHMKA TOKa paBHO TNaje-

HHIO HAnpsMEHHA Ha  CONPOTHBJEHHAX, puc of [lapanjenshoe co-

0) najeHus HanpsKeHHH HAa KaXAOM CO- enymenne conpoTHmemii

NIPOTHBJICHUM PaBHbI MeXJAY CoOOH, HecMmo-

Tpd Ha TO, YTO BEJMYHHBI CONPOTHBJEHMH MOTYT ObITb Pa3HBIMH.
Takum o6pa3oM, MOXKHO HalHCaTb:

U=U, = U, = U, (15)

HaM IMOKaXKeT BOJbTMeTp? "
BosibTMeTp OXHOBpEMEHHO NOKAaXKeT Ha-

rae U —panpsKeHMe Ha 3a)MMaX MCTOYHHMKA TOKa;
U, —najenne HanpsixkeHHs Ha CONPOTUBJEHHUH Ry;
U, — najicHHe HanpsuKeHus Ha CONPOTHBJCHHH Ry;
U, — naaenne HanpsKeHud HAa CONPOTHBAeHHH Ry

Ianee, BCcrOMHUB, 4TO mNajleHve HANDPSIKEHHA HA YyyacTKe Iemn
YHC/IEHHO paBHO [POH3BE[EHMIO CHJIBI TOKa Ha COINPOTHBJIEHHE ydyacTKa,
MBI MOXKeM HanucaTb (4JIS [ABYX CONpPOTHBJIECHHH):

U=1R n Uy=1IR,,

#go rax kak U, =U,, 10

Iy Ry =1y Ry.
[puMensas k 3toit popMmy/e npasuja NPONOPUYH, TMOJYUHM:
| LR &
12 - R1 i (1 )

T. €. TOK pasBeTBJseTcd 0OpaTHO INPONOPUHOHAJNbHO CONPOTHBIEHUSM
napaJjjielbHbIX BeTBe#d uJyM, APYTHMH CJOBaMH, yeM GoJibile CONPOTH-
BJIeHHe BEeTBH, T@M MEHbIIMWH TOK IOTeuYeT B Hel U, HAo60poT, ueMm
MeHblle CONpPOTUBJICHHE BeTBH, TeM Ooubluvii B Hell OyAeT TOK.

31



Ipuxep. as [Ba CONPOTHBAEHHS, BK/IOUEHHBE Napannenbno: Ry = 2,5 ox,
Ry = 10 oM; yepes comporusneHue £, Teuer TOK i, = 600 ma. Onpefenurb cuny
TOKA i MPOT<KAIOWEro uepe3 CONPOTHBIEHHE iy,

Urobul pemntbh 91y 3amauy, manumem Qopmyay (16):

L Ry

A R "

B stoit dopmyne i, Ry 4 R; HaM U3BECTHH!; NMOLCTABHB WX, HOMYUHM:

| 0 _ 10
=05
OTKyna
= 80025 _ 60,95 — 150 wa.

="

Takum o6pasoM, yepes coliporHB/eHHe R, KoTopoe B 4 pas3a GoJblle cONpo-
THBNEHUs K, TeYeT TOK iy, B 4,pa3a MeHbUIHI TOKa /.

YcTaHOBHB 3TH [Ba OYeHb BAXKHBIX IIOJIOXKEHUsi NapasiiebHOro
COeJMHEHHs, Mbl MOXeM IepefiTH Terepb K ONpe/eJieHuI0 paBHOMEH-
CTBYIOLIEr0 CONPOTHBJICHHS M TOJHOH NMpoBOAMMOCTH Hend. [las storo
BepHeMcsi K puc. 19.

[To sakouny Kupxroda, umeem:

I=1i+ i+
v, U, ,_U . U
Tax kak =5 11=E‘; 12=—R—f H 13=?33, rie R— paBHogel-
CTBYIOLIEE CONPOTHBJEHHE, TO

U_ U, U, U

R wtmthe
Mu yxe suaem, uro U=U, + U, + U;; nostomy, nogennB oGe
4yacTH paBencrBa Ha U, noayuwmm:

i 1 1 1

R-RYTER R an

1

1
Be.rmtmna—ﬁ ABJAACTCA BeJHUYNHOHN, OO6paTHOH CONPOTHBJEHHIO,

¥ HA3BIBAETCS NMPOBOAMUMOCThIO. B mosyuenno#t namu Qopmyse (17)

1
;{- — [IOJIHAsl NPOBOAMMOCTD LEUH;

1
&, — NPOBOIMMOCTD nepsofl BeTBY;
1

1
ﬁ—-ﬂpOBOJIHMOCTb BTOpOH BETBH;
3

-}T—-—HpOBOIIHMOCTb TpeTbel BETBH,
3 .

T. €. IOJIHag NPOBOAHMMOCTb IeNnu Npyu HapainiejibHOM coeqHeHun €o-
NPOTHUBJCHUS paBHA CyMMe HpOBOllPIMOCTEﬁ BETBEH.
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YToObi OnpeKendTh Telepb BeJIMUMHY PaBHOAEHCTBYIOLLETrO COMNpo-
THBJIEHHA, HAAO, ONpEHeUB IMOJHYI0 INPOBOAHMOCTbL, B3ATb BCJHUHHY,
el obpaTHYIO.

NMpumeuaHnue. Bennunna, obpaTHas CONPOTHBIEHHI, — NPOBOAHMOCTD —
#He HuMeeT (H3MYECKOro CMbICIA M BBOJMTCA OObLIYHO Jjs OOJerdeHHs moxpcyerta

ofulero COmpOTHBAEHHs UENd, cocrosiued H3 NapaaielbHO COeJHHEHHBIX COMpO-
THBJAEHHIT.

Brieoa. Ilpu napannesbHOM COeRMHEHHH CONPOTHBJIEHHI:

1. ITonnas npoBOXMMOCTb IapansejbHOrO COeXHHEHHSI paBHA CyMMe
NPOBOAMMOCTEN OTJeNbHBEIX BeTBell.

2. Tok pasBerBisieTcss OOPaTHO MPONMOPLHOHALHO CONPOTHBJEHHAM
BeTBell H, CJeAOBATEJIbHO, eCJIM CONPOTHBJEHUA BETBeH HEOJHHAKOBHI,
TO H TOKH, NPOXOAAIIHEe uepe3 HUX, HEONHHAKOBBHI.

3. Cuaa Toka 0 pas3BeTBJieHUS PaBHa CyMMe CH/l TOKOB B BeTBAX
(nepsbift 3akon Kupxroda).

4. TMapeHus HanpsKeHus: Ha KaxKAOM COMDOTHBJIEHHH OJAMHAKOBBI H
PaBHBI HATPSIKEHWIO Ha 3a)KHMaxX HMCTOUHHMKA TOKA.

IIpumep. Tpn conpoTHBIEHHs, U3 KOTOPHX R; =3 oM, R, =15 oM u R;=5 om,
COefIHHeHH napasienbHo. Tpebyercs y3HaTb PaBHOJEHCTBYIOLlee COMPOTHBIEHHE.
Moabaysace dopmynoii (17), umeem:
1 1 1 1
R=RTRTR
SUTH, NOACTABIAA H3BECTHHIE BENHUHHDLI, MOJYUHM:
' 11 11
=3 tets

TlpousBefiem ciaoweHune STHX Apobeit:

O1cwoaa pasHoJelcTByIoNee CONPOTHBIEHHS

5
= - QM.
R 70
Caegyer 3aMeTHTb, 4TO paBHOJLeHCcTBYylOUiee CONPOTH-
RBJieHHE BCcerjga MeHbIle HAUMEHbUIEro U3 BKJAKYEH-
HBIX B nMapanjedb CONPOTHUBINEHHMN

HacrHble Cay4aH napamienibHOro coeaHHeHHR

B npakTHKe BCTpeHalOTC TaKHe MapaJilesibHble COeJHHEHHS, NJa
KOTOpBIX ONpEAe/UTb DAaBHOAEHCTBYIOIEe COMPOTHBJIEHHE MOXKHO
ApoLle, YEM ITO H3JONKEHO BbIle,
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Mpu napannenbHoM CoelHHEHWH JABYX CONPOTHBJeEHHH ofliee cO:
UPOTHBJEHHE DABHO HX NPOM3BEJEHHIO, HEJEHHOMY Ha HX CYMMY, M
ofipefensieTcs no QGopmyne:

- Ra‘R:;
R=r+r (18)

Ilpn napannesibHOM coelHHEBHH HECKOJLKHX OJHHAKOBHIX COIpO-
THBJICHHH o6ujee MX CONPOTHBJIEHHE PAaBHO BeJMYMHE JIOOOro M3 HHX,
HeJIeHHOH Ha 4HMCJIO BKJIOUYSHHBIX CONpPOTHBJEHHH, W onpefesercs Mo
dopmyae: -

o6

Rign= = (19)

rae n—4uCJ0 BKJIOYEHHLIX CONPOTHBJIEHHI, PABHHIX MeXny co6ol;

R — conpoTuBneHue OJHOrO M3 HHUX.

Hanpumep, obuiee conpoTuBieHHe LIECTH JEKTPHUECKHX JaMN Ha-
KanuBahusa conpoTuBieHneM R = 90 omx KaXknas, BKJIOYEHHBIX Napan-
JeJbHO, onpepnesutcs no ¢opmyae (19) rak:

90
R 6w 6 =15 om.

[

3aoavu

1. Mars naMn conpoTusieHneM 90 o Kamuas CoelHHEeHH napasienvho. Onpe-
neNUTh CONMPOTUBJIEHHE TAKOrO COEAUHEHHS.
(O1Bert: 18 ox.)

2. Onpenenurb paBHOAEHCTBYIOLlEE CONPOTHBIEHHE TPeX NapajnelbHO COEAH-
HeHHBhX conporuBieHH# R, =5 oM, R; = 10 oM 1 Ry =15 on.

(OtBer R =272 on.)

3. IlBa conporuBieHus R; =6 om H Ry, =3 ox coenuHeHH napaiieiabHo. Cuia
Toka B uend 1,2 a. Onpepe/nTh CHIy TOKa B BETBAX H HANpAKEHHE lEMH.

(OtBer: i; = 0,da; i, =08a; U=248)

4. JlBa conporuBieHuns R; =6 om H R, =15 o# coelnHeHH napanieybHO.

Cuna TOKa, NPOXOAAUIEr0 yepes CoONMpoTHBAeHHE R, paBHa 750 ma. Ompenesuts

CHAY TOKa B COMPOTHBIEHHH K, CHIy TOKA B LlemM H NajeHHe HanpsxkeHHs Ha

KaXJoM CONPOTHBIEHHH.
(OtBer: iy = 300 ma; I = 1050 ma; Uy = U, = 4,5 8.}

§ 17. CmemanHoe coeinHeHHe CONMPOTHBJEHHUH

CMellaHHBIM COeIHHEHHEM CONpPOTHB/AEHHI HasbiBaeTCs COYETaHHE
10CJIeOBATEbHOr0 M Tapajuie/bHOro coefunennii. CiyuaeB cMemlaH-
IIOr0 COeJIMHEHHs B TPAKTHKE OYeHb MHOrO; OHM 9pe3BbiYaiHO pa3Ho-
00pasHbl W N0 CBOEMY THIy H MO CBOEH CJIOKHOCTH.

Huxe Mbl pasbepeM npoCTeHllIMe CJAy4aM CMEUIaHHOTO COeNHHEeHHn
M crnocoGbl OmpefeseHHss paBHOIEHCTBYIOLIEr0 CONPOTHBJIEHHA IS
THX Lenei.

Hpumnepor.

1. Conporusienna R; =6 oM, R, =3 oM u R; =5 OM CoelMHEHDl, KaK NOKa-
2aH0 Ha pHC. 22. Tpe6yercsi ORpPeNenHTs PaBHOREHCTBYIOINEe CONPOTHBACHHE LENH.
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OrpelenuM €Hadana paBBOAEHCTBYiOLee CONMPOTHBAEBHE NApaNAeAbHOTO COCAM-
HEHHS K _o. ’

Ry R =—§i3- =!§=2 0X.
Ri+Ry 643 9

Taxum o6pa3oM, napainesbHOe COeRHHeHHe NBYX CONPOTHBAEHHH R, M R; Mb
MOXEM 33aMeHHTh OJHHM COnpoTHBIeHHMeM R;_, (puc. 23). Teneps MH nOAyuRAH
ABa NOCTENOBATENLHO COCJHHEHHBIX CONMPOTUBAECHUA R; ¥ Ry_g.

Tpumenas gopmyny (13), noayunm:

R=R3+Ry_4=58+2=17oun

Ry_o=

Ry=6om
AgSon F'ﬁ;"]ﬂ.ﬂﬂr"‘ Ry Som Ri-2=20m
—i.a.. [\g : 33=3M )
D = . z—
Puc. 22, Cmewannoe coeiHHEHHE TPeX Puc. 23. llsa nocirepoBaTeiaLHO
ConpoTHBAEHUH COeFVHEHHHIX CONPOTHBICHHA

CnezosaTesbHO, BCe CMELXAHHOE COERHHEHMe STHX CONPOTHBICHHH Mbl MOXeEN
33aMEHHTb ORHHM PAaBHOAEHCTBYIOWMM CONPOTHBACHHEM R = 7 oM,

Ry=20m Ry=aaM
a 6
Rz=50m By=30m i
N . " ‘ .-—-4
2

Puc. 24. CuemanRoe cOelBeRne cONpOTHRICHMH

2. Conporupienusi Ry =2 oM, Ry=40m Ry =05 om u R, =3 OM coenvnnenH,
KaK noxasaso Ha puc. 24. TpebGyercs onpemeautb pasnoaeHcTBylollee CONPOTHBAE-
HHE TaKoro coe.:HHeHH:.

Onpenenim pasHOnelCTRyIOLIEE CO-
npoTuBNedne BeTBe:

Rl_2=R1+R2=2+4=60M; a“ ,L
R3_4=‘R3+R4=5+3=80M- 13-4 Som
Taxum o6pa3oM, HBa CONPOTHBIE- — UV U — L—_—(/

nus Ry_, u R, , COelHHEHM MEMIy
co6ofi napanneapHo (puc. 20). Pasmo- g
AeficTBylollee CONMPOTHBJEHHE Napan-
JeJIbHOT'O COeIHHEeHHS ABYX CONpPOTHB- Puc. 23. Jisa napaaiensHO COeXHHCH-
AcHHA onpeneanM no gopmyae: HBIX CONpPOTHBJIEHHS
Ri_oR3—4 _ 6 48

-8
= - = — = 3,43 om.
Ky_o+Rzq 648 1}

R1.2=60m

R=

CaenoraTenbHO, PaBHOREHCTBYIOHIEE CONPOTHBIEHHE BCEr0 CMEMIAHHOrO COEpH-
HeRua
R =343 om
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KOHTPOJIBHBIE BOIFOCHI

1, Ot 4cro 3aBHCHT COMPOTHBAEHHE NMPOBOTHHKOB?

2. Yto TaxKoe yNeabHOE COMPOTHBIEHHe MarepHana? B kaxux enHHHUAX OHO
H3MepseTea?

3. Hro Gosbiue: ynenbHOE CONPOTHBIEHHE XKele3a HIH YAeAbHOE CONPOTHBJEHUE
anl0MUHMA, cepebpa MAM MeIHM, MeIH HIM Xejle3a, Xele3a WIH HHKEeIUHA?

4. Kak Bmpaimaercs 3aBHCHMOCTb CONPOTHBJEHHS IMPOBOLHHKA OT €r0 MaTepHa.ta
# pa3Mepos?

5. Kak compotupieHue MeTamIMueCKHX IPOBOLHHKOB 3aBHCHT OT TEMIEpaTypsi?

6. Uto Ha3blBaeTCA NOCIENOBATERbHHIM COENHHEHHEM COMPOTHBACHUH?

7. Kax onpenensercsi obuiee CONpPOTHBIEHHE NOCAELOBATENLHOIO COEXMHEHHA?

8. OxapaxrepusyiiTe CHIY TOKA M MajeHHe HANPAXEHHA NpH MOCHELOBATEALHOM
COEJIMHCHHY?

9. Uro 3HAuUMT COENHHHUTH MAPANIEAbHO ABA HIAH HECKOALKO COMPOTHBAEHHUI?

10. B uem 3axaouaerca 3axoH Kupxroda?

11. OxapaxrepH3yiite NPH NapaaneJbHOM COEIHHEHUH:
a) paBHOZEHCTBYIOUIEE CONPOTHBIEHHE;

6) cuny Toka BO BCEil LenM M B BETBAX;

Bg NaJeHHe HANPAXEHHA BO BCeH WEMI H HA KAWAOM COUPOTHBJACHHIL,

.

FJIABA IV
MATHETU3M

§ 18. EcrecTBeHHble M HMCKYCCTBEHHblE MarHHUThI

B npupone scTpeuaeTcs »Kejle3Hasm pyna, Koropad ofaanaer CBOM*
CTBOM NMPUTArMBaTh K cefe xxesesHble NPeAMETHI; OHa HOCHT HasBaHHE
. MarHHTHOrO KeJie3HsKa, a CBOHCTBO
) UPOABNATbL CHJY TNPHTSKEHHST HA3bl-.
/ BaeTcd MarHeTH3MOM.

Kycok Tako#i pynbl HasbiBaetcs
€CTeCTBEeHHBIM MAarHHTOM.
BenepctBue  HeGOJBLION CHJbI  MPH-
TAXEHHSA EeCTeCTBEHHBIE MAarHHTHI He
ynoTpebasiores, a IJ9  Jyyllero
UCMOJb30BAHUS CBOWUCTB MarHeTusMa

Puc. 26. PopMp MOCTOAHHBIX [NPpUMEHAITCA  HCKYCCTBEHHbi€  Mar-
HCKYCCTBEHHBIX MariMTOB: HUTHI.

a — TPAMOIMHEANBI MarHUT; 6 — NOAKOHO- .

oﬁp:?ﬁuﬂ MAariHT; 8 — KOAbIleOGpasHbift Ma- H CKYCCTBCHHBIE MarH H“

FHUT; 2 — MarHuTHas CTPeaka T bl H3FOTOBJAIOTCA U3 3adaKaJeHHOU

CTajd ¥, B 3aBHCUMOCTH OT TIpejiHA-
3HAYCHHA, HMEIOT Pas3juuyHylo (opMy: NpPsMOYrosbHOro OpyckKa, yAJIH-
HEHHOTO poMGa, MOAKOBOOGPa3HYI0 MM KoJbleobpasHyo (puc. 26).
Ecan kycok crand JmobGo# M3 yKa3aHHbIX (DOpPM HAMarHUTHTb, TO
OH CTaHeT MarHUTOM u GyJeT COXpaHATb CBOHCTBAa MarsdeTusMa. Takofi
MCKYCCTBEHHBIH MarHuWT Has3biBaeTcsi NOCTOSHHB M MarHuTOM.
MMocTOossHHBIA MarHHT npuTAruBaeT K cebe Keneso, CTalib,
uyryH, HHKe b, Koba/bT. Bce 3TH Tena Ha3pBaloOTCd MATHHTHBI M H,
Tena, KOTOpbie He UPUTATHBAIOTCS K MArHUTY, Ha3bIBAlOTCA [ U a-
MAarHHTHBIMH TeJsaMHy, HallpuMep Mefb, aMOMHNHHN, JaTyHs.
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Ecnu npsmonnueiinbii maruar  (puc. 27) OnycTuTb B JKeJe3Hbie
ONUJIKM W 3aTeM BHIHYTh OTTYyZla, TO OMHJKH NMPHCTAHYT K KOHUAM Mar-
HHTa. DTOT ONBIT NOKa3biBaeT, uTO Haubosblliee NPUTAKeHHE OGHapy-
JKMBaeTCd y KOHIOB MarHuTa, KOTOpble Ha3biBaloTCA MOJloCaMH,
a cepefiMHa MarHuta He OO6JafaeT MarHUTHBIMH CBONCTBaM#, MOSTOMY
JIMHHUIO, NMPOXOAAILYIO Yepe3 cepeHHy
MarHMTa, Ha3biBalOT HeHTpadbHOM
JUHHeH.

Puc. 27. IMomocs u HeHTpanbHas - Puc. 28. MaruitHas CcTpesKa HWiH
JIMHHS NPAMOJNHHEHHOrO MarHuTa: NORBEWIEHHbIH  MpsMoONHHeHbIH
N — cenepHuift nosioc; § — 0KHBIR NOTIOL; MAar”HuT NOBOPAYHBAIOTCSI CBOHMH

AB ~ HefrpasbHas annas NoACcaMi K nojiocaM 3EMIH.

@ ~— NPAMOJIMHEeRHBIA MaruuT;
6 - MariuTHas cTpedika

"Ecnm TakoH MarHMT NOJBeCHTb Ha HHTKE, NIPUBA3aHHON K ero cepe-
AnHe (puc. 28,a), uaH yKpenmutb ero Ha octpue (puc. 28, 6), T0 oH 3ak-
MeT BIOJIHE OlpelesieHHOe MOJI0XKEeHue: OAMH INOJIOC MarHuta 6yaer
ofpallleH K CeBepHOMY MOJIOCY 3eMJH, a APYroit — K IoxkHoMy. Tot
KOHel MarHuTa, KOTOpHHi oOpanieH Ha ceBep, Ha3blBaeTcd ceBep-
HhIM NONIOCOM MAarHuUTa, a KoHelu, oOpauleHHBII K Ory,—
IOXHBIM NMOJNIOCOM MAarHHUTa.

§ 19. Crpoenne maruura. Hamaranuupanne

Hawm H3BECTHO, 4YTO BC€ OKpY:KaloillMe HAC TeJla, B TOM YHC/]E H
MarHuTHbie, COCTOAT M3 MeJbyaliiux YaCTHU—MOJIEKY 1, HO MOJIEKYJhi

IS m ~um TR
54}% O T I mEmARe T
%‘ lom o om ca comow om om oml
- CW T8 oy -
AN s&% s P EERE I
Puc. 29. PacnonoxeHnue Mo- Puc. 30. Pacnonoxenue Mo-
JeKyl1 B MarHHTHOM Tejie 1O 7€eKyn1 B HaMarHHYERHOM
€ro HaMarHNYMBaHHs Tede

MArHUTHBIX Ten o06JafaloT MarHUTHBIMH CBOHCTBAMH M paccMatpH-
BalOTCA HaMM KaK 3JeMeHTapHble «MOJEeKyJAspHbBe MarTHHTH-
K H». BHyTpM Te;sa 3TH MOJCKY/APHbIE «MAarHUTHKH® DACIOJOMKEHb
B GecnopsgoyHoM cocTosiHHH (puc. 29), Bcaenctsue uyero ux ofimee
MarHUTHOE -AeHCTBHE PABHO HYJIO M TeJO B TaKOM COCTOSIHHM MAarHuT-
HBIMH cBoMcTBaMH He oGjajaer. Ecsu npoBeCTH NOCTOSHHBIM MarHHTOM
HECKOJILKO Pa3 N0 3TOMY MarHHTHOMY TCJY OT Cepe/IiHbl K OAHOMY
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KOHIY OAHHM NOJIOCOM M K JAPYroMy KOHIY NPOTHBONOJOMKHBIM IIO-
JIOCOM, TO «MATHHTHKH» 3aiMyT ONpefeJEeHHO® MOJOXKEHHE, NOBep-
HYBIIHCh CBOHMH CEBEDHBIMH MOJIIOCAMH B ORHY CTOPOHY, a IOKHBIMH
B Apyryio (puc. 30). Takum oGpasom, Teno GymeT HamarHHueHO, T, e.
CTaHeT MarHUTOM; MpOuUeCC NPUBEJEHUS «MAarHHTHKOB» B NOPSJOK Ha-
3bIBaeTC] HaMATHHYHBaHUEM.

JlonTteepxaenweM TOro, 4TO HaMarHWUYEHHOE TeJo npencrapaser
COGOH COBOKYIHOCTb YNOPAAOUEHHBIX B CBOEM PACTIOJONKEHHH 3Je-
MEHTapHbIX MarHHTOB, MOXKET CJYXKHTb CJEAYIOWHH ONuT, Ec/m
NPAMO/IHHEHHbI MArHAT PaCNUJMTL MO HEATPANLHON JMHHH, TO MOJY-

, YUTCH JBa CaMOCTOSATEJbHBIX Mar-

; zuta (puc. 31). Kaxawiii 43 Hux

{c m' TaKXK€ MOXKHO pasJe/HTb Ha fABa H

e e GoJbllle  CAMOCTOATE/bHLIX MarkH-

e o [ ;i T0B. CKOJIBKO HH NpPOJONKATb 95TO

Aesenue, Mbl OygeM moJydyaThb ca-

ﬁm’ﬁ ﬁ’m‘-’ﬁi m m MOCTOAITE/IbHBIE MarHATBHI C JIBYMS

NoJiocaMy, a MarHuTa ¢ OXHHM IO-

JIOCOM HaM IOJY4YUTh He YAacTCH.

Paccvorpum  Temeps  mompoGhee

sIBJlEHHE HaMarHUYMBaHUA Ha IIPH-
BOAMMBIX HHIXKE OIbITax.

BospMem nocTosHHBIfE MaTHHT M [Ba MaJIeHBKMX TpenMeTa, OgHH
JKeNe3Hblll, a INpyro#l cTasbHOH, M npojenaeM ABa ONbITA.

[Tonnecs MarHHT K Kene3sHOMY IpeaMeTy, 3aMETUM, YTO OH NpH-
TAHeTCs K Marhuty. EciM Tenmepe NmoMecTHTb NpeaMer, TPUTARYTHI
K MAarHdTy, B KeJe3Hble ONWJKH, a NOTOM BHBIHYTb €ro OTTyAa, TO
onuiKyM npurTsHyTcs K Hemy. CuenoBaTesbHO, KeNe3Hbiii NpegMerT
€Ta7l MarHUTOM.

Ho ceoiicTBaMu MarHeTusma Kesie3Hblii IpeAMeT 06/1aZaeT TOJBKO
Torjga, KOrjia OH caM CONPHKACaeTcss C MOCTOSIHHbIM MarHuToM. Ecau
K€ ero OTHfITb OT MOCTORHHOTO MarH{UTa, TO MOYTH BCE ONHJKH OT
Hero OTHaAayr. JTo OODBACHAETCH TEM, YTO HACKOJBKO <«MarHUTHKH»
B XeJe3e Jerko ¥ ObicTPO MOBOPAUYMBAIOTCA NPM HAMarHUYMBAaHUM, Ha-
CTONMbKO K€ ObICTPO OHM NPUXOASAT B NpeXKHee NOJOXKEHWE TIpu yAa-
JICHHH HaMarHUYMBAIOLIEro TeJa.

Ho ueGosblias uyacTb «MarHMUTHKOB» M IOCJe yHaJeHHs Hamar-
HHYUBAIOLIEro TeJla HEKOTOPOe BpeMsi HPOLOJKAET OCTaBaThCA B IIO-
JMOXKEHMH, KOTOPOE OHHM INPHHANM UpH HaMarHuymBanuwu. Crepoba-
TeJIbHO, JKEJIe3HBI MpeAMeT ellle HeKOTOpoe BpeMs o6Jagaer oyeHpb
cnabbiMM MarHUTHBIME CBOACTBaMH. DTO MNOATBEPKAAETCH TEM, 4TO
He BCE ONWJIKH YymnaJju BHH3. Takoe cBOHCTBO Ha3bIBaeTCsI OCTaTO Y-
HBHIM MAarHeTH3MOM.

B tenedonun ectp Takne npubopnl # AeTanH (NOJIOCHBIE Haf-
CTaBKM B Tesje(oHax), chesaHHble H3 Keje3a, KOTOpbie JOJIKHBI
GLICTPO HaMarHMYMBATBCA W Pa3MarHMuMBaTbhcs, T. e. HEOGXOLMMO,
4ToGBl 3TH JeTa/u 06Js1afaj¥ HaHMEHbIIUM OCTaTOUHBIM MarHeTHUSMOM.
Hlas 3TOrOo OHM M3rOTOBJSIOTCS H3 MSFKOFO, OTOMIKEHHOrO JKeJesa.

Bosbmem Tenepp TOT e NOCTOSHHBII MArHAT ¥ MHOLHECEM ero
K CcTanbHOMY mpeinmety. Mpbl yBuauM, uto mociefiuii K HeMy npuTs-
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HeTCs H, TO4YHO TaK Ke Kak xene3o, Gyner o6nafaTbh CBOHCTBaMH
marunta. Ho ecsnu Tenmeps ero OTHATH OT MOCTOSIHHOrO MAarHHT2, TO
JKeJiesHble OF iVIKH He YNaAyT BHHU3, KaK 3T0 Obljo NpH NEPBOM OMbITE,
a ocTaHYTCA NPUTAHYTHIMH K CTaNbHOMY MpeaMery. OTo NPOHCXOAHT
OTOMY, 4YTO 9/I€MEHTapHble «MarHHTHKM» CTajd ¢ TPYAOM TOBOpayYM-
BAIOTCA BO BpeMsa HaMarHWYMBaHHs, HO 3aTO COXPAHAIOT HA MPOJOJIKH-
TeJIbHOE BpeMs YCTAHOBMBLIEECS INOJIOXKEHHe M Hocsne yAaJeHHd Hamar-
uuydBaonrero Teaa. Crajp oGaajaeT sagepxuBalomedl cunoit, Gaaro-
naps KOTOpoll B Heil coxpaHfiloTcs cBoficTBa MarHetusMa, IlocToaHBbie
MarHuThl MOXHO H3TOTOBHTb TOJILKO M3 CTAJH.

[TocTosiHHbIE MATHUTHI WIHPOKO pacnpocTpaHedbl B Tenedonnn. OHR
npHMeHsiorca B TesledOHaX (KO/NbLeoOPasHBI NOCTOAHHBIA MariuT),-
B 3BOHKAX MHAYKTOPHBLIX amnmnaparos (NPAMOJIMHEHHBEI MarHUT) W B HH-
AyKTOpax (HOAKOBOOOpAa3HBIH MarHur).

TTocTosiHHEIE MarHWTHI B TEY€HHE PsAA JE€T COXPaHAIOT CBOM Mar-
HHTHBIE CBOHCTBA, €CJM HMX HE IOJABEPraThb De3KHM KosebGauuaMm TeM-
fiepaTypsl ¥ COTPSCEHHSIM. 3aMeyeHO, 4TO ecJd INOCTOSHHLIA MarHHT
HarpeTb JOKpacHa H faTb OCTbITb, TO OH COBEpILIEHHO TEDPSeT CBOM
MarduTHele CBoHcTB31. Ha nocrosHHble MarHWThl G0J/bIIOE BIHMAHHE
OKa3bpIBalOT yAaphl M COTPSCEHHS, OT KOTOPHIX MarHHUT TepsieT 4acThb
cBOHX cBO#CTB. I103TOMY C NOCTOSHHBIMH MarHHTaMu H ¢ npHGopamu,
B KOTOpPbIE OHH BXOJAT, HYXKHO 00palllaTbCsi OCTOPOIKHO.

§ 20. B3aumonelictBue noarwCoB MarHMToB

[MocTaBuM MarHuTHyl0 CTpesKy Ha ocTpue (puc. 32) uad HCNOAb<
3yeM Komnac. OauH KOHel CTpPesKH YKaXKeT Ha ceBep, a APYroH Ha ior.

[TogHocst K  MarHHTHOMH
CTpeJIKe MpPIMOJHHeHHbI ITo-
CTOSIHHBIHI MarHuT IOXKHBIM IO~
JIIOCOM, 3aMETHM, 4TO [IOKA Mar-
HHT HAaXOJMTCH HaJIeKo, CTpe-
Ka OCTaeTcsl HENOABHXKHON;
npH npubJNKeHHM MarHata K
CTpeJiKe OHa HAayHeT CBOKM Ce-
BEPHLIM [OJIOCOM [OBOpauH-
BaTbCl B CTOPOHY MarHMTa.

310 sBaeHue 00bACHAETCA
TEeM, UTO BCKPYr BCAKOI'O  Puc. 32. BsammopeiicTBHe nonocos noctoss-
MAarHuTa cymec'rgyefr TakK HOrO MAarHHTa M MarHHTHOH CTpeNKH
Ha3plBaeMoe MAarHHTHOE
n0Je, B KOTOPOM ReACTBYIOT MarHuTHble cunbl. CTpesiKa NMoBepHyJach
NOTOMY, 4TO OKasajach B MarHMTHOM I[I0JI¢ TIOJHOCHMOTO K HeH Mar-
HHTA M Ha Hee CTaju Je#cTBOBaTh MATHHTHBIE CHJIBL

MaruuTHbie CHJIBI MarHHTHOTO MOJ AeHCTBYIOT B ONpeAeseHHBIX
BanpaB/eHUsX, KOTOpbie HAa3blBAIOTCA MAarHUTHBIMH CHJo-
BHIMU NHHHAMMU.

[Ipeacrasienne o cuJOBBLIX JMHHSIX Obl1o BBefeHo ydeHniv (apa-
AeeM H OKa3aJoCk O4YeHb TOJIE3HBIM /1A MOHUMAaHHA ABJCHHA MardH4T-
HOrO H 3/JEKTPOMATIHHTHOTO IOJIeH,
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MaruuTHoe noJie COCTOMT M3 MArHHTHBIX CMJIOBHIX JMHMH (Kax Ob?
OKpyKas MarHHT HeBHAMMbIM o6nakom). ®opmMa MarsuTHOTO NONA H
pacrio/ioKeHue B HEM CHJIOBBIX JIHHHIl 3aBHCAT OT OpPMbI CaMoro mar-
HHTA.

HOas onpepeneHust XapakTepa MAarHUTHOTO TOJIA NPSIMOJHHENHOTO
MarHHTa HYXHO HaKpBITh MarHUT CTeKJoM (MJIM JIMCTOM KapToHa) M
CHINATh HA CTEKJIO MEJKHe Keje3Hble ONUJKH, cjaerka yJaapss najbueM
no crekjy: ONUJIKH paclojiokKaTCs Ha CTeKJe B ONpeleseHHOM Io-
psdKe, KaK Obl Aesas BHAWMBIMH CHJIOBhi€ JHHHH MarHHTHOrO MOJIf;
3TH JIHHHM BBIXOJAT M3 OJHOTO NOJIOCA ¥ BO3BpallaloTcs B APYroM
(puc. 33). OcoGenno XOpoWO 3TO BHAHO Ha puc. 33, 6, KoTophill npen-
cTaBJjiieT coboil MarHWTHOE ToJe NOAKOBOOOPA3HOTO MarHuTa.
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Puc. 33. MaruuTHOe fone MarHHIa:
& — npamoanHeiiHoro; 6 — NOAKOBOOGPa3HOro

MarHuTHble CHJOBble JHHHH OO0JIaZalOT oNpe/leJeHRBIMH  cBOii-
cTBaMH:

1. OHM BHLIXOAAT H3 CEBEPHOrO TMOJIOCA W BXOAAT B IOMKHbIN;
BHYTDH MarHMTa MMEIOT HanpasjieHHe OT HKHOrO M0JI0CAa K cepep-
HOMY.

2. Bce cujioBble JIHHUR 3aMKHYTHI.

3. MarsuTHble CHJIOBble JIMHHH HHMKOTAA He HepeceKaloTcs.

4. Kaxkpaa-MarHuTHaA CUJIOBAs JIMEHA HMeeT CTpeMJieHue MOHUTH Mo
KpaTyajilmeMy MOyTH.

5. MarHuTHble CHJOBple JHHHHM, HMEIOLIHE OMHHAKOBOE Hampas.e-
HHe, OTTaJKHUBAIOTCA APYr OT Jpyra, a HMelllHe pa3HO€ HallpaBJIeHHE
TIPUTACHBAIOTCS.

Ins Toro yroGel yGenuThCcss B HEKOTOPHIX H3 3THX CBOHCTB, MpO-
AejaeM TaKoO# OMNBIT.

ITonoxus 1Ba NpAMOJMHEHHBIX MarHATa OJXHOHMEHHBIMH NOJIOCAMU
APYr K IPYry Ha HeKOTOPOM pacCTOSIHUHM, HAKPOEM HX CTeK./0M, Ha
KOTOpOEe HACHIJIEM IKeJie3Hbie ONMJKH; MoJNydum oOblliee MarHuTHGe
IoJie 3TUX JBYX OJHOMMeHHbIX mnoJocos. Ha puc. 34 BHAHO, uTO Mar-
HHTHBIE CHJIOBBlE JIMHMH OJHOrO MNOJIOCa OTTAJKHBAIOTCA OT MATHHT
HBIX CHJIOBBHIX JIMHHH JPYroro, CTpeMsicb TéM CaMbIM OTTOJKHYTb OJIHO-
HMEHHble MoJioca.
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OTcioOfa MOXHO CHAENaThb BBIBOA, YT0 OJLHOMMEHHH E Mars
HUTHLIE NOJI0OCAa OTTAJKHBAOTCA. .
Ecsi# 1OJIOXHTL MarHHTBI Ha HEKOTOPOM PACCTORHRE APYT OT ApY-
ra pa3HOMMEHHbIMHM MOJIOCAMH H BOCMDOH3BeCTH ofulee MarsATHO®
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Puc. 34. BaaumoneficTBHE ONHOMMEMBHIX NOAICOB MarkEUTOR

noJsie JKeJIe3HLIMH ONUJKaMH Ha CTEKJe, TO YBHAMM, 9I0 MATHETHLIe
CHJIOBBIE JIWHHM BRIXOAST M3 OQHOTO MOJIOCa M BXxoAar B Apyroi, Mo
Bo33penusM Papanes, MarHuTHLle CHJOBLIe JUHHE BEAYT cefd, Kak
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Pac. 35. B3anuMoseACTBHE PasHOHMEHBBIX NOACOB MATHATOR

VOPYrue HHTH, KOTOPbie CTPEeMSTCH YKOPOTHTbCH, W, KPOME I0r0, Ha-
6mopaercs Hx 60KOBoil pacmop (puc. 35).

DTUM CTpeMJICHHEM MarHHTHBLIX CHJOBBIX JMHUH YKOPOTHTbCH B
OOBSACHACTCH, YTO Pa3HOMMEHHBIE MAarHHTHLIE NOJIOCa
npUTArUBalOTCH.

¥Y6eaurech B 3TOM CaMH, HCHOJL30BaB AJsS ONLITE NOCTOSHHLIK
M4THHT H MarHuTHYIO CTpeJsiKy.

§ 21. Maruuthblit norox

Ilpempiayuiue onbITH MOKa3and, 4YTo 4eM Majblie MarBHTHAS
CTpeJiKa yAaJjieHa OT OJHOI0 H3 MOJIIOCOB MOCTOAHHOrO MArHHTA, TeM
cnabee 3TOT MarHut JjeiicTByer Ha ctpenky., CreosaTesbHo, cuAa
BO3/lefiCTBYA NMOCTOSHHOTO MarHMTa Ha JXXeJesHbll npeaMer yO6niBaer
€ yBesHYeHHEM pacCTofHHA. EciH BHMMaTe/bHO NMPHCMOTPETBCH K Mar-
HHTHOMY HOJIIO, BOCITPOM3BEREHHOMY Ha pHC. 33, TC MOMKHC 3I3METHTb,
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YTO OKOJIO [I0JIOCOB CHJOBbIE AHHHH PacrnosaraloTCs oueHb rycro, a
geM Aanbllle OT NMOJ/MOCOB, TeM pexe, CienoBaTesbHO, CHJY TpPHTSKE-
HHSL MarHuTa MOXHO ONpPEJEJNHUTb MO TyCTOTE CHJIOBBIX JIHHH# MAarHuT-
HOI'0 [OJISL

CHsa npUTAXKEHHS MArHNTAa XapaKTepH3yeTcsi TaK Ha3blBaeMBIM
MArHUTHBIM NMOTOKOM. M arHUTHBIM NOTOKOM HasbBaercs noJ-
H0e YHCJO CHJIOBBIX JIMHHHA, MPOXOASLIHX 4Yepe3 MOMepeyHoe CeyeHHe
Marugura. Uem Oojblle MarHHTHBIH NOTOK, TeM GoOJbLIEH CHJIOH TiPHTH-
¥MeHus obJsialaeT MArHuT.

OjxHako MarHAT MOXHO HaMar-

AR e, s v — — — —— — i  GER
itplepebep it HATHTb TOJIbKO JO HM3BeCTHHIX mpe-
¢ E==——==Z|n AEJIOB, NOCJ/e YEero HaCTynaeT Mar-
e ———— HETHOE HacCHIOEHHE.
oo v e o e e
A o sy ———— s e Ra—t
Pic. 36, ONHOPOAHOE MATHATHOE MoXe § 22. MaruutHas
NPOHHILAEMOCTh
- _ IMone mMex Ay AByMA PasHOMMEH-
W /§\1~__-- »:/gzzf HEIMH MATHUTHBIMH II0JIOCaMH Ha-
%@Q_‘-—-:/:f 3bBaeTCi ORXHOPOAHBLIM HJH
m/::}‘,-%c PAaBHOMEDPHBH M, €CH CHJIOBBIE -
%;’/:‘5, ...‘5:*3% JIMHHH 3TOro MOJsA PacHOJIOXKEHHI .
2 Zﬁ — ,,_.__:\QZ/ napajsiesbHO H TYCTOTa HX B Ka- -
Lie —— ~XLZ ynoh touke moms  oAMHaKoBa
) (puc. 36)..
3. W THOTO oM Ecnu moMecTHTh B 3TO  moJie
pm.rxpvi mgz&:;i::nﬁe ::rr: " aenesa KycoK xesesa (puc. 37), To pacrno-

JIOJK€HHe CHJIOBBIX JIKHHH Cpasy H3-
MEHHTCA, TAK KaK KaxJas JHHHA
6yHeT CTPeMHTbCSl MPOHTH uyepes

—— TR e e KeJ1€30. CJICNIOBATEIBHO, CHJIOBHIM

T e T =S JIMHUAM Jerde TNPOXOAMTH yepe3

C ;’;—:c:ﬁ}:i 0 Kesne3o, ueM uepes BO3AYX, WJH,

R o ot APYTUMH CJIOBAMH, KeJe30 ~o6Ja-

el ey paer Gosplueit MarHHTHOH IIPOHH-
D ettt

LaeMOCThIO, YeM BO3AYX.
Ha puc. 38 nokasaHo Bospef-
Puc. 38. MSIMCHCHKC MAarHHTHOro nonad CTBHE Mean, BHeCQHHOﬁ B OJIHOpO -
TipH BHECEHHH B HETO MELH HOe MarHuTHOoe moJe. Pacnosoxe-
HMe CHJIOBBIX JMHHH HapyLIHJIOCh,
TaK Kak CHJIOBbe JIHHHM CTpPeMsiTCcs OGOHTH 3TOT NMpPEAMET, U TOJBKO
oyeHb HeGo/bIIaf 4acTh uX npofiaer uepes wero. CJenoBaTeNbHO Mar-
HUTHa® NPOHHLAEMOCTb MeAM MeHbllle, YeM MarHUTHas NMpPOHHIIAeMOCTb
Bo3Ayxa. Takne Tesa, KOTOpbie CHJIOBbIE JHHHH CTpPeMATcs 00oiiTH, Ha-
3bIBAIOTCA AHaMarHUTHB MU, ’
MarHuTHYI0O OpOHHIAeMOCTh BO3AyXa IPHHATO CUHTATh paBHOM
enuHAne, MarHuTHasi NPOHMILAEMOCTL 2Kejesa, CTajad H JAPYTHx Mmar-
HHTHLIX Tej 6oJibllle €JHHUUbI, & MPOHHIAEMOCTh AHAMArHMTHHIX TeA
MeHpllle eAHHHIb
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ROHTPOJTBHBIE BONPOCHI .

1. Yro Ha3niBaercs MarHeTH3MOM?

2. Yro Takoe HCKYCCTBEHHBIH TNOCTOAHHMH MarmuT? M3 Kakoro martepHara om
u3roropaserca? Kakue ¢opMbl MOCTOAHHBIX MAarHHTOB Bbl 3HAETE?

3. Ha3zoBHTe HeCKOAbKO MarHHMTHHIX M JHAaMarHHTHBIX Tel.

4. Yro takoe monioca M HeHTpalbHAA MMHHA MAarHUTa?

5. Yem OGBACHAETCA CBOHCTBO MarHeTH3Ma?

6. Uro Ha3blBAaETCA HAMarHHYMBAHHEM?

7. INoueMy Kene3HblH MpeaMeT HE MOXET OLITh IOCTOAHHBIM MArHHTOM ?

8. Uro TaKoe OCTATOYHLIH MarTHeTH3M?

9. Mouemy craib o6ranaer GOALUIMM OCTATOYHHLIM MArHETHIMOM?

10, Yro HaswiBaeTcs MarHMTHBIM TOJEM?

11, TNepeuncanre CBOHCTBA MAarHHTHBIX CHJOBHIX AHHUIL.

12, Kak B3anMoneficTBYIOT MATHHTHBIE TOAIOCa MEXAY CO60i?

13. Yro rakoe MarHHTHbIH NOTOK, YeM OH M3MEpAETCA H UM XapaKTEPH3yeTcH?

FTTABA V
SJEKTPOMATHETHU3M

§ 23. MaruuTHOe noJie BOKPYr NPOBORHHKA

B 1820 r. yueHblit dpcrex, H3yuas NPOXOXKAEHHe 3JIEKTPHUECKOTO
TOKa M0 MPOBOJXHUKAM, OGHApy2KHJI, 4TO NpPH 3aMbIKAaHUH LENH MarHHT-

Puc. 39 [leiictBHe MPOBOAHMKA C TOKOM Ha MArHUTHYIO
CTPEeNKY

Hag CTpeJKa, HaxoAsulasfcs BOJM3H [MPOBOJHHKA, MOBOPAYHBAEICH.
DT0 MPOHUCXOJUT MOTOMY, YTO BOKPYr MPOBOJHHKA, MO KOTOPOMy HpO-
XOAHT TOK, CO3JaeTcsi MAarHHTHOe MOJe, KOTOPOe M NPHUBOJHT B [BH-
XKeHHe CTPeJKy, NOA0OHO TOMY KaK 3TO OblJIO ¢ MarHMTHOH CTpeJKoii,
FOMeUIeHHOH B MOJie MOCTOAHHOTO MarHuTa.

TakuMm o6pa3oM, DpcTeld BNePBblE YCTAHOBHUJ CBS3b MEXAY
3JIEKTPUUECKHMH H MarHHTHbIMH sBjeHusAMH. Jis oGHapyxeHus 3TOH
CBA3M MOXKHO MpOAENATh TAaKOH onmir (puc. 39).

Hap nomsu:KHOU MarHHTHOH cTpeJKOH, MapaJsuieNibHO €, MOMECTHM
NPAMOJIMHEHHBIH NPOBOAHHUK H MNPOIYCTHM 4epe3 Hero Tok, Mbl yBH-
AHM, 4YTO CTpeJka GyZeT CTPEMHTbCS 3aHATH MOJIOXKEHHE, NeprneHIH-
KyJspHOe K npoBOAHHKY. [IpH BBIK/IOUEHHH TOKa CTpeJKa 3afiMer
npexHee nojoxeHue, Yro6pl y3HaTb, B KaKYI0 CTOPOHY OTKJOHHTCA
CTpeJIKa, CyLlecTBYyeT NpaBHJO NPaBOd pPyKH, KOTOpoe 3aKJ/iodaercs
B CJEAYIOIIEM,
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