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HWmmenep-noxnonkopuux ToxoBemxnn B. T.
H noaxoBHHk Mypamxo B. B.

TENETPA®HOE JIEJIO

NOCOBVE [JIf CEPXXAHTOB
U CTAPIUMX CNELHUAJINCTOB
BOMCK CBfI3H

B noco6uu 1aHL OCHOBHbIE IOHATHS M3 3NEKTPO-
TEXHHKH, HEOOXOAUMble CepXKAHTY AAS MOHMMaHHA
CYIIHOCTH HeHCTBHMA TeaerpadHoR anmapatypul,
noApOGHO OMHCAHB OCHOBHHE TeaerpadHbie anma-
parit (Mopse, CT-35), tenerpadubie KOMMYTaToph
H paccMOTpeHbl GpH3HYeCKHe NPOLeCChl, TPOHCXOAS-
He B HHUX. B KOHHE KHHIMH H3JI0XEHH BONpPOCHI
060pyAOBaHHR BOEHHO-TeAErpadHbLIX CTAHUHR H
oCBelleHa Chayx6a SKCIAOATAUHH TelerpagHbIX
cpeicTs (M3MEpeHHs, HCMbITAHHA TPOBOJAOB, 3KC-
naoaraguonras cayx6a sa BTC).

IMocobue opobpeno YnpasienueM 6oeBoR MOA-
roToBkH BOHCK cBA3M CyxonyTHbiX BoHCK.

Taasw I1—X 1 XII-XVI paspaboTann HHxeHep-
NOAMONKOBHHKOM [0 10 Be 11 K i H bl M, raga XI—
MOAKOBHHKOM Mypam«ko.
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BBEJAEHHE

Hdo nosenexus Tenerpada naa GuicTpeiilueli nepexadd  Co0G-
nieHuii nosp3oBaauch cemadopamu. Cemadop mnpeicrasiaaa co6oi
Ha6op JiMHeeK, YNpaBJeHHe KOTOPbIMH INPOH3BOAMJIOCH TNPH IOMOLLH
pelyaros, 6JokoB u IWHypos. Kaxmoli O6ykse andaBuTa HJAH uUHPpe
COOTBETCTBOBAJIO ONpeeNéHHOe MOJIOXKeHHe JuHeek. JIuHeliku ce-
madopa moMemiasMch Ha BepiuvHe GalllHM MJIM MauThl, KOTOpbIE yCTa-
HABJMBAJUCh Ha BO3BHILIEHHBIX MecTax Ha paccrogHun 10—15 &M
ofHa OT Apyro#, o6pa3ys cBoeoGpasHylo TeserpadHyw JjurHI. [lepe-
Jaua CooGLIeHHH HauMHajachb HAa OJHOM H3 OKOHeYHbX cemadopos
H IOBTOpAJAach OT OJHOTO K APYroMy BCEMH NPOMEXYTOUHLIMH, NOKA
B IYHKTe pAaChOJIOXKEHHs BTOPOrO OKOHeyHoro cemadopa He 3anH-
cbiBaad npunsroe coobmenne. OxHako mepepaua coobueHHs Mo Ta-
KoMy cemahopHOMY Teserpady MNpPOHCXONMJIAa OYeHb MeZAJIeHHo,
a B HOYHOe BpeMs M B CJyuyasdX NJIOXOH BHIHMOCTH BOBCe HpeKpa-
uiasacek. [lpakTHuecKasi NpONyCKHasi CNOCOGHOCTb «ceMa(OpHBIX TeJe-
rpadoB» Gbla OYeHb Masa, a 06OpYAOBAHHE TaKHX «TelerpagHbix
JIHHUI» CJIOXKHO, H OHH, €CTECTBEHHO, He IIONIYUHJIH LHPOKOre pacmpe-
CTpaHeHHs.

BypHoe pasBurtHe Teserpad mosyuus nocse OTKPhiTHA (B nepsoi
nojioBuHe XIX Beka) ABJeHHA 3JIEKTPOMArHeTH3Ma.

IepBbiii B MHpe 3JeKTPOMArHMTHHIA TeserpadHbifi anmapar Gbin
nocrpoed B 1832 r. pycckum usobperaresem IlaBaom JIbBoBHYEM
HInamuHroM M TOraa e mpuMeHsics AN TeserpadHol cesasu B Poccun.

B 1837 r. Camyun Mop3e npefsoxua NHIYHHUH TenerpadHL
ammapar M cnenuaneHyio tesjerpaduyio asbyky (kom) Aas paGoTe Ha
uém. Ilo koxy Mopse kaxnas 6yksa ¥ nudpa nepelaBajuchb H 3amH-
CbIBAJMCh Ha TeserpadHyio JIEHTY oCOObIMH 3HaKaMH, COCTOALIHMH H3
coyeTaHHH To4YeK H THpe.
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_Annapar u Koj mOJIyUMJM Ra3BaHHe MO HMeHH H306peTaTeAs:

Annapar Mopse mnociie HEKOTODbIX HEPEN&IOK M ycOBeplEeHCTBO-
BAHHA OKAa3aJiCsl HACTOJBKO YIOOHBIM M HPAKTHUHBIM, YTO He TOJbKO
mosiyuuJ GosbLIOe pacrpocTpaHeHHe BO BCeX CTpaHax, HO U B HaCTOf-
uee BpeMs NPHMEHACTCH B TOM HJM MHOH CTelleHH Ha Bcex Tevierpad-
HBIX CTaHUMSAX.

B panbhefilieM, IpH Bo3pocClied IOTPeGHOCTH B 3JEKTPUUECKOH
¢Basy, anmapatel Mop3e He MOV  YIOBJETBOPHTb TpeGOBaHHUAM,
npeAbsBAAEMbIM K TejerpadHoii cBA3M, BCJAEACTBHE HELOCTAaTOYHOH
€xopocTH oOMEeHa TesnerpamMM M pafa APYrHX MpHYMH.

B pesyibrare nosiBUsHCh GYKBOHeuaTalollHe amnmapaThi, HMeKIIHa
GosblMe npeuMylllecTBa mepen ammapatoM Mopae,

[Tepsriit GykBomnevararomuii TeserpadHslit anmapaT GeT u306peTeH
pycckuMm akazemukoM $Iko6u B 1850 r., a B 1855 r. mpeasoXun KoH-
crpykuuio OykBomedartaionero annapata IO3. Amnapathi fko6u u
IO3a samucbiBanH 3HaKH He B BHIE TOYeK M THpe, Kak ammapat Mopse,
a HemocpeiACTBeHHO OyKBaMM HJH LHbpaMH, T. €. Ha JIEHTe MOJyYa-
JIMCb OTTHCKH o6ulenpuHATHIX OykB, nudp u ApYrux sxHaxkos. Kpome
TOrO, MPOU3BOAHTENBHOCTbL anmapaToB Obina B JBa-TpH pasa GoJblle,
ueM anmapara Mopase.

3aTeM mnocienoBaTeJbHO MNOABASIOTCH AaBTOMATHYeCKHA ammapar
Yurcrona — B 1867 r., MHorokpatubi#i TenerpaHuifi annmapar Boao —
B 1874 r. — n, HakoHen, B ABafuarhix rogax XX crosetusi GblIx H30-
OpeTeHH H TMOJNYYMJM LIMPOKOE NpHMEHEeHHe TaK Ha3biBaeMblie CTapT-
CTONHbIE annaparbl, OAHHM H3 NpeJcTaBUTe/ed KOTOPHIX ABJfETcs Hall
annapar CT-35.

B annaparte YurcToHa mnpoGiema yBesHueHHss NpPONYCKHOA cnoco6-
Hocr Obljla paspellleHa 3a CYET HCKJIOYEHHS PYUHOH mepenauH U BBe-
NeHus aBTOMartHyeckoii. Ha cneuumasnbHoM mnpu6ope — nepdopatope —
BPYYHYIO 3aTOTOBJIA/IACE JIEHTA C TEKCTOM TejerpaMmbl — Kaxnas 6yKsa
wmu uudpa Ha JeHTe BbIpax<ajacb KoMOHHaumuei#l oTBepCTHE B COOT-
BeTCTBHH ¢ KoxoM Mop3se. 3arem Takas nepdopupoBaHHAsE JeHTa
nponyckanach yepes IepelaTYdK, KOTOPLIH aBTOMATHYECKH — ¢ Gonb-
ok ckopocThio U Ge3 yuacTH Teserpaducra — nepenaBat  TEKCT
B JMHHIo., Ha npuéMHOX cTaHUMM 3alMCh TeKCTa TNPOHU3BOAHUJIACK,
TAK Xe Kak W Ha anmapate Mopse, B Buae Touek W THpE, 4TO G6blIO
GonelIEM HEJoCTaTKoM 3Toro ammnapara. OpmHako aBTOMaTHYeCKas
mepejaua MOBbICHJIA NpPONYCKHYIO cnocoGHocTe TeqerpadHoit  CBA3H
B IBa-TPH pasa.
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" Mso6peratent OGykBoneuatatomero anmapata bBoxo — unmxenep

Amuibp Bono — npexsioXuJa NOAKA0YaTh K NPOBOAY MOOYEpENHO He-
ckOJbKO (2—3) mepenartuukoB. bono ocHoBbIBaJCS Ha TOM, YTO MpO-
XOXKJEHHEe MepelaBaeMoOro CHFHaja 1O NPOBOAY HAa NPHHHUMAIOMYIO
CTAHLMIO 3aHWMAaeT OueHb HE3HAUMTEJbHYIO 4acTb Bpemenu. Crenora-
TeJIbHO, YCTPOMB MepeNalonlyld YacTb Tak, 4ToObl Ha HEKOTOpOE BpeMms
¢duxcuposancs (3agepKuBaJjca) HabupaeMmblll TeJerpaducTOM CHIHaJ,
MOXHO, NpHMEHHB ClellHalbHOe aBTOMaTHYeCKoe YCTPOHCTBO (pacmpe-’
JleiTeNb), MOOYEPELHO MOJKIMOYATh NPOBOJ K HECKOJbKUM TaKuM Ie-
penatuikaM. MHbIMH cloBamy, 1O OZHOMY NOpPOBOAY BMECTO OJHOrO
teserpadHoro anmapata paGoTaloT HECKOJbKO NepeflaTudKoB, H IPO-
NyCKHas CNoCOGHOCTb JIMHHH CBSI3H YBEJNUYHBAETCH B HECKOJBKO pas.
Ha npuéMHOM amnapaTte COOTBETCTBEHHO pacClpefeNHTeNb MOAKJIYaeT
nmoouepéjHO HECKOJbKO MNpHEMHHKOB. Merton, mnpenjoxenHut bono,
MoJy4uN Ha3BaHUe MHOTOKpAaTHOro TenerpadupoBaHusi, a anmapat boao
Ha3biBaeTcsi MHOTOKpaTHHIM. Heo6xonuMo oTMeTHTh, 4To anmapaT bono
IOBOJIbHO TPOMO3AOK, HMEET CJIOXKHYIO 3JIEKTPHUeCKYI0 CXeMy H Mexa-
HHYECKYI0 4acTb H TpeGyeT TeXHHYeCKH IpaMOTHOro O6CIyKHBaHHs, a
nosToMy annaparthl Doso NpUMEHAIOTCA HAa KpYMHBIX Tejerpa@HbIX
cranuusx. B CCCP annapar Bozo npurAT KaK ocHOBHOH TeserpadHbiil
annapar.

CraprcTonubie annapaTthl NPeRcTaBIfiOT cobofi annaparkl IIHPO-
Koro nosan3oBanus. MIX riaBHbIMH NpeHMymecTBaMH SBJASIOTCH: MpoO-
CTOTa 3JeKTPHYECKOH CXeMbl, KOMINAKTHOCTb, CpaBHUTEJbHasi JEFKOCThH
TeXHUUEeCKOro oOcjayXHBaHus. DBiaromapsi 3THM KauyecTsaM CTapTCTOI-
Hble annapaTthl NOJYYHJH B NOCJERHHE JBa JECATHJETHs ILHPOKOe pac-
npocTpaneHue Ha HEGOMBIUNUX TeJierpadHbIX CTaHIHAX. ~

Hancneiimee paspuTHe TederpadHu LU0 NO NOYTH NpHMEHEHUS
aBTOMATHKH, NMepeMeHHbIX TOKOB (YacToTHoe TenerpadupoBaHHe), H30-
OpereHusi annapaToB Ui nepelaud u3obpaxeHus (dororeserpad),
NpUMEHEHUs CHeUUaJIbHBIX HUCHPABAAIOMMHNX H YCHIHUBAIOUIMX MPOMEXKY-
TOUHBIX YCTPOHCTB (IpOCTble W pereHepaTHBHble TevierpadHble TpaHC-
NANKH) M, HaKOHEW, M306peTeHHss HOBOH Pa3HOBHIHOCTH TeserpadHhX

CHCTeM — TaK Ha3blBaeMblX INTPHXOBHIX (GYKBO3aNHCHIBAIOIHX) amna-
paTos.




YACTSh HEPBAA

IJJAEKTPOTEXHHKA

ARt

l

TTABA I
OCHOBHbBIE NMOHATHA

§ I. NOHATHE OB 3JIEKTPOHHOH TEOPHH CTPOEHHS BEIMECTBA

ITpakTHyeckoe npHUMeHeHUE 3JIEKTPHUECTBO HOJYUHJIO CPABHUTEJIBHO
HEeaBHO, KOria ObliM H300peTeHhl mepBble rajlbBaHHYeCKHe JIeMEHTh
W mpocTrefiiliie 3JEKTPOMAIUHHEI,

HecvoTpsi Ha TO, 4TO 3JIEKTPHYECTBO INPOYHO BXOAWJIO B KM3HE
yesI0BeKa, NMPHpOLa €ro JoJroe BpeMs He Oblla H3yueHa H He Cylie-
CTBOBAJIO CTPOfiHOH Teopuu, obbsic-
HAOLEH 9JeKTPUUECKHe sIBJIEHUs.

Toabko B nauane XX Beka, no-
cne TOro, Kak Oblja yCTaHOBJEHa
IeJUMOCTh aToMma BellecTBa, Obl-
Ja COo3JaHa BJJEKTPOHHAs TeopHs
CTPOEHUsI BellecTBa, KoTopas C 1o-
CTAaTOYHOM MOJHOTOH  0OBsICHSET
3JIeKTPHUECKUe SIBJICHUSL.

CorJlacHO 3JIEKTPOHHOH TeOpHH
CTpOEHHs BellecTBa, AaToOM Belie-
CTBA COCTOHT M3 sapa, BOKPYT Ko-
TOPOro Ha pa3N{4YHOM YyJaleHHH OT
A1pa BpallalOTCA MO 3aMKHYTHIM
KPUBBIM  3JIeMEHTapHble YaCTHLHI,
HasbiBaeMble 3JEKTPOHAMH.

Crpoenue atomMa (puc. 1) MOXKHO CPABHHTH C COJNHEYHOH CHCTEMOI,
B KOTOpO# MJaHETH! BpaIlaloTCA Mo opOUTaM BOKDYT COJIHIA; aHAaJO-
TMYHO M 3JIGKTPOHbLI 10 CBOMM OpOHTaM BpamlalOTCa BOKPYr saApa.
O6béM siapa 3HauMTeNbHO MeHblle o6béma caMoro aroma, HO Macca
ero 3HawnTeJbHO GoJiblle Macchl 2JeKTPOHOB. Bpauraiomuecs BOKpYr
AApa 3JEKTPOHbl 06pa3yloT Kak Obl 060JOYKY BOKPYr Hero, HasbiBae-
MYI0 9NMEKTPOHHOH 060/7104KOH. DNEKTPOHB 2TOMOB BCeX BellecTB CO-
BEpLIEHHO O/JHHAKOBbI,

Puc. 1. CxeMa cTpoeHHs aToMa
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Slnpo aToma COCTOMT U3 NMPOTOHOB M HeATPOHOB !, [IpoToHHI u Hefl-
TPOHb fifpa 06pa3yloT OueHb YCTOHYHBYIO CHCTEMY, paspyileHHe Ko-
Topoit mpencraBaser Gosbluve TpyaHocTH. [lpuposa cua, cBsa3sbiBaio-
IUX OPOTOHBI W HEHTPOHBI B fAJpe, N0 CHX MOP emé HeJLOCTaTOUHO
BLIsICHEHA M SIBJIAETCS UPEAMETOM H3YueHHs.

DneKTpOHBI ¥ MPOTOHBI 00/1afalOT  9JIEKTPHUECKHMH 3apsfaMu:
9JIGKTPOHE! OTPHLATEJNbHbIMH (—), @ HpPOTOHLI — NONOKHTENLHLIMY
(4). HeliTpoHs! 3/eKTpHYECKHX 3apaioB He HMeloT. UHCJAO aaeKTpo-
HOB M NPOTOHOB B OJHOM aTOMe BRILECTBA M HX B3aUMHOE PpacroJio-
KeHue OJMHAKOBb JJI1 BCEX aTOMOB QaHHOTO BELIECTBAa H ONMpeAesioT
ero xuMuyeckue M (GU3UYECKHE CBONCTBA.

CaMbIM IIPOCTHIM MO CBOell CTPYKType S§BJAETCs aToM BOZOpPOAA
(puc. 2). OH cocToMT H3 sipa, BOKPYr KOTOPOTO BPAmMAETcs MO HEKO-

TOpO#l  SMMHNTHYECKOR KPHBOR  OIUH
9JeKTpoH. Macca 3jekTpoHa paBHa

LT ' \71‘._\ 9,035 10 %o cocTasJiAer ﬁ%g 9acTh
’ EREN
/ Y, Macchl BCEro aToMa BOROPOAA.
® / KouinuectBo NpOTOHOB M HEATPOHOB
o /B fiApe aroMa H 5JIEKTPOHOB BOKpPYT
S _o HEro y pas/MyHbIX BEILECTB PasJHYHO.
ST KosuyecTBo 3jieKTpoHOB B atoMe
Puc. 2. Cxema cTpoenus aTtoMa paBHO KOJNMYECTBY NPOTOHOB €ro sApa,
Boaopoxa a TaK Kak OTpHLATEeJbHBI  3apsif

3JieKTpoHa 10 a6COMIOTHON BeJIHYMHE
paBeH [OJNIOXKHUTEJEHOMY 3apsily INpOTOHa, TO, CJEAOBATEJbHO,
aToM BenecTBa HelTpaseH (CyMMapHbd IOJIOXKHTEJNbHbIH 3apsan
fifipa YpaBHOBEIUMBAeTCH CYMMAapHbiM  OTpHUATE&JNbLHBIM  3apAaaoM
sekTpoHoB). HefiTpaneHoe cocrosiHMe aToMa Moxer ObiTb Hapy-
lIEHO, TaK KaK CBSI3b 3JIEKTPOHOB C SAAPOM HE Y BCEX aTOMOB OJHHa-
KOBa: y OJHHUX BEIIeCTB 9Ta CBA3b MNpoYHasd, y APYrHxX Gojee
cna6ast.

Hapyense HeATpaJbHOTO COCTOSIHHS aToMa MpPOMCXONHT B Mpo-
lecce HeNpepblBHOrO JBHXKEHHS aTOMOB, CBOMCTBEHHOrO KaX<IOMYy Be-
mecTsy. B KMAKHX UM ra3oo6pa3sHbIX BeLIECTBAaX 3To JABHXKeHHe Oec-
nopsaouHOe, B TBEpAbIX OoJiee orpaHuueHHoe — KoaebarenbHoe. Bo
BCeX TeJlax OHO CBSI3aHO C TeMIlepaTypod HarpeBa Teha: YeM Bhillie
TeMnepaTypa Tesia, TeM HHTeHCUBHee NBHXKEHHE aTOMOB,

B mpouecce nBHXKEHHd aTOMbl Tesla CTAaJKHBAIOTCA MeXAY coGod,
B pe2y/bTaTe Yero MOXeT HapyUIHTHCH BHYTPHATOMHAs CBHA3b 3JEKTpO-
HOB € fIpOM H INpPOU30HTH OTPHIB OJHOTO MJH HECKOJbKHX 3JIEKTpO-
voB. OTopBaBllIHeCs OT aToMa 3JIEKTPOHb!, Ha3biBaeMble CBOGOXHBIMH,
NIepeaBHIasiCb B MEXAYaTOMHOM NPOCTPaHCTBe, MOrYyT, TaKxe B pe-
3y/abTaTe CTOJKHOBGHHH, 3aXBaTBIBaTbCi APYTHMH aTOMaMH, Tepsio-
IIMMH CBOM 3JEKTPOHHI.

1 B pefiCTBHTENLHOCTH AAPO aTOMa Gonee CAOXHOrO CTPOEHMA M €Ul ABjseTcH
BOMPOCOM, M3yyaeMHM HayKOH, CYIUIGCTBOBAHME Xe MPOTOHOB M HEATPOHOB ycra-
HOBJIEHO.
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[MosiBrenne cBOGOMHBIX 3/MEKTPOHOB B Tede M 3aXBaT MX aTOMaMu
MPOMCXOAMT HENpepblBHO, WHCJIO CBOGOAHLIX 3JEKTPOHOB BO3pacraer
1Mo Mepe yBeJHYEHHsSl WHTEHCHBHOCTH [BHXKEHHs aTOMOB, HO TeJO mpo-
ROJKAaeT OCTaBaTbCSl HeHTpaNbHbIM, TaK KaK OOm[ee YHCJO 3JEKTPO-
HOB M NPOTOHOB B TeJle H® MEHSeTcs.

Ecan ke u3 rtema xaxum-qu6o NyTéM yAanUTb 4acTb CBOGOAHBIX
3NIEKTPOHOB HJH [JOGABHTb TeJy HEKOTOpPOe KCJIHYECTBO CBOGORHBIX
3JIEKTPOHOB, TO T&JIO OKa3blBAETCs 3apsKEHHBbIM, TaK KAK Hapyllaercs
COOTHOILIEHHE 3JEKTPOHOB H NPOTOHCB.

Ilpu HemocTaTKe 3/]EKTPOHOB TEJO OKAILIBAETCA 3apSiKEHHHBIM Mo-
JOXKHUTENbHO, NPH H3ObITKE 3JIeKTPOHOB — OTPHIIATENbHO.

OnbiTamy YCTaHOBJIEHO, UTO 3apsiXKeHHbIE Tesa OlpeneJERHbIM o6pa-
30M B3aHMOAEHCTBYIOT MeXAYy COGOH: 3apsiKeHHbie OTHOHMEHHO OT-
TaJIKHBAlOTCS, 3apsAXKeHHble Pa3HOMMEHHO — MPHTATHBAIOTCH,

Cuabl B3aUMOAEACTBHSI MEXAY 3apsiKEHHbIMH TeJIaMH, MO 3aKOHY
Kynona, npiMo NpomopuHOHaNbHB NPOM3BEIEHHIO 3apAA0B U OGPATHO
MpONOpUHOHAJbHEI KBafpaTy PacCTOSHHA MeXI1y HHMH.

§ 2. 3NEKTPUYECKHHA TOK

Kak yxe ynoMHHaJOCh, CTpOEHHe aTOMOB Pa3/IHYHBIX BEIeCTB He-
ONHHAKOBO H MPOYHOCTb CBSI3H MEXKAY 3JSKTpPOHAMH H s/ApaMH aTOMOB
Da3JINYHBIX BElECTB pasjuuyHa,

B HeKOTOpLIX BellecTBaX 3Ta CBA3b TaK NMpPOJYHA, YTO B HOPMAJLHBIX
VCJIOBHSIX 9JIEKTPOHBI He MOTIYT OTOPBAaTbC OT aToMa H HaXoAsATCs
B CBA3aHHOM COCTOSTHHH.

B psze e BeulectB CBA3b MEXAY SAPOM H SJIEKTPOHAMH, Bpa-
WAOMHMHUCS N0 BHEWHHM op6GHTaM, Haubosee VAANEHHbIM OT sApa,
HACTOJbKO cJaGa, uyTO 9TH 3JEKTPOHbI MOT'YT JIeFrKO OTPbIBAThCs OT
aToMa M MEpPexXoduTb uepe3 MeXKIAyaTOMHOE NPOCTPAHCTBO B CUCTEMY
Apyroro atoma. Takue Tema HasbiBalOTCHl NPOBOAHHKAMH, HanpHMep,
MeTaJlJibl, CMJaBbl MeTaNJIOB, TeXHH4eCKH#i yrojib. TakHM o6pasoM,
B MeTajJjaX HMMEIOTCS CBOGOLHBIE 3JIEKTPOHBI (BpeMeHHO OCBOGOAUB-
IMecss OT TeCHOH CBA3M ¢ aTomamu), GecrnopsJOYHO [BHIAOUIMECS
c GOMBUINMH CKOPOCTSIMH B MEXAYaTOMHOM IIPOCTPAHCTBE OT OJHOLC
atomMa K ApYyromy.

Takoe xaoTHueckoe ABHXKEHHe CBOGOIHBIX 3JEKTPOHOB HaXONHTCS
B TECHOH CBfI3M C TEMJIOBLIM COCTOSIHHEM BelLiecTBa H HS CONpPOBO-
M/AeTCsl HHKAKHMH BHEIUHUMH IIPOfBJICHHSMH, TaK KaK MO BCEM Ha-
npaBJieHHAM B CpeAHeM MNEepeHOCATCH ONHHAKORbIEe KOJHYeCTBA 3JeK-
TPOHOB, T. €. CBOOONHble 3JIEKTPOHBI paclpefeleHbl B JRAaHHOM KycCKe
MeTaJsia paBHomepHo (puc. 3, a).

PRSI R

Puc. 3. CxemMa ABMIKEHHA 3JEKTPOHOB B METaJie:
3 — Xa0TUYeCcKOe ABHXKEHHE; 6 — yrnopsaoueHHoe ABHKEHHE




Ecau Ha cro6opuble 3JIeKTPOHb! BO3NEHCTBOBATh KaKoH-1u60 BHeLU-
Hell HanpaBssiomed CHION, TO HX ABHXKEHHe HauMHAeT MPUHHMATh Xa-
pakrep VNOpsiAO4YEHHOro, T. € MNpH OOuWlefl XaOTHYHOCTH ABHIKEHHA
3JIeKTPOHb GYAYT HANpaBJATbCA B KAKOM-TO ONpenen&éHHOM HampasbJe.
Huu (puc. 3,6).

VnopsinoueHHOe ABUXKEHHE 3JIEKTPOHOB IO NPOBOAHHKY HasblBaeTcs
3JEKTPUUYECKHM TOKOM.

[MpuyuHa niau cHJa, BLI3LIBAIOLIAS JBUIXKEHHE 3JEKTPOHOB (HX IO-
TOK HJM 3JeKTPHUECKHHl TOK), Ha3blBaeTCs 3 EeKTPOABHX YUl eH
cuno# (IC).

Hasnauenne uctoynukoB SDC cOCTOMT HCKJIIOUHTENLHO B TOM,
yToGh! NDUBECTH B ABHXKEHHE 3JEKTPOHLI, yXkKe HMelolHecs B NPOBOJ-
HUKaX, T. €, CO3JaTh JEKTPHYECKHH TOK, MOITOMY B HpaKTHKe MpH-
usto ucrounuky DJC HaspiBaTh HCTOYHHKaMH Toka. CKOpOCTL HOCTY-
aTeJbHOTO JIEHIKEHHs 3JEKTPOHOB IHpPH 3JEKTPHUECKOM TOKE paBHA
HECKOJILKHM CaHTHMETPaM B CEKyHAY, a CKODCCTb pacnpOCTpaHeHHs
TOKa B LIeM# paBHA CKOpocTH paclpocTpaHeHHs csera (300 000 xu/cex).
3T0 Kaxyileecss Ha MepBLIA B3IVISIA HECOOTBETCTBUE OOBSICHIETCS TeM,
YTO SJIEKTPUHBI NepefaioT CKOPOCTb CBOErO NBHKEHHS OJHH ApYroMy
BJIOJIb BCero NPOBOAHUKA, NOAOOHO TOMY, Kak KaTdiuuica ¢ HeGosbluoi
CKODPOCTEI0 OUABLAPIHBII HIap, YAapAsACb O KpaHHHMH miap IOJ0XKEHHHIX
B psx I1apoB, MOUTH MOMEHTAJbHO IepelaéT CBOIO CKOpOCThb
JABHXKEHHs llapy, cTosillleMy B KOHLE psna.

IlpoBogHHK M HCTOUHMK TOKa,
NOAKJIOYaeMblfi K HeMY, COCTaBJSIOT
+ 3aMKHYTYIO 3JIeKTpHYECKYl0 HEemb —

— Mposodnun ;{;gg;(o:uumoe yCJIOBHE 151 OJTYYeHH
pdaueckoro Toka (puc. 4).

u t JBiKeHHe 3JEKTPOHOB IOA Hed-

! creuem IJIC cBs3aHo ¢ B3auMmojedi-

l——o—-:-—— CTBHEM 3apsloB, T. €. Ha KOHIAX

HCTOYHMKA TOKA, HA3bIBAE€MBLIX IOJIS-

“Hemounuw camH, oGpasyioTcsl 3apsiibl, KOTOpHe

moxa 3aCTaBJSAIOT JIEKTPOHbI HPOBOAHUKA

IBUraTbCSA OT OTPHLATENBHOrO HOJI0Cca

Puc. 4. 3amxnyras saextpuuye- HCTOYHHKA TOKAa K [MOJIOXKHTETbHOMY

CKas uerb ero nojwocy. BHYTpH HCTOYHHKa TOKa

3JIEKTPOHBl ABHIKYTCS OT MTOJIOKHTEJIb-
HOro mnoJitoca K OTDHIaTeILHOMY H Jajiee ONsATb IO NPOBOXHHKY.
Yactb 3aMKHYTOH Lieny, NPOXOAALIAs BHYTPH HCTOYHUKA TOKA, HAa3bl-
paeTcd BHYTpeHHefi lembio, YacTb, MNOAKJAIO4aeMas K HCTOYHHKY
TOKa,— BHEIIHEH Ienblo. .

B npakTHKe NPUHSITO CYMTATh HanpaBJieHHE 3JEKTPUYECKOro TOKA
OT MJIOCa HCTOYHHKA 10Ka K MHHYCY, T. € B HalpasJjeHud, o6paTHOM
JIBHXKEHHIO 3JIEKTPOHOB. JTO NPaBUJIO ObLJO YCTAHOBIEHO 1O MOSIBJe-
HUsl 9JIEKTDOHHOH TeopHH (KOTZa He 3HAJH O JBUKEHHH DJIEKTPOHOB)
H, 4ToObl HE MEHATL YCTAHOBJIEHHBIX YCJIOBHBIX O0O3HAUEHHH, OHO co-
XpaHEHO ¥ 0 HACTOSLIEro BPEMEHH.

10



§ 3. CUJIA TOKA MU EAMHHUA H3MEPEHHA CHJIbI TOKA

B 3aMKHYTOH 3JI€KTPHYECKO# LeMy 32 ONpeNesieHHbIl NPOMEeKYToK
BpeMeHH B JIO6OM MecTe e§ uepes CeueHHe NpPOBOAHHKA INPOXOAHT
OIHO M 10 )K€ KOJHYeCTBO 3JICKTPOHOB. Uem OGodgblllee KOJAUYECTBG
3/IEKTPOHOB NPOXOJUT 3a ONMpefes€HHOe BPEMs yepes MomepeyHoe ce-
ueHHe MPOBOJHIKA, TeM Gosibllle 3JMEKTPHUeCKHH TOK B NAHHOH 3Jek-
TpHYCCKOH LenH, I Hao6opoT.

KosuecTso aJekTpuuectsa (CyMMapHbIfi 3apsifA 3JIEKTPOHOB), Npo-
Xojfllee B OJHY CEKYHIY Uepe3 MONepedyHoe ceyeHHe NPOBOAHHKA, Ha-
spiBaerTca cujod Toka., O HaAJNMUMHd TOKA M CHJe ero cylmsT Mo sBie-
HHAM, CONPOBOXKAAIONIMM [POXOXAEHHE ‘TOKA [0 NPOBOAHHKY. ITH
ABJIEHHS CleAyIoLiue:

1. TensnoBoe gmeilcTBHE TOKa, BLIpa)Kawolleecss B HarpeBaHHd IHpo-
BOJHHKA, KOTOpOEe MOXKHO HabmiojaTh INpH CBEUCHHH 3JCKTPOJaM-
MOYKH, HATPEBAaHHU 3JeKTPONasJbHHKA, MJaBJICHHH TpeAoXpaHuTeNs
NpH MOBEILEHUH TOKa B LeNH H T. I

2. Marsuurnoe JieficTBHe TOK4, BLIpa)kalolleecss B TOM, UYTO BOKPYT
poBoAHHKA 00pasyercs MarduTHOe I0Je, 3aCTABJAIOLIEE MOBOPaYH-
BAThCST MATHHUTHYIO CTPEJIKY, IONHECEHHYIO K IIPOBONHHKY.

3. Xumnueckoe [edcTBHe TOKa, INPOXOAALIEr0 UYepe3 pPacTBOphI
KHCJIOT W coJieil, Bbipakamolieecs B TOM, 4TO TOK pasJaraer HX Ha
COCTABJIRIOIIHE 3JIEMEHTHI,

Hns onpesesieHHss eNMHHIBI CHJBI TOKA BOCHOJL3OBAJNHCH XUMHYeE-
CKMM JeHCTBHEM TOKa: 3a €NHHHUIly CHJBI TOKA [pHHUMAeTcs TaKoii
TOK, KOTOpLIf, NPOXONSl 4epe3 pacTBOP a30THOKHUCJOro cepebpa, BhiIe-
nser u3 Hero 1,118 muagurpamma uucroro cepebpa B TeyeHue OjHOR
cekyHapl. Takas eIuHMIIAa Ha3BaHa
amnepom H o6o3Havdercs OYKBOH 4.
Tox oGosnauaercs OykBoit [.

He Bcernma ymnoGHo u3MepsitTh TOK
B ammepax, I[03TOMY HJs H3Mepe-
HH  cnabelX  TOKOB — MOJB3YIOTCHA
eAMHHIAMU: MulavamnepoM (ma) —
1000 ma=1 a—wu MukpoammepoM
(mra) — 1000 mra =1 ma.

Hna usMepeHHss CuJBI TOKa MOJNb-
3ylorca nmpubopaMu: aMmepMeTpPaMi H
MHJITHAMIIepMEeTPaMH, KOTOpble BKJIO-
YaloTCd B paspbiB lend, KakK MoKa-
3aHO Ha puc. 5. Takoe BkJIOUEHHE
Ha3bIBaeTcsd MNOCJAeOBATEIbHbIM,

B 3aBHCHMOCTH OT  BEJIMYHHLI
4 HalpaBJeHHS 3JeKTPUUYecKUH TOK
6bIBAeT MOCTOSTHHBIM U IepeMeHHbIM.
ITocTosiHHBIE TOK C TeyeHHEM  Bpe-
MEHH He H3MEeHSieT HU CBoedl BeJin-
4yHbL, HH HanpasdeHus. [lepeMenubi Puc. 5. Buewnnl BUA W CXeMATH-
TOK C TEUCHHEM BDEMEHU MEHSCT U  ueckoe w306paKeHune BKAKUCHNS
BeJHUYHHY W HaNpabsJeHHe, dMnepMeTpa B uens

0
9 \““\‘\.\\"..lm,l,,,,,m ”

™ \‘\ q

4,,
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§ 4. CONPOTHUBJIEHUE NPOBOAHUKA

Beiuie Mbl yXe YOOMHHAJM, UTO Tela ¢ NPOYHO# BHYTpHATOMHOA
CBAI3hI0 3JIEKTPOHOB C aTOMAaMH HE HMEIOT CBOGOAHLIX 3/IEKTPOHOB H,
Cle0BATeJIbHO, HE MOTYT NPOBOAMTH TOK, T. €. SIBJSIOTCH HENnpoBOL-
Rukamn (usonaTopaMu, AusnexkTpukamu). Ho n rtena, mmerommue cBo-
GoxHble 3JIeKTPOHbI, ABJSAACH NPOBOJHHKAMH, He ONHHAKOBO NpPOBOASAT
snekTpHueckuii Tok. HUem GoJiblie B NMpOBOAHNKEe CBOGOAHBIX 3JIEKTPO-
HOB, TeM OoJbilie UX OyNET NepelABHraThCs B NpPOBOLHHKE O BJHS-
nnem DJIC, TeM Gosblie MPOBORMMOCT NPOBOAHHKA H TeM OGoabilie
GymeT TOK B NPOBOLHHKE.

Yem GoJbllie NPOBOAMMOCTb NPOBONHHKA, TeM MeHbIE €ro COompo-
THBJICHHE 3JEKTPHUOCKOMY TOKY, H HA0GOpOT.

BesruHHa CONMPOTHBJEHHS TJIaBHLIM 00pa3oM 3aBHCHT OT MarTe-
puana NMPOBOAHHMKA; TaK, HANpHMEp, CONPOTHB/IEHHe MeA# B 7,5 pasa
MeHbIe COMpOTHBJEHHS XKeje3a.

R ConporuBienHe H3aMepsercss B eIHMHUNAX,

HasbiBaeMbix omamu. OauH oM — 310 CO-

% MpOTHBJCHHE, OKA3biBAEMOe 3JEKTPHUECKOMY

TOKY CToNI6HKOM pPTYTH BbicoToli 106,3 ca

puc. 6. Cxemarmueckoe © HOUGPEUHbIM  CEUEHHEM B 1 mm® npu

nsobpawenwe comporns. TEMNepaType 0° Uenscuss.  ConporuBiieHne

neHus o6osnauaror GykBaMH R uau r B Ha cxeMmax
n306paxaior, KaKk MokasaHo Ha puc, 6.

Ins usMmepeHusi GOJIBIIKMX CONPOTHBNEHHH NPUMEHSIOT eNHMHHLY, Ha-
sbiBaemylo meroM (meom); 1 meom = 1000000 om. Ilns cpaBHeHHst
CONpPOTHUBJICHHH 3JIEKTPUUECKOMY TOKY PasJiMYHbIX MaTepHajoB BBe-
NeHO MOoHSITHe 00 YIeNILHOM CONpPOTHBJEHHH IPOBOLHHKOB,

¥ menbHble CONPOTHBJIEHHS HEKOTOPHIX MaTepuafioB aaHul B Ta6n. 1.

Tabauya 1

Mareprans Vaeaang comornize | Tongeurypnut
AMIOMHHHE « v v v v o v o v v o o o 0,029 0,0038
CBHHEIL « & « « « o ¢ o o o o 4+ « 0,2
HKeneso . . v . . v u o0 .., 0,10—0,14 0,0045
Cranb .« .« . v v v v v v v v v 0,167—0,25
MeEb + v v v v o v v e e e e 0,0175 0,004
JIATYHB « o o v v e v v e e e e 0,08
Hukeaun . - . . . v « v v v . . . . 0,40—0,44 0,00022
Pryts .« . v v v v s e v e 0,95
Cepebpo . . . . . v v v e 0,0164—0,0175
Boabppam . . . . . . v o 0w 0. 0,005
OmoBO « &+ v v v v e e 0,012
Huxpou . . ... . ... .. ... 1,0
DexXpalh . v o v v Lt e s 1,0
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Yaencnoe conporHBiieHHe NPOBOAHHKA — 3TO CONPOTHBJEHHE HpO-
BOAA M3 NAHHOro MaTepuana IJHHOA 1 M ¢ IJIOLIANbI0 MOMEpeyHoro
ceueHnss 1 mm? npu temnepatrype 20° lLleabcus. ¥YnenbHoe conpoTu-
BJleHWe ofo3Hauaercs rpeveckoli 6ykeod p (po). Hanpumep, yaennhoe
conporuBaenne Menu p == 0,0175 om, T. e. MeIHbII NMPOBOA HJHHOH
I M ¢ mnomanbio nomepeynoro ceveHust 1 mm® obnagaer comporusie-
nuem B 0,0175 ox.

ConpornBJ/ieHHe NpPOBOAHHKA 3aBHCHT HE TOJLKO OT CBOACTB MaTe-
pHaiia, HO H OT €ro eOMETPHUECKHX pa3MepOB (IJIMHB H TJIOIARH
ronepeyHoro ceyeHust) ¥ rtemneparypel. OueBHIHO, YTO CONPOTHBJIE-
HHe npoBonHHKa OymerT TeM Gonblie, yeM AJIHHHEE [IPOBOAHHK H ueM
MeHblle ero IIoIIepeyHoe CeueHHe.

OGo3HauHB uepes p YAEJhHOE CONPOTHBJEHHE NPOBOAHHKAE, [ —
IJWHY IpPOBOJHMKA B MeTpax, S — IJollajb MONEPEeYHOro CeveHMs:
HPOBORHAKA B KBAJPaTHLIX MHJUIUMETpaX, HalHUeM 3aBHCHMOCTb
CONpOTHBJEHHSA OT p, L U !

r=p%, 0]

T. €. CONpPOTHBJIEHE NPOBOLHHKA IPSAMO MPOMOPHHOHANBHO ero ANHHe,
06paTHO NMPONOPIHOHANBHO NJCUIALH IONEPEeYHOro CeyeHHA W 3aBHCHT
OT MaTepHaja, W3 KOTOPOro CHeNlaH INPOBOAHMK. Biusuve remmepa-
Typnl Ha BEJHYHHY CONPOTHBJICHUS MPOBONHHKA BBbIpAaXKaeTCs B TOM,
YTO COMpPOTHBJIGHNE BCEX MeTaJLIMYeCKHX NPOBOXHHKOB YBEJNHYHBAETCA
C MOBHIIIEHHEM TEeMIepaTyphbl, a CONPOTHBJEHHE® YIJIA H XHIAKHX Ipo-
BOIHUKOB (pacTBOpPOB covied, KHCJOT, Liejouel) yMeHbLIAeTcH.

Beauuura, Ha KOTOPYIO H3MEHHTCH CONPOTHBJEHHE IPOBOAHUKA
€ HayaJlbHbIM CONPOTHBJIEHHEM B | OM HPH H3MEHEHHH €ro Temnepa-
Type! Ha 1° C, HasbiBaeTcsl TeMmepaTypHEIM Ko3(DHUMEHTOM MaTepHaJa
u obosHauaercs Gykso#l o (ajbda).

Han Bcex unerbix Mmerajios &= 0,004,

CnnaBbl MeTasioB oOjamatoT Gojlee HH3KHMH TeMIepaTypHBIMH
kospuuuentaMu. B Tabn. 1 npuBeneHbl JaHHbE TEMIEPaTypHbIX KO3-
()HEHEHTOB HEKOTODHIX MaTepHalloB.

B npenenax He6GoNMbLINX H3MEHEHHHA TemnepaTyp OGLIMA NpPHPOCT
COTMPOTHBJIEHHS] KAKOTO0-JH60 IPOBOSHHKA MOXHO ONpefenHTh no ¢op-
MyJae

Ry =R,(1 +a(t,—1)], @)

rae R, — conpoTuBjeHHe MPOBOAHNKA MpPH TeMmneparype f;
R; — conporuBjeHHe NPOBOAHHKA NpH TeMmnepartype f, MeHblIell
yen
o — TeMnepaTypHbld Ko3dulueHT, onpegensieMblii nmo Tabauie.
Mpumep. Onperennts conpoTHsieHne Rj, MEJHOro NpoBOJa NPH TeMmnepa-

1ype ¢ = 30°C, ecan ero conporHBiedue Ry, npH Temneparype ¢ = 20° C cocra-
gasao 100 ox. Kosapuunenr a = 0,004,

Mo dopmyne (2) umeem:
Ry = Ryg [1 + a (¢ —8)] = 100 + 100-0,004.10 = 100 + 4 = 104 ox.
13



§ 8. JNEKTPOABH)KYLULAA CHJIA, HANNPA)KEHUE, EXHHHUA
U3MEPEHHSA 31C W HANPS)KEHHUA

IMpnuuHofi, BBI3KIBAIOUIEH 3JIEKTPHYECKHH TOK B 3aMKHYTOH LeMH,
apasieTcs aaekrTponBukyuiaa cuna (DOC). Daexrpoasukymias cuia,
pMerolias HeM3MeHHYIO BeJMuHMHY, o6o3Hauaercs Oyksoit E, a 3MC,
H3MEHAIOMmAACcsT B 3aBUCHMOCTH OT BpeMeHH, o06c3Hauaercss OykBoil e.

DJIeKTPO/BHIKYLIAsA CHJIa MOXKET ObIThb IOJyYeHa pPasiUyHbIMH CIO-
coGaMH: XHMHYECKHM — IIPH [OrPYXKEHHM MABYX pa3HOPOLHBIX IpO-
BOAHHKOB B 9JEKTPOJIHT, T. ©, B PAacTBOP KHCJOTH, L(EN0YH HJH COJH
(ranbBaHHYeCKHEe 3JIEMEHTBI, AKKYMYJASATOPbl); AHHAMHYECKUM — IIpH
HOBHXKEHHH MpPOBOIHHMKA B MarHHTHOM moJe (IMHAMOMALIHHBI); TEpPMH-
YeCKUM — NPH IIOMOIIlM HarpeBa MecTa COENHHEHHs] ABYX pas3Hopod-
HBIX NpPOBOJHUKOB (TepMomnapa).

HecMorpss Ha pasnuuynbie crnoco6ul mogyuenuss DI C, ¢usunueckue
nipoliecchbl, KOTOPbie BbI3LIBAIOTCS 3JEKTPONBHKYLIEH CHJIOH, OQHH H Te
K€ H 3aKJI0YaloTCa B CJielyIOMIeM.

Tpu peficrBuu ucroynuka Toxka ero DJC HapymaeT paBHOMEpHOE
pacnpe/lelicHHe 3JIEKTPOHOB, CMellas HX BHYTPU HCTOUHHKA OT OAHOTO
9JeKTpOJda K Apyromy. B 3arom cayuae anextpox, mosayunBLlxil u30H-
TOK 3JIEKTPOHOB, 3apsiKaeTcsl OTPHLATEeNbHO M 0003HAUAETCS 3HAKOM
«—>» (MHHYC), a 3JEKTpOL, OTAABIIUE YacTh 3JIEKTPOHOB, 0Ka3kiBaeTCH
3apsXEHHBIM IIOJIOXKMTeNbHO H o603HauaeTcss 3HaKOM <«-» (mimoc).
Hekoropble uCTOUHMKH TOKA ¥ HX 0603HAUEHHs HA CXeMaX MOKA3aHbI
Ha puc. 7.

Tagum 06paSOM, o6a 3aKMMa HCTOYHHKA TOKA OKAa3biBalOTCH Mol
PA3HbIMH 3NEKTPHYECKUMH YDOBHAMHU HJH, KAK FOBODAT, UMEIOT pa3Hbie
foTeHuHaJlbI. 3Ty pasHOCTb MOTEHUHAJNOB, HA3LIBAEMYIO HAIPSXKEHHEM,
cosgaér u nopnepxusaer 4C nerounuka Toka. [Ipy pasoMxHyToH uemy

Puc. 7. BHewnu#t BuJ HCTOYHHKOB TOKA H HX CXeMaTHYeCKoOe nsobpaxenne:
@ —~ raapBaHHYecKHA 9J1eMeHT; 6 — aKKyMyJAArop; ¢ — AMHAMOMAWIHHA
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HanpsokeHHe Ha 3aXHMax HCTOYHHKA
Toka yncaenHo paeuo ero IDJIC. Ha-
npaxenue oGosnayaerca O6yksoft U.

Enununueit uamepenus DIC u Ha-
npaxeHust sipasiercs BosisT (8). Onua
BOJIbT eCThb Takas 3JIEKTPOABHKYLIAd
CHJIa, KOoTOpast B LIENH C CORPOTHBIE-
HHeM B | om Bri3bIBaeT cully TOKa
8 1 a. Jlna uavepenns DIC u Ha-
NPSIXKEHUS TPHUMEHAIOTC!  NpHOOpbI,
HasplBaeMble  BoJgeTMerpamu.  as

H3MepeHUs] HaNpsKeHHT MEXAY Ka-
KHMH-JHG0 1BYMA TOYKAMM  liemy
BOJIETMETP MOAKJOYATCS K 3THM TOY-
Kam (puc. 8).

KOHTPOJIbHBIE BONPOCHI

1. Uro rakoe I3JC, xax oHa MOxeT 6biTb NO- 8
AyueHa M KaKHMMH eRAMHHLAMH H3MepsAeTcs? Puc. 8.

2. B xaKo#i HemM MOXET CyllecTBOBaTh aaek-  JSCKOE H306paeine

Tpruecknii ToX? UYro Takoe BHelHAA H
BHY TPEHHsA Uenb?

Buewrnuii BuA ¥ CXEMaTH-

BKJIOYEHHUA
BOJbTMETpa

3. UTo Takoe CHAa TOKa M KAKMMH CAWHHLAMH OHa H3MepseTca?
4. Yrto Tanoe conpoTHBAEHME, B KaKHX €IHHHLAX OHO H3MEPAETCS M OT Yero OHo

3aBHCHT B NPOEBORHHKAX?
5. Uro Takoe npoBOJAHHK, H30JAATODP?

6. Hanuwmnte gopwyay Aas onpepeneHus cOnpoTHBIAEHHs NMpoBoAHHKa. YT1O Takoe

KO3QHIKEHT YNEJbHOTO CONMPOTHBISHHS NPOBOAHHKA?
7. Uto TaKoe aaeKTpr.uecKas UPOBOAHMOCTEH?

FTATABA IT

OCHOBHDBIE 3AKOHbI MOCTOJHHOTO TOKA

§ 6. 3AKOH OMA

3akon Oma nas 3amkHyToil memd. Paccmorpum puc. 9a, Ha KoTo-
poM wu306pa)keHa 3aMKHYTas 3JEKTpHYECKass Lelb, COCTOALAs U3
HCTOUHHKA TOKa M BHelHero conpotusienusa. Ouesunuo, IAC E ucrou-
HHKA 00YCJIOBJIMBaeT HajHyHe 3JieKTpHyeckoro Toka / B LemH, comnpo-

THBJeHMe XoTopoit R. BosHHkaer Bompoc, Kas
KoBa OyneT BeJHYMHa 3TOr0 TOKa?
3aBHCHMOCTb MEXAY CHJIOH TOKa, 3JEKTpo-
ABHXYyLieHd CUJION M CONPOTHBJICHHEM UENH, H3-
BecTHas IHOj Ha3BaHueM 3akoHa Owma, Onlia
ycraHoBieda eué B 1827 r. Yuéumii OM ycra-
HOBHJI, UTO CHJIa TOKA B 3aMKHYTOH LeNd HpsiMO
NpONOPUHOHAJLHA 3JIEKTPOABHXKYIIEH CHJe U
c¢6paTHO TpONOPLHOHAJNLHA CONpPOTHBIEHHIO. 3a-
koH OMa sBJfeTCS OJHUM M3 OCHOBHEIX 32KOHOB
snekrporexuuku.,  CorjacHo  3akony  Owma

E

-1

Puc. 9a. Cxema, nanio-
crpnpyioman 33aKOH
Owma
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DTu PaBeHCTBO YHTAETCA TAK: CHJA TOKA B LiENH, BHPAXKEHHAS B amNe-
pax, paBHa 3JIEKTPOABHXYlleH CHJIE B BOJLTaX, JENEHHOH Ha COMpO-
THBJIEHHEe B OMax.

3akon Oma MOXHO HaNHCaTh B CJeAyIOLieM BHJe:

=, @)

T. €. CONPOTUBNEHH® BCER Hend B OMax YHCJEHHO PABHO 3JIEKTPOJBH-
XKylell cujie B BOJIbTaX, AENEHHOH Ha CUJY TOKAa B amIepax,

E=1IR, (5)

T. €. 3JIEKTPOABHXKYyUWasa CHJIA B BOJALTAX YHCJEHHO paBHa NpOH3BeAe-
HHIO CHJbl TOKAa B aMnepax Ha CONpPOTHBJEHHE B oMaX.

Npumep 1. IDAEKTPOABUNKYINAS CHAA CBHHIOBOTO aKKYMyasTopa pasHa 2 e,
nonHoe colporhsiaenne uenn — 20 ox. Haiith cHay Toxa B uenmw,
Pewenue. Ilo 3akony Oma Ans 3aMKkHYTOR LenH HMeeM;

, E 2
I—-—R—’—‘2—0=0,1 a.

flpumep 2. DnexTpolsuwyulada cHiaa 3anementa Jlexnauwe pasHa 1,5 6, cuaa
toka 8 nen —0,5 a. Ha#itn noasoe conporusieHve uend.
Peweunue.

E L5
R='—l-——6;5—-—-304¢.

Mpuwmep 3. lMonnoe conpoTuBAeHHe NemW, MUTaeMOH XWHaMOMalIMHOM, paB-
Ho 14 ox, cuna toxa 8 uenH pasua 9 a. Onpeaeants IAC AHHAMOMALIHEKL,

Pewenne.
E=IR=9.14=126 s.

Mpumep 4. Tenerpacuas uens, HMelowas NoAHOE COMpoTHBAeHHe R = 2000 ox
nutaercs TokoM oT Oatapen, 3/AC koropoft E = 30 6.- OnpeseAuts CHAY TOKA
B 9TOH wHenH.

Pewenue.

30

1=L£ 2
T R T 2000

= 0,015 g = 15 xa.

3akon Oma pgas yuactka wnemd. Pac-
CMOTPHM 3JIEKTPHUECKYI0 Ienb, H3o6pa-
XKEHHYI0 Ha puc. 96, cocTosllYyI0 H3 COMpo-
THBJAEHUE r, U F,. B 3Tol uenu nox ned-
CTBYEM pPAa3HOCTH MOTEHNHuaJsoB HA e€ KOH-
nax 6yneT npoTeKaTb 3JIEKTPHYECKHH TOK.
HauboJsbillee 3HayeHdHe pasHOCTh MOTEH-
UHaANOB, HJH HanpsiKeHue, HMeeT MeXAY
3akMMaMH Lend (3aXKHMBl «+>» H «—-»),
Ecav Mbpl BO3bMEM Yy4acTOK Lend (fo-
HycTHM, 7;), a He BCIO lleNb, TO MeXIy
KOHLIaMH 3TOro ydactka OyIeT Takxe pas-
Pic. 96. Cxewa xnn namocrpamnu HOCTR MOTEHIUAANOB, u60 TOMBKO B 3TOM
sakoma Oua ana yuacrka mens C/IY4A€ H BO3MOXEH SJIEKTPHYECKHMH TOK Ha
LAaHHOM YyyacTKe.
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Yrobnl ybeantscs B TOM, YTO NPHBEAEHHLIE BLINIE PAaCCyXKAEHUA HE
PACXOASTCA C JNEACTBHTEJbHOCTBbIO, Mpou3Beném caenymouiee. Bosnmém
BOJLTMETP M INOPO3Hb H3MEpPUM HaNpsDKEeHHe CHauaja Ha 32¥KHMax
ilelT#, NOTOM HAa CONPOTUBJEHUSIX #; H Fr,. IllpnGop coorBercTBEHHO
NOKaXKeT Hekoropble Hanpsxenus: U, — Ha 3axuMax uemd, U, — na
conporuBaeHun ¥y u U,— Ha CONpPOTHBJEHHH 7.

Ecau cnoxuts Hanpsxenus U, u U,. ToO MBl NOJYYUM BENHUHHY
U,, pasHyi0 HanpsXeHHIO HA 32XKHMaX UEMH, T. e.

Uu = Ul + U2’ (6)
[To 3akony Oma /= %’— U, CJeI0BaTeJbHQ,
U, U.

I= —r-ll H = —rf (7)

Hcexonst us 3akona Oma, 3aBHCHMOCTD MeXAY CHJOI TOKa, Hanps-
JKeHHeM H CONpOTHBJAEHHEM HAa KaKOM-JH0O y4acTKe Uemd MOXHO
cpopMyNHpPOBaTh TaK: CHJIA TOKA HA yyacTKe LeNH NPSAMO NPOTOPIHO-
HaJMbHA HANpSKEHHIO HAa 3TOM YyYacTKe Lenud H o6paTHO MNPOMOPUHO-
HaJIbHA COMPOTHBJEHHI 3TOr0 yuacTKa. UTOObl BBIYHCJINTL HanpsxKe-
HHEe HAa KOHUAX Kakore-muGo yyacTka MO JAHHbIM CHJIbl TOKA M COMpO-
THBJICHHIO, Halo paBeHcTBO (7) nmpeoGpa3oBaTh, NPEACTABHB €ro B BUIE

U1=1r1. (8)

2T0 paBeHCTBO MOKA3bIBAET, YTO HampsixKeHHe Ha KOHIAX KAaKOro-
au60 yyacTKa LeNu YHCJACHHO PaBHO MPOH3BENEHHIO CHJbI ToKa [/ Ha
conpoTHBaeHue 7. QueBMAHO, 3TO Hampsukenne U, pacxopyercs Ha
nepesBHKEHNe 3JeKTFOHOB NO JaHHOMY YYacTKy WenmH, T. €. Ha IHpe-
ONOJIEHHE ero CONPOTUBJEHHA 7;, MOITOMY €ro yacTo Ha3bIBalOT nane-
HUeM HanpaXeHus Ha JAaHHOM YYacTKe.

Yro6bl OmpenendTs CONPOTHBJEHHE KaKoro-1iGo yyacrtka Lem mo
J2HHLIM HANpSIKEHHS M CHJIBI TOKAa, HAJAO PaBeHCTBO (8) mpexcTaBHThb
B BHJe

ry = T (9)

PaBenctso (9) nokasbiBaer, ¥TO CONPOTHBJIEHHE F; yyacTKa LemH
YHC/IEHHO PaBHO Hanps:KeHHio U, Ha JaHHOM yuyacTke, NeJEHHOMY
Ha cuay Toka [/, mnporekaiomero no uend, HerpyaHo BHIeThb, 4TO
paBedctBa (7), (8) n (9) ects npou3BoAHble OT ocHOBHOH ¢op-
myasl (3) 3akoHa Oma.

§ 7. BABUCUMOCTb MEXXAY 3JNEKTPOABH)XYWIEA CHIIOR
HCTOYHHKA TOKA ¥ HANPSO)KEHHEM HA Ero 3A)KHMAX

Britne Mbl ynoMuHalH, YTO 3aMKHYTas 3JEKTpPHYecKasi Lenb Co-
CTOMT H3 JBYX YYaCTKOB — BHelHeH Lenu u BHyrpeHHedl, ConpotusJe-
Hue BHeWHe# wuenu, BKJioualollefi notpebuTesned 3JeKTPOIHEPTHH H
COEIHHUTENbHbIE IPOBOAA, HA3BIBAIOT BHEIIHHM CONpPOTHBJEHHEM, a CO-

2—614 17



,IPOTHBJIGHHE BHYTPEHHEeR LeNnH — HCTOYHUKA TOKa — Ha3biBAIOT _BHY-
TPEHRUM CONpPOTHBJEHHEM.
Cornacno 3akony Owma, ana SaMKHy‘TOH Henyu HMeeM

E=I-R.

Ha puc. 10 u3obpakeHa 3aMKHYTas 3JEKTPHUECKAs IEMNb,
(O6o3HauuM BHYTPEHHee CONDOTHBJIEHHE

yepe3 7, a CONpOTHBIEHHEe BHEUIHeH pemny
[ a— yepe3 r, Torma obuiee COMpPOTHUBJIEHHE Lie-
Jinn nu Gyner
r uu L :.J"" R=r.+vr (10)
1 g l
+ _ Boipaxerua ans I0C Tenepp MOXHO

8anucaTthb Tak:

E=I{r,+n=Ir,+ Ir. (11

Ho mnpousBemenue cujbl TOKa Ha CO-
- MPOTHBJSHHE yyacTKa IeNu YMCJAeHHO pas-
__._J"U‘U'Lr..._.. HO HANpSDKEHWI0 Ha KOHLAX 3Toro yua-
— = ' CTKa WJM MNaaeHHI0 HaMpsaXeHHs Ha yua-
CTKe, CJIeNOBATENIbHO,

Puc. 10. Bucmnee ¥ BHYT- .
peHHee COGPOTHBAEHUE uenu E= Uo + uU. (12)

Takum o6pasoM, yacts DAC HcTouHHKA TOKa
Uo == Iro

pacxoayercsi Ha npeojoJieHHe BHYTDEHHEro CONpPOTHBJEHHs MCTOYHHMKA
ToKa. Ora uacte DJC HasbiBaeTcs nNajcHueM HANPSMXKeHHa BHYTPH
HCTOYHUKA TOKa.

Hpyras vacre 3J1C
U=Ir

pacxopyercsi Ha NpeojoJieHHe CONpPOTHBJEHUS BHeIIHefl Hen# M Hasbl-
BaeTcsl NMajeHHeM HAMNpsXKeHHsi (MJH NPOCTO HaNpsKeHUeM) BO BHeI-
Hed mend.

BosbTMmerp, moAkMOuEHHBII K 32)KUMaM UCTOYHHKA TOKa, MpH
3aMKHYTOH BHeIUIHeH NeNH BCerga NOKa3biBaeT HAMpsiKeHH2, pacxo-
AyeMoe Bo BHeuHedl nend. [ToaToMy nmajeHue HanpsiXKeHHs BO BHell-
Hefl neny Ha3blBaeTCs TAKXKe HaNpsAXKeHdeM HA 3a)KHMaX HCTOYHHKA
TOKa,

Hanpsixenne, kak u JIC, usmepsietcss Takxke B BoabTax. Ma npe-
ABILYOIEr0 CJeAyeT, 4To

U=E—U, (13)

T. €. HANpsSXEHHe Ha 3a)KHMaX HCTOYHMKA TOKa MeHbile ero D/ Q na
BeJHYUHY NAJEHHS HANDSKEHUsT BHYTPU HCTOUHMKA TOKa.

~

15



ConporusjieHHe HCTOYHHKA TOKAa 7, NPAKTHYECKA BeJHYMHA no-
CTOsIHHAsi, TIO3TOMY IDH WM3MeHeHHH HArpys3kH, T. €. NPH H3MeHeHHU
CHJIbI TOKA B 1€NH, NajeHHMe HaNpsAXKeHHA BHYTPH HCTOYHHKA TOKa

U0=lr0
OyAeT W3MEHSTLCS TOJBKO B 3aBHCHMOCTH OT I, yBesquuuBasch ¢ yBe-
JUYeHHEM CHJIBI TOKA M YMEHbIUASCh C YMeHblUeHHeM eé.

Hanpsixxerdue Ha 3a)kHMax HCTOYHMKA ToKa npH mocrosHHold DG
C U3MeHEeHMeM Harpysku Toxe He OocTaércd MOCTOAHHBIM,

JleficTBHTe/IbHO, NPH pa3OMKHYTOH BHeliHeHd menu cuja Toka I =0
M NajeHHe HaNpsKeHWs BHYTPH HCTOYHHKA TOKA TAKXKe DaBHO HYJIO:

U0=1r0= 0,
a HanpsDKeHHe Ha 3a)KHMax HCTOYHHKA Toka paBro DJIC:
U=E—Uy=E—Q0=E.

Cnenosarensno, 3J1C HCTOYHHKA TOKA MOXKHO ONDENeNHTh TyTEM
U3MEpeHHs HaNpsIXKeHHsl HA ero 3a)KuMax HpH PasOMKHYTOH BHeLIHed
nend. B stoM ciyyae nokasanue BOJbTMETPa INPAKTHYECKH paBHO
30C, Tak Kak BeJencrsue  GONMBbIIOrO CONPOTUBJEHHUST BOJLTMeTPa
cua Toxa B HEM HE3HAUHTE/bHA W €10 MOXHO npexHe6peyb, CUHTan
paBHO# HVJIO.

C yMEHBIIGHHEM COMPOTHBRJEHHS BHeWIHeH LeNd CHJAA TOKAa YBeJH-
YMBAeTCs, MaicHHe HaNpPsiKEHHS BHYTPH HCTOYHHKA TOKA
TaKXKe YBEJHYHBAETCH, a HANpsIKEHHe Ha ero 3aXXMMaX YMeHbLIaeTcs:

U=E—Ir,

ITpn 3ambikaHHM BHeWIHed LeNH Ha OYeHBb Majoe CONPOTHBJCHHE,
NpakTHYeCKH paBHoe Hymo (r=10), cuJa ToKka B uenu Oyner Hau-
Gosblllefi U onpefesautca 3 GoOpMyJnH
E E

0

To

= 00,

A

-—-—ro
f - Jann
. Takofi cnyuafi HasbIBaeTcsd KOPOTKHM 3a r J‘L, T
Mbikannem (puc. 11). '
Ilpu xoporkom 3aMblKAaHHH MAJCHUR HANps- 5 I
JKEHHs BO BHelIHeH IleNH He NpPOHCXOJUT:

U=Ir=1-0=0,

T. €. HanpsKEHHe Ha B3aXKHMax HCTOUHHKA :
TOKa (IpakTHYECKH) paBHO Hymo, # Bea DIC Ix
pacXoflyeTcss BHYTPM HCTOUHHKA TOKa:

Puc. 11. Kopotroe zamm-
E=1Ir, KaHME MCTOYHHMKZ TOKa

SIsnenne KOpOTKOI‘O 3aMbIKAHIIA 583yCJ10BHO onacHo aJja BCOX
9JIGKTPHYECKUX VCTpOHCTB.

KOpOﬂ‘KOC 3aMblKaHHE NPOUCXOAUT, HaNpUMep, B TOM clyyae, Koraa
HAKOPOTKO COEAUHSAIOTCA MEXKAY cobofi nBa npoao,ua mxyume OT
HCTOYHHKA TOKA K KaKOMYy- - 1160 HpHeM}LHKy
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{ipumep 1. Numamomawuna ¢ IDJC B 120 8 w BHYTDEHHWM CONPOTHBIAE-
auer 0,6 oM 3aMKHYTZ Ha BHEWHIO UeNs € CoupoTHBAeudem 11,5 os. Haiim:
) cuny toka B uend, 2) HANPAXCHHE HA 3aXHMAX AMHAMOMAMIHHB H 3) NAACHKE
HaupsKeHuss BHYTPH AHHAMOMAIIMHHL.

Pewenne.
E 120
R "r0+r_0,5+11,5:10a’
2) U=/lr=10-11,56 =115 g
3) Upy=1ry=10.05=5 &
®an

UW=E—U=120—1I5=5 s

Npumep 2. Bueurnee CconpoTHBACHHWE B UeNW JHHAMOMaWHHH (mpumep 1)
ymenbuiedo A0 2,5 oM. OfnpeAenuts T€ e BEAHYHHBI, YTO H B NPEIBLAYMEM NPH-
Mepe.

Pewenue,

E 120 _
D ~r01-r—0,5+2,o_40 @
2) Uy = I-rg = 40-0,5 = 20 &;
3) U=1r=4025=100 &
And

U=E—Uy=120—2) = 100 s.

13 npumepos | u 2 BUAHO, 4TO C YMEHblIEHHEM CONPOTHBACHHA BHEWHEH
aeun:

1) cuna TOKa B UCHH YBEAHUHRACTCS;

2) nageHne HANPAKEHWS BHYTPH HSTOUHMKA TOKA YBEAWYMBAETCS;

3) HampsKEeHHE Ha 3aMHMax YMeHbUWAeTCH. ’

Npumep 3. Hanmpsskeunme Ha 3axudax cyxoro asaemedta 1,2 s, cuna Toka
2 uenu 0,6 a. Hatitn comportusaenne Buewned unens u 3IJIC, ecanm BHyTpeHHce
conpoTuBaeHne snemenra passo 0,5 om.

Pewenne,
r= —L]- = -—-ﬁ— =2 oMaq;
Ji 0,6 ’
Uy=1r,=06-05=03 s
E=U+4+0U=12+03=15 8
naun

E=1I(ry+r)=0605+2 =15

§ 8. COEAMHEHHE CONPOTHBJAEHHA B HEMAX
SJEKTPHYECKOMO TCKA

[locnenoBaTesibHOE COCAHMHEHHE CO l'lpOTHBJleHHﬁ

BosbMEM TPH KaKHX-1HOO CONDOTUBJIEHHS #y, ¥y H 7y (puc. 12)
W COeJHHHM HX TaK, uTOGbl KOHel COnporuBjeHus r; Obl1 coeauuén
¢ HAuaJlOM COMpOTHBJICHHS 7, 8 KOHell CONpPOTHBJIEHHS 7, — C Hayas
JIOM CONPOTHBAEHHS1 Fy. IIpHcoenuMHHB K HauaJgy CONPOTHBJIEHHS Iy
4 KOHLY CONPOTHBJEHHS 7y COOTBETCTBSHHO «-F» H «—» UCTOYHHKA
ToKa L), Mbl MOJIydHM 3aMKHYTYIO 3JICKTPHUECKYIO Lefb, B KOTODOI
COMPOTHBJECHUA Py, 7y U Iy COGAHHEHbI I0CJeJOBATENBHO.
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ITpocnmennm 3a mpoxoxAeHHeM Toka [ IO Lenu cxembl pHC, 12.
Ot «+» ncrounuka L) Tok / NPOXOAMT aMuepMeTp, CONpPOTHBJEHHA
r, r, M ry U najee K «—» HcTouHuka Toka [. Kax Buaum, Tok
NPOXORMT INOCHENOBATEJNbHO UYepe3 BCIO Lelb H, CJAeIOBATSJILHO, OH
BO BCEX TOYKAaX LEend OAHHAKOB, T. €.

I=1=1L=1, (14)
rne [ — cuna Toka B Iemy,
I, I, n [,— cuisl TOKOB, ADOTEKAIOIIHE Yepe3 CONPOTHBJSHUA 7y,

ry U Fy

CnpaBejiHBOCTL TMPUBENIEHHOTO DPABEHCTBA INPOBEpsIeTCs H3Mepe-.
HUeM CiHJlbpl TOKa ammepMeTpoM A, KOTOpbIE BKJIOYAIOT B pasHYHbI®
TOuKH cxembl. Amnepmerp OyAeT mokxa-
3bIBaTh BO BeeX cayuasfiX ONHY H Ty XKe
cuay Toka 1.

M3 cxeMbl puc. 12 HeTpynHO BHAETH,
YTO 1pPU MNOCJEAOBATeJbHOM COEIHHEeHNH
CONpPOTHMBJIEHUH  CONPOTHRJEHHE  Rcel
Lend, COCTOsillefi M3 CONPOTHBJEHHH
Fy, F3 M F, UHCJAEHHO pPabuHO CyMMme
5TUX CONDPOTHUBJIEHHH, T. €.

Rn9g4=r1+t‘2+rs, (15)

rae R, — 00liée CONPOTHBJNEHHE LeNH

NpH NOC/TeAOBATENLHOM  C€O-

eMHEHHH YUACTKOB LEMH;
ry, Iy U Fy— COTIPOTHBJIEHHsS  OTAEJbHBIX

Y4YacTKOB ILellH. ' Puc. 12. Tlocrenosareasnoe co-

CrnpaBequBOCT  PABEHCTBA  MpO- - CAMHEHHE COMPOTHBiCHuR

BepAeTcs  H3MEpDEHHEM  CONpOTHBJE-
HUil BCEX YYAaCTKOB IeMH BMECTe KaKUM-THO0 H3MEpHTENLHBIM NpHGo-
poM (HanpHMep, OMMETPOM) H H3MEePEeHHeM KaX/JOro yd4acTKa
otgensno. CKJaibiBas MOKa3aHHs NpHGOpA, MOJyYeHHble IpH H3Me-
PeHHH OTHENbHLIX CONPOTHBJACHHH, Mbl YBHIMM, YTO, cyMMa Gyner
paBHAa INOKA3aHHI0 NpHGOpa NPH H3MEPCHUH CONPOTHBJICHHA BCeX
Y4acTKOB LEMH BMECTe.

Takum o6pa3om, NpH NOCjeOBAaTENbHOM COEJMHEHHH CONpPOTHBJIE-
HHl BMECTO HECKOJIBKHX CONPOTHUBJIGHHH# MOXHO B3Th OJHO COMPO-
THBJICHUE, UHCJACHHO PaBHOE CYMMeE BCeX CONPOTUBJIEHH{I, BKJIOUSHHLIX
B Liefllb MOCJEfNBATeNbHO, H Hao6opoT, ofJHO GOJIbLIOE CONMPOTHBJIEHHE
MOXeT OBlTb 3aMeHEHO HECKOJbKHMH Cconporupiaenhsimu, Hs pa-
BeHcTsa (14) cneayer, 4TO BO BCEX TOYKaX Lemd TOK [/ . OmHHAKOB,
CJI0BATeLHO, Ofliec MalieHHEe HaNpsKCEHUS BO BCCH Lemu, COrJacHo
sakony Owma, paBHO

U=R,.1, (16)

2]
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Ho cornacuo pasencrBy (15), R, DPaBHO cyMMe cONpOTHBJe-
uuit ry4-ry,4-r;, Toraa

U=Il(ri+n+r)=Iry+1Iry+ Ir, 17)

U=U + U, + U, (18)

Mcxona us cxemnt puc. 12 m 3akona OMa, MOXHO COeNaTh Tako#
BbIBOJ:

1. TMangenne HaNpPAXKEHUA HA KaXKJOM OTAENbHOM CONPOTHUBJCHUH
(ry, 75 r), BKIIOYEHHOM B IeNb MOCJAENOBATEJbHO, [POMOPLHO-
Ha/IbHO BeJUYHHE 3TOTO CONPOTHUBJIEHHH, T. €. ueM OGoJbllleé COMPOTH-
sieHue, TeM OOsblle Ha HEM naneHHe HanpskeHHs u HaoGopor. Ecin
> >r, To 0 Ui >U,>U,

2. CymMa nagedusi HANDSKEHHs Ha BCEX YyuaCTKaxX LeNH NpPH MO-
CJIefOBATeJNLHOM COeJHHEHHH CONpPOTHBJICHHH YHCJIEHHO DaBHA HANpd-
KEeHHI0 Ha 3a)XKHMaxX HCTOYHHKA TOK4, T. €.

Usax = Ul + U? + US’ (19)

cpae Usau( — HANpAKEHHE HA 3dXKHMAX HCTOYHHKA TOKA,

U,,U,u U, — nanennsi HanpsixKeHUsl Ha CONPOTHBJEHUAX Fr, Fy M Iy
CnpaseainBocts MEPBOr0 BLIBOAA MOXKHO NpoBeputh. HMamepus mo
OTREJLHOCTH HATpPSIXKEHHs] Ha CONMPOTHBJEHUSX Fy, F, U I, Mbl YBH-
AAM, 4TO BOJBLTMETp NAET HEONHHAKOBble MOKA3aHHs, €CJH COINPOTH-
aJieHus ry,, r, u r, HepaBanl. HaoGopor, BosbTMeTp M48T OnHHA-
KOBbl@ [OKa3dHHs, eCJU COMPOTHBJAEHUA PaBHbl MeXAy CoGoil,
CiipaBeninBocTh BTOPOTO BbIBOAA MOXHO MPOBEPHTb, W3MEpHB HO
oraenbHOCTH Hanpspkerusa U,, U, n U; Ha conpoTuBnenusx ry, ry u ry
« Hanpseane U Ha 32)XKHMax HCTOYHMKA Toka. OKaxercs, 4To

U”K=U1+U2+U.

flpumep 1. [MocaenoBaTenbHo cOeAMHeHb TPH conpoTuBnenus: ry = 1000 ox,
ry = 2000 ox u ry = 5000 om, upu waupsweanu U = 400 8. Halttu obiree compo-
cuBAcHHE R, cuiy Toxa /u HAOPAKEHHS HA COMPOTHBJEHHAX Iy, Iy M I3
Peweune,

aan

R = 1000 4 2000 4 5000 = 80CO o
¢ Cnaa toxa Ho 3akoHy Oma GyieT paBHa:

U 400 4 1
I—Tnm——————-——o,%a.

Hanpaxenus Ha conpoTusaenusx Gynyrs

Uy = I-ry = 0,05-1000 = 50 s;
Uz = I-ry = 0,05-2000 = 100 s;
U; = ['fg = 0,05'5000 = 250 s.
Mpumep 2. Bo Bremne#t uenu munamomamwas ¢ SC 240 8 u BHYTpenHum
conpotHeaeHnem 0,0 oM BKAIOYEHL NOC/EAOBTE.bHO ABAa CONPOTHARAcHHA: 1,5

u 4 on, Ha#tti: 1) cuay Toka B uenum M 2) HANpAKEHHE HA 3aMHMaX AHHAMO-
MaHH H Ha OTAENbHBHIX YYacTKax uelH,
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Pemenune. OGwee conporuBienne uenu
R=ro+r1+r,=0,5+ 1,5+4=6 oM.
Cuaa Toka B LeInH
E 210
1= -1?- = ——b—' =40 a.
Hanpaxeine Ha 3awHVax IWHavOMaWHHLI
U=1(ri+r) =40 (1,5 + 4) =220 s.

HanpskenHa Ha OTAEAbHBIX yuacTKax:

Uy = 1-ry = 40.0,5 = 20 s;

Uy = I-r, = 40- 15 = 60 8;

Usg=1ry;=40-4 = 160 8.

ﬂapaJmenbnoe CoexHHEeHHEe CONpOTHBJAEHHHA

BosbMém Tpu conmpoTuBieHus ry, ry M r, (puc. 13) u coenmHuM
HX Hayana B oOwedl Touke /, a KoHUbl — B o6uieft Touke 2. [Ipu-
COeNHHMUB K TOukaM [ u 2 HCTOUHHK TOoKa L), Mbl NOJYYdM 3aMKHY-
TYIO 3JIeKTPHYECKYI0 Lellb, B KOTOPOH
COTMPOTUBJICHUA F|, Fr3 W I3 COEQUHEHK
napajensHo.

Ipocaexum 3a pacnpenenennem Toka [
B cxeme puc. 13: or «-» wucrouHuka
ToKa TOK [ NpPUXOAHT K Touke [, rAe
OH pasBetBaseTcst Ha Toku [y, s u [
Or touku I TokH Iy, I u I3 mnpoxomsar
K Toyke 2 MO CONDOTHBJIEHUAM F, 7
H r,, B Touke 2 Bce Tpu TOKa cJoO-
xkarca B oOwuA Tok /, KoTOpBlH, npoias
avnepmerp A, Bepuéred K <«—» HCTOY-
Huka toka D,

Hayuyas pasBeTBJAeHUs] TOKOB B 3JeK-
Tpuuyeckux  nensix, yuéseit  Kupxrod
yCTAaHOBMJ, YTO CHJAa TOKa, NpPpHTe-
Kaoomaad K Kako#-aubo Touke
pasBeTBJNeHHS, pPaBHA CYMMe Puc. 13.lapansesbuoe coeas-
cua TOKOB, yT eKawuux oT HEHHe COﬂpOTHBI[eHHﬂ
atof#ft Touku. Celiluac 310 npaBuno
H3BECTHO B 3JIEKTPOTEXHHMKe KakK nepsoul 3axkon Kupxeogha, koropud
MaTEMaTHYeCKH MOXHO Bblpa3uTb Tak:

1=!1+]2+]3‘+--.+In, (20)
rne ] — cuna ToKa, mpHTEKAOUAA K TOYKE Da3BETBAECHHS;
I, I, I,...,[,—cuibl TOKOB, NMpPOTEKAIOWHX uyepe3 mapaensHpe. co-
NPOTHBICHHUSA Iy, Iy, Fayoy Py

Bosnmem Temepb BOJBTMETP M H2MEPHM TOPO3Hb HANpSIKEHUS Ha
COMpPOTUBAEHHAX 7y, F, M r, OKasbiBaeTcs, YTO HaMpsKeHHs Ha
BCceX TPEX CONPOTHBJICHHUSX 6yny'r OAHHAKOBEL, T. €,

Ugp = Uy =U, = Uy, (21)
rie Unap — HanpsixxeHde B Toukax / U 2;
U,, U, n Uy — HanpsxenHa HA CONPOTHBJEHUAX Iy, 7y H Iy,
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Takum o6pa3oM, MNajaeHHe HaNPSIKEHHS Ha CONPOTHBIEHHH 7y
paBHO NafelHIo HANPAXKEHHS Ha COMPOTHBJAGHHH r, M MajeHHIO Ha-
npsikeHus Ha COMPOTHBJEHUH - Fy, T. €. HaNpsiKeHue B Toukax [ u 2
YUCJIEHHO PABHO NPOU3BENEHHIO CHJIbI TOKAa [; Ha conporusieHHe #,
wad I, Ha ry Wau I3 Ha Iy T. €.

Up=hri=1yn=1Ir, (22)

[Tonp3ysice 3akonoM Owma, HafiieM BeJIHUMHY TOKOB, NPOTEKaIOMHX
wepes kax/joe u3 passersaenuit (puc. 13):

u., Uy, U, rer
L= ,n;p; I, = n,_)p;ls‘_‘ ,r:p- (23)

M3 papencts (23) HeTpyaHO BHAETb, YTO NPH NapaJsesLHOM BKJIO-
YeHUU COMPOTHBJEHHH (ry, #5, r3) cuna Toka (1, I,, [3)B Kaxa0dl BeTBh
Gyner Tem GoJbllle, ueM MeHblle CONPOTHUBJEHHE BETBH.

flpumep 3. Conportusiaenue r; = 10 oy, ry =40 oxm, r; = 120 ox, Onpenernts

CHALl TOKOB B 9THX CONPOTHBIEHHAX, €CAH HANPSKEHHE HA NapalielbHOM yuacixe
pasno 120 6.

Pewenue Coraacuo paseHcTBY (23), HMeem:

h=Ump _120_ 15, .

ry 10
Ig=_({l‘_a£._.lg(.)=3a'

ry 40 '
Izﬁ’_a,p__@:l a

r; 120

Boo6ie cusa TOKa B NapajjieNbHO COSNHHEHHBIX COTPOTUBJEHHUAX
pacnpenesisercsi 0GpaTHO [POMNOPUHMOHAJNBHO COMpOTHBJAeHAAM. JindA
cAyyas JBYX COIDOTHBJAEHHH MOXHO IOJNb30BaTbCs CACAYIOLIHM
PaBEHCTBOM: :

I r3

=2, (24)

13 ry

NMpumep 4. Onpenenuts CHAY TOKAa J;, eCId W3BECTHO, 410 TOK 4 =2 a,
a conpoTyBaeHus r; = 60 o u ry = 30 ox.
Pewenne. lons3aysce popMmynoi

uMeeM

Ilpu noxcuére oOwwErO CONPOTHBJIEHHS NAPAANENbHBIX BeTBed
yRoGHee TMOJML30BATLCA BeJIHUUHOH, OOpaTHOH CONPOTHBAEHHIO, KOTO-
pas, KaK Mbl 3HaeM, Ha3biBAaeTCsi NMPOBOAHMOCTBIO.

ITpoBonuMOCTD HU3MEPSIETCS B CUMEHCAX WA B MO H 0603HAYaeTcs
6yksoii G:

G=% (25)
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[Ipn mapannenbHOM COEIMHEHHH CONPOTHBJEeHHH 06w as npoBoau--
MOCTb HNapaJsjicpHOr0 Y4acTKa ilelli paBHa CyhMe HpOBO,ZLHMOCTeﬁ
OTAE/bHbIX BeTBei:

1 1 1 1
R=ntantw (26)

TMpumep 5. B uens Braouensl napainensHo TpH  conporTHsaexus: 10 o,
40 0.x m 120 oxm. Kakono obliee CONpOrHBACHHE Leuu?

Pemeuane [lpoBoRHMOCTb MapanieibHO COCANREHHBIX CONPOTHBAERUY OyXeT

11 1 11 1 1123 1t _ 1§
D i i i i TR L VT R DT AU VRN OT R U

i

Obuiee compoTHBAEHHE UENH, KaK BEAHYHHA, 06DATHAsA NPOBOAMMOCTH, PaBsHO

120

Rup=Tg

=75 oM.

Ecan BeTBH, BKJIOYEHHbie MapanielbHO, HMEIOT ORWHAKOBbie CO-~
nporuByenus (fy=ry,=7ry H T. 1.), To Ofllee CONPOTHBJICHHE LENH:
Gy/leT paBHO COMPOTHBJEHHIO ONHOH UelH, ACJEHHOMY HA YHC/IO mapaJ-
JeIbHO BKJIOYEHHBIX BETBEH, T. e.

=nh _n .
Royp= =" HUT L @7}

B cayyae mnapannesNbHOrO COeNHMHEHHS JBYX  COTpPOTHBJCHHR
HEONUHAKOBOH BeNHUMHbI JIA ONpeAesieHHss OOUIero CONpPOTHBJCHHS
noJb3yioTesi GopMyJIoH

I
Ry =50 (28)

n+r’

MMpumep 6. [lapanieabHo COeRAuHEHO NATh CONPOTHBASHHH, KaWAOE H3 KOTO~
pux paBHo 25 ox. UeMy paBHO ofice CONPOTHBACHHE?
Pewenne.
r

25
Rﬂap :—’—l—='—3-=5 oM.

Npumep 7. Tlapaanensho COeAMHENO JBa CONPOTHBRAEHRAR: 73 =20 om
B ry = 30 os. UeMy pasuo obulee CONMpPOTHBI<HHE?
Pewenne

riera _ 2030 _ 600
T 0550 = 0 T 12 o

Rnap =

Ha ocHOBaHHH BBIIIEH3JNIOXKEHHOTO MOXHO CHeJaTh BBIBOL:

1. [lpn napainmenbHOM COeNAMHEHUH CONPOTHBJIEHHH CcHJAa TOK2
B Kakoii-1i60 BeTBH OyneT Tem GoJjbille, 4eM MeHblle CONpOTHBICHHE
9TOH BETBH.

2. Hanpaxenne Ha CONPOTHBJEHHAX, BKJIOUEHHBIX NapaeNbHo,.
6ymer OIHUM M TeM xe IS KaXAoH BEeTBH.

3. CyMMa cust TOKOB B mnapaJJieibHbIX BETBAX OYHEeT paBHa CHJe
TOKa, MPUTEKAMUIEro K TOYKE pA3BETBJIEHHA.

4. I'Iapa.n.nenbﬂo CoellMHéHHble COHDOTUBJICHHA MOMNHO 3aMeHHTH
OJHUM COMpPOTHBJEHHEM, NPOBOJHMICTL KOTOPOTO paBHa CyMMe HpoO-
BOAUMOCTEH BCeX BeTBef.
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5. O6uiee CONpOTHBJICHUE MAPA/UIIBHOTO YYacTKa MeHblIe CaMoro
MaJioro H3 CONPOTHBJICHHH, BKJ/IOYEHHBIX MapaJiieNbHO.

lpumep 8. MmMeeTcs pasBeIBreH”e, COCTOAlLEE H3 ABYX napanieasbHHx BeTBeft
¢ conportusiaennamMu 3 ou u 5 om. Hality cuay TOKa BO TOPOM CONpPOTHBICHHH,
®CJAM CANa TOKA B NMepBOM CONPOTHBJACHHH DaBHa 15 a.

Pewmenne. Humeeu

Lo
L —n?
OTKY A3
11'?" 15.3
= —I = = .
b r) 5 9 a

Npumep 9. Tox cuao#t 40 a p-3seTrasercs Mo TPEM NAPANIENbHBIM LEGAM,
£CONPOTHBJEHHA KOTOPHIX paBHHl S, 12 u 20 om. Onpen:iurs cHAy TOKa B KawaoH
BETBH.

Pewmenne, Paslemnm 40 a npamo nponopuroHansHo NPOBOXHMOCTAM OTREAb-
1 1

WHX BerseH, T. €. YHCIaM T, T 5y

Lilh:h=12:5:3.
Heaum xanee 40 a nponopuxoHassHo yucraMm 12, 5 x 3:
12454+3=120; 40:20 = 2;
L=2-12=24 g

Ig=2'5=10 a,
5L =2.3=6a.

CMeliaHHOE COeaHHEeHHe
CONpPOTHBACHHA

CMeluaHHbIM Ha3LIBAIOT Takoe CO-
¢JlMHEeHHe COMPOTUBJEHHH, MPH KOTOPOM
YaCTb COMPOTHBJEHHH COeLHHEHA no-
clefoBaTe]bHO, a 4YacTb MapaJJlefibHO
(puc. 14). .

CymecrByer 6oOJblIOe  KOJHYECTBO
caMbiX pa3HOOGpasHBIX CXeM CMellaH-
HOTO CoeguHEeHWd.

Ha puc. 15, a u 6 nokasausl naBa
CAy4yas CMeHmaHHOTO coeluHeHus TPEX
COMpPOTHBJEHHUH.
=y [Ipu nomcuére BenHUHHBL CONPOTH-

BJIEHHSI LeNnH NpH CMelWaHHOM CcoeluHe-

Puc. 14. Cwewantoe coeamae- HHE HAIO DACuleHUTb Uelb Ha TakHe

HHE CONPOTHBACHKH yacTd, 4ToGhl OHH HMEJIH HJH TOJIbKO

nocJiefloBaTebHOE HJW  TOJLKO HapaJ-

aenpHoe coenubenue, CHenaB MNOACYET COMPOTHBJCHHE 3ITHX vacred,

fIOACUATATh CONPOTHBJEHH® Bceii. uend. [losicHuM 3TO Ha npH-
mepe.
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Cxema puc. 15, a npencraBiser ABa YyyacTKa IENH, COSAHHEHHBIX
Mexay co0oifl mocnenoBaTesNbHO. YUACTOK F#, COeAUHEH MOCJELOBa-
TEJIbHO C NapajsiefibHO COeNUHEHHLIMH COMDOTUBJACHHAMH F, H Iy

Yro6el HaliTH, yeMy paBHO CONpPOTHBJEHHE 3TOH LEeNH, Hazo CHa-
Yajla Ha#lTH CONPOTUBJICHHE NapajJieibHOTO yyacTka H HafJeHHYIO
BE&JIMUHHY CJIOXKHTb C CONPOTHUBJICHHEM F;,

r>=200m, n=12em" r,=18om
—UUn—UiyL—
’ ly=300m .
a 6

Puc. 15. CvewanHoe COeAHHEHWE CONPOTHBIEHNMMH:
a6 B 6 — cIyyaH coejuueHHUS CONPOTHBAeHUA

n%l(a)mep 10 (puc. 15, ). ConpoTtusaenue r; = 10 om, conpornsaenne r; = 20 ox

Hr;= oM.,

+ Ha#ném cuavana, uemy GyieT paBHO CONpOTHBIGHHE MNAPA/IENbHOrO ywacTka:
roer; . 20-60 1200

R“'l’:r,-rr,— 20 +60 80 =15 ot

Tenepsb ck:iaibiBieM CONPOTHBACHHR £y M Ry,p°
R06ﬂl = r‘ + Rﬂap = lO + 15 = 25 oM.
WTak, COnpoTHBAEHME YHacCTKa LENH CMEWAHHOFO COENWHEHHA DABHO 25 oM.

B cxeme puc. 15, 6 nokasaHa uenb, y KOTOpOH OIHA €€ BeTBb Hpex-
CTaBAfIeT TOCJeN0BaTeIbHOe BKJIOUEHHE CONPOTHBJGHHA rFy H Iy,
napajjessHO KOTOPLIM BKJIOUEHO CONPOTHBJIEHHE 7.

Uro6bl HAHTH CONPOTUBJICHHE 3TOH LenH, HYXKHO CHAYaJja CJOXHTH
CONpPOTHBJICHHUS Fy, W F,, A 3aTeM HaHTH obulee CONPOTHBJIEHHE AJAS
BCell lenmu MO MpaBHJaM AJd NapasJielbHOTO COeAHHEHHS.

Npumep 11 (puc. 15,6). ConpoTuB.eHUs Fy, 73 H ry COOTBETCTBEHHO pABEM:
rn=12ou, ry =15 ou, r;=30 om. CknraibiBas NOCJAEKOBATEIbHO BKIIOUEHHBIC
CONPOTHBAEHHS, MOLYYUM:

R‘mc)l =rn+r=12+18=230 ox.
3ateM Hax0AuM ofWice CONPOTHBJEHHE YYacTKa, KOTOPHS COCTOHMT H3 ABYX
COIPOTHBACHKH, COEAHHEHHBX NapaniennHo:

Ryoen.'Ts 3n.30 910
= = = =15 om.
Rosu Rooer + 7 30 + 30 60 °

MoxHe 6nn0 pemuts 32434y HHAUe, YUHTBIBASR, YTO Ry, =73

NMpymep 12. Conporusnetua r, = 0,25 om, rn=2 om, r; =3 o, r; =12 on,
ri=4 oM v ry = 4,5 oM BKJ . uEHbl, Kak 1OKa3aHo Ha pvc. 16, Hanpawewne na
3axuMax rcTounuka toka U = 128 6. Hanrtu: 1) obutce conportusiexnue, 2) cnay
TOKa B uenu, 3) HANPAKCHHE HA OTACAbHHIX y4acTkax, 4) 94C, 5) cuabnl TOKOB Ha
OTACAbHWX YY4aCThaX Pa3BEIBACHHA.
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Pewenne. Haxoamm obuwce conporuBaenue R; TpEX Napanteasio BKIO-
vEHHLX BeTBEeH r3, Iy H I

1 1 1 1 1 1 1 8 2
R TRt Tyttt
3
Rl_—--2 =15 oxn.

HaxomuM conportusienne sHemued mnenu
r=r-+R +r=2+15+45=8 ox

Haxeoany cray toka B menu

1= 218 64
r be
Haxong HanpaXeHnd Ha OTACAbHBIX yqacr-
Kax.

Uy=1Ir =16-025= 4 ¢
Uy=1lrn =162 =32g¢
V) U;=1-R =16-15 =24 ¢
A U =1Ir =1645 =72 s.

Puc. 16, Haxoznm DJAC: .

E=Uy+U=4+128=132e.

HaxoauM cuasl TOKOB HA OTAEABHAIX YHACTKAX pA3BETBACHEAL

_U_ 28 _ o _U_ 24 _, _Us_ 24
Ig—-—————s—-Sa, Ia-—-r—a~—-12—2a, I‘—--;:‘-T—-Sﬂ.

PeocTaThi ¥ Mara3uHbl CONPoTHBAEHH#

Bo Muormx cayyasix NPaKTUKH NPUXOLUTCA YCTAHABJIMBATH WJIH,
KaK TOBOpHT, «HOAGHPATb» HYXKHYIO CHJY TOKA B TOH HJIH HHOH 3JeK-
Tpuyeckoll nenu. Tako#l «nopGop» CHJIbI TOKA MOXKHO NPOM3BECTH HJH
NyTéM H3MEHEHHS HanpsIKeHHs HCTOYHHKA TOKa (4TO He Bceraa BO3-
MOXHO), HJH NyTéM BKJIOYCHHS B Lielb AONOCJIHHTEJIbHOrO MepeMeH-
Horo conporuByieHusi. B npakTuke nocnefiHui#l cayualdi npuMeHsieTcs
ZOBOJIBHO 4acTo.

Ilepemennsle CONPOTHBJIEHHS, B 3aBHCHMOCTH OT TOYHOCTH H3Me-
HeHWs] CONpPOTHBJIEHHS, Ha3bIBAIOTCA HJIM peocTaTaMH, HJM Marasu-
HaMH CONPOTHUBJEHHH.

Peoctathl — 370 npHOOphl, KOTOpble B H3BSCTHBIX IMpedenax Me-
HSIFOT CBOI0 BEJAMUHHY OTHOCHUTEJNbHO rpyfo, T. e. OHM He AAIT GOoJb-
mofl TounocTH. Peocrate! MOryT ObiTh NPOBOJOUHBIE, JAMNOBLIE H T. IL.;
OHU MOTYT MEHRTh CBO& CONPOTHUBJSHHME WJIM HJABHO (peoctarbi C NJaB-
HOH peryJnpoBKofl), HJIM CKayKaMH, uyepe3 ONpenesJEéHHOS UYHCJIO OM.
Peoctarsl H3rcTOBJAIOTCS HA pPas3iHyHCE 4YACA0 OM U Ha pasHbie
CHJIBI TOKOB, O 4éM Ha peocTaTe AeJalOT COOTBETCTBYIOILH® OTMEeTKH.
W3 nposonounuix peocTaToB HaiGojbliiee NpiiMeHeHHe B Tederpaduu
nMeloT peoctaTel Pycipara ¢ maaBuolt pervauposkoii (pie, i7).
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Puc. 17. [1posonounnit peocrat Pycrpara

Jas rpyGoft peryJMpOBKH CHJLI TOKa B OTAC/AbLHBIX LENAX HpHMe-
HAIOT CeKUUOHHbIH peocTaT, CXeMa KOTOpOro MnpuseaeHa Ha pHc. 18.
Ha annaparax DBoxo npHMeHAIOTCS JaMIOOBbie peocTaTthl; NPHHIHR
YCTpOficTBAa TAKOTO peocTaTa M cXemMa MoxasaHol Ha pue. 19.

O ————

Puc. 18. CxeMa CEeKIHOHHOrO pEOCTaTa

Puc. 19. Jicunoswift peocrar:
& ~— sHemxufl BEX; 6 — cxeMaTEYecxoe U306pakense
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Marasuus conporusnenuit. [Ins nonGopa cuiLI TOKA B HEKOTOPBLX
Tenerpadubix uenax (Hanpumep, B IYMJEKCHbIX cXeMax) W B H3Me-
PUTENIbHbIX CX€MaX MPUMEHSIOT HAa6op TOYHbIX CONPOTHBJEHWH, CMOH-
THDPOBAHHLIX B OAHOM sIIMKE, Ha3blBaeMblf, B OTJIHYHE OT peocTara,
MarasuHom conpotusjenuil. OOGLIME B OJHOTO M3 TaKHX MarasHHOB

_Wokazan Ha puc. 20, a Ha puc. 2] nokasaHa ero cxema,

Puc. 20. Maraswn conpotnsienut:
1] —~ KOHTaKiHble KOAOAKH; 2 — IITEencequ

T 3y 0 o

::CS:
f’»acﬁ:

“H=C_JC_]

B wi U

P4
Puc. 21. CxeMa Mara3HHa CONpOTHBIEHHHN:
1 — KoMTaxisple KOJOAKH; 2 — wITenceab

! I
AN =

Ha kpullike silpKa YKPemJsioTcs MeiHbie jaMeau (MJIaCTHHbI) I,
B rH834a KOTOPHIX BCTAaBJAOT wrencean 2. Kak BHAHO M3 cxemul

puc. 21, yroGbl BKAIOYLTb CONPOTHBJIEHHE, JOCTATOYHD BbIHYTh MITEN-
30



cellb 2 H3 THe3na JameJefl, a yTOObl BBIKJIIOUUTL CONPOTHBJCHHE Iz
Leny, ROCTAaTOUHO BCTABUTh IUTeNceNb 2 B COOTBETCTBYIOILEE THE3NO:
aaMesieli /. Korpa wTerncenan BCTaBleH B IHE3J0, LaHHOE CONpPOTHBJIe-
HUe OKa3blBaeTCs 3allyHTHDOBAHHBEIM, H TOK 4epe3 Hero yxe He Hpo-
XOJTUT,

§ 9. 3AKOH JOKOYJIA-JIEHUA

TennoBoe nefictBue Toka u3yuaju pycckHll yuéHbl Jlemn u am-
raufickufi ¢n3uk [KOyJab, KOTOpbleé ONHOBPEMEHHO, OMBITHBIM NYTEM,
ONpefesuyii 3aBUCHMOCTL MEXAY KOJUYECTBOM TeIla, BhblIeJseMblM
TOKOM B MPOBOJIHHKE, COMNPOTHBJEHHEM 3TOr0 MNpOBOJHHMKA H cHJOMk
NPOXOAAILLETO MO HEMY TOKa.

3akon [xoyns-JleHua roBopHT, YTO KOJHYECTBO TeNJa, Bblaense-
MO@ TOKOM B MNPOBOJAHHKe, NPOMOPLUOHAJBHO: 1) KBagpaTy CcuJbd
ToKa [% mporekamwlero uyspe3 NPOROAHUK; 2) CONPOTHBJEHHIO MpPO-
BOAHHKA R; 3) BpeMEHH NMpOXOXKAEHHs ToKa l.

Marematugeckn 3akon Jlxkoyas-JleHuma nHIIeTCS B TakOM BHAe:

Q=0,24-*-R-¢, (29
rae [-—Tox B amnepax;
R — conpoTtuBieHie NPOBOAHHKA B OMaX;
t— BpeMsi B CeKYHAax;
Q — Xo/MYecTBO BBIIENEHHOTO TeNJia B MajbiX KaJIOpUSX.
Benuuuna 0,24 aeasercs NOCTOAHHOA M BhIpaXkaercsi B MaJblx
KaJIOpUsIX; OHa MOJYYaeTcss TOFAa, KOrjaa uyepe3 MPOBOAHMK C COMpO-
THBNeHHeM B | om NpOXOmMT TOK cuyoil B 1 @ B TeyeHHe | ceKyHIBI.
Heiicrurensio, ecan [/=1, R=1 {t=1, to ¢opmynra (29)
6yner UMerb BHI:
Q=024-P-R-t=0,24-12-1-1 = 0,24 manoit kanopuu.
Manan Kanopusi €cTb €IHHHNA TeNNoTbl, KOTOPYI0 HeoGXOZHMO
3aTpaTHTh, 4TOObI NOXHATH TeMnepatypy 1 e Boasl Ha 1°C.
Whorna nonpsyiorcs GoJabllofi xanopHeid, Koropas Gojbiie MaJol
8 1000 pas.
Bosbuias xajopHsi ecTh eQUHHHIA TEmJIOTbl, KOTOPVIO HeoOGXOAHMG
3aTpaTuTb, YTOOL MOAHATL Temneparypy ! 4 Boxmel (1000 &) na 1°C.
Us sakona Oma u3BectHo, yro U = [-R;

TOorjga
Q=0,24-1.U-¢, (30)

rae U — nanpskeHue B BOJIETAX.

BoiGop naaBkux npejoxpaHutedeii. Beollle, Korga Mbl T'OBOPHJH
0 KOPOTKOM 3aMblKaHHH, OblJIO YCTAHOBJIEHO, YTO B cjJydae KOPOTKOro
3aMblKaHHS TOK pe3ko BospactaeT. Ec/H KOpPOTKO3aMKHYTHII yuacTox
CBOEBPEMEHHO He BHIKJIOUlTh, IPOBOAA CHJABHO HArpeloTcs U MOTYT pac-
IJIaBHTbCH HJIH, KAK TOBOPAT, Neperoperb. KpoMe Toro, KopoTkoe 3amsi-
KaHlle BPEeHO JJsi HCTOYHHKOB TOKa. I[l03TOMY B 3JeXTpHUeCKHX
mensix INpeaycMarpUBAIOT BKJIOYeHHe CHelHaNbHBIX YCTPOHCTB AN
aBTOMATHUECKOTO BBIKJIIOUEHHsI MOBPEXKAEHHOIO ydacTKa HJH Aaxe
peefi nenn. [IlpocreftinnMu ycTpoiicTBaMM RNt TaKOTO BhIKJIOYEHHS
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CHYXaT MJaBKHe MNpPeJOXPaHHTENH, KOTOpble BKJIOYAIOTCH MOC/Aeno-
BaTelbHO B leNb. [Ipy 3HAUMTENbHOM NOBBIIIEHHH CHJII TOKAa MNpoO-
BOJIOUKA MNPEMOXPAHHTENII CHJILHO HArpeBaercs, MJaBUTCA H pasphbl-
BaeT leb.

B renerpadHbiX 3JIEKTPUUECKHX LeNAX 4Yallie BCEro MNPHMEHAIOT
npepoxpanurenu tHna bose Ha 2, 5 u 10 a.

§ 10. PABOTA H MOLMHOCTb TOKA

SnexTpHYECKHH TOK, NMPOXOAs MO NPOBONHHKY (IenmH), coBepliaeT
gekoTopylo pabory. PaboTy 31eKTpHYECKOrO TOKA MOXHO CPaBHHTH,
Hanpumep, ¢ paGoTOH BOAB, KOrAAa MOCNEHssA, Nanas HA MeJbHHY-
HO® KOJieco, 3acTaBjsier ero BpawmaTbes. I[logoGHbiM ke ob6pasoM
JIeKTpUUecKHM TOK, mNponylleHHLI uepe3 3JIeKTPOMOTOp, 3acTaBJser
ero BpallaThCsl, a MOCJeAHHH YKe BpallaeT, HanpuMep, TOKapHHIil
ctaHok H 1. N. Ha npumepe ¢ sjnekrpomMoTopoM BHOHO, 4YTO 3[€Ch
IIMEeT MEeCTO NpeBpalecHHe 3JEKTPHUYECKOH 3HSpruH B 3HepPrulo Mexa-
Hugeckylo. Boobme pa6oTa 3JIEKTPHUECKOrG TOKAa COMPOBOXKAAETCH
npesBpalleHHeM 3JEKTPHUECKOl 3Heprud B 3JHEPrHI0 JAPYrHX BHJOB:
TefJIOBYI0, XMMHUCCKYIO H T. M.

ITono6Ho Tomy Kak paforta, coBepuiaeMasi BOJOH, BBIpaxKaercs
npou3BelleHeM KoJMuecTBa BoObl (rHpoTekluefi uepes MeJbHHUHOE
KoJleco) Ha BLHICOTY €€ najeHus, TOYHO Tak xe ‘H pabora, coBepliae-
Masi 3JIeKTPUUECKHM TOKOM B Kakoi-JH6O uerH, BbipaxkaeTcs IMpoH3-
BE/ICHHEM KOJIMYECTBA NPOTEKUIEro HO [eM¥ 3JeKTpHUYecTBa Ha BeJd-
qUHY naJleHHsl HanpsiKeHHs B paccMaTpHBaeMOH Lemu.

TakuM o6pa3oM, MOXKHO HaNHCATh

A=Q-U, @1

rne A— pa6oTra 3JEKTPHUECKOTO TOKA;
Q — KOJINYECTBO 3JIEKTPHUECTBA;
U — uanpsxenue.

Ho MBI yxe 3HaeM, 4TO KOJIHYECTBO 3JEKTpPHUeCTBAa, MPOTEKIIero
10 L€eMHd, PaBHO NMPOH3BEAEHHIO CHJIbl TOKA HAa BpeMsi, B TEYEHHE KOTO-
poro TOK mporekaer nmo umenu. CiemoBaresNbHO, paGoTy 3JeKTpHye-
£KOI0 TOKa MOMHO NpPEICTaBUTh B TAKOM BHIE:

A=1.U-t. (32)

Urobbl noacuuTath Ty pabory, KOTOpas coBeplieHa 3JeKTPHUECKHM
TOKOM, Haxo 3HaThb eJHHHLY 3Tofl paboThl. 3a eNMHHLY 3JIeKTpHye-
<Kkoii paboTul NPHHAT JAXKoyJab, OXHH JKOYJIb COOTBETCTBYeT padoTre
9JIEKTPHUECKOI0 TOKa MpHM HANpPAXKEHUH B OQMH BOJLT H CHAE TOKa
B OAWH aMmep 3a BpeMsi OZHOH CEeKyHABl, T. €,

1 nxoymp =1 8-1 a -1 cex.

U3 aroro caenyer, uro ecJu HaM HaA0 BLIpasuTb B JAXKOYJsiXx pabory
DJISKTPUUECKOI0 TOKA B KaKOH-AUGO wenH, HEOGXOMHMO OMpeneiuThb
HanpsiXKEHWe Ha KOHUAX 3TOH weld B BOJIbTAX, CHJAY TOKa B aMmepax
H BpeMsi B CeKyHAaX, B TeueHUe KOTOPOro COBEpLIajach 3JJEKTpHue-
ckas pabora. T
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Oana u ta xxe pabora, NPOH3BOAMMAs PA3NHUHLIMH HCTOYHHKAME
SMeKTPHYECKOTO TOKAa, MOXKET COBEepIaThCsl B pasjHyHOE BpeMs.
Hnaue rosopsi, eclii ONHH HCTOYHHK TOKAa COBEpUIUT paGoOTy 3a ommo
BpeMs, TO APYroii HCTOYHHK COBEPUIHT TaKylO e paGory, HO 3a Apy-
roe BpeMs. DTO 3HAYUT, YTO MOLYHOCTb HCTOUYHHKOB 3JIEKTPHUECKOFO
TOKa MoOXeT GbiTb pa3iHYHOH.

ITosicauM 3to Ha npuMepe. ITycTh Kakoi-TO HCTOYHHK TOKa pabo-
Tan B TeyeHie 10 cekyHI M npH 3TOM OH COBepUIMa  paGoTy
B 1000 mxoyneft, ciefoBaTe/bHO, MOIIHOCTb 3TOr0 HCTOUHHKA ompe-
LeNUTC MyTéM AefeHust BceH paborbi A Ha BpeMs £, T. €.

P=- 33)

HJIH

p="Ut_ 1y, (34)
rae P — MOUNIHOCTb HCTOUHHKA TOKa.

TouHo Tak e OnmpeNeJHTCS H MOLIHOCTh B KaKo#-mH60 3JeKTpH-
vecko#l nend. Ecam Ham usBectHo Hanpsixedsne U Ha KOHLAX menH
H cHiaa Toka [/, mporekalomas B 3TOH IEMH, TO MOIIHOCTb, Pacxo-
ayeMas B uenu P, Gymer paBHa’

P=1].U. (35)

3a enuHHuy MOILIHOCTH 3JIEKTPHUECKOI'0 TOKAa IMPUHAT BAaTT (8T).
OnuH BAaTT COOTBETCTBYET 3JIEKTPHUECKOH MOLIHOCTH, pacxomyeMom
B NaHHOH wUenu (yyacTKe uerH) NpH HaNpAXeHUW B ONHH BOJLT (HA
KOHLAX 3TOH Iend) M CHJe TOKa B ONMH ammep, T. €.

ler=18-1a.

Bsuny Toro, 4ro MOIIHOCTL B OAMH BaTT CPABHHTEJILHO MaJja,
B TeXHUKE CUJBHBIX TOKOB HOJL3YIOTCS MpPOHM3BOAHBIMH eIMHHIAMYA
rektoBarr (esr) u xunosarr (ker) (1 esr = 100 87, 1 k8T =1 000 87).

B renerpaduu (renedoHHMH) MONB3YIOTCA EeNHHYULEA MOUIHOCTH
muanusart (1 msr = 0,001 er).

IloBoMEHO 4YacTo MOMHOCTH B KakoH-MHGO 1enH HPHXOAUTCH
BbIpAXKaTh HEe Yepe3 CHJIY TOKA W HaNpsKeHHe, a uyepe3 CHJY TOKA

H COHpOTHBﬂeHHe enu:
P=I.I.R=I.R. (36

Koaduuuent nonesnoro geiicTeus. MomHocTs, pa3susaeMas HCTOY-
HUKOM TOKAa, pacXoAyeTcd KaK BO BHeIIHed [eNH, Tak U BHYTPH
caMoro HCTOYHMKA TOKa:

P=E-]=U,+U)-I1=UJ+UI, (37)

rae U,/ — MomHOCTh, pacxopyemasi BHYTPH HCTOYHHKA TOKa;
UI — MouiHOCTb, pacXomyemasi BO BHeWIHeH LelH,
MomHocts, pacxoayemasi Bo BHelHefl uemnu, HasblBaerca IoOJie3-
HOH 3JIGKTPHYECKOH MOLHOCTBIQ

P =U.IL (38)

BHEWH
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Pacxox MOWIHOCTH BHYTPH HCTOYHHKA TOKa HasbiBaeTcsl MOTepeil
MOIHOCTH.

PB“yTp =U,L (39)
Orgolllenue MOJE3HON MOIIHOCTH K MOJHOH MOILHOCTH HA3LIBAGTCS

KO3:puUHEHTOM MOoJie3HOro jeiictBust (K. M. JI.) HCTOYHHKA TOKa,
O6o3nauas k. m. 4. rpeueckoil 6yksoit v, Haliném

n= Do P (40)

BHYTP + P, BHEIWH

TNpumep 1. Hanpsaxenne na sawmumax aamnoukn 110 8, cuna Toka B HeRt 0,5 a.
Onpepesnts paboty Toka 3a 10 vac,

Pewmenwue.
A=U.I-t = 110.0,5-10 = 550 sm-u4.

Mpumep 2. Bnement ¢ 3JC B 1,5 ¢ n BHyTpenunM conporuBaeHneM B 0,5 on
paboTaeT Ha BHEWHIW LENb C CONpPOTHBACHHEM 2,5 oM. Onpeaennts MOJE3HYIO
M NOJHYIO MOLHOCTb H K. ML I,

Pemenune, Cuaa Toxa B Henu

E 15
I= re+r- 05+25 =05 a.

[Tone3nas MOIHOCTH
Poosess = P-r = 0,52-2,5 = 0625 sm.
MNoanas MOMHOCTb
P =E.I1=15.0,56 =075 sm.

_ Pronesu 0,625
B n= P T 070

= 0,83, nau 83%.

KOHTPOJIbHBIE BOTIPOCHI

Kax Bhipaxaerca sakon OMa? Hanumute Bhpaxenne 3akona Oma ana I, E u R.

2. Y10 Takoe najesue Hanpsukenus Ha yuactke uemu? Coopmynupyitte saxon Oma
RAf y4acTKa UeH.

Y10 TaKoe BHyTpPeHHEE M BHEIUHEE CONpOTHBAEHHA?
OT Yero 3aBHCHT HaNpsKeHHe Ha 3aXHMAaX HCTOYHHKA TOKa?

UYto HA3bIBAETCH NMOCASKOBATE/bHbIM, napannenbnuv& H CMelanHuM CoefUHeHUeM
CONnpOTHBACHHN?

Kakosa cuna TOKa B pasiMuyHBIX TOYKAX UENH NPH NMOCAEAOBATEIbHOM COERH-
HeHHH conpoTusiaeHuH? Uemy pasHo ofuiee CONPOTHBAEHHE NPH MNOCASAO-
BaTeIbHOM COCJIMHEHKH CONPOTHBAEHHH?

7. Kak chopmyanposatb 3akoH Kunpxroda?

8. Kak pacnpezensercd TOK B nNapaniefbHO COEIMHEHHBIX CONPOTHBICHHAX?

9. Yemy paBHa 061as NPOBOIHMOCTb CONPOTHBACHHH, COEARRERABIX NaPanaenbHO?
10. Y7o HasmBaeTcs peocTaTOM M MarasHHOM CONPOTHBAEHHA M KaK OHH YCTPOEHbI?
11. Kakue OpiBaloT TUIIH PEOCTATOB?

12. B ueM sakaouaercs TensoBoe MASHCTBHE TOKa M Kakoe NpakTHYECKOe 3Haye-
HHE 3TO Hveer?

Uto Takoe Goablias M Manaw Kajiopuu?

14. Yrto Takoe MouHoCTh W pafoTa TOKa, KaK OHH BHpAXaTCAd W B KAKUX €An-
HHEIaX U3MEpAIoTCHA?

-t
.

Lol

&

-
w



FAABA Il

MATHETHU3M, 3JEKTPOMATHETH3M, 3JEKTPOMATHUTHAS
MHAYKUNS

§ 11. ECTECTBEHHBIE U NCKYCCTBEHHBIE MATHHTGLI

JKenesnas pyna, obaajnamouiasi CBOHCTBOM HPUTAFMBATH K cebe
KYCKH Jxeje3a, UyryHa M HEKOTOpble Ipyrue Tejia, Ha3biBaerca Mar-
HUTHBIM XeJNe3HgKOM, HIM IIPOCTO €ECTECTBEHHBIM Mar-
HHTOM.

Cuny NpUTSXKEHHS MarHuTa, ¢ KOTOpPoil OH I[eHCTByeT Ha TPUTHATH-
BaeMble Tesa, HasblBalOT MAaTHATHO i CUJOH, a NPHYHHY, KOTO-
pas BLI3BIBAET 3Ty CHJY, Ha3hlBalOT MATHETH3 MO M.

Cuna npuTSIKeHHS eCTecTBEeHHOro Mariura (MarHudTHOrO JXenes-
HAKa) HeBeJIMKa, MO3TOMY B TeXHHKe OH He npuMenserca. Mnaa pas-.
JUYHLIX TEXHHUECKHUX Iesel NMPHMEHSIOT HCKYCCTBEHHEIe Mar-
HHTH, KOTOpble H3rOTOBJAIT H3 JAYYUIHX cOPTOB cranu (Boandpa-
MOBOA MJM XPOMOBOH), HaMarHU4YHBas WHX TeM HJH HHbIM CIOCOOOM.

Takum oO6pa3om, OCHOBHOE OTJHYHE €CTECTBEHHbIX MarHuToB OT .
HCKYCCTBEHHBIX COCTOHT B TOM, YTO €CTeCTBEHHLI® MAarHHTHl B BHAE
MAaTHUTHOILO 2KeJie3HsKa HENMOCPEeJCTBCHHO BCTPEYaloTcs B MPHPOLE,
a noJiyyeHHe HMCKYCCTBEHHBLIX MAarHHTOB CBS3aHO C HaMarHHUMBAHUeM
HEKOTOpBIX COPTOB CTaJIH.

IIpocrefiun#t cnoco6 HaMarHMYuBaHHA CraJbHOro Opycka ocy-
mecTBasieTcd caenyownMm obpaszom (puc. 22): Gepyr JABa MarHuTa
N,, S u N, § n ycranasnupaioT XX Ha CrajJbHOM OpycKe Tax, Kak
moxas3aHo Ha puc. 22; 3zareM npo
BOISIT HECKOJLKO pa3 OOOMMH Mar-

HHTaM1 OJHOBPEMEHHO OT CpefHeii
JHHUH GpycKa K KpasMm ero. B pe-
3yJbTaTe TAKOTO «HAaTHpaHHa» Gpy-
cox Oyner HaMarsHudewx, e

YkasaHHbll cnocoG HamarHuan- N
BaHHA TpeGyeT OGoJblIoi  3aTpaThl k
BpeMeHH, [O03TOMY B TexHHKe M4
YCKOPEHHd —npouecca nojb3yloTCa  pye, 22. Hamarsuunpasue CTaabHOro
Apyrumi, 6osee CoBEPIIEHHBIMH CIO- 6pycka
co6aMn HaMarHHYHBAHMS.

Onur u3 3THX CNOCO60B, OCHOBAHHLIA HA MarHHTHOM JeficTBUM TOKA,
3aKJII0YaeTcsa B TOM, UTO 6pycox CTaJH MOMEUlAIOT BHYTPh KaTyWIKII
M3 NPOBOJIOKH, MO KOTOPOH MpONYCKAKT (B TeueHHe OMpeneNEHHOro
BpeMEeHH) 3J1eKTpnyeckuil Tok (puc. 23).

Hamarnuuusanne 6pycka HPOHCXORHT TOJNBKO IO HEKOTOPOro Hpe-
Ieja, jajblie KOTOpOro, HECMOTPS HA YBeJUYEHHe CHJLI TOKa B Ka-
TYIIKe, XXeJie30 He HaMarHHyusaercs. JITOT INpeaet, Korjga JXeJaeso
HJM CTajb yXe HE HaMarHUu4YuBaercsl, HA3bIBAIOT MPENEJIOM MAaTHHT-
HOro HachUL[eHUS.

UckyccTBennbie  MariuTel  06/1afal0T  NOCTOSIHHOR ~ MarHHTHON
CHJIOH, B TMOITOMY HX Ha3bIBAIOT [OCTOAHHBIMH MAarHHTaMH, ORHAKO
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Puc. 23. Hamarauyusauue noxxOB006GpPa3HOro
Marguras

1 ~ pOAKOBOOGPA3HKE CepleYHKK; 2 — OGMOTKA KaTylukd}
— NOXROASUIHE NPOBOAA

B TeueHHE JJIHTEJILHOIO BPeMeHH MAarHuTHble CBOHCTBA UX MOCTENEHHO
ocabafoTcss B HCYe3alorT.

Yro6Ll MAarHWT AOJTO COXPaHSJ cBoH cBoficTBa, HeOOXOAMMO MpH-
HHMAaTh CAenylolliie Mephl NPegoCTOPOMHOCTH:

a) XpaHuTb €ro B CYXOM NOMEUICHHH C MOCTOSIHHOA TeMuepaTypoi;

6) npH XpaHeHHH MOJIOCHl MAarHUTa 3aMbIKaTb KYCKOM MsTrKOro
wene3a — AKOpeM, G/arofapsi YeMy MAarHuT AOJblie COXPAHSET CBOH
{IepBOHAUAJbHbIE CBOHUCTBA;

B) He GpocaTh MarEut u BooGuie u3beratb coTpsiceHHH (ynapos,
najeHls Ha KaMeHHLIH Hol u T. A.);

I) HHKAaKHM TOAYHCTKAM HJIM NOANMHJMBAHUSM MarHHT NOJBEPraTh
HeJIb3sl.

[MocTosiHHBIE MArHWTHI MOTYT ObIThb H3rOTOBJEHH MOGOH HYXKHOA
¢opMbl: NPAMBIMH, NOAKOBOOGPA3HbIMH, KOJBUEBLIMH H T. I.

IMocrosHHble MArHUTHL TOH MM HHOH (OpMbl LIHPOKO HPHMEHSIOTCA
B anmapaType cBsisau (HampuMep, B IOJsIPU3OBAHHLIX peljie, TeledoHe,
HHIYKTOpaX, 3BOHKAax H T. IL),

§ 12. OJIIOCBI MATHUTOB U HUX B3AMMOJENICTBHE

[ToMecTHM KyCOK MAarHMTHOrO »eJe3HsKa HJH MOCTOAHHBIA HCKYC-
CTBEHHBbIi MarHUT B JKE/S3Hbie ONMMUJKM H, BbIHYB €rn 3aTeM OTTy.Aa,
Mbl OGHApYXHM, YTO XKeJsie3Hble OMHJKH MPHJHIIM K MAarHUTY, NpUYEM
tnaBHbiM 06pa3soM Ha KOHLAX Marmura, Toraa Kak HOCDeJHHe Mar-
HHTa HX HeT COBCeM (pnc 24).

Pagn oneiToB, npoBeAEHHBIX C Mar-
HATaMH, TPUBEN K 3aKJIOUEHHIO, YTO
nauboNbIMM NpHTAXKEHHeM obJjana-

: _{lmml_mmummu LI

Puc. 24. Mpuraxenne onuox mar- €10 QoOpMmbL
HHTOM

36



Mecra mauGonMblIErO NPHTSXKEHHA MKEJE3HLIX OMHJIOK

(xonnnt

MarHura) HasbiBalOT MATHHTHBIMH TNOJNIOCaMH, a8 CPefHION
JIMHHIO MarHuTa HaseBalOT JHHHEel 6e3pasnHuYuda, WIH Hel-

TPanbHOH AHHHEI

Ecnn Mbpl MarHuTHYIO CTpeJIKYy MOMECTHM Ha OCTPUE TakK, KaK NoOKa-
2aHO Ha puc. 25, TO 3aMeTHM, YTO OHA YCTAaHABJAWBAeTCs BCETAa

B OJHOH onpeAen€éHHOH NJOCKOCTH

3eMJIH, a HMEeHHO: OIuH KOHeu N

e€ oOpaméH Ha ceBep, npyrof
Ha IOT.

IT10 CBOACTBO MAarHUTHON CTpeJ-
KM yCTaH4BJHBATLCS B OJHOM Ol-
penenéHHOM HaNpaBJEHHH MJIOCKO-
CTH 3€MJH YyKasplBaeT Ha TO, YTO
MOJIOCEl MarHura HMeT MarHe-
TH3M ceBepHbii N (Hophx) u Mar-
HeTusMm 0XHbId S (3101), coorser-
CTBEHHO M MOJIOCH MarHdTa Haskbl-
BaloT cesepHbIM (N) u 0xHbIM (S).

Pan onwitoB  mopTeepmxiaer
dakT B3aUMOAEHCTBUS  MOJIIOCOB
MarHuTa MexXnay co6ofi.

Ecin Mul BO3bMEM [Ba mOCTO-
AHHBbIX MarHWTa W OZHH U3 HuUX Gy-
AeM TNOAHOCHTE OJHHM MOJIOCOM
NooYepEéNHO K NOMOCAaM  APYroro, To
oGHApyXHuM cJefyioliee sBJEHHE:

a) npu noiHecenuu momoca N
mariura M; Kk momocy S mar-
Hura M. wmarsutel GyRyT NOpHTH-
ruBaThCcsl IPYT K ApPYTY;

6) npu mnomHecenud mnojoca N
marauta M; x nomocy N wmar-
Huta M. marautel Oynytr orraj-
KHBaTbCsl IPYr OT Apyra.

OnpiT  ybexpaer Hac B TOM,
YTO MeXJIy TMOJIOCAMH MarHuToB
CYLIECTBYeT ONpelesNéHHOe B3aHMO-
neficTBMe, a HMEHHO: pPa3HOUMEH-
HBI® MOJIOCHl NPHTATHBAIOTCS APYP
K Ipyry, a OZHOMUMEHHbIE OTTal-
KHUBAOTCA.

Ha ocHoBanun 3rtoro cpoiictsa
MarHuTa 3eMJI0 CYHTAT GOJILIINM
MarHuTOM, Ha ceBepHOM reorpadu-
YeCKOM IOJIIOCE KOTOpOro HMeeTcs

MA4rHeTH3M IOXKHbIB, a Ha I0XKHOM'

reorpauueckeM MOJIOCE — MarHe-
TH3M ceBepHbI (pHC. 26).

Puc. 26. Maruntioe nnae 3eMaH -
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Marautnoe BausHue (MHAYKUHS)

Ecnu B6au3n Kakoro-nu6o moJioca MOCTOSIHHOTO MarHuta Io-
MeCTHTh KYCOK 2KeJje3a, TO HOCJeIHHH CaM CTaHOBHTCA MAarHUTCM,
CMOCOGHBIM MNpPUTAHYTh K cebe IKejesHble NpeIMeThl; npd 3TOM Ha
Kouue Opycka, pacrnoJioxKeHHOM Ojauxke K moJiocy maruura (puc. 27),
ofpasyercsi MOJIOC, MPOTHBOLOJOXHBLIA MOJIOCY MarHudTa, a Ha yaa-
JIEHHOM KOHIle XeJie3Horo Opycka obpasyercss MoJoC, OXHOMMEHHHIM
¢ MOJIOCOM MarHuTa. JOTO sBJEHH® HAMarHUYMBAHHSA KeJe3a BJus-
HUEM HA3LIBAlOT MATHUTHOH HMHAYKUHeH (MarHUTHbIM BJHSA-
nuem). Heobxonumo ormeruTs, uro nmpu yaajeHuH xeJesHoro Opycka
u3 06JlacTH BJMSIHHA MOCTOSIHHOIO MAarHHTAa MarHuTHblE CBOMCTBA ero
6ulcTpo Hcuesaor. Ecau ke B3siTh BMeCTO KeJe3HOro cralibHOH Gpy-
COK, TO OH Oy/eT NposBAATbL cebd Kak MarHUT M mocje TOro, Kak Mbl
y6epéM NOCTOSIHHBIH MAaTHHUT.

Puc. 27. MaruuTtHas HMHAYKIHA

310 XxapakTepHoe sBJeHUe COXPaHeHHsi MarHerusMa B Teje MO
yoajseHuHn ero u3 o6JacTH BJHUSHHA MOCTOSHHOIO MarHWTa HOCHT
Ha3BaHHEe ocCcTaToOuHOro MarHetrusma. OueBHgHO Keje3o
obJlafaeT OueHb MaJiOH CTEeNeHbI0 OCTAaTOYHOI'O MAarHeTHsMa, TOTAA Kak
cralib 00JlajiaeT SHAYHTEJbHBIM OCTATOYHBIM MarHeTH3MOM.

§ 13. MATHHTHOE NOJIE. MATHUTHBIE CHJIOBBIE JIMHHH

OnuiT, MOACHTIOMAA MaTHUTHYIO HHAYKIHIO, NMOKa3blBaeT HAaM, 4TO
B [POCTPAHCTBE, OKPYXKallleM MAarHuT, JNeHCTBYeT MarHUTHas cuja.
[IpocTpancrBo, B KoTOopoM oGHapyXKHBaercs [OelCTBHE MAaTrHUTHOH
cusbl (HeficTBMe MarHUTa Ha TeJa), HasblBaeTCsl MAarHHTHHIM MoJeM.
Margurioe mnojle MarHuTa HMeEeT ONpeNeJi€HHYI0 HalpaBJeHHOCTh.
YcinoBHOe HanpaB/ieHH® MarHUTHOTO MOJIsi ONpEenesioT MarHHTHBIMH
CHJIOBBIMH JIHHHAMH (IHHHUSIMM HNefCTBHS MarHUTHBIX CHJI); MAarHur-
Hble CHJIOBBI® JIMHUH BCErfa 3aMKHYTbl, IPUYEM CUMTAIOT, YTO, BBIXOAS
¥2 CeBepHOro HOJI0Ca, OHM MPOXOAAT MO OKPYXKAIWIEMY IIPOCTPAHCTBY,
BXOIAT B IOXKHBI [OJIOC B [0 Tely MarHWTa BO3BpalalOTCs K Cesep-
HOMY MOJIOCY.
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MaruuTHEle CcHIIOBBIE JIHHHM CTPeMATCH 3aMKHYTBCH NO KpaTdafi-

HieMy nyTH U HE nepecekaroTca oxHa C leerH.

Ham;uu{yxo KapTuHY MAaArHUTHOro CHJIOBOTO IIOJSI HNPSMOro Mar-
HUTA Naér pacnojioKeHne XKeJle3HbIX OIUJIOK Ha 6ymare l'lOMeI.lleH-
HOH HaJ marHutoM (pHc. 28).
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Puc. 28. MarnuTtHOE none NPIMOro Marmura

MarautHoe 1noJe ABYX pasHOMMEHHBIX MOJIOCOB MOKa3aHO Ha
puc. 29, mByX OAZHOHMEHHBIX momocoB — Ha puc. 30. Hs pucyskos
BHJIHO, YTO MAarHHTHbIE CHJIOBLI® JIHHHM MOJS paclosaraloTcs HepaBHO-
MepHO, CTYL[asiCb Y MNOJIOCOB, OTCIONA H HefCcTBME MAarHUTHOTO MOJA
Mar{uta Ha TeJa, NoMellaeMbie B pasJHuHble TOYKM Ilosis, Oyrer
HEOJHHAKOBbLIM.

/
/,u ’M;/l/jhd
Puc. 29. MarnutHoe  noJe Puc. 30. MaruutHoe nose
xemly Pa3HOMMEHHBIMH I10- Me)Kﬂy OXHOMMEHHBIMH 1O~
AKCAMH MATHHTOB JI0CaMH MArHHUTOB

MexaHnyeckyio CHJy (Bbipa)Kaemylo B eNHHHIAX CHJbI — JIHHAX),
£ KOTOpOH MarHHTHOe MOJie AefCTBYeT Ha eNUHHLY CeBepHOT0 MarHe-
TH3Ma, NOMEIEHHVIO B NAHHYIO TOYKY MAarHUTHOrO IMOJs, Ha3biBAOT
HanpaXEéHHOCThIO MAarHuTHOro nonas (H) B paHHOR
TOYKe; 32 eNHHULY HANpsKEWHOCTH MACHUTHOTO MNOJS NPHHAT 3 P-
crepn. TaM, rae HanpsKEHHOCTb MATHMTHOrO Mojsi 6oJiblue, CHJIOBHIE
JIMHWM paclojiaralorcst rylle, W Hao6opoT, TaMm, Iie oHa ciabee, —
pexe.
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Xapakrepu3ys MAarAuTHOE MOJie FYCTOTOR pacCHNOJNOXEHHS MAarHHT-
HHIX CHJIOBBIX JIMHHH, YCJOBHJHCL 4epe3 KaxKAbl KBaApaTHHIA CaHTU-
METp €ro NPOBOAHTL CTOJBKO CHJIOBBIX JIHHHUH, CKOJBKO E€LUHHMIL CHJIbI
(AMH) uMeeT HaNpsKEHHOCTL MArHUTHOrO MNOJSA B NAHHOH TOUKe.
IlosToMy HanpsAXE€HHOCTh MAarHUTHOTLO OOJA H3Me-
psierca UHCJHOM MATHHUTHBIX CHJOBBIX JUHHMHA mOpo-
XxoaAamHUx yepes | cu®* nnowany, NnepneH AUKYNAPHOH
KHaNpaBJEeHHUIO CHNOBBIX JUHHHUIMH

MarHuTHOE nosie, CHJIOBBIE JHHUH KOTOPOrO HAYT HapasiefbHo
B Bujie MOpPAMBIX, OTCTOSIMX Ha ONWHAKOBHIX PACCTOSHHUSIX OQHA OT
Apyroi#, HaswIBAIOT OXHOPOAHBIM MarHHTHHIM nosem (puc. 31).

Puc. 31. OxHopoanoe MaruuTtHOe IOJ€

MarHuuTHoe noJie, B pasHplX TOYKAX KOTOPOIro YHCJO CHJIOBBLIX JIH-
HU# HEOAHMHAKOBO, a CJIeOBATEJbHO HEOJAWHAKoBa H Ha[lpﬂ)KéHHOCTb
noJig B 3THX TOYKAX, Has3plBalOT HEOMAHOPOAHBIM MATHUTHBIM IIOJiEM.

§ 14. CTPOEHHE NOCTOSHHBIX MATHUTOB

Kaxabli nocrosHHbi MarHHT (HCKYCCTBEHHBI W €CTECTBEHHBI)
#IMEET, KaK HAM YKe H3BECTHO, ABa NOJIOCA — CEeBEpHBIA M IOXKHBIH.
Paspesas npsamoil MarauT nomoJsiaM, Mbl IOJYYHM JBa HOBBIX MAarHuTa,
# Kaxplif U3 HUX OyNeT UMeTh CeBepHulH M I0XKHBIH nomocsl (puc. 32).
Paspesas nonyyeHHsle MarHuTbl Ha GoJjiee MeJKue YaCTH, Mbl KaXAbld
pas OyneM moJyyaTb CaMOCTOATEJbHble MarHuTel. Ecau B3siTh JBa
ONHHAKOBBLIX MarHuTa U COENHHUTb HX Pa3HOMMEHHBIMH MOJIOCAMH, Mbt
HOJY4HM ORUH MarHAT ¢ HeHTPAJbHON JHHHell B MecTe COETHHEHHS.

Puc. 32. CpoficTBa NOCTOAHHOrO MAaTHUTA NPH pa3pe3aHuH
€ro Ha 4acru

M3 npuBenénHOro oneiTa € paspe3aHHeM MarHUTa Mbl MoXeM
3aKJIOYUTb, YTO KaK Obl HH Obll MaJ MarHuT Mo CBOMM pas3MepaM, OH
Bcerna Ovier HMeTh ceBepHbli u I0XHbIH MarHerusM. IToayuurs mar-
HHT C ONHMM [OJIIOCOM, OUYEBHIHO, HEBO3MOXHO; 3TO OObACHAETCH
CTpOeHHeM BellleCTBA MarHHTA. -

C TOUKH 3peHHs COBpPeMEHHOH TEOpHH CTpPOEHHA BemlecTna (3Jek-
TPOHHOH TEOpHH), MarHeTH3M BO3HHKAeT KaK pe3yJbTaT BpalleHHs
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3JeXTPOHOB B aToMax TeJ. Bpamawmomuiics 37eXTPoH MojoGeH Kpyro-
BOMY TOKY (cosnaromeMy MAarHuTHoe IoJie, KaK 3T0 GYAeT OGBSICHEeHO-
HUXKe), a mociefsuii Beiér ce6s Kak MaJeHbKHA 3J€MeHTapHblii Mar-
MuTHK. OOGBLIYHO TH /e MEHTAPHBI@ MATHUTHKH B HEeHAMAarHHYEHHOM TeJle-
pacnosioxeHbl 0ecnOpsfAOYHO H BCJeACTBHE B3aHMOAEHCTBHSI HX MOJIO-
COB MarHuTHbLIe CHJBI MX B3aWMHO yHuuroxaiorcs (puc. 33). Ecan ke
TeJI0 NMONBEPTrHYThL AEHCTBHIO MArHATHOTO MOJs, TO B Pe3yJLTaTe ero:
B3alMOAEHCTBUS C 3JeMEHTApHBIMH MAarHHTHKaMH IOCJIelHHe IOoBep-
HYTCS TaK, YTO CeBepHble HX MNOJIochl OynyTr o6pallleHbl B OLHY CTO-
POHY, a I0XKHBEI® — B APYrylo (puc. 34).

8,0
ﬂ 9 e B ‘%ow
Puc. 33. Pacnonoxe- Puc. 34. Opuentuporanne
HUuE MONEK Y5 PHbIX MOJ2KYJAAPHBIX MdruHTH-
MarHHTHKOB RO Hamar- KOB 1OCAe HAMarHH4H-
HUYMBAHUA BaHHA

Takum o6pa3oM, TeJo COXpaHseT MarCHHTHble CBOHCTBA H MpH
MeJIeHUd ero Ha Kakue yrogHO MeJIKHe uyacTH; Bce OHu Oyayr obJa-
IaTb CBOHCTBAMH, NMPHUCYLIMMH MAarHury. :

B tom ciyuae, Korna BCe 3JIeMEHTapHble MArHHTHKM Tena Gynyr
NOBEPHYTH MOJ JeHcTBHEM MArHHTHOTO 10Jid, HacTynaeT Mnpejes Ha-
MarHUYHBaHHUsA, UJIM, KaK TOBOPSAT, TEJO NOBEXEHO JO MATHHTHOT G
HacblllleHHA.

Ecou xe HanpsKEHHOCTs MAarHUTHOTO IOJS HeAOCTaTouHa (Miw
neficTBHA ero KpaTKOBDeMeHHb) AJS TOro, yroObl OpUEHTHPOBATh BCe-
3JIeMeHTapHble MarHUTHKH, TeJ 0 He JOCTHraeT MarHUTHOIO HacCbllleHH.

ITpu nmeficTBUM MarHHTHBIX CHJ NOJIS Ha JKeje30 B HEM JOBOJBHO-
OLICTPO HacTymaerT MarHWTHOe HachlilleHHe, HO CTOJb e GbICTPO Mar-
HUTHBlE CBOMCTBA XKeJje3a HCUe3al0T NpH NpeKpalleHHH AeficTBUS Mar-
HUTHOTO IIOJIf; 3TO OOBACHSETCS TeM, YTO 3JeMeHTapHble MaTHHUTHKH.
)emne3a OBICTPO TePSIOT OpPHEHTALHUIO H NPUHHMAIOT 6ecnopﬂnoqﬂoe
pacnoJjioxenue. P

HMnave Beayr ceGs d1eMeHTapHEle MATHHTHKH CTajH — focie mpe-
KpalleHHsi NEHCTBHS MAarHMTHOIO MHOJs CTajb AJHTEJNbHOE BpeMs Co-
XpaHseT MarHHTHbI® CBOMCTBA H TOJbLKO YAApbl ¥ Harpes NpHUBEAYT:
K norepe uX. Cranp oGJamaer OCTaTOYHbLIM MAarHeTH3MOM, MoueMy
H NpuMeHsieTcs B KayeCTBe MaTepuHana i H3rOTOBJEHHUS NOCTOSH-
HBIX M2THHTOB, TOTZA KaK XeJeso Ui 3TOH Ueld He TORUTCH.

Hn ene3o obgagaer chaepyioilUM CBOHCTBOM: Korjga JefiCTBHE
MAryuTHOrO NOMs Ha KYCOK 2KeJie3a YMEHBIIAeTcs HJH MpPeKpauaercs
COBCEM, MOJEKYJsipHble MaTHUTHKH MOJ AeHCTBHeM YIPYTHX CHJI BHOBb
HauyHHAIOT NMOBOPAYUBATHCS, H CTPOHHOCTb MX DACHOJIOXKEHHA TepaeTcd,
G1aropaps yeMy KYCOK »KeJjle3a MOYTH IOJHOCTHIO TepsieT CBOWCTBO
MariuTa, c6nanas JHRIb cJ1abbiM OCTATOYHBIM MarHeTH3MOM.
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