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B kHure B mpoctofi H AOCTYNHOA ¢opMe H3JNOMKEHH!
OCHOBHble 3aKOHbl 3JIEKTPOTEXHHKH, JaHH Kpart-
Kde cBeleHHUs 00 HCTOYHHKax TOKA, MalldHax no-
CTOSHHOTO M MepeMEeHHOT0 TOKa, 3JEKTPOHHBIX JaM-
nax, HOHHBIX NMPHOOPaX, OCHOBHBIX 3JeKTpoMaTepHa-
Jax u 3JeKTPHYECKHX H3MEPeHHSX.

Oco6oe BHHMaHHe YJeneHO OOGBACHEHHIO ¢H3HYe-
CKOMl CYILHOCTH fIBJIEHHH.

TlpuMeHeHHe NpHBeleHHHIX B KHHre ¢opmysa no-
Ka3aHO Ha NMpHMepax H 3ajauax.

Knura npeiHasnaueHa I/ 3JIeKTPOMOHTEPOB H
MOXET C/AYXHTb noco6HeM MJiA KyPCOBOA CeTH.

Penakuua JuTepaTyphl MO SHEPreTHKE, 3/MeKTPOHHKe,
KHOepHeTHKe H CBA3H

3aBenyOlnA pelaKunel HHX. P. m Pax,



BBEAEHME

Passmne TEXHHKH BO MHOTOM 0Gsi3aHO Pa3BUTHIO HAYKH
06 3J1eKTpHUYecTBe.
- B 3701 06/1aCTH BBIAAIOLIMXCS YCMEXOB AOCTUIVIH pycC-
CKHe yueHble.

DeKTpUuecKHe sBJEHHS] GbIH U3BECTHB! 3aJ0JT0 0 Ha-
wei 3pbl. OpHako NpUpoNa 3THX SIBJEHHI AOJro2 BpeMs
ocTaBa/jachb HeH3BECTHOH. BnepBble HayuHoe oObsicHeHHe
3/leKTpUYeCKux siBjieHuil nan Muxaun BacuabeBuy Jlomo -
HOCOB, 0c060 MOAYEPKHYBLUHHA «BO3MOXXHOCTb Mepefayu
3/JeKTPHYECKOH CHJIBI Ha 3HAYUTeJbHble PACCTOSIHUSI NPH MO-
MOUIH M30JHPOBAHHOMN NPOBOJIOKHY.

B coxpaHuBllefics no Hallero BpeMeHH pykomnucH «Teo-
pHs 3JIeKTpHUeCTBa, MaTeMaTHUeCKHM crnoco6oMm pa3spabo-
TaHHas aBTOpPOM JIOMOHOCOBBIM» B OTJIMUHE OT CYLIECTBO-
BaBIIHX B €ro BPeMsi BO33peHHi, yTBePKAABLIHX, UTO 3JeK-
TPHYECTBO €CTb HeKas XXHAKOCTb, JIOMOHOCOB IOKasaJ, 4To
«3JIeKTpHYecKasi cuja ecTb AelCcTBHE.

CBou paGoThl N0 U3YUYEHHUIO 3JIeKTpUUecKux fBaeHuit Jlo-
MoHocoB npoBogusa coBMectHo ¢ I B. PuxManom.

Ho nocaexnneit yerBeptu XVIII B. 6Bl H3BECTHBI TOJIBLKO
SIBJIEHUS] CTAaTHYECKOTro 3JIeKTPHYeCTBa.

B 1800 r. uranbsackuM ¢usukoM Asnekcaugpo BoabTa
BrepBLle GbLT CO34aH HCTOYHHK HENPEePhIBHOTO 3JeKTpHue-
CKOr'0 TOKa — BOJIbTOB CTOJI6. DTOT HCTOYHHK Chirpas 60Jb-
IIYIO POJib B Pa3BUTHH HayKH 06 3JIeKTPHUYECTBE H B pacLlH-
PEHHH ero NpakTHYeCKOro NpHMEeHeHHsI.

Kpynneiimne yuenbie nepsoit moJoBuHbl XIX B. — Ba-
cunuit Bnagumuposuu Ilerpos, ['emdbpu 38U, Augpe Mapu
Awmnep, Maiikn ®apaneii — WHPOKO NPHMEHSNH BOJbTOB
CTOJO 1Jisi CBOUX OMNBITOB.

Byayuu xopollo 3HAKOMBIM C ONbITAMH, NMPOM3BOASIIIH-
MHCSI C BOJIbTOBBIM CTOJIGOM U rajlbBaHHUECKHMH 3JIeMeHTa-
MHu Kak B Poccuu, Tak u 3a rpanuueft, Bacunuii Bnagumu-
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posuu [Tetpos B 1802 r. co6pan Garapero u3 2100 ranb-
BaHuuecKux 3/jeMeHToB. Ilpum nomomn sToit Garapeu oH B
3TOM e TOAY MOJYUYHJ 3JIeKTPHUECKYi0 LYTy.

IlecaTh JieT cnycTsl 3MeKTpHYecKas gyra Gblia MoJyueHa
aHrauuanudoM I'emdpu I 3 B 1.

B. B. IlerpoB BnepBble B CBOMX Tpyldax [AoKasas BO3-
MOXXHOCTb NPAaKTHYECKOTO NPHMEHEHHsi 3JeKTpHuecTBa, a
TaKXXe MNepBbIl BBICKA3aJ MbICJAb O BO3MOXHOCTH NpHMe-
HEHUsl JIEKTPHYECKOTro TOKa /I OCBElleHUS M IMJIaBKH Me-
TaJJOoB.

B 1802 r. 6nina uspana kuura IlerpoBa «l3Bectue o
raJbBaHH-BOJIbTOBBIX OMbITaX, KOTOPhle NTPOM3BOAUJ Npodec-
cop ¢u3uku Bacuauil [leTpoB mocpeacTBOM orpoMHo# Hau-
natue Gataped, cocrosBiledr wHorna u3 2100 MemHBIX H
IIUHKOBBIX KPY2KKOB»,

B cBoeil kHHTe OH mucand: «§ HageloCh, YTO NPOCBELIEH-
Hble U GecnpucTpacTHble QU3HKH 1O KpaliHeli Mepe HeKoraa
corslacaTcsi OTAaTh TPYAaM MOHM Ty CIPaBelJHBOCTb, KOTO-
PYIO BaXXHOCTb CHUX INOCJEIHHX OIbITOB 3aCJYXHBAET».

[letpoB siBAsieTcsl OLHUM W3 NpeAIIeCTBEHHUKOB HeMell-
koro ¢nsuka I'eopra Cumona O M a, copMy/IHpoOBaBILEro B
1827 r. U3BeCTHbIH 3aKOH, HOCSUMI €ro uMs,

CaMoe 6GoJgblioe 3HaueHHe HMeeT OTKpbiToe [leTpoBLIM B
1802 r. siBsienue snekrpuueckoit ayru. Jo IlerpoBa ¢usuku
He MOTJH Ha6/101aTh fIBJIeHUE AYTH, TaK KaK OHU NMPHMEHS-
4 He6oJIblINe TalbBaHHUECKHE 3J1IEMEHTHI.

Pacuinpenue u yray6JieHHe HCCIeNOBaHHH 3jeKTpHue-
CKMX SIBJEHHH TpPUBEJNH K OTKPBITHIO M H3YUEHHIO HOBBIX
CBOHCTB 3/1eKTPHYECKOTrO TOKa.

B 1820 r. 6b1u onyGJaHKOBaHBl H TPOAEMOHCTPHPOBAHEI
onbIThl AaTcKoro ¢usuka XaHnca Kpucruana dpcrena,
yCTaHOBUBIIETro [elCTBHe TOKa Ha MarHUTHYIO CTPEJIKY.

B stoM xe roay ¢panunysckuii ¢pusuk Homunuk Ppan-
cya Aparo o6HapyXuJ HOBoe sfiBlleHHe — HaMarHHYhBa-
HHE NPOBOJHUMKA NPOTEKAIOILHUM 10 HEMY TOKOM.

®pannysckue yuyensle )Kan Batuer Buo u Peauxc
CaBap yCTAHOBWIM 3aKOH [eHCTBHS TOKAa Ha MarHur, a
Aunpe Mapu AMmep BnepBbie NPeNJOXHI TEPMUH «3JI€K-
TPUUECKHIl TOK» M BBeJ B HAayKy IIOHfiTHEe O HampaBJ/eHHH
3JIEKTPUYECKOro TOKa.

Hemeuxnit ¢usux I'yctaB Pobepr Kupxrog¢g B
1847 r. copMynupoBan 3aKOHBI, YCTaHABJHMBAIOLIHE CBSA3b
MEeXIY 3MEKTPOABHKYIIMMH CHJIAMH Pa3BeTBJEHHON UENH.
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ATH OTKPBITHSI MOATOTOBMJIM NOUBY AJSI OTKPHITHS fIBJIE-
HUs 3JEeKTPOMATHUTHO!N HHIOYKUMH K Nocjenytoliero 6ypHo-
ro pa3BUTHsI JEKTPOTEXHHUKH. SIBJeHHe 3/eKTPOMarHHUTHOM
MHAYKUHKY BIepBble GblJIO OTKPHITO B 1831 r. BHIAawOmUMCH
aHrMACKUM yueHbIM Maiikiom P apaneeM.

Axanemuk dmuauit XpucrtuaHosuu JI e H Il cyliecTBeHHO
LOTOJIHHJI 32KOHbl 3/JIeKTPOMarHuTHOH WHAyKuuu Papases,
YyCTaHOBHB MpaBHJO, KOTOpPOe NMOJYYHJIO Ha3BaHHe <«IPaBH-
Jao Jlenua».

B cBoux ombitax ®apaneilt npuMeHua ycTpoicTBO, KOTO-
poe MOXKHO Ha3BaTb NPOTOTHIIOM TpaHcdopmartopa.

OnuoBpeMenHo ¢ aHriuiickuM ¢usukom [keMcom
Hdxoyanewm JleHu YCTaHOBHJ 3aKOH, ONpefensiiolil Ko-
JIMYECTBO TEMJa, BBIAENSIEMOro NPH NPOXOKIAEHHU 3JEKTPHU-
4eCKOro TOKa yepe3 KaKoil-1n60 NMpoBOAHHK. Kak m3BecTHo,
3aKOH ONpefeNeHdsl KOJHYECTBA Tel/1a, BblAeJNs1eMOro TOKOM
B NpPOBOLHUKe, HOCUT Ha3BaHMe 3akoHa IIxkoyas — JleHua.

CosmectHo ¢ flko6u JleHu paspaoTan TeOpHIO 3J/EKT-
POMAarHHTOB U CBOUMH pPab6oTaMu BO MHOIOM CHOCOGCTBOBAJI
Pa3BUTHIO COBPEMEHHO TEOPHH 3JIEKTPOTEXHHUECKUX MAILHH.

Akanemuk Bopuc CemenoBuu 1K 06 M cosgan nepsbliil
3JIEKTPUUECKUil ABHraTesb. Tako#l nBuUrartesnb Obl yCTaHOB-
JIeH Ha NepBOM B MHpe JIEKTPOXOAe W NPUBOAWJICH B [eil-
CTBHE OT raJjibBaHuueckoil 6atapeu us 200 aneMeHTOB. DeK-
TPOXOA ycnewHo naaBan no Hese, noanumas 12 naccaxu-
poB U pa3BHBasi cKopocTb GoJsiee 2 BepcT B uac.

B 1839 r. SIko6u oTKpbIN siBJieHHe IajibBaHOMJIACTHKH H
IeTaJbHO pa3paboTas TeXHHUKY NMPaKTHYeCKOro HMCHOJb30Ba-
HUS 3TOro sBJeHus. 3a 3T0 Beauualiliiee OTKphiTHE JIKOOH
noayuyna JleMHAOBCKYIO MpeMHIO pycckoit AxaaeMHH Hayk
u Boabluyio 3os0Tyio Menanb ¢dpanuysckoit AkageMuH HayK.
XKenass noKyMeHTanbHO 3aKpeNnuTb CBoe OTKphiTHE 3a Poc-
cuelt, SIko6u b cenrsi6ps 1839 r. nepenan npesuneHty Aka-
nemuu Hayk Cepreio CeMeHOBHUY ¥YBapoBYy MUCbMO C MPHJIO-
)KeHUeM raJjibBaHomjacthueckoil konuu. B 1840 r. oH BHI-
NYyCTHJ CBOI0 KHHUTY «[ajbBaHoniacTukas,

IlaBen JIpBoBuY Ll M siJ1 1 HT MPUMEHU] BJHAHHE TOKa
Ha MarHUTHYIO CTPeJKy [Jsl Nnepelayd Ha paccTosiHHe yc-
JIOBHBIX TesjerpadHbiXx cOO6IIEHHUII.

o nauana 70-x rogoB NpoIJIOro Beka GblLIO CO3JaHO H
anpoGHPOBAHO HECKOJbKO THUMOB 2JeKTpHUecKHX Jamm. Ofn-
HaKO HH OJIHA M3 HHX He BBILLJA 32 Mpefebl 1aGopaTOPHOro
3KCIepUMeEHTa.



IMaBen HukonaeBuu J6n10uko0oB n Anekcannp Huko-
JnaeBuy J1o A bl T uH paspaGorany NpubOPbl 31€KTPUUECKOTO
OCBEULIEHHS,, KOTOpble MPHMEHAJIHCh [J1s1 OCBELIeHHs YJHLL.

B 1874 r. fl6noukoB npuMeHHa NepBYl B MHpe MpO-
KEKTOPHYIO YCTAHOBKY C 3JIEKTPHYECKOH [yroH, ycTaHOB-
JIEHHYI0 Ha NapoBo3e /1 OCBELIEHHsS »KeJe3HOLOPOXKHOTOo
NOJIOTHA.

‘CKOHCTpYHpOBaHHAas UM 3JIEKTPUUECKas JlaMmna MnoJayuuna
HauMeHoBaHHe «cBeyH SI6moukoBax». 23 mapra 1876 r. f16a04-
KOB nosyuns Bo PpaHUHWM NPUBHJIETHIO HAa 3JEKTPHUECKYIO
Jaamny. .

Dta npuBHJeErds O3HaMeHOBaja Hauajo HOBOH 3MOXH B
HCTOPHHM 3JIEKTPOTeXHHKH. Hauasnoch mnpokoe pacmnpocrpa-
HeHHe cBeyell He TobkO B ITapuiKe, HO H B IPYrUX KPYMHHIX
ueHtpax EBponsl. [1as paBHOMepHOTo cropaHust o6oux yraei
s16.104KOB NpUMeHUN nMepeMeHHbIH TOK. [InTaHne cBeuei ne-
PEMEHHbIM TOKOM OCYILECTBJSJIOCh OT CHEeLHaJbHOro reHe-
paropa.

$1610uKOB mepBbIfi NMpHMeHHJ TpaHCchOpMaTOp.

Hmsa JloabiruHa cBsi3aHo ¢ co3naHHeM 3JeKTPHYeCKOH
JNaMmnbl HakanuBanus, IlepBas memoHCTpauHs JaMI Haka-
auBaHus cocrosnack B 1873 r. O6 atom co6uituu H. B. Ilo-
noB cnpaBeAnHBo 3aMeTua: «JloabiruH nepBbiil coenad JaM-
ny HaKa/JMBaHHA OpyldHeM TeXHHKH. JIoAbIrMH nepBblil BHIHEC
JlamMny HaKaJiuBaHHMs H3 ¢u3HuecKoro KabGuHeTa Ha yJauuy...»

3a oTkphiTHe, «06ellalollee NPU3BECTH IEPEBOPOT B BaX-
HOM Bomnpoce 06 oCBeLleHHH», AKajeMusi HayK NpPHCYLHJA
Jlogwiruny B 1874 r. JlomoHOCOBCKYIO mpeMuio.

B 1890 r. JloabiruH nmoJyyH/ NaTeHT Ha JiaMMbl HaKaJjH-
BaHHf C MeTaJI/IHYeCKOH HUTLIO M3 Bosb(pama, MoaHOLEHA,
HpHAHd, najnafusd. Takum o6pa3oM, OH sIBJsieTCs co3jaTte-
JIEM COBPEMEHHOII JlaMITbl HaKaJIMBaHHUs.

Bo BTOpOIi nmosioBune 70-x ronoB npo6ieMof JaMn Haka-
JHUBaHHsA 3aHsICA aMepuKaHCKHH yuenbii T. A, D apucoH.

Kak usBectHo, Bepxosabiii cyn CIIA B 1894 r. npusHaud,
yTO DIHCOH He HMeeT NPHOPHTETAa B H300DETEHHH JaMIbl
HaKaJluBaHHs,

CoBpeMeHHHKOM Sl6si0ukoBa u Jloablruua 6uia Baaaumup
HukonaeBuu U ¥ K 0 J1 € B — BblAAOWHUIACA PYCCKHIl 3/1€KTPO-
TeXHUK-nzobperatesnb. OnHol M3 BaKHeHIIUx 3acayr Yuko-
JeBa siBjsieTcs ero pa6ora B 06/1aCTH TEOPHH 3JIEKTPOTEX-
#ukH. OH GBI OJTHHM M3 OPraHU3aTOPOB 3JEKTPOTEXHHUECKO-
ro otaena [lonurexHuueckoro myses B Mockse. B 1880 r.
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UuKo/MeB W CIJIOTHBIIASICS BOKPYr Hero Trpynma pPyCCKHX
3JeKTPOTEXHHKOB 4Yepe3 pYCCKOe TeXHHYeckoe OOLIeCTBO
usnanu mepBelit B Poccuu a/neKTpoTeXHUUECKHi KypHaJ
«3nekTpuuecTBo». [IepBBIM PeaKTOPOM 3TOTr0 XKYpPHasa Gbla
Uukones. UukoneB H ero corpyaHuk PoGepr DayapnoBuu
K accoH MHOro pa6oranu Hal KOHCTPYKUHSIMH H TeOpHeH
IPOXKEKTOPOB.

IMepenaercsa 3/1eKTPO3HEPTUsi HA HaJibHUE PACCTOSIHHS B
HacTosililee BpeMsi B GOJIBIIHHCTBE CJYy4yaeB B BHJe NepeMeH-
HOro Tpex¢asHoro Toka.

Bnepsbie Tpexdasubiil Tok npumenuna Muxaun OcunoBuy
HonuBo-Jlo6poBonbckuii. OB ke paspelina BO-
npoc nepegayu nepeMeHHOTo TOKa Ha GoJblLIMEe PacCTOsSHUA
H, uTo ocoberHOo BaxHO, B 1889 r. mocTpoun mepBHIf acuH-
XPOHHBIH JBHraTeNb TPex(as3HOro NnepeMeHHOro TOKa.

H3o6perenue pagno NMpHHAANEXKHT PYCCKOMY H3o6pera-
resto npodeccopy A. C. [TonoBy. [lonos onuH H3 nepsuix
o6paTus BHUMaHHe Ha paborbl HeMenkoro ¢u3nka 'enpuxa
Pynoanda 'epua, skcnepuMmeHTanbHo goKasasluero B 1888 r.
CylLIeCTBOBaHHE 3JIEKTPOMArHHTHBIX BOJH, TeOpeTHYeCKH
npeackasanHeix Jxemcom Kiepkom MakcBenom.

ITosanee pycckuit ¢pusuk Ilerp Hukonaebuu JleGenesn
OTKPBIJ CBETOBOE [ aBJIEHHE H H3 ONBITOB ONpeje/HJ ero Be-
JINYHHY, COBNAJAIOUIYI0 CO 3HAYEHUSIMH, BBIUHCJIEHHBIMH MO
Teopun MakcBedsaa,

Pycckue nHxeHepbnl ObIIM TNHOHEPaMH B pa3paboTKe
NpakTHYECKUX CNOCOGOB 3JeKTPOCBaPKH.

B 3T0# o6mactu MHoroe Guliio cienano Hukonaem Huko-
naesnyeM benapanocom u Hukonaem I'aBpuinoBuuem
CnassaHoBb M. H. H. Benaproc nmocrpousn anekrpocsa-
pOuHBI ammapaT ¢ yroJapHbIMH anekrponamu. H. I'. Cnass-
HOB NPH 3JIEKTPOCBAPKe 3aMeHUJ YTOJNbHBIH 3JIEKTPOJ CTep K-
HEeM M3 TOTO K€ MeTaJsljla, YTO M CBapUBaeMBIH MpeaMer.

PasButue 3/1eKTpoTeXHUKH B PoccuH MO0 THraHTCKH-
Mu mwaramu nocie Benukoit Okra6pbckoit counanuctTiueckoft
PEBOJIIOLHH.

PasBuTue 3/1eKTPOTEXHHKH B CTpaHe NoGedHBIUEro COLM-
aquaMa craso rocyfapcrBeHHbIM nenoM. Ha VIII cnesms
CoseroB no noknany B. M. JlennHa Obl1 NPHHAT HCTOpHYEs
cku#t nan ['OJIPO. o Oxrsi6pbcKOl peBOMIOUMH 6LLIO
MHOTO TMPOEKTOB HCNOJIb30BaHHsI BOAHOH 3Hepruu [uenpa.

WBan T'aBpunoBuu AJeKCaHAPOB CO3Jajd TpaHiH-
O3HBII TNPOEKT, pa3pellaBUWINH OJHOBPEMeHHO NpobJeMy
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sneKTpocHaGxkenuss HuxHero Ilpuanenposbs u npobaemy
CynoxoncTea Ha /Hempe.

CrpoutenbctBo JIHENpPOBCKO TUAPO3JIEKTPOCTAHLUHH C
IUIHHOM MJIOTHHBL Gosee 3/y km u MowHocThio (mo 1941 r.)
810 THIC. 4. . 6BLI0 3aKOHUEHO B 1932 .

OpHuM U3 KpynHefUX HHKeHepoB-3HepreTukoB B CCCP
6vl1 akamemuk I. O. I'pa ¢ Tuo— cTpoutenp mnepBHIX

Puc. 1. SJICKTPOCTaHUJIH, ylipaBJsiemass aBTOMalH'ieCKH Ha paCCTOSTHHH.

COBETCKHUX THApo3JeKTpocTaHuuil: Boaxosckoit u Huxue-
CBHPCKOI, OC/IeHSIST HOCUT TeNnepb ero HMsl.

Tananrnusele coBerckue yuenble Huxonait JIMuTpHeBHY
ITananexcu u Jleounn Mcaakopuy Manpgeabwram,
pa6oTaBllie MHOrHe roAbl COBMECTHO, CO3/4aJH HOBBIH THN
MalllWH NMEepPeMeHHOro TOKa — MapaMeTpUuecKkuil rexHepartop.
[Tananekcu nepBbil yKasas NyTH AJs1 KOHCTPYHPOBAHHS re-
HepaTopoB noBhiLieHHO# yacToThl oT 300 no 30 000 ey u Gbln
Harpaxnaen npemueit 1. Y. MenneneeBa 3a BblgaloLinecs
HayuyHble paGoThl B 06s1aCTH pacnpocTpaHeHUs aJjeKTpoMar-
HHUTHBIX BOJIH.

Axanemux Knasnuit Mnnosurosuu 1l e H ¢ e p usBecten
CpeldH 3JeKTPHKOB KaK KpyNHeHIIUi HcciaefoBaTe/b H H30-
6peraTtenb 3JeKTPUYECKHX MalIKH.
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B o6sacTu co3gaHHs TeXHHKH BBICOKHX HaMpSXKEHHH Bbl-
Jatouyecsi pa6oTsl GblIKM BHIMOJHEHB COBETCKMM HCC/E10Ba-
TeJleM ¥ 3KCIIePUMEHTATOPOM, 3aCJYyXKeHHbIM JesiTelieM Ha-
YKH U TeXHHKH npogeccopoM AJiekcaHAPOM AHTOHOBHYEM
CwMmyposb M. OH paspaboraj coBeplLIeHHbIE CXEMBbI 3aLIH-
Thl 9JIEKTPHUECKUX CeTell OT mepeHanpsiKeHuH.

O nepenaue sHeprun Ha GoJiblilMe PacCTOSIHHS U pacuyeTe
MeKTPHUECKUX ceTeit IHPOKO H3BECTHbl paboThl akaleMHKa
Akanemun Hayk YCCP Bacuins MuxaiiioBuua X py e B a,

Puc. 2. TlyabT ynpaBieHHsi aBTOMATHUECKO 3/€KTPOCTaHIIUH.

Opranusarop 3namenuroii Hukeropoackoit panuosna6o-
paropui Muxana Anekcanaposnu b oHu-B pyeBuu noay-
YHJl B CBOE€ BPeMsi BbICOKYIO OLEHKY NMPOBOAHMBIX HM pabor
or Bnanumupa Mabnua Jlenuna. Usnen-koppecrnonnent Aka-
nemun nayk CCCP Muxaun Anexkcanaposuu Bouu-Bpyesnu
ObLT KOHCTPYKTOPOM NepPBLIX MOLIHBIX COBETCKHX 3JEKTPOH-
HbIX JIaMIl.

KommyunncTtuyeckasi nmapTHs Bcerfa cuutaja nepBeil-
mwejl cBoell 3ajaueii obecrneueHHe BBICOKHX TEMIIOB 3JIEKTPH-
(GHKAUMH HapONHOrO XO35IHCTBA, TaK KaK OHA CJHYXHT
OCHOBOII TeXHHUECKOTo Nporpecca M IOBBILIEHHS TeXHHYe-
CKOIl BOOPYKEHHOCTH TPyla.

Hawa cTpaHa BcTynaer B pellalollylo CTalHIO OCYILECTB-
JieHHs1 CTJIOIIHOM aaekTpudukaunu. B Hacrosiee BpeMs B
CoserckoM Coio3e KaXkble TPU Hs BbipaGaTbiBaeTcs CTOJb-
KO HCPTHH, CKOJNBKO BbipabaTeiBasoch 00 OKTsaOpbCKO# pe-
BOJIOLMH BO Bcelt Poccuy 3a rog.



BoJiblline 1 OTBeTCTBEHHBIE 3afayd NocraBiaeHn [lapTu-
efi u IlpaBuTenbcTBOM nepen 3HepreTukamu. K KoHuy
1965 r. uM npeactout Bhipaborath 960 MJpA. K8T + 4 3JI€KT-
posHepruu, BBECTH B 3Kcmiayartauuio Gosee 21 MJH. K8T
HOBBIX MOILHOCTEH, H3 HUX MHUJIJIMOHBI KMJIOBATT — HemNocpen-
CTBEHHO AJ1S1 XHMHUeCKOH MHAYCTPHUH, 245 THIC. KM 3JEKTPO-
ceTell 1 JanbHeiIlel aJeKTpHUUKALUH CeNbCKOrO X03fiH-
CTBa M AECATKH ThiCSU KHUJIOMETPOB MarHUCTPaJbHBIX JHHHI
aJIeKTponepenay.

B 1965 r. 6yaer 3akoHueHa pa3paboTKa NPOEKTHO-TeX-
HHYECKOH JOKYMEHTAIUU H Pa3BepHYTO CTPOUTENBCTBO 3J€K-
TPOCTAHLUHI [JisT YCTAHOBKH NEPBbIX arperaTtoB eIWHHYHOM
mouHocThio 500 1 800 ThIC. K8T.

B nacrositiee BpeMs BeLyTcsl pa6oThl MO CO3JaHUIO elHU-
Holt snepreruuecko#l cucremel CCCP. HenaBuo 610 ocyuie-
CTBJIEHO ONLITHOe OGBbelHHEHHe TpeX CHOHPCKHX SHEprocu-
creM: KpacHosipckoii, IpkyTcKofi U 06beAHHEHHON CHCTEMBI
3anazgnoit Cubupu.

OTH 3afaud MOTyT GbITb YCIELIHO pelleHbl TOJMbKO Ha
OCHOBe LIMPOKOrO BHEJPeHHS HOBOH TeXHHKH, KOMIJIEKCHOM
MeXaHH3aUUH M aBTOMaTH3allUH INPOH3BOACTBEHHEIX MpO-
eccoB. YnpaByeHHe BCEMH 3/1eKTPOCTAHIHAMH U HX 3KCITY-
atanusi GynyT OCYILECTBJATbCSl CpPeACTBaMH aBTOMATHKU H
TeJleMexaHuKH (puc. 1, 2).



YACTb

NOCTOAHHbLIA TOH

rnasa 1
OCHOBHbIE CBEOEHMA OB SJIEKTPUUECTBE

§ 1. SNEKTPUYECTBO

JaexkTpu4ecTé6om Ha3bIBAOT OAHY H3 Pa3HOBHAHOCTeH
3HeprHH. DHeprus MOXKeT CYyLlecTBOBATb B Pa3HLIX BHIAX.
OHeprueil o6nanaer BeTep, BPALIAOLIHA KPblibsi BETPSIHBIX
MeJIbHHIL MM Pa3nyBalolllkil napyca KopabJel H TeM c0006-
WAOIKA UM JIBHXKeHHe. DHeprus BeTpa SBJSETCS MeXanu-
Yeckod 3Hepeued. Boponal, Bpauwawmoluii Kojeca TypOMH,
TaKXe 3ak/l0uaer B ce6e MeXaHHUYeCKyl0 3HEePruio. Yrouas,
He(dTh, JepeBo, NOPOX COAepKaT B ceGe 3HEPTHIO B CKPHITOM
BuJe. DTa SHeprusi Ha3blBAeTCS XUMULECKOU.

DHeprusi MOXeT NepexoJHTb M3 ONHOro BHAA B IPYyrof.
Taxk, Hanpumep, 3Hepruio JABHXKEHHS BOLbI B peKe MOXKHO IpU
MOMOIIM MAalIHH NpPeBPaTHTb M3 MeXaHHYeCKOH B 3JIEKTPH-
yecKylo. MHOrHe XHMHYeCKHe MpPOIECChl, CBA3aHHBE C Mpe-
EpallleHHeM OIHOro CJOXHOTO BeulecTBa B APyroe, Compo-
BOX/JalOTCS BblJeJleHHeM 3J1eKTPHYecKol 3HepruH. XuMHue-
CKasi 3Heprus MpH CrOPaHHH YIJisl NMEPexoldHuT B TeNJOBYIO.
Tenso, B cBOIO OYepeab, MOXHO HCNO/b30BATh AMs 06paso-
BaHHsl M pacIIMpPeHHus napa H MNONY4YUTb MeXaHHYeCKylo 3Hep-
ruio. Mexanudeckas sHeprusi JaB/ieHHsl Mapa Ha MOPIUEHb
NnapoBOH MalIMHBl MOXeT ObITb NepefaHa 3JMeKTPHYECKO#
MallliHe, KoTopas mpeo6pasyer ee B IAEKTPUYECKYHO Hep-
THIo.

Hayxa, usywarouas s8ieHus, césa3anHble ¢ pasnoobpas-
HOLMU NPOABACHUAMU INEKTPUHECTBA, U YKA3bIBAOWAA NYTU
€20 NPUMEeHeHUs, Ha3blBALTCS INEKTPOTEXHUKOU.

HasBanue «3JIeKTPUYECTBO» IMPOUCXOAHT OT TPeuecKoro
ciioBa «3J1eKTPoH», Tak TMO-rpedeckH Ha3biBaeTCs SIHTapb.
I'pekn B VII Beke 10 H. 3. N10GBIBA/JN 3/IEKTPHUECTBO HATH-
paHueM siHTapHoM naJjouku wepcrbio. [1pH 3TOM Ha manouke
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BO3HHMKaJ 3JIeKTPHYecKUil 3apsi. 3apsiKeHHas aJekTpHue-
CTBOM INaJjloyka NIPHUTATHBAeT K cebe JierKHe NpPeLAMEThl: KY-
couku GyMary, HeGoJibllive NPOGKOBbIE LIaPHUKH.

3t10 nputsxKeHue oGbICHsSETCS TeM, 4TO B Mpouecce Ha-
THPaHUSA NaJIOYKH IIEPCTbIO NMajloyKa ¥ LIepCThb 3apsizkatoTcs
3/IeKTPHUECTBOM Mo-pa3HoMy. [losBaeHne snekrpuuecTsa Ha
najiouke Ha3bIBAIOT OTpUyaTesvHold aaexkTpusayued. B oT-
JiM4ye OT Hee 3JIeKTPH3aLHUs LIEPCTH, KOTOPO# MOJNb30BAIHCh
IJ1s1 HaTUpaHusi, 6yleT HOA0HCUTEAbHO.

W3 HabuaiofeHusi 3TOro sBJEHHS BHAHO, YTO Tean a,
MMeoIHe NOJNOXHUTEJNbHYI H OTpHLATENb-
Hy10 3/7eKTpH3alHlo (coleprkallie MNOJNOXKHTeNbHbIE
M OTpHIlaTe/bHBle 3apsiibl), NPHUTATUBAOTCH APYr K
ApYTY.

B [pOTHBOMOJNOXHOCTD 3TOMY TeJa, WMeUIHe
3MeKTpHYEeCKHe 3apsiAbl OLMHAKOBOTO 3Ha-
Ka, OTTaJKHBAaKTCH.

§ 2. ATOMbI, INIEKTPOHELI MU MPOTOHbI

Kak e o6bsicHsieT COBpeMeHHass HayKa TO 0OCTOSITe/Nb-
CTBO, YTO 3JIEKTPHYECTBO CYLIECTBYeT B IPUPOJAE B BHIE NO-
JIOXKUTEJbHBIX U OTPHLATENbHBIX 3APSAA0B?

Heno B ToM, uTo Bce 6e€3 HCKJIOYEHHS TeJsia, Bce MNpef-
MeThl, OKpYyXalollle Hac, COCTOSAT M3 MelbyafllIMX 4YacTul,
Ha3bIBae€MbIX MOJIEKYJIaMU.

Mousexysa — 310 MasleHbKas 4acTUla BellecTBa, coxpa-
HAlolasi B cebe ero xuMuueckue ocobeHHOCTH. Bce xumu-
yecKye NpeBpallleHHs] CJOXKHBIX BellleCTB M3 OJHOrO B Ipyroe
NPOHCXOASIT B Pe3yJibTaTe B3aUMOJEHCTBUS MEXAY MOJEKY-
JIaMH, H3 KOTOPBIX 3TH BELIECTBA COCTOST.

Mouneky/iBl UMEIOT CJI0KHO€ yCTPOHCTBO W He SIBJISIOTCS
CaMbIMH MaJIeHbKMMH YaCTHLAMH, CyIIeCTBYIOUUMH B NPH-
pone. Kaxpnas MoJekyJa COCTOHT M3 aTOMO8. ATOMHL cay-
KaT Kak Obl CTPOMTeJbHBIM MaTepHajJoM XUMHYecKH Mpo-
CTHIX BellecTB. XHMHYECKH IPOCTble BEIIeCTBa, COCTOSUIHE
M3 aTOMOB OJMHAKOBOTO BHJa, HA3bIBAIOTCH XUMUHECKUMU
INeMERTAMU.

XHUMHYECKHMY 3JIEMEHTaMH SIBJSIIOTCSA: Melb, XKeje30, ce-
pa, Kucsopon, Boropon u apyrue. Cefivac usecren 101 ase-
MEHT. DJiIeMeHTHl NPUHATO 0603HAYaTh OAHON WU ABYMSs Ha-
yaJIbHBIMM OyKBaMu HUX JIaTHHCKUX HasBaHHUii, TakK, Halpu-
mep, Bogopoa — H, kucaopox — O, cepa — S, xeneso — Fe,
meap — Cu.
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| Boma, cepHas KMCJIOTa U BCe APYrue CJAOXKHbIE BelllecTBa
Jp6oanaqalorca HecKoJbKMMU OGykBaMu. XuMuueckasi ¢popmy-
na Boabl — Hy0, a cepnoit xucnorsl — HeSO4. 10 03HAauaer,
YTO MOJIEKyJla BOAbl COCTOHT M3 ABYX aTOMOB BOAOPOAA H
o;moro aToMa Kucjaopoia. Mosekysny cepHOM KHC/IOTH CO-
CTaBJSIOT IBa aTOMa BOJOPOAA, aTOM Cephl M UeThlpe aToMa
Kucaopoaa. ATOMBI XHMHYECKH YHCTHIX 3J1€MEHTOB CBSI3aHbI
Mexay co6oi no omnpeieneHHOMY 3akoHy. Ero HaswiBawT
nepuoduyeckum 3GKOHOM XUMHUECKHX dJIeMEHTOB. DTO OJHH
M3 I71aBHBIX 3aKOHOB Npuponbl. Ero OTKpHI Hall BeaMKHil
yuenbii JImutpuit MBanoBuu MenpeneeB. Benuuyaiimee or-
KpbITHE pPYCCKOrO YYeHOro IO3BOJIKJIO
npeAcKasaTh HajluuyMe H ONHCaTb CBOH-
CTBa HOBBIX XHMHUECKHX 3JIeMEHTOB B
npupose, KOTopble npu KHU3HH MeHae-
JeeBa eule GblM He U3BeCTHH. B Hae
BpeMsi BCe NpelncCKa3aHUusi BEJHKOro yue-
HOro CcObLIMCh, W paHee HeU3BECTHble
3JIeMEeHTh! yKe HaleHBhl,

O cyurecTBOBaHUM aTOMOB JOTajblBa-
JIUCh ellle ApeBHHe rpeku. [IBe THICAUH
yeTbIpecTa JieT TOMY HasaJ TpeuecKuit
¢unocop Hdemokpur AGrepcKuil cuutasd, 4To BCe COCTOHT H3
MeJIbYalIINX YaCTUI — aTOMOB., ATOM — CJIOBO rpeueckoe, H
OHO O3HauaeT «HeleJHMBIfi». [lo caMoro KoHua npenbiayliie-
ro BeKa loJarajy, 4YTo atoM pasjaesuTb Heab3s. OgHaKo Te-
nepb JOKa3aHO, YTO aTCM HMeeT CJI0XKHOoe cTpoeHue. Kakablil
aToOM COCTOMT U3 siipa U BPaLIAIOUIMXCsl BOKPYT HEro 3Jjek-
TPOHOB, ATOMBI Pa3HbIX XMMHUECKHX 3JEMEHTOB COJEepXKaT
pasJIHyYHOe YHCJIO 3JEKTPOHOB. ATOM BOAOpPONa UMEET OAMH
3JekTpoH (puc. 3), aToM Kucsaopona GoJiee CJI0XKEH H COCTO-
UT U3 siiPa 1 BOCbMH 3JIEKTPOHOB.

Jlnpo aToMa 3aHHMaeT HHUYTOXHYIO 4acTb €ro o6beMa,
HO B HEM COCPeloTOueHa HOUTH BCcs Macca atoMa. Slapo aTto-
Ma COCTOMT W3 YaCTHIl ABYX BUJOB: NPOTOHO8 U HEUTPOHOS8.

Macca snexktpoHa B 1840 pa3 MeHblie Macchl IPOTOHA,
Bec aseKkTpoHa MeHblle OJHOTO rpaMMa BO CTOJIbKO pas, BO
CKOJIbKO OJIMH I'PaMM MeHbllle Beca 3eMHOTO 1apa. Bee asek-
TPOHBI HMEIOT OJHHAKOBbIE OTpHLATe/bHbIE 3aps bl 3JEKTPH-
yecTBa. DTOT 3apsi HACTOMBKO MaJ, YTO APYroro, MeHblIero
N0 BeJHYMHE, B NpUPoAe 06HApPyXHTb He yAajoch. UToGul
npeActaBuTb ce6e, HaCKOJBKO MaJl 3JEKTPOH, JAOCTATOYHO
CKa3aTb, YTO Yepe3 pacCKa/JeHHYI0 HHTb 3JEKTPHYECKOfl

Puc. 3. Atom
BOJOPOAA.
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JIaMIIOYKH B OLHY CEKyHAY NPOXOJIHT OKOJIO TPeX KBaApHJIp-
OHOB 3JIeKTPOHOB.

[IpoTOHBI HMEIOT MOJIOXKHUTENbHBIH 3apaA 3JeKTPHYeCcTHa,
HeATPOHBI 3JIeKTPHUeCKHX 3apsiloB He cojepxart. B saxpe
aToMa NPOTOHbI U HEHTPOHBbI CBSI3aHBl TakK, YTO Pa3denfTb
SIIPO Ha COCTaBHble YaCTH OYeHb TPYAHO. TONBKO NPH 0COGHIX
YCJAOBHSIX MOXHO paclUenuTh siApO aToMma, obcTpesnBas ‘ero
HeliTpoHaMH. PacllensieHue siApa CONPOBOXAAETCH BbljleJe-
HHeM KOJIOCCAJIbHOro KoJiuuecTBa 3Heprud. B aToMHbIx f1-
pax OJHOro rpamMma Kakoro-iu6o BelllecTBa COCpPefOTOYeHA
SHeprus, paBHas 25 MJH. K8T.4.

DHepI Uy, coleprkallelics B aTOMHBIX siApax OLHOTO rpaM-
Ma KaMeHHOTro yrJis, JOCTaTOYHO, 4TOObl TOBapHLIA Moe3n
MOT 4eThIpe ¢ MOJOBHHON pa3a o60iTH 3eMHOM 11ap no KBa-
TOpY.

DJleKTpUYECKHH 3apsil fAnpa paBeH CyMMe 3apsiioB 3J/eK-
TPOHOB, OKPYKalOWHX €ro, HO MPOTHBOMNOJIOKEH UM MO 3Ha-
Ky. [To3TOMY BHYTPH siipa NMOCTOSIHHO A€HCTBYIOT CHJbI NPH-
TsxeHusi. Ecaim y aToMa OTHSATb OAMH HWJIH HECKOJbKO
3JIEKTPOHOB, TO B HeM OyneT npeobsafath MOJOXKHUTENbHbLH
3apan saapa. Takoit ATOM Ha3bIBAIOT NOAOHUTENAbHOIM UOHOM.

B ToM cayuae, Koraa B aTOM BKJ/IOY2IOTCS JONOJNHUTENb-
Hble 3JIEKTPOHBI, HX OTPHllaTeJbHble 3apsifibl HAUMHAIOT Npe-
ob6snanaTh Hax MOJOXHUTENbHBIM 3apsifoM siapa. Takoii aToM
Ha3bIBalOT oTpuyaresbroim uorom. ObpasoBaniie UOHOB Ha-
3bIBaeTCs UoHu3dayuel.

PasyMmeercsi, 4uTo MeX1y HOHaMH, HMEIOLIHMH 3JEKTPH-
yecKue 3apsilbl Pa3HbIX 3HAKOB, AEHCTBYIOT CHJIbI TMPHUTSKe-
HKS, a HOHBl C OAMHAKOBBIMH MO 3HAKY 3apsilaMH OTTaJKH-
BalOTCA.

§ 3. NPOBOAHUKHU U U3ONATOPLI

CyuiecTByiollle B NPHpPOIe BellleCTBa MOXHO PasfeNuTb
Ha jBe 60JibliMe KaTeropHu, OTJIHYAIOLIHECH 110 CBOHM 3JieK-
TpuueckuM KauectBaM. OHH U3 HUX HA3bIBAIOTCS NPOBOOHU-
Kamu, a LpyTue — U30AATOPAMU UAL OUIAEKTPUKAMU.

B aToMHBIX siZpax NPOBOJHHMKOB HEKOTOPBIE 3JEKTPOHbI
cn1a60 CBsi3aHbl C SiAPaMH M TMO3TOMY JIErKO OCTaBJASIOT
atoM. Takue 3JIeKTPOHb! HasbiBaloTcs c80600Hbimu. CBOGOL-
Hble 3JIeKTPOHbI NMOCTOSHHO MEpeMellaoTcsl H HaXOoAsiTCs B
GecriopsiIOUHOM ABHXKEHUH BHYTPH NMPOBOAHHKA. B npouecce
3TOro [ABHXKEHUs 3JEKTPOHBI CTaJKHBAIOTCS C MOJIeKy/J1aMH
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BBIGMBAIOT M3 HUX HOBBle CBOGOAHBIE 3/eKTpoHb. Ha MecTo
BBIIETEBIIHX 3JEKTPOHOB CTaHOBSATCS 3JEKTPOHHI, BLI3BaB-
He 3TO sIBJIEHHeE.

Ecau na npoBomHMK AeficTByeT BHeLIHee 3JIeKTPHUECKOe
naue, to 6ecnopsiioyHoe ABHXKEHHe CBOOOAHBIX 3JEKTPOHOB
CMeHsieTCsl BUXKEHHEM, HaNpPaBJIeHHbIM B OJHY CTOPOHY.

'XopolKMH TIPOBOAHHKAMH 3JIEKTPHUECTBA SIBJASIIOTCSA Me-
TaJbl, yroJb, BOAHbIE PAacTBOPBl KUCJOT H coJdell. B anek-
TPOTEXHHKE uallle BCero NPHMEHSIOTCA MeIHble, aJloMUHHe-
Bble U CTaJIbHbIE IIPOBOJAHUKH.

Hsonsitopel He UMelOT CBOGOAHBIX 3JeKTPOHOB. B Hux
3JIEKTPOHBI MOA JefCTBHEM BHELIHEro 3JeKTPHYECKOro MoJs
TOJIbKO OTKJIOHSIIOTCA OT CBOEro OGLIYHOTO NYTH ABHIKEHHS
BOKPYT filpa, He ocTaBJisisi atoMa. K HUM OTHOCSITCS: CTeKJI0,
Mpamop, ¢apdop, pesuHa, 360HHUT, BOCK U ApyTHe,

K usosisitopaM OTHOCATCS TaKKe MHHepasbHble Macaa,
BO31YX, pa3yuuHble Jakh. OHU MOYTH COBCEM He NPOMYCKAaIOT
3JIEKTPHUECKOTO NOCTOSIHHOTO TOKa,

KpoMe 3Tux ABYX KpalHHX NO 3JeKTPHUECKUM CBOMCTBaM
KaTeropHii BelllecTs, HMEIOTCS U TakKHe, KOTOpbie 3aHUMAIOT
NpoMexyTouHoe noJioXKeHue, Mx HasblBaloT noaynposodHu-
Kkamu.

K noaynpoBoAHHKaM OTHOCSAT: ceJeH, 3aKucb MeJIH,
CePHHCTBIl KaAMHUH, repMaHHH, CEPHHCTBIA CBHHeL H AP.

Kpome MerananuecKHx NMPOBOAHHKOB, Ha3blBAEMBIX NpO-
6800HuUKamu nepsoeo poda, B 3J1€KTPOTEXHHKE IPHUMEHSIIOT H
npo8odHuKU 8TOP020 poda — PaCcTBOPbI KHCJIOT, COJIEH H Lie-
Joyeli. PacTBopbel MoJ0OGHOro poia HA3blBAlOT 34€KTPOAUTA-
mu. B npoBogHHKAaX BTOPOTO Pojia MOJIEKYJIbl COCTOSIT U3 IO-
JIOXKHTEJbHBIX U OTPHLATENbHBIX HOHOB. Ecain B pactBop mo-
MECTHTb 1Ba MeTaJlJINYECKHX CTEPXKHS, COelHHEHHBIX C HCTOY-
HUKOM 3J/IeKTPHUeCKOH 3HepPTHH, TO MOHBl 6GynyT mnepeme-
1aThCsl, HaNpaBJsAACh B CTOPOHY 3aPs40B COOTBETCTBYIOIErO
3HakKa.

He cienyer 3abniBaTh, UTO B IPHPOJE He CYILECTBYET HH
HieaJbHbIX TPOBOJHHKOB, HH H/J€aJIbHbIX H30JISTOPOB.

§ 4. SNEKTPOCTATHMYECKAA MHAYKUMSA

Ecnn Ha HEKOTOPOM pacCTOSsHMH OT MPOBOAHHKA pacro-
JIOXKHTb 3JEKTPHUYECKH 3apsKeHHOe Teslo, TO OKa3hbiBaeTcs,
YTO B NPOBOJHHKE TaKXXe MOSBJAIOTCA 3JeKTPHUECKHE 3apsi-
ael, IIpu 3TOM Ha TOM KOHIUe NPOBOAHHKA, KOTOPHIA GaHXKe
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K NOLHOCHMOMY 3apsKeHHOMY Tesy, BO3HHKaeT 3apsa, npg-
THBONOJIOXKHBIA MO 3HAaKy 3apsay tena. Ha npyrom koHie
MPOBOJIHMKA MOSIBUTCS 3apsl TaKofl Xe MO 3HaKy M No Be-
JMuMHe, KaK H 3apsl MNOJHOCUMOro Teja. SIBieHue BO3-
HUKHOBEHHsl 3JIEKTPUYECKHX 3aPSAO0B HA PACCTOSHMH HA3bl-
BaeTCA 94eKTPOCTATUYECKOU UROyKyued.

Ecau Teslo, 3apsiKEHHOe 3JeKTPHUYECTBOM, YAAMHTh, TO
MHAYKTHPYyeMble B NPOBOAHMKe 3apsiabl ucue3HyT. OxHaKo
NpH HEKOTOPHIX YCJNOBMSAX 3TH 3aPSAfbl MOXHO COXPaHHTb.
Jns aToro Heo6X0oUMO B3SThb nposoa-
HHK, COCTOSILIME M3 XBYX yacTeil.

Kaxnasi yacTb TaKOTo NpOBOAHHKA
YKpenJeHa Ha H30JHUpYIOlleli NoACTaB-
Ke, KaK 3TO NOKa3aHo Ha puc. 4.

ITocsie Toro Kaxk B ABYyX MOJNOBHHAX
TAKOro paspe3aHHOro MNPOBOJAHHKA
NOSIBATCA pPa3Hble MO 3HAKy 3apsibl,
SFJ’]Z%T‘*;Iigi;";K::BeHg: Ha4O0 3TH MOJIOBUHKH Pa3beAHHHTb.

o p;’moﬂﬂm pal OxasbiBaercsi, 4TO Ja)e I[oche
yaaneHusi HHAYKTUPYIOLEro 3TH 3aps-
Abl TeJla Ha OJHOH MOJOBHHE MPOBOA-
HUKa COXPAaHMTCA MOJIOKUTENbHBIA 3JeKTpHYeCKHi 3apaf, a
Ha APYrodl — OTpULATeNbHBIH.

OnucanHoe Bbllle siBJeHHe MOXHO OGBbACHHTH TaK: MpH
mosiBJieHnH BGJM3H MpPOBOAHHMKA Teja, HMeKLero 3apsan
onpeneseHHOro 3HaKa, CBO6OJHbIe 3/J1eKTPOHH B NPOBOAHHKE
COCPeAoTOYaTCA Ha OLHOM H3 €ro KOHILOB B 3aBHCHMOCTH OT
3HaKa NnolHeceHHoro 3apsaa. Eciu 3apsn Tena mojoxutenb-
HBIH, TO CBOGOLHBIE 3J1EKTPOHBI COCPENOTOYHBAIOTCH GJIHKe
K HeMy, TaK KaK OHH OYIYyT NPHUTSATHBAThCS MOJOKHTENbHBIM
3apsaaoM. Ecau 3apsaa Tena oTpuuaTesNbHbL}, 3J1€KTPOHBI, OT-
TaJKMBasiCb OT Hero, COCpPefoTOYaTcss Ha JaJjibHEM KOHIle
NPOBOAHHKA.

Takum o6pasoM, HalHuHe HHAYKTHPYIOILEro Tesa MPHBO-
JINT K pa3fle/IeHHI0 3JeKTPHUeCKUX 3apsaaoB, KOTOphle 10 3TO-
ro B NMPOBOJAHHKE HaXONH/IUCh B GeCNOPSAOYHOM ABHIKEHHH.

§ 5. DNEKTPUYECKMA TOK

CBoGOAHBIE 3/IEKTPOHBI B TesaX, NMPOBOASIIUHX 3JEKTPH-
YecTBO, HaXOAATCA B MOCTOSHHOM JBHXXEHHH, HO 3TO JABHXKe-
HHe He HMeeT ONpefleseHHOro HanpasJ/eHusl. DJeKTPOHbl Ge3
KaKoH-1n60 3aKOHOMEPHOCTH MepeMellaloTcsl MeXAy MoJie-
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Kyl1laMu ¢ PasJHYHOM CKOPOCTbIO B pasHble croponbl. Ho Ta-
Kok 6ecrnopsijouHoe ABHKEHHEe MPOJOJKAaeTCs TONbKO 10 Tex
Mop, NMokKa K KOHIAM NMPOBOAHMKA He NPUJIOXKEHbl BHELIHHe
3/JIEKTPHYECKHE CHJIbl, KOTOPble MOT'YT 3aCTaBUThb BCe CBOGOM-
Hble 3JIeKTPOHbl HalPaBUTbCs BLOJb NPOBOAHHKA B OJHY OI-
penenenHyio ctopoHy. Tak, ecii KOHIBI MPOBOJAHHKA COEMH-
HHTB C HCTOYHHKOM 3JIEKTPHUUYECKON SHEpPrud, TO BCe

— ~F
?-e-m-*éﬁor@«&—e—-ewj

Hemounul mowa

b

Hanpabnenue mora CL

Hanpabnenue Joumenus anenmporol
Puc. 5. HanpaBaenue ToKa.

3JIeKTPOHBl B MPOBOJHHMKE HAUHYT NMepeMeIlaTbcsi B OHOM H
TOM Ke HanpapBJIeHHH.

ITepeMeluenne 31eKTPOHOB B NPOBOJHHKE B ONpejeleH-
HOM HamnpaBJ/IeHHH Ha3blBAETCH 3AEKTPUHECKUM TOKOM.

SnexTpoHbI, NpeaCTaBAsIOLHe cOGOH OTpULaTebHbIE 32-
psAdbl 3JeKTpHYeCTBa, NepeMellaloTcss B CTOPOHY MOJIOXKH-
TEJBHOrO I0J1I0CA HMCTOYHHKA 3J1eKTPHUYECKOH  3Heprui.
OnHako B 3JIEKTPOTeXHHKE NPUHATO CYUTATb, YTO IAEKTPU-
YecKuil ToK Hanpasaen 8ce2da OT NOAOHCUTEABHO20 NOAIOCA
K oTpuyaresvromy. TakuMm o6pa3oM, HanpaBJeHUe JEKTPH-
YeCKOro TOKa MpPOTHBOIMOJIOXHO HAaNMpaB/eHHIO [BHXKEHHUS
3JIeKTPOHOB, DTO HECOOTBETCTBHE CJOXMJIOCh HCTOPHUYECKH.
Ieno B ToM, YTO B Te BPeMeHa, KOT[a HauaJH U3y4yaTb 3JieK-
TPHUYECTBO, HayKe ellle He ObLIO H3BECTHO CTPOEHHE aTOMA,
H TOorja mnpeamnoJaraJjH, 4To sneKTquecxnﬁ TOK SABJISI€TCA
CJeICTBHEM NepeMellleHHs BAOJb NPOBOAHUKA MOJIOXKHUTE/b-
HBIX 3apsi[0B, KOTOpble HAYT OT IOJIOXKHUTEJbHOTrO [10/10ca
HCTOYHHKA TOKAa K OTPHLATEJbHOMY, TO €CTb OT IJI0Ca K MH-
Hycy. B Halle BpeMsi MPOAOMKAIOT CUHUTATb MO-TPEXHEMY,
YTO 3JIEKTPUYECKHH TOK B NPOBOJHHKE, MPUCOEIUHEHHOM K
NoJMI0CaM 3JIEKTPUYECKOTO0 YCTPONCTBA, BBHI3BABLIETO 3TOT
TOK, HalpasJleH OT IJIloca K MUHYcy (pHc. b).
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Ho nas Toro, 4toGbl IBHXKEHHE 3JEKTPHUECKUX sapﬂn{oa
MOTJIO OCYUIEeCTBJATLCS, HEO6XOAHMO CO31aTh ONpeaeseHHpie
ycioBus. IlepBoe u3 3THX yC/JIOBHH 3aK/II0UaeTcst B TOM, 4TO-
6bl NPOBOAHMK GBI COEMHEH C HCTOYHHKOM 3JIeKTPHYECKOll
SHeprHH, BbI3bIBAIOIIKHM NepeMellleHHe JJIeKTPUUECKHX 3apsi-
noB. M Bropoe, 4yToObl HCTOYHHK TOKa U MPOBOAHHK COCTaB-
JSJIM 3aMKHYTHIi KOHTYP, IO KOTODOMY MOXeT NpoTeKaTb
TOK. TaKO! KOHTYp Ha3BIBaIOT 34eKTpuseckod yenvro. Tonb-
KO B 3aMKHYTOH 3JIEKTPUUECKOH LEMH MOXKEeT MOSABHTLCS
3JIeKTPHYECKHH TOK.

FNABA 2
AREACTBUME IJIEKTPUHECKOTO TOKA

§ 6. NOCTONHHLIA M NEPEMEHHBIA TOK

B anekTpoTexHHKe NpUMEHSIIOTCS [BE€ Pa3HOBHAHOCTH
3JIeKTPHUECKOr0 TOKa: 1) NMOCTOAHHBI M 2) mepeMeHHbIH.

IToctosannbim Tokom HasbiBaeTcss TaKOM 3JeKTPUUECKHH
TOK, KOTOPHIl He H3MEHSIETCSl C TeyeHHeM BPeMeHH HH 10
BeJIMYKMHE, HY M0 HaNpaBJeHHIo.

B oTsinuke OT MOCTOSIHHOTO TOKAa nepemeHMbli TOK uaMe-
HseTCA KaK MO0 CBOeil BeJMuYMHe, TaK M MO HaNpaBJeHHIO.
Ec/iu u3aMeHeHHs NepeMEHHOro TOKa NPOUCXOAAT MepuoHye-
CKH, uepe3 OLMHAKOBLIe IPOMEXYTKH BpeMeHH, TO TaKoH me-
peMeHHHIH TOK Has3biBaercss nepuodudeckum. B HekoTOpBIX
OTpacisiX 3JeKTPOTeXHHKH HaXOAAT NpHMeHeHHE U Heme-
puoaMuecKHe NMepeMeHHble TOKH. Tak, HanpuMep, B paauo-
TeXHHKe M TeJeQUHHH YacTO NPHUMEHSIOTCS TOKH, KOTOphble
H3MEHSIOTCA MO BeJHYHHe M HAnpaBJeHHI0 He Yepe3 ONHH H
Te )e MPOMEXYTKH BPEMEHH, 3HAUHUT 3TH NepeMeHHble TOKH
HeJIb3si Ha3BaTb MEPHOAUYECKHMH,

KpoMe MOCTOSIHHBIX U TepeMeHHBIX TOKOB, MOTYT GHITb
TaKkXe TOKH nysbcupyroujue, TO €CTb TakHe, KOTOpble H3Me-
HAIIOTCS MO BeJHYHHE, HO COXPAaHSIOT OJHO U TO XK€ Hanpas-
JIeHUe.

DJleKTpUUECKUI TOK, MPOTEKAaIOUHil B MPOBOAHUKE, HEJb-
351 YBHUAETb HENMOCPEACTBEHHO, HO O €r0 MPHCYTCTBHH MOXKHO
CYIHTb MO TeM Pa3HOOODPAa3HLIM fIBJIEHHAM, KOTOPble OH OKa-
3bIBa€T Ha XKHBble OPTaHH3MBI, Ha 3JEKTPOH3MEpPUTENbHbie
npubopbl, 31€KTPHUECKHe MAIUMHBLI H annaparsl.

18



\ § 7. MATHUTHOE RENCTBME TOKA

' Ecin mapansiebHO ¢ MarHUTHOM CTPeJaKOiH MOMECTHTb
NPOBOAHMK, MO KOTOPOMY MNPOXOAMUT 3NEKTPHUECKHH TOK, TO
cTpesika MOBEPHETCs BOKPYr CBOEH OCH M 3aliMeT mnepreHaH-
KyJsipHOe POBOAHHUKY noJsioxkeHune. [1pu 3TOM cTpenka 3aHu-
MaeT Takoe MOJIOXKeHHe, KOTO-
poe:coBnajiaer ¢ OKPYKHOCTS-
MH, JIEXKAWUMH B IJIOCKOCTH,
neprneHIUKYJIsIPHOH  NPOBOA-
HHKY, KaK 3TO IIOKa3aHo Ha
puc. 6.

Ecid TOK B TNPOBOAHH-
Ke TNpeKpPaTHTCS, MarHuTHas
CcTpeska 3aiMeT cBoe OObIu-
HOe TOoJIoXKeHHe (KOHLbl ee
6ydyT yKa3blBaTb Ha IOT U ce-
Bep). Kak ToapKo TOK moO-
SIBUTCS1 B MPOBOAHHUKE, CTpeJ-
Ka CHOBa OTKJIOHHTCS OT CBO-
ero o6bIYHOTO MOJIOXKEHHS.

OnucaHHOe Bbllle sIBJeHHE
CBHIETEJNbCTBYET O TOM, YTO BOKPYI NPOBOLHHUKA, NO KOTO-
pOMY HAET TOK, HEHCTBYIOT MarHMTHBIE CHJBL IDTH CHJbI
BJIMAIIOT HA MAarHUTHYIO CTPeJKy W 3aCTaBJsIOT ee MOBOpa-
4YHBaThCA.

Puc. 6. HanpaBnenne MaruutHoil
CTpeJIKH, Ha KOTOpYIO BJIMSIET TOK.

§ 8. XMMHYECKOE AEACTBME TOKA

JKuakne npoBOAHNKH Ha3bIBAKOT dsekTposutamu. Ecau B
3JIEKTPOJIUT OMYCTUTb [Ba NPOBOAHHKA H COENHHHTDb HX C HC-
TOYHHKOM TOKa&, KaK 3TO MOKa3aHo Ha pHC. 7, TO 3JIeKTpHue-
CKas lenb, COCTOSILAasl U3 HCTOYHHKA TOKA, NMPOBOAHHUKOB H
XHAKOCTH, Oyaer 3aMKHyTa. Uepe3 3/71eKTPOJIUT MoiileT TOK.

[TpoBoaHMKH, ONYILlEHHbIE B 3/J1EKTPOJIUT, Ha3bIBAIOT 34€K-
rpodamu. TOT 3/IeKTPOJ, MO KOTOPOMY TOK BXOAHT B 3J€K-
TPOJIUT, HAa3bIBAIOT AQHOOOM, a NPYrofl 3JeKTPOJd — KATOOOM.

Ilpu npoxosKaeHUH TOKa BHYTPH 3JeKTPOJHTA OT aHOAa
K KaToLy paculeiyieHHble YacTH MOJIEKYJ — HOHbl — 6yayT
nepeMellaTbCcsi B MPOTHBOMOJOXHBIX HalnpassaeHusx. Ilodo-
JKUTeJIbHble HOHBI NlepeMellaoTcsi K KaTody, a OTPHLATeNb-
Hble — K aHoAy. IIpeanosioxuM, 4To 3/€KTPOJSHTOM CJYIKHT
pacTBOp COJITHOH KHC/IOThl. XMMHuecKasi Gopmyna cofsHoil
gkucaotel — HCI. B pacTtBope MoJIeKYJibl COJNSTHOH KHCJOTHI
pacnajnaloTcs Ha MOJIOXKHTE/bHbie H OTPHUATENbHble HOHHI.
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Ecnu yepes Takoii pacTBOp MponycKaTh TOK, TO MOJNOMKH-
Te/bHble HOHbl HAaNpaBATCs K KaTOAy. DTH MOJOKHTENbHbIE
MOHBI HasbiBalOTCs KaTuoHamu. OTpHLATeNbHble HOHBI MOH-
AyT K aHoay Mx npuHATC HasbiBaTb aHuoHamu. KaTHOHBI
3/1eKTPOJINTa COJISIHOM KHCJIOTHl OTKJ/aAblBAIOTCS Ha KaTole
u 06pa3yior ra3 — sopopon (Hj), aHuoHbl OoTKnNaabBalOTCA
Ha aHo/e u o6pasyior gpyroit raz — xyaop (Cly). Takum 06-
pasoM, JAeficTBHE 3JEKTPHYECKOr0 TOKa BBIPA3WJIOCh B TOM,

| i | 3
R § QU | I
-’
Tok 7 ]
Puc. 7. Tlpoxoxnae- Puc. 8. Xumuueckoe
HMe  TOKa  uepe3 JedcTBHe TOKa:
31€KTPOJIUT:
1 — aHop; 2 — KaTonh; 1 — anHon xaopa (Cl); 2 —
3 — 3JeKTPOJIHT, MoJieKyna COJNAHOR  KHC-

aotel (HCl); 3 — xatHOH
Bogopona (H).

YTO COJISTHAsi KUCJIOTa pasjieinyiach Ha CBOH COCTaBHbIE YACTH
(puc. 8).

Takoe xumMuyeckoe passoxeHue 371eKTPOJUTOB MO BJIHSA-
HMeM 3JEeKTPUUYECKOro TOKa Ha3biBaloT 3aexkTposusdom. Hano
0o6paTUTb BHHMaHHUE Ha TO OOCTOSTENbCTBO, YTO MPOLECCHI
NPOXOXKAeHHs 3JeKTPUUECKOro TOKa B 3JEKTPOJHTE H B Me-
TaJJIMueCKMX NPOBOJHHKaxX oTauuaircs. Eciu B Metamnunye-
CKHX NPOBOAHHKAX MEPEMEILaloTCs TOJbKO OTPHUATeNbHbie
3apslbl, TO B 3JEKTPOJHTAX B IPOTUBOMNOJIOXKHLIX HampasJe-
HUSIX MepeMellaloTCs KaK IOJIOXKHUTeIbHble, TaAK M OTpHLA-
TeJIbHble 3apsabl.

§ 9. TENNOBOE AEWMCTBUE TOKA

[TpoxoxaeHHe 37€KTPHYECKOrO TOKA B NMPOBOLHHKAX CO-
NPOBOX/aeTcs BblAeJeHHeM Tela.
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DHepryus 3/JeKTPHUECKOTrOo TOKa B NPOBOJHHKE MepPexOoAuT
B TeIJIOBYIO, U MPOBOAHUK HarpeBaeTcsi A0 ONpeJeseHHON
TeMnepaTypbl, COOTBeTCTBYolleli cuie Toka. Cnoco6HOCTb
TOKa HarpeBaThb NPOBOAHHMKH UIHPOKO MCIOJb3yeTcs B 3JeK-
tporexHHKe. OJlHO U3 nepBbLIX U HanboJsiee PacnPOCTPaHEHHbIX
NpHMeHeHU HarpeBalollefi CIOCOOHOCTH TOKa — 3TO 3JeK-
TpHYecKoe ocBelleHHe. [l MCMONb30BaHUS TenJa, Bblaelsi-
€MOro TOKOM, CO3/laHbl TaKXe 3JeKTpPHYecKHe HarpeBaTe/ib-
Hble NpUOOpHL.

Hannune Toka B NPOBOJAHHMKE MOXKHO YyCTAHOBHTb IO €ro
HarpeBaHHUIO.

§ 10. AEACTBME TOKA HA XXMBBLIE OPrAHWU3MbI

[Tpu obpaileHHn Cc 3/MeKTPHYECKHM TOKOM He CJelyer
3a6bIBaTh, YTO AelCTBHME TOKAa Ha XXHMBOH OPraHU3M YacTo
6biBaeT BecbMa omacHbIM. IIpH MpPHKOCHOBEHMHM K He3allH-
LEHHbIM H30J/15ILHeH TOKOHECYLIMM NPOBOJAHHKAM MOTYT IO-
JYYUTbCS 3HauuTesabHble 0xord. Ho nefictBie Toka Ha ueso-
BeKa 3THM He OrpaHUYHBaeTCs.

Tok neficTByeT Ha HEpPBHYI0 CHCTEMY H MOXeT ObITh
omacHBM aas xu3HU IlostoMy npu ob6paieHun
C TOKOM Bcerfa ciefyer co6/io0[aTbh NpaBujia TeXHUKU Ge3-
onacHoctd. [y onpejesieHUsi HaJUYHs TOKa HALo I0Jb30-
BaTbCsl U3MePHUTEJNbHbIMH NPHGOPAMH K He NPHKacaThCs To-
JBIMY PyKaMU K IpoBoJaM.

Ecnu Bo3HHKaeT HeOGXOAHMOCTb NMPHKOCHYTbCS K MpoO-
BO/aM, B KOTODHIX €CTb TOK, TO Clie[lyeT HaieBaThb Pe3HHOBbIE
nepyaTkd M rajowiu WX CTAaHOBHUTbCS Ha PE3NHOBBIE H30JIH-
pylolye KOBPHKH.

§ 11. CHNA TOKA

O neiicTBUM 3J1eKTPHYECKOTO TOKAa MOXKHO CYAMTb MO €ro
cuse.

Cuna TOKa 3aBHCHT OT TOTO KOJIMYECTBa 3JIEKTPHUECTBA,
KOTOpOe 3a AaHHbIH NPOMEXYTOK BPEMEHU MPOXOLHUT yepe3
[onepeyHoe ceueHHe NPOBOLHHUKA.,

Tok uzmepaeTcs KOAUHECTBOM IAEKTPUYECTBA, NPOX0Os-
wum 4epe3a nonepeuroe cederue NPOBOOHUKA 3a OOHY Ce-
KYHOY.

O KosMuecTBe 3JEKTPHYECTBA MOXHO CYAHTb MO CYyM-
MapHOMY 3apsily BCeX 3J/1eKTPOHOB, MepeMellaloIHXCsa B
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npoBonHuKe. Il H3MepeHHs KOJHYeCTBa 3JIeKTPHUECTBA
NpHMeHsieTCs eAHHHUA, KOTOPYIO Ha3blBAIOT KYJLOHOM.

3apsad 8 1 kyason pasen 3apsady 6,25 10'8 azexTporos.

Ecnu Tok 0603Hauuth GYyKBOH /, KOJHUYECTBO 3JIEKTPH-
yectBa 6ykBoit Q ¥ BpeMs, 3a KOTODPOE 3/E€KTPHUECKUi 3a-
psil mpollles yepe3 JaHHOe ceueHHe NMPOBOJHHKA,— f, TO CH-
Jy TOKa MOXHO MOJIyUYHTb, pa3fie/iMB KOJHYECTBO 3JEKTPH-
yecTBa Ha KOJHYECTBO CEKYH[

/=2

T

Cuiy TOKa MOXXHO ONpede/HTb, H3MePsisl ee B ONpeeneH-
HBIX eJHHHLAX, NOAOOGHO TOMY, KaK BeC M3MepsiloT B KHJO-
rpaMMmax HJHM AJHHY B MeTpax. [ljis U3MepeHHUsl CHJIBl TOKa
CJYXKHUT ClelrabHas elMHHULA H3MepeHUss — amnep.

Amnep — 3T0 Takasa cuaa TOKA, npu KOTOPOU 4epe3 no-
nepe4Hoe cedeHue NPOSOOHUKA 8 TedeHue OOHOU CeKyHAbl
npoxoour 00U KYAOH 3AEKTPUHECTEA.

TakuMm o6pasom,

la=1-—.

Kynon o6o3Hauaior GykBo#i k¥, a amnep — 6ykBoii a. Ta-
KHM o6pa3oM, BMecTO TOro, 4To6bl HamUcaTh, 4YTO CHJIA TOKA
paBHa 3a, npuUHATO 0603HAYaTh TaK:

I =3 a.

Hns H3MepeHHsi CHJIbl TOKA YacCTO NMOJb3YIOTCS eJHHHIa-
MH, COCTaBJFIOIIHMH OAHY THICSIYHYIO HJIH OLHY MHJIIHOH-
Hylo yactb amnepa. OpHa ThicsiyHas YacTh aMmmepa Ha-
3plBa€TCSl MHJJIMaMNepoM, a OJHa MHJIJIHOHHAsi — MHKpO-
aMnepomM.

CaepnoBarennto, 1 a = 1000 Munnunamnep (na), ala =
=1 000 000 Mmukpoammnep (mxa).

Ecnu TOK npoxoauTt yepes 3JMeKTPOJHT, TO OH BbifeJsieT
H3 Hero BINOJIHE onpeje/ieHHOe KOJMUYeCTBO BellecTBa. ITO
KOJIHYECTBO BelllecTBa TeM OoJiblle, yeM 6oJjblie cHJa TOKa
M BpeMsi NIPOXOXAEHHUs TOKa uepe3 3J1eKTPOJIHT.

Cusa TOKQG O0UH amnep npu npoxoxdenruu d4epe3 pa-
CT80P A30THOKUCA020 cepebpa 8 800e 3a OOHY CeKYHAY Bbi-
Oeaser 1,118 muaruepamma cepebpa.

KoJsnuecTBO BelllecTBa, BblAeJgsieMOe TOKOM CHJOH OXMH
aMnep M3 TOTO MJH HHOTO 3/EKTPOJuTa, GblBaeT Pa3Hoe H
HA3bIBAETCA IAEKTPOXUMUHECKUM 3KBUBAAEHTOM BeUiecTsa.
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Tak, HanpuMep, 3/J1eKTPOXHMUUYECKHHI SKBHBaJeHT cepebpa
paBen 1,118 me, meau —0,3294 me u T. I.

Cnoco6HOCTb TOKa BBIAENSTh H3 PACTBOPOB MeTaJlJIbl LIH-
POKO HCNOJIb3YeTcsl B TeEXHHKe [JIA cepeGpeHus, HUKeNHpoBa-
HHSl, 30JI0YEHHS M TMOJyYeHHs TOUHBbIX KOMHH ¢ pasHbix ¢u-
ryp. [TokpeiTHe KaKHX-1160 MeTas/ioB TOHKHM CJOEM Lpyro-
ro MeTajJa HasblBalOT 2aab8anocTezuell, NOJyyeHHe KOMHM
3JIEKTPOJIM30M HA3bIBAIOT 2AAb8AHONAACTUKOL,

Npumep 1. 3a mosuaca yepes JaHHOe NMOMepeYHOe CeueHHe MPOBOA-
HuKa npouio 3600 k saekrpuuectBa. Heo6xonuMo omnpelenuTb cHAY TOKa
B NPOBOJHUKE.

Pemenne Culy TOKa MOXHO ONpelesHTb mo ¢opmyJe:

1=3.
Beuay Ttoro, uto B dopMmyJse BpeMs £ Hano 6paTh B CeKYHAaX, CHa-
yaja onpefenuM, CKOJBKO CeKYHA B ToJydace:

60 X 30 = 1800 cex.
Tenepb HaiifieM CHJIY TOKa

Mpumep 2. Onpenennts, KAKOE KOJHYECTBO MeNH BHIIENHJIOCH H3 pac-
TBOPa MeJHOr0 Kylnopoca, eCJlH 4Yepe3 Hero NMPOXOJAHJ TOK CHJIOH 5 @ Ha
npoTsiKeHuu 10 mun.

PeueHue BpeMa npoxoxaeHHs TOKa B CeKyHAax

60 X 10 = 600 cex.

KonnuecTBo MeAH, BHe/HBILeeCs H3 pPacTBOpA, OnNpeledseTcs Mo
dopmyne
q = kIt,

rje ¢ — KOJIHYeCTBO MeJH, M3;
k— SJ'leKTPOXHMH'-leCKHﬁ 3KBHBAJIGHT MelIH,
I — cuana Toka, a;
t — BpeMsl IPOXOX/JEeHHS TOKa uepe3 pacTBop, ceK.
IMoncrasum BMecTo 6yks UH(DH, KOTOPHe AAaHH B NPHMepe, H MOA-
CYHTaeMm

g =0,3294 X 5 X 600 = 988,2 sz ~ 1 a.

TMpumep 3. [Ise MeTasnHyeCKHE JIOXKKH OMYLIEHH B 31€KTPOJIHTHYECKYIO
BaHHy c PacTBOPOM a30THOKHCJOro cepe6pa. [TosqHas NMOBepXHOCTb Kax-
Boft noxku paBHa 1 Om? UToOH MOKPHITBL JIOXKKH CloeM cepebpa, Yepe3
SJIEKTPOJIUT NPONYCKaeTCs TOK B TeyeHHe 3 4. [InOTHOCTh TOKa paBHa

2
0,5 a Ha | dm2. Ypenbublit Bec cepeSpa 10,5 Pyl

Kako#i TOMUHHBI CI0/ cepe6pa OTMOXHTCA Ha KaXKIOR JIOXKKe 3a
8 4 paGoTHl 3JIeKTPOJHTHYECKON BaHHBI?
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Pemenne O6uas niomanb NOBePXHOCTH ABYX J10XKeK
I X2=2 0m® =200 cu?
Tok, npoxoasuuh uepes o6e JIOXKKH,
I=05%X2=1 a

Bec cepe6pa, KOTOpOe BBIAEIHJOCH HA JIOKKAEX 3a 3 4,
g =~Fkit =1,118 X 1 X 3600 X 3 = 12074,4 mz =~ 12e.
O6bem Bcero cios cepeGpa omnpefensieM, pasfieaus Bec cepebpa,
Bbljle/IHBIIErocs Ha JIOXKKax, Ha ero yJAejIbHblA Bec:
12:10,5 = 1,14 cMd,
Tonwuna cios cepe6pa moJayyutcsi, ecau 3TOT o6beM pasjesiuTh Ha
MOJIHYIO NMOBEPXHOCTb ABYX JIOXeEK:

1,14 :200 = 0,0057 cm = 0,057 mm.

§ 12. SNEKTPOABMMKYLWAS CHUMNIA M HANPSYKEHMUE

ONEeKTPHUUYECKHI] TOK MOXET MOSIBUTbCS B [POBOAHHKE
TOJIbKO B TOM cJyuyae, eCJu Ha OJHOM KOHLEe NPOBOAHHKA
HMeeTcsi U30bITOK 3JIEKTPOHOB, a Ha APYroM — UX Hejocra-
ToK. OueBH/IHO, TAaKOE NMOJIOXKEHHE He MOXKeT BO3HHKHYTh ca-
Mo no ce6e. Jast Toro uTo6bl B NPOBOAHHKE MOSIBUIACH Onpe-
JeJleHHass PasHOCTb B pacnpejeseHuu 3JeKTPOHOB H UTOGHI
3Ta Pa3HOCTb BCe BpeMs 110 AePKHBagach Ha Ollpefe/eHHOM
ypOBHe, He0OXOAMMO, uToObl Ha KOHLAX NPOBOAHHKA Aeli-
CTBOBaJla 3JIeKTPUuecKas CHJa, 3aCTaBJASIOWAs MEKTPOHbI
IBUTaTbCsl BCe BPeMsl B OJJHOM HalpaBJIeHHH.

DJieKTpHUECKHH TOK M NOALEPKHBaHHE ero NPOXOXKAEHHUs
B 3JIEKTPHUECKOH LleNH Ha NMPOTSKEHUH ONpefesieHHOro Bpe-
MEHU BBI3bIBAETCA JAEKTPOOBUXCYyuweli Cusoli UCTOYHUKA
3AEeKTpU4ecKOl 3Hepeull.

B 3/7eKTpoTeXHHKe NPHHATO 3JEKTPOABHXKYILYIO CHJAY
0603HayaTh 6ykBoil E. OueHb 4acTO Ha3BaHHE «3JEKTPOILBHU-
JKyllasi CHJIa» COKpalleHHO 3alHChIBAIOT TpeMs HayaJb-
HbIMU GyKBaMHM 3THX CJIOB B TaKOM BHIe: 3. L. C.

DJyieKTpUUeCKHe yCTPOHCTBa, KOTOpble CO3Aal0T 3JeKTpo-
IBYXYILYIO CHTY U NMOAJEPKHUBAIOT TOK B 3JIEKTPHUECKOH ILie-
IIH, Ha3bIBAIOT UCTO4HUKAMU dAEKTPpULecKOoll 3Hepeun. B ajek-
TPOTEeXHHKe NMPHMEHSIOT DPa3Hoo6pa3Hble HCTOYHHKH TOKa:
3JIeKTPOXMMHUECKHE, 3/IeKTpOMexaHnyeckne H Apyrue. Heko-
TOpBbie UCTOYHHKH TOKa H HX YCJOBHBle 0603HaueHHsl NpHBe-
neHbl Ha puc. 9. MIcTOUHUKM TOKa SBJSIOTCSA COBepLIEHHO
HeoGXGAHMOH YacTblo AeHCTBYIOUIEH 3JeKTPUYecKO# ILelnH,
TaK KaK TOJbKO OHH MOTYT cO3[1aBaTb Ty Pa3HOCTb yPOBHeH
3JIEKTPHUECKOT0 COCTOSIHUS L(eMNH, KOTopasi 3acTaBJseT 3JeK-
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TPOHBI NepeMeLiaThesl B 0HOM HanpasJenun. [logo6Ho Tomy,
KaK BOZa MOXET Teub TOJbKO C 6oJsiee BBICOKOrO MecTa Ha
6oJlee HU3KOe, B 3JEKTPHUECKOH Lenu TOK OyaeT LHUPKYJIH-
poBaTh JHUWb NpPH HAJHYUK Pa3HOCTH 3JEKTPHUYECKUX YPOB-
HeH KaK BO BCeil Lemy, TaK ¥ Ha OTJe/bHHIX ee yuacTKax.
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Puc. 9. MlcTouHHKH TOKa M X YCJIOBHble 0603HaueHHS:

a — AKKYMYJATOp, 6 — reHepaTop MOCTOSAHHOIO TOKa; 8 — TeHepaTop MNepeMeHHOro
TOKa.

ATy pa3HOCTb 3/J1eKTPUYECKUX YPOBHEH HA3BIBAIOT PAZHOCTHIO
SAEKTPULECKUX NOTEHYUANOS.

Ecny MCTOUHUMK TOKa BKJIOYEH B 3JEKTPHUECKYIO Lenb,
TO Pa3HOCTb INOTEHUHAJNOB Ha €ro 3a)uMax, T. €. B TOM
MecTe, T'le NIPHCOEJUHSIOTCS K HeMy o6a KOHIa BHellHeH
3JIEKTPHUECKO! Lenu, Ha3bIBalOT Hanpaxceruem. Hanpsike-
HHe Ha 3a)XUMax HCTOYHHKA TOKa He/b3sl CMellNBaTb C ero
3JIEKTPOJBHXKYILEH CHJIOH, KOTOPYIO MOXKHO U3MEPHUTh Ha TeX
JKe 3a)XHMMax TOJbKO TOr[a, KOT[a BHEIIHSsS 3JeKTPHYecKas
nenb pa3oMkKHyta. B otsainuue ot 3. 4. ¢. HanpsixKeHue 0603-
HayaloT 6ykBon U.

D.o.c. MoxeT 6GHITb ONNpeneNeHa Kak nouJ-
Hasi DPa3HOCTb NMOTEHLHAJOB, KOTOpPYW THoO-
JYYalT Ha 3aXHUMaxXx UCTOYHHUKA dJeKTpHYe-
CKOH HepruH, Korgia OH He BKJIOYEH B L[ e€Nb,
HanpsaxeHue Ha 3aXxHUMax HCTOUYHHKA 3J€K-
TPUUYECKONW OSHEepPruu MOMXHO ONpeNeJUTh,
ec/M K HeMy NOAKJIOYeHAa BHEWHSAS LeNb,
co3gamwmas KaKYI-TO 3JeKTPHUYECKYI0 Ha-
rpysKy.

Ecau paccMarpuBaTth He BCIO 3JIEKTPHYECKYIl0 Lelb, a
TOJIBKO OTAEJbHLIH €e y4acTOK, TOK B HeM IpoxoiuT Gjaro-
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Japs HaJHUYHIO PA3HOCTH TOTEHUHAJOB Ha KOHLAX 3TOrO
y4acTKa.

TakuM 06pa3oM, MOKHO FOBOPHTb HE TOJILKO O Hamps-
KEeHHH Ha 3a)KMMaxX HCTOYHHKA TOKAa, HO U O HANpPSXKEHHH
Ha 3a)KHMax TOro MJIM HHOTO yYacCTKa 3JeKTPHUYECKOH LeMH.

§ 13. CONPOTMBNEHME NPOBOAHUKOB

ONIeKTPOHBI B Npoliecce ABHXKEHHs CTAJKHBAIOTCH C aTo-
MaMH H NPH CTOJIKHOBEHHH TePSIOT YacTb CBOel 3HeprHu.

B pasnnuHbIX MeTaJJIMueCKUX NMPOBOJAHHKAX aTOMBI pas-
MelIeHbl NO-pPa3HOMY, MOSTOMY 3JIEKTPOHBI, MepeMellasch
MeXAy HHMH, BCTPe4aloT pa3Hble NpenstcTBUsA. TakuM ob6pa-
30M, NPOBOAHHKH NMPOMYCKAIOT 3/ME€KTPHYECKUH TOK C HEKOTO-
PHIM CONPOTHBJIEHHEM, KOTOPOE Ha3bIBAETCH CONPOTUBACHUEM
nposodHuka.

Ho He TonbKO OT MaTepuasa NMPOBOAHHMKA 3aBHCHT €ro
conpotus/ienne. OHO TaKKe 3aBHCHT OT ero pa3MepoB H TeM-
nepaTyphl Harpesa.

ConpoTHBJeHHEe NMPOBOAHHKA, HU3TOTOBIEHHO-
ro H3 TOTO HJHM HHOTO MaTepHajsa M HMeEIOIero JJAHHY
OLUH MeTp IpU NJoOUaAU NONEPEYHOTO ceye-
HHA OAUH KBaJApaTHB MHJJHMETpP, Ha3bBAIOT
ero ydeabHbim conporusseruem u o6o3HaualoT GYKBOH p.

Ecnu u3BecTHH yAesnbHOe COMPOTHBJIEHHE NMPOBOAHHKA P,
€ro AJMMHa ! H mJoIaAb NONepPeyHoro ceueHus S, To MoJHOe
CONpOTHBJIeHHe R MOXHO onpenesnuTb No ¢GopmyJe

R=p-§-.

EnvHunei M3MepeHHs CONPOTHUBJIEHHs NMPOBOLHHKA CJY-
KHT oM. DTy eAMHHLY H3MepeHHs 00603HauyaloT rpedyecKoi
6ykBo# §2 (oMera) MM MUIUYT NO-PYCCKH— OM.

OnuH OM—>3TO TaKoOe CONPOTHBJEHHE,
KaKoe HMeer PpTYTHHH CTOA6 BHCOTOM#
1063 cm cmonepeyYyHblM ceyeHHEM, PaBHBI M O1-
HOMY KBaJApPaTHOMY MUJAJHMETPY, NPH TeM-
nepartype 0°

Hs npuseneHHoit ¢popMyJabl BHAHO, YTO CONPOTHBJIEHUE
npoBoAHHKA TeM OGoabiue, ueM Oouablle ero aauHa. OHo
yMeHblIaeTcs, ecld NPOBOJAHHK BHIGpaTh ¢ 60JbLIOH MJIO-
1maaplo- nonepeunoro. ceyenus. ConporuB/ieHHe 3aBUCHT OT
MaTépuana NnpoBogHHKA .M Oyler. Gosblle..y NPOBOAHHKA,
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ylenbHOe CONPOTHB/IeHHe KoToporo Goabue. Taxkum obpa-
30M, CONPOTUBACHUE NPOBOOHUKA MPAMO RPONOPYUOHANLHO
€20 0iuHe u YyoeabHOMY CONPOTUBAERUIO u 06pPATHO nPoOnop-
YUOHAALHO NAOWAOU €20 NONePeuHo20 Ce4erus.

Mbl paccMaTpHBaJu CONMPOTHBJAEHHe MPOBOAHMKA Kak
NpensiTcTBHE, KOTOPOe CO31aeT NMPOBOJHHK 3JIEKTPHUECKOMY
TOKY.

Ho Bce-taku Tok mo npoBogHuky npoxoaut. Caenopa-
Te/NbHO, KPOMe CONpPOTHBJIEHHs, NMPOBOAHHK HMeEeT TaKxe
crnoco6HOCTb NMPOBOAUTH 3JEKTPHYECKHH TOK, TO ecTbhb ob.a-
aeT nposoouUMOCTbIO.

Yem GoJiblile COMPOTHBJIEHHE NPOBOJHHKA, TeM MeHbllle
€ro NPOBOAHMOCTbD.

U, Hao6opoT, yeM MeHblle CONPOTHUBJEHHE OH HMeerT,
TeM 6OJIbIIHI TOK NMPOXOAHT MO 3TOMY mnpoBonHHKy. Caeno-
BaTeNbHO, TaKOH NMpPOBOAHHK o6sanaer 6oJblied NPOBOAH-
MOCTbBIO.

[TosToMy conpoTHBleHHe M NPOBOAHMOCTb MPOBOAHHKA
SIBNAIOTCS OGPaTHBIMH BEJHYHHAMH.

Tak kak conpotuBiaeHne o6osHauaercs OyKBoii R, To
NPOBOAHMOCTb ONpejessieTcsl eduHHMLeH, AeJeHHOH Ha cor-
potuBJenue R

B cooTBeTCTBHM ¢ 3THM BeJHYHHA, O6pPaTHAst YAEeNIbHOMY
CONpPOTHBJIEHHIO, HA3bIBAaeTCsl YOEAbHOU NPOBOCUMOCTHIO.
B HekOTOpBIX c/ayuasix pacyeThl 3/JeKTPHUECKHX Leneil yno6-
Hee BbIMOJIHATH, UCXOAS M3 NPOBOAHUMOCTEH BeTBel, COCTaB-
JISIOIIHX LeNb,

Ecsiu TeMnepatypa NnpoBooHHKA YBeJHYUBAeTcs, TO CKO-
poCTb IBHI)KEHHS! 3JIEKTPOHOB BHYTPHM HEro BoO3pacTaert, a
3HAUHMT M CTOJIKHOBEHHe MeXI1y HMMH 6yaeT uyauie. ATO CBH-
JleTeJbCTBYeT O TOM, UYTO CONPOTHBJEHHE MeTaTHUECKHX
NPOBOJHHKOB C NOBLIUIEHHEM HX HarpeBa YBeJHUHBaercs.
ConporusjieHne XHUAKHX NPOBOJHHKOB, Yriis H HEKOTOPHIX
CrNJ1aBOB NMpU HarpeBaHHH, HA060POT, YMeHbIIAETCH,

Bennunna, nokasbiBaioluasi, Kak H3MEHsIeTCs COMPOTHB-
JleHHe MPOBOJHHKA NPH HarpeBaHWHW ero Ha 1°, HasbiBaercs
TemnepatypHolm Ko3(PuyueHTom NAHHOTO MaTepHada H
o6o3Hayaercs rpeueckoi 6yKBo# a.

Ecnu Ham u3BeCTHO CONPOTHBJEHHe MeTaJJHYeCKOro
NpoBOAHMKA [0 HarpeBaHHs R;, Ha CKOJNBKO rpanycos
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NPOBOAHMK HArper U ero TeMnepaTypHeiii Ko3dpduumeHT, TO
COMNPOTHBJIEHHe 3TOrO MNPOBOAHUKA R, mocje HarpeBaHHs
MOXXHO ONpelesuTb, MOJb3YACh caenyloulell GopMyJoi:

=R/ [1 +a(ta—1)]

B stoit dpopmyne {, — Temnepartypa npoBOAHUKA A0 HA-
rpeBaHus U fy — TeMmepaTypa ero rnocjae HarpeBaHHUs.

Huxe npuBoantcs tabsauua, B KOTOPO# aHbl 3HaYeHHs
yAeJNbHOTO COMNPOTHBJIEHHSI W TeMIlepaTypHble KO3(dPHUHEH-
Thl HEKOTOPBIX MaTepPHaJoB.

Tabauya 1

YaeabHble CONPOTHBIAEHHS H TeMnepaTypHbie KO3(HUHEHTB MaTepHaaoB

Y nennHoe Temmnepatyp-

HanmenoBanue matepuana conporuB- |HBIK KO3(HILH-
JeHue P eHT O

Memsb . . . . .« . . . . . . . 0,0172 0,00393
AnoMunuh e v e v v« . . . ] 0,028 0,040
Cranb . . . . « « « . .« ... 013 0,00625
CaHuHen, e e e e e e e e e . 0,222 0,00387
Hukeann ., . . . . . . . . . . 0,42 0,0002

Mpumep 4. Jdauna mMenHoit npoBosioku ! =0,2 km, nuametp d = 2 mm.
Heo6xoaumo onpeneinTb conpoTHBJEHHe 3TOH NPOBOJIOKH.
P e e H ue. ConpoTusieHne onpelensieM no popmy.e

R=p3
[1o1uaab MoNepeuHoro ceueHHsi NPOBOJIOKH
nd? 3,14.23 2
S= = i = 3,14 um2

YnenabHoe conpoTusaeHne Mean P = 0,0172.
[ToncraBus uucna smecTo 6yKB B (GOpMyJay AJad ONpelesieHHs com-
pOTHBJIEHHA R, momyuum

200
R=0,0172 X 314 =1,11 on

Mpumep 5. [Ins H3rOTOBJNEHHS peocTaTa ¢ CONMpoTHBJeHHeM 100 om
33511 HUKEJHMHOBYIO TNPOBOJIOKY (yZAe/sbHOe CONpoTHBAeHHe PO = 0,42)
auametpom 0,5 mm. Kakodt no/xHa GbITh AJIMHA MPOBOJIOKH AJIA peocraTar

Pewenue.

S=—=-’————0 196 mm2.

IlnvHy NPOBOJIOKH OnpefenuM U3 popmyasl R = PS>
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OTKyZa

Tipumep 6. ConpoTusieHue 1 kx cTasbHOrO NpoBOAA ANAMETPOM 4 AM
npu temnepatype 15° pasHo 10 ox. Haiitu conpoTusiienye sToro npososa
npu temneparype 0°.

Pewmenue Hosoe conporuBneHue HaiiseM no ¢opmyse

Re=Ri [l +a(ts —H)l
Temnepatypublit Kospduunest cramu o = 0,00625,
Ry =10 om, t; =0° t; = 15°
TMoncrasum 5TH sHaueHHs B GOPMYJy U HailleM
R, =10[1 + 0,00625 (0 — 15)] =9 ox.

Mpumep 7. Tlepen BkMIOYeHHEM 3/MEKTPOMALUHHBI CONPOTHBJEHHE ee
o6MOTOK BO36GYyXXAeHHA MNpH TeMIepaType OKpy:Kalollero Bosayxa 20°
6bii0 paBHo 100 om. B npouecce paGorbl MaIlHHBI 3TO CONMPOTHUBJEHHe
crano 120 om. OmpenennTh, 40 KaKoil TeMmepaTypbi HarpejHch 0GMOTKH

PemeHnnue.

R, =100 om, Ry =120 om, t; = 20°

TemnepatypHuifi KospduunedT o aas MeAHoil nmpoBosoku paseH 0,004.
[MoacTaBHM 3TH 3HaueHus B GopMyJay

Ra=Ri[l +a(ts—#); 120 =100[1 -+ 0,004 (£, — 20°)],

OTKyAa TeMIepaTypa, A0 KOTODOH Harpe/ucb OOGMOTKH BO30YyXKIeHHsH
9/1eKTPOMAaLIHHHL,

§ 14. EAMHMLLDI USMEPEHMA 3. A. C. U HANPSYKEHUS

Jns usmepenus BeJUUUHBl JAEKTpoO8uscywjels cuasl, a
TaKXe HanpPAXCeHUs u pPAa3HOCTU NOTEHYUAA08 B 3JEKTPO-
TeXHHKe MPUHATO MOJb30BaThCsl €NMHHIlEH, KOTopasi Hasbl-
BaeTcs 8046T. DTy eAUHULY 00603HauawT GYKBO# 8.

OavH BOJABT—O3TO TaKasd 3 M4 C WIH HaT-
psiXeHHe, NMPH KOTOPOM B ILeNH C COMPOTHB-
JeHHEeM OAUH OM yCTaHaBJIHMBaeTcd TOK CH-
JOH OAHH a.

Boabliye BeJWYHHBl 3. A. C. U HaNpSsKEHUs H3MepsioT
e[lMHHULel, KOTopasi B Thicsuy pa3 Gosblie BOJbTA, U Ha3bl-
BaioT ee Kua08046T (k8). OueHb MaJble 3. A. C. U HampsixKe-
HUS TIPUHATO H3MEPSATb B MUAAUBOALTAX (M8), TO €CTb B ThI-
CAYHBIX JOJSIX BOJIbTA, HIH B MHKPOBOJbTaxX (MK8), COCTaB-
JISIIOLMX MUJITMOHHYIO 4acTb BOJIbTA.
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§ 15. 3AKOH RXOYna — NEHUA

ITpeononeBass conpoTHB/eHHe MPOBOAHHKA, 3JEKTpHUe-
CKHH TOK BBHINOJHsSET paboTy, B mpolecce KOTOPOH B Mpo-
BOJHHKe Bbllensiercsi Tem1o. CBoGOLHBIE 3JEKTPOHBI MPH
CBOEM [BHKEHHH CTAJKHBAIOTCS C aTOMaMH H MOJIeKyJaMH,
M IPH 3THX CTOJNKHOBEHHSIX MeXaHHYecKasi SHeprus ABHXKY-
IIHXCA 3JIeKTPOHOB NpeBpallaercsl B TEMJOBYIO.

3aBHCUMOCTb TEIIOBOH 3HEPTHH OT CHJBl TOKa B Ipo-
BOJHHKe onpejessiercs no 3akoHy Ixoyas—dJlenna.

IIpu npoxosdeHnuu 3reKTpu4ecko20
TOKQ no npo8OOHUKY KOAUYECTBO Tenaa,
8bL0ens1eM020 TOKOM 8 NPOBOOHUKe, npA-
MO NPONOPYUOHAALHO cUne TOKQA, 83ATOU
80 8TOPOL CTeneHu, 8eAudUHe CONPOTUE-
AeHUus NpoBOOHUKA U 8pemenu OelcTeusn
TOKQ.

Ecnn konuuecTBo Tensa 0603HaYHTDb
6ykBoii Q, cuiny TokKa B @ — /, conpoTuB-
JeHHe B om — R ¥ BpeMsi B cex — {, TO

Puc. 10. Tpezo- MaTeMaTH4YeCKH 3TOT 3aKOH MOXKHO
XpaHHTeJIH: NnpeacTaBUTh TakK:

I—KOHTaKTHLIEe KOJ-

navyku; 2—CTeKJsH- Q = 0,24I’Rt.

Hasa TpyOka; 3 —

ToHKad  mposonod: Ilpu stom KoauuecTBO Temsa Q mo-

Jyuntcs 8 maavix Kaaopusax *, Koadpou-
uueHt 0,24 B popmyse GUrypHPYeT MOTOMY, UTO TOK CHJIOH
1 a B npoBonHUKe ¢ conpoTuBjeHueM 1 om 3a 1 cex BhIe-
asier 0,24 Manblx Kajgopuii TemJa.

Manas KaJopusi C1yXUT eJUHHLEN 1Js H3MepeHHUs KOMH-
YyecTBa TemJja.

Urak, tensio Bcerga BblaensieTcsl B IPOBOJHKKeE, KOrla B
HeM npoxoauT Tok. OQHaKo upe3MepHbIl HarpeB NPOBOLHH-
KOB M 3JIEKTPOTEXHHYECKHX YCTPOHCTB HOMYCKaThb HeJb3d,
TaK KakK 3T0 NpuBefleT K UX noBpexieHuo. OcobeHHO ona-
CeH NeperpeB NPH KOPOTKOM 3AMbIKAHUU np080008, TO ecThb
NpPU 3JeKTPHUYECKOM COeJUHEHHH NMPOBOLHHKOB, NOABOASIIHX
3JIeKTPHYECKYI0 IHEPTrui0 K mnortpeburenmo. Ilpn KOpoTKOM
3aMBIKAaHHM COMPOTHBJIEHHE OCTAIOLIMXCA NMOX TOKOM MpoO-
BOJHHKOB HHYTOXKHO, TOK HM3-3a 3TOro JOCTHraer 60J/bLIOH

.

* Tlo 'OCT 9867—61 enunuua TenaoTel — Axkoyab (Gc) : 1 O =
= 0,239 xaa.
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BEJIMYMHBI, H TETJ0 BbIAENSEeTCS B TAKOM KOJHYecTBe, KOTO-
poe BLI3LIBaeT aBapHIO.

HOas npemoxpaHeHHs OT KOPOTKHX 3aMbIKaHUH M upe3-
MepHbIX NeperpeBoB B LieNb BKJIOYAIOTCS AE2KONAABAUUECH
npedoxpanutesu. OHH npeicTaBasioT co6oil He6oJibllHe
KYCKH TOHKOH IIPOBOJIOKH W/ IJIACTHHKH, KOTOpHIe Iepero-
paloT KaK TOJMBKO TOK JOCTHUraeT ONpejeNeHHOH BEJIHUHHBI
(puc. 10). BuiGop niaBKHX NpegoXpaHHTeNell NPOH3BOAUTCS
B 3aBHCHMOCTH OT IIOINAAH CeYeHHs NPOBOJAOB Mo Talbu. 2.

Tabauya 2

Hau6oabwas aonycTHmas BeJHYHHA TOKA NMPH NaHHOM CEYEHHH NPOBOAA
H NJaBKHe NMpPelOXPAHHTENH, KOTOPble HAN0 YCTaHABJAMBATH

IMnowans nonepeyHoro
CeYeHHsl H30JHPOBAHHEIX HauGonwwuit gony- | Ilnakee mpefoxpa-
MEJHLIX NPOBOKOB, CTHMEIH TOK, a HHUTEJIH Ha TOK, a
Mmud
1 11 6
1,5 14 10
2,5 20 15
4 25 20
6 31 25
10 43 35
16 75 60
25 100 80

TMpumep 8. Uepes peocrart c conpoTusieHHeM 10 oM NPOXOAHT TOK
5 a. Kakoe KOJHYeCTBO TelJa BHIAEJHTCS Ha peocrarte 3a | «?

Pewenune. Q=024 /?Rt =0,24.52.10-3600 = 2 160000 Mannix
KaJsiopuii (xas) uau 2160 kujoxanopuit (kkaz).

§ 16. PABOTA U MOWHOCTb NOCTOSSHHOIO TOKA

SaexTpuseckas dHepeus — IT0 CROCOOHOCTL 3AEKTpu4e-
CK020 TOKQ 8bINOAKATG pabory.

OnHo u3 HauGosiee pacIpOCTPAHEHHEIX H LIMPOKO HC-
NOJb3yeMbIX SIBJEHUl, CBA3AaHHBIX C NPOXOXKIEHHEM TOKa B
NPOBONHHKE,— BbIleJIeHHE TelJla — NMPOUCXOIUT B Ipoiecce
BbINOJIHEHHs1 paboThl. TOK, KaK U3BECTHO, MOXKET BHINOJHATh
H npyryio pa6oTy: BpallaTb [IBUraTe/ld KPaHOB, CTAaHKOB,
TpaMBaes, TPoaneii6ycoB 1 Apyrux MauwuH. Oanako crenyer
NOMHHUTb, YyTo paboTa, coBepliaeMasi 3JEKTPHUECTBOM, CBH-
3aHa C OJHOM 0CcOGeHHOCTbIO. TOMBbKO NBHKYILHECS 3JEKTPH-
yeckHe 3apsiibl (TO €CTb 3JEKTPUYECKHH TOK) MOTYT Npous-
BOAUTb pabory. [Tono6HO TOMY, KaK HEMOABHKHO CTOSIII[asA B
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o3epe BOJa He MOXET BpallaTb Kojeca MeJbHHI U TypOuH,
NOKOsILHecsl 3JeKTPHYecKHe 3apsaibl He B COCTOSHHH 3acTa-
BUTb paGoraTh ABurateau. Ho eciu Bomy M3 o3epa Hampa-
BUTb C ONpefeJIeHHON BLICOTH Ha JIONAcTH KoJiec, To OHH 6Y-
AyT Bpalatbcs. BuimosHsiemas Bomo#t paGora OyAeT 3aBH-
ceTb KaK OT KoJMyecTBa Majaloliell BOALL, TaK H OT BBHICOTHI
ee najeHus,.

Ananornyno 3toMy paboTa 3/JeKTPUYECKOrO TOKa 3aBH-
CUT OT KOJMYeCTBa 3JEKTPHUECTBA, MNPOXOAALIEro uepes
NPOBOJHHUK, H OT TOTO, NOA KaKHM Hanpsi)KeHHeM HaXOAHTCs
3TOT NPOBOJAHHUK.

Pabora saeKtpuueckoeo Toka pasHa KoauuwecTey 3aek-
TPUYECTBA, YMHONEHHOMY HA HAnpAjcerue.

Ecnn 0603HauHTh KOJNHUECTBO 3JeKTpHuecTBa GyKBoil Q,
Hanpaxenue — U, To monyuuM cjenyiolllee COOTHOLIEHHE:

A=QU.

3necb A — KOJMYECTBO PaGOThl, BLIMOJHAEMON 3/M€KTPH-
YECKUM TOKOM. MBI y>ke 3HaeM, uTO KOJIMYECTBO 3JeKTpHue-
CTBa PaBHO CHJIe TOKA, YMHOXXEHHOH Ha BpeMs €ro Npoxox-
OeHUs B POBOLHHKE

Q=1

CnenoBaTesibHO, paGOTy TOKa MOXKHO ONpPeNeNHTb TaKkKe
v 10 Apyro#t cdopmyJe:

A=Ul.

Ecau Tok B 37Ol (hopMyJie faH B ammepax, HanpsiKeHHe
B BOJIbTAX H BPeMs B CeKyHAaX, TO pa6ora 6yneT U3MepATh-
CA eNMHHLEeH, KoTopasi Ha3blBaeTcsi Oxoyab (0x).

Pa6oty, BbNO/MIHSIEeMYl0 TOKOM B OAHY CEKYyHAY, Hazu-
BAIOT MOUWHOCTbIO IAEKTPULECKO20 TOKQ.

MouHocTy TOKa NPUHATO 0603HauaTh GYKBOH P.

Mouwrocte pasna pabore, 8binosnenHod Tokom 3a edu-
HUYY spemeny,

J

A
p=4

[loncrasus B 3ty dopmyny suauenue A = Ulf, nomyuum
P=Ul
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DJIeKTPUYECKYI0 MOIIHOCTh NMPUHATO U3MEPATb B 8ATTAX.
Ozum BaTT—3TO0 MOIIHOCTHL, KOTOpYIO pas-
BUBaeT TOK cuao# | anpu HanpsaxeHuu | 6.

Hnst usMepenus GOJNbIIMX MOLIHOCTEH NMOJb3YIOTCH €IH-
HHLaMH, npeBuiIawuMu Batt (8m) B 100 u 1000 pas.
100 er paBubl ogHoMy rekroBarty (esr), 1000 — omnomy
KUJIOBAaTTy (K8T).

OueHp wacTo 3HEPrHi0 3JeKTPHUECKOTO0 TOKA H3MEpSIOT
He B IJKOYJfX, a B eJUHHIAX, HOoJyyaeMbIX U3 €JUHHIl MOLI-
HOCTH: BaTT-CeKyHaa (8T-cex), reKToBaTT-u4ac (287T-4), KUJO-
BaTT-yac (Ka8rT-4).

Tpumep 9. DnekTpuueckas JaMNoOYKa TOPHUT B CETH NPU HANPFIKEHUU
120 8 n mnorpe6aser Tok 0,5 a. Bpemsi ropeHHs JaMNOYKH 5 4 B JeHb.

OnpenenuTb 37eKTPHUECKYIO SHEPrHIO, 3aTPAuHBAEMYIO JIaMNOUYKOH B
TeueHHe Mecslla.

Pemenune. A= Ult=120-0,5-5-30 = 9000 87-4.

Takum o6pa3oM, 3a Mecsll JaMIoyka NoTpebaser 9 K6T-4 3JeKTpo-
SHEprHH.

Npumep 10. TeHepaTop NOCTOAHHOrO TOKAa pa3BHBAeT B CETH
HanpsxeHue 220 6 npu Harpyske 10 a. OnpenenuTh ee MOIIHOCTD.

Pemenune P =220 X 10 = 2200 s = 2,2 k8T.

rNABA 3
SNEKTPOXMMUYECKUME UCTOYHMKU TOKA

§ 17. TANbBAHUMYECKHME DNIEMEHTDHI

Ecnu nBa snekTpona M3 pasHBIX MeTaJIOB MOTPY3HTh B
3JIEXTPOJIUT, TO MeXAY HUMH BO3HHKAaeT Pa3HOCTb NOTEHIHaA-
JIOB, H TaKoe YCTPOHCTBO MOXeT CJYXHTb HCTOYHHKOM NO-
CTOSIHHOTO TOKa.

B ycrpoiictBax nono6Horo poaa 3. A. c. BO3HHKaer GJja-
roiaps TOMY, YTO MEXAY 3JeKTPOLaMH U 3JEKTPOJHUTOM
JeHcTByeT XMMHuyecKasi peakLusl.

HlcTOUHMKH NOCTOSIHHOrO TOKa, B KOTOPBIX XMMHYecKas
3Heprusi INpeBpallaeTcsi B 3JeKTPHUYECKYIO, Ha3bIBAIOTCS
2AAbBARULECKUMU 3NEMERTAMU.

FanpBanuyeckne  3JeMeHTH  ABJAAOTCA  Haubosee
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IPOCTBIMH YCTPOHCTBAMH, C NOMOIIbLIO KOTOPBIX MOXHO IO-
JAyyaTb 3JekTpuueckuil Tox. OHH HMMeloT HeGoJsiblne pas3-
Mephl ¥ He3HAuyuTeJbHbIH Bec, 6/1arofaps 4yeMy UMH OCOGEH-
HO yAOGHO MOJb30BATHCS MJIsl NUTAHUS NMEPEHOCHBIX 3JEKT-
pPOTeXHHYECKUX YCTPOMCTB KapMaHHHIX (oHapel, TenepoH-
HBEIX annaparoB, HEKOTODHIX KOHCTPYKLHMH pafHONpHEMHH-
KOB M Jpyrux ycrpofictB. B cuny ocoGeHHOCTeil cBOe# KOH-
CTPYKUMH TajbBaHUYECKHe 3JIeMEHThl He MOTYT 0GecneuuTb
noJyyeHde 3HAYNTENbHOH MOIIHOCTH, U B 3TOM 3aKJIOYaeT-
cs ux HeJoctaToK. KpoMe Toro, rajbBaHHYeCKHE 3JIEMEHTH
IPUXOAAT B HETONHOCTb, KOTla XUMHYECKasi SHePrusi UX H3-
Tox pacxonyercs. Ha npakruke
— NPUMEHSIOTCA rajbBaHHYe-
[ —

CKHe 3JIEMEHTH pa3HbIX
THIIOB.

Hau6osee mpocroit sB-
JsieTcsl  cJeAylolas KOH-
CTPYKLUHS: B 3JEKTPOJIHT,
NpeACTaBJSIOIUH coboit
pacTBop CepHOM KHCJAOTHI
(H2SO4), morpyxennl Men-
Heii (Cu) W UMHKOBHIH
(Zn) asaektponsl. MenHblit
3JIEKTPOA CJYXKHT MNOJIOXKH-

o =t TeJbHBLIM IOJIIOCOM, a IMH-

Puc. 11. Cxema raibBanuyeckoro KOBBI — OTpPHUATEJNbHBIM.

B/EMENTA. D. @I. C. TaKoro 3JjeMeHTa

paBHa 1,1 6. Ecnu anekrpo-

Ibl 37€MeHTa COeJHHUTb, TO llenb OyHeT 3aMKHyTa M B Hel
nosiBurcs Tok (puc. 11).

BHYTpH Takoro rajbBaHMYECKOTO 3JIEMEHTa .POUCKOJUT
CJHeAyOUIME mpoliecc: MOJeKyja CepHOM KHCJIOThl pacna-
JlaeTcsi Ha TOJIOXKUTeNbHbIE M OTpUIaTeJbHble HOHBL. OTpH-
natenabHblil woH (SO4) BCTymaeT B XMMUYECKYIO PeaKLHIO ¢
LIMHKOBBIM 3J1eKTponoM (Zn), B pe3yabTarte uero obpasyercs
cepHOKUCABIH UMHK (ZnSO4). Drta peakuusi CONpoBOKAAET-
cs NosiBNleHHeM H36bLITOYHOro KOJH4YecTBa CBOOOIHBIX 3JeK-
TpoHOB B UMHKOBOM 3JeKTpofe. [TosoxuTebHBIE HOHBI BO-
dopona (H) sabupaior y MexHOro 3JeKTpojla 3JeKTPOHHI
U NpeBpalaloTcsi B HeHTpaJibHble aTOMBI 3TOro rasa. Bogo-
pod B BuIe Ny3BIPbKOB OCefaeT Ha NOBEPXHOCTH aHOJA H
oOpasyer Kak Gbl H30JUPYOLIMH CJ0i, DTO sIBIeHHe Ha3bl-
BaloT noaapusayuer ssemexra. VI3-3a mnonspusanuu BHYT-

Hazpyara
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peHHee CONpPOTHBJIEHHE 3JIeMeHTa yBeJlMYHBaeTcs H, KpoMme
TOro, Ny3blpbKH BOAOPOLA COBMECTHO C MEAHBIM 3JIeKTPO-
IOM 06pasyloT KakK Obl JONOJHHUTENbHBIH 3J€MeHT, 3. A. C.
KOTOpPOro HampasJieHa NPOTHB OCHOBHO# 3. A. c. Ilonsipusa-
1S yXyAllaeT 3JeKTpUUecKHe KauecTBa 3JeMeHTa, NO3TOMY
IJ1s yCTpaHeHUsl ee IPUMEHSIOT ClellHaJbHBle BelllecTBa, Ko-
TOpble MOTYT JIerKo BBIAEASTh Kucjaopon. Kuciaopon coenu-
HsieTcsi C BOIAOPOLOM U o6pasyer BoAay. Bomoponnnle my-
3BIPBKH, OCEBUINE HA 3JEKTPOJe, HCUe3aloT, H dJeKTpPHYecKHe
CBOHCTBA raJibBaHHUYECKOTO 3JeMeHTa BOCCTaHaBJMBAIOTCS.

BemecrBa, crnoco6GHble BOC-
CTAaHaBJUBaTb CBOHCTBA raJfbBa-
HHYECKHX 3JIeMeHTOB, Ha3bIBAIOT-
ca denoaspusaropamu. B kaue-
CTBe  JeNoJjsipH3aTtopa  4acTo
NpHUMeHsieTcsl NMepeKuch Mapral-
na. KoHctpyKuusi snemeHTa, y
KOTOPOTO IENoJsipU3aTOPOM SIB-
JseTcsi  NepeKHCb  Mapranua
(MnO;), a 31eKkTpoaHTOM —
pacTBOp HalaThipsi, MOKasaHa
Ha puc. 12. I, 1. c. Takoro sJe-
MeHTa paBHa 1,45—1,5 8; BHYT-
peHHee CONPOTHBJIEHHE B 3aBUCHU-
MOCTH OT €F0 Pa3MepPOB MOXET
6biTh B npenenax ot 0,3 mo 3 om.
DnleMeHTHl MapraHIeBOl cucre-
Mbl OBLIBAIOT cyxue, BOJOHAaJHB- Puc. .12. I‘aanaane"cxuﬁ 3Jle-
HBlE H C BO3IYUIHO-MapraHuepoit MeHT € Mapra““eB°;‘H£L’[‘P?$'
nenonﬂpnaauﬂeﬁ. 1—uHHK; 2—pacTBOpP HAWATLIPHA;

UeM Gosbllle pasMepbl 3Jie- 3—cTeKasmHbll CcOCYA; 4—yroib.
MeHTa, TeM GOJIbIle €ro eMKOCTb.

. 4.c. 3MeMeHTa 3aBUCHT TOJbKO OT MaTepHasa 3JeKT-
POAOB M XMMMYECKOro COCTaBa 3JEKTPOJHMTA H He CBA3aHa
€ paaMepaMH CaMOro 3JIeMeHTa.

[IpononxurenabpnocTr paboOTH 3JeMeHTa
3aBUHCHT OT €ro pasaMepoB, T. € OT KOJHUe-
CTBa 3JEKTPOJHTA U BEJHUYHUHB 3JEKTPOIAOB.

KonuuecTBO a/eKTpHyecTBa, OTJaBaeMoe 3J1eMeHTOM IpH
paspsiie HOPMaJbHBIM TOKOM [0 ONpeleJIeHHOTO KOHeUHOTo
Hanps2keHHs,, Ha3bIBAETCH €ro emxocTsvro. EMKOCTb 3jeMeH-
Ta naMepsiercs: 8 amnep-4acax. O0un amnep-4ac paser 3600
KYAOHAM.
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§ 18. CYXME DMEMEHTH!

YerpoiictBo cyxoro ssiemeHTa nmokaszaHo Ha pue. 13. ITo-
JIOKHUTEJIBHBIH TOMIOC 3J1eMeHTa NpeAcTaBisier co6oii Mmpo-
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Puc. 13. Cyxoit anement:

1 — rasoorBoanas TpyGka; 2 — cMonn-
Has 3aJuBKa; 3 — KapTOHHas maida;
4 — uuHKOBafA KoOpoOkKa; &5 — nacra:
6 — nenoaApH3aTop; 7 — yroabHhei#t
9NEKTPON; 8 — KapTOHHBIK  dyTasp;
9 — H30NAUHA MEXAY YrjieM M LHHKO-
BOH KOpPOGKOH.

BOJHUK, COeNMHEeHHbII ¢
yrONIbHBIM 3J1eKTpofoM. Bce
colepyKHMoe 3JeMeHTa IoMe-
LIeHO B IIMHKOBOH KOpOOKe,
KOTOpasi OIHOBPEMEHHO fIB-
JIsleTCsl OTPHLaTe/NbHbIM 3JIeK-
tpogoM. Ot 3Tofi KOpOOKH
uger BTopoii mnposomHuK. OH
ABJISIETCS OTPULATENBHEIM TO-
mocoM. Jlemoasipusatop cyxo-
ro 3JeMeHTa MNPONUTHIBAETCS
pPacTBOPOM HalIAaTHIPs. DMNEKT-
POJIUTOM CJYXKHT [acra, 3a-
NOJIHSIIOLIast NPOCTPAHCTBO
MexJAy [enossipu3aTopoM Hu
KopoOKoi. JdTa macta mnpen-
crasJjsieT coboli cMech nmiue-
HHYHOH H KapTo(desNbHOil My-
KM M pacTBOpa HalaThIps.

OneKTpoTeXHUYeCKHe JaH-
HBEIE CyXOro 3JIeMeHTa TaKoH
KOHCTDYKL MK clefylouue:
3. A.c.=1,45—1,5 8; BHYTpeH-
Hee COMPOTHBJIEHUE [0 Mepe
paspsana Bospacraet ot 0,3 no
3 onm.

nyne 3JIEMEHTBI He MOryT JMJOJITO COXPaHSATbCA BCJ/aEN-
CTBHE TOro, UTO OHHM NOJABEPKEHbl cCaMopa3psiiKe. B 3jekrT-
POTeXHHKe YacTo MOJBb3YIOTCA CyXHMHU 6aTapEHMH, KOTOpbIe
COCTABJISIIOTCA H3 HECKOJIbKHX CYXUX 3JIEMEHTOB.

§ 19. BOAOHANMBHLIE NEMEHTHI

BonoHnanuBHble 3J€MEHTH OTJIMYANOTCSl OT CYXMX, [JaB-
HBIM 06pa3oM, TeM, YTO BMECTO MacCThl MeXJy UHHKOBO# KO-
po6KO#i U NenoJsspH3aTOPOM HAXOLATCS ApPeBeCHble ONUJKH,
CMelllaHHble ¢ HAlIAaThIpeM, WK HallaThlPb GLIBAET HacCbiNaH
Hal genonsipusatopoM (puc. 14).

[lepen BKAIOueHHEM 3THX JEMEHTOB B 3JEKTPUYECKYIO
uenb MX 3a/JMBAIOT BOAOH, UMelolled Temneparypy 15—20°
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Iocne 3aJUBKH BOAOH 3JeMeHT
JIOJIKeH MOCTOsATh 5—6 u; mocJje
3TOr0 OH TOTOB K BKJIOUEHHIO.
. 1. c. BOJOHAJUBHOTO 3JIE€MEH-
Ta TakKas XKe, KaK H CYyXOro
(1,45—1,5 8). BryTpennee con-
pOTHBJIEHHE TPH pa3psle yBesH-
yuBaerca ot 0,2 no 3,5 om.

AJeMeHTH 3TOFO THIA MOTYT
JOJI0 COXPaHATbCA, €CJH OHH
He 3aJIUTHl BOJOH M HaxOAATCS B
cyxom nomemenuu. Ilpu Temme-
parype  —18° BomOHanUBHBIE
aJeMeHTh 3aMep3aloT H mepe-
cratoT paborars.

§ 20. SNEMEHTH C BO3AYVLLHO-
MAPFAHLEBOX AENOJNSAPU3ALMENA

B aneMeHTax 3TO# cucTeMBl
JUIsl lernoJisipu3auuy NpUMeHSIOT
IBYOKHCb MapraHua M KHCJIOPOX
BO3AYyXa.

EMKoCTb ™aKux 3JIeMeHTOB
6oJsibllie, yeM 3JEMEHTOB C Map-
raHueBofl AenoJspusauuen.
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14. BozmonaJsuBHO# 37e-
MEHT:

1 — HawaTobipb; 2 — CMOJIAHAA 3a-
nuBKa; 3 — BOAOHANUBHAN TPYOKa;
4 — rasooTBojHas Tpy6Ka; 5 —
KapTOHHas wafiba; 6 — LHHKOBas
Kopo6ka; 7 — ¢punbTpoBajbias Oy-
mara; 8 — penosspusarop;, 9 —
YroNbHBIH 3JeKTpox; 10 — KapTOH-
HBIH QyTasp; I/ — usoAAUHA MEX-
Iy yrjieM H LHHKOBOH KOPOGKO#.

Puc.

Ilns oGecreyeHHs: JOCTyna BO3/yXxa 3/J1eMEHTH! C BO3AYIL-

HO-MapraHueBoOl JenoJsipusauueit

(cokpamenno BMI)

Tabauya 3

OCHOBHBIE NMOKA3aTeNH CYXWX H BOJOHAJIUBHbBIX SJE€MEHTOB
. R CpoK COXPaHHOCTH, o & oo
Yenoskoe J | B Mecans SR gws
. 3 ST
oGosHaueme | g -+ |3apsmxen- | Hesaps- = % 3 g g3
@ SRS HBIX JKEHHDIX R L2 %
1C-n-3 1,5 3.1 12 — 1,45 2,2
3C-a-30 1,5 | 30,0 18 — 1,45 24,0
1B--3 1,5 3,1 12 36 1,45 2,2
3B-n-27 1,5 | 27,0 12 36 1,45 22,0
3C-BM[], 1,4 | 60,0 12 — — 48,0
6C-BM 1,4 (150,0 19 —_ 1,40 110,0

(48]
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HMEIOT IIMPOKUE CTeKJsSHHBle TPYGKH, KOTOpble npu padore
9JIeMEHTOB Bcerja OTKDPHITH, a B HepaGoueM COCTOSIHUH —
3aKpbIThl, YTOGHl He BBICbIXaJa MacTa. B aTH ajeMeHTH HH
B KOEM CJyyae HeJib3si HaJMBaTb BOAY: MOKpBIH Yrojb He
6yJer morJaoumarb KHCIOPOXA, M 3J1€MEHT HCINOPTUTCS.

§ 21. AKKYMYNATOPDbI

AKKYMYAATOPOM IAEKTPUHECKOU 3Hepaul  Ha3bIBAIOT
Npubop, KOTOPLIH MOXKET COXPaHSIThb SJEKTPHYECKYIO JHep-
rHI0, HAKOMJISieMYIO NpH IPONYCKAHUHM uepe3 Hero 3JeKTpH-
YeCKOro TOKa OT IIOCTOPOHHEro MCTOYHHMKA 3. I. C.

DTy 3Heprui0 aKKyMYJ/SITOP MOXKET OTJaBaTb BO BHeIl-
HIOIO 3JIEKTPHUYECKYIO Llenb Mo Mepe Hazo6HoctH. Ilpu mpo-
NYCKaHHH TOKa uepe3 aKKyMYJATOD B HeM NPOUCXOAUT XH-
MHYECKOe H3MeHeHHe BellleCTBa H €ro COCTaBHBIX YacTem.
Ecnu mociie 3T0ro aKKyMyJsiTOp BKJIOYHTbH JJsi paboTh B
3JIEKTPHUUECKYIO Liellb, IPOUCXOAUT oOpaTHasl XUMHYecKas pe-
aKUHsl ¥ BELIeCTBO €ro COCTaBHBIX YyacTell MepexodHuT B mep-
BOHauaJbHoe cocTtosiHue. Ilpu 3TOM BhIjeJsieTcs 9Heprus B
BHJIE 3JeKTPHYECKOTO TOKa.

ITepBoHauaJbHBIN NMpouecc NPONYyCKaHHUs 4Yépe3 aKKyMy-
JSITOD TOKa OT BHEUIHero HCTOYHMKAa Ha3bIBaeTcsi 3apadom
akkymyasaropa. Tlpouecc mosyyeHUsi 3JEKTPHUECKOTO TOKa
OT aKKyMYJIITOpa Ha3bIBAIOT €ro paspadom.

KosnuecTBO a/eKTpHuecTBa, KOTOPOe OTAAeT aKKyMyJsi-
TOp NpPH ero paspsiie, Ha3bIBAIOT e€MKOCTblo. EMKocTh ak-
KyMyJITOpa MOKHO ONpPeIeNTUThb, eC/IH YMHOXHTD CHJIY pas-
pPSIHOTO TOKAa, M3MepsieMyl0 B aMmepax, Ha KOJHYEeCTBO
4acoB, B TeueHHe KOTOPbIX Npoucxonut paspsi. Ilostomy
e€MKOCTb aKKyMyJiiTopa H3Mepsercs B aMmep-yacax (a-4).

AKKyMyJATOPB MOTYT COXPaHSTb 3JeKTPHUECKYI0 3Hep-
THIO JOBOJIBHO JOJITO, II0O3TOMY HMH IIMPOKO MOJb3YKOTCH,
0CcOGEHHO B TeX CJydYasix, KOrja HCTOYHHUK 3JeKTPHUeCKOi
3HEPTHH A0JKeH NepeMellaThcs BMECTe € yCTPOHCTBaMH, KO-
TOpBIE OH NHTAET.

B sJekTpoTeXHHKe NPHUMEHSIOTCS aKKyMYJSTOPHl IBYX
BUIOB: CBHHLOBb € U IlEeJOYHEE.

§ 22. CBMHLOBbLIE AKKYMYNATOPLI

CBHHIOBBII aKKYMYJISITOD COCTOUT M3 3JIEKTPOLOB, H3ro-
TOBJIEHHBIX B BHIE CBHHIOBBIX MJIACTHH, MOrPyKaeMbX B
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COCYI C BOAHBIM PAacTBOPOM CE€PHOU KHUCAOTH (37€K-

Tpoaura). [TonoxurenbHble MNJIACTHHBI (anom:r}
NePEeKHUCbI0O CBUHLA M HMMEIOT TEMHO-KOPHYHEeBbIH
user. OTpuuaTe/NbHble VIACTHHBI (KaTOAb) Cepo-
ro IBeTa M COCTOSIT M3 rybuaroro cBuHLUA. BHyT-
pH cocyia OTpHUATe/]bHble W TOJOXKUTEJbHbIE
[UIACTHHEl YCTAHABJMBAIOTCS B TaKoM IOPsSIAKe:
oTpulaTeNbHas, 3aTeM IOJOXKHTEeIbHAfA, 3aTEM
CHOBa OTpHLATEJbHast U Tak Aanee. [TosTomy ot-
pULATebHBIX MJIACTHH BCerga Ha ofAHYy OOJblie,
YeM INOJIOKHUTE/bHbIX.

Ilpu paspsiie CBMHUOBLIX aKKyMYJSITOPOB Ha
060HX 3/1eKTpoAax o6pasyeTcsi CEpPHOKUCbIA CBH-
Hell, a MPH 3apsile OH CHOBa MepexoJuT B Iepe-
KMCb CBHHIla Ha aHoJe M B ry6uaTblil CBHHELl Ha
Karoje.

B mpouecce 3apsiza akKyMyJsiTopa HOHBL BO-
nopona (H) nepememwatorcss no HampabJieHHIO
TOKa, a WOHb, oOpa3oBaBluyecss B pe3yJbTaTe
pasyoxenus cepHoit kucaorel (SO), ugyr npo-
THUB HalpaBJeHHs TOKa.

K KoHumy 3apsiia akKyMyJsTopa IJIOTHOCTb
3JIeKTpoJMTa YyBeauuuBaercsi. Ee u3aMepsior npu
noMoiuu apeoMerpa (puc. 15), KoTopmwit mnpea-
CTaBJsieT COOOH CTEK/SIHHYI0O TPYOKY ¢ JeJeHHus-
MHU. DTa Tpy6Ka 3anasiHa ¢ oboux KoHuos. Ha on-
HOM KOHIle ee MMeeTcsl pacIlHpeHHe, 3aloJHEH-
HOE PTYTBIO.

MOKPBITHI

_ 20 4/
324 - 22
322 g 20M
82 g2
S 20 g18 =
18 ' Q16
"0 10 20 30 40 50 6070 2123450789101
Y e g yac
Puc. 16. U3menenune nanpsixe- Puc. 17. 3Meneune HanpsikeHus
HHSl CBHHUOBOIO aKKyMYJSITO- CBHHLUOBOIO aKKyMyJasTopa MpH
pa mpu 3apsiie. paspsije.

ApeOMeTp B 3JIEKTPOJIWTE TJlaBa€T BEePTUKAJbHO H MOI-
HUMaeTcsl TeM BHILle, yeM OoJiblile ero IJOTHOCTb. Henenue

Ha YypOBHe XHIAKOCTH IIOKa3blBaeT €€ I[IJIOTHOCTb.

Ilpu 3apsiie CBHHIOBOrO aKKyMyJsiTOpa €ro Hampske-
Hye BHauyaJje ObICTPO Bo3pacraer g0 2—2,2 8, NOTOM Mej-
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JIEHHO NojHuMaetcss 10 2,3 8, a B KOHLUe 3apsjaa ObiCTPO
Bo3pacraer A0 2,6 8, mocje yero ONsATb MeNJIEHHO YBeJlH-
uypBaercs: no 2,7—2,8 a. [Ipu Hanpsixenuu 2,7 8 akKyMyns-
TOp HAUHHAET CHJBHO «KHIETb», JTO NOKa3biBaeT, YTO OH
yxke 3apsaxeH. «Kunenue» o0bsicHseTcss GYPHBIM BBIIEIEHH-
€M rasoB B KOHLe 3apsifa. M3aMeHeHMe Hanpsi)KeHWUs1 CBHH-
[IOBOTO aKKYMYJISITOpa B poliecce 3apsifia 10Ka3aHo B BHIE
KpuBO# Ha puc. 16.

B npouecce paspsiza akKyMyJisiTopa HampsiXKeHHe ero
6nicTpo nanaer no 2—1,95 8, 3aTeM MeIJIEHHO MOHHXKaeTcs
1o 1,8 8 u B KOHLle pa3psaAa GbICTPO yMeHbUIaeTcs 10 1,7 6,
3aTeM 10 HyJsq. KpuBas pa3psja CBHHLOBOrO aKKyMyJs-
TOpa NokasaHa Ha puc, 17.

§ 23. WHENOUHBIE AKKYMVYIJISTOPDI
B uiesouHbIX aKKyMyJsTOpax IJIAaCTHHBI M COCYJbl H3ro-

TOBJIEHbl M3 2Keje3a. B KauecTBe 3JIeKTPOJINTA NMPHUMEHSeTCs
pacTtBop enkoro KaJins

,’% 3g5z0-) (KOH) B nucrunnmposan-
17 = HO! Boge. B aTux akkymy-
16 JSATOpPaX 3JEKTPOJUTOM MO-
gt JeT GbLITb TaKXe PacTBOp
S 13 enkoro Hatpus. U Tor W

S Pa3psd| &
8§12 P22l npyroli pacTBOpH SIBJSIOT-
! cAl LIeJIOUblo, MO3TOMY aK-
KYMYJATOPE  HA3bIBAIOTCHA

0T 72 5 4 5 6 7 & . yIATop

UWjeN04HbIMU.

B menouHblx akkymyns-
Puc. 18. KpuBnie 3apsga u paspsaa TOpax NpH 3apsiie Hamnps-
LEJIOYHBIX aKKYyMYJSATOPOB. JKeHHe MeIJeHHO TIOAHH-

maercs ot 1,4 no 1,5 8, 3a-
TEeM pe3Ko NoBblllaercs A0 1,7 8 1 B KOHIE 3apsifia MelJeH-
Ho Bo3pacraet 1o 1,8 8. Ilpu paspsine HanpsiakeHHe OLICTPO
nanaet g0 1,25 8, norom Meanenno — go 1,1 a.

Kpusble 3apsina m paspsja LIeJOUHBIX AKKyMYJSiITOPOB
13o6parkeHbl Ha puc. 18,

Llenounsie akKyMyJasiTOpsl yAOGHE NMPH NMepeBO3Ke, TaK
KaK oHM He Gostcs corpsicenuil. Oy oT/HualoTcss Apou-
HOCTBbI0O KOHCTPYKIMH, He BBIAEJNSIOT B npoluecce paboTs H
npu 3apsige BpedHbXx razoB. OHU He GOATCA Neperpysku H
MOTYT [IOJITO OCTaBaThCs B NMOJNypa3psKEHHOM WM pa3ps-
XKEHHOM COCTOSTHHH.

qace!
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ITo cpaBHEHHIO CO CBHHUOBBIMH (KHCJIOTHBIMH) aKKyMy-
JIATOPaMK ILIEeJOYHble aKKYMYJSITOPb HMEIOT MeHbllee pa-
Oouee HamnpsxkeHUe W MeHbUIMH KO3((QUUUEHT M0Je3HOro
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Puc. 19. Bremnuf Bua IIeJOYHOTO AKKYMYJIATOPA H KOHCTPYKIHA
ero MOJIOXKHTENbHBIX H OTPHLATEJbHBIX NMJAACTHH.

neicTBusi. BHyTpeHHee CONPOTHBJEHHE LIEJOYHBIX AKKyMYy-
JSITOPOB 60JIblIIE, YeM KHCJOTHBIX.

BHeliHufi BUI LIETOYHOTO aKKyMyJsTOpa U KOHCTpPYK-
UHs ero NOJIOXHTENbHBIX W OTPULATEJNbHBIX IMJACTHH MOKa-
3aHbl Ha puc. 19.

TNABA 4
SNEKTPUYECKME LIENK NOCTOAHHOIO TOKA

§ 24. COCTABHbBIE YACTHU DNEKTPMYECKHUX LIENEA

CoeavHeHHble Mexay co0ofi NMPOBOAHUKAMU HCTOUYHUKH
ToKa (rajibBaHHYeCKHEe 3JiIeMeHTbl, aKKyMYJSTOpbl, reHepa-
TOPBI) M YCTPOHCTBA, NMOTPebJsAIOLKEe 3JIEKTPHUUECKYIO SHEp-
FUIO, HA3BIBAIOT 34eKTpuueckol uenbio. Ecinu sanektpuueckasn
1enb He HMeeT pa3pbiBOB, TO FOBOPAT, UTO TaKas Lelb 3aMK-
HyTa. HaM yxXe H3BeCTHO, YTO MOCTOAHHBIH 3JIEKTPHUECKHI
TOK MOXKET NMPOXOAUTH TOJNBKO B 3aMKHYTOH LeMNH,
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TTosHOE COMPOTHBJIEHHE 3aMKHYTOH 3JEKTPHUYECKOH Henu
COCTOMT M3 JBYX OCHOBHBIX 4aCTel: M3 BHYTPEHHero compo-
THBJIEHHS MCTOUHHKA TOKa W BHeELIHEro CONMpOTHBJEHHS, KO-
TOpOe COCTOMT W3- COTNPOTHBJIEHHs NOTPeGuTeNs 3JeKTpuye-
CKOll SHepTHH M COMpPOTHBJIEHHS IMPOBOJOB, MNOABOASIIMX
5Ty HEpPTUI0 OT HCTOYHHKA K NMOTPeGHTelo (puc. 20).

TakuM 06pasoM, ecii 0GO3HAUYNTbL CONPOTHBJIEHHE Le-
nu — R, BHYTpPeHHee CONPOTHBJEHHE — Ronyr H BHEINHEE
CONpOTHBJIEHHE — Royem, TO OGIlEE CONPOTHBJIEHME BCeH LEMH

R= RBHy‘l‘ 4 Roew -

Uro ke Kacaercsl JEKTPOABHKYLIEH CHJIBI HCTOYHHKA
TOKa, TO Y4acThb ee HJeT Ha NpeojoJ/ieHre BHYTPEHHEro conpo-
THBJIEHUs HCTOYHMKa TOKa,

+/ - apyrasi pacxojyeTrcss Ha Tpe-
_& of0JIeHHe COTIPOTHBJIEHHS
’ — pHemnelt uenu. I[lostomy wu
3. . C. MOXKeT OBITb NpeiCTaB-

JieHa B BHJe CyYMMbI ABYX CJa-
raeMblx: Hanpsi>keHust BHYTPU

———

Tox

® |

\—Brewnss yens—’

Tox ucrounuka ToKa (Usuyr) ¥ Ha-
L _— T~ ——] mnpsxenns Bo BHeIlIHel Lenu
(Unuem)
Puc. 20. BHelHsn # BHYTPEHHAS
4acTH 3JIEKTPUYECKOM UeMNH. E= Uany'r + U BHeu *

Kak n3BecTHO, B 3aMKHYTOH 3JIeKTPHYECKON LeNmH TOK
UMPKYJNUPYET BCeria B OOJHOM U TOM XXe HalpasJeHHH, MO-
3TOMY BO BHEIUHEH LENH OH MAET OT III0Ca HCTOYHHKA TOKa
K MUHYCY, BHYTPH HCTOYHHKA TOKa (HampuMmep, B aKKyMy-
JSITOpe) TOK MpOTeKaeT OT MHHYyca K ILIIOCY.

W3 npenwiaylunero COOTHOIIEHUS, KOTOPOE MBI MOJYUYHJIH
L/ OTIPeNeNeHns 3. [. C., CJelyeT, YTO HanpsiKeHHe Ha 3a-
JKHMaxX MCTOYHHMKA TOKa, TO eCTb BHelllHee NajeHHe Hamps-
JKEHHSI, MOXHO TOJYYUTh, OTHSIB OT BEJUUYHHBI, ONpeaesio-
mei 3. 1. C., BeJMYHHY BHYTPEHHErO NMaleHUsl HaMNPSKEHHs

Ugsews = E— Unnyr .
§ 25. 3AKOH OMA

Cusa ToKa, 3/71€eKTPOABHMKYIAS CHIa M CONPOTHUBJIEHHE
B 3aMKHYTOH 3/1EKTPUUECKON LleNd HaXoAATCA MeXAy coGoi
B ONpe/ieJIeHHOH 3aBUCHMOCTH.
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HJIH SaMKHyTOﬂ SHCKTqueCKOﬁ uenyd 3Ta 3aBUCHUMOCTDL
HMeeT CJ'lelIYIOIIlI/Iﬁ BU:

- £
RBHyT + Rauem )

AT1o MareMaTHyeckoe BhipaxkeHue 3akoHa Oma.

3akon OMa A/si 3aMKHYTO# L€NH 3JeKTPUUYECKOT0 TOKa
MOXKeT ObITb H3JI0XEH TaK:

Cuasa TOKG, nporexaroujeco 8 3aMKHYTOU yenu, pasHa
dAeKTPpOoOBuUICYUell cuse UCTOYHUKA TOKA, OeAeHHOU Ha COo-
nporusaerue eceii yenu

3akon OMa — 3TO OIHH U3 OCHOBHBIX 3aKOHOB 3JIEKTPO-
TexHUKH. C ero HNOMOLIbI0 MOXKHO MNPOH3BOAMTb pacueThl
9JeKTPUUECKUX LleNel, T. €. HaXOAUTb HEU3BECTHble BeJHU-
YMHBI, XapaKTepu3ylollHe 3JeKTPUUeCcKHe LENH, B 3aBHCH-
MOCTH OT TeX BEJHYUH, KOTODble 3alaHbl.

Ecau B hopmyse 3akora OMa BMecCTO 3. 1. C. B3STh naje-
HUe HanpsDKeHUs Ha KaKOM-J1MG0 yyacTKe LEeNU U pas3feluTb
Ha CONpOTHBJIEHUE 3TOr0 Y4YacTKa, TO ONpeNeJHTCs CuJia
TOKa, MPOTEKAIOLIero B 3TOH YaCTH IelH.

Takum o6pasoM, 3akoH OMa coxpaHsieT CBOIO CHAY He
TOJIKO [AJIS1 BCell LeNH, HO M [J51 OTIe/bHHIX ee y4yaCTKOB.
DTo NoJIOXKeHHe MOXKeT OBITh BHIPAXKEHO CJEAYIOMIUM 06-
pasom.

B OarHOM YyuacTKe yenu cuaq TOKA PABHA HANDPANEHUIO
Ha KOHYax 3T020 Y4acTKa, pa30eseHHOMY HA e20 COnpoTus-

AeHue

I =

v
i
H3 3akona OMa mJisi MOJNHOM 3JEKTPHUECKOH IienH cJe-

AyeT, 4yTO 3IEKTPOABHXKYIlasgs CHJIa pPaBHa MNPOHU3BEAEHUIO
CUJIBI TOKAa Ha I0JIHOE CONPOTHBJIEHHE BCeH Lenu

E= IR

BenuuuHa conpoTHBJeHHs Bcell Lienu paBHA 3. A.C., 1e-
JIEHHO! Ha CHMJy TOKa,

[ =

R =

E
7

W3 npuBOAUMEIX BhILle COOTHOLUEHHI MOXKET CO31aTbCs
TaKoe BIeYaTJeHHe, 4YTO 3. [. C. 3aBUCUT OT CONPOTHUBJIEHHS.
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Kasasnocp 6bl, 4TO €CJM YBEJHYHTb B iBa pa3a COIPOTHBJIE-

HHe, TO M 3. [.C. yBeauuyurcsi B JABa pasa. Onnako 3to He

TaK, 3. 1.C. He 3aBUCHT HH OT CHJIbl TOKa, HH OT CONMPOTHB-

nenus. [ToaToMy ¢ yBeJquuYeHHEM CONPOTHBJIEHHs CHJa TOKa

YMEHbILIHUTCS BO CTOJIBKO Pas, BO CKOJIbKO YBEJHUYHJIOCH COI-

pOTHBJIEHHE,

AHasloruyHoe MNOJIOXKeHHe HEoOXOAMMO TaKxke OTMETHTb

B OTHOLUEHHH TOJHOro CONpoTHBIeHHsl uenu. OHO 3aBUCHT

HCKJIIOUHUTENbHO OT CeYeHHsl NMPOBOJHHKOB, CXeMbl HX BKJIO-

yeHHs, JJIMHBI OTHEJIbHBIX YYaCTKOB LeNH H OT Marepuaja,

H3 KOTOPOro H3roTOBJEHH MpO-

BOIHUKH. YBenuuenne MM

yMeHbllleHHe 3. [. C. TOBJIeYeT 3a

co6oil H3MeHeHHEe CHJbl TOKa, HO

U U CONMPOTHBJIEHHE IeNH OCTaHeTCs
@ IQ\ TIPEXHHUM.

: Ionbsysice 3akoHoM Oma,

Puc. 21. 3akon Owma. Tpe- JJIA yyacTKa HeNH MOXHO mojay-

YroJbHHK, MNOMOTaloWMA 33- yuTh TaKOe COOTHOUIEHHE:
NOMHHTb COOTHOIUEHHS, BhITe-
KalomHe H3 3akoHa Oma. U = IR,

T. €. HampsXkeHHe Ha YyacTKe LleH PaBHO NPOH3BEAEHHIO
CHJIBI TOKAa Ha CONPOTHBJIEHHE 3TOr0 yuacTKa.

ComnpoTHBJIeHHe y4dCTKa LENH MOXHO ONpefeuTb, IO-
lleJIUB NajleHHe HaNpsiXKeHHs HA 3TOM YYacCTKE Ha BEJHUHHY
TOKAa B TOH Ke YacTH leNnH

U
R=Y.

Bce cooTHolIeHUs1, KOTOpble MOXXHO TOJYYHUTb H3 3aKOHA
OwMa, Jierko cocTaBHTb, NMOJb3YsCh TPEYrOJbHHKOM, H306pa-
JKeHHBIM Ha puc. 21. B 3TOM TpeyrosbHHKe HalO 3aKpHITh
najbleM Ty BeJHUYMHY, KOTOPYIO HeOGXOIMMO ONpeneHTb,
Torna B3auMHOe pacmoJioxeHHe ABYX JIPYTHX BeJHUYHH TO-
KaxeT, KaK HaJo NOCTynaTh, 4TOOBl HAfTH TO, YTO HAC HH-
Tepecyer.

B ¢opmyne 3akoHa OMa BeJIHYNHY CONMPOTHBJIEHUS MOXK-
HO 3aMeHHTb NPOBOJAMMOCTbIO. BrnosiHe NoOHsTHO, YTO MaTe-
MaTH4YeCKHe COOTHOWeHHsi GYyNYT MMeTb B 3TOM cCJydae He-
CKoJIbKO MHOi Bui. Tak, HanpuMep: cuna ToKa Gymer paBHa
NPOM3BENEHHI0 BEJHYHHBE NMPOBOAMMOCTH LENH Ha Hanps-
}KeHHe

1=aU.
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N3 3Toit HopMyJIBI MOKHO JIerKO NOJNY4YHTb ApPYTHE CO-
OTHOILEHHS, HeOGXOAUMbIe [J151 ONpelesIeHHs] TOH WJH HHOi
BEJIHYHHHL. '

INMpumep 11. [NonHoe conpoTHBJ/eHHe LienH paBHO 20 om. D. A. c. HCTOY-
HHKa Toka paBHa 30 6. HaiiTH cuay TOKa, NPOXOAfLIEro B UeMNH.

Pewenne. l=%=30=20=l,5a.

Npumep 12. Uemy pasHa 3/eKTPOABHXKYIAss CHAa GaTapeH, ecJu
TOK B LieMH paBeH 2 @, CONPOTHBJeHHe Bceli llenu paBHO 25 om?

Pemenue. E=2X25=50s.
Mpumep 13. Hanpsixenne Ha saxumax peoctara 200 8, TOK, KOTOpbIii

NPOXOAMT yepea peocraT, 4 a. HahTu conpoTusienue peocrara.

U 200
Pewmenue. R=—I"='—4—=500M.

§ 26- NOCNEAOBATENLHOE COERMHEHME COMPOTMBREHMA

DneKTpHYecKas Lenb MOXeT GHTb COCTaBJeHa Tak, YTO
Haya/o OJHOro CONPOTHUBJIEHHS COENMHSETCS C KOHLOM Apy-
roro, TOK NpH 3TOM MPOXOAHT NOCJAENOBaTeJbHO OJHO 3a
IpYyruMm Bce conpotusjenus. Ta-

Koe coeJHHEeHHe HAa3biBaeTcsi no- e
c2e008ATENAbHBIM.

OG6iee CONpOTHBJIEHHE LeEMH, 1 '
cocTosillel U3 HECKOJIbKHX IO- T . R
cJle[OBaTeNbHO COeJHHEHHBIX CO-

NPOTHBJIEHHH, PABHO CyMMe 3THX U, Uz Ug~]
conpotuBnaenuii. Llenb, cocrab- v

JIeHHasi W3  TO0CJe0BaTelbHO

BKJIIOUEHHBIX CONMPOTHBJIEHH], Puc. 22. ITocnenosarensroe

nokasana Ha puc. 22. Comporup- ~ COGAHHEHHE CONDOTHBIeHHi.
JieHHe 3TOH LenH

R=R1+R2+Rs-

CoBeplLIEHHO OYEBHIHO, YTO CHJa TOKa B TakKoil LemH
GyneT oHAa M Ta e BO BCeX e€e YacTsx. Hanpsxenue
Ha 3aXUMax LeNd paBHSETCs CyMMe HaNpsiKeHMH Ha OT-
IeNbHBIX €e yuyacTKax

U = Ul '-l- Uz + U .
MNpumep 14. Llenb cocTOHT M3 yeTbipeX MOC/AENOBATEIbHO BKJIOYEHHBIX
conporusJienuii: R! =10 oM, Ry = 5 om, Ry = 8 om u Ry = 12 om. Cuana
ToKa B lend 2 a. HaiiTh HanpsxKeHile Ha KOHLaX Bceli lenu.
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Pewenue IMonHoe conpoTusaenue Lenu
R=104+54+8412=35 om.
Hanpsxenue Ha KOHUAX HeNH
U=35%x2=170 s

Mpumep 15. Uemy paBHa aMeKTPOABHKYLLAsi CHia GaTtaped, ecan
CHJa TOKa B LenH 3 @, BHElIHSs (elb COCTOHT M3 TPex MOC/el0BaTe/lbHO

BKJIIOUEHHBIX CONMpPOTUBJIEHHH 2, 3 U 5 oM H BHyTpeHHee COMNPOTHBJEHHE
Garapeu 1 om?

Pewenue. [lageHne HanpsikeHHs Ha OTHEJBHBIX Y4acTKax Lemnu
Uy=IR =3X2=6 s
Up=1IR; =3X3=9 ¢
Us=1IR3=3X5=15s.
[Tagenne HanpsiXKeHHsi BO BHeLUHeH Leny
Upoy =U1 + Uz +Us =6 +9 + 15=130 5.

[Nanenue Hanpsi>KeHHsl BHYTPH HCTOYHHKA TOKa

UBHyTp = IRBHy'rp =3X1= 3 8,
OTKyZa 3. A. ¢. 6aTapen
U= Uaﬂem + UBHyTp =30+43=33 e

§ 27. NAPANNENbHOE COEAMHEHME CONPOTUBIEHUA

Ilapassesbrowm coedureruem conpoTUBJIEHUN Ha3blBaeT-
cs TaKoe coelUHeHHe, IPH KOTOPOM C OJHOH CTOPOHHI coe-
JUHSIOTCSL BCe Hayaja CONpo-
TUBJIEHUH, a ¢ JApyroi — Bce
UX KOHLBI (puc. 23).

IIpy TakoM CcOefMHEHHH
TOK pa3BeTBJseTCs, NPOXOoAs
OJTHOBPEMEHHO IO HECKOJb-
KUM CcOnpoTuB/jeHusM. Bce
COMPOTHBJIEHUS  MapaJjiiefb-
HOU 1eNH HAXOASATCs [0 OAH-
HaKOBbIM HalpsiKeHHeM, IO-
3TOMY

+1.”
ll

Puc. 23. [Tapannensuoe coelune-
HUe CONPOTHBJIEHHUI]. U= U1 =U,; = Us;
= [1 + [z + /3.
OGuiee conpoTHB/eHHEe Napa/eJbHON UENUd MeHble CO-
TIPOTHBJIEHHS JT1060# U3 COCTaBJSIOLINX ee BeTBeH,
Uro Kacaercs NPpOBOAHMOCTH HapaJIJIEJIbHOP"I nenu, TO
OHa paBHAa CyMMe MPOBOJMMOCTell OT[AeJbHBIX BeTBeH, cO-
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craBasomyx ee. TakuM 06pas3oM, MPOBOAUMOCTb LiENH, U30-
GpakeHKoi Ha puc. 23,

G=0G, + G, + Gs
HJIH
1 1 + 1 + 1 RiRe+'RiRs+ RiRs
R R R2 Rs RiR3R; '
"ITO6]:>1 NNOJYHYHUTDb CONMpPOTHBJIEHHE Takoi 1emnH, Hajgo ne-
peBepHYTh APOGb, ONPENEJSIONUIYi0 BEJIHYMHY €e INPOBOAH-

moctu. CoeioBaTe/NbHO, CONPOTUBJECHHE NMapaJljieJbHOro pas-
BETBJICHUA

R1R:R;
RiRz + R:R3 4 RiR3
Tpumep 16. Uemy paBHO cONpOTHBJIEHHE PA3BETBJIEHHON 1€MH, COCTO-

suled u3 Tpex BeTBeH? CONpOTHBJEHHS ITHX BeTBei cleldywouue: 2, 3
u9 onm.

R=

PeweHne. HPOBOJIHMOCTB 3TOro napaJJejibHOro pasBeTBJIEHUSA

1 1+l+1_1+1+1_17
R R R Rg 2 3 ) 18 °

UT0o6bI NOAYYHTb BeNUUHHY COTPOTHBJIEHHA, HANO eNMHHLY pasfe-

JUTb HA NOJYYEHHYIO BeJHYHHY NPOBOJHMOCTH:
1 17 18 — 1 om
18 T I T ’

Herpyaso yGemuTbcsi myTeM NpOCTeHIIHX IOACYETOB, YTO CONPO-
TUBJIEHHe NapaJlie/IbHOM LeMH, COCTOsIledl U3 ABYX OAMHAKOBBLIX BeTBefl,
PaBHO MOJNOBHHe CONMPOTHBJIEHHS KaXAoft u3 sTHX BeTBeit. Ecam napaa-
JeJbHasi LeNb COCTOMT M3 TPeX ONMHAKOBEIX BeTBeH, TO ee CONPOTHBJe-
HHe PABHO TPeThell YacTH CONPOTHB/EHHsS KaxJoH BeTBu. B mepeom cay-
Yyae CONPOTHBJIEHHE LENH MOXKHO ONpeNeHTb IO GopMyse

R= PR
Ri+ Ry

Mpumep 17. OnpefenuTb CONPOTHBJEHHE LENH, COCTOSLIEH H3 ABYX
BerBeil. ConpoTuBaeHHe OAHOM BeTBH 4, a Apyroil — 6 oxu.

Pemenue. Iloabsysce npeabiayileii ¢opMy/oil, HAXOAHM BeJiH-
YHHY CONpPOTHBJIEHHUS:

4-6
446

Npumep 18. [TapaanenbHan Lelb COCTOMT M3 NATH BeTBel, CONPOTHB-
JIEHMs] KOTOPHIX paBHHl MexXAy coboii. Uemy paBHO cOnpoTHBjeHHe Beeil
1lefH, eCJH CONPOTHBJIeHHe OLHOM BeTBH |0 oM.

PeweHue.

R= = 2,4 om.

—

0
R='—5-=2 oM.
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§ 28. CMEWWAHHOE COEAMHEHME CONPOTUBAEHMA

Cmewiannbim coeQuHeruem Ha3plBalOT TaKoe coelHHEHHe,
Npu KOTOPOM B lleNH MMEIOTCS CONPOTHBIIEHUS], BKIIOUYEHHbIE
IoCJeA0BaTebHO H NapaliebHo (pHc. 24).

[Ipu cMelnaHHOM COeAMHEHUU
+ CONpPOTHUBJEHUul o06liass BeJHYHHA
CONMPOTHUBJIEHUS] LleNH ONpeaessierT-
& Csl HA OCHOBAHUH TeX MpaBHJ, KOTO-

X pble OBLIM H3JIOXKeHbl AJs Mocjaelo-
. ' BaTeJbHBIX U NapaJiyieIbHbIX BKJIIO-
YeHUH.

o Takum o6pa3om, utoOsl onpene-

Puc. 24. Cmemannoe cO- juth oOllee CONPOTHBJEHHE He-
efuHeHHe CONPOTHBICHHH.  oyqnpkyx 3/eMEHTOB LENH, COEAHM-
HEHHBIX CMeENIaHHO, Heo6XO0AHMO

HaWTH CHayaJja CONPOTHUBJEHHS TeX 4acTedl Lenmu, KOTOpble
COellVHEHbl NapaJliebHO. 3aTeM NOJyueHHble CONpPOTHBIE-
HUsl OTHENbHBIX YUaCTKOB LleMd Hag0 CJHOXKHTb., Pesyabrar
JacT HaM BeJIMYUHY CONPOTHUBJIEHHS BCeH CMELIaHHOH LeMNH.

=l
M

TNpumep 19. UeMy paBHO CONpPOTHB/IEHHE CMeINAHHO Ienu, cxema
KOTODOi1 KaHa Ha puc. 24°?
ConpoTuB/eHHs COCTABJAAILIMX ee BeTBeit cielyloliue:

Ry==8 oM, Ry;=06 om, Rzg=3 om.

Pewenue CHauana Hago HafTH CONPOTHBJEHHe NapaliienbHOH
YacTH LenH

)

PaccmarpuBasi Temepb BCIO liellb Kak I0C/IeA0BaTe/bHOE BKJIOUEHHE
JBYX CONPOTHBJIEHHi, H3 KOTOPbIX OXHO paBHO 8 om, a BTOpOe 2 oM, no-
JIy4HM HOJIHOE CONpPOTHBJIEHHE CMeWIaHHOW LeNH

R=8-42=10 o

§ 29- NOCNEROBATENLHOE W NAPANJIENIbHOE BKJIKOMEHME
UCTOYHMKOB TOKA

McToyHuKk: TOKa NMOZOGHO CONPOTHBJEHHSM MOTYT GHITh
BKJIIOYEHbl NOCJeJOBATENbHO H NapalieNbHO.

Ilpu mocienoBaTebHOM COeJMHEHHH MCTOYHHKOB TOKa
ofmas 3JeKTPOABHKYLIAs CHlIa DAaBHA CyMMe 3/1€KTPOABH-
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KYLUINX CHJ BCEX HCTOUHHMKOB TOKa, BXOASAIHX B COENUHE-
Hue. TlocsefoBarenbHoe cOeJHHEHHe HCTOYHHKOB TOKa MpH-
MeHsieTCs TOTAa, KOrga Heo6XOAMMO MOJYYHTb 3HAUHMTE/b-
HOe HalpsKeHHe B LIeIH.

Ipu napaJsieJbHOM COeAHHEHHH HCTOYHHKOB TOKa 3J/eK-
TPOABIKYILAS CHJIa OCTAETCS TAKOH Ke, KaK y KaXJoro ot-
IeJBbHOTO MCTOYHMKA TOKa, BXoAsulero B cxemy. [Tapanness-
HOe coeflMHEeHWe NMPHUMEHSIIOT TOTAa, Korja Tpeébyercs 3HauH-
TeJIbHasl CHJIa TOKaA.

1
STE SR ’l .
fNocnedobamenswoe’ | T 'T
1 coeiunenue I
— fapannensroe
‘—R—' |} 1_cosdurerye

Puc. 25. TocnenoBatesnbHoe W MapaJjesnbHOe COeAUHEHME
HCTOYHHKOB TOKa.

[TapannenbHo COEIHHATb MOXKHO TOJBKO T€ HCTOUHHKH
TOKa, KOTOPhIE HMeIOT ONMHAKOBYIO 3.AC. M OXHHAKOBOE
BHYTpEHHee CONPOTHUBJICHHE,

Ecau 3. A.c. 1 BHYTPEeHHHE CONPOTHBJEHHS HCTOUHHKOB
TOKa pasHble, TO NPU NMapajyieJbHOM COEIMHEHUH UX OJHH
HCTOYHHKH TOKa OYIyT PaspsiKaTbCcsl yepe3 ApYrue.

Tabauya 4’
HoMuHanbHble NaHHble CYXHX aHORHBIX GaTapei
Hauvanpubie panunie = o
. = 5 =
2 S| 2 L5 =)
= Sgléig | a2z |GE
YcnosHoe oGoaHaueHue S ER _I_qm, EE—_| ES =
Garapeii 8 |EgT=|Ep8| 55 SR
= = @ ; SEo|lgg¥ = =S S § o
& = gzEZ| g8 |3 S88 |85+%
8 a.u a.y MeCSLBI a.4
BAC-80-y-1 . 104 1,05 0,21 15 0,7
BAC-80-x-1 . . 104 1,05 0,21 15 0,7
PAC-80-1-09 . , 94 0,85 — 10 0,65
BAC-T-80-n1-2,1 104 2,1 . 12 1,55
BAC-60-y-0,5 70 0,5 0,1 10 0,3
BAC-70-x-0,5 . 70 0,5 0,1 10 0,3
BPAC-60-1-04 . . . . 62 0,42 —_ 9 0,28
BAC-T-60-1-1,3 . . . 74 1,30 — 12 0,95
4 3rt 49



[TocnenoBarenbHOe ¥ napasienbHOE COEJHHEHUS] HCTOY-
HUKOB TOKa [IOKa3aHHl Ha puc. 25.

HlcToyHMKH TOKa MOXHO COENHHSATb TaKKe, NPUMeHss
cMellaHHOe BKJo4eHue. [Ipn sToM rpynna HCTOYHUKOB TOKa
6yzmer yacTHYHO BKJ/IOYeHa NapaJJe/bHO M YacTHYHO MocJe-
JOBaTe/IbHO.

I'pynna ajeMeHTOB, cOeAMHEHHBIX NOCJeN0BaTe]NbHO, Na-
paJJIeIbHO WM CMeLIaHHO, Ha3biBaeTca Gatapeeil. B ta6a. 4
NpHBeleHbl JaHHBIE HEKOTOPBIX CyXHX GaTapes.

§ 30. NEPBLIA 3AKOH KUPXTO®MA

B passersaennoii aseKTpuveckoll yenu cuaa TOKa, npu-
TeKQwe20 K Mecty coefunexrus HecKOAbKUX conpoTusie-
Hull, pasHa cymme cua TO-

e B K08, yxodawux u3 Hezo.
= Tak, nanpumep, Ha puc.
Jpoo 0 26, rme u306pakeHa CIOXK-
Hasi 3JIeKTpUYecKasi [efb,
A a HanpasJieHHe TOKOB MO-
_{5_ Ka3aHo CTpesJKaMHu, B y3J0-
L 3 BOM COeIHHEHUH, 00603Ha-
Rs yeHHOM OyKBOi 6, TOK [,

NOAXOAHT K Y31y, TOKH [y,
I3 u Is BBHIXOZAT u3 Hero.
IlosToMy Ha oOcCHOBaHMH
nepsBoro sakona Kiupxroda MoxHO Hamucath clenymioliee
paBeHCTBO:

Puc. 26. CnoxHas 3JeKTpHuecKas
ene.

11=]z+[a+[e-

Hasa yanoBoro coenuHeHus, 0603HaueHHOro GYyKBoOi a,
HOJIYYUTCS TaKOe ypaBHEHHE;

[4=[2+ 13-

ﬂpnmep 20. Onpesenutb CyMMAapHHIA TOK, NPOTEKAOWME B Hepas-
BETBJIEHHOW YacTH NapajieJbHOTO COeJHHEHHS, eC/H B IapaJJiesibHbIX
BETBAIX NPOXOAAT TOKH 2,3 u 5 a.

Pemenue. /I =2+4+34+5=10a.

§ 31. BTOPOHW 3AKOH KMPXTO®A

Bo scakoi saekTpuueckol yenu cymmapras 34eKTpodsu-
JHYUAn CUAQ PABHA CyMme NAOeHUdl HAnpAXCeHul Ha oT-
OeabHbLX YuacTKax 3Tol yenu.
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ITosbsysice mpu pacdere 3JEKTPHUECKHX LeNell BTOPBHIM
3akoHoM Kupxroda, cienyer He 3a6blBaTh, YTO 34eCb peub
uaer o6 anreGpauveckoit cymme, IloatoMy oTaenbHble caa-

raeMbie MOryT HMeTb OTPHLATEJNbHYIO BEJUYHUHY.

Ilpumenenune  BTOpOro
sakoHa Kupxrodpa mayuure
BCEro MoKasaTb Ha IpHMe-
pe pacuera KaKoii-au6o
aJekTpuueckon uenu. Has
3TOr0 PAacCMOTPUM pacuer
nend, usobpa)keHHOH Ha
puc. 27,

Mpumep 21. 3aMKHyTas sJaek-
TpHUecKas LeNb COCTOHT M3 Tpex

Puc. 27. CxeMa 3JeKkTpHuecKoii

HCTOYHHKOB 3. I.C., HMEIOIHUX uenu K pacyery MO BTOPOMY
cliefylollye JaHHble: sakoHy Kupxroga.
El = 1,5 8, R1 =5 oM,

E; =1,0 s, R, =8 om,

E3=0,88  R3=28 onm

Kpome 3toro, B Lenb BK/IOYEHbl CONPOTHBJEHHUSA:
Ry=05 om, Rs=10 o u Rg= 15 on.

Heo6xoauMO y3HaThb CHJy TOKa, KOTODBI LMPKYJHpYeT B LeINH.

Pemenue [lpn HanuuWd B LeNH TOJBKO MNePBOrO0 HCTOYHHKA
TOKa NOCJeAHHH MMesa Obl HanpaslieHHe NO YacoBOH cTpeske. Bropoit
HCTOYHHK TOKA, JeHCTBYsl CaMOCTOSITeJIbHO, BhI3BaN OBl TOK MPOTHB 4Ya-
COBOH CTpeJIKH, TO €CThb B HaNpPaBJIEHHH, IPOTHBOMNOJOXHOM TOKY [epBOro
HCTOYHHKa ToKa. TpeThbsi 3. A. c., eciin 6bl OHa GblTa ONHa, Bbi3Baja Obl
TOK TaKOro e HampaBJeHHs, Kak K nepsas. [losTomy aareGpauueckas
cyMMa 3. [ C. B paccMaTpHBaeMoH UenH

E=E+E+E=(+1L§)+(—1)+(+08=13s

CorsacHo BTOpoMy 3akoHy Kupxroa MOXHO COCTaBHTbH ciefyioliee
ypaBHeHHe:

1,3 =5/ 4 8/ 4 5/ + 10/ - 15/ 4 8] = 51/.
Cuna Toka
1,3

] = = = 0,025a = 25 ma.

lNpumep 22. B uenb BkJIOYEH TeHepaTop H HABCTPeuy eMmy 6a-
Tapes akKyMyJsatopos. Kpome sToro, B liellb BKJIOYEHBI CONPOTHBJEHHS:

Ri=100m, Ra,=3 om u R3=17 om.
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Cuna Toka 5 a. HanpsikeHne akkymyJisTopHoR Gatapeu 20 8.
Onpefe/Th 37eKTPOABHKYLLYIO CHJY reHepaTopa.
P e e Hue. [Tanenue HanpsoKeHUs B LelH

I(Ry + Ry + R3) =510+ 34 7) = 100 s.

Tax Kak TOK aKKyMyJATOpPOB HanpaBJieH NPOTHB ToXa reHepaTopa,
To B ajireGpavuecKoft cyMMe HX 9. A. C. HalO H3 OJHOH BEJHUHHH BBI-

yecth Apyryilo: E—20=100 6, oTKyma 3. 4. C. TreHepaTtopa
E =100 + 20 = 120 s.




YACTb

SNIEKTPOMAIHATHOE MOJIE

rnasa 1
SNEKTPHMYECKOE NONE

§ 32. SNEKTPUYECKOE NONE M EFO CBOHCTBA

Ecniu B KakoM-160 NPOCTPAHCTBE HAXOMSATCHA 3JIEKTPH-
yeCKHe 3apsAlbl, TO OHH AEHCTBYIOT OfMH Ha apyroro. Ham
y2Ke H3BECTHO, YTO 3JIeKTPHUECKUEe 3apsibl, HMEWIIHEe OIH-
HaKOBHIM 3HaK, OTTAJKHBAIOTCA. 3apsaibl NPOTHBOMOJIOXKHBIX
3HaKOB NPHUTSATHBAIOTCS. '

IIpocTpancreo, 8 KoTopom Haxodurcsa Teao, umeroujee
dAeKTpudeckuil 3apad, u 8 KOTOPOM NPOABAAIOT ceba dAeK-
TpU4ecKue cuabl, C8A3AHHbIE C ITUM 3apPA0OM, HA3bLBAIOT
dNEKTPUHECKUM NOAEM.

Ecnu nBa 3apsga npuTAruBaloTCA WM OTTAJIKMBAlOTCH,
TO 3TO 3HAYMT, YTO MEXKIY HHUMH AEHCTBYIOT 3JIEKTPHUYECKHE
cunbl, Hanpasienue neficTBHsS 3/71eKTPHUECKUX CHJI B TON HJIH
HHOM 4YacCTH 3JIEKTPUYECKOTO MOJs TNPEACTABJAAIOT B BHIeE
CHJI0BBIX JuHHHA. TakuM o6pas3oM, cujioBast JIMHHS — 3TO JIH-
HUS, KOTOpasi BO BCeX CBOMX TOYKax COBMNAajaeTr C HampasJe-
HHMEM JelCTBUS 3/IEKTPUYECKUX CHJ NMoJs. Kaxaylo cHIOBYIO
JIUHHIO TOJIST MOXXHO NpEACTaBUTh ceGe KakK 1yThb, MO KOTO-
poMy mon JAeHCTBHEM 3JEKTPUYECKHX CHJI IlepeMellaJcs
6bl 3JeMEeHTapHBIA MOJOXHUTENbHBIl 3apsl 3JeKTPHUECTBa.

TakuMm o6pasoM, 3JeKTPHYECKOe NOJIe MOXKHO H306pa-
3UTb B BHJIE MHOXXECTBA CHJIOBBIX JHHUI, ONpeReNSIOLIMX
€ro HampapJieHHe B PasHBIX TOUKax npoctpaHcrBa. He cie-
ZlyeT, oJlHaKo, 3a6bIBaTh, YTO 3JEKTPHUYECKOE MOJie NMPUHSTO
NpeACTaBJATh B BHAE NydYyKa CHUJIOBBIX JIHHHM TOJBKO MJsi
TOro, 4T06bl YIPOCTHTh HCCJEJOBaHHe JEeKTPHUYECKOro MoJs
B Pa3HbIX TOYKax NMPOCTPAHCTBa U GoJjiee HATJIIAHO Npeacra-
BUTb cebe ero oco6eHHOCTH.

Ecan 0HO M3 Tes MMeeT IOJIOXKHUTEe/bHBI 3apsa, a aApy-
roe — OTpHLATENbHBIH, TO MOJAaraloT, YTO CHUJIOBHIE JIMHHH,
onpejensioliye  HanpaBJieHUs B3aUMOJENCTBHA  3THX
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3apsA0B, HaYHHAIOTCH Y IOJIOKHTEJNbHOTO 3apsiia H KOH-
4aloTCsl y OTPHLATEeNbHOro. DJEeKTpUYecKoe IMoJje ABYX Ta-
KUX 3apsioB NoKas3aHo Ha puc. 28. [as n#Byx 3apsiios,
MMEIOIIUX OJMHAKOBble 3HAKH, PACHOJIOXKEHHE CHJIOBBEIX JIH-
HU#l noast 6yldeT TakUM, KaK 3TO NMokasaHo Ha puc. 29. Cu-
JIOBble JIMHHM BCerja MNepneHIuKYJ/SPHbl K MOBEPXHOCTH

Puc. 28. Cunosble aunuu noas  Puc. 29. CuioBble JuHHH 10N
pasHOHMEHHBIX 3apsii0B. OIHOMMEHHBIX 3apsilOB.

3JIeKTPUYECKH 3apsiKeHHoro Tena. HampasieHnue CHIOBBHIX
JIMHME, XapaKTepPH3YILUX 3eKTpHUecKoe noJje mapoobpas-
HOTO TeJia, 3aPSiAKEHHOro TMOJIOXKHUTENbHO HJIH OTPHLATEJNbHO,
nokasauo Ha puc. 30.
Ecau B 37eKTpUYECKOM I[oJie MepeMellaeTess MOJ0XKH-
TeJbHbIH 3JEKTPUYECKHI 3apsill, TO IPH 3TOM 3JIEKTPHUECKUE
CUJBl COBepIIAIOT  Ka-
KYI0-TO pab6oTy.

Ta pa6ora, Ko-

_ TOPYI BHINOJHSIOT
2JeKTpPHUECKHE

- CHJB INIpU NMepeMe-

l // LeHHUH dJTEeKTpHUe-

CKOTO 3apsana,

. paBHOTO eLMHHIE,

Fos mosasaerere % orpmiaren, 13 RaHHOA TOuKw
HOrO 3apaia. noas B 6ecKoHeuy-
HOCTh, TMNO3BOJSET

CYyAHTb 00O 31I€KTPHUECKOM yPOBHe 3TOH TOU-
KH nNoJg HJHU, Kak I‘OBOpﬂT, 0O ¢€e 9JleKTpPI'{e-
CKOM noTeHunuase, PasHOCTh NOTEHUWANOB MEXALY
IBYMs TOUKaMH TNOJIs Ha3bplBaeTcs Hanpaxceruem. Hanpske-
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HUe MeXZIy JBYMsl TOYKaMHM onpejensieTcsi Toi paboroi, Ko-
TOPYI0 HeOGXOAHMMO BBINOJHHTb, NepeMellast eAMHHLY 3JeK-
TPHUYECKOTo 3apsiia U3 OQHOH TOUKH B Apyrylo. Ecau morten-
1MaJj JByX TOYeK IoJsi ONMHAKOBBIH, TO 3JIEKTPHUECKHH 3a-
psl MmepeMellaTbcs MeXKIy HUMH He 6yner. To/qbKo Hananyue
Pa3HOCTH MOTEHLNAJ0B MOXKEeT 3aCTaBUTh 3JIEKTPHUUECKHH 3a-
psil mepeMelaThCsi B dJMeKTpuueckoM nodge. [Ipu sToMm moso-
JKHTEJIbHBIA 3apsaa GyneT MPOABHraTbCsl OT TOH TOYKH, B KO-
TOpO# HMMeeTcsi 6oJiee BBICOKMII MOTeHIMaJ, K TouKe ¢ 6ojee
HHM3KHM MOTEHIHAJIOM.

YenoBuuch cuHTaTh MNOTEHIMAJd 3eMJH, &
CJe0BaTeNbHO W TOUEK 3JeKTPHYeCKOl llenH, KOTopLie coe-
IWHEeHH ¢ 3eMJyeil, paBHB M HYJlo. ITorenunan kKako#i-
au60 TOYKU Oy/JeT NMOJOXKHTEJNbHbIM HIH OTPHLATENbHbIM B
3aBHCUMOCTH OT TOro, GOJibllle OH HJHM MeHbllle HYJeBOro.

§ 33. SNEKTPMYECKAS EMKOCTDL

Ecnu Kakoe-nn6o Teso 3apsiAUTh 3/JEKTPUYECTBOM H 3a-
TeM Jn00aBJATb 3JEKTPHYECKUH 3apsif, TO C YBeJHUeHHeM
KOJIM4ecTBa 3JeKTPHYeCTBa B LaHHOM Tejae OylneT MHOBHI-
maThCA M €ro 3JEeKTPHUUeCKHH mnoTeHuuasn. JIBa pasHBIX No
BeJMYHHe lIapa OJHHMM M TeM e KOJUYeCcTBOM 3JIeKTpHue-
CTBa MOXHO 3apSIAMTL [0 PasHbIX NMoreHuunajos. Yro6wl mo-
TeHLHaJbl TaKHX LIapoB ObIM ONMHAKOBHI, HALO MEHbIIEMY
1apy CcOOOUIUTb MeHbllee KOJMYECTBO 3JEKTPUYeCTBa, a
GosibieMy — GoJibiliee. ITO siBJeHHE MOAOOGHO HANOJNHEHHIO
JABYX pasHbIX COCYHOB XXHIKOCTbIO, UTOGH XHUIKOCTb B Ta-
KUX cocylax Oblja Ha OJHHAaKOBOM YypOBHe, HEOGXOIHUMO B
HHUX BJIMTb pa3Hble KOJHYeCTBA ee (B Go/bluuii — GoJiblie, a
B MEHbIIUHA — MeHblle),

ITono6HO TOMY, Kak BMeCTHMOCTb COCY[NOB ONpenesiioT
MX €MKOCTbIO, CIIOCOOHOCTb TeJl 3aKJ/104aTh B cebe 3JIeKTpH-
yecKHe 3apsbl Pa3HON BEJHYUHBl ONPENeJsIOT 3JeKTpHue-
cKoil eMKocTbio, TakuM 06pa3oM, d4eKTpuuecKkas emKocTs —
3T0 CNOCOOHOCTb Teaa HAKANAUBATb dAEKTpu4ecKue 3apsadot
npu nossleRuY e20 NoTeHYUALa 00 onpedeseHH020 YPOBHA.

Eciu 13BecTHO HanpsizKeHHe, 1O KOTOPOro 3apsi’KeHOo Te-
JIO, ¥ BeJIHUHHA 3JEKTPHUUYECKOTO 3apsila, TO eMKOCTb MOXKHO
onpele/uTh U3 cJlelyIOLUIero COOTHOIIEHUS:

Q

C= T

3nech Q — 3MeKTPHYECKHH 3apajf Tela B KyJOHaX,

U — nanpsixkedne B Bosbrax. I[Ipu 3TOM 3.1eKTpHuecKas
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emkocts C noaydaercs B eJMHHMIAX, Ha3bIBaeMBIX ¢apa-
damu (¢).

DPapada — 370 3AEKTpUUECKAs eMKOCTb Tead, 3apAad KO-
TOPOSO YBEAULUBALTCA HA OOUH KYAOH NpU NOBbLUEHUL €20
NOTeHUUaLa Ha OOUH B0OAbT.

D/eKTpuueckass eMKOCTb, paBHasi OJHOH (apane,—
3TO oyeHb 60JblIas BeJHYHHA; UTOOBI MPEACTaBUThL ee, /0-
CTaTOYHO CKa3aTh, YTO €MKOCTb 3€MHOTO lLIapa MeHblle, YeM
olHa ThIcSlYHasi OoJs ¢apanel. [TosToMy B mpakTHKe 3JjeK-
TPHUYECKYI0O €MKOCTb H3MEpPSIOT €IMHMLAMH, COCTaBJSIOIIH-
MH OJHY MHJJIHOHHYIO 4acTh (apaabl. Takyio equHuuy Ha-
3BIRAIOT MUKPOGapadoli, nIu COKPaIleHHO MKP.

MNpumep 23. Yemy paBHa eMKOCTb TeJa, ecsu 3apsa ero pasen 0,001 «,
a nanpsixkedne 100 6?

Pemenue EMKOCTb MOXHO Onpefe/uTh 1o ¢popmyJe

C= = ———=0,00001 ¢6=10 mrde

§ 34. KOHAEHCATOPDI

B snekrpoTtexHuke ass obGecrnedyeHHss HEOGXOAUMBIX €M-
KOoCTell NOJIb3YIOTCS CNEeLHaJbHBIMH YCTPOHCTBAMH — KOH-
neHcatopamu. Kondexncaropom HasbiBaeTcs npu6op, cocros-
IIHA U3 ABYX MeTa/JIMYECKHX IJIaCTHH, MeXAY KOTOPbIMH
HaXOMHUTCS H3OJIHPYIOllee BeUeCTBO — dudsexTpuk. Ilna-
CTHHbI Ha3bIBalOT o6Kaadxamu KoHOercaropa. Ecnu naacru-
Hbl KOHJEHCAaTopa COEeJUHUTb C PA3HOHMEHHBIMH MOJIOCAMH
HCTOYHHKA TOKa, TO Ha HHUX 0Opa3yTCsi pa3Hble IO 3HAKY
3JIeKTPHYECKNe 3apsiibl, KOTOPbie GYLYT NPUTArHBATbCA OLHUH
K IpyroMy.

Sty 3apsabl MOTYT OCTaBaThcs Ha OOKJaJKax KOHAeHca-
TOpa NPOAOJ/IXKUTENbHOE BPEeMs Jaxe Ioc/e TOro, Kak HCTOoY-
HUK TOKa Oyner oTKJioueH, TakuM o6pasoM, KOHIEHCATOPHI
ABJAIOTCS HAKOMUTENSIMH 3JEKTPUUECKOH SHEpPTHH.

Uem GoJiblile MTOBEPXHOCTb OOKJIANOK KOHAEHCATopa, TeM
6oJibllle €ro eMKOCTb. EMKOCTb KOHIEHCaTOpa YBeJHYHBaeT-
Ccsl TaKxke ¢ yMeHbllleHHeM TOJIIIMHLI AH3JeKTpuka. Tosiu-
Ha ero MoxetT ObiTb OOJIbllie WJIH MeHblle B 3aBUCHMOCTH OT
TOro, KaKoe H30JIMpYIolllee BellecTBO HaXOQUTCS MexAay 06-
KJaJKaMH.
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Bivsinne M304MpPYIOLIEro BellecTBA Ha €MKOCTb KOHIEH-
caTopa XapaKTepU3yeTCsl OuUIAeKTPUHECKOl npoHuyae-
MOCTb10 3TOrO BellecTBa. luanmekTpuueckgs npo-
HHUaeMOCTb BO3JyXa CYHTAeTCs pPaBHOH
enuHuue Eciu BMecto Bodnyxa Mexny o6K/aanKaMH KOH-
JeHcaTopa HaXOMMTCSl JPYroii AMU3JEKTPHK, TO €ro AM3JeK-
TPHYECKasi MPOHHLAEMOCTb NOKa3biBaeT, BO CKOJIBKO pPas MpH
3TOM yBEJHYHBAETCSI EMKOCTb KOHAEHCaTOopa.

JnaneKTpHUeCKyI0 NMPOHHIAeMOCTb NPHUHATO 0603HAYaTh
rpeueckoit 6yKBo# & (31cuioH). IludjeKTpuyecKass MPOHH-
11aeMOCTb HEKOTOPBIX
HanGoJslee yacTo NpuMe- Ta6auya 5
HsIeMbIX HSOJIpr}OU.l"x Iluanempullecxaﬂ NPOHHILAEMOCTh
BelIeCTB HpHBOﬂHTCﬂ B H30JHPYIOUIHX MaTepHanos
taba. 5.

IusnekTpuueckas Hammenosanue Husnextpu-
IHM3JEKTPHKA ueckas npo-
NPOHHIIAEMOCTb MHOTHX HHLAEMOCTS
BEIECTB MOXET H3Me- :
HATBCS B HEKOTOPHIX p .
npenesax B 3aBUCH- [apaguy | . L . L | 2,1-2,2

MOCTH OT BJIa2KHOCTH OK- TpancpopmaTopHo M.ac..
pyxamwuero BO3ayXa H Jio . .. 2 =25

ero TeMmnepaTyphi. [peccunan coe e 25

ME)KI[yp g.ll)lel('rpwle- Bymara . . . . . . 3 —3,5

Cmoga . . . . . . 4 —7,5

CKHMH 3apsiiaMH, faKO- Crekno . . . 5,5—10
NUBLIMMHUCA Ha O6GKJaX- Mpamop e e 8,3
Ke KOHAeHcaTopa, Bo3- Peanna . . . . . . 3,5

HUKaeT  3JIeKTpHuecKoe
niosie. TO noJie XxapaKTepuayeTcst BeIMUNHON, KOTOPYIO Ha3bI-
BaIOT HANPANCEHHOCTHIO.

Ecnu B 3/eKTPUYECKOM IOJIe HaXOAUTCA 3apsiXKeHHoe
3/MEeKTPHUECTBOM TeJO, TO CUAQ, ¢ KOTOpOii nose dedcTsyer
HQ 3TO TeA0, NPONOPUUOHAABHA BeAUdUHE 3INEKTPULecKO20
3apada Tera u HANPANCEHHOCTU NOAA 8 TOYKE HAXOHOeHUs
reaa. TloToMy HanpsiKeHHOCTb 3JEKTPHUECKOro MNOJS MOXK-
HO TpeJCTaBHTb KaK OTHOLIEHHe CHJIbI, JeHCTBYIOLIEH Ha 3a-
PAl, K BeJHYHHE ITOro 3apsia

F
E= +.
Q
IMpeacraBuM cuny F kak oTHouleHHe PaboThHl, H3MEpPEH-
HO! B JKOYJfX, K JJIHHE NYTH, HA KOTOPOM [elCTBYyeT 3Ta
cuna. Torga eAuHHIA W3MEPEHHs HANPSXKEHHOCTH 3JIEKTPH-
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YecKOTo MNoJig MOXKeT OBITh BbIpaxKe€Ha 4Yepe3 OXKOoyJb, Ky-
JIOH U METP B BHJe C/eylolero OTHOLIEHH:

.

1E = 2%

KXM

Ho onun L2XKOYJb, JleJIeHHBIH Ha OOMH KYJIOH,— 3TO OJAUH
BOJIbT. CﬂeaosaTe.ano, HaNpA>KEHHOCTb 3JICKTPHUUYCCKOTrO
IoJisg AJ0JI2KHa H3MepATbCA B €AUWHULAX, o6pa3y10m;14xca oT
JeJIeHHs1 BOJIbTa Ha METP,

-t Lompe-
- 8
4 lE == 7.
= s -A Hanpsi:keHHOCTb 3J€KTPUYECKOro To-
N Jis. KOHJEHCAaTopa MOXHO MNpeACTaBUTh
N KaK OTHOLIeHHe HaNpsiKeHUs: Ha oOKJIaj-
- Kax K JJIHHe CUJIOBBIX JIMHMH (puc. 31).
Eciin HanpsikeHHOCTb NOJs1 0003HAYUTb
OykBoil E, paccrosiHue MexIy o6KIanKa-
Uost MH KoHIeHcaTopa Oyksoi [ (B c¢m), TO
HamnpsXeHHOCTh 3JEKTPHUECKOro IMOoJs B
- — IIM3JEKTPUKE KOHAeHcaTopa
Puc. 31. Daek- E = -llj—[%]
TpHYeCKoe I10/1€
KOHJAeHCaTopa.

Takum oGpasoMm, ¢ ysedudenuem. Han-
pascenus Ha obkaradkax KOHOeHcaTOpa 803pacraer Hanpsa-
JHCEHHOCTb NOAA 8 €20 OUINEKTPUKE.

YBennuenne HanpsKEHHOCTH 3JIEKTPUYECKOTO MOJsl BO3-
MOXKHO TOJIBKO 0 OnpeneseHHBIX npenenoB. [Ipu Bo3pacra-
HUU ee Bblllle ONpeJeJeHHOH KPUTHYECKO! BENHUYHHBI 3J/EKT-
pUUecKHll 3apsaj OAHOH OOGKJaAKU MOXET HepedTH Ha IApy-
Tyl0 yepe3 BCIO TOJIUIMHY H30QJUDYIOIIEro BellecTBa. ITO
siBJleHHe Ha3bBIBaeTcs npoboem KoHOeHcaTopa.

§ 35. KOHCTPYKUMU KOHREHCATOPOB M MX COEAMHEHMS

B Konpencatopax pasHbIX KOHCTPYKUHMH [PHMEHSIOTCA
BO3/yLIHbLIE, TBEpAble HJIH KHUAKHe OUJeKTPHKH. KoHIoeHca-
TOPbl ¢ BO3AYLIHBLIM AM3JEKTPUKOM YacTO NPHMEHSIOTCS B
panuoTexHuke, Pa3nnyalorT Takxe KOHAEHCATOPHl MOCTOAH-
HOUi u nepemennold emrxocru. KOHCTPYKUUsI KOHIEHcaTopa
nepeMeHHOH eMKOCTH NoKa3aHa Ha puc. 32. KonaeHcaTophl
NIOCTOSIHHOH eMKOCTH ObIBalOT ¢ OyMaXKHOH, CJIOASHOH W/H

58



KepaMuuecKoi H3oJsiuveli. ByMaxkHble KOHIEHCATOPHI MOKa-
3aHbl Ha puc. 33. MIx emKocTh GhiBaeT OGBLIYHO B Npefesnax
ot 0,01 go 10 mk¢. B aneKTpuyecKHX LeNsAX IOCTOSHHOTO
TOKa MPHMEHSIIOTCS TaKKe JAEKTPOAUTUYeCKUe KOHOEeHCATO-
pblL, T. €. KOHIEHCATOPH ¢
KHIKHM ITH3JIEKTPUKOM
(puc. 34). Emxoctb Ta-
KUX KOHJIEHCAaTOpOB 3Ha-
YHTEJbHO  HU3MeHseTcs
NpH H3MEHEeHUH TeMIle-
patypel. KonaeHncartopsl
aroro TuUna OBIBAIOT:
1) BBICOKOBOJBTHHIE —
no 450 8, 2) Hu3KO-
BoJIbTHBIE — 10 50 8. EM-
KOCTb BBICOKOBOJIBTHBIX
3JIEKTPOJIUTHUECKHUX KOH-

JleHCaTOPOB MOXKeT ObIThb Puc. 32. KounencaTop nepemenHoft
B mpelenax ot 5 go 30 €MKOCTH.
mxg.  HuskoBosbTHBIE

3JIEKTPOJINTHUECKHE KOHAEHCATOPHl H3rOTaBJUBAIOTCA eM-
kocTbio o 2000 mkg. YerpolicTBO HU3KOBONLTHBIX M BBICO-
KOBOJIbTHBIX 3JIEKTPOJHTHYECKHX KOHJEHCATOPOB OAMHAKOBO.

Puc. 33. Bymaxksble KOHAEHCATOPHI.

O/IeKTPOIUTHYECKHE KOHIEHCATOPHl HAalA0 BKJWOUYaTh C
YUYETOM IOJI0COB HCTOUHMKA TOKa. MX TexHHYeCKUM npeumy-
L1eCTBOM SABJII€TCS 3HAYUTENbHAST €MKOCTb. DJIEKTPOJIUTHYEC-
KHe KOHJeHCaTOPbl MOTYT MMeTb €MKOCTb B HECKOJBKO THI-
¢y MUKpodapan.
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KoHzaeHCcaTOpPBI MOXKHO COEJHMHATH KaK Mapasje/bHo, TaK
H NMOCJIe10BaTENbHO. ,

IIpu napannenbHOM COeJHHEHHH HECKOJIbKHX KOHIEHCa-
TOPOB HX 006LIasi eMKOCTb GyJNeT PaBHATbCA CyMMe eMKocTei
OTAeJNbHBIX KOHJEeHCaTo-
A pos. ITapanjenbHoe coe-
: JHHEeHHe KOH[IEHCATOPOB

nokasaHo Ha puc. 35.
O6uiasi eMKOCTb I10Ka-
3aHHO# Ha  DHCYHKe
Tpymnnbel  KOHIEHCAaTOpPOB

C=C1+C2.

[TocnenoBarenbHoe
COellMHEHHe  KOHIeHCa-
TOPOB H300paKeHo Ha
puc. 36.

Puc. 34. DneKTpONUTHUECKHE KOHIeH- O6uyto EMKOCTD
caTophL. FPyNIBl MOC/JeI0BaTEb-

HO COe/lHHEHHBIX KOHIEeH-
CaTOPOB MOXHO ONpeNeNHTb, CKIaJbIBasi BeJIUYHHL], o6paT-
HBle BeJqWYHHaM ux eMkocreii. [as onpegenenuss o6iueit

-[ I | Cr C
Ci-[ I (23 G—li_‘_" 22’

Puc. 35. TIlapaa- Puc. 36. TlocnenoBarens-
JieJIbHOE COellHEHHe HOe COefMHeHHEe KOHJeHCa-
KOHIEHCATOpPOB. TOpOB.

€MKOCTH ABYX NOCJEAO0BATE/JNbHO COE€AHHEHHbIX KOHIAEHCaTO-
POB HaAO BBLINOJHHUTL CJAEAYIOLYI0O MaTEMaTHUYECKYIO oOliepa-
117810)

L 1L, 1 _Gta,
Coom G G GG
GG
Coﬁm— C,+C;

Ecan nocnenoBaTenbHO COEOUHEHBl 5 KOHJAEHCaTOpOB,
HMeIIUX OJHHAKOBYIO €MKOCTb C, TO UX ob6liasi eMKOCThb
6y,[lET MeHbllle €MKOCTH OJHOro KOHAECHCaTopa B MATb pPas:

C
Copw = N
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Mpumep 24. Uemy paBHa o6lIas €MKOCTb TPeX KOHAEHCATOPOB, eCaH
€MKOCTb Ka)KAOoro U3 HHX paBHsieTCA:

C = 2 MK¢, Cy = 5 MK¢, C3 = 10 MIC¢.

KOHneHca‘ropu COeIHHEHBI NMocne0BaTe/LHO.

Pemenmne.
1 1 1 1 5+241 8 .
—=~—+-—-+-—-—= = —
C06111 2 5 10 10 10
10
Coom— 3 = 1,25 MK,

TNABA 2
MATHETU3M U DNIEKTPOMATHETU3M

§ 36. MATHUTBl U MATHUTHBIE ABJIEHUS

Eme B ray6okoit ApeBHOCTH Oniia oGHapyXKeHa xeJes-
Has pyZAa, KoTopasi MOXeT NPUTATHBATb KeJe3Hble npeaMe-
Thl. OTO CBOHCTBO PYABl GBIIO HasBaHO MazHeTuamom. Bro-
CJeICTBUH YCTAHOBHJIH, UTO XKeJle3Hasl pyna, UMelollas Mar-
HUTHBIE CBOHCTBA, fBJSIETCS] XHMHUYECKHM COEJMHEHHEM iKe-
Je3a ¢ kuciaopoaoM. Ee xumuueckas dopmyna Fe;O,. Takyio
PYAY Ha3bIBAIOT MACHUTHbIM HCENEIHAKOM.

H3aroToB/ieHHble H3 MAarHUTHOTO KeJe3HsIKa CTEePKHH
pasJaHyHON (POPMBI COXPAHSIIOT MarHHUTHble KauecTBa WU Ha-
3BIBAIOTCS €CTECTBEHHbIMU MASHUTAMU.

Ecin crepXHH U3 OOBIKHOBEHHOTO KeJe3a MPHUKATb K
€CTeCTBEHHBIM MAarHHTaM, TO OHH TaKxke NpuoGperaioT Mar-
HUTHBE KayecTBa, KOTOPBIE COXPAHSAIOTCS NPOLOJIKHUTENbHOE
BpeMsi. O6paGoTaHHble TaKUM CIOCOGOM JKeJie3Hble CTepiK-
HY Ha3BIBAIOT UCKYCCTBEHHbIMU Mma2HUTAmMu. Marautel pas-
Ho#t opMbl H306paxKeHbl Ha puc. 37.

KaxXabw#h MarHuT He3aBUCUMO OT ero ¢opMbl
uMeeT ABa mnoJioca. Ecan ycTaHOBHTb MarHuTHyo
CTPEJIKY Ha OCTPOH HIJIe TaK, 4TOObl MeXAY CTPeJKO# u ur-
JIoHl 6BII0O BO3MOXKHO MeHblllee TpPeHHe, TO CTpeslKa caMo-
CTOATEJIbHO TOBEPHETCS OJHHM KOHIIOM Ha CeBep, a APYrUM
Ha tor. KoHeu ee, HanmpaBJ/IeHHBIH Ha ceBep, Ha3LIBaercs ce-
sepHbim noatocom U oboznavyaercss 6yksoit C unu N. pyroi
KOHell, HallpaB/JeHHbI}l Ha 10T, HAa3bIBAETCS FONMCHbIM NOAIOCOM
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1 o6o3Hayaercs GykBoi#l IO uam S. Kaknelii MarHuT umeer
CeBEPHBII U 102KHBIH NOJIIOCH.

Ecnu K MarHuTHO#l crpenke HpPHGJIH3UTb TIOCTOSHHBIN
MAarHuT Tak, YToObl OJlHOMMEHHBle MOJIOCH CTPENIKH U Mar-
HHMTa COBNajaJjii, CTpejKa IOBEpHETCS BOKPYI CBOell OCH.
Ecnu e K cTpeske npuGJIH3UTh MarHUT NMOJIOCOM, NPOTHBO-

e &
/ @E
LY

cf\c >

Puc. 37. TlocTosifiHBle MarHH- Puc. 38. BsaumoseiicTBre Mexay
Thl pa3Hod (GOpPMBI. MarHMTHOH CTpeJKoOH W MOCTOSIH-
HBIM MarHHTOM.

MOJIOKHBIM TOH IMOJISIPHOCTH, KOTOPYIO UMeeT LaHHBIH KOHeLl
CTPEJIKH, OHa, MOBOPAayHBascCb, GyAeT MPHUTATMBATbCA 3THM
KOHIIOM K Maruury (puc. 38).

IToarocer mazHuTO8, umeroujue 0OUHAKOBYIO NOAAPHOCTS,
orTaarkusarorca. Iloatocer pasnoll noaapHocTu nputseu-
8arorcs.

~ Bousiee Bcero cuiia MarHMTHOTO AEHCTBHS NpPOSIBJSETCS Y
nosocoB. Ha paccrosiHuH, OZUHAKOBO OTCTOSILLIEM OT CeBep-
HOTO U I0KHOTO IOJIIOCA MArHUTa, MarHUTHble CBOHCTBA €ro
COBCEM He NPOABJSAIOTCS. DTO MeCTO Ha MarHuTe Ha3blBaeT-
cs HelTpaabrOU aunuell.

MaruuTsl, coxpaHsllYe CBOH MarHUTHble OCOGEHHOCTH
IJIUTENbHOE BPEMSs, Ha3bIBAIOTCH NOCTOAHHbIMU MA2HUTAMU.
Ecin MarHuThl HarpeBaTb, OHH TEPSIIOT CBOW MarHUTHbIE
CBOHCTBAa. DTH CBOHCTBA TEPSAIOTCS TaKxKe MPH yAapax.

§ 37. MATHUTHOE NOJE

[MpuraruBaHWe M OTTAJKUBAaHUe MATHUTOB IPOUCXOAUT
Garonapsi HaJHUUI0O MArHUTHHIX cual. To npocrpaucrso, 8
KOTOPOM MOJCHO OOHAPYXCUTb OelicT8Ue MASHUTHbLX CUl, Ha-
3bL8AIOT MACHUTHbLIM NOAEM.

B Kaxjioli Touke MarHHTHOTO NOJsS MarHUTHBIE CHJIBI
LeNCTBYIOT B ONpeleJeHHOM HanpabjeHMH. Ecau B Kakoii-
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60 TOYyKe MArHUTHOrO MOJst MOMECTUTb MAarHUTHYIO CTpe-
Ky, TO OHa 3aiiMeT ompejesieHHOe MOJIOXKEHHE, TaK KakK Ha
KOHIBI ee NEHCTBYIOT MarHuTHble cujbl. IloMemas cTpenky
B pasHBIX TOYKAaX MAarHATHOTO MOJIsi, MOXHO NPOCJENNTb,
KaK HalpaBJ/eHbl JIUHUU [JeHCTBUSI MarHUTHBIX cu/. JIMHHY,
B HanpaBJieHMH KOTOPBIX AeHCTBYIOT MarHdTHble CHJIbI, Ha-
3BIBAIOT MASHUTHBOIMU CUAOBLIMU AuHusmu. edcTBue Mar-
HUTHBIX CHJl HampaBJeHO OT CEBEPHOro MOJIIoCa MarHuTa K
I0XXHOMY.

MarHMTHB € CHJO-
Bole JUHHHM Bcerjpga
3aMKHYTH.

Takum o6pa3oM, Mar-
HUTHOE I10JIe MOXKHO H3006-
pasuTb NpH TNOMOLIM Mar-
HUTHBIX CHJIOBBIX JIMHHH.
Onunako He ciaenyer 3a6hl-
BaTh, YTO JIHHHUH 3TU B AeH- :
CTBHTEJBHOCTH He cCylle- Puc. 39. )JKenesuble OINHJIKU

CTBy}OT, I/IMH ]'[OJ']b3yK)TC${ B MarHuTHOM noJie 110JII0COB
TOJIBKO HJASI TOrO, YTOGHI Maruura.

HaIJVIAHO NMpeACTaBUTh cebe CBOMCTBA MarHUTOB U HEHCTBHE
HX B NPOCTPAHCTBE, HA3bLBAEMOM MACHUTHbLIM noiem. Mar-
HUTHBIE CUJIOBBIE JIMHHHM IIOMOralT HaM M3ydyaTb CBOHCTBa
MarHHTHOTO TNOJIsl, HO OHM M306paxaioT 3TO MoJe TOJNLKO yC-
JIOBHO.

Hanpas/iienue u pacrosioXkeHue CHJOBBIX JIHHMH MOXKHO
npenctaBuTb cebe GoJsiee HATVISIAHO, NMOJB3YSICh XKeJE3HbIMH
onuikaMu. Ecnyu Ha MarHuT HaloXHTh Juct 6ymaru, Kapro-
Ha WJIH CTeKJa, a 3aTeM CBepPXy paBHOMEPHO pacchlnaTh
JXeJle3Hble OMUJIKH, TO OHU PAacHoJIOXKAaTCAd B COOTBETCTBUH
C CHJIOBBIMU JIMHUSIMH TI0Jis], KaK MOKa3aHo Ha puc. 39.

Takoe pacnosioxeHue ONWIOK OODBSICHSIETCS TeM, UTO
Ka)X/lasi YyacTHlla MX B MarHUTHOM II0Jie HaMarHH4YMBaeTCs
W CTaHOBUTCS MaJIeHbKUM MarHHTOM, KOTODBIH BeleT cebsi
TaK »Xe, KaK U MarHuTHas CTpesKa, NIOMelleHHAasi B MarHUT-
HOM IoJIe.

Ecay cusioBble JIMHMM MAarHUTHOTO TOJIS ITapaJjiesbHbl
MeXAy co60i1 1 MarHUTHbIE CHJIbl OJJUHAKOBBI B KaxA0# TOU-
Ke 10Jisl, TO TaKoe I0Jie Ha3bIBaeTCs: 00HOPOOHbIM.

MarHuTHoOe moJe XapaKTepu3yeTcs e€ro
HanpsXeHHOCTbI0. Hanps:keHHOCT, MarHuTHOroO I0-
Jsl omnpefensieTcsi TOH CHJIOH, KOTOpass B JaHHOH TOUKe
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IefiCTByeT Ha CEBepHHIHl TIONIOC 3JEMEHTAPHOTO MAarHHuTa,
KorJla BeJIMYMHA €r0 MarHeTu3Ma.paBHa eluHHUE. DTa cujia
usMepsiercsi B Juxnax. B oZHOpONHOM TmoJie HaNMpsXKEHHOCTb
€ro BO BCeX TOUKaxX ONUHAKOBa.

CpaBHUBasi MarHUTHOE T0JIE C 3JIEKTPHUECKUM I10JIEM, He-
06X0JHMO OTMETHTb, UTO ME€XIYy HUMH HMeeTcs 3HAUUTEJb-
Hoe BHellHee cX0AcTBO. OHAKO MeXAy 3TUMHU MOJNSIMU €CTh
U cyutecTBeHHOe pasJjnyue. CUJIOBbIe JHHHHU 3JeKTPHUECKOTO
NoJisi HAYNHAIOTCA Y MOJIOXKHTENbHOTO 3apsiia U KOHYAloTCS
y orpunatenbroro. CHOBEEe JIMHHH MAarHUTHOTO TOJs Hel-
pepLIBHbI, TaK KaK B MarHHTax Hesb3si OTAEJIHTb CEBEpHbLIi
MarseTuaM ot 1oxHoro. Eciu Bo BHellHeM MarHUTHOM moJie
CHJIOBLIE JINHUH HAUHHAIOTCS OT CEBEPHOro NOJioCa M HAYT
K 10KHOMY, TO BHYTPH HEro 3TH JIHHHH NPOLOJKAIOTCH OT
I02KHOTO NOJI0Ca K CEBEPHOMY.

§ 38. MATHUTHAS MHAYKLIUSA

Uepes KaxkIblii KBaJpaTHBIA CaHTHMETp MONEPeYHOro
CeyeHHs] MOJIT YCJOBHJIHCH HNPOBOAHTb CTOJBKO CHJIOBBIX
JIUHUH, CKOJbKO AMH HMeeT B JaHHOH TOUKe ero HalpsiKeH-
HocTb. CuilOBble JIMHMM N0J$, NPOHU3LIBaIOIIME ONpejeseH-
HYI0O IJIOIIadb, BbIAEJICHHYIO B HeM, Ha3BIBAIOTCA MABHUT-
row noroxom. O ToM, B KaKOH TOYKe MarHUTHOe IoJe CHJIb-
Hee WJM cjaGee, MOXKHO CYIHTb [0 BeJUuYHHe, KOTOpas Ha-
3BIBAETCS MAeHUTHOU uRdyKyued.

MarHuTHas HHAYKOUS NpeicTaBiaseT co6ofi MarHHUTHBIA
NIOTOK, NPOXOISUINiA Yepe3 eIHHHIy NOBEPXHOCTH, IepIeH-
IOVKYJSIPHOH K HanpaBJeHHI0 MarHuTHoro nojsi. Ecam Mar-
HUTHBIH TIOTOK OJHOPOJHOrO MoJs 0603HAYuTb GYKBOH P,
a TUiollaab, NEPNEHIUKYNSAPHYIO K CHJIOBBIM JIMHHSM 3TOTO
monsi, 6yKBo# S, TO BeNIMUHHA MarHUTHOTO TNOTOKa MOXeT
6LITh onpezeneHa no Gopmyne

& = BS,

rae B — MarHuTHas MHAYKIHSA.

/1St ©3MepeHHs] MarHUTHOTO TOTOKA NOJb3YIOTCS eIHHH-
ek, KOTopasi Ha3biBaeTcsi 80.4bT-CeKyHOa. MarHutHyio HH-
AYKUMIO TaKXe M3MepsoT B BOJBT-CEKYHAAX Ha ONMH KBal-
patHbiii MeTp. BMecTo BOJIBT-CeKYHABl MHOTAA NOJb3YIOTCSA
Ipyroii eAMHHULEH, KOTOpas HasbBaeTcs maxcéeas *. Onna

* [To TOCT 9867—61 exuuHna MarHMTHOrO TOTOKAa — BeGep (66).
1 66 = 10® mxc.
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BOJIbT-CeKyHa GoJibllle ONHOrO MaKCBelsla B CTO MMJIHO-
HOB pas.

BennuuHy MarHuTHOM HHAYKUHH MOXHO NOJYYHTb, pas-
IeN’B BeJIMYHHY, COOTBETCTBYIOLIYIO MAarHHTHOMY MOTOKY,
Ha IJIol[aJb NonepeyHoll NOBEPXHOCTH, BEIPAXKEHHYIO B MeT-
pax, yepe3 KOTOPYIO 5TOT MOTOK MPOXOAMT,

Ecou MarHuTHBIE NOTOK B 3TOl (opMyle naH B Mmak-
cgeAnax, TO MarHUTHasi MHAYKUUSI NOJy4aeTcss B eIMHHLAX,
KOTOopHle Ha3uiBaloTes eayccamu *. Takum obpasom, ecau 4e-
pe3 nioujadky 8 oOuH KB8AOPATHbLL CAHTUMETP, nepnexou-
KYASPHYIO K CUNOBbLM AUHUAM OOHOPOOHO20 NOAS, NPOXO-
OUT MA2HUTHbBLE NOTOK, KOTOPbLL pases 0OHOMY MAKCBeAAY,
TO MA2HUTHAA UKOYKYUs npu 3atom Oyder pasHa o00HOMY
eayccy.

§ 39. MATHUTHAS NPOHMLLAEMOCTDb

He Bce BelecTBa OAMHAaKOBO MPOBOJAAT MarHuTHble CH-
JoBble JHHUU, Uepe3 »KeJe30 MarHUTHblE CHJIOBble JIMHHH
MPOXOIAAT BO MHOTO pas Jierue, yeM yepes Bo3dyx. Pacmpe-
IeneHHe CHJOBHIX JIMHHHA .-
MarHuTHOro rnoJis, B KOTO- s
POM HaxXOIHUTCS KeJe3HbIH } ¢ E'-_.;g% o g
6pycoK, NMOKa3aHO Ha pHC. S
40. V3 pucyHKa BUIHO, YTO pyc 40, Pacnpenenerme cHi0BHIX
JKese30 Kak Obl BTATHBA- JHHHHA MarHHTHOTO noJif, B KOTOPOM
er B ceGs CHJIOBble JIHHHH. HAaXOAMTCA MIACTHHKA.
Cnoco6GHOCTb 2kene3a npo-

BOAUTb MarHUTHBIN MOTOK 60Jbllie, 4eM OKDYJKalollero BO3-
Ayxa, NOYTOMY MarHHTHas HHAYKUHS B XeJje3e 60Jblle, yeM
B BO3/1yXxe.

Beanunna, xapakrepusylmollas MarHHTHHle CBOficTBa
cpenbl, B KOTOPOH HeliCcTByeT MarHHTHOe MoJe, Ha3blBaercs
MarHuTHO# mnpoHHuaeMocTbio. Ee 0Go3HaualoT rpeyeckoi
6ykBo#t p (MI0).

Beanuuna, noxaswBaoiias, Bo CKOJbKO pa3 MarHuWTHas
HHAYKIMS B KaKoM-1H60 BelllecTBe 6oJibLle, YyeM MarHuTHas

* [To I'OCT 9867—6! efuHMIa MarHMTHOM HHIYKUHH — Tecaa
(ma) .1 ma = 104 ec.
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HHIYKUHS B NYCTOTe, HA3BIBAETCS OTHOCUTEAbHOL MAZHUT-
HOU nporuyaemocTsro 1 0o603Havaercs 6YKBOH wy. Marnur-
Has NMPOHHLAEeMOCTb NYCTOTbl 00O3Hauyaercss OYKBOH po.

Jlns 1060# cpelbl ee MarHUTHYIO NPOHHULAEMOCTb MOX-
HO onpejenuThb o popmyJie

=W MW.

Ecan MaruuTHasi MpoHULIaeMOCTh KaKOro-IHGO BellecTBa
MeHbllle eIHHHLBl, TO 3TO BEIIECTBO Ha3bIBAIOT OuUAMAZHUT-
Holm. ‘B Takux BellecTBax MarHUTHOe MoJie caaGee, 4yeM MNpH
TeX JKe YCJOBHSX B MyCTOTE.

Ecau oTHocHTe/bHAass MarHUTHasi NMPOHHLAEMOCTb MaTe-
puana GoJsbllle eNHHHLB, TO TAaKOH MaTepuas Ha3blBAIOT
napamaehuthoim. K AuaMarHUTHBIM MaTepHajiaM OTHOCHTCSH
menb, cepebpo, yraepon u apyrue. Boabdpam, naatuua,
MapraHeu W ApYyrue sIBJASIIOTCS NapaMarHUTHbBIMH MaTepua-
namu. Eciu oTHOcHTe/bHAsi MarHWTHAs MPOHHLAEMOCTh Ma-
TepHasa 6oJblle €IMHHLBI BO MHOTO pas, TO TaKHe MaTepH-
aJbl HasbiBalOT (eppomazHuTHoIMU. Y (HeppOMarHUTHBIX
MaTepuaJsoB OTHOCHTE/NbHAsl MarHUTHAsl NPOHHLAEMOCTb Bbl-
parkaetcs HECKOJbKHMH ThICSYaMU eJHHUL. DTH MaTepHaJbl
INMPOKO MPUMEHSIOTCS B JEKTPOTEXHHKE, TaK KaK TOJbKO
HX MOXKHO HaMarHuuuBaTb. )Kese3o, HHKeJb, KOGAJIbT U He-
KOTOPhlE CIJaBH $IBJASIOTCA (pepPOMarHUTHBIMM MaTepHa-
JaMH.

§ 40. MATHMTHOE NOJNIE NPOBOAHMKA C TOKOM

Ecnu yepes npoBOAHMK NpPONyCKaTh 3JMEKTPHYECKHH TOK
H PALOM C HMM PacnosIOXKHUTb MarHuTHYIO CTPEJKY, TO 3Ta
CTpesiKa 3aliMeT onpeaesieHHoe noJjoxeHue. Ee Hanpaa.ne-
Hue Oygner cosBnafaTtb C TJIOCKOCTbIO, TNepneHAMKYJ/sPHOI
NpoBONHHKY. TaKoe noseaeHHe MarHuTHoﬁ CTPeJKH CBHIe-
TEJNbCTBYET O TOM, UTO BOKDYr NMPOBOAHHKA C TOKOM HMeeT-
csi MarauTHoe noJse. CunoBbie JIMHHH MarHUTHOro noJs, o6-
pasoBaBlLIerocst BOKPYr NpoBOJAHMKA C TOKOM, pacnoJaralor-
Csl KOHLUEHTPHUYECKH, KaK 3TO NOKa3aHO Ha puc. 41,

Hanpasnenue cusioBbix JHHHA NOJS B 3TOM C/Iyuae MOX-
HO ONpefeHTh CJAeAyIoLMM 00pasoM: .ecld NpeACTaBUTb
cebe, yT0 B KOHell TPOBOAHHKA BBHHUYHBaAeTCH
6ypaByuK TakK, 4ToOH €ro ABHXEeHHe CQBIa-
laJjo .Cc HanpaBJeHHEeM TOKa, TO HamnpasBJe-
HHMe BpalleHUs ero PYKOSITKH NOKaxer Hal-
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paBJeHHe MAarHMTHBX CHJOBLX JHHHH 3ro
onpejesieHle Ha3biBAaeTCH NPAsUAOM 6Ypas4uxa.

lBa npoBCAHHKA C TOKOM, PacnosoxeHHble GIH3KO OAUH
K Apyromy, OyAyT NPHTATHBATbCS, €CJAH HaNpap/eHWe TOKa
B HMX ONMHAKOBOe. IDTH MpoO- .
BOJHUKU OYAYT OTTaJKHBATb-
€51 OJMH OT APYTOro, ec/H Ha-
npasJeHHe TOKa B HUX pPa3Hoe.
Cka3zaHHOe Bbillle OGDbSICHSAET-
csl TeM, YTO BOKDPYT NMPOBOAHH-
KOB C TOKOM ofpasylorcsi mar-
HHUTHble M0J/15l, KOTOpble B3au-
MOJEeACTBYIOT Mexay coG6oil.
STH MarHUTHBlE NOJS NpONnop-
LIMOHA/BHBl CHJIe TOKa, NpOTe-
Kalulero B KaXXA0M M3 mnpo-
BOJHUKOB, UeM Gosblue cuia
TOKa B MPOBOAHHKE, TEM CHU/b-
Hee MarHutHoe noJe, C npe-
KpallleHHeM TOKa MarHHTHOe
nose BOKPYT NMPOBOAHHKA HC- Tox  udem Tox udem
qesaer,

PaccmotpumM, kak pacro-
JlaraloTcsl  CUJIOBble JIHHHMH
MariWTHOTO 1OJs, BO3HHKaloOLlero BOKPYr NPOBOAHHKA,
H30THYTOro B KoabLo. Ecau HanpaBienne cHAOBBIX JIHHHH
onpenessith No npaBuay 6y-
paBuHKa, TO MOXHO Yybe-
IUTbCS, UYTO OHH C OJAHOM
CTOpPOHBl 6yNyT BXOIMTb
BHYTPb KOJbBUA, a C ApY-
roH — BBHIXOAHTb U3 Hero.
St10 mnonoxeHue crnpasen-
JIUBO Kak AJs NMpaBoi, Tak
M LJs JIeBOH YacTH KOJb-
Puc. 42. Maruuthoe nose koabue- 1a. Cu/I0BblE JIMHHM pac-

BOro MpOBOAHHKA. pojj0KaTCH B IJIOCKOCTH,

neprneHAHKyJApHON K mjoc-

KOCTH KOJblla, B COOTBeTcTBUM ¢ pHc. 42. M3ornyrhiii B
KOJ/IbLIO MPOBOJHHK, 4aCTO HA3bIBAIOT BUTKOM.

Ecau DpoBOAHHK CBepHYTb CNHpPAaJblo, TO MOJAYYHM He-
CKOJ/IbKO BHTKOB, PaCIOJIOXKEHHBIX OJHH 3a JpYyruM, Marsur-
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Puc. 41. CusioBble THHHH MarHuT-
HOTrO MOJIi MPOBOJHHKA C TOKOM.




Hble NoJis BHTKOB GYyNyT cKJaabiBaTbcst M 006pasyloT CyM-
MapHoe MarHuTHOe noJe. IloutH pce cHJOBHIE JIHHHH B
3TOM cayuae 6yAyT oXxBaTbiBaTb Bce BHTKH. TO/IbKO HEKOTO-
prle U3 HHUX 06pa3yloT KOJblLa, OXBaThiBalollHe OTHAeJbHble
BUTKH.

Takoit cnupanbHBI NPOBOAHHK oOpasyerT KaTyWKy H
HasblBaercsl cosenoudom. MariutHoe noJie cosieHouaa H306-
paxeHo Ha puc. 43. OHO oueHb NMOXOXe Ha MarHHTHOe MoJe
NOCTOSAHHOTO MAarHuTa, UMEILIEro NpAMOJHHelHY10 dopMy.
CusoBble JIMHUH BHYTPH COJIEHO-
ujJa HanpaBsJeHbl OJHHaKoBo. Ko-
X \--7 Hell COJIEHOHJa, H3 KOTOPOro OHH
-3 b= BBIXOJAT, SBJSIETCS CeBePHLIM

¢ nomocoM.  IIporuBonosoXKHbIN

KOHell, B KOTOPBbI CHJIOBbIE JIH-
HHH BXOJAT, SBJSETCS IOXHBEIM
nomocoM. [loatochl coseHouna
Puc. 43. Maruutioe nose MOXHO OINPENE/IHTb, MNOJb3YsACh
coJieHOnAa, npaBusioM 6ypaBuMKa B HECKOJb-
Ko usmeHeHHoM Bujie. Ilpexcra-

BHUM cebe, yTo OypaBYMK BBHHYHBAE€TCs B COJIEHOHA TaK,
YTOGBI ABHXEHHE ero PyYKH COBMalaJjo ¢ HampaBJeHHeM: TO-
Ka B BUTKax cosieHouja. Torna HanpapJieHHe JBHXeHHS 6Y-
paBuMKa COBNajaeT C HanpaBJeHHEM MarHHTHBIX CHJIOBhIX

Puc. 44. Onpenenenne MoJCOB  COJIEHOMAA
no npasuay OypaBuHKa.

JIMHHUHA nosig conenoupa (puc. 44). [TonsprHocTh cone-
HOoOMJa MOXHO ONpeneJHThb, HAaJOXHB Npa-
BYIO PYKy Ha Hero TakuM o6pasoM, 4uToGH ue-
THpe NaJblla COBNajfaJu C HalnpaBJeHHEM
TOKa B BUTKax. [Ipy 3toM oTOTHYTH A B CTOPO-
Hy 6onbmwoi majeu 6yAeT yKa3bBaThb ceBep-
HBIl NOJIOC KaTyIWKH (puc. 45).
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MarnuTtHoe noJsie cojleHOMAA YCHUJIUBAETCS, €CJAH yBeJH-
yHBaeTcsl TOK, MPOXOAsiluMit no BUTKaM. [Ipu onHoM H ToM
’Ke TOKe MarHuTHoe moJie GoJsblie y COJIeHOWAA, HMeloLlero
6onbliee KONMHYECTBO BHTKOB. TakuM o6pa3oM, MarHuTHble
KauecTBa COJIEHOHIAa MOryT ObIThb ONpeleneHbl ABYMs BeJH-
YHHAMH: CHJIOH TOKAa H KOJHYECTBOM BHTKOB.

[Npoussenenye uucaa BUTKOB Ha BeJHUYMHY TOKa, BhIpa-
JKEHHYI0 B aMrepax, Ha3blBalOT aMNep-BHTK a M H.

2~ Puc. 45. OnpefieeHne TO.TIOCOB
Y2170 cosenonaa mo mpaBHAy NpaBof

~>  pykKH.

Ecaun k coneHonay npuG/IH3HTL KeJe3HbIH CTepKeHb, TO
OH 6yaer BTATHBATbCs BHYTPb COJIEHOHAHON KaTyukH. Ctep-
JKeHb, OKa3aBlIHiics B MarHUTHOM IoJle COJIeHOH/]a, HaMar-
HuuuBaercs. [Ipu 3TOM HanpaB/ieHHe CHJIOBBIX JHHHI GyneT
TaKUM, KaK 3TO M0Ka3aHo Ha
puc. 46. Y KOHLOB CTepXKHA Heampanswan tunua
o6pasyioTcsi MOJIOCHl, KOTO- P s
phle OMpefessioTCs B COOTBET- ,,-- 2 TI1>
CTBHH C HanpaBjeHHeM MpoO-
HU3BIBAIOLIUX €ro  CHJOBLIX
agHuil. TIpu 3TOM 10XKHBIH TMO-
JIIOC CTEepPKHS OKaxKercst TNpo-
THB CeBEpHOTro noJoca KaTtyul-
Ku. BraruBaHue crepxkHS B
KaTylKy Oyler NponOJXKaTb-
cA [0 TeX nop, Noka Hel- Puc. 46. Brarusanue cranbnoro
TpaJibHble JIMHMH KaTYWIKH H CTEPAKHA COJIEHOHAOM.
CTepXHSI He COBMeCTATCS.
[TpuHUMN BTATHBAaHHS XKeJe3HbIX HeTajell B KaTYLUKy coJe-
HOHMJa HCNOJIb3yeTcsl BO MHOTHX H3MepHUTeNbHBIX npHGopax
M B Pa3HbIX 3/1eKTPOTEXHHYECKHX YCTPOHCTBaX.

§ 41. DNEKTPOMATHUTBI

CoJieHOHMA, BHYTPH KOTOPOTO HMeETCsl XKeJe3HBl crep-
JKeHb, Ha3blBaeTcsi JaekrpomacHutom. Hanuume rkenesa
BHYTPH COJIEHOMIA YCHJIHBAeT €ro MarHuTHOe mnoJie. ITO
yCHJ/IeHHe CBSI3aHO C TeM, 4TO JKeJie30 OTJIHYaeTcs 3HauH-
TeJbHOH MAarHUTHOH MNpoHHLaeMocTblo. JKeneaublll crep-
XKeHb, TIOMEILEeHHbI/i BHYTPH COJNEHOHJa, Ha3bIBAWT cepded-
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HUKOM. BUTKH CO/MEHOMZlAa 4aCTO HA3bIBAOT ero 06MOTKOMU.
DoJblieil yacTblo 00OMOTKA 3J€KTPOMarHuta COCTOHT H3
MeJHOH NPOBOJIOKH, KOTOpas HaMaThIBaeTCsi B HECKOJbKO
cJ0eB Ha Kapkac KaTylWku. [ToJsitochl /leKTpoMarHiura Mox-
HO OIpPELeJUTb TaK XKe, KaK U MOJIOChl 0OBIYHOTO COJMEHOUAA,
CoBepilIeHHO OUeBHAHO, YTO C H3MeHeHHeM HamnpaBJeHHs
TOKa B OOMOTKe 3JeKTPOMAarHuta H3MEeHHUT-
cs1 HanpasJ/leHHe MarHUTHOTO MOTOKA, a 3Ha-
YUT H MOJIIOCOB Y €r0 KOHILOB, '

DNeKTPOMAarHuThl NPHMEHSIOTCA B ca-
MBIX Pa3HOOGpa3HbIX 3JEKTPOTEXHHUECKHX
anmaparax M YCTPoOHCTBax. DJEeKTpPOMarHu-
Puc. 47. Dnex. Thl HMEIOTCS B 3JIGKTPHYECKHX MallHHaX, B
Tpomaruut cBHyT- TeJeQOHHBIX M TeserpadHbIX annapartax, B
PeHHMMH NOMO-  TPOMKOTOBODHTENSIX, 3/MEeKTPUUYECKUX 3BOH-
camu. Kax M B DPa3HbIX aBTOMATHYECKHX YCTPOH-

CTBax. _

CepleyHHKH 3J€KTPOMarHHTOB H HMX KATYIUKH MOTYT
HMeTb pasHooOpasHyio ¢GopMy, KOTOpasi onpenensiercs HX
Ha3HaueHUeM M npuMeHeHueM. Bcrpeuaiorcs foBosmbHO uya-
CTO 2/IEKTPOMarHUTH C BHYTPEHHUMH no/iocaMd. OguH H3
TaKHX 3JeKTPOMarHuTOB NOKa3aH Ha puc. 47.

§ 42. REUCTBUME MAFTHUTHOTO NONS HA NPOBOAHUK C TOKOM

IlpoBOAHMK C TOKOM, HaxOASINUIACA B MarHMHTHOM IO-
Jle, nepeMellaeTcss B ONpefeJieHHOM. HalpaBJleHHH, Mepe-
cekasi CHJIOBble JIMHHH 3TOro noJas. IIBHiKeHHe NPOBOLHHKA
oObsiCHsIETCSI TeM, YTO MAarHUTHOe ToJle, BO3HHUKaloLlee
BOKPYr Hero, B3aHMOAEHCTBYeT C BHEIIHHM MAarHHTHbIM
noJieM. g

B pesyJabTaTe 3TOro B3aMMOJEHCTBHS C OJHOA CTOPOHBH
NIPOBOJHHKA MarHUTHble CHJIOBble JIMHUKH OYAyT Cryliartbes,
u oflilee MarHUTHoe noJie ycuaurtcs. Ha mpoTHBOMOMOXKHOMN
CTOpPOHe NMpPOBOAHYKA CyMMapHOe MarHHTHOe noJe ocnaab6-
JsieTcsl, TaK KakK CHJIOBble JIMHHU 3[eCb HUMEIOT Da3HOe Ha-
npasJenue. [IpOBOAHMK € TOKOM INPH 3TOM BHITANKHBaeTCs
B Ty CTOPOHY, I'le HMeeTCsl pa3pexkeHHe CHJOBBIX JHHHH.
Hanpasiieniie NBHKEHUS TNPOBOJHHKA MOXHO YCTaHOBHTb,
No/b3ysICb NP aBHUJOM JIEBOH PYKH.

Jdas onpeneneHus HanpaBJeHHS NABHXe-
HMs MNpPOBOLZHHUKA ¢ TOKOM, HaxoAsumerocs
B MarHuUTHOM NoJae, Hafo JeBYyl pPYyKYy pac-
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NONOXHUTb B MAarHUTHOM MNOJe Tak, uTOGH
MarHuTHbBE CHJNOBbie JHHHW~BXOAHUJH B Ja-
JOHBb, BHITAHYTHE YeThipe MaJblla COBNALa-
JU c HanpaBJeHHeM TOKa B npoBonHuke, [lpu
3TOM OTOTHYTHH O6oabwo#
naJjeun yKaXeT Hanpasae-
HHe JABHXEHHS MNPOBOAHU-
K a. PacnosnoseHnue neBoi pyKn ans
onpefeseHUsT IBUXEHHUS NPOBOAHH-
Ka mokasaHo Ha pHuc. 48.

Cuaa, deiicTeyroujas Ha nposood-
HUK ¢ TOKOM, RPONOPYUOHANbHA
MA2HUTHOU UHOYyKyuuw, cusre ToKa 8
npogodruke u e2o Oaune. Takum
06pa3oM, BeJHUHHA CHJIBI, MNepeMe-
miapolel MPOBOAHHK, PaCloJ/OXKeH-
Hbl/i B OZHOPOAHOM MAarHUTHOM MO-
Jle MeprneHIHKYJSPHO MarHUTHbIM
CHJIOBBIM JIMHUSIM 3TOTO MOJS, MO-
XeT OLITb ONpeje/neHa CAeAYIOIHUM  Puc. 48. Onpenenexue ua-
obpasomM: npaBaeHUs IBHXeHHR Mpo-

BOJHHKA ¢ TOKOM TNO npa-
F = B, BHJY JIeBOH PYKH.

roe F — cuna, neficTByioulass Ha NPOBONHMK, B — Maruut-
Has MHAYKUUS OAHOPOAHOro moas, [/ — cuia TOKa B mpo-
BOAHHKE M [ — ero AnuHa.

§ 43. HAMATHUYMBAHME DEPPOMATHUTHLIX MATEPUMANOB

K ¢eppomMarHuTHbiM MarepHajaM OTHOCATCS CTajb, Xe-
JIe30 UyTYH, HHKeJb, KOGaJbT.

MaruurtHas npoHuuaeMocTb eppoMarHMTHHIX MaTepua-
JIOB 3Hayu1eJbHO [NpeBbllIdeT MNPOHHLAEMOCTb MNYCTOTHI.
XapaKTepHbIM NPU3HAKOM (EPPOMATHHUTHBIX BELIECTB HAB-
JISIeTCS1 3aBHCHMOCTb MarHMTHOH NPOHULAEMOCTH OT Hamps-
JKEHHOCTH TOTO MarHHTHOTrO MOJIsl, B KOTOPOe NoMelleH ¢ep-
POMAarHUTHBIA MaTepHaJ.

Crnoco6HocTb (DeppOMarHUTHBIX MaTepHasoB HaMarHH4H-
BaTbCsl MOXeET ObITb OODBSICHEHA CAedYyILHM 06pa3oM.

Ham yxXe u3BeCTHO, 4TO NPOXOAAIUMH MO NPOBOJHHUKY
TOK o6pasyeT BOKPYr 3TOro NMPOBOJAHHKA MAarHUTHOE NoJe.
C HApyroi CTOPOHBI, MH 3HaeM, YTO JIEKTPHUECKHH TOK eCThb
HE YTO WHOe, KaK HalpaB/eHHOe MepeMelleHHe CBOOOLHBHIX
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3/1IeKTPOHOB BROJMb NpoBoAHHKA. ONHOBpPEMEHHO B aToMax,
H3 KOTOPBIX COCTOSAT JloOble BelllecTBa, NIPOHUCXOAHT Henpe-
PbIBHOe ABHXKEHHe 3JIeKTPOHOB BOKDYT aTOMHHIX siiep MNO
cBOHUM op6utaM. KpoMme Toro, Kaxawlil 3/eKTPOH aToMa, Io-
MHMO IBHXKEHHUs 1Mo opOHTe BOKPYr aTOMHOro siapa, OJHO-
BPeMeHHO BpalllaeTcsi BOKPYr CBOEH OCH. DTO BpallleHue Mo-
10GHO BpalleHHI0 BOJYKa. J{BHXKeHHe 3JeKTPOHA MOXHO
paccMaTpHBaTb Kak CBOeOOGPasHbii TOK, CO3AalOLIMH Mar-
HHUTHOe noJe,

IToka ¢eppoMarHuTHBEIl MaTepHas He HaMarHWueH, Mar-
HUTHble NOJIS 3JeMEeHTapHbIX YacTHL BHYTpPHU BellecTBa pac-
noJioXxeHbl 6ecnopsiioyHo. B oO6bluHBIX YC/IOBHMAX HeHaMar-
HHYeHHbIH (eppOMAarHUTHBIN MaTepuas He MPOSIBJseT Mar-
HHTHBIX CBOHCTB B OKpyxXarolleil ero cpene. Ho kak ToabKo
(dheppoMarHuTHOE TeJIO OKa3biBaeTcsl NMOMeIllleHHbIM BO BHelI-
Hee MarHUTHOe TOJie, MarHUTHBbIE MO/ 3J€MEHTapHbIX ua-
CTHL[ BHYTPH 3TOTO TesJia MOBOPAYMBAIOTCA MOA HeHCTBHEM:
BHEIIHero MarHUTHOrO MOJIS TakK, YTO HalpaBleHHe UX COB-
nagaer. Ctajb UJIH XKeje30, OKa3aBllHecsi B TAKUX YCJOBHU-
X, TPHOGpPeTaoT MarHUTHLIE CBOHCTBA.

®eppoMarHuTHele MaTepHaJgbl nocje MpeKpalleHus HX
HaMarHHYMBaHUs OKa3blBAlOTCS HaMarHU4eHHBIMH Ha MPOTHA-
Xenud poaroro BpeMeHH. CrnocoGHOCTb ¢eppoMarHUTHHIX
MaTepHa/JoB COXPaHATb MarHUTHble CBOHCTBA flocje TOTO
Kak HaMarHu4MBalolllee HX MoJie HcYye3aeT Ha3bIBAIOT OCTA-
Toynoim  maznetusmom. OIHH MaTepuanbl HMeIOT BecbMa
HE3HAYHTE/IbHbIII OCTATOYHBI MarHeTH3M, B JAPYTHX Xe OH
Goabiie. K Matepuanam, OTIHYAIOWIUMCA HaJHUYHEM 3HayH-
TeJbHOrO OCTATOYHOrO0 MarHeTH3Ma, OTHOCATCH CHElHaJb-
Hble cOopTa TBepPABIX CTaJjed: BOJbHPaMOBOH, XPOMHCTOH,
Ko6asbToBOMi. [3 HHX H3rOTOBJSIOT MOCTOSIHHblE MarHHTHI.

SIBnenve ocTaTOYHOro MarHeTHaMma OOBSCHsSETCH YCTOMH-
YUBOCTbIO HANpaBJieHHs oceHl BpalllalOIUXCS 3JeKTPOHOB,
OpHEHTHPOBAHHLIX B ONHOM HanpaBJeHHH NPU HaMarHU4H-
BaHMH (eppOMarHUTHOTO MaTepHana. Ta yCTOHMYUBOCTD IO-
no6Ha YCTOHUMBOCTH JO60ro npeaMmera, BpalllalollUerocs C
GoNbIION CKOPOCTbIO BOKPYT CBoell ocH (Bosyka, Kosec Be-
Jgocunena). Bonuok He najgaer go Tex mop, NMoKa OH Bpa-
maercs ¢ 60J/bIIOH CKOPOCTHIO.

MarnutHpie cBoiic1Ba (eppOMarHUTHHIX MaTepHaoB
4acTO XapaKTepPH3YIOT, MOJb3YsACh HcCJAeJOBaHHEM 3aBHCH-
MOCTH MarHUTHOM MHIYKUHMH OT HaNpPsXKEHHOCTH MarHUTHOTO
nois. ATy 3aBHCHUMOCTb H300paxkaloT Ha rpaduke B Bule
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KpuBoii, [To rOpU30OHTANLHOM JIHHUK TaKOTO rpadHKa OTK/a-
AbIBAIOT BeJHYMHBI HaNpsikeHHOcTH moast H, a no Beptu-
KaJbHOH OCH — 3HaueHHe MarHUTHOH WHAYKUMH B Tak, yTo-
6bl KaXXI0H BeJHYHHE HaNpPSXKEHHOCTH noas H cooTBeTcTBO-
Bajla CBfi3aHHas C Heil BeJIMYMHA MarHUTHOH HHAYKUHH B.
Ha puc. 49 n3obpakeHbl TPH JMHHM HaMarHHYMBaHHUSA ANA
pasHbix MaTepuasoB. JIMHHH 3TH Ha3biBAIOT KPUBLIMU Ha-
Mmaenuwusarus. OHM TOKa3blBAIOT, KaK NPOTEKaeT npouecc
HaMarHuuuBauusi. JoctaTouHo o6paTHTL BHUMaHHe Ha Xa-
paKTep 3THX KPHUBLIX, YTOObl cpa3y
XKe clenaTtb 3akJiodeHHe 006 oco-
6eHHOCTSX npolecca HaMar{Hu4yuBa-
Hus. BHauane ¢ Bo3pacraHHeM Ha-
NpSIKEHHOCTH HaMarHHYWBalollero
NoJIsi MarHUTHas HHAYKUHS YBeJH-
yyBaercss GBICTPO, HO NMOTOM MpO-
necc 3ameanasierca. K koHuy ero
KPHBBle HAYT TMOYTH MNapaJJenbHO
rOPHU30HTAJbHONH OCH, MO KOTOpPOH Puc. 49. Kpusee namar-
OTKJanabiBaloT 3Hauenus H. dto ro- HHYHBAHHS.
BOPHT O TOM, YTO 3/[€Cb HAaCTYIHJIO

MarHUTHOe HacbllleHHe TOro MM MHOrOo Marepuana. Mae-
HUTHbIM Hacblujeruem Ha3LIBAalOT Takoe cOCTOsiHHe (eppo-
MarHUTHOIO MaTepHaJia, MPH KOTOPOM OH He B COCTOSIHHH
yxe BOCIPHHHMAThb HaMarHHYHWBaHus, MarsHuTHoe Hachille-
HHe OOBSICHAETCS TeM, YTO BCe 3JeMeHTapHble MAarHHTHKH,
o6GpaayloliHecss U3 aTOMHBIX CHCTeM BHYTPH BellecTBa IMpPH
JlaHHOA BeJHYHHE HANpSKEHHOCTH HaMarHW4YMBaloLero mMo-
Jisl, PacroJIOXKUJIKHCh y2Ke BIOJb 3TOrO MoJst H JaJblie co6-
CTBEHHOe MarHHTHoe moJsie (eppOMarHUTHOrO BelllecTBa
6o.blIe HE MOXKET YBeJHUHBATHCS.

Msawan cmans

§ 44. TUCTEPE3UC

IMpeanonoxuM, uTo ¢eppoMarHHUTHOE BEILECTBO MOJHO-
cTbio pasmarHuyeno. ITomecTum ato deppoMarHuTHoe Belle-
CTBO B KaTYyIUKy CAMOHHIYKIHH, COeAUHEHHYIO C HCTOYHHKOM
3. 1. c. [Ipu yBennueHuu ToKa B KaTyllKe CaMOMHAYKUHH Gy-
HeT BO3pacTaTb HanpsiKeHHOCTb MaruutHoro noas. C yBesu-
YyeHHEM BHEWIHero noJisi HHAYKUHS ¢peppoMarHMTHOro Belle-
CTBa pacrer cHavaJja ObicTpo (KpuBas a, 6, 8, 2, # Ha pHC.
50), a 3ateM MeaJeHHO. DTO MPOHCXOAHT MOTOMY, YTO 3Je-
‘MeHTapHbie MOTOKH OPHEHTHPYIOTCS TakK, YTO MarHHTHble Mo-
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TOKH, CO3JlaBaeMble HMH, 106aBJAAIOTCH K BHEUIHEeMY NOTOKY.
MarHuTHOe cOCTOsIHHEe BellleCTBa npnénmxaeTca K Hacbiule-
HHIO, NPpM KOTOPOM YyXKe [MOUTH BCeé 3JeMEeHTapHbleé TOKH
OPHEHTHPOBAHBLI TAK, UTO HX MarHuTHble NOTOKH COBMAAAlOT
o HaAnpasJE€HHIO C BHEUIHUM NOTOKOM. KpHBaH a, 6, 8, 2, X,
COOTBEeTCTBYtOLlasn MepBOHa4YaJbHOMY HAMAarHWYMBaHHIO Ma-
TepuaJa, Ha3blBaeTca fLePBOHa‘ia/leOﬂ rcpueoﬁ Hamaaru4u-
sanus. C yYMeHbUIeHHeM Hafm-

*

p X_ PSXEHHOCTH TMOJsA HHAYKUHS
g GdeppoMarHuTHOrO  BellecTBa
Bs ray O6yner yMeHbllaTbCcs, HO €€

Ocrobran

H M +H Kpubad
ul 0| Ha [HgHgHs HoHetin Hama2Huyy-
banun
n
K -8 B
Puc. 50. Iletas rucrepesuca. Puc. 51. OcHoBHas KpHBas HaMare

HHYHBaHHA.

3HauyeHUs 6yayT GONBLIMMU [J1s COOTBETCTBYIOLMX 3HAaYeHH M
Hanps>XeHHOCTH NoAs Np¥ HaMarHuuuBaHuu. Kpusas pas-
MarHMuyMBaHus 0, 3, ¥ NOHAET Bhllle KPUBOH HaMarHuuuBa-
HUA a, 6, 8, 2, 2 (puc. 50).

Ilpyn yMeHblleHUU BeNHUHHBI HAaNpPSXKEHHOCTH NOAS 10
HyJas B (eppoMarHuTHOM BelllecTBe HabJiogaeTcsi OCTaTou-
HOe HamarivuMBaHUe M COOTBETCTBYIOIlAs €My OCTaTouHas
MHIYKUHS (OTPe30K 03). DT0 06bsICHAETCA TEM, 4YTO 3JeMeH-
TapHble TOKH B M3BECTHOH Mepe COXPaHHJH CBOIO YNOpPsAO-
YEHHYIO OpHEeHTauulo.

Yro6bl HHAYKUHSA CTaja paBHOH HYJIO, HaNpPSKEHHOCTb
nonisi [0JXKHa MPHUHATb ONpefe/eHHOe OTpHllaTe]bHOe 3HA-
yeHHe, KOTOPOe HAa3bIBAeTCs 3adepicusaroujel CUAOl.

Ecsin HanpsixKeHHOCTb MOJsT NOBECTH A0 OTPHLLATENbHOTO
3HaueHust — H, paBHOro no aGCoONIOTHOM BeAHUMHE HAHGOb-
LieMy MOJOXUTENbHOMY 3HaueHU0 +H, To MHAYKUUSA 0pH-
MeT OTpHilaTe/]bHOe 3HAUYEHHE HaCbILIEHHs, COOTBETCTBYIO-
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Iee 3HayeHHI0 TOUKH K. BHOBb yBesHunBast HanmpsiKeHHOCTb
noas 40 Haubosbliero 3HaueHus +H, Mbl noayuum KpH-
BYIO K, 4, M, 0, e. Takum o6pa3oM, Npu MOBTOPHOM Mnepe-
MarduyuBaHuM (eppOMarHUTHBIX MaTepuasoB KpHBble Ha-
MarHMYMBaHus He COBNAJalOT OJHA C APYrOH M3-3a HaAJHUHs
ocraTouHoro MarHeruama. OTcraBaHHe MarHMTHOH HHAYK-
IIMH OT HaMarHWYMBalollero noas B (eppoMarHHTHOM Be-
1leCTBe Ha3biBaeTcs Ag.ieruem eucrepeduca. Tonabko mocae
NOCTAaTOYHOro 4HcJja (NpHMEPHO AecATH) NepeMarHHyHBa-
HHii Mbl MoJyyaeM CHMMETPHUYHBLIA UMK rucrepesuca. Kpu-
Basl, XapaKTepHuaylollas MOJHBIH MpoLecC NepeMarHW4yuBa-
HHSI, HAa3BIBAETCS neTAell eucTepesuca.

KpuBas (puc. 51), npoxoasiuas uyepe3 BepIUHHBI CHM-
METPHUYHBIX YMEHbIIAIOUUXCS [eTeNb TFHCTepe3dca, Hasbl-
BaeTCsi OCHOBHON Kpusod eucrepesuca W SIBJISETCS BNOJHE
onpejleIeHHOK A4S AAHHOro copra Marepuasna,

FNABA 3
ONEKTPOMATHUTHAS MHAYKUMA

§ 45. ABNEHUSA MHAYKUWMU

ITpeanonoxuM, 4YTO B MarHUTHOM MNoJie, o6pa3oBaBlleM-
Csl MeXJy KOHLAMM MOCTOSHHOrO MarHuTa, HaXOAUTCS MPo-
BOAHHK. Ecau 3TOT npoBOAHMK
HaxoLUTCS B IOKOE, TO B HeM fNlepemewenue
HUKaKoro ToKa He 6yaeT. Ho fipoBoghuna
CTOMT TOJBKO CABHMHYTb €0 C
MecTa M mepeMellaThb Tak, 4ToOh
OH MepeceKaj MarHUTHble CHJO-
Bble JIMHHHM, KaK TOTYAaC XKe B
NPOBOAHHKE MOSIBHTCS 3/EKTpO-
IBHXYLIAs cHJIa H, Kak cJael-
CTBHE ee, 3JEKTPHUECKHH TOK.
STa 3JMeKTPOABHXKYILIAS CHNA Ha- Puc. 52. BoauukiioBeHue
3biBaeTcs UHOYKTUPOBAHHOU TOKa B POBOANYKe. nepe-
3.4.C., @ TOK — UHOYKTUPOBAH- ceKalolleM Maruuifsle CH-
JIOBble JIMHHH.
Hbim TOKOM. SIBNEHHe, KOTOpOe
MBI TOJIbKO YTO OMMCAJH, HOCUT Ha3BaHHe JAEKTPOMA2HUT-
rot undyrkyuu. Uto6bl B NMpoBOAHMKE, NEpeMellaouleMcs B
MarHuTHOM I0Jie, MOABHJCS TOK, HEO6XOAHMO, YTOObl 3JeK-
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TpHYecKasi uenp Oblla 3aMKHyTa, KaK 3TO MOKa3aHO Ha
puc. 52.

HMuayxTHpoBaHHBIH TOK BO3HHKAeT B MPOBOAHHKE 3a CUET
TOM MeXaHHUYecKOH 3HePTHH, KOTopas 3aTpauyuBaeTcs NpH ne-
peMellleHHY NPOBOAHHKA B MarHuTHoM mnoJe. [Ipu 3tom Mme-
XaHHYecKasl 3Heprusi NpeBpallaeTcsi B 3JEKTPHUECKYIO.

CoBeplieHHO aHAJOTHYHOE fIBIEHHE MOXHO Ha6/ai01aThb
M TOorja, KOraa NpoBOJAHUK OCTaeTCss Ha MecCTe, a CBs3aHHOe
C HUM MarHHTHOe mNoJje H3MeHsieTcs. Tak, Hanpumep, ecau
KaTylIKa CTOMT Ha MeCTe. a B Hee GBICTPO BBOJHUTCS MOCTO-

Puc. 53. BosHuKkHOBeHHe
3. 1. C. CAMOHHIYKLHH NPH
BBOJIe TOCTOSIHHOrO Mar-
HHTa B KaTyLIKYy:

a — Kartywka; 6 — ranabsa-
HOMeTp.

SIHHBI MarHHUT, TO BKJIOYEHHbIH B LieNb KaTYWIKH H3MepH-
TeJbHbI NPUGOP MOKa’KeT, YTO U B 3TOM CJaydae BO3HHKaeT
MHAYKTHPOBaHHag 3. I. ¢. (puc. 53).

HMunyktupoBanHas 3JeKTPOABHXKYLIAsi CHJa BO3HHKaeT
B 3aMKHYTOM IPOBOAHHKE BCErja, €CcJH YMC/IO CHIOBBIX JIH-
HHUil, MPOHU3BIBAIOLIMX KOHTYpP 3TOr0 NPOBOAHHKA, H3Me-
HAeTCH.

§ 46. BENMYUMHA U HANPABNEHME 3. A. C. MHAYKLIUMK

BenvunHa HHOYKTHPOBAaHHON 3. A.C. 3aBH-
CHT OT HanNpsXKEeHHOCTH MAarHUTHOTO MoOJ4,
ANHHB NPOBOAHHKA, KOTOPH# Nnepecekaercs
MArHUTHBIMH CHJOBBIMH NTHHUSAMH, U OT CKO-
POCTH OBHXEHHUsS 3TOro NPoOBOJAHHKA B Mar-
HUTHOM noae. HuaykrupoBannass 3.A4.c. Oyder TeM
6osblie, 4yeM GoJbliee KOJIMYECTBO MAarHUTHBIX CHJIOBBIX JIH-
HU} nepecekaer NMPOBOAHHMK B eauHuuy BpeMeHu. CiejoBa-
TeJbHO, BeJHYHHA HHAYKTHPOBaHHOW 3. A.c. £ nponopuuo-
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Ha/bHa MarHUTHON UHAYKUWH B, n;iuHe npoBoanuka [ U cKo-
POCTH ero nepeMellleHusi B MarHUTHOM NoJe v.
HWHAyKTHPOBaHHYIO 3. A.C. MOXHO ONpelelHuTb mo ¢op-
Mmy.Jie
E = Blv.

HanpaBnenne 31eKTpoABHKYILIEH CHIBI HHAYKIUH B NPO-
BOJIHHKeE, KOTOPBIii MepeMelL[aeTcss B MarHUTHOM moJe, MOX-
HO OmpejesuTb, MOJb3YSICb MTPAaBHJIOM NpaBo# py-
K 4. DTO NPaBHJIO MOXKHO H3JIOKHTD TaK:

=S Hanpalbnewue
T Obuwenun npobod-
{ HuKa

Hanpabrenue
MA2HUIMHEIX
SUHU
Puc. 54. TlpaBuno npasoit Puc. 55. CoBmecTHOe mNpHMeHeHHe
PYKH. npasuJja GypaBuHKa M NPaBoil PYKH.

Ecnu nagoHp npaBoOfl PyKH PacmnoNOXHUTD
TaK, 4TO6b MAarHUTHbIE CHJAOBbie JUHHHU 6 bl-
U el TepNeHAUKYJNAPHB H BXOJHUJH B Hee,
a OTOTrHYTH i 60JbWION MaJjen yKasbBaJa Ha-
npaBJleHHe NMepeMelleHHS MNPOBOAHHKA, TO
oCTaNbHBe BHITAHYTbHe NaJdblUb 6YyNyT Hanm-
paBJeHB TaK, Kak HanpaBJdeHa HAYKTHPoO-
BaHHaf B NPOBOAHHUKE 3. A c [IpumeHenne npasu-
Jla IpaBoH PYKH AN ONpe/ie/ieHHsi HanpaB/ieHUst HHAYKTHPO-
BaHHOM 3. [I. C. TOKa3aHO Ha puc. H4.

HanpaBneHne MHAYKTHPOBAHHOH 3. 1. C., a CJeLOBaTe/Nb-
HO, ¥ MHAYKTHDPOBAHHOTO TOKAa MOXHO TaKie ONDEeNENHTb,
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NoNb3ysiCh NMPaBUJIOM, KOTOPOE OTKPBIT PYCCKHH yueHblil
3. X. Jlenu. dto npaBusio HasnBaloT 3aKkoHoM Jlewya. 3a-
Kol Jlenua ¢opmyaupyercs Tak.

HHOyKkTUupOBanKeil Tok 6cezda Hanpasaen Tak, 4TO6bL
npoTusodelicTe068aTs npuduHe, KoTopas ezo Gu3saisa. Tak
KaK IPHYHHON MOSIBJEHUS HHAYKTHUPOBAHHOTO TOKA §iBJSETCSH
IBHXKEHHe NPOBOJHHKA, TO WHAYKTHPOBAHHLII TOK HMeeT
TaKOe HanpaBJieHHe, NMPH KOTOPOM BO3HMKallee BOKPYr
Hero MarHMTHOE T1oJe, B3aHMOJEHCTBYSl C BHELIHHM MOJEM,
NPensTCTBYET €ro ABHXKEHHUIO,

Takum o6pa3oM, HanpaB/ieHHe HHIYKTHPOBAHHOH 3. L. C.,
BO3HHKalolleli B NMPOBOIHHKE, KOTOpPBIH ABHXKeTCa B MpO-
CTPaHCTBe MEX/Y NOJI0CaMM 3JeKTpOMarHuTa, cjeiyer ofl-
pelessiTb B COOTBETCTBHH C H3JIOKEHHBIM HHU)Ke MOPSAKOM.
CHavana, noJb3yscbh npaBuoM GypaBuuKa, Hafo oOnpene-
JUTb HampaBjieHHe MAarHUTHbBIX JauHui, Kak no/nb3oBaTbcs
npaBuJioM 6ypaBunKa, HaM yxKe U3BECTHO. 3aTeM, NOIb3yscl
nNpaBUJOM NpaBOH PYKH, HallnleM Hanpas/JeHHE
MHAYKTHPOBAHHON B NMPOBOJAHUKe 3. A.C. (puc. 55).

§ 47. ABNEHME CAMOMHAYKLUK

Ham yxe u3BeCTHO, YTO MHAYKTHpOBaHHas 3. I.C. BO3-
HUKaeT B NPOBOLHMKE BCErjna, ec/My H3MeHsieTCsl MarHUTHBIH
MOTOK, CBAA3aHHBIN C 3THM NPOBOAHMKOM. C APYroit CTOPOHHI,
Mbl 3HaeM, UTO €CJH B NMPOBOAHHUKE WJIH KaTylIKe MPOXOAHUT
TOK, TO MPU 3TOM CYILeCTBYeT COGCTBEHHOEe MarHUTHOE MoJie
OT/AENbHOTO MPOBONHHKA UJIH KATYUIKH.

[lpencraBum cebe, UTO TOK, NMPOXOASLIMH B OGMOTKe Ka-
TYWKH, U3MeHsieTcsA, Toria U MarHUTHBIH MOTOK, CBS3aHHbIH
¢ Hell, ToxKe OyneT U3MEeHATbCSA. MarHUTHblE CHJIOBLIE JIMHUH
3TOT0 MOTOKa IepeceKaloT BHUTKH KaTyIIKH, [T03TOMY Bce
BHTKH ee OKaXKyTCsi HaXOISIIIMMUCS B NMePeMEeHHOM MarHuT-
HoM mnoJsie. Ho ecaan MarHuTHoe mnoJe, CluenJsiiolileecss ¢ BUT-
KaMH, U3MeHsIeTCsl, TO B 0OMOTKe KaTyIIKU A0JXKHa BO3HHK-
HYyTb MHAYKTHPOBaHHAsl 3JEKTPOABMXKYIas CHJIa.

Takas 3/eKTPOABHIKYLIASA cHJa, NOABJSIONIAsACS B Ka-
TYIIKe BCJIEJCTBHE H3MEHEHHS ee COOCTBEHHOrO MarHHTHOrO
MOASi, HA3bIBAGTCH JAEKTPOOBUNMCYUEl CULOL CAMOUHOYK-
yuu. HeTpynHo npeacraBuTh, YTO 3. A. C. CAMOUHAYKLHH €CTh
He 4TO HHOe, KaK ONHAa U3 Pa3HOBHAHOCTEN 3. 4. C. MHAYKLUHH.

BesinunHa 3. I. C. CAMOMHIAYKUHMM 3aBHCHUT OT CKOPOCTH
H3MEHEGHHS] MArHUTHOrO NOTOKa. J. I.C. CaMOMHIYKUMHU 34-
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BHCHT TaKxke OT KOdpPuyuenta camoundykyuu, usu UHOYK-
Tusnoctu. KosdduuneHT caMouHAyKuMH o6Go3HaualoT GyK-
Boii L. Ero BenuunHa GyneTr Tem Gosblue, yeM 6oJiblie BHUT-
KOB B KaTylIKe. ,

KosdpduunenT caMOMHAYKUHH MOXHO paccMaTpuBaTh
Kak BeJIMYMHY TOH 3. . C. CAMOMHAYKLHH, KOTOpasi BO3HHKA-
€T NP H3MEeHEeHHU TOKA B e[UHHUIY BPEMEHH.

Kos¢dduuneHT caMOMHAYKUMH, WJIH HHIYKTHBHOCTb, H3-
MepsieTcsl B eQMHULAX, KOTOpble Ha3biBaloTcs ceHpu (eH).

Koagppuyuenr camoundykyuu 6 odun eenpu umeer Ka-
TYWwKa, 8 KOTOPOU npu U3MeHeHuu TOKa Ha OOuH amnep 8
00HY CeKYyHOY BO3HUKAET 3AeKTPOOBUINYWAR CUAQ CAMOUH-
dyxyuu 00ux 8oasT. HacTo mosb3yiot-
cs eIMHULAMH, COCTaBASIIOLUMH OAHY
THICSIYHYIO TeHpH (MHJIJIMTEHPH) HJH
e ONHY MHW/JIMOHHYIO 4YacTb reHpu
(mukporenpu). OG6osHaueHus  ans
9THX €AHHHUIL c/elyloUlHe: MHJIMIeH-
P¥ — M2H, MUKDOTEHPH — MK2H.

Uto6bl onpeaenuTb HampaBJeHHe Puc. 56. Bubunapuan

3. . C. CAMOMHAYKUHH, HAA0 MOJb30- 06MOTKA.
BaTbcs 3aKkowom Jlewya. Tlpu Bospa-
CTaHWM TOKa 3 [.C. CAMOMHAYKUHWH BO3HHKaeT TaKoro Han-
paB/ieHHa, YyTO NPENsTCTBYeT BO3PACTAaHHIO TOKa, KOTOPbIH
ee co3naet. B atom cayuae 3. 1. c. cCaMOMHAYKUHHK HMeeT HaM-
paBJ/ieHHe, NPOTHBOMNOJIOXHOE TOKY, KOTOPbIiii ee BbI3BaJl.

Ecan Tok yMmeHbllaercs, TO 3. 4. C. CAMOHHAYKUHH MPH
3TOM [pensiTCTByel €ro yMeHblUeHHIo, T. €, UMeeT TaKoe
JKe HanpaBsJ/eHue, Kak M TOK.

Koadduunent caMOMHAYKUMM KaTYLIKH, HMeloLled »Ke-
JIe3HbIA cepleuHMK, Gosbllle, ueM y KaTYLIKH, KOTopas ero
He uMeeT. KaTywKku ¢ Kene3HbIM CepleyHHKOM, HMelollHe
Gosbloi K03 (HLHEHT CaMOMHAYKLMH, Ha3blBalOT dpocce-
AAMU.

Ouenb yacTo ABJEHHS CAMOMHAYKIHHM CPaBHHMBAIOT C SIB-
JieHHeM HHepUHWH, Tak KaK BO3HHMKaloWHUi -Oaarogaps noss-
JIEHUIO 3. [. C. CAMOWHAYKIHK TOK BCeraa uMeeT HanpasJje-
HHe, APOTHBOMNOJIOXKHOE OCHOBHOMY TOKY. DTOT BTOPHUHbIH
TOK yMeHbllaeT BeJMUYMHY OCHOBHOrO TOKa M NpPOTHBOAEH-
CTBYET €ro U3MeHEeHHIO. ‘

B Ttex cayuasx, Koraa no TeXHUYECKHM YCJOBHUSM Halo
UMeTb KaTYIKy ¢ BecbMa MaJjbiM KO3(D(pHUHEHTOM HHAYK-
UMM, NPHUMEHSIOT Ougpuaaproie o6moTKU., UTOGBI MONYYHTb
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O6udpuaapuyio 06MOTKY, MPOBOJIOKY CKJIaJbIBAlOT BABOE M B
TAaKOM BHJe HaMaTblBAalOT Ha KapKac Karywku. Bnosxe no-
HATHO, YTO NPH TaKOH HaMOTKe TOK B KaXAbIX ABYX COCEX-
HHX BUTKax KMeeT NPOTHUBONOJOXHbIE HaMpaBJ/eHHs, MOITO-
My [efCTBHe MarHHTHOrO IOTOKAa OLHOTO BHMTKAa YHHUYTO-
XKaeTcs [elCTBHeM APYroro, a CyMMapHBIfi MarHHUTHBIA MO-
TOK AJIs1 TaKOH OOMOTKH JOJI2K€H PaBHSTbCA HYJ0 (puc. 56).

§ 48. ABJIEHME B3AMMOMHAYKUUHU

Ecnu nBe xaTyllku pacrnosioxeHbl OJHA BO3Je APYro#
U B KaXKJI0# M3 HUX U3MeHsieTCs TOK, TO OHH GYyAYyT B3aHM-
HO BJIMATb OJHa Ha Apyrylo. lMaMeHeHne BequuHHBI TOKa B
NnepBOii KaTyllKe BBI30BET MOSIBJEHHe HHIYKTHPOBAHHOH
3. 1. C. BO BTOPOi#l KaTylIKe H, Ha060pOT, H3MeHeHHe TOKa U
MarHuTHOIO MOJsl BTOPOH KaTyWKH GyAeT NPUYHHOH MNOSB-
JIeHUsi HHAYKTHUPOBAHOH 3. 1. C. B NepBOH M3 HUX. DTO sBJeE-
HHe Ha3blBaeTcsi B3aMMOMHAYKLMe#d, a 3.[1.C., BO3HHKalO-
10 BCJEACTBHE B3aUMHOTO BJIHSIHHS KaTylleK, Ha3bIBAIOT
3aeKTpodsuncyuieli CUAOl 83aUMOUHOYKYUL.

Takum o6pasoM, siBJleHHe B3aHMOMHAYKUUH — 3TO TO-
e OfHa M3 Pa3HOBHUAHOCTEH 3JE€KTPOMAarHUTHOH HHIYKIIMH,
SiBNeHHe B3aMMOMHIAYKUMH XapaKTepusyercs Kod@Qduyuen-
TOM B83aUMOUHOYKYUL, KOTOPBI 00603HaualoT GYKBO#
Ero nasbiBaloT TakXe B3auUMHON MHAYKTHBHOCTbIO. Ko3ad-
GHUMEHT B3aUMOMHAYKLHMM H3MePSIOT B TeX XKe elHHHuax,
4TO U KO3(pPHUHEHT CAMOMHAYKIHM, T. €. B TeHPH ¥ MHJJIH-
TeHpH.

Baaumourdykyus o0un eenpu 6ydetr mendy Osyms ye-
namu To20a, Koz2da 8 00HOU U3 HUX 803HUKAET 3. 0. C. 83au-
MOUHOYKUUL, pasHas 0OHOMY BOA6TY NPU UBMEHEHUU TOKA 8
dpyeoii Ha 00un amnep 3a 00HY CEKYHAY.

Hanpassenue 3. I.c. B3aMMOHHIYKUHH MOXHO oOmpeje-
JIUTh, TOJb3Ysich npaBuioM Jlenua. BeauunHa B3anMOMHAYK-
uuH M MoxeT GBITb NpeJCTaBleHa B BHJe MaTeMaTHUeCKOH
3aBHCHMOCTH K03(HUHEHTOB CaMOMHAYKLUHH ABYX BJHSI0-
KX oAHa Ha Apyryio ueneil. Ecan MaruuTHbIA NOTOK, NOSAB-
JA0IIMICA B NepBOH LeNH, NOJHOCTLIO 3aXBaThlBaeT BTOPYIO
uenb, To KO3(pPHUHEHRT B3aHMMOUHAYKLUHH MOXKHO BLIPA3uThb
C/enyI0IHM 06pa3oM:

M=VLL,.
Ecnu e MarHuTHBIH NMOTOK YaCTHYHO pacceMBaercs, TO
k03¢ (HUHEHT B3aUMOMHAYKUMM M MeHblle KBaipaTHOTO
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KOPHSl M3 TNpPOH3BeleHHs KO3 (HUUHEHTOB CaMOMHAYKIHH
BJHSIOLUIUX ONHA Ha ONHY Llenei:

M VLL,.

SIBjleHHe B3aHMOMHAYKUHHM HCMOJb3yeTcsi B 3JEKTPOTex-
HHYECKHMX YCTPOMCTBAX, KOTOPble NMPHMEHSIOTCS /Sl MOBHI-
IleHHsl ¥ TOHMXKEHMs HaNpsiKeHHsl mepeMeHHOro Toka, Ta-
KHe yCTPOHCTBA Ha3bIBAIOT TPAHCHOpMATOPAMU.

§ 49. BUXPEBBIE TOKM

SIBjleHHe MHAYKUMH SIBJAsIeTCS] NMPHYHHON BO3HHKHOBEHHS
BHYTPH METaJ/JIOB Napa3uTHHIX TOKOB. DTH TOKH HA3LIBAIOT
8uUxXpesbIMU.

Ilpupona 3TUX TOKOB HHAYKTHBH3$, H BO3HHKAIOT OHH B
COOTBETCTBHH ¢ npaBujoM JleHua. BuxpeBble TOKU BO3HMKa-
0T B MacCHBHBIX MPOBOAHHKAaX, HaXONSILUXCA B H3MEHSIO-
meMcss MarHHTHOM nose. Kaxablit Takoil ToK o6pa3yeT Kak
651 cBOi1 HeGo/bILIOH 3/MeKTpoMaruut. MaruutHele noJs, o6-
pasoBaHHBIe BHUXPEBHIMH TOKaMH, B3aHMOJEHCTBYIOT C OC-
HOBHEIM MOJIEM.

BuxpeBble TOKM BO3HHKAlOT B KeJe3HBIX CepJeuHHKax
KaTylwekK, NPUMEHSIOIHUXCA B Pa3/JUYHbIX 3JIEKTPOTEXHHYe-
ckux ycrpoiictBax. CieAcTBHEM NMOSIBJEHHS] BUXPEBBLIX TOKOB
sIBJIsieTcsl HarpeBaHHe MeTaJja, KOTOPOe MOXeT OOCTHraTh
3HAaYUTENbHOH BEJHYHHBI.

Jns ycTpaHeHHsl BUXPeBBIX TOKOB YacTO JKeJle3Hble cep-
HEeYHUKH H3rOTOBJSAIOT H3 OTAeJbHbIX MJACTHH, KOTOpble
MexXxAy co6oil H301HPOBaHHI.

B MeTasJyprud BUXpeBble TOKH HCMOJIbL3YIOTCS /S MJaB-
KM MeTassioB. TopMoxeHHe, KOTOPOe NOsBJsIeTCs BCJIEACTBHE
B3aHMOJEHCTBYS MarHUTHOTO MOJIsl, CO3/1aBaeMOT0 BUXPEBbI-
MH TOKaMH, H OCHOBHOTO MarHMTHOTO MOJIsl, HCIOJb3YeTCA B
HEKOTOPBIX M3MEPHTENbHBIX YCTPOACTBAX. -

TakuM 06pa3oM, BUXPeBble' TOKH He TOJbKO BBI3bIBAIOT
BpeanOe HarpeBaHHe 3JE€KTPOTEXHHYECKHX MPHOOPOB H an-
napartoB, HO U MOTYT HMeTb MOJe3HOe NMPHMeHEeHHe,

§ 50. DNEKTPOMATHUTHOE NOMNE

Mexny 3/M1eKTPHUECKHMH H MAarHUTHbBIMH SIBJICHHSMH CY-
LIeCTBYeT Hepa3pbiBHAs CBfA3b. D/eKTPHUECKOE U MarHUTHOe
noJjie — 3TO TOJIbKO Pa3Hble NPOsSiBJIEHHS OJHOrO M TOTO Xe
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3JIEKTPOMAarHuTHOro nosisi. Ecam MBI Ha6mi0LaeM TOJNBKO
3JIEKTPHUUECKOe HJIM TOJbKO MarHuTHOe MmoJie, TO 3TO 3HAUMT,
YTO Mbl MMeeM [eJi0 C YacTHbIMU cJyuyassMH NPOsIBAeHHS
€IHHOro 3JIEKTPOMAarHuTHOro nojsi. B onpenenenHbix yciao-
BUSAX Mbl MOXXeM OOHapyXHBaTb TOJbKO 3JEKTpUUECKOe HJH
JKe TONIbKO MarHuTHoe TouJe,

EnnHCTBO 3J€KTPOMarHHTHBIX SIBNEHHH MOXHO MOKa-
3aTb, paccMaTpHBasi MarHUTHOe MoOJie MOCTOSIHHbIX MarHu-
TOB. B BemlecTBe MaruuTa CyuLlecTBYIOT 3JeMeHTapHbie 3JeK-
TPHUECKHEe TOKH, KOTOPble eCTb He 410 HHOe, KaK ABHXeHHe
37leMeHTapHBIX 3JeKTpHuecKuXx 3apsaioB. KaxKablid ajeKTpH-
4ecKUH 3apsii HMeeT BOKPYr cebsi 3jeKTpuueckoe noJe.

Takum o6pa3oM, HcclelOBaHHE OLHOTO 3/A€KT1PHYECKOro
HJIW OJHOI0 MAarHUTHOrO MOJs CO34aeT onpeleneHHble y106-
cTBa, o0/eryaetr pacyeT 3JEKTPUUECKHX Lened ¥ MarHur-
Hbix ycTpoiictB. OfHAaKO He caenyet 3abbiBaTh, YTO MEKTPH-
yecKMe M MarHHTHble SIBJIEHUSI BCerja CONpOBOXKAAIOT OAHO

ApYroe.




YACTh

NEPEMEHHbLIA TOH

rnasa 1
OBLUME CBEAEHMA O NEPEMEHHOM TOKE

§ 51. ONPEAENEHUE

ITepemennoim ToKOM Ha3bIBaeTCs TAaKOW TOK, KOTOPIi
C TeyeHHEM BpeMeHH H3MeHseTcs No BeJHYHHe H Mo Hanpas-
JIEHHIO.

B coBpeMeHHO! 3/ME€KTPOTEXHHKE NepeMeHHBIH TOK MoJy-
4K/ BeCbMa IIMPOKoe pacnpoctpanenue. Ero moBcemecTHoe
npuMeHeHHe oOyCJNOBJEHO TeM, YTO NepeMeHHLI!l TOK iHMe-
€T PAJ TeXHUYECKHX MPeHMYIUEeCTB Iepe] MOCTOAHHBLIM TO-
KOM. »

Crporo rosops, Ji06ble TOKH, H3MEHSIOLHECS 110 BEJHYH-
He BO BpeMeHH, SBJSIOTCS NO CYIIeCTBY NepeMeHHBIMH,
OnHako B TeOpHHM M NPaKTHKe JeKTPOTEXHHKH M0j Ua3Ba-
HHeM IlepeMeHHOro TOKa TMNPHHATO mMoApa3yMeBaTh GoJee
Y3KYIO M BIIOJIHE ONpeilesIeHHYI0 KaTeropHio 3J1eKTpH4eCcKoro
TOKa — NMepHOAHYEeCKHH NepeMeHHbIl TOK.

ITepuoduueckum nepemeHHovIM TOKOM B 3JEKTPNTEXHHKE
Ha3BIBAIOT TaKOil TOK, M3MEHEeHHs KOTOPOro Mo BEJHYHHE U
HanpaBJ/eHUIO MOJHOCTbIO MOBTOPSAIOTCS Yepe3 OAMHAKOBbIe
NPOMEXYTKH BpEMeHH.

BpeMs, B TeueHHe KOTOPOro NepeMeHHbI TOK WU mepe-
MeHHad 3. [I. C. COBepLIaloT NOJHOCTbIO CBOE H3MeHeHHe, BO3-
Bpalllasfcb CHOBA K MCXOJHOI BeJIMYHHE U HANpaBJeHHIO, Ha-
3BIBAIOT nepuodom ToKa uau nepuodom 3. 0. c. Ilepruoa o6o-
3HayaoT 6ykBoil T.

§ 52. CNOCOEBbl NONYYEHUA NEPEMEHHOTO TOKA

Herounnkamu NMEePpEeMEeHHOro TOKa CJYyXXaT reHeparophbl
pas3/n4uHbIX KOHCprKHHﬁ. B TexHHKe CHJbHLIX TOKOB A1
3TOH 1eJH CJayXaT 3JEKTPHUECKHe MallMHbI, paborarolive
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no MNPUHLUMNY MepeMelleHHss NPOBONHHKOB B MarHHUTHOM
noJie NOJIIOCOB MalUHHB, CO3NAIOLINX MAarHUTHAIH noTok. Ta-
KHe 3JleKTpHYeCKHe MalllMHbl Ha3blBAIOTCA 2eHeparopamu ne-
PEMEHHO20 TOKQ.

B o6MmoTKax BO36yXKAeHHsI TeHepaTOPOB [ePeMEeHHOTO
TOKa MpoTeKaeT NOCTOAHHBI TOK. CxeMa TaKoro reseparopa
nokasaHa Ha puc. 57. HemoaBuKHas yacTb 3TOro reseparo-
pa HasblBaeTcs CTATOPOM, a Bpalllalollasics — POTOPOM.

Puc. 57. Cxema reHepatopa nepe- Puc. 58. BpalieHne BHTKa
MEHHOTro TOKa. MeXKILy T[OJIOCaMH  Mar-
HHTa.

ITpencraBuM ce6e, yTo MeXAy NOJIOCaMH MalUHHBI Bpa-
11aeTcs Ha OCH TOJbKO OLMH BHUTOK NPOBOAA, HMeOLH# (op-
My npsiIMOyroJibHHKa. KOHIB 3TOro BUTKAa NPHCOEAHHSIOTCS
K KOHTAKTHBIM KOJblLlaM, HaxoAswuMcst Ha ero ocu. Kou-
TAaKTHble KOJblLa CONPHKACAIOTCA CO CKOJNB3ALUMMH MO HX
TOBEPXHOCTH KOHTaKTaMu — lieTKaMH. Takoe YyCTpoiicTBO
H3o6pakeHo Ha puc. 58.

Ecnu BUTOK BpaliaeTcs, TO MarHHUTHbBE CHJIOBbiE JIMHHH,
NPOXOAsilliMe OT MoJIoca K MOJIOCY, B Pa3HOM IOJIOXKEHHH
3TOro BUTKa GYIYT NPOHH3BIBATh €r0 B PasjIHYHOM KoJHue-
crBe. MarHuTHBIN MOTOK, CUEIVISIOIINIACA C NPSIMOYTrONbHBEIM
BUTKOM, GYyIeT H3MeHSTbCS B onpeneneHHblx npeneiax. Co-
BeplIeHHO OYEBHAHO, YTO NPH FOPH3OHTAJbLHOM INOJOXKEHHH
BUTKA INOTOK, NPOXOJSILHHA CKBO3b Hero, 6yleT paBeH HYJIO.
B nanbHeiilleM, Mo Mepe TOro, KaK yroJ noBopoTa BHTKA MO
OTHOUIEHHUI0 K FOPHU3OHTANbHOH JMHUM GyleT YBeJHYHBATDb-
csl, HayHeT BO3PacCTaTh M MAarHHUTHBIH NOTOK, KOTOPHIH Npo-
HHM3bIBaeT MJIOCKOCTb BHTKa. HanbGosbliMii MarHuTHHIH MoO-
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TOK GyneT NMPOHH3bIBaTh MJOCKOCTb BHTKA TOTZAA, KOrla BH-
TOK 3aliMeT BepTHKaJ/JbHOoe mosoxkeHue, B npouecce spalue-
HHSl BUTKA ero ropu3oHTaJ/IbHblE YacTH NepeceKkalnT CHAuBLIe
JUHUY MaruutHoro moJs. CiegoBaTesibHO, B 3THX 4acTax
NpoBOJAHHKA A0JXHA NPH 3TOM BO3HHUKATb 3. A.C., Hanpas-
JleHHe KOTOPOii MOXXHO OnNpefesHTb, MOJb3ysfichb NP aB -
JOM NpaBoOH PYKH.

B TOT MOMEHT, Koraa MJocKOCTb BHTKAa MeprneHaHKy.sip-
Ha HamnpaB/ieHHI0 MarHUTHBIX CHMJOBBLIX JIMHUHA, [OPH30H-
TajlbHble YacTW BUTKa MNepeMellalTcss BAOMb CHJAOBBIX
JIMHHA W He nepeceKkaioT HX. MarHuTHbIl MOTOK, NPOHH3bI-
BalOLIKi KOHTYP BHMTKa, NMPH 3TOM OCTaeTCsi HEH3MEHHbIM,
a, cjeoBaTeNbHO, 3. 1. C., HHAYKTHpPyeMas B BUTKe, OyadeT
paBHa uyaio. B npouecce nanbHefillero BpalieHus BeJHUYHHA
MarHHTHOIO NOTOKA, NPOXOAALIEro yepes KOHTYp BHTKA, Hau-
HeT yMeHbliaTbcs. Ho ecsin H3MeHsieTCsl MarHUWTHbIA MOTOK,
npouususaloumﬁ KOHTYP BHTKA, TO B HEéM HaYHeT HHAYK-
THpOBaThcs 3. A. ¢. [To Mepe Toro Kak BUTOK, Bpaiuasch, 6y-
JeT YXOOUTb U3 pacCMaTPHBAaeMOro HaMH HauyaJabHOTO MoJIO-
XKEHHsl, CKOPOCTb nepeceyeHHs CHJOBBIX JHHHI Oy1eT BO3-
pactaTb. DTO 3HAUHT, YTO BO3pacTaer M 3. A. ¢. Hauboabluas
CKOpOCTb TepeceyeHHst CHJOBBLIX JHHHI A0JXKHA ObITh TOTIA,
KOria YAJHHEHHble CTOPOHBI MPSIMOYrOJNbHOTO BHMTKAa MpO-
XOAAT MOJ cepeArHaMy moJtocoB. Ha Halem pucynke BHTOK
3aHHMaeT ropu3oHTajJbHOe noJoxeHue. Ho ecau ckopoctb
nepeceuyeHusi CHJIOBbLIX JIMHHA B 3TOM MOJIOXEHHH HaubOJIb-
mas, TO 3.1.C., HHAYKTHpPyeMas B MPOBOLHHKAX BHTKa,
6yser HauboJbliel. B npouecce AanbHeillero BpalleHHs
3. I.C. B NPOBOAHHKE HMeeT [pyroe HalpaB/jieHHe, KOraa
NMPOBOAHHKH, COCTaBJsIOLIHe MOPH3OHTAJbHbIE YAaCTH BHTKA,
NpOXOASiT NOA NOJIOCaMH APYrux HauMeHoBaHuil. [locae
TOr0 Kak BHTOK cjeJsaeT MOJHbII 060poT, Becb mpoiece
U3MeHeHHs 3. 4.C. OydeT MNOBTOPSATHCA BO BCEX CBOHX
cTaauax.

Takum o6pa3oM, Koria MarHMTHbIH NOTOK, NPOHU3LIBAIO-
MM MJ0CKOCTb BHTKA, AOCTHraeT HauOoJblleid BeJHUHHBI,
MHAYKTHPOBaHHAan B BUTKe 3. 1. c. 6ydeT HauMeHblueit, Kor-
la e BeJMYHHA MArHUTHOTO MOTOKA, MPOXOASAILErO yepes
BUTOK, JOCTUraeT HYJA, HHAYKTUPYeMas B BHTKe 3. . C. HMe-
er HauboJbluee 3HayeHHe. B TeueHHe mnepBOll MONOBHHLI
o6opoTa HHAYKTHpPyeMas B BHUTKe 3. 1. C. HMeeT OJHO Han-
paBJ/ieHHe, a BO BTOpPOH MOJIOBHHE 060pOTa HampaBJjeHHe ee
CTaHOBHTCS MPOTHBOMONOKHBIM. B npoMexyTkax Mexay
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3TUMH MOMEHTAMH 3. . C. HU3MEHAETCS 1O BeJHUYHHE OT Hyad
IO HEKOTOpOro HaudOJblIEero 3HaueHHsa, 3aTeM HayHHAeT
yMeHblIAaTbCs CHOBA 10 Hyas. Bo BTopo#l mososune oGopo-
Ta MHAYKTHpyeMas 3.[.C. ONsiTb BO3pacTaer OT HyJAs IO
CBOEro MaKCHMaJbHOr0 3Ha4yeHHsi, HO TOJIbKO B APYroM Ham-
paBJieHHH, NOC/e Yero K KOHIy 060poTa CHOBa yMeHbluaeTcs
0o HyJas. Becb 3TOT LHKJ H3MeHEHUH COOTBETCTBYET OLHOMY
nepuony. Uucjao TaKux H3MeHEHHH, NMPOMCXOAflllHA B Teue-
HU€ OIHON CEeKYH/bl, Ha3bIBAIOT HACTOTOU nepemerroil 3. 1. C.
Yacrory npunsato o6o3nauath 6yKBoii f. Mexay npoaosKu-
TeJIbHOCTbIO OJIHOTO Mepuoia, BHIPaXKEHHON B CEKyHAAX WM
ee NOJIfiX, H 4acTOTOH ECerja CyILecTByeT CJeAyKliee COOT-
HOLLUEHHeE:

fom .

Yacrtory 06bIKHOBEHHO H3MepsilOT B repuax (ey). Hac-
TOTa paBHa KOJHYECTBY Kome6GaHui nepe-
MEHHOH 3.A.C. HJIH NEPEMEHHOTO TOKa B OAHY
CEeKYHIY.

§ 53. USMEHEHME NEPEMEHHOIO TOKA M 3. A. C. NO
FTAPMOHHMYECKOMY 3AKOHY

ViameHeHHe 3. 1.cC., KOTOPOe Mbl pacCMaTpHBanu B Mpe-
AblAylleM naparpade, 4acTo Ha3blBAOT 2QPMOHULECKUM.
Ecau kakas-1160 BeJquynHa M3MEHSIETCSi 1O FapMOHMYECKO-
MYy 3aKOHY, TO 3TO 3HAYUT, YTO B TNpOIlECCe ee U3MEHEHHS
OHa NOCTeNeHHO M MaBHO HapacTaeT OT HYJIEBOTO 3HaueHUs
A0 MakcHMaJjbHoro. B nmanbHellleM Takas BeJM4YHHA TaK-
XKe I[10CTeNeHHO M MJAaBHO yMEHbLIAeTCs A0 HYJs, [pHyYeM,
yMEHbLIAsiCh, OHA B TOYHOCTH NPOXOAHUT Yepe3 Te 3HaueHus,
KOTOpble 3Ta BeJHYMHa MMeaa B Mpolecce HapacTaHus.
Kaxaoe Takoe 3HaueHue HM3MEHSIOLIEHCs] BeJUUHHbI, COOT-
BETCTBYIOLIEE ONpe/le/leHHOMY MOMEHTY BPEeMeHH, Ha3blBaioT
ee ¢asod. TakuM o6pa3oM, NPH yBeJMUYEHHH W YyMeHbllle-
HUM BeJMYHHbI, H3MEHsIOLIeHCS NO rapMOHHYECKOMY 3aKo-
Hy, ee (a3bl noBTOpsiOTCA. B mpouecce najbHerLlero uzMe-
HEHWsl TaKas BeJHYMHA CHOBA IJIaBHO BO3pacTaeT OT HY/s
10 HauboJbIUEro 3HaueHHsi, HO TOJIbKO B HampaBJieHHH, Npo-
THBOMNOJIOXKHOM NepBoHayanbHoMy. JloCTUTHYB HanOOJbLIEro
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3HAyeHusd, 9Ta BeJHYHHA MJaBHO yObIBaeT 10 Hyas. Kak yxe
yNOMHHAJ0Ch BbIlE, BeCb MpPOLECC W3MEHEeHHs! MPOHUCXOMAUT
3a BpeMsi, KOTOpPOe Ha3LIBalOT nepuodom usmeneruz. Mame-
HeHHe, NPOUCXO/sllee B OJHOM HanpasJeHUH, NPOTEKaeT 3a
MOJIOBHHY NMepHoaa.

[TpumMepoM TaKoro W3MeHeHHsi 0 TaPMOHHYECKOMY 3aKO-
HY MOTYT C/JYXKHTb BEeJHUYUHB OTKJIOHEHHS Kaualollerocst Ma-
ATHMKa. Korna MasTHHK HaxXxOLHTCs B CTPOrO OTBECHOM NO-
JIOK€HHH, OTKJOHEHHe ero paBHO Hymwo. Ecau B npouecce

¢,0 ¢4 % % ¢’;0 % B4

+
0 45° 900 135 80

225°

27035 _360°

Puc. 59. IMocTpoeHue CHHYCOHAH.

KayaHHUsl OH OTXOIHWT B OJHY CTOPOHY, TO BeJHYHHA €ro or-
KJIOHeHHsl NOCTeNeHHO yBeJHYHBaeTcs, AOCTHraer Hau6OJb-
1Iero 3HayeHUs1 ¥ CHOBa BO3BpalllaeTcsl K HYJNI0 B OTRECHOM
noJioxKeHnu. B nanbHeiillleM OTK/IOHEHHe €ro MPOUCXOAHT B
NPOTHUBOMNOJIOXHYIO CTOPOHY, LpHYEM BCe 3HAYeHHs OTKJO-
HEeHUs B 3Ty CTOPOHY NOBTOPSIIOTCS MO BeJHUYHHE TaK XKe, KaK
9TO MPOMCXOAWJO B MepBOi MOJIOBHHE IBHXKEHUS.

Takoih npouecc uaMeHeHUss KaKOH-JHO0O BeJHUHHBI MOXK-
HO HM300pa3uTb Ha pHCYHKe, OTKJAAaAbiBas MO [OPHU3OHIaJb-
HOH JIMHUM OTPe3KH, COOTBETCTBYIOLIMEe H3MEHEHHIO BPEMEHH
WP pa3/MyHbIM (asam u3MeHsollefics BeaHuunul, [lo Bep-
THKaJIbHOMY HanpasJ/IeNHl0 HAA0 OTKJaAblBaTb OTPe3KH, CO-
OTBETCTBYIOLIHE 3HAYEHHSM M3MeHSOLleACs BeJIUYUHB B
pasjaHuHble MOMeHTh BpeMeHU. 1o TOpU30HTaNbHOR OCH OT-
K/1aJblBAIOT OTPe3KH MPsMO, COOTBETCTBYIOILME B ONpeje-
JieHHOM Maclutabe NMPOMeXyTKaM BpeMeHH, KOTOpue mpoul-
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JIO OT Hayaja paccMaTpuBaeMoro mpouecca. Ecau KoHuH
3THX OTPE3KOB COENHHHTb IJIaBHOH JIMHHEH, TO NOJY4HTCS
KpuBas JIMHHs, Ha3biBaeMas curycoudod. Takas curyconaa
n3obpaxeHa Ha puc. 59.

BosBpaTtuMcs Tenepb K pacCMOTPEHHIO TOH MepeMeHHOMH
3. I.C.,, KOTOpas NOJy4yaercss NPH BpalleHHH MPAMOYroJib-
HOro BUTKa MexnIy nojaiwocamMu MariutoB. Ecau nocaenosa-
TeJbHO MPOCJENHTb BCe H3MEHEHHs 3TO# 3. I.C., COOTBeT-
CTBYIOIHE Pa3HbIM INOJIOXKEHHSIM Bpalllalolllerocss BUTKA, TO
MOXHO YOedUTbCsi, YyTO M3MEHEHHe HHAYKTHpyeMo# 3. A.C.
MNPOUCXOAHT TaKKe HO FapMOHHYECKOMY 3aKOHY H MOXeT
6bLITh NpeacTaB/eHo rpadHUYecKH B BHAe TOH XXe CHHYCOMHI,
KoTopasi u3o6paxkeHa Ha puc. 59. Ha stom pucyske no ro-
PH3OHTAJbHON JIMHUM OTJOXEHbl OTpe3KH, COOTBCTCTBYIO-
Hi¥e pa3HbIM BeJIMYHHAM yrja MOBOPOTa BHTKA, BbIPAXKEH-
Horo B rpaaycax. [lo BepTHKalbHOMY HanmpaBJ/eHHIO OTKJa-
ABbIBAIOTCS COOTBETCTBYIOLIME NaHHOMY YIVIy NoBOpoTa 3Ha-
yeHus 3. I. C.

B KaxAblii MOMEHT BpeMeHH BeJHUHHY 3. [.C. MOXHO
onpeaenuTb, U3MEPHB TaKOH BepTHKaJbHbl oTpe3ok., Hamo
TOJIBKO MPH 3TOM YYHTHIBaTh MaculitTab, KOTOPLIM NOJb30Ba-
JHCb TpH u300pakeHUH H3MeHeHHH 3. A.c. Kaxaomy Mo-
MEHTY H3MEeHEeHHs COOTBETCTBYeT CBOe 3HaueHHe 3. . C. 3Ha-
yeHue 3. 1.C. B JIO60OA MOMEHT BpEeMeHH Ha3bIBAaeTCH ee
M2HOBEHHbIM 3HAUEHUEM.

Bce ckasaHHOe Bblllle 06 3JIEKTPOABHKYIIEH cHJse OTHO-
CHTCSl, KOHEYHO, H K CHHYCOMJaJbHOMY NepeMeHHOMY TOKY.
Haub6osablune 3HayeHUs1 CHHYCOHAAJIbHOIO TOKA HJM CHHYCO-
HAaNbHON 3. A.C., KOTOPble NOJYYaloTC 33 BpeMsl OLHOro
nepuona, HasbiBaloT amniurydod. Takum obpasoMm, B Teue-
HHe OJHOro nepuoja MepeMeHHbII TOK HJH NepeMeHHas
3. [. C. JOCTHTalOT HAaHGOJbIIMX 3HaUeHUH ABaMX/Abl: OAHH pa3
TOrAa, Korja H3MeHeHWe MX MPOHUCXOAHT B NMONOMHTENbHOM
HanpaBJIeHHH, U APYroil — Npuy U3MEHEeHHH B OTpHIlaTeb-
HOM HanpaBJIeHHH.

MrHoBeHHble 3HaueHHs] MepeMEHHOro TOKa, 3. A.C. HJH
HanpsiXeHHs NPUHATO 0603HayaTb CTPOYHBIMM OyKBaMH i,
e u.

AMnauTynHble 3HayeHUs1 3THX BeJHYUH 0603HAYalT Npo
NUCHBIMH GYKBaMH, HMEIOLMMH BHHM3Yy 3Ha4yoK m.
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rnasa 2
TPADOHUYECKHME CNMOCOBbl U3OBPAXKEHMUA
NEPEMEHHOTIO TOKA

§ 54. OCHOBHbIE CBEAEHUA U3 TPUTOHOMETPUH

H3yueHne mepeMeHEOro TOKa BecbMa 3aTPyIHUTENbHO,
€CJ/IH H3y4Yaloluil He YCBOWJ OCHOBHBIX CBeIEHHiHl M3 TPHro-
HoMeTpuH. [ToaToMy OCHOBHBIe MOJIOXKEHHSI TPHTOHOMETPHH,
KOTOpBble MOT'YT NOHaJoOHTbCA B JajbHeHlleM, Mbl MPHBO-
MM B 3TOM nmaparpade.

H3BecTHO, YTO B reOMETPHHU NPH- o
HATO, paccMaTpHBasi MPSIMOYTOJb- B
HBI/l TPEYroJbHHUK, Ha3blBaTh CTOPO- 900
Hy, Jexaulyio npotus npsmoro yr- 9 Aa Ja

aa, eunoteny3oli. CTOpPOHBI, TPUMBI-

Kalollie K NPAMOMY yIay, Hasbl- pye 60, Mpamoyromstii
BawrTcs karetamu. [IpsiMoli yroa TPeYrO/bHHK.
nMeer 90°. Takum o6pa3oM, Ha pHC.

60 runoTeHy3oil sBJsieTCA CTOPOHA, 0603HaueHHass 6YKBaMH,
06, kaTeTaMu e — CTOPOHHI a6 u aO.

Ha pucyHke oTMeueHo, uto npsiMmoit yroa umeer 90°, nsa
ApyrHe yrja TpeyroJbHHKa SIBJASIOTCA OCTPHIMH M 0603Ha-
yeHsl GykBaMHu a (anapda) u p (Gera).

Ecnu u3MepuTh B oOnpefesNeHHOM MacwiTabe CTOPOHLI
TPeyroJbHHKa H B3fTb OTHOLUEHHe BEJIHYHHBI KaTeTa, Jexa-
LIero NPOTHB YIVIa O, K BEJHYHHE THIOTEHY3H, TO TaKoe
OTHOLUEHHEe Ha3blBAlIOT CHHYCOM yrya a M 0603HayaloT sin a.
CienoBaTtesibHO, B NMPSIMOYTOJbHOM TPeYroJibHHKE, KOTOPHIH
MBI pacCMaTpHBaeM,

. ab
sine = 5z

" Ecau cocraBuTh OTHOlIEHHe, B3fB BeJHuHHY KaTteta a0,
NPHMBIKAIOIEr0 K OCTPOMY YIJy @, K THIOTeHy3e, TO 3TO
OTHOLUEHHE HA3BIBAIOT KOCUHYCOM yeaa o. Kocuhyc yraa
0603HayaloT cos a. Takum o6pasoM,

Oa

Ccos @ = 06 °

3Hasi CHHYC H KOCHHYC yIJla @, MOXHO ONpele/HuTb Be-
JHYHHBI KaTeToB. Ecain yMHOXHTD BeHuuHy runotenysnt 06
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Ha sin o, TO MOJyYUM KarteT ab. YMHOXHB THTIOTEHY3y Ha
cos a, noayuum kKarter Oa.

Tlpennonoxum, uro yron anbda He OCTaeTcss MOCTOSH-
HbIM, a TIOCTeNeHHO H3MeHsieTcsl, yBeauuuBasicb. Korna yron
paBeH HYJIIO, CHHYC €ro TakiKe paBeH HYJIIO, TaK KaK HYJIO
paBeH NPOTHBOJEXKAIWHUH YIay KaTeT,

ITo mepe Toro Kak yroa a 6yaer Bo3pacraTh, HayHeT yBe-
JuyuBaTbCcsl M ero cuHyc. HauGosbluee 3HaueHue cuHyca
NOJYYUTCS, KOT4a yros ajnbga CTaHeT NpsiMbIM, T. €. Oyler
paseu 90°, Ilpu arom cunyc paBen enunuue. TakuMm o6pa-
30M, CHHYC yIJla MOXET UMeTb HaHMeHblllee 3HaueHue — 0
i HauGospuiee — 1, Jlas Bcex NpPOMEXYTOUHBLIX 3HAauYeHHMH
yrJla CHHYC sIBJIsieTCS {1paBHIbHON ApO6bIo.

Kocunyc yrna 6yner HauGoJblIMM, KOraa Yroj paseH
Hymo. Ilpu 3ToM KocuHyc paBeH equHMLE, TaK KaK KaTeT,
npuiexamuil K yray, 1 THIOTeHy3a B 3TOM cCJayyae OyayT
CoBManaTh APYr ¢ APYroM, U OTPe3KH, U3obpaxKarwulHe ux,
paBHE Mexay co6oii. Korma yroa pasen 90° kocunyc ero
paBeH HY.JIIO0,

§ 55. TPAOUYECKUE CMTOCOBbl M3OBPAXKEHMS
MEPEMEHHOIO TOKA

CuHycOoMaaNbHBI MEpPEMEHHBIH TOK WJH 3. A.C., H3Me-
HflolIMeCcss BO BPeMeHH, MOXHO H300pasuTb B BHIe CHHY-
counsl. Takoit cnoco6 n3o6paxkeHus 4acTo NMPHMEHSIETCS B
anekTpoTexHuke. Hapsiny c wnsobpakeHneM nepeMeHHOTO
TOKa B BH/J€ CHHYCOHIB LIHPOKO NpPHUMeEHsieTCs TaKKe U306-
pakeHue TaKOro ToKa B BHJe BEKTOPOB.

Bekropom HasbiBaercs BelMuYHHA, MMelollas ONpeneseH-
HOoe 3HaueHHe W HanpasJeHue. TakKylo BeJMUYHHY NpeacCTaB-
JISIOT B BHAE OTPe3Ka NPSAMO JHHHH CO CTPEJKOl Ha KOHUe.
CTpeska HOJIXKHA yKa3blBaTbh HampabJ/eHHe BeKTOpa, a oTpe-
30K, U3MepeHHbIH B ONpeAeJeHHOM Maclitabe, AaeT BeaHuH-
HY BEKTOpa.

Bce ¢asbl M3MeHeHHSI MePEMEHHOIO CHHYCOHAAJIbHOTO
TOKa 3a OJHH NepPHOA MOXKHO H306pa3UThb NMpPH MOMOLIH BeK-
TOpOB, HeHcTBYsl cactywouwuM obpasoM. Ilpeanosnoxum, uto
HayaJ/Ji0 BEKTOPa HaXOAMUTCs B IEHTPe OKPYXKHOCTH, a KOHell
€ro JIEXHT B CaMOil OKPYXKHOCTH. DTOT BeKTOp, Bpallasich
TI0 HanpaBJIeHHIO NPOTHB YacOBOH CTPEJKH, COBepllaeT NnoJ-
HHE#I 060pOT 3a BpeMs, COOTBETCTBYIOllee OJHOMY MEpPHOLY
W3MEHOHHsS TOKa. [IpoBeseM M8 TOUKM, ONpelevisiolled Ha-
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uajo BEKTOpa, T. €. U3 LeHTpa okpyxHoctH O, nBe JHHMU:
OHY FOPU3OHTA/NbHYIO, a APYIYyl0 BePTHKAaJbHYIO, KaK 3TO
n3obpaxeHo Ha puc. 61,
Ecan nns Kaxnoro nmosoxeHHsi Bpalllalolierocss BEKTopa
H3 ero KOHUA, 0603HaueHHOro OyKBO# A, omyckaTb MepneH-
IUKYJsSpbl Ha BePTHKAaJIBHYIO JIMHHIO, TO OTPE3KH 3TOH JH-
HuH oT Toukn O N0 OCHOBAHHS NepNeHAHKyJaspa a O6yayT
[peicTaB/asiTh MTHOBEHHble 3HAUEHHS CHHYCOWIAJbHOro Ie-
peMeHHOro Toka, a caM Bektop OA B onpenesneHHOM Mac-
mrabe H3o6paxaeT aMINIMTYLY 3TOrO TOKa, T. €. €r0 HaH-
6osbliee 3Hauenne. Otpeskn Oa Ha BepTHKaJbHON OCH Ha-
3618QI0TCA NPOEKYUAMU BEKTO-
pa OA Ha ocb y. yd
B cnpaBennuBocTH H3J0-
JKEHHOro BbIlle He TPYIHO
y6eaIuTbCsl, BLINOJHHUB  CJe-
nymwolee nocrpoenue. Psgom ¢
OKPYKHOCTBIO Ha DHCYHKe
MOXHO MOJYYHTb CHHYCOHIY,
COOTBETCTBYIOILYIO  H3MeHe-
HHUIO [lepeMeHHOH 3.J1.C. 3a
OIHH MepHol, eciad BAOJb TO-
PH30OHTANbHON JIMHHH OTKJa- ,
IObIBATh rpaﬂycm, onpeﬂeﬂﬂ}o. Puc. 61. I/I306pa>KeHHe CHHYCO-
uie a3y u3MeHeHus 3. [1.c, MAATIPHOTO ToKa ¢ “:e“fgg‘p"f
a B BepTHKaJbHOM HanpasJe-
HHH CTPOHTb OTPE3KH, PaBHbIE
Be/iMunHe npoekuuu Bektopa OA Ha BepTHKaNbHYIO OCh.
BrinosnuB Takoe MOCTPOeHHe [JIsi BCEX TOYEK OKPYXKHOCTH,
N0 KOTOPO#l CKOJb3UT KOoHel Bekropa OA, moayuum puc. 62.
[MTonublit mepuox H3MeHEHHs TOKa, a CJelOBaTesbHO, H
BpallleHHs1 H306paxalolLlero ero BeKTOpa MOXHO Mpeacra-
BHTb He TOJIbKO B FpajlycaxX OKPY»KHOCTH, HO M B palHaHax.
¥Yray B omuH rpaayc COOTBETCTBYeT !/3g0 UacTb OKPYXK-
HOCTH, ONIMCAHHO} U3 ero BeplUUHBI. K3MepuTb TOT MM HHOH
yros B rpagycax — 3TO 3HAyuT HaiTH, CKOJBKO pa3 TaKoi
3JeMeHTAPHBIH Yroll CONEPKUTCA B HU3MepseMOM YIJay.
OnHako NpH H3MEpPEHHUH YIJIOB MOXHO MOJb30BaTbCH HE
rpaaycaMu, a paiHaHaMu. 3a paiuaH IOpPUHUMaercs yrod,
KOTODOMY COOTBETCTBYET [Iyra, paBHas NO NJHHe pajauycy
JM1060#1 OKPYKHOCTH, OMHCAHHON W3 BEPUIMHbI H3MepseMOro
yraa,
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TakuM 06pa3oM, NONHBIH YyToJ, CCOTBETCTBYIOHIMIT J10GOH
OKPYKHOCTH, H3MePEHHbIH B rpanycax, paBed 360°. Dot xe
yroJ, H3MepeHHbll B panMaHax, paBeH 2m — 6,28 paauaH.

O nosnoxeHuM BeKTOpa B JaHHBI MOMEHT MOXHO CyIHTb
Mo YIJI0BOH CKOPOCTH €ro BpallleHHs H N0 BPEMeHH, KOTopoe
NpOIJIO OT Hayaja BpalleHHd, T. e. C HayaJja IepHoaa.
Ecnu o0603HauuTh YIJIOBYIO CKOPOCTb BekTopa OYyKBOIi
o (omera), a BpeMsi ¢ Hauasa nepuoga — 6yKBo#i £, TO yroa

Puc. 62. [TocTpoeHHe CHHYCOHAH 3. A. C., H3MEHAOLIeACH
M0 rapMOHHYECKOMY 3aKOHY.

[MOBOpPOTa BEKTOpPpa MO OTHOLIEHHIO K ero HCXOLHOMY IOJIO-
XKEHHUI0O MOXHO ONpeleyINTb KaK NMpOoH3BedeHHEe:

a = of.

Yron nosopota BeKTopa onpenensier ero ¢asy, KoTopoit
COOTBETCTBYET TO HJIH HHOE MTHOBEHHOe 3HaueHHe TOKa.
CaenoBaTtesbHO, 1O YIJy MOBOPOTa HJAH (a3oBOMY yray
MOXHO CYIHTb O TOM, KaKOe MrHOBEHHOe 3HaueHHe HMeeT
TOK B MHTepecyloluil Hac MOMeHT BpeMeHH. Pa30BEiil yroa
YaCTO Ha3bIBAIOT NMPOCTO Pa3od.

Bbinle 6bl10 MOKa3aHO, YTO YroJ MOJHOro oGopoTa Bek-
Topa, BhIPaXKeHHBIHl B PaAnaHax, paBeH 27. TOMY NOJHOMY
060pOTy BeKTOpa COOTBETCTBYeT ONMH MepHOJ H3MeHCHHS
repeMeHHOTO TOKa. YMHOXKHB YIVIOBYIO CKOPOCTb @ Ha Bpe-
Msi T, cooTBeTCTBYIOIlee OAHOMY NEPHOALY, NOJYYHM MOJHBIM
060poT BEKTOpa NepPeMEeHHOro TOKa, BhIpaXeHHbI B pagHa-
Hax:

oT = 2n,
Orciona HeTPYAHO ONpeleNHTb, YTO YIJIOBas CKOPOCTb
o= 2
=
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1
3aMmenuB nepuof T OTHOLIEHHEM ~F» MONyuHM
d

o = 2xf.
¥YrioBas ckOpoCTb ® B COOTBETCTBMH C 3THM MaTeMaTH-
YeCKHM COOTHOLUIEHHEM 4acTO Ha3blBAaeTCs Y2080t 4acToToll.

§ 56. BEKTOPHBIE AMATPAMMDI

Ecau B uenu nepeMeHHOTO TOKa AeHCTByeT He OJHMH Ka-
KO#-1u60 TOK, a ABAa MJHU HECKOJIbKO, TO HX B3aHMMHOe COOT-
HolleHHe ynoGHO npeicTaB/sATh rpacuueckd. ['pacduueckoe
n3o6pakeHHe dJeKTPOTEXHHYECKHX BEJHYHH (TOKa, 3. 1.C. H
HanpsiXKeHHs) MOXHO OCYUIECTBJATb ABYMs crnocobaMu.

Puc. 63. Cunyconanl ToKoB, coB-  Puc. 64. CHHYCOMIB TOKOB, CABHHY-
nagaiowHxx no dase. THiX N0 ¢ase Ha 90°

OnavH u3 3THX crnoco60B — BhYepUHBaHHE CHHYCOM], IO-
Ka3bpBalOIIKX Bce (a3bl U3MEHEHHUsl 3J1IeKTPOTEXHHYeCKOoH Be-
JIMYHHBl B TeyeHHe OJHOro nepuofa. Ha Takom puHcyHke
MOXXHO YBHJETb NMpexJe Bcero, Kakoe COOTHOLIEHHe MAaKCH-
Ma/bHBIX 3HAYEHHH UMEIOT HcCJefyeMble TOKH, 3. I.C. H Ha-
npsixkenus. Ha puc. 63 usobpaxkeHbl 1Be CHHYCOHIHI, Xapak-
TePU3YIOllHe U3MEHEHHsi JBYX PasHblX lepeMeHHBIX TOKOB.
3TH TOKH UMeEIOT OJMHAKOBLIf IePHOJ U COBNMAAaloT no dase,
HO MaKCHMaJibHble 3HaueHUs ux pasHble. Tok /; uMeet 664b-
Wyl aMIVIUTYOy, yeM ToK /o OqHAKo He Bcerza TOKH HJH
HanpsiKeHHst MOTYT COBNajaTh no dase.

Yacro ObiBaeT Tak, yTo (pasbl y HHX pa3Hble, B 3ToMm
cl1yyae roBOPSIT, YTO OHH CABHHYTH no ¢ase. Ha puc. 64
H306pakeHbl CHHYCOHABI ABYX TOKOB, CABHHYTHIX Ho ¢ase.
Yron casura ¢as mexnay Humu paBeH 90°, uto cocraBiasier
OllHy ueTBepThb nepuosa. Ha pHcyHKe BHIHO, 4YTO MakCH-
MaJibHOe 3HaueHue ToKa [, HacTynaer paHblle Ha YeTBEPTb
nepuona, yeM MakcuMaJjbHoe 3HaueHue Toka [i. Tok [y one-
pexaet no ¢ase Tok /; Ha ueTBepTh mepuoxa, T. e, Ha 90°,
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STo COOTHOUIEHHe MeXIy TOKaMH MOXHO H306pa3uth
npu noMoly BekTopoB. Ha puc. 65 usobpakeHsbl 1Ba BeKTO-
pa Tex Ke TOKOB. Ec/iM BCMOMHHTb, UTO HanpasJ/eHHe Bpa-
IIeHUs] BEKTOPOB YCJOBHJNCbH NPHHUMATb NPOTHB YacoBOMH
CTPeJNKH, TO CTAHOBHTCS OUEBMAHBIM, YTO BEKTOp TOKa /g,
Bpallasicb B YCJOBHOM HanpaBJeHHH, HAeT BlNepein BeKTO-
pa toka /,. Tok /; onepexaer 1ok /;. Ha 3TOM e pucyuke
BHIHO, YTO yroJa onepexenus paseH 90°. Dtor yron u B-
asietcs yriaoM casura ¢as mexay /o u [y, Yroa casura ¢das
o6Gosnayalor G6ykBoil ¢ (¢u). Takoit cnocob6 u3obpakeHus
3JIEKTPOTEXHHUYECKHX BEJIMYHMH MPH MOMOLIH BEKTOPOB Ha3bl-

BalOT BEKTOPHOU Ouazpammotl.
L2 ITpyu- BhIYepuMBaHUM BeEKTOP-

HBIX JHarpaMM COBepIUEHHO He

o6s3aTeJbHO H300paxKaTb Ha pH-

CYHKe OKDYKHOCTH, MO KOTOPBIM
) CKOJIb3AAT KOHLBI BEKTOPOB B Npo-
" mecce Boo6GpaxaeMoro Mx Bpa-
Puc. 65. Bekropnas auarpam- IIeHHUS.

Ma TOKOP. CABHHYTbIX MO

dase Ha 90°, [Tonb3ysicb BeKTOPHBIMH IH-
arpamMamH, He cJjeayer 3abbl-

BaTb, YTO Ha OMHOH AMarpaMMe MOXHO H306paxaTb TOJbKO

3JIEeKTPHUECKHe BEJHYHHBl, HMeIIlUe ONAHHAKOBYI0 4acTo-

TY, T. €. OJMHAKOBYIO YIJIOBYIO CKOPOCTb BpallleHUsl BEKTOPOB,

P= 90°

Mpumep 25. Ipu uacrote f, paBHoit 16 2y, MakcHMaibHOe 3HaueHue
CHHYCOMAAJIbHOH 3/IeKTPOABHXYlile# cHAbl paBHo 80 8. Heob6xonumo on-
peAesuTb, YeMy paBeH NepPHOA 3TOH 3. A. C. H yrsioBas uyacrora. [loJb-
3yscb pHc. 59, onpelenuTb, ueMy PaBHO MIHOBEHHOe 3HaueHHe 9. A. C.,
KOTZa ¢a3oBblii yros cocTasJiseT 150° u koraa ¢asosbiit yrosa pasex 3/, T.

Pemenune. Ilepuon MOXHO oOnpefesnHTb, MNOAb3YAchb GopMyJok

1 1 -
T == -f—- = _16— == 0,0620 CeKe

VYranoBas uacrora onpefeasiercs no dpopmyJe
©=2nf=4.3,14.-16 = 100,48 ~ 100.

Ecau nosb3oBaTbesi MaciITaGoM, TO MOXHO yGeAHTbCS U3 PHCYHKA
B TOM, YTO Koraa (asoBblii yros paseH 150° MrHOBeHHOe 3HaueHue
3. . C. COCTaBJfeT NOJOBHHY aMIJMTYyAbl, T. e. paBHO 40 8. Koraa xe da-
30BHI yron pased % T, T. e. cocTaBiiseT 270°, TO MIHOBEHHOE 3HaueHWe
3. 4. c. paBHo 80 8. Takum 06pasoM B 3TO" MOMEHT 3.A.C. AOCTHraeT
€BOEro MaKCHMMaJbHOIO OTPHILATe/bHOrO 3Ha4YeHH,
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rnasa 3

AKTUBHO-PEAKTMBHbBIE COMNPOTUBIIEHHSA
B LENSAX NMEPEMEHHOTO TOKA

§ 57. NOHATUE O NOBEPXHOCTHOM IhMEKTE

Ecau TwatesbHO M3MEPUTb CONPOTUBJEHHE NMPOBOAHMKA
NpH NepeMeHHOM TOKe U CPaBHHTb €ro C CONPOTHB/IEHHEM
NpOBOAHUKA NMPH MOCTOSIHHOM TOKe, TO OKa3blBAaeTcsl, YTO B
NnepBOM CJiyuae OHO HECKOJIbKO GoJblie.

Ilpuunna 3toro 3ak/jo4aercs B TOM, YTO MNepeMeHHBIH
TOK pacnpejesisieTcs 0o NMJOLIAAH NONEPEYHOr0o CEUEHHS NpPo-
BOAHHKA HepaBHOMepHo. IlnoTHOCT nepemeHHOro TtoOKa Y
NOBEPXHOCTH NPOBOAHMKA 6GOJbllie, a K LEHTPY MeHblle,

Takoe HepaBHOMepHOe pacnpejejieHHe NepeMeHHOro To-
Ka M0 CEYEHHIO MPOBOAHHKA CBSI3aHO C TEM, YTO MArHHUTHBI
NIOTOK, BBI3BAHHBLII TOKOM MW OXBaTbIBalOWMil BHYTpPEeHHHe
C/JI0M MPOBOAHHKA, GoJsibllle, YeM TOT MarHUTHBIA NOTOK, KO-
TOPBIH CLENJSAETCSs ¢ 3JeMeHTaMH NPOBOAHHKA, JiexXallUMH
y €ro NoBepXHOCTH.

9To sAB/NeHHe HepaBHOMEDHOrO pachpefesieHHs mnepe-
MEHHOr0 TOKa B NPOBOJHHKE Ha3blBAIOT NOBEPXHOCTHbIM I(h-
dexrom.

CylLIHOCTb 3TOTO fIBJE€HHSI MOXET GbiTh OGbSICHEHa cJe-
ayiomuM o6pasoM. Eciu B nepBoHauasbHbIi MOMEHT CBOEro
BO3HHKHOBEHHS MepeMeHHBbI TOK paBeH HYJIIO, TO MarHMTHO-
T0 noJisi BOKPYT NpoBOAHHKa ellle HeT, Ilo Mepe Toro kak
TOK YBeJIHUHBaeTCs, KOHUEHTPHYECKHe CHJIOBble JIMHUH pac-
XONATCS OT LleHTpa NPOBOAHHKA B HanpaB/leHHH MNOBepX-
HOCTH ero, noJo6HO TOMY KaK PacLIUPSIOTCS KoJbLla AbiMa,
BRIXOAfLIKE H3 TPYOBI, HIH PAaCXOAATCA BOJHBI MO NOBEpX-
HOCTH BOABI OT MeCTa, B KOTOpoe GpOlLIeH KaMeHb.

Te yacTHUB NPOBOAHHKA, KOTOPHIE JIexKaT GJHXKE K LeHT-
py, 6yayT nepecekaTbcsi GOJbLIHM KOJHYECTBOM CHJOBBIX
JIMHHH, YeM YaCTHIlbl, JeXKalllie JaJjblie OT [HeHTpa. MeHblue
BCEro CHJIOBBIX JIHHHI NepecekyT YaCTHUH, HaXoAdAllHecs Ha
NOBEPXHOCTH NTPOBOAHHKA,

H3BecTHO, YTO NpH NepeceyeHHH NPOBOAHHKA, a B Ha-
LleM cjydae OTAENbHBEIX YacCTHIL MeTaJla, H3 KOTOPBIX COCTO-
HT MPOBOJAHHK, CUWJIOBBIMH JHHHAMU MarHUTHOrO MOJS B HHX
BO3HUKAET 3. [. C. HHAYKUHUH. ITa 3. A. C. JOMXKHA GHITh 60Jb-
ule TaM, rie NPOBOAHUK nepeceKkaeTCsi GOJbLINM YHCIOM CH-
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JIOBLIX JIMHHH, T. e. B LleHTPa/sbHON yacTH npoBoaHuKa. Ho
MBI 3HaeM, 4TO HHAYKTHPOBaHHas 3. [. C. JOJXKHa OHITb Ha-
npas/jeHa NMPOTHB OCHOBHOTO TOKa, BhI3BaBllero ee. TakuM
o6pa3oM, nMo BHYTPEHHHM 4YacTHLaM m, H3006paKeHHbIM Ha
pHc. 66, KpoMe OCHOBHOro TOKa, 6yAeT NpPOTeKaTb MPOTHBO-
TIOJIOXKHBIN 10 HaNpaBJIeHHI0 HHIAYKTHPOBAHHBIH TOK, BbI3-
BaHHbI UHOYKTUPOBAHHOU B 3THUX YacTHLAX 3. A.cC. Tok Ta-
KOro e XapaKTepa, NpPOTEKaWUUi MO BHYTPEHHHM 4YacTH-
uam n, 6yner menbule, OTciofa clefyeT, YTO OCHOBHOH TOK
B lleHTpe NPOBOAHMKA HOJKeH OblTb MeHblle, a y MNOBepx-
HoctH Gousblue, JIpyruMH c/0BaMH, NJIOTHOCTb NMepeMeHHOro
TOKa, pacnpeiessouerocs
N0 CeyeHHIO AAHHOrO Mpo-
BOJHHKAa, HeOJHHAKOBa,—
OHa 6oJibllle Y NOBEPXHOCTH
NpOBOJHHKA M MeHblle K
ero LEeHTPY.
Puc. 66. TlosepxHocTHbIA 3bdeKt. TTosepxHocTHbiit 3¢-
ekt Kak 6bl yMeHbluaer
NoJIe3HOe CeueHHe NMPOBOJa, a 3HA'IUT YBeJHUUBAeT €ro Coll-
POTHBJIEHHE,

ConporuB/ieHHe NPOBOJHHKAa MEPEMEHHOMY TOKY Ha3hl-
BAaIOT AKTUBHbLIM CONPOTUBAEHUEM B OTIIMYHE OT TOTO CONpO-
TUBJIEHHS, KOTOPOe IoJly4yaercss NPH MOCTOSHHOM TOKE.

Ecin wacTtoTa nepeMeHHOro TOKa BO3pa-
cTaeT, TO NOBEPXHOCTHHH 3¢ PeKT yBeNHYH-
BaeTc s [lpu oueHp GOJNBUIMX 4AacCTOTAX NPAaKTHYECKH IO-
JlyuaeTcsi TakK, YTO BHYTPH NPOBOJHMKAa TOKA HET COBCEM.
ITosToMy B HEKOTOPHIX C/lyuasix, KOrJa HMeloT 1esa0 ¢ nepe-
MeHHBIMH TOKaMH BBICOKOH YacCTOTHI, NOJb3YIOTCSl HE CILIOMI-
HBIMH NPOBOJHMKaMM, a TpyGuaThiMu. TaKue TpyGuaTbie
NPOBOAHHUKH YaCTO NPHMEHSIOT B PaJHOTEXHHKe,

§ 58. AKTMUBHOE COMNPOTUBIEHME
r

UucTo aKTHBHOE CONPOTHBJIEHHE TNe- %

PEMEHHOMY TOKY TpPaKTHYECKH HMeIoT 7
3JIeKTPHYeCKHe JiaMnbl HakaauBanusg, —{— 30—
peocrtaThl, MpoBoaa. AKTUBHOE COMPOTUB- puc 67. Llens
JeHue o603HayaloT 6ykBoil R. CONpoOTHB- nepemennoro To-
JIeHHE 3JIEKTPHYECKHX Lleneill WM HX 3Je- Ka C aKTHBHbIM
MEHTOB IOCTOSIHHOMY TOKY HHOrAa Ha- ;323?’"”5'
3LIBAIOT OMUHYECKUM CONPOTUBAEHUEM.
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AXTHBHOE CONPOTHBJIEHHE B 3JEKTPHYECKHX cXeMax H3006-
pajkaercs Tak, Kak oKa3aHo Ha puc. 67.

§ 59. PEAKTUBHOE COMNMPOTUBAEHUE

Ecnu B uenp nepeMeHHOro TOKa BKJIOYHTH npubop, us-
MepSIOIMHA CHIy TOKa, 1 OOLIKHOBEHHY!O JlaMNy HaKaJjHBa-
HHS, TO I[P OJHOM H TOM JXe Hamps:KeHHH, MOABOAHMOM K
Tako# 1enH, JaMna HaKaauBaHusg OCyleT ropeTb OJHWHAKO-
Bo M npu uacrore 50 ey, u npu yacrore, B AecsATb pa3 GoJib-
LIeil NMPOMBILIEHHOH YacTOTH. AMIepMeTp NpH 3TOM B OA-
HOM H B JApPYroM cJyyae MOKa3biBaeT OJHHAKOBYIO CHJIY
TOKa.

Ho ecan B uenp mepeMeHHOro TOKa BKJIIOUMTH ellle Ka-
TYIWIKY MHAYKTHBHOCTH, TO IPH MeHbllell yacroTe JaMmna 6y-
IeT ropeTb spue, a npu GoJbliel yactoTe IPKOCTb ee rope-
HHg cTaHeT MeHblue. OyeBHIHO, YTO HHAYKTHBHAs KaTylIKa
OKasnliBaeT MAOMNOJIHHTEJNbHOE CONDOTHBJEHHE, KOTOpPOe BO3-
pacraer ¢ yBeJIMYeHHEM YacTOTHI NePEMEHHOTO TOKa. YBeJH-
YyeHHe CONPOTHBJEHHS, a 3HAYUT, YMeHbllleHHe TOKa MOKa-
JKeT ¥ aMIepMeTp, BKJIOYEHHBIH B LeMb.

Tok eme 6oJbllle YMEHbIIUTCS, €CIM NMPH AaHHOM YacTo-
Te B leNb BK/AIOYHUTh TAKyl0 e KaTYLIKy, HMEIOLIylo Ke-
JIe3HBI! cepAe4HHK. SIPDKOCTb IrOpeHHst JIaMNBl HPH BKJIOYE-
HMH KaTyIIKM C CePAEYHMKOM 3HauyHTe/JbHO NOHHU3HUTcA. Bee
3TO CBHAETENbCTBYET O TOM, YTO B LIeNIM NlepeMEeHHOro TOKa,
KpOMe aKTHBHOIO CONPOTHBJIEHHS, HAJ0 CYHTATBCS H C TEM
HONOJIHUTENbHBIM CONPOTHBJIEHHEM, KOTOPOe BO3HHKAET NpH
BKJIIOUEHUH KaTYIIKH HHAYKTHBHOCTH. ConpoTHBIIeHHE, KO-
TOpPOe BHOCHT B Liellb IepeMEHHOr0 TOKa KaTyIIKa UHIYKTHB-
HOCTH, Ha3HIB3IOT UHOYKTUBHbIM CONPOTUBACHUEM.

Ilpn BK/IIOYEHMH B LeNb NMEPEMEHHOTO TOKAa KOHIEHCATO-
pPa mocJefOBaTeJbHO C JIAMIOYKOH Jiamna OyIeT roperb H
npu yacrore 50 2y, u npu yacrore 500 2y, U Mpu Apyrux ua-
crorax. TakuM o6pa3oM, eMKOCTb, BK/AlOUaeMasi B LeMb IIe-
PEMEHHOTO0 TOKa, He pa3pbiBaeT 3Ty uenb. Ho mpu Gosee
HU3KHX YacToTax Jamna GyJeT ropeTb MeHee (pKO, a NpH
NOBBILIEHHU YaCTOTHl SIPKOCTh €e ropeHusi 6yeT BO3pacrarh.
Takum o6pa3om, CONPOTHBJIEHHe, KOTOPOE BHOCHT KOHJIEH-
caTop B LieNb NTIEPEMEHHOr0 TOKa, CTAHOBUTCS MeEHblIe, eCJIH
YacTOTa 3TOr'0 TOKA BO3PACTAET.
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ConpoTuBJeHne, KOTOpOe MOSIBJSETCS B LENd NMepeMen-
HOro TOKa 6Jiarofapsi HaJMUYKI0O KOHIEHCAaTOpa, Ha3BIBAIOT
EMKOCTHbIM CONPOTUBACHUEM.

HHnyKTHBHOE M €MKOCTHOe CONPOTUBJIEHHE Ha3bIBAIOT
PeaKTuBHbIMU CONPOTUBACHUAMLL.

§ 60. TENIOBOE AENCTBME NEPEMEHHOIO TOKA

"XoTst Mexay NoBeleHHEM NePEeMEHHOro U IOCTOSIHHOTO
TOKa NPU NPOXOXKAEHHH B IJEKTPUYECKHX Lensx Ha6Jlo-
JaeTcs 3HAyuTeJbHas pas3HWlla, OHH MMEIOT TaKxXe BecbMa
BaxXHble 001IHe 0OCOOEHHOCTH.

W nocTOsIHHBIA TOK, ¥ TOK HepeMeHHBIH, NPOXOAS Mo
NPOBOAHHKAM, BBLIAENSIOT Temo, TennoBoe AelcTBHE MOCTO-
SIHHOrO ¥ NepeMEeHHOro TOKa MOXHO OINpe[esUTb N0 U3BECT-
HoMY 3akony JIxkoynast — Jlenua. Ho npu sToM AJs nepeMeH-
HOrO TOKa HaJ0o HCXOAHUTh H3 TOro, Kakoe [JeifiCTBHe OH
NPOH3BOJAMT B TO WUJM HUHOe MrHoBeHHe, B Teuenue omuoro
nepuoja NMepeMeHHBbI TOK HMeeT pa3Hble 3HaueHHs. Brnosue
NOHSITHO, YTO M KOJIHYECTBO TeNJia, BbIIeNsieMOe TOKOM B
NPOBOAHUKE B pas3Hble MOMEHTHl IepHoja, MAOJKHO OHITh
pasHoe. OaHaKko o HarpeBaHUM NPOBOJLHHMKA MOXKHO CYAHTb
N0 TOMY, KaKoe KOJIHYECTBO TelJa BbIIEJNUTCS B OGLIEM 3a
KaKOH-TO onpefesieHHbI OTPE30K BpeMeHH, HampuMep 3a
onuH nepuox. s 3TOoro Hago CyMMHPOBAaTb Te MTH O B € H-
Hble 3HaueHHUs KOJHUYECTBa TemnJa, KOTOphe B
TeyeHHe [MepHoJa BLIAENSAIOTCS PAasHbBIMM IO BeJHYHHE
MTFHOBEeHHBIMH TOKaMH.

§ 61. AEMCTBYIOLLEE 3HAYEHME NEPEMEHHOTO TOKA

BBuny Toro uyro B TeueHHe NIepUOJA NEPEMEHHBI TOK
H3MEHSIeTCS, O BeJIHYUHE ero CYIsT He N0 3THM MIHOBEHHbBIM
3HaueHHSM, a mo AeHCTBYIOIIEMY 3HAYEHHIO INEepPEMEHHOTro
ToKa. O peficTBMM NepeMeHHOro TOKa CYAAT MO TEMJIOBOMY
3 dekTy, KOTOpPHIH CpaBHUBAIOT C TEMJNOBLIM 3ddekToM Mo-
CTOSIHHOTO TOKa.

HedicTeyrowum 3Haveruem nepemeRHo20 TOKa Ha3blBAIOT
TaKyi0 BeJHYHHY, KOTOpasi paBHA BeJHYHHE MOCTOSHHO-
ro TOKa, BBIAEJSIOLIero TaKoe )Xe KOJUYecTBO Temja, Ka-
KOe BbIie/isieT AaHHBIA NepeMeHHBIl TOK 3a OJHO U TO XKe

BpeMsi.
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IeiicTBylollee 3HaUeHHe CUHYCOUNAJbHOTO NEepPeMeHHOTO
TOKa MeHblle TOro MaKCHMaJIbHOrO 3HauyeHHs,, KOTOPOro [0-
CTHUraer 3TOT TOK B Npoluecce cBoux H3MeHeHHH. OTHOeHHe
MaKCHMaJIbHOTO 3HaueHUs IepeMeHHOro ToKa K ero JeHCTBY-
IoLeMY 3HaUeHHUIO

In — Y2 =14,

HIIH

Im=]V_2-°

CoBepilleHHO OYEBHAHO, YTO, KpoMe HAEHCTBYIOLLEro 3Ha-
UEHHs] CHJIBI TOKAa, MOXKHO @HAaJIOTHMYHO MOJYYHTb AeHCTBYIO-
ulee 3HAYeHHE 3. A.C. WJIM HANpsKEHHdA, €CJIHM OHH H3Me-
HAIOTCSA 10 CHHYCOHAAJbHOMY 32KOHY.

HeiicTByiolllee 3HAauyeHHe IIePEMEHHOI'O TOKa IPHHSATO
o6o3Hauath OykBoil /, JelCcTByIolllee 3HaueHHe 3, 1.C. — £
1 OelcTByooLlee 3HaueHue HanpsikeHus — U. JleiicTByomee
3HauyeHHe HHOTa Ha3blBaeTcs agpexTusHoiM.

Mpumep 26. OnpesennTts, YeMy PaBHO AEHCTBYIOLIee 3HAYCHUE CHHY-
COMJaJIbHOTO TOKA, €CJM ero BBHIPAa3HTb uepe3 aMINIMTYIYy TOrO Ke TOKa.
Pewenne.

Im
V2
Mpumep 27. [eiicTByiollee 3HayeHHe HanpsikeHus pasHo 210 8. On-
PeAeNHUTb aMIIMTYAY 3TOrO HaNpsXKeHHs.
Pewenue.

1—_—'

=0,707 I,.

Upn=1,41U=1,41-210 = 296,1 s.

Tpumep 28. Tlo aKTHBHOMY CONPOTHBJIEHHIO, BEHIHHA KOTOPOrO paB-
Ha 20 Om, IPOXOLMT NEPEMEHHEIH TOK B TeueHHe 3 MUM M BHIeJsieT Npu
atoM 21 xras tenna. Halitn spdekrupHoe 3HaueHne 5TOro mepeMeHHOro
TOKa.

Pemenne BpeMs NPOXOKIEHHS TOKA MO AKTHBHOMY CONPOTHB-
JIeHUI0 B ceKyHAy 60 -3 = 180 cex.
KosnuecTBo Tensa, BhIeJIEHHOIO TOKOM,

Q=024 I?Rt,
OTKyZAa

3 T 51000 _
1= V 00skf — V t23o0.1m0 9
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§ 62. LUENb NEPEMEHHOTO TOKA, COCTOSLLEIO TOJIbKO M3
AKTMBHOTO COMNPOTUBNEHMA M MCTOYHMKA 3. A. C.

Takas nenp uso6pakeHa Ha puc. 67. Ecaun K uenu ¢ ak-
THBHBIM CONPOTHBJIEHHEM NPHIOXKEHO NepeMeHHOe Hanpsixke-
HHe, TO AeHCTBYIOllee 3HAUEHHe TOKA B Hell MOXHO onpeje-
JUTb 1O 3aKoHy OMa:

U
I,=Ye.
- 7

N

Puc. 68. BektopHas AHarpaMMa H CHHYCOHAH TOKA M HaNpsSKeHHs
JJS UemH, cocTosliefi M3 aKTHBHOTO CONpPOTHBJIEHHS.

B3sauMHOe pacrnosoKeHHe CHHYCOHJA TOKAa M HanpsKeHus
IJis TaKoh uenu m3o6paxkeHo Ha puc. 68.

H3 sToro pucyHKa BHAHO, YTO CHHYCOMIbl TOKAa M Hamps-
JKeHHs] HauHHAKTCA oxHOoBpeMeHHO. Clef0BaTe/NbHO, B LEIH
nepeMeHHOro TOKa, COlepXKalllell aKTUBHOE COMPOTHBIIEHHE,
TOK M HamnpsikeHue coBnajaioT mo ¢ase. Cpedree 3Haverue
MOUWHOCTU 028 yenu, COCTOAWel U3 AKTUBHO20 CONpoTUBAE-
Hus, pasHo npoussedenuro O0elcTsYrouux 3Hauenuld ToKa u
HanpaXcerua: '

P, =1U. ’

CpenHsisi MOIHOCTb ONpe/e/sieTcss 3a NepHoj H XapaKre-
pusyer Ty pa6oTy, KOTOPYIO MOXKET COBepIUHTh NepeMeHHbIH
Tok. OHa Ha3bIBaeTCsl TaKkKe AKTUBHOU mowyHocrero. Ecnu
peub MAET O LeNsX NepeMeHHOro TOKa, TO Bceraa, roBops
O MOILIHOCTH, UMEIOT B BHAY AKTHBHYIO MOIIHOCTb.

Mpumep 29. B nenu c akTHBHBIM CONPOTHBJIEHHEM AEHCTBYIOILEE 3HA-
yeHHe HanpsikeHus paBHO 127 6, a cuna Toka 16 a. HahTh axrtus-
HYIO MOLIHOCTb.

Pewenne Pa=1U= 16127 =2032 am.
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Mpumep 30. Uepes akTHBHOE CONpPOTHBJeHHe, paBHoe 40 om, npore-
KaeT mepeMeHHBIl TOK, AeHcTBYlOllee 3HaueHHe KOTOporo 5 a. Hakth ak-
THBHYIO MOLUHOCTD, 3aTPauHBaeMylO B 3TOH ILieMH.

Pemenue P, =12R =540 = 1000 sm.

§ 63. LEENMb NEPEMEHHOIO TOKA, COCTOSfILLAA TOJIbKO M3
MHAYKTMBHOTO COMPOTMBIIEHUA M UCTOUHMKA 3. AA. C.

Takas uenb uzo6paxkeHa Ha puc. 69. Eciu 661 B 3TOM
Lenu AeHCTBOBAJO NOCTOSIHHOE Hampsi)KeHHe, TO BBHAY TOTO,
YTO OMHYECKOE CONPOTHBJIEHHEe KATYIIKH, H306paKeHHO! Ha
pHCYHKe, Majio, B LlellH npoTreKaa Ol 10-

BOJIbHO 3HauuTeJabHBI TOK. Ho mnpu me- _O_
peMEeHHOM TOKe B KaTyllKe IOSBJSETCS r
nepeMeHHas 3. [. C. CAMOMHAYKIHH. ITa
3. &. c. 6ynet BAUATL Ha cuay Toka. Cie- L R=0
JIlOBaTe/IbHO, CHJIa TOKa OyJeT 3aBHCETb

Puc. 69. Leny me-
He TOJIbKO OT BHEUIHErO HAMPSKEHHs, HO ,evennoro Toka, co-
H OT 3, A. C. CaMOHHAYKLHH. CcTosilas H3 HHAYK-

B CBSI3H C 3TUM B LeMH, COCTOSIIIE H3 THBHOTO COMPOTHB-
OOHOH HHAYKTHBHOCTH, MEXKIY TOKOM H JIeHHA,
3. 4. C. CAMOMHAYKUHMH Bceria Habaio-
naercs casur ¢a3. Korma ». o. c. caMOMHAYKIHM JOCTHraer
cBoero HanGoJsibLIero 3HaYeHHUs1, CHJIa TOKA paBHA HYJIO.

Mri yke 3HaeM, 4TO Mo 3akoHy JleHua 3. A.c. caMOHMH-
JAYKLUHH Bcerja NPOTHBOAEHCTBYeT TO NMPHYHHE, KOTOpas ee
Bhi3Basia. Ho 3. 1. c. caMoMHAyKuUMM BO3HHMKaer Giaromaps
M3MeHeHHI0 CHJIb ToKa. ClefoBaTe/NbHO, OHa NpPOTHBOMEH-
CTByeT U3MEHEHHIO Toka. TakKuM oOpa3oM, 3. 4. C. CaAMOHUH-
JNyKUHH, BO3HHKAIOIIAsi B KaTyIUKe, NPOTHBOAEHCTBYET NpH-
JIOXKEHHOMY HaNpsixeHHI0, DTO IPOTUBOJENCTBHE 3aKJIo-
yaercs npexJe BCEro B TOM, YTO B LieNM NePEeMEeHHOro ToKa,
cocrosiieif U3 ONHOH KaTYIIKH W HMEIOIIeH aKTHBHOE COMNpO-
THUBJIEHHe, PaBHOE HYJI0, BO3HHKAeT CONPOTUBJIEHHE, KOTO-
poe Ha3HBAOT UKAYKTUBHbIM. VIHIYKTHBHOE COMPOTHBJIEHHE
TIOABJISIETCS B LIeNH NepeMeHHOro TOKa BCJeJCTBHe TOro Ipe-
NATCTBHA, KOTOpOe BO3HHKAaeT BCJeICTBHE NEHCTBHA 3. A. C.
CaMOHHAYKIMH.

Ecnu paccMaTpuBaTh H3MEHEHMs TOKa, 3. . C. CAMOMH-
LYKUHH H NPUJIO0XKEHHOTO CHHYCOHAAbHOTO HaNpSsIXKeHHs, TO
B lleNIH TepeMeHHOro TOKa Habawofaercs cJepyiouias Kap-
THHa. Korjga TOK NPOXOAHT 4epe3 CBOe HYJeBOe 3HaueHHe,
3. I. C. CAMOMHAYKUHH B 3TOT MOMEHT HMeeT HaH6OJblIee
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OoTpHLAaTeJbHOe 3HayeHHe, a NPUJIOKEHHOe HaMNpsKeHHe —
HauboJgblilee MOJOXKHUTENbHOE HampsikeHue. B manbHeiimem
TOK HauydHaeT BO3pacTaTb, 3. 1. C, CAMOMHAYKIHM W INPUNO-
JKEHHOe HallpsiKeHHe YMEHBLIAIOTCS 10 CBoeil aGCOJIOTHOMN
BeJIHUHHe, cTpeMsich K Hymdio. B Tor MomeHT, Korma 3. 1. c.
CaMOUHAYKLUMHU W HaOpsi)KeHHe, NPUJIOKEHHOe K Lenu, paB-

=90°
£

Puc. 70. BekTopHasi AnarpaMMa M CHHYCOMAH TOKa, Ha-
NpsXKEHU W 9. A. C. JAJIfl MHAYKTHBHOH LEMNH.

HBH HYJI10, TOK HMeeT HauGoJibllee 3HAUEHHE MOJOKHTEb-
HOTO HampaBsJjieHus.. B fanbHefilieM TOK yMeHblUaeTcs, CTpe-
MfACh K HYJIO, JBe Jpyrue e paccMaTpuBaeMble HaMH
BeJIMYMHBL Bo3pacTaloT. [Ipu HyseBOM 3HayeHWM TOKa 3. . C.
CaMOMHAYKLHHM MMeeT HaubGoJibliee NOJOXUTENbHOE 3Haye-
HUe, a BHellHee HaNpsiXKeHHe — HauGoJblllee OTPHUATENb-
Hoe 3HaueHue. Bo BTOpyIo NOJIOBHHY mnepHoja H3MeHeHMs
BCEX TPeX BEJHUYHH HAYT B NOpsiAKe, KOTOPHIH onpefenasiercs
STHMH e 3aKOHOMepHOCTSIMU. Bce u3MeHeHMS 3THX BesH-
uMH noKa3aHsl Ha puc. 70.

BexkTopHasi auarpaMMma AJisl LeNH, COCTOsIeH H3 OLHOM
WHAYKTHBHOCTH, H300pa){eHa Ha TOM e pHCYHKe. 3Jta
BEKTOpHAs AMarpaMMa IOKasbiBaeT, YTO TOK B LieNH C YHCTOH
HHIYKTHBHOCTbIO oTcTaeT Ha 90° OT HanpsKeHHs, KOTOpoe
NPHJIOKEHO K LENH, 3. . C. CAMOMHAYKUMH BCerja Hamnpas-
JieHa B CTOPOHY, NPOTHBOIOJIOXKHYIO BHEINHEMY NPHJIOXKEH-
HOMy HampsikeHuto. TakuM 006pasoMm, B paccMaTpuBaeMoi
HaMM lleN¥ MeXJAy TOKOM M HanpsiXKeHHeM BCeraa HMeercst
casur ¢as Ha yroa 90°.

ToK, MPOXOASILIMA Yepe3 HHAYKTHBHOCTb, PaBeH Hamps-
JKeHHI0, TOJeNEHHOMY Ha NPOHW3BEeJeHHE YIVIOBOH 4YacTOTh
1 K03 PHLUHEeHTa CAMOUHLYKIHH

U
I = -TL- .

I[MpousBesenue oL Ha3piBaeTCs UHOYKTUBHOLM CONPOTUG-

senuem u obosHauaercst 6yksoit X, . Ecau 7 B3aTh B a, a
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nanpsikenue U B 8, To UHAYKTUBHOE COMPOTHBIeHMe X mo-
JYUYUTCSl B OM. DTO HHAYKTHBHOE CONPOTHBJIEHHE 3aBHCUT
oT yactotel, C yBelHueHHEM YacTOTbl NepPeMeHHOro TOKa
HHIYKTUBHOE  CONPOTHBJIEHHe  BO3pacTaeT, TaK Kak
o =2nf.

Yro KacaeTcs MOILHOCTH, TO MTHOBEHHOe 3HaueHHe ee H
AJ151 3TOMH Lenu JOJIXKHO PaBHSTbCS NPOU3BENEHUIO MTHOBEH-
HbIX 3HAaueHHH HanpsixkeHUs U Toka. OAHAKO cpelHee 3Haye-
HHe MOLIHOCTH B LlellH, COCTOsAILEeH U3 UHIYKTHBHOIO CONpO-
THBJIEHUS, paBHO HyJ10. Ec/iu usMeHeHue MoIHOCTH H306pa-
3uTb rpaduuyecKd, TO MOJYYHTCS CHHYCOHAA, HMelolas
nepHoJ B ABa pas3a MeHbIUHWi, yeM MepPHOJ OCHOBHOI'O Mepe-
MeHHOro TOKa. B mepBylo 4YeTBepTb OCHOBHOrO NepHOLa
MOUIHOCTh GyJeT HMeTb IOJIOXKHUTEJbHBIH 3HAK, BO BTOPYIO
yeTBepTb — OTpPHIlaTeIbHBIH. B c/iefylolylo 4eTBepPTh CHOBA
HACTYIHUT TakKoe MNOJIOXKEHHe, NP KOTOPOM MOLIHOCTb Gyner
VIMeThb MOJIOXKHTEeNbHBEI 3HAK H, HAKOHEL, B 4EeTBEPTON HueT-
BEPTH 3HAK ONATh U3MEHHUTCS Ha o6GpaTHuIA. Bce stH usme-
HeHHs OOBACHSIOTCA TeM, YTO TOK B lelln BO BTOPOH W 4YeT-
BEPTOil YeTBepTAX IlepHOAa MOABJSETCS He BCJEACTBUE Ael-
CTBHSl HampsIXKeHHUsi, NIPUJIOKEHHOTO K LENH, a BCJAeACTBHE
IeficTBUS BO3HHKAIOIIEH 3. . C. CAMOMHAYKIHKH. Ecain B m e p-
BO M TpeThell YeTBEPTHAX NePHOLA SHEPTrUs
noctymnaeTr B lellb OT BHeUWIHero reHeparTopa,
TO BO BTOPOH M 4YeTBEPTOi YerBepTsAX 3HEp-
ris MAET OT KaTYWKH K TeHepaTopy. Criaans-
Bas MOJIOXKUTe/NbHble U OTPHLATE/bHBIE 3HAYEHUS MOLUHOCTH
3a LeJbIii NepuHoJ, TOJYyYUM cPelHee 3HAueHHe MOILIHOCTH,
paBHOE HYJIIO.

Mpumep 31. B nenn, cocrosileli H3 HHAYKTHBHOIO COIPOTHBJIEHHS,
npoTeKaer nepeMeHHBIH TOK, JeHCTBYHOlllee 3HaYeHHe KOTOPOrO paBHO 4 4.
Yacrora Toka 50 ey. Haiith nanenue HanpsokeHus, ecyin L = 0,1 2n.

Pemenue HHAYKTHBHOE CONPOTHBJEHHE Lieny
X, = oL = 2nfL =6,28-50-0,1 = 31,4 om.
[Magenre HanpsxeHHs
U=X,1=31,44=125,6s.
Npumep 32. BLIYMCIHTD BeJHYHHY HHAYKTUBHOIO COMNPOTHBJ/IEHHS,
ecnd L = 0,1 en, a yacrora umeer ciaenymoouie sHaveHus: 50 ey, 100 ey,

1000 ey.
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Pewenue. Jan nepsoro ciayuas
X, = 2nfL =6,28-50-0,1 = 31,4 om;

LA BTOPOTO CJIyuas 4
X, =6,28-100-0,1 = 62,8 o

AN TPEThEro cayyas
X, =6,28.1000-0,1 = 628 ox.

§ 64. LLENb NEPEMEHHOTO TOKA,
COCTOSLLAA TONBKO U3 KOHAEHCATOPOB

Jinsg nOCTOSSHHOro TOKa KOHJAEHCAaTop sIBJSIeTCS Hempeo-
nonuMbiM npenstcTBHeM. OQHAaKo nepeMeHHbI!i TOK MOXeT
NPOXOAUTb B LeNMH ¢ KoHAeHcaTopoM. llemb mnepemenHoro

r TOKa, COCTOSIIas H3 OJHOTO KOHAEHCATO-
pa, usobpaxena Ha puc. 71. Ecau Kk ra-
—O'_ KOH LieNu NpPHJIOXKEHO NepeMeHHOe Hal-
' psixeHUe, KOHIeHcaTOp 6yleT BCe BpeMs
1 3apsiKaTbCd M pa3psiKaTbCid BCJIEICTBHE
TOTO, UTO HamnpsiKeHHe Ha ero oOKJaajKax
Puc. 71. Llens mepe-  H3MeHsieTcsi KaK IO BeJMYHMHe, TaK U MO
g:::&ra% u’;°:3hu§33 HanpaBJeHHo. CnefoBaTesqbHO, B LeNH
caTopa. BCe BpeMs GyJeT NMPoTeKaTb TOK.
B nepByio uerBepTh nepuona mpomuc-
XOAUT 3apsiji KOHAeHcaTopa OO TeX NOp, NMOKa HanpsiKeHue
Ha ero oOKnajgKax He AOCTHTHET 3HAueHUs, PaBHOro HaH-
GosibLieMy HampsiKeHWio reHepatopa. Ilpu stoM Ha onHOM
U3 OGKJIAaNoK GYAyT HAKONJIATHCSA 3apsiibl MOJOXKHTENBHOTO
3HaKa, a Ha APYroil — OTPHIATEJbHOr0, KaK 3TO NOKa3aHO
Ha puc. 72. Bo BTopoi yeTBepTH nepHola BeJIMYHHA Hanps-
JKeHUs] HauyHeT YMeHbWIaTbCcsl M KOHAeHcatop 6yaer pasps-
}KaTbCA yepe3 reHepartop. B Tperbell ueTBepTH Nepuoga cHo-
Ba HauHWHaeTCs BO3pacTaHHe HaMNpPSXKEHHs, HO TOJBbKO IpY-
roro 3Haka, Ipu 3TOM KOHJeHcaTop 6yner 3apsixKaTbCsl B Ha-
npaBJIeHHH, MPOTHBOMNOJIOXHOM NepPBOHAaYaJbHOMY. DTO Npo-
HCXOLHUT TOTOMY, YTO TOK, 3apsKaloLIUi KOHAeHCaTop, u3-
MeHHJ1 cBoe HamnpabjeHue. B uerBepTOfi ueTBepTH mepHona
KOHJIEHCATOp pa3psixKaeTcsl Tak e, Kak U BO BTOPO# uer-
BepTu. Ec/iv n3MeHeHHe TOKa B lieNH ¢ KOHAEHCaTOPOM COIO-
CTaBUTh C H3MEHEHHSMM HaNpsiKeHus Ha OGKIaiKax KOH-
JeHcaTopa, TO MOXHO y6enuThcs, yTOo HauboMblllee 3HAYEHHE
TOKa ¥ Haubosblllee HaNpsiXK€HHe He COBNajalT no ¢ase.
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B KoHue NnepBoil 4eTBePTH NepHoaa HanpsiKeHHe Ha KOH-
ZeHcaTope pacTeT Bce MeJIeHHee M MelJieHHee, MO3TOMY 3a-
PAAHBIA TOK yMEHbllaeTcss M CTAHOBHTCA PAaBHBIM HYJIO,
KOrLa HanpsiKeHHe JOXOAMT 10 Makcumyma. IIpu paspsike
KOHJeHCaTopa HampsiKeHHe YMeHblIaeTcsd, a TOK pacTer B

Puc. 72. [IIpoxoxaeHHe mepe-
llepBas vembeoms nepuada MeHHOTO TOKa 4epe3 KOHAeHca-

s g -
s N\

0o6paTHOM HanpaBJeHHH H [OCTUraeT HauGoJbLIero 3Haye-

HMS, KOTAa HaNpsiKeHHe paBHO HYJ0. Bo Bropoil mosoBune

nepuojia KapTHHAa H3MEHEHHS TOKAa M HanpsiKeHHs MpoTeKa-

€T aHaJOrHYHO, HO TOJBKO B [APYroM HanpaBJ/leHUH.
Takxum o6pa3oM, B

uend ¢ KOHIEHCATOPOM Yembepmu

MeX1y TOKOM H Ha- " mn v

npsAXeHHEM HMeeT-
cacaBur ¢asna90°
Ho eciu B wmemn ¢ !

HHAYKTHBHOCTbHIO
HanpssixeHHe ome-

pexano ToK Ha 90° !Jwda  raspasna | sapnona™T Taspnina |
= = YR Il
TO B Henu c KoH-' #A= TH= 1 b JB=

AeHCAaTOPOM OHO pyc 73 Cunycommm TOKa H Hanpske-
OTCTAaeT OT TOKAa wHua iA LeNH, COCTOSIIEA H3 KOHIEH-

Ha 90° caropa.

3akon OMa B Lenu ¢ KOHAEHCATOPOM MOXKET ObiTh BhbiBe-
JeH U3 COOTHOLUEHHsI, KOTOPOe CBSI3bIBAET TOK H HanpsKe-
Hue. CuJjla TOKa B 3TOM LieNH BO3PaCTaeT C yBeJHUYEHHEM Ha-
npsixkeHHd, HO, KPOMe TOro, OHa 3aBHCHT OT €MKOCTH KOH-
JleHcaTopa M YacTOTH NepeMeHHOro toka. Uem Gojbiie em-
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KOCTb KOHJeHcaTopa M ueM GoJbllle HacTOTa TOKa, TeM GoJib-
lIe cuJa TOKa.

ITpousBenenyie eMKOCTH KOHJEHCAaTopa Ha YIVIOBYIO 4a-
CTOTy HasblBaeTcs ero nposodumocreto. EMKocTHOoe compo-
THBJIeHHe, KOTOpPOe OKa3blBaeT KOHMEH-
caTop nepeMeHHOMY TOKY, PaBHO BeJHUH-
He, oO6paTHOH mpoBoxumocTu. EMKocTHOE
CONPOTHBJIEHHE

X

£

9@°

__1

1
¢~ oC onfC -

¥-90° 3Has, yeMy paBHO €MKOCTHOE COMpo-
THBJIEHNE B TeNU C KOHJEHCAaTopOM, He-

TPYAHO chopMyJ/HpoBaTh 3akoH OMa njs

Y% aroro cayyass. Cusna ToKa B uenu
Puc. 74. Bektopras ¢ KOHJe€HCAaTOpPOM paBHa Han-
Anarpamma Ind e pgxeHUIO, KOTOpOE HAaloO pas-

il TepeMeHHOro To- -
Ka, cocTosiuledi M3 LeJUTh Ha €MKOCTHOe conpo

KOHJeHCaTopa. TUBJEHHUE,
U

I = T
oC

BsauMHoe pacnoJioxkeHHe CUHYCOMJ, TOKa M HanpsiKeHus
IUIsl LleN¥ C eMKOCTbIO NOKaszaHO Ha puc. 73, a BeKTopHas
guarpaMma JJist TOH Ke Lenud u3o6pakeHa Ha puc. 74. U3
3TO# AUrpaMMbl BUIHO, UTO BEKTOP HANpPsIXKeHUst Ha OOKJall-
Kax KOHJeHCcaTopa OTCTaeT OT BeKTopa Toka Ha 90° u B TO xe
BpeMsi paBeH IO BeJHYMHE U MPOTHUBOIOJOXEH BEKTOPY
. . C. HCTOYHHKA NepeMeHHOro ToKa,

Takum o6pas3oM, HanpsiKeHHe, KOTOpoe obpasyercsi Ha
oOK/MagKax KOHIeHcaTopa, KOria OH BKJIIOUEH B IleNb nepe-
MEHHOr'0 TOKa, SIBJSIETCs] NPHYUHON BO3HUKHOBEHHUs [OMOJI-
HUTEJBHOTO €MKOCTHOTO CONpPOTHBJIEHUS M BHI3BIBaeT pac-
XOxJeHue a3 MexAy TOKOM M IPHJIOXKEHHBIM Hanpsxe-
HHUEM.

Us ¢opmynbl ansi onpeleseHUss BeJWYHHBI €MKOCTHOTO
COTIPOTHUBJIEHHS] BHAHO, YTO OHO YMEHbLIAETCS C YBeJHYeHH-
€M 4aCTOThbl U eMKOCTH.

CpeniHsigs MOULHOCTD B TAKOMN LeNnH Kak H B
Heny ¢ MHAYKTHBHOCTbIO, paBHa HYyJdlo. B uenn ¢ kou-
IeHCaTOpOM HEeT mepexofa 3JeKTPUUECKOH 3SHepruu B Ten-
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JIOBYIO, IJISI TaKOH LieNMH MOXKHO TOBOPUTb TOJNBKO O peax-
TUBHOU MOUWHOCTU.

Mpumep 33. OnpefesuTs €MKOCTHOE CONPOTHUBJIEHHE KOHAEHCATOpaA,
€C/IH eMKOCTb €r0 paBHa 5 mK(¢), yacToTa NepeMeHHOro Toka — 50 ey.

P €LIeHHeE. EMKOCTHOe CONpPOTHUBJICHHE xox-meﬂcaropa
S 1
¢ 2afC — 6,28.50.5.10~°

Tipumep 34. Onpenenuth, Kakoii TOK MNpoiiJeT 4epe3 KOHIEHCATOP
eMmkocTbio 10 mi¢p npu Hanpsixkenun 127 s, ecau yacrora paBHa 500 ey.

Pemwenwue.

= 636 om.

1 1
H = 127: =4 a.
2nfC " 6,28.500-10-10~°

§ 65. LENb NEPEMEHHOTO TOKA, COCTOSILLASI M3 AKTMBHOTO
U UHRYKTUBHOIrO COMPOTMBIIEHMHA

Hens, uMelolass HHAYKTHBHOe U aKTHBHOE COMNPOTHBIIE-
HUsA, H3006pakeHa Ha puc. 75. 31ech aKTHBHOE CONpPOTUBJIE-
HHe H HHAYKTUBHOCTb BKJIIOUEHHl NOCJIeJOBATENbHO, HO3TOMY
BO BCeil ILleMH MOJIXKeH NPOTeKaTb OAMH H TOT XK€ TOK.

HanpsxkeHne Ha aKTUBHOM COIPOTHBJIEHHH IeNH

U, = IR.

BekTop 3TOro HamnpsixKeHus NOJXKEH COBNALaTh [0 Ha-
NpaBJEHUIO C BEKTOPOM ToKa. Tak Kak B aKTHBHOH IemnH
MeXJy TOKOM M Hampsi)KeHueM HeT cBUra ¢as, OH Hamnpas-
JieH TaK, KaK NoKa3aHo Ha puc. 76.

Ha nHAyKTUBHOCTH HampsKeHHe

Up=1X,:

3To HanpsiXKeHHe Ha3bIBAIOT UHOYKTUBHbIM UNH PEAKTUE-
Hown. VIHAYKTHBHOe HampsixkeHHe HA BEKTOPHOH Auarpamme
n3o6pakaeTcsi BEKTOPOM, KOTOPHIH COCTaBJsieT ¢ BEKTOPOM
Toka yroa 90° u onepexkaet ero no dase.

O6uiee najneHue HampsiKEHUS] BO BCEH LENH JOJXKHO
paBHaTbcs cyMMe HanpsikeHuit U, u U,. Tak Kak 34 Ha-
NpsixKeHUsT HaXONSATCSl Bcerja B pasHbiX (as3ax, TO HX BeK-
TOPBl  CKJIaAbIBalOTC reoMerpuueckd. [eomerpuueckas
CyMMa BEKTOPOB aKTHBHOI'O H HHAYKTUBHOI'O HaNPSKEeHHH
Ha auarpaMme GyAeT npeicTaBjieHa TMIOTEHY30H TPeyroJb-
Huka Oab.
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Takum o6pa3oM, BeKTOp HampsiKeHHs, NPHJIOKEHHOTO
Ko Bcell menu, He GyleT COBNagaTb C BEKTOPOM TOKa.
Mexny BEKTOpDOM HampsiKeHHS 1 BeKTOPOM TOKa oGpasy-
ercst yroJi cisura ¢as, KOTOphIi Ha pUCyHKe o06Go3HaueH GyK-
BOH @.

B akTUBHO-WHAYKTHBHOH Lend noaHoe Hanpsikenue U
BCerja onepexaer TOK Ha yroa ¢. 9To HanpsKeHHe CKja-

Usl X, 6
u
f\r ’
4 L )
R L 0 UrlIr
Puc. 75. Llens nepe- Puc. 76. Bekropuas auarpam-
MEHHOr0 TOKa, CO- Ma JAJs 1end TepeMeHHOro
crosillasi M3 aKTHB- TOKa, COCTOAILEH M3 aKTHBHO-
HOTO M MHIYKTUB- ro ¥ HHAYKTHBHOTO COIpO-
HOTO COTIPOTHB- THBJICHHH.

JIeHHiA.

nwiBaercss U3 ABYxX cocraBasiomux: U, m Ur. Hanpsixenue
U siBnsieTcs THIOTEHY30H NPSMOYTOJbHOIO TPEYyrolbHUKA
BEKTOpHO# AuarpaMmel, a BekTopel U, u U, — ero Karera-
Mu. MeXAy HUMH CYIIeCTBYeT clefyiollast 3aBHCHMOCTD:

v=V U +Ul.

Hanpsixkenue U, Ha3bIBAIOT AKTUBHOU cocTasisowel, a
Hanpsikenne U; — peaxTuerol. AKTUBHass M peaKTHBHas
cocTaBJsilolIKe BCerfa CABHHYTH Mexay coboil nmo ¢ase ua

yron 90°.
W3 reoMeTpuH M3BECTHO, YTO KBaJpaT THIOTEHY3H paBeH

CyMMe KBaIlpaTOB KaTeToB. I/IJIH
U =Ul+ UL

Ecau BbIpa3uTh aKTHBHYIO M PEAaKTHBHYIO COCTaBJSIONIHE
HanpsiXKEHHs] Yyepe3 TOK U COOTBETCTBYIOILHE CONPOTHBJIEHHS,
TO MOJYYUM

Ut= IR+ X3),
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‘HIIH

U=1VR+X.
Onpeneaus M3 3TOTO BhIPaXKEHHUsi CHJIY TOKa, MOJYYHM
Takylo ¢popmyay:

U
= —=.
VR4 X}

Bripaxenue, Haxojsllleecss B 3HaMeHaTesle 3TOH APoGH,
HA3LIBAIOT NOAHbIM CONPOTUBAEHUEM GKTUBHO-UHOYKTUBHOU
yenu. Ero o6o3navaior 6ykBo# Z. TakuM
0o6pa3oM, NoJIHOe CONMpPOTHBJIEHHE aKTHB-

HO-HHAYKTHUBHOH LeNH

Y
Z=VRF+X:=VR+ (L N S
n"
Tajgenne HanpsiXKEHUs BO BCeH lenu 3
pPaBHSAETCA NMPOU3BEAEHHIO CHJIBI TOKa Ha U’IR
R

II0JIHOE CONPOTHBJIEHHE ILleIH

Puc. 77. Tpeyroab-
U=1Z. HHK nanpsBxZHuﬁ.
OueHb 4acToO BEKTOPHYIO AHarpaMMy 3JeKTPHUecKOH ue-
NM BBIUEPUUBAIOT, TPONYCKasi HEKOTOPhle N0APOGHOCTH.
HuarpamMa Gyner BIOJIHE NOHSITHA, €C-
JH ee BePTHKaJbHasi M TOPH3OHTa/bHas
oChb OTCYTCTBYyeT Ha pHcCyHKe. Tak, Ha-
npuMep, BeKTOpPHasi AuarpaMma Hamps-
JKeHHH COCTOHMT TOJIBKO M3 BEKTOPOB aK-
THBHOTO, PEaKTHBHOTO M IIOJIHOTO Hamps-
Kenull, Takas nuarpaMma uMeeT BHJ
TPeyrolbHUKa W HasbiBaeTcsl Tpeyzoab-
Huxkom Hanpsogeruti. Ecnu cTopoHE 3T0-
ro NpsAMOYTOJbHOTO TpPEYroJbHHKa pas-
E:E‘CZSboiggxgzﬁ;i LeIUTb Ha CWIy TOKa /, TO HosywaTcs
OTpe3KH, H306paxawllye B ONpeneseH-
HOoM Macurabe conpotuBienus R, X; u Z. OHU cOCTaBJAIOT
TPEYroNIbHHUK CONpOTHBJeHHH. TpeyrosbHUK HanpsKeHHH
n3o6pakeH Ha puc. 77, a TPEYroJbHUK CONPOTHBJIEHHA — Ha
puc. 78.
ITH TPeyroJbHHKH OTJIMYAlOTCs OAMH oT jpyroro. Tpe-
YroJibHUK HaNPSXKEHHH COCTOMT M3 BEKTOPOB, KOTOpHIe
NpeACTaBJAOT COGOH M3MEHAIOLMECS BO BPEMEHH CHHY-
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covjanbHble BeauuuHbl, Hano mNOMHHTB, 4YTO BeKTOpPBI
HanpsiKeHUH Mbl YCJIOBHJINCH PacCMaTpPHUBaTh KaK BEKTOPHI,
Bpalnailyecs NPOTHB YaCOBOi CTPEJIKH C ONpeLe/NeHHO yr-
JIOBOH cKopocThlo. UTo Kacaercss CONPOTHBJIEHUH, TO COBEp-
LIEHHO OYeBHUJHO, YTO OHH He MOTYT H3MEHSThbCS BO BpeMeHH.
ITosaTomy mpencraBiaeHue HX B BHJE OTPE3KOB, COOTBETCTBYIO-
IMX B onpelej]eHHOM Maclitale BeJHYHHAM 3THX CONPO-
TUBJIEHU{, CO3[aeT onpejesieHHble Y106CcTBa, HO 3TO He 3HA-
YUT, UYTO TPEYTOJBbHUK CONPOTHBJIEHHH COCTOUT H3 BEKTOPOB
TAKOTO XK€ XapakKrTepa, KaK TPeyroJbHUK HanpsikeHui. OH
TOJIbKO MO3BOJIsSIET NPEACTABUTh B YIOGHOM BHIE COOTHOLIE-
HHEe MEeXJAY CONPOTHBJIEHUSIMH aKTHBHO-HHIYKTHBHOH LemMH.

M3 TpeyrosbHuKa CONPOTUBJIEHHH MOXHO OIpENENHTb
yros cipura ¢as ¢, T. €. yroJ, KOTOpPbii o6pasyeTcsi Mexay
HanpsiKeHHeM, NMPHJIOXKEHHBIM K uenu, u TokoM. Kocunyc
9TOrQ yrjia paBHSIETCSI OTHOLIEHHIO BEJHYHHBI AKTHBHOTO
CONpPOTHBJIEHUS R K NMOJAHOMY conpotusienuto Z. Takum 06-
pasom,

R
cosPp = 5.

Ecau uenb COCTOMT M3 aKTHBHOTO W PEaKTHBHOIO COMPO-
THBJIEHH!, TO ¥ IOJHYIO MOIIHOCTb, 3aTpauHBaeMyl0 B Ta-
KO 1leNH, MOXKHO paccMaTpPHBaTh KaK COCTOSIUYIO H3 IBYX
yacTted: aKTHBHON U pPeaKTHBHON AKTuBHasg Moll-
HOCTb 3aTpauMBaeTcs B 3JeKTPUYECKOH Lenu Ha npeobpaso-
BaHHe 3JeKTPHUECKO! 3HEpruy B TEIVIOBY0. DTO mpeobpaso-
BaHKe MPOUCXOJUT B aKTHBHOM CONPOTHBJeHHH. PeakTuBHas
MOIIHOCTb CBfi3aHA C HHAYKTHBHBIM COIPOTHUBJIEHHEM.

AKTHBHAasi MOILHOCTb

P,=U,J=1IR

PeakTHBHasi MOLIHOCTb MOXKeT OBITH ONpeneseHa U3 cJie-
JIYIOLIMX COOTHOLUEHHUH:

—_ — [2
P =U,I=I%L.

IMonHast MOIHOCTD LIENH TePEMEHHOT0 TOKa MOXET GHITb
onpeJeseHa KaK NpPOM3BeleHHe IONHOTO HaNpsKEHHs Ha
CHJTy TOKa

P=UIl=IZ.
DTy MOIIHOCTb TaKxKe HA3BIBAIOT Kajxcyujelcs.

Bbllie MBI OTMETHJ/IH, YTO TOJNBKO aKTHBHAas MOLIHOCTDb
SIBJISIE€TCA HOHCSHOﬁ, TaK KaK OHa onpeaenasder, Kakas 4acTb
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3JIeKTPUUYECKOfi 3HEpruy INpeBpalllaeTcs B TEIJIOBYIO, Mexa-
HUYECKYI0O WJIH CBETOBYIO 3Hepruio. Mel yXe 3sHaeM, 4to
peakTHBHAsi MOIIHOCTb XapaKTepU3yeT YacTb 3JeKTPHYECKOMH
9HEpPruy, MOJyyaeMylo OT HCTOYHMKA [epeMEeHHOro ToKa Io-
Tpe6uTesieM 1 BO3BpallaeMyio 06paTHO U3 HENH K HCTOYHHKY
Toka. Takum o6pa3oM, peakTHBHAas MOIMHOCTb He HCIOJb-
syerca. CieoBaTe/NbHO, NOTPEOUTENIO 3JEKTPUYECKOl IHEp-
rHi Bcerfa HeoGXOAMMO CTPEMHUTbCS YMeHbIIATh moTpeGJe-
HHe peaKTHBHOU MOLIHOCTH.

AxTuBHAs W peaKTHBHAsi MOIUHOCTH SIBJSIIOTCA YacCTSIMH
nosHoii Mowwroctd. IlosHylo, MM KaXKyllylocs, MOIIHOCTb
MOXHO BHIYMCJHTb Uepe3 aKTHBHYI0O H PEaKTHBHYIO MOIL-
HOCTH, NOJIb3YSCh CJAEAYIOIHM COOTHOIIEHHEM:

p=V P +P.

ITonHasi MOLUIHOCTb U €€ COCTaB/IAIOLINE YaCTH, MPeACTaB-
JIEHHble B BU/Ie OTPE3KOB, 06Pa3yloT TPEyroJbHUK MOLIHOCTH,
ATOT TPEYroJIbHHK MOXHO NOJIyYHTb, €CJH 3HAUYEHHS, COOT-
BETCTBYIOLI[e CTOPOHAM TPEYroJbHHKA HaNpPsiXKEHHH, YMHO-
XUTb Ha cuay Toka. O COOTHOLIEHHMHM MeXAY MoJe3HOR
aKTHBHOH W NOJIHO MOLIHOCTBIO MOXKHO CYAHMTb MO KO 3 (-
OHUHEeHTY MOLWHOCTH

P, PR _ R
K=+ -=77=7"

AKTHBHasi MOIIHOCTb PaBHA NMPOH3BENEHUIO NOJHOTO Ha-
npsikKeHMsi, MPUJIOXKEHHOrO K LEMNH, TOKa B Hell H Koapdu-
LMeHTa MOLIHOCTH

P, =Ulcos ¢.

W3 sToit popMyJIbl BUAHO, YTO NOJI€3HAs aKTUBHAsi MOMI-
HOCTb 3aBHCHMT OT KO3 duuuenta MomHoctH. [Toatomy Beer-
Jla HaJ0 CTPEMHTLCS K TOMY, 4TOObI KO3 UIUHEHT MOILHOCTH
cos ¢ OBl BO3MOXHO GosmbnM. VI3 npuBoauMBIX BEILIe dop-
MyJl C/elyer, YTO AJf lerel, COCTOSLIUX TOJbKO U3 HHAYK-
THBHOTO CONPOTHBJIEHHSI HJIH TOJIKO M3 KOHAEHCATopa,
KO3 (hHIUHEHT MOLUIHOCTH PaBeH HYJIO, 4Js LenH, B KOTOPOi
HUMeeTcsl TOJbKO aKTHBHOE CONPOTHBJIEHHE, OH paBeH eau-
HULE.

Mpumep 35. Hanpsixkenue, NpH/IOKEHHOE K AaKTHBHO-UHAYKTHBHON
ueny, pasHo 220 6. Cuna ToKa —5 a, KoadduUHEHT MOWHOCTH pa-
BeH (,5. HaiiTu aKTHBHYIO MOLIHOCTD.
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Pewenue.

Pg =UlI cos ¢ =220-5.0,5 = 550 em.

Mpumep 36. Kaxymascs MoulHocTh reHeparopa pasha 10 xsa. Haiitn
N0JIE3HYI0O MOLIHOCTb, MOJY4aeMyi0 OT 3TOrO reHepaTopa, eciH Koapdu-
IHEHT MOLIHOCTH NpueMHHKa paBeH 0,8 u 0,9.

Pemenue.

1) P, =P cos¢=10000-0,8 = 8000 sm =8 xem;
2) P, =10000-0,9 = 9000 sm =9 xem.

§ 66. LLENb NEPEMEHHOIO TOKA, COCTOSILLLAS M3 AKTMBHOIO
U EMKOCTHOTO CONPOTMBIEHMA

Sra uenb uzobpaxena Ha puc. 79. Ecau B nenu nocmaego-
BaTeJbHO COEJHHEHH aKTHBHOE H €MKOCTHOe COINPOTHBJIE-

-
M
U/

——
R (s

Puc. 79. Llens ne-
PEMEHHOro TOKa, €o-
cTosillas M3 aKTHUB-
HOTO M eMKOCTHOro
COMPOTHBJIEHHH.

HHSl, TO HanpsiKeHHe Ha AKTHBHOM COI-
POTHBJIEHHH MOXHO OMpefenuTh Nno ¢op-
MyJse

U,=IR.

HanpsixeHHe Ha eMKOCTHOM CONPOTH-
BJIEHHY MOXHO ONpPEeNeNHTb MO ¢opMmy.e

Uc=1Xc.

PeakTHBHOe HanpsiXKeHHe HA €MKOCTH
JOJIKHO oTcTaBaTth oT TokKa Ha 90° Ilo-
3TOMY TPEYTOJbHUK HaNpsiKeHUH /s Le-
4, COCTOSIIEeH M3 aKTHBHOTO M €MKOCT-
HOr'O COTPOTHBJIEHHH, AOJMKEeH OBITH IO-

CTpO€H TakK, Kak 310 noka3aHo Ha puc. 80. TpeyroabHuk con-
POTHBJIEHHH [/ 3TO# Lenu u300paxkeH Ha puc. 81. M3 tpe-
YroJbHHKA HaNpspKeHU# cjaelnyer, 4TO KBajpaT NOJHOrO Ha-
NpPSi2KEHHUS], TPHJIOKEHHOTO K LeNH, JOJKeH PaBHATbCS CyM-
Me KBaJipaTOB aKTHBHOTO H PeaKTHBHOrO HaNpsiKeHHH

Orclona

U =U2+ U2,

U=y TFT =1 R+ ()
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3akon OMa aas LeNH, COCTOSIIER U3 AKTHBHOI'O M €MKOCT-
HOro COHpOTlleJleHPIl’l, onpenesserca cJAeAYIOLUIUM COOTHOLIC-
HHEM:

I = ———g__—T;.
2 —
VR + ( coC)
TakuM o6GpasoM, NoJiHOe CONPOTHBJEHHE IJisi paccMar-
pHBaeMoro ciaydasi

P

z=Vr+ (L)

U IR
Mexny TOKOM H
HanpsixkeHWeM B 3TOH R
LeMnH yroJ anHraoQJaa Uiz Y=1x,
MOxeT ObITb HalifeH 7 x
IO ero KOCHHYC
yRy ngﬂz'f X‘.’

CoOs P = Vak
Puc. 80. Tpeyroabuuk Puc. 81. Tpeyroan-
AKTHBHast  MOWI- panpsenudi JAai Le- HHK CONPOTHBJEHHIl
HOCTh ILleMH B 3TOM IH, cocrosiledi M3 aK- AJMA LemH, COCTOs-
cayuae THBHOTO M EMKOCTHOrO Mlel M3 aKTHBHOIO
COTpOTHBJIEHHE. M €MKOCTHOIO CO-
P, =Ulcos¢. NpOTHBJIEHHIL.

Npumep 37. B uenu BK/IIOYEHH NOC/IEN0BATEeNbHO aKTHBHOE CONpO-
‘THBJeHHe B 1100 OM H KOHAEHCATOP €MKOCTbIO 5 MK, HampsKeHHe, NpPH-
JIokeHHoe Ko Bceil nenH, 120 8, yacrorta
nepeMenHoro Toka 50 ey. Heo6xoaumo
NOCTPOUTb TPEYroJIbHHK HANpSKeHHA st
3TOH UenH.
Pemenne UYro6n NOCTPOHTH Tpe-
YroJIbHUK HampsieHuM, HaM Hafo0 3HAaTh,
§ 9eMY DaBHb HaNPSUKEHHS HA AKTHBHOM
H €eMKOCTHOM CONPOTHBJEHHSIX. IT0
MOXHO ONpeleJHTb, 3HAas CHJIYy TOKa B
Puc. 82. TpeyrosbHHK Hampsi-  LlellH, MOJIHOe ee CONPOTHBJEHHE H eM-
HeHHuH, KOCTHOE CONpPOTHBJICHHE KOHJeHcaTopa.
Hcxons us 3THX coobpaxKeHufi, mese-
Cc006pa3sHO YCTAaHOBHTL CJERYIOUIHA MNOPAJZOK pelIeHHS 3aJayd:
1) nosnoe conpoTHB/eHHe Lienu

_ —_ S
Z= VRa_I_W —_ V11002+(W = 1270 om;

2) cuaa Toka B LenH

U 120
1=—Z—=T70'=0,095a:

8§ a3t 113



3) HampfXeHHe HAa aKTHBHOM CONPOTHBJEHHH
Uy = IR =0,095-1100 = 104 s;
4) HanpsKeHHe Ha eMKOCTHOM CONpPOTHBJIEHHH

. 0,095
Ue=1Xc=315500-5 ~ %0 ¢

TpeyrosbHHK HampsiKeHHA CTPOMTCS B ONpeje/ieHHOM Mmacirate.
IMocTpoeHne TpeyroJbHHKA HaNpsiKeHHH NOKa3aHO Ha puc. 82.

§ 67. LLENDb, COCTOSILLLANI U3 AKTUBHOIO, MHAYKTUBHOIO U
EMKOCTHOIO COMNPOTMBIEHUHA

[TocnenoBare/bHOE BKJIOUEHME aKTHBHOTO, MHAYKTHBHO-
ro M eMKOCTHOTO CONpPOTHBJIEHHH Noka3aHo Ha puc. 83. IToa-

]

Up=lwl
T

ROETC 0 !

UrIR a
Puc. 83. Lens, co- Puc. 84. BextopHas muarpam-
cTosiiash M3 aKTHB- Ma JJs LenH INepeMeHHOro
HOTO, HHAYKTHBHOrO TOKa, COCTOSIleH H3 aKTHB-
1 €MKOCTHOro Cco- HOTO, HHAYKTHBHOTO H €M-

NPOTHBJIEHHUIL. KOCTHOTO COTPOTHBJIEHHIA.

Hoe HanpsixkeHne U B 3TO# [eNH COCTOUT U3 HaNpPsSIKeHHH Ha
akTUBHOM conpotuejienun U,, Ha HHAYKTHBHOM COINpPOTHB-
genun U u Ha emkoctHoM U c.

Ilpu TNOCTPOGHHH BEKTOPHOH JHArDaMMbl HAMpsSKEHHUIt
JUIs TAKOH LEMH MOTyT GBITh Ba Caydas:

1) kornma Hanpsixkenue Uy Gonbiue Ue u

2) xorpa Hanpsikenune U ¢ 6oabie Uy,

PaccmoTpuMm cayuail, Korjga B ienu npeo6saajgaer Hanps-
JKeHHe Ha WHAYKTHBHOM CONPOTHUBJIEHHH. DTO COOTBETCTBYCT
[OJIOXKEHHIO, NPH KOTOPOM HHAYKTHBHOE CONPOTHBJICHHE
60Jibllle eMKOCTHOTO.

CHayasa B onpedeseHHOM MacluTtabe OTJIOXKHM BEKTOD
NPOTEKAIONero B IeNM TOKa. AKTHBHAsi COCTaBJsOLIast Ha-
npsxxeHuss OyneT NpeACTaBJeHa Ha AUarpaMme BEKTODPOM,
COBMAJaOlUM 110 HaNPaBJIeHUIO C BEKTOpoM Toka. [Toctpoe-
HHMe AuarpaMMbl NoKazaHo Ha puc. 84. M3 KoHua Bektopa
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AKTHBHOM COCTaBJISIOLIEH HANPSIXKEHHsT Hal0 NIOCTPOUTH Mep-
NEeHIUKYASIPHO K HEMY BEKTOD MHIYKTHBHOM COCTaBJSIOLIEN
Hanpsi:keHus. 3aTeM, YYUTHIBASL TO, YTO BEKTOP €MKOCTHOH
COCTABJSIONIEN HaNpPsXKEHUsI JOJKeH ObiTb HAalpaBJieH 1o
9TOM e JIMHUH, HO TOJIbKO B NPOTHBOIMOJIOXKHYIO CTOPOHY OT
BEKTOPA HHIYKTHBHOM COCTaBJSOLIell HANpsXKeHUs, U3 KOH-
na Bektopa U, ortknajawiBaeM Bektop Uc Tak, utoGH KO-
Hell 3TOro NnocJjefHero BeKTopa GbLT HanpaBJeH He BBEpX,
a Buu3. CoeaunuB Touky O, CTOsiyI0 B Hayaje auarpam-
MEI, C TOYKOH 8, NMOJYYHM BEKTOD IOJHOTO HAMpSIKeHHS,
IOPUJIOKEHHOTO KO BCEH LENH.

U3 o6pasoBaBlierocss TpeyroibHuKa Hanpsakenuin Oas
MOJIYYUM CJIeflyiolee COOTHOLIeHHe:

U = U2+ (U, — U,

BripasuB Bce GHUrypHpylolide B 3TOM PaBEeHCTBe Hamps-
JKeHHUsl yepe3 TOK U COOTBETCTBYIOLIME 3HAUEHUS CONMPOTHB-
JIEHHH, NOJy4YUM

U=1Y R+ (oL—L).

OTKyza TOK, NpoTeKalollluii B LienHy,

1= y _
]/R2+(<oz.—-m—lc)2

dra dopMysaa ABASETCH MaTeMaTHYECKHM BBIPaXKeHHEM
3akoHa Oma /i ILled [epeMeHHOr0 TOKa, COCTOSILIEH U3
AKTUBHOTO, HHAYKTHUBHOTO U €MKOCTHOTO CONPOTHBJEHUH,

ITosinoe conpoTHBJIeHUE [JIst TAKOH LleNH MOXKET ObITh OIl-
pezesieHo U3 BHIpaXKeHHUs

Z == VRZ + ((oL — —m%)z

TpeyroJbHHK CONPOTHBJIEHHH IJIst STOH Lenu u3obpaxen
Ha puc. 85. M3 TpeyrosibHEKa CONPOTHBJIEHUH MOXKHO MOJY-
yuth OpMYJy IJIS onpefeseHus Kod3pduuueHTa MOLHOCTH
«KocuHyca pu»

cos @ = %
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Onpenenus, yeMy paBeH «KOCHHYC (GH», HETPYIHO HallTH
N0 COOTBETCTBYIOLIMM TaG/HLaM 3HaueHHe yria caBura ¢as
MeXJy TOKOM H HalpsiXKeHHEM, T. €. YTon @.

AKTHBHAsi MOLHOCTb IJ151 LIETIH, COCTOsALLE 3 aKTUBHOTO,
HHIYKTHBHOIO M €MKOCTHOTO CONpPOTHBJIEHHH,

P,=Ulcos 9,

rie U u I — peficTByloliHe 3HayeHHs HaNpsiXKeHHs H TOKa.
W3 TpeyrosbHHKa CONPOTHBJIEHHH BHJHO, YTO BEJHYHHA
K03 ¢HLHEHTa MOILHOCTH — KOCHHyca (pHU» — 3aBHCHUT OT
p COOTHOLIEHHS! MeXAY HHAYKTHB-
HBIM H €MKOCTHBIM CONpPOTHBJE-
HUAMH. B TOM cayuae, koraa HH-
" ; AYKTHBHOE H €MKOCTHOE COMpo-
wl-7F THBJIEHHS paBHBI MeXay cO6OH,
) peakTHBHOe CONpOTHB/EHHE,
= o npejcTaB/siollee HUX Pa3HOCTh,
paBHO HyJI0. ¥YroJ ciBura ¢gas
f::jlei%ﬁ'rﬁzm&‘:‘:“cg‘ggg: TaKkXe paBeH HY/I0, a «KOCHHYC
e 13 akTHBHOTO, HuLykTHE- QM PaBEH elMHHLE.
HOTO M eMKOCTHOrO COMpO- B srom cnyuae rosopar, uTo
THBJIEHHH. B Uenu Habaonaercas peso-
HaHc. Pe3onanc Moxer ObTb
JABYX BHIOB: Pe30HaHCHanpsiKeHHH M pPe30HaHC TOKOB.
Pesonanc nHanpsaxenuit Habmonaercs, ecau co-
NPOTHBJIEHHS] BKJIOYEHHl M0CJeJ0BaTeJbHO H HHAYKTHBHOE
M eMKOCTHOe CONMpPOTHBJIEHHS PaBHBI MeXay co6oi. PeakTus-
HOe CONpOTHBJIEHHE TAKOH LleNH PaBHO HYJIO

X=X,—Xc=0.

0

[MosHOE COMpOTHBJEHHE TAKOH LENH DaBHAETCA AaKTHB-
HOMY CONPOTHBJIEHHIO

O Vi o m Y

Tak xak mpu pe3oHaHce HANpPSXKEeHHH NMOJHOe CONMpPOTHB-
JieHHe liend CTAaHOBHTCsS HaHMEHBIIWM H3 BCEX €ro BO3MOX-
HBIX 3HaueHHH, To TOK npu 3ToM Gymer HanGouabluuil, Takum
o6pa3oM, CyAHTb O TOM, HAaCTYNHJ JH B LeNd Pe30HAHC,
MOXHO N0 BeJIMYMHE TOKa B ILelH.
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Tok npu pesoHaHce 6yaeT PaBHATHCS OTHOLIEHHIO HANPS-
JeHusl UcTouHnKa U K aKTHBHOMY CONMpPOTHBJIEHHIO LienmH R

U
1pe3= —R—.

Tak kak mpu pe3oHaHCe HHIYKTHBHOE M €MKOCTHO2 CO-
NPOTHBJIEHHs] PaBHBI MeXJAy COGOH, TO HHAYKTHBHas M eM-
KOCTHasi COCTaBJAIOLUINE HAaNpsXKeHHs Ha HHX TaKXKe paBHbl

]peaxb = ]pesX01
HJIH
UL=Uc.

ITosToMy pe3oHaHC NpH NOC/EAOBATENbHOM COeJHHEHHH
Ha3BbIBAETCA PE30HAHCOM HANpANCeHUl.

IIpu pesoHaHce HampsiXKeHHH MOXKET OKa3aThCs, YTO Be-
JIMUHHA PEeaKTHUBHbIX HanpsixkeHui Ha WHAYKTUBHOCTH U; u
emkoctd Uc 6yner 3HauuTesbHO GoJsiblie, YeM BeJIHYMHA Ha-
NpsIXXeHHs, NPHJIOXKeHHOro Ko Bceit uenu U.

NMpumep 38. Llens nepeMeHHOro TOKa COCTOHT M3 IOC/EAOBATENLHO
COelMHEHHBIX COMPOTHBJICHHH: aKTHBHOrO, HHIYKTHBHOTO M €MKOCTHOrO.
AKTHBHOe COUPOTHBJIEHHe PaBHO 20 OM, HHAYKTHBHOE H €MKOCTHOE CO-
NPOTHBJIEHHS PaBHH Mexny coGofl. KoaddunueHT HHAYKTHBHOCTH KaTyul-
KM, BKJIIOUEHHOH B Lenb, paBed 1 en. YacTrora nepemeHHoro Toka — 50 2y.
Hanpsixxenue, mopBopuMoe kKo Bceh nenu,— 200 8. Hafitu Benmuuny
HanpsiXkeHHss Ha MHAYKTHBHOM H €MKOCTHOM CONPOTHBJIEHHSX MpH pe-
30HaHce.

P e e Hue. Pe30HaHCHHI TOK

HHI{)’KTHBHOE CONpPOTHBJIEHHEe KAaTyIUKH CAMOWHAYKUHH
X, = 2nfL =6,28-50.1 = 314 ox.

Hal’lpﬁ)l(eHHﬂ Ha €MKOCTHOM H HHIAYKTHBHOM COIDOTHBJIEHHAX
Up=Ug =1, X, =10-314=3140 6.

Pesornanc Tokoe Ha6Gmopmaercs NpH mnapasielib-
HOM BKJ/IIOYEHHH HHAYKTHBHBIX H €MKOCTHEIX CONPOTHBJIEHH .
Takoe BKJIOUeHHe NOKa3aHo Ha pHc. 86.

ByzneM CUHTaTh, YTO KaTylIKa CaMOMHJYKIHH H KOHJEH-
catop He 0G/1afalOT aKTUBHBIMH CONPOTHBJIEHHSIMH.

Ilpn pesoHaHce MHAYKTHBHOE CONPOTHBJIEHHe Lemu X,
paBHO eMkocTHOMY Xc.
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Tax xak npH pesoHaHce B NapaJiesbHOA Lenu HHAYKTHB-
HOE CONpOTHBJIEHHE PaBHO €MKOCTHOMY, TO H TOKHM, IpOTeKa-
IOlHe Yepe3 HHX, PAaBHEI MeXAy COGOM:

U U
IL XL ’ IC XC ’
HJH
IL =Ic .

[TosTOoMy pe3oHaHC NMpPH MapaJjiebHOM COeIWHEHHH Ha-
3LIBaeTcsi Pe30HAHCOM TOKO8.

Tak Kak MHLYKTUBHasdA /. H eMKOCT-
- Has [ ¢ cocTaBJsiiolIMe TOKOB MPOTHBO-
~7 MOJIOXKHBL 1O (hase, TO MO OTHOILIEHHIO

U—= K Hepa3BeTBJIEHHOH uYacTH LenH HX

! ‘ A~ 11 BEKTOpHas cyMMa GyleT paBHa HYJIO.
PRI C/ien0BaTe/IbHO, TOK B Hepa3BeTBJIEH-
<+ — HOil yactu uenu / He OyHeT HMeTb
Ip—=— Ig peakTHBHOM coctasasowei. Tok I Gy-

' [,‘"__ IeT coBnajgath no ¢ase ¢ Hanpsxe-

HueM [J Ha 3axuMax reHeparopa.
ll:u'f:- ffgnurifﬁffﬂeﬁzi AMnepmerp, BKJIOYEHHHIH B Hepas-
Tywkn caMoumiykuuu  BETBJEHHOM yuacTKe IemH, MpH pe-
M KOHAeHcaTopa. 30HaHce TOKOB OyneT NokasblBaTh Ha-
HMEHBIIYIO CHJIY TOKa.

ITpu pe3oHaHce TOKOB MOXKET 0Ka3aThCsl, YTO PEAKTHBHLIC
TOKH, NpOTeKalollue uepe3 HHAYKTHBHOCTb (/c) M eMKOCTb
(I.), 6ynyt Bo MHoOro pas GoJiblile TOKa B Hepa3BeTBJIEH-
HOM ydYacTKe MapaJiesbHOH LeMnH.

Yacrora, npu KOTOpO# HAacTynmaer pe30HAHC, Ha3blBaeTcs
Pe30HancHOl 4acToTol. Pe3oHaHCHAst YacToTa onpejeJser-

€ U3 OCHOBHOTrO YCJIOBHSI Pe30HAaHCa

1

(1) L = a2kl
[4 ©,C

OTKYyZa pe30HaHCHasi 4acToTa

1
fp = _—
Y LC
SIBJieHNs1 pe30HAHCA TOKOB M HANpSXKEHHH BecbMa LIHPO-
KO MCIOJIB3YIOTCA B COBPEMEHHOH 3JIEKTPOTEXHHKE.
MHorne ycTpoiicTBa 3/IEKTPHYECKOil CBS3H OCHOBaHHI Ha

sIBJIEHUsIX pe30oHaHca. Pe3oHaHc HcHOJb3yeTcs NMPH YCTpPOii-
CTBE JIAMIIOBHIX Te€HEPaTOPOB, 3JEKTPHUECKHX (DHJILTPOB H
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pe3oHaHCHbIX KOHTYpoB. OueHb IMPOKO pe3OHaHC mpuMe-
HsleTcs B pafMOTeXHHKe.

B TexHHMKe CHJIbHBIX TOKOB fiBJIeHHE PE30HAHCAa HCMOJb-
3yeTcsi AJs yBe/qHYeHHs KoO3((huLHeHTa MOILHOCTH — «KO-
cHHyca ¢u».

«Kocunyc ¢u» ypennunBaercs, ecan yMeHbIUIAETCs YroJ
caBura ¢as MexAay TOKOM W Hanpsikenunem. Ilas kommne-
cauuy casura a3 npuMeHsieTcs napaJiiesbHOe BKJKUYEHHE
KOHJZeHcaTopa ¢ 06MOTKaMHu 3JekTpoasurateneil. [Ipu sTom
€MKOCTh KOH/JeHcaTopa noabupaercs Tak, 4ToOb! B Lenu Ha-
CTYIHJI Pe3OHAHC TOKOB.

rnasa 4
TPEXMDA3HLIA TOK

§ 68. NPUMEHEHHE MHOTO®MA3HLIX CHCTEM

B coBpeMeHHOHl 3/1eKTPOTeXHHKE IIHPOKO MPUMEHSIOTCH
MHOroda3Hble cHCTEMLI epeMeHHOro Toka. HeobGxonumo oT1-
MeTHTb, YTO NMPOMBIILJIEHHbIE YCTAHOBKH OHO(A3HON CHCTE-
Mbl MMEIOT OrpaHHYeHHOe NpHMEHeHHe,

BoJBIINHCTBO COBPEMEHHBIX 3JEKTPOTEXHHUECKHX yCTa-
HOBOK, NPHMEHSIIOLIMXCS B NPOMBILIJIEHHOCTH, SBJSIOTCS
MHOro¢asHLEIMH CHCTEMaMH. A

Mroeogasnoli cucremoli nepeMeHHOro TOKa NPHHATO Ha-
3bIBAaThb COBMECTHOE [eHCTBHE HECKOJNBKHX SJEKTPHUYECKHX
Leneii MepeMeHHOro TOKa, B KOTODbIX HEHCTBYIOT 3JIEKTPO-
IBUXKYILHE CHJbl OAMHAKOBOH yacToThl. CyliecTBeHHOH 0co-
GEHHOCTBIO ITHX CHCTEM SIBJISIETCH TO, YTO 3JIEKTpPUUECKHE
¢a3bl 3THX 3. A. €. CABUHYTH OJHA OTHOCHTEJIbLHO NPYroii Ha
HEKOTODHIA YyroJ.

OTnenbHble Lend MHOrogasHoi CHCTEME], B KOTOPHIX LHp-
KYJIHPYIOT TOKH ORHOH M TOH Xe (a3bl, NPHHATO COKPalleH-
HO HasnlBaTh NpocTo (as3oil.

Takum o6pa3oM, cucTeMa M3 [BYX Leneil HasblBaercs
Osyxga3noli, U3 Tpex — Tpexpasnol, M3 IeCTH — wWecTu-
¢a3snol.

B Hacrosiuiee BpeMs HauGogblliee pacnpocTpaHeHHe
nMeet TpexdasHblil TOK. DJEKTpHUECKHe JBHraTe/ M MOLIHLIX
NPOKATHHIX CTAHOB, MOLBEMHBIX H MOCTOBBIX KPaHOB, BO3[y-
XOAYBOK, LeHTpH(}Yr, MeTanno06pabaTblBalOIMX, NPSIIHIIb-
HBIX U TKalKUX CTAaHKOB, PYAHHYHHIX MeXaHM3MOB, MallHH,
H3roTOBJSIOIUX GyMary, 1 MHOTHX APYTHX YCTPOHCTB MOYTH
Bcerga GLIBAalOT Tpex(hasHol cucrembt.
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§ 69. CMOCOBGbLI NONYYEHUA TPEXDA3HOIO TOKA

Tpexgpasnoim TOKOM Ha3BIBAIOT MHOTOQasHylo CHCTeMY,
KOTOpasi COCTOMT M3 Tpex OAHO(DA3HLIX TOKOB OJMHAKOBOI
4acToThl. DTH TOKH NpPOTEKaloT JIO TpeM NpOBOJAM M CABHU-
HyThl N0 ¢a3e OQMH MO OTHOIUEHHIO K APYrOMy Ha TPEThIO
yacTh NepHoxa, T. e. Ha yroa B 120°. Tpexdasuniit ToK noay-
yalT oT TpexthasHoro reHeparo-
pa. [IlpunnunuanbpHas  cxema
Tpexda3Horo reHepaTtopa mNoKa-
3aHa Ha puc. 87. HenopBuxkuas
YacTh TaKOro reHepaTropa Hashl-
BaeTcs CTATOPOM, a Bpalllaouas-
ca — poropom. Porop reHepa-
TOpa HMeeT 0O6MOTKY H sIBJIseTCs
anektTpomarautoM. O6GMOTKa ero
Ha3bBaeTcss 06MOTKOI BO36Y XK je-
Hus. [TocTosAHHBINH TOK, UHPKYJIH-
pyounii B o6MoTKe BO36yXKie-

' HHsl, HAMarHHYHBaeT pOTOp, KO-

f;';m Szbengg'u"o“r';"“f&‘;aa’f TOPBIil CTAHOBHTCH 3JEKTpPOMar-

Topa. HHTOM C CEeBEDPHBIM H I0XKHLIM

nontocamu. Ha crartope renepa-

TOpa PacroJOXeHbl TPH CaMOCTOSITe/NbHbIE OGMOTKH, KOTO-
pble CMelLleHbl OJHAa OTHOCHTEJbHO Apyroit Ha 120°,

Koraa moJsiiocsl poTopa MoOYepefHO HPOXOAAT HOA OG-
MOTKaM{ CTaTopa, B HAX HHIYKTHpYyeTcda 3. A. ¢. Makcu-
MaJibHble 3HAayeHHsl 9THX 3. A. C. HE MOT'YT BO3HHKAaTb OJLHO-
BpeMeHHo. CHaya/ia MakcHMyMa AOCTHTaeT 3. 1. C. B NepBoil
Mo NOpAAKY BpallleHHsi poTopa o6MOTKe, 3aTeM BO BTOpOM,
U, HaKoHell, B TpeTbel. B Kaxmoit W3 06MOTOK 3. [I. C. H3Me-
HSIETCS N0 TapPMOHHYECKOMY 3aKOHY, [OITOMY MOXKeT GHIThb
npejicTaBJeHa Ha PHCyHKe B BHAe cHHycounael. Ho ecan B
nepBoil (ase aMNJIHTyAa HAacTymaeT B Kakoe-TO BpeMs, TO
BO BTOpOIl (ha3e aMIVIUTY[a MOXKET HACTYOHUTh TOJBKO MOCJ/E
nosopora poropa Ha 120°. B Tpernelt (ase aMmiHTyxHOE
3HayeHHe 3. O. C. HaCTYNHT MocJe MOBOPOTAa pOTOpa eLie
Ha 120°. Bce Tpu cHHYCOMIHI 3. A. C., AelfCTBYIOLIHE B KaX 0t
(da3e, MOXKHO H306pa3HTh Ha OZHOM pHCYHKe, Kak 3TO
clienaHo Ha pHc. 88.

Tpu o6MoTKH Tpexcpasﬂoro reHepaTOpa MOryT ObITh CO-
eMHeHbl MeXAy co6oi Mo TOH HJ/IHM HHOH cXeMe BKJ/IOUeHHs.
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PasnuyaloT nBa Takux coefHHeHHs OGMOTOK: COe€ QM H e-
HHe 3Be3 10l H COeJHHEHHE TPEYrOAbHHKOM.

¢ A

A 8
Wq\\ e /
VA N VA NS YA NS

-~ \ \
P J

S l S —t

.

Puc. 88. BsauMHOoe pacnofoxeHHe CHHYCOHZ 3. O. C.
TpexdasHoro reHeparopa.

Ecan aMniutyns 3. 1. c. Bcex ¢as remeparopa paBHb
Mexny coGof, TO Takas CHCTeMa Ha3bIBAeTCs CuUMMe-
TPpu4HOU.

A

§ 70. COEAMHEHME 3BE3QON

Ecan ¢asw  Bkaloualorcs
3Be3/10#, TO KOHILI HX COEJH-
HSIIOTCSl B ONHY OOILYIO TOUKY,
KOoTOpad  Ha3biBaercs  Hell-
TpaavHol, unu Hyaesol. Cxe-
Ma TaKoro coeinHeHHs o6MoO-
TOK reHepaTopa IOKa3aHa Ha
pHc. 89.

Ilpu coenuHeHun 3Be3noil *
B (ha3ax reHeparopa M B NPO-  Puc. 89. Coennnenne 3sea ol 06-
BOgax, NMOIKJIOUEHHBIX K 3a- MOTOK Tpex¢aaﬂoro reHeparopa.
XHMaM reseparopa, LUpKyJIH-

PYIOT OHH U Te XXe TOKH, JeHCTBYIOIIHE BEJHYHHB KOTOPHIX
paBHEl Mexnay co6oi. DTo COBEpIIEHHO OYEBHAHO M3 pac-
CMOTPEHHO# CXeMbl COeJMHEHHs 3Be3J0i, NpeicTaBJIeHHOMH
B ymnpomeHHoM Buge Ha puc. 90. Ha 3ToM pHcyHke
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1oKasaHa CXeMa ueThpexnpoBogHO# cucreMbl. OguH H3
TIPOBOJGB BKJIIOYUEH B HYJEBYIO TOYKY CHCTeMbl W HasblBaer-
cl HeldTpaabHboiM, ANH HYaesbim. Takas 4yeThHIpexnpoBOAHAS
cucTeMa MNpHUMeHAeTcs B
TOM cJaydae, ecad (asml
HarpyxeHsl HeOAHHAKO-
Bo. Ilpu HepaBHOMepHOIi
Harpyske ¢a3 Ha Heifi-
TPaJbHOM NpPOBOJE MOSB-
JseTcsd TOK, TOTAa Kak B
cayuyae paBHOMepHOI# Ha-
IFPY3KH 3TOTO TOKa He
6yner.

BekTopHas auarpamMma TOKOB NpU PaBHOMEpPHOH Harpys-
Ke nokasaHa Ha puc. 91. C noMouibio 3T0f XKe AHArpaMmbl
MOXKHO y6eiuTbCcs B TOM, UTO €CJIH Harpy3ka paBHOMepHa,
B HeHTpa/bHOM NpoBOJEe NEeHCTBHUTEJbLHO He MOXKeT OBITh
ToKa., s 3TOro AOCTATOYHO BBIMOJHUTH TeOMeTpHUecKoe

Puc. 90. dasuble W JHHeliHble Hanps-
WEHHUA MpPH COeLHHEHHH 3Be3lOH.

IC I v
1
A I,
120°
120°\9P 120° 0
IHB
b I.
Puc. 91. Bexropnas - Puc. 92. Teomerpuue-
LHarpaMMa TOKOB Tpex- CKOe CJIOXKEHHe BeKTO-
¢asHOi cHCTeMBl TpH poB TOKOB TpextasHoit
paBHOMEpHOI Harpyske. CHCTEMBIL

CJIOXKEHHe BEKTOPOB, KOTOpoe Moka3aHo Ha pHc. 92. Bekrop
ToKa [ apsiBiIsieTcst cyMMoi BeKTOpoB /a4 v I g, HO NO BeJH-
yiHe OH PaBeH, a M0 HanpaBJIeHHIO NPOTHBONOJOXEH BEKTO-
py I¢c. CrnenoBaTenbHO, reoMeTpHyecKas cyMMa BCeX Tpex
BEKTOPOB paBHa HyJ0. EcjM NMOCTPOHTbL BEKTOPHYIO AHa-
rpamMMy AJs cJaydasi, Korga TOKM B (pasax He OIZMHAKOBBHI,
CyMMa 5THX BEKTOPOB He OyleT paBHa HYJIO.

B cucremax TpexdasHOro Toka NpPUHATO pPas3/HyaThb JH-
HellHEle M (a3Hble TOKM M HanpsixKeHHsa. Te TOKH, KOTOpble
LUPKYJHPYIOT B JHHEHHBIX NMPOBOAAX, T. €. B POBOAAX, CO-
eMHAIOIINX TeHepaTop C mMoTpebHTe/]eM 3JIeKTPHUYECKOil
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SHepruu, HasLIBAIOT AuHeldHsimu Tokamu. TokM, HMPKYJIH-
pyiolive B ¢a3HeIX 06OMOTKax reHeparopa WJIH B OJHOH u3
a3 norpe6uTesisi, Ha3bIBAIOT Pasnoimu ToOKAMU. JInHelHbI®
TOKH o6o3HaualoT OykBo# /,, a pasneie — /. Hanpsxkenus
MeXJy JMHEHHbIMH NPOBOLAMH HAa3bIBAIOT AUHEUHbLIMU Ha-
npsscenusamu. VIx npuusato o6osnauats 6ykBoit U,. Hanps-
JKeHHe Ha KOHLlax Kakoii-nmu6o (a3Hoit 0OMOTKH reHepaTopa
HJIM Ha KOHLIax OfHOH U3 (a3 norpeburesis Ha3piBaeTca Gas-
Holm Hanpsasxcenuem n o6osnavaercs 6ykoit Ugp. @asurie n
JINHEHHble HanpsXXeHHd IJig CXeM COeAMHeHHs 3Be3JOol mo-
Ka3aHsl Ha puc. 90.

U3 3701 cxeMpl BHIHO, YTO NpH COeIHHEHHH 3Be3joil B
cJyyae paBHOMepHOI HarpyskH ¢a3 (a3Hble TOKH He TOJBKO
paBHBI MexXay co6oii, HO ¥ paBHHI JHHEHHbHIM TOKaM. Takum
0o6pa3oM, AN cOeqHHEHUs 3Be3[oif HMeeM

Ii=1s.

W3 pucyska BHIHO, YTO JIMHeliHOe HampsXeHHe HpPH CO-
eIMHeHWH 3Be30H GoJblie ¢dasHoro. Mexay JHHeHHBIM H
da3HbIM HampsiXKeHHeM B 3TOM cJjyyae HMeeTcs cJaeaylolee
COOTHOILEHHE:

Un = V?U@ .

TIpu paBHOMepHOI Harpyske (a3 MOLIHOCTb TPexdasHoii
CHCTEMEI, COeJHEHHOH 3Be3[0i, onpenensieTca no gopmyae

P= 3]¢U¢,COS Q.

Ecau B 310i1 dopMmysie ¢asHoe Hampsikenue M (pasHBIR
TOK 3aMeHHTb JIMHEAHBIMH, TO, YYUTHIBask COOTHOIIEHHEe MeX-
Ay $asHeIM U JMHEHHBIM HaNpsKEHUeM, MOJYYHM

]g%_ I.cos =V 3U,I,cos .

Dr1oit popMyJsIOlf MOXHO MOJb30BATbCS B TOM CJayuae,
Korga JaHsl He ¢a3Hbie, a JHHelHHble 3HAUEHHs HanpsiKeHHUs
W Toka. Kak B omHOM, Tak U B Apyroil ¢opmyae 1Js onpexne-
JIEHHs1 MOILHOCTH «KOCHHYC (u» sBJsieTcss K03(h(dHUIHEeHTOM
MOILHOCTH Kaxjo#t u3 ¢as.

P=3

Mipumep 39. dasnoe HampsxKeHHe reHepaTopa, OGMOTKH KOTOPOro
coeMHeHH! 3Be3lol, paBHO 127 8, dasunii Tok — 10 a. Onpenenutsb Ju-
HeliHOe HanpsiXKeHHe H JIMHeAHLIA TOK.
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P e wre u 1 e. JIuHeliHoe HanpsxeHHe
Us =V 3Us =1,73-127 = 220 &.
Ilpu coenuHeHuu 3Be3noi JIMHEHAHBIT TOK paBeH (hasHOMY
Ih=1p =10 a.

Npumep 40. dPasHoe nanpsKenne TpeX(pasHOro reHepaTopa PaBHO
4000 8. O6MOTKH reHepaTopa COeJMHEHH 3Be3[0fi U BKJIOUEHB! Ha Harpya-
Ky nmoTpeOHTeJsl, (asbl KOTOPOrO TaKiKe BKJIOYEHHI 3Be3JI0M.

[MoaHoe conmporuBieHne Kaxjoi u3 ¢as morpebutens — 40 om.

Haittu ¢da3Hble U JuHellHble TOKH, a TaKxkKe MOLIHOCTD, NOIJIOLLaeMYI0
norpe6uTeNIeM, eC/ii aKTHBHOe CONPOTHBJEHHe KaxKZOH ¢asel noTpebH-
Teas — 32 om.

PeweHue Kaxnabii u3 ¢pasHbx TOKOB
4000
0 = 100 a.

QasHble H JHHeHHble TOKH NMPH COeJHHEHHH 3Be3J0H PaBHBI MeXIy
co6ol, mosTomy

Ip =

Il =In =100 a.
MomgocTb, NOrJIomaeMas NOTpeGHTeNeM, MOKeT GHITb Onpeie/ieHa no
Gopmyse :
P =3U¢ I¢ cos ¢ = 3-4000- 100 cos ¢.
KoadduuneHT MOLIHOCTH HafeM H3 COOTHOLEHHS

Takum o6pa3oM, MOLLHOCTb, MOTpe6aseMass HarpysKoH,
P = 3-4000-100-0,8 = 960 000 &m = 960 xsm.

§ 71. COEQMHEHME TPEYTOJIbHUKOM

Kpome coenuHenus 3Be3foif, Gosblioe pacnpocTpaHeHHe
B 3JIEKTPOTeXHHKe TpeXda3HbIX TOKOB HMeeT COeJHHEeHHe
TPEYyroONbHHKOM.

Ilpu coexnuHeHHH TpPeyroJbHHKOM (a3el BKJIOYAIOTCA
TakK, YToObl HayaJjo OJHOMH M3 HHX COBMNAAaJio C KOHLOM ApY-
ro#i. JIuHeiliHEle MpOBOJa MOXKJIOUAIOTCA K BepliMHaM o6pa-
3oBaBlUerocs U3 ¢a3 TpeyrojbHuka. CoeqHHeHHe TPeyroJib-
HHKOM OGMOTOK reHepaTtopa IOKa3aHo Ha puc. 93. ¥mpo-
IeHHAsl CXeMa 3TOro coeJHHeHHs1 M306pax<eHa Ha puc. 94.

W3 sTHx cxeM BHJHO, YTO JIMHEHHOe HanpsixKeHHe MeXIy
OBYMsl JIMHEHHBHIMH NPOBOJAMH TIPH COEJHHEHHH TPeyroJib-
HUKOM paBHO (hasHOMY

UJ| = Uq;.
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3To CcOOTHOLIeHHe CNpaBefJIUBO B TOM CJjyudae, Korja
¢a3nl Harpy:KeHel paBHOMepHO. UTo KacaeTcs ¢asHbIX H
JIUHEHHBIX TOKOB, TO OHH NPH COEJHHEHHH TPEyroJbHHKOM
He MOryr ObITb pPaBHBI
Mexay co6oH, Kak 3TO
6blJI0 B cayyae coejguHe-
Hus 3Be3pnoil. M3 pucys-
Ka 94 BugHO, 4TO O€it-
CTBYlOLIEE 3HayeHHe
Kaxjoro JIHHeHHOro To-
Ka B COOTBETCTBHH ¢ nep-
HbIM 3aKoHOM Kupxroga
JIOMXKHO PaBHATHCA CYyM-
Me 1BYX ¢a3HBIX TOKOB
(B naHHOM cJyyae pedyb
HIET O TeOMETPHYECKOl Puc. 93. Coenuuense OGMOTOK Tpex-
CyMMe BEKTOpOB, H30- ¢a3Horo reHepatropa TPeyroJbHHKOM.
6paxKalolHUX 3TH TOKH).
IMosToMy Mexny nHHeHHBIMH H (Da3HBIMH TOKAMH IIPH COeJH-
HEHHH TpPeyroJbHHKOM Bcerja OylneT HMeTb MECTO COOTHO-

lLIeHHe

, I,=V73I,.

Sta ¢opmysa cnpaBefsHBa TOrAa, Korga Harpyska ¢as
paBHOMepHa.

MomHocTh Tpex¢$asHOro Toxka npH paBHOMepHOI Harpys-
Ke a3 M Npu COeJHHEHHH TPEYroJbHHKOM MOXeT ObiTh
onpeneseHa MO TOH ke

T. dopMyJie, UTO H NPH COENHU-

nb HEHHH 3Be3noil

X
P S f P=3U¢]¢COSCP,

: b.. S HIIH
1,
X l P= 3U“—ﬁ cos @ =
¢ ¥
=V 33U, I,cosq.

Puc. 94. ®a3Hbe ¥ JMHefiHHe Ha-
fpRMeHHA  TIpH c°°"§?§§,‘.‘,‘,‘,‘m(§,ﬂ?' Ins reHepaTopoB nepe-

MEHHOIro TOKa COedHHEHHe
HX OGOMOTOK TPEYroJbHHKOM BO3MOXHO TOJIBKO IPH CHM-
MeTpHYHOH cHcTeMe, T. €. TOrja, Korjga cyMma 3. 1. C.
Bcex (a3 paBHa HYJIO.
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[Tpu HecHMMeTpPHUHOI CHCTEMe CyMMa MIHOBEHHBIX 3Ha-
YeHuit 3. 1. C. Tpex (a3 reHepaTtopa He GyIeT paBHA HYJIO.
B koHType 06MOTOK reHepartopa, COeIHHEHHBIX TPeyroJibHHU-
KOM, IOSIBUTCSl TOK, KOTOPLIH MOXET BbI3BaTh MOBPEXKAEHHE
0GMOTOK.

Tak Kak 3. A. c. reHepaTOpoB Tpex(a3HOro TOKa He Bce-
rja HMeeT CHHYCOHJaJbHYI0O OPMY, TO CyMMa MIHOBEHHBIX
3HayeHMH 3. 4. C. OTJAeJbHHIX (a3 He BO Bcex cayuasnx Gymper
paBHa HyJio. [lo sToii npuumnne coepnHeHre O6MOTOK reHe-
patopa TpPeyroJibHHKOM BCTpeuaeTcs Peako.

Mpumep 41. Pasnl resepaTopa coeluHeHbl TpeyroinbHHKoM. Haiith
TOK Ka){Lol (asbl reHepatopa, ecH KaX{IBH H3 JUHEHHBIX TOKOB paBel
20 a.

Pewenue Pasublii TOK
\ ln 20

Npumep 42. O6MOTKY reHepaTopa coelHHEHb TPEYroJbHHKOM. PasHoe
HanpsixxeHHe reHepaTtopa — 127 8, ¢a3Hble TOKH B 06MOTKax paBHul 12 a.
Haiitn JnHeliHble HanpsKeHUs M JHHeHHble TOKH NPH paBHOMePHOH Ha-
rpysKe.

Pemenue Tak Kak Inpu COeAMHEHHH TPeyrosbHUKOM (hasHoe
Hanpsi:KeHHe PaBHO JIHHEHOMY, TO

Un=Up =127 s.
JInHeHHbIH TOK
=V 3lp=1,731p=1,73-12=20,7 a.

Npumep 43. Haiity MoumocTs Tpex(asHOH CHCTEMBI, COEAHHEHHOH
TpeyroJIbHUKOM, ecitd (pasHOe HampsiKeHHe PaBHO 127 8, ¢asHbli TOK —
10 a u xoadduuueHt MouHocts — 0,8.

P e e H ¥ e. MowHOCTh Tpex(dasHoro ToxKa

P =3U¢ I cos ¢ =3-127-10-0,8 = 3048 sm.

Mpumep 44. Jluneitnoe nHanpsikenne cetn — 127 6. Kawxastit us nu-
Hefinbix TokoB 10 a. Halitn MouHocTb, noTpebiseMylo NPHEMHHKOM
SJEKTPHYECKO} SHEPTHH, €CiM BO BCeX Tpex (pasax ero BKJIOYEHB JaMMbl
HaKa/luBaHUA.

PemeHue Ecau B $hasax BKJIOUEHB TOJNBKO JIAMABI HaKa/HBaHHUsA,
TO Harpyska npejlcTaBifeT co0oit YHCTO aKTHBHOE CONPOTHBJIEHHE H NpHU
5TOM KO3((HIUHEHT MOLIHOCTH AOJ/IKeH ObITh paBeH eAUHHLE.

MouiHoCTb, NOTpe6JisieMasi IPHEMHHKOM 3JIeKTPHUECKOH 3Hepruy,

P =V "3Us I cos ¢ = 3-127-10-1 = 2197 &m.



YACTb

OCHOBHbIE
SJNIEHTPOMATEPHAIJIbLI

FNABA 1
NPOBOHMKOBLIE MATEPMAIJDLI

§ 72. METAJUTMYECKUE NPOBOAHUKM

OCHOBHBIMH MaTepHaJ/iaMH, XOPOLIO HPOBOISLIUMHU 3J€K-
TPHYECTBO, SIBJSAIOTCS, KaK U3BeCTHO, MeTaJsbl. K arToit kaTe-
TOpHU MeTaJJIOB MOTYT ObITb OTHECEHLH Melb, CTaJb, aJlo-
MHHHH W IpyrHe,

Kpome NpoOBOAHHKOB M3 YHCTHIX METAJJOB, B 3JEKTpPO-
TEeXHHKEe NPHUMEHSIOTCS] TaKXKe NPOBOJHHKH H3 HX CIJIABOB.
Cropma ortHocaTca OpoH3a, HHXPOM, MaHTraHWH, KOHCTaHTaH
H HEKOTOphle ApYyrHe.

Huxe npuBomgaTcs KpaTkKHe XapaKTepUCTHKH, (u3Hye-
CKHe M 3JIeKTPOTeXHHUeCKHe CBOHCTBa Hanbosee ynoTpeo-
JIleMBbIX B 3JIEKTPOTEXHHKE MEeTAJJIOB H HX CIJIaBOB.

§ 73. MEAlb

HauGosnee wmHupokoe npHMeHEHHE B 3JEKTPOTEXHHKE
HMeeT Mefb, KOTOPYIO HCHOJB3YIOT B BHJE NPOBOJIOKH MAJIA
IPOBOJOB, B BHJE TOJIOC M -JIEHT AJs PA3JHYHBIX KOHTAaKT-
HLIX ycTpoicTB. [/ 3JIEeKTDOTEXHHYECKMX LieJeH npHMe-
HsIeTCS YHCTasi JeKTposauTuuecKas Menb. ComepikaHue pas-
HbIX mpuMecell pomyckaetrcs He GoJee 0,1%. Hdemo B TOM,
yTO Jaxe He3HauyHMTesJbHble Npumecu ¢ocdopa, Kenesa,
MBIIIbSIKA H JAPYTHX BeINECTB 3HAUHTEJNbHO MOBHIIAIOT
yIeJbHOE CONPOTHUBJIEHHE MEeIH.

MexaHunueckie CBOHCTBA M€ 3aBHCAT OT ee TepMHue-
ckoit o6pabotku. Eciu Menp OTXKHraTh, OHa CTaHOBHTCSA
MSFKOH, II03TOMY INpH Harpeeax IoJydaimoTcs GoJsbilHe
YAJHHEHHS. DJIEKTPONPOBOAUMOCTL TaKOH Megu MOBHI-
ulaercs.
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BoJsiee npouHoii Ha paspeiB sBJsieTCsl TBEPAOTSAHYTad
Menb. OHa MMeeT NOBHILIEHHOE YJeJbHOE CONPOTHBJEHHE,

IOna oToXkeHHOH MegH MeXAYHapOAHLIM CTaHAapTOM
YCTaHOBJIEHO yhesbHoe conporuBienue 0,017241 npu 20°.

§ 74. CTANDb

Cragb siBJIsSieTCs CaMBIM JlellieBLIM MaTepHaJioM AJis MPo-
BogHuKOB. OHa NpHMeHsieTcss B BHJAEe NMPOBOJIOKH M Pa3JIHy-
HBIX (acoHOB nosoc. MexaHHyecKasi NPOYHOCTb CTaJIbHOMH
NpoBOJIOKH Besauka. COnpoTHBI/IEHHE ee HAa pa3phiB JOCTHrAeT

120 xI'/mm? npu yanunenun 4%.

§ 75. ANIOMMHWA

AmomuHuit xapakTtepeH cBoei serkoctblo: [Tosyyalor ero
NnyTeM 3JIEKTPOJHM3a U3 OKHCH aJIOMHHHSA. B a/eKTpoTexHH-
K€ ero NpHUMEHSIOT B BHIe NPOBOJIOKH, JINCTOB, LIMH, JIEHT,
¢oabrn (ans GyMaXKHbIX KOHIEHCAaTOPOB) H B IPYTHX
BHIaX.

AmoMuHHeBasi NpPOBOJIOKA BHIYCKAaeTcs NO CTaHAapTy
TBEPAOH HEOTOXKEHHOH M MSATKOH OTOXIKEHHOM.

DJIeKTpHUECKOe COMPOTHBJIEHHE AaJIOMHHHS 3aBHCHT OT
YuCTOTH MeTaja. OT 5TOro e 3aBHCHUT €ro yCTOHUHBOCTD
npoTUB Koppo3uu. ITo 3Toit npHunHe 4/1s1 U3rOTOBJIEHHS NPO-
BOJOB I'OJIeH TOJIBKO aJIIOMHHHH, B KOTOPOM IIPHMeCH COCTaB-
asiotr He 6ouee 0,5%. s usrorossenus GoJbrH comepxa-
HHe npuMeceii jomyckaercs He Gomee 0,39%.

Tak Kak MexaHuueckas NPOYHOCTH AJIOMHHHEBHIX IPO-
BOJIOB HeBeJHKa, NPHMEHSIOTCA CTaJjleaJlOMHHHEBEIE IPOBO-
na. OHH BHIMYCKAalOTC HOPMAaJbHOH H YCHJIEHHOH Mpou-
HOCTH. .

IMnoTHOCTL MMTOrO aniomuuus 2,64 2/cud. IlnoTHOCTD TH1-
HYTOTO W BaJIbIIOBAHHOTO aMIOMHHHS 2,70 2/cm3.

§ 76. BPOH3A

Bponsa — ato cnyiaB Menu ¢ onoBoM, KaamueMm, gocgo-
poM. CocraB ¢dochopucroir 6poHss: onosa 3—6% u docdo-
pa 0,06—0,139%.

OusoBsinucras Gpounsa cogepxkurt 0,15—0,5% oJsoBa, mar-
HHeBasi umeer 1% MarHus, a KagMueBas — 1o 1% kagMus.
Kanmuesas 6poHsa ycroiiunBa Tam, rae NPUXOAUTCS HMETh
HeJIOo C TPEeHHEM, NMO3TOMY ee HCMOMb3YIOT A/ KOHTaKTHBIX
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npoBofioB. Pocdopucras u OGepuineBas O6poH3a NpHMe-
HsieTCcs A/ CKOJb3SILIMX KOHTAKTOB, a TaKXKe [Js H3rOTOB-
JIEHHs] MPYXHH, NMPOBOAAIIHX TOK.

§ 77. HUXPOM

HuxpoM mmpoko npuMeHsieTcst IJj1s1 H3TOTOBJIEHHS Harpe-
BaTeJNbHBIX NpH6GOpoB. Ecnn HHUXpOM HarpeBaThb B BO3OYXe,
TO OH MOKpHIBaeTcs IJIEHKOH, KOTopas MNpefoXpaHseT ero
OT pganbHedilero oxkucaenus. OQHaKo 3Ta IVIEHKa NPH yepe-
OYIOIIEeMCSl HaTPeBaHUH H OXJIaXIeHHH MOXeT NMOBPEeNHThCH.
310 o6bsCHSETCS pa3HbIMU KO3(GhHLHEHTaMH paclUHpeHH:
HUXpoMa W TJeHKH. HuXxpom Hesb3st meperpeBaTh, Tak Kak
OH NpHU 3TOM CTAHOBHTCS XPYNKHM. DTO MOKET NpPHBECTH
K nopue npubopa. Ecan HHXpOMOBas NJeHKa NOKpLITA OK-
CHIHOI TJIEeHKOH, ee MOXKHO HAaMAaTHBATh BIVIOTHYIO. B 3TOM
clyyae Hanpsi)KeHHe MeXJy BHTKaMH He JOJIXKHO OblTb 6o-
Jlee MOJIOBHHLI BOJbTA.

Ilpu temnepatype 20° mpouHocTb HuXpoMma 70 xI'/mm?,
npu 0°—27 kI'/mum?, a npu 1000° Tonbko 4 xI'/mm2. Temnepa-
Typa IviaBjeHHs HuxpoMa 1375°. B ajekTpoTeXHHKe HHX-
pPOM mNpHMeHsieTcs B BHAE JIEHT, JIHCTOB H INPOBOJIOKH pas-
JIUYHBIX [aMeTpOB.

§ 78. MAHTAHMH

MaHnranun — 370 cnyiaB Menu ¢ MapraHueM. HasBanue
€r0 MPOHUCXOJHUT OT JIATHHCKOTO C/I0OBA «MaHTaHyM», YTO 3Ha-
YHT MapraHell. MaHraHWH TNpHMeHsileTcd ISl Pa3J/IHYHOTO
pOZla COMPOTHBJIEHHH, a TaKXKe IJisi 3TAJIOHOB, KOTOphIe CJIy-
kaT o6paslaMH COMPOTHBJEHHI.

MaHraHuH uMeeT XeJThiil IBeT, TeMmepaTypa MJaBJe+
Hus ero 960°. IlpouHocTh MaHraHMHa Ha pa3pbiB paBHA
42 kI'[mm2?, ynaunenue npu paspoise 30%.

Ecnn MaHraHuH npHMeHsieTcsl BMeCTe C MeJbio B TepMO~
nape, ero TepMO3JEKTPOABHKYLIAs cHaa paBHa 0,9—2 mxs
Ha 1°. ConpoTHB/IeHHS H3 MaHraHUHA He JOJIXKHHI Neperpes
BaThbcs Bhile 60°.

§ 79. KOHCTAHTAH

KoHcTaHTan HMeeT OueHb MaJblii TeMnepaTypHuIH K03+
¢HuMeHT conpoTHBaeHHA. Ha3BaHHe «KOHCTAHTaH» NPOHCXO-
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AHT OT JIATHHCKOrO CJIOBA «KOHCTAaHTa», T. €. MOCTOSIHHAs
BeqiMuHHA. KoHcTaHTaH MMeeT NpOYHOCTH Ha paspeiB 40 —
60 xe/mm?, ynnuHenue mpu paspeie 28%. Temmeparypa
njaasneHus ero 1270°

KoncTtanTaH mHMpPOKO NpPHMeHseTcs ANAsS H3TOTOBJIEHHSA
TepMonap, Tak Kak B [1ape ¢ MeJbl0 H C APYTHMH MeTaJjjlaMH
co3gaercst aJeKTpoaBHikylas cuna 30—40 mke Ha 1°,

B s/leKTpoTeXHHKe KOHCTAaHTaH NPHUMEHSIOT B BHAE MPO-
BOJIOKH nHaMeTpoM ot 0,03 mm u Bbillle WJIK B BHAE JIEHT Ce-
yenneM oT 0,1 X4 mm u Bbiile.

§ 80. QNEKTPOTEXHHMYECKUHA YroJb

K npoBogsiuMM HeMeTasJIHYeCKHM BellleCTBAM, LIHPOKO
npUMeHSeMbIM B 3JIEKTPOTeXHHKE, OTHOCHTCS Yyroab. U3
3JIEKTPOTEXHHUECKOTO YTJ/Isi M3TOTOBJSIOTCA LIETKH JEKTPH-
YeCKHX MallHH, 3JIeKTPOIH! . 9JIeKTponedel, 3JeKTPONHTHYE-
CKHX BaHH M raJJbBaHHMYECKHX 3JIEMEHTOB.

Ero npHMeHSI0T AJisi H3TOTOBJIeHHS MHKPO(OHHEIX MO-
polkoB, MeM6paH, peocTaToB H [IJisl APYTHX LieJeH.

BosbIIHHCTBO 3J1eKTPOYTOJILHBIX H3Ie/NHH H3rOTOBJSIOT
u3 rpacdura, caxu, amopcdHoro yris. CBA3LIBAIOUIHM Be-
[IeCTBOM CJYXHT KaMeHHOYro/bHasi CMoJa HJH KaMeHHO-
yTOJILHBIH NeK.

DJIEKTPOLIETKH B COOTBETCTBHH C COCTABOM MaccChi, H3
KOTOpOil OHHM H3roTOBJIEHBI, GhLIBAIOT YroJbHO-rpadHTHbIE,
rpaduTHEIE, rpadHTHO-MeaHEle, 6pOH30-rpadUTHBIE. YTOMb-
HO-rpaMTHHIE ILUETKH OTJIMYalOTCd GOABLIOH TBEPAOCTHIO.
OHHu uMeloT 6OJIbLIOE yAeJbHOe CONPOTHBJIEHHE. DTH LIeTKH
IPHUMEHSIOT [JJIs1 KOJJIEKTOPOB MalUHH [OCTOSTHHOIO TOKa NpH
HanpsixkeHud 220 g W BHILIE, a TaKXkKe NPH NepeMeHHOM TOKe
npH Hanpsixkennu 110—440 s.

rnasa 2
U3OJIMPYIOLUME MATEPMANMDI

§ 81. TBEPALIE U3OJNIUPYIOLLIUE MATEPHMADI

Hsoanpyioune mMarepuansl GLIBAIOT TBEPAbIE, XXUAKHE H
ra3ooGpa3sHeie. TBepable AH3JEKTPHKH BeCbMa IIHPOKO NpH-
MEHSAIOTCSH B coapemeﬂﬂoﬁ SJIeKTPOTeXHHKe AJa CaMbiX pas-
JIMYHBIX lLieJsed.
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OnHMM M3 NOBCEMECTHO PAacNpOCTPAHEHHbIX MaTepHaJ/IoB
TAaKOro THMa SIBJsIETCS JEepeBo.

BecbMa yacTo NMPHUMEHSIIOTCS AJs 3JE€KTPOTEXHHYECKHX
1esefi MUHepaJsibHble JM3JEeKTPHKH: MpaMop, caoja, acbect
u gpyrue. lupoxo pacnpocTpaHedbl H30IAUHOHHLIE H3LE/HSA
U3 CTeKJa H KepaMHKH.

Jas u3roTOBJIEHHS pPa3HOOGPA3HBIX 3JIEKTPOTEXHHUECKHX
YCTPOHCTB U AJsi MOHTaXKHBIX PaGOT BCAKOro poja npuMe-
HSIIOTCS OpTaHHYecKHe BOJIOKHHCThle MaTepHaJibl, MJacTMac-
CBl, BOCKOOGpa3Hble BeLiecTBa M JaKH.

Huxe npuBOAMTCS KpaTKoe ONHCaHHEe OCHOBHBIX, HaHGo-
Jiee 4acTo BCTPEUAIOUIMXCs B NPAKTHKe TBEPIbIX H30JHPYIO-
IKX MaTepHaJIoB.

§ 82. AEPEBO

HepeBo B yucTOM BUAE, He 06paboTaHHOe ClellH aJIbHBIMU
COCTaBaMH, IIHPOKO NpPHMeHsieTCsl IJIA H3TOTORJEHHS pas-
JIMUHBIX KOHCTPYKUMH H B MeHbllleH cTeneHH KaK H30JSLHOH-
Hblit matepuaJ. Ieno B TOM, YTO HEpPEBO OUEHb THTPOCKO-
NMYHO U XOPOLIO MOIJIOLLAeT BJary. YBeJHueHHe BJaXKHOCTH
JepeBa NPUBOAUT K YMEHBIIEHHI0 MeXaHHYECKOH MpPOYHOCTH
H YXyAUIEHHIO ero H30JIHPYIOMIMX CBOHCTB.

HepeBo cocToMT M3 pspa XHMHUYECKHX BeLIeCTB: LEJJIIO-
JIO3bI, CMOJI, IMTHUHA, XKHPOB M GOJIBIIOr0 KOJHYECTBA BOJBI.

CozepxaHHe BOABI B pactyulelf JpeBecHHe MO BeCy B
JBa ¢ MOJIOBMHOH pa3a NpeBhIILIaeT BeC CYXOH ee OCHOBBHI.

IMpounocts mepeBa, €ciM ee OTHECTH K Becy, 3HAYHTEJNb-
HO BHILIe, YeM y cTajd. BRosib BOJIOKOH IpeBecHHa HMeeT
MEXaHHYeCKYI0 NPOYHOETh B MATh-LIECTh pa3 GoJbLIVIO, UeM
B NONEPEeyHOM HamnpaBJeHHH.

JpeBecuHy 1151 yAyUlIeHHs] ee U3OJSLUUOHHLIX CBOHCTB H
YMeHbIUEHHs TOrJIOUIeHHs] BJIAarH HPONUTHIBAIOT PAa3HBIMU
coctaBaMH. [ToBblllIeHHsT H30/IALHOHHLIX KauecTB JAOOHBAIOT-
csl, IPONUTEIBasi AepeBo TpaHC(HOPMATOPHBIM MacJjoM, napa-
GHHOM, JaKaMH, BBICHIXAIOLMMH MacJaMH, cMosamu. IIpo-
NUTKa AepeBa TpaHCcOpPMATOPHHIM MacjaoM H napaduHOM
OCYIIeCTB/ISIETCA HPOBAPHBAHHEM €ro IIPH TeMmmepatype
120—125°. Tlepen nponuTKoii AepeBo npocymuBaercs. [locae
NPOMUTKU ApeBecHHa NOrJoutaer oxkoso 60% Macaa uam ke
809% napaduna. Kpome yayuuienns H30JIAUHOHHEIX KAyecTs,
NPORHTKA MOBHIIIAET BJIAroCTORKOCTh APeBECHHI.
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[Ipun nponuTke AepeBa JbHAHBIM MacJOM, OJHGOH MJH
MacJsHBIMH JIaKaMH [epeBsHHble H3[eJHs BHIHUMAIOT U3
NPONUTOYHOrO COCTaBa MocJie oxJax aeHust ero o 60°. [Nocae
MPONMUTKY U3JIeJIHs BBHIAEPKHUBAIOT B MEYH NMPH TeMnepatype
110—130° noka He mpou3olaeT MOJIHOe 3aleKaHue MacJa.
IIponHTKa He TOJIBKO YJIyUIlaeT H30JIALUOHHBIE CBOHCTBA
JlepeBa, HO ¥ YBeJHYHBAeT ero NpOYHOCTb.

§ 83. MPAMOP

OpnuuMm u3 HauboJlee LIMPOKO NMPHMEHSIEMBIX B 3JIEKTpPO-
TeXHHKEe MHHepaJbHBIX [IHIJEKTPHKOB SIBJISIETCS MpPaMop.
MpamMop — 310 Kap6oHaTHast TOPOAA, COCTAaB KOTOPOi onpe-
nejsietcss XHMHueckoi ¢opmyaoit — CaCO;. Mpamop no-
6b1BalOT B BHAE IVILI6O H pPacnNH/HMBAIOT Ha JOCKH pPasHbIX
pa3mepoB. MpaMopHble JOCKH LIJIHQYIOT U nojaupyior. Mpa-
MOpHBIE JOCKHM NMPHMEHSIIOT JJIsi CHJOBBIX pacnpefeauTelb-
HBLIX MIMTOB, MaHeJiell MpefOXpaHHTeNed H pPYOHJbLHHKOB.
Cepbe3HbIM HEJJOCTaTKOM Mpamopa sBJISeTCS ero 3HauHuTesb-
Hasl BOCIPHHMUYHBOCTh K BJare. B yc/OBHSIX NOBGLILIEHHO
BJIaXKHOCTH OH PE3KO CHHXKaeT CBOM 3JIeKTpHUECKHe Kaue-
cTBa. DTO BHIHO H3 COINOCTABJIEHHS CJELYIOLIMX JaH-
HBIX: 0ObeMHOe yJeslbHOe COMPOTHBJEHHE CYXOro Mpamopa
10'3 om-cm, 3TO XKe CONPOTHBJEHHe NocJje Npe6GLiBaHWA B
TeueHHe 24 yacoB B ycJaoBHSAX 979, OTHOCHTENLHON BJaXK-
HOCTH cHUXKaetcst 10 107 om - cm.

I'lpn npuemMke MpaMOPHBIX JOCOK BLIGOMHBEI M OTKOJIbI J10-
NYCKAlTCsl TOMbKO ¢ 06paTHOi CTOpOHBl MX. [s1yObnHa aTux
nedekToB HJsi JOcOK l-ro copra nosKHa ObITh He Gosee
2 mm, ana 2-ro copta He Gosee 3 mm. Jlocku 3-ro copra H
knacca b MOryT HMeTh U3bsIHbI Ha Tray6uHe 4 mm. Mpamop-
Hble JIOCKH AJMMHOH MeHbule 0,5 M NOJKHB MMETh CTpeJy
nporu6a He Gosee 1 mm. Jlocku nauHo# ot 0,5 1o 1 m moryr
HMeTb cTpesy nporuba He Gosee 2 mm.

Jns Tex xe ueJseil, yTo U Mpamop, NpHUMEHseTCs] YacTo
npyroii Matepuan — mndep. lndep npencrasasier co6oit
XUMHUYECKH CTOMKHE, IVIMHUCTBIH cnaHell. Jlocku H3 wHdepa
NPHMEHSIIOT TOJIbKO HeGOJBLIHX pa3MepoB.

§ 84. CNIOAA

Cuiofia — 3TO MHHepaJ CJIOHCTOr0 CTPOEeHHSs!, IPHMeHseT-
csl OBYX THUIOB: MYCKOBHT, /M KaJsHilHas ciaiopna, H ¢Joro-
MUT, WIM KaJuHHO-MarHe3uToBas c/iofa. B snekTpoTexHuke
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cJii0jla TIpHMEHsIeTCs] BOCbMH OCHOBHBIX HOMEpOB, KOTOpbIe
onpegensiioTcss pa3mepamu nuactid. Cuawony no6eiBaior B
BHJIE KDHCTAJJIOB, KOTOpble BIOCJEACTBMH DasaeJsiloT Ha
IJIaCTHHLI TOJIIHHOH o 0,004 mm.

Caofga MoXeT CBOGOIHO BBIAEPXKHBAaTh HarpeB a0 Jo-
BOJILHO BHICOKO! TeMnepaTypsl. MyCKOBHT MOXHO Harpesarthb
no 400°, a ¢uoronur — go 800°.

Caioga orsnyaetcss 60/bwOHR THOKOCTBIO. JINCTOK CaIO[(bI
MOXHO CBOGOJHO HAKpPyYHBaThb Ha CTepXeHb JHaMeTpOM
3 mm, He Omacasicb TMOSIBJEHHS TPEIIHH.

INpo6uBHas npouHocTh caw0Abl ToamHHON 0,05 mm mpu
yacrore 50 nepuonos cocrasasier 2000 k8/cm; a npu TonLIMHe
1 mm — Toabko 500 ke/cm. Iasi HanpsixKeHHI BBICOKOM ua-
CTOTHl 3Ta NPOYHOCTL ObiBaeT He Gosiee 50 ke/cm.

Flpo6uBHasi NPOYHOCTh CAIOAB CHHXKaeTcs, ec/u Ha Heil
1MeloTCs NATHA. Y enbHoe 06beMHOe CONpPOTHBJIEHHE YHCTO-
ro myckosuta 10¥—10'S om - cm; ecnn Ke MYCKOBUT UMeeT
TeMHble MNATHA, yaejbHOe 0O0beMHOe CONPOTHBJEHHE CHH-
xkaercs no 10—10° om.» ca.

B a/eKTpOoTeXHHKe cCJIOfa NpHMEHsieTcss Kak B BHAE
LleJiblX [IaCTHHOK, Tak M B BHAe MHKaHHTA, NOJyYaemoro
CKJIeBaHUEM IJIACTHHOK LUHMAHOH CJIOMBL.

B 3anekTpoTexHHKe cJI04a NPHMEHAETCS JJIs BCEBO3MOXK-
HLIX H30JIHPYIOIIHX TNPOK/NANOK, Waib, MJIacTHH, Kak JIH-
3JIeKTPUK AJIs KOHIEHCATOPOB M IJs1 JPYTHX LieJeit.

KoHpeHcaTophbl ¢ JU3JEKTPHKOM H3 CJIIOALI HMEIOT 3HauH-
TEJIbHYI0O €MKOCTh Ha eJHHHUY 06beMa M BBICOKYIO NpOGUB-
1110 NPOYHOCTb.

§ 85. ACBECT

Ac6ect — 3TO0 MHHepaJ, HMEIOIIHH CJ0XKHOe CTPOEHHe.
ViMeeTcsi HECKOJIbKO pa3HOBHJHOCTelH ac6ecra, Ho HamboJsee
pacnpocTpaHeH KpH30THJIOBLIH. B MHpoBoH noGeiue ac6ecra
KPU30THJOBLI ac6ect coctaBisier 95% Bcero noGbiBaeMoro
KoJimuecTBa. B ropHeix mopomax ac6ect BCTpeyaeTcsi B BUJe
MWJI, TOJILHHA KOTOPBHIX ObIBaeT OT JoJiell MHJJIMMETpa A0
HECKOJIbKUX caHTHMeTpoB. UeMm nJMHHee BOJIOKHO acbecra,
TeM oH Jopoxe. HanGosee BHICOKOCOPTHOH ABJISIETCSE MapKa
AA. K Hell oTHOCHTCcs ac6ecT ¢ JJIMHON BOJIOKHA He MeHee
18 mm. AcGecT pasjHuaiOT MO CTENEHH JKECTKOCTH M pasje-
JSOT ero B 9TOM OTHOILIEHMH Ha TPH KAaTErOpHH: XKECTKHil,
nojgyxectkHit 1 Markuii. [Ipumecu xenesa B acGecte 3Ha-
YHTEJbHO CHHKAKIOT €ro KauecTso.
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AcGect oT/1MuaeTcs BEICOKOH yCTOHYMBOCTbIO IPH Harpese
M XOpOLIMMH 3JIEKTPOH30J/sILHOHHBIMH KavyecTBaMH. Hepgo-
cTaTKoM acbecTa ABJIS€TCA BLICOKAsl €ro THIPOCKONMHYHOCTD.

st sJeKTpoTeXHHUeCKUX Lesell M3 acbecTa H3roToB-
J10T ac6ecTOBYIO M30J5LHI0 OOMOTOYHBIX NMPOBOAOB, GyMa-
Iy, KAPTOH, TEKCTH/IbHbIE U ApYrHe U3JIesHs.

AcGecToBHII TEKCTH/Ib HMeeT NPOOHUBHYIO MPOYHOCTD
10 x8/cm npu Tonmuue 1,7—2 mm. AcGectoBas eHTa BbINY-
ckaercsi TojuuHoi 0,5—0,9 mm. [Ipo6GuBHas npouHoCTh ee
20 x8/cm. I1pu mmpuHe NeHTH B 15 MM ee pa3phbIBHOe ycuiue
He MeHee 5 kI

AcGecroBasi JleHTa GblBaeT XKeJNe3HCTasi C COAepXKaHHeEM
xesesa fo 7% u Ge3xesesucras.

§ 86. CTEKNO

CrekJio BapaT M3 Necka, cogsl U Mesa. OHO COCTOUT u3
KpeMHe3eMa, OKHCJIOB 11eJIOUHBIX MeTaJslJI0B, OKHCJIOB LIeJ10Y-
HO-3eMeJIbHBIX MeTaJIJIOB H JPYrHX oKucsaoB. Ecau B cocras
CTeKJa BBOAUTCS aJIOMHHMH, LIMHK, CBHHEL, €ro CBOMCTBO
pe3ko n3Mmensercs. [Ipu6aBieHne IHHKA yBeJHUHBaeT MPoY-
HOCTb CT€KJa Ha pa3phbiB, LUEJOYHbIE OKHUC/BI YBEJHUNUBAIOT
nu3JIeKTpHyeckue notepd U T. A. Crekno pasnuyaior 6opo-
CHJIMKAaTHOe, KaJlieBoe, HaTpHEeBO-CBHHLOBOE, HaTPHUEBO-
Kaspuuesoe. Crekna messT Ha Tpu rpynnsl. Ilepsas rpyn-
na — 3TO LIeJIoYHble cTek/J1a 6e3 THAMKeJNbIX OKHCJIOB HJH C
He3HAUUTeJNbHEIM HX COfepXKaHHeM. DTa rpymnna crek/a UIeT
Ha u3rotoB/ieHHe OyThLIOK. Clofa 3Ke OTHOCATCS OKOHHhIE
M 3epKaJjibHble cTeksga. Ko BTOpoiH rpymnme oTHOCATCH Lie-
JIOYHBIE CTeKJa ¢ GOJIbIIUM COJEepXKAHHEM  THAXKeNbIX
OKHCJIOB.

Tperbs rpynna — 310 GecliesouHble CTeKa.

YaeabHoe 06beMHOE CONPOTHBJIEHHE CTeKJa MepBoil W
BTOpPO# rpynnsl KoJjebaercst ot 2+ 108 no 2 - 10 om-cm, a Tpe-
Thed rpynnel — 10 3+ 10'3 om - cm. Jusnekrpuueckas npoHH-
1aeMOCTb CTeKkJa nepBodl rpymnel 5—7, BTOpoit — 7—I11
TpeTbeii — 5—9. OCHOBHBLIM HEIOCTATKOM CTEKOJ SIBJISIeTCSs
MX BBICOKAsl XPYNKOCTb.

CTeKkJI0 3HAYHTEJLHO TepsieT CBOM 3JIEKTPOTEXHHYECKHe
KauecTBa NMPH yBeJHUYEHHWH TeMIepaTypbl U BJIaXKHOCTH.

IIpuMeHsieTCs1 CTEKJIO AJIs1 H3TOTOBJIEHUS CTEKJISIHHOTO BO-
noxHa, CTek/siHHOEe BOJIOKHO MO CPaBHEHHIO CO CTEKJOM
MMeeT GoJsiblIyl0 MexaHHYecKylo mnpoyHocTb. OHo OGoJee
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YCTOHUMBO NpH HAarpeBaHHU, YeM XJOM4aToGyMaXxKHOe U wieJ-
KOBOE BOJIOKHO, H HE MeHee TMI'DOCKOMHYHO.

§ 87. KEPAMMKA

W3 xepamuyeckux u3jennil yaile BCEro B 3/JEKTPOTEXHH-
Ke npuMensiercsi ¢apdop. B cocraB dapdopa BxomsT kao-
JIMH, KBapl, aoJeBni wnar. Ilpu HarotoBaennu dapdopa
3TH BeLIeCTBa H3MeJbYaOT U NMepeMelunBaioT ¢ Bopoil. [Ipu
TOM o6pa3yercss Macca, W3 KOTOpOil TOTOBAT pa3jiHUHBIE
3JIEKTPOU30JISILIIOHHble M3Je/Usl OTJIMBKOH MJIM NpPECCOBKOH.
HsonaTtopel oTsimBaloTcst B rHNcoBuix ¢opmax. Ilpu Mmacco-
BOM BLINYCKe MEJIKHX H3IeJHH HX NPeccyioT B CTaJbHBIX
¢dopmax. HekoTtoprle u3nenns 60JbIINX pa3MepoB H3roTae-
JauBalT o6Toukoli 60/BAaHOK Ha Bpauiampuemcs crose. HMa-
nenus u3 ¢pappopa NOKPHBAIOT IJ1a3yphlo, KOTOpas Npuaaer
KepaMHKe IVISHUEBYIO NOBEPXHOCTh U NPeIOXpaHsieT OT BIH-
ThIBaHUs Baary. [Tocsie 310r0 H3nenus 0GKHraloT B Ne4d NpH
Temnepatype 1350—1400°. Uro6el npepoxpaHuTh ¢apdop
OT HENOCPEeACTBEHHOrO BO3LEHCTBUS OrHs, H3JeJHs TOMe-
IAIOT B KOHCOJIH H3 QTrHecTOHKo# TIiuHBL IIpu o6xuraHuu
dapdop Tepser BOLY, H NPOHCXOAHT Yycaaka. Beanunna
ycagku gocturaer 209%. i

Mexanuueckas npouyHocTb papdopa BO3pacTaer npH yBe-
JINYEHHH B COCTaBe MacChl KOJIHYECTBA KBapla H MOJEBOr0
lnara, ogHako 60JblIoe KOJHYeCTBO MOJIEBOrO WINAaTa MpH-
BOJMT K CHHIKEHHIO JIEKTPHYECKHX KayecTs.

YnenbHoe o6beMHoe conpoTHBJAeHHe ¢daphopa —
10" om:cm. YneabHoe TOBEPXHOCTHOE CONPOTHBJIEHHE
npu 90% oTHocuTesnbHO#H BaaxHOCTH — 108 oM, MH3AEKTPH-
yeckass mnpoHuudeMmoctb — 6. IlpoGuBHasi HanpsKeHHOCTD
npyu 50 nepuogax — 200—250 xa/cm.

JuajekTpHuecKkHe INOTEepH HAUHHAIOT 3aMeTHO BO3pa-
cTaTh npH Temnepatype 80—100°.

B panmnorexnuke npumeHsercs paguodapodop, oranyawo-
wmuica yJyYHIeHHBIMH 3JIEKTPHUECKMMH XapaKTepPHCTHKaMHu
W MeXaHHYeCKHMH KauecTBaMH. IIpH H3roToB/ieHMH pajuo-
dapdopa B Maccy 106aBJSIOT OKHCh GapHsi.

§ 88. U3ONIMPYIOLLME BELLLECTBA M3 MAACTMACC

InacTHuyecKUMH MaccaMH Ha3bIBAIOT MaTepHaJkbl, €0CTOA-
1He H3 CBA3bIBAKOILIEro BeulecTBa H HAIOJHHUTE/A.
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B kauyecTBe Hamo/sHHTeJsT OOBLIYHO MNpHMeHsieTcs Medl,
TaJbK, MpaMOpHasl MyKa, JpeBecHass MyKa, MOJIOTas CJI0Aa,
ac6ecToBoe BOJIOKHO M ApyrHe. [To xapakrepy cBsi3ylolero
BellleCTBa MJIACTMAcChl MOXKHO pa3fesHTb Ha TPH OCHOBHbIC
Kateropuu. K nepBoil KaTeropuu OTHOCATCS MJacTMacchl Ha
HCKYCCTBEHHBIX CMOJIaX, KO BTOPOH — Ha eCTEeCTBEHHbIX CMO-
Jax M K TpeTbeH — MJacTMacCh HAa HEOPraHHYEeCKOM CBf-
ayomeM. M3nenuss U3 njactmacc nosyyaloT HPecCOBaHHEM
nop nasjeHdeM. [last okpacku naactmacc A06aBJsIIOTCA pas-
JIMYHble KPaCHTeJH.

B 3/ieKTpOoTeXHHKe NPHMEHSIOTCSl Pa3J/IHuHBe IlJlacTMac-
cBl, HauGosiee pacnpoCTpaHEHHBIMM H3 HHX SIBJSIOTCS TeK-
CTOJIUT, TEeTHHAKC, 300HHT, NOJHXJOPBHHHUJ, IyTTanepya H
apyrue.

I'eTnHakc— 310 NyacTmacca, H3roToBJeHHast Ha HC-
KyCCTBEHHOH cMoJjie. [/ ee HM3roToB/eHHsl CJIOH Gymaru
MPONUTHIBAIOT GaKeJHTOBOH CMOJIOH, a 3aTeM NpeccyioT B
ropsiueM BuIe. ['eTHHaKC BLINYCKaeTcss NPOMBILIIEHHOCTBIO
B BHJE JUCTOB TOJNLHHONH 1—50 mm u B Buge TPyGOK H M-
JIMHJPOB U NPHMEHSIETCS] HECKONBKUX MapOK, HMEIOILHX CBOH
ocoOble KavecTBa. I'eTHHaKc Mapkn A HMeeT NOBHILIEHHYIO
3JIeKTPHUECKYI0 TPOYHOCTh, MapKH B — moBbIleHHYI0 Mexa-
HHYECKYI0 MPOYHOCTh H NpefHasHaueH IJs paGoThl HA BO3-
nyxe. I'eTuHakc Mapku B ornHuaercss HUSKUMH JHAJ/IEKTpH-
YeCKHMH NOTEePSMH H NpHMeHsieTcsi B TeslehOHHON U paaHo-
anmaparype.

TekcToJaHT npencTaniasieT coOOH TakXKe CJOHCTYIO
maactmaccy. Ero nosyuwaroT ropsueii npeccoBKOH cjoeB
xsonyato6yMaxKHoH TKaHH, NIPONHTAHHOH 6aKeJHTOBOH CMO-
Joit. Tekcroaut Beinyckaercss mapok A u B. Tekcronut Map-
KH A HMMeeT NOBBILIEHHBIE 3JIEKTPHYECKHe CBOHCTBA M mpej-
Ha3HauaeTcss A/5 paboThl B TpaHchOPMATOPHOM MacJae, a
Mapkd b oTiHuaeTcss NOBLIMIEHHOH MeXaHHYeCKOH mpou-
HOCTBbIO H TNPHIOJieH JJsi paboTe Ha BO3JyXe NpH TeMmnepa-
Type 105° u B TpaHchopmaTopHOM Macse mo 90°.

D6O0HHUT OGLIYHO H3TOTOBJSIETCS Ha CHHTETHYECKOM
Kayuyyke. [1pOMBbIIIIEHHOCTh BHINYCKaeT 36GOHHT B JIMCTaX
pas3JMYHOH TOJILMHEL, B MaJKax AJUHOK 10 | M U nHaMeTpoM
10 75 mm, B Tpy6Kax ¢ BHYTPEHHHM AHaMeTpoM 8—74 mm.
Ipo6uBHas npouHoctb 360HHTa 200—270 x8/cm. [nanex-
TpHyeckasi npoHunaeMmocts npu 50 nepuogax — 3,2, Ilpou-
HocTb 360HHTa Ha uaru6 paBHa 760 xI'/cm®. ¥YnaenbHoe 06b-
eMHoe compoTtuBsenne 1015 om - cm.
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[TonuxnopBHHHUJ IUMPOKO NPHMEHseTCs AJs H30-
JISILMK NPOBOJOB M KabeJeH.

IMonuxnopBHHKMI — 3TO mJjacTMacca, 6Ju3Kas no Mexa-
HHYECKOH NMpPOYHOCTH H MO BHElIHeMY BHAY K pe3HHe. DTa
njacTMacca IoJiyyaeTcss B pe3yJbTaTe INOJHMepH3alMH
XJIODBHHHJIA ¢ NpUMechbi0 HamosHuTenss M Msruureas. Ilo-
JIUXJIOPBUHUJ He GOMTCS KHCJOT, llesodell, 6eH3HHA, TpaHC-
¢opmaropHoro Macsaa. Ero MOXHO NDHMEHATb NpPH TeMIe-
patypax or —20° po +65°. C mnoBblllieHHEM TeMIepaTypbl
€ro H30JHpYIOlMe KayecTBA 3HAYHTENBHO YXYAIUAIOTCS.
[Tpo6usuas npoyHocts 100—200 k8/cm.

Fyrramepua—3T0 mnjactmMacca Ha ecTeCTBEHHOl
cmoste. Jlo6biBaeTcsi OHa M3 AepPeBbeB H KYCTaPHHKOB H30-
HaHapa, s5yKoMMmHusi ¥ Apyrux. I'yrranepua uMeer xopoiuue
M30JIUPYIOLlHe KayeCcTBa M CIIOCOOHOCTb NMpPeKpacHo coxpa-
HsaTbcsl B Boge. OHa HCNOJIb3yeTCsl AJsl M30JALUH NOABOA-
HbIX Kabeuseil. Ha Bo3gyxe ryTranepua TepsieT CBOM KauecTBa
1 npH Temnepartype 37° CTaHOBUTCA MSTKOH.

§ 89. NAPAGUH

[Tapadun — sto BockooGpa3Hoe BewlecTBo. TakHe Belle-
CTBa NPHMEHSIOTCS B 3JIEKTPOTEXHHKe IJs 3aJHBKU KOHIEH-
caTopoB, TpaHC(HOPMAToOpOB, a TaKKe MJs NMPONHTKH [eTa-
Jell U M3geJaui.

[lapajpun no6eiBaroT H3 HedTH, CMOJB], O6yporo yris,
Topda.

ITonyuennniit u3 HedTH napacdun ayuime, yeM U3 6yporo
yras.

ITpu narpeBanun napacduHa KO pacnjaBJeHHOrO COCTOS-
HUs 06beM ero yBesauuuBaercs Ha 11—15%. [Tapadunn Gbi-
BAlOT BBICOKOOUMIIEHHEIE, OUHLIEHHbBe U HEeOUHIleHHbe, Bbl-
COKOOUMILeHHEIe mapaduHEl, OCTaBJeHHble Ha pacCesiHHOM
JHEBHOM CBeTe Ha ceMb JHeH, He xeareloT. Mx Touka nnas-
neHus 52—>54°,

Heounuiensble napaduHbl HMEIOT KeJNThl LBET H TOYKY
nsasJeHus: okoso 42°. Xopouwuit napaduH He HOKEH HMEThb
3anaxa, ColepIKaTh KHCJOT, lleJioueil H MeXaHHYeCKUX NpH-
Mecei.

§ 90. BUTYMBI

BHTYMBl — 3TO NPOLYKTHl OKHC/EHHS HedTH. OHH Obl-
BAlOT HCKYCCTBEHHbIE H €CTECTBEHHBHIE.
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HckyccTBeHHBIe GHTYMBI MOJYYalOT B Pe3yAbTaTe NMPOAY-
BaHHsl TOpsiyero Bo3ayxa uyepe3 HedTb wau Masyr. Ecrecrt-
BeHHble GHTYMBI HJM acdaJjbThl BO3HHKAIOT IPH OKHCJIEHHH
HeTH B NPHPOJHBIX ycJOBHAX. EcrecTBeHHble GHTYMBI pas-
msAryaioorcs npu temnepatrype 180—190°. Temneparypa pas-
MSATYEHHS] HCKYCCTBEHHBIX GMTYMOB KoJie6GJieTcst B Nnpepesax
30—90°.

YnenbHOEe 06beMHOE CONpPOTHBJIEHHe GUTYMOB npu 20°—
10" om - cm, npu 80° — 10" om - cm. TIpo6GUBHAs NMPOYHOCTH
100—300 x8/cm.

§ 91. BOJIOKHMUCTBIE MATEPUANDI

K ecrecTBeHHBIM BOJIOKHHCTBIM MaTepuasnamM NpHHAAJe-
JKaT HATypa/bHBIH IUEJK, XJOMOK, IXKYT U Apyrue.

BonokHHCTEIE MaTepHasnbl  OTJHYAIOTCS  HPOYHOCTBIO,
6oJibIOH TMOKOCTBIO, JelleBH3HOH. X mpumeHsiloT B aJek-
TPOTEXHHKe B PA3HBIX BHJAaX. TKaHU H JIEHThl HUCMOJB3YIOT
NpH U30JHPOBAHHM OOGMOTOK TPaHC(HOPMATOPOB M 3JEKTPO-
MaLlIKH,

B npousBoacTBe kaGeseil 1 KOHZEHCATOPOB HCNOMB3YIOT
cnenHanbHylo 6ymary. s o6MOTKH M OMJIETKH NMPOBOAOB
APHUMEHSIOT NpsixXy. KapToHsl HAYT Ha H3TOTOBJIEHHE NPOKAA-
JOK, KapKacoB KaTyllIek.

Ons yaydiueHHss H30JSILMM TKAHH 4YacTO NPONHMTHIBAIOT
JakaMH. JIakoTKaHH MAYT Ha OOMOTKM NpPOBOJOB, HLpocce-
Jel u np.

BpemeHHoe compoTHBJIEHHE Ha pasphB JaKOTKaHeil
1,2—5 «['/mm2 Ilpo6uBHas mnpouyHocts npu 50 ey mns
Pa3HBIX THIOB JIAKOTKAaHHM HaXO#MTCH B mnpepenax 240 —
700 ks/cm.

151 MOHTaXHbIX paboT NPHMEHSIOT JIMNKHE JIEHTHl Npo-
pesuHeHHble M cMoJisiHble. IIpope3nHeHHas JieHTa BbINY-
CKaeTcs pa3HOil LIHPHHBI H HaMaThIBaeTCsl B KPYTH QHaMeT-
poMm 150 mm. Jlenra mmpuHo#fi 20 mm npu QuaMeTpe Kpyra
150 mm Becut 350 2. Pa3pbiBHOE ycHJsHe 3TOMH JIEHTH 4 K2 Ha
KaXJblif CAHTHMETP IIHPHHBL.

JJ1s1 H3rOTOBJIEHHSI CMOJISTHOH JIEHTLI TEKCTUJIb NPOMUTHI-
BalOT GHTYMOM, K KOTOPOMY AO0aB/ISIIOT MHHepaJ/JibHOE Mac-
a0 U HemHoro kaHudosau. [Ipo6uBHOe HanpsKeHHe TaKoOi
JIeHTHl He MeHee 2500 8 mJjs OQHOTO CJIOA.

Nsonanuonnas OyMara H3rOTOBJISIETCS M3 LEJJII0J03bl
TpAnbs U Apyroro ceipbsi. KabGenbHass 6ymara npuMeHsieTcA
IJISl M30JIILUM XKHJ CHJIOBBIX Kabeseit n Kabeseil 3/1eKTpo-
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ceasu. Ilpo6uBHas npouHocth ee 80—90 «ka8/cm. [IAa KoH-
JeHcaTopHOi GyMarn npo6GMBHOe HaNpsiKeHHe He MeHee
275 @ npu OTHOCHTEJNBHOH BJIaXKHOCTH 65%.

§ 92. NAKM

DJIeKTPOU3OSALIMOHHbIE JIaKM [0Jy4aioT pacTBOpPeHHEM
B CMEIMAaJIbHEIX PACTBOPUTE/SX BBICHIXAIOIHX MaceJs, CMOJI,
CHKKaTHBOB, MNJacTH(PHKATOPOB U Kpacutesaeil. Pacreopu-
TeJSIMH CJYXKaT cnupT, 6eH3nH, 6eH3osn. CHKKaTHBH CHoOCo6-
CTBYIOT Gojiee OLICTPOMY BBICBIXaHHIO JIAaKOB, a MJIACTH(H-
KaTopbl NPHAAIOT JAaKOBOMY CJOK NsacthyHocTb. OCHOBOM
MHOTHX JIaKOB CJYXHT JbHAHOe Macnao. M3 srtoro macaa
roToBsIT oOJHdy, NepeBapHBas MacjJO C CHKKaTHBaMH.
Baoaropaps sToMy oJsucda COXHET B JNeCATKH pa3 GHICTpee
MmacJaa.

Becbma npouHyo JIaKOBYI0 MJIEHKY HAlOT CMOJEBI, KOTO-
pble CJyKaT OCHOBOl HEKOTOpHIX JakoB. OmHO# M3 TaKux
CMOJI sIBJIsIeTCS LUesJiaK.

Hlennak — 3T0 ecTecTBeHHasi CMOJIa, MOJydaeMasi B BUJe
yemyex u3 pacrenuil. lllessiak pacTBopsiercs B 3THJIOBOM
cnupre. Ero sJexTpoTexHHUecKHe CBOHCTBa cJeaylolLiue:
yaeabHoe o6beMHOe conpoTtuBiaenue 10'5 om « cm, 1M3JIEKTPH-
yeckasi NpOHHIAeMOCTb 3—§8, npo6GHBHas NPOYHOCTh 50—
60 xefcm.

Illnpoxo npuMeHsieTcs AJIA pas3HbIX Leneit KaHH]OJb, MO-
JyyaeMasi B pe3ysabTaTe 06pabOTKM CMOJBI XBONHHIX Je-
peBbEB.

INocne ynanenuss u3 CMOJIbI CKMIHAApa OCTaeTcsi KaHH-
tdonb. YuenoHoe 06beMHOE CONPOTHBJEHHe KaHHpon 1015—
10'® om - cm, nusnekTpHUecKas npoHHuaeMmocts 3,5. Kauu-
¢oab ObiBaeT BhICHIEro (cBeTsast), NepBOro (xeartas) H
BTOPOro (TeMHasi) COpPTOB.

Jlaky pas/inualoT NPONMUTOYHBIE, NOKPOBHBIE W KJjes-
e,

TlponuTouHble 1 NOKPOBHBIE JIAKH YJYYIIAIOT 3JEKTpUYe-
ckve cBolicTBa u3pmesuid. [Tocsie Toro Kak J1ak BEICHIXaeT,
MOBbILIAETCS NPOOHBHAS TNPOYHOCTb, TEMJIONPOBOAHOETD,
MeXaHHYecKass MPOYHOCTb, YMEHbIIAaeTCsl MMI'POCKOMHYHOCTb
U3aeNui.



rnasa 3
nonynpOBOAHUKMN

§ 93. COCTOSIHUE [ PA3BMTME NONYNPOBOAHMKOBON
TEXHHUKM

Ha nporsxeHHH MHOrHX JIeT OCHOBHBIMM MaTepHajaMil,
ITMPOKO NMPHMEHSIBLIHMHCS B 3JIEKTPOTEXHHKe, GbIIH MeTaJ-
JIHYeCKHe NPOBOAHHKM M H30JHpYylomHe BewectBa. OnHako
B NOcJenHHe rofnl Bce GoJiee H Gosiee BHeADPSAIOTCS Bellte-
CTBa, (PU3HUECKHe CBOHCTBA KOTOPHIX HE NMO3BOJISIIOT MPHUYHC-
JUTh HX HH K OZHOI H3 3THX rpynn. TakHMU npoMexyrou-
HBIMH MaTepHaJlaMH SIBJSIOTCS MOJYNPOBOIHHKH.

I'ny60okoe U BHHMaTeJbHOE HCCAeNOBaHHe O0COOGEHHOCTEH
MOJIYNPOBOAHHKOBLIX BELIECTB NPHBEJO K OTKPHITHIO BECbMA
HHTEPeCHBIX HX CBOHCTB, HEOXHIAHHHIX C TOYKM 3PEHH7A
NPHBBIYHBIX TPENCTaB/eHHH 06 3/JIeKTPOTEXHHYECKHX Mare-
puanax. DTH CBOHCTBA HIHPOKO HCIOJIB3YIOTCH B COBPeMEH-
HOH TeXHUKe,

B Hame BpeMs NOJYNPOBOZHHMKH y:Ke HALIH IIHPOKOE
npuMeHeHHe. C NMOMOUIbIO YCTPOHCTB, B KOTOPHIX HCIOJb3Y-
I0TCS1 HEOOBIKHOBEHHblE CBOMCTBA MOJIYIPOBOLHHKOB, MOXHO
reHepHpOBaTh PAZMOBOJHLI MJH YCHJIHBAThb TOKH BBICOKOIl
yacToThl. MOXHO Takxe IpeBpallaTh NEepEeMeHHBbI TOK B
NnoCTOSTHHBIA. [ToMynIpOBOAHHKH MOXKHO NPHMEHSATh AJ14 pery-
JMPOBAHUS TOKA M HANpSIXKEHHS, H3MeDeHHs] TeMmepaTyphl
H OCBelleHHOCTH MoMelleHHH. [Ipy nomomu nonynpoBoOgHH-
KOB Ha JeciITKH KHJIOMETPOB MOXHO TlepefaBaTh CHT-
HaJibl 0 HAJIMYUH CBETSAIIHMXCS HJIH H3JyYalolUX TEelJo npel-
METOB.

[TonynpoBOZHHKH NpPEBPAalLIalOT TEMJIOBYIO H 3BYKOBYIO
SHepruio B 3JeKTpHyecKylo. C NOMOILILIO NOJYNPOBOAHHKOB
[OJIYYaloT Temjo M XOJIOH, KOHUEHTPHPYIOT 3JIEKTPHUECKYIO
W MarHUTHYIO 3HEPTrHIO M T. 1.

B ocBoeHHM NOJYNPOBOJHHKOB M NPHMEHEHHH HX AJ
pas/MuHBIX LieJedl COBpeMEHHOH TeXHHKH ellle JaJeKo He
Bce ciaenaHo. HayuHo-TexHHUecKoe npenBHIeHHe MO3BOJSET
NPeNoNOXHTL CO Bcell peaslbHOCTBIO, YTO B HenaseKoM Gy-
IYIIEM MOJYNPOBOJHHKOBbLIE YCTPOHCTBA BHITECHAT GOJMBIIYIO
YacTh MApOBHIX MAaLIMH U IeHepaTopoB.

[TosynpOBOOHHKH 3aMeHSIT 3JIEKTPOHHbIE JlaMIbl B pa-
nuotexHHke. [IpHMeHeHYe HX B 3TOH OTpacJd BO MHOro pa3s
YMEHBIIUT CTOMMOCTb H pa3Mepbl NPHEMHHKOB, TeJEeBH30pPOB
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W apyrux ycrpoiicte. barapen u3 noaynpoBogHUKOB GynyT
npeBpaliaTh COJHEYHYIO SHEPrHi0 B 3JEKTPHYECKYlo, YTO
NO3BOJIHT IIHPOKO HCIOJNB30BATh COJHEUHBIH CBET LJIS TeX-
HHYEeCKHX U OBITOBLIX LleJiel.

IMoaynpoBonHHKOBbLIE MPHOOPLI NO3BOJSIOT CPABHUTENBHO
JIETKO H MPOCTO OCYLIECTBJIATbL aBTOMaTH3alHIO MPOH3BOA-
CTBEHHBIX NpPEANpPHSTHH W ynpaBjeHHe MaIIMHAMH Ha pac-
CTOSIHUM. DHeprusi pajuOaKTHUBHBLIX H3JyueHHil OynaeT npu
NOMOLIM MNOJYNPOBOJHUKOB MNpeBpallaThCs B 3JIEKTpHUe-
CKYIO.

Takoso COBpPEMEHHOE COCTOsiHHE H 6oJibLLINe NnepCrneKTHBbLI
NpUMEHeHHUs MOJYNPOBOJHUKOBOIH TEXHHKH.

§ 94. CBOXCTBA NMONYNPOBOLHMKOB

an OXJ1aXXJE€HHUH XHIKOIo BeElleCTBa CHJIbI B3aHMHOIi
CBfAA3H MEXJY MOJIeKyJaMH BO3pacTalT H XKHJIKOCTb HauH-
HaeT KpHCTaJJu3npoBaThcsl. Tak, HanmpHMep, MpU OXJaxie-
HUH BOJbI OHa MpeBpallaeTcss B Jied, KOTOPbIH HMeeT KpH-
CTaJlJInYecKoe CTpPOeHHe.

ITpouecc o6pa3oBaHs KPHCTAJJIOB 3aKJI0YaeTCs B TOM,
YTO aTOMbl BelecTBa pAacnoJjaralTcsi B ONpeLeJeHHOM
nopsiike. [Ipy 3TOM COBOKYNHOCTb aTOMOB 00Opa3yeT Tak
Ha3bIBAEMYI0 KPHCTAJIHYECKYIO pelleTKy.

OnHako TOJIBKO Yy 4acTH TBEPAbIX BeleCTB KPHCTa//lHye-
CKas pellieTKa COCTOMT M3 aToMOB. Ecan BellecTBO sIB/IsIETCS
XUMHYECKH CJIOXHBIM, TO KPHCTaJIIHUecKasi pelieTka o6pa-
3yercss M3 HOHOB. [IpHMepOM MOXKeT CJYXHTb KaMeHHas
COJIb MJIM caxap.

B meransnax npu o6pa3oBaHHM KPHCTAJJIOB YacTb 3J€K-
TPOHOB JIETKO OTZEJIsIeTCs] OT aTOMOB.

OTH 3JIeKTPOHLI Ha3blBaloTcsl CBOGOLHBIMM M TNpHHa/e-
aT BCeMY KpHCTaaady, a He OTHe/NbHBIM atoMaM. OHH
06pa3yloT TaK Ha3blBaeMblil «3JIEKTPOHHBIH Tas» M 3amoii-
HAIOT BCe NPOCTPaHCTBO MeTaJusa. Hajuune «asnekTpoHHOro
ra3a» B MeTaJjie MOXeT GbITh NPOAEMOHCTPHPOBAHO Ha CJle-
nyiouieM onbite. Kycok ajioMMHHMA (MM LPYroro MertaJsa)
NOMECTHM B 3JIEKTPHUECKOM II0JIe MEeXJy MNOJOMXHTeJNbHbIM
H oTpHuAaTesNbHbIM 3JexkTpomaMu. IIpm 3TOM 3JeKTpoHbI
ycTpeMsTesi K TNOJNOXKHTEJIbHOMY 3JIeKTPOAY, T. €. B aJIOMH-
HUH o6Gpa3yeTcsi 3JeKTpHUecKuit Tok. Ecan B ajekTpuueckoe
rojie NOMECTHTb KYCOK Cepbl, TO HMKaKOro TOKa B cepe He
6yner. Ilejqo B TOM, YTO B KPHCTAJJIM4ECKOH pelleTKe cepbl

141



3JIEKTPOHEl ATOMOB MPOYHO CBSA3aHB C aTOMaMH, T. e. cepa
He HMeeT CBOGOAHBIX 3JEKTPOHOB.

Yacruubl, o6pasyioliye KpHCTaJJl, pacrnojaralorcs Tak,
4TO moJiyuaeTcs NpaBHJbHAs, 3aKOHOMEPHO MOCTpOeHHad
npocTpaHCTBEHHAsl pelleTka. HacTHIB HaXoAATCs B Y3/4X
3TOH NpPOCTpaHCTBEHHONM peweTkH. Ecau Takoe KpucTasmiu-
yecKoe TeJI0 HarpeBaTh, TO TeNJOBOE [ABHIKEHHE YaCTHIL
Oymer 3ak/04aThCs B KosJeGaHWH YAaCTHI[ BO3je y3J0B pe-
wetkd. Takum 06pa3oM, y3Jibl ABJAIOTCS LleHTPaMH Koseba-
TeJIbHOrO ABHMXKEHHsI YacTHI, KO-
TOpble Kak Obl NMPHBSA3aHHl K y3-
JlaM IPOCTPaHCTBEHHOH pelleTKH.

B coorBercTBHM ¢ TeM, UTO
NpeacTaBaSIOT COGOH YacCTHLHL,
o6pasyloiue KpHCTaJJ, MOTYT
GBITb aTOMHbIEe, HOHHBIE HJIM MO-

X

|
/

v—ﬁ' JIeKYJISipHble PelIeTKH.
OpnHoit w3 HauboJsiee THUIHY-
HbIX §ABJIIETCA KPHCTaJJIHUeCKas
o Hampudl pemerka kaMeHHoil coau. OHa
© XﬂUp COCTOHT U3 HOHOB HATpHA H XJIO-
Puc. 95. Kpucraanuyeckas Pa u H3oGpaxeHa Ha puc. 95.
pelweTka KaMeHHO# coJu. HAas Kaxporo Kpucraiia

CTPYKTYypa pelleTKH U ero popma
3aBUCAT OT CHJ B3aHMONEHCTBUA MeEXAY YacTHLaMH, ee
06pasyIoUUMH.

YacTuibl CTPEMATCS PaclONOXHTbCS TaK, YTOGbI HacCTy-
MUJI0 YCTOHUYMBOE DPaBHOBeCHe MEXIY CHJIaMH B3auMogei-
CTBUA. DTO 3HAYHT, YTO MNOPSAOK IOCTPOEHHs KpPHUCTa/a
onpejeJsercss TeM INOJOXKEHHEM, NPY KOTOPOM INOTEHLHaJsb-
Has 3HepPTusi BHYTPH ero 6yneT MHMHHMaJ/bHOH. Ilpu satom
yacTHIBl 6YAyT y/a0oXKeHb HanboJee MIOTHO U PallHOHAJLHO.

IToBeneHne 371€KTPOHOB B KPHCTaJJIaX CTAHOBHTCH [10-
HATHBIM, €CJHM paso6paTecsl, KaK BeayT ce6Gst 3JeKTPOHbI
B OTHEJbHBIX aTOMax, 00pa3yloliHX KPHCTaJJ, DJIEKTPOH
MOKeT GbiTh B HODMAaJbHOM HJIH BO3OYXIEHHOM COCTOSIHHH.

DJIEKTPOHLl B aTOMax HMEIOT CTPOTO ONpejiesieHHOe KO-
JINYECTBO SHeprHH. B HOPMAa/nbHOM COCTOSIHHH 3JIEKTPOH
COePXKHUT HaHMEHbIYIO0 BeJTHYHHY SHEPTHH H3 BCEX BO3MOXK-
HBIX AJI9 aToMa 3HayeHH#. Ec/M H3BHe 3JIeKTPOHY COOGIIMTD
JOMOJIHUTEJILHYIO SHEPTHIO B TAKOM KOJHYeCTBe, YTOOBl CyM-
MapHasi SHePrMs aToMa H BHOBb [IOJIy4eHHasi MOpLHS pas-
HSJINCh cJlefyoweil JONyCTHMOH IpaHUIle SHEePTHH B aToMe,
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3JIeKTPOH nepeiger B 6osee BEICOKOE 3IHEPreTHUYECKOE
cocTosiHHe. B 3TOM cllyyae roBOpSIT, YTO aTOM BO3G6YKIeH
H 3JIEKTPOH HaXOAMTCH B BO3OYXAEHHOM COCTOSIHHH.

DNIeKTPOH MOXET NOJYUYHTb TAaKyl0 3HAYHTEJbHYIO MOp-
UHIO 3HEPrHH, NMPH KOTOPOH OH OTOopBeTCs OoT atoMa. [lpu
3TOM MPOUCXOJUT HOHH3aLHA aToMa.

DJIeKTPOHBI B aTOME MOT'YT HAXOAMTBCS TOJILKO JIMIIb HA
onpejie/IeHHbIX 3SHEpPreTHYeCKHXx ypoBHAX. OHM He Moryr
ObITh B IPOMEXKYTOUHBIX MEXIY 3THMH YPOBHSMH 3HEpreTH-
YecKHX cOCTOSIHHAX. [IpoMexxyTouHble YPOBHU ABJASIOTCS AJ5
HHX Kak Obl «3anpeuieHHbIMH 30Hamu». [TosToMy u npuo6-
peTeHHe 3JIEKTPOHOM 3HEPrHH, H TOTeps ee IPOUCXOJMT HE
nJaaBHO, a ckaukaMH. IIpu nepexonme 3/7€KTPOHAa OT OIHOrO
3HEepPreTHYECKOro YPOBHS K APYTrOMY BBIIEJSI€TCS HJIH IOIJIO-
maercsi OAUH KBaHT CBeTa.

OnbiT  MOKa3LIBACT,  UTO  Momans Nonynpobodwu H3ensmop
cBeT IOIJIOLlaeTcsi U H3Jyya- :
eTcsl He HenpephBHBIM MOTO- 2
KOM, a OTHEJbHBIMH MOpPLHS- 2 )
MH, KOTOpble Ha3biBAalOT KBaH- =K
TamMi wad ¢otoHamu. Ta or-
pacib HaykH, Kotopasi o6bsic- 1 1 7
HsieT M3JI0XKeHHble BhbIlle 3a-

MeuyaTeJibHbIe 00069HHOCTH PHC. 96' SHepreTqucKa” CTPYK-
CBeTa M 3JIEKTPOHOB, Ha3bIBa- Typa cnekTpa 3JIEKTPOHOB MeTaJi-
eTcsl KBaHTOBOH TeopHeH. M3, TNOJYMPOBOAHUKA H H30JA-

B kpucrannax aToMmel pac- Topa.
1oJiaraloTcsd B ONpeneseHHOM
nopsiike HacTOJNbKO GJM3KO OJHH OT APYroro, uTo nojs Hx
B3aUMOAEHCTBYIOT Mexay coboii. B pesyabrate 3TOrO
B3auMojelicTBUS o6pa3yercsi NepHOUYECKOe 3JeKTPHUECKoe
noJe. Psig sHepreTHyeckMX ypoBHeHl 3JE€KTPOHOB 06pasyioT
NOJIOCHl MJIM JHepreTHyeckHe 30HBL. Mexnay sTUMH 30HaMH
pacnoJsioXXeHbl 00J1aCTH SHEPTHH, B KOTOPHIX 3JEKTPOHHl HE
MOTYT HaxXomWTbcsl. DTH 00s1aCTH HaA3bIBAIOTCH 3amnpeLlieH-
HBIMH.

~ CrpoeHue 3HepreTHyYeCKHXx 30H JOOOro TBEPAOro Tesa
3aBHCHT OT TOrO, YTO Mbl MMeeM — MEeTaJlJi, H30JATOP HJH
[OJIYIPOBOAHHK. DHepreTuueckasi CTPYKTypa CIeKTpa 3JeK-
TPOHOB M300paxkeHa Ha puc. 96.

B Merassax 30HH MOTYT NepeKphlBaTb OfHa APYTYIO.
B monynpoBogHUKax 3HepreTHUecKHe 30HbI pacloJaramTcs
TaK: BHayajle HaXOJHUTCS OCHOBHAas 3Hepreruueckas 3oHa I,
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3aTeM 3anpelleHHas 30Ha M Hax Hell pacrnoJioxeHa cBo6oj-
Hasl 30Ha 2. DJIeKTPONpPOBOAHMOCTb BO3HHKAET B MOy POBOJ-
HHKe B TOM CJlyyae, ec/li 4YacTb 3JEKTPOHOB NEPEXOJHT M3
OCHOBHO# 30HHI B CBOGOAHYIO. 3J€Chb 3TH 3JEKTPOHbl MOTYT
nepeMellaTbCsl MOJ BJHMSAHHMEM BHELIHEro 3JeKTPHYECKOro
noJss.

Ecau Takoro nepexoja HeT, TO Jaxe NPH HaJHUHH BHeLU-
Hero 3JeKTPHYEeCKOro NoJisi 3/JeKTPONnpOBOIUMOCTb MOSABHTL-
csl He MOXKeT.

CaenoBarenbHO, uTOGH B MNOJYNPOBOAHHKE BO3HHKJA
MPOBOXUMOCTb, HAJ0 3JIeKTPOHAM OCHOBHOH 30HHI COOOLIHThL
H3BHe HEKOTOpOe KOJHYecTBO 3Hepruu. bes sarparnl BHelu-
Hell 5HepPruy nepexoj 3JeKTPOHOB Ha 6oJiee BLICOKHE 3Hep-
reTHuecKHe YPOBHH HEBO3MOXKEH.

C 3Toli TOYKH 3peHHsS CTAHOBHUTCS MOHATHLIM, 4TO Npen-
CTaBJSAIOT cO00H HM30JSITOPE. ¥ H30JHPYIOLIHX BellecTB 3a-
npelieHHasi 30Ha MMeeT 3HAUYMTEeJbHYIO BEJHUHHY.

OTclona BBITEKAeT, UTO Pe3Kyl0 FPaHUIy MeXAy MoJy-
NPOBOJHMKAMH H H30J/IITOPAMH MPOBECTH HeJb3sl, €CJIH HC-
XO[UTH U3 BEJHUHHBl 3aNpELIeHHOH 30HHI.

OCHOBHY10 5HepreTHYeCKYI0 30HY 3JIeKTPOHOB B NOJYIPO-
BOJHHKaX Ha3bIBAIOT 3aHATON HJ/M 3anosHeHHOH. CBOGOAHYIO
30HY Ha3bIBaIOT TaKXe 30HOMH NPOBOLHUMOCTH.

§ 95. SNEKTPOHHAS U AbIPOYHAS NPOBOAMMOCTH
nonynpoBOAHKKOB

MexaHusM 3/1€KTPONpPOBOJMMOCTH  MOJYNPOBOAHHKOB
MOXHO OOBSICHUTb, HCXOSl U3 SHEPreTHYECKHX 30H JIEKTPO-
HoB. Ilpexpge Bcero ysiCHMUM, OTKYAa 3JEKTPOH MOXET Mo-
JYYHTh BHELIHIOIO SHEPTHIO AJIs1 Nlepexoa U3 OCHOBHON 30HLI
B 30HY IPOBOJHUMOCTHU.

Oka3sbIBaercs, UTO IVIaBHBIM TAKHM HCTOUHHKOM SIBJISIETCH
tenyio. C NMOBHILIEHHEM TeMNepPaTyphl YBEJHUHBAETCH YMCJIO
3JIEKTPOHOB NpOBOAMMOCTH. Ho He TO/MBKO 3TO BJHsIET Ha
3JIEKTPONPOBOJUMOCTb MOJIYIIPOBOLHHKA. YCTAHOBJIEHO, YTO
BeCbMa BaXKHYI0 POJIb B 3TOM OTHOIIEHHH MI'PaIOT IOCTOPOH-
HHe TNpHMecH B BelllecTBax noJaynpoBoaHuka. Crout moba-
BHTb B MOJIYNPOBOIHHK JaxKe HHYTOXHOE KOJHYECTBO MNpH-
Mecel, H yHesbHasi 3JIEKTPONPOBOAHOCTb MOJYNPOBOJHHKA
MOXeT BO3DacTH B MMJIMOHH pa3. B stoM ciyuae mpumect
SIBJISIIOTCS. HCTOYHHKaMH 3JIEKTPOHOB, NMOMAaJaloIMX B 30HY
nposofuMocTH. Ecau npumecu Jserko OTHAIOT 3JEKTPOHBI,
TO Mbl HMeeM 3JIEKTPOHHYIO IPOBOAHMOCTb MOJYTIPOBOJHUKA.
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OOHAKO CYLECTBYIOT M COBEpLIEHHO [ApyrHe NpHMeCH.
B oT/MuKMe OT mpHMeceil, JIerKO OTAAIOUIUX 3/JeKTPOHLI, OHA
caMH OXOTHO morJomwaioT Hx. Ecin U3 3anonHeHHoil sHepre-
THUECKOil 30HBI MOJYNPOBOJHHKA YacThb 3JIEKTPOHOB yiHueT
B NPHUMECH, TO OCTaBLIMeCs TaM 3JEeKTPOHbl MOJydyaT BO3-
MOXKHOCTb 3amoOJIHUTh OCBOGOAUBLIMECS MecTa. YuleauiHe
3JIEKTPOHHI OCBOGOXAAIOT YacTh JHEpPreTHYeCKHX YPOBHeHd,
W MOA [elCTBHEM TMPHJIOXKEHHOrO0 H3BHE 3JEeKTPHYECKOro
noJist 3TH cBOGOJHBIE YDPOBHM 3aHMyT JApYyrue 3J/eKTPOHBI.
YacTHuHBIA yXOJ 3/IEKTPOHOB M3 3aNOJHEHHOH 30HBHI NOJY-
NpPOBOJHHKA J1aeT BO3MOXKHOCTh NepeMeliaThCs 3JeKTPOHAM,
ocTaBUIMMCS B 3TOH 30He. MexaHU3M MepeMelleHHd
3JIEKTPOHOB B 3TOM CJiyuae MOXKHO NpEACTaBUTb Tak: Npepn-
MOJIOKHM, YTO ¢ KaKOT0-TO 3aHATOr0 HepPreTHYeCKoro ypos-
HSl  yllIeJg OAHH 3JEKTPOH M 3TOT YPOBEHb CTajJ CBOGOMHBIM.
O6pasoBasach B CHCTeMe SHepreTHYeCKHX YPOBHel Kak Obl
nbipka. B 3Ty OBIpKy TOTUac e nonajgaer COCeIHHI 3JekK-
TpoH. Ha ero mecrte cHOBa nosiB/isieTcst AbIpKa, KOTOpYIO 3a-
MOJIHUT KaKoH-1H60 APYrodl 3/eKTpoH. DTOT mpolecc nepe-
MEILUEeHHs M3 JbIPKH B JBIPKYy 00pasyeT CIVIOWIHYIO LleNb
JIBHXKEHHs1 3/IeKTPOHOB. Ero NpHHATO HAa3bIBATh AbiPOYHOM
IIPOBOAMMOCTBIO MOJYNPOBOJHHKOB.

Ecsn nosynpoBoaHHK HAaXOOUTCS B 3JEKTPHUECKOM MoOJIe,
TO 3JIEKTPOHBI OYAYT NepeMeInaThCcsl OT OTPULATENbHOTO MO-
Jioca K HOJIOXKHTENTbHOMY, ABIPKH >Xe — B o0paTHOM Ha-
npasJieHHH, Nogo6HO Ny3blpbKaM BO3lyXa B BOJe, OT Tel-
JIOTO KOHIIA K XOJIOLHOMY.

B HCnosb30BaHHH MOJYNPOBOJHHKOB MAJS Pa3JHYHbLIX
TeXHHYECKHX LeJiell BeCbMa CyllleCTBEHHOe 3HaueHHe HMeIoT
npHMecH.

BaxHoe 3HaueHHe HMMeeT Takxe HajJjexallee NpHUMeHe-
HHe 3JEeKTPOHHOH M AbIPOYHON NPOBOZHMOCTH.

rnasa 4
NPUMEHEHUE NOJNYNMPOBOLAHMKOB

§ 96. BbIMPSIMMTENU

nOJ’lyl’lpOBOIlHPlKOBbIe BBIMPAMUTEJIN BIEPBBIE HavaJau
NPUMEHATBCA B 3JEKTPOTEXHHUYECKHX YCTAaHOBKAX B KOHIE
ABaAllaTblX TOOOB TEKYUIEro CTOJIETHS.

HepBOHaan'leO NOSIBHJIMCDH B 3KCIVTyaTallHU KYNPOKCHBIE
BbLIMPAMHUTEJIH, 3aTEM CEJIEHOBBIE H €lle I[103XKe KpeMHHEBhIe
N TreépMaHHuEeBEIe.
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KynpokcHble BBHINPSIMHTENH COCTaBJASIOTCS M3 MeJHBIX
niacTiH co cioeM 3akucH menu (CugO). Ecau nponyctuth
TOK OT 3aKHCH MeJH K MeJHOH NJIacCTHHKE, TO 3JIeKTpHUecKoe
cofpoTHBJieHHe Oy[eT B THICAYH pa3 MeHble CONpPOTHBJe-
HHSA, N0J1YyYaeMOro NpH MPOXOXKAEHHH TOKa OT MeJAH K Men-
Ho#t 3akucu. [lepBoe HampaB/ieHHe TOKa Ha3blBaeTcsl MNpo-
NYCKHBIM, HJH IPAMEBEIM, a BTOpOe — 3aNOPHHIM, HJHM 06-
paTHLIM,

Cunoit 3akucu Menu obpa3yercss Ha MefHOH NJIaCTHHKe,
€eC/lM ee B TeueHHe HECKOJbKHX MHHYT HarpeBath [0
temnepatypsl 1060°. I1Ipu 3TOM Ha rpaHHiIe MeXAy MeIbIO
H 3aKHCbI0 ee NMOSBJSAETCHA TOJILHUHON B AOJAM MHKpPOHA MPO-
CJIOHKa, BBHINOJIHSAIOLAA 3aM0pHbie QYHKUHH. ¥ 3aKHCH Mean
IbIpOYHasi MPOBOLHMOCTb.

B Hacrosiliee BpeMsi HIMPOKO PacnpoCTpaHEHHl CeJeHO-
Bble BHIIPSIMUTEJH. [IacTHHBI 3THX BHINpsMHTeNel o6Gpa6a-
THIBAIOTCS CJefyIMM o6pa3oM. )Kesie3HYl0 HHKeJHPOBaH-
HYI0 MJIACTHHKY MOKPHIBAIOT CJIOEM CeJieHa, Ha KOTOphIi, B
CBOIO OYyepenb, HAHOCSAT 3JEKTPOJ M3 CIJIaBa KaJgMHs, 0/10Ba
H BUCMyTa. BeinpsamJasdiomye cBOACTBA Takasl 1aCTHHA NpPH-
ofperaer mocjie NPOZOJIKHTEILHOrO HarpeBaHUs M MNPOMy-
CKaHMA TOKa.

Ceslen MMeeT AbIPOYHYIO NPOBOJMMOCTb. BhimpsiMyeHue
TOKa 3/eCh NPOHCXOAUT Ha TPaHUIle MEXKAY CEeJeHOM M ceJie-
HMCTBIM KagmueM, oOpa3yoluMcs B npolecce o6paGoTKu
naactiH. CesleHHCTHI KagMHUil o6/afiaeT 3J€KTPOHHLIM Me-
XaHH3MOM NPOBOAMMOCTH.

TepMmaHMeBble M KpeMHHeBBle BLINPSIMHTENH MNOJYYalOT
BBEJIEHHEM COOTBeTCTBYIOIUX npuMmecel. [Ipn sTom o6pasy-
I0TCS TOJIYIPOBOJHHKH C ABIPOYHOI M 3J@KTPOHHOH MPOBO-
auMocTaMH. Tak, Hanpumep, nyteM 06paGOTKH NOBEPXHOCTH
3JIEKTPOHHOTO TepMaHHs CO3[1aeTcs TOHKHH CJIOH [abipou-
HOro repMaHusi. IDTOT CJIOH Ha3BIBalOT p—~A-TpaHULEil.
no3BoJisioulell NOJYYHTb HeOoGXOoAHMBIe /51 BHINPSMJIEHHS
yCJIOBHSL.

Boo61ie xopolee BHIIpSIMI€HHE MOXKHO MOJYYHTh TOTAA,
Korga o6pa3yeTcss KOHTakKT ABYX NMOJYNPOBOLHHKOB, U3 KO-
TOPHIX ONMH HMMeeT ABIPOYHYIO NMPOBOAMMOCTb, a APyroif —
97IeKTPOHHYIO. B BHINPSMHTENSIX TAaKOro poja 3anopHsIi
cJ0if, OKa3biBascChb B 3JEKTPHUECKOM TMoJie TNepeMeHHOro
TOKa, KakK Obl MyJbCHPYET, H3MeHss CBOIO WHPHHY. [Tpu 3TOM
COTIPOTHBJIEHHE ero pe3ko MeHsiercs. Korma BHeluHee 3Jek-
TPUYECKOE I110Jie HAaNpaBJeHO OT JBIPOYHOTO MOJYVHPOBOXHH-

146



Ka K 3JIeKTDOHHOMY, COIPOTHBJIEHHE 3aNOPHOTO CJI0ST YMeHb-
mwaetcs. DTO COOTBETCTBYET NPOMYCKAHHIO TOKA. DJEKTPOHBI
M IBIPKHM IlepeMelialoTcsi HaBCTPeuy APYr APYTy K TpaHHle
pasnena IBYX NMOJYNPOBOJHHKOB.

Korpa BHeliHee 3J/1eKTpHYeCKOe MoOJie HAanpaBJIeHO OT
3JIEKTPOHHOTO NOJIYNPOBOLHHUKA K JBIPOYHOMY, 3JEKTPOHH H
ABIPKH yOaJsioTCs: OT TPaHMIBl pa3fena. DTo NPUBOAHT K
yBeJHYEHHIO LIHDPHHBI 3aNIOPHOrO CJI0S1 U BO3PACTaHHIO €ro
CONPOTHUBJIEHHSI.

Takoe ycTpoicTBO BEIIPSIMJSIET NepeMeHHbIH TOK, eCJH
€ro BKJIIOYHTH B llenb MepeMeHHOro HanpsikeHusi. B Teuenue
OIHOTO MOJynepHoJa TOK NpPOTEKaeT yepe3 BHIIPSIMHTEb,
BTOPOMY MOJIYNEPHOAY COOTBETCTBYeT HACTOJIBKO CJIabkiit
TOK, YTO NPAKTHYECKH ero MOXHO CYHTaTh PaBHBIM HyJ0. OT-
HOLIIEHHe TOKa, HAYLLEro B NPONYCKHOM HanpaBJ/leHHH, K TOKY
3aNOpPHOr0 HanpaB/eHHS Ha3bIBAlOT KO3(QGHLUHEHTOM BBHI-
npaAMJeHHs. DTOT Ko3(GHLUHEHT XapaKTepH3yeT BHINPAMJISA-
IoliMe cBoficTBa cHcTeMbl. JIYUIIHM CUHTaeTCs TOT BLINPSAMH-
Teab, y KOTOporo Ko3dguuueHT BHINPSAMJEHHs Oosblie H
BHIIlE MJIOTHOCTh TOKa, MNPOXOASIIEro B INPONYCKHOM Ha-
npaBJeHHH NpPH KaKOM-TO ONpeje/eHHOM HanpsikKeHHH.

§ 97. ®OTOCOMPOTUBIEHUS

Ilepexon 3/1eKTPOHOB B cBOGOJHOE COCTOSIHHE MJIH IOSIB-
JIeHHe IBIPOYHON NPOBOAHMOCTH B NOJYHNPOBOJHHKAX MOXKET
BbI3BATh He TOJIBKO TEMJIOBAasi SHEPrHs, HO H SHEPTHsi U3Jay-
yeHus cBera. Oka3blBaeTcsi, YTO KOJHMYECTBO 3HEPTHH, KO-
TOpOe fepefgaeT CBETOBOH JIyY OT[AEJBHOMY 3JEKTPOHY, 3a-
BHCHT TOJIbKO OT YAaCTOTHI CBETOBLIX KoJieGaHHil U He 3aBHCHT
OT sipKocTH cBeta. Ecam cusa cBera yBesqnuuBaercs, TO BO3-
pacTaer 4HCJIO 3JIEKTPOHOB, NOIJIOILAIOLINX CBET, a He 3Hep-
rHs, KOTOPYIO KaXKIblli U3 HHUX NojaydaeT. DTO OGCTOsTE/b-
CTBO CBHMIETEJLCTBYET O TOM, YTO CBETOBBIE BOJIHBI — 3TO
noToku uactul. CBeTOBbIE YAaCTHILI Ha3bIBalOTCS (OTOHAMH.
JHeprusi Kaxjoro GOTOHAa paBHAa NPOH3BEIEHHIO YaCTOTHI
CBETOBHIX KOJIeGaHH{ Ha HEKOTOPBHIH NOCTOSHHBIH MHOXH-
TeJb. DTOT MHOXHTEJb Ha3blBAlOT YHUBEPCAJIbLHOH MOCTOSH-
Ho#l Ilnanka u o6o3HauaioT 6yKBOi A.

Ecnu yacrory KoneGaHuii cBeTa B CeKyHAy 0603HAUHThb
v, To 3Heprus (porona

E = hv.
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OHeprusi HOTOHA /s KEJTOrO LBeTa paBHA ABYM 3JeK-
TPOBOJIbTaM, DTO OYeHb HeGOJbIIAs JHEPrusi, HO U €e JO-
CTATOYHO, 4YTOGBl B NOJYNPOBOLHHKAX 3JIEKTPOHbI MNepeBe-
CTH B CBOGOJHOE COCTOSIHHE M YBEJHYHUTb 3JIEKTPONPOBOAHU-
MOCTb.

UyBCTBHTENHLHOCTh HEKOTOPHIX MONYNPOBOAHHKOB K CBETY
6bIBaeT HACTOJMLKO 3HAUHTENbHOH, YTO OHM pearupyloT Ha
HH(pakpacHble JyuH, yacToTa KosieGaHHH KOTOPBIX MeHblle
4acToThl KoJie6aHUH BHAMMOIO TIJa30M CIHEKTpa.

Ilpn nomMow# nONYNpPOBOAHHKOBBIX YCTPOHCTB MOXKET
6bITh OOHAPYKEHO H3JyueHHe ca1a6o HarpeTbiXx NpegMeToB,
HaXoJsIMXCA Ha PacCTOTHHH MHOTHX KHJIOMeTpOB. Bhi3BaH-
HOe 3THM H3JydeHHeM He3HauHTeJbHOe YBeJIMueHHe BeJHuH-
HBl TOKa MOXeT ObITh YBeJIHYEHO B MMJIJIMOH pa3 NpHU MOMO-
WU ycUauTeseil.

DHeprusi cBeTa He TOJbKO IepeBONUT B CBOGOJHOE
COCTOSIHHE 3JIEKTPOHBl BHYTPH MOJIYNPOBOJHHKOB, HO U MO-
’KeT B HEKOTOPBIX CJy4Yasix BBbI3BATb BBLJIET 3JEKTPOHA BO
BHellIHee NPOCTPaHCTBO.

IloBbilleHHe  3/1eKTPONPOBOAHMOCTH  MOJIYNPOBOAHUKOB
NOJ BJIHSTHHEM OCBEllleHHsI Ha3biBalOT (HOTONPOBOAHMOCTHIO
WM BHYTpeHHUM (oTo3ddeKxTOM.

B orTauune OT Hero siBJeHHe BbLIXOJA 3JIEKTPOHOB B
OKpYJKaloillee MNPOCTPAHCTBO HAa3bIBAIOT BHEIUHHUM ¢OTO-
s¢pdexTom.

®oToCONpOTHBJIEHHST B COBPEMEHHOH TEeXHHKE HMeIoT
pasHoo6pa3Hoe NpHMeHeHHe: B YCTPOHCTBAX aBTOMAaTHKH H
CHTrHa/JIM3alluH, [AJsi OHCTAHLHOHHOTO YIpaBJleHHs, COpPTH-
POBKH MPOAYKUHH, B 3BYKOBOM KHHO M BO MHOTHX APYTHX
oTpac/six TexHHKH. I1pu nomolu GpoToCONPOTHBJIEHHH MOXK-
HO aBTOMAaTHYeCKH pPeryJHpOBaTh OCBELIEHHOCTb U H3MEpPSATH
cuny cBeta. Ho He ToibKO Jiydn cBeTa MOTYT BJAMATH Ha
3JIEKTPONpPOBOAHMOCTb TOJYNPOBONAHUKOB. PannoakTuBHbIC
Jyud, IPOXoJs yepes MoJynpoBOLHHK, 06pa3yioT B HEM 3Ha-
YyHTEJNbHOE KOJMUYECTBO CBOGOAHBIX 3JeKTpoHoB. MHorpa mo-
CTaTOYHO, YTOGH uepe3 MOJYNPOBOLHHMK MNpOLLIA TOJBKO
OolHa paAvoaKTHBHAs YacTHLA, YTOGH 3JEKTPONpPOBOIAH-
MOCTb 3aMeTHO H3MeHHJachb. TakKHMH YYBCTBUTEJbHBIMH MO-
JYNPOBOJHUKAMH SBJISIOTCSA, HaNpUMep, CEPHUCTHIH KaxMHMil
W anmas.

IMoab3ysick 3THMH BellleCTBaMM, MOXHO MOJLCYHTATh,
CKOJIbKO PaAMOaKTHBHLIX YaCTHL NPOLIIO yepe3 GOKycHPYIO-
11ee yCTPOHCTBO.
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§ 98. NONYNPOBOAHHKOBLIE SMOAbl U TPAH3MCTOPLI

B papuoTexHuke AN [ETEKTHPOBAHHA MOCTYNAIOUIHX B
NPHEMHHK CHTHAJIOB B CBOE BPeMs MPHMEHSJ/IHCh Pa3JIHYHbIC
KPUCTa/Nbl: KaPOOPYHJ, TaJleHHT, UIHHKHT M Ap.

Korpa Oblid H306peTeHbl 3/MEKTPOHHbIE J1aMMbl, HEOGXO-
AMMOCTb B NIPHMEHEHHH KDPHCTAJ/IHYECKHX JETEKTOPOB OTMHa-
J1a. DJIEKTPOHHBbIE IHOMbI C YCIeXOM 3aMEHHJH HecOBepLueH-
Hble M HeyqOoOHBle KpHCTaJnueckue ycrpoicTea. OnHako B
NnocJief(Hee BPeMsi CHOBA CTa/lM NPHMEHSITbCS AETEKTOPH ¢
KpuctaniamMi. HoBbie KOHCTPYKIMH He HMEIOT NpPeXHHX He-
HOCTAaTKOB H MOTyT ObITb HCNONBL30BAHbI NpH paloTe HA
CBEPXBLICOKHX 4acToTax. B kpu-
CTAJIIHYECKHX IETEKTOpax HOBO-
ro THIA NepBOHAYajibHO MpHMe-
HSJIM KPeMHHH, a 3aTeM Havaju

NPHMEHSITh FepMaHHuil. he) ’ 3
Fepmanuft no cBouM xumuue- g

CKHM cBo#cTBaM 6/1M30K K KpeM- Tz

HHIO U yrJiepopy. STO XMMHUec- F

Kkuil aneMmeHt [V rpynnel nepuo- -85 4 |

AHYECKOH CHCTEMBl SJIEMEHTOB oo o7 Bueiiic wun o
. K. MenzeneeBa, aTOMHbIl Bec YCTPORCTBO  repManeBoro
ero 72,6, Temneparypa nJjasJieHUs auona.
959°, ynenbHBII Bec 5,4 efcmd.
DIeKTPONPOBOAHMOCTbL FepMaHusi MOXET H3MEHSIThCS B LiH-
POKHX mpenenax. DTO H3MEHEHHe SJIeKTPOIPOBOAHMOCTH 3a-
BHCHUT OT HaJIMYHS NpUMecel, KOTOpble BBeJEHBl B €ro KpHc-
Tannuueckyro pemetky. CTpyKTypa KpHCTaJJHUecKo#l pe-
IIETKH TI0 CBOEMY THIIy NOXO0Xa Ha peuletky anmasa. Ecau
J106aBUTb K repMaHMIO TaKHe BellleCTBa, KaK aJIOMUHH#A, 60p,
HHOUHA, 3MeKTPONPOBOJUMOCTL e€ro OYyAeT HMeTb IbIPOYHBIN
xapakrep. JloGaBjeHHe Ke BaHAIUfA, CypbMbl, BHCMYyTa H
HEKOTOPHIX APYTHX 3/J1€MEHTOB NPHBOIHUT K MOJYUYEHHIO 3JiEK-
TPOHHOH TpoBOAHMOCTH. IToab3ysich-TeM, UTO HaxKe OYeHb
He3HayHTeJbHBIEe N03bl IpHMecel BJHSAIOT Ha XapaKTep mpo-
BOJHMMOCTH MOXHO MNOJIYyYHTb TrepMaHHH C HEOOXOXHUMBIMH
KauecTBaMH.

BHewnuii BUA M YCTPOHCTBO TOYEYHOrO repMaHUEBOro
nMofa nokasaHwl Ha puc. 97.

BHYTpH KepaMHUYeCKOro natpoHa 2 HaXOZHTCS KpHCTAJ-
JgojepxKatenb 4 ¢ repMaHueBO# niactuHKo# 5. KoHTakrHas
NPYXKUHKA 6 3aKpenJsieHa B IITBIPbKe Aetektopa /. Konuue-
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CKHil KOHell KOHTAKTHOH MNPYXHHKHM KacaeTcs KpHCTaJa.

[TpoBoJsiouHble BHIBOABI 3 BBIXOAAT M3 Auoja Hapyxy. [Tocse

c6opku nuoma ero (OpPMYIHOT, MOChlIass UMIYJbCH TOKa B
NPONYCKHOM HanpaBJ/ieHHH.

Ha puc. 98 n3o6paxeHa BOJIbT-aMIepHas XapaKTepHCTH-

Ka repMaHueBoro Auoma. M3 XapaxTepuCTHKH BHIHO, 4TO

KO3(h(HUUHEHT BHINPAMJEHUSA

Ma y TaKoro Auona ouyeHb GOJib-
20 woi. Bkuiouass repmanueBnle
g JHOJBl B CXeMY, HaJ0 YUHTHI-
5 BaTh HX INOJSPHOCTb, YKa3aH-

=120 100 -80 ~60 40 20 oJ 6 Hyio Ha nmaTpoHe AeTeKTOpa.
Kpucrannuyeckne muOABI
10 CPaBHEHHIO C JIaMIIOBHIMH
HMEIOT CJIeIyIOlHe NpeuMylLe-
CTBA: MaJible pa3Mephl, OTCYT-
Puc. 98. Craruueckas BoJbT-aM- CTBHE HakKaJa, BBICOKYIO Me-
TMepHas XapaKTePUCTHKA TFepMa-  XaHHYECKYI0  YCTOHYHBOCTb,
HHEBOTO 1HOAA. 601bION CPOK CaAyXKOH, JH-
HeHHYI0 BOJBT-aMIEPHYIO Xa-

PaKTEPUCTHKY NPH HU3KHX HaMpsiKeHHsX.

Bosee 1wMpoko NpUMeHSIOTCS QHOABI JIOCKOCTHEIE. B nio-
CKOCTHBIX JMONaX B OAHOM MOHOJHTHOM IepPMaHHEBOM KpH-
crase oGpasyercs 06J1acTh Jbl- Imummep
POYHOH 3JIeKTPONPOBOAHMOCTH H ?l .

|

HKonnexmop

06/1aCTb 3JEKTPOHHOH 3J1eKTPO-
nposonumocTH. Koadduuuenr no-

JIe3HOr0 JAeHCTBHs IIOCKOCTHEX  +L T -
T |Ocrobarue
nuomoB pocturaer 98%, a cpok U
cayx6u npesnimiaer 10000 4. i
Kpome kp UCTANNMIECKHX LM 0 99 Bymovenne Tpamsu-
0l0B, B COBDEMEHHOH 3JEKTPO- ¢ropa.
TEXHHKe LIHPOKO NPHMEHSIOTCSH
TPaH3UCTODPHL
ToueuHblii TPaH3HCTOP COCTOMT M3 TrepMaHHEBOH HJH
KPEMHHEeBOM MJIAaCTHHKH M OBYX METaJJIHUeCKHX KOHTaKTHBIX
npyxHHOK. OCTpHsl NMPYXKHHOK Ha paccTosiHuu 50—250 mk
CONpHKACalOTCsA C MOBEPXHOCTBIO NJIACTHHKH,
[TpoTHBONO/MOXKHAS CTOPOHA MJIACTHHKH MOKPLITA METaJ-
JIOM M TNpHOasHa K MeTa/Ii4eCKOMy OCHOBaHHIO. BHeuinu-
MM BLIBOJLAMH CJYXAaT KOHTAKTHBHIE NPYXKHHKH H MeTaJlJiH-
t(;ecxoe gocrxosaxme. DTH BBIBOALI BKJIOYAIOTCH B CXEMY
puc. 99).
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OnHa M3 KOHTAKTHBbIX NPYKUH Ha3bIBAaeTCsl 3MUTTEPOM,
JApyrast — KOJIJIEKTOPOM.

OMHTTEp BBOZHT B FepMaHHil «AbIpKH», GOJblIasi YacTh
KOTOPBIX TIPHBJIEKAeTCs K KoJiiekTopy. KoJiekTop Haxoaut-
Csl NMOJ OTpHIATEe/bHbIM HANpPSXKEHHEM U BHIIOJHSET pOoJb
aHoma B 3JexkTpHueckoif Jamne. HerpyaHo mnoHsite, 4TO
(YHKLHH 3MHTTepa MO TaKOH e aHAJOTHH COOTBETCTBYIOT
KaToay.

YnpaBasiomuM 3/1eKTPOLOM CJYKHT 6a3a HJIH MeTasJu-
yeckoe OCHOBaHMe TpaH3Hcropa. OT noteHuuasna 6asbl OTHO-
CHTEJIbHO 3MHTTePa 3aBHCHT KOJIHYECTBO BBOAMMBIX B rep-
MaHuit HocuTeJseil Toka. [lepemeHHOe HanpsiKeHHe, KOTOpOe
HaJ0 YCHJIHTb, NOABOLUTCS K 3MHTTEDY.

Hanpsi:xeHue mocsie ycuJeHHs NOJy4alOT Ha COMPOTHB-
JIEHHH, BKJIIOYUEHHOM B llenb KosJjektopa. IIpu uaMeHeHHd
HanpsixeHuss U, cooTBeTCTBeHHO OyaeT M3MEHSIThCA M TOK
B llenH 3MUTTepa. DTO H3MEeHeHHe TOKa NoBJeyeT 3a coGoii
H3MeHeHHe TOKa B LeMH KOJJIEKTOpa.

Jns TOYeYHBIX TPaAH3HUCTOPOB KOI(D(PULHEHT YCHJIEHHs
MO0 TOKYy OOBIKHOBEHHO paBeH 2—2,5.

KosdduunenToM ycHIeHHs 1O TOKY Ha3blBalOT OTHOIe-
HHe W3MEHEeHHs TOKAa KOJIIEKTOpa K M3MEeHEHHIO TOKa 3MHT-
Tepa NMpH 3aJaHHOM HanpsKeHHH 3MHTTepa.

TpaHnsucTtopsl HMEIOT NMPH MajJOM BXOZHOM CONpPOTHBJIE-
HHM CpaBHHTE/bHO 0O0J/bIIOE BBHIXOJHOE CONpPOTHBJIEHHE,

DTO COOTHOLIEHHE SIBJISIETCS CJEeNCTBHEM TOrO, UTO SMHT-
Tep BKJIOYaeTcss B NPONYCKHOM HanpaBJieHHH, a KOJIIEK-
TOp — B 3anHpaiolieM. BXOnHbIM HasbiBaeTcsi COMPOTHBJE-
HHE TPaH3HCTOpa MeXAy KOHTAaKTaMM 3MHUTTepa H 6a3nl npu
Pa30OMKHYTOM BBHIXOJe. BBIXO1HOE CONPOTHBJIEHHE — 3TO CO-
NPOTHBJIEHHE MeXJAy KOHTAaKTaMH KOJUIEKTOpa M 6asbl npu
Pa3oOMKHYTOM BXOJe.

ToueyHble YCHJHTEJbHbIE TPAaH3UCTOPHI MOTYT paboTaTh
Ha yacrorax no 10 Mey.

Tpansucropel nofo6HO AHOAAM, ObIBAIOT Kak TOYEYHbIE,
TaKk M TJIOCKOCTHble, B IJIOCKOCTHBIX TPaH3UCTOPAX TOXKE
NPUMEHSIOTCST MOHOKPUCTaJIbl TepMaHus. B aTHX kpucras-
Jlax Xapakrep 3JIeKTPONPOBOAMMOCTH P€3KO MEHseTcs B 3a-
JaHHOI 06JiacTH.

T1s10CKOCTHEIE TPAH3UCTOPHl MaJo OTJHYANOTCS N0 NpPHH-
UHNY AEHCTBUS OT TOYEUHBIX, HO M0 CPABHEHHIO C IOCJIEHH-
MH uMeloT psx npeumyuectB. Cpok cayx6bl MX GoJblie
TOYEYHBIX, a COOCTBEeHHble LIYMbl HaMHOro meunuie. OTcyT-
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CTBHE TOYEYHHIX KOHTAKTOB YBEeJHYHBAeT UX MEeXaHHUECKVIO
NPOYHOCTb. B mJOCKOCTHBIX TpaH3McTOpax GoJibluHe KOH-
TAKTHbl€ MOBEPXHOCTH MNO3BOJSIOT MNOJYYHTh 3HAYHTEJBLHO
GoJibliMe BbIXOAHBIE MOIIHOCTH. I1JIOCKOCTHBIE TPAH3HCTOPHI
MOryT pa6oTaTth B CXeMaXx BKJIIOUEHHs C 3a3eMJIEHHOH 6a30ii,
SMHUTTEPOM HJIH KOJIIEKTOpOM. ToueuHnle TpaH3HCTOPhI pa-
6oTaloT YCTOHYHBO TOJNBKO IPH 3a3eMJEHHH 6as3bl.

Ha puc. 100 noka3anbl pa3pe3pl TOYEUHOrO H MJOCKOCT-
HOTO TPaH3HCTOPOB.
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Puc. 100. Tpansuctopel B paspese:

a — TOYeuHblH: | — 3MHUTTEpP, 2 — OCHOBaHHe (repMaHuiil), 3 — apepxareiv,
4 — KOXyX, § — Kopnyc, 6 — 3amojiHHTeJb, 7 — KOJJEeKTop, 8 —
nTYAKa, 9 — BbIBOL; 6 — IMJOCKOCTHBIN: I — BbIBOL, 2 — OCHOBaHHe (rep-
mauuit), 3 — xopnyc, 4 — M30JATOP CTEKJSHHBLIH, § — BbBIBOA, 6 — 3MHTTEP
(Muauit), 7 — KpUCTaJdjonepXKarelb, 8 — BbIBOA, 9 — KOMJEKTOp (HHAHA).

Kpucraniuueckie TpaH3HCTOPbI HMEIOT CBOH MOJIOXKH-
TeJbHble KauyecTBa M HeNOCTATKH. [IO/IOXKHTENbHBIMH HX
KayecTBaMH SIBJISIIOTCS BbICOKAas 3KOHOMHMYHOCTb, NOJITOBEY-
HOCTb, MaJjble ra6apuThl H BeC, BBHICOKasi MexaHHyeckas
npoysocTe. K HemoctaTkaM OTHOCATCS BBICOKHH  ypo-
BeHb COGCTBEHHBIX LIYMOB, GOJblIOH pa3bpoc mapaMeTpos,
CpaBHUTEJBHO HHM3KHe pabouyMe 4acTOTHl, HeycTOHYHBas pa-
6ota npu temnepartype Boime 70°

B nocnenHee BpeMst BMeCTO repMaHHs [Ji H3TOTOBJIEHHA
KpPUCTAJHYECKHX TPAaH3HCTOPOB Hayasu NPHUMEHATb KpeM-
HUH. DTO HAMHOTO yBeJHYHBaeT YCTOHYMBOCTb HMX NpH MO-
BLIIIEHHU TeMIepaTyphl U JaeT BO3MOXHOCTb paboTaTb Ha
GoJiee BEICOKHMX YacToTax. Hekoroprle sk3eMnsipel KpeMHHe-
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BbIX TPaH3HCTOPOB YCTOHYHBO PaboOTAlOT NMpHM TeMmepatype
150—175°. IlpuMeHeHHe B NMJOCKOCTHBIX TPaH3HCTOPaX MpoO-
MEXyYTOYHOro cJosi, He cOJiep¥Kalllero NMpHMecell repMaHus,
NO3BOJINJIO YBEJHYUTb pa6ouyio 4acTOTYy NMOUYTH B JECSTh Pas.

§ 99. ®OTOSNEMEHTHI

DJieKTPHYECKHH TOK MOXKHO IOJYYHTb NPH MOMOIIH MOJY-
NPOBOAHHKOB Ge3 KaKoro-iu6o BHELIHET0 MCTOYHHKA 3Hep-
THH, HCNOJIb3Ysl HENOCPeICTBeHHO 3Hepruio cBera. [Ipubopsl,
npeJHasHaueHHble JJIST 3TOH LieJH, Ha3bBAIOT (OTO3JIEMEH-
taMu. [IpuHIKD ycTpoiicTBa TakHX (OTO3/E€MEHTOB 3aKJIO-
yaeTcs B CJAeAYIOLIEM: MEXAY MeTasJIMUeCKUM 3JIeKTPOAOM
M HOJYNPOBOLHUKOM 00pa3yioT 3amOpHBIA CJIOH H Ha mo-
BEPXHOCTb NOJIYNIPOBOJHHKA HAHOCAT TOHKHH CJION MeTaJna.

Takum MerassioM MOXKeT GHITH 30JI0TO, CJIOH KOTOPOTO
HaCTOJIBKO TOHOK, UYTO INPONYyCKaeT JIy4d CBeTa. JHEPrus
cBeta mpu 3toM Oyaer coobuiaThcsl 3JEKTPOHAM 30J10Ta.
DJIEKTPOHBI OCBOOOKIAIOTCS U NEpPexXoasT uepe3 3amOpHBIH
cJI0fl K MeTa/lJIMueCKOMY 3JIeKTpPOoAy. DToMy crocoGersyer
o6pa3oBaHHe Pa3HOCTH MOTEHIMAJIOB MEXAY 3JEKTPOAOM H
NOJIyIPOBOAHHKOM, KOTODHIE OTAEJeHbl JPYr OT Jpyra H3o-
JHPYIOIMM 3aMOPHBIM cJoeM. Daaromaps 3Toit pa3HOCTH
NOTEHUMaJ/IOB B 3aMKHYTOH liend 6yleT NMPOTeKaThb 3JEKTPH-
yeckuit Tok. O6pasoBaHue 3JE€KTPOHEPrHH, KOHEUHO, Npo-
HCXOAUT TOJIBKO TOTAAa, Korja Ha ()OTO3/1eMeHT NonajgaioT
JIyuH cBeTa.

Yacrora cBera JosKHA ObITh He MeHblle TOH, KOoTOpas
HeoGXoAHMa I/ Iepexoa 3JeKTPOHOB B CBOOOIHOE COCTOA-
HHE B CAMOM IOJIYNPOBOXHHKE,

Merannnueckue 3JeKTPOAB (HOTO3TEMEHTOB H3rOTOBJIS-
JIACb W3 3aKucH Menu. [JoToM HX cTaju H3TOTOBJATH M3
cesieHa. UyBCTBUTEIBHOCTh CEJIEHOBEIX (DOTO3JIEMEHTOB K JIY-
yaM CBeTa aHaJOTHYHA UYBCTBUTEJNLHOCTH YeJIOBEUECKHX
r/a3, MOSTOMY CeJIeHOBbI€ 3JIeMEHThl NPHMEHSIOTCS H B Ha-
crosiiee BpeMs.

Coserckue ¢usuku lO. I1. Macaakosen u B. T. Koso-
MHel co3Aali (OTO3eMEeHT H3 CEPHHCTOrO TaJHs, YyBCTBH-
TeJLHOCTH KOTOPOTO BecbMa 3HauyHTeJbHAa. DTOT (OTOIJe-
MeHT no3BoJisier moayuutb 10000 mxa Ha 1 am. JllomeH —
5TO KOJIMYECTBO CBeTa, Majawoliee Ha 1 m?, Korga MCTOUHHK
cBeTa B OJHY CBeuy HaXOQHTCs Ha PAcCTOSHHH | m OT ocBe-
11aeMOH TOBEPXHOCTH.

XoTa ¢oro3eMeHTLl ¢ 3amOPHBIM CJOeM Npeo6pasyroT
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CBETOBYIO 3HEpPIHIO B 3JEKTPHUECKYI0, KO3DPUUHIEHT HOJe3-
HOTO JleliCTBHS HX ellle He BeNHK. B nocnensee BpeMs nosisu-
JHUCb GOTO3/IEMEHTH H3 KPEMHHS H repMaHus, KO3phHUHEHT
N0JIE3HOro JeHCTBHSI KOTOPHIX Ooublie Apyrux ¢oTosJe-
MEHTOB.

IlprMeHeHHe NONYNPOBOLHNKOBLIX (DOTO3JIEMEHTOB B CXe-
Max TeJieynpaBJIeHHs, aBTOMaTHKH, CUTHAJAM3alHM CO3kaer
6osnbiive yRo6CTBA, TaK KaK NPH 5TOM HCTOYHHKH MOCTOSIH-
HOTO TOKa He HYXKHBI.

C nporpeccoM TeXHMKH MOJIYNPOBOAHHKOBHIX 3JI€MEHTOB
CTaJI0o BO3MOXKHBLIM PELIHTh BONPOC N0 HCNONb30BAHUIO 3HEP-
THH COJIHEYHOrO H3Jy4YeHHS AJIst NIHTaHHUS JE€KTPOYCTAHOBOK.
B nocsenHue rogel NOSIBUJINCHL COJHEYHblEe GaTapeH, npHyeM
3¢ peKTHBHOCTb HEKOTOPHIX M3 HUX AoctHraer 11%. Conneu-
Hasg 6aTapes COCTOHT H3 GOJIBLIOrO KOJMHYECTBA KPpeMHHEBbIX
¢orosneMeHToB. KaXabl#i M3 3THX 371€MEHTOB MOXeET mpe-
BpallaTh COJIHEYHBIH CBET HENOCPEACTBEHHO B 3JIEKTpHUYe-
CKyl0o 3Hepruio. D ¢heKTHBHOCTb KPEeMHHEBLIX (DOTO3JeMeH-
TOB 3HAYHTEJbHO Bhbille 3(P(EKTHBHOCTH JPYrHx ¢orose-
MEHTOB TaKOro e Xapakrepa.

KpeMHHeBbIle (DOTO3/1EMEHTHI COCTOSIT U3 MJIACTHHOK XH-
MUYeCKH YHCTOTO KPeMHHS, B KOTODHIii N06aB/ieHb NMPHMECH
IPYTHX BeIUeCTB AJIsl CO3[aHHsl B KPEMHHMH OBYX CJIOEB C
3JIeKTPOHOH H [HOHpOuYHOH mnpoBogumocTaMH. Ha rpanuue
3THX cJioeB o6pa3yercsl THIHYHBIH 115 (HOTO3JE€MEHTOB :3a-
nopHbIH c0ii. B kpeMHHeBLIX (HOTO3/1eMeHTaxX 3 dheKkTHBHASA
YacTb COJTHEYHOH 3HepPrud MOIJIOUIAeTCs CJI0eM TOJIIMHOM
B OJHY THICAYHyI HoJio AwoiimMa. Kpemuuit, o6Gaanawommuit
3JIEKTPOHHOH MPOBOAHMOCTBIO, OKpPYXeH O0O60JIOUKO#H KpeM-
HUSI ¢ ABIPOYHOH NpoBOAMMOCTbIO. Kaxkiablit THn KpeMHHS
HMeeT CBOM KOHTAaKTHBIH BhIBOL. OZHMM H3 METOZOB NOJY-
YeHHsI TOHKOrO CJIOSl KDEMHHSI C ABIPOYHOH NMPOBOAHMOCTBIO
ABJsieTCsl HarpeBaHHe IJACTHHKH KPHCTaJJIHYECKOTO KpeM-
HHs n-ro THna o teMnepatypul 1400° (T. e. moYTH #O TeM-
nepaTypnl IJ1aBJieHHs KpeMHHs1) B nmapax 6opa. Ilpu maro-
TOBJIEHHH KpeMHHEBLIX ()OTO3/1eMEHTOB He0OOXOAHMO CO3HaTh
HaJeXXHbI KOHTAaKT ¢ ABYyMS THNAaMH KpeMHHs. Xopolui
pe3yJbTaT NoJyyaercs NpH 3ajHBKe KPeMHHeBOH MJIaCTHHKH
B IMpo3pauHyl0 IJacTmMaccy. DTa mjacrtmacca o6pasyer
B6JM3H MOBEPXHOCTH KPeMHHs mogobHe JIHH3BI, COOGHpaIo-
el CcoJHeYHbIe JIYYH.

Ha puc. 101 H306pakeHr! Tp4 KpHBhIE, IOSICHAIONHE pa-
6oTy KpeMHHeBoro ¢orosnemenra. KpuBas A nokasmBaer

154



pacnpejieieHie COJHEYHOH 3HEPTMH NPH PA3JIHYHOH [JMHE
CBETOBLIX BOJIH, NONAAAOIIHX Ha TNepHneHIUKY/ISPHYIO M[O-
BEpPXHOCTb, KOTJa COJIHIEe HaxonuTcs B 3eHure. Kpusas B
n3obpaxaer pacrnpejesieHHe (QOTOHOB B 3TOM H3JIyUYEHHH.
Kpusass C mnoka3biBaeT KOPOTKO3aMKHYTYIO CHEKTPaJibHYIO
XapaKTepHCTHKY KpeMHHeBOro ¢orosnemenra. ITo ocu abc-
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Pyuc. 101. KpuBas, nosicusiomas Puc. 102. 3aBHCHMOCTb BHIXOI-
pa6GoTy KpeMHHeBOIo (OTO3JEMEHTAa. HOH MOLIHOCTH COJHEYHOrO 3Jie-
MeHTa OT BHIXOAHOTO Hampsi-

IKEHHUS.

1Hce OTJOXKeHa JJIMHA BOJHL B MHKDOHAX, a 10 OCH OpAH-
HaT — 3Heprusi B HOPMaJ/IH30BaHHLIX efuHHLaX. M3 pucynka
BHIHO, YTO MaKCHMaJbHas CNeKTpaJbHas UyBCTBHTEJBHOCTH
¢doroajeMeHTa COBNajaeT ¢ MaKCHMyMOM (OTOHOB H JIEXHT
Ha rpaHMlie BAZHMOH H HHppaKpacHOH YacTedl ClekTpa.

Takoe coOTHOlIEHHe MPHUBOAUT K TOMY, YTO BBHIXOZHOE
HanpsxeHHe HOTO3/IeMeHTa H3MEeHseTCs JMIIb B HEGOJbIIHX
npefesax NpH H3MeHEHHMH YCJIOBHH OCBeLleHHOCTH. Jlerkue
o6/s1aKka NpONyCKalT HHGpaKpacHbie JyYH, NO3TOMY NPH He-
3HAYHTeJbHOH 06/1a4HOCTH BHIXOLHOE HanpsKeHHe (oTose-
MeHTa NpPaKTHYeCKH He HM3MeHseTcs.

Ha puc. 102 nokaszaHna 3aBHCHMOCTb BBIXOZHOH MoII-
HOCTH COJIHEYHOTrO 3/eMeHTa OT BBbIXOJHOrO HaNpSKeHUs B
BOJIbTAX HJIM OT PasJIMYHbIX Harpysok. I[lo ropusoHTasbHOIl
OCH OTKJIaJiblBaeTCs BLIXOJLHOE HANpsKeHHe B BOJIbTax (pas-
JINYHAsi Harpyska), N[O BEePTHKAa/JIbHOH OCH — BBIXONHAS
MOILHOCTb B MHJIJIMBATTaX Ha KBaJpaTHHIH CaHTHMeTp.

Hanpsxenune, npu KOTOpOM MNOJyyaeTcs MaKCHMaJbHas
BBIXOHAsi MOLHOCTb, OCTAeTCsl IOCTOSTHHBIM NIPH M3MEHEeHHH
ocseuieHHocTH. TTosTOMYy KpeMHHeBble (HOTO3JIEMEHTH B ILH-
POKOH moJioce M3MeHEeHHs OCBELIEeHHOCTH SABJSITCA XOpo-
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IUIMM MCTOUHHKOM 3JIEKTPO3HEPTHH AJisi TAKMX Harpy3ok, Kak
AKKYMYJSTOPHI, AJs 3apsAKH KOTOPbIX HEOGXOAHMO Hampsi-
JKeHHe HeH3MeHslleHcst BeJHUYMHBL. B conHeuHoli 6arapee
HeT ABHKYLIHMXCA YacTeH, XHMHYECKOH KOPpPO3HH, MO3TOMY
CpPOK cayKObl ee NMPAKTHYECKH He OTpaHHYeH.

§ 100. TEPMODJIEMEHTBI

TepmossiekTpHuecTBO ObLIO BEPBLIE OTKPLITO 3eeGeKOM.
Ewe B 1822 r. 3eeGex ycTaHOBHJ, YTO MarHMTHasi CTPeJKa
OTKJIOHSIETCS, €CJIH ee NOMECTHTb PSAOM C 3aMKHYThIM KOH-
TYPOM, COCT@BJIEHHBIM M3 IBYX Pa3HbIX MeTaJ/lIHYeCKHX Npo-
BOJHHMKOB, H €CJH IIPH 3TOM MecTa KOHTaKTOB HMeIT pas-
JWYHYI0 TeMrepaTypy. BosjeiicTBHe Ha MarHHTHYIO CTPeJKY
B 3TOM CJ/yyae CBSI3aHO C BO3HMKHOBEHHEM B 3aMKHYTOM
KOHType 3JleKTpHuecKoro Toka. s Hac aTo cefiuac oueBHA-
Ho. Ho B cBoe Bpems cam 3eebek, OTKpLIBIIMH 3TO sIBJIEHME,
Obl1 NPOTHB Takoro 06bsicHeHHss. OH OblJ1 YBepeH B TOM, YTO
OTKJIOHEHHe CTpeJIKH CBSI3aHO ¢ HaMarHH4MBaHHeM MNpPOBOA-
HUKOB. Bo BpeMeHa 3eeGeka Hesb3st OblJIO BCepbe3 NpH-
HUMaTb ONHCaHHOEe YCTPOHCTBO Kak MNpucrnocobJsieHHe s
npsiMOro TpeBpallleHUst Temnsa B 3JeKTpHuecTBO. [leJio B TOM,
YTO TOJBKO HECKOJBKO AECSATHIX [0JieH MpOleHTa TEemJaoTbl
npespamiaJjoch B 3JjekTposHepruio. OcranbHas yactbh TenJso-
B0l SHepPrUM MNEPeXOfHJa OT ropsvyero KOHLA MeTaJjllHye-
CKOT'O TNMOJIYPOBOJHHKA K XOJIOJHOMY.

C npuMeHeHHeM NOJYNPOBOAHHKOB ONUCAHHOE SIBJEHHE
MOXHO HCHOJb30BaTh OoJee 3ddekTHBHO. B noaynposon-
HHKaX [IPH MOBHILUEHUH TeMNepaTyphl KHHeTHYeCKass SHeprus
3JIEKTPOHOB He OCTaeTcsl HeM3MeHHOH, KaK B MetaJiax. Ona
yBeJIMYUBaeTCs] NPONOPLHOHAJIBHO TeMMepaType, OTCUHTHI-
paeMoil oT abcosroTHOro Hyas. [loaromy o6pa3oBanue pas-
HOCTH TeMIlepaTyp B NOJYNPOBOJLHHKE HPHBOAHT K nepeme-
HieHHIo cBOGOJHBIX 3apAgoB. Ha ropsueM KOHILle NOJynpo-
BOJIHHKA KOHIEHTPAUHs 3JEeKTPOHOB WM ABIPOK 6oJblue H
CKOpOCTh HX nBHxkeHus Boie. TlosToMy oHM nepexoist M2
ropsiyero KOHLA NOJYNPOBOAHHKA B XOJIOAHHIH B 60sbLUeM
KOJIHUECTBE, YEM M3 XOJIOAHOTO B ropsiuvil. B mosynposos-
HMKaX C 3JIEKTPOHHOH NPOBOJHMOCTbIO 3JIEKTPOHHI Nepexo-
JIAT B XOJIONHBIH KOHell, H OH 3apsiKaeTcsi OTPHLATEJbHO.
Ilopsiunil KoHel NOJYNPOBOAHMKA, NMOTEPSIBIUHHM YacTb 3JIEK-
TPOIOB, OKa3blBaeTcsl 3apsKEHHBIM MOJIOXHTEJBLHO.

Baarogapsi sToMy MexxAy ropsiyuMM U XOJIOAHBIM KOHILAMH
1OJyIPOBOAHHKA BO3HHKaeT Pa3HOCTb NOTeHUHanoB. B no-
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JIyNPOBOJHUKAX C JbIPOYHOH NMPOBOAHMOCTBIO FOPSIUHIl KOHELL
3apsxKaeTcss OTPHLATENbHO, a XOJIOLHBIH — MOJIOXKUTENbHO.
C yBesueHHeM Pa3HOCTH MOTEHLHAJIOB BHYTPH MOJYNPOBOA-
HHKA YBeJHYHUBAETCs 3JeKTPHUecKoe noJie. To noJie 3ames-
JIsleT NMOTOK 3JIEKTPOHOB OT IOPAYero KOHLUA K XOJOLHOMY H
YCKOpPSIeT €ro B NPOTHBONOJOXHOM HanpasJeHHH. ITo ucre-
YeHHH HEeKOTOpOro BpeMeHH MeXIYy KOHUaMH ob6pa3syercs
pPa3HOCTh NOTEHLHAJIOB, NPH KOTOPOH 06a NMOTOKa 3JeKTpo-
HOB CTaHOBATCS OMHakoBhIMH. HacTynuBuiee paBHOBecHe
ONpEJIE/IUT TePMOIJIEKTPOABHKYILYIO CHIY, BOSHHKAIOLLYIO B
NOJIYyNIPOBOAAHHKE BCJIEACTBHE Pa3HOil CTeneHH Harpesa ero
KOHUOB. 3JTa 3/EKTPOLBH- Yy

XKyllasi cusia B JecsiTKH pa3
6onbllle, YyeM B napax, cO-
CTaBJIEHHBIX H3 METaJJOB.

KoadduuneHt nosesHo-
ro neHcTBUS TepMO3JieMeH-
TOB H3 TMOJYNPOBOJHHKOB
nocruraer 6—89%. Ecan
BCIIOMHHTb, 4TO B IapOBO-
3aX MCNOJb30BaHHE TOMJIH-
Ba onpenenserca 4—89%,
TO CTAaHET SICHOH 5KOHOMH-
yeckasl LEeHHOCTb TepPMOdJie-
MmeHToB. IlpocTora HX ycrt-
poiicTBa, OTCYTCTBHE CJIOXK-
HbIX BpallalollluXcs Mexa-
HU3MOB, MaJjble pa3Meps H
YCTOMUHBOCTb PaGOTHl Tep-
MO3JIEMEHTOB TOBOPHT O
TOM, YTO OHM JOJIXKHHI Hr-
paTh BaXHYIO POJib B SHep-
reTHKe,

B namefr ctpaHe Tepmo-
3JIEeMEHTH Halld TepBoe
CBOE NpaKTHYecKoe TpHMe-
HeHne 1/ obecreyeHHs Puc. 103. TepmosnekTporeneparop
3JIEKTPOTIHTAHUS PaLHONPH- TTK:3.
@MHHUKOB B MeCTaXx, I'le HeT
3JeKTposHepruu. JlabopaTopus mNONYyNPOBOAHHKOB Akafe-
mun Hayk CCCP coBMectHO ¢ MunucrepctsoM cBsisu CCCP
paspaborasia TepMO3JeKTPHUECKHe T'eHepaTOphl, BHIIyCKae-
Mble Hallell NPOMbIJIEHHOCTbIO.
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B stx ycrpoiicTBax Heo6xoguMoe Temsao obecrneyuBaeT
KepocHHOBasi Jiamna. l'opsiuve rasbl BLIXOAST M3 CTeKJa
JaMIbsl ¥ NOJOTrpeBaloT BHYTPEHHHEe CNAaHKH TepMO3JeMeH-
TOB, KOTOpHlEe pacrnoJjioXeHbl paAuajbHO BOKPYr CTeKJa.
BHewHHe crnafKu OXJa)KOalOTCsl KOMHATHBIM BO3JYXOM.
YcuieHne oxJaXKIeHHsl JOCTHraeTcsi NPU MNOMOILM I1ACTHR
paguatopa. TemmepaTtypa BHyTpeHHHX cmaek 300—350°,
BHeIHHX — 60°. Ta pa3HOCTh TeMmepaTyp AOCTaTOYHA AJs
NOJyYyeHHUsl 3JIeKTPOIHEPTHH, KOTOPasi MOXeT 06eCneynThb NH-
TaHHe paIMONpHEMHHKA.

OpxHa uyacTb TepMO3/eKTpoGaTaped HCHOJb3yeTcs AJIst
NHTaHUA KaTona, Apyrast — IJisl MUTaHHsS aHOLA NpPHEMHHKA.
Tepmoanekrporedepatop TI'K-3 mokasan Ha puc. 103.

§ 101. XONOAMNbHUKH

B 1838 r. B Ilerep6ypre akagemux JleHy ocyliecTBHJ
OJMH BeCbMa HHTepecHHIH onbIT. [JBa MPOBOJHHKA H3 PAa3HBIX
METasJIOB OBbLJIM COeJHHEHB MeXAy COGOH M BKJIOYEHH B
3J1eKTPHYECKYIo Lenb. B MecTe coegnHeHUss MeTaJ/1oB JIeHU
NOMECTHJI KaIlTio BoJbl. B TeueHHe HEKOTOPOro BpeMeHH uepes
NpPOBOJHHKH NPONYyCKaJH TOK, H Kamis BOAbI NpeBpaTH/Iach
B Jej. Oka3bplBaeTcs, YTO TOK, NOSBJASIOUIMACA B 3aMKHYTOM
KOHTYpe TepMO3JIeMeHTa, OXJlaXKJaeT Ty ClalKy ABYX MeTaJ-
JIOB, KOTOpasi nojorpesaercs, 1, Ha060pOT, HarpeBaer ApYy-
ryio xoJojHyio cnaiky. ITpu nponyckanuu uepe3 tepmoaiJie-
MEHT TOKa, NOJIYYEHHOro OT NMOCTOPOHHEro UCTOYHHKA 3JIeK-
TPO3HEepruH, B NPOTHBOMNOJOXKHOM HAaNpamJeHHH y ropsueii
cnafikd BBIAENSeTCS TeNJso, XOJIOfHas chaiika emie GoJiblie
oxJiaxaaercs. DTo siBjeHHe BneppBeie Habaogan Ilenbrse
eme B 1834 r.

PasHocTbh TeMnepaTtyp, KOTOPYIO MOXHO NMOJYYHTh, MOJIb-
3ysicb siBleHHeM [lenbThe, M Ko/nuecTBO Temnsa, OTHATOE
y XOJIOAHOH cnafKu M COOGLeHHOe HATPeTOMY KOHLy Tep-
MoO3JieMeHTa, XapaKTepH3yeTcsi TOH »Ke BEJHYHHOH, UTO H
ero k03¢ duLUHeHT NONe3HOro AeHCTBHS.

Temnepatypy HarpeBaeMoil cnafikv TepMO3JeMEeHTa MOX-
HO NOAJEpXKHBaThb Ha YPOBHe KOMHATHOH TeMIepaTypHl OT-
BOZOM H3JIMLIKOB TEeMJ1a, BLIAEJSIEMOro B 3TOM MecTe, DT0
NO3BOJIUT OXJagMTh JAPYryl0 CrNaiky A0 AOBOJBHO HHM3KOfi
temnepatyps. [ToHnKeHue TeMnepaTypsl cnaiku Gyner, Kos
HeuHo, NepefaBaThCAd OKpYyXkamolleMy BO3AyXy. Brosne no-
HATHO, YTO ONHCAHHble $IBJEHHS MOXHO HCIOJBb30BATh
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IS YCTPOHCTBA XOJOAMJIBHHKOB. Takue XOJOAMJILHHKH IO
CpPaBHEHHIO C APYTHMH CYLIECTBYIOUIHMH CHCTEMaMH HMeEIOT
TakMe BaXXHble NPEHUMYILECTBA: OTCYTCTBHE IBHKYLIHXCA
YCTPONCTB M NPOCTOTY KOHCTpYKuuH. Heob6xomumo, oxxaxo,
OTMETHTb, YTO KO3 (bHUHEHT NMOJE3HOr0 JeACTBHS XOJOIHIb-
HHKa Ha TepMO3jeMeHTaX, HJH XOJOAHJbHHIA KO3¢ddHLH-
eHT, Mor Gbl GBHITb 3HAUMTEJbHO BbIlE, ecjqH Obl HE OLIIO
nepeHoca Telsa H BblAeJeHHs TelJjia TOKOM B HOJIYNPOBOM-
HHUKOBLIX 3JIeMeHTax, cocTaBjsmoumx 6arapero.

§ 102. EPPMTBI

B nocienHee BpeMs B 3J€KTPOTeXHHKe, U OCOGEHHO B
pajHOTEeXHHKe, BCe uyallle MNPHMEHSIOTCA MOJYNPOBOAHHKU
ocoforo THNa, Ha3biBaeMble (eppuTaMH. PeppUTH — 3TO
COeNINHEeHHe OKHCJIOB TPeXBaJEeHTHbIX METAaJJIOB C ABYXBa-
JeHTHLIMH. [1/18 mosiyueHHss ¢peppHTOB MOXHO 6paTh, HaNpH-
Mep, OKHCJbl XKeJle3a WJIH aJIOMHHHSI (TpexBasleHTHHE) H
UMHKa (AByXBa/neHTHbIH). Taxkue NONynpoOBOJHHKH HMEIOT
BHICOKHE MarHuTHble KauecTBa M 060JbIUOE yIeabHOE CONpo-
THBJIEHHE.

Kak Hn3BecTHO, C NOBHILIEHHEM YacTOTH NepeMEeHHOro
TOKa 3HaYHTeJbHO BO3PaCTalOT NOTEPH, CBSI3aHHbIE C NOSAB-
JIeHHeM BHXDEBLIX TOKOB B XXeJe3HBIX cepieyHHKax. IDTo
OPHUBOAUT K TOMY, YTO B PAJHOTeXHHKe IDH OUeHb BLICOKHX
yacToTax NMPHMEHSTD XeJle3Hble CePJeUHHKH Helenecoobpas-
Ho. BcenencTBre BHICOKMX MarHHTHBIX KauecTB H GOJbUIMX
yAeNbHBIX CONPOTHBJIEHHH (DEpPHUTOB MOXKHO JOGHTbCS 3Ha-
YHTeJbHBIX CTeneHeH HAaMarHMYMBAHHUA INIPH YacToTax A0
MHJIJTHOHA repll U 6oJibLie.

Ilpu nomomy GHeppHTOB MOXKHO MOJYYHTb B HEGOJBLIMX
o6beMax 3HAUHTE/bHYI0 MarHHTHYIO SHEPTHIO NPH BBICOKOH
yactore. PeppHTOBBIe CEPHEUHHKH HAIOT BO3MOXKHOCTh Ha-
MHOr0 YMEeHbUIHTb DPa3Mephl BBICOKOYACTOTHHIX TpaHcdop-
MaTOpOB H APYTHX paavOTeXHHYeCKHX MPHGOpOB.

§ 103. TEPMUCTOPDI

OnHo# 13 OCHOBHBIX OCOOEHHOCTE! NOJYNPOBOAHHKOB SIB-
JISieTCsl Pe3KO BbIpaXieHHasi 3aBHCHMOCTb HX SJIEKTPOIPOBO-
JHUMOCTH OT U3MeHeHHs TeMnepatyphl. I1pH yBesHueHuu TeM-
nepaTypbl Ha 1° 3JeKTPONPOBOAHMOCTL MNOJNYNPOBOJHHKA
Bo3apactaer Ha 3—6%. [loBrienue TemMnepatypni Ha 100°
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BJeyeT 3a co6off yBeJHUYEHHe 3JEKTPONpPOBOJHMOCTH B
50 pa3. DTo cCBOHCTBO MOJIyNPOBOJHHKOB MO3BOJISET HUCMOJb-
30BaTh UX AJis H3MepeHHs TeMmnepaTyp. TepMoMeTphI-CONpo-
THBJIEHHS] H3 MNOJIYNPOBOJHHKOB HAa3bIBAIOT TE€PMHCTOPAMH.
Bnaropaps ManbiM pasmepaM TepMHCTOPbl OYeHb OBICTPO
peardpyloT Ha H3MeHeHHe TeMIepaTyphl. JTO Xe CBOHCTBO
MI03BOJISIET JIETKO H NPOCTO U3MEPATh ¢ HX MOMOIIbIO TeMIe-
paTypy MaJleHbKHX NpeqMeToB. ki3MeHenue compoTuBJeHHA
NOJIyMPOBOIHHKOB B JeCSTKH pa3 GoJblie, yeM MeTaJ/lJIOB,
ec/Id OHH HAaXoJATCs B OAHHAKOBBIX TEeMIlepaTypHBIX YycCJIO-
BHSIX. DTO HaMHOro MNOBLIIIA€T TOYHOCTb H3MEpEeHUH npH
TIOMOILH NOJyIPOBOJHHKOB.

Ho He To/bKO H3MepeHHe TeMnepaTypsl MOXKHO OCYILeCT-
BHTb NPH NOMOUH TepMHcTOPOB. OHH MOTYT CIYyXHTb OTpa-
HHUATENSIMH BpeMeHH. Bpems, kotopoe Heo6Xomumo ans
JIOCTHXKEeHHs] KaKOH-JH60 BeJIHYMHBI TOKA NPH YCTaHOBJIEH-
HOM HAanpsKeHHH, 3aBHCHT OT PasMepOB TEMJIOBOTO COupPO-
THBJIEHUS!, BKJIIOYEHHOTO B LIeNb, H OT TOTO, KAaK OHO OXJaX-
npaetcst. FMIaMeHsist 5T JaHHble, MOXKHO JOGUTbCS TOrO, YTOOLI
[0 HalleMy YCMOTPEHHIO 3TO ObIM JOJH CEKYHAR MM MH-
HyTbl. TepMHCTOPH MOTYT NPHMEHSTbCS AJsI NOCTEHNEHHOro
BK/IIOYEHHS] Pa3JIHYHBIX 3JIEKTPHYECKHX YCTPOMCTB aBTOMa-
THyeckMM nyteM. CKOpOCTb BKJIOYEHHs] MOXeT GOhITh 3apa-
Hee MpefyCcMOTpeHa.

TensioBbIe CONPOTUBJIEHHS TPHMEHSIOT TaKKe AJs1 YyMEHb«
uieHusi KoieGaHUH Hanpsi2keHHs WM BeJHYHHBI TOKa,



YACTb

MALLKMHBI NOCTOAHHOIO M
MEPEMEHHOIO TOHA

TNABA 1
MALLVHBI MTOCTOSHHOTO TOKA

§ 104. NPMHUMN PABOTbI TEHEPATOPA NMOCTOSHHOIO TOKA

JJIEKTpHYECKHE MALIHHBL, C NOMOLIbI0 KOTOPHIX MeXaHH-
yecKas Heprusi npeo6pasyeTcss B 3JEKTPHYECKYIO, Ha3blBa-
10TCs eeneparopamu. Ecnu reHepatop CAYXKMT IJs co3ja-
HHSl TIOCTOSIHHOIO TOKa BO BHEIIHEH IenH, NOAKJYaeMol
K HeMy, TO OH Ha3bIBAeTCs 2eHeparopom NOCTOAHHO20 TOKA.

Puc. 104. Ilpusuun ne#icTBUA reHepaTopa MOCTOSIHHOTO TOKa.,

[TpuHUMNHaJbHOE YCTPOHCTBO TAKOro reHepaTopa MoKa-
3aHo Ha puc. 104. OcHOBHbIE YacTH FeHepaToOpa MOCTOSIHHO-
ro TOKa clejylollue:

a) 3M1eKTPOMATHHUTH. ODJIEKTPOMarHUTH CJayKar
LUl CO3LaHHs MarHutHoro noJs. CHucreMy 3JeKTpOMarHu-
TOB Ha3bIBAIOT TaKkKe UHOYKTOpom MaluMHbL OHA COCTOHUT
0GBIYHO M3 CTAHUHbL MALIHMHEI, HMEIOILeH KOJIbleBYIo GopMmy,
BHYTPH KOTOPOH YKpeNJeHBl cepledHuxu 3JIeKTPOMAarHHTOB
HHIYKTOPA C KaTyIIKaMH. DJIeKTPOMarHiThl NPUBUHYUBAIOTCS
K CTaHMHe MAalUMHBI H pa3MeILaloTcsi BHYTPH ee TakK, YTOObI
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MOJIIOCH! UX YepeNoBaJsMCh, KaK 3TO NOKa3aHo Ha puc. 105;
6) sxopb. Akopem Ha3blBaeTcss Bpalalolascsi 4acTh
3JIEKTPHYECKOH MaliMHBL. JIKOpb COCTaBJeH M3 JIHCTOB CTa-
JM, KOTOpPble MOKPHITH H30JHPYIOLIUM JIAKOM Ui YMeHb-
IIeHUs] TOTepb Ha BUXpPEBLIE
TokH. Ha BHemHell uuanHg-
pHUECKOH MNOBEPXHOCTH SIKO-
ps Beippe3epoBaHbl npodors-
Hbte nazv:. B 3TH naswbl ykJa-
ILIBAIOTCS H30JI1pOBaHHbIE
NPOBOAHUKN OOGMOTKH SIKOpS.

Cmanuna

Puc. 105. Cxema ycrpofictBa cra-  Puc. 106. Buewnuit sua  skops
HHUHBl MALIHHBI TOCTOSTHHOTO TOKA.  MalUMHBI MOCTOSIHHOTO TOKA.

ps nepecekaer MAarHUTHBIE CHJIOBbIe JUHHUM MOJs, 0J1aro-
gaps uyeMy B INIPOBOOHHKaxX 006MOTKHM IKOpA NOSABJASIETCA
3JIEKTPOABHIKYIILasd CHJaA. BHewnuit Bug AKOpA MAalUHHBbI

Akops
ya

o i

Puc. 107, Pa3spe3 saxopsi MauMHbl MOCTOSIHHOIO TOKa.

[IOCTOSTHHOTO TOKa NokasaH Ha puc. 106, a paspe3 ero Ha
puc. 107. BHyTpu sikopsi uMeeTcsl BaJ, KOHUBl KOTOPOro Ha-
XOASATCA B NOAIIUITHHKAX CTaHWHBL,

B) KoanekTop. Koanekrop Haxomutrcs Ha OIHOM
Bany ¢ sikopeM. KosasnekTop npenHasHaueH AJs1 TOro, 4yToObl
BO3HHKalOIllMe B OOMOTKe SKODSI TOKH Pa3HOro HamnpabJeHHs
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npeo6pa3oBLIBAIMCh BO BHEILIHeH Lend B INOCTOSHHBIH TOK.
OH cocrouT H3 Habopa MeJHBIX MJIACTHH, pasjejeHHbIX
Mexnay co6oii usonsuueir. O6uiast BHELIHSsT MOBEPXHOCTb
IJIaCTHH MMeeT LUMJAMHApHUYECKYl0 ¢opMmy. K KOJJIEeKTOpHBIM
N/J1acTHHAM NpPHNasiHel OTBOAL OT OOMOTKM saKopd. [lo uu-
JIMHAPHYECKOH MOBEPXHOCTH €ro CKoJb3AT LeTKH. OT uieToK
MAYT NPOBOAA K NOTPe6HTeNI0 3/1eKTpHYecKoil sHepTuu. KoJ-
JeKTop Bpailaercs BMecte ¢ sikopeM. OjfHa H3 LIETOK Bce-
raa CKOJIb3HT MO TeM MJacTHHaM KOJJeKTopa, KOTophle Co-
elIMHEeHBl C TNPOBOAHMKAMH OOMOTKH SIKOPS, NAIOLIUMH TOK
BO BHellIHIO0 Lenb. Yepe3 aApyryio LieTKYy H MJAacTHHBI KOJI-
JIEKTOpa TOK BO3Bpauiaercs B OOMOTKY SKOpS.

IlpuHIMN nelicTBUS reHepaTopa NOCTOSTHHOTO TOKA MOX-
HO MoHATb U3 puc. 104. 31ech KONNEKTOpP COCTOMT H3 ABYX
NJAacTHH, K KOTOPBbIM IPHCOeJHWHEHBl KOHIIBl OJHOrO BUTKA
o6motkn. Ecau KonsekTop BMecTe ¢ BHTKOM OGMOTKH Bpa-
11aercsi, TO HENOABUKHbIE LIETKH CKOJIb3SIT MO €ro NMOJYKOJb-
naM. BuTok 06MOTKH MOXKHO NIPeACTaBHTh cefe COCTOSIIUM
U3 JBYX NPOBOJHHKOB, H3 KOTODBHIX Ha PHCYHKe OIHUH 3ayep-
HeH. Kora npoBoaHHK a6 NPOXOAUT MO CEBEPHBIM NOIOCOM,
a TNPOBOIHHK 82 — MNOJ I0XKHBIM, TO B HUX MHAYKTHDYIOTCS
3JIEKTPOJBHIKYIIMe CHJIBI, HAallpaBJeHHble TaK, Kak NOKa3aHo
Ha pHCYHKe CTpesJKaMH. DTH 3.1.C. B PacCMaTpHBaeMbIi
HaMH MOMEHT CKJaJblBalOTCsl U NeHCTBYIOT B OJHOM Hanpas-
JIEHUH TakK, YTO BO BHeElIHeH LenH reHepaTopa NOsBJsIETCSs
TOK, HAalpaBJIeHHbIH OT NEpPBOH ILETKH KO BTOPOM.

[1pu npoxoxaeHuH NPOBOAHMKOB MOJ MOJIOCAMH APYTHX
Ha3BaHU{ HanpasJjieHHe MHAYKTHPYeMOH B HUX 3.1.C. U3Me-
HsiIeTCS Ha MPOTHBOIOJOXKHOE, HO M NpPH 3TOM MOJOXKEHUH
B NIPOBOJHUKE a0 feHcTBYyeT 3. . C., HanpaBJeHHas K NepBoit
LieTKe, a B NPOBOAHHKe 82 — 3.1.C., HaNpaBJeHHast OT BTO-
poit metku. Bioarogaps 3ToMy Bo BHeLIHeil Lienu Hamnpas-
JieHHe TOKa COXPAaHHTCS TaKHM XKe, KakKHM OHO OBLJIO HpH
paccMOTpPEeHHH MNpejbIAYILero nojoxenuss BuTka. Korna Bu-
TOK 3aHMMaeT BepTHKaJbHOE IOJOXKeHHe, 3. I. C. B IPOBOJ-
HUKax paBHa HyJo. [lleTkn B 310 Bpems HaxonsaTcs Ha pas-
HeNSIOIMX TJIACTHHBI  KOJIJIEKTOpPA HM30/JHPYIOUIMX [Mpo-
KJIajKax.

Takum o6pa3om, BO BHELUHEH LleNH HanpasJieHHe TOKa He
H3MeHsieTcsl, TaK KaK BMeCTe ¢ NPOBOJHMKAMM BHTKa MOBO-
pauuBalOTCH UM MJACTHHBI KOJIJIEKTOpA, COeMHEHHLIE C HHMM.
Ecnn B nepBOoM MOJIOXEHHH C NEPBOH ILIETKOH CONpHKaca-
Jlach nepBas NJacTHHA KOJIJIEKTOpa, TO BO BTOPOM C 3TOil XKe
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HIEeTKOH CcONpUKacaeTcs BTOpasl NJacTiHA. Bo BHeliHel uenu
regeparopa 6Jarofgaps HaJH4MIO KOJIJIEKTOpa UUPKYJHpyeT
TOK, He MeHSIOUIMiCs 10 HanpaBJ/ieHHIo, HO U3MeHSIoLHics
no BesnuuHe. Takoil TOK HasbiBaeTcsi nyascupyrowum. Uro-
6bl MyJabcanus 6bl1a BO3MOXKHO MeHblIel, Ha SKope MallHuHEbI
pasMellaloT He OXZMH BUTOK OOMOTKHM, a MHOTO. DTH BHTKH
OOMOTKH PacloJIOxKeHbl Ha $IKOpe PaBHOMEPHO H CMeELLUEeHHI
ONVH OTHOCHUTEJNBHO APYroro Ha omnpejeseHHbld yroJd. Kou-
JIEKTOP COCTOUT He M3 ABYX MJACTHH, a U3 GOJBLIOro KOJH-
gecTBa HX. Takoe yCTpOHCTBO OOGMOTKH ¥ KOJIJIEKTOpa Ha-
MHOI'0 yMeHblIaeT MyJbCalMIo TOKa.

§ 105. 3. A. C. TEHEPATOPA NOCTOAHHOIO TOKA

DJIeKTPOABHKYIILAsl CHJIa TeHepaTopa MOCTOSTHHOTO TOKa
TeMm OoJiblie, yeM O6oOJblie BUTKOB HMeeT OGMOTKa SIKODSI,
YeM Bbllle CKOPOCTb BpAallleHHs MU YeM CHJIbHee MarHHTHOe
moJie sIKOps, CO3gaBaeMoe MOJMIOCAMH MallHHbL.

Uewm Gosbllle NPOBOIHUKOB, COCTABJSIOUIUX OGMOTKY KO-
ps, TeM OoJblle HOJMKHA OBITh 3JEKTPOABHXKYLLAS CHJA,
BO3HHKAIOIlasi B HeM, TaK KaK 3JeKTPOJBHKYILHE CHJIBI,
BO3HHKAIOIIMe B INPOBOZHHKAaX OGMOTKH, CKJaIbIBAlOTCA
Mexay coboii. Benuunna 3/eKTpOABHIKYILIEH CHJBI 3aBHCHT
TaKxXe OT CKODOCTH BpallleHHs IKODS, TaK Kak ueM OniCcTpee
BpallaeTcst IKOPb, TeM GOJIbIIE CKOPOCTb MepeceyeHHsl Mar-
HHTHBIX CHJIOBBHIX JIHHHMI NOJIOCOB NMPOBOJAHHKAMH OGMOTKH.

DJIeKTPOABHIKYIIAs CHJIA, BO3HHKAIOLIAS B KOPE, HOJIK-
Ha YyBeJHUUBATbCS, €CJH yBeJIHUHBAEeTCsi MAarHHUTHHIH MOTOK
MOJIIOCOB TeHepaTopa, TaK Kak NPH 3TOM BO3pacTaeT KOJH-
YeCTBO MATHHTHBIX CHJIOBLIX JIMHHH, KOTODble IepeceKaloT
KaXJblii NPOBOAHHK OOGMOTKH B €IMHHIY BPEMEHH.

§ 106. OBMOTKA IKOPS

Haub6osnbiuee pacnpocTpaHeHHe umelor 6apabautbie 06-
MOTKU, KOTOPBIE YKJa[bIBAIOTCS1 B NPOJOJbHbEE NMa3bl Gapa-
6aHHbIX sikopelt. OOMOTKH SIKOpSI BBINOJHSIOTCS B BHIE OT-
ZeJIbHBIX CeKUHi.

Cekyuedi Ha3bIBAIOT YacTb OGMOTKH SIKOPS, KOTOpasi Ha-
XOJHUTCS MeXAY ABYMs KOJIJIEKTODHBIMH M1acTHHaMH. [Ipo-
BOJHHMKH CEeKLHH, yJOXKeHHble B IIPOLOJbHEIE Na3bl, SBJAIOT-
¢ akTugHoU 4acTtbto obmorku. Tlpu BpalleHMH SKOPSI OHH
nepeceKaloT MAarHUTHble JIMHMH NOJS, U B HUX BO3HHMKaeT
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3JIeKTPOJABHIKYILAS CHIa. DTH NPOBOAHKKH HAa3bIBAIOT QK-
TUBHbLMU CTOPOHAMU ceKyuu. Eciiu ofHa aKTUBHAasi CTOPOHA
CeKLMH HaXOMUTCS MoJ MOJIOCOM OJHOrO HaHMeHOBaHMS, TO
Ipyrasi CTOpOHa B 3TO BpeMsl JAOJIXKHA NMPOXOAUTb HOA TOJIO-
COM MAaIUHHBI JPYroro HauMeHOBaHUS.

Bapa6Gauusie 06MOTKH GLIBAIOT nerieobpasrsie u 80AHO-
obpa3nsie. TlepBble M3 HMX HAa3bBIBAIOT TaKXKe naApaitels-
HbLMU, WA NETAEe8bIMU, BTOPbIE — NOCAC008ATEAbHbIMU, UIH
80aHo8oiMmu. KOHCTPYKIMS OGMOTKH 3aBHCHT OT KOJIMYECTBA
NOJIIOCOB  MALIWHBL, KOJHYe-

CTBA AKTUBHBIX NPOBOJHUKOB |
H wara o6morku. llazom 06- .
MOTKU Ha3bIBAIOT TO YHCJIO : —Y
nasoB, Ha KOTOpOe CMeLIeHbl /// 7

| 7408
HauyaJbHbBle CTOPOHBI ABYX CO- [/ /] 7
CeJIHHX CEeKLHUH. Yy~ )

B nerseBoli o6MOTKe cek- 4l

Il¥s1 COCTaBJ/ISieTCs B BHJE IeT-
au. OHa MOXeT COCTOSITb H3
HEeCcKOJIbKHX BHUTKOB. BriBombl
netJjeBoil oOMOTKH npUnauBa- Puc. 108. IlernieBas o6MOTKa.
IOTCS K JBYM COCEIHHM KOJI-
JIeKTOpPHBIM miactiHaM. [leTsieBas o6MOTKa M300paxkeHa Ha
puc. 108. Peayabptupylomuii mar netyieBofi 0OMOTKH y = 2.
D70 3HAYUT, YTO HAyaJIbHbIE CTOPOHBI ABYX COCENHHX CEKLHH
CMellleHH Ha JBa nasa. PasBepHyras cxema neTsieBoi 006-
MOTKH OaHa Ha puc. 109,

B BosnHOBOK 06MOTKe, B OTJIHYHEe OT IETJEeBOH, BHIBOALI
ONHOH M TOH Ke CeKUUH NPHNAHBAIOTC He K COCeIHHM
IJ1aCTHHAM KOJJIEKTOPa, a K MJIacTHHAM, KOTOpble HaXOAsTCA
Ha ero NpOTHBOMNOJIOXKHEIX CTOpoHax. PasBepHyras cxema
BOJIHOBOH O6MOTKH M306paxeHa Ha puc. 110. PesyabTHpylo-
Ui mwar 3Toil O6MOTKH paBeH CyMMe ee YaCTHUYHBIX 11aros.
YacTHuHBle 1IArd AOJIXKHB OBITH MpPEICTaBJIEHBl HEUeTHBIMH
YHCJIaMH,

Umncsio na3os, NOKa3bIBAIOMIMX PACCTOSIHHE MeXIY ABYMs
CTOPOHAMM OJHOH CeKIUHH, HA3bIBAIOT Nep8biM YACTUYHBIM
waeom. Uncno nasos, Ha KOTOpoe CMellleHbl HauaJjbHas CTO-
pOHa CeKLHH U KOHeuyHasl CTOpPOHA MpeablaAyIiedl CEeKLHH,
Ha3bIBAIOT BTOPbLIM YACTUUHbIM ULASOM.

Takum o6pasoM, pe3yJbTUPYIOIMI MIar neTsieBod 06-
MOTKH

Yy=th—="u..
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Puc. 110. PassepHyTasi cxemMa BOJIHOBOII OGMOTKH.




HOna BoHOBOH OOMOTKH Pe3y/bTHPYIOLIHI miar ompeje-
JuTcsa mo Qopmyse

Y=+

31ech y; — NepBbIfi YACTHYHBIH IIAr U Y2 — BTOPOH yac-
THYHBIH 1UAar.

§ 107. TEHEPATOPBI C NOCNEAOBATENIbHBIM
U NAPANNENbHLIM BO3BYXAEHUEM

B MammHax NOCTOSSHHOTO TOKa MNHTaHWe OOMOTOK BO3-
6y}KI[eHPlﬂ, T. €, 06GMOTOK 3JIEKTPOMArHuTOB, OCYLIECTBJISACT-
Csa OByMs crioco6aMHu: Moc/eq0BaTeNbHbBIM U napaJuieJibHbIM

B0O30yXKIeHHeM.
e o
e .
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d/PN o c i@
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Puc. 111. CxeMa MaluHbl Puc. 112. CxeMa MaluHBl ¢ mapaJ-
C TocJ/iefloBaTeNbHBIM BO3- JIeJIbHBIM BO36Y K JeHHEM.
6yxKeHHEM.

B mawmuHax ¢ nocaedosaresvroim 8036yxcdernuem o6MOT-
Ka BO30YXK/JIEeHHUS BKJIOUAeTCs NOC/e0BaTeNbHO ¢ 0OMOTKOM
sskops. CxeMa MaILHHBI C [10C/I€J0BATeJbHBIM BO30YyXKIeHHEM
noxasaHa Ha puc. 111.

MaiuHsl ¢ napassesbroim 8036yscOeruem OTIHYAIOTCS
TeM, 4YTo 0OMOTKa BO30OyKIEeHHS B HHUX BKJIIOYAeTCs mapaJ-
JenbHO sikoplo. [TpuHIMNHabHas cXxeMa ABYXMOJIOCHOH Ma-
IIMHB C TapaJjJesbHbBIM B030yXKaeHHeM H300paxeHa Ha
puc. 112. B stux MammnHax Tok Bo30yKAeHHsI COCTaBJsieT He-
6O/bIIYIO YACTh TOKA SIKOps, MO3TOMY CONpPOTHBJIEHUE Ma-
paJiieJbHOH OGMOTKH BO30Y2XKAEHHS 1O CPAaBHEHHIO C CONpPO-
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THBJIEHHEM OOMOTKH SIKOpS AOJI)KHO ObITh JOBOJIbHO 3HAYH-
tTesbHbIM. OGLIKHOBEHHO TOK B OOMOTKe BO30OYyXKIEHHS He
npesbliaer 5% HOMHHAJBHOTO TOKA Harpyskd MalIHHbL
Ecau rpacduueckd n3o6pasvTb 3aBUCUMOCTb MexKAy Hamps-
JKEeHHEM Y 3a)KHMOB reHepaTopa H TOKOM BO BHeIUHeH Lenu,
TO TakoH rpadHK Ha3blBaeTCs BHeuwlHel XapaxKTepucTuxol
ceHeparopa. BHellHsii XapakTepHCTHKa reHepaTtopa ¢ na-
paJsie/ibHBIM BO36YKAEHNEM NMoKa3aHa Ha puc. 113.

Kpome nocnenoBaTenbHOro
v H mnapaJJiesbHOro BO30yxKue-

HHUsI, IPHUMEHSIeTCsl TaKXKe cme-
ulaHHoe 8036yxcderue. B aTom
clyuyae reHepaTop HMeeT Kak

4 napaJjienbHyo oOMOTKY BO3-
-~ 6yKIeHHsl, TaK U MOcJeL0Ba-
0 - ; TesabHylo. B renepatopax co

CMEeIIaHHBIM  BO36YyXKIeHHeM
Puc. 113. BHewnsst xapakTe- pesyNLTHpYIOUHH NOTOK 06-
DHCTHKA reHepaTopa ¢ napan- MOTOK BO30YXJEHHS NMOUTH He
JeNbHBIM BO36Y XK IEHHEM. U3MeHsieTCsl C U3MEHEeHHEM Ha-

rpysku. Hanpsixkenne Ha 3a-
XKHUMaxX reHepaTopa CO CMeLIaHHbIM BO3GYXIEHHEM MpH
U3MEHEHHH TOKa HATrPy3KH TaKxke He H3MeHsieTcsi. DTo Kaue-
CTBO TeHepaTopa CO CMelUaHHbIM BO30GYXIEHHEM HCII0J/b-
3yeTcsi Uil TOro, 4To6bl o6ecneyuTh NMOCTOSIHHOE HampsikKe-
HUe B LENM HE3aBUCHMO OT U3MEHEeHHs] KOJHMYECTBA BKJIIO-
yaeMbIX B lleflb NOTpe6HTesNeH 3MEeKTPOIHEPTHH.

§ 108. PEFYNIMPOBAHME HANMPSYXEHMUS FTEHEPATOPOB

HanpsxeHne Ha 3axXuMax reHepaTOpoB peryJaupyercs
MPH MOMOILM PEOCTaTOB, BKJIIOYAEMbIX MapasJiesbHO HJH MOo-
CJIE0OBATEJNBHO ¢ O6MOTKaMH BO30YyXKIaeHHUS.

Hanps»enne reHepatopa ¢ mocJef0OBaTeJJdbHbB M
BO306yXN€eHHEeM peryJupyerci peocTaToM, KOTOpbIH
BKJIIOYAOT NapaJaaeJbHO ¢ OOMOTKOH BO30Oy:KIeHHS,
KaK 3TO NokasaHo Ha puc. 114. C yBeanyeHueM CONPOTHB-
JIEHHS1 peocTaTa TOK, IPOXOAAIIMN yepe3 Hero, OyAeT yMeHb-
watbcsl, B 06MOTKe B030GyxaeHHs TOK Oymer Bo3pacraTh.
MarHuTHEIH NOTOK OOMOTKM BO30YXK/JEHHS, NPOXOLSLIHiT
yepe3 fKOpb, TaKxke OyneT Bo3pacTaTb U BMeCTe C ITHM
YBEJIHUNTCS 3JIEKTPOABHKYLIAS CHJa reHepaTopa.
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PerysnsiTop HanpsiXKeHHsl TreHepaTopa ¢ MapasnJjed b
HblM BO3OyXJeHHEeM BKJIOYaeTcs NocCJejoBa-
TeJqbHO ¢ 06MOTKOH BO3OyxaeHHs. CxeMa ero BKJIOYe-
HUfA TokasaHa Ha puc. 115. Ecan conpoTHB/IeHHe 3TOro pe-
TYJUPYIOIIEro peocTaTa YyMeHblIaTbh, TO TOK B O0OOMOTKe
BO36yxK/aeHUs OymeT yBeJHUMBaTbCA. MAarHHTHBIH MOTOK,
OPOHU3LIBAIOILKI SIKOPb, BO3PacTeT, H 3JEKTPOABHIKYILAS
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Fuc. 114. T'enepatop ¢ mo- Puc. 115. Bkiiouenue pe-
clefoBaTeNbHBIM BO36YXK- rynaTopa HaMpSIXKEHHS C
JeHHEM U PeryJasTopom reHepaTopoM C MapaJiienb-
HamNpsKeHUs. HBIM BO3GYXKAEHHEM.

cuJla reHepartopa yBEJHYHUTCA. Ecan Tok Bo BHellHel uenu
yMeéHbllaeTcs, TO COIpPOTHBJ/IEHHE peocTaTa Hado YBEJHUYH-
BaThb. le/l 3TOM 3JIEKTPOABH2KYIIad CHJIAa YMEHbIIAeTCd, 4
HanpsaxXeHHe Ha 3axHMax TreHeparopa OCTAeTCsd Hens-
MEHHBIM.

§ 109. ABUTATEJIU NOCTOSAHHOIO TOKA

DJleKTpHYecKHe MalINHbl MOCTOSTHHOTO TOKA XapaKTepHbl
TeM, UTO OHM fIBJSIOTCS OGpaTHMMbIMH MaluHamMu. OHH Mo-
ryT paGoTaTh B KauecTBe reHepaTopa MJM B KauecTBe ABHra-
Tesisi 6e3 U3MeHeHHs1 KOHCTPyKUMH. Eciu MaiinHa paGoraer
B KauecTBe TeHepaTopa, TO ee IKOph BpallaeT MeXxaHHUeCcKHil
asurartesb. Ecoii mo 06MOTKe sIKOPSt MPONMYCTHTh NMOCTOSIHHBII
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TOK OT BHELIHEro HCTOYHMKA 3JIEKTPHUYECKOH 3HepruH,
TO 3Ta Xe MalMHa 6yjeT pa6oTaTh B KayecTBe 3JEKTpHUe-
CKOro JBHrareJs.

dyekTpoaBUraTesu paGoTarT Ha NpHHLIMIE B3auMOAeH-
CTBHUsI MeXJAYy INpPOBOLHHKOM C 3JIEKTPHUECKHM TOKOM M
MarHMTHBIM TOJIEM, B KOTOPOM HaXOMUTCS NMPOBOXHHK. Me-
XaHHYecKasl Cu/a, BO3HHKawllasi B pe3yJbTaTe TaKOro B3aH-
MOJEHCTBHUSI, 3aCTaBJ/IsieT IPOBOJHHK C TOKOM NepeMellaThcs
B TOM HJIM MHOM HanpasJseHud. HanpaBieHue nepemeileHHst
NpPOBOJHNKA 3aBUCHT OT HamnpaBJieHHs TOKa B NpPOBOJHHKeE
H OT HanpaBJIeHHsi MAarHUTHOro noJss. Tak Kak NpOBOIHHUKH
0OMOTKU YKpeNJieHbl Ha iKope, TO C llepeMellleHHeM NpoBOA-
HUKOB B MarHHUTHOM NoJie SKOpb HauHeT Bpamatbesi. Hanpas-
JieHHe BpallleHUsl SKOpPs MOXeT OBITb YCTAHOBJIEHO IO
npaBuay JIeBOH DPYKH.

ITpuHIMD 06PAaTUMOCTH 3JEKTPUUYECKHMX MAIIUH MOCTOSH-
HOro Toka Obl1T BNepBble OTKPHIT HALUUMH YYEHbBIMH —aKaje-
Mukamu Jlenuem u S1KoOm.

§ 110. ABUTATENU C NOCNEAOBATEJIbHbIM
M NAPANNENbHLIM BO3BYXXAEHUEM

IlogoGHO reHepaTopaM NMOCTOSSHHOTO TOKAa ABMTraTesH MO-
CTOSIHHOTO TOKa MOTYT ObLIThb C napaJijieJbHbIM, MOC/aef0Ba-
TEJbHBIM HJM CMellaHHBIM BO36GYyXKIEHHEM.

[IpuHuMnuanbHasi cxeMa [JBUTraTesNss C MOCJAeN0BaTe/b-
HbIM BO30YyxKJeHHeM nokasaHa Ha puc. 116.

JBuratenn ¢ nocnefoBaTeJbHBM BOS3-
6yXIeHHMeM XapakTepHbl TeM, YTO B HadaJbHBIH MO-
MEeHT WX [NycKa Bpallawllee YyCHJIHe, MNOsABJsAIOILEecs Ha
BaJy AKOps, HMeeT HauGoJiblllee 3HaueHHe. DTO MO3BOJISET
NPUMEHSITh JBHraTeJH C NOC/JAeN0BaTeNbHBIM BO36YKAEHHEM
TaM, rje Heo6XOAMMO B MOMEHT IyCKa NPEOHOJIETh 3HAUH-
TeNbHOE CONPOTHBJIEHHE TPHBOAMMBIX B JBHXKEHHE YCT-
polictB. JIBHrartenu c noc/iefoBaTeJbHBIM BO30YXKIEHHEM
NPUMEHSIIOTCST B TPaHCNOPTHBIX YCTPOHCTBAX C 3JIeKTpHuUe-
CKOHl TATOH: TpaMmBasix, 3JEKTPONoe3nax U JIPYrUxX YCTpOii-
CTBax.

Ilyck pBurarteseil TaKoro THNa OCYLIECTBJsIeTCA MpPH
NOMOILM TNYCKOBBIX peocTaToB. PerynupoBaHHe CKOpPOCTH
BpallleHUs1 SIKOpsl OCYLIECTBJISIETCS ¢ MOMOIIbLIO PEryJHpylo-
LIMX PeocTaTOB, KOTOPbIE BKJIOYAIOTCS NapaJienbHo oOMOT-
Ke BO30YXKJeHHs.
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[MpuHUHNHKAJIbHAS cXeMa BKIIOUEHHs 08ueareas ¢ napan-
AeabHbim 8030yscOenuem n3obpaxena Ha puc. 117. C yse-
JIHYeHUEeM Harpy3KH CKOpOCTb BpalLleHHs ABHrartejed c
napaJijielbHbIM BO3GYXKIEeHHEM YMEeHbIIAeTCsi, HO BechMa
He3HauuTesnbHOo. Pa3uuna B uncsie o60poTOB NpH MOJHOH Ha-
TPy3Ke JBHraTeJisi H NPH XOJOCTOM XOfe OGLIYHO GLIBAeT He
Gosee 4%. I[MosToMy Takue OBHraTesd NPUMEHSIOT B TeX
clyyasx, Korga HeoOXOAHMMO, YTOGbI CKOPOCTb' BpalleHH:

g

XK.

Xl

Puc. 116. Osurartesp mocro- Puc. 117. [dBuratenb NOCTOSHHO-
SIHHOTO TOKa C MOC/eNoBa- ro ToKa ¢ MapaJJebHbIM BO3-

TeJIbHBIM BO30YXAEeHHEM. 6y AeHHEM.
npyu H3MEeHeHHH Harpy3KH NPakTHYECKH He U3MeHsJ1ach. JBu-
rateJid ¢ mapaJjJie/lbHbIM BO30YXKJEHHEM BKJIOYAlOTCA MPH
NOMOUIH NYCKOBBIX PEOCTaToOB, KOTOPble BBOJASATCH B LeMNb
O6MOTKH SIKOpPsl TOCJeI0BaTeNbHO. JTO HEOOXOAHMO /s
TOTrO0, YTOOHI TOK, OTBETBJISIIOIIUICS B MOMEHT Mycka B 06MOT-
Ky BO30yKIeHHs, Obla1 60Jiblie HOPMAJBHOrO M UTOOLI MpPH
3TOM MYCKOBOH MOMEHT BpallleHHs GblJl JOCTATOYHBIM MO Be-
JINYHHE,

ConpoTHBJIEHHE PeocTaTa, KOTOpOe BBOAUTCA B OOMOTKY
AKOPs MpPH NYyCKe, NpeJloOXPaHseT TaKXKe 3Ty OGMOTKY OT Cro-
pauusi. Ilo mMepe BO3pacTaHHsi CKOPOCTH BpALEHHsI AKODA
COMpOTHBJIEHHE peocTaTa yMeHbwaloT. Koraa skopb passu-
BaeT HOpMaJibHble O0GOPOTHl, pPeoCTaT BHIK/WYAIOT MOJ-
HOCTBIO.

§ 111. KOIOM®ULIUMEHT NOAE3HOIO AENCTBUA

O noJ1e3HOM MCMOJb30BAHUH JIEKTPHUECKHUX MAIUHH MOXK-
HO CYAHTb MO BeJHYHHE HX Ko3(duuHeHTa nosesHoro neii-
cteus. Koagppuyuentom noaesnoeo OelicTéus HasbIBaIOT
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OTHOILEHHe I0JIe3HONH MOUIHOCTH K MOIIHOCTH  3aTpauuBae-
Mmoii. Koadduuuent nosesnoro nelcTBUs ABHiraTenass ompe-
JeJsieTcsl OTHOIIeHHeM MNOoJIe3HOH MeXaHHYeCKOH MOIIHOCTH,
nojyyaeMoll Ha BaJy ero, K 3arTpaueHHON 3JEeKTPHUeCKOH
MOLILHOCTH,

KosdduuueHT nosesanoro neicTBUsl BbIpaxKaercs B Npo-
ueHtax. s MalmMH INOCTOSIHHOIO TOKAa He3HAUYHTe/bHOIl
MOILHOCTH OH cocTaBJisieT 0koso 80%.

B ajieKTpHUECKHX MalIMHAX YacTb MOILHOCTH TepseTcs
Ha nepeMarHUuMBaHHe CepIEeYHHKOB sIKOpell Ha BHUXpeBble
TOKM B HHMX, Ha TPeHHMe B NOALIMNHHKAX W TOMY nomoGHOe.

rnasa 2
TPAHCHOOPMATOPbl U MALLMHBI NMEPEMEHHOIO TOKA
§ 112. TPAHCDOPMATOPBI M MX MPUMEHEHME

Tpancpopmaropom HasbiBaeTcs YCTPOHCTBO, KoTopoe
CHYXHT [JiSl MOBLIIIEHUS HJHM [OHHXKEHUs HanpskKeHUs B
lleny nepeMeHHOro TOKa.
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Puc. 118. Tpanchopmarop:

1 — nepBuyHasi o6MOTKa; 2 — XeJle3HBbIil CepAEYHHK;
3 — BTOpHYHast o6MOTKa.

Tpancdopmarop npeacrasJser co60i 3JIeKTPOMarHuTHoOe
ycrpoiictBo. CaMbli IPOCTO# MO ycTpoicTBY TpaHchopmaTop
COCTOHT U3 CTaJbHOrO CepJeUHHKa H JBYyX 0OMOTOK, KOTOpHIE
noMelleHsl Ha 3ToM cepjeuyHuke. OGMOTKH H3TOTOBJSIIOTCS
13 U30/IMPOBAHHOrO MEIHOro npoBoza. Ta o6MOTKa, KOTOpas
COEMMHSIETCS C 3QXCUMAMU UCTOYHUKA TOKa, Ha3hIBaeTcs
nepsuunoli. K dpyzoti 06moTKe NOAKJIIOUAETCA NOTpeburers
3JIeKTpHYeCcKOoil SHepruH. DTa o6MOTKa Ha3blBAETCS B8TOPUY-
HOti. YCTpOHCTBO NpocCTeliuero TpaHcopMaTopa U ero aJjek-
TpHYeckasl cxeMa H3o6paKeHsl Ha pHc. 118, a, 6.
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Korpa nepBuuHast o6MOTKa NpHCOeNHHEHA K HCTOUHHKY
3. A. C., IEPEMEHHBIA TOK MPOXOAHT MO ee BUTKAM, H MpH
3TOM B CTaJIbHOM CepJeYHHKe NOSBJISEeTCS NepeMeHHOoe Mar-
HUTHOe noJie. CHJIOBLIE JIMHUH STOTO NOJISI TepeceKaroT BUTKH
BTOpHYHOH 06MOTKHU. Biiaronaps s3ToMy Bo BTOpHYHO# 06MOT-
Ke MHAYKTHpYeTCsi 3JIeKTpOABHMKyllass cuaa. Takum 06-
pasoM, mepefaya 3HEpPrHH OT IMEePBHUHOM OOMOTKH KO
BTOPHYHOH OCYILECTBJISIETCS NepeMeHHbIM MAarHHTHBIM MOTO-
KOM. ¥YBesHueHHe MarHUTHOrO INOTOKa B TpaHchopMaTtope
JOCTHraeTcs NpPH MNOMOLIM CTAJbHOrO CeplieyHNKa, OJHAKO H
6e3 sTOrOo cepaeyHHKa TpPaHCPOPMATOp MOKET BHINOJIHATH
cBoM pyHKuuH. Ecau TpanchopMaTop npuMeHsieTcs A npe-
06pa30BaHUsl NepeMEeHHOT0 TOKA BLICOKOH YacTOThl, TO B HEM
CTaJIbHOTO cepJleYHHKa MOXKeT H He OBITh.

HWnpyktupyemass BO BTODHUHON OGMOTKE 3JIEKTPOABHKY-
ulasi CHJia 3aBUCUT OT BEJHUYHHBLI MarHUTHOrO I0TOKa, CKO-
pOCTH, C KOTOPO#l OH M3MeHsieTCs, U OT YHcJa BUTKOB 3TOH
o6MoTkH. HanpsixkeHne Ha 3aXHMaxX BTOPHYHOH OOMOTKH
6yner GoJbllle WM MeHbllle HANPSXKEHHUS Ha 3aXKUMax mep-
BHUYHOIl OOMOTKH B 3aBHCHMOCTH OT TOI'O, B KAKOM COOTHOLIe-
HUH HaXOIHUTCS KOJMYECTBO BUTKOB 3THX 06MOTOK. O COOTHO-
IIEHHH MeXJy INepPBHYHbBIM M BTODHYHBIM HaNpsKeHHEM
MOXHO CYIHTbH MO KO3(d(HIHeHTy TpaHchOpPMaLUH.

Kosgpgpuyuenrom tparncopmayuu HasbBaoT OTHOLIEHHE
HanpsiXeHUs NepBHYHONH OOMOTKH K HampsXKEHHI0 HAa 3aXH-
Max BTOpHuYHON 0O6MOTKH. TakuM o6pa3oM, KO3 HLUHEHT
TpaHcpOopMalHu

K=Y _ @

Uz~ w
31ech ®; — YUCJAO BHUTKOB INEpPBUYHOH OOMOTKHM, a wp —
4HCJI0O BUTKOB BTOPHYHOH OOMOTKH.

TpaHchopMaTop MOXKeT CJAYXHTb Kak MAJIs MOBBILIEHHS
HanpsiKeHUs, Tak ¥ AJ1s TNOHMXeHHsa ero. B nmepsom ciyuae
OH Ha3bLIBAETCH NOBLLULAIOWUM, a BO BTOPOM — NOHUXMCA-
rouum.

B noprmalpmemM TpaHchopMaToOpe UUCIO
BUTKOB BTOPHUYHOH OOMOTKH 6oJjblle, 4yeM B IEPBHYHOH, a
B NOHHMXKalolll e M —MeHblIe.

W3 ckazaHHOro Bbllle cJeayeT, 4YTOo TpaHcdopmaTop
TOJIbKO NpeoOpa3oBbIBaeT 3J€KTPHUECKYIO 3HEPTHIO H He Mo-
XKeT CJYXKHTb ee HCTOYHHKOM. Ecau npenebpeun morepsimi
MOILIHOCTH B TpaHchoOpMaTope, TO MOLIHOCTb, 3aTpauuBaeMas
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B TMEePBHYHOH OOMOTKe, [OJIKHA pPAaBHSATHLCA MOLIHOCTH,
nosyyaemoil Bo BTOpHYHOM o6Mmorke. CienoBartenbHo, 960-
3HAYUB TOK M HanpsKeHHe NMepBHYHOH o6MoTkU uepe3 U, u
1), a Bo BropudHO# o6mMoTKe — U, u [y, mosyuum

Ulll = Uz[g.

Ecnu u3 5TOro BBIpaKeHHs1 HaliTH OTHOUIGHHE HaIpsiKe-
HHH NEPBUYHOA ¥ BTOPHUYHOH O6GMOTOK, TO NOJYUYHTCS
Uz [1

Uy Is :

OTciona cjenyeT Takoil BHIBOA: €CJIH B NEPBUYHOH OGMOT-
Ke HanpsixeHue GoJjblie, ueM BO BTOPHYHOH, TO TOK B mep-
BHUHOH OOMOTKe JOJKeH ObiTb MeHbllue, UeM BO BTOPHYHOIL.

Hanpsscenus 8 obmorkax rpancopmaropa scezda 00-
PATHO NPONOPYUOHANbHBL BEAUMUHAM TOKO8 8 3Tux 06-
MOTKaAX.

O6MoOTKM TpaHChOPMaTOPOB PacCCUMTHIBAIOTCA Ha orpe-
JleJIeHHbIH TOK, [MO3TOMY OHH HOJIXKHBI BCErJa BKJIOUAThCA
TOJILKO Ha TO HanpsikeHHe, KOTOpoe HAa HUX YKa3aHo.

Mpumep 45. OnpesenuTb HalpsiXKEHHE HA MEPBHYHON O6MOTKE TpaHC-
tdopmaropa, ec/ii Ha BTOPHUHOH O6MOTKe OHO paBHO 220 8, ko3 dHlMeHT
TpaHcpopmMaTopa paseH 4.

Pewmenue Kosadbdbuuuest tpaHchopmauun TpaHchopmaropa.

Ur

U

IMoncTaBuB BesHUHHBI, IOJYYHM
Uy = KU; = 4-220 =880 s.

Mpumep 46. Hanpsxkenne nepsuuyHoli o6MoTkH 120 6, HampskeHue
BTOpUYHO#X o6MoOTKH 240 8, cuia TOKa NepBHuHOH 06MOTKH 5 a. Haktu
CUJy TOKa BO BTOPDHYHOH OOMOTKe.

Pemeunue.

U _ &
Uz L'
Uiy 1205
Iszz-——W_Z,B a.

§ 113. PABOTA OJHO®A3HOIO TPAHCMOPMATOPA
noa HArPY3KOM

Ecau BTOpHuHass o6MOTKA TpaHchopmaropa pasoOMKHY-
Ta, T. €. He HeceT HAarpy3ku, TO KO3(P(PHUUHEHT MOLUHOCTH
TpaHcopmaTopa uMeer HeGosblioe 3HaueHue. Ero Besu-
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uuHa B cpeadem cocrasaser 0,5. [lo Mepe Toro xak yseJsH-
yHBaeTcs Harpyska TpaHcgopMaropa, Bo3pacraer U koadpou-
HHeHT MOLIHOCTH, [Ipu nosHo# Harpyske OH MOYTH JOCTHTAET
eIMHUILIBI,

Koagpuyuenr nosesnoeo deiicreus Tpancopmaropa pa-
BEH OTHOWIEHUID NOAE3HOL MOUJHOCTU, TOJYy4aeMOH BO 8TO-
puunoil 06mMOTKe TIPH HArpy3Ke, K MOU{HOCTU, KOTOpast MOX-
BOOMTCA K nepsudnoli obmorxe. O603HAUYUB MOUIHOCTD B mep-
BUYHOIl 06MOTKe uepe3 P,, BO BTOpUYHOIl 06MOTKe uepes Py,
NOJTy4nM KO3 (UIIHEHT NOJIE3HOrO AeHCTBHS TPaHCchopMaTopa

_ P Usly cos @,
Py T Uihcosg

B TpaHcdopmaTopax mnoTeps MOILHOCTH NOJy4Yaercs,
rJlaBHEIM 00pasoM, 3a cueT TUcTepe3nca M BUXPEBLIX TOKOB,
BO3HUKAIOILIMX B €ro cepaeyliHKe.

Bnarogaps ToMy, 4TO B Tpanc(opMartope HeT Bpauiaio-
MXcs JAeTajedl H, cJeI0BaTeNbHO, HeT NOTEPb Ha TpPEHHe,
K03Gh(HUUEeHT MoJe3HOro JAelicTBUsi ero OblBaeT 3HAYHMTEb-
HbIM U pocturaer 98Y%.

§ 114. TPEX®A3HLIE TPAHCHDOPMATOPLI

Tpexdasubie TpaHCHOPMATOPH! LINPOKO NPUMEHSIOTCA B
npombiieHHocTH. Tpexdaaubifi TpaHchopMaToOp HMEET TpH

CBSI3aHHBIX MeXJy cO60H Cxewn cocdunoman oGmom
cepaeunnka. Ha cepneu- YonoBrere
HHUKaX pacnoJoKeHbl 06- Bhicoxoe Hu3ko8 o603navenus
MOTKH q)as TaK, Kak STO nanpmxenue HanpsyKeHue
A B C 0 a b
A 75 (rc \'//
XYz X yz \l;
\ \J A8 C a b c
« — —3
s} foy
Xo-+1 Yot Zo T A
- Xy 2
=X =y 57 | 1Yz J
{ &= = 0ABC| a b ¢
—
T“/A
‘L xy 2
a b Y7

Puc. 119. Cxema TnexdasHoro

Tpanchopmartopa. -

Puc. 120. Cxema coeaunenus oSmo-
TOK Tpextdasnoro TpaHcdopmaropa.
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noxkasaHo Ha puc. 119. O6morku TpancdopmaTopa BkiOUa-
10TCA KaK 3Be3[0H, TaK ¥ TpeyronbHUKOM. CXeMbl COeJHHECHHUS
00MOTOK Pa3/JMUYHbIMHU cmoco6aMH JaHel Ha puc. 120, Kasg-
¢unueHT nose3Horo nefictBus TpexdasHuIX TpaHcopMaTo-
poB OblBaeT TaKOH e, KaK Uy OHO(as3HsX TpaHchopmaTo-
poB.

§ 115. ABTOTPAHC®OPMATOPDI

AsroTparcgopmaropon HasbiBaeTcss Takoi TpaHchopma-
TOp, Y KOTOPOro NepBHYHAst W BTOPHYHAsS OOMOTKH HMeEIOT
o6iuue BuTKH. [TosHOE yKc/IO BUTKOB ero o6pasyer ogHy o6-

_T §
QU

§ 3 w, §

DN\?, ES ! Wz E

g & 3 oS

Q,S S x S g

1 $ }§

* g

x

Puc. 121. Tlosmimaiouip#i aBTO- Puc. 122. Tlouuxalomuit as-
tpanchopmarop. ToTpaHchopMaTop.

MOTKY. ABTOTpaHchOpmaTOpel MOTYT ObITh Kak MOBBILIAIO-
mMe, Tak M noHuxawooume. CxeMbl NMOBBLIIAIONIET0 U MMOHHU-
Jamulero TpaHcopMaTopoB NpuBeseHbl Ha puc. 121 u 122.

Kosd¢uuveHt nosnesHoro pelictBusi aBToTpaHcdopmarto-
poB GbiBaeT OYeHb BBHICOKMM H HOXOZMT mo 99%.

§ 116. TEHEPATOPBI NEPEMEHHOIO TOKA

YCTpoiCTBO reHepaTOPOB NepeMEeHHOTO TOKA OCHOBAaHO
Ha NpHUMeHeHUH siBJeHUs HHAyKUuH, Takum o6pasom, mpHi-
UMN JAefCTBHs TeHepaTOpPOB IEepPeMeHHOr0 TOKa M TreHepa-
TOPOB NOCTOSHHOTO TOKAa OAHHAKOB.

KOHCTpYKTHBHO renepaTopnhl NepeMeHHOro TOKAa OTJIMYa-
IOTCSl OT TeHepaTOPOB MOCTOSHHOTO TOKAa NMpeXKJe BCEero TeM,
YTO y HUX OTCYTCTBYyeT KoJijiektop. Bmecto kosnektopa Ha
BaJly Bpallatouleiics 4acTH MallHHbl HAXOASITCA KOJblLia, IO
KOTOPBIM CKOJIB3SIT HemojBHXHble wWeTku. OT 1eTok mepe-
MEHHBIH TOK MOCTYMaeT BO BHELIHIOW LieNb K MOTPeGHTEAM
3JIEKTPHUECKOH SHepruH.

B GoJsblunHCTBe ciyyaeB reHepaTophl MEepeMeHHOro TOKa
YCTPOEHHl TakK, YTO YaCTOTa [ePEeMEeHHOro ToKa, NoJyyaemo-
ro ot HHUX, paBHa 50 ey.
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Yacrora nepeMeHHOro TOKa, HOJy4yaeMoro OT reHeparo-
pa, 3aBHUCHUT OT CKOPOCTH BpallleHHd poTopa, NMO3TOMY CKO-
pocTh Bpallledusi pPOTOpa JOJKHa ObITh BIOJHE OMNpelesieH-
Hoil. Ecsiv reHepaTtop uMeeT p map NOJIOCOB, a POTOp gesiaeT
n 060pOTOB B MHHYTY, TO YacTOTa NlepeMEeHHOTO TOKA MOXET
6bITh onpezenesa no ¢opmyJae

n
f=r5 -
Uucsio 060pOTOB B MHHYTY MOXeT ObITb HalifeHo H3 3TOil
(hopMyJIBL:
60f
-

U3 stux dopmys BHAHO, 4TO
C H3MeHeHHeM CKOpPOCTH Bpalle-
HHUSI POTOpA OOJI)KHA U3MEHUThCSH
U 4YacToTa TIEPEeMEeHHOro TOKa,
[oJiyyaeMoro ot resHeparopa.

I'enepaTopel mepeMeHHOr0 TO-

Ka C HeNOJBHXKHBIMH IOJIIOCAMH
U BpalLlAIOIIUMCS IKOPEM Mpume-
HSAIOTCS, TJIaBHBIM 00pa3oM, AJis
YCTAHOROK Ma/10k MOLLHOCTH. Te- Puc. 123. Cxema ycrpoiicTBa
HepaTophsl 3HAYUTEJbHOH MOMI- Tpexa3HOrO reHepaTopa.
HOCTH CTpPOSITCS  TakK, UTOGHI
SIKOpb Y HHX Obl1 HENOIBHXK-
HbIM, a MOJIOCa 3JeKTPOMArHWTOB Bpalllajuch. [nas nura-
HHUSl 3JIEKTPOMATHHTOB [MOCTOSIHHBIM TOKOM TIpHMeH#AeTcs
BCMOMOTaTe/AbHEIH HCTOYHHK — MAalllMHA TOCTOSHHOrO TOKA,
MOIIHOCTL KOTOpOiH cocTraBisier o6biuHo 0,59% MomHOCTH
regeparopa.

Ecou sikopHas o6MOTKa reHepatopa HENOABHUXHA, TO ee
Jierue U30JHpPOBATh U NpOLIe OTBOAUTH NePEeMEeHHbIH TOK, KO-
TOPBHIH B reHepaTopax 60JbIIOH MOLUIHOCTH MOXeT JOCTHUTaTh
3HAYUTEIbHOH BEJIUUHHBL.

B TpexdasHbix reHepaTopax NepeMeHHOro TOKa OGMOTKH
pacnosaraioTcsl Tak, YToObl NOJYYaJHCh TPH CAMOCTOSITENb-
Hble lleNH, B KOTOPHIX BO3HUKAIOT 3JEKTPOABHIKYILHE CHJIBI,
CIBHHYTbIe OJHA MO OTHOLIEHWIO K APYroi no ¢ase Ha 120°

Cxema ycrpoiicTBa Tpextha3Horo reHeparopa NpuseneHa
Ha puc. 123. Porophl reHepatopos, Bpalamouuecs BOASHbI-
MU Typ6HHAMHM HJM JABUTATENSIMH BHYTDEHHEro Cropasus,
H3TrOTaBJIHBAIOTCS OGBIYHO C SIBHO BbIpaXKeHHBIMH IOJIOCAMM

n=
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M OBIBAIOT, KaK NPaBUJIO, THXOXOAHBIMH. BrICTpOXOnHEIE Te-
HEepaTOpHl M3rOTABJHBAIOTCS C HESIBHO BHIPAXKEHHBIMHU I10J110-
camMM. POTOpbl 3THX TreHepaTOpoB BpAalll@lOTCSi MapOBBIMH
TypOunamu. Takue reHepaTtopel HaswiBaloTCa TypbOozeHepa-
TOpamu.

§ 117. CUHXPOHHbBIE M ACMHXPOHHbBIE ABUIATENU

CHHXpOHHH € J[BHraTeJlM NO CBOell KOHCTPYKLHH
HHYeM He OTJIHYAIOTCS OT TeHepaTopoB NepeMeHHOro TOoKa.
BpameHne poTopa CHHXPOHHOrO [BHrarteJs MPOUCXOAUT
BCJICJICTBHE B3aMMOAEHCTBHS MarHHTHBIX [IOTOKOB, KOTOpbIE
CO30aI0TCsl IOCTOSHHBIM TOKOM, NPOXOASIIUM B OOMOTKe
poTopa, W TNepeMeHHbIM TOKOM OOMOTKH cratopa. Portop
CHHXDOHHOTO ABHraTe/sl JOJKeH BpallaThCi C OnpejeJeH-
HO#t ckopocTtblo. Ecau 3Ta ckopocTh Hapyuiaercsi, TO ABUra-
TeJqb OocTaHaBauBaercsl. I[103ToMy A/l mycKa CHHXPOHHOIO
JBMraTeJ/is HeoOXOIMMO CHayaJia JHOBECTH A0 OnpeneseHHON
CKOPOCTH BpallleHHe ero poTopa, AJs 4ero Heo6X0QHMO 110J1b-
30BaTbCsl KaKNM-JHO0 NMOCTOPOHHMM JBHrartesneM. DTOT He-
JIOCTAaTOK CHHXDOHHBIX NIBHraresell npensiTCTBYeT MX IIKUpPO-
KOMY IpPHMEHEHHIO.

HauGonee pacnpocTpaHeHHBIMH 3J1€KTPOABHIaTe/IIMH
nepeMeHHOTo TOKa fIBJAIOTCA aCHHXpOHHB e, OHM pa-
60TalOT Ha NMpPUHIHUINE HCNOJb30BaHHMS Bpalllalolerocss mar-
HMTHOTO I10JIsl, KOTOpPOe CO3[aeTcs NPH NPOXOXKIEHUH B 00-
MOTKax cTatopa Tpex(asHoro Toka.

Bpamalouleecss MarHMTHoOe noJe o6pasyerca GJaroaaps
TOMY, UTO Tpex(asHLIH TOK NOCTynaer B TPH OOGMOTKH CTa-
Topa. DTH OOGMOTKH CABMHYTH OJAHA OTHOCHTEJIbHO APYTroi
Ha 120°. Toku B 0OMOTKax CTaTopa TakKKe CABHHYTHI OTHO-
CHTEJBHO APYr JApyra Ha TpeTklo 4acrb nepuopa. Kaxkngas
13 o6MOTOK CTaTOpa NpH NPOXOXKIEHHUH B Hell TOKa co3paer
cBOe nepeMeHHOe MarHuTHoe noJje. TpH MarHMTHBIX NOJA
CKJaJbiBaloTCs U 06pa3yloT oflllee MAarHUTHOe TOJie, KOTO-
poe Bpallaercs BHYTpU cTaTopa.

Bpauiaolieecss MarHMTHOe [1071€ MOXHO IPeACTaBHTb
ce6e Kak CJeICTBHE BpALIATETLHOrO JABHXEHHUS MOJIOCOR
Marsurta. Bpamaiomeecs MarHuTHOe IOJIe CTaTopa HHAYK-
THPYET B MPOBOJHHKAX POTOPa TOK H yBJIEKAeT HUX 3a coboil.
CraTop aCHHXPOHHBIX [BHUraTe/eil MMeeT TaKylo e KOH-
CTPYKIHIO, KaK ¥ cTaTop TpexdasHoro reseparopa. Brewnufi
BH/I TAKOrO CTAaTopa nokasaH Ha puc. 124. Porop y nsura-
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TeJiell HeGOJNBIIOH MOLIHOCTH COCTOUT M3 Psiia MeIHBIX He-
H30JIMPOBAHHHIX NMPYThEB, KOTOPhlE CKPEIIsAoTCs GOKOBBIMH
KosbllaMH. O6GWuil BHA TaKoro pOTOpa HanmoMHHaeT «6eau-
upe Kosecos. OTClORA M MPOUCXOIUT Ha3BaHHe OGMOTKH po-

L i i
i g

Puc. 124. CocraBHble 4acTH CHH-
XPOHHOTO [BUraTens:

Puc. 125. PoTtop acHHXPOHHOrO
JBHraTe/si, BLIIOJIHEHHBIA B BHME
«6GeIHYbero KoJieca,

] — craTop; 2 — KOHTaKTHble KOJb-

na; 3 — portop.
Topa 3»Toro THna, BHemHUi#t BHJ POTOpa, BLITOJHEHHOTO B
BUJe «6esHYBEro KoJsieca», NMOKa3aH Ha pHuc. 125, a cxema
ycTpoiicTBa «6esMubero KoJseca» — Ha pHc. 126. AcHHXpOH-
Hble JBHrAaTeJid, UMellie poTop B BHAe «OesMubero Kose-
ca», HaA3LIBAIOTCA O0BU2ATEAAMU C KOPOTKO3AMKHYTHIM pO-
TOPOM.

K numaroweq
cemy

Puc. 126. Cxema poTopa, BbINOJ- Puc. 127. CxeMa BKJIOYEHHA
HeHHOro B BHIe <«GeNuybero Ko- aCHMHXDOHHOTO fABHraTtejis ¢ my-
Jecax. CKOBBIM DEOCTaTOM.

Acunxpoutole Osuearenay HA3BIBAIOTCA TAK [OTOMY, UTO
B npouecce ux paGoTe CKOPOCTb BpallleHHs POTOpa He COB-
flafaeT Co CKOPOCThIO BPAlleHHs] MAarHUTHOrO IMOJIA CTAaTopa
M HECKOJIbKO OTCTaeT OT Hero.
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O6MoTKU cTaTopa Tpex(asHOTO MABHUraTte]s B cJjydae
HEOOXOAHMOCTH MOryT ObITb COeJMHEHBl 3BE3/0H HJH Tpe-
yroabHHKOM. Ecan suHeliHOe HanpsixKeHHe CeTH, B KOTOpYIO
BKJIIOYEH [JBMTraTe/]b, COOTBETCTBYeT HOMHHAJbHOMY (a30Bo-
My HanpsKeHHIO JBHraTesis, TO ero OOMOTKH BKJIOUYAIOTCs
TpeyroibHHKOM. B Tex ciyuasix, Korpa JHHelHOe Hampsixe-
HMe IpeBblllIaeT HOMHHAaJbHOe (ha3HOoe HampsKeHUHe ABUTra-

teas B V'3 (KOpeHb U3 Tpex) pas, 0OMOTKH €ro COeIHHSAIOTCSH
3Be3101.

Ecayn MouwHOCTh IBHraTesss NpeBbIIIAeT TPU KHJOBATTa,
TO JJIi €ro NycKa NPHMEHSIIoT NMyCKOBoH peocrart. Takoi
peoctaT Heo6GXOAMM [IJisi YMEHbLUEHHUS] TOKa, KOTOpHIH BO3-
HHMKaeT B 06MOTKe POTOpa B MOMEHT NyCKa JBHraTessi H3-3a
60J1b1IOTO CKOMbXKeHUs1. Croaboceruem JBUTATENST HA3LIBAIOT
pPa3HUILY MeXAY CKOPOCTbIO BpallleHHss POTOpPa W CKOPOCTbIO
BpallleHUs] MAarHUTHOTO M0Js, BLIPAX<€HHYIO B BHJE OTHO-
LIEeHHS.

Ny —ng
= n, ?

raie Mg — 4HCJ0 OGOPOTOB pOTOpa B MHHYTY, 7; — UYHCJIO
060pOTOB MarHMTHOro noJas cratopa. CxeMa BKJ/IIOYEHUS
aCMHXPOHHOrO JBHraTess C MYCKOBBIM PeOCTaTOM NOKa3aHa
Ha puc. 127,




YACTb

SNEHTPOHHbBIE JTAMIbI

rnasa 1
OCHOBHbIE MPMHLIMNDbLI PABOTHI U YCTPOUCTBA

§ 118. NPUMEHEHMUE SNIEKTPOHHbLIX NTAMN

DJIeKTPOHHbIE JlaMMbl ABJSIOTCS Ba*KHEHIIMMH 3JieMeH-
TaMH MHOTHX COBpPEMEHHBIX 3JIEKTPOTEeXHHUYECKHX NPUGOpOB
u yctpoiicts. Posb n 3HaueHHe 3JIeKTPOHHBIX JlaMIl B Pa3BH-
THM pafHOTeXHHKH TPYAHO nepeouleHHTh. Ho He ToJBKO pa-
IMOTeXHHKa CBsi3aHa B cBOeM OYpHOM pocTe C HPOTpeccoM
3JIEKTPOHHOI TeXHHKH. DJIeKTPOHHble NPHUGOPH! B Halle Bpe-
M HACTOJILKO LIMPOKO INPHMEHSIOTCS, UYTO €ecJd Obl MBI
NOCTaBUJIM CBOeH 3ajauell COCTABHTb TOJIbLKO MNOAPOGHBIN
nepeyeHb UCIOJb30BAHUS 3THX NPHOOPOB AJ1s1 pasHBIX LeJed,
OH 3aHsaJ OBl oueHb MHoro Mecta. HanoMHuM xorsi Gbl Heko-
TOpble OCHOBHble (YHKUHH 3JIEKTPOHHBIX JIaMII, BBLINOJIHSeE-
Mble HMH B Pa3HbIX OGJACTAX TEeXHHKH.

B pannoTexHHKe 3JIEKTPOHHbIE JIaMIbl MO3BOJIAIOT Ipe-
06pa3oBbIBaTh NOCTOSHHBIH TOK B IEPEMEHHBIH BHLICOKOIk
4acTOThl H, Hao60OPOT,— NMepeMeHHbIH TOK B IOCTOSIHHBIH.
[1pu NoMoILH 3/eKTPOHHBIX JIaMIl OCYLeCTBJ/ISAETCS YCHJIeHHe
cnabbix KoseOaHUH M MOAYJSALMS HJW ynpaBJjieHHe KoJseba-
HUSIMM BBICOKOH yacToThl. OHH 4alOT BO3MOXKHOCTb BHIAEJAHUTD
CHrHaJ, IelcTBYIOIIMHA Ha KoJe6aHHs BHICOKOH YacCTOTHI NMPH
MOAYJIALMH, T. €. OCYLLEeCTBHTb HAETEKTHPOBaHMHe.

DJIeKTPOHHBIE JlaMIbl Npeo6pa3oBHIBAIOT OJHH YaCTOTHI
B Apyrue. AHaJjornynble YyHKIMH BBIMOJHAIOT 3J€KTPOHHbIE
JaMnel npu TesieOHHPOBAHHMHU U TeserpadHpOBaHHH 10 4Ya-
CTOTHBIM KaHaJjlaM JIHHHI MPOBOAHOM CBS3H, B TEJIEBHEHHH,
¢dororenerpaduu.

DJIeKTPOHHbIE JIaMIIbi NPUMEHSIOTCS B METaJyPruyu /s
BLICOKOYACTOTHOH IJIaBKH METaJJIOB, B HHCTPYMEHTAJIbLHOM
nejie IJs 3aKaJKH HHCTPYMEHTOB, B T€O0JIOTHH NpH OGHapy-
JKEHHHM B HeJpax 3eMJIH 3amnacoB pyAbl H MeTtannoB. Cnemu-
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aJIbHBIMH YCTPOHCTBAMH C 3JIEKTPOHHBIMH JIaMMaMH MOJIb-
3yI0TCSl B MEIHILHHe, CeJbCKOM XO3sHCTBe, aBHALMH, MeTeo-
POJIOTHH M BO MHOIHX APYTHX 006J/1acTsiX HapOZHOTO XO3fi-
CTBa.

§ 119. NPUHLMN PABOTHI

HarpeBanne MeTasJMYeCKMX MPOBOJHUKOB BBI3bIBAET
yCHJIeHHe [BHXKE€HHs CBOGONHBIX 3JIEKTPOHOB B pasHLIX Ha-
npaBJieHHsIX NPOBOJHHKA. BHauase 5T0 ABHKeHHEe OrpaHHUH-
BaeTCcs TOJBbKO I[pejejaMH HarpeBaeMoro TeJjia, a 3aTem,
KOorjia TemMnepatypa HarpeBa JOCTHraeT 3HaYHTe/JbHOH BeJH-
YMHbl, HEKOTOphle CBOOGOJHEIE 3/EKTPOHE B CBOEM CTPEMH-
TeJbHOM [BHXKEHHH BLIDHIBAIOTCA 3a MpeJAeJsbl NMPOBOJHHKA
Hapyxy. Harperoe Teso HaunHaeT H3Jy4yaTb 3JIEKTPOHHl B
OKpy2Kalolllee ero MpocTPaHCTBO.

HanyueHHe 3/eKTPOHOB TeJaMM Ha3bIBalOT 3JEKTPOHHOI
amuccuell. Ecain sMHCCHSI 3/71eKTPOHOB fIBJISIETCS CJ/leICTBHEM
HarpeBaHHA TeJia, ee NMPHHATO HA3bIBATb TEPMO3JEKTPOHHOI.

TepMo3JieKTPOHHAsE IMHCCHSI OJIOK€HA B OCHOBY Jeil-
CTBHS 3JIEKTPOHHBIX JIaMIIL.

DJIeKTPOHHAsl 3MHCCHSI MOXeT GBbITh BbI3BaHa He TOJBKO
HarpeBaHdeM. HanpaBuB Ha MeTas/IMYeCKyl NJAaCTHHKY
My4yoK GBICTPO JIETALIMX 3JEKTPOHOB HJH HOHOB, MOXHO
BLI3BaTh TaK Ha3bIBaeMYI0 BTOPHUHYIO SMHCCHIO H3 MJIaCTHH-
ku. [log BAHMsIHMEM TakOH 3JEKTPOHHOH 6G0oMG6apaAHpPOBKH
3JIEKTPOHBI M3 IJIACTHHKH OyAyT BHIPBIBATHCSA B OKpPYXKalo-
ulee ee MPOCTPAHCTBO.

DMHCCHIO MOTYT BbI3BAaThb JIYYH CBETa, Majalolive Ha MO-
BEPXHOCTb HEKOTODHIX BelllecTB. Takasi 3MHCCHSI Ha3blBaeTcs
doToamHuccHel.

DJleKTpOHHAs JaMNa MMeeT OGLIYHO [JBa HJM HECKOJIbKO
ajiekTponoB. OJHMM 3JIEKTPOAOM SBJSETCS HHTb, KOTOpPAs
npu NPONMYCKaHHH TOKa HarpeBaeTcs (HHTb HakaJa, HJH Ka-
TOA). B pasorpeToM COCTOSIHHH KaTOJ CJAYXHT H3JydaTeseM
3J71eKTpoHOB. UTO6Hl HanpaBUTh ABHXKEHHE OCBOOOAMBLIMXCS
3JIEKTPOHOB B ONpPEJe/eHHOM HalpaBJ/ieHHH, B JIaMNy BBOZSAT
Ipyro#i 3JeKTpoJ, Ha3biBaeMblH aHonOM. Ero HasnaueHue —
NPUTATHBATb 3JeKTPOHbl. COBEPIIEHHO OYEBHJHO, UTO 3JeK-
TPOJi CMOXKeT OCYILECTBJATb 3Ty (GYHKUHIO, eclH OH Gyner
UMeTb MOJIOXKHTEJbHBIH MOTEeHLHA.

Wrtak, npy HaJIMYUU TOJOXHUTEJIbHOTO NOTEHLHasa Ha
aHoje B 3JIEKTPOHHOIl JlaMIle BO3HHKAET MOTOK 3JEKTPOHOB
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OT KaToja K aHoiy. B cOOTBeTCTBHM C CyIIeCTBYIOUIMMH MO-
HATHSAMH 3TOT IOTOK 3JIEKTPOHOB MOXKHO PacCMAaTpHBATh Kak
3JIeKTPHYECKHH TOK, HAYWIMH B 0OpaTHOM HamnpasJ/IeHHH.

OCHOBHOH NPUHIUN AeHCTBUS 3JIEKTPOHHOH JlaMNbl NOKa-
3aH Ha puc. 128.

B asekTpoHHyI0 JlaMNy BBOASIT MEXJY KaTONOM H aHo-
JIOM €Lle OIMH NOMOJHHTEJNbHBIH 3/JeKTPOH, Ha3bIBaeMHIii
cetkoil. M3aMeHsis BesMuHMHy NOTeHLMasNa Ha CeTKE H €ro
3HaK, MOXHO YINpPaBJ/sTb BeJHYHHOH aHOMIHOTO TOKa.

DJIeKTPOHHAs! JlaMNla COCTOUT M3 CTEKJISTHHOTO UM MeTaJl-

Juyeckoro 6aJijloHa, B KOTOPOM HaXonsTCs aHON, KaTox H
ceTKH. KOHIBI 3THX 2JIeKTPONOB BHIXOAAT M3 GaJljloHA Hapy-
JKY U NOABOAATCH K HOXKaM 1LIO-
KoJis. B HeKoTopbIX JamMnax BbI- 4
BOABI aHOJA W CETKH HAXOIATCSH
B BEpXHEH YacTH JaMNbl HJH
cOoky ee.

W3 Gannona Bo3ayx BbIKayH- -
BaeTcsl, BAKYyM BHYTpH €ro no- Puc. 128. Cxema nmeitcrust
BOAMTCA 10 3HAYUTEJbHOI cTene- 9JIEKTPOHHOH JIAMITH.

HH. DTO HEOGXOAMMO AJsi TOTO,
yTOObl HUTh HaKaJia Jiyulle COXPaHsijachb H CPOK AeHcTBHA
JaMnbl Gbl1 60Jlee NPOJOJIKHUTENBHBIM.

Karogel B JnaMnax OblBaloT NPSIMOrO M KOCBEHHOro
HakaJa.

B naMnax ¢ KOCBEHHBIM HaKaJlOM HJIM e C NMOJOrPEeBHLIM
KaTOAOM NOCJeIHHH COCTOUT H3 MeTaJlJINuecKoil TpyOKH,
BHYTPH KOTOpPOH NPOXOJAUT HUTb Hakasaa. Hute U Katon pas-
JIesieHbl (papdopoBoil H30ASLKEH MU XKe H30Jsd1Held u3 oco-
6oro cocraBa.

Kartonpl u3roraBauBaioT U3 Bosibppama. OGLIKHOBEHHBIH
BOJIb(PaMOBBIN KaTOJ, HarpeThiii 10 Temnepatypnl 2200°, Mo-
)KeT 06ecneyuTb TOK B 6 ma Ha KaXAblf BAaTT MOLIHOCTH,
pacxonyeMoii Ha HakaJ HHTH.

YBesinueHNsi 5JEeKTPOHHOI 3MHUCCHH NOCTHTAIOT, TPUMEHsIs
TOpHeBble, GapueBble WJIM OKCHAMDOBaHHble KaTombl. Takue
KaTOJbl HAa3bIBAIOT aKTUBHPOBAHHBIMH. TOpHeBLIH KaToM, Ha-
rpeBasice 10 1600°, naer Tok 40 ma Ha BaTT, OKCHAMUPOBAH-
Hblit — 100 ma, HarpeBasicb TobKO n0 800°.

Bapuesniii katon npu Temnepatype 600° obGecneunBaer
ToK 120 ma. AKTHBMpPOBAHHbIE KATOAL NIPH Neperpese TepsioT
3MHCCHIO M BOCCTAHOBHTbH €€ HEBO3MOXHO, TaK KaK aKTHB-
HBIA CcJI0H Hcnapsercs.
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Kartonx namnbl OKpy:KeH CeTKOH, KOTopasi OXBaThIBaeT ero
no cnupanu. CeTka H3roToBJisieTcssi M3 MOJHGIEHOBOH Mpo-
BOJIOKH.

CeTKy OXBaTblBaeT aHOJ, HMEIOLIUH LHJIHHIPHYECKYIO
WJIM TJIOCKYI0 (opMy. B MOLIHBEIX TaMnax aHOX H3rOTOBJSAIOT
U3 TYromjiaBKHX MeTaJJIoB — MoJubJeHa HJHM TaHTaJd.
B namnax MeHblIel MOLTHOCTH aHOX H3rOTaB/IHBAETCS U3 HUKEJIS.

§ 120. XAPAKTEPUCTUKMU U NAPAMETPbI IAMIN

Buinyckaemble NMPOMBIILJIEHHOCTbIO JiaMNbl CHa63KaloTcs
nacnopraMi. B nacnopre samnel NPHBOAMTCS ee Xapakre-
PHUCTHKA W HEKOTODble NaHHbIe, ONpeje/siollte YCIOBHS ee
paborThl.

XapakTepUCTHKH JIaMIbl NOKA3bIBAIOT 3aBUCHMOCTD BEJIH-
YHHBE TOKA B aHOJHOI, CETOYHOH WJIM 3KPAHHOH Llend OT Ha-

Loy NpSIJKEeHUs] Ha ynpasJswouiei

1608 UM 3KpaHHO! ceTke. Mmeet-
1206 cs B BHLY, UYTO aHOJHOe Ha-

7/-800 NpsixKeHHe U HanpsiKeHHe Ha-
a KaJla OCTaloTCsl MOCTOSTHHBIMH.

Eciun  rpynma  KpuBHIX,
OnpefessiOIUX  YKa3aHHYIo
+U,6  3aBHCHUMOCTb, MOJIyueHa MpH
A G0 4 8 17 Da3HLIX aHOAHBIX HAmpsKe-
HHMSX, HX Ha3bBalOT ceMel-
CTBOM XapakTepucTHK. Ha
puc. 129 uso6paxkeHo cemeii-
CTBO aHOJHO-CETOYHBLIX Xapak-
TepucTHK. 3aech U, — Hanpsikenue Ha anoge 1 U, — na-
npsiKeHde Ha CeTke,

[TocTosiHHBIE BETMUMHBI, XapaKTepH3yiolue paboTy sJeK-
TPOHHOH JlaMIIbl, Ha3blBalOTCs ee nmapamerpaMH. OCHOBHBIMH
napaMeTpamH 3JIEKTPOHHON JlaMIbl SIBJASIOTCS KPYTH3HA Xa-
PAKTePUCTHKH, KO3(PGUUMEHT yCH/IeHHS, BHyTPEHHee COMpo-
THBJIEHHE H JOOPOTHOCTH ee,

KpyTtusna xapakrepuctuku o6osHavaercst 6ykBoit S u no-
Ka3blBaeT, Ha CKOJBKO MHJJHaMOep H3MeHsSeTcsl aHOMHBLIN
TOK, €C/IH HanpsiXKeHHe Ha ceTKe M3MeHHJoch Ha 1 8. Ecau
H3MeHeHHe AaHOJHOro TOKa 0003HauuTh Als, @ H3MeHeHHe
CeTOYHOrO HanpsikeHHst AU, TO BeJMUHMHA KPYTH3HBEI Xapak-
TEPUCTHKH

Puc. 129. CemeiicTBO aHOAHO-
CETOYHBIX XapaKTEpPHUCTHK.

S= AU,

mala.
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Bo MHOrux ciyyasx npuMeHeHHe 3JIeKTPOHHBIX JaMIl Jyy-
e, KOrja Opd OJHOM M TOM XKe H3MEeHeHUM CeTOYHOro Ha-
NpsixKeHUs] H3MeHeH’e aHOLHOro ToKa 6osblie. SIcHo, 4TO npH
9TOM XapaKTepUCTHKA JIaMNbl JOJKHa ObITh Kpyye. Pasnas
KPYTH3Ha XapaKTepHUCTHKH moka3aHa Ha pHuc. 130. Han6oub-
lllee 3HaYeHHe KPYyTH3HA HMeeT B NpPSIMOJIMHEHHON yacTH Xa-
paxkTepuctuku. Ha 3aru6ax ee kpyTH3Ha MeHbLLe,

Cuna anodwoeo
moxa

Kpymusna 4%’-4{ /"_3?
8
- 7 .

I }/{pymu.?ﬂd 254
ER)

L1y
3

4Ma—

21 - S | ] I !

5 4 3 2 1 g 1 2 3 4 .5

! Hanpamenue Ha cemne

Puc. 130. KpyTH3Ha XapaKTepHCTHKH 3JEKTPOHHOH JaMIIbI.

Koadbdunmnenr ycuienus o6o3HauaeTcss rpeuyeckoil Gyk-
BOH p. DTOT KO3 PHLHEHT NOKA3LIBAET, BO CKOJBKO pa3 HaLo
M3MeHUTb NOTeHIMaJ aHoAa N0 CPAaBHEHHIO C M3MEHeHHEeM
NOTeHLHa a CeTKH, YTOOH! MOJYYUTh OJHHAKOBOE M3MEHEeHHe
aHOJHOI'0 TOKa.

Kosdpdpuunent ycuaeHus paBeH cJeylollleMy OTHoLIe-
HHIO:

AUa
p= AU:
31pech U, — v3MeHeHHe HanNpsiKeHHs1 Ha aHoJe.

Ilpn onpenesenun KoadduIKeHTa YCHAEHHS aHOIHBIA TOK
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JIOJXKeH O0CTaBaThCs HeH3MeHeHHbIM. UTOGHl onpenesdTs
Ko3(h(QHUHEHT yCHJEeHHs, Hal0 HMEeTb ABe aHOJHO-CETOYHbIe
xapakrepucTHkd. OrnpepeneHne Ko3ddULHeHTa YCHJIEHHs
MOXKHO NOKa3aTbh Ha CJeIyIoLeM NPOCTOM NpHMepe,

JonycTuMm, 4TO H3MeHeHUe aHONHOIO TOKa Ha 6 wma
MOXHO MOJIYYHTh H3MEHEHHEeM AaHOMHOTO HampsKeHUs Ha
40 8. JTO XKe H3MeHeHHe aHOLHOro ToKa OyIeT MpH M3MeHe-
HHH CETOYHOro HanpsxKeHUs Ha 2 8. JIcHO, uTO KO3pdHUIMEHT
ycusieHus: 6yaeT B 3TOM cayuyae paseH 20.

BHyTpeHHee conpoTHBJIeHHe JaMmnbl 0603HAayaiOT OYK-
Boil R;. OHO moka3biBaeT OTHOLIEHHE M3MEHEeHHUS aHOIHOTO
HaMpsi)KeHHUsl K U3MeHEeHHI0 aHOJZHOTO TOKa NMPH NOCTOSHHOM
ceToYyHOM HanpsixkeHuH. TakuM o6pa3oM, BHYTpeHHee COIpo-
THUBJIEHHE JIaMIIbI

AUa
R‘ T Ala

[Ipy omnpeneseHHH BHYTPEHHEro CONPOTHUBJIEHHS HaJo
aHOJHOe HanpsKeHHe 6paTh B BOJbTaX M aHOAHBIH TOK B aM-
nepax, 4to6bl BeJHYHHY R; MOTY4YHTh B OMaXx.

Jo6poTHOCTb JlaMIIbl paBHA NMPOU3BEJEHHIO ee KPYTH3HbI
Ha ko3 duuueHT ycuaenus. Ecan no6poTHOCTh aMnel 060-
3HauYUTHL GYKBO#H Q, MOJNYYHM cJelylolliee COOTHOIIEHHE:

Q = Sp.
§ 121. AMOAbI

Hau6Gosnee mnpocroit B KOHCTPYKTHBHOM OTHOIUEHHH $IB-
JisleTCs ABYX3JeKTPOoJHas Jiamna, uiu auon. Bryrpu Gasio-
Ha TaKOH JaMNbl HAXOAHTCSl TOJb-
KO aHOJ W HHMTb HaKaJja — KaToA.

Cxema BKJIIOYEHHS nHOJA M300-
paxeHa Ha pHc. 131. Ha stom pu-
CYHKe TOKa3aHbl HakaJbHas H
aHOZHAasl LeNHM C BKJIOYEHHLIMH B
Hux Garapesimu b, (aHogHas) u by
(HakaJsbHasi). B aHOmHON Henu TOK
6yleT TONBbKO B TOM CJyuae, ecjad
MOJIOKHUTEJIbHBIA  NOJIIOC  aHOAHOI
6aTapeu BK/IIOYEH Ha aHOX JiaMIIbl,
a OTpHLATeNbHBIH NOJABOAUTCH K
Katony ee. Jluon mpomyckaer TOK
TOJIBKO B OJHOM HanpasJIeHUH, T. €. HMeeT OLHOCTOPOHHIOIO
npoBoguMocThb. [ToaToMy auonbl IIHPOKO NPHMEHSIOTCA AJIS

~
©
o

lens
Hanana

Puc. 131. Cxema BKJIOue-
HUA [OHOMNA.
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BHINPSIMJIEHHS] TepeMeHHOro ToKa. B pajgnonprneMHukax KHo-
bl TPUMEHSIOTCA AJsl BHIIPSAMJEHHs TNepeMeHHOro TOKa
BHICOKO# 4acCTOTH (IeTeKTHPOBaHMs), aBTOMAaTHYecKol pe-
T'YJHPOBKU pexuMa paboTbl M 1/ APYTHX LeJen.

Jvonbl NpHMeHSIOTCS TaKXkKe B KauyecTBe 3JEKTPOHHbIX
BhIIpsAMUTENel. B 3TOM cnyyae MX Ha3bIBAlOT KEHOTPOHAMH.
KeHOTpOHHBIE BEINIPSIMUTENN NPUMEHSIOT /151 NHTaHUS aHON-
HBIX leneil paavocTaHUMi, yCcHJMTeJell, JaMNOBBLIX YCTaHO-
BOK NPOBOJHOM CBA3H H IPYTHX CXeM.

rnasa 2
TPEXDNEKTPOHLIE U MHOTOJJIEKTPOHBIE JIAMITb]

§ 122. TPHOABI

TpexsnekTponHble JaMnbl, HJIH TPHOABI, KpOME aHOAa H
KaToa, MMeIOT ellle YNPaBJsIOLlyl0 CeTKy. YNpaBJeHHe Io-
TOKOM 3JIEKTPOHOB, NPOXOASAIIMM OT KaToJa K aHONY BHYTpH
JIaMIIbl, OCYLIECTBJSIETCSl NIPH MOMOILH CeTKH B TOM cJydae,
€c/Ii MeXJy CEeTKOH M KaTOJOM BKJIOYEeHO KaKoe-TO Hamps-
}KeHHe. B 3aBUCHMOCTH OT TOro, Kak BKJloyaeTcs Gatapes
Ha CeTKy, NOTeHLHAas] ee MO OTHOLIEHHI0 K KAaToLy MOXKeT
GBITH TMOJIOXKHUTEJNbHBIM HJIM OTpHLATeNbHHIM. [Ipu Hamuuuu
HamnpsiXKeHHs Ha CeTKe OHAa MOXKeT SHepPTHUHO BJIMATH Ha Npo-
HCXOAIMe BHYTPH JlaMNbl npollecchl. Ecu ceTKka 3apsixkeHa
OTpULIAaTeJbHO, OHA OTTAJKHBAeT 3JIEKTPOHBI, BhLJIETAlOLiHE
W3 KaToxa, TOPMO3UT HX JBHUXKeHHe K aHony. M3-3a srtoro
aHONHBIH TOK, NpOTeKaloLlui yepe3 Jjamny, GyneT yMeHb-
watbes. [lojloXuTesqpHOe HanpsiKeHHe Ha CeTke CIoco6-
CTBYET NMPOJBHIKEHHIO 3JIEKTPOHOB. UeM BHILIE IIOJOXKUTE/b-
HOe HanpsiXKeHHe Ha CeTKe, TeM HHTEHCHBHeEe 3JIEKTPOHK
YCTPEMJISIIOTCS K @aHOAY. AHOIHBIA TOK NpH 3TOM Gyner BO3-
pacraTb. HacTb 3J1eKTPOHOB Monajnaer Ha ceTky. Mx kosuye-
CTBO TaKXKe CBSI3aHO C BEJIHYHMHOH MNOJIOXKMTEJBHOTO Hampsi-
)eHus Ha Hel. TakuM o6pa3oM, yBe/IMUEHHIO aHOJHOTO TOKA
CONMYTCTBYET yBeJHYeHHe TOKA B LIENH CeTKH.

Ecin mosnoxuTenbHOe HanpsiXKeHHe Ha CeTKe YBEAHUH-
BaeTcsi, TO HACTYMHT TaKoe MOJIOXEHHe, NPH KOTOPOM BCe
H3JyuaeMble KaTOJOM 3JEeKTPOHH OYyAYyT MomajfaTth Ha aHo[
M Ha CeTKy. AHOIHBIH TOK NOCTHIHET CBOEro HauGOJbIIero
BO3MOXHOro 3HaueHHs. Kaxk Obl HM yBeJHYHBAJIOCh B [Ra/b-
HelillleM INOJIOXHTEeJbHOE HanpsKeHHe Ha ceTKe, aHOMHbI
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TOK OCTaeTcsl HeH3MeHHBIM U 60JIblile He BO3pacTaerT, TaK Kak
OH JOCTHT BeJIHYHHEI HachllleHus. B atoM cayyae amna «oT-
KpPbITa» MOJIHOCTBIO.

YnpapJasiioimias ceTka B TpHOJLE MOXKET ObITb I'yCTON HJH
penkoi. B onHux Jsamnax oHa pacnosaraercss 6/1xe K aHo-
Ly, B IPYTHX — K KaTody. B CBA3u ¢ 3THM BJIMSIHHE CETOK

Puc. 132. CxeMa BKJIOUEHHS Puc. 133. Bsaumnoe
TpHOAA. pacnoJioKeHue  3JeK-
TPOJAOB B TPHOJE:

1 — cerka; 2 — HHUTb Ha-
Kajna; 3 — aHoQm.

B Pa3/IHYHBLIX JlaMNlaX Pa3HOe H 3aBHCHT TaKXKe OT KOHCTPYK-
LMK JaMIBI.

Ha puc. 132 nso6pakeHa NPHHLUHUNHAJNbHASA CXeMa BKJIIO-
YeHWsi TPUOZOB, a Ha puc. 133 B3auMHOe pacnoJoxeHHe
3JIEKTPOAOB B JaMIax 3TOro THIa.

B Tex cayuasix, Korja HexeJsaTesJbHO, 4TOOBI B LeNH
CeTKH MOSIBJSJICS TOK, Ha CETKY JOJIXKHO ObITh MOZaHO OT-
pHLaTeJbHOE HanpsKeHHe, Ha3bIBaeMoOe HalpsKeHHeM cMe-
uieHusi. Jiss 3TOro B Lemb CeTKH BKJIOYAIOT CHELHaJbHYI)
cetouHyo 6atapelo.

§ 123. TETPOLbI

TeTponaMu Ha3bIBAIOT JIaMNBL C YeTHIPbMsl 3JIEKTPOLAMH,
YerBepThlil 371€KTPOL sIBJsieTCs N06ABOYHOH SKpaHHpYyolLei
cerkoil. Hanuune skpanupymoueil ceTku nopuimaer Ko3gou-
IMeHT ycujeHus aamnel. CxeMa BKJIIOUEHHS TETpPOJa MOKa-
3aHa Ha puc. 134.

Kosdduuuest ycuneHus MOKHO Obljio Gbl yBEJNHUYHTH B
TeTpoje, cliesiaB ero ceTky 6GoJiee I'yCTOH, HO 3TO 3aTPYIHH-
Jio Gbl NPOJBHXKEHHe 3JeKTPOHOB OT KaToaa K aHony. OueHb
rycrasi ceTka B 3JEKTPOHHOH JiaMie NpuBeJa Gbl K pe3KOMY
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YMEHBLIIEHHI0O aHOAHOIo TOKa H BO3PAaCTAHUIO TOKaA B lienH
CEeTKH, UTO HexKeJaTeJbHO.

lepaBJlmomaa U 3KpaHHpyouas CEeTKH H3roTaBJ/MBaAIOT-
Csi JOCTATOYHO PeJKMMH U He MelIaloT 3/J1€KTPOHAM nonajgaTtb
Ha aHon. axpax-mpyxomaﬂ CeTKa BBINOJHAET POJIb 3JIEKTPO-

Puc. 134. Cxema BKJIOYE-
HHA TeTpoja:

1 — ynpasasiiolllasi ceTka; 2 —
9KpaHupylolas ceTka; 3—uenb
3KpaHHpYOUeH CEeTKH.

CTATHYECKOTO SKpaHa M YycTpaHseT
BpeJHOE BJIMSIHME aHOJAHOH Lenu Ha
CEeTOYHYI0, KOTOpOe BO3HMKAaeT H3-3a
HaJMYHsl MEeXAY3/JIEKTPOLHOH eMKOCTH.

Ecniu B TpHOmAx €MKOCTb MeXIY
aHONOM M ympasJjsiouiell ceTkoii paB- Puc. 135. Bsaumuoe
Ha 3—5 n¢g, To B TeTpomax OHa He  PACHOJOXeHHe  SJek-
NpeBbIIAeT COTHIX JOMeil mukodapa- TPOAOB B TETpOLE:

1 — ynpasasiiolias CeTKa;
Abl. DTO HMeeT OCOOEHHO O6OJbIIOE 2—BLBOL OT 2HOXA K KOH-
3HaueHHE NPH PaGoTe JAMIbl B OG- ey oh oo o
JIacTH BBICOKHX YacToOT. ceTka, 5 — aHoL; 6 — 3K-
paH; 7 — ceTkKa; 8 — 3Kpa-

KosdduuueHT ycHIEHHS TETPOJOB Hupyolas cetka; 9 — xa-
pocturaer 300—500, Torga kak B oA 0 — HATb Hakana.
B TpHOoxax OH OblBaeT paBeH He 6o-
aee 100.

Hanpsi:xxenne Mexnay skpaHHpYIOLIEH CeTKOH M KaTOAOM
o6biyHo cocraBaser 20—509% HanpsixeHnuss Ha aHome. [Ipu
TAKOM COOTHOLIEHHH 3KPaHHPYIOIas CeTKa He MOXeT 3aMeT-
HO BJIMSITH Ha KaTOJHLIH TOK B CTOPOHY €ro yMeHbLIeHHs.

Hapsany ¢ nosoxure/bHBIMH KayecTBAMH TeTPOJ HMeeT H
oTpHLaTesbHble. Ero HeZOCTAaTKOM SBJIsSieTCSl AHHATPOHHBIH
3¢ exr.

JvHaTpoHHHIH 3¢ eKT 3aKaoyaeTcs B TOM, YTO 3/1€KTPO-
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HBI, IOnajgasi Ha aHoJ, BHI3BIBAIOT BTOPHUHYIO aMHccHI0. OHu
BLIDHIBAIOT U3 MeTajljla aHoja JApYyrHe 3JIeKTPOHEI, KOTOphIe
MOryT MewaTh pabote Jgamnbl. B nuogax u Tpuomax muHa-
TPOHHBIH 3(p(HEKT TakKe HMeeTCsl, HO B HUX BLIOUTHIE H3 aHO-
Jla 3JIeKTPOHBI CHOBA NPHTATMBAIOTCA K HEMY.

B Terpomax Memaroluee BIHsiHHE BTOPHYHBIX 3JI€KTPOAOB
He Gyner Hab/O#aThCs, ecJy HanpsxKeHHe Ha SKPaHUPY-
Iolllell ceTKe MeHblle HanpsixKeHHs Ha aHoje. B mpotuBHOM
cjyyae MOXeT IOSIBUTbCH TOK BTOPUYHOHM 3MHCCHH, HAalpaB-
JIeHHe KOTOPOr0 NPOTHBONOJIOKHO HAaNpaBJIeHHI0 aHOJHOrO
TOKa.

B3auMHOe pacmoJioKeHHe 3JeKTPOAOB B TeTpoje mokasa-
HO Ha puc. 135.

§ 124. NEHTOAb!

DJIeKTPOHHBIE JIaMIbL C MATHIO 3JeKTPOAAaMH, HJH MEHTO-
Ibl, He UMEIOT HeIOCTATKOB, NMpHCcymux TerpoxaM. Ilarwlii
3JIEKTPOJ B NEHTOJe B BHJAE CETKH NpedHa3HaueH JJs 3a-
IIMTHl JJaMObl OT JUHATPOHHOTO 3¢)-
¢ekra. IlosTomy nartas ceTka Ha-
3BIBaeTCS] IPOTUBOJUHATPOHHON HJIH
3aUIUTHOH.

CxeMa BKJIIOUEHHS NEHTORA H30-
7= OpaxeHa Ha puc. 136. 3ammurHas

L|_-.||__,,_-, CeTKa COeJHHSIETCS C KAaTOAOM JaM-

nbl, TMO3TOMY OHAa HMeeT OTpula-

Puc. 136. Cxema BKmove- TeJIbHBIH INOTEHLIHAJ OTHOCHUTEJLHO

Hus NEHTOAA. aHona. Ee HasHayenne — or6pacul-

BaTb OGpPaTHO Ha aHOA BhbLIETAl0

HIHe U3 HEero BTOPHUHEIE 3JIEKTPOHBI. 3allMTHas CeTKa H3ro-

TOBJIIETCS PEIKOH, MO3TOMY OHa BJIHSIeT Ha OCHOBHYIO

(GYHKUMIO aHOJA MaJso M NPAaKTHYeCKH He MellaeT MNOTOKY
3JIEKTPOHOB M3 KaTOoAa MONajaTh Ha aHOL.

B meHTOnaX TOK BTOPUYHOH 3MHCCHH He NOSBJIAETCS JaxKe
TOrla, KOrJia HampsixKeHHe aHoJa MeHblile, 4YeM Ha 3KpaHHU-
pylollel ceTkKe.

Koad¢puuuent ycujenusa nentonos jpocturaer 3000—
4000.

BHyTpeHHee cOMpOTHBJIEHHE NEHTOJ0B PABHO COTHSIM ThI-
cAY U Jaxe MHJIJIMOHAM OM. KpyTH3HAa XapaKTepHUCTHKH Y
3THX JlaMI TaKas e, Kak y TPHOJOB H TeTponoB. [Tapasut-
Has €MKOCTb MEXAYy aHOAOM M YNpaBJslolNell ceTKo#d y
MEeHTOLAa MeHbllle, YeM y TeTpoxa. DTo OObsiCHseTCcs HOMmoJ-
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HUTEJBHBIM 3KPaHUPYIOLIUM BJIHSHHEM NPOTHBOAMHATPOHHOM
CeTKH.

[lenroant cBOGONHBL OT HENOCTATKOB 3/IEKTPOHHBIX Jamm
C MEHbIIHM YHCJIOM 3i1ekTpoaoB. OHu pa6oraior 6e3 Mcka-
JKEHHil, NOSBJISIOMMUXCA B TeTPOLAX NPH YCHJIEHHH CpPaBHU-
TEJIbHO CHJIBHBIX KoJieGaHui. SIBHble npenMyllecTBa NEHTO-
JIOB NMpHUBEJH K TOMY, YTO OHH B 3HAYMTeJbHOH CTeNeHH Bbl-
TECHMJIH BCe JPyTHe THINBL JAaMI He TOJAbKO U3 YCHJIHTENbHBIK
U TIPUEMHBIX YCTPOHCTB, HO U U3 FeHEPATOPHLIX YCTAaHOBOK.

[leHTONB! SIBASIOTCS OCHOBHBIMHM THIIAMH COBpPEMEHHBIX
YCHJMUTENbHBIX U MaJOMOLIHBIX FeHepaTOPHBIX JaMIl.

§ 125. KOMBMHUPOBAHHDIE JIAMIIbI

YiyunieHHe KOHCTPYKLHMEH 3JIEKTPOHHBIX JiaMIm HOET He
TOJIBKO 1O NYTH YBeJHYeHHs] YHCJA JEKTPOXOB H yCTpaHe-
HHUSl TeX MJIH HMHBIX HeJOCTAaTKOB, HO W B HampaBJIeHHH CO-
YyeTaHUs] HECKOJIbKHUX (YHKUUI, BBHIIOJHAEMBIX OJHOM Jam-
noii. [l 3TOro NpHMeHsI0TC KOMOMHHPOBAHHbBIE JIaMIHI,. B
KOTOPHIX B OAHOM 6aJljloHe MOHTHPYIOTCS [Be HJIM Tpu
JlaMIIbl.

Baaromapsi sTomy Takas KOMOMHHPOBAaHHAs JlaMia MoO-
JKeT BBINOJIHATH HECKOJIbKO Pa3JIMYHBIX (PyHKLH.

CylecTByIOT pasjHuHble KOMOMHAaLHMH KOMOWHUDOBAH-
HbIX Jamn. JIBofiHBIE JHOABI MCIOJMB3YIOTCS, IVIaBHBIM ofGpa-
30M, B KayecTBe JeTeKTOpoB. [IBOMHBIE TPUOABI MO3BOJIAIOT,
HanpuMep, MOJYYHTb JBa KacKaja YCHJEHHS Ha HH3KOH
yactore. [IpH 3ToM pa3Mepnl amnapaTypsl YMeHbIIAIOTCS.
B komOuHauuu aByx nuonoB M TpHoaa (namna 6)K7) nsoii-
HOIl [HOA MOXeT ObITb MCIOJb30BaH MJis HETEKTHPOBAaHHH,
TPHOJ — AJIS1 YCHJIEHHS] HU3KOH YacCTOTHI.

s npueMHHKOB CynepreTepogHHHOrO THIIA IPUMEHSIOT-
€A JIaMINbl ¢ HeCKOJMbKMMH CETKAMM: TeKCOJbl, NMEeHTArPHJHI,
OKTOJLBL.

B MHOroceTo4HHIX JlaMnax 3JeKTPOHHBIH NOTOK MOIYH-
HseTCsl JeHCTBHIO IBYX YNPAaBJISIIOIIMX CETOK.

[TeHTarpuabl-cMeCHTE/IM H NEHTArpHabl-Npeo6pa3oBaTein
NpUMeHsIIoTCs OGBIYHO B paguocTtaHuusax. [lenrarpunamu Ha-
3LIBAIOT JIAMIIBI C MATHIO CETKAMH.

§ 126. NANbYUKOBLIE TAMMbI

B coBpeMeHHBIX pafHOYCTPOICTBAX HIHPOKO NMPUMEHSIOT-
Csl JIaMIIbl «[IAJIbYHKOBOro» THna. [TapaMeTps na/jbyuKOBBIX
JlaMIl He TOJIbKO He YCTYNAaIT NnapaMeTpaM JaMn GOJbIINX
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ra6apuToB, HO 4acTO OKa3bIBalOTCd Jyulle HX. B mocaennee
BpeMsi NMPHEMHO-YCUJINTENbHbIE JIaMIIbl BHIYCKalOTCA, IaB-
HbIM 06pa3oM, NaJbYUKOBHIE,

DJIeKTPOABl TNAaJbYHKOBHIX JIAMI KpensTcs Hemnocpen-
CTBEHHO Ha MX IJIOCKOM CTeKJSTHHOM [He. DTH JaMObl He
MMEIOT CIlelHaJbHbIX 1OKOJIell H 3JIEKTPOALl Y HUX BbIBeJ€HHI
HapyXy B BHJIE TOHKHX LITHIPbKOB,

ITasbunkoBble JaMnbl 3KOHOMHMYHBL. Tak, Hamnpumep,
nanbydkoBoMy neHtony lK2I1 Heo6xoguM HakKaJd TOJBKO
0,03 a npu nanpsxenuu 1,2 6. [lo cpaBHeHHIO C JaMIlaMH
MaJsiorabapUTHOH cepuy MOLIHOCTb NMaJbYHKOBLIX JIAMII B Ue-
Thipe pa3a MeHblle. HaMHOTo MeHbllle TaKXe HanpsiiKeHHE
aHojga u morpeb/aseMas OT aHOLHOH 6aTaped MOIIHOCTb.

KpyTH3sHa XapaKTepHUCTHKM MaJbYUKOBHIX JamMn 5—
6 ma/s ¥ BhILIEe. B HOBBIX THNaX JiaMI oHa mocturaer 20 ma/s,
TOrfa Kak y CTapblx JaMn oHa Oblia nopsigka 2 ma/s. Kak
H3BECTHO, KpYTU3HAa XapaKTEPUCTHKU JaMIbl ONpejaesser
BEJIMYHHY ee YCHJeHHS.

Bricokast KpyTH3Ha XapaKTepPHCTHKHU JaMIl, IVIaBHLIM 00-
pa3oM, obecrneynBaeTcsl NpUMeHEHHEM PaMOUYHBLIX CETOK. DTH
CeTKH H3roTaBJHMBAIOTCA M3 OYeHb TOHKOH MPOBOJIOKH, KOTO-
pasi Tyro HaTATHBAaeTcss Ha pPaMKy.

B Tex cayuasix, Korga pajguoannapartypa AoJXKHA OblTh
0COGEHHO JIETKOH M pa3Mephbl ee MHHHMAaJIbHEI, faXKe MHHHA-
TIOpHBle MaJbUHKOBbIE JIAMNBLI Majo NPHroAHbl. Ilasi Takux
neseil paspaboTaHbl W BBINYCKAIOTCS NPOMBILITIEHHOCTB)
CBEPXMHHHMATIOPHBIE JIaMIIbl, AHaMeTp KOTODPHIX He NpeBbl-
1IaeT AuaMeTpa OGBIKHOBEHHOTO KapaHjalia.

§ 127. DNEKTPOHHO-JNIYYEBBLIE TPYBKH

YCTpolCTBO COBpPEMEHHBIX 3JIEKTPOHHO-JIyUeBhIX TPYGOK
pasHoo6Gpa3Ho. OHo 3aBHCHT oT MX HasHaueHHs. Illupoxko
H3BECTHO NpPHMEHeHHe 3JIeKTPOHHO-yyeBoil TPYOKH B TeJe-
BH3HOHHOH TexHHKe. DTH TPYOKH NDHMEHSIOTCS TaKxe B
H3MEpHUTEJbHLIX NPUGOpax — 3JeKTPOHHBIX OCLHJIOrpadax.

DNeKTpOHHO-1yuyeBass TpyOKa npeiacram/sieT co00H CTek-
JSIHHYI0 K016y, U3 KOTOPOH BhIKauaH BO31yX. BHYTpH KOJOH
BMOHTHDOBAaHBl KaTOH, YCTPOHCTBO HNJsi KOHLEHTPHPOBaHUS
3JIEKTPOHOB B TOHKHH Jiy4, YCTPOHCTBO /51 OTKJIOHEHH?
3JIEKTPOHHOIO Jiyya U 3KpaH. DKpaH HaXOIUTCS B paclIHpeH-
HOH yacTH KoJGH. B Tpy6Kax, npexHasHayeHHbIX JJ1s1 peo6-
pa30BaHHsl 3JIEKTPUUECKOH SHEPruM B CBET, AHO KOJOHI MO+
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KpbIBaeTcsi 0COGBIM COCTaBOM. DTOT COCTAB CBETHTCH B TOY-
Kax, Ha KOTOpble nonajaeT 3JeKTPHUYeCKHH Jyd.

Ha puc. 137 nokasano ycTPOHCTBO 3J1eKTPOHHO-J1yueBOii
TPYGKH. DJIEKTPOHbI H3/1yYalOTCs1 OT KAaToj4a KOCBEHHOro Ha-
kana K. ®opmupoBaHMe HX B NMYYOK OCYLIECTBJISETCH C MO-
Mollbio 3/neKTpoaoB M, A, u A.,.

[Nepsuiit aHon A, Ha3biBaeTcs (okycupylowum. Ha Hero
nofaeTcs MOJIOXKHUTENbHOE HaNpsKeHHe B HECKOJbKO COTEeH
BOJIBT.

Fpobodswee

Omrnosswuiue
nAacTS! ””@.‘”m

JIeKMPOHEER KT

Bt
i ,h' 7

7 -
2 Crrrllrrrrriovyon

Puc. 137. DaektponHo-nyueBas TpyGKa.

Bropoit anox A; uMeeT GOpMY KOPOTKOTrO LMJIHHAPA, KO-
TOpblil 3aKpLIT Ha KOHIle AWadparmoii. B unentpe anadpar-
MBI HMeeTcsi oTBepcTHe. Ha umaHHAp A, NOJAIOT MOJIOXKH-
TeJibHOE Hanpsi>keHHe B HeCKOJbKO KHJIOBOJIBT.

YnpaB/ieHHe JIyYOM OCYILECTBJSETCS OTKJIOHAIOLIMMHU
nnactuHamu. OfHa napa MJAcTHH CJOYXHT [JIs OTKJIOHEHHs
Jlyya B FOPHU3OHTAJIbHOM HalpaBJleHHH, a Apyras — B BepTHU-
KaJIbHOM.

Ecnn Ha nsacTHHBI mojgaeTcss nepeMeHHOe HampsikeHue,
TO o6pa3yercsi 3J€KTPHUECKOE MOJIe H 3JE€KTPOHHBIH Jyy OT-
KJIOHSIETCS OT NepBOHAYaJbLHOTO HanpaBJieHHs.

Ha oxHy napy nsacTHH nopaercsi NepHOJHYECKOE MHJIO-
oGpasHoe HalpsixKeHHe, KOTOPOe 3aCTaBJseT Jy4y YepTHThL Ha
9KpaHe TOPH30HTAJIbHYIO JIMHHIO.

B ocuusinorpagax uccienyeMoe HanpsiKeHHe MOLAeTCs
Ha BTOpPYIO nmapy njacTtuH. BaaumopgeiicTBylomue sjekTpuye-
CKHe NOoJIsl MJIaCTHH NepeMelialoT Jyd TakK, YTO OH YepTHT Ha
3KpaHe KPHBYIO, ONpeAeJsIOIlYI0 XapakTep H3MeHEeHHs HC-
cJlelyeMoro HanpsiKeHus.

B HekoTOpHX THHax TPyGOK HJs YNpPaBJIEHHS JYy4OM
NPHMEHSIIOTCS 3JIEKTPOMAaTrHUTHble OTKJIOHAIOIIHE CHCTEMBI.
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rmasa 3
NMPUMEHEHME NEKTPOHHLIX NAMN

§ 128. NAMNOBbLIE TEHEPATOPbI

Fenepartophl HesaTyxalwlux KoseGaHHI — OfHO U3 HaH-
GoJiee pacnpoCTpaHeHHBIX NMPHMEHEHHI 3JeKTPOHHBIX JiaMIl.
I'eHepaTopbl TakKoro pona OGBLIYHO COCTOSIT H3 3JEKTPOHHOIN
JlaMIibl, Kosie6aTeJbHOrO KOHTYpa, KaTylIKH 06paTHOH cBA3H
H MCTOYHHMKOB nuTaHus. KosnebaTenbHbili KOHTYp — 3TO na-
paJJienbHoe BKAoUeHHe eMKocTH Cy M KaTyILIKH CaMOMHIYK-
uun L, (puc. 138).

JlamnoBrle reHepaTopbl pa6o-
TaloT caenpymowum obpasom. Ilpen-
ctaBUM cebe, uTo 6GaTapes HaKaJja
b, Bkmouena. Torpa npu 3aMbika-
HHMH llend aHoja MOSIBUTCH TOK, KO-
TOpbIH  HayHeT 3apsixKaTb KOH-
nedcatop Cy.Ilpn 3TOM HHXKHSs
obKkJ/ajKka KoHieHcaTtopa 6yner 3a-
psAXKaTbCA MOJIOXKHTEJbHO, a Bepx-
Hfig — oTpulaTesbHo. DBuaronpaps
KaTyllKe CaMOMHAYKLUHH B KoJie6aTeJbHOM KOHTYpe TOK He
cpa3y JAOCTHTHET CBOeil HOpMaJbHOH BEJHYHMHBL, @ TOJbLKO
yepe3 HEKOTOPBI MPOMeXYTok BpemeHH. Koraa 3apsp KoH-
JleHCcaTopa 3aKOHYMTCSl, HamnpsxKeHHe Ha ero OOKJagKax
IOCTHTHET OMnpejesleHHOH BeJHUYHHBL.

[Tocne storo koHaeHcaTOp HayHeT pa3pskKaTbcs uyepe3
KaTyWKy caMouHAykuuH. Tenepb Tok B KoJie6GaTeNbHOM KOH-
Type NOHJAeT OT MOJIOXKHTENbHOH OOKJaAKH KOHJEHCaropa K
orpunatenbHoli. OH Oyner BO3pacTaTh OT HYJIEBOrO 3Haye-
HHS 10 MakKcHMaJjibHOro. B TOT MOMeHT, Korna HanpsixKeHHe
CTaHeT PaBHBIM HYJIO, TOK B Karyuke Gyner HanOOJbLIHH.
[1pu 3ToM Bcst 3/eKTpocTaTHYeCcKasl SHepPrys, HaXoAUBLIasICA
B KOHJeHcaTope, mepelijler B 3J€KTPOMarHUTHYIO 3HeprHIo
KaTylUKH. 3aTeM HauHeTcs nepe3apsia KOHAEHCATopa 3a CyYeT
3Heprud KaTymkH. Korza TOK B KOHType YMEHbIUIHTCS A0
HYJIsl, KOHJeHcaTop OMATb 3apAANTCS A0 HanboJibliero Ha-
npsikeHus. 3apsaUBLIMCh, KOHJEHCATOP CHOBA pa3psiAMTCH,
110 Tenepb yKe B 06paTHOM HanpaBJ/eHHH.

Takum o6pa3oM, B KOHTYpe BO3HHUKHYT cBOOOHbIE KoJie-
6aunusi. OnHAKO 3TH KoJleOaHHs MOTYT ObICTPO NpeKpaTUThCH,
ecJM MX He noanepxuBathb. His noasepxaHus koJseGaHui

Cx

Puc. 138. Cxema Jamno-
BOro reHepatopa.
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4e06X0MIMO MONOJIHATb TOTepPH 3HeprHu B KOHType. Ecuan
NoNnoJIHeHHe 3Hepruu 6yneT NPOHCXOJHTb B TeYEHHE KaXa0-
ro nepuona, KoneGaHus He OyayT 3aTyXarTh.

[TonosiHeHne 3Hepruu B KoJieGaTeJbHOM KOHType Geper
Ha ce6a 3JeKTpoHHAas namna. Korga B KaTyllke CaMOHHAYK-
UMK L. TPOXOAMT TOK, OH CO3/[aeT NMepeMeHHOe MAarHMTHoe
nosne. B katymke L NOABUTCA NPH 3TOM 3JEKTPOABHXKY-
1iasi CUJia TakoH e YacTOThl, KaK M 4acToTa KoseGaHuil B
KoHType. Bnarogaps 3ToMy MexAy CeTKOH W KaToioM Mo-
fIBUTCS1 IlepeMeHHOe HaMNpsiKeHHe.

TakuM o6pasom, Katymka L  OCyIIecTBJAET CBA3b
MeXJy KojebaTeJbHBIM KOHTYPOM H ynpaBJsiouieil ceTKoil.
[TostoMy ona Ha3bpiBaeTcsi KaTYIUKOH OODAaTHOH CBS3H.

ITosiBuBILIeecs Ha ceTKe HaNpsKeHHe BbI30OBET H3MEHeHHe
aHOIHOro TOKa. AHOIHBIA TOK OYJeT K3MEHSAThCS C YaCTOTOH,
KOTOpasi TaKxe COBNAAaeT C YacTOTOH KoneOGaHHH KOHTypa.
Ecnu TOK MMNyJbCOB aHOAHOrO TOKa GyneT coBmagaTh Mo
HanpaBJ/IeHHIO ¢ pa3psAHbIM TOKOM KOHIeHCaTopa, MoTepH
3Hepruu B uend 6YAyT KOMIEHCHPOBAThHCS.

JHeprus, gocTaB/sieMast JaMrne aHOmHoii 6arapeeil, Kak
6bl MOATA/NKUBAeT BO3HUKINME B KOHTYype KoseGaHUs B KakK-
JIOM MepHoie H TaKUM 06pa3oM INOMNOJHSEeT MOTepH 3HEPrHH.

Hrak, uTo6bl Kose6aHusi GblIM He3aTyXaloUIMMH, MOABO-
JUMOE K CeTKe HaNnpsKeHWe NOJKHO BbI3LIBATb H3MEHEHHs
aHOOHOTO TOKa B TaKT KoJeGaHUSM KOHTypa. DT0 Gymger
TOJbKO TNPH MPaBUJIBHOM BKJIIOYEHHH KaTyWKH OOpaTHOIl
cBA3H. Ec/iM KOHIBI 9TOH KaTyUIKU BKJIOUEHbI HENpPaBHJIbLHO,
KoJie6aHHS He BO3HUKHYT.

UactoTra KoJieGaHH# 3aBHCHT OT BeJIMYHHBI CAMOMHAYK-
unu KaTywkH L 1 eMkocTH KoHaeHcaTopa Cy. [leproa co6-
CTBEHHBIX KOJIe6aHHH KOHTYpPa MOXHO OMNpenesuTb no ¢op-
MyJie

T=2x)"L,C,.
[Top6upas pasnvuHble 3HAUYeHHS CAMOMHAYKUHHM H eM-

KOCTH, MOXHO HAacTPOMTb TeHepaTop Ha Jio6YI0 YacToTy
KoJsie6aHuii.

§ 129. NAMNOBLIA YCUNUTEND

B cootBercTBHM ¢ 3agauamu YCHJI€HH S, KOTOphIE Heo6Xxo-
JUMO paspemiuThb, PA3jIMUaOT YCHJAHUTEJU MOILHOCTH H yCH-
JINTEJIM HANpAXKeHUs.
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B 3aBUCHUMOCTH OT 06/1aCTH YCH/IHBaeMbIX 4acTOT 6bIBAIOT
YCHJHMTENN HH3KOH, BLICOKOH H NPOMEXKYTOUHOH YacCTOTHI.
Ycunuteau Takxe pasnHyalOTCs MO THNY aHOAHON HAarpy3kKH.
B 3aBHcHMOCTH OT XapakTepa aHOJAHOH Harpy3KH YCHJHTENH
MOTyT GbITb peocTaTHble, TpaHC(POpPMATOPHbIE, pe30HAHCHbBIE
H Ipyrue.
YCHAMTENN MOXKHO pacCMaTpHBATh KakK reHepaTopbl ¢ No-
CTOpOHHHUM B036yxneHneM. CamMoB030OyXKaeHHe YCHJHTe e
BPelHO, TaK KaK OHO BLISHIBAET HANOMEHWE YCH/IMBAaEMbIX
KoJsie6aHHH Ha coOCTBeHHble KoJleGaHus.
Ha puc. 139 n3o6pakeHa cxeMa YCHJHTeNS MOILHOCTH.
Korpa nanpsixenue Bo36yxnenus U. orcyTcTByeT, B aHOA-
HOM LleNHM NPOXOAHT NOCTOSHHBILII
TOK, COOTBETCTBYIOLIHI HYJeBO-

" My HanpsiXeHHMio Ha ceTke. Ha-
npsiXKeHHe HCTOYHHKA TOKAa MpH
9TOM NOJIHOCTBIO MNDUJIOXKEHO K
aHony W Karoay Jamnsl. Compo-
THBJIEHHE KaTYUIKH CaMOMHOYK-
LMY NOCTOSIHHOMY TOKY He3HauH-
TEJIbHO, U NaJeHHe HaNnpsKeHHS
Ha HeHl MOXHO He I[IPHHHMATb BO
BHHMaHHe,

ITonBenem Tenepp K CeTKe JIaMNbl NepeMeHHOe HanpsKe-
HHe OT 3ajalouiero rereparopa. [Ipu atom B aHOmHOMH LemH
MOSIBUTCS MyJbcHpPYIOWMA TOK. YacToTa ero mysabcauuii 6y-
JIeT COOTBETCTBOBATh YaCTOTe MOJBOZMMBIX K CeTKe KoJje6a-
Huit, [lyJbcHpyOlMA TOK MOXHO paccMaTpHBaTh Kak pe-
3yJbTaT CJOXEeHUS MOCTOSIHHOrO TOKa, AefCcTBOBAaBUIEro B
Lend N0 BKJIOUEHHs HANpSKEHHs Ha CeTKY, U NMepeMeHHOro,
KOTOpHIH MOABHJCS MNOCJae 3Toro BKJoyeHHs. CoBeplieHHO
OYEBHHO, YTO YaCTOTa NepeMeHHOH COCTaB/sAoleH aHOLHO-
ro TOKa paBHAa YacTOTe NepeMEeHHOro HanpsiKeHHUs Ha ceTke.
[Tepemennas cocraBaswouas GyaeT NpoOXoAHTb B 3aMKHYTOM
KOHTYpe, COCTOSIIeM H3 JIaMIIbl, apaJJie/bHbIX BeTBeH KoJe-
6aTe/IbHOTO KOHTYpa U KoHAeHcaTopa Cs. DTOT KOHILEHCATOP
Ha3bpiBaeTcsi GJIOKMDOBOYHBIM, TaK KakK OH LUYHTHpyeT 6aTa-
peto b,. Takoe BKJIOUEHHe KOHAeHcaTopa HeOGXONHMO MAJs
TOro, YyToOBl NMepeMeHHasi COCTaBJIsAOLLAash aHOJHOTO TOKa He
co3aaBaJia NnajeHHs HanpsiKeHHs Ha GaTapee.

IlepeMeHHast cocraBJsioliass aHOTHOTO TOKa MPOXOAHT
y4YacTOK HelH, COCTOSIUINIT U3 mapaJJesbHO BKIAIOUEHHBIX Ka-

Puc. 139. Cxema ycuautesasn
MOLIHOCTH.
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TYLWIKM U KOHAeHcaTopa. DTOT yYacTOK npeiacTaBJ/sieT co6oit
ornpejeseHHOe CONPOTHBJIEHHE NepeMeHHOMY TOKY.

B Toukax BKJIOYEHHsI 3TOrO CONPOTHBJIEHHS B OOILYIO
uenb Bo3HHKaeT nepemeHHoe Hanpsixkenue U. C nosiBnennem
HanpsiXKeHHsl Ha 3a)KHMax KOHTypa B HeM BO3HHKAalOT Bbl-
HY>X/JeHHble KoJle6anus. Hanpsixkenue U XesaTesbHO moJy-
YUTh BO3MOXHO 6oJabwiuM, [TosToMy compoTHB/eHHe ero
HaJo ToXe YBEJHYHTbL 00 BO3MOXKHON BeauuuHsl. OueBHIHO,
4TO 3TO HACTYNHT TOrAA, KOTAa KOHTYpP HAaCTPOEH B Pe30HAaHC
BbIHYXKAeHHBIM KoJjebaHusiM. [logo6paB cooTBeTCTByOLIHE
BeJMYNHb €MKOCTH ¥ HHIYKTHBHOCTH, MOXXHO XOOHTBCS pe-
30HaHca Toka B HenH. [Ipu 3TOM B kKOHTYype 6vierT Hanb60Jb-
wmHi ToK. TOK B KOHType B HECKOJIbKO pa3 MpeBbIlIaeT BesH-
YHHY NepeMeHHOH COCTaBJsiolieii aHOJHOIO TOKa. DTH TOKH
cABUHYTH Mo ¢ase Ha 90°. YcuieHne MOILHOCTH KoseGaHuUi
noJsyuyaercsi 6sarogapsi TOMy, 4TO B 2HOJHOM KOHTYpe yCH-
auTteas xoaebaHus 6yLyT HaMHOrO GOJblIeH MOLLHOCTH, 4eM
B LENMU CeTKH.

TNABA 4

MOHHbBIE NMPUBOPLI
§ 130. NOHATUME OB MOHHbLIX MPUBOPAX

Kak ¥ B 3J€KTpPOHHBIX JlamMnax, B HOHHBIX npHGOpax
HUCTOYHHKOM NEpPBHYHBLIX 3JIEKTPOHOB siBJistercsi katoa. Ho B
3JIEKTPOHHBIX JamMnax B 06aJjJloHaX — BaKyyM, B MOHHBIX
npu6opax 6a/JIOH mnoc/je OTKAYKU BO3[yXa HAaMNoJHsSercHd
HEOHOM, apTOHOM MJIM MapaMH PTYTH.

Honnbie npuGopel pabotaloT cjefylOlUM 0Gpa3om.
DJIeKTPOHBI, BblJieTasi U3 KaTona, NMojA JAeHCTBHEM 3JEKTpH-
YeCcKoro noJ/isi ¢ BO3pacTalmolleil CKOPOCTbIO YCTPEMJSIOTCS
K aHoay. Ecau ckopocTb HX IBHKEHHs! CTaHOBHTCA AOCTa-
TOYHO OOJBIION, OHH, CTAJKHBAsACh C MOJIEKYJIaMH ra3a, Bbl-
OGHBAIOT U3 HUX BTOPHUHbIE 3JIEKTPOHBI, @ MOJIEKYJIbI, 1OTEPSB
OJIMH MJIM HECKOJIbKO 3JIEKTPOHOB, OKA3bLIBAIOTCS 3apsikKeH-
HBIMH NOJIOKHTENBHO. [T0I0XKHTENbHO 3apsiKeHHble MOJIEKY-
Jbl CTAHOBATCSI HOHaMH. Macca HoHa GOJibllIe MacChl 3JeK-
TPOHA, MO3TOMY CKOPOCTb [BHIKEHHSI MOHOB MeHblUe CKO-
pOCTH 3J1eKTpoHOB. MOHBI, HaXomsich B 3JIEKTPHUECKOM HOJE
MeX1y KaTOLOM M aHOJOM H HMesl NOJIOXKHTeNbHbIH 3aps,
Hanpa.JsSIOTCS K KaTony.
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OcBo6oayBLINeECs H3 MOJIEKYJ 3JIEKTPOHBI TOXKe BCTYNaioT
B npotecc o6pasoBanus HoHoB. Monusauus rasa B 6anjione
6GLICTPO YCH/IMBaeTcss M pasBHBaeTcs JaBMHooOpa3Ho. Ha-
npsi;keHHe, NpH KOTOPOM MOXKeT HayaTbCsl MOHHM3aUMA, Ha-
3BIBAIOT HaNpsiXKeHHeM 3aXKHIaHHsl.

B HoHHbIX npHOOpax NPHMEHSIIOTCS KaK HarpeBaemble,
TaK ¥ XOJIOAHble KaToanl. HM3myuenue ajekTpoHOB M3 xosion-
HBIX KaTOJOB BO3MOXKHO B TOM cJlyyae, eC/IM MeXKAYy KaToA0M
H aHOAOM MMeeTCs OIlpejleJieHHasi, A0cTaTOuHO OGoJibiuast
pPa3HOCTb MOTEHIHAJIOB.

Hapsiny ¢ nonusanueii B npu6opax 3TOro THIa ocyuect-
BJIsieTCsl BOCCTAHOBJIEHHe HOHOB B HeHTpaJ/ibHble MOJIEKYJIbl,
CONPOBOXKJaeMOe CBeUeHHeM rasa.

[IpnunHofi cBeyeHHs sBJseTCS BbiAeNeHHe 3Heprud, 3a-
TpayeHHOH paHee Ha pacluensieHHe MoJeky.. LIBer cBeuenus
3aBMCHT OT TOrO, KaKHM ra3oM HamnoJjHeH 6aJjloH. Apros
JlaeT CHpeHeBOe CBeueHHe, HeOH — KpacHoe, PTyTHbIe Mapbl—
CHHeBaToe.

§ 131. TA3OTPOHbI

FazoTpoHOM Ha3biBaeTcs rasopaspsiiHasi ABYX3JEKTPOX-
Has JaMna ¢ TBepJAblM HaKaJuBaeMblM KaTonoM. [Ipumens-
I0TCSl Ta30TPOHLI 1151 BBINPSIMJIEHHS IepeMEeHHOr0 TOKa B MO-
cTOsiHHBIH. ['a30TpOH — 3TO cTeK/NAHHLIA 6a/JO0H, B KOTOPOM
HaxOJHUTCSA N3TOTOBJIEHHBIH B BHe JBOHHOH cnupa/au HHKeJe-
BLId KaToj W XKeJle3Hbld WM rpaduToBblii aHOA. B HuxHei
yacTu 6aJlJIOHa HAaXOZUTCS KamJsi pPTYTH.

Banson 3anonHeH nmapamu pryTH. [IpenmyliecTBo raso-
TPOHa nepej PTYTHOH BLIMPSMHTEJbHOH KOJO6OH 3aK/amyaer-
c B TOM, YTO B Ta30TPOHe HaKaJIHBaeTcs TBePAbIl KaToi, B
PTYTHOH Kos16e KaTOHOM sIBJIsIeTCSl XMHJAKas PTYTh H OHa 3a-
JKUTaeTcsl UCKYCCTBEHHO 06pa30BaHHON Ayroi.

[a30TpoHB oOuYeHb UYBCTBHUTEJNbHH K KOJNEOGAHUSAM TOKa
HaKaJsa, BeJMYHHa KOTOPOTO 3aBHCHT OT HampsixkeHus. [lo-
3TOMYy B CXeMaX Ta3OTPOHHBIX BLINPsAMHTeJell OOLIUHO mpe-
JnycMaTpuBaercs cTabu/H3alus HanpsKeHHs HakaJaa. [aso-
TPOH HeJib3sl NleperpeBaTh, TaK KaK Ieperpes BHI3bIBAeT IO-
siBJleHHe 0OpaTHOro 3axkuraHusi. BxuloyaTe Harpy3ky Ha
rasoTPOHHBIA BHINPSIMUTENb HAaAO TOJbKO uepe3 HECKOJbKO
MHHYT 1ocJie BKJIOYEHHS HaKaJja KaToza.

198



§ 132. TUPATPOHbI

TupaTpoHoM Ha3blBaeTCs TPeX3JEKTPOAHAs JaMma, Ha-
[OJIHEHHAsi aproHOM HJIM NapaMH PTYTH NpH HH3KOM JaB-
JgeHun, VICTOUHMKOM 3/IEKTPOHOB SIBJSI€TCS HaKaJHBaeMblil
Katol. AHOA H Karoj HaxoOATCs BHYTPH MeETAJIHYECKOro
uMangapa. B uuansape umeercs nepgopHPOBAHHBIN HHCK,
KOTOpBIH [0 aHAJOrHH ¢ BAKYYMHBIMH NpHOGOpPaMH Ha3blBaloT
CEeTKOH.

Cerka ynpas/sieT B THpaTpoHe pa3psigoM. Ecam Ha
CeTKy NojaeTcsi OTPHLATE/bHbIH NMOTeHLHaJ, TOK 4Yepe3 TH-
paTpoH He NPOXOAHT.

B oTsiHuMe OT HEKOTOPBIX 3JIEKTPOHHBIX JIaMIl B THPATpPO-
He MOXHO YNpaBJ/siTb MOMEHTOM 3aX{HraHusi paspsiga. ITo
NO3BOJIIET UCNOJMb30BaThb TUPATPOH B KauecTBe peJse B pas-
JIMYHBIX CXeMax.

§ 133. PTYTHbLIE BbINPSIMMUTENU

PryTHEIE BHINPAMHTENH NMONYYH/IH GOMBLIOE pacnpocTpa-
HeHHe M IUHPOKO NPHMEHSIOTCS TaM, rie HeoOXOAHMO MoJy-
YHTb AJ1 NMHTAHHUS 3JEKTPHUUYECKHX Lieneil MOCTOAHHBIA TOK.

[MpuBuMn gefACTBHSI PTYTHOrO BLINPSIMUTEJISI 3aKII0YAETCS
B TOM, YTO Ayra, ropsiias B pa3pexeHHOM MPOCTPAaHCTBE,
HanoJIHEHHOM NapaMH PTYTH, NPONYCKaeT TOK TOJNbKO B Of-
HOM HanpaBJIeHHH.

Kon6a pryTHOro BLINpsiIMHTEJisT B 3aBHCHMOCTH OT ee Ha-
3Ha4YeHHs] MOXKeT HMeTb No 60KAM HECKOJIbKO OTPOCTKOB, B
KOTOPBIX NMOMeLIeHbl 371eKTPO/bl U3 TpadHTa. DTH 3JEKTPOLLI
IBASIOTCA aHogaMmu. KatomoM CayXHT pTyTh, Ha/juTas B
HHXKHIOIO YacTb KOJI6bl. BG6GJIM3H ee pacno/ioxKeH Bcromora-
TesibHBIN aHOA. OH TOXe HANOJNHEH PTYTbIO H CAYXHT AJA
3a)XKUTaHUs BBINPSIMUTEJ.

PryTHbi KaTOn AOJXKeH ObITb pPasorper A0 MNOSIBJAEHHSA
cBeTJIOro nsitHa. M3 pasorperoro kaTona 3/1eKTpOHBl yCTpeM-
NSI0TCA K aHOAYy, MOJIOXHTeJbHble HOHbI, 06pa30oBaBLIHECH
8 pe3yJbTaTe HOHM3alUHWH NApoB PTYTH, NPUTATHBAIOTCH Ka-
TOJOM. Yaapsiicb 0 MOBEPXHOCTb KAaTO4d, OHH TEPSIOT CBOIO
JHepru1o, KoTopasi nepexomur B Temjo. Baaromapsa stomy
101 iepKUBAETC AOCTAaTOYHO BBICOKAs TeMnepatypa NATHA
4a NOBEPXHOCTH KaToja.

3aTtyxaHue Qyry NpeiynpexiaeTcss BKJIOYEHHOH B uenn
BbINPSAMJIEHHOrO TOKa JPOCCENbHOH KaTYIIKOH ¢ GOJiblIOoil
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HHAYKTHBHOCTbIO. OHA He JaeT BbINPSAMJAEHHOMY TOKY CHH-
&KaTbCs L0 HYJs, TAaK KaK eC/H TOK HCYe3HeT, TO Ayra rnorac-
HeT, U pa6oTa KoJObl NPeKpaTHTCA.

PT)’THble BHIMPSIMHTEJ/IH H3TOTOBJISIOTCS KakK ouHocbasHble
Tak H MHorodasHete. [TonyBosiHbl TpexdasHoro nepeMeHHOro
TOKa NepeKphIBalOT APYr APYra, H TOK He MOXET CHH3HTbCH
no nyas. [Tostomy mpoccenbHas KaTyulka B LenH Harpysku
He HYXHa.

[1pn nycke pTyTHOro BEINPpSAIMHTE/Si HEOGXOAMMO BHayaJe
o6pa3oBaTbh Ayry HckyccTseHHo. [sist storo kosby cJierka
MOKAYHBAIOT TakK, YTOOBI PTYThb MYCKOBOrO aHOAA COENHHH-
Jach ¢ pryThio Katoma. Korga kosn6y BLIMPAMASAIOT, PTYTb
pa3pbiBaeT Lenb M qyra o6pbiBaeTcs.



YACTb
ONEKTPHUHECHHE
HM3MEPEHHSA

rnasa |
SJIEKTPOU3MEPUTEJILHBIE NMPUBOPL!

§ 134. KNACCHUDUKAUMNS DNEKTPOUIMEPUTENbHLIX NPUEOPOB

INeKTpuseckum u3mepuresbHoim npubopom Ha3bIBAKOT
yCTPOHCTBO, KOTOpOe MpeiHa3HayeHO A/ H3MepeHHs pas-
JIMYHLIX 3JIeKTPHYECKHX BEJHYHH.

ITo cBoeMy HasHaueHHI0 OCHOBHblE 3JI€EKTPOH3MEpPHTE/Nb-
Hble NPHOOPBI MOryT ObITh KJaCCH(MHUHPOBAHBI CJAEAYIOLIHM
obpa3oM:

1) npubopsl, npegHa3HayeHHble AJAS H3MEPEHHs TOKa —
amMnepMeTpbl H MHJJHaMIepMeTphl;

2) npuGopel mjs W3MepeHHs HanpsKeHHs — BOJIbTMET-
pBl 1 MHJIJIHBOJIBTMETPHI;

3) npubopbl 415 U3MEPEHHS JIEKTPHYECKOH MOILIHOCTH—
BaTTMETPHI;

4) npu6opbl NJs M3MEDEHHs 3/EeKTPHUECKOH 3SHepruu —
CYETYHKH 3JeKTPHUECKOH SHepruH;

5) npu6opsl AJs U3MEPEHHsS] 3JIEKTPHUYECKOTO CONPOTHB-
JIeHHSI — OMMETDBhI;

6) npu6Gopsl A/ M3MEpeHHs YacTOThl MNepeMeHHOro
TOKa — 4aCTOTOMEpHI.

[To npuHUMNY HeACTBHS 3JeKTPOH3MepHTe/bHble npHGo-
pHl NOAPAa3AeNsloTCs Ha CeLylollHe CHCTeMb:

a) MarHHMTO3JIeKTpHUECKHe;
6) 3JIeKTPOMAarHUTHbIE;

B) 3JIEKTPOAUHAMHYECKHE;
I') TemnJioBhie;

) WHIOYKUMOHHbIE;

€) 3JIeKTPOCTaTHYECKHE;
3K) BHUOpaLMOHHbIE.
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dnekTpon3MepHTebHBIE MPUGOPE GHIBAIOT NEPEHOCHBIE H
muToBke, [IuToBble MpUGOPHE YCTaHABAMBAIOTCS HA pacnpe-
IEJINTEJNbHBIX LIUTaX.

DJieKTpoN3MepUTeNbHEE NPUGOPHI JOMKHLI HaBaTh HEMo-
CPEICTBEHHBIH OTCUET H3MepsieMblX BEeJHUUH B IPAKTHYECKHX
eIMHHIaX, MOTPe6sATh He3HAUHTEJNbHYI0O MOLIHOCTb H GBITh
NOCTATOYHO TOUHLIMH. TexHMUecKHe H3MepuTesbHEIEe MNpH-
Gopel o6ecneynBalOT TOYHOCTh MOKasaHui no 1,56—2,5%.
Jla6opaTopHble M3MepHUTeJNbHLIE MPUGOPH HUMEIT TOYHOCTh
nokasauui 0,2—0,5%.

CucreMy 3J1eKTPOU3MEPUTEJNLHOTO NpUGopa MOXKHO onpe-
JeJHTb [0 TeM YCJOBHBIM 0603HAaYEHHsIM, KOTOpble HMeIOTCS
Ha ero ukaJje. YcaoBHbe 0603HAUEHHsI 3J€KTPOU3MEePUTE b
HBIX MPHGOPOB NpHBOASITCS B TabJ. 6.

Tabauya 6

YcaoBHble 0603HaYeHMs 3JNeKTPOM3MepHTENbHbIX NpuGopos

C MexaHHYecKoil MpOTHBOAEHACTBYIO-

MarsuToseK- uieil CcHJIOH @
TpHUECKas B . o
e3 MeXaHH4ecKoii NMpOTHBOJEHACTBY- ﬁ
IoLIefl CHJIBI %2
C MexaHHYecKoil NMpOTHBOAeHCTBYIO- g
DneKTpoMarHuTHas lten cuson
Bes Mexannueckoit npoTHBoaeHCTBY- g—g
101el CHJIBI
C MexaHHYeCKolt MpPOTHBOZAEHCTBYIO- e
& Bes el cumnoh
Z KeJesa N -
£ é Bes MeXaHHYECKO# NPOTHBO/1eACTRY- ==
= o Iolier CHJIbI
(7]
%T C MeXxaHHUYeCKOH NpOTHBOAEHCTBYIO-
g Deppo- el CHAOM
@ IMHaMHye-
cKas bes MexaHHuecKO# NPOTHBOJEHCTBY-
IolLeAl CHJIbI

C MexaHHUYeCKO#l NpOTHBOEeNCTBYIO-
el cUoi

Hupykunonnas
Be3 MexaHHYeCcKOil NpoTHBOLEHACTBY-
IoLIeH CHJIbI

Tennosas

202



ITpodoanenue taba. 6

C KOHTaKTHBIM TepMonpeoGpa3oBa- ﬂ
TepmoasieKTpu- TesieM =
uecKast
C H30JHMpOBaHHHIM TepMornpeoGpa-
30BaTeJieM Y
€TeKTOpHast n:D
I p AU
AnekTponHasn é
SneKTpocTaTH- 5
yecKas T
DNeKTPOJHTH- H
yeckas
Bu6pauuonnas N
doToanex TpHyeCcKasn %

§ 135. MATHUTOINIEKTPMYECKME NPUBEOPLI

Mammoanempuqecxue HpHﬁOpr NPHrOaHbl TOJNBKO AJS
H3MEPEHHA CHJBI TOKAa WU HANpsizKeHHs1 B LENAX NOCTOAHHOTO

TOKa. YcTpoHcTBO Takoro npu6opa mo-
Ka3aHo Ha puc. 140, [Tpu6Gop cocrout
H3 TOCTOSIHHOTO MarHWTa MNOAKOBOOG-
pasHoi ¢opmbl. B MarHuTHOM mnoJe
€ro MOoJIIOCOB HAaXOAMTCH TNOABHKHAA
paMKa ¢ HEeCcKOJbKHMH BHUTKaMH H30-
JIMPOBAHHOH npoBosiokH. K ocn paMky
npukKpenyena crpenaka. [1pn npoxox-
JIeHHH TOKa B BMTKax NpPOBOJIOKH, Ha-
xojslleicss Ha pamke, MOCJAENHSs MO-
BOpayMBaeTcs Ha ONpeJeseHHbIH yroJ,
3aBUCAILIHH OT cuJanl Toka. IToBopoty
PaMKH TNPOTHBOAEHCTBYIOT [BE CIIH-
pajbHble npyxuHbl. [locse mosopora
pPaMKH CTpeJKa OCTaHaBJWBAeTCH Ha
onpejie/leHHOM AeJeHHH IpaJyHpoBaH-
HoH wkanael. Tok K 06MOTKe pamk#
NOJIBOANTCA N0 CHHPAJbHBIM TPYXKH-

Puc. 140. Cxema ye-
TPO#CTBa MarHHTO-
3JIEKTPHYECKOTO
npubopa:

1 — crpenka; 2 — pam-
Ka; 3, 4 — DPYXHHBL.
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HaM. DTH NPYXKHHb BO3BPAILAIOT PAMKY CO CTPesIKOH B mep-
BOHayaJibHOe NOJ0XKEeHHe, KOrja TOK Npekpauiaerca- Beuny
TOro, 4YTO paMKa MNOBOPaYHBAETCA B TY WJH HHYIO CTOPOHY
B 3aBHCHMOCTH OT HanpaBJeHHs TOKa, HAaJo CJeAUTh 3a npa-
BHJIbHBIM BKJIOueHHeM npubopa.

MarnutossekTpHyeckne npHOGOPHl OTJAHYAIOTCS BLICOKOMH
YyBCTBHTENBHOCTBIO H TOYHOCTbIO nokasauui. IllkaJsa atux
npubopos paBHoMepHas. Ouu GosiTcsi nMeperpysku, Tak Kak
ceyeHHe CMHUPaJbHBIX NMPYXHH, NOABOASIUMX TOK K paMmke, i
NPOBOJIOKH, YKPeNJIeHHOH Ha paMKe, HE3HAUHMTEJIbHO.

§ 136. DNEKTPOMATHUTHbBIE NPUBOPHI

DJIeKTPOMAarHUTHblE NPHOOPLI NMPUTOAHLI AJS U3MepPeHHA
KakK MOCTOSIHHOTO, TaK M nepeMeHHoro Toka. OHM nmpuUMeHs-
I0TCSl AJS1 H3MEepeHUs CHJIbI
TOKa M Hanpsikenus. [lek-
cTBHe nNpHOOpa OCHOBaHO
Ha TOM, 4YTO NMPH NMPOXONXKAe-
HHH TOKa B OOMOTKe Ka-
TYWIKH BHYTPb €e BTATH-
BaeTcsl XeJse3HblH cephey-

Puc. 142. YcrpoiictBo 3Jek-
TpoMarHuTHoro npubopa:

I — BO3LYWHBI! YCMOKOUTEND; 2 —
KaTyuika; 3 — CIHpanbHasA NpYyXH-
HUTHOro mpubopa. Ha; 4 — CepDIEYHHK.

Puc. 141. Ipusuwun
JIefCTBUA  3JIeKTpOMar-

Huk. ITpuHUMn neiictBus Takoro npuGopa siced u3 puc. 141.
Uem GonblInit TOK NPOXOAUT B KAaTyLiKe NpHGOpa, TeM CHJb-
Hee BTATMBAETCS CePJEYHHK, a CTPesKa NOBOPAYHBAETCs Ha
Gosbinit yrosi. Ilocsie npekpaleHusi Toka CTpeJaKa BO3Bpa-
L1aeTcss B HCXONHOe NOJIOXeHHe NojJ AeHCTBHEM MNpPYXKHHBIL.
Iletanu ycTpoiicTBa 3J€KTPOMarHUTHOro npu6opa nokasaHsl
Ha pHc. 142. OTK/IOHEHHe CTpeJKH He NpPONMOPLUHOHAJBbHO
BO3pacTaHHIO TOKa B KaTylllKe, NO3TOMY IlKaJa .npubopa
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HepaBHOMEpPHA. DTO OTKJOHEHHe 3aBUCHT OT HaNpsKeHHs
MariEMTHOTO MOJIsi B KaTylWIKe H OT MarHUTHOH HWHAYKIHH B
cepreunnke. [Ipu6op uMeeT BO3AYILIHBIA YCNOKOHTENb MOA-
BHXKHON CHCTEMBbI, KOTOPbI COCTOHT M3 KaMephl M MOpUIHS.
ATO yCTPOHCTBO YycnoKaWBaeT KosebGaHHe CTpPeJKH, KOrga
OHa JOCTHraeT noJioXeHHs paBHOBecusi. CTpesnKa BO3Bpa-
I aeTcst B HCXOLHOe MOJIOXKEHHEe CNHPadbHOH NpPY:KHHOH.

K mocTonncTBaM 3/1€eKTPOMAarHHTHbIX NPHOGOPOB OTHOCHUT-
Csl IPOCTOTA KOHCTPYKLUHH H HEUYBCTBHTEJNbHOCTb K KPAaTKO-
BpeMeHHbIM Nneperpy3kaM. TOUHOCTb H3MePeHHs 3THX NpHGO-
pOB MeHbllle, UueM MarHHTO3/JeKTpHueckux. [lokasauus mx
3aBHUCAT OT BHEIIHUX MarHUTHHIX MoJel. YMeHblleH’e BJHsA-
HHSI BHEIUHHX MoJieil JOCTHraeTcsl TeM, UTO KOPIYC 3JEeKTpo-
MarHuTHoro npu6opa H3roTaB/HBaeTcCsl U3 XKeJe3a.

§ 137. DNEKTPOAUHAMMUYECKME NPUBEOPLI

dJieKTpoAHHAMHUecKHe nNpHOGOpLI MPUTOAHL /151 H3Mepe-
HH$ IOCTOSTHHOTO M NEPEMEHHOro ToKa. YCTPOMCTBO HX OCHO-
BaHO Ha B3aWMOJEHCTBHH Mar-
HUTHBIX MOJiell, KoTopble co3ja-
joTca aByMmsi o6moTtkamu. [lpu-
60p COCTOHT M3 HeNoJABHKHOH
KaTYUIKH, U3TOTOBJIEHHOH B BHJE
IBYX HaxoAsIIUMXCS PSAOM CeK-
IMA, © MOABHUKHOH KaTYUIKH, NO-
MeleHHOH BHYTpH HUX. [ToaBHXK-
Has KaTyllKa Bpallaercs BMecTe
C OCblo, Ha KOTOPOH YKpenJseHa
cTpesnika npubopa. YcTpolcTBO
npubopa nokasaHo Ha pHc. 143.
Korga B O0OMOTKax KaTyllek
IpOTEKaeT TOK, MOABHXKHAS Ka-
TYLIKa CTPEMHTCS 3aHATb TaKoe
NoJioXKeHHe, TPH KOTOpPOM ee
MarHuTHoOe rnoJie coBnajpaJo Ob
C MOJIEM HENOJBHIKHOM KaTylku. Pue. 143. Verpoiierso anek-
Bpawalouee ycuiaue, nopopauyp- TPOAHHaMHUECKoro mnpuGopa:
Balollee MONBUXKHYIO KaTyumky, ! — “e“°“"""r§:::m!‘:;;’"::;§y u?m;
MpOMOPUHOHAJNBHO  NpOU3Bene-
HHIO, TOKOB 00eHuXx KaTyllek.
[Tpu6opel 3TOH cHCcTeMbl HMEIOT HEepaBHOMEPHYIO LIKAJy.
HenoaBHiXHas KaTyllKa HaMaTbIBAeTCsl K3 TOJICTOrO NPOBOAA
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U HMeeT HeGoJbluoe conpoTHBjenue. [TonBUKHAsA KaTyullKa
H3rOTOBJIsIeTCs U3 GOJILILOrO YHCJa TOHKOMH npoBoJsiokH. Ecait
npu6op neHCTByeT Kak amnepMmerp, To OOMOTKH KaTyllek
COeMHSIOTCSl MapaJjiiesqbHo. B BoJbTMeTpax 3Toll cHCTeMBb
KaTYHMKH BKJIOYEHBl 10CJeJ0BaTelbHO. DJIEKTPOAHHAMH-
4yecKHe NMPHOOPHI HAlJIK LIHPOKOe NpHMEHeHHe /s H3Mepe-
HHSl MOILHOCTH B LeNfiX IIOCTOSIHHOTO M MepeMeHHOro TOKa.
DNeKTpOAMHAMHYECKHE BATTMETPHl HMEIOT YeThipe 3a)KHMa.
K nBymM u3 HHX, OTMeueHHbBIM OykBo#l A, NOAKIIOYAETCs
Toncras o6moTka. K 3axkumaM, uMemomuM o6o3HaueHie E
vad V, noaBomauTcs ToHKasi 06MOTKA.

IIpuGopel 3TOH cHCTEMBI MOryT 06eCneuMThb BLICOKYIO
TOYHOCTb NOKa3zaHui. OJHAaKO HMX IOKa3aHHs 3aBUCAT OT
BHEIIHUX MAarHUTHBHIX nosiell. STH npubopnl 6oaTcA nepe-
TPY3KH.

§ 138. TENNOBLIE NPUEOPDHI

Tennoprle npH6opel MOryT ObITb HCNOJNbL30BAHbl AJS H3-
MepeHHsi IOCTOSTHHOTO H NepeMeHHoro TokoB. Mx ycrpoiictso
OCHOBAHO Ha YIJMHEHMH NPOBOJLHHKA NpPH HarpeBaHUH ero
NpOXOASILIMM 1O HeMYy TOKOM.
CTeneHb yaJMHEHHs NPOBOAHHMKA
Nno3BOJITeT CYAHTb O CHJe TOKa.
Cxema ycTpoiicTBa TemJOBOro
npubopa nokasaHa Ha pHCYHKe
144. Korga TOK NpOXOgUT uepe3
TCHKYIO METaJlJIHYeCKyl0 HHTb 4
HarpeBaer ee, HUTb YAJNMHSIETCSH
H npoBHcaeT. B cepennHe HuTH
yKpelnJieHa BCIIOMOraTeJsibHas Me-
TaJJHyeckass HUTb, KOTOPYIO Ha-
. 3bIBAIOT MOCTUKOM. K 3TOH HUTH
i‘;&-‘);g“}é g;%é‘pg’:”po””"a NpUKPeNnJieHa WIeNKOBAs HHTb.
! — narpesaeMas HHTb; 2 — MocC- Ona NIepeknHyTa Hepes POJIHKH
TAK; § — mpyKuRa, ¢ — wenko- M HATATHBAETCH NDYXKHHOM. [Tpy-

JKHHA yjJepXkHBaeT B HAaTAHYTOM

COCTOSIHMH Bce TpH HHUTH. Ecau
NpH HarpeBaHHH HHTb YAJMHSETCs, POJHK MOBOPayMBaeTCs
BMecTe C YKpenyieHHoH Ha HeMm crpeakod. Korma npu6op
BLIKJIIOUEH, HHTb OXJIaXKJaeTCs,  CTPeJKa YCTaHaBJHBAETCA
B HCXOJIHOE TNOJIOXKEeHHE,
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¥ niHeHHe HUTH NPONOPLHOHAJIbHO KBaAPaTy CHJBI TOKA,
No3TOMY WiKaJsa npu6opa HepaBHOMEpPHad.

BHelunue MarHuTHbIE MOJIS BJAHSIOT Ha TemJOBble NpHGO-
pbl. CTpenka TemsoBoro npu6opa ycTaHaBJHBAeTCs MJIABHO
u 6e3 kosneGanuil. [IpuGopel 3TH HeNb3sl Neperpyxarh.

§ 139. USMEPUTENbHLIE TPAHC®D®OPMATOPbl TOKA M HANPAEHUS

Hns n3aMepeHnus GOJbIIMX NepeMeHHbIX TOKOB U GOJIbIINX
NepeMeHHbIX HanpsiKeHUH MOJb3YIOTCS BCIOMOTraTeJbHbIMH
npu6éopaMu — HU3MepUTeJbHBIMH TpaHcdopmaTtopaMu. Boub-
lIHe TOKU M HANpPsSKEeHHs] MOABOAATCS K MEPBHUHBIM OOMOT-
KaMm 3TUX TpaHcdopmaropoB. Ko BTOpPHYHEIM 0O6MOTKaM
NOJKJIOUAIOTCSl M3MepUTeNbHble NpUGOpHl. MamepurenbHbie
TpaHcOpMaTOpbl NMO3BOJSAIOT PACIUMPHTb NMpejessl U3Mepe-
HHS NpHUMeHsieMBIX NPHOOPOB H obecneynuTb AOJIKHBIM O6pa-
30M HX 3JIEKTPHUECKYIO H30J/ISILHIO OT BBICOKOTO HaNpsixKeHHs.

TpancdhopmaTopsl TOKOB AesSTCS Ha NATb KJIAacCOB TOY-
HOCTH B COOTBETCTBHH C BEJIHYHHOH JOMYCTHMOMH morpeti-
HoctH. HomuHanbHasi cuia TOKa BO BTOPHYHOH OGMOTKe
6oJiblleit yacTblo paBHa 5 a. B cBsI3M ¢ 3TUM M3MepHTeJLHBIE
npUGOpHI, BKJOYaeMble yepe3 TpaHChOpPMaTOp TOKa, paccuu-
TBIBAIOTCS Ha CHJY Toka b a. Ha wkanax npuGopos, npen-
Ha3HaUeHHbIX 1/ BKJ/IOYEHHS C M3MepPHTe/NbHBIM TpaHcdop-
MaTopoM, HMeEIOTCSl iHaANHCH B BHAe APOOH, UYUCIHTENh
KOTOPOH COOTBETCTBYET HOMHMHAJILHOMY TOKY MepPBUYHOI 00-
MOTKH, a 3HaMeHaTe/lb — TOKY BTODHYHOH OOGMOTKH.

TpancdhopmaTopn! HampsiKeHHs AeJaATCS Ha TPU KJjacca
TouHOoCcTH. COr/JacHo NPHHATOMY OGILIECOI03HOMY CTaHZAPTY
Hanpsi)KeHHe BO BTOPHYHOH 0OMOTKe HO/MKHO GbiTh 100 6.

H3mepurenpHbie npu6ophl, MOAK/IIOYAEMBIE K TPaHC(HOp-
MaTopaMm HalpsKeHHsl, PacCUUTHIBAIOTCS OOBIUHO Ha 30—
140 8. Ha wkanax Takux npu6opoB Takxke HMeeTcs1 0603Ha-
yeHHe B BUZE APOGH. B uncauTesie 1po6H yKa3aHo mepsBUUHOE,
a B 3HaMeHaTeJle — BTOPHUYHOE HanpsixKeHHe H3MEePHUTENbHOI0O
TpaHchopmaropa. ATto o603HayeHHe MMeeT NPHMEpPHO cJe-
JAYIOWHUH BUJ:

6000

CTp .W’g.

§ 140. NAMNOBLIE BOJIbTMETPbI

[Tpu6Gophl Ha 3/71€KTPOHHBIX JaMNax LWHPOKO NPHMEHSIOT-
cA JJia U3MepeHui,
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[IpuMeHeHHe yCHIMTE/NbHBIX JIaMI NO3BOJIsIET 06ecneynThb
MHOrOKpaTHOe yCHJIeHHe H3MepHTe/bHbIX BeJHYHH, 4TO AaeT
BO3MOX<HOCTb CO31aTh H3MepHTeJbHble NPHGOPHLI BbLICOKOI
4yBCTBUTEJbHOCTH. JlaMnoBble npu6oOpbl MOTPEGSIOT OUEHb
HEe3HAYHTENIbHYI0O HeprHio.

Cmabunu-
3amop
HANPAMENUR

.|

Puc. 145. CxemMa 1aMNIOBOro BOJIbTMETPA MOCTOSIHHOTNO TOKA.

[iByx3/eKTpojHas JaMna, BKJlOYaeMass Kak BbIIPSMH-
Tesb, SIBJISIETCS NPOCTHIM JIAMMOBBIM BOJIBTMETPOM.

CxeMa J1aMIIOBOr0 BOJIbTMETpa AJIst H3AMEepeHH sl HanpsixKe-
HHsl NIOCTOSIHHOTO TOKa M306paxeHa Ha puc. 145. Ona npen-

Cmabunu-
3amop
| nanpasenus f—s

Puc. 146. CxeMa 1aMnoBOro BOJIbTMETpPa NMEPEMEHHOTO TOKa.

cTaBjasieT co6oif MOCT, B ONHO M3 MJey KOTOPOro BKJIIOYEHa
ycHaHTenbHas namna 6I'7. 1ot npubop nortpebaser B Ae-
CATh ThICSIY pa3 MeHbllle TOKA, YeM BKJIOYEHHBIH B MOCT Mar-
HHUTO3JIEKTPHYECKHI MeXaHH3M.
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HOns u3aMepeHusi mepeMeHHOro HanpsKEeHHs NOCTaTOYHO
MOJKJ/IOUHThL K 3TOH CXeMe BHINPSIMHTENbHYIO LeNb, KaK 3TO
noKa3aHo Ha puc. 146.

ITo Takoil cxeme co6paHbl aMMJIHTYIHbIE BOJBTMETPHI Ne-
peMeHHoro Toka THna JIB-2 u BKC-7.

[lokasanus naMnoBbIX NpHOOPOB B 3HAYUTENbHOH CTene-
HH 3aBHCST OT HaNpPSKEHHs HCTOUHHKOB MHTaHHsA. DTO Beger
K HU3KOI TOYHOCTH M3MepeHus. [lorpemrHocTs Takux npu6o-
poB pocturaer +3Y%. [lorpewHoCTb J1aMIOBLIX BOJILTMETPOB
33aBHCHT OT TOYHOCTH CTaGUJH3alHH HANPSXKEHHA NHTaloel
cetd. OTHOCHTe/NbHas MOTPEIIHOCTb NOKa3aHuil npu6opa B
HECKOJIBKO pa3 6oJiblue OTHOCHTEJBHOrO0 H3MeHeHHsi Hamps-
JKEeHMsl nuTalouleil ceTH.

HecmoTpsi Ha 3TH HenoCTaTKM, J1aMNOBble BOJIbTMETPbI
UIHPOKO pacnpocTpaHeHbl. DTOMY CNOCOOGCTBYeT HHUTOXKHOE
norpe6/seHne MOLIHOCTH M LIHPOKHH YAaCTOTHHI [AHanasoH
npu6opos.

§ 141. NPUBOPLI AN HABNIOAEHNS
U 3ANMKUCHU NEPEMEHHDBIX BENIMYMH

B npakTtHke Heo0XOoAHMMO 3HaTb 3HayeHHe H3MepseMOH
BeJIHUHHBI He TOJIbKO B NaHHBIH MOMEHT, HO M HabJ/i01aTh ee
M3MeHeHHe Ha NpOTSAXeHHH 6ojiee HJIN MeHee NJHTEJNbHOrO
BpeMeHH. B Takux ciaydasix yao6HO HMeTb aBTOMAaTHYECKYIO
3anuch 3HaueHHH H3MepsieMblX BeJIHYHH MJIH KapTHHY UX H3-
MeHEeHHH B BHJe KPHBBIX H rpadHKOB.

Ecou yactotra u3MeHeHHH M3MepsieMOf BEeNHYHHBI MeHb-
e OXHOTO repla M TNpoliecC H3MeHeHHH OCyLIeCTBJsETCA
CPABHUTEJBbHO MEJJIEHHO, TO MOXHO M0JIb30BaThCs CaMOIH-
LIYHIHMH NpHOOpPaMH.

HOna 3anmucH GBICTPO MNpPOTEKAIOIUX MPOIECCOB Jyylle
NpPUMEeHSITh OCUMJJIOrpadbl.

3anuck Mcc/enyeMblX BeHUYHH SBJSETCS LOKYMEHTOM, MO
KOTOPOMY MOXHO YCTAHOBHMTb NPaBHJBHOCTb TeXHOJOTHYe-
CKOro Ipolecca HJIH CyAHTb 06 HCOPaBHOCTH MaluuH. Tak,
HanpHMep, Ha OCHOBAHHH 3allHCcel Noc/ef0BaTe/bHbIX 3Haye-
HHH MOIHOCTH, KOTOPYIO OTHAeT TypOOreHeparop, MOXKHO
y3HATbh pacTeT MJM NMajaeT Harpyska. B 3aBHcHMOCTH OT 3T0-
ro BO3HHMKaeT HeOGXOAHMOCTb BKJIOYEHHS] WJIH BBIKJIIOYEHUA
pe3epBHBIX MallHH.

Oco6eHHo 60MbllIOe 3HaUeHHe HMeeT 3aNHCh 3HAYeHHH Ha-
6J107aeMBIX BEJIMYHH B HayYHO-HCCJeJ0BaTe/bCKOH paGore.
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Ha ocHoBaHuu Takux 3anMceii onpenessioTcs 3aKOHOMeEp-
HOCTH AHHaMHYEeCKHX NPOLECCOB NpPU HCC/IeJOBAHHH HOBLIX
MallUHH, anmnapaToB, 3JEKTDHUeCKHUX Lenedl W B JPYrux
cayyasix. .

§ 142, CAMONMLUYLLHME NPHUBOPHI

B camonumymux npubopax 3amuch 3HaueHHit M3Mepsie-
MbIX BeJHMYUH OCYLLECTBJ/SIETCS] aBTOMAaTHYECKH YepPHHJIaMH
WM CBETOBbIM Jy4yoM. B nepBoM csayuae mokasanus HaHo-

.
A3 LA EEE YR

ALY

AW

Puc. 147. Cxema npuGopa C TOYEUHOH 3aMMChbIO.

cITC Ha ABMXKYIIylocss GyMary nepoM, 3akpemnyieHHbIM Ha
KOHIle cTpesku npH6Gopa. CBeTOBOH /yy MCHOJb3yeTcs Mpu
¢otosanucH.

[Mpu 3anucu yepHHIaMM npHMeHsercs Oymara B BuIe
JIEHTBl WJH OUcKa. JIeHTy noaBHraer MexaHW3M, Iepematbl-
Bas ee C OJHOH KaTYLIKM Ha ApYyryio. 3anuchiBaioliee rnepo
nepemeliaeTcs neprneHIHKYJsPHO K JIeHTe.

Isisi npoABHIKEHHsl JIEHTHl CJYXKHT YacoBOH MeXaHH3M
WJIH 3JeKTPOMarHuTHOe HMMMYJbCHOE YCTPOHCTBO, KOTOpoe
noJyyaeT UMIYJbCEl OT LEHTPaJbHbIX YacoB.

Ons yMeHblueHHsi TpeHHs Mexnay Oymaroii U nepom i
HEKOTOPbIX THMAX CaMONHIUYILHX NPHOOPOB NPHMEHseTCs
ToyeyHad 3anuch. Ha puc. 147 nokasana cxema npubopa ¢
ToyeuHol 3anucbio. B aToM npuGope crpesika I nepemewiaer-
cs Hag Bymaroii, He Kacasich ee. [lyxka 2 uepes onpezesneH-
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Hble MHTEpBaJbl BpeMeHH MajaeT Ha CTPeJKYy M NpHXKHMaeT
ee K 6ymare., Mexay crpesikoii 1 6yMaroii HaXxoauTcsl Kpa-
caulas JeHta. Korpa ayxka kacaeTcs CTpeJkH, Ha 6ymary
HAaHOCHUTCA TOYKa. ABTOMaTHYeCKHH nepekJ/ioyaTesb MOXKeT
fepecTaBJ/siTh JEHTH Pa3HbIX LBETOB M lepek/ioyaTbh H3Me-
pHTeJbHOE YCTPOHCTBO M3 OLHOM lleNH B APYTYIO.

Baaropaps 3TOMy Ha JieHTe 3anHChIBaeTCsi HECKOJbKO
KPHUBHIX pa3HBIX LBETOB, COOTBETCTBYIOLIMUX TOH HJIM HHOH
uccaenyemMoi BeJMUHHe.

§ 143. OCLUMNNOIPA®LI

Hns na6moneHus 3a H3MEHSIOIHMHUCS BO BPeMeHH Npo-
HeccaMu ya06HO MOJIb30BaThCs OCLUIOrpadamu.

Hns ocuunnorpadupoBaHus siBJeHHH, YacTOTa KOTOPbIX
He NpeBbILIaeT HECKOJbKUX ThHICAY Iepli, MOXKHO NOJb30BaTh-
csl 3JIeKTpOMeXaHUYecKUMH ocuuaiorpadamu. das nabao-
JeHUs sIBJeHHH, H3MEeHsIoUIuXcsi ¢ Gosiee BHICOKHMH 4acTo-
TaMH, He06XOAHMO NPHMEHSTh 3JIeKTPOHHbBIE OCLHJIOTpadbl.

B sniekTpoMexaHHUECKUX OCLHNOrpadax 3anuchb KPUBLIX,
XapaKTepU3YIOIHUX HCccjeqyeMble sIBJIEHHS, OCYLLECTBJAETCS
fpH MOMOLIH Jiyya CBeTa, KOTOPbIH OTparkaercsi OT 3epKaJb-
1la, YKpenJeHHoro Ha BuGpaTope.

B 3JeKkTpoHHBIX OclMJJorpadax AJs 3aMHCH HCCIefye-
MBIX MPOIECCOB HCMOMB3YIOTCS 3J1eKTPOHHO-J1yYeBbie TPYGKH.
DJIeKTPOHHBIE OCLHMJIOrpadrl MO3BOJSIOT HaGMIOAATh Kak
nepHOAHYECKH TIOBTOPSIOLLHECS, TaK H ONHOKpaTHbIE Mpoliec-
cbl. DTHMH TNPHOOPAMM MOXKHO H3MEpPHTb CABHT (a3 Mexay
HanpsKEHHSIMH, NJHTEJbHOCTh NPOLECCOB, HX aMIIUTYAY i
OCYUIECTBJATH MHOTHE Jpyrue M3MepeHus.

CxeMbl 3JIEKTPOHHBIX OCHHUJ/JIOrpadoB AOBOJBHO CJ0KHBL,
OG6LIYHO B TaKylo CXeMy BXOAST CHHXPOHH3HPYIOLLUE YCTPOii-
CTBA, YCHJIMTEJH HaNpsKeHHH, BJHAIOIMX HA 3J€KTPOHHBIH
Jyy TpyGKH, yCTpo#icTBa 1/ pa3BepTKH, KaJIHGPaTophl aM-
NJUTYAB ¥ BPEMeHH.

rnaea 2
SNEKTPOUIMEPEHMS
§ 144. U3BMEPEHME TOKA M HANPSIKEHMS

Has H3MEpEeHHs BEJMYHHBI TOKa MPHMEHAIOT aMlepmer-
pbl, MUJAJHaMNEPMETPbl HJIH MHKPOAMIEPMETphI B 3aBHUCH-
MOCTH OT TOrO, KaKOB NOPANOK HSMepﬂeMOﬂ B@JINYHHEI.
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H3mepenne HanpskeHHs NPOU3BOAMUTCA MNPH MOMOLIH
BOJIbTMETPOB HJ/IH MHJIJINBOJIBTMETPOB.

Yro6bl H3MEpHUTb TOK B LENH, Hago MPOMNYCTHTD - uepe3
M3MEepHTEeIbHBIH NpH6GOpP Bech TOK, MO3TOMY aMmepmerp
BKJ/IOUaeTcs B lenb nocsaegoBaTtesibHO. COnpoTHB/EHHE aM-
nepmMeTpa JAOJKHO ObITb OYeHb He3HauuTesbHbHIM. Ecsau 6bl
aMnepMeTp HMeJ 60JiblIOe CONPOTHBJIEHHE, BKJIOUEHHE ero
noBJeKJo Obl 32 cO60H yMeHblIeHHe TOKa B LEMH.:

BosibTMeTpHI BKJIIOYAIOTCH NapaJie/bHo TOf YacTH LenH,
rae Heo6X0oMMO onpejesiuTh HanpsxenHue. [1aa Toro yToGbi

BOJIbTMETD He NOBJHSAJ Ha pac-

A npenesneHde TOKOB M MNajeHHe
HanpsKeHHH B OTHEJbHLIX yYacr-
b b Kax HU3MepsieMOH LenH, ero co-
NPOTHBJEHHE JOJIKHO GbITh 3Ha-
yHTebHO 6OJsblIe, 4YeM . COmpo-

o— THBJIEHHE H3MepseMoi LenH.
Puc. 148. BkJaoueHne ammnep- HpaBHnbﬂoe BKJ/IIOUEHHE aM-
MeTpa ¥ BOJBTMETPA. nepMeTpa M BOJbTMETpPa MOKa-

3aHO Ha puc. 148.

[las u3MepeHUss TOKOB OoJibliedl BeJHYMHbI, YeM Ta,
Ha KOTOPYIO PAacCUHTaH aMnepMeTp, MPHMEHSIOT LWYHThL.
LIynT — 3TO COMPOTHBJIEHHE, KOTOpOE BKJIOYAEeTCs. napas-
neabHo amnepmerpy. [as Toro uTto6nl uepe3 ammepmerp
npowJia MeHbIlas 4acTh H3MePsAeMOro ToKa, CONpOTHBJIEHHE
LIYHTa AOJMKHO GbITb MEHblle CONMpPOTHBJIEHHS aMiepMeTpa.
ConpoTHBJIeHHe IUYHTa JAOJNKHO OBITb BMOJHE Ofpe/eseH-
HbIM. PacuerT 3TOro CONPOTHBJIEHHS NPOM3BOAMTCA B 3aBH-
CHMOCTH OT TOTO, KaKyl0 4YacTb TOKA Mbl XOTHM MPONYCTHTh
yepe3 npu6op. Ecan Hano, 4ToGbl yepes aMnepMeTp npouie.
TOK B n pa3 MeHbllle H3MepseMOro TOKa, TO CONpPOTHBJIEHUE
LIyHTa MOXHO OMpeAesHThb Mo (popmyJe

1
R, = F:—_i'RA’

rae R w— CONpOTHBJEHHEINYHTA, R 4 — CONPOTHBJ/IEHHE aM-
nepmeTpa. Bnosne noHATHO, YTO BeJHYHHA H3MeEpPsSeMOTro
TOKa

I = IA n.

[TpaBu/abHOE BKJIOYEHHE LIYHTAa MOKa3aHo Ha puc. 149,
a KOHCTPYKIMsl LIyHTa — Ha puc. 150.

Ecan Heo6XoaMMO pacIIHpPHTh TNpefesibl H3MepeHHs
BOJbLTMETPA, TO K HEMY IOCJ/eN0BaTe/bHO MOAKJIOYAETCS
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no6aBouHoe conpoTusaeHiie. [Job6aso4noe conpoTusierue He-
06x0a¥MO Jsist TOro, 4To6bl Yepes npH6Op MPOXOIHJ TOK, He
npeBbIIAOLKHA JONYCTHMOR BenHuHHbl. Besnunna no6aBou-
HOTO COIIDOTHBJIEHHS MOXKeT OblTb HalilleHa MO CJeAylolLei
popmy.e:

Ry=Ry(n—1).

Puc. 149. BkJaiouenue Puc. 150. BHewnuii BHA wyHTa.

WyHTa K aMmnepMerpy.

B stoii dopmyJse: n — uMcs0, nNoKasbBaloulee, BO CKOJb-
KO pa3 u3MepsieMoe HanpsixKeHHe GOJbllie TOrO HaNpsiXKeHus,
Ha KOTOpOe pacCuuTaH npu6op; R, — CONpPOTHBJIEHUE BOJIbT-
MeTpa M R, — BejHuHHa [06aBOYHOTO COMpPOTHBJIEHHS.

U N
Brniosnse noHsTHO, yYTO M1 = 7 e U — usmepsiemoe Hanps-
B

x)eHve u U, — HanpsixkeHde, Ha KOTOpPOE PACCUHTAH BOJIbT-
MeTp.

§ 145. USMEPEHME CONPOTUBNEHUA

COHpOTPIBJleHHe TOTO HJH HHOTo yuyacTKa LeNH MOXXHO
onpeneUTb NpH NOMOLUH aMnepMeTpa W BOJIbTMETpa. ﬂJ'lﬂ

R, 7,
Puc. 151. Cxema wu3amepenus Puc. 152. Cxema uamepe-
MaJibix CONMPOTHBJIEHWH aM- HHSL GOJBLIMX COMPOTHBJIE-
nepMeTpoM H  BOJIbTMETPOM. HHi BOJILTMETPOM H aM-

nepMeTpom.
3TOro amnepMeTp BKJIOYAOT IOCJAENOBATEJIbHO C H3Mepse-
MBIM COIMPOTHBJIEHHEM, A BOJIbTMETP — MNapaJijleJibHO K HEMY.
Ecau CONpPOTHBJ/IEHHE, KOTOPOE€ HAZO H3MEpHTHL, MeHblle
CONpPOTHUBJIEHHS BOJIBTMETpPA, TO l'lpH60pbl BKJIIOUAIOT Tak,
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Kak nokasaHo Ha puc. 151. Ecan e uamepsiemoe conpoTHB-
nenre GoJsibilie CONPOTHBJEHHS aMmnepmerpa, To NpPHGOPLI
BKJIIOUAIOT TaK, KaK nokasaHo Ha puc. 152. [lo nepsoit cxeme
M3MepAIOT MaJible COMPOTHBJIEHHS, a Mo BTOPOil — GoJibLINE.

BenvunHa u3MepsieMOro COMPOTHBJIEHHS MOXeT ObiTb
onpeneneHa no 3akony Oma:

U
=—1—0M.

BesnuvHa CcONpOTHBJIEHHS MOXKeT ObITb OlpejeseHa He
TOJILKO MyTeM BBbIYHCJ/IEHHS, NPHBOAMMOroO Bblllle, HO H HEMo-
CpelCTBEHHBIM HU3Mepe-
HUEM NPH MNOMOIWH OM-
merpa. Ommerp npen-
crapjasier co6oi  mpu-
60p MAaTHHTO3JIEKTpHUE-
CKOH CHCTeMBbl, MOCJeno-
BaTeJbHO C KOTOPBIM
BKJIIOYEH HCTOYHHK TO-
cTOssHHOTO TOoKa. OO6BIK-
HOBEHHO BKJIIOYAIOT Cy-
xoi raJbBaHHYeCKH
aneMeHT. M3BectHo, uto
CHJIa TOKAa B LENH 3aBH-
CHT OT BeJMYHHBI COMNpO-
tuBJeHus. Ecan npubop
BKJIIOYEeH nocnenoBa-

Puc. 153. [lpuHunnnanbuas cxema TEIBHO C  M3MEPSHEMBIM

omMerpa. CONPOTHBJIEHHEM, TO MpH

6o/bIIOM ~ COMPOTHBJIE~
HMH uYepe3 Hero MNpoHAeT MaJbli TOK M cTpesKa OTKJO-
HUTCS He3HauHTesbHO. Ec/aM  conpoTHB/eHMe HEBEJHKO,
TO TOK B Lienu 6yner GOJNBUIUM H CTpesiKa OTKJIOHHTCA GOJib-
we. IUlkana ommerpa rpaayupyercs HENOCPEICTBEHHO B
OMax, NMO3TOMY HyJb ee HaXOAMTCs CIpaBa, YTO COOTBET-
CTBYET HauMeHblUeMYy CONPOTHBJEHHIO U HaHOO0JIbIIEMY TOKY.
Lindpsl Ha wKase, NOKa3plBaloOIHe OMbl, BO3PACTAIOT CNpaBa
Haneso. [lpuHuMnMasbHAsi cxeMa OMMeTpa 3aBoja <«JJeK-
Tponpubop» nokasaHa Ha puc. 153. Ilpucrynmasi K u3Mmepe-
HHMAM NIPH NOMOIUHM OMMeTpa, Hallo YCTaHABJHBATb CTPENKY
npnbopa Ha HyJb, NOJAb3YySACh MarHUTHLIM IIYHTOM. Marsut-
Hbll IYHT — 3TO JKesie3Hasl TMJIaCTHHKA, PacloJIOKeHHast
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BO3JIe NOJIIOCOB MarHuTa. MsmeHneHne ee nosioxeHHst Bausier
Ha BeJMYHHY MarHHTHOro NOTOKa, KOTOpPHIH NpOXOZHUT uepe3
KaTyuky npubopa.

[1pu n3mMepeHHH CONPOTHB/IEHU I 4aCTO NPUMEHSIOT HaGop
006pa3UOoBLIX CONMPOTHBJEHHH, COeAHHEHHBIX APYF C APYroM
H nomenjapomuxcs B OAHOM obluem swuke. Takoil Ha6op co-
NPOTHBJIEHNH Ha3bIBAETCs Maea3urHom conporusrcHuti. Cxe-
Ma BKJIOYEHHS MaraspHa CONPOTHBJIEHHH TMOKa3aHa Ha
puc. 154, Heo6xonumoe KO/NHYECTBO COMPOTHBJIEHHI BKJIO-
yaercst MpH nmomouiy wtenceseil. ConpoTus/eHne BKJIOYaeT-
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7000 U 90000 0000
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100 200 00 1400
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Puc. 154. CxeMa BKJ/IOYEHHS Puc. 155. Cxema mocra anasa
MarasvHa CONpPOTHBJIEHHIL. M3MEpeHHs CONPOTHBJICHHH.

Cfl B LleNb TOTJa, KOrja BbIHYT H3 COOTBETCTBYIOLIETO rHE3/a
LITencesb.

M3MepeHHe COMPOTHBJIEHHH 4acTO MNPOM3BOAHTCS 11PH
NOMOLIM MOCTOB, COCTaBJIS€MBIX M3 MarasuHOB COMpPOTHS-
JIeHHH.

Tpu MarasuHa conpoTHBJ/IEHHH COBMECTHO C H3MepAeMbIM
CONMpPOTHBJIEHHSIM BKJIOYAIOT TaK, 4To6bl oO6pa3oBaJjcs 3aM-
KHYTBIH KOHTYp. B ojHYy M3 ero auaroHasei BKJIOYalOT M3-
MepUTeJbHbIH npubop (MHAJHAMIEPMeTpP HJH TajbBaHo-
MeTp), a B JPYTyl0 — HCTOUHHMK TOKa.

ConpoTHB/ieHUs Mara3iHOB MOXHO MOf00paTh Tak, UYTO-
6bl uepe3 M3MEpHTe/IbHbIH NMpUGOP He MPOXOAHJ TOK. DTO
NOJYYUTCS B TOM cJlydae, KOrja NajeHHAa HanpsiKeHUH Ha
yu4acTKaX CXeMbl ab ¥ a2 paBHbBl APYr APYTY, a HanpskKeHUue
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Mexjay ToukaMu 68 PaBHAJNOCL Obl HanpsIKEHHIO MeXAy
ToukaMu 28 (pHc. 155).
IMpn 3TOM nNpoH3BeNeHHs BEJHUHH TMPOTUBONOJIOXKHbIX
CONpOTHB/EHH{T OYAyT pPaBHBbI:
ryry = rofx.

OTclona HeTPYAHO HalTH BeJHUHHY M3MePSEMOro conpo-
THBJIEHHUS:

l‘x=———r2 fs.

§ 146. USMEPEHME MOLLLHOCTH

MOIIIHOCTD B LleNH NOCTOSIHHOTO TOKa MOXHO ONPeaesHTb,
NpHUMeHsis aMnepMeTp M BoJbTMeTp. MolHOCTL paBHa npo-
H3BeJEHHIO MOKa3aHHil amnepMerpa u BoabTMeTpa. OnHaKO

I H3MepeHHsi MOLIHOCTH

° - ynoGHee NpPHMEHATb MpH-

' 60p, KOTOphLIHi cpa3y noka-

sbiBaeT ee BeJHuHHYy. Ta-

Koii npu6op Ha3sbiBaercs
B8aTTMETPOM.

BarrmeTphsl asekTpoau-
Puc. 156. CxeMa BK/IOUEHHS KaTylleK HaMHYecKo# CcHCTeMbl OaH-
BATTMeTpA. HaKOBO MPHIOAHLI A/ H3-

MEpeHHsi MOIIHOCTH KakK B
Leny NOCTOSTHHOTO TOKA, TaK U nepeMenHoro. Takue npu6o-
pbl COCTOAT M3 ABYX KaTyliek ¢ o6MoTKamu. OnHa u3 Karty-
ek HenoaBHxKHa, OHa BKJIIOYaeTcs B LieNb NOCJeN0BaTeNb-
HO W HMeeT OGMOTKY H3 TOJCTOH MNpOBOJOKH, [pyras
KaTyliKka HaXoAUTCS BHYTPH NepBOH M MOXKeT BpalllaThCsl.
DTa KaTyllKa BKJIOYaeTcs napaJienbHo. Cxema BKJIOUEHHS
KaTywek npubopa mokasaHa Ha pHC.. 156. BHyTpeHHss ka-
TylIKa NoBopauyHBaercsi OGsaromaps B3auMopelicTBUIO Mar-
HHTHBIX NOJIeH, KOTOpble CO3[al0TCsi TOKaMH, NMPOXOASIIHMH
B 00MOTKax. MarHuTHoe moJsie HemOABHKHOH KaTYIIKH npo-
NOpLUHOHANBHO TOKY, MOJie Bpaliawoleiics KaTyulKH nponop-
LIHOHAJILHO HANpfXEHHIO B LeNH.

Ecan Ttakoit BaTTMeTp BKJIIOYEH B LeNb MePEMEHHOr0
TOKa, TO OH NOKa3blBaeT aKTHBHYIO MOLLHOCTb LEMNH.

§ 147. UIZMEPEHUE EMKOCTH

WsmepeHne eMKOCTH KOHLEHCATOPOB MOKHO [POH3BO-
IUTbL, TPHMEHAs CXeMy MOCTa, NMOKa3aHHylo Ha puc. 157.

216



KounpeHcatop Ha cxeMme oTMeueH GykBoii Cx, KoHzmeHca-
top C: Ha3bIBAeTCsi 3TANOHOM M HMEET onpejesieHHYIO eM-
KocThb, [lBa Apyrux mJeda
MocTa MNpeacTaBJ/sloT Co-

Goii  TOHKYyI0O NpOBOJIOKY, G ¢
CONpOTHBJIEHHE  KOTOPOHl

BKJIIOYEHO B OOLIHI KOH- Tenegion

Typ Mocra. Psgom c npo- .

BOJIOKOI HaXOLMTCA rpa- ”0‘76,”'””"'” ”””"’['2"’”
AyHpoBaHHas wKkana. B [rorrermemrmesmmm,
OIHY M3 QUHaroHajed BKJIO-

yeH HCTOYHHK MepeMeHHOro

TOKa — 3ymmep, a B JIpy- ~,

ryio — tesedoH.

[Mepemeurass  noaBHX-
HBIH KOHTAKT BAOJb MPOBO-p,. 157 Cyema MocTa AN M3MepeHHT
JIOKH, [OGHBAIOTCH  TOTO, eMKOCTH KOHJeHCaTopa.
4ytoObl 3BYK B TesedoHe
6bin1 HauMeHbwHM. [Ipu 3TOM MOJIOXKEHMH KOHTaKTa H3Me-
psemMasi eMKOCTb

Symmep

X

pu— 12
_TI-C.

§ 148. USMEPEHME MHAYKTUBHOCTH

M3MepeHHs HHIYKTHBHOCTH HHIYKTHBHBIX KaTyllek, He
HMEIOIHX CTaJbHBIX CepIeYHHKOB, MOKHO NDOU3BOAUTL C

Rul L. R [IOMOILbIO MOCTa, H306paKeHHOro
Ha puc. 158.

CHavyaJjia, nepeiBHrasl KOHTaKT,
yCTaHaBJ/HMBAIOT paBHOBECHE MOCTa
Ha NOCTOSHHOM TOKe N0 HaHuMeHb-

11006uxcHbId
| KoHmarm |, uieMy NnoxKasaHHio MHJJIHaMIepMeT-
e pa. MuJJMaMnepMerp BKJOYaeTcs
3yMMei B AMaroHaJs Mocta. 3aTeM MOCT Te-
y peKJoyaloT Ha NepeMeHHBId TOK,

()
d\-—-—sz— BMECTO MHJIJIMaMIepMeTpa BKJIO-
Puc. 158. Cxema Mocta aas YaIOT TesiedOH, H3MEHAS BEJHUHHY
H3MEepeHus WHAYKTHBHOCTH STAJIOHHOH HMHIYKTHBHOCTH, HOOU-
KaTyllek, ~He HMeIOUIUX BalOTCS HaHMMeHbLUEH T'POMKOCTH

CTaJIbHbIX CeplaeYHHKOB. 3BYKa B ‘re.ne(boue.

Hsmepsemas MHIYKTHBHOCTb onpelequTcs no Gopmyiie

Ly="L
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§ 149. MU3SMEPEHHME SNEKTPUMECKOW SHEPIMH

s u3MepeHHs 3/1eKTPHYECKO! IHEPrHM NPHMEHAIOTCA
npu6opel, KOTOpble Ha3blBalTCa c4eTduxkamu. ViaMmepenue
SHepruH Lenu MepeMeHHOro TOKa OCYUIeCTBJSE€TCA MpH IO-
MOLUH UHOYKYUOHHBIX CHETHUKOS.

WMHAYKUMOHHBIH CYETUHK COCTOUT M3 aJIOMHHHEBOro JHC-
Ka, KOTOPLIl MOXET BpallaTbCsi Ha ocH. PagoM ¢ auckoMm
pacnoJ/ioXeHbl J[Ba 3JeKTPOMArHHTa, MarHuTHble M[OTOKH
KOTOPHIX NPOXOAAT 4epe3 QHCK H HHAYKTHPYIOT B HEM BHX-
peBble TOKH., OQUH M3 3/JIeKTPOMArHHUTOB BKJIIOUEH MOCJeHO0-
BaTeJbHO B Lienb notpeGuTesnsi, a Apyrod — mnapaJiiesbHo eH.
Huck Bpauiaerca B pe3y/bTaTe B3aHMOJAEHCTBUA MeXAy
BUXpPEBbIMH TOKAMW W MarHUTHbIMU NOTOKamH. Bpaiaromui
MOMEHT 11PONOpPLUHOHAJEH MOLIHOCTH NOTpeGUTe/s 3JeKTpPH-
yeCKOH 3SHEepruH.

CKOpoCTb BpallleHHsl [QHCKa NpONOPLUOHA/NbHA NOTpes-
AsieMOl MouIHOCTH Uend. Ecau auck Bpauiaercs B TeueHue
onpejeseHHOro BpeMeHH, TO H3PacXOAOBaHHAs B CETH 3Hep-
THsl NPOMOPLHUOHANbHA YHCJAY OGOPOTOB JHMCKA. Bpauxeuue
IUCKa nepefaercss CYETHOMY MEXaHH3MY CYETUMKa, KOTOPbIid
peructpupyer norpe6/sieMylo HepTHIO.
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