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MPEONCTOBUE

DNeKTPOTEXHMKA B LUMPOKOM MOHUMAaHWW 3TO HaykKa, M3yvaroliasa cro-
CO6bl UCMONL30BAHMA 3NMEKTPUYECKUX U MAarHUTHBLIX SBNEHWIA ANA NpakTu-
UECKUX LefleH. JNeKTPOTEXHMKa OXBaTbiBaeT OO0MbLUONW KOMMAEKC BOMPO-
COB H pasfeneHa Ha paj obnacTei.

OfHoW 13 BaXHeWLWMX obnacTell 3NEeKTPOTEXHWUKN SBNSETCS 3/MEKTPO-
3HepreTnkKa, KOoTopas pacCMaTpyBaeT BOMPOCHI MPOW3BOACTBA 3MEKTpUYe-
CKOM 3Heprun (U3 Apyrux BUAOB 3Heprum), nepefayn aHeprum Ha fanbHue
paccTosHUs, pacrnpefeneHue ee Mexay notpebutenaMu u npeobpasoBaHue
3NEKTPUYECKOW 3HEpPrun B Apyrve BWAbl 3HEPTUM — MEeXaHW4ecKyt, Ten-
NOBYIO, XUMWYECKYIO U T. A

HapopaHoe xosslicTBo CCCP pa3BuMBaeTCAd BbICOKUMW W YCTONUMBLIMU
Temnamy. B 1980 r. npow3BOACTBO 3MEKTPO3IHEPrUn YBENUUYUIOCH [0
1340—1380 mnpa. kKBT*4, 0CcBOEHO MPOW3BOACTBO TypOOreHepaTopoB MOLL-
HocTbio 1000—1200 Thic. KBT Ana TENMOBbIX WM aTOMHbIX 3/1EKTPOCTaHLWA,
reHepaTopoB MOLWHOCTEO 640 Thic. KBT Ans  ruapoanekTpoCcTaHUUA.
MpogomkatoTes paboThbl N0 POPMUPOBAHMIO EAMHON 3HepreTuueckoli cumc-
TeMbl CTpaHbl NyTeM 06beanHeHWs aHeprocucTem Cubupn n CpegHeldi AsnH
c EBponeickoii 3HeprocucTemoii, COOPYXalTCid MaructpasbHble NMHUK
anekTponepesayn HanpsxeHvem 500, 750 n 1150 TeIC. B.

Ha ocHoBe anekTpuukaumMm BCe LUMPe BHEAPSETCS KOMMEKCHasa Me-
XaHu3auma 1 aBTomatmsaums npou3BOACTBEHHbLIX NPOLECCOB. VIHTEHCMBHO
pa3BMBaeTCA 3NEKTPOTEXHOMNOIMNUS — 3NEKTPOTEPMUYECKNE W 3NIEKTPONNU-
TUYeCcKMe crnocobbl NonyveHnss n 06paboTkn MeTannos. C KaKAbIM rogoM
BCTYMaKOT B CTPOI HOBble aBTOMATUYECKME NNMHUM MaLLUWH, LeXn U 3aBojbl-
aBTOMaTbl. DMIEKTPOIHEPTUA WUCMOMb3YeTCAa ANA 3NeKTPOCBApKK, 3aKanku
CT/I TOKamMy BbICOKOM 4acTOTbl, CYLUKW [APEBECUHbI W T. A

DNeKTPOHUKa ABNAETCA 06NaCTbO 3/1EKTPOTEXHUKM, KOTOpas 3apoau-
Nnacb CPaBHWUTENbHO HeAaBHO — HECKO/IbKO AecATUneTnidi Hasag. OHa pac-
CMaTpMBaeT [BWKEHME 3apsSXKEHHbIX YacTuL, B BaKyyMe, B rasoBOii cpefe
WX TBEPAOM Tefle W ynpaBneHue 3TUM [BWXKEHWEM C LeNbio pasfiMyHoro
poja Npeo6pasoBaHWin 3NEKTPUYECKUX BEIMUYMH WKW OLHOTO BUAA 3HEpPrum
B [pYroi. JNeKTpoHMKa 0XBaTbiBaeT BOMPOCHI MPOM3BOACTBA W MPUMEHe-
HUSA 3NeKTPOHHbLIX MPUBOPOB: 3/IEKTPOBAKYYMHbLIX Namm, MOAynpoOBOLHU-
KOBbIX WM MOHHbIX MPU60pPOB, (HOTO3NEMEHTOB, COMHEYHbLIX Oatapein u apy-
rMX YCTPOWCTB, BbINOMHAOLWMX (PYHKLUM NpeobpasoBaHns 3Heprum, yn-
paBneHns OTAENbHbIMU MeXaHW3Mamu, CTaHKaMu, MOTOYHLIMW NIMHUAMU, a
TaKXXe KOHTPO/b 38 HUMMW.

MpakTUYeCKn HEeT OTPacM HapOAHOr0 X03aiCTBa WM 06M1aCTN HayKw,
roe He MCMonb3oBa/UCh Obl HOBEWLLUME [OCTUMXKEHWUS 3MEKTPOHUKU U He
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NPUMEHANNUCL 6bl B GO/bLLIOM KOMYECTBE 3/1EKTPOHHbIE NPUOOPLI. nek-
TPOHMKA MPOHWMKAET BO BCe OTPAc/IM HAPOAHOro XO03AWCTBa M HayKu, OKa-
3blBaf PEBO/MIOLMOHN3NPYIOLLEE BAUSHME Ha WX pa3BuTMe. COBpemMeHHas
3M1EKTPOHUKA NO3BO/ISIET CO34aBaTb MUHMATIOPHbIE YCTPOCTBA A4/ BbIUKC-
NUTENbHbIX MaLUWH, Pa3/M4YHbIX aBTOMATOB W YMNpaBieHUst NMPON3BOACTBEH-
HbIMW MpoLLecCamu.

B HacTosilee Bpemsi — BpeMsi HaKOMeHMWs, nepejayn, nmpuema u 06-
paboTKM OrpoMHbIX 06LEMOB WMH(OPMALMK POSb 3NEKTPOHHLIX NPU6GOPOB
BCce Oosiee BO3pacTaeT. BbICTpOe pasBUTME 3MEKTPOHHON BbIUMCAUTENBHOM
TEXHWKM MO3BOMSET COBEPLUEHCTBOBaTbL PaboTy CUCTEM aBTOMATUYECKOro
yNpaB/feHnsa U pellaTb 3KOHOMMYECKME 3afadlM BaXKHOrO HapoLHOXO03si-
CTBEHHOr0 3HayeHUs. INeKTPOTeXHUYECKMEe YCTPOICTBa MOSyYeHus, nepe-
paboTku, Mepedayn u 0TOGPaKeHUS MHAOPMALMKN SBASKOTCA BaXHEALIMMM
afeMeHTaMy TeXHWYECKMX CPeAcTB aBTOMAaTU3MPOBaHHbIX CUCTEM ynpaBs-
neHna (ACY).

O6LUMPHOE MPUMEHEHMWE 3NEKTPOTEXHUKM BO BCEX OTPACNAX HapOAHOro
X035CTBA W BCe 6O/blUee BHEAPEHWE 3MEKTPOHWKM B MPOMbILLIIEHHOCTb
HacTOATE/IbHO TPe6YHT 3HaHMSI MOSIOABIMM PabouMMKU OCHOBHBIX BOMPOCOB
3NEKTPOTEXHUKN W 3NEKTPOHUKN.



Ffnasa |
OCHOBbI S/IEKTPOCTATUKUN

§ 1. lNMoHATMEe O CTpOoeHUn BellecTBa

Kaxxgoe BeLeCTBO COCTOMT M3 MefbyalluMX 4acTul, — MOJIeKY 1,
a Monekynbl — M3 aToMoOB. [lpocTble BewectBa (Mefp, aIOMUHWIA
N T. [.) COAepXaT MO/eKy/bl, 06pa3oBaHHble U3 OAMHAKOBbLIX aTOMOB AaH-
Horo BellecTBa. MosieKysibl Xe CMOXHbIX BELeCTB COCTOAT U3 aTOMOB pas-
NNYHBIX XMMUWYECKMX 3/M1EMEeHTOB. Hanpumep, B COCTaB MOJIEKY/bl BOAbI
BXOAAT [Ba aTtoMa BOAOpOAa W OAMH aTOM KMC/0poAa.

Kaxxablil atom npefcTasnseT coboli SApo, COCTOsLlee M3 MPOTOHOB M
HETPOHOB U 0OpaLLaOLLMXCA BOKPYT HEro 3N1eKTPOHOB. HApo aToma umeet
MONOXUTE/bHBIN 3apsg U 3aHUMAeT HUYTO-

XKHO Malyt0 4acTb 06bema aTtoma. Monoxu-

TenbHbIl 3apag atoma 06YCMOBMeH Hanu-

uveM B HeM NPOTOHOB. HelTpoH, obnagas

Maccoil, HeCKOoNbKO 60nbLUeil maccbl Mpo-

TOHa, He UMeeT HMKakKoro 3apaja, T. €. OH

3NEKTPUYECKN HelTpaseH. SNeKTPOHbl fB-

NAOTCA HOCUTENAMU OTpUUATENIbHBLIX 3a-

pafoB. Macca 3n1eKTpoHa MNPUMEpPHO B

1840 pa3 meHblle Maccbl NpoToHa. Ywucno

NPOTOHOB B AApP€E paBHO Ynucny SI'IEKTDOHOI?’, Puc. 1. Cxema CTpoeHMsi aToma BO*
OKpyXarLmx g4po, WU aTtoM B LENOM Hen- nopopa

TpasieH, T. €. He UMEEeT 3/IeKTPUYECKOrO 3a-

psga. Ha puc. 1 n3obpaxkeHa cxema CTpOeHWs aToma BOZOPOAa, S4PO
KOTOPOro COLEPXMT OAWMH MPOTOH W OAUH HEATPOH, a BOKPYr agpa ABu-
XETCA OfMH 3M1eKTPOH.

Ymcno NpoToHOB B A4pe paBHO aTOMHOMY HOMEPY 3/1eMeHTa B Mepuo-
andeckoid cucteme . W. MeHgeneesa. CymMMy 4mcia NPOTOHOB Z U yucna
HelTpoHOB N Ha3blBalOT MaccoBbIM uuciom; A=Z+N.

XUMWYECKME 3NeMEHTbLI, A4pa KOTOPbIX COAEepXKaT O4MHAKOBOE 4ucno
MPOTOHOB, HO Pa3fIMYHOE YMC/I0 HEMTPOHOB, Ha3bIBAOTCA M30TOMNaAMMU.

B kaxgom aTtome Nn06Oro XMMUYECKOro 3/1eMeHTa YUC/IO 3M1EKTPOHOB U
MPOTOHOB OJVHAKOBO, TaK YTO O6LUMIA OTpULATeNbHbIA 3apsj 3M1eKTPOHOB
aToma paBeH MOMIOKMUTENbHOMY 3apsAgy MPOTOHOB, COAepXKaluxca B Afpe.
PaBHble N0 BeNMYMHE MOMOXKMUTENbHbIE U OTpULATENbHbIE 3apAgbl MO OTHO-
LUEHMIO K BHELLUHEN cpefje YpaBHOBELUMBAKOTCS, B3aUMHO HeWTpannsyroTcs,
B pe3y/bTare 4Yero aToMbl BeLLECTBA B OObIMHOM COCTOSIHUM 3/1EKTPUYECKU
HelTpanbHbl. ECnn e OT aToMa BeLlecTBa OTLLENfeTCs OAWH WM He-
CKOJ/IbKO 3/1EKTPOHOB, TO aTOM MPEBPALLAeTCA B MOMOXUTENIbLHO 3apAXKEeH-
Hblli HOH. B cnydae, korfa atoM BellecTBa BOCMPUHUMAET NIULLHUE 3/eK-
TPOHbI, TO OH MOHU3MPYeTCA OTpuMLATe/IbHO, MpeBpaLlascb B OTpuLaTesb-
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HbIi MOH. 3MEKTPOHbI ABMXXYTCA BOKPYr fApa W HaxoAATcs OT Hero Ha
Pa3NNYHbIX PACCTOAHWUAX, MO3TOMY B3aMMOAENCTBME MONOXWUTENMbHbLIX 3a-
pSAoB NPOTOHOB f4pa C 3/eKTPOHaMK HeOLMHAKOBO; OHO ocnabnsetcs no
Mepe yAaneHus 371eKTPOoHa OT Aapa. TakuM 06pa3oM MOXET MEHSATbCS YMC-
N0 3N1eKTPOHOB, Hanbonee yaaneHHbIX Or agpa U Haubonee cnabo CBsi3aH-
HbIX C 4pOM.

Uncno anekTpoHOB, Ha KOTOpPOe MOXET MOHW3MPOBATbCcA aToM (yBenu-
UEeHMEM YMCna 3NEKTPOHOB MPW OTPULLATENBHON MOHWU3ALMU U YMEHbLLEHVEM
UX 4Yncna npu NOMOXKMUTENbHOW WMOHM3aLMK), PaBHO Ba/IEHTHOCTW aToMa,
ornpeaensieMoli YACNOM Hambonee yAaneHHbIX 3/1EKTPOHOB B HeWTpasibHOM
COCTOSIHUM  aTOMa.

Uncno aneKTPOHOB B aTtoOMax pasMyHbIX TBepAblX MaTepuanosB (Ha-
3N1eKTPM30BaTh Tena) MOXHO WU3MEHWUTb TPEHWEM, HarpeBaHueM, UHAYKLW-
eid, BO3aeliCTBMEM XMMUYECKMX peakLWii, CBETOBOI 3HEPrumn, MexaHUYeCKoi
pechopMaumein 1 gpyrummn  cnocobamm.

Ewe B 1888 r. npotheccop A. I'. CToMeTOB YCTaHOBWU/, YTO NOL AelACTBU-
eM CBeTa M3 TakMX MaTepuanoB, KakK LMHK, /IIOMUHWIA, LEe3Win, HaTpuid,
CBVHeEL, Kanuu 1 T. M., BbINETAIOT 3M1EKTPOHbI U 3TU MaTepuabl 3apsXKaroT-
€A MONOXUTENbHLIM 3MEKTPUYECTBOM. Ha 3TOM fBNeHUW, Ha3biBaeMoM (¢ o-
TO3(M(HEeKTOM, OCHOBaH MPUHUMN pPaboTbl (DOTO3NEMEHTOB.

Mpy HarpeBaHWM MeTaN/o0B A0 OMPEAENeHHOW TemnepaTypbl CKOPOCTU
OBWXXeHUs Hambonee cnabo CBA3AHHbIX C S4POM 3MEKTPOHOB AOCTUraoT
TaKMUX BE/IMYMH, YTO UX KMHETUYECKAs IHEPrns oKasblBaeTCs AOCTaTOYHOIN,
4TO6bl OTOPBATH 3/IEKTPOHLI OT AApa. B pesynbTaTe 31eKTPOHbI CTAaHOBATCH
CBOOOAHLIMM HOCUTENAMU OTPMLATEeNbHbIX 3apsAjoB, a aToMbl MeTanna,
NnoTepABLUME 3NEKTPOHbI, NPUOBPETAIOT MONOXUTENbHbIE 3apsAdbl. 3ro AB-
NleHNe Ha3blBaeTC! TEPMO3NEeKTPOHHON aMuccuen u uc-
Nnonb3yeTcs B 3M1EKTPOHHbIX famMnax.

B XMMWYECKMX WCTOYHMKAX 3M1EKTPUYHECKON 3HEPTrUM MNOMOXKMUTENbHbIE
N oTpuLaTe/bHbIe MOMKOCHI 06pasyloTCs B pesynbTare nepeHoca 3apsijoB
Npyu XMUMUYECKUX peakLmsX.

Mpy MexaHWYecKol Aedopmaummn (CXaTum, PacTHKEHUN U T. A.) Ha Mno-
BEPXHOCTM HEKOTOPbIX KpUcTananyeckux Ten (Hanpumep, KBapua, Typma-
NNHa, CErHeTOBOM COMM) BO3HWKAIOT 3NEKTPUUECKMe 3apafbl. 30 ABMEHMe
Ha3blBaeTCA MPAMbIM Mbe303EKTPUYHECKUM 3h(hekToM. pn obpaTHOM Mbe-
303N1eKTPUYECKOM 3(hheKTe KpucTann gedopMmupyeTcs noj Aeictarem
3NeKTPUYecKnX 3apagoB. [Mbe303/1eKTPUYECTBO HaXOAUT LUMPOKOEe npume-
HEHME B PafMOTEXHMKE.

§ 2, SnekTpuyeckoe none. 3akoH KynoHa

DneKTprYecKne 3apsaabl B3aUMOAENCTBYIOT MeXay coboii Tak, 4To pas-
HOVMMEHHO 3apsKeHHble Tena NPUTArMBaKOTCA APYr K Apyry, OAHOMMEHHO
3apsXKeHHbIe OTTaNKMBAKOTCA. Kak/blil 3aps/ cO34aeT B OKPYXKAKOLLEM ero
MPOCTPAHCTBE 3/IEKTPUYECKOE NONe, TaK UTO B3aMMOAENCTBME 3aPSXKEHHbIX
Ten NPOMCXOAUT NPU MOCPEACTBE 3MEKTPUYECKOro Mons.

INeKTPUYECKNUM MNONEM Has3blBaeTCs MaTepuanbHas cpe-
[a, B KOTOPOW 0OGHapY>XMBAeTCs CUM0BOe AENCTBUE Ha 3apsiKeHHble YacTu-
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LUbl MM Tena. YCNOBHO 3NEKTPUYECKOe NOje M306paXxatoT B BUZE 3NEKTPH-
YECKMX CWUMOBbIX IMHWIA, HampaB/ieHWe KOTOPbIX COBMaAaeT C HamnpaBneHU-
eM CW/I, OEACTBYIOLMX B HEM.

B 3aBMCMMOCTW OT WMHTEHCWMBHOCTW MONSI CW/IOBbIE IMHUW 3NEKTPUYe-
CKOro Monsi M306paxatoT PacronoXeHHbIMW Tylle unu pexe. Cpeay npu-
HATO XapaKTepu3oBaTb 0COG0I BENMYMHOI, HA3bIBAEMON A M3 NEKTP U -
UECKON nNpoOHMLAEMOCTbIO.

AGCONMIOTHAsA AM3NEKTPUYECKas MPOHULLAEMOCTb Cpefbl

roe e0— 3feKTpuyeckas MOCTOSIHHAsA, paBHas abCcoOMHOTHON AW3neKTpuye-
CKOM npoHuyaemocTn Bakyyma (8,86*10~1a®/m); er — OTHOCMTeNbHas
OV3NeKTpuyeckas  NPOHMLAEMOCTb — Be/MYMHA,  MOKasbiBaowasd, BO
CKOMbKO pa3 B [aHHOW cpefe anekTpuyeckue 3apsdbl B3aMMOLEWCTBYHOT
MeX [y coboii _cnabee, ueM B Bakyyme, W 4acTO HasblBaemasi NpoOCTO AW-
3NEKTPUYECKOW MNPOHULAEMOCTbHO.

3HayeHMe AW3NEKTPUYECKON MPOHMULAEMOCTU HEeKOTOpbIX MaTepuasion
npueegeHo B Tabn. 1.

B cnyyae HasnekTpr3oBaHHOrO LIapa CU/OBbIE IMHWX COBNAJAloT C Ha-
npaBneHNEM paAMyCoB 3TOr0 Llapa, KakK M306paXeHo Ha puc. 2,a u 6.

Puc. 2. YcnoBHoe n3obpaxeHne aneKTpUYeCcKoro nons:

«— Maf0oXUTenbHOro 3apsifa. 6 — oTpuLaTeNbHOro 3apsfija, « — ABYX Pa3HOWMEHHbIX 3apsfos,
* — [1ByX OAHOWMEHHbIX 3apAA0B, [ — MeXAY ABYMS MapannenbHbIMW NNacTUHaAMKU C pa”HOUMENbbIMN
3apsfamu

Mpy NONOXWTENBHOM 3apsiie CU/MOBbIE NMHWWM HanpaBneHbl OT HA3NEKTPH-
30BaHHOIrO Tefa, NpW OTPULATENbHOM — K HAa3/eKTPU30BaHHOMY Teny.

Ha pwuc. 2, B U T npeAcTaBNeHbl CUMIOBble IMHAN B 3N1EKTPUYECKOM MOfe,
CO3[aHHOM [BYMSI HadNeKTPN30BaHHbIMMW LLapaMu, 3apsfbl KOTOPbIX paB-
Hbl, HO B OAHOM C/ly4Yae MPOTUBOMO/IOXHbI MO 3HaKy, B APYroM — OfWHa-
KoBbl. Ha puc. 2, [, NOKa3aHO 371eKTPUUYECKOe Mose MeXAy AByMS napan-
NeNbHLIMA MAACTUHAMM, HA3NEKTPU30BAHHBIMW Pa3HOMMEHHO.

Cuna B3aMOJENCTBIS [BYX TOYEUHbIX 3NEKTPUYECKMX 3apsfoB Ornpe-
AenseTcs 3akoHoM KynoHa v HanmpaBfieHa MO NPSIMOMA, COEAUHSIIOLLEN 3TW
3apﬂ,u,b|) (OLHOVMMEHHbIE 3apsfibl OTTA/IKWBAKOTCS, PA3HOMMEHHbIE MPUTATU-
BaloTCA).



Tab6nuya 1. 3nekTpuyeckue CBOICTBA LU3INEKTPUKOB

AvanekTpuyeckas dnekTpunueckas

W3onupytowmne matepuansl (4UINEKTPUKN) NpPOHMLAEMOCTb e NPOYHOCTb. BlcM
BO3AYX comeerrrreereenresnrennens 30000
KabenbHas bymara . . . 2,3-3,5 60 000—90000
TpaHctopmaTopHOe Macno 2,00 25 50000-180 000
Mpamop 8,3
MapaguH 2,0- 2,2 150 000—500 000
Pe3nHa 3,5 100000-150000
Cnofa 6.0-7,5 1200 000—- 2 000 000
CTekno 5,5-10,0 100 000-400 000
dapop 3.0-7,5 60 000—100 000
360HUT 2.0-3,5 80 000—100000

3akoH KynoHa rnacuT: cuna B3auMOAeNCTBUS [BYX TOUYEUYHbIX NeKTpi-
YECKMX 3apsoB NMPsSMO MPOMOPLMOHaNbHA NPOU3BEAEHUIO KONMYECTB 3M1EKT-
pUYecTBa B 3TUX 3apsifax, 06paTHO NPONoOpLMOHaIbHA PacCTOSHIIO MeXKay
HUMW ¥ 3aBUCUT OT Cpedpl, B KOTOPO HaXo4aATCs 3apsfbl, T. €.

roe F—cuna B3aumogeiicTemna 3apagoB, H (HbtoToH — 102 T cunbl);
Qt. Q>— 3apagbl, Kn (KynoH cogepxuT 6,3-H018 3apsafoB 3/1EKTPOHA);
KY/NIOH — KO/MMYECTBO 3N1EKTPUYECTBa, MNPOTEKAIOLLEro 4epes mornepevHoe
CeyeHVe MPOBOAHMKA B OfHY CEKyHLY Npu HeusMeHslowelics cune Toka
B 1A T.e. KNn=A -c; r—paccTosH/e Mexay 3apsafamu, m; ea— abcontoT-
Has AW3NeKTpuUyecKas MPOHMLAEMOCTb cpefpl, /M

Ha ocHoBaHuM 3akoHa KynoHa MOXHO cAenaTb BbIBOJ, UTO C YBenude-
HMEM 3NMEKTPUYECKUX 3apsifoB Cuia UX B3aMMOAEACTBUA BO3pacTaeT, a C
YBEIMYEHNEM PaCCTOSHNUA MEXAY HUMU — YMeHbluaeTcs. B3avmopgeiicTeume
3apsA0B TakXKe 3aBUCUT OT cpefbl, B KOTOPOA OHM HaxofsaTtcs. Ecnm B Ba-
KyyMe 3apsifibl B3aMMOJENCTBYIOT C ONpeAeneHHON CUIOI, TO B Kakoi-nn6o
cpefe, HanpuMep B TPaHC(HOPMaTOpPHOM Macne, Cuia B3auMOAeiCTBUS Me-
XAy aTUMKM XXe 3apsfaMmy ymeHblumTca B 2,0—2,5 pasa, Tak Kak yBemuunT-
CS QU3NEKTPUYECKas NPOHULAEMOCTb cpegpbl.

§ 3. Hanpsi>keHHOCTb 3MeKTpuueckoro noss. MoteHuuwan

DneKTpUYECKOe Mose 0Ka3blBaeT CUMOBOE AeiCTBIE HA BHECEHHOE B HETO
3N1eKTPUYECKN 3apsbkeHHoe Teno. CnefoBaTesnbHO, 3MEKTPUUYECKoe mMone
MOXET COBEPLUNTL PaboTy, T. e. OHO 06G/rafaeT 3Heprueil. Kaxpgas Touka
3N1EKTPUYECKOrO MO MOXET ObITb XapaKTepu3oBaHa Hanpsi)KeHHOCTbIO
nons E wam noteHumanom .



HanpaXeHHOCTb anektpuueckoro nond E (B/m) onpepenser-
€Sl OTHOLUEHMEM cunbl F, ¢ KOTOpPOIA None AeicTBYeT Ha TOYeYHbIN 3apsag Q,
MOMELLEHHBIA B AaHHYKO TOYKY MOMA, K BefMYMHE 3TOro 3apsja, T. e.

£=/7Q.

ToueuHbIM 3apsA0M Ha3bIBAETCA 3apSHKEHHOE TeSo, SIMHENHbIE pa3mepsl
KOTOPOr0 HWYTOXHO Masibl U 3apsAf KOTOPOro B pesynbTare 3T0r0 MnpakTu-
Yeckn He UckaxaeT nond. Mpu Q, paBHOM eauHuue, E 4ymcneHHo paBHO F,
CfefoBate/ibHO, HanpsXXeHHOCTb 3/1EeKTPMYECKOro Mons YWCMEHHO paBHA
cune nons, AencTBYIOWEW Ha efMHUYHBIA 3apsd. Hanps)keHHOCTb nons
XapaKTepu3yeTcs He TOMIbKO BE/IMYMHON, HO U HanpaB/iieHWeM, KOTOpoe COB-
nagaeT C HanpasfieHWeM CW/bl MONs, AeACTBYIOWeEA Ha MNONOXUTENbHbIN
3apag, HaxomsawmiAics B gaHHOM Touke. CrefoBaTeslbHO, HampsXXeHHOCTb
nons — BEKTOPHas BeMYMHa.

Pa6oTa cun anekTpuueckoro nons A () paBHa NpPOU3BESEHUIO CUSbI
F (H) Ha nyts | (M), T. e. A=FI, n F—AU.

Takum o6pasoM, eAVHULEA M3MEPEHUSI HAMPSHKEHHOCTU MONS ABMSETCA
1E£1=[N/[h1=4>Koynb/KynoH *MeTp= BonbT/MeTp (B/M).

[na npeofoneHns cun 3MeKTPUYECKOro MNonfs Mnpy BHECEHUM B HEro
3MEeKTPUYECKOro 3apsfa HeobXo4yMo 3aTpaumBaTb OnpefenieHHyo paboTy.
3anac sHeprum (MOTeHUMANbHas 3Heprus) eAuHULbI KONMYecTBa 3MeKTpu-
YecTBa, Haxofsllenca B AaHHOM TOUKe 3/1eKTPMUECKOro Mons, HasblBaeTcs
NMOTEHLMANOM.

MoTeHUMan [aHHOW TOYKM 3MEKTPUYECKOro MNOs YMCNEHHO paBeH pa-
60Te, 3aTpauMBaemoii Ha BHeCEHMe 3apsfa B OfUH KY/OH U3 GECKOHEYHOCTH
B 3Ty TOUKy nons. 3Ta paboTa paBHa MOTEHUMATLHOW 3HEpPrvu, KOTOPOiA
o6nafaet 3apAg B O4MH KY/NOH B paccMaTpuvBaeMoii Touke Mons, T. e.

®=/1/<3.

EavHuueli nsvepeHns noteHumana asnsetcs BonbT (B).

Mpy nepemeLLeHNN NONOXUTENBLHOIO 3apaga Q B O4HOPOAHOM 3/1EKTPU-
UECKOM MO/ M3 OAHON TOUKW B APYryl0 Ha paccTosHWe / B HanpasfieHun
nons cuibl NonA cosepluatoT paboty A, paBHyto A=FI. OTHOwWeHNne pabo-
Tbl A MO nepemelLeHnto 3apaga Q mexXay [BYMS TOYKaMW 3/1EKTPUYECKOro
nonsa K 3apagy HasbiBaeTcs HanpAaXeHWeMm MeXay YKasaHHbIMU
TOuKamm, T. €.

U=A/Q.

Takum 06pa3om, HanpskKeHue MeXay ABYMS TOUKaMW YUC/IEHHO pPaBHO
paboTte cun nona Npy nepemeLLeHn MeXay 3TUMM TOUKaMu MOMOXUTESlb-
HOro eAVMHUYHOrO 3apsfa.

Tak Kak noTeHumanbl Todek M u H pasHbl ¢, 1 H, TO paboTa cun
nons npu MepemeLLeHnn eaUHUYHOTO MOMIOKUTENIbHOrO 3apsaja M3 TOUKU
M B TOUKy A, T. €. HaNPsXKEHME MEeXAY 3TUMMW TOYKaMW PaBHO PasHOCTU
MX MOTEHLMASIOB:

AN«H = P— Qe

MoTeHuMan 3eMNN MPUHATO CYMUTATL PaBHbLIM HY/MHO, U €CNN MPOBOAHUK
COeANHEH C 3eM/e, To ero noTeHUMan TakXe paBeH Hynto. [MonoxuTtens-



M1 noTeHuman 6onblue (Bbile) MOTeHLUMana 3eMAH, a OTPULATe/NbHbIi
MeHbLLIe (HVXE) MoTeHumana 3emu.

MoBEPXHOCTb, BCe TOYKM KOTOPOW WMEKT OAMHAKOBble MOTEHLManNbI,
Ha3blBaeTcd 3 KBUNOTEHUWANbHOW wnu PABHOMNOTEH-
LMnanbHO I.

§ 4. TpOBOAHUKN N ANINEKTPUKN

B mMeTannax 3neKkTpOHbl, HaxoAdlMecs Ha BHELHUX opbuTax, cnabo
CBSI3aHbl C SAPOM W, OTOPBAaBLUMCb OT HErO, HAXOAATCS B OECropsAo4HOM
ABWKEHUM B MPOCTPaHCTBE MeXAy aToMamu. Cunbl 3/M1eKTPUYECKOro noss
COO6LLAIT 3M1EKTPOHaM AOMO/IHUTENIbHYHO COCTaBASHOLLYH CKOPOCTM B Ha-
npaBfeHun Cunbl MOAMS, KOTOpas BO MHOFO pa3 MeHblle CKOpoCTW ux 6ec-
MopsA0MHOr0 ABVXKeHWs. oa BO3AEACTBMEM 3TON [ONOMHUTENBbHOM COCTaB-
NAWeil CKOpPoCTU CBOGOAHbIE 3MEKTPOHbI MOCTENEHHO MPOABMUralnTCs Mo
HanpaeneHuo cun nons. AnnTensHoe nepemMeLLeHne 3apsXXeHHbIX YacTul, B
onpejeneHHOM HanpasfieHWU, Hanaratolleecs Ha WX GecrnopsiiouHoe fBu-
KEHVe B pasHbIX HanpaBfeHusX, HasblBaeTcs ux apeidom. Takum
06pa3oM, 9NEeKTPUYECKUIA TOK NPOBOAMMOCTM ABNseTCA Apeindom
3apAXEeHHbIX vacTwuy,.

Martepuanbl, MPOBOAALLME 3NEKTPUYECKUIA TOK, Ha3bIBAOTCA MP OB O 4 -
HUKamu. K HUM OTHOCATCA MeTannbl, Yronb, rpaut, pacTBopbl CO-
newn, KUCNoT, LWenoyeid. TBepable NPOBOAHWKM Ha3biBAOTCA NPOBOAHMKAMM
NepBoro poja, XWAKne — NpPoBOLHWKAMW BTOPOr0 pofa.

B psge maTepuanoB, HasblBaeMbIX AN 3N EeKTPUKAMMU, 31EKTPU-
Yeckuii TOK MPOBOAMMOCTM He BO3HMKAET. Y TaKMX MaTepuanoB 3MeKTpuye-
CKve 3apsfbl MOJIEKYN MPOYHO CBA3aHbI BHYTPUMOEKYISIPHBIMK CUaMKU U

CBOGOAHbLIX 3MEKTPOHOB O4YeHb Maro.
K OnanekTpukam OTHOCATCA Mpamop,
thaphop, cnoga, cTekno u ap. B mo-

-B +Q NeKynax [WaNeKTpuka oYeHb TpyAHO

OTAENNTb OTPMUATENbHBIA 3apsg oT

- NOJIOXXMTENIbHOTO, HO MOA AenCTBMEM

CWN 3NMEKTPUYECKOr0 MOAMS BHYTPEH-

HUe MOoNeKynspHble 3apsabl ynpyro

CMELLAtOTCS: MOJIOXKMTENbHbIE 3apsi-

" [bl— MO HanpasfeHWto Nong,a oTpu-

LaTe/lbHble — B 06paTHOM Harpas-

Puc. 3. CMelLeHe 3apsiioB B MOMEKYNax neHmn (puc. 3). Takim 06pasom, Ay-

ON3INEKTPUKa ﬂOAAeﬁCTBMEM CUN 3NEeKTpu- 3ﬂeKTp|/|K B SneKTpl/lquKOM none no-

4eCKOro nons NAPU3YETCSH: Ha NOBEPXHOCTU AU3NEK-

TpYKa, 06paLLeHHOl K MON0XKUTENbHO

3apsHKEHHOMY MPOBOAHMKY, 06pa3yeTcs oTpuuaTenbHbI 3apsg— Q, a Ha

MPOTMBOMO/OXHOW NMOBEPXHOCTU — MOMOXKNUTENBHBIA 3apsag +Q. C ycTpa-
HEHVEM BHELLHEro 3/1eKTPUYECKOro Mons 3TH 3apsidbl MCYe3atoT.

8§ 5. JnekTpmUacKas eMKOCTb

Cuctema, cocToslliasa M3 ABYX MPOBOAHWKOB, PasfefieHHbIX AU3NEKTPU-
KOM, Ha3blBaeTCA KOHAEHCaTOpPOM, a NPOBOAHUKK —ob6knapg-
KaMu KOHpeHcaTopa. Ecnm gea Takmx MpoOBOAHUKA COEAUHUTL
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C MO/oCaMM UCTOYHMKA 3MEKTPUYECKON 3HEprun, TO Mexay Humu (B pas-
Aensiowem UX OUINEKTPUKE) CO3LAETCA 3/EKTPUYECKoe Mofe.

MonoXum, 4YTO KOHAEHCATOP, COCTOAWMIA U3  [ABYX METa/IMYECKNX
nnactuH A H b (puc. 4), ABnsAOWMXca ero 06knagkamMu, NOAKMOYeH K Mo-
filocam reHepartopa. Ecnn HanpsbkeHwe aTtoro reHepatopa U, TO 04eBMAHO,
YTO 06KNAAKM KOHAEHcaTopa HaxoAATcs Mnog
TakKUM e HanpskeHmem U. OneKTpuyeckoe |
nose, BO3HUKLUee B [AM3NEKTPUKe KOHAeHca-

TOpa, XapakTepusyeTcd HanpsXKeHHOCTLIO. S
MycTb paccTosHMe MeXay O00KnagKaMu KOH-

fJeHcatopa l. Hanpa>XXeHHOCTb 3fek-

TPWYECKOro Nons npefacTaBnsieT coboil OTHO-

LLUEHMe HanpsXKeHMsA Ha 0OKnafkax K paccTo-

AHUIO MEXAY HumK, T.e.

E=UIL o
Ecnn HanpshkeHne Ha 06KnagKax KOHAEH- +
catopa BblpaXXeHO B BO/IbTaxX, a paccToAaHue . e -
MeXAy napannefibHO pacnofioKeHHbIMU 06- PUC. 4. MpPUHLMAMANbHAS CXE-
Knagkamn — B METpaxX, TO HanpsaXXeHHOCTb Ma KOoHAeHcaTopa

3NEKTPUYECKOr0 NONA B AM3NEKTPUKE KOH-
[ieHcaTopa BblpaXKaeTca B BoNbTax Ha MeTp (B/m). Uem 6onbLue Hanpsxe-
HWe Ha 06KnafKax KOHAeHcaTopa, TeM 60/bLUe HaNPSHKEHHOCTL MOMA B €ro
ON3NEKTPUKe.

OO6KnafKn KOHAEHCaTopa, COeAMHEHHbIE C MOOCAMU WCTOYHMKA 3HEp-
rUW, MMEKOT MOMTOXKMTENbHLIA W OTPULATE/bHbLIA 3apsagbl. BenmunHsl 3aps-
[0B, paBHble MeXay CO00i Mo abCOMHOTHOW BeNMUMHE, NPONOPLMOHA/bHBI
HanpsxeHuto U Ha o6Knajkax KoHfeHcatopa. Takum obpa3om, ecin Be-
NNYMHY 3apsda Ha OAHOM M3 06KNagoK 0603HauYNTb BYKBOM Q, TO MOXHO
HanacaTb CnefytoLlee paBeHCTBO:

Q=CuU.

B 3Tom paBeHcTBe BenMunHa C ABNSETCA TaK Ha3biIBAEMON e MKOCT b 1O
KoHZeHcaTopa. Ecnu 3apag Q BblpaXeH B KyfoHax, a HanpskeHue U
B BO/IbTax, TO EMKOCTb BblpaxaeTcsd B (hapagax (P). KoHgeHcatop obna-
[aeT eMKocTbto B 1, ecnm npu 3apsige B 1 Kn Ha Kaaoin M3 06KNafoK Ha-
gps;»(e/l-léAe MeXay HuMu pasHo 1B. dapaga vmeeT pasMmepHocTb Kn/B==

=A-c/B.

bonee MenkuMn efMHULAMU U3MEPEHUS EMKOCTU ABNSAKOTCA MUKpoda-
paga (MK®), paBHas OfHOW MWUNNMOHHOM YacTu hapafbl, ¥ MHKPOMUKpOGda-
paga (nukodapaga) (MKMKd), paBHas OfHOA MWAIMOHHONM YacTi MUKpoda-
pagbl, T.e. 1®=100000MKD = 10{*nP (nukodapas).

EMKOCTb KOHAeHCcaTopa 3aBUCMT OT MAOWAAM ero obknafok, paccros-
HUS MeXAY HUMWU W AU3NEKTPUYECKOW MPOHULIAEMOCTU Cpefbl, pasfensio-
LWein obknagku. EMKOCTb KOHAeHcaTopa Tem 6onblue, 4Yem 60fbLue nfio-
Wwanb S ero 06KnNafoK U AM3NEKTpUYecKas MPOHMLLAEMOCTb Cpefbl, pasfe-
NAWeR MX, a TakXKe, YeM MeHbLUe paccTosiHME MexXay 06Knafkamu:

r_ oS



ECnn HanpsyKeHHOCTb 3M1EKTPUYECKOro MONs B AUANEKTPUKE MEXAY 00-
KnaflkaMu KOHJeHcaTopa NpeB30MAeT W3BECTHYHO MpeAesibHYH BeUYUHY,
TO 3NeKTpUYeCKuii 3apsg ¢ ogHol 00Knagku OyaeT NepexoavTb Ha Apy-
ryl 4yepes Maccy AMaNeKTpuka. Takol MNepexof Bbi3blBaeT MOBPEXAeHMe
N30/IMPYIOLLIETO €O KOHAEHcaTopa.

B Tabn. 1 npuBeaeHbl BeNMYMHBI NPeAebHbIX HanpPsHKEHHOCTER 130/u-
PYIOLMX MaTepuanoB, XapakTepusytolme 37eKTPUYHECKYHO MPOYHOCTb.

PaccMOTpeHHOe HaMy CBOMCTBO HaxOAALUMXCA MO HanpsXKeHWeM KOH-
[lEeHCAaTOpPOB HakannueaTb Ha OBGKNafKax 3MeKTpuUYeckue 3apsijbl, onpege-
NAOLWME eMKOCTb 3TUX KOHAEHCATOPOB, MPUCYLLE TakKXe NMHEWHbIM Mpo-
BOAaM K Kabensm.

Hanpumep, NpoBoA, NOABELUEHHbIA Ha U30M1STOPaX, MOXHO paccMaTpu-
BaTb KaK OAHY M3 00KNMafoK KOHAeHcaTopa, ApYroi 06Knagkol KOTOPOro
ABNSETCA MoBepXHOCTb 3emnu. CregoBaTesibHO, TakoW MpoBog o6nagaeT
M3BECTHOW EMKOCTbH) OTHOCUTE/IbHO 3eM/n. AHANOTMYHO ABa NpoBOJA Of-
HOM 1 TOIA Xe Lennm MOXHO paccMaTpuBaTb Kak 06KMafKu KOoHAeHcaTtopa,
pasgeneHHble BO3AYXOM, SIBASAIOLLMMCS AUINEKTPUYECKON MPOCONKOIA.

§ 6. 3apag v paspsapn KoHAeHcaTopa

Mpy NOAKNHOYEHWMN KOHAEHcaTopa K WCTOYHWKY 3Heprum (cm. puc. 4)
NPOUCXOAUT 3apsf KOHAeHcaTopa 40 HanpspkeHus mexay obknagkamu U,
paBHOro HanpsHKeHW 3TOro UCTOYHKMKa E. O6Knafgka, coeamHeHHas C no-
NOXMNTE/bHbIM MOMKOCOM MCTOYHMKA, MOAYYUT NOMOXKUTENbHLIA 3apag -fQ,
a BTOpas 00KNafiKa — paBHbIA MO BeMUMHE OTpULAaTeNbHbIA 3apas —Q,
npuyem Q=CU. Onqa 3apsga KoHAeHcaTopa HeobXoAuMo, 4TOObl OfHa M3
00KNMagoK noTepsna, a gpyras npuobpena HEKOTOPOE KOMMYECTBO CBOGOA-
HbIX 3/1EKTPOHOB. [lepexop 3MeKTPOHOB C OAHON 00KNafKW KOHAeHcaTopa
Ha ApYryt NpoucXoauT MOA AeACTBMEM HaNpPSHXKEHUS MCTOYHMKA MO MPOBO-
[iaM, COefMHSIOWMM 3TOT UCTOYHUK C 0O6KMafKaMu KoHAeHcaTopa. [Buke-
HVe 3TUX 3apsA0B HasblBaeTCA TOKOM 3apsfKuM KOHAeHcaTopa.

B MOMeHT BK/IIOUEHNS KOHAEHcaTopa 3apsjoB Ha ero 06Knagkax HeT u
HanpsHKeHNe Ha HeM paBHO Hynto mc=0. MMo3ToMy 3apsAHbIA TOK onpege-
NAETCA BHYTPEHHUM COMNPOTMB/IEHWEM UCTOYHMKA B U MMEET HaMbO/IbLUYIO
BE/IUYUHY:

13 max — E ITs.

Mo Mepe HAKOMNEHMs 3apsfoB Ha O6KMafKax KOHAeHcaTopa Hampske-
HVe Ha HeM YBENIMUMBAETCS W NaAeHVe HanNPsXKEHWS Ha BHYTPEHHEM COMpo-
TWUBNEHWM UCTOYHMKA OyfeT PaBHO PasHOCTM 3AC WUCTOYHMKA U Hampske-
HUS Ha KoHgeHcaTope (E—wuc). CnepoBatenbHo, 3apsifHblii TOK

i3= (E—uo)lrt.

TaknuM 06pa3oM, C MOBbLILEHWEM HANPSHXKEHUA Ha KOHAEHCaTope TOK
3apsAja yMeHbLUaeTca U npu Mc=E CTaHOBUTCA paBHbIM Hyso. [llpouecc
W3MEHEHUA HanpsHXKeHUs Ha KOHAEHCaTope W TOKa 3apsAfa BO BPEMEHU
M306paxXeH Ha puc. 5. B HauyanbHbI MOMEHT 3apsija KOHAeHcaTopa Hanps-
YEHVEe Ha Hem ObICTPO BO3pacTaeT, TaK KakK TOK 3apsja VMmeeT 60/bLUyto
BE/IMUYMHY M HAKONJeHWe 3apAafoB Ha 06KMafkax KOHAeHcaTopa Mpomcxo-
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AWT WHTEHCKBHO. 0 Mepe MOBLILLEHWS HanpsHKeHWs Ha KOHAeHcaTope 3a-
PAOHBbIA TOK YMeHbLUAeTCs WM HakKomniaeHue 3apsfoB Ha oOknafkax 3amef-
nsetca. [pOLO/MKMTENBHOCTL 3apsfda KOHAeHcaTopa 3aBUCUMT OT €l
€MKOCTU M COMPOTMBIIEHMA LIEMNW, YBEIMYEHNE KOTOPLIX MPUBOAWT K BO3pac-
TaHWIO NPOJOKUTENBHOCTU 3apsfa. C MOBbLILLEHNEM EMKOCTU KOHJeHcaTo-
pa BO3pacTaeT KO/MM4YeCTBO 3aps-
[0B, Hakan/jMBaeMblX Ha ero 06-
Knagkax, a ¢ yBefIM4yeHnem cornpo-
TUBNEHUSA LMW YMeHbLUaeTcs 3a-
PAAHbIA TOK, YTO 3amMef/iseT npo-
Llecc HaKoMeHNs 3apsiaoB Ha 3TUX
obKnafKax.
Ecnn 3aps>KeHHbI  KOHAeHCa-
TOp 3aMKHYTb Ha Kakoe-nmbo co-
npoTuBneHune R, TO NOA AeicTBreM
HanpshKeHWs Ha KoHaeHcaTope 6y-
[eT MpoTeKaTb TOK paspsfa KOH-
fieHcatopa. Pa3psAj KOHAEHCATOPA  pyc. 5. Mpaduk U3MEHEHU HANpsHKEHUs! Ha
CONpoBOXAaeTcA MepeHoCcoM 3feK- KOHZEHcaTope ¥ TOKa npw 3apsage
TPOHOB C OAHOI NNAcTUHbI (rae ux
M36bITOK) Ha Apyryto (rge WX HeaocTaTok) M MPOAO/KAaeTcs [0 Tex Mop,
MoKa MoTeHUMasbl 06KNafoK He CTaHYT OAMHAKOBbIMU, T. €. HamnpskeHue
Ha KOHAEHCaTope He YMEHbLUMTCA [0 Hyns. VI3MeHeHMe HanpskeHus B
rnpouecce paspsja KoHAeHcaTopa M300paxeHo Ha puc. 6. Tok pa3spspga
KOHAEeHcaTopa NponopLMoHaneH HanpsXXeHWo Ha KoHaeHcatope (iv=udR),
W ero U3MeHeHWe BO BPEMEHM MOAOOHO WM3MEHEHWHO HampsHKeHWs.
B HauanbHbIi MOMEHT pa3psiga
Hanps>keHne Ha KOHAeHcaTope Ha-
neonblee (MC=E) un paspsgHblii
TOK MakcuMasibHbIin (/pmax—E, R),
Tak 4TO paspsj npovcxoguT Obl-
cTpo. Mo mMepe NOHWXEHWUs Hanps-
XEHWS paspafHbIA TOK YMeHbLUa-
eTca 1 Mpouecc nmepeHoca 3apsifoB
C 0fHOI 06KNaaKN Ha Jpyryto 3a-
meanseTcs.
MpogomkuTensHOCTL Mpovecca
paspsja KoHAeHcaTopa 3aBUCuT oT
CONPOTUBMIEHMS LEMM U eMKOCTM
PHC. 6. Mpadnk u3MeHeHus Hanpsxenns wa ~ KOHAEHCATOPa, NpMyeM BO3pacTa-
KOHJeHcaTope npu paspsge HWE KaK COMpoTUBMEHUA, TaK W
eMKOCTW YBeNMuMBaeT NPOAOMIKU-
TeNbHOCTb paspsiga. C MOBbILEHWEM CONPOTWMBIEHWUS Pa3psgHbliA  TOK
yMeHbLUIaeTCs, 3aMenss Npouecc nepeHoca 3aps4oB € OAHOW 06KaAKu Ha
JPYryto; C BO3pacTaHMeM EMKOCTM KOHAeHcaTopa YBENMYMBAaeTCA 3apsif
Ha 06Knagkax.
Takum 06pa3oM, B LMW, COAepalleli KOHAEHCaTop, TOK MPOXOAuT
TO/IbKO B MpOLecce ero 3apafa u paspsaga, T. e. KOrja HanpsbkeHue Ha 06-
Knagkax npeTteprneBaeT M3MeHeHMe BO BpeMeHW. IMpH MOCTOSHCTBE Hanps-

13



)KEHMS TOK Yepe3 KOH/ZEHCaTop He MPOXOAWUT, T. e. KOHAEHCATop He npomny-
CKaeT MOCTOSIHHbIV TOK, TaK Kak MeX/y ero o6knaaKamMmm nomeLLeH UaneKT-
PUK U B pe3y/nbTaTe 3TOro Lienb PasoMKHYyTa.

Mpy 3apsfie KOHAEHCATOP HaKamMBaeT 3MeKTPUYECKYHO 3HEpruto, mo-
Tpe6Nss ee OT IHEProMCTOUYHUKA. HaKOMIeHHas SHeprus coxpaHsieTcs on-
pefeneHHoe Bpems. Mpy paspsge KoHAeHcaTopa 3Ta SHEeprus nepexoauT
K paspsgHOMYy pe3ucTopy, HarpeBasi €ro, T. €. 3HEeprus 3MeKTPUYECKOoro
nons npespallaeTcs B TEM/OBYH. Yem 60/blle eMKOCTb KOHAEHcaTopa W
HaMpsHKeHNe Mexay ero obknaakamu, Tem 6GOfblle SHeprus, 3anaceHHas
Ha HeM. DHeprus 3MeKTPUYECKOro MoNs KOHAeHcaTopa OnpeaenseTcs cre-
AYOLYM BbIPXKEHWEM:

W=CuU=*I2.

Ecnn  KoHfeHcaTop emKocTblo 100 MK® 3apsiXkeH [0 Hanps>KeHus
200 B, 10 3Heprusa, 3anaceHHas B 3/1EKTPUYECKOM TMO/e KOHAEHcaTopa,
A=100-10-*-200*/2=2 Ox.

§ 7. YCcTpoOIicTBO KOHAEHCaTopoB

B 3aBMCMMOCTW OT TUMa AW3NEKTPUKa, pasfenstowero 06Knafku, KoH-
[eHcaTopbl OblBalOT OYMaXKHble, CMIOAAHbIE, KepaMuuyecKue, 3MeKTPONUTU-
Yeckme 1 BO3AYLUHbIE.

B 6yMaxKHbIX KOHAeHcaTopax 00Knagkamu SIBAAKOTCS MOAOCHl a/llOMU-
HWEBOW WM CBMHLOBON (hONMbIK, a AU3NEKTPUKOM CAYXUT creunanbHas
(KoHgeHcaTopHasA) TOHKas 6ymara, nponuTaHHas napaguMHOM WKW MUHeE-
panbHbIM Macnom. lonockl onbru BMECTe € pasgensiowein nx 6ymaroii
CBOpAUMBAtOT B PY/IOH ¥ NOC/E MPOMUTKW YCTaHaBMMBAIOT B METa//INYECKUiA
repMeTM3NPOBaHHbI  Kopnyc.

B cniogsHbIX KOHAeHcaTopax MeXAy nofiocamu MeTaifIMyecKoin ¢honb-
r, SBASIOWMMAUCSA 06KMagKamu, MOMELLAOT TOHKUE NAacTUHbI catogbl. IMo-
nocbl oNbrM COBAUHAKOT Yepe3 0fHYy, 06pasys HECKO/IbKO MIOCKMX KOH-
[EeHcaTopoB, U B COOpaHHOM BM[e 3amnpeccoBbIBAKOT B MaacTMaccy, yTo fJe-
NnaeT KOHAEHCATOp He MOABEPXXEHHbIM BAIMSAHMIO OKPYXXatoLleli cpeabl.

B kepamMuyeckux KOHAEHcaTopax [AM3NEKTPUKOM CAY>XUT Kepamuka,
Ha KOTOPYK HaHOCAT MeTa/IMYeckue 06KNafKu.

B aneKTponMTUYECKMX KOHAeHcaTopax Mexay 06KnagKaMu 13 aiomMu-
HMeBOW (PONLIM MOMELLAIOT (hMLTPOBaNbHYHO Bymary uamM marteputo, npo-
NUTaHHYIO 3neKTponuToM. O6KNafKn BMECTE C WM30MMPYHOWMMUN NPOKNaj-
KaMy CBOPaYMBalOT B MMOTHbIA PY/OH M NOMELLAIOT B aNtOMUHUEBBIA KOp-
nyc, KOTOpbIiA nocne cOOPKN KOHAEHCATOPa 3a/1MBAlOT CMOJON U 3aKpbIBatOT
M30M154MOHHOI KPbIWKOW. B npouecce M3roTOBMEHUS KOHAeHcaTopa Yepes
Hero MponyckarT MOCTOSHHbLIA TOK, NOAKNHYas 00KNagKM K MCTOUYHMKY
3Heprun. B pesynbTaTe 3MeKTPonM3a nonoca (onbru, CoefMHEHHasa C Mo-
NOXMWTE/bHBIM MOMOCOM UCTOYHMKA, OKUCASETCS WM MOKPLIBAETCA TOHKWM
CNOEM OKMCU atOMUHWSA, CYXalleid AnaneKTpuKom. MonoxutensHbIM Mo-
NOCOM  KOHJEeHcaTopa SABNSAETCA BbIBOL OT (hO/bIM, MOKPbIThIA MAEHKOW
OKMCW aNIlOMUHWSA. 3TOT BbIBOL AENaloT Yepe3 BEepXHIOH W30MALMOHHYIO
KPbILWKY 1 0603HaYat0T 3HAKOM «Moc». OTpULATENbHBIM MOMOCOM «MUHY»
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CNYXWUT KOPMYyC, COeAMHEHHbIA BHYTPU C (ONbroiA, He MOKPbLITON C/I0eM
OKUCK a/IIOMUHUS.

Mpy MCNOMb30BaHWUM 3MIEKTPONUTUYECKUX KOHAEHCATOPOB B CXeMax

BK/IIOUEHWE WX AO/MKHO 6bITb BbINOJHEHO CO CTPOrMM COGMOLEHMEM MO-
NAPHOCTW. ECnn 3neKTPOIMTUYECKNI KOHAEHCATOP OKaXKEeTCS BK/IOUEHHBIM
HEMpaBU/IbHO 1M Ha Kopryce ero OyfeT MOMOXKUTENbHbIA MOTeHUMan, To
BHOBb HAYHETCH 3M1EKTPONN3, BCNEACTBME KOTOPOro (posibra, coefmHeHHas
C Kopnycom, 6yfeT oKucnAaTbcs, a nep-
BOHayasbHas MneHKa OKWCU — paspy-
LWaTbCa, 4TO MpuBeAeT K MPoBOD KOH-
JleHcaTopa U KOPOTKOMY 3aMbIKaHUIO Lie-
nu. Takum 00pa3om, 31eKTpoNUTUYe-
CKMA KOHAEHCATOP He MOXET ObITb uC-
Mofib30BaH B LEMW MepeMeHHOro TOKa.
O6nacTb €ro MpUMeHEeHNs orpaHuyeHa
Lensamu, rae npoXoAuT HeUsMeHHbIA no
HanpaBneHW0 TOK — MNOCTOSHHBIA  1Mn
NyNbCUPYIOLWUIA ¢ HEGONLLIMM OTK/IOHE-
HMEM OT MOCTOSIHHOW cocTaBnstoLLel (Ao
10—15%).

[IOCTOMHCTBOM  3/1EKTPOSIUTUYECKNX

KOH/ZeHCaTopoB ABAseTCs 60nbluas em-

KOCTb MpW MasnbIxX rabaputax, 4to 06b-

ACHAETCA Masioi TONLMHONW NAEHKU OKM-

CV aNlOMUHMA, CAYyXKalleld AWN3neKTpu-

KoM. OfHaKo eMKOCTb 3/IeEKTPO/IMTNYe-

CKOTrO KOHfeHcaTopa B CW/bHOI cTene-

HW 3aBMUCUT OT HarpsXeHWUs W Temnepa-

TYpbl: YMEHbLUAETCHA NPY NOBbILLEHNUN Ha-

NPSHKEHNS H MOHVKEHUW TeMnepaTypsbl.

MoBbILEHVE HaNPSXKEHUA NPUBOAMT K

YBENUYEHNIO TOJMLWMHBI CI0SA OKUCK, a

MOHWXXEHWE TeMNepaTypbl - K yBenm4ye-  PHC. 7. KOHZOEHCATOPb! MEpeveHHO
W conpoTtueneHns anek-  (a) v nomyrepeveHHoH (O emkocTn

TponHTa. Mpn oueHb HU3KUX Temrepa-  Wux ycroBHbe 0603HaueHs (B):

Typax 3/1eKTPOIUT 3aMeP3aeT U KQHZEH- 1- perop- Wp, 3- raitka

caTop MOXeT BbIMTU M3 CTpos. B npo-

Liecce paboTbl KOHAEHCATOPA 3/IEKTPOIUT CO BPEMEHEM BbIChIXaeT U EMKOCTb

KOH/leHcaTopa TakXe YMeHbLUaeTcs.

B pagumoTexHuke 4acTo TpebyeTcs W3MEHWTb eMKOCTb KOHJeHcaTopa,
ONf Yero MpUMEHSIOT BO3AYLUHbIE KOHAEHCATOPbl MepeMeHHON eMKOCTU
(pHc. 7, a). ObKnagkaMn Takoro KoHAeHcaTopa C/yXaT ABe CUCTEMbI asito-
MWHWEBBIX NMIACTUH, OfHA H3 KOTOPbIX HernofBMXKHaa (cTaTop), a gpyras —
noABMXHas (POTOP) U MOXET MOBOPaYMBATLCA BOKPYT OCW, 3aX0A48 B Mpo-
MEXYTKN MeXay HenoABWXHbIMW naacTuHamu. [Mpyu noBopoTe poTopa W3-
MeHSieTCA NNoWadb NAacTUH, NepekpbIBAOWMX APYT 4pYra, YTO Bbi3blBaer
M3MEHeHNe eMKOCTU.

KoHaeHcaTop nonynepeMeHHOn emMKoCTU (puc. 7, 6) TakKe MMEET He-
MOABWXHYHO (CTATOP) H MOABWXHYIO (POTOpP) CUCTEMbI MnacTUH. OCHoBaHMWe
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NNacTUH W3rOTOB/IEHO W3 KepamWKW, a Ha HUX HaHeceH CNOH cepebpa.
[MoBOPOTOM BMHTa MEpeMeLIalT POTOpP M TeM CaMbiM W3MEHSIOT eMKOCTb
KOHZeHcaTopa.

YcnoBHoe 0603HaYeHVe KOHAeHcaTopa MpUBEAEHO Ha puc. 7, B.

Mocne 3apsga KOHAeHcaTOp OnpefefieHHOe BPEMSI COXPaHSeT 3anaceH-
HYIO 3HEPTMIO H HampsHKEHME Ha HEM OCTaeTCs MOYTW HeM3MeHHbIM. OAHaKo
npy AMTENbHOM XPaHEHWW KOHAEHCATOP OKaXeTCs MOHOCTHIO pa3psKeH-
HbIM. 3TO ABMEHME Ha3blBaeTCA caMopa3psiAoM KoHaeHcaTtopa. OHO 06bsAC-
HAETCS TeM, UTO 06O AMSNEKTPUK — He MaeasbHblil M3014TOP W coaep-
XXUT HebOMbLLOE KONMYECTBO CBOOOAHBIX 3/1EKTPOHOB. IMo3ToMy noa AencT-
BMEM Pa3HOCTU MOTEHUMaNOB 3apsifbl NepeHoCATCA C OfHOW 0OKMafKu Ha
APYTY0 Mpy  PasOMKHYTbIX 3aKUMax KOHAeHcaTopa, T. €. MosBAseTcs
TOK 4epe3 AM3NEKTPUK, HasblBaeMblii TOKOM YTeuKu. TOK yTeyku
00bIYHO OYEHb Ma/l M 3aBUCUT OT HaNPSHXKEHUSA, TemMnepaTypbl U BNaXXHOCTY,
C YBEe/IMYEHMEM KOTOpbIX OH BO3pacTaer.

Ecnnm HanpsbkeHve Ha o06Knafkax KOHAeHcaTopa HenpepbiBHO MOBbI-
Wwatb, TO TOK yTeuyku GyneT Bo3pactaTb, W MpW OMpeaefieHHON BenmuuHe
HaMpPsOXKEHUA AN3NEKTPUK PaspyLUmMTCs, T. €. MPOM30AAET NPo6OiA KOHAEH-
catopa. HanpsbkeHue, mpyv KOTOPOM MPOMCXOAMT MPO6O/ KOHAeHcaTopa,
HasblBaeTcad HanpaXeHumem npob6oa Uy n onpegenser anek-
TPWYECKYKD MNPOYHOCTb KOHAEHcaTopa.

Ha KaXgoM KOHLeHcaTope YKasblBaeTcs ero paboyee M UCMbITaTeNlbHOE
HanpsyxeHus. PaboyrM Ha3blBaeTCA Takoe Haubosbluee HanpshkeHue, npu
KOTOPOM KOHAEHCAaTOp MOXeT paboTaTb AAUTENIbHOE BpeMs, He noasep-
rascb onacHocTu npo6os. VcnbiTaTeslbHOE HanpskeHue B 2—3 pasa 60/b-
e paboyero W npeacTaBnseT cob0ii Hambonbluee HanpsKeHWe, KOTopoe
BblAEPXKMNBAET KOHAEHCATOP B TeYEHWE 1 MWMH MpPU UCTbITaHUN.

D1 § 8. CoeMHEHME KOHAEHCATOPOB

CoefiuHeHWe OTAeNbHbIX KOHAEHCATOPOB MeXay CO00i MOXeT ObITb Na-

pannenbHbIM (puc. 8, a) u nocnegosatensHbiM (puc..8, 6).
Mpu napannenbHOM COELUHEHNN HECKOMbKUX KOHAEHCATOpOB
eMKOCTb X paBHa CyMMe eMKOCTel OTAeNbHbIX KOHAEHCATOPOB, BXOAALLMX
B COCTaB COEAMHEHWs, TaK KaK napanfenbHoe co-

C— efiIMHeHVe KOHAEHCaTOPOB NOJOGHO YBENMYEHMIO MO-
Cl-—cy=.c3  BepXHocTH 06KnafokK.. Hanpumep, ecnm KoHpaeHca-
TOpbl ¢ emkocTaAMu Cu C2 u C3 BK/IKOYeHbI napas-

P NenbHO, TO eMKOCTb

CACi+Cj-fC*
Cl cr cs3

— — l— [—* Mp nocnepoBaTenNnbHOM BKIIO-
6 YEHUWN HECKOJIbKMX KOHLEHCATOPOB EMKOCTb WX

Puc. 8. Cxema coefimHe-
HUS  KOHJEHCaTOopOB:

a — napannenbHoro, 6 —
nocnefosaTesibHOro

OnpefiensieTcs Ha OCHOBaHUW CNELYHOLLEro Mosoxe-
HUSA: obpaTHas Be/MYMHA eMKOCTW MOC/efoBaTe b-
HO COE[MHEHHbIX KOHEHCATOPOB paBHa CyMMe 06-
PaTHbIX BE/IMUYMH €MKOCTEli KOHAEHCATOpOB, BXOAS-
WMX B COCTaB COEAMHeHWs. Hanpumep, ecnu Tpu

KOHAeHcaTopa ¢ eMKoCTAMU cooTBeTCcTBEHHO C,, C, 1 C3 BK/OYEHbI nocre-
[loBaTenbHO, TO eMKOCTb C Takoro marasvHa KOHEeHCaTopoB OrnpeaennTcs
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M3 cneayrowero CoOOTHOLIEHUA:
1/C=1/Cx-M/C.U-1/C,.

Taknm 06pa3oM, Npy MOCNefOBaTe/IlbHOM COEAMHEHUN KOHZAEHCATOPOB
YMeHbLIAETCA 06Liast eMKOCTb CUCTEMbI, KOTOpas 6yAeT MeHblUe eMKOCTU
No6oro M3 nocnefoBaTeNlbHO BKIOYEHHBIX KOHAEHCATOPOB, TakK Kak Mo-
CnefoBaTeNlbHOE BK/IKOUYEHME MOJOGHO YBEMMYEHWIO TONMLMHBI U3NEKTPUKA
T. €. PaccTOSIHUIO Mexay O6KnagkaMu KOHAeHcaTopa.

KOHTpOANbHbIEe BOMPOCHI

YTO HasblBaeTCA 3/1EKTPUYECKUM nonem?

YTO HasblBaeTCA HaMpsXKeHHOCTbIO 3/1eKTPUYECKOro nosna?

OT KaknX BENNYMH 3aBUCUT CWUa B3aWMOAEWCTBNA 31eKTPUUECKUX 3apsafoB?

YTo npenctaBnseT coboii 3NeKTpUYECKuid moTeHuman?

. B uem oTnnume npoBOAHWKOB OT LU3/IEKTPUKOB?

. OT Kakux Be/IMYMH 3aBUCUT EMKOCTb MOCKOro KoHAeHcaTtopa?

Kakum 06pa3som M3MeHseTcs Hanps)xeHue Ha OOKnafkax KOHAeHcaTopa npu ero

3apsge v paspsge?

NOU AWM



MFnasa |l
MOCTOSIHHbBIN TOK WU LIEMM NOCTOAHHOIO TOKA

§ 9. JnekTpuueckasi Lenb MOCTOSHHOIO TOKa

MpocTelilwas anekTpuyeckas Uenb (puc. 9) COAePXKNUT UCTOUHWK 3NeKT-
puyeckoin aHeprum I, npuemMHUK 3Heprum I 1 ABa NMHERHbIX NPOBOJA
Ji wn J1n CcoeauHAILWMX WUCTOUYHUK C
npuemMHUKOM. JIMHeliHble npoBofa nog-
K/HOYATCS K MCTOYHUKY 3MEKTPUYECKON
3HEPrMM npy MOMOLLM ABYX 3aKUMOB, Ha-
3blBaeMbIX MNONOXWUTE/bHLIM (+) U OTpU-
uatesibHbiM (—) nontocamu.
VCTOYHUK 3NeKTPUYECKO 3Heprum npe-
06pasyeT MexXaHWYEeCKYH), XMMUYECKYID U
Ml TEnnoBY WAN APYroro BWAA 3HEpPruo B
Puc. 5. M y _ 3/IeKTPUYECKYI0 3Hepruio. B npuemHuke
R pocTenlas 3neKkTpuye
cKast Lienb 3NeKTpUYeCKas 3Heprus npeobpasyercs B
3HEPruI0 ApYroro Buga — MEXaHUYecKyHo,
TEMM0BYI0, XUMMWYECKYHD, CBETOBYHD MW [p.
NcTouHMKaMK aNeKTPUYECKO 3HEPrMM CNyXaT reHeparopbl (31eKTpu-
yeckne MallWHbl, NPUBOAUMbIE B [ABUKEHWE KaKMMU-NM6G0 MeXaHUYeCcK1MMU
LBUraTeNsMu), akkyMynsTopbl W rafbBaHNUYECKUE 3M1eMeHTbI, YC/0BHOE

a) f) B

Puc. 1(7. YcnosHoe 0603HayeHue:

a — reHepaTop* MOCTOAHHOrO Toka, 6 — akKyMynsTOPOB W ranbBaHW4eckux 3NeMeHToB, B — GaTa-
peu akKKyMynsTopoB W ranbaOHHYECKUX 3NeMeHTOB

0603HaYeHMe KOTOpbIX MOKasaHo Ha puc. 10. B KauecTBe MPUEMHUKOB
3M1EKTPUYECKOI 3HEPTi M NPUMEHSIIOT OCBETUTE/IbHbIE NaMIbl, 371IEKTPUYECKIE
[BUraTenu, aneKTpoHarpeBaTe/bHble Mpu6opbl 1 Np.

Kak ranbBaHMYecKue 3NeMeHTbl, TaK M aKKyMY/NSTOPbl COEANHAIOT MEX-
[y CO60i AN COCTaBNeHWst B MEPBOM Cflyyae 6GaTapeu ranbBaHUYecKmx
3/1IEMEHTOB, @ BO BTOPOM — 6aTapen akKyMynsaTopoB. VCTOUYHMK 3MeKTpU-
YECKOW SHEpPrM C NPUCOEAVHEHHBIMW K HeMy NHeliHbIMK MpPOBOAAMU |
MPYEMHNKOM 3HEPrM 06pasytoT 3aMKHYTYHO 3/1eKTPUUECKYHO LieMnb, MO KO-
TOPOIA NPOMCXOANT HenpepbIBHOE ABVXEHWE 3aPs0B, Ha3biBaeMOe 3 e K T -
PUUYECKUM TOKOM.
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MOCTOSHHBIA TOK B METa//IMYECKUX MPOBOAHMKAX MpeAcTaBseT
CO6OI1 YCTaHOBWBLUEECS MOCTYNaTeNlbHOE [ABWXKEHWME CBOGOAHBIX 3MEKTPO-
HOB B 3aMKHYTOW Lenu. Ha cxemax YCNOBHO MPUHSATO 0603HaYaTb Moso-
KUTeNbHbIE HanpaBNeHWs TOKa W HamnpshKeHWs CTpenkamu OT Moca K
MUHYCY.

ToK B ABYX NPOBOAHMKAX, HAXOAAWMXCA OAMH OT APYroro Ha ornpe-
[ENEHHOM PacCTOSHWM, BbI3bIBAET MEXaHUYECKUE CUMbI, AEWCTBYIOLIME Ha
3TV NPOBOAHUKN. EAMHMLEN U3MepeHUs ToKa sBnseTcs amnep (A). B mex-
[yHapofHoui cucteme eanHul, (C) amnep — HEU3MEHSIIOLLHIACS TOK, KO-
TOpbIA, NPoOXoAs Mo ABYM MapannefibHbiM MPSAMONMHEHBIM NPOBOAHMKAM
GECKOHEYHOM A/IMHBI U HAYTOXXHO Masioro KPYr/loro CeYeHus, pacrofioXeH-
HbIM Ha PacCTOSHWM 1 M OAWH OT [PYroro B BaKyyMme, Bbl3Ban Obl MeXAy
3TVMV NPOBOAHMKAaMK CUNY, paBHYHO 2 *HO- ’ HbtoTOHa (H) Ha KaXAblii MeTp
L/IHBI.

EavHuuen cunbl B MeXxayHapoaHol cucteme eavHULL SBNSETCS HbHOTOH
Kl *m

(H); H= —", rgoe kI —kKunorpaMMm Maccbl, M— MeTP, C — CEKyHJa.

ONeKTPMYUYECKMNIA TOK onpemensieT KOAMYECTBO 3NEKTPUYECTBa,
NPOXOAALLEro Yepes NnonepeyHoe ceveHne NPOBOAHVKA B eUHNULY BPEMEHW.
Ecnu B npoBofHKKe NpoTeKaeT TOK 1 A, TO Yepe3 NonepeyHoe CeveHne sToro
NnpoBoAHNKa B TeyeHWe 1 ¢ npoTekaeT 1 Kn anekTpuyecTsa.

JInHeliHble NnpoBofa M NPUEMHUK SHEPTUM COCTaBNAKOT BHELLHIOW LEMb,
B KOTOPOW TOK MPOXOAMT MOA Ae/CTBMEM Pa3HOCTM MOTEHLMANOB Ha 3aXU-
Max WCTOYHMKA 3HEPruM W HanpaBneH OT TOYKM 60fee BbICOKOr0 MOTEH-
Unana (MONOXUTENbHOrO 3aXuMMa) K Touke 60nee HM3KOro noTeHuuana
(oTpMUaTENbHOTO 3aXNMA).

§ 10. 2nekTpoaBMXKYyLLas cuna

B 3aMKHYTOI Leny 3NeKTpUYecKuii TOK NPoTeKaeT Mof AeACTBMEM 3nek-
TPOABWXKYLLEA CUMbl (34C) WCTOYHWMKA 3HEpPruu.

JNEKTPOLBMXKYLLAA CUNA BO3HUKAET B WUCTOYHWKE W MPU  OTCYTCTBUM
TOKa B Lenu, T. e. Korja Lenb pasomkKHyTa. [lpu XonoctoM xofe, T. €.
npy OTCYTCTBMW TOKA B LMW 3AC paBHA PasHOCTW MOTeHUManoB Ha 3a-
XMUMaX WCTOYHMKA 3Heprum. Tak >Ke Kak W pasHOCTb MOTeHLManoB, 3AC
nsmepseTcd B BosbTax (B).

Kak npu 3amMKHYTOR, TaK W NpU pasoMKHYTOW 3NeKTPUYECKOW Lenu
3[iC HEenpepbIBHO MOALEPXKMBAET PA3HOCTb MOTEHUMAN0B Ha 3aXWMax Wc-
TOYHMKA 3Heprun. [ns HenpepbiBHOTO MPOXOXAEHMA TOKa B 3aMKHYTOM
Leny HeobXoAUMO [BWXKeHWe 3apAL0B BHYTPU UCTOYHMKA TOKA B Harpas-
NeHun, obpaTHOM [JelicTBMIO NonsA. Takoe MepeMelLeHne 3apsj0B NponcXo-
OUT MOA [eACTBUEM CTOPOHHUX CWA.

B Hanmumnu 3¢ MOXHO y6eauTbes, ecnv NpUcoeiuHUTL K NOMocaM Uc-
TOYHMKA 3Heprum (BMECTO J/IMHEHbIX MPOBOAOB) MPMOOP, HasbiBaeMbll
BO/IbTMeTPOM. CTpenika BONbTMETPa MPW 3TOM OTK/IOHUTCA Ha HEKOTOPbIi
yron. OTKNOHeHWe 6yaeT Tem 60Mblle, Yem 6OJbLUe 34C UCTOYHMKA 3Hep-
rmu. OfHaKo BONIbTMETP MOKaXeT He BeNWYMHY 3A4C, &, Kak Mbl YBUAUM
Janblue, HanpsXXeHWe Ha 3aXUMaxX WCTOUYHMKA, KOTOPOE TaK >Xe, Kak U
3fc, n3mepsaetcsa B BosbTax (B), kunososbTax (KB), munnusonstax (MB).
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§11. 3nekTpu4yeckoe CcOMPOTUB/IEHUNE

HanpaBneHHOMY [BVKEHMWIO 3MIEKTPUYECKUX 3apsLoB B NHO60OM NPOBOA-
HVKe MPensATCTBYIOT €ro MOMIEKY/ibl U aTOMbl. [103TOMY KaK BHELLHAA Lenb,
TaK M CaM UCTOYHMK SHEPTMN OKa3bIBAKOT MPENATCTBME MPOXOXIEHMIO TOKA.
BennunHa, xapakTepusytoLwas rnpoTMBOLENCTBUE 3NEKTPUYECKO Lienu npo-

XOXOEHWIO 3MEeKTPUYECKOro TOKa, HasblBaeT-
CA 3NeKTPUYECKUM COMNPOTHB-
0 b----1 0 neHueH (UK, KOpoye, CONPOTUBNEHUEM).
a) WVICTOYHMK 3/11EKTPUYECKOW 3HEepruu, BKHO-
UeHHbIA B 3aMKHYTYIO 3NeKTPUYECKYHO Lienb,
p I 0  pacxodyeT 3HEpPruio Ha MpeofosieHne Comnpo-
c L TMBNEHUS BHELUHEA W BHYTPEHHER Leneid.
DNeKTPUYECKOe COMpoTUBEHNe 0603HaYa-
eTcs 6ykBoii R(r) n Ha cxemax M306paxaeT-
€A Tak, KaK rnokasaHo Ha puc. 11,a. Ycrpoii-

MY < 0  CTBa, BK/HOYaEMbIE B 3/IEKTPUYECKYHO LieMb U
> obnagarolime CONpPOTUBMEHMEM, Ha3blBalOTCA
6) pesumcrtopammu.
Puc. 11 YcnosHoe 0603Ha- EQVHMUEA  M3MepeHMs  COMPOTUBEHMA
yeHue: angetcd OM. OMOM Ha3blBAaeTCA afek-

a—e3CcToma ((II'[D'I'VBI'H-I/FI), TPUYECKOE COMPOTUBEHNE TaKOro NMHEAHOTO
6 - peocTa™”ry-tupycmoe co- MposogHuka? B KOTOPOM TMpu HeN3MBHAIO-

Leiics pasHOCTM noTeHumanos B 1 B npoxo-
mr Tok B LA T.e. 1 0Om=|-£.

Mpn n3mepeHUM GONLLUMX CONPOTMBAEHUI NCMONL3YHOT eAUHULbI B Thi-
CAYY M B MUANOH pa3 6onblie oMa. OHW Ha3bIBAIOTCA KUNOOMOM (KOM) ©
meromoMm (MOMm); 1 kOm = 1000 Om; 1 MOwm= 1000 QC00 Om.

ConpoTus/ieHne MPOBOAHUKOB 3/IEKTPUYECKOMY TOKY 3aBUCUT OT Ma-
Tepuana, U3 KOTOPOro OHW W3rOTOBJ/IEHbI, & TaKXe OT A/IMHbI U M/owaan
MornepeyHoOro CeyeHus MPOBOLHUKA.

t"  [OnA OUEHKU 3NEKTPUYECKMX CBOMCTB MaTepuana NpPOBOAHMKA CMYXUT
yLenbHOe CONPOTUBNEHWE —3TO COMPOTUB/IEHNE MNPOBOA-
HMKa A/IMHOA B 1 M 1 NAOLIAAbIO MOMEPeYHOro ceveHns B 1 Mv*. Y aenbHoe
COMpoTUBNEHNEe 0603HavaeTcs OyKBOW p.

Ecnm npoBOAHMK, W3rOTOBMIEHHLIA M3 MaTepuana € YAenbHbIM COMpo-
TUBNEHWEM P, UMEET AJIMHY / METPOB W MoWwalb MOMepevyHoro ceveHus s
KBAapaTHbIX MW1IMMETPOB, TO COMPOTMB/IEHWE BCEro MPOBOAHMKA

R=p Us.

STa (hopMyna yKasblBaeT Ha TO, YTO COMPOTUBNEHUE NMPOBOAHMUKA NPSIMO
MPONOPLMOHANIBHO  YAENbHOMY COMPOTVB/IEHMIO MaTepuana, U3 KOTOporo
OH U3rOTOB/IEH, @ TaKXe ero AsnHe 1 06paTHO MPOMOPLMOHALHO N/IOLLAAN
MOMepeyYHoOro CeueHms.

ConpoTyvB/eHKe NPOBOAHNKOB 3aBMUCUT OT TeMMepaTypbl, MpUYem conpo-
TVBNEHWE METaN/IMYeCKUX MPOBOAHUKOB C MOBbILLEHWEM TemMnepaTypbl yBe-
nmumBaeTcs. [N KOKAOro MeTanna CyLecTBYeT OMpefeneHHbI, Tak Ha-
3blBaEMbIii  TemMnepaTypHblil  KOIMULUMEHT CONPOTUBNEHMS
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BblpaxxaeT MPUPOCT COMPOTUBNEHNA MPOBOAHUKA NPU WU3MEHEeHUW Temnepa-
Typbl Ha 1°C, OTHECEHHbIA K 1 OM Ha4ya/ibHOro CONPOTUB/IEHMS.
COoOTHOLLEHVE MeXay conpoTuBieHnamn Rt n Rit:

12,212, [I+a(7Y -7T\)1,

roe Ri— conpoTuBneHne npoBogHuka npu Temnepatype I,; Rt— co-
MPOTMB/IEHVE TOrO Xe NPOBOAHMKa Npwu Temnepatype I,.

Cnepyer MMeTb B BMAY, UYTO 3TO COOTHOLLEHWE CrpaBefivMBO MNPU He
oueHb BbICOKUX TemrepaTypax, a Ana OonpeAeneHUs COMPOTUBAEHWUIA npu
Temnepatypax Bbiwe 100—150°C OHO He MOXeT 6biTb WMCMOMb30BaHO.

Perynupyemble pesncTopbl Ha3blBatOTCA peocTaTamu. PeocTarsl
M3roTOBAAKOT U3 NPOBOMIOKN C GONbLUMM YAeNbHbIM CONPOTUB/IEHWEM, Ha-
npumep ©3 Huxpoma. COMpOTMB/IEHWE PEOCTATOB MOXET W3MEHATLCA paB-
HOMEpPHO WM cTyneHamu. Ha cxemax peocTaTbl YCNI0BHO 0603HaYal0T Tak,
KakK MoKasaHO Ha pwuc. 11, 6.

Cnoco6HOCTb MPOBOAHMKA NPOMYCKaTb 3MEKTPUYECKWIA TOK XapakTe-
pu3yeTcs NPOBOAMMOCTbLIO, KOTOpasi MpeacTaBnsieT Co60i BEAUUMHY, 06-
paTHYIO COMPOTUBAEHUNIO, U 0B03HaYaeTcs OYKBOW g. EAUHMLER n3mMepeHuMs

MPoOBOAMMOCTN sBNsieTCcst -/ - = CM  (CUMEHC).

Takum 06pa3oM, COOTHOLLEHME MeXAy COMPOTMBAEHWEM W MPOBOAW-
MOCTbIO MpoBOAHMKA cregytowee: g=I1/R n R=1/g.

BennunHa, obpaTHas ygensHOMY COMPOTMB/IEHUIO MaTtepuana npoBoA-
HMKa, Ha3blBaeTCA YAeNbHOW MPOBOAMMOCTLIO U 0603Ha4vaeTcs GYKBOR Y.
Taknm 06pasom, Mexay YAenbHbIM CONPOTUBNEHWEM W YAeNbHON NpoBoAu-
MOCTbIO BELLeCTBa UMEET MECTO Crefytowas cBasb: y= 1/p.

§ 12. 3akoH Oma

COOTHOLLEHVE MeXAay 34C, COMPOTVBMIEHWEM W TOKOM B 3aMKHYTOI
Lenu BblpaXaeTcsa 3akoHOM OMma, KOTOpbIA MOXET ObiTb CHOPMY/IMPOBaH
TaK: TOK B 3aMKHYTOWN Lenu NpsMO NPOMOPLMOHaNeH 3NeKTPOABUKYLLE
cune 1 06paTHO NPONOPLMOHaNEH CONPOTMBEHWIO BCEI LieNM.

ToK B LENM BO3HUKAET Noj AeNCTBUEM 3/C; YeM 6O/bLUE 3AC MCTOYHMKA
3Hepruu, Tem 6onblue TOK B 3aMKHYTOW Lenu. COnpoTuB/eHWe Lenu npe-
NATCTBYET MPOXOXAEHWIO TOKa, CNefoBaTeNlbHO, YeM 6OMbLUe COMPOTUBIE-
HUe Lenu, TeM MeHbLUe TOK.

3akoH OMa MOXHO BbIpa3uTb CrefytoLlein hopMynoii;

/= _L
R+Ro
nm
E=I(R+R,,),
rge R — conpoTuBneHWe BHeELLHe yacTu uenu; RO— BHYTpeHHee comnpo-
TUBNEHWE WCTOYHMKA.

B aTux (hopmynax TOK BblpaXeH B ammnepax, 34C — B BONbTax, COMpPO-
TVBNEHNE B OMaXx.



[Nna BbIpaXeHWs MablX TOKOB BMECTO amMmepa MPUMEHSIOT eAuHULY,
B TbiCAYY pa3 MeHblUyld amnepa, HasblBaeMyr Muaamamnepom (MA);
1 A=1000 mA.

ConpoTuBAeHNe BCeil LEenu

1?7+£.=£]].

3akoH Oma cnpaBefnvB He TONbKO ANS BCEA Lenu, HO M Ana noboro
ero ydacTka.

Ecnn yyacToK LENH He COAEPXXUT UCTOUHMKA 3HEPTUN, TO MONOXKUTENb-
Hble 3apafbl Ha 3TOM Y4acTKe NepeMeLLaloTcs U3 TOUeK 60fiee BbICOKOro
noTeHumana K Toukam 60/ee HWU3KOro noTeHumana. WCTOUHUK 3Hepruu
3aTpaynBaeT WM3BECTHYIO 3HEpPruto, MofjepXxusas PasHOCTb MOTEHLManoB

MeXJy HayasioM M KOHLOM 3TOro y4acTka. 3JT1a
pasHOCTb MOTEHLUMaNoB HasbIBaeTCA Hanpsaxe-
HVWEeM MeX[y HayalioM H KOHLOM paccmartpu-
BAaeMOro y4acTtka.

Takum 06pa3oM, NpumeHss 3akoH Oma Ans
yyacTKa uenu, nofyynm:

I=1//R.
Puc. 12. Cxema Bkmove- / 370H OMa MOXHO C(*)OpMXI‘IVIPOBaTb cne-

HHA aMI'IEpME'_I}pa n Balbl- . .
MeTpa OytowmMmM 0BpasoM: TOK Ha YyyacTKe 3NeKTpu-
UECKO LENM paBeH HanpsOKEHUIO Ha 3a>KuMax
9TOro y4yacTKa, [leNeHHOMY Ha €ero conpoTUBIeHWe.
Hanps>keHre Ha ydyacTke LEMnH paBHO MPOM3BEAEHUIO CW/bl TOKA Ha
COMPOTMB/IEHME 3TOr0 y4acTka, T. e. U=IR.
3 BbipaeHus 3akoHa OMa ANf 3aMKHYTOR Lenu nonyyum:

E=IR+IRt=U+IRQ

roe IR — nafeHve HanpsKeHWs B CONPOTUBAEHMU R, T. e. BO BHELUHEN
Lenu, nnn, MHaye, HarnpsHKeHUe Ha 3aXKMMax WCTOYHMKA 3Hepruun (reHe-
patopa) U, IR 6— nageHne HanpsXeHUs B CONPOTUBEHUN R, T. e. BHYTpK
MCTOYHMKA 3Hepruu (reHepaTopa).

[na namepeHus Toka B LEenU MCMofb3yeTcs Npubop, HasbiBaeMblid am-
nepMeTpom (MunaMamnepmeTpom). HanpshkeHue, Kak YKa3blBaioCb BbILLE,
n3MepseTca BOAbTMETPOM. [N BK/OYEHUS amnepMeTpa Lerb TOKa pas-
pbIBAETCS M B MECTe pa3pbiBa KOHLIbI MPOBOAOB NPUCOEAUHAIOTCA K 3aXU-
Mam amnepmetpa (puc. 12). Takum 06pa3om, 4epe3 Mpubop NpPOXoanT
BECb M3MepSAeMblii TOK. BonbTMeTp MoKasblBaeT MafieHue HampsKeHus Ha
[aHHOM yuacTke. Ecnv BONbTMETP NOAKHOUNUTL K Hayany BHELUHel Lenm —
NONOXMTENIbHOMY MO/OCY WCTOYHWMKA 3HEPTMW W K KOHLY BHELUHeW Le-
MM — K OTpULaTe/IbHOMY MOJIOCY UCTOUYHMKA 3HEPrun, TO OH MOKaXeT na-
[eHVe HanpshKeHWs BO BCeli BHELUHel LemH, KOTopoe ByAeT B TO XKe Bpems
HanpshKeHVeM Ha 3aXMMax MCTOYHMKA 3SHepruwu.

Hanps)xeHne Ha 3aXumax WUCTOYHMKA 3Heprum (reHepartopa) paBHO
Pa3HOCTW MEeXAY 34C W NafeHWeM Hanps>KeHUs Ha BHYTPEHHEM COMPOTUB-
NEHUN 3TOr0 UCTOYHMKA, T. €.

U=E-IR%
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Ecnu ymeHblwaTth COMNPOTUB/EHME BHELLUHEA Lenu R, TO conpoTuBfeHne
Bcell uenu R+RO TakXe YMeHbLUUTCS, a TOK B Lenu yBenuumutcs. C yse-
NMYeHMeM TOKa MafileHWe HanpsikeHWs BHYTPWM UCTOYHUMKa aHeprun (IRB
BO3pacTaeT, TaK KaK BHYTpPEHHee COMPOTWMB/IEHWEe R, WUCTOYHMKA SHepruv
ocTaetcsi Heu3MeHHbIM. CnefoBaTefibHO, C YMEHbLUeHWEeM COMPOTUB/IEHNSA
BHeLUHel Lieny Hanps>KeHue Ha 3aXKMMax UCTOYHMKA SHEPTUM TaKXKe YMeHb-
waetcs. [Mpn COeAMHEHUN 33KMMOB WCTOYHWMKA 3HEPTMM C NPOBOAHUKOM,
COMPOTMBEHNE KOTOPOro MPaKTUYecKn paBHO Hynto, TOK B Uenn |=EIRO.
3JTO BbIpaXEHMe onpeaenseT HanboNbLNIA TOK, KOTOPbI MOXeT CbITb Nony-
YyeH B LENW [JaHHOr0 WMCTOYHMKA.

PeXxM, Npu KOTOPOM CONPOTMB/IEHWE BHELLUHEA Lenu MpaKTUYecku
paBHO Hy/tO, Ha3blBAETCA PEXKMMOM KOPOTKOTO 3aMblKaHWUA.

[na NCTOYHMKOB 3HEPrMn C MasibiM BHYTPEHHWM COMPOTUB/IEHNEM, Ha-
npuMep 418 3MeKTPUYECKMX TFeHepaTopoB (3M1eKTPOMALLMH) M KUC/IOTHbIX
aKKYMY/IATOPOB, KOPOTKOE 3aMblKaHWe BECbMa OMacHO — OHO MOXXET Bbl-
BECTM M3 CTPOA 3TU UCTOYHWUKU. KOPOTKOE 3aMblKaHWe MOXKET BOSHUKHYTD,
HanpumMep, M3-3a HapyLUeHUs M30M1AUMM NPOBOAOB, COEAMHAIOLWMNX MPUeM-
HUK C WCTOYHUKOM 3HEPruu. JINLIEHHbIE W30/IMPYIOLLErO MOKPOBa MeTas-
nnyeckme (06bIMHO MefHble) NMHENHbIE NPOBOAA NPW B3aMMHOM COMPUKOC-
HOBEHMW 00pa3ytoT BeCbMa Manoe COMpOTUB/IEHUE, KOTOPOE MO CPaBHEHWIO
C COMPOTMBAEHMEM MPUEMHMKA MOXET ObITb MPUHATO PaBHLIM HYIIHO.

[ns 3aWuTbl 31EKTPOTEXHUYECKON annapaTypbl OT TOKOB KOPOTKMX
3aMblKaHUW MPUMEHSIOT pasfinyHble NpefoXpaHUTebHbIE YCTPOICTBA.

§ 13. lNocnepoBaTenibHOE COeAMHEHME pPe3nCcTopPoB

JneKkTpuyecKasa Lenb MOXET CoAepXKaTb HECKONbKO NPUEMHUKOB 3Hep-
rMn, VMW X pas3inyHble COMPOTUBEHUS.

MpesnonoXmnm, 4YTO BHELIHAS Lenb reHepatopa (puc. 13) cocTouT w3

Tpex MPUEMHMKOB 3HEPrun c conpotueneHuamy Rit Rt, R». Takoe coe-
OVIHEHVE MPUEMHUKOB, MPU KOTOPOM KaXXAblli
13 HUX MOOYepesHO BK/OYEH B OfHY 3aMK-
HYTYIO 3/IEKTPUYECKYIO0 Lienb, Ha3blBaeTcA
necneaoBaTeNbHbIM. OueBwnHo,
YTO TOK MpW 3TOM BO BCEX MPUEMHUKaxX OAu-
HaKoB, a COMPOTWB/EHNE BHELUHeA Lenn pa-
BHO CyMMe COMPOTUBAEHUIA MPUEMHUKOB.

[na Hawero cnyyasa opmyna 3akKoHa
Oma UMeeT cnefytolmnii Bua; Puc. 13. TlocnegosaTenbHoe

. BK/TOYEHNE PE3NCTOPOB
I=EJ(RO+Ri+R,+RY).

Takum 06pasoM, NpU HaIMuuM Tpex MNOCNefoBaTe/lbHO COefUHEHHbIX
NPOBOAHUKOB SKBUBA/IEHTHOE conpoTuBneHne uen R=Ri+Ri+Ri+R3a
COMpOTMBNEHNE BHellHeid uenn R'—Ri+R,+Rf

Hanps>keHne Ha 3aKMMaxX WCTOYHMKA 3HEPTUM PABHO HAMpsKeHWIo,
NPUNOXKEHHOMY K BHelHeid uenu, T. e. U=E—IR»=1 (Ri+Ri+Rt),
roe JRt— nafieHne HanpsXeHWs Ha BHYTPEHHEM COMPOTUBIEHWM WCTOM-
HVKa 3Hepruu.
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Hanps)eHne Ha 3aXuMax MOCNefOBaTeNbHO COEAWHEHHbLIX MPUEMHM-
KOB 3HEpPrun paBHO NPOM3BEAEHUIO CW/bl TOKA Ha CONPOTMB/EHWE MPUEM-
Huka, T. e. Ui-IRn £/»=//?71 (/,=//?,; Ul+Ut+U,=U.

Takum 06pa3oM, CyMMa HanpsXXeHWid Ha MocnefoBaTeflbHO BK/OYEH-
HbIX MPUEMHMKAX paBHa HanpsHKEHWIO Ha 3aXMMax WCTOYHMKA 3HEPruu.

Tak Kak Ha BCeX YydyaCTKax Lenu, COCTOsALIeiA M3 nocnefoBaTenbHO
COeAVHEHHbIX MPUEMHWMKOB, TOK OAMHAKOB, TO HarpsXKeHWs Mponopumo-
Ha/lbHbl WX COMPOTUBNEHUAM WMAM 06PATHO MNPOMOPLUOHANbHLI MPOBOAN-
moctam, T. e. Uy Ut: {/,=/?1. 4 ,: 1 7,2:*%,3.

Mpn HeW3MeHHOM HanpsHKeHWW TOK 3aBUMCUT OT COMPOTUBAEHWS LLEMW.
Mo3ToMy M3MeHeHWe CONPOTUBEHNS OAHOTO U3 MOC/eA0BaTENbHO BK/HOYEH-
HbIX MPWEMHUKOB B/IeYeT 3a COO0MA M3MeHeHUe Kak O6LLEero conpoTuBIeHUs
BCE LUenu, Tak M TOKa B Hell. [py 3TOM U3MEHAIOTCA HanpshHKeHus Ha
BCEX MPUEMHUKaX.

MocnenoBatenbHOe BKNOYeHWE [06aBOYHbLIX COMPOTMBAEHWU (Mnu pe-
31ICTOPOB) MCMOMb3YeTCA Ha MpaKkTUKe A1 MNOHWKEHUS HanpsXeHus
(nyckoBble W PerynMpoBOYHbIe PeocTaThl), a Takxke AN pacluvpeHus npe-
[EeNn0B U3MEepPEHUs W3MepUTENbHLIX NPUGOPOB, HanpuMep BOLTMETPOB.

§ 14. MNepBblii 3aKOH Kupxroda

Ansa ueneid, coCTOAWMX U3 NOCNefoBaTeNbHO COeAMHEHHBIX WCTOYHMKA
N NPUEMHNKA 3HEPTUMW, COOTHOLLEHWME MeXAY TOKOM, 34C W CONPOTUB/IEHNEM
BCEM Lienu UM Mexxay TOKOM, HanpsiXeHWeM W COMPOTUBEHUEM Ha KaKOM-
B0 yuyacTKe Uenu onpegenseTca 3akoHoM Oma. OfHakKo Ha npakTuke B
LUensax TOKU OT KaKoi-iMb0 TOUKM MpenmyLe-
CTBEHHO MAYT MO pasHbIM MyTaAM W, CfefoBa-
TE/IbHO, €CTb TOYKW, TrAe CXoAATCA HECKOJ/IbKO
NPOBOAHMKOB. 3TV TOYKM HasblBalTCA Y3 /1 a-
M ¥ (Y3N0BbIMM TOYKaMM), a y4acTKu Lenu,
CoeUHSALLME ABa COCEJHUX y3/1a,— BETBAMMU
, uenun. B 3aMKHYTOW 31eKTPUYECKOW LENU HK
B O,CI,HOVI €e TOYKe He MOryT cKansimBaTbCA 3J1€K-
TPU4YeCKMe 3apAfbl, TaK KaK 3TO BbI3Ba/i0 Obl
M3MeHeHWe MOTEHLMaNnoB To4ek Uenu. MoaTomy
3NeKTPUYeCKMe 3apsibl, NpUTeKalLlimMe K Kako-
MY-nn60 y3ny B efMHULY BPEMeHW, paBHbl 3aps-
JaMm, yTekawuwum OT 3TOro ysfna 3a Ty Xe eu-
Puc. 14. Pa ioTBnesHas  HVILy BpemeHMW.
MMonoxum, uto B y3ne a (puc. 14) uenb pas-
BETB/IIETCA HAa YETbIpe BETBW, KOTOPble BHOBb
cxofqatca B y3ne 6. O603Ha4YMM TOKM B Hepas3BETB/IEHHOW YacTu Lenu
yepes /, a B BETBAX COOTBETCTBEHHO /,, /,, /[, n [«
Mexay sTMMU TOKamy B Takol Lenu OyfeT cnedytoLlee COOTHOLLEHUE:

[=]»+/[*+/1+]/«e
Ecnu B y3ne CXOAATCA HECKONbKO MPOBOJOB C Pa3/MyHbIM Hanpas/e-

Hvem Toka (puc. 15), TO
i+ /,=/,+1N .
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370 BbIpaXEHME NpeAcTaBAseT coboii nepBblii 3akoH Kupxroda, Koto-
pbilii hopMynunpyeTcs crefytowym 06pa3oM: CyMma TOKOB, NOAXOAALIMX K
y3ny (y3n0BOV TOYKE) 3MEKTPUYECKOM LENW, paBHa CyMMe TOKOB, yX0As-
WMX OT 3TOro y3na, WM anrebpamyeckas CyMMa TOKOB B Y3/0BOA TOUKe
3NEKTPUYECKON LIEMU paBHa HyMo, MpUYeM NpUTeKatoLue K y3ny TOKW npu-
HATO CYMTaTb MOMOXMWTENbHBIMK, a YTeKawolluMe OT Y3/la — OTpuLaTe/lb-
HbIMW.

§ 15. MapannesnbHOe U CMellaHHOE COefMHEeHue pPe3ncTOpoB

MapannenbHO COELWHEHHBIMWU Ha3bIBAOTCA 3MEMEHTHI
3MEKTPUYECKOWA Lienu, HaxXOAALWMECH MOL OfHWUM U TEM >K€ HarmpsHKeHWeM.
Mpn napannensHOM COeAMHEHUN Pe3UCTOPOB
(cM. puc. 14) TOK nNpoOXoauT MO YeTblpeM Ha-
npaBneHMAM, 4TO YMeHbLIMT obLlee CONpPOTUB-
NEHVe WM YBENNUMT 06LLYH0 MPOBOAVMMOCTb Lie- 2
MW, KOTOpas paBHa CyMMe MPOBOAMMOCTEN OT-
AeNbHbIX BETBEN. °
Takum 06pa3om, 0603Ha4MB MPOBOAUMOCTb «--- j— —
BceX BeTBeli OyKBOW @, a MPOBOAMMOCTb KaXK- 1 1
[0 BETBM QU g2 @, 1 gt, monyyumm cregytoLee
PaBeHCTBO:

pwvc. |5 y MOBaH Touka

[Jlokaxxem mMonyyeHHoe COOTHoOLeHMe. O60-
3HauMB CUNly TOKa B Hepas3BeTBNEeHHOW BeTBU OYKBOW /, cuny Toka B
OTAE/bHbIX BETBAX COOTBETCTBEHHO /,, /T, /31 /«, HANpsXXeHWe Mexay To-
ykamy @ M6 — U 1 obLyee CONPOTUBAEHME MEXAY 3TUMK Touykamy —R,
Ha OCHOBaHMM 3akoHa Oma Hanuvwem cnegytowye paseHctBa: | = U/R,
li=U/RiI\ It=U/Rt; I13=U/Ri\ I"U /R ,.

CornacHo nepBoMy 3aKoHY Kupxroa /=/i+/*+/» + /[« nin U/R—
AU/RiI+U/R,+U/R,+U/RI.

CokpaTvB 06e 4acTu MOMYYEHHOro BbIpaXeHus Ha U, OKOH4aTeNbHO
nonyunm: \/R=1/Ri+l/Rt+\/Rt+1/Ri, 4T0 K TpeboBanocb AOKa3aTb.

YCTaHOBNEHHOE COOTHOLLEHME CMpaBea/iMBO Ana Nboro yncna napan-
NeNbHO COefMHEHHbLIX Pe3MCTOPOB. B yacTHOM cnydae, eciv B 3fieKTpUYe-
CKOW Lenu cofepXutca ABa NapansenibHO COeAMHEHHbIX pe3suctopa Rt u
RT, TO MOXHO HanucaTb CrefytoLlee PaBeHCTBO:
I/IR=1Rt+1/Rt.

W3 aToro paBeHCTBa HailjeM COMpOTMBAEHME R, KOTOPbIM MOXHO 3a-
MEHWTb [Ba MapanfenbHO COEAMHEHHBIX pe3ncTopa:

P_ RiR*
n Rx+ R,'

MonyyeHHOe BbIpaXXEHWE WMEET 60MbLIOe NPaKTUYECKOE MPUMEHEHNE;

ero MOXHO ChOpMyNMpOBaTh Tak: COMPOTWMBAEHWE ABYX MapannensHo Cco-

€ANHEHHbIX TMPUEMHUKOB 3HEPTrUN paBHO NPOU3BEAEHUIO COI'IpOTVIB!'IE‘HVIVI
ITUX NMPUEMHWKOB, AENEHHOMY Ha CyMMYy TeX Xe COI'IpOTIABﬂEHI/Iﬁ.
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Ecnn napannenbHO COeAMHEHO Kakoe-nnbo YWCIo N OfMHAKOBbIX pe-
31McTOpoB R, TO 06LLee CONPOTMBEHNE Takol Lenu 6yaeT B N pa3 MeHblue
COMPOTUB/IEHNA OAHOMO pe3ucTopa, T. e. RoGm=R/n.

Bo3sspauiasck K puc. 14, HanuweM cnegyowiye cooTHoweHus: 1iRi=U]
liIRi—W [tRi=W ItRi—U.

Tak Kak mpaBble 4acTW 3TUX PaBEHCTB PaBHbl MEXAYy CO60M, TO neBble
Takxe pasHbl: /,/?,=1,/?,=1,1? ,=ItRt.

M3 3TuX paBeHCTB MOy4UM chegytolime cooTHoweHus: hUi=RJRI,
IJh=RJRt un 1. L

3TN COOTHOLLEHNA YKa3bIBAKOT Ha TO, UTO B Lenax C napaiie/ibHO BKIIO-
UeHHbIMW COMPOTUBAEHMAMMW TOKW pacnpeaenstoTcs obpaTHO Nponopumo-
Ha/lbHO 3TUM CONPOTMBAEHUAM. TakMM 06pa3om, 4Yem GOnblUe BeMYMHA

Puc. 16. CmeLlaHHoe coeau- Puc. 17. CoeaunHeHne UCTOYHU-
UCHWE pesncTopos KOB 3NeKTPUYECKON 3Heprum:
0 — cornacHoe, 6 — BCTpe4yHoe

BK/IKOUEHHOI0 MnapanfiesibHO COMPOTMBAEHWS, TEM MeHblUe TOK B 3TOM CO-
NPOTUBAEHNW, U HaobopoT. CONpoTUBAEHME SABNSETCA BENUYMHOM, 06paT-
HON MPOBOAMMOCTW, CNeAoBaTeNbHO, B Lensax ¢ napanienbHO CoeuHeHHbI-
MU pasucTopamm TOKW pacrpesenstoTcs nNpsMo NPonopuMoHasbHO MPOBO-
JOVMOCTW 3TWUX PE3UCTOPOB.

Ecnn HanpsbkeHve MeXgy Y3namu He W3MeHsieTcs, TO TOKU B pesu-
CTOpax, BK/KOYEHHbIX MEXAY 3TUMM Y3naMu, B OT/M4YuMe OT NnociefoBaTesb-
HOrO BK/IOYEHNS WX, HE3aBUCKMbI OAMH OT APYroro. BbikntouyeHMe OfHOro
NN HECKONbKWUX PesncTOpOoB M3 LN He OTpaxaeTcs Ha paboTe ocTasib-
HbIX, OCTaBLUMXCS BKIHOYEHHbLIMWU. [MO3TOMY OCBETUTENbHbIE NlaMMbl, 3M1eK-
TPOABMTaTENN U SPYrue NPUEMHUKN 3MEKTPUYECKOI SHEPTUM NMPEeNMYyLLECT-
BEHHO BKIKOYAlOT NapasnfenbHo.

Ecnn B aNneKTpUYECKOR Lenu pesncTopbl, COeAMHEHHble MapannenbHO
MeXay CO60l, BKNOUEHbI MOCNefOBATENbHO C APYTMMWU pe3ucTopamu, TO
Takoe COefyHeHMe WX Ha3blBaeTCA CMelWaHHbIM. [na onpegeneHus
3KBUBA/IEHTHOTO COMPOTUBMIEHWNS HECKO/IbKUX Pe3nUCTOPOB, COEAWHEHHbIX
CMeLUaHHO, CHavana HaxoAsdT COMpOTMB/IEHWE NapasfenbHo WX MNocneso-
BaTeNbHO COEAMHEHHBIX PE3UCTOPOB, a 3aTeM 3aMEHST UX OfHUM pe3u-
CTOPOM C COMPOTUB/IEHVEM, pPaBHbIM HaiigeHHOMY. Hanpumep, ons onpege-
NEeHNs COMpPOTUBNEHUA MeXay Toukamu a il B (puc. 16) cHauana HaxopsT
conpoTueneHne mexgy Toukamm 6 u B : R'=RtRI(Rt+Rt), a 3atem
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CKnagbiBaldT MOMYYEHHOE 3HA4YeHMe ConpoTusB/IeHNA C CONpPOTUBMIEHNEM
J1»:
R=Ri+R*RJ(Rt+RY).

§ 16. Btopoii 3akoH Kupxrodga

BTtopoii 3akoH Kupxrotha MOXeT ObITb CHOPMYAMPOBaH CreayHLLMM
06pa3oM: BO BCAKOM 3aMKHYTOM KOHTYpe 3MeKTPUYECKOW Lienun anrebpanye-
CKas CyMMa BCEX SC paBHa anredbpanyeckoil CymMMe nafeHus Hanpsi>keHus
B COMPOTMUB/IEHUAX TOr0 >Ke KOHTYpa, T. €.

Ei+£i+£*+ . o --\-En= LR+ 1tRt-\-1iRt-{-. . .+/,/?,,.

Mpy cocTaBneHWU ypaBHEHWIA BbIGMPAOT HampaBfieHWe 06xoda Lenun K
NPOV3BOJILHO 3aJat0TCA HanpasfieHUsMU TOKOB.

Ecnn B 3neKTpuYeckol Lenn BKJIHOYEHbI [Ba WUCTOYHWMKA 3HEPruu, 34c
KOTOpPbIX COBMagatoT MO HampaB/ieHMIO, T. €. cornacHo (puc. 17,a), To 3ac
BCell Lenn paBHa CyMMe 34C 3TUX WUCTOYHWKOB, T. e. E=Ei+Et.

Ecnn e B Lenb BKIKOYEHO ABa MCTOYHMKA, 5AC KOTOPbIX MMEKT Mpo-
TUBOMNONOXHbIE HanpaB/eHWs, T. €. BKIKYeHbl BCTpeyHo (puc. 17,6),
TO o6Was sAc uUenu paBHa PasHOCTU 3AC 3TUX WMCTOYHWMKOB E=E X—£*.

MpH nocnegoBaTe/lbHOM BKJIKOYEHWUN B 3J1eK-

TPUYECKYIO LieMb  HECKOSIbKMX — UCTOYHWKOB

3HEPIMU C Pas3IMYHbLIM HamnpasieHWeM  3[C
obuias 3AC paBHa anredbpanmyeckoit cymme 3Ac
BCEX WCTOYHMKOB. Cymmupys, 34C OQHOr0 Ha-
npasneHns 6GepyT CO 3HAKOM NJOC, a 34C Npo-
TMBOMOJIOXKHOIO  HanpaBfIeHUA — CO  3HAKOM
MUHYC.

O6bI4HO 3aMKHYTas Lenb SBAAETCH 4YacTbiO

CNOXHOI Lenu, KakK MoKasaHo, Hanpumep, Ha
puc. 18. 3aMKHyTas Lenb 0603Ha4YeHa OyKBaMW  Puc. 18. 3amkHyTas eK-
a, 6,Bur. WNs3a OTBETBMEHUA B TOYKax o, Tpuyeckaa Lenb
6, B u r tokm N, /,, I* a [« oTonva-
ACb MO BEAMYMHE, MOTYT UMETb W pasfnyHble HanpaeneHusa. [na Takoii
Lenn B COOTBETCTBMM CO BTOPbIM 3aKOHOM Kwupxroa MOXXHO Hanucartb:
Ei—Et—E3=h (Rn+Ri)—It(R»t~\~Rt)— rge Rot,
Ro.t Ro»— BHYTpeHHWe CONpPOTWMBNEHUS WCTOYHWKOB 3Hepruun; Ru Rit
R3, Rt— conpoTuBNeHUA NPUEMHUKOB 3HEPTruun.

Ecnn BHELWHAA Uenb UCTOUYHMKA SHEPTUW C BHYTPEHHUM COMPOTUB/IEHN-
em Rt coctouT, Hanpumep, U3 Tpex Moc/efoBaTe/IbHO COeAMHEHHbIX Pe3unc-
TOpPOB C COMPOTMB/IEHUAMW, COOTBETCTBEHHO paBHbIMM Rt, Rt, Rt, TO Ha
OCHOBaHUWM BTOPOro 3akoHa Kupxroda MOXHO HanucaTtb CreaytoLlee pa-
BEHCTBO:

E=I1(Rt+RI+Rt+R1).

[py HECKONbKUX WCTOYHUKAX TOKa B NEeBOI YacTu 3TOro paBeHCTBa
obl1a 6bl anre6paML|eCKaﬂ CymMMa 3A4C 3TUX WCTOYHUKOB.

MNpyn napannienbHOM BKAOYEHUM [ABYX WAN HECKOSIbKUX WCTOYHWUKOB
JHEPrnm TOKK, npoxogdwne s HUX, B 06LLI|EM Cny4vyae€ HeoAnHaKOBbI.
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Ecnv gBa napannenbHO COeAMHEHHLIX WCTOYHMKA 3Heprum (puc. 19),
NMEOLLUX 3[C n £, N BHYTPeHHWE COMpOTMBIEHNA Ri M R 2 3aMKHYTb
Ha Kakoe-M60 BHeLLUHee COMPOTMBAIEHWe R, TO TOKW BO BHelUHel Lerv /
M B UCTOYHMKAX 1XW /, MOXHO ONpefennTb H3 CHefyrWMX BbIPKEHWUN:

F=h tle k=g L="igtl | =£7RE.
OTclofa TOK BO BHELLHEl LenH

« RiR14- RRi~\-RR *

TOKW, MpoTeKatolyie Yepes MepBblii U BTOPOW UCTOYHMKW 3HEpPruu,

-/ * -
- SR owoy,- FRIR

§ 17. PacyeT CMOXXHbIX 3MEKTPUYECKUX Lenen

B CNOXHbIX 3MEKTPUYECKMX LENsaX MOXET COAepXKaTbCs HeCKOSbKO
3aMKHYTbIX KOHTYPOB C /1H06bIM pa3MELLEHNEM B HUX WUCTOYHWKOB 3Hepruu
1 notpebuteneid. MoaToMy Takue CNOXHbIE Lieny HeMb3s CBECTU K COueTa-
HUIO NocnefoBaTe/lbHbIX W NapanfiefbHblX COeAUHEHWIA.

Mcnonb3ys 3akoH Oma 1 ABa 3akoHa Kupxrodga, MOXHO HalTu pacnpe-
JeNeHne TOKOB W HampsXKEHUIA Ha BCEX ydacTKax b0l CNOXKHOR LerH.

OfHUM U3 METOLOB pacyeTa C/IOXKHbIX 31eK-

----- —1 TPUYECKMX Lenei ABsSeTcs MeTOo[ Hano-

XeHWs TOKOB, CYLIHOCTb KOTOpPOro 3a-

K/loyaeTca B TOM, 4TO TOK B KakoW-nmbo Bet-

BU sABNSETCH anrebpanyeckoli CymMMOIA TOKOB,

CO3/1aBaEMO B Hell KadKAOoW 34C Lenu B OTAeSb-

HocTu. Ha pwuc. 20 n3obpaxeHa Uenb, cogepxa-

Wwas Tpu MCToYHMKa c 3gc EIl, E2, E3 1 ue-

Tbipe MOCNef0BaTe/lbHO COEAUHEHHbLIX Pe3ncTo-

pa RI, R2, R3, R4. Ecnu npeHebpeub BHY-

Puc. 19. = Tlapannenchoe  rnepypg  cONpoOTMBAEHWMEM WCTOYHWKOB IHEp-

coeiHeHne WUCTOYHMKOB

SHeprum UM, TO 9KBMBANEHTHOE COMPOTMB/IEHWE LNk

pasHo R = Ri + Rt+ Ri4-Rt- [donyctum

CHayana, 4YTO 3AC MEepBOro MCTOYHMKa E 10, a BTOPOro W TPeTbero

paBHbl Hynto, T. e. £,=0 n £,=0. 3atem nonoxum Ermp 0, a £!1=0 un

£,=0. W, HakoHeu, nonaraem £3="0, a £i=0 n £i=0. B nepsom cny4ae

TOK B Lienu, coBMafatoLluii no HampaeneHuto ¢ 34c £b paBeH li=EJR\

BO BTOPOM Cfly4dae TOK B LieMnu, COBMajfatolimii Nno HanpasneHuto ¢ 3ac £,

paseH It=EJR\ B TpeTbem cnyyae TOK paseH /*=£3/? n coBnagaet no

HanpasneHuto ¢ 3ac £3. Tak kak £, 1 £ 3 coBNajatoT MO Hanpas/leHUO B

KOHTYpe, TO TOKM J1 1 /3Takxe COBNafatoT, a TOK / 2MEET NPOTUBOMNOMOXK-

HOe Hanpas/ieHWe, TaK Kak 34C £, Hanpas/ieHa BCTPEYHO MO OTHOLLEHLLIO
k 3ac £, v £ 3. CnefosaTesibHO, TOK B LMW PaBeH:

EJR- E,,R+E,,R- R[.f'~
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Hanps>keHne Ha NM060M yyacTKe Lenu, HanpuMep Mexgy To4YKaMu a
nw 6, paBHo Uab=IRt. .

Mpu pacyeTe CNOXHLIX Lenen ANna onpefeneHns TOKOB BO BCeX BETBSAX
uennm HeoOXOAMMO 3HAThb COMPOTMBIEHMSI BETBEW, a TaKXKe 3HaYeHUe U Ha-
npaBfieHne BCEX 3[C.

Mepen cocTaBneHWeM YypaBHEHWIA MO 3akoHam Kwupxrodga cnegyeT npo-
M3BO/IbHO 38JaTbCA HanpaBNeHUAMU TOKOB B BETBAX, MOKa3aB MX Ha CXeme
cTpenkamu. Ecnun geiicTBuTeNbHOE HanpaBieHUe TOKa B KakKoin-nMbo BeTBU
NPOTUBOMOMIOXHO BbIOPAHHOMY, TO NOCne pe-

LeHNs1 YPaBHEHWIA 3TOT TOK MOSTyUYMTCS CO 3Ha-
KOM MMWHYC. YMCNo HeoOXOAMMbIX YpPaBHEHUI
PaBHO YWC/Yy HEW3BECTHbIX TOKOB, TMPUYEM Y-
CMO ypaBHeHW MO nepBoMy 3akoHy Kupxro-
(ha [OMKHO ObITb Ha eAMHMLY MeHbLUe 4ucna
Yy310B LN, OoCTasbHble YypaBHeHWA CcOoCTaBfsA-
HOTCA MO BTOPOMY 3aKOHy Kwupxroda, npuuem

cnegyet BblbpaTb Hanbonee MpPOCTble KOHTYpbI Puc. 20. SnexTpuuec-
M TakK, 4Tobbl KXAbIA M3 HUX COAepXKan XOoTs Kas uenb C Tpems uc-
Obl OfHy BEeTBb, He BXOAMBLUYHD B paHee Co- TO4HMKaMu

CTaB/IEHHbIE YPaBHEHWS.

PacyeT CNOXHOM Lenu C MPUMEHEHVWEM YPaBHEHWI A MO 3aKOHAaM
Kupxroga paccmMoTpUM Ha npumMepe BYX NapasiesibHO BKIHYEHHbIX
MCTOYHMKOB, 3aMKHYTbIX Ha CONpoTUBAeHue (cM. puc. 19). MycTb 3ac uc-
TOYHMKOB £!=£,=120 B, wx BHYTpPeHHue conpoTtusieHns Rt=3 Om u
[?2=6 Owm, conpoTuBneHne Harpy3sku /?= 18 Om.

a) *)
Puc. 21. K pacueTy C/MOXHON 3N1eKTPUYECKOW Lenu:
a — no MeToAy Y3n0BbIX HanpaXeHWih, 6 — nNo MeToay KOHTYPHbIX TOKOB

TakK KakK 4MCMO HEeM3BECTHbIX TOKOB TPWU, TO HEOOXOAMMO COCTaBUTH
Tpu ypaBHeHus. MMpu ABYX Y3/10BbIX TOYKaxX HEOOXOAMMO OAHO Y3/10BOE
ypaBHeHWe Mo nepBoMy 3akoHy Kupxroga: /= /1 +/,. BTopoe ypaBHeHue
Hanuwem npu 006xofe KOHTypa, COCTOALLEro W3 MepBOro MUCTOYHMKA W
conpoTmeneHns Harpysku: Ei=hRi+ IR. AHanormyHo TpeTbe ypaBHeHMe
sanuwem: Et—I2Rt-\-IR. MMopgcTaBnss uUWCNEHHble 3HAYEHUS, MONYUUM:
120=3/,+18/ n 120=6/,+ 18/. TaKk KakK
=3/*—6/2=0, T0 N=2/, n /=3/,. TlogcTaBNaa 3TM 3HA4YeHUA B Bbipa-
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XeHne gns sac EiA nonyumum: 120=2»/a-3+1&?3/a=60/a oTKyga
[,=~= 2N, /=2 ]a=4 A, =1+ /a=6 A.

YacTo MCnonb3ywd’T MeToj[ Y3/10BOFO0 HanpsaxXeHuns,
KOTOpbI YA0GHO MPUMEHSTb K CAOXHBIM 3/1EKTPUYECKUM LENSAM, UMEto-
MM [Be Y3/10Bble TOUKM @ U 6 (puc. 21, a), U COCTOALMM U3 HECKONbKMNX
napannenbHO COEAMHEHHbIX UCTOYHWKOB 3HEpruu, paboTatoLimMx Ha oblee
conpoTmeneHne. O603Ha4YMB NOTEHUMANbI B Y3/10BbIX TOYKaX ¢, U <k, Ha-
NpsHKeHVe MeXay 3TUMM TouKamy U MOXHO BbIpasuTb PasHOCTbH 3TUX
noteHuuanos, T. e. U—ha—<«

MpuHAB 3a NOOXMTENbHOE HAaNpaB/ieHNe 34C U TOKOB B BETBAX OT y3na
a K y3ny 6 gns Kaxaoin n3 BeTBel, MOXHO HanvcaTb PaBEeHCTBaA:

ma — & E~UAE)P

-(</-£ )9, | =

Ha ocHoBaHWu nepBoro 3akoHa Kupxroga gns y3noBoii TOUKU MUMEEM:
li+/*+/*+/«=0. logacTaBMB B 3Ty CYMMYy 3Ha4yeHWs TOKOB, Haifem:
(U-EDgl+(U+EJgi+{U-EJga+ Ug=0,

0TKyAa

U_ figl~

T. €. Y3/10BOE HanpsHKeHUe paBHO anrebpavyeckoil CymMmMe MpOu3BefeHUi
34C M MPOBOAMMOCTE BCEX MapannefbHblX BETBEN, AENEHHOW Ha CymMy
MPOBOAMMOCTEN BCeX BeTBeld. BblUMCAMB MO 3TOM hopMyne y3n0Boe Hanpsi-
YKEHVEe W BOCMO/b30BABLUNCL BbIPAXEHUAMU [/ TOKOB B BETBAX, JErKO
onpefennTb 3T TOKMW.

[ns onpefeneHns TOKOB B CMOXKHbIX LENSX, COAEPXaLLMX HECKO/bKO
KOHTYPOB U 3AC, MPUMEHAIOT METOJ KOHTY P H bl X TOKOB. lNMpeano-
nararT, YTO B BETBAX, BXOAALLMX B COCTaB ABYX CMEXHbIX KOHTYPOB, Mpo-
TeKalT [Ba KOHTYPHbIX TOKa, M3 KOTOPbIX MepBblii NpefcTaBaseT coboii
TOK OAHOIO M3 CMEXHbIX KOHTYPOB, & BTOpPO — ApYyroro KoHTypa. [eii-
CTBUTENbHbIA TOK B paccMaTpvBaeMOM Y4acTke Lenu Orpegensierca CyM-
MO MM Pa3HOCTbIO 3TUX ABYX TOKOB B 3aBMCUMOCTU OT MX B3aMMHOIO OT-
HOCWTE/TLHOrO  HamnpaB/EHNS.

Mpn MCNonb30BaHNM METOAA KOHTYPHBLIX TOKOB COCTaB/SAKT YPaBHEHNS,
UCXOAs M3 CYMMbl COMPOTUBEHUIA, BXOAALMX B COCTaB JAaHHOr0 KOHTYpa,
N CyMMbl CONPOTUBNEHWIA, BXOAALWMX B COCTaB BETBU, OOLLel A8 CMeX-
HbIX KOHTYpPOB. [epByto CyMMY YC/IOBHO 0603Ha4atoT [BOWHBIM WMHAEKCOM,
Hanpumep RnRtt M T. 4., @ BTOPYIO CyMMY — WMHAEKCOM, COLepXalluM Ho-
Mepa KOHTYPOB, AN KOTOPbIX [aHHbIA Yy4yacTOK LEeMU SBASAETCA 06LyMM,
Hanpumep Ri», Rian 1. a.

Ecnn KOHTYp COAEPXXWT HECKOMbKO WCTOYHMKOB C 3aC Eu E2 E» u
T.4., TO Ha OCHOBaHWM BTOPOro 3akoHa Kupxroga fns 3TOro KOHTypa
MOXHO 3anucaTb ChefytoLlee ypaBHEHUE:

Ei+ £ax £a+ ... = liRn = ItRitdbIsRu * ...
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B 3TOM YpaBHEHWUM 3HAK «+» H/IH «—» BepeTcs B 3aBUCMMOCTV OT B3auM-
HOro OTHOCUTE/IbHOrO HanpaBfieHUs 34C U TOKOB B KOHType (Npu OfWHa-
KOBOM HarpaBfieHUn — Mnaoc, Mpyu  NPOTUBOMONOXHOM — MUHYC).

AHaNornyHble ypaBHeHWs MOTYT ObITb 3anucaHbl 415 BCEX KOHTYPOB,
BXOAAWMX B CNOXHYIK 3MEKTPUYECKYIO Lemnb. Takum o6pasom, anrebpan-
ueckas CyMMa 3[C Ka[j0ro KOHTypa paBHa anrebpanyeckoii cymme mnpous-
BefleHUs TOKA B [JAHHOM KOHTYpe Ha CyMMY COMPOTMB/IEHU BCEX 3BEHBLEB,
06pasytoLLMX ero, Y KOHTYPHbIX TOKOB BCEX KOHTYPOB, CMEXHbIX C AaH-
HbIM KOHTYPOM, Ha COMPOTUBAEHUS UX OOLLMX 3BEHLEB.

Ha puc. 21, 6 n3obpaxeHa CNOXHasA 3NeKTpUYecKas Lenb, cogepallas
TP KOHTYpa. B uenu aBa ncTtouHmnka c 3ac £t=12 B, £,=8 B 1 BHYTpeH-
HUM conpoTuBneHnemM A0l=4 Om, A0*=3 OM M nNSTb CONPOTUBMEHWIA
A,=20 Om, A,=29 Om, A,=40 Om, A«=80m, HA,=16 Om.

Haxogum conpotuenenns: An==A1+HAo0l+HA«=20+4+8=32 Owm;
A,=A*+A.,+A94=29+3+16=480m; A4,=9,+9.+A»=40+8+16=»
=64 Owm; [?T*=/?*1=A|=8 Om; A**=H *= A»—I16 Om.

CocTtaBngeM YypaBHeHUA:
ana koHtypa 1. £i=/i/?n—/,A 1% 12=32/,—8/,;

Ana KoHTypa 2: £ 2=/*A,*—/»4,,; 8=48/,—16/,;
ana koutypa 3: £,=/*4,,—N4A,+—/;9,*; 0=64/,—16/2—8/{.

Pewas atn ypaBHeHus, Haxogum: J1=0,4 A; /*=0,2 A; /*=0,1 A

{.=1,—1,=0,3 A /,=/,-1,=0,1 A

§ 18. PaboTa u MOLLHOCTb 3MEKTPUYECKOrO TOKa

Cnoco6HOCTb Tena NPOM3BOAMTb PaboTy HasblBaeTCs aHepruei
aTOro Tena. Hanpumep, NOAHATBLIA Ha BbICOTY KakoW-nmbo rpys obnagaer
HEKOTOPbLIM 3aMacom 3Hepruv 1 npyu MNafeHWn Mnpou3BoauT paboTy. SHep-
rms Tena Tem 6onblue, YeM BONbLUYIO PabOTy MOXET MPOM3BECTU 3TO TeNo
MpY CBOEM [BMXKEHUWN. DHEPrUS HEe MCYE3aeT, a NepexoauT 13 0gHON opMbl
B ApYrylo. 5 5

[na nepeHoca 3apsifjoB B 3aMKHYTOW LMW WCTOYHWK 3MEKTPUYECKON
SHEPrMM 3aTpaynMBaeT W3BECTHYHO 3HEPrUI0, PaBHYKO MNPOW3BEAEHUIO 3AC
MCTOYHMKA Ha KOJIMYECTBO 3/1EKTPUYECTBA, MEPEHECEHHONO Yepes 3Ty Lenb,
T. e. EQ.

OfHaKo He BCA 3Ta 3HEPrus ABASeTCS NOJE3HOW, T. €. He BCA paboTa,
npom3BefeHHas WCTOYHUKOM 3HEPrun, COOOBLLAETCA MPUEMHUKY 3Hepruu,
TaK KaK 4YaCTb ee pacxofyeTcsi Ha MpeofofieHne BHYTPEHHero conpoTuse-
HWA UCTOYHMKA W NPOBOLOB. TakvM 06pa3oM, WCTOUHWK 3HEepPrum npoms-
BOAMT MONe3Hyto paboty, paBHyto A=UQ, rge U — HanpsbkeHue Ha 3a-
XUMax npueMHuKa.

Tak Kak KO/IMYEeCTBO 3/1eKTPUYECTBA PaBHO MPOW3BEAEHWIO CUJIbl TOKA
B LleNn Ha Bpems ero npoxoxpaeHnsa Q=It, gopmyny paboTbl MOXHO npea-
CTaBWUTb B CrefytollemM BUfe:

A=Ult,

T. €. 3/IeKTpMUYecKan 3Heprus, unm pabota, ecTb NPOW3BEAEHME Hanpsxe-
HWA, TOKA B LEMnW W BPEMEHW €ro NPOXOXAEHUS.

Ecnu e BbIpa3nTb HanpsXXeHre Ha 3aXKnumax y4yacTka Lenu Kak npous-
BeJeHVe TOKa Ha COMpPOTMBAEHUE 3TOro y4yacTka, T. e. U=IR, To hopmyny
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paboTbl MOXXHO 3anucatb M TaKuM 06pas3om:
n= 1121

MowUwHOCTb O HasbiBaeTca paboTa, npom3sogumasn (M notpebnse-
Masl) B OflHY CEKyHAY. MOLLHOCTb BblpaXkaeTcs Cnefyolmmn ghopmynamu:

P=A/t=UQIt=UI=1tR=Ut/R.

Ecnu B hopmynax paboTbl U MOLLHOCTW HanpsHXXeHWE BbIPaXEHO B BOJIb-
Tax, TOK — B amnepax, ConpoTus/ieHNe — B OMaxX W Bpemsi — B CeKyHAax,
TO paboTa M3MepsieTca B HbLIOTOH-MeTpax WAM B BaTT-CekyHaax (BT-c),
T. e. B pKoynax (Ax), a MowHocTb — B BatTax (BT). AN n3mepeHus Mma-
NbIX MOLYHOCTEA NMPUMEHAIOT eANHULY, B ThICAUY pa3 MeHbLUY O4HOro BaT-
Ta, HasbiBaeMyto munamsattom (MBT); 1 BT= 1000 MBT, a AN BblpaXeHUs
60/bLINX MOLWHOCTE — eAUHULLY, B ThiCAYY pa3 60/bLUYIO BATTa, Ha3blBae-
Myto kKnnoeattoM (KBT); | kBT=1000 BT. Tak KakK gXX0y/b ABASETCA Manol
eavHuUUel, To pabota 06bl4HO BblpaXKaeTcsa B 60/ee KPYMHbIX eauHuLax:
ratt-yacax (BT*u), rekrtoBatT-4yacax (rBrt-4) m kunosatT-yacax (KBT*u).
COOTHOLLEHME MeXAYy STUMW efuHULAMKU U IKOYyNem cnegywoulee: 1 BT-y =
=3600 Ox; 1rBT1-4y=100 Bt*4y; 1 kBT14=1000 BT*u.

MMpy oyeHb MasioM BHELUHEM COMPOTWMB/EHMM R cuna Toka B Lenu Be-
NINKa, a HanpsXKeHWe Ha 3a)Kumax reHeparopa npu atom masno. lNpu co-
NPOTUBNEHUWN BHELUHEA Lenn R, paBHOM Hy/0, HampsiKeHWe Ha 3aXunmax
redepatopa U Takxe paBHO Hyno. CrnefoBatenbHO, U MOWHOCTL P, no-
Tpebnifemas BHELUHeW LEenbi, paBHa Hy/H.

Mpn o4yeHb GONLLUIOM BHELIHEM COMPOTMB/EHWMM (KOrfa BHeELLHAA Lenb
pa3sOMKHYTa, COMPOTMBEHWE ee COCTaBsgeT 6ECKOHEYHO 60/bLIYI0 BENUYM-
HY) cuna ToKa B LenH paBHa Hyno. MOLLHOCTb, 0TAaBaeMas BO BHELLUHION
Lenb, B 3TOM C/lyyae paBHa Hy/o.

[nsa nonyyeHus HambonblUeA MOLLHOCTU BO BHELLHEN Lenu ConpoTuBIe-
HWe MocnegHel JOMKHO ObiTb PABHO BHYTPEHHEMY COMPOTWUBAEHMIO FeHepa-
Topa. OAgHaKo Hafo MMeTb B BUAY, YTO MPU paBeHCTBE BHYTPEHHero co-
NPOTUBMEHUA FeHepaTopa COMPOTMBAEHUIO BHELLUHER Lenu nofesHoe AeiicT-
BMe reHepaTopa HEBENUKO M paboTa ero B TaKMX YCAOBUAX HEIKOHOMUY-
Ha, TaK KakK MOfIoOBMHA BCeli MOLLHOCTW, pa3BMBaemMoOil reHepaTopom, pac-
X04yeTCA Ha ero BHYTpPeHHee COMPOTUBEHME.

§ 19. 3akoH JleHua— [>xkoyns

Mpu NPOXOXAEHWN 3MEKTPUUECKOTO TOKa uepes MeTal/IMueckuii npo-
BOAHWK 3MEKTPOHbI CTaNKMBAKOTCS TO C HeWTpaNbHbIMWM MO/EKYyNammn, TO C
»0/IeKylaMu, MOTEPSBLUMMM 3MeKTPOHbI. [BUXKYLLUIACS 3NEKTPOH /M60
OTLLENNSeT OT HelATpasbHON MONEKY/bl HOBbIA 3/IEKTPOH, Tepss CBOK Ku-
HETUYECKYH IHEPTMI0 1 06pa3ys HOBbI MONOXMUTENbHbIA WOH, M60 Coeau-
HSeTCS C MOJEKY/OW, MOTepsBLUE 31eKTPOH (C MOMOXKNTENbHLIM VOHOM),
06pasys HelTpanbHyt0 Mosekyny. Mpu CTONKHOBEHMW 3/1EKTPOHOB C Mo-
NeKynamy pacxoayeTcs 9Heprus, Kotopas npespaliaeTcs B Tenno. Jlo6oe
ABWKEHMe, NpU KOTOPOM NPeofoneBaeTcs COMPOTUB/eHME, TpebyeT 3aTpa-
Tbl OMpeAeneHHon aHeprun. Tak, Hanpumep, A1 MepPeMeLLeHNs KaKoro-
NGO Tena MpPeofioNeBaeTcs COMpPOTUBNEHNE TPEHUS, U PaboTa, 3aTpayeHHas
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Ha 3TOo, MpeBpauiaeT” B Tenno. INEKTPUYECKOe CONPOTUBNEHWE MPOBOS-
HWKa Wrpaet Ty XXe poJ/ib, YTO W CONPOTMB/EHME TpeHns. Takum 06pas3om,
ONA NpoBefeHMs TOKa u4epe3 MNPOBOAHWMK WCTOYHUK TOKa 3aTtpaymBaet
HEKOTOPYIO 3Hepruio, Kotopasa npespalwiaetcs B Tenno. lMepexog anekTpu-
UECKOW 3Hepruv B TEeMOBYIO OTpaxkaeT 3akoH JleHua — [koyna unu 3a-
KOH TenjoBoOro [encTBus TOKa.

PYCCKWUA y4eHbI JleHU, W aHrAWACKWIA n3uK [>K0ynb OAHOBPEMEHHO
1 He3aBMCMMO OfVH OT APYFOro yCTaHOBWU/M, YTO NPU NMPOXOXKAEHUM 3MEKT -
PUYECKOro TOKa MO MPOBOAHWKY KOAMYECTBO TEeNA0Thl, BblAENsemMoe B NPOBOA-
HUKe, NPSMO NPOMOPLMOHANbHO KBaApaTy TOKa, CONPOTMBIEHUKO NPOBOA-
HMKa W BPEMEHW, B TeYeHMe KOTOPOro 3/eKTPUYECKWIA TOK npoTekan no
MPOBOAHMKY. ITO MOMOXKEHWEe Ha3blBaeTcsa 3akoHoM JleHua — [ykoyns.

Ecnn 0603HauUTh KONMYECTBO TEMOThbl, CO34aBaemMoe TOKOM, 6YKBOM
Q (4x), cuny Toka, NpOTeKatoLWwero no NpoBOAHWKY,— /, CONPOTUBMEHUE
NPOBOAHMKA — R 1 Bpems, B TeYeHMEe KOTOPOro TOK MpOTEeKas Mo NpoBoj-
HUKY, —t ,TO 3aKoHYy JleHua — [>KOynsi MOXHO npugaTtb chegyloLiee

BblpakeHune: Q=I*Rt. Tak kak I=UIR n /2= (7//, T0 Q= =

§ 20. HarpeBaHue MPOBOAHUKOB 3/IEKTPUYECKMM TOKOM. PacueT
CeYeHuns NpoBOAOB

Ha HarpeBaHuy NpOBOAHMKOB 31€KTPUYECKMM TOKOM OCHOBaHO YCTpPOIii-
CTBO 3NEeKTPUYECKOro OCBELLEHUSs, 3NneKTpoHarpesaTeflbHbIX MpPUBOpPOB,
3/IEKTPUYECKNX Meyeld, U3MEepUTENbHON M MeAMUMHCKOA annapaTypbl pas*
JINYHBIX TUMOB W T. g

N3 BCcex BWMAOB WMCKYCCTBEHHOTO OCBELLEHMS Hambofbllee pacnpocTpa-
HeHWe nonyyuna 3neKTpUyeckas namna HakanuBaHWsd, U306peTeHHas
A. H. NogbirnHeim B 1873 r. B Takoii namne NpoBOAHWK MoA AeiCTBUEM TO-
Ka HarpeBaeTcs [0 6enoro KaneHWs W BCMEeLCTBME 3TOr0 M3nyvaeT CBeT.
OCHOBHBIMM 4acTIMW COBPEMEHHOW namnbl HaKanWBaHWUA SBAAKOTCS HUTb
Hakana W CTeKnsHHbIA 6annoH (konba).

Matepuanom 4N U3roTOBAEHUS HATW HaKana OCBETUTENbHbIX faMn ciy-
XUT BOMb(paM (C MPUMMECHIO OKCMAAa TOPUA W APYFUX 3/1IEMEHTOB). JTOT
mveTann 061agaeT BbICOKOW TeMnepaTypoil nnaeneHmsa (3660°) n 60nbLUOi
MeXaHNYeCcKo MNPOYHOCTBIO.

dNeKTpuyeckoe HarpesaHue MPOBOAHWKOB He BCerfja okasbiBaeT Nones-
Hoe BnusAHMe. B npoBofax NWHWIA 3feKTponepesay BCNeLCTBME CUSILHOMO
Harpeea WX MpW 6GONbLUIMX TOKaX MOXET CO34aBaTbCs OMaCHOCTb BO3HUKHO-
BEHUS MOXapoB. Bo n3bexxaHne Ype3MepHOro Harpesa IMHelHbIX NPOBOLOB,
a TakXe pas/IMyHbIX 0OMOTOK 3N1eKTPUYECKUX MalluH W annapaTos M3 M30-
NNPOBAHHOW NPOBOJIOKN AN1A 3N1eKTPUYECKOW annapaTypbl YCTaHOBEHbI HOP-
Mbl MakKCUMaslbHbIX 3HAYEHWI CWUA TOKOB, NPOMYCKaeMbIX MO faHHOMY Mpo-
BOAY WNM 06MOTKe.

TOK, Npn KOTOPOM YCTaHaB/IMBAeTCA Hambonblias fOMycTMMas Temme-
patypa npoBoja, HasblBaeTcA LONYCTUMbIM TOKOM. Hanbonblias
JonycTuMas TemnepaTtypa 3aBUCUT OT M30NALMKU npoBoaa WM cnocoba ero
MPOKNagKu. [ —
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PacyeT MpoBOJOB MO (hOpPMYynam, OCHOBaHHbIM Ha 3aKOHax Harpe.a,
OYeHb CNOXeH. Ha npakTuke gonycTumoe AN AaHHOW CU/bl TOKA CeYeHune
npoBoja onpeaenserca no Tabnuuam AoNyCTUMbIX AMTENbHbLIX TOKOBbIX Ha-
rpy30K Ha NpoBofa W Kabenwu, npueefdeHHbIM B IMpaBunax yCTPOCTBa 3/1EKT-
poycTtaHoBok ([MY3), Hanpumep B Tabn. 2.

MpoBoa BbIOMpPaAeTCs TakKoro ceve-

Tabnuua 2. [ONYCTUMbIE TOKOBBIE o™ ro6y nonycTUMBIA TOK  €ro

Harpysku fAns M307MpPOBaHHbIX

NpPOBOAOB 6bln1 paBeH mnAn 6onblle 3a4aHHOro
WM pacyeTHOro ToKa.
OonycTumblii Tok B Momnmo Harpesa mnpoBOAOB TOK,
Monepeuroe nposoaax, A npoxoAs No HUM, cO34aeT nafeHue
Mposoga. MM* HaMps)KeHMa, TaK Kak nposoga 06-

MEAHBIX  OMUHVUEBBIX  fanal0T COMPOTMB/eHMEM. Ecnn pac-
CTOSIHME  MEeXAY WCTOYHMKOM 3Hep-
rmm n notpebutenem /, 10 A/IMHA

%-5 % B [0BYX NPOBOAOB, COEAUHAOLWNX WUC-
55 30 24 TOYHWK 3Heprum c noTpebuTenem,
4 41 32 paBHa 21.
6 50 36 ConpoTusneHne NPOBOAOB Ceye-
5 e o HMEM S M3 mMaTepuana C YAenbHbIM
50 215 165 conpoTuenenem p pasHo K= pZh
a najeHne HanpsKeHus B NPOBOAaXx
LE/= IR =/p . TakMm 06pa3om, HanpsXKeHue Ha 3aXmmax noTpebuTens

Ua OKa)KeTC MeHblle HanpsHKeHUs B Havane NNHUM (UCTOYHMKA) £/u.
Pa3HOCTb HanpsiKeHWii B Hayane U B KOHLE NWHWW, paBHas MNafeHuo Ha-
npsKeHns B NpoBOAaX, Ha3blBaeTCA MoTepein HanpshkeHusa: Uw—Un=
=MJ=IR.

J1t060/A NPUEMHUK 3SHEPTUM OYEHb YYBCTBUTENEH K WU3MEHEHWSM Ha-
NPSHXKEHUSA, T. €. OTK/IOHEHMAM ero OT HOMMWHa/IbHOro 3HauveHus. Tak,
HanpumMep, APKOCTb JlamMMNbl HakanuBaHWA NPUMEPHO MPOMOpLMOHabHA
YeTBEPTOl CTENEHW HAMPSHXKEHUSA, T. €. NPXN MOHWKEHUN HanpsXXeHus Ha 5%
CBETOBOW NOTOK NlaMnbl HaKanuBaHWA YyMeHblUaeTcs Ha 18,5%, a npw
MoBbILLEHUM HanpaXeHUa Ha 5% cBepx HOMWHANLHOrO COKpaliaeT CPOK
Cnyx6bl ee BfBOE.

KonebaHns Hanps)KeHUs Ansi OCBETUTENbHOW HArpy3ku He [OOMKHbl
npesbiwaTe —2,5 +5%, a And cunosoii =5 n nHorga 4-10% HOMMHaNbHO-
ro 3HayeHua. CnefosartesibHO, AOMyCcKaeMas NoTeps HaMpsXeHus B INHUK
He [O/PKHA MpPeBbILAaTh TeX Xe 3Ha4YeHWUN.

3aflaya pacyeta CBOAUTCSA K BbIGOPY TaKOro CeyeHWs MpoBoga, Npu Ko-
Topom obecneynBaeTcs HOpManbHOe paboyee HanmpsHXKEHWE Ha 3aXMMax no-
TpebuTenein aneKTPUYECKON IHEPTUN, T. €. HEOOXOAMMOE CeUYeHMe MPOBOJOB
NNHUN

S=2pl/lIAf].

HailgeHHOe no 3Tol (hopMyne ceyeHWe, OKPYraeHHOe A0 6aumxailero,
6onblUero cTaHAapTHOro, AOMKHO ObITb NPOBEPEHO HA AONYCTUMbIA Harpes.
[ ns oTHOCUTENbHO KOPOTKMX NIMHWNIA (OCBETUTENbHbIE CET NPOMbILLINIEH-
HbIX MPeanpPUATUIA, OGLLECTBEHHBLIX W XWUMbIX 3AaHWIA) CevyeHWe MPOBOAOB
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bi6upaioT B 3aBUCMMOCTU OT JOMYCTMMOrO HarpeBa, TaK Kak MoTeps Ha-
MPSXKEHNA 00bIYHO OKA3bIBAETCS MEHbLLUE [OMYCTUMONA.
MouwHoCTb MOTEPb B /IMHUM 3NEKTPONepeaayn paBHa:

&P=AUI=I'R.

[ns 3aWmTbl annapaToB, MallMH M NPUOOPOB OT Ype3MepHO 6GOMbLIMX
TOKOB YCTaHaBNMBalOT NpefoXpaHnUTe/bHble YCTPOcTBa (MPefoXPaHUTENH,
pene, aBTOMaTbl), KOTOpble aBTOMATMUYECKM MpPepbIBAlOT Lenb TOKa, Kak
TOMbKO €ro BennuMHa MPeBbICUT HOpPMY.

§ 21. XumMuueckoe felicTBUE 3/IeKTPUUYECKOTO TOKa

PacTBopbI COMeil 1 KACNOT B BOAE WU B KaKOM-MBO Lpyrom pacTBOpU-
Tefle NPOBOAAT 3N1EKTPMNYECKMI TOK M Ha3bIBAOTCA 3 NEKTPOAMTaMMU
WIMNPOBOAHMWKaMW BTOPOTro pofja BOTIMYME OTMETA-
NNYeCKUX MNPOBOAHUKOB, Ha3blBaEMbIX MPOBOAHMUKA -
MW nepBOro popa.

DNeKTPUYECKUA TOK MOXET NPOXOAMTb Yepes Cpefbl, UMEoLLMe 3/1eKT-
pUYeCcKM 3apsaXeHHble YacTuLbl, 06nafaroLine cnocobHOCTLIO NepemeLLaThes.

Mpwn pacTBOpPeHUW COMEen U KUCNOT B BOAE WM B KAKOM-IMG0 MHOM pacT-
BopuTene (3TMNOBLIM CANPT, 6eH3MH, 6eH30M U 4p.) YacTb MOJIEKYN pacna-
[laeTcs Ha ABe 4acTu, Has3blBaeMble MOHaMMUW, MpUYeM OfHA 4acTb UMeeT
MONMOXUTE/bHBIA 3apaf, Apyras — OTpvUaTenbHbI 3apsag.

Ecnu B cocyp C aNeKTPONUTOM MOrPYXXeHbl Be MeTanMyeckme nnactu-
Hbl, Ha3blBaeMble 31eKTpPoOAaMM, KOTOpPble MPU MOMOLWYM MPOBOMOY-
HbIX MNPOBOAHWMKOB TMPUCOEAMHEHbI K WCTOYHMKY 3HEPrUU MOCTOSAHHOIO
TOKa, TO BCNEACTBME PasHOCTM MOTEHLMAaNoB MeXAy 31eKTpojamu 4yepes
3NeKTPONNT ByaeT NnpoTekaTb TOK. MPOXOXAeHWEe TOKAa Yepes 3NIeKTPonnuT
COMPOBOXAAeTCAd XMMUYECKUM MPOLLECCOM, Ha3blBaeMbIM 3 NTE€ KT PO U -
30M. Haxopawueca B 3/IeKTPOAUTE WOHbI, NPUTATMBAACL K 3/1eKTpojam,
[BUTaloTCA B MPOTMBOMNONOXHbLIX HANPABNEHUAX: MOJIOXKUTENbHbIE HOHbl —
K KaTogy, a oTpuuatenbHble HOHbl — K aHogy. ogoiigs K katody, nono-
XXUTENbHbIE WOHbI NOMYYaloT OT HEro HejocTalollme UM 3MEeKTPOHbI M 06pa-
3YIOT 3/IEKTPUYECKN HeilTpanbHble aToMbl. Ha aHoge MpoucxoauTt obpart-
HbI MpoLecc: oTpuuaTe/ibHble NOHbI OTAAKT aHOAY CBOW U30ObLITOYHbIE 3/1EK-
TPOHbI.

Mpn NPOXOXKAEHUWN 3NEKTPUYECKOrO TOKa Yepes 3MeKTPONUT Ha 3NeKT-
pofax BblfenseTca onpefefneHHOe KOMMYECTBO BELLECTB, COAepXKalmxca B
BUAE XVIMWUYECKOrO COEAMHEHUA B 3N1eKTPOAUTE. 3aBUCUMOCTb BbIEIEHHOIO
BellecTBa OT CW/bl TOKa YyCTaHaB/MBaeTCA ABYMS 3akoHamu Papages.

MepBblii 3akoH ®apafes CPOPMYIMPOBAH TaK: KONMYECTBO BELLECTBA,
BbIE/MBLLEr0CS Ha 3NeKTPpoax Npu NPOXOXKAEHUN TOKa Yepes 3NeKTPoNuT,
NPsMO NPOMNOPLMOHANLHO KOMYECTBY 31eKTPUYECTBA, NpoLIeALeMy Yepes
aneKTPOnUT. Mpy NPOXOXKAEHNUN OGHOT0 KYNOHA 3/1eKTPUYECTBA U3 3N1EKTPO-
nnTa BblfendeTca onpefeneHHoOe KO/IMYeCTBO MacChbl BeLlecTsa, KOTOpoe
Ha3blBaeTCd 3N EeKTPOXUMMYECKUM 39KBUBANEHTOM
JaHHoro BeLLeCcTBa.

B npakTuyeckmx pacyetax ANs onpefeneHns KoMyecTBa 3/EKTPUYECT-
Ba YyfoOHee MONb30BaTbCA HE KynoHamu, a amnep-dacamu (A*4). Tak



KakK OAWH KYNOH paBeH ammnep-CeKyHAe, TO MeXAy amnep-4acoM W KyJno-
HOM MMeeT MecTO crnefytollee cooTHolleHue: 1 A*4y=3600 A-c=3600 Kn.

DNEKTPOXNMUYECKNIA 3KBMBaNeHT K BblpaXaeTcs B rpammax, OTHe-
CeHHbIX K OfHOMY amnep-yacy KonmyecTBa afekTpuyectBa (r/A*4), T. e.
3TO KOJINYEeCTBO MacCbl BELLECTBa, BblLENMBLUETOCA W3 3/IEKTPONNTA U Bbl-
paXKeHHOe B rpaMmax, npy npoxoXaeHUn vyepes 3N1eKTPOSIUT OAHOro amnep-
yaca KO/MYecTBa 3/EeKTPUYECTBa.

BTopoli 3akoH Papages [r1acuUT: MNPU OOHOM W TOM >KE KOJMYECTBE
3NEKTPUYECTBA, NPOTEKAIOLLEro Yepes pasinyHble 31eKTPONNTbl, KONMYecTBa
MacChl BELLECTB, BbIJE/MBLUMXCA Ha 3MEKTPOLAX, NPOMOPLMOHAbHbI UX XU-
MWUYECKUM 3KBUBANIEHTaM.

M3 conocTtaBneHns 1-ro M 2-ro 3akoHoB Papajgess BbITeKaeT, 4TO
3N1EKTPOXUMUYECKME 3KBMBANIEHTbI K MPONOpUuoHanbHbl UX XUMWUYECKUM
akBuBanieHTam, T. e. /Ci/ai=/C*/aa=/C»/a,= . . . .

CnepoBaTtenbHO, OTHOLUEHWE 3M1EKTPOXUMUYECKUX IKBMBANIEHTOB K WX
XUMUYECKAM 3KBMBaNeHTaM SIBMISETCA BEMUMHOW MOCTOSAHHOW W pPaBHO

K/a= 3,7210-* = 0,0372 =

WTak, BTOpoli 3akoH dapafes MOXeT OblTb BbIpaXeH CefyHLUM
obpaszom.

SNeKTpoNn3 MnoAyYUn LIMPOKOE MNPUMEHEHWE B PasfMUHbIX OTpacnax
MPOMbILLNEHHOCTU: B TanbBaHOMIACTUKE, TranbBaHOCTErUWU, ANS OYUCTKU
(pathmHMpoBaHKMA) MeTannoB 1 Aap.

§ 22. NanbBaHU4YeCKUe 3M1EMEHTbI

MpoBOAHMKM MEepBOro poja (Teepable) U BTOPOro poga (Kuakue anekT-
POMUTLI) COBMECTHO WCMONb3YHTCH B rafbBaHUYECKUX 3MeMeHTax, Cny-
XalyMx UCTOYHMKaMK MOCTOSIHHOIO TOKa.

B ranbBaHMYecKMX 3nemeHTax BO BpeMs WX paboTbl MPOWUCXOAWT ABU-
)KEHME MOHOB W OCefjaHMe Ha 3NeKTPOfaxX 3MeMEeHTa, BbIAENAOLErocs 13
3NeKTPONNTA BeLLECTBa.

MpocTeiwnM ranbBaHUYECKUM 371EMEHTOM ABNSETCA MELHO-LIMHKOBBIN.
B cTeknsHHbIA coCyfd, HaMONHEHHbIA PacTBOPOM CEPHOM KUCNOTblI B BOAE,
Morpy>eHbl MeAHas W LMHKOBas NacTWHbLI, KOTOpble NPeACTaBNAT CO6Oi
MOMIOXXUTENbHBIA U OTPULATENbHBIA MOMKOCHI 3M1EMEHTA.

Mpn 3aMblKaHUW LENW 3neMeHTa KaKMM-1M60 MPOBOAHMKOM BHYTPU
3TOr0 371eMeHTa 6yaeT NPOXOANUTL TOK OT LIMHKOBOW OTpULATEeNIbHOW NnacTu-
Hbl K MEAHOIA MONOXWUTENbHON, a BO BHELUHEA Llenn—OoT MeAHOA K LWHKO-
BOW. [Mop fe/icTBEM TOKa BHYTPW 3/eMEHTa MOMOXMTE/bHblE WMOHbI BOAO-
poda ABWXKYTCSA MO HanpaB/fieHWH0 TOKa, OTpULaTeSlbHblE MOHbI KUCMOTHOMO
oCTaTKa — B MPOTUBOMOSIOKHOM HanpasieHun. Conpukacascb C MeAHOi
NNacTUHOW, MONOXWTeNbHblE HOHbI BOAOPOAA OTAAKOT eii CBOM 3apsgbl, a
BOAOPOA B BUE My3bIPpbKOB rasa CKOM/SAETCS Ha ee MOBEPXHOCTU. B 3To
e BpeMsi OTpuuaTe/lbHble MOHbI OCTaTKa CepHOW KWUCMOThbl OTAAOT CBOU
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3apsdbl LUMHKOBOW nnacTuHe. TakMM 06pa3oM NPOUCXOAMT HenpepbIBHbI
3apsg  NNacTUH  3N1eMeHTa, NOAAePXUBAOWMA  PasHOCTb MOTEHLMANoB
(HanpshkeHMe) Ha €ero 3aXxmmax.

BblgeneHne Bogopofa Ha MefHOW nfiacTMHE 31eMeHTa 0cnabnser ero
[leiicTBME — NONAPM3YET 3NMEMEHT. FBMEeHMEe MOoNspusaLMm CoCTOMT B TOM,
YTO CKOMMSKOLWMIACA Ha NONOXWUTENIbHOM 3/1EKTPOLe BOLOPOA CO3f4aeT B
COBOKYMHOCTW C METa/1/I0M 3/1eKTPoLa AOMONHUTENbHYIO PasHOCTb MOTEH-
LManoB, HasblBaeMyl0 31 eKTpPOABUXYUWeRn cunoih nong-
prusauumn. 3Ta 34C HanpasfeHa NPOTMBOMOJIOXKHO 3NEKTPOLBUXKYLLEN
cune anemeHTa. Kpome TOro, mnysbIpbKM BO-
fopofa, NOKpblBaloWMe 4acTb MeAHOR nnac-

TWHbI, YMEHbLIAIOT €e [AeACTBYIOLWY MoBep-
XHOCTb, @ 3TO YBeNUYMBaET BHYTPEHHee Co-
NPOTUBNEHNE 3NIEMEHTA.
Monapusaumsa B  PacCMOTPEHHOM  3/1eMeH-
Te HACTONbKO 3HauyuTeNlbHa, 4TO [enaeT ero
HENpUrofHeIM Ana MpakTUYeckux ueneid. Ans
yCTpaHeHUs SBNEHUS NONSApU3aLUM B COCTaB
3feMeHTa BBOAAT MOrMOTUTENb, HOCALWMIA Ha-
3BaHMe [Jenonspusatopa, KOTOPbIi  MpefHa-
3HaueH [/  MOrNoWeHWsa  BOLOPOJA W He
[OMYCKaeT CKOMJIEHNA €ero Ha MOJI0XNTeSb-
HOM nofioce anemeHTa. [enonspusatopamu
MOTYT CNYXWTb XWMWYecKuMe npenapatbl, 60- p,. oo Cyxoll ranbBanu-
ratble KUC/IOPOAOM WK X0POM. YeCKUI 3neMeHT:

ONeKTpoABMXYLAA Ccuna  MeAHO-LUMHKOBO- | — nacta. 2 — arnomepart, 3,

ro anemeHTa paBHa 1,1 B, a BHyTpeHHee > 10— kaprouubie npoknaa-

Kn, 4 — npocnoiika, 6 — Tpy-

CONPOTWBNEHNE B 3aBUCUMOCTU OT BPEMEHM  6ka. 7 —cmona, 8 — nonoxu-
TenbHbLIN Nonwc, 9 — yMHKoBaA
paboTbl — 5—10 Owm. Kopo6Ka

B yronbHO-LMHKOBOM 3/1EMEHTe MOMOXUTESb-

HbIM TO/IIOCOM C/Y>KWUT YrofibHas MnacTvHa, a OTpuuaTe/ibHbIM — LWH-
KOBbI CTEPXeHb. [lenonsapu3aTtopoM B 3TOM 3/1eMEHTE ABASAETCA Chpec-
coBaHHas Mo 60MblUMM  [aBfIEHWEM CMECb, Ha3blBaeEMas arjomepaToMm.
OHa cocToMT W3 Mnepekucu mMapraHua u rpagura. B kayecTBe 3nekTpo-
NUTa B YrONbHO-LWHKOBOM 3fleMeHTe MPUMEHSIOT BOAHbIA pacTBOp X/o-
PUCTOrO0 aMMOHWA. DNEKTPOABUXKYLLAA CUNA YroNbHO-LUMHKOBOIO 3/1eMeHTa
1,4—1,5 B B Havane paspsaga npu cpegHem 3HadyeHun 0,9—11 B, a BHy-
TPEHHee COMPOTWUB/IEHWE B 3aBMCMMOCTM OT KOHCTPYKUWWU 3neMeHTa —
0,25—0,7 Om B Hauyane paspsaga n 14—5 OM B KOHLEg.

YT0/IbHO-LUHKOBbIE 3/1eMEHTbI BbIMYCKAET OTeYeCTBEHHAA MPOMbILLEH-
HOCTb B BWAE TaK Ha3blBaeMbIX CYXWX 3/1eMEHTOB CTakaHYHKOBOIO W ra-
NeTHOro TWMOB, BeCbMa YA0OHLIX ANA MEPEHOCKN W MEPeBO3KMU.

B cyxux anemeHTax CTakaH4YHKOBOro tuna (puc. 22) NONOXUTENbHbIN
nontoc 8 ¢ arnomepaToMm 2 MOMELLAKOT BHYTPU LIMHKOBOW KOPOGKM 9, KO-
TOpas CAY>XWUT OTpULATENbHbIM MOMKOCOM 3/1eMeHTa. [1poCTpaHCTBO MexXay
CTEHKaMWN LWHKOBOW KOPOGKM M arnoMepaTtom 3anofiHAKT nacton /, co-
CTOSAILLE M3 pacTBOpa XNOPUCTOrO0 aMMOHWUA U KapTodenbHOW Myku. Hap
arnoMepaToM YK/aAblBalOT KapTOHHYIO MPOKNaAKy 5, Ha KOTOPYH Hachkl-
natoT NPOC/IONKY 4 13 ONUOK; CBEPXY OMW/KM 3aKpbIBalOT NPOKNaAKoW 5.
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3aTem 3neMeHT 3anMBatOT CMOMOM 7, B KOTOPYH BCTaBNAT TPy6Ky 6.
HasHauyeHue 3aTtoli Tpy6KM — ypaniTb 06pasyrolmMecs BHYTPU 3NeMeH-
Ta rasbl.

Ha BbIXOAAWMIA M3 CMOMbI YrOMbHbIA 3M1EKTPOA HAcCaXXMBaKT MEeHbIN
KOMNayoK C BMHTOM W raiikol Ans NpucoefvHeHWs MpoBofHUKa. K Bepx-
Heil YacTU LMHKOBOW KOpPOOGKM (OTpuuaTeNbHOMY MOAOCY) MpunanBatoT
M30/IMPOBaHHbIA TMOKMIA MNPOBOAHMK. Ha AHO KOpPOOKWM YKIaablBalOT
nsonupyrowyto npoknagky 10.

B ranetHoM 3neMeHTe OTpULATENIbHbIM 3M1EKTPOLOM SABNAETCH LMHKO-
Baf MNacTMHa, MOMOXMUTENbHbIM — CMPecCOBaHHbIA B BWAe raneTbl Mopo-
LWOK [BYOKWUCK MapraHua c yrnem. Mexay 31ekTpogaMmun nomeLLatoT KapToH-
HYI0 MNACTUHKY, MPONUTAHHYIO PacTBOPOM HallaTbipHOro cnupTa. Hapyx-
Hasi MOBEPXHOCTb LMHKOBOW MAacTWMHbI MOKPbITa CNOeM KaHU(OAW ¢ YacTu-
uamu rpaduTta Ans 31eKTPONPOBOLHOCTMU.

B KauyecTBe W30M1ALMM NPUMEHSAIOT XIOPBUHWAOBLIE MMeHKW. [anet-
Hble 3/1EMEHTbI KOMMaKTHbI U UX aKTUBHblE MaTepuabl (0COGEHHO LMHK) MC-
MOMb3YTCA lyylle, YeM B CTaKaHYMKOBBIX 3/1EMEHTaX.

§ 23. AKKYMynaTopbl

AKKYMYynsaToOpoOM HasbiBaeTca npubop, obnagarowmii cnocoo-
HOCTbIO HakaninBaTb U COXPaHATb B TEUEHWE HEKOTOPOro BpPeMeHW 3fek-
TPUYECKYIO 3HEPTUI0 B pe3ysibTaTe XMMUYECKUX MPOLECCOB.

B akkymMynsaTope, Kak W B rajilbBaHNYECKOM 3/IEMEHTE, 3MeKTPUYECKNA
TOK ABASETCA CNEACTBMEM XUMUYECKMX MpoueccoB. Ho B oTanyme OT ak-
KyMynaTopa B ranbBaHWYeCKOM 3/eMeHTe Mofiyyatowmecs XuMmyeckune
COEIHEHMS! He MOryT 6bITb BTOPMYHO Pa3/IOXEHbl W MPUBEAEHbI B MepBO-
HavasbHOe COCTOSIHME TOKOM MOCTOPOHHEro WCTOYHMKA. [M03TOMy ranbBa-
HWYECKMEe 3NEeMEHTbI Ha3biBAOTCH MNEPBUYHBIMK, a aKKYyMYNATOpbl — BTO-
PUYHBIMU unu 06paTUMbIMU. [1OBTOPHbIE 3apsf W pa3psf He TONbKO He
BPESAT aKKyMynsTOPY, HO JAaXe YNyuyllalT ero CBOWCTBA, TaK Kak B pa-
60Te y4yacTBYIOT BCe 60nee rny6okue cnou naacTuH 31eKTPoAoB.

B 3aBMCMMOCTM OT cOCTaBa 3/M1eKTPOAMTA aKKYMYNATOPbl MOryT ObiTh
KUCMOTHbIMU W LLENOYHbIMW. TMPOCTEALLNIA KUCOTHBIA aKKYMYnaToOp COCc-
TOWT W3 BYX CBUHLOBbIX MNACTUH (3/1eKTPOLOB), NOrPY>XKEHHbIX B 31€KTPO-
NUT, KOTOPbIM CAY>XWUT BOAa C He6OMbLIMM J06aBNEHNEM CEPHON KUCMOTHI.

IMOCTOSHHBIA TOK NOCTOPOHHEr0 UCTOYHUKA, NPOXOAA Yepes 3NEeKTPONNT,
pasfnaraeTt ero Ha cocTaBHble 4acTW. BHyTpu 3neKTponuTa BO3HWUKaeT ABU-
YKEHMe NONOXWUTE/bHbIX MOHOB Bojopoda Ht K nmnacTuHe, COeAWMHEHHON C
0TpULAaTeNbHBIM 32KMMOM WMCTOYHMKA TOKa, M OTpULATE/IbHbIX MOHOB KHC-
nopoga O K nnactuHe, COEAUHEHHOW C MOMOXUTE/IbHLIM 32XXKUMOM WCTOY-
HMKa TOKa. B pesynbTare 3/MeKTpO/iM3a OKWUCNSAETCA CBUHEL, HA NONOXU-
TeNIbHOM 3/1IeKTpofe W obpasyeTcs rybyaTblil CBMHEL, Ha OTpULATENbHOM
3neKTpoge.

Ecnu akkymynatnp rr2.no~:Tb «» WCTOYHMKA TOKAa U 3aMKHYTb Ha
KaKoW-HMOYAb NPUEMHWK 3HEPrun, TO aKKyMynsaTop caM CTaHeT WCTOYHW-
KOM TOKa NOAO6HO ranbBaHWYECKOMY 3/IEMEHTY, Y KOTOPOro 3/1eKTpofamMu
CNYXaT NNacTWHbl, OTAMYaKoLWmecs Apyr OT Apyra no XMMUYeCKOMY cocTa-
BY.
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SnekTponutom B KUCMOTHBLIX aKKYMYNIATOpPax, KakK yKasblBasoCb BbILLE,
cJTy>KHT pacTBOp KWUCNOTbl ONpefeneHHol NAOTHOCTU. NMAOTHOCT b 10
pacTBOpa Ha3bIBAETCA YMCO, MOKa3biBalolLlee, BO CKOMIbLKO pa3 macca
3TOro pactBopa 60nblle MacCbl BOAbl TOr0 e 06bema.

[na HanonHeHWs CTaUMOHAPHBLIX aKKYMYMSTOPOB YNOTPebnstoT pacT-
BOp CEPHON KMCNoTbl nAoTHocTbio 1,21 npu 15°C.

Mpn COCTaB/feHWW pacTeBopa A1 aKKyMY/NATOPOB CEPHYH KWUCMIOTY
TOHKOIA CTPyeil HanuBaloT B BOAY. Henb3s BAMBATbL B CEPHYIO KUCNOTY BOAY,
Tak Kak Mpousoinger 6ypHoe pa3bpbiaruBaHuWe KWUCNOTbl, KOTOpas MOXET
NpUYMHNTBL OXKOrW. Boda and anek-

TponuTa LO/KHA ObITb ANCTUNNN-

POBaHHOIA. L
SAC aKKyMynsTopa 3aBUCUT OT AN 26 1y _/

MAOTHOCTW 3MeKTpoNuTa u He 3a- 4~

BMCMT OT €r0 pa3mMepoB M Homu- | 22 9

Ha/lbHOl EMKOCTMW. 2,0<

B npouecce 3apaga u paspaga g 1g
aKKyMynatopa na0THOCTb 3/eK-
TPONUTa He OCTAeTCA MOCTOSHHOW, 0 /7 2mn 5618 9 101
B CBA3N C 3TUM M3MeHsieTcs Kak Bpems,
ero 34cC, TaK U Hanps>keHue Ha Puc. 23. pa@uk N3MEHEHUs HanpsaXeHUs
ero 3aKMMmax (pMC. 23) KWUCNTIOTHOIro akkKymynatopa:
KonnuecTBo  3neKTpUuecTBa, / — npw sapage, 2 — npu paspase
KOTOpOe aKKYMYNATOpP MOXeT OT-
[aTb Npv pa3psaje onpejesieHHbIM TOKOM [0 HaWHU3LEero LOnyCcTUMOro Ha-
NPAXeHUs, Ha3blBaeTcA ero eMKOoCTbi. OHa paBHa MNpov3BefeHUI0
paspagHOro TOKa B amnepax Ha MNpPOAO/MKUTENbHOCTL BPeMEHU paspsja
B Yacax W BbIpa)kaeTcs B amnep-yacax.

EMKOCTb akKymynstopa 3aBUCUT OT KOMU-
yecTBa aKTUBHOW Macchl, Be/IMUYMHBLI TOKA W TeM-
nepatypbl. 04 HOMWHANLHONW EMKOCTbK MOHW-
MalT TO KOJIMYECTBO 3/IEKTPUYECTBA, KOTOPOE
OTAaeT MOMHOCTLH) 3apPSHKEHHbIA aKKyMynaTop
npy 10-4acOBOM peXWMe paspsaja W Temnepa-
Type 25"C. Takum 06pa3oMm, akKyMynstop oT-
[aeT HOMWHA/IbHY0 EMKOCTb, pa3psaxasch B Teue-
HMe 10 Y TOKOM, YMC/IEHHO paBHbIM 0,1 BENNYUHbI
ero HOMWHanbHOW emKkocTu. [pyu  yBennyeHun
paspsALHOro TOKa eMKOCTb aKKYMY/IATOPa YMEHb-

oue. 24, Cxema coemmme LaeTcs, TaK KaK NOBEPXHOCTb MIacTUH MOKPbI-
s TACTIH chnofmro BAeTCA CEepPHOKUC/IbIM CBUHLOM W 3aTpyAHAeT
aKKyMynsTOpa AOCTYN 3NEKTPONNTA K BHYTPEHHUM CNOAM aK-
TUBHOW Macchbl. [pyv NOHMXeHWWM TemnepaTypbl

YBeNnmunBaeTca BA3KOCTb 3M1EKTPONINTA, YTO TAKXKE 3aTPYHAET ero 4ocTyn K
BHYTPEHHWUM C/OSM aKTUBHOMW MacChl U YMeHbLUAET eMKOCTb akKKyMynsaTopa.
Ana yBeninyeHNA eMKOCTU aKKyMynsTopa HeCKO/IbKO O4HOUMEHHbIX
NNacTUH COefAMHAT napaniefbHo (puc. 24). Kaxpasa rpynna mnonoxu-
Te/bHbIX M OTpULaTeNbHbIX MAacTUH paboTaeT Kak ofHa 60fblias naacTu-
Ha, nnowanb KOTOPOA paBHa CymMMe MoLWafein napaniefibHO COeaUHEHHbIX
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NNacTUH. Tak Kak MoJIoKUTE/IbHbIE NAACTUHBI JO/IKHbI HAXOAUTHCA MEXIy
OTPULATENbHBIMU, YMCNO OTPULATENbHBLIX MNaCTUH BCerja Ha ofHy 60/b-
LLle yucna NonoXuTesnbHbIX. py 3TOM YCnoBUM 06e CTOPOHbI MONOXMUTE b-
HbIX NAacTWH BCTYMalOT BO B3aVMOLECTBME C 31eKTPONMTOM (MpW OJHO-
CTOPOHHeli paboTe MOMOXMTE/NbHbIE NAACTUHBI KOPOBATCA M NpU CONPUKOC-
HOBEHUW C OTPULLATENbHBIMW NAACTUHAMW MOXET MPOM30WTU KOPOTKOe 3a-
MbIKaHWE).

CTaunoHapHble KUCOTHbIE aKKYMYNATOPbl U3rOTOBMAKOT B CTEK/IAHHBIX
WM Kepammyeckux cocyfax. AKKYMYNATopbl 60MbINX eMKOCTEA UMeoT
COoCybl fepeBAHHbIE, BblNIOXEHHbIE BHYTPU CBUHLOM WU KWUCNOTOCTOMKMM
N30NALNOHHBIM MaTepmnanom. KKCMOTHble akKyMynAaTopbl MPUMEHSAOT Ha
3NIEKTPOTEXHNYECKMX YCTaHOBKaxX CTaUMOHAapHOro TWna W Ha aBTOTPaHC-
nopTe. B kayecTBe MepeHOCHbLIX aKKyMYNATOPOB WUCMO/b3YHOT NPenMyLLecT-
BEHHO LLE/OYHblE aKKYMYATOPSI.

Cocyab! LLeMoYHbIX aKKYMYNSTOPOB CBapuUBatOT U3 TOHKOI IMCTOBOM CTa-
NN W C HapPY)XXHOW CTOPOHbI HUKEIMPYIOT. B LIeHTpe KPbILWKK cocyaa MMeeT-
CA OTBEPCTME A/ 3a/IMBKU aKKYMY/ATOPOB 3/1EKTPOSIUTOM.

S[C LWEeNoYHbIX aKKYMYNSTOPOB 3aBUCUT OT COCTOAHUA aKTUBHOM Macchbl
nnactnH. OT TemnepaTtypbl U MIOTHOCTU 3/1eKTPONTA 34C 3aBUCUT He3Ha-
YWNTENbHO W TOJILKO NPU HU3KMX TemMepaTypax, 6/M3KUX K Hy/o, OHa
pe3Ko U3MEeHSEeTCA. HanpsXeHue B KOHLE 3apsafa akKymynsaTopa pasHO
1,8 B, no okoH4yaHuKn 3apaga — 1,5—1,55 B; 3ac paspsaXeHHOro akkymy-
naropa — 1,3 B.

JOCTOMHCTBOM LLEMOYHbIX aKKYMYNATOPOB SABMAAETCA TO, YTO OHW He
TpebytoT TWaTeNbHOro yxoga, He 60ATCS COTPACEHWIA, MOTYT A/INTENbHO
0CTaBaTbCA B PA3PEXKEHHOM COCTOSAHUW, BbIHOCAT KOPOTKME 3aMblKaHWUS,
KOTOpble 4151 KMCNOTHBIX aKKyMY/NATOPOB MpPeAcTaBnsatoT 60/bLIyi0 onac-
HOCTb. CaMopaspas Y LUENOYHbIX aKKyMY/IATOPOB MeHbLUe, YeM Y KWUC/OT-
HbIX.

B 3aBMcMMOCTM OT MaTepuana 3/MeKTPOLOB LUENOYHbIE aKKYMYNATOPSI
MOryT ObiTb KafMMWEBO-HUKENEBbIe, >Kee30-HUKEeNEBble, CepebpsHO-LUH-
KOBble, 30/10TO-LMHKOBbIE W ra3oBble.

MpyMeHeHWe B MaccoBOM MacluTabe 30/10TO-LIMHKOBbIX aKKyMynsTo-
pOB OrpaHWYMBaETC WX BbICOKOW CTOMMOCTbIO.

[a30Bble aKKyMynaToOpbl OTAMYAKOTCA NIerKOCTbIO W AEeLIEeBU3HOW, HO
TEXHONOrMA WX MNPOM3BOACTBA HELOCTATOYHO pa3paboTaHa.

Hanbonee LWIMPOKOe pacnpocTpaHeHWe MNOMyYnunu KagmueBO-HUKene-
Bble (KH) u >eneso-Hukenesble (PKH) akKyMynaTopbl, 3/EKTPOIMTOM KO-
TOPbIX C/YXWT PacTBOpP €4KOro Kanum B BOAE; MIOTHOCTb 3/IEKTpo/iMTa 1,2.

Mo cBOeMy YCTPOWCTBY W 3MEKTPUYECKUM AaHHbIM akkymynatopbl KH
n XXH He3HauyuTenbHO OT/NMYAOTCA APYr OT Apyra. AKTUBHYH Maccy 3a-
MPeccoBbIBAOT B OpUKeTbl (NakeTbl), a 3aTeM M3 OGPUKETOB COOMpalOT OT-
JenbHble NIaCTUHbL. Y aKKyMynaTopoB Tuna XXH oTpuuatenbHbIX NaacTuH
Ha ofHY 6OnbLUe, YeM MOSIOXKUTENbHBIX. Y akKyMynaTopos Tuna KH nono-
XUTENbHbIX NNACTUH Ha OAHY Gonblue, YeM oTpuuaTesibHbIX. OAMH 13 no-
NIOCOB aKKyMynaTopa coefmHsetca ¢ cocynaoM (y XXH — oTpuuaTensHblid,
a y KH — nonoxuTenbHblii Nontoc).

CepebpsHO-LUHKOBbLIN akKKyMynsTop npeactaBnseT coboil niacTmac-
COBbI COCYZ, B KOTOPOM MOMELLEHbI MOMOXWUTENbHbIE W OTPULATE/bHbIE
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3NeKTPofbl, COCTAB/IEHHbIE U3 OTAE/bHbIX NAAaCTUH. OTpuuaTtesibHble 3/eK-
Tpogbl, WU3roTOB/IEHHbIE U3 NIACTUH OKUCK LMHKA, 3aK/YeHbl B 3alUUTHbIE
NakeTbl M3 MaTepuana, KOTOPbIA XOPOLLIO NPOMYCKAaeT 3/IEKTPONT, HO 3a-
JepxvBaeT MeTalIMyeckne 4vactuupbl. [onoXKuTenbHble NAACTUHbLI U3ro-
TOB/MEHbI M3 cepebpa.

[na cocTaBneHms akKyMynsTOPHON GaTapenm wnu 6aTapen ranbBaHW-
YecKMX 3/IEMEHTOB HeCKONIbKO 3/1EMEHTOB COEAMHANOT MOC/ef0BaTENbHO,
T. €. KaToj MepBOro akkKyMynsTopa COeAMHAOT C aHOLOM BTOPOro, KaTop
BTOPOro — C aHOAOM TPeTbero u 1. 4. Monyymslunecs Takum obpasom CBO-
604Hble 3M1EKTPOAbl, @ WMEHHO, aHOof MNepBOro 3jeMeHTa W Katof nocnef-
Hero fBAAKOTCA COOTBETCTBEHHO MOMIOXUTENbHLIM W OTPULATENIbHLIM MO-
NocaMy akKyMynsTOpHOW 6aTapen. pu onpefeneHun 34C akKyMynsaTop-
Holi 6aTapen M3 M KWUCMOTHLIX aKKYMYNATOPOB WAN TanbBaHUYECKUX 3ne-
MEHTOB C 3C OJHOro 3femeHTa Eaun BHYTPeHHWM COMPOTUBAEHUEM /?* 3aC
6atapem E=nEOQOwu BHyTpeHHee conpoTusfieHne R=nRO0.

MocneaoBaTeNibHOe COeAMHeHMe 3/1EMEHTOB MUCMONb3YyeTc AN YBennye-
HUA HanpsXeHus.

AKKYMYNATOPbI, KaK W ranbBaHWYeCKMe 3/1eMEHTHI, MOXXHO BK/1HOYaTb
napansefisHO, 415 YEro MoSIOKUTENIbHbIE U OTpULATESIbHbIE MOMKOChI BCEX
3/1eMEHTOB COEAVHAIOT MeXAy Co00i oTAenbHO. ObLme NONOKUTENbHBI W
OTPULATENbHBIA NOMOCHI SBASKOTCS MNOMAKCaMK  HaTapeu.

Ecnu 6atapes cocTouT M3 T napannefibHo COeAMHEHHbIX 3/IEMEHTOB, TO
ee aic £=£#, a BHYTpeHHee conpoTmeieHne R=RJm.

MapannesibHOe COeAMHEHUe aKKyMYNATOPOB W 3/1EMEHTOB MPUMEHSAOT
B TOM Cnydyae, ecnu OT 6atapeu TpeGyeTcs MONy4uTb MU MAaJIOM Hanps-
YKEHWUN TOK, MPEBbILLAKWMNIA AOMYCTUMbIA TOK OAHOr0 akKKyMynsaTopa Wam
3/eMeHTa.

§ 24. HenwuHeliHble COMNPOTMBEHUSA

Llenb, COMpPOTUBNEHME KOTOPOA He 3aBMCWUT OT MPOXOAALLEr0 MO Hei
TOKa, Ha3blBaeTca NUHeMNHOW. Ecnu ke CONPOTUBNEHWE 3aBUCUT OT
MPOXOAALLEro TOKa, TO M Lenb Ha3blBaeTCA HENTUHEWHO .

PacueT TOKOB M HampshKeHWIA B HEMMHEMHbIX Lensix Mpou3BOaUTCa C
MOMOLLBIO BONbTAMMEPHbIX XapakTepUCTUK HeNMHelHbIX COMpOTUBAEHWIA,
COAEpXXaLMXCa B pacCUMTbIBaEMbIX Lensax. BonbTamnepHas xapakTepuctu-
Ka, npeacTaBasowas coboii 3aBMCMMOCTb MEXAY TOKOM H MPUIOXEH-
HbIM K HEIMHEHOMY COMPOTMBMIEHMIO HaNpsHKEHUEM, M306paxaeTcs rpa-
()MKOM, NMOCTPOEHHbLIM Ha OCHOBAHWM 3KCNEPUMEHTa/IbHbIX AaHHbIX (puc. 25).

[nsa nuHeliHOro anemeHTa BONbTaMMEPHas XapakTepucTuka (puc. 25, a)
npeacTasnseT coboi npamyr /, Tak Kak CONpPOTMB/IEHWE MOCTOSHHO W
cornacHo 3akoHy OMa MeXay TOKOM W HanpsbkeHWem CyLlecTByeT npsaMo
nponopLmoHaibHas 3aBUCUMOCTb. [Ns HeNMHeHOro 3afemeHTa BOJibTaM-
nepHas XapakTepucTMka He MPAMONAUHENHa U UMeeT BUA NGO KPUBOW 2,
ecnn ero ComnpoTUB/EHNE YMEHbLIAETCA C POCTOM TOKa (Hamnpumep, B 3/ek-
TPOHHbLIX MpUbOpax: 3MEKTPOHHbIE NaMnbl, MOAYNPOBOAHUKOBbIE AMOAbI
N CTabUNNTPOHbI), MO0 KPWBOIA 3, ecnn COMPOTUBNEHME 3/IEMEHTA PacTeT
C yBeM4YeHMeM TOKa (Hanpumep, HarpeBaTeslbHble MpW6OPbI, Namna Ha-
KanmBaHus, 6GapeTTepbl).

41



Mpy nocnegoBaTeslbHOM COEAMHEHUN LBYX HENWHENHbLIX CONPOTUBNEHWIA
R1 u R2 c BonbTamnepHbiMy xapaktepuctukamm 1 v 2 (puc. 25,6) TokK B
uenn | sBnsetcs oOWMM ANA 060MX CONPOTUBAEHUIA, a NPUIOXKEHHOE
HanpsbkeHne U B /11060 MOMEHT paBHO CYMMeE HarpsKeHWid Ha MepBoMm
Ui n Btopom Ut HenmHeliHom conpotusneHun, 1. e. U=Ui+Ut. 3aga-

Puc. 25. BonbTaMnepHble XapaKTePUCTUKM W YCNOBHble 0603HAYeHUs He-
NNHENHBIX COMPOTUBMEHWIA:

a — ANA pas/InyHbIX TUNOB COHpOTMBﬂeHMVI, 6 — Ana ABYX nocnefoBaTe/lbHO BKK -
YEeHHbIX COI'IpOTVIBJ'IeHVIVI, « — Aana ABYX napannenbHO BK/IKYEHHbIX COI'IpUTVIBI'IEHVIVI

BafACb pPas3/IMYHbIMW 3HAYEHUAMU TOKA W OMNpegenss no Kpusbim /[ © 2
COOTBETCTBYHOLYME UM 3HAYeHWs HanpsxkeHnid Ui n U2 nocne nx cyMMmnpo-
BaHUA HaxOAUM 3HayeHWA Hanps>keHWs U, COOTBETCTBYHOLLME 3TUM Xe
3HaYeHnsaM TOKa.

Takum 06pa3oM MOXHO MOCTPOWUTL BONLTAMMEPHYIO XapaKTepuUCTUKY
3 Aana Bceld uenw.

Ecnu n3BecTHO nNpunoxeHHoe HarpskeHne U un Tpebyetcs onpege-
NUTb Kak TOK B LENW, TaK M HanpshkKeHWe Ha KaX4OM HefuHe#lHoOM co-
NPOTUB/IEHUW, TO Ha FOPU3OHTANbLHON OCU crledyeT OTAOXUTbL 3TO Hanps-
YKEHMe 1 BOCCTaHOBUTbL NePNeHANKYNAp 4O MepeceveHns ¢ KpUBoi 3 B TOY-
Ke A. OTa TOYKa OMpejennT TOK B Lienun /, a 0TPe3Kn Ha NpsMOI, napanesb-
HOli rOpPU3OHTa/IbLHOM OCW, OT OCU TOKOB A0 MepeceyeHus ¢ KpuBoiA 1 u
KpMBOA 2 6yayT COOTBETCTBOBATb HAMPSKEHMSIM HA COMPOTMBIEHUAX
R1 n R2.

Mpn napannenbHOM COEAVHEHUW HENIMHENHBIX COMPOTUBAEHMIA R1
1 R2 ¢ Bo/bTamMMepHbIMU XapakTepuctukamu 1H2 (puc. 25, B) TOK B Hepas-
BETB/IEHHON Uenn B Nt060/ MOMEHT paBeH CyMMe TOKOB B 3TMX COMPOTMB-
neHusix (/=/i+/j), a HanpsxeHue Ha 3axumax uenH U asnseTca o6-
Wwym ana oboux conpoTueneHuid. OTKNaAblBas Ha roOpw30HTaNbHON OcK
3HaYeHVe HanpsHXKeHUA UCTOYHMKA 3Heprum U u BOCCTaHaBAMBAsA MepreH-
OUKYNAp [0 nNepecedeHWs ¢ KpuBbiMM 1 W 2, Hailaem 3HaYeHWs TOKOB
h u |, cCOOTBETCTBEHHO, a WX CyMMa OMpeAenuT TOK B HepasBeTB/IEHHOA
4acTu Lenwu.

PacCMOTPEHHbI METOA, pacyeTa HENMHEMHbIX Lenein MPUMEHUM K to-
6oMy uyucny nocnefoBaTensHO WK napanienbHO COefMHEHHbIX HennHei-
HbIX COMPOTUBEHNIA. PacyeT Npy CMeLaHHOM COeAMHEHNWN HENIMHEMHBIX CO-
NPOTUBNEHWIA MPOU3BOAUTCS TaK e, Kak NIMHEeNHbIX Lenei, T. e. CHavana
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HaxoaAaT COMNpPOTUBMIEHWE NapansieNibHO WKW nocsefoBaTesibHO COEAVHEH-
HbIX HEIMHENHbIX COI'IpOTVIBI'IeHI/II7I, 3aMeHAa X OogHUM O6LLI'I/IM.

KOHTpPO/NbHbLIE BOMNPOCHI

1. B Kakux eguHuMLaxX WU3MepsatoT 34C, HanpsXXeHue u TOK?

2. OT 4ero 3aBMUCUT COMPOTUB/IEHNE META/I/INYECKOTO MPOBOAHUKA?

3. CcopmynupyiiTe 3akoH OMa 415 3aMKHYTON 31eKTPUYECKON Lenun 1 Ans ce yvacTka.

4. KakoBO COOTHOLUEHWE MEXAY 3AC W HanpsHKeHMEeM Ha 3aXUmax WCTOYHMKAa 3Hep-
mn?

5. Yemy paBeH TOK Mpy KOPOTKOM 3aMblKaHUW 3aKMMOB WCTOYHMKA 3HEprum?

6. CdopmynupyiiTe nepsblii M BTOpOW 3akoHbl Kupxroda.

7. Kak n3mepsioT obliee CONpoTUB/ieHWe NPW NOCNefoBaTe/IbHOM, NapannensHoMm Wy

CMELLAHHOM COeIMHEHNAX MOTpebuTenei aHeprumn?

8. Kak onpefennTb HanpsXXeHue Ha 3aXumax ABYX napanjefisHO COeAVNHEHHbIX uc-
TOYHUKOB 3HEPTUM C PasfIMUHbIMK 34C, 3aMKHYTbIX Ha Kakoi-nn60 noTpebutenb sHeprum?

9. B uem 3akft0yaeTcAd METOA HasoxeHus?

10. O6BbACHUTE METOZ KOHTYPHbIX TOKOB.

11. Yemy paBHa paboTa U MOLLHOCTb 3/IEKTPUYECKOrO TOKA W B KaKUX efUHMLAX OHU
n3mepaoTCa?

12. Cchopmynupyiite 3akoH JleHua — [xoyns.

13. Kak yCTpOeH KMCNOTHbIA akKymynsaTop?



Fnasa |l
MATHETN3M W 3JIEKTPOMATIMHETN3M

§ 25. MarHutbl N NX cBolicTBa

MarHeTun3M — 310 0c060e NPOSABNEHUE ABVKEHUSA 3NEKTPUYECKUX
8aps40oB BHYTPW aTOMOB U MOJIEKY/1, KOTOPOE MPOSIBASETCS B TOM, UTO HEKO-
TOpble Tena CnocobHbl MPUTArMBaTL K Cebe W yAepXuBaTb YacTuLbl XKene-
3a, HUKeNs U Apyrux MeTannoB. ITW Tea HasblBaOTCA MarHWTHLIMU.

CTpenka Komnaca, fBNAOLWAACA MarHWTOM, YCTaHaB/WBaeTCA B Mar-
HUTHOM Mosie 3eMnn Tak, YTO OAWH KOHeL, ee yKa3blBaeT HanpaBfeHue Ha
CeBep W HasblBaeTCcd ceBepHbiM nonwcom (N), a nporusono-
NOXHbIA KOHEL, — IOXHbIM nontwcom (S).

B 3aBMCMMOCTM OT Ha3HaYeHWs MarHWTam MPUAAKT PasnyHyr (opMy:
NPAMOYTOMbHYI0, POMOWYECKYIO, KPYTrnyt U T. 4. MarHuT no6oi gopmbl
MMeeT [iBa MOtoCa — CEBEPHbLIA U HOXHbIN.

Ecnn HamarHW4YeHHbIi CTepXXeHb MOrpy3nuTb B XKeflesHble OMUIKK U 3a-
TeM BblHYTb, TO HaMbO/bLUEe KOAMYECTBO OMWIOK OKAaXKETCA MPUTAHYTbIM
K KOHLaM MarHuTa, a B CpefHeli 4acTu, Ha3blBaemol HelTpanbHOW NUHWEN,
OMUAOK He bygeT. Ecnn HamarHWuYeHHbI CTEpXKeHb pa3fennTb Ha [Be Ya-
CTW, TO 06pa3yloTCs [Ba MarHuTa C ABYMA PasHOMMEHHbLIMW MO/caMM Ha
KoHuax. Mpu panbHeiwem Apo6ieHM Ha YacTW HaMarHUYEeHHOrO CTEePXKHS
OyfyT nony4yaTbCs OTAENbHbIE MArHUTbl C CEBEPHbIM W KDKHLIM  MOHOCaMU
Ha KOHUax. Takum 06pa3oM, MOMyYUTb MarHWT C KakuM-An6o OAHUM Mo-
nocoM (N nam S) HeBO3MOXKHO.

Ecnun Hepaneko ot ceBepHoro N (MM HOXXHOro S) nontoca Kakoro-nnéo
MarHuTa MOMECTUTb CTalbHOM 6PYCOK, OH MpMOOpeTaeT CBOMCTBO MPUTS-
rMBaTb >XefnesHble MpeaMeTbl, MpuueM Oavdxaidwunii kK nontocy N marHuTa
KOHeL, 6pycka 6yAeT HOXKHbIM MOOCOM S, a NMPOTUBOMO/IOXKHBIA — CeBep-
Hbim N.

Mpu pacnonoXeHuu fABYX MarHATOB Ha HEKOTOPOM PacCTOSHAM OAWH
OT APYroro Mexgy WX Mo/camum BO3HUKAeT cufia B3aMMOAENCTBUA, Ha-
npaBfeHHas TakK, YTO OJHOMMEHHbIE MOJIOCHI B3aMMHO OTTA/IKMBAKOTCH, a
pasHOHMEHHbIE MPUTArMBAKOTCS.

Bokpyr BCAKOro HaMarHW4eHHOro Tefla BO3HMKAeT MarHWTHoe Mone,
SABNAIOLLEECH MaTepuasibHOW Cpefiol, B KOTOPOI 06HapyXuBaeTcs felcTBME
MarHuTHbIX cun. Ha pucyHkax MarHuTHoe mnone u3obpaxaeTcs B Buae
MarHWTHbIX NIMHWIA, HanpaBfieHHbIX OT CEBEPHOr0 MOMOCa K HOKHOMY
(puc. 26). Jltobas MarHWTHas IMHUA He UMEET HW KOHLA, HW Havana v npea-
CTaBNsET COOOM 3aMKHYTYH KPMBYHO, TaK KaK CEBEPHbIA W KXKHbIA MOSHO-
Cbl MarHWTa HeoTAeNMMbI OAWH OT APYroro.

Mpn BHECEHMM B MarHWTHOE Mo/e Kakoro-nn6o Tena OHO MPOHM3bIBAET-
C MarHUTHbIMWA JIMHWSIMK, KOTOpPbIE OMpefeNieHHbIM 06pa3oM BO3eiCT-
BYIOT Ha nofne. Mpy 3TOM pasfuyHble MaTepuanbl No-pasHOMY BO3LEACTBY-



0T Ha MarHWTHOE nosie. B HamarHWYeHHbIX Teflax MarHUTHOe Mone Cco3fdaeT-
cA npu ABVKEHUU 3M1EKTPOHOB, BpaljatolMxca BOKpYr fapa atoma u
BOKPYr COOCTBEHHOM ocu. OpbuTbl 1 OCK BpaLLeHWst 3/1EKTPOHOB B aTOMax
MOFYT HaxOAUTbCA B Pas/IMUHbIX MOMOXKEHUAX OAWH OTHOCUTENBbHO ApY-
roro, Tak 4TO B Pa3/IMYHbIX MOMIOXKEHUAX HAXOAATCA MarHuUTHbIE MONA,
BO30YXXJaeMble [ABMXYLLMMUCSH 3MEKTPOHAMU.

B 3aBMCMMOCTM OT B3aMMHOr0O PacrofioKeHns

MarHWTHbIX MOMEA OHW MOTYT CKaAblBaThbCs

win BbluMTaThCA. B nepsBom cnyvae atom 6y-

JeT o6nagatb MarHUTHbIM [OfeM WKW Mar-

HWUTHBIM MOMEHTOM, a BO BTOPOM — He OygeT.

MaTtepuansl, aToMbl KOTOPbIX He WUMEKT Mar-

HWTHOTO MOMEHTa W HamarHWTUTb KOTOpble

HEBO3MOXHO, Ha3blBalOTCA A MaMATHWUT -

HbiMU. K HUM OTHOCATCA abCONKTHOE

OO/MbLUINHCTBO BELLECTB, BCTPevaloWumxcs B

npupoge, U HekoTopble MeTan/bl (Mefb, CBU-

Hel, LMHK, cepebpo u gpyrue).

MaTtepuasbl, aTOMbl KOTOPbIX 061a4at0T HEKOTOPbIM MarHUTHLIM MOMEH-
TOM W MOrYT HaMarHW4yMBaTbCH, Ha3blBAOTCA NapaMalrHUTHbLI MU .
K HMM OTHOCSITCA a/tOMUHWIA, 0N0BO, MapraHel, W Ap. VICKnK4eHwne coc-
TaBNAOT heppoOMarHMTHBIE MaTepuansl, aToMbl KOTOPbIX 06/1aja-
0T 60/bLUMM MArHUTHbIM MOMEHTOM W KOTOpblE /fIerko NoAJalTcA Hamar-
HuumBaHuio. K Takum MaTepuanam OTHOCATCA >Keneso, CTalb, YYryH,
HWKeNb, KO6anbT, rafonvHuii N UX Ccnnasbl.

§ 26. MarHuTHOoe none 3M1EeKTPNYECKOro TOKa

Bokpyr npoBofHMKa C TOKOM 06pa3yeTcs MarHWTHOe Mofe, TaK 4To
CBOOOAHO BpALLAOLLAACA MarHWTHas CTpesika, MoMeLlleHHas BOAM3M Mpo-
BOAHMKA, OyJeT CTPeMUTbCA 3aHATb MNOMOXEHWe, NeprneHAMKYNspHoe
MJ0CKOCTW, NPOXOAALLel BLOMb Hero. B aTom fierko y6eauTses, Npopenas
CNeaytoLWmin onbIT. B 0TBEpCTME TOPM3OHTANBHO MOIOKEHHOIO /IMCTa Kap-
TOHa BCTaBAAOT MPSAMOSIMHENHbIA NPOBOAHWK M MPOMYCKalOT 4Yepe3 Hero
TOK. HacbinaloT Ha KapTOH >Kefe3Hble ONUAKW U y6eXaatoTcs B TOM, YTO
OHW PacnonaraktTcsl KOHLEHTPUYECKAMU OKPY>KHOCTSMU, UMEOLLUMA 06-
WWIA LEHTP B TOYKe MepecevyeHnss NPOBOAHUKOM KapTOHHOrO NuncTa
(puc. 27, a). MarHuTHas cTpenka, nofgelleHHas Ha HUTU B6GAM3M 3TOrO
NPOBOAHMKA, 3aIMeT NOMOXeHWe, YKazaHHOe Ha pucyHke. Mpu nameHeHWUn
Harnpas/NeHs TOKa B MPOBOAHWMKE MarHUTHas CTpesika MOBEpPHETCA Ha
yron 180° ocTaBafCb B MOSIOXKEHWMW, MEPNEHAUKYAPHOM MI0CKOCTU, Mpo-
X0fdlleil BAONb NPOBOAHMKA. B 3aBMCMMOCTM OT HanpaBfeHUs TOKa B
NMPOBOAHWKE HarpasfieHWe MarHUTHLIX SIMHWA 06pa3yeMoro UM MarHuT-
HOro nonis onpeenseTcs npasunoM BGypaBumka, KOTopoe (opmMynupyeTcs
CNedytoLmM obpasom: ecnn nocTynaTenbHOe ABW>KEeHWe OypaBuuka CoBna-
[aeT C HanpasfeHWemM TOKa B NPOBOAHWKE, TO BpalLaTeNbHOe [BUXKEHNE ero
PYKOATKM YKa3bIBaeT HanpasfeHne MarHUTHbIX MHWIA Nonsi, obpasytoLlero-
CA BOKPYr 3TOr0 MPOBOAHYMKA.
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Ecnu no npoBO/IOKe, COTHYTOW B BUAE KO/bLaA, MPOMYCTUTb TOK, TO
noj fAe/icTBMEM €ero TakXe BO3HWKHET MarHuTHoe none. poBofoKa, Co-
FHyTas CNMpasbHO U COCTOSALLAs U3 HECKOSIbKUX BUTKOB, PacrofioXXeHHbIX
Tak, YTO OCM MX coBnagaloT (puc. 27, 6), Ha3bIBaeTCA CONEHOUAOM.
Mpn NPOXOXAEHUM TOKa uYepe3 06MOTKY CONMEHOMAA WM OAMH BUTOK Mpo-

Puc. 27. MarHuTtHoe none:

a — npsMoro npoBoAHMKA O TOKOM, 6 — coneHompa

BO/IOKM BO36Y>XXAAeTcs MarHUMTHOe none. HamnpaBneHWe 3TOro Mons Takxke
onpefensieTcs npasBunoM 6GypaBumka. Ecny pacrnonoXxuTb ocb GypaBuMKa
nepneHANKYNSPHO MI0CKOCTA KOMbLEBOTO MPOBOAHMKA WKW BAOMb OCK
CONeHoMaa W BpalaTb ero PyKosTKy Mo HanpaBfieHWI0 TOKa, TO MOCTymna-
TeNbHOE [BWXEHWE 3TOro 6ypaBuMKa YKaXeT HanpaBfeHUe MarHUTHbIX
NMHWIA MONS KonbLa WM coneHompa.

MarHuTHoe none, BO3GY)XJEHHOEe TOKOM OGMOTKW CO/MeHOMAR, NOAOGHO
MarHMTHOMY MOJII0 MOCTOSIHHOFO MarHWTa, T. . KOHeL, COoNeHomga, U3 Ko-
TOPOro BbLIXOAAT MarHUTHblE JIMHUW, SIBASETCH €ro CeBEpHbIM MOCOM,
a NPOTMBOMOJIOXHbIA KOHEL, — HOXKHbIM.

HanpaBneHve MarHWTHOrO Mo/ 3aBUCWUT OT HanpaBfeHUs TOKa U Mpw
W3MEHEHWM HanNpaBieHUs TOKa B  MNPSMONMHEAHOM MPOBOAHWKE WM
B KaTyLUKe U3MEHUTCS TakKXXe HampaB/ieHUe MarHWUTHbIX IMHWIA Mons, BO3-
OY>XAaeMOro 3TUM TOKOM.

B 04HOPOAHOM MarHMTHOM MOJie BO BCEX TOYKaX Mofe MMeeT OfMHAaKO-
BOE HamnpaBNeHWe U OAMHAKOBYH WHTEHCMBHOCTb. B MNpoTBHOM cnyyae
rnofe HasblBAaeTCs HEOAHOPOAHbIM. [padnyecku OAHOPOAHOE MarHUTHOE
none M306paxarT NapannefibHbIMU JIMHUAMU C OAMHAKOBOI MIOTHOCTbIO,
HanpuMep, B BO3AYLUHOM'3a30pe MeX.y ABYMS PasHOMMEHHbIMY Napannesb-
HO PacnonoXeHHbIMK MO/CaMN MarHuTa.

§ 27. MPOBOAHMK C TOKOM B MarHUTHOM MoJe.
MarHuTHasi UHAYKLMS

Ecnv NpoBOAHWK, MO KOTOPOMY NMPOXOAMT 3NEKTPUYECKUIA TOK, BHECTM
B MarHWTHOe nosie, TO B pe3y/bTaTe B3aVMOAECTBMS MAarHUTHOIO MoNs
1 NPOBOAHMKA C TOKOM MPOBOAHMK BYAeT MepemellaTbes B Ty WK UHYHO

46



CTOpPOHY. HanpaBneHne nepemelLeHMs NPOBOAHMKa 3aBUCUT OT Hanpas/e-
HMS TOKA B HEM W OT HanpasfeHWs MarHUTHbLIX TUHWUIA MONS.

Jonyctum, 4to B MarHUTHOM nose marduta NS (puc. 28, a) HaxoguTcs
MPOBOAHUK, PACMOMIOXKEHHbIA NepreHANKYNAPHO NIOCKOCTU PUCYHKA; MO
NPOBOAHWKY MpPOTEeKaeT TOK B HanpasBleHWW OT Hac 3a M/IOCKOCTb pu-
CyHKa. TOK, maylmnii oT NIOCKOCTU PUCYHKa K Habntogatento, 0603Hava-
eTCA YCNOBHO TOYKOWM, a TOK, HampaBfslOLWMIACS 3a MAOCKOCTb PUCYHKA

Puc. 28. [lBMXeHUe NMPOBOAHMKA C TOKOM B MarHMTHOM MoJjie W NPaBW/IO NeBoii
pyKu:

0 — MarHMTHOE MoJie MOJIOCOB 5 TOKA MPOBOAHWKA, 6 — pe3ynbTUPYIOLLEe MarHUTHOE MoJe,
| — npaBuno nesoii pyku

OT Habntogatens,— KpectoM. [of feiicTBMEM TOKa BOKPYT MPOBOAHMKA 06-
pasyeTcsi cBOe MarHWTHoe nose. lMpumeHss npasuno OypaByMKa, Nerko
ybefnTbCs, YTO B PacCMaTpuMBaeMOM HaMu Cly4vae HarpaBfneHuWe MarHuT-
HbIX JIMHWIA 3TOr0 NOAS COBMafaeT C HamnpaBfeHWEeM [BMXXEHWS 4YacOBOM
CTPEnKu.

Mpu B3aUMOAENCTBMN MarHMTHOTO MO MarHWTa W MOAs, CO34aHHOro
TOKOM, 06pasyeTca pesynbTUpYtoLLee MarHUTHOe Mnose, M306paxeHHoe Ha
puc. 28, 6. N'yctoTa MarHWTHbIX IMHWIA Pe3y/bTUPYIOLLEro NONsA ¢ 06enx
CTOPOH NPOBOAHMKA pa3nuuHa. Cnpasa OT NPOBOLHWKA MarHUTHble Mons,
“Mesl OAMHAKOBOE Hanpas/ieHWe, CKaAblBalOTCA, a CneBa, byayun Hanpas-
NEHHbIMW BCTPEYHO, YaCTUYHO B3aMMHO YHUUTOXatTca. CnefoBaTesbHO,
Ha NPOBOAHMWK OYAeT felicTBOBaTb CMMa, 60MbLas crnpaBa U MeHbLUAs Ccre-
Ba. lNog AgeiictBueM 6OMbLUE CWbl NPOBOAHMK OyfeT nepemMeliaTscs no
HanpasneHnto cunbl F.

MepemeHa HampaBneHUs TOKa B MNPOBOAHWKE M3MEHWUT HanpaB/ieHue
MarHUTHbIX IMHWIA BOKPYT HEro, BCNeACTBUE Yero U3MEHWUTCA M Hanpasfe-
HUe nepemMeLleHns NPOBOAHUKA.

[nsa onpefeneHns HanpaefeHWs OBMXXEHUA MPOBOAHWUKA B MarHUTHOM
Mo/je MOXHO MOMb30BaTLCA MPaBWIOM NIEBOW PYKW, KOTOPOe hopMympyeT-
ca cnefytowymM 06pa3oM: ecin pacnonoXKUTh NeBy0 PYKy Tak, 4Tobbl mar-
HUTHbIE NMHUK NPOHU3LIBANW NafO0Hb, a BbITAHYTbIE YeTbipe nanblia yka-

47



3blBa/IM Hanpas-reHWe TOKa B NPOBOAHMKE, TO OTOrHYThbIA 60/bLIOKA Nanel
YKaODKET Hanpas/ieHue [Bu>KeHnsi NpoBogHuKa (puc. 28, B).

Cuna, peicTBylollas Ha NPOBOAHUK C TOKOM B MarHWTHOM Mone, 3a-
BMCUT Kak OT TOKa B MPOBOAHMUKE, TaK W OT WMHTEHCUBHOCTU MArHUTHOIO
nons.

OCHOBHOIN  BEMMUMHOW, XapaKTepu3yOLLEA WHTEHCUBHOCTb MarHWUT-
HOro Nons, SBNSETCA MarHWTHasa MHAYKUMS B. EfUHWLEN n3MepeHns mar-
HWTHO WHAYKUUKM ABnseTca Tecna (Tn=B-c/m*).

O MarHUTHOM WMHAYKUUWA MOXHO CYAWUTb MO Cufe LeACTBMS MarHUTHOrO
Mons Ha MPOBOAHMK C TOKOM, MOMELLEHHbIA B 3TO none. Ecnu Ha npoBof-
HWK AIMHOW 1M 1 ¢ TOKOM 1 A, pacnonoXeHHbIi nNepneHAMKYNApHO Mar-
HWTHbLIM JIMHUAM B PaBHOMEPHOM MarHWTHOM Mosfe, AeicTeyeT cuna B 1 H
(HbIOTOH), TO MarHWTHas MHAYKLMS Takoro nons pasHa 1 Tn (tecna).

MarHuTHas MHAYKUMA ABNSETCA BEKTOPHONM BEIMYMHONM, ee Hanpasfe-
HWe COBNafaeT C HanpasfieHWeM MarHUTHbIX IMHWIA, NPUYeM B KaXOW TOu-
Ke Mons BEKTOpP MarHWTHOW WHAYKLMW HamnpasfeH MO KacaTesbHOM
K MarHWTHOR NIMHWW.

Cuna F, pelicTBytowas Ha NPOBOAHMK C TOKOM B MarHATHOM MoJe, npo-

NopUMOHa/IbHa MarHWTHOM WMHAYKuuM B, TOKy B npoBogHuke | u gnvHe
npoBoAHMKa /, T. €.

F=BII.

3Ta (hopMmyna BepHa NMWb B TOM Ciy4yae, KorAa MNPOBOAHWK C TOKOM
PacrnonoXeH MeprneHAMKYNAPHO  MarHUTHbIM  SIMHUAM  PaBHOMEPHOIO
MarHWTHOro Nosnsi. Ecnu NpoOBOAHMK C TOKOM HaxoAWTCSt B MarHUTHOM Mose
noj KakuM-11m60 yrnoM a no OTHOLEHWUK K MarHUTHbIM SIMHUAM, TO cuna
paBHa:

F=BIl sin a.

Ecnn npoBoAHMK pacnofioXuTb BAOSb MarHUTHBIX NUHWIA, To cuna F
CTaHET pPaBHOW Hy/MK, TaK Kak a = 0.

§ 28. Hanps»keHHOCTb MarHMTHOro mnoss.
3aKOH TMOJIHOroO TOKa

CBOIICTBO TOKa BO36YX[aTb MarHWTHOE MOfe XapaKTepu3yeTcs Mar-
HUTOABWXYLLLER cunoi (MAC), 0603HaYaemMoin 6ykBoi F. MarHUTOABMXKYLLAs
Cuna pacrnpegensietcsl BAOMb 3aMKHYTOW MarHUTHOW SIMHUW U paBHa TOKY,
CO3/atoLLeMy MarHuTHOe Mofe, 1 U3MepPSeTCs B amnepax, Kak u Tok. Ha-
MarHuyvBatoLLas cuna npsMONMHEHOTO MPOBOAHMKA C TOKOM | paBHa
3TOMy TOKY, T. e. F=1. [lna B0o36yxaeHus 60nee CUAbHOIO NOAs TOK Mpo-
MyCKatoT MO KaTyLUKe C YACNIOM BUTKOB /D U TaK Kak KaX[blii BUTOK KaTyL-
K 06nafaeT HamarHMuMBaloLLein cunoin /, TO HamMmarHMYMBaKOLWasa cuna Ka-
Tywkn F=wl amnep (4acTo roBOpsAT «amMnep-BUTKOB»).

AMarHuToABMXYLLAaA cunia, NPUXogaWwasnca Ha eauHULY ANUHbE MarHWT-
HOM NMHWK, Ha3blBaeTC HaNpPSAXEHHOCTb MarHATHOrO Nons,
0603HavaeTca 6ykeoin H=F/l (rge / — gnuMHa MarHWUTHOW NMHWK), WU3Me-

AeTCcA B amnepax Ha metp (A/M) nnu vawe B eanHuuax B 100 pa3 60abLInX
CATCM=100 AN, P (AW Hie B eAvHL P
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Hanps»>XKeHHOCTb MarHUTHOrO MO/, TaK XKe KakK Y MarHuTHas MHAYKLMS,
ABNseTCA BEKTOPHON BeNMYMHOA. B n3oTponHoli cpefe (C 0AMHAKOBbIMM
MarHMTHbIMKU CBOWCTBaMM BO BCEX HarnpaBfieHMSX) BEKTOP HanpPsXXeHHOCTM
MarHMTHOro Mo COBMajaeT C HanpaBneHWeM MarHWTHOW NUHWKM B AaHHOM
TOYKE.

Ecnu usnyeckne ycnosusa BLOMb BCEA ANMHBI MarHUTHON NMHUK OfLWHa-
KOBbl, TO OMpefesieHne HarnpsXeHHOCTU MoMs 0YeHb MPOCTO. B yacTHocTw,
BOKPYI MPAMOSIMHEAHOro NPOBOAHUKA NMHUWM MArHWTHOTO MO NpeacTas-
NAOT COOOM OKPYXHOCTU (CM. pHC. 27, @), A/IMHA KaXAOW W3 KOTOPbIX
[=2nx, rOe X — pafuyc OKPYXHOCTM C LEHTPOM Ha OCW MPOBOAHNKA,
MPOBefEHHbIA Yepe3 paccMaTpyMBaeMyto TOUKY MOAA. YCNOBUA BO  BCEX
TOYKax BbIOPAHHOM OKPY>XXHOCTWM OfMHAKOBbl W HaMPSXKEHHOCTb MOSS
H—H2nx, T. e. no mMepe yfaneHus OoT NPOBOAHMKA HanpsXeHHOCTb nons
YMEHbLUIAeTCs. 3TO BblpaXKeHWe MOXHO 3anucatb B Buge 1=H1=H 2ax.

Ecnv marHMTHOE none co3faHo He OfHUM, a [p NPOBOAHMKAMW C TOKOM /,
TO MarHUTOABWXYLLAA Ccua

21==lw=Ht=H 2ax.

Takum 06pa3om, MarHUTOABMXKYLLAS CuMa BAOMb KOHTypa paBHa Mos-
HOMY TOKY, MPOHM3bIBAOLLEMY MOBEPXHOCTb, OTPAHUYEHHYIO 3TUM KOHTY-
pom. MonyyYeHHOe COOTHOLUEHWE Ha3blBaeTc 3aKOHOM MNOMHOTO
TOKa.

Ecnu npocTeiiunii KOHTYp AnvMHOW 1=2n1X NPOHW3bIBAETCA N NPOBOAAMM
C TokamMu J1 OAHOro HampaBfeHWs U T NPOBOAaMK C ToKamu /, MPOTUBO-
MOM0XHOr0 HanpaBeHMs, TO 3aKOH MOMHOTO TOKa MPUMET CeayoLmniA B

F=nli—mIt=HI=H 2nx.

B GOMbLUMHCTBE 3NEKTPOTEXHUYECKMX YCTPOWCTB HAMPSXKEHHOCThL Mar-
HUTHOTO MOMS BAONb MAarHUTHOM NUHUKM W3MEHSIETCS B 3aBMCMMOCTM OT
mMaTepmana M CeYeHWs y4yacTKOB, uyepe3 KOTOpble OHa MPoxXoauT. B aTom
Cny4yae MarHuTHas NMHWS gennTcs Ha K y4yacTKoB, B mpefenax Kaxnoro
13 KOTOPbIX HaMpPsXEHHOCTb MarHUTHOTO MO/ MOXHO CYUTATb NOCTOSHHOM.
Ecnu marHMTHOe none BO30YXAAaeTCsl TOKOM /, MPOXOAALLMM MO KaTyLUKe C
YMCNOM BMTKOB [P, TO 3aKOH NMOMIHOIO TOKA 1151 TaKUX YCTPOIACTB By/AeT UMEeTb

cnegyrowyto o6yt opmyny:

2/=po/= H1+ Hrlr+ ... + HKI,
T. €. HamarHuuymBaloLllas cuia paBHa CyMMe MPOM3BEAEHWUA HanpsKeHHO-
CTW MONA Ha A/IMHY COOTBETCTBYIOLLMX Y4aCTKOB MarHUTHOW uenu. B npu-

BBAEHHOM 06LLI,EI7I (bopme 3dKOH MOJIHOro TOKa LWMPOKO MCNOoJb3yeTca Ana
pacyeTa MarHUTHbIX nonei ANIEKTPUYECKNUX MallnH W annapatos.

§ 29. MarHuTHaa NpPOHMLAaeMOoCTb. MarHUTHbIA MOTOK

MarHuTHass WMHAYKUMS, KaK W HanpsbkeHHOCTb MarHWTHOrO MNons,—
BEKTOpHas Be/MYMHA, MNPUYEM B MOAAB/AIOLLEM GONBLUMHCTBE C/ly4aeB
BEKTOPbl MarHUTHON WHAYKUMM W HanpsXKEHHOCTU WMEKT OAMHAKOBOe
HanpaBneHve. Mexay MarHWTHOW WHAYKUMEA UM HanpsHKeHHOCTbK Mons
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CyLwecCTByeT npamaa nponopunmoHa/ibHOCTb, T. €.

roe Lia— a6contoTHash MarHUTHas MPOHMLAEMOCTb.
AOGCONOTHAsA MarHWTHas MPOHWLLAEMOCTb, pPaBHAasi OTHOLLUEHUIO MarHuT-
HOM MHAYKUMW K HanpsXKeHHOCTM MarHWTHOrO Nons, MMeeT pPa3MepHOCTb

reHpu/meTp MH/M = j v ons Bakyyma pasHa 45 «10-’ 'H/M.'STa Benu-

YMHA Ha3blBAETCS MArHWTHON MOCTOSAHHOW Lik-

Uucno, nokasbiBarolLlee, BO CKO/IbKO pa3 abCoMOTHas MarHMTHas npo-
HMLAEMOCTb LA AaHHOW cpedbl 6OMblUe MAarHUTHOM MOCTOSIHHOW (%, Ha-
3blBAeTCA OTHOCWUTENbHOW MarHWTHOW MPOHWULAEMOCTbIO LT MM COKpaLLleH-
HO MArHMTHONW NpOHWMUaeMoOCTblo, T.e Ur=Ua/u«-

[nsa Bo3ayxa MarHUTHast NPOHMULAEMOCTb \KI MPUHMMAETCA paBHON eau-
HMLUe, KaK W ANna Bcex Tef, KpoMe (heppoMarHUTHBbIX.

UT0 Xe KacaeTcd (DeppoOMarHUTHbIX Ten, TO AN HUX MarHUTHas npo-
HULAEMOCTb 3HaUYNTENbHO 60MblUe eAMHULbl W SBASETCA AN OAHOro W
TOro e martepuana Be/IMYMHOW He MOCTOSIHHOWM, a 3aBUCALLE OT MarHuT-
HOrO0 COCTOSIHMSI 3TOr0 Matepuana, T. €. OT MarHUTHOW WHAYKUMK theppo-
MarHUTHOro Tefa, NOABEPrHYTOro HamarHU4MBaHWIO.

[Ona XxapakTepuCTUKU MarHUTHbIX CBOMCTB (PEPPOMArHUTHbLIX MaTepua-
/OB CNYXXMT 3aBUCUMOCTb MeXay B 1 A, nsobpaxeHHas rpauyeckn B Buge
KPWBOW, Has3blBaEMON KPWUBOW HaMarHM4YmBaHMA.

[ns nonyyeHWs KpWMBOM HaMarHWMYMBaHUA Kakoro-nMbo MaTepuana
CTPOAT rpaduK, No ropM3oHTasIbHOM OCYM KOTOPOro OTKNaAblBat0T BENNUMHBI
HaMpsXKeHHOCTM NoAs, a Mo BepTUKanbHON — BeMUYMHbI  MarHUTHON
NHAYKUMM MCMbITYEMOrO MaTepuana.

MpounssefeHe MarHUTHON MHAYKUMW Ha BENNUYNHY KaKOR-Nnbo nosepx-
HOCTW B MarHWTHOM MOJie, PacrofOXEHHO MepneHANKYNSPHO Hanpasne-
HUKO MarHUTHbIX NHWIA, Ha3blBa€TCS MarHUTHbBIM NOTOKOM, Mpo-
HM3bIBAIOLLMM 3Ty MOBEPXHOCTb. TakMM 06pa3oM, 0603HAYMB MarHUTHbIA
notok 6ykeoin @, nonyunm ® =B5, rae S — nnowaab NOBEPXHOCTH, MPO-
HU3bIBAEMOI MarHWTHbLIM TOTOKOM.

Ecnn marHuTHas MHAYKUMA B BblpaXkeHa B Tecnax, a naowagbs nosepx-
HOCTM S — B KBagpaTHbIX MeTpaX, TO MarHUTHbIA MNOTOK BblpaXkaeTcs
B Bebepax (B6), T.e. 1 B6=1 T*1 wm*

Hanpumep, ecnnm nepneHANKYNAPHYH MarHUTHbIM JIMHUAM MAOWAAKY
B 0,5 b MPOHM3bIBAET MAarHUTHbIA NOTOK ® =1 B6, TO MarHUTHas MHAYKLMS

B=1Wl =21n°

§ 30. BzammogpgeiicTBMe NPOBOAHUKOB C TOKamu

Ecnmn gBa unn HeckonbKO MPOBOAHMKOB, MO KOTOPbIM MPOXOASAT 3MEKT-
pUYeCKMe TOKMW, PacmonoXuTb napansienbHo, TO 3T NPOBOAHUKN B 3aBM-
CMMOCTV OT HanpaB/ieHWA TOKOB B HMX OyayT B3aMMHO NPUTArMBaTHCS
WM OTTaNKMBaTbCs. Takoe B3avMOZENCTBME MeXAy NPOBOAHMKAMU Mpo-
NCXOAMUT B pe3y/ibTaTe BO3SHUKHOBEHWS MarHUTHOTO MO BOKPYT KaXAoro
13 MPOBOAHVKOB C TOKOM.
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MpeacrtaBum cebe ABa NPOBOAHWMKa ab u Br (puc. 29, a), N0 KOTOpbIM
npoxogaT TOKA NPOTMBOMOMOXHBLIX HanpasfeHwWii. BoKpyr npoBOAHMKOB
nmetoTcs MarHWTHble nonsd. CornacHo npasuny OypaBuMKa MarHWUTHbIE K-
HUM 3TUX MOMEA HanpaBfieHbl TaK, KaK YKa3aHO B HUKHE 4acTW pPUCYHKa.
Ecnn cmoTpeTb CBepXy BLOMb MPOBOAHMKOB, TO BOKPYr MNPOBOAHMKA ab
MarHUTHble  JIMHUU Ha-
npas/ieHbl MO YacOBOIA
CTpeske, a BOKPYr Mpo-

BOAHWKa BI— MNPOTWB Ya-
coBoii CTpenku. Takum 06-
pasom, 3TW IMHUU B MpO-
CTpaHCTBe MEXAY NpoBOj-
HUKaMU VIMEKT OAMHAaKo-
Bble HarpasfeHus 1 Mpo-
BOLHWKM OyfyT B3aVMHO
oTTankmMeaTbCst  MOAOGHO
TOMYy, KakK B3aUMHO OT-
TankKuBaloTca  OJHOUMEH-
Hble MOJ/IOCbl MarHWTOB. a) B)

Ecnu uyepes Te xe npo- Puc. 29. B3aumogeiicTBre NpOBOJHWUKOB C TOKaMu:

BOAHMKM nponyCTMTb TO_ a — pa3NInYHbIX HanpaBﬂeHMVl, 6 — OAVWHAKOBbIX Hal'lpaBl'IeHVII7I

K/ OfMHAKOBbIX Hanpas- .
NeHWN, KaK 3TO0 U306paxeHo Ha puc. 29, 6, TO NMMHUM MarHUTHbIX MONEN,

BO3HMKalOLWMX BOKPYF NPOBOAHMKOB, B MPOCTPAHCTBE MeXAY NPOBOAHMKA-
MW MOAydaT HarnpaBfeHWe B MPOTMBOMOMOXHbIE CTOPOHbI, NO3TOMY MPOBOA-
HUKU OYyayT B3aMMHO MPUTATMBaTLCS.

Cuna B3aUMOAENCTBMS MeXay NPOBOAHMKAMW, MO KOTOPbIM MPOTEKAT
TOKM, MPAMO NpPONopLMOHanbHa NPOW3BEAEHUIO 3TUX TOKOB J1 U ab-
COMKOTHOW MarHWTHOW MPOHMLAEMOCTM La» a Takxe gnnHe / (avHe conu-
YKEHWA), Ha MPOTSHKEHWM KOTOPOW MPOBOAHMKM WAYT NapannenbHo, U
06paTHO MPOMOPLMOHAaTbHA PacCTOSHMIO MeXAy NPOBOAHMKaMK a, T. e.

Ir=pa/V,//2 na.

Ecnv npoBoja HaxoAATCs B HeMarHuWTHoW  cpege, T.e. ua=Mo=
=341 10- B*c/A*M, TO cuna B3aMMOLENCTBUA MeXAY MPOBOLHMKAMU/*'=

«=21J,Ha 10-" H.

§ 31. Mmcrtepesuc

HauyanbHaa Kkpusas HamarHM4vMBaHUA ONpefenseT COOTHOLUEHUS MeXay
MarHUTHOM MHAYKUMER 1 HanpsbkeHHOCTb0 B v H nuwbs ana deppomar-
HUTHOrO Matepuana, KOTOpblli He MOABEpranca HamarHW4MBaHUIO.

ConeHouj, COfepXallnii Kenes3Hbll CcepAeyHuK, Ha3blBaeTCcA 3/1eKTpPO-
marHuTom. Ecnm uenb (puc. 30,4), cocToAwas M3 UCTOUYHMKA TOKa B (Ha-
npumep, U3 akKyMynaTopHoi 6Gatapen), nepekntodatens 1 Ha asa no-
noxeHusa (1—2 n 3—4), peoctata P 1 anektpoMarHuta 9, pa3oMKHyTa, TO
TOKa B 0OMOTKE 3/1eKTpOMarHnTa 3 HeT. YCTaHOBUM Nepekntovarens M Ha
KOHTaKTbl 1—2 1 BBeAEM MOJIHOCTLIO COMPOTUB/IEHME peocTata. [Mpu aTom
B LN MOSIBUTCA HeGOMbLIOA TOK W MPOXOAWUTL oH OYyAeT B CMeayHoLEeM
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HanpaBfeHuun: natwc 6atapen b, KOHTakT /, peoctat P, 06MOTKa 31eKTpoO-
mMarHuta O, KOHTaKT 2, MuHyc 6aTtapeum b.

B coOTBETCTBUM C BENYMHOWN 3TOr0 TOKA B 3/IEKTPOMarHnTe BO3HUKHET
MarHWTHOe Moje C HEeKOTOPOW HanpsHXKeHHOCTbH HN v MarHWTHOW WHAYK-
uvein Bn. MpumeHus npaBuno 6ypaBynka, Haijem, YTO MarHUTHbIA NOTOK

3

Puc. 30. Cxema HamarHu4mMBaHus CTaNbHOro cepjevHuka (a) W
netns ructepesmca (B)

B CepfeyHMKe 3NeKTpoMarHuTa HanpasBneH crnpaBa HaneBo, T. €. NEBbIN
KOHel|, CepfeyvyHMKa SBNAETCA CEBEPHbIM, a MpaBblii — HXKHLIM MNOHOCOM
anekTpomarHmta 3.

OTNoXUM Ha ropusoHTanbHOW ocu (puc. 30, 6) B MacwTabe 3HauveHue
HanpsXeHHOCTM nons HA, a Ha BepTuMKanbHOW — 3HauyeHue Ba. BoccTa-
HOBMB MEPNEHAUKYNAPbI N3 TOYEK OT/IOXKEHHbIX 3HAYEHWUI Ha rOPU30OHTaNb-
HOli U BepTUKaNbHOM 0OCSIX, NMONYYMM TOUYKY MepeceyeHns a, KoTopas of-
pefenuT nepByH TOUYKY KPWUBOW MepBOHAYanbHOro HaMarHW4YMBaHUS cep-
JeYHNKa 3MeKTpoMarHura.

Mepemellas ABUXOK peocTata P BHU3, OyaeM yMeHbLIaTh €r0 CONPOTUB-
NeHune, BCNEACTBME YEro YBENMYUTCS KakK TOK B OOMOTKe 3/1eKTPOMarHu-
Ta, TaK U HaNpsHKeHHOCTb MAarHUTHOTrO Nons. MOCTPOMB YKa3aHHbIM Bbllle
Cnoco6oM TOYKM 6, B, T U [ U COEAMHUB UX MeXAY COBOI, MonyuymmMm KpuUBYIO
nepBOHaYaNbHOro0 HaMarHM4YMBaHUSA CepheyvyHuKa.

dTa KpMBas NOKa3blBaeT, YTO MarHUTHas MHAYKUWUS B Hayane HamarHu-
YMBaHUSA YBENMYMBAETCA MPOMNOPLUMOHANLHO HanpsyKeHHOCTM nons (yuyac-
Tok Oa), 3aTeM pocCT ee 3aMeAnsieTcs, KpuBas fenaet nepernb (Touka 6) u
CHOBa MpMGAMXKaeTCA K MPAMONMUHEHOM, HO YXe C HeBGONMbLWUM HaKNOHOM
K rOpU3oHTanbHOM ocu. Ha gaHHOM MocnefHeM y4yacTKe yBe/iMyeHWe Hanps-
YXEHHOCTWU NONS Bbl3blBaeT Masiblil POCT MarHUTHOW WHAYKUWUKW, W fanbHel-
lWMiA nepeBoAd ABWXKa peocTaTa P npakTuuyecku He AaeT MOBbILWEHUS Mar-
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WuTHOW WHOYKLMW B CEPAEYHUKE 3MeKTpoMarHuTa. B aTom cnyyae roBopsr,
YTO CepfAeYHUK AOCTUT MarHWTHOTO HacbILeHUs.

C yMeHbLlUEHNEM HaNpPsYKEHHOCTM HaMarHW4YMBatOLLEro Nos 3fNeKTpomar-
HWTa MarHUTHas WHAYKUUS XKEeNe3Horo cepieyHmka Takxke HauMHaeT YMeHb-
WaTbCsA, HO OCTAeTCA HEeCKO/NbKO 60nblield, YeM B npoLecce HaMarHM4ymBa-
HUS, MPU OAHUX U TeX Xe 3Ha4YeHMAX HanpsHkeHHocTu. Mpu pasmbikaHWUK
Lenn TOK B 3/1eKTPOMArHuTe NpekpaTuTCa, a MHAYKL WS BCe Xe OYAeT UMeTb
HEKOTOpPOe 3HauyeHue, onpegensemoe oTpeskom O3 (cm. puc. 30, 6). 370
yKa3blBaeT Ha TO, YTO B CepAeYHMKE COXPaHU/ICA HEKOTOPbIA 0 CTaT oY -
Hbli MarHeTwusm. EcAn panbHeilliee pasmarHMumMBaHue mnpekpa-
TUTb, TO JKENE3HbI/i CEpPAEeYHUK OKaXKeTCH WCKYCCTBEHHbIM (MOCTOAHHBIM)
MarHuToM u 6yaeT o6nafaTb OCTATOYHOMW MarHMTHON MHAYKUWEN.

PaccMOTpeHHOE HaMU OTCTaBaHME YMEHbLUEHUS MarHWTHOW WHAYKLUK
OT YMeHbLUEHNs HanpsHXKeHHOCTU MarHUTHOro MO/s HasblBaeTcs FTMcTe -
pesncom.

YT06bl XXene3Hblii cepfevyHUK He MMeSl 0CTaTOYHOro MarHeTuama, Heob-
XOAMMO MOABEPrHyTb €ro nepemMarHW4MBaHwuio, T. €. HaMarHW4YMBaHWIO B
obpaTHOM HanpaBfieHUW. [na 3TOro HYXHO nepekntouatens [ (cwm.
puc. 30, a) nepeBecTU Ha KOHTaKTbl 3—4. IMpn TaKOM NONOXEHUN MePeKNto-
yaTens B 0OMOTKE 3/IeKTpOMarHuTa BO3HMKaeT TOK MPOTMBOMO/IOXHOIO Ha-
npaBneHns, a UMeHHO: natoc 6aTapen b, KOHTakT 3, 06MOTKa anekTpomar-
HuTa 3, peoctaT P, KOHTakT 4, muHyc 6atapen b.

CornacHo npaeuny 6ypaBunMka Moj AeliCTBMEM 3TOr0 TOKa B 31EKTPO-
MarHuTe BO3HMKAeT MarHUTHOE MOoJie, HanpaB/ieHHOe CneBa Hanpaeo, T. e.
NPOTMBONOMOXHO MAarHUTHOMY MOTOKY OCTaTOYHOrO MarHeTW3ma, KOTOpoe
6yaeT pasmarHuumMBaTtb cepAeyHuK. [locTeneHHO nepejBuras [LBUXKOK pe-
ocTaTa, JOCTUIHEM MOJIOXKEHUS, MPU KOTOPOM HampsHXKeHHOCTb MarHUTHOTO
nona 3NeKTpomMarHuTa nNpeacTaBUT co60/ BeNMUMHY, ONpefensemMyilo 0Tpes-
KoM Om (cm. puc. 30, 6). Takomy 3Ha4yeHJ10 HanpsXXeHHOCTU ByaeT cCOOT-
BETCTBOBAaTb MarHWTHas WHAYKLWUA B CepAevYHUKe 3NeKTpOMarHuTa, pas-
Has Hynt, T. €. CepAeYHMK MepecTaHeT OblTb MarHMTOM.

3HayeHuWe HaANpsSXEHHOCTW MOAsA, MPU KOTOPOM CEpAeYHMK pasMarHuym-
BaeTCs, Ha3blBaeTCA KO3 PLUMTUBHOMN (3agepxuBaroLieil) cunoii.

Ecnn npoBecTu, Kak roBopsAT, MOAHbIA LUK nepemarHuymBaHus, T. €.
YMEHbLWUTL TOK B 06MOTKe 3/7€KTpOMarHuTa OT KakKoro-to HaubonbLiero
3HayeHWs [0 HyNndA, 3aTeM, WU3MEHWB HamnpaBneHWe TOKa, YBENWYUTb ero
[0 HayanbHOW Hambonblueli BENUYMHBI, MOCAe 3TOF0 ONATb YMEHbWUTH A0
Hyns, 3aTeM BTOPUYHO, MEPEMEHWB HanpaBfeHUWe, JOBECTU €ro A0 Hayalb-
HOM BENWYMHbI, TO 3HAYEHUS MArHUTHOW WHAYKLUW OyayT U3MEHATbCA
no KpWBOM, Ha3blBAEMOW mMeTneid ructepesmnca.

Mpu nepeMarHWYMBaHHWU Ha NPEOAONEHNE TPEHUS MexXay MONeKynsp-
HbIMW MarHMUTUKaMy pacxoayeTcs HEKOTOPOe KOMWYECTBO 3HEPruu, Ho-
csillee HasBaHMe NOTepPb Ha rmcrTepes3unc. OTaaHeprusa, npespa-
Wwascb B TENN0, HarpeBaeT NepeMarHu4nBaemMble peppoMarHuTHbIE MaTepua-
Nbl (4acTu annapaToB).

deppomMarHuUTHble MaTepranbl UMEKT 6O/bLIYID MAarHUTHYHK NpOHMLae-
MOCTb U 06/11afat0T CBOWCTBOM HaMarHU4MBaThbCsA, YTO 0OBLACHAETCHA cre-
aywoowmm. HenpepbiBHOE [BUXEHWE 3/1EKTPOHOB B NH060M BELLECTBE MOXHO
paccmatpuBaTb Kak BHYTPUMONEKYNsSPHble TOKW, BO3OYXAatloWwme MarHuT-
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Hoe none. MOCKONbKY 3MIEKTPOHbI HE TOMbKO ABMXKYTCSA BOKPYT siApa, HO U
BpaLLaloTCs BOKPYT COBCTBEHHO OCK, BO3HMKAET TakXXe MarHMTHOe nofe,
Bbl3BAHHOE BpalLEeHWEM 371eKTPOHOB, NMPWYeM 3TO MarHUTHOE Mofe 3Ha4u-
TeNbHO CUNbHEE MONS, BbI3BAaHHOTO [ABV)XEHWEM 371EKTPOHOB BOKPYF siapa.
B HedeppoMarHHTHbIX BeLECTBaX MarHUTHblE NoONs,
Bbl3BaHHbIE BpALLEHWEM 3/1eKTPOHOB BOKPYT CO6CT-

% 8 <><?  BeHHOIl OCW,B KaXAOM aTOMe B3aUMHO ypaBHOBELUM-
0) BalOTCA M Teno He o06/1ajaeT CBOWCTBOM HamarHu-
uMBaTHCS.
“3 B (heppomMarHuUTHbIX MaTepnanax MarHUTHbIE MONA,
«3 4> %  o6pasoBaHHble BpaljaTeNbHbIM ABUXEHUEM 31eKTPO-
HOB, He ypaBHOBelleHbl 6narogaps 0co60My CTPOEHIIO
B) atomoB. [Mog gelicTBMEM 3TUX Moneil B Tene BO3HM-
KalT HamarHuuyeHHble 061acTu, Noo6HbIe Me/byaii-
WUM MarHuTukam. [lpyu OTCYTCTBAM BHELIHEro mar-
HUTHOTO MOMS MarHUTUKKU PacnofoXeHbl Gecrnopagou-
Y HO (puc. 31, a) W (eppoOMarHWTHOE TeNo He MNposB-
Puc. 31. Cxema pep- N151€T MarHWTHbIX CBOMCTB.
POMArHUTHOrO MaTe- HaMarHWYWBaHWM KENe3HOro  cepaedHuKa

puna.  MLMTHOIO HEKOTOPble MarHUTUKW NOJf AeACTBUEM HampsKeH-
ma, 6—B MIHAT- HOCTM HamMarHW4YHBAKOLWLEro MONA HayMHalT MOBO-
“of MWFHAHMM “a*  pauymBaTbCA TaK, 4YTO CEBepHble MOMCbI WX Mo-

CTEMeHHO obpawalTcs B OAHY CTOPOHY, a HX-
Hble— B fgpyryt (puc. 31, 6), 3aTeM C YBe/lMYEHWEM HaAMPSXKEH-
HOCTU HamMarHW4ymBalLeEero nona noBopayMBalOTCA W OCTalNbHble Mofe-
Ky/NfipHble MarHUTUKK. B >KenesHom cepfeyHuke, AOBEAEHHOM [0 MarHuT-
HOr0 HacChbIWeHNA, MOJIEKYNAPHbIe MarHUTUKW PacnosioXXeHbl TaK, Kak 370
CXeMaTMyeckn nokasaHo Ha puc. 31, B

§ 32. 3/1eKTPOMarHuTbl

CBOICTBO 3NEKTPMYECKOrO TOKA CO03J4aBaTb MarHWTHOe MO0fie LWMPOKO
MCNONb3yeTcs Ha NpaKTUKE.

XKenesHbliA UK CTanbHO CTepXXeHb, MOMELLEHHbIi BHYTPb ConeHoupga,
npu NponyckaHuWy TOKa MO CONEeHOMAY NpuoGpeTaeT MarHWTHbIe CBOWCTBA.
CTep>XeHb MarHUTOTBEPAO CTann BCNeAcTBME OOMbLIOIA BeMUYMHBLI KO3p-
LUMTUBHOW CUNbl, CBOMCTBEHHON 3TOMY MaTepuany, B 3HAUMTENbHOW Mepe
COXpaHseT MarHWTHble CBOWCTBA W MOCNEe WMCYE3HOBEHUS TOKA.

MoNApHOCTb 3/IEKTPOMArHMTa MOXHO ONpeaenuTb Mo npasuny 6ypas-
YMKa, WM TaK: CeBEPHbI MOMKC 3NEeKTpOMarHMTa HaxoAuTcs ¢ TOM ero
CTOPOHbI, FAe TOK ANs HabnjaTens, CMOTPALLEr0 Ha KOHel, 3jeKTpomar-
HUTa, UAET NPOTMB YaCOBOI CTPENKMW, a HXHbIA — rge HanpaBfeHUe Toka
COBMajaeT C HanpaBfeHWEM ABMXXEHUS 4YacCOBOW CTPENKMU.

B ycTpoiicTBax 3NeKTPOHWKMN W CBSA3U 4acTo NPUMEHAIOT NONApuMU30-
BaHHbBIE 3NeKTPOMAarHMUTHB, Yy KOTOPbIX MO0 CEpAEYHUK,
nmbo sAKopb, NM60 06a BMeCTe MPeACTaBAAT CO6O/ MarHUTHI.

HenonspnsoBaHHbI 3MEKTPOMArHUT NPUTATMBAET CBOW SKOPb Hesa-
BUCMMO OT HamnpaB/eHWs MOCbINAeMOro B ero o6MoTKy Toka. Pa6oTa e
MONSPU30BAHHOIO 31EKTPOMAarH1MTa 3aBUCUT OT HanpaB/fieHUs TOoKa B €ro
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06MoTKe- TakK> HanpHMep, B MNPSIMOM MONAAPU30BAHHOM 31EKTPOMarHmuTe
TOK OZHOr0 HanpaB/fieHWUs YCUNWBAeT MarHUTHOE MOJie ero CepAeyvHuka, a
Apyroro — ocnabnser.

DNeKTPOMArHUTbl HaW/W LWWPOKOE NPUMEHEHUE B MOLbLEMHbLIX W TOp-
MO3HbIX YCTpOMCTBax, AN 3aKpenseHWs B CTaHKax CTa/bHbiX 06pabaThbi-
BaembIX [eTanei, B 3NeKTpoaBTOMaTax, pene um APYrux YCTpOWCTBax.

§ 33. SnekTpoMarHmTHas WHAYKLUUSA

MpeacTtaBuM cebe ABa MnapanfiefbHbiX MpoBogHWMKa a6 u Br (puc. 32),
pacnonoXeHHbIX Ha 6MM3KOM PacCTOSHWM OAWH OT Apyroro. MpoBOAHMK
ab mofknoyeH K 3axumam 6atapen B\ uenb Bkntouaetca kawuom K, npm
3aMblKaHMM KOTOPOro MO MPOBOAHWKY MPOXOAMT TOK B HamnpaBfieHUM OT a
K 6. K KOHLam >xe MpoBOfAHMKA BI NPUCOELWHEH YYBCTBUTENbHbIA amnep-
MeTp .4, N0 OTK/IOHEHWIO CTPENKW KOTOPOro CyAAT O HaAu4mm TOKa B 3TOM
NPOBOAHMUKE.

Ecnn B cobpaHHOli TakMM 06pa3omM cxeme 3aMKHYTb ka4 K, To B Mo-
MEHT 3aMblKaHUs Lenu cTpenka amnepMeTpa OTK/IOHWTCA, CBUAETENbCTBYS

Puc. 32. Cxema BO3HMKHOBE- Puc. 33. Cxema BO3HMKHO-
HUSA TOKa NpW WU3MEHeHWW ero BEHUA TOKa MPU W3MEHEHMWM
HanpaBneHWs B OfHOM W3 nNa- MarHMTHOro nans

pannenbHbIX NPOBOAHUKOB

0 HaNM4Mu ToKa B NPOBOAHUKE Br; MO MNPOLIECTBUU XXe HebOoNbLIOro npome-
XYTKa BpemeHu (goneii cekyHAbl) CTpeyka amnepmeTpa Npugetr B UCXOA-
Hoe (HyneBOe) nonoXeHue. PasMmbikaHue knya K onAaTb BbI30BET KpaTKo-
BPEMEHHOE OTK/IOHEHWE CTPENIKM aMnepMeTpa, HO y)XXe B APYTYH CTOpPOHY,
yto 6yfeT ykasbiBaTb Ha BO3HWKHOBEHME TOKA MPOTUBOMOJIOXKHOMO Ha-
npaBfeHus.

Moao6bHOe OTKNOHEHME CTpenku amnepmeTpa A MOXHO Habnwaatb 1 B
TOM cflyvae, eciu, 3aMKHYB knod K, npubnmxats npoBogHWK ab K npo-
BOAHWKY BI UnM ypanste OT Hero. MNpubauxkeHue npoBogHWKa ab K Br
BbI30BET OTK/IOHEHME CTPenkyu amnepmeTpa B Ty Xe COPOHY, 4TO U npu 3a-
MbiKaHun knova K, yaaneHue npoBogHuKa ab oT npoBOAHMKaA BI MoBeyeT
3a CO060 OTKNOHEHWe CTPenKu amnepmeTpa, aHanorMyHoe OTKIOHEHWUIO
npu pasmblkaHun knova K.

MpH HEMOABVMXXHbLIX NPOBOHMKAX W 3aMKHYTOM Kntouye K TOK B npoBoj-
HUKE BF MOXHO Bbl3BaTb M3MEHEHWEM BefIMUMHbLI TOKAa B NPOBOAHMKe ab.



AHanornyHble ABMEHUA MPOUCXOAAT U B TOM C/lyyae, eCv NPOBOAHUK, M-
Taemblli TOKOM, 3aMEHWTb MarHUTOM WAW 3MEKTPOMarHuToM.

Tak, HampuMep, Ha puc. 33 cxemaTnyeckn m3obpaxeHa KaTylika (cone-
HOUA) W3 W30/IMPOBAHHOW NPOBOMOKU, K KOHLAM KOTOPOA MOAKMHYeH
amnepmetp A. Ecnv BHYTpb 06MOTKM 6bICTPO BBECTW MOCTOSHHbIA MarHuT
(VNN 3NeKTPOMarHUT), TO B MOMEHT ero BBeAeHUA cTpefnka amnepmerpa A

OTK/IOHWUTCA; NPU BbIBEAEHUWN MarHa-
Ta GyfeT Takxe HabnwoAaTbCA OTKNO
HeHWe CTpesknW amnepmeTpa, HO B
LPYTYO CTOPOHY.
JneKkTpuyeckme TOKW, BO3HMKaAlO-
LWu1e nNpu NofobHLIX 06CcTOATENLCTBAX,
Ha3blBalOTCA MHAY KL U OMUHBI-
M M, a MpUYMHa, Bbi3biBalLas NosB-
NeHne  WMHAYKUWOHHbIX  TOKOB,—
3NEeKTPOABUXYLWEN CUNOW
MWHAYKLWK. 3Ta 34C BO3HMKaeT
B MNPOBOAHMKAX NOA AeACTBUEM W3-
MEHSIOLWMNXCA MarHUTHbIX Monei, B
KOTOPbIX HaX0AATCA 3TW NPOBOAHUKMN.
HanpaBneHue 34AC WHAYKUUM B
NPOBOAHUKE, MepeMeLLaloLWeMca B Ma-
Puc. 34. Mpasuno npasoii pyku FTHUTHOM Mofe, MOXeT 6bITb onpejene-
HO Nno NpaBuny npasoii pyku (puc.34),
KOTOpOe (hopMynmMpyeTca TakK: €C/n NMpaBylo PYKY pacnonodXuTb Naf0oHbI0 K
CEeBEpPHOMY MOAOCY Tak, YTO06bl 60/bLLION OTOrHYThIA Naney NnokasbiBan Ha-
npaBneHne [BU>KEHWUA NPOBOAHMKA, TO YeThblpe nanbla 6yayT ykasbiBaTb
Hanpaejienue 3gc WHAYKLUA.

HanpaBneHue MHAYKLWOHHOTO TOKA, a CNefoBaTeNlbHO, U 34C NHAYKLUU
onpejenstT Takxe no npaBuny JleHua, KOTopoe OpPMYIMpyeTcs cnefyto-
WMM 06pa3oM: 34C UHAYKLMMN VMEeT BCerja Takoe HanpasneHne, 4TO Co34aH-
HblA €0 WHAYKLUMOHHbIA TOK MNPensiTCTBYeT MPUUMHE, €e Bbi3blBAIOLLEN.

BennunHa 3gc MHAYKLMW, BO3HUKAIOLLEA B 3aMKHYTOM NMPOBOAHUKE, NPO-
nopLuoHaNbHa CKOPOCTU U3MEHEHWS MAarHUTHOrO NOTOKA, MPOHU3bIBatoLLe-
r0 KOHTYp 3TOro MpoOBOAHWMKa. Takum 06pa3om, eciv MarHUTHbIA MNOTOK,
NMPOHW3bIBAKOLWMNIA KOHTYP 3aMKHYTOro MPOBOAHWKA, YMEHbLIW/ICA Ha Be-
anunHy O® B TeyeHue [/ ceKyHA, TO CKOPOCTb YMEHbLUEHWA MarHUTHOTO
notoka paBHa A®/A/. IT0 OTHOWEHWEe U MpeAcTaBnseT cO6ON BeNNUYUHY
34C WHAYKUUW €, T. e.

e=—AD/A/.

3HaK MWHYC YKa3blBaeT Ha TO, YTO TOK, CO3flaHHbI 34C UHAYKUUK, npe-
NATCTBYeT MPWUUKUHE, Bbl3BaBlUEel 3Ty 3Ac.

BO3HWMKHOBEHWE 34C MHAYKLUM B 3aMKHYTOM KMHTYMe npoucxoaut Kak
np:: ABMXXEHWUW 3TOTO KOHTYypa B MarHUTHOM Mofe, TaK W MpU M3MEHEeHUN
MarHUTHOTO MNOTOKA, MPOHU3bIBAKOLLErO HEMOABUXHBIA KOHTYP.

ECnnM KOHTYpP MMeeT W BUTKOB, TO MHAYKTUPOBaHHas 3.c

e=5—a>Ad/4/.
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MpousBefeHne ymucna BUTKOB W MarHUTHOrO MOTOKa, MPOHU3bIBAKOLLNX
nx, HasblBaeTca MNoTokocuenneHnem \J>=uXD, cnepoBaTtesibHO, WHAYKTUPO-
BaHHas B KaTylKe 3AcC

e=—wAo/A/= —O\p/AL.

JTa opmyna, Bblpaxarl,as 3aKOH 3N1EKTPOMarHWTHOW WHAYKLMWMK,
ABNSETCA WCXOAHOW ANS ONpefeneHUs 34C, MHAYKTMPYEMbIX B 0O6MOTKax
3N1eKTPOTEXHMYECKNX MaluMH W annapaTos.

Korga KOHTYp O0XBaTbiBaeTCS NMLb YaCTb0 MAarHUTHOrO MOTOKa, BeNu-
YyMHa 3AC WHAYKLMMW 3aBUCUT OT CKOPOCTU WM3MEHEHWS He BCEro MnoTokKa,
a 1Wb 4acTu ero.

MofoXum, YTo MPAMOYrO/bHbIN
3aMKHYTbIA  KOHTYp ab6er (puc. 35),

CTOPOHbI KOTOPOr0 pPaBHbl / U Ha- XX X X X XXX XXX XXXXXXX X
XOAMTCA B MAarHUTHOM MO/, MarHUT- X X X X X X X X X X X X X X X X X X X
Has MHAYKLMSA KOTOPOro BO BCeX TO- X X X XFIX X X X X X XLX X X XIX X X X
ykax paBHa B (Tn) v HanpaBneHa * X X X X XX X*X X X X X X XX X X
3a MAOCKOCTb PUCYHKA. TycTb KOH- X X £f5* XXX XJ*X X X X X X XXX X

*|
Typ, OCTaBasCb B MOCKOCTU pU- X X xi););))((xr)(x)z(xxxxxxxxi(é(?&

CyHKa, nepemMmeljaetca C paBHOMep- X X X X

HOM CKOpPOCTbK CBeEpXy BHU3 WUB " on

TeyeHne t C BbLIXOAUT 3a npegensl

MarHUTHOro nons. Puc 35 3amkHyTbii KOHTyp, nepe-
TakK Kak KOHTYyp aber nepemetia- MeLalLWmnincs B MarHUTHOM none

eTCS BHU3, TO MarHUTHbIA MOTOK, Mpo-

HU3bIBAIOLLIMA KOHTYpP, YMeHbwaeTca. CrnefoBaTeNbHO, HampasieHWe 3AcC
WHAYKLMUW COBMajaeT C BpalaTeNlbHbIM ABUXEHNEM PYKOATKM OypaBuukKa,
BBMHYMBAEMOro BAOSIb MarHWTHbIX AWHWIA, 1* e. MO 4acoBOM CTpeske.
BennunHa 3Toi 34C MHAYKLWUW ONPeAennTCcs U3 CAefyroWwmnx coobpaxeHunii.
Mnouwagb, orpaHMYeHHass KOHTYpOM npoBoAHWKa, S=Ih. MarHuTHbIi# no-
TOK, NPOHU3bIBAKOWMIA KOHTYp NpoBOoAHWKa, <D=BS. UT06bl YyiTK 3a npe-
Jenbl MarHWUTHOro nons, T. e. 4YTO6bl W3MEHUTb MarHWTHbIA NOTOK OT @
0O HYNna unv Ha BennuuHy O d =, Tpebyetcs, utobel A/=/.

CnepoBatensHo, £=4d/0/=® /< nan E—BIhIt.

YacTHoe OT geneHua nytu W, npoilgeHHOro npoBOAHUKOM, Ha Bpems t
npefcTaBnseT coboil CKOPOCTb ABMXEHWUA 3TOro npoBofHUKa. O603HauMB
ee 6ykBoi V, nonyuum E~Blv.

Ecnn B aToii ¢hopmyne MarHuMTHas WHAYKUMA B BbipaxeHa B Tecnax,
AnvHa | — B MeTpax W CKOpPOCTb V. — B MeTpax Ha cekyHay (m/c), To 3ac
WHOYKUUN BbipaXaeTcsa B BOMbTaX. JTa (opmyna cnpaBefnunBa Nulb B
TOM CNnyvae, eCnn NPOBOAHMK MepemeLLaeTca B MarHUTHOM MoJjie B Hanpas-
NeHWUU, NepneHANKYNAPHOM MarHUTHbIM CUI0OBbIM IMHUAM 3TOr0 MOAS.

Ecnv npoBOAHMK NepecekaeT MarHUTHbIE IMHUM NOJ KaKUM-1160 yriom,

E—BIv sin a,

rge a — yron Mexpjy HanpaBneHWeM [ABUXEHWs MpPOBOJHMKA M Hanpas-
NIeHMeM BEKTOpa MarHWTHOW WMHAYKUMMW (MArHUTHbIX AUHWIA).
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§ 34. BuxpeBble TOKM

VHAYKLNOHHbIE TOKW BO3HUKAKOT He TOMbKO B M30/IMPOBaHHbLIX NPOBOA-
HMKax M 06MOTKax, HO M B CMOLWHbIX METaN/IMYeCKUX Maccax reHeparo-
POB, 3/MEKTPOMArHUTHbIX anmnapaTtoB W MeXaHW3MOB, KOTOpble Moauepra-
HOTCA [AEiCTBUIO WM3MEHSAIOLWMUXCA MarHUTHbIX TMONeN.

3TN TOKWU, Ha3BaHHble BU X P eB bl MW, BbI3bIBAOT AOMONHUTENbHbIE
3aTpaTbl 3Hepruu, npeBpaljatolieiica B Temnsao, Harpesawliee yacTu npu-
6opos.

BuxpeBble TOKMW, OKa3blBalollue BpefHOE BAWAHWE, YCTPAHAT NyTeM
cneyuanbHoli COOPKU CEPAEYHUKOB W MPUMEHEHUS 4NS UX W3FOTOBMEHUS
MarHMTOMSATKUX COPTOB cTanu. CepAaevyHNKN 3NeKTPOMarHMTHbIX YCTPOICTB
(TpaHcthopmaTopoB, ApPOCCENeil, aneKTpoaBuMraTtenein n 1. A4.) cobuparT U3
TOHKMUX NIUCTOB CTanu, MOKPbITbIX 6yMaroi, OKafWHOW WA W30NUPYIO-
WwmmM nakom. OfHaKO MOMHOCTbIO M36exaTb HarpeBaHWs, 06YCNOB/IEHHOTO
BUXPEBbLIMW TOKaMu, HEBO3MOXHO, M B'Tex cnyuyasax, Korja HarpeeaHue
MOXET AOCTUYb BbICOKMUX CTeneHel, npuberatdT K WCKYCCTBEHHOMY OXfa-
XAeHUto npnbopoB. HanpuMep, MOWHbIe TPAaHC(OpMaTOpPbl MOMeLalT B 6akK
C Macnom, KOTOpPOe XOpoWo OTBOAMT Tenso.

MoTepy 3HEpPruMm OT BMXPEBLIX TOKOB 3aBUCAT HE TOJIbKO OT CBOWCTB
mMaTepuana, B KOTOPOM OHM BO3HMKAIOT, W TOAWMUHbLI CTaNbHbIX MAACTUH,
M3 KOTOpbIX CO6paH MarHMTONPOBOJA annapaTa MW MallWHbl, HO TaKXe OT
MarHUTHOW WHOYKLWW W CKOPOCTU ee M3MeHEeHMs.

B HEKOTOPbIX CNyYasaX BUXPEBble TOKM 0Ka3blBAKOT MOMOXUTENbHOE BAU-
AHuMe. Tak, Hanpumep, Ha UCMNONb30BaHUN BUXPEBLIX TOKOB OCHOBaHa pa-
60Ta WMHAYKUWOHHBIX 3MeKTpOABUraTesieid, MHAYKUUOHHbIX 3feKTponeyel
ANA NNaBKW MeTannoB, WHAYKLUUOHHbIX 3N1EKTPOU3MEPUTENbHbBIX NPUOGOPOB
(CYETUMKM 3NMEKTPOIHEPTUM), CYLIKA JpPEBECUHbI, 3aKanka MeTannoB U Ap.

§ 35. CaMOUHAYKUUSA

Kak M3BECTHO, MPU WU3MEHEHUM MArHUTHOTO NMOTOKA, MPOHM3bIBAOLWENO
BUMTOK MPOBO/IOKWA, B 3TOM BUTKE BO3HWKAeT 3A4C WHAYKUUKU. Mogo6Hoe
sBNeHne HabnoAaeTcs M B TOM c/lyyae, Korja npoxoAsuiuMin no BUTKY TOK
M3MeHsieTCs MO BENMUYNHE WM HanpaBneHUto. Takoil npouecc BO3HUKHOBE-
HUW 3NeKTPOABUMXYLLEA CUAbl WMHAYKLMM Ha3blBaeTcad CaMOWHAYK-
uuei. CaMOMHAYKLUMIO MOXHO HabngaTb, Hanpumep, MNpu pasMmbliKa-
HUW W 3aMblKaHWUMW LENu ToKa. B MOMEHT pasmMbiKaHWUs BCNeACTBME MCUE3HO-
BEHMS MarHUTHOIO MOTOKAa B LENM WHAYKTUPYeTCcs 3AC CaMOMHAYKLUM,
KOTOpas CTpeMUTCA MOAAEPXUBATb HEM3MEHHOE 3HAYeHWe ToKa. B MOMEHT
3aMblKaHUSl MarHUTHbIA NOTOK, CO3A4aBaeMblii MPOXOAALLMM MO LENU TOKOM,
yBENMUYMBAETCA, a NOABNAOLWANACA 3A4C CAMOUHAYKLUUWN NPensaTcTByeT Hapa-
CTaHUI0 TOKa.

TakuMm 06pa3om, Mpu 3aMblKaHUM LenH BCeACTBME MPOTUBOAEWCTBUA
3/C CaMOMHAYKLUMN TOK He MOXET MIHOBEHHO JOCTUIHYTb MOJIHO BENYM-
Hbl, @ MPU pasMblKaHWUM TaKXe BCMeAcTBUE MPOTUBOAENCTBUA 3AC CAMOUH-
AYKUWW WCYe3HOBEHME TOKa B LenyM HacTynaeT He MIHOBEHHO, a nocTe-
MeHHO.
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B HekoTOopbIX cny4yasx, HanpHMep B M3MepuTenbHbIX Npubopax u npu
M3roTOBAEHMM PeocTaToB, HEOOXOAMMO YCTPaHUThL CaMOMHAYKUUIO. YTO6bI
YCTPaHUTb CAMOMHAYKLUWUIO, NPOBONOKY, MPUMEHAEMYIO ANA WU3FOTOB/EHUS
peoctarta, crnbaloT BABOE M B TaKOM BMAe HaBMBAlOT Ha Kapkac (puc. 36).
Mpy 3TOM MarHWTHOEe AeACTBME OAHOI0 BUTKA YHWUTOXAETCA [eACTBUEM

>/
N . . » e
XXX XXXXXXXXX
g XX XXX XIX X X X x x
— XX XXX x2axx x x x x ;LI'I: *r\
X X X X KKYYYXXX _
j— T. Ww..rr , 1@‘
Puc. 36. budunsap- Puc. 37. Cxema K BO3HWMKHOBEHWIO 3[C CaMOWHAYKLUU

Has 06MOTKa.

COCeflHEro 1 pe3ynbTUPYIOLWNIA MarHUTHbIA NOTOK, o06pasyemblii TOKOM,
npoTekawwWwum no obmoTke, O6yaeT paBeH Hynto. CnefoBaTenbHO, B TakKoi
06MOTKe He 6yfeT caMOMHAYKLMUN. Be3blHAYKLUMOHHAA 06MOTKa Ha3blBaeTcA
bundpunapHon.

fBneHve caMOMHAYKUUM NPUCYLLe He TONbKO 06MOTKaM, HO U NPAMO-
NWHeRHbIM NPOBOAHMKAM. B 3Tom cny4vae 3Ac CaMOMHAYKLWUW Bbl3blBaeTCs
MarHUTHbIM MOTOKOM, BO3HMKAaKOWWM B KOHTYpe, OrpaHWYeHHOM [BYMSA
NpoOBOAHMKAMMW WU MPOBOAHUKOM U 3eMAel, ecnn NocnefHsas cocTaBnger
31EMEHT uenu.

MonoXum, 4To ABa NPSMOJIMHEHbBIX NMPOBOAHWKaA ab v Br (puc. 37) BK/IO-
YyeHbl B Uenb 6atapen b ¢ nomowbio knwua K. Mpu 3amblKaHUU Kaoya B
Lenu BO3HMKAaeT TOK. B nepBble MOMeHTbl nocfie 3amblkKaHua Knwova K
KOHTYp, COCTaBfiIeHHbIA MNpoBOgHMKamMu ab u Br, GyAeT MPOHW3bIBATLCA
YBE/IMYNBAKOLMMCSA MarHUTHbIM MOTOKOM ®, MarHWTHble IMHUW KOTOPOro
(no npaBuny bypaBuMKa) OKaXKyTCA HanpaBfeHHbIMU B mnpedenax KOHTY-
pa — 3a MJIOCKOCTb PUCYHKA, & BHe KOHTypa — 13-3a NJOCKOCTU PUCYHKA.

Moa pfelicTBMEM HapacTalLWero MarHMTHOro noToka ® B 3aMKHYTOW
Luenn BO3HMKaeT 34C CaMOWMHAYKUMMW, KOTopas 6ydeT HanpaBieHa MNpPOTWB
BpalwiaTenbHOro ABMXKEHWS PYKOATKWM 6GypaByuKa, T. €. HaBCTpe4yy TOKY
6atapen b.

Ecnn 3aMKHYTbIA NPOBOAHWK COCTOMT U3 OLHOrO0 BUTKA MPOBOJIOKW,
TO MarHUTHbIA NOTOK ®, NPOHM3bIBAIOLWIMIA KOHTYP 3TOF0 NPOBOAHMKA NpH
MOCTOSHHON MarHUTHOW NpoHWLaemMoCcTW, MPONOPUMOHaNeH TOKy /, npo-
X0A4AlWeMy Nno nNpoBOAHWUKY. O603HAUYMB KOIPHULUEHT NPONOPLUNOHANLHO-
CTu 6ykBoi L, MoXkeM HanucaTtb cnegytouiee paBeHcTBo: @ =W wnam /.=»
«=d/,

BenvuvHa L Ha3blBaeTCd MHLYKTMUBHOCTDbL IO [AaHHOIO Mnpo-
BOAHMKA.

Ecnn paccmaTpuBaemblii HaMu 3aMKHYTbIi KOHTYpP COCTOUT He M3 0A-
HOro BMTKa, a npeacTaBnseT coboil 06MOTKY, cofepXalyto W BUTKOB, OX-
BaTbIBAKOLWMX OAUH U TOT XK€ MarHUTHbIA NOTOK @, TO MHAYKTUBHOCTb Ta-
KON 06MOTKU £=a® //=\|>/].



EguHuueinl nHAYKTUBHOCTU ABnseTca reHpH (MCH). OAWH reHpu — 3To
WHAYKTUBHOCTb Takol Lenu, B KOTOPOA Npu paBHOMEPHOM W3MEHEHUU TO-
Ka Ha O4MH amnep B CeKYHAY WHAYKTMpyeTcs 34C CaMOUHAYKLWUW B OAUH
BO/IbT. OfHa TbiCAYHAsA LONSA TeHPU HasbiBaeTca MunaureHpu (MIru); 1=
= 1000 MmIH.

Ecnn B uenu, obnagawolein MHAYKTUBHOCTbI L Tok B TeueHue A/ (c)
n3mMeHseTca Ha BennyuHy A/ (A), TO B TaKO Lenn BO3HUKAeT 34C CAMOWH-
oyKumum

eL= —LMISt.

3HaK MWHYC B 3TOl hopMyne yKasbiBaeT Ha TO, YTO MPU YMeHbLIEHUM
ToKa (npupauieHue A/ — oTpuuaTeNnbHas BeAWYMHA) 3AC CAMOWHAYKLMWN
MofoXuTeNbHa W Hao6opoT.

§ 36. PacyeT WMHAYKTUBHOCTU

HamarHuuupatou,as cuna F=wl Bo36yxgaeT marHuTHOe none, KOTopoe
BCTPEYAET Ha CBOEM MYTW MArHUTHOE COMPOTUB/IEHME, pPaBHOE

rae | — gnvHa MarHWTHOTO NyTW, M; S — cedyeHue 3Toro nyTu, M1 ua—
aGCoNoTHAss MarHWTHas MPOHWLAEMOCTb Cpefbl, B KOTOPOl 3amblKaeTcs
MarHWTHbI MOTOK.

Mo aHanorny ¢ 3NeKTPUYECKOW Lenbio 3akoH OMa AN MarHUTHOW Lenu
3anuueTcs B CleAyloLeM BUAE:

<S>=FRMFwI/RH n $=wG>=v*I/Ra.

CnepoBaTe/lbHO, WHAYKTUBHOCTb
L=">/I=w*IRu= n,,St0*//.

MarHuTHas Uenb KaTyLW KW COCTOUT U3 ABYX YYaCTKOB; BHYTPM KaTylu-
KW W BHE KaTYWKW; MarHUTHOE COMPOTUB/IEHWE COCTOMT TaKXe W3 [BYyX
yacTei: U3 BHYTPEHHErO M HapyXxHoro R,,,, conpoTufeHuii. Onpe-
0eNUTb CONPOTMB/IEHWE BHe KaTywku Ru,, Ans pacxogsuierocs B npo-
CTPaHCTBE MarHMTHOTO MOTOKA OYEHb C/IOXKHO.

Ecnu gnnHa katywkun IK3HaumTtensHo 6onblue ee guametpa dK(1IJ$>dK),
TO MarHWTHbIM COMPOTWMB/EHUEM HapyXHOr0 y4yacTKa MOXHO npeHe6peyb
M cunmTaTb WHAYKTUBHOCTb KaTyLW KW PaBHOWA:

= WHR U B = pjSWS/ = 4n «10“7Sa//.

Ecnm kaTyllka MOMeleHa Ha 3aMKHYTOM CTa/lbHOM MarHHTOMPOBOAe
(opoccenb), OTHOCMTENbHAA MarHWTHas MNPOHWLAeMOCTb MaTepuana KoTo-
poro p, TO MHAYKTUBHOCTb gpoccens L=4n-10~7 \ISw41l.

B cnyyae, Korga B MarHHTONpoBOAe APOCCEeNns cAeflaH HeMarHWUTHbII
3a30p ANMHOM /|, M, MHAYKTUMBHOCTb ApOccens

Z= 4n-10-T77-f f/ m
Ua-Wc/M)

rae /c— ANvHa cpefHeit MarHUTHON NMHWKM MO CTaNIM CepAeYHNKA APOCCens,
M.

60



§ 37- OHeprmsa MarHMTHOro nons

Mpy BKAKOYEHUMW Lenu, cogepxalieid CONpoTUBMEHUE U UHAYKTUBHOCTS,
TOK He cpasy [OCTUraet CBOero ycTaHOBMBLUErocs 3HayeHua [=£///?,
TaK KakK WHAYKTUpyemas 3ac camoumHaykumum eL——LAi/At npoTuBopgeii-
CTBYeT W3MEHEHWI0 TOKa, 3afiepxusas ero ysenuyeHue (puc. 38). [Mpwm
MOCTEMEHHOM BO3pacTaHUM TOKa B OKpPYXawlemM MpoCTPaHCTBE BO3HU-
KaeT MarHMTHOe MofAe W B HeM MPOUCXOAMT HaKOMEHMEe 4YacTu 3Hepruu,
M3pacxof0BaHHOMW WCTOYHMKOM TOKa.

Korga TOK B Uenu pgocTuraeT ycTaHoBuBlerocs 3HaveHus |= U/R,
ero BO3pacTaHMe MNpeKpal,aeTcs M 34C CaMOMHAYKUMM ucyesaeT. Takum

Puc. 38. Npathuk, nokasbiBatoLWNi Puc. 39. Ipaduueckoe u30-
HapacTaHue ToKa B Lenn C WHAYK- 6paXKeHne HaKOMNEeHUs aHep-
TUBHOCTbIO. M YCNOBHOE 0603Haye- FVII/I«B MarHUTHOM none

HMe Takoi uenu

06pa3oM, B NepexoHOM NpoLecce HanpsixXeHne NCTOUHMKA 3NEKTPOIHEPTUM
3aTpaynMBaeTCcs He TONIbKO Ha MpeofofieHne COMpoTMBAEHUS R, HO U Ha
NpeofosieHne 34C CaMOWMHAYKUWK, T. e.

U=iR+ (~eL)=iR+LAi/At.

YMHOXMWB 3TO ypaBHEHWe HanpsXKeHUs Ha iAt, nonyd4um aHepretmye-
CKOe ypaBHeHWe Lenu:

UiAt=i*R At+LiAiI.

JleBas yacTb 3TOro ypaBHEHUS BblpaXkaeT 3HEPTUHO, COOOLLAEMYO UCTOY-
HUKOM 3MeKTpUYeckKoil uenu 3a Bpems At. lMepBblil 4yneH npaBoi 4acTu
YpPaBHEHUS onpefensieT 3Hepruto, M3pacxof0BaHHYK Ha HarpeeB COMPOTUB-
neHna R 3a 10 e Bpema At. BTopoe cnaraemoe npaBoil YyacTu ypaBHEHUS
BblpaXKaeT 3HEpPrut0, HakanJMBaeMyl B MarHMUTHOM none 3a Bpemsi At
npu yBenuyeHuUn Toka Ha A/, T. e.

AWu=LiAi="M.
EcAu B MarHUTHOM Mofie HeT peppoMarHUTHLIX MaTepuanos, TO Mar-

HUTHbIA NOTOK ®, a cnefloBaTeNbHO, ¥ NOTOKOCLLEN/IEHME  MPSMO Mponop-
UMOHaNbHbl cune Toka /. JIMHeiiHas 3aBMCUMOCTb MOTOKOCLEMNMEHUs oT
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TOKa rpauuyeckm usobpaxeHa Ha puc. 39 NpsAMON NUHWER, npoxopfsuien
yepes Hayano KOOpPAUHAT ¥ 06pa3ylolleil ¢ OCbl0 TOKAa Yron a, 3aBucAWunii
OT BblGpaHHOro macwraba gna pu /. Ha rpadhmke usmeHeHne aHeprum mar-
HUTHOro nons ifAj nsobpasnTca 3aWITPUXOBAHHOW Nnowaablo. B MOMEHT,
KOrga MarHWTHbIA MOTOK AOCTWUTHET 3HaueHus ® =wIl/Ru, cooTBeTCcTBYHO-
Wero yctaHoBMBLIEMYCS 3HauyeHMto Toka I=U/R, 3gc camouHAykuum uc-
yesaeT M HaKOMJEHWEe 3Hepruy B MarHUTHOM nosie npekpawaetcda. Hakon-
NleHHasa B MarHUTHOM nosne aHeprus WM(J>) npu Bo3pacTaHMy TOKa B LEenu
Ha rpadmke BblpasuTca CymMmoi Bcex nmaouwiagok tfAi npu m3ameHeHUM Toka
0T 0 4O yCTaHOBUMBLUEroca 3HayeHusa /, T. e. NAOWaAbi0 NPAMOYTFOMbHOTO
TpeyronbHuka ¢ katetamu if u /, 1. e.

W -"n_-bl1l
2 2

Mpn HEKOTOPbLIX pacyeTax HYXHO 3HaTb 3anac 3Hepruu B efuMHULE 0bbe-
Ma MarHUTHOrO MONs, Ha3blBaeMbll y e NTbHOW 3Heprmen mwmar-
HUWTHOTO nons. 3aMeHMB B npegbiaylwei popmyne >p=uXI>=tt'BS un
wl=HI, nonyuum:

WJIIS=WJV=™
roe V=I1S — o06bem, 3aHMMaeMblii paBHOMEPHbIM MarHWTHbIM MOAEM, M*.

§ 38. BsaumouHaykums

PaccMOTpeHHOe HamMu fBNeHMe 00pa3oBaHWs WHAYKLWOHHbLIX TOKOB
B NapanienbHbiX MNPOBOAHMKAX (CM. puc. 32) Ha3biBaeTca B3aM MO UH -
AykKuuneim.

B3aMMOMHAYKLMA HabMOAaeTCH He TOJIbKO B MOMEHTbI BO3HWKHOBEHUSA
N UCYE3HOBEHWUS TOKA, HO W MpPW BCAKOM €ro mameHeHuu. MossndtoLLascs
B MOAOOGHBIX CAyvyasax 3AC B Lenax, Henocpepg-
CTBEHHO He cofiepXawmnx WUCTOYHWKOB TOKa,
Ha3blBaeTCA 34C B3aUWMOUHAYKLUM.
BO3HMKHOBEHME 3AC B3aMMOUHAYKLUW 06b-
ACHAETCA TeM, 4YTO KOHTYp 3aMKHYTOr0 NpoBOA-
HUKA MPOHW3bIBAETCA W3MEHAKOLWUMCA MarHuT-
HbIM NMOTOKOM, KOTOpPbI cO3AaeTcA TOKOM, MPOX0-

ASLIMM M0 COCeHEMY MPOBOAHUKY.
Monoxwum, umeeTca pnBa KoHtypa [ wu [/
(puc. 40), cocTosiuime KaxAblii M3 OAHOTO 3aMK-
Puc. 40. Cxema Kk sosumk. HYTOTO BUTKa. Tlpu NpoxoxpjeHun Toka /» mo
HOBEHMIO 34¢ B3aumonnayk- KOHTYPY / OT Kakoro-nn6o nctouHuka (He noka-
UMM B 3aMKHYTbIX BUTKax 3aHHOIO Ha PUCYHKe) BO3OY>XXAAeTCA MarHUTHbIN
NoTOK ®b KOTOPbIA YAaCTUUYHO MPUHU3LIBAET U
KOHTYp //. O4eBMAHO, YTO BE/IMYMNHbLI KaK BCEFrO MarHUTHOro notoka @b Tak
Hero vactu @ ,, MpoHM3bIBaOLWLEA KOHTYp//, nponopuuoHanbHbl TOKy J1.
TakumM 06pa3omM, COOTHOLLEHUE MeXAY MOTOKOM ® 21 TOKOM J1 MOXHO npefg-
CTaBMTb B BuAe cnefyrolero paseHcTBa: ®r=M /u rge M — HeKoTOpblIi

62



KO3(h(hMLMEHT, 3aBUCALLMI OT TeOMeTPUYECKUX pPa3MepoB KOHTYPOB U UX
B3aVIMHOI0 pPacnonoXeHus.

3T0T  KO3IPMUMEHT Ha3blBaeTCs B3aM MHOIW MWHOY KLU W e.
B3anMHas MHAYKLUA TaK Xe, KaK U MHAYKTUBHOCTb, N3MEpSAeTCs B reHpu,
MUNIUTEHPU U MHKPOTEHPU. B3aUMHON UHAYKUMEN B OAUH TeHpn obnafatloT
[Ba KOHTypa B TOM C/ly4yae, ecivi B 04HOM M3 HUX BO3HWKAET 3C B3aVMOWH-
AYKUMW B OfMH BONMbT MPU PaBHOMEPHOM M3MEHEHMM TOKa Ha OAWH amnep
B OfHY CEKYHAYy B [LpYrom KOHTYype.

BennunHa B3aMMHON MHAYKUMU M MexAy ABYMS KOHTypaMu MOXET
ObITb BblpaXKeHa Yepe3 WHAYKTUBHOCTWM 3TUX KOHTYpoB. Ecnm MHAYKTUB-
HOCTb OfHOW uenu Li, a MHAYKTUBHOCTb BTOPOW L, M MarHWTHbIA MOTOK,
BO3HUKAOLWMNIA B KOHTYpe MepBoii uenu (BAnAOWER), NOAHOCTbH MPOHU3bI-

BAaeT KOHTYp BTOpOl UenH (NofBeprHyToi BAusHUi), To M =Y LilLt.

MOCKONbKY NpaKTUYecKW BCerfa 4acTb MarHUTHbIX NNHUIA nechﬁ uenn
3aMblKaeTca NoMnmo BTOpOVI uenn unu, Kak rosopat, Ecerga npoumcxogut
paccedHnNe MarHMTHOTO NoToKa, TO npakTnyeckn J11<

<VTJTt.
Takum 06pa3om, B MNpefblayllee PaBeHCTBO [AO0MXKEH 6biTb BBEAEH He-

KOTOPbIA MHOXWTenb K, mMeHbwuit yem egmHmua: M —Kk]/LiLt.

MHOXuTenb K HasbiBaeTca KO3 hMLULMEeHTOM CBA3M. HABMe-
He B3aMMOMHAYKLWUWN UCNONb3yeTcs B TpaHcopmaTopax. B psage cnydyaes
sBNeHMEe B3aMMOMHAYKLWUWU OKa3biBaeT BpefHOe BAMUAHWe. Hanpumep, npu
COMMXEHUN NPOBOJOB BbICOKOBO/MIbTHLIX Leneil ¢ IMHUAMKU CBA3M B3aWMO-
WHAYKLMUA MOXET 6bITb HE TONIbKO UCTOUYHMKOM MOMEX, HO M OMacHbIX mepe-
Hanps)XxeHUn B JIMHUAX CBA3MN.

KOHTpONbHbIE Bonpocm«

1. Kak onpefiennTb HanpaefeHWe MarHWTHOro nons, BO36YXAEHHOro BOKPYT Mpo-
BOAHWKA C TOKOM?
YTo Ha3biBaeTCA HanpsXKeHHOCTbIO MAarHWTHOrO nonsa?
MosicHMTe 3aKOH MOMHOrO TOKa.
YTO HasblBaeTCA MarHUTHOW WHAYKUWEN, MarHUTHbIM MOTOKOM?
YT1o Takoe abcontoTHas W OTHOCMTeNbHAA MarHUTHas MNPOHMLLAeMOCTb?
Kak (opmynupyetcs npaBuno NeBOi pyKn?
O6bACHNTE B3aMMOfENCTBME MPOBOAHUKOB C TOKOM.
Kakune npoueccsl BO3HUKAOT Npu nepemMarHu4ymMBaHuu cranm?
YT0 Takoe 3neKTpomarHuT?
10. Kak dopmynupyeTtcs npasuno npasoil pyku?
11. B 4yem 3aknwyvaeTca fABNEHUE CaMOWHAYKUMMN?
12. Kak onpefensertca aHeprus MarHUTHOro nona?
13. YTto npepcTasnseTt coboii fBAeHWE B3aUMOUHLYKLUN?

CoNPURAWN



Fnasa 1V
MEPEMEHHbLINI TOK WU LIEMA MEPEMEHHOIO TOKA

§ 39. lMNony4yeHne nNepemMeHHOW 3MeKTPOABVKYLLEN CUibl

IMOCTOAHHBIA TOK, KakK W3BECTHO, B MeTannax npefcTaBnseT cobol
yCTaHOBMBLUEeCs MNoCTynatefbHOe [BUXEHWE CBOGOAHbLIX 3NEKTPOHOB.
Ecnun e 3T 3neKTPOHbI BMECTO NOCTynaTe/lbHOro COBepLIAT Konebatenb-
HOe ABVXXEeHUe, TO TOK NepnoLuyvecku, Yepes paBHble MPOMEXYTKU BPeMeHHU,
N3MEHAETCA KaK Mo Be/n4YMHe, TakK W MO HanpaBfeHWI0O W Ha3blBaeTcs n e-
PeEMEHHbLIM.

lMepeMeHHbIN TOK 06nagaeT cNOCOBHOCTLIO TpaHCopMmpoBaTbes (M3Me-
HATb HamnpsXXeHue ¢ MOMOLLbIO TpaHC(HOPMATOPOB), YTO 06ecrneyvnBaeT 3KO-
HOMUYHYIKO Mepefavy 3MeKTpUYecKol 3Hepruyu Ha 60nbLUME paccTOAHUA.
Kpowme TOro, ABuratenn mMepeMeHHOro TOKa OT/AMYalTCcid  MPOCTOTOM

yCcTpoiicTBa M ManbiMu rabaputamu.
IMo3TOMy nepemMeHHbIli TOK NpUMeHseTcs
OYeHb WKPOKO, M NOYTU BCHA 3NEKTpuye-
cKas aHeprus BblpabaTbiBaeTca reHepa-
TOpaMy MepemMeHHOro TOKa.
Cxema ycTpoicTBa npocTelillero re-
HepaTtopa NepeMeHHOro Toka M3obpaxe-
Ha Ha puc. 41. B MarHMTHOM none afek-
TpomarHuTta NS, B036yXgaemom MOCTO-
AHHbIM TOKOM B ero 06MOTKe, MOMeLleH
BUTOK M3 NpoBOAHMKOB 1 u 2. KoHLUbI
BUTKA COEAUHEHbl C MeTa/l/In4yecKUMu
Puc. 41. Cxema ycTpoiicTBa npocTeii- KOMbUamu, M30NNPOBaHHBIMKU - ADYT OT
LIero reHeparopa MepeMeHHOro ToKa: apyra u OoT Kopnyca v BpawarwmnmMmnca
[ W 2 — npoBofHMKM, 3 — weTKa BMeCTe C BWTKOM. Ha Konbuax ycTa-
HOB/EHbl HEMoABMXHbIE LWeTKkn 3, no-
CPefiICTBOM KOTOPbIX BUTOK MOXET ObiTb 3aMKHYT Ha COMPOTUBJIEHUE
BHELUHEN HarpysKku.

MpeAnonoXum, 4To MarHUTHOe noJsie mexay nontwocamm N n S paBHomep-
HO, T. €. MarHMTHas WHAYKUWUA N0 BENMYMHE W HanpaBfieHUIO BCHOLY OAM-
HakoBa. 3a BpeMsa 0fHOro o6opoTa NAOCKOCTb BWUTKa OMUCbIBAeT yros B
360°. Pa3obbeM 3TOT Yron Ha BOCEMb paBHbIX 4acTeil, no 45° kaxpas, u
paccMoTpUM, KakK 6yAeT M3MEeHATbCA MarHUTHbIA MOTOK, MPOHMW3bIBAOLLUIA
KOHTYp BWMTKa, NpU ero nepexofe U3 O4HOr0 MOMIOXEHUSA B APYyroe B Npo-
uecce BpalweHua. OTAefbHble MNMOMOXKEHUs BUTKA OTNCC?ITeNbHO a3LLurr-
KOro N<m/iM nokasaHbl B BEpPXHel 4acTu puc. 42.

HayHeMm paccmaTpuBaTb C MOMEHTa, Korfja NAOCKOCTb BMTKa pacnono-
XeHa NepneHANKYNAPHO HanpaBAEHWUI0 MArHUTHBIX NTUHUA (nonoxeHue /).
B 3TOT MOMEHT KOHTYpP BMTKa NMPOHU3bIBAETCA HAUBONbLWIWUM MarHUTHbLIM NO-
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TOKOM, BE/IMYMNHY KOTOPOro 0603HauMm ®b [BUXKEHWE NMPOBOAHWKOB BUTKaA
MPOMCXOANT B BEPTUKANbLHOM HanpaBfeHUU, COBNaatoLLLeM C HarnpaB/ieHeM
MarHWTHbIX CUMIOBbLIX UHWUIA, cnefoBaTeNbHO, MPOBOAHWKMA He TUpEceKaloT
MarHUTHbIX MHWIA, @ NOTOMY MAarHWTHbIA MNOTOK, NMPOHU3bIBAKLNIA KOHTYP
BUTKA, HE W3MEHSAETCS M 34C paBHa HYNH.

[ HauuHas ¢ aToro nonoXeHus, NpoBoAHUKM 1 1 2 BUTKa, ABUTascb No
OKPYXXHOCTW, MepeMeLL,aloTCcs NoA YrioM K HanpaBaeHUo MarHUTHbLIX IMHNI
H nepecekalT MX. [epeceyeHHble MarHWTHbie SIMHUM 0Ka3blBAOTCA BHE
BUTKa W, CNeAOBaTeNbHO, MarHWUTHLIA MOTOK, MPOHW3bIBAIOWMIA KOHTYp
BMTKa, yMeHbllaeTcs. Tak Kak BelMunMHa 3TOro MarHUTHOIO MOTOKa M3Me-

HAeTCs, TO Ha OCHOBAHWUW 3aKOHAa 3NEKTPOMArHWTHOW WHAYKLWUW B BUTKe
BO3HMKaeT 34C MHAYKUMKU. Tpy nepexofe NA0OCKOCTU BUTKA W3 MOSIOXKEHUS
/ B nonoxeHwne //, T. e. Npu NoBOpoTe Ha yron 45° 3ac MHAYKUMKW BO3pa-
CTaeT A0 HEKOTOPOl BeNWYMHbI, OMNpefeNnsemMoil OTHOWEHUEM W3MeHEHUs
MarHuTHoro notoka ot Oi go ®», T. e. ® 1—d*, Kk BpeMeHun [/, B TeuyeHue
KOTOPOro NpoOuCX0AUT U3MeHeHMe. 34C B BUTKE MMEET Chneaytoliee Hanpas-
neHue (nonoxeHwue //): B nposBofe 1 — 3a NNOCKOCTb PUCYHKa, a B Mpo-
BOfEe 2 — M3-3a MNNOCKOCTU PUCYHKA. Y CNOBMMCA CUYMTaTb 3TO Hanpasne-
HUe 34C NONOXUTENbHbIM. B TakoM cnyyae BeUUYUHY 34C, AeACTBYIOLWEN B
3aMKHYTOW Lenu BUTKA B MOMEHT MPOXO0Aa ero yepes nonoxeHue //, Mbl
[LOJ/DKHBI OT/IOXUTL B BUAE HEKOTOPOro OTpe3Ka, KakK 3TO NoKa3aHo Ha Au-
arpaMme B HWXXHeR 4yacTu pHC. 42.

Mpn nepexofe naockoctu BUTKa M3 nonoxenus Il B nonoxeHue 111,
T. €. NpX NOBOPOTE eule Ha yron 45°, MarHWTHbIA NOTOK, NPOHU3bIBAKOLL NI
f|§QHTZ1p BUTKAa, YMEHbWMWBLWMUCL [0 Mﬂﬂ, M3MEHUTCA Ha BEeNIUYUHY

i L T oe oo et .

i L | lun frwna S Awn0 <lviu V»» *lwv 2lulng 1nc!in SIV1IVIE» ELAVAES R A
6onble, Yem NpuU nepexofe BUTKA U3 MON0XeHMA / B monoxexue |1, To 3gc
B BUTKE, KOrfa OH HaxoAutca B nonoxeHun |1, 6onblie 3ac, COOTBETCTBYIO-
weir nonoxeHuto Il. MosTomy 34C, COOTBETCTBYHOLWYH nonoxeHuto 111
BUTKa, KOrAa NJIOCKOCTb ero Haxoautca nog yrnom 90° K HanpaBieHWUu
MUCXOLHOTO MOMOXEHUSA, Mbl LO/DKHbI OTAIOXUTL B BHAE 0Tpe3ka 6onbLuei
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BE/IMYMHbBI, YeM NpefblayLniA. STOT 0TPe30K, Kak U NpefblayLini, OTN0XEH
Ha guarpamMe Bbllle FOPU30OHTaNbHOI OCU MOTOMY, 4YTO B 060MX MPOBOAAX
1 n 2 3nekTpogBuXylas cuaa MMeeT NONOXKUTEIbHOE HanpaBneHue, T. €.
B npoBofZe 1 — 3a NNOCKOCTb PUCYHKa, a B NpoBOje 2 — M3-3a NNOCKOCTU
PUCYHKa, B YeM HETPYAHO y6eauTbCs, NPUMEHMB NpaBWUIO MPaBOil pPyKw.

Bo Bpems fanbHeiilero BpaleHUs MNAOCKOCTU BWUTKA 34C B HeM OypeT
YMeHbLIATbCsA, OCTaBasCb MOMOXMWUTENbHON. Korga nA0CKOCTb BMTKa no-
BepHeTcA Ha 180° OT HayanbHOrO MOMOXEHWA U 3aiiMeT nonoXxeHue V, 3ac
B HEM YMEHbLIUTCSA A0 HY/NS, HECMOTPS Ha TO YTO MAarHUTHbLIA MOTOK, MpO-
HU3bIBAIOL NI KOHTYP BUTKA, TaK XXe Kak v Npu NonoXeHun /, UMeeT Hau-
60NbLUYI0 BENYUNHY.

Mocne nmepexofa NAOCKOCTW BUTKa 4yepe3 NonoxkeHue V HanpaBieHue
3AC MHAYKLUMN B HEM M3MeHseTcs: B npoBofe 1 — m3-3a NAOCKOCTU PUCYH-
Ka, a B nMpoBofe 2 — 3a MNOCKOCTb puUcyHKa. o mepe noBopoTa BMTKa
34C B HeM MO abCoMOTHOW BenuyuHe yBenmuymBaeTcs. B MOMeHT npoxojga
BUTKa yepe3 nonoxeHue VIl agc umeet Hanbonbluee 3HaYeHNe, paBHOe NO
abCconTHOI BenNn4YMHe, HO MPOTMBOMOMOXKHOE MO 3HAaKY 34C B BUTKE Mpu
nonoxenuu I11. Mpu ganbHellweM BpaweHUM BUTKA 34C B HEM N0 abcontoT-
HOW BenMYMHE YMeHblUaeTCa W, HAKOHeL, Mpu MOBOPOTE MAOCKOCTU BUTKA
Ha 360° OT Ha4yanbHOro MNOJMIOXEHWS CTaHOBUTCS paBHOIW Hynt. C 3Toro
MOMEHTa MpoLecc M3MEHEHWA 34C MOBTOPAETCA aHalloTMYHO ONMUCAHHOMY
BbILLE.

CoefMHNB BepLUMHbI OTPE3KOB, BbipaXKaroLWwmnx BENNUYNHBI 34C ANF OTAe/b-
HbIX MOJIOXXEHWI MAOCKOCTU BUTKA, NNaBHON NMHWENR, NOMyYMM TaK HasblBa-
EMYIO BPEMEHHYI fAguarpammy, nNpeacTaBAtoLLyto coboin ¢ u-
Hycoupgy. NepemeHHas 34C M TOK, M3MEHAIOLLMECA COrNacHO YyKa3aH-
HOM KPUBOW, Ha3blBATCA CUHY COUAANbHbBI MU,

Takum 06pa3om, BenMUMHa 34C, WHAYKTMPYEeMOW B NPOBOAHWKe, mepe-
MellatolLemMcs ¢ paBHOMEPHON CKOPOCTbK B O4HOPOAHOM MarHUTHOM Mofe,
3aBMCUT OT yrna mMexgy HanpaBneHWeM MarHWTHbIX IMHUIA W HanpaBfeHuem
OBUXKEHMA 3TOro MPOBOAHMKA.

§ 40. CuHycoupa/ibHas 3/1eKTPOABUXKYLLas cuna

MepeMeHHbIli CUHYCOMAANbHbLIA TOK MPOXOAUT B Lenu noj AelicTBMEM
CUHYCOWAANbHOW 31eKTPOABMXYLLEN CUNbI.

JNeKTPOABMIKYLLAA cuia UHAYKUMM, BO3HMKaOULAs B NPSAMOAMHEAHOM
NPOBOAHWKE, NepeceKkall,eM MarHUTHble AUHUKM (puc. 43), BbipaxkaeTcs
cnegytoweli dopmynoit: e=Blv sin a, rge B — marHutHas WHAYKUUSA;
| — pNMHa NpoOBOALHMKA; V — CKOPOCTb €ro MepemMeLieHus.

Mpu BpaleHUM 3aMKHYTOro MpPOBOAHWKA B MAarHUTHOM Moje Nerko
noAcunTaTb BEAWMYUHY 3AC, WHAYKTUPYEMON B 3TOM MNPOBOJHWKE, 3Has,
Ha Kakol yron a moBepHyfnacb MNJ0CKOCTb MPOBOAHMKA OT WCXOAHOTO
NOJIOXKEHNSA MepPneHANKYNSPHO HanpaBfeHU MarHUTHbIX AUMHWUA. Mak-
CUManbHOr0 3Ha4YeHWA UMK, Kak roBOpAT, aMNAMWTY Abl, 3AC AOCTUraet
B TOT MOMeHT, Korga yron a=90°. O603HauynB amnamtyay 3ac depes E,,,
Haiigem: E,,=blv.

Uepesz amMnauTyay MOXHO BblpasuTb MTHOBEeHHOE 3Hauye-
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H He 3AC B MPOM3BOJ/IbHbIA MOMEHT, KOrja CTOPOHbl 3aMKHYTOro NpoBOj-
HUKa MepeceKkaldT MarHUTHbIe NTMHUU NOA HEKOTOPbIM YI/J0OM &, & WUMEHHO:
e—£ M sin a.

Yron a B JaHHOM cfny4yae HasbiBaeTcd (a3 0BbLIM YyTrnom 34c,
N ¢pason

JNeKTpoABMXYLLAA cuna reHepaTopa MEpPeMEHHOro TOKa, TakK e Kak
B LEenAX MOCTOSAHHOrO TOKa, ypaBHOBELIMBaeTCs NajeHUAMU HamnpsHKeHus
Ha BHYTPEHHEM COMPOTWMBAEHUWU TFeHepaTopa W CO-

NPOTUBNEHUMN BHeLWHel uenu. Ty yacTb 34C, KOTO-
pasi ypaBHOBELIMBAETCA BO BHELUHEW LLeHW, HasblBa-
IOT HanpAaXeHMWeM TeHepaTopa M
0003HayalOT ero MrHOBEHHOe 3HayeHue 6YKBOW U, a
MakcMmansHoe (amnautyay) — 6yksoin Um.
[ ns onpefeneHuss MrTHOBEHHOTO 3HAYEHUS 3NeK-
TPOABUXYLWEA cunbl € amnnntygy E T Hago ymHo-
XWUTb Ha CUHYC (PasoBoro yrna (tasbl) a.
CnefoBaTenbHO, €CAM Mbl  NOCTPOUM paguyc-
BekTop Oa (puc. 44), paBHbli (B MacwTabe Ha-
NpsKeHUs) BeAMUUHe amnanTyabl ET u 6ygem
Bpaw,aTb €ro MpoTUB YacOBOW CTPENKM C MNOCTOSAH-
HOW 4acToTOW Bpauw,eHus (3ToO HampaBieHWe Bpa-
WeHNa MNPUHATO CcuuTaTb MONOXKWUTENbHLIM), TO
KOHel, BEKTOpa OMWLWET HEKOTOPYH OKPYXHOCTb C  Puc. 43. Cxema nepe-
pauycon ET. e i

MonoXuWm, 4To MO MPOLWECTBMM HekoToporo o2 o aHui
BpemeHn t (C) OTpe3oK MNOBEPHYNCA Ha Yyron a u
3aHan nonoxeHune O6. OnycTuB nepneHAMKynsp b3 KoOHUa O0Tpe3ka
O6 Ha BepTUKaNbHbLIA AuameTp, NOAYYUM NPAMOYTFO/bHbIA TPeyrosb-
HMK OBO6. W3 aToro TpeyronbHuka Haxogum: Oe=£msin a.

ConocTaBnsas MNOJy4YeHHOe paBeHCTBO C YypaBHeHMeM e=£E£nsina,

ybexpaemcs, 4yto oTpe3ok OB npepctaBnser co-
601 MrHOBEHHOE 3HauyeHWe 34C, COOTBETCTBYIO-

wee asoBomy yrnay a.
Cnoco6 n3obpaxeHns 34C, TOKOB WM Hanpsa-
XEHUA B BMAE MPAMbIX NMHWIA ONpeAeneHHON
ONVHBL U ONpeflefIeHHOr0 HanpaBfeHUs, UAN Tak
HasblBaeMblX BE€KTOPOB, LWWUPOKO MNpuMe-
HfeTCa B TeopuWM MepeMeHHbIX TOKOB. COOTHO-
WeHMe MEeXAY OTAeNbHbIMU 31EeKTPUYECKUMU
Puc. 44. BekTopHas Anar-  pefIMYMHAMM U WX B3aMMHOE Pacno/fioXeHue Ha
pamma sAc NAOCKOCTU, BbipaXeHHOe rpaguyeckn B (opme
BEKTOpPOB, HAa3blBaeTCA BEeKTOPHOMN fu-

arpammmo .

MpomMeXyTOK BpeMeHU, HeOOXOAWUMbIA [N COBEPLIEHUS MNepeMeHHOl
3/C NOMHOTO UMKna (Kpyra) CBOMX U3MEHEHWUW, Ha3blBaeTCs NEepuo o m
KonebaHWW uanm cokpaweHHo nepuopgom. [lepuog o603Ha-
yaetca T M n3MepsieTcs B CEKyHAaX.

Yucno neprvoAoB B OAHY CeKyHAy (UnuM BenuuuHa, obpatHas nepuogy)
Ha3blBaeTC 4YacCTOTOW KoNnebGaHWIW WAM COKpPalWEHHO 4Yac-
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TO TOH. YacTtota 0603HayaeTca /= y- U U3MepsAeTcs B repuaxy L

Tak Kak B pacCMOTPeHHOM Hamn Aauarpamme paguyc Oa, paBHbil £ m,
B TeyeHue ofHoro nepmoga T onucbiBaeT yron a=2n=360J, To OTHOWEHNKE
24/T aBnseTcA Yrnom, OMUCbIBAEMbIM TEM XK€ pajuyCc-BEKTOPOM B OfHY
cekyHfy. CnepoBaTenbHO, OTHOWeHWe 2n/T BblpaxaeT coboli yrno-
BY 4YacTOTy BpaleHWa paguyc-BekTopa. Yrnosas yactota o603Ha-
yaeTcs rpedveckoin 6yksoli bl (oMmera) U paBHa: bl=21/T.

Ecnu o npepctaBnsieT coboii yron, OMWCbIBAEMbIA pafunyC-BEKTOPOM
B O4HY CeKyHAy, TO 3a Bpemsi t yron a, OnucbiBaemblii TeM >Xe paguyc-
BEKTOPOM W Ha3biBaeMblii, KakK Mbl Yy>Ke 3Haem, (a3oii, 6yaeT paBeH: a =
=(ot=2nt/T.

Tak Kak OfWH NONHblli 060pOT coBepluaeTcs pafMyc-BeKTOPOM B Te-
yeHne T, c, TO MeXf[y 4acTOTON M NepnofoM CyLLecTBYeT COOTHOLUEHME
f=UT wam C=1//.

MopcTtaBnas BMecTo T ero 3HauyeHue B QoOpMyny Ans W, MOAYyYUM:
ca—2n/.

§ 41. AKTMBHOE COMPOTUBJ/IEHME
B LieNM NepemMeHHOro ToxkKa

PaccMOTpuUM SBNIEHUSA, MPOUCXOAALLNE BO BHEWHEA LEnM C HEKOTOPbIM
pesuctopom. ECNM conpoTUBAEHWE MOCTOAHHOMY TOKY uenu pasHo RIf
ro nNpu nNpoTeKaHWn Mo 3TOW LEenu MNepeMeHHOro ToKa COMPOTUB/EHME ee
BO3pacTaeT U CTaHEeT paBHbIM HeKOTOpOVI BennmunHe R. ONbIT NOoKa3blBaeT,
UTo C yBEeNMYEHMEM 4acTOThl MEPEMEHHOro ToKa conpoTuBneHue R Bospac-

TaeT. ConpoTuBNAeHWe NPOBOAHWKA (He 06/a-
[AlOULEro HU NHAYKTUBHOCTHIO, HU EMKOCTbIO)
nepeMeHHoOMY TOKY Ha3blBaeTcd a KT WU B -
HbIM CONpPOTUBNEHNEM. nOCKOﬂbe
aKTMBHOE conpoTuBneHne nNpoBoAHUKa BO3-
pactaet C yBeqnyeHnem 4acTtoThbl, TO 3TO AB-
Puc. 45. TlpoBoAHUK, pasge- JlIeHWe, BO3HWKalollee BCNeACTBME MO BepPX-
NEHHbIB Ha KOHUeHTpuueckne ,OCTHOTO 3¢ deKTa, MMeeT CyuecT-
3Kp} XK HOeT BEHHOE 3Ha4dYeHWe npu BbICOKUX 4YacToTax.

Lns nosicHeHUsi MOBEPXHOCTHOTO 3h(heKTa pa3fesuM MbICNIEHHO MpPsSMO-
NINHENHbIA NPOBOA NO BCEW ero ANNHE Ha PAA KOHLEHTPUYECKUX LUANHLPOB
C PaBHOBENUKWMMW KO/bLEBLIMU MNOMEPeYHbIMU cevyeHusmu (puc. 45).

Ecnm no TakoMy NpoBOoAYy MPOTEKaeT MOCTOSIHHbIA TOK, TO OYEBUAHO,
4TO MNOTHOCTb TOKA, T. €. YUC/IO aMnep Ha OfWH KBaApaTHbI CcaHTUMETP
CeyeHus, BO BCeX KonbLax 6GyAeT OfWHAKOBA U BOKPYT KaXAOro W3 HUX
BO3HWKAeT MOCTOSIHHOE MarHWTHoe nose. Takum 06pa3om, BooGpaxkaemble
HaMW KOHLLEHTPUYECKMEe MPOBOAHUKMA OKaXyTCS OKPYXEHHbIMU 3aMKHY-
TbIMM NOTOKaMMW, NpUYEM MO Mepe NPUONVMXKEHWUS K OCM nporoja noTOoKw,
oxBaTbiBaKLMe 3TU MNPOBOAHUKW, CKNaAbiBasick, OYAYT YBeAMUMBATHCH.

MonoxuMm Tenepb, YTO MO TOMY >X€ MPOBOAHWKY MNPOTeKaeT MepemeH-
Hbl1 TOK. B 3TOM cfyyae BO3HMKalLWMe BOKPYr BOOGpa)kaemblX HaMmu
UMIMHAPUYECKMX NPOBOAHWKOB MarHWTHble MOTOKW ByAYT TakXe MNepeMeH-
HbiMU. CnefoBaTeNbHO, HAa OCHOBAHWM 3aKOHA 3/1EKTPOMArHUTHOW WHAYK-

1



UMM B KaXKAoM M3 LUAUHAPUYECKUX NPOBOAHWKOB GYAYT MOABAATHCA 34C
CaMOMHAYKUWKN, YBENUYMBAIOLLMECA NO Mepe NPUBNNXEHUA paccmaTpuBae-
MbIX MPOBOAHMKOB K OCWM NpoOBOAA.

Takum o06pa3om, nNpu nepemMeHHOM TOKe BO3HWKalLWMe MNepeMeHHble
MarHWTHble MOTOKM B CaMOM MpOBOAE HABOAAT 3AC, MPOTUBOAEACTBYHOLNE
OCHOBHOMY HaNpsXeHWto, MPUNOXEHHOMY K KOHLUaMm mnposofa. 3ToO npo-
TUBOAeCTBME OyaeT Tem 6onbllie, 4Yem 6AMXKe paccMaTpuBaemMoe CeveHue
K OcV NMpoBOAa, B pe3ynbTaTe yero TOK B CEYEHWM NPOBOAA pacnpejensercs
He C OLMHAKOBOM MNOTHOCTbIO, a C YBEAMUMBAOLEACA MNOTHOCTLIO OT OCK
K MOBEPXHOCTM MpoBofja.

ABNeHne NOBEPXHOCTHOro sdekTa Kak Obl yMeHbLlaeT MOJie3HOe ce-
yeHMe MNpoBoAa, W cCneAoBaTeNbHO, yBeAMUYMBAeT conpoTuBaeHue R.

Mpu yacToTe ToKa 50 U, NPUMeEHAOLWENCS B NPOMbILI/IEHHOM 31€KTPO-
TeXHUKe, U Heb6OMbLOM MOMepeYHOM CeYeHUU NPOBOAHMKA MOBEPXHOCTHBbIN
3 (heKT He3HaUYMTeNbHO YBe/MYMBAET COMPOTUBMAEHME, a NOTOMY MPaKTu-
YeCKMW aKTUBHOE COMPOTUB/IEHWE MPOBOAHWUKOB MOXHO CYMTaTb PaBHbIM WX
CONPOTUB/IEHUD NOCTOSAHHOMY TOKY. Ipy TOKax BbICOKMX 4acTOT pasHuua
MeXAY YKa3aHHbIMU COMPOTMBAEHUSMU CTAaHOBUTCA 3HAUYUTENbHOW.

R
Puc. 46. Llenb nepeMeHHOro Toka C aKTMBHOW HarpysKoii:
a —cxema, 6 — BEKTOpHas 1 BOMHOBAs Auarpammbl ANs Haps)KeHUs U u Toka <

Monoxum, 4To K 3axumam uenu (puc. 46, a) ot reHepatopa [ nogaetcs
HanpsXKeHWe, W3MeHslOW,eecs N0 CUHYCOMAANbHOMY 3aKOHY, T.e. U=
= Umsin «ot.

ToK, MpoTekawwWwmin B NGO MOMEHT, onpeaennuTca No 3aKoHy Oma
KaK 4acTHOe OT [JefleHNS MTHOBEHHOr0 3Ha4YeHWNS HANPSAXEHUS U Ha aKTuB-
Hoe conpoTuBneHne R, T.e. i—ulR.

MofcTaBnas BMECTO W ero 3HauyeHuWe W3 MpeablayLWero BblpaXKeHUs,
nonyumm: i=U MR sin <o

3T0 paBEHCTBO YyKa3blBaeT Ha TO, YTO TOK MOXET 6biTb rpaguyecku
n306paxxeH Kak B BWAe BeKTopa, TakK W B BWUAE CUHYCOWUAANbHON
KpuBoi (puc. 46, 6). [O603HaumMB amnauTyay Toka /7, T.e. Im—Um/Rm,
Moayyum AN MIHOBEHHOro 3HA4YeHWs TokKa | crefytollee BblpaXKeHuUe:

i=/nsin oH.
[Ona HayanbHOro momeHTa (Havana nepuopga), korga /=0, thasa <o/=0.
CnepoBatenbHo, u=Umsin 0>/=0 w i=/msin co/=0.

Takum 06pa3om, Hauyana CUHYyCOWA, WU306paXKaOWMUX HanpsXKeHue u
TOK, COBMafaldT ¢ Hadyanom nepuoga. BekTop HanmpsikeHus Um u BekTop
TOKa /T BOMKHbI GblTb HauyepyeHbl FOPU3OHTaNbLHO, BMPaBO OT TOYkKU O,
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npuyem BekTop Um — B MacwTabe HanpsaxeHus, a Bektop 1T — B Mmac-
wrabe TOKa.

Kak BUAHO U3 BPEMEHHbIX gunarpaMmM, TOK W Hanps)KeHne 04HOBPEMEHHO
paBHbl HY/0, OAHOBPEMEHHO AOCTUrAOT CBOUX MaKCMMaNbHbIX 3HAYEHWUI
(aMnauTys) U OAHOBPEMEHHO MEHSKT 3HAaK MpU Mepexofe 4Yepe3 HyneBble
3HayeHusa. Takue OLHOBPEMEHHble W3MEHEHUS HAMpPSXeHWs M TOoKa YyKa-
3bIBAlOT Ha TO, YTO OHW COBMagaloT Mo (pase. CnefoBaTeNbHO, €C/IN BHELIHASA
Lenb COAEPXUT NULWb aKTUBHOE COMPOTMBAEHWE N He 06najaeT HU MHAYK-
TUBHOCTbIO, HW €MKOCTblO, TO HanpsXXeHuWe, MPUIOXEHHOE K 3TOW LEMH,
MU TOK, NPOXOAALWMI B Heil, coBnagaloT no gase.

§ 42. [elicTBylOWMNe 3HaA4YeHUS TOKa W Hanps>KeHus

Kak Mbl y)e 3HaeM, BenuuumHbl U=Umsin ait n i= /mein a/, npeg-
CTaBNsisg co60/ MIHOBEHHble 3HAYEHWUS HaANPSXKEHWUS U TOKa, OTHOCcALWLMecs
K OTAeNbHbIM MOMEHTaM, He ONpPeAensrT 3HAYEHWA TOKa 3a HEKOTOpPbIi
NPOMEXYTOK BpemMeHMW. [03TOMYy ANA CYXXAEHUA O BENNYMHE NEPEMEHHOr0
TOKa ero NpMpaBHMBAKT K BeIMYMHE TAKOTO 3KBUBANEHTHOIO MOCTOAHHOIO
TOKa, KOTOpbI, NpoTekas MO TaKOMY >X€ COMPOTMBAEHUID, 4YTO W nepe-
MEHHbI1 TOK, NPOW3BOAWUT OAMHAKOBOE C HWM TEeMoBOe AeiCTBUE, T. €.
3a O4WH W TOT XKe NPOMEXYTOK BpeMeHu (3a Bpems O4HOI0 UAN HECKOMbKUX
nepnofoB T) BbifenseT O04MHAKOBOE KO/IMYECTBO Tenna. Takas BeAM4MHa
nepemMeHHOro TOKa HasblBaeTcs fLeWNCTBYytOLWel.

OueBUAHO, UTO AelicTBYHOLLEe 3HAYEHME TOKA MEeHblUe aMMAMTYAHOTO.

OTHOLWEHNE MeXAy aMnAWTyAHbIM 3HadeHWeM 1T nepemMeHHOro Toka

N ero AeicCTBYHOLWMM 3HauyeHMem /[ paBHseTca Y 2=1,414, T. e.
[=-"r==0,707/
yr2 »

Mopo6Hble COOTHOLIEHWS OTHOCATCA HEAENCTBYIOLLUM 3HAYEHUAM Ha-
npsxenna U wn agc E, T.e. Um—U'172=141-U nu £m=1,41 E wnnnu
U=0,707 Um n £=0,707 ET.

Mpu6opbl, nNpefHasHayeHHble AN W3MeEPeHUA HamnpsXXeHua U Toka,
a WUMEHHO: BONbTMETPbl W aMnepmeTpbl, Aat0T MoKasaHUs [ecTBYOLWUNX
3HauyeHWii COOTBETCTBEHHO HAaMpsXeHus u Toka. Hanpumep, ecnu BONbT-
MeTp MOKa3blBaeT Hanps>XeHwe nepemeHHoro toka 110 B, To makcumanb-
HOE 3HayeHue 3TOro HanpsxeHusa pasHo 110*1/72=155,54 B.

§ 43. KaTywka WHOYKTUBHOCTU
B Lenu rnepemMeHHOro ToKa

MonoXnUM, 4YTO MepeMeHHOe HanpsXXeHue c amnauTygoi Um npwuno-
XKEHO K 3aXXMMaM KaTyWKu ¢ UHAYKTUBHOCTbIO L () n HACTONbKO MasbiM
aKTUBHbIM COMPOTMBAEHMEM R, 4TO MM MOXHO NpeHebpeub (puc. 47, a).
Ecn:; 6bl BMCCW mepemMeHHOro HanpsXXeHWsa Mbl MNPUAOXUAN K TOW Xe Ka-
TYLWKe MOCTOAHHOE Hamps)XeHwe, TO BBWAY HWUUYTOXHOCTW aKTUBHOrO CO-
NPOTMBMEHNA TOK B LENW AOCTUT Obl O4YeHb 6GONbLWIOA BeNUYMHLI. [lpwn
NnepemMeHHOM HanpsHXKeHUM TOK B KaTyllke OyAeT MMeTb MEeHbLUYH Beu-
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UMHY. 310 06BACHAETCS TeM, YTO MPU MNEPEMEHHOM HanpsXXeHUW B KaTyllKe
BO3HMKAeT TakXe MepeMeHHas 34AC CaMOMHAYKLWMW, KoTopas CKiagbl-
BaeTCs TeOMETPUYECKN C MPUNOXKEHHbIM HaNpsXXeHWeM W B pe3y/bTaTe
OKa3blBaeT BNINSHWE Ha TOK.

Kak M3BeCTHO, 34C CaMOWHAYKLMU BblpaXkaeTcs (GOpMynoit

eb=—LAIi/Al

Tok B uenu, cofepxauielt WHAYKTUMBHOCTb L, npoTekaeT nof fencT-
BUEM HamMpsXXeHUs UCTOYHMKA 3IHEPrum W U 34C cCaMOMHAYKLWK el, BO3HU-
Kaloled B Lenn BCNeACTBME M3MeHeHUs Toka, T. e. i=(u+el)/R, oTkyga

n—(—el)+iR. Tak kak B Hawem cnyyae /?»0, To u——eL—LAIlAt,
rae AilAt — ckopoCTb M3MEHEHUSi TOKa BO BPEMEHM.

B MoMeHT / Tok B uenu i= Insin w/, a cnycTs o4yeHb Manblii OTPE30K
BpemeHu A/ Tok 6ygetr »+Ai'=/msin co(/+[/). CnefoBaTenbHo, 3a 3TOT
OTPe30K BpPEMeHW TOK M3MeHUTCA Ha BennmdyuHy A t=/mlsin (o(/+4/)—
—sin w/l.

CuHyc cymmbl  sin(<i)/+<o0A/)=sin tat cos <oA/+cos co/sin 0)J1/, npu-
4UeM KOCWUHYC OYeHb Mafioro yrna coA/ paBeH egmHuue (cos <of/«1), a cu-
HyC 3TOro yrfna paBeH cooTBeTcTBylouwein ayre (sin (of4/«<of/).

Ha ocHoBaHWW 3TOro nonyyumm: A«'=/1(sin w/+(34/ cosHW/—sin w/)=
= /1 (of/ cos tat, cKkopoCTb W3MeHeHUs cuHycompanbHoro Toka AIi'/Al=
= I'mto cos (o/ U nponopunoHanbHbIe 3TOW CKOPOCTU 3AC CaMOWMHAYKLMUK
W HanpsXXeHWe WCTOYHMKA 3SHeprunm u=—elL= Im wL cos <ot=Im wL
sin(to/+90°).

BekTopHas pguarpamMma MoKasblBaeT, 4TO MeXAY TOKOM U 3[AC camo-
WHAYKLMN CcyLlecTBYeT pasHOCTb (pa3 (casur as). ToK onepexxaer 34cC
CaMOMHAYKLMM no hase Ha yron «p=90° (puc. 47, 6).

AMnanTyfa 3ac camomHaykuum ELm nponopumoHanbHas CKOPOCTU
M3MEHEHNs TOKa BO BPEMEHMW, B 3aBUCMMOCTM OT YrA0BON 4acToTbl to U
aMnAnTyAbl NMepemMeHHOro Toka /T BblpaxaeTcs (opmynoin £Lm=o)L/m.

N3 aToli ¢opmynbl BMAHO, YTO NPV HEW3MEHHOW WMHAYKTUBHOCTU L 3ac
CaMOMHAYKUMN yBenn4mBaeTCs C BO3pacTaHWeM Yrn0BOM 4acToTbl €O, T. €
C YBEe/IMYEHMEM 4acToTbl nepemeHHoro Tnks f

| — pelicTBylolEe 3HAaYeHME TOKa.
MocKoNbKY 34AC CaMOMHAYKUMMW OTCTaeT no (ase oT Toka Ha yron 90e
N HanpsXeHue, NPUOXKEHHOE K 3aXKMMaM KaTyL KW, MpeofoneBaeT feicT-
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BHE 34C, T. €. HanpaB/eHO K Heli MPOTUBONOMOXHO, 3TO HanpsHXKeHne onepe-
)KaeT TOK Mo hase Ha yron 90°, 4To M306paXKeHO Ha BEKTOPHOI Agnarpam-
me (puc. 48).

BekTopHas pguarpamma nokasbiBaeT, 4TO B Ueny C WHAYKTUBHOCTbIO
6e3 aKTUBHOrO COMPOTUBNEHWUS HaNpsHXKeHWe, NPUAOXKEHHOE K 3TON uenw,
onepexaeT TOK Nno ase Ha yron <pi=90°, npuyem TOK TakKXXe onepexaeT
34C CaMOMHAYKUMM no ¢ase Ha yron §,=90°.

[JeiicTBylolee 3HaYeHWe HANPAXKEHUSA, MNPUNOXKEHHOTO K WHAYKTWB-
Hoctu, U=a>LI, otkyga I=U/a>L.

MonyyeHHasa Gopmyna npefcTaBnaeT co60i BbipaxeHue 3akoHa Oma
AN Lenu MnepeMeHHOro Toka, obnajawolleid MHAYKTUBHOCTbIO. BennumHa

oL Ha3biBaeTcCS MHAYKTUBHBLM COMNPOTMUB-

U neHunem, obosHayaeTtca XL u wn3amepsetrcs B omax.
NTak
X1=dL.
LT ao* .
Vi -i ] Kak BWAHO W3 3TOr0 BblpaXeHUs, WHLYKTUBHOE CO-
I'SO* '

npoTmesieHNe BO3pacTaeT C YBE/IMYEHMEM YaCTOTbl TOKa.

§ 44. Llenb nepemMeHHOro ToKa, cogep>kaiias
aKTUBHOE N MHAOYKTUBHOE COMPOTUB/IEHUA

Puc. 48. BekTop- 3nekTpuyeckas LUeMb C OAHUM Wb WHAYKTUBHBIM
Has guarpaMma  COMPOTWUBNEHWEM B [eNCTBUTENIbHOCTU HEBO3MOXHa, Tak
T—I?/Il;a,VI a“i”%’;m: Kak Bcsfikas 06MOTKa, MOMWMO WHAYKTWBHOFO COMPO-
MHAyKuVﬁA qns  TUBNEHMA, o6najaeT Takxe aKTUBHBIM  CONPOTMB/IEHM-
Lenu ¢ uHaykTMe- €M. T103TOMY paccMOTpUM CAydaid, Korja npuUeMHUK,
HOCTbI0 BK/IIOYEHHbI/i B LeMb MEepeMEHHOro TOKa, MMeeT aKTUB-
Hoe conpoTtuBneHne R (puc. 49, a) U WMHAYKTUBHOCTb

L, T. e. NHAYKTMBHOE conpoTusneHne XL.
MonoXum, 4YT0 MO LEenu NPOXOAWT MEepeMeHHbI TOK C 4acTOTOW, COOT-
BETCTBYlOLWEl/ Yrn0BOi uvacToTe <0=21/, U C LEACTBYIOLUM 3HaYeHUEM /,

6 6

X'U)L

° I-I/\'y*

.)
Puc. 49. Lenb nepemMeHHOro Toka, cofep)awas akTUBHOE COMPOTUBIIEHMUE

M UHAYKTUBHOCTb:
a —cxema, 6 — BeKTOpHas AwarpamMma, « — TPEYrosibHUK COMPOTUB/EHWI

4YTO HauyanbHas (hbasa TOKa paBHa HYMO M TOK M3006paxaeTcs BeKTO-
pom | (puc. 49, 6), pacnofioXXeHHbIM TOPU3OHTaNIbHO.

Tok /, npoxoAs MO akTUBHOMY COMPOTUBMEHWIO R, co3gaeT nageHwe
Hanps>xeHua (/,,=//?. HanpsxeHne Ha aKTMBHOM COMPOTUB/IEHUN COBNa-
faeT no dase ¢ TOKOM. [103TOMY BEKTOp HanpsXeHua t/a Ha guarpamme
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NMOCTPOeH MO HanpaBneHUto BekTopa Toka /. HanpsxeHnune 110 Ha3bliBaeTcs
AaKTMBHBIM NajeHuem HanpaxeHwuda. Tak Kak paccmar-
puBaemas Hamu Lenb obnagaeT U UHAYKTUBHOCTbIO, TO ANA NPEOAOSIeHUS
34C camMOoMHAYKUuM noTpebyetca HanpsxeHue t/L=/XL. Hanpsxe-
Hve UL HasbiBaeTcd WHAYKTMWUBHBLBIM nNafjeHuem Hanps-
XeHunsa. HanpaxeHue Ha WUHAYKTUBHOCTM oOnepexaeT no (ase TOK Ha
yron 90°. Tostomy BekTop Hanpseuusa UL nocTtpoeH nog yrnom 90°
B CTOpPOHY oOnepexeHus (NPOTUB YacoBON CTPeNKM).

CnepoBaTeflbHO, HanpsHXXeHWe Ha 3aXUMax LUenH paBHO reomeTpuye-
ckoit cymme BektopoB Ua=IR u UL=I1XL. CnoXuB 3Tu BeKTOPbl reomet-
pryeckun, Monyy4yum BeKTOp HanpsxxeHus U, onpefensiooluin csoeii Benu-
YMHOW W HanpaBneHWeM [elCTBYlOLLee 3HAYEHUE HANPAXEHUs reHepaTopa
B Lenu.

BekTop / oTvcTaeT oT BekTopa U Ha HekoTOpbli yron, 0603HaYeHHbIl
Hamun ¢. Kpome Toro, Bektop U ABAAeTCA rUunoTeHy30l NPAMOYronbHOro
TpeyronbHuka Oab, Ha3biBaeMOro TPeyroNbHWKOM Hanpsa-
XeHunin. KateT TpeyronbHuka Oa paBeH £/a, a kateT a6 paBeH UL.
[Mo3aToMy Mbl MOXEM HanucaTb:

U'= Ua+ UL uan Us= (IRf+ (IXLy = /*@*  X1).

N3Bnekas KBajpaTHblii KOpeHb M3 06enx 4YacTell NOCNefHEro paBeHCTBa,
HaXO4WUM:

U=1V R'+ XI, otkyga / = t//J/A*+

3Ta hopmyna npeactaBnseT coboil BbipaxeHWe 3akoHa Oma Ansd Lenu
MepeMeHHOro TOKa, cofepXaliell akTUBHOE U WHAYKTWBHOE CONpOTWBIe-
HuA. 3HamMeHaTenb B JaHHOM BbipaXeHWM 0603HayaeTca Z M HasbiBaeTcs
NOMHBIM CONPOTUBNIEHNEM uenu: Z=Y r*\-X1=
=¥ R'+ (uLy.

OCHOBbIBAfACb Ha 3TOM pPaBeHCTBE, MOXHO MOCTPOUTb MPAMOYTONbHbIN
TpeyronbHuk (puc. 49, B) ¢ katetamnm R un X1=u> n runoteHyson Z,
HasblBaemMblli TPeyronbHWKOM CONPOTUBAEHWUN Uenw,
cofepxalleli akTUBHOE U WMHAYKTUBHOE COMPOTUBAEHMA. M3 TpeyrosbHUKa
CONPOTUBNEHUIA MOXHO OMpeAenuTb Yron chasura a3 <p mMexpay Hanps-
KEHWEM, TMPWUIOXEHHbIM K Lenu, U“ TOKOM B Hei: coah = R/Z=

= RIVR* + (wLy. 3Has R n Z, HeTpyaHO no cos ¢ onpeaennTtb yron d.

§ 45. EMKOCTb B LENM MepPeMeHHOro Toka

Mpu BKNOYEHMN KOHAeHcaTopa emKocTbio C (puc. 50, @) noj NocTosiH-
Hoe HanpsxxeHue U OH 3apsAxaeTcd M Ha ero obknafgkax COCpefoToyu-
BalOTCA paBHble, HO MPOTUBOMONOXHbIE MO 3HaKy KO/MW4YecTBa 3NEKTPU-
yectBa: Q—CU.

Ecnn 3apaXeHHbIl KOHAEeHCATOp OTKAYUTb OT MCTOYHMKA TOKa, TO
OH, CcOXpaHfis 3apsag, 6yper o06najgaTb HEKOTOpPbIM HanpsxeHuem Uc-
CoeauHuB 06KNafKM 3apsXXeHHOro KOHAeHcaTopa MexAay coboil uepes
Kakoe-nnb6o conpoTtusneHme R (puc. 50,6), MOXHO y6eauTbca (nNpu no-
CpeAcTBE U3MepPUTENbHOTO Npubéopa) B TOM, YTO KOHAEHCATOp, paspsaXKanach,
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[aeT KpaTKOBPeMeHHbIi TOK uepe3 conpoTuBineHue R. HanpaBneHue Toka
b LEeMH Npu paspsige KoHAeHcaTopa MPOTMBOMOOXHO HanpaBfieHUIO ToKa
npu 3apsge.

Ecnu paccmaTpuBaTh MpOLEcChl, NPOMCXOAsLLMe B LENM, CoaepKallei
KOHAEHCAToOp U UCTOYHUK MepPeMeHHOro TOKa C CUMHYCOMAaNIbHbIM Hanpsxe-

Puc. 50. Llenb, cogepxatas eMKOCTb:

a — 3apafg KoHgeHcaTopa, 6 — pas3psj KoHAeHcaTopa, « — BEKTOpHas
1 BOMIHOBAs AnarpamMbl HanpsykeHUs 1 Toka

Hnem U= llmsin to/, TO HeTpyAHO 3aMeTUTb, YTO 3TW MpPOLLECCHl CBOAATCA
K nepuojmyeckomy 3apsafy ¥ paspsay KoHAeHcartopa.

MoNoXuUM, 4TO reHepaTop MEPEMEHHOr0 TOKa 3aMKHYT Ha KOHAeHcaTop.
MpenctaBuM M3MeHeHWE HaNpsXXeHWA Ha 3aXumax reHepatopa Ha Bpe-
MeHHOW pguarpamme (puc. 50, B) B BUAe CUHYycoupanbHoli KpuBOW ab6Brg,
a BeKTop HanpsbkeHus UM Ha BEKTOpPHOI fuarpamMme pacrnofioXum ro-
PU30HTaNbHO.

O6patumcsa Kk topmyne Q=CU wu npvmeHWM ee K paccmaTpuBaemomy
HamMy cnydyal 3apaja KoHAeHcaTopa MepeMeHHbIM TOKOM. O4eBMAHO, 4TO
3a 0YeHb Ma/blii MPOMEXYTOK BpeMeHM At HampsykeHUe Ha 3aXumax reHe-
paTopa M3MEHWUTCA TaKXe Ha Manyl BeNW4YuHYy, KOTOpYt 0603Haumm AMu.
BmecTe ¢ TeM 3a TOT XX€& NMPOMEXYTOK BpeMeHM At reHepatop oTAaeT KOH-
fleHcaTopy KONW4ecTBO 3fnekTpuyecTBa, paBHoe AQ. Takum obpasom, Hawa
thopMyna Ans O4YeHb Manoro NpPoMexyTka BpemeHU At MOXeT 6blTb Hanmu-
caHa B Buge AQ=CAu.

[ens o6e yactn paBeHcTBa Ha A/, nonyuynm AQ/A/=CAU/A/.

JleBas yacTb paBeHCTBa MpejcTaBnseT co6oi OTHOLWIEHWEe KonuyecTBa
anekTpuyectBa AQ, nepewejwero OoT reHepatopa K KOHAEHcaTopy 3a
Bpems A/, K 3ToMy BpemeHU. CnefoBaTenbHo, ecin AQ BbIpasuTb B Kyno-
HaX, a A/ — B ceKyHpgax, To oTHoweHune AQ/A/ npenctaBuT COBO KONM-
YecTBO 3/IEKTPWYECTBA, MepeHeCeHHOe B OAHY CEKYHAY W BblpaeHHOe
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B KyNnoHax, T. e. 6yfeT MrHOBEHHbIM 3HAaY€HWEM TOKA <, BbIPaXEHHbIM
B aMmnepax.

Takum 06pa3oM, nocnefHee pPaBeHCTBO MOXEM HamHcaTb B BUfe <=
ACAU/AtL.

Ecnn HanpsxeHue cuHycompansHo u=Umsin n/, 10 3a Bpems O/
OHO W3MeHUTCA Ha BennyuHy [Oei= £/t bln w(/+/4/)—sin co/l

B 3tom BbipaxeHun sin to(/+A/)=sin co/ cos toA/+sin o)A/ cos col,
W TaKk Kak yron cofl/ oyeHb mMan, TO CUHYC €ro paBeH Ayre, a KOCUHYC —
eanHuLe (sin cof/=cof/, cos tofl /=1), Ha OCHOBaHUM yero
Au—Um (sin co/-|-cof/ cos co/—sin co/) n Obl/4/=1/T 0 cos col.

CnepoBaTenbHO, 4epe3 €MKOCTb MPOXOAWT MEpPeMeHHbI TOK t=

B CAn/At = U,coCcosco/= UTbICsin (co/+ y ) . T. e. TOK CUHycOMAaneH

M onepexaetT no Qase NPUIOXKEHHOE HanpsHKeHWe Ha 4YeTBepTb Mepuojga
(8/2=90).

MakcnMManbHOe 3HAa4YeHWe MNEepPeMEeHHOro TOKa MOXHO BblpasuTb uepe3
eMKocTb: /m= t/mcoC.

[elicTByloulee 3HayeHMe TOKa B Lienu, cofepkaliein KoHAeHcaTop,

/=, ,@C={sC—U A1

MonyueHHas dopmyna npeacTaBnseT Co60i BbipaKeHWe 3akoHa Oma
ONA Uenu nepeMeHHOro TOKa, 06/1ajalolleii eMKoCTbio. BennuuHa

Ha3blBaeTCA €M KOCTHBLIM CONpPOTUBNEeHMUEM, ob6O3HayaeTcs
XC n usmepderca B oMax, T.e. Xc= 1coC.

§ 46. Llenb nepemMeHHOro TOKa, cofep>kalias
aKTMBHOE M eMKOCTHOEe COMPOTUB/EHUA

Monoxum, yto no uenu (puc. 51, a), copepxalyeil aKTUBHOe COMpo-
TuBNeHne R n KoHaeHcaTop eMKocTbio C, MpoTeKaeT MepPeMeHHbIl TOK C yr-
NOBO 4acTOTOMW @ W AeACTBYHOLMM 3HayeHueMm /. [na npocToTbl bGyaem
cyuTaTb, YTO HavanbHasa (ha3a TOKA paBHa HY/N0 U TOK M306paxaeTcAa BeK-
Topom / (puc. 51, 6), pacnonoXeHHbIM TOPU30HTaNbHO.

mE>

n o’

K C

a)

PHC. 51. AKTUBHOE CONPOTUBNAEHME M EMKOCTb B LiENU MepeMenHoro Toka:
a —cxema, 6 — BEKTOpHas AuarpamMma HanpsXKeHWs U Toka, a — TPeyrofbHUK co-
NpOTWUBNEHWNIA

Tok /, npoxoAs NO aKTUBHOMY COMpPOTMBAEHWIO R, co3paeT nageHue
Hanpsa>XeHuns Ua—IR. Hal‘lpﬂ)KeHVle Ha aKTMBHOM CONpPOTWUBAEHNUN COBNa-
faeT no ¢ase c TOKoM. Bektop HanpsaxeHua (/a, KaK Mbl y)XXe 3HaeMm, Ha-
3blBaeTCA @ KTWUBHDbB M nageHumemm HanpaXeHW4da.
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MocKonbKy paccmaTtpuBaeMasi Hamu Lenb MNOMUMO aKTMBHOTO COMpO.
THBNEHMA o06nafaeT TakXe W eMKOCTHbIM conpoTuBaeHuem Ji'c =1/<oC,
TO TOK /, MpoxoAs 4yepe3 KOHAEHCATOP C YKa3aHHbIM €MKOCTHbIM COMpO-
TueneHnem Xc, cosgaet ewe HanpsxeHne UC=1XC. HanpsxeHue Vc
Ha3blBaeTc eMKOCTHbBIM NajgeHuMeM HanpaxeHunda. Kak
Mbl yXe 3HaeM, HanpsXKeHue Ha KOH[eHcaTope OTCTaeT No (ase OT Toka
B HeM Ha yron 90°. lMo03TOMy Ha BEKTOpPHOW AuarpamMme BeKTOp Hamps-
XeHua UcC nocTtpoeH nNoBepHYTbIM nof yrnom 90° B CTOPOHY oTcTaBaHMA
(no yvacoBoli cTpenke).

CnepfoBaTenbHO, HampsXKeHWe Ha 3aXumax Lenn AO/MKHO 6biTb paBHO
reoMmeTpuyeckoli cymme BekTopoB 1)1 u Uc. CNoXunB 3TM BEKTOPbI reomeT-
puyecku, nonyunmm BekTop U, onpegensioouimii cBoeid BeNWYMHOW M Ha-
npaBneHMeM [eliCTBYlOLLee 3HAYeHMEe HanpsXXeHus.

BekTtop / onepexaeT BekTop U Ha HEKOTOpbIA yrosn, 0603HaYeHHbI
Hamu ¢. Kpome Toro, Bektop U siBAfeTCS FMNOTEHY30/ MPAMOYrOfibHOrO
TpeyronbHnka Oab, Ha3biBaeMOro TpPeyroAbHWKOM HanpsH-
XeHunin. KateT TpeyronbHuka Oa paBeH Ut=I1R, a kaTeT ab paBeH
mc=1Xc, 1. e. U*=UI+UDb, unn t/»=(/tf)*+ (/X c)*=/*(tf*+XE).

M3Bnekan KBajpaTHbIl KOpeHb M3 06enx YacTell mocnefHero paBeHCTBa,
Haxogum U=/ V R'+ Xb, otkyga/ = U/VR* + X¢= UjVR 1+ (L/wC)-.

MocneaHas dopmyna npefcTaBnseT cob60i BblpaxeHWe 3akoHa Owma
AN Lenu nepeMeHHOro ToKa, COfepXKalleil akTUBHOE W eMKOCTHOE COmMpo-
TUBNEHNS. 3HameHaTenb B AaHHOM BbipaXKeHWU, 0603HaYaeMblil Z, Ha3sbl-
BaeTcA MNONHBLIM COMNPOTUBANEHWEM Uenu:

Z=K/?1+ Xt= K ©j+ (1/9C)».

OCHOBbIBaACh Ha 3TOM pPaBEHCTBE, Mbl MOXEM MOCTPOUTbL NPAMOYTO/b-
Hbll TpeyronbHuK (puc. 51, B) ¢ katetamun R n Xc=1/<oC n runoTeHy-
30 Z, Ha3blBaeMbli TPEeYyrONbHWKOM CONPOTUBANEHUIN
Lenu, cogepxalieli akTUBHOE W eMKOCTHOe COMnpoTuBAeHMA. V3 Tpeyrob-
HUKa CONPOTWMBNEHUA MOXeM OMpefennTb yron casura a3 ¢ mexagy To-
KOM B Lenu W HanpsXXeHWem, MPUNOXEHHbIM K Heii:

costp= R/Z=RIVR1+ (1/wC)a.

§ 47. Llenb nepemMeHHOro TOKa, cogepykailas
aKTUBHOE, WHAYKTUBHOE U eMKOCTHOEe COMpPOTUB/IEHUSA

PaccMOTpMM Uenb MNepemMeHHOro TOKa, COCTOALLYK W3 BKAHOYEHHbIX
nocnefoBaTe/lbHO aKTWBHOTO COMpoTuBAeHUs R (pHCc. 52, @), WHAYKTUB-
HocTh L u koHaeHcaTopa emkocTebio C. Topa [eACTBMEM MPUAOXKEHHOTO
HanpsxeHunsa U npotekaeT Tok /. HanpsxeHuve U [O/MKHO MOKPbITh
(KomneHcupoBaTb) MNajeHWe HanpsaXeHWs Ha akTUBHOM COMPOTWUBAEHWUU
Ut=1R, Ha uWHAYKTMBHOM conpoTtusieHnn UL=IlcoL u Ha EeMKOCTHOM
conpotusneHnn t/c=//0)C.

MMocTpoum BEKTOPHYIO Auarpammy Ans 3TUX HanpsxeHui (puc. 52, 6).
OTNoOXUM TOK / B BUAE TOPU3OHTANbHOrO OTPEe3Ka W Mo ero HanpasAeHUIo
OTNIOXMM aKTUBHYI cocTaBnswowy HanpsxeHus Ut=I1R, nmes B Bugy,
4TO OHa COoBMajaeT no ase ¢ TOKOM. TakK KakK UHAYKTWBHAsA COCTaBAA L as



HanpsxeHna UL onepexaeT Tok / no dase Ha yron 90°, BOCCTaHOBUM
K HanpaBneHWK TOKa MepneHAUKYNsp W Ha HEM OTNOXWUM WHAYKTUBHOE
nageHne HanpshxkeHms UL=I<al B Buge oTpe3ka ab. EMKOCTHOe nageHue
Hanps)keHna Uc oTcTaeT oT ToKa / no dase Ha yron 90°, no3ToMy U3 KOHLa
oTpe3ka ab (M3 Toukn 6) ONyCTUM K BEKTOPY TOKa MepneHAuKynsp U Ha

S

Puc. 52. AKTMBHOE CONPOTUBNEHWNE, MHAYKTUBHOCTb U eMKOCTb B Le-
n¥ MepeMeHHOro Toka:
a —cxema, 6 — BeKTOpHas AuarpamMma, « — TPeyrosbHUK COMPOTUBNEHMI

Hem oTnoxum Mc=1wC B Buge oTpeska 68. CoeguHus Tenepb Touku O
1 B, NONyYNM CyMMapHblli BekTop OB, KOTOpPbI/A CBOE BEANYMHON U Hanpas-
NeHveMm onpegennut HanpsxeHue U, NpuUnoxeHHoe K paccMaTpuMBaeMoii
HaMmun uenu.

MpamoyronbHblli TpeyronbHUK OaB HasbiBaeTcd TPeyronbHM-
KOM HanpaXeHWR p[na uenu, cogepxawein akTUBHOE, WHAYKTUB-
HOe M eMKOCTHOEe COMPOTUBNEHWSA, COEAWHEHHblIe MocnefoBaTenbHo. KaTet
aB npepacTaBnsieT cob6oit pasHocTb MHAYKTMBHOro UL u emkoctHoro Uc
nafeHns HanpsxeHusa. CnefosaTtefibHO, MOXeM HanucaTb TaKoe PaBeHCTBO:
UrUI+W I1—Uc)*, wumn {/«=(/K)»+(/0>E—T7/MC)«=/» IR*+(wWL—
— U<oC)*1, oTKyga U= \yrRi+ (wL— V<aC)t nnu I =
=tf/y > + (a)L-l/<oC)*. .

MocnegHasa dopmyna npegcTaBnseT coboil BbipaxeHue 3akoHa Oma
4N Lenn nNepeMeHHoOro Toka, cofepXcalieil akTUBHOe, WHAYKTUBHOE W eM-
KOCTHOE CONpOTUBNEHWA. 3HAMeHaTenb B 3TOM BbIpaXXeHUN 0603HauvaeTcs
Z W HasblBaeTCd NONHbBIM CONPOTWUBAEHMEM Lenu:

Z* V[?2-HW .— 1/ioC)*.

OCHOBbIBasfiCb Ha [JaHHOM paBeHCTBe, MOCTPOUM MPSAMOYTFO/bHbIA Tpe-
yronbHuk Oab (puc. 52, B) ¢ kateTamn R u ioL—1/wiC u runoteHysoin Z,
NHa3blBaeMbli TPEYrONbHUKOM COMNMPOTUBANEHMUI uenu,
cofepxalyeli akTMBHOE, WHAYKTMBHOE W EMKOCTHOe CONPOTWBEHMNSA.

N3 TpeyronbHUKa COMPOTMB/IEHWI A MOXEM OMpeAenuTb Yron casura
(a3 (pa3HoCTb (ha3) MexAy HanpsH>KeHWemM W TOKOM B LEMH:

cos =R/Z=RIV R1+ (wL— l/0)C)f.

PaccmMOTpMM 4YacTHbI cnyvali nocnefoBaTeNbHOr0 BKAOYEHUA aKTUB-
HOr0, WHAYKTUBHOINO W eMKOCTHOrO COMPOTWBAEHWIA, Korfa pasHoOCTb
conpotuBneHnit XL—Xc=wL—12/wC paBHa Hynto, T.e. ©L—1/0>C=0,
nan colL=1/0)C.
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Pewas ypaBHeHWe OTHOCUTENbHO YFNOBON 4acTOTbl O, BEAWYMHY KO-
Topoii Ana aToro cnydas o0603HayMm OB, HaWgem 0)JLC=Il, unam w,=
= 1/irC.

Yrnosas 4actoTa bl0 Ha3blBaeTcCi Pe30OHAaHCHOMNW YrnoBoOW
yacToToO#. [pu 3aToli YacToTe TOK B LeNu onpegensiercsd O4HUM NULWb
aKTUBHbIM conpoTuBneHnem R, T.e. I=U/R wu pgocturaet Hambonblien
BENUUNHDI.

Yron casura gas Mexgay Hanps>KeHuem u TOKOM MpuM pe3oHaHce CTa-
HOBMTCS paBHbIM HY/O, TakK KaK cos <p=1, a MMeHHO: cos ¢=/?//? = 1.

PaccMOTpPEHHbI Hammn cfly4vail Ha3blBaeTCd PE3O0OHAaHCOM Ha-
NpA>XeHWNn, TaKk Kak MNpu 3TOM HAMPSAXEHUA Ha 3aXMMax KOH-
peHcatopa UC M MHAYKTUMBHOro conpoTuBaeHMs UL MOryT 3HaYMTeNbHO
npeBbillaTh HaMpsXXeHWe, NpUNOXeHHoe K uenu. HanpsxeHus UL n Uc
paBHbl M CABMHYTbI NO (ha3e Ha MOMOBUHY Mepuoga, T. €. B N0O0H MOMEHT
BPEMEHM 3TU HAMPSXEHWs paBHbl M MPOTMBOMOJIOXKHbLI NO 3Haky. Cnego-
BaTe/IbHO, B N1t060l/i MOMEHT BPEMEHN MTHOBEHHbIE MOLLHOCT B peakTUBHbIX
yyacTKax TakXe paBHbl M NPOTUBOMOJMOXHbI MO 3HAKY, T. €. yBenuyeHue
3HEpPrMM MarHUTHOrO MaTa B KaTylWwkKe WHAYKTUBHOCTW MPOUCXOAUT B pe-
3yNnbTaTe YMeHbLUEHUS 3HepruyM 3NeKTPUYEecKoro Mnons KOoHAeHcaTopa, U
HaobopoT, a reHepaTop pacxofyeT 3Heprui0 Ha aKTMBHOE COMPOTUBIEHUE.

§ 48. lMNapannenbHoe coeAVHEHMNE PEaKTUBHbIX COMPOTUBEHUNA.
Pe3oHaHC TOKOB

Monoxwum, 4to ABe napanfenbHble BeTBUM MOAKAOYEHbl K 3a)XUMam re-
HepaTopa nepemeHHoro Toka [ (puc. 53, a) ¢ HanpshkeHuem U. OpHa
BeTBb 06najaeT akKTUBHbIM conpoTuBrieHnem R1 u nHpykTuBHOCTbIO L1,
a Apyras — cooTBeTcTBeHHO R2 un L2.

Ecnn yrnosas u4actoTa reHepatopa O, TO TMOJIHble COMPOTUB/EHUA

Zi n Z, nepBoil 1 BTOpOW BeTBU
o . —T---- » [ paBHbl:

X=VRI+
Zt=V R I+ Ne ,)".
Tokn J1 n /, Ha OCHOBaHUU

3akoHa Oma npeAcTaBfifalOT CO-
6oli cnegytoune BeNYNHDI:

Puc. 53. MapannenbHoe coeAuHeHWe COMNPOTUB- 7j= fylzt= UIV R\ + (wL,)™;
NeHNni: . ,
a — cxema, 6 — BeKTOpHas Aunarpamma Ix= UIZ: = U]V RI+ 'UL,) :

Tak Kak B KaX[oi BeTBM MOMMMO aKTMBHbIX COMPOTUBAEHUIA coAep-
XaTcs WHAYKTUBHbIE COMPOTUB/IEHMSA, TO TOKW B BeTBAX OTCTaHET No ¢hase
oT HanpshkeHus !l na yraum Lau onpeaensieMble N0 UX KOCMHyCam M3
paBeHcTBa co0s YyX=RJZi, cos <pj=/?*/Zj.

B cooTBeTcTBMM ¢ 3TUM Ha puc. 53, 6 mnocTpoeHa BeKTopHaa pfuar-
pammMa, Ha KoTopol HanpshkeHue U nokasaHo B Buie oTpeska Oa, a TOKM
/, n Ir — B BMae oTpeskoB O6 un Os.



TOK / B Hepa3BeTBMIEHHOW 4acTU Lenu npejcTaBAseT coboil reomeTpu-

Kyto cymmy ToKoB /j u /2 Toatomy gna onpefeneHus Toka / Ha guar-
pamme TOKW /, W [, CNOXeHbl reomMeTpuyeckn. B pesynbTaTte yKazaHHOro
CNOXEeHWA Mony4yeH BekTop Toka / B Bupe oTpedka Or, KOTopbli CBOei
BE/MUYNHOWA M HanpaBfeHWeM OMnpefenseT BeNMYUHY U HanpaBneHue Toka /
B HepasBeTBMEHHOW uYacTW uUenu. Yron <p ABAAeTCAa yrnom cpasura as
mMexay HanpskeHuem U u Tokom /.

BenununHy Toka / u yrna casura a3 <p MOXHO HaTW BblYMCNEHUEM.
Lns 3Toro Kaxpablil n3 TokoB |,n /: packnagbiBaloT Ha ABa cnaraembix,
B KOTOPbIX 0fHO ByfeT Hanpas-

NIEHO MO0 BEKTOPY HamnpsXeHus
U (puc. 54), a pgpyroe — nep-
neHauKynsapHo emy. Mepsoe u3
yKa3aHHbIX cfaraemMbiX Hasbl-
[BatoT aKTUBHOIW co-
cTaBnawuwem TOoKa,
a BTOpoe — peakKTMWBHOIW
cocTaBnswuwelh ToKa.
O603HauMB cocTasnsoLWwme TO-

Ka /| — akTuBHyto 1la u pe-
aKTUBHYO /,p, acoctasndtouime Puc. 54. AKTUBHOe W peakTWBHble COCTaBfA-
ToKa [/, — aKTuBHyl /la u Wne TokoB

[peakTuBHytlO  /,p, 3anuuem:
/ia=/iCos ¢,; /Ilp=/!Sin «p,; /la=/jCOs cr; /rp=/,51Nd,.
Tok B Hepa3BeTBl‘IeHHOI7I Yyactn uenn

f= 1 (1, +1,)*+ (/,p+ Np)l= kT T+n,

Me /a /."b/ra » % ANp~Frp*
BenuunHbl /a, /p npefcTaBAstOT CcOGO/ COOTBETCTBEHHO AaKTUBHYHO
M peakTUBHYI0 COCTaBnsloWMe TOka / B HepasBeTBAEHHOW yacTu Lenu.
KocuHyc yrna casura das ¢ Mexgy HanpsbkeHnem U u tokon! | onpe-

Puc. 55. MapannenbHoe COefMHEHNE WHAYKTUBHOCTU W EMKOCTH:
a — cxema, 6 — BEKTOpHasa Auarpamma

Lenutcs ©U3 paBeHcTBa cos ¢ =/a//.

PaccMOTpMM OYEHb BaXKHbI cay4yail mapannenbHOr0 COEfMHEHUA ABYX
BeTBei, Korga ofHa W3 HWX COLEPXWUT aKTWBHOE COMpPOTUBAEHWE R 1 WH-
AYKTMBHOCTb L, a pgpyras — KoHgeHcatop emkocTeto C (puc. 55, a).
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Hanps»keHue reHepatopa I, npunoXxeHHoe K Toykam a u 6, paBHo U
npu yrnoeoit uvactoTe M. OUeBMAHO, 4YTO B BETBM C WHAYKTUBHOCTbIO

Tok /, = UIV R1+ (loLy noTtcrtaet no thase oT Hanps>keHns U Ha yrosn cpi.
B BeTBM C KOHAeHcaTtopom Tok /,= Uj-J*-= U(oC.

Tok |t onepexaet Hanps)xeHne U no dase Ha yron 90°, 4To nokasaHo
Ha BEKTOpHOW gnarpamme (puc. 55, 6). Mo ropu3oHTanNbHON OCU OT0XEHO
Hanps>eHne B Buge oTpeska Oa. Mog yrnom ¢x B CTOPOHY OTCTaBaHuWA
(no yacoBoii cTpenke oT HanpshkeHus U) noctpoeH oTpe3ok O6, Ha KOTo-
poM OTnoXeH TOoK J1. 3atem nog yriom ¢p*=90° B CTOPOHY OMepexeHus
(npoTnB u4acoBoi CTpenku) oT HanpshkeHns U noctpoeH oTpe3ok OB u
Ha HEM OTNOXeH TOK /2 CNOXWB reoMeTpUYecKu BeKTOpPbl TOKOB 1Xu 12
nonyymMm BekTOp Toka | B HepasBeTBAeHHOW 4YacTu uenH. OTpe3ok Or
onpegenser BeTYMHY Toka |, a yron 9— yron casura a3z Mexgy Ha-
npskeHnem U 1 TOKOM / B Hepa3BeTBAEHHON 4YacTu Lenu.

N3 aToil guarpammbl BMAHO, 4TO ecnu Obl He 6GbINO BETBM C KOH[EHCa-
Topom C, NOAKMOYEHHOW MapannenbHO BETBM C aKTUBHbIM COMPOTWBIe-
HMeM R M MHAYKTUBHOCTLIO L, TO TOK B Lenu paBHanAcs 6bl /*. Hannuune xe
KoHaeHcaTopa C CHM3MNO TOK B HepasBeTB/EHHON 4acTu Lenu A0 Benu-
nHbl I<Ii.

Ecnn nopo6paTb emkocTb C Tak, 4To6bl OB=64, T. €. 4uT06bl f/<0C=
= /isin (pi, To TOK / B HEPA3BETBNEHHOW YacTu LEeMH AOCTUTHET MUHUMaNb-
HOIl BENMYMHbLI, @ YroN PCcTaHeT paBHbIM HYAt. Takoi cnydyali HasbiBaeTCs
pe3oHaHCOM TOKOB.

Tak Kak npu pe3oHaHCe TOKOB B Hepa3sBeTBAEHHON 4YacTu LUenu TOK
MMeeT MUHUMAa/bHYI BeNIMYUHY, TO NOTEPH B COEAUMHUTE/IbHbIX MPOBOAAX
M B 06MOTKax reHepatopa MNepPeMEHHOro TOKa MWHUMasbHbl. [logkntouye-
HWe KOHfeHcaTopa napanienbHo LenH, obnajatwoleii akTUBHbIM W WHAYK-
TWBHbIM COMPOTMBNEHUAMU, MNOBLILWAET COS <

Mpu napannenbHOM COeAUHEHUN KOHAeHcaTopa emMkocTbio C M Ka-
TYWKN C UHAYKTUBHOCTbIO L M ManbiM aKTUBHbLIM COMPOTUBAEHWEM, KOTO-
pbiM MOXHO npeHebpeub {R=0), TOKM B BeTBSX OYAYT onpefensaTbcs che-
aytowmnm obpasom:

B BeTBUM C WHAYKTMBHOCTbIO /1={//cdZ,;

B BeTBM ¢ emkocThlo lc=v “-"j=*U(oC.

Mopbepem MHAYKTMBHOCTL L u emkocTb C Tak, 4to6bl Tokm IL n /c
O6blNn paBHbl, T. e. yTo6bl U/a>L=Uu>C.

OTclofa onpefensieM pe3oHaHCHYH yrnosyw 4dactoty (a,=1/yTc
N pe3oHaHcHyt 4acTtoTy ft=1/2n\ LC.

B BeTBM C eMKOCTbIO TOK /C onepexaetr HanpsxeHue U no ase Ha
yron 90’, a B BETBM C WHAYKTUBHOCTbK TOK |IL oTcTaeT OT HanpseHus
U no tase Ha yron 90°. Tok | B Hepa3BeTBNEHHOW YacTL LENW pPaBeH HYNH0,
Tak kak Toku /c n IL, ognHakoBble N0 BeNWYUHE, Hamnpas/ieHbl MPOTUBO-
NonoXHo. Mpu naeanbHOM pe3oHaHCe TOK B Hepa3BeTBJEHHON YacTu Lenu
paBeH Hyn, TOrga BXOAHOE CONPOTUBEHME Lienu, COCToAWen U3 napan-
NeNnbHO COeAMHEHHBIX WHAYKTUBHOCTU U €MKOCTU, PaBHO GECKOHEYHO 60/b-
Ol BenuYmnHe.

Ecnn KoHpeHcaTop 3apAavTh A0 HEKoToporo HanpsbkeHms U un 3amk-



HYTb Ha WHAYKTUMBHYO KaTyllKy (puc. 56, 0), TO B 3aMKHYTOM KOHTYype
BO3HWKHET TOK U KOHAeHcaTop 6ygeT paspsaTbCs uUepe3 KaTyLlKy.
Mpu 3TOM 3neKTpuuyeckas 3Heprus, 3anaceHHas B KOHAeHcaTope, 6ygeT
MepexoAnTb B SHEPTUI0 MAarHUTHOTO MONS KaTylWKW. B HauyanbHbIA Mo-
MEHT, KOrga Hamnpsh)keHue Ha KOHAeHcaTope BENWKO, TOK W MarHUTHOe
nofe KaTylW KW Bo3pacTaldT 6bICTPO. B WMHAYKTMBHOCTM BO3HUKAET 93fC

a — cxema, 6 — BpemMeHHas guarpamma

camouHaykuum EL, ypaBHoBewwuBatouias HanpskeHue U Ha KOHAeHca-
Tope. B npouecce paspsfga KOHAeHcaTOpa Hanps)kKeHWe Ha Hem MOHW-
aeTcs, U B MOMEHT, KOra OHO YMEHbLIWUTCH [0 HYNsd, TOK B KOHType
OOCTUTHET MAaKCMManbHOro 3HauyeHWs, T. e. MarHUTHOe Mofe KaTyLKH
CTaHeT HaMbonbWUM. 3aTeM TOK B LieNW HAYyHEeT YMeHbLIaTbCs, U 34C caMo-
WHAYKLUUWU, U3MEHWB HanpaBfeHue, 6yaeT 3apsxaTb KoHAgeHcaTop (C Mpo-
TUBOMOMIOXHOW MNONSAPHOCTLIO) A0 HambBONbLUero 3Ha4YeHWs 3A4C CAMOUH-
OYKUMUWU, COOTBETCTBYIOLLEFO MOMEHTY, KOrja TOK YMEHbIIUTCA A0 HYyns.
MpH 3TOM 3HEpPrus MarHUTHOTO MONS KaTyWKW BHOBb BEPHETCS K KOH[EH-
caTopy. 3aTeM ONATb HauyHeTcs paspsaf KOHAeHcaTopa, HO HamnpaefieHuWe
TOoKa paspsaga OyfeT NPOTMBOMOMNOXHO HayanbHOMY, Tak Kak Hampsxe-
HWE Ha KOH/JEeHCaTope M3MEHWN0 MONASPHOCTD.

Takum 06pa3oM, B LENM MPOUCXOAWUT NPOLLECC MepUoANYECcKOro U3me-

HEHNA TOKa W HaNpsSXeHus C pe3oHaHcHoil uactoton ft=1/2n[/rLC
(puc. 56, 6). Takasa uenb HasblBaeTcd KonebGaTeNbHbBM KOH-
Typowm.

TOK B KOHTYpe W HanpsXKeHWe Ha HEM C TeYeHUeM BPEMEHU YMEHb-
WwakTcs, TaK KakK MOMUMO PeaKTUBHbIX COMPOTUBAEHWI B Lenu uMmeeTcs
M aKTUBHOE COMPOTUB/IEHWE NPOBOAA, KOTOPbIA fBNSAETCA OOGMOTKOW WH-
OYKTUBHOM KaTyWKH. B aKkTMBHOM COMNPOTUBAEHWWM NPOBOAA BblAeNseTcs
3Heprua» npeobpasyrowasca B Tenjao W Harpesatlwas npoeog. Mostomy
3HEprus, 3anaceHHas B KOHJEHCATOPEe U Mepexofsawas B 3HEPTUO MarHuT-
HOroO NoNs WHAYKTUMBHON KaTyWKH, a 3aTeM 06paTHO B KOHAeHcatop,
C KaXAblM NepuojoM MOCTEMeHHO y6bliBaeT, YTO MPUBOAUT K 3aTyXaHWio
Kone6aHuWii.

§ 49. MoOLLHOCTL MepeMeHHOro ToKa

Kak M3BECTHO, MOLWHOCTb MOCTOSHHOFO TOKa OnpeaenseTcs npousBe-
OEeHVWEM HanpsXXeHUs U Toka. MNpu nepemMeHHOM TOKe KaK HanpsKeHue,
TaK W TOK NepuoAMYEcKN M3MeHsIOTCS BO BpemeHu. CnefoBaTeNlbHO, B f0-
60ii MOMEHT BPEMEHU MOLLHOCTb, PaBHas MpPOU3BEAEHUI0 MFHOBEHHbIX 3Ha-
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YEHHI HanpsXXeHUs u Toka (p=ui), ABNAeTCA TakXe NEpeMeHHON Benn*
YMHOIA.

Mpn aKTUBHOW Harpyske, Korga cABUT (a3 MeXgy HanpsHXKeHWem u
TOKOM oTcyTcTBYyeT (<p=0 mnu coscp=I), mMoOwWHOCTL MpeacTaBnseT coboi
npousBefeHne eACTBYOWMNX 3HAYEHUIA HANPAXEHWUS M TOKA U BblpaxaeTcs
B BaTTax (Wan KunosatTax, Meraesarrax m 1. 4.), T.e. P=UI.

B uenu, cogepxalleil akTUBHOE CONPOTUBNEHNE U MHAYKTUBHOCTb, TOK

OTCTaeT Mo (hase OT HaMNpPsXeHUd

Ha yron ¢ (puc. 57) MU MrHOBEH-

HOe 3HayeHWe MOLLHOCTW OKa3blBa-

eTCA KaK MNOMOXWUTeNbHbIM, TakK U

oTpuuaTeNbHbIM, T. €. Harpyska

noTpebnseT sHepruio B OfHY 4acTb

nepuofa v BO3BpallaeT ee B CeTb B

f opyrywo uyacTe mepuoga.

MoLLHOCTb MEepPeMEHHOro ToKa

MOXHO MNpefCcTaBuTb B BUAE akK-

TWBHOW N PeaKTUBHOI MOLLHOCTEINA.

Puc. 57. IpaKk MIFHOBEHHbIX 3HAYEHWA AKTMBHAs MOLLHOCTb noTpebnqet-

NanpsXKenns, ToKa MU MOLHOCTU CA  aKTUBHbIM COMPOTUBNEHUEM,

rge  npoucxoguT  mnpouecc rnpe-

06pa3oBaHMA 3HEPrUM 3NEeKTPUYECKON B 3HEpruio Apyroro sBupa (mexa-
HWYECKYH0, CBETOBYIO, TENNOBYO W T. f4.).

AKTUBHaa MowHocTb P=I*R.

WNmes B Bugy, uto //?=£/,=£/ cos ¢, nonyuum: P=UI cos ¢, rge
U n / — pelicTBytlolMe 3HavyeHMa HanpsxeHus u Toka; Ua— nageHue
HanpsXXeHns Ha akTUBHOM COMPOTUBMAEHUMN.

PeakTuBHasa MOLWHOCTb HaKan/JuBaAeTCAd WHAYKTUBHOCTbLIO MpU BO3-
pacTaHUM TOKa B LENW B BWAE 3HEPTMU MArHUTHOrO NONA WHAYKTWBHOI
KaTywku. Mpy yMeHblEeHUN TOKa B LEMNW 3HEpPrus, HakoMmaeHHas B mar-
HUTHOM Mone, npeo6pasyeTcs B 3NEKTPUYECKYH W BO3BpalLaeTcsd MCTOY-
HUKY 3Hepruu.

MpownsBefeHue aeiicTByroWwmMx 3HadeHunn U, | u sin ¢ Ha3biBalOT peak-
TMBHOIN MouHocTbio Q=U1 sin ¢p=1rX. OHa n3mepsieTca B BONbT-aMMepax
(N KmnosonbT-amnepax) peakTuBHbiX (B-Ap unn kB-Ap).

PeakTMBHaA MOLWHOCTb He noTpebnseTcsd MPUEMHUKOM 3HEPrUM U He
yyacTByeT B Apouecce npeobpa3oBaHUs 3MeKTPUYECKOW 3HEPTUM B 3HEp-
rMI0 MHOro BuAa.

MpounssefeHne [elCTBYIOWMX 3HAYEHUIA HANPAXEHUA W TOKa Hasbl-
BaeTcs NMONHOW MOWHOCTbLI S, N3MEPAEMOli B BOMbT-amnepax
unu kmnosonbT-amnepax (B A wnm kB A), T.e. S=Ul=Ypr+ QL

[abapuThbl 3IEKTPUYECKMX annapaToB U MalluH ONpefensatoTcs MOAHOWN
MOLWLHOCTbIO, TaK KaK CevyeHUs O0O6MOTOYHbIX MPOBOAOB 3aBUCAT OT TOKa,
NPOXOAALLEr0 Yepe3 HUX, a M30M1A4MA TOKOMPOBOAAWMX uYacTeldl — oT
Hanps>XeHWs, Mo4 KOTOPbIM OHW HaxoAsTcA.

Ol HoleHMe aKTWBHOW MouwHocTh K nonHoik P/S=UI cos <p/Ul=cos ¢
nokasblBaeT, Kakas 0N MNOMHOM MOLWHOCTM MOTpebnseTca uenblo, U Ha-
3bIBAETCA KOIPPUUMEHTOM MOLLHOCTU, PaBHbIM KOCUHYCY yrna cAasura as
MeXAy Hanps>KeHuem v TOKOM. [pu akTUBHOMN Harpyske cos ¢=1 MS=P.
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KOHTpONbHbLIE BOMPOCHI

KakoBO yCTpOiCTBO MpOCTeliLLero reHepatopa nNepeMeHHOro Toka?
Kak onpefenstoT MrHOBEHHOE WM aMNAUTYAHOe 3HaYeHUs 3ac?
O6bACHNTE fABMEHWE MOBEPXHOCTHOro 3gekTa.
UTo HasbiBaeTca fAeACTBYHOLWMM 3HAaYeHMEeM TOKa?
KaKoBO COOTHOLIEHNE MeX/Jy TOKOM M Hanps>XeHWem Npu WHLYKTUBHOW Harpyske?
. Uemy paBHO MONHOe COMPOTUB/IEHME LieNK, cofepxKallieid akTUBHOe CONPOTUBNEHNE
N WHOYKTUBHOCTb?
7. KakoBO COOTHOLUEHME MeXAY Hanps>XeHnem 1 TOKOM B Lienu, cofepxallieil eMKocTb?
8. Uemy paBHO NONHOE COMPOTMBAEHME LieNun, coaepxkallieii akTUBHOE COMPOTUBMEHNE
N eMKOCTb?
9. Kak onpegenseTca nonHoe conpoTuBfeHWe Lenwu, cofepxawein R, L, C?
10. Kak onpefenaioTca TOKM B napannefbHO COEAMHEHHbIX MPUEMHUKaxX 3Heprum?
11. MoACHMTe pe3oHaHC HanpsXXeHWn W pe3oHaHC TOKOB.
12. YTo Takoe aKTWBHAf, peakTWBHAaA W NOMHAA MOLHOCTU W B KaKUX efjuHULAaX OHW

n3mepaTca?

SoBwN



FlnaBa V
TPEXPA3HAA CNCTEMA TNMEPEMEHHOIO TOKA

§ 50. TpexdasHble reHepaTopbl

Bbllle paccMOTpeHbl CBOWCTBA 0f4HO(A3HOro nepeMeHHoro toka. Of-
Hako oAHO(asHasd CcuCTeMa HE3IKOHOMUYHA BCNEACTBUE HECOBepLUEHCTBA
OAHO(MA3HbIX 3NEKTPUYECKMX MalluMH. Tak, Hanpumep, MNpuU OAMHAKOBbIX
rabaputax, mMacce aKTUBHbIX MaTepuanos (CTainM U Meau) U NoTepsax Hep-
MM MOLWHOCTb OAHO(A3HOW MaluHbl B 1,5 pa3a MeHblle MOLWHOCTU Tpex-
(hazHON MawmHbl. Mo3ToOMy AN 3NeKTpUpMKaLMmM ncnonb3yetcsa Tpexdas-
Has cucTemMa MNepeMeHHOro ToKa

Tpexhpa3dHON cMCTeMOW NepeMEHHOTOo TOoKa W
npoctTo Tpex$paszHOW CcUMCTeMOW HasbiBaeTcs UeMb WK
CeTb MEepemMeHHOro Toka, B KOTOpPO AeACTBYHTTPM 34C O4WHAKOBOM 4vac-
TOThbI, HO B3aMMHO CMeLLeHHbIe MO (ha3e Ha OfHY TpeTb nepuoga. OTAefbHbIe

Luenwn, coctaBnawlime TpexdasHyl cucTemy,
A HasblBalOTCA (Mas3amMu.

Ecnu 3ac Bo BCcex Tpex (asax wMeloT
OAMHAKOBYIO aMNANTYAY W CABUHYTbI N0 dase
Ha O4MHAKOBbIW yron, To TakKas cucrema Ha-
3bIBAETCA CUMMETPUYUYHOMN.

BnepBble B MMpe nepejaya aHeprum tpex-
(ha3HbIM TOKOM 6blfla OCYLLeCTB/IEHA PYCCKUM
yyeHbiM M. O. [0nHBO-[06p0OBONLCKAM B
1891 .

Ha puc. 58 nokasaHa cxemMa YyCTpoiicTBa
npocTeiillero ABYXMOMAKCHOIO TpexdasHoro

X reHepatopa. B mnasax ctatopa (HemopBuUX-
b o Has 4acTb MallWHbl) PacnofioXKeHbl KaTyLIKK
nc. 58. Cxema ycTpoicTtea
npocTeiiwero tpexpasvoro  A—X, B—Y u C—Z, ocu KoTopelx CcABU-
reHeparopa HYTbl B MPOCTPaHCTBE Ha OAHY TpeTb OK-
py>xHocTu (120).

BHyTpu cTaTopa nomeljaetca poTop (Bpaliarlyascs 4acTb MalluWHbl),
NpeAcTaBNAOLWMNIA COO0IM ABYXMOMKOCHbIA 31EKTPOMArHWT, NWTaeMblii Mo-
CTOSIHHbIM TOKOM, BO30yXAalLWMM MarHuTtHoe nose. PoTop npuBogmTcs
BO BpallieHne Kakum-nnbo asuratenem. MarHuTHoe nosne, Bpaliascb BMecTe
C pOTOpOM, nepecekaeT MPOBOAHUKM KaTyLll ek, 3a/0XeHHbIX B Mas3ax cTa-
Topa, W WHAYKTMPYeT B 3TUX KaTywkKax 3A4C, WM3MEHAWLLMecS CUHYCOU-
fanbHo. OfHaKO cuHycouabl 3ac a3 en, CB u ec 6yayT CABMHYTbI O4Ha NO
OTHOLWEHWNIO K Apyroin Ha */, nepuoga.

Ha pHc. 59 nokas3aHbl KpuBble W3MeHeHUsA 34C B KaTtywkax A—X,
B—Y n C—Z n nonoxeHns potopa, COOTBETCTBYHLLME MOMOXKUTENLHOMY
Makcumymy 3ac ET B aTux kaTylwkax.
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0eiAcTBUTENbHO, MYCTb NMONOXUTENbHbIA MakCUMyM 34c ET B KaTylike
A—X HacTynaeT B MOMEHT, Korga CTOpoHa A OKaXeTcs MpoTWUB LEHTpa
CEBEPHOr0 Moftca, a CTopoHa X — MPOTMB LEHTpa HXHOro nontca.
MonoXxutenbHblii MakcuMym 3ac ET B kaTywke B—Y HacTynuTt B TOT
MOMEHT, KOTFfja LeHTP CEBEPHOro Mojtoca OKaXeTcs Mof NMpoBOAHWKOM B.

Puc. 59. KpuBble n3MeHeHUs 34c B TpexdasHOi 06MOTKe
reLeparopa

L ns 3Toro poTop AOMKEH NOBEPHYTbCA Ha VS OKpyXHocTum (120°), uTo
COOTBETCTBYET MPOMEXYTKY BpPeMeHu, paBHoMmMy V* nepuoga. Monoxu-
TeNlbHbIA MakcumyMm 3ac ET B kaTywke C—Z HacTynuT 4yepe3 Vs nepuoga
nocne Takoro e MakcuMmyma B KaTywke B—Y, 4To cooTBeTCTBYeT fAalib-
HelllleMy MOBOPOTY poTopa Ha V, OKPYXHOCTH.

Mpn Harpyske reHepatopa Ha 3axumax katywek A—X, B—Y n
C—Z ycTaHaBNMBaKTCA HanNpsH>KeHWs, HasblBaeMble (pa3HbIMU. Ecam
Harpyska oTcyTcTBYeT (X0M0CTOl XO4), (hasHble HaMpsHXKeHUs paBHbl 3AC,
WHOYKTUPYEMbIM B KaTylKax cTatopa.

§ 51. CoeanHeHne OOMOTOK reHepartopa

B Tpex®asHom reHepatope (cM. puc. 58) ¢ TpemMsa He3aBUCUMbIMU OfHO-
(hasHbIMU LENAMU UX 3NEeKTPOABMXKYLLME CUMbI UMEIOT OAUHAKOBbIE aMNu-
TYAbl W CABUHYTHI No ase Ha */, nepuoga. K Kaxpgol nape 3aXMMoB 006-
MOTKM cTaTopa reHepatopa MOXHO MOAKNIOYUTL MPOBOAA, MNOABOAALLME
TOK K Harpyske, W nNOAy4YUTb HECBA3AHHYI TpexdasHyl CUCTEMY
(puc. 60, 0). O6MOTKM reHepaTopa COEAUMHSAT Mexay coboii B 3Be3ay wau
B TPeyrosbHUK.

Mpu coefnHeHMM O0BMOTOK reHepatopa 3Be3goi (puc. 60, 6) KOHUbI
BCeX Tpex (a3 coefuHAIOT B 06wyt ToOUKy O, a K Hayanam NnofACOefuHAT
nposofa, OTBOAAWME 3HepPruo B CeTb. IOTW TPU NPOBOJA HA3bIBAKOTCS
AWHEWHBIMWU, a HanpsXeHue MeXAy NObIMU ABYMA JINHEWHBIMU
npoBojaMn — AU HEeWHBIM HanNnpaXeHUEM (/g. OT obuwei
TOYKU COEAMHEHUS KOHLUOB (MnM Hauan) Tpex a3 (OT HYNEeBOW TOYKM
3Be3dbl) MOXET ObiTb OTBeAEH YeTBEpTbli MPOBOA, Ha3blBaeMblli HYy e -
B bl M. HanpsikeHne mexnay n0bbiM U3 TpexX NUHENHbIX NPOBOAOB U HY-
NeBbIM MPOBOAOM PABHO HAMNPSHXXEHUI MeXAy HayanoM W KOHLOM OAHOM
(hasbl, T. e. asHoMy Hanpsxenuto Ud.



O6bl4HO BCce (ha3bl 0OMOTKM reHepaTopa BbIMOMHAKTCS OAWHAKOBbLIMY,
TakK 4To feicTBylOWMe 3HaYeHUs 3ac B (pasax paBHbl, T. e. E/I=EB—EC.
Ecnn B uenb Kaxgoi ¢asbl reHepatopa BK/AKOUYUTb HArpy3Ky, TO M0 3TUM
uensm OyAyT NPOXOAWTb TOKWM. B cnyyae OAMHAKOBOrO MO BeMYMHE U
XapaKTepy CONpPOTUB/EHNA BCEX TpeX (a3 NpueMHuKa, T. e. NMpu paBHOMEp-
HOl Harpyske, TOKM B (pa3ax OyayT paBHbl N0 BEIMYMNHE U CABUHYTLI MO (hase

Ar- OTHOCUTENIbHO CBOWUX Hamps>KeHW Ha OAWH

M TOT Xe yron <p Kak makcumanbHble, Tak

M geiicTBylolMe 3HaYeHMA (asHbiIX Hanps-

o XXEHUI Npu paBHOMEPHOMN Harpy3kKe paBHbl,
1% = T. e. UA=UB=UC. 3Tt HanpaxeHus
CABUHYTHI Mo pase Ha 120°, kakK nokasa-
HO Ha BeKTOpHOl guarpamme (puc. 60, B).
HanpsaxeHus Mexgy n06bIMU  TOYKaAMU
CXeMbl (cM. puc. 60, 6) CcOOTBETCTBYIOT
BeKkTOopam (cMm. puc. 60, B) MexAay Temu e
Toukamu. Tak, Hanpumep, Hanps>KeHue

LII - m 1 mexgy Toukamu A un O cxembl (thasHoe
’ HanpshkeHne UA) COOTBETCTBYeT BEKTOpY

A—O pgunarpammbl, a HanpsXXeHue Mexgy

NNHelHbIMU npoBogamn A U B cxembl —

BEKTOPY /IMHeWHOro HanpsxeHus A—B

gunarpammbl. 10 BeKTOPHOW guarpamme

NIerKO0  YCTAHOBUTb COOTHOLIEHUE Mexay

NNHEAHBIM U (a3HbIM  HanpsXeHUAMU.

N3 TpeyronbHuka AOa MOXHO 3anucaTtb

cnegyrowee  cootHoweHwue:  1/26/, = 1/

cos 30°=t/«y3/2, oTKyAaa
U,=VW?* wumm £/*= £/n/K3,

T. €. NpU COEAUHEHUN OBMOTOK CUMMETPU-
YHOrO reHepaTopa 3Be340i NWHENHOe Ha-

npsXeHve B Y"3=1,73 pasa 6ofble

(hasHoro.

Puc. 60. Cxembl coefuHeHUs 06-
MOTOK Tpexta3Horo reHeparopa: W3 cxembl (cM. puc. 60, 6) BuAHo,

2 — necosarol cucrens, 6 — coegu.  UTO MPY COBAMHEHMM 0BMOTOK reHeparopa
HeHue BBE3NOM, « — BEKTOPHbie AMar-  3BE3[0/ TOK B NIMHEHOM MPOBOJE paBeH
PAMIMEL HANPAXEHUK TOKy B (pasax reHepartopa, T.e. /,=/dq.
Ha oCHOBaHWM NepeOro 3akoHa Kupxroa TOK B HynesoM nposoge

¢ o+ . .

paBeH reoMeTPMYECKOn CyMMe TOKOB B (ha3ax reHepatopa /#=/a+ "B+ "c-

Mpu paBHOMEpHOI Harpyske TOKW B (ha3ax reHepatopa paBHbl MeXAay
coboi 1 caBUHYTHI MO hase Ha V* nepuoga. eomeTpuyeckas cymma TOKOB
Tpex (pa3 B TakOM cC/ayyae paBHa HY/O, T. e. B Hy/eBOM NpoOBOAe TOKa
He 6ypeT.

MosaToMy npuM CUMMETPUYHOW Harpyske Hy/neBOW MNPOBOA MOXeT OT-
cyTcTBOBaTh. [1pyM HECUMMMETPUYHOIW Harpyske TOK B HY/eBOM MpoBoAe
He paBeH Hynto. OG6bLIYHO HY/NeBON NPOBOJ WMMEET MeHbllee MOMepeyHoe
ceyeHue, Yem fIMHellHble MPOBOAA.
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Mpun coeanHeHUn 0BMOTOK reHepaTopa TpeyronbHuMKom (pHC. 61, a)
Hayano Kaxpjol (asbl cCoeAnHAETCA C KOHLOM ApPYroi ¢asbl. Takum 06-
pa3om, Tpu (asbl reHepaTopa 06pa3yrOT 3aMKHYTbIA KOHTYp. TakK Kak 3ac
d (hasax reHepartopa paBHbl H CABUHYTbl Ha V, nepuofa no ¢ase, TOo reo-
MeTpuyeckas CyMMa WX paBHa HY/MO U, CNefoBaTefibHO, B 3aMKHYTOM
KOHType Tpex(as3HON CcUCTeMbl, COEAVMHEHHON TPeyrofNbHWKOM, HUKAKOro
TOKa MpW OTCYTCTBUW BHELIHEel/ Harpysku He 6ygerT.

NunHeliHble NpoBoAa MpW COEAWHEHWW TPeYrofibHUKOM MNOAK/IHOYalTCS
K TOYKaM COefMHEHWA Hayana OA4HON (ha3bl U KOHUa Apyroin. HanpsixeHue
MeXAY NUHEWHbIMW MPOBOAAMU PaBHO HAMPSHKEHUIO MeXAy Havaiom K

*)
Puc. 61. Cxema coefjuHeHNs COMOTOK reHepaTopa TpeyroabHukom (a),

BEKTOPHble AMarpaMMbl HanpsXXeHUin 1 TOKOB B hasax (6) 1 BeK-
TopHas Aunarpamma (asoBblX W NUHENHbIX TOKoB (6)

KOHLUOM 0f4HOI asbl. TakuMm 06pa3om, Npyu COEAWHEHUW OGMOTOK reHepa-
TOpa TPEYroNbHUKOM fINHEHOe HanpsXXeHue paBHO dasHomy, T. e. Ua=

Mpyu paBHOMEPHOW Harpyske B (pasax 06MOTOK reHepatopa MpoxoasaT
paBHble TOKMW, CABWHYTble OTHOCUTENbHO (hasHbIX HaMPSXXeHWil Ha ofuHa-
KoBble yrnbl ¢, T.e. las—I1Bc—/cn-

BekTopHas fuarpamma (asHbiX Hanps>KeHWii M TOKOB M306paxeHa
Ha puc. 61, 6. MpuUHAB HanpaBneHWe GasHbIX U NHERHbIX TOKOB 3a M0JO-
XUTeNbHOe, KOTOpPOe yKa3aHO Ha puc. 61, a, Ha OCHOBaHWW MepPBOTO 3a-
KOoHa Kupxroda A4S MFHOBEHHbIX 3HaYeHWi TOKOB MOXHO HanucaTb cre-
ayloume BblpaXeHus:

1n="'nB ‘Cl> *A= *BC— ‘aB> *C= ,C4  *pc*

Tak Kak TOKW CUHYycOMAanbHbl, 3aMeHWM anrebpanyeckoe BblUUTaHUE
MIFHOBEHHbIX 3HaYeHWI TOKOB [EOMeTPUYECKUM BblYMTAHUEM BEKTOPOB,
n3obpaxarwwmx [eicTByOWME 3HAYEHUA TOKOB:

—> -4 -4 -» -*
1A« 1AB 1CN< 18— 18C las< 1lc — 1cA—- IBC-

Tok ]A nuHeliHoro npoBoja A, OnpejennTcs reomMeTpu4eckoi pas-
MeCcTbi0 BEKTOPOB (Pa3Hbix TokoB 1AB u /cf.

Lna nocTpoeHnsa BeKTopa /MHeRHOro Toka 1A n3o06pasnm BeKkTOp ¢as-
Hero Toka 1AB Ha pHc. 61, B B Buge oTpe3ka Oa, a U3 TOYKM a MOCTPOUM
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BeKTOp —/Cn (0Tpe3ok ab), paBHbI/i M MPOTUBOMONIOXHO HamnpaB/ieHHbIN
BekTopy 1Ca (cM- puc. 61, 6). BekTop, COefUHAOWMIA Hayano BekTopa
IAB (Touka O) c KOHLUOM BekTOpa — 1Cn (Touka 0), ABNAeTCA BEKTOPOM
NuHeliHoro Toka /A.

AHaNoOrMyHo MoryT 6biTb MOCTPOEHbl BEKTOPbI NMHENHbIX TOKOB /B

n /c-

13 BEKTOPHOI AgmarpaMmbl, MOKa3aHHOW Ha puc. 61, B, Nerko onpeage-
NNTb COOTHOLLEHWE MeXAY NUHEWHbIMU W (PasHbIMU TOKaMW NpU coefuHe-
HUM 0OBMOTOK reHepatopa B TpeyronbHuK. M3 TpeyronbHmnka OaB MOXHO
3anucatb: */, 1,=/¢/co5 30°=/p-K3/2, otkypa 1Y 3/¢g= 1,73 /o,
T. €. MpU COeAMHEHUU OOMOTOK reHepaTtopa B TPEYrofbHWK JIMHEMNHbI

TOK B Y 3 pa3 6onbwe pasHoro (MpuM paBHOMEPHOW Harpyske).

§ 52. BK/NOUEHME HAarpysku B CeTb Tpexda3HOoro Toka

B npegbigywem naparpade 66110 0OTMEYEHO, YTO TpexdasHblil TOK nepe-
[aeTca 4eTbipex- WAU TPEXMNPOBOAHON CUCTEMOM MepeMeHHOro TOKa.
MoTpebuTenu 3Heprum MoOryT ObiTb BK/KOUYEHbl B CeTb NO CXeMe «3Be3fa»
M NO CXEME «TPeyrofibHUK».

MPUEMHUKN 3HEpPruu, BK/KOUYEHHbIE B YETbIPEXNPOBOAHYIO CUCTEMY
3Be3foin (puc. 62), ofHUM NPOBOAOM NOACOESMHEHbI K IMHEAHOMY NpoBOAY,

Puc. 62. Cxema uyeTbipex MPOBOAHON CUCTEMBI Puc. 63. BekTtopHasa Aauar-
pamMmMa Hanps>KeHWid  npm
HepaBHOMEPHOI Harpyske u
OTCYTCTBUM HYNEBOr0O MNpo-
BOJa

a [pyrMM — K HyneBoMy. Bbllle Mbl YCTAHOBWAMW, 4YTO NpPU COEAUHEHUM
06MOTOK B 3Be3Ay B C/y4yae PaBHOMEPHOW Harpy3ku COOTHOLIEHUS MEXAY
NUHEWHbIMU U (a3HbIMW 3HAYEHWUSMU HaMpPsXKeHWE U TOKOB TaKOBbI:
Ua=V3Ut un /,= /.

TOK HyneBOro npoBOfa, PaBHbIA FeOMETPUYECKO CyMMe TOKOB Tpex

a3, T.e. /»=/p+/B+/Cc. Npu paBHOMEPHON Harpy3Ke paBeH HYI0.
CnepoBaTenbHO, B HY/1IeBOM NPOBOAE TOK NPOX0AUTHL He ByaeT M HafoBHOCTb
B HeM oTnmagaeT. [103TOMy TpexdasHble ABUTraTeNN NEPEMEHHOr0 TokKa npwu
paBHOMEpPHOW Harpyske BK/OYalOTCs B CeTb 3Be340i 6e3 HyneBoOro
npoBoja.
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Mpn HepaBHOMEPHON Harpys3ke TOK B HY/IeBOM MPOBOAE He paBeH HYNIO,
Mo3TOMY OH 06A3aTefieH B YeTblPpeXMPOBOAHON CUCTEME, XOTS €r0 U BbINO/-
HSOT 06bIYHO C MEHbLUUM, YEM SINHEHbIE NPOBOAA, NOMEPEYHbIM CEYEHUEM.
B cnyuyae OTCYTCTBMSA HYNEBOro MpoBOAa WAWM ero obpbiBa NpM HepaBHO-
MEepHON Harpyske BO3HWKAeT pe3Koe W3MEHeHWe HanpsXKeHus Ha (asax
npuemHuka. Tak, ecnn B (ase A
Harpys3km HeT, a B (asax B wu C
Harpysku OfWHaKOBbI, TO MNpU OT-

CYTCTBUM HYNEBOro MpoBofja Ha- £VYi

rpysku B pazax B \ C okaxyTcs *

BK/IOYEHHbIMW  MOC/e0BaTe/bHO

Ha NIMHeliHOe HanpsXXeHue, KoTo- C\

poe paBHOMEPHO pacnpejenutcs

MeXay HuMK (U3 yCNnoBUSA paBeH

cTBa Harpysku). CaegosaTenbHo, Puc. 64. Cxema BKIOYEHUSA 0OMOTOK reHepa-
COI'IpOTVIBerHVIE Harpy30K B (ba_ TOopa N NPUEMHUKOB B TPEYTroNIbHUK
3ax B u C okaxeTtca nog Hanps-

XEHMEeM, paBHbIM MOMIOBUHE JIMHEWHOrO HanpsXeHus (puc. 63), T. e.
(/B={/c=[/n2=K3/2 £/h. HehTpanbHasa To4yKa 3Be3gbl CMeCTUTCH B
Touky O Tak, uTO HanpsbkeHue asbl A Harpyskum OKaXeTcsi paBHbIM
*In=15 t/4.

Takum 06pa3oM, OTKAOUEHMEe HYNeBOro npoBoja MpuU HepaBHOMEPHONA
Harpyske HegonycTtumo. [M03TOMY HYneBOi MPOBOA BbINOJSHAETCA Bcerga

«TNYXUM», T. €. B HEM He

A yCTaHaBAMBalT npefgoxpa-
fm HUTene, BblKAOYATENENn n
C- T. A

Oe Mpn BKNKOYEHUN NpPUEM-

HUKOB B CeTb TpexdasHoro
(*)] I#] L@ TOKa M0 CXeMe TPeyrofbHUK
Kaxfjas rpynna conpoTue-
NEHWIA BKIOYAETCH  MeXAy

. ABYMS NIMHEAHBLIMM NpPOBO-

Puc. 65. Cxema BKOYeHUs noTpeOuTenein anek- 64 K
TPO3HEPrN B YEThIPEXMPOBOAHYI CeTb Ha (as-  HaMU (puc. ): aK Bblle
HOe W /INHeliHOe HanpsxeHus Gbl/I0 YCTAHOBNIEHO, COOTHO-

LeHNs MeXAy NUHeAHbIMK
N asHbIMW  3HAYEHUSMU  HAMPSXKEHWU U TOKOB MNPU  COEAUHEHUM
MPUEMHWKOB 3HEPrMM B TPEYroNbHWUK TakoBbl: £/a=1/p wu /a-
=]T3/pMpn paBHOMEPHOI Harpyske.

OuyeHb LEHHbIM CBONCTBOM YeTbIPEXMPOBOAHON CUCTEMbI sABAAETCSA
BO3MOXHOCTb MONYYEeHUA [ABYX PasINYHbIX HaNPsXeHWit. BKIouns
NPUEMHUKN 3HEPTUN MEXAY NUHENAHbIMW MNPOBOAAMW W HYNEBbIM MPOBO-
[OM, COeAMHAT Ux B 3Be3dy (puc. 65). TN NPUEMHUKN OKaXKYTCA BK/HO-
YeHHbIMW Ha (ha3HOe HanpsykeHue. LApyryw rpynny nNpUeMHWKOB COean-
KHM B TPeYrofbHUK TaK, 4TO OHU OYAYT BKAKOUEHbl TONbKO MEXAY SMHel-
HbIM MPOBOAAMM W OKaXYTCSH MOA NIMHEAHbIM HanpsHKeHWem, 6OMbLINM
B '3 pa3 ¢asHoro.

UeTbipexnpoBoAHas cuUCTeMa LWWWPOKO MWCNONb3yeTca ANs 31eKTpo-
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CHabXeHNA CMeLlaHHbIX OCBETUTENbHO-CUMOBLIX Harpy3ok. OCBeTUTENb-
Hble HArpy3KW BKAKOYAOTCA Ha (ha3HOe HamnpsHKeHUe, a CUI0Bble Harpy3ku
(anekTpogBuratenn) — Ha /WHeHoe.

Ona TpexdasHbiX cuUCTEM cnpaBefMBbl COOTHOLIEHWUS, BbiBeLEHHbIE
AN OfHO(Aa3HOro mnepeMeHHOro Toka, /gp=C/JZ+, cos <p=/?¢/2¢, rge
{/th, 2d /?— CcOOTBETCTBEHHO HaNpsH>KeHue, MOMHOE W aKTUBHOE COMpO-
TUB/IEHUS paccMaTpuBaemMon hasbl.

§ S3. 3awwmTta TpexdasHol ceTu npefoXpaHUTENAMUN

3awmTta Tpexd33HOW CETU OT TOKOB KOPOTKOTO 3aMbiKaHUf W mepe-
rpy3KM OCyLLecTBNAETCA NNaBKUMW NpPeAoXpaHUTENsMU, BKIOUEHHbIMU
B NIMHelHble npoBoda (puc. 66).

Ecnu oT TpexdasHoil ceTu umeeTcs OTBETB/IEHWE B BUAE OAHOMA3HOI
LBYXMPOBOAHON NWHWKW, MPefOXpPaHUTeNnn ycTaHaBNMBaKOT B KaXAblih To-
KOMpoBOAAWMA NpoBOA.

MpoBepKy MCNpPaBHOCTU W O6GHapy>XeHWe MNOBPEXAEHHOro npeaoxpa-
HUTENS NPOU3BOAAT KOHTPONbHOW NamMmnoi MAU HEOHOBbIM WHAWKATOPOM.

B nepsom cnyyae ofuMH KOHel,

A+- -U=£- KOHTPONMLHOA Namnbl NOAKAKOYAOT

B*~ 6__n K HYneBOMY TNpPOBOAY W LLyNoM

[OTparnBalTCA A0 KOHTAaKTOB @,

c- ., . (LLlyn 6 nB. Ecnu namna Kaxpablii pas

Q*- b6ypnetr 3aropatbCcsd, TO Hanpsxe-

HWe ecTb BO Bcex (hasax. [loTparu-

BadACb LLYMOM [0 KOHTakToB I, [,

I f I e, MPOBEPSIOT NpPefoXpPaHUTEeNn B

tasax A, B, C. Echm npu noa-

KNHUYeHUN LWyna K KakoMy-nn6o

OpHodearbE NoTPEtUTEM KOHTaKTy namna He 3aropaetcs,

Puc. 66. Cxema nposepku MchpaBHOCTM ~ 3HAUYUT HEUCNpPaBEH MNpefoOXpPaHH-

npeaoxpaHuTeneii KOHTPONLHOI Nnamnoii Tenb B 370k hase. Takolh npepgo-

XpaHuUTeNb HEO6XOAUMO 3aMEHNTb.

MpoBepky npeAoxpaHUTeneid C MNOMOWbI HEOHOBOrO MHAMKaTopa

NpoM3BOAAT aHanorMyHbiM 06pa3om. HeoHOBbI WHAMKATOP (pHC. 67)

npeacTaBnsieT coboil ManorabapuTHYK HEOHOBYK /laMny, BMOHTMpPOBAH-

HYH B M/IaCTMACCOBbI/i KOPMYC, W3rOTOB/IEHHbI B BUAE MULIYLLENA PYUKW.

HeoHoBasi namna 3 OAHMM KOHLOM MOAK/IOYEHA K KOHTaKTHOMY Jie-

necTtky 4, a gpyrum yepes pesuctop 1,2 MOMm — Kk wyny 1. ina npoBepku

npefoxpaHuTenein MHAUKaTop 6epyT B pyKW Tak, 4TOObl OAMH W3 NafblLes

Kacancsa KOHTAaKTHOro nenectka 4 (370 HeoOX0AMMO ANS CO3faHUs Luenu,

npoxofsuieli Yyepes eMKOCTb, 06pa30BaHHYK MeXAY 4e/loBEYECKUM TenoMm

n 3emneid). LLlynom foTparmearoTca cHavyana Ao KOHTaKToB a, 6, B, a 3aTem

[0 KOHTaKTOB T, [, € npefoxpaHuTens. Ecnm namna nHgukatopa He 3aro-

paeTcs NpM KacaHWW LWYNOM KakKoro-nnbo KOHTakTa, TO MpefoxXpaHuTenb
B faHHOW (hase HemcrnpaBeH W JO/MKEH ObiTb 3aMEHEH.

Ecnv NpueMHUKN 3HEPTUU BK/KOUEHbl Ha (hasHble HanpsXeHus (Mexay

NMHEAHbIM W HY/NEBbIM MpoBOAaMM), TO MNPW MeperopaHun NUHeRHOro
NpeAoXpaHUTeNs OTKAKOYNUTCS Harpyska B OAHONW (hase, Torga Kak B ABYX
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Apyrux asax Harpysku 6ygyTt ocTaBaTbCA Nof (hasHbl

M Hanps>XeHunem u

6yfyT pa6oTaTb HOpManbHO. Mpu BK/OUYEHMU NOTpeGUTeNel Ha NnHeliHoe

Hanps)keHue (MeXAy NMHEAHbIMKW MpoBOAaMM) B Tpex-

NN YeTblIPeEXNPO-

BOZHYIO Tpex(asHyto CeTb MeperopaHue NMHENHOro NpejoXpaHUTeNs npuse-
AeT K MOCMefoBaTeNbHOMY BK/OUYEHWUIO [ABYX MNPUEMHUKOB Ha JUHeliHoe

Hanpsa)eHne W HanpsHXKeHWe Ha KaXAOM MpUeMHUKe
OKaXeTCA MeHblle HOMMWHANbHON BENNYMNHBI.
NnHeliHble HanpsxeHus B TpexdasHbIX CeTAX OT-
nuuarTca oT asHbix B 3=1,73 pas3a v onpepenatb
(hasHble W NINHENHble HanpPsXXEHUS MOXHO 6e3 BOMbT-
mMeTpa C MNOMOLLbI KOHTPONIbHON famnbl HebOoMbLLON
«MowHOCTH (15—25 BT). Takume namnbl BblgepXUBAKOT
i 3HauNTeNbHblE KPATKOBPEMEHHbIe MEpPEHaNnpsXeHUs u
1B3pblBOﬁe30I'|aCHbl. OO6bIYHO KOHTPONbHbLIE NaMmbl Bbl-
6upaldT Ha HOMMHanbHOe Hanps)xeHue 220 B.

§ 54. MowHocTb TpexdasHon uenu

| MowHocTb, noTpebnsemas Harpyskoi oT ceTu
| TpexgasHoro TOKa, paBHa CyMMe MOLLHOCTEA B OT-
| penbHbIX (asax, T.e. PPn+Pn+Pc-

lMpH paBHOMEPHOI Harpys3ke MOLLHOCTb, NOTpe61s-
[ emas kaxgoi ¢asoi,

Pt = £/¢p/dhcos b,

I rge Uqg — (hasHoe HanpshkeHue; /¢ — (hasHblih  TOK;
| cos © — KOIPMUMEHT MOLHOCTU HarpysKu.
MolyHocTb, noTpebnsemas BcemMu Tpems dasamu,

Puc. 67. HeoHo-
BbIi MHAUKATOP:
/ —wyn, 2 — Kop-
nyc, 3 — HeoHoBas
namna, 4 — KOH-
TaKTHbII  NnenecTok

P=3*L/t/t cos .

MpH coefiMHEHUN MPUEMHUKOB 3HEPTUU B 3BE3AY COOTHOLLIEHUS MeXAy

NNHEAHBIMW U (a3HbIMW  3HAYEHUAMU HaNpPsHXKeHW
{e"3{/p n [/,=/d. CnepoBaTenbHO, MOLHOCTb,

N HKOB TaKOBbI:
notpebnaemas Ha-

rpyskoin oT TpexdasHoin cetn, P = 3 y /,cosp= K3i/,/acos ®.
3

Mpu coeavHEHUN TNPUEMHUKOB IHEPTUN B TPEYTONbHUK COOTHOLUEHMS
MEeXAY NMHEeRHbLIMWU U (Pa3HbIMU 3HAYEHUSMU HaMNPSXEHU 1 TOKOB TaKOBbl;

n 1,=1/3/¢.

CnepoBaTenbHO, MOLWHOCTb, MoTpeGnsemMas HarpysKoi,

P = 3Ut \-/~§ cos = V36/,q1‘r'|cos o.

Takum 06pa3om, MPH PaBHOMEPHOI Harpyske MOLLHOCTb, NoTpe6nse-
Masi OT TpexasHoi CeTW, He3aBMCMMO OT cnocoGa BK/OUYEHUS HArpysku,

Bblpa)kaeTca crnegytolen ¢(GopmMmynoi:

P=Y3Un/ncospu 1 /7

»

LN VM3MepeHWs MOLHOCTM MPUMEHAIOT CreunanbHble U3MepUTeNbHble
npuéopbl, HasbiBaeMble BaTTMeTpaMu. [Ipu CUMMETPUYHOW UK
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paBHOMEPHOW Harpyske MOLWHOCTb, noTpebnsemas oT TpexdasHOi cucTe-
Mbl, MOXeT ObITb OnpefefieHa OLHMM OAHO(Aa3HbIM BaTTMeTpoM. B ue-
TbIPEXNPOBOAHOI cucTeme (C Hy/neBbIM MPOBOAOM) TOKOBas 06MOTKa BaTT-
MeTpa BK/lOYaeTCs MOCMef0OBaTeNlbHO B OAWH W3 JMHEWHbIX NPOBOJOT,
a 06MOTKA HanpsHXKeHUus — MeXAy TEeMH € NMHEWHbIM U HYyNeBbIM Mpo-
Bofamun (puc. 68, a). Mpu TakoM BK/AHOYEHUU BaTTMETP MOKa3biBaeT MOLL-
HOCTb B OAHON (ha3e A, a TaK Kak MpH paBHOMEPHON Harpy3ke MOLLHOCTU
(ha3 04MHAKOBbI, TO CyMMapHas MOLLHOCT b

TpexdasHoi cuctembl P—3 P .
Mpyn HecMMMETPUYHON Harpyske OfAHO-
ro BatTMeTpa Ans onpefefieHUs MOLLHOCTU
TpexasHoli cucTembl HegocTatouyHo. B
- V7s- YeTbIPEXNPOBOAHOW CUCTEME HEOBX0AMMO
npYMeHeHne Tpex BaTTMETPOB, 0OMOTKMU
0 HanpsHKeHU KOTOPbIX BKAKOUAKTCA MeX-
0y HYNeBbIM U COOTBETCTBYHOLWMNM INHEN-
1. A HbIM MpoBogaMun. Kaxablii BaTTMeTp n3Me-
T-® — psieT MOWHOCTb OAHOW ¢ha3bl. MoOLHOCTb
TpexasHoli CMCTEMbl paBHa CyMMe MOKa-
3aHW Tpex BaTrTMeTpoB, T. e. P—Pi+

+Pw+Pr.

B TpexnpoBOAHOI CUCTEME MPH HECUM-

CO6—E=3— METPUYHOIW Harpyske Hambosee 4acTto wuc-
Nonb3ywT  CXeMy  [ABYX  BaTTMeTpoOB

S) (puc. 68, 6), KOoTOpas He MOXET 6bITb NpU-

Puc. 68. Cxembl n3mepeHus mow,- MEHEHa B YyeTblpexnpoBogHoli cucteme. B
HOCTU B Tpex(pasHoi cucteme: cxeme [ABYX BaTTMETPOB OOMOTKM Hanps-

?aEgMe“peggl'fex”g‘;g‘;‘;ﬂ:?"'ﬁ o pex. KEHWMIA KaXjoro BaTTMeTpa COeAMHeHbl C
>pOBOAHOI CeTV Npu HepasHOMepHoii  BXOAHbIM 3aXKMMOM O0OMOTKM TOKa UM Nn-

narpyse HeliHbIM NpPOBOAOM, OCTaBLUMMCH CBOGOJ-
HbiM. [ONHAas MOLWHOCTb Tpex{(pasHON CUCTEMbl paBHa CyMMe MOKa3aHWi
BarTmeTpoB, T.e. P=Pt+ PrT.

MpH 60nbWMX yrnax casura Gas Mexay Hanpsd>KeHUWeM U TOKOM MOoKa-
3aHWS OJHOr0 M3 BATTMETPOB MOFYT 0Ka3aTbCA OTpMUATeNbHbIMU, U N4
M3MEpPEHNS MOLLHOCTU CnefyeT W3MEHWTb HamnpaBleHWe TOKa B 0O6MOTKe,
nepeknwy4nB ee. B 3TOM cnyyae cymMMapHasi MOWHOCTb paBHa pasHOCTH
nokasaHuii BaTTMeTpoB, T.e. P = /\—Pr.

JHeprua B TpexdasHoil cucTeMe M3MepseTcs Kak 0AHO(a3HbI-
MW, TaK H TpexdasHbiMyW cyeTYMKaMu 3NeKTpuyeckol aHeprum. OpfHo-
(ha3Hble CYETUYMKM BK/IHOYAKT B TpexdasHyl CeTb TakK Xe, Kak u BaTT-
MeTpbl.

TpexasHble CYUETUMKM COCTABAAOTCA M3 ABYX MAM Tpex OAHOGAa3HbIX
CYETYMKOB, pa3MelleHHbIX B OJHOM KOpPMyce W MUMeKLWnX 06LWNA CHETHBINA
MeXaHW3M, W Ha3blBAOTCA COOTBETCTBEHHO ABYX3/EMEHTHbIMU WAN Tpex-
3/1eMeHTHbIMH. B TpexnpoBoAHOW cucteme (6e3 HyneeBoro mpoBoga) Npu-
MEHAT ABYX31EMEHTHOEe, & W YerbipexnpoBOAHON cucteme (C HyneBbIM
NMPOBOAOM) — TPEX3/IEMEHTHble CcuUeTUMKM. Cxema BK/HYEHWUA CuUeTyuKa
3NEKTPUYECKOW SHEpPruyM YKasbiBaeTCA Ha CbEMHON KpbllWKe, KOTOPO/
3aKpbIBAETCA MaHeab 3aXUMOB.

92



§ 55. Bpawjatouieecss MarHuTHoe moJse

| [eiicTBMe MHOrogasHo MallMHbl NMEPEMEHHOr0 TOKa OCHOBaHO Ha MucC-
nosb30BaHUM BpalLalLWerocas MarHMTHOro nons. Bpalwatroweecs MarHuT-
Hoe none cosfaeT fiobas MHOroMasHas cuUcTeMa MepeMeHHOro Toka, T. e.
cuctema ¢ yucnom a3 fBe, Tpu u T. [.

Bbilwe 6bI10 OTMeYeHO, 4TO Haubofbluee pacnpocTpaHeHWe MoAyYun
TpexgasHblii nepeMeHHbIli TOK. [M03TOMY paccMOTpUM Bpaljatolieecs Mmar-
HWTHOEe nofe Tpex¢asHO OOMOTKM MalUWHbI MEPEMEHHOr0 TOKa.

Ha puc. 69, a n 6 no-

KasaHa mpocTeliwas Tpex-

(hasHad 06MOTKa, BKO-

YeHHad B CeTb Tpex®as-

HOro TOKa. B ctaTtope,

co6paHHOM U3 NMUCTOBOM

cTanu, Kak 3aTto fenaetcd

BO BCeX MalluMHax nepe-

MEHHOr0 TOKa, pacnoso-

XEeHbl TPU 06MOTKM, OCK

KOTOpPbIX CABUHYTbI B3a- 9

UMHO Ha yron 120°. Kax-

Jas o6MOTKa Ana Harnag-

HOCTW M306paxKeHa coCTo-

AlWein M3 OJHOrO BUTKA,

HaxoAflWerocs B ABYyX Mna-

3ax cTtatopa. B peiictBu-

TeNIbHOCTU O0OMOTKM UMe-

10T 060NbLIOEe YUCNO BUT-

koB. bykeamu A, B, C Puc. 69. lMpocTewas Tpexth Haa obmoTKa:

0603Ha4yYeHbl Hayajia 06- a — cxema, 6 — paspe3. « — KpuUBble W3MEHeHUus
TOKOB B (pasax

MOTOK, a 6ykBamu X, Y,

Z — X KOHUbl. OOMOTKM  COEAUHSAIOT 3Be340W WMAM  TPeyrosibHUKOM.

Mo 06MOTKaM NPOXOASAT CUHYCOMAaNibHble TOKWM C OAWHAKOBBIMW ammniu-
Typamun (1T) n ogmHakoBoi 4YacToTol (co), (hasbl KOTOPbIX CMeleHbl Ha V»
nepuoga (puc. 69, B). Toku, npoxogdlme B KaTylKax, Bo36yxjalT nepe-
MeHHble MarHWTHbIE NOAf, KOTOpPble MPOHWU3bIBAOT O0OMOTKM B Hanpas-
NeHun, nepneHAMKYNSAPHOM WX nnockocTaM. CnefoBaTenbHO, CpefHAs
MarHuTHas AMHUA WAW OCb MarHUTHOro NOAsd, CO34aBaemMoro KaTyLIKOW
A—X, HanpaBneHa nog yrnom 90° K NAOCKOCTM  3TOW Ka-
TYyWwKun (cMm. puc. 69, 6). HanpaBneHMs MarHUTHbIX NOMeli BCex Tpex Ka-
TyweKk nokasaHbl BekTopamy BA, Ba u Bc, cgBUHYTbIMM ApYr OTHOCK-
TelbHO fpyra Takxe Ha 120°.

YCNnoBMMCS cUYMTaTb MOJMOXMUTENbHBIMW HanpaBneHUs TOKOB B KaTyLll-
Kax OT Hayana K KOHLY 0OMOTKM Kax Aol dasbl. Mpn 3TOM B NPOBOAHMKAX
cratopa, NOAKMOYEHHbIX K HayanbHbiM Todyum A, B u C, Tokm 6yayt
HanpaB/ieHbl Ha 3puUTeNns, a B MPOBOAHMKAX, MOAKAOYEHHbIX K KOHEYHbIM
Toukam X, Y, Z,— OT 3puTtens.

MoNoXNTeNbHbIM HanpaBfieHUAM TOKOB COOTBETCTBYIOT MOMOXUTESb-
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Hble HanpaBfieHUA MarHWTHbIX MOMel, MoKa3aHHble Ha TOM XXe puc. 69, 6
U onpegenseMble No npaeuny 6GypaBumka.

HanpaBneHne pe3ynbTUPYIOLLEFO0 MarHUTHOrO MOAS, CO34aHHOr0 Tpex-
(basHolii 06MOTKOW, ANA pa3NUyYHbIX MOMEHTOB BpPeEMEHW onpegenum cre-
gywouum obpasom. B momeHT BpemeHu /=0 TOK B 06mMoTKe A— X paBeH

Puc. 70. MarHutHoe none TpexdasHoil OOMOTKM B pasnyHble
MOMEHTbl BPEMEHMU:
a- 1-0, 6+ u *~A

Hynt, B obmoTke B—Y — oTpuuateneH, B 06MoTke C—Z — MonoxuTe-
neH. CnefoBsatenbHo, B 3TOT MOMEHT TOKa B MPOBOAHMKax A n X HerT,
B NpoBoAHMKax C 1 Z OH MMeeT NOJI0XWUTeNbHOe HanpaBfieHWe, B NPOBOA-
HUkax B wn Y — oTpuuatenHoe HanpasneHue (puc. 70, a). Takum
06pa3om, B BbI6paHHbIi HaMU MOMeHT /=0 B npoBogHuKax C n Y TOK Ha-
npasfeH Ha 3puTens, a B NpoBoAHMKax B u Z — oT 3putens. Mpu Takom

Puc. 71. MarHnTHoe none Tpexta3Hoii 06MOTKM B pas3finyHbie MO-
MeHTbl BPEMEHW MOCAe U3MEeHeHWs 4YepefoBaHusa as:

a— Q 6—<=/,.

HanpaBneHWW TOKa COrnacHo npaeuny 6GypaByMka CO34aHHOE MarHUTHOe
none HanpaefeHO CHW3Y BBEPX, T. €. B HWXHEW 4acTu BHYTPEHHER OK-
PY>XHOCTW cTatopa Hax0A4WTCA CEBepHbIi NOAKC, & B BEPXHEN — HOXKHbINA.

B momeHT /, B haze A TOK nmonoxuTteneH, B haszax B n C— oTpuyare-
NneH. CneposaTenbHO, B NPOBOAHMKAX Z, A U Y TOKW HanpaB/ieHbl Ha 3pu-
Tensa, a B npoBogHunkax C, X n B — ot 3putensa (puc. 70, 6) 1 marHnTHoe
nosne NoBepHyTo Ha 903 M0 4acoBOW CTpeske OTHOCUTE/IbHO CBOEro Hayanb-
HOro Hanpas/eHus.

B momew It Tokn B hasax A n B nonoxuTenbHbl, a B pase C TOK oTpu-
uateneH. CnegoBaTenbHO, B NpoBoAHMKax A, Z n B Toku HanpaBneHbl Ha
3putens, a B npoBogHukax Y, C n X — OT 3puTens M MarHuUTHoOe none
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YBEPHYTO ele Ha 6OMbWNUA Yyron OTHOCUTEbHO HayanbHOr0 Hanpas-
neHusa (puc. 70, B).
le Takum 06pa3om, BO BpeMeHM MNPOWCXOAWT HEMNpepbiBHOE W paBHOMep-
HOe- M3MEHEHWe HanpaBAeHWA MarHUTHOrO Mo/, CO34aHHOro TpexdasHei
0OMOTKOI, T. e. MarHUTHOe MNofie BpalLaeTcsas C M3CTOAHHOW CKOPOCTbLIO.
B Hawem cnyyae BpalieHWe MarHMTHOro nens
NMPOMCXOAUT MO 4acoBOW CTpenkKe.
I Ecnu wn3meHuTb 4yepepoBaHue a3 Tpexdas-
btoli 06MOTKMW, T. €. W3MEHUTb MOAKMOYEHUE K
XTU No6bIX ABYX M3 Tpex O06MOTOK, TO U3Me-
HATCA W HanpaBneHWe BpawWeHWa MarHUTHOro
nond. Ha puc. 71 nokasaHa TpexdasHas 06MOT- .
Ka, Y KOTOPO/i M3MEHEHO MOAKMIYUEHNe 06Mo- MG 72. Pesynstupyiouini
MarHuTrbliA NOTOK Tpexdas-
Tok B u C Kk cetn. Ecnum paccmoTpeTb Mar- Heli O6MOTKMN
HUTHble MONSA AN paHee BbIGPAHHBIX MOMEH-
ToB BpemMeHnm /=0, t—ti n t—tt, To BMAHO, YTO MarHWTHOe MNose Bpa-
aetca Temepb MPOTUB YacOBOW CTPEKHU.
MarHuTHbIA NOTOK, CO34aBaeMblii Tpex(asHON CUCTEMOIN MepeMeHHOro
TOKa B BbILIEOMNMWCAHHOW CUMMMETPWUYHOI cucTemMe 0OMOTOK, SIBNSieTCA Be-
NNYNHOW NOCTOSHHOW M B NHO6GOA MOMEHT BpPEMEHW paBeH nogyTopHomy

3HQYEHUI0O MAaKCUMaNbHOrO MOTOKAa OAHOW hasbl, T.e. ® =y d T. 3710

MOXHO [O0Ka3aTb, OMPELeNuB pPe3ynbTUPYHOLWNA MarHUTHbIA NoTok @ and
Noboro MoOMeHTa BpPEMEHMU. »-e
Hanpumep, gna momeHTa tu korga a»/1=909, TOKM B KaTywWwKax MMEKT

Takoe 3HauyeHue: = /T1sin90°=/T1; iB=/,sin(90— 120)°= — ~ ;

Ic = ITsin (90 —240)°=m— | f.

CnepoBaTeflbHO, MarHUTHbIA NOTOK ®A 06MOTKM A B BbiBpaHHbIi MO-
MeHT MMeeT Hambofbllee 3HaYeHWE W HanpasfieH MO OCKM 3TOl OBMOTKM
B MNO/MIOXKUTENIbHOM HanpasneHun (puc. 72). MarHutHble [10TOKM 06MoO-
TOK B n C BABOE MeHblUe MAaKCMManbHOr0 W OTpUUATe/bHbI, T. €. Hanpas-
NeHbl OTpPULATENbHO BAOMb OCeil 3TUX OBMOTOK.

Haligem reomeTpuyeckyto cymmy noTtokoB @A, ®B un dc.

Hanpumep, 4na MOMeHTa BpeMeHU /t pe3ynbTUPYIOLLMIA MAarHUTHbIA Mo-
TOK ®p=P A+PB cos 603+ d c cos 60°, Tak Kak B 3TOT MOMEHT pe3y/b-
TUPYHOLWMNIA NOTOK coBnajaet ¢ MOTOKOM DPA U CABUHYT OTHOCMTENIbHO MO-
TOKoB ®B 1N ®C Ha 60°.

Mmes B BUAY, YTO B MOMEHT ti MarHWTHble MOTOKM 06MOTOK MPUHUMAIOT

3HaueHUs PA=P T, PC=P C= yd lWI. pe3ynbTUPYIOLWMNIA MarHUTHbIA Mo-
TOK MOXHO BbIpasuTb Tak:

®p= b, + Y dTc0os60°+ \ PTCcos60°= | .

B MomeHT t—0 pe3ynbTupytoliee MarHMTHOe Nose46bi/10 HanpasaeHo no
BepTuKanoHol ocu (cMm. puc. 70, 0). 3a Bpems, paBHOe OAHOMY Mepuopy-
M3MEHEHNs TOKa B KaTyWKax, MarHUTHbIA MOTOK MOBEPHETCA Ha OAWH
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NOJIHbIA 060POT B NPOCTPAHCTBE M OyAeT BHOBb HanpaB/ieH MO BepTUKab-
HO OCU TaK e, Kak M B MOMeHT /=0.

Ecnn yvactoTa TOKa /, T. €. TOK npeTepneBaet / U3MEHEHUN B OLHY ce-
KYHAY, TO MarHWTHbIA MOTOK TpexdasHon o06MOTKKM cosepwnT / 060poTOB
B CeKyHAy wam 60 / o6opoToB B MUHYTY, T.e. n=60/, rge n — yacToTa
BpalleHNs MarHUTHOrO MOAS B MUHYTY.

Mbl paccMoTpenu npocTeiwmnii cnydai, Korga
06MOTKa MMeeT OfHY napy MO/COB.
Ecnn o6MOTKY cTatopa BbIMOMHUTbL TakK, u4TO
npoBofa Kaxpgoin asbl 6yayT cocTtoaTb un3 2, 3, 4
W T. 4. O4WHAKOBbLIX TFPYnn, CUMMMETPUYHO pacno-
NOXEHHbIX M0 OKPYXHOCTW cTatopa, TO 4MCNO
nap nontcoB 6yaeT COOTBETCTBEHHO 2, 3, 4 U T. 4.
Ha puc. 73 nokasaHa 06MOTKa OAHOW (hasbl,
cocToAlWwaa M3 Tpex CUMMETPUYHO PacrnonoXKeHHbIX
No OKPYXHOCTW cTaTopa KaTyleKk M o6pasytoLias
PHc. 73. Cxema 06MOTKM  pjecTb MOMKOCOB MAW TPU Mapbl MOMHOCOB.
CTm“paagﬁﬁﬁf”””w” B MHOrOMoMOCMLIX 06MOTKax MarHUTHOe rnone
3a OfHW TNepuoj W3MEeHeHUs TokKa MOoBOpayun-
BaeTCA Ha Yroja, COOTBETCTBYIOLWMIA pPacCTOAHUIO
MeXAy ABYMS OLHOUMEHHbLIMW MoAtcamu. Takum obpa3om, ecnm o6MoTKa
umMeet 2, 3, 4 n T. 4. Napbl MOJMIHOCOB, TO MAarHUTHOE MoOJie 3a OA4WH Mepuos
M3MEHEeHNA TOoKa noBopaymBaeTcs Ha V2, */*, V¥ U T. . 4aCTb OKPY>KHOCTU
ctatopa. O603HaumMB 6YKBOW P 4MCNO Nap MOMKOCOB, Halgem MNyTb, MPOWA-
LEHHbIA MarHMTHbIM NONeM 3a OAWH Mepuof W3MEHEeHMs Toka. ITOT NyTb
paBeH \/p yacTu oKpy>XXHOCTU cTaTopa. CnefoBaTenbHO, YacToTa BpaleHus
B MWHYTY MarHUTHOro nons o6paTHO NPOMNOpLMOHanbHa Yucay map Monto-
COB, T. €.

NTaK, vyacTtoTa BpaweHUss MarHUTHOTO MO/ B MUHYTY MNOCTOSHHA W
paBHa 4acToTe TOKa, YMHOXEHHON Ha 60 W feneHHoli Ha uyucno nap no-
NOCOB.

KOHTPONbHbLIE «OMNpPOCH

. Kak ycTpoeH TpextasHblii reHepaTop?
O6BACHUTE CXEMbI COeMHEHNA 0OMOTOK reHepartopa.
K uemy npusegeT o6pblB HYNeBOro NpoBofa MpW HECMMMETPUYHON Harpyske?
Kak 06HapyXuTb HeucrnpaBHbl/i NpefoXpaHuUTenb B Tpexa3HoN ceTn?
Yemy paBHa MOLLHOCTb, NOTpe6asieMas Harpy3Koi OT Tpex(pasHOoh CeTu npu cum-
METPUYHON W HECMMMETPWUYHON Harpyskax?

6. Kak 13mMepstoT MOLWHOCTb W 3HepPruto TpexdasHoi CUCTEMbI NPU CUMMETPUYHOA Y
HECMMMETPUYHOW Harpyskax?

7. Kak onpegenserca 4acToTa BpalleHUMs MarHUTHOrO Nons, Bo36GyXAaemoro Tpex-
hasnoil cMMMeTPUYHOI CUCTEMOI 06MOTOK?

G RN
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nasa VI

SNEKTPNYECKUME WN3MEPEHWA
N ANEKTPOUSMEPUTENBHBIE MPNBEOPbLI

§ 56. Obwue cBefeHUs M Knaccuukaumsa npmbopos

Mpu akcnayaTauuu 3NeKTPOCUNOBON annapatypbl M3MepsalT TOK,
HanpsXeHue, CONPOTMBAEHME, MOLWHOCTb, YaCTOTYy M Pacxof 3nekTpuue-
CKOM 3aHepruu. Ona 3Tol uUenn NPUMEHSIOT pasnuyHble 31eKTpou3Mepu-
TeNbHble NpubopbI.

N3mepeHne — 3To onpegeneHne (U3MYECKON BEAUUYUHBI  OMbITHBIM
nyTeM C MOMOUWbID W3MepUTENbHbIX MNPUBOPOB.

B 60/MbWINHCTBE 3M1EeKTPOM3ME-

puTenbHbIX  NpUGOpPOB  MMeeTcH
NOABMXXHAA M HENoABMXKHAA Yac-
Tn. MofBuXHaa 4yacTb, BKIKOUalO-
Wwasa B cebs KaTyWKy WAU CTalb-
HOW SIKOpb, MeXaHuU4eckn obbvean-
HeHa CO CTPeNOYHbIM YyKasaTenem
M BO3BPaTHbIMWU MPYXWHAMU W3
thocthopucToii GpPOH3bLI.

MpuHUMN  gelicTBUS U3MEpPU-
TeflbHbIX MNPUGOPOB  He3aBUCUMO
OT WX Ha3HauyeHMs CBOAUTCH K
cnefyroulemy: 3NeKTpUYecKuii
TOK, Npoxogs u4epe3 npubop, Bbl-
3bIBaeT NosiBNeHWe BpallaroLLero
MOMeHTa, Moj BO3[elCTBNEM KO-

Toporo npeojonesaercs  npoTn- Puc. 74. YCcTpoOiCTBO NOABUXHOW YacTh 3/eK-

BOAEICTBNE CMMPanbHbIX NPYXWUH TPOWU3MepUTENLHOTO Npuéopa:
2 W NOABWMXHAA 4acTb MOBOPAYMN-  /— koppekTop. 2 — BO3BpaTHas MNpyxXuHa, 3 —
BAaeTCH Ha OnpeaeneHHbIi yron a cTpenka, 4 — wkana

(puc. 74). Mpun 3tom cTpenka 3,

nepeMecTMBLUMCL MO WKane 4, ykaxeT usMmepsemyw BennunHy. Korga
npuéop OTK/AKOYaeTcs, BpaulalWWiAi MOMEHT Wcuye3aeT UM MNOABMXKHas
yacTb BCNeACTBME YNPYrocTM MNpYXWH BO3BpallaeTcs B MCXOAHOE MO/0-
XeHue.

Mpn M3MeHeHUM TemnepaTypbl OKpyxatoueli cpedbl YyNpyrocTb BO3-
BPaTHbIX MPYXWH MeHseTcs, YTO MPUBOAUT K HEKOTOPOMY MOBOPOTY Noj-
BMXXHON uacTu. OpHako nepej HadyanoM W3MepeHuii cTpenka npubopa
[O/MKHA pacnonaraTtbCs MNPOTUB WMCXOAHOTrO (HYNEeBOro) AefeHus LWKasbl.
Takyl YCTAaHOBKY CTPenku MpPou3BOAAT C MOMOULbl0 KoppekTopa 1.

Mo ycnoBusM 3kKcnayaTauuu MOABUXHAs cucTemMa npubopa [O/KHA
ObICTPO yCMOKauBaTbCs, 4TO 06ecnevymBaeTcs NPUMEHEHWEM BO3AYLIHOIO
UM MarHUTHOro ycrnokouTens. B Bo3gywHom ycrnokouTene (pHc. 75, a)



MCMONb3yeTCA TOPMOXEHWE MOABUXHOM CUCTEMblI BCNEACTBME CXATUA WM
paspexxeHns Bo3yxa B KamMepe yCNOKOUTENS, & B MarHUTHOM (puc. 75, 6) —
NMPUMEHEH MPWHLMUN MarHUTHOrO TOPMOXEHUA (Nof fencTBMEM BUXPEBbIX
TOKOB /B). [N yMeHbLIEHNA TPEHUSA W NOBbILEHNA TOYHOCTU OCb MOLBUX-
HOW CMCTEMbl B HEKOTOPbIX Npubopax KpensaT Ha KepHax B NOAMATHUKaX
M3 KaMHell BbICOKON TBepaocTu (pybuHa, candupa, ararta).
N3mepnTenbHbie Npubopbl pasnnyaldT N0 Ha3HaYeHUIo, PoAy M3Mepse-

0)
Puc. 75. YcTpoiicTBO ycnokouTenei:
O— BO3A4YLWHOro, 6 — MarHUTHOro; | — Kamepa BO3[YLIHOIO YCT». ,

KouTens, 2 — NopLleHb, 3 — MOCTOAHHbLIN MarHuT

MOro TOKa, MPUHLUWUNY AEelCTBUA, KNacCy TOYHOCTU, a Takxe (opme Kop-
nyca, NOMOXEHUIO MPU U3MEPEHUAX W XapakKTepy MNPUMEHeHuns.

Mo Ha3HayeHWto npubOpbl NOAPa3[enATCA Ha amnepMmeTpbl, BONbT-
MeTpbl, OMMETpPbl, BaTTMETPbl, CHETYMKM, 4AaCTOTOMEPbl U Ap.

M3meputenoHble NpuGopbl MOXHO MNPUMEHATbL B LENAX MNEPeMEHHOro
UAW NOCTOAHHOrO TokKa. OAHako CYLecTBYIOT Npubopbl, npegHasHayeH-
Hble 418 BK/NOYEHWUA B LENb U NEPEMEHHOro U MOCTOSAHHOIO TOKOB.

Mo npuHUMNY A[eACTBUA 3EKTPOUIMEPUTEbHbIE MNPU6GOPbl OTHOCHT
K cnefylowWwum Hanbonee pacnpoCcTpaHEHHbIM CUCTeMaM: 31eKTPOMarHuT-
HOW, MAarHMTO3NEKTPUYECKON, 3NeKTPOAMHAMMNYECKON, WHAYKLMWOHHOWM,
31EKTPOCTATUYECKON, TEPMO3NEeKTPUYECKOA U BUOPaLMOHHOIN.

B cBA3M C TeM, YTO abCONMOTHO TOYHbLIX NMPUOOPOB HET, NOKaszaHWUa Npu-
60p0B HECKOMbKO OTANYAOTCS OT AEWCTBUTENLHOIrO 3HAYEHNA WU3MEPSEMOI
BEMYMHbI. Pa3HOCTb MeXxfAy nokasaHWem npubopa W [eiACTBUTENbHbIM
3HauYeHMeM Wu3MepsemMoil BeNWYMHbI HasdbiBaeTcd abCONKWTHOW no-
rpeWwHOCTbIO.

Tak, Hanpumep, ecnn Hanps>keHue uctoyHmka 100 B, a BONbTMETP
co wkanoii 150 B, BKAIOYEHHbI B gaHHY Lenb, nokasbiaet 103 B, To
abcontoTHaa norpewHocte AJ1= £/mpu6—£/BcT= 103—100=3 B.

OTHOLWeHMe abCoNMOTHOW NOrpelHoOCTn K AeNCTBUTE/IbHOMY 3HauYeHUto
N3MEpPSEeMON BeNMUYNHbI HA3blBaeTCAd OTHOCUTENbHOW NorpeLw-
HOoCTbl npubopa:

yor= bA/A-100%.
Ecnn abconoTHad norpewHocts 3 B, a u3Mmepsemas BenumumHa 50
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n 100 B, TO OTHOCUTeNbHAsA NMOrPewHOCTbL COCTABUT: A1 NepBOro mamepe-
HHA 3 100= 6%; And BTOPOro W3MepeHusd uf *100= 3%.

OTctofa cnefyeT, YUTO OTHOCUTeNbHas MOrPeWHOCTb B Hayane LWKanbl
npubopa 6osblie, YeM B KOHLe. ITO 06CTOATENLCTBO HEOOXOAUMO YUUTbI-
BaTb Npu Bbi6Ope npegena M3MePeHUn B YHUBepCanbHbIX U3MePUTENbHbIX
npubopax (aBomeTpax). HamMeHblas MNOrpewHoOCTb B U3MeEpPeHUAX OygeT
npu MCNOMb30BaHWU MOCNeAHEN TpeTwu LWKanbl npubopa.

Takmm 06pa3oM, TOYHOCTb CTPENOYHbIX W3MEPUTENbHbIX MNpPU6GOPOB
(camblx pacnpocTpaHeHHbIX) OLEHMBaTb MO WX OTHOCUTENbHOW nNorpeLl-
HOCTM Heyfo6HO, TaK KakK abCoMtoTHas MOrpelwHoOCTb Y HUX NpPUMepHO
OAMHAaKOBa BAO/Mb BCel LIKanbl W, CfefoBaTeslbHO, C YMeHbLUEHUEM W3Me-
psemMoil BeNNYUHbI 6GbLICTPO pacTeT OTHOCMTeNbHas MOrpewHocTs. [ns
OLEHKN TOYHOCTU CTPENOYHbIX W3MEPUTENbHbIX MNPUBOPOB CAYXUT UX
npueBepgeHHas MNOrpewHOCTbL, paBHad OTHOWeHNWO abco-
NIOTHOW norpewHocT nokasaHus [OA K 3HayeHWIO, COOTBETCTBYHOLLEMY
Hambonbwemy (HOMWHaANLHOMY) MOKasaHuWio npubopa JI1B, BbipaXXeHHOMY

B npoueHTax, T.e. Ynp=="p e« 100.

B Hawem cnyyae abcontoTHas norpewHocts 3 B, Hanbonblwee nokasa-

Hue npubopa 150 B u npuBegeHHas norpewHocTs Ynp= i50 " 100=2%.

MpuBeseHHasa MNOrpewHOCTb NPU HOPManbHbIX 3KCNAyaTalMOHHbIX YC0-
BuAx (temneparypa +20°C, npasBuibHas yCTaHOBKAa, OTCYTCTBME BHeELU-
HUX MarHWTHbIX Moneid M 6onbWKX (heppoOMarHUTHbIX Macc) Ha3biBaeTcs
OCHOBHOW norpewHoOCTbI npubopa. Mo CTeNeHN TOYHOCTM
namepuTenbHole nNpuobopbl penatca Ha 8 knaccoB (FOCT 1845—59):
0,05; 0,1; 0,2; 0,5; 1,0; 1,5; 2,5 n 4. Uundpsbl yKasbiBalOT OCHOBHYH MO-
FPEWHOCTb B MPOLEHTax.

Mpu6opbl knaccoB TouHOoCcTM 0,05 M 0,1 cunTaAlOTCA KOHTPONbHBLIMU;
0,2 n 0,5 — nabopaTtopHbimMu; 1; 1,5; n 2,5-*« TexHnyeckumu; 4 — y4yeb-
HbIMW.

KOHTpONbHble MNpuMO0Opbl UMEKT 3epKanbHYH LWKany W HOXEBHAWYIO
CTpenky. Y nabopaTopHbiX MNpubBOpPOB €CTb HOXEBWAHAA CTpesfika, HO Mo-
XET He ObITb 3epKanbHOW WKanbl. TeXHUYECKMe 1 yuebHble Npnbopbl UMEIT
KOMbEBUAHYK CTPENKYy, HO HEeT 3epKanbHON LIKanbl.

3epkanbHas wWKana, npeacraensiowas coboil nnacTuHy nocepebpeH-
HOro CTeKna, pacnofoXeHHy nof AyroobpasHbiM BbIpe3oM LW Kanbl, obec-
neynBaeT BbICOKYK TOYHOCTb CHATMA MNOKasaHWin npubopa. MNpu onpege-
NeHUN nokasaHuii NpnbopoB, UMEKLWMX 3epKanbHYO WKany, rnas Habnto-
faTensa [O/MKeH 6biTb PacrnofioeH Tak, 4ToBGbl CTpefika 3akpbiBana CBOe
n3obpaxeHne B 3epKanbHOI LiKane.

Mo ¢opme kopnyca npubopbl 6bIBAOT Kpyrnble, KBajpaTHble, NPAMO-
YrofbHble U CEKTOpPOoOoOpasHble; MO XapakKTepy MPMMEHeHUs — cTauuoHap-
Hble (KeCTKO YKpenjieHHble Ha MecTe YCTaHOBKMW) W MepeHOCHbIe, a No no-
NOXEHUO NpU WU3MepeHUn — BepTuUKanbHble (J1), ropu3oHTanbHble (—)
WAWN yCcTaHaB/MBaemMble MNOA HEKOTOPbIM yrnom (<).

MPOMBIWINEHHOCTb BbINYyCKaeT 3/eKTPOU3MepUTeNbHble Npubopbl Tpex
akcnnyatauymoHHblX rpynn: A, B n B, XxapakTepusyluwmux [JONyCTUMYIO
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Ta6nuua 3. YCNoBHble 3HAKM Ha LIKanax 31eKTPOM3MEPUTENbHLIX MPUGOPOB

CucTema npubopa

ONeKTpoMarHuTHas

MarHuTo3NneKTpuye-
cKas

3NeKTpoAM HaMmuYe-
cKas

MHAYKUNOHHas

BubpaunoHHas

BoinpamuTensHas

TepmoaneKkTpuyeckas

deppogunamnueckas

31'IeKTpOCTaTI/I yeckas

YcnoBHoe 3HaK Ha LwWkane
o0603HaueHne npubopa
Pop Toka
K a
0
E3
3aKMHb
*
(3)
X
-
O YcTaHoBKa
npubopa
JL
c —1
0
MpoyHoOCTb
nsonauum - npu-
6opa
X *
T

100

MoAacHeHune

MOCTOSIHHbIA TOK
MepemMeHHbIi TOK

TpexdasHblii TOK

O6WNA 3KNUM

3aXWUM, COeAMHEHHbIN ¢
Kopnycom

3aXuM ana 3asemneHuns

BepTukanoHoe <
[TopusoHTanbHoe

Mopg yrnom
M3mepuTenbHas N«!I»b

H3unupmeaHun oT Kopnyca
M UcnbiTaHa HanpsXXeHWem
2 kB



TemMnepaTypy OKpyXalleil cpedbl, Npu KOTOPOA MOXHO 3KCNAyaTupo-
BaTb AaHHbIA mpubop. Mpubopbl pasnMyYHbIX TFPYNn MOFyT 3KCMayaTupo-
BaTbCA NpU CNeaymlolmnx TemnepaTypax OKpyxatwlel cpefbl: rpynna A
fti- (+35)°C; rpynna b (—30)—(+40)°C; rpynna B, (-40)—(+50)°C;
rpynna Ba (—50)—(+60)°C. MpuHagnexHocTb npubopa K 3kcnnyarta-
LUMOHHbIM rpynnam B n B yka3sbiBaeTcs Ha wkane. Mpubopbl akcnayarta-
LMOHHOM rpynnbl A 06bIY4HO 0603HAYEHWI Ha LKane He WUMeT.

YcnoBHble 0603HavyeHMs nNpubopoB MokasaHbl B Tabn. 3.

Ha wkane u3MepuTeNnbHbIX NPUOOPOB YCNOBHbLIMW 3HAYKaMu U LUd-
pamMu yKasbiBalTCA crnefylolne AaHHble: pof TOKa, 418 KOTOPOro npej-
Ha3HayeH npubop, cucTema nNpubopa, HampsXXEHUe U30NALWNK, MONOXKEHUE
npu M3MEepeHunsax, Knacc TOYHOCTU, a TaKXe roj BbiNycka, HOMep npubopa
W ero NpuHagneXxHocTb K 3KCMAyaTauuoHHOW rpynne. Tak, Hanpumep,
n3MepuTeNnbHOMY npubopy, LWKana KOTOporo wusobpaxeHa Ha puc. 76,
MOXHO [aTb CNefyHLLYI0 TEXHUYECKYIO XapakTepucTuky: BonbTmeTp (V)
AN M3MepeHus nepemMeHHOro HanpsbkeHusa (~) B npegenax ot 0 go 150 B,

SHEKTpOMaFHMTHOVI CUCTEMBbI ( ) BEPTUKA/IbHOIO MNONOXEHUA ( | )

Knacca ToyHocTn 1,0. N3onaumsa npubopa ucnbiTaHa Ha HanpsxeHune 2 kB

), rog Bbinycka 1975, 3aBofCcKoii HoMep 3275, aKcnnyaTaynMoHHas
/ .
M rpynna 6 ( A O
Mpu 3kcnnyatauum npubopoB Heobxogumo cobnfaTh cregytolue
OCHOBHbIE NpaBuna: Mnepej BKAKOYEHMEM npubopa CTPENKy nNpu MNOMOLLK
KoppekTOopa Hafo0 YCTaHOBUTbL Ha Hy/eBOe
JeneHue WwKanbl; Npu6op BKAOYATb TOMbKO
B Lenb TOro poja TOKa, A/1I1 KOTOPOro
OH npejHasHayeH, a Npu U3MEPEHUAX Kop-
mnyc npubopa [O/MKEH 3aHUMAaTb MON0XKe-
HWe, COOTBETCTBYHOLLEe €ro HOpPMasbHOIA
YCTaHOBKE.

§ 57. Mpn6opbl 3NEKTPOMArHUTHOM
cUcTeMsl

' DneKTpOMarHuTHbIE N3MepuUTeNbHbIE Puc. 76.wkana BonbTMeTpa

npuéopbl  MPUMEHAKT 419  U3MEPEHUA

TOKa WAN HanpsaXeHuWs B LENAX MNepemMeHHOro WAM MNOCTOSHHOMO TOKa.
MpOMBbILWNEHHOCTb BbINYCKaeT npubopbl AaHHOTO TWMa B [BYX BapuaH-
Tax: C MJ0CKOM W Kpyrnow kaTywkoi. [eicTBne 3N1eKTPOMarHUTHOro
npuéopa ¢ NNOCKOW KaTyLW KON OCHOBAHO Ha NpUHLKUMNE BTArMBaHuUa heppo-
MarHUTHOrO cepfeyvyHMKa B KaTylwKy C TOKoM. Takoil npmbop npeacTas-
«OnT 1/nu” 77), HOMOTAHHMO H3 KApKAC, uupinrnufintonn.
BMAHOe 0TBepcTue. MNofBMXHAA YacTb Npubopa COAEePXUT OCb CO CTPENKONA,
HECUMMETPUYHO YKPEeneHHbI CcepAeyHUK 2 1 BO3BPaTHYK MPYXWHY 3.
L na 6bICTPOr0 YCNOKOEHMS CTPesKM OTHOCMTENbHO MOMOXEHUS paBHOBe-
CUA CNYXWUT YCMOKOUTENb C BO3AYLHbIM, TOPMOXEHUEM 4.
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Mpu BKAOYEHMM npubopa B CeTb MO KaTyLKe MPOXOAUT TOK U BO3HMU-
KalLliee MarHUTHOE Moje BTArMBaeT CEPAEYHUK BHYTpb KaTyuwku. Ceppeu-
HWK YKpenneH Ha OoCY HeCMMMETPWYHO, MO3TOMY MOABWXHAA 4acTb Mpwu-
6opa noBopayMBaeTCa Ha HeKOTOPbIA yron. MNojBuxHas 4yacTb 6yfeT no-
BOpauMBaTbCs A0 TeX MOp, MOKa BpawjatolUil MOMEHT, CO3J4aHHbI TOKOM,

He OyfeT YypaBHOBELWEH MPOTWUBO-
LEeNCTBYOLWMM MOMEHTOM  Chnupanb-

HOM MPYXWHBI.
Yron noBopoTa MOABVMKHON 4acTu
3aBWCUT OT CWAbI, C KOTOPOW cep-
[LeYHUK BTATMBAETCA BHYTPb KaTy-
WKW. dTa cuia nponopunoHanbHa
TOKY W BeAMYMHE MarHWTHON MHAYK-
umn B nona katywku: F=kBI, rae
K — KO3(h(ULuMeHT nponopynuoHanb-

HOCTH.

Tak Kak npu OTCYTCTBMW Hacbl-
WEeHNs MarHMTHasa MHAYKLMA nponop-
LMOHanbHa TOKY, TO yron nosopoTa
NOABUXHON cucTemMbl 6yfaeT nponop-
LMOHaneH KkeafgpaTy Toka. B 3tom
c/lyyae wkana npubopa fo/HKHa 6bITb
. KBagpaTtuuyHoii. OfHako Hanuuue B
T ovear ST ETa0 SR TRONAATHOT®  npuGope _(eppOMArHATHOTO Cepert-

t m—KaTyweka, i — cepfje4Hnk. 3 —BO3Bpat- HUKa YyC/IOXHAET NPUBOAUMYIO 3a-
Hasg MpyXuHa, 4 — yCnoKoOUTenb BUCUMOCTb, BCneacTBMe 4Yero LwikKa-

na 3NeKTPOMArHUTHLIX WU3MEpUTENb-
HbIX NPUOGOPOB HepaBHOMEpPHaA.

MpupaBas cepAevyHuKy cneyunanbHyl GOpMy U M3MEHAs ero pacnono-
XeHWe OTHOCUTENbHO KaTYLW KW, MOXHO AO6UTLCA HEKOTOPOr0 YMEHbLUEHNS
HepaBHOMEPHOCTU WKanbl B 60MbLIeil ee 4acTu, KPOME HayanbHbIX fene-
HWIA, KOTOpble OCTAKITCA OYEHb CWUSIBHO CXaTbIMMU.

B 3M1eKTPOMArHUTHbIX BOMbTMETPax KaTyLW KU BbINOMAHAKT U3 60/b-
woro ymucna BuTKkoB (2000— 10 000) nposoga O 0,08—0,1 mm. KaTywku
amnepmeTpoB cofepXaT HebO/MblWOe YWCN0 BUTKOB TO/ACTOF0 MEAHOr0
nNpoBofa KPYrnoro WAU NEHTOYHOrO CevyeHUsi. BHeWHWEe MarHWTHble MOAS
0Ka3blBalOT 3HAUYMTENbHOE BAUSIHWE Ha PaboTy 3/eKTPOMArHUTHOrO Mpu-
6opa, HO 6narofaps HeppoMarHUTHOMY KOXYXY 3TO BAUSHWE 3HAYUTENbHO
ocnabnsetcs.

B npubope ¢ KpPyrnom KaTywKoi (puc. 78) BHYTpWM ee MOMeLLeHbl ABa
cepfeyvHnKa: NoABMKHBIA 1, )XeCTKO YKPen/ieHHbI Ha ocu npubopa BMecTe
CO CTPenKOWh, U HEenoABWXKHbIN 2.

Korga no katywke 4 npoTekaeT TOK, BO3OYXJalLWnii MarHUTHoe none,
KOHLbl CepAeyYHUKOB HaMarHW4YMBalOTCA C OfMHaKOBOW MONAPHOCTbIO U
OTTalKUBaHWE W/ OAHOMMEHHbLIX MOOCOB CO34aeT BpaLLaloLiUA MOMEHT.
MoABWXHbLIA cepaeyHnK 1, oTTaNkMBascb OT HEMOABMXHOro 2, noBopa-
UMBAET OCb CO CTPENKOW Ha HeKoTopbl yron. Ans ocnabneHus BAMAHUA
BHELIHUX MarHUTHbIX NOJMiell Ha KaTyLlW Ky HajeT (heppoMarHUTHbIR akpaH 3.
Mpu6op cHabXeH MarHUTHbIM ycnokouTenem 5.
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B 3anekTpoMarHMTHOM nNpubope KOMMYECTBO CTanuM OTHOCUTENbHO Mano,
N 6ofblas yacTb NYTW MAarHUTHOTrO MOTOKa NPOXOAWUT B BO3Ayxe. MosTomy

MEPUTE/IbHbIA MeXaHW3M 3/1eKTPOMAarHMTHOW cucTembl 06nagaeT Masnoi

BCTBMTE/NLHOCTbIO, CleA0BaTe/IbHO, 3aTPYAHUTENbHO W3rOTOBUTbL amMnep-

p Ha Manbii Tok (MeHee 0,5 A) nnM BONbTMETP Ha Majioe HanpsxXeHue
(meHee 10 B).

Cnoco6HocTe npubopa paboTaTb B LEMNAX MEPEMEHHOT0 W MOCTOSH-
HOro TOKa 06BbACHAETCS TEM, UTO M3MEHEHME HanpaBfeHNa TOKa B KaTyLlKe

Puc. 78. YcTpoiicTBO 3neKTpOMarHUTHOrO npuGopa C Kpyr-
NoW KaTyLWKOM:

1 — noasmXnbi/l  CepAEYHNK, 2 — HEMOABUXHbIA CepAeqHNK, 3 —
3KpaH, 4 — KaTywWKp, 6 — MarHUTHbIA “ycnoKouTenb

NPUBOAMT K NepemMarHMYMBaHWUIO CEpPAEYHUKOB, BCMeACTBME Yero Hanpas-
NeHne BpaliatoLlero MOMeHTa He MeHsAeTcd. Mpu MepeMeHHOM TOKe npu-
60p nokasblBaeT [AelCTBYHOLUIME 3HAYeHWA TOKa WAM HanpsaxeHusa. Mou-
HOCTb, noTpebnsemas 3N1eKTPOMArHUTHbIMKM npubopamu OT ceTu, KoOJeb-
netca ot 2 po 8 Br.

K [OCTOMHCTBAM 3/IeKTPOMArHUTHbLIX MPUOOPOB ClefyeT OTHECTU UX
NpocToTy, AeWeBU3HY, HafLeXHOCTb B 3Kcnayatauuu, Cnoco6HOCTb Bbl-
LepXuBaTb KpaTKOBPEMEHHble MNeperpysku, a TakXe MpUrogHocTb ANs
M3MepeHuil B LENAX MepeMeHHOro M MOCTOSIHHOrO TOKa.

HepoctatkamMy npubopoB 3/eKTPOMArHUTHOW CUCTEMbl ABAAKOTCA KX
CpaBHUTENIbHO Manas TOYHOCTb (Knacc ToyHoctu 1; 1,5; 2,5), HepaBHOMeEp-
HOCTb LW Kanbl, [OBOAbLHO 6onblWwas notpebnsemMas MOLLHOCTb, 3aBUCK-
MOCTb MOKa3aHW OT 4acTOTbl TOKa W -BAUSHUS BHELWHWUX MarHUTHbIX
none.
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§ 58. Mpnbopbl MarHUTO3NEKTPUYECKOW CUCTEMbI

Mpn6opbl MarHUTO3/IEKTPUYECKO CUCTEMbl MPUMEHSIOT ANA U3Mepe-
HUSI TOKA N HanpshkeHUs B Lenax MOCTOAHHOro Toka. [ericTeBne npubopos
MarHUTO3/IEKTPUYECKOW CUCTEMbl OCHOBAHO Ha B3aMMOLEWCTBUM MarHuT-
HOro Mons U NPOBOAHMKA C TOKOM.

HenoasmxHaa 4yacTb npubopa (puc. 79) cOCTOUT M3 MOCTOAHHOFO Mar-
HUTa 3 1 cTaNbHOro UMAKHAPaA 2. Mexay MoncaMy MarHuTa v CTasbHbIM

UMANHAPOM MMeEEeTCs KO/bLEeBOW BO3AYLU-
Hbli 3a30p, B KOTOPOM CO3[aeTcsi CU/IbHOE
M NpaKTUYecKNn OfHOPOAHOE MarHMUTHOe
none.
MofBu>XHasA YacTb npubopa npeacTas-
nset coboi KaTyLW Ky, BbIMO/IHEHHYI TOH-
KAM MPOBOAOM Ha Jerkoil antoMUHUEBON
pamke /, cBO6OAHO Bpawaroulenca (Ha
ABYX MOSYyOCsiX) B KOJIbL,EBOM BO3AYLLUHOM
3a3ope. K nepeaHeld nonyocu KpenuTtcs
cTpenka ¢ npotusosecamu 4, npeaHasHa-
YeHHbIMU ANA ypaBHOBELIWBAHUA MOABUX-
HOM cuctembl Npubopa. MpoTmBoaeicTBY-
IOLLNIA MOMEHT CO34aeTCs C MOMOLLbIO ABYX
Puc. 79. YcTpoiictBo npubopa CMUPaSbHbLIX MPYXWH, 4Yepe3 KOTOopble Ha
MaFHI/ITOSI'IEKTpVILIECKOI‘Z CUCTEMDI: paMKy HOABOAMTCH 3]‘|eKTpI/I‘-IeCKI/|l\/’I TOK.

/ — anioMuHueBas pamka, 3 — uu-
D, T e OCTORHM M MArHUT, 4 Mpw BKAOYEHUN Npubopa Mo KaTyLllKe
npoTMBOBEC npoxoaunT TOK U BO3HUWKaET MeXaHMn4yeckas

cuna, KoTopass B COOTBETCTBUW C MPaBM/IOM
NIeBOV PYyKM MoBopavymBaeT pamMKy Ha HEKOTOPbI yron. BennuunHa atoli cubl
3aBUCUT OT MarHUTHOM UHAYKUMK B, cnunbl Toka B KaTyllKe /, 4Mcna BUTKOB
W 1 akTuBHOW anvHbl nposogHuka |: F=2BIllw. Tak kak marHuTHas uH-
AYKUMSA, aKTUBHAaA ANMHA WM UYMCNO0 BUTKOB (B KaXKAOM KOHKPETHOM Tune
npmoéopa) NOCTOAHHbI, Yroa MOBOpoTa pamMKu OyaeT onpeaensaTbCs TObKO
CUNOK TOKa, NMPoXoAsLLero No Katyuwke npuéopa, U NPOTUBOAENCTBYOLUM
MOMEHTOM BO3BpPaTHbIX MPYXWH. BcneacTesme 3TOro npubopbl MarHUTO-
3/1EKTPUYECKOW CUCTEMbI MMEHT pPaBHOMEPHYH LUKany.

Mpn noBopoTe pamMKM B MArHUTHOM MO/fe B €e BUTKax MHAYKTUpYyeTcs
3Ac, HanpaB/ieHMe KOTOPOW onpepdensieTcsa npasuaom JleHua. BO3HMKLLIWIA
nop AecTBMEM 34C TOK Bbl3blBaeT MOSIBIeHUE MPOTUBOAECTBYOLLEN CUNbI,
Cnoco6CTBYOLWLEN ObICTPOMY YCMOKOEHUIO MOABVXKHOW cucTeMbl npub6opa.
3TO ycTpaHsieT HeobXoAMMOCTb MPUMEHEHUS YCMOKoUTens.

Mpun6opbl MarHMUTO3/IEKTPUYECKON CUCTEMbl MOMAPHbLI (T. €. WUMeKT
NOMOXUTENbHbIA WM OoTpuuaTeNbHbIN 3aXWUMbl), a B LENM MepemMeHHOro
TOKa He JalT MokasaHWii. MNpu NPoxXoXAeHUU MO KaTyLiKe NepemMeHHOoro
TOKa BpalaloliMii MOMEHT C 4acTOTOM ToKa MeHsieT CBOEe HanpasfieHue.
MN3-3a nHepumn NofBuXKHaa cuctema He ByfeT ycneBaTb KosiebaTbCa C yac-
TOTOM TOKa, MO3TOMY OCTaHeTcs HEeMnOABUXXHOMA.

B pesynbTaTe BbICOKOWM TOYHOCTM, YYBCTBUTENbHOCTU, PaBHOMEPHO
WwKanbl, Manoro norpebneHus aHeprum (10~«— 10~* BT), 6GbICcTPOro ycno-
KOEHWS MOABWIXKHOW CUCTEMbI U Masioii YyBCTBUTENbHOCTU K BHELUHWUM Mar-
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HUTHBIM MOSIAAM MarHUTO3/IEKTPMYECKME MPUOOPbLI LMPOKO MPUMEHATCA
B KauyecTBe BO/IbTMETPOB, MWAMAMMNEPMETPOB, MWKPOaMMNEPMeTPOB, a
TaKXe B YHWBEPCa/IbHbIX M3MeEPUTENbHbLIX MNpubopax (aBomeTpax).

K HepgocTaTkam MpuMBOPOB 3TOM CUCTEMbI OTHOCATCS: CPaBHUTENbLHO
BbICOKas CTOMMOCTb, YYBCTBUTE/IbHOCTb K Meperpyskam W MNpPUrogHOCTb
ANS N3MEpPeHUn TONbKO B LEenax MOCTOAHHOro Toka. lMocnegHwin HepocTa-
TOK MOXeT 6bITb ycTpaHeH MNyTeEM BK/OYeHUS npubopa 4epe3 Mosynpo-
BOAHWKOBbIA BEHTW/Ib, HO B 3TOM c/iy4yae Npubop OyAeT OTHOCUTbLCA YXKe
K BbINPSMUTENbHOW CUCTEME.

§ 59. MNpnbopbl 3NEKTPOANHAMUNYECKOW CUCTEMBI

Mpur6opbl 3NeKTPOANHAMUYECKO CUCTEMbI MPUMEHAIOT ANA U3MEPEHUS
HanpsXeHUsa, TOKa WM MOLLHOCTU B LENAX MepeMeHHOro M MOCTOSIHHOrO
ToKa.

[OelicTBne aneKTpoANHAMMYECKMX NMPUGOPOB OCHOBAHO Ha B3aMMOZENCT-
BN MPOBOAHMKOB C TOKaMMu.

Mpubop rMmMeeT HemoaBMXHYIO KaTywky 1 (puc. 80), KoTopas cofep>KuT

Heb60/bLLOE YNC/IO BUTKOB TO/ICTOM MPOBOMOKWU, W MOABUMXHYI KaTyLIKYy 2
C 60MbLWIMM 4YUCNOM BUTKOB TOHKOW
NPOBOJIOKMU, pasMeLleHHYHo BHYTpWU
HenogBwxHo. Ha ocnm  nogBuKHOM
KaTyLIKN YKpernaeHbl cTpenka 5 u npy-
XUHbI-#, NpeAHa3sHa4yeHHble A8 nojge-
[eHNs ToKa W co3faHus NpPOTUBOAENCT-
BYOLLEFO MOMeEHTa. HWMXHUIA  KOHeL,
CTPENIKNU OKaH4YMBaeTcs MnopluHem 3 BO3-
OYWHOro ycriokouTens. B cBA3WM c 4yB-
CTBUTENILHOCTbIO MNpu6opa K BHELIHUM
MarHUTHbIM MOMAM MNPUMEHEHWE Mar-
HUTHOFO YyCNoKouTenss B AaHHOW cuc-
TeMe HefonycTUMO.

Mpu BKIOYEHUWM nNpubopa B LEeMb
Nno KaTywKam MpoXoAuUT TOK W BO3HU-

KawliMe MarHUTHble MONsS  Bbl3blBAKOT
nosiBNneHne 371eKTPOANHAMUYECKOW CU-
Nbl, KOTOpasi CTPEMUTCA MOBEPHYTH MO-
OBVDKHYK CUCTEMY TaK, 4YTOGbl MarHWUT-

Hble ' Mons 06enx KaTyleK COBMNAfANN  pyuc 80 ycrpoiicTso mpubopa anek-

rno HanpasfeHUto. Ecnn gonycTtnTb, 4TO TPOANHAMWNYECKON CUCTEMBbI:

no kKatywkam npubopa npoxoaaT oau- | — HenogBMxHas KaTtylwka, 2 — NoABUT,
o HaH KaTywka, 3 — nopuweHb. 4 — npyxu-

HaKoBble TOKW, TO CcWNa B3aMMOAEWNCT- Ha, 5 — cTpenka

BUA KaTylweK (1 Bpalialolivuii MOMEHT)
6ynet nponopuuoHanbHa keagpaty cunbl Toka: F=KI* Moatomy anek-
TPOANHAMUYECKNE aMMePMETPbl UMEIOT HepaBHOMEPHYHO LUKany.

Mpwn BKNOYEHNM nNpubopa B CETb* MEPEMEHHOro TOKa HanpasneHue
BpalLlaloLLLero MOMeHTa He WM3MEHUTCH, TaK KakK HarnpasfieHWe Toka W3me-
HAeTCcA Of4HOBPeMEHHO B 06euXx KaTywKax. B uLenax MepeMeHHOro Toka
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npubopbl JaHHOW CUCTEMbI MOKa3biBalT AENCTBYOLLME 3HAYEHUS M3Mepsie-
MO BENIUYUHDbI.

B cnyuyae mcnonb3oBaHMA npubopa AN U3MEPEHUS HanpsXeHusa noj-
BVOKHYIO W HEMOABMXXHYH KaTyLWKW COegMHSOT nocnegosatesibHo. Ta-
KOe e COefMHEeHWEe MNPUMEHSAIT MpU U3MEPeHUU HeboNbLIMX TOKOB (40
0,5 A). MNpH un3MepeHUN TOKOB O0/bLUE BeINYUHBLI KaTyLKM npubopa
coeguHAT napannenbHo. Korga w3MepsitoT MOLLHOCTb, HEMNOABUXHYHO
KaTyL Ky BK/OYalT rMocnefoBatesibHO, a MOABWKHYI — napasnfiesnbHo.
B nocnegHem cnyyae u4epe3 HeMoABMXKHYIO KaTylwky OyAeT npoxoamTb
TOK Harpysku, a 4epes NOABMXXHYIO — TOK, MPOMOPLMOHANbHBLIA Hanps-
XXEHUIO Ha Harpyske, 4TO BbI30BET BO3HWKHOBEHME BpallaloLLLero MOMEHTA,
MPOMNOPLMOHANLHOTO  MOLLHOCTY, noTpe6nsemoin  Harpyskoni (P=LL).

Mo 3ToWM NpUYMHe 3NeKTpogNHaMU-
Yyeckme BaTTMETPbl MMEKT pasBHO-
MEPHYHO LWKany.
JoCTOnHCTBa 3nekTpogmHaMu-
Yyeckux NpubopoB — MPUrogHOCTb
ANA U3MepeHUsa B Lensx rfnepemMeH-
HOIO M MOCTOSAHHOIO TOKAa, BO3MOX-
HOCTb UCMO/Ib30BaHUSA AN U3mepe-
HUA Hanps)KeHus, CUbl TOKa WUamn
MOLLHOCTU, BbICOKas TOYHOCTb, pa-
BHOMEPHOCTb LWKaabl (y BarTMeT-
poB).
HepoctaTkKm — cpaBHUTENBHO
60nbwoe MnoTpebsieHMe MOLLHOCTU
(Npu n3mMepeHNUM TOKOB W Hanps-
XXEHW),  4YYBCTBUTE/IbHOCTb K
BHELWUHUM MarHUTHbIM MOMAM W
neperpyskam, BbiCOKas CTOMMOCTb.
3nekTpogMHaMuyeckme npuoo-
pbl  CO CTaNbHbIM CepAEYHUNKOM
HasblBalOTCA heppPOoAHHAMHYECKN-
MH. OfHako ¢ NpPUMEHEHWEM cTa-
Puc. 81. CyeTUMK 3MeKTPUYECKON 3SHEeprum: /- yMeHbLIAETCA TOYHOCTL NpW-
/ W 2 — snexTpomarnuThl, 3 — peayktop, 4 — 00pa BCNeACTBUE BUAHUA TUCTe-
CUYETHbIA  MexaHu3M, 5—,EI,I/ICK, —TOpMO3HOVI pe3|/|ca n BVIXpeBbIX TOKOB. |_|03_
MarHuT
TOMY npunbopbl hepposHHaAMHYeC-
KO CcuUCTeEMbl ANS TOYHbIX W3MEPEHU He npurogHbl. OHU  NCMAO/b3Y-
I0OTCA B OCHOBHOM B Ka4yeCTBE PErncTpupyrowmx npubopos M LWMTOBLIX
BaTTMETPOB.

§ 60. [MMpubopbl MHAYKLUWOHHOW CUCTEMBI

MHAYKUMOHHbIE NPMBOPbI B HACcTOsILLLEe BPEMS CAYXAT AN U3MepPeHUst
pacxofa 3MeKTPUYECKOW 3HeprvmM B Lensx MepemMeHHOro Toka.

[eiicTBue WHAYKLMOHHOFO CcYeTYMKA OCHOBAHO HA B3aMMOAENCTBUM
BUXPEBbIX TOKOB C BpaLalLMMCA MarHUTHbIM TMOJIEM.

OCHOBHbIMW ~ AeTaNsiMM  MHAYKUMOHHOFO CcyYeTyMKa sABAAKTCA  ABa
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anektpomarHuta 1 v 2, noABMKHLIN antoMUHUEBBLIR auUcK 5, pegyktop 3,
CUYeTHbI MexaHusm 4 1 Topmo3HOW MarHuT 6 (puc. 81).

MarHuTHas cucTeMa 3MEeKTPOMarHuTos / 1 2 WMeeT BO3AYyLUHble 3a-
30pbl, MNpUYeM KaTyllKa 3neKTpomarHuta 1 BKAKO4YaeTCAa C HarpysKown
nocnefoBaTenbHO, a KaTyliKa 3nekTpomarHuta 2 — napannensHo. [Mpu
onpegeneHHOM pPacnoioXXEHUN 3NEKTPOMarHUTOB MeXAy HX MnoacamMun
co3faeTcsa Bpaujalolleecs MarHUTHOe Mofie, B KOTOPOM pasMelleH csobof-
HO BpallaloLmMiica antoMUHUEBLIM AWCK. Bpawjatouieecs mMarHUTHoOe Mose,
MPOHU3bIBas aNOMUHUEBLIA ANCK, WHAYKTUPYET B HEM BUXPEBbIE TOKMW.
B pesynbTaTe B3aMMOJENCTBMSA BUXPEBbIX TOKOB C BpallalWMMcs mar-
HUTHbLIM MMOJIEM BO3HWKAET MexaHM4eckasi cuna, Kotopas NpMBOAUT AUCK 5
BO BpaLleHwue.

Cuna B3aMMOAENCTBUSA MeXJY BUXPEBbIMM TOKaMU W BpaljalolmMmcs
MarHWTHbIM MOMIEM MPONOPLUMOHasbHa MPOU3BEAEHUID MIHOBEHHbIX 3Ha-
YeHMIA TOKa W HanpsXeHwus, T. e.

MOLLIHOCTN TOKOMPUEMHWNKOB: J1lBp=
=KP, rpme kK — nocrtosHHbIi  Kkoadh-
POULINEHT.

UT06bI CKOPOCTb BpaLleHNA AUCKA
6blna MpomnopyuMoHasibHa MOLLHOCTMU
TOKONPUEMHUNKOB, MNPUMEHEH TOPMO3-

HOi MarHuT 6.
B auvcke npu BpaleHWW ero Mme-
XAy noswcaMy TOPMO3HOT0 MarHmTa
VHAOYKTUPYKOTCA  BUXPEBblE  TOKW,
KOTOpble, B3auMofencTBys ¢ Mar-
HUTHbIM MOJfIeM MarHuTa, Cco3galT
NPOTMBOAENCTBYIOLWNI A MOMEHT, MPO-
NOpLMOHaNbHbI YacToTe BpalleHuUs
Auncka. Hem  GbicTpee  BpawaeTcs Puc. 82. YcTpoiicTBO uvacToTOomMepa BWU-
OHCK, TeM 6o0/blle cuia ero TOpMo- 6PALMOHHOM CUCTEMbI:
XeHus. / — 3NeKTpOMarHuT, 2 — AKOpb. 3 — BU-

YacToTa BpaLIJ,gHI/IFI JUCKa CTaHO- 6patopbl, 4—nnac61'pmycqoa;ble npmwxumel, 5 —
BUTCA MOCTOAHHOW, Korga BpaLlaro-

LWMA MOMEHT YpPaBHOBELLUMBAETCA TOPMO3ALWMUM MOMeEHTOM. CUeTHbIA Mexa-
HM3M npubopa mMamepseT ymcno o60poOTOB AMCKAE, T. €. BEIMYUHY, Mpornop-
LWOHANbHY 3HEPTrUn, pacxofyemMom Ha paboTy TOKONPUEMHUKA.

§ 61. MNpnbopbl BUOPALNOHHOW CUCTEMBbI

Mpu6opbl BMOGPALMOHHOA CUCTEMbI MpeAHa3HayalTCsa ANS M3MepeHUs
4YacTOTbl MEPEMEHHOro TOoKa.

[elicTBue BMOpaLMNOHHbIX NPMOGOPOB OCHOBAHO Ha WCMO/Ib30BAHUWN $IB-
NEHWI 3nNeKTpoMarHeTM3aMa W MexaHW4YecKoro pesoHaHca.

Kaxpas mexaHu4yeckas cucTeMa, cnocobHasi coBepluatb Kosebatenb-
Hble ABVOKEHWUSA, obnagaeT onpefeneHHON «[MwroToi cobcTBEHHbIX Koneba-
HWUW, KoTopass 06ycnoBnMBaeTCs Maccoi WM YNpyrocTbto cuctembl. [Mpun
pe3oHaHce, T. €. NpPM COBNAAEHMMN HaCcTOT COBCTBEHHbLIX KONeGaHUM cUCTeMbI
MU KonebaHW BHELIHEro WUCTOYHWKA, aMnanuTyga KonebaHWii faHHOM Mexa*

107



HHYECKOM CUCTEMbl Pe3Ko yBenu4yumsaeTcA. OTO CBOWMCTBO MCMOJb3yeTcs
B MN3MepUTeNbHbIX MNpubopax BMOPALMOHHOW CUCTEMBI.

BnbpaunoHHbIV 4YacToToMep (PHC. 82) cOCTOMT U3 3neKTpoMarHuta /,
CTaNbHOIO AKOPS 2, YKPEnneHHoro Ha 6pycke 5, M HECKOMbKUX BMGPATO-
pos 3 ¢ pasnMuYHON AIMHOW WM Maccoli. KoHUbl BM6PAaTOPOB OTOFHYThI
noA NpPsIMbIM YT/10M, OKpalleHbl 6e/0 KPackor W pasmelyeHbl B FOPU30H-
TaNbHOW LWenn Ha WwkKane yactoTomepa. Bpycok 5 KpenuTca K naacTUH4Ya-
ThiM Npvkumam 4, 4To o6ecneuymeaeT HEKOTOPYH MOABUMXKHOCTb MeXaHunye-
CKOW CUCTEMBI.

Ecnn no o6MOTKe 3neKTpomMarHuta MponyCcTUTb MepeMeHHbIN TOK, TO
AKOpPb 2 6yneT cuibHee MPUTATMBaTbCA K MOJOCaM B Te MOMEHTbI, KOrga
TOK MMeeT Haubosnbllee 3HayeHue, T. e. ABa pasa 3a nepwop. KonebaHus
AKops nepegaroTcs Bubpatopam. C Hambonbllen amnanTygoin 6yaet Kone-
6aTtbca BMOpaTop, cob6CcTBEHHAaA 4acToTa KonebaHWii KOTOpOro cosnagaet
C 4acToTON KonebaHuii akops. Lindpa Ha wkane, cTtosuLas npoTus BUbpa-
Topa, Koneb6ntowierocss ¢ HanbonbLlelh aMANUTYAON, yKaXeT 4acToTy Toka
B CETW.

BONMBWNHCTBO 4acTOTOMEPOB BMOPALMOHHOW CUCTEMbl MpefHa3sHa4YeHbl
Ana un3mepeHna dactoT 45—55 Ty, OfgHako BCTpeyarTCA 4acTOTOMEPHbI,
paccumTaHHble ANA M3MepeHUs 60see BbICOKMX YacToT (o 1550— 1650 Iu).

JocTonHCTBO nNpubopoB BUMOPALMOHHON CUCTEMbl — HE3aBMCUMOCTb
nokasaHWM OT HanpsXeHus ceTn. HefocTaTkm — 3aBUCUMOCTb MOKasaHWUM
OT MeXxaHW4eckKux Bubpaunii, HEBO3MOXHOCTb U3MEPEHUSA BbICOKMX 4acToT
M MPepbIBHOCTL LWKasbl, BCNEACTBME YEro 3aTPYAHAIOTCA WN3MEpPeHus Ha
MPOMEXYTOUHbIX YacToTaX, Korga OAHOBPEMEHHO KO/e6/1eTca HEeCKO/bKO
BNOGPATOPOB.

§ 62. M3mepeHMe CUNbl TOKa W HanpsXeHus

ONna n3mepeHna cusbl TOKa N HaNPsHXXeHUA UCMONb3YIOT N3MepUuTesbHbIe
npuoéopbl pasIMYHbIX CUCTEM — aMrepMeTpbl W BOJSILTMETPbI, YCNOBHOE
0603HayYeHNe 1 CXeMbl BK/IIOYEHMUS KOTOPbIX OblNM MOKasaHbl Ha puc. 12.

Ons v3MepeHMs MasblX 3HaYeHW ToKa MPMMEHSAIOT rajbBaHOMETPbI,
MWKpPOamnepmeTpbl, MUAINaMOEPMETPbI, a ANl U3MepPeHUss O4YeHb HU3KUX
HanpsHKeHNn — MUNNVBONLTMETPbI, MUKPOBO/bTMETPbI.

BknoyeHue amrnepmeTpa Mnoc/iefoBaTe/lbHO C Harpyskol He [0/IKHO
B/INATb Ha M3MePSEMbIA TOK B Lienn, NO3TOMY COMPOTUBEHME €ro A0/KHO
6bITb MasibiM MO CPABHEHWUIO C COMPOTUB/EHUEM MPUEMHUKA aHeprun. Mpu
MasioM COMnpoTuBAeHUU amrepmeTpa Ra mana mowHocTs, noTtpebisiemast
HM: Pa= /He-

BK/IlOYEHMEe BOMIbTMETPA He [O/HKHO BAUATH Ha U3MEpPsAeMOoe Harpse-
HWe, TMO3TOMY COMPOTUB/IEHUE BOMILTMETPA [AO/MHKHO 6bITb 60MbLLUIWM MO
CPaBHEHUIO C COMPOTMB/IEHWEM TMPUEMHUKA, MNapassie/lbHO KOTOPOMY OH
BK/MtOYeH. [pu 6GonblwioM conpoTmeieHmMn BonbTMeTpa RB man Tok /7,
B HemM 1 mana mouwHocte PB=IIRB notpe6bnaemas um.

Ona w3?*pp?1TTla TCICCE 1 Hanp L KW i, NpeBblUAaKLWINX BEPXHUN Mnpe-
Jen un3mepeHus npuoéopa, NPUMEHAOT NPU MNOCTOSHHOM TOKe LWYHTbl U
[06aBOYHbIE CONPOTUB/EHMUSA, a MPU MNepeMeHHOM TOKe — W3MepuTe/lbHble
TpaHchopmaTopbl TOKa W HanpsXeHwma (cm. § 75).

Ecnn amnepmeTpoM, paccyMTaHHbIM Ha W3MepeHue CpPaBHUTENbHO
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HebOMbLUOW CUMbl TOKa, TpebyeTca W3MepuUTb 3HAYUTENbHO 60/bLUYIO Be-
NMUMHY, TO NapaniefbHO amnepmeTpy nogknodaT WyHT RM B aeictem-
TeNIbHOCTW LUYHT BK/KOYAKOT MOC/ef0BaTe/lbHO C Harpyskoi, a amnepmerp
NOAKMIOYAT K LUYHTY.

WyHT npeacTaBnseT cob0OM TONCTYIO KOHCTaHTAHOBYK WAN MaHraHu-
HOBYIO NAacTuUHY. MNMpuMeHeHWe B Ka4yecTBe LUYHTOB (M [06aBOYHbLIX pesn-
CTOPOB) MaHraHMHa WM KOHCTaHTaHa 06bSACHAETCHA TeM, YTO COMPOTUBEHUE
3TUX MeTa/n/IoB B He3HauyuUTeNbHOM CTeneHW 3aBUCUT OT TemmnepaTypsbl.

Ecnn conpoTuBieHMe LWYHTa B 9 pa3 MeHbLUe COMPOTUBAEHUA 06MOTKMU
amnepmeTpa, 170 0,9 Toka npoMaeT 4yepes WYHT M Tonbko 0,1 — yepes
npubop. Mpu 3aTomM npegenbl U3MepeHWn npubopa pacwmpatoTes B 10 pas.

ConpoTuBieHue LWYyHTa onpejenaiT no dopmyne /au=/?a/(n— 1),
rae RM— conpotvenenne wyHTa; /?a — conpoTuBrieHVe O06MOTKA am-
nepmeTpa; M — 4ymMcno, MokasbiBalolLlee, BO CKO/IbKO pa3 paclimpstoTcs
npegensl n3mepeHus npubopa.

MNMocne noAkKMYeHUs LWYHTa Ha LWKane npubopa cnegyetr MNocTaBuTb
MHOXUTeNb (B faHHOM cnydae x 10). MNMpu BKNHOYEHUWN ammnepMmeTpa C LWYyH-
TOM (hakTUYeckuMii TOK B LeNn onpegenseTcs MNpoOv3BefeHMEM MOKasaHWi
npunbopa Ha MHOXWUTEsb.

LUYyHT goMKeH MMeTb YeTbipe KOHTaKTa: K ABYM W3 HUX MOAKIOYalT
npuébop, a K ABYM [APYTMM — COeAMHUTENbHbIE MPOBOAA 3/1EKTPUYECKOWN
uenwn. Takoe NOACOeAUNHEHME MCK/IOYaeT 3aBMCUMOCTb MokasaHuii npubopa
OT MNepexofHbIX COMPOTUB/IEHN KOHTAKTOB.

Bbl6Op COMPOTMBAEHUS LYHTa 3aBUCUT OT BHYTPEHHEro comnpoTuBre-
HUA npubopa. Tak, Hanpumep, MPH PacLUMPEHUN MNpPefesioB M3MepPeHUN
LLMTOBBLIX MPUOOPOB, PacCUMTaHHbIX Ha AECATKM W COTHW amrep, COMpo-
TUBNEHWE LIYHTOB MOXET COCTaBAATb ThICAYHbIE WAN [aXe MUINOHHbIE
Jonn oma.

B Tex cnyuvasx, Korga BO/SIbTMETPOM, pacCUMTaHHbIM Ha W3MepeHune
He6OMbLINX HaNpsHKeHUN, TpebyeTcs WU3MepuTb O6O/bLUYID BEUNYUHY,
nocnenoBaTenbHO C BOMLTMETPOM BK/OYalOT A06aBoYHbLIN pesuctop Rt.

Ecnu pgob6aBouHoe conpoTuBieHue /74 6yaeT B 9 pa3 60/blie CONPOTMB-
neHnss 06MOTKM BONbTMeTpa, To 0,9 obwero HanpsxeHus 6yaeT MNPUXO-
AnTbcs Ha Aob6aBo4yHOE CONpPOTWUBAEHMe /79 u Tonbko 0,1 — Ha conpoTms-
NeHne 06MOTKM BonbTMeTpa R,. Mpu aTom npegensl MsMepeHuii npubopa
pacwmnparca B 10 pas.

PacyeT conpoTtueneHns [06aBOYHOro pesncrtopa MPom3BoAAT No chop-
myne /?p=/78(n—1), rge M — 4yuncno, nokasblBakollee, BO CKONbKO pa3s
pacwmpsaTca npegenbl M3MepeHUidi nNpubopa.

OueBMAHO, YTO MOC/e BKIOYEHMS [06aBOYHOr0 pesncTopa Heobxoammo
M3roTOBMTb HOBYIO LWKany WM Ha WUMEIOLLENCa LLKane MnocTaBUTb COOTBET-
CTBYHOLLNA MHOXNTEeNb. TakK Kak conpoTuBAeHWEe A06aBOUYHbLIX Pe3MCTOPOB
B LMTOBbIX MPUGOpax MOXET AOCTUraTb HECKONbKUX ThIFrAY MU UT Bbl-
NOMHAIT B BUE KaTylleK U3 TOHKOro npoeoga ¢ 60MbLINM y[e/lbHbIM CO-
NPOTUBAEHNEM. t

LUYyHTbl 1 [06aBOYHble Pe3MCTOPbl MOXHO MOHTMPOBATb KakK BHYTPU
npnbopa, Tak MU NOAKNOYaTb K €ro 3aXumam Ha BpPeMs u3mepeHuin. B no-
cnefjHeM cny4ae Ha LUKajie npubopa ykasbiBaloT: «C OTAeNbHbIM LUIYHTOM»
mnn «C oTAenbHbIM [06aBOYHBIM PE3NCTOPOMY.
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§ 63. ViamepeHune conpoTuBNEHU

Ons n3mepeHns cONPOTUBIEHNA MOXeT 6biTb MCMNO/b30BaH MeTOoh am-
nepmeTpa M BoAbTMeTpa. YacTHOe OT AdefeHWs MOKasaHWW BOMbTMeTPa,
NMOAK/IIOYEHHOTO K MCMbITYEMOMY Pe3nCTOpY, Ha MoKasaHWa amrnepMmeTrpa,
BK/IIOYEHHOr0 MocnefoBaTeslbHO C 3TWUM Pe3nNCTOpPOM, ornpegenseT ero co-
npotusnenre RX=U/l. Ana 6onblieli TOYHOCTU MPU U3MEPEHUU ManbiX
conpoTmeneHUin Npubopbl cnegyeT BKAKOYATb TakK, 4YTOObl COMPOTUBAEHME

amMnepmeTpa He BHOCWJ/IO
ownbkn B MokasaHus
BonbTMeTpa (puc. 83, a)
npu M3MepeHnn 60/bLLINX
COMPOTUBNEHUI — Tak,
yTo6bLI TOK BOMbLTMETpa
He BAWAA Ha MNoKasaHus
amnepmeTpa (puc. 83, 6).
Jo6aBoyHoe conpoTuBie-

Puc. 83. Cxema BK/IOYEHUA aMrnepmeTpa U BOJSIbTMET- HUe £ BK/IWOYEHO  Ans
pa npu U3MEepPeHUn COoMnpPOTUBEHWUIA: orpaHn4yeHusa TokKa.

a Manoi BennumnHbl, 6 — GONbLLIOA BENNUMHBI .ﬂlnﬂ HenocpencTBeH-

HOro wmn3sMepeHunsa conpo-

TUBNEHNA CnyXaTt I'Ipl/l60pb|, Ha3blBaeéMbleé OMMETpaMM U MEroMmmeTpa-

MW, KOTOpble MOTYyT BK/lOHaTbCA B CXeMy nocsiegoBate/sibHO WUAM napan-

nenbHO.

Puc, 84. Cxema BKNOYeHUA omMMeTpa Puc. 85. Cxema MocTa ANs W3-
MepeHus ConpoTUBEHMNS

OmMMeTp npeacTaBnsieT co60 MarHUTO3/IEKTPUYECKUI M3MEPUTENbHBbIM
npuoéop ¢ BHYTPeHHUM /2, N f06aBOYHLIM /79 conpoTuBieHnamMun. Mocnego-
BaTe/lbHO C OMMETPOM  BKJ/IlOYAeTCA  W3MepPSeMOe  COMpPOTUBJIEHME
RX (puc. 84). Mpu oTknwoyeHHOM conpoTueneHun RX v pasomkHyToi
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kHonke K Toka B uenu HeT u cTpenka npubopa MoKasblBaeT B6EeCKOHEYHO
6onbwoe conpotusneHune (RX=<X)- Mpun samkHyToli kHonke K conpotus-
nenve uenH (Aa+fl.) MUHUMaNbLHO, T. e. TOK B LenH MakcumaneH /blC—
= U/(Ra+/?W n cTpenka npuéopa OTK/IOHAETCA Ha HamboNbLWni yron,
yKasbiBasi Hysesoe conpoTtmeieHve RX=0. Mpu BKAOYEHUN W3MEPSEMOro
conpoTtusneHna RX Tok B uenH ymeHbwaetca /=1//(/?2x+/?11+/2a) w
cTpenka npubopa OTKIOHSETCA Ha MEeHbLUMA Yros, yKasbiBas 3HaudyeHue
conpotueneHns RX Ha wkane npubopa. OMMETP MMEeT CaMOCTOSTE bH bl
WUCTOYHMK MUTaAHUA B BUAE CYXMX 3/1eMEHTOB. HeaocTaTKOM TaKOW CXeMbl
OMMeTpa sIBASeTCA 3aBUCMMOCTb ro NoKasaHWi oT HanpsHXKeHUst UCTOYHUKA
nuTaHus.

Bosiee TOYHbIM METOAOM U3MEPEHUS COMPOTUBIIEHUS U APYTUX 3NEKTPU-
YECKUX BENYMH (MHAYKTUBHOCTEN, EMKOCTEN) ABNAETCA MOCTOBas Cxema.
MocT ANnsi uU3MepeHMs conpoTuBieHUs (puc. 85) COCTOUT U3 rpex Mney
¢ perynupyembimn conpotusneHuamm RI, R2, R3 (marasnHos conpoTus-
NeHuniA), KoTopble BMECTe C 4eTBepPTbIM M3MEpsieMbiM COMpOTMBAeHMEM RX
o6pasytoT 3aMKHYTbI KoHTYp A—I—bB—B. K Toukam B u [ npucoeau-
HSIETCS UCTOYHUK NMuUTaHusi, a K Toukam A N B — ranseaHometp I'. Pery-
nuposkoii conpoTtmenennii R1, R2, R3 go6usatotcs Hynesoro oTKIOHeHUA
CTpenku ranbeaHometpa. B atom ciiydae noTeHumansl Todek A n b ogu-
HakoBbl (MocT ypaBHoBeweH), T. e. UBa= Ubb u Uar=06r wau liRt—
= I«RX u IiIRtMNIR3. Pasgenns ogHO paBeHCTBO Ha ApPYyroe, MoOyyYuM:
IIRJhR™ItR IR, otkypa Rx=RtRi/Rt.

Mpn M3MepeHUN ManbiX COMPOTMBAEHUA 60MbLUYI0 MOrPELIHOCTb BHO-
CAT COMPOTUB/IEHUS KOHTAKTOB U COEAMHWUTENbHbLIX MPOBOAOB. B Takmx
cnyyasix WUCNoNb3yrT 60/iee CMAOXHbIE CXeMbl (ABOVHbIE MOCTbI).

MpU HEU3MEHHbLIX HaNpPsHXKeHWW nuTaHua u conpoTtusneHusax RI, R2,
R3 Tpex nieu mocTta nokasaHus ranbBaHOMeTpa 3aBMCAT OT COMPOTMBIIE-
Hust RX, uTo No3BossieT Ha WKase rabBaHOMeTPa HaHEeCTV 3HAYeHUst n3me-
pSeMOro COMPOTUB/IEHUS WM 3HayeHWe Toro MapameTpa, OT KOTOPOro
OHO 3aBUCUT (TeMMepaTypbl, JaBNEHUS, BMAXHOCTU U Ap.). Takme MOCThI
Ha3bIBAlOTCS HeypaBHOBELLEHHbIMMU.

McnpasHas paboTta 060 3/1eKTPOTEXHUYECKO YCTAaHOBKU B 60/bLUOM
Mepe 3aBUCUT OT COCTOSHUSA W30NSLUM KaK Mexay npoBojamu, TakK WU
MeXAY TOKOMPOBOAALMMW YacTAMMK U 3eM/Ieit. dTa U30ALNA OTHOCUTENBHO
NIerko nofBepraeTcsi U3MEHEHUIO U MO3TOMY COMPOTUBAEHUE U30NALUN He-
06X04MMO MEPUOAMNYECKM U3MEPSITD.

ConpoTuBneHWe W30NALUN CEeTU, He Haxogsdllierica nod paboynmm Ha-
Nps>KeHWeM, M3MEPSIOT MeroMMeTPOM, OAWH 3aXXWMM KOTOporo (NMomeyeH-
Hbii 6ykBO J1) MpUCOEAMHAIOT K UCMAbITYeMOMY MpoBOA4Yy, a BTOPOW ero
3aKUM (MOMeYeHHbI 6yKBOl 3) coeauHSIOT ¢ 3emneli. Bpalwas pyKoAaTKy
WHAYKTOpa MeromMmeTpa, MpefCcTaBAAlOLWEero MafeHbKUA MarHUTO3NeKTpU-
YeCKWUIi reHepaTop, OTCUYMTHIBAOT Ha LWKane npubopa 3HayeHUe u3Mepsie-
MOFO COMPOTUB/IEHUS.

Ona n3MepeHUs cOMPOTUBAEHUSA M30NALUN MeXAy ABYMs MNpoBoAaMu
K HUM MPUCOEAUHAIOT 3aXuMbl J1 1 3 merommeTpa. CorsacHO npaswiam
yCTpolicTBa 3NeKTpoycTaHoBOK (MY3J) HauMeHbLLee ONYCTUMOE COMPOTUB-
NeHne M30AA9LUM OCBETUTENbHbIX W CUJIOBbIX 3/€KTPOMPOBOAOK COCTaB-
naetr 0,5 MOM (merom).



§ 64. JloromeTpbl

NloromeTpamH (OT Trpeyvyeckoro cnoBa «J/0roc»— OTHOLUEHWE) Ha3bl-
BalOTCA npubopbl, Yros MNOBOPOTa M3MEPUTE/IbHbIX MEXaHW3MOB KOTOPbIX
3aBUCUT OT OTHOLUEHUS TOKOB.

B 60/bLUMHCTBE 3/1EKTPON3MEPUTENLHbLIX NPNOGOPOB HEMOCPEACTBEHHOIO
oTcyeTa OTK/OHEHME MOABMXHOM 4acTW 3aBUCUT OT TOKa, MPOXOAALLErO
yepe3 npubop. MNMpn N3MepeHNN HEKOTOPOW 3/IEKTPUYECKON UKW HE3NeKTPU-
yeckoii BennuUMHbl X, He 3aBUCALLE OT TOoKa (CONPOTUBAEHUS, cABuUra
(pas, TemnepaTypbl, AaBeHUs u T. 4.), Heob6XxoAMMO, 4TO6blI MPoXoAsaLnii
yepe3s NpuBOP TOK 3aBUCEN OT BeMYMHbLI, MNoanexailieii mnsmepeHuto. Og-
HaKo TOK MPOMNOPLMOHAa/IeH HarnpsXeHUto W nokasaHuWa npuoéopa Ans uUs-
MepeHUss HEKOTOPOM BeNUUMHBI X CTAHOBATCA 3aBUCUMbLIMU OT fBYX Mepe-
MEHHbIX — M3MepsieMoli BenMunHbl U HanpskeHuss U umctouHuka nuta-
HuA. MpH oTcyTcTBUM npsamoli sasucumoctn mexay X un U sasucumocts
nokasaHma npubopa OT HaNPsHXXeHUs WCKIKYaeT BO3MOXHOCTb rpagyu-
poBaTh LWKany npuéopa B egnHuuax X (Hanpumep, B oMax), Tak Kak W3-
MEHEHME HanpsXeHUA MpuBeAeT K MOrpelwHoCcTaM MNpu U3MEPEHUMN.

Ona ycTpaHeHWA BAVWSHUS WU3MEHEHUI Hanps>KeHUs Ha MnokKasaHusA
npubopa B NOromMeTpax MOJIOKEHWE PaBHOBECUSA MOABUXHOWM 4vacTu onpe-
[ensieTcs OTHOLUEHMEM TOKOB B ABYX 0O6MOTKax Mpubopa 1 OT Hanps>XeHus
He 3aBUCUT.

ANeKTpon3MepuTenbHbIA NpPU6op 60K CUCTEMbI SIBASIETCA JIOrOMeT-
pOM, ecnM B HEM He TO/IbKO Bpalialluii, HO W MPOTUBOAENCTBYIOLLUNA

MOMEHTbI CO34al0TCA 3NEKTPUYECKUM MyTeM,
T. €. 4715 IOTOMETPOB XapaKTepHO OTCYyTCTBUE
MeXaHM4ecKoro MpoOTMBOAENCTBYIOLLEFO MO-
MeHTa (MPYXWH). YNpouieHHas cxemMa Mar-
HUTO3NEKTPUYECKOIO IOrOMETPa ANA nU3Mepe-
HUA CONPOTUBNEHUS M306paxkeHa Ha puc. 86.
MoaBmHas yacTb Npubopa COCTOUT U3 ABYX
paMoOK, YCTaHOBMEHHbIX Ha o06LWen ocu un
XKECTKO CKpEeneHHbIX Mexay coboi nog He-
KOTOpPbIM Yr/ioM. TOK B MOABWMXKHbIE KaTylLl-
KN MNOABOANTCA 4Yepe3 TPU MATKue cepebps-
Hble cAMpanun, He co3fjarlime MexaHWU4YecKo-
Pmc. 86. Cxema MarHmToasnek- ro momeHta. Ecnim nopgBmKHasA cuctema Xo-
T COMpOoTMB/EHMS'¥  P°lI0 YpaBHOBELWEHA, TO TMpPW OTCYTCTBUMU
TOKOB OHa OyfgeT HaxoAuTbCad B  COCTO-
AHUN  6e3pa3NNyYHOro pasHoBecuA. [1OABMIKHbIE KaTyLWKW NpUcoean-
HAKTCA K OOLLEMY WUCTOYHMKY TOKa, a UX Lenu 3amblKaloTca 4vepes3 conpo-
TueneHus: R — cmoHTMpoBaHHOe BHYTpM npubopa U RX — usmepsemoe
conpoTmeneHue BHe npubopa. ToKKM, Npoxoasuime no KaTywwkam npubopa,
B3aMMO[ENCTBYS C MarHUTHbIM MOJSIEM MOJIKOCOB, CO3Jal0T [Ba MOMEHTa,
BO3AEMCTBYIOLMX Ha MOABMXKHYIO 4acTb: MBp— Bpawawwmii u M, v—
NPOTUBOAENCTBYOLWMUA. DTN MOMEHTbI MPOTUBOMOMOXHbI N0 HaNpaB/EHUIO,
npuvyeM MOBOPOT MOABUXHOM 4YacTy MO HanpaB/EHWIO O4HOI0 U3 MOMEHTOB
BbI3blBaeT YMEHbLUEHNE 3TOF0 MOMEHTa, TaK KaK co3jarouias 3TOT MOMEHT
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MaTywkKa BXoAUT B 60/Mee paspexXeHHYH 4acTb MarHUTHOro Moas M OfHO-
BPEMEHHO YBE/NYMBAETCA MOMEHT MPOTUBOMOJIOKHOIO Hanpas/ieHUS.

Takum o06pa3oM, aBTOMaTMYECKW YyCTaHaB/IMBaeTCHd paBHOBECME MO-
NentoB (AfBp=Afrp un nw6OMYy OTHOLWIEHUIO TOKOB B KaTylWlKe npubopa
CooTBeTCTBYeT HEKOTOpOe MOJIOKEHME pPaBHOBECUS MpPU  OMpeaesieHHOM
| oTknoHeHWN cTpenkn npubopa. CaefoBaTesibHO, Yron OTK/IOHEHUSA CTPEKN
f npubopa 3aBNCUT OT OTHOLLUEHUA TOKOB B KaTylikax A//*.

Tak KakK TOKM B MNapanfe/ibHbIX BeTBSIX 06paTHO MPOMNOPLMOHabHbI
conpotueneHusm, T.e. hllIt=RIRX, a conpotusnenne R wu3sectHo, TO
yron MoBopoTa CTPeNKu npubopa 3aBUCUT TOMBLKO OT M3MEPSEMOro CO-
npotmeneHus RX v Ha Hero He BNUSAET HanpskeHWe UCTOUYHUKA. [1oaTomy
wkKana npuvbopa MOXeT 6bITb rpagympoBaHa B e€AVMHULLAX COMPOTUBIEHUS
(omax) u TOorga noromeTp cTaHeT OMMeTpoM. Ecnu n3mepsiemoe CONpPOTHB-
neHHe RX msrotosneHo u3 nposopsaulero matepuana ¢ 60MbLINM Temnepa-
TYPHbIM KO3DDULMEHTOM, TO 3TOT XK€ MPUOOP MOXHO MCMO/b30BaTb B Ka-
YecTBe 3/IEKTPUUYECKOTO TePMOMETPa; ecnin e B KadecTBe RX B3aTh cTon-
6HK W3 YroflbHbIX MNacTUH, COMPOTMBAEHME KOTOPOro B CWU/IbHOW CTeneHwu
3aBUCUT OT CUJblI CXaTusd WX, TO Npubop MOXeT ObiTb UCNOMb30BaH ANS
| n3MepeHUa faBreHUs U APYTUX BEINYUH.

T —

— —

§ 65. N3mepeHne MOLLHOCTU W 3HEPrum

Ons n3MepeHUs MOLLHOCTM B LENM MNOCTOSHHOrO TOKa He TpebyeTcs
| crneuwansHoro npuéopa, Tak Kak MowHocte P=UIl nerko moxer 6bITb
f nopgcumMTaHa No MNokKasaHMAM BOMbTMETpPa WM amnepmeTpa.

B uenn nepeMeHHOro ToKa MOLLHOCTb 3aBMCUT He TO/IbKO OT Hanpsxe-

[ HMa n Toka, HO u oT casura a3z mexgy Humn: P=UI cos tb. Moatomy
npomnsBefeHNe HanpsHKeHWs WM TOKa He onpedenseT MOWHOCTW, AN W3-
[ MepeHMsa KOTOpPOM HEOGXOAUM BaTTMETP 3NEKTPOANHAMMYECKOW Mnn deppo-
L ANHAMWYECKOW cUCTeMbl. B 3n1eKTpogMHaMMYECKOM BaTTMETPEe HEeMoABMXK-
Has KaTyllKa BKJ/ll0OYaeTCs MocnefoBaTeslbHO C Harpyskom /?,, a NoAgBUKHas
CHab>xaeTcs [[06aBOYHLIM COMPOTUB/IEHUEM An W
BKNOYAeTCA NapannienbHo Harpyske (puc. 87). Ta-
KUM 06pa3oM, MFHOBEHHOE 3HauYeHWe TOKa HEernoABUXK-
HOM KaTyLKWU paBHO TOKY Harpys3kum, a TOK NOABMX-
HOM KaTyLKU MNPONOpUMOHaNeH HanpsHXXeHUK Ha 3a-
XMUMax rMpueMHUKa W [OJ/KeH coBnagatb € Hanps-
>XeHMem no dpaze. UTobbl TOK coBmagan no dase ¢
HanpsxeHuewm, -406aBOYHOE aKTUBHOE COMPOTUBIe-
Hue A8 [OMKHO 6biITb MHOro 60/blle MHAYKTUBHOIO
CONPOTUBAEHNA CaMOW OOBMOTKW, 4YTO AaeT BO3MOX-
HOCTb CYMTaTb COMPOTMBAEHME LEMNN HanpsHKeHUs
6e3peaKTUBHbIM.

Bpawiatowmii MOMeHT Yy 3/1eKTPOAMHaMMYECKoro BaTtTMeTpa Mponop-
LMOHa/NeH MNpPOWU3BELAEHUNIO HanpskeHUs W Toka. [pu BKIKOYEHUU BaTT-
MeTpa B LieMb NMEPEMEHHOr0 TOKa Ha Bpaljalowunii MOMEHT He BAUAET OfHO-
BPEeMEHHOEe W3MeHeHMe HanpaBfeHus Toka B 06emx KaTylikax, HO ecnu
MOMeHSATb MecTamu 3aXWUMbl OAHOW W3 ABYX KaTylleK BaTTMeTpa, TO 3TO
M3MEHUT hasy TOKa B 3TOWM KaTylike Ha 180° u HampaBneHWe BpallLatoLLero
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MOMeHTa. Ona npeaynpexpeHns BO3MOXHOCTU HEMPaBUbHOIO BKJ/IOYe-
HUS BaTTMeTpa OTHOCUTENbHbIE «Ha4dana» ABYX KaTylleK BarTMeTpa (reHe-
paTopHbie 3aXXNMbl), NPUCOEANHEHHbIE K OAHOMY M TOMY >X€ MOJ/IOCY MCTOY-
HUKa, OTMe4alTCa y 3aXMMOB Npmbopa 3HaKOM 3Be3gouka (*); KOHLbI
3TUX KaTylleK NPUCOeAMHEHbI K pasHbIM MOJlocaM Harpysku. ONeKTpoau-
HaMMYecKre BaTTMETPbl MUCMONb3YIOTCS KaK B Le-
NsX MepPeMeHHOro, Tak M MOCTOSIHHOro Toka. dep-
poanHaMuyeckme BaTTMeTpbl 06/1a4al0T  MeHbLUe»
TOYHOCTbIO M B LieNAX MOCTOSAHHOrO TOKa HEMpUrog-
Hbl M3-3a B/IUSIHUA TUCTepesunca.

Ana n3amepeHus pacxoga 3/1eKTPUYECKON 3Hep-
rMU MNepeMeHHOro Toka MPUMEHSIOT CYETYUKU UH-
OYKUWMOHHOW cucTemMbl. Cxema BK/IHOYEHUS CYeT-
ymka B ceTb (puc. 88) nogobHa cxeme BK/IHOUYEHUA
BaTTMeETpa, T. €. 0Of4Ha 0OMOTKa cyeTyMmKa BKJ/IIO-
yaeTca rMocnefoBaTeNlbHO C Harpyskoi, a BTO-
pas — napanfiencHo ei. B oTAn4yuMe OT BaTTMeET-
poB B UenNn napansienbHoi 06MOTKM HUKaKUX
,U,06aBOl—IHbIX conpoTtuBneHNnn HeT, TakK KaK Aans
co34aHMA  BpallalolWero MarHUTHOrO MoNs  TOKWU
B [ABYX KaTywkax [O/DKHbl OblTb CABWUHYTbI MO
chase Ha yron, 6amskmin K 90°.

Ha Tabnuue cyeTuyMKa ykKasaHO HarpshkKeHue, TOK, 4YacToTa, Ha KOTo-
pble OH paccyuTaH, B KakKMX eguHULLAX U3MEPSAIOT 3HEPTrUI0, KaKoMy KO/n-
yecTBy 060OpPOTOB AMCKa COOTBETCTBYET pacxof 3Hepruu B 1 KBT-u.

Punc. 88. Cxema BKIO-
YeHUsA cyeTuMKa

§ 66. M3amMepeHne HeaNeKTpPUYecKuUx BeNNYUH

LLUnpoKo npuMeHsIeTCS M3MepPeHVE HEe3NEeKTPUYECKHX BEMUYUH 3/1EKT-
pyYecKMMK MeTofamu, TaK KakK C MOMOLLbI ero Moay4varT M3MepeHue
AnctaHUMOHHOE, HenpepbIBHOE, BbICOKOW TOYHOCTU U YYyBCTBUTE/NIbHOCTW.

Ons n3MepeHUs He3NeKTPHYECKYH BeNMYUHY NpeobpasytoT B 3aBUCA-
YO OT Hee 3/1eKTPUYECKYH BENMUMHY, OMpeAensieMyto MoOKasaHUSIMU
3/1EKTPON3MEPUTENLHOIO Npubopa. DNemMeHT, NMpeobpasyoWwuii He3NeKTpU-
YECKYH0 M3MepPSeEMY0 BEMUYUHY B 3aBUCMMYIO OT Hee 3/IeKTPUYecKyto Be-
NNYNHY, Ha3blBaeTCcAaA NepBUYHbIM WU3IMEPUTENIbHbIM npeo6pa3OBaTeneM nnn
JaTUMKOM. JaTUUKN AeNSTCs Ha ABe TPyNNbl: NapaMeTpuUuUyYeckune,
npeobpasyloLine He3NEKTPUYUYECKYID BEIMYMHY B OAWH M3 MNapaMeTpoB
anektpuueckoii uenm R, L, C, u reHepaTopHbLE B KOTOPLIX He-
3fleKTpuyeckasa BeMUYMHa npeobpasyeTca B 3AC.

Bbiwe 6b1710 0TMeYEHO (CM. § 64), UTO NPV U3MEPEHUM COMPOTUBAEHUS,
3aBUCALLEr0 OT TemnepaTtypbl — TepmMope3ncTopa, /IOFOMeTp CTaHOBMUTCS
TEPMOMETPOM W LWWKasa ero MOXeT OblTb MporpagympoBana B rpagycax.
Mpn conpoTUBNEHUN, 3aBUCALLLEM OT CUJbI CXKAaTUA NN JaBNEHUA — TEH30-
COMPOTHBNEHUS, MPUBOP M3MepsieT 3TU BeMYMHLI. EcnuM B KayecTBe W3-
MEPSIEMOr0 CONMPOTUBMEHUS B CXeMY BBOAMTCA peocTaT (peocTaTHbI npe-
o6pasoBaTenb), ABMXXOK KOTOPOro nepemellaeTcs Mof BO34EMCTBUEM He-
3/1eKTPHYECKOW BeNNYUHbI, U3MEHAS COMPOTMBEHWE peocTaTa, TO B 3TOM
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ECNny4dae JIOrOMeTp MOXXeT 6bITb MCMOSb30BaH ana onpeneneHna YpPoBHA
HOXNOKOCTH, NVHEeNHOro mnnn yrnoeoro nepemMmewieHuna pgetanam v T. AO.

1)

MHAYKTUBHbIE M eMKOCTHble Npeo6pasoBaTenn (AaTuuMKK) CNyXat Ans

[ n3smepeHuns cunbl, gasneHus, NINHEMHOro mnnun YrnoBoro nepemMelleHns ae-

Tann. B aTux npeo6pasoBaTensax WHAYKTUBHOCTb WAW EMKOCTb W3Me-
HAKOTCA B 3aBMCUMOCTU OT MOJIOXKEHUSA OAHOM M3 YacTeld npeob6pasoBaTens
nos [AelcTBMEM W3MEPSEMOM BENUYUHBI.

B npeo6pasoBatenax MWHAYKLMOHHOINO TUNa W3MepsemMas HeaNeKTpH-
yeckas Be/IMYMHA, HanpuMep CKOPOCTb, JIMHEWHbIE WAW YI/I0Bble MNepeme-
LeHMs npeobpasytoTca B 34C. Takue npeobpasosareni OTHOCATCA K rpynre
reHepaTopHbIX.

Ha pwuc. 89 wunsobpaxeHa npuHUMNUanbHas cXemMa WHAYKLMOHHOIO
TaxomeTpa, ABAAKOLWEroca npubopomMm 418 M3MepeHus 4acTo-
Tbl BpaweHNa 1 NpeobpasyoLlero MN3MeEPAEeMYl0 BeUUYUHY
B MNPOMOPLWNOHaNbHYIO el 3ac. TaxomeTp npepcTasnseT
coboli ManeHbKui reHepatop, SKOpPb KOTOPOro BpallaeT-
CA B MarHUTHOM MNOME MOCTOSAHHOrO MarHuTa W 34C KOTOpO-
ro NponopuvoHanbHa 4acToTe BpalleHUs AKops. HAKopb
MeXaHU4YyecKu CBA3aH C BalOM MallWHbl, CKOPOCTb KOTO-
poii n3MepsieTcsi, MO3TOMY MoOKasaHWs BofbTMeTpa V, co-
€AMHEHHOrO C 3aXXUMaMn AKOPSA, MPOnopunoHanbHbl U3Me-  Puc. 89. Cxe-
psieMoii 4yacToTe BpalleHus. Ma  MHAYKLN-

Kpome MHAYKLMOHHbIX K Mpeo6pasoBaTensmM reHepaTtop- OHH;gp;axo'
HOro0 TWUMa OTHOCATCA TePMO3/IEKTPUYECKNE, NMbe303JTIeKTPH-
yeckune v Ap. B nbe3oasneKTpuyeckux npeobpasosaTenssx MCMosb3yeTcs
BO3HWKHOBEHME 34C B HEKOTOPbIX KpucTannax noj AercTBUEM MexaHW-
YECKNX CUN (Mbe3031IeKTPUYECKUT 3hdhekT) AN M3MEPEHUS 3TUX CUI UK
JaBneHus.

YcTpoiricTBa [AN1A W3MEPEHUS HE3NMEeKTPUYECKUX BEIMUYUH  MPUHUN-
NMasbHO AO/KHbI cOfepXaTb npeobpasosartesib, COeAUHUTENbHbIE MPOBOAA
N 3/1eKTPOM3MEPUTENbHbI NPMOop, LWKana KOTOPOro nporpagyvMposBaHa
B 3HAYEHUSX NU3MepPsSeMOl BENNUYMHbI. B AeCTBUTENbHOCTU 3T YCTPOMCTBA
3HAUYMTENIbHO C/IOXKHEe, TaK KakK OHW COAepXXaT elle UCTOYHWUKU MNUTaHus,
cTabunmnsaTopbl, BbINPAMUTENN, YCUIUTENN W T. 4.

N

§ 67. Uudposble npucopsl

B uudposom npubope, cnyxawiem A8 M3MEPEHMUSA, HErNMpepbiBHO M3-
MEHSLasaca n3MepsemMas BefiMdYMHa NpeobpasyeTca B AUCKPeTHYH (npe-
PbIBHYI0) BENMUMHY B BMAE YMC/a, KOTOPOe M306pakaeTcsi Ha ero oTcyeT-
HOM YCTpOMCTBE.

B umdposbix npubopax n3MepeHWEe MNPOU3BOAUTCA CPaBHEHWEM WU3Me-
pPSieMO BE/IMYUHBI CO 3HAYeHMAMU 06pPa3LL0BO (3TaSIOHHON), T. €. HY/NEBbIM
MeTogoM. [pu BK/IHOYEHUM Ha BXOAHbIE 3aXWMbl Mpubopa M3MepseMoi
BE/IMUMHbI OHa aBTOMaTU4YeCKU npeobpasyeTcs B UUpbl cneynanbHOm
3/1eKTPOHHOW cxemoii. Mocne 3Toro 610K LMAPOBOA UHAMKALUW BKIKOYAET
LMpOoBbIE NaMnbl TakK, 4TOGbl OHW COOTBETCTBOBA/IM YUCMOBbIM 3HAUYEHUSIM
n3MepsieMoi BeIMUYNHLI. B LmndpoBoii namne pasMmelaetcs AecATb KaTOAOB,
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COOTBETCTBYHOLMX Undpam aecaTnyHoro psaga 0—9, M OHWM BbICBEYMBAKOT
nobdyto undpy aToro psga npyv nogaye Ha HUX COOTBETCTBYIOLLEr0 CUrHana.

Lmndposble npubopbl nNpefHasHayeHbl [ANA  WU3IMEPEHUSA  pas/INYHbIX
3/IEKTPUYECKUX BENIMYMH: TOKa, HanpsXeHua v gp. Tak, Hanpumep, NAtu-
3HauHbIA UUgpoBoii Npubop B7-18 MoOXeT 6bITb MCMONb30BaH A1 WU3MeE-
peHnsa TOKa, HanpsaXeHWs, COMPOTMBEHUA W 4acToTbl. Bpema ogHoro
M3MEPEHNA He MPeBbIAaeT HEeCKONIbKUX MWIIUCEKYHA C MOrpeLHoCcTbIo
no 0,014-0,1%.

Lindposble Npn6opbl B COYETAHUU C BbIYUCAUTENIbHLIMU MalWHaAMW WUC-
NoNnb3ylTca A1 aBTOMATUYECKOro KOHTPO/SA YMpaBieHUa MNpPOu3BOACT-
BEHHbLIMW MpPOLECCaMMU.

HepoctatkamMu UUGPOBLIX MPUOOPOB ABAAKTCA C/OXKHOCTL WX YCT-
poilicTea WM BbICOKAsA CTOMMOCTb.

KOHTpONbHbLIE BOMPOCH

MepeuncnnTte cncTembl U KnacCbl TOYHOCTM NPUGOPOB.
KakoBa po/fib KOPPEKTopa, YCMOKOUTEeNs W 3epKanbHOW LIKanbl B npubopax?
MoACHMUTe YyCTPOMCTBO M MPUHLMN AeACTBUA NpMbopa 3NeKTPOMArHUTHOW CUCTEMBI.
PacckaxxuTe 06 ycTpoicTBe W nNpuHUMMNe [eliCTBUS MarHMTO3NeKTPUYEeCcKoro
npmﬁopa

5. Kak yCTpOoeH M KakKoB NPUHUWUN AelCTBUA 3neKTpogMHamMuyeckoro npubopa?

6. 3 KaKnMX OCHOBHbIX YacTel COCTOMT NpMbop MHAYKLMOHHOW CUCTEMbI?

7. MosicHUTe NPUHUMN AeRCTBUA WHAYKLMOHHOIO cyeTyMKa.

8. PacckaxuTte 06 yCTpOWCTBe M MpuHUWUNE AeNCTBUSA BUOGpaLMOHHOro npubopa,

9. KakoBO HasHauyeHue LIYHTOB M A06aBOYHbIX Pe3nCTOPOB?

10. MosicHnTe NpuHUMN paboTbl NoromeTpa.

11. KakK n3mepsrTcs MOLHOCTb U 3Heprua?
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Fnasa VII
TPAHC®OPMATOPbI

§ 68. O6WmMe cBefeHMA O TpaHcdopmaTopax

TpaHchopmMaToOpoM HasdblBaeTCs CTaTUYECKUIA 3neKTpomar-
HUTHbI/ annapaT, Npeobpasylowmnii nepemMeHHbIA TOK OAHOr0 HanpsHKeHUs
B MepeMeHHbIA TOK TOI e 4acToTbl, HO APYrOro HamnpshKeHUs.

TpaHcopmaTopbl MOAYYUIN OYEHb LUMPOKOE MPaKTUYecKoe npuMme-
HEHWEe NpU Nepefaye 31EKTPUYECKON 3HEPrMn Ha 60/blive paccTOAHUS,
ONA  pacnpefenieHns 3HEPTrUM MexXay ee MnpueMHuUKamm W B Pas/iMyHbIX
BbIMPAMUTENbHbIX, CUTHANbHbIX, YCUINTENbHbIX WU APYTUX YCTPOMCTBAXx.

Mpn nepepaye 31eKTPUYECKOW 3HEPIrMM OT 3NEKTPOCTaHUWMA K ee no-
TpebuTtensm 60MblLIOe 3HAYEeHWE WMMeeT BeIMYMHA TOKa, MPOXOAALLEro Mo
InpoBogam. B 3aBUCMMOCTW OT CWU/bl TOKa BbIOUPAIOT CeyeHue MNPOBOAOB
NIVHUN  Tepefadyn  3Heprum u, cnefosaTenbHO, OMpefensArT CTOMMOCTb
iNpPoBOAOB, a TakKXe W MOTepu 3HEPrum B HUX.

Ecnu npun ogHoOM 1 TOW XKe nepefaBaeMOi MOLLHOCTU YBEIMUYUTbL Hamnps-
XXeHWe, TO TOK B TOM >Xe Mepe YMeHbLUUTCA, a 3TO MO3BOINT MPUMEHATb
npoBofa C MeHbLUMM MOMepeyHbIM CeYeHNeM [1S YCTPOMCTBA NMHUW nepe-
Javyn 3NeKTPUYEeCKOW 3HEepPrum W YMeHbLIUT pacxoj UBeTHbIX MeTassos,
a TakXe MoTepy MOLLHOCTU B NIMHUWN.

Mpn HensmeHHOW NepefaBaeMOl MOLLHOCTW MOMepeyHoe ceyeHue Mnpo-
BOAA W MOTEPM MOLYHOCTU B JIMHUX 06paTHO MNPONOPLMOHANbHbI Hanps-
YKEHHIO.

JnekTpuyeckana 3Heprus BbipabaTbiBaeTCA Ha 3NEeKTPOCTAHLUUAX CUH-
XPOHHbLIMW reHepaTopaMmy nNpu HanpsxkeHunm 11— 18 KB (B HeKOTOpbIX
cnyyasax npu 30—35 kB). XoTA 3T0 HanpskeHMe O04YeHb BENKO ANf
HenocpeAcTBEHHOIO €ro WCMonb30BaHWMA MOTpebuTensiMu, OAHAKO OHO
HeJOCTaTOYHO ANA 3KOHOMMWYHOW nepefayvn 3/eKTPO3HEPrum Ha 6onblumve
pacctoAHuA. [na yBenuUYeHUsA HanpsH>KeHUa MNPUMEHAT MO0 B bl LW a 1o -
wme TpaHcopmMaTopbl.

MPUEMHNKN 31eKTPNYECKON 3Heprun (namnbl HakKanMBaHWA, 3/1eKTPO-
ABuraTenn nT. 4.) U3 coobpaxeHnin 6e30NacHOCTU ANA N1L, NOJb3YHOLLNXCA
3TUMN NPUEMHUKAMKU, PacCUUTLIBAOTCA Ha 60/ee HU3KOe HanpshkeHue
(110—380 B). Kpome TOro, BbICOKOE HamnpshkeHuWe TpebyeT YCUEHHOM
M30M19LNUN TOKOMPOBOAALLMX YacTel, UTO AenaeT KOHCTPYKLMWIO annapatos
M NPNGOPOB OYEHb CIOXHOM. I03TOMY BbICOKOE HanpsXXeHue, Npu KOTOPOM
rnepefaeTtca 9HEPrus, He MOXET HEMNOCPEACTBEHHO WMCMNONb30BaTbCA AN
NNTaHUA NMPUEMHUKOB, BC/eACTBME 4Yero K MoTpebuTensam 3Heprus nopso-
ANTCA Yepes MOHMXawWwme TpachopmMaTopbl.

Taknm o6pasom, 3neKTpuyeckas 3HepPrns npu nepegayve oT MecTa ee
NPOn3BOACTBA K MECTY MNOTpPebneHns TpaHCOPMUPYETCA HECKO/NbKO pas
(3—4 pasza). Kpome Toro, noHwkawuwme TpaHchopmaTopbl B pacnpegenn-
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TeNbHbIX CETSAX BK/OYAKTCA HEOAHOBPEMEHHO W He BCcerga Ha MOJIHYH
MOLLLHOCTb, BC/1eACTBME YEero MOLLHOCTW YCTAHOBJ/IEHHbIX TpaHcopMaTopoB
3HaunTeNnbHO 6onble (B 7—8 pa3) MOWHOCTEN reHepaTopoB, BbipabaTbl-
BalOLNX 3/EKTPOIHEPTUIO Ha 3/1EKTPOCTAHLMSAX.

TpaHchopmaTop WMeeT [ABe W30/IMPOBaHHble OGMOTKW, TMOMELLEHHbIE
Ha cTafbHOM MarHuTonpoBoge. O6MOTKa, BK/OYEHHAs B CeTb MCTOYHUKA
3M1eKTPNYECKOW 3HEpruu, HasblBaeTcd NEePBUYHOW; O06MOTKa, OT
KOTOPOW 3Heprusi nogaetcs K MPUEMHWUKY,— BTOP MUY HOI.

OO6bIYHO HanpsHKeHUs MEPBUYHOM W BTOPUYHOM OOMOTOK HeoguHa-
KoBbl. ECnu BTOpMYHOE HanpsikeHWe 60/fblUe MepBUYHOro, TO TpaHcgop-
MaTop Ha3blBaeTCcA MoOBblWaWWWMM, €eCcqin Xe BTOPUYHOE Hanps>XXeHune
MeHbLLe MepBUYHOro, TO MOHWXaKLWMM. 11060/ TpaHcopMaTop MOXeT
OblITb MCMOMb30BaH M KaK MOBbIWAWWNA, U KaK MOHWXAOLWWNA.

§ 69. MpuHUMN AelcTBUMA N YCTPOWCTBO TpaHchopmaTopa

[ericTBme TpaHcopMaTopa OCHOBAHO Ha SBNEHWW 3/IEKTPOMArHUTHOMN
MHAYKUMU. Ecnm nepBMYHYy0 06MOTKY TpaHcdopmatopa BK/AKYUTb B CETb
MCTOYHMKA MNEepeMeHHOro ToKa, TO Mo Heli 6yaeT NPOXOAUTb MEPEMEHHbIN
TOK, KOTOpbl/Ai BO3GyAUT B cepAedyHUKe TpaHcopmaTopa MepemMeHHbIn
MarHUTHbIA NOTOK. MarHWTHbIA MOTOK, MPOHWU3bIBAA BUTKU BTOPUYHOM
06MOTKM TpaHchopmaTopa, MHAYKTUpYeT B 3TOM 06MoOTKe 3ac. lMop Apen-
CTBMEM 3TOI 34C MO BTOPUYHOWM 0O6MOTKE M Yepe3 MPUEMHUK 3Heprun byaeT
npoTekaTtb TOK. Takmm 06pasom, 3fieKTpU4YecKas 3Heprus, TpaHcopMU-
pyscb, MepefaeTcs M3 MEPBUYHOM LENM BO BTOPUUYHYI, HO MNPV APYroMm
Hanps>KeHUN, Ha KOTOpOe paccyuTaH MPUEMHUK 3HEPTUW, BKJIHOYEHHbIN
BO BTOPUYHYIO LierMb.

Ona ynydweHUs MarHUTHOM CBSA3U MeXAY MepBUYHON U BTOPUYHOWN
06MOTKaMM MX MOMELLAKT Ha CTa/lbHOM MarHMTOMpoBOJe.

Ons ymeHblweHNA NoTepb OT BUXPEBbIX TOKOB MarHMTOMPOBO/Abl TPaHC-
oopmaTopoB cO6GMpalT M3 TOHKUX nNaacTuH (TonwmHoii 0,5 u 0,35 mm)
TpaHCOPMaTOPHOM CcTanun, MOKPbITbIX M30ASUMEN ()KAPOCTOMKMM NaKoM).

MaTepnasnoMm MarHMUTONpPoBoAa SBNseTcA TpaHcopmaTopHas CcTab
3-42, 3-43, 3-43A, 3-320, 3-330, 3-330A wu gp.

XonogHokataHas cTajlb MMeeT BbICOKYH MarHUTHYK MPOHULAeMOCTb
(6onblie yem ropsyekaTaHas) B Harnpas/eHWW, COBMajatoLLEM C Hanpas-
NIeHMeM npokaTa, Torja Kak neprneHAgMKynspHO NpoKaTy MarHuTHas npo-
HULLAEMOCTb OTHOCUTE/IbHO HM3KadA. M03TOMy MarHMUTONpPOBOAbl U3 X0/04-
HOKaTaHol CTanu genakwT Tak, YToObl MarHWTHbIE NIMHUW 3aMbliKanancb Mo
HarnpasfeHW0 nNpokata cTaau. MarHuTonposoAbl TpaHCOpPMaToOpoB Masnoi
MOLLHOCTU M3rOTOBASAKOT U3 /IEHTbl XONI04HOKATaHOW cTanu.

B TpaHcdopmaTtopax 60MbLLIMX MOLLHOCTEA MarHMTOnNpoBoAbl cobupa-
0T M3 nofoc ctann. XoNoAHOKaTaHyl cTalb paspesarT Tak. 4YTobbl Ha-
npaBfeHMe MarHUTHbIX IMHUA B COBpPaHHOM MarHMTOMPOBOAE COBMagano
C HarpasfeHueM MNpPOKaTKU cTanu. Y ropsyekaTtaHol ctanu (39-42, 9-43
W Ap.) MarHutHas MpOHMLaeMOoCTb OfMHAKOBa BO BCeX HarnpaBneHusXx
M Mpy ManblX MOLLHOCTSIX MarHUTONpPoBOAbl cobupatT M3 nnactuH LL-
unn -o06pasHoii opMbl, KOTOPble LUTAMMYTCA M3 INCTOBOW CcTanu.



B 3aBMCMMOCTM OT DOPMbl MarHMTONPOBOAAa W PacnosioXeHUs 06MOTOK
Ha Hem TpaHcdopMaTopbl MOTYT 6bITb CTEPXHEBbIMU W GpoHeBbIMKU. Mar-
HUTONPOBOJ, CTEPXXHEBOro ofHOMasHOro TpaHcdopmaTopa WMeeT [Ba
CTEPXHA, HA KOTOPbIX MOMELLEHbI ero 06MoTKu (puc. 90, a). OTn CTepXKHM
coeAVHeHbl SPMOM C ABYX CTOPOH TakK, YTO MarHWTHbI/A NOTOK 3aMblKaeTcs
no crtanu. MarHmtonpoBog OpPOHEBOro 0OAHOGA3HOro TpaHcdopmaTopa
(puc. 90, 6) vMmeeT oaMH CTepXeHb, Ha KOTOPOM MOJIHOCTHIO MOMELLEHbI

B) 1)
Puc. 90. MarHutonpoBogbl ogHodas- Pwnc. 91. PacnonoxeHue
HbIX TpaHCOpPMaTopoB: 06MOTOK MOLLHOMO TpaH-
a — nnacTuHYaTbI CTEPXHeBOW, 6 — chopmartopa Ha Marmmn*
nnacTUHYaTbIn 6pOHEBON, < — NIEHTOu- th TonpoBsoae

HbI/i CTEPXXHEBOW, I — NEHTOYHbIi 6POHEBO

06MOTKM TpaHcopmaTopa. CTepXeHb € ABYX CTOPOH oxBaTbiBaeTca (6po-
HMpyeTCcsA) APMOM TakK, 4TO OOMOTKa YacTMYHO 3alliullieHa MarHMTOonpo-
BOAOM OT MeXaHW4YeCcKUX MOBPeXAeHWUNA.

JIeHTOYHble MarHMTOMpPOBOAbLI W3 XOJIOAHOKATaHOW CcTanuM MNoJO6GHbI
cTepHeBbIM (puc. 90, B) uam 6poHesbiM (puc. 90, T).

TpaHccopmaTopbl 60MbLUIOA MOLWLHOCTUM B HAacTosliee BPEMsS W3roTOB-
NAT UCKNIOYNTENBHO CTEPXHEBbIMW, a TpaHchopmaTopbl Maso MOLLHO-
CTM 4acTo fAenarwT OGPOHEBLIMU.

PacnonoxeHne 06MOTOK Ha MarHMUTOMNPOBOAe MOKaszaHo Ha pwuc. 91.
BnvXxe K CTEPXHIO MarHUTONpoBojda pacnosaraercd 06MOTKa HM3LIEro
HanpsxeHus HH, Tak KakK ee fnerye nM3onnmposaTb OT MarHUTOMNpPOBOAA,
Yem OOMOTKY BbICLLIEro HanpsXeHnsa BH. OOGMOTKY BbICLLErO Hanps>XeHus
M30IMPYIOT OT OOMOTKM HW3LLIEro Hanps>XXeHuUs NpokKiagkamu, pelikamu,
wanbamm M ApYruMn M30ASLUOHHBIMW AeTansmMu (Yalle M3 31eKTpoKap-
TOHa).

Mpn UMAMHAPUYECKUX 0BMOTKax MOMEepeyHOMYy CeyYeHW0 MarHUTOMpo-
BOAA >KefaTeflbHO MNMpuiatb KPyrnyw GopMmy, Tak Kak B 3TOM c/y4yae B
nnowann, oxeaTblBaemMoii 06MOTKamMn, He OcTaeTcsi MPOMEXYTKOB, He 3a-



MOJIHEHHbLIX CTanbk. Yem MeHbLUe He3arno/IHEHHbIX MPOMEXYTKOB, TEM
MeHbLLEe A/MHa BUTKOB OOMOTOK W, CriefoBaTeflbHO, Macca O6MOTOYHOrO
nposofa Npwv 3afaHHOM Maowann MornepeyHoro CeYeHMs MarHUTOMpPOBOAaA.
OfHaKo MarHMTOMPOBOAblI KPYF/10r0o MOMNepeyHoro ceveHUs He genatoT. Ans
MN3roTOB/IEHNA MarHMTOMNpPOBOAAa KPYr/oro cedeHus Hago 6bi10 6bl cobpaTh
ero 13 60/bLWOro Yuncnaa cTafbHbIX INCTOB Pa3IMYHON LUNPUHbLI. Mo3ToOMy
y TpaHcopmaTopoB 60MbLUOW MOLLHOCTU MarHMUTOMPOBOL WIMEET CTYrMeH-
yaToe MoMnepeyHoe CeYeHue C YUCAOM CcTyneHeld He 6onee 9— 10. Ywucno
CTyMNeHel cevyeHUs cepAevyHMKa oOnpefenseTcsa 4YMCAOM YrnoB B OA4HOMN
yeTBepTM Kpyra. Ha puc. 91 nokasaHO MOMEPeYHOE CeYEeHMEe TPEXCTYMEeH-
4aToOro MarHMTONpoBoOAA.

A NS nydiwiero oxnaxgeHms B MarHUTONpoBoga* M B 06MOTKax MOLLHbIX
TpaHcopMaToOpoB YyCTpamBalT oOxnaxjaloliMe KaHalbl B M0CKOCTSX,
napannenbHbiX U MNepneHAUKYNAPHbIX MIOCKOCTU CTallbHbIX JINCTOB.

B TpaHcdopmaTopax Masioli MOLLHOCTM MOMEepevyHoe CeYeHWe MarHuTo-
npoeoja WMeeT MNPAMOYrosibHYH qOopMy M 06MOTKaM npugaloT dopmy
NPSAMOYTO/IbHbIX KaTywekK. [pn ManbiXx TOKax paguanbHble MexaHU4veckme
YCUUSA, BO3HUKaKLMe Mpu paboTe TpaHcopmaTtopa WU AENCTBYHOLLME Ha
06MOTKM, ByayT Manbl, Tak 4YTO M3roToBfeHMEe 0OMOTOK yrnpoLaeTcs.

B nacnopTte TpaHcdopmatopa YyKasbiBaldT €ro HOMWHa/bHYK MOLL-
HOCTb S, HOMUHanbHble HanpskeHus Ui n Ut v toku 1Xu /, nepsuuHoii
1 BTOPUYHOMA OBMOTOK MNPV MOMHOW (HOMMHaNbHOM) Harpyske.

HoMMHanNnbHOW MOUWHOCTSHL K TpaHchopMaTOPOB HasblBa-
eTCcs MosHas MOLHOCTb, OTAaBaemas ero BTOPMYHOW OOMOTKOW MpWU non-
HOW (HOMWHanbHOW) Harpyske. HoMuHanbHas MOLLHOCTb Bblpa)aeTcsl B
eANHNLAX TMO/IHOM MOWLHOCTW, T. €. B BOMbT-amMnepax WIN KWUIOBOJbT-
amnepax. B BaTTax u KunoBaTTax M3MepsAlOT aKTUBHYK MOLLHOCTb TpaHc-
popmaTopa, T. €. Ty MOLLHOCTb, KOTOpas MOXeT 6biTb Mpeo6pasoBaHa U3
3/1IEKTPUYECKON B MEXAHMUYECKYHO, TEMJIOBYIO, XMMUYECKYLO, CBETOBYIO U T. 4.

CeyeHuns NpoBOA0B 06MOTOK M BCEX YacTell MallMHbI WAV N060ro 3/1eKT-
puvyeckoro annapara onpeaensaTCs He aKTUBHOW COCTaBNAKOLWEN TOKa Nn
aKTVUBHOW MOLULHOCTbIO, @ MOJSIHbIM TOKOM, MPOXOAALLMM MO MPOBOAHUKY,
1, cnepoBaTenlbHO, MOSIHOW MOLLHOCTbIO.

TpaHccopmaTopbl Manoili MOWHOCTM WMMeKT 60MblYH yaenbHY nd-
BEPXHOCTb OX/IAXXAEHWNS, N €CTECTBEHHOE BO3AYLUIHOE OXNaXJeHne ABNAeTCS
ONA HWUX BMOJSIHE AOCTATOYHbIM.

TpaHcthopmaTopbl 60/bLIOKA MOWHOCTM YCTpaMBalT C Mac/isHbIM OX-
naxaeHueMm, 4715 Yero rnoMewlaldT UX B MeTanninyeckme 6aku, HanonHeHHble
MWHepasbHbIM Macniom. Hanbosee WMPOKO pacrnpocTpaHeHO ecCTeCTBEHHOE
oxnaxjeHue cTeHOK 6aka TpaHcdopmaTopa.

Ona yBenuueHus oxnaxgzawleil MOBEPXHOCTU B CTeHKUM 6akoB BBa-
puBaloT cTanbHble TPyObl MM pagmatopsbl.

Macno B 6ake TpaHc)opmaTopa B Mmpouecce akcnyataumm conpukaca-
€TCA C OKpPYXXalLlnmM BO3AYXOM U MoABepraeTcs OKUCIEHUID, YBAaXHEHUIO
M 3arpsA3HeHUio, BCMeACTBUE Yero YMeHbLUaeTCs ero 3/ieKTpuyeckas npoy-
HOCTb.

Ana ob6ecnevyeHMs HOpPMasibHOW 3KcnyaTaumm TpaHcdopmaTopa He-
06X0AMMO KOHTpO/AMpOBaTb TeMmnepaTypy Macna, 3aMeHATb €ero HOBbIM,
NPON3BOANTL MEPUOANYECKYIO CYLUKY W OYUCTKY.
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§ 70. PaboTta TpaHcopmaTopa nof Harpyskom

Mpn xonoctom xoge TpaHcopmaTopa (Harpyskm HeT) BTOpUYHas
06MOTKa ero pa3oMKHyTa U TOK B 3TO 06MOTKe He NpoxXoAnT. B nepBuYHOI
06MOTKe Mnpu 3TOM MNPOXOAMUT TOK XO/0CTOro xoga /* KOTOPbIi MHOro
MEHbLLIE TOKA 3TOM O06MOTKM MpW HOMWHA/IbLHOW Harpyske TpaHcgopma-
Topa. HamarHuumBsaiowasa cuna xonoctoro xoga lja>i sos6yxaaet nepemen-
Hbli MarHWTHbLIA MOTOK, KOTOPbIA 3aMblKaeTcsd MO0 MarHUTONpoBoAy W
WHAYKTUPYET B MNEPBMYHOM M BTOPUYHOI 06MOTKax 3fAc, 3aBucsAlue oT
uncna BUTKOB 3Tux o6motok WI n WL, amnanTyabl mMarHMTHOro noToka
&7 (B6) W yacToTbl ero msmeHeHus /. [eWlcTByloLiMe 3HAYeHUA 34C nep-
BuuHoii Ei n BTopuuHoii £, o6MoTOK:

£1= 4440l/Pa wn £1= 4440/ D,,

TakK KakK Mpu X0/I0CTOM XO0A4e BO BTOPWUYHOWM O06MOTKe TOKa HeT, TO Ha-
npsbkeHMe Ha 3aKMmax 37Ol 06MOTKM paBHO 3ac, T.e. 1/*=£,. B nepi
BMYHOI 06MOTKE MPOXOAUT HEe6OMbLLIOM TOK XO/10CTOro Xo4a W HanpshKeHune
3TON 0OMOTKM HE3Ha4YUTesIbHO OT/INYaeTcsa OT 34C, T. e. £/ i«£i. OTHOLWeEHMe
HanpsHKeHWM Ha 3aXumax MepBMYHOW W BTOPUYHOW O6GMOTOK TpaHcdop-
mMaTtopa npu X0/0CTOM Xofde (6e3 Harpysku) HasblBaeTca Koa duuymu-
eHTOM TpaHcopmMauwumnm un obosHayaeTca O6yksBoh I, T. e.

n—We — /e W
mw £, W

Takum o6pasom, ecnu B TpaHcopMaTope MnepBMYHas W BTOPMYHas
06MOTKN VMEIT pasIM4yHOe YnC0 BUTKOB, TO MPU BKAKOYEHUN MNEPBUYHOW
06MOTKM B CeTb NepeMeHHOro Toka ¢ HanpsbkeHuem Ut Ha saxumax BTO-
pyuHOl 06MOTKM BO3HUKaeT HanpshkeHue £/, He pasHoe HanpsxeHuo Uu

Ecnn BTOpUYHYO 006-
MOTKY TpaHcdopmaTopa
3aMKHYTb Ha KaKoW-nun-
60 MNPUEMHUK 3HEPTUN
(puc. 92, a), To BO BTO-
puvyHOW uenun 6ypet npo-
X04UTb TOK /T, a B nep-
BUYHOW 06MOTKE—TOK 7/,.
MarHutoasmayuie cunbl
NepPBUYHON W BTOPUYHOWN
O6MOTOK |tWi wn 12wt Puc. 92. Cxema paboTbl TpaHcdopmartopa (a) v ero yc-
COBMECTHO BO3GYAAT B nosHoe o603HaveHue (0)
MarHMUTONPOBOAe PEe3y/bTUPYILWNIA  MarHWTHLI  MOTOK. TpeHe6peras
nafieHMemM HamnpsH>KeHUs B COMPOTUBAEHUU NEPBUYHOA OOMOTKM TpaHC-
dopmatopa W MOTOKOM paccesiHMs, MOXHO AONYCTUTb Mpwu 6ok ero
Harpyske NMpubaMKeHHOE PaBeHCTBO abCOMOTHBIX BE/IMYMH MPUTOXKEHHOIO
HanpsXXeHNs W YypaBHOBeLUMBAIOLWENH 3TO HanpshkeHuWe 34C MEPBUYHOWN
o6moTkn, T. e. Ui=.Ei. Mo3sToMy npu HeM3MeHHOM MO BenUuYMHe MPWo-
XeHHoOM HanpsxeHun Uj 6yaer npmbnmnsmutensHo HeusmeHHol 3gc En
VHAYKTMpPOBaHHas B MepBMYHON 06MOTKe npu ~060M Harpyske TpaHc-
opmaTopa. TakK Kak 3Aac £ X 3aBUCUT OT MarHUTHOro MoToKa, TO WU mar-
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HUTHbI MOTOK B MarHUTOMPOBOAE TpaHcopmatopa npu N6OM uM3Me-
HEHUWN Harpyskm 6ypaeT MNpuGAN3NTENbHO HEU3MEHHbIM W pPaBHbIM Mar-
HUTHOMY MNOTOKY Npu Xonoctom xofe ® 1. CneposaTeflbHO, reomeTpude-
ckas cymMMa MAC MEPBMYHOM W BTOPUYHOM O0OGMOTOK TpaHcdopmartopa MpH

Harpyske pasHa MAac xonoctoro xoga, T.e. liWi+liwt— 0w otkypa
/iWi=/«Vi—/po, wm [i=/'o— rae = = npmeefeH-

HbIi K MEPBUYHOM Lenn TOK BTOPUYHOW OOMOTKM.

Taknm 06pa3oM, NpW Harpyske TpaHcdopmMaTopa TOK MEpPBUYHON 06-
MOTKM BO30Y)XAaeT MarHWUTHbIW MOTOK B MarHUTOMPOBOAE C HEM3MEHHON
amnamTygon (coctasnawwan /0 M ypaBHOBelLIMBaeT pasMarHuuyunBaroLee
OeNcTBME TOKa BTOPUYHOWM 06MOTKM (cocTaBnsitowias — /7).

Tok /2, Npoxogswunii no BTOPUYHOMA O6MOTKE MApW Harpyske TpaHc-
cdopmaTopa, co3gaeT CBOWM MarHUTHbIVM MOTOK, KOTOPbIWA COracHO 3aKOHY
JleHUa HanpaBfieH BCTPEYHO MarHMTHOMY MOTOKY B CepAevyHWUKe WU CTpe-
MUTCS €r0 YMEHbLINTL, 3TO Gbl BbI3Ba/I0 yMeHbLUeHWe aac Et v ysennuenne
Toka It. UTo6bl pesynbTuUpylOWmMii MarHUTHLIA MOTOK B CepaevyHUKe oc-
Tancs HEM3MEHHbIM, BCTPEYHbIA MarHWUTHbIA MNOTOK BTOPWUYHOW OOMOTKU
[OMKeH 6blTb ypaBHOBELIEH MarHUTHbIM MOTOKOM MEPBUYHON OBGMOTKMU.

CnepoBaTenbHO, MpY YBENMYEHUN TOKa BTOPUYHOM 0BMOTKM /, BO3pac-
TaeT pasMarHMymMBalOLWMi MarHUTHbIA MNOTOK 3TON 06MOTKM N O4HOBPEMEHHO
YBEIMUNBAIOTCS KaK TOK MepBuuHOli 06mMoTKM I, Tak M MarHUTHLIA NOTOK,
CO3[aBaeMblii 3TUM TOKOM. TaK KakK MarHUTHbIW MOTOK MEPBUYHOM 06MOTKM
ypaBHOBELLIMBaET pasMarHU4mBaloLWMiA  MNOTOK BTOPUYHOWM OOBMOTKM, TO
pe3ynbTUPYOWMNIA MarHUTHbIA MOTOK B CEPAEYHMKE OKa3blBaeTCs HEU3-
MEHHbIM.

B noHwmxalouiem TpaHcdopmaTope HanpshXeHue nepsnyHoi o6moTkn Ui
6onblle HanpsXXeHUs sBTopuuHoli o6moTkm Ut B M pas n Tok BTOpUYHOIA
06MOTKM /, 60fiblie TOKa MnepBuYHOM o6moTkM It Takxe B M pas. B noBbI-
warwLlem TpaHcopmMaTope WMeeT MecTo 06paTHOEe COOTHOLUEHUE MeXAy
Hanps>XeHUSAMU ero 06MOTOK M MeXAy TOKamu B HUX.

Ecnu, Hanpumep, BKAKOUYUTb Ha MOSHYH Harpysky TpaHcdopmaTop,
Hanps>XKeHWs MNepBMYHOM W BTOPUYHOW OOBMOTOK KOTOPOro paBHbl i/,=
=220 B, U»=24 B, T0 npu HOMUHaNLHOM TOKe MEPBUYHON OBMOTKU /X=*

=3 A, TOK BO BTOpPUYHON 06MOTKe /2= 3 .??\Q: 27,5 A.

Taknm obpasom, B 06MOTKe ¢ 60si1ee BbICOKMM Hamnps>XeHueM TOK MeHb-
we, 4em B 0O6MOTKe C 60siee HU3KMM HanpshkeHnem. O6MOTKa ¢ 60nee
BbICOKMM HarpsKeHMeM MMmeeT 60/blLLee YMCNO BUTKOB M HamaTblBaeTCa U3
npoBoja ¢ MeHbLIMM MNOoMepeyvHbIM ceHeHMeM, YeM 06MOTKa ¢ 60siee HU3KUM
HanpsHKeHneM.

Mpu paboTe TpaHchopmaTopa Mof Harpyskoii B MepPBUYHOW WM BO BTO-
pPUYHOI ero o6MOTKax MNPOXOAST TOKMW, co3fjalliuMe MOTOKU paccesHus
Nsi n <Dsf. 3T MarHMTHblE MOTOKWU CLEM/IEHbl TO/IbKO C BUTKamMu ToW
0OMOTKM, TOKOM KOTOPOW OHM co3jarTcs, U BCerga MHOro MeHblue Oc-
HOBHOrFO MarHUTHOro MNoTtoka ® T, 3aMblKalLWErocs Mo MarHUTONPOBOAY
TpaHcdopmartopa (Mo cTanm), Tak KaK MOTOKW pacCessHUs 4acTU4YHO MNpPo-
X0AAT B HEMarHUTHoOW cpefe. NMOToKM paccesHUA UHOYKTUPYIOT B 06MOTKax
3[iIC paccesiHMUsA, KOoTopble B HeOGOMNbLUOW CTEMEHW W3IMEHSIOT HamnpsHXeHue
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BTOPUYHOI/ 06MOTKM TpaHcopmaTopa MNpUY WU3MEHEHUW €ero Harpysku.
YcnosHoe 0603HaueHWe TpaHcdopmaTopa MokasaHo Ha puc. 92, 0.

UT0o6bl He ycTaHaB/MBaTb OTAE/bHbIM TpaHCOPMaTOp Ha KaXpfoe pa-
6ouyee HampskeHue, uenecoobpasHoO Ha OAHOM TpaHcoOpMaTope WMeTb
HECKO/IbKO BTOPUYHbLIX OOBMOTOK C pPasIMYHbIM 4YWUCIOM BUTKOB. Takwue
TpaHcopMaTopbl, Ha3blBaeMble MHOFO0OMOTOYHLIMU, LUMPOKO MPUMEHSIOT
B pagvonpueMHUKax, TefieBM3opax, YCUAUTENSX W APYroi annapartype,
Tpebytoweii Ana NUTaHUA HECKO/IbKO MePeMEHHbIX Hamps>XeHWA pasinyHomn
BEIMYUHBLI. COOTHOLLUEHUA 4YuMcna BUTKOB 0OMOTOK OMpefenslTcs WX Ha-
npsxenunamu, 1. e. wtlwi=UtIUI\ wilwi=UJUt.

TOK B MEPBUYHOI 0O6MOTKe paBeH CyMMapHOMY TOKY BCEX MPUBELAEH-
HbIX BTOpuuHbIX o6moTok: |i= 1tUt/Ui+I»U /Ui+.

M3meHeHMe ToKa B /060N BTOPUYHOMN OOMOTKE Bbi3blBaeT COOTBETCT-
BYHOLLEE W3MEHEHVE TOKa MEpPBMYHOM O06MOTKW. [lpyM 3TOM HECKONbKO
N3MEHSAIOTCA HamnpsXXeHWs BCeX BTOPUYHbLIX OOMOTOK TpaHcdopMaTopa,
T. €. HanpshKeHue 60 BTOPUYHOM 06MOTKM 3aBUCUT OT TOKa Kak B 3TOMN
06MOTKe, TaK U B NO6OW Apyroil BTOPMYHO 0O6MOTKe TpaHcdopmaTopa.

§ 71. TpexdasHble TpaHchopmaTopsbl

Tpexda3Hble TpaHchopMaTopbl M3rOTOBAAIOT F1aBHbIM 06pa3oM CTepXx-
HEBbIMW.

CxemMa MoCTPOEHUA MarHMTONPOBOAA TPexdasHOro CTePXHeBOro TpaHc-
hopmaTopa nokasaHa Ha pHC. 93, d. Tpn 04NHAKOBbIX 04HOMAa3HbIX TPaHC-

Puc. 93. Cxema nocTtpoeHus Tpexca3sHOro TpaHcdopmaropa:
B — Tpu ogHodasHbIx TpaHchopmaTopa, 6 — Tpu ogHoasHbIX TpaHchop-
Matopa 06beAMHeHbl B OAWH MarHUTOoNpoBof, * — cxema .TpexdasHoro
CTepP>XXHeBOro TpaHcdopmaTopa

hopmaTopa BbIMO/HEHbI TaK, YTO WX MEPBUYHbLIE WU BTOPUUHbIE OBMOTKMU
pa3MellleHbl Ha OHOM CTEepPXHe CepAevHUKa, a ApYroli cTepXeHb MarHu-
TONpoBoja KaXAoro TpaHcopmaTopa He uUMeeT 06MOTKM. Ecnu atm Tpwu
TpaHcdopMaTopa pacnofioXUanch Tak, 4To6bl CTEPXHWU, HE WMelLme
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06MOTOK, HaxoguAncb pPAAOM, TO 3TU TPU CTEPXKHSA MOXHO 06BLEAUHUTH
B ogmH O (puc. 93, 6). Uepes ob6beauHeHHbI cTepxeHb O 6yayT 3ambl-
KaTbCA MarHUTHbIE MOTOKU TPeX o0AgHOMhasHbIX TPaHCOPMAaTOPOB, KOTOPble
paBHbI MO BeNMYMHE U CABUHYTHI NO hase Ha 7» nepuoga. Tak Kak cymma
Tpex paBHbIX MO aMnIUTyAe W CABUHYTbIX Mo (pasze Ha V* nepmoga mar-
HUTHbIX MOTOKOB paBHa Hy/0 B 1060 MOMeHT BpeMeHU (Pr+ P B+ D ¢=0),
TO B 00bEAMHEHHOM CTEpPXHE MarHMTHOro MOoTOKa HEeT U Hajgo6HOCTL B
3TOM CTepXHe oTnagaet. Takum obpasom, 415 06pa3oBaHUA MarHMTONpPO-
BOZa [OCTaTOYHO WMMETb TPU CTEPXHSHA, KOTOpPble MO KOHCTPYKTUBHbLIM CO-
o6paxeHMAM pacnosaramTca B 04HOW naockocTy (puc. 93, B). Ha kaxaom
CTep>XHe TpexdasHoro TpaHcopmaTopa pasMeLLaroTcss OO6MOTKM BbICLLEFO
M HU3LWEro HanpsykeHUs ogHo pasbl. CTEPXHU COEAUHATCA MeXAy
co60V SIPMOM CBEPXY M CHU3Y.

KOHCTPYKTMBHO O06MOTKM TpexdasHbiX TPaHCOPMaToOpPOoB BbIMOHSA-
I0TCA TaK >XXe, KakK M ofHoasHbIX.

Hauana a3 o6MOTOK BbICLLUEr0 HanmpsXXeHus 0603Ha4valTCad MNponuc-
HbiMm 6ykBamu A, B 1 C, a koHubl a3 — X ,Y 1 Z. Ecnm 06MOTKa BbiC-
Lero Hanps>XeHWs WVMeeT BbIBEAEHHYH HYJIEBYHO TOUKY, TO 3TOT 3aXUM
0603HavaeTca 6ykson O.

Hauvana a3 06MOTOK HM3WeEro HanpshkeHMss 0603HavYarTCA CTPOUHbLIMU
6ykBamu a, b, C, a koHubl a3 — X, Y, T; 0 — BbIBOA HYNEBO TOUKMW.

O6MOTKM TpexdasHbiX TpaHCOOPMATOpPOB MOFyT ObiTb COEAWHEHDI
3B€340V M TpeyronbHUKOM. MNpu coeguHeHN 06MOTOK 3Be340M KOHUbI (Unun
Hayana) Tpex pa3 coegUHANTCA MexAay coboiv, ob6pasys HeliTpanbHYylo,
WM HYNEBYH TOYKY, a CBOGOAHbIE 3aXXKMMbl Hayan (MM KOHLO0B) Tpex has
noaknYarTca K TpeM NpoBoAaM CETU UCTOYHMKA (MM MPUEMHMKA) 3/1EKT-
PUNYECKOI 3HEpPrMn nepemMeHHoro Toka. Npu coegnHeHN 06MOTOK TPEYro/b-
HVUKOM Hauyasio nepBo hasbl COEAUHAETCSA C KOHLLOM BTOPOW, Hayano BTOpoi
hasbl — C KOHLLOM TpeTbel, Kadano TpeTber dasbl — C KOHLOM MepBOiA.
ToYKM coeguMHeHUs Hadana OAHOM hasbl ¢ KOHLOM APYroii mogknto4varTcs
K npoBogam TpexdasHOW CeTU MEePEMEHHOro ToKa.

CoeanHeHVe 06MOTOK TpexdpasHbix TpaHchopMaTopoB 3Be3fov 0603Ha-
yaetcs Y, a TpeyroibHUKoMm — [ . Ecnm 06MOTKM COEAWHEHbI 3BE3/0W
M VMEKT BbIBEAEHHYH HYJ/IEBYHO TO4YKY, TO Takoe coeguMHeHue 0603Ha-

yaetea Y e

Fpynnbl Tpexdasmbix TpaHCDOPMATOPOB 0603HAYUAIOTCA 3HAKAMMW Crefy-
owerosuga: Y /Y - Q-fY¥Y/A ~11 wT. a., rge 3Hak nepeq Kocoli nu-

HUel NMoKasblBaeT CXeMYy’'coegMHeHNs 0OMOTOK BbICLLEFO HaMpPsHXXeHUs, 3HaK
rnocsie KOCow /IMHUN — CXEeMY COeAUNHEHUNS 0OMOTOK HU3LIErO HamMpsHKeHus,
unpa — yron mexagy BeKTopamMu JIMHEMHbIX HanpsH>XeHWMW 0O6MOTOK BblC-
Lero H KU3THere HarnpsHKeHWs, bbIM@XUHbIbIA YUCAOM YI/I0BbIX eAVHUL,
no 30°.

Tak, nepsBoe 0603HavYeHVe rpynnbl NOKa3biBaeT, YTO OOMOTKWN BbICLUEFO
M HU3LWEro HanpshKeHUs coefuHeHbl 3Be340M, MpuyeM OGMOTKW HU3LLETO
Hanps>KeHNa MMeloT BbiBeAEeHHYIO HY/eBYI TOYUKY, N Yronl MEeXAy BEKTO-
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paMn NIMHEWMHbIX 3A4C OOMOTOK BbICLUEF0O W HW3WEro Hanps)XeHus paBeH
0x30°, T1.e. 0°.

Fpynnbl TpexdasHbIX TpaHC(OpMaTOpPOB 3aBUCAT OT CXEM COeAUHEHWUS
06MOTOK, 0603HaUeHNA 3aXKMMOB ha3 06MOTOK BbICLLUEFO M HU3LLEro Hanps-
XXEHUS N HanpaBneHUs HaMOTOK. Ecnum HanpasneHme HamMOTOK BUTKOB
06MOTOK BbICLUEr0 M HU3LIEr0 HaNpsXXeHWUs O4MHAKOBO, TO 34C, MHAYKTU-
pyemble B (pazax OGMOTOK BbICLUEr0 U HMU3LWIEro HanpsiXXeHwUs, coBnagaroT
no cpase; ecnm e O0O6MOTKM MMEKOT BCTPEYHOE Harpas/eHVWe HaMOTKWU, TO
34C a3 BbICLLUEr0 M HU3BLLIEr0 HamnpshHXeHUs HaxoAAaTcs B NpoTmBodhase.

B CCCP craHgapTHbiMW rpynnaMmu ABMAKTCA cregytouine:

Y y-o y/a - ii

B cTaHAapTHbLIX cxemax 06MOTKM BbICLUETFO HanpaXXeHuna coeanHEHDbI

3Be30M, TaK KaK Mpwu Takoi cxeme pasHOe HanpsbkeHWe B /3 pa3 MeHbLUe
NINHENHOro, TeM cambiM YyMpouiaeTcs n301AUMA 06MOTOK. OBMOTKM HU3-
LIero HanpsKeHUs valle COeAMHAITCA TPeyrosibHUKOM, TaK KaK npu
TakKOM COefMHEHUN TpaHCcOpPMaTop MeHee YYBCTBUTENEH K HeCUMMeTpuun
Harpysku das.

OOMOTKM HU3LIEro HanpsXeHWs COeAMHAITCA TaKXe Mo Cxeme 3Be3fa
C HyfleM, TaK KakK Npu TaKol cxeme MoO-
XXHO B YeTbIpexXnpPOBOAHOW CeTU MNONYUYUTb \
[Ba PasNMUHbIX Hanps>XXeHUs — NNHerHoe n
v thasHoe (Hanpumep, 127 n220 B, 220 n 380
But. pa.). Ana yBeNWYEHUA MOLLHOCTMU
TpaHChOPMATOPHOW  MOACTaHUMW W AN
ynpouieHna pesepBa WUCMNonb3yeTca na-
pannenbHoe BK/O4YeHMe TpaHcopmarto-
pOB, O4HWUM W3 HEMPeMEeHHbIX YCM0BUIA N
KOTOPOro sABAIAETCA MPUHALMNEXHOCTb UX K w
O[MHAaKOBbIM rpynmnam.

§ 72. ONbITbl XO/AOCTOr0O Xo04a u
KOPOTKOro 3aMblKaHus

Ana wncnbiTaHWs TpaHcdopmaTopa cny-
»KaT onbITbl XON0CTOF0 Xo4a W KOPOTKO-
ro 3amblKaHUA.

Mpwn onbiTe XONOCTOrO xofa TpaHcdep- Puc. 94. Cxema onbiTa X0/10CTOr0O
mMaTtona (nHe. 94. 0) ero BTopu4yHas o6MoT-  *°aa () Mcxema onbiTa KOPOTKOrO
Ka pasoMKHyTa M TOKa B 3TO/ 06MOTKe HeT cMbikaHUM W ip«uie<j«pMaiopa
(/,=0). Ecnn nepBuUYHYO 06MOTKY TpaHc-
chopmaTopa BK/HOUYUTbL B CETb WCTOYHMKA 3MEKTPUYECKOW 3Heprum nepe-
MEHHOro TOoKa, TO B 3Toi 06MOTKe OYyAeT MPOXOAUTb TOK XOMOCTOTO XO-
fa /,. B TpaHcdopmaTopax 60blWIMX MOLLHOCTEN \TOK XO0/0CTOr0 XxoAa
MOXET AocTuraTb 3HayeHWin nopsigka 5—10% HOMMHaNbHOro Toka. B
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TpaHcgopmaTopax MajiblX MOLLHOCTEM 3TOT TOK AOCTUraeT 3HayeHUs 25—
30% HOMWHa/NbLHOro TOKa.

Tok xonoctoro xoga /0 co3gaeT MarHUTHbIA MOTOK B MarHMTOMPOBOAE
TpaHcdopmartopa. [Ans Bo36yXAeHMS MarHUTHOrO MOTOKa TpaHcdopmaTop
noTpebnseT peakKTUBHYH MOLLHOCTb M3 ceTU. UTO XXe KacaeTcsi aKTWUBHOW
MOLLLHOCTM, NOTPe6/seMoi TpaHCOpMaTOpPOM MpPU XOJIOCTOM XOAe, TO OHa
pacxoayeTca Ha MOKPbITUE MOTEPb MOLWHOCTM B MarHuUTonpoBoge, 06yc-
NOBNIEHHbIX TUCTEPE3NCOM U BUXPEBBIMU TOKaMMU.

TaK KakK peaKTMBHas MOLLHOCTb MPU XO/IOCTOM Xxo0fe TpaHccopmartopa
3HAUNTENbHO 060/bllUe aKTMBHOWM MOLLHOCTM, TO KO3(PMPULUNEHT MOLLHOCTM
cobgh ero Becbma Man u 06bIYHO paseH 0,2—0,3.

Mo paHHbIM oONbiTa XOJIOCTOrO Xoga TpaHcdopmaropa onpejensercs
TOK Xo0n0cToro xoga /0, noTepu B cTanu cepaedHuka PCT un koadpdpuumeHt
TpaHchopmauum M. Tok xonoctoro xoga /0 namepsieT amnepMmeTp, BK/IIO-
YeHHbIW B LEeMb MEePBUYHON OOMOTKM TpaHcdopmaTopa. lMpu wncabiTaHUM
TpexdasHOro TpaHcdopmaTopa onpegensieTca ¢asHblii TOK  X0M10CTOro
xoga. O noTepsAx B cTann cepaevyHmMKa P cx cyasaT no nokasaHMAM BaTTMETPa,
BK/IIOYEHHOrO B LeNb MNePBMYHON 06MOTKK TpaHcdopmatopa. KoaddumumeHT
TpaHchopmaumm TpaHchopMaTopa paBeH OTHOLUEHUIKO MOKasaHWUW BOJbT-
METPOB, BK/IKOUEHHbIX B LeNb MEPBUYHOA U BTOPUYHOMA O0BMOTOK.

Mpy KOPOTKOM 3aMbliKaHMM BTOPUYHOMN OBMOTKW CONPOTMB/IEHUE TPaHC-
hopmaTopa 04YeHb Masio M TOK KOPOTKOr0 3aMblKaHMA BO MHOTO pa3s 60sbLue
HOMMHanbHOro. Takoi GONbLUOW TOK Bbi3blBaeT CU/bHbLIA HarpeB 06MOTOK
TpaHcdopmaTopa M MpPUBOAUT K BbIXOAY €ro m3 crposd. [Mo3Tomy TpaHc-
oopmaTopbl CHaGXalTCA 3alLMTOW, OTK/OYalLWEd ero npu KOPOTKUX
3aMblKaHUSAX.

Mpu onbiTe KOPOTKOro 3amblkaHusa (puc. 94, 6) BTopuuHas 06MOTKa
TpaHchopmaTopa 3amMKHYTa HAKOPOTKO, T. €. HanpsXeHuWe Ha 3axmmax
BTOPUYHOWM OBMOTKU paBHO Hy/0. MepBrMuHas 06MOTKa BK/OUYAETCsA B CeThb
C TaKMM MOHVKEHHBLIM HaMPs>KeHMeM, NP KOTOPOM TOKM B 06MOTKax pasHbl
HOMMHa/bHLIM. TaKoe MOHWXKEeHHOe HanpsKeHWe HasbiBaeTcsi Hanpsxe-
HMEM KOPOTKOrO 3aMblKaHWA W BblpaXkaeTcs B MPOLLEHTaX OT HOMWHa b-
HOro 3HaudeHus WK%,

Mo AaHHbLIM OMbITa KOPOTKOrO 3aMblKaHWUA OMpejenseTca HanpsKeHue
KOPOTKOro 3ambikaHus WK%, ero aktusHas Ma% wu peaktusHas WX%
cocTaBnALliMe, NOTepU Ha HarpesaHume 06MOTOK TpaHccopmatopa POM
MPVM HOMWHANbLHOW Harpyske W aKkTUBHOE, PeaKTMBHOE U MOMHOe COMpo-
TUBNEHMSA TpaHchopmaTopa NpUM  KOPOTKOM 3amblkaHuu /2, XU n ZK
MoTepy B 06MOTKaX M3MepPAOTCA BATTMETPOM.

AKTMBHOE, peakTUBHOE W MOSIHOE COMPOTUBAEHUS KOPOTKOFO 3aMbl-
KaHWA TpaHcchopmaTopa OMNpefensioTcs  CMeayloWUMU  BbIPaXKEeHUAMU:
ZK= U jl] RK= n//71. XK= VZ\— 7%, rpe (/% / n PK—HanpsxeHue,
TOK W MOLHOCTb, YKasblBaeMble WM3MEPUTENbHbLIMU MPUGOPAMMN, BKIIOYEH-
HbIMW B LeNb MepBUYHOM 06MOTKM TpaHcopmaTopa.

MpH McnbITaHUM TpexdasHoro TpaHcdopmaTtopa creayeT B MpuUBefeH-
HbIX Bbllle BbIP@WKEHMUAX MOACTAaBUTb DasHble 3HAYEHUS HaMPSKEHUS,
TOKa W MOLLHOCTW.

Hanps>keHne KOPOTKOro 3aMblKaHWS W ero akTUBHAs U peakTUBHAas

16



cocTaBnswme pasHbl: WI%= ~ r «100; bp% = «100; WK% —

= =100, rae U, n 1, — HOMWHanbHble Hanps>KeHWe H TOK nep-

BMYHOI 06MOTKM TpaHcdopmaTopa.

§ 73. OnpepeneHne pabouymx CBOICTB TpaHCOPMaTopoB
Mo AaHHbIM OMbITOB XOJ/IOCTOrO XOopga
M KOPOTKOro 3aMblKaHUSA

CsoiicTBa TpaHcthopmaTtopa npu paboTe ero nog Harpyskoi MoryTt
6bITb OMnpegeneHbl HEMOCPeACTBEHHbIM €ro ucnbiTaHnem. Ecnm BKAKOUUTH
TpaHchopmaTop Ha KaKyl-1nmbo Harpysky M M3MEeHATb ee, TO MO Mokasa-
HUAM NPMOOPOB MOXHO OMpeaenuTb, Kakmm obpasom 6GyaeT W3MeEHATbCA
Hanps>XeHVe Ha 3aXMMax BTOPUYHOM O6GMOTKM W KnjA TpaHcdopmartopa.
OaHako npu uchblITaHUKM TpaHcpopmaTopa Moj Harpyskon NpoucxoguT
OYeHb GONbLUOWM pacxof 3/1EKTPOIHEPTUU (TEM GONbLUNKA, YeM 6OMbLLE MOLL-
HOCTb TpaHcdopmaTopa), U ANa Cco3JaHUss aKTMBHOW, WHAYKTUBHOW U
EMKOCTHO HarpysoKk Heo6XxoAMMO rpomo3fkoe 060pypoBaHue (peocTaThl,
VHAOYKTUBHbIE KaTYLKN WU KOHAeHcaTopbl). KpoMe aToro, HenocpeacTBeHHOe
ucnbiTaHMe TpaHchopmaTopa AaeT 0YeHb HETOYHble pe3ysibTaThl.

Paboune cBoiicTBa TpaHcdopmMaTopa MOryT ObiTb onpegeneHbl MO gaH-
HbIM OMbITOB XOJIOCTOFO X04a W KOPOTKOro 3amblkaHusi. [lpun 3Tom Tpe-
6yeTca cpaBHWTeENbHO Manas 3aTtpata 3Hepruu, oTnajaetr HafobHOCTbL B
rpoMo3gkoM 060pyAoOBaHUU, KPOMe TOro 3Ha4YWUTeNlbHO MOBbILLIAETCA TOY-
HOCTb W3MEpPeHWI, 4YeM MpU HENoCPeACTBEHHOM WCMbITAHUN.

Mo gaHHbIM ONbITa XO/IOCTOrO X04a M3MEPSAT Hanps)XXeHUs Ha NepsBuY-
Holi n sBTopuuHoii o6moTkax Ui n Ut, Tok xonoctoro xoga /0 n notpe6ns-
emylo npu xonoctom xoge MmouiHocTh PO, koTopas pacxogyetcs Ha no-
KpbITWE MoTepb B CTannm MmarHutonposoga, T. e. PCl1=PB.

Mo gaHHbLIM OMbiTa KOPOTKOFO 3aMblKaHWUA, W3MEPSAOT HanpsKeHue
kopoTkoro 3ambikaHus UK Tok nepBuuHOl 06MOTKM, paBHbLIA HOMUHa/b-
HOMY /H W MOWHOCTb PK, noTpe6nseMyl TpaHChopmMaTOpoM Mpu OnbiTe
KOPOTKOrO 3aMblKaHUS W pacxogyeMyk Ha MOKpbITUE MoTepb B 06MOTKax
npyv HoMuHanbHoW Harpyske, T. e. PObFPK, conpotusneHus (nonHoe,
aKTMBHOE W peaKTMBHOe) TpaHchopmaTopa MpU KOPOTKOM 3aMblKaHUU
ZK RKwu a Tak)Xe OTHOCUTe/lbHble 3HAaYeHUS HaMNpPsHXKEHUA KOPOTKOro
3aMblKaHMA WK, ero akTMBHOM Ma 1 peakTMBHOM LU, cocTaBnatoLwunx.

Mpn ucnbiTaHUM TpexdasHoro TpaHcopmartopa BCe BEUYMHbLI Onpe-
jenaTcsa AnA ofgHoW asbl.

Mo JaHHbIM OMbLITOB XOJ/IOCTOFO X04a W KOPOTKOr0 3aMbiKaHWUS MOXHO
HaiTU Hanps)XeHMe Ha 3aXumax BTOPUYHOIA OBMOTKM W Kng TpaHcdop-
maTtopa npu N6on Harpyske.

MpoLEHTHOE MOHMXEHMEe BTOPUYHOIO HanpsiXeHUs Mpu 6ok Ha-

rpyske pasHO. Abl%=-— WF«100= p(Hacos<pl+ Hpsin(pl), rae
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P=///,, — KO3(bPUNUMEHT Harpysku; / — TOK Mpu BbiGPaHHOW HarpyskKe;
<* — (pasHbIli cABUT MexXAy Hanps>KeHWeM U TOKOM BTOPUYHOW OOMOTKM.

Hanps)eHune BTOPUYHOW 06GMOTKU NMpu Harpyske £/t= f/10"1— ,

rae Uro— HanpshkeHue npu XonocTom xoge.

Takum 06pa3om, Hanps)KeHue BTOPUYHOM OBMOTKM 3aBUCUT He TONbKO
OT BE/INYMHBI, HO N OT XapakTepa Harpysku.

MpyM MHAYKTMBHOM XapaKTepe Harpysku HanpsbkeHWe MOHMXaeTcs ¢
pOCTOM Harpysku B 60nblUeil CTENeHW, YeM MPU YUCTO aKTUBHOW. [lpwn
€MKOCTHOM XapakKTepe Harpyskm MpPOMCXOAUT MOBbILLIEHWE HaMNPsHKeHUSA
C POCTOM Harpysku. 3afasBascb 3Ha4YeHUAMU P U <2, MOXKHO OMNpeAenvTb
O« n (/, npu noboli Harpyske TpaHcopmaTopa, He nojgsepras ero uc-
NbiITaHUO MOA4 HarpysKoii.

KoadpchmumeHToM mnonesHoro geiicteusa (Kng) wnuv oTgadvenn TpaHcdop-
MaTtopa HasblBaeTCs OTHOLUEHWEe MOJIe3HOW MOLLHOCTU TpaHcdopmatopa P,
K MOLLHOCTU, NOTpebnseMol UM M3 CeTU MCTOYHUKA 3/IEKTPUYECKOl 3Hep-
rmm Pn 1. e. \=Pt'Pi.

MoTpe6nsemasa mowHocTs Pi 6yaeT Bceraa 60nblue MOME3HON MOLLL-
Hoctu P1, Tak kak npu pa6oTe TpaHcopmaTopa MPOUCXOAMT MoTeps
npeo6pasyemoin mm aHeprun. oTepu B TpaHchopmaTope cKnagbiBaroTcs
M3 noTepb B CTann MarHuTonposoga PCT v noTeps B o6MoTkax P(6bl

Takum o6pa3omM, noTpebnsemMyt TPaHCHOPMATOPOM MOLLHOCTb MOXHO
onpeaennTb cneayowmm BoipaxeHem: P1=P *+ P cT+Po6H-

lMonesHy MOLLHOCTbL TpaHcopmaTopa HaxoAAaT creaylLwmm 06pas3oMm:
ans ogHogpasHoro Pr=u rljcoscpt, ana tpexdasHoro Pt—Y 31 tl tCOsyt.

CneposaTeflbHO, KN MOXHO OnpefennTb Ans O4HOMA3HOro U Tpex-
(hasHoro TpaHcdopmaropa Ans 6o Harpyskm P2 cnegyowmmvm Bbipa-
XEHNAMMU:

U .rt cos ®a " Y~34/,/, CC5 th2
'« |n/jCOSCpj+ Pcx-fPoe,, Y ~3urlr CO5<(r-\-Pcx+ P 065 *

Hanbonbwinii kng TpaHcopmMaTopa 6yaeT Npyv Harpyske, Ansi KOTOPoOW
rnoTepm B CTann paBHbl MOTePsIM B O6OMOTKax. Y COBpPeMeHHbIX TpaHcdop-
MaTOpOB KNJ OYeHb BbICOK W AOCTUraeT Npw NOAHOW Harpyske 95—99,5%.

3apaloTCcs NOe3HOW MOLLHOCTbHO Pr, Hanpumep 0, 25, 50, 75, 100, 125%
HOMUWHa/IbHOW MOLLLHOCTU, U ANA KaXAoW W3 BblGPaHHbIX MOLLHOCTel on-
pefensaoT NoTepu B TpaHcdopmMaTope.

MoTtepu B cTanm mMarHuTonposoga PcT 3aBUCAT OT Mapku cTanuv, u3
KOTOPOW BbIMOMHEH CEPAEYHUK, OT 4acToTbl TOKa CETU N MAarHUTHOW WH-
OyKUMN B cepdevyHUKe. TakK KaK yacToTa TOKa CeTU N MarHUTHas WHAYK-
LMa ocTalTcs Heu3MeHHbIMWU Npu paboTe TpaHcopmaTopa, TO M MNOTepu
B CTa/M He 3aBUCAT OT Harpysku M oCTalTCA MNOCTOAHHLIMU.

MoTepu B 06MOTKax pacxoAyktTcs Ha HarpesaHWe MPOBOAHUKOB 3TUX
06MOTOK MNpPOXOAAWMMWN MO HUM TOKamum M NPONOpUMOHabHbl TOKY bO
BTOpPOI cTeneHW. TakuMm o6pas3om, npu Harpyske 0,5 0T HOMWHaNbLHOW
TOKM B 06MOTKax 6yayT BABOe, a MOTEPH B 06OMOTKax B YeTbipe pas3a MeHb-
WMMK, YeM NPU HOMWHa/SIbHOW Harpyske. 3ajaBasiCb 3HAYeHUSIMU COSQ>,,
onpeaensoT Kng npu nwob6oii Harpyske TpaHcdopmaTopa.
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§ 74. ABTOTpaHcthopmarTopbl

B KOHCTPYKTMBHOM OTHOLUEHWM aBTOTpaHCcopmaTop nofobeH TpaHCc-
dopmatopy: Ha CTa/lbHOM MarHMTOMPOBOAE MOMeLLeHbl ABe OOMOTKMW, Bbl-
MO/IHEHHbIE M3 MPOBOAHWMKOB pPa3/iIM4HOro nonepe4yHoOro ce4vyeHwus. KOHGLI1
OQ4HOW OOMOTKU 3/IEKTPUYECKN COeQUHSIETCS C HayanoM ApPYyron Tak, 4To
[Be nocnefoBaTenbHO COeAMHEHHble 0OMOTKM 06pasyloT 06y 06MOTKY
BbICLLEro HanpsbkeHUA. OOGMOTKOW HU3LWIEro HanpsXeHus, ABAstoLerics
YacTbio OBMOTKM BbICLUEFO0 HAMPSHKeHUA, CAYXWUT ofHa n3 ABYX O06MOTOK
asToTpaH(dpopmatopa. Takmm o06pasomM, Mexay O06MOTKamm BbICLUETO
M HM3LLEro Hanps)kKeHWi aBTOTpaHcopmMaTopa MMEeTCA He TO/IbKO Mar-
HWUTHaA, HO U 3N1eKTpunyeckasa CBA3b.

MpuHUVNManbHas cxema MNOHMKalLero aeToTpaHcopmaropa noka-
3aHa Ha psc. 95. lMepBUYHOE HanpsXXeHue nogsedeHo K 3axumam A — X
MepBMYHOM O6MOTKM C YMCNOM BUTKOB W1 BTOpmyHO 06MOTKOWM fABNseTcs
4yacTb MepBMYHOM & — X € yuncnom BUTKOB WIL.

Mpu xonoctom xope /,=0, npeHebperas nageHWeM HamnpsH>KeHUs B
aKTUBHbIX CONMPOTUBNEHNAX OOMOTOK, MOXHO 3anmcaTb YpaBHEHWSA paB.-
HOBECMSA 3:C ANA MEPBMYHON N BTOPUYHOW 06MOTOK:

Ul= Ei—4,44tt'JOe wn £/,= £, = 4,44p0a/D/.

OTHOLLEHVE HaMpPs)KeHUA MEPBMYHOM U BTOPUYHOW OGMOTOK MPH XO-
/IOCTOM W e HasbiBaeTcd KosadppumyumeHToOM TpaHcdhopmMma-
uum asToTpaHchopmaTopa, T.e. UJU*=w,/w»=n.

Ecnun BTOpMYHYIO 06MOTKY aBTOTpaHcdop-

MaTtopa 3auKHYTb Ha KaKoW-1nbo npuemMHUK
3Heprmm, T BO BTOPWUYHOW Uenu b6ygeT npo-
xoauTb Ta /2. MNpeHebperas noTepsMun 3Hep-
rMN, MOLLHOCTb, MOTpebnseMytd aBTOTpPaHC-
doopmaTopcmM M3 CeTW, MOXXHO MPUHATbL pa.-
HOM MOLUHOCTW, OTAAaBaemMoil BO BTOPUYHYIO
cetb, T. e P=UlJi=Utlt, otkyga /t//,=
= wjwt=\jn.

Takmm 06pa3om, OCHOBHbIE COOTHOLLEHUSA
TpaHcdopmaTopa ocTaroTcs 6e3 M3MeHeHUs B
aBTOTpaHgopMaTopax. Puc. 95. Cxema MOHMXaI0-

B 06LEA yacTM O6MOTKM @ — X, npu- lero asToTpaHchopmaTopa
Hajexallelri ceTuM BbICLUEr0 W HU3LWIEro Ha-

NPSHKEHUA, NPOXOAAT TokM IX 1 /,, HanpaBneHHble BCTPEYHO.

Ecnn npeHebpeyb TOKOM XO/I0CTOFO X0Aa, BefIMYMHA KOTOPOro OYEHb
Mana, TO «OXKHO cYuTaTb, 4TO TOKM J1n /, cABUHYTbI no dase Ha 180°
M TOK /j, BYaCTN 0O6MOTKM @ — X paBeH apudmeTnyeckoii pasHOCTU TOKOB
BTOPWUYHOWM U MEPBUYHON LENEn, T. e.

[»=*[ -1t=/»(1-1/n).

B noHwkalowem aBToTpaHcpopmaTope TOokK J1, coBnagaet no Hanpas-
NleHnt0 ¢ rokom /,, B MOBblaLWeM — HarnpasieH MPOTMBOMNOOXHO
TOKYy /,.
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MpenmyLiecTBOM aBTOTpaHcopMaTopa nepes TpaHCcOPMaTopoM Toii
XK€ TrO0/e3HOM MOLLHOCTM SIBNISETCA MEHbLUWI pacxof, akTUBHbIX MaTepua-
noB — 06MOTOYHOrO MpoBofda W CTanu, MeHblLUMe MOTepH 3Hepruu, 6onee
BbICOKWUI KMJ, MEHbLUEe W3MEHEHWE HanpsHKeHUs MNpu  U3MeHeHUW Ha-
rpysKu.

Macca npoBoga 06MOTOK aBTOTpaHcopMaTopa MeHblUe Macchbl MpoBoja
06MOTOK TpaHcdopmaTtopa npu OAVMHAKOBbIX MAOTHOCTAX TOKa. 3TO 06b-
sicHsAeTCA TeMm, 4TO Yy TpaHcdopmaTtopa Ha MarHHTOMNPOBOAE WMEKTCA [Be
06MOTKM — MepBMYHAsA C YNC/IOM BUTKOB [0b MOMepeyHoe CeveHne nposoja
KOTOPOW paccymMTaHO Ha TOK J1, 1 BTOpUYHAas C YMC/IOM BUTKOB A0% nore-
peyHoe ceyveHMe MpoBofda KOTOPOW paccymTaHO Ha TOK /* Y aBTOTpaHcC-
(bopmaTopa Takxe [Be O6MOTKM, HO OAHA M3 HUX (4acTb A — a) nmeet
4YMCNo BUTKOB (£0k—pA0%) M3 NpoBoAa, MOMEpevyHoe CeyeHWe KOTOPOro pac-
CYMTAHO Ha TOK /,, a gpyras (4acTb & — >) C YMC/IOM BUTKOB AC* M3 Mpo-
BOJa, [MOMepeyHoe ceyeHWEe KOTOPOro paccyMTaHO Ha pPasHOCTb TOKOB
/*— /1= /u.

MonepeyHoe cevyeHMe M Macca CTaauM MarHMTonposofa aBToTpaHcdop-
MaTopa TaKXe MeHblle CeYEHMS K MacCbl CTaanm MarHMTOMpPoBOAA TpPaHC-
hopmatopa. IT0 06bACHSAETCA TeM, 4YTO B TpaHcdopmaTtope 3Heprus wus
NEPBNYHOM CETU BO BTOPUYHYIO MepefaeTcs MarHUTHbIM MyTeEM B pe3y/ib-
TaTe 3/EKTPOMArHUTHOW CBA3W Mexay o6MoTkamu. B aBToTpaHccopmaTope
3HEPrMSA M3 MepBMYHOW CeTU BO BTOPMYHYIO YaCTMYHO MepefaeTca nyTem
3/IeKTPNYECKOr0 COeAVUHEHUA MEPBUYHONA WM BTOPUYHOW CeTW, T. €. 3/IeKT-
puvyeckMm nyTem. Tak KaK B Mpouecce nepefavym 3TOM 3HEPrMm MarHwuT-
Hbli MOTOK He y4yacTByeT, y aBTOTpaHchopmaropa 3neKTpOMarHMTHas
MOLLHOCTb MeHbLUE, YeM Yy TpaHcdopmaTopa.

MonesHas MOLLHOCTb aBTOTpPaHcdopmMaTopa Mpu aKTMBHOW Harpyske
pasHa: Pt=U JI- Nwmes B Bugy, uto /*=/i-f-/i*, nonyunm: Pt=Utl1+
+C/2/1=Ppa+8m. rae PM— asnekTpomarHuMTHas MOLLHOCTb aBTOTPaHC-
chopmartopa, onpegenswoow,asd HeoOXOAUMbIM MarHUTHbIA MNOTOK, MoMnepeuy-
HOe CeYyeHWe M Maccy cTaan MarHutonposoga. OTa MOLHOCTb ABNAeTCA
pacyeTHO UM rabapuUTHOW MOLLHOCTbLIO aBTOTpaHcdopmaTopa.

Hapsgy ¢ npeumyuiecTsamMu asBToTpaHCoOpMaTopoB nepes TpaHcdop-
MaTtopamy OHH WMEKT CyLlecTBEHHble HeOCTaTKW: Masioe CONPOTUBMAEHME
KOPOTKOr0 3aMblKaHUsA, 4YTO 00ycnoBAMBaeT O60/bLIYIO KPaTHOCTb TOKa
KOPOTKOr0 3amblKaHMA; BO3MOXHOCTb MOMajaHus BbICLUEr0 HamnpshKeHUA
B CETb HM3LUEro HanpsXeHns Mn3-3a 3NEeKTPUYECKOW CBA3U MeXAy 3TUMMU
ceTaMu. Hanmuuve 3neKTPUUECKOW CBA3N MeXAY CeTbio MCTOYHUKA W Npu-
EMHWKa 3HEeprun fgenaet HEBO3MOXHbIM MPUMEHATb aBTOTpaHcdopmaTop
B TOM Cny4ae, Korga MPUEMHUK 3HEPTMW MMeeT 3a3eMJ/IeHHbIi nontc (B
BbINPAMUTESbHbIX YCTPOWCTBAXx).

JocTonHcTBa aeToTpaHcopmaTopoB OyAyT BbipaXKeHbl TEM CUJIbHEee,
YeM Ko3hULMEHT TpaHCcopMaummn 6amxe K eguHuue. NosTomy aBToTpaHc-
hopmaTopbl MPUMEHAIOT MPU HEGONbLUNX KO3CIXPKUHEHTax TpaHcdopmaumm
(n=1-=-2).

B TpexdasHbIX cCeTAX MCNO0Ab3YHT TpexcasHble aBTOTpaHCOpMaTopbl,
06MOTKM KOTOPbIX O6bIYHO COEAMHAITCA 3Be3f0M.
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§ 75. VNamepuTenbHble TpaHchopMaTopbl

M3mepuTtenbHble TpaHchopmaTopbl AeNATCcsS Ha TpaHcdopmaTopbl Ha-
NPs>XeHNa u TpaHcopmaTopbl TOKa. IX NPUMEHAIOT B LLenaxX NepemMeHHOro
ToKa AN paclwupeHns npeLenoB U3IMEPEHUS UIMePUTENbHbIX NPUGOPOB
U 408 mn3onAaunm 3TUX NpubopoB OT TOKOMPOBOASLLMX 4acTeWl, Haxoas-
LWUXCA MO BbICOKMM HanpsXXeHneM.

TpaHchopmaTopbl HaNpPsSXXeHUA KOHCTPYKTUBHO MPEACTaBASOT CcO60M
06bIYHble TpaHCOPMaTOpPbl Masio MouwiHOCTKU. MepBMUYHaA 06MOTKa TaKoro
TpaHchopmaTopa BK/IKOYAeTCA B ABa IMHEMHbLIX NPOBOAA CETU, HaMpPsHXXeHue
KOTOPOM U3MEPSETCHA UM KOHTPOJIMPYETCH; BO BTOPUYHYH O0OMOTKY BKJIIO-
YaloT BOMLTMETP WM NapaniefnbHy 06MOTKY BarTMeTpa, CYeTuMKa Wan
ApYyroro naMepuTenbHoro npmbéopa. KoathdumuymeHT TpaHchopmaumm TpaHc-
popMatopa HanpsKeHUs BbIGMpAKT TakKWMM, 4TOObl MPU HOMUHANLHOM
MEPBUYHOM HaMpPSHXXEHUWN Hanps>XXeHue BTOPMYHOM 06MOTKM 6bifio 100 B.

Pexxmum paboTbl TpaHchopmaTopa HanpshXeHUs MnogobeH pexmmy Xo-
N0CTOro xofa 06bI4HOro TpaHcdopmatopa, TakK Kak conpoTuB/eHUEe BOMbT-
MeTpa WX NapanjenibHOW O06MOTKM BaTTMeTpa, CYeTyYMKa W T. M. BENMKO
M TOKOM BO BTOPUYHOI O0BMOTKE MOXXHO MNpeHebpeyb.

BkntoyeHMe BO BTOPUYHYIO O0OMOTKY 60/bLUIOI0 Ymcna WU3MepPUTENbHbIX
npu6opoB HexenaTenbHo. Ecnn napannenbHO BONbTMETPY, BK/IHOYEHHOMY
BO BTOPUYHYI 06MOTKY TpaHcchopmaTopa, MoACOeAMHUTL elle OAUH BOJbT-
METP WM MapansiefibHy0 0O6MOTKY BaTTMeTpa, CYeTYHKa M T. M., TO TOK
BO BTOPWYHOMA 0OMOTKe TpaHcdopmaTopa YBENMYUTCA, 4YTO BbI3OBET Ma-
[eHVe HanpsHKeHUs Ha 3aXMmax BTOPUYHOM OOMOTKWM, M TOYHOCTb MOKa-
3aHUA MPUOOPOB MOHU3UTCS.

TpaHchopmaTopbl TOKa cnyXaT Ans npeobpasoBaHWA MepPeMEHHOro
ToKa 60/bLIOM BENMUYMHBLI B TOK Masioii Be/IMYUHBI U U3FOTOBASKTCA Takum
06pasom, 4To6bl MPM HOMMUHANLHOM TOKe MEepPBUMYHOM LEMH BO BTOPUYHON
06MOTKe TOK 6bin 5 A.

MepBnyHaa o06MOTKa TpaHchopmaTopa TOKa BK/IYaeTca B paspes
NHeHOro nposoja (rmocnefoBaTeflbHO C Harpyskoi), TOK B KOTOPOM
n3MmepseTca; BTOpPMYHas OOMOTKa 3aMKHyTa Ha* amnepmeTp wWaMm Ha no-
cnepoBaTeflbHY0O OOMOTKY BaTTMeTpa, CYeTuUMKa W T. N., T. e. COeAMHeHa
C W3MepuTenbHbIM MPUOOPOM, VMEKLWMM Masoe CONpPOTUBIIEHME.

Pexxum paboTbl TpaHcpopmaTopa TOKa CYLLEeCTBEHHO OT/IMYEH OT pe-
XUMa paboTbl 06bIYHOrO TpaHcgopmatopa. B o06blMHOM TpaHcdopmaTope
npy W3MEHEHUW Harpy3kKM MarHUTHbI MNOTOK B CepAevyHUKe ocTaeTcs
NPakTUYecKN HEW3MEHHbIM, €CM  MOCTOSAHHO  MPU/IOXKEHHOE Hanps-
XeHue.

Ecnu B 06bIYHOM TpaHcoOpMaTope YMEHbLUTb Harpysky, T. e. cuny
TOKa BO BTOPWYHOW OOGMOTKE, TO M B MEPBMYHOM OOMOTKe cuna TOKa ro-
HU3NTCHA, U €C/IN BTOPUYHYH O0OMOTKY Pa3OMKHYTb, TO CH/la TOKa B Mep-
BUYHOWM 0OMOTKE YMEHbLUMTCA A0 TokKa xonoctoro xoga /0.

Mpu paboTe TpaHchopmaTtopa TOKa ero BTOPMYHas 06MOTKa 3aMKHyTa
Ha WN3MEPUTENbHbLIM MPUGOP C MasbiM COMPOTUB/EHUEM U PEXUM paboTbl
TpaHcpopmaTopa 6/1M30K K KOPOTKOMY 3aMblKaHUi0. [103TOMYy MarHUTHbIA
NOTOK B MarHHTONpoBoAe TpaHcdopmaropa Mar.

Ecnn pa3soMKHYTb BTOpPUYHYKO OOMOTKY TpaHcopmaTopa ToOKa, TO
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TOKa B 3Toli 06MOTKe He GyAeT, Torga Kak B NMepBUYHOW O06GMOTKE TOK OCTa-
eTCcq Heu3MEeHHbIM.

Taknm o6pa3om, Mpuv pPasoMKHYTOW BTOPUYHOM 06MOTKe TpaHcdopma-
Topa TOKa MarHUTHbIA MNOTOK B MarHMTOMPOBOAE, BO30OYXAEHHbLIA TOKOM
NepPBUYHOM OOMOTKM U He BCTPeYakwLMi pasMarHM4YMBaKLLEro AeNCcTBUSA
TOKa BTOPUYHOW OOMOTKM, OKaXXeTCA O4YeHb 6OAbLUMM W, CrlefoBaTesibHO,
34C BTOPWYHOW 06MOTKW, WUMelLWed 60/bLIOe YMCNO BUTKOB, AOCTUraeT
BE/IMYMHbLI, OMAacHOM Ana LenoCTHOCTU WM30NAUUN 3TOW OOMOTKM W Ans
o6cnyxumBatowero nepcoHana. NMoatomy nNpu BbIKIKOYEHUN U3MEPUTENbHBIX
NnpubopoB M3 BTOPUYHOW O6MOTKM TpaHchopmartopa TokKa 3Ty O06MOTKY
Heo6X0AMMO 3aMKHYTb HaKOPOTKO.

BkNtoyeHMe 601bLWION0 Yncia U3MepUTebHbIX MPNGOPOB BO BTOPUYHYIO
06MOTKY TpaHcjopmMaTopa TOKa CHWXaeT TOYHOCTb M3MepeHUs.

KOHCTPYKLUUM TpaHCOpMaTOpoB TOKa B 3aBUCUMMOCTM OT Has3Ha4deHUs

ype3BblYaMHO pa3HoOo6pa3Hbl M AenATca Ha CTa-

--------- } > ———--1—  UWOHapHbIe N MepPeHOCHbIE.
ir n " Mpun pa6oTe W3MEPUTENbHLIX TpaHcdopma-
Y . J TOPOB HanNpsHKEHUS M TOKa BO3MOXeH npo6oii
) M30M1SLMN  MUX  MEpPBUMYHBLIX O06MOTOK M, Kak

Pnc. 96. Cxema W3MepH- cnegcrtene |'|p060$|, ANEKTPUNYEeCKoe coeanHeHune
TeNbHbIX TPaHCopMaTOpOB: HepBMHHOﬁ O6MOTKM C CepAeYHUKOM WAN CO
a - HanpsxeHus, 6 - Tok* BTOpUYHOWM O6.MOTKOW.

Ona 6e3onacHoCTU 06CcNyXuBaHUA CePAEUYHU-

KN N BTOPUYHble 0OMOTKN N3MEPUTE/IbHbIX TPaHCIOPMaTOpPOB 3a3eM/ISOTCS.

YcnoBHble 0603HaYeHUA W3MEPUTENbHbLIX TpaHcopmMaToOpoB MOKasaHbl
Ha pwuc. 96.

KOHTpONbHbLIE BOMPOCHI

O6BACHUTE HasHauyeHWe U NPUHLMN AeAcTBMA TpaHCchopMaTopoB.
Kakyto ¢opmy MMeoT MarHUTONpPoBoAbl 0AHOMAa3HbIX TpaHchopmaTopos?.
Kak ycTpoeH MarHMTOnpoBoj WM 06MOTKM TpaHcdopmaTopos?

4. Kakum BblpaxkeHMeM onpefensieTca felicTByloLLee 3Ha4YeHMe 34C 06MOTKM TpaHcdop-
maTtopa?

5. MN3MeHWUTCS N1 TOK B MepPBUYHOW 06MOTKe TpaHcopmMaTopa, eci MPH U3MeHeHUU
Harpysku YBeMYUACA TOK BO BTOPUYHON 06MOTKe?

6. UTo HasbiBaeTcA Ko3adhhmumeHTOM TpaHcdopmaumn?

7. Kak npoun3BoAsaT OMbITbl XO/10CTOrO X04a M KOPOTKOIO 3aMblKaHWUA TpaHcopmaTopa
M KaKuve napameTpbl ero onpeaensioTcs U3 3TUX OMbITOB?

8. MNpwn kakoli Harpyske TpaHchopmaTop MMeeT HanmboNbLINA KNA?

9. KakoBbl AOCTOMHCTBA M HeAoCTaTKM aBToTpaHchopmaTopa MO CPaBHEHMWIO C TpaH-
ccpopmaropamm?

10. MosicHMTe HasHayYeHWe N CXeMbl BK/OYEHUA N3MePUTeNbHbIX TPaHCOPMaTOpOB.
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Fnasa VIII
ACVHXPOHHbBIE ABUTATENN

§ 76. O6WMe cBeAeHNA 06 3/IEKTPUYECKMX MallnHax

JneKTpUYeckMe MalUMHbI LIMPOKO MPUMEHSAIOT Ha  3MeKTPUYECcKmUX
CTaHUMSAX, B MPOMbILUJIEHHOCTU, HA TpaHCMOpTe, B aBMauum, B cUcTEMax
aBTOMATMYECKOro PerynMpoBaHusi U yrnpasneHus, B ObITy.

JNeKTpUYECKMe MalIMHbI MPeobpasydT MeXaHUUEeCKY 3Heprui B
3NEKTPUYECKYI0 U Hao6opoT. MalunHa, npeobpasytolias MexaHUYecKyto
3HEPru0 B 3/IEKTPMYECKYH, HasbiBaeTcs reHepaTopoMm. [lpeo6pa-
30BaHMe 3N1eKTPUYECKOW 3Heprum B MeXaHWUYECKY OCYLLeCTBASETCA [ B U-
ratensmu

NMiobas anekTpuyeckas MallMHA MOXeT 6biTb MCMOMb30BaHa KakK B Ka-
yecTBe reHepaTopa, Tak W B KauyecTBe ABUTaTesisi. ITO CBOICTBO 3/IEKTPU-
YecKo MallMHbl W3MEHSTbL HanpaBieHWe Mpeo6pas3yemMoli el 3aHeprum
HasbiBaeTcs 06 pPaTMMOCTb IO MaWHbl. JNeKTpuyeckas MallMHa
MOXET 6biTb TakXe WCNOMb30BaHa [AN8 Npeo6pas3oBaHUs 3NEKTPUYECKONA
3HEPruM OAHOro poja Toka (YacToTbl, uucna a3 MepeMeHHOro TOKa,
HamnpshKeHUs MOCTOSSHHOTO TOKAa) B 3HEPruto
Apyroro pofa Toka. Takue 3feKTpuuyeckme Mma-

LWWHbI  HasblBalOTCA npeo6pasosate- [B
namun -—
B 3aBMCMMOCTM OT poga TOKa 3neKTpoycTa-
HOBKW, B KOTOPOI fAo/kKHa paboTaTb 3NeKTpU- S i

yeckad MallMHa, OHW [eNndaTcd Ha MalluHbl No-
CTOSIHHOTO U MallViHbI MePEMEHHOro ToKa. Mawn- LLips OZEMHLWII'I We'ﬂ(c]fﬂg
Hbl NepPeMeHHOro Toka MoryTt 6bITb Kak op,qu)as- 3M1EKTPUYECKOM MalUUHbI
HbIMUW, TaK N MHorocasHbIMU. Hanbonee Lwmpokoe
NPUMEHEHME HawAn TpexdasHble CUHXPOHHbLIE U aCMHXPOHHbIE MalUWHbI, a
TakXXe KOJINEKTOPHble MallWHbl MepeMEHHOro TOKa, KOTOpble A0MYyCcKawT
3KOHOMUYHOEe perysnpoBaHmMe 4acToTbl BpalleHUs B LUMPOKUX Mpegenax.

MpuHUMN JeAcTBUA 3NEKTPUYECKUX MallWMH OCHOBaH Ha WCMNO/b30Ba-
HUW 3aKOHOB 3MEKTPOMAarHUTHOM WHAYKUUW W 3NEKTPOMarHUTHbIX CU.
Ecnv B MarHUTHOM rMofie MOJIOCOB MOCTOSAHHbIX MarHWUTOB WU 3/1eKTPO-
MarHuToB (puc. 97) NMOMECTUTb MPOBOAHUK W MoA AEACTBMEM KaKoW-1n60
cunbl Ft nepemewats ero nepneHAUKYNApPHO MarHUTHLIM SIMHUAM, TO B
HeM BO3HWKaeT 3/4C, paBHas: E=Blv, roe B — marnutHas unHgykuns B
MecTe, rge HaxoguTcs MNPOBOAHUK; /— aKTMBHasa [A/MHa MPOBOAHMKa (Ta
yacTb, KOTOpas Haxo4UTCA B MarHUTHOM MoJe); V— CKOPOCTb MepemMeLLeHns
NnPoBOAHUKA B MarHMTHOM TroJe.

HanpaBneHue 3ac (Ha pPUCYHKe OT 3pUTeNns 3a MNOCKOCTb yepTexa),
MHAOYKTUPYEMOIA B MPOBOAHWKE, ONpeAenseTcsa corfacHo npaswuy MpaBoi
pyKkwn. '
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Ecnn 3TOT NpPOBOAHUK 3aMKHYTb Ha KaKOW-TM60 MPUEMHUK 3HEPruu,
TO B 3aMKHYTOM Lenu nopg ferictBnem 3ac 6yaeT nMpoTekaTb TOK, coBnaga-
OWMIA N0 HanpaB/fieHWIO C 34C B MPOBOAHWUKE. B pesynbTate B3aumopeii-
CTBUS TOKA B MPOBOAHMKE C MarHWUTHbLIM MOMIEM MOJIHOCOB CO3LaETCS 3/1EKT-
pomarHutHaa cuna F9, HanpasneHune koTopoi onpegensercs No npasuny
NeBOW PYKW; 3Ta cuia GyaeT HanpaB/ieHa HaBCTPeuy cuse, NepeMeLlaroLLeit
NPOBOJHMK B MarHUTHoOM none. Mpu paseHcTse cun Fi=F, nposogHuk
6yaeT nepemMellaTbCa C MOCTOSAHHOM CKOPOCTbIO.

CnepoBaTenibHO, B TaKOW MpOCTelLler 3NeKTPUYECKOW MalluHe mexa-
HUYecKas 3SHeprusa, 3aTpavyMBaemMasi Ha MNepeMelleHMe MPOBOAHWKA, Mpe-
06pasyeTcss B 3HEPTrU0 3NEKTPUYECKYH, OTAABAaeMYH COMPOTUBAEHUIO
BHELUHEro MpUeMHUKa 3HEpPruu, T. e. MallnMHa paboTaeT reHepatopom. Ta
Ke npocTeiilan 3anekTpuyeckas MawunHa MOXeT paboTaTb [ABUraTesniem.
Ecnn OT MOCTOPOHHEro WCTOMHUKA 3NEKTPUYECKOW 3HeprumM 4epes npo-
BOAHMK MPOMNYCTUTbL TOK, TO B pe3y/nbTaTe B3auMOAelrCcTBMA TOKa B Mpo-
BOAHWKe C MarHUTHbIM MOJIeM MOJIKOCOB CO3/4AaeTCs 3/IEKTPOMArHUTHas cmna
F, nop OelicTBMEM KOTOPOW MPOBOAHMK HA4YyHET MepemellaTtbCcsi B MarHWUT-
HOM nosie, NpPeogoneBas cUy TOPMOXKEHUS KaKOro-nm6o MexaHWU4Yeckoro
npueMHUKa 3Heprun. TakMm 06pasoM, pacCMOTPEHHas MalluMHa TaK Xe,
Kak 1 niobas anekTpuuyeckass mallnHa, obpaTtuma, T. e. MOXeT paboTaTb
KaK reHepaTopoMm, TakK W ABUraTesieMm.

Ons yBenn4yeHWUst 34AC W 3/1EKTPOMEXaHUYEeCKUX CUM 3/1IEKTPUYECKME
MallVHbI MMelT 06MOTKMK, cocTosiMe M3 60MbLIOro 4YmMcna NpoBOAOB, KO-
TOpble COEAUHSOTCA MeXay co6oil Tak, 4Tobbl 34C B HUX ObIIN O4UHAKOBO
HarnpasneHbl N CKNagblBanunch.

34C B MNPOBOAHMKE OyAeT WMHAYKTUMpPOBaHa TakKXe W B TOM chyuae,
Korga MpoOBOAHWK HEMOABWIKEH, a MepeMeliLaeTcs MarHUTHOe Mose mno-
NHOCOB.

§ 77. MpuHUMN OENCTBUSA aCMHXPOHHOIO ABuUratens

Hanbonblee pacnpocTpaHeHWe Ccpean 3NeKTPUYeCKUX ABuratenei
nony4mn TpexdasHbll acCMHXPOHHbLIA ABUTaTeNb, BMAEepBble CKOHCTPYUPO-
BaHHbIN W3BECTHbIM PYCCKUM 3nekTpukom M. O. [onunBo-[06p0OBONLCKMM.

ACUMHXPOHHBIA ABUraTeslb OT/INYAETCA MPOCTOTONM KOHCTPYKUWUW,N He-
CNOXHOCTbIO 06cnyxmBaHuA. Kak v nobasd mawvHa nNepeMeHHOro TOKa,
aCMHXPOHHbIV [BUraTenb COCTOMT M3 ABYX OCHOBHbIX 4acTel: cTaTopa W
potopa. CTaToOpPOM HasblBaeTcA HeNoABMXKHAA YacTb MalWHbI, PO-
TOpPOM — ee Bpalialwanca 4acTb. ACUHXPOHHas MawuHa ob6nagaeT
CBOWCTBOM 06paTMMOCTU, T. €. MOXET ObITb MCNOMb30BaHa KakK B pexume
reHepatopa, TakK U B pexwume pasuratens. WMs3-za psafa CyLWeCcTBEHHbIX
HeJOoCTaTKOB aCUMHXPOHHbIE TeHepaTopbl MPaKTUYECKU TMOYTU He npume-
HAIOTCA, TOrga KakK acUHXPOHHbIE ABUraTesn MOMYUMIN OYeHb LLUNPOKOE
pacnpocTpaHeHwue.

MHorocasHad 06MOTKa TMepeMeHHOro TOKa CcO3faeT BpaljaroLeecs

MarHMTHOE MNoJie, 4acToTa BpaLLEHUS KOTOPOro B MuHyTy nNl= "

Ecnu poTop BpaliaeTcsi € 4acTOTOW, paBHOIW 4acToTe BpaLleHWUs
MarHuTHoro nons (Mr=ryx, To Takas 4acToTa Ha3blBaeTcs CUMHXPOH -

HO WK
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Ecnn poTop BpawaeTcs € 4acTOTOWM, He paBHOWM 4acToTe BpalleHUs
marHutHoro mons (NMPN,), To Takas uvacToTa HasbiBAeTCs aC MW H -
XPOHHO.

B acMHXpoHHOM aBuraTesie paboumnini NpoLecc MOXeT NPOoTeKaTb TObKO
Npu acuMHXPOHHOW 4acToTe, T. e. MPW 4YacToTe BpalleHWs poTopa, He
paBHOW 4acToTe BpalleHWs MarHUTHOro mnons.

YacToTa BpalleHUss poTopa MOXeT O4YeHb Mano OTAMYaTbess OT ua-
CTOThbl BpaLleHMsA N0, HO Npu paboTe ABUTaTeNns OHa 6yAeT Bcerga MeHbLUe
(fli-Oii).

Pa6oTa acCMHXPOHHOrO ABWUraTesss OCHOBaHa Ha SBNEHUW, Ha3BaHHOM
«anck Jiparo— /leHua» (puc. 98). 3710 AABNEHUE
3aK/no4aeTcs B C/efylollem: ecnvM nepeg no-

N0caMy MOCTOAHHOIO MarHMTa NOMecTUThb Mef-
HbIi auck 1, cBO6OAHO cUAALMI Ha ocu 2, 1
HayaTb BpawiaTb MarHUT BOKPYF ero ocu npu
NMOMOLLM PYKOSITKU, TO MeAHbIi auck 6yaeT
BpallaTbCA B TOM >X€ Hamnpas/ieHUU. ATO 06b-
SCHSIETCS TeM, UTO MpY BpaLleHUN marHuTa ero  Puc. 98. Cxema, noscHatowas
MarHMTHOe Mosie MPOHU3bLIBAET AUCKU WHAYK- ”p“H‘J'”H”Of(‘)em;j‘:;;cﬁ”’(po”'
TVPYeT B HeM BUXpeBble TOKM. B pesynbTate | _ .o —Ao%, 3 _p'yKomKa
B3aMMOLENCTBMUS BUXPEBLIX TOKOB C MarHwUT-
HbIM MONemM MarHUTa BO3HMKaeT cufa, NpUBoAsLLaa AUCK BO BpaleHue. Ha
OCHOBaHMe 3aKoHa JleHLa HanpaBieHue BCSKOrN0 WMHAYKTMPOBAHHOIO TOKa
TaKoBO, YTO OH MPOTMBOAENCTBYET NMPUYMHe, ero Bbi3BasLlein. M03aTOMy BUX-
peBble TOKM B Tene ANCKA CTPeMATCH 3a4epXXaTb BpalleHWe MarHuTta, Ho,
He MMes BO3MOXXHOCTMW cfenatb 370, NPUBOASAT AMNCK BO BpalleHWe TakK, 4To
OH cnegyeT 3a MarHutom. [pu 3TOM 4YacToTa BpalleHWs [uUcKa Bcerga
MeHbLLE, YeM YacToTa BpalleHUs MarHuTa. Ecnm 6bl 3T 4acToTbl MOYEMY-
nnMbo cTanm OAMHAKOBbLIMM, TO MAarHWTHOE MoJjie He Mnepemellanocb 6bl OT-
HOCUTENbHO AucKa W, cflefoBaTeflbHO, B HEM He BO3HMKann Obl BUXPEBble
TOKW, T. €. He 6blN0 6bl CU/bI, NOA AENCTBMEM KOTOPOW AWCK BpallaeTcs.

B acCMHXPOHHbIX ABUraTensAx MOCTOAHHbIA MarHWT 3aMeHeH Bpallato-
WMMCA MarHUTHbIM MNOJieM, CO3f4aBaeMblM TpepdhasHO 0OMOTKOW cTaTopa
npu BK/OYEHUN ee B CETb MepemMeHHOro Toka.

Bpauatolieeca mMarHUTHOe Mose ctaTopa nepecekaeT MPOBOAHWKW 06-
MOTKW pOTOpa WU MHAYKTUPYeT B HUX 34c. Ecnym obmoTKa poTtopa 3amKHyTa
Ha KakKoe-nMbo COMpPOTUBMEHME WM HAKOPOTKO, TO MO Hed noj AencTBUEM
WHOYKTUPYEMOV 34C MPOXOoAUT TOK. B pesynbTate B3aumMoaelicTBUSA TOKa
B 06MOTKE poTOopa C BpaljallUMCA MarHUTHbIM MOfeM OGMOTKM cTaTopa
co3faeTcs Bpawialowmii MOMEHT, MOf [AeNCTBMEM KOTOPOro pOTOP Hayu-
HaeT BpallaTbCA MO HamnpaB/leHWIO BPaLLEHUA MarHUTHOrO Mons.

Ecnv NpeanonoXuTtb, Y4TO B KaKOW-TO MOMEHT BpPeMeHW 4acToTa Bpa-
LWeHNA poTopa OKasanacb PaBHOWM 4acToTe BpalleHWs nons cratopa, TO
NPOBOAHUKN OOMOTKM poTopa He OyAyT Mepecekatb MarHUTHOe Mosfe cTa-
Topa M TOKa B poTope He 6yaeT. B 3ToM cnydyae BpawawwWwmMini MOMEHT CTa-
HeT paBHbIM HY/O, W 4YacToTa BpaALLEHMS pPOTOpa YMEHbLUUTCA MO cpas-
HEHMIO C YacTOTOW BpalleHWs Mons cTatopa, Noka He BO3HWKHET Bpaljato-
WKW MOMEHT, YPaBHOBELUMBAKOL NI TOPMO3HOM MOMEHT, KOTOPbI/ CcKnagbl-
BaeTCA W3 MOMeHTa Harpyskum Ha Bany W MOMeHTa CUN TPeHUS B MallWHe.
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ONna v3MeHeHWs HanpaBfieHWs BpalleHusl poTopa, T. e. AN pPeBepcu-
poBaHUs ABUTraTessi, HEO6X0AMMO M3MEHUTbL HarpaefeHWe BpalleHUs Mmar-
HUTHOrO MO, CO34aHHOr0 OOGMOTKOI cTaTtopa. 3TO AOCTMraeTcss M3Me-
HeHMeM uvepefoBaHUs a3 06MOTOK cTaTopa, A/ Yero creayeT MOMEHsTb
MecTaMM MO OTHOLUEHUIO K 3aXWMaM ceTu Niobble gBa U3 TPex MPOBO/AOB,
coeAMHSAOWMNX 06MOTKY cTatopa C ceTblo. PeBepCMBHbIe ABUraTenu CHab-
XalTcsa nepeknwyatenamm, MpyM MNOMOLM KOTOPbLIX MOXHO M3MEHSTb
yepegoBaHue a3 06MOTOK cTaTopa, a crefoBaTeslbHO, M  Hamnpas/ieHUe
BpalleHus poTopa.

BHe 3aBMCMMOCTM OT HamnpasfieHWs BpallleHMs poTopa ero vactota MU
KaK YXe YKasblBa/ioCcb, BCerfga MeHblle 4acToTbl BpalleHUs MarHUTHOrO
nonsa cratopa.

§ 78. YCTpOWCTBO aCMHXPOHHOrO ABuraTens

CeppeuHnk 1 crtatopa (puc. 99) HabupaeTca W3 CTafibHbIX MAACTUH
TonwmHom 0,35 mnm 0,5 mMm. MAacTUHbl WTaMNyKT ¢ BNagnHamm (nasamu),
V30/TMPYIOT NakKOM WAV OKanMHOW ANS YMEHbLUEHUS MNOTepb Ha BUXPEBbIE
TOKW, COBMPAlOT B OTAE/NbHbIE MaKeTbl W KPEnAT B CTaHUHe 3 gBuratens.

K cTaHMHe npukpennsT Takxe 60-
KOBble LWMNTbI C MOMELLEHHbLIMN Ha HUX
NoALLINMHNKAMW, Ha KOTopble onupa-
eTca Ban portopa. CTaHWHY ycTaHaB-
nmMBaldT Ha dpyHAAMeEHTe.
B npoponbHble masbl cTtatopa YK-
nagbiBaloT NMPOBOAHUKM €ro 06MOTKMU
2, KOTOpble CORANHAIOT Mexay COo6ol
TaK, 4YTo o6pasyeTcs TpexdasHas CuU-
ctema. Ha wutke 4 malwmHb nmeeT-
CA LWecTb 3@XKUMOB, K KOTOPbIM Mpu-
COEVHSAITCSA Hayana M KOHLbl 06MO-
TOK KaXaow casbl. NnA nogknoyeHmns
Puc. 99. YcTpolicTBo cTaTopa acMHXpoH- OOMOTOK cTaTopa K TpexdhasHoW ceTu
HOFO ABuraTens: OHW MOTYT 6bITb COeAMHEHbI 3BE340M
/ — cepaedHuK, « — ctanuna, W TpeylOJ/IbBHMKOM, 4YTO [OaeT BO3-
MOXHOCTb BKNto4aTh ABUratesib B CeTb
C ABYMS pPas’IMUYHbIMU JIMHENHBIMW HanpsXeHusmu. Hanpumep, ABura-
Tenb MoOXeT paboTaTb OT ceTm C HanpsbkeHuem 220 m 127 B. Ha wutke
MalWWHblI yKa3aHbl ob6a Hanpa>XXeHuna ceTu, Ha KOTOpble paccyuTaH ABura-
Tens, T. e. 220/127 B wnun 380/220 B.

Ana 6onee HU3KUX HaMNPSXEHWNR, YKasaHHbIX Ha LWWUTKe, o6MOTKa
cTatopa coefuHSeTCs TpPeyronbHWKOM, Ansi 60/ee BbICOKUX — 3Be3[0M.

Mpwn coegnHeHNM 06MOTKM cTaTopa TPEYrosibHMKOM Ha LWUTKE MalluvHbI
BEPXHME 3aXMMbl 06bLEAVHAIOT MepeMbidKamMu ¢ HkHUMU (puc. 100), a
KaXAyH napy COeAVMHEHHbIX BMECTEe 3a)XVMMOB MOAK/YAT K JIMHENHbIM
nposogam Tpexda3HoW ceTW. [NA BKAOYEHUSA 3Be340W TPU HUMDKHUX 3a-
XUMa Ha WNUTKe COeAUHSAIOT MepeMblikamu B 0O6LLLYI TOUKY, a BepxHue
MOAKMYaT K IMHENHbIM MPOBOAaM TPexdgasHOM CeTU.

CeppeuHunk 1 potopa (puc. 101, a) TakXe HabupalT n3 cTasbHbIX
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naacTuH TonwmHow 0,5 MM, M30/IMPOBaHHbLIX NakKoOM WAW OKanuvHOW AN

YMEHbLLUEHNSA MOTepb Ha BUXPEeBble TOKW. MNacTUHbI WTaMNyT ¢ BRagu-

HamMy 1 co6MpaloT B MaKeTbl, KOTOPble KPenaT Ha Bany MaliuHbl. M3 na-

KeTOB 06pasyeTca UMANHAP C NPOAOSbHLIMW Ma3amMmu, B KOTOPbIX YKAAMbI-

BalOT MPOBOAHUKM 2 06MOTKW poTOpa. B 3aBMCMMOCTM OT TWUMa OBMOTKMU

aCMHXPOHHbIE MalMHbI MOTYT 6bITb C (pasHbIM M KOPOTKO3aMKHYTbIM POTO-

pamu. KopoTko3aMKHyTas 06MOTKa poTopa BbIMOAHAETCA MO TUNy 6e1nyb-

ero Koneca (puc. 101, 6). B nasax poTtopa yKnaAblBaldT MacCUBHbIE CTEPX-

HU, COeAMHEHHble Ha TOPLOBLIX CTOPOHaX MeAHbLIMM KofbuamMuy 3 (CMm.

puc. 101, a). YacTo KOPOTKO3aMKHYTYIH O0OOMOTKY poOTOopa W3roToBASKOT

13 aIlOMUHUSA. ANFOMUHNIA B TOPAYEM CO- .

CTOSIHUWM 3a7MBalOT B Masbl poTopa Mnoj M i1 M3 M M M

paBneHunem. Takas obmoTKa Bcerga 3a-

MKHYTa HaKOpOTKO W BK/IlOYEHWE Comnpo-

TUBMEHNA B Hee HEBO3MOXHO. ®dasHas

o6MOTKa poTopa BbIMO/IHEHA MOAOGHO

CTaTOpPHOW, T. e. MNPOBOAHUKW COOTBET-

CTBYHOLLMM 06pa3oM COeAUHEHbI MeXAy

co6oi, ob6bpasysa TpexmasHyl CUCTEMY.  puc. 100. CoeanHeHMe 3aKMMOB  Ha

O6MOTKM Tpex a3 coefMHEeHbl 3BE3A0M.  wmMTKe ABMraTens Npu BKKOYEHUN 06-

Hayana 3Tux 06GMOTOK MOAKAKOYEHbI K MOTKM cTaTopa:

TPeM KOHTaKTHbIM MeAHbIM KOJ/bLaM, yK- a — TpeyrofibHukom, 6 — 3sesqoit

penneHHbIM Ha Bany poTopa. Konbua

M301MPOBaHbl APYr OT Apyra W OT Basa W BpalialTcsd BMECTe C POTOPOM.

Mpy BpalleHUnN Kosew, MOBEePXHOCTM MUX CKOMb3AT MO Yro/flbHbIM WAN Mef-

HbIM LLeTKaM, HEeMNoOABWXXHO YKpPEen/jeHHbIM Hag Kosnbuamu. O6moTka po-
TOopa MOXeT 6bITb 3aMKHYyTa

Yy n Ha Kakoe-nmbo cornpoTuBse-
H n e / N HWE WU HaKOPOTKO MpWU o-
MoLLn yKasaHHbIX  BbllLE
LLLeTOK.
JL/v Asuratenn ¢ KOPOTKO*
6)

Pnc. 101. PoTop KOPOTKO3aMKHYTOro aCUMHXPOHHOro ABuUraTesns:

a — ycTpolicteo, 6 — o6MoTKa: / — CepAeyYHUK, 2 — MNPOBOAHWUKN, 3 — MeAHble Konbla
3aMKHYTbIM POTOPOM MpoOLie U HagexHee B 3Kcnayartauuun, 3HauynTeNbHO
OelleBsie, yem Asuratenu c asHbiM poTopom. OgHaKo ABuratenm ¢ doas-
HbIM POTOPOM, KaK Mbl YBUOUM HWXKE, 06J'Ia,an0T nyyqywimmMmm nyckoBbiMn N
pPerysiMpoBoYHbIMU CBOACTBAMM.

B HacTodAllee BpeMA aCMHXPOHHbLIE ABUTraTesin BbIMOMHAKT MPeENMYyLLEe-
CTBEHHO C KOPOTKO3aMKHYTbIM POTOPOM W AMWb MApU 6GOAbLUINX MOLLHO-
CTAX U B cNeuManbHbIX CAyyasX WUCNOMb3YIOT pasHyto 06MOTKYy poTopan
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B CCCP npouns3sogAT aCUHXPOHHbIE [ABUraTtesin MOLLHOCTbLIO OT He-
CKOMIbKMX [ecATKoB BaTT g0 15 COOKBT npu HanpsH>XeHUsax OOMOTKM
cTtaTtopa fo 6 KB.

Mexpay CcTatopom M pPOTOPOM WMEETCA BO3AYLUHbIA 3a30p, BelnYMHaA
KOTOPOro OKa3blBaeT CYLLECTBEHHOe B/WAHWE Ha paboyune CBOWCTBA [ABM-
ratens.

Hapsgy € BaXHbIMW MNOMOXWUTE/bHBIMW  KayecTBaMym — MpPOCTOTOW
KOHCTPYKUUM U  06CAYXMBaHUA, Ma/oli CTOMMOCTbIO — acCUMHXPOHHbIN
ABuTaTeNb MMeeT N HeKOTOPble HefoCcTaTKWM, U3 KOTOPbIX Hambosee cyle-
CTBEHHbIM ABNAETCA OTHOCUTENbHO HU3KUIA  KO3(AULUMEHT MOLLHOCTU
(costp). ¥ acMHXPOHHOrO ABuraTtesnisi costp MNPV MOJHOM Harpyske MOXeT
pocturaTtb 3HadeHuin 0,85—0,9; npu Hegorpyskax [ABuUraTenss ero cos<p
pe3ko ymeHbLUAeTCs U Mpu XosiocTom xopge coctasnger 0,2—0,3.

Hun3knii  KoathpuLMeHT MOLLHOCTM acMHXPOHHOrO JABuratens o6bAc-
HAeTcA 60nbWMM noTpebsieHNeM pPeakTUBHOM MOLWHOCTU, KOTopasi Heoo6-
xoanmmMa Ans BO3OYXAEHUA MarHUTHOro Noss. MarHWTHbIA MOTOK B acuH-
XPOHHOM [BMWraTefie BCTpeyaeT Ha CBOEM MNyTW BO3AYLUHbI/A 3a30p Mexay
CTaTOPOM W pPOTOPOM, KOTOPbIi B OOMbLIOA CTeNneHW YyBenn4ymBaeT Mar-
HUTHOE COMPOTMUBMEHWE, a CNefoBaTeflbHO, N MNOTPebNAeMyto ABUraTefnemM
peakTUBHYIO MOLLHOCTb.

B uenax nosbllWeHUA KOIPULMEHTA MOLLHOCTU aCUHXPOHHLIX ABWUra-
Tefnel BO3AYLUHbIA 3a30p CTPeMATCA fenaTb BO3MOXHO MeHbLUWM, A0BOAA
ero y manbix gsuratenen (nopsigka 2—5 kBT) go 0,3 mm. B gBuratensx
60/1bLLIOM MOLLHOCTU BO3AYLUHbI/A 3a30p MPUXOANTCA yBeNMYMBaTb MO KOH-
CTPYKTUBHbIM COO6PaXeHUsIM, HO BCe >Xe OH He npeBblllaeT 2—2,5 MMm.

§ 79. PaboTa acMHXpPOHHOro ABuUratens nog Harpy3komn

B pa6ouem pexume poTOp [BUraTens BPaLLaeTcs ¢ 4acToToW N, MeHb-
weit yactotel tii mMarHMTHOro nons crtaTopa, BpalLaloLLLErocs B TOM >Ke
HanpaeneHUn, 4To M poTop. MMo3TOMy MarHUTHOe Mone, umMewollee 60/b-
LY 4acToTy, CKO/Ib3UT OTHOCUTE/IbHO POTOpa C 4acToToii (06/MWH), paB-
HOI PasHOCTM 4acToT MOAs M poTopa, T. e. NS=NX—n*.

OTHOCUTENbLHOE OTCTaBaHWE poTopa OT BpaLLalLLErocs MarHUTHOFO
nons cratopa XapakKTepusyeTcs CKOMbXeHuem 5.

CKO/NbXXeHWe NpeAcTaBisieT co60M OTHOLLIEHME PA3HOCTU YacToT Bpallie-
HUSI MarHMTHOIO MOAs cTaTopa M BpallaloLLLerocs portopa K 4yactote mMons
cratopa

OTa chopmyna onpegensieT CKOMbXEHME B OTHOCUTENbHbLIX eAuHULIaX.
CKO/b)XXeHNE MOXET OblTb TakK)e BblpaXeHO B MPOLEHTaxX:

S = 00%.
«l

Ecnn poTop HenoaswkeH (S*=0), TO CKOJIb)XeHWe PaBHO eAUHMLE WUN
100%.

Ecnn poTop BpaliaeTcs CUHXPOHHO C MarHWUTHbLIM Monem, T. €. C 04u-
HaKOBOW 4acTOTOM (n,=/1x), TO CKOJIb)XEHWNE PaBHO HYJIIO.
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Takum 06pa3om, yem 6oJblle 4acToTa BpalleHUs poTopa, TeM MeHbLUe
CKOJIbXEHME.

B pa6ouem pexxume aCUHXPOHHOIO ABUraTeNsi CKOMbXeHne Mano. Y co-
BPEMEHHbIX aCMHXPOHHbIX ABUTaTeNeil CKOMbXEeHWe Mpu NOSHOW Harpyske
coctaBnsieT 3—5%, T. e. pPOTOpP BpPALLAETCH C 4YacTOTOW, He3Ha4YUTeNbHO
OT/IMYAIOLIECA OT YacToTbl MarHMTHOrO MofA cTaTtopa.

Mpyn xonocToM xofe, T. e. MPH OTCYTCTBMW HAarpysku Ha Bany, CKOJb-
XEeHNEe HUYTOXHO Mano M MOXeT OblTb MPUHSATO PaBHbIM HYJHO.

YacToTy BpalleHMs poTopa MOXHO OMpeaennuTb U3 CrefylLwux cooT-
HOLLEHWIA:

nl= nl—ns= n1(\—S) = 1—s).

Asuratens 6ypeTr paboTaTb YCTOWMYMBO C MOCTOSIHHOM 4acTOTOW Bpa-
LeHMs poTopa Npyv PaBHOBECMW MOMEHTOB, T. €. €CNM BpallaloWmnii MOMEHT
asuratens M 6yget paseH TOPMO3HOMY MOMeHTY Ha Bany asuratens MT
KOTOPbIVi pa3BMBaeT MPUEMHUK MEXAHWUYECKOW 3Heprum, Hanpumep pesel,
TOKapHoOro craHka. CnegosaTefibHO, MOXHO 3anucath: M=MT.

Jto6oii Harpyske MalUMHblI COOTBETCTBYeT onpefesieHHasi yactoTa Bpa-
ueHns potopa Nt n onpegeneHHoe ckonbxeHue S.

MarHmTHoe nose cTaTopa Bpal,aeTcs OTHOCUTENIbHO POTOpa C 4acTOTOW
NS n wnHaykTUpyeT B ero o6MOTKe 3Ac £,, MoA AelicTBMEM KOTOPOM Mo
3aMKHYTOli 06MOTKe poTopa MpPoOXoauT TOK /..

Ecnn Harpyska Ha Bany MalliuWHbl yBenmuunacb, T. €. BO3POC TOPMO3-
HOA MOMEHT, TO pPaBHOBECME MOMEHTOB OyAeT HapyLleHO, TaK KaK Top-
MO3HO MOMEHT OKa)KeTcsl 60/iblle BpaljaloLLero. 3To NpmBeaeT K YMeHb-
LeHM0 4acToTbl BpalleHUs poTopa, a Cc/lefoBaTeflbHO, K YBE/IMYEHUIO
CKONMbXeHUA. C yBeNMYEHUEM CKOJIbXXEHUSI MarHMTHOe TMose cTaTtopa
6yaeT nepecekatb MPOBOAHMKM OBMOTKWU poTopa uaule, agc ET, nnagyktu-
poBaHHasi B 06MOTKe poOTOpa, BO3pacTeT, a B pe3y/nbTaTe YyBeMUMUTCSA Kak
TOK B poOTOpe, TaK W pasBUBaeMblii ABUraTenem BpallaloWnii MOMEHT.
CKOMbXEeHNe N TOK B pOTOpe OYAyT YBenMumBaTbCs A0 3HAYEHWW, MNPH
KOTOPbIX BHOBb HAacTymnuMT paBHOBECME MOMEHTOB, T. €. BpaljatoWuii Mo-
MEHT CTAHET paBHbIM TOPMO3HOMY.

Tak e MnpoTeKkaeT MPOLLECC M3MEHEHWI 4YacToTbl BpaleHUs poTopa U
pa3BMBAEMOro MOMeEHTa MPU YMeHbLUEHUM Harpysku gsuratens. C yMeHb-
LUeHMEeM Harpyskm Ha Bany pABuratess TOPMO3HOW MOMEHT CTaHOBMUTCS
MEHbLLE BpaljatoLLero, 4YTo MNPMBOAUT K YBE/IMYEHWUIO 4acTOTbl BpaLLeHUs
poTopa WAN K YMEHbLUEHUI CKOMbXEHWUsi. B pesynbTaTe yMeHbLUaTCs
34C N TOK B 06MOTKE poOTOpa, a C/AefoBaTeflbHO, W BpallaloWwnii MOMEHT,
KOTOPbIi BHOBb CTAHOBUTCA pPaBHbIM TOPMO3HOMY MOMEHTY.

MarHuTHoe nosie_cTaTtopa rnepecekaeT NPOBOAHUKM OOMOTKM cTaTopa WU
VHOYKTUPYeT B Heli agc EW koTopas ypaBHOBewMBaeT MpPUNOXKEHHOE
HanpsikeHue cetn Ui,
~ Ecnm npeHebpeyb nageHUeM HanpsXKeHUs B CONPOTUBAEHUUM OOMOTKU
cTaTopa, KOTOpPOe Majso Mo CpaBHEHWU C 3AC, TO MexXay a6CcoMtoTHbIMU
3HAYEHUAMN TMPUSIOXKEHHOTO HamnpsHKeHUA W 34C 06MOTKM cTaTopa MOXHO
AOMYCTUTL NPUBAMKeHHoe paseHcTso, T. e. UIi—EI.

Takum 06pas3om, Npu HeM3MeHHOM HarnpshKeHUU ceTun b6yaeT HemsmeHHa
M 3ac 06MoTKM cTatopa. CnepoBaTeNlbHO, MarHUTHbLIA MOTOK B BO3AYLLUHOM
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3a3ope MalluMHbl, TakK e KakK B TpaHcthopmartope, npu N060M M3MEHEHUN
Harpysku 0CTaeTcs MNPMMEPHO MOCTOSIHHbIM.

Tok 06MOTKM poTOpa co3faeT CBOe MarHWTHOe Mose, KOTOPOe Hanpas-
NIEHO MPOTMBOMO/IOXKHO MarHUTHOMY MOJ0 TOKa 06MOTKM cTaTopa. YTo6bl
pe3ynbTUPYHOLWNIA MarHUTHbIA MOTOK B MallMHe 0CTaBasiCA HEU3MEeHHbIM
npu n06oM M3MEHEHUW Harpysku ABuratens, pasMarHuyuBalollee Mar-
HUTHOEe none O6MOTKM POTOpa AO/MKHO ObiTb YPaBHOBELUEHO MarHUTHbIM
nonemM o6MOTKM cTaTopa. [103TOMYy nMpW YBeNMYEHUWN TOKa B OOMOTKe
poTopa yBenMyuMBaeTcs M TOK B 06MOTKe cTaTopa.

TaknMm 06pa3oM, aCMHXPOHHLIA ABUraTenb MNogobeH TpaHcopmaTopy,
Yy KOTOpPOro Mnpu yBe/MYEHUWN TOKa BO BTOPUYHOW OOMOTKE yBeNM4nBaeTcs
TOK B MEepBMYHON 06MOTKe.

§ 80. Bpalwjalowmii MOMEHT aCUHXPOHHOIO ABuUrarens

Bpaljalwmii MOMEHT acCMHXPOHHOrO ABuraTens co3fgaetcsa MNpu B3au-
MO/ECTBMM BpALLAOLLErocsl MArHWTHOrO Moas cTaTopa C TOKaMW B Mpo-
BOAHWKAX 06MOTKM poTopa. [03ToMy BpalllaloLiMii MOMEHT 3aBUCUT Kak
OT MarHMTHOrO NOTOKa cTaTopa ® T, Tak W OT Toka B 06MoTKe poTtopa |t.
OpgHako B npouecce Npeobpa3oBaHUs 3HeprumM (Co3gaHMKN  BpalaloLLLero
MOMEHTA) y4acTBYeT TO/IbKO aKTMBHAs MOLLHOCTb, NoTpe6asemas MallnHOM
M3 ceTu. BcneacTBve 3TOr0 BpalLAOLWIMG MOMEHT 3aBUCUT He OT TOKa B
06MOTKe poTopa /,, a TOMbKO OT ero akTUBHOI cocTaBnstowen, T. e. /*X
Xcostf,, rae  — dhasHbIi yron mexay 34C U TOKOM B 06MOTKe poTopa.

Takum 06pasom, BpaLalOWNA MOMEHT acMHXPOHHOro ABuratens or-
pefenseTcs cnefylolWUM BblpaXKeHUEM:

M = C®JI/, cos i]jj,

rae C — KOHCTPYKTMBHAs MOCTOSIHHAs MalUWHbI, 3aBUCALLAs OT ymcia ee
nonocos u pas, ymcna BUTKOB O0OMOTKM cTaTtopa WM KOHCTPYKTUBHOIO
BbIMO/IHEHNST 0OMOTKM.

Mpn ycnoBuMmM MNOCTOSHCTBA MPWUJ/IOXEHHOrO HAanps>XeHUs MarHUTHbIA
MOTOK OCTaeTCsA TakXXe MoYTU NOCTOAHHBLIM MPU NOO6O0M U3MEHEHUN Harpys3Ku
asurartens.

Taknm 06pa3om, B BbIpaXEHMUW BPALLAIOLLEFO MOMEHTa BENUYUHBI DT
1 C nocTosiHHbI 1 BpaLLaloLmMii MOMEHT NPOMNOPLNOHANEH TONbKO aKTUBHOWA
COCTaBNslOLLEN TOKa B 06MOTKe poTtopa, T.e. jVf~/,cos\|?I.

MN3MeHeHMe Harpyskm wam TOPMO3HONO0 MOMEHTa Ha Bany [ABurartens
M3MEHSAEeT 4acTOTy BpalleHMs poTopa M CKOJIbXXeHWe, 4YTO BbI30BET WU3Me-
HEeHMEe KaK TOKa B poTope /2, TaK W ero akTUBHOW cocTaBnsatoLLen /,eosil)j.

MO>XHO TOK B pOTOpe OonpeAennTb OTHOLIEHWEM 3A4C K MOSIHOMY COMpPO-
TUBNEHWUIO, T. €.

——Er— n
Il K*S+xi
cosfa—— —
Vrl+xl"'
roe Zt, Rt n X, — nonHoe, aKTMBHOE M pPeakKTUBHOE COMPOTUBEHUS

hasbl 06MOTKM poTOpa.
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BmecTe CO CKOMbXeHMEM W3MeHseTcs 4acToTa Toka poTopa. lMpu He-
MoABVMXXHOM poTope (A*=0 m S=1) BpawaroLleecs nose ¢ O4UHAKOBOW Ya-
CTOTOV nepecekaeT MPOBOAHMKM OOGMOTKM cTaTopa M poTopa M vactoTa
TOKa B pOTOpe paBHa 4acTtoTe Toka B ceTu (/»=/i). TIpH yMeHbLUeHUN
CKOJIbXXEHNA 06MOTKa poTopa mepecekaeTcsd MarHUTHbIM MOIeM C MeHbLUEN
4acTOTON, TaK 4TO yacToTa TOKa B pOTOpe yMeHbllaetca. Korga poTtop
BpaLlaeTca CUHXPOHHO ¢ nonem (n»=nlwmn S=0), NpPoBOAHUKN O6GMOTKMU
poTopa He nepecekalwTCA MarHUTHbIM MoJjleM, TakK 4YTO 4yacToTa TOKa B po-
Tope paBHa Hynw /,==0. Takum ob6pa3om, 4yacToTa TOKa B poTOpe Mponop-
LUMOHaNbHa CKOJIb)XXeHUto, T. e. /*=S/i.

AKTUBHOE COMPOTMB/IEHWE OBMOTKM poOTOpa MOYTM He 3aBUCUT OT 4a-
CTOTbl, TOrga Kak 34C N peakKTMBHOe COMPOTUB/IEHWE MPOMOPLMOHaNbHbI
yacTtoTe, T. €. U3MEHAKTCA C WU3MEHEHWEM CKOMbXEHWUSA, U MOryT ObiTb
onpegeneHbl CNefylLWUMMN BblPaXKEHUAMMU:

Et=SE un Xt= SX,

roe E n X — cooTBeTcTBEHHO 34C M MHAYKTUBHOE COMPOTMBAEHME (hasbl
06MOTKM HEMOABUXHOIo poTopa.
Takum 06pasoM, WUMeEM:

K/Z?* + (SX)>
M Bpawalowmini MOMeHT
SERt

Af~/ cos
«S+(SA)« *

CnepoBaTenbHO, NpU HEBGOMBLINX CKOJMBXEHUAX (NpuMepHO Ao 20%),
korga SX mano no cpasHeHuio ¢ /?, yse- ,,
JINYEHNE CKOJIbXXEHUA Bbl3blBaeT MOBbILLe-

HMe BpalllaloLlLero MOMEHTa, TaK Kak mnpu / T\

3TOM BO3pacTaeT aKTWUBHas COCTaB/stoLLaN // i- \\

ToKa B poTtope (/tcos p?. Mpu 6onbWNX

ckonbxennax  (SX>Ri)  ysenuueHue A o4 ,
CKO/bXXEHUSA ByfeT Bbl3biBaTb YMEHbLUEHWE * n '1
BpallaloLllero MomeHTa. Takum o06pasom, %

XOTSl :M BO3pacTaeT TOK B poTope /2, HO {i,tl 1
ero akTuBHas cocTasnfawowaa /osr|?2 wu, 1

cnefoBaTeflbHO,  BpaljatoLLmii MOMEHT

yMeHbLUATCA BCMeACTBME 3HauMTenbHoro  Puc. 102, 3aBucumocTb BpaLlato-
MOBbLILLUEHWUA PEaKTUBHOrO COMPOTUBAEHUs  WEro MOMEHTA aCMHXPOHHOTO ABN-
06MOTKI/I pOTopa. ratena OT CKOJIb>XXeHuA

Ha puc. KO2 nokasaHa 3aBUCMMOCTb Bpaljarl,ero MoMeHTa OT CKOJlb-
XeHusa. TpH HeKOTOPOM CKOMbXeHun SM (npumepHo 20%) ABuraTenb
pa3BmBaeT MaKCUMallbHbIA MOMEHT, KOTOPbIA onpefensieT neperpys3ouHyto
cnocobHocTb ABuratens m obblMHO B 2—3 pasa MpeBblllaeT HOMUHAMbHBIN
MOMEHT.

YcTonumBas paboTa fBuratens BO3MOXHa TOJIbKO Ha BOCXOAsLLEN
BETBN KPWBOW 3aBUCUMOCTU MOMEHTa OT CKOJIbXEHWA, T. e. Npu u3Me-
HEHUW CKOMbXeHUA B npegenax ot 0 go Sm. Pa6oTa ABuratens Ha HUCXO-
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Asuleli BeTBM YyKasaHHOW 3aBUCMMOCTWM, T. e. MPU CKOMbXeHUM S>Sm
HEeBO3MOXHa, TakK KakK He ob6ecrneynBaeTcs YCTOMYMBOE pPaBHOBECUE MO-
MEHTOB.

Ecnn npeanonoXxutb, YTO Bpallalwwmii MOMeHT 6bl1 paBeH TOpPMO3-
Homy (M=MT) B Toukax A n b, To npn cnyvaiiHOM HapylleHUN paBHO-
BECMS MOMEHTOB B OJHOM C/ly4yae OHO BOCCTaHaB/IMBaeTCsA, a B APYIOM He
BOCCTaHaBnmMBaeTca. [lonycTMM, 4TO BpalialOWWUA MOMEHT ABUraTens
noyemy-nmbo ymeHbWMACS (HanpuMmep, NPU  TMOHMXKEHUU HaMpPsHKeHUn
ceTn), Torga CKO/MbXeHWEe Ha4yHeT YyBenmumeaTbcs. Ecnm  paBHoBecue
MOMEHTOB 6b1/10 B TOUke A, TO yBenMueHUe CKOMbXEHWUA BbI30BET YBE/U-
YeHMe BpaLlalolLeEr0 MOMeHTa ABUraTeNnsi U OH CTaHeT BHOBb PaBHbIM TOp-
MO3HOMY MOMEHTY, T. €. paBHOBECME MOMEHTOB BOCCTaHOBUTCS. Ecnn ke
paBHOBECME MOMEHTOB 6bI/10 B Touke b, TO yBennueHue CKOMbXEHUS Bbl-
30BET YMEHbLUEHMe BpaljaloLLLero MOMEHTa, KOTOpbIi OyAeT ocTaBaTbCs
BCErja MeHbllle TOPMO3HOro, T. €. paBHOBECME MOMEHTOB HE BOCCTAHOBMUTCA
M YacToTa BpalleHUs poTopa 6yaeT HEMpPepbiBHO YMeHbLUATbCA A0 MOHOM
OCTAHOBKM fABUTaTens.

Ecnn npunoxuTb K Bany [ABUratenss TOPMO3HOW MOMEHT, 60/bLUWA
MaKCMManbHOr0O MOMEHTa, TO pPaBHOBECME MOMEHTOB HapyLUUTCS U pPoTop
[ABUTaTenss oCTaHOBUTCA.

Bpawiatowmii MOMeHT ABuratens MPoONOpUMOHaneH KBagpaty npuso-
XEHHOro HanpsXeHus, Tak KakK MponopuuoHanbHbl HanpsXKeHUo Kak
MarHUTHbI/A NOTOK, TaK U TOK B poTope. MO3TOMy M3MEHeHWe HamnpsXKeHus
B CeTWN BbI3blBaeT 3Hay4nTeNbHOE MN3IMEHEHWE BpaljaroLlero MomMeHTa.

§ 81. Paboume xapaKTepUCTUKW aCUMHXPOHHOrO ABUratens

Paboune XxapakKTepuUCTUKU acUHXPOHHOro ABuUratens nNpeacTaBnaloT
co60V 3aBUCUMOCTU CKOMbXEHUS S, 4acToTbl BpalieHuMs poTtopa MI, pas-
BuBaemMoro momeHta M, notpe6nsiemoro Toka J1, pacxoayemoli MOLLHOCTU
PU koathdpmmeHTa MOLLHOCTM cOS<p M Kng T] oT nonesHoi mouwjHoctn Pt
Ha Bany MawuHbl. 3TU XapakTepuctukm (puc. 103) cHuUMaroTca Mnpu ec-
TeCTBEHHbIX YCNOBUAX paboTbl ABwUratens, T. €. ABUraTeNb Heperynmpy-
eMblii, YacToTa Toka [l n Hanps>xeHue ceTn OCTalTCA MOCTOAHHbLIMM, a
M3MEHSAETCA TONbKO Harpyska Ha Bany [BuUrartens.

Mpn yBenMYeHNM Harpyskm Ha Bany fABUratenss CKO/MbXeHWe BO3pa-
CTaeT, npuyeM npu GONbLUMX Harpys3kax CKOJIbXEHWe YBenn4unsaeTcs
HEeCKOJ/IbKO ObICTpee, YemM MpU MasibiX.

Mpy XONOCTOM XOofe [ABUraTens CKOMbXeHWe odeHb Mano (N2~nt
mm S~0).

MNpn HOMMUHANLHOW Harpyske CKOJIb)XeHWe 00bl4HO cocTaBnsieT S —
=3-5%.

UacToTa BpaweHus portopa N, = @—s)=-~-(I —S).

Mpu yBeNnUYeHUN Harpysku Ha Basy ABUTraTeNnsl CKOJNIbXXeHWe Bo3pacTa-
eT, a yactoTa BpalleHus 6yaeT ymeHblwaTbcs. OAHAKO M3MEHEeHMe YacToThbl
BpalleHUss MpU YBeNMYEHUU Harpysku oT 0 A0 HOMWUHANbHOI OYeHb He
3HAUYUTENbHO M He MpeBbilaeT 5% . M03TOMYy CKOPOCTHasi XapakTepucTuka
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aCMHXPOHHOro ABuratensa sABAAETCA XECTKOW — OHa WMMeeT 0YeHb Masblii
HaK/IOH K FOPWU30HTanbHOW ocu.

Bpawatowunii momeHT M, passuBaemblit gBuratenem, ypasHOBeLLEH TOp-
MO3HbIM MOMeHTOM M T Ha Bany 1 momeHTom J110, ngyuwimm Ha npeogoseHme
MeXaHU4Yeckux notepb, T. e. M=
=M T1+Mo=4,/£22—Mo, rge 92—
nonesHas MOLLHOCTb ABUTaTens,
Q, — yrnoBasi CKOpocTb poTopa.

Mpwn xonoctoMm xofe ABUraTens
M=MBc ysennueHvem Harpysku
Ha Ba/ly BpallaloLnii MOMeHT Tak-
XXe yBenuuyuBaeTcs, MpuyeMm 3a
CYeT HEKOTOPOro YMeHbLUEeHMSA 4Ya-
CTOTbl BpalleHMs poTopa YBeIu-
YeHVe BpaLLalLLLero MoMeHTa npo-
NCXOAUT BbICTPEE, YEM YBENUYEHME
Nnone3Ho MOLLLHOCTM Ha Bany.

Tok J1, noTpebnsemblii ABurate-
neM u3 ceTu, HEPaBHOMEPHO M3Me-
HAeTCs C yBe/MYEHUEM Harpysku Ha Bany Asuratens. Mpu XonocTtom xoge
COS ) Man M TOK MMeeT GONbLUYH PeaKTUBHYH cocTaBnswowyw. Mpu ma-
NbIX Harpyskax Ha Bany fABuratens akTMBHas cocTaBaslolwas Toka cTa-
Topa MeHblle pPeaKTUBHOW COCTaBAsANOLWLEN, MO3TOMY aKTMBHas COCTaB-
nalowan ToKa He3HauyuMTeNnbHO BAMSET Ha ToK J1, onpegenswwuiica B
OCHOBHOM peaKTUBHOW cocTaBnswouwen. MNMpn 60AbWINX Harpyskax akTuB-
Haa cocTaBnsAloL,as ToOKa cTaTopa CTaHOBMTCA 60/blUe PeakTUBHOW U U3-
MeHeHVe Harpysku Bbi3blBaeT 60/bLLIOE M3MEHEHUe Toka /*.

Mpadhmueckn 3aBUCUMOCTL MOTPe6nseMoli Asuratenem mouwHoctn Pi
BblpaXkaeTca MPSMOW JINHUEN, He3HauYuTeNbHO OTK/IOHAOLWelcs BBepX OT
npsamMon Npyv 60MbWKNX Harpyskax, YTO O6BACHAETCS YBe/IMYEHMEM MOTepb
B 06MOTKax ctaTopa M poTopa C BO3pacTaHMeM HarpysKu.

KoathhnumeHT MOLLHOCTU W3MEHSeTCA B 3aBMCUMOCTU OT Harpysku
Ha Bany fABuratens ciefylowumMm ob6pasomullpy X0n0CTOM X0Ae COS g0 Ma
(nopagka 0,2), Tak Kak aKTMBHas cocTaBaslLW,as Toka cTatopa, o6yc-
noBnieHHaa notepAMM MOLLHOCTUM B MallMHe, Mana Nno CpaBHEHUKO C peak-
TUBHOI CcOCTaBiAOLWENA 3TOro TOKa, CO34alLert MarHUTHbIA noTok. [Mpu
YBeNIMYEHNM Harpys3ku Ha Bany cos g Bo3pacTaeT (focTuras HambonbLuero
3HaveHMsa 0,8—0,95) B pe3ynbTaTe yBe/IMYeHUS aKTUBHOM cOCTaBAsAwoLLei
Toka cTatopa. lNpu o4yeHb 6OAbLIMX Harpyskax MPOUCXOAUT HeKOTopoe
YMeHbLLEHME co3h, TaK KakK BCMeACTBUE 3HAYMNTEIbHOTO YBENMYEHUSA CKOJb-
XXEHUA M 4YacTOTbl TOKa B POTOPE BO3pacTaeT PeakTUBHOE COMPOTUBMEHUE
06MOTKN poTopa.

Kpusaa kng Tl nmeeT Takol e BUA, Kak B NII060M MallvHe UanM TpaHc-
chopmaTope. MNMpn xon0CcTOM X04e KNA paBeH HyNw. C yBeNMYeHNEM Harpys-
KW Ha Bany ABuratens Kng pPe3Ko yBe/M4YMBaEeTCs, a 3aTeM YMeHbLUaeTcs.
Hanbonbliero 3HayeHUs Kng A[OCTUraeT MNpu Takoi Harpyske, Korga
noTepyM MOLLHOCTM B CTaiM U MeXaHU4YecKue MOoTepu, He 3aBucAllMe OT
Harpysku, pasBHbl MOTePAM MOLWHOCTM B 06MOTKax cTatopa W poTopa,
3aBUCALLMM OT Harpyskwu.

Puc. 103. Paboune xapaKTEPUCTUKM acuH-
XPOHHOro ABurartens



§ 82. MNycK B XOf acUHXPOHHbIX ABurartesne

Mpn BKNKOYEHUN ACUHXPOHHOrO ABuUratens B CeTb lMepPeEMEHHOro ToKa
no obmMoTKam ero cratopa v potopa 6yayT NpoOXoAUTb TOKWU, B HECKO/bKO
pa3 60nble HOMUHaNbHbLIX. 3TO 0O6BACHAETCA TeM, YTO NPV HEMOABVKHOM
poTope Bpawjarlleecs MarHUTHOE Mosie nepecekaeT ero 06MOTKy c 60/b-
LUOM 4acTOTOW, paBHOWM 4acToTe Bpaw,eHWs MarHUTHOrO MOAs B MPOCTPaH-
CTBE, W WHAYKTMpPYeT B 3TO 06MOTKe 6oNbluyk 3ac. OTa 3A4C co3gaeT
60/bLLIOA TOK B LeNW poTopa, 4YTO Bbi3biBaeT BO3HWKHOBEHMWE COOTBETCT-
BYHOLLEr0 TOKa MU B 06MOTKe cTaTopa.

Mpn yBeNMYEHWM YaCTOTbl BPALLEHUS POTOPA CKOJIbXEHUE YMEHb-
LaeTcs, 4YTO MPMBOAUT K YMEHbLUEHUIO 34C M TOKa B 06MOTKe poTopa.
Oro, B CBOK o04yepedb, BbI3biIBA€T YMeEHblLUEeHME TOKa B 0OMOTKe
cratopa.

BonbWoO NYCKOBOW TOK HexenatefeH Kak ANS ABUratens, Tak v gns
MCTOYHWKAE, OT KOTOPOro pABurartesb Mony4vaer 3Heprui. [py yacTbix
nyckax 60/blWIOM TOK MNPUBOAUT K PE3KOMY TMOBbILEHUIO TemnepaTypbl
06MOTOK ABUraTens, yYTo MOXET BbI3BaTb MPeEXAEBPEMEHHOE CTapeHue Uux
nsonAuun. B ceTu npu 60NbWIMX TOKAxX MOHWXAeTCsAs HanpsXeHue, KO-
TOpoe OKasblBaeT BAMAHUE Ha paboTy APYTMX MPUEMHUKOB 3HEPTUN,

BK/IIOYEHHbIX B 3Ty Xe ceTb. [lo3aTomy
npsMol nyckK pABUratenss HeNoCpeacT-
BEHHbIM BK/IHOYEHMEM ero B CeTb Aony-
CKaeTCcA TOMIbKO B TOM Cfy4ae, Korga
MOLWHOCTb ABUraTesii HaMHOI0 MeHbLUe
MOLLHOCTU WCTOYHWUKA 3HEPruun, nnutato-
Lero ceTb.
Ecnn  MoOWHOCTL ABuratens cowms-
MepymMa C MOLLHOCTbIO UCTOYHWUKA 3HEP-
rmm, TO HEO6XOAMMO YMEHbLUUTHL TOK,
Puc. 104. Cxema BKkntoueHus nycko- MOTPEGNSEMbIA 9TUM [Buratenem npu
BOro peocTaTta B Lenb hasHOro portopa nyckKe B Xof.
aCMHXPOHHOro Asuratens Asuratenn ¢ ¢asHbiIM POTOPOM 06-
naparT O04YeHb XOPOWWMMWU MYCKOBbIMU
ceovictBaMun. [AnA yMeHbLIEHMS MYCKOBOrO TOKa 06GMOTKY poTOopa 3aMbl-
KaloT Ha aKTUBHOE COMPOTMB/IEHWE, HAa3blBAEMOE [MYCKOBbIM PEOCTaTOM
(puc. 104). TMpwn BKIKOYEHUN TaKOro COMNPOTUBNEHUA B LEMNb OO6MOTKMU
poTopa TOK B Heli yMeHbLuaeTCs, a cnefoBaTeslbHO, YMEHbLUAKTCA TOKMU
Kak B 06MOTKe cTatopa, Tak U noTpebnsembii asuratenem us cetu. Mpwu
3TOM YBEIMUYNTCA aKTMBHAaA COCTaBfAOLLAA TOKA poTopa U, CrefoBaTesibHO,
BpalLaloWmMii MOMEHT, pa3BuBaeMbll ABUTraTesieM Mpu MyCcKe B XOp4.

MyckoBble peocTaTbl WMEKT HECKO/IbKO KOHTaKTOB, MO3TOMY MOXHO
MOCTENMEHHO YMeHbLUaTb COMNPOTUBNEHME, BBEAEHHOE B LeNb O06MOTKU
poTtopa. [locne [AOCTUXEHUS POTOPOM HOPMasbHOW YacToTbl BpaLLeHUs
peocTaT MNOMHOCTbIO BbIBOAUTCA, T. €. OOMOTKY pOTOpa 3aMblKalT Hako-
pOTKO.

Mpwy HOpManbHOW YacToTe pPOTOpa CKOJbXEeHWEe Mano u 34C, WHAYKTU-
pyemas B ero o6mMOTKe, TakKXe He3HauyuTefnbHa. l03aTomy HuKakme poba-
BOYHbIe COMPOTUB/IEHUSA B LENU POTOPa HE HYXHbI.
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MNyckoBble peocTaTbl paboTaldT HeNPoOAO/MKMTENbHOE BpeMsa B mpoLiecce
pasroHa fBuraTensi M paccuuTbIBAlOTCS Ha KPaTKOBPEMEHHOe [elcTBuUe.
Ecnn ocTaBMTb peocTaT BK/IKOYEHHbIM ANUTEeNbHOE Bpems, TO OH BbliAgeT
13 cTpos.

[Buratenn ¢ KOPOTKO3aMKHYTbIM POTOPOM MPH Manoii MOLLHOCTU UX
Mo CpaBHEHWIO C MOLLHOCTbIO MCTOYHMKA 3HEPrMM MnyckKarwT B X044 Hemno-
CPeACTBEHHbIM BK/OYeHMEeM B ceTb. [pw 60MbLIOK Xe MOLWHOCTU ABUTa-
Teneli MYCKOBOW TOK YMeHbLUAlOT, MOHMXas MPUIOXKEHHOE HamnpsXeHue.
ANa NOHMXKeHUA Hanps>XeHUs Ha BPeMs MycKa ABUraTtefib BK/OYalOT B
ceTb 4epe3 MOHWXawLWMii aBToTpaHcopmaTop wan peakTopbl. MNpu Bpa-
LeHU poTopa C HOPMaslbHOM 4acTOTOW BpalLeHWs ABUraTeNb Mepekso-
YalT Ha NOJSIHOe HanpsXeHue ceTwu.

HepoctaTtkom Takoro crnocoba nycka fABUraTtensa B XO0f SAB/AETCA pes-

KOe YMeHbLUeHNEe MYCKOBOr0 MOMeHTa.
[na ymeHblueHns nyckosoro Toka B8 N
pa3s Heo6xoAVMO MPUNIOXKEHHOe Hanps-
XeHue noHm3nTb Takxe B N pas. MpH
3TOM MYCKOBOW MOMEHT, NPOMopLMoHab-
HbIi KBagpaty HanpsXXeHWs, YMeHb-
wutca 8 N1 pas. Takum 06pas3om, MoHU-
XKEHMe Hanps>keHUs JOMNyCTUMO MpH
nycke asuratens 6e3 Harpysku wam npH
ManblX Harpyskax, Korga MyCcKoBOM
MOMEHT MOXeT OblTb HebOoNbLINM.

Yacto gBurartesnb NyckarT B X04 Mo-
cpencTsom rnepektoyYeHns 06MOTKM
cTatopa CcO 3Be3flbl Ha TpPeyrojbHWUK
(pnc. 105). B MOMEHT nycka 06MOTKY
craTopa coeguunioT 3eesaol, @ nocne  TIC 105 Cowe e enonc
TOro Kak fiBuratejie  pasoBbeT 4HacTOTy ¢ nepekmiodyeHnem 06MOTKM cTaTopa
BpalweHns, O6/M3KyH0 K HOpMasbHOM, CO 3Be34bl Ha TPEYrobHUK
ee repeknyalT TpeyronbHUKoM. [pu
Takom cnocobe nycka pABuratenss B X04 MYCKOBOW TOK B CETU YMeHb-
waeTca B TPU pasa MO CPaBHEHWUIO C MYCKOBbIM TOKOM, KOTOPbIi MOTpe6-
nancsa 6bl geuratenem, ecnm 6ol Npu nycke obmoTka ctatopa 6blia coegu-
HeHa TPeyrosibHUKOM.

3TOT cnocob nycka MOXHO MPUMEHATb ANSA ABuratens, obmoTka cTa-
Topa KOTOPOro Mpu nuTaHUKU OT CeTU [AaHHOro HarnpsXeHus [oKHa
6bITb COEANHEHA TPEYrObHUKOM.

§ 83. [ABuratenn c yay4ylwleHHbIMU MYCKOBbLIMU CBOIACTBaMMU

MpocToTa KOHCTPYKUMM W HafeXHOCTb B 3KcnayaTauuu psurateneii
C KOPOTKO3aMKHYTbIM pPOTOPOM SIBASIKOTCA WX CYLLECTBEHHbIM [OCTOMH-
cTBOM, 6rnarogaps Yemy OHM MOJYYUNWN LUMPOKOE MPUMEHEHWE B MPOMbILL-
neHHocTn. OAHakKo 3TU ABUTaTeNM WMEKT TMJIOXMe MYCKOBble XapakTe-
PUCTUKMN.

3HauUTENIbHOE Y/yUlleHWE TMYCKOBbIX XapaKTEPUCTMK acMHXPOHHbIX
[BUratesnel ¢ KOPOTKO3aMKHYTbIM POTOPOM [OCTMraeTcs M3MEHEHWEM KOH-
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CTPYKLMM poOTOpa: WCNOMAb3YIT POTOPbI C ABOWHOM KOPOTKO3aMKHYTOW
06MOTKOM M ¢ rNy60KUMM Masamu.

PoTop ¢ ABOMHOWM KOPOTKO3aMKHYTOW OOMOTKOI Obln BMAEpBble MNpea-
noxeH M. O. fonuneo-Ao6poBonbcknum B 1889 r. OH mMMmeeT ABe KOPOTKO-
3aMKHYTble 06MOTKM, BbIMOMHEHHbIE B BUe 6eMubnX KNeToK (puc. 106, ).

Puc. 106. Cxema ycTpolicTBa poTopa:
a — C ABOWHOW KOPOTKO3aMKHYTOli 06GMOTKOI, 6—c rnybokMmun nassms

Uncno nasos sepxHeid A n HMxHeli B kneTtok moxeT 6bITh 04MHAKOBO
U pasnuuHo. HapyxHass o6mMoTKa A BbINo/MHEHA W3 CTepXXHel Manoro
MOMEepPeyYHOro CeYyeHHs, a BHYTPeHHAA 06MoTKa B — u3 cTepxHeit 60Mb-
LLIOrO MOMepeYHoro ceveHus. MoaToMy aKTUBHOE COMPOTUMBMEHME OBMOTKM
A OKa3blBaeTCcAaA 3HauYUTEe/IbHO 60ﬂbLIJI/IM, 4yeM aKTMBHOEe conpoTunB/eHNE
o6motkn B (Ra$>Rb)- BcneacTsme Toro uto CTepXHM BHYTpeHHeli 06-
MOTKM B rny6oko morpyxeHbl B Teno pPoTopa WU OKPYXeHbl CTanbio, WUH-
OYKTVBHOE COMPOTUB/IEHWE BHYTPEHHel O06MOTKM 3HaunTenbHO 605blue,
ueM WHAOYKTUBHOE CONPOTUBNEeHUEe BHewHeli o6moTku (XBEN>XJ).

MpuHUMN aelicTBUs 3TOro ABMraTtenss COCTOMT B creaylowem. B mo-
MEHT BK/IIOUYEHWUS ABMTaTeNs B CETb POTOP HEMOABVXEH U yacToTa TOKa B
poTope paBHa 4yacToTe ToKa B ceTu /*=/». Tok B obmoTkax A N b pac-
npegensietca 06paTHO MPOMOPUUOHANLHO WX TMOMHLIM COMPOTUBIEHUSAM.

Tak Kak peaKTBHbIE COMPOTUBAEHNA 0OMOTOK ACNHXPOHHbIX MallnH
3HAUYUTENbHO 60Mblie UX AKTUBHBLIX COMPOTUBAEHWUN, TO MPU MYCKE B XOf
pacnpefeneHue Toka Mexay obmotkamu A n b npumepHo o6patHo npo-
MOPUMOHANbHO WX WHAYKTUBHBLIM COMPOTMBAEHMAM. [103TOMy Mpu nycke
B X0 TOK B OCHOBHOM MpPOTEKaeT Mo MPOBOAHMKAM BHELLUHe 06MOTKU A,
MMetoLLleli MeHbllee WHOYKTUBHOE M 60/bllee aKTUBHOE COMPOTUB/IEHME.
3Ta 06MOTKa Ha3blBaeTCsl MYCKOBOWA.

B paboueM pexume CKO/bXeHWe Mano W, CnefoBaTeflbHO, 4vacToTa
ToKa B poTtope Takxe mana (/,«0). Mo3ToMy MHAYKTUBHbIE CONPOTUBIEHUSA
06MOTOK He MMEIOT 3HaueHus 1 Toku B o6moTkax A n b o6bpatHo nponop-
LWOHa/IbHbI MX aKTMBHbLIM COMPOTUBIEHMAM.

Takum 06pa3om, B paboyem pexkrme TOK B OCHOBHOM MPOXOAMT MO Mpo-
BOAHMKAM BHYTpeHHeli 06MoTKM B, vMelowm MeHbllee akTMBHOE conpo-
TUBMeHMe. OTa 06MOTKA HasblBaeTcsA paboudeit. MpuM Takol KOHCTPYKLUK
poTopa YyBeNnMYMBAETCA aKTMBHOE COMPOTUB/EHWE ero O6MOTKM B MOMEHT
nycka B XOfi ABWraTens, uYTO YMeHbLUAET MYCKOBOM TOK W YBeINUMBAET

146



MyCKOBOI/ MOMEHT TaK >e, KaK BK/loYeHMe MYCKOBOro peocTata B LeMb
(pasHOro poTopa.

B paBuratensix ¢ raybokMmm nasamMum Ha poOTOpe KOPOTKO3aMKHyTas
06MOTKa poTopa BbIMOMHSETCA B BUAe Y3kmx nonoc (puc. 106, 6). Mpwu
TaKOW KOHCTPYKLUMU OOMOTKM MPOUCXOAUT OTTECHEHME ToKa K BepXHe
yacTM NpPOBOAHUKOB BCNEACTBME TOro, UYTO HWXHME 4YacTu MNpPOBOLHUKOB
cuenneHbl ¢ 60/1bLWIMM MarHUTHBIM MOTOKOM pacCcessHUsA, YeM BEPXHME 4YacTu.

Takum o6pa3oM, TOK, MPOXOAsALWMA Mo NPOBOAHMKAM, CTPEMUTCA CKOH-
LLEeHTPMPOBaTLCA MPENMYLLLECTBEHHO B BEPXHEM MX YacTu, YTO PaBHOCUJILHO
YMEHbLUEHUIO MOMNEPEeYHOro CeYeHUs WU YBEIMYEHUID aKTUBHOIO COMpO-
TUBNEHNA 3TUX MNPOBOAHUKOB.

3JT0 aBfieHUe OTTECHEHUSI TOKA B BEPXHUE 4YacTW MPOBOJHUKOB OCOGEH-
HO CU/IbHO CKa3blBaeTCs B MOMEHT BK/KOUEHUA ABUratens, Korga vacrtorta
TOKa B pOTOpe paBHa 4acToTe TOKa CeTM W, C/efoBaTeslbHO, MpPU MycKe
B X0J MNOBbILIAEeTCA aKTUBHOE COMPOTUB/EHME OOMOTKM pPOTOpa, 4YTO YyBe-
nnymBaeT NYCKOBOM MOMEeHT. MNpu yBeNnMYeHUM YacToTbl BpalleHUs poTopa
yacToTa TOKa B ero 06MOTKe yMeHbLUaeTcsa MU TOK 60nee paBHOMEPHO pac-
npegenseTca Mo cedeHUO CTEPXXHe, M NpM HOPManbHOIM 4YacToTe BpaLle-
HUA HEPaBHOMEPHOCTb pacnpefeneHnUss Toka MO MOMepeyYHOMY CeYeHU
CTEPXXHEM MOYTM MOJIHOCTLIO MCYHe3aeT.

MyckoBoi MOMeHT asurateneii atoro tmna Ma= (1-1-1,5)/11H, a ny-
CKOBOWM TOK /n= (4-"5)/,,.

Taknm o6pasom, B ABUraTensAx c ABOMHOM KOPOTKO3aMKHYTO 06MOT-
KOW 1 ¢ rnyboKMMM nasaMn MYCKOBblE MOMEHTblI 60/Mblle W MYCKOBbIe
TOKN MEHbLLE, YeM Y OObIYHbIX KOPOTKO3aMKHYTbIX ABUraTesnei.

OpHako paboune XapaKTePUCTUKM 3TUX ABUTaTeneit HECKOMbKO XYXe,
yeM OObIYHbIX KOPOTKO3aMKHYTbIX ABUraTefnen: HECKO/SIbKO MeHbLLe Cos<p,
KN4 U MakKcUMasibHblIA MOMEHT, TaK KaK 060/blle MOTOKW paccesHusA, T. e.
60/ble MHAYKTVBHbIE COMPOTMBAEHUS O0OMOTOK poTopa.

§ 84. PerynmpoBaHue 4ecTOTbl BpalleHus
TpexasHbIX aCUHXPOHHLIX ABuUraTenei

YacToTa BpalleHMs poTopa B MUHYTY OMnpefensieTcs Cclefylowym Bbl-
paxxeHWneM:

nt=nl(\-S)=~(\-S).

M3 3TOro BbIpaXeHMsA BUAHO, YTO 4YacTOTy BpalLeHUA poTopa MOXHO
perynuposaTb W3MeHeHWEM 060 M3 Tpex BeNUYMH, ONpefensowmnx ee,
T. €. U3MeHeHMeM 4acTOoTbl TOKa ceTu [, ymcna nap MnoJsitocoB P U CKOJb-
XeHua S.

PerynnpoBaHue, 4acTOTbl BpalleHUs acCUHXPOHHbIX ABUraTenen wnsmMe-
HEHMEM 4acTOTbl TOKa CETU C/A0XKHO, TaK KakK Heobxogum Kakoin-nnbo pe-
rynmpylowmnini npeobpasoBatesib 4acToTbl MW FeHepaTop. Mo3Tomy Takoi
Crnoco6 He MMeeT LUMPOKOro NPUMEHEHUS.

Uncno noawcoB MawMHbl MOXeT OblTb WM3MEHEHO, ec/iM Ha cTaTope
MMeeTcs HeCKONbKO (06bI4HO ABE) 06MOTOK C pas/IMYHbIM YMC/IOM MOKCOB
WM ogHa o6MOTKa, KOTOPYH MOXHO Mepekiyartb Ha pas/IMyHOe 4YUCIo
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MoJsltocoB, WM fABe 06MOTKU, KaXfas M3 KOTOPbIX MOXeT nepekoyaTbes
Ha pas/IM4YHOEe YMNCNO MOJIH0COB.

Ha pwuc. 107, @ cxemaTunyeckun MnokasaHbl ABe 06MOTKW OAHOW dhasbl,
COelVHEHHbIE MOCMef0BaTe/IbHO, KOTOPble MOTYT ObITb MepeKk/toYeHbl Ha
yeTbipe rmnostoca.

Ecnn nM3MeHUTb HanpaBfeHWe TOKa B OA4HOM M3 KaTyluekK, BK/UYMB ee
BCTPEYHO C APYroi, TO O6MOTKa MOXeT MepeknioyaTbCad Ha fABa Mojtoca

(puc. 107, 6). Mpu wnsme-

HEHWUM yucna  MoJsioCcoB

06MOTKM cTaTopa u3Me-

HUTCA 4YacToTa BpaLleHUA

ero MarHuTHoro nons,

a cfefjosaTefibHO, W Ya-

cToTa BpaleHua poTopa

ABuratens. 9TOT cnocob

perynuposaHusa 4acToTbl

BpaLLeHUss aCUHXPOHHOr0

ABuUraTtens 3KOHOMMWYEH,

Puc. 107. Cxema nepeknioueHus o6MoTkM ctatopa Ha  HO HEAOCTATKOM €ro sB-

pa3Hoe YMCNo MOHCOB! nAeTca  CTyneH4yatoe Wus-

a — l4eTI:>|pe nontoca, 6 —,u,Ba nostca MeHeHVIe LlaCTOTbl KpoMe

TOro, CTOMMOCTb TaKoro

ABUTaTensa 3HauYMTeNbHO BO3pacTaeT BCNEACTBME YCOXKHEHUA O0OMOTKMU
cTaTtopa v yBenuMyeHna rabapmTosB MalUVH.

PerynnposaHune yactoTbl BpaleHUA M3MEHEHMEM 4ucia MoJCcoB npu-
MEHAIOT B ABUTraTenax C KOPOTKO3aMKHYTbIM POTOPOM; B fBuUratensax c
(ha3HbIM POTOPOM 3TOT CMOCO6 He WCNONb3YyeTcHA, TakK KakK MNpuxoauTcs
O[HOBPEMEHHO W3MEHATbL YMCNO MNOMCOB OOMOTKM cTaTtopa W 4Yucno rno-
N0COB 06MOTKM BpallaloLLeroca potopa, 4YTo BecbMa C/OXHO. 8§88

3aBoabl CCCP BbinycKalwT pABuUratesiv ¢ CUHXPOHHbLIMW  YacToTamm
BpaweHns 500— 750— 1000— 1500 o6/mMunH. TaKkume pABUraTenn WMET Ha
cTaTope fBe OOMOTKW, Kaxfas M3 KOTOPbIX MOXeT OblTb MepekstoyveHa Ha
pasinyHoe 4YMCcno MoJOCOB.

CKONbXEHNE MOXHO U3MEHATL PErYNMPOBOYHBLIM PEOCTaTOM, BBEAEHHbLIM
B Lenb OOMOTKM pOTOPa, a TakXe PEerympoBaHMEM HaNpsH>KeHUs ceTwu.

Mpn perynupoBaHMN HaMNpsXeHuUs nuTalollelri ceTm M3MeHseTcs Bpa-
LWalWmni MOMEHT ABUratens MNPOMOPLMOHaNbHO KBagpaTy HamnpsXeHus.
MNMpH yMeHbLUEeHNW BpaLlaloLWero MOMeHTa YMEHbLUMTCA YacTtoTa BpalleHUs
poTopa, T.e. YBEUYUTCA CKOMbXEHWUE.

PerynnpoBOYHbIli peocTaT BK/OYaeTcsa B LieMb 06MOTKM (hasHOro po-
Topa nogobHO MYCKOBOMY peocTaTy, HO B OT/IM4YMe OT MYCKOBOrO OH pac-
CYUNTbIBAETCA Ha ANNTENIbHOE MPOXOXKAEHME TOKa.

Mpun BKNIOYEHUN PETYNIMPOBOYHOrO peocTata TOK» B POTOpPe YMeHb-
LINTCHA, YTO BbI3OBET CHMXKEHMEe BpallatoLLero MOMeHTa ABuraTtens u, cne-
JoBaTeNlbHO, YMEHbLUEHWEe YacToTbl BpalleHUsa WIn YyBelIMYeHWEe CKOJb-
XeHuna. Tpu yBeNIMYEHUN CKOMbXEHUSA YBE/TMYMBAETCA 3[C U TOK B POTOpE.
YacToTa BpalieHUsa Wan CKOJbXeHune OyaeT WM3MEHATbCA [0 BOCCTAHOB-
NleHUa paBHOBECUS MOMEHTOB, T. €. MOKa TOK B pPOTOpPe He MPMMET CBOEro
HayasbHOro 3HayeHMsA. DTOT CNOCO6 perynnMpoBaHWMA 4YacTOTbl BpaLLeHUs
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MOXeT ObITb MCMOMb30BaH TO/ILKO B ABUTaTeNsx ¢ pasHbIM POTOPOM, W He-
CMOTPS Ha TO 4YTO SIB/SIETCS HEIKOHOMWYHbIM (TaK KakK B PEryjmMpoBouy-
HOM peocTaTe MPOUCXOAUT 3HAUUTeNbHas NMOTepsl SHEPrun), UMeeT LIMPOKoe
pacnpocTpaHeHue.

§ 85. OgHO(a3Hble acMHXPOHHbIE ABUratenun

OpHohasHble aCMHXPOHHbIE ABUTaTeNIM LUMPOKO MNPUMEHSAIOT MpU He-
60/1bWINX MOWHOCTAX (A0 1—2 kBT). Takoi pgBwuratenb oTnmM4yaeTcs OT
TpexdasHoro Tem, YTO Ha cTatope ero nomeujaetcs ofHod)asHas 06MOTKa.
Potop opgHohasHOro acMHXpPOHHOrO ABuratens mMeeT pasHyK WM KOpPOT-
KO3aMKHYTYHO O6MOTKY.

OC06eHHOCTbI0 0f4HOA3HbIX aCUHXPOHHLIX fBUratefeii siBnsetca OT-
CYTCTBME Ha4ya/lbHOrO0 WM MYCKOBOTO MOMEHTA, T. €. MpU BK/IKYEHUMU
Takoro gsuraTtens B CeTb POTOpP ero 6yneT ocTaBaTbCA HEMOABVKHbLIM.

Ecnwn e nop aenctsnem
Kakom-nn6o BHeLWHeN Ccubl i/ VI'I}/'CK 7 Ty
BbIBECTM POTOP W3 COCTOS- / /"-x PatoTa. f -k PafoTa.
HUA MOKofA, TO ABwUraTenb
O6yaeT pas3BuBaTb Bpallato-

WMIA MOMEHT.

OTCcyTCTBME HadanbHOro
MOMEHTa SBNSAETCA  Cylle- C-r
CTBEHHbIM HeA0CTaTKOM 0f-

HOgoa3HbIX aCUHXPOHHbIX
asuratenein. [1o3ToMy OHM
BCerga cHab)kawTcs MNyCcKo-
BbIM YCTPOIACTBOM. Puc. 108. Cxema nycka o,u,HocpazHclro asurartens

Hauonee mpoctu my- P SO B ene ryckosol ogtorr

CKOBbIM YCTPOWCTBOM  §B-
naiTCca  ABe 0OMOTKMW, ro-
MeLLEHHbIE Ha cTaTope, CABUHYTble OfHAa OTHOCUTE/NIbLHO APYroi Ha Mnono-
BUHY MO/OCHOIro feneHns (90° aneKTpuMyeckux). 3T OOMOTKM KaTyllek
MATaKTCS OT CUMMETPUYHOW ABYX(a3HOW ceTu, T. €. HanNpsXXeHUs, Npwuio-
YKEHHOro K 06MOTKam KaTyLlleK, paBHbl MeXAy CO60M W CABUHYTbI Ha YeT-
BEpPTb nMepuoda no ase. [Npu TakUX HaMpPsHKEHUAX TOKWU, Mpoxoasuive
Nno KaTyliKam, TakXe CABMHYTbI Mo hase Ha 4YeTBepPTb Mepuoga, 4to B [O-
NMOSIHEHME K MNPOCTPAHCTBEHHOMY CABUTY KaTylleK [faeT BO3MOXXHOCTb
nony4YnTh Bpawjalouleecs MarHUTHoe rnone. Mpu HaAnMumMu BpallaroLLerocs
MarHUTHOTO MoNsA ABuraTenb pasBMBaeT MYCKOBOW MOMEHT.

B peicTBUTeNbHOCTU fABYXdasHas ceTb 0ObIYHO OTCYTCTBYET, U MYyCK
ogHohasHOro fABuraTens OCYLWeCTBASETCA BK/IKOYEHMEM [BYX KaTyLllek
B OA4HY 06wyl AnA HUX ogHodhasHyl ceTb. [lnsg nonyydyeHuWsa yrna caspura

a3z Mexay TOKaMu B KaTyllKax, MPUMEpPHO paBHoro * y (4eTBepTu ne-

pvoga), of4HY M3 KaTywek (pabouylo) BKAOYAKOT B CeTb HEMOCPEACTBEHHO
WA C MYCKOBbIM aKTMBHbLIM COMPOTMBAEHWEM, a BTOPY KaTywky (ny-
CKOBYI) — uYepe3 MHAYKTUBHYIO KaTyuwky (puc. 108, &) unmn KoHaeHcatop
(puc. 108, 6).
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MyckoBas 06MOTKa BK/lOYAeTCA TOMbKO Ha Mepuof Mycka B XOf4,.
B MOMEHT, Korga poTtop npuobpetaeT onpeAefieHHYK 4acTOTy BpalleHus,
nyckoBass 06MOTKa OTK/lOYAeTCHA OT CEeTU LEHTPOOGEXHbIM BbIK/IOYATEEM
WAn cneyunanbHbIM pene; ABUraTenb paboTaeT KakK ogHOMasHbIN.

B kauecTBe 04HOCA3HOro ABMratens MOXeT 6blTb MCMOb30BaH OGO
TpexdasHbIli aCMHXPOHHLIA ABuratens. pu paboTe TpexdasHOro ABura-
Tens B KauyecTBe ofHOhasHOro paboyas wuamM rnaBHas o6MOTKa, cocTosLas
U3 [BYX MocnefoBaTe/qlbHO COeAMHEHHbIX a3, BK/OYaeTCs HenocpencT-
BEHHO B OAHO(DAa3HYK CeTb, TPeTbA (hasa, SBAAKOULAACA MYCKOBOA wn
BCMoMoraTesibHO OOGMOTKOI, BK/lOYAeTCA B Ty XK€ CeTb 4Yepe3 MyCKOBOM
3N1eMEeHT — COMPOTUBMEHME, UHAYKTUBHOCTb WAN KOHAEHcaTop.

KoHaeHcaTopHbIN (ABYyXdasHbl) ABUraTenb npeactasnaser coboil ogHo-
dhasHbIli aCUHXPOHHLIW ABUTraTenb ¢ ABYyMS 06MOTKaMM Ha CTaTope W KOpOoT-
KO3aMKHYTbIM POTOpPOM. BcnomoraTenbHass 06MOTKa paccuMTaHa Ha Anu-
Te/lbHOE MPOXOXAeHMe TOKa M 0CTaeTcsA BK/IKOUYEHHOW He TOMbKO MPU Mycke
B XOf ABUraTens, HO U nNpu pab6ote. MNMpu paboTe KOHAEHCATOPHOro ABUra-
Tens BO3HWKaeT BpaLliatolleecs MoJfie, HanMumMe KOTOPOro Y/y4llaeT ero
paboune CBOWCTBA B CPaBHEHWMW C OAHO(A3HLIMU.

Mpy yBenM4YeHMN eMKOCTU KOHAeHcaTopa Bo3pacTaeT W MYCKOBOW MoO-
MeHT gBuratens. OfHaKO yBe/IMYEHWE eMKOCTU GaTapen KOHAEHCAaTOpoB B
paboyem pexume HexenaTesnbHO, TaK KakK 3TO BeAeT K CHVDKEHMIO 4acToThl
BpaleHns 1 KNg ABuraTens.

KOHTpONbHbLIE BOMPOCHI

B uyem 3akn4aeTcs NPUHLWN AENCTBUS aCMHXPOHHOrO ABurartens?

Kak n3MeHUTb HanpaeneHwe BpalleHUs poTtopa?

Kak yCTpOeH acUHXPOHHbIN ABUTraTeNb ¢ (PasHbIM U KOPOTKO3aMKHYTbIM POTOPOM?
. OT Yero 3aBUCUT BpaLLalOLLM/i MOMEHT aCMHXPOHHOIO ABUraTensn?

Ecnn Hanps)keHue nuTaloLleid ceT NoHM3MTca Ha 10%, TO B KaKOW Mepe yMeHb-
BpaLLaloLWmnii MOMeHT?

O6bACHUTE paboyme xapakKTePUCTUKM aCUHXPOHHOIO ABUraTens.

Kak ocyuiecTBnsieTcsi NMycK B X0 aCUMHXPOHHbIX ABuUrateneii?

KakoBO yCTpolicTBO ABurateneii ¢ yny4lleHHbIMU MYCKOBbIMW CBOMCTBAMU?

E

s
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NnaBa IX
CUHXPOHHBIE MALUUHBbI

§ 85. lMpuHUMN [elCTBUA CMHXPOHHOINO reHepartopa

B CUMHXPOHHbIX MallMHax 4YacToTa BpallleHUs poTopa paBHA 4vacToTe
BpalleHWss MarHUTHOrO Mofs cTaTopa W, cfliefoBaTe/lbHO, onpepenseTcs

4acTOTOM TOKa CeTM W 4YncnoM mnap nostcos, T.e. I n/=-1-

Kak 1 BcAKaa 3fneKTpu4yeckas MallMHa, CMHXPOHHas MawuHa obpa-

TUMa, T. e. MOXeT paboTaTb KakK reHepaTopoMm, TakK W ABUTaTesieM.
dneKkTpuYyeckas 3Heprus BbipabaTbiBaeTCA CUHXPOHHbLIMK TeHepaTo-

pamu, MepBUYHbIMW ABUTaTeNssMU KOTOPbIX SABAAKOTCA NGO rugpasnnde-

CKune, Nn60 napoBble TypOUHbLI, NM60 ABUTraTeENN BHYTPEHHEro CropaHus.
OO6bI4YHO 06MOTKKM BO36YXXAEHMA Mony4varoT

3HEepruw oT BO36yAUTeNs, KOTOpbI npeacTas-

nsetT coboi reHepatop MOCTOAHHONO TOKa.

Bo3byautens HaxoguTCA Ha OAHOM Bany cC

paboyeii MallUVHOW, U MOLLHOCTb ero cocTaB-

naeT Manyw sennuunHy, nopaaka 1—5% wmouy-

HOCTM CUHXPOHHOW MaLUVHbI, BO36YXAaemMoi

M. Mpy HEGONLLLIOA MOLLHOCTM YacTo UCMO/Ib-

3yl TCA CXeMbl MUTaHUS O0OMOTOK BO36yXae-

HUS CUHXPOHHbIX MallMH OT CeTU MnepemMeHHo-

ro TOKa 4epe3 MNONynpoBOAHUKOBbIE BblINpPSA-
MUTENM Puc. 109. Cxema reHepaTopa
' nepemMeHHOro ToKa:

MpocTeiiluMM  reHepaTopoM MOXET 6bITb |, 5 _ nposopmmikn, 3 — Konbua

BUTOK M3 nposoga 1 u 2, spawjaiouuiics
B MarHMTHOM none (puc. 109). MarHuTHoe noJsie BO36YyXAaeTcsd TOKOM
06MOTKU BO36YXJEHMA, MOMeLLeHHoM Ha nomocax ctatopa N — S.

Mpu BpalieHWn BUTKaA NpoBoaHMKM 1 1 5 nepecekaloT MarHUTHoe Mose,
cosgaHHoe Mexay nomocamum N — S, Bcneactsue dero B BUTKe 6yger
VHAYKTUPOBATLCA 3/C.

KOHLbI BUTKA COEMHEHbI C KOMbLAMWN 3, BPalLatoLLMMmMCa BMECTE C BUT-
Kom. Ecnm Ha KosbLax MOMECTUTb HEMOABUXHbLIE LLLETKU U COEAUHUTbL UX
C NPUEMHUKOM 3/1eKTPUYECKOI 3HEpPrum, 1o Mo 3aMKHYTOW Uenwu, cocTos-
e W3 BUTKa, KONeL, LWeTOK W MPpUeMHUKa 3HEpPrun, nonaer 3nekTpu-
YEeCKUI TOK nopj AericTBmem 3AcC.

MonyyeHHaa B TakKOM MpocTelillemM reHepatope 34c 6yAeT HenpepbiBHO
M3MEHATLCA B 3aBUCMMOCTM OT TMOJIOKEHUA BHTKa B MarHUTHOM Mofe.
Korga nposogHukn 1 n 2 HaxogsTca mog ocamu nonocos (cMm. puc. 109),
TO NPH BpalleHNM BHTKA OHW MepeceKkaroT B eAUHULY BPeEMeHU HanbosbLuee
YMCNO NVNHWIA MarHUTHoro nons. CnepoBaTeslbHO, B JaHHbIA MOMEHT WH-
OYKTUpyemas B BUTKe 3Ac OyfeT uMmeTb Haubosibluee 3Ha4YeHue.
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B panbHeliwem npy NoBOpOTe BUTKA M3MEHUTCHA YUCAO JIMHUA MarHwuT-
HOro MonsA, nepecekaeMblX B eAVHWULY BpPeMeHW nposogHukamu 1 n 2.
Mpwn nosopoTe BUTKa Ha 90° B NMPOCTpPaHCTBE MPOBOAHUKM ByAyT nepeme-
waTbCcA B BepTMKaNbHOM HanpasneHWUW, coBrajawlemM C Hanpas/eHVem
MarHUTHbIX NMHWI nonda. CneposatenbHo, nposogHuku 1 n 2 He nepece-
KaloT MarHUTHbIX JINHWIA N 34C B BUTKE paBHa HyJ/H0.

Mpy noBopoTe BMTKa Ha yrosn, 6onabwnii 90°, N3MeHUTCA HanpasieHue
nepemeLleHnUs 3TUX MPOBOAHWKOB B MarHUTHOe MoJsie, a c/efoBaTeNbHO,
N HanpasneHue 34C, MHAYKTUPYEMOW B BUTKe.

Ecnu marHutHoe none mexay nomocamm N u S pacnpegensercs pas-
HOMEPHO, TO 3A4C 6yAeT MeHATbCA BO BPEMEHW CUHYycompanbHO. 3a OAuH
060pOT BUTKA B MPOCTPaAHCTBE 34C, MHAYKTUPYEMas B HeMm, nmpeTepneBaeT
OAVH Mepunoj N3MeHeHUs.

Ecnn BMTOK BpaLliaeTcsa Mpu NOMOLLW Kakoro-nm6o nepBuUYHOro ABura-
Tens € MNOCTOAHHOIM 4acToToi BpaweHus M B MUHYTY, TO B 3TOM BUTKe

MHOYKTUPYETCA MEepPeMeHHas 34C ¢ yactoton /= .

§ 87. YCTPOMWCTBO CMHXPOHHOIO reHeparopa

BO3HWKHOBEHME 34C B MPOBOLHMKAX BO3MOXHO KaK Mpu MNepemeLLeHnmn
3TUX MPOBOAHWUKOB B HErMOABMXHOM MarHUTHOM Mofe, Tak W npu nepeme-
LEeHNM MarHMTHOrO rMOoJsA OTHOCUTENbHO HenoABWXXHbIX MPOBOLHMKOB.
B nepsom cny4yae nonwchbl, T. €. WHAYKTUPYHOLWLAS 4YacTb MallMHbl, BO3-
6yXgaww,aa MarHWTHOe MoJe, MOMeLLalnTcs Ha HenoABWKHOW 4YacTu Mma-
LWWHbI (Ha cTaTope), a MHAYKTUPYEMas 4yacTb (AKOpb), T. €. NPOBOAHWUKMN,
B KOTOpbIX CO34aeTcs 34C,— Ha BpaljaroLelica yacTu MalmnHbl (Ha poTope)..
Bo BTOpOM cfiyyae mMoMIOCbI MOMELLAIOTCA Ha pPOTOpe, a SKOPb — Ha
cTaTope.

Bbille Mbl paccMOTpenyM NPUHUMA AeACTBUA CUMHXPOHHOMO reHepartopa
C HEenoABMXHbIMW MONKOCAMWN 1 BpaljaloLWnMcs SKopem. B Takom reHepa-
TOope 3Heprus, BblpabaTbiBaemas WM, MNepefaeTcs MPUEMHUKY 3Heprumn
NOCPeACTBOM CKOJIb3ALWLMX KOHTAKTOB — KOHTaKTHbIX KOMel, W LWEeTOK.

CKOMb3AWNA KOHTAKT B Lenu 60/bLIOA MOLLHOCTU CO34aeT 3HAYUTEb-
Hble MOTEPU 3HEPrnn, a MpU BbICOKUX HAMNPAXEHUAX HanMyne Takoro
KOHTaKTa KpaliHe HexXenaTtefbHO. [M03TOMY reHepaTopbl C BpaljaroLwMMecs
AKOPEM U HEMOABWKHBLIMWU MOJOCAaMWN BbIMOHAKT TO/IbKO MPU HEBbLICOKUX
HanpshkeHuax (oo 380/220 B) m Hebonbwiunx MowHocTax (oo 15 kB -A).

Hanbonee WIMPOKOe MPUMeEHEHMe MNONYUYUNIU CUHXPOHHbIE TEHepaTopbl,
B KOTOPbIX MOMKOCbI MOMELLEHbI Ha POTOPe, a AKOPb — Ha cTatope.

Tok BO3OYXAeHWA npoTekaeT No 0OMOTKe BO3OYXAeHUSA, KoTopas
npeactasnseT cobol MOCNefoBaTe/lbHO COeAMHEHHbIE KaTyLUKW, MOMELLEeH-
Hble Ha MOMKCbl POTOpPA.

KoHLbl 06MOTKN BO3OYXAEHUSA COEMHEHblI C KOHTAKTHbIMWU KO/bLaMWU,
KOTOpble KpenaTcAs Ha Bany MawwuHbl. Ha Konbuax nomMewiarTcs Henoa-
BMXKHbIE LLETKW, MOCPeACcTBOM KOTOPbIX B OGMOTKY BO36Yy>AeHWS MOABO-
ONTCA MNOCTOAHHbBIW TOK OT MOCTOPOHHEro WMCTOYHWKA 3HEPrMn — reHepa-
Topa MOCTOAHHOrO TOKa, Ha3blBaeMOro BO3OyAUTENeM.
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Ha pwuc. 110 nokasaH 06LWWA BUA CUMHXPOHHOIO reHepartopa C BO30Oy-
anTeneM. YCTPOWCTBO CTaTopa CUHXPOHHOIO TreHepaTtopa aHajorn4Ho
yCTPOWCTBY CTatopa aCUMHXPOHHOM MalUWHbI.

POTOp CUMHXPOHHbLIX FeHepaToOpOoB BbIMNO/HAKT NM6G0 C SBHO BbIPaXeH-
HbiMM (BbICTYNawLWMMKM) NOAKCAMU, NGO C HEABHO BbIPaXEHHbLIMU MNOJIO-
camu, T. €. 6€3 BbICTyMnarLWMX MOJOCOB.

B mMaliMHax ¢ OTHOCUTE/IbHO Masloii 4acTOTOW BpalieHUs (Mpu 6OMbLLIOM

Puc. 110. YcTpOWACTBO CUHXPOHHOrO reHepartopa:
/ — CUHXPOHHBIN reHepaTop: 2 — BO36YyAUTENb

yncne MOJIOCOB) POTOPbI AO/KHbI GbiTh C SBHO BbIpaXeHHbIMU MOJIOCAMU
(puc. 111, a), paBHOMEPHO pPaCMOMIOKEHHbIMM MO OKPYXHOCTM poTopa.

MofoC COCTOUT U3 cepfieuHMKa 7/, MOMIOCHOMO HAaKOHeYHMKa 2 1 KaTyll-
K/ 06MOTKM BO36YXAeHMA 3, momelaemMoii Ha CepAedHMKe Mnostoca.

Puc. 111. POTOp CMHXPOHHOW MaLUWHbI:

a — C SBHO BbIP@XEHHbIMM MontocamMu, 6 — C HesBHO BbIPAKEHHbLIMW MOMOCAMY;
/ — cepfieYyHNK, 2 — MOJIIOCHble HAaKOHEYHUK, 3 — KaTyllKa 06MOTKM BO36YXAeHUS

MepBUYHbIE ABUTATENIN CUHXPOHHbLIX FTEHEPATOPOB C ABHO BbIPaXXEHHbIMU
noaicaMy 06bIYHO MpeacTaBAAT C060V rugpaBnnyeckme TYpOUHbI, SB-
NALINECS TUXOXOAHLIMU MallMHaMW.

AT1pwn 60/MbLIOK YacToTe BpalLLEHUA TakKoe YCTPOMCTBO poTopa He MOXeT
06ecneynTb HYXHOW MexXaHUYEeCcKoi MPOYHOCTM U MO3TOMY Y BbICOKOCKO-



POCTHbIX MalUMH POTOPbI BbIMOMHAKT C HESABHO BbIPaXXEHHbLIMU MOJIOCaMM
(puc. 111,6).

CepaeyHVKN POTOPOB C HESIBHO BbIPaXXEHHbLIMU MOSOCaMU 0BbIYHO W3-
rOTOBNSAOT U3 LUeNbHbIX MOKOBOK, HAa MOBEPXHOCTN KOTOPbIX (hpe3epytoTcs
nasbl. Nocne yknagkm 0o6MOTOK BO30OYXAEHWUSI Ha POTOpPe MNasbl ero 3abu-
BalOTCA K/AUHbAMMWU, a N060Bble COeAUHEHMNS 0OMOTKM BO3OYXAEHUS yKpen-
NATCA CTafbHbIMM  6GaHAaXamu, MOMELWeHHbIMU Ha TOPLOBbIX 4acTAX
potopa. lMNpn Takoi KOHCTPYKLUW poTopa AonycKarTca 60/blUMe 4acToThbl
BpaLLeHus.

[ na reHepaTOpOB C HESIBHO BblpaXeHHbIMW MOMKCAMU TMEPBUYHBLIMU
AsuratensaMn o6bIYHO ABNAKOTCA NapoBble TYPOMHbI, NpuHaanexauime K
ymcny 6bICTPOXOAHbBIX MaLLVH.

§ 88. PaboTa CMHXPOHHOrO reHepaTtopa MoOf4 Harpy3KoW

Ecnn CUHXPOHHBIV reHepaTop He HarpyxXeH, T. e. paboTaeT BXO0/OCTYIO,
TO TOKa B 06MOTKax ctatopa HeT. MarHUTHbIA MOTOK MOJIHOCOB, CO34aHHbIN
TOKOM BO3OYXAEHWUA, MHAYKTUPYeT B TpexdasHoii o06mMOoTKe cTtaTtopa 3A4c.
Mpun Harpyske reHepatopa rno o6MOTKe cTatopa MpoTekaeT ToK. [pu
CMMMETPUYHOM Harpyske TOKM B ha3ax OOMOTKM cTaTtopa pasHbl U COBU-
HYTbl Ha */» nepuoga. ToKM cTatopa co3falT Bpaljalolieecs MarHUTHoe

nosnse, 4YactoTa BpauweHusa KOToporo nli=-"~-= n . e. MarHMTHOE

rnone, cosfaHHoe ToKaMm B OOMOTKe cTaTopa, Bpal,aeTcd CUHXPOHHO C
MarHUTHbIM MOJIEM TMOJIHOCOB.

B 06MOTKe cTaTopa CMHXPOHHOIO reHeparopa co3fjaeTcsa 3[4C, BENMYMHA
KOTOPOI 3aBUCUT OT MarHUTHOrO MNOTOKa MOJIOCOB. ECAM  MarHWUTHbIN
MOTOK MOJIIOCOB OYeHb MaJs, TO U 3A4C TakXe mana. lNpu ysenndyeHUn mar-
HUTHOrO MOTOKa BO3pacTaeT W 34C MaWMWHbL. Takumm obpasom, npu no-
CTOSIHHOM 4acToTe BpalleHMss poTopa 3A4C MPOMNopUUOHaNbHa MarHUTHOMY
MOTOKY, KOTOPbI/A BO36YXAaeTcA MOCTOAHHbLIM TOKOM, MNpOTeKawwmm o
nposogHuUKaM O06MOTKM BO30YXAeHUA. Ecnu noBbICUTbL TOK B 06MOTKe
BO3OYXAEHUA, TO BO3pacTeT U MarHUTHbIA MOTOK MOJIKOCOB, YTO BbI30OBET
yBe/IMyeHne 34C MawnHbl. CriefoBaTe/lbHO, W3MeHeHWe TOKa B O0OMOTKe
BO3OYXXAEHNA BbI3blBaeT COOTBETCTBYIOLLEE W3MEHEHME 3AC MallWHbl W
Mo3BOJIieT pPeryfnpoBaTb HanpshKeHVe Ha 3aXuMmax reHepartopa.

Mpu Xonoctom xofe CUHXPOHHOrO reHepartopa Harnps>XeHue pasHO
34C, WHAYKTMPOBaAHHOWM B 06MOTKe cTatopa. [lpu Harpyske reHepartopa
HanpsHKeHWe He paBHO 3[C, TaK KakK B COMPOTUBMEHUU (aKTUBHOM W pe-
aKTUBHOM) OOMOTKM cTaTopa BO3HWKaeT MafeHue Hanps>xeHus. Kpome
TOro, TOKW, npoxofAaiive no obmMoTKam cTaTopa, co3fjaloT MOTOK peakuuun
AKOPS, KOTOPbIA BO3A4ENCTBYET Ha MOTOK MOJIOCOB, TaK YTO MPU Harpyske
MarHUTHbIA NOTOK He 6yAeT paBeH MarHUTHOMY MOTOKY MOJIIOCOB MNpwU
XofnocTori paboTe reHepatopa. [103TOMy M3MeHeHMe Harpysku, T. e. TOKa
B CTaTOpe reHepartopa, 6yAeT Bbi3blBaTb M3MEHEHME HAMPAXEHUSA Ha 3aXW-
Max reHepatopa B C/fy4yae, eCiM TOK B 0O6MOTKe BO3OYXAeHua ocTaeTcs
HEN3MEHHbIM.

Ha puc. 112, a n3o6paxeHbl BHELUHWE XapaKTePUCTUKU CUHXPOHHOIO
reHepaTopa MpH aKTUBHOM M pPeaKTUBHOM Harpyskax. OTH XapakKTepucTuUkmn
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NMOKa3blBalOT 3aBUCMMOCTb HaMpPsHXKeHUA Ha 3aXumax reHepartopa OT ToKa
Harpyskyv NpH HEM3MEeHHbIX 4YacToTe BpalleHUsi poTopa U TOoKe BO3ByXAae-
wusa. PasnnuHbIi BUA 3TUX XapaKTEPUCTUK MPU aKTUBHOW, MHAYKTUBHOWM
M EeMKOCTHO Harpyskax o00bACHSAeTCSs HeOo4MHAKOBbIM BO3AEMCTBUEM
BOJISI peakuMn AKOPS Ha MarHUTHbIA NOTOK MOJOCOB.

Puc. 112. XapaKTepuCTUKU CUHXPOHHOrO reHepartopa:
B — BHelHue, 6 — perynuposouHble, / — eMKOCTHas, 2 — aKTuWBHasA, 3 — WHAYKTUBHas

Ona HopmanbHOW paboTbl /0O60r0 MpPUEMHUKA 3NEKTPUYECKOW 3Hep-
rMn TpebyeTca MOCTOAHHOE HanpsbkeHue ceTn. UTobbl 06ecrneynTb NOCTOSH-
HOe HanpsHkKeHuWe ceTU NPV M3MEHEHUW Harpys3km B CUHXPOHHOM reHepa-
TOope, M3MEHAKT U TOK BO3OYXAEHUS.

3aBUCUMOCTb, MOKasbiBallasa, KakMm 06pa3oM Heo6X04MMO WM3MEHUTb
TOK B 0OMOTKe BO3OYXAEHWUA A1 TOro, 4Tobbl MPU M3MEHEHUWN HarpysKu
reHepaTopa HanpsH>KeHWEe Ha €ero 3aXummax ocTaBasioCb HEU3MEHHbIM, Ha-
3blBAeTCA PEryIMpPOBOYHON XapakKTepucTukon (puc. 112, 6). MNpH aKTUBHON
Harpyske yBe/M4YeHMEe TOKa B CTaToOpe BbI3blBA€T HE3HAYUTEe/IbHOEe MOHU-
XeHMe HanpsHKeHUs, TaK KakK peakuma SKOps yMeHbLlaeT MarHWTHbINA
NOTOK B Manol cTeneHW. Mpu 3To Harpyske TpebyeTcsi HE3HAYUTESbHO
YBENIMYNTL TOK BO3BOYXAEHUA 41 06ecneyeHUs NMOCTOAHCTBA HamnpsXeHus.
Mpy MHOYKTUBHOW Harpyske co3fjaeTcsa pasmarHu4uparollee Mnosie peakumun
AKOPS, YMeHbLUawLlee MNOTOK MoatocoB. baTomy, AnS NOCTOAHCTBA Ha-
nps>keHnsa (T. e. AN NOCTOAHCTBA Pe3y/bTUPYHOLWLEr0 MarHUTHOIO MOTOKa)
Heo6xoAMMOo B 6OMbLUEN Mepe YBeMUYUTb TOK BO3OYXAEHUA ANA KOMMEH-
caumm pasMarHMYMBalOLLEro Monsd peakumMm skops. Fpy eMKOCTHOW Ha-
rpyske MPOUCXOAUT YCWEHMEe MAarHUTHOro Mofas W AN MNOCTOSHCTBA Ha-
NPsHXKeHUa cnefyeT YMeHbLWUTb TOK BO36GYXKAEHUS MPU YBEIMYEHUN TOKa
B cTatope.

Hawnbonee 4acto CMHXPOHHbIE TeHepaTopbl paboTaldT Ha 06LLYH MOLL-
HYIO CeTb 3/1eKTPOCTaHLMN WAN 3HeprocucTeMbl. Hanps)keHne Takol ceTu
UC 1 uyacToTa ToKa B Hell HemM3MeHHbl. 3AC reHepaTopa € paBHa W Mpo-
TUBOMOJIOXHA HanpsaXeHuto cetn er=—Muc.

PesynbTupytouiee MarHutHoe rnose ®p cratopa, Bpaljarlleecd C 4a-

crotoii Nl= B MPOCTPaHCTBe, onepexaeT HanpsaxeHwe £P Ha 90°
(pwuc. 113).
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Mpn HeusMeHHOM HanpsXXeHuu cetn £/c aMnAUTyga MarHUTHOro no-
ToKa ®Pp pe3ynbTUPYIOLLEro MarHUTHOrO NMongd craTtopa TakXXe HensMEeHHa.
Mpn akTMBHOWN Harpyske reHepatopa TOK
ctatopa 1 coBnagaet no ase ¢ Hanpsa-
XeHmem Ur. TloTok peakuyumn akops &,
coBnafjaet no ase ¢ TOKOM /, TakK uTO
BEKTOp TOKa B cTatope / B Apyrom macl-
Tabe onpefennt Bektop @,. Pe3ynbTupy-
IOWMIA MarHUTHBIA MOTOK CO3faeTcs Aei-
CTBMEM MNOTOKa MoaocoB ®PT U MNOTOKA
peakuum sakops @, U MOXeT ObITb npej-
CTaB/eH TeOMETPMYECKO  CYMMOW 3TUX
MarHWTHbIX MOTOKOB.
N3meHeHne TokKa BO36YXAEHUSA TreHe-
patopa He Bbi3blBaeT WM3MEHEHWS ero ak-
TUBHOW MOLLLHOCTM, TaK KaK MOLLHOCTb,
Puc. 113. BektopHas pgpar- noTpebnsiemMass MM OT MEePBUYHOr0 ABHra-

pamma CUHXPOHHOTO reHeparto- ocTaeTca Heu3MeHHOl (BpallatoLunii
pa npu pas3ziM4yHbIX TOKax BO3-
BYXaeHNs MOMEHT MepBMYHOrO [BWUraTens M 4acToTa

BpaLLeHnsa NOCTOSAHHBLI). M03TOMY aKTUBHaA
COCTaBNAKOLWan TOKa cTaTtopa MOCTOSiHHA W KoHel BekTopa / (P.) Haxo-
auTca Ha npsmoii AB, mapannenbHOi ropusoHTanbHol ocu. Ecnum ysenu-
YUTb TOK BO3OYXX/EHWA, TO BO3pacTeT NOTOK No/tocoB @ ,,, BEKTOP KOTOPOro
HaxoguTca Mexay npsmoii AB M KOHUOM HeusmeHHOro BekTopa dp.

B 3Tom cnydae M3MEHUTCHA KakK MO BeNUYMHe, TaK W MO HanpaBfieHUIo
BeKTOp V 1 P£, T. e. TOK OKaXeTCs OTCTaOWMM Mo (hase OT HanpsKeHUs
reHeparopa.

Mpn ymeHbLeEHNN ToKa BO36GYXAEHWS YMEHbLIMTCA TakKXe W MOTOK
nontocos ®”, 4To NpMBEAET K U3MEHeHUO Toka B cTatope /'( P£) Kak no
BE/IMYMHE, TaK U Mo (haze. Taknum 06pa3om, M3MeHeHME TOKa BO36YXXAeHNA
reHeparopa, paboTaloLiero Ha MOLLHYH CeTb, BbI3bIBAET W3MEHEHWe pe-
aKTVMBHOM COCTaBNAKOLWEA TOKa B cTaTope, T. €. W3MEHSeT peakTUBHYHO
MOLLHOCTb, BblpabaTbiBAEMYIO FEHEPaTOpPOM.

Ona n3MeHeHUst aKTUBHOW MOLLHOCTM HeO06X04MMO W3MEHWTb Bpala-
IOLLMIA MOMEHT MEPBUYHOrO ABUraTens, NpPUBOAALLErO eo BpalieHWe poTop
CMHXPOHHOTO reHepatopa. [log [geiicTBMeM BpalLaloLlero MOMeHTa nep-
BMYHOro fasuratens Mi poTop MaliuHbl C MOMELEHHbIMU HA HEM MOJKO-
caMu MpUBOAMTCA BO BpalleHMe C 4YacTOTON BpalieHWs B MUHYTY A. Pe-
3yNbTUPYIOLLLEe MOfle cTaTopa BpalwiaeTcs B TOM XXe HanpaBfieHUWU € Ya-
cToTOM tii=n (puc. 114, a). CnefoBaTeNbHO, MOJie MOMOCOB T U pe3yib-
Tupylowee none cratopa Pp BpaLlalOTCA CUHXPOHHO, OCTaBasfCb HEMoa-
BMXKHBIMWU JpYr OTHOCUTENbHO Apyra, WU Mexay 3TUMU MOoAAMU YyCTaHaB-
NvBaeTca B3ammogeicTBue. B pesynbTate co34aeTcAd 31eKTPOMAarHUTHBIN
TOPMO3HON MOMEHT YpaBHOBELUMBAIOLL NI/ MOMEHT MEPBUYHOrO ABU-
ratens.

Mpu paBHoBecun MOMeHTOB ATf*=Af, yron mexagy oCAMU MArHUTHbLIX
nonein 0 ocTaeTcs HEW3MEHHbIM.

Ecnn yBennunTb MOMEHT nepBuyHOro psuratens M\ (puc. 114, 6),
TO OH OKa)kKeTca 60/blle TOPMO3HOr0, U POTOP, MONYYUB HEKOTOPOE YCKO-
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peHue, HaYHET NepeMeLLaTbcs OTHOCUTE/IbHO MO CTaTopa, BpalyatoLierocs
C MOCTOSIHHONM 4acToToW ni= ~ (vacToTa TOKa ceTM / MNOCTOSIHHA).

Mpyn 3TOM Yron Mexay OCSIMM MarHWTHbIX Mofeid potopa u crtatopa OF
BO3pacTeT, YBEenM4YMBass TOPMO3HOIM 3MEeKTPOMArHUTHbIA MOMeHT Afj Tak,
YTO BHOBb BOCCTaHOBWTCS PaBHOBECWE MOMEHTOB, T. e. M[=M'3

\ % \
0) B)
Puc. 114. Yron mexay OCAMWU MarHWTHbIX Noneii poTopa M cTatopa Mpu MeHbluem (a),

6onblem (6) MOMeHTax MEPBUYHOrO ABUraTens v nNpu paboTe CUHXPOHHON MalUWHbI ABU-
ratenem ()

[na BKNOUYEeHWs reHepaTopa B CeTb HEOOGXOAMMO:

0[MHaKOBOE YepefoBaHMe ha3 B CETU U reHepaTope;

PaBEHCTBO HaMpshKEHWS CETM W 34C TeHepaTopa;

PaBEHCTBO 4acTOT 3AC reHepaTopa W HanpsHXKeHUs CeTw;

BKNOUATb TeHepaTop B TOT MOMEHT, KOrga 3AC reHepatopa B Kax-
[oV (hase HampaBfieHa BCTPEYHO HAMPSHKEHWUKD CETHU.

HeBbINOMHEHWE 3TUX YCNOBWIA BeAeT K TOMY, UTO B MOMEHT BK/OUYEHUS
reHepaTopa B CETb BO3HMKAKT TOKM, KOTOPbIE MOFYT OKa3aTbCA 60AbINMMN
M BbIBECTU W3 CTPOS reHepaTop.

Mpn BKAKOYEHUW TEHEPATOPOB B CETb WMCMO/Mb3YKOT CMeLManbHble YCT-
po/iCcTBa — CUHXPOHOCKOMbI. TMpOCTeAWNM CUHXPOHOCKOMOM  SIBASAKOTCS
TP Namnbl HaKanMBaHWA, BK/OYaeMble MeXAy 3aXWMamun reHepaTtopa U
ceTn. Jlamnbl JOMKHbI ObITb pacCcyUMTaHbl Ha [BOWHOE HanpsyKeHWe CeTn U
[0 BK/OYEHUs TeHepaTopa 6yayT OfHOBPEMEHHO 3aropatbCs M noracartb.

B MOMEHT, Korfja 3Ac reHepatopa paBHa W HanpaBfieHa BCTPEYHO Ha-
NPsSYKEHUIO CETU, NaMnbl MOracHyT, TaK KaK HanpsykeHWe Ha KaXjoii
namne paBHO Hynto. Mpu noracaHUM namn reHepaTop BKAKOYaeTcs B CETb.
[l0 BKNOYEHWs TreHepaTopa B CeTb 3AC €ro W3MepsieTcs BOMbTMETPOM
N perynupoBaHMeM TOKa BO30OYXAEHWS YyCTaHaBNMBAlOT €€, PaBHOWA Ha-
NpshkeHuto ceTu. YactoTa 3A4C reHepatopa Pperyampyercs W3MeHeHUeMm
4acTOTbl BpallleHUs1 MEePBMYHOrO ABMUraTens.

§ 89. CUHXpOHHbIe asuratenn '

CUHXPOHHBbIW fBUTraTeNlb HE UMEET MPUHLUMNNUANBHBIX KOHCTPYKTUBHbIX
OTNMUKIA OT CUHXPOHHOTO reHepaTopa. Tak XXe Kak W B reHepartope, Ha
CTaTOpe CMHXPOHHOIO ABWraTens nomellaeTcs TpexdgasHas 06MOTKa, Mpu
4BKMIOYEHWH KOTOPOiW B CETb TPexgasHoro nepeMeHHOro Toka GymeT co3*



[aHO Bpaljatolleecs MarHuTHoe none ®,, 4acToTa BpalleHWs B MUHYTY
60f

KoTOoporo tlx—-~

Ha poTope gBuratens nomelieHa 06MOTKa BO36OYXAEHMWS, BK/IOYaeMas
B CETb MCTOYHMKA MOCTOAHHOIO TOKAa. TOK BO30Y)XXAEHMS CO3L4aeT MarHWUT-
Hbll NoTOK nontocoB dT. Bpawatoweecs MarHAUTHOe Mofe, NOMYy4YeEHHOe
TOKamMn 06MOTKM cTaTopa, YB/ieKaeT 3a co60i nontockl potopa (puc. 114, B).
MpH 3TOM pOTOP MOXET Bpal,aTbCA TOMbKO CUHXPOHHO C MONiEM, T. €.
C 4acTOTOW, paBHOI 4acTOTe BpalleHWs Mons cratopa. Takum o6pasom,
YyacToTa BpaLleHUS CUHXPOHHOrO ABMraTens CTPOro MnoCTOSHHA, ecnu
HeM3MeHHa 4acToTa TOKa MuTatoLleli CeTu.

OCHOBHbIM [OCTOMHCTBOM CWHXPOHHbIX ABUraTeneil ABNSETCA BO3MOX-
HOCTb MX paboTbl C MOTpe6neHVemM omepexaroLlero Toka, T. €. ABUraTenb
MOXET MpPeAcTaBNATb COOO/ eMKOCTHYH HarpysKy Ans cetu. Takoi ABu-
ratefb MOBbILIAET COSG> BCEro MPeAnpuMATUSA, KOMMEHCUMPYS PEaKTUBHYHO
MOLLHOCTb APYTUX MPUEMHUKOB 3HEPTUMU.

Tak e Kak W B reHepaTopax, B CMHXPOHHbIX ABUraTefaxX W3MeHeHue
PeaKTMBHON MOLLHOCTU, T. €. U3MEHEHWe Ccos<p, [AOCTWUraeTcs Peryampo-
BaHMEM TOKa BO36yXgaeHusA. lMpu HEKOTOpPOM TOKe BO36YXAeHus, COOT-
BETCTBYHOLLEM HOPManbHOMY BO36YXAeHMIO, cos<p=l. YMeHblleHne TOKa
BO36Y)JEHWSA BbI3biBaeT MOSIBIEHWE OTCTaloWwero (MHAYKTMBHOrO) TOKa B
cTatope, a Mpu YyBEIMYEHUM ToKa BO3OYXAeHUs (NepeBO3BY>XKAEHHbIN
[BUratenb) — onepexawlLlero (EMKOCTHOrO) TOKa B CTaTope.

JOCTOMHCTBOM CUHXPOHHbIX ABUraTeneit fBNSETCA TakKXXe MeHbllas,
YEM Y aCMHXPOHHbLIX, YYBCTBUTENIBHOCTb K M3MEHEHMWIO HaMpsXKeHWs nuTa-
IOLLEN CETU. Y CMHXPOHHbLIX ABWUraTeneii BpaljatowuMii MOMEHT MPOMOPLMO-
Ha/IeH HanpsHKEHWNIO CETV B MEPBOI CTENeHW, TOr4a KakK Yy aCUMHXPOHHbIX —
KBafpaTy HanpsKeHus.

BpalyatoLwmnii MOMEHT CUHXPOHHOTO ABUraTeNs co3faeTca B pesy/bTaTe
B3aMMOLEWCTBNA MarHUTHOTO MOMA CTaTtopa C MarHWTHbIM MOMEM MOJHOCOB.
OT HanpsXKeHWs NuTaloLleli CETU 3aBMCUT TONbKO MarHUTHbIA MOTOK MOAS
cTaTopa.

CVHXPOHHble ABMFaTeNy BbIMOHAOT MPEMMYLLECTBEHHO C SBHO Bblpa-
YKEHHbIMW NoAKcamMu, U paboTaoT OHWM B HOPMA/IbHOM PEXWUMe C onepexa-
oMM ToKoM npu cos<p=0,8. Bo3byxxeHNe CUHXPOHHbIe ABUraTenn nony-
yaloT NM60 OT BO3GYAMTENs, NGO OT CEeTU MEPEMEHHOr0 TOKa 4Yepe3 nosny-
NMPOBOAHWKOBbIE BbIMPAMUTENN.

MycK B X0 CUMHXPOHHOIO ABUTraTeNst HemnocpeAcTBEHHbIM BK/HOYEHWEM
ero B CeTb HEBO3MOXKEH, TaK KakK MNpu BK/IIOYEHMM OOMOTKM cTaTtopa B
CeTb CO3faeTca BpalialoLieecs MarHWTHOe MoJsie, a poTop B MOMEHT BKJHO-
YyeHMs HermoaBWKeH. [Mo3ToMy Ans nycka B X0 ABWratens Heob6xoaumo
npesBapuTeNbHO [OBECTU 4acTOTy BpaLEHUS poTopa A0 CUHXPOHHOLN
4acToTbl UAN BAU3KOW K HEN.

B HacTosilee BPeMs WCKAOUYUTENbHOE MPUMEHEHUE MMEET TaK Hasbl-
BaeMblii aCMHXPOHHbIA MYCK CUHXPOHHbIX ABWUraTenei, CYUHOCTb KOTO-
poro 3akat4aeTcs B cnefytolem. B nomocHbIX HaKOHEYHMKax poTopa CUH-
XPOHHOIO ABWUratens ynoXeHa MnyckoBas 06MOTKa, BbIMOMHEHHas B BUAe
6enmubero Koneca, HarofoGue KopoTKO3aMKHYTOM OGMOTKM poTopa acuH-
XPOHHO MallVHbI.



O6MoTKa cTaTtopa ABWratens BKAHOYaeTcs B TpexdasHyw CeTb, U MYCK
€ro Npou3BOAMTCS TaK Xe, KaK M NYCK aCMHXPOHHbIX ABUrateneli ¢ KOpoT-
KO3aMKHYTbIM pPOTOPOM.

Mocne TOro Kak fBurateflb pa3oBbeT 4acToOTy, B6AU3KYH K CUHXPOH-
HOI (MpumepHO 95%), 06MOTKa BO3OYXAEHNS BK/HOYAETCA B CETb MOCTOSH-
HOro ToKa W fBuUrartesb BXOAMT B CMHXPOHM3M, T. €. yacToTa poTopa YBe-
NINYNBAETCA L0 CUHXPOHHOWA.

Mpn nycke B Xof ABuratens o6mMoTKa BO30YXAEHUS 3aMblKaeTcs Ha
COMPOTUBNIEHNE, NpUMepHO B 10— 12 pa3 6osibluee CONPOTUB/IEHUS CaMOM
006MOTKM. Henb3d 006MOTKY BO36GYX[EHMA NpuM MNYyCKe B X0 OCTaBUTb
PasoMKHYTOW WMAM 3aMKHYTb HaKopoTKo. Ecan mpu nycke B xofi 06MOTKa
BO30Y)XXAEHNS OKaXKeTCA pPa3sOMKHYTOW, TO B Heli 6yAeT MHAYKTMPOBATbLCA
o4yeHb 6Gonblias 34c, onacHas Kak AnA M30AauuM 06MOTKM, Tak W Ans
obcnyxmBatowero nepcoHana. CosgaHme 34C 60MbLIONA BEANYMHbI 00b-
ACHAeTCA TeM, YTO MpW MyCKe B XOA Mofe cTaTopa Bpaliaetcd ¢ 60MbLUoW
YacToTON OTHOCUTENbHO HEMOABMXHOIO poTOpa M C OOMbLIOA 4YacTOTOM
nepecekaet MNPOBOAHMKMA O6GMOTKM BO30OYXAEHUA, WMetowWwed 60Mbluoe
4yncno BMTKOB.

PaboTa CMHXPOHHOW MalUMHbLI C MOTPe6AeHNEM M3 CETU OnepexxaroLlero
TOKa [aeT BO3MOXHOCTb MCNO/Mb30BaTb €e B KayecTBe KOMMeHcartopa.

KomneHcaTopom sBNSETCA CUMHXPOHHbIA ABUratenb, paboTatowmii 6e3
Harpy3kM u npegHasHauvyeHHbI AN MNOBbIWEHUS COBY NpeanpusaTus.

KOHCTPYKTUBHO KOMMEHCATOP OT/INYAEeTCA OT CMHXPOHHOIO ABUraTens
He3HaumTenbHo. KomneHcaTtop He HeCeT MexaHU4YecKol Harpysku, nosTomy
ero Bajl M poTOp fierye, a BO3LYLUHbIA 3a30p MeHbLUe, YeM Yy [BUTaTens.

OCHOBHbIM HEA0CTAaTKOM CUHXPOHHbIX ABWraTenein sBnsetTca notped-
HOCTb B UCTOYHMKE KaK MepemMeHHOro, Tak WM nocToAHHOro TOKa.

MoTpe6HOCTb B MCTOYHMKE MOCTOSHHOrO TOKa ANA MWUTaHUS O6MOTKM
BO30YXXEHNA CUHXPOHHOTIO ABUraTens fenaeT ero KpaiHe He3SKOHOMMUYHbLIM
npu He6ONbLWMX MOWHOCTAX. MO3TOMY MPH MajibIX MOLLHOCTAX CUMHXPOH-
Hble ABMraTenn C BO3OYXAEHWEM MOCTOSHHbIM TOKOM He HaxogAaT npume-
HeHus.

KOHTpPONbHbIE «ONPOCHI
B uem 3akntoyaeTca NpUHLMN paboTbl CUHXPOHHOFO FeHepaTopa?

KakoBo yCTpOVICTBO reHepaTopa C SIBHO M HESBHO BbIP@XEHHbIMW MONOCaMu?
. O6BbACHUTE BHELUHME © PerynnpoBoYvHblie XapakKTepUCTUKN CUHXPOHHOIO reHepa-

WP

Topa.
4. Kakwue ycnosus Heo6x0o41MO BbINOMHUTL A1F BKIOYEHUS CUHXPOHHOTO reHepartopa
B CeTb?
5. KakoB npuHuun paboTbl CUHXPOHHOrO ABuraTens?



Nlnasa X
MALWWHBI MOCTOAHHOTIO TOKA

§ 90. MpuHUMN AencTBMA U YCTPOWCTBO
reHepatopa MOCTOAHHOrO TOKa

MpocTeiwnmM reHepaTopom fBAAETCH BUTOK, BpallaloLwUiicAd B MarHmT-
HoM nate nonwcoB N m S (cm. puc. 109). B TaKkOM BUTKE UHAYKTUpPYeTCH
nepeMeHHas BO BpeMeHu 34c. [1o3ToMy npu COEAMHEHWU KOHLLOB BUTKA C
KOHTAaKTHbIMW KO/fibLaMu, Bpalialowummucs BMeCcTe C BUTKOM, B Harpyske

Puc. 115. eHepaTop, MOCTOSAHHOIO TOKA:
a — cxema ycTpoiicTBa, 6 — o6wmnit Bug; | £- BUTOK, 2 U 3 — WeTKN, 4 — KONNEKTOPHble MAACTUHbI

yepe3 HeNoOABMXHble LWETKNM MNPOTEKaeT MNepeMeHHbI TOK, T. €. Takas
MallnHa fBNAETCA TeHepaTopoM MepeMeHHOro ToKa.

[Ona npeobpa3oBaHWA MePEMEHHOr0 TOKa B MOCTOSHHbIA MPUMEHAOT
KONNEKTOP, NPUHLMUN JelNCTBUA KOTOPOro COCTOWUT B cnefytolemM. KoHLb
BuTKa 1 (puc. 115) npucoefuHeHbl K ABYM MeAHbIM MoaykofbLam (cer-
MEeHTaM), Ha3blBAEMbIM KOJIIEKTOPHLIMW MacTUHamMmu. [MNacTUHbI XXEeCcTKO
YKpenneHbl Ha Bany MalWHbl W W30AMPOBaHbl KakK ApYyr OT Apyna, Tak
W OoT Bana. Ha nnactuHax MOMeLeHbl HEMOABUXHbIE LWeTKU 2 1 3, 3/1eKT-
PUYECKU COEAMHEHHbIE C NMPUEMHUKOM 3HEpruu.

Mpn BpaWeHUn BUTKA KONNEKTOPHbIe MAaCTUHbLI TakXXe BpalialTCs
BMeCTe C Ba/lOM MalUWHbl N Ka)KAasa W3 HemnoABMXHbIX WETOK 2 u 3 conpu-,
KacaeTcs TO C OAHOW, TO C ApYyroi nnacTuHO. LleTkM Ha KonnekTope
YCTaHOB/EHbl TaK, YTOObl OHW NEpPexoAunu C O4HOM MNACTUHbI Ha LPYTryHo
B TOT MOMEHT, KOrga 3fc, WHAYKTUpyeMas B BUTKe, Oblna paBHa HYNO.
B 3TOM c/iyyae npu BpaLleHUN AKOPA B BUTKE MHAYKTUPYeTCA nepeMeHHas
34C, M3MeHAlOLWaacqd CUHYycOMAanbLHO NPW PaBHOMEPHOM pacnpegeneHunm
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MarHWTHOro Moff, HO KaXAJas W3 LeTOK COMpuKacaeTcsa € TOW Konnek-
TOPHOW NAAcTUHOW M COOTBETCTBEHHO C TeM W3 NPOBOLHWKOB, KOTOPbIA B
[aHHbIi MOMEHT HaxoAWTCA MNoj NOAKOCOM ONpefefneHHON MNONAPHOCTU.

I CaepoBaTefibHO, 34C Ha weTkax 2 U 3 3HaKa He MeHAeT, U TOK MO BHeLl-
HEMY Yy4aCTKy 3aMKHYTOW 3/1eKTpUYeCcKOi Lenu NpoXoguT B OAHOM Hamnpas-
JIeHUW OT WeTKK 2 4yepe3 conpotusrieHne R K wetke 3. O4HaKO HecmoTps
Ha HEeM3MEHHOCTb HanpaB/fieHWA 3AC BO BHELIHEN LenH BeNMYMHA ee MeHs-
€TCA BO BPEMEHWU, T. €. MOJiyyeHa He MOCTOsAHHaA, a NynbcupytoLias 3fc.
TOK BO BHELUHeR uenu 6yaeT TakXe NYAbCUPYHOLLINM.

Ecnn nomectuTb Ha AKope ABa BWUTKA nof yrnom 90° oAuH K Apyromy

N KOHLbI 3TUX BUTKOB COEAUHUTL C YeTbIpbMS KONNEKTOPHLIMMW MAacTUHaMu,
TO nyfnbcaums 34C U TOKA BO BHEWHeR LenH 3HAYUMTENbHO YMEHbLUWTCS.
Mpw yBennyeHun yncna KOoNMeKTOPHbIX NAACTUH Myfbcauma 6bICTPO YMEHb-
WaeTcs M Npu 60/bLIOM YMUC/Ie KONNEKTOPHbIX MAacTUH 34C U TOK MNpak-
TUYECKN MOCTOSAHHbI.

Ha puc. 115, 6 nokasaH 06WMWA BUA MalUHbl NOCTOAHHOIO0 TOKa.

Henopgsum>xHasa 4yacTb £B-
nAeTca WMHAOYKTUPYIOLLEN, Q
T. €. cos3pjalowein mar-

HWTHOe nofie, a Bpawa- r
ouasca 4yacTb — HHAYK-  /
TUpyemoi (skopem).
HenoaBu>xXHas 4yacTb
MawuHel (puc. 116, a)
COCTOUT W3 FNaBHbLIX Mo-
NCcoB /, [OMONMHHTENb-
HbIX MOJIIOCOB 2 W CTaHU-

Hbl 3. [naBHbI nomwc * A a)
(puc. 1:"-'6, 6) NPeACTaBAA-  pyc. 116, YcTpoiicTBO CTATOPA MALMHBI MOCTOSAHHOTO
eT Co60i 3NEeKTPOMArHuT, TOKa:

Co3p|a|o|_uy||7| MarHUTHbIN a — cxema cTaTopa, 6 — cxema rnaBHoro nontwoca; / — rnas-
Hble MONKChI, Z—AOI'IOI'IHVITe]'IbeIe NoNChbI. 3—CTaHI/IHa,
notok. OH cocTOUT U3 4 — cepAeyHuK, 5 — 6onT, 6 — 06MOTKa BO3BYXAEHUA. 7 —
Cep,ﬂ,e‘-iHI/IKa 4y O6MOTKV| NONOCHbIA HAKOHEUYHUK
B0O30Oy>XfeHusa 6 v nontoc-
HOro HaKOHeYHuKa 7. MMontocbl KPensaTcsa Ha CTaHMHe 3 ¢ MoMollblo 6onTa 5.
CepfeyHMK nontoca OTaMBaeTcsd M3 cTa™M U UMeeT MOMepevyHoe ceyeHwue
oBanbHOli (hopMbl. Ha cepfeyHMKe Montoca MNOMeLleHa KaTyllka 06MOTKM
BO30YX[EeHWA, HamMOTaHHas M3 M30/IMPOBAHHOTO MefHoro nposofa. Ka-
TYLWKU BCeX MOJIIOCOB COEAWHAKTCS MNocnefoBaTeNbHO, 06pasys 0OMOTKY
B036YyxAeHMA. TOK, NpoOXoasawmnin no o6MoTke BO3OYXAeHUA, cO3LaeT mar-
HUTHbIA NOTOK. IMOMIOCHBIA HAKOHEYHWUK yAep>XuBaeT 06MOTKY BO36yxAae-
HUSA Ha nosnce M obecneynBaeT paBHOMEPHOE pacnpefeseHne MarHUTHOro
nonia noj nontocom. [OMIOCHOMY HAKOHEYHWKY MpuAalT Takyl ¢opmy,
Mpu KOTOPOW BO3AYLUHbIMA 3a30p MeXAy MoacaMyv U SKOpeM OAMHAKOB Mo
BCE ANMHE MOJIIOCHOW Ayru.

[06aBoYHbIE MOMOCHI MMEKT TakKXe cepAevyHuK n 06moTKy. [obaBou-
Hble MOJMIIOCbI PACMONOXeHbl MeXAY T[NaBHbIMW MOAKCAMMU, W YUCNO WX
MOXET 6bITb IN6O paBHbIM YUCNY TNlaBHbLIX MOAKCOB, NGO BABOE MEHbLUWM.
[Jo6aBoYHble MONKOCHI YCTaHaBAMBAOT B MallMHaxX 60MbWKUX MOLLHOCTEN;
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OHW cnyXaT ANs yCTpaHeHWs MCKPEHUs Mof WeTKaMu. B MallnHax masnbix
MOLLHOCTel [06aBOUYHbIX MOMOCOB 06bIYHO HET.

CTaHMHY OTNMBAlOT M3 CTaiu; OHa SBNseTCSs OCTOBOM MalWHbI. Ha
CTaHMHe KPensaT rnaBHble U [06aBOUYHbIE MOMIOCHI, & TaKXe Ha TOPLOBbIX

Puc. 117. AKopb MawmWHbl NMOCTOAHHOIO TOKa:

a — obwwn/ Bug, 6 weTka W wWeTkogepxartens; [/ — cepaey-
HUK, 2 — 06MOTKa, 3 — KOnnekTop, 4 — weTka, 5 — npyxuHa

CTOpOHax ee — GOKOBble LWWTbl C MOAWUNHUKAMU, YAEPXKMBAKOLWUMU
BaN MalluHbI.

Bpawarmwanca vacTb MawuHbl (akopb) (puc. 117, a) cocTOMT W3
cepaevHmnka 1, o6MOTKM 2 1 Konnektopa 3. CepAeyHuMK SIKOpsS npeacTas-
naeT coboil uMnMHAP, COBpaHHbIA M3 NNCTOB 3MEKTPOTEXHUYECKOW CTanu.
JincTtbl n3onmpyroTca Apyr OT gpyra 1akom uau 6ymaroi gns yMeHbLUeHUs
notepb Ha BUXpeBble TOKU. CTafibHble NINCTbI WITAMNYKT Ha CTaHKax Mo
WabnoHy; OHW MMEKT nasbl, B KOTOPbIX YKAa4blBAOTCS MPOBOAHUKU 06-
MOTKM AKOpA. B Tene akops LenalT BO3AYLIHbIE KaHanbl 1S OXNaXAeHUS
06MOTKM 1 ero cepfeyHnka. O6MOTKa TW,aTeNbHO M30MPYeTCs OT Cephed-
HUKa 1 3aKpennseTcA B Masax AepeBAHHbIMU KAuMHbAMMW. JI06OBble coeau-
HeHUs YKpennsawTca cTanbHbIMWM 6aHfaxamu. Bce cekuwmm 06MOTKM, no-
MELLEHHble Ha AKOpe, BK/YAKTCA Mexay coboil nocnegosatenbHo, ob6pa-
3ya 3aMKHYTYH LefNb, W NPUCOEAUHAIOTCA K KOMEKTOPHbIM MacTUHaM.

Konnektop npeacTaBnseT CO60M UWMAWHAP, COCTOSLWMIA U3 OTAENbHbIX
nnacTuH. KonnekTopHble MNacTUHbI W3FOTOBAAKOT W3 TBEPAOTAHYTOW
Mean U U30AUPYIOT MeXAy coboil u OoT Kopmyca MpoKAagkamum U3 MUKa-
HUTa. [NA KpenieHWs Ha BTY/Ke KOMNEKTOPHbIM MaacTMHaMm npugatT
(hOpMy «/1aCTOYKUHA XBOCTa», KOTOPbIA 3aXMMaeTCAa MeXAY BbICTYNOM Ha
BTY/IKE W Waib0ii, MMeoLWMN PopMy, COOTBETCTBYIOLLYIO (hOPMe MIACTUHbI.
LLlariba KkpenuTca K BTy/nKe 6onTtamu.



Konnektop sBNsieTca Hambo/iee CNOXHOWA B KOHCTPYKTUBHOM OTHO-
LUEHMN N Hambosiee OTBETCTBEHHON B paboTe 4acTbio MawmnHbI. [MTOBEPXHOCTb
KONNeKTopa A0/KHA OblTb CTPOro LUANHAPUYECKOW BO M3bexaHue bueHus
M WCKPEHWS LLETOK.

Ona coeguHeHns OOMOTKM SKOPS C BHELUHeR LUenbl Ha KONNeKTope
MOMELLAT HEMOABWIKHbIE LWETKW, KOTOpPble MOryT O6biTb TFpaguTHbIMM,
YrONbHO-rpaUTHBIMKU  UAN BPOH30-rpaMTHLIMU. B MallnMHax BbICOKOro
HanpsXXKeHWs MPUMEHSAIOT rpauTHbIE WETKN, UMetoL e 60/bLLOE NMEPEXOA-
HOe CONpOTWB/IEHME MEXAY LWETKOW M KOMNEKTOPOM, B MallMHAX HU3KOro
HanpsaXeHns — 6pOH30-rpatnTHble WeTKW. LLeTkn nomewaroT B 0CO6bIX
weTtkogepxatenax (puc. 117,6). LleTka 4, nomeuweHHass B 0060liMe LLET-
KogepXatens, NpuXMMaeTca NPYXMHOW 5 K KonaekTopy. Ha Kaxaom
W eTKoAepXaTesle MOXET HaxOAUTbCA HECKONbKO LWeTOK, BK/HYEHHbIX
napanfensHo.

L eTkofep>aTenn noMeLal0TCAd Ha LWeEeTOYHbIX 60onTax-nanbuax, Ko-
TOpble, B CBOK O4epefdb, 3aKpenneHbl Ha TpaBepce.

LLleTo4Hble ManbUbl M30AUPYIOTCA OT TpaBepCbl U30MALMOHHBLIMM LUANA-
6amnm 1 BTynKamu. Yucno weTkogepxaTefneil 0ObIYHO paBHO 4KCAy MoO-
JTOCOB.

TpaBepca YycCTaHaBAMBAETCH Ha MOAWWMNHUKOBOM LWKUTE B MalMHaX
Manoin n cpefHeli MOLWHOCTM WAM NPUKPENNAETCA K CTaHWHe B MalluHax
60nbWOA MOWHOCTU. TpaBepcy MOXHO MOBOpayMBaTb W 3TUM W3MEHATH
Mo0XeHWe LWeTOK OTHOCUTE/IbHO MO/OCOB.

OO6bIYHO TpaBepca Haxo4WTCA B TakKOM MOMOXEHWW, MpuM  KOTOPOM
pacnofioXXeHne LWeTOK B MPOCTPAHCTBE COBMNAZaeT C PacnosioKeHnem Ocel
rNaBHbIX MOJHCOB.

§ 91. O6MOTKM SAKOP3W M 34C MalMWHbl MOCTOAHHOIO TOKa

O6MOTKM AKOpel MalWHbl NOCTOAHHOrO TOKa W3roTOBAAKT W3 U30/U-
POBaHHbLIX MefHbIX MPOBOAOB, a B MalUMHax OO0MbLINX MOLHOCTEA — K3
WWH NPAMOYTO/IbHOTO TMOMNEPEYHOro cevyeHUs; OOMOTKM BbIMOAHAKOTCA
3aMKHYTbIMWU. T1pn  M3roTOBAEHUM OOMOTKM W3 LWIKUH MAPAMOYFOAbLHOIO
NMonepevyHoOro ceyeHus (CTepXXKHeW) Kaxgasa CeKuMs MOXEeT COCTOoATb W3
[BYX aKTWBHbIX NpoBOAOB (O4HOBMTKOBas CeKuMs). N3 M301MPOBAHHOIO
MeLHOro npoBoda Cekuun O06MOTOK M3roTOoB-

NIA0T B BUAe KATYLIEK C ONpefeneHHbIM Yuc-
IOM BUTKOB (MHOTFOBWTKOBbIE CEKLUK).

B mawmnHax nOCTOAHHOrO TOKa Hambonee
LWIMPOKOE MPUMEHEHWNE HAXOAST LBYXCNOMHbIe
0OMOTKM, Yy KOTOpbIX B Ma3ax SKOps ak-

TMBHbIE 4acTW CEKLWIA pasmewiawoTcs B fBa
cnos.

Kaxgas cekumsa 06MOTKM COCTOMT U3 ABYX  Puc- 118- Hanpasnexue 34C B
aKTUBHbIX CTOPOH, OTCTOAWMX Apyr oOT gpyra akmeubix * T kK [ CGK'WM
Ha paccTosHWUKU, 6M3KOM K MONKOCHOMY [fene-

UWIOT, T. €. PACCTOAHMNIO MEXAY OCAMU COCEAHUX Pa3HOM3MEHHbLIX MOJIOCOB.
Mpn TakoM PacCTOAHUM MeXAy aKTUBHbIMU MPOBOAHMKaMM (ware 06MOTKM)



34C, WHAYKTMPOBaHHbIE B 3TUX NPOBOAHMKAX, OyAyT HanpaBneHbl B OfHY
CTOPOHY W 34C cekuuu byaeT umeTb Hambosnbluee 3HavyeHMe, TaK KaK 3fc
ee aKTMBHbIX CTOPOH cKfagbiBatoTca (puc. 118). OgHa aKTMBHasA 4acTb
CEeKUMM HaxoguTca B BEPXHEM Cnoe nasa, Apyras — B HWXKHeM. [pu
n306paXKeHNN pa3BEPHYTbIX CXeEM O0OMOTOK aKTMBHble CTOPOHbI, nexaliue
B BEPXHEM C/i0€ Ma3a, M306pa)karoTCA CMJIOWHOW MHNEN, 8 CTOPOHbI HUX-
HEro cnosi — NpepbIBUCTON. KOHLbI CEKLUMN COELMHATCS KakK C ApYyrMMu
CeKUMAMM OBMOTKMU, TaK M C KONIEKTOPHLIMU NAacTUHaAMM.

Cekuyun, obpasylouime 0OMOTKM, COEAMHAOTCA Mexay coboli Tak,

4yTo6bl WUHAYKTUPOBaHHbIe B HWUX 34C OblM HanpasfeHbl COrfacHo, T. e.

B OJHY CTOpOHY. [na 23TOro Ha-

YyanbHble (KOHEYHblE) MPOBOAHMWKMU

nocnefoBaTenbHo COEJMHEHHbIX

- CeKUMIA [O/MKHbI HaxoguTbCcsa B

ly. J Vﬁ: y no6oii MOMEHT MoA  MoJsilocamm

OAMHAKOBOI MONAPHOCTMU.

B 3aBucumocTM OT nopagka

f COeMHEHNA CEeKUWin apyr c apy-

-]; roMm OOMOTKM MOryT ObITb napan-

ELL NnenbHbIMKU (NeTnesbIMU) U nochne-
o) f) [0BaTe/lbHbIMU (BOMTHOBbLIMMW).

Puc. 119. Cekuus npocToi napannensHoi Ha pwuc. 119 nokasaHa (Toncroi

o6MoTKN: NNHKNER) 0anoBNTKOBAA (a) U MHOTO-

a — O/JHOBHTKOBOW, 6 — MHOroBMTKOBOIA BUTKOBAS (6) CeKLWN mapannenb-

HOI 0OMOTKM, COCTOSALLME N3 aKTUB-
HOI YaCcTu BepxHero cnos nasa 1 u HKHero cnos nasa 1-¥y\. B aTux o6moT-
Kax moc/iefoBaTe/lbHO COEAUHAIOTCA MeXAy Co60i CeKuMn HavanbHble (KO-
HeYHble), aKTUBHbIE CTOPOHbI KOTOPbIX HaxoAAaTcs Mof OAHMM MOCOM B
pacnofioXXeHHbIX pAfOM nasax. Takum 06pa3oM, KOHLUbI CeKLMW mnapan-
nenbHOV 06MOTKM MPUCOEAMHAOTCA K LBYM COCEAHUM KO/EKTOPHbIM nna-
ctuHam (/' n 2'), npuyem B MHOFOBMTKOBbIX CEKLUMAX K nnacTtuHe /' nog-
K/H0YaAEeTCA Hayano NepBoOro BMUTKa, a K MAacTuHe 2' — KOHeL, NocnefHero
BHTKa, COEAMHAEMbIA C HayanoMm crefytowen cekumun. Jltob6as KonnekTop-
Has nnacTuHa (Hanpumep, /') coeguHsAeTCa C ABYMS aKTUBHbIMW NPOBOAAMMU,
B KaXXAOM M3 KOTOPbIX MPOXOAUT TOK OAHON napannenbHOl BeTBM OOMOTKM

TaK 4YTO MeXay [ABYyMA LWeTKaMy pas3MyHOi MOASAPHOCTUM 06MOTKa
obpasyeT ABe mapansiefibHble BETBMU.

Mpu napannenbHbIX 06MOTKaX YMCNO LWETOK LONXKHO 6bITb BCErja pasHO
ynucny nNOAKOCOB 2p W, CNeAoBaTeflbHO, YMCAO MapaniesbHbiX BeTBei 2a
B 3TUX 06MOTKax paBHO uyMcily nonwcos, T. e. 2a=2p(a—p).

Mpn 6onbWOM uYUcne NOAKOCOB MapannenbHas o06moTka o6pasyeT
MHOT0 napanfenbHbiX BeTBEN, YTO JaeT BO3MOXXHOCTb MOHU3NTb TOK B
O[JHO BETBM WM YyMeHbLUaeT MOMepevyHoe CeyveHWe MpoBoja OOMOTKMU.

B nocnefoBate/ibHbIX 06MOTKax HauafbHble (KOHEYHbIE) AaKTUBHbIE
npoBoja CeKUMIA HaxO0AATCA Noj pasAWyYHbLIMU NOMOCAaMM  O4UHAKOBON
nonapHocTtn (puc. 120).

AKTVBHble CTOPOHbI NEPBOM CeKuMW HaxogaTca nog noawocammn A\
n Si. AKTUBHbIE CTOPOHbI BTOPOW CeKLUWU, NocnefoBaTe/lbHO COeLUHEHHOM
C NepBoOii, HaxoaaTcA nog nonawcamum NY%b—S*, TpeTbeil cekuum — nopg
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nontocamn N9um St n 1. 4. Mocne BKAOYEHNS BCEX CEKLMWI MO OKPY>XHOCTH
AKOpS coeAnHAETCSA BEPXHUI NPOBOAHUK Mapbl /2— 1, nexaliel psgom (06b1u-
HO CneBa) C NPOBOAHMKOM nNapbl M, OT KOTOPOro Havanu o6xon 06MOTKMU.
MocnegoBaTenbHO C BEPXHUM MPOBOLHMKOM Mapbl M— 1 BKAOYaeM MpoOBOS-
HUKU» fiexkallme nog nontocamMm Su iV, S, U T. 4., N0 OKPY>XHOCTU AKOPA,
M 3aKaHYMBaem TMPOBOAHUKOM,

nexawum psaoM ¢ NpoBOAHU- /\ ﬂ
KoM n—1. 3aTeM BHOBb COefu- uq $ Ty
HfeM napbl MPOBOAHWKOB, Ha-

XogflWmecs Mof pPas/iMyHbIMU

Mo/sitocaMm No OKPYXXHOCTU SIKO-

pa M T. 4., NoOKa BCe MPOBOAHMU-

KU He OKaXXYTCA BK/IHOYEHHbBIMM

B 3aMKHYTYIO Lenb.

BHe 3aBMCMMOCTM OT 4uchna

MoaKCOB NpocTas nocnefoBa-

TenbHas 0OMOTKa 06pasyeT [Be

napanfiefibHble BETBU, T. €. 2=

=2. [oatomy npu no6OM 4un-

cne noJiloCoB  MallnHa MOXeT Pue. 120, PasseDHVIAS CxeMA ABVX  COKUWMA
e, TonoKo gse werin, ecnn P 20 Paeenyiar ouens o e
o6moTKa AKOpA MocnefoBarte/ib- a — OJHOBUTKOBOA, 6 — MHOroBUTKOBOJI
Has, NPUYEM 3TU LWETKU SOMKHbI

nmomeLlaTbCA Ha paccTosHMM V*P 4acTu OKPY>XHOCTW Konnektopa. Hampu-
Mep, Npy p =2 paccTosHME MEeXAY LWeTKaMn LO/MKHO OblTb paBHO YETBEPTYU
OKPYXXHOCTU KONMeKTOpa, ~ro faeT BO3MOXHOCTb fAenaTb AOCTYMHOW Ans
OCMOTpa He BCH OKPY)XXHOCTb KONNEKTOpa, a TOMbKO ee 4acTb.

Hanuuve TONbKO [ABYX nNapaniefbHbiX BeTBelW CBUAETENbCTBYET O
TOM, YTO B KaXAON BeTBM NOC/eA0BaTeNbHO coeauHseTcs 60MbLIOe YUCI0
aKTUBHbIX MPOBOLOB M 34C MAaWWHbI MOXET WMeTb 60/bLIOe 3HayeHue.
Moatomy nocnefoBaTeflbHblie 06MOTKM HaxoAAT NPUMEHeHWe AN MalluuH
BbICOKOrO HanpsHKeHus.

B npoBogHuKe, nepemeLlarOLL,eMCcsl B MarHUTHOM MoOJie B HanpaBfieHWH,
nepneHANKYNAPHOM HanpasfeHW0 MarHUTHbIX SIMHWIA 3TOro0 Nons, cosga-
eTca 34c, paBHas r=B/y, rae B — cpegHee 3Ha4eHUe MarHUTHOW MHAYKLMK,
T; | — pAvHa nNpoBOAHWKA, M; V — CKOPOCTb MEPEMELLEHNS MPOBOAHM-
Ka, m/c.

Ha skope MawuHbl yKnagbiBaeTcs 60MbLIOE YMC/IO aKTUBHBLIX MPOBOA-
HWMKOB, KOTOpoe 0603HauuMm 6ykBoi N. B Kaxpgoi napannenbHOW BeTBU
06MOTKM OyfeT nocnefoBaTenbHO BKAWYEHO NI2a akTMBHbIX MPOBOA-
HMKa. Takum o6pa3om, 34C MalwuHbl E=N/2a»e=N/2a Blv.

CKOpOCTb nepeMelleHns NpPoOBOAHUKOB B MAarHUTHOM none u= 2pT¢n,

T

rge 2p — 4YMCno MNOMOCOB MalUMHbLI, T — MOMIOCHOE fAefeHue; T. e. pac-
CTOSIHME MEX[Yy OCAMW Pa3HOMMEHHbIX MO/IOCOB; M — YacToTa BpalieHus
SAKOPSA MallVHbl B MUHYTY.

Wwmes B BUAY, UYTO MpOW3BEAEHME CPEAHEr0 3HAYEHWUS MarHUTHOW WH-
AYKUMM B Ha oceBylO A/MHY Mositoca / W Ha MOMKOCHOe [efneHue T npea-
CTaBNsfeT COGOM MArHUTHLIA MOTOK OfHOro nontoca ® =B /T, monyuyum gns
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3[C MallUHbl Cleaylollee BblpaXeHMe:

- N

E 60a o.
ONs Kaxaoi MawuHbl BeMUMHBLI P, N 1 a NOCTOSIHHbI, TaK YTO OTHO-
LeHne npeactaBnseT co60ii BeNNYMHY, NOCTOSAAHHYIO ANS [aHHOM

MawuHbl. CnefoBaTenbHO, 34C MalMHbl NOCTOSHHOIO TOKa Onpejensercs
creaylowmnm BblpaxeHuem: E= Cnd, T1.e. 34C MawwHbl MOCTOAHHOIO
TOKa paBHa MNPOU3BEAEHWNIO MOCTOSHHOW KOHCTPYKTUBHOW BeNWUYUHbl C
Ha 4acTOTy BpalleHUs AKOPSA B MUHYTY M M MarHWTHbIA NOTOK nostocos @.
3T0 BblpaXXeHWe MOKasblBaeT, YTo A1 U3MeHeHUs 34C (MM HanpsXXeHus)
MalWHbl Heo6XoAMMO W3MEHWUTb NIM60 4YacToTy BpalleHus AKops, 6o
MarHMTHbIA MOTOK MNOMOCOB. TakK KakK W3MEHeHWe 4acToTbl BpaLieHus
ABUTaTENs, NPUBOASALLETO B ABMXEHWE FeHepatop, CBA3aHO CO 3HaYUTENb-
HbIMW C/IOXXHOCTAMM, TO Ha MPaKTUKe PerysnpoBKY 34C W HanpsKeHua
NPOM3BOAAT U3MEHEHMEM MarHUTHOrO MOTOKA, KOTOpPbI/ 3aBMCUT OT TOKa
B 06MOTKe BO36YX[eHMA. B uenb 0OMOTKM BO3OYXAEHUSA BKKOYAlOT peo-
cTaT ANA M3MEHEHUS TOKa BO36YXAeHus.

§ 92. MarHUTHOe noJie MalluHbl MOCTOSIHHOTO TOKa MpU Harpyske

Mpu XONOCTOM XOfe MallMHbl TOKa B SKOPE HET U MarHuTHOe none
CO34aeTCs HamarHuuuarouleidi cunoit nontocos. OHO CUMMETPUYHO OTHO-
CWUTENbHO OCK MOJKOCOB 1 pacnpefenseTcs paBHOMEPHO B BO3AYLIHOM 3a30pe

Puc. 121. MarHuTHoe noJjie MallMHbl MOCTOSHHOIO TOKa:

B — MarHWTHOe nose Mnonocos, 6 — MarHWTHoe monie siKops, $— pesynbTupytouiee
MarHUTHOE Mone Mpu Harpyske

(pnc. 121, a). ToNoOXWM, YTO WETKU YCTAHOBNEHbl Ha FEOMETPUYECKON
HenTpanu, T. e. Ha NMHWUW, NPOXOAALLEA Yepe3 LEHTP AKOPA W NepreHau-
KYNSipHOW OCU MOJHOCOB.

Mpn Harpys3ke MawmWHbl B 06MOTKe fKOpA MpoTeKaeT TOK, KOTOPbIN
CO3[jaeT CBOE MarHWUTHOe Nose, KOTOPOe, BO3AEWCTBYS Ha MarHUTHOE MNone,
MO/IOCOB, U3MEHAET N UCKAXAET ero, T. e. N0 MarHUTHOM Lenu 3aMKHeTcs
pe3ynbTUPYIOLLNI MarHUTHbIA NOTOK ®p nog AeliCTBMEM HamarHM4MBaroLLMX
CUN MOMIOCOB N fKOpPA.
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Pe3ynbTupylowmnii MarHWTHbIA NOTOK Pp He paBeH MOTOKY MNO/IOCOB
(T nNpH xonoctom xoge. BosgelicTBne nons, co3faHHOroO TOKOM B SiKOpe
NMpu Harpys3ke MallnHbl, HA MarHUTHOE NOJie NOJIOCOB Ha3blBAeTCA P e akK -
umnen akopsq.

Ecnm no npoBogHMKaM OOMOTKM SKOPS HEBO3OYXAEHHON MalUWHbI
NMPoONyCcTUTb OT MOCTOPOHHEro WCTOYHMKA TakoW TOK, KOTOpblA mpoTekan
Obl NpY Harpyske MawuHbl, TO OyAeT CO034aHO MarHWTHOe nofe AKops
(puc. 121, 6). 370 nofe AKOPSA 3aMKHETCA B HanpasieHWW, NepneHiunky-
NAPHOM OCK NOJKOCOB, W HA3blBAETCA MOMEPeYHbIM MOMeM peakLum AKops.

MarHuToZBuXyuias cuna AKOpA nof ofHUM Kpaem nontwoca (nog Ha-
Geralowum Ansa reHeparopa v nog cberalowmum ANa fBUraTens) HanpasneHa
BCTPEYHO MarHUTOABMXYLLEA Cuie MOAOCOB, & NOA APYrUM Kpaem nontca
(nog cberaoowmm [na reHepatopa M noj Haberawwum Ans ABuratens)
COrNacHO MarHWTOABWXYLLEn cuiie nontocos. CnefosaTefisHO, MOL OLHUM
Kpaem nosiloca NPOUCXOAUT YMEHbLUeHWe, a Mof APYyrum — yBennyeHue
MarHMTHON WMHAYKLMWN.

Takum 06pa3om, Npu Harpyske MalluHbl pe3ynbTUPYHOLLEE MArHUTHOe
none 6yfer HECMMMETPUYHO OTHOCWUTENILHO Ocu mnontocosB (puc. 121, B),
T. €. MONEepeyHoe Mofe peakuunm HAKOpA nepepacnpefensieT MarHUTHOe
none nontocos, ocnabnasg ero nog O4HUM Kpaem W yCUauBas Nofg Spyrum.
Mone peakymm AKOPSA TakxXe CMelaeT PU3NYECKYO HelTpanb, T. €. INHWUIO,
NPOXOAALWY Yepe3 LEHTP AKOPA W MNepneHauKyNapHYy MAC pe3ynbTu-
PYIOLLEr0 MArHUTHOrO Moss.

§ 93. KommyTaumsa Toka

Mog KOMMYTaluWel MNOHUMAKT MePEKOUYEHNE CEKLMM W3 OfHOM
BETBM OOMOTKM B APYryl W NpoMcXogsiuee NpH 3TOM W3MEHeHWe Hanpas-
NEHNA TOKa B Hel.

Mpn BpaWeHUN SKOPSA MallMHbl KONNEKTOPHbIe MIACTUHbLI MOOYepesHO
conpuKacatTCs CO LieTKa-

MW, TaK 4TO B OMpeaeneH-
Hble MPOMEXYTKN Bpeme-
HW CeKUMS MM HEeCKOJib-
KO CEeKUWA 3amblKaloTCs
WweTkoi. TMockonbKy mne-
PexXo4HOe CONpoTUB/EHME
MeXAy LWeTKol n Kon-
NEKTOPHO nnacTUHom
CpaBHUTENbHO Mano, TO
3aMblKaHue cekuuin 6au-

3KO K WX KOPOTKOM
P y Puc. 122. KommyTtupyemas cekuus [06MOTKM:

3aMblKaHUIO.
0 ¢ [0 Ha4yana KomMmyTauuu, 6 —npu KOMMyTauuu, B — no
Ha pwuc. 122, a noka- OKOHYaHWUU KOMMYTauuu; / U 2 — nnacTuHbl
3aHa KOMMYTHpyemas

cekumsa npocToil napan-

NenbHON 0OMOTKW. B 3TOI cekuunm npoTekaeT TOK OAHOWA napannenbHoit
BeTBU: |a=//2a, rpe | — TOK Harpysku; 2a — 4ucno napanfiefibHbiX
BeTBeli 06MOTKMY.
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Mpun BpaweHMn sKopsa ero oOMOTKa W KOMJIEKTOP MNepeMeLLaroTces
OTHOCMTENIbHO HEMOABVXHOW LIeTKM cnpaBa Haneso. B HekoTopblil Mo-
MEHT, COOTBETCTBYIOLWMWIA Havyany KoOMMyTauuu, LWeTka conpukacaeTcs
C KOMNEKTOPHOI MnacTuHoli 1, coeAMHEHHON € ABYMS NpoBOAaMM 06MOTKMH,
B KaXAOM M3 KOTOPbIX NPOXOAWUT TOK OAHON napannenbHOi BeTBWU. TakuUM
06pa3om, yYepes KONNEKTOPHYIO NAAcTUHY W LWeTKY NPOXOAMT TOK, paBHbIi
CYMMe TOKOB ABYX MapanfiefibHbiX BeTBEW 2i,, B BbigeNeHHO HamMu CEKL MK
TOK paBeH TOKY OA4HOI mapannenbHOi BeTBU U B faHHbI MOMEHT Hanpas/eH
NMPOTWB YacOBOWN CTPEsKMU.

B panbHeliwem npu BpalieHMM sAKOpPS WeTka 6yfaeT compukacatbes ¢
KONMNEKTOPHbIMKM NaacTMHamm 1 u 2, 3aMblKas paccMaTpuBaeMytlo Hamu
cekuymto (puc. 122, 6). B onpefeneHHbIi MOMEHT L EeTKa NOMHOCTbIO nepeii-
[ET Ha KONMEKTOPHYK MAacTUHY 2, U TOK B 3TOW CeKLMW M3MEHUT Hanpas-
neHne Ha obpaTHoe (puc. 122, B), T. €. CEKUMA NEPEKNUUTCA U3 OAHON
napannenbHoii BeTBU B ApYyryt.- Bpems nepekntoveHWs CeKLUM, HasblBa-
emMoe NepuoLOM KOMMYTAaLMWMKW, Mano, U 3a 370 BPEMA B CEKLUU
TOK m3mMmeHseTcsa oT -fi, go — it.

Mpy M3MeHeHUN ToKa B CEKLWUWU CO3[aeTca 34C CaMOMHAYKUUKM, KOTOpas
MOXET A0CTUraTb CPaBHUTENbHO OONbLINX 3HAYEHWIA.

Kpome TOro, mocKo/ibKy MpoLecc KOMMYyTaumu MpOUCXOAUT OLHOBpe-
MEHHO B HECKO/IbKMX CeKLMAX Mo BCEMU LEeTKaMW, TO B KaXAOW CeKuuu
C034aKTCA 34C B3aUMOUHAYKLMN.

34c caMOUHAYKLMKM U B3aUMOWHAYKLWW, HasblBaeMble peakTUBHbLIMU
34C, MPenaTcTBYS WM3MEHEHWAM TOKa, Bbi3blBAlOT HepaBHOMEpPHOe pacnpe-
[eNeHne MAOTHOCTM TOKa MOA LIeTKON, 4TOo fABAAETCA NPUUYMHOIN 06paso-
BaHWA WCKPEHWS, KOTOpPOe OCO6EHHO WHTEHCMBHO B MOMEHT pa3MblKaHUS
LLLeTKOM CeKLMM 0B6MOTKMN.

Upe3mepHaa MAOTHOCTb TOKa MNPV HanuuyuMm pasHOCTW MOTEeHLManos
MeXAy LWeTKOW W KONNEKTOPOM MNPMBOAUT K 06pasoBaHMIO LyroBoro pas-
pAaga, KOTOpblAi WMOHM3UPYeT TOHYailMe CfOM BO3f4yXa, HaxoAaswerocs
MEXAY LLeTKON M KOMMEKTOPOM M cnocobecTByeT pas3suTuio ayru. fAyra
MOXET NepeT K LWEeTKe APYroi nonspHoOcTW, o6pa3oBaB KPYroBol OroHb
Ha KONNEKTOpe, W 3TO MPYBELET K MOBPEXAEHMWIO MOC/ELHErO.

VICKpeHMe LWETOK MOXET ObiTb TakXXe BbI3BaHO PAAOM APYTMX MPUUUH:
HEPOBHOCTbIO MOBEPXHOCTU KONMEKTOpa, OWEHWEM LLETOK, 3arps3HEeHHO-
CTbI0O MOBEPXHOCTW KOJINIEKTOPa, Haaumumem Bfarv Ha Heid u T. 4.

[axe He3HaunTe/NlbHOE WCKPEHME LLETOK HeXenaTenbHO, TaK KaK yBe-
NNYNBAETCA M3HOC LWETOK M KOJEeKTOpa M MOBbIWAETCA Harpes Noc/iegHero
BC/MIECTBME YBE/MYEHUS TMEPEXOAHOI0 COMPOTUB/IEHNS MEXAY LWETKOW
M KONJEKTOPOM.

Haunb6onee ah(heKTUBHLIM CNOCOBOM YNYULIEHUA KOMMYTaLuMW ABAAETCS
KOMMeHcauus peakTUBHbIX 34C. 1A 3TOro B 30He KOMMYTaLUuK, B KOTOPO
HaxOAsATCA aKTWBHble CTOPOHbl KOMMYTUPYEMbIX CEKUMIA, Heob6XoAnMo
€03[aTb Takoe BHELIHee MarHWTHOe noJsie, MpPU KOTOPOM WHAYKTUpyemas
B CeKLUMAX 3A4C BpalieHus ev 6yaeT paBHa M MPOTUBOMOOXHA PEAKTUBHON
34C er, T. e. ev= —er. 119 CO34aHUA TaKOro BHELIHEro MarHMTHOrO Mons
yCTaHaBNMBAOT JONOAHUTENbHble moatockl NKun SK pasmewas nx mexagy
rnaBHbIMW MNOJKOCaAMM.

Ecnn Akopb (puc. 123) BpaljaeTcs kakum-nub6o ABuratenem B Hanpas-
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NEeHUN YacoBOWN CTPENiKW, TO B 0OMOTKe AKOPA WHAYKTUPYETCS 34C WU npwu
Harpyske npoxoguMT TOK. HanpaBneHus 34C M TOKa B MPOBOAHMKaxX 06-
MOTKM coBnajaloT. Ha cxeme BblfeneHbl MPOBOAHWKM 1 M 2 KOMMYTUpY-
emoli cekumn. PeakTuBHasA 34c eT, NPenAaATCTBYA W3MEHEHUSM TOKa B KOM-
MYTUPYEMOW ceKuuu, O6yfeT HanpaBfieHa B NPOBOAHMKAX 1 U 2 BCTPEYHO
M3MEHEHUAM ToKa. [ A KOMNeHcauuu peakTUBHOW 34C B MPOBOAHMKAX
I 1 2 HYXHO co3paTb 94C BpalLeHWa ev=
= —er, 4719 4Yero M YCTaHOB/MEHbl AOMNOJSIHN-
TenbHble nomocbl NKu SK
Takum 06pa3om, MNONAPHOCTb AOMOHU-
TE/IbHOTO MOMtoca B FeHepaTtope AOJ/HKHa Cco-
0TBETCTBOBaTb MNOMAPHOCTU CeayloLero 3a
HAM B Hanpas/eHWW BpalLeHWs AKOpsA rna.-
Horo nontoca. B pgBuratene nonspHocTb [O-
MOMHUTENLHOrO MNO/Cca [O/KHA COOTBETCT-
BOBaTb MOMAAPHOCTU MNpeabigyWwero Mo Ha-
NMpaBneHNI0 BpalleHMa SKOpSA [aBHOro mno-
nroca. Puc. 123. MonapHocTb Aomnon-
O6MOTKY BO36YXAEHUA [OMNOMHUTENbHbLIX  HWTENbHBLIX MONKOCOB B TeHe-
NO/MIOCOB COBANHAIOT NocneAoBaTenbHoe 06moT-  PATOPH ACEITFVIEED. TOKE:
KOl fiKops ANA TOro, 4TOObl peakTMBHasA 34C
6blla KOMMNEHCcUpoBaHa Npu M0G0 Harpyske MawunHbl, A s 3TOM Xe Lenun
MarHUTHas LUenb AOMNO/AHUTENbHbLIX MNOJMIOCOB HeHacbllWweHa, T. €. Mexay
CEPLEYHNKOM AKOPA U [JOMOSHUTESbHbIM MOMIOCOM CO3f4aH CpPaBHWUTENIbHO
60/bLLIOIA BO3AYLIHbIA NPOMEXYTOK. TakK KakK peakTuWBHasa 34C Nponopumo-
HanbHa TOKY B SKOpe, TO OHa KOMMNeHcupyeTca npu 060l Harpyske
MaluHbl B TOM Cfydvae, €CAM 3AC BpalleHMs TakXXe NponopumoHanbHa
TOKY Harpysku. [03TOMy MarHUTHOE none B 30He KOMMYTauuu A0AXHO
M3MEHATLCA NPOMOPLUOHANBHO TOKY SKOPS.

§ 94. PaboTa MallMHblI MOCTOSIHHOTO TOKa B PEeXWMe reHepaTtopa

AAKopb reHepaTopa NpPUBOAMTCS BO BpalleHWe Kakum-mbo ABuUraTenem,
pasBMBalOLLMM Bpawawowmin momeHT Aft. MNpn nepemeLieHUn NPOBOLHMKOB
06MOTKM AKOpPA B MarHMTHOM MOje MOMKCOB B HUX WHAYKTUPYETCH 3AC,
HanpaB/ieHWe KOTOPOIi onpefenseTcsd npaBuaoM npasoii pyku (puc. 124).
Ecnn sikopb BpaliaeTcs ¢ 4aCcTOTOW B MWHYTY M, TO B €r0 0OMOTKe MHAYK-
Tupyetcq 3ac E=Cnd.

Ecnm 06MOTKY AKOpsa Yepes3 LWeTKM 3aMKHYTb Ha KaKoi-11mbo npueMHuK
aHeprum /[?,, (CONPOTUBNEHWE HArpy3ku), TO 4epe3 3TOT MPUEMHUK U 06-
MOTKY AKopsa 6yfeT MpoxoAguTb TOK /, HanpaBneHWe KOTOPOro B 0OMOTKe
AKOpS CcoOBMafaeT C HanpasjeHWem 3ac. B pe3synbTate B3aMmogeicTBMA
ST WeHR & HRIFEES Rt ™ naIwen rervvTon RepupigeunToon
MOMeHT M WbHanpaBineHMe KOTOPOro onpeaenseTrcsa MpaBu/iOM J1eBOW PYKW.

Takum 06pa3om, pasBMBaeMblli MallWHON 3NEKTPOMArHUTHbLIA MOMEHT
ABNAETCA TOPMO3HbIM, HampaBAeHHbIM BCTPEYHO HaNpaB/eHWIO BpaLLEHUS
AKOPA MalluHbl, TaK 4YTO AN BpalLeHUs MOCNefHEero nepBUYHbLIA fBUTa-
TeNb [O/KEH pa3BuBaTb Bpalalowuii MOMeHT Mwu  focTaTouHbll Ang
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NPeojoNieHNs 3EKTPOMArHMTHOIO TOPMO3HOIO0 MOMEHTa, C/efoBaTesbHO,
MallMHa NoTpebnseT MexXaHUYecKyt 3HEpruio.

B cnyyae paBHOBecMsa MOMeEHTOB, T. e. JI11=/11,, AKOpb MallWHbI Bpa-

LaeTca C HEM3MEHHOI 4acToToi. Mpu HapylweHUU paBHOBECUS MOMEHTOB

yacToTa BpalleHUs AKOPS HayHeT M3MeHATbCA. Ecnu

NnoYemy-11Mb0 MOMEHT MEPBMYHOrO ABUraTens YMeHb-

WNTCHA, T.e. CTAHET MeHbLUe 3/1eKTPOMArHUTHOro Mo-

MeHTa reHepatopa (Mi<Af,), BpaweHue dkopsa Ma-

WIMHbl HayHeT 3amefnatbcs. [pH 3TOM OyaeT yMeHb-

lWaTbCA KakK 34C, TaK M TOK B 00OMOTKe £AKOpfA, 4TO

MOHU3UT TOPMO3HOI 3/IEKTPOMArHWUTHBLIA MOMEHT re-

n~ o n HepaTtopa. B cnyyae yBennyeHUs MOMEHTA MEPBUYHOIO

Inn— -~A1 o pBuratensa (M{>M UMacToTa BpalleHUsa AKopH, a Tak-
5 | )Ke 34C 1 TOK B ero obmoTke 6yayT BO3pacTaTb, 4TO

- YBEMNYNT TOPMO3HOWN 3NEKTPOMArHUTHbLIA MOMEHT.

Mpu HapylweHuW paBHOBECUSA MOMEHTOB YactoTa
B HUSA AKopA M TOK B er MOTKe npeTep-
Fiic. 124. Cxema pa- I'IE:::(?T m3me3£m;ma'q,c(|,:o BOC()JCTaHgB(J)'IeIc-:SIFIOpaeBHOF;iCel/lpﬂ
O»>Tbl reHepaTopa no- o
CTOSHHOFO TOKa MOMEHTOB, T. €. MOKa 3/IEKTPOMArHUTHbLIA MOMEHT re-
HepaTopa He CTaHeT paBHbIM BpaljaloLeMy MOMEHTY
ntpBH4Horo aBuratens.
Takum o6pasom, n060e M3MEHeHWe MOMEHTa MNepBUYHOrO ABUraTens,
T. €. NoTpebnsemMoli reHepaTOPOM MOLLHOCTW, BbI3blBAET COOTBETCTBYHOLLEE
| MeHeHVe KakK 31eKTPOMAarHMTHOro MOMEHTa reHeparopa, Tak W Bbipaba-
TbIBAEMOW UM MOLLHOCTW. TakK e MpH M3MEeHeHWAX Harpysku reHeparopa
notpebyeTca COOTBETCTBYHOLLEE U3MEHEHME MOMEHTA MEPBUYHOIO ABUraTens
4NA nojfep>kaHUs MOCTOAHCTBA 4acTOTbl BpalleHUs SKOpPSA reHepartopa.
Tok 06MOTKM AKOpSA / MpU Harpyske reHeparopa BCTPEYaeT Ha CBOEM
MyTW COMPOTMB/EHWE BHELIHeld Harpyskum $8, conpoTuBieHMe O06MOTKU
y opA RO6 M cONpOTUBNEHME MEPEXOLHBIX KOHTaAKTOB MEXAY LieTKaMu K
b nnektopom /?uw. O603HauMB Yepe3 R, BHYTpEHHee cONpoTuBneHwe Ma-
li HHBI, NpeacTaBnsAlowWwee cobolii CymMMy COMPOTUBAEHWI A OBMOTKM SIKOPS W
HETOYHbIX KOHTAKTOB (/?0B+dW). ANna TOKa B AKOpe MOXeM 3anucaTb

CNefytoLlee  BblpaXEHME: /:,E;r E?_'-

ConpoTuBneHue /?W, HEMNOCTOAHHO W 3aBUCUT OT MHOIMX (HakKTOPOB:
BE/IMYMHBI N HanpasBNeHWs TOKa, COCTOAHMUSA KOJIJIeKTOpa, CU/bl HaXatus
LI-oToK Ha KONNeKTOp, 4acToTbl BpaleHus. lMafeHne Hanps)XeHus B Lle-
TOYHbIX KOHTaKTaX OCTAeTCAd MPUMEPHO HEU3MEHHbLIM TMPU U3MEHEHMUAX
i;..rpy3kn (NPUHMMAETCA paBHbIM 2 B Ha napy YrofibHbiX W rpauTHBIX
W TOK). lMO3TOMY BHYTpEHHee COMPOTMB/IEHWEe MaWWHbl R, Takxe Hemno-
CTOAHHO MPU U3MEHEHUN Harpys3ku reHeparopa.

Tak kak IRm=U, rge U — HanpsXeHue Ha 3axumax reHeparopa
r.pu Harpyske, 70 MO/JyyYMm cnefyloliee ypasHeHWe paBHOBECUS 34C ANA
redepatopa: U—E—IR,.

N3 ypaBHeHMs paBHOBECUSA 34C NErKO MONYYUTb YPaBHEHWE MOLLHOCTEN,
T e UI=EI—IRt wnam Pt=P9—/*/?,, rge Pt — nonesHas MOLLHOCTb
N Hepatopa, OTAaBaeMas MOTPeOUTEN0 3NeKTPUYECKON 3Hepruu; Pu—
BHYTPEHHAA WM 3/1eKTPOMarHuUTHas MOLWHOCTb FeHepatopa, npeo6paso-
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BaHHasa HM B 3/leKTpuyeckyto; /a/?a= P 0B — noTepy MOLLHOCTM B 06MOTKE
AKOPA W LWETOYHbIX KOHTaKTax.

Mpn XONOCTOM XOfe reHepatopa 31eKTPOMarHUTHas MOLLHOCTb parnHa
Hynto (P,=0), HO gns BpaweHUs SIKOPS MalUWHbl NEPBUYHLINA ABUraTesNb
[LOMKEH 3aTpPaTUTb HEKOTOPYHD MOLLHOCTb P», pacxogyemyt Ha MOKpbITME
noTepb XO0N0CTOro xofa. MOWHOCTb P« CKnaAblBaeTcs M3 MeXaHWYecKuX
noTepb Ha TpeHMe B MOAWMWMHMKAX W TPeHWe O BO3AYX BpallaoLnXcs
yacTeid MawwuHbl P,, W M3 MOTepb B CTaAu Ha FUCTEPE3NC U BUXPEBbIE
Tokn PcT. B reHepaTopax C CamMOBO30OYXAeHWEM MOLWHOCTb P, BKAOYaeT
TakKXXe MOLWHOCTb, 3aTpavyeHHYl Ha co3fJaHMe MarHMTHOro noToka, T. e.
Ha BO36YXAeHWe MallUHbI.

Mpu Harpyske reHepatopa MepBUYHbLIA [ABUraTeNb 3aTpaymBaeT MoL-
HocTb Pl—Pa+Pi,.

ONEeKTPOMarHMTHbI MOMEHT MawnHel Mt=PJQ, rae Q= pag'c —
yriosas CKOpPOCTb AKOpA.
Tak Kak P,=E1 n E="n®d, TO 31eKTPOMarHUTHbIlAi MOMEHT

MallVHbl OMPeSennTca cnegyrowmm BbipaXeHnem: M, = -~1® .
BenuunHbl @, p U N MOCTOSHHbI ANA JaHHO MalWHbI, NO3TOMY BbIpa-
dN o o o
XeHue —K npeactaBnsget Ccob6OA  HEKOTOPbI MOCTOSAAHHBLIA  ANA

JAaHHON MawWnHbl KO3(MULUMEHT, W 3NEKTPOMArHUTHbIA MOMEHT paBEeH:
M,=K1®, T.e. 3/1eKTPOMarHUTHbIA MOMEHT MPONOPUMOHANEH MPOU3-
BEEHMNIO TOKAa B SIKOPE HA MarHUTHbI/A MOTOK MOJOCOB.

§ 95. Cnocobbl BO3OYXXAEHUS FeHepaTopoB MNOCTOAHHOroO TOKa

eHepaTopbl MOCTOSAHHOIO TOKA MOFYT ObITb BbINOAHEHbI C MarHUTHbIM
M 3IEKTPOMArHUTHbIM BO30YXAeHveM. NS co3faHUs MarHUTHOro NoToka
B reHepatopax C MarHUTHbIM BO30YXAEHWEM WCMONb3YT MOCTOAHHbIE
MarHuTbl, a B TreHepaTopax C 3/eKTPOMarHUTHbIM BO30OYXAeHueMm —
3N1eKTPOMArHuThbl. TMOCTOAHHbIE MarHWTbl MPUMEHAIT NULWb B MallMHax
OYEHb ManbiX MOLWLHOCTeA. Takum 06pa3oMm, 3/eKTPOMArHUTHOE BO3OYX-
JeHne ABnseTca Hambonee WHUPOKO UCMOMb3YEMbIM CNOCO60OM /18 CO3AaHMUsA
MarHMTHOro notoka. [pu 3atom cnoco6e” BO36YXAeHUA MarHWTHbIA MOTOK
co3faeTcs TOKOM, NPOXOAALLMM MO 0OMOTKe BO36YXAEHUS.

B 3aBucumocTm OT cnocoba nuTaHWA OOMOTKM BO36YXAeHWUA reHepa-
TOpPbl MOCTOSHHOIO TOKa MOryT 6biTb C HE3aBUCUMbIM BO3OYXAEHVWEM U C
CaMOoBO36YXAeHNEM.

Mpw HesaBucMMOM BO3OYXAeHUM (puc. 125, a) 06MOTKa BO36YXAEHUS
BK/IIOYAETCA B CeTb BCMOMOraTtenbHOr0 MCTOYHMKA 3HEPrMKU MOCTOSAHHOTIO
ToKa. [lna perynupoBaHus TokKa BO30yxaeHus /,, B Lenu 06MOTKM BKIHO-
YeHo conpoTtuefieHne Pp. Mpu TakoM BO36YXXAEHWUW TOK /B He 3aBUCUT OT
ToKa B fkope /.

HefocTaTKOM reHepaTtopoB He3aBUCMMOrO BO30OYXAeHUS  ABAsieMcs
NoTpe6HOCTb B [AOMNOJIHATE/IbLHOM WCTOYHMKE 3Hepruu. [lo3Tomy reHepa-
TOpbl HE3aBMCUMOIO BO36OYXAEHUA HaxXOAAT O4YeHb OrpaHWYeHHOEe NpuMe-
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HeHWe TONbKO B MallMHAxX BbICOKUX HaNPsXKeHWIi, Y KOTOPbIX NUTaHWe
06MOTKM BO30YXAEHMA OT LENU AKOPS HEAOMYyCTUMO MO KOHCTPYKTMBHbLIM
CO06paXKeHMAM.

leHepaTopbl C C€amMOBO30YXAEeHMEM B 3aBMCMMOCTU OT BK/IHOUYEHUS
0O6MOTKM BO3OYXAEHWS MOryT 6biTb napannensHoro (puc. 125, 6), nocne-

Puc. 125. CxeMbl BO36GYX/EHWUS TeHepaTopoB MOCTOSHHOIO ToKa:
a — He3aBucmMmoro, 6 — napannenbHoOro, B — nocnefosatenibHOro, r — CMeLlaHHOoro

foBaTenbHoro (puc. 125, B) u cmewaHHoro (puc. 125, 1) BO30YXAeHUS.

Yy reHepaTopoB MnapannenbHoro BO36GYXAeHWA TOK Man (HEeCKO/bKO
MPOLEHTOB HOMMWHAMBLHOrO TOKa AKOpsA), M 06MOTKa BO3OYXAEHUS wmMeeT
6onbwoe uucno BUTKOB. lpu nocnefoBaTeNlbHOM BO3OYXAEHWW TOK BO3-
OyXAeHns paBeH TOKY SKOPS M 06MOTKa BO3BGYXAEHWUA MMeeT mMajiioe YMCno
BMTKOB.

Mpn cMelwaHHOM BO36YXEHMW Ha MOoMtcax reHeparopa MOMELLAKTCA
4Be 0O6MOTKM BO36YXAeHWS — napanfienbHas W nocfefosaTesibHas.

Mpouecc caMoBO36YXXAEHMSA TreHepaToOpOoB MOCTOSHHOIO TOKa MnpoTe-
KaeT 04MHAKOBO Mnpu N60 cxeme BO3OYXAeHMA. PaccmMoTpum, Hanpumep,
noowecc caMoBO30YX[eHWUA B reHeparopax napannesnbHoOro Bo3OyXzaeHus,
NoNy4nMBlWINX Hambonee LWKMPOKoe npumeHeHue. Kakoi-nmbo nepBUYHbIi
ABUraTeNb BpawaeT AKOpPb reHepaTopa, MarHMTHas Lenb (SpMO W cepaeu-
HUKW MOJMIIOCOB) KOTOPOr0 WMeeT HebGONbLIOW OCTaTOYHbIA MarHWUTHbI
noToK ®,. OTUM MarHWTHbIM MOTOKOM B OOMOTKe BpaLlliarolierocs skops
WHAYKTUpYyeTca 34c £,, COCTaBnALWas HECKObKO MPOLEHTOB HOMWUHab-
HOr0 HanpsXXeHWs MaluuHbI.

Mog feiicTBMeM 34C £» B 3aMKHYTOW Lenu, COCTOAWENA U3 AKOPA W
00MOTKM BO36YXAEHUA, MPOXOAUT TOK /,. MarHutogBuxyuiaa cuna 06-
MOTKU BO30YyXAeHna w/B (W — 4mcno BUTKOB) HanpaB/ieHa COrnacHo ¢
MOTOKOM OCTaTOYHOIO MarHeTusma, YBe/M4YMBass MarHUTHbIA NOTOK Ma-
WKHbI @, 4YTO BbI3bIBAET MOBbIWEHWE KaK 3AC B 0OMOTKe AKopsd E, Tak u
Toka B 0OMOTKe BO30OyXAeHuA /B. YBenunyeHue MOCMeAHEr0 MPUBOAUT K
JanbHeliwemy Bo3pacTaHuio @, 4To, B CBOH O4vepedb, yBennumBaeT E
n /..
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MN3-3a HacblWeHUs cTanu MarHWTHOW Lenn MaluHbl CaMOBO36YXaeHue
NPONCX0AMT He bGecnpefenbHo, a A0 Kakoro-To OnNpefeneHHOro Hampske-
HUS, 3aBUCALLETO OT YacTOTbl BpaLEeHNS AKOPS MalWHbl U CONPOTUBAEHUS
B Lenn 0OMOTKM BO30YXAeHMA. TMpU HACbILEHUN CTann MarHUTHOM uenwu
yBe/MYeHre MarHMTHOrO NOTOKa 3amMeANiAeTcsa M Npouecc camoBo3byxaeHus
3aKaHYMBaeTCs. YBe/NWYEHWE COMPOTMBAEHUS B LENU 0OMOTKM BO3OYX-
JEHNS YMeHblUaeT KakK TOK B Held, TaK U MarHWTHbIA MOTOK, BO30Y>XAaeMblii
3TUM TOKOM. [103TOMY YMeHbLUAeTCa 34C W HanpshkeHue, A0 KOTOPOro
BO36Y>aaeTcs reHepatop.

HanpshkeHne TakK e, Kak W 34c, NpsAMO NpOMopLMOHanbHO 4acToTe,
BC/MIECTBME YEro C M3MEHEHMEM 4acTOTbl BpalleHUs WM3MEHSeTCA M Hanps-
XeHune, [0 KOTOPOro BO36YyXAaeTcs reHepatop.

§ 96. XapaKTepUCTUKN TeHepaTopoOB MOCTOAHHOIO TOKa

XapakTepucTUKM reHepaTopa ONpefenstoT ero pabouve CBOWCTBA U
NpeACcTaBASIOT 3aBUCUMOCTb MEXAY OCHOBHbIMW BeNMYMHAMMW, KOTOPLIMU
SBAAKOTCA 34AC B 06MOTKe SIKOps £, HanpsbkeHWe Ha ero 3axumax U,
TOK B sikope /, TOK BO36YXAeHuUs /B W yacToTa BpalleHuWs skops n.

Puc. 126. XapakTepucTMKa XOM0CTOr0 Xofa reHepaTopa He3aBMCUMOro BO36YXAeHWA:
a — npy nepemMarHUYHBaHHH cTanu, 6 — N M3MEHEeHWM YacTOTbl BpalLeHWUs SKOps

XapakTepucTUKU npefACcTaBNAlOT Cco60i 3aBUCUMOCTM MeX[y [AByMSA
M3 YKa3aHHbIX OCHOBHbIX BE/MYMH NPU HEU3MEHHbIX OCTaNlbHbIX. 3TK
3aBMCMMOCTM WMEHT PasfvyHbIil BUA ANS FeHepaTopoB pasHbIX TWUMOB.

CHATME BCEX XapaKTepUCTUK MallVHbl MPOM3BOAMTCS MPU MOCTOSHHOM
yacToTe BpalleHWs AKOPS, TaK KakK MpyW U3MEHEHUM 4acTOTbl 3HAUYUTENIbHO
N3MEHSAIOTCS BCE XapaKTepUCTUKM reHepaTopa.

XapakTepucTka XONMOCTOr0 XoAa reHepaTopa npefcTaBiseT CoGoi
3aBUCUMOCTb MEX[AY 3[C B SKOpPe U TOKOM BO36YX[eHWs, CHATYH MNpH
OTCYTCTBUM HArpys3ku W MOCTOSIHHOW 4acToTe BpalleHus.

Ons reHepaTopoB HE3aBWCMMOT0 BO36YXAEHWUS MpW OTCYTCTBMM Ha-
rpy3ku (XOM0CTO Xo4) TOK B SIKOpe paBeH Hyn. Tak KakK 34C, UHAYKTW-
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poBaHHas B 06MOTKe skops, paBHa E=Cn®d, To npm NOCTOAHHOW uya-
CTOTe BpaLieHMs 3AC OKAXEeTCA NPAMO MPONOPLUOHANbHON MarHUTHOMY
NnoToky. [o3aToMy B WM3MEHEHHOM MacliTabe XapaKTepUCTUKa XO0JIOCTOro
X04a NpeAcTaBNsfeT MarHUTHYI XapakTepuCTUKY MaLlUHbI.

Mpu /B=0 MarHWTHasa Uenb MawuHbl (rNaBHbIM 06pa3oM APMO) MUMeeT
HEKOTOPbIA OCTAaTOYHbLIA MarHUTHbIA MOTOK D0, KOTOPbIA WHAYKTUMPYET B
o6MOTKe skops 3ac E (puc. 126, a). 3Ta 34Cc cOCTaBNAeT HECKONbKO Mpo-
ueHToB (2—5%) HOMWHANLHOTO HanpsHXKeHWs MalwunHbl. C yBENNYEHUEM
TOKa B 0OMOTKe BO30YXAEHMs BO3pacTaldT KaK MarHWTHbIA MNOTOK, Tak
M 34C, WHAYKTUpOBaHHas B 0OMOTKe akops. Takum obpa3om, npu no-
CTOAHHOM MOCTEMNEeHHOM YyBenuyeHun /[, Bo3pacTaeT U 3ac (kpusasa 1).
Ecnn nocne cHATUA BOCXoAsAleli BETBM OT TOYKM A HavaTb MOCTEMNEHHO
MOHWXaTb TOK BO36YXAeHWUs /,, TO 34C TakKXe HayHeT YMeHbLIaTbCH, HO
3a CYeT ructepesnca HUcxogdauwas BeTBb (KpuBas 2) noiigeT HeCcKOabKo
Bbllle BOCXOAALLEl BETBH 3TON XapakKTepucTukun. W3MeHsAs /, He TONbKO
Mo BefMYMHE, HO W MO Hanpas/eHWI0, MOXHO CHATb BeCb LMWK/ MNepemar-
HUYMBAHUA CTaNN MaLLMWHbI.

MpakTnyecky BOCXOAALLAS W HUCXOAALLAN BETBM MarHUTHOM Xapak-
TEPUCTUKN UMEIOT KpaiHe He3HaunTe/lbHOE PAaCcXOXAeHWe, U 32 OCHOBHYIO
XapakTepucTtuky npuHUMaeTca cpefHsAs 3aBucuMocTb (Kpusas 3).

Ha pwuc. 126, 6 nokasaHbl XapakKTEPUCTUKM XONOCTOr0 X0fa, CHATbIE
npy pasnnMyHoOi YacToTe BpalleHWs AKOPS reHepaTopa.

BpalwieHuto SKOps MaluHbl C HOMUHANbHOMW 4acToTol f,,, YKa3aHHOM
B nacnopTe reHeparopa, COOTBETCTBYeT kpusas 1. [Ana BCcex MalMWH Hop-
MaJIbHOro TUNa TOYKa HOMMWHANBHOIO HanpsXXeHus (Touka A) HaxoauTcs
Ha nepernbe MarHUTHON XapaKTepUCTUKW.

Bbl6Op TOYKM HOMMWHANBLHOIO HAMPSXEHWA Ha JIMHEAHOM y4vacTke
MarHUTHON XapakTepUCTUKW MPUBOLWUT K Pe3KuM KonebaHmsaM Hanpsxe-
HUA Ha 3aXMMax reHepatopa npu Harpyske, TaK KaK He3HauuTeNbHble
KonebaHWa MarHWTOLBWIKYLLE CWU/bl Bbi3biBAOT PE3KOE W3MEHEHMe 3fC.
Bbl60p 3TOM TOYKM HA MNOMOrOM Y4acTKe MarHUTHOW XapakKTepucTuKu
NPUMBOAWUT K OFPaHWYEHUIO PEryNPOBaHUA HanpPsAXEeHUSa Ha 3axumax
reHepartopa, Tak Kak ANns W3MeHeHWs 34C TpebykTcA OYeHb Gonbluve un3-
MEHEHUS TOKa BO36YXAeHus.

Mpu yacToTe BpalLeHWs, OTANYHONW OT HOMMWHAMBHOW 4acTOTbl Bpalle-
HUS AKOPA TreHepatopa, MEHAETCA XapakKTepucThka XOJIOCTOro XoAa,
TaK Kak 3fc nponopunoHanbHa vactote. MNpu n’>n,, xapakTepucTuka Xo-
NOCTOr0 X0fa PacnonoXuTcsd Bblle (KpuBasa 2), a Npu N <nfg— HUXe
(kpBas 3), 4eM NpPU HOMWHANLHOW 4acToTe BpaLLeHus.

CnepoBaTteflbHO, MPXU  W3MEHEHWU YacTOTbl BpalleHUs AKOpA Touka
HOMMHANBLHOIO HaMpPsHKeHUs OKaXeTcs nMbo Ha nuMHeHoM (Touka B),
nm6o Ha nonorom (Toyka C) y4yacTKe MarHWMTHOW XapaKTEPUCTUKMK, 4TO
Bbl3blBAET M3MEHEHMe BCeX XapaKTepuCcTUK reHepartopa. oaTomy nepsuu-
Hbll fBUraTenb ANA BpPaWeEHWA AKOPA reHepatopa Hafjo BblGupaTb Tak,
yTo6bl €ro 4actoTa BpauwieHuWs 6bia 6/M3KON K HOMWHA/IbHOW 4acToTe
reHeparopa.

[ns reHepaTopoB napanfieNibHOro BO30OYXAEHUA MNpWM XONOCTOM XOfe
TOK B IKOpe paBeH TOKY B030OyXpaeHus (/=/,). Tak Kak 3TOT TOK cOCTaB-
nfeT Manyk BenUYUHy (HeCKONbKO MPOLEHTOB HOMWHANbHOrO TOKa reHe-
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paTopa), TO HanpsKeHWe Ha 3aKMMax MalluHbl MPKU XONOCTOM Xoae 6yaeT
MPYMePHO PaBHbLIM 3AC W XapaKTepucTMKa XONOCTOr0 Xofa 3TOro reHepa-
Topa MpakTU4Yeckn coBMnafeT C XapaKTepuCTWUKOW reHepaTopa He3aBUCK-
MOro BO36yXjeHusa. OfIHAKO Becb LUK/ MepemarHHYMBaHusa B reHeparopax
napannenbHoro BO36YXAEHWUA CHATb HE/Mb3s, TaK KakK MNpPH W3MEHEHUM

Puc. 127, BHeluHWe XapaKTepPUCTUKM TFeHepaTopa He3aBUCUMOro (a), napansenbHOro
(6), nocnefosaTensHOro (B) M cMewlaHHoro (r) Bo36yXxaeHus

HanpaB/fieHUs ToKa B 0OMOTKe BO30Y)XAEHWA MarHUTHbIA NOTOK ee GygeT
HanmpaBaeH BCTPEYHO MOTOKY OCTATOYHOrO MarHeTM3Ma M camoBO36YXAeHue
reHepaTtopa OKaXeTCs HEeBO3MOXHbIM.

Lna reHepatopa nocnefoBaTenbHOro BO30YXAEHWA XapakTepucTuka
X010CTOr0 X0fa CMbICNa He WMMeeT, TaK Kak MpW XONOCTOM XOAe B sKOpe
M 0O6MOTKe BO3GYX[JEHMUA TOK paBeH HY/M0, W XapaKTepUCTUKa MOXET
ObITb CHATA TONMbKO MO CXeMe He3aBMCUMOro BO3OYyxAeHua. Ona 3toro
06MOTKa BO36YXAEHWNA reHepaTopa LO/MKHA ObiTb BK/IOYEHA B CeTb Kakoro-
NNBO He3aBUCKHMOr0o UCTOYHMKA TOKaA.

[TA reHepaTopoB CMELUAaHHOro BO30YXAEHUA XapaKTepucTuka Xono-
CTOr0 X0ja COBMafaeT C XapaKTepuCTWKOW reHepaTopa napanfienbHoro
BO30OYXJeHuNA.

BHelHAA xapaKTepucTMKa NpeAcTaBnseT 060 3aBUCUMOCTb Hanps-
XEHUS Ha 3aXMMax reHeparopa OT TOKa Harpysku. 3Ta XapakTepucTuka
COOTBETCTBYET €CTECTBEHHbIM YCNOBUSM pPaboTbl MalIUHbI, T. €. MawuHa
HeperynHpyema (conpoTuBneHue uenu BO36GYXAeHUS R,, MOCTOSAHHO) K
CHMMaeTCca NpPWM HEU3MEHHOW 4acToTe BpalleHus.

175



[ns reHepaTOpOB HE3aBMCMMOFO BO3OYXXAEHMA NpW MNOCTOSSHHOM RB
HEM3MEHEH TaKXe W TOK BO36YyXfAeHus /B. BHewHne XapaKTepuCTMKM
TaKoro reHepartopa nokasaHbl Ha puc. 127, a.

KpuBas 1 npegctaBnser co6O/ BHELHIO XapakKTepUCTUKY Ha MOHM-
YKEHME HamnpsXXeHUs, COOTBETCTBYIOLLY TOKY 06MOTKM BO36GYX/AEeHUS, MpPH
KOTOPOM Hamnps)XeHue reHepaTopa paBHO HOMWHAJLHOMY MpPU XOMOCTOM
xoge. C Bo3pacTaHMeM Harpysku (Toka / B sikope reHepatopa) yBenuuu-
BaeTCA KakK MafeHMe HanpsHKeHWs B COMPOTMBAEHUM €ero 06MOTKM, Tak
N pasmarHmyunBatoLlee JeincTBMe peakunmnm SKops, YTO Bbi3bIBAET MOHMUXKEHMNE
Hanps)keHna. Tlpu U3MEHEHMM Harpyskum OT HyNs A0 HOMWHaNbHOW Ha-
NpsXeHWe Ha 3a)XMMax reHepaTopa YMeHblIaeTCs Ha BennumHy JiUm.

XapaKTepucTKe Ha MOBbIWEHME HanpshKeHuUs (Kpueas 2) COOTBETCT-
BYeT TakKOl TOK BO30YXAEeHUSA, 4TOObl MPM HOMMWUHANLHOW Harpys3ke reHe-
paTopa HanpsXeHWe Ha ero 3axumax 6blI0 paBHO HOMWHa/IbHOMY, MOCMe
4yero Harpyska reHepaTopa YMeHbLUIAeTCH.

C yMeHbleHMeM Harpy3ku (Toka B SIKOpe) TakXe CHUXAEeTCA Kak
NnafeHne HanpsHKeHWsa B COMPOTUBAEHMM OOBMOTKM SKOPS W LWETOYHbIX
KOHTaKTax, TaK W pasMarHu4ynBaroliee [AelicTBMe peakuuyu SIKOpS, 4TO
BbI3bIBAET MOBbILIEHWE HaNpsXXeHus. Mpu U3MEHEHUUN Harpys3ku OT HOMM-
HanbHOW A0 O HanpshKeHMe Ha 3aXMWMmax reHepaTopa YBeNM4MBaeTCs Ha
BEMYNHY [Aunu 3a CYET HaCbIWEHWA CTann MOBbILWEHWE HamnpsHKeHns
MeHbLUE, YeM MOHMXKEHME, TaK KaK pasmarHumyumBaloliee JeicTBue peakuuu
AKopa OyaeT cKasbiBaTbCA TEM CU/IbHEE, YEM MeHblUe CTEMEHb HachbllLe-
HUS cTanu.

B reHepaTopax napannenbHOro BO36YXAeHWA NpyW MOCTOSHHOM CO-
NPoOTUBNEHNUU Uenn BO3OYXaeHUa RM TOoK BO30YXAEeHUS He ocTaeTcs
MOCTOSIHHbLIM, TaK KakK 3aBMCUT OT HaMpsKeHUs Ha 3aXuMax reHepartopa,
KOTOpOe MpW W3MEHEeHUW Harpysku MeHseTcs. B reHepatopax HesaBucu-
MOro BO36Y)XXJEHUS YBE/NMYEHME Harpy3Ku BbI3blBAeT MOHMXEHME Hanps-
XEHUS NOA4 BO3LENCTBMEM NAJEHUA HanpsHXKeHWs B COMPOTUBNEHUM
MalLUMHbl 1 peakuun akopa (kpueasa 1 Ha puc. 127, 6).

B reHepaTopax napanienbHOro BO3OYXAEHWA MPU YMEHbLUEHUWN Ha-
NPSHKEHNA TaKXe YMeHbLIaeTcsl TOK BO3OYXAEHWS, YTO BbI3blBaeT YMEHb-
LEHME MArHUTHOFO MOTOKAa W MOHWXeHWe HanpshkeHusi. CnefoBaTeNlbHO,
NPy YBEIMYEHUWN HATPY3KW HamnpsHKeHUe Ha 3aXumax reHeparopa 3Toro
TMMa yMeHblUaeTcs B OOnblueid mMepe (KpuBas 2), 4YeM B reHepatopax He-
3aBMCUMOTO BO3OYXAEHUS.

YMeHblUeHNe BHELIHEr0 COMPOTMB/IEHUS HArpy3KW BbI3bIBAET YBE/U-
YyeHMe TOKa 0 HEKOTOPOro 3HayeHMs /*akc, He MPEeBbIWAKOWEr0 HOMUHANb-
HbIi TOK 60nee yem B 2—2,5 pasa. Npu ganbHellleM YMEHbLEHUN BHEL-
Hero COMpPOTMB/EHUSA TOK YMeHbLIaeTcs W MpU  KOPOTKOM 3aMblKaHWUU
OyaeT 3HaYMTEeNbHO MeHblLUe HOMMWHaNbHOro. MOHMXEHME COMPOTMBEHUS
Harpys3Ku Bbl3blBaeT YMEHbLUEHNE TOKA BO36YXAEHMNS, TaK KaK HanpshkeHue
reHepatopa noHmxaeTtca. Ecnm Tok BO36YX/AEHUS YMEHbLUW/CSA HACTOMLKO,
YyTO MallMHa OKaszajnacb pa3mMarHMYeHHOW, TO 3A4C MOHMXKaeTCA B GOMbLUEN
CTENEeHW, YeM COMPOTMBMEHUE HArpy3ku, UTO BbI3bIBAET YMEHbLUEHUNE
TOKa B AKOpe.

MpyM KOpPOTKOM 3aMblKaHWW TFeHepaTopa Mnapafie/ibHOro BO30YX/AeHuA
TOK /B paBeH Hy/nw, U 06MOTKa BO3OYXEHUS He CO3[aeT MarHWTHOrO
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notoka. [0o3ToMy B 0OMOTKe sikops OyAeT 34C TO/bKO OT OCTaTOYHOro
MarHuTHoro notoka £ 0, uMMmeloWwas manoe 3HayeHue, W, CNefOBaTe/bHO,
TOK KOPOTKOrO 3amblKaHWsi /K ByfeT Takxe Mar.

BHelHAS xapaKTepucTMka Ha MOBbILIEHWE HANPSXEeHUA y reHepaTtopa
napannenbHOro BO36yXgeHusa (kKpuBas 3) UMeeT TakOl >e BUA, KakK Yy
reHepaTopa He3aBMCUMOI0 BO3OYXAEHUS.

[ns reHepaTopa MOCNefoBaTenbHOr0 BO30OYXAEHUS BHEWHSA Xapak-
TepucTuka nokasaHa Ha puc. 127, B. B reHeparopax 3Toro tuna TOK BO3-
O6y>xfaeHna paseH Toky sakopa (/,=/), n npum xonoctom xoge (/=0) B
o6MOTKe sfkopsi 6yfeT co3gaHa 3ac EO 3a cyeT OCTAaTOYHOrO MarHeTusma.
C yBenu4yeHMeM Harpysku TakXXe BO3pacTeT TOK B 06MOTKe BO36YXAeHuWSA,
YyTO BbI3bIBAET YyBenuueHue 3Aac (kpuBasd /). HanpsxeHue Ha 3axumax
reHepatopa Npu Harpyske MeHblue 34C BCAEACTBME MafeHWs Hanps>KeHUs
B CONPOTMBAEHUMN MalLUWHbI U peakunmn sikops (Kpueas 2). Taknum obpasom,
y TEeHepaTtopoB MOC/Ne0BaTENbHOIO BO30OYXAEHUA HANpPsAXeHWe pesKo
MEHSIETCA C M3MEHEHWEM Harpys3Ku, MO3TOMY OHW HE HalWAu MPUMEHEHUS.

B reHepaTopax CMELIAHHOr0 BO36YXAEHUA BO3MOXHO COrfiacHoe Wu
BCTPEYHOE BKJ/IOYEHME MOC/MeA0BaTeNIbHON W napannenbHoin 06MOTOK.

Mpwn cornacHOM BKAOYEHUU O06MOTOK BO3OYXAEHWS pe3ynbTupytoLwas
MarHMTOABMKYyLLAA Cuaa, co3jalolias MarHUTHbIA MOTOK, paBHa CyMMe
MarHUTOABUXYLUMX CWUA napanfefbHON W MNocnefoBaTesibHOW 06MOTOK,
a Npy BCTPEYHOM BK/IKOYEHUM — Pa3HOCTM 3TUX MarHUTOABVKYLLMX CUII.

Ha puc. 127, r nokasaHbl BHelHWEe XapaKTePUCTUKU TeHepaTopa cme-
WaHHOro BO36yXaeHna. C yBennMyeHWEM Harpy3kuM TakKoro reHepaTopa
YMEHbLUAETCA HaMpPAXEHWe Ha ero 3axummax B pesynbraTe MNajeHua Ha-
NPSXXeHNs B €ro CONpoTMBAEHUU W peakuunm akops. OfHako c yBenuue-
HMEM Harpysku BO3pacTaeT TakxXe TOK B MOCNeAoBaTenbHOlW 06MOTKe
B036Yy>aeHua. [M03TOMy Npy COrfacHOM BK/KOYEHWU OOBMOTOK YyBenMYeHue
Harpy3Ku Bbl3bIBAET YBE/IMYEHNE MArHUTHOIO NMOTOKA U 34C 06MOTKM AKOPS.
Ecan 3ac ¢ nNoBbiWeHWEM Harpysku BO3pacTaeT Ha BE/IMYUHY, PaBHYIO
MOHVDKEHWNIO HAMPSXXEHUsA TreHepaTopa, TakK KakK najaeT HanpsXXeHue B
ero COMpPOTUBNEHUU W peakuun AKOps, TO HANPsXEHWe Ha 3axumax re-
HepaTopa OyaeT MpakTW4YecKW OcTaBaTbCA HEW3MEHHBLIM MPU  U3MEHEHUN
Harpyskum OT XO/M0CTOr0 Xo0Aa A0 HOMUHanbHOM (KpuBas 1). TakoW reHe-
paTop, Ha3blBaeEMblii HOPMa/ibHO BO30OYXAEHHbIM, He TpebyeT perynpoBKu
TOKa BO30Y)X/[AEHUS NMPU M3MEHEHMAX Harpysku. Mpu yMeHbLIEHUM Yucna
BMTKOB MOCMefoBaTeNlbHON O6MOTKM 34C C BO3pacTaHMeM Harpysku 6yget
YBENNYMBATLCA B MEHblUel CTerneHW U He OyAeT KOMMEHCMpPoBaTb MOHU-
KEHUA HanpsHKeHWs, TaK 4YTO HampshkeHWe Ha 3aXumax reHepaTopa
6yneT ymeHbwatbecs (KpuBasi 2), T. e. reHepaTop HefoBO36GYXAeH. Ecnm
4ynCcno BWUTKOB MOC/Mef0OBaTe/IbHOMW 06MOTKM BO30YXAeHUs 6onblie, Yem
TO, KOTOpOe COOTBETCTBYET HOPMaJbHOMY BO36YXAEHUI MallunHbl, TO
reHepaTop OKaXeTcs MepeB036YXAEHHbIM, U HaMpsAXeHNe Ha ero 3axumax
bypeT Bo3pacTaTb C yBeIUYEHWEM Harpyskum (kpusas 3).

Mpu BCTPEYHOM BK/OYEHUM OOMOTOK BO3OYXKAEHUS BHELIHAA Xapak-
TepucTMKa MOAO0OHa BHELHE XapaKTepucTUKe reHepatopa napanfiefb-
HOro BO36yXaeHus (KpuBasa 4), Of4HaKO TOKWM MaKCUMaNbHbIl /MaKC M
KOPOTKOro 3aMblKaHWs /Ky reHepaTtopa CMeLlaHHOro BO30YXaeHna oyayT
MeHbLLEe COOTBETCTBYHLWMNX TOKOB reHepaTopa MapanfesbHOro BO30OYX-
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JEHHA B pe3ynbTaTe pasMarHM4YMBalOLWEro AeiCTBMA MarHMTOABMKYLLUX
CMN nocnefoBaTenlbHOW OOMOTKM.

Hanbonee 4yacto NPUMEHAKOT FeHepaTopbl HOPMaJibHO BO30YXXAEHHbIE,
a TakXe MepeBO3BOYXAEHHble, MO3BONSIOLWME KOMMEHCUPOBATL MafeHne
HanpsH>KeHUs B JIMHWUMW, COEAUHWUTENbHbIX MPOBOAAaX W T. 4. C Tem, 4ToObl
Hanpsh)KeHWe Ha Harpyske 0CTaBasOCb MOCTOSAHHLIM MPU W3MEHEHUWN TOKa.

FeHepaTopbl CO BCTPEYHbIM BK/OYEHWEM OOMOTOK BO30OYXAEHUS HE
obecrneymBaloT MOCTOAHCTBA HaMPsXXEHUS W MO3TOMY LKWPOKOFO MpuMe-
HEHUA He Hawau. X ncnonb3yT MMWb B TeX CAyvaax, Korga Heobxoammo
OrpaHNyYnTb TOKM KOPOTKMX 3aMblKaHWii (Hampumep, Npu 3N1eKTpPoCcBapke).

PerynnpoBoyHass xapakKTepucTuka reHepaTtopa npeAcTaBnseT coboii
3aBMCMMOCTb TOKa BO3OYXXAEHUA OT TOKA Harpysku, CHUMaemas npw
MOCTOSHHOM HaMpsSXXeHWW Ha 3aXUMax reHepatopa. PerynmpoBo4Has
XapakTepucTuKa reHepatopa MnokKa3blBaeT, B Kakol Mepe cnegyeT u3Mme-
HUTb TOK B 06MOTKe BO30YXAeHWS ANS TOro, ytobbl HanpsHKeHwe Ha 3a-
XUMax reHepaTopa OCTaBanoCb MOCTOSHHbIM MPW U3MEHEHWW TOKa Ha-
rPy3Ku.

B reHepaTopax He3aBMCMMOrO W napanienbHOro BO3GYXAEHUS C yBe-
NNYEHMEM TOKa Harpyskum HeoOGXOAMMO YBENWUUYUTb TOK BO3OYXAeHUA ANs
TOro, 4TOObl CKOMMEHCMPOBaTb MajeHWe HANPsXXeHWS Ha BHYTPEHHEM
COMPOTMBAEHUN MallMHbI U pasMarHu4mMBaroLlee AeiiCTBME MOTOKa peakuum
AKops.

B reHepaTtopax CMellaHHOro BO36YXAeHMs (HOpManbHO BO30YX/AEH-
HbIX) HaMpPs>XXeHWE MPU U3MEHEHUW Harpy3Ku He nMpeTeprneBaeT NM3MEHEHWIA,
W, cnefoBaTeNbHO, HEOOXOAMMOCTb PEry/MpoOBaHMA ToKa BO36YXAeHWA
oTnafaet, T. e. PEryiMpoBOYHas XapaKTepucThka B TakuWX reHepaTopax
HE MMEET CMbICNa, Tak KakK TOK BO36YXAEHWUS MOCTOSHEH NpPU M3MEHEHUNX
TOKa Harpysku.

§ 97. PaboTa MalLUMHbI MOCTOSSHHOIO TOKa
B peXxume Asuratens *

Mpn BKAKOYEHMM [BUTaTens NOCTOSHHOrO TOKa B CeTb NOJ [eiAcTBuEM
MPUNOXXEHHOTO HaMPAXeHWUA MPOXOANT TOK Kak B 06MOTKe SiKOps, Tak U B
06MOTKe BO36YX[JeHMA. TOK BO3OYXAEHWA CO034aeT MarHWTHbIA MOTOK
NOMKOCOB.

B pe3synbTaTe B3aMMOAeNCTBMA TOKA B MPOBOAHMKaX 0OMOTKM AKOpA
0 MarHWTHbIM NOMEM MO/OCOB CO3JaeTcA BpaljalolMil MOMEHT U AKOpb
MalluHbl NPUXOANT BO BpaweHue. Takum 06pa3oM, aneKTpuyeckas 3Hep-
rmsa npeobpasyetcs B 3HEPTUIO MEXAHWYECKYIO.

Mon0XUM, 4YTO reHepaTop napannefibHOro BO36GYXAEHWUA BKIOYEH B
ceTb 6onbwoi MowHocTn (puc. 128). TOK Harpysku reHepaTtopa onpeje-
NAeTCca CMeAylolnM BblpaXXeHNEM:

roe 7 — Tok B o6MoTke skopsi, Rf— conpoTuBneHue 3Toli 06MOTKM;
E — agc, WHAYKTWpyeMas B 3TOW e o6MOTKe; U — HanpsiXeHue CeTw.
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HanpaBneHne 34C M TOKa B aKTMBHbLIX MPOBOfaxX AKOPA MOKa3aHO
Ha cxeme (puc. 129, a). MawwnHa pa3BMBaeT 3MEKTPOMArHUTHbIA MOMEHT
M8, ABNAKOLWMIACA TOPMO3HbIM, T. €. MOTPe6IAeT MEXaHWUYECKYI 3HEPIUIO
N BblpabaTbiBaeT 3HEPTUI0 INEKTPUYECKYIO.

EcTu noHM3uTb TOK BO3GYXAEHWSA, TO YMEHbLINTCA KakK MarHWTHbINA

-h u
Puc. 128. Cxema BkntoueHus Puc. 129. Cxema paboTbl MallvHbl No-
reHepatopa napanfienbHoro CTOSIHHOIO TOKa B pexumax:
BO36YX/JeHNA B ceTb a — reHepartopa, 6 — gBuratens

MoTOK, TaK W 34C, MHAYKTUPYeMas B 06MOTKe AKOpSA. 3TO BbI30BET YMEHb-
LIeHWe HarpysKu reHeparopa. ViaMmeHsas cONpoOTUBAEHWNE PEryNPOBOYHOIO
peocTaTa, MOXHO [AOBECTM TOK BO36YXAEHWS A0 TaKOW BEAWNYMHbBI, TMPH
KOTOpOM 3ac B 06MOTKe AKOpsA paBHa Hanps>eHuto cetn (E=U) n ToK B
AKOpe paBeH Hy/0, T. e. reHepatop paboTaeT BXOM0OCTYHO.

Mpun TOKe BO30OYXAEHWA, MEeHbLIEM TOKa, COOTBETCTBYHLErO0 XO0N0-
CTON paboTe reHepatopa, 34C 06MOTKU AKOps ByAeT MeHblle HanpsXeHus
CeTW, U TOK B AKOpPe W3MeHUT HanpasneHue Ha o6patHoe (puc. 129, 6).

Mpu n“3MeHeHUM HanpaBfeHWs TOKa B,MPOBOAHUKAxX O6GMOTKM AKOPS
TaKXKe M3MEHUTCSH HamnpaB/ieHWEe 3/IEKTPOMarHUTHOroO MoOMeHTa M, pas-
BMBAemMOro MawuHOM, T. €. MOMEHT CTaHeT Bpawawwmnm. Takum obpas3om,
MallvHa, NoTpebnAs 37eKTPUYECKYK 3HEPruto, BbipabaTbiBaeT 3HEPTUIO
MexXaHW4ecKyt, T. €. paboTaeT ABUraTenem.

Ecnv OTKAOYMNTL MNepPBMYHBLIA ABWUraTenb, TO SKOPb MaluWHbl 6ygeT
npofo/HKaTb BpawaTtbCA Moj4 LeACTBMEM pPa3BUBAEeMOro 3/1eKTPOMAarHuT-
HOro MoMeHTa MB.

Mpwn BpaweHWn AKOPS B MPOBOAHMKAX €ro 06MOTKM WHAYKTMpYyeTcs
3[C, HanpasfieHWe; KOTOPON NPOTMBOMONOXHO HanpasieHWto Toka. [lo-
3TOMY ee Ha3blBalOT NPOTMBO-34C wimm ob6bpaTHONW 3fAC.

MpoTnBo-3aCc MrpaeT poab perynatopa noTpe6/semMoil MOLLHOCTH,
T. €. MOTpe6/sdeMblii TOK U3MEHAETCA BCAEACTBME U3MEHEHUS MPOTUBO-3AC,
paBHo/ E=Cnd. Bpauwalounii MomeHT, pa3BuBaeMblii gsuratenem, Ma=
=K1o.

MpunoXxeHHoOe HanNpsXeHue ypaBHOBELIMBAETCSH NPOTUBO-34C WU Maje-
HMEM HaMps)XXeHWS B COMPOTMB/IEHUM OBMOTKM AKOPS W WETOYHbIX KOH-
TakToB. CriefoBaTeNbHO,

U= E+ 1R,.
ToK B 06MOTKe 1 YacToTa BpalleHNs SKOpPs onpeaensoTcs caeqyoumnmm
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paXeHnamn:
/_ U-E . _ _U-IRn
R, co

HanpaBneHue BpalieHWs AKOpPA fABUraTens 3aBUCUT OT MOASPHOCTM
MOMOCOB U OT HampaBAeHWs TOKa B MPOBOAHMKAX OOMOTKM fiKOpsA. Takum
o6bpa3om, gns peBepcUMpoBaHUs ABuratens, T. e. AN U3MEHEHWS Hanpas-
NeHNa BpaleHUs SKOPSA, HYXXHO IM60 M3MEHUTb NOAAPHOCTb MOJHOCOB,
NepekntoUunMB 06MOTKY BO36OYXAeHUs, NU60 WM3MEHUTb HanpaBfieHWe ToKa
B 06MOTKe fKOpS.

O6moTKa BO30YXAeHMA 06nagaeT 3HAYMTENIbHON WHAYKTUBHOCTHHO,
N MepeKnloyeHne ee HexenaTenbHo. Mo3ToOMy peBepcupoBaHUe ABUraTenei
NOCTOSAHHOIO TOKa 0ObIYHO 3aK/IOYAETCA B NEPEKIHOUYEHUN 06MOTKN AKOPS.

§ 98. Myck ABUraTeneil NMOCTOSHHOrO TOKa

B HavyanbHbIAi MOMEHT MycKa B X0f SKOpPb ABWUraTenss HEMnoABMXKEH
M NpoTUBO-34C paBHa Hymto (£=0). MNpu HenocpeACTBEHHOM BKAHOUEHUW
fBuUratens B ceTb B 06MOTKe AKOpsA 6yfgeT npoTekaTb Ype3MepHO 60/bLIONA
Tok lay=U/Rt. lMo3aToMy HenocpeAacTBEHHOE BKAOUYEHWE B CeTb AO0My-
CKaeTCsl TOMbKO ANA fABuUrateneil O4yeHb Manoi MOLLHOCTU, Y KOTOPbIX
nafeHve HanpsXKeHWs B SAKOpe MpeLCcTaBAsAeT OTHOCUTENbHO 60/bLUYHO
BE/IMUYNHY U BPOCKU TOKA He CTO/b BENTUKMN.

B mawmHax NOCTOAHHOrO TOKa 60/bLIOA MOLWHOCTM NajeHue Hanpsxe-
HUA B 0OMOTKE SIKOPSA MPW NOMHOM Harpyske coCTaBisieT HECKOAbKO Mpo-
LeHTOB OT HOMWHanbHOro Hanpsxeuud, 1. e. IR,= (0,02-r-0,1)[/.

CnepoBaTenbHO, MYCKOBO TOK B Ciy4vae BK/IKOYEHUS ABUTraTens B CeTb
C HOMMWHa/IbHbIM HaMpsH>KeHWeM BO MHOF0 pa3 MpPeBbIWAaeT HOMMWHa/bHbIA.

Lna orpaHuyeHns NycKOBOro TOKa MCNO/b3YHT MYyCKOBble peocTaThl,
BK/IlOYaEMble MOCNE0BATENbHO C AKOPeM [ABuUratefns Npu Nycke B XOL.
MyckoBble peocTaTbl NPeACTaBAAOT COH60M MPOBONOYHbLIE COMPOTUBJIEHUS,
paccynTbiBaeMble Ha KPaTKOBPEMEHHbI pexum paboTbl, W BbINOAHAKTCS
CTyNeH4YaTbIMK, 4YTO JAaeT BO3MOXHOCTb M3MEHATb TOK B SIKOpe ABuratens
B Mnpouecce nycka ero B Xof.

Cxema pBuratens napanfnenbHoro BO3OYXAeHWS C MYCKOBbIM peoc-
TaTOM nokasaHa Ha pwuc. 130, a. TyckoBoii peocTaT 3TOro ABuraTens
UMeeT TPU 3aXKuma, 0603Hayaemble 6ykBamu J1, #, L. 3akum J1 coeguHeH
C ABMXKOM peocTaTta U MojK/4vaeTcs K Of4HOMY M3 MONKOCOB pyOunbHMKa
(K MnHUK). 3axum # COeAWHSETCA C COMPOTMB/IEHWEM peocTata U nog-
KNHYaeTCs K 3aXXKnMy skops. 3axum LU coefmMHeH ¢ MeTanM4ecKon WNHON,
MOMeLLeHHOW Ha peocTaTe (WYHT). [BMXOK peocTarta CKONb3UT MO LUMHe
TaK, 4YTO MeXAy HUMW WMEeTCA HenpepbiBHbIA KOHTaKT. K 3axumy LU
yepe3 perynnpoBOYHOE CONPOTUBAEHME /?p NpUCOeAnHsAeTCS 0O0MOTKa BO3-
Oy>KaeHunsA. BTopble 3aXWUMbl AKOPA U 06MOTKM BO3OYXXAEHUA COEAUHEHbI
MeXay C000i nepeMblUKOW WM NOAKAHOYEHbI KO BTOPOMY Mofwcy pyb6usb-
HWUKa, BK/OYatloLlero Asuratesb B CeTb.

Mpuv nycke B X0f BKAOYaeTcs PYyOUNbHUK W ABUXKOK peocTaTa nepe-
BOAUTCA Ha KOHTAKT /, TaK 4TO Noc/fefoBaTe/lbHO C AKOPeM COefMHEHO
MonHoe COMpOTWMBAEHWE NYCKOBOro peoctata [P, kKoTopoe BbibupaeTcs
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TakuMm, 4TO6bl HanboNbLWINA TOK NpU Mycke B Xof /T, He MpeBblWan Ho-
MUHaNbHbI TOK 6onee uyem B 1,7—2,5 pasa, T.e. R, =U//mX—/?,.
Mpn BKAOYEHUWN ABWUraTens B CeTb MO 06MOTKe BO3OYXAEHMS TakXe
NPOXOAWT TOK, BO30YXAAKLWMA MarHUTHbIA NOTOK. B pe3ynbTaTe B3au-
MOAENCTBUA TOKa B SIKOPe C MarHWTHbIM MOMEM MOJIKOCOB CO3jaeTcA ny-
CKOBOM MOMEHT.
Ecnn nyckoBoli MOMEHT OKaXeTcs 60/blie TOPMO3HOr0O MOMEHTA Ha

np

a) 6)

Puc. 130. Cxema (a) u xapakTtepuctuku (O fBuratens napasn-
NefibHOro BO36yXjeHus

Bany psuratensd (MmnycH>M 7)9T0 AKOpb MallWHbI NPUAET BO BpaLieHue.
Mop [feiACTBMEM WHEPLMM 4YacTOTa BpaLLEHWA He MOXeT MpeTeprneBaTb
MFHOBEHHbIX M3MEHEHU 1 6yfeT NOCTENeHHO YyBenuumMBaTbCA. BmecTe ¢
Heli BO3pacTaeT MPOTWBO-34C W TOK B SIKOPe HAYHET YMEeHbLUaTbCsl, 4TO
BbI3bIBAaeT YMEHbLUEHME BpallaloLLero MOMeHTa ABuraTens.

B paboyem pexume CONpPOTMB/EHME MNYCKOBOrO peoctaTta AOMXKHO
ObITb NOSIHOCTbIO BbIBEAEHO, TaK KakK OHO pacCyMTaHO Ha KpaTKOBPEMEH-
HblA peXXum paboTbl M MpPWM GJAUTENBHOM MPOXOXAEHUN TOKa BbIAAET W3
cTpos.

Korga TOK B SIKOpe YMEHbLWUTCA A0 He60MbLIOro 3HayeHus /VHH,
ABVKOK MYCKOBOrO peocTaTa NepeBoAMTCS #Ha KOHTaKT 2. lMpu 3TOM co-
NPOTUB/IEHNE MYCKOBOrO0 peocTaTa YMEHbLWMWUTCA Ha Of4HY CTYyMeHb, 4TO
yBeANUNT TOK. CONpoTMBAEHNE BCEX CTyNeHeil MyCKOBOro peocTaTa BblOW-
paloT Tak, 4Tobbl Mpu nepeBofe ABMXKKA peocTaTa C OAHOr0 KOHTaKTa Ha
APYrOil TOK B AKOpe M3MeHANcs oT /MH 40 /bRaKC.

C yBenn4yeHUeM TOKa B AIKOpe BO3pacTaeT BpalLatolnii MOMEHT, BCrea-
CTBME YEero 4acTtoTa BpalleHWs BHOBb YyBennumBaeTcs. C yBenUYEHMEM
4acTOTbl BpalleHWs AKOPSA BO3pacTaeT MPOTMBO-34C, YTO BbI30BET YMEHb-
WeHne Toka B fkope. Korga TOK B fKOpe JOCTUraeT BHOBb HaUMEHbLLEFO
3Ha4yeHUA, ABMXKOK peocTaTa MepeBOAWTCA Ha KOHTakKT 3.

Takum 06pa3om, COMNPOTMB/IEHWE MYCKOBOrO peocTata MOCTENEHHO
(cTyneHAMWU) yMeHbLIAeTCs, MOKa OHO MOAHOCTbO He 6yAeT BbiBefeHO
(OBMXOK peocTaTa Ha KOHTaKTe 5), U B paboyeM pexumme TOK M 4yacToTa
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BpallleHMa AKOpS MNPUHMMAKOT YCTaHOBMBLUMECA 3HA4YeHWs, COOTBETCT-
BYIOLLME TOPMO3HOMY MOMEHTY Ha Bany [fBuratens.

HaumeHbWMiA TOK NpyM NycKe B XOA 3aBUCUT OT pexuma paboTsbl ABU-
ratensa. Ecnu gBuratens nyckaeTcs NpW MOAHON Harpyske, To /,,1n= 1,1/s.
Mpv nycke psuratensa 6e3 Harpysku wauM nNpu ManblX Harpyskax aToT
TOK MOXET 6blTb MeHblLUe HOMWHAaNbLHOrO TOKa ABUraTens.

Uncno cTyneHein nyckKoBOro peoctaTa 3aBUCUT OT pasHOCTM [ vekc—/ MAL,
MpMYeM 4YeM MeHbLUEe PasHOCTb 3TMX TOKOB, TeM 60/bLIE YNCAO CTYMEHEN.
O6bIYHO NYCKOBbIE peocTaTbl MUMEKT OT 2 A0 7 cTyneHei. lMpu nycke aBu-
raTenss B XOA PeryiMpoBOYHOE COMPOTMBAEHUE Rv B LENuW BO3OYXAEHMUS
JOMKHO ObITb MOSIHOCTHIO BbIBEEHO, T. €. TOK BO36GYXAEHUA [O/MKeH
6blTb HaMbOMbLIMM, 4YTO faeT BO3MOXHOCTb YMEHbLIUTb MYCKOBOWN TOK.
Ona nycka gBuratens Heo6xogMMo C034aTb MYCKOBOM MOMEHT, 60/MbLUWIA
TOPMO3HOrO MOMEHTa Ha Bany.

Tak kKak /MnCl=/C/,, AP, TO ANa YMeHbLIEeHWs MYCKOBOro TOKa
Hafo YBENIMYUTb MarHWTHbIA MOTOK, T. €. YBENMYUTb TOK B 06MOTKe BO3-
O6YyXXaeHUs.

MeTannnyeckas LWKMHaA NYCKOBOro peocrara coefuMHeHa C 3axumom |I.
3T0 HEOOXOAMMO ANsA TOro, 4TO6bI NPW OTKKOYEHUWN ABUraTens OT CeTU He
6bI10 paspbiBa LenM O06MOTKM BO3OYXAEHWUS, WMEILEA 3HAYUTENbHYHO
NHAYKTUBHOCTb.

Mpwn oOTKNOYeHUN pABUratTens ABMXKOK MYCKOBOro peocTaTa MepeBo-
OWTCA Ha XONIOCTOW KOHTaKT 0 M pybunbHUK oTKto4vaeTcsa. [pu atom
obMOTKa BO36GYXAeHUA O6yfeT 3aMKHyTa Ha COMpPOTUBNEHME MYCKOBOIO
peocTata M SIKOpS, YTO AaeT BO3MOXHOCTb M36eXaTb NepeHanpsHkKeHuin u
Ayroo6pasoBaHus.

§ 99. XapaKTepucTuku pABuratesiem NOCTOAHHOIO TOKa

Paboune cBoicTBa [ABWratenein onpeaensiOTcs MX paboymMmm xapakTe-
pucTUKaMu, NpeacTaBAAOLWMMUN CO6OI 3aBMCUMOCTM 4acTOThbl BpaLLeHus n,
BpaljaloLlero momeHta M,, noTpe6nsemoro Toka /, mowHoctm Pt un kng
T] OT MOMe3HOI MOLWHOCTM Ha Bany Pt. 9TW 3aBUCMMOCTU COOTBETCTBYIOT €C-
TECTBEHHbIM YC/0BUSAM paboTbl ABMraTens, T. €. MallWHa He perynaupyercs
W HanpsXeHue CeTU OCTaeTcHd MOCTOSAHHbIM. [pyM W3MEHEHUW MNONEe3HOM
MowHoCcTK Pt (T. e. Harpyskyu Ha Bany) M3MEHSeTCA TakXe M TOK B IKOope
MallMHbI, NMO3TOMY pabouyme XapakKTepUCTUKM YacTo CTPOSATCA B 3aBUCUMO-
CTW OT TOKa B fIKOpe. 3aBMCMMOCTU BpalLaloliero MOMeHTa 1 4acToThbl Bpa-
WeHNs OT TOKa B AKOpe ANa fABMratens napanienbHoro BO30YXAeHUs
n3obpaxeHbl Ha puc. 130, 6.

YacToTa BpalleHWsa aBuratens onpeenserca ciefyrolnm BblpaXeHNeM:

C yBenMYeHWeM Harpyskiu Ha Bany ABWraTesns BO3pacTaeT TakXe U TOK
B sIKOpe. DTO Bbl3blBAeT YBENMUYEHME NafleHNs HanpsHKeHUs B COMPOTMBe-
HUM OBMOTKM SIKOPS W LIETOYHBIX KOHTaKTax.

Tak Kak TOK BO36YX[EHWs 0CTaeTcsi HeW3MeHHbIM (MallMHa Hepery-
NupyemMa), TO MarHWTHbIA NOTOK TakXe MocTosHeH. OfHAKO MpW MNoBbILe-
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HUM TOKa B fKOpPe YBeNMYuMBaeTCs pasMarHuuyuBatollee AeiicTBMEe MOTOKa
peakuMm SKOps U MarHUTHbIA MOTOK ® HECKO/IbKO YMEHbLIUTCS. YBenuye-
Hve IR, BbI3bIBAET MOHWXXEHME 4YacTOTbl BpalleHUs ABUraTens, a yMmeHb-
lWeHne & noBbiWaeT 4acToTy. OGbLIYHO MafeHWe HanpsHXKeHUs BAUsSeT Ha

*) B)
Puc. 131. Cxema (a) U xapakTepucTuku (6) fBuratens nocnefosa-
TeNIbHOr0 BO36YX/AeHNA

M3MEHEHME 4acTOTbl B HECKONbKO 6OMbLUEl CTEMeHW, YeM peakuus sKops,
TaK 4YTO C YBE/MYEHMEM TOKa B AIKOPe 4acToTa yMeHbluaeTcs. M3meHeHue
4acTOTbl BpalLeHWa y ABWUraTens 3TOro TuMa He3HauyuTeNbHO U He MNpeBbl-
waet 5% npyu M3MEHEHUU Harpy3Ku OT HYNs A0 HOMWHANbHOW, T. €. 4BU-
raTenin napanfieNlbHOro Bo36yXXAeHNA UMEIOT XECTKYH CKOPOCTHYH Xapak-
TEPUCTHUKY.

Bpauwatouwmnii MomeHT auratens Ma=K1ld.

Mpn HeM3MEHHOM MarHUTHOM MOTOKE 3aBUCMMOCTb MOMEHTa OT TOKa
B IKOpe MOXET ObITb NMpeAcTaBneHa NpsAMoONn nuHuelr. Ho nog Bo3aencTernem
peakuLunn SIKOPS C YBENWYEHMEM HaArpy3KW B HEKOTOPOM CTeNeHU YMeHb-
WNTCA MarHWMTHbIA MOTOK WM 3aBUCUMOCTb MOMEHTa OTK/IOHUTCH BHU3 OT
NpAMONA NNHWN.

Cxema [Buratensa nocnefoBaTeNlbHOro BO36GYXAEHMA MNOKasaHa Ha
puc. 131, a. MyckoBoin peocTaT 3TOro ABUraTens MMeeT TONbKO ABa 3aXMU-
Ma, Tak KakK 06MOTKa BO30YXAEHMA U SKOpb'06pas3yrT 04HY nocnegoBa-
TENbHYK Lenb. XapakKTepucTUKK [ABuUraTens m3obpaxeHbl Ha pHc. 131, 6.
YacTtoTa BpalweHus fgeuratens nocne,q(gyiT/e(B,H?bo \Bos6y>K,quV|;| onpege-

naeTca cnegyrwownMm BblpaXKeHUem: n = ------- ,

roe Re — conpoTvBieHWe MOCNef0BaTeNbHOM 06MOTKM BO36OYXAEHUS.
B pgBuratene nocnefoBaTeNlbHOr0 BO30YXAEHUA MarHUTHbIA MOTOK He
0CTaeTca NOCTOAHHbLIM, & Pe3KO W3MEHSETCA C U3MEHEHWEM Harpysku, 4to
Bbl3bIBAET 3HAYMTE/IbLHOE M3MEHEHME 4acTOTbl BpaweHusa. Tak Kak nageHue
HanpsXXeHUsa B COMPOTMBAEHUU AKOPS U B 0OMOTKe BO3OYXAEHUA OYeHb
Mafio B CPaBHEHUMN C MPUIOXEHHbIM HampsiXKEHWEM, TO YaCTOTY BpalleHUs
MOXHO MNPUOAMXKEHHO OMPeAennTb CneayloLmnm BbipaxeHnem: n—LLUICO.
Ecnn npeHebpeyb HacblLEHWEM CTann, TO MOXHO CYMTaTb MarHUTHBbIN
MOTOK MPOMOPLMOHaNbHbLIM TOKY B 0OMOTKE BO36YX/[EHWUS, KOTOPbIA paBeH
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TOKy B Akope. CnefoBaTenbHO, Y ABUratens nocnefoBaTtenbHOro BO36YX-
AEeHMA YacToTa BpalieHus o6paTHO MPONOpLMOHanbHa TOKY B AKOPE W OHa
Pe3KO YMeHbLIaeTCcs C YBENMYEHNEM Harpysku, T. e. ABUraTelb UMEET MAT-
KYHO CKOPOCTHYH XapaKTepucTuKy. C yMeHbLUEHWEM Harpysku yvactoTa
BpalLeHus asuratens ysenuumsaeTcs. Mpu xonoctom xoge (/,=0) uacTo-
Ta BpalleHus fABuraTens GecrnpefenbHO BO3pacTaeT, T. €. fABUraTenb waet
B pasHoc.

Takum 06pa3oM, XapakKTepHbIM CBOWNCTBOM ABWraTesieil nocnegoBaTesb-
HOro BO30YX[EHUS SBASETCA HeAoMyCcTMMOCTb cbpoca Harpysku, T. e.
paboTbl BXOMOCTYIO WMAW MPU MasblX Harpyskax. [lBurateflb MMeeT MWUHW-
MafbHY AONYCTUMYIO Harpysky, coctaBnsaowyto 25—30% HOMWHAILHOIA.
Mpn Harpyske MeHble MUHUMANbHO AOMYCTUMONM YacToTa BpalieHusa ABU-
ratens pe3ko yBE/NMYMBAETCA, YTO MOXET Bbi3BaTb €ro paspyweHue. o-
3TOMY, KOFAa BO3MOXHbI COPOCbI MW PE3KNE YMEHbLUEHUS HarpysKku, ABuW-
raTteny NocnefoBaTeslbHOro BO36GYXAEHWNS He MPUMEHSIOT.

B aBuratenax o4eHb MafiblX MOLLHOCTEN COPOC Harpys3ku He Bbli3blBaeT
pasHoca, TaK KakK MexXaHW4YecKue MOTepH UX OyAyT AOCTAaTOMHO 6GONbLLON
Harpyskoin Ansi HuX.

Bpawatowmii  MoMeHT fBuraTens nNoOCNeA0BaTENbHOIO0 BO36YXAEHUS,
yunTbiBas MPONOPLMOHANbHY 3aBUCUMOCTb MEXAY MarHMTHbIM MOTOKOM
1 TOKOM B sikope (®=C7), MOXHO ONpeaennTb CnefytoLnM BblpaXXeHUEM:

M3= Kl® = K'/r,

roe K'=KC', T. e. Bpaulalowmii MOMEHT NPOMNOPLUNOHaNeH KBagpaTyToka.
OfHako npu 60NbWIMX TOKAX CKa3blBAETCA HACbILEHWE CTaNN U 3aBUCUMOCTb
MOMeHTa npubnmxaeTcs K npsAMoOin AuHUM. Takum obpas3om, gsuratenu
3TOro TMNa pasBuMBaloT 60/bLUME Bpalalol e MOMEHTbI, YTO MMEET cyLie-
CTBEHHOE 3HayeHWe npu nycke 60MbLWNX WMHEPLUOHHBIX Macc U rneperpys-
Kax. 9T fgBuUratenn LWUUPOKO WMCMOJb3YIOT B TPAHCMOPTHLIX U NOAbEMHbIX
yCTpOWcTBax.

Mpu cMelwaHHOM BO30YX/AEHNN BO3MOXHO KaK COrnacHoe, Tak U BCTpey-
HOe BK/IlOYeHMe O06MOTOK BO3OYXAeHMS.

[Buratenn co BCTPeYHbIM BK/IOYEHWEM OOMOTOK HE HaLM LUMPOKOro
NMPUMEHEHUsA, TaK KakK OHU 06M1afaloT NAOXUMKU MYCKOBbIMW CBOMCTBaAMU U
paboTalT HeycTOW4MBO.

XapakTepucTuKn pABurateneil CMeLaHHOro BO30YXAEHUS 3aHUMalT
NPOMEXYTOUYHOE MOJSIOKEHNE MEXAY XapakTepucTukamu gsuratenein na-
pannenbHoro u MnocnefoBaTeslbHOro BO3BYXAEeHUA.

§ 100. PerynuposaHue 4acTOTbl BpalleHus
ABurateneili NOCTOAHHOIO TOKa

[Burateny MOCTOAHHOTO TOKa MOAYYMAM LUIMPOKOE PacrnpocTpaHeHue
M 4acTo SIBASIOTCA He3aMeHUMbIMK 61arogaps LEHHOMY CBOMCTBY — BO3-
MOXHOCTW NMaBHO W 3KOHOMMWYHO PerynupoBaTh YacTOTy BpalleHWus B LWIK-
POKMX npegenax.

YacToTa BpaleHns SIKOpSA ABuratens npu 6o cxeme BO3OYXAeHUA
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onpeaenseTcs CNeayownuM BblpaXKeHUEM:

_ d—I(17.—/%)
co .

rae Rc— conpoTuBneHwe nocnefoBaTenbHoOW 06MOTKM BO36YxAeHus (ans
fABUraTens napanfiieNbHoro Bo3dyxpgeHus /?2c=0).

3T0 BblpaXXeHWe MOoKasbiBaeT, YTO 4acToTa BpalleHWs [BuUraTens 3aBu-
CUT OT Hanps>XeHusa CceTW, COMPOTUBJIEHUA LENUN AKOPSA U MarHUTHOro no-
TOKa.

YacToTy BpalleHUs PeryinupyroT nNyTem WU3MEHEHUA HaNpPsOXXeHWUsd CeTu
B TOM C/yyae, KOrja WUCTOYHWMKOM 3/1eKTPUYECKOW 3Hepruu fBuratens sB-
nfeTca Kakoi-nnbo reHepatop.

[ns perynuposaHus 4acTOTbl BpalleHWs ABWUTaTens W3MEHEHWeM Co-
NMPOTUBMEHNA LEMNM SKOPSA MCNOAb3YIT PEerynpoBOYHbIA peocTaT, BKIO-
YEHHbI nocnefoBaTeslbHO C SKOpeM. B oTnuume oT MyCKOBOro perynupo-
BOYHbIA peocTaT LO/DKEH ObiTb paccyMTaH Ha AJUTeNIbHOE MPOXOXKAeHue
TOKa. B cOMpoTMBMEHMMN PErYyNMPOBOYHOIO peocTaTa MPOUCXOAMT 6onbluas
NnoTeps 3HEPruun, BCNeACTBME Yero pe3kKo YMeHbLUaeTcs Kng ABuratens.

PerynumpyloT 4acToTy BpalleHUa AKOpSA ABWUraTens W3MeHeHWem Mar-
HUTHOTO MOTOKA, KOTOPbIV 3aBUCUT OT TOKa B 06MOTKe BO36YXaeHUs. B gBu-
raTenax napanfiefibHOro ¥ CMelaHHoro Bo30Y>XAeHUa AN U3MEHEHUA TOKa
BK/IOYAKOT PerynpoBOYHbIA peocTaT, a B ABMraTensx Moc/iefoBaTenbHOro
BO3OYXXAEHUA AN 3TOM Lenn LWYHTUPYIOT 06MOTKY BO36YXAEHUA KaKWM-
nM60o perynmpyeMbiM CONpoTUBAeHWeM. ocnefHMin cnocob perynnposaHus
4acToTbl MPaKTUUYeCKU He CO3[AaeT AOMOMHUTENbHBIX MOTEPL U 3KOHOMUYEH.

§ 101. MNoTepn M KN4 MawWMH MNOCTOAHHOIO TOKa

B mMawmnHax NOCTOSAHHOTO TOoKa Npu paboTe MPOMCXOAWT MOTeps 3Hep-
rMn, KoTopas CKfafblBaeTcA W3 TpexX COCTaBASHOLWUX.

MepBoli cocTaBnsOLWEA ABAAKTCA NOTepu B CTanuM $CT Ha rucrepesuc
N BUXPEBbIe TOKMW, BO3HUKalOLWMe B cepheyHuke skopsa. lMpw BpaweHun
AKOPA MalluHbl CTajlb ero CepAevyHuka HenpepbiBHO MepemarHMyuBaeTcs.
Ha ee nepemarHu4ymBaHue 3atpavynBaeTcqd MOLHOCTb, HasbiBaeMas MoTe -
psMun Ha ructepesunc. OJHOBPEMEHHO MpPU BpaLLEHUM SKOPSA
B MarHWTHOM NOfie B CepAeYHMKEe ero WHAYKTUPYHTCA BUXPEBble TOKMW.
MoTepu Ha rucTepesnc W BUXpPeBble TOKW, HasblBaemMble NOTEP A MU
B cTanwu, obpawakwTca B TEMIO0 M HarpeBaldT CEPAEYHUK SKOPA.

MoTepu B cTanu 3aBUCAT OT MArHUTHOM WHAYKLMW W 4YacTOTbl Mepemar-
HUYHBAHHA CepAeYHMKa AKops.

MarHuTHas WMHAYKUUS onpefenseT 34C MalIWHbl WAW, UHaye, Hanps-
XKEHWe, a yvacToTa MepeMarHW4YHBaHWS 3aBUMCUT OT YacTOTbl BpalleHus
Akops. MNoatomy npu paboTe MalMHbl MOCTOSHHOTO TOKAa B peXWMe reHe-
paTopa wunu gBuraTens noTepH B cTanu 6YAYyT NOCTOAHHBIMMW, HE 3aBUCALLK-
MW OT HarpysKku, eCim HanpshkeHue Ha 3aunmax fKOps W yacToTa ero Bpa-
WEeHUS MOCTOAHHBI.

Ko BTOpOi cocTasnstoLleii OTHOCATCA MOTEpM 3HEPTUM Ha HarpeBaHue
NMPOBOAOB 0OMOTOK BO30OYXAEHUS W AKOPSA NPOXOAALMMU NO HUM TOKaMM,
Ha3biBaemMble noTepaMn B Meau,— Poobu.
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MoTep» B 0GMOTKE SIKOPS UM B LWETOYHbIX KOHTaKTax 3aBMCAT OT TOKa
B AKOpe, T.e. ABNATCA MEPEMEHHbIMU — MEHSITCA MPH W3MEHEeHUsX
Harpysku.

TpeThba COCTaBNALLLAS — MexXaHU4Yeckue noTepH Putx, npeacrasnsio-
Wwue coGoii NoTepu SHEpPruM Ha TpeHWe B NOJALIMMHUKAX, TPeHWE Bpallato-
WMXCSH YacTeid 0 BO3AYX W LWETOK O KONMMIEKTOP. TV MOTEPM 3aBUCAT OT
YacTOTbl BPaLLEHNS AKOPS MalliWHbl. M03TOMY MexaHWYeckue NOTePU TakKXe
MOCTOSIHHbI, HE 3aBUCAT OT HarpysKu.

Kng mMawwHbl B MpoLeHTax:

m[1=4,//>1-100%,

roe Pr— nonesHas MOWHOCTb; Pi — moTpe6/iseMas MallMHON MOLLHOCTb.
Mpu paboTe MalWHbI FeHEPaTOPOM MO/e3Hass MOLLHOCTb
Pt=UI,
roe U — HanpshkeHue Ha 3axumax reHepaTopa; | — TOK B Harpyske.

MoTpebnsemas MOLLHOCTb

P\—P*+ Py + Po6u+ Pmex VI + Pcr+ Pobbl+ P wmex

n Krg
rJ]=ui+ pct+pobH+ putx' 10070-
Mpun paboTe MalWWHbLI ABUraTeneM notpebnsemas MOLLHOCTb
Pi-C/n

rae U — HanpshkeHue nuTarowein cetn; / — TOK, NoTpebnsemblii gBurate-
NemMm 13 cetwu.
lMone3Had MOLWHOCTb

P% P\ Pecr Po6. Putx”UI Pct— Po@EM— P Utx
n Kng

N= nl~ P'TuP°*"~Pm'x’ \00%.

KOHTpONbHbLIE BOMNpPOCH

1. B uyeMm 3aknto4aeTcs NPUHLMN AeACTBMS reHepaTopa MOCTOSHHOrO TOKa W KakoBO
ero ycTpoicTeo?
. OT yero 3aBMCUT 34C MaLUMHbLI MOCTOAHHOIO TOKa?
. Ansa 4ero ycTaHaBAMBAKT AOMNOMHWUTENbHbIE MOMKOCHI?
Kak npoTekaeT mpouecc camMoBO36YyXAeHWUs reHeparopa?
1306pa3nTe U NOACHUTE BHELLHWE XapaKTepUCTUKKU FeHepaTopos.
Kak ocyLlecTBUTL peBepcupoBaHue ABUraTens MOCTOAHHOrO TOKa?

. OT yero 3aBuUCUT Ban.l,a}OUJ.VIVI MOMEHT, YaCToTa BpalleHnAa apuratena noCToAHHOro
TOKar

OVNOUTAWN

. N306pasnTe v nosicunTe XapakTepuCTUKU fBUraTeneil MOCTOSHHOIO TOKa.



Fnasa Xl
3NEKTPOHHbBIE MPUBOPHI

§ 102. 3neKTpOHHas amMuccusa

B 31eKTPOHHbLIX NaMnax MPOX0XAEHWe TOKa CBA3aHO C MepPeMELLEHNEM
3NeKTPOHOB B BakKyyMe, KOTOpPbIA ABAAETCH HenpoBoAswel cpefoin. Mopg
BaKyyMOM MOHMMAKT TaKyl BbICOKYK CTEMEHb pa3peXeHus BO3Ayxa Wau
rasa, mMpu KOTOPO ABMXEHWE 3NEKTPOHOB MPOUCXOAUT 6e3 CTONKHOBEHUSA
C MofieKynamu rasa. VICTOYHUKOM 3/M1eKTPOHOB B 3/IEKTPOHHbLIX naMnax
CNYXUT MeTaN/IMYeCcKNin 3NeKTpoL — Katofd, C MOBEPXHOCTU KOTOPOro
3NEKTPOHbI BbIXOAAT B OKpPYXawLwWyw cpefy. B meTannax BOKpYyr atomoB
OBUXYTCA 3N1EKTPOHbI, cnabo cBA3aHHble C HWMW. [pyM HOpManbHOW TeM-
nepatype M npu OTCYTCTBUM BHELIHEr0 3/eKTPUYECKOro Mnons BbIXoga
3N1eKTPOHOB U3 KaTofa HEeT BCMeACTBME HEeAOCTAaTOYHOCTM UX KMHETUYECKOW
3Heprun. HekoTopas 4acTb 3MeKTPOHOB, 06najatowas Hanbonbllein aHep-
rmeil, BbIXOAMT 3a MNpedenbl MeTanna u obpasyeT 371eKTPOHHbLIA Cnoli BO-
KpYr KaTofa, KOTOpblii BMeCTe C pacno/ioKeHHbIM Ha MOBEPXHOCTWN KaToga
CMI0EM MOMOXUTENIbHBIX MOHOB (aTOMOB, JIMWIMBLUNXCS 31EKTPOHOB) o06pa-
3yeT HeKOTOPYK pasHOCTb MNOTEHLWANoB, HasbiBaeMYK MNOTEHUMANbHbLIM
6apbepom. 3Ta pa3HOCTb MOTEHLUMAN0B MPEnATCTBYET BbIXOAY 3/MIEKTPOHOB
3a npegenbl NPOBOAHMWKA.

[ ns BbIXoAa 3/MIEKTPOHOB M3 KaToga He06X0AMMO MM COOBLUTL 3HEPTULO,
paBHYyl paboTe MO NPeofOSIEHUIO TOPMO3ALLErO LEACTBMA 3EKTPUYECKOTO
nons WM NoTeHLManbHOro 6apbepa. 3Ta 3Heprua HasbiBaeTcA paboTO W
Bblxopga Nda, a ee OTHOWEHWE K 3apsAfYy 3/IeKTpOHA — NOTEeH L M a -
nom Bbixopga ®n=\P&8e. B 3aBucMMOCTM OT cnocoba coobuieHnsa fo-
MOSIHATENbHON 3HEPrMyM 3NeKTpOHaM AN BbiXO4a M3 KaToga pasnuyaroT
cnefytouine BMAbI 3MUCCUN: TEPMO3NEKTPOHHYHO, BTOPUYHYIO, Noj yAapaMmu
TAXKENbIX 4YacTUL, aBTO3/1IEKTPOHHYH, (POTO3NEKTPOHHYHO.

TepMO3NEeKTPOHHOW 3aMMUCCUMEWR HasblBaeTCA ABNEHUE
BbIXOfla 3/TEKTPOHOB M3 KaToda Mpw ero HarpesaHuu. Mpy NOBbILEHUN TEM-
nepaTypbl MeTanna CKOPOCTb ABUXEHUA 3/IEKTPOHOB U UX KMHETUYecKas
3HEpPrua yBENMYMBAIOTCA WM YMUCMO 3NEKTPOHOB, NMOKMAAWMX KaTof, BO3-
pacTaer.

BTOpMYHOW S3NEKTPOHHOW a3IMuUCCUEel HasblBaeTcH
AB/EHNE BbIXOA4a BTOPMYHbLIX 3M1EKTPOHOB MOA AEWCTBMEM YAApPOB MepBuUY-
HbIX 3/1EKTPOHOB O MOBEPXHOCTb Tena. JleTAwme nepBUYHbIE 3NEKTPOHbI
YAapATCA 0 MOBEPXHOCTb MPOBOLHUKA U MPOHUKAKT B €ro MOBEPXHOCT-
HbIli CNOH, OTAAaBas 4acTb CBOEN 3HEPrMn BTOPUUYHLIM 3N1EKTPOHAM MpPOBOS-
Huka. Ecnum B pesynbTaTe CTO/IKHOBEHWS BTOPUYHbLIE 3/IEKTPOHbI OyayT
o6nagatb aHepruein, 6onblueli paboTbl BbIXOAA, TO OHM BbIAAYT 3a Npeaenbl
NpoBoAHUKa. TakK KaK MepPBHYHbIA 3NEKTPOH, 06/1agalowmnii 3Ha4YMTENbHON
JHepruen, MOXeT OTAaTb e€e OAHOMY WAM HECKONbKUM 3/1eKTpoHam, TO
YMCNO BTOPUYHBLIX 3/IEKTPOHOB MOXeET ObiTb 60/bllie MEPBUYHbIX.
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ONeKTPOHHOW amMwuccuel nopj ypgapamu THaAxXe-
AbIX 4YacTuWl Ha3blBaeTCA ABMAEHME BbIXO4a 3/IEKTPOHOB NOA AeNCTBu-
eM y[apoB WOHOB WUAW BO3OYXXAEHHbIX aTOMOB (MOJEKYN) O NOBEPXHOCTb
NMPOBOAHMKA, T. €. 3TOT BWJ 3MUCCUU NOJO6GEH BTOPUYHON 3MEKTPOHHON
amumccuu.

ABTO3N€eKTPOHHOW 3aMmMccueln  HasbiBaeTCa SBMIEHUE
BbIXO4a 3/1EKTPOHOB M3 KaToAa Mof AeACTBMEM CWUALHOIO 31EKTPUYECKOro
nons y ero nosepxHoctu. Cuna, AeliCTBYIOLWLAA Ha 3NEKTPOH, HaxogAwmiics
B 3/IEKTPMYECKOM TM0Jie, NPOMOPLMOHanbHa 3apafy 3/eKTpoHa W Hanps-
XXEHHOCTM nond. [Mo3TomMy npu AOCTaTOYMHO 60/bLWOK  HANPSAXEHHOCTY
3NeKTPUYECKOr0 MNOMA CW/bl, AEWCTBYIOWME HA 3NEKTPOHbI, CTaHOBATCH
[JOCTaTOYHbIMWM AN NPEOAOcNAeHUs MOoTeHuManbHOro 6apbepa M BbIXoAa
3N1eKTPOHOB U3 XOM0AHOr0 Katoja.

®POTO3NEeKTPOHHOW 3IMMUCCUER HasbiBaeTca sABMeHME
BbIXOfa 3/IEKTPOHOB NOJ AECTBMEM WU3Y4YEHMUA, MOrI0WAEeMOro KaTto4oM,
Korga 3/eKTPOHbl KaToga Nofy4valT AOMNOMHWUTENbHYHO 3HEprui ANs Bbl-
X04a OT 4vacTuy cBeTa — (DOTOHOB. JlyumcTas 3Heprus MUCNyckKaeTcs u
nornow,aeTcs OnpegeneHHbIMM  NOpUMAMM — KBaHTamu. Ecnm 3aHeprus
KBaHTa 60/ble paboTbl BbIXOAa, TO 3NEKTPOH MOXET MOKWHYTb KaTof.
f1BNeHne BbIXOAa 3N1EKTPOHOB M3 KaTofga Noj AeliCTBMEM CBETOBOW 3HEPTUH
Ha3blBaeTcd POoTOIPPeKTOM.

Bce 3MeKTpPOHbI, BbleTalolWMe M3 KaTtoda B efMHULY BpPEMeHW, ypha-
NATCA OT HEro BHELIHUM 37eKTPUYECKUM MofeM M 06pasyloT 3nekTpuye-
CKWIA TOK amuccuun. C NOBbIWEHWEM TemnepaTypbl KaTofa, YBeNWYEHWEM
3HEPrun MNepBUYHbLIX 3/IEKTPOHOB WAN TAXENbIX YACTUL, HanpsXXeHHOCTW
ycKopsitoLwero nons B6am3n katofa, CBETOBOro MOTOKA TOK 3MUCUH pacTer,
TakK KaK yBENMYMBAETCA YMC/0 IMUTTUPOBaHHbLIX (BblETEBIMX W3 KaToAa)
3N1eKTPOHOB.

Ecnn e BHELWHero yCKopsLWero nofs HeT M SMUTTUPOBaHHbIE 3/1EKT-
POHbI He yAanalTcsa OT KaTtoda, TO OHWM CKannMBaktTCH BOKPYr Hero, 06-
pasys 00bEMHbI oTpuuaTenbHbili 3apsafd (31eKTPOHHOe 06/1aK0), KOTOpbIN
co3jaeT B6/M3M KaTo4a TOPMO3SALLEE 3NEKTPUYECKOe noje, NpensTcTBYHO-
wee fanbHeilemMy BbIXOAY 3/eKTPOHOB M3 KaToga.

§ 103. OneKkTpoAbl 3/MEeKTPOBAKYYMHbIX naMn

JneKkTpoAaMy 3NeKTPOBAKYYMHbIX fNaMn SBAANOTCA KaTofbl, aHOAbl W
ceTkn. Katog namnbl, SMUTTUPYHOLWMWIA 3NEKTPOHbI, XapakKTepusyeTcsa cne-
AyOLWMMM NapameTpamu: MakC/MManbHOW MAOTHOCTbK KaTOAHOrO TOKa, 3g-
(heKTUBHOCTbLIO, paboyeil TemnepaTypo W AOATOBEYHOCTbLIO.

KaTogHbIM TOKOM $IBASIETCS 3NEKTPOHHbIA MOTOK, HampaBfieHHbIA OT
Katofa K Apyrum anektpogam. [Ons yBennyeHUs AONITOBEYHOCTU 3/M1€KTPOH-
HOM nammnbl MaKCUManbHbIi KaTOAHbIA TOK 0ObIYHO 3HAYUTENbHO MeEHbLLE
MONHOTO0 3MUCCMOHHOIO TOKa Katoga. MakcumanbHO AOMyCTUMbIA KaTtog-
HbIA TOK, NPUXOAAWUIACA Ha eAUHULY MOBEPXHOCTU KaTtoga, aMuTTupytoLe-
ro 3/IEKTPOHbI, Ha3biBA€TCA MaKCUManbHOW MJIOTHOCTbIO KaTOAHOMO TOKa*
3HauyeHMe KOTOPO/A B COBPEMEHHbIX 3NEKTPOHHbLIX namnax 0,1—1
Alcm2.
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AhdekTnBHOCTL KaToda (MA/BT) nokasbiBaeT TOK ero amMucCuMM B MUN-
NMamnepax Ha OAWH BaTT MOLHOCTW, 3aTpavyeHHOW Ha pas3orpesB KaTofa:
A=/«. rae /K. gl(C— MakcumanbHbIA TOK 3MMUCCUM  KaToAa,
/,,  Ue— TOK K HanpskeHue Hakana. Yem Bbille 3hPEKTUBHOCTb KaTo-
fa, TeM 60NbLINIA TOK 3MUCCMMU MOXHO NOMy4vaTb OT HEro NMPU MeHbLUEN 3a-
TpaTe MOLLHOCTM B Lenu Hakana. OPHeKTUBHOCTL KaTofja COCTaBffeT 2—
100 mA/BT.

Pabouasd Temnepatypa TakXxe oOnpegensieT 3KOHOMUYHOCTb KaToja.
Uem Hmxe paboyas TemnepaTypa Katoja, TeM MeHbluas MOLWHOCTbL Tpe-
byetca gnsa ero Harpeea. O6bi4HO paboyas Temnepatypa 1000—2500C.

[onroBeyHocTb KaTofa XapaKTepu3yeTCs BPEMEHEM, B TeyeHMe KOTO-
pOro Katoj MOXET HenpepbiBHO paboTaTb, COXpaHAs CBOW BaXKHelLue
napameTpbl B Npejenax YCTAHOB/IEHHbIX HOPM.

TepM0o3fieKTpOHHble KaToAbl (40 50 OCHOBHbLIX TWUMOB) MO POAY 3MUTTU-
PYHOLWMX NMOBEPXHOCTEN MOXHO pasfefnTb Ha YeTbipe FPynmnbl: MeTanande-
CKWe, MeTannonjeHouYHble, NONYNPOBOLHUKOBbLIE W ClIOXHble (MeTannomno-
NYMNPOBOAHUKOBLIE U METa/IOKepaMHYecKue).

MeTtannunyeckne (UM OLHOPOAHbIE) KaTOAbl HEAKTUBUPOBaHHbIE U Ha-
MMEHEee 3KOHOMWYHbIE, HO XOpOLIO PaboTaldT B CAOXKHbLIX TEMMEpPaTypHbIX
ycnoBumax, 061aaat0T BbICOKON CTOMKOCTbIO Npu 60M6apAMpOBKE UX MOHAMK
OCTaTOYHbIX Fa3CB MOJ BO3AEACTBMEM CU/bHbIX 31EKTPUYECKUX Noneid. OHu
NMPUMEHAIOTCA B MOLLHbIX flamnax W B TeX cnyvaax, Korga Tpebyercs Bbl-
COKasl CTabunbHOCTL NapaMeTpoB KaTofa BO BpeMeHW. [LNA M3roToBieHWA
MeTaN/IM4eCKNX KaToLOB MNPUMEHSIOT MeTaNibl C BbICOKOW TemnepaTypoi
nnasneHnsa, obnajarole XOpoWWMKU MeXaHUYecKMMMW CBOWCTBaMW: NpPoOu-
HOCTbIO, KOBKOCTbIO, TAry4yectbto. Hambonee pacnpocTpaHeHHbIM TUMOM
MeTaN/IM4ecKoro Katoga ABAseTCA BOMb(pamoBbili (paboyas TemmnepaTtypa
2500°C, TemnepaTypa nnaeneHuns 3395 C). Pexe matepuanom Katoga Cny-
XUT TaHTan U HWOOWIA.

MeTannonneHo4YHble KaTofbl NPeAcTaBAslOT COO0M MeTaninveckue Ka-
TOAbl, MOBEPXHOCTb KOTOPbIX MOKPbITA OLHUM WU HECKONbKMMMW CNOAMU
BELLECTBa, MMEIOLLErO MONOXUTENbHbIN 3apsf, KOTOpbIA CO3[aeT 3NeKTpu-
Yyeckoe none, ymeHbllatolee paboTy BbIXxofa 31eKTpOHOB. Hawmbosee pac-
NPOCTPaHEHHbIMN METANIONNEHOUYHbIMY 'KaTogaMu SBASKOTCA Kapbuaupo-
BaHHbI 1 6apneBOBONb(IPamMOBbI/. Takue KaTofgbl 3KOHOMU4YHEE MeTan-
INYECKMX, HO YCTYMawT UM B OTHOLWEHWW CTAbUABHOCTM NapameTpoB W
MeXaHWYecKo MPOYHOCTH.

MonynpoBoAHMKOBbIE KaTOAbl 06/1afatl0T BbICOKOW 3((hEKTUBHOCTLIO U
HaxXo4AT LWMPOKOe NpumeHeHne. B Takux Katogax OCHOBaHWe NOKPbITO OT-
HOCWUTENbHO TO/NICTbIM CMI0EM aKTMBHOIO BELLECTBA C 3/1EKTPONPOBOLHOCTLIO
3NeKTPOHHOro Tuna. K nonynpoBOLHWMKOBbLIM KaTOf4aM OTHOCATCA OKCWUA-
Hbli N TOPUEBO-OKCUAHbIA KaTofAbl.

CnoXxHble KaTofbl ABAAKTCA MeTan/ononynpoBOAHHKOBbLIMMU, BbINON-
HEHHbIMW Ha OCHOBE OKCU[HbIX KaTO4OB, WM MeTan/noKepaMUYyecKUMu.

OKcufHble KaTofAbl AeNATCs Ha [fBe TPynnbl: MepBas — KaTofbl U3
COCTaBHOW MOPMUCTONA CTPYKTYPbl, MPOMNUTAHHON aKTUBHOW Maccoii, u BTO-
pas — OKCUAHO-HWKeNeBble KaTodbl, NOJIy4YeHHbIE HA OCHOBE MPECCOBaHUS
KapboHaTOB W HMKeNeBOro MOpOLUIKa C nocnegytolleli 06paboTKon M akTu-
BMPOBaHMEM.
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MeTannokepaMmmnyeckme Katofbl U3roTOBAAKOT M3 NOPOLLKOB BOMb{pama,
OKMCK TOpWUS U KepammKW MyTeM MNPeccoBaHUs W CMeKaHWs Mpu BbICOKOW
Temneparype.

Mo cBoeil KOHCTPYKLMMW KaTofbl MOTYT 6biTb MPAMOro Hakana W Mnogo-
rpeBHbIMKM. B KaTofax NpAMOro Hakana HWTb Hakafa ABNAETCA 3IMUTTU-
pyloleii NOBePXHOCTbIO. OHM NPUMEHATCA B amnax 60/blOli MOLHOCTH
M BbINOMHAKTCA U3 NPOBONOKWA WU NEHTHI, KOTOPbIM MPUAAIOT PasinyHyIo
(hopMy: HWTb, peweTtka, J1- nunm M-obpasHas, cnupanbHasa, 6enmybe Ko-
neco. Kartofbl nNpamoro Hakana WMeKOT Manyl Maccy W, cnefoBaTeflbHO,
Manyr TennoeMKOCTb, TaK YTO BPeEMS WUX pa3orpesa OTHOCUTE/IbHO Mano u
3(h(heKTUBHOCTb UX BbILUE, YeM Y NOAOrPeBHbIX KaTofoB. OCO6EHHOCTLIO Ka-
TOLOB MPAMOro Hakana fB/IAeTCA UX HEIKBUMOTEHUWANbHOCTb, T. €. U3Me-
HeHWe noTeHumana no A/IMHE HWUTW BCNELCTBUE MafeHUd HanpsxeHua oT
nNpoxoAsliero no Heit Toka. Mpn NMTaHUM KaTOLOB MPSAMOro Hakana nepe-
MeHHbIM TOKOM HEe3KBUMOTEeHLUaNbHOCTb NPUBOAMUT K NMOSABIEHWIO (DOHA Nepe-
MEHHOro TOKa B aHOAHOW uenu namnbl. K HegocTaTkaM KaTOAOB MpPSIMOro
Hakasa OTHOCUTCA TakXe Manas naowafb 3MATTUPYIOLLEA NOBEPXHOCTU U
HefoCTaTouyHasA XEeCTKOCTb KOHCTPYKUMKN. KaTogbl NpAMOro Hakana BbINos-
HAKOT MeTanIMYecKUMU N aKTUBUPOBAHHBIMU TOPUEM UK BGapuem.

Y NojorpeBHbIX KaTO4OB IMUTTUPYIOLWAA MOBEPXHOCTb U MOLOrpeBsa-
TeNb OTAeNeHbl APYr OT Apyra v MOryT ObiTb 3/1EKTPUYECKN HE CBA3aHbI
Mexay co6oii. OHM MMEeT 60MbLWYI0 SMUTTUPYIOLLYIO MOBEPXHOCTL U Mac-
Cy, 4TO NMO3BOMSET MOMYUYUTb 3HAYMTE/bHbIA 3MUCCUOHHBI TOK U BbICOKYH
TENNOBY WHepuuto. O4HAKO BPeEMS pas3orpeBa y HUX BENWKO, a 3heKTuBs-
HOCTb HMXE, YeM Yy KaToAOB NpAMOro Hakana. foTeHuuan nofoOrpeBHOro
Katoga OAMHaKOB Mo BCel ANvHe; OH NepeMeHHOro TokKa, 06yCNOBNEHHbI
HEeaKBMMOTEHLMaNbHOCTLI0O MOBEPXHOCTU, 34eCb OTCyTCTBYeT. [lMogorpesa-
TeNW MOLOrpeBaTefibHbIX KaTOAOB, W3rOTOBNEHHble B BuUAe cnvpann wus3
BO/b(hpamMa WM cnjaBa BOSib(paMa C peHWeM, MoMelalT BHYTPU KaToja.
B KauyecTBe M30NMPYIOLLEro MaTtepnana NPUMeHSIOT OKUCb anloMUHUA UNn
OKuCb Gepunnusa.

AHOJ fBNAETCA KONNEKTOPOM 3/M1eKTPOHOB, KOTOPble OTAAOT EMY Ku-
HETUYECKYIO 3JHEPTUI0, MONYYEHHYKD UMW B YCKOPAIOLEM MOJie NaMnbl.
Mpu 3TOM aHoA HarpeBaeTca W, 4ToBbl MakCMManbHas TemnepaTypa aHoja
He MpeBblllana YCTaHOBNEHHOW AN AaHHOW NaMnbl BEMYMHBI, €r0 OX/1aX-
paT. CyuwecTtByeT NsATb CNOCOG0B OXNaXAeHWUs aHofa: ny4vyencnyckaHue
yepe3 BakyyM (aHOf HaxoAWTcA BHYTpW 6annoHa), TenJonpoBOLHOCTL Ye-
pe3 MacCMBHbIA BbIBOA (aHOL HAXOA4MTCA BHYTPU CTEKNIAHHOrO uUnuM metan-
nokepammnyeckoro 6anfioHa, Ha ero BblBOA HafeT pajvatop), BO3AYLUHOE,
BOAAHOE, nNapoBOAfHOe. B mepBOM M BTOPOM CMAOCO6ax OXNaXeHue*
€CTEeCTBEHHOE, B OCTafibHbIX TpPeX — MPUHYAUTENIbHOE NOTOKOM BO3A4YXa,
BOAbl MNM napa.

MpefenbHo gonycTumas Temnepatypa aHofa BbloupaeTcs B 3aBUCUMMO-
CTU OT ero martepuana, Tuna kKartofga, crnocoba oxnaxpjeHus, rasosbliene-
HMA K3 aHofja W MaTepuana 6anjnoHa namnbl.

MakcumanbHad MOLWHOCTbL, paccenmBaemMad Ha aHoge, Pa=1nWa, rge
/* 1 nn— aHOAHbIA TOK WM HanpshkeHue. na Toro 4Tobbl Temnepatypa
aHoja He npeBblWana AonycTtumyto, Heobxogumo PJK P J1gom, T. e. 4TOGbI
MOLLHOCTb, paccenMBaemas Ha aHofe Pn, 6bina MeHblue gonyctumoli Puimo,
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ANd AaHHOW namnbl. JonycTuMasi MOLHOCTb, paccemBaemass Ha aHoge,
yCTaHaBNMBAeTCA B 3aBMCMMOCTM OT AONYCTMMON TemnepaTypbl aHoAa, ero
MaTepuana, OXNaX4aeMoil NOBEPXHOCTK, LBeTa 3TO/ MOBEPXHOCTU U CNOCO-
6a oxnaxgeHus.

Matepuanom aHOAOB B naMnax C HeGOMbWMUMWU Harpyskamu CAYXWT
HUKeNb W aNtOMWHWUPOBAHHOE XXefne3o, B famnax ¢ 60/bWUMKU Harpyskamu
Npu ecTeCTBEHHOM OXJTaXKAEHUN — MONMGAEH, TaHTan M TWUTaH, MNpU UC-
KYCCTBEHHOM OXNaXAeHWn — mefb. B MOHHbIX npubopax, KpomMe ToOro,
MCMONb3YT rpadunT.

KOHCTPYKTMBHO aHOgaM 3MeKTPOHHbIX naMn MNpugarT UUAWHAPUYe-
CKYI0, 3NIMNTUYECKYIO N KOpobuaTyto hopMmbl.

CeTKM 3/1eKTPOBaKYyMHbIX flaMn W3rOTOBAAKT CAMPasbHbIMMW, pamoy-
HbIMW W LWWTaMMoOBaHHbIMW. CnupanbHble CETKW HaBMBAOT W3 MPOBOAOKK
pa3NNYHOro fMameTpa Ha cneuuanbHbiX aBToOMaTax U CBapuBaloT C TpaBep-
camu (gep)xatensiMm) TOYEYHOW CBapKOW. MMpu M3roTOBMEHWMM PaMOYHbIX
CeTOK Ha pamKy HaTAruMBalT NPOBOJSIOKY OYeHb Manoro gnametpa (10 Mkwm);
B pe3y/nbTaTe XECTKOCTM TaKMX CETOK BO3MOXHO AOCTUraTb OYEHb MasiblxX
PacCTOSHUI MeXay 3/1eKTpojamum.

B 3/1eKTPOHHbIX amMmnax YMcao CEeTOK MOXET ObiTb OT O4HOWN A0 LIECTH, W
KaXjas M3 HWX KMMeeT CBOE HasHayeHMe U Ha3BaHue. B 3aBucumocTu ot
Ha3Ha4YeHMs CETOK MaTepuanom AN HUX MOXET BbITb BONb(pam, MONNGAEH,
cniaBbl HWUKENs W Apyrve meTanbl.

dneKTpoAbl 3MEKTPOHHBLIX Namn MoMellarnTcs B 6annoHax M3 cTekna
(HaTpueBoro, 60poCUIMKATHOrO, CBMHLOBOIO, KBapLeBOro), KoTopoe LWu-
POKO npumeHseTcs 6narogaps CBOMM (hM3NYECKUM CBOCTBaM (Manble Temn-
NOMPOBOAHOCTb U ra3oBblfeNeHNe) N HN3KO CTOMMOCTMH.

MprMeHAT TakXe KOMOWHMPOBAHHbIe 060N0YKM — METaNnI0CTeKNSAH-
Hble W MeTannokepamuyeckume. [ns KOMOMHMPOBAHHbLIX 060/104eK UCMONb-
3ylOT cTaNb, Mefb, alOMUHWIA WU TUTaH, a Kepamu4yeckune 060M04YKN M3ro-
TOBNSIOT M3 OKUCK aNtOMUHUA, KpeMHe3eMa, (opcTeputa U cTeaTuTa. He-
focTaTKaMuy CTeKna ABMAKTCSA HeBblCOKas MexaHW4Yyeckas MPOYHOCTb U Tep-
MOCTOIKOCTb, BCNEACTBUE YETO CTEK/O He BbIAEPXKMBAET 60NbLINX MepenagoB
TemnepaTtyp. 9TUX HeJOCTAaTKOB NNLLIEHA MeTal/loKepamMuyeckas KOHCTPYK-
LU1da, MMelowWwas manble AU3NEKTPUUYEOKME MOTEPU, YTO OYEHb BaXKHO Npw
paboTte Ha CBY (cBepXBbICOKME 4ACTOThI).

Ans nopaepXaHus B lamnax BbICOKOrO BaKyyma NPUMEHSIOT rettep —
nornoTUTeNb ras3oB, BbIAENAKLIMXCA W3 3/1IEKTPOAOB MPU WX HarpeBe WAu
3M1eKTPOHHO-MOHHOI 6omMbapampoBke. Hambonee pacnpocTpaHeHHbIM FeT-
TEpoOM siBNAeTCs 6apuil, KOTOPbIA, CBA3bIBAsS OCTAaTOYHbIA ra3, ocaxjaeTcs
B BUAE OKMC/IOB M YMCTOrO 6apus Ha CTeHKax Ko/nbbl, OKpawuBas ee B ce-
poBaTO-3epKaNibHbI LBET.

Konbbl 31eKTPOHHbLIX Namn € 3M1eKTpPoAamMu MOMELLATCS Ha LOKOoJe.
Cxema COeAMHEHWS 3NEKTPOAOB CO LITbIPbKaMW Ha3blBAeTCA LLOKOEBKOIA
namnbl M MPUBOAUTCA B CMPaBOYHUKE.

MWHMNATIOPHbIE N CBEPXMMWHMWATIOPHbLIE laMMbl HE WMEKT L,OKONA W Bbl-
BOAbl OT 3MEKTPOAOB B HUX BbIMOMHAKT TMOKMMU MPOBOAAMMU, KOTOpble
npunanBarT K COOTBETCTBYHOLMM y3/1aM CXeMbl. Mpn 3TOM OTCYET BbIBOAOB
BeAeTCA OT LBETHOW MeTKW, MOCTaB/eHHOW Ha OAHOM W3 BbIBO/OB.



§ 104. [BYX3NeKTPOAHbIE 3/1EeKTPOHHbIE NaMmbl

(anoppr)

[vop asnsetcs npocTeilwei 3N1eKTPOHHOW NnaMnoi, B Konbe KOTOPOW
nomMelleHbl iBa 3MeKTpoAa: aHof W KaToh. BbiBoAbl 3MeKTPOAOB Npucoeam-
HAIOTCA K WTblpbKam, BMNPecCOBaHHbIM B MacTMAacCOBbIA LLOKOAb Nammbl,
WA NPOXOAAT HeMoCPefCTBEHHO Yepe3 CTEKNO0 KOM6bl. B BbICOKOBO/LTHOM

Puc. 132. YcTpoiicTBO Am-
oga 1U1C c UOKONeBKOW:

| — aHop, 2 — KaTo4, 3 — BbI-
BOJ aHoja

a) S)

Puc. 133. YcnoBHoe cb6o-
3Ha4YeHue AMOA0B Ha cXxe-
Max:

0 — C KaToAoM MpAMOro Haka-

na. 6 — C KaToAOM KOCBEH-

HOro Hakana: A —aHofg, K —
KeToA

ovofe BbIBOA4 OT aHOAa PacnofioXeH B BepxHeil
yact namnbl (puc. 132), Katog umeeT (opmy
HUTW.

Ha puc. 133 nokasaHOo yc/ioBHOe 0603Hadve-
HWe AMOJOB C KaTojaMu NpsSMOro Hakana u no-
[JOTPEBHbIM. AHOAbI lamMn  COEAUHSIIOT C OAHWM
WTbIPbKOM L,OKONS, KaTO4 NPAMOro Hakana — C
OBYMS LWITbIPbKamMW, KaTtoj KOCBEHHOr0 Hakana
(MOJOrpeBHbIN) — C Tpems LTbIpbKaMu.

Katog unM HuTM Hakana (nogorpesatenm)
nuTatoTcs OT 6GaTapenm Hakana BH ¢ Hanpsxe-
HWEM B HECKO/IbKO BONbT WKW OT HakKanbHOW 06-
MOTKW TpaHcdopmaTopa. HarpeTblii KaTog sMuT-
TUPYeT 3/IEKTPOHbI, KOTOpble YCTPEMANAITCA
K aHOZy, eCNnM MeXJy aHOAOM M KaToLOM CYLLecT-
BYET YCKOpAlOLee 3/eKTPUYecKoe none, T. e.
aHOA NanMbl COEAUHEH C MONOXMWTENbHbIM MO-
NKOCOM aHogHoli 6GaTapen bBa, a katogq— C
oTpuuaTenbHbiM  (puc. 134, a). ONeKTPOHHbI,
AMUTTUPYEMbIE KAaTOAOM W AOCTUraloLiMe aHoAa,
CO3[al0T B LENU aHOAHbIN TOK /a (4Mofa OTKPLIT),
a pasHOCTb NOTEHLMAaNoB MeXay aHoLOM U KaTo-
OOM namnbl  SIBASIETCA  aHOAHLIM  HAaMpPsH>KEHUEM
nn. HanpasneHne aHOLHOrO TOKa B flamne npo-
TUBOMONOXHO HarnpaB/eHUIO ABMKEHUSA 3NeKTPO-
HOB.

Ecnv aHopf namnbl COeAVHUTL C OTpULATESb-
HbIM 3a)XMMOM aHOAHOWN 6aTapeun, a KaTog — C
nonoXxutenbHoiM (puc. 134, 6), TO aneKTpuyeckoe
nosie Mexfay aHofOoM W KaToAoM JflaMnbl Ans ane-
KTPOHOB, NOKWHYBLUMX KaTOA, OKaXeTcsa TOpMO-
3LWMM, U NOoJ AEACTBMEM 3TOr0 MO/SA 3MEKTPOHbI
OyLyT BO3BpalwaTbCA Ha Katoj, T.e. TOKa B
aHOAHOW uenun He 6ypeT (Auop 3akpbiT). B aTom
cnydae HanpsHKeHue, MPUNOXKEHHOE K famne,
HasblBaeTca  06paTHbIM  aHOAHLIM  Hampsxe-
HUewM.

Takum 06pa3om, TOK 4yepe3 [MO4 MNPOXOAUT
TONbKO B OfHOM HanpaBfeHWUn — OT aHoja K
Katogy, T.e. Aguog obnagaet OLHOCTOPOHHeN
NPOBOAMMOCTbIO, CBOWCTBEHHON 3M1EKTPUYECKUM
BEHTWU/IAM.
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Mpu OTKPLITOM AMOAE aHOAHbI/ TOK YBENNYMBAETCSH C POCTOM aHOLHOIO
HanpseHns. 3aBUCUMOCTb aHOAHOrO TOKAa OT aHOAHOr0 HanpsHXKeHus

Puc. 134. Cxema, NosCHANOWAs NPUHUMN fLelAcTBUA Anoja:
a — Anod OTKPbIT, 6 — AMOA 3aKpbIT

la=f(Ua) npu HeM3MeHHOM HanpsXXeHun Hakana t/,=const HasbiBaeTCH
aHOLHOW WAM BONMbTAMMEPHOW xapakTepucTukoi puoga (puc. 135). MMpu
aHofHOM HanpsbxeHun 1/,=0 uepe3 au-
0f, MPOXOANT HE3HAUYNTE/NbHbIA HayanbHbli
TOK Anofa / aB, KOTOpPbIi 06YyCMOBNEH 3/1EK-
TPpOHaMM C 3anacoM KWHETUYECKON 3Hep-
rMn, AOCTaTOYHOM ANA AOCTMXKEHMA aHoAa.
UT06bl YMEHbLWUTbL 3TOT TOK A0 HYNA, HY-
XXHO MPUNOXUTL K namne obpaTHoe 3anun-
palouiee HanpseHue U3n (nopsgka 1B)
ONA CO34aHNA TOPMO3ALLEro 31eKTPUYEeCcKo-
ro nons.

C nMOBbIWEHMEM  MPAMOTo (MONOXMU-
Te/IbHOr0) aHOAHOr0 HaNpsXeHus TOK Ye-
pe3 namny cHavyana pacTteT MeANIeHHO, a
3aTeM aHOfHbIi TOK BO3pacTaeT ObiCTpee,
TaK KaK C NOBbIWEHWEM aHOLHOTO Hanps-
YKEHMS YMEHbLUAETCS OTPULATENbHbIA 06b-
EMHbIi  3apsf, NpenATcTBYWOWMWIA  ABU-
XEHUIO 3NEKTPOHOB, W YBENUYMBAETCA HANPSAXKEHHOCTb YCKOPSIOLWEro
afekTpuyeckoro nond. Takoi pexum paboTbl namnbl HasbiBaeTcs pe-
XXUMOM MpPOCTPAHCTBEHHOrO 3apaja. Ecnm aHofgHoe Hanps)keHue [OCTU-
raet 3HayeHus, NpM KOTOPOM BCe SMUTTUPOBaHHbLIE 3/MEKTPOHbLI MonajawT
Ha aHof, TO HacTynaeT PEXWM HAaCbILWEHNA, B KOTOPOM TOK HAacCblLLeHUS
/v (kpuBasa 1) npu BONbPPAMOBOM Katoje NpPakTUYECKW He U3MeHsAeTcH,
npu 6apveBOM YBENMYMBAETCA HE3HAYWUTENbHO, MPWM OKCUAHOM NPOJOS-
XaeT pactu (kpusaa 3).

C yBenunueHuem HanpsxxeHua Hakana (Uut> U tl) nosbiwaeTca Tem-
nepatypa Karofia W 3MWCCUA 3NEKTPOHOB BO3pacTaeT, BCNEACTBUE Yero
YBENYMBAETCA M TOK HacbiweHus auoga (kpusas 2).

Puc. 135. AHofHasa xapakTepuc-
TUKa fuofa
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OCHOBHbIMM NapameTpaMy Namnbl SBAAKTCS: KPYyTW3HA XapaKTepUCTU-
KW, BHYTpPeHHee COMPOTUBNEHME, AOMNYCTUMas MOLLHOCTb, BblfenstoLascs
Ha aHoge, gonyctumoe o6paTHOE HampsXeHue.

KpyTn3HOW XapaKTepuWOTMKMN Ha3biBAaeTCA OTHOLUEHUE
npupaLieHms aHoAHOro Toka [l /a K COOTBETCTBYHOLLEMY NMpPUPALLEHUIO aHO4-
Horo HanpshxeHusi AC/J1 T. e.

S=A/aA(/a,

KoTopas y AMoAoB pasHbiX Tunos cocTasnset I-f-50 mMA/B.

BHYTpeHHUM wunnm pagudpdepeHyuManbHbL M conpo-
TUBNEHVEM AMOAa Ha3blBaeTCH BeNUYMHA, onpefensemas OTHOLEHWEM MNpu-
paweHns aHOLHOrO HaNpPsXEeHUs K MpupaLLeHnto aHoLHOro Toka u obpart-
Has KPYTU3HE XapaKTepucTuku, T. e.

* =At/./Ala=1/S,

KOTOpOe y AWOLOB pasHbiX TUMOB COCTaBAsieT COTHW OMOB.

KpyTu3Ha xapakTepucTuku, TakK Xe Kak u gugdepeHumnansHoe conpo-
TUBNEHWE AWOAA, Ha Pas/IMYHbIX y4yacTKax XapaKTepucTWKW BCNeACTBME
ee HeNMHEHOCTN HeoaMHaKoBa. [ na onpefeneHua S u R, B paboueil Touke
Ha BO/MIbTAMMEPHON XapaKTepuCcTMKe HaxXo4AT OoTpe3oK [l/a M COOTBeTCT-
BYIOLMA emMy OTpe3ok Aln, OTHOLWEHWe KOTOPbIX COCTaBAfeT KPYTU3HY
XapaKTepUCTUKN W BHYTPEHHEE COMPOTUBAEHUE [Mofa.

Boigenswouwanaca Ha aHopje MowHocTb Pa={/ala
AOMKHA OblTb MeHbLUe AONYCTUMOM MOLHOCTM Pn, gon. [ ns KaXpgoin namnbl
yKa3blBaeTca MpeAefibHOE 3HauyeHMe MOLWHOCTM Pa.jom, paccenBaemoit
aHoLOM.

Ans Kaxpgoih namnbl yKasbiBaeTcs Hambonbluee JOMyCcTUMOe obpaTHoe
Hanps>xeHue {/oBp, KOTOpPOe MOXET 6bITb MPUMOXKEHO K fammne B HENnpoBo-
JAlLemM HanpasBAeHUM, He NojaBepras ee onacHocTn npo6os. Ecnu obpaTHoe
Hanps>XeHue MNPeBbICUT LONYCTUMOE, TO MOXET Pa3BMTbCA CaMOCTOATENb-
Hblli paspsg U HacTynuTb NPo6OiA.

K napameTpam namnbl OTHOCATCS TakKXe HOMWHa/IbHble HamnpsH>KeHus
M TOK Hakana. 1

KOHCTPYKTUBHO AMOAbI MOTYT OGbiTb OfHOAHOLHBIMW WU [BYXaHOLHbLIMU;
nocnegHue npeacTaBnsOT co60M ABa Anoda B OAHOM 6annoHe. [ByXaHopA-
Hble AMOoAbl MOTYT WMEeTb OfAWMH O6WMiA KaTog WAW ABa M30/IMPOBaHHbLIX
Katoja.

[vopabl NpUMeHAIOT 415 BbINPSAMAEHUS NMEPEMEHHOI0 TOKa (KEHOTPOHbI)
n gna npeobpasoBaHWs BbICOKOYACTOTHbLIX KOjebaHWii (BbICOKOYACTOT-
Hble AuMOfAbl)— AN LeTEeKTUPOBaHMA, MOAY/MPOBaHUA, Mpeobpa3oBaHus
YyacTor.

Cuctema 0603HaYeHMA 3/1eKTPOBaKyyMHbIX guogos (FOCT 1490/1+—67>

(6ykBa) — TmMn namnbl: [ — guod, Ll — KeHOTpoH, X — [ABOWHON AWOS;
TpeTbs (yndpa) — NOPAAKOBLIA HOMEP AaHHOro Tuna npubopa; ueTBep-
Tas (6ykBa) — KOHCTPYKTUBHOe odopmaeHne: C — cTeknsiHHas 06010u4-
Ka, K— kepamnuyeckas 060n04ka, [ — cTeKNAHHAA MUHUWATIOpHas nNajb-
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yukosasa, [, b, P — cTeknAHHbIe cBepXMUHUaATIOPHbIe; H — meTtanno-
Kepamuyeckasi. OTCYTCTBME 4eTBepPTOro 3Haka (6ykBbl) O3Ha4yaeT MeTan-
NINYECKY0 060104KY.

§ 105. TpexanekTpoAHble 3NeKTPOHHble namnbl (TpUoabl)

Tpuog, ycnoBHoe 0603HayeHMe KOTOpPOro wu3obpaxeHo Ha pwuc. 136,
NOMUMO aHOfa ¥ KaToja MMeeT TPETUI 31eKTPOL — CeTKy, KoTopas ynpas-
NAEeT MOTOKOM 3/1EKTPOHOB, T. €. TOKOM flaMnbl. Y npasnftouias ceTka pac-
nonaraeTcs Mexfjy aHoOAOM W KaToAoMm B6AM3M NOCneAHero. YCTPONCTBO
ABOliHOro Tpuoga 6C33C nokasaHO Ha
puc. 137.

Pa3HOCTb NOTEHUMANOB MeXAay ceT-

KOM W KaToA4OM HAa3blBAETCA CeTOYHbIM
HanpsXeHunem. Ecnu B gnoge Ha anekT-
POHbI, BbINETalOWME W3 pacKaJieHHOro
Katoga, AeicTByeT 06beMHbIA 3apag u
3NeKTpu4eckoe nosfe, 06pa3oBaHHOE
aHOAHbIM HanpseHuem £/a, T0 B Tpuo-
[le 3NeKTpMYecKoe Mnofe Cco3jaetca He
TONbKO aHOAHLIM, HO W CeTOYHbIM Ha-
npsxxeHnem Uc. Tak Kak ceTka pacno-
NnoXKeHa 6nmxe K kKartoay, To AelicTBue
CEeTOYHOTO HaMpsXXeHWs Ha 3neKTpu4ec-
KOe Mojsie Mexay aHoLOM W KaTofom 60-
Nee CUJMIbHO, YeM aHOAHOrO.

Mpy CeTOYHOM HanpsHXKeHWu, pa.-
HOM Hynto (i/c=0), 3nekTpuyeckoe

WM A
™\ Cr
*)
Puc. YcnoBHoe 0603HayeHue Tpuoga ¢ Puc. 137. YcTpoiicTBO [BOWHOrO
KaTtoAoMm: Tpuoga 6C33C u ero UuOKo/eBKa:

a — npaMoro Hakana, 6 — cnoporpeBHbIM Katogom, « — | — nogorpesatensb, 2 — KaTton. 3 —
[BOWHOr0 C NOAOrPeBHbIM KaTOAOM, T « C pasfenb- CeTKa, 4 m—anog, 6 — BHELLUHWE Bbk
BbWMK KaTofamu; A — aHop, K — kartof, C — ceTka BOAbI

nose onpeAenseTcs aHOAHbIM HanpsykKeHuWem. [pH MNOMOXWUTENbHOM Ha-
npsbkeHun Ha ceTke f/c> 0 Ha yckopstoliee rnose, CO34aHHOE aHOAHbIM Ha-
NpsXKeHMEeM, HaknafblBaeTcsl YCKOpslOllee MOSie CETKWM Tak, 4TO Hanps-
)KEHHOCTb MONS MeX[y CeTKOW W KaTofoM BO3pacTaeT M aHOAHbIA TOK
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namnbl ysenuumsaetcd. OgHako npn Uc> 0 yacTb 3SMHTTUPOBaHHbLIX 3/1EK-
TPOHOB MonajaeT Ha CeTKy W obpasyeT B ee Lenu CETOYHbIA TOK /cC, KO-
TOpbI/i OKa3blBaeT BPefHOE BAMSHUE Ha PeXuM paboTbl Namnsbl.

Ecnnm Ha ceTke namnbl GyAeT oTpuuaTtenbHbl noTeHuman Yc< 0, TO
Ha ycKopslollee nofe, CO34aHHOe aHOAHbIM HaMNpAXeHWeMm, MeXJy KaTto-
OOM U CeTKON B6yaeT HaknafAblBaTbCs TOPMO3siLLee NoJfie CeTKW, YMeHbLlal-
Lwee HaMpPsXXEHHOCTb MOMA M aHOAHbIA TOK namnbl.

Mpn Heum3amMeHHOM aHOLHOM Hanps>keHuu 1/a pesynbTUpyloLwee none

Puc. 138. XapaKTepucTuku Tpuopa:
a — aHofHble, 6 — aHOAHO-CETOYHbI3

MeXJy CeTKOW M KaTofoM OnpefensieTcsd MNOTEHLManoM CeTKM U MNpu He-
60NbWOM OTpULATENLHOM HanpskeHun Uc pesynbTupylouiee none ocrta-
HeTCA elle YCKOPAKOLWMM N MeXLy aHOLOM M KaToLoM Namnbl 6yaeT npoxo-
OWTb aHOAHbIA ToK. C yBeNMYeHMEM OTPULATENIbHOTO HanpseHua Uc
pe3ynbTUpYloLLee nose MexAay CeTKOol WM KaTogom ocnabeBaeT U aHOAHbIA
TOK YMEeHbLUaeTCcs.

Mpy HEKOTOPOM OTPULATE/ILHOM HanpsiXXeHUW CEeTKU, Ha3biBaeMOM 3anu-
palowmm mc=b 3 pe3ynbTupylowee nofe Mexay CeTKOW M KaTtogom cTa-
HOBWTCS TOPMO3ALMM W aHOAHbLIA TOK OyAeT paBHbIM Hy/l0, T. €. namna
3anupaeTcs.

3aBUCUMOCTb aHOALHOrO TOKa TpMoJa OT aHOLHOro HanpsHkKeHus /a=
=/(~.) npyM HEM3MEHHOM CEeTOYHOM HanpsH>KeHun i/c=const, Ha3biBae-
Mas aHO[HOW XapaKTepucTUKO, nsobpaxeHa Ha puc. 138, a. Mpu Hynesom
3HayYeHUN CETOYHOro HanmpsXxeHua Uc= 0 aHOAHaA XapaKTepucTuka Tpuo-
Ja NPaKTUYeCKN He OT/INYaeTCs OT aHOALHON xapakTepucTuku guoga. Mpu
NONOXNTENbHOM HanpskeHun Ha ceTke Uc> OaHOAHbIA TOK YBEANYNUTCA U
XapaKTepucTMKa pacnofoXuTcs JfieBee, NpUYeM Tem Bbile, YeM 6onblie Uc.
ECnn CHATb aHOAHYIO XapaKTepUCTUKY NpU HEKOTOPOM OTPULATENbHOM Ha-
nps>keHun cetkm Uc< 0, TO OHa. coXpaHAsa (POPMY H HAK/OH, pacnono-
"Nrrca cnpaBa 0T XapakTepucTUKK, nonyyvyeHHoi npu Uc= 0, T. e. CMeCcTuT-
cA B 06n1acTb 60/1€e BbICOKMX HampsykeHuii. Mpyn He6ONbWNX aHOLHbIX Ha-
NPSHXXEHUAX namna 3anupaeTcs OTPULATENbHbIM CETOYHbIM HaNpPsXKEeHUEM
M OTNWPaeTCs, Korja aHOAHOe Hamnps)kKeHue [OCTUTrHeT 3HayeHus UIU
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Mpu KOTOPOM YCKOpSAIOLLee aHOAHOe MoJie MOSIHOCTbIO KOMMEHCUpYeT Top-
mMo3salee none ceTku. Yem 60nblle oTpuuaTeNlbHOE HANPSXEHUE CETKM,
Tem 60/bllie aHOAHOE HanpsXXeHue, Mpy KOTOPOM MNPOUCXOAUT OTnupaHue
namnol.

COBOKYMHOCTb aHOLHbIX XApPaKTEPUCTUK, CHATbLIX MPU PasUUHbIX Ce-
TOYHbIX HANPSXXEeHWNAX, Ha3blBAETCA CEMECTBOM aHOAHbIX XapaKTepucTukK.
Ha puc. 138, 6 n3obpakeHbl aHOAHO-CETOYHble XapaKTEPUCTUKW, MNpes-
CTaB/AOLLME 3aBUCUMOCTb aHOLHOrO TOKa OT HaMpsaXeHus H* ceTke
la—/("C)» CHMMaemble NpU HEW3MEeHHOM aHOAHOM HanpsxeHun (Ua=
=const). 13 xapakTepncTnMK BULHO, YTO YeM 60JibLie aHOAHOE HaMNpsXKeHue,
TeM 60MbWUM [O/MKHO ObITb OTPULLATENLHOE CETOYHOE HanpsXeHue And
3anupaHusa namnel.

K OCHOBHbIM MapameTpaM, XapakKTepu3ylLiMM CBOCTBa TpnMoaa, OTHO-
CATCA KPYTWU3HA, BHYTPEeHHEee COMPOTUBEHME U KOIPMULMEHT YCUSIEHUS.

KpyTM3HOW aHOAHO-CETOYHOMN XapakKTep UCT u-
K1 (KpyTU3HOW Tpuoga) Ha3biBaeTCA OTHOLUEHME MPUpPaLLEHUA aHOAHOrO
Toka [/a K Bbl3BaBLUEMY ero npupawieHuto CeTOYHOro Hanps>eHus [Ofle
Npu HEW3MEeHHOM aHOAHOM HamnpsXeHuu, T. e.

S= AlJbUe

npu un n= const.

KpyTusHa Tpuoga xapakTepu3yeT CNOCOOGHOCTb CETKM yNpaBnATb aHOA-
HbIM TOKOM.

BHYyTpeHHUM (Unn guddepeHumnansibiM) CONP O T U B € H U-
e M Tpuoga Npu MepeMeHHOM TOKe Ha3blBaeTCA OTHOLIEHWe MnpupalieHus
aHOAHOro HanpsbkeHna [ (/a K BbI3BBAHHOMY MM NpUpaLLEHNIO aHOAHOrO TO-
ka [ /a npy HEW3MEHHOM CETOYHOM HAMpsXXeHWu, T. e.

.= 0{/,I0/a

npu Il/c=const. BHyTpeHHee COMNPOTUBNEHWE XapakKTepusyeT BAUSHUE
aHOHOTO HaMnpsHXKeHWs Ha aHOAHbIA TOK Namrbl.

KoadhdumuumeHTom ycuneHus Tpuofa HasbiBaeTcs
OTHOLLEHME MPUPALLEHMS aHOJHOro HanpshkeHus [t/a K npupalleHunio ce-
TOYHOrO HanpskeHus [JUc, Bbi3blBalOWMMU O[MHAKOBOE MpupaLleHmne
aHOJHOro TOKa, T. e.

p= A4(,/4l/c

npu 7a=const. Koah@UUMEHT yCuUNeHus noKa3biBaeT, BO CKO/IbKO pa3
M3MEHEHME CETOYHOrO HaMnpsXXeHWs AeNCTBYeT Ha aHOAHbIA TOK CUMbHEE,
YemM W3MeHeHWe aHOAHOIr0 HanpsXeHus.

) Mexay OCHOBHbIMM MapameTpamu Tpuoga cyliecTBYeT crefyrouias 3a-
BMCUMOCTb:

SR,=-MJIUc-Ab\:Mk=AUJAUt=Ii.

B Tpuoge HaxogAaTCcsA TPU MeTas/IMYECKUX 3NEeKTpoLa, MexXAy KOTopbl-
MW CYLLEeCTBYIOT EMKOCTU: BXOA4HAA eMKOCTb CeTKa — KaTtof Cem, BbIX0O4Has
eMKoCTb aHofg — Katog Cak W npoxofHas eMKOCTb aHoj — ceTka Cac.
Shri emkocTu 3aBUCAT OT pasmMepoB W (OPMbl 31EKTPOLOB, PacCTOAHMUSA
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MEeXAy HUMU U T. A., 06bIYHO OHW Manbl (A0 10-T-20 Nd), HO NPU BbICOKKX
yacToTax €MKOCTHbIE COMPOTUB/EHNUS CTAHOBATCSA HeBOMbIIMMU W eMKOCT-
Hble TOKW MOTYT 3aMeTHO BO3pacTu. Hampumep, BXOHAas eMKOCTb CeTKa —
KaTo/[, Bbl3biBAa€T €MKOCTHbIA TOK B LEMW CETKM U WCTOUHWMKA BXOAHOIO
HanpsH>KeHUs, YTO NPUBOANT K NAflEHNI0 HaMNPSXXeHUA Ha BHYTPEHHEM CO-
NPOTUBMEHUN UCTOYHMKA M YMEHbLLIAET HanpsXxeHue Bxoga Tpuoga. OTpu-
LaTeNbHOe BAWSHME NPOXOAHOW eMKocTM Cac 3aKnuyaeTcs B TOM, 4YTO U3
aHO/IHOW Llenn Yepe3 3Ty eMKOCTb OTBETBMsieTCA TOK B LENb CETKM, T. €.
BbIXOAHOE HanpsXXeHWe BO3AEACTBYET HAa BXOJ Namnbl.

Takum 06pa3om, N06oe W3MEHEHWe aHOAHOr0 HamnpsKeHWs uYepe3 eM-
KocTb C,e BO3/eliCTBYeT Ha Lenb CeTKU, UYTO MOXET WCKA3UTb YCcUiuBae-
Mble CMTHanbl W Bbl3BaTb CaMOBO36GYX/JeHWE YCUNUTENS.

§ 106. YeTblpexaneKTpoHble 3/IEKTPOHHbIE famnbl (TeTpoAbl)

HepgoctaTkoM Tpuoga SBASieTCA Manblii KO3PhUUMEHT ycuneHusa. Ans
ero yBeNMYeHUs cneflyeT YBENWYWTb 4acTOTy YMNpaBAsAOLENd CETKU, HO
npu 3TOM YMEHbLIAETCS 3anupaloliee Hanps>KeHUWe M aHOAHO-CETOYHbIE
XapaKTepUCTMKN CMEeLLarTCs BNpaBo, rfae paboTa YCWUIWUTENbHOW Namnbl
CTAHOBMUTCA HEBO3MOXHOW M3-3a CETOYHbLIX TOKOB. Kpome Toro, B Tpuoge
OTHOCUTENIbHO BeNMKa MpPoXoAHas eMkocTb Cac, yxyalwatowas paboTty ycu-
nnTens.

3T HepocTaTKM TpMoZa YCTPaHAKTCA MPUMEHEHMEM BTOpPOi (3KpaH-
HO) CceTKM, pacnofnaraemMoili Mexgy aHOAOM W YMNpaBAsAloLLeli CETKOWA.
Takue 3NEKTPOHHble NnaMnbl C [BYMS CeTKaMu Ha3blBaldTCA TeTpoAamum.
YnpaBndwowaa ceTka B TeTpoge fenaeTcs pefKoi ¢ Tem, 4To6bl 3anmpa-
folee HanpsbkeHue Obl10 60MbWUM UM aHOLHO-CETOYHbIE XapaKTepUCTUKHK
pacnofnaranncb B NIEBON YacTW; 3KpaHMpylowas ceTKa fefnaeTcs ryctoi u
CUMIbHO 3KpaHMpyeT KaTo4 M YMNpaBnsoWyl CETKYy OT aHOAHOro nons.
MosToMy BAMSIHWE aHOAHOTO HaMpPsSXXeHWS Ha HaMpsXXEeHHOCTb 3/1IeKTpuye-
ckoro nonsa B6aAM3M KaTofa OKa3blBaeTCs cnabbiM, TaK Kak OCHOBHOe Mofe
ero co3fgaeTca 3KpaHuWpyloLLeli CEeTKOW, Ha KOTOPYI MOAaeTcs MOMIOXUTeNb-
Hoe HanpsxeHue Uct, HECKONbKO MeHblUee aHOAHOrO.

YacTb 3/1eKTPOHOB, MpofieTas MexAgy BUTKaMU 3KpaHWUPYHOLLEeR CeTKM,
AOCTUraeT aHofa M o6pa3yeT aHOAHbIA TOK; Apyras 4acTb WX nonagaeT
Ha 3KpaHUPYIOLWY CeTKy U 06pasyeT CETOYHbIA TOK, KOTOPbIA [OSKEH
OblTb MO BO3MOXHOCTU Mar. \

OcnabneHne nons mexgy aHo4OM W YMpaBfstoLLeil CeTKOW yMeHbluaeT
NMPOXOAHY EMKOCTb MeXAy 3TuMmu 3nekTpogamyu Cac BO MHOro pas, a oc-'
nabneHve aHOgHOro nons B6/AM3M KaTofa MPUBOAUT K YMEHbLUEHWUIO BAUA-'
HUA aHOAHOrO HamnpsYXeHWs Ha aHOAHbI TOK, T. e. yBennumBaeT Koadu-
LUMEHT yCUNeHUs, TaK KakK BAWSAHME MOTeHUMana ynpaBastowei ceTkn Ha'
aHOAHbI TOK OCTaHeTCA MpexXHUM. [Mo3ToMy KO3((MLMEHT YCUIEHWSA W
BHYTPEHHee COMPOTUBEHWe TeTpofa 3HAUYMTENbHO 60/bLIe, YeM Y Tpuoaa,
Torga Kak KpyTu3Ha OAMHaKOoBa.

CyLlecTBEHHbIM HeAOCTaTKOM TeTpoja SBNSETCS BO3HUMKHOBEHME MO-
TOKa 3/IEKTPOHOB BTOPMYHOI 3MUCCUM OT aHOAa K 3KpaHUpyloweli ceTke.
ONeKTPOHbI, NeTawme ¢ 60MbLWOIA CKOPOCTbIO K aHOAY, YAApSAOT B Hero K
BbIGMBAKOT U3 €ro NMOBEPXHOCTM BTOPUYHbIE 3/1IEKTPOHbLI. Ecnn npu paboty
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namnbl HanpsKeHne 3KPaHHOW CEeTKM OKaXXeTcsa Bbile aHogHoro Uc2> U a,
TO BTOPWYHbIE 3/IEKTPOHbI OYAYT MPUTATMBATHCA MONAEM 3TON CeTKW, yBe-
NMumMBas TOK 3KpPaHHOM CeTKM W yMeHbluas aHOAHbIA TOK, HECMOTps Ha
MOBbILLIEHNE AHOAHOr0 HAMpPsXeHUa. HBfleHWe YMeHbLUEeHUS aHOLHOro TOo-
Ka C POCTOM aHOAHOr0 Hamnps>XeHWs, Bbl3BaHHOE BTOPWUUYHOW 3MUCCUEN,
Ha3blBaeTCA AUHATPOHHbIM 3(hdeKToM. Mpn aHOA-
HOM Hanps>XeHWu, MPeBbIIAKLWEM HanpsaXeHue
3KpaHHOI CeTKW, AHHATPOHHbIN 3PeKT npekpa-
L aeTcs, BTOPUYHbIe 3/M1EKTPOHbI BO3BpaLlarTCs
Ha aHOA W aHOAHbIA TOK yBeNMYMBaEeTCAa C no-
BbIlLEHWEM aHOAHOr0 Hanps>KeHus.

B nyyeBoM TeTpofe, CXema YCTpPOACTBa KOTO-
pOro M ero ycnoBHoe 0603HayYeHMe MNoKasaHbl
Ha puc. 139, a 1 6, AHHATPOHHbIN 3PGEKT ycTpa-
HAeTCA CO3JaHMeM MeXAy aHofoM 5 M 3akKpaHu-
pytower ceTkoim 3  OTpuULATENbHOro 00bEM-

Puc. 139. Cxema ycTpoiicTBa /y4eBOro TETpO- Puc. 140.  JlyuyeBoii
pa (@) n ero ycnoBHoe 0603HaveHue (6): TeTpog 6M1M:

| — kaTof, 2 — ynpaBnAlLan ceTka, 3 — 3KpaHupy- 1 — ynpaBndwowas ceTka,

owas ceTtka, 4 — akpaHupyluwme nnacTuHbl, 5 — 2 —karof, 3 — nogorpesa-

aHofl, 6 — 3NEeKTPOHHbIE MYYKK TeNnb, 4 — 3KpaHupyouime

nNacTuHbl, 5 —aKpaHupyto-
wasa ceTka, 6 — aHoA

HOro 3apsifja, MNOMe KOTOPOro TOPMO3WUT BTOPUYHbIE 3/IEKTPOHLI U
BO3BpalllaeT Mx obpaTHO Ha aHod. Katog 1 wmmeeT naockyw dopmy, yn-
paBnstowas 2 vakpaHupytowas 3 CETKN BbIMOMHEHbI C OANHAKOBLIM LIArom
HaMOTKU. MeXay 3KpaHMpyloLleid CeTKOM 3 U aHOAOM 5 C 6oxoewix CTOPOH
YKpEeneHbl fABe Ny4yeobpasylowmne nnacTUHbl 4, COeAUHEHHbIe C KaTogom 1
N UMEKLMe OTPULATENbHbIA NOTEHUMan MO OTHOLIEHWIO K aHoAdy.

Mpu Takom YCTPOIACTBE 31EKTPOAOB 3/1eKTPOHbI, NeTsAW e OT Katoga K
aHofy, (GopMUpYIOTCS B NJOTHLIE 3NEKTPOHHbIE My4kn 6, a nyvyeobpasyto-
WMe NAacTUHbl NPenATCTBYHT 3MeKTPOHHbIM flydaM C GOKOBbIX CTOPOH M
KOHUEHTPUPYIOT uMX B 061acT¥ UWAMHAPWYECKONH MNOBEPXHOCTWM aHOAB.
KoHUeHTpaumns 3neKTPOHHbIX MOTOKOB MeXAy aHOAOM U 3KpaHupytoLel
CeTKOl CcOo34aeT OTpuULaTeNbHbIA 06beMHbIV 3apsf, B CU/bHOI CTeMeHM oc-
nabnaa AHHATPOHHbIN 3tdekT. Ha puc. 140 nokasaH Ny4eBOl TeTpog.
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§ 107. MaTtmanekTpogHasa namna (neHTopn),
KOMOWHMPOBaHHbIE N MHOTFOCETOYHbIE /laMIibl

B neHTOofax fNf YCTpaHEHWA OTPULATENbHOrO 3((eKTa BTOPUUHON
IMUCCUN MeX[Y aHOAOM W 3KPAaHMPYIOLLe CEeTKON MOMeLlatoT ele OAHY
TPeTbl0 CeTKY, Ha3blBaeMyl 3alUTHON WKW aHTHAWHATPOHHPIA.

3allMTHYIO CEeTKY B MeHTOAax COeAUHANT C KaTOAOM WM OHa HaxoAmuTCs
nof oTpuUaTeNbHbIM MOTEHLUUaNOM OTHOCUTENb-
HO aHofa, BCNeACTBME Yero BTOPUYHBIE 3/IEKTPO-
Hbl OTTA/KUBAKTCA 3aWMTHOMW CETKOM U A0 3K-
paHHON CeTKWM He A0MeTalT, TaK YTO AHHATPOH-
Hbll 3hhekT ycTpaHAeTcad. Hanuune TpeTbel
CETKWU B MeHTOZe, YCN0BHOE 0603HaYeHMe KOTOpO-
ro nokasaHo Ha pwuc. 141, a, nNpuMBOAMUT K eLle
6onbwemy ocnabfieHnio BANAHUSA AHOLHOI0 Ha-
NPSAXEHWA Ha MOoJie Nammnbl U aHOAHbIA ToK. [Mo-
3TOMY Koa(duuueHT ycuneHus fi 1 BHyTpeHHee
COMPOTUBEHUNE MeHTofa /?4 MHOro 60nblie, Yem
y TeTpoga.

Ona ymeHblweHns rabapuToB 3MeKTPOHHBIX

YCTPONCTB W AN YNPOWEHUA MOHTaXa CXeMm
NMPUMEHAT KOMOUHMPOBaHHbIE Y MHOTOCETOYHbIE
namnbl. K nepBbiM OTHOCATCA 3/1EKTPOHHbIE NaM-
Mbl, Yy KOTOpPbIX B OAHOM 0afifioHe HaxoAWUTCH
HECKONbKO  3NEKTPOHHbIX CUCTEM, Hanpumep
ABOWHON guog — Tpuog (puc. 141, 6), ABOIHON
Tpuoa(puc. 141, 8) nap. Ha puc. 142 nokasaH
Tpuoa— neHTod 6®1M c ero LOKONEBKOWA.

Puc. 141. YcnoBHOe 0603HayeHune namn: Puc. 142. Tpuog —
a — neHTtoda, 6 —fBoiiHOroO AnoA —TpuoAda, B — ABON- neHtog 6®IM uero
HOro Tpuopa LLOKONeBKA

MHOrOCETOUHbIMW HA3bIBAKOTCA 3/1eKTPOHHbLIE NaMMbl, MMeloLlMe aHof,
Katog M 6osee Tpex CETOK. Y TaKWX NaMn HeCKONbKO 3/1eKTPO/J0B MOTyT
BbINOMHATL OJMHAKOBbIE PYHKL MW, HanpUMep, aHOAHbIA TOK Namnbl MOXeT
yNpaBnaTbCca ABYMS HaMpsXKeHUAMU, KakAaoe W3 KOTOPbIX MNOAaeTcs Ha
CBOK CeTKy. [NA YyMeHbLIEHUS BAUSHUA MeXay ABYMS YNPaBnstoLumMm
CeTKaMy NPUMEHSIOT A0NOMHNUTENbHYI0 3KPaHMPYIOLLY CeTKYy, pacnofarae-
MYI0 MEXZY ynpaBasiowumMmn. SneKTPOHHbIe TaMrbl TUNa TeTPOAA C LUECTbIO
3/1eKTPOlaMM1 Ha3blBAKTCA reKCcoaaMmn, TUna NeHToda C CeMbIO 3/1EKTPOAaMM
(NATblo CeTKaMu) — renTofaMu, C BOCbMbIO 3MEKTPOJAMU — OKTOAAMMW.
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§ 108. 3/1eKTPOHHO-/y4YeBble TPYOKM

DNEeKTPOHHO-NYYeBON TPYOKON Ha3blBAETCS 3M1eKTPOBAKYYMHbIA npu-
60p, B KOTOPOM 3/M1EKTPOHHbIN MOTOK (hOPMUPYETCSH B 3/MEKTPOHHbLIA Ny4y U
ncnonb3yetca ANS NpeobpasoBaHMs 3N1eKTPUUYECKUX CUTHANOB B CBETOBbIE.

CTeKNAHHbI 6anfoH 3NeKTPOHHO-Ny4YeBon Tpyb6ku (puc. 143) umeet

Puc. 143. Cxema YCTPOICTBa 3NEKTPOHHO-YYEBOIN TPYOKN:

/| — nopgorpesatenb. 2 — Katof. 3 — ynpaBnfaloWmnii anekTpof. 4 n 5 — aHo-
Obl, 6 — OTKNOHAKOWME NNACTUHbI, 7 — 3KpaH

thopMy K0n6bl, B KOTOPO CO3/laH BbICOKMIA BaKyyM. DEKTPOHHbIA MPOXEK-
TOp WAW 3NeKTPOHHas MylwKa COCTOMT M3 NOAOrPeBHOro Katoda 2, Moay-
nAaTOopa UAM yNpaBAsAKLWEro sfekTpoaa 3 M aHoAo0B 4 1 5, hoOKycupyrowmnx
3NEKTPOHHbIA NyY Ha 3KpaH 7. KaTtog 2 npefctaBnser co60li HUKeneBbll
LUANHAP, BHYTPW KOTOPOr0 pacnofioXXeH BO/Mb(pamoBbIA nogorpesaTens 1.
Ha TopLeBOli YacTh Katofa C Hapy>XHOW CTOPOHbl HaHECEH OKCUAHbIM CNoiA,
yTo obecrneymBaeT M3MyYEHNE IIEKTPOHOB B O4HY CTOPOHY. Katog oKpy>keH
ynpaenswwmum asnekTpogom (moaynatopom) 3, nNpeAacTaBsOLWMM €060
MeTaNINYeCcKNii LMAUHAP C OTBEPCTUEM B TOpLE, KOTOPbIA MpeaHasHayeH
AN PerynupoBaHuns KOMIMYECTBa 3MEKTPOHOB B ay4Ye U AN HAyanbHOro
ero hopmupoBaHusa. MogynaTop MMeeT HEKOTOPbIA OTpuLaTeNibHbIA MOTEH-
Luan OTHOCWUTENbHO KaToja, W 3NEKTPOHbLI, BbINETEBLIME U3 KaToda M Ha-
npaBnsoLMecs B CTOPOHY MOAYNATopa, Noj AeNCTBMEM 3/1EKTPUYECKOTO
nons Mexay KatogoM W MOAYNATOPOM M3MEHAT HanpaB/fieHWe CBOEro
OBUXEHUS, OTK/IOHAACH K OCM nyua.

Mpn yBeAUYeHUM OTPULATENLHOTO MOTeHuMana MogynaTopa u4acTb
BnekTpoHOB nony4yaeT 6Ofblliee OTKAOHEHWE W He MPOXOAUT uYepe3 OT-
BepcTMe, T. €. WU3MeHeHWEeM MOoTeHUMana MOAYNATOpa MOXHO perynupo-
BaTb KOMMYECTBO 3/1EKTPOHOB B J/ly4ye M APKOCTb MATHA Ha 3akpaHe. lMpoias
MOAYNATOP, 3N1EKTPOHbI BHOBb MOTYT OTK/IOHATbLCSA OT ocu ay4va. Ans no-
cnefytolleid HoKycMpoBKM nyya cnoxaTt aHoabl 4 u 5. CCa aHoda LUWMAWNH-
Apudeckne ¢ auagparmoil gns OrpaHWYeHWs MOMEPEYHOro CevyeHUs nyda.
MepBbll  aHOA4— (POKYCUPYHOLULMIA, WUMEET MNOMOXKUTENbHbI NOoTeHUunan
A00-~500 B oTHOCMTENbHO KaToda, MOA AecTBUMEM CW 3M1EKTPUYECKOTO
*<ofiA CXMMaeT MOTOK 3N1eKTPOHOB, 06pa3ysi TOHKWIA 3NEKTPOHHbIA fyM.
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BTopoit aHof 5 —YyCKOPALWMWNIA, OTCTOAWMUNA HA HEKOTOPOM PACCTOAHUM
OT NepBOro BAO/b OCU TPYOKM, HAXOAMTCA MOJ MOMOXUTENbHbIM NOTeHLUKa-
nom 1-7-2 kB oTHOCMTeNbHO Katofda. Mexay ABYMA aHofaMu BO3HMKaeT
3NeKTpuYyeckoe rosie, Nonae B KOTOPOE 3/IeKTPOHbI OTK/AOHAKTCA K OCU
Nyya W NofyvalT YCKOPEHWe B HanpaBfieHUW ABMXKEHUA K 3KpaHy 7.

JKpaH 371eKTPOHHO-NY4YeBON TPYO6KM 7 MOKPbIT CneunanbHbiM COCTaBOM
(ntoMUHOGOPOM), KOTOPbIA CBETUTCA NOA AENCTBMEM ObICTPO NETALLMX 3/1eK-
TPOHOB, T. €. KOrAa C(OKYCMPOBaHHbLIA ny4 nonagaet B KaKyl-HUGYAb
TOYKY 3KpaHa 3Ta TOYKa HauymHaeT CBETUTbCA. B KayecTse SHOMUHO(OPOB
ONA 3KPaHOB 3/1EKTPOHHO-NYYeBbIX TPYOOK MUCMNOMB3YIOT OKUCK LNMHKaA, Ge-
pUNNINeBoro LMHKa, CMECUM CEePHOKMCNOro LMHKA C CEePHOKUC/bIM Kagmuem
n ap. 9Tm maTepuansl o6nafat0T CBOWCTBOM MOCNECBEYEHUSA, T. €. MPOLOS-
XaTb CBETUTbLCA HEKOTOPOe BPEMsA TMoc/ie MpekpalweHus Yynapos ane-
KTPOHOB.

DNeKTPOHHbIA Nyy, nonajas Ha 3KpaH, OTAAeT emy 3Heprut, 4actb
KOTOpPOi npeobpa3yeTca B CBETOBYIO B BU/Ie CBETALWErOCA MNATHA 4MAMETPOM
MeHee OHOTO MUAMMETPa. HekoTopasa 4yacTb 3HEPrumn 3NeKTPOHHOIo nyya
nepefaetca 3/IeKTPOHaMy 3KpaHa, Bbl3blBafg BTOPUYHYIO amuccuto. Bropuu-
Hble 3/IeKTPOHbl YNaBINBalOTCA MPOBOAALLMM rpauTOBLIM CNoeM (akBaja-
rCM), MOKPbIBAKOLWMM YAaCTUYHO BHYTPEHHIOIO LMUANHAPUYECKYI U KOHUYe-
CKYI 4acTW KONGbl M COEAUHEHHBIM CO BTOPbIM aHOAOM.

OTK/MoHAWMe NnacTUHbl 6 npefHasHayeHbl ANA MepPeMeLeHns 3nek-
TPOHHOrO fiyya Mo aKpaHy. lNepBas napa NAacTUH npefHasHavyeHa ANy, OT-
KNOHEHUS 3MeKTPOHHOr0 ny4ya B BepPTMKa/ibHOW MAOCKOCTM W Ha3blBaeTcs
BEPTMKA/IbHO OTK/NOHALWE, a BTOpas napa nnacTuH — AN OTK/IOHEeHUA
nyya B rOPU30OHTaNbHON MAOCKOCTM W Ha3blBaeTCH FOPU3OHTANbHO OTK/O-
HAMOLLLENA.

3NIeKTpUYecKoe Mosfie, BO3HMKalOLee MeXAay OTKAOHAKWWMKM NNacTu-
KaMu, BO3LeNCTBYET Ha 3/IEKTPOHHbIA NyY U OTKNOHAET ero. MonoXum, 4yto
3NeKTPOHHbIA Nyy coBnajaeT C OCbl0 TPYOKM M CBeTAWEeecs MATHO Haxo-
OVTCA B LEHTPpe sKpaHa. Eciv npunoXuTe K BepTUKalbHbIM OTKIOHAIOLW MM
nnacTMHaM MOCTOAHHOE HamnpsX>XeHue, TO MeXAY HUMU BO3HUKAET 3feK-
TPUYECKOe MNoJsie, KOTOPOE BbLI3OBET OTK/NOHEHWEe fiyya, U OH BCTPETUTCHA C
3KpaHOM B APYroii TOYKe — Bbille WAN HWKE HayanbHON. lMog gelicTBrem
3N1eKTPUYECKOT0 NONMA OTK/OHAKLWMNX MNAACTUH 3NEKTPOHbl W 3/1eKTPOHHbI
NyY CMeL,alnTcs B CTOPOHY MAACTUHbI, WMEKOLWEN NOMOXUTENbHbIA MOTeH-
Luan.

N3meHAa HanpshkeHWe Ha BepTUKaNbHbIX OTKNOHAKOLWMX MaacTuHax
M ero nonspHoOCTb, MOXHO MEHATb Yron W HamnpaB/ieHWe CMEeLLeHUa nyua,
a TOYKa CBeYeHUA akpaHa OyfeT nepemelLaTbCa Mo BepTUKaNn. AHaNornyHo
BMEHEHWEe HanpsHXXeHna U ero nofiApHOCTU Ha FTOPU3OHTAIbHbBIX OTK/IOHSAO-
WMX nnacTuHax OyfeT Bbl3biBaTb OTK/IOHEHWE /lyya W CBEYEHMe 3KpaHa na
ropu3oHTanu.

ONeKTPOHHO-NyYeBble TPYO6KM C MarHUTHbIM YMNpaBleHUnem WMerT Ka-
TOA, MOAYNATOP W NEpBbli aHOA TAKOTO0 XXe YCTPOMCTBa M Ha3HauYeHus, UYTo
I' Tpy6KM C 3NeKTPUYECKMM ynpaBneHnem. BTopoil aHod AN YCKOpeHus
3NEeKTPOHOB BAO/Mb OCY BbIMOMHEH B BWAe CNOA rpaguTa Ha BHYTPEHHel
MOBEPXHOCTU LMANHAPUYECKON M KOHWYECKOW 4acTeil Konbbl. dokycupy-
eTCcs Ny4 MarHUTHbLIM MoJieM, BO36Y>KaeMblM NOCTOAHHLIM TOKOM creLmnanb-
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Holi hoKycupyroLw el KaTywkH. Mo geincTBMemM HeO4HOPOAHOr0 MAarHUTHOIO
nonsi BHYTPMW 3TON KaTyLWKW 3/1EKTPOHbI MPW CBOEM [ABUXEHUW OTKMOHSI-
cA KOCU TPYOKM M POKYCMPYIOTCA Ha 3KpaHe. POKYyCUPOBKaA perynupyercs
M3MEHEHMEM TOKa (OKYCMPYHOLLEA KaTyLKMW.

OTKNoHAKLWanA cucTemMa npeacTaBnseT coboii aBe napbl OTKAOHSAKLWLMNX
KaTylleK, OCU KOTOPbIX PacrnofoXXeHbl B3aUMHO MeprneHANKYNSpHO. Dfek-
TPOHHBIA NIy4 B MArHUTHOM MOJie OTK/AOHAKWNX KaTyleK W3MeHSeT CBOI
TPaeKToOpui0 Noj AeiCTBMEM CWUJ/, HampaBfieHWe KOTOPbIX Onpepensercs
npaBWIOM JIEBO PYKW.

Mo cBOEMY Ha3HaYeHWIO 31eKTPOHHO-y4YeBble TPYOKM MOryT 6bITb NOj-
pasfeneHbl Ha TPy TPYNMbl: ocuunnorpaguyeckne, npefHasHayeHHbIe 45
nccnefoBaHUA NepuoagNYEcKUX M anepuognyecknx MpoLeccoB; MHANKATOP-
Hble — AN PerncTpaunun CUrHanoB; MPUEMHbIE TeNEBU3UNOHHbIE — KUHE-
CKOMbl, MpejHa3HayeHHble ANA NONYYeHUA U306paXKeHUs Ha aKpaHe.

O603Ha4YeHNe 3NEKTPOHHO-NTy4YeBbIX TPYOOK crnepyolliee: MepBblli 3ne-
MeHT (uuthpa) — 4YMUCNO, OKPYTNEHHO yKasbiBawolee Anmametp (AuaroHanb)
3KpaHa B CM; BTOPOW 3nemeHT (gBe 6yKBbl) — Tun Tpyo6KU: JIO — ocuun-
norpagmyeckas Tpy6Ka, KWHECKOM C 3/1eKTPOCTaTUYECKUM OTKIOHEHWe**
nydya, JIM — Tpy6Ka C 31eKTPOMarHUTHbIM OTK/OHEHMEM fyya; TpeTui
3NeMeHT (4Mcno) — NOopsiAKOBLIA HOMep Tuna npubopa; 4eTBEpPTbIA 3ne-
MeHT (6yKBa) — TWUM 3KpaHa:

LUBeT CBeYeHusd, AJanTeNb-
HOCTb W LBET nocfiecBeye-
HUS.

§ 109. Ocuwunnorpad 0

DNEKTPOHHO - Jy4YeBbIM
(3NeKTpOHHbIM) ocuuanorpa-
(oM HasbiBaeTcqs npubop,
npefHasHayeHHbIn NS Ha-
6ntogeHns, 3anucu, usmepe-
HUA 1 KOHTPONA mepuognye-
CKM UW3MEHAIOLLMNXCA BO Bpe-
MEHW 3/1IEKTPUYECKUX BeNU-
UAH (HanpsbKeHWs, ToKa MW
4p.). OCHOBHOIN 4YacTblo OC-
umnnorpada ABAseTcs afek-
TPOHHO-NyyeBasd Tpybka C
31eKTPOCTaTUYECKMM OTK/O-
HeHueMm nydya. Ana nonyde-
HUS  KPWUBOW wuCCnefyemoro Puc. 144. Kpusble UCCNeLYeMOro HanpsHKeHUs u u
Hal'lpﬂ)KEHl/IFl N OHO no,cl,Bo- HanQﬂ)KeHl/lﬂ pasBepTKu uv (a), I/I306pa)KEHVIe Kpun-
[UTCS K BEPTMKaAbHO OT- BO HanmpsXeHWs Ha akpaHe ocuunnorpadga (0) *
KNOHAK LWL UM nnacTuHam.

K ropusoHTanbHO OTK/AOHAKWWM MNaacTUHaM NOABOAUTCA HanpsHKeHue
pa3BepTKM up, UMeloLLlee NunoobpasHyto Gopmy (puc. 144, a), oT cneynans-
HOro reHepaTopa, CMOHTMPOBAHHOIO BHYTPU ocumnnorpada. Moy gelictemem
NUN006PA3HOro HaNPsXXeHWA 3NEKTPOHHbIA Nly4 nepemelLaeTcs ropuU3aH-
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Ta/NbHO MO 3KpaHy K 3a BpeMsa 0-htt Nyy mepemecTuTCa CneBa Hanpaeo, a 31
BpeMs tA\-tb BbicTpo BO3BpaliaeTcad B WMCXOAHOE MOJSIOXEHMWE, MOC/e 4ero
BHOBb AIBUTaeTCs CneBa Hanpaeo H T. 4. Mepunog nunoobpasHOro Hanpsxe-
HWUA Pa3BEPTKMU [O/MKEH OblTb paBeH WAN BOMbLUe B LIEI0E YUC0 pa3 nepu-
0fla M3MEHEHUS UCCNeAYEMOrO HanpshKeHMsa. Ecnn Ha BepTUKaNbHO OTKAO-
HAOLWMX NAacTMHaAX HanpsKeHUs HeT, TO Niyd Mo 3KpaHy 6yfeT nepeme-
WaTbCA B BUAE FOPWM3OHTANbHON NUHUW W NPW UAeanbHOW NKUN00BpasHoN
thopme M3 TOUKM a, BOo3Bpaujancs 6bl B Touky at (puc. 144, 6) Ha 3kpaHe.
Mpu nofaye Ha BepPTMKANbHO OTK/OHAOWME NAACTUHbI WUCCESYEMOro Ha-
NPSYXEHUS W 3NEKTPOHHbIA Ny4Y NOA BAUAHUEM 3MEKTPUYECKOr0 NOMSA 3TUX
nnacTuH OyfAeT OTKAOHATbCS B BEPTMKANbHOM HampaBfeHUMM Ha paccTos-
HWe, MPOMNOPLMOHANbHOE MrHOBEHHOMY 3HAYEHWIO WCCMeAyemMoro Hanps-
XeHus.

Takum 06pa3om, Npu OLHOBPEMEHHOIN nojaye Ha OTKAOHAKOUWIME Mna-
CTWHbI HANpsHXKeHUs pasBepTKM W UCCNeLYyeMOro Hanps>XXeHWs 3/1eKTPOH-
Hbli Ny4Y BbIYEPTWUT Ha 3KpPaHe KPUBYH W3MEHEHMS 3HAYeHWit uccnepye-
MO BEMMUUHBI, YCTOMYMBOCTM KOTOPOI CMOCO6GCTBYET CBETOBas MHepuwus
JKpaHa.

Ecnn uyactoTa HanpsykKeHWidA MUCCNefyeMOro cCuMrHana v pasBepTku pas-
NINYHAA U He KpaTHas OfHa ApYroin, To usobpaxeHue OyaeT nepemMeLLaTbCs
BAONb 3KpaHa Tpy6KWM W Ans ero 0CTaHOBKU HAf0 CUHXPOHM3NPOBATb Ya-
CTOTbl 3TUX HaNpsHKEHUIA.

[JeiicTBNTENbHblE KPUBbIE MWI006PA3HOro HanpsXXeHUs pasBepTKu OT-
AMYaKTCs OT MAeasbHON MWAbl U cnajatollas YacTb KPUBOWA He BepTUKaib-
Ha, @ HaK/NO0HHa, 4YTO BbI3bIBAET BblNafeHMe M3 KPUBOI MCCnefyeMoii Benu-
UMHbI HEKOTOPOi ee YacTu. Ob6paTHOE ABVMKEHME Niyda U3 TOUKM a2 B TOUKY
al NpomcxoanT 3a 0OTPE30K BPEMEHM T. €. 3Ha4YNTENIbHO 6bICTpEE, YeM
npsiMoe ABuxeHue nydva. Kpome Toro, o6paTHbIli X04 nyya racat U Ha akpa-
He 00bIYHO OH HE BUAEH.

ONeKTPOHHbIe ocumnnorpadbl TakXkKe MPUMEHAT AN OLHOBPEMEHHOIO
nuccneaoBaHnusa [BYX MEPUOANYECKN WU3MEHAIOLLMXCS BennuumH. Ona 3Toi
Lenn Mcnonb3yrT NMbo ABYXAy4veBOl ocuunnorpad, 1Mbo ogHONYYEBOW CO
cneuunanbHbIM 3/1eKTPOHHLIM KOMMYTAaTOPOM. 3TOT KOMMYTAaTop NpOU3BOAUT
nooyepefHoe BK/OYEHME TO OAHOW, TO APYrOW MCCneayemoil BeIMUUHBI,
BO34EeNCTBYIOLLE/ Ha 3/MIEKTPOHHbIW Ny4Y 3/1eKTPOH HO-y4eBOn TpybKu, B pe-
3ynbTaTe Yero Ha ee 3KpaHe O4HOBPEMEHHO BbICBEUMBAIOTCA ABE KPUBbIE UC-
CnefyemMbiX BeVNUYUH.

KOHTPONbHbBIE BOMPOCH

1. Uto Takoe TepMO3/EKTPOHHAsA 3ammuccus?

2. ns 4ero B 3NeKTPOHHOW namne MOMELLAOT KaTton?

3. Kakaa 3feKTpoHHasd flamna HasblBaeTcs [LMOLOM? 1

4. KaK yCcTpoeHa TpexanekTpofHasa namna?

5. UTo Ha3blBaeTCs KPYTW3HON XapakTepucTuku Tpuopga?

6. O6bACHMTE YCTPOMCTBO Ny4eBOro TeTpoja.

7. KakoBO HasHayeHue TpeTbell (aHTUAWMHATPOHHOWR) CeTKu?

8. [Lna 4Yero cNy>XuT 3NeKTPOHHO-Ny4YeBas Tpyboka?

9. Kak nmpoucxoauT OTKNOHEHWe 31eKTPOHHOrO Nyya B 3/1€eKTPOHHO-y4YeBOi Tpy6ke?
10. Kak yCTpOeH 3MeKTPOHHBbIA ocumnnorpag?



Nnasa Xl
NMONYNPOBOAHWKOBBLIE MPUEOPLI

§ 110. 9NeKTPONPOBOAHOCTL MNOYNPOBOAHUKOB

B*NMonynpoBoLHMKAM U Ha3bIBAOTCA MaTepumanbl, 3aHUMalo
aye NPOMeXyTOUYHOE MOJIOXKEHWEe MeXAy NPOBOAHUKAMMW W AN3NEKTPUKAMU.
OCO6eHHOCTbIO MeTal/IMYeCKNX MPOBOLHWMKOB SBMAETCA Hanuyke CBOOO i-
HbIX 3/1eKTPOHOB — HOCUTENER 3NeKTPUUYEeCKUX 3apsfoB. B [WU3NeKTpMKax
CBOOO/HbIX 3/1EKTPOHOB HET M MO3ITOMY OHW He NMPOBOAAT TOKa.

B oTanyne oT NPOBOAHWKOB MONYMNPOBOAHUKN WMMEIOT He TO/IbKO 3/eK-
TPOHHYI0, HO W «[bIpOYHYH0» MPOBOAUMOCTU, KOTOPble B CWU/IbHON CTeneHu
3aBUCAT OT TeMMepaTypbl, OCBELLEHHOCTHU, CXATUA, 3/IEKTPUYECKOTO MONA U
LpPYrux (akTopos.

Puc. 145. Kpucrtannuuyeckas pelueTKa MOAYNpoOBOAHUKA:

1 — napHO3nekTpoHHas (KoBaneHTHad) CBA3b aTOMOB, 6 —ee CcXemaTuyeckoe
nsobpaxeHne, B — CBA3N B KPUCTANNNYeCKOW PpelleTKe repmaHumn

XUMUYECKYHO CBA3b [BYX COCeLHUX aTOMOB C 06pa3oBaHMeM Ha OfHO
op6buTe obLlein napbl 3N1eKTPOHOB (puc. 145,a) Ha3blBaOT KOBANEHTHOW MK
NMapHO3MEeKTPOHHON 1 YCNOBHO M306paxatoT ABYMA NMHUAMM, COeLUNHSAIO-
WUMK 3NeKTPOHbI (puc. 145,6). Hanpumep, repmaHuii NnpuHagnexuT K ane-
MeHTam YeTBEpTOW rpynmnbl NepuoAnYecKoi cucTembl anemeHToB MeHjeneesa
M MMEeT Ha BHELLHEN opbuTe YeTbipe BaneHTHbIX 3M1eKTpoHa. Kaxablii aTom
B KpucTanne repmaHmsa obpasyeT KOBaNeHTHble CBA3W C YeTblpbMS COCef-
HUMKU atomamu (puc. 145, B).

Mpn OTCYTCTBMM NpuUMeceld U Temnepatype, 6/1M3Koi K abCcoMOTHOMY
HY/0, BCE BaJIeHTHbIe 3NEKTPOHbI aTOMOB B KpUCTanie repMmaHus B3anMHO
CBA3aHbl M CBOGOAHbLIX 3/IEKTPOHOB HET, TakK 4YTO repMaHuin He obnapgaet
NPOBOAMMOCTbIO. [1pH MOBbIWEHWM TeMnepaTypbl Uau npu 06/1yvYeHnmn yBe-
NINYNBAETCA 3HEPIUA 3/IEKTPOHOB, YTO NPUBOLAUT K YACTUUYHOMY HapyLUEHUIO
KOBaNEHTHbIX CBA3el U NOABMEHUIO CBOOOAHBIX 3MIEKTPOHOB. Y)>Ke MpyU KOM-
HaTHOM TeMmnepaType MOA AeiCTBMEM BHELLUHEro 3/1eKTPUYEecKoro nons cso-
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604Hble 3NEKTPOHbI MepeMeLLalTcs ¥ B KpUcTanie BO3HWKaeT aneKTpuye-
CKWIA TOK. DNEeKTPOMPOBOAHOCTb, 06YC/MOBNEHHAsA MepeMelleHneM CBO6OS-
HbIX 3/IEKTPOHOB, HAa3blBaeTCA 3N E€KTPOHHOW MNPOBOAMMO-
CTb MNONYNPOBOAHWMKA, MAN M-NPOBOAMMOCTbLIO.

Mpu nosBneHun cBOBOLHLIX
3/1EKTPOHOB B KOBaJIEHTHbIX CBf-
31X obpasyeTca CBO6OAHOE He 3a-
NMONHEHHOE 3/71eKTPOHOM (BaKaHT-
HOe) MEeCTO — «3/1eKTPOHHas Ablp-
Ka». TaK KaK [blpka BO3HWKNA B
MeCTe OTpblBa 3/IEKTPOHa OT arto-
Ma, To B o6facT ee obpasoBaHus
BO3HMKAeT W36bITOUYHbIA MOOXU-
TenbHbI 3apag. [Mpu  Hannyumm
AbIPKM KaKoli-nnbo M3 31eKTPOHOB
COCeAHNX CBA3EM MOXeT 3aHATb
MECTO AbIpKM W HOpMasnbHas Ko-
BaJIeHTHas CBA3b B 3TOM MecTe
BOCCTAHOBMUTCA, HO OyaeT Hapy-

Puc. 146. Cxema 06pa3oBaHuUs 1 3anofHEHUs  pleHa B TOM MeECTe, 0TKyaa yuien
ObIPOK B KpuUcTansie repmMaHus 3NeKTPOH. HOBYIO AbIPKY MOXeET
3aHATb ele Kakon-Hubyab anek-
TPOH UT. 4. Cxema o6pa3oBaHUsA M 3anNOfIHEHWUS [LbIPKW YCNOBHO MOKasa-
Ha Ha pHC. 146. B ycTaHOBNEHHOII HaK/NOHHO MOACTaBKe UMeEETCS YeTbipe
0TBEpPCTUA (L4bIPKK), B KOTOPbIX PacMosioXeHO 4eTbipe wWapa (31eKTpoHa).
Ecnu wap 1 cmecTuTca BNpaBo, TO OH 0CBOGOANUT OTBEPCTUE (AbIPKY) M yna-
[eT C noAcTaBKM, a B OTBEpCTUE, KOTOPOe 3aHMMan 3ToT wap, nepemec-
TMTCA Wwap 2. CoboaHoe oTBepcTMe (AbIPKY) LWapa 2 3aimMeT wap 3, a OTBEP-
cTve nocnefHero — Lwap

Mog gecTBUEM BHELLHErO 3/IEKTPUYECKOT0 N0 AbIPKU NepeMeLLaloTcs B
HanpaBfeHUW CUA MONA, T. €. NPOTUBOMOJIOXHO NMEPEMELLEHNIO 3/IEKTPOHOB.

MpoBOAUMOCTb, BO3HMKAKOLW,AA B pe3ynbTaTe MepeMeLleHuns AblpoK, Ha-
3blBaeTC AbLIPOYHOMN MNPOBOLMMOCTbLK, WIM P-NpPoOBO-
AUMOCTbIO.

Takum 06pa3om, MNpu 371eKTPOHHON MPOBOAUMOCTU OfMH CBOOOAHbIN
3M1eKTPOH NPOXOAWUT BECb NYTb B KpUcTanne, a Npu [blpOYHOl NPOBOANMO-
CTU 60/bLIOE YMCNO 3NEKTPOHOB MOOYEpPefHO 3aMellalnT ApYyr Apyra B KO-
Ba/leHTHbIX CBA3AX W KaXAbl U3 HUX NPOXOLUT CBON OTPE30K NyTw.

B kpucTanne 4yuctoro noaynpoBOAHMKA NPV HapyLeHUW KOBafeHT-
HblIX CBA3el BO3HMKAET OfMHAKOBOE YWCNO0 CBOGOLHbLIX 3/1IEKTPOHOB MU
AblpoK. OQHOBPEMEHHO C 3TMM MPOWCXOAWUT 06paTHbI MpoLecc — PeKoM-
6MHaLMa, NpyY KOTOPOI CBOBOAHbLIE 3NEKTPOHbLI 3aMONHAKT AblPpKK, 06pa3syii
HOpMasibHble KOBaseHTHble CBA3U. MNpu onpefeneHHOl TemnepaTtype 4Yncno
CBOOOAHbLIX 3M1EKTPOHOB M [bIPOK B efAuHWLE 0O6bemMa MONYNpoOBOLHMKA B
CPeAHeM ocTaeTCA MOCTOSHHbIM. [pW MOBbILWEHUN TeMNepPaTypbl YUCIO CBO-
604HbIX 3/IEKTPOHOB U AbIPOK CU/IbHO BO3pacTaeT M NPOBOAMMOCTb FepMaHus
3HAYUTENbHO YBENNYMUBAETCHA. DNEKTPONPOBOLHOCTL MOMYMPOBOAHUKA MpU
OTCYTCTBUW B HEM MpPUMECE Ha3bIBAeTCsS ef0 COO6 CTBEHHOW 31€eK-
TPONPOBOJHOCTHIO.
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CsolicTBa MONYNPOBOAHMKA B CUMbHOW CTENEHU MEHSAKOTCA MPU HANUYUW
B HEM HUYTOXHOTO KO/MYECTBa NpUMMeceil. BBoas B KpucTann nonynpoBOf-
HUKa aTOMbl JPYTUX 3/1IEMEHTOB, MOXHO MONYYUTb B KpuUcTanne npeobnaga-
HWe CBOGOAHbLIX 3/1EKTPOHOB Haj fAblpKamu uau, Hao6opoT, nMpeo6nagaTthb

Puc. 147. Cxema CBA3W MpuMeceii C repmaHvem:

a «m NATMBaneaTHOA (fOHOPHOI), 6 — TpexBaneHTHOW (aKLenTOPHOIA)
ObIPOK Haj CBOOOAHLIMM 3N1eKTPOHaMKU. Hanpumep, Npu 3amelleHnun B Kpu-
CTa/IIMYECKON pelleTKe aToMa FepMaHus aTOMOM MATUBANEHTHOrO BeLle-
cTBa (MbllbSKA, CypbMbl, (hocthopa) 4deTbipe 3/1eKTPOHa 3TOr0 BeLLeCTBa
06pa3yloT 3amno/fIHEHHbIe CBA3W C COCEAHVMMM aTOMamMu FepMaHus, a naTbli
3NEKTPOH OKaxeTca cBO6oAHbIM (puc. 147, a), nNo3ToMy Takas MpUMeEChb
yBeNM4nBaeT 3/IEKTPOHHY NPOBOAMMOCTb (M-MPOBOAUMOCTL) U Ha3blBAETCH
LOHOPHOW. [pun 3ameweHnn aTtoma repmaHus atoMOM TpexBaneHT-
HOro BeliecTBa (MHAWIA, raninin, antOMUHWUIA) ero 37eKTPOHbI BCTYNAT B KO-
BaNEHTHYH CBA3b C TPEMSA COCEAHUMW aTOMaMu FepMaHus, a CBSi3M C YeT-
BEPTbIM aTOMOM repMaHus 6yayT OTCYTCTBOBaTb, TaK KaK y MHAWUA HET YeT-
BEPTOro anekTpoHa (puc. 147, 6).

BoccTaHOBNEHNe BCeX KOBaNEHTHbIX CBSi3eil BO3MOXHO, CIN HejocTalo-
WA YeTBEPThI 3/IEKTPOH ByAeT NMosyyeH OT 6amKalilero atoma repmaHus.
Ho B 3TOM c/ly4ae Ha MeCTe 3/IeKTPOHa, MOKWHYBLIEro aToM repmMaHus, no-
ABUTCA AblpKa, KOTOpas MOXeT OblTb 3amnosHeHa 3/71eKTPOHOM U3 cocef-
Hero atoma repmaHus. lMocnegoBaTenbHoe 3anofiHeHWEe CBOGOAHOW CBA3M
3KBUBANEHTHO ABUXEHWIO AbIPOK. MPMUMeECU ¢ MEHLLUIMM YUCAOM BaneHTHbIX
3/1eKTPOHOB B aTOMe MO0 CPaBHEHUI C aTOMOM [aHHOro MonaynpoBOAHUKA
BbI3blBalOT NpeobnagaHnWe AbIpOYHOM MNPOBOAMMOCTM W Ha3biBAalOTCA a K-
LENTOPHBIMMU.

Hocutenu 3apsga, onpegenswowme Bua NPOBOAMMOCTM B MNPUMECHOM
noNynpoBOHMKe, Ha3blBAlOTC OCHOBHbLIMMW (AbIPKA B pP-MONYNpPOBOA-
HWKE W 3NEKTPOHbI B N-MOAYNPOBOAHUKE), & HOCMTENW 3apsga MpoTUBONO-
NOXHOr0 3HaKa — HEOCHOBHbLI MU .

§111. MonynpoBOAHUKOBbIE AMOAbI

MonynpoBOAHUKOBBLIA Anofh (BEeHTWIb) NpeAcTaBnseT cO60M KOHTaKT-
HOe coefiuHeHve [BYX MONYNPOBOAHUKOB, OfWH U3 KOTOPbIX C 3/1EKTPOHHOM
NPOBOAMMOCTbIO (f-TUNa), a APYroii — C AblpoyHol (/>-Tvna, puc. 148, a).
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Bcnepcteme 60MbLIOW KOHLUEHTPaUMM 3ME€KTPOHOB B MNOAYNPOBOAHUKE T
6yeT npoucxoanTb anddysns nx 13 NepBoro NoAynpoBogHWKa BO BTOPOA.
AHa/IOTMYHO 6yAeT NPOUCX0ANTb AN dy3nsa AblPOK U3 BTOPOro NOoNynpoBoA-
HWKa p-TuUNa B MepBbIii N-TNa. B TOHKOM NorpaHMYHOM C/M10€ NMOMYNPOBOAHU-
Ka A-Tuna BO3HWKaeT MONIOXUTE/bHbIA 3apsAf, a B MOrpaHUYHOM c/noe rnosny-
BOAHWKA p-TUNa — oTpULATENbHbINA 3apaj. Mexay aTUMu cNosaMmM BO3HMKaeT

-0

i -, u + > BD

01 © | o~ PP

-
VAL
1. . - 1] ’
" O—

Puc. 148. TMonynpoBOAHWKOBbLIA BeH-

TUNb W ero cxema BK/IOYEHUA: <—£I I
a — o6wuii Bna. 6 — cxema BKIOUYEHUS B -
06paTHOM HarnpasneHun. § — cxema BK/IO- 0)

YeHVs B MPSMOM HamnpasneHum

pasHoCTb NoTeHUManos (MoTeHUMaNbHbIV 6apbep) U 06pasyeTcs 3fieKTpuye-
CKO€ TMoJle HanpsXXeHHOCTblo £,,, KoTopasa npensaTcTBYeT AUdY3MN 3neK-
TPOHOB U AbIPOK M3 O4HOr0 MOAYMNPOBOAHMKA B APYroi. Takum ob6pasom,
Ha rpaHuue ABYX MONYNPOBOAHWKOB BO3HMKAET TOHKWNIA €0, 06efHEHHbIN
HOCUTeNAMKU 3apsifoB (3NEKTPOHOB UM AblPOK) W ob6nagaowuini 601bWINM CO-
nPoTMBNEHMEM. DTOT C/I0A Has3blBaeTca 3anuMpawuWmMM p-n-nepe-
X04O0M.

Bcneacteme TeMn0BOTro ABWXKEHWS B 3NEKTPUYECKOE MoJie p-N-nepexo-
fJa rnonajalT HEOCHOBHbIE HOCUTENM 3apsfoB (3/1EKTPOHbI U3 p-0651acTu
M OblpKM 13 n-o6nactun). [ BMXXEHUEe HEOCHOBHbIX HOCUTeNei 3apsafoB MNof
JencTBMEM CUA NOASA p-N-nepexoda HanpasAeHO BCTPEYHO agndddy3MOHHOMY
TOKY OCHOBHbIX HOCUTeNE 1 Ha3blBaeTca A pePoOBbLIM WIMTENNO-
BbIM TOKOM, 3aBUCALLMUM B CUIbHOW CTeNeHUM OT TemnepaTypbl. Mpwu
OTCYTCTBUWN BHELUHEr0o 3/IEKTPUYECKOTo No/s AperidoBblii TOK ypaBHOBELIU-
BaeTcs ANGPPY3NOHHBIM N CyMMapHbI TOK Yepe3 p-N-Mepexos paBeH HYHo.

CoegNHNB MONOXUTENbHbIA 3a)KUM WUCTOYHMKA MUTAHUA C MeTan/myec-
KAM 3M1eKTPOAOM MONYynpoBOAHMKA N-TUMA, a OTPULATENbHbIA 3aXUM C
3/1eKTPOLOM MOYNPOBOAHMKA P-THMNA, MOMYYUM BHELIHee 3NEKTPUYecKoe
none EL) HanpaBneHHoe cornacHo ¢ nosnem p-n-nepexoga £,,, ycunueaio-
wee ero (puc. 148, 6). Takoe none ewe 60abWe 6ygeT NPenATCTBOBaTL MPO-
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XOXAEHWNI OCHOBHBLIX HOCUTE/el 3apAaf0B Yepes 3annparoLwwmni cnon u yepes
Anona npoigeT Manblii 06paTHbIi ToK 17, 06ycnoBNeHHbIA HEOCHOBHbLIMM
HocuTenamm 3apsaga. O6paTHbI TOK AMoAa B 3HAYUTENbHOW Mepe 3aBUCUT
err Temnepatypbl, YBeNN4YMBAACH C €€ MOBbILUEHMEM.

Mpy N3MEHEHUU MNONAPHOCTU UCTOYHWMKA NuUTaHuUA (puc. 148, B) BHeLl-

Hee anekTpuyeckoe none EB okaxeTcs HanpaefeHHbIM BCTPEYHO MO0
p-/;-nepexoga E,, v nop peiictBrem
3TOro MONA 3NEKTPOHbI U AbIPKN Hay-
HYT ABUraTbCA HaBCTpeuy APYr ApY-
ry W 4ucio OCHOBHbIX HOcuTenemn
3apsfia B NepexojHOM CJloe Bo3pac-
TeT, YyMeHbLlasa NoTeHUManbHbI 6apb-
ep W COMpoOTUB/IEHWE TepexonHOoro
cnos.

Takum o6pasom, B Lenn ycTaHas-
nuBaeTca NpAMOA TOK /Mp, KOTOPbIA
6yfeT 3HauUTeNlbHbIM gaxe npu oT-

HOCUTENIbHO He6ONbLLIOM HanpsaXeHUu
MUCTOYHMKa nuTaHua U.

Ha puc. 149 nokasaHa BOJibTam-

nepHas XxapakTepucTUKa repmMmaHue-

BOro gmofa W ero ycnoBHoe 0603Ha-

ueHue. [na GOMblUER HarAAgHOCTU Lo(p(wT)
npsmasa BeTBb (MpaBas 4acTb rpadu-

Ka) n obpaTHas BeTBb (NeBasA 4acTb  Puc. 149. BonbTamnepHas xapaKTepucTu-
rpacuka) xapakTepuMcTUKM n3obpaxe-  Ka repMaHnesoro Avoja n ero ycroBHoe
Hbl B pas/IMYHbLIX MaclwTabax. Xapak- obosHaueHue

TepUCTUKa MOKasbiBaeT, YTO MpPU He-

60NbWIOM MpAMOM HanpskeHun {/Bp=1B Ha 3axmmax uoga B ero uenu
NPOXOANT OTHOCUTENIbHO 60/LLION TOK, a MNPy 3HaAYUTeNbHbIX 06paTHbLIX Ha-
npskeHmax Uobf Tok HUUYTOXHO Mars.

Taknm o6pa3omM, MOAynpoOBOAHMKOBLIV Anog ob6nagaet O4HOCTOPOHHEN
NPOBOAUMOCTbIO, T. €. ABJIAETCA 3/IEKTPUYECKUM BeHTUNEM. [poMblILLIeH-
HOCTb MPOM3BOAMT 3/IEKTPUYECKNE BEHTUAN TrepMaHWueBble, KPeMHMWEBbIE,
CEeNeHOBbIE N MeLHO3aKNCHbIe. TepMaHneBble U KPEMHUEBbLIE BEHTUNIU WN3rO-
TOBAAKT ABYX TUMOB: TOYEYHbIE U NJIOCKOCTHbIE. ¥ TOYEYHOro repMaHmeBoro
anopa (puc. 150, @) NomewieH KpUCTan/ repmMaHms 5 ¢ a/1eKTPOHHO NpoBo-
OVMOCTbIO, B KOTOPbI/i OCTPMEM BXOAUT KOHTAKTHbI MPYXWHALWMWA BbIBOS
aHoga 3. MNof KOHTAaKTHbIM OCTpMEM B pe3y/bTaTe creuunancHoli TepMuue-
CKOli 06paboTKM co3gaeTcs 06nacTb C AbIPOYHOW MPOBOAMMOCTbIO. B nno-
CKOCTHOM repmaHuneBsom gunoge (puc. 150, 6} Ha nnacTuHy repmaHumsa 5 ¢ anek-
TPOHHOI NPOBOAMMOCTLIO HakfnagbliBaeTca Tabnetka U3 MHAWA, KOTOopas B
npouecce MU3roTosBneHNsa gmoga Harpesaetca o 500°C v nnaBUTCA Tak, 4TO
ee atombl audyHAMPYOT B repMaHunii, o6pasysa 061acTb ¢ AbIPOYHOM Mpo-
BOAMMOCTbIO.

Ha rpaHuue aByx o6nacte (C 31eKTPOHHOW W AbIPOYHOW MPOBOAM-
MOCTbIO) MOABMASETCA 3anuparwunini  p-a-nepexoq.

Kak B TOYeYHOM, TaK W B MJIOCKOCTHOM Auoge repmMaHuini 5 npunoem 4
YKpenseH Ha Kpuctannogepxatene 6, K KOTOPOMY NMpuBapeH BblBOJ KaTtoja



(HWXHWMIA) 7. BbiBog aHosa 3 Takxe npunoem 4 ykpennserca B 061actu ¢
AbIPOYHOW MPOBOAMMOCTLIO W BbIBOAUTCHA Hapy>XXy B BEPXHel 4acTu gmoga.
/MeTanimyeckuii Kopnyc 2 cBapeH ¢ Kpuctannogepxxartenem 6 n cTeKNAHHbIM
nsonatopom /.

KpeMHMeBble AMoAbl OTANYAKOTCA OT FepMaHUEBbIX He TO/IbKO MaTepu-
asioM MNoJynpoBOAHMKA, HO W HEKOTOPbIMWU MPenuMyLiecTBaMu, a WMEHHO:

a) 5
Pnc. 150. KOHCTpPYyKUWA repmMaHWeBOro Auopa:
N1 — To4eyHoro, 6 — nnockocTHoro; / — u3onsTop. 2 — kKopnyc,3
BbIBOA aHoda, 4 — npunoii. 5 — kpuctann, 6 — KpucTtannogepxa-

Tenb, 7 «—BHeWHWEe BbIBOAbI

60/lee BbICOKOW nNpeAenbHOM TeMnepaTypow, MHOr0 MeEHbLIUM O06paTHbIM
TOKOM, 60/1€ee BbICOKMM MPOGUBHLIM HanpsiXxeHnem. OfHaKO CONMpPoOTUB/IEHME
KPEMHWNEBOr0 BEHTUNA B MPSAMOM HarnpasieHUN 3HaA4YNTesIbHO 6ONbLIe, Yem
repmaHmeBoro.

CeneHoBbIi BEHTUMb COCTOUT W3 aJlOMUHMEBOr0 AUCKa, C OAHOM CTO-
POHbI MOKPbLITOrO CNOEM KPUCTaN/IUYecKoro ceseHa, obnagaroLero Abipoy-
HOV MPOBOAMMOCTbIO, KOTOPbIA CAYXWUT OAHUM 3/1eKTpoaoM. Apyrum anek-
TPOAOM SAIBNSIETCA HAHECEHHbIW Ha ceneH cnoii cnnaBa KagMWs U 0N10Ba,
npy anddysnum 13 KOTOporo aToMOB KagMusi B cesieH o6pasyeTca CNOW,
ob6napaloLWnini 3NeKTPOHHOM NPOBOAMMOCTbLIO. CenleHOBble BEHTUIN UMEKT
3HAUYNTE/IbHO MeHbLUMe 06paTHble HanpsXXeHusa (4o 60 B) v NAOTHOCTU TOKa
(0,1-1),2 A/cm*), yemM repmMaHueBble N KPEMHUMEBbIE, TaK YTO UX rabapuThbl
M Macca 3HaunTeNbHO OGONbLUeE.

OfHaKo XapaKTeEPUCTUKU CesIeHOBbIX BEHTUNEN 60nee cTabubHbl, 4TO
Nno3BO/ISIeT COEAUHATL MX MOCNefoBaTe/IbHO M MapannenbHo ANs yBenmde-
HMA 06paTHbIX HANpPsXXeHU’ 1 NpsAMbIX TOKOB. Kpome TOro, cefeHOBbIe BEH-
Tunn obnagarT CBOMCTBOM CaMOBOCCTaHOB/IEHUSA, KOTOpPOe CBOAUTCA K cre-
AylouwemMy: ecnvM 4yepe3 NpobuTy waiiby NponycTuTb 60MbLIOW TOK, TO
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cefieH HarpesaeTCsa M NAaBWUTCHA, 3aKPbiBas MeCcTo Npobos m BoccTaHaBAU-
BafA BEHTWJ/IbHOE CBOMCTBO AMOAA.

MefHO03aKMNCHbI BEHTWU/b COCTOUT W3 MEAHOr0 AMCKA CO C/I0EM 3aKucu
MeAW, K KOTOPOMY npwuieraet AA8 MNOAYYEHUA XOPOLIEro KOHTaKTa CBUH-
LOBbIA AUCK C NaTyHHbIM paguaTopom 6onbworo gvamerpa. Cnon 3akucu
Mean obpasyeTcss Mpu TepMuUYeckoil o6paboTke mMean B atMocdiepe KUCIO-
pofa. HapyXHbIii cnov 3akucu Meawn, MNOAY4YeHHbIA Npu W3bbITKE KUCO-
popa, obnagaeT AbIPOYHOWM MPOBOAMMOCTbLIO, a C/IOW 3aKUCKU, MNOAYYEHHON
npu HepocTaTKe KUCNOPOAa,— 3/IEKTPOHHOW MNpPOBOAUMOCTbIO.  Mexay
3TUMN ABYMSA CNOAMW 3aKUCWU MeAM BO3HMUKAeET pP-/i-Mepexoa.

MefHO3aKUCHbIE BEHTUNN MMEKOT HU3KME obpaTHble Hanps>keHus (10 B)
M naoTHocTn Toka (0,1 A/cm2) m B npeobpasoBaTesibHbIX YCTPOWMCTBax He
ncnonb3yTca. VX NpuMeHeHMe orpaHuU4YeHo M3MepuUTesbHbIMU npubopamm
B CUAY CTabUIbHOCTU WX XapaKTepUCTUK.

§ 112. TpaH3ucTopbl

TpaH3MCTOPOM HasblBaeTcsd MNOAYNPOBOAHWUKOBbLIA npubop e
ABYMS p-n-nepexofamn, nNpefHasHayYeHHbIM gas YCUIEHUS U FeHepupoBa-
HUA 3NeKTPUYECKNX KonebaHUi 1 npeacTaBNAOWNA cOBON NAACTUHY KPeM-
HUA WM TepMaHus, COCTOALLYH U3 Tpex obnacTeii. [1Be KpariHue obnacTtwm
Bcerga o6nagalT O4MHAKOBbIM TWUMNOM MPOBOAMMOCTM, a CPefHAs — Mpo-
TUBOMOJIOXXHOW MNPOBOAMMOCTbIO. TPaH3UCTOPbI, Y KOTOPbIX KpaliHue 06-
nactu ob6naparT 3MEeKTPOHHOW MNPOBOAMMOCTbIO, a CpeaHsAs — [AblPO4YHOW
NMPOBOAMMOCTbIO, Ha3blBalOTCA TpaH3ucTopamu f-p-a-tuna (puc. 151, a);
TPaH3UCTOPbI, Y KOTOPbIX KpaHMe o6nactm o6aapatoT AbIPOYHON, a cpea-
HAA 3/1eKTPOHHO NPOBOAMMOCTAMW — TpaH3nucTopamu p-n-p-tuna
(pwnc. 151, 6). dunsnyeckme npoLecchbl, NPoOUCXoasLLne B TpaH3nUCTopax ABYX
TUMOB, aHa/IOTUYHbI U Pas3INyne MeXAy HUMW 3aKn4yaeTcsd B TOM, 4YTO Mo-
NAPHOCTU BK/IIOYEHUSA NUCTOYHMKOB NMUTAHUSA UX NPOTUBOMOMIOXKHbI, a TaKXe
B TOM, UYTO €c/iM B TPaH3UCTOPe N1-p-N-TUna 3N1eKTPUYEeCKUi TOK co3faeTcs
B OCHOBHOM aTeKTpoOuamH, TO B TpaH3UCTOpe Pp-N-p-tmna — AblpKamu.
CMmexHble o6nacTu, OTAENEHHbIE APYT OT gpyra p-fi-nepexojamMu, Ha3sblBa-
IoTcA aMuTTepom O, 6asoit b un konnektopom K.

AMUTTEpP ABAAETCHA 06/1aCTbi0, UCMYCKAKOWEN (SMHTTUPYIOLLENR) HO-
CUTENN 3apsAfoB 3/IEKTPOHOB B TPaH3UCTOpPe N-p-a-THMAa U AbIPOK B TpaH-
3nCcTOope p-N-p-Tuna, KON NekKTop — o06nacTb, cobuparwas HocUTenn
3apAfoB, 6 a3a — cpeaHas ob6nacTb, OCHOBaHMe.

B ycnoBuax paboTbl TpaH3uUCTOpa K JIeBOMY p-/1-nepexofy MNpuknagbl-
BaeTCcA Hanps)XeHue 3MuTTep — 6asa {/, B MpPsAMOM Hanpas/eHUWU, a
K MpaBoOMYy p-/-rnepexofy — HanpsxxeHue 6asa— konnektop UK— B o6part-
HoM. [lop peAcTBMEM 3M1eKTPUYECKOro nons 6onblias 4acTb HOCUTENEWN
3apsafoB M3 neBon ob6nactu (amMmTTepa), NpeofosieBas p-n-nepexon, nepe-
XOAUT B OYEHb Y3KYIO CpeaHIoo o6nacTb (6asy). Janee 6onbwas yacTb HO-
cuTenen 3apsan0B NMPoAo/KaeT ABMTaTbCAa KO BTOPOMY nepexoay v, npmbnum-
XKasCb K Hemy, nonajaet B 3/eKTPUUYeckoe Mnose, co3gaHHOEe BHELIHUM UC-
TouHukom UK [Mop BAnstHMEM 3TOro nons HocuTenu 3apsiioB BTArMBarTCA
B npasyt o6nacTtb (KONNeKToOp), yBenmumsas ToK B uenu 6aTtapeu Uu.

Ecnu yBennuntb HanpsixeHune Ut, To Bo3pacTeT KOMUYECTBO HOCUTENEN
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3apAfoB, nepewegwnx U3 aMnuTTEPa B 6a3y, T. €. YBEIMUMUTCSA TOK aMUTTEPA
Ha HEKOTOpPYIo BeNMUYNHY [1/3. Tpy 3TOM TakXe YBEMUMUTCS TOK KOMNEKTO-
pa Ha BenuMuuHy [O/K.

oMUTTEP basa KonnekTop

Puc. 151. MpuHumn paboTbl M ycnoBHOE 0603HavyeHMe TpaH3ucTopa:
B—-p-n, 6-p-n-p

B 6a3e He3HauMTeNnbHasi 4YacTb HOCUTEeNel 3apsifoB, MepellefwnX Hs3
3MUTTEPa, PEKOMOGUHMPYET CO CBOBOAHLIMW HOCUTENSIMU 3apsafoB MNpPOTU-
BOMO/IOXHOW MONSIPHOCTU, YO6bl/lb KOTOPbLIX MOMOMIHAETCA HOBbIMW HOCUTE-
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NAMUN 3apsAL0B U3 BHELIHENW Lenu, o6pasyrowmmmmn Tok 6asbl /6. Takum o6pa-
30M, TOK Konnektopa /»=/,—/« OKaeTcsa MeHblle TOKa 3MWUTTepa, He-
3HAUYNTENbHO OTNNYAsACkL OT nocnegHero. OTHoweHne a=/A / k/4/3 npH Uu=
=const HasblBaeTcd KO3I P PULUEHTOM YCUNEHUA MO TOKY
N 06bIYHO MMeeT 3HaveHue a=0,94-0,995.

Ecnn uenb amnTTep — 6asa pasoOMKHYyTa W TOK B Heli paBeH HYyO

Obups (asa obupii aMTTEp OBLLMIA KON/EKTop

Puc. 152. Cxembl BK/OYEHUS C 0OLLei 6a3oil, o6LUM 3MUTTEPOM, OOLLMM KON/TEKTOPOM
TPaH3NCTOPOB:
a—n-p-n, 6-p-n-p

/.,=0, a Mexay KONNekTopoM U 6as3oii npunoxeHo HanpsxeHue VM
TO B LeNun KonnekTopa 6yaeT MpoxoauTb HEGONbLIOW 06paTHbLIA (TENOBOWA)
TOK /KO, 06YCNOBNEHHbIA HEOCHOBHLIMW HOCUTENSIMU 3apsfoB. ITOT TOK
B CU/IbHOW CTeneHW 3aBUCUT OT TemMnepatypbl N ABndeTcA OAHUM U3 Napa-
MeTPOB TpaH3ucTopa (MeHbllee ero 3HadyeHWe COOTBETCTBYET Jy4ylUUM Ka-
yecTBaM TpaH3UCTOPA).

Tak KaK neBblii (3MUTTEPHbLIN) p-/1-Nepexos HaxoAuTcAa MoA NpsAMbIM
HanpsHkeHMeM, TO OH 06/1afjaeT MasbiM COMNPOTUBAEHMEM. Ha npaBblii Xe
(KONNeKTOPHbIA) p-n-nepexos BO3AeACTBYET 06paTHOE HampshKeHWe U OH
MMeeT 60MbLLIOE COMPOTUBNEHME. T103TOMY HanpsXXeHWe, NPUKNaabiBaemoe
K 3MUTTEPY, BeCcbMa Masno (gecsTble 4ONM BOMbTA), a HANPsHXXeHWe, Nojasae-
MOe Ha KOJINIEKTOP, MOXET ObITb AOCTATOYHO 60/bWMM (40 HECKONbKUX Ae-
CATKOB BO/bT). I3MeEHEHME TOKa B LENW 3MUTTepa, BbI3BaHHOE MasibiM Ha-
npsxkeHrem U,, cosgaeT npuMepHO Takoe Xe M3MeHeHMe TOoKa B Lenu Kos-
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NneKkTopa, rae feicTeyeT 3HAUMTENLHO GoNbliee HanpsxeHue 1/K, B pesynb-
TaTe Yero TPaH3NCTOP OCYLLECTBAAET YCUIEHNE MOLLHOCTW.

Mpn paboTe TpaH3UCTOpPa B KauyecTBe YCUAMUTENS 3/IEKTPUYECKUX Kofe-
6aHNA BXogHOE nepeMeHHoe HanpshkeHue (/,, (CMrHan, nognexawmn ycum-
NeHNI0) NofaloT NocnefoBaTe/lbHO C MCTOYHMKOM MOCTOSSHHOTO HanpsXXeHUs
cmeueHust Uen mexay amutTepom u 6a3oii, a BbixogHoe HanpsbkeHue Utux
(YCUNEHHBbIA CUTHAN) CHUMAaeTCsA C Harpy3o4yHoro pesucrtopa /2,

BO3MOXHbI  TPU  CXEMbl  BK/IHOYEHUA TPaH3UCTOPOB A-p-A-Tuna
(puc. 152, @) un p-a-p-tuna (puc. 152, 6): c o6wei 6asoli OB, ¢ 06wWmMm
amuttepom OD n ¢ obwmm konnektopom OK. HasBaHue cxembl MOKasbl-
BaeT, KaKOW 3/IeKTpPOoA TpaH3ucTtopa ABNseTcAa 06WMUM AN8 BXOAHOW W Bbl-
XOAHOM uenen. CxeMbl BK/IHOYEHUS TPAH3UCTOPOB OT/IMYAKTCA CBOMMU CBOM-
CTBaMM, HO MPUHLUN yCuUneHns KonebaHuii ocTaeTcs O4UHAKOBbIM.

B cxeme ¢ o6uwieii 6a30ii MNONOXKUTENbHOE MpPUpPALLLEHNE HaMpsXeHus
Ha Bxoge [JE£/n Bbi3biBaeT yBe/M4veHWe TOoKa aMuTTepa /,, 4TO NpUBOAUT
K YBE/IMYEHNIO KaK ToKa KoniekTopa /., Tak N HanpsbkeHnsa Bbixoga Ai/lux,
npudem M/sBN>\n,x

B cxeme ¢ OB WCTOUHMK BXOAHOr0 HaMpPsHKEHUS BKAKOYEH B Lemb
aMnTTep — 6as3a, a Harpyska M WCTOYHUK NUTaHUA — B LeMb KONeK-
Top — 6a3a. BxogHole conpotusneHne cxembl ¢ OB Mano (HeckosbKo
OMOB MM LEeCATKOB OMOB), TaK KaK 3MUTTEPHbI Mepexof BK/YEH B Mps-
MOM HanpaBneHWW. BbixogHOE CONPOTUB/IEHME CXeMbl, HAa060pPOT, BENMKO
(COTHM KMIOOMOB), TaK KaK KOJIIEKTOPHbIV Mepexoj BKAOYeH B 06paTHOM
HanpasneHUn. Manoe BxogHoe conpoTtueneHue cxembl ¢ Ob saBnsetcs cy-
LEeCTBEHHbIM ee HeAO0CTaTKOM, OrpaHU4YMBalLLUM MPUMEHEHUNE €e B YCU/U-
Tenax. Yepes MCTOYHUK BXOAHOrO CMrHasna B 3TOW CXeMe MPOXOAWUT BecCb
TOK 3MUTTEPa, U YCUEHUA MO TOKY HEe NMpoucxoauT (KoapdULMEHT ycuie-
HMA NMo TOKy a<1l). YcuneHue MO Hanps)>KeHUIO U MO MOLWHOCTU B 3TOWM
CXeMe MOXeT [OoCTUraTb HECKO/IbKUX COTeH

B cxeme ¢ o6wum amuttepoM OB MCTOUHUK BXOAHOTO HampsXKeHUs
BK/IOYEH B LeNb 3MUTTep — 6Gas3a, a COMPOTMB/IEHUE Harpysku /?, u
WUCTOYHUK MNUTaHUA — B LeMb 3MUTTEP — KOJIJIEKTOP, TakK 4TO 3MuUTTep
ABNSETCA O6OLMM 3/1EKTPOAOM A/ BXOAHOW W BbIXOAHOW ueneil. BxogHoe
conpoTueneHue cxembl ¢ O3 6onbuie, uem y cxembl ¢ OB, Tak Kak BXO4HbIM
TOKOM B Hel siBNseTCcH TOK 6a3bl, KOTOPbIA MHOFO MeHblUe TOKa aMuTTepa
M TOKa KonjekTopa. OTO COMPOTUBEHNE COCTaBAAET COTHU OMOB. Bbixopn-
Hoe conpoTusneHune cxembl ¢ OD BENMKO M MOXET COCTaBNATbL A0 CTa KWU/o-
oMOB. Koa(hhuuMeHT ycuneHns no TOKY P B 3TOM CXeme onpefenserca Kak
OTHOLUEHME MpupalleHna Toka Konnektopa [/, K MNpupaweHuto Toka
6a3bl /8 Npyv NOCTOAHHOM HanpsXXeHUW Ha Konnekrtope, 7. e. p=A/./A/B
npn t/”~const U MoXeT MMeTb 3HadyeHMss 0=10-5-200 gna pasINUHbIX
TPaH3UCTOPOB. Y4YWUTbiBass paBeHCTBa

/.= /,+ /8 va= 4/8/0/,,
nony4ymm
P-AMAf.-A/.)-,1"ffih-TZZ-

KoadpcpmumeHT yeunenns no HanpsbkeHuio Ka gnsa cxembl ¢ OD Toro xe
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nopsagka, uto u ana cxembl ¢ OB. KoathpmumeHT ycuneHms no MouHOCTU
/P=/C/C,, BO MHoOro pa3 6onbuwie, yem B cxeme ¢ OB.

B cxeme ¢ o6wmm asmmtTepoMm O3 npu ycuneHUM BXOAHOTO HampsXKeHMWs
NPONCXOAUT MOBOPOT (pasbl BbIXOAHOrO0 HaMNPsHXXEeHWA Ha MON0BUHY nMe-
pvopa, T. e. Ha 180°, KakK 3TO BUAHO M3 CXEMbl: MONIOXKWUTE/bHbIE Npupa-
LWEeHNA BXOAHOr0 HamnpsXXeHUA BbI3biBAOT OTPULLATENIbHOE MNpUpaLlLeHne
BbIXOAHOTO0 M HaobopoT.

B cxeme ¢ o6wmmM konnektopom OK MCTOYHMK BXOAHOro HanpsXeHus
BK/tOYaeTcA B Uenb 6asbl, a WCTOYHWK MUTAHWUSA U COMNPOTUB/EHME Ha-
rpy3skm — B LUenb aMuTTepa. BxogHbIM TOKOM fiBnseTcA TOK 6asbl, a Bbl-
XOAHbIM — TOK aMutTepa. KosdpuumneHT ycumneHns no TOKY ANA 3TOW
CXEMbI

Kt= 4/e/4/6= O/#(A4/a-0/m) = 1/(1- a).

BxogHoe conpoTuBneHue cxembl ¢ OK Benuko (4ecsiTku KnIoOMOB),
a BbIXOAHOE conpoTmeneHme mano (go 1-1-2 kKOm). KoadpdhuumeHT ycuneHus
Mo HanpsbkeHUo cxembl ¢ obwmum konnektopom OK /B=0,94-0,953T. e.
6/1M30K K eguHULEe, U 3Ty CXeMy 4acTO HasblBalT SMHTTEPHbLIM MMOBTOPU-
Tenem. Cxema ¢ o6wmm konnektopom OK mcnonssyetcs gns cornacosaHus
OTAefIbHbIX KackKajoB YCWU/EHUS, WUCTOYHMKA CUTHana WM Harpysku c
ycunuTenem.

Puc. 153. CTaTUuecKMe XapakTepUCTMKN TpaHanucTopa tuna P-NM-pYexioHeHHOro no cagnke
C 06WNM 3IMUTTEPOM:
a — BXofHble, 6 — BbIXOAHbIE

XapaKTepuUCcTMKaMn TPaH3UCTOpPa HAa3blBAKOTCH 3aBUCMMOCTU  MEXAY
TOKaMM W HanpsHKeHWsIMM BO BXOAHOWM W BbIXOAHOW uUensax. MNpu pasHbIx
CXeMax BK/IIOUEeHMs TPaH3UCTOpa BXOAHble W BbIXOAHbIE LIENU PasfiNuHbl,
cneAoBaTeNnbHO, UM XapaKTepUCTUKW NpPeAcTaBnsioT CoGOW 3aBUCMMOCTM
PasfNYHbLIX BENNYMH ANSA KaXKAOW CXeMbl BK/IOYEHUS.

Tak, fos cxembl ¢ o6wmum amutTepom OD BXo4HONM UeMblo ABAsAETCA
uenb 6a3bl U BXOAHAsH XapaKTepucTuka OTpa)KaeT 3aBUCUMMOCTb TOKa 6asbl
OT HanpsKeHUs aMUTTep — 6asa NP MOCTOSIHHOM HAanpPshKeHUU Mexay
amutTepoM un kKonnektopom, T.e. U=f(Ut6) npn L/,,=const. BbixogHoi
Lenblo A5 3TOM CXeMbl ABAAETCA LieMb KOMEKTOPA U BbIXOAHOW XapaKTe-
PUCTUKON — 3aBUCUMOCTb TOKa KOJMI/IEKTOPA OT HaMpsi)KeHWUs aMUTTep —
KO/IJIEKTOP MpyU HeusMeHHOM Toke 6aswl, T. e. |K=f(U at) npu /e=const.

Ha puc. 153, a 1 6 nokasaH NpPUMepHbIA BN BXOAHbIX W BbIXOAHbIX
XapaKTePUCTMK TpaHsucrTopa Tuna P-f-p. Mpu Manbix 3HAYEHUNAX Hanps-
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XEHUA MeXay 3MUTTepoMm W 6a3oi (£/88) TOK 6a3bl pacTeT MeA/IeHHO M3-3a
60/1bLLIOr0 COMPOTMBAEHUA p-A-Mepexofa, KOTOpOoe C YBelWYeHMeM ToKa
yMmeHbllaeTcsi. C yBefinueHeM KosiekTopHoro HanpsbhkeHus UK exogHble
XapaKTepUCTUKM CMeLLalTcs BMpaBo, T. e. C YBeMYEHUEM b Heo6-
XOAMMO MOBbICUTbH HanpsxeHue £/,6, 4N TOro 4tobbl TOK 6asbl ocTancs

Puc. 154. YcTpoiicTBa MNMOCKOCTHOrO repMaHMeBOro TpaH-
3uctopa Tuna p-n-p:

/ — KPHcTannogepxntenb, 2 — KOMNEKTOPHbIN  nepexod. 3 —

633a, 4 —BbIBOA 6asbl, 5 — BbIBOA 3aMuUTTepa. 6 — amuTTep, 7—

3MUTTEPHbIA nepexof, B — KOMnekTop, 9 — BbIBOA KONMNEKTOpa

puc. 1M. oas3om gBndeTcA nnactmHa J U3

HensMeHHbIM. Bbixopa-
Hble XapaKTepuUCcTUKU
rnokasblBalOT, 4TO B

paboueinr ob6racTn Ha-
npsxeHne UK HesHa-
ynTeNbHO BAUSET Ha
KONNEKTOPHbIA TOK /K,
TaK KakK B OCHOBHOM
OH 3aBUCUT OT KO/nye-
CTBa [AbIPOK, WHXEK-
TUpyembiX B 6asy, T. €.
OT TOKa amuTTepa.
YCcTpoWcTBO Naoc-
KOCTHOro repmMaHueBo-
ro TpaH3ucTtopa p-M-
p-Tuna rmnokKa3aHo Ha
KPUCTaNNYecKoro rep-

MaHUsi C 3MeKTPOHHOM npoBoAUMOCTbIO. C ABYX CTOPOH B NAAacTUHY
BNaBfieHbl WMHAMEBblE 3/IEKTPOAbI, CAyXallMe 3MUTTEPOM 6 M KOMNNEeKTo-
pom 8. Mpu NNaBNeHUN MHAUSA MeXAy KaXAblM U3 3TUX 3/1EKTPOA0B U rep-
MaHMeBOM NNacTUHOW — 6a3oM oGpasytTcsa 061acTM C AblPOYHON MPOBO-
AVMOCTbIO M CO3AAI0TCA 3MUTTEPHbINA 7 N KONNEKTOPHbIA 2 p-N-nepexoabi.
Konnektop 8 kpenuTcs Ha KpucTannogepxartene /, OT KOTOPOro Hapyxy
NpoxoAuT BbIBOA Konnektopa 9. BbiBogbl oT aMuTTepa 5 u 6asbl 4 nzonu-
poBaHbl OT Kopnyca CTEKNSAHHbIMW MPOXOAHbLIMMU W30ASiTOpaMu. TpaH3uc-
TOp MNOMeLLLAeTca B MeTa//INYecKnii Kopnyc.

TpaH3NcTopbl MO CPaBHEHUIO C 3/1IEKTPOHHLIMW NamMnaMu UMEKT crie-
Aywowme npevmyuiectea: 60/blWYH0 MeXaHMYECKY MNpPOYHOCTb W AOATOo-
BEYHOCTb, MOCTOSAHHYIO FTOTOBHOCTb K pab6oTe, Manble rabaputbl MU Mmaccy,
HU3KOe Hanps)KeHWe MUTaHWUA W BbICOKWUI KN4, KPOMe TOro, oTCYyTCTBYET
Luenb Hakana W, cnefoBaTefNlbHO, YMNPOUlEHA CXeMa W HeT MoTpebneHUs
MOLLLHOCTW A5 pasorpeBa Katoga.

K HepocTaTkam TpPaH3UCTOPOB OTHOCUTCS 3aBUCUMMOCTb pPeXuma pa-
60Tbl ero OT TemnepaTypbl OKpYXalLllieh cpeabl, HebGoMbllas BbiIXoAHas
MOLLHOCTb, YYBCTBMTENbHOCTb K TMeperpyskam, pa3bpoc napameTpos,
BC/MeACTBME KOTOPOr0o OTAENbHbIE TPAH3MCTOPbl OAHOr0 TUMa 3HAYUTESIbHO
oT/INYalTCA APYr OT Apyra Mno CBOMM MapameTpam, 60/blUOe pasnuuyuve
MeXAy BXOAHbIMW W BbIXOAHBIMW COMPOTUBAEHUSAMM.

§ 113. TupucTopsl

YeTbIPeXCNOWHbIA KPEMHUEBLI BEHTWU/b C ABYMS 3/eKTpogamMu (aHo-
[OM M KaToAOM) Ha3biBaeTcs A MHMUCTOPOM ECAM KpoMe aHoda W
K3Tofa WMeeTcss TpeTwii (YnpaBnsitolWMii) 31eKTPOA, TO BEHTWU/b CTaHO-
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BUTCA YyNpaBnseMbiM U Ha3blBaeTCs TUPUCTOPOM. TUPUCTOP, a Takxe aun-
HUCTOP UMEIOT YeTbipe cnos — p-/»-p-n (puc. 155), mexgy KOTOpbIMW Ha-
Xo4saTca Tpu p-n-nepexofa 9 ©A ,, A,. Y Tupuctopa otcpefHeit obnactum p
MMeeTCs BbIBOA — YMPaBnAlOWNA 3neKTpos Y. MNpu OTKAKOYEHHOM Yyn-
paBffAlOLWLEM 3N1EKTPOAE TMPUCTOP NpesBpallaeTca B AUHUCTOP. Ecnn mexay
aHOAO0M M KaToAOM BEHTWNA NPUJO-

XXeHO Hebo/bLIoe NMOCTOAHHOE Hanps- p n .p n

XeHVe B MNpAMOM Hanpas/feHuun, To ~y- Hz~ Hl__l
nepexogbl 11X A, 6yayT OTKPbITBIMU

M NX conpoTmeneHne mano. lMepexos p

A, 6yaeT BK/KOYEH B ob6bpaTHOM (He- A
NPoBOASLLEM) HaNpaBneHUU WU €ro " 1 R
COMpPOTWMB/EHMWE BENKO, TaK UYTO BCE UZ3

NMPUAOXEHHOE K TUPUCTOPY Hanps-
XeHue 6yaeT NpakKTUUYecKn Ha rnepexo-
fe A2 a 1ok B uenu Man. Mpu noebiweHnn HanpskeHus U Ha TupucTope
TOK B UENW YBENMYMBAETCA He3HayUTeNbHO, TaK KakK orpaHuyumsaeTtcs
60MbWINM CONPOTMB/EHNEM Mepexoga HAt M BONbTammnepHas XxapakTepuc-
Tuka TupuctTopa 6ygeT nogobHa o6paTHOM BETBM XapakKTepucTuku auopa
(kpueas Oa Ha puc. 156). Ecnm HanpsixXeHWe AOCTMIHET HEKOTOPOro onpe-
[eNeHHOro 3HayeHWs, Ha3blBAEMOro HaMNpsXXeHWEM MepekntoyeHna £/rep,
TO B nepexoge A a HaNPSXKEHHOCTb 3JIEKTPUYECKOro Mnoss CcTaHOBUTCA
[OCTaTOYHON AN MOHM3auMnM 1 06pas3oBaHUA HOBbIX CBOOOAHbIX HOCUTeNen
3apAafoB (3NeKTPOHOB W AbIPOK), €ro CONpoTUB/EHME Pe3KO YMeHbLuaeTcs
U TUPUCTOP OTKpbIBaeTcAa. HanpsXeHWe Ha OTKPbITOM TUPUCTOpe (yyac-
ToK OB BONbTaMMepHOW XapakTepucTUKK) Mano (nopsaka 1—2 B) v noutu
HEeM3MeHHO, TaK 4YTO TOK B LENU OrpaHMYmBaeTCs COMPOTUBNEHUEM BHeELU-
Heli Harpysku.

Haunbonbwnii ToK TMpuUcTopa NMMUTUPYETCA MNpeAesbHO AONYCTUMONA
MOLLHOCTbIO, paccemBaemoii um. Ecnu
yMeHblUIaTb TOK 4epe3 OTKPbITbIN
TUPUCTOP, TO OH OyAeT ocTaBaTbCA
OTKPbITLIM [0 TEX MOpP, MOKa TOK B

Puc. 155. Cxema ycTpoicTBa TupucTopa

K r TUpUCTOpe [AocTaTouyeH Ans noaaep-
v3 XaHusa npouecca 06pasoBaHUsA HOCKU-
y .A 3 $ Tenein 3apsfoB B nepexoge A 2. Mpwu
TOKe, MeHblle Ornpefe/ieHHOro 3Ha-
YeHMWsl, Ha3blBAEMOro TOKOM yjep-
r 7 O ", W, un

| * T. e. BO3BpalLaeTcs B HenpoBoAsLlee

Puc. 156. BonbTamnepHas xapaktepuc- COCTOSAAHUE.
TKa TUPUCTOPA W ero ycnoBHOe 0603Ha- Ecnn Ha ynpasnsilowmnin 3N1eKTpos

HeHve nofaTb MOJIOXKUTENbHbIA MNOTEHUMAN

OT MOCTOPOHHEro WCTOYHMKA, TO B Mepexode 1, BO3HWKHET TOK ynpas-
NIEHHA W MOSBATCA AOMONIHUTE/NbHbIE HOCUTENW 3apsfoB, BCNeACTBUE YETO
YMEHbLINTCS HaMpshkeHWe TMepekoyYeHNss 3TOro nepexoga u TUPUCTOP
OTKpbIBAeTCA NPV MeHbliem HanpsbkeHun Uni. Uem 6onblie TOK ynpas-
neHus /y, Tem 60/bLUe AOMOMHUTENbHBLIX 3apAA0B B Nepexofe A 3 U MeHbLUE
HanpsbkeHne rmepeknoyYeHUs TupucTopa. Mpu onpeaeneHHOM 3HAYeHUU
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Puc. 157. TupwucTtop:

| — BbIBOA KaTopa. 2 — Kop-
nyc, 3 — KpucTannogepxa-
Tenb, 4 — Kpuctannuueckas
CTPYKTYpa, 5 — npwunoii, 6 —
M30N19TOp, 7 =- BbIBOL aHoAa,
9 — BhiBOA ynpasnsowero
BreKTpOa

TOKa ynpaBneHWUs, Ha3blBaeMOM TOKOM COPSM-
neHusa /yc tupucTtop O6yaeT paboTaTb KakK He-
ynpaBnsemMbli BEHTWUMb, T. €. ByAeT OTKPbLIT npu
NO6OM MOMOXMTENBbHOM HAMNPSHXXEHUN Ha €lo
aHoge. Takmm o6pa3om, TUPUCTOP OTKPbIBaeTCA
KaK npu rnojade Ha ero aHof Harnps>XeHua ne-
peKNYeHNsa, TaK W MPH BK/IKYEHUWN TOKa yn-
paBneHMs AOCTaTOYHOM BenMUUHbLL /fyc. Tak
KaK ynpaBfsloWUWiA 31eKTpog Mocfe OTKPbITUSA
TUpucTopa nepecTtaeT OKasdblBaTb BNAHUE Ha
ero paboTty, TO B UeNM YyNpaBnsalLWeEro 3nek-
Tpoga NpPOXOAUT KPaTKOBPEMEHHbIVM  MMMY/bC
TOKa npsAMOYronbHOW ¢opMbl 1M ANUTeNbHOC-
Tbl0 npuMmepHo 10 MKc.

Mpn nopade Ha 3aXWMbl TMpUCTOpPa o6part-
HOro HanpsbkeHus £/08p oH 6yaeT 3aKpbIT 06-
paTHO BKOUYeHHbIMM nepexogamu /7i n [13He-
3aBMCUMO OT YNpPaBAALWEro Toka U ero BosbT-
amrepHasa xapakTepucTuUKa MpakKTUYecKu He OT-
nnyaeTcad OT 06paTHOM BeTBM BOJSIbTAMMEPHON
XapaKTepucTUKN HeynpaBnsaemMoro BeHTUAsA (CM.
puc. 160).

Tupuctopbl UMEKT ABa YCTOWYMBBLIX COCTO-
AHUA: NPU 3aKPbITOM TUPUCTOPE ero ConpoTUB-
NeHne o4eHb BeNnuKo (/?~00), NpN OTKPbITOM —
mMano (/?~0). MosTomMy TUPUCTOPbI HAXoAAT Npu-
MeHeHVe KakK 6eCKOHTaKTHble MnepekayaTenn B
MHBEPTOPAx, PerynmpyemMmbiXx BbIMPAMUTENAX, B
cxemax 3awmuTtbl U T. 4.

KOHCTPYKLMA MOLWHOro TupmucrTopa nokasa-
Ha Ha puc. 157. YeTbipexc/noiiHas KpucTaniu-
yeckas cTpykTypa 4, ykpenjeHHas Ha KpHCTan-
nojepxartefie 3, MnomelleHa B MeTa//INUECKOM
Kopnyce 2, B HMXHel 4acTU KOTOPOro HaxoAwuT-
ca pe3b60BOii BbIBOA KaToga 1. K BepxHemy
p-cno0 npunoem 5 KpenuTcs NeTeHblid BbIBOJ,
aHoga 7. B cpegHioo p-ob6nacTb BBOAUTCH BbIBOJ,
ynpasnsiouwero snekrpoga 8. BbiBoAbl aHoga

N YyNpaBfsloLLErO 3/1eKTPoAa YKPENAsT B Kopnyce uzonstopom 6.

Tepo

©OZ N A WN—

KOHTpO/IbHbLIE BOMpPOCHI

O6bACHUTE CTPOEHME aTOMOB repMaHus

B uyem cOoCTOUT pasnnuue MexAay 3/IEKTPOHHOI W [blpOYHO MPOBOAMMOCTbIO?
KakoBO yCTpOliCTBO FrepMaHMeBOro BEHTUNSN?

B uem 3ak/tovaetcsa NPUHUMN paboTbl TpaH3ucTopa?

KakoBO YCTPOWMCTBO M/OCKOCTHOrO repmMaHWEeBOl TpaH3ucTopa?

MepeunicnnTe cXeMbl BK/IIOYEHUS TPaH3MUCTOPOB

MN306pasnTe XxapaKTepUCTUKN TPAH3UCTOPA, BKOYEHHOIO MO cXeme C O6LLMM IMUT-

KakoBO yCTPOWCTBO TupuMcTopa?
M306pasnTe BONbTAMMEPHYIO XapaKTepuUCcTUKY Tupuctopa



Nnasa Xilll
FA3OPA3PAAHBIE MPUBOPBI N ®OTO3NEMEHTDI

§ 114. WNoHu3auma rasa n 3neKTpuyeckuii paspsg,

B oTnnume OT 3MEKTPOHHbIX (BaKyYMHbIX) aMn B MOHHbIX, WAM raso-
paspsifHbIX, NpMbopax TOK cO3jaeTcs He TO/bKO HanpaBfieHHbIM Mepeme-
LeHMeM CBOGOAHbLIX 3/1IEKTPOHOB, HO U BCNEACTBME MepeMeLLeHNs 3apsKeH-
HbIX YacTWL, rasa Win napoB PTYTU — WMOHOB. B 06bIYHbIX YCNOBUSAX ras
COAEPXKUT HUUYTOXKHOE KOIMYECTBO CBOOOAHbLIX 31€KTPOHOB W WOHOB (HO-

nTener 3apsgoB) u abcontoTHoe GOMBLIMHCTBO aTOMOB M MOMEKYN rasa
3/IeKTPUYECKN HelTpanbHbl (He 3apsXeHbl). 03TOMy B 06bIYHbLIX YC/O-
BUAX ra3 ABMAETCA XOPOLIUM AN3EKTPUKOM.

MpoBoAMMOCTb rasa MOXeT ObiTb Bbl3BaHa €ro MOHM3auMer CUIbHbIM
31EKTPUYECKMM TMOJIEM, BbICOKOW TeMMNepaTypoi, pafnoakTUBHbIMU U
KOCMWYECKMMUN nyvyamMun. a3 cTaHOBUTCS MPOBOLHWMKOM, €C/lIM OH COAEPXUT
60/blLIOEe KOMMYECTBO HOCUTeNeil 3apsafa — CBOGOAHbLIX 3NEKTPOHOB U
noHoB. lpouecc obpaszoBaHUA HOcUTenel 3apsiioB Ha3blBAETCA M OHWU -
3aumnmein rasa.

MoHHble NMpMBOpPbI HaMo/IHEHbl Pa3peXeHHbIM ra3oM WAM napamu pTyTu
N Npu CBOEM [ABMXXEHWU 3M1EKTPOHbI CTa/KMBAKTCA C aToMamu rasa wuam
pTyTHOro napa. MNpu coygapeHUn 37eKTPOHbI OTAAIOT YacTb CBOEN 3HEPrumn
atomam rasa. lNpu [OCTATOYHO 6ONbLUOK CKOPOCTU 3NEKTPOHA 3JHeprus,
nosnyvyeHHass aTOMOM, OKasbiBaeTCA [AOCTaTOYHOW [ANA ero BO36YXAEHUA
WA noHusaumn. B BO36GYXAEHHOM aTtoMe OAUH M3 ero 3/eKTPOHOB MOA
JelicTBMEM MNOMYYEHHOW MpW coyjapeHun 3SHeprun nepexoguT Ha 6onee
BbICOKMI 3HepreTmyecknii ypoBeHb (Ha 6onee yganeHHy OT sifpa opouTy)
M M3-3a HeyCTOMYMBOCTWM 3TOF0 MOJIOXKEHUA OYeHb OGbLICTPO BO3BpalliaeTcs
Ha CBOW MPEeXHWI YPOBEHb, BblAenAasa WU36bITOK 3HEPrUU B BUAE CBETOBOrO
N3NYyYeHNs, TaK 4YTO ra3 OyneT CBeTUThCS.

Ecnn aHeprus, nonyyeHHass atoMamMu B pe3ynbTaTe coyAapeHus, Ao-
CcTaTouyHa ANA WX paclienseHnUs Ha 3/1eKTPOHbl M MOHbI, TO MPOUCXOANT
noHusaums rasza. CKOpPOCTb ABMXEHUS 3MEKTPOHOB U UX KMHeTu4eckas
3HEepPrus 3aBUCAT OT HaNPAXEHUS, T. e. BO3OYyXAeHWe U MOHM3aLMS aTOMOB
rasa NpPoucCXoguT Mpu onpegefieHHbIX 3HAYEHNAX NOTeHLMana Bo3byXXaeHuns
UB u noteHuymana moHmsaummn U, npuuem £/m>{/B. Tak, Hanpumep, ans
napos prytm U,=5 B, {/,=10 B.

Mpouecc o6pa3oBaHMA HOCUTENEN 3apAL0B B pe3ysbTaTe CTO/IKHOBEHUSA
CcBOOOAHbLIX 3/IEKTPOHOB C aToMamMu rasa HasblBaeTcd MOHMU3auwumei
coyjapeHuem, wiM ypgapHOA wnoHwmsauyuneli. B pesynbTate
coypapeHus cBob6ofHble 3/1EKTPOHbI MOTYT BbIOUTb 3/1IEKTPOHbI N3 HENT-
panbHbIX MOeKyn (aTOMOB) WAM MPUCOEAUHUTLCA K HUM. B nepBom cnyvae
06pasyloTcss WOHbI, MOMIOXMUTENbHO 3apsXeHHble, BO BTOPOM — OTpuLa-
TeNbHO 3apskeHHble. o AelicTBMEM 3NeKTPUYeCcKOro Mons, co3faHHOro
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HanpsbkeHVeM, MPUAOXKEHHbIM K 3/1eKTpojam npubopa, HocMTeNn 3apsgoB
nepemMeLLLalOTCsl B HamnpaB/eHUU 3NeKTPUYeckoro nons (0T MOSOXUTEeNb-
HOrO 3NeKTpoja K OoTpuuaTe/lbHOMY MOJIOXUTE/lbHbIE WOHbI U B MPOTUBO-
MOMIOXHOM HanpaBfeHUWN 31eKTPOHbI U OTPULATENIbHO 3aPSXXEHHbIE MOHbI).
C yBennyeHMeM MPUIOXKEHHOTO HaNpPsH>XeHUs CKOPOCTU [ABUMXKEHUS HOCU-
Tene 3apsgoB BO3pacTawoT.

Mpwn HenpepbIBHOW WOHM3aLUW ra3a C MNOCTOSHHOW WHTEHCUBHOCTbIO
NOMMMO paclLenneHnss aTOMOB rasa Ha 3M1eKTPOHbl M WOHbI MPOUCXOAUNT
06paTHbIi npouecc MX YacTUYHOro coeAuHeHUs (pekom6uHauus), T. e.
npeBpawleHnss B HENTPasbHble aTOMbl, U YMCO HOCUTeNel 3apsifoB 6 eaun-
HUUE o06bemMa OCTaeTcs MOCTOAHHbBIM.

Ecnn HanpshkeHUe MexXAy 3M1eKTpojaMu WMOHHOro npuoéopa (aHOZOM U
KaTof4oM) YBe/IMYUTb A0 ONpPefeneHHOM BeNMUMHbI, HasbiBaeMonW Hanp -
X eHMem 3axumraHnmsa (/3 TO CKOPOCTb 3/IEKTPOHOB U UX KUHE-
TU4YecKas 3Heprnsa cTaHOBATCH A0CTATOYHbIMW, YTOObI MPU CTONIKHOBEHUU
C HehTpanbHbIMM aTOMaMW WOHM3MPOBaTb WUX. BHOBb MOAYy4YeHHble BTO-
pUYHbIe 3apsfbl TaKXe WOHU3NPYIOT HeWTpanbHble aTOMbl rasa, T. €.
NpoLecc WOHU3auMM pas3BMBaeTCA 1aBUHOOO6Pa3HO. [POMEXYTOK Mexay
3N1eKTPOAaAMUN 3aMO/IHAETCS MOHM3MPOBAHHbLIM Fa3oM — ra3oBOW MIa3MOM,
o6nagaloLLen BbICOKO MpPoOBOAMMOCTbIO. [pu 3TOM 4ucio cBOGOAHBIX
3/IEKTPOHOB, a TakXe TOK 4epe3 Npubop pe3Ko BO3pacTalT U HauyMHaeTcs
TNewWwwnm paspsag, nepexofsawnii B caMOCTOSATE/NbHbIV, He Tpebytowinii
BHELLUHEro MOHW3aTopa A4Na ero nogfepXxaHwus. Tnewowmnii paspsg conpo-
BOXJAeTCA CBeYEeHWEM rasa W XapakKTepHbIM LWMMAWMM 3BYKOM. [oagep-
XWBaeTca ThewWNiA paspag npu onpesesieHHOM HaMps>XeHUU Mexay
3/1eKTPOjaMN, KOTOPOE HEMHOr0 MeHblle HaMmpsHKeHUs 3aXxuraHusa (Ha
HEeCKONbKO BOMbT). MpM TaKOM Hamnps>XeHUWU MONOXUTeNbHbIE NOHbI, NMED-
Wure OTHOCUTENbHO 60MbLUYIO Maccy, YAapsalTcAa O MOBEPXHOCTb Kartoaa,
HarpesalT ero M BbIGMBAKOT W3 Hero BTOPUYHbIE 3/1EKTPOHbI, KOTOpPbIe,
ABUTasacb K aHOAY, WOHM3MPYIOT aTOMbI Fas3a, noafepXuneas Tok B npuéope.

Ecnn HanpshkeHUe MexAay aHOAOM W KaTOAOM OKaXXeTcs MeHblle Heoob-
XOA4MMOr0, TO CKOPOCTb ABWMXXEHWUS MOMNOXUTENbHbIX MOHOB YMeHbLUAeTCs,
TaK 4YTO OHW He MOTyT BblIOMTb W3 KaTo4a 3/IEKTPOHbI, BCAeACTBME Yero
NPOLECC MOHM3ALUN MOXET MpeKpaTUThbCS.

Tnewowmnini paspsag MUCNonb3yeTcs B HEOHOBbIX W UMEPOBbLIX Namnax,
TUpaTpoHax, cTabnanTpoHax un gpyrux npubopax. Ecnu B npmnbope ¢ Taeto-
WMM paspsifoM YBEMUYUTbL TOK CBEPX OMpefesieHHOro, Hambosfbluero Ao-
NyCTUMOr0 3Ha4YeHWsi, TO BO3HWKHET AYroBOW paspsf, KOTOpbI onaceH
ANna npubopa Tnelowero paspsga, Tak Kak Bbl3blBaeT paspylleHWe KaTtoga
BC/EACTBME 6GOMOAPAVNPOBKM €r0 TSXKEAbIMU  MOMOXKUTENbHBIMU HOHaMM
¢ 6onbLIOW CUONA.

Mpu pyroBom paspsige MNAOTHOCTb TOKa 3HauMTeNnbHO 60sblue, YeMm
npu Tneowem paspsige. TakuMm o6pasom, AyroBoi paspsjg MOXeT BO3HUK-
HYTb NP TNEOWEM pa3psife, eciy HanpshkeHVe Ha paspsifHOM MPOMeXYTKe
MOBLICUTb A0 HEKOTOPOro 3HaYeHWs, HasbiBAEMOro HamMmpsAXeHUnem
3axXxunuraHwma papgyru. lNpn aTom gyra noagepXxuvusaeTcs BcAeAcTBUe
TEepPMO3/IeKTPOHHOW 3MUCCUN KaToAa, pPacKaseHHOro ygapaMu MofoXnTeb-
HbIX WOHOB, N pa3psj Ha3blBaeTCA CcaMOCTOATE/IbHbIM. Ecnn TepMO3nekT-
poOHHaaA 3MucCUA KaTofa Co3jaeTcs HarpeBoM KaToja OT MOCTOPOHHEro
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UCTOYHMKA NWUTaHusA, TO [YyroBon pa3psag OyAeT HecaMOCTOATE/IbHbIM.
OneKkTpuyeckas gyra BO3HUKaeT KakK B paspsXXeHHOM rase, Tak M npu
HOpPMasibHOM fAaBneHUW. Ecnu c6nm3nTb ABa 3/1eKTpoAa A0 WMX COMPUKOC-
HOBEHUS, TO MECTO UX COMPUKOCHOBEHUS CU/IbHO HarpeBaeTcs MPOXo4ALW M
TOKOM, ob6ecrneymBas WMOHU3ALMIO MEXAY3NEKTPOAHOr0O MPOMEXYTKa W
BO3HMKHOBEHWE YT NPU pasfBUHYTbIX aNeKTpogax. dnekKTpuyeckasa gyra
VIMeeT O4YeHb BbICOKYH TemrnepaTtypy U ApKOCTb, KOTOPble YBeNM4unBaroTCs
C MOBbIWEHVEM HanpsXeHUA. Bnepsble anekTpuuyeckas Ayra, OTKpbiTas
pycckum ydeHbiM B. B. TletpoBbim B 1802 r., ncnonb3yeTtcsd B 3/1eKTPO-
CBapKe, 3/IeKTPUYECKNX Meyax, MOLLHbIX
NPoOXeKTopax B Ka4yecTse namn u Ap.
CX0oACTBO C AYroBbIM paspsafom MMeeT
WCKPOBO paspss, npyv KOTOPOM MPOUCXO-
ONT KPaTKOBPEMEHHbIV (MMNYbCHbIA) Npo-
60l/i MpomexyTKa Mexay ABYMSA 3/1eKTpo-
aamu.
Kpome nepeyuncneHHbIX Bbille BUAO0B
3/1IeKTPUYECKOTO paspsfja B MpPaKTUKe Mo-
XXHO 4YacTo HabnogaTb KOPOHHbIV paspag,
KOTOPbIA BO3HWKAaeT Ha MOBEPXHOCTWU Mpo-
BOJOB Masioro CeyYeHUs WM Ha 3a0CTPEH-
HbIX KOHLax mnpoBoAoB, T. €. Tam, frje
0b6pa3yTcsa 3HaUYUTENbHbIE HaMpsH>XeHHOC-
TW  3neKTpuyeckoro nons. MNpu HekoTo-
pOM KPUTUYECKOM 3HAYEHUU HanpsaXeH-
HOCTW MONS BO3HWKaeT TUXWUIA pas3psg, Bbl-
3BaHHbI MVOHM3aUMeld rasa U COMNPOBOX-
JaeMblii  cnabblM CBEYEHMEM, 3aMeTHbIM B
TeMHOTe. TakoW paspaj HasbiBaeTcd Ko-
POHOIA.

§ 115. a3oTpoH

[a30TpOH NpeacTaBnsieT coboi ABYX-

3/1eKTPOAHBIN VOHHbIW WKW rasopaspsagHbIia 158. [a30TPOH U ero ycnos-
npuéop, npegHasHayeHHbIW [ BbINPAM- Hoe 0603HaueHMe:
NEHNA nepeMeHHOro Toka. CTeKNAHHbIA  /— BbiBoa aHoja. 2 — aHoj, ] — Ka-

o T0
(vnn  meTannmnyecknin) 6annoH rasoTpoHa A

nocne co3faHusA B HeM BaKyyMma 3anojiHsAeTca napaMmu pTyTu UM UHEPTHbIM
rasomMm npu HW3KOM fJaBfeHuu. BHyTpm 6ansoHa nomelleHbl ABa 3/1eKTPO-
ga (puc. 158). AHog 2 ras3oTpoHa BbIMOMHAKT U3 HUKeNa wnuM rpadgura
n BbIBOA aHoga 1 pacnonaratoT B BepxHeil 4vacTu Konb6bl, Katod 3 BO/b-
bpamMoBbIli, MOKPLIT C/0EM OKcMAa. B MOLWHbBIX rasoTpoHax Katoh nome-
LaeTca BHYTPU UWINHOPWUYECKOrO 3KpaHa ANAA YMeHbLeHUsA TennoBbIX
notepb. [lnsa pasorpesa Katofa OH BKJ/IIOYAETCA Ha HWU3KOe HarnpsXeHwe
Hakana, BeIMYMHa KOTOPOro coctasnseT 2,5 B npu pTyTHOM HamnosHEHUN
n5 B npu 3anonHeHMnM 6annoHa WHEPTHbIM rasoMm. bosiee BbICOKOe Hanps-
XeHue Hakana HefonyCcTUMO, TaK KaK MOXeT BO3HUKHYTb Ayra mexay
KOHUaMu Katoga. VoHusaums rasa Wanm napoB PTYTU MOXET MPOU3ONTHU
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npy HanpsHXXeHWW, 3HAYUTEe/IbHO MEHbLUEeM MOTEHLMANa 3aXuraHma nog
JelicTBMeM noc/fefoBaTe/lbHOrO CTyneH4YaToro BO36GYXXAeHWs aTomoB. Ta-
KMM 06pa3oM, TOK Hakajna oKa3sblBaeTcAa 60nbWIMM (amnepbl U [ECATKU
amnep), 3Ha4YnUTeNbHO 60/BLWINM aHOAHOro TOKa, BPEMSA pa3orpesa Katoja
coCTaB/IfieT OT HECKONIbKUX MUHYT [0
OBYX-TpeX [eCATKOB MUHYT.
n3 “A ) C nosblleHNEM aHOAHOIo HanpsXXeHus
me /N OT HyNa B rasoTpOHe BO3HWKAaeT HebOsb-
1 IO/ 3NEKTPOHHbLIV TOK, KaK MU B BaKyyM-
HOM Anofe, TaK KakK 3/1eKTPOHbl B c/llabom
| 3NIEKTPNYECKOM MOfie rMepemeltaroTcs oOT
1 KaTojga K aHody C Manoii CKOpOCTbio, He-
j JOCTaTOYHOM ANA WoHM3auMKM rasa. IToOMy
-| pexxnmy paboTbl COOTBETCTBYET HayasbHbIN
j y4acTOK BO/IbTAMMEPHOI XapaKTepuUCcTUKK
! ! (puc. 159). Mpwn nNoBbIWEHUN aHOLHOrO Ha-
il | NPSXXeHNa [0 3Ha4yeHUs, PaBHOro rMOTeH-
s\Wr / uwany 3axwuraHums Ua, anekTpoHbl nog
[JelicTBMEM 3/1eKTPMYECKOro nofs passu-
Puc. 159. BonbTamnepHas xapak- BalT CKOPOCTU, AocCTaTo4dYHble /1A BO36¥)K-
TepUCTnUHa ra3oTpoHa r
JeHVs M WOHM3auMM aToMOB rasa wum
napos pTyTu, T. €. B npubope Hay-
HeTcA npouecc MOHWM3aUMKM rasa, BCNeACTBME 4Yero obpasyeTtcsa naasma um
BO3HMKaeT AYyroBol paspaf. HanpsxeHue aHoga rasoTpoHa Mnpwu ero 3a-
XUTaHUN HECKOSIbKO YyMeHbluaeTcss Ao pa6ouero HanpsxkeHus Up, nocne
Yero OcCTaeTcA TMOYTM Heu3MeHHbIM MPU M3MEeHeHWU TOKa B ra3oTpPOHE.
MageHe HaNpsXeHUA Ha OTKPbITOM ra3oTPOHe COCTOUT W3 MafeHus
B6NM3N aHofa, B nniasme M BO6NM3N KaTtoga, KOTOpOe Bcerga 3HauymTesibHO
60/bLUe MepBbIX ABYX U cocTasnseTr 10-;-20 B. YBennmueHue aHOLHOrO TOKa
60/blle MaKCMManbHOro 3Ha4YeHWs HegoNMyCcTUMO, TakK KakK Mpu 3TOM YyBe-
NNYunBaeTCca nafjeHue Hanps>XeHWa BO6AM3M KaTofa M TSHKesnble MOM0XKU-
TeflbHble MOHbI C 6GOMbLUIOW CWUOW yAapsloT B KaTof, B pe3ynbTaTe 4yero
paspyLluaeTcs akKTUBHbIA CMNOM W rasoTPoOH BbIXOAUT M3 CTPOS.
HepoctaTkoM rasoTpoHOB siBAseTcA 6onblias YyBCTBUTE/IbHOCTb K W3-
MEHEHUIO HanpsXXeHUA Hakana, KOTopoe fonyckaetca B npegenax -HO
M —5% OT HOMWHaNbLHOro. MNosbileHNE HANPAXeHUA HaKasna Bbllle HOMU-
HanbHOro BefeT K pacnbl/IEeHNI0 KaToga W yMeHbllaeT CPOK paboTbl rasor-
poHa. MNpu HanpsH>KeHUU HaKana MeHbLUe HOMMUHA/bHOIO CHUXaeTca TeMm-
nepatypa kKatofja W YMEHbLUAETCA CKOPOCTb 3/IeKTPOHOB, BbIJIETEBLLUUX U3
KaTtoga, B pe3ysibTaTe Yero yBe/iMnymMBaeTCAa KaTOLHOe MafeHue Hanps>KeHns
M YMeHbLUAeTCa [OMYCTUMbIF MakKCMMalbHbIA TOK, T. €. paspylleHune Ka-
Tofa Ha4yYMHaeTcs MNpu MeHbLIEM aHO4HOM TOKe. PaspyweHune KaTtoga
TakXe 6yAeT NPOUCXOAUTb, €CNM BKAKOUYUTb Harpysky MNpu HeAoCTaTOYHO
HarpeTom katofe. [103TOMy nepej BK/AOYEHUEM Harpysku Katof OOJKEH
6bITb MPOrpeT N TeYyeHMe BPEMEHS, YKa3aHHOT0 a NacrnopTHbIX AaHHbIX iaju-
TpOHa.
HoBble ra3oTpoHblI Mepes WX BK/AOYEHWEM MOABeprawTCca Mporpesy
C MasblM aHOAHbIM TOKOM (KecTyeHWI0) ANA yAaneHUs HaneTtoB U NATEH,
KOTOpblE MOTYT 0Ka3aTbCs Ha 3M1eKTpofax npuv Npou3BOACTBE rasoTPOHOB.
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Mpn HaMoMHEHWX napaMu PTYTU Ta30TPOHbI WMET 6ONbLUMIA CPOK
CNyY>X6bl, YeM MPU HaMO/IHEHUMN WHEPTHbIM Fa3oM, HO MPW PTYTHOM Hanos-
HEHUW Ta30TPOHblI 60see YYBCTBUTENbHbI K W3MEHEHUK TemnepaTypsbl
OKpY>XaloLLed cpepgpbl.

§ 116. TupaTpoH

TupaTpoH OTAMYaeTCcs OT rasoTpoHa HalM4YMeM TPeTbero 3fieKTpoga —
KW, KOoTopas ynpaBnseT MOMEHTOM 3aXWraHus Ayru. B CTEKASSHHOM
6annoHe TupaTpoHa (puc. 160), HaNO/MIHEHHOM CMECbl0 MHEPTHbLIX ras3os,
nomewjaloT aHoA 2, KaTof 5 v ceTky 3. Ha pucyHKe M306paxeH TUPaTpPoH
C KOCBEHHbIM Hakanom (mogorpesaTesb 4), XO0TS 4acTO TUPATPOHbI AenaT
C NpsiMbIM Hakanom. KaTof OKpyXXeH MeTalIMyeckumM 3KpaHoMm 6, KoTopblii
NCK/I0UYaeT BO3MOXHOCTb BO3HUKHOBEHUS
3/1eKTPUYECKOTO MONs MeXAy aHogoM U
KaTtoAoM MOMUMO CETKWU. B BepxHei uactu
9KpaH 3aKpbIT AUCKOM C OTBEPCTUSMU. Bbl-
BoA aHoda 1 HaxoauTcs B BepxHeil uactu
6annoHa, BbIBOAbl KaTofa U ceTKU [ — Ha
LLOKOJie, B HWXHel dacTu 6annoHa.
B oT/nvumMe OoT BaKyyMHOro Tpuoja B
TMpPaTPOHE M3MEHEHMe MoTeHUMana CeTku
He BNINSAET Ha aHOAHbIV TOK, a CMeLjaeT Mo
MEHT 3aXXUraHua npuéopa, T. €. MOMEHT 06
pasoBaHua Aayru. [locne 3axuraHus Tu
paTpoHa ceTKa TepsieT ynpas/sioliee Aei
CTBME W MoracuTb Ayry, T. e. 3anepeTb W
paTPOH, N3MEHSIS MOTeHLMan CeTKN, Henb3s
Ha pwuc. 161, a usobpaxeHa aHOA4HO
ceToyHas  XapakTepucTuka TuUpaTpoHa

~ T
|
-Uc \]
a3 a) Ve
Puc. 160. TMpaTpoH C HakafibHbIM Puc. 161. XapakTepuCTWKMN TupaTpoHa:
KaToZoM V1 ero yc/0BHOe 0603HaueHme: a —eaHoAHO-ceTouHas, 6 — nyckosas

/ — BblBOJ, aHoAa, 2 — aHof, 3 —«CeTKa,
4 ~ noporpesaTenb Katoga, 5 — kaTtog»
6 — aKkpaH, 7 — BbIBOJ CETKMN
Mpn poctaTtoyHo 60N1bLLIOM oTpuuaTtenbHOM Hanpsa>XeHMM Ha CeTKe OT-
HOCUTENIbHO KaToda 23/1eKTpu4yecKoe nmnojsie Mexay ceTKoW n KaTo-
oM, Hanpas/ieHHOe BCTPeYHO OCHOBHOMY T[MOJIKO TUPATPOHa, 6y,IJ,ET npe-
NATCTBOBaTb ABUXEHWNIKO 3/IEKTPOHOB K aHOAY WU aHO,lJ,HbIﬁ TOK 6y,qu paBeH
Hynw, T. €. TUpaTpoH 3anepr. I‘Ipm YMEHbLUEHNUN OTpUUaTe/IbHOIo Ha-

223



NPs>KeHNsa CeTKM L0 HEKOTOPOro 3HaYeHWs B aHOAHOW Lienun NOABUTCH O4YeHb
Heb6ONbLWON TOK, KOTOPbIA C YMEHbLUeHMEM OTPULATEIbHOINO0 HanpPsH>XeHUs
CEeTKM MNOCTerneHHO YBE/IMUYMBAETCHA, KaK B BaKyYyMHOM Tpuoge. MNMpn yMeHb-
LIEHMN CETOYHOrO Hamnps>KeHWa OO0 HEeKOTOpOoro 3HaydeHua £/, CKOPOCTb
OBVKEHNA 3/1eKTPOHOB CTAHOBUTCA [AOCTAaTOYHOW [fN1A WOHWU3aLMU rasa,
BO3HMKaeT pgyra wn ob6pasyeTca nnasma, T. e. TUPATPOH OTKpbIBaeTcH
3axunraHue TuUpaTpoOHa COMPOBOXAAeTCA CKaykoo6pasHbIM YBENNYEHUEM
aHOAHOro TOKa A0 BeNMYMHbI, 3aBUCALLEN OT aHogHOro HanpsbxeHus Ua
M CONPOTUBMAEHUSA Harpysku /?,. llocne 3axumraHua Ayrn aHo4HbIA TOK
He 3aBUCUT OT HanpsXXeHns ceTku. Ecnu Ha ceTKy nogaBaTb MOMOXUTENb-
Hoe HanpsixeHue -fUC, To ee noTeHuman GyAeT KOMMEHCUPOBAH 3/M1EKTPO-
Hamun ” oTpuuUaTeNbHbIMW WOHaMU, OKpyXawwumm ceTky. lNpmn oTpuua-
TelbHOM noTeHumane ceTkm — UC oH KOMMEeHCUpyeTcs MON0XUTENbHbIM;!
MoHamn. Takum obpa3om, ceTKa TepseT CBOe yrnpaBnsloliee [AericTBUE W©
3anepeTb NaMny MOXHO, NNLWb YMEHbLIWNB aHOAHOE HanpshkeHWe A0 HYNS.
Ona orpaHnyYeHWs CeTOYHbIX TOKOB B LeMb CETKW BK/AKYAeTCA COMPOTMB-
neHne 17-100 kOwm.

MNpy HEKOTOPOM HAaMPSHXXEHUU MeXAy CeTKOM U KaTo4OoM 3aXuraHuve
TUpaTpoHa MNPOUCXOAUT NPWU ONpeAeneHHOM Hanps-
XEHUWN aHoda, PaBHOM HaMPSHXKEHWUI0 3aXHraHHSA
Ut=Ua Takum o06pasom, U3MEHSS HanpsKeHue
CeTKW, MOXHO perynmpoBaTb aHoOA4HOe Hamnpsxe-
Hne {/,=£/,, Npn KOTOpOM BO3HWUKaeT gyra. Kpe-
Me noTeHUMana CeTKM, Ha HanpsXeHwe 3axwura-
HUA £/, BAUseT pfaB/ieHUe BHYTPW 6annoHa, TeMm-
nepatypa OKpy)Xaluieii cpefbl, TOK Hakana, co-
NPoTMBMEHNE Lenn ceTKU n gpyrue dakTtopbl. [lo-
3TOMY MpW OMpefeneHHOM Hanps>XeHUN Ha CeTkKe
3aXnUraHme TMpaTpoHa MOXeT NMPOU3OWTU MPU aHoA-
HOM HanpsbkeHun U3 umelowiem 3HauyeHus B rpa-
Huyax ot U3min go M 35ax, n nyckosas xapakTe-
puctnka TupatpoHa (puc. 161, 6) npuBoAuUTCA B
Bnae ob6nactn, nexawiei Mexagy KpusbiMn /% .-

N MaTax-
BonbTamnepHas XxapakTepucTmka TupaTpoHa
Ut=f(la) nmeetr Takoit Bua, Kak My rasoTpoHa.
TUpaTPOHbl MPUMEHSAIOT B PeryjinpyemMbiX Bbl-
npamMmnTensax, npeobpasoBaTensax MNOCTOA UWHOrO TcC-
IIIII Ka B MNepeMeHHbIi (B MHBepTOpax), B CXxemax aB-
TOMaTUYeCKOro peryinpoBaHUs, yrnpas/eHWUs, 3a-

Puc. 162. Tupatpon ¢ WWATBL 1 T. A.

XO0NOAHbIM  KaToAoM WU TupaTpoH C XONOAHbLIM KaTOAOM SAB/AAETCA WOH-
€ro ycnosHoe o6osHaue-  HpIM NMPMOGOPOM C TNewWMM paspsagom. TakowW Tu-

Hue: paTpoH npeAcTaBnsieT coGoV CTEKNSIHHbLIA 6anfoH,
fanon 2 T YT 3anonHEHHbIN CMEChIO MHEPTHBIX Fa308B (aproH-HEOH,

aproH-rennii n ap.). BHyTpm 6annoHa nomewiaroT-

CA 9NeKTpPOAbl: aHoph, Karto4 W ceTku (puc. 162).
Mpu nojaye ToKa MEXAY CETKOW M KaTofom HanpsixeHus UC BO3HU-
KaeT afleKTpuyeckoe rnose, noj AelicTBMEM KOTOpPOro obpasyeTca Hauvalb-
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nas MOHM3aLMA 1 NOSABAAETCA TUXMIA NN TeMHbI pa3pag. Ecnm Ha ceTky
6yfeT nofaH MONOXWUTENbHbI WMNYAbC HaMNPsXeHuUsa, TO TOK B LEMH
BETKMW YBENMUNTCA W TUXUA paspsag Mexay KaTtogoM W CEeTKOW nepexoauT
B TNeOWMii. Mpn HanpskeHUU Mexay aHogom m katogom Ua, goctatouHom
ANS nogfepxaHusa paspsaga, Thewwnin paspag nepebpacbiBaeTca Ha aHof,
, loce 4Yero TMPATPOH 3aXWUraeTcsa W ceTKa nepecTaeT BAMATb Ha TOK TU-
paTpoHa. 0na raweHWs TupaTpoHa aHOAHOE Hamnpsh>KeHWe [O/IKHO ObiTb
lyMeHbLEHO TaK, 4T06bl OHO CTasio HWXXe paboyero HanpsXeHUS.
JOCTOMHCTBAMM TMPATPOHOB C XOJIOAHbIM KaTOAOM SABAAKTCA Masble
rabapmTbl U Macca, 60MblINe MeXaHW4Yeckass MPOYHOCTb U CPOK CAYXObI,
OTCYTCTBME HakKana, LWUMPOKWIA pAnanasoH pabo-
ynx TemnepaTtyp (—60-~+ 100°C). HepocTaTok
TUPaATPOHOB C XOJIOAHbIM KaTogoM — HecTabub-
HOCTb WX XapaKTepucTuk.
OHM NPUMEHAITCA B CXemax aBTOMaTUKMU,
, YNpaBneHnsa 1 3aWnTbl KaK 6eCKOHTaKTHble pefe.

§ 117. PTYyTHble BEHTUMN

Pa6boTa pPTYTHOro BEHTWU/SA OCHOBaHa Ha WC-
Mo/b30BaHUWN aBTO3NEKTPOHHOMN 3MUCCUN U NOHU-
13aumMn naposB PTYTU. OTU BEHTUIN OTHOCATCA
K rnpunbopam ¢ CaMOCTOATENIbHLIM [YrOBbIM pas-
pPAAOM U MPUMEHAIOTCA B BbINPAMUTENAX 60/b-
LIOM MOLLHOCTM MPU TOKaxX A0 HECKONbKUX Tbl-
CAY amnep U Hanps>XeHwmax Ao 15 KB wn Bbliwe. i
MpocTeiwnii ogHodasHbIA  PTYTHBLIA  BEH-
mTuab  (puc. 163, @) MMeeT CTEeK/ISIHHYIO Ko/by,
| n3 KoTopoW BblkayaH BO3A4yX. B konby nome-
H lleHbl ABa CTajbHbIX WM rpaduToBbIX aHoga
I At m J1,. HwxXHAa 4acTb KO6Gbl 3amnosiHEHA
| pTyTbio, KOTOpas CAYXWUT KaTogoM. B HmxHen
| yacTn kKaToga BMasiH CTEKAAHHbLIA OTPOCTOK, 3a-
{ NONHEHHbIA PTYTbI U ABNAKULMNACA aHOAOM 3a- 6)
1 xXuraHums. Puc. 163. MpHHUMNH-
Ana 3aXuraHua BEHTUNA BKAKOYAKOT B CETb  anbHas cxema pPTYTHOro
\ OCHOBHOI W BcrioMoraTebHbIA TPAaHCOPMATOPbLI  BLIMpAMUTeNns (a) U yc-
I TpO n Tpn,3ambikaloT py6UNbLHUK A, U Hakno-  noBHN QATp~ H6)eH/EB
HAT KONGyY Tak, 4To6bl PTYTb aHOfa 3aXuraHus
A9 coegnHnnack ¢ katogom. Mpun 3TOM NoA AelicTBMEM HanpsXeHWUs BTO-
pUYHOIi 06GMOTKM BCMOMOraTesbHOro TpaHcopmatopa TpPLU B Uenn aHoga
A3 un katoga npoxoauT TOK.
Mpu BO3BpaweHUN Konbbl B WMCXOAHOE MOJIOXKEHUE KOHTaKT "Mexay
I pTyThio aHosa A9 u kaTtoga paspbiBaeTcs M o6pasyeTca aneKTpuueckas
Ayra, a Ha pTyTU KaTofa BO3HUKaeT HebGO/MbLIOE CBeTALW,eecqd MATHO, UMe-
| towee o4yeHb BbICOKYK Temnepatypy. [log BosgeicTsmem Tenna pTyTb
ncnapseTtca v B6/M3N PTYTU Katofa co3faeTcs 3/eKTPUYECKoe rMose CToNb
* BbICOKOI HaMpPSXEHHOCTW, YTO OHO BblpbiBaeT CBOOGOAHbIE 3NEKTPOHbLI C
NOBEPXHOCTU PTYTU, T. €. BO3HUKAeT aBTO3/IEKTPOHHaA (UIN 3NeKTpo-



cTaTuyeckasl) 3MucCMA. SNEKTPOHbI, BbINETEBLIME M3 KaTofa, Hamnpas-
nawTesa K aHogy (J1! mam J1,), KOTOPbIA MMeeT NOAOXUTENbHbIA NOTeHLUWan
Mo OTHOLUEHWIO K KaTtogy. Ha cBoeM NyTu 3MeKTPOHbI CTasKMBAKTCHA O
MOJIeKy/laMU NapoB PTYTU U MOHH3VPYIOT UX, T. €. OTAENSAKT OT HUX 3/1eKT-
POHbI 1 06pPasyloT MOMOXKUTENbHbIE WMOHbI, KOTOpPble YyAapsalT O Kartog w
noAfep>XXmearoT TemnepaTtypy KartoaHoro natHa. lpwu usmMeHeHUW 3HakKa
noTeHuMana Ha aHofe BCNeACTBME W3MEHEHUA HanpsXXeHWs BTOPUYHOWN
06MOTKM OCHOBHOTO TpaHcpopmatopa Tpa ayra B Konbe nepe6pacbiBaeTcs
Ha [PYro aHof, KOTOpbliAi B AaHHbIA MOMEHT WMeeT MNOSIOKUTENbHbIN
noteHuman, T. e. Ayra COeAVMHAET KaTof MOOYEPEAHO C KaXAbIM aHOAOM.

Tak Kak Temnepatypa KaTO4HOro nsTHa BbiCOKas, TO AaBfeHuWe na-
pOB PTYyTU B KOM6e BEIMKO W A1 MNOBbILLEHUS A0MYCTUMbIX 06pPaTHbIX
Hanps>KeHW aHoAbl NMOMELLaTCA B Y3KME OTPOCTKM — pora ¢ TeM, 4ToObl
NOBbICUTb WHTEHCMBHOCTb OXJIAXAEHUA W TMOHWU3UTbL [JaBfieHUe NapoB
pTYyTM B6M3M aHopa. B npouecce paboTbl BEHTWAS Ha BHYTPEHHel Mo-
BEPXHOCTM POroB ocefalT MNapbl PTYTH, SABASAKOLLNECA HOCUTENAMU OTPU-
LaTenbHbIX 3apA40B N UTrpalLle posib CETKU C OTpuULAaTe/IbHbIM 3apsAoM.
3Tn 3apsagbl NPenATCTBYHOT 3aXUraHWK Konbbl, NoBbias noTeHuman 3a-
XUraHusa. 4na KoMreHcaumm aTUX oTpuLaTeNbHbIX 3apaf0B Ha pora Konobl
HafeBalOT «MaHXETbl», COeAWHEHHble C aHoAaMW, TaK 4YTO NPU MONOXKU-
TeNlbHOM TMOTeHUMane aHofa «MaHXeTa», COeAVMHEeHHas C 3TMM aHoAoM,
6y,u,eT UMETb TaKXXe TMOJIOXKUTENbHbIW noteHuwman.

Momumo paboumx aHogoB At M At pTyTHble BEHTUAM MOTYT MMeTb
elle BCriomoraTesibHble aHOAbl, KOTOpPble MPH BK/KYEHUN BEHTUMIS 3aXW-
raloT Ayry v nogAep>XuBakwT ee MpU CHATUU Harpysku. Takue BEHTUIU
Ha3blBAOTCA 3KCUTPOHAMH U YCNOBHOEe 0603HayYeHMe UX MNoKa3aHO Ha
puc. 163, 6. Ymncno paboumx aHOAOB IKCMTPOHA MOXET 6bITb 3 ” 6.

B HacTosiliee Bpems BMECTO XPYMKUX CTEKNSAHHbLIX KONG MPUMEHAOT
MeTan/InyecKrue, KOTOpPble MOTYT MMETb KaK BO34YLIHOe, TaK W BOASHOE
oxnaxgeHue.

PTYTHbIA BEHTWU/b, HE NMEKOLWMIA BCOMOraTesibHbIX aHOA40B BO36YXAe-
HWA, Ha3bIBaeTCA UTHUTPOHOM. [loMMMO aHoAa WM KaToAa WUrHUTPOH
CHabXeH 3amraTesieM, KOTOPbI WCKPOW 3aXXWUraeT AYyry B Haydasie Kax-
[Oro MNOJIOKUTENBHOrO Monynepuofa MepemMeHHOro HanpsXkeHusa. WrHu-
TPOH COCTOMT H3 MeTa//INYeCcKOro Kopnyca C BOAAHbIM OXNaXAeHUEM,
BHYTPU KOTOPOro pacrnonaralT rpadduToBbii aHOA, PTYTHbIA KaTtog U 3a-
XuUraTtenb H3 Kapbuaa 6opa. [LoCTOMHCTBA UTHUTPOHA — Masble rabapuTsl,
BbICOKMI KnA, Hebonbwoe nageHne HanpsbkeHusa (154-20 B).

BonbTamnepHas XxapakTepucTuka PTYTHbIX BEHTW/EN nogobHa Xxapak-
TEPUCTUKE Tra3oTpOoHa.

e § 118. ®0OTO3/IEMEHTbI C BHEWHUM POTOIPHEKTOM.
®OTOYMHOXUTENN

®OTO3NEMEHTOM Ha3blBaeTCA 3/IeKTPOBaKYYMHbI, MOAynpo-
BOAHMWKOBbIA WM NOHHbIA Npubop, B KOTOPOM BO34eACTBUE NYUUCTON 3HEp-
MM OMNTMYECKOro fuarnasoHa Bbi3blBaeT W3MEHEHME €ero 3/1eKTPUYECKUX
CBOWCTB.

BHewHNIN ¢oToachdpekT mnAnm OTO3/IEKTPOHHAsA 3MUCCUS 3aK/4vaeTcs
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B TOM, 4YTO MCTOYHWUK WU3NYYEHUSA COOOLLLaeT 4YacTW 3NEKTPOHOB BELLLECTBA
OOMOJTHUTENbHYH 3HEPrHIO, A0CTAaTOYHYK [ANA BbIXO4a WX W3 AaHHOr0
BellecTBa B OKpyXakwuwyk cpefy (B BaKyyM WIM pa3pexeHHbId ras).
B BaKyyMHbIX WAN 3NEKTPOHHbLIX (DOTO3/IEMEHTaxX ABMIKEHWE 3/1IeKTPOHOB
NnPoOuUCXoAuT B BaKyyMe, B ra3oHamno/IHEHHBLIX WIN MOHHbLIX (DOTO3NEMEHTAX
3/IeKTPOHbI  NepeMeLLarTcs B

paspeXXeHHOM rase u WOHU3U-

pylOT aTtombl rasa.

dOTO3/1IEMEHT C  BHELUHUM
chotoacpdpekToM (puc. 164, a wn
0) WMeeT CTeKNAHHYIO KO-
6y 2, B KOTOPOIi co3A4aH BaKyyMm
(B BaKyyMHOM (0OTO3/IEMEHTE)

WM nocne OTKayku BO3ayxa

Konba 3amnofiHeHa pPa3pexeH-

HbIM razom (aproHom npu HU3-

KOM faB/ieHUN — B MOHHbIX (po-

ToanemeHTax). BHyTpeHHAA no-

BEPXHOCTb KO/ObI, 3a UCK/OYe-

HMemM HebONbLUIOr0 «OKHa» A/

NPOXOXAEHNA CBETOBOro MOTO-

Ka /, NoKpbITa poToKaToAom J,

KOTOpbIAi nNpeAcTaBnseT cobow

cnoii cepebpa (noanoxka), Ha

KOTOpbIA HaHeceH MOayrnpoBoa-

HWKOBbIA CNOA OKUCK  Le3ns.

AHog 4 choTosnemMeHTa MU3roToOB-

NAT B BUAE KOJbLa, YTOObI OH a)

HE mperpaxpan nyTb CBETOBO-  p,¢c 164, doToaNEMEHT C BHELLHUM thoToapchek-

My noToKy K Kkatogy. Konb6a TOM U1 €ro Yc/0BHOe 0603HayeHue:

nomeulaeTcsd B MaacTtmMaccoBOM a — Cxema BKMYeHus, 6 — BHewHuid «ug; / — cee-
< TOBOl MOTOK, 2 — KonbGa, 3 — cpoTokaTof. 4 — aHop,

Lokone 5, B HWXHeW 4actu 6 — ULOKONb, 6 — KOHTaKTHble LITbIPK

KOTOPOr0 HaxoAATCs KOHTaKT-

Hble WTbIPbKM 6 ¢ BbIBOAAMW OT aHoga M Katoaa.

Mopa neicTBMEM NpPUNOXeHHOro HanpskeHus U MCTOUHMKA NUTaHUS
MeXAy aHoA4OoM M KaTogoM (hoTOoaneMeHTa CO3[aeTcs 3/MeKTpUYeckoe rnorne,
M 3M1EeKTPOHbI, Bbl/leTaloLLMe C OCBELLEHHOM MOBEPXHOCTW KaToja, Hanpas-
NATCA K MOJIOXKUTENbHO 3apsXXeHHOMY aHoay. Takum o6pas3om, B LenH
yCTaHOBUTCA (POTOTOK /d) 3aBMCUMOCTb KOTOPOro OT CBETOBOro notoka &P
NpyY HEU3MEHHOM HamnpsHXeHUU UCTOYHUKa nuTaHusa (/*=/(®d)) Ha3biBaeTcH
CBeTOBOW XapaKTepuUCTUKOW. B uvOHHOM ¢OTO3NEMEHTE
3N1EKTPOHbI MOHU3NPYIOT aTOMbl rasa W yBeMYMBAKOT MOTOK 3/1EKTPOHOB,
T. €. YBENMUMBAOT TOK (POTO3NEMEHTA, MOBbILLIAA €ro 4yBCTBUTENIbHOCT.

®0TO3NEKTPOHHAA 3MuUcCUS M PUTOTOK (POTO3NeMeHTa 3aBUCAT OT
ONMHbI BO/IHbI CBETOBOF0 WU3NYy4YeHUs, MO3TOMY MOMUMMO CBETOBOW YYyB-
CTBUTENbHOCTM (POTO3NIEMEHTbI XapaKTePU3YTCA CAEKTPanbHOW 4yBCT-
BUTE/IbHOCTbIO.

AHOZHble BOMbTaMMEpPHbIE XapaKTepUCTUKU (OTO3NEMEHTOB MOKas3bl-
BAlOT 3aBUCUMOCTb (DOTOTOKA OT MPUJIOXKEHHOIO K 3aXmmam poTo3/leMeHTa
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HanpsHXeHUs NMpu HEM3MEHHOM CBETOBOM MOTOKe, OcBeljaroliem doTokaTon,

T. €. npu tD=const. ¥ 31eKTPOHHOro ¢oTo3/leMeHTa (IOTOTOK

CHayana 6bICTPO pacTeT NpU yBeNNYEHUU HaMNpPsXeHWUs, a 3aTeM pPOCT ero

3amefnsAeTca W, HaKoHel, MOYTW COBCEM MNpeKpau,aeTcs, T. e. HacTyrnaeTt

pexnm HacbiweHus (puc. 165, a). Ana MOHHbIX POTO3/MEMEHTOB aHOAHas

BO/iIbTaMMepHas xapakKTepucTmKa nocne ropum3oHTasbHOro y4vactka (3/1eKT-

POHHbIV TOK) MOAHUMAETCH BBEPX BCAEACTBME MOHM3aUMKM rasa (puc. 165, 6).

B npouecce paboTbl ¢o-

TO3/IEMEHTOB UX MapameTpbl

CO BpPEMEHEM W3MeHAKTCS,

T e. MNposABnsieTCcA CBOWCTBO

X «yToMasemocTu». O6bIYHO

POTO3NEMEHTLI  UCMOb3YHOT

COBMECTHO C  1laMroOBbIMM

WA  TPaH3UCTOPHbLIMU YCU-

nUTENsSMM BCcNeAcTBUE Masno-

ro 3HayeHuss OTOTOKa, KO-

Puc. 165. AHofHble BoO/ibTaMMepHble XapaKTepuc- TOPbI MOXET GbITb MONYyYeH

TUKN (DOTO3/IEMEHTOB: OT (poTo31eMeHTa.

a8 — 3N1eKTPOHHOro, 6 — MOoHHOro Hapsagy ¢ poToanemeHTa-

MU CYLLEecTBYIOT (DOTO3/EKT-

POHHbIE NPUNGOPLI C YCUNeHNneM DOTOTOKA, Ha3biBaeMble (DOTO3NEKTPOH-

HbIMWU YMHOXUTENAMU. 3TN NpMoopbl ¢ BHELWHUM (OTO3N(EKTOM,

B KOTOPbIX (POTOTOK YyCUMBAETCHA NOA AEeACTBMEM BTOPUYHOM 3/1€KTPOHHOM

amMmccmun. B cTeknsiHHOM 6annoHe Kpome ¢hoToKaTofa M aHo4a PacrnosiokeH

PS4 BTOPMUHBLIX 3MMUCCUOHHbLIX KaTogoB (puc. 166, a n 6), NMOBEPXHOCTb

KOTOPbIX MNOKPbITa 3MUCCMOHHLIM COCTaBOM. Mexay 3TUMU 3MUCCUOHHBLIMUN

KaTtogaMun MMeeTCHa pPasHOCTb MOoTeHUWanos npumMepHo 100 B, nosbiwasch

no Mepe yganeHumsa oT poTokaToga K aHogy. pu ocseweHun choTtokartoga

Bbl/ieTalOLLMe C ero MOBEPXHOCTU MepBUYHbIE 3/IEKTPOHbI MOf4 AeNCTBUEM

3NEKTPUYECKOro MOAS MeXAYy KaToAOM W 3MUCCUOHHbLIM KaToAOM — 3IMWUT-

TepoOM BTOPWUYHbLIX 3/1EKTPOHOB MEPBOr0 Kackajga C 60/bLIOA CKOPOCTHIO

YCTPEM/IAKOTCA Ha 3TOT SMUTTEP U BbIGMBAKOT C €r0 MOBEPXHOCTU BTOPUUHbIE

3M1eKTPOHbI, YMC/I0 KOTOPbIX B HECKO/ILKO pa3 60sblle yncna 31eKTPOHOB,

nonasLWnX Ha aMUTTEpP MNEPBUYUHbLIX 3/IEKTPOHOB. oA AelACTBMEM 3/1EKTPU-

YEeCcKOro rnons Mexay sMUuTTepamMm MepBOro M BTOPOro KackagoB 3/1eKT-

POHbI, BbIJIETEBLUME C MEPBOr0 aMmUTTepa C 60/bLWION CKOPOCTbIO, yaaps-

I0TCA O BTOPOW 3MUTTEP U BbIGMBAKOT C €ro MOBEPXHOCTU BTOPUYHbIE 3/1EKT-

POHBbI, YNC/I0 KOTOPbIX TaKXe B HEeCKO/IbKO pa3 60/blue Ynucaa 3N1eKTPOHOB,
OKa3aBLMNXCA Ha HeM.

YBeNMYEHHbIA MNOTOK BTOPUYHbLIX 3/IEKTPOHOB C 3MUTTepa BTOPOro
Kackaja nonajaeT Ha 3MWUTTeP TPeTbero Kackaja, YCU/MBaeTCcs 3TUM U
YyeTBepPTbIM KackajaMu W JocTuraeT aHoga (POTOYMHOXWUTeNs.

Taknm o6pa3oM, B (POTOYMHOXWTENe MPOUCXOAUT MHOrOKoaTHIe
YBE/INUEHNE 4uCNa BTOPUYHbIX 3/IEKTPOHOB, T. €. YycwuiaeHue ' ¢oTo-
TOKa.

D OTO3MNEKTPOHHbIE YMHOXUTENN MNPUMEHAOTCS AN M3MEPEHUS OYEHb
MaJsiblX CBETOBbIX MOTOKOB (40 10~* NHOMEH) W BbIXOAHOW TOK UX He MpPeBbl-
WwaeT HEeCKOMbKUX [ECATKOB MuUaamMamnep.
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§ 119. ®0OTO3/N1€MEHTbI C BHYTPEHHUM (OTO3HEKTOM
M C 3anuparLliumMm cnoem

BHYTpeHHNI (hoToahdhekT 3akayaeTcs B TOM, YTO UCTOUYHUK M3Nyde-
HVSA CBETOBOW 3HEPrMW BbI3blBAET YBE/MYEHWE 3HEPTUM Yy 4acTU 3/1eKTpo-
HOB BellecTBa, MOHM3aLUIO aTtoMOB W o6pasoBaHUE HOBbLIX HOCUTENEN
3apsfoB (3/1EKTPOHOB W [AbIPOK), BCMEeACTBME Yero ymeHbLUaeTcs 3/1eKT-
puYeckoe COMPOTMBNEHWE OCBELLLAEMOro Martepuana. Ecnv npu BHewHeM

dhoToadhhekTe 3NEKTPOHbLI MOKMAAKT npefefbl OCBEL,aeMOro BeLlecTBA. TN
npu BHYTpPeHHeM hoTo3ahdekTe OHM OCTalTCA BHYTPW BelLecTBa, YBeINYM-
Bas KO/IMYECTBO HOCUTENEN 3NeKTPUUYECKUX 3apsanfoB.

dOTO3/1EMEHTbI C BHYTPEHHUM QOTO3(PPEKTOM HasblBalOTCA P OTO -
pesncTtopammn (dotoconpoTueneHusiMu). OHU MpeacTaBNAT coboii
nosynpoBOAHUKOBbIE MPUOBOPbLI, 3NEKTPUYECKOE COMPOTUBNEHNE KOTOPbIX
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pe3Ko u3MeHseTcs NOA [AeNCTBMEM najalollero Ha HWUX CBETOBOro M3Ny-
yeHua. B KauvecTBe NONYNPOBOAHWKOB MPUMEHSAIOT CEPHUCTbIN  CBUHEL,
(cboTopesnctop PCA), ceneHng kagmusa (dpotopesnctop ®CL), CepHUCTbIN
Kagmuii  (cpotopesHcTtop PCK). doTopesuctopbl PCA MpPUMEHAIOTCS B
MHpaKpacHoW, a ocTanbHble — B BUAMMOIM obnacTu cBeta. YyBCTBUTENb-
HOCTb (DOTOPE3NCTOPOB 3HAYNTENbHO Bbille YYBCTBUTE/IbHOCTU (DOTO3/IEMEH-
TOB C BHeWHUM (PpoTO3pheKTOM, TaK UYTO B psfe YCTPOMCTB hOTOPE3NCTOPLI
3aMEHSAIOT paHee MCMo/ib3yemble (POTO3IEMEHTbI C BHELUHUM (POTO3hhEKTOM.

tpp | /c

Pnc. 167. ®oTopesucTop:

a — CXeM* yCcTpolicTBa. 6 — CXema BKJ/IIOUEHMsS LW YC/I0OBHOE 0603HBUenmne @P, «
BONbTaMMepHas XapakTepuctuka; 7/ — NAacTUHKa, 2 — Cnoil MonynpoBofHuMKa, 3 —
971eKTPOABI

doTopesncTtop npeacTasnseT coboir (puc. 167, c) CTEKAAHHY nna-
CTUHKY 1, Ha KOTOpYlO HaHeceH TOHKWIA cloli NMonynpoBoAHMKA 2, MOKPbI-
TbIi MPO3payHbIM NaKOM AN 3aWMTbl OT MEXAHWYECKUX MOBPEXAEHUR U
Bnaru. Mo KpasMm BbiBeAeHbl ABAa MeTa//IMUecKUx anekTpoga 3. doTope-
31UCTOP MOMELLEH B MJ1aCTMACCOBbLIA KOPMNYC C ABYMS LWITbIPpbKamMn, K KOTO-
pbIM MPUCOEANHAIOTCA 3/1IEKTPOLbl. Y C/N0BHOE 0603HAYEHNE U CXEMA BKJIHO-
ueHMs hoTopesucTopa nokasaHbl Ha puc. 167, 6. ®oTopesnctop paboTaeT
TO/IbKO OT BHELUIHEro UCTOYHWKA MUTaHUA N UMEET OLMHAaKOBOe CONpPOTMB-
NleHne B 060MX Hanpas/ieHUsX.

HeocBelweHHbIA hoTopesncTop o06nagaeT 6G0MbLWIMM  «TEMHOBbIM» CO-
npotueneHnem RTI (0T coTeH KWUI00OM [0 HECKO/bKMX Meraom) W uepes
Hero NpPoxoauT Mablii «TeMHOBOW» TOK /T. [pun ocBeleHHOM poTOpesncTope
ero COrnpoTuB/IEHME Pe3KO YMeHbLUaeTCAd W TOK YBe/MYMBAETCA [0 HEKO-
TOpPOro 3HayeHusa /c, 3aBUCALWLEr0 OT WMHTEHCUBHOCTM OCBelieHns. Pas-
HOCTb MEXJy TOKamu Mpuv OCBELLEHUUN W «TeMHOBbIM» Ha3blBaeTcsa (DOTOTO-
KoM, T. e. /b= /e— /1. BonbTamnepHaa XapakTepucTuka dpotopesncropa
(pnc. 167, B), T. e. 3aBUCMMOCTb (POTOTOKA OT HamMpsHXKeHUs MUCTOYHUKA
nuTaHns npu HemsmeHHom csetosom mnoToke I™N=f{U) npu d>=const
NUHeliHa.

K HepocTatkam ()OTOPE3NCTOPOB OTHOCUTCA WX WMHEPUUOHHOCTb (Npw
ocBelleHUN OOTOTOK He cpasy A[OoCTUraeT CBOEr0 KOHEYHOro 3HayeHus,
a NMWb Yepe3 HEKOTOPOe BPeMSA), HeNMHEMHOCTb CBETOBOW XxapaKTepuc-
TUKMN (POTOTOK BO3pacTaeT Me[J/IeHHee, YeM cuna CcBeTa), 3aBUCUMOCTb
3N1EKTPUYECKOTO CONPOTUBNEHNA W (DOTOTOKA OT TemnepaTtypbl OKpyXa-
loLler cpegasbl.

®oTO03/1eMEHTLI C POTO3(PPEeKTOM B 3anmpaloLLleM Cnoe, HasblBaloLlmnecs
BEHTUANbHbLBMMU @GOTO3NEeMeEHTAaMM, WMEKOT 3anuparLwunin
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cnov mexay nonynpoBogHUKamum € p- W A-NpoBOAHMOCTAMW. B 3Tmx
hoTO3/1EMEeHTaxX MNOJA BO3LENCTBMEM CBETOBOrO W3yYeHUS BO3HUKAET 3/C
HasbiBaemas ¢oTo-3ac. Ona M3rotoBNeHUA BEHTU/bHbIX (OTO3NEMEHTOB
MPUMEHSIIOT CefleH, CEPHUCTbIN Tannuni, CepHUCTOe cepebpo, repmMaHui un
KPEMHUIA.

OcBellleHMe MOBEPXHOCTU hoTo3anemeHTa B6AM3M P-M-nepexoja Bbl3bl-
BaeT MOHM3aLMI0 aTOMOB KpucTanjia 1 o6pa3oBaHMe HOBbIX Map CBOHOAHbLIX
HOCUTeNen 3apsfoB — 3MEKTPOHOB H AbIPOK. [lof pelicTBMEM 3NneKTpuU-
YeckKoro nons p-n-nepexoga obpasylowmeca B pe3ynbTaTe WOHU3ALUMU
aTOMOB KpucTania 3/1eKTPOHbl NepexoaaT B CNoi M, a AbIpkn — B CNOW p,
UYTO MPUBOAUT K M3ObLITKY 3/M1EKTPOHOB B C/ioe M m Ablpok B cnoe p. lMopg
pelicTBMEM pasHOCTU noTeHuwnanos (cpo-

TO-34C) Mexay cnosmu p mn M BO BHe-

WHEeN uenn npoxoauT TOK /, Hanpas-

NIEHHbIA OT 3/ieKTpoda p K 3neKTpoay

M. 3TOT TOK 3aBUCUT OT KO/IMYecTBa HO-

cuTenein 3apsif0B— 3/IEKTPOHOB U fbl-

pPOK, T. e. OT cuabl cBeTa. YyBCTBU-

Te/IbHOCTb BEHTUJ/IbHbIX (DOTO3/IEMEHTOB

BbicOKka (40 10 MA/nM), OHU He Tpeby-

IOT WCTOYHMKA NUTaHUA WU HaxoAasaT

WNPOKOE TMPUMEHEHME B Pas/INYHbIX

obnacTax 3NEKTPOHWNKN, aBTOMATUKMW, b, 168 Cxema ycTpoiicTsa Kpew-

N3MEPUTENIBHON TEXHUKE N T. A. HMEBOr0 BEHTU/ILHOTO POTO3NIEMEHTA:
MpuHUMN ycTpowcTBa KpPeMHWEeBO- | — nnactuHa KkpemHus, 2 — cnoit nony-

NPoBOAHMKA

ro ortoanemeHTa C 3anmparwLum cno-

eM rnokasaH Ha pwuc. 168. Ha nnactuHy kKpemHuss 1 c npumecbio, cos-

Jalouleii 3NeKTPOHHYI NpPOBOAMMOCTbL, BBOAAT Npumeck 6opa nytem aud-

dy3nm B BaKyyme, B pe3ynbTaTe 3TOro obpasyeTcsi CNo NoaynpoBOAHMKA

C AbIPOYHOI NMPOBOAMMOCTbIO 2 OUYEHb Masioi TO/MLMHbLI, TaK UYTO CBETOBbIE

ny4yn cBo60AHO MPOHMKAKT B 30HY Mnepexoja. batapen KpeMHWEBbIX 3fe-

MEHTOB HaxoAAT MNpPUMEHeHVe A8 HenocpeAcTBEHHOro npeob6pasoBaHUs

COMTHEYHOW 3HeprMm B 3/IeKTpUYeckyl. Takue npeobpasoBaTenun, Hasbl-

BaemMble COMHEYHbIMWM 6GaTapesaMu, MNPUMEHSIOT, Hanpumep, Ha MWCKYCCT-

BEHHbIX CMYTHMKax 3eMnn ANa NUTaHUs UX annapaTypbl.

MonynpoBOAHMKOBLIV (POTO3MIEMEHT C ABYMSA 3MeKTpOAaMu, pasfesneH-
HbIMW P-/1-MepPexofoM, HasbiBaemblii pOoTOAMOLOM, MOXeT paboTaTb
KaK C BHELWHMM WCTOYHUKOM NuUTaHUs (npeo6pas3oBaTeflbHbIA pexunm),
Tak N 6e3 BHELWHEro UCTOYHWKa (reHepaTOpHbIV pPexum).

Mpu paboTe B reHepaTOpHOM pexume oToaMoaa ero OCBELLLEHUE Bbl-
3blBaeT BO3HWKHOBeHMe POTO-34C, MOL AEWCTBMEM KOTOPOWM BO BHELUHEeN
Lenn yepes Harpysky MpoxoAuT TOK, T. €. UCTOYHUKOM MNUTaHUSA SBNSEeTCH
¢oToguoa. Mpu paboTe B poTonpeobpasoBaTe/ibHOM peXnme Harnps>keHue
BHELLUHEK MUCTOYHMKA NMUTaHUS NMPUNOXEHO BCTPeydyHOo poTo-34Cc H dhoToAMnOs
nogobeH doTopesncTtopy ¢ 6o0see BbICOKOW UYYBCTBUTENbHOCTbH. Ecim
doToamoa He OCBELLEH, TO 4Yepe3 Hero nNpoxoauT HeboNbWOoN 06paTHbIN
TOK (TEMHOBOW TOK) nof AeCTBMEM BHELWIHEro WUCTOYHMKa NuTaHus. TpH
OCBELLEHUWN 3MEKTPOHHOW o6nacTn coToagnoga o06pasyloTcd HOCUTENU
3apsAgoB — 3M1eKTPOHbI N AbIpKU. [bIpKM AoxodAaT Ao P-M-nepexoga  u



nof AelicTBMEM 3/1eKTPUYECKOro Mofas nepexogAaT B p-o6nactb, T. e. oOcC-
BELLEHNE BbI3bIBAET YBe/IMUYEHME 4ucna nepewleglinx HEOCHOBHbIX HOCU-
Tene m3 n-obnactm B p-06nacTb, W, CnegoBaTeNbHO, TOK B LeNM BO3pa-

cTaeT (BO3HMKaeT (POTOTOK).

KoOHTpONbHbLIE BONPOCHI

. Mouemy B 06bIYHBIX YC/TOBUSIX Fa3 SIBASETCA AUINEKTPUKOM?

. Ob6bACHUTE npouecc MOHM3aUMW rasa.

Kakve npubopbl Ha3blBAlOTCS WMOHHbIMU?

PacckaxunTe ycTpOMCTBO rasoTpoHa.

M306pasnTe BoNbTaMMNEPHYO XapaKTepuUCTUKY rasoTpoHa.

. O6bAcCHUTE paboTy TMpaTPOHAa C HaKalbHbIM KaTOAOM.

. O6BACHMTE NPUHUMN PaboTbl PTYTHOrO BbINPAMUTENS.

Kakune npnbopbl HasbiBaloTCA (DOTO3/IEMEHTAMU C BHELIHWM W BHYTPEHHMM (hOTO-

adhcpekTom?
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Fnasa X!V
YCTPOUCTBA MPOMbBIWAEHHOW 3NEKTPOHWUKN

§ 120. Bbinpsimutenm

BbinpaMUTeNneM Ha3blBaeTcs CTaTMUYECKUi npeobpasoBaTesib MepemMeH-
HOro TOKa B MOCTOSIHHbIW, KOTOPbIA Mcnonb3yeTcs B psage oTpacrei npo-
MbILLIEHHOCTU (TPaHCNOPT, 3/1EKTPOXUMUS, MUTaHUE 3/IEKTPOHHOIM anna-
patypbl U T. 4.).

Ons npeobpa3oBaHMs MepPeMEHHON0 TOKa B MOCTOSIHHbLIA CAyXaT 3/1eKT-
pnyeckmne BEHTUIN pPasIMYHbIX TUMOB:
3/IeKTPOHHbIE (KEHOTPOHbLI), MNOAYNpo-

BOAHMKOBble (repMaHueBble, KpemMHWe-
Bble U ApP.), WOHHble (ra3oTpPoHbI, TUpa- r
TPOHbI U Ap.). Kaxabli BeEHTUNb Xa-
pakTepusyeTcs CcnegylouwmMmm napameT-
paMu: amnanuTyLOM TOKa, CPeAHMM 3Ha-
YyeHMeM TOKa, amMnaAnUTygoi o6paTHOro
HanpsXeHns, BHYTPEHHMM COMPOTUBIE-

HVYeM. AMNIUTYAa TOKa BEHTWUAA orpa- )] B)
HUYMBAETCH HACbILLEHNEM (KEHOTPOHbl  p,c 169, CxeMbl COSUHEHMS BEHTU-
C BONb(IPAMOBbLIM KaTOAOM) WM Haua- neii:

NIoM paspylleHns kKatoga (KEHOTPOHbI ¢ a — napaﬂﬂeﬂbHoroéorgf nocnefoBaTeNb-
OKCUAMPOBaHHbLIM KaToAOM, ra3oTPOHbI,

TUpPaTPOHbI). CpeHee 3HAYeHMe TOKa On-

pefensieT TEN/IOBOA PeXMM BEHTUMA, TaK 4UTO MOBbILUEHWE CPeAHEro 3Haue-
HUSA TOKa MOBEJET K NeperpeBy BeHTUNA. AMNANUTYyAa 06paTHOro Hanpse-
HMUS — 3TO TO HambosblLee HaNpsHXKeHWe, KOTOPOe MOXeT 6bITb MPUIOXKEHO K
BEHTUMIO B 06paTHOM (HEMPOBOASILLEM) HampaBneHWU, He MNoaBepras ero
ornacHocTU npo6os. BHYTpeHHee COMPOTMBAEHME OMNpegenseT MnoTepu
3HEPrUU M NafeHNe Hanps>keHUs B BeHTUNe. TakK KaK BONbTaMrMepHas
XapaKTepPUCTUKa BEHTUNE HennHeliHa, TO BHYTPeHHee COMNPOTUB/IEHME He
MOCTOSHHO W YEM MeHbllle OHO, TEM 3KOHOMWYHee BbINPSMUTENb, TaK Kak
MEHbLLE MOTePU 3HEPTNUN B HeM.

Ona BbinpaAMAeHUs 60MblLUNX TOKOB CE/leHOBble BEHTUIN COeAMHSIOT
napannensHo, a ANs MNONY4YeHUS BbICOKUX HanpshKeHWii — nocnefosa-
TenbHo. MapannenbHO MOXHO COEAWMHATb BEHTWUAW OAHOW TPynnbl, BOMbT-
amMnepHble XapaKTepUCTUKU KOTOPbIX COBMagatoT, a MnocsefoBaTe/lbHO —
BEHTU/IN OJIHOTO Kjacca C COBMajarLLMMN 06paTHbLIMU XapaKTepucTuKamu.

BonbTamnepHble XapaKTEPUCTUKM TepMaHUeBbIX N KPEMHMUEBbLIX BEH-
TUNe MMelT 60MbLIOW Pasbpoc U CUbLHO MEHSTCA C W3MEHEHUEM TeM-
nepatypbl. [l0o3ToMy ANns BblpaBHMBaHUS TOKOB B BEHTUNAX MpU  UX
napannenbHOM coejHeHUN BBOAAT f06aBOYHbIe (BblpaBHMBAKOLLME) COMpPO-
TmeneHus RB (puc. 169, a), a nas BbipaBHMBAHUSA 06pPaTHbLIX HaMpPsXKEHW
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npy MocnefoBaTe/lbHOM COEAMHEHUU BEHTWUMENW UX LIYHTUPYIOT COMPOTMB-
nenvamMn Rm (puc. 169, 6).

B BbINPAMUTENAX BEHTUNN COEAUHAIOT MO ONPeAeneHHbIM CXeMaM,
KOTOpblE CO3[al0T Ha BbIXOAE BbINPAMUTENA HAMPsXKeHUe C Pas/MUHbLIM

Puc. 170. AByxnonynepuogHasa cxema BblINPAMIEHUSA:
8 — KeHOTPOHHOro, 6 — MonynpoBOAHUKOBOIO

UYMCNOM UWK/OB BbINpsMAeHMs T. OgHononynepuogHas cXema BbIMpsM-
neHnst (T=1) Ha MpaKTUKe MOYTU He MPUMEHSIETCS W3-3a Psija CyLLecT-
BEHHbIX ee HeJocTaTKOB.

OsyxnonynepuogHasa (T =2) cxemMa BbINPAMJIEHUS C [BYXaHOA4HbIM

Puc. 171. KpuBble HanpsbykeHWIA B ABYXMONYNEPUOAHOW CXeMe BbINPSIMIEHUN:
a — B (basax BTOPUYHOW O6GMOTKM, 6 — Ha Harpyske

KEeHOTPOHOM Mn306paxkeHa Ha puc. 170, a 1 ¢ NOAYNpPOBOAHUKOBLIMU ANO-
Jamy — Ha puc. 170, 6. B uyacTb nepuoga, Korga 3¢ BTOPUYHON 06MOTKM
Hanpas/ieHa CHW3y BBepX, To4dka a u aHog seHTuns Al (vam A1) vmeior
MOIOXXUTE/bHbIM MOTEHLMAN, Tak 4To MojA AeWcTBMeM 3Ac hasbl 4 BTOpUY-
HOli OB6MOTKM TOK MPOXOAUT Mo uenu: oT Touku a vepes Al — K (nmm
avon O/ — B), conpotueneHue Harpysku RN k cpeaHeii Touke O BTopuu-
HO 06MOTKM TpaHcdopmaTopa. Npu M3MEHEHUWM HarnpaB/ieHUs 3A4C BTO-
PUYHOI 0BMOTKM MOMOXUTENbHbIA MOTEHUMan MMeeT Touka b v Tok npo-
TekaeT oT Toukn b uepes A2 — K (unu guog 2 — B), conpotueneHue
Harpyskm /?, K cpefHeii Touke O BTOPUYHOM 06MOTKM. Takum o6pasom,
b Harpyske iOK mpuamgnr B HeM3MeHHOM HanpaBieHWW. BTopuyHaa o0o0-
MOTKa TpaHchopmMaTopa AByxchasHas U Kaxpgas ¢asa a M b pa6oTaet no-
NOBUHY Nepuoga, 3Aac 3Tux da3 Ut n Ua caBMHyThl MO hase Ha MOSIOBUHY
nepuoga (puc. 171, a). HanpsbkeHue Ha Harpyske W, B 060 MOMEHT
paBHO MFHOBEHHOMY 3Ha4yeHUI0 3ac dasbl, paboTaroLer B AaHHbIA MOMEHT.
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KpuBble N3MEHEHUA HanpsXXeHns W,, 1 Toka I,, n306paxeHsl Ha puc. 171, 6.
Hanps)keHue NoMMMo MocTosiHHO cocTaBnstowein Ut (cpeaHee 3HauveHue)
COLEPXNT MepeMeHHYI COCTaBAALWY, T. e. HanpshkeHMe WU Tak Xe,
KaK M TOK 11, He MOCTOSIHHbI, @ NYy/NbCUPYIOT.

JOCTOMHCTBOM CXxeMbl ABNAETCA Masioe YMC/IO0 BEHTUEW (OABa BEHTWUNSA
WA OOAVIH ABYXaHOAHbIA KeHOTpOH). K HepocTaTkam ee cnefyeT OTHECTU
Ham4yme 6ONbLUOYV MEPEMEHHOI COCTaBNAOLW e HanpshkeHUa (Nynbcauns),
amnantyga kotopoi Um~=0,67Ut, Heo6xogMmocTb BbiBOgA CpeaHeit
TOYKW BTOPUYHOI 06GMOTKM TpaHcdop-

Matopa, 6onbwoe ob6bpaTHoe Hanps-
XeHue, paBHoe (/osp=2(/m=3,14£/0,
roe 0 bl— amnautypa asac  dhasbl
BTOPMYHOIM 06MOTKMK. [lepunos un3me-
HEHUS HaMNpsXXeHUs Ha Harpyske 7\
BABOE MeHbLUE TMepuoja M3MeHeHUs
HanpskeHus cetn T, cnefoBaTenibHO,
YyacToTa MepBO rapMOHWUKK MepeMeH-
HOWM cocTaBnsAwLWein, T. e. yacToTa
nynbcauun HanpskeHus /,, BABOe
60nble YacToTbl Toka cetn (/i=27). Puc. 172. OpgHochasHas MoOCTOBasi cxema

OpHothasHasas  MoOcCTOBasi cxema BbINPSIM/IEHUSA
BbINpsaMaeHna (puc. 172) cogepxut
YeTblpe BEHTWU/A, K O4HOW AuaroHanm MocTa MOoAK/KYaeTcs BTOPUYHas
obmoTKa TpaHctopmaTtopa, a K Apyroin — Harpyska /?,. lNpu Hanpas-
NEHNN 3A4C BTOPUYHOM OBMOTKM CHM3Y BBEPX TOYKa & MMeEET MOJSIOXKUTENb-
HbIi MOTeHUMan W TOK MNPOXOAWUT MO Lenu: BTOpUYHas 06MOTKa TpaHCc-
hopmatopa, Toukm a, A, awog A1, Touka b, conpoTmBneHue Harpysku
RH Touka I, anog A3, Touka B, Touka b BTOpMUHOI 06MOTKU. Mpu us-
MEHEHUW HanpaB/ieHUs 34C M TOKa BO BTOPUYHOIM 06MOTKe TpaHcdopMaTopa
3aMKHyTas uenb 6ygeT: Touku b, B, auoa 2, Touka B, conpotueneHue
Harpysku /?,, Touka [, gnoag 4, toukm A wun a. Takum o6pasom, TOK B
Harpyske He M3MeHsSeT Hamnpas/leHWUs, HO U3MeHseTca Mno BennymHe. Kpu-
Bble M3MEHEHUSA HanpsHKeHUa Ma n ToKa Harpysku 7/, NMeT TakKoih e
BUA, KaK W B ABYXMONYMNepuoaHOW cxeme. AMOAUTYAa MNyfnbcauuun Hanps-
xeHns Um_=0,67 Ut npH uvacTtoTe ee [=2/. B MOCTOBOWi Ccxeme HeT He-
06X04MMOCTN B BbIBOAE CpegHeli TOYKM BTOPUYHOM 06MOTKM TpaHcdop-
MaTopa, OHa MMeeT MeHbllee, YeM ABYXMOJyrnepuofHas cxema, obpaTHoe
Hanpshkenme Uotf=Uu=1,57Ut (Bmecto 3,14Ut), HO cogepuT ueTbipe
BEHTUNA (BMECTO ABYX).

B TpexdhasHoit cxeme BbINpsiMieHus (puc. 173, &) TpU BeHTUNS aHogamm
coefuHeHbl C Hayanamu a3 TpexdasHoii BTOpMYHOM 06MOTKWU. KaTonbl
Tpex BEHTWU e 06pa3yoT 061y TOUKY, ABASAKOLLYOCA MOCOBbIM MOJHOCOM
Ha BbIXOJe BbIMPSAMUTENS; MUHYCOBbI MOMKC — CPeAHAS TOYKa BTOPUY-

>>> lire>IQITT s »0 # rvrl/ 1t <« umu tlt
Ha aHoJe KOTOpOro Hawbonee MONOXWUTeNbHO. Hanps)keHus B dasax BTO-
pPUYHO 06MOTKM paBHbl MeXay C060W Mo amnauTyfe W 4YacToTe, HO CABWU-
HYTbl MO (pase Ha O4HY TpeTb nNepuoga 773 (puc. 173, 6). Ha kaaom BeH-
Tune Hambonee MONOXUTENbHOE HanpsXeHue OyAeT TakXe B TedeHue
oAHoit TpeTn nepuoga T/3 n HanpsbkeHWe Ha Harpyske 6yaeT npeacTas-
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NATb ormbalroulyo cMHycomp sac B dhasax BTOpuYHOM 06mMoTkM. [lepuopg
M3MEHEHNA HanpsXXeHWUsA Ha Harpyske 7*1=773, T. e. yacToTa ny/nbcaunn
fi=3f, a ee amnautyga f/m_=0,25t/0. Takum 06pasom, amnanuTyga nysb-
caumun B TpexdasHOW cxeme BbINPAMAEHUS 3HAUYUTESIbHO MeHbLUE, Yem B
[BYXMONYNepHOAHOM WM MOCTOBOM CXemMax, a 4actota nynbcaumu 60nblue.

-S + -

-W -

d"H

Puc. 173. TpexdasHas cxema BbINpsiMaeHns (a) w Kpusas
BbINPAM/IEHHOTO HanpshkeHus (6)

O6paTHOoe Hanps)KeHWe Ha BeHTWUse B TpexdasHoW cxeme cocTaBnseT (JoBo=
m=21 UB.

Ecnn B BbINPAMUTENAX WCMNO0/b30BaTb YMpas/iseMble BeHTUAU, TO
MOXHO OyfeT perynuMpoBsaTb BbIXOA4HOe HarnpsXeHuWe Ha Harpyske. He-
ynpaBfsieMblii BEHTU/b OTKPbIBAETCHA, €C/IM Ha aHOoAe ero noTeHLMan Bbille
noteHunana katofa. YnpasnseMblii >Xe BeHTWIb OyaeT ocTaBaTbCsA 3a-
KPbITbIM MPU MNONOXMUTENbHOM MOTeHUWane aHoga, ecninM Ha ero ynpas-
NALWLEM 23NeKTpofe HeT oTnuparowero HanpsxeHus. Ecnnm B Kakoi-
nnM6o cxeme BbIMPAMAEHUS, Hanpumep TpexdasHoh (puc. 173, a), BMecTO
ANOA0B B KaXAyl diasy BKAUYUTb YyMpaBfiseMble BeHTUAW (Hanpumep,
TUPUCTOPbI) N MEHATb MOMEHTbl WX OTKPbIBAHWA, TO BbINPAMIEHHOE
HanpsXeHue 6yaeT N3MeHATbCA. YacTb Nepnoaa, B TeUeHMEe KOTOPOW BeH-
TUNb OCTAeTCA 3aKPbITbIM, HECMOTPA Ha TO YTO aHOJ ero VMeeT MOJIOXMU-
TeNbHbIA MNOTEHLWa, Ha3blBaeTCA YrAoM perynmposaHusa a. [lpu oTcyT-
CTBMW perynuposaHus a=0 KaxXAblii BeHTWU/b OTKPbIBAETCA B MOMEHT,
Korga noTeHUMan aHofa ero mMoNIoXUTeNeH W KpuBas BbIMPAMIEHHOIO
HanpskeHWs 6yaeT TakoW >Xe, Kak W 415 HeynpaB/isemMoro BbiMpAMUTENs
(pHC. 174, @). Ecnv ynpasnsioWmii UMNynbC AN OTKPbITUS BEHTWNSA aB-
TOMaTUYECKUM YCTPOWCTBOM MoAaTb C OTCTaBaHWeM Ha yron a'>0, To
BEHTU/Nb B TeueHMe 4acTu nepuoda &' 6ydeT 3aKpbIT W BbINPSMIEHHOE
HanpsbkeHue 6yfeT paBHO 34C paHee paboTaBluel pasbl. B MoMeHT 0>/=a'
OTKPbIBAETCA 04YepefHON BEHTWU/b W BbIMPAMIEHHOE HanpshKeHWe CTaHo-
BUTCS PaBHbIM 3AC pasbl, BHOBb BCTynawwel B pa6oty (puc. 174, 6).
CpefHee 3HaueHWe BbIMPSMIEHHOIO HampshKeHUs yMmeHblinTea 3a */3 ne-
pvoga Ha BeNMYMHY, COOTBETCTBYHLLYIO 3allTPMXOBAHHOW MaoLw,ajke
(U,<Uo0 Mpu ysennueHun yrna perynuposaHus a">a' (puc. 174, B)
NPOUCXOANT fasibHelillee YMeHbLUEHWE BbIMNPAM/IEHHOIO  Hanps>XXeHus
(Ul<.U'0Q) n, ysennuusasa yron perynupoBaHus ganee, MOXHO WU3MEHATb
BbIMPSAM/IEHHOE HanpshKeHWe A0 HYNS.
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Takoil cnoco6 perynnpoBaHusi HanpshHKeHUss 3KOHOMMYEH, TaK KaK OH
He CBSI3aH C AOMNOJIHUTENbHOM 3aTpaToi 3HEepPruu, HO NP PEryIMpPoBaHUN
CWUBLHO BO3pacTaeT Ny/fbcalus BbIXOLHOIO HampsiXeHUs.

§ 121. CrnaxwuBawwue uUIbLTPbI

BbINPAMAEHHOE HaMps>KeHne Npu 060l Cxeme BbINPAMIEHUS MOMUMO
noctosiHHol coctasnawowen UO (cpegHee 3HaueHMe) COAepXUT MepemeH-
Hyl0 cocTaBnsawyo (nynscayuio), amnamtyga Um- un yactota fX kotopoit
3aBUCAT OT CXeMbl BbiNpAMAeHUA. [NA O4HOMONYMNEPUOAHON CXeMbl Bbl-
npamneHus Um_=1,57(/0wu fi—f, rpe f — uvactota Toka cetn. Ains Bcex

m2a fx= mf
m—1 Y, wn IX=ml, rge

OCTa/lbHbIX CXeM BbINPAMIEHNSA
T — 4ucno pas BbINpaAMNeHUa (T =
=2 Ona ABYyXNonynepuogHOM W moc-
ToBOW cxeMm, T=3 Aana TpexdasHo
cxeMbl UT. A4.). Mynbcayna Hanpsxe-
HMA OKasblBaeT BpegHOe BANAHNE—
yBeNnuymnBaeT NoTepun, co3faeT NoMexm
n ap. MosTomy BbINPsIM/IEHHOE Ha-
nps>xkeHme o6bIYHO HENPUTrofHO AN
nMTaHua noTpebuTtens n Heobxoam-
MO YMEHbLINTb €ro nynbcauuio, Ans
Yero ycTaHaBnMBalT Craaxwusar-
WA UNbTP MeXAy BbINPAMUTENEM Y
NPUEMHUKOM 3Heprun. CTerneHb oOcC-
nabneHna nynbcauum Craaxuvsaro-
WMM uUnbTpoM onpegenserca Koadg-
DULMNEHTOM CrnaXmBaHUsA, pPaBHbIM
OTHOLUEHUIO aMMANTYL MepeMeHHbIX
COCTaB/IAOLWLNX HaMNpPSAXeHW Ha BXO-
e 1 BbIXxoge pwunabTpa, T. €.

qg= Um-tx!U T~ BbIx-

®UNbTPbl  MOTYT ObITb €MKOCT-
Hble, MHOYKTUBHbIE U MHAYKTMBHO-eM-
KOCTHble. B  eMKOCTHOM (uibTpe

(puc. 175, a) koHgeHcaTop C BKoyeH
napannenbHo Harpyske W Hanpske- Puc. 174. KpuBble peryivpyemoro Bbl-
NPAMNIEHHOIO0 Hanps>XeHuna npu pasnnd-
HMe Ha KOHJeHcaTope paBHO Hanps- HbIX YT 1axX PerynmnposaHus:
XKEeHU Ha Harpyske. Korga Hanps- a—B=0. 6 —a’>0. « —a*>a*
YKeHne BTOPUYHOM 06MOTKWN TpaHcop-
mMatopa 60/blue HanpsXXeHus Ha Harpyske (Ur''>uK), seHtuns [ oTKpbIT
M yepe3 Hero NpoxoguT TOK 3apshxallWmnini KoHgeHcaTop £ 1 nuTarwnii
Harpysky |., T. e. i,= ie+«B. Npu 3apage KoHaeHcaTtopa W, MNOBblWaeTcA
(puc. 176). Mpu ut<Zun BeHTWUAb 3aKpPbIBAeTCs W Ha4yMHaeTcs paspsg
KOHAeHcaTopa Ha Harpysky. HanpsbkeHue rnpu 3ToM noHwkaeTcsa. Ansa
OBYXMONYMEepUOAHOM CXeMbl ANNTENbHOCTL pPaboTbl a3kl CTaHOBMUTCA
MeHbllie MOJIOBMHLI Mepuofa W 3aBUCUT KaK OT eMKOCTU KOHAeHcaTopa,



Tak W OT COMPOTUBNEHNA Harpys3ku. INpu BKAKOYEHUN KOHAeHcaTopa Ny/b
calHs BbINPSAMJEHHOrO HanpsHKeHUs YMeHbLlaeTCd W CTaHOBUTCA TeMm
MeHbLUe, YyeM 60/blUe eMKOCTb KOHAeHcaTopa.

B BbINPAMUTENAX Manoi MOLLHOCTU HaxoAAT MPUMEeHeHWe Pe3nCTOPHO-
eMKOCTHble /?C-hunbTpbl (cM. puc. 175, 6), KO3DMUUMEHT CraaxuBaHus

Puc. 175. CxeMbl crnaxusarowmx uabTpos:
a — eMKOCTHOro, 6 — pe3snMcTOpHO-eMKOCTHOr0. ® — WHAYKTUBHOIO, I — «HAYKTUBHO-eY-

KOCTHOrO, ,q«— M-06pa3HOro, € — MHOF03BEHHOr0 HHAYKLUaM0-eMKOCTUOTO
kotopbix g=MuU>RC, rge T — uwucno pas BbiNpsmMaeHUs, w=2a/ — yr-
noBas yacToTa TOKa CeTu.

B  UVHAYKTUBHBIX unbtpax (pHc. 175, B) crnaxmesaHue nynbcayuu
Hanps>XeHna 6ygeT NMWb NPU WHAYKTMBHOM COMPOTUBAEHUWN [pOCCens,
MHOT0 60/blLEeM COMPOTMBAEHUA Harpysku, T. e. rMOL™">RH UHaykTneHo-
eMKOCTHble [-06pasHble uUAbTPbI (puc. 175, ) MNpUMeEHATCA Haubonee
yacto. HernpemeHHbIM ycrnoBuem Ana 3TUX (MUALTPOB SABMAETCA HepaseH-

cTtBo  rtmL , T. e. WHAYKTUBHOE COMPOTUB/EHUE [APOCCENS

[O/MKHO 6bITb MHOro 60/blle eMKO-
CTHOrO COMPOTUBAEHUSA KOHAEHCATO-
pa Ana nepemMeHHOW COCTaBAstOLWLEN
ToKa. KoaththunumeHT crnaxmeaHus
ZC-tpunbtpos = (T<a)4.C—1.
M-06pasHblH MHAYKTUBHO-EMKOCT-
Hbli comnbTp (pHC. 175, 4) MOXHO
paccmMaTpmBaTtb KaK [BYX3BEHHbIN,
nepsoe 3BEHO KOTOPOro ABMfeTCA
Puc. 176. KpuvBas BbINPAM/IEHHOIO Ha-  eMKOCTHbIM, a BTOpPOE — WHAYKTUB-
NpsA>XeHNAa N ToKa B BEHTWU/IE NPU €MKOCT- HO-eMKOCTHbIM C*)VIﬂprOM.
Mpuv 04eHb XXeCTKUX TpeboBaHUAX
Ha JOMYyCTMMYH My/nbcaluilo Hanps-
XXEHUSA MOryT 6blITb MCMO/Ib30BaHbl MHOM03BEHHbIE Cr1aXuBarww e punsTpbl
(puc. 175, €), KOI(PMULMEHT CrAaXMUBaHUA KOTOPbLIX PaBeH Mpou3BegeHuto
KO3(hhNLMEHTOB CrinaXXMBaHWSA OTAeNbHbIX 3BeHbeB, T.e. (=Q0Xt. . -0,
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§ 122. Ctabunusatopbl HanpsXXeHus

Bce noTpebuTenn 31eKTPUYECKOW 3HEPrMn YyBCTBUTENbHbI K W3Me-
HEHMSIM HanpsXXeHudA, T. e. TpebyeT ero nocTtosiHCTBa (cTabunusauum)
C onpegeneHHOWM CTEMeHbK TOYHOCTU. B KayecTBe MapaMeTPUUECKUX CTa-
6MNN3aTOPOB MPUMEHSAIOT rasopaspsAgHble U KPeMHUeBble CTaGUAUTPOHDI.

[a3opa3pagHbIi cTabUNUTPOH, NpeacTaBns-
OWWi cobo Npmubop TNewLero paspsga, ume-
eT CTeKNAHHbIA 6GannoH |(puc. 177, a), 3anon-
HEHHbIA CMecCbto MHEPTHbIX Tra3oB aproH-HeoH,
aproH-refIMini N APYrux rasos Mpyv  HWU3KOM
faBneHun. BHyTpu 6GannoHa nOMeLLeHbl [Ba
anekTpoga — katog 1 v aHog 2. BonbTtamnep-
Has xapaKTepucTuKa ctabunutpoHa (puc. 177, 6)
MMeeT Takoi >Ke BUA, Kak n nwoboro rasopas-
psgHoro npubopa. CTabuUAUTPOH XapakKTepusy-
eTtca cnefylWMUMN BeNMYUHAMWU: HaMNpPsHKeHU-
em cTtabunusayum Ue, HanpsbkeHnem 3axura-
HuA U,, MUHMManbHbIM TOKOM WoOHM3auun /ufla
MakCMManbHbIM TOKOM /T,,, MpeBbILUEHNE KOTO-
poro BefeT K paspyLleHWo KaToda, AWUHaMW-
YeCcKMM COMPOTUBAEHMEM Ha paboyeM yuyacTke
B AnanasoHe oT /raln go /tax.

KpemMHueBble CcTabUANUTPOHbI MNpPeLCTaBAsAlOT
coboli pasHOBMAHOCTb KPEMHMWEBbIX [AWOAOB C
NOBbILLIEHHOW KOHUEHTpaumeii HocuTenen 3apaoB

Puc. 177. YcTpoiicTBO rasopaspsafgHOro crabunamTpoHa C ero YC/noBHbIM
o603HayeHMem (@) 1 ero Bo/ibTamnepHas xapaktepucTuka (6):
| — katog, 2 — aHopj

B MonynpoBogHuKax. AN KPeMHMEBbIX CTabUnNuUTPOHOB paboymm yuyacT-
KOM BO/IbTAMMNEPHON XapaKTepuUCTUKKU (puc. 178) sBnsetcs 4vacTb, COOT-
BETCTBYHOW A 06pPaTHbIM HaMpPsHKEHWIO U TOKa, pPacnosioXkeHHass MnoyTu
napannenbHO ocM TOKOB B guanasoHe ot Imin go 171X

CxeMbl BKJ/IIOYEHUA Tra3opa3psAfHOro M KpPeMHWUEBOro cTabunmTpoHOB
nsobpaxeHbl Ha puc. 179, a n 6. Ha Bxoge ctabununsatopa paelicreyet
n3MeHsloleeca HanpsbkeHuMe Bxoga UN; wmexay a3TUM HanpskeHUEM
M CTabUIMTPOHOM BK/IlOYEHO racsiuiee conpotusneHue Rr. Tak Kak cTa-
GUNUTPOH BKOYEH MNapanfieflbHO Harpyske, TO HanpshKeHWe Ha cTtabunu-
TpoHe Ue, paBHoe HanpsxeHuto Ha Harpyske UU, mMoxHo onpeaenutb



cnegytowmm BbipaxeHnem: Uc=Un—UBX—UT, rge Ur=RT(le+ IH —
nafieHVe HanpshKeHUs B racslleM cOonpoTuMBAeHWU. [pu M3MEHEHWWU Ha-
npsokeHna Ha exoge UtY% Hanpumep npu ero yeBenmMuyeHUn, B HEKOTOPOU
CTEMEHWN TMOBbLICUTCS HaMnpskeHWe Ha BbiXofe, T. e. Ha CTabUNNTPOHE,
YTO BbI30BET BO3pacTaHMe ToKa Kak B cTa-
GUNNTPOHE, TaK M B racslieM COMnpoTuBIe-
HUW, W, CNefOBaTE/IbHO, YBENMYUTCS Mage-
HWe HamMpsHKeHWUs Ha 3TOM COMPOTUBAEHUMN.
Takum 06pa3om, NMpU MOBbILLEHWUN Hamnpsxe-
HUS Ha BXOZEe BO3pacTeT MafeHWe Hanpse-
HUS Ha racsilemMm COMpOTUB/EHUU, KOMIEHCU-
pys MOBbIWEHME HaNpPsXeHUsi Ha BXofe CcTa-
6unuMsatopa M NoAAEPXMBas MOCTOSHCTBO
HanpsbKeHWs Ha Harpyske. [MOHVXeHWe Ha-
MPs>KEHWs Ha BXOAE BbI30BET YMEHbLUEHME
naZieHUs HanpsHKeHUs Ha racsiLem cornpoTus-
NEeHUU, TaK KakK TOK B 3TOM COMPOTUB/IEHUN,

Puc. 178. BonbTamnepHasa Xa-  kak W B CTaGBUIMTPOHE, YMEHbLUMTCS.
PakTEpUCTUKA 1 YC/I0BHOE 060- Kak rasopaspsfHble, TaK U KpPeMHMNEBble
3HayeHne KpemMHuUeBoro cTabu-
NMTPOHA CTabUNNTPOHbI COEAMHSAIOT MOC/NeA0BaTeNIbHO
ANA MONYYeHUs pasfIMUHbIX HAMPsXeHUn Ha
Harpyske. MapannensHoe coeauHeHNe CTaBUIMTPOHOB HE MMeEeT CMbIC/a, Tak
KaK BCNeACTBME HeCcOBMNAajeHUsi WX BONbTaMIMEPHbIX XapaKTepuUcTUK Bce Ma-
pannenbHO BKAOUYEHHbIE CTAaOUAUTPOHLI He ByayT paboTaTb B 30He cTabunu-
3aumMm HanpsbkeHus. Mpu XecTKMX Tpe6oBaHUSAX K cTabUNbHOCTU Hanps-
XeHUs cTabunmnsaTopbl COCTABASIOTCA W3 HECKONIbKUX CTyrneHeli — Kac-
Kagos (puc. 179, B), y KOTOPbIX KO3(PMULMEHT cTabunmnsaumy paseH Mpo-
N3BELEHNIO KO3(h(PULMEHTOB cTabunmsaunm BCeX 3BeHbEB cTabunmsaTopa.

Puc. 179. CxeMbl BKIOYEHUA CTabUANTPOHOB:
a — rasopaspsagHoro, 6 — KpemMHueBoro, « — ABYXKacKagHoOro

KoadhdhmumeHToM cTabunmsaumm crtabmnmsatopa Ha3biBaeTCA OTHOLUEHMe
OTHOCUTENbHOTO W3MEHEHUs HanpsXeHUa Bxofa K OTHOCUTENIbHOMY W3-
MEHEHUIO HaMNpshKeHWs Bbixoda, T. €.

K  A~7ex/”™Bx __ [AC/Bx"BHX
Cl A~NBbIX/™BbIX Bbl X" BX

Ctabunmsatopbl Ha CTabUNNTPOHAxX MOTYT MMeTb HEBbICOKMIA  KO3M-
PULUVEHT cTabunuzaymm (B HECKOSIbKO AECATKOB) M HU3KUIA KNA.
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FasopaspagHble U KPEMHUEBbIE CTABUNUTPOHbLI MOTYT OblTb MUCMOMbL30-
BaHbl ANs cTabunmsaynn NePemMeHHOro HanpshkeHus, dopma KpuBOiA Ko-
TOPOro Ha Bbixoge 61M3Ka K NMPSAMOYTO/ibHOA.

§ 123. Ycunmtenn HU3KOM 4acToThl

ONIeKTPOHHbIE YCUNNTENN NpPpefHa3HavyeHbl 41 YCUIEHUA HanpshKeHWUs,
TOKa WAM MOLLHOCTM cnabblX 3/IEKTPUYECKUX CUTHanoB (KonebaHwin).
YcuneHune konebaHWin OCYLLECTBAAETCHA 3/IEKTPOHHOW famMnoi uam TpaH-
3UCTOPOM MO, BO3AENCTBMEM UCTOYHUKOB 3HEPTUU, NUTAKLWUX YCUNUTENb.

ONEKTPOHHbIE YCUIUTENIN MOXHO KnaccuduuymposaTb No pagy npu-
3HakKoB: 1) Mo poAy YCWM/IMBAEMOW BENNYUHbI — YCUAUTENN HaNpPSXKeHUs,
YCUNNTENN TOKa, YCUAUTENN MOLLHOCTWU; 2) MO AuanasoHy 4acToT — YCu-
NNTENN HU3KOIM 4acToTbl, YCWUINTENN BbICOKOW 4acToTbl, YCUAUTENU Mo-
CTOAHHOrO TOKa; 3) Mo 4Yucny Kackagos (CTyneHen) ycuieHUs — O4HO-,
OBYX- W MHOrokackafgHble.

MOLHOCTb BbIXOAHbIX KONe6aHWi ycuamMBaeTca B OCHOBHOM B CBf3W
C YCU/IEHWEM HaNpPs)XXeHUA B YCUAUTENAX HaNPsHXKeHUs W YCUNeHUEM
TOKa B YCUNNTENAX TOKA N MOLLLHOCTW.

OCHOBHbIMM NapameTpamu YyCcuanTenen SBASAKOTCA KO3IPPULNEHT ycu-
NneHna, aManasoH YCUMBAEMbIX YacTOT, BbIXOAHOE Harnps)>KeHue WAn Bbl-
xoAHaa MoOWHOCTb, KNg. KoadpdumymeHTOM yCcUNEeHUA yCcu-
nNnnUTena Hanpsa>XeHMUWSA  Ha3blBaeTCA OTHOLUEHWE HaNpsXeHUs
Ha BbIXOfe K HanpsbkeHuto Ha Bxoge, T.e. Ku=UMXYUBX Koad dn-
LWEHTOM YCWUNEHWUS yCcuMAMTens MOWHOCTMW Hasbl-
BaeTCs OTHOLUEHWE MOLLHOCTM Ha BbIXOAE K MOLLHOCTM Ha BXOAe YCUU-
Tensa, 1. e. KP=P ,m/P ,x.

KoathpuLmeHT ycuneHna MHOToKackafgHoOro YCUAUTens paBeH MPous-
BEeAEHWNIO KO3WMMLMEHTOB YCUEHUA ero Kackagos. o cnocoby cBA3n
MeXAy Kackagamu yCUIuUTenu MoryT 6biTb C raibBaHWYeCcKOol, Pe3sucTUBHO-
€MKOCTHOWM 1 TpaHCcopMaTOpHOW CBA3AAMWU. B guana3oHe 4acToT yCUNU-
Tens U3MeHeHUsA KoahuLMeHTa YCUEHUS He AO0/MKHbl NpeBblllaTh JOMny-
CTUMbIX npegenoB. M poMb W AEHHB M Kng ycumnuTtens
Ha3blBaeTCA OTHOLLUEeHMe BbIXOAHOW MOLLHOCTU YCUAUTENS K CyMMapHOW
MOLLIHOCTW MUTaHWUsi BCex ero uenei, 1. e. U APUTATAr-

Mpoxoas 4yepe3 ycunuTenb, popMa 3NEKTPUYECKOTO CUTHana Hapy-
WwaeTcs Noj BO3AEMCTBMEM YACTOTHbIX, aMNANTYAHbIX U (Da30BbIX MCKa-
KEHUM. YacTOTHblIE MCKaXeHUs (DOpMbl 31EKTPUYECKOr0 CUrHana BO3HW-
KalT BCNeACTBUE PA3IMYHON CTENEHU YCUEHUS HanpsKeHWNA pasinyHbIX
4YacToOT, COCTaBMASIOLWMNX YCUNMBAEMbIA CUTHan. YacTOTHble WCKaXeHUs
OLeHNBAKTCA KO3I(PMULMEHTOM YACTOTHBLIX WCKAXEHUI, NOKa3blBaOLUM,
HACKOJIbKO YyCW/eHWe Ha faHHoiW uactote f oTknoHseTca oT ycuneHus
Ha cpegHen 4acTtoTte, T. e. Af=/Ccp//f,. O6bLIMHO AONYCTUMOE 3HaveHue
KO3(h(hMLMEHTA YaCTOTHbIX MCKaXXeHU npuHumatot J11= 1,25.

AMMANTYAHbIE WAN HENMHENHble WCKaXEHWUS BO3HWKAKOT BCAeACTBME
HE/IMHEMHOCTN XapaKTepUCTUK 3/1eKTPOHHbLIX /famn, TPaH3uCcTopOoB, CO-
NPOTUBMIEHNS Harpy3kKM W BbI3biBAKOT UCKaXEHUA (DOPMbl KPUBbLIX YCUU-
BaeMbIX CUTHanoB. da3oBble UCKaXeHUA, NpeAacTaBnsioliMe coboii name-
HeHNs hasbl 3NEKTPUYECKOTO CUTHaNa Ha BbIX0OAEe YCUINTENS OTHOCUTENbHO
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hasbl cMrHana Ha ero Bxofe, BO3HWKAOT M3-3a pPeakKTUBHbIX 3/1EMEHTOB
(MHAYKTUBHOCTEN N €MKOCTElN), BK/KOYAEMbIX B CXEMY YCUIUTeNs.

B ycunutensax WMPOKO WCNOMb3YKT 06paTHYl CBSI3b, T. €. BO3geii-
CTBHE BbIXOAHOM LeNu YCUIUTENS Ha ee BXOAHYH Uenb. N8 coeguHeHUs
BbIXOAHOM LENN YCUAUTENS C ero BXOA4OM CAYXWUT Lenb 06paTHOA CBA3N.

Puc. 180. Cxema npocTeliliero namnoBoro ycunutens (a) u npouecc ycuneHus (6)

Ecnn curHan c BbIXoda YCUNUTeNa Ha ero BXod NPpUXoauUT coBMagarLwmnm
no dase ¢ yCUAINBAEMbIM CUTHANOM, TO 3TO YBENNYUT 06N KO3hULMEHT
yCUeHNa 1 obpaTHas CBSA3b Ha3blBaeTCA MOJIOXUNTENbHOWN.

Ecnn o6paTHas cBA3b BbI3blBAET YMEHbLUEHWE KOIDDULIMEHTA YCUNEHNS,
TO OHa HasblBaeTcs oTpuuaTenbHol. OTpuuatensHas o6paTHas CBA3b
yny4ywaeT cTabunbHOCTb PaboTbl M XapakKTepPUCTUKN YCUNUTENs, YMeHb-
LIAeT He/IMHelHble NCKaXXEHUSA, TaK KakK BCAKas rapmMoHMKa, UcKaxaroLas
chopmy curHana, mocne ycuaeHuUs MNoJaeTcs 4depes Lenb 06paTHON CBA3U
Ha BXO0[ ycuUAuUTenss ¢ MPOTMBOMOMIOXKHOW (Da3oil, YaCTUHYHO KOMMEHCUPYS
NCKa)KeHMe curHana.

Mpy MCNOAb30BaHWUM B Ka4yecTBe YCUINTENSA 3NeKTPOHHOW namnbl
Heobxo4MMo, 4TO6bl ceTKa WMena OoTpuuaTe/lbHbI MNOTEHUMan OTHOCK-
TeNbHO KaTofa, TakK Kak Mpu MosioxKMUTeNlbHOM MOTEHLMane Ha CeTke BO3-
HWKaOT CeTOYHbIE TOKW, KOTOPble MCKaXakwT YCUAuBaeMblii curHan. Ans
co3faHMsA OTPULATEeNbHOrO CMELLEHUA Ha CeTKe naMnbl MOXeT ObiTb MC-
NO/b30BaH OTAENbHbIA WUCTOYHUK — 6GaTapes CMELLeHWUs, HO MPUMeHeHne
TaKoro MCTOYHWKa yBenmumBaeT rabapuTbl, Maccy M CTOMMOCTb YCTPOMCTBA.
Mo3ToMy 06bIYHO MPUMEHSAIOT aBTOMaTU4Yyeckoe CMELLeHWEe CEeTOYHOro Ha-
NPSXXeHNA, KOTOPOro AOCTUralT nafeHneM HanpsXeHus Ha pesncTope

(pvic. 180. @), BKIHOUEHHOM B TMPMK KaToAa YCH/HTENIbHON IrMubl.
lMocToAHHasA cocTaBnfAlOLWas aHofHOro Toka /,_, Npoxogda Mo 3ToMy
pesncTopy, co3fgaeT nafjeHWe HanpsKeHus N noTteHuman
CEeTKM aBTOMATMUYECKM MOHMXaeTCA OTHOCUTENIbHO KaToda Ha BeNYuHY
nca. lMepemeHHass cocTaBnsoWas aHOATOro TOKa 3aMblKaeTcA u4epes
LWYHTUPYOWWA KoHaeHcaTop CL BK/OYEHHbIA MapannienbHO pPe3ncTopy
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Rca. ConpoTtusneHne koHpaeHcatopa CLUANs nepeMeHHOW cocTaBAstoLeit
[LOMKHO 6blTb MHOFO MeHblue comnpoTtueieHus RC,, ¢ Tem, uTo6bl nageHue
Hanps>XeHNa repemMeHHOW COCTaBNsALLeld aHOAHOro TOKa B pe3ncTope
Reu He BAusAno Ha ceTouHoe HanpsbkeHWe. OTpuuaTenbHoe CMeLLeHUne
nogaetcs Ha ceTKy udepe3 pesuctop RC, ue-

pe3 KOTOPbIi 3/M1eKTPOHbI, MOMaBlIne Ha CeT-

Ky, CTeKalT Ha Katoh. Ecnm OTKNuYUTb pe-

suctop RC, To Ha ceTke 6yayT ckanivBaTbCs

3NIeKTPOHbI, 3apfAf KOTOPbIX MOXET 3anepeTb

namny. Ha saxumsl pesuctopa Rc (/ v 2) no-

fJaeTca HanpsbkeHue OT UCTOYHWMKA BXOLHOIO

cuUrHana MBX, noanexatiero ycuneHmio. Conpo-

TUBMeHMe pesuctopa RC gonxHo 6bITh focTa-

TO4YHO 6onbwmm (0,5-M MOM) ¢ Tem, 4TOObI

BXOAHOE COMPOTMBIIEHME CXEMbI ObIIO CTabU/b-

HbIM. BXOoAHOE Hanps>XeHue YCUINTENSA bIMX, £/,
MPUNOXEHHOE K PEe3nCTopy RE, BK/MIOYEHO B p,c 181 Cxema TpaHsucrop-
Lenb MeXAy KaTo4oM W CEeTKOU Namnbl, B Pe-  Horo ycunuTens HanpsbkeHus
3ynbTaTe Yero N3MeHseTCca oTpuuaTe/lbHOe CMe- Mo cxeme ¢ o6LWyM 3MUTTEPOM
weHne Ha ceTke. [pu NONOXKWUTENbHOW nony-

BO/MIHE MBXOTPULLATENIbHOE CMELLEHUE Ha ceTKe namnbl yMmeHblaeTca— (UQv—
—MWBX) 1 aHOAHbIV TOK laMMbl «@ yBenuumsaetca (pHc.’ 180, 6). Mpwu oTpuua-
TeNlbHOW MNOJIyBONIHE WBX OTpuuaTe/ibHOe CMeLleHVe Ha CeTKe BO3pacTaer
— yMeHbLAas aHOAHbI TOK namnbl. Taknm o6pasom, KpuBble
aHOJHOro TOKa /a U HanpsXeHWUs Ha aHOAHoW Harpyske UR usmeHstoTcs
B (pase ¢ BXOAHbIM HanpsbkeHvem UBX a aHogHoe HanpsikeHue namnsl UK,
ABNAIOLLEeCS HaMpsbkeHWeM Ha BbIXofe ycunutens WA=WBbX= E n—UK,
M3MeHsieTCs B NpPOTMBOMase C Hanps>keHnem WK T. e. YCUIUTESNbHbIN
Kackaj C aKTWUBHOW Harpyskoi u3MeHseT daly HanpsXXeHUs Ha [ wnw
Ha 180°.

B paccMOTpeHHOW Cxeme YCUAUTEeNbHOro Kackaja BeCbMa He3Hauu-
TefNlbHble KO/ebaHUsA BXOAHOIro HanpsbkeHUs WBX BbI3bIBAOT TakXe Masble
M3MEHEeHNA MOoTeHLUWana CeTKU faMrbl U JOCTAaTOYHO 60/bLIME U3MEHEHUSA
aHOJHOro TOKa, T. €. Ha BbIXoAe YCUIUTENA O6yAYT MNONY4YeEHbl 3NEKTPU-
yeckme KonebaHWA 3HauYMTeNbHO 60/blieli MOLWHOCTU. YcCU/eHWe 3M1eKT-
pUYECKUX KonebaHui 6yaeT TeM 601bLWINM, YeM 60/blIE KPYTM3HA aHOAHO-
CEeTOYHOI XapaKTepuUCcTUKKU Namnbl.

TpaH3NUCTOpHbIE ycunuTennm Hambonee 4yacTto paboTaldT MO cxeme C
obwmm amMnTTepoM (pHc. 181), TaK Kak aTa cxeMa obecrneymBaeT AOCTATOUYHO
60/bLLIOE BXOLHOE COMPOTUBAEHUE N KOIPADULMEHT yCUNeHna. dTa cxema
TPaH3UCTOPHOr0 YCUIWUTENS 3KBUBANIEHTHA CXEMe YCUNUTENs Ha 3/1eKT-
pOHHOI Nnamne. WM3MeHeHMe MoTeHuwmana 6a3bl nof AeAcTBMEM BXOAHOrO
HanpsHkKeHMs MaX Bbi3biBaeT M3MEHeHWe Kak KOJNeKTopHoro toka iK Tak
(T H3NPAXAHMA 3IMUTTEp — KONNEKTOP ~fK« SABJISIOLWLEroCH BbIXO4HbIM.
B aToii cxeMe KoathdmumeHTbl ycnneHus noToky/C/=P=0/ VoM /B=N/ K/
0/« no HanpsbkeHnio KUu=AunsusyAnLK Ho mowHocT Kp=AP W APBX=
=K,Kwn.

Ans HopmanbHOM paboTbl TpaH3UCTOpPa MeXAy 3MUTTEPOM U 6asoi
LO/MKHO ObITb MOCTOAHHOE HaNpsXXeHue cMmeweHUa 6a3bl (fecaTble A0U
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BonbTa). Ha puc. 181 AnA nonyyvyeHUs HanpsHXXeHUs CMeleHUs 6asbl Npu-
MeHeH pe3ncTop R, BKAOUeHHbIA Mexay 6a30i 1 oTpuLaTenbHbIM MOJTOCOM
ncrtouHnka nutaHus UK

Ona nonyvyeHMs Hanps>keHUA cMelleHUs 6asbl MOXeT ObliTb WCMO/b-
30BaH fenutens HanpsxxeHus RR', kak nokasaHo Ha cxeme pwc. 181
NpepbIBUCTON NUHUEN.

Kak 6bl10 cKa3aHO Bbllle, TemrnepaTypa B CU/bHOW CTeneHW BAUsET

Ha napameTpbl U paboTy Mosynposos-
HWKOBbIX NMpubopos. Tak, Hanpumep,
rnoBbIlLIeHVe TemMnepaTypbl Bbl3blBAaC,
yBe/IYEHNE TOKOB U U3MEHSAET PEXUM
paboTbl TpaH3WUCTOpPOB. [ANA yMeHb-
LLUEHUS BIMAHNA U3MEHEHUS Temnepa-
TYpbl Ha pexum paboTbl TPaH3UCTO-
pPOB MPUMEHSAIOT TeMMNEPATYPHYHO CTa-
6unusaumnio. Ha cxeme ycunutens,
npuBefeHHOM Ha pHC. 181, moxer
6bITb  MCMOMb30BaHA KOJNNEKTOPHAasA
TeMnepaTypHas ctabunusaumsa, ecnu
Puc. 182. Cxema AByXKackKagHOro TpaH- pe3ncTop R, Heo6XoAUMbIA ANsA Mon;,
31CTOPHOTO  yCUAWTENA C PE3UCTUBHO-  yeHUA CMELLEHUA HanpsXeHUa 6asbl
EMKOCTHOW  CBASLIO NOAKMOUNTE K KOJSINEKTOPY TPpaH3uc-
Topa, KakK NnokKasaHo Ha cxeme npepsbl-
BMUCTOM NNMHMel. B 3TOoM cnyvyae MOBbILEHME TeMMNepaTypbl BbI30BET YyBe-
NnyeHne ToKa Konsektopa /7, W BO3pacTeT NajeHMe HanpsXeHus B KOn-
NEKTOPHOM Harpyske, 4To YMEHbLLAET Hanps>XXeHe aMUTTepP — KONEKTOP
n amuTTep — 6a3a W, cnepoBaTeslbHO, YMeHbLUaeT TOK Kossnektopa /K
[0 HayanbHOro 3HayYeHus.

MomMuMo BAMAHKA TemnepaTypbl OTpuuUaTe/lbHbIM CBOMCTBOM TpaH3W-
CTOPOB ABNAETCA YXyALIEHWe WX YCUINTENbHbIX CBOWCTB C MOBbILUEHNEM
4acToTbl. HEOCHOBHbLIE HOCUTENN MNPOXOAAT 4yepe3 6asy He MrHOBEHHO,
N MHXEKTUPOBaHHble B 6a3y B O4WH W TOT >Xe MOMEHT HEOCHOBHble HOCU-
Tenn [OCTUraloT KOJIJIEKTOPHOro nepexoja B pasHOe Bpems, BCeAcTBue
Yero yMeHblUaeTca aMnanTyha U Mckaxaetca ¢opma BbIXOLHOrO CUrHana.
BmecTe ¢ aTuM npomucxoauT 3anasfbiBaHve Mo dase Mexay KONEeKTOPHbIM
M 3MUTTEPHBbIM TOKaMn. Kpome TOro, ¢ pocTom 4acTOTbl €MKOCTb KOJJIeK-
TOPHOro nepexofa LWYHTUPYET ero CONpoTUB/IEHWE, YTO YMEHbLUAEeT KOo3ag-
ULMEHT nepejayn.

Mo aTuM NpUYMHAM C MNOBbILLEHWEM YacTOTbl YMeHbLUaeTcsa Koaddunum-
eHT YyCUNEeHMS MO TOKY & W 4acToTa, NPW KOTOPOW OH AO0CTUraeT BE/INYMHbI
0,707 cBOero HavasbHOro 3Ha4YeHWs, HasblBaeTCA FPaHWUYHOM YacTOTOW.

Ecnn pna nonyyvyeHus 3afjaHHOro KoadpuuueHTa YCUNEHUA OLHOrO
YCUNUTENIBHOITO Kackafja HefoCTaToOuYHO, MPUMEHAT MHOrokackagHble
yemnutenun. Ha pwuc. 182 nokasaHa cxemMa [BYXKackagHOro TpAHYWUITOMN-
HCIC yaasfTena C pPe3sUCTUBHO-EMKOCTHOM CBA3bIO MeXAy Kackagamu.
PaspenutenbHbli KoHAeHcaTop Cp npefHasHavyeH ANA OTAeNleHUs MoCTo-
AHHOW COCTaBNAIOLWEN HanNpPsXXeHUs cMmelleHUA 6asbl OT UCTOYHMKA BXOA-
HOro HanpsbkeHusa. HanpsxeHue cmelleHMs Ha 6a3y NepBOro TpaH3u-
cTopa 77 nopaetcs uepes pesuctop R.



TemnepaTypHasa cTtabunmsaumsa nepBoro, TakK e KakK BTOpPOro Kac-
Kaja, ocyuiecTBnsieTcs pesuctopamm R, un /?; (amuTTepHas cTtabunmsa-
uus). 3T pesncTtopbl co3galoT obpaTHYK CBA3b MO MOCTOSSHHOMY TOKY.
Ecnn ¢ nosbllleHMeM TeMnepaTypbl yBenu4yaTrcsd TOKW TPaH3UCTOpPOB, TO
BO3pacTeT MafeHWe HanpskeHus B pesuctopax R, n R',, a B cBA3KN ¢ aTUM
MOHM3ATCA MOTEHLMabl SMUTTEPOB TPaH3UCTOPOB, UYTO YMEHbLUUT Hanps-
XeHue cmelleHus 6a3bl M BbI30OBET YMEHblLUeHVe TOKOB. KonieKTopHbIMMU
Harpyskamum SBAAKTCA Pe3ncTopbl n RK KoHgeHcaTop Cp siBnsieTcs
pasgennTenbHbIM MeXAY MepBbiM M BTOPbIM Kackagamu. BTopoi kackag
OT/INYAETCA OT MepBOro Tem, YTO CMeleHMe 6asbl UKCUpYeTCa AenuTenem
HanpsbkeHus ¢ pesuctopamun /2, u /?,. KonpgeHcatop C 3amepxuBaeT no-
CTOSIHHYI0 COCTaBMAKOLW Y TOKa W3 KOJ/IJIEKTOPHOM Uenn B Harpysky Ha
BbIX04€e BTOPOro Kackaga.

§ 124. TeHepaTopbl FapMOHWYECKUX KosebaHui

,ﬂ,ﬂf-l nony4vyeHmna nepemMeHHbIX TOKOB BbICOKOW 4acTOThbl cny>at namno-
Bble TFeHepaTopbl, KOTOpble MpPeobpasylT 3HEpruio MOCTOSHHOrO TOKa B
3/IEKTPMYECKYHO 3HEPTrUi0 MepemMeHHOro Toka 3afaHHol uvacTtoTbl. 1o crno-
coby BO3OYXAEeHMA KonebaHW reHepaTopbl MoApasfenstoTcs Ha reHepa-
TOpbl C HE3aBUCUMbIM BO36YXAEHUNEM
M FeHepaTopbl C CaMOBO30YyXAeHUEM nQQ
unn asToreHepatopbl. B reHeparto- + 0 —fvv'-
pax ¢ He3aBUCUMMbIM BO30YXAEHUEM
rnepeMeHHoe HarnpsXeHue 3afaHHOM
YyacToTbl MOJaeTcA OT MOCTOPOHHErO ..

MCTOYHMKA W TeHepaTtopbl SBASAKT- &

CA YCUNNTENSAMW MOLLHOCTM rapMoHMU-

YeckMx KonebaHWin.B reHepaTopax c

camoBO30yXeHMEM  He3aTyxakwLljue

KonebaHus co3garoTcs Mnog BO3dewcT- - 0

BMEM BbLIXOAHOM LENun reHepatopa Ha
ero BXOAHYIO LeMnb 4epe3 MO0N0XM-
TeNlbHYH 06paTHYH CBS3b.

Ha pwuc. 183 unsobpaxeHa cxema
NnamMrnoBoro reHepartopa ¢ CaMOBO3-
OyXaeHueMm, cofepxkallan KosnebatenbHbii koHTyp LC. Ecnu 3apagunts
KoHaeHcaTop C, a 3aTeM 3aMKHYTb €ro Ha KaTylKy WHAYKTUBHOCTU L,
TO KOHZeHcaTop 6yaeT MepuoAMYEcKM paspsXaTbCa W 3apsXaTbCHd, a B
Lenu KonebaTteNlbHOrO KOHTYpa BO3HUKHYT 3/IeKTPUYeckne KonebaHus
TOKa U HanpshKeHWUsl ¢ 4acToTOi, 3aBUCALLE OT eMKoCcTU KoHpaeHcatopa C
N MHAYKTUBHOCTU KaTtywku L, T.e. uB=MNY LC, rge (00— cob6cTBEHHas
yrnoeas 4actota KOHTypa. 3TuM KonebaHus O6yayT 3aTyxawwmmu, Tak
KaK B KOHType MPOUCXOAUT MoTeps 3aHeprun. Ans NONyyYeHUA MMATYrS-
oWmMx KonebaHWin MNepeMeHHOro ToKa Heo6X0oAVMMO Mepuoauyveckm ¢ on-
pefeneHHoM 4YacToTon [06aBnsATb 3HEPTrUK B KonebaTeNbHbIA KOHTYp C
TeMm, 4To6bl KOMMEHCUMpPOBaTb MOTEPH 3Heprum B HeM. Tpuog J1 ABnsieTcs
ObICTPOAEMCTBYIIOLLMM YCTPOMCTBOM, MO3BOASAKOWMM [006aBAsiTb B Koneba-
TeNbHbIA KOHTYpP HeobXxoAMMylo 3Hepruto. [lepeMeHHbIi TOK, BO3HHKa-
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Kguii B Kone6aTeNbHOM KOHTYpPe M MPOXOAALLMA Mo BUTKaM KaTywku L,
BO30Y)X/JaeT MepemMeHHOe MarHMUTHOe MoJie, KOTOPOe WHAYKTUPYeT B 06-
MoTke LC nmepemeHHylo 34C €C ¢ 4acTOTOW TOKa Ko/ieb6aTe/lbHOro KOHTypa.
JTa 34C BO34ENCTBYET Ha CeTKy faMnbl M ynpaBaseT TOKOM B LenNu ee
aHopa. lpu MONOXWUTENbHOM 3Ha4YeHUW 3AC KaTyLKW 06paTHOW CBA3M
OHa YMEHbLLUMT oTpuuaTenbHoe cMmelleHne Ha ceTke namnbl — (Ucu—ec)
N aHOAHbIA TOK YBENNMYUTCS, NPU OTPULATE/IbHOM 3HAYeHUWU 3A4C ec OHa
YyBENMUUT oTpuLaTtensHoe cMeleHne Ha ceTke namnbl — (UeMieC) n ymeHb-
LUNT aHOAHbLIM TOK. TakMm o06pa3oM, aHOAHbLIW TOK namnbl 6yaeT NybCU-
PYHOLWWM, WN3MEHSOLWMMCS OT Hanmbo/blero A0 HaMMEHbLUEro 3Ha4vYeHUs
C 4acToTOW, paBHOW 4acToTe 34C OOGMOTKM 06paTHOW CBA3U, T. €. YacTtoTe
TOKa KonebaTe/NlbHOro KOHTypa. pu 3ToM Hawnbonbluee 3HauyeHWEe aHoOpA-
HbIli TOK MPUHMMaeT B MOMEHT, Korpga 34c €6 MMeeT MaKcUManbHOe MoJio-
XUTeNbHOE 3HauyeHue, T. e. €€ coBMajaeT Mo (pase C MEepPeMeHHOoI cocTas-
nawouleli aHogHOro ToKa W, cnefoBaTeslbHO, ob6paTHas CBSA3b MOMIOXMU-
TenbHas.

MocTosAHHaA cocTaBnsilolWLaa aHOAHOIO TOKa He MOXeT MpOoiTU B KO-
nebaTenbHbIA KOHTYpP, TakK KakK 3TOMY nNpensTcTBYeT pasfenuTeNibHbIi
KoHgeHcaTop Cp, M 3aMKHETCS 4Yepe3 UCTOYHUK MUTAHUS U pasfenTenb-
HYO WHAOYKTUBHOCTb Zp, KOTOpas ycTaHOBJ/IeHa, 4YT0Obl MepeMeHHas co-
CTaBnAwWaa He WYHTMpoBanacb MCTOYHUKOM MUTaAHUSA.

Mpun BbICOKOW 4YacToTe WHAYKTUBHOE COMPOTUB/IEHUE pa3fenuTenb-
HOM WHAYKTUBHOCTM (20/.p BENMKO M OHO MPEnATCTBYET MPOXOXKAEHUIO
MepeMeHHOlM cocTaBNsAOLLE A aHOQHOro TOKa, 3aMbliKalolencss yepes Kosie-
6aTeNlbHbIA KOHTYP.

Ona B03OyXaeHWA HesaTyxawWwmMx Koneb6aHWn nepemeHHass coOCTaB-
nfwwas aHO4HOro TokKa fammnbl AO/MKHA 6biTb A0OCTATOYHOWM, 4YTOObI KOM-
NeHCMpoBaTb MOTEPU 3HEPTUM B KOHTYpe. B MpoTMBHOM criyyae KonebaHUA
6yayT 3aTyxalWMMU W reHepaTop paboTatb He CMOXeT. B pesynbTaTe
MarHUTHOW CBSI3W Hes3aTyxalliMe KofebaHUs MepenatoTcs B BbIXOAHYHO
06moTKY LN, oTkyaa noctynaioT B Harpysky Rn.

Ha paccMOTpeHHOWM cxeMe aBTOreHepatopa Mexay KonebaTesbHbIM
KOHTYPOM W CeTKOW Namnbl MCNOSb30BaHa TpaHcdopmaTopHas ob6paTHas
CBSI3b. ABTOreHepaTopbl MOryT 6biTb TakKXe€ C WHAYKTMBHOW M C E€MKOCT-.
HOV 06paTHOM CBSA3bLIO.

§ 125. Pene

B cxemax nuTaHus, yrnpasneHUA W 3aliuUTbl 3/IEKTPOHHbIX YCTPOMUCTB
LLMPOKO MPUMEHAOTCA pesie — npubopbl, B KOTOPbIX M1aBHOE WU3MEHEHUE
BXOAHbIX MapameTpoB NPMBOAUT K CKAYKOOOGPA3HOMY M3MEHEHUIO BbIXOAHbIX
BeIMUNH. ECnM BXOAHbIM MapaMeTpom siBnsieTcs BenuvumHa X (Hanpumep,
TOK), a BbIXOAHbIM — Y A“Hanpumen. sannoxunu») TO X2*22KTe*?NCTHI3
npuoopa, ob6nagawoLiero peneHbIM 3AEKTOM, MMeeT BUfA, MOKa3aHHbIN
Ha puc. 184. Mpun M3MeHeHUN BXOAHOro napameTpa X OT HyNs A0 3Haue-
Hus Xt BbIxogHOW napameTp ocTaeTcsi HEM3MEHHbIM W paBHbiM YU [Mpu
X—Xi napametrp Y cKaukoo6pasHO W3MEHAETCA A0 3HayeHUs Y, U oc-
TaeTcs HeMsMeHHbIM NpU AanbHeliwem ysenuueHun X. YMeHbLUeHUE
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napameTpa X TakXe He U3MEHseT BeNnunHbl YT, Ho npu X =X 3 napameTp
Y cKaykoo6pasHO YMEHbLUAeTCs W MNPUHUMaET MepBoHavYanbHOe 3Haue-
Hue YX

Tak, Hanpumep, pa6oTa LWMPOKO PacnpocTPaHEHHOro 3fieKTpomar-
HUTHOIO pefie OCHOBAaHa Ha 3/IEKTPOMEXaHWYeckom AeicTBmm Toka. [MpH
YBEIMYEHNN TOKA [0 ONpPeaeNieHHOM BeNNUYMHBI
cuna BO3OECTBMA Ha SKOPb cTaHoBMTCA fgo- Y
CTaTOUYHOWN AN MPEOAOSIEHUs CUMbl MPOTUBO- y-
[JENCTBYIOLEN MNPY>XUHbI U AKOPb WU3MEHSET
CBOE MOMOXEeHMe, Nepeknoyas KOHTaKTbl. C
YMEHbLLEHNEM TOKa [0 BE/INYUHbI, NMPH KOTO-
poii  aneKTpomMarHMTHas cuna CTaHOBMTCA
eHblle CUAbl MPOTUBOAENCTBYHOLLEN NPYXWU- Y,
Hbl, AAKOPb BO3BPAaLLAeTCs B UCXO4HOE MoJo-

peHue.
Takum 06pasomM, paboTy pene xapakTepu- Puc. 184, XapakTepucrtuka
3yl0T [Be Be/IMUYUHbI BXOLHOro napamerpa (B PENENHOTo anemeHTa

paccMOTPeHHOM C/lyyae TOKa): TOK cpabaTtbiBa-

HUA NTOK OTNYCKaHUSA, a BCE NPOMEXYTOUHbIE 3HAUEHWA TOKa He MPUBOAAT K
N3MEHEHUIO COCTOAIHMA pefie. TOK cpabaTbiBaHWs pefe 6GOMblle TOKa OT-
MycKaHusa. B pacCMOTPEHHOM 3/1eKTPOMarHUTHOM pefie Noc/ie NPUTSHKEHUS
AKOPSA BO3AYLUHLIA 3a30p CTAHOBUTCA MWHUMANbHLIM, AN8  YyAepXaHus
AKopsA TpebyeTcs Mafblii TOK U ANA OTMNYCKaHUsA pefie TOK B 06MOTKe He-
06X0MMO YMEHbLLMNTL MO CPABHEHMIO C TOKOM CpabaTbiBaHUA. OTHOLLEHMWE
BXOAHOro MapameTpa npu oTnyckaHuu pene Xt K BenuuuHe 3Toro napa-
meTpa npu cpabaTbiBaHMnM X, HasblBaeTcs KO3 P PUULMUEHTOM BOS3-
epaTta pene (KB=XJXIi), kotopblii Bcerga MeHblue equHULbI.

Pene coCTOWUT M3 BOCMPUHUMAIOLLErO OpraHa, npeaHasHayeHHOro A/s
BOCMPUATUA BXOAHOrO MapameTpa, WU MCMOMHUTENLHOrO OpraHa, KoTopbli
(hopMUPYET BbIXOAHbIE MapameTpbl. s 31eKTPOMArHUTHOTO pefe TakuMu
aNeMeHTaMV ABMAIOTCA KaTyllKa 3/eKTPOMarHuTa W KOHTaKTbl. Bosgeli-
CTBME Ha BOCNPUHMMAIOLWMI OpraH MNPUBOAMT K W3MEHEHWMIO COCTOAHMS
WCMOMIHUTENILHOrO OpraHa uepes OnpejesieHHOE BPEMS, Ha3blBaeMOe B € -
MeHeM cpabaTbiBaHUA WIM BPpeMeEHEM OTMNYCKaHMUSA
pene. Bpems cpabaTbiBaHWUA, UKW OTMNYCKAHWUA, Pefe CKNAAblBAeTCH W3
BPEMEHW TPOraHWA U BPEMEHU [BMXXeHUA. BpemMeHeM Tporan ma
Ha3blBAeTCA OTPE30K BPEMEHW, MPOLUEALINIA OT MOMEHTa BK/UYEHUA WU
BbIK/IIOYEHNS LENU BOCMPUHMMAIOLLEr0 opraHa A0 Hadvana rnepemeLleHuns
MOABMXHOW uacTu penie. OTO BPeMs 3aBUCUT OT MOCTOAHHOW BpeMeHM
pene. BpemMsa [AOBUXEHMUA — MPOMEXYTOK BpeMeHM OT Hauana
nepeMeLLeHns MOABUXKHOM YacTh [0 3aMblKaHUA WU pasMblKaHUA KOH-
TAaKTOB; 3TO BPEMSA 3aBUCUT OT KOHCTPYKTUBHbLIX CBOWCTB pene: Macehl
AKOPA, ero Bxofa, TATOBbIX YCUAWUNA W T. A,

a T T cTrycks!!»® M/KMO M3MEHWUTb KaK KOH-
CTPYKTUBHBLIMU, TaK W CXEMHbIMU Mepamu. [ns 3amMensieHUs cpaoaTbiBa-
HHA 1 OTMYCKaHWA pefie Ha ero CepAevHuKe MOMELLAIOT MACCUBHYIO Mef-
HYI0 TWNb3y (KOMbL), KOTOPYH pacrofaraloT AfA 3aMefneHnsa Ha npu-
TAXKEHME Brepean KaTylKu (CO CTOPOHbI AKOPSA), a AN 3aMef/eHus Ha
OTNyCcKaHue — 334U KaTyLWKU. VIHAYKTUPYEMbI/i B TWU/b3e TOK 3aAepPXH-
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BaeT HapacTaHue WM cnajaHne MarHUTHOro MOTOKa, B pe3y/ibTaTe 3TOro
3amMefnaeTcsa rnepemeLleHve sKops.

Cxema BKIWOYeHUS pene ANA 3aMefsieHUs cpabaTblBAHWUA W OTNycKa-
HUA pene nokasaHa Ha pwuc. 185, a. lNpu BkAYeHUM KoHpAeHcaTtop C,
WYHTUPYS O0OMOTKY pene, 3afepXXuBaeT yBenuyeHuMe TOKa B Held, a npwu

Puc. 185. Cxembl BK/IHOYEHUSA pefe: Puc. 186. Cxema 3/1eKTPOHHOro pesne

a — Ans 3aMejanieHus cpabaTbiBaHUS U OT-
nyckaHus, 6 n e — Ans 3amenseHus oTny-
CKaHus, I —ANs YCKOpPeHus cpabaTbiBaHUS

BbIK/TIOYEHUN KOHAEHCATOP, pas3psXascb Ha OOMOTKY, 3aMefnsier YMeHb-
weHwve Toka. Ana 3ameaneHna paboTbl pefie Ha OTANYCKaHUe CNYXUT cxema
puc. 185, 6; sanaceHHas B KOHAeHcaToOpe 3HEPrus 3afep>KUBaeT YMeHb-
LeHne Toka B 06MOTKe penie. Tak Xe 3amef/leHUe Ha OTNycKaHne obecrevynT
CXemMa C BK/lOYeHMeM gumoda napannenbHo 06MOTKe pefie B HEMPOBOAALLEM
HanpasneHun (pwuc. 185, B). Mpwn oT-
K/IlOYeHUN pene B ero o06MoTKe bypeT
noaaepXXmeatbca TOK MNof BO3AeNCT-
BMEM 3AC CaMOWHAYKUMW. [na yCKo-
peHus cpabaTbiBaHUA penie MOXeT
6bITb MCMOSb30BaHa cxema, n306pa-
)XeHHaa Ha pwuc. 185, T. B MOMEHT
BK/IIOYEHNS TOK MPOXOAUT Yepe3 KOH-
JeHcaTop, NpPeACTaBNAWMNA ANA He-
ro Masioe cOnpoTuB/EHNE, U pene Obl-
Puc. 187. Cxembl hoTopene: cTpee cpabaTbiBaerT.
a — o ¢hoTopeancTopom, 6 — ¢ N1aMnoBbIM yCU- Pene noapasfensioTcs Ha KOHTaK-
THble U 6GeCcKOHTaKTHble. KOHTaKTbl
pene — Hambonee HeHageXHble UX 4YacTU. BeckOHTaKTHble pesie UMelT
PAA CYLLECTBEHHbIX MPENMYLLECTB MO CPAaBHEHUIO C KOHTAKTHbIMU, KaK-TO:
60NbWasi TOYHOCTb, YYBCTBUTE/bHOCTb, ObICTPOAEWCTBUE, HAAEXKHOCTb U
[ONTOBEYHOCTb.
K 6ecKOHTaKTHbIM pefie OTHOCATCHA 3/1IeKTPOHHbIE Mepek/oyalLme
YCTpPOWCTBa, HasblBaeMble CNYCKOBbLIMWN WML TpUrrepamwu.
KoHTaKTHble pefie npeobpasyloT BXOAHYI BEeMUMHY B MexaHMyeckoe
fJelicTBue, pe3ynbTaTOM KOTOPOro SABASIETCA 3aMblKaHWE WM pasmblKaHue
BbIXOAHOW Uenn. K KOHTaKTHOW rpynne pesie OTHOCATCA 3N1eKTPOMeXaHu-
YeckKme pesie C 3NEKTPOHHLIMU YCUTUTENSAMMN.
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OnekTpoHHOe pene (puc. 186) npegcTasBnseT cob60OA  3NEKTPOHHbLIN
YyCUANTeNb Ha TpUoLe, B aHOAHYIO LeNnb KOTOPOro BK/KYEHO 3N1eKTpomar-
HUTHoe pene P. Mpu nogaye Ha CeTKy HEGOMLLIOINO MOMIOXUTENLHOMO Ha-
npsxeHUst oT KoHTponupyemoii ueny KL, nogkntoueHHOro K Heid, aHOAHbI
TOK BCNefCTBME YCUNNTENbHBIX CBOWCTB /lammnbl 3HAYUTENbHO YBENUYU-
BaeTCA. O/NIeKTPOMAarHUTHOe pefie cpabaTbiBaeT, MEePeKNoYaeT CBOH KOH-
TaKTbl M BK/OYaeT, OTK/AKOYAET WAN MePeKnoyaeT YCTPOMCTBA, KOTOPbIMU
OHO ynpaBnser.

YnpasneHne 31eKTPOMarHUTHbIM pefle MOXeT OCYLLeCcTBAATbLCA TpaH-
3ucTopammn, TupaTtpoHamu, (poTtoanemeHTamm n ap.

doTopene sABNSETCA aBTOMATMYECKMM YCTPOMCTBOM, pearvpylowmnMm Ha
N3MeHeHWe CBETOBOro noToka. [lpocTeiiwee doTopene 06bIYHO MOCNEAO-
BaTe/lbHO COEAMHAIOT C (DOTOPE3NCTOPOM (puc. 187, @), KOTOpPble BKAKOYAOT
B ceTb ¢ HanpsbkeHnem U. MNpu HeocBelweHHOM (DOTOPE3HCTOPE COMPOTUB-
neHwve ero Bennko (NnpmmepHo 1 MOM) mn ToK B uenH man. OcselieHme ¢o-
TOpe3HCTOpa BbI3bIBAET YMEHbLUEHWE €ro COMPOTUBAEHUS W YBENYEHUE
Toka B uenu. MNpn HEKOTOPOM 3HayYeHUM TOKa B Lenu cpabaTbiBaeT 31eKT-
poMarHuWTHoe pene P, 3amblkasi WAM pasMblkasi KOHTaKTbl B YMpas/s-
emMon uenwu.

B cnyuasix, Korga 4yBCTBUTeNbHOCTb (poTOpene ¢ hoTopesncTopamH
OKasblBaeTcA HeAOCTaTOYHOM, MPUMEHSAIT OoTopese € 3NeKTPOHHbIMU
ycunutensamu (puc. 187, 6). MNpu 3aTeMHeHHOM (hOTO3/IEMEHTe ero POTOTOK
paBeH HYNIO0 M Ha CeTKY YCUIUTENbHOW Nnamnbl NojaeTca oTpuuaTesnbHoOe
cveweHne Ueu, szanupatowee namny. [Mpu oceeweHuun ({t0To3anemMeHTa
nossnsetca (PoTOTOK, KOTOPbIA cO34aeT Ha pe3ucTtope /¢ nageHwe Hanps-
XeHUs, KOTOpOoe YMeHbLUaeT OTpuuaTe/lbHOe CMeLLleHMe Ha CeTKe YCUIn-
TeNbHOW Namnbl, oTNMpas ee. B pesynbTaTe aHOAHbLIA TOK nNamnbl U TOK
B 06MoTke pene P nosblwatoTca. Mo Mepe YBeNMYEHUS OCBELLLEHHOCTU
hoToanemeHTa BO3pacTaeT TOK B aHOAHOM LENH W Mpu AOCTUXEHUN HEKO-
TOPOro 3Ha4YeHUs MPOMCXoAuUT cpabaTbiBaHue pene P.

KOHTPONbHbLIE «ONpPOCH

1. O6bACHUTE paboTy OfHOM(A3HOW MOCTOBOM CXeMbl BbIMPAMAEHUS.

2. Yemy paBHO 06paTHOe HanpsbkeHue B [BYXMNOJYNepUoLHONM, MOCTOBOM W Tpexdas-
BOW CXemax BbINPSAMAeHNA?

3. Kak onpegensetrcs KoathhULUMEHT CrAaXmnBaHuUsa ANA pasiMyHbIX TUNOB Craaxmnea-
LHUMX unnbTpoB?

4. N306pa3nTe cxeMy BK/IIOYEHUS rasopaspsAfHbIX M KPEMHUEBbIX CTabUAUTPOHOB.

5. KakvMW OCHOBHbIMW MapameTpamMu XapakKTepu3syeTcs YCUINTENb?

6. O6bACHUTE PaboOTy CXeMbl N1aMMOBOr0 YCUAUTENSA.

7. Kak onpegensietcsi KO3((OULMEHT YCUIEHNA TPaH3UCTOPHOrO YCUINTENSA NPU CXEME
C 06WK1M 3MUTTEPOM?

8. B uem 3akntoudaeTcss npuHuMn pa6otbl namnosoro L—C reHepatopa?
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N yyebHble nocobus:

FetTnnHr bB. B. YTeHMe CXeM W 4yepTexel 3/eKTPOYCTaHOBOK: Yuye6HUK.—
6-e n3g., ncnp.— 8 n., nn.— 25 k.

PaccmoTpeHbl Ha3HayeHue, kKnaccudukaums W yCnoBHble 0603HAYEHWUA 3neKTpuye-
CKMX CXEM W 4YepTeXel 3N1eKTPOYCTAHOBOK; [aHO OMMUCaHMe 3TUX CXeM U YepTexeii.

LW ectoe mn3gaHme kHurn (5-e — B 1977 r.) ucnpaBneHO B CBSAI3U C U3MEHEHUAMU B
FOCTax.

Lns cpefHMX NPodTeXyUNINLL, 31K TPO3HEPre T UYECKOro Mpodomnns.

MepenbmyTep H. M. 321eKTPOMOHTEP-0OMOTYMK W U3ONUPOBLLMK MO PEMOH-
TY 3N1EKTPUYECKUX MaWUNH: Y4yebHUK.— 14 n., nn.— 35 k.

Moapo6HO paccmoTpeHa TeXHONOrNs BbINOJIHEHUA OBMOTOYHBIX U M30/IMPOBOYHbBIX
paboT NpU PeMOHTE 3/1eKTPUYECKUX MallWH, JaHO OfnucaHWe NPUMeHSAeMbiX MPU 3TOM
npvemoBs, NpUcnocob6ieHNnin n 060pya0BaHUS.

MpuBeaeHbl TakXe cBeAeHUs 06 ycTpolicTBe Hambonee pacnpocTpaHeHHbIX TUMNOB
3N1EeKTPNYECKMX MALLUUH, CXeMaxX O6MOTOK, MeToAax WX MOCTPOEHUS U KOHCTPYKTUBHbIX
0CO6EHHOCTSAX, MPOBOAHWKOBbLIX W W30AALUMOHHbLIX MaTepuanax, MWCMNOMAb3yeMbIX MpuU
PEMOHTE 3NEKTPUYECKUX MaLLUH.

,ﬂ,]‘lﬂ MOAr0OTOBKN B TEXHUYECKNX YUHUNULLIAX :-)I'IeKTpOMOHTepOB-OﬁMOTLWIKOB n n3o-
NIVPOBLLNKOB, 3aHATbIX PEMOHTOM 3/IEKTPUYECKMNX MalLllH.

PacoBckunuin B. 3, KoTtos TI. V. PeMOHT W3MEPUTENbHbIX 3NEKTPOMNpPU-
60poB: Yue6. noco6ue.— 6 n., un.— 25 K.

PaccMoTpeH peMOHT pgeTanei W y3/i0B WU3MepPUTe/bHbIX 31e€KTPONpuM60poB, AaHO
onucaHne ux c60pKM U perynnposkn. KpaTko M3N0XeHbl CBefeHUSs 06 opraHusauum
pemMOHTa W3MePUTENbHbIX 3M1eKTPONPUOOPOB, O MPUMEHAEMbIX WMHCTPYMEHTax, Mpucrno-
cobneHNAxX n ycTpolicTeax.

Ona cpegHNX MpodhTexyunnmLL, roTOBSLUMX CRecapei-MexaHWKOB W3MePUTENbHbIX
3NeKTPOnproopos.

YBaxXaeMble ynutatenun!

M3paTtenbCTBO «Bbicwias LWKoMa» BbiMycKaeT YYe6HUKM, yuyebHble Y MeTOoLUYEeCcKU®
noco6us, nnakatbl. Mogpo6Hee NO3HAKOMUTLCA C y4eGHOM NMTepaTypoli BamM MOMOXeT
aHHOTMPOBAHHbLIA NiaH BbiNycka NuTepaTypbl Ha 1980 roa (npodTexo6pasoBaHus),
KOTOPbIA MMEEeTCS B KHMUXXHbIX MarasmHax.

MpeaBapuTenbHbie 3asiBKM Ha KHUTM Bbl MOXeTe cfenaTb B MarasmHax KHUro-
Topra wuav noTpe6buTenLCKol Koonepauuu.






