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YBaxaemMbin untatenb!

AQHHBIA YYeOHUK SABASETCS YaCThIO YUeOHO-METOAUYECKOTO KOMII-
AEKTa II0 IpodeccusM TeXHUYECKOTO IIPOMUAI.

Y4ueOHUK IpepHa3HaueH AAS M3yUeHHs1 oOllenpodecCuoHaAbHON
AUACITUTIAMHBL « DAEKTPOTEXHUKA .

Y4eOHO-MeTOANYECKEe KOMIIAEKTEI HOBOT'O ITOKOAEHUST BKAIOYAIOT
B ce0s TpPapUIIMOHHBIE U WHHOBAIIMOHHBIE y4yeOHBble MaTEpPHUAABI, IO-
3BOAMIONIHE O0eCIeunTh U3ydeHue o0Ieo0pa3oBaTeABHBIX M OOlIe-
npodeCCUOHAABHBIX AUCIUIAMH U NPOMECCUOHAABHBIX MOAYAEH.
Ka>XKABINT KOMIIAEKT COAEPIKUT yUeOHUKU U yueOHBble IIOCOOUs, CPeA-
cTBa OOy4eHHUSI U KOHTPOAS, HEOOXOAUMEBIE AT OCBOEHUS OOIIUX U
npodeCcCUOHAABHBIX KOMIIETEHIINM, B TOM YHCAE U C y4eToM TpeDoBa-
HUMN paboTOoAATEAS.

YueOHBIE U3AQHUST AOIMOAHSIOTCS YA€KTPOHHBIMU 00pa3oBaTEAb-
HBIMU pecypcaMu. DAeKTPOHHBIE PeCypChl COAEPIKAT TeopeTudecKue
U IpaKTUUYeCKHe MOAYAU C UHTEPAKTUBHBIMU YIPaKHEHUSMHU U Tpe-
Ha)kepaM¥, MyAbBTUMeAUNHBIE OOBEKTEl, CCHIAKM Ha AOIOAHUTEABHBIE
MaTepHuaAbl U peCypcCHI B I/IHTepHeTe. B mnux BRAIOUEH TEPMUHOAOTHU-
YeCKUM CAOBapb U DAEKTPOHHBIM KypHaA, B KOTOPOM (PUKCHUPYIOTCSA
OCHOBHBIE ITapaMeTphl YUeOHOro Impolecca: BpeMs pabOThl, PE3YAbTAT
BEITIOAHEHUSI KOHTPOABHBIX U ITPAKTHUYECKUX BaAaHHﬁ. SAeKTpOHHBIe
pecypchl AeTKO BCTPAWBAIOTCS B yUeOHBIN IIPOIleCC U MOIYT OBITh
QAAITUPOBAHBI K PA3AUYHBIM y4eOHBIM IIpOrpaMMaM.



BeepeHue

Ka3zanock OBI, 3aueM 3AeKTPOTEXHUKA CAECAPI0 MEeXaHOCOOPOYHBIX
paboT MAM CTPOUTEAI0, CTAHOUHUKY HIIMPOKOTO MPOMUAST UAM TEXHO-
AOTY, MEXaHUMKY HWAU aBTOCAecapio? A pasBe cAecapb He MCIOAb3YyeT
B CBOEM IIPOM3BOACTBEHHOM! AESTEABHOCTH, HAaIpUMepP, SAEKTPOAPEAD?
Pa3Be cTpouTeAb He MOAB3YeTCS IIMKAEBOUYHOU MAIIMHOU, IAEKTPOPY-
0aHKOM, MOABEMHBEIM MeXaHu3MoM?¢ He OyapeM y’K TOBOPUTB O CTAHOU-
HUKEe, KOTOPBIM CETOAHS MMEET AeAO He TOABKO C IJeABIM PSIAOM 3AEK-
TPOABUTATEAEN U KOMMYTAIIMOHHBIX YCTPOUCTB, HO U C INUMPOBLIMU
YCTPOUCTBAMH, B TOM UYHMCA€ C MHUKPOIIPOIIECCOPOM.

YTOOBI CTaTh XOPOIIUM CIEIIUAAUCTOM B CBOEU OOAACTU M K TOMY JKe
HEe TOAYYUTDH «yAapa B CIIMHY» OT «OOWKEHHOM» DAEKTPOYCTaHOBKH,
BaM HeOOXOAMMO 3HATh OCHOBHBIE 3aKOHBI, KOTOPHIE IIOAOJKEHEI B OC-
HOBY pabOTHl CaMBIX PAa3AMUYHBIX JAEKTPOTEXHUUECKUX YCTPOMCTB,
MIPEACTaBASITh UX KOHCTPYKIIUIO, IPUHIIUII AeUCTBUS, OCHOBHBIE Xa-
PaKTEepPUCTUKH, METOABI UCIBITAHUM, 00AACTU NIPUMEeHEeHUs U, HaKo-
Hell, aATOPUTMBI UX pacueTa. DTUMU YCTPOMUCTBAMU U yCTAHOBKAMM
MOTYT OBITh SAEKTPHYECKask CUCTEMA OCBeIeHUsI U BEeHTUAILINHY, SAEK-
TPOMHCTPYMEHT, CUCTEMAa KOHTPOAS ¥ U3MEPEHNY, SAeKTPOMarHuTHOe
peAe UAM DAEKTPUYECKUM ABUTATEAb, SAEKTPOHHBIN YCUAUTEADb UAU
nudpoBoe yCTpOUCTBO.

Bce 3Tu 3HaHUA AQeT HaM AUCHMIAVMHA « DAEKTPOTEXHUKA», K U3y-
YEeHMIO KOTOPOM MBI IIPUCTYIIaeM.

KpaTkasa nctopuss n nepcnekTuBbl pasBUTUA
3N1eKTPOTEXHUKN

-1§ SirekmpomexHUKa — 3TO HayKa 00 OCHOBHBIX 3aKOHaX (PU3UKU B

00AACTU SAEKTPUYECTBA U €TO IPUMEHEHUH B IPOMBIIIAEHHOCTHA
U OBITY.

OHa CcpaBHUTEABHO MOAOAQ, ¥ TOAOM €e OCHOBAHUS MPUHSTO CUM-
TaTh 1802 r., KorAa akapeMuk B.B.T1eTpoB OTKPBIA Y MCCAEAOBAA SIB-
AEHHe DAEKTPUIECKOU AYTH, @ TaKKe BO3MOKHOCTH €ro MPUMeHEeHUs
MASI OCBEINeHUs, CBAPKHW W TAABAEHUS. Aaree pPa3BUTHE IIIAO CEeMU-
MUABHBIMU TITaTaMu:
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1820 r. — A.M.AmMIep U3MepPUA CUAY B3aUMOAEMUCTBUS MEKAY
ABYMS IapaAAeAbBHBIMHM IIPOBOAHMKAMM C TOKOM (3aKOH AmIepa), co-
3AaB OCHOBY IIOCTPOEHMSI IAeKmpuueckux gaurameaet;

1826 r. — I'. OM 3KCIIepUMeHTaAbHO MOATBEPAUA 3aKOH, Ha3BaH-
HBII €r0 MMEHeM, IIOAOKUB HAuaAO pacuemy 3AeKmpuyeckux yeneu;

1831 r. — M. @apapelt OTKPHIA sIBA€HUE SAeKTPOMAarHUTHOM WH-
AVKIIUH, CO3AAB OCHOBY IIOCTPOEHUS 3AeKMPUUeCKUX reHepamopos;

1834 r. — B. C.SIkoO1 MOCTPOUA SAEKTPUUECKUU ABUTATEAD IIOCTO-
SIHHOT'O TOKa, CTABIIMY OCHOBHBIM NPUBOGHbLIM gBUrameAeM MpPAHC-
NOPMHBIX CPEgCMB;

1847 r. — I'.P.Kupxrod copMyArnpoBar 3aKOHEI, HA3BaHHBIE €TI0
UMeHeM, NO3BOAAIoWUe PACCUUMbIBAMb CAOXKHbBlE IAeKmpuiecKue
yenu;

1872 r. — A.T.CTOAETOB CHSA KPUBYIO HaMarHW4YMBAHU4 >KeAe3a
B(H), IOAOKUB OCHOBY paciema MArHUmMHbIX ueneu;

1875 r. — T1.H.I6A0uKOB co3pan TpaHchopmaTop, obecrneuuB ne-
pegaiy sieKmpuuecKol 2Hepruu Ha 3HAUMUTEABHBIE PACCTOSTHUS;

1888 r. — M. O. AoAnB0O-AOOPOBOABCKUY CO3AAA TpexXda3zHbIN
ACUHXPOHHBIN ABUTATEAB IIEPEMEHHOTO TOKa — OCHOBHOMW NPUBOGHOU
gBurameAb AI0OOro MEMAAAOPEXYW,ero CIMAHKA,

1895 r. — A.C.TlonoB IpoAEMOHCTPUPOBAA BO3MOKHOCTH PAAUO-
CBS3U, 3aA0KUB OCHOBBI paguo- U MmeAeBewaHusA.

Bce mocaeayrolye OTKPBITUSL M U300peTeHNs ObIAM HallpaBAE€HBI Ha
Co3AaHMe NMPAKTUYEeCKU AEWCTBYIOIINX HUCTOUHUKOB M IPUEMHUKOB
SAEKTPUUYECKON SHEPTHH, SIBASIONINXCS OCHOBHBIMU dA€MEeHTaMU SAeK-
TPOTEXHUYECKUX yCTaHOBOK. CeropHa Poccust MpoOU3BOAUT Ha TUAPAB-
AWYECKMX, TEIIAOBBIX, @TOMHBIX U APYTHUX 3A€KTPOCTAHIIUAX OKOAO 900
MAPA KBT* 4 BAE€KTPOZHEPTUH B TOA — IIOYTH 7 % MHUPOBOTO IIPOU3BOA-
crBa. BoabInas yacth ee (68 %) BbIpabaThIBAETCS Ha TETIAOBBIX 9AEKTPO-
CTaHITUAX, HO B OTAMUME OT MUPOBOM IIPAKTHUKU AU 16 % (B ABa pa3a
MeHBbIIIe) — 3a CueT CKUTaHMs yTAs. Poccus 3KCIAyaTUpyeT pa3BepAaH-
HBIe 3alackl He(pTU U rasa, KOTOPHIX IIO MPOTHO3Y XBATUT AMUIIL Ha 70
AEeT, B TO BpeMs KaK 3allaCcOB yIAS XBATUT Ha COTHU A€T.

3HAQUUT, IIePCIeKTUBa Pa3BUTUS IIPOU3BOACTBA IAEKTPOIHEPIUN —
IIePeBOA CYIIECTBYIOIIUX TEIIAOBBIX 9A€KTPOCTAHIIMIN Ha TBEPAOE TOII-
AUBO — YTOAB.

CAepyIONIUM 3Tall — 3TO yBEeAWUEHMEe AOAU IIPOM3BOAMMOM 3AEK-
TPO3HEPTUU Ha @TOMHBIX 3AeKTpocTaHIugax ¢ 13 po 25% k 2020 r.
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HaxkoHer, mo BeAUYMHe peuyHOTro CTOKa Poccus 3aHMMaeT OAHO U3
TIePBBIX MECT B MHUpe, B TO Ke BpeMd AUIIb 20 % 3TOM BO30OHOBALE-
MOM 3HEePruU HUCIOAB3YETCS AAT IIPOU3BOACTBA IAEKTPOIHEPTHUU Ha
TUAPaABAMYECKUX IAEKTPOCTAHITUIX.

B mepcnekTuBe NCIOAB30BaHNE U APYTUX BO30OHOBASIEMBIX UCTOY-
HUKOB 5HEPIHU: COAHEYHOH, re0TepMaAbHON, SHEPTUU BeTpa, NPUAU-
BOB U AD.

[Tporpecc B 00AACTH NOTPEOAECHUS IAEKTPOIHEPIUU CETOAHSI U 3aB-
Tpa — 3TO B IIEPBYIO OuepeAb IOBLIIIIeHNe KO3 (uiieHTa IOAe3HOT0
AEUCTBUS 3AEKTPOYCTAHOBOK, COKpallleHNe IIOTeph IIPU IIPOU3BOACTBE
U epepade dAeKTposHepruu. CeroAHs, MOKYTas XOAOAUABHUK, TEA€BU-
30D, IBIAECOC, CTUPAABHYIO MAIUHY, MBI HHTEpeCcyeMcsl OTpebAseMOoH
MOIITHOCTEIO. Bce uarllie moKymaeM, XOTsI U AOPOTUe, HO 3Heprocbepera-
IOIMe SIAEKTPOAAMIIBI — OKYIIATCS. AHAAOTUYHO U B IIPOHU3BOACTBE: 3a-
MeHa CTaporo 060pyAOBaHMS U TEXHOAOIMHU Ha COBpPeMeHHBIE 3HEepro-
cOeperaroiire TpebyeT 3aTpaT, HO BeAb TOXKE OKYIIUTCS.

OAHO M3 HalpaBAEHUM Pa3BUTUS HIAEKTPOTEXHUKU — 3TO CHUKe-
HHMe BAUSHUS SHePTreTHUeCKHX YCTAaHOBOK Ha 3KOAOTHUECKYyIO oOcCTa-
HOBKY. HepomycTuMO 3arpsisHsTh aTMochepy OTXOAAMU IIpU CKUTa-
HUU yTAS, HeTHU U rasa, 3aTONAITH THICIYU I'eKTap IAOAOPOAHBIX 3e-
MeAb, A€COB U IleAble AePEBHU IIPU CTPOUTEABCTBE I'MAPOIAEKTPOCTAH-
nui. Ha yaydnieHre 5KOAOTMYEeCKOW CUTYAIIUU CETOAHS HAIpPAaBAEHBI
YCUAUS YUEHBIX, HUH)K€HEPOB, TEXHOAOTOB U CTPOUTEAEH.

1, KoHe4HO >Xe, OAHA M3 OCHOBHBIX 3apau Poccun — MOAHSTBCS IO
noTpeOAeHUIO SAeKTPOIHEPTUN Ha AYIy HaceAeHHs ¢ 17 MecTa B
MHpe Ha OAHO U3 IIEePBBIX.

= penmyInecTBa 9ACKTPUIECKOM SHEPIHH [IEPEA APYTHMU BUAAMI
SHEPruu OYEBUAHBIL
"  CcIOCOOGHOCTH AETKO ITepepaBaThCs Ha AIOObIe PACCTOSHUS;
¥ BO3MOJKHOCTH AGAEHUS Ha AIOObIe YaCTH;

®  [IPOCTOTa MPeoOpPa3oBaHUS B ADYTHE BUABI DHEPTUH (CBETO-
BYIO, TEIIAOBYIO, MEXaHUUECKYIO U AD.).

Ba>kHo 1 TO, YTO Ha ee OCHOBe MOTI'yT CO3AaBATHCA aBTOMATUYe-
CKHe CHUCTeMBbl YIIPpaBA€HUA CAMBIMU PA3AMYHBIMU TE€XHOAOTUYECKUMU
mIponeccaM U TEXHUYECKUMHN oOBeKTaMU.

Bonpocbl TexHukn 6e3onacHocTn

vy BAeKTqueCKOﬁ OHepruum eCThb AUIIIbL OAMH HEAOCTATOK — ee
OIIACHOCTH AAA JKM3HHN YeAOBEKa.
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OAEKTPUYeCKUM TOK 110 BO3AENCTBUIO Ha YeAOBeKa MOYKHO YCAOB-
HO TIOAPA3AEAUTH Ha TPU BUAQA:

= omyTuUMBINA: OoAee 0,6 MA — cAabBIN 3ya,; Ooaee 3 MA — pas-
ApakeHue; 6oaee 8 MA — HeNPOU3BOABHOE COKpalleHue
MBIIIT] PYK;

B HeoTIIyCKaroIuii: 6oaree 10 MA — CyAOPOTHU MBIIII PYK, IIO-
CTPaAA@BIIMU He MOJKeT pa3’kaTh PYKHU; 6oAee 25 MA — cyp0-
pOTH He TOABKO MBI, PYK, HO U TeAq, Ooaee 50 MA — moTe-
ps CO3HaHU, IpeKpallleHue AbIXaHUs U Aa’Ke CMePTh;

= PUOPUAILIMOHHEBIN: 60Aee 100 MA — pa3apakaeT MBI
CepAIQ, Cy>KaeT COCYABL, ITPeKpalraeT ABM)KeHNe KPOBH, BhHI-
3BIBAET CMEPTh.

[MepeuncreHHOE OTHOCUTCS K TIEPEMEHHOMY TOKY ITPOMBIIIIAEHHOMN
vacToThl (50 I'11). [ToBBINIIEHWE YaCTOTHI CHUYKAET OMaCHOCTh Iopake-
HUS, TaK KaK TOK BBITECHSIETCS Ha IOBEPXHOCTH TeAd. [1oCTOSHHBIN
TOK MeHee onaceH (B 4—J5 pa3s).

Ecau ygecTb, 9TO HOMHUHAABHOE COMPOTHMBAEHME TeAa 9YeAOoBeKa R,
okoA0 3000 Om, To IpU CTaHAQPTHOM IIPOMBIIIIA€HHOM HAIPS>KeHUU
U = 220 B cuaa ToKa B cooTBeTCTBUHU ¢ 3akoHoM Owma I = U/R, =
=220/3000 = 0,073 = 73 MA, a npu HanpsxeHuu 380 B — [ = 127 MA.
Kak MBI OTMETHAU paHee, 3TH 3HAUEHUS TOKAa, a CA€AOBATEABHO, U
HANPsI>KeHUs. CMePTEeAbHBI AAST UeAOBeKa.

MO>KHO AW CHM3UTH OMACHOCTH MOPaXeHUsI SIAEKTPUUYECKUM TO-
KOM? MOJKHO, €CAY TIPUHSITH MePhl K YBEAWYEHUIO COTMPOTUBACHUS
BETBH, IO KOTOPOU TedYeT TOK. TaK, eCAM YeAOBEK CTOWUT Ha PEe3WHO-
BOM KOBPHKE, KOTOPBIN A€KUT Ha AEPEBSIHHOM CYXOM IIOAY C OOIITUM
compoTtuBAeHreM R, + R, = 150000 Om, To pa’Ke IpHU HaANPS>KeHUU
380 B cuna Ttoka I = U/(R, + R + R;) = 2,5 MA, 4TO MO>XeT BHI3BaTh
AWIITH pa3jppa’keHue.

OAHUM U3 IyTeU MOBBIIIEHUI 3AeKTPOOEe30IaCHOCTH NpU paboTe
C DAEKTPOYCTAaHOBKAMM SIBASIETCSI IPUMEHEHNEe U30AMPYIONINX KOBPHU-
KOB, IIOACTABOK, PE3UHOBBIX PYKaBUI] M OOT, IITAHT, HHCTPyMEHTa C
U30AMPOBAHHBIMU PYUYKaMM U T.A,.

ApyTol MyTh — 3TO 3a3eMAE€HHEe 3A€MeHTOB O0OOpPYAOBaHUS, K KO-
TOPBIM MOJKET MIPUKACaThCS YeAOBEK, M KOTOPhle B HOPMAABHOM CO-
CTOSTHUM HEe HaXOASTCS TIOA HaNpsKeHWeM. B aToM caydae Teno deno-
BEKa OKAa3bIBAeTCS «BKAIOUEHHBIM» ITAaPAAAEABHO 3a3€MAUTEAI0, CO-
NIPOTHBAEHNUE KOTOPOI'O BO MHOTO Pa3 MeHblIle COIPOTUBAEHUS TeAd
yeaoBeKa. [To3ToMy IIpu HapyIIeHUN W30AIIMU U HNONaAaHUN HAIpsi-
>KeHMsI Ha KOPITyC 000PYAOBAHMS depe3 TeAO YeAOBeKa IPOXOAUT He-
OOABIITON TOK, O€30TaCHBIN AASI €T0 3A0POBBSI.
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Bce TOKOBeAYyIlre 9aCTU AOASKHBI OBITH 3alUIleHbl COOTBETCTBY-
IONIMMU KOXYXAaMWU U OTPAKACHUAMMU.

-1§ Hanbonee pAeliCTBEHHBIM CIIOCOOOM 3aIIIUTHI OT BO3ACUCTBUS IAEK-

TPUYECKOIO TOKA SBASIETCSI MAKCUMAABHO OBICTPOE OTKAIOUEHUE
€ro Ipu A0OOU HEIlITATHOU CUTYaIUH.

BpeMsi oTRATOUEHMS OTpeAeAseT W 3HadeHne 0e30TacHOTO TOKaA.
Ecau mipu BpeMeHU OTKAIOUeHUs | ¢ 6e30TacHBIM CUUTAETCS TOK Me-
Hee 50 MA, To mpu BpeMeHU OTKAIOueHUs MeHee 0,1 ¢ oH Bo3pacTa-
eT A0 400 MA. VIMeHHO Takoe BpeMsi OTKAIOUEeHUSI UMeeT YCTPOUCTBO
3aLIUTHOTO OTKAIOUeHUs (Y30O) — OBICTPOAEUCTBYIONINU aBTOMATH-
YeCKUU BBIKAIOUATeAb. OH MpeAHa3HavaeTCsT AAS 3allUTHI AIOAEM U
UMYIIEeCTBa OT MOPA’KEHUST IAEKTPUUECKUM TOKOM M TIPEAOTBPAIeHUS
TIOCAEACTBUM, BBI3BAHHBIX KOPOTKUM 3aMbIKaHHUEM B 3AEKTPOIIPOBOA-
Ke, IIPU HEeHCIIPaBHOM 3AeKTPOOOOPYAOBAHUU UAU CAYYAMHOM KOHTAK-
Te YeAOBeKa C OTKPBITBIMU NIPOBOASAIIUMU YaCTIMU 3AEKTPOOOOPYAO-
BaHUS.

Ponb ANEKTPOTEXHNUKN B Pa3BUTUN
Hay4HO-TEXHNYECKOro nporpecca

Be3 saekTpruecTBa HEBO3MOJKEH HAYYHO-TEXHUYECKUM IIporpecc.
BcnomuuM naan TODAPO, npeBpaTuBmmni oTcTarylo Poccuio 3a Ko-
POTKOe BpeMs B MOITHYIO 3KOHOMUYECKHU Pa3BUTYIO AeprkaBy. Coepn-
HeHHble ITaThl AMEpUKH, KOTOPHIE CETOAHS IIPOU3BOASAT DAEKTPO-
SHepruu OOABIIe, 4eM A00asg ApyTras CTpaHa B MUPE, B TOM YHCAE B
TPY C AMIIHUM pa3a 0oAblile, ueM Poccus, SIBASIOTCS HauboAee TeXHU-
YeCKHU pa3BUTOM cTpaHOU B Mupe. Kutait 3a mocaepnue 10 AeT mpak-
TUYECKU YABOUA IIPOU3BOACTBO 3AEKTPOIHEPTUM U BHIIIIEA Ha BTOPOE
MecTo nocae CIIA. DTO IpuBeAO K HEBEPOATHO OBICTPOMY POCTY 3KO-
HOMUKM KuTasd, pe3koMy MOBBIIIEHUIO TPOU3BOAUTEABHOCTH TPyAQ U
CHUJKEHMIO Ce0eCTOMMOCTH IIPOAYKIINU.

Pa3BuTne Hay4HO-TEXHUYECKOI'O IIPOrpecca B CBOIO OYepeAb Co-
AENCTBYET POCTY 3AEKTPOIHEPTETUKM, CO3AAHMIO 0e30TIacCHBIX aTOM-
HBIX dAeKTpocTaHIui (ADC), yMeHbIIeHUIO BEIOPOCOB B aTMOCdepy
OTXOAOB TENAOBBIX 3AeKTpocTaHu (TIOC), CHM>KeHUIO IIOTeph IIpU
nepepade SAEKTPOIHEPruy Ha 3HAUMTEAbHBIE PACCTOSHUS, COKpalle-
HUIO PACXOAOB Ha IPOM3BOACTBO 3AEKTPOJIHEPTUU U CHUJKEHUIO ee
ce0eCTOMMOCTH, CO3AQHUIO 3HeprocOeperaroiiux TeXHOAOTUH, yCTa-
HOBOK, 3AEKTPOAINapaToB U dAeKTPOOOOPYAOBAHMS.

[MpuHaTHIY TTAQH dAeKTpuduUKauu Poccun BOAOTH A0 2020 1. —
3TO 1O cyujecTBY HOBBIM mAaH TOOAPO. OH npepycMaTpuBaeT yBe-
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AWYEeHUe MPOM3BOACTBA IAEKTPOIHEPTuU moutu Ha 70 %, 94TO MO3BO-
AT HOoAy4YaTh A0 1 500 MApa KBT ' u B rop. HamedaeTca BBeCTU B CTPOU
26 HOBBIX OAOKOB AJDC, mepeBecTu Kak MOXXHO 6oabiie TOC Ha
YTOABHOE TOTIAWBO TIPU CTPOJKAUIIEeM KOHTPOAE 3a Ka4eCTBOM OTXO-
AOB, BBIOpachIBaeMBIX B aTMOCdepy, HaKOHeI], BOCCTAHOBUTH U IIO-
CTPOUTDH HOBBIE MUKPOTHMAPOIAEKTPOCTAHIIUM Ha MaABbIX peKax.

KOHTPOJIbHbLIE BOMPOCHI

Y70 N3y4aeT aNeKTpoTeEXHMKA?

Ha3o0BuUTE OCHOBHbIE BEXV B Pa3BUTUM 3NEKTPOTEXHUKMN.
[MNepeuncnmTe NperMMyLLiecTBa aNeKTPUYECKON 3HEPTIN.
HasoBute nyTn noBbiweHns anekTpobe3onacHoCTM Npu paboTe ¢
3MNEeKTPoyCTaHOBKaMM.

YKaxute nepcrnekTnBbl pa3BuTUa aHepreTukn B Poccuu.

Eal SR

o



MaBa 1

IJIEKTPUYECKWE LEMK NOCTOAHHOIO
TOKA

OCHOBHBIE 3JTIEKTPUYECKUE
BENNYMNHbI

1.1.1. ®dun3uka aneKTpnyeckoro Toka

OcHoBa Bcel dAeKTPOTEXHUKU — ITOCTOSTHHBIN TOK. YCBOMB OCHOB-
HBIE TIOHSITUS ¥ 3@aKOHBI TIOCTOSTHHOTO TOKA, METOABI pacyeTa dAEKTPHU-
YeCKWX M MarHUTHBIX Ilellel, HECAOJKHO TOHSTH BCE OCTaAbHOE B 00-
AQCTH DAEKTPOTEXHUKMH.

HTak, 9To XKe TakKoe BAeKTpuuecKuil Tok? Bce Teaa cocTosAT u3s
aTOMOB. ATOM COCTOUT U3 SIAPA U SAEKTPOHOB. DAEKTPOHKI BpalliaioT-
Csl BOKPYT SIApa Ha Pa3AMYHBIX OpOMTaX, OAHU M3 KOTOPBIX OAMIKE K
IAPY, Apyrue paasbire (puc. 1.1, a). DAeKTPOTEXHUKY UHTEPECYIOT
9AEKTPOHBI, Bpalllaloliiecss Ha AQABHUX (BHEITHUX) OpOUTaX, KOTOPhIe
UMeIOT HaUMEeHBITYI0 CBI3b C SAPOM M CIIOCOOHBI ITIOKMAATH aTOM,
CTAHOBSACH CBOOOAHBIMU. EcAM 3TU CBOOOAHBIE SAEKTPOHBI 3aCTaBUTH
OpPraHU30BaHHO ABUTraThCS TOA AeWCTBUEM BHeIIHeN 3Hepruu, TO
TOSIBUTCS DAEKTPUIECKUU TOK.

‘é NTak, B TPOBOAHUKE dAeKmpuidecKull moK — 3TO HalpaBAEH-

HOe ABUJKEHUEe JAEKTPOHOB. B AeMCTBUTEABHOCTH — 3TO UX
Apend 1o IPOBOAHUKY C OAHOI'O KOHIIA Ha APYTOM IIOA A€MCTBU-
eM BHelllHel 3Hepruu. CKOpocCcTh Apelipa HeBeAUKa (OKOAO
1 MM/c), OAHAKO pacIpocTpaHeHHe 3AeKTPUYEeCKOro B3auMo-
AEMCTBUS OCYIIECTBASIETCSI CO CKOPOCTBIO, OAM3KON K CKOPOCTH
cBera (300000 km/c). [ToaToOMy IOCAEe BKAIOUEHHUSI AAMIIOYKU
HAKAAVUBAHUA B CeTh BCe CBOOOAHBIE DAEKTPOHBI HAUUHAIOT ABU-
raTbCs OAHOBPEMEHHO U Yepe3 AAMIIOUKY Te4eT TOK, BhI3bIBasd
HarpeB HUTY HAKAAMBAHUA, KOTOPBIM IIPUBOAUT K €€ CBEUEHMUIO.
OAeKTpHuecKas dHepTrus Ipeobpa3yeTcs B TEIIAOBYIO U CBETO-
BYIO.
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SAapo OAEKTPOH

TTpoBoAHUK

TTpoBOAHUK OAEKTPOH
DAEKTPOH [

SAEKTpI/I‘-IeCKOQ IIoae

a 9] B

Puc. 1.1. ®Punsnka anekTpn4eckoro Toka:

a — cxema aToma; 6 — 3NEeKTPOHbI, Npoxoadallmne 4epes rnorepevdHoe
cedeHMe NpoBOAOHMKA; B — CXemMa, NoAcHAKLWaaA NnoHAaTne
conpoTmeneHna

1.1.2. lNOHATUA OCHOBHbIX 3N1IEKTPUYECKUNX
BeNNYMH

€ ITop cuaoti 9Aekmpuueckoro moxa I TOHUMAarOT KOAMYeCTBO DACKT-

POHOB, IpOoIIeAlllee yepel3 IMolepeuHoe ceuyeHne IIpoBOAHMKA B
€AVHUIY BpeMeHHU.

EcAu 3a OAHY CEKYHAY uepes MonepedyHoe CeuyeHHWe MPOXOAUT
6,28 - 10! spexTpoHOB — OAMH KyAOH (q = 1 Ka) aaekTpuyecTBa, TO
CHAa TOKa paBHa opHoMY amnepy (I =1 A). Ha puc. 1.1, 6 uepes mo-
ImepevyHoe ceueHUe MPOBOAHUKA S TPOXOAUT Bcero 20 3AeKTPOHOB.
EcAu mpuHATH, UYTO TOK PaBHOMEPHO PacIpeAeAsaeTcs IO CeUeHUIO
IIPOBOAHUKQE, TO YeM OOABIIIe CHAA TOKA I, TeM OOABIIIE ero IAOTHOCTD:

j=1/5, A/vmm?,

OAEeKTPOH — OTPUIATEABHO 3apsKeHHad dacTuia. [ IoCKOABKY B
IIPUPOAE BCE BAEMEHTHI UMEIOT HeUTPAAbHBIM 3apsip, TO SIAPO AOAIK-
HO COAEP’KAaTh MOAOKUTEABHO 3apsyKeHHBIE YaCTUIILI — ITPOTOHHI.
[MpuueM 3apsip DPOTOHA IO BEAMYHUHE AOAKEH OBITh PaBeH 3apspy
3AeKkTpoHa (q = 1,6+ 1079 Ka). B To ke BpeMs Macca SAeKTPOHA IOYTH
B 2000 pa3 MeHbIlle Macchl MPOTOHA. UeM Aerde yacTHUIla, TeM MeHb-
ITYIO DHEPTUIO HAaAO 3aTPATUTh Ha MPUBEAEHUE ee B ABUJKEHUE.

YTOOBI 3aCTaBUTh IAEKTPOHBI ABUTATHCS (IIOAYYUTH SIAEKTPUYECKUN
TOK), HEOOXOAMMO TIIPUAOKUTH JHEPrUI0 M3BHE (HAIlpUMep, CO3AATh
3AeKTpUuuecKkoe Imoae). Kaskpas TouKa IIOAST XapaKTepu3yeTcs nomeH-
UuaAoM.
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‘g Hanp;erHue U —oaT0 PA3HOCTH IOTEHIINAAOB MEJXXKAY ABYMSI TOY-

Kamu noAsd. OHa YMCAEHHO PaBHA pa60Te, KOTOPYIO 3aTpauuBaeT
IIOA€ Ha ITepeMellleHre 3apsipa U3 OAHOﬁ TOYKHU B APYTYIO.

ITop, peticTBHEM IIPUAOKEHHOM 3HEPIUU HOBBIE DAEKTPOHBI ITOKM-
MAIOT OPOUTHLI M BMeCTe C APYTUMH CBOOOAHBIMU 3AEKTPOHAMU ABU-
JKYTCS B OIDEAEACHHOM HAIlpaBAeHUH. UeM OOAbIIe NPUAOKEHHAS
SHeprus (Halups>keHue), TeM OOAbIIe OCBODOKAQETCS IAEKTPOHOB U
TeM OOABIIIe IAEKTPUUYECKUM TOK. DAEKTPOHBI HECYT 3HEPIHUIO IO IIPO-
BOAHUKY U MOTYT OTAQTH ee ITOTPEOUTEAIO (HAlIPUMep, SAeKTPUIeCKOM!
AaMIle, SAEKTPOKAMUHY, SIA€KTPOMATHUTY, SAeKTPOABUTATEAI0). B aTOM
CAydae SHEPTUs SAEKTPOHQ, IOAYYeHHAs OT UCTOYHUKA, IIpeoOpasyeT-
Csl Ha IOTpebuTeae B AFOOOM APYTOU BUA DHEPIUU: CBETOBYIO AAS AQM-
IIbI, TEIAOBYIO AASI HarpeBaTeAsl, MarHUTHYIO AASL DA€KTPOMArHuTa,
MEeXaHUYEeCKYIO AAS SAEKTPOABUTATEAS U AD.

‘g ArexmpogBwkywasa cura (3AC) E — 3To HOTeHITUaAbHBIE BO3MOXK-

HOCTHY MCTOYHMKA, HalIPsKeHNe Ha 3a’KMMaX UCTOUHUKA Ha XOAO-
ctoM xopy (I=0).

ABUTagCh MO MPOBOAHUKY, SA€KTPOHBI BCTPEUYAlOT Ha CBOEM IIyTHU
QTOMBI, KOAEOAOIIVECS BOKPYT HEUTPAABHOTO MOAOKeHUsd. Coypaps-
sICb C HUMU, OHM OTAQIOT MM YaCTh CBOEU YHEPruu U 3aCTaBASIOT UX
KoAebaThes ellle cHAbHee (puc. 1.1, B). OTo BepeT K HarpeBy IIPOBOA-
HUKAa U IIOTepe YacTu sHepruu. EcAu MPOBOAHUK HarpeBaeTcs, TO aTo-
MBI KOAGOAIOTCH C ellje OOABIINMU aMIIAUTYAOM U YaCTOTOM, SAEKTPO-
HaM ellle CAOKHee ABUTATHCA IO IPOBOAHUKY. CAepAOBATEABHO, MEHb-
11ee YUCAO IAEKTPOHOB B €AWHUITY BPEMEHU, T.€e. MeHbIIasg CHUAA TOKQ,
TIOCTyTIaeT K NOTPeOUTEATO.

mg= Conpomusaenue R IpOBOAHMKA XapaKTEPHU3YET €0 CIIOCOGHOCTh
IIPETSITCTBOBATDH IIPOXOKACHHUIO TOKA.

OHO ompeAeAsieTCs ygeAbHbIM 3AeKmpuieckuM CONpomuBAeHUeM
MaTepHuard P UAU YGeAbHOU 2AeKmpuueckol NPoBOgUMOCIbIO Y, AU-
HOU IIPOBOAHMKA | U €ro cedeHHeM S:

R=pl/S=1/YS.

ComnpoTuBAEHVE TTPOBOAHUKA 3aBUCUT OT TEMIIEPATypPhl U MOJKET
OBLITH ONIPEAEAEHO TIO0 (hOPMYAE

Ry=R, [1+a (T, T))],

rae R| — compoTuBAeHUe TIPOBOAHUKA IIpU Temmeparype T;; 0. — TeM-
nepaTrypHbId KOddPunueHT counporusrenus; T, — T — AUANa3oH U3-
MeHeHUsI TeMIepaTyp.
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SHAUEeHUs P U O AT PA3AUYHBIX MAaTEePHAAOB IIPUBOASTCS B CIIpa-
BOUYHOU AUTepaType. B mpurokeHUU 2 AQHBI 3HAQUEHUS P U O AAA
HEKOTOPBIX MaTepHaroB.

OnpeapeArM, HACKOABKO OTAWYAIOTCS COIPOTHUBAEHUS AaMITbl HaKa-
AUBaHUSA B paboueM COCTOSHUU U B BBIKAIOUEHHOM.

[TycTh M3BECTHO: MOIIHOCTh 3AEKTPUYeCcKOU Aamnouku P = 60 Br;
"Hanpsokenue U = 220 B; MaTepran HUTU HaKaAMBaHUA — BOAbQPaM;
TeMIlepaTypa B pabouem cocrosgHum I, = 3000 °C; TemnepaTrypa B
BBIKAIOUeHHOM cocTtogHuu 1; = 20 °C.

ITo cupaBouHuKy: p = 0,055 Om: MM2/M, o = 0,0045 1/K.

HaxoayM cOmpOTUBAEHME AaMITbl B paboueM COCTOSTHUU:

R,=U?/P=806,7 Om.

Toraa B BeIKAIOUeHHOM cocTossHUM npu T = 20 °C conmpoTUuBAEHE
AAMIBI R; MOKHO HaWTH U3 BeIpakeHus R, = Ri[1 + o (T, — T})]. Ilo-
AydaeM Ry = 56 Om. TakuM 06pa3oM, CONIPOTUBAEHNE AAMIIBI HaKaAu-
BaHUA B paboueM COCTOIHUU OOAee 4eM Ha IMOPIAOK BHIIIIE COTPOTUB-
AE€HHUI B XOAOAHOM COCTOSHUM.

A 4yeMy paBHBI TOKM B pabodeM U XOAOAHOM COCTOSTHUAX ?

B pabouem coctosuuu I = 220/806,7 = 0,27 A, B XOAOAHOM COCTO-
gauuu [ = 220 / 56 = 3,9 A.

Kak BUAUM, CHAA TOKa B XOAOAHOM COCTOSIHUM, XOTh U KOPOTKOEe
BpeMsd, BEAUKa, YTO U IBAIETCSI NPUYUHOM BBIXOAA AAMII M3 CTPOSA
UMEHHO IIpU BKAIOUEHUSIX.

€ IpoBogumocmpbio G Ha3LIBAETCSI BeAUUNHA, 0OpaTHAast COIPOTUB-
AeHUIO R:

G=1/R.

€ Mownocmb P — 3TO CKOPOCTB, C KOTOPOU coBeplIaeTca paboTa,

T.€e. IPOUCXOAUT MMPeoOpa3oBaHue SIAEKTPUUECKOUN dHepruu A B
APYyTHE BUABI SHEPTHUU.

Pabotra, npouszBoArMast IAEKTPUUECKUM TOKOM CUAOU [ IIpy HAIps-
sxenun U 3a Bpemd t, paBHa A = Ult. OTciopa

P=A/t=(UIt)/t=UI=U%*R=IR.

B MeTanrax (MeApb, aAIOMUHUM, cepeOpo, CTaAb U ApP.), YTA€ U I'pa-
duTe SAKTPUYECKUMN TOK CO3AAETCS ABUKYIIUMUCST dAEKTPOHAMU
(puc. 1.2, a@). OTO NIPOBOAHUKM IIEPBOTO POAA. B >KHMAKMX IIPOBOAHMKAX
U Ta3ax (IPOBOAHUMKAX BTOPOTO POAA) SAEKTPUUECKHUU TOK CO3AAETCS
3a CUeT ABMI)KEHHS IIOAOJKUTEABHO M OTPHUILATEABHO 3apsa’KeHHBIX
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Puc. 1.2. [OBuxeHune 3apsxeHHbIX 4acTul;
d — JNEeKTPOHOB B METANeg; 6 — NOHOB B XNAKOCTWN; B — NOHOB B
rase; r — 3NeKTpoHOB B BakKyyMe; [ — ObIPOK B MOJIyNnpoBOOHNKE
Tmna p

uoHOB (puc. 1.2, 6, B). B BakyyMe, HalpuMep B 3A€KTPOHHOU AaMIle, —
3a CYeT ABUJ)KEHUS DAEKTPOHOB C KaTopa K Ha anop A (puc. 1.2, r).
B noAympoBopHUKax (repMaHHM, KDEMHUM U ApP.) — 3@ CYeT ABHJKe-
HUS SA€KTPOHOB UAU ABIPOK B 3aBUCHUMOCTH OT TUIIA TTOAYIIPOBOAHU-
Ka (puc. 1.2, g). B AusaekTpuKax (pe3uHa, apdop, CAIOAQ U AP.) HET
CBOOOAHBIX OA€KTPOHOB U APYTUX CBOOOAHBIX YACTHI], IIO3TOMY JAEK-
TPUYECKUM TOK TeYb He MOJKET (AO OMPEAEAeHHOTO IIpepera — IIpo-
0051 AUDAEKTPUKA).

Takum o6pa3oM, € 4YUCTO (PU3NIECKOU TOUKM 3PEHUI MBI YCTAHO-
BUAU:

¥ TOK — 3TO HallPaBA€HHOE ABMJKEHHE SAEKTPOHOB;

®  DJAEKTPOHBI IEPEHOCAT 3HEPIUI0 OT UCTOUYHUKA K NIOTpeOu-
TEATO;
®  yeM BBIIlIe HEPrus, IOAyUYeHHas OT MCTOUYHHKA (HalpsiKe-
HHe), TeM OOABIIIe CUAA SIAEKTPUUECKOTO TOKQ;
®  yeM BEHIIIe COIIPOTUBAEHHE IIPDOBOAHHKA, TEM MEHbIIIE CHUAA
SAEKTPUUECKOTO TOKE, ITOCTYTAOIIErO K IOTPEOUTEATO.
CKka3aHHOe paHee MOJKHO BBIPA3UTh B BHAE U3BECTHOM (DOPMYABI
OMa, ecAr 0O003HAUUTh CUAY SAEKTPUUECKOTro TOKa 4yepes I, HalpsiKe-
Hue yepe3 U U COIpPOTHUBAEHUe depe3 R:

I=U/R.
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1.1.3. EAMHMLbBI N3MEPEHNA 3NEKTPUYECKUX
BENNYNH

Eavnuiia namepenus Hanps>kenuss U — BoAbT (B). KpaTtHbie u
AOABHBIe epuHHIBL 1 MKB = 1-10° B = 0,000001 B; 1 MB=1:10°B =
=0,001 B; 1 kB =1-10*B = 1000 B; 1 MB = 1-10° B = 1000 000 B.

Cuna Toka I namepsercsa B amiepax (A). KpaTHble 1 AOABHBIE
eprHHANBL 1 MKA = 1:107° A = 0,000001 A; 1 MA = 1-107% = 0,001 A;
1kKA=1-10°A=1000A, 1 MA =1-10° A = 1000000 A.

ConportuBaeHue R usMmepserca B omax (OM). KpaTHbIe 1 AOABHEIE
epnHUIBL 1 MKOM = 1-10° Om = 0,000001 Om; 1 MOM = 1103 OmM =
=0,001 OmM; 1 kOM = 1-10° Om = 1000 Om; 1 MOM = 1-10° Om =
= 1000000 Om.

IMpoBopuMocTs G usmepsiercs: B cuMmeHncax (Cm). KpaTHbie 1 AOAB-
Hble epAHATELE 1 MKCM = 1 107° Cm = 0,000001 CMm; 1 MCM = 1103 CM=
=0,001 Cm; 1 kxCMm=1-10°CMm =1000Cm; 1 MCm =1:10° Cm =
=1000000 Cm.

Pabora A u3MepsieTcs B AKoyAsax (AK). Ha nmpakTuke gacTto pabo-
Ty U3MepsIOT B BaTT-yacax (Br-u): 1 Br-u = 3600 Asx. KpaTHble epu-
Hunel 1 kuaoBarr-9ac (KBr-g) = 1:10° Br-g; 1 MBr 9= 1-10° BT .

MomHocTe P m3mepsercsa B BaTTax (BT). KpaTHble epAVHUIEBL:
1 MrBT = 1-107° Bt = 0,000001 BT, 1 MBr=1-10°BT = 0,001 BT; 1 ¥BT =
=1-10° Br = 1000 Bt; 1 MBT = 1-10°% Bt = 1 000 000 Br.

KOHTPOJIbHbLIE BOMPOCHI

1. Y70 Takoe cuna Toka, HanpsXeHue, 3NeKTPOABMXYLLAsA cuna, co-
NpPOTUBMEHNE, MPOBOAUMOCTb, MOLLHOCTL?

2. HasoBuTte egnHULbI M3MEPEHNSA YKA3aHHbIX NMapaMeTpoB.

3. 06bacHUTe 3akoH OMa ¢ M3NYeCKOM TOUKN 3PEHUSI.

3NEKTPUYECKAS 3HEPTUSA
N 3NEKTPNYECKAS LEMb. 3AKOHbI
3NEKTPOTEXHUKW

1.2.1. Buagbl NCTOYHUKOB 351EKTPUYECKOW
3Hepruu

VICTOYHUKU SAEKTPUUYECKOM IHEPTUU SIBASIOTCS TTpeobGpa3oBaTeAs-
MU Pa3AWYHBIX BUAOB SHEPTUHU (XMMUUECKON, MeXaHU4YeCKOM, CBEeTO-
BOY, TEIIAOBOU U AP.) B DAEKTPUUYECKYIO.
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B cepeapmne XVIII B. NOIBUANCE ePBBIEe UCTOUYHUKU SAEKTpUUE-
CKOU DHEePrrum IOCTOSHHOTO TOKA — XUMHWYECKHE.

Xumuueckue UCMOYHUKU 3Hepruu MpPeACTaBASIOT cOOOM PacTBOPHI
KHCAOT, IIIeAOYelr M COAeM, Ha3bIBaeMble 3AEKTPOAUTAMU, B KOTOPHIE
TIOMeIleHbl 3A€KTPOABI M3 Pa3HOPOAHBIX SAEKTPOIIPOBOASIINX MaTe-
PHAAOB.

Hanpumep, saemeHT BoabTa npeAcTaBAsieT cOOOM NAACTUHBI U3
MeAU U ITUHKa, MOMellleHHble B pacTBOP CEepPHOM KUCAOTHI. B.B.TleT-
poB B 1802 r. BuepBbie UCITOAB30BaA OaTapero u3 4 200 MEeAHBIX U
IIUHKOBBIX [TAQCTHH, COEAMHEHHBIX IIOCAEAOBATEABHO, AAS MCCAEAOBA-
HUS dAEKTpHUuYecKol Ayru. Ilpu stom obmas SAC paBHSAAACE OUTH
1700 B. 1o umenu A.TarbBaHU, OTKPBIBIIETO BO3AEUCTBUE DAEKTPU-
YeCcKOro TOKa Ha JKUBOW OpraHu3M, OHU OBIAW Ha3BaHBI raAbBaHUUeEC-
KMMM dAeMeHTaMu. AO CUX IOP 3TU UCTOYHUKYU IIUPOKO IPUMEHSIOT-
Csl B BUAE U3BECTHBIX OaTapeek B dacax, Maeepax, AeTCKUX UTPYIIKaX,
doHapax u Ap. (puc. 1.3).

AKKyMyAsmoOpbl — 3TO TOXKe XUMHUYeCKHe MCTOYHUKM, HO B HUX
SAEKTPOABI U3TOTOBAEHBI M3 MAaTE€PUAAOB, BOCCTAHABAWBAIOIINX CBOU
CBOMCTBA IPU IPONYCKAaHUM TOKA B OOPATHOM HAINPaBAEHUM (3apsip-
Ke akKymMyAsaTopa). OCHOBHBEIM IIapaMeTPOM TaAbBaHWYECKUX UCTOY-
HUKOB SIBASIETCSI UX €MKOCTh, m3MepgeMas B aMIlep-dacax, T.e. KOAU-
YeCTBO IAEKTPUYECTBA, OTAABAEMOE 3AEMEHTOM.

[ITupokoe npuMeHeHNEe OHM HAaXOAAT B KaueCTBe MAaAOMOIIHBIX UC-
TOYHUKOB JAEKTPONUTAHUSI OAATOAAPsl MAaAbIM TabapUTHBIM pa3zMepa,

Puc. 1.3. NanbBaHn4yeckne NCTOYHUKU
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Puc. 1.4. SnekTpoMallnHHbIA reHepaTop MollHocTeo 4 MBT

BeCy, CTOMMOCTHU U OTCYTCTBMIO KaKMX-ANOO NMyABbCAIWM, YTO CBOM-
CTBEHHO APYI'MM HCTOUYHUKAM IIUTAHUS.

OAeKkmpoMawuHHble FeHepamopbl TOCTOSSHHOTO U IIepeMeHHOTO
TOKa, IPUBOAUMEIE B A€MCTBUE, HAIPUMED, TTapo- UAW THAPOTYpOHHA-
MU, UCIIOAB3YIOT IBA€HUE 3AeKTPOMArHUTHON MHAYKIUHN. OHU 9BAS-
FOTCSI CEeTOAHSI OCHOBHBIMU MCTOYHUKAMM TTUTAHUS B IIPOMBIIIIAEHHO-
CTH, CEABCKOM XO35IMCTBE, Ha TPAHCIOPTE U B OBITY. DTO MCTOUHUKU
OTPOMHOMU MOIIHOCTHU (puc. 1.4).

Domosrekmpuueckue UCMOUHUKU, IpeoOpa3yioliue CBETOBYIO
SHEPTUI0 B SAEKTPHUUECKYIO C IIOMOIIBIO MOAYIIPOBOAHUKOBBIX (DOTO-
SAEMEHTOB, HaXOAAT IIPUMeHeHNe B IIEPBYIO OUYepeAb Ha OOBeKTax,
(PYHKIIMOHUPYIOIINX B PAOHAaX C BBICOKOM COAHEYHOU MHTEHCHUBHO-
CTBIO: Ha KOCMMYECKHUX alllapaTaX U Me>XIAQHETHBIX CTaHIUIX (COA-
HeyHbIe 0aTapeu), B JKUABIX AOMAaX (COAHEUHbIe KPBIIIN), Ha SAEKTPO-
MOOUASIX U Ap. VIX OCHOBHOE NPEeuMYIeCTBO — UCIOAB30BaHUE COA-
HEeYHOM 3HEepTuHU B IIpoIlecce 3KCIAyaTalluu.

Hcmounuk mepmo3AC, npeoOpa3yoIui TENAOBYIO 3HEPTHUIO B
SAEKTPUUECKYIO C MOMOIIBIO ABYX PAa3HOPOAHBIX IIPOBOAHHUKOB, CIIa-
SIHHBIX OAHUM KOHIIOM, — eIlle OAMH BHA WCTOYHHKA 3AEKTPUYECKOMN
sHepruu. Beanunna tepMoDAC HeBeAMKa: BCero okoao 5+ 107 B/°C.
[MoaToMy HaubGoAbIllee TPUMeHeHNe TepMOIIPpeoOpa3oBaTeAN HaXOASIT
B KayeCTBe AQTYMKOB TeMIIePaTypHl.

VICTOYHMKOM 3AEKTPUYECKOMN DHEPTrUU MOTYT CAY KUTH TaKyKe Nbe-
309A1eKmpuueckue npeobpaizoBameAau, BhipabaThiBatolue mbe309AC
npu AepopManii HEKOTOPHIX MaTepPUaAOB, HalpUMep KepaMUKU TH-
TaHaTa Oapusl UAU MeTaHMOOaTa Oapusd U cBUHIA. OHU HaXOAAT NIPHU-
MeHeHHe B MUKPO(MOHAaX, 3BYKOCHUMATEASIX, AATUNKAX AABAEHUS U Ae-
dopMaIui, mbe3o3a’kKurarkax u Ap.
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1.2.2. NoHATHE 3aneKTpnYecKkon uenwu

YTOOBEI SAEKTPOHBI CMOTAU IIepeHEeCTH 3HEePruio OT MCTOYHMKA K
NIOTPEeOUTEAIO, HEOOXOAMMO CO3AATh 3aMKHYTHIUA ITyTh.

‘g COBOKYHHOCTB YCTpOfICTB, O6eCHe‘-II/IBaIO]_U;I/IX IIpOTEeKaHue SAEeK-

TPUUYECKOTO TOKQ, Ha3bIBaeTCsd sAeKkmpuiecKkol uennsto (IOLI). Oc-
HOBHBIMU 3A€MEeHTaMU €€ AOASKHBI OBITh!

¥  JCTOYHUKU SAEKTpI/I‘IeCKOfI OHepPIuu,
" [IpHUEeMHUKHU SAEKTpI/I‘-IeCKOI\/’I OHepPIruu,

¥  CcOepAMHUTEABHBIE IIPOBOAA.

Kpowme Toro, B coctaB O] MOTYT BXOAUTH 3alllUTHBIE YCTPOUCTBA
(TpeAOXpaHUTEAHM, aBTOMATHI U ApP.), KOMMYTAallUOHHBEIE YCTPOUCTBA
(BBIKAIOUATEAM, PYOUABHUKH, IIYCKATEAU U AP.) U U3MepPUTEAbHBIE
npHUOOPHI (@MIIePMeTPhl, BOABTMETPHI, BATTMETPHI U AP.).

Ha puc. 1.5 npuBeapeHa IpocTeullas 3AeKTprUdecKas [ellb, COCTO-
s11ast U3 UCTOUHMKA E (TaAbBaHUYECKUM DAEMEHT), IPOBOAOB, BBIKAIO-
yaTead B, mpepoxpaHuTead [Ip, U3MepUTEABHBIX IPUOOPOB (MUAANAM-
nepMeTpa mA W BOABTMeTpa V) M HAarpy3KH B BHAE II€PEMEHHOTO
pes3ucrtopa R, AaMHOYKHU /A U 3AeKTPOMArHUTHOTO peae P, a Ha
puc. 1.6 — ee 3KBMBaAeHTHas cXeMa 3aMeleHUs.

Puc. 1.5. SnekTpuyeckan Lenb
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Puc. 1.6. Cxema 3amelleHNs 3nNeKTPUHECKON Lenu:

E — vcToynuk; P, J1, R — notpebutenu; [lp — 3aliMTHOE YCTPOMCTBO;
mA,V — nameputenbHble npnbopel; B — KOMMyTaunoHHoe
YCTPOMCTBO

T T T T

'///] ]
t’///l/fl_l_t t t

a (] B r g

Puc. 1.7. ®opma Toka:

a — MOCTOSAHHbLIN; 6 — I'II/IJ'|006p83HbII7I; B — NPAMOYrofnbHbIV;, I —
TPeyronbHbIN; 4 — CUHYCONAaNbHbI; T — nepuon KonebaHum

Ipu paccMOTPEeHUN SAEKTPUUYECKOH IIeIN HUCIIOAB3YIOT IMOHSTH:

®  BemBb — YYaCTOK IIell{, B KOTOPOM Te4YeT OAMH U TOT Ke TOK
(a—r; 6—B);

E  y3eA — TOUKQ, TAE CXOAATCS He MeHee TpeX BeTBel (q, I);

B KOHMyp — 3aMKHYTbHIY y4acTok Ol (a—6—B—r).

INocmosanHublli Mok — 3TO TOK B JOLI, KOTOPHIY He M3MeHseT HU
BEAVWUYMHBI, HU HallpaBAaeHUs (puc. 1.7, a). Bce mapaMeTpsl, OTHOCAIIM-
ecs K IMMOCTOSSHHOMY TOKY, OO003HAualOTCd NPONHUCHBIMU AQTUHCKUMU
oyksamu: I, U, E, R, G, P.

IlepemenHblli MOK — 3TO TOK B JL], KOTOPHIN U3MEHSETCS nepuo-
guuecKu 1O BeAUUMHe U HallpaBAeHUIO. MTHOBeHHBIe 3HAUEHUS BCEX
9AEKTPUUECKUX MapaMeTpoB, OTHOCAIINXCS K IIepeMeHHOMY TOKY,
0003HAUAIOTCA CTPOUYHBIMU AATUHCKUMM OyKBaMmu: i, u, e, I, g, p. Ha
puc. 1.7, 6— g nIpuBeAeHBI BO3MOKHEIE BUABI KOA€OAHUMN ITIepeMeHHO-
O TOKa.
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1.2.3. OcHOBHble 3aKOHbl 3JIEKTPOTEXHNKMN

Mg pacueToB AI0OBIX Ol ncnoar3dyrorca 3akoHBl OMa, Kupxroda
U COXpaHEeHUs] YHEePTruw.

‘g 3akon OMa — TOK B 3aMKHYTOM Hepa3BETBAEHHOMN SIAEKTPHUUECKOMN

nenu nponopiuoHareH SAC B oOpaTHO IPOMOPIIMOHAAEH TTOA-
HOMY COIIPOTHBAEHUIO!

I=E/(R+1),

TA€ I, — BHyTpeHHee CONPOTHBAEHUME UCTOUYHWKA; R — CONpOTHUBAE-
HUE TOTPEeOUTeAs.
Ang yuacTka Ol] 3akoH OMa NPUHUMAET BUA

I=U/R,

rae U — mapeHMe HANpsKeHUsT Ha COMPOTUBAEHUU R.

‘g ITepBnill 3akon (npaBuro) Kupxrogpa — arrebpanueckas CyMMa
TOKOB B y3Ae Ol] paBHa HYAIO:

Y I=0.

‘g Bmopoti 3akon (npaBuao) Kupxrogpa — arrebpanueckas CyMMa

OAC paBHa aATeOpanmyecKom CyMMe TaAeHUM HalpSI)KeHUd B 3aM-
KHYTOM KOHType OLI:

YE=YU=YIR.

‘g 3aKOH coxpaHeHus 3Hepruu (baraHc MoujHocmell) — dAeKTpHue-

CKasl 9Heprus (MOITHOCTD), BhIpadaTbiBaeMasi ICTOUYHUKaMU, paB-
Ha HEepTUHU (MOITHOCTH), HOTPeOAsIeMON Harpy3KOU 1 BCIIOMOTa-
TEeABHBIMU DAE€MEeHTaMMU:

ZPPICT = ZPHan + ZPBCH'

3akoubsl Oma u Kupxroda HCHOAB3YIOT A pacdeTa DL, 3aKoH
COXpaHeHUs SHepPruu — KakK IIPaBUAO, AAS ITPOBEPKHU MMPABUABHOCTH
pacueTos.

KOHTPOJIbHbIE BOMPOCHI

1. HazoBute 0CHOBHbIE BUAbI MCTOYHMKOB 3NEKTPUYECKON 3HEPrUN.
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2. Y10 cobon npepcTaBnseT anekTpMyeckasi Lenb U KakoBbl ee 0c-
HOBHbIE 3NEMEHTbI?

3. [ante onpepgeneHne NocToSHHOIO 1 NEPEMEHHOM0 ToKa.

4. CchopMynmpymnTe OCHOBHbIE 3aKOHbI 3NEKTPOTEXHUKMN.

LA NPVUEMHUKW 1 NCTOYHUKN
ANEKTPUHECKOW 3HEPTUWN. PACHET
NMPOCTOWN 3NEKTPUYECKOW LIENA

1.3.1. Cnocobbl coeagnHeHNs NpUEeMHUKOB
3NeKTpN4ecKon aHeprumn

Atobas OL] BkAatodyaeT B ceOsl UCTOUHUKU IAEKTPUUECKOU dHEepPruu
(reHepaTOPBI, AKKYMYAATOPBI, Oarapeu) U MOTPeOUTEAU dAEKTpUuYe-
CKOM BHEepPrum (HarpeBaTeAM, OCBETUTEAbHBIE IIPUOOPEH], peAe, ABUTa-
TEeAU U AP.).

VCTOYHUKY XapaKTePU3YIOTCS IAEKTPOABIIKYIIEN CUAON E U BHYT-
PEHHUM COINPOTHUBAEHUEM I. [ToTpeOuTeAr B 3AEKTPUUYECKUX IelsIx
MIOCTOSTHHOTO TOKAa XapaKTepPU3YIOTCS BEAUUYNHOM aKTUBHOI'O COIIPO-
TuBAeHUS R. Ilpy 3TOM OHU MOTYT OBITH MOAKAIOUEHBI K UCTOUYHUKY
MUTAHUS TTOCAEAOBATEABHO (€AOYHAsT TUPASHAQ), TapaAAeAbHO (OCBe-
IIleHNe IIPOMBIIIAEHHBIX U OBITOBBIX MOMEIIEHUM, YAUL]) U CMeNIaHHO.
Ha puc. 1.8 npuBepeHBI 5KBUBAA€HTHBIE CXeMbl YKa3aHHBIX AEKTPHU-
YeCcKUx Ielel, a Ha puc. 1.9 — cxeMbl 3aMeleHUsI.

[MTpu nocaegoBameAbHOM COEAMHEHUM 3A€MEHTOB KOHeI] Ilely Iiep-
BOTO ITOTPeOUTEAsT COeAMHSIETCS C HauyaAOM Ielld BTOPOTO, KOHeI]
Ienyd BTOPOTO C HAYAAOM IIelld TPeThero M T.A. Hadano menu nepso-
TO ¥ KOHeIl IIelId IOCAEAHETr0 IOTpebUTeAel TTOAKAIOYAIOTCI K 3a KHU-
MaM HMCTOYHUKA nuTaHud (puc. 1.8, a).

a 9 B

Puc. 1.8. Cxembl BKIHOYEHUA Namr:

a — nocnepoBaTtensHas; 6 — napannenbHad; B — CMellaHHadA
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Puc. 1.9. Cxembl 3ameLleHuns:

a — nocnefgoBaTefibHOE BKIIOYEHWE HArpy3ku; 6 — napannenbHOe;
B — CMellaHHoe

Ha ka>xpoM 13 oTpeOuTeAel mapaeT Halpsi>KeHne, olipepeAseMoe
3HAYEeHUSIMU TOKa W COTPOTUBAEHUS:

U1=IR1; U221R2, U3=IR3.

B cooTBeTcTBUU cO BmopbiM 3aKoHOM Kupxroga

0=U1+U2+U3—U,I/I]\_I/I U= U1+U2+ U3.

ITOoCKOABKY TOK B TAKOU IIeIIU IBASIETCS OOIIUM AASL BCEX IOTPeOu-
TeAeH, TO, Pa3AeAUB MTOCAeAHEe BBIpa’keHWe Ha CUAY TOKA [, TTOAYYUM

R:R1+R2+R3.

‘g OOG11ee COMPOTUBAEHHE BCel 11enu R Mpu MOCAEAOBATEABHOM

BKAIOYEHUH IOTpeOUTEeAel PABHO CYMMe COIIPOTUBAEHUY OTAEAD-
HBIX TIOTPeOUTEAE.

VMHOUB TIOAYYEHHOE BBIpakeHue Ha [%, OypeM UMeThb

I’R=1I’R, +I’R, +I’R,,

AU

PQL[:P1+P2+P3.

‘g IMoTpebasemada O] MOITHOCTE paBHA CyMMe MOIITHOCTEH, TOTpeO-
ASIEMBIX Ka’KABIM 9AEMEHTOM ITeTIN.

OTpaBaeMast ICTOYHUKOM MOIITHOCTh PaBHa MOIITHOCTH, TOTPEOAs-
eMOHM BCeH IIeIblo, T.e. UMeeT MeCcTO OaAaHC MOIITHOCTEH:

P,..=UI=I2R=U?%R.
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Ilpu naparreabHOM COepAMHEHUHU NMOTPeOUTeAel Hadanrd UX Lernen
COEAMHSIIOTCS B OAHOU TOUKe (y3eA 1), @ KOHIIBI — B APYTOM (y3ea 2).
O0a y3Aa TOAKAIOUAIOTCSA K Pa3HOUMEHHBIM 3a’KMMaM MCTOYHMKA ITH-
TaHua (puc. 1.8, 0).

B cootBeTrcTBUM C nepBbiM 3aKOHOM Kupxroga (3aKOHBI CBOU OH
cOpMyAMPOBaA B Bo3pacTe 26 AeT) arrebpanuecKas CyMMa TOKOB AAS
Aro6oro ysaa OLl paBHa HyAIO:

1—11—12—1320,I/IAI/I1211+12+I3.

CAEAOBaTeABHO, CyMMa BXOAMAIIUX B Y3€A TOKOB pPaBHA CyMMe BbI-
XOAAIITHNX. HOCKOA]:KY HAIIpA>XeHne AN BCeX HOTpe6HTeAeI>i OAHO M TO
JKe, TO B COOTBETCTBUU ¢ 3aKoHOM OmMa

Ile/R1,12= U/RQ,ISZ U/R3,I= U/Ry

nAn
U/R=U/R;+ U/R,+ U/R;,
OTKYyAQ
1/R=1/R{+ 1/Ry,+1/R;,
nAn

G=G1+G2+G3,

rae G = 1/R — BeAnumHA, oOpaTHAasT COMPOTUBAEHUIO — OOIIas mpo-

BOAMMOCTE TTOTpPebuTeAs, uamepsgeMas B cumeHncax (Cwm).

€ ITpu naparreABHOM COEAMHEHUU ITOTPeOUTeAe 00111asd IIPOBOAM-
MOCTH paBHa CyMMe ITPOBOAUMOCTEN OTAEABHBIX TOTPEOUTEAET.

,A.AH o61.u;ero COIIPOTHUBACHHA MOJXHO 3aIlMCATh:

R=1/(1/R, + 1/R, +1/Ry).

YMHOXUB TIOAYyYE€HHO€ BBIpA’KEeHHe Ha Uz, IIOAYyYUM

U%/R=U?%R,+ U Ry+ U%/Ry

AU

P=p1+P2+P3.

Kak u mpu IIOCAeAOBaTEABHOM COEAMHEHHWHN dAEMEHTOB, IOTpeb-
Asgemasi OL] MOIIHOCTL paBHA CyMMe MOIIHOCTEH, TOTPeOAIeMbIX
Ka>XABIM 3A€MEHTOM IIel, ¥ PaBHA MOIIHOCTHU, OTAABAE€MOU UCTOY-
HUKOM.
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CxeMa 3aMelleHus MPU CMeWaHHOM COeAMHEeHUU TOoTpebuTeAet
npuBeAeHa Ha puc. 1.9, B.

PacueT Tako# JOL] Mo>keT ObITH BBHIIOAHEH Ha OCHOBE MPUBEAEH-
HBIX paHee COOTHOIIIeHUHU. Tak, o0lee CONMPOTUBAEHUE CXEeMbl MOXKET
OBITh BBIYMCAEHO B COOTBETCTBUU C BBIPa*kKeHUEM

R=R,+ R, +R,

TAE

Ry=1/[1/(Ry+ R3) + 1/(Rs+ Rg)].

B cooTBeTCcTBUU C BHIpa’keHMEeM AAs OaraHca MOITHOCTEW MOTII-
HOCTBb, OTA@BaeMasi UCTOUHUKOM, paBHaA CyMMe MOIIHOCTel, moTpes-
ASIEMBIX Ka’KALIM SAEMEHTOM IIeIN:

P=P,+Py+P3+P,+ P5s+ Ps.

1.3.2. Cnocobbl coegnHEeHNA NCTOYHUNKOB
3NIeKTpU4eckomn aHeprun

Kak un coepriHeHre IIPUueMHUKOB BAEKTpI/I‘IeCKOfI OHepIruun, Coepu-
HeHHne MCTOYHUKOB SHEPTruu MOJKeT OBITh:

‘g nocaegoBameAbHbIM — AN TIOBBINIEHUWA HATIPAKEHWA TUTAHWA.

Kak mpaBuAO, IOCAEAOBATEABHO COEAMHAIOTCI OAMHAKOBBIE IIO
Tuny ucrounuku. [1pu stom ux SAC E 1 BHYTpPeHHUE COIPOTHUBAE-
HUS Iy CKAQABIBAIOTCS, 00pa3ysl OAMH UCTOYHUK C 3KBUBaAeHTHON DAC
E, 1 5KBUBAAEHTHBIM BHYTPEHHUM CONPOTUBAEHUEM I, (puc. 1.10, a):

E,=YE; 1o, = D.Io;

‘é napasr€AbHbIM — AAS IIOBBIINTEHWA MOIITHOCTU UCTOYHHMKA.

+

— +O
EZ)'IOC) +—L*E -ﬂ_*E ﬂ_fE
e = [ ey E L E P E,| - - -
I I I7 T033
0 0 a 0 a

- To To To
E

-0
a 9

Puc. 1.10. CxeMbl BKNHOYEHUA UCTOYHWKOB:
a — nocnegoeaTensHas; 6 — napannenbHas
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Puc. 1.11.BcTpedyHoe BKNHOYEHNE NCTOYHUKOB:
a — cxema; 6 — pexumbl paboTbl

Tak BKAIOYAIOTCS MCTOYHHUKU C OAMHAKOBBIMU DAC. IIpu sTom
skBuBareHTHad DAC paBHa DAC HCTOYHUKAE, @ DKBUBAAEHTHOE BHYT-
peHHee CONMPOTHUBAEHUE I, ONPEAEAseTCs, KaK 9KBUBAAEHTHOE CO-
MIPOTHUBAEHHE MapaAAeAbHO BKAIOUEHHBIX pe3ucTopoB (cMm. puc. 1.9,
0):

E,=E; 1y, =1/(Q.1/ 1);

€ I'pynnoBbIM — AASI IIOBBIMITEHYSI U HAIIPsSIPKeHWd, U MOIITHOCTHU.

B Ol ¢ HECKOABKMMU UCTOYHMKAMHM, BKAIOUEHHBLIMHU BCTPEYHO
APYT APYTY (HampuMep, akKKyMYASITOP U eTro 3apsiAHOe YCTPOMCTBO),
HeOoOXOAMMO pa3AnyaTh UCTOYHUK, pabOTAaIOIIUM B PeKUMe reHepaTo-
pa, ¥ UCTOYHUK, pabOTAIOIIUN B pe)XxuMe noTpebutead (puc. 1.11).

CoraacHO BTOpOMY 3aKOHY Kupxroda

EI—EZZIR.

Ecam E, > E,, TO HallpaBAeHUe TOKA COBIIaAAeT C HallpaBA€HUEM
OAC E;|, UICTOYHUK KOTOPOU paboTaeT reHepaTOPOM, W IPOTUBOIO-
AoxxHO HampaBaenuio SAC E,, UCTOUHUK KOTOPOU paboTaeT moTpedOu-
TeaeM. Ecau E; < E,, TO Ha0O0OPOT.

1.3.3. Anroputm pac4eTta npocTon
Hepa3BeTB/IEHHON 3NieKTpn4veckon uenu

PacueTr 3L OOBIUHO CBOAUTCSI K OIPEAEAEHUIO TOKOB, MapAeHUM
HaATIPSIPKEHNM, BEBIYUCACHUIO MOIITHOCTEN B OTAEABHBIX ee BeTBIX. [1pu
9TOM CUMTAIOTCS U3BECTHBIMU cxeMa Ol u 3HaueHUsT mapaMeTpoB
BCEeX ee 3AeMEeHTOB.
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Eg tood " FAEs T4
L Puc. 1.12. PacyeTHas cxema npocton 3L}

PaccMoTpuM aATOpUTM pacueTa MPOCTOM Hepa3BeTBAeHHOU OLI,
cxeMa KOTOPOM IpuBepeHa Ha puc. 1.12

Aauo: E; = E; = Ey3 = E; = Ey | Ip; = Ing = I3 = Iog = Ioi Ry, Ry R

Hanru: I, L, I, U;, Uy, Us, Py, Py, Ps.

PacueT BBIITOAHSEM B TaKON IIOCAEAOBATEABHOCTH.

1. DKBUBaAEHTHOE COIIPOTUBAEHUE Harpysku OL]

R,=R,+1/(1/R,+ 1/Ry).

2. OxrBuBareHTHass DAC MCTOUHMKA TUTAHUS

E3=E1+E2=2E0.

3. DKBUBaAEHTHOE BHYTpeHHEee COIIPOTUBACHUE NCTOUYHUKA TMTUTAHUA

Ioy=1/[1/(210)] + 1/(2 1p).

4. TToaHBIV TOK, TTIOTPpeOAsieMbItt DL,

I, =E,/(R, + Ip,).

5. INapeHye Hanps>KeHUSA Ha yyacTke a—b

Uy=Uy=Us=1, [1/(1/Ry+ 1/R3)].

6. Tok uepes pe3ucrtop R,

IQ = Uab/RZ'

7. Tok uepes pe3uctop R,

I3 = Uab/R3'

8. TTapeHre HaNpsI>KeHUS Ha pe3ucTtope R,

U1 = I1R1.

9. MontHoCTH, paccernBaeMble Ha pe3uctopax R;, Ry R;,
P, =17%R,; Py=I2R,; P;=I?R,.
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10. MOIIIHOCTE, OTA@BaeMasi UCTOUYHUKAMH,

Puer = L(E; + Ep) = 2E];.

11. MOI_HHOCTL, pacxoayeMasti Ha BHYyTpeHHeM COIIPOTUBACHUU KC-
TOYHUKOB,

— 72
PrOa_ IIIOB'

[TpoBepsieM IPaBUABHOCTE PACUYETOB, UCIIOAB3YST GaraHC MOIITHOC-

Teu:

PPICT:p1+P2+p3+pr03'

IMpumep pacdera npocToi Ol IpuBepeH B MPUAOKEHUU 3.

KOHTPOJIbHbIE BOMPOCHI

1. HazoBuTe cnocobbl COEAUHEHUSI MPUEMHUKOB 3NEKTPUYECKON
3HEprmu.

2. Yemy paBHbl 06Lme conpoTveneHusa 3L npu nocnenoBaTensHOM
1 NapannenbHOM COeAVHEHUM MPUEMHVKOB 3NEKTPUYECKON 3Hep-
rmm?

3. HasoBuTe cnocobbl coeAnHEHUS NCTOYHUKOB 3NEKTPUYECKON
3Heprum.

4. C KaKow Lesbi UCTOYHMKIN BKITHOYAKT NOCNEROBATENbHO Unu na-
pannensHo?

(-3 ObLLINE CBEOAEHINA
OB 3JIEKTPON3SMEPUTEJIbHbLIX
NMPNBOPAX

1.4.1. AnekTpnyeckne metoabl N3MepeHUNn

ITpu BEIMOAHEHUM AADOPATOPHBIX PAOOT MO SAEKTPOTEXHUKE, KOTO-
pBle IPOBOAATCS yKe B CaMOM Hadaae M3ydeHUs Kypca, 00A3aTeABHO
HUCIOAB3YIOTCSI DAEKTPOU3MEPUTEAbHEIE TPUOOPHL. [ToaToMy caeayeT
AaTh OOIIVe CBEAEHMS O HUX.

[Iponecc uCbITAaHUU U UCCAEAOBAHUM AIOOOM SAEKTPUYECKOUN CXe-
MBI BCerAa BKAIOUaeT B ce0s M3MepeHHe ee OCHOBHBIX ITapaMeTpOB:
CONPOTUBACHUM, HATIPSI)KEHUM, TOKOB, MOIITHOCTEN U T.A. [IpaBUABL-
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Puc. 1.13. LLinToBble anekTpomMexaHW4Yeckne namepuTenbHble Nprubopbl

HOCTBb IIOAYYEHHBIX PE3YAbBTATOB ONPEAEATIeTCS TeM, HaCKOABKO Tpa-
MOTHO HCIIOAB3YIOTCS MMEIOIUecs CPEeACTBA U3MepeHUuU.

BrimoaHgeMBIe B IpoIlecce U3YUeHUd Kypca « DAeKTPOTEXHUKa»
AabopaTopHbIe PabOTHl TaKyKe COIMPOBOKAAIOTCA M3MepeHNUeM TOKOB,
HAIPSIP)KEHUN, COIPOTUBAECHUU U MOITHOCTEU. AN U3MEPEeHUs IAEKT-
PUUYECKUX BEAUMYUH MCIOAB3YIOTCSI dAEKTPOMeXaHWUYeCKHue U3Mepu-
TeAbHBIEe TpUOOpPH! (puc. 1.13).

1.4.2. NamepeHune Hanps>xeHUs

‘g [MTpubop AT M3MepeHUs HAIPSKEHN Ha3bIBA€TCS BOABTMETPOM.
Ero obmuit Bup npuBepeH Ha puc. 1.13, a ycaoBHOe m3obpaxke-
HUe — Ha puc. 1.14. BOABTMeTpP BKAIOUAETCS IaPAAEABHO HArpy3-
Ke (puc. 1.14, a). UToOBI OH He OKa3bIBaA BAUSHUS Ha IapaMeTphbl
usMepsemout O, ero BHyTpeHHee CONPOTUBAEHUE AOAJKHO OBITh
OOABILIVM (CTPEMUTHCS K OECKOHEUHOCTH).

Puc. 1.14.CxemMbl BKNHOYEHUS BONLTMETPA:

a — HanpsiMylo K Harpyske; 6 — Yyepe3 [06aBOYHbIN PE3NCTOP; B —
Yyepes3 U3MEPUTENbHbLIN TPaHCOPMaTop HamnpsXeHns
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AAST 3MepeHUsT MOCTOSSHHOTO HAIPSI>KeHUs MOJKeT UCIOAb30BaTh-
cs1 Ipubop Ar00OOM cucTeMbl. Ha mpaKTuKe yalle IPUMEHSIOTCS NpHU-
OOpPbI MATHUTOBAEKTPUUECKOU CUCTEMBI. AN M3MepeHus IepeMeHHO-
rO HAPS)KEHUd UCIHOAB3YeTCS IPUOOP SAEKTPOMArHUTHOM CUCTEMEL,
IIIKaAaa KOTOPOTO IIPOTPaAyHpOBaHa B AEHMCTBYIOIMUX 3HaueHUsAX. Mo-
>KeT TaKKe IIPUMEHSIThCS TPUOOP MarHUTOIAEKTPUUECKON CUCTEMBL C
TIOAYIIPOBOAHUKOBBIM AMOAOM, TTOKA3BIBAIOIIUM CpeAHee 3HaueHHe 13-
MepsieMOu BEeAUYUHHI.

AAS paclIupeHUs IIPEAEAOB U3MepPeHUs BOAbTMETpPa Ha IIOCTOSH-
HOM TOKEe HCIIOAB3YeTCSI AOOQBOUHBIN PE3UCTOP, BKAIOUAEMBIN MOCAE-
AOBATeAbHO ¢ npubopoM (puc. 1.14, 6). Ilpu sTom

RAOG = Rv(n - 1).

3Mechb Ry, — BHyTpeHHee COIIPOTUBAEHUEe BOAbTMeTpa; n = U, /U, rae
U,, — usamepsemoe HanpsikeHue; U, — HOMUHaAbHAs BEAUYMHA BOAb-
TMEeTpa.

Ha mepeMeHHOM TOKe AAS PACIHIUPEHUsT TPEAEAOB M3MepeHUs UC-
MIOAB3YIOTCA TpaHCcopMaTopsl Hanpskenusa TH (puc. 1.14, B). Koad-
dunmeHT TpanchopManmu BeIOMpaeTcs u3 ycaosus n = U,/ U,.

1.4.3. NlamepeHue Toka

€ [MTpubop AAST M3MepeHUs TOKA Ha3bIBAeTCS aMIlepMeTpoM. Ero 06-
MY BUA IpUBeAeH Ha puc. 1.13, a ychroBHOe n3obpakeHre — Ha
puc. 1.15. AMniepMeTp BKAIOUAETCS TOCAEAOBATEABHO C HAaTPy3KOM
(puc. 1.15, a). UToOBI OH He OKa3bIBaA BAUSHMS Ha ITapaMeTphl 13-
MepsieMol OLI, ero BHyTpeHHee CONIPOTUBAEHUE AOAJKHO OBITH MU-
HUMAABHBIM (CTPEMUTBCS K HYAIO).

AAg M3MepeHHs NMOCTOIHHOTI'O TOKAa 4allle MCIOAB3YeTCsS Mpudop
MarHUTOAEKTPUUECKOU CHCTEMBI, IepeMeHHOTO — 3AeKTPOMarHuT-
HOW.

AAST paclIMpeHMs IPEAEAOB U3MePeHUsI aMIliepMeTpa Ha IOCTOSH-
HOM TOKE HCIIOAB3YyeTCd AOOABOYHBIM PE3UCTOP (IIIYHT), BKAIOYAEMBIN
nmapasreAbHoO npubopy (puc. 1.15, 6). Ilpu stom

Ry =Rulo/ (I, - L),

rae R, — BHyYTpeHHee CONPOTHUBAEHHWE aMIlepMmeTpa; I, — u3Mepse-
MBIM TOK; I, — HOMUWHaAbHAsi BEAWUMHA aMIlepMeTpa.

Ha mepeMeHHOM TOKe AASI PACIINpeHUs IPeAeAOB U3MepeHHUs UC-
IIOAB3YIOTCA TpaHcdopmaTopsl ToKa IT (puc. 1.15, B). KoadhdunueHnt
TpaHchopMaluu BbIOMpaeTcss U3 ycaoBus n = I./1,.
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Puc. 1.15. Cxembl BKNOYEHUS aMmnepMeTpa:

a — HanpsMylo K Harpyske; 6 — C NMOMOLLbIO LLUYHTE; B — Yepes
n3MepuTenbHbIA TpaHcdopMaTop Toka

1.4.4. amepeHne mMoLHOCTH

‘g MomHoCTh, noTpebAsgeMas Harpy3KoW, MO>KeT OBITh U3MepeHa
KOCBEHHBIM METOAOM C TIOMOIIIBIO aMIlepMeTpa U BOAbTMeTpa (P =
=UI) (puc. 1.16, a) uA1 HETTOCPEACTBEHHO IPUOOPOM IAEKTPOAU-
HaMWUUYeCKOM CUCTeMBl — BAaTTMETPOM, BKAIOYAEMBIM II0 CXeMe,
TIpUBeAeHHOM Ha puc. 1.16, 6.

ANST pacITMpeHust TPEASAOB M3MEPEeHUsT BaTTMETPa Ha MTOCTOSTHHOM
TOKEe UCHOAB3YIOTCSI AOOABOUHBIM PE3UCTOP (IIYHT), BKAIOUAEMBIH I1a-
pParreAbHO TOKOBOM KaTyIlIKe NpuOOopa, ¥ Pe3uCTOP, BKAIOUYAeMbIN
TIOCAEAOBATEABHO C KATYIIKON BOABTMeTpa. Ha ImepeMeHHOM TOKe AAS
paclIMpeHus: IPEAEAOB U3MEPEHUsT NCIIOAB3YIOTCS TPpaHC(hOopMaTOph
TOKa U HAIpS>KeHUs.

1.4.5. N\amepeHne conpoTuBneHns

‘g ConpoTuBAeHUE MOJKET OBITh U3MEPEeHO KOCBEHHBIM METOAOM C
TTOMOIIIBIO aMITepMeTpa U BoAbT™MeTpa (R, = U,/I,) (cm. puc. 1.16, a)

Puc. 1.16.CxemMbl namepeHus:

d — MOLWHOCTMN 1 conpoTnBneHnd KOCBEHHbIM METOLOM; 6 —
MOLLHOCTMN BATTMETPOM; B — COMNpPOTUBIEHNA OMMETPOM
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WAU HEIIOCPEACTBEHHO OMMETPOM, BKAIOUAeMBIM II0 cXeMe, Ipu-
BeAeHHOM Ha puc. 1.16, B.

3aech E — DAC ucTouyHUKA MUTAHUS, BXOAAIIETO B COCTaB IIPUOO-
pa; R, — pPe3nuCTOp mepeMeHHOTO COIPOTHUBACHHS], BKAIOYAEMBIM IIOC-
A€AOBATEABHO C MUKpPOaMIepPMeTPOM MarHUTOIAEKTPUUYECKOM cucTe-
MBI; R, — uU3MepsieMoe conpoTuBAeHHe. [TIOCKOABKY TOK B menu [ = E/
/(R, + R,) 0OpaTHO NPONOPIUOHAAECH CONPOTUBACHUIO, TO MAKCHUMAaAb-
HOMY OTKAOHEHMIO CTPEAKH MHUKpoaMmrepMmeTpa OYAeT COOTBETCTBO-
BaTh MMHUMAABHOE COIPOTHBAEHUE.

EcAm 3aKOpPOTUTH TOYKU A U 6, TO MOKHO C TIOMOIIBIO pe3ncTopa
R, ycTaHOBUTH MAaKCUMAABHBLIM TOK IIO IIKaAe mpubopa. ITpu sTom co-
npotuBAeHre R, = 0. EcAu ke pa3opBaTh COepAMHEHME MeKAY TOYKa-
MH a 4 0, TO TOK OyAET paBeH HYAIO, @& COIPOTUBAEHUE R, OypeT cTpe-
MUTHCS K OeCKOHEeUYHOCTH. Takum oOpazoM, ITKara MUKpOaMIlepMeT-
pa MOJKeT OBLITH MPOTPAAYMPOBaHa B OMaxX CIpaBa HaAeBo. [1pu aTom
OHa OyAeT HepaBHOMEPHOU.

ANt U3MepeHUs: 3HAUUTEABHBIX COITPOTUBAEHUM, HallpUMep COIIPO-
TUBAEHUS M3OASAINU B TOM >XKe IAEKTPOU3MEPUTEABHOM Ipudope,
HUCIIOAB3YIOTCSI CIIeIMaAbHbIe TPUOOPHI — MeTraoMMeTphl. OHU MOTYT
n3MepaTh conporusAaeHus A0 10 000 MOwm. [ToaToMy AAS TOAYyUEHUMS
IIPUEMAEMOr0 TOKa UCIIOAB3YeTCS UCTOYHUK HanpsakeHUs Ao 2 500 B,
HanpuMep HeOOABIIION reHepaTop C PYYHBIM IIPUBOAOM, BXOASIIUN B
cocTaB mpubopa, UAU IIpeoObpa3oBaTeAb HANPS KeHUS, MUTaeMbIH OT
CeTH.

1.4.6. OcHOBHbIe noka3aTenu
aneKTponsmMepuTesibHbiX Nnpubopos

= OCHOBHBIME OKA3aTEASIMHU SIBASIOTCSL:

B HOMWHaAbHAS BeAWYUHa A, — HauOOABIIIast BEAMUNHA, KOTO-
pas Mo>KeT OBLITh M3MepeHa NpPUubopoM;

" nocTosiHHasg npubopa (meHa peaeHust) C — 3HaUeHUe U3Me-
psieMOM BEAWYMHBI, BEI3BIBAIOIee OTKAOHEHHE CTPEeAKU Ha
OAHO AeAeHUe ITKAAH;

¥ JIOTPEIIHOCTH U3MEePEeHHsI.

PaszamgaroT abCOAIOTHYIO, IPUBEAEHHYIO M OTHOCUTEABHYIO IIO-
IPENIHOCTH M3MepeHUs.

Ab6coAomHas TIOTPENIHOCTh — Pa3HOCTb MEXXKAY U3MepsieMBIM A, U
ACUCTBUTEABHEIM A, 3HAUEHUSIMU KOHTPOAUPYEMOM BEAMYUHEL
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A=A, -A,.

OTa MOTPENTHOCTh He MIO3BOASET OIeHUTh TOUHOCTh U3MepeHUs,
Tak Kak npu usMmepenuu U = 100 B ¢ AA = 1 B TOYHOCTb BBICOKQ, a
npu usMepennu U= 1B ¢ AA = 1 B TouHOCTb HU3KA.

IlpuBegenHas MOTPEITHOCT — OTHOIIIEHHE aOCOAIOTHOM IOTPEIIHO-
CTU K HOMWHAABHOU BeAWYMHE MPUOOPa, BEIPa’KEHHOE B MPOIIEHTaX:

Yap = (AA/A,) 100,

ViMeHHO IIpHUBeAeHHAs IIOTPENIHOCTH ONPeAEAseT KAACC TOYHOCTH
npubopa, yKasblBaeMbIM Ha ero mkaae. Tak, kaacc TogyHoctu 0,5 co-
OTBeTCTBYyeT norpemrHoctu 10,5 %.

F'ocypapCTBEHHBIM CTAHAAPTOM YCTAHOBAEHBI A€BSITh KAACCOB TOY-
woctu: 0,02; 0,05; 0,1; 0,2; 0,5; 1,0; 1,5; 2,5; 4,0.

OmHocumeAbHAs TIOTPENTHOCTh — OTHOIIIeHUEe abCOAIOTHOU IO-
TPEIIHOCTU K AeMICTBUTEABHOMY (MAU C AOCTA@TOYHOMN TOYHOCTBIO K H3-
MepeHHOMY) 3HaueHUIO, BEIPA’)KEeHHOe B IIPOIleHTax:

Y= (AA/A,)100.

ViMeHHO OHa ompepeAdeT TOYHOCTh m3MepeHUs. [ToCKOABKY AA =
=YupAn = YAy TO

Y= YipAn/ A

T.€. OTHOCUTEAbHAsl MOrPEIIHOCTb 3aBUCHUT OT A€UCTBUTEABHOI'O
3HAUeHUd U3MepsieMOl BEeAMYUHBI U BO3pPAacCTaeT NIPU €e yMeHblIe-
HUMN.

[ToaTOMYy AAS NOBBIIMIEHUS TOYHOCTH U3MEPEHUS NMOAB3YIOTCSA
OOBIYHO IOCAEAHEU TPEeTBhIO MIKAABL CyIecTBYIOT MHOTOIIPEAEABHEBIE
npHUOOPHL, AONMyCKAaIOUIMe MePEeKAIOUEeHHUS NMPU U3MEePeHUAaX Cylle-
CTBEHHO DPAa3AMYAIOIIMXCS BEAUYUH.

1.4.7. Cuctembl 3N1EKTPON3MEPUTESIbHbIX
npubopos

3HauUTEeAbHAsT YacTh M3MEPUTEABHBIX MTPUOOPOB TPUHAAAEIKUT K
9AeKTpOoMeXaHuuecKou rpynme. OOLUINM AAS HUX SIBASETCS TO, UTO
SAEKTPOMAarHUTHAas YHEPIus, IOABOAUMAS K IPUOOPY U3 U3MepsIeMOu
Ieny, HeIIOCPEACTBEHHO ITpeobpa3yeTcs B MeXaHUIECKYIO SHEPIruio
mepeMelleHnsT MTOABUKHON YaCTH.

OAEKTPOMeXaHUUeCKMU TPUOOpP COCTOUT U3 ABYX YaCTel: u3Mepu-
TEeABHOU IeU U U3MEePUTEABHOTO MeXaHW3Ma.
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H3mepumeabHas yenb — 3TO COBOKYIIHOCTb 3A€MEHTOB, CAY KallIUX
AAS TIpeoOpa30oBaHUs U3MEPSIEeMOU dIAeKTpUuueckou Beanuussl (I, U, P,
R, L) B APYTYIO DAEKTPUYECKYIO IIPOMEKYTOUHYIO BEAMYNHY, Ha KOTO-
PYIO pearupyeT M3MEpPUTEABHBIM MeXaHM3M. B HEKOTOPBIX CAydYasix B
COCTaB M3MEPUTEABHON 11NN BBOAIT IOAYIPOBOAHUKOBBIM BHINIPSIMU-
TeAb. CBOMCTBa U3MEPUTEABHOTO IIpHOOpa IIPKU 3TOM MOTYT Cylile-
CTBEHHO HU3MeHAThCsA. Hanmpumep, npubop MarHUTOAAEKTPUUECKOU
CHCTEMBI C TIOAYITPOBOAHWKOBBIM BBEITPSIMUTEAEM CIIOCOOEH U3MepsTh
He TOABKO IIOCTOSTHHOE HAIpsKeHWe, HO M IepeMeHHOe.

H3mepumeabHblli MEXQHU3M — 3TO TIpeoOpa3oBaTeAb dAEKTpUIe-
CKOM BEeAWYHHHI B IlepeMellleHle (YTOA OTKAOHEHHUs), KOTOpoe C ITIOMO-
1IBI0 OTCYETHOTO YCTPOMCTBA (CTPEAKH) BOCIPUHUMAETCS BU3YAAbHO
HabAIOAATEAEM.

ITo cnocoby npeobpa3oBanus 3A€KTPUUECKON BEAWYUHH], T.€. IO
Ccoco0y CO3AaHUST MEXaHWYECKOU CUABI, U3MEPUTEABHBIE MEeXaHU3MbI
TIOAPA3AEASIOTCS Ha PSAA cucTeM. OCHOBHBIMU M3 HUX SBASIOTCS CHU-
CTEMBL:

¥  MArHUTODAEKTpHUYECKUue — m '

¥  3AEKTPOMArHuTHBIE — i ;

" HJAEeKTpOAMHAMUYECKHue — $ '

" YHAYKIMOHHBIE — @ .
ITo pogy moxa pubOpPHEl IOAPA3AEASIOTCS Ha IPUOOPHIL:
®  TIOCTOSTHHOTO TOKa — —;
®  epeMeHHOTO TOKa — ~;
®  TIOCTOSTHHOTO M TIEPEeMEeHHOT0 TOKa — =

= Tpex@a3Horo TokKa — = (3-).

KOHTPOJIbHbLIE BOMPOCHI

1. Hapucynte cxemy BKIOYEHWA B 3NEKTPUHECKYIO LieMnb BONbTMET-
pa, amrnepmMmeTpa, BaTTMeTpa, OMMETpa.

2. Kak paclumpuTb Npefensl U3MepeHna BonNsTMETPa 1 amnepmeTpa?

3. Ha3oBuTe 0CHOBHbIE NMoKasaTeny aneKkTpon3mepuTenbHbIX NpUGo-
poB.

4. epe4ncnnte OCHOBHbIE CUCTEMbI 3NEKTPOVN3MEPUTENBHBIX MPU-
6opos.
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PEXXKMbI PABOTbI 3NEKTPUYECKNX
LIEMEN. PACYET NPOBO/OB.
PA3BETBINEHHAS 3NEKTPUYECKAS
LIEMb

1.5.1. Pexxumbl paboTbl aneKTpu4eckux
uenen

SAEKTpI/ILIECKaH Ioellb MOXXeT pa6OTaTB B 4eThIpeX OCHOBHLBIX pe-
JKUMaxX.

= HoMuHAABHBI pe;KuM — 3TO PEXUM, PEKOMEHAYEMBIH 3a-
BOAOM-U3TOTOBUTEAEM. HoMmunaabHBIE AAHHBIE OTOBApWBA-
IOTCS B CIPABOYHOM AMTEpaType U MacIOPTHBIX AQHHBIX.
B aTOM pesrkuMe yCTPOUCTBO MOKET pab0TaTh B TeUeHUE AAU-
TEeABHOTO BPEMEHH.

Hampumep, aAST pe3ucTopa OTOBapUBAIOTCS HOMUHAABHBIE 3HaUe-
HUS COIPOTHUBAEHUSI U MOIITHOCTH, AAS TeHepaTopa — HOMUHAALHBIE
3HQUEHMs HANPSDKeHUsS U ToKa. [Ipy 3TOM 1I0A HOMMHAABHBIM TOKOM
MMOHUMAaeTCsS TaKoe eTo 3HaueHHe, KOTOpOe TeHepaTop AAUTEABHOe
BPeMs MOYKET OTAABaTh BO BHEITHIOIO Ilelb 6e3 Ieperpesa.

®  Pe>xum x0A0cmoro xoga (XX) — 3TO pe>kuM, IpU KOTOPOM
Jepes3 UCTOYHUK MAUM NIPUEMHUK He IpoTeKaeT ToK ([, = 0).
Hampsskenme Ha nctouHuke paBHO ero OAC.

= Pe>xum KOpomkoro 3ambikanus (K3) — 5To peXuM, Koraa
3a’KMMBI MICTOYHWKA, TPUEMHUKA AU UHBIX 9AeMeHTOB OLI,
Me>KAY KOTOPBIMHM UMEeeTCsT HallpsyKeHe, COeAMHEHBI MesK-
Ay COOOM MAM Uyepe3 HUYTOKHO MaAOe COIIPOTUBAEHUE (Ha-
IpuMep, uepes3 aMIepMeTp, BKAIOUEeHHBIN IO OITMOKe Tapan-
AEABHO Harpyske). OTO aBapUMHBIN peykKUM, Tak Kak ToK K3
BO MHOTO pa3 IPeBHIINIaeT HOMUHAABHBINA TOK YCTAHOBKU U
MO>KeT BhI3BaTh ee MoBpeXAeHUe. AAS 3alIIUTHI OT TOKOB K3
WCIIOAB3YIOTCS IPEAOXPAHUTEAN, PACCUUTAHHBIE Ha OIIPEAE-
AEeHHOe 3HaueHUe TOKa.

= CoraAacoBAHHBL pe>KuM — 3TO PEKUM, IIPU KOTOPOM MOIII-
HOCTB, llepepaBaeMasi OT UCTOUHMKA K TOTPEeOUTEAIO, UMeeT
MaKCHMAaABHYIO BeANUNHY. Ha IepBeIl B3TASA, 5TO HAUOOAEe
BBITOAHBIY peskKuM. Ho Tak Kak MaKCMMaAbHast MOIITHOCTb OT
WCTOYHMKA K Harpy3Ke Ilepepaetcd npu R, =r,, To KITA ycTa-
HOBKU
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n=P,/P,=U,/(EI) = U/E=E (R,/(Rr,))/E = R,/ (R, + Iy) = 0,5.

ITop0OHBIN peskUM B OOIIEN IAEKTPOTEXHUKE HE SABASIETCS pallnio-
HaABHBIM. DHepreTudeckre YCTAHOBKM PAbO0TalOT OOBIUHO B pe’kKuMe,
KOTAQ TOKU M MOIITHOCTHM Ae’KAaT B IIpepeAaX OT HOMUHAABHBIX 3Haue-
HUM A0 MX 3HAUEHUU IIPU XOAOCTOM XOAe. [Ipu 3TOM T CTPEeMUTCS K
eAVHUIIE.

OAHAKO B OTAEABHBIX CAyYasX COTAACOBAHHBIM pe’XKUM OBIBAeT
MPEATIOUTUTEABHBIM. HampuMep, AAT MarHUTOIAEKTPUYECKOTO TreHepa-
TOpPa UMIYABCHOTO AEMCTBUS OCHOBHOM 3apauell SIBASETCS lepepada
MaKCHMMAaABHOM MOIITHOCTU B HArpy3Ky, @ 3TO BO3MOJKHO AMIIb B CO-
TA@COBAHHOM pPe’KUMe.

1.5.2. PacueT npoBoAoOB Ha noTepto
HanpsaXeHund n Ha HarpesaHune
OAHUM 13 Ba’KHBIX MOMEHTOB pacueTa JOL] sBAsieTcs pacueT Ipo-

BOAOB Ha TOTEPIO HAIPsI>KEeHWA WM Ha HAar'peBaHUe.
HpI/I pacueTax M3BeCTHLI CACAYIOIHe ITapaMeTphl:

¥ Hanps>KeHne UCTOYHMKA IMUTAaHUAg UO;

®  HaUpsUKeHWe Ha Harpyske U, oOecneunBarolliee HOMUHAAD-
HBIU PeXUM paboThl 000OPYAOBAHNS;

® TOK Harpysku [
= AAWHA AUHUM NIepepauin I.

IMorepu Hanps>keHud AU B AMHUM IIepeAQuM B 3TOM CAydae OyAYyT
OTIPEAEASIThCST TIAOIIAABIO CEUEHMS ITPOBOAOB S. AeticTBUTeAbHO, AU =
=U, — U, ==2R,I, = 2],pl/S, oTKyAa

S=2pll,/AU.

BberuncauB S, IO CIPaBOYHUKY BBHIOMPAIOT OAMIKaMIllee CTaHAAPT-
HOe 3HaueHUe IINOIIAANU CeYeHMs MPOBOAQA.

Takum 0O6pas3oM, AATI YMEHBIIIEeHNd OTeph HANPSI)KeHUd B IIPOBO-
AAX HeOOXOAUMO YBEAWYHMBATh UX CEYeHHeE.

OAHOBPEMEHHO BBIIIOAHSIOT pacueT Ha HarpeBaHUe IIPOBOAOB, IIO-
CKOABKY OHO BEAET He TOABKO K IIOTepe 3Hepruy, HO U K HapylLIeHUIo
pPaboTOCIIOCOOHOCTH 3AEKTPOOOOPYAOBAHUS. 3HAUUTEABHBIN TOK MO-
JKeT NPUBECTU K IIeperpeBy IIPOBOAOB U HAPYUIEHUIO MX HU3O0ASAINU.
KoAnuecTBO TENAOTHI, BHIAEASIONIENCS B IIPOBOAAX, BHIUUCASIETCI B
COOTBETCTBUU C 3aKOHOM ASKOyAS— AeHIIa:

Qup = IRyt
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OAHY U Ty >Ke MOIIHOCTBH II0 IPOBOAAM MOJKHO IlepeAaBaTh IpU
BBICOKOM HATIPSIPKEHUM W HU3KOM TOKEe WAW IIPW HU3KOM HATPSI>KeHUHN
U BBICOKOM TOKe. [TOCKOABKY TTOTepH MPOMOPIIMOHAABHEI KBAaAPATY
TOKa (P=1 2R), TO OYEBUAHO, UTO IIepepauy DHEPruu BBITOAHEE OCyllle-
CTBASTH IIPH BHICOKOM HAIIPSI’KEHWM M MAaAOM TOKe. OTO IIO3BOASET
YMEeHBIIUTh CedeHle IPOBOAOB, @ 3HAUUT, U PACXOA MaTepHhasa Ha UX
U3roToBA€HMe. VIMEeHHO TaK NepepaloT SHePIuio Ha IIepeMeHHOM TOKe
B AMHUU 3AeKTpoliepepau (AJII), moswiliag HanpsaxeHue po 500 —
1150 KB u TeM camMbIM CHU’Kasd TOK B AMHUHU U TOTEPU.

PacueTr Ha HarpeBaHWe CBOAUTCS K BRIOOPY IO CIPAaBOYHUKY IIAO-
1IaAM CeueHUs IIPOBOAQ, 0OeCIeunBaloIel AAUTEABHBIE AOITyCTUMbIE
TOKOBBIE HArpy3KH.

TakuM o6pa3oM, pacueT IPOBOAOB — 3TO OIIpeAeAeHUe TTAOIIAAT
CeYeHUsI TIPOBOAA AAST O0eCIIeYeHUsT AOTTYCTUMOTO TTaA€HUS HaIpsKe-
HUS, @ 3aTeM IIPOBepKa M0 CIIPAaBOYHUKY COOTBETCTBUS ITOAYIEHHOTO
3HAYEeHUs TAOIIAAV CeUeHUsT 3aAaHHOU TOKOBOU Harpys3ke. Ecam B
CIIpaBOYHMKE yKa3aH TOK, MEHBIIINHN 3aA@HHOTO, TO IIAOIIAAb CeUeHUsI
YBEAMYMBAIOT TaKMM 00pa3oM, YTOOBI OHa COOTBETCTBOBAAa TpeboBa-
HUSIM HarpysKHu.

BEIMOAHUM pacueT NAOLIAAU CeueHud IpoBoaa. [TycTs HeoOXoaM-
MO OCYIIECTBUTH TOABOAKY SAEKTPOIUTAHUSA K AaDOPATOPUU IAEKTPO-
TEeXHUKHU OT IMOHMKAIOIIero Tpexda3zHoro TpaHcopMaTopa C AUHEN-
HBIM HanpsikeHueMm 36 B. Aamna avauu [ = 20 M, Hanps>KeHNe Ha Ha-
rpy3Ke AOAJKHO OBITH He HKe 35 B, o0mui moTpebAseMbId TOK I, =
=20 A.

BriOupaem B KauecTBe MaTepuara Iposopa MeAb ¢ p = 0,0175
OM - MM%/M. BBIUKCASIEM TAOLIAAL CeYeHHs MpoBopa: S = 2pll,/AU =
=2-0,0175-20-20/(36 — 35) = 14 mm2 Tlo cHpaBOYHUKY BLIOHpaeM
OAMIKAMIITYIO GOABIITYIO TIAOIIAAL cederus S = 16 mm?, TTpoBepsieM 10
CIIPABOYHUKY AOIYCTUMBIM TOK B M30AMPOBAHHBIX IPOBOAAX IIPHU IIPO-
AONKUTEABHOM Harpyske: OH paBeH 75 A, UTO 3HAQUUTEABHO IIpeBHIIIa-
eT 3apAaHHOe 3HaueHUe. TakuM o0pa3oM, AN NMUTAHUSA Aab0paTOpUu
Tpexda3HbIM Haups>keHUeM 36 B ¢ HeMTpaArbBHBIM IIPOBOAOM HEOOXO-
AUMO BBIOPATh UYETHIPEXKUABHBIM KaOeAb C TAOIIAABIO CEUEeHUS SKUA
16 Mm2,

1.5.3. Pa3BeTBneHHas anekTpu4eckas uenb.
MeTon KOHTYPHbIX TOKOB

‘g PazpemBaAenHnble DI] — 3TO MHOTOKOHTYPHBIE IIeTIH C HECKOAB-

KMMHW UCTOYHUKAMMU ITUTAHWA. ,A'Aﬂ nux pacyeTa pa3pa60TaH pspMe-
TOAOB, OCHOBHBI€ 13 KOTOPHBIX CACAYIOIINE:
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L] MEeTOA HEIIOCPEeACTBEHHOT'O IIpUMMeHeHNd 3aKOHOB KI/IpXFO-
da;

L MEeTOA KOHTYpHBIX TOKOB,

L] METOA YSAOBOI'O HAIIPSI>KEeHUA,;

L] MEeTOA S9KBUBAACHTHOTI'O r'eHepaTopa.

HaunbGoaee mupokoe IpuMeHeHNe HallleA MeTOA KOHTYPHBIX TOKOB
Oraropapsl CBOeM YHHUBEPCAABHOCTU. VICIIOAB30BaHME 3TOTO METOAA
TIO3BOASIET COKPATUTh YUCAO YPAaBHEHUHN, KOTOPhIe COCTABASIOT AWIIH
IO BTOPOMY 3aKOHY Kupxrodga AAS YCAOBHBEIX KOHTYPHBIX TOKOB B
3aMKHYTBIX y4acTKaxX Ienu. [Ipu 3TOM YHUCAO ypaBHEHUMN AOAKHO
OBITH N — 1, TA€ NI — YUCAO KOHTYPOB.

Ang OL, cxeMa KOTOpPOM IIpuBeAeHa Ha puc. 1.17, 9MCA0 KOHTYpPOB
PaBHO TPeM, O3TOMY ypPaBHEHUMN AOAKHO OBITH ABa.

IMoka>keMm Ha cxeMe Oll YyCAOBHO NOAOKUTEAbHBIE HAlIpPaBAEHUS
KOHTYPHBIX TOKOB (I} 1 I;j) 1 TOKOB B BeTBaAX ([, I, I3).

AAS CMEXHBIX KOHTYpPOB d—0—B—TI—a U a—X—g—0—a B
COOTBETCTBUU C BTOPBIM 3aKOHOM Kmpxroda, 00xopd KOHTYp IO 4a-
COBOU CTpEeAKe, 3aluIIeM:

Ey — E; =L(R;+ 1o1+ Ry+ 1) — Iy (Ry+ 1)

E; — E3 =I;i(Ry+ rop+ Rg+ 1g3) — I (Ry+ 1)

Pemnrasg moaydyeHHEBIE YypaBHEHMS, HAXOAUM KOHTYDPHEIE TOKH [} 1 I

Tok BeTBU 6—B—r—a I; paBeH KOHTYpHOMY TOKY I;.

Tok BeTBU a—X—(g—0 [; paBeH KOHTYPHOMY TOKY —Ij.

Tok cmeXxHOU BeTBU a— 0 [, paBeH pa3HOCTU KOHTYPHBIX TOKOB
I; — I (moppoOHee cM. TIpUAOKeHUE 6).

Ecau nipu pelieHnM oOHapy’KMUBAETCs, UTO OTAEAbHBIE TOKU B BET-
BSIX OKA3aAUCh OTPUIIATEABHBIMY, TO 3TO 3HQUUT, YTO AEHCTBUTEABHOE
HaIlpaBA€HHUE TOKOB IIPOTUBOIIOAOKHO YCAOBHO BEIODAHHOMY HAIIPaB-
AEHHUIO.

r a K
By, 1o} = I 1= — 1 Es, I3
R, Ry In q]&
Puc. 1.17.Cxema pa3BeTBNeHHOMN b b I
3NeKTPUYeckon Lenmu B 0 g



KOHTPOJIbHbIE BOMPOCHI

1. MNepeuncnnte n oxapakTepU3ynTe OCHOBHbIE PeXMMbl paboThbl
3NeKTPUHECKUX Lenen.

2. Yto onpepenseTcs B pe3ynbTaTe pacyeTa NPOBOAOB Ha MOTEPHD
HanpsXeHus U Ha HarpesaHue?

3. YTto cobow npepcTaBnseT pa3BeTBNeHHas 3nekTpuyYeckas uens?

4. B 4yem cyTb MeToAa KOHTYpPHbIX TOKOB?

(-3 HEJTMHENHBLIE 3JNIEKTPUYECKWE LIEMNA

1.6.1. Bugbl BonbT-aMnepHbIX
XapaKkTepUCTUK HeNIMHENHbIX 31IeMEHTOB

[llmpokoe mpUMeHeHNe B CHUCTeMaxX aBTOMaTHIECKOTIO YIIPaBACHUS
U PETYAMPOBAHUS, PA3AUYHOTO POAA DAEKTPOTEXHUYECKUX YCTAHOB-
Kax ¥ mpubopax HAIIAU HeAMHEWHbIe SAeMEeHTHI.

OTO TaKve 3AeMEHTH, Y KOTOPBIX 3aBUCUMOCTEH MEKAY HalpsiKe-
HUEM U TOKOM — BOAbT-aMIlepHas XxapakTepuctuka (BAX) — saBaser-
Csl HeAUHEWHOMN.

‘g ITo Bupy BAX HeAanHelHEBIe aAeMeHTH (HO) moapasaeastoTces cae-
AYIOIIM 00pa3oM:

® CUMMETPUUYHBIE (AEKTpUYECKas AaMIla HaKaAUBaAHUS) —
puc. 1.18, a;

B HeCHUMMETPUUYHEIE (IOAYTIPOBOAHUKOBBIN AIOA) — puc. 1.18, 6;
B yhIpaBAsieMble (TpaH3ucTOp) — puc. 1.18, B.

Heannetinocts BAX AaMITbIl HaKaAUBaHUS OMPEAEASIETCS 3aBUCH-
MOCTBIO YAEABHOTO 3AEKTPUYECKOTI'O CONIPOTUBAEHHUSI MaTepuara HUTHU
p OT TeMIepaTypHl.

B cBoio odyepepb TeMIlepaTypa HUTHM HAaKaAMBAHUS 3aBUCUT OT
CHUABI TOKA [, TPOTEKAIOIIero mo Hew:

p=r(I).

Tak KaKk compoTHUBAeHUE HUTU R = pl/S, TO OHO Takke ABASETCH
dyHKIUEN TOKA.

AAS NDOBOGHUKOB yAEABHOE 3AEKTPHYECKOe CONPOTHUBAEHHUE yBe-
AMYMBAaETCd C yBeAWYeHHeM TeMIepaTyphl. [IOCKOABKY TeMIlepaTypa
HUTH HAKAAWBAHMUA B pabounx ycAOBUSX u3MeHseTcs oT 20 oo 2 500 °C,
TO IIPU YBEAWYEHUM IPUAOKEHHOIO HAIPSI’KeHUs CONPOTUBAEHUE
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Is4
Is3

Isy
Iso

a 9 B

Puc. 1.18. Buapl BonbT-aMnepHO XxapakTePUCTUKN HENMHENHbIX
3MNEeMEHTOB:!

a — CMMMEeTpun4Han, 6 — HEeCUMMETpU4Haa; B — ynpasnaemMad

AaMIIbl HAKAaAUBaHUA yBeAnunBaeTcsa (Rp = Ryq(1 + 0AT)) U TOK yMeHB-
IIIaeTcsl He TT0 AMHEMHOM 3aBUCHMOCTH.

B ocHOBY paboTBl HEAWHEWHBIX NOAYNDOBOGHUKOBbIX IAEMEHTOB
(AmOpA, CTAOUAUTPOH, TPAH3UCTOP) MOAOKEHO M3MeHeHNe CONPOTUB-
A€HUS N — p-IIepexoAa, 06pa3oBaHHOTO ABYMSI IOAYIIPOBOAHUKAMU C
n- U p-IPOBOAUMOCTHIO. [IpM OTCYTCTBHUM BHEITHEro SAeKTPOMAarHuT-
HOTO TIOAS Ha TpaHuIle n — p-Iepexopa CYIecTBYyeT BHyYTpeHHee
IIOAe, MPENATCTBYIONee CBOOOAHOMY IepeMelleHUI0 3AeKTPOHOB U
ABIPOK. COTTpOTHUBAEHHE TIepexopa 3HaUUTeAbHO. Ecam HanpaBAeHHe
BHEIITHETO TIOAST COBIT@AAET C HalpaBA€HWEM BHYTPEHHETO, TO COIPO-
THUBAEHUE ellle O0Aee pacTeT U CHAA TOKa uepe3 N — p-TIepexop upes-
BBIUAMHO MaAa. EcAu ke BHelllHee ITIOAe HAIPaBAE€HO HABCTpedy
BHYTpPEHHEMY, TO COIPOTUBAEHHE N — p-Tlepexopa YMeHbIIaeTCs U
yepes Iepexop MOJKeT MPOTeKaTh 3HAaUYUTEABHBIN TOK (MoApoOHee
CM. moppasa,. 6.2).

Takum oOpa3oM, n— p-iepexop B IOAYIIPOBOAHUKAX 0OAapaeT
BEHTUABHBIM CBOMCTBOM, IIPOIyCKasl TOK B OAHOM HallpaBAEHUU U He
IpoIycKasi MpHU OOPaTHOM MOASIPHOCTU IPUAOKEHHOI'O HAIpPsyKeHUs.

OTO CBOWCTBO N — p-TIepeXoAad MOAOKEHO B OCHOBY PaOOTHI IOAY-
TIPOBOAHUKOBOTO AMOAA. ETo BOABT-aMIIepHasi XapaKTepUCTUKA ITPUBe-
AeHa Ha puc. 1.18, 6.

AAsT CTaOUAUTPOHA (OTIOPHOTO AMOAA) oOpaTHasi BeTBbL BAX nMeer
Y4acTOK, Ha KOTOPOM HaIlpsiKeHUe NIPU M3MeHeHUHN TOKa NpaKThudec-
KU He MeHseTcsl. DTO CBOMCTBO CTAaOHAUTPOHA ITOAOKEHO B OCHOBY
PaboThl CTaOUAM3ATOPOB HATPSI>KEHUS.

BUnOASIpHBIN TPAH3UCTOP CTPOUTCS Ha OCHOBE ABYX Il — pP-IIEPEX0-
AOB U 00AapaeT yupasageMoit BAX (puc. 1.18, B). Ecanm Kk opHOMY N —
p-Iiepexopy (0asza—sMUTTep) NIPUKAAABIBATH HEOOABIIIOE HAIpsIKe-
HUe, obecreynBarollee NpoTeKaHue TOKOB Iy, Is; I5 Is3 Iss TO MOXK-
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HO YIPaBASTb 3HAUUTEABHBIM TOKOM [, 4epe3 BTOPOU N — P-TIEPEXOA
(KOAAEKTOP — OMUTTEDP).

1.6.2. NocnepoBaTenbHOe coeguHeHue
HeJINHEeNHbIX 3JIeMEeHTOB

‘g K meanneinbiM JL] mpuMeHUMBI OCHOBHBIE 3aKOHBI DAEKTPOTEX-

HUKHU. OAHaKO Ipu pacyeTax TaKux uer{eﬁ YAO6HO IIOAB30BATHCA
I‘panOdHaAI/ITI/I‘-IeCKI/IM MEeTOAOM.

CyTh ero 3akArO4aeTcsd B TOM, YTO IO U3BeCTHBIM BAX saeMeHTOB
crposaTrca BAX OTAEABHBEIX y4aCTKOB WAM BCeH IIeNU U AdAee IO pe-
3yAbTHUPYIOIIer BAX OonpepeAdroTcd UAM TOKU B BETBIX, UAW HAIPS-
>KeHMsI Ha dAeMeHTax.

Ansa mokasaHHoOM Ha puc. 1.19, a 3L ¢ nocregoBameAbHBIM COEAU-
HeHUeM HO (HampmMep, AaMIIBI HaKaAUBAHUS U IIOAYIIPOBOAHUKOBO-
ro Anopa) pesyastupytomasa BAX I(U) (puc. 1.19, 6) cTpoutca Ha oc-
HOBe BTOpPOro 3akoHa Kupxrodga cymMMupoBaHuMeM abCOUCC TOYEK
BAX OTAEABHBIX DAEMEHTOB MPU OOIeM AAS HUX 3HAUEHUM TOKa.

IMTpu atom U = U, + U,. Arst noayuenHod BAX ([(U)) npu Aro6oM
3HaUeHUU HamnpsikeHus Ha OLl U, MoXeT OBITh OIpPeAeAeH TOK [, u
COOTBETCTBEHHO MAAe€HMs HANpPS)KeHUNW Ha HeAMHeHHBIX 3AeMeHTax
Uot u Up,.

AN HEAMHEWHOTO 3AeMeHTa XapaKTepHO ABa BHAQ CONPOTHUBAE-
HUSA.

Hampumep, arg Touku a (puc. 1.19, B) MOKHO paccMaTpUBaTh CO-
TIPOTUBAEHUS:

I I, (U 1
W/ L 1w
Iy — a
L~
//
&
WA
0 U2 Uy U U 0 U
a 9 B

Puc. 1.19. OnekTpuyeckan uenb C NOCNefoBaTeNbHbIM BKIKOYEHNEM
HENWHENHbIX 3NEMEHTOB:

a — cxema 3L; 6 — rpadhoaHanuTu4eckmin MeTog pacyeTta
C ncnonb3oBaHMeM peanbHbix BAX anemMeHTOB; B — rpadiuk,
NOACHAKLNIA CYyTb CTATUHECKOr0 Y AMHAMUYECKOro CONPOTUBAEHMUN
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¥ cmamuuecKkoe, IPOIIOPIIMOHAABHOE tg o

= gugpgepenyuarbHOE, TTO3BOASIONIEE CYAUTH O NIPHUPAIleHNuN
HampsKeHusT ¥ Toka. OHO MPOIMOPIIMOHAABHO tg B, rae B —
YTOA Me>KAY OChIO OPAMHAT U KacaTeAbHOM K BAX.

1.6.3. NapannenbHoe coegnHeHue
HEeNWHeNHbIX 3JIeMeHTOB

IMpu napasreabHOM COEAVHEHUU HEAUHEUHBIX 3AEMEHTOB
(puc. 1.20, a) pesyavTupytomasa BAX (I(U)) cTpouTcd Ha OCHOBe Nep-
BOTO 3aKOHa Kupxroda cyMMUpOBaHMEM OpAUHAT ToueK BAX oTaeAb-
HBIX HEAUHEWHBIX SA€MEHTOB IIPU OOIINX AASI HUX 3HAUEHUSIX Hampsi-
xxenus (puc. 1.20, 6).

Ha ocHoBe noayueHHOU pesdyabTupyomelr BAX (I(U)) npu Aro6om
3HaUEHUU HaNpsKeHus Ha DLl MoykeT OBITh ONpeAeAeH OOIIUU TOK,
MOTpeOAsIEMBIN 11ellbI0, U TOKU B BETBIX C HEAUHEWHBIMU 3AEMEH-
TaMu.

[Mpu cmewaHHOM COeAVHEHUM HEAWHEMNHBIX S9A€MEeHTOB Pe3yAbTH-
pytoiasgs BAX cTpouTCsI B COOTBETCTBUM C NIPUBEACHHBIMM paHee aA-
roput™MamMu. Tak, aast O, mokazanHou Ha puc. 1.20, B, U B aATOPUTM
UMeEeT CAEAVIOIINU BUA:

®  cTpouTcda cymMMapHas BAX ABYX mocAeAOBaTEABHO BKAIO-
YeHHBIX HeAMHeHWHBIX oAeMeHTOB HO1 u H52;

B TOAyYeHHas cyMMapHas BAX ckrapbiBaeTcs rpadUdecKu C
BAX HeAnHelrHOro sneMeHTa HO3, BRAIOUEHHOTO TapaAAeAb-

HO;

1

I h(Uy)

1),
/
I 7
/. 1(Uy)
I 3
/
Uo U

a 6 B

Puc. 1.20. 3nekTpryeckas Lenb C napannenbHbiM BKIHOYEHNEM
HENUHENHbIX 3NEMEHTOB:

a — cxema 3L; 6 — rpachoaHanuTu4ecknin MeToq pacyeTa c
ncnonb3oBaHveM peanbHbix BAX anemMeHToB; B — cxema Lenu co
cMellaHHbIM BKtoYeHnem H3
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BHOBb IIOAYUeHHas1 cyMMapHast BAX ckrapbiBaeTcs ¢ BAX
HeAMHEeWHOro saeMeHTa H34, BRKAIOYeHHOTI'O IIOCA€AOBATEAD-
HO;

Ha OCHOBe IIOAYUYEeHHOMN pe3yAbTUpyloleit BAX Ang 3apaH-
HOTO 3HaueHMs HanpsikeHus1 U MOTyT OBITh OITIPEAEAEHBI TOKU
B BeTBSX [; 1 [, TapeHUs HAIIPS)KEHUM Ha KaKAOM HEAMHEN-
HOM BAEMEHTe 1 OOIIINM TOK, HOTpedOAseMbIit DL,

KOHTPOJIbHbLIE BOMPOCHI

Mepeuyncnute Buabl BAX HennHemHbIX 3NeMeHToB.

B yem ocobeHHocTb pacyeTta 3L ¢ HENVMHENHBIMK 3nemMeHTammn?
Kak noctpounTb pesynetupyowyto BAX npu nocneposatensHOM
BKITKOYEHWUN HEMWHEWHBLIX 311EMEHTOB?

Kak noctpouTb peaynstupytolyto BAX npu napannensHom BKto-
YEHUN HENMUHENHBbIX 3N1EMEHTOB?



AJIEKTPUNYECKWE LEEMNW NEPEMEHHOIO
TOKA

MOHATUE 3NEKTPUYECKNX LIEMNEN
MEPEMEHHOIO TOKA. BEKTOPHbIE
OAVWAFPAMMBbI. MOHATUE EMKOCTHOIO
N MHOYKTUBHOIO COMPOTUBIEHNN

2.1.1. OcHoBHble NOHATMA N onpefeneHns

mg= Llenu ¢ U3MEHSIONIMMCSI IePUOAMIECKH BO BDEMEHM TOKOM Ha3bl-
BAIOTCA DAEKTPUUECKUMH IeNsIMU NepeMeHHOr0 MoKda.

[TpoMBIllIA€eHHOE IPUMEHEHNWEe ITOAYYUAU IIeNN CUHYCOUAAABHOTO
TOKa, BEAWYNHA KOTOPOTO M3MeHSAeTCd II0 3aKOHY cuHyca. Llerecooob-
Pa3HOCTh CHHYCOUAAABHOTO TOKa OOYCAOBAEHA AOCTATOYHO ITPOCTHIM
criocoboOM ero IIOAyYeHUs, a Takke O0oaee BrIcokKuM KIIA reHeparo-
POB, ABUTaTeAel, TpaHCHOPMATOPOB, AMHUM IepeApad NpU paboTe Ha
CHUHYCOHUAAABHOM TOKE IO CPABHEHUIO C HECUHYCOUAAABHBIM.

INT 2SN
/ {>> / Ep, -
/|

o
/
7/

% e

a 9

Puc. 2.1. Cnocob nony4eHus cuHycomgansHon 3C; dopma
cuHycompanesHon 3OC:

a — cxema 3L, 6 — BpemeHHaA gnarpamMma
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EcAm moMecTUTh paMKy B paBHOMepHOe MarHuUTHOe IOAe (pHC.
2.1, @) 1 BpamaTk ee C 4aCTOTON ®, TO B HE B COOTBETCTBUM C 3a-
KOHOM 3AEKTPOMArHuUTHON MHAYKIIMU HaBepeTcd IepeMeHHad OAC
(puc. 2.1, 6)

e=FE, sin(of+vy),

rAe e — MrHoBeHHOe 3HaueHue OAC; E,, — aMIAUTYAHOe 3Haue-
Hue OAC; Yy — HavaabHagd (paza, OIpepAeAdrollas 3HaueHue e Mpu
t =0; (of + y) — Texkymee 3HaueHue asbl; ® = 2nf = 2n/T — yr-

AOBas dyacToTa, 1/c; f — AmHeMHas yacToTa, ['1; T — mepuop Koae-
OaHUM.

Pacuer 1emnei ¢ UCIOAB30BaHUEM MTHOBEHHBIX 3HaueHUM IOAC,
TOKOB M HAIPS)XEeHUMN AOCTATOYHO CAOXKEH, IO3TOMY MTHOBEHHBIE
3HQUEHUS 3aMeHdI0T AMCTBYIOIIUMU (3 (PEeKTUBHBIMU) 3HAaUEeHU-
mu. Ha puc. 2.1, 6 E — pelicTByrolllee 3HaueHue OAC.

= Aciicmsyroujee 3HaUEHNE IEDEMEHHOTO0 TOKA | — 5TO TaKas HEH3-
MeHHas BO BDeMeHU BeAUUNHA, KOTOPast BEIAEASIET B COIIPOTHUBAE-
HMU R 3a TeproA, CTOABKO JKe TeTIAOTEL, YTO ¥ PeaAbHBIA CUHYCOU-
AAABHBIU TOK [ = [, sin(wt + y).

EcAu cuHyCOMAQABHBIN TOK HarpeBaeT IpoBopAHUK Ha 100 °C, To
IIOCTOSTHHBIM TOK, 3HaueHHe KOTOPOTr0 PaBHO aMIAUTYAE CUHYCOU-
MAABHOTO, HarpeeT TOT JKe IIPOBOAHUK CHABHee. UTOOBI HarpeThb Ipo-
BOAHUK IIOCTOSTHHBIM TOKOM Ha Te >ke 100 °C, HeoOX0OAMMO ero 3Haue-
HUe YMeHBIINThb. PaBHOBeCHEe YCTA@HOBUTCS IIPU TOKE, PABHOM

I=1,/2.

VIMeHHO B AUCTBYIOIINX 3HQUEHUSAX TOKA U HANIPSKEHUS OTIPaAy-
UPOBaHBI MKAABl U3MEPUTEABHBIX MPUOOPOB MEePEMEHHOTO TOKaA.
BoAbTMeTp, BKAIOUEHHBIM B PO3ETKY IIPOMBIIIAEHHOU CEeTH, OKaXeT
HanpsikeHue 220 B. OTo AelcTByIOlllee 3HaUeHME CUHYCOHAAABHOTO
HaNps>KeHMs], aMIIAUTYAHOe 3HaueHHe KoToporo pasHo 311 B.

[Tpu pacyeTe BHIIPSAMUTEABHBIX YCTPOMNCTB IMOAB3YIOTCS CPEAHUMU
3HaueHUsAMHU ToKa, DAC u HanpskeHusd. [Ipu 3TOM COOTHOIIIEHUE
MEe>XAY CPEAHUM U aMIOAUTYAHBIM 3HQUEHUSIMU ONPEAEAdeTCs BhIpa-
xeuuem I, = 2I,/T.

OTHollleHNe AENCTBYIOIEero 3HaUeHUs K CpepAHeMy Ha3bIBaeTCs
Koap@uyuenmom ¢popmbl KpuBoU. AAST CUHYCOUABL

V1= (I, /~N2)/ (2L, /) =1,11.
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Nmenno B 1,11 pasa nokazaHus npubopa MarHUTOIAEKTPHUUECKOU
CHCTEMBI C BHIIPSIMUTEAEM OYAYT MEHBIIIEe MOKa3aHUU Npubopa dAeK-
TPOMATrHUTHOU CHUCTEMEL.

€ Takum o6pasoM, B Ol mepeMeHHOTr0 TOKa CAEAYeT Pa3AUYaTh:

= MrHoBeHHBIe 3HaueHUsA DAC, HaIPsS)KeHNs, TOKa U MOIITHO-
cTu — e, U, I, p;

= aMOAUTYAHBIe 3HaueHusa — E,, Uy, L, P
= AencTByOlIUe 3Hauenua — E, U, [, P.

OCHOBHBIMH IIapaMeTpaMu CUHYCOUAAABHBIX KoAeOaHnM IIPUHATO
CUMNTATh:

B QMIAUTYAY A,
B 4acTOTy UAU nepuop, f=1/T;

®  Ha4YaAbHYIO Pasy Y.

B AuHeMHBIX Henax cuHycomparbHaga SAC cO3paeT CUHYCOUAAAD-
HBIM TOK KaK B BETBU C aKTUBHBIM COIPOTUBAEHUWEM, TaK U B BETBU C
€MKOCTBIO U WHAYKTHUBHOCTBEIO. OAHAKO B OTAWYHME OT MOCTOSHHOTO
ToKa B Ol mepeMeHHOTO TOKa Ha OTAEABHBIX yUacTKaxX HalpssKeHUe
U TOK MOI'YT He COBIIaAaTh IO dase, T.e. UX HadaAbHBIe (hasbl Yy U Y,
He paBHBI. CAEAOBAaTEABHO, MEKAY HUMU MTOSIBASIETCS (Da30BBIA CABUT
¢ = Yy — Y. ITO 00OBICHIETCS HaandueM B O] KOHAEHCATOPOB U
KaTyIIeK MHAYKTUBHOCTENW C PEaKTUBHBIM COTIPOTHMBAEHHEM, 00AaAa-
IONIIUM CBOMCTBAMU UHEPIIMOHHOCTH.

2.1.2. BektopHble gnarpamMmmbi

€ [TocKOABKY CUHYCOUAAABHAA DYHKITUS OIIUCHIBAETCSI aMIIAUTYAOMN
Y HauaAbHOM (Pa30, TO OHA MOJKET OBITh M300pa’keHa BEKTOPOM,
AAMHA KOTOPOTO MPOIOPIMOHAABHA aMIIAUTYAE, @ MOASIPHBIN
YTOA — HA4YaAbHOU (ase.
BBepeHMe BEKTOPOB M BEKTOPHBIX AMArpaMM 3HAUYUTEABHO YIIPO-
maet pacueTsl DLl mepeMeHHOTO TOKa:

i =1, sin(ot+vy,);
iz = Izm Sln((,l)t - \'12),

i3 = I3m Sln((l)t + \V3)

Hanpumep, ecan 3apaHBl TOKH B y3ae Ol (puc. 2.2, a), TO B
COOTBETCTBUH C MEPBBIM 3aKOHOM Kupxroda pe3yAbTHPYIOMMNA TOK
i = il + 12+ i3.
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Puc. 2.2. V3en anekTpu4eckon LEenun ¢ YeTbipbMsi Tokamu (a); KOHTYp
c TokoMm (6)

L

Puc. 2.3. BekTopHas grnarpamma TOKOB

CKAaABIBasl BEKTOPHI, M300pa’keHHbIe B OIIpeAeAeHHOM MacIITade,
110 IPaBUAY ITapasreAoTpaMMa UAM TONOIpaduueCKUM METOAOM (M3
KOHIIa OAHOTO BEKTOPA OTKAGABIBAETCS HA4aAO APYTOTO U T.A.), OIpe-
AEASIOT CYMMapHBIM BEKTOP TOKA U, COOTBETCTBEHHO, aMIIAUTYAHOE
3HaueHHe ToKa [, ¥ ero HavaAabHYyIO a3y Y (puc. 2.3). MrHoBeHHOe
3HaUeHUe PEe3YABTHPYIOIIEro TOKa B 3TOM CAydYae [ = [ sin(ot + y), a
AelicTByIOIee 3HaueHue Toka I = I,/\/2.

2.1.3. EmkocTb

‘g ABa MPOBOAHUKAE, Pa3AeA€HHBIE AFOOBIM AUIAEKTPHUKOM (BO3AYX,
CAIOAQ, Oymara, KepaMuKa U Ap.), 00Opa3yloT SA€KTPUYECKUN KOH-
AeHcartop (puc. 2.4, a). KoHpeHcaTop o6AapaeT CBOMCTBOM HaKall-
AWBATh U YAEP’KUBATh Ha IIPOBOAHMKAX (0OOKAAAKAX) paBHBIE 110 Be-
AWYMHE U IIPOTUBOIIOAOKHBIE IO 3HAKY SIAEKTPHUUECKUEe 3aPSIABL.

OTHolIIeHNe 3apsAa ¢ OAHOM M3 OOKAQAOK K HAIPSKeHUIO0 U MeXXAYy

HUMM — BeAWYMHA ITOCTOJHHAY, Ha3blBaeMas eMKOCTBIO KOHAEHCATOPa:
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Puc. 2.4. KoHpeHcaTop (a); napannensHoe (6) n nocnegosatensHoe (B8)
coeaunHEeHNe HeCKONbKUX KOHAEHCATOPOB

C=q/U.

Eamuutieit eMkoctn CAyRUT (hapap (D).

OpuH (papap — 3TO €MKOCTb KOHAEHCATOPA, 3apsp KOTOPOTro pa-
BeH 1 Ka nipu HanpskeHuu 1 B. BeanunHa 3Ta 4pe3BBIYaliHO 3HAYU-
TeAbHa (€éMKOCTh 3eMHOro mapa paBHa 6 D), MO3TOMY Ha HpaKTHKe
MOAB3YIOTCSI KDATHBIMK BeAMUMHaMu: MUKpodapaa, (1 MkD = 1-107° @),
nHanodapap, (1 H® = 1-107° @) u nukrodapaa (1 nd = 1-1071? O).

EMKOCTb KOHAEHCATOpa OIPeAeAsieTcs ero pasmepaMu, (hopMoH u
OTHOCUTEABHOU AMIAEKTPUYECKOU MTPOHUTIAEMOCTBIO € MaTePHUang, 1mo-
MEeIIIEHHOI'O MEJKAY OOKAapAKaMU. AAS IIAOCKOTO KOHAEHCATOpa

C=¢¢,5/d,

rae S — IAOIIaAb OOKAAAKH; d — pacCTOdHUE MeXAY OOKAaAKaMMU;
€, — DAEKTpUUecKas MOCTOgHHasA (abCOAIOTHaS AUIAEKTpUUecKas
POHUIIAEMOCTh BaKyyMa), paBHas 8,86 10712 @/m.

AAS TIOBBIIIIEHUST €MKOCTH KOHAEHCATOPa UCIOAB3YIOTCS MaTepua-
ABI C OOABINION OTHOCUTEABHOU AMIAEKTPUUECKOU IMPOHUIAEMOCTHIO.
Y OTAEABHBIX BUAOB KePaMUKU € AOCTUTAET HECKOABKUX TBHICSY (Ha-
npumep, y BaliO; — 5000).

B TO >Ke BpeMs IpU HEOOXOAUMOCTH YBEANUEHUS eMKOCTH MO>KHO
BOCIIOAB30BaThCSl COEAMHEHNEM HEeCKOABKHUX KOHAEHCATOPOB NAPAA-
AeAbHO MeJKAY coboit (puc. 2.4, 6). [Tpu 3ToM Kak Obl YBEAMYNBAETCS
TIAOIIIaAb OOKAQAOK U OOITasi eMKOCTh PaBHA CyMMe eMKOCTeH Ka’yKAO-
TO KOHAEHCaTopa:

COGLLI = C1 + Cz + C3.

Ecau oTpeAbHBIe KOHAEHCATOPBI BKAIOUUTH NOCAEGJOBAMEAbHO
(puc. 2.4, B), To 00OIIlasg eMKOCTh KOHAEHCATOPOB yMeHbIaeTcd. OHa
MOJKeT OBITh BEIUYMCAEHA 10 (hOPMyAe

1/C06LLI: 1/C1 + 1/C2+ 1/C3.
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[ToCcKOABKY KOHAEHCATOP MPEACTaBAsIeT COO0M ABa IIPOBOAHUKA,
PasAeAeHHBIX AUIAEKTPUKOM, TO ITOCTOSTHHBINM TOK Yepe3 Hero IpoTe-
KaTb He MoskeT. CONpOTUBAEHUE ero OECKOHEYHO OOABIIIOe.

Ecam K 3a’kuMaM KOHAEHCATOPa MOABECTH CHHYCOMAAABHOE HaTpsi-
JKeHue

u= U, sin wt,

TO 3apPSA TAKXKe U3MEHACTCAd CUHYCOUAAABHO!

q=Cu=CU,ksin ot.

HOCKOABKY TOK — 3TO CKOPOCTH M3MEHEeHUs 3apsdapa, TO

i=Aq/At=C Au/At= CU,, A(sin ot)/ At = ©CU,, cos ot =
= I, sin(ot + 90°).

‘é TakuM 06pa3oM, TOK B DAEKTPUUYECKOM eI C eMKOCTBIO U3MEeHSI-
eTCsi CHHYCOUAAABHO, onepeskas Hanpsukenue no ¢gase na 90°.

Yuurtsisag, uro [, = oCU,, = U,/(1/®C), MO>KHO 3alllNCaTh BhIpake-
HHUE AT eMKOCTHOTO COIIPOTUBAEHHS B BHAE

Xo=1/(0C).

1o COIIPOTUBACHNE ITIOAYUYUAO HA3BAHUE PEAKMUBHOI'O €MKOCIHO-
ro COIIpOTUBAEHUA. Ono unsMepsaeTcs B oMax u 06paTHO IIPOIIOPIINO-
HAABHO 3aBUCUT OT YAaCTOTHI IIPUAOKEHHOT'O HAIIPAXKEeHUSI U €eMKOCTHU.

2.1.4. MIHayKTUBHOCTb

EcAn B KOHType TeueT CMHYCOMAAABHBIN TOK [ = I,;sin ®f, TO OH co-
3AaeT B KOHTYpe CUHYCOMAAABHBIM MAarHUTHBIN ITOTOK @ (puc. 2.2, 0).

[TpuyeM 3TOT MAarHUTHBIN IIOTOK NPONOPIIMOHAAEH TOKY, KOTOPHIN
€T0 CO3AQ€T.

MHAYKTUBHOCTBIO L (AU KOO PUIUEHTOM CAMOUHAYKIIUN) HA3bI-
BaeTcsl KO3(pPUIMEHT IPONOPIIMOHAABHOCTH MeXXAY MAarHUTHBIM IIO-
TOKOM U TOKOM:

O=1Li.

NHpyKkTUBHOCTL M3MepseTcsa B reHpu (['H). OHa 3aBUCHUT OT reo-
MeTPUYEeCKUX pa3MepoB U (POPMBI KOHTypa (AAS KaTYyIIKU: S — IIAO-
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1IaAb ceueHus; | — AAMHQ; W — YHCAO BUTKOB), OT CBOMCTB OKpyJKa-
IolIen CpeAbl (MarHUTHOM IPOHUIIAEMOCTH W):

L = pouw?S/1,

TAe U = 41 107 TH/M — MarHWTHAs MOCTOSTHHAS (MAarHUTHAST TIPOHU-
IIaeMOCTB) BO3AyXa.

Co3paHHBIM MAarHUTHBIN IIOTOK, IlepeceKas KOHTYP, HABOAUT B HEM
(B COOTBETCTBUM C 3aKOHOM 3AE€KTpOMArHuTHou mHAykKnuu) SAC e,
KOTOpasi paBHa CKOPOCTU M3MeHeHHUs MarHuTHoro noroka ®. Ora SAC
YpaBHOBEIIMBaeT MPUAOKEHHOe Hallpsi)KeHHe U U HalpaBAeHa Ha-
BCTpeUy eMy:

eL =-u.

Torpa u = AD/At = LAi/At = LA(I,sin ot)/At = oLl cos ot = U,sin(ot+
+ 90°), T.e. HaUpsKeHUe TaKKe M3MeHSIeTCd CUHYCOMAAABHO, onepe-
JKas TOK Ha 90°.

YuutbBad, uro U, = 0Ll, = X;I,,, MOKHO 3alIACaThb BEIPAKEHUE AAT
UHAYKTUBHOTO COIIDOTHBAEHUS B BUAE

XL: (,l)L.

OTO CONPOTUBAEHVE ITOAYIMAO Ha3BaHHUE peaKmMUBHOTO UHGYKMUB-
Horo conpotuBAeHuss. OHO U3MepsieTcsd B OMaxX M MPSIMO ITPOTIOPITHO-
HaABHO 3@BUCHUT OT YaCTOTHI IPUAOKEHHOTO HATIPSIKEHUS (0 U UHAYK-
TUBHOCTHU L.

= lirax, B MHAYKTHBHOI KaTyIIKe MOK omcmaem no ¢ase om npu-

AOKEHHOT0 HanpsaxenuA Ha 90° (OH Kak OBl «3aIIyTaACsa» B BUTKAX
KaTYIIKU U IPUIIIEeA Ha BTOPOU ee KOHeI] I037Ke).

KOHTPOJIbHbLIE BOMPOCHI

Y70 cobor npeAcTaBnNSET NEPEMEHHbIA 3NeKTPUYECKNA TOK?
Has3oBuTE OCHOBHbIE MapaMeTpbl CMHYCOMAANbLHOMO TOKa.

HanTte onpegeneHve OenCcTBYHOLLEr0 3HAYEHUS CUHYCOMAANbHOM
TOKa.

[Monb3ysicb BEKTOPHOM AvarpamMmmon, HanguTe CyMMYy ABYX MIHO-
BEHHbIX 3HaYeHUN CUHYCOMAanbHbLIX TOKOB.

[ante onpeneneHnss EMKOCTU U EMKOCTHOrO COMPOTUBIEHNS.
Yemy paBeH yron cgsura a3 mexagy TOKOM U HanpsXXeHnem B
BETBM C EMKOCTbH (MHAYKTMBHOCTbLIO)?

7. [anTte onpegeneHna MHOYKTMBHOCTU U MHOYKTUBHOIO COMpOTMBIE-
HUS.

A L=

o o
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ANIEKTPUYHECKWE LUEMNW NEPEMEHHOIO
TOKA C AKTBHbIM COIMNMPOTUBIEHVNEM,
NMHOVKTUNBHOCTbHO N EMKOCTbIO

2.2.1. Llenb ¢ akTUBHbIM
COMNpoTUBIIEHMEM

[MycTts Kk JL ¢ conpoTuBAeHueM R (puc. 2.5, a) IPpUAOKEHO CUHY-
coupanrbHOE HamlpsskeHue u = Up,sinot. Toraa ToK B 1enu | = u/R =
= (U,/R)sin ot = I,sin of, T.e. OH COBIIapaeT 1O (pa3e C TPUAOKEHHBIM
HanpsokeHueM (puc. 2.5, 6).

BekTopHaa pAnarpaMma MMeeT BHA, IPUBEAECHHBIN Ha pucC. 2.5, B.

MrHoBeHHasl MOITHOCTb B 1€l C aKTUBHBIM COIIPOTUBAEHUEM

p=u-i=U,lsin’wt=U,l,/2 - (U,l,/2)cos 20t =
= UI - Ul cos 2wt =P — P cos 2mt.

V3 mOAy4YeHHOTO BBIpaKEHUS CAeAyeT, UTO MTHOBEHHAs MOIIHOCTE D
Ha aKTUBHOM COIIPOTHMBAEHMU BKAIOUAEeT B Ce0sI MOCTOSHHYIO COCTaB-
AIOITYI0 P U mepeMeHHYI0 ABOMHOM 4acTOTHL. [Ipu 3TOM MOILIHOCTB
BCeraAa MOAOJKUTeAbHa U usMensercs ot 0 po P, = U,l,. DTo o3Haua-
eT, 4TO

‘g B II€lI C aKTUBHBIM COIIPOTUBACHHWEM JHEPIUA B TeUEeHUEe BCEero

IIeproAa IOTPeOAsIeTCS OT UCTOYHMKA M HeoOpaTUMOo mpeobpasy-
€TCSI Ha COIPOTHUBAEHUU B TEIIAOTY.

Takast MOITHOCTEL HA3bIBAETCS aKTUBHOM, 0003HAYAeTCSI CUMBOAOM
P u usmepsieTcss B BaTTtax (BT).

Puc. 2.5. 3HEKTpMHeCKaH Uuenb C aKTUBHbIM COMNMPOTUBNEHNEM!

a — cxema 3L, 6 — BpemMeHHaA anarpamMma; B — BEKTOpHas
puarpamma



2.2.2. Llenb ¢ MTHAYKTNBHOCTbIO

ITycts B O (puc. 2.6, @) akTUBHOE COIPOTUBAEHUE MHAYKTUBHOM
KaTyIIKW MaAO ¥ UM MOJKHO IIpeHeOpedh (MAearbHas KaTylIKa MHAYK-
TUBHOCTH). TOK B KaTyIlIKe NU3MEHSeTCS 110 CHHYCOUAAABHOMY 3aKOHY:

i =1I,sin ot.

Kak 6BbIA0 TTOKa3aHO paHee, HAIPSIKeHMEe Ha 3a’KUMaxX KaTyIIKHU B
3TOM CAydae ollepeskaeT TOK Ha 90° (puc. 2.6, 6). BekTopHas Anarpam-
Ma I[ey C UACAABHOM KATYIIKOW MHAYKTHUBHOCTU TIPUHUMAET BUA,
MIPUBEAEHHBIU Ha puc. 2.6, B.

MrHOBeHHasT MOITHOCTE B I[eNU C MHAYKTUBHOCTBIO

p=ui=U,cosot I,sinot= (U,l,/2)sin 20t = Ulsin 2mt.

MrHoBeHHas MOIITHOCTL U3MEHSIEeTCSI C ABOMHOM yacToTOou. [1pu
HapacTaHUU TOKAa (He3aBUCUMO OT ero HallpaBAEHUSI) MPOUCXOAUT
HaAKOIIAeHUe SHePIruyd MarHUTHOTO IOAS, KOTOpas MOCTyIaeT U3 CeTH,
OT HYASI AO MAaKCUMaAbHOTO 3HaueHHUs. TaKuM 00pa3oM, Ijellb paboTa-
€T B pe’XuMe MOTPeOUTEAS.

[Tpn yMeHBIIEHUM TOKA MPOMCXOAUT YMEeHbIIeHWe dHEePruy Mar-
HUTHOTO TIOASI KaTYIIKA OT MaKCUMAaABHOTO 3HaueHUs A0 HyAs. Ha-
KOIIAeHHAas 3HepTUsl BO3BpPAlllaeTcs B CeTh, Ilellb paboTaeT B peskuMe
reHeparopa.

TaxkuM 006pa3oM, B IIelld C MACAABHOUN KATYIIKOU WHAYKTUBHOCTHA
SHEPTUS He PACXOAYEeTCS, a IPOUCXOAUT IePUOANYECKNU OOMEH €elo
ME>KAY CEeThIO M WHAYKTMBHOM KAaTYIIIKOM.

€ CpeAHssE MOIITHOCTD 3@ TIEPUOA PaBHA HYAIO, aKTUBHAS MOIITHOCTD
Praxke paBHa HyAr0. MaKCUMaAbHOE 3HaUEHNE MOIITHOCTH B IIeITN

C

=~

a 9] B

Puc. 2.6. 3nekTpuyeckas Lenb C MAeanbHoM KaTyLKON UHOYKTUBHOCTU:

a — cxema 3Ll; 6 — BpemeHHaA guarpamma; B — BEKTOpHas
ovarpamma
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C UHAYKTUBHOCTBIO IIPUHATO HA3BIBAThH peaKTHBHOﬁ MOIITHOCTBIO
1 0003HaYaTh CHMBOAOM QLZ

Q,=UI=I%0L = U/oL.

EavHNIIa U3MepeHUs: peaKTUBHOM MOIIHOCTU (Q — BOABT-aMIIep
PEeakTUBHBIN (Bap).

2.2.3. Llenb ¢ MTHAYKTUBHOCTbIO M aKTUBHbIM
COMNpOTUBIIEHNEM

PeanbHast KaTylllka MHAYKTUBHOCTH BCETAA COAEPIKUT aKTHUBHOE
CONIPOTUBAEHUE, TIOCKOABKY BBIITOAHEHA MEAHBIM MAM aAIOMHUHHEBBIM
IpoBOAOM (puc. 2.7, a).

Toraa B COOTBETCTBUU CO BTOPHIM 3aKoHOM Kupxroda u = uy + uy,
UM IPUMEHUTEARHO K BekTopaM U =Uy +U,. BekTopHas auarpaMMa
B 3TOM CAyYae MMeeT BUA, IPUBEAEHHBIN Ha puc. 2.7, 6.

BekTophl HANPSKEeHNUN 00Pa3yIOT IPIMOYTOABHBIU TPEYTOABHUK —
TPEYTOABHUK HANPS>KeHUN, U3 KOTOPOTI'O CAEAyeT, UTO

U=\JU%+U?, uam IZ = J(IR)> +(IX, 2.

OTcropa BRIpa)KeHUE AAS TPEYTOABHUKA CONPOTHUBACHUM NPUHUMAET
BUA (puc. 2.7, B)

Z=JR?+X2,

rAe Z — TIOAHOE COIIPOTHBAEHHE; R — aKTHMBHOE COIPOTHUBAEHME; X; —
WHAYKTUBHOE COIIPOTHUBAEHHNE, U3MepdaeMoe B OMaX.

W3 TpeyroanbHVWKa CONMPOTUBAEHUN CAEAYET, YTO YTOA (¢ 3aBUCHUT
TOABKO OT ITapaMeTpoB Henu R m X;. 3HaueHHe yTAa OTKAAABIBAETCS
OT HaIpaBAEHUS TOKa I.

Ur
u L 1 ur Z X; > Qr
R 5 5
4u? ER T R
a 6 B r

Puc. 2.7. 3nekTpuyeckas uenb C peanbHON KaTyLKOW WHAYKTUBHOCTY:

a — cxemMa SLL 6 — TPeyroNbHUK HaNpsaXeHun; B — TPeyronbHUK
COMNPOTUBNEHUN; I — TPEYrofibHUK MOLLHOCTEN
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YMHOKUB BhIpa’KeHHE AAS TPEYTOABHHUKA CONIPOTUBACHUY Ha KBaA-
paT CHUABI TOKA, IOAYYUM BBIPa’KEHUE AN TPEYTOABHUKA MOIIHOCTEHN
(puc. 2.7, 1)

S=\P?+Q?,

rae S — IMOAHas (KaXKylasicsl) MOITHOCTb, U3MepsieMasl B BOAbT-aMIle-
pax (B-A); P — akTuBHas MOIIHOCTh, U3MepsieMasd B Barrax (BT); Q; —
peaKkTHBHAsg MOUIHOCTb MHAYKTHUBHOTO XapakTepa, uaMepseMas B
BOABT-aMIIepax PeakTUBHBIX (Bap).

W3 TpeyroAbHHKa MOIIHOCTEM MOJKHO 3aIllCaTh

P =Scos ¢=Ulcos .

mg= OrHomenye aKTHBHO MOLIHOCTH K IOAHOM P/S = OS¢ Ha3kIBa-

eTCda KOS(})C})I/IHI/IEHTOM MOIITHOCTH, KOTOpBIfI IIOKA3bIBAET, KaKad
YacTh IOAHOMN MOITHOCTU MOJXEeT COBePIIATh ITIOAE3HYTO pa60Ty.

2.2.4. Llenb c emKocTblo

Ecam Ha 3akumax JL] ¢ KoHAeHCATOPOM (puc. 2.8, a) HalpsyKeHue
U3MeHIeTCs 110 CUHYCOMAQABHOMY 3aKOHY, T.e. u = U,sin ®f, TO TOK B
IIeny C KOHAEHCATOPOM, KaK OBIAO ITOKa3aHO paHee, TaKyKe M3MeHS-
eTCs II0 CUHYCOUAAABHOMY 3aKOHY U ollepe’kaeT HalpsikeHue Ha 90°
(puc. 2.8, 6). BekropHasa amarpaMma IIelld C eMKOCTbIO TpUHUMAeT
BUA, IPUBEAEHHBIN Ha puc. 2.8, B.

MrHoBeHHasg MOIIHOCTB B IIeII C €MKOCTBIO

p=ui=U,sinwt- I ,cos ot = (U,l,/2)sin 20t = Ul sin 20t,

=l

H

il

Puc. 2.8. 3nekTpu4eckas Lenb C EMKOCTbHO:

a — cxema 3L, 6 — BpemeHHaA anarpaMmmMa; B — BEKTOpHas
ouarpamma
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Puc. 2.9. 3nekTpuyeckasn uenb C EMKOCTbH U aKTUBHbBIM
COMPOTUBMEHNEM:

a — CXemMa 3|_|,, 6 — TPEYrofibHUK HaMpaxXeHUn; B — TPeyrobHUK
COMNPOTUBNEHWUN; I — TPEYroflbHUK MOLLHOCTEN

T.e. MTHOBEHHasI MOITHOCTD, Kak M B OLl ¢ MHAYKTUBHOCTBIO, U3MEHSI-
eTcs ¢ ABOMHOM uvacTtoTol. CpepHsIs MOIIHOCTh 3a MEepPuoA paBHa
HYAIO, aKTHMBHAsi MOIITHOCThL P Tak)Ke paBHa HYAIO.

‘g TakuMm 06pa3oMm, B I[eTh C eMKOCTBIO, KakK U B I[eTIh C UACAABHOU

WHAYKTUBHOCTBIO, SHEPTHUS OT CETH He PACXOAYEeTCs, & IIPOUCXO-
AUT IIEPUOANYECKUI OOMEH €10 Me>KAY UCTOUHUKOM M KOHAEHCa-
TOPOM.

MakcuMarbHOe 3HaueHNe MOIIHOCTH B IIeNM C eMKOCTbIO IIPUHS-
TO HA3BIBATh PEAKTUBHOM MOIHOCTBIO Q- = Ul = I%/(0C).

EamHMIIA U3MepeHMsT PeaKTUBHOUW MOIIHOCTH — BOABT-aMIIep pe-
AKTUBHBIN (Bap).

2.2.5. Llenb ¢ eMKOCTbIO N @aKTUBHbIM
CONpoTUBIIEHMEM

[MTpomeccH B men# C eMKOCTBIO M aKTUBHBIM COIPOTHBAEHHEM
(puc. 2.9, a) moryT OBITH IPOAHAAM3UPOBAHEI 110 @HAAOTUM C IIeIbIO,
copeprKallle MHAYKTUBHOCTh M aKTMBHOE COIIPOTHBAEHUE.

OTMeTHM TOABKO, YTO HallpsyKeHHUe I[ell OTCTaeT OT TOKa Ha YTOA @

(puc. 2.9, 6). Ilpu 5TOM mOAHOE CcOmpoTUBAeHHe Z =+/R?+X? MOXHO
HaWTU U3 TPEYTOABHUKA CONIPOTUBAEHUU (pUC. 2.9, B), @ IOAHYIO MOIII-

HOCTE S =+/P2+Q? — W3 TPeyroAbHUKa MOIIHOCTeN (puc. 2.9, r).

KOHTPOJIbHbIE BOMPOCHI

1. Y70 xapakTepHO ANA 3NEeKTPUYECKOWM Lienu C akTUBHbLIM COMpPOTUB-
neHnem?
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2. YTo xapakTepHo AN 3NeKTPMYECcKon Lenn ¢ MHAYKTUBHbLIM COMpO-

TUBNEHnem?

Y70 XapakTepHOo AnA 3NeKTPUYECKOW Lienn ¢ eMKOCTHBIM COMpo-

TUBNEHnem?

Y70 cobor NpeacTaBnAT TPEYronbHUKM COMPOTUBIIEHWI, Hanps-

>XEHU, MOLLHOCTEN?

5. B Kakux eguHMLax N3MeparTca peakTUBHbIE COMPOTUBEHNUS U
MOLLIHOCTU?

Eal

m 3NEKTPUYECKAS LEMb NEPEMEHHOIO
TOKA C NMOCNEOOBATENbHbLIM
BKJTHOYEHVNEM KOHOEHCATOPA
N KATYLLUKN MHOYKTUBHOCTW.
PE30OHAHC HAMPS>XEHUIN

2.3.1. KonebaTenbHbIl KOHTYP

CoBMeCTHOe BKAIOYEHHME MHAYKTUBHOM KATYIIKKU M KOHAeHCaTopa
TIO3BOASIET IMOAYYUTH OLl, B KOTOPOU NpPHU ONPeAEAeHHBIX YCAOBUIX
MO>KeT BO3HUKHYTh KOAeOaTeAbHBIN mpoliecc. ONpepeAseTcs OH CIIo-
COOHOCTBIO KOHAEHCATOPa Pa3pskaThbCsd Ha MHAYKTUBHYIO KaTYIIKY
C IpeoOpa3oBaHUEM SAEKTPUYECKON HEePruy B MAarHUTHYIO U 3aTeM
CIIOCOOHOCTBIO MAarHUTHOTO MOASI KQTYIIKU Ilepe3apsKaTh KOHAeHCa-
TOP, BO3Bpalasg eMy 3AeKTPHUUECKYIO SHeprur. Takas [enb IOAYYU-
Aa Ha3BaHUMe KoAebameAbHOIro KOHmypda. B HeM BO3HUKAIOT TapMOHU-
yecKue KoaebaHUs cOOCTBEHHOM 4acTOThl. EcAM 3Tu KoaeOaHUSA CO-
BIIQAQIOT C BBIHY>KA€HHBIMU KOA€OAHUSIMH, CO3AaBaeMbIMU NCTOYHU-
KOM NIIUTaHUs, TO OHU MOTYT CTaTh He3aTyXarolmuMu. KoarebaTeAbHBIN
KOHTYP MOXXeT OBITh OPTaHM30BaH KaK IIPU IIOCAEAOBATEABHOM
BKAIOYEHMH MHAYKTHBHOM KaTYIIKU M KOHAEHCATOPQa, TaK M IIPH IIa-
ParAEeABHOM.

2.3.2. NocnepoBaTenbHoe BKOYEeHUe
MHAYKTUBHOW KaTyLIKMW U KOHAEeHcaTopa

AAst HepaszBeTBAeHHOM OLI, copepskamied MHAYKTUBHYIO KATYIIKY
C @KTHUBHBIM CONIPOTUBA€HHEM R M MHAYKTUBHOCTBIO L 1 KOHAEHCATOP
¢ emkocThio C (puc. 2.10, a), TOAHOe CONMPOTUBAEHUE:!
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Puc. 2.10. SnekTpryeckas Lemnb C peanbHON WHAYKTUBHOM KaTyLUKON
N KOHAEHCATOPOM:

a — cxema 3L; 6 — TpeyronbHWK HaNPsXXeHUn; B — TPeyronbHNK
COMPOTUBAEHWUIA; I — TPEYrofbHUK MOLLHOCTEN

Z=R*+(X, - X.)%.

XapakTep Harpy3Ku 3aBUCHUT OT BEAWUMHBI U 3HaKa yraa ¢, ompe-
AEASIEMOTO COOTHOIIIEHUEM WHAYKTUBHOIO X; U €MKOCTHOTO X COIpPO-
TUBAEHUN. B oOIleM cAydae yroa ¢ MOJKeT U3MEHAThCS OT —T/2 A0
+1/2.

Ecam X; < X¢, To OLl HOCUT €MKOCTHBIM XapakTep U yroa ¢ < 0.
Ecan X; > X, To Ol HOCUT MHAYKTHUBHBIU XapaKTep U yroA ¢ > 0.

B cooTBeTCcTBMU CO BTOPHIM 3aKOHOM Kupxroda AAS MTHOBEHHBIX
3HAUeHWM HAIps>KeHUM CIPaBEeAAUBO BBIpa’kKeHUHe U = Ui + Uc + U,
Ast BekTopoB — U =Up +U +U,;. BeKTOpHYIO AMarpaMMy HalpsiiKe-
HUU CTPOUM OTHOCHUTEABHO OOIIEero AAd BCceX daeMeHTOB Ol Toka [
(puc. 2.10, 6). TpeyroAbBHUK CONPOTHUBACHUN NPUHUMAET BUA, IIPU-
BeAeHHBIU Ha puc. 2.10, B, a TpPeyrOABHUK MOIIHOCTEM — Ha pHC.
2.10, r.

2.3.3. Pe3oHaHC Hanpsi>XeHun

IMpakTuueckull UHTEpeC IPEACTaBASAeT CAydau, Korpa ¢ = 0. 3Tto
MOJKET UMeThb MecTO, ecAn X; = X.. B pAaHHOM cAaydyae cOOCTBEHHBIE
KOAeOaHMs, BO3HUKAIOIINE B SIAEKTPUYECKOU IIeNH, COBIAAAIOT C BBI-
HYKAEHHBIMU KOA€OQHUSAMY, MOCTYHAOIIMMHU OT UCTOYHUKA TUTAHU.
IMTpu stom U = IR, T.e. caBur a3 Mmexpy U u I orcyrcTByeT. Beanun-
Ha Toka [ = U/R MaKCUMaAbHQ, Tak KaK MUHUMaAbHa BEAWYWHA COIIPO-
TUBAeHUA (Z = R). B ¢BA3U € 5TUM HANpsyKeHUs Ha KaTyIlIKe UHAYK-
TUBHOCTH U KOHAeHcaTope (U; = Ur) BO3pacTaroT U MOTYT 3HAUUTEAD-
HO NPEBHIIIATh HANPsSKeHue NMUTaHud, ecanm X; = X- >> R.
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w@= B rexuvKe IBACHHUE yBEAMYCHHUS HALPSIKEHHS Ha OTACABHEIX dAe-

MeHTaXx 9]_[ IIO OTHOIICHUIO K HAIIPSIPKEHUWIO NCTOYHUKA ITUTAHUSA
IIOAYYUAO Ha3BaHUE PE30HAHC Hanp;erHuﬁ.

Pe3onaHCHasg 4yacToTa 3AEKTPUUYECKOU IIeNU C KATYUIKOU MHAYK-
TUBHOCTH ¥ KOHAEHCATOPOM, Ha3kIBAEMOU B papmoTexHnke LC-KOHTY-
poM, paBHa YacTOTe HaNpPSKeHUs, TOABOAUMOTO K ITEIN.

W3 ycaoBusa X; = X, uau 2nfl = 1/(2nfC) MoKeT OBITH IOAYYEHO
BEIpa’keHHe AASI Pe30HaHCHOM YaCTOTHI

fros =1/(204LC).

AAST IPOMBITTIA€HHOM YacTOTHI [ = 50 '] MOKHO 3anucaTh IPUOAU-
JKeHHOe BBIPa’KeHMe, CBA3bIBAIOIee MeXXAY COOOM 3Ha4eHUsS eMKOC-
T U UHAYKTUBHOCTH:

Cpes = 10/L, MrD.

TTOCKOABKY TIpU PEe30HaHCe HAIPSKEHUH TOK B IIeIN OIPEeAEAseT-
Csl TOABKO AUIITb aKTUBHOM COCTABASIOINIEN COMPOTUBAEHUS TIeMu, 00-
MeH PeakKTUBHOM MOIITHOCTBIO IeTThI0 U UCTOYHUKOM OTCYTCTBYyeT. Pe-
aKTHBHAS MOIITHOCTh ITUPKYAUPYET BHYTPU KOHTYpa OT KaTYIIKUA WH-
AYKTUBHOCTH K KOHAEHCATOPY U oOpaTHo. [Ipu 3TOM 3HEPrusi SAeKT-
PUYECKOTO TIOAST KOHAEHCATOPA MEPEXOAUT B SHEPTUIO MATHUTHOTO
TIOASI KaQTYIIKU UHAYKTUBHOCTH, U Ha0OOPOT.

KoaddwurmenTt momuocTy cos ¢ = P/S = 1.

€ TakuM 00pa3oM, yCAOBUEM pe30HAHCA HanpsUKeHUl SABASIETCS pa-
BEHCTBO PEAaKTHUBHBIX COIPOTUBAEHMN KOHAEHCATOPa U UHAYKTHB-
HOU KaTywKu: X; = Xc.
ChepcTBHEM >Ke Pe30HAHCaA SBASIOTCH:
= MHHUMaAbHOe 3HaueHue conpoTuBaeHus O (Z=R),
®  MaKcHUMaAbHOe 3HaueHue Toka B DL (/= U/R);
= porpebaeHme DLl uncTo aKTUBHOTO TOKa (¢ = 0);

®  DABEHCTBO HAIPSKEeHUMN Ha PeaKTUBHBIX daeMeHTax U = Up
Y1 BO3MOKHOCTB 3HAUUTEABHOTO ITPEBHIIIEHNS MU HaIIpsIKe-
HUS UCTOUHUKA IUTAHUS.

HOAY‘-IeHI/Ie pe30oHaHCa HaHpH}KeHI/IfI BO3MOYKHO AMOO 3a CUeT u3-
MeH€eHUA YaCTOThl UCTOUYHUKA ITUTAHWI, AMOO 3a CcueT m3MeHeHUs CO0-
CTBEHHOM YaCTOTHI KOHTYPQ, T.€. UHAYKTUBHOCTHU L uam emroctu C.
Ha IIPAKTUKE 4Yallle MCIIOAB3YeTCAd IepeMeHHasd €MKOCTh, UBMEHEeHNe
KOTOpOfI IIO3BOAsIET HACTPOUTH KOHTYP B PE€30OHAHC. HpI/I OTOM MHAYK-
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Puc. 2.11.Tpadmkn n3ameHeHUss conpoTUBNEHUI (8), TOKa 1 HanpsaxXeHnn
(6) Ha anemeHTax 3L

TUBHOE CONpOTUBAeHUEe X; = 2nfL ocTaeTcs HeU3MeHHBIM, EMKOCTHOE
Xc= 1/(2nfC) n3MmeHseTcs 0 rUIepOOANUYECKOMY 3aKOHY. B pe3yab-
TaTe W3MeHseTCsI IIOAHOe coIpoTuBAeHHe Ol (KoHTypa)

Z=\R*+(X, - X¢)? (puc. 2.11, @), 4TO BepeT K U3MEHEHHUIO TOKa [ =

=U/Z, noTpebasieMOTo €10, 1 HAPSI)KeHUS Ha dAeMeHTax Ienu U; =
=IX; u Uq = X (puc. 2.11, 6).

‘é Pesonanc HaHpH}KeHI/IfI — sAABA€HUE OIlaCHOEe U BpeAHOe, IIOCKOAB-

Ky BO3MOJKeH MTPOOOM U30AAIUN TPOBOAOB M KOHAEHCATOPOB. B TO
>Ke BpeMs B PaAHOTEXHUKe 3TO SIBA€HMe HAIIAO IIPUMeHeHUe B
IPHYEeMOTIEPEAAIOIINX YCTPONUCTBAX.

KOHTPOJIbHbLIE BOMPOCHI

Y70 NOHMMAETCS MO PE30HAHCOM HaMPSXeHUN?

HazoBute ycnoBre 1 cneicTBUA pe3oHaHCca HanpsiKeHWi.
MosicHWTe rpadinky U3MEHEHUS TOKA W HAMPSXXEHUA B 3NeKTpu-
4yeckown uenu npm nsmMmeHeHnn eMKoCTu.

1306pa3nTte c NOMOLLLI0 BEKTOPHBIX AMarpaMM MOMEHT pe30HaH-
ca Hanps>keHun.

Kakumn napameTpamun onpepensieTcs pe3oHaHcHaa YactoTa?
Mo4yemy pe3oHaHC HanpsXeHU — ABJIEHNE OMacHoe?

[me ncnonb3yeTcs SBNEHNE pPe30HaHca HanpskeHnn?

P OO~

Noo
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IAJIEKTPUYHECKA4A LEMNb NEPEMEHHOIO
TOKA C NMAPAJIENIbHBbIM
BKJIOHEHVEM KOHOEHCATOPA

N KATYLUKWN NHOYKTUBHOCTW.
PE3OHAHC TOKOB

2.4.1. NMoHATne npoBoagMMoOCTEN
Ha NepeMeHHOM ToKe

[To aHAAOTHUM C TIOCTOSTHHBIM TOKOM TIPH MapaAAeAbHOM COeAWHe-
HUM dAeMeHTOB Ol] aHaam3 mpole BECTU, MOAB3YSICH MOHATUAMU
IIPOBOAUMOCTEMN. B IeTsiX mepeMeHHOro ToKa CyIIeCTByeT TPU IIPOBO-
AMIMOCTH: TIOAHAad (y), akTUBHadA (q) U peakTuBHad (b).

IMycts pnga O, (puc. 2.12, a) usBectHH U, R, Ry, L u C. Ardg onpe-
AEAeHUs TOKOB B BETBSIX U IIOCTPOEHUS BEKTOPHOM AMarpaMMbI BOC-
TIOAB3YEMCST CAEAYIOIIUMH (DOPMYAAMU:

L=U/Z;1,=U/Z, cosQ,=R,/Z;; cosQ, =R,/ Z,; sing, = X,/ Z;
sin@, =Xc/Z,.

B stom CAy4dYae aKTUBHBIE U PEAaKTUBHBIE COCTABASIIOIINE TOKOB:

Lig=1I,cos ¢,= UR,/Z>=Uq; Lx= Uqy; I,= I,sin @, = UX,/Z,% = Uby;
ICZ ch,

rae q; = R,/Z?wu q, = Ry/Z} — aKTMBHBIE COCTABASIOIINAE TPOBOAWMO-
crett; b, = X,/ Z?u be = Xo/Z} — peakTUBHBEIE COCTABASIONILAE IIPOBO-

il

U
— jRZ
I — 19 _
IRI Il
0 /o
— < —
Ic Ir
a 9

Puc. 2.12.Cxema 3L ¢ napannenbHbiM BKIHOYEHNEM UHOYKTUBHOM
KaTyLLUKN U KOHOEHCcATopa C pe3ncTopoM (a) n BeKTopHas
avarpamma (6)
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AUMOCTe# (b, — WHAYKTUBHAsI;, be — eMKOCTHasi); Z; =+ R}+X? u

Z,=yR?+X?% — moAHBIE CONPOTUBAEHUS TTAaPAAAEABHBIX BeTBei.

[ToAaHast TPOBOAMMOCTE — 3TO BEAMYNHA, 0OpaTHas IOAHOMY CO-
IPOTUBAEHUIO: ¥ = 1/Z.

[TocTpoeHMe BEKTOPHOM AuMarpaMMebl (puc. 2.12, 6) HaumHaeM C
BeKTOpa Hanps>keHUd U, TaK KakK OHO IBASIeTCS OOILIMM AAS ABYX IIa-
ParreAbHBIX BETBEM.

BeKTOphI COCTAaBASIONINX TOKOB OTKAGABIBAeM II0A COOTBETCTBY-
IOIIUMU YTAAMU: AAS @KTUBHBIX COCTaBASIONIUX @ = 0, AASI peaKTUB-
HBIX @; = 90° (Aps L) 1 @, = —90° (anrsa C).

Ha ocHOBaHMM aKTMBHBEIX M PEAKTUBHBIX COCTAaBAJIOINIUX TOKOB
CTPOUM BEKTOPHEI TOKOB [; U [, panee IO IPaBHUAY IIapasAeArorpamMMa
HaxXxoAUM OOIIMM TOK I, TOTpebAgeMBIN IIeNbl0, M YrOA CABHUra ¢as
Me’KAY TOKOM U HalpsyKeHUeM .

2.4.2. Pe3oHaHC TOKOB

‘g HpI/I IIapAAAEABHOM COEAMHEHUWH MCTOYHHKA U KoAebaTeAbHOTO

KOHTYPQ, COCTOAIIETO N3 KATYIIKN MHAYKTUBHOCTU U KOHACHCA-
TOPA, MOJXET UMETH MeCTO SIBA€HUNE PDEe30OHAHCA INOKOB.

B o01ieM caydae yTOA (@ MesKAY OOIUM TOKOM IlelM U HalpsiKe-
HUEM MOJKET U3MEHSIThCS OT —/2 A0 +7/2 U ompeAeAsieTcs COOTHO-
IIeHWeM PeaKTUBHBIX COCTABAFIOINIUX TOKOB BeTBEM C MHAYKTHUBHO-
CTBIO U €MKOCThI0. PaBEeHCTBO MX HACTyIaeT IIPU PaBEHCTBE PeaKTUB-
HBIX IIPOBOAMMOCTEN (b; = bc). B aTom cayvae ¢ = 0, oOmuit ToK I co-
BIIaAQdeT 1o (pase ¢ HanpskeHueM ucrounuka U. [Ipu 3ToMm TOK I nme-
€T TOABKO aKTHUBHYIO COCTaBASIONIYy10. ToK, moTpebaseMblit DL, onpe-
ACASIETCSI AWIIbL aKTUBHOM IPOBOAMMOCTRIO q = R/Z2,

B mpeaapHOM caydae npu R; = R, = 0 akKTUBHag IPOBOAUMOCTEL
paBHa HYAIO U OOIIUM NTOTpebAsgeMbli TOK [ = Ug TakKe paBeH HYAIO.
OAHAKO TOKM B BETBSIX C HMHAYKTUBHOCTBIO I; U €MKOCTbIO I~ OTAMYA-
IOTCSI OT HYASI, PaBHBI U IIPOTUBOIIOAOKHEI IO da3e. [Ipu 3TOM TOK B
cayuae by = be >> g MOXKeT AOCTUTraTh 3HAQUUTEABHBIX 3HaueHUu. [lo-
3TOMY AQHHOE SIBA€HHEe ITOAYYUAO Ha3BaHUE Pe30HAHC TOKOB.

OHepreTuyecKue MPOIecChl B IleNX IIPU pe30HaHCe TOKOB aHaAO-
TUYHBI IIpoIleccaM IIpU pe30HaHCe Hamnps>keHUM. [ToaHas MOITHOCTH
paBHA aKTUBHOU MOIITHOCTH (S = P), peakTUBHasA MOITHOCThH OT UCTOU-
HUKa He norpebasgercd (Q = 0), KoapPUIIMEHT MOILITHOCTH PABEH eAU-
Huie (cos ¢ = 1).
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SIBAeHVe pe30HaHCA TOKOB HIMPOKO MCIIOAB3YeTCS B TEXHHUKe, Ha-
IpUMep B TeXHUKe CBI3M M aBTOMAaTHUKe. B sHepreTMdyecKux yCTPOU-
CTBaX PE30HAHC TOKOB B OTAWUYKE OT PE30HAHCA HAIPSKEHUU — sgBAe-
HHe 0e30IacHOe, TaK KaK COBIIAACHHME YaCTOTHI MUTAHUS C COOCTBEH-
HOM 4aCTOTOM KOHTypa He NIPUBOAUT K He’KeAaTeAbHBIM ITIOCAEACTBUSIM.

2.4.3. KoachcduumeHT MmowHocTN
U NyTX ero NoBbIlLEeHUs

BOABIIIMHCTBO MPOMBITIIAEHHBIX TTOTPEOUTEAEN TTepeMeHHOTO TOKa
UMEIOT aKTUBHO-UHAYKTUBHBIN XapaKTep W, CAeAOBAaTEABHO, TTOTPeO-
ASIOT 3HQUUTEABHYIO PEaKTHUBHYIO MOIMHOCTh. K HUM B IepByIO oue-
peAb OTHOCSATCSI aCUHXPOHHBIE ABUTATEAN (IPUBOAHBIE ABUTATEAU Me-
TAaAAOPEJKYIUX CTAHKOB), YCTAHOBKH SAEKTPOCBAPKH, BHICOKOUYACTOT-
HOM 3aKaAKU.

[TorpebAreHMe peaKTUBHOU MOIIHOCTU BeAeT K CHUJKEHHIO KO3(-
dunMeHTa MOIITHOCTHU

cos@ =P/S,

YTO OOYCAOBAMBAET HEIMOAHOE HCIIOAB30BAHME MOIITHOCTH T€HEepaTo-
POB, AMHUY Ilepepad U TpaHcdopMaTopoB. OHU 6eCIIOAe3HO 3arpyska-
IOTCS PeaKTUBHBIM TOKOM MHAYKTHBHOTO XapakTepa. Kpome Toro,
HU3KUAN KOO(MPULUEHT MOILIHOCTA TpeOyeT OOABIIEN IIAOIIAAU ceye-
HUS TTIOABOASIIIUX ITPOBOAOB.

Hanpumep, ecau A coBepllleHUSI pabOTHI TpeOyeTcs MOUIHOCTH
P =100 kBt nipu Hanpsaxenun U = 10 kB, To npu cos ¢ = 0,5 noTpes-
Asgembiy Tok I = P/(Ucos @) = 100/(100,5) = 20 A. TloBhIllIeHHE COS @
20 0,9 mo3BoOASIeT CHU3UTE TOTpebasieMbItt TOK A0 100/(10-0,9) = 11 A
U TeM CaMbIM YMEeHBIIUThH MAOIIAAb CeYeHUsI IPOBOAOB IIOYTU BABOE.

€ Hcnoab30BaHMe pe30HAHCA TOKOB AQ€T BO3MOKHOCTb Pa3TrPY3UTh
UCTOYHUKU SHEPTUM U IlepeAaroliie yCTPONCTBa OT 6€CIIOAE3HBIX
KoAeOaHMY 9HePTUH, 3aMKHYB UX B KOHTYpe, 00pa3yeMoM MHAYK-
TUBHOU KaTyIIKON U KOHAeHcaTopoM (puc. 2.13, a).

[MTopxkArOUeHME NMAapAaAAEABHO ABUTATEAI0 OaTaperd KOHAEHCATOPOB
Cy MAM CMHXPOHHOU MallIMHBI IIepeMeHHOr'0 TOKa, paboTarolleil B
pe’KuMe KOMIIEHCATOPa, II03BOASIET YMEHbIIUTh PeaKTUBHYIO COCTaB-
ASIFOITYIO TOKA, @ CA€AOBATEABHO, CHU3UTh PEaKTHUBHYIO MOIIHOCTh
Q= Q; — Q¢ U TeM CaMBbIM NOBBICUTH KOI(PPUIUEHT MOITHOCTHU COS
(puc. 2.13, 6).

3aech [ ,, — PEaKTUBHBIA TOK A0 KOoMIeHcaruu, I, — peakTus-
HBIU TOK TIOCA€ KOMIeHcAaluy, I, — peakTUBHBIN TOK B BETBU C KOH-
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Puc. 2.13.Cxema 3L c obmoTkon gsuratens v napannensHo
BK/HOYEHHbLIM KOHAEeHCcaTopoMm (&) n BekTopHas gnarpamma (6)

AEHCATOPOM, @,, — YTOA CABHUTa pa3 MeKAY TOKOM U HAaINpsyKeHHeM
MO KOMITEHCAIlU#, ¢, — YTOA CABHUTA (a3 MEeKAY TOKOM M HaIpsKe-
HHUEM IIOCAe KOMIIEHCAIlUH.

[TpeAIpUATHAM yCTaHaBAMBAETCS BIIOAHE ONPeAEAeHHAask BeAUUnHa
cos¢ (ot 0,95 po 0,98). 3a HeBLITOAHEHNE 3aAaHHOM BEAWUYUHBI COS @
MTPEATIPUSITUS TTOABEPTAIOT ITpady, MO3TOMY TAABHBIE JHEPTEeTUKHU
OOPIOTCS 3a IMOBBINIIEHNE KO3P(PUIIMEeHTa MOITHOCTU Ad’Ke Ha COThIE
AOAM.

KOHTPOJIbHbIE BOMPOCHI

Y70 Takoe pe30HaHC TOKOB W MpuU KakmMx YCroBKAX OH BO3HMKAET?
Y710 XapakTepHO Ana pe3oHaHca TOKOoB?

K vemy ctpemutcs ToK, NoTpebnsembi Lenblo Npy pe3oHaHce?
[me ucnonb3yeTcs ABNeHNe pe3oHaHca TOKOB?

Y70 Takoe KO3PPULNEHT MOLLHOCTM 1 YTO OH onpedenseT?

S e e

IEEN HECHYCOMIANLHBIE TOKW. )
MEPEXOOHBLIE MPOLIECCHI B JIMHEMHbIX
3ANEKTPUYECKUNX LEENAX

2.5.1. HecuHycoupanbHble TOKN

Aro6ott saeMeHT OL] o6rapaeT TOM MAM MHOU HEAMHEWHOCTHIO.
Y OAHHX DAEMEHTOB €10 IIpeHeOperaioT (HallpuMep, Y Pe3ucTopa, XoTs
Ha BBICOKUX YaCTOTaX HEABb3sl He CUMTAThCS C Uu3MeHeHUeM R 3a cuer
TIOBEPXHOCTHOTO 3 deKTa), Y APYTHUX >Ke OHa SIBHO BBIPa’KeHa (AUOA,
CTaOMAUTPOH, KATyILIKa CO CTAaABHBIM CEPAEYHUKOM U AP.)
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€ [TepBag npuynHa NogBAeHUS B DLl HECUHYCOMAAABHOI'O TOKA —
9TO HaAMYME B HeW HeAMHeHOro dAeMeHTa. Hanpumep, Ha BBIXO-
A€ BBIIPSMUTEAS,, OCHOBY KOTOPOTO COCTaBASIET AMOA, CUHYCOU-
AAABHOE HallpsKeHUe IIpeBpalaeTcsl B IyAbCUPYIOIIee.

€ Bropas npuunHa: HECUHYCOUAAABHBIN TOK MOJKET OBITh CO3AQH
CHelMaAbHBIMM HEeCMHYCOUAAABHBIMU TeHepaTopaMu TPEYTOAb-
HBIX, IMAOOOPA3HBIX, IPSIMOYTOABHBIX U APYTUX KOAeOaHUM, KO-
TOpble OYAYT PaCCMOTPEHBI AdAee.

B ocHoBy pacueta 3Jll, paboTarollell Ipu HECUHYCOUAAABHOM
TOKe, IIOAOJKEHEI

wg= rBe TeopembL

Teopema Ne 1. Aro0ast mepruoOAUYECKN U3MEHSIOIAsaCsad BeAnYnHA
u(f) MoXKeT paccMaTPUBATHCA KaK CyMMa IIOCTOTHHOU BeAUWYUHBL U, U
psAAa CHHYCOUMAAABHBIX BEAWYWH C KPATHBIMHM 4aCTOTaMH (TeopeMa
Oypre):

u(t) =Uy+ Uysin(ot + ) + Uy, sin (20t + o)+ ... + Uy Sin(kot + vy ).

OKBUBAAEHTHAs CXeMa IIeIId AAS 3TOTO CAydasl IpUBeAeHa Ha PHUC.
2.14.

Teopema Ne 2. Tok B Ilenu, copeprKallled HECKOABKO MCTOYHUKOB
NUTAHUS, MOXKeT OBITh OIIPEeAEAeH C IOMOIbI0O MeTOAA HAAOKEHUs
(MeToAa@ CYNEpPIIO3UIIUN):

i(t)=Uy/Zy+ (Up/ Z))sin(ot + y,+ @) + (Usp/Zy) sin(20t + Yy + @,) +
S T + (Ugm/ Zy) sin(kot + g, + @).

B O6U_IeM CAyYae COIIPOTUBACHUE HATPY3KU AN HECUHYCOUAAABHO-
TO TOKA SIBASIETCS BEAUYHHOU HepeMeHHOfI 1 3aBHUCUT OT 4AaCTOTHI
TAapPMOHUK. TaK, UHAYKTUBHOE COIIPOTHUBACHNE IIPOIIOPITUOHAABHO Ya-

u(t) Up  uy(t) ug(t)  wlt)
i) i

Z Z

a 9

Puc. 2.14. 3nekTpuyeckan uenb ¢ HecuHycomgansHon IOC:

a — cxema 3Ll; 6 — akBMBaneHTHas cxema 3L| c rapmoHuYecknmm
NCTOYHMKAMMU
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CTOTe M BO3PAaCTaeT C yBeAHWUYeHUeM IOPSIAKOBOTO HOMepa rapMOHU-
ku: X, = koL. EMKOCTHOE COTIPOTUBAEHHE OOPATHO MPOMOPITMOHAAD-
HO 9aCTOTe W YMEHBIIIaeTCsl C YBeAWYeHHeM TTOPSIAKOBOTO HOMepa rap-
MOHUKM: Xy = 1/(koC).

AelicTByIOIIMe 3HAUEHUS HECUHYCOUAAABHOTO TOKa M HallpsiKe-
HUS

I=B+}++..I¢; U=JU3+U}+U}+...UZ.

AxtuBHag momHOCTs P = Uyly + Ul,cos@, + U,l,cos @, + ... +
+ Ul cos @y.
PeaktuBHag MomiHOCTh Q = UL Sin @, + UsLLsing, + ... + Ul Sin @y.
‘é Anst pacueta OLI, paboTtatoliiel npu HecuHycoupaabHoM OAC, oc-
HOBHasI 3apa4ya — IIPEACTaBACHUE BPEeMEHHOU (DYHKIIUMU B BUAE
psaa Oypre.

2.5.2. Pagbl ®ypbe ana Hanbonee
TUNNYHBbIX BUAOB HECMHYCOMAAaNbHbIX
Hanps>XeHUn

HaunbGoaee xapaKTepHble W 4aCTO BCTpedaloluecs Ha IpPaKTUKe
BUABI HECMHYCOUAAABHBIX HAIPSKEeHUN U UX pasaoskeHne B psp Dy-
pbe IpUuBeAeHBI B TaOA. 2.1.

Tabnuua 2.1 ‘

DopmMa rapMOHUYECKUX KOAeOaHUN Fapmonnueckuii psp Oypoe

u=4U,/n(sinwt + /5 sin 3wt +

u|_|% |_| IU +1/5sin5wt +...)
0 n i
BEREREE

u u=U,/2+2U,/n(sin ot +
+ !/5 sin 3wt + '/5sin 5wt +...)
5[] [ Jlom
ol T
ot
u u=8U,/n* (sinot — /4 sin 3wt +

+ /55 sin 5wt — '/,9sin 7wt ...)
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OkoHuaHue maba. 2.1

DopMa rapMOHIUYECKUX KOAeOaHUHI Fapmonuueckuii psa Oypbe
u 3 u=U,/n(l +n/2 sin ot —
n /\ /N U — 2/, cos 20t — 2/5 cos 4ot —
ol i i m _2/35 cos 6wt _...)
ot
u u=2U,/n(l — 2/, cos 2wt —
pid Um _2/15 COS4(Dt—2/35 cos bt _...)
ol 2 In
ot
u u=3v33U,/2n(1 - '/, sin 30t +
- 2/35 cos 6wt + 1/40 sin 9wt —
0 — 2/ 143 cOs 1200t —...)
ot

2.5.3. MNoHAaTne nepexogHoro npouecca

AO cUX TTOp pacCMaTPUBAAUCH IAEKTPUUECKUE Ilenu, paboTatoniue
B CTAIlTMOHAPHOM pPe’KUMe, T.€e. KOTAA B PE3YABTaTe AAUTEABHOTO AeH-
CTBUA MCTOYHUKOB IMUTAHUA B IEIAX YCTAHABAWBAIOTCSA IMOCTOSHHEBIE
VWAW CUHYCOWAAABHBIE TOKHU.

€ Ha nmpakTuke 4acTo BCTpedYaroTCsd CAydaH, KOrAd HEOOXOAMMO
3HATH TOBEAEHHUE I[eITU UAU CUCTEMBI B IEPEXOAHOM PEKMMeE, BHI-
3BIBAEMOM KOMMYyTalel (BKAIOUeHUEM UAW BBIKAIOUEHUEM) WC-
TOYHUKOB IIUTAHUSA UAU U3MEeHEHUEM SAeMEeHTOB 3AeKTPUIECKOU
Ienu: pe3nCTOPOB, KOHAEHCATOPOB UAM WHAYKTUBHBIX KaTyIIIEK.

B 9AeKTpUYECKUX TIEeMSIX, COAEPIKAIINX AUIL aKTUBHBIE COTTPOTUB-
AEHUS, TTIepPeXOAHBIE MPOTECCHl OTCYTCTBYIOT, TOKM W HANPSI KEHUS
YCTaHaBAWBAIOTCS TTPAKTUYECKN MTHOBEHHO.

Ecam Ke B SIAEKTPUUYECKUX TEISIX COAEPKATCS SIAEMEHTHI, CII0CO0-
HBbIe HaKallAMBATb M OTAABaTh 9HEPTHIO, TO TOKU U HAIPSIKEHUS yCTa-
HaBAWBATHCSI MTHOBEHHO He MOI'YT, BO3HUKAIOT IIepeXOAHBIe IIpoIiec-
cbl. TaKUMU IAEMEHTAMU SBASIOTCS KOHAEHCATOP ¢ eMKOCThio C m
WHAYKTHUBHAS KaTyIIKa C MHAYKTHUBHOCTBIO L, 0OAaparoliye MHepHu-
OHHOCTBIO. OTCIOAQ CAEAYIOT ABa 3aKOHa KOMMYTAIIMU.

€ ITepsrlii 3aKOH. TOK B BETBY C UHAYKTUBHOM KATYIIIKOM U3MEHUTh-

CsT CKAYKOM HEe MOJKET.
Bropoti 3akoH. Hanipsi>keHre Ha KOHAEHCAaTOPe U3MEHUTLCS CKay-
KOM He MOYKeT.
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2.5.4. lNepexoagHbiii npouecc B RC-uenu

B cooTBeTCTBUM CO BTOPHIM 3aKOHOM KOMMYTAIIUU IIPHU YCTAaHOBKE
rAtoua K B moaoxkeHue I (puc. 2.15, a)

‘g HaNpsKeHUe Uc- Ha KOHAeHCATOpe OYAET MOCTENIeHHO MOBHIIIATh-
csI AO TeX IOp, IOKa He AOCTUTHET BeAuuuHsl E (puc. 2.15, 6).
KoHpeHcaTop 3apsi’kaeTcs OT UCTOUYHMKA uyepes3 pe3uctop R.
B aTOM cAyUae n3MeHeHUe HallPsIKeHUs OIIPEeAEAsIeTCs BEIpake-
uueM uc = E (1 — %), rae T = RC — mOCTOsIHHAs: BpeMeHHU; t —
TeKyllee BpeMsi. HeM OOAblIIIe IOCTOSTHHAS BpeMeHHU, TeM AOABIIIe
NIpoTeKaeT IIepPeXOAHBIN Ipolecc. CYUTaeTcs, YTO OH IIpaKTHue-
CKU 3aKaHUMBAeTCHd 3a BpeMd = 3 T.

ITpu nepeBoae Katoya K B nmoaosxkenue Il koupeHcaTop C HauuHa-
€T pa3psKaThbCs depe3 Pe3ucTop R B AQHHOM cAydae C TOM JKe IMOCTO-
aHHOM BpeMeHHU T = RC. Hanps>keHUe Ha HeEM CTPEMUTCI K HYAIO (CM.
puc. 2.15, 6), U3MEHsACH M0 3aKOHY U- = Ee "7,

[TepexopHBIE TIPOIIECCH B I[eNM C KOHAEHCATOPOM Ha3BIBaIOTCS
perakcayuoHHbMU. OHU ITUPOKO MCIIOAB3YIOTCS B CIEIIMAaAbHBIX TeHe-
paTopax AAS TTOAYYEHUS MMAOOOPA3HOTO MAM TPEYTOABHOTO HalpsiiKe-
HUSI, HATPUMED B IeATX CO3AAHUS PA3BEPTKU B OAEKTPOHHO-AYIEBBIX
ociuArorpadax.

2.5.5. lNepexoagHbii npouecc B RL-uenn

B cooTBeTcTBUYM C MEpPBBIM 3aKOHOM KOMMYTAIIMN TPU YCTAaHOBKE
rAtoua K B mmoaoxkeHue 1 (puc. 2.16, a)

‘g TOK B OL] IOBHIIMIAeTCSA NOCTENIEHHO, CTPEMICH K YCTaHOBUBIIIE-

Mycs 3HaueHuto I, = E/R, (puc. 2.16, 6). CKOpOCTb U3BMEeHeHUs TOKa
OIIpeAeAseTCs TOCTOSTHHOM BpeMeHU T = L,/R,. UeM MeHbIIIe ak-

uc

a 9

Puc. 2.15.MepexonHbi npouecc B 3L ¢ koHAeHcaTOpoOM:

a — cxema ucnbiTaHum; 6 — BpeMeHHéﬂ anarpamma
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Puc. 2.16.MNepexogHbin npouecc B 3L| ¢ MHAYKTUBHOM KaTyLLUKOW:

a — cxema ucnblTaHuin;, 6 — BpemMeHHana avarpamma; 8 — 3[C
CaMOWHOYKLUN NPY 3aKPbITUN TPAH3UCTOPa; I — CXEMa 3aLUuThbI
TpaHaucTopa ot 3[C camonHaykuun

THUBHOE CONIPOTUBAEHUE R, KaTyUIKH, OOAQAQIOIeN HHAYKTUBHO-
CTBIO L,, TeM AOABIIIEe IIPOTEKAET IIePEXOAHBIH IIpoIjecc.

IIpu nmepeBope KAatoua K B nmoaoxkeHue II MHAYKTUBHAA KaTyllKa
HaYMHAET Pa3psi’KaThCs B el C OOIUM aKTUBHBIM CONPOTHUBAEHHEM
(R + R,) c mocTtosiHHOM BpeMeHU T, = L,/(R + R,). TOK B UHAYKTUBHOM
KaTyllIKe CTPEMUTCI K HYAIO (puc. 2.16, 6), U3MeHHISACh 110 3aKOHY I} =
I.e™/™, TIoCKOABKY TIOCTOSTHHAsi BpEMeHH T; < T, TO CKOPOCTh U3MeHe-
Husg ToKa Al/At Bo3pactaeT m yBeamunBaeTcsi SAC CaMOMHAYKIIUA €
= —L(AI/At) Ha BBIBOAAX KATyIIKU. [IpK NPOCTOM pa3MbIKaHUU KAIOYA
K mocTosHHasi BpeMeHU CTPEMUTCS K HYAIO, @ CKOPOCTh U3MeHeHUs
TokKa 1 DAC CaMOUHAYKIIUM CTPeMSTCS K OECKOHEUHOCTH.

ITpu paboTe 3AEKTPOMArHUTHBIX YCTPOMCTB (HAaIpUMep, PeAe) B
KOMIIAEKCE C ITOAYIPOBOAHWKOBBEIMU NPHOOpPaMU (HaIpuMep, TPaH-
3UCTOPOM) TAKOU pe’XUM pPabOTBEl MOJKET IIPUBECTU K BBEIXOAY U3
CTPOSI MOAYIIPOBOAHHUKOBOTO NMPUOOPA, ITOCKOABKY HaNps>kKeHHe Ha
KOAAeKTOpe U, = E, + e; MOKeT AOCTUTaTh 3HAUUTEABHON BEAMYUHBI
(puc. 2.16, B). AAST NICKAIOUEHUS 3TOTO IIapPAAAEABHO OOMOTKE peAe ycC-
TaHaBAMBaeTcd AMOA A (puc. 2.16, r), obecnednBarOINM pa3psap MH-
AYKTUBHOU KATYIIKHU IIPU 3aKPBHITUM TpaH3UCTOpa I yepe3 CONPOTUB-
AeHHe OOMOTKHM KaTyIIKU M CHIDKeHue DAC CaMOMHAYKIIUU IIPAKTH-
YEeCKU AO HYAS.

KOHTPOJIbHbLIE BOMPOCHI

1. Yo ABNAETCS NPUYMHOM NOSBNEHUS HECUHYCOVAANbHbLIX TOKOB?

2. Kakvie aBe Teopembl NMoONoXeHbl B OCHOBY pacyeTa Lienev npu He-
CYHycomAaarnbHbIX TOKax?

3. Kakve anemeHTbl ABAAIOTCA MPUYUHON NOABMNEHWA NEPEXOAHbIX
NMPOLECCOB B 3NEKTPUHECKUX Lienax?
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NO ok

HasoBute gBa 3akoHa KOMMyTaUuW.

OxapakTepu3ayiTe nepexogHbin npouecc B RC-uenu.
OxapakTepusynte nepexofHbIi npouecc B RL-uenw.

3anuwnTe BblpaxeHna Ans NocTosHHon Bpemenn B RC- un RL-ue-
nsx.



TPEX®AS3HbIE 3JIEKTPUYECKWE LEMNA

MNONTYYEHWNE TPEXM®A3HOIo
HAMPSYXEHWSA. CMOCOBbI COEQUHEHWNS
®A3 NICTOYHUKA

3.1.1. OcHOBHble NMOHATMA 0 Tpexca3HbIX
3NEKTPUYECKMX Liensax

€ Hapsiay ¢ opHO(A3HBIMU I[ETISIMU ITEPEeMEeHHOTO CHHYCOUAAABHO-
T'0 TOKa GOABITIOE PACITPOCTPAaHEHNE B COBPEMEHHOM SAEKTPOIHED-
TreTUKe MTOAYYHAY TpeX(asHbIe el OAATOAAPS CAEAYIOIINM Tpe-
UMYIIeCTBaM:

= picokul KITA 1 5BKOHOMHUYHOCTB IIPOU3BOACTBA U IIepepAauu
3AEKTPOIHEPIUY;

®  BO3MOJKHOCTBH ITOAYUEHUS ABYX OKCIAYATAITMOHHBIX HAIIPSI-
JKeHUM — (Pa3HOoTO U AUHENHOTO;

¥ OPOCTOTa KOHCTPYKIUHU Tpexcba:aHoro ACUHXPOHHOTO ABUT'A-
TeAsI — OCHOBHOT'O IIDUBOAHOT'O ABUTATEAA B IIPOMBIIIIA€HHO-
CTH.

€ Tpexga3nble yenu — 3TO TaKUe IelH, B BETBSIX KOTOPBIX AEMCTBY-

IOT TPX OAMHAKOBBIE II0 @MIIAUTYAE M YaCTOTe CUHYCOUAAABHBIE
OAC, cABUHYTHIE IO pa3e APyT OTHOCUTEABHO Apyra Ha yroa 120°.

Kaxxapyto m3 opHO(MA3HBIX Ilenel, BXOAAIINX B TpeX(das3Hy CH-
CTeMy, IIPUHATO HA3BbIBATh Pa30M (3TO dAeMeHT Tpex(da3HOU CUCTe-
MBI B OTAWYME OT yrAd CABUra BeKTOpPOB). Kak u opHOMa3Hada Iemns,
Tpexdas3Hasg COCTOUT U3 reHeparopa (TpexdasHoro), AMHUU IIepepa-
yn (Tpexda3Hoi) U IPUEeMHUKOB (KakK Tpex@da3HbIX, TaK U OAHOJA3-
HBIX).

AAS TIOAyYeHUsT OAHO(A3HOIO CUHYCOUAAABHOT'O HAIPS)KEHUS UC-
IIOAB30BAAOCH BpallleHWe paMKM B MarHUTHOM IHoaAe. Ecau Bpamarth
TIOCTOSTHHBINM MArHuT C YTAOBOM CKOPOCTHIO (), & BOKPYT HEro paclo-
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Puc. 3.1. BpemenHas avnarpamma TpexdasHom cuctembl 3C (a)
1N KOHCTPYKTUBHas cxema reHepatopa (6)

AOKUTH OOMOTKY, TO B HeM Tak>kKe B COOTBETCTBUHU C 3aKOHOM DAEKT-
POMarHuTHON MHAYKIIUM HaBepeTcsl cuHyconparbHas DAC. Ecau Tpu
OOMOTKM PACHOAOKHUTH ITOA YTAOM 120° ApYT OTHOCUTEABHO APYTa, TO
B HuX uHAynupyroorca OAC, cABUHYTHIe Ha yroa 120° (puc. 3.1, a).
[TomecTuB 0OMOTKH B IIa3bl cTaTopa (puc. 3.1, 0), IOAyYUM IPOCTEN-
myio Tpexda3Hylo MallMHy IIepeMeHHOTO TOKa (B AAHHOM CAydYae
reHepaTop).

‘g Hauana da3 ucrounuka oboznauatoT A, B, C, Kouisl paz — X, Y,

Z.Y IpUeMHUKOB dHepruu Hauaaa a3 o003HAvaloT a, b, ¢, KOH-
bl — X, V, Z.

3.1.2. Cnocobbl coegnHeHusa cas
MCTOYHMKA

‘g Tpexda3HbIi UCTOYHUK, KaK ITPAaBUAO, BKAIOYAETCS 10 CXEMe 3Be3-
ga. ITpu s3TOM KOHIIEI (a3 X, Y, Z coepAMHSAIOTCS BMeCcTe, 00pa3ysd
HeUTpaAbHYIO TOYKy N, a Hauara a3 A, B, C NOAKAIOUAIOTCAI K
IIPOBOAAM, MAYIIIMM K Harpy3ke (puc. 3.2).

OTH NPOBOAA HA3BIBAIOTCS AMHENMHBIMHY, @ [Iellb — TPeXIPOBOAHOM.
Ecam HelTpanbHagd TOYKa MCTOYHUKA N COepAMHEHa C HEeUTPaAbHOU
TOYKOU NMPUEMHUKA N, TO [ellb CTAHOBUTCS YETBIPEXIIPOBOAHOH, a
YeTBEPTHIN IIPOBOA HOCUT Ha3BaHUE HEUTPAABHOTO.

B ToM cayuae, ecan DAC KakAOM a3kl PaBHBI U CABUHYTHL APYT
OTHOCHUTEABHO Apyra Ha yroa 120°, cucreMa Ha3bIBaeTCsd CuMMempui-
Hotl.
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Puc. 3.2. Cxema coegnHeHus 3B8e3401 TpexdasHbIX UCTOYHMKE U
nprvemMHMKa

[MpuHgB HavaAbHYIO a3y Y das3bl A paBHOM HyAIO (cM. puc. 3.1,
a), MOKHO BBIPa3UTh MrHOBeHHBle 3HaueHUus1 DAC B (azax:

’ e,=E,sinmt;

’eBzEmsin(o)t— 120°); \

’ ec= E,sin(ot — 240°). ‘

Hanpasaenne DAC B (hazax NpUHUMAETCS OT KOHIIA K HadaAy (OT
X K A), a HaIpsKeHUs1 — OT Hadana K KOHITY (puc. 3.3, a).

BekTopHasa auarpamMma TpexdasHoi cucteMbl DAC uMeeT BUA,
MpUBEAEHHBIU Ha puc. 3.3, 0.

W3 Hee caepyeT, UTO AAI CUMMETPUUYHOMN Tpexda3HOU CHUCTEMBI
reomMeTpuueckad cymma BekTopoB SAC Bcex a3 paBHa HYAIO:

E,+Ey+E-.=0.

A
eA\ JUA
7 0X
u up
ESARRN
c 4 X 5

Puc. 3.3. Tpu thasbl reHepaTtopa (a); BekTopHasa anarpamma 3OC (6);
BEKTOpHaa guarpamMma hasHbiX U NMHENHbIX HanpsxeHun (B)
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COOTBETCTBEHHO paBHA HYAIO B AI0OOM MOMEHT BpeMeHU M aAred-
pandeckasd CyMMa MTHOBEHHBIX 3HaueHUN OAC reHeparopa:

e,+eg+e-=0.

B TpexdazHo 11enu Ipu COeAUHEHNU 3BE3A0U CAEAYET PA3ANYaATh!

E,, Ep E- — (azasle DAC HUCTOYHUKS;

U, Up, Ur — daszHble HaNPSIKeHUS UCTOUYHUKA;

Ung Uper Upy — AVHENHBIE HANPSIPKEHUS UCTOYHUKE;

I, Iy, I — da3Hble U AMHEWHbIE TOKU UCTOYHUKQ;

U, U, U. — dasHble HANPSA)KEeHUA HArpy3KU;

Uy Uper U, — AVHEVHBIE HAIIPSKeHUS HArpys3Ky;

I, I, I. — da3Hble 1 AMHENHBIe TOKU Harpy3Ky;

I, — TOK B HEUTPAABHOM IIPOBOAE;

U,y — Halps>XeHUe CMelleHUsI HEUTPAAU.

Ans cxembl OLI, mpuBepeHHOM Ha puc. 3.2, B COOTBETCTBUM CO BTO-
pPBIM 3aKOHOM Kupxroda MO’KHO 3alucaTh:

Tpexda3Hblll UCTOYHUK BCErAd MPEACTABASIET COOOM CMMMEeTpUY-
HYIO CUCTeMY HEe3aBHUCHMO OT BEAWYMHBI M XapaKTepa HarpysKH, Tak
KaK BHYTPEHHee COIPOTHUBAEHHE €T0 HUUTOKHO MaAo. BekTopHas
AvarpaMMa Halps>KeHUM UCTOYHUKA IIpeACTaBAeHa Ha puc. 3.3, B. 13
AMarpaMMbl CAEAYeT, UTO AMHelNHble U )a3Hble Hallps’KeHUs CBSI3aHbl
3aBUCUMOCTbIO

U,= 3 Uj,.

F'ocypapCTBEHHBIM CTAHAAPTOM ITPEAYCMOTPEHBI HOMUHAABHBIE
3HaueHUsa AMHenHbIX U, (660, 380, 220 B) u da3ubix Uy (380, 220, 127
B) HaNpsKeHMH, CBI3aHHBIX OTHOIIeHHeM +/3: 660/380 = 380/220 =

=220/127 =/3.

mg= Ipu coepnnennu a3 reHepaTOpa MPeyroAbHUKOM Ha4aA0 OAHOM

ha3bl IOAKAIOYAETCS K KOHITY ADYTOM, B pe3yAbTaTe uero oopasy-
eTCsI TOCAeAOBATeABHOE coeprHeHUe (pa3 UCTOUHUKA (puc. 3.4, a).

OTO He KOPOTKOEe 3aMBIKaHWeE, TaK KaK CyMMa MTHOBEHHBIX 3Ha-
yenud SAC B At0OOM MOMEHT BpeMeHU paBHa HyAIO. B cxeMme Tpe-
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Puc. 3.4.

COGJJ,I/IHeHI/IH CIZ)83 MNCTO4YHMKA TPEeyroJsibHNKOM:

a — cxema; 6 — BeKTOpHas gvarpamma

YITOABHUK BEKTOPHI (Pa3HBIX U AMHEWHBIX HAIPS)KEeHUN COBIAAAIOT
(pI/IC. 34, 6)' UAZ UAB; UB= UBC; UC: UCA'

ITocaepoBaTeAbHOCTH B 0003HaueHUM a3 A, B, C He cAyyaliHa,
TaK KaK OHa ONpeAeAseT IMOCAeAOBAaTEeABHOCTh U3MeHeHUuY (a3HbIX
OAC, a 3HAUUT, KaK MBI 3TO YBUAUM AAABIIIe, U HallpaBAeHHe Bpallle-
HUSA Tpex(a3HbIX ABUTATEAEH.

n -

koW

a

KOHTPOJIbHbLIE BOMPOCHI

Y1o cobon npefcTaBnseT TpexdadHas anekTpuyeckas Lens?
Kak mMoryT 6bITb COeAVHEHbI OTAENbHbIE (ha3bl MCTOYHUKE B TPEX-
thazHbIx Lenax?

Kakune Toku (HanpsxeHns) Ha3bIBaOTCA NMUHEHLIMA 1 ha3HbIMU?
3anuiumnTe BblpaXxeHust AR MIHOBEHHbIX 3Ha4eHun dasHeix 30C
TpexdasHow CUCTEMBI.

3anunTe COOTHOLLEHUS MeXAy NMMHERHbIMU 1 hasHbIMK Hanps-
XEHVSIMU 0N CXeM COeAMHEHVs 3Be3[Aa W TPeyrofibHNK.

CXEMb! BKJTOYEHNA TPEX®A3HON
HAITPY3KWN

3.2.1. Buabl Harpy3ok

B TpexdasHBIX IIenax Harpy3ka MOJKET OBIThb:

cumMMempu4HOU, KOTAQ PABHBI IIOAHBIE CONPOTUBAEHUS B (haszax
(Zy = Z,, = Z.) 1 OAMHAKOB UX XapakTep (¢, = ¢, = ¢.). [IpuMepomM Mo-
TYT CAY’KUTH Tpexda3Hble aCUHXPOHHBIE UAM CUHXPOHHBIE ABUTATe-
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AH, OOMOTKHU CTaTOpa KOTOPBIX UMEIOT OAMHAKOBBbIe 3HAUEHUS KakK
AKTHUBHBIX, TaK ¥ MHAYKTUBHBIX COIIPOTHUBAEHUM;

PABHOMEDHOU, KOTAQ PABHBI IIOAHBIE COTPOTUBAEHUY B daszax (Z, =
=7, = 7., HO pa3AndeH UX Xapakrep (P, # @, # ¢©.), HaIpUMep, KOTAQ
B OAHOM (pa3e BKAIOUEHA aKTHMBHAsI Harpys3ka, B APYroll — MHAYKTUB-
Has, B TPeTbell — eMKOCTHAasl, PaBHBIE APYT APYIY IO MOAYAIO;

OgHOpPOgHOU, KOTAA OAMHAKOB XapaKTep Harpy3ku B daszax (¢, =
=@, = @), HO Pa3AVUYHBI IOAHBIE COIPOTUBAEHUA (Z, # Z, # Z.). I'lpu-
MepOM TAaKOW HArpy3KU MOXKEeT CAY’KUTb OCBETHUTEABHAas CeThb MPO-
MBIIIIA€HHBIX M OBITOBBIX 3AQHMM, KOTAQ BO BCeX (pa3ax BKAIOUEHHI
OCBETUTEABHBIE AAMIIBl, HO YUCAO UX PA3AMYHO.

ABa IIOCAEAHUX BUAA HarPy3KU OOBEAMHSIIOTCS IO OOIMM Ha3Ba-
HUEeM HecUMMempuYHas Harpy3Ka.

3.2.2. CummeTpuyHaga Harpyska,
BKJIIOYEHHAaA TPeyrofibHUKOM

[Tpu coeprHeHUN NPUEMHUKOB TPEYTOABHUKOM B CAydae IIpeHeo6-
Pe>XKUMO MaAOTO COIPOTUBAEHUSI IPOBOAOB HAIPSKeHUsI MpHeMHUKa
CTAQHOBSATCS PaBHBIMU HAIIPSI)KEHUIM HCTOYHUKA U 0OOPa3yloT CUMMeT-
PUYHYIO CUCTEMY HanpsKeHuU. [1pu 3ToM pa3Hble HANPSKEHUS PaB-
HBI AMHEWHBIM, a B DL TekyT ABa popa TOKOB: asubie Iy (I Ipe Ieg)
u auHetinsle I, (I, I, I.) (puc. 3.5, a).

CootHolrenne MexAy Iy, v I, HaAeM C TOMOIIBIO BEKTOPHOM AWa-
rpaMmmel (puc. 3.5, 0), 3aIMCaB B COOTBETCTBUU C IIEPBBIM 3aKOHOM
Kupxroda ars 3L (cm. puc. 3.5, a)

Ta Tab_Tca;

Iy =Ty =1y,
TC =Tca _Ibc'

Ha ocHOBe puarpaMMBl MOJKET OBITH CAEAQH BBIBOA, UTO BEKTOPBI
(ha3HBIX TOKOB CABUHYTHI APYT OTHOCUTEABHO ApyTra Ha 120°. BekTo-
PBI AMHEMHBIX TOKOB Tak’ke PAaBHBI 110 BeAUUMHE, CABUHYTHI MEXAY
co6o¥ Ha yroa 120°, a OTHOCUTEABHO BEKTOPOB (pa3HBEIX TOKOB Ha
yroa 30°.

AuHelNHBle U Qa3Hble TOKU CBI3aHBI COOTHOIIEHUEM

L=31,

Anst u3BeCTHBIX Uy, U I, MOTYT OBITH OIIPEACAEHBI aKTUBHAs, peak-
TUBHASA U IIOAHAs MOILIHOCTH, NOTpeOAsseMble Ka>XpAOU (Pa3ou:
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Puc. 3.5. CoegnHeHune a3 Harpy3kun TpeyrofbHUKOM:
a — cxema 3Ll; 6 — BekTOpHas guarpamma

MoiHocTH, nOoTpebAdgeMble Tpex(da3HOM Harpy3KOM!:

AAST AMHEWHBIX HaNpS>KeHUM M TOKOB

Py = 3 U,L,cos @y Qo= V3 U,L,Sin @y Sop = /3 U,

3.2.3. HecummeTpu4Haa Harpyska,
BKJIIOYEHHaA TPeyrosibHUKOM

Ecam conporuBreHUA a3 He PABHBI MEXXAY COOOM, TO HArpyska
CUMTaeTCs] HeCUMMeTPUUYHON. Bo3HUKaeT OHa B TOM CAyYae, KOTAA B
IIenb BKAIOUEHBI pa3AnMdHbBle OAHO(a3HbIe MPUEMHUKMN.

ITpu aToM daszHble TOKH, (ha3HbBIe MOIIHOCTH, YTABI CABUTA (ha3 B
o01IeM CAyYae pasAnuYHHI.

€ BeanurHbl a3HBIX TOKOB, AMHEMHBIX TOKOB M MOIIHOCTEUN IIPpU
M3BECTHBIX 3HAUEHUSIX (Pa3HBIX UAU AUHEWHBIX HATIPSI>KeHUUN U
(ha3HBIX COIPOTUBAEHUU MOTYT OBITH OIIPEAEAEHBI C IIOMOIILIO
BEKTOPHOM AMarpaMMBHI.

BekTopHas AuarpaMma CTPOUTCSI B TAKOW ITOCA€AOBATEABHOCTH.

1. CtpouTtcs 3Be3pa Pa3HBbIX HANPSKeHUM B MaciuTabe my (B/MM).

2. OupepeAsIoTCs YIABL CABUTA (a3 MeKAY Pa3HBIMU HaIPI>KeHU-
SIMU ¥ TOKAMHU: COS Oy, = Ry,/Zy, (COS Py, = Rop/ Zy, 11 T. 7).

3. OnpeaenstroTcst ACUCTBYIOIIHE 3HAUeHUsT (DA3HBIX TOKOB: Iy, = Uy/Z,
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4. Tlop COOTBETCTBYIOIIUMHU YTAAMU Qupy QOper Peq K PA3HBIM HAIPA-
xenusm U, U,., U, cTposTcs B Maciirabe m; (A/MM) BEKTOPHI (as-
HBIX TOKOB I, L., I

5. CoeprHEHMEM KOHIIOB BEKTOPOB (DA3HBIX TOKOB OIIPEAEATIOTCI
ACUCTBYIOIE 3HAUYEHUS AMHEUHBIX TOKOB [, I, I.

6. OnpepeAsioTCsI aKTUBHBIE, PEaKTUBHBIE U IMOAHBIE MOIIHOCTU
KaxxpoM daswel. CyMMapHas aKTHBHAs MOUIHOCTL TpexdasHoi 1]
Psi = Py, + Py + Py pearTuBHAs Qo= Qu+ Qpe+ Quy MOAHAT Sop =
=Sup+ Spe + Seq- TIpu 3TOM CAepyeT TOMHUTH, YTO PeaKTUBHAS MOII-
HOCTb Ilel C MHAYKTUBHOU HArpy3KOM IIOAOKMTEABHQ, a C €eMKOCT-
HOW — OTpHUIlaTeAbHa.

3.2.4. CummeTpuyHana Harpyska,
BKJ1lOYEeHHaa 3Be340M

‘g [MTpu coepuneHnu a3 IpUEMHUKA 3BE3A0M AAS UETHIPEXIIPOBOA-
HOU Tpexda3HOoM CUCTEMBI C HEUTPAAbHBIM ITPOBOAOM (puc. 3.6, a)

Up=U/~N3 ul,=I,.

Uq
XAa I, —= x
—“°—>—|:I—
Z,
Uy
Y.Bb I, —=vy
o-o—>— =4
Z

6 C cp, R T, B.b

Puc. 3.6. CoepuHeHune a3 Harpysku 3Be3[oi:

a — cxema 3L|; 6 — BekTOpHaa AMarpamMma HamnpsXXeHW 1 TOKOB AN
YyeTbipexnpoBoAHon 3Ll; B — BekTOpHas guarpamma HanpskKeHun un
TOKOB AndA TpexnposogHon 3L
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Tok B HEUTPaAbHOM IIPOBOAE B COOTBETCTBUM C IEPBBIM 3aKOHOM
Kupxroda ompeaensieTcsi Kak reoMeTprUyecKkasi CyMMa BEeKTOPOB:

I,=I,+I,+1,.

[MTocKoABKY pu cuMMeTpu4yHOM Harpyske I, =1, =1, To I, =0, T.e.
HeUTPaABbHBIM NIPOBOA He HyXKeH. CAepOBATEABHO, OOPBEIB HEUTPAAb-
HOTO ITPOBOAA He MPUBEAET K KaKUM-AnO0 maMeHeHusMm B OL]. PDa3s-
HBbI€ TOKM CABWHYTHI OTHOCUTEABHO (pa3HBIX HANPSKEHUH Ha OAWHA-
KOBBIE YTABL O = @, = (@, OTIPEACASIEMBIEC BBIDAJKEHUEM COS Qg, = Ry/ Zy,.

MoniHoCcTH IIemu:

Py =3Ugl4c0s @y, = V3 U.I,cosqq,

Qo1 =3 Uylysin ¢y = V3 U,LsinQg,

Sou =3Uply = V3 UL,

3.2.5. HecummeTpuyHaga Harpyska,
BKJlOYeHHada 3Be3aon

€ I[Mpy HaAWMYUY HEUTPAABHOTO MTPOBOAA (Da3Hble HAIPSIKEHUS

IpUeMHUKa OCTAIOTCS PABHBIMU (DA3HBIM HAMPSIPKEHUSIM UCTOY-
HUKAQ, T.e.

U,=Uy Uy=Up U.=Ug,

PaBHBI Me>KAY COOOM U He 3aBUCAT OT BEAMYWHBI HAarpy3KHu B dpasax.
[Tpu 5TOM OCTaeTcs CupaBepAuBBIM cooTHolnenue Uy, = U,/ V3.
(Da3zHble TOKW OIIPEAEASIOTCS] BEAMUMHOM Harpy3K# B (Da3ax U PaBHEI

L,=UJ/Zy; I,=Uy/Zy; I.= U,/ Z,.

BeKTOpHI TOKOB CTPOATCA B MacliTabe m; I0A COOTBETCTBYIOIIUMU
YIAAMHU @, @p @. OTHOCUTEABHO BEKTOPOB (Pa3HBIX HANPSIKeHUU.
B HeUTpaAbHOM MIPOBOAE MOABASIETCS TOK [, KOTOPBIU MOJKET OBITh
OIIPEAEAEH C ITOMOIIbI0 BEKTOPHOM AMarpaMMbl, TOKa3aHHOM Ha PHUC.
3.6, 0 (AASI @KTHBHOM HArpysku Qg = 0).

€ OOpBIB HEUTPAABHOTO TPOBOAA TPUBOAUT K IIOIBACHUIO HAIIPS-

JKeHUs cMellleHus HeUuTpaau U,y, 9TO B CBOIO OUepPeAb BEAET K
HapYIIeHUIO paBeHCTBa (pa3HbIX HAIIPSKEHUH — «IIepeKocy» a3
(puc. 3.6, B).
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AeNCTBUTEABHO, B COOTBETCTBUU CO BTOPBIM 3aKOHOM Kupxroda
A KoHTypa AXNnxa (cMm. puc. 3.6, a) U, =UA - I7HN;
At KoHTypa BYNnyb U, =Up —U

At KouTypa CZNnze U, =U, -U,.
MoMIHOCTE Teny TPY HECUMMETPUYHOM HaTrpy3Ke OIPEAEASeTCS
KaK CyMMa MOIITHOCTeU Ka’kKAOM (pa3bl:

| Poy=P,+ P+ P,
| Qo =Qa+ @y + Qs
| Sou=S.+S,+S.. |

Takum oOpa3oMm, TpU COEAMHEHUU MPUEMHUKOB 3BE3A0N HUCIOAL-
30BaHMe HEUTPAABHOTO TPOBOAA TTO3BOASIET OTCUMMETPUPOBATh has-
HbI€ HANIPAXXKEHUWA W He AONMYCKAThb UX M3MEHEHUWsI IIPDU M3MEHEHUU
0AHO(A3HBIX HaTrPy30K.

BratoueHme mpepOXpaHUTEAEN B I1ellb HEMTPAaAbLHOTO TTPOBOAA He-
AOITyCTHUMO.

KOHTPOJIbHbLIE BOMPOCHI

_

. Kakas Harpyska Ha3blBaeTCq CYMMETPUYHOWM, paBHOMEPHOW, 0f-
HopopgHon?

B kakunx cnyyasx BO3HWKAET HaMpsXXeHVe CMELLEHNA HenTpann?
Hemy paBeH TOK B HENTpanbHOM MPOBOAE MPWY CUMMETPUYHON 1
HECMMMETPUYHON Harpyake?

MpviBEOMTE NPUMEPLI CUMMETPUYHOM U HECUMMETPUYHOWM Harpy3oK.
KakoBo Ha3Ha4eHne HenTpansHoro nposopa?

3annLmnTe COOTHOLLIEHUST MEXAY NIMHENHBIMU 1 (ha3HbIMU Hanpsxe-
HVUAMU (ToKamW) O CXEM COEAMHEHWST 3BE3[0M U TPEYrobHUKOM.
Hy>xeH nn HelTpanbHbIM NPOBOLA B OCBETUTENLHOM CeTN?

ook WD

N

m PACYET TPEX®MA3HOW 3NEKTPUYECKON
LIENX. MOLLHOCTb LIEM U METOAbI
EE N3MEPEHNS

3.3.1. MeTopabl pac4veTa Tpexcas3Hbix
aneKkTpuyeckux uenewu

B GoAbmIMHCTBe cAydaeB Tpexdas3Hasg HarpyskKa cuMMempuyiHd U
pacyeT CHUCTeMBl BBIIIOAHSIOT AAS OAHOM (pa3bl. Ilpu 3TOM IpuHUMA-
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IOT, YTO 3aAdHBI AMHeNHOe HaIIpsi>KeHue UA U HATPYy3Ka B q)a3ax

— [p2 2
Zyy =R} +(X g — Xco ).

Ecan mpreMHUKY C Harpy3Ko# Z;, COEAMHEHBI 3Be3goll U BKAIOYe-
HBl Ha AMHEWHOe Hanpsikenue U,, TO

Up= U/ 3 I,=1y I, = Uy/Zyy = U/ (N3 Zy); cos 9, = R/ Zy,.

[Toanas mMomHOCTB, oTpebasseMas OL,

S5 =3S,=3U%/Zy,= U2/ Z,,

EcAn Harpyska coepMHeHa MmpeyroAbHUKOM W BKAIOUEHA Ha TO JKe
AMHEeNHOe Hanpsxenue U,, To

U, = Uy I, =N3 Iy; Iy = U/ Zyy = U,/ Z4 08 Qg = Ry/ Zg,.

TToanas MOITHOCTH B 3TOM CAyYae

AKTUBHASA U PeaKTuBHAsA MOIITHOCTU COOTBETCTBEHHO DPABHBI:

Pg]_[ = 53]_[ COSs (pq],

O3u = Sg]_l Sin (P(p

€ ITpu 0AHOM ¥ TOM >Ke AMHEMHOM HaNps>KeHUM oTpebasiemMas Ha-
TPy3KOMU (HallpuMep, IAeKTPOABUTATEAEM) MOIITHOCTD ITPH COEAM-
HEeHUM TPEYTOABHUKOM B 3 pa3a OOAblIlle, YeM IIPU COeAMHEHUU
3BE3A0MH.
CoOOTBETCTBEHHO B 3 pa3a OOAbllle U pa3BUBaeMasi MOITHOCTD.
EcAm Harpyska HecumMMempuuHa ¥ TPUEMHUKU COeAUHEHB! 3Be3goll
C HellmPaAbHbLIM NPOBOGOM, PACUeT CUCTEMBI BEAYT AAS Ka’KAOM (pasnl
OTAEABHO B TAKOM ITOCAEAOBATEABLHOCTMU!
B BRIYUCASIOT pas3uble TOKU ([,=U,/Z,uT.p.);
®  BBEIUUCASIOT (Da3HBIE YTABI CABUTA BEKTOPOB (COs®,=R,/Z, 1
T.A.);
®  CTPO4T BEKTOPHYIO AUarpaMmy (Pa3HBIX HAIPSKEeHUHN U TO-
KOB;
® [0 BEKTOPHOU AMArpaMMe BBIYUCASIOT TOK B HEUTPAABHOM
IpOBOAE [
®  BBIYUCASLIOT MOTPeOAgeMyto DLl MOITHOCTE Kak cyMMy das-
HBIX MOIITHOCTEM.
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PacueT HecumMMempuUYHOro MPEYroAbHUKA BHITIOAHSIIOT @HAAOTHMIHO
AN KaXAOM (pas3bl. AUHEeWHBIEe TOKH ONPEAEATIOT rpadU4YeCcKH I10
BEKTOPHOM AMarpamMe.

‘g IMpuMmenenune mpexnposogHrot 31 ¢ HecummempuyHOU HArPy3KOU
(OOpPBIB HEMTPAABHOTO ITPOBOAA), BKAIOUEHHOU 3BE3A0M, HEAOITY-

ctuMo. [IprunHa — «Iepekoc» a3 B Harpy3Ke, 4TO BEAET K U3-
MeHEeHMIO PeKMMOB PabOTHl 000PYAOBAHUS BIIAOTH AO BEIXOAQ €TI0
U3 CTPOS.

[Tpu 3TOM (pa3HBIe HATIPSKEHUS B (pa3ax C MEHBIITUM COITPOTHUBAE-
HUEeM Harpy3KH (AeCATHUPO’KKOBAs AIOCTPA) OKa3bIBAIOTCS MEHBIIIe HO-
MHWHAABHBIX, @ B (pa3ax ¢ GOABIINM COIMPOTUBACHHEM (HACTOAbLHAS
AaMIna) — OOABIIle HOMHUHAABHOTO.

PacueTr nenu 6e3 HeUlmpaibHOIO NPOBOgGA U C HECUMMempPUuHOU
HArpy3kou AOCTATOYHO CAOJKEH (CM. IIPUAOKEeHHe J).

3.3.2. MowHocTb TpexcasHomn
3NeKTPUYECKon Lenm n MetToabl
ee n3mMepeHus

AAd CUMMETPHUYHOM YeThIPEeXIIPOBOAHOU CHUCTEMBI MOITHOCTE, IIO-
TpebasieMast Tpexda3HbBIM MPUEMHUKOM, paBHa YTPOEHHOM MOIITHO-
CTH, TTOTPeOAsIEeMOM Ka)kKAOM pa3ori. TakuM oOpa3oM, AAS U3MepeHUus
MOIITHOCTU AOCTATOYHO OIPEAEAUTH MOIITHOCTb OAHOM (ha3swl (puc. 3.7, a),
a 3aTeM I[TOKa3aHWs BaTTMeTpa YMHOJKUTH Ha TpU. VI3MepeHHe MOIIl-
HOCTHU BEAETCS C IOMOIIBIO BAaTTMETPa, Bpallaloniuii MOMEHT IIOA-
BUJKHOM 4acT KOTOPOTO My, = KUICOS (¢ MPOTIOPIMOHAAEH aKTUBHOM
MOIITHOCTH CHUCTEMBI. BaTTMeTp BKAIOYAIOT TaKUM OOpa3zoM, YTOOHI
10 eT0 TOKOBOM KAaTyIIKe IIPOTeKaA (Pa3HBIM TOK, a KATYIIKy Halps-
SKeHUS TTOAKAIOUAIOT IIapasreAbHO (a3HoM Harpyske. [Ipu sTom 3a-
SKUMBI IpUOOpa, 0603HaUYeHHbIe 3HAKOM *, AOAJKHBI OBITh COEAUHEHBI
BMeCTe.

AAST HECUMMETPUYHOM YETHIPEXIIPOBOAHOU CHUCTEMBI U3MEepeHue
MOTITHOCTH TTPOBOAUTCS C TTIOMOIIIBIO TPEX BAaTTMETPOB, BKAIOUAEMBIX B
KaXxpylo dasy. IToaHasgs akTHUBHasg MOIIHOCThH, noTpebOasgemaa Ol B
3TOM CAydYae, paBHa CyMMe ITOKa3aHUM BCEX BATTMETPOB.

AAS HECUMMETPUYHOMN TPEXITPOBOAHOM CUCTEMBI M3MepeHMe MOIIl-
HOCTH BBITIOAHSIETCSI B OOABIIMHCTBE CAydaeB IIO CIIOCOOY ABYX BaT-
TMeTpOB (puc. 3.7, 0).

Tak Kak MTHOBEHHAs MOIIHOCTb CUCTEMBI P = U,l, + Upl,+ U, a
CyMMa TOKOB i, + I+ i. = 0, TO, 3anmcaB I. = —(i,+ [,), IOAy4aeM p =
= Uglat Uply — Uc(ig+ Ip) = (Ug — Ul H(Up — Uy = Ugely + Upelp = D1 + Do
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Puc. 3.7. V1amepeHune mowHocTh B TpexdasHom 3L;

8 — YeTbIpPeXNPOBOAHON; 6 — TPEXNPOBOAHON

TakuM 0OpazoM, MTHOBEHHAasI MOIITHOCTh MOJKET OBITh OTIpeAeAeHa
KaK CyMMa ABYX MOIIJHOCTEM, PaBHBIX IPOU3BEACHUIO AMHENHBIX Ha-
NpsS’KeHUM Ha AMHEWHBbIe TOKU. ECAM OT MIHOBEHHOM MOIIHOCTH IIe-
pelTH K aKTUBHOU M BLIPA3UTh MITHOBEHHbIE 3HAUEHUSA uepe3 Ael-
creyromue U u I, To Py = P+ P,

I[TpOMBIIIA€HHOCTE BBIIYCKaeT TpeX(da3Hble BaTTMETPHI, TPeAHa3-
HaUYeHHbIE AAS U3MEpPEeHUS MOIITHOCTU B TPeX- UAUM YETHBIPEXIPOBOA-
HOU CHCTeMe (II0 CIIOCOOY ABYX HMAU TPeX BATTMETPOB).

KOHTPOJIbHbLIE BOMPOCHI

1. B 4em ocobeHHocTu pacyeTa TpexdasHbix 3Ll ¢ cummeTpuyHon n
HECUMMETPUYHOM Harpy3kamu B ha3ax?

2. lMNokaxuTe, YTO NMPU COEAMHEHUN HArpy3Ku TPEYroSibHUKOM MOLL-
HocTb B 3 pasa 6Gonblue, YeM MpU COEAVNHEHWN HAarpy3Ky 3BE3[0N
Mpy OOHOM N TOM X€ NUHENHOM HanpsXXKeHUu.

3. Kak nameputb MoLHOCTb B TpexdgasHon 3Ll ¢ cuMmmeTpuyHom un
HECUMMETPUYHOW Harpy3kamm?



MAITHUTHBIE LEMA

MATMHUTHBbIE LEEMW HA NMOCTOAHHOM
TOKE

4.1.1. NnpykumoHHoe n cunoBoe AencTBuUSA
MarHUTHoro nons

B ocHOBY pabOTEI OOABIIMHCTBA IAEKTPOMEXaHUYEeCKUX IIpeodpa-
30BaTeAer — DAEKTPUYECKUX ABUTaTeAer (puc. 4,1, a), reHepaToOpOB,
MATUMKOB, TPAaHC(OPMATOPOB, SAEKTPOMArHuToB, peae (puc. 4.1, 6),
SAEKTPOMeXaHUUEeCKUX N3MePUTEAbBHBIX IIPUOOPOB U AP. — IIOAOIKe-
HO MHAYKIJMOHHOE M CHUAOBOE AEWCTBUS MArHUTHOTO TIOAS.

‘é Hngyxyuonnoe geticmpue OCHOBAHO HA TOM, YTO B IIPDOBOAHUKE,
ABYDKYIIIEMCSI B MarHUTHOM IIOA€, HHAYKTUpPYyeTca SAC.

Ha sTom mpumHITUIIE TOCTPOEHBI AAEKTPUUECKHUE TeHepaTophl, AAT-
YUKH, TPAHCPOPMATOPHL U AD.

Puc. 4.1. SnekTpogsuratens (a) n anektpomarHuTHoe pene (6)
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Puc. 4.2. VcToYHWKM MarHUTHOro MNons:
8 — aNeKTPOMarHuT; 6 — NOCTOAHHbLIN MarHUT

€ CuaoBoe geﬁcmmle OCHOBAHO Ha TOM, YTO Ha IIPOBOAHHKU C TO-

KOM U AeTaAu M3 (DepPOMArHUTHOTO MaTepHUaAa, MoMelleHHbIe B
MarHUTHOE TIOA€, AEUCTBYIOT SAEKTPOMArHUTHHIE CHUABI.

Ha sTOoM npuHIMIIe TOCTPOEHBl SIAEKTPOABUTATEAN, SIAEKTPOMAarHu-
TBI, PeAe U M3MepUTeAbHble PUOOPHI.

Bce 3Tt npubOpPHL U yCTPONCTBA MOTYT PaboTaTh Kak Ha MOCTOSH-
HOM, TaK U Ha nepeMeHHOM TOKe. COOTBETCTBEHHO CAEAYET PA3AU-
4aTh MarHUTHBIE IIeU TOCTOSHHOTO U IepeMeHHOTO TOKOB. PaccMoT-
pUM BHauaAe MarHUTHBIE IIelU IIOCTOSTHHOTO TOKa, B KOTOPBIX IIOCTO-
SIHHOe MarHUTHOE IIOAe CO3AAeTCs 3a CUeT MOCTOSTHHOI'O TOKQ, IIpPoTe-
KaroIlero mo o6MOTKe, PacliOAOKeHHOHN Ha Kapkace (puc. 4.2, a), Aubo
3a CYeT IIOCTOIHHBIX MarHutoB N—S (puc. 4.2, 0).

€ IToa MaruuTHOM Henkro (ML) 6yaeM HOHUMATL COBOKYITHOCTD TEA

U Cpep, IPEACTABASIONINX COOOM ITYTh, II0 KOTOPOMY 3aMbIKaeTCI
MATrHUTHBINA IOTOK.

Anst moaydeHus Tpebyemoit DAC UAM dAEKTPOMArHUTHON CHUABI
HEeOOXOAVMMO CO3AaHMe MAarHUTHOTO IIOASI C OIPeAEAeHHBIMHU XapaKTe-
PHUCTUKAMU.

4.1.2. OcHoBHble nNapameTpbl MarHUTHOro
nons

€ [Mpu mpoTeKaHUU TOKa I 10 TPOBOAHUKY BOKPYT TPOBOAHMKA 00-

pas3yroTcs 3aMKHYThle MarHUTHBIE AMHUHY, XapaKTepu3yeMble 10
UHTEHCUBHOCTH M HAIIPABAEHUIO BEKMOPOM MATHUMHOU UHJYK-
uuu B, KacaTeAbHBIM K MarHUTHBIM CUAOBBIM AUHUAM (pHcC. 4.3, a).
MaruuTHasg UHAYKIMA B udMepserca B Tecaax (TA) 1 3aBUCUT He
TOABKO OT TOKa I, HO U OT CpeAbl, B KOTOPOY CO3AaeTCsI MarHuUT-
HOe TIoAe.
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Puc. 4.3. HanpaBneHve BekTopa MarHUTHoM nHaykuuu (a), netns
ructepesuca (6), cxema, NOSICHAKOLLAA CyTb NMOTOKOCLENNeHNs
(8)

[Tpu 5TOM CcTeleHb y4acTHS CPeAbl B 00pa3oBaHWU MarHUTHOTO
TIOASI XapaKTepu3yeTcsa aOCOAIMHOU MATHUMHOU NPOHUYAEMOCMbIO
W, = oM, TAE Wo= 47+ 1077 TH/M — MarHuTHast TIOCTOSTHHAST (MarHUTHASsT
MIPOHUIIAEMOCTE) BaKyyMa; [l — OTHOCHUTEAbHAas MarHUTHAsT TPOHUTIA-
€MOCTBb CPEABI.

B 3aBUCHMMOCTH OT BEAWUYUHBI I PA3AMYAIOT ABe OOABIIHE TPYIIIHI
MaTepUanoB:

= deppomarseturu — L >> 1 (Fe, Co, Ni 1 ux criaashl);
® HeMarHUTHBIe MaTepuarbl — UL = 1 (Cu, Ag, Al, AoepeBo, BO3-
AYX U T.A.).
‘g OTHoOlIIeHe MAarHUTHOU MHAYKIIUN B K MarHUTHOM IIPOHUIIAEMO-

CTH |l OTIPEAEASIET OAHY U3 BaKHEMIIINX XapaKTePUCTUK MarHUT-
HOTO TIOASI — eTo HanpsuokeHHocmb H = B/, (A/M).

EcAam AAS HeMarHUTHBIX MaTepHaAoB [L = 1 oCTaeTCs BEAUUYMHOM
IIOCTOSHHOM, TO A (DePPOMarHeTUKOB |L — BEAMYMHA llepeMeHHasd U
3aBUCUMOCTb B(H) — He TOABKO HEAWHEWHa, HO U HEOAHO3HAUH4Q, T.€.
3aBUCUT OT HAIPaBA€HUS IPOTEKAIOIIero TOKa, a CA€AOBATEABHO, OT
HanpsikeHHocTy H (puc. 4.3, 6). 3To CBSI3@HO C 0COOOM CTPYKTypOM
(deppOMarHuTHLIX MaTEepPUAAOB.

4.1.3. ®Dn3vka dpeppoMarHUTHbIX
mMaTepuanos

A000# (peppOMarHeTUK MOJKHO IIPEACTABUTH B BUAE OTAEABHBIX
MUKPOCKOIIMYECKUX OOAACTEU — gOMEeHOB, OOAAAAQIOIINX COOCTBEH-
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HBIM MarHUTHBIM MOMeHTOM Nj—S,. B OTCyTCTBUe BHEIIHEro MarHuT-
HOTO IIOASl B II€AOM MaTepuaA He MMeeT MarHUTHOTO MOMEHTQ, IIO-
CKOABKY BCEe AOMEHBI PACIIOAOKEHBI XaOTUUHO (puc. 4.4, a). Maraur-
Hasd MHAYKIIUS PaBHA HYAIO.

[MTpu BHeceHUHU (peppoMarHeTHKa B MarHuTHoe nmore N—S poMe-
HBI TOBOPAYUBAIOTCSI B HAIIPDABAEHUU IMOAS. UeM CHAbHee IIOAe, TeM
OOABIIIe YTOA ITIOBOPOTA U 3HaUeHNe MHAYKIIUM B. B KOHIle KOHIIOB AO-
MeHBl OPUEHTHUPYIOTCS BAOAB IIOAS W AaAbHeMHIllee yBeandeHne H He
BeAET K YBEAWUYEHUIO UHAYKINY (puc. 4.4, 6). DeppoMaraeTvk Hachl-
maetcs (B = B,,). Ilpu yMeHbIIIeHNU HAIPS>KEHHOCTU BHEIIHETO TTOAS
AOMEHBI CTPEMSTCS BEPHYTHCS B UCXOAHOE COCTOSTHUE, OAHAKO Ad’Ke
npu H = 0 mHAYKIIMS He paBHaA HyAIO (B,) 1 MaTepuaa 0OAaAaeT oCTa-
TOYHON HaMarHWYeHHOCTBIO.

€ YTOOBI CHATH HAMarHN4eHHOCTS (B = 0), HeoOXOAUMO IPUAOKUTH

BHeIlTHee IIOAe O6paTHOI‘O HaIIpaBAEHUA. HOAY‘IGHH&H IIpu 5TOM
HAIIPA>KEHHOCTD ITOAA HAa3bIBAETCS KOSPMUIHUBHO& cuaoti Hc‘

€ [ToTOK BeKTOpa MarHUTHOM MHAYKIUHN @ (MArHUMHALU NOMOK) —
OAHa 13 BaJKHEUTITUX XapaKTePUCTHUK MaTHUTHOTO oA, OHa IIpeA-
CTaBAsieT COOOM NIPOU3BEACHUE MAaTHUTHOM MHAYKIIMK B Ha Ipo-
HU3BIBAEMYIO UM IIAOIIAAD S':

o = BS.

EauHuIla M3MepeHusi MarHuTHOTO 1motToka @ — Bebep (BO).

M3 mocaepHETO BBHIPA’KEHUS CAEAYET, YTO MarHUTHYIO WHAYKIHIO B
MOJKHO OIPEAEAUTH KaK MAOTHOCTH MarHUTHOTO MOTOKa @, T.e. UMCAO
MaArHUTHBIX CUAOBBIX AMHUM, TPOXOAAIIUX Uepe3 MOoIlepeuHoe cede-
HHEe IIAOIIAABIO S.

ITpu npoTekaHmu TOKa [ MO KaTyIIKe C YUCAOM BUTKOB W KOAWUE-
CTBO MAarHUTHBIX CUAOBBIX AMHUM, @ CA€AOBATEABHO, U WHAYKIIUS B
YBeAMYMBAIOTCSI B W pa3. COOTBETCTBEHHO B W pa3 YBEAUYMBAETCS U

SIO\Iunzs:sﬂ No N, =38, NU? SSU So% N,=3S, N,=3S, N,=3S, N,e=3S,
I:l I:l Se S, N,=3S, & I:l0 N,e=3S, 0 Nye=aS, Nye=3S, Nye=aS, Nye=3S,
N, SNO S, S No g N, S S S N,e=S, N,e=3S, N,=3S, N,e=3S, N
g N ‘T N& 0 N,=S, N,=8, N,=5, N,=5,
o So N, N, 0 N, N,e=3S, N,e=a3S, N,e==3S, N,e==3S,
a 9

Puc. 4.4. CtpykTypa cheppomMarHeTuka:

a — MNpn OTCYTCTBMN MArHMTHOro nong; 6 — npun BHECEHUN B
MarHuTHoe none
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MarHuTHBIN NOTOK @ (cM. puc. 4.3, B). [TOAHBINT MAarHUTHBIN ITOTOK,
UAM nomokxocyenAenue

Y =wb,

‘g Marnumogsuwxkywaa cura (MAC)F,, IAY HAMArHUYUBAOWAA CUAA
(H.c) — BTO MPOM3BEAEHME CUABI TOKA [ Ha YMCAO BUTKOB W:

F,=1Iw.
MarauToABMKYIIIad CUAA U3MepseTcd B aMmIepax (A).

4.1.4. 3aKoH NoOfHOro TokKa

AAg pacyeTa MarHUTHBIX Ilellell HeOOXOAUMO YCTaHOBUTH CBA3b
HANPS>KeHHOCTU MAarHUTHOTO TOASI H ¢ HaMarHWYMBAIOIIUM TOKOM .
CBs3b 2Ta OUPEAEAIeTCS 3aKOHOM NOAHOro moka. EcAm Hamps>XKeH-
HOCTb MarHUTHOTI'O IIOAS, CO3A@BAeMOTr0 KaTyIIKONW ¢ TOKOM | I YMCAOM
BUTKOB W, AAS yY4aCTKOB MarHuTHOU nenwu I, I, I3 paBHa cooTBeT-
ctBenHo H,;, H,, Hj; TO 3aKOH IIOAHOTO TOKa NIPUHUMAET BUA

Iw=Hl, + Hyly+ Hly, uau Y Iw= Y HI.

‘g B o011eM caydae 3aKOH IIOAHOI'O TOKA MOJKHO C(POPMYAHPOBATh
TaK: B 3aMKHYTOM KOHType MarHUTHOU IIeNIN aATeOpandecKas CyM-
Ma HaMarHW4YMBAIOUIVUX CHUA PaBHA CyMMe IaA€HUU MAarHUTHBIX
HaIpsS>KeHUH.

Ha puc. 4.9, a npuBepeHa MarHUTHAs I[ellb SIAEKTPUUECKOTO ABU-
raTeAd IOCTOIHHOTO TOKa. Ha moatocax cTaTopa pacHoAararoTcs Ka-
TYIIKHA C YUCAOM BHUTKOB W. [Ipu poTeKaHWU 11O HUM TOKa I co3paet-
Cs1 HAMarHUYMBAloIllasg cuAa Iw, KoTopasi CO3AaeT MarHUTHBIN TTOTOK .
PaGouwnit MarHUTHBIN TIOTOK @, CTPEMUTCS 3aMKHYTHCSI 110 ITyTH Hau-
MEHBIIEr0 CONPOTUBAEHUI: cmamop (3), noAtoc (1), nOAOCHbIU Ha-
KOHeYHUK (2), Bo3gywHblll 3a30p (5), pomop (4), Bmopol BO3GgyWHHLU
3a30p (5), nNoACHBIU HaKOHeuHuK (2) u noaroc (1).

‘g B oramune ot JLI, rae TOK CyIIeCTBYET TOABKO B IIDOBOAHUKAX, B

ML MarHUTHBIN ITOTOK MOJKET 3aMBIKAThCA 10 BO3AYXY 4epes pa-
GounH BO3AYIIHBIM 3a30D O,

Tak Kak OTHOIIeHHWe MarHUTHOU IIPOHUIIAEMOCTH >XKeae3a K Mar-
HUTHOM NPOHUIIAEMOCTH BO3AyXa CPaBHUTEABHO HEBEAWKO, MarHUT-
Has Ielb CIIOCOOCTBYET MOSIBAEHUIO TaKKe IIOTOKOB pacCesHus (yTe-
uek) @y, Dy, (M. puc. 4.9, @). ACHCTBUTEABHO, €CAU Pyospve/ Pey = 107,
TO Upe/Wgospyx = 10° T.€. COIPOTHBAEHME BO3AYXa IAEKTPHYECKOMY
TOKy B 10'° GOABIIIE COMPOTUBACHHS BO3AYXa MAarHUTHOMY IIOTOKY.
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IMoTokuy paccesHUs CHU)KAIOT MarHUTHBIN IIOTOK B paboueM 3a30-
pe U B KOHEUYHOM cYeTe IIPUBOAAT K yMeHblleHUIo KITA ycTpoiicTBa,
IIOCKOABKY B MEXaHMYECKYIO SHEPTHIO IIpeBpalllaeTcs SHeprud, 3ala-
CeHHas TOABKO B pabodyeM BO3AYIIHOM 3a30pe.

KOHTPOJIbHbIE BOMPOCHI

_

Kakue npuHUMnbl NONOXEHbI B 0CHOBY paboTbl 3neKTpoMarHuT-
HbIX YCTPOMCTB?

Y10 Ha3bIBAETCA MarHUTHOWM LEenbi?

[NepeyncnnTe OCHOBHbIE MApaMeTpbl MarHUTHOrO Mons.
PacckaxuTte 0 cBoMCTBax 1 CTPYKTYpe (DEPPOMArHeT1KOB.
CchopmMynmpyinTe 3aKoH MOSIHOro TOKa.

Mo>eT N MarHUTHbIN NOTOK 3aMbIKaTbCA M0 BO3QyXy?

OahLP

m 3NTEKTPOMATIHUTHBIE YCTPOMCTBA.
AHANOMNS MATHUTHBIX
N 3NEKTPUYECKWNX LIEMEN

4.2.1. AneKTpoMarHuTbl

€ OAEKTPOMarHUThI — 3TO SIAEKTPOMeXaHUIeCKre YCTPOUCTBA, Ipe-

oOpasyroline SAeKTPUUECKYIO SHEPTHUIO B AMHENHOE UAM YTAOBOE
rmepeMenieHue.

OTH YCTPOMUCTBA HMCIOAB3YIOTCS AASL BKAIOUEHUS U OTKAIOUEHUS
KOMMYTAIIMOHHBIX YCTPOMUCTB (peAe, KOHTAKTOPHI, ITyCKAaTeAHN), AAS OT-
KPBITUS M 3aKPBITHS KAAIIAHOB, 3aCAOHOK, BeHTHAeHN U T.A. OHU NIpuU-
MEHSIOTCS B PACHPEAECAUTEABHBIX YCTPONCTBAX MHEBMO- U THAPOIPHU-
BOAOB AAS YIIPABAEHUS IIOTOKOM ra3a MAU JKUAKOCTH, B dAEKTpOMar-
HUTHBIX My(dTax, B YCTPOMUCTBAX 3ALIUTHl (TEIAOBOE UAU TOKOBOE
peae, aBToMaTuueckue npepoxpanurean). Ha puc. 4.5 npuBepeHB! OC-
HOBHBIE CXEMBI 3A€KTPOMArHUTOB, MCIOAbB3YEMBIX AAS YIIPABAEHUS
pacrIpeAeAuTEeAbHBIMU YCTPOUCTBAMU ITHEBMO- U TMAPOIIPUBOAOB, @ Ha
puc. 4.6 — BHeIIHUU BUA AEKTPOMArHUTOB.

[Tpu mopade TOKa B KATYLIKy ! CO3AQ€TCSA DAEKTPOMArHUTHAS CUAQ,
TIOA A€MCTBHEM KOTOPOM GKOpb 3 IOBOpauuBaeTcs (puc. 4.5, @, B) UAU
nepeMerlaetca (puc. 4.5, 6, r) B HanpaBAeHUU ceppeuHuka 2. [pu
3TOM IIPEOAOAEBAETCS CHUAA IIPOTUBOAECUCTBYIONIEN NPY>KUHEL 4. [1pn
CHSATUM TOKA SIKOPb BO3BPAIllaeTCS B MCXOAHOE COCTOSIHHE IIOA Ael-
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Puc. 4.5. Cxembl aneKkTpoOMarHuToB:
a — noBopoTHasd; 6 — C NUHENHbIM NepemMeLleHnem; B — auddepeH-
unanbHada,; r — cofieHongHag; T — KaTyLluKa; 2 — cepae4Hunk;
3 — aKopb; 4 — npyxuHa

cTtBueM Npy>kuHbel. Ha puc. 4.5, B usobpaxena auddepeHIInarbHad
cXeMa ITOBOPOTHOTO 3A€KTPOMAarHmra, obecredyuBaloliasi IOBOPOT
SAKOPS 110 YaCOBOM CTPEAKe MAU IIPOTUB Hee IIPU IoAaue TOKa COOT-
BETCTBEHHO B IIPaBYIO MAU AeBYIO KaTyliKy. Ha puc. 4.5, r uzoopaxe-
Ha CXeMa COAEHOUAHOTO SAEKTPOMArHuTa C KOHMYECKOU QOPMOM BO3-
AVIITHOTO 3a30pa.

YgepsxuBaroujue 3A€KTPOMATrHUTH UCIIOAB3YIOTCSI AAST 3aKpeNAeHUs
AeTarel Ha CTaHKax (Halmpumep, IAUGPOBAABHBIX), B HIOABEMHBIX Me-
XaHU3Max (AAS IMOTPY3KU CTAABHOU CTPYKKU UAM METAAAOAOMA), AAS
3aKpBITHSI ABEPEN (B cOCTaBe AOMOQOHOB).

Puc. 4.6. BHewHWn B1g 3nekTpoMarH1uToB

88



4.2.2. AneKTpoMarHuTHoe pene

€ OCHOBHOe Ha3HaAUYeHHEe OACKTPOMATrHUTHEIX peAe — IlepeMelie-

HHUEe KOHTAKTHBIX pr)KI/IH " 3aMBIKAHWE KOHTAKTOB HpI/I HpOTeKa-
HUU TOKAa II0 OOMOTKE.

Hes3HauuTeAabHast MOIIHOCTD, IOA@BaeMasi B 0OOMOTKY peAe, CIIoco0-
Ha YIIPaBASITb 3HQUMTEABHOMN MOIITHOCTBHIO Ha Harpys3ke. KOHCTPYKTUB-
Hble MCIOAHEHUS peAe Ype3BBIUalHO pPa3HooOpas3Hbl. OHU MOTYT
OBITH IIOCTOSIHHOTO M II€PEMEHHOTO TOKa, UMeTh BCEro ABa KOHTAKTa
WA HECKOABKO AeCATKOB. MarHuTHas Ilellb PeAe aHAAOTMYHA MArHUT-
HOM Ilenn dAeKTpoMarHuTa. Pa3Hulla AUIIbL B TOM, YTO Ha ITOABUKHOM
YacTH peae — SIKOpPe — PACIOAAraloTCsl KOHTAKThI, KOTOPble MOTYT
3aMBIKAThCSI UAU PA3MBIKAThCS C KOHTAKTaMU, pacloAaraeMbIMU Ha
HETNOABVI)KHOMN 4acTU — ceppeuyHMKe. Ha puc. 4.7 npuBepeH BHEITHUN
BU) HEKOTOPBIX CXEM PeAe.

4.2.3. AneKTpm4ecKkme MalluuvHbI

€ [Top BAEKTPUYECKUMU MallTMHAMY TTOHUMAOT SAEKTPOMaTHUTHEIE
YCTPOMCTBA BpallaTeABHOTO THIIQ, Ipeobpa3yrolue MexaHudec-
KyIO DHEPI'UIO B OAeKTPUUECKYIO (TeHepaTOPhl) U IAEKTPUUECKYIO
SHEPTUIO B MEXaHUUECKYIO (ABUTATEAH).

P )
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Puc. 4.7. BHewHu Bna anekTpoMarHUTHbIX pene
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Puc. 4.8. BHewHun Bug anekTpogsuraTenen

I'enepamopbkl — 3TO OCHOBHOU BUA MCTOYHUKOB DAEKTPUUYECKOU
9HEPruu, KOTOPOM ceropHs B Poccuu mpousBOAUTCS OKOAO 900 MADA,
KBT 4 B roa.

OrekmpogBurameAlu — 3TO OCHOBHOM BUA MeXaHUUECKOM dHEPTUH,
TPUBOAAIIEN B AeMCTBUE CTaHKHU, TPAHCIIOPTHLIE CPEACTBE, MOAHEM-
Hble MEXaHM3MbI, OBITOBYIO TEXHUKY H T.A.

OAEeKTpUYeCcKre MalIWHBl MOTYT paboTaTh Ha MOCTOSTHHOM U Iie-
PeMeHHOM TOoKaX. McTopuuecKyu MepBBIMU IOSIBUAUCH MAIWHBI IT0-
cTosiHHOTO ToKa. B 1830-x rr. pycckuit yueHsiii b. C. JKkoOu nocTpoua
AEVCTBYIOIINN DA€KTPOABUTATEAb, OCHOBHBIE 3A€MEHTHI KOTOPOTO CO-
XPaHUAUCH AO HacTosdImlero sBpeMenu. OH CTaA OCHOBHBIM TPUBOA-
HBIM ABUTATEAEM TPAHCIOPTHBIX YCTPOMUCTB, TPEOYIOIMNUX MAABHOTO
PEeryAMpOBaHMUS YaCTOTHI BpAIlleHUs B IITMPOKOM AMalia3oHe. A B KOH-
ne XIX B. M. O. AoAnBO-AOOPOBOABCKUN MPEAAOKUA KOHCTPYKITUIO
Tpexda3HOT0 aCUHXPOHHOTO 3AEKTPOABUTATEAS] IEPEMEHHOTO TOKa C
KOPOTKO3aMKHYTHIM POTOPOM, CTaBIIEr0 OCHOBHBIM IIPUBOAHBIM ABU-
raTeAeM MEeTaAAOPEeXKYIIMX CTAHKOB U IOABEMHBIX MeXaHN3MOB. I1o-
CTPOEHHBIN 110 aHAAOTUYHOM cXeMe OAHO(A3HBINM ABUTATEAb CTaA OC-
HOBHBIM 3AE€KTPOABUTATEAEM B YCTPOMCTBAX OBITOBOM TEXHUKU.

CxeMBbl ¥ KOHCTPYKIIUY SAEKTPUUYECKUX MAIIUH MOTYT OBITH CaMBbl-
MU pasAndyHBIMU. HO Bce OHU UMEIOT ABe OCHOBHBIE UaCTHU: AAS DAEK-
TPOABUTATEASI 3TO HEIIOABMIKHBIM CTATOP, CAY’KAIIUM AASL CO3AQHUS
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MarHUTHOTO IOASl, ¥ BpalllaloIIUNCca POTOp, MepeAalolnuii Bpalia-
IOV MOMEHT Harpy3ke.

Ha pwuc. 4.8 npuBepeH BHEUIHUM BUA HEKOTOPBIX THIIOB DAEKTPHU-
YeCKUX MallluH.

4.2.4. AHanornsa MarHUTHbIX
N aneKkTpu4yeckunx uenen

3aKOH IOAHOTO TOKa AASI MATHUTHBIX Ilellell aHaAOTMYeH BTOPOMY
3akoHy Kupxroda arga OLI. MO>XHO MPOBECTH U APYTYIO aHAAOTUIO
MexAy OL] u ML (Taba. 4.1), 4TO MO3BOAUT M300pa>kaTh MarHUTHBIE
Ilelln B BUAE SKBUBAAEHTHBIX CXeM 3aMellleHUsl U YIPOCTUTh TOPSAOK
UX pacuerta.

Ha ocHoBe npuBepAeHHOUW aHAAOTHUM IIPU pacueTe MAarHWTHBIX Iie-
el 4acTO MOAB3YIOTCS SKBHBAAE€HTHBIMU CXeMaMM 3aMelleHud. Taxk,
MarHUTHas 1elb, TpUBeAeHHasd Ha puc. 4.9, a, MOKeT ObITh TIPEeACTaB-
A€HA B BHAE 9KBUBAAEHTHOU cxeMbl puc. 4.9, 0, rae Iw — HaMarHuuu-
BarOIlasi CUAQ KaTyIlleK cTaTopa; Re, R, Ry Ry, — HeAWHeWHbIe Mar-
HUTHBIE CONPOTHUBAEHUS CTAABHBIX Y4aCTKOB MAarHUTOIIPOBOAA: CTATO-
pa, poTopa, MOAIOCA, TOAIOCHOTO HAKOHEYHUKA; R, Rsy, Ry — AWHEN-
HBIe MArHUTHBIE COIIPOTUBAEHUS BO3AYIIHBIX Y4aCTKOB MArHUTOIIPO-
BOAA: pabouero 3a30pa, COMPOTUBAEHUMN pPaCCesTHUS.

Karymky, pacrioraraeMble Ha IOAIOCaxX [, CO3AQIOT HaMarHWYUBa-
IOIIYIO CUAY Iw, KOTOpas B CBOIO O4epeAb CO3AAeT MAarHUTHBIE IIOTO-
ku. PaGounit motok @, 3aMBIKaeTCs IO CTATOPY 3 C MAarHUTHBIM CO-

Puc. 4.9. KoHcTpykTMBHas cxema anektpoasuratens (a) un
3KBMBAaneHTHaa cxema 3ameLleHuns (6):

7 — nontoc; 2 — NOMKCHbIN HakoHevHWK; 3 — cTaTop; 4 — poTop;
5 — BO3ayLWHbIA 3a30p; @, — MarHnTHbIA pabo4nn NOToK, Py 1
D o — MarHUTHbIE NMOTOKM paccesHus
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Tabnuua 4.1

MarnuTHas 1enb

OAeKTpUUYecKas 1elb

HaIIPA>KeHUs1

HawumenoBanue O6o3HaueHUe Eumia HammeHnoBaHue O06o3HaueHue Epurima
U3MepeHus: U3MepeHus
OAC E B MAC F,=1w A
[NapeHUue HapsI>KeHUS B ITapeHME MATrHUTHOTO U, =HI A

Bropoit 3akon Kupxroda

3aKOH ITIOAHOT'O TOKa

Yiw=>Hl= >.R,®

IIOTOKA (MHAYKIINSA)

Tok I A MarsauTHBIN TOTOK ) Bo
INepsriit 3akor Kupxroda 21 -0 INepsriit 3akoH Kupxroda 2‘13 -0
OAeKTpuyeckoe R=pl/S OmMm MaruuTtHoe COIPOTUBAEHHE R, =1/uS 1/Tu
COIIDOTUBAEHUE

3akon Oma I=U/R 3akon Oma O =w/R,
TTAOTHOCTB TOKA j=1/S A/m? TTAOTHOCTH MarHUTHOTO B=®/S Ta = B6/m?




MIPOTUBAEHUEM R, TIOAIOCHI | C COTPOTUBAEHUEM R, TIOAIOCHBIE Ha-
KOHEYHMKHU 2 C COIPOTUBAEHUEM R, ,, BO3AYIIHBIE paboyre 3a30phl O
C compoTUBAeHUEM R, , U poTOp 4 ¢ compoTuBAeHueM R,. TTomummo
pabouero noroka @, BOZHUKAIOT MOTOKK paccessHust P u D, 3aMbI-
Karolyecs: yepe3 MarHUTHBIE COMPOTUBAEHUS Ry, Rs,.

KOHTPOJIbHbIE BOMPOCHI

. HasoBuTe ocHoBHbIE BMABI 3NeKTPOMarHUTHbIX YCTPONCTB.

. Yem anekTpomarHuTHoe pene oTNM4aeTcs OT 3NeKTpoMarHuTa?

. [poBeanTe aHanorno Mexay 3NeKTPUYECKUMU U MarHUTHbIMU
BEMUYMHAMM.

. 3anuwunTe BblpaXXeHue Ans MarHUTHOro COMPOTUBIIEHWSA U 3aKOH
Oma gns marHuTHOM uenu.

AN wWn -

IEEN PACYET MAMHUTHBIX LIEMER
MOCTOSAHHOIO TOKA. MATHUTHBIE
LIEM NEPEMEHHOIO TOKA

4.3.1. 3apaun pacueTa

PacueT MarHuUTHBIX ITeled CBOAUTCSI:

® K OIPEASACHUIO HOMATrHuuuBarwuwjel CuAbl (H.C.), HEOOXOAU-
MOM AAST CO3AQHUS 3aA@HHON BEAMYNHBI MAarHUTHOTO ITIOTOKAa
® — npamas 3agaua;

E  ompepeAeHMIO IOTOKOB @ Ha OTAEABHBIX y4aCTKaX [elld IpUu
3aA@HHOM 3HaYeHUU HAMATHUYUBAKOWel cuAbl — 00pamHasn
3agaua.

[Tpu >TOM M3BECTHBHI TeOMeTpHUUYEeCKHe pa3Mephbl BCeX y4aCcTKOB
MarHuTOIIPOBOAA (MAOINAAL ceueHUusd S U AAUHA I) 1 MapKu MaTepua-
AOB, T.e. UX KpPUBbIe HaMarHUYUBaHUI.

4.3.2. Anroputm pacuerta

Ipsimas 3agaua Ipyu pellleHU He BBI3BIBAET OCOOBIX TPYAHOCTEHN 1
CBOAUTCS. K OOBIYHBIM @aHAAUTUUECKHUM METOAAM C IpUMeHeHUueM KpU-
BBIX HaMarHW4YWBAHUA. AATOPUTM pacueTa IPU 3TOM CAEAVIOIIUM.

1. Bech MarHuTONIpoOBOA pa30MBaeTCd Ha PA) OAHOPOAHBIX y4acCT-
KOB C OAMHAKOBBLIMM TIAOITAASIMU CEUYEHUS S; ONPEACATIOTCS AAUHBI
3TUX Y4aCTKOB I;.
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2. Arg 3apaHHOTO @) ONpepeAsaeTcss MHAYKIUA B; Ha Ka)KAOM yda-
CTKe:

Bi = q)o/si.

3. B cooTBeTcTBUU C KPUBOU HamMarHnuyuBaHuga B(H), 3apaHHOMN
rpadUuecKy UAM B BHAE TAOAUIL B CIIPABOYHUKAX, AT DEPPOMArHuT-
HBIX YYaCTKOB C HaVWAEHHBIMM 3HAQUEHUSIMHU B; oIpeAeAsieTcs HaIps-
>KeHHOCTh H; Ha Ka>XAOM y4acTKe. AAS BO3AYIIHBIX YUaCTKOB HAIpsi-
>KeHHOCTh H, onpepeaseTcs 1o opmyae

H,=B,/1,=8"10°B,.

4. AAS IOAYUYEHHBIX HANPSKeHHOCTEM MarHUTHOrO oA H; ydacTt-
KOB M3BECTHBIX AAVH /; IO 3aKOHY IIOAHOTO TOKa OIIPeAeAseTCs H.C.
KaTyILIKA

Iw=YHil.

O6bpamnas 3agaua — omnpepeAreHUe NMoToka @ mo HaMarHUYMBa-
IOI1Ted cuAe [w — perraeTcss METOAOM TTOCAEAOBATEABHOTO TTPUOATIKE-
HUA (uTepanum). CyTh 3aKAIOUAETCSI B TOM, UTO 3@AQI0TCSI HEKOTOPHIM
3HaueHueM II0TOKa @ U pelIaroT IpaMyto 3apady. ECAU BEIUMCAEHHOE
3HaueHUe [w; OOABIIIE 3aAQHHOrO 3HaueHud [w, To ®; yMEeHBIIAIOT U
BHOBb pellaloT IpaMyio 3apauy. M Tak A0 Tex Mop, ITOKa BHIUMCAEH-
HOe 3HauyeHHe H.C. He CTaHeT PaBHO 3aAaHHOMY.

4.3.3. OcobeHHOCTK pacueTa

CAepyeT OTMETUTh, UTO TOUHOCTh pacyeTa SIAEKTPOMArHUTHBIX YCT-
poiicTB B mpeperax 10...20 % cuuTaeTcs BIOAHE YAOBAETBOPUTEABHOM.
OTO BEI3BAHO B IIEPBYIO OYePEAb TE€M, UTO B OTAMYUE OT IAEKTpHUYEC-
KOT'0 TOKAa MArHUTHBIM IIOTOK UMeeT BO3MOKHOCTBb PACIIPOCTPAHATh-
Cs U 4epe3 BO3AYIIHBIE IPOMEKYTKH, 00pa3ys IIOTOKH PACCEUBAHUSA
(10...15% ocHoBHOTO mMOTOKAa). Kpome Toro, 3aBucumocts B(H) He-
OAHO3HAuUHQ, & B CIIPABOYHUKE IIPUBOAUTCS OCHOBHAsI KpMBas HaMar-
HUYUBaHMA. Bce 3TO CHM)KaeT TOYHOCTb pacdyeTa MarHUTHBIX Ifellel,
TaK KaK TpeOyeT NPUHATHSI TeX WUAU MHBIX AONYIIeHUU.

CBOUCTBO 3A€KTPUYECKOTO TOKA BO30YyKAQTh MAarHUTHOE IIOAE U
CIIOCOOHOCTh MAGrHUTHOTO MOAS KAQTYyIIKW 3allacaTh SHEPIHIO IIUPOKO
HUCIOAB3YIOTCS B TEXHUKE, B YaCTHOCTH B U3MEPUTEAbHBIX IpUbopax,
SAEKTPOMArHuTax, SAeKTPOABUTATEASIX U T.A. MexaHnueckass paboTa,
coBeplllaeMas NIpU IlepeMelleHUN ITOABUYKHBIX 3A€MEeHTOB 3AEKTPO-
MarHUTHBIX YCTPOUCTB, OIPEAEASETCS 3allaCeHHOW MarHUTHOU 3HEp-
rUel B BO3AYIIHOM 3a30pe.
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KOHCTPYKTHUBHBIE CXEMBI dAEKTPOMArHuTa MOI'YyT OBIThH CaMBIMH
pasHoOOpPa3HBIMU, HO OCHOBHBIX SA€MEHTOB TPH: CEPACYHUK, KATYIII-
Ka M SIKOpPb (HOABUKHBINM DAEMEHT).

Cuaa, ¢ KOTOPOU CEepPAEYHMK IIPUTATHBAET IKOPb IIOA ACNCTBUEM
SHEPruM 3AE€KTPOMArHUTHOTO IIOASI, Ha3bIBAeTCs dAEKTPOMAarHUTHOM
cunou F,,. DTa cuaa maMepseTcs B HblOTOHax (H).

OHa Mo’KeT OBITH OIIpeAeAeHa uYepe3 MHAYKIINMIO B BO3AYIIHOM
pabouem 3a3zope B, , AU MarHUTHLIM MOTOK O, MAM HAMarHUYUBA-
IONIYIO CUAY B BO3AYIIHOM pabouyeM 3asope Iw,, ¥ KOHCTPYKTUBHBIE
pasMephsl MarHUTOIPOBOAA S, U O,

Foy= Bg.pSB.p/(zu'O) = (Dz/(ZMOSB‘p) =0,5 (IWB.p/SB‘p)ZHOSB.p'

B mpuaokeHuum 12 mpuBepeH IpUMep pacueTa MarHUTHOM Iemnu
9AEKTPOMAarHyuTa IIOBOPOTHOTO THIIA.

4.3.4. MarHnTHble uenu Ha nepemMeHHoOM
Toke. MarHnTHble noTepu

MarauTHBIe 1[eTI¥, B KOTOPBIX MarHUTHOE ITOAe BO30YKAQETCS Ka-
TYIIIKaMH, TIUTaEMBIMH NlepeMeHHKIM TOKOM, — TpaHCc(OpMaTop, acHH-
XPOHHBIN ABUTQTEAb, MarHUTHBIM ITyCKaTeAb — HA3BkIBAIOTCS MATHUT-
HBIMU I[eNISIMH ITePEeMEeHHOTO TOKaA.

[TepeMeHHBIN TOK CO3AAE€T B CEPACYHUKE MAarHUTHOE TIOAE, U3Me-
HeHMe KOTOPOT'O COIPOBOJKAAETCS IIMKANYECKHUM IlepeMarHuYiBaHU-
eM MaTepuara CepAeTHUKA.

AAs KaTymku ¢ (heppOMarHUTHBIM CEPACUYHUKOM AMHENHas CBI3b
Me>KAY HaIpsKeHWeM W TOKOM HapyIaeTCsl B OTAWYME OT KaTYIITKH,
IIOMEIIeHHON B HEMArHUTHYIO CPeAy. OTO OOBSACHSAETCI HeAMHENHON
3aBUCHUMOCTBIO B(H).

AaHHOe SIBAEHWE HOCHUT Ha3BaHMe MATHUMHKLI rucmepesuc, a IeT-
ASI TUCTepe3Hca COOTBETCTBYET OAHOMY ITMKAY IIepeMarHuImBaHus (3a
OAMH IIEePHOA TapMOHUYECKOTO CHUI'HaAa pabouas TouKa IepeMeliaeT-
ca oT Touku A depe3 B, u H. K Touke D u depe3 ToukKy C CHOBa K
TOouke A (cM. puc. 4.3, 0)).

[MepemaranuyMBaHVe MAarHUTHOTO MaTepuWana CBS3aHO C 3aTPaTOM
paboTHI, a CAEAOBATEABHO, C IOTEPSIMU Ha HarpeB (IOTepsIMU Ha T'H-
crepesuc). [Torepu 3TH NPONOPIIMOHAABHEI IIAOIIAAY TTeTAU. Bup u na-
paMeTphl IeTAM THCTepe3nca 3aBUCAT OT MapKu MaTepHahsa. ¥Y3Kas
TIEeTASI TUCTEPe3¥ca MPUCYIla MarHUTOMSATKUM MaTepruaraM (CTaAb
IAEKTPOTEXHUUYECKas, JKeAe30, CIIAAB JKeAe3a ¢ HUKeAeM MAM KOOanb-
TOM) U OOYCAOBAUBAeT HeOOABIINE MOTEPU Ha THUCTEpe3ucC. 3Ha4u-
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Puc. 4.10. BuxpeBble TOKM B MarHUTONPOBOJE:
8 — cnnowHom; 6 — HabopHoM

TEeABHO TPYAHEe IepeMarHUTUTh MarHUTOTBEPAbIe MaTE€PHUAABI, IIIUPU-
Ha MeTAH KOTOPBIX BO MHOrO pa3s (A0 1 000) mpeBbIlIaeT MIMPUHY NET-
AU DAEKTPOTEXHUYECKOM cTaru. AAS HUX TIOTEPU Ha THUCTepe3ucC 3Ha-
YUTEALHBI.

[Tpu paboTe Ha MepeMeHHOM TOKe 3AeKTPOMAarHUTHbIE YCTPONCTBA
XapaKTEePU3YIOTCSI TaKyKe IOTePsIMU Ha BUXPEBBIE TOKU.

Ha puc. 4.10, a noka3aHO cedyeHre MarHUTOIIPOBOAQ, BHITTOAHEHHO-
TO U3 CIAOIIHOTO KyCKa ’keAe3a. [lepeMeHHOe MarHUTHOe IOAe C UH-
AyKLOUeHr B IpOHU3BIBAET MAarHUTOIPOBOA M BOKPYT Ka’KAOU CUAOBOU
AMHUM MarHUTHOTO TIOASI B COOTBETCTBUM C 3aKOHOM 3AEKTPOMarHUT-
HOU MHAYKIUM HaBopauTcsa DAC, BBI3BIBAIOIIASA TOK I,. DTOT TOK IIOAY-
4YMA Ha3BaHMEe BUXPEBOU TOK. [IOCKOABKY BCe BUXPEBBIE TOKU MMEIOT
OAHO HallpaBA€HUE (IIPABUAO OypaBUMKa), CYMMApHBIM TOK I,y OyAeT
3aMBIKAThCSl II0 BCeMY MarHUTONPOBOAY. [Ipu 3TOM sAeKTpUiyecKoe
COIIPOTMBAEHHE MarHuTOIpoBoAa R = pl/S cpaBHUTEABHO MaAoO, IIO-
CKOABKY IIAOIIIaAb CedeHHUs S BeAUKa.

CAepOBaTEABHO, BUXPEBBIEe TOKU 3HAUUTEAbHBI. [IpoTekasi mo mar-
HUTOIIPOBOAY, OHU BEAYT K €T0 CyILIeCTBEHHOMY HarpeBy.

EcAn ke MarHuTOIIPOBOA, BEITIOAHUTD U3 TOHKMUX OTAEABLHBIX TAAC-
TUH JKeAe3d, U30AUPOBAHHBIX SAEKTPUYECKU APYT OT ApyTa (puc. 4.10, 0),
TO BAEKTPHUUYECKOe CONPOTHBAEHHE BUXPEBBIM TOKAM MOXKHO Cylile-
CTBEHHO IIOBBICUTH, 3HAUUTEABHO YMEHBIIINB MAOIAAb ceueHus S. OA-
HOBPEMEHHO YMeHbIIaeTCs U BeAndrHa HaBepeHHOU OAC. Buxpesrele
TOKU OyAYT 3HAUUTEABHO MeHbIle. COOTBETCTBEHHO MeHbIIle OYAET U
HarpeB MarHUTOIIPOBOAQ, T.€. TTOTEPU Ha BUXPEBBLIE TOKU.

AHaAOTUYHO MOJKHO TPOAHAAM3UPOBATh BAMSHUE BUXPEBBIX TO-
KOB B paboTarollell 3AeKTPUYEeCKOU MallnHe. ECAM MepHYIO paMKy
PacmoAOKUTH Ha (PePPOMArHUTHOM ITMAUHAPE (POTOPe dAeKTpuUec-
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KOW MAIIIWHBI) ¥, IOMECTUB B MarHUTHOE IIOA€, 3aCTaBUThH BpalaTh-
Csl, TO B paMKe B COOTBETCTBUHU C 3aKOHOM BAEKTPOMArHUTHOW WH-
Aykimu HaBepeTcd DAC U moTedyeT TOK (FreHepaTop). 3HAaYUTEAbHAsd
OAC HaBepeTcd U B MaTepuare pPOTOPa, U MO HEMY TaKykKe IIOTEKYT
TOKH — BUXPeBHIE. [IOCKOABKY cedueHNe POTOpa BEAMKO U SAEKTPHU-
YecKoe CONPOTHUBAEHHME €TO MaAo, TO TOKU MOIYT AOCTHUTaTh 3HAUU-
TEeABHOU BEAWUYMHEI, IPUBOAS K CYIIECTBEHHOMY HarpeBy MaTepHuana
poTopa.

€ AAS YMEHBIIIeHHUSI BUXPEBBIX TOKOB POTOP BHITOAHSIOT 13 Habopa

TIAQCTHUH AUCTOBOTO ReAe3a ToAuHoH 0,35 nau 0,5 MM, B30AMPO-
BAHHBIX SAeKTPHUUECKU APYT OT APyTa A@AKOM. DTO ITO3BOASIET 3Ha-
YUTEABHO YMeHBIINTH U BuxpeByto SAC, u ceueHue eppoMar-
HUTHOTO MaTepuaAa, TeEM CaMbIM MTOBBICUB €TO CONIPOTUBAEHUE.
Kpome Toro, B >keae30 BBOAAT 2...4 % KpPeMHUs, YTO IIOBBIIIAET
YAeABHOE DAEKTPUUeCKOe COIIPOTHBAEHNEe MaTeprana B 6— 10 pas.

AHAAOTHUYHO M3 OTAEABHBIX MAACTHH TPaHC(OPMATOPHOTO >Keae3a
BBITTIOAHSIETCS MAarHUTOIIPOBOA TpaHCOpPMaTopa, B KOTOPOM BHUXpe-
Bble TOKU HABOASTCS IIepeMeHHBIM MarHUTHBIM IIOTOKOM. OTO IIO3BO-
AsleT CHU3UTH IIOTEPU Ha BUXPeBBLIe TOKU U NOAHATH KITA Tparncdop-
Maropa.

TakuMm oOpa3oM, BUXPEBbIE TOKU HE TOABKO OECIIOAE3HBI B OOADL-
HIIMHCTBE SA€KTPOMArHUTHBIX YCTPONCTB, HO M BPEAHBI, TaK KaK CHU-
karoT ux KIIA,.

€ B TO >XKe BpeMs CBOMCTBO BUXPEBBIX TOKOB HarpeBaTh METAAA —

lng'y'qulOHHbllj HarpeB — IMIMPOKO UCIIOAB3YeTCsI B IIDOMBIIIIACH-
HOCTHU AN IIAABKHW MeTaAAd U 3aKAaAKHU AeTaAefI.

KOHTPOJIbHbLIE BOMPOCHI

MMpvBEOMTE anroput™ pacyeTa MarHUTHbIX Lienen.

Haz30B1Te NpuYmHbI H3KOM TOYHOCTW PacyeTa 3NeKTPOMarHuT-
HbIX YCTPOWCTB.

MepevvcnuTe BULbI MarHUTHbIX NOTEPb Npu paboTe anekTpomar-
HUTHbBIX YCTPOMCTB Ha NEPEMEHHOM TOKE.

Ha3oBWTe 0CHOBHbIE CMOCOBbLI CHYXXEHWST MarHUTHbIX MOTEPb.

n -
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maBa 5

INIEKTPNYECKWNE N3MEPEHNA

KOHCTPYKTUBHbIE 3NEMEHTbI
3NEKTPOMEXAHNYECKUNX
N3MEPUTESNbHbIX NMPUEOPOB

5.1.1. OcHOBHbIE MOHATMA N onpepeneHns

OAEeKTpUYeCKre BEeAUMYUHBI — HaTlpsiKeHUe, TOK, COIPOTUBAEHUE,
MOIIIHOCTh — He BOCHPUHUMAIOTCI HEIIOCPEACTBEHHO OpraHaMu
4yBCTB 4eArOBeKa. Kak ke CyaAuTs 0 paboTe TOU WAU MHOM IAEKTPO-
TEeXHNYeCKON YCTAaHOBKH, KaK IIPEABUAETH IIOBeAeHHe TON MAU MHOM
CHCTEMBI U OIIPEAEAUTH BBIXOA apaMeTpPOoB 3a AOITYCTHUMBIE IPAHUIIBI ¢
AAST 3TOTO HEOOXOAUMO HCMOAB30BaTh CHEIMaAbHble M3MEPUTEABHBIE
CpeACTBa — dAeKTpousMepuTeAbHble TTpubopsl (OUIT). TpakTuuecku
Afobasi pu3nueckas BeAWUMHaA (MepeMellleHue, CKOPOCTh, AABAEHUE,
TeMIlepaTypa U Ap.) CP@BHUTEABHO IIPOCTO C ITOMOIIbIO COOTBETCTBY-
IOIUX TpeoOpa3oBaTerel MOJKeT OBITh MpeoOpa3oBaHa B dAEKTpUUe-
CKYI0, @ 3HauuT, OUII crnocoOHBI 0OTOOpaskaTh MOBEAeHNEe caMol (hu-
3UYEeCKOW BEAWYUHHI.

B moapa3sa,. 1.4 nmpuBeAeHBI METOABI U3MEPEHUST HalPSI>KeHUSsI, TOKQ,
MOIITHOCTU M COTIPOTUBAEHUS, OCHOBHBIE TTOKA3aTEAU SAEKTPOU3MEpU-
TeABHBIX TPUOOPOB, OIPEAEAEeHbl TTOHATUSA UX CUCTeM. B AaHHOM TAa-
B€ PAacCCMOTPUM KOHCTPYKTUBHBIE CXeMBbI U HpUHIUI AeficTBUsS OUII
Pa3AMUYHBIX CHCTEM, II0O3HAKOMUMCS CO CTPYKTYPHBIMHM CXeMaMU OC-
HOBHBIX DAEKTPOHHBIX MIPUOOPOB, METOAAMU HU3MEPEHUS HEIAEKTPU-
YEeCKUX BEAWYUH.

‘g H3meperue — 3To onpepereHNe 3HaUeHNU (DU3NYECKOU BEAUUN-

HBI OIIBITHBIM IIyTeéM C IIOMOIIBIO CIIE€IIUAABHBIX TEXHUYECKUX
CpPeACTB.

Bce Texnmueckue CpeACTBA MOJXHO IIOAPA3AEAUTH HA MEPHI U M3-
MepuTeAbHEBIEe HpI/IGOpBI.
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Mepbl CAY’KAT AAST BOCIIPOU3BEAEHUS BEAUUMHBI 3aAaHHOTO pa3Me-
pa (3TarOHHBIE CONPOTUBAEHHE, €MKOCTh, MHAYKTUBHOCTS).

HsmepumenbHblll npubop — 3TO CPEACTBO U3MEPEHHUS, KOTOpPOe
IpepHa3HaueHO AAG BRIPAOOTKU MHMoOpManuu B opMe, AOTyCTUMOMN
AAST HEIIOCPEACTBEHHOT'O BOCIPHUATHUSL. DTO MOYKeT OBITh OTKAOHEHUe
CTPEeAKH, MOAOKeHHEe Ayda OCIUAAOTpada UAM JKe CUTHaA Ha COOTBET-
CTBYyIOIIlee pPeryAupyloinee yCTPONUCTBO.

€ HpI/I60pBI, UCIIOAB3yEeMbIe AN U3MEPEHUA SACKTPUYCCKUX BEAU-

YHH (TOKa, HalIpsi>)KeHWd, MOIITHOCTH, SHEePTUH, COHpOTI/IBAeHI/IH),
HA3BIBAIOTCA 3A€KImpou3dmepuimeAbHbIMU Hle60p(1Mll.

WN3mepureapHble npubopsl (MIT) moppaspeAstoTcss Ha aHAaAOTOBEBIE
U nu@pOBHIE.

Ananorosbie IIT — 370 npubGOPHI, B KOTOPHIX TOKA3aHUS SIBASIOT-
CS HENPEepBIBHOU (DYHKIUEU U3MepseMOU BEAUUYUHBI (CTPEAOUYHEBIE,
AAMIIOBBIE BOABTMETPHI, IAEKTPOHHO-AyUYeBble U dAeKTpoMeXaHuue-
CKHe OCIUAAOTPA(dBEI).

Lugpposbie ITT — 3TO IpuOOPHI, BhIpabaThIBAIOIIE AUCKPETHBIE
CUTHAABI M3MEPUTEABHOU MHAPOPMAIINK, TOKA3aHUS KOTOPHIX IIPEA-
CTaBA€HBI B TUPPOBOU hopMe.

I'To Bugy noayuaemoti usmepumeAbHOU UHGOpMayuU IPUOOPHL IIOA-
PAa3AEASIOTCS Ha CAEAYIONIUeE:

®  [IOKa3bIBAIOIIHE (AOITYCKAeTCsd TOABKO OTCUET ITOKa3aHUM);
®  perucTpupylollne (MMeeT MeCTO PerucTpalus NoKa3aHuk);

®  CcaMONMIIyIIMe (3anuch Ha AarpaMMax);
" [eyaTarolye (3amuch C TOMOIIBIO TeYaTaHus);
B PHTEeTPUPYIOIINe (CIETIYNKY SHEPTUH).

I'lo cnocoby cpaBHenus ¢ mepoli U3MepUTEAbHBIE IPUOOPEL ITOAPA3-
AEASTIOTCS Ha NPUOOPHI NPSIMOTO ACUCTBUSA U NPUOOPHI CPaBHEHUA.

B npubope npamoro geticmus (puc. 5.1, a) uMmeeT MecTO ITpeoOpa-
30BaHMEe U3MepseMOU BeAWYMHEBEI B OAHOM HAIIPAaBA€HHUH, CXeMa IIpe-
obpasoBaHus pa3oMKHyTa. Hanpumep, nuaMepsemoe Hanps>xkenue (X)
npeoOpasyeTcsa npeobpasoBareAeM [1] B 3AeKTpuUUeCcKUM TOK (Y)).
OTOT TOK B U3MEPUTEABHOM IIpHOOpe Nnpeobpa3yeTcsl B 3AeKTpoMar-
HUTHBINM MOMEHT (Y,), IOA A€HMCTBHEM KOTOPOTO MOABUKHBIM SAE€MEHT
BMeCTe C yKa3zaTeAeM (CTPeAKOM) ImepeMelaeTcsl Ha OIpeAeAeHHBIN
yroA (Y3;), IpOmoOpIuOHaAbHEIN BeAnunHe HanpsokeHusa X. K nmpubo-
paM IpsIMOTO AEMCTBUS OTHOCSITCS CTPEAOUYHBIE aMIIepMeTPhl, BOABT-
MeTphl, BATTMETPHI, OMMETPHI.

Ilpubop cpaBHeHUA OCYILIECTBASIET CpaBHEHHEe U3MepsieMOM BeAudu-
HBI A,,, C 3apaHee M3BeCTHOU A, (puc. 5.1, 0). BeamunHa A, n3aMeHgeT-
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A]/]3M AO

I11 Iz 113

TTpu6op ——

a 9

Pwnc. 5.1. NMpubop npsmoro gencteua (a) n npubop cpasHeHus (6);
1, r2, r3 — npeobpasoBatenu

cg A0 Tex Top, moka AA = A,,, — Ay ¥ COOTBETCTBEHHO YTOA OTKAOHE-
HUS yKa3aTeAsl 00 He CTaHyT PaBHBIMHU HYAIO. B aToM caydae A,,, = Ay.
[To TakoMy IIpmHOUIY pabOTaeT Mara3smH COIPOTUBAEHUU (puC. 5.2).

mg= A5t 9AEKTPOMEXaHUIECKUX U3MEPUTEABHBIX MEXaHU3MOB BCEX
CHCTeM BPAIIAIOUTUH MOMEHT M, BOSHUKAeT PU NPOTEKaHUK
TOKAa IO 0OMOTKaM MeXaHM3Ma UAY ITPU BKAIOUEHUHU ero TMop Ha-
IpspKeHue.

[Top aAelicTBHEM MOMEHTa MOABH’KHAS 4acTh CTPEMUTCS IIOBep-
HYTbCSI AO ylopa. EcAu >ke 3a cueT, HapuMep, IPY>XKUH, PacCTsIKeK
CO3AATh TMPOTUBOACUCTBYIONUN MOMEHT M, TO MIOABUIKHAS 4aCTh OC-
TAHOBUTCS, KOTAA My, = M,,. Hem GoAbllle usMepsieMasi BeAUUUHA
(TOK), TeM GOABIIIe BPAIIAIONIUA MOMEHT M., 1 GOABIIIE YTOA OTKAO-
HEeHHUs O TIOABMXKHOM 4yacTu. Ilpu stom M., = k.0, tAe k, — XecT-
KOCTb NIPY’KUHHI.

Puc. 5.2. Marasun conpotusneHun P33
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ITpuGopkI, B KOTOPBIX MOMEHT M, CO3AQ€TCS HEe MeXaHUIeCKOU
NPY’XKUHOM, & 3a CYET SAEKTPUUYECKOIO MPOTUBOAEUCTBYIOIIETO MO-
MEHTa, Ha3bIBAIOTCA AOroMempamu.

AoroMeTp NpeACTaBAIET COOOU COBMeIlleHNHe ABYX NIPUOOPOB, OAWH
13 KOTOPBIX CO3AaeT BPallaioluil MOMEHT, & BTOPOY — IIPOTUBOAEH-
crBytouu. [TosToMy B 0003HaUEeHNU AOTOMeTpPa NMPUCYTCTBYeT U300-
pakeHUe ABYX MOABUXXHBIX A€MEHTOB (HallpuMep, X — MarHUTO-
SAEKTPUYECKUU AOTOMETD).

5.1.2. KOHCTPYKTUBHbIE 35IEMEHTDI

Bce saekTpoMexaHUYecKue NPUOOPHl HECMOTPS Ha KOHCTPYKTHB-
HBIe OTAWYUS UMEIOT PsAA OOIIUX Y3A0B U AeTaAel: OIIOPHI IIOABM>KHOMN
YaCTH, OTCUETHBIE YCTPOUCTBA, KOPPEKTOPHI, YCIIOKOUTEAU, OAAaHCHU-
pyIollye TPY3UKH, KOPITYCHI.

INogBuxnasa yacmp (paMKa, MarHUT UAU CTAABHOM CEPACYHUK) MO-
>KeT OBITh YCTaHOBAEHA Ha pacTsKKax (puc. 9.3, a), nopsece (puc. 5.3,
0) uAu KepHax (puc. 5.3, B).

Omcuemnoe ycmpoucmBO COCTOUT U3 IIKAABI C AGA€HUSIMU U yKa-
3aTeAs] — AETKOM aAIOMUHMEBOU CTPeAKU. B 3epKaAbHBEIX FaAbBaHO-
MeTpax POAb YKa3aTeAs BBEIIOAHSET CBETOBOU AyY.

Koppekmop CAY>KUT AASL YCTAHOBKM yKa3aTeAs Ha HYAB Ilepep Ha-
YaAOM M3MepeHUsl U IPEACTaBAsIeT COOOM BUHT, BHIBEACHHBIN Ha Iie-
peAHIOIO NaHeAb Ipubopa. OOBIUHO OH CBS3a@H CO BTOPHIM KOHIIOM
CIIUPAABHOMN IIPY’KWUHBEL.

Ycnokoumeab CAYKUT AAS TallIeHUS KOA€OQHMU MOABUKHOM YaCTH.
OH MOXeT OBITh BO3AYIIHBIM, JKUAKOCTHBIM M MarHUTOWHAYKIIMOH-
HBIM. B BO3AYIITHOM YCIIOKOWTEAE, KaK IIPAaBUAO, BMECTe C ITOABUKHOM

=
T L
1 2

a 9 B

Puc. 5.3. Bungbl onop nogBWXHOWM 4acTu:

a — pacTaxka; 6 — noaBec; B — KepH; 1 — pacTsaxku; 2 — pamka ¢
Tokom; 3 — nogBec; 4 — 3epkano; 5 — wkana; 6 — namna; 7 —
kepH; 8 — kopnyc; 9 — nognaTtHuk; 70 — ocb
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Puc. 5.4. Tpnbop ¢ BO3AYLUHbIM YCNOKOUTENEM:

17 — BO3QyLWHan kamepa; 2 — anMUHUeBoe Kpbino; 3 —
H6anaHcupyroLme rpy3nkn

CHCTEMOU B 3aKPBITOM BO3AYIIHOU KaMepe [ (puc. 5.4) mepeMelaer-
CsI A€TKOE€ AAIOMHUHHMEBOE KPBIAO 2, KOTOPOE CO3AAaeT TOPMO3SAIYI0
CHAY. B JKUAKOCTHOM YCIIOKOUTEAE MEXKAY IMOABUKHOU M HEIIOABUIK-
HOU aAIOMUHUEBBIMU IIAACTMHAMH, PACCTOSTHUE MEXKAY KOTOPBIMU He

HomMunaarbHas
BeAUYUHA

g B0 M0 a0, Eannnia
usMepsieMou
BEAUYHUHEI

3aBOACKOM
HOMEp

Pabouee
I TIOAO>KeHUe

M381 D 5 1T

Popa Toka
Tun

Kaacc TounocTu

- J

KoppekTrop Cucrema

Puc. 5.5. lNepepgHsa naHenb anekTpomexaHW4eckoro npubopa
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O6oaee 0,1 MM, moMenaeTcsl KallAs BA3KOM JKUAKOCTH, CO3AAIOINas
CUABHOE yCIIOKamBalollee AelicTBre. MarHUTOMHAYKIIMOHHOE YCIIOKO-
€HMe OCHOBAHO Ha B3aMMOAEMCTBUM MArHUTHOTO MOAS IIOCTOIHHOTO
Mar"HuTa ¢ BUXPEeBBIMU TOKAaMH, HABOAUMBIMU B 3A€MEHTAaX ITOABUK-
HOM YacCTU IIPU ee ABUKEHUHU.

Baaancupyrowjue rpy3uku npepHa3HaueHbl AAST OAAQHCHPOBKU TTOA-
BUJKHOM YacCTH, T.e. AASI COBMeEIIleHUsI ee IJeHTpa TI’KeCTU C OChIO
BpalleHus. 'py3uKy BHIIIOAHSIOTCS B BUAE€ HABUHUMBAIOIINUXCS ITUAWH-
ApoB 3 (cMm. puc. 5.4).

Kopnyc npubopa CAY>XUT AAG 3aIJUTHI U3MEPUTEABHOTO MEXaHM3-
Ma OT MeXaHUYEeCKUX BO3AEUCTBUU.

Ha nepeaneli naneau npubopa HAaHOCUTCS psip OO0O3HAUEHUU (pHUC.
5.9).

KOHTPOJIbHbLIE BOMPOCHI

YT0 Takoe M3mepeHne?

Kakune napameTpbl U3MEPSIIOT 3M1EKTPOU3MEPUTENBHBLIE NPUGOPLI?
Hapucyinte cxemy npmbopa npamoro gencTeus n npyubopa cpas-
HEHWS.

[MepeuncnuTe U 0XapakTepU3yNTe OCHOBHbIE KOHCTPYKTUBHbIE
3MNEeMEeHTbI 3NeKTPOMEXaHNYECKUX N3MepUTENbHbIX MPrBopoB.

5. YTo ykasbiBaeTcs Ha nNepefHern naHenu npubopa?

A WP~

m KOHCTPYKTUBHbLIE CXEMbI V1 MPUHUWIM
OENCTBUS 3NEKTPOU3MEPUTESbHbIX
MPNEOPOB MATMHUTO3MEKTPUYECKON
N SNEKTPOMAFHUTHOWN CUCTEM

5.2.1. MarHutoanekTpunyeckue npmnbopobl

€ B MarHMTOSAEKTpUYECKUX ITPHOOpaxX Bpallaroliuii MOMEHT BO3-

HUKaeT B Pe3yAbTaTe B3aMMOAEUCTBUS MarHUTHOTO ITOAS TTIOCTO-
SJHHOTO MarHuTa 1 MPOBOAHMKA (PAaMKHU) C TOKOM.

MaruuTosAeKTpUUEeCKUN U3MEePUTEABHBIM MEXaHU3M C MOABUKHOMU
KaTyIIKOM (puc. 5.6, @) COCTOUT U3 IMOCTOSITHHOI'O MarHuTa 3, paMKu 2,
BBIIIOAHSIEMOU AMOO Ha aAIOMUHHEBOM KapKace [, Ambo 6eCcKapKacHO,
BBIXOAHBIX 3a@’KMMOB 4, CIIMPAABHBIX IPY>KHUH 5, TOKOBEAYIINX IIUH 6,
KOppeKTopa 7, 6araHCUPYIOMUX I'Py3uKoB 8, onop 9, ocu 10, cTpea-

103



Puc. 5.6. 3nekTponamepuTenbHbIn NPUGOP MarHUTO3NEKTPUYECKOM
CUCTEMBI:

a8 — KOHCTPYKTUBHaA cxema; 6 — pparMeHT U3MepUTENbHOro Mexa-
Hu3ma: 7 — antMKHUEBLIN Kapkac; 2 — pamka ¢ TokoM; 3 — noc-
TOSIHHBIA MarHuT; 4 — 3axum; 5 — npyxuHbl; 6 — TokoBeayLlan
WwnHa; 7 — KoppekTop; 8 — banaHcupylowme rpyavku; 9 — onopel;
10 — ock; 11 — cTpenka; 12 — wkana

ku 11, mKkaawl 12. U3mepsieMass BeAUUUHA (TOK) TTOABOAMTCS K 3a’KU-
MaM 4 M 4yepe3 CIUpPaAbHBIE NPY>KUHEBL 5, TOKOBEAYIIHe IIMHEL 6 Ha
ocu 10 MOAXOAUT K paMKe 2.

Ha pwuc. 5.6, 6 npuBepeH (pparMeHT U3MEPUTEABHOIO MeXaHM3Ma
MarHUTOAAEKTPUUECKOTO BOABTMETpaA.

B cooTBeTcTBUU ¢ POPMYyAOM AMIlIepa Ha paMKy C TOKOM I, Haxo-
AAITYIOCS B IIOA€ ITOCTOSHHOTO MarHuTa C MHAYKIHEW B, AelCTByeT
Bpaliaroiiuil MOMEHT

M,, = c,BI,

TA€ C,, — KOHCTPYKTUBHBIU KO3(P(UIIMEHT.

[TpOTUBOAEUCTBYIOIIUN MOMEHT M, CO3AaeTCsT MEXaHUIECKOU
IPYXUHOM € KOIPMOUIIMEHTOM KECTKOCTHU K,. YpaBHEHUE IIKAABL I10-
Ay4aeM Ha OCHOBE PAaBeHCTBa MOMEHTOB M,,= M., B sToM cayuae
cyBI = k,0, oTkypa o = (c,B/k,) I. O6o3nauns k, = c,B/k,, moryanm

o=kl

‘g YpaBHeHMe IITKAALI TTIO3BOASIET CAEAATh ABa BBIBOAQ.

1. Mar#auToO’AeKTprUYeCKU IpuOOp YyBCTBUTEAEH K IIOAIPHOCTU
TOKQ, T.€. IPX U3MeHEHUU HAIIPABACHUS TOKA U3MEHsSeTCs HallpaBAe-
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HUE OTKAOHEHUS MOABUKHOM cucTeMbl. CAeAOBATEABHO, IIPU ITOAKATO-
YeHUM MpPUOOopa K CeTH MepeMeHHOTO TOKa M3-3a WHEePIIUOHHOCTU
TIOABVMKHOM YaCTH OTCUETHOE YCTPOMCTBO OYAET OCTaBaThCS B HYAe-
BOM ITOAOJKEHUH, T.e. MPUOOP He IMpeAHasHaueH AAST M3MEepPeHUs Ie-
PEMEeHHOTO TOKa.

2. lllkara npubopa paBHOMeEpHAas.

AocmouHcmBa MaTHUTOBAEKTPUUECKOTO Tpubopa: BhICOKas TOU-
HOCTH (KAracc TouHOoCTU A0 0,1), Maroe coOCTBeHHOEe TOoTpeOAeHUe
SHEpPruu, craboe BO3AEUCTBUE BHEIIHUX IMOAEN (MOIIHOe COOCTBEH-
HOe TIOAe OT TOCTOSTHHOT'O MAarHWTa).

Hegocmamxku: CAOKHOCTb KOHCTPYKIIMU U HEBBLICOKAs Ieperpy3ou-
Hasi CIOCOOHOCTBH, T.€. CIIOCOOHOCTh BHIAEP)KMBATh TOKU (HAIpsKe-
HUsI) OGOAbIIIE HOMUHAABHBIX (II€peroparoT TOKOIIOABOASIIINE IIPY>KUHBI
W TOKOBEAYIIVE IIWHEI).

MaruuTosAeKTpUIeCcKre TPpUOOPHl MCITOAB3YIOTCSI TA@BHBIM 00pa-
30M B IENSIX ITOCTOSHHOTO TOKa B KaUeCTBe aMIIEPMETPOB, BOABTMET-
POB, OMMETPOB.

[Mpu coueTaHMU 3TUX NPUOOPOB C MOAYIIPOBOAHUKOBBIM BBHIIIPSIMU-
TeAeM OHU MOIYT OBITh UCIIOAB30BAaHBI AAST U3MEPEHUsT IIlepeMeHHOTO
TOKa (puc. 5.7, a). B 3ToM cAydae OTKAOHEHHE CTPEAKU ITPOIOPIIUO-
HAABHO CpeAHEMY 3HAYeHWIO MyABCHpPYIOIero Ttoka. [IlIkara mMoskeT
OBITH OTTPAAYUPOBaHAa B AEUCTBYIONIMX 3HAYEHUSIX U3MEPSIeMON BeAr-
YUHEL.

YcnokoeHMe CTPeAKH B Ipubopax MarHUTOIAEKTPUUECKOM CHUCTe-
MBI — MArHUTOMHAYKIIMOHHOe. [Ipu IepeMellleHUHN MOABUKHOM CHU-
CTEMBI B MAarHUTHOM TIOA€ TIOCTOSHHOTO MarHUTa B aAIOMUHUEBOM Kap-
Kace MHAYIMPYIOTCS BUXPEBBIE TOKH, B3aMMOAECHCTBHE KOTOPKIX C Mar-
HUTHBIM TIOAEM TTPUBOAUT B COOTBETCTBUM C ITPABUAOM J\EHIIa K ITOSIB-
AEHUIO MPOTUBOAEHCTBYIOIIEHN CUABI, TOPMO3SIIIElN ABUJKEHUe CHUCTEMBI.
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Puc. 5.7. Cxembl nameputensHon uenu 3VIMN marHMToanekTpuyeckomn
CUCTEMBI NPU U3MEPEHUN:

a — NepemMeHHOro Toka; 6 — 60MbLUMX TOKOB; B — 60MbLUNX
HanpsaXeHun
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AAda n3MepeHus: MaAbIX TOKOB (20...30 MA) U3MepUTEeAbLHBIN MexXa-
HU3M MarHUTOIAEKTPHUUECKOTO TPUOOPa HEITOCPEACTBEHHO BKAIOUAET-
cs B 1lenb. Ecam Toku 60Abliie 30 MA, TO IPUMEHIETCSA U3MEPUTEND-
Hag Iellb, KOTopad npeoOpa3yeT OOABIION TOK I B MaabIt [, (puc. 5.7, 0).
OTO AOCTHUTAeTCs 3@ CUeT BKAIOUEHUS IapaAAeAbHO M3MEepPUTEABHOMY
npubOpPy CHENUAABHOTO Pe3ncTopa — IIyHTa. [Ipu 3TOM GOABIIas
4acTh TOKA 3aMBIKAeTCs Yepes3 IITYHT, MOCKOABKY R << R, .

Takum 00pa3oM, AAST pacIIUpeHUsl MPEeAEAOB U3MEepPEeHUus ammep-
MeTpa MapaAAeAbHO ero M3MepUTEAbHOMY MeXaHU3My BKAIOYAEeTCs
Pe3muCTOp C MaAbIM CONMPOTHUBAEHUEM — IIYHT.

B BOoABTMETpPax MOCAEAOBATEABHO C U3MEPUTEABHBIM MeXaHU3MOM
BKAIOYAEeTCs pe3sucTop R, (puc. 5.7, B), IpeoOpasyoIui U3MepsIeMyo
BeAnunHy U B IPOMEsKYTOUHYIO I, Ha KOTOPYIO M pearupyer Ipuoop.

AAS pacIIupeHmus TPEeAEeAOB M3MEepPeHUs BOABTMETpPa IOCAEAOBa-
TEABHO C eT0 U3MEePUTEABHBIM MEXaHM3MOM BKAIOUAETCSI PE3UCTOP CO
3HAYUTEABHBIM COIIPOTHUBAEHUEM.

5.2.2. AnekTpomMarHuTHbole nNpunbopobl

KoHCTpyKTHUBHAas cXxeMa U3MePUTEABHOTO MPUOopa SAEKTPOMAarHUT-
HOUW CUCTeMBbI NIpUBEAeHa Ha puc. 5.8, a. Ha puc. 5.8, 6 moka3aH dpar-
MEHT U3MEPUTEABHOTO MeXaHW3Ma AEKTPOMarHUTHOTO BOABTMETpA.

a 9

Puc. 5.8. 3nektponameputensHbii Nprbop 3neKTpoMarHUTHON
CUCTEMbI:

8 — KOHCTPYKTVBHas cxema; 6 — hparMeHT U3MepUTENbHOro MexaHns-
Ma; 1 — cTpenka; 2 — wkana; 3 — kaTywka; 4 — cepaeyvHuk; 5 —
ocb; 6 — NpyXuHa; 7 — KoppekTop; 8 — 6anaHcupyloLme rpy3ukn
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€ IMpm nporekaHum Toka I o KaTyIlike 3 CO3AAE€TCS HaMarHu4uBa-
foIasi cuaa Iw, a CAeAOBATEABHO, SAEKTPOMArHUTHBIM MOMEHT M,
TIOA A€MCTBHEM KOTOPOTO CEPAEUHMK 4 BTATUBAETCS BHYTPH Ka-
TYIIKU:

M., = ¢, (Iw)?,

TAe C,, — KOHCTPYKTHUBHBIU KOI(P(PUIIEHT.

OAEKTPOMArHUTHBINM MOMEHT yPaBHOBEIIINBAETCS IPOTUBOAENCTBY-
Ioler mpyRuHowu 6: M,,, = My, = k0. OTcropa ¢, (Iw)?= k,0. u ypaBHe-
HUe MIKaAbl IPUHUMAET BUA O = (c,w?/k,)I* O603HauuB k, = c,w*/k,,
IIOAYYUM

o= kz]z.

€ M3 ypaBHEHUS IITKAABL CAEAYIOT ABa BEIBOAQA.

1. HampaBAeHMe OTKAOHEHUSI CTPEAKU He 3aBUCUT OT HallpaBACHUSI
TOKQ, TaK KaK YTOA OTKAOHEHMS NIPONOPIIMOHAaAeH KBaApaTy ToKa. [To-
3TOMY UCIIOAHUTEABHBIN MeXaHM3M IIPUTOAEH AASI U3MepeHHs Kak I0-
CTOSHHOTO, TaK M ACUCTBYIOIETrO 3HaUueHUS IIepPeMeHHOI'O TOKa.

2. lIIkanra npubopa HepaBHOMepHad. AAg MOBHIIIEHUS PaBHOMED-
HOCTHU HCIIOAB3YEeTCS CIlelfuaAbHasg hopMa CepAeYHUKA (IPOMUAB).

AocmourncmBa Tpubopa: MPOCTOTa, BBICOKAas Meperpy3odHas CIo-
COOHOCTB (OTCYTCTBYIOT TOKOIIOABOASIIINE IIPY>KUHEI).

Hegocmamku: HeBBICOKagd TOYHOCTH, 3HAUUTEABHOE COOCTBEHHOE
noTpeOAeHUe 3Hepruu (Hy>KHO CO3AaTh AOCTATOYHOE MarHuUTHOE
MOA€), 3@aBUCUMOCTDH OT BHEITHUX MArHUTHBIX MOAEeN (COOCTBEHHOEe
noae caaboe).

B ocHOBHOM IIPUOOPHI SAEKTPOMArHUTHOM CUCTEMBI TPUMEHSAIOTCS
B IeIIIX IIepeMeHHOro TOKa B KaueCTBe aMIIepMETPOB 1 BOABTMETPOB.

KOHTPOJIbHbLIE BOMPOCHI

1. Y70 nonoxeHo B ocHoBY paboTbl Npubopa MarHUTO3NeKTPUYECKon
cucTembl?

2. Y10 cnepyeT 13 ypaBHeHWA LuKabl Npubopa MarHUTO3nekTpuYe-

CKOW cuUCTEMbI?

Mo>HO N U3MepUTb NEPEMEHHBIM TOK NPUBOPOM MarHUTO3MeKT-

pyYecKon cucTembl?

Y70 nonoxeHo B ocHoBY paboTbl Nprbopa 3NeKTPOMarHUTHOM Cu-

cTeMbI?

5. Y10 cnepyeT M3 ypaBHEHWA LLUKanbl Npubopa 3neKTPoOMarHUTHON
cucTeMbI?

Eal
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KOHCTPYKTUBHbIE CXEMbI VI MPUHLMMN
OEVCTBUS 3NEKTPOU3MEPUTESTbHBIX
NMPNBOPOB 3NEKTPOANHAMUWYECKOW

N MHOYKUWOHHOI CUCTEM.
CAMOMULLYLLME N PETUUICTPUPYHOLLVE
MPUBOPLI

5.3.1. AnekTpoanHamunyeckne npmbopsol

OAEKTPOAVHAMUUYECKUM NPpUOOp BBHIIIOAHSETCS IO CXeMaM, IIpeA-
CTaBA€HHBIM Ha puc. 5.9. OH UMeeT HeIIOABUJKHYIO KQTYyIIKy [ U MOA-
BIUJKHYIO KaTYIIKy 2, paclioraraeMyio B MAarHUTHOM TOoAe @ HeIoA-
BIUJKHOM KaTyLIKM. [Ipu npoTekaHUM TOKa [, IO OOMOTKe IOABUKHOM
KaTyIIKA OHA MMOBOPAYMBAETCS BHYTPU HEMOABUIKHOMW AO TeX IOP,
TIOKa pa3BUBaeMas CHAa He OYAET ypaBHOBellleHa IIPOTUBOAENCTBYIO-
el CUAOM MPY’KUHHL.

[To cyTu, 3TO NIPUOOP MAarHUTOIAEKTPUUECKON CHCTEMBI, B KOTOPOM
TOCTOSTHHBIM MAarHUT 3aMeHeH 3AeKTPOMAarHuTOM C KaTyLIKOH! .

[ToCKOABKY MarHUTHOE TOAE HEMOABWKHOM KATYIIKU CO3AAETCS
TOKOM [;, @ B OOMOTKe ITIOABMJKHOM KATYIUIKU TedeT TOK [, TO MOJKHO
3amnucaTh

M3M =Cy 11[2'

OrTcropa ypaBHeHUe IIKaAbl IPpUHUMAET BUA O = (Cu/k) 1.

O0——1000000006

Puc. 5.9. 3nekTponamMepuTenbHbIn NPUGOP 3NEKTPOAUHAMUYECKON
CUCTEMBI:

a — CXeMa, NnodacHArLWwaa npuHunn OencTBusa; 6 — cxema BKIIHOYEHUSs
KaTyLlek; 1 — HENOOBUXHAA KaTyLlUKa; 2 — noaBuMXHaA KaTyLllka



Puc. 5.10. ®parmeHT nameputenbHoOro mexaHnsma npubopa
3NeKTPOANHaMUNYECKON CUCTEMBbI:

1 — HEMNOABWXXHbIE KATYLLUKW; 2 — CTpPEeJiKa; 3 — noaBmXxHaaA KaTyllka

EcAM K HEITOABMJKHOM KaTyIIIKe IIOABECTH HAIPSyKeHHeE, IIOAABae-
MO€e Ha Harpy3Ky, a II0 MOABMIKHOM KaTyIlIKe IIPOIYCTUThL TOK HArpys3-
KU, TO OyAeM UMeThb

0(=k3UI=k3P,

rAe k; — KOHCTPYKTUBHBIN Koaddumuert, k; = ¢, /K.

TakuM 06pa3oM, OTKAOHEHUE CTPEAKHM IIPONOPIIMOHAABHO MOIIIHO-
CTH, IIOTPEeOAEeMOU HArpy3KOu.

W3 ypaBHEHUS LIKAABI CAEAVIOT ABa BBIBOAQA.

1. ITpu opAHOBpPEMEeHHOM H3MeHeHUM HalpaBA€HUS TOKOB I, u I,
HallpaBA€HNE OTKAOHEHMS CTPEeAKU He u3MeHUTcA. [Ipubop npuroaeH
AAST I3MepeHHs MOCTOSSHHOTO U IlepeMeHHOTO TOKOB.

2. IIkanra npubopa B OOIIeM CAydae HepaBHOMEDPHA, OAHAKO IIpHU
HeN3MeHHOM BeAMYMHe IIOABOAMMOTO HANPS’KeHUS MOJKeT OBITh AU-
HEeWHOMU.

Ha puc. 5.10 npuBepaeH parMeHT U3MEPUTEABHOTO MeXaHu3Ma
npubopa.

AocmouncmBo Tpubopa — BBICOKAas TOYHOCTH (OTCYTCTBYIOT 4ac-
TH, CoApepiKallye >KeAes0).

Hegocmamkxku: 3HaUUTEeABHOE COOCTBEHHOE NOTPeOAeHUe, OOABIIAad
YYBCTBUTEABHOCTb K BHEIIHMUM MArHUTHBIM IIOASIM, BBICOKAasg CTO-
UMOCTh U3-3@ CAOKHOCTH M3TOTOBAEHUA.

B ocHOBHOM HIpPUOOPEI UCIIOAB3YIOTCS Ha IIEPEMEHHOM TOKE AAG
u3MepeHuss MOITHOCTH. OAHAKO IIPOMBIIIIAEHHOCTD BBIITYCKAET 3AEKT-
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Puc. 5.11. Cxembl nameputensHon uenn 3NN anekTpognHammyeckon
CUCTEMbI NPU N3MEPEHUM:

a — ToKa; 6 — HanpaxeHna

pOoAMHaAMUUYeCKHe aMIlepPMeTPHI M BOABTMETPHI, KOTOPHIE NCIIOAB3YIOT-
Csl IPU TOUHBIX U3MepeHUsAX (Kracc TouyHOCcTU A0 0,1). CxeMBI BKAIO-
yeHMs nIpubopa B OLl B 3TOM cAydyae NMpHUBeAeHBI Ha puc. 5.11.

B ammnepmeTpe 06e KaTyIIKU BKAIOYAIOTCS IapPaAAeAbHO APYT APY-
Ty, @ 3aTeM — IIOCAEAOBATEABHO C HAarpy3kou Z,, a B BOABTMETpe —
IIOCACAOBATEABHO APYT C APDYIOM M AOOABOYHBLIM PEe3UCTOPOM R, a 3a-
TeM — IIapaAAeAbHO Harpyske Z,.

AMIilepMeTp U BOABTMETP MMeIOT Ha KOPIIyCe AMIIb ABa 3a’)KUMQ,
TIOCKOABKY COEAWHEHUsI KaTyllleK MeXAy COOOM BBIIIOAHEHBI BHYTPU
npubopa.

5.3.2. lHayKunoHHbIe npubopsl

‘g IMpuHIIMT pabOTH UHAYKIIMOHHOTO ITpubopa (puc. 5.12) ocHOBaH
HA B3aUMOAEWCTBUU II€epEeMEeHHBIX MarHUTHBIX ITorer @, u @, ¢
BUXPEBBIMU TOKAMM 3, MHAYKTUPYEMBIMHU 3TUMHU IIOASIMU B IIOA-
BIDKHOM aAIOMUHUEBOM AMCKe 2. CAeAOBaTEABHO, MHAYKIIMOHHBIE
TpUOOPHI TPUMEHSIOTCS TOABKO Ha ITIepeMeHHOM TOKe U B OCHOB-
HOM HCIIOAB3YIOTCS B SA€KTPUUECKUX CUETUNKAX.

OAMH 13 SAEKTPOMArHUuTOB [ TTOAKAIOYAETCSI K CEeTHU MapasAeAbHO,
a BTOPOM — IIOCAEAOBATEABHO C Harpys3koy, T.e. @, = kU, a O, = k,I,,.
B srom cayyae Bpamjaromuii MoMmeHT My, = kUL, cos @ = kP, T.e. mpo-
MOPLIMOHAAEH aKTUBHOM MOIIHOCTU P, IOTpeOAsIeMOM HArpy3KOH.

TTpOTUBOAEUCTBYIOIIHI MOMEHT M, CO3AQETCST TIOCTOSTHHBIM MarHu-
TOM 4 ¥ TIPOTIOPITMOHAAEH YaCcTOTe BPAIEHUsT AUCKa n: M, = k,n.

Ilpu ycTaHOBUBIIENCS 4acTOTe BPAllleHUd IMOABUJKHOTO AUCKA
My, = My, ¥ CA€AOBATEABHO, MOTpebAsieMasi MOIHOCTL MPOITOPIIHMO-
HaAbHA YaCTOTe BpallleHUus AMCKA.
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Puc. 5.12.YcnoBHaa KOHCTPYKTMBHasA cxema npubopa MHOYKLMOHHON
CUCTEMBI:

1T — 3ANEeKTpoMarHuTbl; 2 — anwMuHMEBLIN auck; 3 — BUXpeBbLIE
TOKW; 4 — NOCTOSAHHbIA MarHuT

5.3.3. Camonuwywme n pernctpupyloLime
npubéopsbl

Bce paccmoTpeHHBIE paHee MPUOOPHI OTHOCUAUCH K TTOKAa3bIBa-
IOIIIUM. Ha IIPAKTHUKE HAXOAAT IIPUMEHEHHNEe TAaKXe HpI/IGOpr CaMOIIn-
ITyITHe AAS 3alIUCH ITOKa3aHUM B TeUeHUE AAUTEABLHOTO IIPOMEKyTKa
BPEMEHM U PETUCTPUPYIOLINe, TpeAHa3HaueHHBIe AAT (hoTOorpadupo-
BaHMS OBICTPOIIPOTEKAIOIUX IPOIECCOB.

Camonuwywue mpubOpHl CTPOSITCS Ha OCHOBE PAaCCMOTPEHHBIX
paHee CHUCTEM C TOM AMIIb Pa3HUIlEM, YTO yKas3aTeAb IIpubopa (oCh
cTpeAku | — pwuc. 5.13) cBg3aH C mepoM 2, KOTOpPOe C MOMOIIBIO
YepHUA OCYIIeCTBASIET 3alllCh IOKa3aHUM Ha
ABUJKYIIEMCS ¢ MIOCTOSSHHOU CKOPOCTBIO AMa-
rpaMmMme 3.

B kauecTBe perucmpupyrouwjux IpudbOpPoOB 2
(puc. 5.14) UCHOAB3YIOTCSI 3AeKTpOMeXaHude-
CKHUe OCHHUAAOTPadHl (cBeToAy4YeBEBIe). OCHOB-
3

HBIM DAEMEHTOM OCITUAAOTpada SBASETCS TaAb-
BaHOMETP — MUHUATIOPHBIY 3€pPKaAbHBIM IIPU-
0Op MarHUTOIAEKTPUUECKON CHUCTEMHI.

Puc. 5.13. Camonuuymin npubop:

7 — ocb CTpenku; 2 — Nepo ¢ YepHunamu;
3 — BymaxHas guarpamma
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Puc. 5.14. Pernctpupyowmn npnbop:

1 — dotobymara; 2 — noasec; 3 — 3epkanbue; 4 — namnou4ka;
5 — NOCTOAHHLIN MarHWT; 6 — pamMKa C TOKOM

OOBIYHO CBETOAYYEBOM OCIIMAAOTPAd MMeeT HECKOABKO TaAbBaHO-
METPOB, YTO MO3BOASIET OAHOBPEMEHHO PEeruCTPUPOBATH HECKOABKO
KOHTPOAUPYEMBIX IIapaMeTpoB.

KOHTPOJIbHbLIE BOMPOCHI

1. MNMosAcHUTe NpuHUMN OencTsus npubopa anekTpoaMHamMn4eckomn
CUCTEMBbI, YKaXM1Te ero JOCTOMHCTBA U HepocTaTky, obnactu npu-
MeHeHUS.

2. lMosAcHWTe NpyHUMN gencTena Npubopa MHAYKLUMOHHOW CUCTEMB,
yKaxuTe ero JOCTOMHCTBA W HE[OCTaTKKM, 06nacT NPYMEHEHUA.

3. lMosAcHWTe npyHUMN paboTbl U OTAMYUSA CAMOMULLYLLIMX U PerucT-
pUpYHOLLIMX NPUBOPOB.

m 3NEKTPOHHbIE N3MEPUTESIbHBIE
MPUBOPLI

5.4.1. Oco6eHHOCTU 3NEKTPOHHbIX
n3mepuTenbHbIX NpubopoB

ITomuMo 3nekTpoMexaHmdeckux MIT nmmmpokoe npuMeHeHUe B TeX-
HUKe HAIIAM 3A€KTPOHHBIE IPUOOPHL. OTO OOYCAOBAEHO CAEAYIOITUMU
UX IIpeuMyIecTBaMu:
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¥ BBICOKAdA YyBCTBUTEABHOCTH, T.€. CIOoCOOHOCTD U3MepAaThb
CUTHAABI MAAOM BEAUYUHEIL,

" Maaoe HOTpe6AeHI/Ie OHEepruu mu3 HCCAeAyeMOfI nenu, T.e.
OTCYTCTBUE BAUSTHUA an/I6opa Ha pe>XHUMBIL paGOTLI IIeIrm,

L HJI/IpOKI/IfI AVAIIa30H U3MepPsieMbIX 4aCTOT UCCACAYEeMOTO CUT-
HaAa.

Bce 3Tl AOCTOMHCTBA CTaAW BO3MOJKHBIMM OAAropapsi BBEAEHUIO B
COCTaB Ipubopa PsSAA SAEKTPOHHBIX YCTPOMUCTB: YCUAUTEAEH, reHepaTo-
POB, UMIYABCHBIX YCTPOWCTB, BHIIPIMUTEAEH, CTAaOUAM3AaTOPOB | T.A.
[TprMeHeHME 3TUX YCTPOUCTB, B TOM UHCAE YCHUAUTEAEH C BHICOKUM
KO2(D(PHUIMEHTOM YCUAEHUS U OOABIINM BXOAHBIM COIPOTHBAEHUEM,
TIO3BOASIET 3HAUYUTEABHO MTOBBICUTH YYBCTBUTEABHOCTH M CHU3UTH I10-
TpebAeHUe U3 IlellH, & CAEAOBATEABHO, UCKAIOUUTDH BAUSHME IIPUOOPOB
Ha pe>XUM paboThl UCCAeAyeMOM Ienu. Auana3oH 4acTOT, B KOTOPOM
YyBCTBUTEABHOCTH OCTAeTCS HEeM3MEeHHOW, MOKeT OBITh PacIIupeH AO
20 MT11 BmecTo 45...1 500 T'1l AAST DAEKTPOMEXaHUUeCKUX MPUOOPOB.

Hcmoap30BaHUe 9AEKTPOHHBIX YCTPOUCTB YCAOKHUAO CXeMy IIPHU-
0Oopa, YBEeAUYHUAO ero rabapuTHbIe pa3Mephl U BeC, CHU3UAO HaAEX-
HOCTb. OAHAKO 3AeKTPOHHBIE IPUOOPHI ITO3BOASIOT pellaTh 3apAadly,
KOTOpBIE HE MOTYT PEIIUTh APyTue TMPUOOPHI.

llImpokoe mpuMeHeHNE B TeXHUKE HAIIIAM SAEKTPOHHBIE TPHUOOPHI
0o01Iero Ha3HaueHUs: dIAEKTPOHHBIE OCIUAAOTPAdBI, SIAEKTPOHHEBIE
BOABTMETPHI, U3MEPUTEAbHbIE TeHEePaTOPHI.

5.4.2. 9neKkTpoHHO-Ny4YeBON ocuunnorpad

€ OAEKTPOHHO-AYUEBOU OCIIUAAOTPAd IPeAHA3HAYEH AN BU3YAAb-
HBIX HAOAIOAEHUM 1 3alIMCU U3MEHSIONINXCS BO BpPEMEHU DAEKT-
PUYECKUX BEAUUYUH: HATIPSI)KEeHUS, 4aCTOThI, TOKa, (pa3Hhl.

OCHOBHOM 4aCTBIO IPHUOOpA SIBASIETCSI DAeKTPOHHO-Ay4eBasi TPyOKa
C DAEKTPUYECKUM OTKAOHeHHeM Ayda (puc. 5.15, a). OHa cocTouT u3s
KaTtopa K, yIpaBAsIIOIIero sSipKOCTBIO DAEKTPOAA YO, IPYIIILI aHOAOB A,
(POKYCUPYIOIINX IAEKTPOHHBIN AYY, ABYX IIap nmaactuH (X—X, Y—Y),
OTKAOHSIOIINX 3A€KTPOHHBIN Ay4 B COOTBETCTBHUM C ITIOAABA€MBIMH Ha
HUX CUTHAAA@MU II0 TOPU3OHTAAU M BEPTUKAAHW, CBETAIErocs 3KpaHa 3.

IMhractuHbl Y—Y npepHa3HaueHBI AAST OTKAOHEHHS Ayda B BEpPTH-
KaAabHOM mAocKoCcTH, X — X — B ropusoHTarbHOU. CUTHAABI, TOAABA-
eMble Ha NAAQCTHHBI, IPOXOAAT Yepe3 COOTBETCTBYIOUINE YCUAUTEAU
(BepTUKAABHBIN ¥ TOPU30HTAABHBIN KaHaAbl). [Tpu oTCcyTCTBUM CUTHa-
Ad Ha BXOAe Y—Y 1 oTKArOueHHOM KaHanre X — X 3AeKTPOHHBIM AyY
IpoenupyeTcd B IIeHTpe 3KpaHa. AAS CMeIleHHs Ayda B BEPTHUKAAb-
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Puc. 5.15. 3nekTpoHHo-ny4eBas Tpybka ocuunnorpada:

a8 — KOHCTPYKTUBHasi cxema; 6 — cxema hopMmnpoBaHuns nsobpaxe-
HWSA Ha 3KpaHe ocuunnorpada

HOM WAM TOPU30HTAABHOM HAIllpaBAEHUHU Ha MEPEAHIOI0 MaHeAb MPH-
Oopa BBIBEAEHBI COOTBETCTBYIOIIUE PYUYKU (1 - )

=

AAH Ha6AIOAeHI/I${ 3a IepruopAndYeCKuM IIpoieccom I/ICCAeAyeMLIfI

cuUTHaA u(t) TOABOAUTCS K BepTUKAABHBIM ITAacTuHaMm Y —Y. K ro-
PU30HTAABHBIM ITAACTHHAM X — X IOABOAUTCS MMAOOOpPAa3HoOe Ha-
NPSDKEHUE U, TEePUOA KOTOPOTO PABEH MEePUOAY UCCACAYEMOTO
HaOpsa>KeHUS UAM B IIeAO€ YHCAO pa3 OOABIIIE HETO.

Ecam u(t) = 0, To Ha 3KpaHe ropu3oHTaAbHas AuHUA. [1pu u(t) # 0
Ha 3KpaHe MOSIBASIeTCSI BePTUKAABHBIN CUTHAA, KOTOPHIM M3MEHSIeTCH,
TOKa CYIEeCTBYeT HANPsKeHWe PasBepTRU U, (0T a A0 0) (puc. 5.15, 0).
B Touke 6 u, MTHOBEHHO MaAAeT AO HYAs, Ayd MFHOBEHHO MepeMelria-
eTCs M3 TOYKU O B TOUKY d U IIPOIleCcC MOBTOPSIETCS BHOBBL. B pe3yab-
TaTe Ha dKpaHe OCIUANOTrpada MOSIBASIETCSI M300pa’keHue MCCAeAye-
MOTrO CUTHAAd. DKpaH OOAaAQeT CBETOBOU MHepLUel, YTO IO3BOASIET
BUAETH IIPOIeCCHl HeIPePHIBHEIMU. ['OpU30HTaAbHAaS pa3BepTKa (op-
MHUPYEeTCS 3@ CYeT TeHepaTopa NHUAOOOPa3HbIX HANPSKEHUU C IINPO-
KHM AMANa30HOM YaCTOT, 4YTO AdeT BO3MOKHOCTb UCCAEAOBATh CUTHA-
ABI B AMalla30HEe OT AECSITKOB TepIl A0 AeCATKOB Merarepil.

‘g Kpome HabAIOAEHUS 338 TEPUOAMYECKUM MPOIECCOM IAEKT-

POHHBIN OCIUAAOTPAd CAYIKUT AAST U3MEPEeHUN Pa3sAWUYHBIX IapaMeT-
POB UCCAEAYEMOTO CUTHAAQ: €r0 aMIIAUTYABI, 4aCTOTHI, ha3bl. ITO OCYy-
IIECTBASIETCA 3a@ CUET MCIOAB30BAHUS AOIOAHUTEABHBIX YCTPOUCTB:
WCTOYHMKA KaANOPOBAHHOTO HANPSI)KEHUd, CTAOMABHBIX I'eHepaTOPOB
MeTOK, TPOTPAaAYHMPOBAHHBIX B €AUHUIIAX BpeMeHU U T.A. [Ipu Henoa-
BUJKHOM M300pa’keHNM CUHYCOMAAABHOTO CUTHAAA (puc. 5.16, a) ¢ no-

114



Y X

VN b
/ N 5 /]

* hce cﬁ
Y

Q\§/Cr

a 9 B

Puc. 5.16. IamepeHne amnanTyabl U 4acToTbl CUrHaNa ¢ NoMoLLbo
KanmbpoBaHHbIX MEeTOK (&) 1 YacToTbl C NOMOLLBK Uryp
Nuccaxy (6, B)

MOIIIBLIO CETKU HAa 3KpaHe OCIHUAAOIpada MOKHO U3MEPUTH AMIIAUTY-
Ay HUCCAEAyeMOro curHana A, (2,2 penenus) u nepuop T (8 pereHuit).
[TycThb mepekAtodaTeAb «YCHAeHUe» CTOUT B MorokeHuu 10 MB B Ae-
AeHUH, a «AAUTEABHOCTb pa3BepTKu» — 2 Mc B Aerenun. CrepoBa-
TEeABHO, aMIIAMTYAQ CUTHara A, = 2,2+ 10 = 22 MB, a gacTtotra cUrHanra
f=1/T=1/(8-2-10%) = 62,5 I'n.

YacToTa UCCAEAyeMOro CUTHAAA MOJKET OBITh TaK)Ke M3MepeHa C
nomolibio uryp Amccaxy (puc. 5.16, 6). EcAu Ha BepTHKaAbHBIE U
TOPHU30HTAABHBIE BXOABI OCIIMAAOTPada MOAATh CUHYCOUAAABHBIE CUT-
HaABl OAHOM YacTOTHI, HO CABUHYTHIE IO da3e Ha 90°, TO Ha 3KpaHe
OyAeM MMeTb OKPY>KHOCTb.

Ecam yroa caBura das otandaercsa oT 90°, TO OKPY>KHOCTb TPaHC-
dopmupyeTcs B 3AAUIC (1), @ eCAM YTOA caBUTA (Pa3 paBeH HYAIO —
B IIPSIMYIO AUHUIO (2).

o— H _1—o
Bxoa Y SIpkocTb } ®okyc
BxopHOE Ycuanteab !
YCTPOMUCTBO Y

BryTpeHnss — L| —
CHHXPOHU3. CMeu;,eHne ¢ ' _| |‘

Breurssist ] e
CHHXPOHH3. 11 T'eneparop SAT|
! pa3BepTKU
/ / Cwmerenue
X
Pass.
Bxop X
A Bxopmoe 2 YCI/IA)I/(ITGAL
’ YCTPOMCTBO Vern,

Puc. 5.17. CTpykTypHas cxema ocuunnorpada
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Puc. 5.18. BHewHun Bug ocumnnorpacga OCY-10A

EcAu Ha OAMH U3 BXOAOB IOAATH CUTHAA ABOWHOM 4aCTOTHI, TO
durypa 6ypaeT UMeTh BUA, ITOKa3aHHBIM Ha pUC. 5.16, B (f,, = /2).

Ha puc. 5.17 npuBepeHa CTPYKTypHas cxeMma ochuarorpada, a Ha
puc. 5.18 — ero BHemHUN BHUA. VIcCAepyeMBIM CUTHAA MOAQETCS Ha
BXOA Y (cMm. puc. 5.17) u 4yepe3 BXOAHOE YCTPOMCTBO M YCUAUTEAD Y
IIOCTyTaeT Ha BEPTUKAABHO OTKAOHSIOIINE NAACTUHBI SIA€KTPOHHO-AY-
yeBOM TpyOKu. Ha ropm30HTaABHO OTKAOHSIONIME NAACTHUHBI ITOCTYTIa-
€T CUTHaA C TeHepaTopa pa3BepPTKU uepes IepeKkAtodaTeAb [12 u ycu-
auTenab X. Ha sKpaHe 3AeKTPOHHO-Ay4YeBOU TPYOKH OTOOpa>kaeTcs
BPEMEHHAsI AarpaMMa MCCAEAYEMOTO CUTHaAA. AAsT 06ecreyeHus ye-
TOWYMBOTO M300pa>keHUsI reHepaTop Pa3BepTKU CUHXPOHU3UPYETCH
CUTHAAOM AMOO OT BHEITHErO UCTOYHUKA (BHEIIHSIS CMHXPOHU3AIINS),
AUOO OT BXOAHOI'O CMTHaAQ (BHYTPEHHSAS CUHXPOHM3Alud). AAd UCCAe-
AOBaHUS (PUTYP AMCCaKy CUTHAA OT 3TAAOHHOTO TeHepaTopa MoAaeT-
csl Ha BXOA X U Aanee uepe3 BXOAHOe YCTPOMCTBO, lTepeKAtoYaTeAb [12

B IIOAOKEHUM «YCHUAEHUE» U YCUAUTEAb X Ha FOPU30HTAABHO OTKAO-
HAIOIINE IIAACTUHEIL.

5.4.3. 3neKTPOHHbIA BOJNIbTMETP

‘g AAST M3MepeHUsT HANIPSIXKEeHUsI BbICOKOU YaCTOTHI, @ TaKKe MOCTO-

SIHHOTO ¥ IIePEMEHHOTO HalPSPKeHUH B IeNIX CO 3HAUUMEAbHbIM
BBIXOGHbBIM CONPOMUBAEHUEM TPUMEHSIOTCS SAeKTPOHHEIE BOABT-
MeTpHL. [To cmocoby npeacTaBAeHUS HHPOPMAILMK UX IIOAPa3Ae-
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Puc. 5.19. CTpykTypHaa cxema yHMBEPCanbHOro BONbTMETPa

ASIIOT Ha CTPEAOUHBIe, B KOTOPBIX OTCUET BEAETCS M0 CTPEAOUHO-
My IpuOOpY, ¥ U(MPOBLIE, B KOTOPHIX OTCUYET BeAeTCs Ha Tudpo-
BOM TabAO.

[To poAy TOKa 3A€KTPOHHBIE BOABTMETPEI ITIOAPA3AEASIOTCS Ha NPU-
OOpHBI MOCTOSTHHOTO TOKQa, IEPEMEHHOI0 TOKAa M KOMOWHUPOBAHHELE,
NIpeAHAa3HaYeHHEBIE AN U3MEePEeHUs KaK IIOCTOSSHHOTO, TaK U IIEpeMeH-
HOTO TOKQ, & TakyKe CONPOTUBAEHUS.

OCHOBHBIMH Y3AaMHU BOABTMETpPA SIBASIIOTCS (puc. 5.19) BxogHoe yc-
mpolcmBo (AeAVUTEAb HAIPSDKEHNs), YCUAUmeAb (IIOCTOSHHOIO TOKa —
YIIT uAn IIMPOKOIOAOCHBIN), gemeKmop (BBIIPSAMUTEAb C PUABTPOM),

ENREEREnETER
[63[7 13 [0 {0 [oolsoo] ]
5

—.

—U—T—rx— —YCT.0—— YCT.oco  CETH
L “1v Urs wu~ T
e N
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g

1980 1.

Puc. 5.20. BHewHun Bug BonstmeTpa B7-26
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CTPEAOUHBIN UHGUKAMOP (MAarHUTO3AEKTPUYECKUN IIpUOOp) UAU IUd-
poBoe oTrcyeTHOe ycTpoucTBO (LIOVY) ¢ aHaroro-nudpoBEIM IIpeodpa-
3oBaTteAeM (ALITT). KomOMHUpOBaHHBIE BOABTMETPHI UMEIOT TaKKe IIe-
pPeKArodaTeAb poAa pPabOTHl, YCTaHAaBAMBAEMBINM B COOTBETCTBYIOIEE
TIOAOKEeHUe IIPU M3MepeHUM MOCTOSHHOTO MAM IIepeMeHHOro Halps-
SKEeHUN.

BHentuuii B1p) YHUBEPCAABHOTO BOABTMETpPA IIPUBEAEH Ha puc. 5.20.

9.4.4. 3neKTPOHHbIN reHepaTop

-1§ AAST ICCAEAOBAHUS PSIAA SAEKTPOHHBIX YCTPOWCTB (HAIpUMeD,
YCUAWUTEAEN) ITUPOKO UCIIOAB3YIOTCS U3MepUmMeAbHble TeHepamo-
prl. Ha puc. 5.21 npuBepeHa CTPYKTypHAs cxeMa reHepaTopa CH-
HYCOUAAABHBIX KOAeOAaHUM HM3KOM 4acTOTHI, @ Ha pHUC. 5.22 —
BHEIITHUY BUA IpUOOpa.

3agaroujuli renepamop TpepcTaBAsieT coboii RC-aBToreHepaTop C
peryAupyeMom 4aCTOTOM (AMCKPETHO M IAABHO). Pyukm peryaupoBa-

3aAaroIui BreixopHOE CTpeAoYHBbIH
YcuAuTeab Y
reHepaTop YCTPOUCTBO HUHAUKATOD
Brixop

Puc. 5.21. CTpykTypHas cxema reHepaTopa

KAAMBP  3-131 BHIXOA TTA

TEHEPATOP CUTHAAOB HU3KOYACTOTHbIA
S = -

Hz kHz MHHI
20 200 2 20 200 2 0 -20-40

FYESI4

YACTOTA

Puc. 5.22. BHewHun sup reHepatopa 3-131
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HUSI 4aCTOTHI BEIBEAEHBI Ha MEPEeAHIOI0 MaHeAb pubopa. KOHTPOAb
YaCTOTHI OCYIIECTBASIETCS AMOO IO IIKaAe, AUOO0 Mo IUMPOBOMY TabAO.

Ycuaumearb ycuArBaeT MaAOMOIITHBIE CUTHAABI 3aAQIOIEro reHepa-
TOpa O HATPSKEHUIO W MOITHOCTH.

Brixognoe ycmpoticmBo ob6ecrieuBaeT COTAACOBaHUE BBEIXOAHOIO
COIIPOTHBAEHUS TeHepaTopa C COIPOTUBAeHUEeM Harpy3ku. OHO BKAIO-
yaeT B cebsl AGAUTEAN HAIPSKEeHUS AAS PEryAUPOBAHMS YPOBHS BBI-
XOAHOTO CUTHaAA (BBIHECEHBI Ha MePEeAHIOI0 NaHeAb Ipubopa), KOHT-
POAUPYEMOTO C TTOMOIIBIO CTPEAOYHOTO MHAMKATOPA.

KOHTPOJIbHbLIE BOMPOCHI

KakoBbl OCHOBHbIE NMPENMYLLIECTBA 3M1EKTPOHHBLIX Npnbopos?
[ns yero npegHasHayeH ocuumnnorpad?

[MosicHUTEe NpuHUMN hopMUPOBaHUA Ha 3kpaHe ocuumnnorpadga
BMAEoM306paxeHns NCcregyemMoro curHana.

[MosicHUTe CTPYKTYPHYKO CXemMy ocuunnorpada.

[NoACHWTE CTPYKTYPHYIO CXEMYy 3MEeKTPOHHOr0 BOSILTMETPA.
[MosicHUTe CTPYKTYPHYKO CXEMy reHepaTopa.

L e

IEEN 3MEPEHVNE NHOYKTMBHOCTY
N EMKOCTW. UBMEPEHWE
HE3NEKTPUYECKUX BENUNYUH
3NEKTPNYECKMWN METOOAMMU

5.5.1. MynbTumeTpbl

B nmocaepHee BpeMs Bce OoAee IIMPOKOEe NMPUMEHEHHE MOAYYaroT
MHOT'O(PYHKITHOHAABHBIE TPUOOPHI — MYABTUMETPH! (puc. 5.23). OHU
CTPOSATCA Ha 0aze MUKPOIIPOLLECCOPHOM TEXHUKU U UMEIOT U(PPOBOMI
BBIXOA Ha AUCIIAEH, & TaKyKe MHTepP(EenC CBA3U C KOMIBIOTEPOM (IIOPT
RS-232). MyabpTUMETpBI CHAOKeHBl THAMKATOPOM pa3psapa Oarapem U
eperpy3KHy, aBTOOTKAIOUeHHeM depes 10 MuH nipocTos. [TorpenHocTs
U3MepeHUusd HaXOAUTCd B pmana3oHe oT 0,5 po 3 %. MyApTHMETPE
MOTYT BBIIIOAHSTH AO 18 M3MepUTeAbHBIX (PYHKIIUM, B TOM YHCAE U3-
MepeHUe YacTOTHI, TEMIIEePAaTyphl, TapaMeTpPOB AMOAOB U TPaH3UCTO-
POB, 3BYKOBYIO IIPO3BOHKY.

MyABTUMETP ITO3BOASIET HENOCPEACTBEHHO M3MEPUTh €MKOCTh
KOHAEHCATOPa, MPHUYeM B AOCTATOYHO IMTUPOKUX Tpeperax (oT 1 md apo
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Puc. 5.23. BHewHun Bug MmynstumeTpa
MY-63

20 Mr®). ViszmepeHne 60OABLIINX 3HAYCHHUN
€MKOCTH TpeOyeT APYTuX IpubOpOB MAU
APYTHUX METOAOB U3MEpeHUs.

B nponecce usmepeHuii HeoOXOAUMO
CAEAUTDH 3@ TeM, YTOOBI TepeKAI0YaTeAb
B pPe>XUMOB PabOTHI OBIA YCTAHOBAEH B CO-
OTBETCTBYIOIIlee IOAOKEHNE, ONPeAeAde-
MOe TUIIOM U3MepseMOM BEeAMUYUHBI U AMalla30HOM HU3MepeHUs.

YcpepHeHHBIE TeXHUUYECKUEe XapaKTePUCTUKU MTPOeCCUOHAaABHOTO
MYABTHMETpPA (AMANa30HbI M3MepsieMbIX BEANYNH):

Hanpsi>keHre OCTOSTHHOTO TOKA, B ..oovvvvveviiiecnnine, 0,1...1000
Hanps>keHue nepeMeHHOTO TOKa, B .....ccooceviiinnnne 0,1...750
TOK, A v . 1-10™...20
COTIPOTUBACHIE, OM ...ovviiiiiiiieiiiieeiniiireeniieeesiineee e 0,1..2-108
EMKOCTD, TID ..oviiiiiiiii s 1..2-107
Temneparypa, ‘C ...cocvvvvvivnnennnn. .. —40...1200
Bxoanoe conpoTuBAeHUE, MOM ......ooevvivieeriiiiieniinen, 10
KoaddunueHT yCcUAEHUS TPAH3UCTOPOB .....c..eneene. Ao 1000

5.5.2. IamepeHne NHAYKTUBHOCTU
N eMKOCTHU

H3MepeHre aKTMBHOI'O CONPOTUBAEHUS NPOIIEe BBIIIOAHATH HEIOo-
CPEACTBEHHO C IIOMOIIBIO OMMETPAa, XOTSI MOKHO ¥ KOCBEHHBIM METO-
AOM C HCIIOAB30BaHMEM BOABTMETpa U aMIepMeTpa. VIHAYKTMBHOCTH
U €MKOCTH IIPOoIlle U3MepsATh KOCBEHHBIM METOAOM.

MHAYKTUBHAS KATYIIKa, BHIIOAHEHHAs MEAHBIM HMAU aAlOMUHMe-
BBEIM IIPOBOAOM, MOJKET OBITh IPEACTaBA€HA B BUAE BKAIOYEHHBIX I10-
CAEAOBATEABHO PEe3NCTOpa M KaTyIIKM WHAYKTHUBHOCTH (puUC. 5.24, a).

AXTHBHOE COIPOTUBAEHUE pe3ucTopa R, MOXKeT OBITh U3MepeHO
OMMETPOM HAU KOCBEHHBIM METOAOM Ha NOCTOSSHHOM ToKe (R, = U/I)
AMGO C TIOMOIIBIO BaTTMETPA Ha TepeMeHHoM Toke (R, = P/I?).
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Puc. 5.24. KocBeHHbIN MeTof M3MepeHns:

a — WHAYKTUBHOCTW; 6 — eMKOCTU

I/IHAYKTI/IBHOG COIIPOTUBAEHHE MOJXHO BBIYHUCAUTH IIO (bOpMYAe

X, =Z2-R?, tpe Z, = U/l — TIOAHOE CONPOTMBAEHUE Ha TepeMeH-
HOM TOKe. IToCKOABKY X; = WL,, TO UHAYKTUBHOCTb KATYIIIKU

LK = XL/(D.

AAST I3MepeHnsl eMKOCTH KOHAEHCATOpa MOJKeT OBITh NCIIOAB30Ba-
Ha cxeMa, IpuBeAeHHasd Ha puc. 5.24, 6. VMiamepeHUs BBIIOAHSIOT Ha
nepeMeHHOM TOKe. [Tockoabky X = U/I = 1/(®wC), TO

C: 1/(DXc.

5.5.3. IamepeHune HeaneKTpnyeckux
BENNYUH

[MpaKkTu4yecKu BCe TEXHOAOTHMYECKUe ITapaMeTphl, ONMCHhIBAIOIIE
TOT UAM MHOU TeXHOAOTHYECKHU IIPOoIlecC U OTOOpaskaroliue Ty UAU
WHYIO (PU3UIECKYIO BEAMUYNHY, SBASIOTCSI BEAUYMHAMU HEA AEKTpHUIe-
CKUMHU (IlepeMellleHle, CKOPOCTh, AABA€HHUE, TeMIIepaTypa, YPOBEHb,
pacxop, AebopMariusi, OCBeleHHOCTh, 3aAbBIMAEHHOCTh U T.A.). Kak
Xe ux n3Meputhb? Kak nepepaTh mHPOPMAIUIO 06 UX BeAUUYHHE B
aBTOMATUUYECKYIO CUCTEMY YIPaBAE€HHsS TEXHOAOTHMYECKMM IIpoliec-
coM? Kak oOecneuuTs paboOTy IIOAHOCTBIO @aBTOMATUUYECKUX IIPOU3-
BOACTB?

OTO cAeAaTh HETPYAHO, €CAU NTpeoOpa3oBaTh OIPeAEAeHHBIM 00Opa-
30M HEIAEKTPHUUECKYIO0 BEAWUYMHY B COOTBETCTBYIOIIUM 3A€KTpUUec-
kutt mapametp: AC, dAeKTpUIeCKUU TOK, aKTUBHOE COIIPOTUBAEHUE,
UHAYKTUBHOCTb MAU €MKOCTD.
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‘g YcTpoiicTBO, Tpeobpa3syrolee AT00YIO (PU3NYeCKyIO0 BEAUUNHY B
9AEKTPUYECKUU CUTHAA, Ha3bIBAETCS MMEPBUYHBIM ITpeoOpa3oBa-
TEAEM AU AQTIUKOM.

B 3aBHCHMOCTH OT TOTO, B KaKyl0 3AEKTPUYECKYIO BEAWYUHY IIpe-
o0pa3yeTcs HedAeKTpuiecKas, IPUHATO Pa3ANYaTh:

aKmuBHble, UAU reHepamopHble, npeobpa3oBameAu — B HUX He-
3AeKTpHuuYecKass BeAndnHa npeobpasyerca B OAC HAU dAeKTpuue-
CKUH TOK;

NACCUBHBElEe, UAU NapamMempuieckue — B HUX U3MeHEeHHe HEeIAEKT-
PUUYECKON BEAMYUHBI COIIPOBOXKAQETCS U3MEeHeHNeM OAHOTO U3 IIapa-
MeTpoB: R, L uau C.

AKTUBHBIE IIPE0OPA30BATEAU TTOAPA3AEASIOTCS Ha UYeThIpe I'PYIIIbL:

UHJYKUUOHHblE — 3TO, KakK IIPAaBUAO, AQTUUKHU CKOPOCMU, TTOCKOAb-
Ky OAC, nHAyIMpyeMas Ha UX BBIXOAE, IPOIOPIIMOHAABHA CKOPOCTHU
IepeMelleHnd TPOBOAHUKA B MAarHUTHOM IIOAE;

onmuyeckue — 3TO AATYMKU OCBeW,eHHOCMU, nepeMew,eHus, B oc-
HOBY KOTOPBIX IIOAOKEH (DOTOIMPEKT — mpeoOpa3oBaHUe AYUYUCTOU
3HePIruu B (POTOTOK;

nee3zoaAekmpuueckue — IpeodpasyloT MexaHuuecKue CUAbl, gaBAe-
Hue, ACUCTBYIOINE HAa HEKOTOPBIe KPUCTAAABI UAM KEPAMUKY, B IIbe-
300AC;

mepmosAeKmpuieckue — IpeoOpa3yloT TeMIepaTypy B TepMo-
3SAC.

[MaccuBHBIE Ipe0Opa30BaTeAr 00OPa3yIOT IMIMPOKYIO TPYIIY U MOA-
Pa3pensdroTcs IO NPUHIUIY AeWUCTBUS:

Ha pe3ucmuBHble — TIIPe0OPa3yIOT nepeMeujeHue, gaBAeHUe, ge-
¢opmayuro, MOAWUHY MamepuaAd, memnepamypy, ypoBeHb B U3MeHe-
HHUEe 5AeKMpuiuecKoro ConpomuBAeHUS;

UHgYKMuBHble — TIPeoOpa3yloT nepemeujeHue, gaBAeHue, CUAY,
MOMeHm B U3MeHeHUe UHJYKMUBHOCMU;

eMKOCIHble — Npeobpas3yloT CUAY, gaBAeHuUe, nepemeujenue, co-
gep>XaHue BAQIU, KOAUYeCMBO BeW,eCmBA B U3MEHEHUe eMKOoCmu.

[TocKOABKY HM3MeHeHMe aKTMBHOI'O CONPOTUBAEHUSI, UHAYKTHUBHO-
CTHU M €MKOCTU COIPOBOJKAAETCSI M3MEeHEHUsIMU TOKa B 3AEKTpuUec-
KOM IIeIlH, TO AASI U3MePEeHUsT HESAEKTPUUECKUX BEAUUYUH MOTYT OBITh
HCIIOAB30BaHBI YK€ pacCMOTPeHHble HaMU M3MepUTEeAbHBIe TPUbo-
pBL. B TO >)Ke BpeM4 3AeKTpHUUYeCKHe CUTHAABL C BBIXOAA AQTUHMKA IIPO-
MOPIMOHAABHEI M3MeEPSEeMON HEIAEKTPUUECKOU BEAWYNHE, IIO3TOMY
MOTYT OBITh IepeAaHbl Ha PACCTOSHUE B CHUCTEMY aBTOMATHYECKOTO
YIpPaBAEHUSI TEXHOAOTMUYECKUM IIPOIIECCOM, TAe BBIIIOAHSETCS UX 00-
paborka ¢ nomMoIupo OBM.
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KOHTPOJIbHbIE BOMPOCHI

[anTte xapakTepucTuky MynsTUMETpa.

Kak n3mepuTb MHOYKTUBHOCTb KaTYLLIKM M EMKOCTb KOHAeHcaTopa
KOCBEHHbIM MeTogomM?

Y70 Heobxogumo Ansa Toro, Y4Tobbl N3MepUTb Moy HE3NEKTPU-
YeCcKyt BENUYMHY?

HasoBuTe ocHOBHbIE BMAbI aKTVBHbIX Npeobpa3oBaTtenei Heanek-
TPUYECKMX BENMUNYMH.

[NepeuncnuTe 1 oxapakTepusynTe TP Buga NaccuBHbIX Npeobpa-
30BaTenemn.



OCHOBbI MPOMbILLEHHOW
IJIEKTPOHUKN

- NMNHENHBIE N HENMMMHEMHBIE 3JTIEMEHTbI
MPOMBILLUSEHHOW 3NEKTPOHUKN

6.1.1. OcHOBHbIEe NMOHATUA

‘g ITpoMmbliiAeHHasa S9A€KTPOHUKA ITPEACTaBASIET COO0M 0OAACTh Ha-
VKM U TEXHUKH, CBSI3aHHYIO C IPUMeHeHNUeM B IIPOMBIIIIA€HHOCTH
Pa3ANYHBIX 9A€KTPOHHBIX, MIOHHBIX, IOAYIIPOBOAHHUKOBBIX IIPUOO-
POB: IAEKTPOHHBIX AAMII, AUOAOB, TPAH3UCTOPOB, MUKPOCXEM, MH-
AUKATOPOB U PsIAQ APYTHX, & TAK)Ke YCTPONUCTB Ha MX OCHOBE (BHIII-
pSIMUTEAEN, YCUAUTEAE, TeHepaTOPOB, CTAOMAM3AaTOPOB U AD.).

Haunboaee mporpeccupyromieil o0AaCThIO SAEKTPOHUKM SBAIETCI
MMOAYIIPOBOAHUKOBAS TEXHUKA, YCIEITHO KOHKYPHUPYIOIAsa C SAEKT-
POHHBIMM M MOHHBIMU NIPUOOPAMM M BBITECHSIOIAs UX OAaropaps
6oaee BoicOKOMY KITA, 3HaUUTEABHO MEHBIIMM rabapHUTHBIM pa3Me-
paM, OOABIIIEMY CPOKY CAY’KOBI, MeHblIlIel TOTpeOAsIeMON MOIITHOCTH.
[TosToMy OypeM paccMaTpUBaTh PAOOTY OCHOBHBIX 3AEKTPOHHBIX yC-
TPOUCTB, IOCTPOEHHBIX HA NOAYNPOBOGHUKOBBLIX TPUOOPAX.

6.1.2. JlnHenHbIe 3neMeHTbI
NPOMbILLSIEHHON 3/1IeKTPOHUKMN

CoBpeMeHHbIe YCTPONCTBA MOMUMO aKTUBHBIX HEAWHEWHBIX II0-
AYIIPOBOAHUKOBBIX TPUOOPOB COAEPIKAT 3HAUMTEABHOE UHMCAO TTaCcCHUB-
HBIX AMHEWHBIX OAeMEHTOB — PEe3UCTOPOB, KOHAEHCATOPOB M MHAYK-
TUBHBIX KaTyIIeK.

‘g OTHU d3AeMeHTHI IIpeAHA3HAYEeHBI AN obecneyeHUs 3dAAHHEBIX pe-

KUMOB PaOOTHI SAEKTPOHHBIX YCTPOUCTB M B3aUMOCBS3U OTAEADB-
HBIX Y3A0B.

124



Pe3ucTops! SBASIIOTCS HEOOPATUMBIMU ITPe0OpPa30BaTEASIMI IAEKT-
PUYECKON DHEPTUM B TEMAOBYIO. PE3UCTOPHI MMOAPA3AEASIIOTCS Ha I0-
CTOSTHHBIE W IlepeMeHHEBIe (puc. 6.1). Ard pacueTa COIPOTUBAEHUS
AIO60TO pe3mcTopa MCIOAL3YeTCsl BbipakeHue R = pl/S, rae p —
YAEABHOE DAEKTPUIECKOe COIPOTUBAEHHE MaTepuang; | — AAMHA IPo-
BOAHMKQ; S — TIAOIaAb CEYeHUs ITPOBOAHUKA.

EauHUIIEN CONPOTUBAEHUS PE3UCTOPA SIBASETCS OM.

IMocmosinable NPOBOAOUHbBIE Pe3UCmOpPbl OTAMYAIOTCS BEICOKOM CTa-
OUABHOCTBIO U CIIOCOOHOCTBIO PACCEUBATH OOABIIYIO MOIJHOCTB. BBI-
myckaroTca oHU HoMHHaAoOM oT 0,9 OMm po 50 KOM U paccenBaroT
MOIITHOCTE OT 2,5 Ao 150 Br.

IlepemenHrie NpOBOAOUHDBlE PE3UCMOPLL UMEIOT COIIPOTUBAEHUE AO
10 kOM u momHOCTh paccesguus Ao 100 Br.

ITocmosinHble nAeHOuHble pe3ucmopbl — CaMble PacIpOCTpaHeH-
HbIEe B TEXHUKE. B OCHOBY WX M3TOTOBAEHUS ITOAOKEH TEXHOAOTHUYEC-
KHU OpollecC HaHeCeHMd Ha KepaMUUYeCKYIO0 TPYOKY CAOS YTAepOoAa
ToaruHOM oT 0,001 Ao 0,2 MKM. BRIBOABI pe3ucTopa U3TOTOBASIOTCS

Puc. 6.1. BHewHun sBup Hanbonee pacnpocTpaHeHHbIX TUMOB
pesncTopos

125



Puc. 6.2. BHewHun sBmua Hanbonee pacnpoCTpaHeHHbIX TUMOB
KOHAEHCATopOoB

U3 AYKEHBIX AQTYHHBIX XOMYTHUKOB. [TOBEpXHOCTB YTA€POAHOTO CAOS
TTOKPHIBAIOT PA3AMYHBIMU AaKaMU. Pe3WCTOPHI BBITYCKAIOTCS COIPO-
TuBAeHreM OoT 1 Om po 10 MOwm u momtHocTsio ot 0,05 po 10 Br.

INepemennble nAeHOUHblE PE3UCMOPbl B OCHOBE CBOEU MMEIOT TeTHu-
HAKCOBYIO AY’KKY C HaHECEHHBIM Ha Hee TOKOIPOBOASIIUM CAOEM.
CbeM CHUTHaAa OCYIIECTBASIETCS IIOCPEACTBOM AQTYHHOU NMPYKUHHOMU
EeTKU. YTOA MOBOPOTa cocTaBAasieT 250°, compoTuBAeHue — A0 4,7
MOwM, MONITHOCTh paccessHus — 2 BT.

Ha xopmyce pe3mcTopa yKa3bIBaIOTCSI HOMHHAABHOE COTPOTHBAE-
HHUEe, MOUIHOCTb ¥ KAACC TOYHOCTH.

B cmernudukanmgax K cxeMaM AOAKHBI OBITH YKa3aHBL: TUI PE3UC-
TOpPQ, €ro MOIIHOCTh, HOMUHAA CONPOTUBAEHUS, KAACC TOUYHOCTH (Ha-
npuMep, MAT-2-11kOm-I).

YcaoBHBIE Tpaduueckre n300pakeHusi pe3uCTOPOB Ha CXeMax:

—[ 1 — IIOCTOSIHHBIU; —ﬁ— — INepeMeHHBbIN.
KoHAeHCaTOPHI IBASIOTCS HAKOTTUTEASIMU SIAEKTPUUYECKON DSHEPTUU.
X MO’KHO MOAPA3AEAUTh Ha TPU I'PYNIBI: IOCTOSHHBIE — —”—

MMOACTPOEUHbBIE — % U TIepeMeHHbIe — % AAsT pacyeTa eMKO-



CTH UCTHIOAB3YyeTCs BbIpakeHUe C = g,e5/d, TAe €,= 8,86 10712 O/m —
AMDAEKTPUYECKasi IOCTOSTHHAS, € — OTHOCUTEAbHAas AUIAEKTPUUIEeCKas
MTPOHUIIAEMOCTh MaTeprara AMIAEKTPUKE; S — IAOIIaAbh OOKAAAOK
KOHAEHCAaTopa; d — PAacCTOSHUE MeXXAY OOKAaAKaMM.

EAMHUIIEN eMKOCTH KOHAEHcaTopa siBasterca dapap; 1 @ = 1-10° Mxd =
=1-10°2® = 1-10"2 n1®. B MpPOMBIIIACHHON SAEKTPOHUKE TIPUMEHS-
I0TCA KOHAeHcaTopbl eMKOCThio OT 1 1®d a0 4 000 M.

HaubGoabIllee mpuMeHeHNEe HAaXOAAT KOHAEHCATOPBI NOCMOSHHOU
emkocmu (puc. 6.2). POAb 0O0KAGAOK BBITIOAHSIIOT A€HThI M3 aAIOMUHU-
€BOM (CBMHIIOBOM) (POABI'M TOAIIMHOU 7...8 MKM. B KauecTBe AMDAEK-
TPHUKa MeKAY OOKAAAKaMU UCIOAB3YIOTCS KOHAEHCATOpHasl OyMara,
CAIOAQ, KepaMUKa, (PTOPOIAACT, CTUPOAEKC U T.A. B cooTBeTCTBUU C
3TUM KOHAEHCATOPHI IIOAPA3AEASIOTCS Ha OyMaskKHbIe, CAIOASHEBIE, Ke-
paMu4yecKue, SAeKTPOAUTUYECKHE. B 9AeKTPOAUTHIECKUX KOHAEHCATO-
pax pOAb AMDAEKTPUMKA BBITIOAHSIET CAOM OKCHAA aAIOMUHWUS, TTOAYYEH-
HBIM AEKTPOAUTUYECKUM ciiocoOboM. Ero Toamuua — 0,01...1,5 MKM.
IMpu MaABIX TabapUTHBIX pa3Mepax eMKOCTh TaKMX KOHAEHCATOPOB
pocturaeT 4 000 MrO.

Ha xopnyce KOHAeHCATOpa YKa3bIBAIOT €ro TUIl, HOMUHAABHYIO €M-
KOCTh, pabouee HampsiKeHUe, KAACC TOYHOCTH.

KoHnpeHcaToOphl nogcmpoeuHble U nepeMeHHOU eMKOCmu TPeACTaB-
ASIIOT COOOM CUCTEMY M3 HEITOABUIKHBIX U ITOABUIKHBIX MAACTHUH, UMe-
IOIIUX OCh BpallleHUsl. B KauecTBe AUIAEKTPHUKA B HUX HUCIOAB3YETCS
KepaMuKa AM60 Bo3AyX. EMKOCTB ux HeboAblas: B mpeaenax 0...30 nd
A mopcTpoedHblX U 0...1 000 nd Ard epeMeHHBIX.

: 9
3 \m\/m/m—“““"“

Puc. 6.3. BHelWwHWI BUL MHOYKTVBHBIX KaTyLUeK
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NHAYKTUBHBIE KAaTYIIKH SIBASIOTCS HAaKONUTEASIMU MarHUTHOMU
sHepruu. MIx OCHOBHOM NapaMeTp — KO3 (PUIIMEHT CAaMOUHAYKIINU L
(MHAYKTUBHOCTB), TPEACTABASIOIINY COO0U KO3 (OUIIMEHT IIPOIIOPIHU-
OHAABHOCTHU Me>KAY HNOTOKOCIIEIA€HUEM Y U TOKOM I.

3HaueHNe MHAYKTHUBHOCTHU OIIPeAeAsieTCs rabapuTHBIMU pa3Mepa-
MU, (popMOM KATYUIKM, YUCAOM BUTKOB, MAaTE€PHAAOM CepAEYHHKA U
MOJKeT AeXKaThb B IINPOKUX NIpeperax. Hampumep, B papuoTexHUUe-
CKMX CXeMaX HUCIOAB3YIOTCSI MHAYKTUBHBIE KATYIIKU MHAYKTUBHOCTBIO
B HECKOABKO MUKPOTEHPH, a APOCCEAM Ta30pa3paAHBIX AAMII UMEIOT
UHAYKTUBHOCTE 1,3 I'H. YcAOBHOe rpauyeckoe n3o0pakeHre NHAYK-
THUBHOM KaTyHIIKU 0e3 CepAeUYHUKA — _~~~_, C DepPPOMarHuTHBEIM
CEPAEUHUKOM — _ ~~~ -

Ha puc. 6.3 npuBepeH BHEIIHUN BUA HEKOTOPHIX MHAYKTHUBHBIX Ka-
TyIIEK.

6.1.3. HenuHerHble aNeMeHTbI
NPOMbILLSIEHHOW 3NEeKTPOHUKN. PDursunka
NpoBOAVMOCTU MOJSIYNPOBOAHNKOB

K moAynIpoBOAHMKAM OTHOCSIT TBEPABIE BEIIeCTBa, YASABHOE COIIPO-
THUBA€HUE KOTOPBIX IPU KOMHATHOM TeMIlepaType HaXOAUTCI MEKAY
YAEABHBIM COTIPOTHUBAEHHEeM MeTaAroB (1-107°..1-107* Om-cMm) n
YACABHBIM CONMPOTHBACHUEM AMSACKTPUKOB (He MeHee 1-10'® Om - cm)
u coctasaster 107°...10'° Om - cm.

Hauboaslllee npuMeHeHNe B MOAYIIPOBOAHUKOBOM TeXHUKe HaXo-
AT repManHuit (Ge) u KpeMHUH (Si). DTO UeThIpeXBaAeHTHBIE SAeMeH-
ThI, Y KOTOPEIX Ha BHEIIHEW O0OAOYKe MMeeTCd YeThIpe SAEKTPOHA.
CBs3b BAAEHTHBIX SA€KTPOHOB C SAPOM HEIIPOYHas, U SA€KTPOHEI IIOA
AEUCTBUEM BHEIIHEN 3HepPTUHU (TeMIIepaTyphl, SAEKTPUUYECKOIO IIOAL,
OCBEIIeHHOCTH) MOTYT ITIOKUAATH CBOM aTOM, CTAHOBSICb CBOOOAHBIMM.
OcBoOoAUBIIIeeCsT MeCTO, Ha3blBaeMoOe ABIPKOM, MOKET 3alIOAHUTHCS
3AEKTPOHOM C COCeAHero aroMa, a o0pa3oBaBIIAsCSI TaM ABIPKa B
CBOIO OYepEeAb 3AIIOAHSETCS COCEAHUM DAEKTPOHOM U T.A.

mg= TaxuM 06pasoM, IOAYIPOBOAHMKOBLIE MaTE€PHAAE! CIIOCOGHEI K

SAeKTpOHHOfI nu AprO‘-IHOﬁ IIPOBOAMMOCTAM IIOA AeﬁCTBI/IeM BHeIII-
HEeT'O IIOAA.

'raBHBIM MIPU3HAKOM ITOAYIIPOBOAHUWKOBBIX MATEPHUAAOB ABASAETCS
CHUABHASI 3aBUCHUMOCTDb UX YACABHOI'O COIIPOTUBAEHUST OT an/IMeceﬁ.

Ecau B KPUCTAANYECKYIO PeIlIeTKy YUCTOTI'O repMaHud UAU KpeM-
HUA BBECTHU IIpUMeECHh OSITUBAaA€HTHOMN CYPBMEI, TO B KPUCTAAAE T'epMa-
HUA UAW KPEMHUA TTOABAAIOTCA CBO6OAHI:I€ OAEKTPOHHI.
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€ Takol NOAYIPOBOAHUK OyAeT OOAaAATh DAEKTPOHHOU IIPOBOAU-
MOCTBIO U ITO3TOMY HOAYUYMA Ha3BaHUE IIOAYIIPOBOAHUK N-THUIA
(negative).

EcAv B KPUCTAAAMYECKYIO PEIIeTKy YUCTOTO TepMaHUsI UAW KpeM-
HUS BBECTU IIPUMECH TPEXBAAEHTHOTO MHAWS AW BOAB(PAMa, TO OAHA
KOBaAeHTHas CBSI3b OCTaHeTCd CBOOOAHOM M MOJKeT 3allOAHUTHCS
3AEKTPOHOM C COCEAHero aroMa. ABIPKY, 0O0pa3oBaBIIYIOCS IIOCAE
YXOAQ BAEKTPOHA, 3aHUMAaeT APYTOM 3A€KTPOH U T.A.

€ B TaKOM TOAYTTPOBOAHUKE UMEET MECTO ABIPOUHAS IIPOBOAUMOCTD,

U IO3TOMY OH NIOAYYHUA Ha3BaHUe IMOAYIPOBOAHUK p-THIIA
(positive).

6.1.4. NMpnbopbl Ha ocHoBe
NonynpoBOAHNKOB N- U P-TUMOB

Ha ocHOBe MOAYTIPOBOAHUKOBBIX MaTE€PUAAOB C N- UAU P-TIPOBOAU-
MOCTBIO MOTYT OBITH IOCTPOEHBI HEeAWHeWHble IPUOOPH], U3MeHS-
IOI{e CBOE CONPOTHBAEHHE IIOA ACUCTBUEM TeMIIepaTyphl, SIAEKTPU-
YeCKOTO IIOAS, CBeTa U T.A.

€ Tepmope3ucmopbl — 3TO IPUOOPHI, U3MEHSIOIEe CBOE COITPOTUB-
AeHUe MIOA AeWCTBUEM TeMIIepaTypHI.
PazanygaioT ABa BUAA TEPMOPE3UCTOPOB (puc. 6.4, aj:
= mepMuCmopbl — PE3UCTOPHI C OOABIITUM OTPHUIlATEALHBIM
TeMIepaTypHLIM KO3 hUIIEeHTOM;
®  No3ucmopbl — PE3UCTOPHI C OOABIITUM TOAOKUTEABHBIM TEM-
nepaTypHBIM KO3 PUITUEHTOM.

HarpeB TepMOpPE3UCTOPOB MOJKET OCYIECTBASITHCS TOKOM, IIPOTe-
KaIoIIUM TI0 Pe3UCTOPY. TepMOpe3nCTOPHl IPUMEHSIOTCS AT M3Mepe-
HUS U PETYAMPOBAHUS TEMIIEPATYPHI, @ TAaK)Ke AAS ITapaMeTpHUuecKOMn
CTabMAM3AIIUY HATIPSKEHUST TPU U3MEeHEeHUU TeMIIepaTyPhI.

€ Bapucmopbt — pe3ucTOphl, COIPOTUBAEHHME KOTOPBIX 3aBUCHUT OT
HAIPSKEHHOCTU BHEITHETO SAEKTPUIECKOTO TIOAS.

BoabT-aMIIepHasl XapaKTepUCTHKa BAPUCTOPOB CUMMeTPUYHa U UMe-
eT Yy4aCTOK, 'Ae HaIpsyKeHHe IIOUTH He 3aBHCUT OT TOKa (puc. 6.4, 0)

OcHOBHOe NIpHMeHeHHe BapuCTOPOB — CTAaOMAM3AIUs HalpsiKe-
HUS B CXeMaX aBTOMATUYECKOTO YIIPABAEHUS U PETYAUPOBAHUA.

= Qomopesucmopsl — IOAYIPOBOAHMKOBEIE IPUGOPE, COMPOTHB-
AeHHUE KOTOPHIX 3aBUCUT OT CBETOBOTO U3AYUEHMUS.
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R, xOMm

I, MA
ITo3ucrop

UB
Tepmucrop

T, K
a 9

Puc. 6.4. 3aBMCUMOCTb COMPOTUBNEHNSA TEPMOpPE3nNCcTopa OT
Temnepatypsl (a); BAX BapucTtopa (6)

KOHCTPYKTHBHO (hOTOPE3UCTOPHI (PUC. 6.5, a) BHIIOAHAIOTCS CAe-
AVIOIIUM obpa3oM. Ha AUDAEKTPUYeCKyIO TOAAOIKKY 5 HAHOCHUTCS Ha-
TIBIA€HHUEM UAM BJKUTaHUEM CAOM MOAYIpOBOAHUKA 3. [ToAyueHHBIN
pe3ucTop IOMellaeTcss B KOPIYC 4 CO CTEKASHHBIM OKHOM . DAeKT-
POABI 2 BBEIBOAATCSI HAPYXKY.

BAX doTopesucropa npusepeHa Ha puc. 6.5, 6. I'lpu @ = 0 umeet
MeCTO XapaKTepUCTHKA I, COOTBETCTBYIOINIAsl TEMHOBOMY IIOTOKY. Xapak-
Tepuctuku II u Il COOTBETCTBYIOT CBETOBBIM HoToKaM @, > 0 u @, > P,.

3aBUCUMOCTEL TOKa (POTOpe3UucTopa OT OCBellleHHOCTU E, uaMepsi-
eMOU B AIOKCaxX (AK), HOCUT HEAUHEMHBIN XapakTrep (puc. 6.5, B). Yc-

AOBHOe rpadudyeckoe o603HaueHHe (POTOpEe3ucTopa —

I MA 11 I MA
I
12
AN
3
I

5 4

U, B ' E, Ak

a 9 B

Puc. 6.5. ®otopeaucTop:

a — KOHCTpykuus; 6 — BAX; B — 3aBMCMMOCTb TOKa OT
ocBelleHHocTn; T — cTeknNAHHOEe OKHO; 2 — 3neKkTpoabl; 3 — cnow
nonynpoBofaHuka; 4 — kopnyc; 5 — avManekTpuyeckas noanoxka
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6.1.5. CBOMNCTBO 3/1EKTPOHHO-AbIPOYHOr0
nepexopa

€ [Tpu coepAHEHUU ABYX ITIOAYIIPOBOAHUKOB N ¥ p MEKAY HUMU 00-
pasyeTrcsi n—p-Tepexop, MUPUHA 30HBI KOTOPOTO 3aBUCHT OT Be-
AWYHWHBI ¥ HATTPABACHUS BHEIITHEI'O0 SIAKTPUYECKOTO TTOAS.

[MTpu OTCYTCTBUHN BHEITHETO IIOAS Ha I'PaHHUIle N—p 4aCTh SAEKTPO-
HOB M3 N IlepelpeT B p, @& ABIPOK — U3 p B . B 3TOM cAydae y rpa-
HUIIBl CO CTOPOHBI N TIOAYIIPOBOAHMKA 00pa3yeTcs IOAOKUTEABHBIN
3apsip, @ CO CTOPOHBI p — OTPUITATEABHBIU (puc. 6.6, a).

IToAOKUTEABHBIN 3apsa N IOAYIPOBOAHMKA NPENITCTBYET IIepexo-
AY ABIPOK U3 D B N, @ OTPUIIATEABHBIN 3apsip p HOAYIIPOBOAHMKA IIpe-
ISATCTBYET IePexOoAy dAeKTPOHOB M3 n B p. Ha rpaHuile nepexoaa
oOpa3yeTcs BHyTpeHHee 3AeKTpuueckoe mnoae E,,, a COIpoTHUBAeHUE
rnepexopa MMeeT 3HAUUTEABHYIO BEAWUYUHY.

Ecau K n—p-nilepexopy NPUAOKUTH BHeIlIHee IoAe E .., TakuM 00-
pas3oM, 4TOOBI ero HallpaBAeHUe COBIIAAO C HAallpaBA€HHEM BHYTpPeHHe-
TO TIOAS, 3aIIOPHBIM CAOM YBEAMUMBAET CBOIO IIUPUHY, PACTET ITOTEeHIH-
AABHBIU Oapbep M OCHOBHBIE HOCUTEAU (JAECKTPOHBI U ABIPKH) HE MOTYT
NIPOUTH Yepe3 Nepexop. Uepes HEro MPOXOAIT AMIIL HEOCHOBHBIE HO-
CUTEAHN, HaAWUMEe KOTOPBIX OOYCAOBAEHO IPUCYTCTBUEM IIpUMeCeH.
Onu co37a10T HE3HAUYUTEABHBIN OOPATHBIN TOK Iy, (puc. 6.6, 0).

Ecau BHelllHee TTOAe HAIIPABAEHO HABCTPeUYy BHYTPEHHEMY U OOAB-
1lle ero Mo BeAMYMHe, IIUPHUHA N—p-TIepexoAd YMEHBIIIaeT sl U yepe3
HETO MAET TPSIMOU TOK [, 3HAUUTEABHOU BEAMYUHEI (puc. 6.6, B).

BoAbT-aMIepHast XapakTepuUCTUKa N—p-Iepexopa IpuBeAeHa Ha
puc. 6.8, a. VI3 Hee caepyeT, 4TO

EBHel.l.l EBHe]_Ll
oeo@ @ooo o o 000 e—»o—:g@O
09069 GOGDGO OOG> Oe ° 0= (53%
°© co@M |Ooo © o o(® 0 O o= (D =2

o [e) @O OOO @O* 4_6.@<O
[ pe@ o/o © o—0 o) o=o- | =0 O
n p [ p n P,
2 3 0P = =y Ly [_tue
HH! iHH|
a 9 B

Puc. 6.6. Cxema n—p-nepexoga:

1 — cBo6ofHble 3aNEKTPOHbI; 2 — MOMNOXUTENbHbLIE U OTpULaTENbHbIE
NOHbI; 3 — cBOBOAHbIE AbIPKM
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‘g n—p-nepexop o0AaAaeT CBOMCTBOM OAHOCTOPOHHEN TPOBOAUMO-

CTH, T.€. XOPOIIIO IMTPOBOAUT TOK B IIPSIMOM HAIIPABA€HUWHU U ITPAK-
THUYEeCKU He IIPOBOAUT B O6paTHOM.

KOHTPOJIbHbIE BOMPOCHI

[na Yero npegHa3HayeHbl Pe3ncTopbl N KOHAEHCATopPbI?

Kakne ocHoBHbIE NapamMeTpbl pe31cTopa ykasbiBaOTCs B cneum-
dhvkaummn?

Kakve ocHOBHble MapaMeTpbl KOHOeHcaTopa yKa3bIiBalTCA B cre-
umncpmkaumn?

Ha3oBuTe ABa OCHOBHbIX MaTepwana, UCNofb3yeMblX B NONYNpo-
BOAHWKOBOV TEXHUKE W 0XapakTepusymnTte UX.

Kakorn npoBogmmocTbio 06nafgatoT nonynpoBOgHUKNA?
[Nepeyncnute 0CHOBHbIE MPUBOPbI, MOCTPOEHHbIE HA OCHOBE MONy-
NPOBOAHWKOB.

7. HasoBuTe 0CHOBHOE CBOWCTBO N—p-nepexoga.

n -

. ®

oo

m OOHOMNEPEXOOHBIE
NMosTYNPOBOAHNKOBLIE MPUEOPHI

6.2.1. Quopabl

Ha ocHOBe 0AHOTO n—p-Tlepexoaa MOCTPOEHEBl PA3ANYHEIE 110 TEX-
HOAOTHUU U3TOTOBAEHUS U Ha3HAUEHUIO AMOABI (BBICOKOUYACTOTHBIE, CHU-
AOBBIE, OTIOPHEBIE, (POTOAMOABI, CBETOAUOABI — puc. 6.7).

‘g Bricokouacmommurie guogbl UMEIOT KPHCTAaAAOAEPIKATEeADb, Ha KO-
TOPOM KpPEeNuTCs KPUCTaAA TepMaHug UAU KpeMHUS. C KpUCTaA-
AOM COIIpUKacaeTcs BOAb(ppaMoBas IPOBOAOKA, 0Opa3yrolas Ha
rpaHulle N—p-Tepexop (BOAb(PpaM TpexBareHTEH).

OTO TOUeUYHble AUOABI, OHU OOAAAQIOT HE3HAUUTEABHOU MAOIIAABIO
IepexoAd, @ 3HQUUT, ¥ HeOOABIION eMKOCTbBIO, II03TOMY MCIIOAB3YIOTCS
npu yactoTax A0 100 MI'ti. TTpOMBIIIIA€HHOCTE BHIITYyCKaeT BBICOKOYaA-
CTOTHBIE AMOABI C BBIIPSIMAEHHBIM TOKOM OT 10 po 100 MA u oOpart-
HBEIM HaNpsDKeHUeM (MIPU KOTOPOM IIPOUCXOAUT TPobOoi Anoaa) oT 10
Ao 100 B.

‘g CuaoBble guoghl (BhINpsAMUMeEAbHble) M3TOTOBASIFOTCS B BUAE CTIAAB-

HOU IIAOCKOCTHOW KOHCTPYKITUM, UMEIOIed 3HaUUTEABHYIO IIAO-
1IaAb N—p-TePexoAa.
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Puc. 6.7. BHewHnn Bng HEKOTOPbIX TUNOB AVMO[0B

Ha naacTuHy repMaHUs UAM KPEeMHUS HAKAAABIBAIOT MAACTHUHY
WHAMS, TIOCAe Yero o0e HarpeBaloT B BaKyyMe. MIHAWNM BIAGBASIETCS B
repMaHuii, oopa3yqa n—p-nepexop. [ToaydeHHBIN KPUCTaAA ITOMeIa-
IOT B KOPITYC C ABYMSI DAEKTPOAAMU.

CunaoBble AMOABI PabOTAaIOT B OCHOBHOM Ha 3BYKOBBIX YaCTOTAaX,
TaK KakK 00AaAQIOT 3HAUUTEABHOW eMKOCThI0 N—p-epexopa. OHU Huc-
TIOAB3YIOTCSI AASI BBIIIPSIMAEHUSI IIepeMeHHOTo ToKa. BoAbT-aMIlepHas
XapaKTepPUCTHUKA TUX AMOAOB IIpeACTaBA€HA Ha puc. 6.8, a. [TpoMubIiii-
AEHHOCTH BBIITYCKAeT CUAOBBIE AMOABLI C CAMBIMM Pa3AWYHBLIMH I1apa-
MeTpaMu, HampuMep:

AMOABL A226 ¢ BHIIPSMAEHHBIM TOKOM A0 0,3 A 1 oOpaTHBIM Ha-
npsykeHueM po 400 B;

AnoAbl A302-305 ¢ BRITPAMAEHHBIM TOKOM OT 1 Ao 10 A u oOpart-
HBIM HanpsokeHmeM oT 20 po 50 B;

Aroabl A1004-1008 ¢ BeIIpaMAeHHBIM TOKOM 100 MA 1 HampsiKe-
aueM po 10 000 B;

auoabl BKB-1000 — MoliHBIe repMaHueBble C BO3AYIIHBIM OXAasK-
AeHHeM, paboTaroiue Ipu Tokax Ao 1000 A.
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AAST CHAOBBIX AMOAOB XapaKTepHO HaAWUHe AOITyCTHMOTO 0O6paTHO-
TO HaNPSKEHUs], TPEBHIIIIEHNEe KOTOPOTO BEAET K TEIIAOBOMY HarpeBy
n—p-epexopa U ero paspylleH!uio (menioBomy npooboro).

YcaoBHOe Tpadhmueckoe 00O3HAUeHHE AMOAE — —P—.

‘g AASL ONOPHBIX gUOGOB (CMAOUAUMPOHOB), OOAQAQIOIINX MIPAMOM
BAX, anaroruunoit BAX CUAOBBIX AMOAOB, IIPU OOPAaTHOM HaTIpsi-
SKeHUU XapaKTepHO HaAWuHe AABUHO0OPA3HOr0 NPo00s1, TOCKOAB-
Ky B HUX npuMecel B 15— 20 pa3 60AblIIe, 4eM ¥ OOBIYHOTO AMOAQ.
OTO BBI3BIBAET A@BMHOOOPA3HBIU MPOIleCC MOHU3AITUN aTOMOB U
BBICBOOOKAEHUS SAEKTPOHOB, CIIOCOOHBIX UATU Yyepe3 n—p-Ie-
pexopa. OOpaTHBIN TOK B AAHHOM CAy4Yae BO3pacTeT AaBMHOOOpas-
HO, U Aa’)Ke He3HAUUTeAbHble N3MeHeHUS HAllPSKEeHUd BEAYT K
3HAUMTEABHOMY M3MEeHEeHUIO TOKa (puc. 6.8, 0).

AaBUHOOOPA3HBIM MTPOOON — SBA€HHE 00paTuMoe AQHHOM, U IIOC-
A€ CHSATHUS BHEITHETO ITOAS XapPaKTePUCTUKU AUOAA BOCCTAHABAU-
BAIOTCSI.

[TpOMBINIIAEHHOCTE BBIIYCKAeT CTaOMAUTPOHEI C HaNPSKeHUEM
crabuamsanuu ot 2 B (KC133, KC156) ao 200 B (KC650, KC680), ¢
TOKOM cTtabuamsanuu oT 20 MA A0 1,5 A 1 MOIITHOCTBIO PaCCEeTHUS AO
50 Br.

KpeMHUeBBIe OMMOPHBIE AMOABI HAIAW IIUPOKOE MPpUMEeHeHUe B
cxeMax CTaOMAM3aTOPOB HAIPSKEHUS PAAMOIAEKTPOHHOM alapary-

PHL.
YcaoBHOe rpauueckoe 0003HaUYeHWEe CTaOUAUTPOHA — —P>—.

mg= Qomoguogsi — 5T0 IPUGOPEL, TPOBOAKMOCTE I—P IEPEX0AA KO-
TOPBIX 3aBUCUT OT €TI0 OCBEIEeHHOCTH.

I I I I, MrA
O3> Dy > D,y
U
D3
U 0 U D, Am
a 9

B r

Puc. 6.8. XapakTepuctuku:

a — BAX cunosoro guopa; 6 — BAX ctabunutpona; B — BAX
hoToamona; r — reHepaTopHoro pexuma paboTel hoTogmona
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BoAbT-aMIlepHble XapaKTePUCTUKU (POTOAMOAA TIPU PA3ZAMUHBIX
CBETOBBIX ITOTOKax P, M3MepseMBIX B AIOMeHax (AM), IPUBEAEHBI Ha
puc. 6.8, B.

ITpu OTCYTCTBMU BHEIIHEr0 UCTOYHHMKA ITOA AeNCTBUEM CBeTa (POTO-
AVIOABL CIIOCOOHBI BHIPA0ATHIBAThH (POTOTOK, COBIAAAOIIUM 10 HAIIPaB-
AEHHIO C OOPaTHBIM TOKOM AMOAA M B OIIPEAEAEeHHON 00AaCTH IPOIOop-
IIMOHAABHBIN CBETOBOMY NOTOKY @ (puc. 6.8, r). Takoit pe>xum pabo-
ThI POTOAMOAQ, Ha3bIBAEMBIM I'eHEePATOPHBIM, IIUPOKO MCIOAB3YETCS
AASI TIpeoOPa30BaHUS CBETOBOM JHEPIWMU B DAEKTPUUYECKYIO B COAHEU-
HBIX OaTapedx (HaIpuMep, Ha KOCMHUYECKUX KOPabOAIX).

YcaoBHOe rpadudueckoe 0003HaueHUe (POTOAMOAD —

€ CBemoguog — npubop Ha OCHOBE N—P-TIePeX0Aa, CIIOCOOHBIHN ITOA
AEUCTBUEM SAEKTPUYECKOTO CUTHAAA U3AYYaTh CBETOBBIE KBAHTHI
XapaKTepPHOU AAUHBI BOAHBI (KPACHBIN, 3€AeHBIN, TOAy0ol). B oT-
AWYHEe OT AaMII HaKaAUBAHUS M APYTUX NUCTOYHUKOB CBETA CBETO-
AVOABL Oe3bIHepIIMOHHBI. OCHOBHOE IpUMeHEeHNe OHU HAllIAU B
cxXeMaxX MHAMKAIINU (CBATAIMeCs OYKBBI, TUMPHI).

YcaoBHOE rpadpuueckoe 0003HaUeHUE CBETOAMOAA — .

6.2.2. NMoneBble TpaH3UCTOPbI

€ IToreBble (yHUNOASIpDHBlIE) MPAH3UCMOPBl — TIPUOOPHI, UCIIOAB3Y-
IOII[e OAWH N—p-TIEPEX0A U CIIOCOOHBIE YCUAWBATH DAEKTpUUe-
CKHe CUTHAABI.

CBoOe Ha3BaHWE OHU MOAYYUAM ITOTOMY, UTO, BO-TIEPBHIX, YIIPaB-
ASIFOTCSI TIOAEM, @ He TOKOM (KakK OMIOASIpHBIE), @ BO BTOPHIX, UC-
MOAB3YIOT AWUIIb OAMH THUII OCHOBHBIX HOCUTEAEMN: 3AeKTPOHBI UAU
ABIPKH.

KOHCTPYKTHBHO NTOAEBOU TPAH3UCTOP IIPEACTABAIET COOOM KpHUC-
TaAA C N- UAU P-IIPOBOAMMOCTBIO, OKPY’KE€HHBIN CO BCEX CTOPOH ITOAY-
MMPOBOAHUKOM C p- MAU N-TIPOBOAUMMOCTBIO (puc. 6.9, a).

K TopliaM KpHUCTarra N TOACOEAUHEHBI SAEKTPOABI, Ha3blBaeMble
uctoroM (M) u crokoMm (C). OT p-06AaCTU BHIBEAEH SAEKTPOA, Ha3blI-
BaeMbI¥ 3aTBOpoOM (3).

mg= Ecau MeRAY 3aTBOPOM ¥ HCTOKOM BKAIOUHTE Gatapeio E,, To, u3-

MeHgd BeAnunHy ee OAC U NOAIPHOCTh, MOJKHO YIIPaABAITH IIH-
PUHOM 30HBI Nn—p-IIePeX0Ad, @ 3HAUMT, IIAOIIAAbIO CeYeHHUs KaHa-
A@ N U ero COIIPOTUBAEHHUEM.
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U,=1B

U,=2B
U,=-3B
P — N-TIepexop, U,——4B
0 10 20 U, B
6

Puc. 6.9. [Moneson TpaH3uncTop:
8 — KOHCTPYKTMBHAA CXeMa; 6 — BONlbT-aMnepHaa XapakTepucTtuka

YeM OOABIIIE TTIOAE, IPUAOKEHHOE B HEIIPOBOAAIIIEM HAllpaBAEHUH,
TeM IIUpe 30Ha N—p-Iepexopa U TeM MeHbIlle IAOIIaAb ceueHus S
KaHaAa n U1 GOABIlle ero conpoTusBAeHue (R = pl/S).

EcAu MeXAY 9AeKTPOAaMU CTOK—MCTOK BKAIOUUTH 6arapero E., TO
moTeyveT TOK I, onmpepeArsdeMbId KaK HamnpsikeHueMm Oatapeu E., Tak u
COIIPOTUBAEHUEM KaHaAa N, KOTOPOe 3aBUCHUT OT HAINPS)KeHud Oarta-
peu E, B nenu 3aTBopa. [TIOCKOABKY n—p-iepexop, cMellleH B oOpart-
HOM HaIIpaBAEHUM U TOK 3aTBOPAa HUYTOKHO Maj, BXOAHOE COIIPOTUB-
AeHHe [IOAeBOro TpaH3ucTopa pocrturaer 1-10° Om. PaGouyre 4acTOTEL
AOXOASAT A0 150 MI.

BoAbT-aMIIepHBIE XapaKTEePUCTUKHM IIOAEBOTO TPAH3UCTOPA IIpPHUBE-
AEHBI Ha puc. 6.9, 6. OTo ynpaBageMble BAX ¢ YyCUAUTEABHBIMU CBOMU-
CTBaMH, YTO IIO3BOASET MCIOAB30BATh IIOAEBBIE TPAH3UCTOPHI B CXe-
MaxX YCUAUTEAEU.

Pa3paboTKa ITOAEBBIX TPAH3UCTOPOB C U30AMPOBAHHBEIM 3aTBOPOM —
MOTI-TpaH3uCTOPOB (METaAA — OKCHA— IIOAYIIPOBOAHUK) — IIO3BOAU-
Ad YBEAMYUTH BXOAHOE COmpoTmBAeHme A0 1-10'° Om, a paGouue ua-

@& &
n n
p

KaHaa n KaHan
(C yIpaBASIFOLIUM IIEPEXOAOM)

C C
L =

n n
KaHaA n KaHaa p

(C “BOAMPOBAHHBIM 3aTBOPOM)

a 9

Puc. 6.10.padnyeckme nsobpaxeHma nonesoro TpaH3uctopa (a)
1 cxema ycunuTensa Ha Hem (6)
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y=¥ y=

a 9 B

Puc. 6.11. CxemMbl ONTPOHOB:
a — c thotoamonom; 6 — ¢ (hOTOTPaH3UCTOPOM; B — C (hOTOPE3NCTOPOM

cToThl — A0 1000 MT'11. I3MeHeHUe CONMPOTUBAEHUS CTOK— UCTOK
OCYIIIECTBASIETCSI B TAKUX TPAH3UCTOPAX 3a CYeT U3MEHEHUS YAEABHO-
IO DAEKTPHUUYECKOTO CONPOTUBAEHUS P MOAYIIPOBOAHMKA. Koadunu-
€HT YCHUAEHUS 110 HaIpsKeHUIo MoykeT pocturarh 100.

YcaoBHBIE rpadpudeckue 0003HaYeHUs ITOAEBBIX TPAH3UCTOPOB
IpUBeAEHBI Ha puc. 6.10, @, cxeMa YCUAUTEAS Ha IIOAEBOM TPAH3UC-
TOope — Ha pwuc. 6.10, 6.

€ OcHOBHEBIE AOCTOMHCTBA ITOAEBBIX TDAH3UCTOPOB!

BBICOKOE BXOAHOE COIPOTUBAEHUE;
BBICOKHE YaCTOTHBIE CBOMCTBa (paboOTaloT MPHU YacCTOTaxX AO
1000 MT1).

€ OnmpoHbl — 3TO TIOAYIPOBOAHUKOBEIE IPUOOPEHI, COAEPIKAIIHe
B OAHOM KOPITyCe MCTOYHUK M3AYUEHUS (CBETOAMOA) U IpUEM-

HUK U3AyYeHUd (POTOAUOA, POTOTPAH3UCTOP, (DOTOPEIUCTOP)
(puc. 6.11).

KOHCTPYKTMBHO 3TH 3A€MEHTHI PACIIOAATaloTCsI TaKUM 006paszoM,
YTOOBI 00ECIIeYUTh XOPOIIYIO CBSI3b MeXXAY HUMH IO CBETOBOMY IIO-
TOKY ¥ MaKCUMaAbHYIO FaAbBAHWUYECKYIO Pa3BA3Ky. ONTPOHBI UMEIOT
nepexopHoe comnpotueaeHue Ao 1:10'! Om, mosTOoMy OCHOBHOE TpH-
MeHeHHe HaXOA4T B CXeMaX, rAe HeOOXOAUMO SAEKTPHUYECKU pa3Bi-
3aTh OTAEABHBIE SIAEMEHTHI. DTU NPUOOPHI MOTYT UCIIOAB30BATHCS KaK
B AMHEUHBIX, TAK U B AUCKPETHBIX (PEAEUHBIX) CXeMaX.

KOHTPOJIbHbLIE BOMPOChHI

Kakne npubopbl cTpoaTcsa Ha 6a3e ogHoro n—p-nepexopa?
MNepeuncnuTe 1 0xapakTepuaynTe 0CHOBHbIE BUfb! MOMYNpoBOOHN-
KOBbIX ONOMOB.

[Nprneegute BAX cunoBoro n onopHoro AMofos.

MosicHuTe NpuHUKMN paboTkl NONEBOro TpaH3ucTopa.

MNprveegute BAX nonesoro TpaHaucTopa.

ok P
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ICEN vHoronePEXOAHBIE
MoslYNPOBOAHVKOBBIE MPUEOPHI.
WHTEMPANbHBLIE CXEMbI
N MUKPO3NEKTPOHUKA

6.3.1. bunonspHblie TpaH3UCTOPHI

I_UI/IpOKOE IIpuMeHeHVe B Ka4eCTBe YCUAUTEABHBIX YCTpOfICTB HaAIllAn

‘g OUNoOAsipHLle MPAH3UCMOPbL HA OCHOBE gBYX N—P-TIEPEXOAOB, T. €.

TPaAH3UCTOPLI N—pP—N- UAU p—n—p-Tuna (puc. 6.12). Maroros-
ASIIOTCSI OHU ITyTE€M BIIA@BAE€HUS C ABYX CTOPOH B KPHUCTAAA TepMa-
HUS C N-IIPOBOAUMOCTBIO (MAU KPEMHUS C P-TTPOBOAUMOCTBIO) Ky-
COUYKOB UHAUS C P-TIPOBOAUMOCTBIO (MAW CYPBMEI C N-IIPOBOAUMO-
CTBIO).

BUTIOASIPHBIN TPAH3UCTOP UMEET TPU IAEKTPOAA: IMUTTED, KOAAEK-
TOp, Oasa.

CBoOe Ha3BaHUEe OH IIOAYYHA M3-3a@ TOTO, YTO B HEM IIPUCYTCTBYIOT
OAHOBPEMEHHO ABa THIIA HOCUTEAEU (IAeKTPOHBI U ABIPKU) U CTPOUT-
Csl OH Ha OCHOBE ABYX N—pP-IIEPEXOAOB.

[Tpomecchl, TpoucxopdIe B 0600UX TPaH3UCTOPaX, aHAAOTUYHHI.
VX MO>XKHO HOHAITh, PACCMOTPEB paboTy p—Nn—p-TpPaH3uCTopa (pHuc.
6.13, a).

Ha opuH 3 n—p-nepexopoB (b—K) nopapuM Hanps>keHue OaTa-
peu E, Tak, 4TOOBI epexop OBIA CMellleH B 0OOpaTHOM HallpaBA€HUU
(Epy B Egyen COBIIAAQIOT IO HAIIPABAEHMIO). B 3TOM CcAydae 4epe3 Ha-
TPY3Ky B KOAAEKTOPHOM IIeNU TedeT TOK HEOCHOBHBIX HOCHUTeAed [,
(B 6aze 3TO ABIPKH), PAaBHBIM HECKOABKMM MHUKpoamIlepaM. Ecanu Ko
BTOpPOMY Ilepexopy (O —DB) nmopkatouuTh 6aTtapeio Eg Tak, 4TOOHI IIe-
pexop, OBIA CMeIlleH B IpIMOM HallpaBaeHUM (E;, HallpaBAeHO BCTpeU-
HO E_..), TO ABIDKM 3MUTTEpPA yCTPEMATCHA K 0asze U Aanree IIOA AEW-

n p p n
e e
p b n b
B b
9

a

Puc. 6.12. KoHCTpyKTMBHaA cxema 1 yCrnoBHOe rpadmyeckoe
n3obpaxeHve 6MNoNapHOro TpaH3ucTopa:

a — p—n—p-Tuna; 6 — n—p—n-Tna
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Puc. 6.13. bunonapHbin TpaH3ucTop:

a — CxeMa, nodAcHAwLwaa npuHumn paGOTbI; 6 — BOJibT-aMnepHad
XapakTepucTtunka

CTBHEM BHEIIIHETO MIOASI BTOPOTO N—p-liepexopa OYAYT epeXoAUTh Ha
KOAAEKTOP. B cmAy 3aKOHa 5AeKTPUUECKON HEeUTPAABHOCTHU 3apsAbl
ABIPOK, TIPOIIEAIINX OT 3MUTTEPA K KOAAEKTOPY, OYAYT KOMIIEHCHPO-
BaHBI CBOOOAHBIMU 3A€KTPOHAMH, NOCTYHAIOUIUMHU B KOAAEKTOD M3
BHeIlIHe! Ienu (oT E,) ¥ CO3AQIOIIMMU TOK KOAAeKTOpa [,.

OAEKTPOHBI, IBAGIONIINECS OCHOBHBIMU HOCUTEAIMH B 00AACTH
06a3sel, oA AercTBUeM Ej cO3papyT TOK Oassl I

Bo3MO>XHBI TPU CXeMBI BKAIOUEHHUS TpaH3ucTtopa (puc. 6.14): ¢ 00-
ey 0a3ou (a), o0mUM 3MUTTEPOM (0) U OOIUM KOAAEKTOPOM (B).
B HUX BXOAHOM M BBIXOAHOM CHUTHAABI TTOAQIOTCS ¥ CHUMAIOTCS OTHO-
CUTEABHO OAHOTO 3AEKTPOAA: 0a3bl, SMUTTEPA UAU KOAAEKTOPA.

B cxemax ycuauTeAell Halps)KeHUd HamboAee pacIpoCTpaHeHa
cxeMa € OOIIUM 3MUTTEPOM.

BoAbT-aMIlepHasi XapaKTepHUCTHKa TPaH3UCTOpa C OOIIUM dMUTTe-
POM IIpEeACTaBASIET COOOM 3aBUCUMOCTb TOKA KOAAEKTOPA OT HallpsiKe-
HHUS KOAAEKTOP — 3MUTTEP IIPU IOCTOSTHHOM TOKe 0aswl (puc. 6.13, 6).
ITpm pa3HBIX TOKax 0a3bl IIOAyYaeM CeMeUCTBO HEeAWHEUHBIX YIIPaB-
ASEMBIX XapaKTePUCTHUK, Ha3bIBAEMBIX BBIXOAHBIMM XapaKTepUCTHKA-

Puc. 6.14. CxemMbl BKNHOYEHWUST TPaH3MCTOpPa:

a — c obwen 6ason; 6 — 0BLLUMM 3MUTTEPOM; B — 06LLMM
KONnekTopom
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MW TpaH3UCTOpa. Ha BRIXOAHBIX XapaKTePUCTUKAX MOKHO MOCTPOUTH
AMHMIO Harpy3kKu R, IO TOuKe XOAOCTOro xopa B (U = E,) 1 TOuKe KO-
potkoro 3ambikauusg A (I, = E./R,) — aunus AB.

mg= B 3aBUCHMOCTH OT BEAMYHMHEI BXOAHOTO CUTHAAA PA3AMYAIOT CAe-
AYIOIVe PeKUMEL.

1. YcunuTeAbHBIN peskuM paboThl (aKTHUBHBINM), KOIAd pabodas Tou-
Ka TepeMelaeTcs MeKAY ToukamMu | m 5 Ha KpWUBOU HArpy3KH, —
AMHENHBIU pe’XUuM paboTHl YCUAUTEAd. B AaHHOM peskume paboTaroT
YCUAWUTEAV TaPMOHUYECKUX KoAeOaHmi. [1py 3TOM CHMHYCOUAAABHOMY
HaINPSIKeHUIO Ha BXOAE YCUAMTEASI COOTBETCTBYET CUHYCOMAAABHOE
HaOpsoKeHNe Ha BBIXOAE.

2. Pe>xxuM OTCedKH, COOTBETCTBYyMHOIUN [ < 0 (HM)Ke Touku [).
[TporcXOAUT 3aKpHITHE TPAH3UCTOPa M CHUJKEHHE TOKAa KOAAEKTOPa A0
I, = 0. ConpoTuBAeHUEe TpaH3ucTOpa R, , BeAuko, u U, CTpeMuTcs K
E,, a momHOCTB Ha TpaH3ucrtope P, = U, Iy CTPEeMUTCSA K HYAIO.

3. Pe>xuM HacCHIIEHUS, COOTBETCTBYIOMINY MaKCUMAAbHOMY TOKY
0a3bl I, (BBIIE TOuKU 9). Ilpu sTOM [, paBeH I, ., U He U3MEHSET-
Cs IPU AQABHEMIIeM YBeAMYeHUM ToKa 0a3bl. BRIXOAHOe CONpOTHBAE-
HUe TpaH3UucTopa R,_, Maro (CTpeMHUTCS K HYAIO) U HanpsaxeHue U, =
=L R,_, ctpemurcsa K HyAlo. MomHocTe P, = U, I, paccenBaeMasa Ha
IIepexoAe KOAAEKTOP — 3MUTTEDP, TaKKe CTPEMUTCS K HYAIO.

mg= [lepexop TPaH3UCTOPA U3 PEKUMA OTCEUKH B PEKUM HACHIIIEHU
¥ 06pPaTHO IPOUCXOAUT IIPAKTUIECKU MTHOBEHHO, YTO ITO3BOASIET
B IIOAOOHOM peskuMe (KAIOUeBOM) IIePEKAI0YATh ITeH, B KOTOPHIX
OUPKYAUPYIOT 3HAUUTEABHBIE MOIITHOCTH, 63 OllaceHUs BEIBECTU
U3 CTPOSI TPAH3UCTOP.

Pe)XUMBI OTCEYKW M HACHINEHUS HAIIAW MPUMEHEeHWe B AOTHYeC-
KHUX YCTPOMCTBaX aBTOMAaTUKU U B YCUAUTEASX MOIITHOCTH, paboTaro-
ITUX B KAIOUEBOM pe’KUMe.

[llmpokoe mpUMeHeHHe HalllAd TaK’Ke CXeMa BKAIOUeHUS TpaH3HU-
cTopa ¢ o0UIUM KOAAEKTOPOM. IIpu Takol cxeMe TpaH3UCTOP Ha3bIBa-
IOT SIMUMMEPHHIM NOBMOpUMeAeM, Tak KakK KOd(PPUINEHT YCHUASHUS
II0 HAIPSKEHUIO Y HeTO OAM30K K eAMHUIle W HaUpsDKeHNe Ha Harpys-
Ke IPaKTUYEeCKH PaBHO HAIpPS)KeHHIO Ha 6a3e TpaH3ucropa. Ilpmu
3ToM (pasa BEIXOAHOTO CHTHaAa paBHa (pa3e BXOAHOTO.

‘é BBIXOAHOE COTPOTHUBAEHUE 3MUTTEPHOIO TMTOBTOPUTEAST MaAo, a

BXOAHOE AOCTATOYHO BEAUKO, YTO ITIO3BOASIET HCIIOAB30BATh TAKYIO
CXeMy AAS COTAQCOBAHMS BBIXOAA YCHUAMTEASI C HU3KOOMHOM Ha-
I'PY3KOH.

140



Ta6bnuua 6.1

Yacrora
MoriHoCTb
HU3Kas CpeAHsist BBICOKAs
Manast 101—199 201 —299 301—399
CpeaHssa 401—499 501 —599 601 —699
Boabmias 701 —799 801—899 901—999

B IIaCIIOPTHBIX AAHHBIX TPAH3UCTOPA YKA3BIBAIOTCSI IIPEACABHO
AOITyCTUMBIE IIapaMeTpPBhI:

" MaKCHUMAaAbHBIU TOK KOAAEKTOPA [y oy

®  MaKCHMaAbHOE HampsiKeHWe KOAAEKTOp — aMuTrep U, _,;

"  MaKCHUMaAbHas MOITHOCTB, paccernBaeMasi KOAEKTOpoM, P,;
®  [pepeAbHaAsd (FPaHWUYHAS) 94acTOTa YCUAEHUI [ ..

I[TpOMBIMIAEHHOCTS BBEIIIYCKAeT TPAH3UCTOPHl ABYX UCIIOAHEHUMU:
repMaHueBble 1 KpeMHUEBHIE.

YcAoBHBIE 0003HAUEHUST TOAYIIPOBOAHUKOBBIX IIPHUOOPOB COCTOST
U3 psapa OyksB u nudp.

INepBag OykBa uamM nudpa yKa3blBaeT Ha MaTepuan MOAYIIPOBOAHU-
ka: I' mam 1 — repmanuii; K uam 2 — KpeMHUN.

Bropast 6ykBa — Tun npubopa: A — anop; C — crabuantpon; ® —
doTonpubop; Y — ylupaBAieMbId BEeHTUAb; T — TPAH3UCTOP OUIIOASAD-
HbI; I1 — moAeBOM TpPaH3UCTOP.

TpeTuii 9AeMeHT (TpexX3HauHad Iudpa) XapakKTepusyeT MOIHOCTb
U 4acToTy npubopa (Tada. 6.1).

YeTBepTHIN 3AeMeHT (OYKBeHHBIN) O3HadaeT Mopu(uKanuio. Ha-
npumMep, 'TI08A — repMaHUeBBIM MAaAOMOIIHBIM HU3KOYACTOTHBIN
TPaAH3UCTOP MOAUMUKAIIUU A.

6.3.2. TupucTtopsbl

Ha ocHOBe mpex n—p-IepexoA0B CTPOATCS MUPUCMOPbl — 3SAe-
MEHTBI, 00AQAQIOIINe BEeHTUABHBIM CBOMCTBOM M ymIpaBasgeMol BAX.

Hanps>xeHue ncTouHUKa E, MeXAY BBIXOAHBIMU 3A€KTPOAAMU
(amopoM A u KaToAOM K) mpUKAaAABIBaeTCSd TaKUM 00pa3oM, UYTOORI
Kpatiuue nepexoAn! (11, I[13) 6bIAU cMelleHbl B IPSIMOM HallpaBACHUU
(OTKPHBITHI), @ CpepAHUMN nepexop [12 — B oOpaTHOM (3aKpHIT) (pPHC.
6.15, a). Ecam E,= 0, TO yBeAnueHUe HANpsDKeHUus: E, A0 OmpepeAeH-
Horo 3HavyeHud (U,,) BeAeT K HEe3HAUUTEABHOMY YBEAWUYEHHIO TOKA.
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Puc. 6.15. TupucTop:

a — CXeMa, NnodacHArnLWwaa npuHunn paﬁOTbI; 6 — BOJibT-aMnepHasn
XapakTepucTtmka

Ilpu E, = U,, HaunHaeTCsI AABUHOOOPA3HBIN MPOOOH mepexopa I12
(kak B cTabuAUTPOHE) U mepexop 12 oTkpriBaeTcs. Tok pe3Ko Bo3pa-
CTeT U HaNpsyKeHHMe Ha Tupucrope mapaet Ao 0,5...1 B.

OTOT NpoOOY He BHI3LIBAET PAa3pyLIeHHUs IIepexopd U SBASETCA
oGpaTuMbiM. [TopBOAST HanpsiKeHue E, uepes YIPaBASIOIIUI SACKTPOA,
(¥Y3) k mepexopy 12, MOKXHO yIPaBASTE C MOMOIIBIO TOKA I, BeAWYH-
nou U, (puc. 6.15, 6).

YcaoBHOe rpauueckoe n300pa’keHue TUPUCTOPA:

C YIPaBACHUEM IO KAaTOAY — —>f—;
C yIIpaBAEHHEM II0 aHOAY — _(9¢_

[TpOMBIIIIAEHHOCTE BBIITYCKAET TUPUCTOPHI Ha TOKU A0 2000 A n
pabouee Hanps>xkenue po 4 000 B.

‘é TI/IpI/ICTOpr — 9TO MOIIIHbIE YIIPpAaBASIEeMbl€e BEHTHUAY, HallleAllre
IIpUMEHEeHNEe B CXeMaX YIIPABACHWA MOITHBIMU ABUTATEASIMHU.

6.3.3. IHTerpanbHblie MUKPOCXEMbI

YBeAuueHUe CAOKHOCTH YCTPOMCTB, YHCAQ NTACCUBHBIX U aKTUBHBIX
SAEMEHTOB BeAeT K YBEeAMUYEeHUIO rabapUTHBIX pa3MepoB, CTOMMOCTU
YCTPOMCTBA, IIOTPEOAAEeMOU UM JHEPIUMU.

OTO NPUBEAO K IOSABACHUIO (DYHKIIMOHAABHO CAOJKHBIX 3A€MEHTOB,
TIOCTPOEHHBIX Ha OCHOBE 3A€MEHTHON WMHTerpaluu.

‘g OAeMeHTHas UHTerpalus — 3TO O0beAUHEeHEe B OAHOM CAOKHOM

MHWUHHUATIOPHOM SAEMEeHTe MHOTUX IMPOCTHIX IAEMEHTOB (Pe3ucTo-
POB, KOHAEHCATOPOB, AMOAOB, TPAH3UCTOPOB), BHIMTOAHEHHBIX IO
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OHpeAeAeHHOfI TEeXHOAOTUMU U COEAVMHEHHBIX MEXAY coboM TOH-
KUMU ITPOBOAHUKAMU.

IToay4eHHBIN TaKMM 00PAa30M IAE€MEHT Ha3bIBAETCI UHMErpaAbHOU
mukpocxemol (MMC). OHa nipepCTaBAsIeT COOOM 3aKOHUYEHHYIO 3AeK-
TPOHHYIO CXeMy, CIIOCOOHYIO BBIIIOAHSITH OIIpeAeAeHHBble (PYHKIJUU.
MuKpocxeMbl UCIIOAB3YIOTCS ITPU CO3AQHUN CAOKHBIX dA€KTPOHHBIX
npubOPOB, TAKUX KaK YCUAUTEAN, KOMMYTaTOPHI, CUETUYUKHU, 3alIOMU-
HaloIue YCTPOUCTBE, aHAAOTO-IIU(POBEIE U MUPPOAHAAOTOBEIE IIpe-
obpa3oBaTeAr, MUKPOIIPOIIECCOPHI.

Manabie TabapuTHBIE pa3Mepbl MUKPOCXEM U MCIIOAB30BaHUE B HUX
TIOAEBBIX TPAH3UCTOPOB CYIIeCTBEHHO CHUJKAIOT ITOTPEOAIEeMYI0 UMU
MOIJHOCTh ¥ HOBBILMIAIOT CKOPOCTh 00paborku mHpopmanuu. CTaH-
AApTHasI TEXHOAOTHUS, YHU(PUKAUSI M aBTOMATHU3allsl M3TOTOBAEHUS
MHUKPOCXeM 00eCHeunBaloT UX BBICOKYIO HAAEKHOCTb U HU3KYIO CTO-
MMOCTb.

ITo TexHOAOTMU M3TOTOBAECHUS MHTETPAAbHBIE MUKPOCXEMBI TTOA-
Pa3AEASIOTCS Ha TUOPUAHBIE M IOAYIIPOBOAHUKOBEIE.

T'ubpugnrlie MUKPOCXEMBI BHITIOAHSIOTCS B BUAE NAEHOK, HAHOCHU-
MBIX Ha TOAAOJKKY K3 AMSAEKTPUUYECKOI'0 MaTepuasd, U HaBEeCHBIX
OeCKOPIYCHBIX dA€MEHTOB: TPAH3UCTOPOB, AMOAOB.

B kauecTBe pe3UCTOPOB UCHOAB3YIOTCS TOHKME MAEHKU HUXPOMA,
a B KaueCTBe AUDAEKTPUKA B KOHAEHCATOpPaX — IAEHKU KepaMUKH
TUTAHUTA Oapus. [IDOBOAHUKU AASL COEAMHEHUS 3A€MEHTOB MEeXKAY
coO0OM M MOAKAIOUEHHUSI K BBIBOAHBEIM KOHIIAM BBIIIOAHSIIOTCS B BHUAE
TOHKOM TIAEHKH 30A0Ta, MEAU MAUW aAIOMUHUS.

HaBecHble dAe€MEeHTBl — AMOABI, TPAH3UCTOPhI — TIPUCOEANHSIIOT-
CcsI K TA€HOYHOU MUKpOCXeMe MalKoU UAU CBAapKOU.

CoOpaHHasg rubpupAHasgs MUKpOCXeMa IMOMelllaeTcs B MeTaAAude-
CKUM UAM MAAQCTMACCOBBIM KOPIIYC.

B noaynpoBogHUKOBbIX MHTETPAABHBIX MHUKPOCXEMaX HCIIOAB3YIOT-
Cs1 OTAEABHBIE OOAACTU KpUCTaard. Kaykpasa M3 3TUX OOAACTEN BBIIIOA-
HAeT PYHKIUIO TPAH3UCTOPa, AUOAQ, PEe3UCTOpa MAU KOHAEHCAaTopa.

Bce saeMeHTHl HOAYIIPOBOAHUKOBBIX MHUKPOCXEM IIOAYYAlOT B
XOAE €AMHOT'O TEeXHOAOTMUYECKOTO Mpollecca B KPUCTAAAE ITOAYIPO-
BOAHUKA. TaKOM TEeXHOAOTMYECKHUU Iponecc 0asupyeTrcs Ha TpaBAe-
HUU MCXOAHOTO TOAMKPUCTAAUNYECKOTO KPEeMHUSI C IpUMeHeHUueM
3aIIUTHBIX MAacOK M IOCAEAYIOIeM OKHCAeHUN U HANbIAeHUM COOT-
BETCTBYIOIUX IMOAYIIPOBOAHUKOBBIX MaT€pPUAAOB C PA3AMYHOU NPO-
BOAMMOCTEIO.

O6a Tuila MUKpOCXeM 0OAAAQIOT BeChMa BHICOKOW HAAEKHOCTBIO.
Aa’ke B IpeAeAbHO Harpy’KeHHBIX pe’KMMaX CpejpHee BpeMsl 6e30T-
Kas3HOM paboThl pocturaer 1-10° 4 (200 AeT HenpepHIBHOM PaGOTEHI).
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KOHTPOJIbHbIE BOMPOCHI

MosicHUTe NpUHUMN gencTeus BUNoNApHOro TpaHaucTopa.
Ha3oBuTe 0CHOBHbIE pexrMbl paboTbl TpaH3MCTopa.
OxapakTepu3yinTe Ko4eBon pexumM paboTbl TpaH3ucTopa.
HasoBuTe npevMyLLEecTBO 3MUTTEPHOIrO NOBTOPUTENS.
[na yero npegHasHayeH TMpmcTop?

B 4em cyTb anemeHTHOM MHTErpaumn?

HasoBute BMAbI MHTErpanbHbIX MUKPOCXEM.

NoOokwD -~

m BbIMPSMWTESIbHBIE YCTPOWNCTBA.
OOHO®AS3HBIE BbIMPAMUTENN

6.4.1. CocTtaB n Ha3HayYeHue 3NeMeHTOoB
BbINPSMUTENILHOrO YCTPONCTBA

= BrnpsiMuTeABHBIE YCTPOMCTBA MPEAHA3HAYEHE! AAST IIPeO6paso-
BaHUs IePEMEeHHOT0 TOKa B TOK OAHOTO HallPaBAEHUS.

B of61ieM caydae BBIIPAMUTEABHOE YCTPOMCTBO BKAIOUAET B CeOd
CHUAOBOM TPAHC(POPMATOP, BEHTHUAB, CTAQKUBAIOLINN (PUABTP U CTaOU-
Am3saTop (puc. 6.16).

V3BeCTHEI ABa OCHOBHBIX TUIIA BBHIIPSMUTEAEHN: OAHOIIOAYIIEPHOA-
HBIU M ABYXIIOAYIIEPUOAHBIN.

B 3aBHCHMMOCTH OT umncCAa (pa3 MUTAIOIIEN CeTH BHIIPSIMUTEAUN IIOA-
pasAeAsioT Ha opAHOMa3Hble U TpexdasHbIe.

BBIIpSIMUTEAN MOTYT OBITH YIIPABASIEMBIMM U HEyIIPaBASIEeMBIMHU.

B ympaBAsieMBIX BBIIPSIMUTEASX 3HaUeHUe BHINIPSIMAEHHOTO Halps-
SKeHUS MOYKeT PeryAupPOBAThCA. AAS MUTAHUS OOABIIMHCTBA SAEKT-
POHHBIX YCTPOMCTB MCIIOAB3YIOTCSA OOAee IIPOCTHIe HeyIIpaBAIeMbIe
BBIIIPSIMUTEAU.

RH

o—]
N B co cr | ©
o—

Puc. B6.16.CTpykTypHasa cxema BbINPSMUTENBHOIO YCTPONCTBA:

Tp — TpaHccopmaTtop; B — BeHTuns; CP — crnaxusarowmn punsTp;
Ct — ctabunusatop
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Puc. 6.17. OgHononyneprvogHbI BbINPAMUTENb:

a — BAX gvopa; 6 — cxema BbINpAMUTENS; B — BPEMEHHbIE
avarpaMmmbl HanpsxkeHuin

€ Tpancgpopmamop npepHa3zHavaeTCss AAS TTpeoOpa3oBaHus Iepe-
MEeHHOTO HampsikeHwust, HapuMmep 220 B, Ao 3HaueHus1, oGecrie-
YMBAIOIEro HeOOXOAMMOe TTOCTOSTHHOE HAIIPSiKeHUe Ha BBIXOAE
BuIIpsIMUTeAd, Hanpumep 20 B.

Benmuab mpeobpa3yeT IepeMeHHOe HaNpsKeHue B IIYABCUPY-
Iolee, CTAWKUBAOWUY (puabmp YMeHbBIIaeT ITyAbCAIUY BHIIPSIMAEH-
HOTO HaIPS’KeHUs, cmabuiu3amop MOAAEPIKUBaeT HeM3MeHHBIM Ha-
IpsiKeHUe Ha HarpyskKe.

OTAGABHBIQ TIepeYrCACHHBIE Y3ABI BEIIPAMUTEAT MOTYT OTCYTCTBO-
BaTh.

OCHOBHBIMU dAE€MEHTaMU BBITIIPDAMUTEAA ABAAIOTCA BEHTUAU —
HeAMHEeWHBIEe 9AeMEeHTHI, ITPOBOAUMOCTE KOTOPBIX 3aBUCUT OT IIOASIP-
HOCTH NIPUAOKEHHOTO HalpsiKeHUsd. Kak mpaBHAO, B KaUeCcTBe BEHTU-
A€M UCIOAB3YIOTCSI TIOAYIIPOBOAHUKOBEIE AMOABL. BAX Amopa mpuse-
AeHa Ha puc. 6.17, a.

mg= OcHOBHEBIME TapaMeTPaM¥ BEIIPSIMUTEACH SIBASIOTCSI:

Uncp — CpepHee BBIIPSIMACHHOE HANpPsKeHUEe Ha HArpyske;

I yp — CpepHWMit BHINPSIMACHHBIA TOK B Harpyske;

P = Uscmax/ Upy.cp — KOIDDUIUEHT TMyABCAITUY BHITPIMACHHOTO Ha-
npstKeHUs (U,eymax — @MIAUTYAQ OCHOBHOW FapMOHMKHU BBIIIPSIMAEH-
HOTO HaIpsSKeHUsl);

f, — 4YacToTa OCHOBHOUM TapPMOHMWKM BBIIIPSIMAECHHOT'O HAIPI>KEHU
(HaIpsS>KeHUs NMyAbCAIUHN).
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6.4.2. OgHononynepuogHbii ogHOtha3HbIN
BbINPSAMUTENb

CxemMa OAHOTIOAYTIEPUOAHOTO BBITIPSIMUTEAST TPUBEAEHA Ha PUC.
6.17, ©.

‘g [TepemeHHOe HaNpsI>KeHME C BTOPUYHOU OOMOTKM TpaHC(OpMaTo-
pa U, TOAQeTCs Ha Iellb U3 IIOCAEAOBATEABHO COEANHEHHBIX AM0AA A
¥ HaTpy304YHOTo pe3ucTtopa R,. [Tpu MOAOKUTEABHOM IIOAYIIEPHO-
A€ HaIpsKeHMST AMOA OTKPBIT U 4epe3 Harpy3Ky TeueT TOK. [Ipu
OTPHUILIATEABHOM TIOAYIIEPHOAE AMOA 3aKPHIT U TOK B Harpy3Ke OT-
CYTCTBYET.

BrimpgaMAaeHHOe Hanps)kKeHHe U, MOJKHO IIPEACTaBUTh B BUAE pSAAd

Qypbe — CyMMBbI TIOCTOSITHHOU Uy, o, ¥ TEPEMEHHOM U;; COCTABASIOITUX

(puc. 6.17, B):

u= U,/ [7 (1+ (n/2) sin ot — (2/3)cos 2wt — (2/15)cos 4wt —
—(2/35) cosbmt —...)].

CpepHee BBEIIPSIMAEHHOE HAIpsKeHUe Ha Harpyske
U scp = Upmax/ T = 0,32 Uppyax = 0,45U,.

AMTIATTYA@ OCHOBHOM TapMOHUKU Uyiymax = Usmax/2 = 0,7U,.

Kosddunment nmyabcanuu p = Uyymax/ Unp = /2 = 1,57.

YacroTa nyabcanuu f;, = f.

Kak mpaBmAO, OAHOIIOAYTIEPHUOAHBIE BHIIPIMHUTEAN ITPUMEHSAIOTCS
AN IUTaHUS HAarpy3KU MaAOW MOIITHOCTH.

6.4.3. [1syxnonynepunogHbie ogHoasHbie
BbINPAMUTENN

Hauboablllee IpuMeHeHUe HAIIAU ABE CXEMBI: BBIIPSIMUTEADb Ha
0Oase TpaHcOpPMATOpa CO CPEeAHEU TOYKOU U ABYXIIOAYIEPHUOAHBIU
MOCTOBOM BBINIPSIMUTEAD.

BeinpsaMmutreab Ha 0a3ze TpaHcopMaTopa CO CpepAHel TOYKOM.
CxeMa 0AHO(A3HOTO ABYXIIOAYIIEPHUOAHOTO BBIIPSAMUTEAS IIPEACTAB-
AsieT cOOOM ABe CXeMBbl OAHOIIOAYIIEPHOAHOTO BBIIIPSIMUTEAS, ITOCTPO-
eHHble Ha amopax Al u A2 u paboTaroliie Ha OOIyI0 Harpy3ky R,
(puc. 6.18, a).

B MOAOKUTEABHBIN MOAYIIEPUOA TOK B HAarpy3Ky HOCTyIIaeT depe3s
AvoAa A1, a B OTpUllaTeAbHBIN — udepe3 Anop A2. B utore 3a mepuoa,
Ha Harpys3Ke BBIACASIOTCS ABe ITIOAYBOAHBI HaNpsKeHUs (puc. 6.18, 6).
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Puc. 6.18. [dByxnonyneprofgHbI BbINPAMUTEND:
a — cxema; 6 — BPEMEHHAA ArarpaMma HanpskeHns

HepocTaTok cxeMbl: CAOJKHasE KOHCTPYKIIUSI TpaHcdopMaTopa U
€ro HEe3KOHOMHYHOCTb. OTUX HEAOCTATKOB AUMIIIEHA MOCTOBAsA CXeMa
BBIIPIMUTEAS.

ABYXIOAYIIEPHOAHBIN MOCTOBOM BBINIPSIMUTEAB. BEIIPAMUTEAD CO-
CTOUT U3 YeThlpeX AMOAOB, BKAIOUEHHBIX IO MOCTOBOW cXeMe
(puc. 6.19, a). XapakTep udMeHeHUs Hanps>KeHud U, TUTarolIel ceTH,
TOKOB AMOAOB, HaIIpSIKeHUsI Ha Harpys3Ke IOKasaHbI Ha puc. 6.19, 6.

€ ITpy TOAOKUTEABHOM ITOAYTIEPHUOAE HAIIPSIKEHU B MOCTOBOM CXe-
Me AMOABL A2 11 A4 OTKPBITHI U IPOITYCKAOT TOK B HAaTPy3Ky. Auo-
ABL Al 1 A3 B 3TOT MOMEHT 3aKPHITHL. [1py OTPHUIlaTEABHOM TIOAY-
TIepuoAe HalpsisKeHUs: AUoABL A2 1 A4 3aKpBIBAIOTCS, HO OTKPHI-
BaroTcs AuMoaAbl Al 1 A3 ¥ IPOIyCcKaloT TOK B HArPy3Ky B TOM >Ke
HallpaBAEHUH.

I I
I I
| |

ot N/
1”4 1”4 | |

| - O t

N N u | | | |
> > u H | | | |
A4 A3 HCP PN TN | T/

o—I | \N \ \/

N AR AR

Q
Q

Puvc. 6.19. [1ByxnonynepvogHbIi MOCTOBOW BbINPAMUTENb!

a — cxema; 6 — BpPeMeHHasa avarpamMma HanpsXXeHun 1 TOKoB

147



PasrokeHMe MOAYUYEeHHOU HECUHYCOUAAABHOU (DYHKIIUU B DA
Oypbe AT ABYXIIOAYIIEPHOAHOTO BBIIPIMUTEAS C YI€TOM AMIIL OC-
HOBHOU TapMOHUKMN MOJKHO IIPEACTABUTH B BUAE

Uy =2Upmax /[7(1 = (2/3)cos2mt)].

Cpeanee BBIIIPSIMAEHHOE HaNpsikeHUWe Ha Harpyske U, ., =
=2U o/ = 0,64U; 0 = 0,9U5.

AMIAUTYA@ OCHOBHOM TapMOHUKHU Uyymax = 4Usmax/ (3T) = 0,6U,.

Kosdpdunuent nyabcaniuut p = Uy max/ Uyop = 2/3 = 0,67.

YacroTa nyabcanuu f, = 2f.

[To cpaBHEHHIO C OAHOIIOAYIIEPHOAHBIM BBHIIPSMUTEAEM OAHOMA3-
HBIM ABYXIOAYIEPUOAHBIU BHIIPSIMUTEAB OOeclieunBaeT OOABIIEe
CcpepHee HaIpsyKeHHe Ha Harpy3Ke, MEHBIIYIO aMIAUTYAY IIyAbCAIlUi
¥ GOABIIYIO WX YACTOTY, YTO OOAErYaeT 3apauy MX MOAABAEHUS CTAa-
SKUBAIOIIUMU (PUABTPAMU.

KOHTPOJIbHbIE BOMPOCHI

_

. Nepeyncnute oCHOBHbIE 3NIEMEHTbLI BbINPAMUTENBHOMO YCTPOK-
cTBa.

Ha3zoBWTe 0CHOBHbIE NapamMeTpbl BbINPAMUTENS.

1306pa3nTte cxemy 0HOMOMYNEPUOAHOr0 BbINPSMUTENS 1 Ona-
rpaMMy TOKOB W HanpsiXeHu.

1306pa3ute cxemy ABYXMonyneprofHOro BbINPAMUTENSA U Ava-
rpaMMy TOKOB W HanpsiXeHu.

HaszoBuTe npeumyLLiecTBa ABYXMONYNepuofHoOro BbINPAMUTENs Mo
CPaBHEHWIO C OQHOMONYNEepPUOAHbLIM.

o & WP

m TPEX®A3HBIE BbINPSMUTENN.
CrNAXUBAKLUWNE ®OUNMbTPbI.
VIHBEPTOPBI

6.5.1. Cxembl TpexdrasHbix BbiNnpsMutenen

AAS BRIIPIMAEHUST Tpexda3HoTO HaNpPs>KeHUs Ha MPakKTUKe MIUPO-
KO IPUMEeHSIOTCS Tpexdas3Hble BRIIPAMUTEAN. [IpocTeiiias cxemMa OA-
HOTIOAYIIEPHOAHOTO BHIIPSIMUTEASI IIpUBeAeHa Ha puc. 6.20, a.

OTO cxeMa ¢ HeUTPAAbHOM TOYKOM U BTOPUYHOM OOMOTKOU TpaHC-
dopmaTtopa, BKAIOUEHHOU 3Be3A0U. B Kaxxkayro dasy TpancdopMaTo-
pa IIOCAEAOBATEABHO BKAIOUEH AMOA. KaTOABI AMOAOB COEAVHEHEI BMe-
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Orubatoias

Tp Al
B AZ)
c A3 |
{1
R, ot

a

Puc. 6.20. TpexdasHbin 04HOMONYNEPUOAHBIA BbINMPAMUTENb:
a — cxema; 6 — BpPeMeHHas avarpaMmMa HanpsixeHus

cre. Me>kay 0O01Iel TOUKOM KaTOAOB U HEUTPAABHOU TOYKOU BKAIOYA-

eTcd Harpyska R,.

[TepBuuHas oOMOTKa TpaHCPOPMATOPA MOKET OBITh BKAIOUEHA KaK

3Be3AOI‘/JI, TaK U TPEYTOABHUKOM.

BrIlpgMAeHHBIE TOKH 4epe3 AUOABI TEKYT AUIIL B T€ MOMEHTHI
BpeMeHH, KOTAQ MOTEeHIIMaA @HOAA BHIIIEe IIOTeHIIUaAa HEeUTPAAbHOMU
TOUKU. Pe3yAbTHPYIOMINY TOK Yepe3 Harpy3Ky SBAsSeTCSI CYMMOM BCeX
Tpex TOKOB U M3MEHSIeTCS B COOTBETCTBUM C ormbaroiient (puc. 6.20, 6).

Cpeatee Hanpskenne Ha Harpyske U, = 1,17Uy,.
AMIAUTYAQ OCHOBHOM TAaPMOHUKU Ugeymax = 0,29Us,.
Kosdpdumment nyascanuu p = 0,25.

YacroTa nyabcanuu f;, = 3f.

T Al | A3 | AS
A i A XK
5 [z
c N N N
A2 | A4 | A6
Orubaromias
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3
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Puc. 6.21. TpexdhasHbin ABYXNOMYyNepuoaHbIA BbINPAMUTEND!

a — cxema; 6 — BpPeMeHHas avarpaMmMma HanpsixXeHus
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Ta6nuua 6.2

CxeMa Ui/ U, Upen max” U p f./f
OaHOMAa3HBIN OAHOIIOAYIIE- 0,45 0,7 1,57 1
PHOAHBIM
OpHOMA3HBIN ABYXIIOAYIIE- 09 0,6 0,67 2
PHUOAHBIN
Tpexda3HbIll OAHOIIOAYTIE- 1,17 0,29 0,25 3
PHOAHBINI
Tpexda3HbIN ABYXIIOAYIIE- 2,34 0,13 0,057 6
PHOAHBIN

Apyras cxeMa Tpexda3HOTO BBHIIPSIMHUTEASI U3BeCTHA KakK cxXeMa
AapuonoBa. OHa IpeACTaBAsieT cOOOM TPU MOCTOBEIE CXeMbl, paboTa-
IOIlMe Ha €AUHYIO HArpy3Ky.

Ha puc. 6.21, a npuBepeHa cxeMa BBLIIPIMUTEAS, a Ha puc. 6.21, 6 —
BPEMEHHAsT AMarpaMMa HaIpsiKeHUsI Ha Harpyske.

B Tpexda3HOM ABYXIIOAYIIEPHUOAHOM BHIIPSIMUTEAE AUOABI IIPOITYyC-
KaloT TOK 4Yepe3 Harpy3Ky B 00e IIOAYBOAHBI AAS KasKAOM (basbl Tpex-
(ha3HOTro HAIpPSKEeHUsA. Y>Ke OAHO 3TO NO3BOASIET CYIeCTBEHHO CHU-
3UTh YABCAIIUM BBINIPSAMAEHHOTO HAINPS)KEHUS (CM. OrMOAroIyi0 Ha
puc. 6.21, 6).

CpeaHnee HamnpsiKeHue Ha Harpyske Uy, = 2,34Uy,.

AMIIAUTYAQ OCHOBHOM TAapMOHUKU Ugcymax = 0, 13Uy,

Koadduruent nyabcanuu p = 0,057

YacTtoTa nmyabcanuu f, = 6f.

B Taba.6.2 mpepcTaBAeHBI OCHOBHBIE NTapaMeTpPbl PACCMOTPEHHBIX
cxeM BhIIpaMuTeAeld. Lindpsl TpUBeAEHBI IO OTHOIIEHUIO K HaIlpsIKe-
HHUIO Ha BXOAE BBHIIpIMUTEAd U, M 4aCTOTe NMUTAIOIEro HAIPSI)KeHUs f.

B Tpexda3noil MOCTOBOM CcXeMe MOIIHBIX BBIIPSIMUTEAEU IIIUPOKOE
IIprUMeHeHUe HAIllAM yIIpaBAsSeMble BEHTUAU — THUPUCTOPHI. DTO TakK
Ha3blBaeMble yIIpaBAsieMble BHIIPSIMUTEAN. VI3MeHsIsT MOMEHTHI OTKPhI-
THS TUPUCTOPOB, MOSKHO CPABHUTEABHO AETKO U 3KOHOMUYHO PETryAH-
pOBaTh CpepHee 3HaYeHUe BBIIPAMAEHHOTO HAIPSyKeHUS.

6.5.2. CrnaxuBatwowwme unbTpbl

€ AAST TOAQBAEHUS IEPEMEHHOU COCTaBASIIONIEHN BBHITTPIMAEHHOTO

HaIPSOKEeHNS Me>KAY BEHTUAEM U HarPy3KOH yCTaHaBAMBAIOT CTAA-
SKUBAOUINEe (OPUABTPHL.
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OCHOBHBIM TTapaMeTPOM CTAAKUBAIOIIEro (PUABTPA SABASIETCS KO-
sdunuentT craaxupanus Sy, OH ONpeAeAseTcss OTHOMIEHHEeM KO3(-
(PUITMEHTOB MyABCAIINN Ha €r0 BXOAE M BBIXOAE:

S(p = pBX/pBLIX'

B 0pAHMX yCTpPOMCTBaX CrAa’KHBAIOIIMe PUABTPHL He HY>KHBI BOOO-
1le (HampuMmep, A NUTAHUSA SAEKTPUYECKOTIO ABUTATEAS IIOCTOSTHHOTO
TOKa), B APYTrUX KO3(P(PUIUEHT CTAaKUBAHUSA MOXKET OBITh HEOOAB-
muM. OAHAKO AAS IMUTAHUS II€AOTO PSAA SAEKTPOHHBIX YCTPOMCTB
KOO (PUIIMEHT IIyAbCAlUU HA BBIXOAE OAOKA HMUTAHUSA HE AOAKEH
npepbmath 11075 uTo TpebyeT ycTaHOBKM (DUABTPOB C GOABIIAM
KO3 PUITMEHTOM CTAAKUBAHUS.

IMpocTeNImMM CTAQKUBAIOIIUMU (DUABTPAMU IBAIIOTCS UWHAYKTHB-
HBIM ¥ €MKOCTHBIU.

HMngykmusnblll purbmp (puc. 6.22, a) npepcTaBasieT coO0M Apoc-
CeAb, KOTOPBIM BKAIOUAETCSI IIOCAEAOBATEABHO C Harpy3KoM.

3HaYUTeAbHOE MHAYKTHUBHOE CONPOTHUBAeHUe X; = 2nf L cylie-
CTBEHHO CHUJKAeT IIePEeMeHHYIO COCTABAJIONIYIO HAIPS)KEeHUd, MpakK-
TUYECKN He U3MEeHSId INOCTOSHHOM, TaK KaK aKTUBHOE COIIPOTHUBAE-
HUe R apocceasd HeOOABIIOe.

C AOCTaTOYHOM TOYHOCTBIO MOKHO TPUHATH Syg, = 21f,L/R,,.

MHAYKTUBHBIE (DUABTPBI IPUMEHSIOTCSI OOBIYHO B MOIITHBIX HU3KO-
OMHBIX Iensx.

U, C = Uy Ry
o
L_COD_
a 9]
Lap Lap R
o—fYY\To o A ) o—] To
C Cl —L Cc2 —L C
N L 1. 1.
B r g

Puc. 6.22. Cxembl nbTpoB:

8 — WHOYKTWBHbIN; 6 — eMKOCTHbIN; B — [-06pasHbin LC-chnnbTp;
r — -o06pasHbin LC-unbTp; 4 — M-06pasHbin RC-chunsTp
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Emxocmnblli purbmp (puc. 6.22, 6) IpeACTaBAsIET COOOM KOHAEHCa-
TOP, BKAIOUAEMBIN ITapaAAeAbHO Harpyske. [Ipu 3HaUUTEABHON eMKO-
CTH CONPOTHUBAEHUE AN IEPEMEHHOM COCTaBASIONEN BBEIIPIMAEHHOTO
TOoKa HeboarwIoe (X~ = 1/(2nf,C) << R,) 1 OHa MAET Uepe3 KOHAEHCa-
TOP, MUHYS HarpyskKy. B Harpysky IOCTyIlaeT AUIIL IOCTOSIHHAS CO-
CTABASIOIIAs BBIIPSIMAEHHOTO TOKa.

MoO>KHO TaK’Ke ySCHUTDH IPUHITUII CTAAKUBAHUS ITyAbCAIUM, IPU-
HSB BO BHMMAaHMe, YTO IIPU BO3PACTaHUM HAIPSKEHUS Ha Harpyske
AVIOA, OTKPBIT U B CBY3U C €r0 MAAbIM CONIPOTUBAEHHEM KOHAEHCA-
TOP 3aps’kaeTcd NMPAaKTUYeCKU MTHOBeHHO. [Ipu yMeHBIIeHUM Ha-
NIPSIKEHUST AUOA 3aKPBIBAETCSI U KOHAEHCATOP paspsiikaeTcs CpaB-
HUTEABHO MEAAEHHO dyepe3 OOAbIllee, UeM Y AMOAQ, COTPOTUBAEHUE
Harpy3KH.

C AOCTATOYHOM TOYHOCTBIO AT ABYXIIOAYIIEPHOAHOTO BBIIPIMUTE-
Asl C @MKOCTHBIM (PUABTPOM MOJKHO TPUHSTH Sq, = 1,34fCy,R,,.

OCHOBHOe IpUMeHeHNe eMKOCTHbIe (DUABTPHI HAIlIAML B MAaAOMOII]-
HBIX BBICOKOOMHBIX IIEISX.

AAst obecrieueHMsT BHICOKOKAUeCTBEHHOTO CTAAKUBAHUS UHAYKTHUB-
HBI M €MKOCTHBIM (DUABTPBHI OO'BEAUHSIOT, ITOAy4Yasd I'-00pa3HbIU
(pmc. 6.22, B) uam I1-o0pasHuseili (puc. 6.22, r) LC-puasrpsl. Kosaddu-
IIMEeHT CTAKUBAHMA B 3TOM CAydae paBeH IIPOU3BEAEHUIO KO3(phuIu-
€HTOB CTAQKVMBAaHMU4 3BeHbEB (DUABTPA. B MAaAOMOITHBIX MCTOYHUKAX
npumeHstoT [-o6pa3ubitt RC-puabTp (puc. 6.22, g).

6.5.3. luBepTOopbI

Hapsipay ¢ BEIIPIMUTEABHBIMM YCTPOMCTBAMU B TeXHUKe HIMPOKOE
IIpUMeHeHNe HAllIAU UHBepmopbl — YCTPOMNCTBA, Ipeobpasyroline
IIOCTOSHHBIN TOK B IlepeMeHHBIN TpeOyeMot 4acTOThl. OHM MCIIOAB3Y-
IOTCS B CUCTEMaxX Mepepauy dHEPTUU MOCTOSSHHOTO TOKa AASI Tpeobpa-
30BaHMS MOCTOSSHHOTO HAIPSKEHUST OAHOW BEAWYUHBI (Hallpumep,
HU3KOM) B IIOCTOIHHOE HAIPSKeHUEe APYTOM BEAUWUYWHBI (HAIIpUMeED,
BBICOKOM). [IpeoOpa3oBaHue OCYIECTBAIETCS 3a CUET O€CKOHTAKTHBIX
SAEKTPOHHBIX KAIOUEH, B KaueCTBe KOTOPBIX UCIOAb3YIOTCS TPaH3UC-
TOPBI UAU TUPUCTOPHI.

B 3AeKTpOHHOM anmapaTrype HeOOABIION MOUIHOCTU OOBIYHO IIPH-
MeHsIeTCsI TpaH3UCTOpHas cxeMa. Ha puc. 6.23, a mpuBepeHa cxema
WHBEpTOpa Ha TPaH3UCTOPaxX C MOAOKUTEABHOU TpaHCchopMaTOpPHOM
obpaTHOU CcBA3bI0. [ToCAepAHAI IPUBOAUT K CAMOBO30Y KACHUIO WH-
BepTOpa U MOSIBAEHUIO Ha €r0 BHIXOAE ABYXIIOASIPHBIX IPSIMOYTOABHBIX
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Puc. 6.23. IHBepTOpsL:
a — Ha TpaH3ucTopax; 6 — Ha TupucTopax

UMITYABCOB. [IpM 3TOM TPaH3MCTOPHI PaOOTAIOT B KAIOUEBOM pPe’KUMe.
Ecam opAVH M3 HUX OTKPBIT, TO BTOPOU 3aKPHIT. BKAIOUEHHEIN B BBIXOA-
HYI0 OOMOTKY TpaHC(OopMaTopa BHEIIPSIMUTEAD C DUABTPOM OOeCIieun-
BaeT HaA BBIXOAE MHBEPTOpPAa IOCTOIHHOe HamnpskeHue U, APYTOTO
3HaUYEHUS.

B MOMIHBIX cXeMaX B KaueCTBe MePEeKAIOUaloNIUX 3IAeMEeHTOB UCIIOAB-
3YIOTCSI TUPUCTOPHI, BKAIOUEHHBIE 1I0 MOCTOBOM cxeMe (puc. 6.23, 0).
CxeMa ymIpaBAeHUSI Oo0ecIlledyrBaeT IIOOUYEepeAHOe OTKPHITHE COOTBET-
CTBYIOIIMUX IIap TUpUCTOPOB (Al —A3 nuau A2—A4), TeM caMbIM IIpe-
00pa3ys MOCTOSHHOE HAlpsKeHWe C OAHOM AMAroHaAM MOCTA B Iepe-
MeHHOe Halpsi’)KeHUe Ha BTOPOU AuaroHaau. IloaydeHHOe IepeMeH-
HOe Hamps>KeHHe MOYKeT OBITh BHOBL C IIOMOIIBIO BREIIPSIMUTEAS TIpe-
00pa30oBaHO B MOCTOSIHHOE, HO APYTOY BEAMYMHBI, OIIPEAEAsIeMOM yT-
A@MU OTKPBITUS TUPUCTOPOB.

KOHTPOJIbHbLIE BOMPOCHI

1. V1306pasunTe cxembl TpexgasHbIX BbINPAMUTENEN 1 BPEMEHHBIE
gnarpamMmbl K HUAM.

[anTe cpaBHUTENBLHYKO OLIEHKY OBYX CXeM TpexdhasHbiX BbINpsMu-
Tenen.

YKaxute HasHa4veHve unbTpa M ero OCHOBHOW NapameTp.
MosicHUTE MpUHLMN AENCTBUSE MHOYKTUBHOIO U EMKOCTHOIO (OnSlb-
TPOB.

Ons vero npegHasHaveH nHBepTOp?

Kako npuHUmMn nonoxeH B 0cHOBY paboTbl MHBPTOpa?

P D

oo
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CTABIN3ATOPbLI NMOCTOAHHOIO
HAMNPAXEHNA

6.6.1. Ha3Ha4veHue, TMNbl 1 OCHOBHON
napameTp ctabunusaTtopa

AAd LIeAoro pgaa moTpebuTerel TpeOyeTcs AOBOABHO CTaOHUABHOE
nuTalollee HalpsKeHMe. HampuMep, AAd TUTaHUS pPapUOBelllaTeAb-
HBIX U CBA3HBIX PAAUOCTAHIIMU AOIYCKaeTCsd HeCTaOUABHOCTE 2...3 %,
AAST DAEKTPOHHOTO MMKPOCKOTIA HEeCTaOMABHOCTb HE AOAJKHA ITPEBBI-
maTb 0,005 %, a AAS YCUAUTEAEM MOCTOSTHHOTO TOKAa M HEKOTOPBIX
N3MEepPUTEAbHBIX IPUOOPOB BHICOKOTO KAACCa TOUHOCTU — He Ooaee
0,001 %.

AecTabuAU3UPYIOMUMEU (PaKTOPaMU SIBASIIOTCS N3MeHeHHe Halpsi-
SKeHMd NUTAIOIEeN CeTH, TOKa HarpysKu [, TeMmepaTypbl OKpy>Ka-
IOITEN CpeAbl U Ap. A obecriedeHUs 3aAaHHOU CTaOUABHOCTU TTOCTO-
STHHOTO HAINPSIKeHUS MCIOAB3YIOTCS CIleI[MaAbHBIE YCTPOUCTBA —
CTaOMAU3aTOPHI MOCTOSHHOTO HATPS>KEeHUS.

mg= CTabuAn3aTop IOCTOSTHHOTO HATIPSIKEHHS OCYIIECTBASIET PETYAH-

PpoOBaHVE SACKTPUYECKOI'0 TOKA B HAIPY3Ke TAKUM o6pa30M, qTo-
OBl 0O6ecIeuYnTh OTHOCUTEABHOE ITOCTOSTHCTBO HAIIPsAXEeHWd Ha
CBOEM BBIXOAE W HA HATrPy3Ke.

[MTo mpuHOUIY AEWCTBUS CTaOUAM3ATOPHI MOAPA3AEASIOT CAEAY-
IOIMUM 006pa3om:
" [apamMeTpuieckue,

B  KOMII€EHCallUOHHEIE.

‘g B napamempuueckux ctabruAn3aTOpax CTaOMAU3AIINS HalPSIKeHUST
o0ecrneynBaeTcsd 3a cueT 0COO0M HEAUHEMHOCTHU BOABT-aMIIEDHOU
XapaKTePUCTUKU PETYAUPYIOIIEro 3A€MeHTa.

HanbGoaee MMPOKO B KaueCTBe TAKUX HEAWHENHBIX PETYAUPYIOIINX
9AEMEHTOB HCIIOAB3YIOTCS IOAYIIPOBOAHUKOBBIE CTAOUAUTPOHHI.

‘g B komneHncayuoHHbIX CTAOUAKM3ATOPAX CTAOUAM3AUA 00eCIIeun-
BaeTCsd UCIIOAB30BaHUEM OTPHUIIATEABHOM OOPATHOU CBA3U IO Ha-
nps>keHnto. Takue cTabUAM3aTOPHI TPEACTABASIIOT COOOM CUCTe-
MY aBTOMATHYeCKOTO PETYAMPOBAHUS BEIXOAHOTO HATIPSIPKEHUS.

B peaabHBIX cTabuAM3aTOpax MIpPU M3MeHEHUU BXOAHOTO HAIpPS-

KeHUs U, WAM TOKa HAarpy3Ku [, BEIXOAHOe HamnpsikeHue U, He-

3HAUUTEABHO, HO U3MeHseTCsa. Xapakrep usMmenenus U, Tpu u3Me-
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Puc. 6.24. XapakTep n3MeHeHNsA HanpsXXeHNs Ha BbIXOAe
ctabunusaTtopa:

a — MNpn N3SMeHEeHNN BXOOAHOIo HanpAXeHua, 6 — npn N3sMeHeHnn
TOKa Harpyskum

"Henuu Uy, TIpepCTaBA€H Ha puc. 6.24, a, a npu uaMeHenuu I, — Ha
puc. 6.24, 6.

€ OCHOBHBIM ITapaMeTPoM, XapaKTepU3yIOIIUM KaueCTBO CTaOUAU-
3alUU HAIPSIKEeH U, ABASIeTCS KoadunueHT ctabuaruzanum K ;.

KoaddunuenT ctabnan3auu 110 BXOAHOMY HAIIPSKEHUIO OIpPeAe-
ASETCS OTHOIIIeHWEeM BeANYNH OTHOCUTEABHOTO M3MEHEeHUSI BXOAHOT'O
U BBIXOAHOTO HAINPSKeHMU npu [, = const:

KCTl = (AUBX/ UBX.HOM)/(AUBLIX/ UBI:IX.HOM) = SUBX/SUBLIXV

rae 0U,,, 0U,,x — OTHOCUTEABHBIE U3MEHEHUsI COOTBETCTBEHHO BXOA-
HOTO ¥ BBIXOAHOTO HATIPS>KEeHUU.

B Apyrux caydasgx MCIIOAB3yeTCsa KO3(PMUIIMEHT CTaOUAU3ALUN I10
TOKY, KOTOPBIN OIIPEAEAsIeTCSI OTHOIIIEHWEM BEAWYUH OTHOCUTEABHO-
rO M3MeHeHUs] TOKa Harpy3Ku Ol;, U BBIXOAHOTO HampspKeHus Uy,
npu U, = const:

KCT2 = (AIH/IH.HOM)/(AUBLIX/ UBLIX.HOM) = 8[H/(Sl:]]?'bl)()'

6.6.2. NMapameTpuyvecknin ctabunusartop
IMpocTeiiliias cxemMa mapaMeTPUUYECKOTO CTabMAM3aToOpa IpUBEAe-
Ha Ha puc. 6.25, a.

mg= CraGuausaTop COCTOHT U3 GAANACTHOTO PE3UCTOpa Rs U IIOAYIIPO-

BOAHMKOBOTO cTaOMAUTPOHA A. BeixopHoe Hanpsikenue U, cTabu-
AM3aTOpa PaBHO HAMPSKEHUIO cTabuanuzanum U, cTabuAnTpoHa A.
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Puc. 6.25.MNapameTpuyeckuin ctabunnsaTtop:
a — cxema; 6 — BOJibT-aMMnepHana XapakTepucTtmka

PabounM yyacTkoM BAX CTaBUAMTPOHA SIBASIETCS YUaCTOK DAEK-
TPUYECKOTO Npobosi Ha ee OOpAaTHOU BeTBU, TAe NPU M3MeHEeHUU
TOKa B IIMPOKUX NTpepeAax HalpsKeHUe M3MeHseTCs He3HauuTeAb-
HO (puc. 6.25, 0).

BaskHenImMu napamMeTpaMu CTaOMAUTPOHA SABASIOTCH:

U., — Hamnps>keHue CTaOUAM3aIuu;

I.; min — MHUHUMAABHBIM TOK CTAOUAUTPOHQ;

I.. max — MAKCHUMAABHBIU TOK CTaOMAUTPOHA.

AAST TapaMeTpUuecKuX CTaOMAM3aTOPOB 3HaueHue K., He MpeBbI-
11aeT, Kak MPaBUAO, HECKOABKUX AecaTKOB. KITA crabuauzaTopa He
oonee 10 %.

6.6.3. KomneHcauunoHHbIn cTabunnsartop

CTpyKTypHasi cxema cTabuAM3aTOpa NpuBeAeHa Ha puc. 6.26, a.

‘g CTabuAM3aTOP COCTOUT M3 PeryAupylolero anremenTa (PJ), ycu-

auTead (Y), cpaBHHBarolIero ycrpouctsa (CY) 1 UICTOYHUKA OIIOP-
HOTO (3TAaAOHHOTO) HanpsykeHuus U,,.

HekoTopble U3 3TUX 3AEMEHTOB YacTO O0BEeAMHSIOT. Hampumep
YCUAUTEAb MOJXET OAHOBPEMEHHO BBITIOAHATH q)YHKI_II/II/I CpaBHUBA-
IOIIIero yCTPOMCTBA.

IMpu paboTe cTabuamzaTopa ero BBEIXOAHOe HampsxeHue Uy,
CPaBHUBAETCS C OMOPHBIM HampskeHueMm U.

[Tpm otkAoHeHUM U, OT 3aA@HHOTO YPOBHS Ha BBIXOAE CPaBHHBA-
IOII[ETO YCTPOUCTBA MOSBASIETCS dAeKTPHUUECKUIN CUTHaA pa3baraHca.
OTOT CUTHAA YCUAWBAETCS M IMOCTYIIAeT Ha BXOA PETYAUPYIOIIETO JAe-
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Puc. 6.26. CxeMbl KOMNEHCaUMOHHOro cTabunusaTopa:
a8 — CTPYKTypHad; 6 — anekTpuyeckas

MeHTa, U3MeHss COOTBETCTBYIOIIMM 00pa3oM ero CONpOTHBAEHUE.
[Tpu yBeAMYeHUN BXOAHOTO HAIPSI’KEHUs COIPOTUBAEHUE PETYAUPY-
IOITEero dAEMEeHTa pacTeT, a 3HAUUT, PacTeT U NMapeHUe HapPSIKeHUs
Ha HeM, IpU YMeHbIIeHUN — IMajaeT. [Ipoiecc NpoAOAYKAETCSa A0 TeX
IIOP, IIOKa CHUTHaA pa3baraHca He CTAHOBUTCS paBeH HYAO. [Ipu 3ToM
BBEIXOAHOE HaNpsyKeHVe MPUHUMaeT UCXOAHOe 3HaueHUe.

OAeKTpUUecKas cxeMa KOMIIEHCAITMOHHOTO CTabuAM3aTopa IpuBe-
AeHa Ha puc. 6.26, 6.

B KauecTBe peryAupyromero 3neMeHTa UCIIOAB3YEeTCS TPaH3uCTop T,
a B KaUeCTBe CPABHUBAIOIIETO YCTPOUCTBA U YCUAUTEAS — Ollepaliu-
OHHBIN ycuAuTeAb (OY), Ha OAMH BXOA KOTOPOTO IOCTYyIIaeT CUTHAA OT
UCTOUYHUKA OMOPHOTO HATIPS)KEHUS — MapaMeTpUiecKoro cTabuAu3a-
Topa (Rs—A), @ Ha ADyrol — 4acTb BEIXOAHOTO HAIPS KEeHUsA, CHUMA-
eMoro ¢ peauTenss R1—R2.

ITo cpaBHeHMIO C TTapaMeTPUUECKUMU CTaOMAU3aTOPaMU KOMIIEH-
CalMoOHHbIe CTaOUAM3ATOPHI 00AAAQIOT OOAee BHICOKMMHU XapaKTepu-
CTUKaMU: KOOPPUITUEHT CTaOUAMBAITAN MOKET AOCTUTATh HECKOABKMX
TeicsY, KITA cocTtaBasgeTr npumepHo 70 %.

Yem Goablle KO3PPUIMEHT YCUACHUA YCUAUTEASA, TeM OOABIIe
KOA(PUITUEHT CTaOUAU3AIINU U MeHbllle BRIXOAHOE CONPOTUBAEHUE
CTaOMAM3aTOpPA.

KOHTPOJIbHbLIE BOMPOChHI

1. HasoBuTe OBa OCHOBHbIX TUMNa CTABUNN3ATOPOB HaMPSXKEHUS.
2. Ha 4yem ocHoBaHa pa6oTa napameTpuyeckoro crabunusaTtopa?
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3. Y10 nonoxeHo B 0cHOBY paboTbl KOMMEHCALUMOHHOro cTabunmsa-
Topa?
4. YT0 ABNAETCS OCHOBHbLIM MapamMeTpoM cTabunusatopa?

YCUNUTENBbHbIE YCTPOWCTBA.
PEXXMbI PAEOTbI U MPUHLN PABOTHI
YCUNUTENS

6.7.1. HasHa4yeHne u knaccudmkauyms

PaCCMOTpeHHBIe HaMU IIOAYIIPOBOAHUKOBEBIE HpI/I60pr Hanboaee
HMIMPOKOEe IIPpUMEeHeHNe HAllIAU B SA€KTPOHHBIX YCUAUMEASX.

‘g IMop ycuauTenreM OypeM IMIOHMMATh YCTPOMCTBO, YCUAMBAIOIIEe
MOIITHOCTD 3A€KTPUYECKUX CUTHAAOB 3a CUeT SJHEePTUU MCTOUHNKA
3AEKTPONUTAHMUS.

ITo popy pabOTBI YCUAUTEAN HOAPA3AEATIOTC!
Ha AMHeNHBIe (IIPOIOPIIMOHAABHBIE), ¥ KOTOPBIX CUTHAA Ha BBIXO-

A€ MPOIOpIIMOHAaAeH BXOAHOMY CUTHaAy (puc. 6.27, a);

peAeliHble, Y KOTOPLIX (DOpMa CUTHaAA Ha BBIXOAE OTAMYAeTCs OT hop-
MBI BXOAHOTO CUTHAAQ, IIPX 3TOM BBIXOAHOM CUTHAA TOSIBASIETCS AWIID IIPU
AOCTIDKEHUU BXOAHBIM CHUTHAAOM 33AQHHOIO YPOBHA (puc. 6.27, 0).

B 3aBUCHMOCTH OT Ha3HAYEeHMs Pa3AMYaloT:

¥  YCHUAUTEAU TOKQ;
¥  YCUAUTEAU HAIIPSIKEHUS,;
¥  YCUAUTEAUW MOITHOCTH.

ITo XapaKTepy CIeKTpa CUTHAAOB YCUAUTEAU TTOAPA3BAEASIOTCS CAe-
AYIOIIM 00pa3oM:

B YCHUAUTEAU HNOCTOAHHOrO TOKa (YIIT) — ycmamBaroT mocTo-
SIHHBIE€ S9A€KTPUYECKUEe CUTHAABL, a TAK)Ke IIepeMeHHBIe Jac-
TOTOM OT AOAEM repiia A0 HECKOABKUX KUAOTEPIT;

= gu3kou yacToThl (YHY) — ot 10 I'tt o0 20 I'11;

®  MMUpPOKONOAOCHBIe (IIIY) — OT epMHHUI repra A0 AECATKOB
Merarepit;

= p30upaTreAbHBIe (1Y) — YCUAMBAIOT BA€KTPUYECKHUE CUTHA-
ABI TOABKO OAHOM 9aCTOTHI.

CBs3b, OCYIIeCTBASIEMAs MeXXAY KacKapaMU YCUAUTEAS, MOJKeT
OBITh:
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Puc. 6.27. Yeunutenu:

8 — NNHENHbIN; 6 — penenHbIn

® raabBaHUuYecKasg — npumeHseTcd B YIIT (TOABKO C TOMOIIBIO
PE3UCTOPOB);

®  peocTaTHO-eMKOCTHas (RC-cBs3b) — npumeHsierca B YHY u
111Y;

= TpaHcdopMaTOpHad — npuMeHdgeTcsa B YHY u 11Y.

6.7.2. NMapameTpbl U XapakTEPUCTUKN

€ OAHUM U3 OCHOBHBIX IIapaMeTPOB, XapaKTePU3YIOIIUX YCUAUTEAD-
HbIe CBOMCTBA YCUAUTEAS, IBASIETCS KO2(puyueHm yCculeHus.

PasangaroT KoadutimenT ycuaenus o Hanpsoreauio Ky = U, /Uy,
T.€e. OTHOIIIeHNEe IIepeMeHHON COCTaBASIONIeN HaNpsS>KeHUsS Ha BBIXO-
Ae K IIepeMeHHOM COCTaBAJIONlel HaNpsS)KeHUsS Ha BXOAE, a TakKKe
KO3 (PUIIMEHTHl YCUAEHUA 110 TOKY K; 1 MOITHOCTU Kp — OTHOILIEHUA
BBIXOAHBIX M BXOAHBIX TOKOB U MOIITHOCTEH.

KoaddurreHT ycureHMsS MHOTOKACKAAHBIX YCUAUTEAEN PaBeH IIPOo-
U3BeACHHIO KO3 (HUIIMEHTOB YCHACHNUS KaskKAOro 13 Kackapos: K = [ 1K,

mg= CBoiiCTBa YCHAUTEAN TAKIKe OI€HUBAIOTCS:

amnaumygrHou xapakmepucmukol Uy, = f(U,,), KoTopag cCHUMaeT-
csl Ha cpepHel JacTtoTe (puc. 6.28, a). Touka A coorBeTcTByeT U, = 0,
T.e. Ha BeIXOAe U, = U, (Hanps>KeHue 1IyMa), TOUKa B cOOTBeTCTBY-
eT Uy mins OTPE30K BC COOTBETCTBYET AMHEMHOMY AMAIa3oHy paboThI
ycuAuTeAsd u onpepenseTr K, — KOIP(UIIMEHT YCUAEHUSA HAa CPeAHEN
YacToTe, Touka D cOOTBETCTByeT MaKCMMaAbHOMY Halps’KeHUIO, IPpHU
KOTOPOM HeAMHEeNHBIe NCKa>XeHUS He IIPEeBHIIAT 3aAaHHOT'O YPOB-
Ha (HampuMmep, 5 %);

yacmomuol xapakmepucmukoii — K/K,= y(f), KoTopas cHUMaerT-
Ccd B AMHEMHOM AMallia3oHe NMPU HEeU3MEeHHOM BXOAHOM CHUTHaAe U
OOBIUHO M300pa’kaeTcs B AorapudMuIeckoM Macuitade (puc. 6.28, 6).
YacToTHasi XxapaKTepUCTHUKA ITOKAa3hIBAET, UTO MOCTOSHHBIM OTHOIIIE-
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Puc. 6.28. Xapaktepnctnkun ycunurens:

a — amnnutygHas; 6 — vactoTHele ana LY (kpusas 1), YIT (2), YHH
(3) m LUY (4)

Hue K/K, 0CTaeTcs TOABKO B OIIPeAeA€HHOM O0OAACTH 4acTOT. Auamna-
30H Me’KAY BeDXHMMU U HMJ)KHUMHU 4acTOTaMu [, U [, olpepeAsdeT
IOAOCY IIPOIIYCKAHUA YCUAUTeAd Af = f, — [, KOTOpasg HaXOAUTCA Ha
ypoBHe 0,7 OT MakCUMaAbHOTO OoTHouleHUus K/K|,.

6.7.3. Pexxnmbl paboTbl

mg= B 3aBUCHMOCTH OT aMIAMTYABI BXOAHOTO CHTHAAQ U IIOAOXKE-

HUs pabouelt TOUKM P (TOUKM MOKOsI) Ha Harpy304YHOU npsiMo AB
(puc. 6.29, a) ycuAUTEAb MOXKET PaboTaTh:

B AMHEWHOM pe’KuMe (Kracc A) — Touka P B cpepHel 4aCTH Harpy-
30uHOU OpaMout u 2, . < (Is — I5p). DTO OCHOBHOU PEKUM AAS YCHU-
auTener Hanps>keHusa. KITA B 3TOM peskmMe OKOAO 25 %;

pekume Kaacca B, Korpa Touka P B HUJKHEM 4acTU HArpy304HOM
npsaMou (coBnapaeT ¢ TOYKOM B), a Iy nax < (I 64 — Is0). KIIA B 3TOM
pexxuMme okoAo 70 %. AQHHBIM pe’XMM HCIOAB3YEeTCS B ABYXTaKTHBIX
YCUAUTEASIX MOIIJHOCTH;

KAIOYeBOM pexkuMe (kracc D), Koraa Iy max >> (I — Iso). BeIxopHOM!
CUTHaA UMeeT NPIMOYTOABHYIO popmy, KITA — okonao 95 %. AaHHBIN
Pe’XKUM UCIOAB3YeTCSI B UMIYABCHBIX YCTPOMCTBAX aBTOMATHUKU.

6.7.4. NMpnHunn pa6oThbl
‘é OCHOBHBIMU dA€MEHTaMU IIOAYITPOBOAHUKOBOTO YCUAUTEAS (PHC.
6.29, 6) aBagOTCA:

B TpaH3uCTOp T — AKTUBHBIM 3AEMEHT C ymnpaBasieMoi BAX,
CIIOCOOHBIN YCUAUBATH CUTHAABI U,
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Puc. 6.29.MpnHumnn paboTbl yecunutens:

a — BAX TpaH3ucTopa 1 Harpysku; 6 — 3anekTpuyveckas cxema
yCUNUTENs; B — CXeMa 3aMeLLeHus

B Harpyska R,, BKAIoUaeMasi TIOCAeAOBATEABHO C aKTUBHBIM dAe-
MEHTOM,;

®  HCTOYHUK NUTaHUA E, (KaK IPaBUAO, IIOCTOSHHOTO TOKA).

Ha puc. 6.29, B npuBeaeHa 5KBUBAAEHTHAsI CXeMa 3aMellleHUs] YCUAU-
TeAs, B KOTOPOM TpaH3UucTop T IpPeACTaBAEH Pe3UCTOPOM C HEAMHENHBIM
CONPOTHUBAEHHEM R,. AHaAM3 TaKOM CXeMbl MOSKHO BBIITOAHUTE, NCIIOAB-
3ys peaabHyI0 BAX TpaH3ucTOopa 1 onpokuHyTyr0 BAX pesucropa. IToc-
AEAHSS CTPOUTCS IIO ABYM TOUYKaM: XOAOCTOTO X0Aa (XX) L =0, U=
= E,(T.B) u KopoTkoro 3amblkanus (K3) I = Ix3= E./R,, U, =0 (T. A).

IMycTh B ucxopHOM cocTosgHum Iy = I, (cM. puc. 6.29, a). Torapa I, =
=Ly v Uy= Ex — I R. YBeAUueHue [ IPUBOAUT K YBEAUYEHUIO TOKA
KOAAEKTOPA I, @ COOTBETCTBEHHO K yBeanmdeHuto Up = LR, 1 yMeHb-
menuto U, = E, — [LR,. YMeHbIlIeHue [ BepAeT K YMEHBIIEHHUIO [, U
COOTBETCTBEHHO K yBeAamueHUo U, .. Takum obpasom, U, u U, u3-
MEeHSIIOTCSI B IIPOTHUBOdA3e.

Kak >ke 3a(puKCHUpOBaTh pabOUyI0 TOUKY P Ha Harpy304HOM MPSIMOM ¢

€ ®ukcarusi pabouel TOUKH MOKET OBITh BEITIOAHEHA ABYMS CIIOCO-
Oamu:

®  C IIOMOIIKIO 6a30BOTO AeAuTeAs (puc. 6.30, a);
= C moMoIIbio TOKa 0a3sl (puc. 6.30, 6).

Ba3oBblii peAuTeAb Rg—Rgy, BKAIOUEHHBIN ITAPAAEABHO UCTOUYHUKY
E,, obecrieunBaeT NpoTeKaHue ToKa I, UTO CO3AaeT TTaAeHre HalpsKe-
HUS Ha pe3ucTope Rg,. B 3aBUCHMOCTU OT COOTHOIIIEHUS COTPOTUBAEHUM
R 1 Rsp TOUKA IOKOG P MO>XeT OBITH PAcIOAOKeHa Ha Harpy304yHOMU
NIpSIMOM B ATOOOM MecTe MeXXKAYy Toukamu A u B (cm. puc. 6.29, a).

Toxk 6a3bl 1ToKod I, o0ecneynBaeTcs TaKyKe BKAIOUEHUEM PEe3UC-
Topa Rz MexxpAy 0a3ol TpaH3ucTopa U 3akumMoM —E, (cM. puc. 6.30, 6).
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Puc. 6.30.Cxembl chukcaunn paboyen To4Ku:
a — ¢ nomoLlbto 6a30BOro genutens; 6 — ¢ NomMoLblo Toka 6asbl

= HepocTaToK ycuAMTeAS Ha TPAH3MCTOPAX — CYIECTBEHHAS 3a-
BUCUMOCTh XapaKTePUCTUK TPAH3UCTOPOB OT TEMITEPATYPHL.

OTO TpeOyeT NIPUMEHEeHUs CIellMaAbHBIX CXeM TepMOCTaOuAU3a-

[[UM, OCHOBHLIE U3 KOTOPBIX OCYIIECTBASIIOTCS 3@ CUET BBEACHUSI OT-

punaTeAbHBIX O6paTHBIX CBsi3el II0 IIOCTOSTHHBIM COCTABALAIOIIIMM TOKa
1 HAIIPSIDKeHUA.

KOHTPOJIbHbIE BOMPOCHI

Y70 cobov MpeAcTaBnAOT YCUMUTENN N KaK UX KnaccudmumpyoT?
Has3oBuTe 0CHOBHbIE MApamMEeTPbl U XapakTEPUCTUKN YCUNNTENS.
Ha3oBrTe 0CHOBHbIE pexuMbl paboTbl YyCUINTENS.

[MosicHUTE NPUHLMN QENCTBUS YCUNUTENS.

1306pa3nTe cxembl dimkcaumm paboyen ToUKU B YCUNUTENSX.

e e

XN OEPATHAS CBASL B YCUNUTENSAX.
BIIVSIHNE OBPATHOI CBA3U
HA XAPAKTEPUCTMKMN YCUNNTENS

6.8.1. Buabl obpaTHbIX cBA3en

€ Obpamnoti cBaspio (OC) B yCUAWTEAE HA3BIBAETCI BO3AEHCTBUE
BBIXOAHOT'O CUTHaAA Ha BXOA YCUAUTEAS.

OOpaTrHas CBSA3b MOXKeT OBITh IIOCAEAOBaTeABHOU (puc. 6.31, a) u
napasreAbHOU (puc. 6.31, 6), mpuyeM Kak MO TMOCTOSTHHOM COCTaBAS-
IOITed CUTHAaAQ, TaK M IO TTepeMeHHOM.

Koaddurment nepepaun nenu OC ompeaensieTcss o popmyae B =
=Upc/ U,y T.€. IPEACTaBASIET COOOM OTHOIIeHMe HanpsiKeHUus Ugc,
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Puc. 6.31.06paTHan cBA3b B yCUNUTENSAX:
a — nocnepgosaTtefnbHas; 6 — napannenbHada

IIOAAQBAEMOTO HAa BXOA YCUAUTEAS, K BBIXOAHOMY HAIIPAXKEHUIO YCUAU-
Tend UBHX. OH moka3hIBaeT, KaKasl 94aCThb BBEIXOAHOT'O CHUTHAAQ ITepeAa-
€TCAd Ha BXOA YCUAUTEA.

€ Ecau curnan OC mopaeTcst Ha BXOA B pa3e C BXOAHBIM CUTHAAOM
(B> 0), To OC nmoroRuUTEeABHA, ecAn B TpoTuBodase (f < 0) — oT-
pullaTeAbHa.
Ob6paTHas CBA3b OKA3bIBAeT BAUSHME Ha KOI(PPUIIUEHT YCUASHUS
YCUAUTEAS.
ITycts B > 0.
Torpa xKoaddunueHT ycuareHUd ycuauTeas 6e3 OC

K = UBLIX/ UBXV

a nipu Haamunu OC u npu ycaosuu Uy = U, + Ugc

KOC: UBLIX/UC: UBLIX/(UBX_ UOC) = (UBLIX/UBX)/(l - UOC/ UBX) =
= (UBLIX/UBX)/(l - ( UOC/UBLIX)(UBLIX/UBX)) = K/(1 - BK)

Takum obpasom

KOC:K/(l - BK),

T.e. morokuTeAbHast OC BBI3BIBAET YBeAMUeHNE KOdPUIMEeHTa YCHU-
AEHUS YCUAUTEAS.

IMpu BK = 1 OC Ha3bIBaeTCs KPUTUIECKOH, TaK KaK B 9TOT MOMEHT
Koc — oo, T.e. ycuauTeab pake npu Uy, = 0 umeer U, # 0, @ crepo-
BaTEABHO, IIEPEXOAUT B PEKUM CaMOBO30OYKAeHUs (reHepaluu).

B ycuauTteasax noaoxuteabHas OC npaKTHYeCKU He IPUMeHSIeTCs,
OHA WMCIIOAB3YEeTCSI AHIIb B aBTOTE€HEepaTOpax.

ITycts B < 0.

Torpa Hampsi>KeHMEe BXOAHOTO CHUTHaAa

UBX = UC - UOC'
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OTKYAQ

Koc = Uy/ U, = K/ (1 + BK).

‘g OTpurateabHas oopaTHas cBs3b (OOC) BBI3BIBAET YMEHbBIIIEHNUE
KO3 (pUIMeHTa YCUAEHUS YCUAUTEAS, UTO TO3BOASIET MOBLICUTH
YCTOMYUBOCTE €ro PabOTH, T. €. UCKAIOUUTH CaMOBO30yKAEHUE B
Pa3AWYHBIX OKCIAYATAIIMOHHBIX YCAOBUSX (ITpU M3MEHEHUM Ha-
NpsiKeHUs IUTaHUS, TeMIIepaTyphbl OKPYy Kalolllel CpeAbl, 3aMeHe
9AEMEHTOB B CAyYae UX BBIXOAA U3 CTPOS U T.A,.).

mg= Breaenne OOC 10 HOCTOSIHHOMY TOKY [O3BOASIET IIOBBICUTH CTa-

OMABHOCTBH PAabOTHl YCUAUTEAS IIPU U3MEHEHUU TeMIlepPaTyphl
OKPY KaroIleN CPeABI.

6.8.2. NMpnHUMN TepmocTabunusauynn

ITpu yBeAanmyeHmu TemnepaTtypbl BAX Tpansucropa (puc. 6.32, a)
cmertrtaeTcs: BBepx (+50 °C 6e3 OOC), Touka nmokosa P mepemerliiaeTcs
110 HaTPy30YHOU IPSIMOM B TOUKY P’, TOK KOAAeKTOpa pacteT (I;). ITo
BEAET K YMEHbIIIEeHUIO BBIXOAHOTO HanpskeHus (Uy ). AAST HCKAIOUe-
HUSA 3TOTO B IIellb O9MUTTEpPa BKAIOYAETCs pe3uctop R, (puc. 6.32, 0).
On o6ecneunBaeT OOC 1O TOKYy KOAAEKTOPA, TaK KaK HaIlpga)KeHHe
OOC, cHuMaeMoe C pe3nucTopa R,, IPONOPIUOHAABHO BHIXOAHOMY
TOKY. YBeAMUYeHHe TOKAa KOAAEKTOPa BeAeT K YBEAMUYEeHMIO NapeHUs
HaNnpsiKeHUs Ha pe3uctope R,. [TocKOALKYy IapeHMe HanpskeHUs: Uy
Ha pe3ucTope Ry, He 3aBUCUT OT TEMIEePATypPHl, TO HAIIpSKEeHUe MeiK-
Ay 0asoi m smutrrepom TpaHsucropa Us_, = Us — U, yMeHbIIaeTcs.
OTO MIPUBOAUT K YMEHBIIIEHHUIO TOKa 6a3bl A0 5, 1 pabodas ToUKa Ie-
peMmerriaeTcst B TOUKy P”, 6AM3KyI0 K Touke P. Takum 06pa3oM, BEIXOA-
Hoe HanpsokeHue Uy, OCTaeTCs MPaKTUUeCKN HeUu3MeHHBIM.

I5(+50°C 6e3 OOC)
I%(+50°C OOC)
I5(+20°C)

U €] C3 Usuix
I lu.

R R
62 3T

EK UK—3 o O +EK
a 6

Puc. 6.32. BAX, nosicHatowme npuHUmMn TepmocTabunusaunn (a), n
CXema ycunuTens ¢ TepmocTabunusaunen (6)
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mg= OOC 1n03BOAsIET TaK)Ke YAYUIIMTH YaCTOTHBIE XaPaKTePUCTUKM

YCUAUTEAS, T. €. YBEAUUUTH €T0 ITOAOCY IPOITyCKaHUsI, YMEHBIIUTD
HeAWHelHble HCKa>KeHUsI B BBIXOAHOM HAIPs>KeHUU, YBEAUYUTH
BXOAHOE M YMEHBIIUTh BEIXOAHOE COIIPOTUBAEHUSI YCUAUTEAS B
(1 + BK) pas.

B cxeme Ha puc. 6.32, 6 OOC obGecneunBaeTcs Kak MO IMTOCTOSTHHO-
My, TaK W 10 mepeMeHHOMY TOKy. OC 1O OCTOSTHHOMY TOKY SIBASIET-
cs 1enbio TepMocTtabuanidanuu. OC 1o nepeMeHHOMY TOKY NPUMEHS-
€TCsI AAS TIOBBIIIEHUS YCTOMYMBOCTH YCUAUTEAS.

Ecau mo kakum-Aubo npuunHam OOC 1o nepeMeHHOMY TOKY He
HY’>KHa (CXeMa yCTOMYMBO paboraeT, a Koaddunuent K 1 Tak Maa), TO
pes3ucTtop R, mryHTUpyeTCcsa KOHAeHcaTopoM C,, 4epe3 KOTOPHBIN IIPO-
XOAHWT TIepeMeHHasi COCTaBASIONIasi TOKa dMUTTEPA.

Ilpu sTOM Ha HUJKHEHN I'DQHUYHOM 4acTOTe f, eMKOCTHOe COIIPO-
TUBAEHHE AOAKHO OBITH Ha MOPSIAOK MeHbIle COIPOTUBAEHUS R,.
EMKOCTB ITYHTUPYIOIIEr0 KOHAEHCATOPa OIPEAEASeTCS BbIpakeHueM

C,=(10...20)/(2nL,R,).

KOHTPOJIbHbLIE BOMPOCHI

-

Y70 cobow npedcTaBnAOT 0bpaTHbIE CBA3W B YCUNUTENE U KaK UX
KnaccudnumpyroT?

K yemy npuBoguT BBELEHVE MONOXMTENBHOM 06paTHOM CBA3N?
YKaxunTe 0CHOBHOE Ha3Ha4yeHne oTpuuaTensHon obpaTHOM CBA3N
1 NOSAACHUTE ee BNNAHME Ha napamMeTpbl YyCUnuTens.

[MosicHnTe NpUHUMN TepmMocTabunuaauum B yCUNUTENAX.

A WP

m MHOIMOKACKAOHbLIE YCUNUTENW
HAMPSIKEHWS

6.9.1. Buabl me)xkackagHbiX cBA3en

PaccMoTpeHHBIE OAHOKACKaAHBIE YCUAUTEAU UMEIOT, KaK IIPABUAO,
KO3(pDUIMEHT yCUAEHUS N0 HANPSKEHUIO NOPSIAKA HECKOABKUX Ae-
csaTKOB. OAHAKO BO MHOTUX YCTPOMCTBAaX IIPOMBIIIIAEHHON SAE€KTPOHU-
KU 4acTO TpeOyeTcs ropasp0 OOABIINU KOIM(PUIUEHT YCUACHUSA (A0
COTEH U Aa’Ke ThICAY). B 3TOM cAyuae IpUMeHSIOTCS MHOTOKAaCKaAHbIe
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YCUAUTEAHU, OOIINU KOI(PDOUIIMEHT YCUACHUSA KOTOPHIX PABEH IIPOU3-
BEACHUIO KO3(PUIINEHTOB YCUAEHUSA OTAEABHBIX KAaCKaAOB:

K=KK,..K,

ITpm 3TOM OTAEABHBIE KAaCKaAbl MeXXAY COOOM MOTYT OBITh COEAM-
HEHBI TTOCPEACTBOM:

®  RC-cBS3U,
= TpaHC(PhOPMATOPHOU CBA3Y;

¥ TAALBAHUYECKOM CBS3MU.

6.9.2. Ycunutenn c¢ RC-cBA3blO

mg= HauGonbiree pacpocTpaHeHHe B yCHAUTEASX HAIIPSIKEHHS 110~

AYYUAM MHOTOKaCKaAHBIe ycuaumeAu ¢ RC-cBasbpio (puc. 6.33).
CBs3b MEKAY KaCKapaMU B HUX OCYIIECTBASIETCS 3@ CUEeT pas-
ACAMTEABHOTO KOHAeHCaTopa C, M KOAAEKTOPHOIO Pe3nuCcTopa
R..

Konpencarop C,; OTAEASIET TIEPEMEHHYIO COCTABASIIOIIYIO BBIXOA-
HOTO HAIps’KeHMs IepBOro Kackapa Uy, OT IOCTOSSHHOM COCTaBAS-
IOIe¥ KOAAEKTOPHOTO IIUTaHus, T.e. HaupsokeHue U, ., MOCTyIlaeT Ha
BXOA CAGAYIOIIETo KackKapa yepes KoHpeHcaTop Cp.

Komnpencarop Cp, He TIPOITyCKaeT IOCTOSHHYIO COCTABASIIONTYIO Ha
BBIXOA, YCUAUTEAS (B HATPY3KY R,), a KoHAeHCATOP C|, UCKAIOYAET BAU-
SdHWE BBIXOAHOTO COIIPOTUBACHUSA MCTOYHUKA CUTHAAA HA BXOAHYIO
nendb ycuauTeasd. GopMa CUTHaAa B OTAEABHBIX TOUKAX YCHUAUTEAS
MIPEeACTaBA€Ha B BHAE BBIHOCOK B OKPY>KHOCTSIX.

Puc. 6.33.Cxema gByxkackagHoro ycunutensa ¢ RC-cBA3bio Mexay
Kackapamm
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6.9.3. Ycunutenu ¢ TpaHccopmaTopHoi
CBA3blO

€ Ycuanuteau HAIIPpSDReHUd, B KOTOPBIX CBA3b MEJXKAY KaCKapAaMU OCY-

IIECTBASIETCS C TIOMOIITBIO TPaHC(OPMATOPa, Ha3bIBAIOTCS YCUAU-
meAsiMUu ¢ mpaHc@opmMamopHOU CBA3bi0 (puUc. 6.34).

ITpu oTCyTCTBHMU BXOAHOTO HamnpsiKeHUs Uy, MO IEepBUYHBIM 00-
MoTKaM Tp2 u Tp3 IPOXOAAT MOCTOSTHHBIE KOAAEKTOPHBIE TOKM TPaH-
3ucTopoB T1 u T2 COOTBETCTBEHHO.

Bo BTOpHMYHBIX OOMOTKaX HAIpSA’KeHHE PAaBHO HYAKO (TpaHcdop-
MaTop He NepepaeT IIOCTOSHHOEe HAIpsS>KeHHe BO BTOPUUHYIO OOMOT-
KY).

Ecau Ha BXope AEUCTByeT lepeMeHHOe HamnpsaxeHue Uy, TO BO
BTOPUYHOM OOMOTKe Tp! TakykKe MOABASETCS IIepeMeHHOe HaIlpsiKe-
HUe, IlepepaBaeMoe Ha BXOA IIePBOTO KacKaAa.

B mepBuuHOM, a 3HAUUT, U BTOPUYHONU 0OMOTKax Tp2 MOSIBASIETCS
ImepeMeHHOe HalpsykeHHe, KOTOPOe IepepaeTcs Ha BXOA CAeAYIOIe-
rO KacKapad " T.A.

€ Baaropapst mpuMeHeHWO TpaHcopMaTopa MOCTOSTHHAST COCTaB-

ASIONIass KOAEKTOPHOTO IMUTAaHUS He IOIaAaeT Ha BXOA CAEAY-
IOIIIEeTO KaCKaAa.

AOCTOUHCTBOM YCUAUTEAEU C TPAHCPOPMATOPHOU CBA3BIO ABASAET-

Cs1 BO3MOKHOCTB U3M€EHEHUs (pa3bl BEIXOAHOIO CUTHaAA Ha 180° myTem
TIepeKAIOYEHUS 3a’KUMOB BTOPUYHOM OOMOTKU TPaH3UCTOPOB.

Tp3
o +E,
R61 Rgl |€:lUBmx
T2
m:}F

C32

e oL
o e [9“ ST

Puc. 6.34. Cxema ycunutens ¢ TpaHcopMaTOpHOW CBSA3bH
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6.9.4. Ycunutenun c ranbBaHN4YecKom
CBAA3blO

‘é B Tex CAyYadAX, KOTrAa HeO6XOAI/IMO YCUAUBATH CUTHAABI YaCTOTOM

OT AOAEH Teplla, UCTIOAB30BaHUE PEaKTUBHBIX SAEMEHTOB B IIeIIX
CBS3U Me>KAY KaCKapaMU CTAHOBUTCSI HEBO3MOXKHBIM (eMKOCTh C
AOAJKHA OBITh OYEeHBb OOABIIION). B 11enu cBA3U B 3TOM CAy4Yae UC-
TIOAB3YIOTCS Pe3UCTOPHL. [ TocTpoeHHbIe IO TAKOMY IPHUHITUITY YCH-
AWUTEAM Ha3BIBAIOTCS YCUAUMEAAMU C FAAbBAHUYECKOU cBsA3bl0. OHU
ABAAIOTCS YCUAUTEASIMU IOCTOAHHOTO TOKa (YIIT).

B HuUX paspereHHe MOCTOSSTHHOW M IIePeMeHHOM COCTaBASIOIIUX
OCYIIECTBASIETCSI KOMNEHCAUUOHHbIM MemogoM (IPHU OTCYTCTBUU CHUT-
HaAa Ha BXOA€ TOK B HarpysKe AOAKeH OBITh paBeH HYyA0). [Tpu aTom
HUCIOAB3YIOTCS OaraHCHBIe cxeMbl YIIT, MOCTpOeHHBIE O HPUHIIUITY
yeTwIpexiaeuero mocra (puc. 6.35).

Harpyska BKAIO4aeTcd MeXXAY KOAAEKTOPaMU ABYX TPaH3UCTOPOB
T1 u T2, NCIOAHSIOIIUX POAb ABYX IA€Y MOCTa. ABYMSI APDYTUMMU IIAe-
YaMM MOCTa SIBASIOTCS KOAAEKTOPHbIE Pe3UCTOPHl R, U R,,. Ecau mo-
TeHIIUaABl Ha KOAAEKTOpax TpaH3ucTopoB T1 u T2 oAMHAKOBHL (@, =
=), TO TOK B Harpyske OTCYTCTBYeT.

Pesuctop Rs CAY>KUT AT OAAQHCUPOBKM CXeMBbl — BBIPDAaBHUBAHUSA
IIOTEHIIMAAOB Ha KOAAEKTOpaxX. TeMnepaTypHas CTaOUAM3AINI OCyIlle-
CTBASIETCSI 3a CUeT OOIIero AAd 000MX TPaH3UCTOPOB pe3ucTtopa R,.

Bxopnou curnan Uy, nopaercd Ha 0ady Tpansucropa Il (moreHnu-
an Gassl) T2 TOCTOSTHEH U OTIPeAeAsieTcst aeauTereM R —R{,). B sTom
CAy4Yae B HarpysKe IIOSIBASETCS TOK, IIPONOPIMOHAABHBIN aMIAUTYAE
U 3HAKy BXOAHOTrO curHanra. Ecau Ha 6a3y TpaH3ucropa T2 mopaercs
APYTOM BXOAHOU cUTHAA U,y,, TO CUTHAA Ha BBIXOAE OYAET IPOIIOPIU-
OHaAeH Pa3HOCTU BXOAHBIX CUTHAAOB!

UBHX = KU( UBxl - UBXZ)'

Puc. 6.35.Cxema ycunuTens ¢ ranbBaHWYeckon CBSA3bHO
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YCUAUTEADb C ABYMSI BXOAQMU Ha3bIBAIOT ycuAumeAeM C guggepen-
UJUaAbHBIM BX0goM. KaK IIPaBUAO, TAKOM YCUAUTEAb UMeET HECKOABKO
KaCKaAOB, UTO IIO3BOASIET IIOAYYUTH 3HAUUTEABHBIN KO3 PUIUEHT
YCUAEHUS.

KOHTPOJIbHbIE BOMPOCHI

1. B 4em 3aknioyaeTcq 0CHOBHOE Ha3HaYeHWe MHOroKacKagHbIX ycu-
nutenen?

2. HasosuTte BMAabl MeXKackafHbIX CBA3EM B YCUNUTENSX U oxapak-
TEpUIYATE UX.

3. lNosicHMTEe Mo CXeMe MHOrokackagHoro ycunutens nocnegosa-
TEeNbHOCTb MPOXOXAEHWA cUrHana.

VCWITUTENN NOCTOSAHHOIO TOKA
N YCUNUTENN MOLLHOCTW

6.10.1. OnepaunoHHblie ycunutenu

]_UI/IPOKOE IpUMEeHeHNre B KaueCTBe YCI/IAI/ITeAefI IIOCTOAHHOTI'O TOKAa
IIOAYYUAU OnNepayuOHHble YCUAUIMEAU, BBIIIOAHsI€MbIEe Ha MUKPOCXeMaX.

€ OmnepaloHHble YCUAUTEAN — 3TO YCUAUTEAUN C OUeHb BHICOKUM
KO3(PUIITMEHTOM YCUAEHUS (COTHHU THICAY), UMeIOI[ie ABa BXO-
AQ, — MPIMOM (+) U UHBEPCHBIN (—). BEIXOAHOI CUTHAA MPOIIOP-
IMOHAAEH Pa3HOCTH HATIPSKEHMU Ha 3TUX BXOAAX.

Tak Kak HalpsKeHUe BCerapa IepepaeTcsl 0 ABYXIIPOBOAHOU AM-
HUM, TO €r0 MOJKHO IIOABOAUTH UAM K ABYM BXOAQM YCHUAUTEAS, UAU K
OAHOMY U3 BXOAOB OTHOCUTEABHO HYAEBOW TOUKM YCUAUTEAT. BBIXOA-
HOU CUTHAA TAK’Ke CHUMAEeTCS OTHOCUTEABHO 3TOM HYAEBOM TOUKHU.
Ecau HanpsskeHue MOAQETCS TOABKO Ha IPSAMOM BXOA (+), TO U,y =
= KU,y @ €eCAM TOABKO Ha UHBEPCHBIN (—), TO U, = —KyU,o.

Ha puc. 6.36 mokasaHbl YCAOBHOe OOO3HaueHMe OllepaljuoOHHOTo
YCUAUTEAS Ha MPUHIJUINAABHBIX CXeMaX, ero aMIAUTYAHAsA U 4acToOT-
Has XapaKTepUCTUKHU. B 3aBUCUMOCTH OT BXOAHOTO CUTHAAA BBIXOA-
HOe HaIpsyKeHUe ONePAIllMOHHOTO YCUAUTEAS MOJKET OBITh KakK IIOAO-
JKUTEABHBIM, TaK U OTPUIIATEABHBIM, UYTO O0OeclieunBaeTCsl MUTaHUEeM
YCUAUTEASI OT ABYX MCTOYHUKOB Hamnpsi>keHus +E, u —E,. Koraa BhI-
XOAHOE HalpsyKeHue TPUOAMIKAeTCS K 9TUM 3HaUeHUSIM, HauuHaeT-
Cs HaCHIIIeHUEe YCUAUTEAd M er0 aMIAUTYAHas XapaKTepUCTUKa HC-
Ka>kaeTcs.
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OmneparnoHHBIN YCUAUTEAD MOYKET MCIOAB30BAThCS AAS YCUAEHUS
SAEKTPUYECKUX CUTHAAOB, HAIPUMEP OT AQTUMKOB aBTOMATUYECKHUX
CHCTeM yIpaBAe€HHA. B 3TOM cAydae MCIOAB3YeTCS OAUH M3 BXOAOB
YCUAUTEAS, KaK IIPABUAO, MHBEPCHBIU. BTOPOM BXOA YCUAUTEAS (IIPS-
MOM) COepAUHAETCA C KOPIycOM. [TOCKOABKY KO3(D(PUIIMEHT YCUACHUSA
OIIepPAIlMOHHOIO YCHUAUTEASI CAUIIKOM BBICOK, HEOOXOAVUMBI AOTIOAHU-
TeAbHBIE Mephl AAS €TO YMEHBIIEHUsI A0 HY’KHOM BeAWUYUHEL.

=

KOB@(I)I/IU;I/IEHT YCUuAeHUSI OIIEPATMOHHOTO YCUAUTEASA MOJKHO AeT-

KO PEeryAupoOBaTh, ECAM BBECTH OTPHUIATEABLHYIO OOPATHYIO CBS3h
C BBIXOAA YCUAMTEAS Ha eTr0 MHBEPCHEIN BXOA (puc. 6.37, a).

M3MmeHeHUe HaIpsS>KeHUS Ha BHIXOAE BCETAQ MPOTUBOIOAOIKHO IO
3HAKy M3MEHEHMIO Halpsa>KeHUs Ha UHBEPCHOM BXOAE, T.e. 3TH Ha-
IpsiKeHUst BCcerAa B ipoTuBodase. [TopaB yaCcTh HAIPSIKEHUS C BBIXO-
Ad Ha BXOA, MOJKHO YaCTHUYHO IIOAQBUTH BXOAHOM CHUTHAA, YMEHBIIINUB
TeM caMbIM KO3 dunueHT ycureHusd. [TosTomy Takag oOpaTHas CBA3b
U HA3BIBAETCSA OTPULLATEABHOU. Hy>KHBIM KO3 (PUIINEHT yCTaHABAUBA-
eTCs 3a CUeT U3MEeHEeHUs CONPOTUBAEHUS OAHOTO M3 PE3UCTOPOB B
menu oOpaTHOU CBsI3U (0OBIUHO pe3uctopa R2). C A0CTaTOYHOM TOY-
HOCTBIO MOJKHO CYMTATh, 9YTO KOI(PPUIMEHT YCUAEHUS C OOpaTHOU
cBa3bi0 Ko = KR,/ R;.

+Er1 UBLIX
? +E; ——
UBXI °—+ D o
U — Uszx = Ky (Usx1 — Upxo)
BX2
i_% l 0 UBxl - UBXZ
7EH
a —— 7En
(]
Ky
0 f
B

Puc. 6.36. OnepaumoH

HbIA YyCUNUTENb:

a — cxema; 6 — amMnnnTyaHaa XxapakTepucTtmka; B — 4aCToTHaA
XapakTepuctunka
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+E,
R1
o—{ 0D
Unx Upux = (Ro/ Ry)Upyx U
+ BX
[5 2

a 9]

Puc. 6.37.0nepaumnoHHbin ycunutens ¢ O0OC (a) n aMuUTTepHbIN
nostoputens (6)

mg= Aocrounctso YIIT — yCHAEHHE MOCTOSHHOTO TOKA ¥ CUTHAAOB
HU3KOM YaCTOTHL

6.10.2. Ycunutenn MoLLHOCTU

YcuAUTeAb HANPS)KEHUS ITO3BOASET YBEAUUYUTH OAHOBPEMEHHO M
MOIITHOCTh JAEKTPUYECKOro curHara. OAHAKO B cAydae HeOOXOAUMO-
CTH BBIAEAEHUS Ha HArpy3kKe 3HAQUUTEABHON MOIJHOCTH IIPUMEHIIOT-
Csl ceIlMaAbHBlEe CXeMbl BBIXOAHBIX KaCKAAOB YCHUAUTEAS HaIpsiKe-
HUs. B HUX yCTaHaBAMBAIOTCS TPAH3UCTOPHI, PACCUUTAHHBIE Ha OOABL-
1IMe TOKU U HaNpsKeHUs U CIOCOOHBIe pacCeuBaTh 3HAUUTEABHYIO
MOIITHOCTb Ha KOAAEKTODE.

AAd yBeAWYeHUd AOIYCTUMOM MOIIHOCTH PacCesHMd, a CAeAOBa-
TEeABHO, BEIXOAHOU MOIITHOCTU AOAKEH OBITh OOeCIedeH XOPOIIUN U
HAAE>KHBIN OTBOA TENAOTHI OT KOAAEKTOPHOTO p—n-Iiepexoaa. B atom
CAydae KOPITyC TPAH3UCTOPa HAAEKHO COEAUHSIOT C KOPITyCOM YCHUAU-
TeAsl (ero Maccoim) AubO CO CHelMaAbHBIM PAaAHMATOPOM, CIIOCOOHBIM
XOPOIIO PacCenBaTh TEIMAOTY.

B cBg3u ¢ TeM, 4YTO CONPOTMBAEHUE HArPY3KH, MOAKAIOUYaEeMOM K
BBIXOAY YCHUAMTEAS MOITHOCTH, OOBIYHO HEBEAUWKO (HalpuMep, AWHA-
MMKU C COIPOTUBAeHUEM A0 4 OM), IpHUMeHsieTcs TpaHC(opMaTOpHas
CBsI3b, O3BOASIIONIAS 3@ cUeT KoadulineHTa TpaHchopMaly IIpose-
CTH COTAQCOBaHME MAAOIO COIPOTHUBAEHMS Harpy3Ku C OOABIIUM BbI-
XOAHBIM COIIPOTUBAEHUEM YCUAUTEAL.

wg= YcuauTeAR MOITHOCTH MOTYT GBITH TOCTPOEHEI [0 OAHOTAKTHOM I
ABYXTaKTHOM CXeMaM.

OpaHOTakTHas cxeMa, paboTaroinias B peXxume A, IpUMeHsIeTCs
OTHOCUTEABHO pPeAKo m3-3a Hu3koro KITA (30...40 %) u BO3MOKXHOCTHU
TIOAYYEHHUSI He3HaUUTEABHOM BBIXOAHOUW MOIIHOCTH.
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= TDNANNN,
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Tpl

i 3

Puc. 6.38. [IByxTakTHbIA YyCUNUTENL MOLLHOCTU:
a — cxema; 6 — BPEMEHHbIE AnarpaMmb

OTUX HEAOCTATKOB AUIINEHBI ABYXTAaKTHBIE CXeMbl YCUAUTEAEHN
MOITHOCTHU, paboTatoniue B pexxume B (puc. 6.38, a).

Nx KITA aocturaetr 70 %, MOITHOCTDL cBhIlie 10 BT, TOK moKost Tipu
U, = 0 TakKe paBeH HYAIO, M CEPACYHUK TpaHCchOpMaTopa He HACHIIIEH.

AAST yIIpaBA€HUSI ABYXTAKTHBIMU CXeMaMU YCHUAUTEAS MOIIHOCTHU
HeoOXOAUM (PAa30MHBEPCHBIN KACKaA, T.€. YCTPOUCTBO, MMO3BOALAIOIEe
TIOAQTH Ha BXOA YCUAUTEAd (0a3bl TpaH3UCTOPOB T1 u T2) opHOBpe-
MEHHO ABa OAMHAKOBBIX IO BEAWUMHE, HO IPOTUBOIIOAOSKHEIX IO (hase
HanpsoKeHUd. B HalleM caydae TaKUM YCTPOMCTBOM SIBASIETCS BXOA-
HOU TpaHcdopmaTop Tpl, BTopuuHasgd 0OMOTKA KOTOPOTO UMeeT CPeA-
HHUN BBIBOA.

Pesuctopsl Rs 1 Rsy, 00ecnedmBarOT TpeOyeMbIU peKUM PabOTHI
TPaH3UCTOPOB — pe>XuM B.

TpauchopmaTop Tp2 CAY>KUT AAS COTAQCOBAHUSA BBIXOAHOTO CO-
IPOTUBAEHUSI YCUAUTEASI C HU3KOOMHOM Harpy3KoM.

PaboTy ycuAuTeAss MOJKHO NIPOAHAAU3UPOBATH C IIOMOIILIO Bpe-
MEHHEIX AMarpamMm (puc. 6.38, 6). BXOAHOM CHTHAA U, IOAABAEMBIHA
yepe3 TpaHcdopmarop Tpl, mocrymnaeTr Ha 6a3bl TPAH3UCTOPOB 11 U
T2 B npotuBoda3se. [TOCKOABKY TPaH3UCTOPHI pabOTAaIOT B peXume B,
TO, ecAu T] HaXOAUTCA B aKTUBHOM peXXMMe U NPOIyCKaeT KOAAEK-
TOPHBIU TOK [, T2 3aKpBIT U He IIPOITyCKaeT TOK. Bo BpeMsa BTOpOU
TIOAYBOAHBI BXOAHOTO HaNpsKeHUs T2 MPOBOAUT TOK i, @ 11 3aKpHIT.
O0a ToKa NpOoTeKaloT yepes3 NepBUUHYI0 OOMOTKY TpaHcdopmaTopa
Tp2 B IPOTHMBOIIOAOJKHEIX HAIlpAaBAEHUSX. B pe3yAbTaTe HanpsiKeHUe
BO BTOPUYHOU OOMOTKE MPOTOPIIMOHAABHO PA3HOCTU KOAAEKTOPHBIX
TOKOB I, — Ip. DOpMa pa3HOCTHOTO TOKA, & CAEAOBATEABHO, U hopMa
Hanps>KeHUs Ha HarpysKe U, MOBTOPSIOT (DOPMY BXOAHOTO HalpsiKe-
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HUA. HpI/I OTOM MOIITHOCTb CUTHAAA HA HAIr'Py3Ke MOJKET BO MHOT'O pa3
IPEBHBIIIATh MOITHOCTE BXOAHOT'O CHUTI'HAAAQ.

€ B kauecTBe YCI/IAI/ITeAeI)'I MOIITHOCTH MOJXeT TaK>Xe MCIIOAB30BATh-

CSl TPQH3UCTOPHBIN YCUAUTEAB, COOPAHHBIN IO CXeMe C OOIIUM
KOAAEKTOPOM — 3MUTTEPHBIN TIOBTOPUTEAD (pHUC. 6.37, 0).

KosdhdunueHT ycureHNUs TPaH3UCTOPHOI'O YCUAUTEAS IO HANpP4-
KeHMIO paBeH epnHUTIE. [Ipm 3TOM (hpa3a BEIXOAHOTO CHTHAAA COBTIA-
AaeT ¢ (pa30l BXOAHOTO (OTCIOAA M Ha3BaHUWE sMummepHblll NOBMoOpuU-
meAb). B TO >)Xe BpeMsa KOOMPULUEHT YCUAECHUA 110 TOKY, & 3HAUUT, U
IO MOIIIHOCTH MOXKET AOCTUIaTh 3HAUUTEABHON BEAUUMHBI.

BxopHOe conpoTHMBAEHHME TAaKOM CXeMBl AeXKHUT B IIpepeAax
0,5...1 MOwM (Torpa Kak y cxeMbl ¢ obmuM smurrepom 0,1...1 kOm).
OTO MO3BOASIET TIOAKAIOUATH K BXOAY DAEKTPUUYECKHUE TEMM C BEICOKUM
BBEIXOAHBEIM COIIPOTUBAECHUEM. B To xe BpeMd BBIXOAHOE COIIPOTHUBAE-
HUe HEeBEAUKO — EeAMHMIILI OM, UTO TIO3BOASET ITOAKAIOUATh K BBIXO-
Ay HU3KOOMHYIO Harpysky. [To3ToMy sMUTTEpPHBIN MOBTOPUTEAD IIPU-
MeHSIeTCSl TaK)Ke B KaueCTBe COTAACYIOIIEero SAeMeHTa.

KOHTPOJIbHbIE BOMPOCHI

1. HasoBwuTe ocHOBHbIE CBOVCTBA 1 061acTV MPUMEHEHWA onepaLu-
OHHbIX YCUUTENEN.

306pa3nte cxemy BKIOYEHNA OMEepaLMoHHOr0 YCUIMTens ¢ pe-
rynmpyemMbiM KO3thhMLMEHTOM YCUNEHNS.

Ykaxute 0co6eHHOCTY NMOCTPOEHUSI CXEM YCUMNUTENEN MOLLHOCTU.
Kak paboTaeT ABYXTaKTHbIN yCUNUTENb MOLLHOCTMN?

Mo4eMy TPaH3MCTOPHBIN yeunuTenb, cobpaHHbIN MO cxeMe C 0BLLMM
KONNeKTopoMm, Nosy4un HassaHne aMUTTEPHbIA MOBTOPUTENL?

o

ok w

AN OJIEKTPOHHbLIE TEHEPATOPbI
CNHYCONAATNBbHBIX KOJIEBAHW

6.11.1. Knaccudmnkauma anekTpoHHbIX
reHepaTopos

mg= DhreKTpOHHEIE TeHEPATOPHI — 9TO YCTPOMCTBA, B KOTOPHIX 9HEP-

I'iis IOCTOSTHHOTO TOKA IIpeo6pa3yeTcs C IOMOIIBIO IA€KTPOHHBIX
AQMII UAU IIOAYIIPOBOAHMKOBBIX IIPUOOPOB B SHEPTUIO DAEKTPH-
YeCKUX KOAeDaHMU OIIpeAeAeHHBIX YaCTOTHl U (DOPMEL.
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SAeKTpOHHBIe TreHepaTOPhI IIOAPA3ACAAIOT I1I0 PA3HBEIM IITPU3HAKAM.
B 3aBMCHMMOCTH OT 4aCTOTHOTO AHAIIa30HA — HA I'eHePaTOPHI

®  HU3KOU YaCTOTHI (OT AoAel repiia Ao 100 kI'1);
®  BBRICOKOM YacTOTHI (100 KI'11... 100 MTI'mI);
B CBepXBBICOKOM 4acTOTH (6oaee 100 MTI').
ITo dopme KoAeOaHUN — Ha IreHepaTOPHI
"  CHUHYCOUAAALHEIE;
"  peAaKCallMOHHBIE (HECUHYCOUAAABHEIE).
[To pexxuMy pabOTHI — Ha reHepaTOPHI

¥ C He3aBUCUMLBIM B036Y}KAQHI/I8M — BBICOKOYACTOTHEIE YCHU-
ANTEAN MOIITHOCTH,

®  C caMOBO30y’KAEHUEM (aBTOTE€HEePATOPHI).

AHaam3 OOpaTHBIX CBSI3eU B YCUAUTEASX ITOKA3bIBAET, UTO TTOAOKU-
teabrast OC ¢ koaddurmenTom = 1/K BepeT K CaMOBO30YRACHUTO
YCUAWUTEASI ¥ TTPEBPAIIeHUI0 ero B reHepaTop. Ha atoMm mpuHIMIE n
TIOCTPOEHHBI BCe aBTOreHepaTOphl KaK CUHYCOUAAABHBIX, TaK U peAakK-
CAIIMOHHBIX KOA€OaHMM.

6.11.2. LC-reHepaTOpbI

PaccMOTpUM IOAYIPOBOAHUKOBBIM aBTOTE€HEPATOP C Iapasienb-
HBIM KOHTYpoM L,C, B KOAMEKTOPHOU el TPaH3UCTopa M TpaHcdop-
MaTOPHOU MOAOKUTEABHOU OOpaTHOM CBA3bIO 1O Oaze (puc. 6.39, a).
[Tpu BKAIOUEHWM MCTOYHWKA NMUTAHUS KOHAEHCATOP 3apsiyKaeTcs I0

Rm[]
C1
v
R1
Rsz[] I
o o Iy _1
BXOA> Brixop, R2 Cc2
[-) [ =
1
a 9

Puc. 6.39.eHepaTopbl cyHycoMaanbHbix konebaHui:
a — LC-reHepaTtop; 6 — RC-reHepaTop ¢ mocTtom BuHa
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nenu: «+E» — C, — T — R, — «—E». 3apIAUBIIUCH AO 3HaueHUs E,,
KoHAeHcaTop C, HAaUMHAEeT pa3psakKaThbCd Ha MHAYKTUBHYIO KaTYIIKY
L,. Ilpm aTOM 3AeKTpUUecKad dHeprusl KOHAeHcaTopa IIpeoOpas3yeTcs
B MarHUTHYIO 3HEPTrUI0 KATYLIKU. 3aTeM WHAYKTHMBHAd KaTylllKa pas-
psi>KaeTcsl Ha KOHAEHCATOp, T.e. MarHWTHAasl SHepTusl Ipeobpas3yeTcs
BHOBb B DAEKTPUUECKYIO U T.A. B KOHType BO3HUMKAIOT 3aTyxarolue

KoaeGaHus ¢ vacrorou [ =1/(2n\L.C,). BricTpoTa 3aTyxaHus KOAe-

OaHUU OIpPEAEAseTCS BEAMYNHOU aKTUBHOT'O COIPOTUBAEHUSA KaTyII-
KU R,, HA KOTOPOM BEIAEASIETCS TEIIAOTa, IIPeACTaBASIOIas coOoH He-
BOCIIOAHUMBbIe ITIOTEPU 3HEPTUM Ha HarpeB. EcAam OBl X He OBIAO, KO-
AebaHUA He 3aTyXAU OB

AAsT ycTpaHeHUsI 3aTyXaHHUM 4acTh HANPSI’KeHUsT KOAeOaTeAbLHOTO
KoHTypa L,C, C IOMOIIBIO0 BTOPUYHON OOMOTKM TpaHcdopmaTopa Lg
B (baze nopaeTcsa Ha 6a3y TpaH3UCTOpa. B aToM caydae KoreOaHUSA Ha
PE30HAHCHOM YacToTe f, MOTYT CTaTh He3aTyxalomuMu. Ha BeIXOAE
KacKajpa Takyke OYAYT He3aTyxarollle KOoAeOaHUs.

= A4 BO3GYRACHNUS KOACGAHUE AOAKHBI GBITH BHIIOAHEHBI ABA YC-
AOBUST:

GaraHc aMnAauTyp — P = 1/K;

OanraHC a3z — Qg + Oy = 0,

TAe O« — (hasza HanpssKeHUA Ha KOHTYPE; O, — (ha3a HaIpSIKeHU
Ha Oa3e.

EcAu 5Tu ycAoBUs OYAYT BBIIOAHEHBI AAS OAHOM YaCTOTHI, TO Ha
BBIXOAE TeHepaTopa yCTAHOBSTCSI CUHYCOMAAAbHBIE KoAeOaHUs. Ecan
0anaHCHI aMIAUTYA U (a3 MUMEeIOT MeCTO AAS HECKOABKHX 4YacCTOT, TO
Ha BBIXOAE BO3HUKAIOT HECMHYCOUAAABHBIE KOAeOaHUS. M3aMeHeHUe
YacTOTHI TeHepaTopa AOCTUTAeTCs 3a CUueT M3MeHeHUs ITapaMeTpoOB
3AeMeHTOB KoHTypa: L, uau C,.

l'eHepaTops! ¢ IapasreAbHBIM LC-KOHTYPOM HAIIAM IPUMeHeHUe B
BBICOKOYACTOTHBIX IIeIIsX.

6.11.3. RC-reHepaTopbl

IMpu HU3KUX yacTtoTax B LC-reHepaTopax AOAKHBI HCIIOAB30BATh-
CS1 DAEMEHTHI KOHTypa CO 3HAUMTEABHBIMU MHAYKTUBHOCTBIO M €MKO-
CTBIO. DTO YCAOXKHSIET KOHCTPYKIIUIO T€HEPATopa.

[TosTOMY B HM3KOYACTOTHHIX LIeNIX HallIAU HpuMeHeHue RC-rene-
pamophbl. B HUX UCIOAB3YeTCSI YaCTOTHO-3aBUCUMasl ITOAOKUTEAbHas
OC, T.e. Takas CBs3b, ¥ KoTopoi# koadpdunument OC B u dasza curua-
AQ @ 3@BUCAT OT YACTOTHI f.
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OTa obpaTHas CBsA3b MOJKET OBITh ITIOAYUEHa, €CAM BBIXOAHOM CHI-
HaA C YCUAUTeAd OyAeT IOCTYIIaTh Ha BXOA 4depe3 (PUABTD, CMeIalo-
mmi daszy Ha 180° u ocrabasroruii curias B B pa3 (puc. 6.39, 6).
TakoBBEIM MO>KeT OBITh, HAIPUMep, (PUABTP, COCTOLIINN U3 CHIapEeHHBIX
pesuctopoB RI u R2 (R, = R,) 1 KoHAeHcaTopoB C1 u C2 (C, = C,). Ou
TIOAYYUA Ha3BaHUe MocT BuHa. Ha HekoTOopo# uactoTe fy = 1/(2nRC)
(pe3oHaHCcHOM) KO3 UITMEHT [ UMeeT MaKCUMaAbHOEe 3HaUYeHUe
(B = 1/3)1 a (pBI)IXJ'_ Ppx = 0.

Ha Apyrux 9acToTax, OTAMYHBIX OT f;, KO3(dduimeHt B pesko ma-
AaeT, a haza ¢ yBeamumBaeTcsa. TakuM 0Opa3oM, MOCT BrHa MO3BOAS-
€T IIOAYYMTH aBTOKOAeOaHUsI Ha OAHOM YacTOTe, @& CA€AOBATEABHO, KO-
AebaHUA CUHYCOUAAABHOU (POPMBI. AN U3MEHEHUS 4aCTOThI rapMo-
HUYEeCKUX KOAeOaHUM HeoOXOAUMO U3MEHUTh Pe30HAHCHYIO YaCTOTY
fy. OTO MO’KHO CAeAaTh, HAIIPUMeED, 3@ CYeT OAHOBPEMEHHOTr0 U3MeHe-
HUS COMPOTUBAEHUM pe3ucTtopoB RI u R2.

KOHTPOJIbHbLIE BOMPOCHI

1. Yto cobov NpefcTaBAAlT W AR Yero npefHa3HaYeHbl 3NeKTPoH-
Hble reHepaTtopbl? [Jante nx knaccudmkayuio.

2. lNoAcHWTEe NpUHUMN nony4eHnsa HesaTyxatolmx konebaxuin B LC-
reHepaTope.

3. Kakue ycnoBua gormxHbl 6biTb BbINOMHEHb! ANS NONyYeHUs rapMo-
Hunyeckmx konebaHunm B RC-reHepatope?

4. Yem onpepensieTca YacTtota konebaHuin?

m 9NEKTPOHHbIE TEHEPATOPbI
HECUHYCONOAJTbHbIX KONEBAHWNIA

6.12.1. PenakcaunoHHble reHepaTopbl

YacTo Ha IpaKTHUKe UCHOAB3YIOTCI TeHepaTopkl, opMa Koreba-
HUM Ha BBIXOAE KOTOPBIX PE3KO OTAMYAEeTCd OT CUHYCOMAAABHOU. OHa
MO>KeT OBITh MMAOOOPA3HOM, NPIMOYTOABHOM, TpaleneuAaAbHON U
T.A. B oCHOBY paGoTHI TaKMX reHEPATOPOB HAPSAY C IOAOKUTEABHOU
OC moAOKeH 3apsip U pas3psp KOHAEHCATOPOB CXeMbl. AaHHBIE TeHe-
paToOphl Ha3BIBAIOTCS PEAAKCAIIMOHHBIMH.

‘g B kauecTBe reHeparopa KOAeOAHUM NUAOOOPA3HOU (PopMbl
MOJKeT OBITh MCIIOAB30BaHA CXeMa, COCTOsIas M3 TpaHaucropa I c
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Uc

6

Puc. 6.40.eHepaTop nunoobpa3Horo HanpsXXeHus:
a — 3JIeKTpn4eckaa cxema; 6 — BpeMeHHb’Ie aonarpamMmmbl Hal'lpﬂ)KeHI/II?l

KOAAEKTOPHOM HArpys3kou R,  KoHAeHcaTopa C, BKAIOUEHHOTO MeXK-
Ay KOAAEKTOPOM U AMUTTEPOM TpaH3ucTopa (puc. 6.40, a).

B uCXOAHOM COCTOSTHUM TpaH3UCTOP T 3aKphIT U KoHAeHcaTop C
3apsiXkaeTcss TOKOM I, OT ucrounuka E, no nenu «+E» — R, — C —
«—E,». Hanpsi>keHre Ha KOHAEHCATOPEe pacTeT MAABHO IO 3KCIIOHEH-
Te, CTPeMACh K MAaKCMMaAbHOUM BEAMUYWHE — HAIPSKeHUIO UCTOYHHU-
Ka IUTaHug. B MOMeHT npuxoAa Ha 0a3y MOAOKUTEABHOTO UMITyAbCA
TPAH3UCTOP OTKPBIBAETCA U KOHAeHcaTop C NpakTUYeCKH MTHOBEHHO
paspsikaercs (i,) 4epe3 Maroe COMPOTUBACHHE OTKPBITOTO TPAH3UC-
Topa. [Tocre OKOHUAHMS AEWUCTBUS ITOAOKUTEABHOTO UMITYAbCA TPaH-
31CTOP BHOBb 3aKpBLIBAeTCsl U HauWHAaeTCs 3apsip KoHAeHcaTopa C
(puc. 6.40, 0).

Haunboaee mupokoe mpuMeHeHUE TeHepaTOpPhl MUAOOOPAa3HOTO
HaIpsKeHUd, Ha3blBaeMble TaKyKe reHepaTopaMMu AWHENHO U3MeHS-
omerocsa Hanpsoxkenud (CAMH), HamAum B 9A€KTPOHHO-AYYEBBIX OC-
nuArorpadax AAS IepeMeleHUsT SAeKTPOHHOTO Ayda 10 TOPU30HTa-
AM M OBICTPOTO €ro BO3BPaTa B UCXOAHOE IIOAOKeHHe (TOPU30HTaAb-
Had pa3BepTka). OHU NPUMEH4IOTCI TakK>XXe B aHAAOTO-IIM(POBHIX
IpeoOpa3oBaTeAdx, CXeMaX IIUPOTHO-UMIIYABCHONM MOAYASIIIUM U T. A,

6.12.2. MynbTnBné6partop

€ I'enepamop npAMOyroAbHbIX KOAOQHUU MOKET OBITh IOCTPOEH I10

cxeMe MyAbTUBUOPATOPa, IPEACTABASIONIEro COO0M aBToreHepa-
TOP, YCAOBHE CaMOBO30Y>KAEHHUSI KOTOPOTO BHIIIOAHSIETCS B IIIUPO-
KOM AMala30He YacToT. B CBSA3M C 3TUM CUTHAA Ha BBIXOAE TeHe-
paTopa COAEP’KUT OOABIIIOE YHUCAO TAPMOHUK, T. €. SBAIETCS IIps-
MOYTOABHBIM. Ha prc. 6.41 n3o6pa’keHa pe3yAbTUPYIOIas KOAe-
OaHUM AUIIBL AAST TPEX TaPMOHUK, U3 KOTOPOM BUAHO, UTO A@’Ke B
3TOM CAy4Yae CUTHaA IPUOAMIKAETCS K IPSIMOYTOABHOMY.
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1-rapMOHMKa Puc. 6.41.apMoHuyeckne
cocTaBnsaoLme
NPsSIMOYrofnbHOro curHana

3-rapMOHMKA

5-rapMOHMKA

UEHXZ
T, | T, |[-E.| ¢
0
UBbIXZ
T, T, 1
a B

Puc. 6.42. MynsTusnbpaTtop:

a — 3JNeKTpmn4eckaa cxema, 6, B — BpeMeHHI:;Ie anarpamMmmbl
COOTBETCTBEHHO ANA CUMMETPUYHON U HECUMMETPUYHOW CXEM

B OoCHOBY AeMCTBHS MYABTHUBHUOpATOPA MOAOKEH ABYXKAaCKaAHBIN
ycuauteab co 100%-# moAoKUTEeABHON 06paTHOM RC-CBSI3BIO (BBIXOA-
HOe HallpsiyKeHHe TTOAHOCTHIO IIPUAOYKEHO K ero Bxopy). Hanpsskenune
U,.x1 TopaBopuTcs uepe3 Cl k 6aze T2, a Uy, — uepe3 C2 k 6aze T1.
Tpanzucrtopsl T! u T2 paboTaroT B npoTuBoda3se: ecAu T1 OTKPHIT, TO
T2 3aKkpbIT, © HAOOOPOT (puc. 6.42, a).

IMporecc nepexopa TpaH3uctopa Il M3 OTKPBITOIO COCTOSTHUS B
3aKpHITOE, @ TpaH3ucTopa 12 U3 3aKPBHITOIO B OTKPHITOE IIPOUCXOAUT
NIPaKTU4YeCKN! MTHOBEHHO B CBSI3U C TeM, UTO CXeMa YCUAUTEAS UMe-
eT OOABIIONU KOAI(MMULUEHT YCUACHUA (IOAOKUTEABbHAsA oOpaTHasd
CB43b MOBHIIIAET KOIPPUIIMEHT YCUAESHUS).

C BBIXOAQ MYABTUBHOpATOpPa CHUMAIOTCS NPSAMOYTOABHBIE NUMITYAB-
ChI, AAMTEABHOCTB KOTOPBIX onpepeaseTcd napamerpamu C u Ry M3me-
"9 C 1 R;, MOKHO MEHSITh 4aCTOTy KOAeOaHUM B IIMPOKUX IIPEAeAax.

Ecau C,= C,, Rs = Rsy Ry = Ry ¥ TPAH3UCTOPHI UAEHTUUHEL, TO Ha
BBIXOAE MYABTHBHOpATOpa OYAYT CUMMETPUYHBIE MMIIYABLCHl (PHUC.
6.42, 6), IPU KOTOPBIX AAUTEABHOCTH MMITYABCA U Nay3bl PaBHEI (T, =

u
=T,). Takol MyABTHBHOpPATOpP HAa3BIBAETCI CcuMMempuuHbIM. [lepuop
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koreOauuul T = T, + T, MOKHO IIPUOAMIKEHHO OIPEAEAUThb KakK I =
=0,7Rs;C; + 0,7R5,C,. EcAu HEOOXOAMMO NOAyYeHUEe KOPOTKUX UM-
IIYABCOB, CAEAYIOIINX C OOABIINM IIPOMEKYTKOM (puc. 6.42, B), TO UC-
TIOAB3YETCSI HeCUMMEempUUHbll MyABTUBUOpATOp, y KoToporo C; # C,
uAu Rg, # Rgy. OTHOIIIEHUE epruojpa KOAeOaHUM K AMAMTEABHOCTU MM-
nyabca Y, = /T, Ha3bIBAeTCSI CKBAKHOCMbIO.

6.12.3. AnekTpoHHOe pene (Tpurrep)

€ AAST CUTHAAM3AIIAM O TOM, UTO KOHTPOAUPYEMBIN TTapaMeTp AOC-

TUT 3aAAHHOT'O YPOBHS, UCIIOAB3YIOTCA SACKTPOHHBIE peAe — YyCT-
pOfICTBa, HNMeroIlIe ABa YCTOIZ‘-IHBBIX COCTOsAHUSA PAaBHOBECH.

Hanboaee 9acTO POAB DAEKTPOHHBIX PEAe BBITIOAHSIOT MPUIrepbl —
CITyCKOBBIE YCTPOMCTBA C ABYMSI YCTOMUYMBBIMU COCTOSTHUSIMU PaBHO-
Becus (puc. 6.43, a).

€ B ocHOBY Tpurrepa MOAOKEH ABYXKACKaAHBIM YCUAUTEAD C IIOAO-
>sxuTeAbHOU OC (Kak U B MyABTHUBUOPATOPE, HO 3AeCh OTCYTCTBYET
3apgap-paspsap eMkocTell). [Tepexop U3 OAHOTO COCTOSTHUS B APYTO€e
TIPOMCXOAUT TIOA ACHMICTBMEM BHEITHUX 3aITyCKAIOIINX UMITYABCOB.

B HalleM caydae UMU SIBASIOTCS OTPUIIATEAbHBIE UMITYABCHI, IIOCTY-
natoiue yepe3 AuoAbl Al u A2 Ha 6a3nl TpansuctopoB T1 u T2.
[Tycts T1 OTKPHIT, @ T2 3akpbIT. OTpUIIATEABHBIN UMIOYABC Yepe3 A2
He AeMcTByeT Ha T2 (OH M Tak 3aKphIT), a yepe3 Al mocTymnaeT Ha
6a3y, T1 u 3aKpeIBaeT ero. KOAMEKTOPHBINM TOK YMEHBIIAeTC A, U pac-
TEeT IIOAOKUTEABHOE Hallpsi>KeHue Ha KoareKTope T1, KOTopoe IOCTy-
naer Ha 0a3y TpaH3ucTopa T2 m OTKpBIBAeT ero. [TogBageTcsa KOANeK-

o + E
R1 R2 Upx

BBIXOA ] ¢

T1 T2

UBbIX

R

NyﬂyM

Bxop,
o

Puc. 6.43. Tpurrep:

a — 3JNIeKTpun4ecKkana cxema; 6 — BpeMeHHI:;Ie anarpamMmmbl
HanpaAXeHUr Ha BXOOE W BbIXoAe
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TOPHBIN TOK B TpaH3UCTOpe T2, U HaIpsyKeHNe Ha KOAAEKTOpe yMeHb-
maeTcs, ImocTynad Ha 0a3y T1 B dase ¢ 3alyCKAIOIMUM UMIIYyABCOM
(moroxxutearHass OC). TTpoiiecc mepexopa Tpausuctopos T1 u T2 u3
OAHOT'O YCTOWUMBOTO COCTOSTHUSI PABHOBECHUS B APYTO€ OCYIIIeCTBASET-
Csl IPAKTU4YeCKU MTHOBEHHO. OTO IIO3BOASIET IMOAYYaTh Ha BBIXOAE
TPUITEpa NPaKTUUYECKU MPSIMOYTOABHBIE UMITYABCH (puc. 6.43, 6).

Tpurrepsl UCIHOAB3YIOT TaKXKe AAS IIOACYETa UMITYABCOB, AAS OCY-
IIIECTBAEHUS AOTUUECKUX U apU(PMeTHUUYeCKUX ONepaluii B BEIUUCAU-
TeABHBIX MAIIMHAX, B Ka4eCTBe YCTPOUCTB IaMATH U T.A.

KOHTPOJIbHbLIE BOMPOCHI

_

Kakune reHepaTopbl Ha3bIBAHOTCS PenakcauMOoHHBLIMW 1 Ha KakoMm
NpUHLUMMNE NocTpoeHa mx pabota?

MosicHute npuHUMn paboTbl MT1Ha.

MoscHuTE NpuHUMN paboTbl MyneTUBMEPaTOpPA.

1306pa3nTe cxemy Tpurrepa 1 NOACHUTE MPUHLMN ero paboThbl.
[oe Hawnn npyMeHeHve Tpurrepbl?
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AJIEKTPNYECKWNE MALLUWHbI

OGLUME CBEOEHWNA OB 3NEKTPUYECKUX
MALLUVNHAX. HASHAYEHUE
N KOHCTPYKLUWNA TPAHC®OPMATOPA

7.1.1. OcHoBHble NOHATUA N onpeperieHns

€ ITop sAeKTpuuecKMMHU MaIInHaMu (OM) OyAeM MOHUMATh SAEKT-
POMAarHuTHBIE MEXaHU3MBI U YCTPONCTBA, MpeoOpas3yloliue:

B MeXaHWYeCKYIO JHEPTUIO B IAeKTPUUYECKYIO (reHepaTophl);
®  5AeKTPUUYECKYIO 3HEPIHIO0 B MEXaHUYECKYIO (ABUTATEAH);

®  3AeKTPUYECKYIO0 3HEPrUi0 OAHOTO BUAA B IAEKTPUUECKYIO
3HEPTUIO0 APYTOTrO BUAA (TpPaHC(HOPMATOPHI, SA€KTPOMAIINH-
Hble IpeoOpa3oBaTeAn).

OAEKTpOMANINHHBIE TeHepaTOPbl — OCHOBHOM BUA UCTOYHHMKOB
OAEKTPUUECKOM JSHEPTUU.

OAeKTpUYeCKUe ABUTATEAN — OCHOBHOU BUA UCTOUYHHUKOB MEXaHWU-
YEeCKOU DHEPrUuu.

B Hauane XX B. OBIAM CO3A@HBI BCe OCHOBHBIE BUABI DM, pa3pabo-
TaHBI OCHOBHI UX Teopuu. CeropHs AT UX COBepIIeHCTBOBAHUE.

EcAu B Hadyane OpoIIAOTO BeKa MOIIHOCTh reHepaTopa He IIpe-
BBIIIaAa O MBT, TO ceropHs yCIENIHO 3KCIAYaTUPYeTCS TeHepaTop
MoiHOoCTEI0 B 1 000 MBT (Kypckasg ASC). MiMeeTcss BO3MOXXHOCTD
noaydeHus MolfHocTd B 5 000 MBT npu MCIIOAB30BaHUU KPUOTEH-
HOM TeXHUKU U SIBA€HUS CBEPXIPOBOAUMOCTU. COBEPIIEHCTBYIOTCS
U TpaHCc(HOPMATOPhl — HEOOXOAUMBIE YCTPOMCTBA B CUCTEMe IlepeAa-
uy dHepruu. EcAu B Havane NMPOIIAOTO BeKa MX HAIpsSykKeHUe He Ipe-
BoeIIaro 50 kB, To ceropus U = 1500 kB, a MOIITHOCTH BO3POCAA AO
3000 MB-A.

HecMoTpsi Ha OIPOMHYIO Pa3HUIy B MOIITHOCTH U YacCTOTe Bpallle-
HUSA Bce OM MOJKHO MOAPA3AEAUTh Ha ABa THUMA:
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B  TIOCTOSIHHOTO TOKaQ,

¥ [IepeMeHHOTO TOKQ, B TOM YKCAE TPaHC(HOPMATOPHL.

7.1.2. MpnHUNNbI, NONOXEHHbIE B OCHOBY
paboTbl aNeKTpnYeckux MaluuvH

‘g B ocHOBY pabOTHI AT0O0OM SAEKTPUYECKOM MAIlIMHEI TOAOSKEHHI ABa
MIPUHITATIA:
NPUHYUN 2AEKMPOMATHUMHOU UHGYKUUU: €CAY TPOBOAHWK AAMHOH |
nepeMellaTb CO CKOPOCThIO V B MAarHWUTHOM IMOA€e C MHAYKIUEeN B, To
B NIpoBoApAHUKe HHAynupyercss OAC (bopmyra Dapapes)

e =1By;

NPUHUUN 5AeKMPOMATHUMHbIX CUA: €CAU IPOBOAHUK AAMHOM [ C
TOKOM [ IIOMECTUTh B MAarHUTHOE IIOA€ C MHAYKIMEU B, To Ha Hero
AENCTBYeT 3AeKTPOMAarHuTHas cuaa (popmyaa Amiepa)

F,,=IBi.

[MTepBBIM IPUHIIUI IIOAOJKEH B OCHOBY pabOTHI reHeparopa. Ilpu
3TOM HanpaBaeHUe DAC onpepeAdeTcd IPaBUAOM IIPABOM PYKU (reHe-
pamoP — nPaBasa pyKa), KOTOPOE TAACHUT: €CAU AAAOHB PACIOAOKUTH
TaK, YTOOBI CUAOBBIE AMHHUM BXOAUAM B Hee, & OTOTHYTHIM OOABIION
TaAel] YKa3blBaA HallpaBA€HUE ABUJKEHUS ITPOBOAHMKQ, TO BBEITSIHYTHIE
4JeThIpe MaAblla YKaxkyT HamnpaBaeHue DAC.

BTopoli NpUHIIUI IOAOKEH B OCHOBY PaOOTHI ABUraTeAd. Hampas-
A€HHE CHUABI, ACUCTBYIOIIEN Ha IIPOBOAHUK, OIIPEAEAIeTCSI ITPaBUAOM
A€BOU PyKH (gBurame/br — AeBas pykKa), POPMYAUPYEMBIM €CAU Aa-
AOHB PACIIOAOKUTH TaK, YTOOBI CUAOBBIE AMHUM BXOAUAM B Hee, a BhI-
TSHYTBIe YeThIpe MaAblla YKa3bIBaAM HallpaBA€HHE TOKa B IPOBOAHU-
Ke, TO OTOTHYTHIM OOABIIION IaAell YKa’keT HallpaBA€HUE CHABIL.

OAeKTpHUUecKas MOITHOCTE el MOXKeT OBITh IlpeoOpa3oBaHa B MeXxa-
HUYECKYIO:

ei= (Blv) - (F,,/(Bl)) = F,v.

B cBoio ouepeab, MexaHUUYeCKas MOIIHOCTD F,,V MOJKeT OBITh Ipe-
oOpa3oBaHa B 3AEKTPHUUYECKYIO:

F,.v=(iBl) - (e/(Bl)) = ie.

OTcropa CAepyeT IPUHIOUI 0OpaTUMOCTH DM, T.e. X CIIOCOOHOCTH
paboTaTh Kak B pekuMe TeHepaTopa, Tak U B PEeKUMEe ABUTATEAS.
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€ AAst paboTHI AT0O0T DM HEOOXOAMMO HaAMUYME MarHUTHOTO TTOASE
¥ TPOBOAHUKOB, TIO KOTOPHIM MOXKET TeUhb TOK. B mpoiiecce pa6o-
TBI TPOUCXOAUT OTHOCUTEABHOE TepeMelleHre MPOBOAHUKOB 1
MAarHUTHOTO TTOAS.

KoHCTpyKTHBHO OM COCTOAT U3 ABYX OCHOBHBIX YaCTeU:
HEIIOABUJKHOI'O CTaTopa;

IIOABUJKHOI'O POTOPA.

O6e yacTW MallIMHBI, KaK IIPaBUAO, HeCyT Ha cebe OOMOTKHU.

Y TpaHcopMaTopa MOABUKHAS YaCTh — POTOP — OTCYTCTBYET.

7.1.3. HazHa4veHne n KOHCTpPYKTUBHaA
cxema TpaHcdopmaTtopa

€ Tpancgopmamop — 3TO CTaTUYECKUU (0e3 ITOABUIKHBIX 4acTel)
SAEKTPOMArHUTHBIN anlapaT, KOTOPBINM CAYKUT AAS IPeobpaso-
BaHUS IepeMeHHOT'0 TOKAa OAHOTO HaIIPSI>KEHU B IepeMeHHBIN TOK
APYTOTO HaIlpS>KEeHUS.

[Tpu 3TOoM OCHOBHOe Ha3HaueHHUe TpaHCpopMaTopa — Iepepayda
9AEKTPUUECKOM MOIITHOCTH OT MCTOUYHUKA K IOTPEOUTEAIO.

B ocHOBe paboTH! TpaHCHOPMATOPA AEKUT IBACHHE B3aUMOMHAYK-
MY, T.€. BO3MOXHOCTB ITIePEeAQYU SHEPTUM C IOMOIIBIO dAEKTPOMar-
HUTHOTO IIOASL OT OAHOM OOMOTKM K APYTOM. KOHCTPYKTHUBHBEIE CXEMBI
TpaHC(POPMATOPOB PAa3AUYHBI, HO BCe OHU UMeloT (puc. 7.1, a):

®  MarHUTOIIPOBOA [, B KaUeCTBe KOTOPOT'O UCIIOAB3YIOTCS dhep-
POMarHuTHbBIE MaTepuaAbl (TpaHcopMaTOpHOE KeAe30,
9AEKTPOTEXHUYECKAs AUCTOBasI CTarb UAM (pepputhl). CAy-

Puc. 7.1. TpaHccopmaTopsbl:

8 — KOHCTPYKTMBHAasA Cxema; 6 — yCNoBHOE rpadiMyeckoe
0603HaveHVe ogHoha3Horo TpaHcthopmaTopa; B — YC/I0BHOE
rpadgmyeckoe o603HaveHne TpexdasHoro TpaHcgopmatopa; 17 —
MarHuTonpoBog; 2 — 06MOoTKK
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Puc. 7.2. TpaHcthopmaTopsbl, UCNONb3yeMble B paaMoTeEXHUKE

JKUT ANST YCUACHUA MarHuTHOM CBS3U MEeXAY 0OMOTKaMM 3a
CUeT YMEeHbIIeHNI MAalr'HUTHOTO COIIPOTUBACHUS,;

= 00MOTKU 2 (ABe U O0OAee), BEIIIOAHSIEMble U30AMPOBAHHBIM
IIPOBOAOM, PAacCIlOAATaeMble Ha MAarHUTOIIPOBOAE U CII€IIAEH-
HBIe OOIIIMM MarHUTHBIM IIOTOKOM.

'

Puc. 7.3. CocTtaBnstoLine TpaHcdopmaTopa:
1 — nnacTuHbl; 2 — KaTyLwka ¢ 06MoTKOoN
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Ha puc. 7.2 ipuBeapeH BHEUIHUN BUA HEKOTOPHIX TpaHcdOopMaTo-
POB, UCIIOAB3YEMBIX B PAANOTEXHHUKE,

B DIpOMBINIA€HHOCTH HauWOOABIIee NPUMeHEeHHe Ha 4acTOoTax
50...400 T'1; HAIIAM MArHUTOIIPOBOABI U3 AUCTOBOU CTAAU C TOAIIMHOMN
aucta 0,5 uan 0,35 MM (BCHHOMHUM: AASI YMEHBIIIeHUs ITOTepPh Ha BUX-
peBble TOKH MarHUTOIIPOBOA M3TOTOBASIETCS M3 OTAEABHBIX 3AEKTPHU-
YeCKU M30AMPOBAHHBIX MAACTUH [ — puc. 7.3).

ITepBruuHag oOMOTKa W; MOAKAIOYAETCS K reHepaTopy, @ BTOpUYHAad
W, — K Harpyske. Ecam Hampg>xeHUe Ha W, BBIIIe, 4eM Ha W;, TO
TpaHCc(opMaTOp Ha3bIBAETCA IOBBIIIAIONIINM, €CAU HUXKE, TO — I[OHU-
SKQIOIIUM.

B cucTteMe saeKTpolepepadn TpaHCHOPMATOPHI SBASIOTCS HEODXO-
AUMBIM dAeMeHTOM. be3 TpaHcdopMaTopa IpakTUYeCKH HEBO3MOKHA
rnepepada 3HEPTUU OOABIION MOIITHOCTH Ha AAABHUE PACCTOSHUS, YTO
OOYCAOBAEHO 3HQUUTEABHBIMHU IIOTEPSIMHU B AMHHUU SAEKTpOIlepeAad
(ADTT) mpu HM3KUX HATPSKEHUSTX. MOITHOCTh TOTEPh ONMPEAEASIETCS
1o hopMyAe B BUAE

Py=1"Rpon=1%pl/5,,= (S2/U?) - (plUj/S) = Slpj/ U,

rae S — THOAHAag MOITHOCTE, B- A; I — aamnHa AJIT, M; p — yAeAbHOe
HAEKTpHUUECKoe CONpoTHuBAeHUEe MaTepuara ADIl (AAS aAtOMUHUSA
0,029 Om - MMZ/M); S pp — TAOINAAL cedyeHus mpoBoaa AT, MM j—
TIAOTHOCTH TOKa, A/MM?.

I[TpoBeapeM pacueT MOUIHOCTU MOTEPh.

MormtaocTb uctounrka 1 000 MB + A Heo6X0AUMO TIepepaTh Ha pac-
crossume 500 kM. Ecam mepepada upeT npu HanpsikeHuu 250 kB, To
[OTepHU B aAIOMUHUEBOM 1IpoBoae ADTT Ipu MAOTHOCTH TOKa 2 A/MM?
cocTaBAT OKOAO 120 MBT, T.e. 12 % mepepaBaeMoi MOITHOCTU. Ecan
TOBBICUTH HampsikeHue A0 1000 kB, To nmoTepu cuussatca po 30 MBr,
4TO COCTABUT MeHee 5 % IlepepaBaeMOM MOIIHOCTU. OTO CUUTAETCH
BIIOAHE AOITYCTHMBIM.

Takum o6pa3oM, MOITHOCTE TOTeph P, B ASIT oOpaTHO mponopnu-
OHaAbHa BEAVWUYHMHE IlepeAaBaeMoro Hampsokenwus U.

€ YeM BhIlIe HANIpsIPKeHUE, TeM MeHbIlle notepu B ASIT.

HAOLLI&AB ceuyeHud IMPOBOAOB TaK>Xe 06paTHO IIPOMOPIMOHAABHA
HAIIPSAKEHUIO:

Snp = Ko/ U.

€ YeM BBIIIEe HATIPSI)KEHHWE, TEM MEHbIIIe ceueHre ITPOBOAOB, KOTO-
pble MOTYT GbITh UCITOAB30BaHBI AASI TEPEAQUN STOTO HATTPSIKEHUS.
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[MTo Ha3zHAUEHUIO TPAHCHOPMATOPHI IOAPA3AEATIOTCS CAEAYIOIINM
o0Opa3oM:

®  CUAOBEIC,

¥ CIelMaAbHOTO Ha3HAUeHUs (aBTOTPaHC(OPMaTOpHI, M3Mepu-
TeAbHBIE, CBAPOYHEIE).

CunoBBIe TpaHC(POPMATOPHL MOTYT OBITH OAHO(MA3HBIMHU U TPeX-
a3HBIMHY, MOBBIMAKIUMUA U TOHUKAIOIUMH.

YcaoBHOe rpauueckoe nzodpakeHue oAHOPa3HOTro Tpancdopma-
TOpa NpUBeAeHo Ha puc. 7.1, 6, Tpexcdasznoro — Ha puc. 7.1, B. Huxk-
HIe ABa M300pa>keHUsl Ha 3TUX PUCYHKAX UCIOAB3YIOTCS B CXeMax C
OOABIIIUM YUCAOM TpaHC(OPMATOPOB, HANPUMEp B cxeMaxX IMepepadu
U pacnpeAeAeHUsI SIAeKTPUUYECKOU 3HEeprum, B cXeMax TpaHcdopMa-
TOPHBIX TOACTAHIIWN.

OcCHOBHBIE TapaMeTphl TpaHC(OpMaTopa, YKa3blBaeMble B IaCIOPT-
HBIX AQHHBIX WMAU Ha HIUTKE!

TIOAHAs (KaXKyIllasicsi) MOITHOCTb, B+ A mau xkB-A;

AMHEMWHBIE TOKH, A;

AVHEeWHbIe Hanps>keHusd, B uam kB;

gacToTa, [1I.

KOHTPOJIbHbLIE BOMPOCHI

HanTe onpeneneHne anekTpUHeCKNX MaLLUH.

Kakve npuHUmMnbl NoNoXeHbl B 0OCHOBY paboThbl 3neKTPUYeckux
MaLUnH?

Kak onpepenuTb HanpaeneHve 3[C B reHepaTope v anekTpomar-
HUTHOW CWnbl B 3neKTpoasuratene?

[anTe onpeneneHne TpaHcdopmaTopa.

1306pa3nte KOHCTPYKTUBHYHO CXeMy TpaHcdopmaTopa v npree-
OMUTEe ero ycrnoBHoe rpadmyeckoe n3obpaxeHue.

n -

ok ©

OCHOBHbIE COOTHOLLIEHUS
B OQHO®A3HOM TPAHC®OPMATOPE.
MOTEPU N KN TPAHC®OPMATOPA

7.2.1. MpuHunn gencteua TpaHcdopmaTopa

mg= B ocuOBy paGoThI TpaHC(hOPMATOPa ITOAOKEH IPHUHITAI IAEKTPO-
MarHUTHOM WHAYKITUH.
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EcAu K mepBUYHOM OOMOTKe W; IIOABECTH IIepeMeHHOe CHUHYCOU-
AAABHOE Halps>KeHue Uy, TO M0 OOMOTKe HauUHaeT Tedb TOK i;, KOTO-
PBIM CO3AaeT HaMarHWYMBAIOUIYIO CHUAY (H.C.) [;w;. ITop pelicTBueM
H.C. B CEpAEYHUKE BO3HMKAET IIepeMeHHBIM MarHUTHBIU OTOK . IToa
AEUCTBUEM CUHYCOUAAABHOTO MOTOKA @ B mepBUYHOU OOMOTKE HABO-
autcsa DAC caMoMHAYKIINHU e, = —-w;AD/At, cTpeMsllascs ypaBHOBe-
CUTH IPUAOKEHHOe HalpsiKeHue u;, a Bo BropuuHoit — OAC B3au-
MOUMHAYKIIUU e, = —W,AD/At. Umenro sta SAC SIBASIETCS TPUYUHOMN
MMOSIBA€HUS Ha HArpy3Ke HAIPSOKEeHUS U, = €, — Il TAe I'y — aKTUB-
HO€e CONPOTUBAEHHE OOMOTKU Wy, I, — TOK BO BTOPUUYHOM OOMOTKE W,

CKazaHHOe paHee MOJKHO BBIPA3UTh B BUAE CAEAYIOIIEN CXeMBb:

ll1 — 11—> 11W1—> (I)—>ez = _Wqu)/At—’U2 = 62 - i2f2

' 61 = —WlAq)/At_ 1‘2:472

Pe3yApTUPYIOIIUN MAarHUTHBEIM IIOTOK B CEPAEUHUKE IIpU paboTe
TpaHchOpMATOpa IMOA HArpy3KOM OIPEAEASeTCS COBMECTHBIM Ael-
CTBUEM H.C. IEPBUYHOU U BTOPUYHOU OOMOTOK, PABHOM ;W — iyW,, a
HA XOAOCTOM XOAY — H.C. TOABKO II€PBUYHOU OOMOTKHU iyW;, TAE i) —
TOK XOAOCTOTO TOKa TpaHcdopMaTopa.

7.2.2. YpaBHeHNe Hanps>XeHun
n KoadppuumeHT TpaHccopmaumu

B peaabHOM TpaHCchOpMaTOpe HapsAAY C OCHOBHBIM PabO4YuM IIOTO-
KOM @, CIleIAeHHBIM C OOMOTKAMHU W; U W5, 0OPa3yroTCsa IIOTOKU pac-
cessuusa Oy u P, CIEeNNeHHBIE Ka’KABIU CO CBOEM OOMOTKOU. DTU I1O-
TOKHU co3paioT DAC eq U ey, (puc. 7.4, a).

[MTporekatomiye B 0OOMOTKaX TOKU CO3AAIOT MaAeHUsl HaNps KeHUs
Ha @KTUBHBIX CONPOTUBAEHUSAX OOMOTOK I} U Ioly.

YpaBHeHUS HANUPSKEeHUU TpaHCcopMaTopa AAS IEPBUYHOU U BTO-
PUYHOU OOMOTOK, 3allMCaHHBIE B COOTBETCTBUU CO BTOPHIM 3aKOHOM
Kupxroda, umerT BUA

u1 = —61 - 661+ ilrl;

u2 = 62 + ecz - izfz.

Ecau npeneOpeus nnorokamu paccesHus (@ = 0) u napeHUEM Ha-
NIPSKEeHUS Ha aKTUBHBIX COITPOTUBAEHUIX (OHU COCTABASIIOT He DoAee
10 %), TO ypaBHEHHNd HANPS)KeHUU TpaHCchopMaTopa (Ha3blBaeMOro B
AQHHOM CAyYae UgeaAbHbIM) MOKHO 3aIIUCATh TaK:
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Puc. 7.4. TpaHccopmaTop:

8 — CXema K aHanuay ypaBHEeHWI HanpskeHun; 6 — BHELUHWE
XapaKTepuCcTMKM

u, =—e; = w,AD/At;

UQ = ez = _Wqu)/At

TpancdopmMaTop MOKHO pacCMaTPUBaTh KaK YeTHIPEXIIOAIOCHUK C
ABYMSI BXOAHBIMHU U ABYMS BBIXOAHBIMU 3a’KMMaMHU.

‘é OTHOLIeHVEe HAIPSKEeHU Ha BTOPUYHOU OOMOTKE U, K HalIpsiKe-
HUIO Ha IIEPBUYHOM OOMOTKE U; Ha3bIBAIOT KO3 duyueHmom
mpaHcgopmayuu

Ko = uZ/U1 = 62/61 =W2/W1.

OH paBeH OTHOIIIEHUIO YUCEA BUTKOB BTOPUYHOU M EPBUYHOMN 00-
MOTOK. Ecau wy > wy, TO K9y > 1 ¥ TpaHC(OPMATOP HA3bIBAETCS MOBHI-
IaroIIuM, T.e. Uy > U;. EcAm wy < wy, TO Ky < 1 U TpaHChOpPMATOP Ha-
3bIBAETCS] TOHWJKAIOWIUM, T.e. Uy < Uj.

[MTpu cuHycouparbHOM MarHuTHOM notoke ® HaBopuMble DAC e, u
e, TAK’)Ke CUHYCOMAAABHBI, HO CABUHYTHI IO (pa3e OTHOCHUTEABHO IIO-
ToKa Ha 90°, TaK KaK OIPEAEASIOTCS CKOPOCTBHIO M3MEHEHUS IIOTOKa
AD/At:

e, = E,, sin(2rnf - 90°);
e, = E,, sin(2rnf - 90°),

rae Ey, = 2nfw, @, u E,, = 2nfw,®,, — amMnauTtyasl SAC B IepBUYHON
W BTOPHUYHOM OOMOTKAaX.
Anda pelicTByroIIMX 3HaueHuU OAC

E=E,/\2 = 4,44 wf®,,
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AN HAIPSIPKEHUN

U= 4,44 wf®,,

BeAnunHa TPUAOKEHHOTO K IMEPBUYHON OOMOTKEe W; HaPS)KeHUS
U, onpepeAsieT aMIAUTYAY MarHUTHOroO notoka ®@,. [MpuueMm Beamynu-
Ha MOTOKa MPU HEW3MeHHOM HPUAOKEHHOM HaNPSI)KEeHUU OCTaeTCs
HEeU3MeHHOU IPU BCeX pekruMax paboThl TpaHChopMaTopa — OT XO-
AOCTOTO XOAA AO HOMHHAABHOM HArpys3Ku:

npu =50 I'm @, =0,0045 U,/wy, anpu U=220B O, = 1/w,.

MrHoBeHHEBIE 3HaQUEHUS TOKOB, KaK U HANPSPKEHUM, TaK)Ke CBA3a-
HBl KO3 unueHTOM TpaHCcHOpPMALlUK, HO B OOPATHO MPOIIOPIINO-
HaABHOM 3aBHCHUMOCTHU:

K21 = 112/111 = (5/12)/(5/11) = il/iZ'

€ Takum 00pas3oM, TOK MeHbIlIe B OOMOTKe C GOABIIINM YUCAOM BUT-

KOB ¥ GOABIIUM HaNpsKeHueM. VIMeHHO 9TO CBOMCTBO U IIOAOKE-
HO B OCHOBY IIepeAauy IAEKTPUIECKON SHEePTHUH Ha OOABIIINE pac-
CTOSTHUS: TIOBBIIIEHNE IIePEAABAEMOTO HAIIPSIKEHUS IT03BOASIET
CHU3UTH BEAUUUHY TTepeAaBaeMoro 1Mo MpoBOAAM TOKA, a 3HAYUT,
MOTEePHU B TPOBOAAX U MAOIIAAEL UX CEUEHUS.

Ecam BTOpHYHag oOMOTKa TpaHcopMaTopa pa3oMKHYTa, TO TOK B
Hel oTcyTcTByeT. OAHAKO B IIEPBUYHOM OOMOTKE TOK HE PaBeH HYAIO.
OTOT TOK HA3BIBAETCA MOKOM XOAOCMOro xoga i, Kak OyaeT mokasa-
HO Aanee, OH PAcXOAyeTCsI Ha MarHUTHBIE NIOTepHu. BKatoueHUe Ha-
IPY3KH BO BTOPUYHYIO OOMOTKY BBI3BIBAET IIOSIBA€HME TOKA I, UTO
BeAeT K YBEAUYEHUIO TOKA [; B IIEPBUYHON OOMOTKE.

7.2.3. MNMotepn n KN4

IIpu pabote nmop Harpy3kou TpaHcOPMATOP HepepaeT MOITHOCTh
OT NePBUYHON OOMOTKU K HarpysKe He IIOAHOCTBIO. HacThb ee pacxo-
AyeTcss HeoOpaTuMO. OTO, B IEPBYIO OYEPEAD, IOTEPU SAEKTPUUECKUE,
CBSI3aHHBIE C HAarpeBOM II€PBUYHOU (TepgeTcs MOIIHOCTHL P,;) u BTO-
puuHOi (P,,) 0OMOTOK, 1 ITOTepu MarHuTHble (P,), pacxopyeMble Ha
BUXpeBBble TOKU M THCTepe3uC (IepeMarHuyriBaHUe CepPAEYHMKA):

PZZPI_(P31+P32+PM)v

rae P, — MOIIIHOCTB HArpy3Ky; P; — MOIJHOCTb B IIEPBUYHOU OOMOTKE.
Cpean OM TpanchopmaTop oOaapaeT HauBbIcHIUM KITA
(86...99 %), TIOCKOABKY y HEro OTCYTCTBYIOT MeXaHUYECKHe IIOTepH,
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CBsI3aHHBIE C AONOAHUTEABHBIMM IIPe0OpPa30BaHUSIMU 3HEPTUU U3
MarHUTHOM B MeXaHHWYeCKYIO.

‘é Pacuet u onpepenenue KITA TpanchopmaTopa BeAyT KOCBEHHBI-
MM MeTOAAMU, CBSI3aHHBIMU C OIIPEAEA€HNEM CyMMapHBIX TOTEPh

(DPy)-

B OCHOBY 3THX METOAOB IIOAOJKEHBI OIIBITHI XOAOCTOTO X0Aa (XX)
(puc. 7.5, a) u KopoTkoro 3ambikauusa (K3) (puc. 7.5, 6), B mpoiiecce
KOTOPBIX MOTYT OBITH OIIPpEAEA€HBl MarHUTHBIE P, M 3AeKTpHUYecKue
P, u P, norepu.

OnBIT XOAOCTOTO X0Aa. [TpoBOAMTCSA TPU HOMUHAABHOM HaIlpsKe-
HUM Ha IIePBUYHON OOMOTKE U PAa30MKHYTOU BTOPHUYHOU OOMOTKE.

IMockoapky npu XX I,= 0, To moAe3Had MoOIIHOCTG P, = 0. BxopHag
MOIITHOCTB P; = Pyx pacxopyeTcs Ha HOTEPH B MAarHUTOIPOBoAe (P,))
u notepu B Mmepu (P,;). Tok XX I, Mar u coctaBaseT 2...10 % Ho-
MWHAABHOTO TOKAa [, TO3TOMY MOTEPSIMU B MEAU MOJKHO IIpeHe-
Opeub. B TO ke BpeMs MarHUTHBINM IIOTOK B CE€pAEYHHKE HOMUHAAEH,
a CAepOBATEABHO, HOMUHAABHBI MAarHUTHBIE IIOTEPU M MOJKHO CUMTATh,
YTO BCSI MOIITHOCTB NMPU XX MPEACTaBAsIET COOOM MarHUTHBIE TTOTEPU
(Py = Pxx). OTy MOIIHOCTb MOKHO U3MEPUTb BATTMETPOM IIO CXeMe,
IIPUBEAEHHOU Ha puc. 7.5, a.

OnbIT KOPOTKOr0 3aMbIKaHUSA. [IpOBOAUTCS IIPY HOMUHAABHBIX TO-
Kax B OOMOTKAaxX U MOHM>KEHHOM HAIPS>KEeHWU Ha IIepBUYHOU OOMOTKE.

Ecau Uy = Uy youy TO I, = (10...20)1; 0y, T.€. UMEET MECTO aBapUU-
HBIU pexxuM; ecant I, = I, TO U; = Ugz = (0,05...0,1) U, ,0r VIMeHHO
TIpU ATUX 3HAUEHUSIX HAIpPSKeHUSA U TOKa MPOBOAUTCS OMBIT K3.

Tak Kak 1Mo 0OMOTKaM TeueT HOMHHAABHBIM TOK, TO M JAEKTpUUe-
CKHUe IIoTepHu HOMUHAABHBIE. [IOCKOABKY IPUKAAABIBAEMOE K IIePBUY-
HOM OOMOTKe HamNpsiKeHMe MaAo, TO U MarHUTHBIU IMOTOK ® Maa, B
CBSI3W C 4YeM MArHUTHBIMHU MIOTEPSIMHU MOKHO HpeHeOpeub. MO>XXHO

Puc. 7.5. Cxembl namepenust notepb B TpaHctopmatope:
da — 0NbIT X0NOCTOro xona; 6 — onbIT KOPOTKOro 3aMblKaHuA
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CUMTATh, UYTO M3MepeHHble BaTTMETPOM B OIbITe K3 moTrepu ecTh Io-
Tepu dAeKTpuueckue (Pys= P, + P,,,).

€ Taxkum o6pa30M, IIOAYy4Y€HHBIE€ B Pe3yAbTaTe OIIBITOB XOAOCTOIO

XOA@ ¥ KOPOTKOT'O 3aMbIKaHUS ITOKa3aHUSI BaTTMETPOB IIO3BOAS-
10T BEIYNCAUTE KITA TpancgopMaropa:

A WP~

N

n:P2/P1:1_(Pxx+PK3)/P1.

KOHTPOJIbHbIE BOMPOCHI

Kakow npuHumn nexumT B ocHoBe paboTbl TpaHctopmaTopa?
MosicHTe NpUHUMN OencTBus TpaHcdopmaTopa.

NosicHWTe, YTO cobor NpeacTaBnsAeT Ko3uLUMeHT TpaHcdopma-
UMK, N HA30BWUTE OMpefensaLmne ero napameTpbl.

Yem onpepensieTcs aMnaMTyga MarHUTHOrO NoToka B MarHuTo-
npoeofe TpaHcopmaTtopa?

HasoBuTe Buabl OCHOBHbIX NOTEPL B TpaHChopmMaTope 1 Cnocobbl
WX YMEHbLLEHUS.

YkaxuTe cnocobbl M3MepeHus NnoTepb B TpaHcopMaTope.

Kak Bblumncnute KIMO tpaHccopmatopa?

BHELLIHAA XAPAKTEPUCTUKA
TPAHC®OPMATOPA. TPEX®DASHbIE
TPAHC®OPMATOPHbI,
TPAHC®OPMATOPBI CMNELUUWATIBHOIO
HA3SHAYEHWA

7.3.1. BHewHAAa xapaKTepucTtuka
TpaHccopmaTopa

€ BHeIHsisi XapaKTepHUCTHKa TpaHchopMaTopa OTpaskaeT 3aBUCH-

MOCTb HalIpsIKeHUs Ha Harpy3ke U, OT TOKa Harpy3Ku I, 1 cCHuUMa-
€TCSI IIPU IOCTOSTHHOM HAIIPSyKeHUU Ha ITepBUYHOU 00MOTKe (U; =
= const) 1 HEU3MEeHHOM XapaKTepe Harpys3kKu (cos @ = const).

Bup BHellIHel XapaKTEePUCTUKU CYIIeCTBEHHO 3aBUCUT OT XapakKTe-
pa Harpys3ku (puc. 7.4, 0). [lpy 4ucTO aKTUBHOU HArpy3Ke (AamIia
HaKaAVMBaHUs, HarpeBaTeAb) cOsQ = 1, BHEITHsAS XapaKTepUCTUKA CAeT-
Ka IMIapAQIolasl, 9YTo OOBSICHIETCS YBeAUUeHNeM ITaAeHUsI HallpsKeHus
Ha aKTMBHOM CONPOTUBAEHUU OOMOTOK. AAS MHAYKTHBHOM Harpy3Ku
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cos@ < 1 (Apocceab, CBAPOYHBIN TPAaHCHOPMATOP, IACKTPUUECKUU
ABUTATEAB), HAIPSKeHNE MOJKeT IIapaTh IIPU YBEAWYEHUM TOKa AO-
BOABHO Pe3KO, TaK KaK MHAYKTHBHAg COCTABALIONIAsd TOKA pa3MarHu-
4MBaeT CEPACUYHUK. AN eMKOCTHOU Harpy3kKm cos ¢ < 1 (CHHXpOHHasa
MalllMHa B pe’KuMe KOMIIeHCaTopa, 6aTtapess KOHAEHCATOPOB), HAIPs-
>KeHHe IIPU YBeAWYeHMU TOKa MO’KeT PacTH, TaK KaK eMKOCTHasl CO-
CTaBASIOIIAsl TOKA OAMArHN4YMBaeT CEPACUYHUK.

V3MeHeHVe BTOPHUYHOrO HAIPSyKeHUS IPUHATO BBEIPAa’XaTh B IIPO-
IIeHTaX OT HOMMHAABHOTO HAIPSKEeHUS:

Uy - U. HOM
AU=M~1OO,
UZO

rae Uy U, pon — HaIpS)KeHNe Ha BTOPUYHOM OOMOTKE COOTBETCTBEH-
HO TIPM XOAOCTOM XOA€ ¥ TPU HOMHMHAABLHOM Harpyske.

7.3.2. Tpexdcra3Hble TpaHcchopmaTopbl

AAdg TpaHCHOPMUPOBAHUSA TPeX(a3HOTO HAPIXKEHUI MOTYT OBITh
WCIIOAB30BAHBI TPY OAHOMA3HBIX TPAHCHOPMATOPa, OAHAKO B ITEASIX
9KOHOMUM MaTepuara IPUMEHSIOT OAMH TPeXCTep>KHeBOM TpaHcop-
MaToOp C HECUMMETPUYHON MarHUTHOMU Ilenbio (puc. 7.6, a).

AAST CHMMETPHUPOBaHUS YBEAUUUBAIOT IIAOIIAAL CeueHUs spMa | Ha
15...20 % mO OTHOIIEHUWIO K TAOIIAAU CeUueHUus CTep)KHed 2. ITOo mo-
3BOASIET PACUeThl U aHaAU3 TPexX(a3HOTO TPaHC(HOPMATOPa BECTH AAST
OAHOM (Paswl.

oN
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W
—o
a

o
T

VVy
VVYV
VVYV

~
a)
T

S AMMANDNAAL 2

VVy
NAATDAA

VVYV
NAATNDAA

VVYV

o0—
e
o0—
a

O
S

I, I
a

o))

Puc. 7.6. Cxembl TpextpasHoro TpaHcopmaTopa:

a — MarHuTonposofa; 6 — coeanHeHns o06MOToK 3Be3fon; T — apmo;
2 — CcTepXxeHb
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Wow,
X * (pioz X “ (p=1§(2)°

a 9

Puc. 7.7. T'pynnel coegnHeHnn ogHodasHoro TpaHcdopmaTopa:
a — Hynesasd; 6 — wecTan

OowmoTku BeIciIero (BH) m Husmero (HH) Hanpss>keHUN U Ka>KA0U
ra3bl PacIoAararoTCd Ha CBOUX CTEPIKHAX, U MOTYT OBITh COEAMHEHEI
3Be3A0U (puc. 7.6, 6) UAU TPeYTOABHUKOM. CXeMy coepAMHeHUsT 0OMO-
TOK Tpex@da3HOTO TpaHCHOPMATOPa OIPEAEASTIOT APOOBIO: B UMCAUTE-
Ae — cxXeMa coepnHeHUs1 oOMOTOK BH, B 3HaMeHaTeare — cxeMma Co-
epnHeHMs: oomMoTok HH.

B Tpexdasnbix TpaHCchopMaTopax KO3 huiueHT TpaHchopManun
AMHENHBIX HAlPSI>KeHUM 3aBUCUT OT CXeMBI COEAMHEHHS OOMOTOK.
Taxk, ars 3Be3pbl U, = V3 Uy, a arst Tpeyroabnuka U, = Uy, TTosTomy
B Tpex(dasHbIX TpaHCHOPMATOPAX IOBOPAT O KO3((PULIMEeHTe TPaHC-
dopManuu Pa3HbIX HAIPSKEHUMN:

ch = Ucpz /Ucpl = WQ)Q/WQ)I‘

Puc. 7.8. TpexdasHble TpaHctopmaTopsl:
a — cyxon; 6 — macnsHbIn



[Tpu BKAIOUEHUHN HECKOABKMX TPAaHC(HOPMATOPOB B IIapPaAAEABHYIO
paboTy HapsAy CO CXeMOU COeAMHEHUs OOMOTOK CAEAYET YUUTBEIBATH
Irpynny coequHeHUs 0OMOMOK, ONIPEAEASIONIYIO YTOA CMEIIeHUsT BEKTO-
poB anHerHbIx DAC obmoTtok BH u HH.

AAst opHO(MA3HOTro TpaHCcopMaTopa roCyAAPCTBEHHBIM CTaHAAP-
TOM pas3pelleHa K IPUMEHEeHUIO AUIIbL HyAeBad rpymna (puc. 7.7, a).
AAnst Hee cABHUT (ha3 MeXAY BekTopaMu OAC paBeH HyAR0. ECAu KOH-
1Bl OAHOM M3 OOMOTOK IIOMEHITh MeCTaMH, TO YTOA CABHUra a3 MeiK-
Ay BeKTopaMm cTaHeT paBHBIM 180°. Takoi TpaHcdopmaTop OTHO-
CUTCH K IIecToM rpynre (puc. 7.7, 6). HoMep rpynnsl onpepeAseTcs
AeAreHUeM yraa cpasura gas Ha 30° (6 = 180°/30°).

Anda TpexdasHoro TpaHcopMarTopa CyLecTBYIOT 12 rpynm coepu-
HEeHMN, HO rOCYAAPCTBEHHBIM CTA@HAQPTOM pa3pelleHbl K IpHUMeHe-
HUIO AWIITb ABE: HYAE€Bas W OAMHHAAIIATas.

Ha puc. 7.8, a npuBepeH BHeIIHUU BUA TPexX@da3HOTO CYyXOTo
TpaHcOpMaTopa CO CAeAyIIUMH napaMmerpamu: S =2 kB A, U, =
=220 B, U,= 36 B. Ha puc. 7.8, 6 moKa3aH MacCASHBIN TpaHchopMaTop
¢ ropprupoBaHHBIM 6akoM TMI'-25 MorHOCTRIO 25 KB - A.

7.3.3. ABToTpaHcdopmaTop

‘g AsTOoTpaHchopMaTop (puc. 7.9) umeeT AUIIL OAHY OOMOTKY C OT-
BOAOM, T.e. BTOpu4yHasi oOMoTKa w, (HH) aBasieTcst yacTbio 1mep-
BUYHOU oOMOTKU W, (BH).

Takum oOpaszoMm, KO3 PuueHT TpaHCHOopMaluu aBTOTPaHCcdOopa-

TOpa K, BCETAQ MEHbIlle eAMHMIBL K,= Wy/w; = U,/ U;, T03TOMYy TakKoM

TPaHCPOPMATOP BCETAQ SABAIETCS IMOHUKAIOIIUM.
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Puc. 7.9. TlabGopaTopHbi aBToTpaHcopmaTop:
8 — CXemMa BKNH4YeHnd, 6 — BHELUHWUIR BUAa
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[[Tupokoe nmpuMeHeHHe aBTOTPaHC(HOPMATOPHI HAIIIAU B KaueCTBe
PeryASTOPOB HanpsKeHus. [Ipyu 3TOM peryaupoBaHue MOJKeT OCyllle-
CTBASTHCSI IAABHO U AMCKPETHO.

B AabOpaTOPHBIX YCAOBUAX AN PETrYAMPOBAHUS HANPSKEHUS M-
TaHUS SAEKTPUUECKUX CXeM YaCTO IIPUMeHseTCsI AaOOPaTOPHEBIM aBTO-
TparHcdopmatop (AATP) (puc. 7.9, 6).

7.3.4. NamepuntenbHblie TpaHctopmaTopbl

€ V3MeprTeAbHEBIE TPAHC(POPMATOPHI CAYIKAT AN TPE0OPa30BaHuUs

TOKA 1 HATIPSIPKEHNs B BEAYNHEI, YAO6HBI€ ANT U3MEepPeHUda CTaHAQPT-
HBIMHA HpI/I60paMI/I, U ITIOBELIIIEHMS ITPY 3TOM 0e301acHOCTH pa6OTbI.

TpanchopmaTop Hanpsxenus (TH) — 3TO IOHM>KAIOIMUM TPAaHC-
dopmMmaTop ¢ KoapdurmenTom Tpancopmanum k, paBuem 0,1; 0,01 u
MeHee.

B ero BTOpUYHYIO IIellb BKAIOUAIOT BOABTMETD, IIapaAAeAbHBIe 1Ienn
BaTTMETPOB M CUETUYMKOB dHepruu. COnpoTUBAEHUE ITUX MPUOOPOB
OAU3KO K OECKOHEYHOCTH.

€ TH paboTraeT Ha XOAOCTOM XOAY.

Tpaucdopmarop Toka (TT) — 3TO MOBBIIAIOIUN TPAaHCHOPMATOP
110 HANPSKEHUIO ¢ KoadpuiimeHToM TpaHchopMalum kK, paBHbeIM 10,
100 u 6oaee. CAepOBATEABHO, IO TOKY 3TOT TPaHCHOPMATOP SIBASIET-
cs moOHMXXawluM. Ero nepsuyHag oOMOTKa UMeeT OAMH — TPU BUTKA
U BKAIOUAETCId B U3MEPUTEABHYIO IIellb TOCAEAOBATEABHO C HArpys-
KOM. Bo BTOpHYHYI0O OOMOTKY BKAIOUAIOTCS IPHUOOPHEI C MAABIM COIIPO-
THUBAEHMEM (aMIlepMeTp, TOKOBasl KaTyIlIKa BaTTMETPa).

€ TT paboTaeT B pe;kuMe KOPOTKOI'O 3aMBIKAHHUS.

ITpu pa3zoMKHyTOM BTOpUYHOU 0OMOTKe TT He MOXKeT OBITh BKAIO-
4YeH B Ilellb, TaK Kak IpHU I, = 0 MarHUTHBIU IIOTOK PEe3KO yBEeANYHBa-
eTCd, PacTyT IIOTEPU Ha TUCTePEe3NC, CEPACUYHUK IeperpeBaeTcd U
TpaHCcOPMATOP BBIXOAWUT U3 CTPOSI.

KpomMe Toro, Hanps>keHrHe Ha BTOPUUYHOMU PA3OMKHYTOM OOMOTKEe
MO>KeT AOCTUTATh 3HAUYUTEABHOUW BEAWUMHBI, YTO ONACHO AAS OOCAY-
SKMBAIOIIEr0 IMepCOHAaAQ.

Ha puc. 7.10, a npuBepeHa cxeMa BKAIOUEHUS B Ilellb MOIIHOTO
BBICOKOBOABTHOTO @CHMHXPOHHOTO ABUTaTteAsd A/, CTaHAAPTHBIX U3Me-
PUTEABHBIX IPHUOOPOB C UCIIOAB30BaHNEM M3MePUTEAbHBIX TpaHChOpP-
MaTOpPOB. ABUTaTeAb BKAIOUEH 3BE3A0M, MUTAETCS AMHEWHBIM Hallpsi-
sxerueMm U, = 6000 B 1 umeeT HOMUHaABHBIN TOK 80 A. M3aMepuTensb-
Hast AabopaTopusa pacroaaraeT BoabTMeTpoM Ha 1 000 B u amnepmert-

195



TT 10 A

O*} o 6 000 B

— TH

Ig:——OIOO B

a 6

Puc. 7.10. IamepuTensHble TpaHChopmaTopbl TOKa U HANPAXEHUS:

a — cxema Bknto4veHusa TT n TH B komnnekce co ctaHaapTHbIMA
n3mepuTesibHbIMY Npubopamu; 6 — BHELWHUIA BMA TpaHcdopmaTopa Toka

poMm Ha 10 A. YTOOBI U3BMEPUTH IACKTPUUYECKME TTapaMeTphl Tpu pabo-
Te ABUTATEASI YKa3aHHBIMH MPUOOpaMu, HEOOXOAUMO BKAIOUHUTH UX Ye-
pe3 TpancdopMaTop HamnpskeHuss TH ¢ koadduiinenToMm TpaHnchop-
manuu K = 0,1 u yepe3 TpaHnchopmaTop Toka TT ¢ KoaduieHTOM
Tpa"cdopMaluu K = 10. B 3ToM cAydae BOABTMETP AOAJKEH TOKa3aTh
600 B, a ammepmeTrp — 8 A.

Buemnmnuit Bup TT mokasan Ha puc. 7.10, 6.

7.3.5. CBapoyHbIn TpaHchopmaTop

[Tepea HauaaroM cBapKM paboumii KacaeTcs AeTaAd 2 IAEKT-
poaoM [ M 3aKOpaunBaeT BTOPUUYHYIO OOMOTKY TpaHcopMaTopa
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P
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VVV VVYV
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5
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U

a 9] B

Puc. 7.11.CBapoyHblin TpaHchopmaTop:

a8 — Cxema BKJIHYeHUs; 6 — BHELLUHAS XapakTepucTuKa; B — BHELUHUN
BuAa TpaHcdopmatopa TAOM-140; 1 — anekTtpopn; 2 — getans; [p —
LOpOCCenb C perynMpyemMbiM BO3AYLIHbIM 3a30poMm d; Tp — cBapouy-
HbIM TpaHchopMaTop, BO BTOPUYHYO 06MOTKY Wp KOTOPOro BKIOYEH
anekTpog 71 4epes gpoccens [p
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(puc. 7.11, a). B o0b1yHOM TpaHC(hoOpMaTOpe TOK KOPOTKOTO 3aMBbl-
kaHuga B 10— 20 pa3 npeBbIIaeT HOMUHAABHBIN. HO Ipu MHAYKTHB-
HOM Harpy3Ke BHeNIHAA XapakTepuctuka U, = f(I,) — pe3ko mapa-
tomasa (puc. 7.11, 6).

OTO MO3BOASIET MOAYYUTH 3HaUeHHe TOKa KOPOTKOI'O 3aMbIKaHM,
OAn3Koe K paboueMy TOKy. CBAapOUHBIM TOK PeryAUPYeTCs 3a CUeT
u3MeHeHUs 3a3opa d. [Tpu 3TOM U3MEHSIOTCS UHAYKTUBHOCTH APOC-
cead Ap U KpyTHU3HA BHENIHEU XapaKTepPUCTUKH.

Ha puc. 7.11, B npuBeAeH BHENTHUM BUA CBAPOYHOTO TpaHCchopMa-
Topa TAM-140 ¢ MaKCMMaAbHBEIM TOKOM A0 140 A.

KOHTPOJIbHbLIE BOMPOCHI

_

Y70 cobon NpeAcTaBnseT BHELLUHAA xapakTepucTmka TpaHcdop-
MaTopa ¥ OT Yero oHa 3aBUCUT?

Y70 xapakTepHo Ansa TpexdiasHbix TpaHcthopmaTopos?

Mo kakow cxeme MoryT 6biTb BKNOYEHbI 06MOTKM TpexdiasHbix
TpaHcdgopmaTopoB?

Y10 xapakTepHo Ans aBToTpaHcdiopmaTopa? [ae oH ucnonb3yerca?
YKkaxute HasHa4eHne N3MepUTenbHbIX TpaHChopMaTopoB 1 npa-
BMNa UX BKMHOYEHUS.

B 4em ocobeHHocTb paboTbl cBapo4HOro TpaHctopmaTtopa?

ok WP

@

OGLUME CBEOEHNSA 06 ACUIHXPOHHbIX
MALLVHAX

7.4.1. KOHCTPYKLMNA aCUHXPOHHON MaLUMHBbI

€ AcCUHXPOHHBIE MallIMHBI (AM) OTHOCSTCS K MallliHaM IIepeMeHHOTO

TOKQ, TUTAIOTCST CHHYCOMAAABHBIM TOKOM U ITPe0OPasyIOT SAEKTPH-
YeCKyIo SHEPTHIO IIePEeMEeHHOTO TOKa B MEXaHUIEeCKYTO SHEPTHIO.

OCHOBHOe NIpUMEeHeHNe OHU HAIIAM B KaueCTBe IIPUBOAHBIX ABU-
raTeArel B MPOMBIIIAEHHOCTH U OBITY (IPUBOABI METAAAOPEKYIIUX
CTAHKOB, HACOCOB, BEHTUASITOPOB, TOABEMHBIX MEXaHNU3MOB, CTUPAAb-
HBIX MAIlIUH, XOAOAUABHUKOB, 3A€KTPOMHCTPYMEHTA).

ACUHXPOHHBIE ABUTATEAM MOTYT OBITH TpeX(da3HbBIMU M OAHOMDA3-
HBIMU. Tpex@da3Hble MAIIUHBEL B OCHOBHOM HCIIOAB3YIOTCSA Ha IIPOM3-
BOACTBE, OAHOa3Hble — B OBITY.

ACUHXPOHHBIN ABUTAQTEABb IBASETCS CAMBIM IIPOCTBIM B KOHCTPYK-
THUBHOM HCIIOAHEHMHU U3 BCeX 3AeKTpUUeCcKuxX MamuH. OH COCTOUT U3

197



5 c4 4 3
a 4]

Puc. 7.12. TpexdpasHbiit aCUHXPOHHBIN ABUraTeNb C KOPOTKO3aMKHYTbIM
pOTOpPOM:
d — KOHCTPYKTUBHAA CXema; 6 — BHELUHWI B/ y3510B AaBuratensa
YAL; 1 — ctaTop; 2 — poTop; 3 — o6moTka poTopa; 4 — obmoTka
cTaTopa; 5— KOonbuUa, 3aMblKaroLjne 06MOTKy poTopa no Topuam

ABYX OCHOBHBIX Y3AOB: HEIIOABHMIXHOTO cmamopa I U Bpallaiolerocs
pomopa 2 (puc. 7.12, a).

CTaTop BHIIIOAHIETCS B BUAE IIOAOTO ITUAMHAPA C ITa3aMU Ha BHYT-
peHHel OBEePXHOCTHU. B ma3el yKaaAbIBaeTcsd OOMOTKA 4, BHIIIOAHEH-
Hagd U30AUPOBAHHBIM IPOBOAOM. M3rOTOBASIIOT CTATOP U3 TOHKMUX
IITAMIIOBAHHBIX M30AMPOBAHHBIX 3AEKTPUUYECKU APYT OT Apyra IIAac-
THUH U3 eppPOMarHUTHOTO MaTepraAad. ITO MO3BOASET CHU3UTHL Mar-
HUTHBIE TIOTEPU Ha TUCTEPe3UC U BUXPEBbIe TOKU.

I[TpoBOAHVKY, YAOKEHHBIE B IIa3aX CTAaTOPa PAaBHOMEPHO, OObeAU-
HAIOT AUOO B TPU OOMOTKH, OCH KOTOPBIX CABUHYTHI B IIPOCTPAHCTBE
Ha 120° (Tpexdas3Hble MAIIWHBI), AUOO B ABe OOMOTKH, CABUHYTHIE B
npocTtpaHcTBe Ha 90° (opAHO(A3HBIe MAIWHEI).

AAs Tpexda3HbIX 0OMOTOK IPUHATO 0003HauaTh Havara a3 Cl,
C2, C3, a xkoHnwl pa3z — C4, C5, C6. O6MOTKYU Tpexda3HOU MaITUHbI
MOT'YT OBITh COEAMHEHHI 3B€3A0M MAU TPEYTOABHUKOM. [Ipu coepnHe-
Huu a3 3Be3p0u KoHIBI C4, C5 C6 o0bepAMHSIOTCS, a Hadara das
C1, C2, C3 moARAIOUAIOTCS K AMHEUHBIM TpoBopAaM A, B, C (puc. 7.13,
a). I'lpu coepuHeHun (ha3 TPEyroAbHUKOM Haudaro dasbl CI1 oObepu-
HsAeTcs ¢ KoHoM C5, C2 — ¢ C6 u C3 — c C4. ObOpa3oBaBiInecs y3-
AOBBIE TOUKHU ITOAKAIOYAIOTCS K AMHEMHBIM IpoBopaMm (puc. 7.13, 0).

AAg opAHO(A3HBIX MAIIMH OOMOTKHU IIOAPA3AEAdIOTCd Ha pabouune
(0OMOTKM BO30Y>XAeHMd) M IIyCKOBBIe. COOTBETCTBEHHO KOHIIBI pado-
yell oOMOTKU oOo3HauaroTca Pl u P2 (uam Bl n B2), a myckoBou —
I11 u I12 (puc. 7.13, B).
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Puc. 7.13.CxeMbl coeHeHUs 06MOTOK aCUHXPOHHOIO ABUraTens:

a — 3Be3[01; 6 — TPeyronbHMKOM; B — CXema BKJHOHYeHMA 06MOTOoK
0fHOCha3HOro acMHXPOHHOrO ABUraTens

PoTOp acCMHXPOHHOTO ABUTraTeASl BHIIOAHSETCSI B BUAE CIIAOIIHO-
ro IUAMHAPA TaKKe U3 OTAEABHBIX (DEePPOMArHUTHBIX HAACTUH U
uMeeT IIa3bl HAa BHeITHEM IOBEPXHOCTH, B KOTOPhIe YKAAABIBAETCS
obMoTka. OOMOTKA pOTOpa MOXKeT OBITh KOPOTKO3aMKHYTOU MAU
da3HOM!.

KopoTko3aMkHyTasg oOMoTKa 3 (CM. puc. 7.12, a) BEIIOAHIETCA 3a-
AMBKOH ITa30B B (PepPOMArHUTHOM POTOpe 2 aAIOMUHHUEM C 3aKOpadu-
BaHNEM IMTOAYYEeHHBIX CTep>KHeH II0 TOpliaM KOAbllaMu J. B pesyabTa-
Te IIOAyYaeTCs TaK Ha3blBaeMoe Oeamube KoAeco (puc. 7.14, a).

®azHast 0OMOTKa YKAAABIBAETCSI M30AMPOBAHHBIM ITPOBOAOM B BHAE
Tpex (a3, CoeAMHEeHHBIX 3Be3p0M. Hauara a3 mOAKAIOUAIOTCS K TpeM
KOHTAKTHBIM KOABIIaM, PAaCIIOAOKEHHBIM Ha OCU poTopa (puc. 7.14, 6).
[MoprAtodeHHE OOMOTKU pPOTOpa K IelN OCYIIECTBASIETCS C IIOMOIIIBLIO
KOHTAKTHBIX II[E€TOK, PaclioAaraeMbIX Ha KOpPIyCe M CKOAB3SIINX 10
KOABIIaM IIpU BpallleHUU PoTopa.

Koasbiia
Da3HbIN CO IIeTKaMu
porop

Tpexdazubiit
a peocraT

6

Puc. 7.14.06M0TKM poTOopa aCUHXPOHHOIO ABUraTens:

a — KopoTKo3amMKHyTast Tuna Benuybero Koneca; 6 — hasHas
C BKJIOYEHMEM Tpexda3Horo peocraTa

199 |



7.4.2. NMpunHunn pabotbl TpexdasHoro
aCUMHXPOHHOro gBuUraTens

‘g B ocHOBY pabOTBI @CHHXPOHHOTO ABUTaTEAS IIOAOKEHO B3anUMO-

AefICTBI/Ie Bpauwjarowerocs MarouTHOTO ITIOAA CTATOPA C TOKaMU, Ha-
BOAUMBIMHU 5THUM IIOAEM B 0OMOTKe poTopa.

Bpaiatornieecsa moae Cco3paeTCa CUCTEMOM Tpex@da3HOTO TOKa,
TTOABOAMIMOTO OT CETH K OOMOTKE CTaTopa (IePBBIM MCIIOAB30BaA ITOT
npuniun M. O. AoanBo-A0OpoBOALCKIM B 1888 1.).

EcAam K TpeM 0OMOTKaM CTaTopa, CABUHYTHIM B IIPOCTPAHCTBE Ha
120°, moApBecTH TPHU HANPSKEHUS, CABUHYTHIE IO (ha3e Tak ke Ha
120°, To Ha cTaTOpe CO3AAETCS Bpallarolieecsi MarHUTHOE TIOAE.

AeNCTBUTEeALHO, 3a BpeMsi, paBHoe !/, mepuopa (120°), pe3yabTu-
PYIOIIMI MarHUTHBIN MOTOK P, TIOBOPaUMBaeTCs TakKe Ha 120° (puc.
7.15, a).

YacToTa BpaIleHUs MMOAS N; HAa3bIBAETCSI CUHXPOHHOU U OIIPEAEAs-
eTcs BhIpa’keHueM

n, =60 f,/p,

rae fi — 9acToTa mepeMeHHOI'0 HaIPSKeHWs, ITOABOAUMOTO K OOMOT-
Ke CTaTopa; p — YHUCAO IIap IIOAIOCOB Ha CTaTOpe.

ITpu npomsbitianeHHOU YacToTe [ = 50 I'1] 1 OAHOU mape MOAIOCOB
(p = 1) MmakcuMarbHagd CUHXPOHHAS 4acTOTa BpallleHud n; pasHa 3 000
00/MuH. Bpaiaroleecsi MarHUTHOE TIOAe CTATOPA, llepeceKas oOMOT-
KU HeNnOgBUKHOIO poTopa, HaBoAUT B HUX JAC (B COOTBETCTBUU C

Uq up Uc

120° 120° 120°
(I)pes (Dpea

o) \FPy) \ Py
q)pea
a

Puc. 7.15. Qnarpammbl, nosicHAOLWME NPUHLMN CO30aHNA
BpaLlatoLleroca MarHuTHoro nons (a), n BHewHun sng
Tpexda3Horo acCMHXPOHHOIO ABUraTens MOLLHOCTbH
400 Bt (6)
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3aKOHOM JAEKTPOMArHUTHOU HUHAVKIINU). AeUCTBYIOIlee 3HAYeHUe
OAC 1o aHaAOTHU C TPAaHCHOPMATOPOM OIPEAEASETCST BhIpakeHueM

E,=E,, /N2 =21 fw, D,/ \2 = 4,44 K, f, w,d,,,

rae E;, — OAC B pase HEMOABUIKHOTO POTOPa; f, — YacTOTa mepeMeH-
"HOM DAC B HEIIOABMYXHOM pOTOpe (paBHAaf f|); w, — UHCAO BUTKOB B
daze poropa; O, — aMIAUTyAa MarHUTHOTO TIOTOKA; K, — OOMOTOY-
HBIIM KO3(P(PUIUEHT.

I[TOCKOABKY B @CUHXPOHHOM ABUTaTeAe C KOPOTKO3aMKHYTBEIM POTO-
POM CTep>KHU OOMOTKHU 3aKOPOYEHBI II0 TOpIlaM KOABIIaMU, B CTEPK-
Hax nop pevictBueM DAC E, nogBageTcsa ToK poropa I,. TTo 3akony
SAEKTPOMAarHuTHBIX CUA ((popMyara AMIepa) Bpallaroljeecsd MarHUT-
HOe TIOAe HauMHaeT AEWCTBOBATb Ha IMMPOBOAHUMK C TOKOM, CO3AaBas
Bpalaomunui MOMEHT

M,, = ¢, ®L,

rAe €, — KOHCTPYKTUBHBIU KO3(duiment; ¢ — AeUCTByIOIlee 3HaA-
yeHHe MarHWTHOI'O IIOTOKa.

ITop aAericTBHEM 3TOTO MOMEHTA POTOP IPUXOAUT BO BpallleHUE B
TOM >XKe HallpaBAEHUM, UTO UM TOAEe U «OEKUT» 3a HUM, CTapasicCh AOT-
HaThb. OAHAKO AOTHATh MAarHUTHOE IIOAe, Bpaljalolleecs C CUHXPOH-
HOM 4acCTOTOMU N;, pOTOP HE MOJKET, TaK KaK B IPOTUBHOM CAydae Mar-
HUTHOe TIOAe IlepecTaHeT IepecekaTb OOMOTKM POTOpPa ¥ HAaBOAUTH B
Hux OAC, TOK B 0OMOTKax poTopa HCYe3HeT, a 3HAUUT, He OyAeT U
BpalaoImiero MoMmeHTa. CAepOBATEABHO, POTOP BCETAQ BPAIIAETCH C
YaCTOTOU, HECKOABKO MeHbIIIer CMHXpPOHHOU. OTCIOAA ¥ Ha3BaHUe —
QCUHXPOHHBIU (HECUHXPOHHbIl) ABUTATEAD.

TakuMm obpazoMm, AM 1o NpUHIUNY AeMCTBUS MOXO>Ka Ha TPaHC-
dopmatop. Ee nepBuyHasg 0OMOTKa — CTAaTOP, @ BTOPUYHAsT — POTOP.
Ho pa6ora AM B0O3MO>XHa, TOABKO €CAM OOMOTKAa POTOpa IepeceKa-
€T Bpalllalollleecsl MarHUTHOE TIOA€, T.e. €CAU YaCTOTa BpaljeHus po-
TOpa N MEeHbIIIe UAU OOABIIIe YaCTOTHI BPAIeHUS IIOAD 1.

ITpu BpaleHun poTopa C 4aCTOTOU N < Ny OH «CKOAB3UT» OTHOCH-
TEABHO TIOAS C 4acTOTOM (n; — n) = 60 f,,/p. OTCIOAQ CAEAYET, UTO Ya-
crota OAC f,, BO BpalllaiolieMcss poTope

fr=(ny—n) p/60=(n,—n)f;,/n=1£S,

rae S = (n; — n)/n; — CKOAbXeHue poTopa.

AAs HeTmoABUIKHOTO potopa S=1u f, = f. IIpu S = 0 (poTop Bpa-
1maeTcs ¢ 4acToTou moad) f,, = 0, T.e. B poTope nepemenHas DAC He
UHAYIIAPYETCS.
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Bo Bpamaroiemcs porope Bo3HukaeT OAC

Ey.= 4,44 Kofywy®,, = 4,44 1,f,S wyD,, = E,S.

Beanmunta CKOABKeHUS AT A/, OOBIUHO HeOOABINIass — B IIpeAerax
oT 1 A0 5 %. CAepOBaTEABHO, A@YKe B XyAIIIEM CAydae 4acTOTa Bpallle-
HUS poTopa

n=60f,(1-S)/ p=3000-0,95= 2850 06/muH,

T.€. OHa AOCTaTOYHO OAM3Ka K CHMHXPOHHOM.

KOHTPOJIbHbLIE BOMPOCHI

KSKOBG KOHCTPYKTI/IBHGH cxemMa SCI/IHXpOHHOFO p.eraTenﬂ’?
MosicHUTE NPUHLMN PaBoTbl aCUHXPOHHOIO ABUraTens.

[Mo4emy poTOp HE MOXET [0rHaTh Bpallatolleecs none?

Yem onpepensieTca YacToTa BpaLleHWss MarHUTHOro nona?

[Oe HaLnM 0CHOBHOE MPUMEHEHNE acUHXPOHHbIE (TpexdiasHble,
ogHodha3Hble) aBuratenn?

R e

XAPAKTEPUCTUKN ACUHXPOHHOIO
OBUrATENS

7.5.1. MexaHn4yeckue n pabo4ue
XapaKTepucTukn asuraTens

‘g Mexanuueckol xapakmepucmuKoll ABUTaTeAs] Ha3bIBAeTCS 3aBU-
CHMOCTB YaCTOTHI BPAIIleHUs €ro POTOPa OT HAaTPY3KH Ha €ro BaAy
n=f(M,).

[Tpu yBeAnueHUU HArpy3KHM Ha BaAy poTopa ero yacToTa Bpalle-
HUS TaAaeT, CKOAbKeHHe pacTeT, yBeanuduBaroTcsa SAC U TOK pOTO-
pa, pacTeT pa3BUBAaeMbI¥ 3A€KTPOMArHUTHBIM MOMEHT, KOTOPHIM 1
KOMIIEHCUPYET yBeAUUeHHe Harpy3KH.

A/ ¢ KOPOTKO3aMKHYTEIM POTOPOM IIPY HEU3MEHHOM HaNpsSKeHUU
NUTAHUS UMeeT AOCTATOYHO JKECTKYIO (MAaAOM3MEHSIOUIYIOCS) MeXa-
HUYECKYIO XapaKTepPUCTUKy n = f(M,), 4To0 ¥ 0OOYCAOBAMBAET €ro Iu-
pOKOe IpUMeHeHMe B KaueCTBe IIPUBOAHOIO ABHUTATEAST METAAAOPEIKY-
IIMX CTAHKOB U NTOABEMHBIX MeXaHU3MOB.

Ha puc. 7.16, a npuBeAeHB MeXaHUUEeCKUe XapaKTePUCTUKU ABYX
A, ¢ KOPOTKO3aMKHYTBIM POTOPOM, OTAMYAOIINECS TEM, UTO y OAHO-
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0 Mnl MHZ MH 0 PZHOM P2
a (9

Puc. 7.16. XapakTepucTnk acMHXpPOHHOro AsuraTens:

a — MmexaHu4eckue; 6 — paﬁOLWIE; 1 — XapakTepucTtuka asuratena c
nonbiM HEMarHMTHbIM pPOTOPOM

TO ABUTATEAS aKTUBHOE COIPOTHMBAEHHE OOMOTKU POTOpPa OOABIIE,
4yeM Y APYTOTO Iy, > I'y;). ABUTATEAb C MEHBIIUM COIPOTUBAEHUEM PO-
TOopa nMeeT OOAee >KeCTKYIO XapaKTepUCTUKY, B TO JKe BpeMs ABUTa-
TeAb C GOABIIMM CONPOTUBACHUEM MMeeT GOABIIHM ITyCKOBOM MOMEHT
(Myz > Myy,).

TakuM o6pa3oM, peryAupysl aKkTUBHOe COIPOTHBAEHUE B IellN
poTopa (HanmpuMmep, B AA ¢ a3HBEIM POTOPOM), MOJKHO YIPAaBAITH
MeXaHUYeCKOU XapaKTEePUCTUKON ABUTATEASI, B YACTHOCTU YaCTOTOM
BpallleHud pPoTopa IPU ONPEAEAeHHOU BEeAWYHHE CTATUYEeCKOro MO-
MeHTa M., Ha Bary poTopa. AAs Iy, > Iy 9acToTa Bpaienus n” < n'.

Kpusas I Ha puc. 7.16, a COOTBETCTBYEeT ABUTATEAIO C IIOABIM He-
MArHUTHBIM POTOPOM (CM. IIOAPa3A. 7.7), aKTUBHOE COIIPOTHUBAECHUE
KOTOPOTO 3HAUUTEABLHOE.

Pabouue xapakmepucmuku aCUHXPOHHOT'O ABUTATEAS MPEACTABAS-
0T cOOOM 3aBUCHMMOCTH YaCTOTHI BpallleHUs pOoTopa I, BPAIAIoIlero
9AEKTPOMATHUTHOTO MOMeHTa My, Toka cratopa I;, KIIA u xosdpu-
IIeHTa MOIIHOCTH COS (¢ OT IIOA€3HON MeXaHWYeCKOW MOIIHOCTH P,.
Vx mpuMepHBIN BUA NpPUBEAeH Ha puc. 7.16, 6. KpuBas nsMeHeHUs
YaCTOTHI BpallleHUs N He OTAMYaeTcd o (hopMe OT MeXaHW4eCKOU Xa-
PaKTEePUCTUKU ABUTaTeAs. Bparraromuit MoMeHT M,, 1 TOK craropa I
MIPOMOPIIMOHAABHEI IOAE3HOM MeXaHWYeCKOW MOIHOCTH P, M pacTyT
C yBeAndeHUeM P, IOYTU AMHEWHO:

M,, = P,/(0,105n); I, = P, /(~/3 Ucos ).

HesnaunreArbHast HeAMHEHHOCTE M, BbI3BaHa HEOOABIIUM TIaAe-
HHeM 4acTOTHI BpallleHud n.

KIIA m cos @ OBICTPO PACTyT IIPU YBEAUUEHUM IIOAE3HOM MOIIHO-
CTH M AOCTUTAIOT MaKCHMMAaAbHBIX 3HQUEHMU IIPU Harpyske, OAM3KON K
HOMMWHAABHOM.
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7.5.2. MNMoTepn B aCUHXPOHHON MalUUHe.
3HepreTnyeckas guarpamma

mg= B orAnune or TpancOpMaToOpa B 9AEKTPUICCKUX MAIIMHAX C BPa-

ITAIOMIUMCA POTOPOM HAPSAAY C SACKTPUYECCKUMU U MATrHUTHBIMU
IIOTEPAMU MMOABAAIOTCA MEXaHUYECKHe IIOTEPHU.

OHM BBI3BAHBI B TIEPBYIO OYePEAb TPEHMEM B MOAIIUIHUKAX U CO-
POTHUBAEHHEM BO3AyXa. DTO cylnecTBeHHO cHuKaeT KITA saektpu-
YeCKUX MAllIWH, B TOM YHUCAE€ M aCMHXPOHHOI'O ABUTATEAd.

Ha puc. 7.17 npuBepeHa 3HepreTuyeckas AUarpaMma, oTpaka-
[ol1ast IpeoOpa3oBaHue MOABOAUMON K CTATOPY SAEKTPUUECKON MOIII-
HOCTU P; B MOAE3HYIO MeXaHUUeCKyI0 MOIIHOCThL P, 1 TOTepu MOIIHO-
CTH B IIpollecce ee IMpeoOpa3oBaHUS.

YacTh MOABOAMMOM K CTATOPY SAEKTPUUECKON MOIITHOCTH TPATUT-
CsI Ha DAEKTpUUYecKHe IoTepu B 0OMOTKe cratopa P,,;. OcTasiascs
4acTh IpeoOpa3yeTcss B MOITHOCTD BPAIaIoNerocss MarHUTHOTO ITOAS.
Ho npu aToM cpa3y >Ke BO3HUKAIOT ITOTEPU B CTAAU CTaTOpa — Mar-
HUTHBIEe IToTepu P,. DAeKTpoMarHuTHas MOUIHOCTh P,, mepepaercs
yepes3 BO3AYIIHBIM 3a30p CO CTaTOpa Ha POTOP.

ITop, aevicTBueM P, B POTOPEe TEKYT TOKU I, U MOSBASIOTCS IIOTEPU
P,,,. OcraBmiasgcga MoOmHOCTb P,, — P,,, = P, TIPEACTaBAsIET COOOM
TIOAHYIO MeXaHW4YeCKYyI0 MOITHOCTh, CIIOCOOHYIO COBepIlaTh paboTy.
Ho xak TOABKO pOTOP IPUXOAUT BO BpallleHUe, IOSBASIOTCSI MeXaHU-
yeckue norepu AP, (Ha TpeHUe, BEeHTUASLINIO).

Kpome TOro, CymecTByrOT AOIIOAHUTEAbHEIC IIOTepu P,,,, BHI3BaH-
HBIe OTKAOHEeHHeM (POPMBI MAarHMUTHOT'O MOTOKAa OT CUHYCOUAAABHOM,
3yOIIOBBIMM IIOTEPSIMHY, OIIpeAeAdeMbIMU (DOPMOM U pasMepaMu Ma30B
Ha BHYTPeHHeH MOBEPXHOCTU CTATOPa, B KOTOPhIe YAOKeHa 0OMOTKa
U AP.

OcrTaBiiascs MOITHOCTb P, — IIOAe3Hast MeXaHUudecKast MOIITHOCTD,
CcocoOHas CoBepIIaTh PaboTy.

TakuM oOpa3oM, cyMMapHble IOTEPU B ACHHXPOHHOMN MalluHe
MOJKHO BBIPDA3UTh B BUAE

P

SM

P, —> Cratop [—> Potop —>P

vio by

31\2 AP Mex Aon

Puc. 7.17. SHepreTu4yeckas gnarpaMmma aCUHXPOHHOro Asuratens
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2p=p3A1+PM+p3/\2+APMeX+pAOH'

B aTtom cayuae KITA

n=1—YP/P,.

KOHTPOJIbHbIE BOMPOCHI

1. Y70 nNpepcTaBnseT cobor MexaHW4eckas xapakTepUCTUKa acuHX-
pOHHOro gBuratensa?

2. Kakve xapakTepucTuky ABuUratens HasbiBaloTca paboyumm?

3. HazoBWTe 0CHOBHbIE MOTEPY B aCMHXPOHHOW MaLUVHE.

4. Mouemy KT acvHxpoHHOrO gBuratens Huxe, Yem y TpaHcdop-
maTtopa?

MYCK W PEFYSIMPOBAHWE YACTOTbI
BPALLEHNS ACUHXPOHHOIO
OBUIATENS

7.6.1. PeBepc n cxembl nycka

HanpaBaeHue BpallleHHS POTOPa aCMHXPOHHOM MAIIWHBI OIIPeAe-
AsIeTCSl HallpaBAeHUeM BpallleHWs MarHUTHOTO IIOASI, T.e. TIOPSIAKOM
yepepoBaHud a3 (ABC — mpsaMOM MOPSAOK uepepoBaHUsA as).

€ CAepOBaTEeABHO, AT I3MEHEHUST HallPaBACHUST BPaIlleHUsT POTO-

pa (peBepca) HeOOXOAMMO U3MEHUTH IIOPSIAOK YepeAOBaHUS has,
T. €. IOMEHSITh MeCTaMM HauaAa AIOOBIX ABYX has.

Hanpumep, nopspok depepoBanust a3z ACB 3acTaBUT poOTOp Bpa-
1IaTHCSI B OOPATHYIO CTOPOHY.

B orAnume OT MaIIWH MOCTOSTHHOTO TOKA, Y KOTOPHIX MMYCKOBOM TOK
IIPU HEMOABW)KHOM POTOPE MOKeT IIPEeBHIIIaTh HOMUHAABHEBIN B 20...
50 pa3, pas AA, 3TO COOTHOIIIEHHE PAaBHO 4...7, TOCKOABKY OOMOTKH
CcTaTopa UMeEIOT 3HAaUUTEAbHOEe MHAYKTHMBHOE CONPOTHBAEHUE Ilepe-
MeHHOMY TOKY, OTpaHMYNMBalollee MycKoBoi Tok. [ToaTomy ¢ AA, Kak
NIPaBUAO, HEe CAYYAIOTCS HENPHUSATHOCTU NpuU nycke. [Ipuxopurcsa
AVNIb IIPU IMTPOEKTUPOBAHWN YUYUTHIBATH KPATKOBPEMEHHOE ITOBLIIIIEHEe
TOKQ, 3aKAAABIBAas 9yTh OOABIIYIO MAOIIAAL CEUEHHUS TPOBOAOB OOMOT-
KU CTaTopa.
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A,A, C KOPOTKO3aMKHYTBIM POTOPOM OOBITHO ITyCKaeTCd B XOA He-

IIOCPEACTBEHHBIM MOAKAIOUEHUEM K NCTOUHUKY IlepeMeHHOro Ha-
NpsKeHUsT HOMUHAABHOY BEAMYMHEI, T.€. AT HETO XapaKTepeH
IIPSIMOM ITyCK (puc. 7.18, a).

‘g AA, ¢ pa3HBIM POTOPOM MTO3BOASIET CHU3UTD TYCKOBBIE TOKU 38 CUET

BKAIOUEHMS B OOMOTKM pOTOpa uYepe3 KOHTAKTHBIe KOAbIla TPeX-
drazuoro peocrara (cm. puc. 7.14, 0).

OTO CHMJKAeT TOKUA POTOPQ, a 3HAUUT, U TOKU CTATOpPa AO 3aAAHHO-
ro 3HaueHus. OAHAKO IIPU OAHOBPEMEHHOM BKAIOUEHUU OOABIIOTO
ynrcAa AA, (HampuMep, yTPOM B IieXe), MOJKeT «IIOACa’KUBAThCSA» CETh,
YTO IIAOXO BAUSET Ha paboTy APYIHX IIOTPEOUTEAEH.

‘g ABmompancgopmamopHhbill nyck (puc. 7.18, 6) mo3BoAsieT 3amyc-

TUTBb ABUTATEADb ITPU IIOHU>KEHHOM HAIIPSAKEeHKWH, a IIOCAe eT0 pa3-
TOHA IIOAQTH HOMUWHAABHOE HaAIIPs>KEeHUe.

C 3TOM Ke IIeAbI0 UCIIOAB3YeTCS IIYCK C ITepeKAIoueHrneM 0OMOTOK
cTaTopa CO 3Be3ABl Ha TPEYTOABHUK.

[Tpu oAHOM M TOM JKe AMHEMHOM HANPSI)KEeHUU MUTAHUS OOMOTOK,
COEAMHEHHBIX 3Be3A0U U TPEYTrOABHUKOM, TOKM B AWHHUM Pa3AMYaroT-
cs B 3 paza. AeUCTBUTEABHO:

L= Iy = Up/Zy= Up/ (V3 Zy);

Lip= ‘/gldmp =3 Up/Zy = V3 U,/ Zy,

OTKYAQ

Lo/ I 0= 3.

AT

[MToaTOMYy IIyCK HU3KOBOABTHBIX MAaAOMOIIHBIX A/ OCYIIIECTBASIETCS
BBIKAIOUaTeAeM Bl npu coepiHeHHMU OOMOTOK 3BE3A0MU, & AaAee B pa-

ABC
B Ilp
2 =7
F==0
—o0
AA AA
a 9]

Puc. 7.18.Tpamon (a) n aBToTpaHctopmaTtopHbi (6) nyckn Tpexdas-
HOIO aCUMHXPOHHOMO ABUraTens C KOPOTKO3aMKHYTbIM POTOPOM
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Puc. 7.19.Cxema nycka acUMHXpPOHHOIO ABUraTens ¢ NepektoyeHnemM
06MOTOK CO 3BE3[bl HA TPEYronbHUK (3) 1 cXema COefUHEHUS
0o6MOTOK cTaTtopa TpeyronsHUKom (6)

OoueM peruMe OOMOTKHU EPEBOASTCS ITepeKkAatouaTeAaeM B2 B coepu-
HeHHe TPeYroAbHUKOM (puc. 7.19).

7.6.2. PerynupoBaHue 4acToTbl BpalleHUs

YacToTa BpaleHus A\ onpeAeAsieTcs BhIpa’kKeHueM

n=n(1-S)=f (1-5)/p.

W3 hOpMYyABI CAEAYET, UTO PErYyAUPOBAHUE BO3MOJKHO 3a CYEeT U3-
MeHeHHUs:

"  gncAa IIap IOAIOCOB p — AUCKPETHO,
®  YaCTOTHI HHTaIOH.LefI ceTn f1 — IIAAQBHO;

B CKOABKEHUS S — IIAABHO.

€ PeI‘YAI/IpOBaHI/Ie YaCTOTBI BpallleHW A 3d CHET NePEKAIOUYEeHUA YucAa
nap nNOAKCOB OCYHIECTBAACTCA B TAK HA3bIBA€MBIX MHOT'OCKOPOCT-
HBIX MAIlIMHAX, KOTOPhLI€ UMEIOT HECKOABLKO I1ap ITOAIOCOB Y BO3-
MOXHOCTbB UX ITePEKAIOYEeHN B IIPpOIecCe SKCIIAyaTallun.

[TpOMBIIIAEHHOCTE BBITYCKAaeT MHOTOCKOPOCTHEIE ABUTATEAU C UHC-
AOM map moArocoB 1, 2, 3, 4 1 6, YTO TO3BOASIET UMETh CUHXPOHHEIE
YaCTOTHI BpaleHus MaruutHoro moas 3 000, 1500, 1000, 750 u 500
06/MuH.

€ B nocaepHee BpeMs IOAYUHMAO IPUMeHEeHNe 4aCcmomHoe PeryAu-
poOBaHMe YaCTOTHI BpallleH!sI aCUHXPOHHOT'O ABUTATEAS.

OHO oCyIIecTBASIETCS 3a CUeT U3MEeHEeHHUS YaCTOTH f; ¢ IIOMOIIbIO

MOIIHBIX IIOAYIIPOBOAHUKOBBIX IIpeoOpa3oBaTeAel 4acTOTHl (MHBEp-

TOPOB), IOCTPOEHHBIX HAa YIPAaBAIEMBIX BEHTHUASAX (TUPUCTOPAX)
(puc. 7.20). MarOMOIIHBIN reHepaToOp yIpaBAsdeT paboTOM BeHTUAEH,
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Puc. 7.20.Cxema 4acToTHOro

pErynmpoBaHusi 4acToTbl
Tenepatop BpaLLeHna poTopa Tpex-
ha3HOro acKMHXpOHHOro
oBuratens

Bl

3aCTaBASSA UX IIEPEKAIOYATHCS C 4aCTOTOU, 00ecedrnBaroe Heo0Xo-
AUMYIO YaCTOTY BpallleHus poTopa. [locTossHHOe Hamnpsi’KeHue Ipeoo-
pasyeTcd B epeMeHHOe A0OOM 4acCTOTHI.

‘g PEI‘YAI/IpOBaHI/Ie YAaCTOTHI BpallleHUd 3a CUeT CKOAbXEHUA S BO3-

MOKHO TIpHM paboTe 1Moa Harpy3KOU IMyTeM M3MeHeHUs HalpsiKe-
Hus nutanus U,.

ITpu sToM yMmeHbIleHUe U; BepeT K YMEHBIIEHUIO PAa3BUBAEMOIO
MOMEHTa MPONOPIHMOHAABHO U2, CKOABKEHHE PacTeT, 4aCTOTa Bpale-
HUS ABUTATEAS ITAAAeT, MOCKOABKY N = n;(1 — S). OpHAKO IpU TaKOM
PeryAupoBaHUU YacTOTA BpallleHUs N U3MeHSeTCs B HeOOABIINUX IIpe-
AEeAaxX.

KOHTPOJIbHbIE BOMPOCHI

Kak ocyLlecTB1Tb peBepc aCUHXPOHHOro ABUraTensd?
Nepe4vncnuTe n oxapakTepusynTe cnocobbl Mycka aCUHXPOHHbIX
asurartenen.

OT Kakux napamMeTpoB 3aBMCUT 4YacToTa BpalleHus aBuratena?
Nepevncnute cnocobbl perynupoBaHns 4acToTbl BPaLLeHUst acuH-
XPOHHbIX ABUratenemn.

n -

el

A O[NJHOMDASHbLIE N YHNBEPCAJIbHBIE
ACVNHXPOHHbLIE OABUTATEJIN

7.7.1. OpHocha3Hble aCUHXPOHHbIE
ABuraTenu

B ObvITYy, TA€ IOTPeOAEHHE SAEKTPUUECKON 3HePIuu HeOOABIIOe, a
ceThb OAHO(a3Hasd, IINPOKO UCIIOAB3YIOTCI OAHO(Ma3HbIe AA, (AAT XO-
AOAVABHUKOB, CTUPAAbHBIX MAIWH, BEHTUASITOPOB U T.A.). [TpuHIMI
uX paboThl HE OTAWYAETCS OT MPUHITUIA PAabOTHl Tpexda3HbIX ABUTA-
TeAel.
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€ PasAnuune AMIIL B TOM, YTO Ha CTATOPE pa3MeIiaioTcs ABe 0OMOT-

KU, cABUHYTHIe Ha 90° (a He TpH, cABUHYTHIe Ha 120°) 1 TUTaeMble
TOKaMU, CABUHYTHIMHU 110 (pa3e Ha 90° (a He Ha 120°)

[ToCKOABKY K CTQaTOPy OAHO(A3HOTO ABUTATEAS IIOABOAUTCS OAHO-
dazHOe HaIpsKeHUue, TO A CABUTA a3 B OOMOTKAX NPUMEHSIOTCS
AOTIOAHUTEABHBIE YCTPOMCTBA. Hanmboaee MPOCTBIM U3 HUX SABASETCH
KOHAEHCATOP, BKAIOYAEMBIN ITIOCAEAOBATEABHO C OAHOM M3 OOMOTOK
(cM. puc. 7.13, B). OH IIO3BOASIET CABUHYTH TOKM B OOMOTKAaX, a 3Ha-
YUT, ¥ MarHUTHBIE TOTOKYU IpakTudecKyu Ha 90°, 4TO IPUBOAUT K CO-
3AQHUIO BPAIIAIOIIETroCcss MAaTHUTHOIO IOASA. TaKue MallWMHBI ITOAYYH-
AM Ha3BaHUE KOHAEHCATOPHBIE ABUraTeArr. OHU IPUMEHSIOTCS, Kak
IIPaBUAO, B OBITY.

Potop opHOMA3HBIX MaIllMH Yallle BBIIIOAHSETCS B ABYX BapuaHTaX:

¥ KOPOTKO3aMKHYTHIM, aHAAOTUYHBEIM POTOPY Tpexda3HoU Ma-
mWHH (puc. 7.21);

= B BHAE IIOAOTO AAIOMUHUEBOTO CTaKaHuuKa (AA, C TTOABIM pPO-
TOPOM — pHUc. 7.22).

ABUTaTeAb C NOALIM pOMOPOM UMeeT BHYTPEHHUU O U BHENIHUHN 2
CTaTOpHl M3 HAOOPHOI'O >KeAe3a, paclnoaaraeMble Ha Kopnyce 1. Ha
BHEIITHEM CTaTope 2 pa3MeIaloTcsa ABe OOMOTKM 3, CABUHYTHIE B IIPO-
cTpaHcTBe Ha 90°. BHyTpEeHHHUU CTATOP S CAYJKUT AAS YMEHBIIEHUS
COIIPOTUBAEHUS MAarHUTHOMY NIOTOKY. MeXXAy cTaTopaMu Ha ocu 4
BpalaeTcss poTop 6 — aAIOMHMHUEBBIM TOHKOCTEHHBIN CTaKaHYUK
(ToammHa cteHok h = 0,1...1 MMm)

Puc. 7.21.CocTaBHble YacTu ogHothasHoro Al ¢ KOpOTKO3aMKHYTbIM
pPOTOPOM M pefyKTOpoM:
1 — obmoTka cTaTopa; 2 — poTop; 3 — peaykTop
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Puc. 7.22. ACUHXPOHHLIN aBUraTeflb C NOMbIM POTOPOM:

8 — KOHCTPYKTMBHasA cxema; 6 — BHEeLUHWI BUL COCTaBHbIX 4YacTen
nBuratens; 7 — kopnyc; 2 — BHelWHu ctatop; 3 — obmoTka
ctatopa; 4 — ocb; 5 — BHYTpeHHWI cTaTop; 6 — poTop

B ocHOBY pabOTHI TAKOTO ABUTATEAS IIOAOKEHO B3aUMOAEWUCTBUE
BpAIIAIOIIEroCsd MarHUTHOTO IOAS, CO3AaBaeMOro OOMOTKaMU CTaTo-
pa, C BUXPEBBIMU TOKaMU, HABOAUMBIMHU 3TUM TOAEM B aAIOMUHHUEBOM
CTaKaHYUKe.

MoMeHT MHepIIUM POTOpa Maa, U OLICTPOAEMCTBIE ABUTATEAS BEAUKO.

ToAIIMHA CTEHOK CTaKaHUYMKA MaAa, II03TOMY €ro akTUBHOE COIIPO-
THUBAEHUE I, OOABIIIOE, MYCKOBOU MOMEHT M, TakyXe OOABIION, a Me-
XaHUYeCKasd XapaKTepucTuka n = f (M,) AOCTaTOYHO KpyTas (CM. KpHU-
ByI0 | Ha puc. 7.16, a). 9To MO3BOASIET 3a CUET U3MeHEeHUsI TOABOAU-
MOTO HamnpsiKeHUs1 U; M3MeHSATh YaCTOTY BpallleHUs poTopa OT MakK-
CHUMaAAbHOM (CMHXPOHHOW) AO HYAS.

OpHO(a3HBIe aCUHXPOHHBIE ABUTATEAU C DACUWENAEHHbIMU (9Kpa-
HUPOBAHHbIMU) NOAKCAMU TAK)Ke HAXOAAT IPUMeHeHHe B IMPOMBIII-
AE€HHOCTHU U OBITY.

CABUT MarHUTHBIX IIOTOKOB B HUX o0OeclieunBaeTCs 3a CUeT TOro,
YTO YaCThb MOAoca 4 (puc. 7.23), Ha KOTOPOM pPacIlloAOKeHa OAHOpas-
Hast 0OMOTKa I, 0XBaThIBaeTCsl KOPOTKO3aMKHYTEIM (K3) ButkoM 2. Kak
IPABUAO, 3TO MEAHOEe HMAU AAIOMUHHEBOe KOABIIO. [lepeMeHHBIN Mar-
HUTHBIA OTOK ®; nHAynupyeT B K3 Butke SAC u TOK I, KOTOPBIN
CO3AA€eT IepeMeHHBIM MarHUTHBIM NOTOK ®,. TakuMm oOpa3oM, B pac-
LIETIA€HHOM YaCTU IOAIOCA AEUCTBYET PE3YABTUPYIOIUMN IIOTOK P, =
= ®, + ®,, cABUHYTHIU II0 (ha3e OTHOCUTEABHO @;. ABa CABUHYTHIX IIO
daze MarHUTHBIX ITOTOKA CIIOCOOHBI CO3AaBaTh MAarHUTHOE IIOAe, TIPHU-
OAMIKarolIleecs 10 CBOEMY AEUCTBHIO K BpAIAQIoIeMycs ITOA0. Bo3HU-
KaeT MOMEHT, YBAEKAIOUINNA POTOP 3 B HAIPABACHUM BpPAIeHUS IIOAL.

MONTHOCThL TaKUX ABUTaTeAel HeOOAbInas (A0 25 BT), HeOGOAbIION
U IIyCKOBOM MOMeHT. OCHOBHOe IIpUMeHeHUe 3TU ABUTATEeAU HAIAU B
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Puc. 7.23. KoHCTpyKTUBHas cxeMa ABUraTens C pacLyensieHHbIMU Monto-
camu (a8) 1 BHELLHU BUL COCTaBHbIX YacTen asuratens (6):

17 — obMOTKa; 2 — KOPOTKO3aMKHYTbI BUTOK; 3 — poTop; 4 —
pacLuyenneHHble Nontochl

HeOOABIINX BEHTUAATOPAX, SACKTPOIIPOUTPHBIBATEAAX, A€HTOIIPOTAXK-
HBIX MeXaHH3MaxX.

7.7.2. YHuBepcanbHble aCUHXPOHHbIE
ABuraTenu

€ YHUBEpPCAABHBIMU aCHHXPOHHBIMU ABUTaTeAIMU (YA/) Ha3bIBa-

IOTCS TaKHe ABUTATeAH, KOTOpPbIe pacCYMUTaHbI Ha PaboTy Kak OT
Tpexda3HoM, TaK U OT OAHO(A3HOU CeTH NePeMEeHHOTO TOKaA.

OTo MamuHbB HeOOoABbIION MoIlHoCTH (A0 100 BT). Hamboabiiee
IpuMeHeHNe HalllAM ABUTraTeAu cepuu YAA. Ha craTope pasmeraert-
cs TpexdaszHagd OOMOTKA C IIeCThI0 BEIBOAAMH, KOTOPEIE MOT'YT OBITH
BKAIOYEHBI COOTBETCTBYIOIIUM 00pa3zoM ABMOO B OAHOMA3HYIO CeTh,

Cl Cl1
~220B
C ~220B C4
c6 __c5-L
C3 c2 C3 C2
a 6

Puc. 7.24.Bo3aMoxHble cxemsbl (a8, 6) BKIOYEHUA 06MOTOK yHUBEP-
canbHOro acuHXpPOHHOro ABUratens B 0fHOhasHy ceTb
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Anbo B Tpexdasnyro. Paboune XapakKTEepUCTUKU ABUTATEAS B OAHO-
da3HOM pe’kmMe HEeCKOABKO XyXKe, 4eM B Tpex(a3HoM pexume. Ha-
npumep, paI YAA-72 B Tpexdas3HOM pe’kuMe pa3BHUBaeMasl MOITHOCTh
P =70 B, a KITA n = 65%. B opnodazuom pexxume P = 50 Bt, an =
=60 %.

CxeMBlI BKAIOUeHUS YAA B mpex@a3nyto ceTb — TUIIOBBIE: 3Be3Aa
U TPEeyTOABHUK. BO3MO>KHBIE CXeMbl BKAIOUeHUsT YAA B 0gHODA3HYIO
CeTh MPUBEAEHHI Ha puc. 7.24.

KOHTPOJIbHbLIE BOMPOCHI

1. Yem otnuyaeTca ogHodasHbIN ABUraTens oT Tpexdha3Horo v rae
OH HalLen OCHOBHOE MpYMeHeHne?

B 4yem cocTouT mpuvHUMN paboTbl aCUHXPOHHOIO ABUraTens ¢ pac-
LLenneHHbIMA nontcammn?

Y710 XapakTepHO 4ns YHMBEPCANbHOro acCMHXPOHHOMO Asuratena?
[0e HaLnM OCHOBHOE MPUMEHEHNE TpexgasHble aCUHXPOHHbIE
oBuratenn?

o

el

OGLUME CBEOEHWNA O CUHXPOHHbIX
MALLIMHAX

7.8.1. KoHcTpyKuma

‘g CI/IHXpOHHaH MaIllMHA — 3TO SACKTpUYeCKasi MalllHa, Y KOTOpOfI

YacToTa BpallleHUsI POTOPa paBHA YacTOTe BpallleHUss MarHUTHO-
T'O TTOAST, CO3A@BAaeMOTO OOMOTKAMHU CTaTOPa.

OCHOBHOe IpUMeHEHNEe B IPOMBIIIAEHHOCTH HAIlIAU mpex@asHble
CUHXPOHHBIe MaUHL (CM). OHM MOTyT paboTaTh Kak B pekuMe
ABUTATeAs], TaK U B peXuMe reHepaTopa. Tpexda3Hble CUHXPOHHBIE
reHepaTophl IBASIOTCSI OCHOBHBIMU HCTOYHUKAMM DAEKTPUUECKOM
SHEePTUH, NPON3BOAUMON Ha I'MAPOSAEKTPOCTAHIUSX, TEIAOBBIX, @TOM-
HBIX JAEKTPOCTAHIUAX U AP.

Ha puc. 7.25, a npuBepeHa KOHCTPYKTHBHASA CXeMa CUHXPOHHOM
MaIlIUHEI.

‘g Cratop 1 Tpex(a3HOTO CUHXPOHHOTO ABUTATEAS HUUEM He OTAU-

YaeTcCs OT CTAaTOpa aCMHXPOHHOTO, uMeeT TpUu 0OMOTKH 5 1 CAY-
JKUT AAST CO3AAQHNA BPAIIIAIOIIEeroCcss MarouTHOTO ITOAS.
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So

Puc. 7.25. KOHCTPYKTMBHAaA CXEMa CUHXPOHHOM MalLUWHbl C ABHOMO-
MOCHBIM pPOTOPOM (&) 1 HEABHOMOSCHbLIN poTop (6)

1 — cTaTop; 2 — KOHTaKTHble Konbua; 3 — weTtka; 4 — obmoTka
potopa; 5 — o6bmoTKka cTtaTopa

€ B pe>xuMe reHepaTropa OOMOTKH CTATOPA CAY’KAT AAS TIOAYUYEHUSA
Tpexdaszuoit cucremsl SAC.

PoTop 6 uMeeT 0OOMOTKY 4, BBIIIOAHSIEMYIO U30AMPOBAHHBIM IIPOBO-
AOM U NMUTAEMYIO NOCMOSIHHbIM MOKOM 4epe3 KOHTAKTHhIe KOAbIA 2 U
etk 3. POTop MOXXeT OBITh SIBHOIIOAIOCHBIM (CM. puc. 7.25, a) uAu
HEesIBHOIIOAIOCHBIM (puc. 7.25, 6).

€ OcHOBHOe Ha3HaueHWe 0OMOTOK pOTOpa — CO3AaHUE NOCMOSIH-
HOI'0 MATHUMHOI'O NOAS.

OOMOTKa poTOpa IUTAeTCd NOCTOSHHBIM TOKOM, IIO3TOMY IOTEPU
Ha BUXPEBBIE TOKH B YCTAHOBUBIIEMCSI PESKUME OTCYTCTBYIOT U POTOP
MOJKeT OBITh BBIIOAHEH U3 IIeABHOTO KycKa ’Keaesa. Ha moBepxHOC-
TH HESIBHOIIOAIOCHOTO POTOpa (ppe3epyloTcs Masbl, B KOTOPHIE yKAa-
ABIBAE€TCSI OOMOTKA BO30YKAEHUS.

7.8.2. MpnHUuNnN gencTBUA CUHXPOHHON
MalluMHbl Npy pabote B pexunme asuraTtens

Pabota CM B pe>kumMe ABUTATEAs MOKEeT OBITh ITpOaHaAM3HUpOBaHa Ha
IIpuUMepe MarHUTHON MY(TBI, COCTOAIEN U3 ABYX MarHuToB (puc. 7.20).
Beaymum gBAgeTCS BHEIIHUM MarHuT [, CO3AQIONIMUI MarHUTHOE
noae N —S, aHaAOTMYHOE BPAIIAIOIIEMYCS MarHUTHOMY ITOAIO CTaTOpa.
BHyTpeHHUN Mar"HuT 2, co3parouiuii nmore Sy— N, aHaAOTHUYEH POTOPY
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Puc. 7.26. MarnutHasa myda:

7 — BHELLUHWA MarHuT; 2 — BHYTPEH-
HUA MarHuT

CM C OOCTOAHHBIM MarHUTHBIM ITOTOKOM
®,, co3paBaeMbIM OOMOTKON Ha pPOTOpe.

IIpu pabGoTe MarHUTHOU MYy(TBI IIPOUC-
XOAUT B3aMMOAENCTBUE MArHUTHBIX MOAeH
BHeIITHETO U BHyTPEHHEro MarHuTa. Bpariato-
IIMUCSI C IIOMOIIBIO ITIEPBUYHOTO ABUTATEAS
C YIAOBOM 4aCTOTOM (; BHEIIHWIM MarHuT 3a
CUEeT «CIIETIAeHUS» MarHUTHBIX TIOTOKOB YB-
AEKaeT 3a cOOOU BHYTPEHHUM MarHut. Ilpu
3TOM YCTAHOBUBIIIMECS YCAOBUS YAaCTOTHI BpAIlleHUsI BHYTPEHHEro u
BHEIITHETO0 MarHUTOB OAMHAKOBBI (CUHXPOHHBL) Y PABHBIL (.

ToT >Xe IPUHIIUII TOAOKEH B OCHOBY PabOThl CUHXPOHHOIO gBUTId-
meas (CA).

‘g Bparmatoniuii MOMEHT CO3AAEeTCs 3a CUEeT B3aUMOAENCTBUSA Bpa-

IIIAFOIIEeTO MAaTHUTHOTO TOAST CTATOPa C TTOCTOSHHBIM MarHUTHBIM
TOAEM, CO3AaBaeMbIM OOMOTKOU POTOPA.

[Tpu M, = 0 yroa 6 — yroa MeKAy OCBIO BPAIIAIOIerocs moast (P)
W HaIlpaBA€HMEM HaMarHM4eHHOCTHU poTopa (P,) — paBeH HyAO.
EcAm K ocm BHYTpEeHHEro MarHmura (MAM POTOpa CUHXPOHHOTO ABUTA-
TeAsT) TPUAOKHUTDH TIPOTUBOAEUCTBYIOIITUU MOMEHT M, (HarpysKky), TO
BHYTPEHHUMN MarHUT OTCTaHeT Ha YTOA 6 OT BHeIIHero MarHura, HO
OyAeT IPOAOAKATH BPALIATHCA C TOM Ke YIAOBOM YaCTOTOU (. YBe-
AMUeHMe HArpy3KH BeAeT K YBEAWUEHUIO yraa 0, m B IpepAeAbHOM
cAydae 1pu 6 > 6,p,,, TIOAIOCA BHYTPEHHETO MarHUTa BHIXOAAT U3-TIOA
TIOAIOCOB BHEIITHETO MAarHUTa, CONMMPOTHUBAEHWE MArHUTHOMY IOTOKY
pPe3Ko BO3pacTaeT, pa3BUBaeMblli MOMEHT CHUJKAeTCSI U ABUTATEeAb
«BBITIAAAET M3 CUHXPOHH3Ma» (POTOP OCTAHABAWBAETCS).

7.8.3. MNMpnHUMN pencTBNA CUHXPOHHON
MallnHbl Npu paboTe B pexume reHepaTopa

EcAu BpamaTh U3BHE C IIOMOIIBLIO TYPOWHBI BHYTPEHHUN MarHuT
(mAr potop CM), a K OCH BHEIITHETO MarHWTa MPUAOKUATL MOMEHT M,
(MAKM BKAIOUMTH OOMOTKY cTaTopa CM Ha Harpysky), — peXuM reHe-
pamopa — TO MarHUTHBIU NOTOK @, OypeT omepeskaTh NOTOK ® Ha
yroA 0. Ho BHeIIHMM MarHuT OyAeT Tak >Ke CA€AOBATh 3a BHYTPEHHUM
C YTAOBOM 4aCTOTOU (.
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€ Hawuboarsiiee npuMeHenre CM Halllaa UIMEHHO B Ka4eCTBe reHepa-
Topa. [lepBUUHBIM ABUTATEAEM MOJKET CAY>KUTH IIapoBas TypOrHa
(B aTOM cAyuae npuBoApnMas CM HOCUT Ha3BaHKe TypOOTreHepaTop),
TUApaBAMYeCcKasi TypOrHa (THAPOreHepaTop) AU AU3EAD.

Typborenepamopbl — OBICTPOXOAHBIE ABYXIIOAIOCHBIE MAIIWHBI C
HESIBHO BBIPA’KEHHBIMU ITOAIOCAMMU.

TI'ugporenepamoprl — THXOXOAHBIE MHOTOIIOAIOCHBIE (A0 100 moato-
COB) MAIIIUHBI C IBHO BBIPa)KeHHBIMU IoAtocaMu. [Ipu f= 50 T u p =
=1 TypOoreHepaTop UMeeT 4acTOTy BpalleHus n; = 60 f/p = 3000 06/
MMH, @, HallpuMep, y TuaAporeHeparopa AHernposckoil 'OC npu p = 36
n; = 83 06/MuH. VIMeHHO Takasi 4acTOTa BpalleHusi obecreuynBaeT Ha
3a’KMMax reHepaTopa HampskeHue yactoTou 50 I

€ B cunxponnom renepamope (CI') NCIIOAB3YeTCS SIBA€HUE 3AEKTPO-
MarHUTHOM UHAYKITUM: IIPU IlepecedeHNY IPOBOAHUKA MAarHUTHBIM
noaeM B HeM HaBopuTca DAC: E=c.Pyn, rae ¢, — KOHCTPYKTUBHBIN
Koo puiiueHT; P, — MarHUTHBIU TOTOK; N — YaCTOTa BpallleHNs.

B AQHHOM cAydYae IIOCTOSIHHOE IIOAe, CO3AaBaeMoe OOMOTKOM BO3-
Oy>XA€HUA M Bpalljarollieecs C IIOMOIbIO BHEIIHENW CUABI (TYpOUHBI),
HaBopAUT DAC B HEIOABMI)XHBEIX 0OMOTKax craTopa. ECAM MamnHa
TpexdasHasg, TO HaBOAATCSA TpU OAMHaKOBEle DAC, CABUHYTHIE Ha
yroa 120° ApyTr OTHOCUTEABHO Apyra — TpexdasHag cucrteMa DAC.

KOHTPOJIbHbLIE BOMPOCHI

Kakne anemeHTbl BXOOAT B COCTAB CUHXPOHHOM MaLUWHbI?

Yem CTaToOp CMHXPOHHOM MaLUMHbl OTAIMYaEeTCA OT CTaTopa acuHX-
POHHON?

[MNosicHUTe NPUHUMN BENCTBUSA CUHXPOHHOM MaLLVHbI.

[0e Haluna OCHOBHOE NMpUMeHEeHWe TpexdasHasa CUHXPOHHas Ma-
LwmHa?

n -

B w

OCOBEHHOCTIW PAEOTbI CUHXPOHHOW
MALUVHbI B PEXXVUME OBUrATENS

7.9.1. OcobeHHOCTM nMycka CUMHXPOHHOrO
asuraTtens

IMpu BrRATOUEHUU OOMOTOK 2 (puc. 7.27, a), pacnoraraeMbIX Ha CTa-
TOope | CUHXPOHHOTO ABUTATeAs, B TpeX(a3HYyIO CeTh U MOAKAIOUEHUN
0OMOTKM BO30Y’KAE€HUS 4, pacroraraeMoi Ha poTope 3, K UCTOUYHUKY
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Puc. 7.27. CUHXpPOHHbIN ABUraTensb:

a8 — KOHCTPYKTUBHAsA CXemMa C aCUHXPOHHOM 06MOTKoM; 6 — cxema
nycka; B — BPeMeHHas gvarpaMma pasroHa potopa; 1 — crtaTtop;
2 — obmoTku cTatopa; 3 — potop; 4 — 0bmoTKa BO36yXXAeHWA
poTtopa; 5 — nyckoBas o6MoTKa

IIOCTOSTHHOTO HAIPSKEHUs MOMEHT Ha BaAy ABUTATEAS U3MEHSETCS C
vactotod f=f1*2p (mpu f;=50Tqup=1/f= 100 I'm).

‘g HpI/I TaKOM BBICOKOM 9YaCTOTe M 3HAUUTEALHOM MOMEHTEe nHepuumn

PoOTOp 3 ocTaercs HEIIOABUJKHBIM, IIOCKOABKY ITOA€ CAUIITKOM OBI-
CTPO IIPOCKAKUBAET MUMO ITOAKOCOB POTOpPA.

Ans pasroHa CA, ero poTtop cHab’KaloOT CHelMaAbHONW NMYyCKOBOM
OOMOTKOM 5, aHAAOTUYHOM OeAmybeMy KoAecy B AA,.

CTep>XKHU ITyCKOBOM OOMOTKM 3aKAAABIBAIOT B IIOAIOCHI poTOpa U
COEAMHSIOT IO TOpIlaM 3aMBIKAOMUMU IuHaMu. [Ipu atom CA myc-
KalOT IPSIMBIM BKAIOUEHUEM B ceTh, Kak AA (puc. 7.27, 0). IlpepBapu-
TEeABHO IIepeKAIoYaTeAb B2 yCTaHABAMBAIOT B IIOAOJKEHUE, IIPU KOTO-
poM oOMoTKa poropa P1— P2 3aKopaumBaeTcsl Ha IyCKOBOU PEe3UCTOP
R,. OTO HEOOXOAUMO CAEAaTh, TOCKOABKY IIPM pa3roHe poTopa B ero
0OMOTKe MHAynUpyeTcsa 3HaunTeAabHass DAC, KoTopasg MOJKeT BbIBEC-
TH U3 CTPOS MCTOYHUK IOCTOSTHHOTO HANPS KEeHUS, IUTAIOIUN OOMOT-
Ky poTOpa. 3aTeM BKAIOYAlOT BBIKAIOYATEAb Bl M MOCAe AOCTU>KEHUS
POTOPOM YaCTOTHI, OAM3KOM K CUHXPOHHOM 4acTOTe BpallleHusd, nepe-
KAIOuaTeAeM B2 IIOAKAIOYAIOT OOMOTKY POTOpPa K MCTOUHUKY IIOCTOSH-
HOTO HaIps>KeHUs.

[TyckoBOM MOMEHT CO3AAeTCSI aHAAOTMYHO IIyCKOBOMY MOMEHTY
AA, n BHauare CM paboTtaeT, Kak AM. Koraa gacToTa BpallleHUs n
TpuOAMIKAEeTCSI K CUHXPOHHOU 4acToTe n; (puc. 7.27, B), pOTOP «BTS-
TUBaeTCa» B CHHXPOHHOE BpallleHue U IPOAOAKAEeT AaAee COBepIIaTh
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000pOTHL ¢ yacToTon n;. ITyckoBag 0OMOTKa Ha pOTOpE IpeKpallaeT
AEUCTBOBATh, TAK KaK OHA Tellephb He IlepeceKaeTcs BPAIAIoIUMCS
IIOAEM CTaTopa.

7.9.2. CnHXpOHHbIE MalUMHbI Manomn
MOLLHOCTH

IMuranue ooMoTKH poTopa B CM IOCTOIHHBIM TOKOM CO3Aa€eT ABa
HEeAOCTaTKaA:!

¥ HY>X€H HCTOYHMK IIOCTOSIHHOI'O HAIIPSI>KEeHUS;

®  KOHTAKTHO€ YCTpOfICTBO (KOAL]J;a CcO ]_HeTKaMI/I) CHM>XaeT Ha-
AE>XXHOCTBb pa6OTBI MaIlIMHBI.

€ AAg MammH HeOoAbIIoN MomHocTH (A0 300 BT) MOKHO BMeCTO

SA€KTPOMAarHuTa Ha pOTOpe UCIIOAB30BATh ITIOCTOSTHHBIN MArHUT C
BBICOKOU KOIPIIUTUBHOU CUAOM.

Takue MaNIMHBI IOAYYUAU Ha3BaHUE rucmepe3ucHble. B HUX Mar-
HUTBI 3aAMBAIOT aAIOMUHEEM, 00pa3ysl CIIAOIIHOM IUAMHAD (puc. 7.28, a).
AAIOMUHUM UTPAeT POAb IIyCKOBOM OOMOTKH, B KOTOPOM MOA A€HCTBU-
€M Bpalllalollerocsi MarHUTHOTO TIOASI HABOASITCSI BUXpeBble TOKU. [Top
AeNCTBUEM 3THUX TOKOB POTOP NPUXOAUT BO BpallleHHe aHAAOTUYHO
KOPOTKO3aMKHYTOMY POTOPY AA.

[ITupokoe mpuMeHeHMe M3 MAIIWH MaAOM MOIIHOCTH HAIIAU TaKykKe
peakmuBHble gBurameAu. Y HUX IIOCTOSHHOE IIOAe Ha pOoTope OTCYT-
CTByeT. Bpalienre poropa obecreunBaeTcs ero ocooomu popMon (puc.

[S N|@[N_S

a B

Puc. 7.28. KOHCTpYKTUBHAA CXeMa pPOTOPOB CUHXPOHHbLIX MalUvH Marom
MOLLHOCTW:

a8 — rucTepesuncHsblx; 6, B — peakTuBHbIX; 1 — cTanbHble nonocel; 2 —
antoMnHnn
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7.28, 6, B) 1 «yIPyroCTbIO» MarHUTHBIX CUAOBBIX AMHUMN, KOTOpas 3a-
CTaBAsIET POTOP TIPY OTCYTCTBUU HArpysku (M, = 0) pacmonaraTscs
IO OCH TIOAIOCA CTATOpPa M BPAIAaThbCd CUHXPOHHO C ITOAEM CTaTopa.
[NMpy Harwumu HArpysku (Mg, > 0) pOTOp OTCTAeT OT OCH IOAIOCA Ha
yTOA 0, HO IIPOAOASKAET BPalllaThCsd C CUHXPOHHOM YaCTOTOM.

PoTop, moka3zaHHBIN Ha puc. 7.28, 6, BLIIOAHEH B BUAE CKOIIIEHHO-
ro no 6okaM IIMAMHAPA M3 eppOMarHuTHOTO MaTepHaAa, a y poropa
Ha puc. 7.28, B cTaAbHBIE TTOAOCHI | 3aAUTHI aatoMuHueM 2. B oboux
CAy4YasX HaMarHW4eHHOCTh IT0 ocu d —d 00eCleunBaeTcs CylleCTBeH-
HO Aerde, 4eM MO OCU q —(.

KOHTPOJIbHbLIE BOMPOCHI

1. B 4em ocobeHHocTn nycka C n kak ocyLiecTBnseTcsa ero nyck?
2. Kakosbl ocobeHHocT KoHeTpykumm CM manon moLHocTn?
3. Y10 Takoe rucTepesuncHbl aBuraTens?

OGLLUME CBEOEHNA 0 MALLUMHAX
MOCTOSIHHOIO TOKA

7.10.1. MNMpuHUMN nony4YyeHUs NOCTOAHHOMN
34C

Kak B At0601 OM, B OCHOBY A€WCTBUS MallIMHBI IIOCTOSSHHON TOKa
(MIIT) mOAO’KeHO B3aUMOAENCTBUE MAarHUTHOT'O IIOAS U IPOBOAHUKOB
C TOKOM.

EcAu momecTUTh paMKy B IIOCTOSHHOE MArHUTHOE IIOA€ U Bpa-
1IaTh ee C MOCTOIHHOW YTAOBOM YacTOTOU ®, TO B Hell OyAeT HaBoO-
authbes nepemenHas OAC e(f). C mOMOIBI0O KOHTAKTHBIX KOAEIl 3Ta
OAC MoKeT OBITH MOABeA€HA K Harpyske. [Io TakoMy IpHUHIIUIIY
YCTPOEH TeHepaTop IepeMeHHOoro Toka (puc. 7.29, a).

Ecan Xe KOABIIA 3aMeHUTH Ha ABa MOAYKOABIIA (puc. 7.29, 6), uso-
AMPOBAHHBIX APYT OT APyTa M CBSI3@HHBIX Ka’KAO€ CO CBOMM IIPOBOA-
HUKOM, TO IIPH BpAllleHUH Ha IeTKaX OyAeT HaBOAUTHCSA MYABCHUDPY-
tomast DAC opHOrO 3HaKa (puc. 7.29, B).

Hanpsi>keHre Ha Harpy3ke OKa’keTCsl BRIIPSIMAEHHBIM. [To Takomy
MPUHIIUITY YCTPOEH reHepaTop IOCTOSTHHOI'O ToKa. ECAM B3STH ABe
B3aUMHO IIePIEeHAUKYASIPHBIE PAMKU U YeThIpe IIOAYKOABIQ, TO IIYAb-
canuy BBIMIPIMAEHHOTO HANPS)XKeHUS CTAaHYT MeHblle (puc. 7.29, r).
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Puc. 7.29. Cxembl 1 rpacmkmn (@—pg), nosicHaoWmMe NpUHLMN NonyYeHns
nynscupytowen 30C

EcAm ke UMeIOTCSI n paMOK U 2n MOAYKOAEIl, TO TOK CTAHOBHUTCS IIPaK-
THUYECKM IOCTOSHHBIM (IIpH n > 16 KoadduiiueHT myabcauii p < 1 %).

7.10.2. KOHCTpYKUUA ¥ NpUHLMN OEeACTBUSA

€ XapakTrepHoit 4acTbio MITT ABAIETCSA KOAEKTOP — YCTPOMUCTBO,
npeoOpa3yrollee HABOAUMYIO B 0OMOTKe poTopa (pamke) SAC me-
PEeMEeHHOr0 TOKa B IyABCUPYIOIlee HallpsSyKeHHe Ha IIeTKaxX IpUu
pabore MIIT B pexume renepamopad.

B cuay ob6patumoctu MIIT moxkeT paboTaTh B peXuMe gBurame-
Afl. AASL OTOTO K IJeTKaM HeOOXOAMMO IMOABECTH IIOCTOIHHOE HaIlps-
JKeHue. B 3TOM caydae KOAAEKTOP Ipeobpas3dyeT NOCTOSHHBIM TOK,
TMOABOAUMBIN K IIT€TKaM, B IIepeMeHHBIM TOK B OOMOTKe poTopa. DTO
MO3BOASIET COXPAHUTh HallpaBA€HUE 3A€KTPOMArHUTHOU CUABI F,
HEeM3MeHHBIM (puc. 7.29, g), TaKk Kak IIpU Ilepexope 0OOMOTKM poTopa
U3 30HBI IIOAIOCA OAHOM MOAAPHOCTH (N) B 30HY IOAIOCA APYTO# IO-
ASIPHOCTH (S) TOK B MPOBOAHUWKE TaK)Ke M3MeHseT HallpaBAeHUE,

Ta vacTe MamWHE], B KOTOpoN uHAynupyerca OAC, Ha3wplBaeTcqd
akopeM. B paccMaTpuBaeMOM CAydae POAb SIKOPS HUTPaeT pPoTop, MOo-
sToMy B MIIT poTOop Ha3BIBAIOT SKOPEM.

€ Koucrpykrusao MIIT (puc. 7.30, a) BKatouaeT B cebs:

= cTaTop S C MOAOCaMHu 6, Ha KOTOPBIX pa3MellleHa 0OMOTKa
BO3OYKAEHUS 4, TUTaeMast TOCTOSTHHBIM TOKOM M CO3AQIOIIas
MOCTOSTHHOE MarHuTHoe 1moae N—S;

= gKOpb 3 C OOMOTKOH;

" KOAAEKTOp [ co mjeTkamu 2.
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a 9

Puc. 7.30. MawmnHa NocTOAHHOro TOKa:

a8 — KOHCTPYKTUBHAaA cxema; 6 — BHELUHWI BU[ COCTaBHbIX YacTen
aBuratens ¢ Bo36yxAeHnemM 0T MOCTOAHHbIX MarHuToB; 1 — kon-
nekTop; 2 — weTkn; 3 — poTtop (skopb) ¢ obmMoTKoM; 4 — 0BMOTKM
B036yxpeHus; 5 — ctatop; 6 — nontocekl

KoHi1ier 00MoTOK MITT BEIBOAAT Ha KOAOAKY 3a@’KMMOB U 0003Hayda-
IOT TakK:

Al—A2 — oOMOTKa SIKOpPS;

11 —III2 — oOMOTKa NMapasAeAbHOTO BO30Y’KAEHUS (IITyHTOBAs);

C1—C2 — 0o0OMOTKa ITIOCAEAOBATEABHOTI'O BO30Y>KAEHUS (cepuec-
Hasd), rAe | — Havanq, 2 — KOHIIBI OOMOTOK.

7.10.3. 34C » aneKTpoOMarHUTHbIN
MOMEHT

‘g B coOTBeTCTBUM C 3aKOHOM 3A€KTPOMArHUTHON MHAYKIIMU B 00-
MOTKax gKop4 npu BpaleHuu HaBoputca OAC E; =c.®n, rae ¢, —
KOHCTPYKTUBHBIN KO3 PunueHT; ® — MarHuTHBIN IOTOK, N —
YacTOTa BpallleHUs.

B renepatope ata AC gaBAsieTCS MePBONPUYUHON MOSIBAEHUS Ha-
IpsS)KeHUd Ha IIeTKaX, KOTOPOe MOJKeT OBITh IIOAQHO Ha HArpy3Ky.

B aBurateae DAC AeUCTBYeT BCTPEUYHO NMPUAOKEHHOMY HaIpayKe-
HUto U, yMeHbIIas TOK B OOMOTKe SIKOPS BO BpeMsI PabOTH:

I,=(U-E,)/R,,

rAe R, — COTpOTUBAEHUE SKOPS.
BrIpaskeHre AAST SAEKTPOMArHUTHOTO MOMEHTA MOJKET OBITh ITOAY-
YeHO Ha OCHOBe (popMyAbl AMmiiepa. Ecan IpoBOAHUK AAMHOMU [ € TO-
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KOM [ IOMECTUTh B MarHUTHOE IIOAe C MHAYKIMeU B, To Ha Hero Oy-
AeT AericTBOBaTh cura F,, = IIB. OTciopa

MBp = CMIﬂq)Bv

TAe C, — KOHCTPYKTHUBHBIM KodddumnueHt; I, — Tok sikops; O, —
MarHUTHBIN IIOTOK BO30Y>KAEHUA.

KOHTPOJIbHbLIE BOMPOCHI

1. Hapucyinte kprBble nameHenvst 3C B 06MOTKe SKOPS 1 Ha LLUET-
Kax reHepaTopa MOCTOSHHOMO TOKa.

2. Kakyto ponb MrpaeT KonnekTop B MalUMHE MNOCTOSIHHOMO TOKa?

3. 3anuwwute BblpaxeHue ana 30C 1 anekTpoMarHMTHOro MoMeHTa
B MIMT.

FrEHEPATOP MOCTOSAHHOIO TOKA

7.11.1. Pabora mawunHbl NOCTOAHHOrO TOKAa
B peXume reHepaTtopa

Pa3amuaroT caepyromye criocoObl BO30OYKAEHUS:
¥ 3AEKTPOMAarHUTHOE BO3OYKACHUE;

L BOBGY}KAQHI/IG OT ITOCTOAHHBIX MArHUTOB.

Ry . Ry Ry

5 B

1
T T

Puc. 7.31. MalumnHbl NOCTOAHHOIO TOKa € BO36YXXAeHEM:

a — He3aBUCUMbIM; 6 — napannenbHbIM; B — MnocriegoBaTesibHbIM;
r — CMellaHHbIM
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‘g B 3aBUCHMOCTH OT CXeMBl BKAIOUEHUSI OOMOTOK BO30Y KAEHUSI
MIIT moryT 6BITh (puc. 7.31):

® C He3aBUCHUMBIM BO30YyKAEHUEM;

B [TapaAAeABHBIM BO30Y>KAEHHMEM (IIYHTOBBIE MAIIWHEI);

B [I0CA€AOBATEAbHBIM BO30OYKAEHMEM (CepHeCHbIe MallliHbI);
E  CMelIaHHBIM BO30y’>KAeHHEM (KOMIIayHAHBIE MAIIUHEI).

[TochepHME TpU MAIIMHBI TOAYYUAU HaszBaHue MIIT ¢ camoBO3-
Oy’>KAEHUEM.

[Tpu nmopKAIOUEHHMM K 3a’)KMMaM reHepaTopa Harpys3ku R, B Ienu
SIKOpsl YCTAHABAUBAETCS TOK I, @ Ha BBIXOAHBIX 3&)KMMaM HallpsKeHUe

U,=E,— Y R,I,

rae D R, — CONPOTHBAGHWE BCEX YIaCTKOB IENH SIKOPSI (COIPOTUBAE-
HUe OOMOTKHU SIKOPS, OOMOTKH AOIOAHUTEABHBIX ITOAIOCOB, OOMOTKH
TIOCAEAOBATEABHOTO BO3OY>KAEHUS, KOAAEKTOPa U IETOK).

‘é HauGoaslllee puMeHeHNEe HAaXOAAT TeHepaTopkbl C CaMOBO30yK-

AeHHeM, TaK KaK OHHM He Tpe6YIOT CIIeIIMAABHOI'O MCTOYHHMKA ITH-
TaHUA.

CamMOBO30y>XKpeHHEe OCHOBAHO Ha TOM, UTO MArHUTHAas CUCTeMa
MAaIIUHBI, OYAYYU OAHAKABI HAMAarHU4eHHOM, COXpaHsieT OCTaTOYHBIMN
MarHeTHU3M TIOCAe CHATHSA HaupsKeHUs. BeAnumHa oCTaTOYHOTO Mar-
HUTHOTO TI0TOKa ®,., HEOOABIIIass — OKOAO 3 % MaKCUMAaAbHOMU BEAM-
YUHBI TOTOKA D,,.

3 1

Uﬂfﬁ A 5/ o, Yo

a 9

Puc. 7.32. XapakTepucTukun reHepaTopa NoCcTOsSIHHOMO TOKa:
8 — XO0JNoCToro xopa, 6 — BHELHue

| 222



Ilpu BpaleHUN AKOPS OCTATOYHBIM MArHUTHBIN HOTOK ®,., UHAY-
nupyeT B 9aKOopHOM o6MoTKe DAC E .., TIOA ACUCTBUEM KOTOPOM TeueT
TOK B OOMOTKe BO30y>XKpeHUd I, .., I BOBHUKAET HaMarHUYWBAIOIIAs
cuaa I o, w,. EcAm 9Ta HaMarHWMYWBaromas CUAa COBITAAQET IO HAIlpaB-
A€HMIO C IOTOKOM D, TO MOTOK yBeAnuuBaeTcs Ha AD, T.e. cTaHoO-
BUTCST paBHBIM P .. + AD. ITo B cBOIO ouepeAb yBeanuusaeT DAC
(Eper + AE), TOK (Iyer + AL m T.A.

[MTporecc mpopOAIKaeTCsT A0 TeX TOp, ITOKa HaIpsyKeHWe B Ienn
Bo30Oy)peHUa U, = [[R, (npamaga I Ha puc. 7.32, a) He ypaBHOBECUT Ha-
psiKeHre B Ilenu reHepaTopa Uy DToMy paBHOBECHIO COOTBETCTBYET
Touka C Ha XapaKTepUCTHUKE XOAOCTOTO X0Aa (KpuBas 2 Ha puc. 7.32, a).

7.11.2. XapakTepucTmka X0s0CTOro xopa

XapakTepucTrka XX IpeacTaBasieT cobout 3aBucuMoctb SAC E; oT
ToKa Bo30yxaeHus I E; = f(I,). OHa IO3BOASIET CYAUTb O MarHUTHBIX
CBOMCTBax rexHeparopa. [1o cyTu ee MOKHO paccMaTpuUBaTh KaK Mar-
HUTHYIO XapakKTepPUCTUKy MalmHbl @, = f(I;). YBeaAnueHne TOKa BO3-
Oy’>KAEHHUS BEAET K YBEAMYEHUIO MAaTHUTHOTO IIOTOKQ, & CAEAOBATEABHO,
u DAC. INpuueM B HaYaAbHOM YaCTH, TTOKa MArHUTHAas Ilelb MallluHbI
He HACBHIIeHa, XapakTepuctuka E, = f(I;) OAM3Ka K IPIMOU AMHUU
(mpsmas 3 Ha puc. 7.32, a). HamaramumBaloas cuaa 0OMOTKH BO30YK-
AEHUSI TPaKTUYeCKU paBHA ITaA€HUIO MAarHUTHOTO NOTeHI[HaAa B BO3-
AYIITHOM 3a30pe, TaK KakK MarHUTHAasl MHAYKIIUS B (DepPPOMarHUTHOM Ma-
Tepuare HeDOABIIasg U OH He HachIleH. [To Mepe pocTa ToKa BO30yK-
AEHUS MarHWUTHAs WHAYKIWSA Ha (DepPPOMArHUTHBIX y4acTKaxX PacTerT,
YTO BeAeT K HACHIIMEHUIO 3TUX Y4aCTKOB. IIpyu 3TOM AMHEUHBIN Xapak-
Tep 3aBucumocTtu E,= f(I,) HapyllaeTcs (KpuBasd 2 Ha puc. 7.32, a).

[To xapakTepuCTUKe XOAOCTOTO XOAQ MOJKHO CYAUTH O CTeleHU
HACHIIIEHU MAarHUTHOU CUCTeMEI reHepaTopa. KoadduiimeHT HaChI-
menus K, onmpeapensercs oraomeaunem AC/AB (K, = AC/AB), Tak KaK
OTpe30K AB XapaKTepu3yeT HEHACHIIIEHHYIO MAlllMHY, Y KOTOPOU BCA
HaMarHWYMBAIOIIas CHMAA PACXOAYETCS B BO3AYIIHOM 3a30pe, a OTpe-
30K BC — napeHWe HaMarHWYMBAIOLIEU CUABI B (DEPPOMArHUTHOM
YaCTU MArHUTOIIPOBOAQ.

Ipu K, < 1,25 mammHa HackimeHa caabo, npu K = 1,25... 1,75 Hachl-
IIleHre MAIIWHBI CpeApHee, IIpu K, > 1,75 MalllnHa HaChIIeHa CHUABHO.

7.11.3. BHewHAA xapakTepucTuka

ApyTron BaXKHOU XapakKTePUCTUKOU reHepaTopa ABASIETCSI ero BHe-
mrHAsa xapakrepuctuka U = f(I,) mpu n = const.
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OHa npepCTaBAsIeT COO0M 3aBUCHMMOCTH BBIXOAHOTO HANPSI’KeHUs
reHeparopa OT TOKa Harpy3KW ¥ CHUMAETCsS TPV HEM3MEHHOW 4acTo-
Te BpAllleHUs N.

B 3aBucumocTH OT criocoba BKAIOUEHUS OOMOTOK BO30OY>KAeHUI
BHEeIITHSS XapaKTepUCTUKa MPUHUMAaeT Pa3AWuHBIN BUp (puc. 7.32, 6).

KpuBasi I cOOTBETCTBYyeT reHepaToOpy C He3aBHCUMBIM BO30Yy KAEHU-
eM. YMeHbllIeHe HalpsyKeHUs IPU YBEAMUeHUU TOKa Harpy3KU oO0bsiC-
HSIETCSI B OCHOBHOM yBEAWYEHMEM TIaA€HUs HAIPSIKEHUST Ha COTTPOTHUB-
AEHUM SKOPHOU IlellM (BHYTPEHHEM COIPOTHUBACHUN UCTOYHUKA).

KpuBasg 2 cOOTBETCTBYET reHEPATOPY C MapaAAEABHBIM BO30Y>KAECHU-
eM. Ee Goaee peskoe napeHNe OOBSICHIETCS AOIIOAHUTEABHBIM YMeHbIIIe-
HHEeM TOKa BO30Y’KAEHHUS IIPH CHIKEHUH BBIXOAHOTO HaNpPsDKEHUS.

B MmammHe co cMelllaHHBIM BO30Y’>KAEHHEM M COTAACHBIM BKAIOUe-
HUEeM OOMOTOK (00e yBeAMYUWBAIOT MATHUTHBIN IIOTOK) MOJKHO KOM-
MEeHCUPOBATH MTaAeHUe HaNpsyKeHus (KpuBas 3) 3a CUeT UCITOAB30Ba-
HUS OOMOTKM IOCAEAOBATEABHOTO BO30Y>KAEHUA.

[Tpu BCTpeYHOM BKAIOUEHHHM OOMOTOK (HaMarHWYHBAIOIIWe CHABI UX
HaIlpaBAeHBI BCTPEUHO) BBIXOAHOE HAIpsiKeHUe MaAaeT Pe3Ko (KpuBas
4), TaK KaK MarHUTHBIM IIOTOK CO3AA€TCS Pa3HOCThIO HaMarHW4YMBaIo-
IIUX CUA ITAPAAAEABHOU U IIOCAEAOBATEABHONM OOMOTOK BO30Y>KAEHUS.

[TporenTHOE yMEHBIIEHNE HATIPSI)KEHUS TIPU IIEPEXOAE OT XOAOCTO-
TO XOA@ K HOMHHAABHOMY TOKY Harpy3KH OIPEAEASeTCS] BhIpa’KeHUEeM

AU= ((UHOM - EO)/UHOM) - 100.

KOHTPOJIbHbLIE BOMPOCHI

1. lNepeuncnuTe ocHOBHbIE cNocoBbl BO36BYXXAEHNA rEHEPaTOPOB Mo-
CTOSIHHOrO TOKa.

2. MosAcHuTe Ha NpYMepe reHepaTopa CyTb CamMOBO36YXAEHUS.

3. HazoBuTe 0CHOBHbIE XapaKTEPUCTUKX reHepaTopa 1 NMosiCHATE WX
BU[.

OBUrATESTb MOCTOSAHHOIO TOKA

7.12.1. PaboTta malwuHblI NOCTOAHHOrNO TOKa
B peXxume asuraTtens

B peXXuMe ABUTATEAsI MalllMHA ITOCTOSHHOTO TOKa npeo6pa3yeT
IIOABOAUMMYIO SACKTPUYECKYIO SHEPrruio B MeXaHU4YeCKYIO 3HePTIUIo
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BpalleHus Bara. KOHCTPYKTHBHAS cXeMa JAEKTPUUECKOTO ABUTATEAS
aHaAOTMYHA CXeMe reHepaTopa M BKAIOUAeT B cebs Te JKe OCHOBHBIE
Y3ABI: CTATOP, POTOP M KOAAEKTOP. CXeMbl BKAIOUEHUST OOMOTOK BO3-
Oy>KAEHUS ABUTATEAS Te e, UYTO U A TeHepaTropa. OHM TakKKe CAY-
KaT AT CO3AQHUS TTOCTOSTHHOTO MAarHUTHOTO TIOTOKA, B KOTOPOM Bpa-
1IaeTcs STKOPb, €CAU B ero 0OMOTKaX TeueT SAEKTPUUYECKUU TOK.

€ Ecan K 0OMOTKe SKOpPS IPUAOKUTH HanpskeHue U, TO B Hel
oTevyeT TOK. B3auMoaeNcTBMe TOKA U MArHUTHOTO IIOTOKA CO-
3MaCT dA€KTPOMArHUTHBIY MOMEHT, KOTOPHIM 3aCTaBUT SIKOPb
BpamaThcsa. Kak TOABKO OH HauHeT BpalllaThCs (IlepeceKaThb
MarHUTHOeE T0Ae), B ero oOMoTKax HaBepeTcss DAC, co3paronas
TOK, HaIlpaBA€HHBIN HaBCTPEeUy TOKY OT IPUAOKEHHOI'0 HallpsiKe-
Hus (puc. 7.33).

CyMMapHBIH TOK B sIKOpe

L,=(U-E,)/YR,.

YuurteiBas, uto E, = c.®n, MOKHO 3amnucaTh BbIpa’keHUE AAS dac-
TOTHI BpallleHUusI ABUTaTeAss B Bupe n = E,/(c,®) = (U — L,R,)/(c. D).
B TO ke Bpemst B cooTBeTCTBUM C (hopMyAol Amnepa My, = ¢, [P, T.e.
L= M,/ (c,®,). OTciopa

n=(U-LR,)/(c.P)=U/(c.P) - (Rﬂ/(cecM(I)z))MBp.

HOCKOABKY B YCTAHOBUBIIIEMCA pEe>XUMe Bpama}omnﬁ MOMEHT AOA-
JKE€H YPAaBHOBEIIMBATHL MOMEHT HArpPy3KH, MOJXHO 3alINCATh

n=U/(c,®) — (R, /(c,cy®?)) M, =ny— An.

Hanpasaenue Toka
oT uHAyLupyeMor SAC

Hanpasaenune Toka
OT IIPUAOKEHHOT'O HAIIPSI)KEHUS

Puc. 7.33. Tokn B NpOBOAHNKE AKOPS ABMratens nocTOAHHOMO TOKa
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‘g [ToaryueHHOE BEIpa’KEHUE OIIUCHIBAET MEXaHUUECKYIO XapaKTepU-
CTUKY ABUTATEAS IIOCTOSAHHOTO TOKA n = f(M,;), KOTOpas oTpakaeT
3@aBUCHMOCTD YaCTOTHI BpallleHUsI pOTOpa OT MOMeHTa Harpy3ku
Ha ero Baay.

W3 Hee caepyeT, YTO IPW YBEAWYEHUU HATPy3KU Y9acTOTa Bpallle-
HUS POTOpa MapaeT He3HAUUTEABHO. AeHCTBUTEABHO, COTPOTUBACHUE
R, HEBeAWKO, ITO3TOMY BTOpPO€e cAaraeMoe An BBIPa’KeHUS COCTaBASET
(3...7) % ot ng = U/(c. D).

ABuraTeab mocTostHHOTO TOKa (AITT) oOArapaeT CpaBHUTEABHO JKe-
CTKOU eCTeCTBEHHOU MeXaHWYeCKOU XapaKTepPUCTUKOM.

7.12.2. PerynupoBaHune 4actoTbl BpaweHus

MexaHuueckas XAaPAaKTepUucCTuKa ABUTATEAS IIOCTOAHHOTO TOKA

A
1l

IIOKA3BbIBAET, YTO PETYANPOBAHUE YaCTOTHI €TI0 BpallleHU S BO3MOXK-
HO 3a CUerT:

Puc. 7.34.PeoctaTHoe perynMpoBaHue 4acToTbl BPaLLeHUs:
ad — CXeMa perynmpoBaHngd; 6 — mexaHunyeckune XapaKTepucTukn

Puc. 7.35.TlontocHoe perynupoBaHre 4acToTbl BpalleHus:
ad — CXeMa perynmpoBaHngd; 6 — mexaHunyeckune XapaKTepucTukn
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Puc. 7.36. flkopHoe perynvpoBaHue 4acToTbl BPaLLeHUs:

a — CXeMa perynmpoBaHnA; 6 — MexaHun4eckune XapaKTepucTmkun

Eal SR

a

M3MeHEHUsI COIIPOTUBACHUS B Leln dKopsd (R, + R,) — peo-
cmamHoe peryaupoBanue (puc. 7.34, a). [Tpu aToM caaraemoe
Ny OCTaeTCss HeM3MEHHBIM, a AN U3MEeHSeTCs B IIIMPOKUX TIpe-
Aenax (puc. 7.34, 6);

U3MeHeHUs TOTOKa BO30YRAeHUsI @ — NoAIOCHOE peryAupo-
BaHue (puc. 7.35, a). I'lpu 3ToM u3MeHsIeTCs Kak Ny, TakK U An
(puc. 7.35, 6). IToArocHOe peryAupOBaHUE SBASETCI AOCTa-
TOYHO SKOHOMHWYHBIM, ITIOCKOABKY yIIPaBA€HHE MAarHUTHBIM
IIOTOKOM BO30y RAeHUS @ OCYII[eCTBASETCS 3a CUeT U3MeHe-
HUS TOKa BO30y>KAeHU [, 3HaUeHUe KOTOPOTO HEBEAUKO;

U3MeHeHUs HaNpsS>KeHUs MUTAaHUuSI SKOPHOW OOMOTKU —
AKOpHOe peryaupoBaHue (puc. 7.36, a). [Tpu 3ToM IOTOK BO3-
OY>KAEHUS AOAJKEH OCTaBaThCSI HEU3MEHHBIM, T. €. ABUTATEAb
AOAKEH OBITh C He3aBUCHUMBIM MAM TIapAaAAEABHBIM BO30YK-
AeHmeM. HacToTa BpallleHUsI ABUTATEAs TPAKTUUYeCKU AMHe-
HO 3aBUCHUT OT HANPSIPKEHUS MUTAHUS TKOPHOU 06MOTKH U,
(puc. 7.36, 0).

KOHTPOJIbHbLIE BOMPOCHI

B yem cocTtouT npuHumn paboTel ABUraTens NOCTOSIHHOrO Toka?

Kakyto ponb nrpaet KonnekTop B ABuUratenie NoCTOSHHOMo Toka?

[Nepeuncnute ocHoBHble cnocobbl Bo36yxaeHua OMT.

Y70 cobon NpefcTaBnAeT MexaHUyeckas xapakTepucTika aBura-
Tena?

HasoBuTe cnocobbl perynMpoBaHns 4acToTbl BpalleHus gsurate-
NA NOCTOAHHOMO TOKa.
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OCOBEHHOCTIW MYCKA OBWIATENSA
MOCTOAHHOIO TOKA. OBUrATENb
C MOCJIEQOBATESTbHbLIM
BO3BY)XOEHVEM W YHNBEPCATbHbBIE
KONJIEKTOPHBIE OBUIATENNA

7.13.1. lNyck pBuratens u posib NyckoBoro
peocTtaTa

HOCKOABKY TOK SIKOPs OIIPEAEAsIeTCsA BBIpa’KeHUeM

I,=(U-E,\)/R,=(U-c,®n)/R,,

TO B MOMEHT IIycka npu n = 0 IyCKoBOM TOK I, paBeH

I,,=U/R,.

ConpoTuBaeHHE OOMOTKHU SKOPS HEOOABIIOE, IIO3TOMY ITYCKOBOM
TOK MOJKET IIPEBBINIaTh HOMUHAABHBIN B 20...50 pa3. OTO CHU)KaeT Ha-
AESKHOCTb PabOTHI ABUTATEAS], B IIEPBYIO OUuepeAb KOAEKTOPHO-IIIeTOY-
HOro ycTporcTBa. OrpoMHBIE TOKHM IIPUBOAAT U K IIEPETPEBY SIKOPHOU
OOMOTKH, @ TakyKe BeAyT K Pe3KOMy BO3pacTaHUIO BPAIaiollero Mo-
MEHTa, OKa3bIBalOIero yAapHOe AeMCTBUe Ha Bpalllalolidecs YacTH.

‘g AAST orpaHUYeHUs ITyCKOBOTI'O TOKAa Ha BPeMsl IIyCKa B SIKOPHYIO
IIeTIb BBOAAT peocTaT. B aToM caydae

L,=U/(R;+R,,).

Takum 0O6pa3oM, IIyCKOBOU TOK MOXKET OBITh OTPAHUYEH A0 AOIY-
CTMMOM BeAWUYMHEL. 1o Mepe pa3roHa SIKOpsl B er0 OOMOTKe MHAYIIU-
pyerca OAC, IponopiuoHaAbHAsl 4acTOTe BpallleHHs n. TOK SAKops
YMEHBIIIaeTCs, YTO MO3BOAJIET YMEHBIIaTh COIIPOTUBAEHHE peocTaTa
BIIAOTB AO HYAS. [Tocae pasroHa A0 HOMMHAABHOM Y4aCTOTHI BpallleHUS
TOK SKOPS BHOBBH OIlpepeAssieTcs BeipakeHuewm I, = (U — E,)/R,.

Ha puc. 7.37, a npuBepeHa cxeMa BKAIOUEHUS ABHUTATEAS C IIyCKO-
BBIM peoctaTtoM [IP, a Ha puc. 7.37, 6 — cXeMa IIyCKOBOTO PeocTaTa.
[Tepep BKAIOUEHHEM ABUTATEAs B CeTh IIYCKOBOM PeOCTaT yCTaHABAU-
BalOT B MoAOKeHUe «0». ITpu 3TOM B Ielb TKOPST BKAIOUAIOTCS AOIIOA-
HUTEABHO PE3UCTOPHI C OOITUM CONMpoTuBAeHUeM R;+ R,+ R;+ R,. To
Mepe pasroHa ABUTATEeAs U YMEHBIIeHU TOKa ITyCKOBOM PeoCTaT II0C-
AEAOBATEABHO MEPEBOAAT B MTOAOKeHUd 1, 2, 3, 4 U, HAaKOHeIl, B TIOAO-
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Puc. 7.37. lNyck pBuratens NoCTOSAHHOrO TOKa:

a8 — CXema BKIIo4YeHUA NycKoBOro peocTtaTa; 6 — cxema nyckoBoro
peocTaTa; B — BpeMeHHéﬂ anarpamMmmMma M3MeHeHUA ToKa AKopA n
4aCTOTbl BpaLleHua npu nycke

>KeHHe 5. 3HaueHUe CONPOTUBAEHUSI AUCKPETHO YMEHbIIIaeTCs BIIAOTh
A0 HyAsd. TOK ¥ 9acToTa BpalleHUsI AOCTUTAIOT HOMHUHAABHOTO 3Haue-
HUS.

Ha puc. 7.37, B IpUBeAeHBl KpUBbIe N3MEeHEeHNs TOKa JKop4 I 1 4a-
CTOTHI BpallleHus n MpHU IycKe.

7.13.2. 1Buratenb nocTtosHHOro TokKa
Cc nocnepoBaTesibHbIM BO36y)XaeHuem

B ABHraTeAe ¢ MOCAEAOBATEABHBEIM BO30Y’KAEHHEM TOK gKopd [, U
TOK BO30y>XAeHUs [, — OAWH U TOT >XKe TOK (puc. 7.38).

CAepAOBaATEABHO, IIOTOK BO30YKAEHUS IIPONOPIIMOHAAEH TOKY SIKO-
pa @, = kl;. B oaTOM cAydae BpallalOlIUN MOMEHT IIPOIOPIUOHAAEH
TOKY SKOpS B KBajpare:

MBp = CMd)BIsI = Kllsfv

T.€. IINABHOE YBEAWYEHHWEe TOKa AKOpA BeAeT K AOBOABHO PE3KOMY
YBEAWYEHUIO BPAIIAIOIIero MOMeHTa. B To xe BpeMia

n=E/c®, =K/,

Puc. 7.38.Cxema Bkn4YeHus gBuraTens
C nocrnegoBaTenbHbIM
BO36y>XAeHnem




PaboTta ?_? U/2

Puc. 7.39. Cxema BktOYeHWs ABUraTener B MOTOPHOM BaroHe TpamBas

T.e. 4acTOoTa BpallleHusd poTopa OOpaTHO IPONOPIMOHAABHA TOKY
SAKOPS.

Takum oOpa3oM, ueM OOABIIIe HAarpy3Ka, TeM OOABIIE AOAJKEH OBITh
BpAIAOIIUi MOMEHT My, a CAeAOBATEABHO, OOABINIE TOK sIKOpst I, u
MeHBIIle YaCTOTa BpallleHusI poTopa . EcAu Harpyska OTCYTCTBYET, TO
MOMEHT My, HeOOABIIION, TOK I; MAAGHBKUM, & YaCTOTa N CTPEMUTCS K
OeCKOHEUYHOCTHU (ABUTATEAb MOJKET MATH B «pas3HoC»). TakuM obpa-
30M, IPU HEOOABIIIOM MOMEHTE Harpy3KH TOK SKOPS MaAa, @ 4acToTa
BpallleHUsl 3HaUUTEABHaA.

IMostomy mMmenHO AITT ¢ mMOCAEAOBATEABHBIM BO30YKACHUEM SABAS-
€TCsl OCHOBHBIM IIPDUBOAHBIM ABUTATeAeM TPAHCHOPTHBIX YCTPOMUCTB.
IIpu TporaHum c MecTa MOMEHT Harpy3kKu BeAUK, TOK AOAJKEH OBITh
OOABIIINM, a YaCTOTa BpallleHud Maaa. [locae pa3roHa TPaHCIOPTHO-
rO YCTPOMCTBA MOMEHT HAarpy3KM Maj, TOK JKOPS HEBEAUK, a 4acTo-
Ta BpallleHUs] 3HAaUUTEABbHA.

OO6BIYHO B MOTOPHOM BaroHe TpaMBas yCTaHaBAWBAIOTCS ABa ABU-
raTeas C MOCAEAOBATEABHBIM BO30y>kpeHUeM (puc. 7.39). I[Ipu mycke
WX BKAIOYAIOT IIaPAAAEABHO TIOA IMTOAHOe HanpsikeHue U (MoMenHm nyc-
KoBoU 00AbWOl), @ MOCAE Pa3roHa — MOCAEAOBATEABHO TTOA TTOAOBUH-
HOoe HampskeHne U/2 (Momenm BO BpeMsi gBUWKeHUsI HEBEAUK).

7.13.3. YHuBepcanbHble KONNEeKTOPHbIe
ABuraTenu

OTH ABUTAQTEAM PACCUYUTAHBI Ha pabOTy OT ceTel KaK IIOCTOSTHHO-
ro, TaK U IlepeMeHHOro opHoda3Horo Toka. OHU aHAaAOTUYHEBI II0 KOH-
CTPYKIIMU ABUTAQTEASIM IIOCTOSTHHOTO TOKa C IIOCAEAOBATEABHBIM BO3-
Oy>KAEHHEM.

[Mpu m3MeHeHUN HANPaBAEHUS IIepeMeHHOro TOKa Bpallaloliui
MOMEHT M, COXpaHseT CBOe HAlPABACHUE, TaK KaK OAHOBPEMEHHO
U3MeHSIOTCS HallpaBAeHUs MarHUTHOro noroka @, u Toka gxop4 I

MBp = CM(I)BI;{ = CM(_(DB) (_Iﬂ)'
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Puc. 7.40. YHBepcanbHbI KONNEKTOPHbIN ABUraTesb:

a— BpBMBHHéH aounarpamMmma; 6 — cxema BKJ/IKO4YeHUA B CETU
NOCTOAHHOIO N NEpeMeHHOro Toka

[Tpu 5TOM MOMEHT Ha BaAy PaBeH CpeAHeMy MOMeHTy M., 3a me-
puop (puc. 7.40, @), HOCKOABKY M3-3a CBOEM MHEPIIMOHHOCTU POTOP He
B COCTOSTHUU pPearnpoBaTh Ha MTHOBEHHOe 3HaueHue M, , M3MeHSIO-
meecs ¢ gactorou 100 I

TakuM 00pa3oM, ABUTaTEeAb, aHAAOTUUHBIN ABUTQTEAIO ITIOCTOSTHHOTO
TOKa, MOKET paboTaTh OT CeTH IepeMeHHOro Toka. OH crocobeH pas-
BUBATh yacToTy BpalleHus oT 3 000 po 20000 06/MHUH U MMeeT BO3-
MO>KHOCTB TIA@BHOTO peryAnpoBaHusi. CIIOCOOBI PETYAUPOBAHUS YaCTO-
TBI BpAI[eHUs Te JKe, YTO U y ABUTATEAS IMOCTOSTHHOTO TOKa. YHUMBEp-
CaAbHBIE ABUTATEAM HAIIIAM ITpUMeHeHNe B OBITOBBIX ITpubopax: Kode-
MOAKAX, BIAECOCAX, IAEKTPOAPEASX, IIIBEMHBIX MallliHaX, a TakKe B
MepuIirHe. [IpOMBIIIIA€HHOCTD BHIITyCKaeT YHUBEPCAAbHbIE KOAAEKTOP-
HBIe ABUTATeAU (Hampumep, cepuu Y/\) mMoiHocThI0 A0 400 Br.

Cxema BKAIOUEHUSI TAKOTO ABUTATEAsI MpUBeAeHa Ha puc. 7.40, 0.
ITpu paboTe Ha MepeMeHHOM TOKe TIOA HampsyKeHue BKAIOYAeTCS
4acTh OOMOTKM BO30Y’>KAEHHUS, @ Ha IIOCTOSHHOM — BCSI OOMOTKa. JTO
AEAQeTCs AN COAMKEHMS XapaKTepPUCTUK Ha MOCTOSHHOM U lepeMeH-
HOM ToKe. HepOCTaTOK YHHBEPCAABHBIX KOAEKTOPHBIX ABUTaTeAel —
TOBBINIEHHBIY N3HOC KOAAEKTOPHOT'O YCTPOMCTBA CO IeTKaMMU.

Bp!

KOHTPOJIbHbLIE BOMPOCHI

B yem ocobeHHocTV nycka ABWUraTens noCTOSHHOMO ToKa?
KakoBa ponb nyckoBoro peoctata?

B 4em ocobeHHOCTY ABWUraTens NnocTOsHHOMO TOKa C MocnefoBa-
TEeNbHbIM BOSGy)KﬂeHVIeM ” rge OH HaLlen ocHoBHOEe npmmeHeHme?
Y10 xapaKTepHO Ans yHMBEpCanbHbIX KOMNEKTOPHbIX ABUraTenemn?

A WP~



NPON3BOACTBO N PACMNPEAEJIEHME
INIEKTPNYECKOW 3HEPTUN

NMPON3BOACTBO 3NEKTPO3HEPIAN

8.1.1. TpapnunoHHbIE NCTOYHUKN
3NIEKTPNYECcKOW 3Heprun

OAeKTpUuYecKas Iellb — 3TO COBOKYIIHOCTh YCTPOMCTB, o0ecIeyu-
BAIOMINX MPOTEKaHMEe AAEKTPUYECKOTO TOKa. DTUMU YCTPOUCTBAMU B
TIEPBYIO OYEPEADb SIBASIOTCS UCMOYHUKU SAEKTPUYECKOU DHEPTUH, AU-
HUU ’2AeKkmponepegay U nompebumeau 3AeKTPUUECKON 3Hepruu (Ha-
rpy3Ka).

TakuM 06paszoM, AAS MOABOAA DAEKTPOIHEPrUU K Harpy3ke HeoO-
XOAVMO ee TIPOM3BECTH, TePeAaTh U PACIIPEAEAUTDH MEKAY OTAEABHBI-
MU TOTPEOUTEASIMU.

BOABIIas 4acTh IPOU3BOAMMON SAEKTPUUYECKON SHEPIUU BhIpaba-
TBIBAETCSI C IIOMOIIBIO SA€KTPOMAIIINHHBIX T€eHEePaTOPOB, IIePBUYHBIM
(IpMBOAHBIM) ABUTATEAEM KOTOPBIX MOJKeT OBITh:

"  TapoBast TYp6I/IHa — TEIIAOBEI€ 1 ATOMHBIE OAEKTPOCTAHIIUH,

" ryUApaBAMYecKas TypOHHa — IMAPaBAMYECKHE IAEKTPOCTaH-
AU,

B xauecTBe 3AeKTPOMAIIMHHOTO TeHepaTopa B 3TOM CAydae HC-
TMOAB3YyeTCs CUHXPOHHAs MalllMHa, POTOP KOTOPOM CBSI3aH C BAaAOM
TypOUHEBI. B 3aBUCUMOCTH OT NPUBOAHOIO ABUTATEAS] KOHCTPYKTUB-
Hasg CXeMa CMHXPOHHOTO reHepaTopa MOJKeT ObITh pa3AnuHou. Ecan
AASI TAPOBOM TYpOWHBI YacTOTa BpameHust pocturaer 3 000 o6/mMuH,
TO AASI THAPABAMYECKOM TypOWMHBI OHa He mpeBbimaer 100 o6/MuH.
[ToaTOMY AAST IOAYUEHMST HAIIPSIPKEHMsT IIPOMBIIIAEHHOM 4acTOThI 50 I
mypborenepamop AOAKeH OBITh OBICTPOXOAHOU ABYXIIOAIOCHOM Ma-
MIMHOM C HesIBHO BBIPa’KeHHBIMHU IIOAIOCAMU. [ugporenepamop —
3TO TUXOXOAHAass MHOTOTOAIOCHas (A0 100 moAtOCOB) MallimHa C SBHO
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BBIpaKeHHBIMH NoAtocaMu. O6 3TOM MBI y’Ke TOBOPHUAU B IIOAPA3A.
7.8.3.

COOTBeTCTBYIOIMM 006Pa30M BBIIOAHSETCS ¥ KOHCTPYKIIUS POTO-
pa. Ecan y TypOGorenepaTopa AraMeTp poTopa OKOAO 1 M IpH AAMHE
A0 10 M, TO y THApPOTEHepaTopa AMaMeTp POTopa MOXKET AOCTUTaTh
20 M nipu pamHE A0 5 M. [TosTomMy TypOoreHepaTop yCTaHaBAUBAETCS
TOPU30HTAABHO, @ THAPOTeHepaTop YCTaHaBAUBAETCS BEPTHUKAABHO.

B aBmoHOMHBIX 2A€KMPOCMAHYUAX B KaUeCTBe MPUBOAHOTO ABHTa-
TeAST MOJKET MCIIOAB30BAThCS ABUTATEAb BHYTPEHHETO CrOpaHus. OTH
SAEKTPOCTAHITUY UCTIOAB3YIOTCSI B OTAQAEHHBIX TPYAHOAOCTYITHBIX Me-
CTax HWAW TaM, TAe OTCYTCTBYET SAEKTPHUECTBO: B T€OAOTOPa3BeAOU-
HBIX 9KCIEAUNMAX, Ha CTOSHKaX OAEHEBOAOB, Ha Addax U T.A.

KpoMe ToOro, pAAg MOAYUYEHUS SAEKTPUUECKOU SHEPTUU MOTYT HC-
IIOAB30BATLCSI COAHEUHAs! DHEPTHUs, TeoTepMaAbHasi, DHEPTUsl MPUAU-
BOB U OTAWBOB, SHEPTUS MOPCKUX BOAH U AD.

Bce paccMoTpeHHBIE BUABI SHEPTUM MOKHO TTOAPA3AEAUTH Ha ABe
OOABIIIME TPYIIIHL

®  BO300OHOBASIEMEIE;

"  HeBO300OHOBASIEMEIE.

K HEeBO306HOBASIEMBIM OTHOCHUTCSI JHEPTHUS CKUTAEeMOTO TOIAWBA
(yroaw, He(Th, Ta3, TOP(, CAQHIIBI) U IAEPHOTO TOIIAMBA. Bce ocTanbHBIE
BUABI DHEPTUU — BO300OHOBASIEMBI, B TOM UMCAE DHEPTUs CIKUTaeMOU
OuOMacCHI, IITUPOKO TIPUMeHseMast B TIOCAeAHee BpeMs Ha 3araAe.

KoneuHo, nucnoab3oBaHMe HEBO30OHOBASIEMBIX BUAOB HEPTUHU pa-
CTOUMTEABHO C TOUYKM 3PEHUS OYAYIIUX IMOKOAEHWHN, HO MMEHHO Tell-
AOBBIE DAEKTPOCTAHIIUN 00ECIIeYNBAIOT CETOAHS ITPOU3BOACTBO OOAB-
1Ie¥ 94aCTH 3AEeKTPOIHEPIUU B MUPEe — OKOAO 63 %. DTO 0O0yCAOBAe-
HO TeM, YTO TIOMUMO IIPOM3BOACTBA IAEKTPUUECKOM 3HEPTUN OHU CIIO-
COOHBI CHA0XKAaTh TOPOAA U IIOCEAKU TEIIAOM U ropsgdyeu Bopou. Takue
9A€KTPOCTAHIIUU IOAYUUAU Ha3BaHUe meniAosrekmpouyeHmpanrel
(TOL). x KoapPUITUEHT MOAE3HOTO AEUCTBUS MOKET AOCTUTATH
70 %. PacnionraratoTcsi OHM B HEMOCPEACTBEHHOM OAM30CTH OT Hace-
AEHHBIX ITyHKTOB.

MoujHble menAoBble 3IAeKMPOCMAHYUU, PAaCCUNTaHHBIe Ha ITPOU3-
BOACTBO AMIIBL dAEKTPUUECKOU BHEPTuU, CTPOATCHA, KaK MPaBUAO,
BOAM3M 3HAUUTEABHBIX 3aAeskKel NMPHUPOAHBIX PeCcypcoB, obeclieunBa-
IOIIUX UX PaboTy B TeUEHME AeCATHUAECTHM (HanmpuMmep, DKubacTy3cKas
TENAOBAad 3AEKTPOCTaHIU4). VX KO3(pOUIIMEeHT MTOAe3HOTO AENCTBUS
00OBI9HO He npeBbImaeT 30 %.

Amomnble sarekmpocmanyuu (ASC) TakKe OTHOCSATCS K TEIIAOBBIM
3AeKTpocTaHnUuaM. OHM TOXKe NPeoO0pa3yioT dHePTUui0 BOASIHOTO
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Ilapa B MeXaHWYeCKYyI0 S3HEepPTUIo NapoBOM TypOWUHBI, KOTOpasl Bpallia-
€T POTOP IeHepaTopa, BEIPAaOAaTHIBAIOIETO SIAEKTPUYECKYIO SHEPTHIO.
Pa3HuIla 3akarouaeTcd AMIIbL B XapakTepe TonamBa. B ASC Tonau-
BOM CAY’KUT PAAMOAKTUBHBIN ypaH 235, o0ecneunBarOIIui yIIPaBAs-
eMyIo IIelIHYIO PeakKIIUuio B aTOMHOM peaKTope. B mpoliecce pereHUs
SIAEP YpaHa BBIAEASETCSI OTPOMHOEe KOAMYeCTBa TENAOTHl, KOTOpas
OTBOAUTCSI CHEIMAAbHBIM JKUAKUM TEIIAOHOCHUTEAEM U MOCTyIlaeT B
TEIIAOOOMEHHUK AAS NOAYUYEHUS Ieperperoro mnapa. [TlocrepHui B
IIapoOBOM KOTAe Ipeobpa3yeTcs B BOAAHOMN nap. OCHOBHOE IIPeuMy-
mectBo ADC mepep TOL — ropa3po MeHBITUU 00beM MOTpeOAse-
MOTO TOIIAUBA!

‘g 2 KT ypaHa, UMelollie TaKOU ke 00beM, KaK Y TEeHHUCHOTO MI4H-
Ka, 9kBUBaAeHTHH! 6 000 T yrasg (300 ToBapHBIX BAarOHOB).

I[Tpou3BoACTBO 3AeKTpodHepruu Ha ADC — 3TO 3KOAOTHYECKU
YHCTOEe MPOU3BOACTBO IO CpaBHeHUIO ¢ TOL], X0Tg IOKa ellle ¢ ompe-
AeAneHHOU ponel pucka. ADC CTposiTcs, Kak MPaBUAO, BOAU3U KpYII-
HBIX TopopoB (Kypckas, BopoHeskckast, AeHuHTrpapckas ADC). Ceroa-
Hs pAaoKe B SITOHNM, HaceaeHUe KOTOPOM C NMpeAyOesKAeHueM OTHOCHUT-
Cd K gpepHOU sHepruy, Ha AoAto ASC npuxoputca 30 % Bcel mpous-
BOAMMOM dAeKTposHepruu. Opannus mpou3BoAuT Ha ADC 78 % Bcent
SAEKTPO3HEPIuy, Hallla CTpaHa — OKOAO 13 %.

Koadurment noaesnoro perictBusi ADC — 0KOAO 25 %.

TI'ugpasauueckue srekmpocmanyuu (I'93C) MO3BOAIIOT MCIIOAB30BATh
BO300HOBASIEMYIO 3HEPIUIO MAAAIOIIEN Ha THAPABANYECKYIO TYPOUHY
BOABI. MOIITHOCTh 3A€KTPOCTAHIIUN HANPIMYIO 3aBUCHUT OT HAlopa
BOABI Ha AONACTH TypOWHEL. HeM OOABIIIe HAIIOP ¥ 00BEM BOABI Yepes
TYypOUHY, TeM OOABbIlIe MOITHOCThL 3AEKTpOCTaHnuu. IToaTomy ualie
I'SC cTpogarca Ha pekax ¢ OOABIINM IlepenapoM ypoBHeu (Uylickag,
Typyxanckas, Casno-lllymieHckas). CtpouteabcTBo 'OC Ha paBHUH-
HBIX pekax (Boakckag, KpacHogpckasa 'OC) TpebyeT co3paHuI MOIII-
HBIX IIAOTHUH ¥ OIPOMHBIX BOAOXPAHMAUII, 00eCIIeYnBaIIINX He00X0-
AMMBIN niepenap BoAbl. CTpouTeAbCcTBO ['OC 06X0AMTCS 3HAUUTEABHO
AOpO’Ke, UeM TEeNAOBBIX SAEKTPOCTAHIINM, M IOPOM OKa3bIBaeT Cylle-
CTBEHHOE BAUSHUE Ha 3KOAOTHIO parioHa. OAHAKO MOCAeAyIolllee IIpo-
HU3BOACTBO DSAEKTPO3HEPTUN OOXOAMUTCS 3HAUUTEABHO AellleBAe, TaK
Kak He TpeOyeT pacXoAOB Ha AOCTaBKy TomauBa. Kpome toro, I'OC
CIIOCOOHHI 3aIlacaTh M PETYAMPOBATH IOTEHIIMAABHYIO SHEPIUIO BOABI
B TeUeHUE CYTOK HUAU AdKe AeT. OTO 00eCleunBaeTCs HAaKOIAEHUEM
BOABL B BOAOXPAHHUAUIIE C IIOCAEAYIOIINM ee MCIIOAb30BaHUEM B HYXK-
HBIM MOMEHT BpeMeHU. K ToMy ke CpoK CAyKObI 'OC 0oAbllle, yeM
TOL. KoadpuimeHnt noresznoro aAerictsuss 'OC npubiuskaeTcs K
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90 %. AoAsg TIPOU3BOACTBA dAeKTposHepruu Ha ['OC B Hallel cTpaHe
COCTaBAsIET OKOAO 19 %.

8.1.2. HeTtpagnuvoHHbie Bo306HOBNSEMbIE
UCTOYHMKKN 3HEpPruu

B mocaepHee BpeMs BO BceM MUPe U B Halllel cTpaHe Bce OOAbIlIee
pUMeHeHNe HaXOAAT SAEKTPOCTAHIIMU, UCIIOAB3YIOIe Hempaguyu-
OHHble BO30OHOBAsleMble UCTOUHUKHU 3Hepruu. [Toka elje oHU He Ha-
IIIAM IIIMPOKOTO TTPOMBITIIAEHHOTO TPUMEHEHUsI, ¥ AOAST TIPOU3BOANMON
Ha HUX DAEKTPOIHEPTUM HEBEAUKA (OKOAO 2 %), KOOPPUITUEHT TOAE3-
HOTO AeUCTBUSA UX TOKe HEeBeAUK, HO OHM BeCbMa pa3HOOOpa3HHI, a
TAQBHOE, MCIIOAB3YIOT AQPOBAHHYIO HaM IIPUPOAOM OECIAQTHYIO 3HEpP-
ruio. Pacxoabl TpeOyIOTCS AMIIb Ha CO3AaHUE U OOCAY’KMBaHME TaKUX
SAEKTPOCTAHITUUN.

CoAHeuHble 3AeKMPOCMAHUUU UCTIOAB3YIOT DHEPTUIO COAHIIQ, IIpe-
o0pa3syd ee B 3AEKTPUYECKYIO C IIOMOIIBIO COAHEYHBIX OaTapel. OTU
UCTOYHUKU SAEKTPUUYECKOM SHEPrUU CAY’KAT AASI 00OrpeBa U OCBelle-
HUS MHAUBUAYAABHBIX JKUABIX [IOMEIEHNN, TelIAUL], OaCCEeMHOB B pau-
OHax C IpeobAapaHMEM COAHEeUHBIX AHel. Hanpumep, B 'epmanum ce-
ropHSI OKOAO 100 ThIC. cOAHeuHBIX KpbIIT, a B CLITA — Goaee 1,5 MAH.

Bempsanble 30eKmpocmanyuu UCIOAB3YIOT S3HEPTHUIO BeTpa, Ipeod-
pasys ee B BAEKTPUYECKYIO C IIOMOIIBIO CIEIMAaAbHBIX BETPSIHBIX AO-
nacreit. Ix npuMeHeHMe 11eAeCOOOpPa3HO B pallOHaxX C IpeoOAaAaHU-
eM BeTpeHOU moropbl. HanpuMmep, Ha KOABCKOM IOAYOCTPOBE, TAE
CPeAHssI CKOPOCTh BeTpa cocTaBAaseT 4,7 M/c, MOITHOCThL BCeX BETPSi-
HBIX 3AEKTPOCTAHIIUM cocTaBAageT okoAao 400 kBt. B CIITA Goaee
1 MAH WHAVBUAYAABHBIX BETPOCTAHITUN MCIOAB3YIOTCS AAST TIOAOTPE-
Ba BOABI B OacceliHax, oOOrpeBa TEIAUIl U B CEABCKOM XO3SMCTBE.

I'eomepmaibHble 3AeKMPOCMAHYUU UCIIOAB3YIOT SHEPTUIO TOPSTUNX
moA3eMHBIX BOA. OHUM HAIIAM TpUMeHeHUe B palioHaX C reoTepMaAb-
HBIMU MCTOUYHUKAMU, SIBASIONIUMUCS CAEACTBHEM aKTUBHOM BYAKAHU-
YeCKOU AeATEABHOCTH. MOIIHOCTh reO0TEPMAaAbHBIX 3A€KTPOCTAHIIUN
Ha KamuaTke pocturaetr 11 MBT. MiMetoTcsd reoTepMarbHbIE SIAEKTPO-
cragnuu B CIIA, Utarnu, dnonuu, HoBont 3earanpuu. B Mcranaum
reoTepMaAbHBIE U TUAPOIAEKTPOCTAHIIUM MPOU3BOAAT 99,9 % Bcel
BEIpabaThIBaeMOM 3AEKTPOIHEPIUH.

Ipuarusnble srekmpocmanyuu (ITOC) UCTIOAB3YIOT SHEPTHUIO IIPUAU-
BOB U OTAUBOB MOpel M OKeaHOB. CTPOSATCA OHU B paliOHaXx, rae Ie-
penap yPOBHEM «IIOAHOM» M «MAAOU» BOABI BO BpeMs IIPUAUBOB U OT-
AMBOB OoAee 4 M. [TepBasi TpUAMBHASA IAEKTPOCTAHITNS ObIAA MOCTPO-
eHa Bo @pannuuu B ycThe peku PoHa B 1966 r. Ee MOIITHOCTb COCTaB-
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asgeT 240 MBT. B Poccuu mepBasg ONBITHAs IPUAUBHAS SAEKTPOCTaH-
musg MoImHocThio 800 KBT Obina mocTpoeHa B 1968 r. B bapeHiieBom
Mope B rybe Kucaasg. ONBIT 3KCHAyaTalUM 3TUX 3A€KTPOCTAHIIUN
TIO3BOAMA NPUCTYIUTH K pa3paboTKe MPOeKTOB MOIIHEIX [19C: Me-
3eHcKo¥ B bapennesoM Mope Ha 10 I'BT, Tyrypckoit B OXOTCKOM
mope Ha 8 I'Bt, a Takke [19C B KaHape, BeAuKoOpUTaHNUM U APYTUX
crpaHax. B 6yayimiem [TOC moryT obecneunTs A0 15 % Bcel mOTpeb-
ASIEMOM 3AEeKTPOIHEPIUH.

SAeKmpocmanyuu, UCNOAb3YOUUe SHEPTUI0 MOPCKUX BOAH, YK€ MHO-
rue AeCATKU AeT JKCIAYATHUPYIOTCSI BO MHOTHX CTpaHaX. CXeMBl UX
pa3anuHbl. OCHOBY HanboAee COBEpPIIEHHON COCTaBASIeT «KUBAIOIast
yTKa» — TAaTdopMa, HaCTpOeHHas Ha AAUHY MOPCKOM BOAHBI. BOAHEI
00AGAQIOT OOABIIIEN YAEABHOM MOIITHOCTBIO, YeM BeTep U COAHIEe. ['OAb-
dcTpuM, HaIpUMep, CIOCOOEH OTAATH MOITHOCTH Hopsgaka 50 I'BT.

KOHTPOJIbHbLIE BOMPOCHI

_

Kakve anekTpocTaHumMn CerofHs B OCHOBHOM MCMOMb3YHTCA ANd
Nony4YeHa aNeKkTpPUYEeCcKon aHeprum?

Hem 0TnM4atoTCs TennoBble 3NeKTPOCTaHUMK OT TEMNo3nekTpo-
LeHTpanen?

Kakve npeumyLlectsa 1 HE[OCTATKM MPUCYLLM MMAPaBINYECKUM
3neKTpocTaHumaM?

Mepe4ncnuTe BO3MOXHbIE HETPaAAMLMOHHbIE BO30OHOBNSEMbIE
WNCTOYHUKW 3HEPrmn.

W D

m MEPEQAYA N PACMPEOENEHWE
9NEKTPO3HEPI N

8.2.1. Nepepaya anekTpnyeckon aHepruun

[Tocae TOTo Kak 3AeKTpUYecKas SHePIusl IPOU3BeAeHa, ee HeoOXo-
AUMO TIepeAaTh MOTPEOUTEASIM.

[TOCKOABKY OT UCTOYHHMKA K IIOTPEOUTEAIO ITepepaeTcsl He IIPOCTO
HAIpsyKeHUe MAU TOK, @ MOIIHOCTh, TO BBITOAHO C 3KOHOMHYECKOM
TOUKU 3PEHUSA IIepepaBaTh ee MPU MAaKCUMAABHO BO3MOJKHOM HAIps-
>keHuu. [Ipu aTOM nepepaBaeMbIl TOK OyAeT MUHMMAAEH, a CAeAOBa-
TEABHO, OYAYT MUHUMAABHBIMU 3AEKTPHUUECKMEe ITOTEePU B IIPOBOAAX,
BBI3BIBAIOIIME UX Harpes. [TOCKOABKY 3A€KTpUYeCcKHe IIOTepHu IPOIop-
IIMOHAABHBI KBAAPATy TOKA, TO IIOBBIIIEHUE HAIpPSIKeHUs, HallpuMep
BABOE€, YMEHBIIIAeT TOK BABOE, @ IIOTEPU B IIPOBOAAX COKPAIAIOTCS
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npu 3ToM B 4 pasa. CeropHs mepepada dAEKTPOIHEPTUN OGOABIION
MOIITHOCTHA OT YAQAEHHBIX MCTOUHUKOB OCYIIECTBASETCS TIPU HaIpsi-
KeHUAX A0 1 150 KB. MeHbI1as MOIITHOCTh MOJKET IIePeAaBAThHCS IIPU
HANPS)KEHUSAX B COTHU KUAOBOABT (110, 220, 330, 500 u 750 xB).

B 3aBmcuMocTH OT pabGouero HaIPSKEHUS BCe dAEKTPUUECKUe
CeTH MOYKHO TIOAPA3AEAUTb Ha CETH:

= guskoro Hanpsikenus — HH (ao 1 000 B);

= cpepHero HanpsokeHusa — CH (a0 35 kB);

®  BRICOKOTO HampsikeHus — BH (a0 220 kB);

= cBepxBbICOKOTO HanpskeHus — CBH (cBoimre 330 kB).

B 3aBucumocTH OT criocoba Iepepaum SAeKTPOIHEPTrUU AMHUY Ie-
peaad MOAPA3AEASIOTCS Ha AWHUM:

" BO3AYIIHEBIE;
®  gaOeAbHBIE.

OnopEl BO3AYIIIHBEIX AMHUU MOTYT OBITh A€PEBSIHHBIMH, Keae300e-
TOHHBIMU UAU MeTaAAMdeCcKMMH. UeM BEIIIe IIepepaBaeMoe HallpsiiKe-
HUe, TeM OOAbIllee PAacCTOSTHHE AOAKHO OBITH MeXKAYy omopaMu. [Ipo-
BOAQ Ha OIIOpax KpensTcs AM0O0 Ha IITBIPEBBLIX M30AsATOpPax (cetb HH),
AUOO HaA IIOABECHBIX, COOpaHHBIX B rUpAdHAB (CH, BH, CBH). B Au-
HUSX TTePeAauM MCIIOAB3YIOTCSI aAlOMUHUEBbIE MHOTOKHUABHBIE HEN30-
AUPOBAHHBIE TPOBOAQ, @ TaKyKe IIPOBOAQ, UMEIOIINe CTAABHYIO CEPA-
IIeBUHY, BOKPYT KOTOPOM HABUBAETCS aAlOMUHMEBas IIPOBOAOKA —
CTarearlOMHUHUEBBIe IIpoBoAA. CTaAbHAsI CepAlleBUHA YBEAUUYUBAET
MeXaHWUYeCKYIO IPOYHOCTh IIPoBoAA. [Trolaab ceueHNsI TPOBOAOB OII-
peAeAsieTcs He TOABKO BEAWUMHOMN IePepaBaeMoro TOKQ, HO U I[eABIM
PSAOM AOTIOAHUTEABHBIX YCAOBUM. B pe3yabTaTe pearbHBIM AUaMETp
TIPOBOAA MOJKET OBITH BBIIIE PACYETHOTO U, HATIPUMED, NIPY HaTpsKe-
Hum 220 KB cocTaBASITH OKOAO 22 MM.

Ha BepmmHax ONIOp KPEeNUTCS CTAaAbHOM TPOC, CBSI3@HHBIM C 3eM-
Aeti. OH 3alIuIllaeT AUHUIO dAeKTpornepepaun (AJII) oT aTmocdhepHo-
TO DAEKTPUYECTBA, SIBASISICH OAHOBPEMEHHO HYAEBBIM ITPOBOAOM.

Ha puc. 8.1 nmpuBepeH BUA OMOP BHICOKOBOALTHOM AJIT.

BricokoBoabTHasA AJIT gBASETCI MCTOYHUKOM MOIIHBIX 3AEKTPO-
MarHUTHBIX U3AYUYEHUHN, I03TOMY CTPOUTEABCTBO 3AQHUM, AQ4, CEAbC-
KOXO3SWCTBEHHBIX KOMIIAEKCOB BOAM3M TaKUX AMHUHN Iepepad AOAXK-
HO OBITH 3ampeleHo.

KabeAbHBIE AMHUY TTEPEAQY ABASIOTCSI OOAee TPYAOEMKMMM U B W3-
TOTOBAEHMH, U B OOCAY>KMBaHNU. OHU AOITYCKAIOT IPOKAAAKY Kabeael
HanpsokeHueM He cBbiliie 220 kKB. TTpu Hanpsi>kenun A0 35 KB mpokaaa-
Ka BBITIOAHSETCSI TPEX)KUABHBIM KaOeAeM COOTBETCTBYIOIIEIO CeUueHUs.
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Puc. 8.1. Onopbl BbicokoBonbTHON JT3T

JKUABI HAAEKHO U30AUPOBAHEBI APYT OT APyTa M UMEIOT 3allJUTHBIE 000-
AOYKM U CTAABHYIO OPOHIO AAST 3AIIUTHI OT MeXaHUUECKUX MMOBPEesKAe-
Hul. [1py Hanps>KeHUU CBbIIIe 35 KB UCIOAB3YIOTCS OAHOKUABHBIE Ka-
OeAM CIeIMaAbHOM KOHCTPYKIUM. MaTepuan KUABL — aAIOMUHUU.

Kabean mpOKAaABIBAIOT B OETOHHBIX TPyOaX, MOA3EMHBIX KOAAEK-
TOPax UAM IIOA3EMHEIX TpaHIesx. KabeapHble AMHUM OOAee Oe3omac-
HBI IIPU 3KCIIAyaTalluy, Ha HUX He AeNCTBYeT aTMOC(epHOe IAEKTPU-
YeCcTBO, OHM 3allUIeHbl OT MeXaHN4eCKUX ITOBPeXXAeHNM, 6e30I1acHbI
M\SI HaCeAeHUs U He 3aHMMAaloT MecCTa Ha IIOBEPXHOCTU 3eMAM. B To
>Ke BpeMsl CTPOUTEABCTBO 3AQHUM M APYTHX COOPY’KeHUM Hap KabeAb-
HBIMHU TPaccaMu 3alpeleHo.

8.2.2. PacnpepeneHue anekTpunyeckom
aHepruu

IMTocae TOTO KaK dAEKTpUYECKas SHepPTrus Mpou3BeAeHa U Mepepa-
Ha MOTPEeOUTEeASIM, ee HEOOXOAUMO MEeXAY HUMU PaCIpPEASAUTh.
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[MToTpeOuTeAsIMU MOI'YT OBITh KaK IPOMBIIIAEHHbBIE ITPEAIPUSATHSI,
TPAHCIIOPT, CEABCKOE XO3STUCTBO, BOEHHO-ITPOMBITIIAEHHBIN KOMIIAEKC,
MEAUTIMHCKHE YUPEXKAEHUs, CTPOUTEAbHBIE OPraHM3allny, TaK U JKU-
ABle KOMTIAEKCHL. Bce oHUM TpeOyIOT He TOABKO Pa3AMYHOM MOIITHOCTH,
HO U Pa3AWYHOTO HampsoKeHus. [IpuueM mapamMeTphl 3THM HE OCTalOT-
Ccs1 HeU3MEeHHBIMU He TOABKO B TeueHUe TOAa UAM Ce30Ha, HO U B Te-
yeHUe CyTOK. IToTpebAeHMe 3AeKTPO3HEPTUH HOUbI0, KaK IIPaBUAO,
3HAaYUTEABHO MeHbIe, 4eM AHeM. CyIIecTByeT TaKKe Ce30HHas pas-
HUIIa B TOTPEOAEHUY SAEKTPOIHEPTUN. BO3MOKHEI ¥ aBapuUHBIE UAT
IPO(PUAAKTIIECKIE OTKAIOUEHUST NCTOYHUKOB IAEKTPOIHEPTUH, KOTO-
pble, KOHEUHO JKe, He AOAKHBI CKa3hIBaThCSl Ha MOTPeOUTeAdX. 3Ha-
YUT, B TaKMe MOMEHTHI ITOTPEOUTEAN AOAKHBI OBITh TTOAKAIOUEHBI K
APYTUM HCTOYHHUKAM.

OTcropQ U BO3HUKAA HEOOXOAUMOCTH €gUHOU 2AeKmposHepremu-
yeckoll cucmemnbl (E93C), B KOTOPOU TaparAeAbHO paboTaeT OOABIIOE
YUCAO DAEKTPOCTAHIINM, TPUYEeM He TOABKO OAHOM CTpaHbI, HO U Iie-
AOTO PsIA@ CTpaH. B 3TOM caydyae AOCTATOYHO AETKO U IIPOCTO obecIie-
YMBaeTCs IlepepaclIpepereHre DHEePTUU MeKAY HOTPeOUTeAsIMH, a
TaK’Ke CyTOYHOe, Ce30HHOe U aBapulHOe peryAupoBaHue. HblHe Aeli-
crByromasg E93C BratouaeT B cebsg 0Koao 1 000 saeKTpocTaHIUU 00-
el MOITHOCTBIO 0KOAO 300 I'BT, pacnoAro>KeHHBIX Ha TeppUTOpUHu 16
€BPOIENCKUX CTPaH.

EcAu B IPOMBIMIAEHHOCTH, Ha TPAHCIIOPTE, B CTPOUTEABHBIX Opra-
HU3aIUgIX, KaK [IPaBUAO, UCIIOAB3YeTCsI dHeprusl IepeMeHHOro ToKa
HaNps>KeHHUeM B HECKOABKO KHMAOBOABT, TO B OBITY TpeOyeTcs Halpsi-
sxenue 220 mau 380 B. Caep0BATEABHO, AOAJKHEBI CYIIIECTBOBATH pac-
mpepAeAUuTEAbHBIE TTOACTAHIIUM, OoOecnednBalolie MmoTpebuTere He-
00XOAVMBIM IO BeAMYWHE HaNpsKeHUeM. B 1iermouyke mMCTOYHUK — I10-
TpeOUTEeAb TaKUX PacCIpPeAEAUTEeAbHBIX MOACTAHIIUN MOYKeT OBIThL He-
CKOABKO.

CymiecTBylolllyie TeHepaTOpPLl UMEIOT Ha BEIXOAE HallpsyKeHHe Bce-
TO AMIIIb B HECKOABKO KHMAOBOABT (0OBIYHO 6 KB). CAepOBaTEABHO, BHA-
Yaae HaTpsiKeHWe OT TeHePaTOPOB HEOOXOAMMO TOBBICUTH AO HYKHO-
ro 3HaueHusa (opueHTUupoBOoUYHO 1 KB Ha 1 kM ADTI) Ha MOBBIIAIOIINX
TpaHcopMaTopHbIX NoAcTaHnugax (ITTII), 3aTeM nmepepaTb ero Ha
HY>KHO€ PacCTOsSIHUe, IIOCAe Yero IIOHU3UTh Ha PariOHHBIX TpaHChOp-
MaTopHBIX nopcTaHnusax (PTTI) ao 6...35 xkB. PTII pacnoaararoTcs Ha
OKpanHaX TOPOAOB MAM Ha KPYITHBIX TPOMBIIIAEHHBIX TPEATTPUSITHASIX.

CeAbCKOX03SIMCTBEHHBIE, CTPOUTEABHBIE OOBEKTHI, JKUABIE KOMII-
AEKCHI, KaK ITPAaBUAO, MCIOAB3YIOT SAEKTPUUYECKYIO DHEPTHUIO Halpsi-
xeHmeM 380/220 B, cHUMaeMyl0 ¢ BTOPUUYHBIX OOMOTOK TpeXda3HbIX
TpaHCHOPMATOPOB MOTPEOUTEABCKUX TPaHC(HOPMATOPHBIX MOACTaH-
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HPOMLIH_IAEHHOCTI:

’_@735 kB :I:

6 kB

PO
& 220...1 150 kB
%@'f”‘ ,1,1/ 0'38 KB
£ ASIT CTpOUTEABCTBO
A (220...1 000 kM) 0,38 KB Ceanckoe

@-,4,4/- I1TII _@ﬁé B XO3SIUCTBO

38 K

IE;TI}[O KB H ZE M- JKunoi

7T KOMIIAEKC
—M—@— T'opoackom
TPaHCIIOPT

Puc. 8.2. Cxema nepefayv 3neKTPO3HEpPruy 0T Npov3BOOUTENEN
K noTpebutensam:

[1TMN — nosbiwatoLwme TpaHcdopmaTopHble NoacTaHuymy; J13M —
nuHUa anekTponepepa4u; PTI — paioHHble TpaHchopmaTopHble
noactaHumu; MTTMN — noTpebuTtenbckne TpaHcqoOpMaTopHble
nogcTaHumm

uuii (ITTTTI), pa3MeliaeMbIX BOAU3U noTpeduTeAreit. OT paliOHHBIX AO
norpebuTeabckux TIT mepepada sHEPTUM OCYIIECTBASIETCS, KakK IIpa-
BHAO, IO AEKTPUYECKUM KabeAdM, IIPOAOKEHHBIM B 3eMae. ['opoac-
KOU TPAHCIIOPT B OOABIIIMHCTBE CAyYaeB HCIOAB3YeT 3HEPIrUi0 MOCTO-
SJHHOTO TOKQ, II03TOMY B IIelIN NTepeAauy SIAEKTPOIHEPTUHM CTOSAT MOIII-
Hble BHIIPSIMUTEAbHBIE YCTPOMCTBA (pHuc. 8.2).

AnnHa coBpeMeHHBIX AT MOKeT AOCTUTraTh HECKOABKUX THICSY
KuAOMeTpoB. [Tpu 3TOM nmoTepu MOIIHOCTH, paBHEIe 10 % mepepaBae-
MOM, HECMOTP4 Ha OIrPOMHBIE AOCOAIOTHBIE 3HAUEHMS, CUMTAIOTCH
AOTTYCTUMBIMU.

Bomnpochl CHUKeHUS IIOTePh SAeKTPOIHEPTUH IIPU NIepepaue U, 0CO-
OeHHO, IIpU NMOTPeOAEHUM BCETAQ CUMTAAWCH BaKHEUIIe HapOAHOXO-
39UCTBEHHOU 3aAauel. B mocaepHee BpeMs, KOIAd YMCAO IIOTpeOuTeAet
SAEKTPOSHEPTUN B IIPOMBIIIAEHHOCTU U B OBITY PAacTeT, & IPOU3BOA-
CTBO 3AEKTPOIHEPTUM pPa3BUBaeTCs DOAee MEAAEHHBIMUM TeMIIaMH, BOII-
POCHI 3KOHOMHUM 3AEKTPOIHEPTUM CTAHOBATCS OCOOEHHO BAa’KHBIMU.

B IPOMBIIIIAEHHOCTH TAAQBHOE BHUMAaHHUE YAEASIETCS MOBBIIIEHUIO
KO3 duIlieHTa MOITHOCTH COS Y, UYTO CBOAUT K MUHUMYMY NTOTPeOAs-
eMYIO NIPEANPHUATHSIMU PeaKTUBHYIO MOITHOCTD, @ TaK)Ke HCIIOAB30Ba-
HUIO COBPEMEHHBIX BHICOKO3KOHOMMWYHBIX TEXHOAOTMYECKUX IIPOIlec-
COB, OOAee COBEepPIIEHHOI'O ¥ MeHee 3HeProeMKoro o00pyAOBaHU,
3aMeHe AaMII HaKaAWBaHUS dHeprocOeperarmliiMi AaMIIAaMU U T. A.

B O®BITY B IIepByIO0 O4epeAb HeOOXOAMMO PAIJMOHAABHO HCIIOAB30-
BaTh OCBellleHUe, IPUMEHITh 3Heprocoeperaroiiie AaMIIbl, a Takke
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COBpeMeHHbIe XOAOAUABHUKY, CTUPAAbHbIE MAUIMHBI, SIA€KTPOIAMUTHI,
TeAre- U PAAMOAIIIAPATypy ¢ O0Aee 3KOHOMUYHBIMU XapPaKTEPUCTUKA-
Mu. [Ilnpokoe IpUMeHEHNE B PSAE CTPAH HAXOAAT YCTPOMCTBA YIIPaB-
AEHUS OCBellleHWeM Ha AeCTHUYHBIX KAETKaxX W B IOABE3AaX MHOTO-
KBapTHUPHBIX AOMOB, oOeclednBalole BKAIOUEHUE CBETUABHUKOB
TOABKO Ha BpeMsl HaXOKAEHUS JKUABIIOB. ONBIT BHEAPEHUS TOAOOHOM!
cucTteMbl B Hamted ctpade B 1980-x rr. ([TporBuHO MOCKOBCKOM OOAa-
CTH) AQA CYLIEeCTBEHHBIE PE3YABTATHI II0 3KOHOMHUU IAEKTPOIHEPTUMN.
YcTaHOBKA B AOMaxX COBPEMEHHBIX €BPOOKOH TAaKyKe HallpaBAe€HA Ha
9KOHOMUIO 3AEKTPUUECTBA, UCIIOAB3YEeMOI'0 B XOAOAHOE BpeMs Ha
000rpeB >KUABSL.

KOHTPOJIbHbLIE BOMPOCHI

1. Kak pensTcs anekTpu4eckne CeTu no BENUHYUHE HanpsikeHns?

2. lNMoyemy 3anpeLleHo CTPOUTENLCTBO JOMOB, A@4HbIX Y4aCTKOB,
CEenbCKOXO3ANCTBEHHbIX KOMMNEKCOB BOHNN3M BbICOKOBOMbLTHbIX
nan?

3. [Hante noHATVE eguHOM 3N1eKTPO3HEePreTUYeCcKon CUCTEMBI.

4. Has0BWUTe OCHOBHbIE MPEVMYLLIECTBA, CBA3aHHbIE C 3KOHOMUEN
3NEeKTPO3HEPrUN B NMPOMbILLIEHHOCTN U B BbITy.



MpunoxxeHns

cbc |

OcHoBHble ANeKTpn4veckmne eguHMLUbI

MPUIIOXKEHUE 1

I/ISMepﬂeMaH BEeAWYHHA

BasoBoe Eaununa nsmMepenus
HaumeHoBaHue O6o3HaYeHne BbIpaxkenue HaumeHoBaHue O603HavYeHne
3apsip SIAeKTpUUeCKUY q — KYAOH Ka
Cwuaa ToKa:
IIOCTOSIHHOI'O I q/t ammep A
IIepeMeHHOTO i i=Aq/At
TTAOTHOCTH TOKA j j=1s amIrep Ha A/m?
KBaAAPaTHBIM MeTp
IToTenmuan ¢ — BOABT B
HanpsokeHue saeKTprdecKkoe:
TIOCTOSTHHOTO TOKa U U=0¢;— ¢, BOABT B
IIepeMeHHOr0 TOKa!
MTHOBEHHOE u u = Up,sin ot
MaKCHUMaAbHOE .
AelCTBylOlllee U 0,707U,,




| Eve

OAEKTPOABIIKYIIASA CUAQ e, e=-AD/At BOABT B
En
E
ConpoTUBAEHNE SAEKTPUYECKOE!
AKTHUBHOE R R=pl/s oM Om
PEeaKkTHUBHOE X, —Xe
IIOAHOE Z Z= m
[TpoBopMOCTSE:
aKTUBHAas g g=R/Z? CUMEHC Cm
peakTuBHast b=X/Z?
TIOAHAsT y y= /g2 +b?
ConpoTUBAEHHE IAEKTPUUECKOe YAeABHOe P — OM-MeTp Om: M
MOIIIHOCTE:
AKTUBHAas P P=UlIcos ¢ BaTT Br
peakTuBHasA Q Q=Ulsing Bap Bap
HOAHAs S S=4P2+Q? BOALT-aMIIep B-A
Yroa caBura a3 Me>KAy HalpsKeHueM ¢ — rpapyc °
U TOKOM
KoaddunuenTt MouiHocTH cos @ cos¢ =P/S - -




Okonuanue npua. 1

e |

I/ISMepHeMaH BeAMYMHA Bazosoe EAI/IHI/IHa nusMepeHus
HaumenoBaHune OGo3HaueHme BbIpaXXeHne HaumenoBaHue OGo3HaueHne

EMkocTh C C=q/U=¢.s/d dapap, )
OAeKTpUYecKas MOCTOSTHHAS £ € =8,86-10""2 dapap Ha MeTp ®/M
ArsaekTpruecKas IPOHUIIaeMOCTh!

abCoAIOTHAS €, £, = €€ dapap Ha MeTp d/™m

OTHOCUTEAbHAs € — — —
EMKOCTHOe conpoTuBAEHUE Xc Xc=1/(wC) oM Om
NBAYKTUBHOCTD L L=vy/I=pw?/I TeHpHu I'u
MarsuuTHasi IIOCTOSSHHAas o U = 47 1077 reHpHU Ha MeTp I'a /m
MarsuTHas IPOHUIIAEMOCTb:

abCcoAlOTHAsST Uy Uy = Mol TeHpHU Ha MeTp T /™M

OTHOCHUTEAbHAs u — — —
WHAYKTUBHOE COIPOTUBACHUE X; X, =oL oM Om
NBAyKIMA MarHuTHas B B=®d/S Tecaa Ta
Hamnps>keHHOCTh MarHuTHas H=B/u, aMIep Ha MeTp A/m
HamarnnunBsaronjast (MarHMTOABUIKYILAsI) F, F,=1Iw aMrep A

CHAQ




YurcAo BUTKOB

w — — _
MarauTHBIN IIOTOK ) Iw/R,, Bebep Bo6
IToTokocIIenAeH1e v dw Bebep Bo6
Hanpsskenne MarHUTHOE U, U, = HI aMIep A
ConpoTuBAEHTE MAarHUTHOE R, R, =1/(1.9) TeHpU B MUHYC '
TIepBOM CTeneHu

Koapdunuent tpanchopmanuu Koy Koy = W/ Wy — —
Cuna SAeKTpOMarHuTHas F,, F,,=c,BIl HBIOTOH H
YacToTa KorebaHUM:

yraoBas ® = 2rf PapuaH B CEKYHAY 1/c

ITUKAMYEeCcKas f 1/T repi, I
[Tepuoa, T — CeKyHAQ c
Yucao map IOAIOCOB p — — —
CuHXpOHHAsI CKOPOCTh n, 60f/p 000pOTHI B 00/MUH

MUHYTY

CKOABXeHHe S (n, — n)/n, — —

| Gvc




MPUIIO>XKEHUE 2

O603Ha4vyeHne KpaTHbIX U A0JIbHbIX eAuHUL,

namepeHmsa
O6o3HavYeHUs O603HaueHUsA
Mnuoxxu- | I'lpucras- AaTHH- MHuoxu- | INpucras- AaTHH-
TeAR Ka (}*,)lee ckue, rpe- || TeAP Ka fg;e CKHe, rpe-
yeckue yeckue
10'? Tepa T T 107! Al A d
10° rura r G 1072 CaHTH c c
108 Mera M M 1073 MUAAT M m
10° KHAO K k 107 MHKPO | MK w
10? TeKTO r h 107° HaHO H n
10! AeKa aAa da 10712 IIUKO I p
MPUTTIOXXEHWE 3
Vneanoe 3NeKTpunyeckoe conpoTtueieHune
M TemnepaTypHbI KO3 uUMEHT CONPOTUBIEHNS
OCHOBHbIX 3JIEKTPOTEXHUYECKUX MaTepuanos
YaeAbHOE Tentmepaty- YaeAbHOE Tesmepary-
OAEKTpHuye- o OAEKTpuue- o
PHBIN KO3(h- PHBIN KO-
Marepuan CKOe COo- Marepuan CcKoe
dureHT dunmueHT
IIPOBOAHUKA IIPOTUBAEC- IIPOBOAHUMKA | COIIPOTHUBAE-
He p' COHpOTI/IB}aXe- Hiie P, COHpOTI/IB{.\e-
On - Mi2/n uust o, 1/°C On - M2/ Hus o, 1/°C
Cepebpo 0,016 0,004 Cranab 0,12 0,006
Meab 0,0175 0,004 MaHraHnH 0,42 0,000006
AAIOMUHUU 0,029 0,004 Koncran- 0,48 0,00004
TaH
Boabsdpam 0,056 0,005 Huxpom 1,1 0,0001
IThaTtuna 0,1 0,004 Dexpann 1,4 0,0002
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TMPUIIO)XKEHUEE 4

CpenHee 3Ha4eHUEe OTHOCUTENbHOM
AN3EeKTPUYECKON NPOHNLLAEMOCTN € OCHOBHbIX

ANEeKTPOoTEXHNYEeCKNX martepuanos

Marepuan € Marepuan €
Bosayx 1 TexcroauT 7
Macao Tparchopma- 2,2 Crexno 8
TOpHOE
Bymara 3,5 Iudep 10
Caropa 5 Cnupr 33
®apdop 6 Boaa 81

MPUINOXXEHWE 5

MpocTaa Hepa3BeTBNeHHasA 3neKTpu4eckas
uenb

ITpumep pacyerta

[MycTb AaHa sAeKTpUYecKas Iellb C IlepeyHeM HeOOXOAUMEBIX Ilapa-
MeTpoB (puc. IT1):

R1:R2:R8:20 OM; R3:R4:R5:R12: 30 OM; R6:R9:R13: 40 OM;
R;=100Mm; E=2B;ry=10Mm.

Hartitu ToK yepe3 pe3uctop R4 1 MOITHOCTB, paCCEUBAEMYIO Pe3u-
cTOopoM R4.

PacueThl BBHIIOAHSIEM B COOTBETCTBUHU C @ATOPUTMOM, IIPUBEAEH-
HBIM B moapasa,. 1.1.3.

Pemenue.

1. OKBUBaAEHTHOE CONPOTUBAEHUE Harpys3km Ol

R,=1/(1/R,+ 1/Ry) + Ry+ 1/(1/R;+ 1/Rg) + Ryy+ Rys+ 1/(1/Rs+ 1/R,+
+1/Rs) + Rg = 10 + 40 + 6,66 + 30 + 40 + 10 + 40 = 176,66 Om.

2. OxBuBareHTHass DAC HMCTOYHMKA ITUTAHUS
E,=E=2B.
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Puc. M1. Cxema npocTon 3nekTpU4eckon uenm

3. DKBUBaAAEHTHOE BHYTPEHHEE COPOTUBAEHME MCTOYHNKA TTUTAHUS
ro,=1/(1/1g+ 1/ ry+ 1/15) = 0,33 Om.
4. TToAHBIV TOK, TTOTPeOAsieMbItt DL,
I=E,/(R,+r1y,) =2/(176,66 +0,33) =0,011 A.
5. TMapeHure Hanps>keHus: Ha pe3uctopax R3, R4 u RS

1
Usys =1 =0,011-10=0,11B.
1/R; +1/R, +1/R;

6. Tok I, yepe3 pesucrtop R4
I,=U; 45/Ry=0,11/30=0,0037 A.
7. MoniHocTh paccesuusi P, Ha pe3ucrope R4

P, =I?R,=0,00372- 30 = 0,0004 Br.

OTBeT

Toxk uepe3 pesuctop R4 paBeH 3,7 MA; MOUIHOCTb PacCesTHUSI —
0,4 MBT.

Ha sToMm pacuetr 3O1] 3aBepiraeTcs, OAHAKO IO IPEAAOKEHUIO IIpe-
TMOAAQBATEAS] UAUM IIPU JKEAAHUM YYaIllecs MOTYT BBIIIOAHUTEH OCTaAb-
Hble ITYHKTHI aATOPUTMA, HallpUMep IPOBEPUTH IPABUABHOCTD pacue-
TOB, UCTIOAB3YsI 3aKOH COXPaHeHUst d9HePTUU Py, = P+ Poyyer!

E3I: 12(R1_2+ Rg+ R7—8 + R12+ R13+ R3_4_5 + RG) + 121'03 = 12R3 + IZI'03;
2:0,011=0,011%(176,66 + 0,33); 0,022 Br=0,0214 Br.

Takum 006pa3zoM, HOIPEHIHOCTh PacyeTa COCTABASIET

(Pucr = (Puorp + Poer)) - 100/ P, = (0,022 — 0,0214) - 100/0,022 = 2,7 %,

YTO BIIOAHE AOITYCTHMO.
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MPWITI0XXEHUE 6

PazBeTBneHHas aneKTpun4yeckaa uenb

ITpumep pacuerta

Ansa OLl, mpuBepeHHOM Ha puc. [12, u3BeCTHBI HOMHUHAABI COIPO-
TuBAeHUU U DAC MCTOUHUKOB NMUTAHUS.

Ha#ty TOKM B BETBIX, UCIOAB3YS METOA KOHTYPHBIX TOKOB.

PacueTs!l BBEITIOAHSIEM B ITOCAEAOBATEABHOCTH, IPUBEACHHON B TIOA-
pasa. 1.5.3:

1) ueptum cxemy OLI;

2) HaHOCUM Ha CXeMe YCAOBHO-IIOAOKUTEAbHbIe HallpaBA€HUSI KOH-
TYPHBIX TOKOB (I}, I;) u TOKOB B BeTBIX (I}, I, L3);

3) UCIOAB3YS MEeTOA KOHTYPHBIX TOKOB, 3allMUCHIBAe€M AAS KOHTYP-
HBIX TOKOB ypPaBHEHUS COTAACHO BTOpPOMY 3aKOoHY Kupxroda. Pemras
YpaBHEHUs, HaXOAUM 3HaUeHUS KOHTYPHBIX TOKOB;

4) HaXOAUM TOKM B BETBSIX B COOTBETCTBMUU C IEPBBIM 3aKOHOM
Kupxroda.

Pemenue

1. DAekTpuYecKas Iellb COCTOUT U3 TpeX KOHTYpoOB. [ToaToMy Arg
ee pacyeTa 110 METOAY KOHTYPHBIX TOKOB COCTABAIEM ABA YPaBHEHUS
COTAQCHO BTOPOMY 3aKOHY Kupxroda AAS KOHTYPHBIX TOKOB [} U Iy

-E,+E,—E,=L (R, +Ry,+ R;+ Ry+R5) — I;; (R4 + Rs);
E,+Eg+E;,—Eg—Es=1I; (Ry+Rs+ Rg+ R; + Rg) — I, (R, +R;).

2. INopcTaBAseM B ypaBHeHUs M3BeCcTHBIe 3HaueHuss DAC u comnpo-
THUBACHUM:

— 1+ AaHo:
_l__: 1] {1
El1= R{=1200m E;=10B

I
" @ R,=1000M E,=12B

RI R4 E4 rs b R3=80 Om
—HF—— R,=500M  E,=20B
E5- TE8 R;=300m  Es=16B
R% @ xg Re=1500M F;=8B
o, L, R;=900M  E;=24B
R Rg=400m  Eg=27B

Puc. MNM2. Cxema pa3BeTBEHHON 3MeKTPUYECKON Lenn
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-10+12-20=1 (120 + 100 + 80 + 50 + 30) — I;; (50 + 30);
20+274+24-8-16=1; (50 + 30 + 40 + 90 + 150) — I; (50 + 30);
47 = 360 IH - 80 II'
3. Pemaem ypaBHeHUs, BbIpakasd IIEePBBIM KOHTYPHBIM TOK depe3
BTOPOM:
I, = (80 I;; — 18)/380; 47 = 360 I;; — (80 I;— 18) - 80/380;
47=3601I;—-168I;+3,8; [;=0,126 A; ;=—0,02 A.

4. BeIUMCASIEM TOKU B BETBSIX B COOTBETCTBUU C TIE€PBHIM 3aKOHOM
Kupxroda:

112112—0,02 A; 122111—1120,146A; 13211120,126 A.
OTBerT

Tok I; = 0,02 A TeueT B HalpaBA€HUHN, OOPATHOM YCAOBHO IIPUHSI-
ToMy, Toku I, = 0,146 A, I; = 0,126 A coBIapaioT IO HaIPaBAEHHUIO C
YCAOBHO TPUHSITHIMMU.

MPUIIOXXEHWE 7

HenvHeiHaa anekTpu4yeckas uenb
ITpumep pacuerta

Ha puc. I'3 nuzobpa’keHa cXxeMa YCUAUTEASd Ha OUIOAAPHOM TpaH-
suctope KT3107b p—n—p-Tuna c pe3aucTopoM B eIl KOAAEKTOpa
R =70 OM u ucrounukoM nuranusg E, = 9 B.

IMpu u. = 0 3a cueT 6a30BOTO AeAUTEAS Rs;— Rgs, B 1leniu Oa3nl Te-
yeT TOK I; = 0,8 MA. B paboueM pe>kume BXOAHOU CUTHAA U, U3MeHS-
eT 0a30BBIM TOK OT 0,2 A0 1,6 MA.

OnpepeAuTh 3HaUueHUe BBIXOAHOTO HampsiKeHus U, 1 KOAAEKTOP-
HBIN TOK [, Ipu U, = 0, @ TakXKe AMANa30H M3MeHeHUs] HalpPs>KeHUs U
TOKa B paboyeM pe’kuMme.

PacueTs! BrITOAHSAEM IpaOaHAAUTUIECKUM METOAOM C HMCIIOAB30-
BaHMEM PEaAbHBIX BOABT-aMIIEPHBIX XapaKTePUCTUK AMHENHBIX U He-
AUHENHBIX 3AeMEeHTOB.

Pemenue

1. M3o6pa>kaeM HeAnMHeNHBIe ylipaBasieMble BAX TpaH3uCTOPa,
B3SThIe M3 CIIPAaBOYHUKA, U OIIPOKUHYTYIO AUHeNHYI0 BAX KoAreKTOp-
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Puc. 3. Cxema ycunutens

HOro pesucropa (puc. I'14). ITocAepHAS CTPOUTCA IO ABYM TOYKAM: XO-
aoctoro xopa E, =9 B u KopoTkoro 3aMblkaHus Iz = E./R, = 9/70 =
=0,129 A. Touku nepecedyeHus BAX TpaH3ucTOpa U ONPOKUHYTOMN
BAX pe3uctopa MO3BOASIOT OIPEAEAUTH 3HaUeHHEe TOKAa KOAAEKTOpa
U BBIXOAHOT'O HAIIPSI>KEHUS.

2. Ana Iy = 0,8 MA HaxXOAUM TOUKY IlepeceueHUs P, Ipoekiusa Ko-
TOPOM Ha OCh TOKOB AQeT 3HaueHHe KOAAEKTOPHOTO ToKa [y = 72 MA,
a Ha OChb HAIIPSIPKEHUU — BBIXOAHOTO Hamnpsikenus U, = 4,1 B.

3. I[pu NOCTYIAEHUU MUHUMAABHOTO 3HAaUEHUS CUTHAaAA U, Ha BXOA
TPAH3UCTOPa, cooTBeTCcTBYMOIIero I = 0,2 MA, BAX nepecekaroTcs B
TouKe B. ITpoeKiug 3TOM TOYKM Ha OCH TOKOB U HAIpS>KeHUM MI03BO-
AsieT onpepAeAuTh I pin = 17 MA U Uy max = 7.9 B.

I, MA
160 ‘
//1,6‘sz
"
140 //
1,4
IK3 /—
\A
IKmax__lzo___
| L—T //_1,2
100 L
[ TN
80 | |—
—
Lo————4 - ——E—— L\ 08
' y PIN
60 i | NC 06
/L/ : \ '
I N
40 i I \\ 0,4
I
|
I .. __20_ _/r__________J'________ \ - =02 MAl
K min T] . Bﬂ: 6= UM
' |
' : ' Ueo, B
0 :1 2 3 4 5 6 7 P E,=910
|
UBI:IX min UBHX 0 UBH)I( max

Puc. MN4. BonbT-amnepHble xapakTepUCTUKN TPaH3UCTOpPa W Konnek-
TOPHOro pesncTopa
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4. I'lpu HOCTYIIA€HUM MAKCUMAABHOTO 3HAUEeHHUS CUTHAAA U, Ha BXOA
TPaH3UCTOPa, COOTBETCTBYMOIIero I = 1,6 MA, BAX nepecekaioTcs B
Touke A. [Tpoeknusa 3TOM TOYKM Ha OCU TOKOB U HAIPS>KeHUM II03BO-
AsieT onpeAeAuTh I . = 118 MA 1 Uy min = 0,8 B.

OTrBeT

[Tpu OTCYTCTBUU BXOAHOT'O CUTHaAa TOK KOAAEKTOPA paBeH 72 MA,
a BBIXOAHOe HamnpsyxkeHue — 4,1 B. Ilpu 3aAaHHOM BXOAHOM CUTI'HAAE
TOK KOAAEKTOpa u3MeHsieTca oT 17 po 118 MA, a BRIXOAHOe HalIpsKe-
uue — ot 7,9 po 0,8 B.

MPUIOXXEHUE 8

Sl'leKTpI/I‘-IECKaH uernb nepemMeHHOro Toka

ITpumep pacuyera

B y3ea a (puc. I15, a) BTeKarOT TP CUHYCOUAAABHBIX TOKA OAHOU
YaCTOTHl M OAWH BBITEKaeT. V3BeCTHBI MTHOBEHHBIE 3HAUeHUS BTEKa-
IOIIUX TOKOB:

i, = 3 sin(ot + 30°); i, = 4 sin(ot — 45°); iy =5 sin(ot + 150°).

OnpepeAuTh MTHOBEHHOE 3HaUeHUe BBITEKAIOIero ToKa [ U IMoKa-
3aHUS aMIlepMeTpa SAEKTPOMArHUTHOU CUCTEMBIL.
PacueT BBITTIOAHSEM C TOMOIIBIO BEKTOPHBIX AMArpaMM.

Pemenue

1. BeibupaeMm macmtad TokoB m; = 0,1 A/MMm.

i

iz a

i3

a

Puc. M5. VYaen anekTpuyeckon uenn (a) u BekTopHas anarpamma To-
koB (6)

252



2. CtpouM TonorpadnyecKyio BeKTOPHYIO AMarpaMMy TOKOB, OT-
KAQABIBASd BEKTOPHI OT TOPU30HTAABHOU OCH IIOA COOTBETCTBYIOUIMMU
yraamu (puc. I15, 0).

3. CoepMHUB HAUaAO MEPBOTO BEKTOPA C KOHIIOM IIOCAEAHETO,
CTPOMM Pe3yALTHUPYIOMIUI BEKTOP I, OTIPeAeAsieM ero AAMHY (42 MM) —
aMnAumygHoe 3HaueHUe pe3yAbMUpPYHoWero mokd, MOASIPHBIN yToA
(40°) — yroa cgBura ¢pas Mexxgy MOKOM U HANPSKeHUeM U 3allUChbIBa-
€M BBIpa’KeHHe AN MTHOBEHHOI'O 3HAQUeHUS BBITEKAIOIEero TOKA:

i=m; 42 MM - sin(wt+40°) =0,1 A/Mm - 42 MM - sin(of + 40°) =
= 4,2 sin(mt + 40°).

4. AMmiepMeTp, BKAIOYEHHBIN B BETBb C BBITEKAIOUIUM TOKOM I,
TIOKa’keT AeHCTBYIOIee 3HaueHwe Toka I = I,/ J2 =297 A.

OTrBerT

MrHoBeHHOEe 3HaueHMWe BBITEKalollero Toka i = 4,2 sin(wt + 40°),
amMIIlepMeTp IIOKa’keT AeNCTBYyIOlllee 3HaueHUe Toka [ = 2,97 A.

MPWITI0XXEHUE 9

[acsawaa eMmKocTb

ITpumep pacyerta

AamIly HaKaAMBaHUs C napamerpamu U,,s = 36 B u P = 40 Bt He-
00XOAUMO BKAIOUUTH B ceTh HanpsokenueMm U = 220 B uactoTott 50 I'11.
B KauecTBe racsiiero CONpOTUBAEHUS UCIOAB30BAaTh KOHAEHCATOP.
OnpepeAuTb eMKOCTb U pabouee HaNpsyKeHNe KOHAeHcaTopa.

Pemenue

1. BeraucassieM paboumii TOK, IPOTEKAIOIIUN Yepe3 AaMITy, YUUTHI-
Basl YACTO AKTUBHBIA XapaKTep HArpy3Ku (cosQ = 1): [ = P/ Uy, =
=40/36 = 1,1 A.

2. BeruucasieM moaHoe compoTuBAeHme Oll, cocTosiieit u3 mo-
CAEAOBAaTEABHO BKAIOUEHHOTO KOHAeHcaTopa U Aamnbl: Z = U/I =
=220/1,1 = 200 Owm.

3. Berancasiem conpotuBAeHue AAMIbL R, = Uys/1=36/1,1 = 32,7 Om.

4. VI3 TpeyroAbHUKA COIIPOTUBAEHUU ONIpeAeAdeM 3HaueHHe eMKO-

CTHOTO CONPOTHUBACHUS: X =,/Z%—R? =197 Om.

5. N3 BeIpakennst X = 1/(wC) HaXOAUM €MKOCTH KOHAEHCATopa:
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C=1/(wXc) = 16,1 Mx®.

6. Pabouee HanpskeHme KoHpeHcaTopa Upr = X[ = 197-1,1 =
=216,7 B. BeiGupaeM KOHAEHCATOP C OAMKAMIIUM OOABIINM PaboduM
Hanps>keHuem 250 B.

OTBeT

YTOoOB! TOTACUTH UBAUIIKYU HATIPSI)KEHUST, HEOOXOAUMO TTOCAEAOBa-
TEeABHO C AAMIIOM HaKaAMBAHUS BKAIOUUTH KOHAEHCATOP €MKOCTBIO
16 Mmr® n paboumm HampsokeHueM 250 B.

MPUIIOXXEHUE 10

SJ'IGKTpI/I'-'IeCKI/Ie n3avepeHunsa

ITpumeps pacyeTra
H3mepenue 3HauumenbHOro moKa HECKOAbKUMU aMnepMempamu

B cers HanpsxenueMm 220 B BKAIOUeH HarpeBaTeAb MOIITHOCTHIO
P = 3 xBT. B nporjecce UCHbITaHUN HEOOXOAUMO KOHTPOAUPOBATH TOK,
nporekaroui B L] ¢ HarpeBaTeaeM. B rabopaTopun UMeEIOTCS YEThl-
pe aMIepMeTpa C OAHOM U TOM >Ke HOMMHAAbHOM BEAWYMHOMN TOKa
Iiow = 5 A, HO Pa3AWYHBIMU BHYTPEHHUMHU COIPOTUBAEHUSMU: I =
=0,15 OMm; r,= 0,18 Om; r3= 0,16 Om; r,= 0,2 Om.

Kak u cKOABKO NpUOOPOB HAAO BKAIOUUTH B Ilellb M KaKoe 3Haue-
HIUe TOKa Ka’KABIM M3 HUX ITOKa)KeT?

Pemenue

1. Beramcasgem TOK, moTpebasieMbli HarpeBaTeaeM: I = P/(Ucos @) =
=3000/(220-1) = 13,64 A.

2. AAS U3MepeHUsd INOAYYeHHOIO 3HaueHUs TOKa TPeOYyIoTCS 110
KpalHel Mepe TPU BKAIOUEHHBIX ITapaAreAbHO aMnepmeTpa. OAHAKO,
YUUTHIBasl 3HAUUTEABHBIM pa3zbpoCc UX BHYTPEHHUX CONPOTUBAEHUY,
BKAIOUUM B IIellb Bce UeThipe mpubopa (puc. I16).

3. BeruncasieM 5KBUBAA€HTHOE CONIPOTHBAEHUE BCeX BKAIOUEHHBIX
napasreAbHO amiepMmerpos: r,= 1/(1/r+ 1/r,+ 1/13+ 1/r,) = 1/(6,67 +
+ 5,56 + 6,25 + 5) = 0,043 Om.

4. BeluncasieM NajpeHUe HaINpsKeHUs Ha aMIlepMeTpax OT TOKa,
IpoTeKalolero yepe3 HarpeBaTeAb: Uy = 1.1, = 13,640,043 = 0,58 B.

5. I'Top AeMicTBHEM 3TOTO HaPsSKeHHUs B KaXKAOM aMIlepMeTpe IIpo-
TEeKaeT TOK, OOPATHO NPONOPIUOHAABHBIN €TI0 BHYTPEeHHEMY COIIPO-
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Puc. MNB6. Cxema n3amepeHus Toka
HECKOMNbKUMUN aMnepMeTpamMm

-220B % [] Ry

TuBAeHUIO. [loaToMy mepBbItt ammepmeTp Al mokakeT ToK [} = U,/ =
=0,58/0,15 = 3,87 A, BTOopoit A2 — 3,22 A, Tpetutt A3 — 3,62 A, uet-
BepThIi A4 — 2,9 A. B cymMMe Bce 4yeThIpe amMIlepMeTpa HNOKaXyT
13,62 A, 9¥TO IpPUMEPHO COOTBETCTBYET PacCueTHOMY 3HAaueHMIO TOKa.

OTrBerT

AAst u3MepeHus: MOTpebAIeMOTo HarpeBaTeAeM TOKa 3HauyeHUueM
13,64 A 1meanecoo6pa3HO BKAIOUMTH TTAPAAAEABHO YeThIpe aMIepMeTpa.
Bce BMecTe OHU ITOKa)XyT TOK, OAU3KNUA K PACYETHOMY, HO Ka’KABLI 13
HUX IIOKa>keT CBOe 3HaueHHe, 3aBHUCsINee OT BHYTPEHHEro COIPOTUB-
AeHUud npudopa.

Pacwiupenue npegeAoB uzmepeHUsl 3IAeKMPOMEXAHUYECKUX
u3zmepumeAbHbLX NPUGOPOB

B rabGopaTopuu SIAEKTPOTEXHUKH Ha CTEHAAX MCIOAB3YIOTCS MHO-
romnpeAeAbHbIe TPUOOPHE MAarHUTOIAEKTPUUYECKOU CUCTEMBI: BOABT-
MeTp C MaKCHUMaAbHBIM TOKOM [y = 30 MA BHYTPEHHUM COIPOTUBAE-
HueM Ry = 20 OM ¥ MHUAAMAMIIEPMETP C MaKCUMaAbHBIM TOKOM I, =
=20 MA BHYTpPEeHHUM cONpOTHUBAeHUEeM R, = 15 OmMm.

PaccuntaTh COMPOTUBAEHUS AOOABOUYHBIX PE3UCTOPOB AASI BOABT-
MeTpa, obecneunBaONIUNX TPU AMANa30Ha U3MePeHUs HaIMpsS>KeHUM!:
U, =30 B; U, = 150 B; U; = 300 B, a Tak’ke COIPOTUBAEHUS IITYHTOB
AAST MUAAMAMTIEPMETPA, 00ECIIeunBaloIIUX TPU AMalla30Ha U3MepeHun
ToKOB: I} = 100 MA; I, = 500 MA; I; = 1000 MA.

Pemenue

1. Aob6aBoUHBIE PE3UCTOPHI BKAIOYAIOTCST TTOCAEAOBATEABHO C BOAB-
T™MeTpoM (puc. IT7, a). AAs pacueTa COIPOTUBAEHUS IIEePBOTO A0OABOY-
HOTO Pe3mCTOpa MOJKHO BOCIOAB30BaThCS BEIpakenmeM R; = U,/Iy —
— Ry, BTOPOTO — R, = Uy/I}y — (RYy + Ry) U T.A. B aTOM cayuae R, = 30/
/0,03 — 20 = 980 OM; R, = 4 kOM; R; = 5 kOm.

2. AASl BBIUMCAEHUSI COIPOTUBAEHUS IIIYHTOB K MUAAUAMIIEPMETPY
(puc. [17, 0) ompeapensgeM IapeHUe HANPS)KEHUd Ha CaMOM ITpudope
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R1 R2 R3

30B 150B 300B

a

Puc. 7. CxeMbl BKIOYEHWA OOMNOMHUTENBHbIX PE3UCTOPOB ANA
BonbTMeTpa (a) u wyHToB AnA amnepmeTtpa (6)

Ipu MakKCUMaAbHOM TOKe, T.€. IPU MaKCUMaAbHOM OTKAOHEHUU
crpeaku npubopa: Uy = LR, = 0,02 15 = 0,3 B. I[TOCKOABKY 3TO Hamps-
>KeHUe AOAKHO OBIThb M Ha IIYHTe, OIpeAeAsieM COIPOTUBAEHUE
LIIYHTA AAS TIEPBOTO AManiazoHa o popmyae R = U /1y = U/ (I — 1) =
=0,3/(0,1 — 0,02) = 3,75 OM. AHaAOTUYHBEIM 0OPa30M BBIUMCASIEM R, =
= 0,63 OM; R,;3 = 0,3 Om.

OTBeT

AAST paciipeHUus TPEeAeAOB M3MEPEeHUs W CO3AaHUS MHOTOIIpe-
AEABHBIX TPUOOPOB MOT'YT UCIIOAB30BATHCS AOTIOAHUTEABHBIE PEe3UCTO-
pul (compoTtuBaenueM 0,98 kKOMm; 4 kKOwM; 5 KOM), BKAIOUAEMBIE TTOCAe-
AOBaTEABHO C BOABTMETPOM, W WIYHTHI (COmpoTuBAeHHeM 3,75 OM;
0,63 Owm; 0,3 OmM), BKAIOY@eMBle NTapPAaAAEABHO aMIIepMeTpy.

MPUIIOXXEHUE 11

MapannenbHbiii Kone6aTenbHbIN KOHTYP

ITpumep pacuyera

AIOMHUHEeCIIeHTHbIE AAMITbl BKAIOYAIOTCSI B CETh C IIOMOIIBIO ITYCKO-
peryaupytoiet annapaTtypsl (ITPA). OcHOBY ee cocTaBAsIET APOCCEAD
Ap, BKAIOUaEeMBIN TTOCAEAOBATEABHO ¢ Aammon A (puc. I18, a). TToaTo-
MY MHAYKTHBHASI COCTABASIONIAs TOKa 3HAaYUTEAbHA W KO3(MPUIIUEHT
MOTITHOCTH COS () HEBEAWK. AAS TIOBBIIIEHUST KOI(PPUITUEHTa MOIITHO-
ctu B coctaB [TPA BBOAAT KoHAeHcaTOp C.

BbIuMCcAUTL 3HaUueHHe eMKOCTM KOHAEeHcaTopa, obeclieunBaloliliee
noBwIIeHre cos @ Ao 0,95, ecam apocceab mapku L13.813H aas
KOMMAKTHBIX AIOMHHECIEHTHBIX AaMII MOMTHOCTBEIO P = 40 BT umeer
cos ¢ = 0,42.

PacueT BEITIOAHSIEM, UCTIOAB3YS TPEYTOABHUK MOIIHOCTEN (puc. I18, 6).
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Qc

QCK

Puc. M8. K pacyety KoahduymeHTa MOLLHOCTH:

a — cxema BKII0YeHWs namnbl; 6 — TPeyronbHWK MolyHocTen; ST —
namna; [p — gpoccens; C — koHpeHcaTop; A, — peakTusHan
MOLLHOCTb, NoTpebnsaemas gpoccenem; Q; — peakTUBHAA MOLLHOCTb,
noTpebnaemas koHAeHcaTopoM; Q,, — CKOMMEHCUpoBaHHas
peakTUBHaa MOLLHOCTb; S; 1 S, — NonHas MOLHOCTb A0 U nocne
KOMMEHCALMUN; @p, U Qg — YNkl GABMra thas Mexay TOKOM W
HanpsXeHrem [0 1 nocne KomneHcauuu; P — akTMBHAaa MOLLHOCTb

Pemenue

1. I3 TpeyroAbHMKA CAEAyeT

QC = QAp - QCK = P(tg(pAp _tg(pcx) =
=P((sin@,, /cos Qpp) — (SINP /COS Py )) =

=P((\/1—cos®@,, /cos ¢,,)—(\[1-cos® @ /COS Q) =

=40(2,16-0,33)=73,2 Bap.

Takum 00pa3oM, KOHAEHCATOP AOAJKEH OTAABaTh PEaKTUBHYIO
MOIITHOCTb Qr = 73,2 Bap.

2. BeramcasieM eMKOCTh KOHAEHCATOpa IIpu paboueM HalpsyKeHUU
U = 220 B, NOAB3y4Ch BBEIpakeHHEM

Qc=U%Xq=U?(1/(wC)) = U?wC.

U3 nero caepyer, uto C = Q-/U?m = 73,2/(220% 314) = 0,0000048 @ =
= 4,8 MKOD.

OTBeT

AAnsT yBeAmdeHMs KO3 PUIIHEeHTa MOITHOCTH ITyCKOPETYAUPYIOIen
amnmnapaTypbl TapaAAeAbHO UCTOYHUKY NMUTAHUS HEOOXOAUMO BKAIO-
YUTh KOHAEHCATOP eMKOCTBIO 4,8 MKO.
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MPUITIOXXEHUE 12

Tpexdra3Haa anekTpuyeckas Lenb

IMTpumep pacuyera

TpexsTa’KHBIM 3aTOPOAHBIN AOM IIUTAETCS OT TPeX(a3HOIo TPaHC-
dopmaTopa ¢ AMHeNHBIM HamnpskeHueMm U, = 380 B. [Tpu sTom BCiO
Harpy3Ky (OCBeTUTeAbHbIe IPUOOPHI, SAEKTPOIAUTEI, HarpeBaTeAbHbIE
npubOpHl, BUAEO- U PAAMOANIIapaTypa, Apyrad dAeKTpoalnapaTrypa
«YMHOTO AOMa») MO>KHO CYUTATh YMCTO aKTUBHOM.

[TepBBIN 3Ta’K HOAKAIOUEH K pa3ze A U MOTpeOAgeT MOIIHOCTG P,
=8,8 kBT.

Bropoii aTaxk mopkAto4YeH K aze B U norpebasieT MOLTHOCTH Py
=4,4 xBT;

TpeTtuit sTak MopAkAtoueH K daze C U MOTpPebAIeT MOITHOCTL P, =
=2,2 kBrT.

OnpepeAuTh TOK B HEUTPAABHOM IIpOoBOAe [,y U ONEHUTh, 4YTO
IPOU3OUAET IIpU OOPBIBE HEUTPAABHOI'O IIPOBOAA.

Pemenue

1. Boiuncasiem pasuble HanpskeHus: Ug, = U,/~J3 =220 B.
2. BeruncasgieM pa3HbIe TOKU, YUYUTHIBAS YMCTO aKTUBHBIU XapaKTep
Harpy3Ku:

I,= P,/Uy=8800/220 = 40 A;
I,= P,/ Uy = 4 400/220 = 20 A;
I,=P./Uy=2200/220=10 A.

3. CTpouM BEKTOPHYIO AMarpaMMy (pa3HBbIX HANPSPKEHUHA U TOKOB,
npuHAB MacinTad TokoB m; = 0,7 A/Mm (puc. T19).

4. B cooTBeTCTBUM C IepBLIM 3aKOHOM Kupxrodga AAS TOUKHU n
CTPOUM TOHOTPaUUECKyIO0 AMarpaMMy TOKOB U OIPEAEAsieM TOK B
HeUTpaArbHOM TpoBoae: I, = m;- 40 mm = 0,740 = 28 A.

OTBeT

B HelitparbHOM TpoOBOAe TeueT TOK I, = 28 A. [1pu oOpbIBe HEUT-
ParbHOTO TIPOBOAA MTPOM30UAET «mepeKoc» a3 M HeWTpaAbHas TOU-
Ka IpUeMHUKA CMECTUTCS B HAIPAaBA€HUU BEKTOpa ToKa [,. DTo mpu-
BeAET K TOMY, YTO HaNps>keHUe Ha dpa3e A yMeHBIIUTCI U AAMIIBI
OYAYT CBeTUTh CcAabo, a HanpsikeHue Ha asze C pe3Ko BO3pacTeT U
A@MIIBl, CKOpee BCero, Neperopsrt.
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Puc. M9. BekTopHas guarpamma HanpsixeHun 1 TOKOB

MPUIOXXEHUE 13

Anroputm pacyeta Tpexdpa3zHon TpexnposogHown 3L
C HECUMMETPUYHON Harpy3Koi, BKJIKOYEHHON

3Be3aon

1. Ilo 3aganHpiM AVMHEMHOMY HalpsKeHUto U, 1 Harpys3ke B dasax
(Kak TmpaBUAO, aKTUBHOU R, R, R.) METOAOM MOCAEAOBATEABHBIX ITPU-
OAMDKEHUH C IIOMOIIBI0 BEKTOPHOU AMArpaMMBl HANPSPKEHUU U TOKOB
(yauteiBasi, uTo I, =1,+1,+1, =0) MOKHO OTPEACANTHh HATpSKeHUe
cMellleHus HeMTpaau U,y U okupaeMble (pa3Hble HANpPS>KeHUsS Ha
Harpyske U, U, U..

ITpm 5TOM NOAE3HO YUMTEIBATh, UTO HEUTPAAbHAS TOUKA I CMellla-
eTcsd B 00AACTh, OTPAHUYEHHYIO BEeKTOpaMH (Pa3HBIX HANPSIKeHUN C
HAUMEHBIINMHU COIPOTUBAEHUSIMHU.

[TycTs Aa@HA TpexmpoBoApHas OLl] ¢ pa3AMYHON AAMIIOBOM HArpya-
KoM B pazax (puc. 110, a). HeobxopuMo onpepeAuTs ha3Hble Hampsi-
KeHUsl Ha Harpy3kKe.

PacyeTsl BEIIOAHSEM B TaKOU MOCAEAOBATEABHOCTH:

1) ctpouM B MacuiTabe my 3Be3Ay (Da3HBIX HAIPSKEHUU reHepa-
topa U, = Uy= U = U,//3 (puc. 110, 6);

2) BBIOMpaeM IOAOKeHUe TOUKM N U, COEAMHUB ee C ToukKaMu A, B,
C, HaXOAUM IIpeABapUTeAbHBble 3HaueHUsI (Pas3HBIX HANPS)KeHUM Ha
Harpyske U, U, U,

3) Beruucasiem ¢asusie Torku I, = U,/R, I, = U,/R,; I. = U./R. n
CTPOMM B MacInTabe m; BEKTOPHYIO AMarpaMMy TOKOB;
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a 9

Puc. M10. TpexnpoeofgHas TpexdgasHaa 3L ¢ HecMMMeTpuyHon
Harpyskom:

a — cxema 3L; 6 — BexkTOpHas AgvarpamMmma HamnpsKeHWn u TOKOB

4) mpoBepseM, BLITOAHsSIEeTCSI AU paBeHCTBO I, + I, + I. = 0. Ecan
OHO HEe BBIIIOAHSAETCS, IIEPEeHOCHUM TOYKY N B APyroe MeCTO U BHOBbB
TIOBTOPSIEM OMMCaHHBIE AeMCTBUS. Koraa paBeHCTBO BBIIOAHEHO, CO-
epMHSIeM TOUKYy n ¢ N M OlpejpeAsieM HallpsyKeHHe CMellleHUs HeMT-
paau U,y 1 (ha3Hble HaNpssKeHud Ha Harpyske U, U, U..

2. TTo noAyueHHbIM 3KCnepuMeHmaAbHO Pa3HBIM HanpsxeHuaMm U,
U, U., dazssM TOKaM [, I, I. 1 AuHeHOMY HanpsKeHUto U, BEKTOp-
HBIe AAaTPaMMBI AASI HECUMMETPUYHOM aKTUBHOM HArpys3kKu B dasax
MOTYT OBITH IIOCTPOEHBI B TAKOM MOCAEAOBATEABHOCTH!

1) u3 Touku N B MacmTabe my; CTPOUM 3Be3Ay (DAa3HBIX HAIpPsKe-
Huu reseparopa Uy, Ug, Ug;

2) gas mpexpoBOgHOU AMHUU U3 ToueK A, B, C B TOM >Xe MacIlTa-
Oe 3aceyKaMU C IIOMOIIBIO IIUPKYASI OTKAQABIBAEM 3HadeHUs (Ppa3HBIX
Hanps>xeHun npuemuuka U, U, U, n HaXOAUM HEUTPAABHYIO TOUKY
nprueMHuka n. CoepAuHUB TOYKU n U N, IOAyYaeM BeKTOpP HallpsiKe-
HUS CMellleHud HeHTparu U, y;

3) B Macirtabe m; U3 TOYKU N CTPOMM BEKTOPHYIO AMarpaMMy das-
HBIX TOKOB [, I, I.. VIX reoMeTpudeckas cymMMa AOAKHA OBITH paBHA
HYAIO; (AAS aKTUBHOW HArpy3KH BEeKTOpP (Ppa3HOrO TOKAa COBIIAAAET IO
HaIPaBAEHUIO C BEKTOPOM (DA3HOTO HANPSIKeHUI.)

4) gas uempipexnpoBogHoU AMHUY U,y =0, T.€. TO4Ka N COBIAAa-
eT ¢ Toukou N. IToaTOMy BEKTOPHYIO AMarpaMMy TOKOB B MacliTade
m; ctpouM u3 Touku N. 'eomMeTpuyeckas cyMMa TOKOB B 3TOM CAydae
onpepeAsieT BEeAMYNHY TOKa B HEUTPAaAbHOM IpoBOAe [,. [Tpu cumMmer-
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PUYHOM Harpy3kKe 3Ta CyMMa paBHa HYAIO, @ IpM HECUMMeTPUUYHOM
TOK B HEMTPAAbHOM IIPOBOAE HE paBeH HYAIO U MOJKET OBITh HalAeH
II0 BEKTOPHOU AMarpaMme.

MPUIIOXXEHVE 14

Pacuet marHutHom uenu 3NeKTpomMmarHiuTta

ITpumep pacyerta

PaccunTaeM 5A€KTPOMArHuUT, KOHCTPYKTHBHAs cXeMa KOTOPOIo
npuBepeHa Ha puc. IT11, a. Ha puc. IT11, 6 mokazaHa 3aBUCUMOCTH
MarHuTHOM MHAYKIMU B OT HAIpSI>KeHHOCTHU MArHUTHOTO ITOAd H AAA
ABYX MaTe€pPHUAAOB, UCIIOAB3YEMBIX B KOHCTPYKIIUM 3AEKTPOMAarHuTa.

AaHBI TIAOIIIAAU CeYeHUs, AAUHBI U MaTepuaA TpexX peppoOMarHuT-
HBIX Y4aCTKOB:

S;=2-10°m2% 1;=3-10%2 M — mMarepnan D42;
S,=10"°m? I,= 2102 M — maTepuaa 3310;
S3=6-107° M2, I;= 1072 M — MaTepuan D42
U ABYX BO3AYITHBIX:
pabouero S, ,=2-10"m? §,,= 107 »;
TEeXHOAOTHYeCcKoro S,,.=6-10"m2 8, = 1074 M.

3apaH MarHUTHEBIN moTok @ = 1,6 107 B6.

B, Ta
Slv 11 SB,pv 813.p ‘
16 3310
1,2 -
Syl D42
0.8~
04l
Sy 1 | /
3 0 200 600 1000 1400 1800 H,A/m
a o6

Puc. M11. KoHcTpykTBHaa cxema anektpomarHuTa (a) n Kpusble
HamMarHu4MBaHua maTepuanos cepgedHuka (6)
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BurumcAUTE, HaMarHUYUBAIOIMIYIO CUAY, 00€CIIeUMBaIOIyI0 3aAaH-
HYIO BEAWUMHY IIOTOKA, ¥ dIAEKTPOMATHUTHYIO CHUAY, AEUCTBYIOIIYIO Ha
SIKOPb B UCXOAHOM COCTOSTHUH.

Pemenue

1.Beiuucasiem UHAYKIWIO Ha KaKAOM ydaCTKe MArHUTOIIPOBOAA:

B;=®/5,=1,6-10°/(2-10°)=0,8 Ta; B,= 1,6 Ta; B; = 0,27 Tx;
B, ,=0,8Ta; B,,=0,27 TA.

2. HaxopuM 1o rpaduky (cM. puc. [111, 6) arga deppOMarHUTHBIX
YYaCTKOB HAIPSI>KEeHHOCTU:

H, =270 A/m; H,=2000 A/m; Hy=70 A/m.
A]\}I BOSAYH_IHI)IX Y‘-IaCTKOB HaHpH}KeHHOCTI/I
H,,=810°B,,=8-10°0,8 = 6,4 10° A/m; H,,=2,16- 10° A/m.

3. Boruncasiem IMaA€HUA MATHUTHOTO HAIIPS>KeHUs Ha OTAEABHBIX
Y4aCTKaX MArHUTOIIPOBOAAQ:

Hyl,=270-3-102=8,1 A; Hyl,= 40 A; Hyl; = 0,7 A; H, 5, , = 640 A;
H,,5,,=216A.

4. BrlunicAasieM B COOTBETCTBUU C 3aKOHOM IIOAHOTO TOKa cyMMap-
HYIO HAMATrHUYUWBAIOIIYIO CUAY, O6eCHeTII/IBaIOU_IYIO 3dAaHHOe 3Hayie-
HHe IIOTOKaA:

Iw=Hl, + Hyl, + Hyly + H, 8, , + H,,, 8, , = 710,4 A,
5. BEIuncAsIieM 9AEKTPOMArHUTHYIO CUAY, ACHCTBYIONIYIO Ha SIKOPB!
Fo = (Iw)%, pMoSa p/ (287 ) = (H, 8, ) oS,/ (287 ) =
=640%41-10-7-2-107°/(2-107%) = 5,14 H.
OTBerT

PacueThl 3aA@HHOTO dAEKTPOMArHuTa MOKAa3bIBAlOT, YTO KOHCTPYK-
THUBHAsl CXeMa, pa3Mephbl OTAEABHBIX YYaCTKOB MArHUTOIIPOBOAA U UX
MaTepuaa BBIOpAHBI I'PAaMOTHO, TaK Kak IpakTudecku 90 % Bceill Ha-
MarHU4YMBAIOIIed CUABl COCPEAOTOUYEHEI B BO3AYIIIHOM paboueM 3a30-
pe, 4TO IIO3BOASET IMOAYUYUTH BBICOKUM KIIA ¥ 3HQUUTEABHYIO JAEKT-
POMarHuTHYIO CHUAY.
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MPUIIOXXEHUE 15

Beinpamutens

ITpumep pacuerta

AAst paboTHl ABUTaTeAs mocTogHHoro Toka AIIM-30-H2 ot mpo-
MBIIIIA€HHOU ceTu HanpsikeHueM 220 B u wactotoit 50 I'1 ncroAb3y-
€TCs BBIIPSIMUTEAb. ABUTATEAb C BO3OY>KAE€HHEM OT ITOCTOSTHHBIX Mar-
HUTOB UMEET CAEAYIOIINEe OCHOBHBIE dAEKTPUYECKHUe IapaMeTpsl: U, =
27 B; I,= 0,7 A.

HeobxopuMO BBIOpATh CXeMy BBIIPSIMHUTEASI W PACCUUTATh OCHOB-
Hble ero dAeMeHTHI.

Pemenue

B A@aHHOM CAydae AAS IMTAHUS ABUTATEAS AOCTAaTOUHO UMETh AUIIh
ABa dAeMeHTa: TpaHCPOPMATOP U BEHTHUAB. DTO CBA3aHO C TeM, UTO
AOCTQTOYHO BBICOKAS YaCTOTA ITYAbCAIIMU NMPAKTUYEeCKU He OKa3blBa-
€T BAUSHUSA Ha paboune XapaKTepPUCTUKU ABUTATEAs, KOTOPHIM pearu-
PYeT AHWIIL Ha CPDEAHEe BBIPSMACHHOE HamlpskKeHue U, .

Hcxops U3 XapaKTepUCTUK ABUTATeAs, BbIOMpaeM B KauecTBe BeH-
TUASL BRIIPAMUTEABHBIN OAOK cepuu KLI402 ¢ MOCTOBOM cxeMoM coepu-
Henus u napamerpamMu Uygy max = 100 B, I oo = 1 A, Cam aApurarenb
MO>KeT OBITh BKAIOUEH HEIIOCPEACTBEHHO B AMArOHAAb MOCTA C ITyABCHU-
PYIOLIMM HAIps>KeHWeM, B TO BpeM4d KaK BTOpasl AMaroHaAb ITOAKAIOYA-
eTcsl K BTOPUYHOM 0OMOTKe TpaHcdopmaTopa (puc. 112).

[TOCKOABKY AAST ABYXIIOAYTIEPHMOAHOTO OAHO(A3HOTO BHIIPSIMUTEAS
Uucp = 0,9U,, peticTByIOllee HATIPSKeHWE Ha BTOPUYHOU OOMOTKe
Tpancdopmaropa U, = U, ,/0,9 = 27/0,9 = 30 B.

TakuM 06pa3oMm, AA pabOTHI BRITPSIMUTEAST HEOOXOAUM TpaHCcdOp-
MaTOp C HNepBUYHBIM Hamps>kenuem U; = 220 B u BropuunsiM U, =
=30 B.

~200B

Puc. M12. Cxema BbINpaMUTeENa ans
OBUraTens NnocTosiHHOrO TOKa




HoMuHaabHas MOIIHOCTHL TpaHcdopmaropa P, = U, I, = 30-0,7 =
=21 Br.

OTBeT

AAst pabOThI ABHUTAQTEAS IIOCTOSTHHOTO TOKa OT UCTOYHUKA IIepeMeH-
Horo HanpskeHus 220 B meaecooOpa3Ho UCHOAB30BATh OAHO(A3HBIN
ABYXIIOAYTIEPHUOAHBIM BBIIPSMUTEADb, COCTOSIINN U3 BBIIPSIMUTEABHO-
ro 0nroka cepum KLI402, paGoTaroiiero B KOMIIAEKCE C TpaHChopMa-
TOPOM, BTOPUYHOE HaIpsKeHUe kKoroporo U, = 30 B.

MPUIIOXKEHWE 16

Yecunurtens

ITpumep pacuyera

OneparnuoHHBIN YCUAUTEAD C BXOAHBIM PE3UCTOPOM COIPOTUBAE-
HueM R, = 20 kOM nmeeT Koa3(ppuiueHT ycureHuda K; = 100 000. Ara
YCUAEHHUS CUTHAAOB C AQTYMKA AABAEHHUS AOCTATOYHO MMETh YCHUAU-
TeAb ¢ KoaddunuenToM ycureHuss 1 000. Mo>KHO AW HCIOAB30BaTh
UMeIoUMNCS ONlePalluOHHBIM YCUAUTEAD U UTO AASI 3TOTO HEOOXOAUMO
CAEAATh?

Pemenue

Ha pwuc. IT113 npuBepeHa cxeMa OIepPallMOHHOIO YCUAUTEAS C 00-
patHOM cBA3bI0 (OC) MeXAY BBIXOAOM M MHBEPCHBIM BXOAOM. Takas
obpaTHasa CB4I3b BCeraa OTpullaTeAbHa, & UMEeHHO OoTpullaTeAbHas 00-
paTHasl CBSI3b IIO3BOASIET YMEHBIINTb KOAMMUITUEHT YCUAEHUS YCUAU-
TeAS.

Kos(duimeHT ycureHUA YCUAUTEAS C OOPATHOM CBSA3BIO OIIPEAe-
Asetcs BeipaskeHneM Ko = Ky R,/R,. Takum oOpa3oM, aArsa Tpebyemo-
ro CHUJKeHmud Koa(dduimenTta ycureHusa Ky AOCTAaTOYHO IPABUABHO
oAOOpPaTh CONPOTUBAEHMS pe3nucTopa R, AAg Hallero caydas

Ry, =RKoc/Ky;=20000-1000/100 000 =200 OmMm.
OTBeT

Andg oaydeHUs TpeObyeMoro KosdduiijneHTa YCUACHNUST HEOOXOAN-
MO B CXeMYy MMEIOIETOCS OTIePAOHHOTO YCUANTEAS BBECTU OTPHUIIA-
TeABHYIO OOPATHYIO CBA3b Ha MHBEPCHBIN BXOA 4Yepe3 pe3ucrtop R2 c
compoTtuBaeHreM 200 Owm.
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UBI:IX = (RZ/RI] UBX

Puc. M13. OnepaunoHHbIn yecunutenb C oTpuuaTensHon obpaTHOM
CBA3bI0

MPUIOXXEHWE 17

MNMapameTpuyeckuin ctabunusatop

ITpumep pacyerta

Pacuer crabuausaropa CBOAUTCS K BBIOOPY THUIIA CTAOMAUTPOHA A
U OIIPEAEAEHUIO COIIPOTUBAEHUS U MOIITHOCTH OAAAACTHOTO PE3UCTO-
pa Ry (puc. ITT14). TTpu 3TOM AOAKHBI OBITH 3aAAHBI:

COIIPOTUBAEHME HArpy3ku R, — nycTb R, = 120 Owm;

AMana3oH M3MeHeHUs BXOAHOTO HampsikeHus Uy, + AU — mycThb
Uy=8=x 2B, T.e. Uymin=06 B, Uyymax = 10 B;

BBIXOAHOe HamnpsokeHue U, — nycTb U, = 4 B.

Pemenue

1. BeluncageM TOK Harpy3Ku:
I,=U,x/R,=4/120=0,033 A.
2. BuiuncasieM COMPOTHBAEHUE OAAAACTHOTO PE3UCTOpPa:

Rs= (U min — Usin) /L, = (6 — 4)/0,033 = 60 Onm.

‘UBX AZS ‘UBHX I:I RH
Puc. MN14. Cxema napaMeTpnyeckoro
ctabununsatopa o o
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3. OmnpepensseM MaKCUMAABHBIM TOK, TOTpebAsieMbitt OLI;
Iax= (Upx max — Uge) /Rs = (10— 4)/60=0,1 A.
4. BeruncasgieM MaKCHUMAABHBINM TOK 4epe3 CTaOUAUTPOH:
I hax = Inax — 1, = 0,1 - 0,033 = 0,067 A.

5. Tlo cupaBOYHUKY BBEIOMpaeM THUII CTAOUAUTPOHA, OOeclieunBa-
FOIITUM

Upx=4Bul . =0067A.

OtuM TpeboBaHuAM yAOBAeTBOPsieT crabuautpon KCI139A ¢ E, =
=39 B u [, = 70 MA.

6. BerumcasieM MaKCMMaABHYIO MOIITHOCTH OaANaCTHOTO Pe3nCTopa
Rg:

P=I%_Rs;=0,01-60=0,6Br.
OTBeT

AAs cTaOUAM3aIUY HANPSIPKEHUS] B 3aAaHHBIX ITPEAEeAaX MOJKeT
OBITH UCIOAB30BaH cTaOUAMTPOH KC139A coBMecTHO ¢ GaAAaCTHBIM
pesuctopoM, Hanpumep MAT-1-60 Owm.

MPUITIOXXEHUE 18

TpaHcdhopmaTop

ITpumep pacuerta

AAg AabOpaATOPUU DAEKTPOTEXHUKM NPUOOpeTeH TpeXda3HbIU
TpaHcdopMaTop ¢ nmapamerpamu: S = 2 kB-A; U, = 380 B; U, = 36 B;
f=150Tm; cos @ = 0,75.

BBEIUMCAUTE HOMUHAABHBIE 3HAUEHUS TOKOB B IIEPBUYHOU M BTO-
PUYHOM OOMOTKAX, OIIPEAEAUTH YHCAA BUTKOB 00erX OOMOTOK, KO3(-
dunmenT Tpancopmanum u KITA Tpancdopmaropa.

Pemenue
1. OnpepeasseM HOMUHAABHBLIE 3HAUEHUS TOKOB:

I, =S/(N3 Uy) =2000/(~/3 - 380) =3 A;
L, =S/ (N3 U,) =2000/(+336) =32 A.
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2. AAST OTIpEAEAEHUS UMCAQ BUTKOB Ka*KAOM M3 0OMOTOK HEOOXOAM-
MO Ha OAMH U3 CTep’KHel TpaHcdopMaTopa MOBepX IEePBUYHOMN U
BTOPUYHOU OOMOTOK HAHECTU AOTOAHUTEABHYIO OOMOTKY C M3BeCT-
HBIM YHCAOM BUTKOB. IlycTh uncAO BUTKOB OyaeT 20.

3. B mpoiiecce ombiTa X0A0Ccmoro xoga (CM. oapasa. 7.1.3) AAST oA-
HOM u3 a3 TpaHCPopMaTOpPa OIPEAEAECHBL:

Uip = 220 B; Uy = 21 B; U,,, = 4 B; Pyp = 40 BT, rae P, — norepu
Ha XOAOCTOM XOAY, PaBHBI€ MAarHUTHBIM ITOTEPIM.

B mpomecce ombITa KOPOMKOIO 30AMbIKAHUA AASL TOU XKe (ha3bl
TpaHchOpMaToOpa ONPEAEAEHBI:

Uixs = 20 B; Pix3 = 60 BT; I1x3 = 3 A; Ligs = 32 A, rae Pigx3 — 1oTe-
PU B OIBITE KOPOTKOT'O 3aMBIKaHUsI, PaBHbIE SIAEKTPUUECKUM ITOTEPSIM.

4. OnupepenrseM KO3PPUITMEHT TpaHcHOopMaIuu TpaHcHopMaTo-
pa:

Koy = Uyy/ U,y =21/220 = 0,095.
5. BrluncasgieM 4MCAO BUTKOB NIEPBUYHOU U BTOPUYHOM OOMOTOK:
Wi = Won Ui/ Uyon =20+ 220 / 4= 1100;
Wy =Wy Uno/ Upony =20+ 21 / 4=105.

6. BrluncaseM aKTHBHYIO MOIITHOCTh, OTA@BaeMyIo TpaHchopMa-
TOPOM B Harpy3Ky:

P,=Scosp=2000-0,75= 1500 Br.

7. Beruucagem KIIA TpancdhopMmaTopa, IpUHUMAs BO BHUMAaHUE,
YTO MArHUTHBIE U DAEKTPUUYECKHE NOTePH HU3MepeHBl AAI OAHOM
da3znr:

OTBerT

B mporliecce ucOobITaHUU U PacyeToOB AAS Tpexda3HoTo TpaHCOop-
MaTopa ONMpPEeAEAeHbI:

=  goMHHaAbHBIE TOKU [, =3 A; [, =32 A;
= goa(ppunueHT TpaHCchOpPMAIINM Ky = 0,095;
®  gpCAO BUTKOB 0OMOTOK wy = 1100; w, = 105;

= KIIA tpancgopmaropa n = 0,83.
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MPUITIOXXEHUE 19

MawwnHa nocTossHHOro TOKa
IMTpumep pacuyera

ABurateab IoCTOsIHHOTO Toka AITM-25-H3-16 ¢ Bo30y>KpAeHUEeM OT
TOCTOSTHHBIX MAarHUTOB, UMEIOIINH N, = 5200 06/ MuH; U, = 27 B;
Liow =05 A; R, + R, = 0,5 OM, HCIIOAB3YeTCsI B KaUeCTBE TaxXOTreHepa-
TOpPa AAST KOHTPOASI 3@ YaCTOTOM BpAIleHUsT aCUHXPOHHOTO ABUTATEAS.
Onpeapeants oxxupaeMyro IAC Ha IeTKax MalIMHBI IIPU 4acToTe Bpa-
1IeHUsT aCUHXPOHHOTO ABUTATeAs n = 2970 o6/MuH.

Pemenue

Onpepeasiem poTuBOIAC 1ipu paboTe MalllMHbI B PeXUME ABUTA-
TEAS:

E=U- (R, +Ry) Loy =27-0,5-0,5=26,75B.

Ota SAC BO3HUKAET B ABUTaTeAe NIPU HOMHUHAABHOM HANPSIyKeHUU
1 HOMMHAABHOU 4dacToTe BpamieHuda. [TIockoasky E = c,P,n, MOXHO
BBIUMCAUTEH KO3(MPPUITMEHT TPOTOPIIMOHAABHOCTY K = ¢ P, = E/n =
=26,75/5200 = 0,005. OTOT KO3(PPUITMEHT OCTAETCSI TEM K& CaMbIM
npu paboTe MalllMHBL U B peKuUMe reHepaTopa. AeMCTBUTEeABHO, KO3(-
pUNUEHT c, oNpepeAsdeTCcs KOHCTPYKIUel MallMHbl, @ IOTOK @ —
MarHUTHBIMU XapaKTepucTukKaMu cratopa. Oba 3T mapaMeTpa OcCTa-
IOTCS1 HEU3MEHHBIMU TIPU paboTe U B peKuMe TeHepaTopa, U B Pexku-
Me ABUTATEAS.

CAepOBaTEABHO, TPU paboTe ABUTATEAS B peKUMe TaXoreHepaTo-
pa, pOTOp KOTOPOTO MPUBOAUTCS B A€MCTBUE aCUHXPOHHBLIM ABUTATe-
AeMm, oxupaemas OAC Ha metkax E = ¢, ®,n = kn = 0,005-2970 =
=14,85 B.

OTBeT

[Tpu paGoTe ABUraTeAsd B KaueCTBe TaxoreHepaTopa COBMECTHO C
ACUHXPOHHBIM ABUTaTeAreM oxkmpaemas DAC pasBHa 14,85 B.
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MPUIOXXEHUE 20

ACVHXPOHHBIA ABUraTesnb

ITpumep pacuerta

Ha mmTke Tpexda3HOTO aCUMHXPOHHOTO ABUTATEAS C KOPOTKO3aMK-
HYTBIM POTOPOM M IIIECTHIO BHIBOAAMM Ha KOAOAKE 3a’KMMOB ITPUBEAE-
HBI CAepytorie Xapakrepuctuku: 220/380 B; A/Y; 50 I'm; 1450 06/ MmuH;
2,5 kBT; cos ¢ = 0,8; n = 0,85.

YKazaTh MOAOKEHUE MepeMblyeK TPU BKAIOUEHUU ABUTATEAS B
CeThb M0 CXeMe TPEYTOABHUK M 3Be3pad. OIpeAeAnTh, BO CKOABKO pa3s
OTAMYAIOTCS BHIXOAHBIE MOIITHOCTH ABUTAQTEAS IIPU PA3AMYHBIX CXeMaX
BKAIOUEHUS U OAHOM UM TOM K€ AMHEMHOM HalpPsSyKeHUU. BEIYUCAUTH
pabouunti TOK CTaTOPHOM OOMOTKM, UMCAO TIap TMOAIOCOB M CKOABKEHHE
ACUHXPOHHOTO ABUTATEAS.

Pemenue

1. I'lpu BKAIOUEHUM TPEYTOABHMKOM KOHell ITlepBoi ooMoTku C4 co-
eAUHsIeTCsl ¢ HayaaoM BTopou C2 u T.aA. Hauara 0oOMOTOK MOAKAIOUYA-
I0TCA K AMHeNHBIM IIpoBoaaM A, B, C (puc. 115, a). IIpu BKAtoueHUU
3Be3A0M KOHIEI 0OMOTOK C4, C5, C6 coepAuHSIOTCS BMeCTe, a Havara
TTIOAKAIOUAIOTCS K AUHEWHBIM mpoBopaM A, B, C (puc. 115, 6).

2. IToAHast MOIITHOCTE, OTpPebAsieMasi aCUHXPOHHBIM ABUTaTEAEM
IpU BKAIOUEHHMM OOMOTOK TPEYTOABHMKOM, Sip = 35S = 3U§3/Zq] =
=3U}?/Z,. Tlpu BRAIOUeHMH 3Be3p0it: Sk, = 35Sy, = 3U3/Zy, = U/ Z,.

A B c A B c
CI1§ |C24 |C3 cty cz2\c3
C6p |C4) |C) C6) C4) C5

C6pqC1 Ci

o—YY o
C3 C5 C2 C4 c66C4

a c5

C3 c2
6

Puc. 15, YcTaHoBka nepemMbl4ek Ha LWUTKE aCUMHXPOHHOro ABuraTens:
a — M0 CXeMe TPEeyroJyibHUK; 6 — rno cxeme 3Be30a
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A JoY  _
Ornomenne Sxn/Sxy = 3.
3. AAST BBIYMCAEHUWSI TOKa CTATOpa ONpeAeAseM aKTUBHYIO MOTI-
HOCTB, IOTPeOAsIEMYI0 OOMOTKOM CTaTOpa B paboueM pe’KuMe:

P, =P,/ =2500/0,85=2940 Br.

W3 Buipakenus P, = J3- Ul COS () HAXOAUM

I=P,/(\3 - Ucosg)=2940/(~/3-380-0,8) = 5,6 A.

4, VI3 BRIpakeHUS AASI CUHHXPOHHOM YaCTOTHI BpallleHUs MarHUTHO-
ro moAst ny = 60 f/p HaXOAUM, TPU KAKOM YUCAE TIap ITOAIOCOB p 3Ha-
yeHHe n; OypeT Hauboree OAU3KO K 3HAUEHMHIO PEAAbHOM 4acCTOTHI
BpalleHus poropa n = 1450 o6/muH. Tak OyaeT npu p = 2. B atom
caydae n; = 60-50/2 = 1500 06/MuH.

5. BeIumcasieM CKOABKeHWEe aCMHXPOHHOTO ABUTATEAS:

S=(n,—n)/n,; = (1500 -1450)/1500=0,033.
OTBeT

AAST BRAIOUEHHUSI aCHHXPOHHOTO ABUTATEAS TPEYTOABHUKOM HaAO
YCTAaHOBUTH TPU IIE€PEMBIYKHA BEePTHUKAABHO MesKAY 3akumamu C1—
C6, C2—(C4, C3—C5, a 3Be3A0M — ABe MepPeMbIYKM I'OPU30HTAABHO,
06 bepArHUB 3a’kuMbl C6 — C4— C).

BBIXOAHAST MOITHOCTE ABUTATEAS] TPU BKAIOUEHWU OOMOTOK CTaTO-
pa oA OAHO U TO JKe AWHeWHOe HalpsKeHHe TPEeYTOABHHUKOM B 3
pa3a GOAbBIIle, YeM TIPU BKAIOUEHUHU 3BE3A0M.

Tok craTopa B paboueM peskume — 5,6 A.

Yucao map MOAIOCOB — 2.

CKroAbXeHHue coctaBaseTr 3,3 %.

MPUIOXXEHUE 21

CUHXPOHHbIV reHepaTop
ITpumep pacuyera

W3BeCcTHEI TaCIOPTHBIE AQHHBIE THAPOTeHepaTopa:
HOMUWHAABHAs1 BBIXOAHAS MOIITHOCTE P, ., = 690 MBT;
HOMHWHaABHOe HampsbkeHue U,,, = 16 KB;

HOMMWHaABHAsA dacToTa HamnpsoreHus 50 I

HOMUHAaAbHAs 4acToTa BpAIeHUsI POTOPA Ny, = 142,8 06/MuH;
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KO3 (PUIIMEHT TOAE3HOTO AeUCTBUSI N = 98 %;

KoaddunmenT momtHOCcTH cos@ = 0,83.

BuIYUCAUTE HOMUHAABHBINM Bpallaonui MOMeHT M,,,,,, HOMUHAaAb-
HBIU TOK TypOoreHeparopa I,,,, YACAO Iap IMOAIOCOB P.

Pemenue

1. BeluncAseM HOMWHAABHBIW BPAIAIOLIVIT MOMEHT, IIPUBOASIINMI
B ABUJKeHUE TypOUHY:

M0 = Pron/ (0,105n,,,m) = 690 10°/(0,105- 142,8-0,98) =47 10°H * ™.
2. BeruncasgseM HOMUHAABHBIM TOK TMAPOTeHEepaTopa:
Liow = Puow/ (73 UponCOs @) = 690+ 10%/(+/3- 16+ 103+ 0,83) =
=30-10° A=30KA.
3. OmnpepensseM YUCAO Tap MOAIOCOB:
p=60f/n=60-50/142,8 = 21.
OTBerT

HoMuHaABHBIN Bpalaroiil MOMeHT TypOuHsl — 47 MH M, HOMU-
HaAABHBIM TOK ruaporeHepatopa — 30 KA, 4MCAO map MOAIOCOB — 21.



KpaTKaH CpaBHUTEJIbHaA OLEeHKa OCHOBHbIX

3AeKmpuquKue MAWUHBL NE€pPeMEeHHOro moka

HawmmeHoBaHUe

ACI/IHXpOHHaﬂ MalllnHa

CocraB

Cratop
Potop

KOHCpr'KTI/IBHaH cxXeMa

C1 1

5 c4 4 3
a
1 — crarop; 2 — poTop; 3 — 0OMOTKa pOTOpa;
4 — oOMOTKa CTaTopa; 9 — 3aKopavyuBarolye
KOABIIa

[Mpunnun pAeicTBUSA

B3amMopelicTBHe BpaIaollerocs MarHuTHOTO
IIOAS, CO3A@BaeMOro 0GMOTKaMH CTaToOpa, C TO-
KaMy, HaBeAeHHBIMHU 3TUM IIOAEM B OOMOTKe
poTropa

CxemMa BKAIOUEHUST

ABC
‘ B Ilp
—]
=10
—o0
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MPUIIOXXKEHUE 22

TUMNOB 3NEeKTpUuYecknx malunH [pE)KI/IM ,Cl,BI/Il'aTeI'IFl]

CI/IHXpOHHaﬂ MalllnHa

MarmuHa nocrossHHOro Toka (MITIT)

CraTop
Potop
ABa KOABIIA CO IIeTKaMu

Crartop
PoTop
KoaaekTop co mieTkamMu

1 — crarop; 2 — KOABLE; 3 —
meTky; 4 — oOMOTKa poTopa; & —
0OMOTKA CTaTopa; 6 — IOAIOCHL
poTopa

I — KoAAeKTOp; 2 — IIeTKY; 3 —
poTOp C 0OMOTKOM; 4 — 0OMOTKa
CTaTopa; Y — CTaTop; 6 — MOAIOCHI

B3auMopaelicTBre Bpalaionerocs
MarHUTHOTO IIOAS, CO3AaBaeMOro
0OMOTKAaMH CTaTOPa, C MMOCTOSH-
HBIM MarHUTHBIM IIOAEM, CO3AABa-
eMbIM OOMOTKOM poTopa

BzamnmoaericTBHE TTOCTOSSHHOTO
MAarHUTHOTO IIOAS, CO3AaBaeMOIo
0OMOTKaMH CTaTOPa, C TOKOM B
IIPOBOAHUKE, TIOAABAEMBIM B OOMOTKY
poTopa uepes IMEeTKU U KOAAEKTOP

° ‘
(@]~
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HaunmenoBanue ACI/IHXpOHHaH MalllnHa

OcHoBHOe npuMeHeHue | Tpexdas3HbIY aCUHXPOHHBIN ABUTATEAb — OC-
HOBHOU IIPUBOAHOW ABUTATEAb METAAAOPEXKY-
IIUX CTAHKOB U ITIOABEMHBIX MEXaHU3MOB

OcCHOBHBIE TTapaMeTpPhI Yacrora Bparmenus n = 60f(1 — S)/p
Momurnocts P = 0,105 M,,n

MPUJI0XXEHUE 23

YcTponcTBO 3aWMTHOrO OTKIIIOYEHUS

YCTPONCTBO 3aIUTHOTO OTKAIOYeHUs (Y30O) — 3TO IO CYIeCTBY
OBICTPOAENCTBYIONIUIM aBTOMATUUYECKUM BBIKAIOUAaTeAb. OH IIpepHas-
HAUYeH AAS 3aIUTHI AIOAEU OT IOpa>keHUsI IAEKTPUYECKUM TOKOM M
MPEeAOTBPAllleHNS TTOCAEACTBUY, BBI3BAHHBIX KOPOTKUM 3aMbIKaHUEM
B DAEKTPOINPOBOAKE, IIPH HEUCIPABHOM 3AEKTPOOOOPYAOBAHUU UAU
CAy4alHOM KOHTAKTe YeAOBeKa C OTKPBITHIMU IIPOBOASAIIUMHU YaCTIMU
3AEKTPOOOOPYAOBaAHUS.

OcHOBHBIMU YacTIMU Y 3O SIBASIOTCS:

= AuddepeHIUarbHBIN TPaHCHOPMATOP TOKQ;
®  peAe TOKaQ;
B JCIOAHUTEALHBIN MeXaHU3M.

®a3HbBlt A 1 HEeUTpPaAbHBEIN N MPOBOAQ,
IIOABOAMMBIE K IAEKTPOOOOPYyAOBaHUIO (R),
BBIIIOAHSAKOT POAB IEPBUYHBIX OOMOTOK
TpaHcopMaTopa TOKa U MPOXOAAT BHYTPH
Hero. BropuuHass oOMOTKa TpaHcpopmaTopa
BKAIOUeHa Ha peae Toka PT (puc. I116).

Puc. N16. Cxema BkntoveHns anekTpoobopy-
poaHus Yepe3 Y30 B ceTb




Oxonuanue npua. 22

CHUHXpPOHHAag MalluHa MarmnHa noctogHHOro Toka (MIIT)
Tpexda3Hbli CHHXPOHHBIY I'eHe- ABUTraTeAb IIOCTOSTHHOTO TOKa — OC-
paTop — OCHOBHOM MCTOUYHUK HOBHOU HpHBOAHOfI ABHUTI'AaTEADb
SAEKTPUUECKOM 3HEPrum rnepe- TPAHCIOPTHBIX YCTPOMCTB; TeHepa-
MEHHOTI'O TOKa TOP IMMOCTOAHHOI'O TOKA — OCHOBHOM

NCTOYHUK BAeKTpI/I‘IECKOﬁ SHepruun
IIOCTOSAHHOTI'O TOKa

OAC E = c,®n YacToTa BpalieHus
MomtsocTs P =~/3UIcos ¢ n=U/(c.®) — (Ry/c.D)I,
Moumurnocts P = 0,105 M,,n

B HOpMaAbBHOM peskuMe TOK B TMTOABOASIINX IIPOBOAAX OAWHAKOB U
co3)AaeT OAMHAKOBBIEe MarHUTHBIE TMOTOKU @, 1 @y B MarHUTOIPOBO-
Ae TpaHcdopmaropa. [ToCKOABKY OHM HallpaBAEHBI BCTPEUHO, PE3yAb-
TUPYIOIINY MarHUTHBIM TTOTOK PaBeH HYAIO U HE HABOAUT BO BTOPHUY-
HOM obMoTKe JAC.

ITpu NIPUKOCHOBEHUM YeAOBEKa, HAIpUMep, K KOPITYCY 3A€KTPOYyCTa-
HOBKHM R, B KOTOpPOU IIPOU3OIIAU HIPOOOYN M30AILIUM U 3aMbIKaHUE Ha
KOPIIyC, 1O (PA3HOMY ITPOBOAY MOTEUYET AOTTOAHUTEABHO TOK YTEUKH 1.
OTO MPUBEAET K HAapYIIEHWIO PaBEHCTBA MAarHUTHBIX ITOTOKOB, TOSIB-
AEHUIO PAa3HOCTHOTO MOTOKA, KOTOPHIM HABEAET BO BTOPUUHON OOMOT-
Ke TpaHcopmaTtopa Toka DAC. Ecam sta SAC OpeBBICUT ITIOPOrOBOE
3HaueHue, cpaboTaeT UCIIOAHUTEABHBIN MeXaHU3M U OTKAIOUUT JAEK-
TPOYCTQHOBKY OT CETH.

POAb MCHIOAHUTEABHOTO MeXaHU3Ma OOBIYHO BBINTOAHSET MPY’KUHA
CO CIIyCKOBBIM MEXaHU3MOM, pa3MBIKAIOIlasg CUAOBBIEe KOHTAKTHI U
00eCcTOYNBAIONAd 3AEKTPUYECKYIO IIEllhb.

NMPUITOXXEHUE 24

Ocob6eHHOCTN BKNOYEHUA NIOMUHECLeHTHbIX famn

[MpuHIMI paboThl AFOMUHECIIEHTHBIX AAMII COCTOUT B TTpeo6paso-
BaHMU HEBUAWMOTO YABTPA(MOAETOBOTO M3AYUEHUS, BO3HUKAIOIIETO
B pe3yAbTaTe Ta30BOTO Pa3psipa, B BUAMMBIM CBET IMTOCPEACTBOM AIOMU-
HOMOPHOTO MOKPHLITHI. TakKuM 00pa3oM, B AFOMUHECITEHTHBIX AaMIlax
AAEKTpHUYEeCcKasl dHepTus npeobpas3yeTcs HEeOCPEACTBEHHO B CBETO-
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Ap Puc. M17. Cxema BKNo4YeHUsA
MOMUHECLEHTHOM namnbl

BYIO B OTAMYME OT A@MII HaKaAWBaHUS, B KOTOPBIX CBETOBOE M3Ayde-
HIUEe SIBASIETCS CAEACTBUEM TEePMOU3AYUYEHUSI — U3AYUeHUs HUTHU Ha-
KaAWBaHUS MIPU IIPOXOJKACHUHU 110 HEW SAEKTPUYECKOTO TOKa.

AIOMHUHECIIEHTHBIE AAMITBl HAXOAAT ITUPOKOe MpUMeHeHne OAaro-
pap4 BeIcOkoMy KITA, GOABIIIOMY CPOKY CAY’>KOBI, HU3KON TeMIlepaTy-
pe NOBEPXHOCTH, BO3MOKHOCTHU IIOAYUEHMsI OCBeIleHUs], OAM3KOro K
ecTecTBeHHOMY. OAHAKO OHU TPeOyIOT AOCTATOYHO CAOKHOM CXeMBbl
BKAIOUEHMSI U CIeIIMaAbHOMN IYCKOPEryAUpYIolel annapaTyphl.

Aeno B TOM, UTO AAST 3a’KMTaHUS AAMIIBI (TPOOOS MEKIAEKTPOAHO-
TOo TIPOMEJKYTKa) TpeOyeTcs: HampsiKeHHe, BABOE IIPEBHIIIAloNee pa-
Oodee HaNpsIKEeHWE MEXAY dAEKTpPopaMu. B To Xe BpeMsi mocae
MOHU3AIIUN AaMIIbl HAPS)KeHNe Ha AEKTPOAAX AOAKHO OBITH BABOE
HIKe pabouero. C 3TOM 3apaueil CIpaBASIeTCS BKAIOUAEMBIN ITOCAEAO-
BaTeAbHO C AamIiou /A Apocceab Ap, paboTaloliuii B Iape CO cTapTe-
poM Taetotiero paspsiaa Cm (puc. IT17).

[Tpm BKAIOYEHHMU CXEMBI B CETh B CTapTepe 00pa3yeTcs TACIOIINN
pas3psip, HarpeBaIOIIUM ero 3AeKTPOABL. [TOCKOABKY OAMH M3 3AEKTPO-
AOB BBLITIOAHEH 13 OMMeTaAAQ, TO TOA AeMCTBHUEM TEMAOTHI OH M3THu0a-
€TCs B CTOPOHY APYTOTO 3AEKTPOAQ M 3aMBbIKAeTCs C HUM. TAeromui
pa3psip TaCHET, SAEKTPOABI OCTHLIBAIOT U Pa3MBIKAIOTCS. B MOMEHT pas-
MBIKQHUST DAEKTPOAOB CTapTepa B APOCCEAe MHAYIIMPYETCSI 3HaUMTEAb-
"Hasg OAC, pasorpearoiias 9A€KTPOABI AaMIbl M 00eCcIlednBaroIas
MOHU3AIUIO Ta3a B Hel. AAST YBEAMUYEHUS AAUTEABHOCTH UMITYAbCA
uspAynupyemor OAC M yBepeHHOTrO 3a’KUTaHUS AAMIIBI TapAaAAEAbHO
CTapTepy yCTaHABAMBAETCsS KOHACHCATOP HeOoAblIoN eMKocTH Cj,.

[Mocae 3a>kKUTaHMST A@MIIBI HATIPSIPKEHME Ha ee 9AEKTPOAAX OTPaHM-
YWBAETCSI BEAWYMHON MHAYKTUBHOTO COMPOTHUBAEHUS APOCCEAS

AN TTOBBIIIIEHNS KO3 (UITMEHTa MOIIHOCTU B I[elb IIyCKOPETyAUPY-
Iolllel anmnapaTypbl BKAIOYAeTCsI KOMIIEHCAITMOHHBIN KoHAeHcaTop Cy.
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