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1. DuekTpUYeCKad Henb U ee 3JIEMEHThI
1.1. DaeMeHTBI JJIEKTPUYECKOM IenH

Inekmpuueckoil yenvr0 HA3bIBAECTCS COBOKYITHOCTh YCTPOWMCTB, Ipea-
Ha3HAYCHHBIX JUIS MPOXOXKJICHHS DJIEKTPHUYECKOro Toka. B obmem ciydae
LENb COJECPKUT UCTOYHUKHU BJICKTPUYECKON IHEPTUM, MPUEMHUKH DJICKTPU-
YECKOW SHEPruHr, U3MEPUTEIbHbBIE TPUOOPHI, KOMMYTAIIMOHHYIO aIlaparypy
Y COCIMHUTEIIbHBIE IPOBOAA.

Hcemounuku — 3T0 yCTPOMCTBA, B KOTOPBIX PA3JIMYHBIE BUAbI SHEPTUH
peoOpa3yloTcs B JIEKTPUUECKYIO (HampuMep, TeHepaTop, aKKyMyJIATOpHAs
Oatapest).

[TpueMHUKH pa3AesItOT Ha MOTPEOUTENN U HAKOTIUTEIIH.

Ilompedoumenu — 310 yCTPOMCTBA, B KOTOPBIX JICKTPUUECKAS] SHEPrUs
npeBpaliaeTcs B JPyrue BUJIbI SHEPTHHU: B dHEPTHIO0 (POTOHOB cBeTa (JlaMra
HaKaJMBaHUs), B TEIUIO (HarpeBaTeliv), B MEXaHHYECKYIO IHEPTUIO (DJIEKTPO-
JIBUTATEIIN).

Haxonumenu HakarjivBaroT W 3aT€M OTIAIOT 00OpPaTHO B IIEMb JICKTPO-
MarHUTHYIO SHEPTHUIO (KOHJEHCATOPhl U KATYIIKH WHIYKTHUBHOCTH).

[Ipu pacuere m aHanM3e BICKTPUYECKOM LIENN €€ 3AMEHSIOT CXEMOU 3a-
MEIIEHUSA, KOTOpPasi COCTOUT U3 COBOKYITHOCTH HACAIM3UPOBAHHBIX 3JIEMEH-
TOB, MAaTEMAaTUYECKOE OMHCAHUE KOTOPBIX OTPAXKAET MPOLECCHI, TPOUCXOIS-
nme B nenu. C MOMOIIBI0 ONPEACICHHBIX KOMOMHAIMA 3TUX 3JEMEHTOB
MOYKHO COCTaBUTh CXEMBI 3aMEIICHUS HCTOYHUKOB U IPUEMHHUKOB HEPTHHU.

K wuneanusupoBaHHbIM 31€MEeHTaM OTHOCSATCS McTOYHMK DJIC, ncrtou-
HUK TOKA, PE3UCTUBHBIN JIEMEHT, UHIYKTUBHBIM U1 EMKOCTHOW 3JIEMEHTHI.

AKmueHbiMu >JIEMEHTAMU CUMTAIOTCS UCTOYHMKM IJC ¥ MCTOYHHKHU
toka. K naccuenvim snemMeHTaM OTHOCSITCA PE3UCTUBHBIC JIEMEHTHI, UHIYK-
TUBHBIC U €MKOCTHBIE JIEMEHTHI.

R Pe3ucmuenwiit 31emenm HEOOPATUMO MPeoOpa3yeT dJIeK-
g [ | 4 TPUYECKYIO DHEPIHUIO B TEILIO. Y CIOBHOE 00O3HAYEHHUE T10-
Puc. 1.1 ka3aHo Ha puc. 1.1, rme R [OM] — conpoTuBieHUE, Xapak-

TEPU3YIOIIEe CIOCOOHOCTh DJJIEMEHTA IIPEISATCTBOBATH
1
MPOTEKAHUIO TOKA. Bennunna g ZE Ha3bIBAETCSA HPOBOOUMOCHIbIO VI U3ME-

psaercs B Cumencax [CM].

EmKkocmnoii 3nemenm — 3TO DJIEMEHT, MPUOIMIKEHHO 3aMEHSIONTUI
KOHJIEHCATOpP, B KOTOPOM HAaKaIUIUBAETCS SHEPTHUs JJIEKTPUUECKOTO TOJIS.
YcnoBHOE N300paKeHNE €eMKOCTHOTO 3JIEMEHTA TIPEICTaBIIeHo Ha puc. 1.2.
[TapameTpoM €MKOCTHOTO 3JIEMEHTA ABJISETCS EMKOCTb.



Emxoems C=-1 _ 510 KO3 PUIIMEHT MPONOPLUHUOHATb-

C
e 1 5 ue
1/|‘|C HOCTHU MEXK]y 3apAIOM ¢ U HAIIPSHKCHUEM U DJIEMEHTA.
Puc. 1.2 Emxocths u3mepsiercst B dapanax (). B nuHeHHBIX 1e1IIX
€MKOCTb MIOCTOSIHHA.
Hnoykmuenwlii 31emenm — 310 dJIEMEHT, TPUOTMHKECHHO 3aMEHSIOIIHMA
‘ WHJIYKTUBHYIO KATYIIKy, B KOTOPOM HaKaIlIMBAETCS
! m];v\ . DHEPr'usi MAarHUTHOIO TOJISL.
Prc. 1.3 YcnoBHOE M300pakeHUE MHAYKTUBHOTO 3JIEMEHTA

npencrasieHo Ha puc. 1.3. Ilapamerpom snemeHTa sB-
JsI€TCSl UHAYKTUBHOCTh. NHIyKTUBHOCTD u3Mepsetcs B ['enpu [['H]| u B nu-
HEWHBIX LEISIX ABASICTCSA MOCTOSHHON BEJIMUMHOM.

Hnoykmuenocms L — 310 K03POUIIMEHT TPONOPIUOHATIEHOCTA MEXKTY

MOTOKOCHEIJICHUEM U TOKOM, TEKYIIUM 4Yepe3 KaTylKy: L = E :
i

Ilomoxkocuennenuem \y Ha3bIBA€TCA CyMMa MPOU3BEIECHUN MarHUTHBIX
IIOTOKOB Ha YMCJa BUTKOB KaTYLIKH, C KOTOPbIMU OHHU cueruieHsl. Ecnu Bce
BUTKU MPOHU3BIBAIOTCS OAHUM U TE€M K€ MarHUTHBIM IIOTOKOM, TO TOTOKOC-
LEIJIEHUE PaBHO MTPOU3BEICHUIO MATHUTHOTO TOTOKAa d Ha YMCIIO BUTKOB W

y=0 w.
[ToTokocuemienue nzmepsiercsi B Bebepax [BO].

Hcemounuk 3/JC — 310 ucrounuk, IIC e KOTOPOro He 3aBUCHUT OT Be-

JIMYMHBI IPOTEKAIOIIEr0 YEPE3 HEr0 TOKA U BHYTPEHHEE CONPOTUBIIEHUE Ry

KOTOPOr0 PaBHO HYJIIO.

+ gl

e® u

I 4

Puc. 1.4
[Ipu sToM HanpsbkeHue Ha 3axumax uctounuka IJ[C u =e He u3MeHs-
eTCsl IPU U3MEHEHUU TOKa I OT HyJs 0 HoMUHabHOro. Ha puc. 1.4, a moka-
3aHO yCJIOBHOE H300pakeHue uctounuka JJIC. BHemHss xapakTepucTHKa
u = f(i) ucrounuka JJ1C npu e = const = E npencrapieHa Ha puc. 1.4, 0.
Hcmounuxk moka J — 370 HCTOYHUK, KOTOPBIA Ja€T TOK, HE 3aBHUCSIIIHMA

OT HAmNpSDKEHUS Ha €ero 3aXuMax. BHyTpeHHee CONMpOTHBICHHE MUCTOYHHUKA
TOKa paBHO OECKOHEYHOCTH.



Ha puc. 1.5, a npuBeneHo ycaoBHOE M300pakeHHE UCTOYHHUKA TOKa, a
Ha puc. 1.5, 6 BHENIHS XapaKkTepucTuka npu J = const .

i=J ,
¢ 1 A

Dlw | d

1}

a 0 “
Puc. 1.5

[Ipencrasienue o pe3uCTUBHOM, EMKOCTHOM M MHJIYKTUBHOM JJIEMEH-
TaX OCHOBAHO Ha MPEAIOJI0KEHUU, YTO TEIUIOBBIC MOTEPU, MATHUTHOE TIOJIE
Y DJIEKTPUYECKOE TI0JIE COCPENOTAYMBAKOTCSA B OTACIBHBIX, HE 3aBHUCAILINX
JIPyT OT JIpyra 3JEMEHTaxX Lenu. Pa3nenbsHoe pacCMOTPEHUE ITUX DIIEMEHTOB
MpeACTaBIIACT MPUOIMKCHHBIM METO MCCIASA0OBaHUS Iienu. B nelcTBuTEIb-
HOCTH TEIJIOBBIE TTOTEPH, OOYCIIOBJICHHBIC TOKOM, MAarHUTHBIE U DJICKTpUYE-
CKHE MOJISI COIMMYTCTBYIOT APYT APYTY.

1.2. Cxembl 3aMellIeHNUS JIEKTPUUYECKUX Henei

I/ICHOHB?:}’?I YK€ HU3BCCTHBIC HaM 3JICMCHTBI, MOXHO COCTAaBUTb CXCMBbI
3aMCIICHUS PCAIBHBIX 3JICMCHTOB BHCKTpI/I‘-IeCKOf/'I OCIIN.

L
P F Y
C —/ g R
z
Puc. 1.6 g
Puc. 1.7

Konoencamop coctout u3 IByX TOKOIPOBOJSIIMX IUIACTHH, pa3/eiIcH-
HBIX CJIOEM JIUAJIEKTpUKa. EMKOCTHOW 3J€MEHT MpEACTaBIAET cOO0N cxemy
3aMelICHUs] KOHJIEHCATOPa ¢ BBICOKUMHU JUIICKTPUYECKUMU CBOMCTBAMHU, HO
B 00J1aCTH CBEPXBBICOKHUX YAaCTOT CXE€Ma MOXKET COJIEP’KaTh KPOME EMKOCTHO-
ro sseMenTa C NIpOBOJUMOCTb g , KOTOpPAasi YUYUTHIBAET OTEPH SHEPTUU B JU-

AIIEKTPUKE H3-3a HECOBEPIIIEHCTBA U30suu (puc. 1.6).

Ha puc. 1.7 npencraBnena cxema 3aMelIeHNs PEaIbHOM UHAYKTUBHOU
KAaTylIKH, KOTOpasi, B OOIIeM cllydae, MpeAcTaBiIsieT coO0l MpoBOJ, HAMO-
TaHHBII Ha OCHOBaHME (CEPACUYHUK), U, CIEI0BATEIbHO, 00JIa/1aeT TEIJIOBbI-
MU nioTepsaMH. B nanHol cxeme R — CONMPOTHUBIICHKE MPOBOAA KATYIIKH.

PeanbHbIil UCTOYHUK DJIEKTPUYECKOM PHEPrUU TaKkKe 00JajaeT BHYT-
peHHUM corpotuBieHrneM. Ha puc. 1.8 mpeacraBieHbl cXeMbl 3aMEIICHUS



aKKyMyJaTopa (a — ¢ uctouHukoM DJIC, 6 — ¢ HICTOUHUKOM TOKA), TAe Ry, —
BHYTPEHHEE COIPOTHUBIICHHE HCTOYHUKA.
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Puc. 1.8

1.3. TonoJsiornyeckue MOHSITHS YJIEKTPUIECKOM eNH

Bemeb — 5T0 yacTh CXeMbI, cofepKalas OJUH MM HECKOJIBbKO MOCIe-
JOBATEIbHO COETMHEHHBIX JIEMEHTOB.

¥Y3en — 310 MecTO coeMHEHUS TpeX WM OOJIbLIEro Yyuciia BeTBel (y3i1bl
o003HayaeM OyKBaMu).

Konmyp — 5T0 3aMKHYTBIH My Th, MIPOXOIAIINI M0 HECKOJIBKUM BETBSIM.

He3zasucumotit KOonmyp — 3T0 KOHTYP, KOTOPBII COJEPKHUT XOTs OBl OA-
HY BETBb, HE IPUHAIJICIKAIILYIO APYTUM KOHTYPaM.
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Puc. 1.9
[Ipumep 35eKTpUUYECKOW CXEMBI, coliepiKalllel 1ecTb BeTBeu (ab, ac,
ad, bc, cd, bd), uetbipe y3na (a, b, ¢, d) u Tpu He3aBUCUMBIX KOHTYypa (Ha-
npumep, bac, bed, acd) npencrarnen Ha puc. 1.9.

1.4. ITos10:)KUTEIbHBIC HATIPABJICHUSI TOKOB H HANIPSKEHU I

3a TOJIOKUTEILHOE HAIIPaBJICHUC TOKa IMPUHUMACTCA NBUKCHUC I10JIO-
JKUTCIIbHBIX 3apAd0B OT INNIFOCA K MUHYCY. Ho IIpu pacycTe BHGKTqueCKOﬁ
OCIIn ,HGfICTBHTGJIBHBI@ HaIIpaBJICHUA TOKOB B O6H_I€M ClIydac 3apaHCC HC U3-



BeCTHBI. [103TOMY MOJIOKUTENBHOE HAMpABIEHUE TOKA B AJIEMEHTE BBIOMpA-
€TCsl IPOU3BOJILHO U yKa3biBaeTcs cTpenkoi (puc. 1.10). Eciu B pesynbrare
pacyeTa TOK MOJYYUTCS OTPHUIATEIbHBIM, 3HAYUT, TOK B JJIEMEHTE TEYET B
JIPYTYHO CTOPOHY.

Pa3HoCTh MOTEHIIMATIOB HA KOHIIAX 3JIEMEHTA

. R
n I ] . TPUHITO HA3bIBaTh «IAJICHUEM HaIpshKe-
- Hus». [lomokuTenpbHOE HampaBiieHUE Majie-
HUS HaIpsDKEHUST COBMAAAET C TOJIOKUTEIb-
Puc. 1.10 HbIM HaIlpaBJICHUEM TOKa, TEKYIIETro dYepes

9ToT 2neMeHT (puc. 1.10). Crpenka naaeHus
HaIpsDKeHUST OOBIYHO HAa CXeMaX HE YKa3bIBaeTCHl.
Crpenka uctounuka DJ[C (puc. 1.4, a) yka3plBaeT TOUKY 0oJiee BBICO-
Koro noreHnuana. [Ipenmnonaraercs, 4To KICTOYHUK BbIPaOATHIBAET SHEPIHIO,
MO3TOMY TOK BHYTPH HETO TE€YET OT TOUKH 00Jiee HU3KOTO K TOUKe 00Jiee BbI-
cokoro norennuana. [Ipu srom MmoutHocTs nctounuka J/[C paBHa
Pe=¢€-1.
JIBoliHas cTpesika UCTOUYHMKA TOKa (puc. 1.5, a) yka3pIBaeT HampaBJe-
HUE 9TOro Toka. IIoaApHOCTs HANIPSKEHUS U j COOTBETCTBYET CIIy4aro, KOraa

UCTOYHMK BbIpaOaThiBacT 3Hepruto. IlosToMy y HCTOYHMKA TOKa CTpeiKa
yKa3bIBaeT TOYKY OoJiee BBICOKOIO IIOTEHIMANA, @ €F0 MOLUIHOCTh OIPEIEIHT-
CiKak py=uy-J.

1.5. 3aK0HBI JIEKTPOTEXHUKH

CBs13b MEX]ly TOKOM [ U MAJICHUEM HAIPSKEHUSI U HA CONPOTUBIICHUU

(puc. 1.10) onpenensiercs 3axkonom Oma:

i=—.

R
BnepBbie (11 MeTanIoB) €ro yCTaHOBWJI HeMelkuil ydensiii ['eopr OMm B
1826 r. OTOT 3aKOH ABJISETCA OJHUM U3 OCHOBHBIX 3aKOHOB JJIEKTPOTEXHUKHU.
Bonvm-amnepnaa xapaxkmepucmuka (BAX) — 3T0 3aBUCUMOCTb Ha-
MPSKEHUSI HA CONPOTHBIIEHUM OT CHJIBI TOKA, MPOXOJAIIEro 4epe3 3TO COo-
npotuBieHue (puc. 1.11). OdeBugHO, YTO BEJIMYHUHA

A o
uf JUHEWHOTO COINMPOTHUBJIEHUS R TPOIOPIMOHAIbLHA TaH-
Ag TCHCY yIJIa HAaKJIOHA BOJIBT-aMIIEPHOW XapaKTEPUCTHUKHU
_ K OCH TOKa:
L u m,-AB m
a 1 R=—= u —_u toQL
O : [ . g >
B i m;-OB m
Puc. 1.11 rne m, U m; — MacImtadbl HanpsoKkeHus, B/MM, u Toka,
A/MMm.



3akonsl Kupxroda ObLIM yCTaHOBIEHBI AKCIIEpUMEHTaIbHO ['ycTaBom
Po6eprom Kupxrodom B 1845 romy. Emy Obu1 21 rog.

Ilepeuvrit 3akon Kupxzogha: anrebpandeckas cyMMa TOKOB B yY3JI€ PaBHICTCS
HYJIO (TOKH, BBITEKAIOUIME W3 y3J1a, CUATAIOTCS MOJOKUTEIbHBIMHU, a BTE-
Kalol1e — OTPULIATEIIbHBIMU):

2. (Fir)=0.

OTOT 3aKOH XapaKTEepPU3yeT HEMPEPhIBHOCTh 3JIEKTpUUYECKOro Toka. Ec-
au cxema uMeetr N y3IloB, TO MO NepBoMy 3akoHy Kupxroda MOXHO 3amu-
caTb N—1 He3aBHUCUMBIX ypaBHEHUI.

Bmopoiu 3axkon Kupxzogha: B 3aMKHYTOM KOHType ajreOpanyeckas
CyMMa MaJIeHU HampspKeHHsI Ha MacCUBHBIX 3JIEMEHTaX paBHa ajreOpanye-
ckori cymme DJ1C u HanpsKEHUI Ha 3aKUMax UCTOYHUKOB TOKA.

Co 3HaKOM «+» OepyTcsi Bce ciaraemble, MOJ0KUTEIbHOE HAIlpaBICHUE
KOTOPBIX COBIIAJIa€T C BEIOPAHHBIM 00X0JIOM KOHTYpA:

n m d
D Fup = ket Dug,
k=1 k=1 k=1
I7I€ 71 — KOJINYECTBO IMACCUBHBIX JJIEMEHTOB B KOHTYPE , M — KOJINYECT-
BO UCTOYHUKOB DJIC, d — KOJIMYECTBO UCTOYHUKOB TOKA. 3aKOH XapaKTepH-
3yeT PaBHOBECUE HANPSDKEHUM B DJIEKTPUYECKOM LEIH.
ITo BTOopomy 3akoHy Kupxroga moxHo 3anucate M—N+1 He3aBUCUMBIX
YPaBHEHUU, rje M — 4uCiI0 BETBEN B CXEME.

2. JJIeKTpUYeCKHe LeNu MOCTOAHHOI0 TOKA

IIpn paccMOTpEHUN ANEKTPUYECKON LENHU MOCTOSHHOTO TOKA B yCTaHO-
BUBILIEMCS PEKMME MACCUBHBIMU 3JIEMEHTAMU CXEMbl OyyT SIBISATHCSA PE3U-
CTUBHBIC DJIEMEHTBI, & AKTUBHBIMHU — MOCTOAHHBIE UCTOUHMKN DJIC nim wuc-
TOYHUKH MMOCTOSSHHOTO TOKA. IHIyKTHUBHBIE U EMKOCTHBIE 3JIEMEHTHI YUUTHI-
BAIOTCA B CXEMax LIETIEH IIEPEMEHHOI0 TOKA U IIPU NIEPEXOIHBIX IIPOLieccax.

C _
;a_z_f\fLV\_g:>z—I>—z ;aL>—H—¢|:>zﬂz o—

a §)
Puc. 2.1

NHIyKTUBHBIN 3JIEMEHT B CXEME C MOCTOSIHHBIMU MCTOYHUKAMU 3aMe-
HsAETCS 3aKOpOTKOM (puc. 2.1, a), a eMKOCTHOU — pa3pbIBOM BeTBU (puc. 2.1,

5).



2.1. Pacuer nene moCTOSIHHOTO TOKA METO/10M DKBHBAJIEHTHBLIX
npeodpa3oBanuii

DOKBUBAJIEHTHBIE MTPE0OPA30BAHMS UCTIONB3YIOTCS IS YIIPOIICHUS CXEM
3amerenus. [IpeoOpa3zoBanue CUYMTAETCS SKBUBAJICHTHBIM, €CJIM TOKH U Ha-
MpsHKEHUST B HEMPEeoOpa30BaHHOM YacTh cxXeMbl He u3MeHstorcs. CrpaBeim-
BOCTh MPE0Opa3OBaHMI JOKA3bIBAETCS C WCIOJIb30BaHUEM 3aKOHOB Oma u
Kupxroda.

Paccmotpum yacTo BeTpedaromuecs ciiydad mpeoOpa3oBaHus AJIEKTPU-
YECKUX CXEM.

O606wennviit 3akon Oma

R>kB RyR3

R =Ry +—————;
JKB 1 R2 N R3
—> (D£ o=t
R31<B

Ilocneoosamenvrnoe coedounenue I/[C u conpomuenenuil
E R; E5

-
» Rocs Lo = E1 — Ep + E3;
? > Ry =Ry + Ry + R3.

E R EskB

Ilpeoopazosanue «mpeyzoibHUKA) 6 «38€30y» U 0OpamHoe
npeoopaszosanue

CoeauHeHue Tpex CONMPOTHUBIICHHM, UMEIoIee BU 3Be3/bl (puc. 2.2, a) Ha-
3bIBACTCA «3BE371a», 4 COCIMHEHUE TPEX COMPOTHUBICHHUM TaK, YTO OHU 00pa-

3yIOT COOOM CTOPOHBI TpeyrojibHUKa (puc. 2.2, 0), Ha3bIBAECTCS «TPEYTroJib-
HUK.




Dopmynvl npeobpazo8anUs «MpeyeoirbHUKA» 8 «36e30)»

Rab Rac - R = Rab Rbc . R.= Rac Rbc

) b 5 C .
Rab + Rac + Rbc Rab + Rac + Rbc Rab + Rac + Rbc

Dopmynsl npeobpazo6anus «36e30bl» 8 «MPeY2OTbHUK»

R_ R Ry R R_ R
Ry =R, +Ry+-%"L Ry =Ry +R, +-L2"C. R =R, +R, +-4-¢,
Rc Ra b
Ipasuno pacnpeodenenus moxkoe 6 06yx naApaLieIbHbIX 6EMEAX
I R
—— |} Ecnun wm3BecTeH oOmmii Tox / v mapai-
_I,_.. ; R, JeIbHBIE BETBU HE COAEP)KAT HUCTOYHH-
2 KOB, TO UX TOKH MOIYT OBbITh HaiiI€HBI
o GpopMmyam:
R R
Iy=I—1 . I =1—2—.
Rl + R2 Rl + R2

IMpumep 2.1. B cxeme puc. 2.3, a onpeaenutb METOJOM MpeoOpa3zoBaHUM
Tok [;, eciu E1=5B, R =60M, Ry)=70M, R3=80Mm, R4=90Mm,
R5=100M, Rg =30m.

Ry Rs Ry Ras

Puc. 2.3
Pemenne. Conporusnenus Rj3,R4,Rg coenuHeHsl B TpeyroiabHuK. [Ipeo0-

pasyeMm TpeyroiabHUK B 3Be3ay (puc. 2.3, 6). Jlns aToro mepecuntaeM Compo-
THUBJICHUS JTy4€U 3BE3/IbI:

R4R . R1R .
Ryg = aRe 93 _1350m: Riy = Re 89 _360m:
R3 +R4 +R6 20 R3 +R4 +R6 20
RAR .
R36_ 376 28 3=1.2OM.

" Ry+R4+Rg 20

10



B npeobpa3oBaHHOl cxeMme Hal[eM 00Ilee SKBUBAJICHTHOE CONPOTHBIICHHE.
Conporusienus Rs u R34, Ry U R3¢ CIOXKHUM IIOCIIENOBATEIBHO:

R534 = RS + R34 =10+3.6=13.6 Owm; R236 = R2 + R36 =7+1.2=820m.
Comnporusnenuss Rs34 U Rp3¢ CKIAABIBAEM NAPAJLIEIBHO:

Ry Ry =534 R36. 112 _5 150,
R534 +R236 21.8
E, CD Rug B pesynberare npeoOpa3oBaHMil MOIy4aeM OJHOKOH-
| TYypHyI0 cxeMy (puc. 2.4), U3 KOTOPOH IO 3aKOHY
) ,ﬂ‘ Owma j1erko HaiTH TOK /)
e 2.4 Iy = E; 1443269 04A.

Ry + R +Rag 5.12+6+135

2.2. Pacyer cxeM ¢ UCHOJIb30BaHMeM 3ak0HOB Kupxroga

J11s TOro 4ToOBbl pacCUUTaTh HEM3BECTHBIE TOKU U HANPSIKEHUS B CXEME,
HY>KHO 3aIIMCaTh CUCTEMY, COCTOSIIYIO U3 YPAaBHEHUM, COCTABJICHHBIX 110 3a-
koHam Kupxroda: N-1 ypaBHeHuil no nepBomy 3akony u M—N+1 no BTopo-
My. IIpumep 2.2. It cxembl, OpeICTAaBIEHHON Ha puc. 2.5, HAUTH BCE TOKU
U HalpspDKeHHe Ha uctouHuke toka Uy, ecim E)=140B, E, =170B,

J=2A, R2 =14OOM, R3 =R4 =R5 =700m.
Pemenne. Yucno y3moB B cxeme N=4, uucio BeTBeil M=06, MO3TOMYy MBI
JIOJDKHBI COCTaBUThH TPU YpaBHEHUS 10 TiepBoMY 3akoHy Kupxroda u Tpu mo
BTOpOoMy. [Ipon3BosbHO BBIOWpaeM Tpu
y3Jla U TPU KOHTypa. 3aJaeM Harpasiie-
HUE 00X0Jla KOHTYPOB U 3alKChIBaeM
CUCTEMY YPABHECHUM:
a:12 —14 —[5 =0;
b= +15+J=0;
0313 +[4 -J=0;
1K2]2R2 +15R5 =E1 +E2;
2Ki—]3R3 =—E1 —UJ;

Puc. 2.5 3K2]4R4 —]5R5 ZUJ.
[Tonyynnu cucteMy W3 IIECTU YPABHEHHH, PEUIMB KOTOPYIO MOKHO HAWTH
BCE HEM3BECTHBIEC TOKU U Hamnpspkenue U .

3anuiem cuctemy B MaTpuuHoil ¢popme: A-I =B, rae A — marpuna
KOA(p(UIIMEHTOB MPHU HEU3BECTHBIX TOKAX M HANpsOKeHUsX; [ — marpuna-
cTOJI0€1l HEM3BECTHBIX TOKOB U HANpsKEHUi; B — MaTpHIa-CTONOEI] UCTOY-
HUKOB.
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CocTtaBuM MaTpHLbl JUIsl 3allUCAHHOW CUCTEMbI YpaBHEHUH, NpeaBapu-
TENBHO IIEPEHECs TOK J B IIPaByIO 4acTh ypaBHEHUH, a U j— B IEBYIO:

L L L Iy s U

0 1 o -1 -1 0 0

-1 0 0 0 1 0 -J

0 0 1 1 0 0 J
A= B=

0 Ry 0 0 Ry O E1+Ep

0 0 —-R3 O 0 1 -E]

0 0 0 Rq —R; -1 0

Pemenue cucremsl B MaTpudHOi Qopme: [ = y:; S I o0part-
Has marpuia. PemmB cucteMy Ha KOMIBIOTEPE C MOMOIIBIO MPOTPaMMbI
Mathcad, mnomyuyum TOKH 11 =3.107A, I, =1.661A, I3=1.446A,
14 =0.554A, I5=1.107A n nanpsoxkenue U ;j =-38.75B.

JIaHHBIN METOT SABIISETCS YHUBEPCATIBHBIM, HO JOCTATOYHO TPYIOEMKUM
JUIS pyYHOTO pacuera.

Jlis mpoBepKH MPaBUIBHOCTH pacdeTa CXEMbl COCTABISICTCA OaiaHc
MOWHOCMU — 3TO PABEHCTBO MOIIHOCTEH HCTOUHUKOB AIIEKTPUUYECKON IHEP-

TMM MOLIHOCTSM [PUEMHHKOB SHEPTHH:
P, =P,
rne By =Y+ EJ+> U j.J, — MOWHOCTh, BbIpabaThIBaCMasi HCTOYHH-

2
kamu; By =Y I R, — MOIIHOCTB, MOTpeOIIsieMast IPHEeMHHKAMH.
[Tpounssenenus BennuuHbl uctounuka J/IC B k-t BeTBU Ej Ha TOK k-
BeTBU [} OepyTcs co 3HAKOM IUToC, ecnu Hampasiaenue 3/IC u Toka comna-

JaroT. HaﬁﬂeHHBIe TOKH B BCTBAX U HAIIPSIKCHHUC HA HCTOYHHUKEC TOKA YYUTHI-
BaroTCqa CO CBOMMHU 3HAKaMU.
HOFpCI]_IHOCTB pacdeToOB HC JOJ’KHA IIPEBLIIIATh TPEX IMMPOICHTOB!

P, - P,
8=M-100%£3%.
u

JIst cxeMbl, MpeICTaBICHHON Ha puc. 2.5, 6ajlaHC MOIIHOCTU 3alUIIeT-
Csl B BUJE:
Py=E -1 +Ey-Ip+U;-J=140-3.107+170-1.661-38.75-2=639.8 Bt

P.=13R, + I3Ry + I7Ry + IZRs = 639.8 Br.
bananc comencs, a 370 3Ha4YUT, YTO PACUETHI CAECIaHbI BEPHO.

12



2.3. MeToa KOHTYPHBIX TOKOB

JlaHHbI METOJ OCHOBAH HAa PEHICHUH YPaBHEHUM, COCTABIEHHBIX IO
BTOpOoMYy 3akoHy Kupxroda. MeTon mo3BoJisieT YMEHbUIUTh MOPSII0K CUCTE-
MBI YPaBHEHUM.

B Merone KOHTYpHBIX TOKOB 3a HEM3BECTHbIE TOKM MPUHHUMAIOT KOH-
TypHbI€ TOKU. KonmypHwlit mok — 3T0 TOK, TEKyIIUH B HE3aBUCUMOM KOHTY-
pe. CienoBaTeiabHO, [0 3TOMY METOly HYKHO 3anucatb M—N +1 ypaBHeHue.

Ilpunyun cocmaenenusn ypagHenuil no Memooy KOHMYPHLIX MOKO8: B
JIeBOM YacTH ypaBHEHHM KOA()(PUIMEHT MpU KOHTYPHOM TOKE IMOJIOXKHUTEJICH
U paBeH CyMME COINPOTHUBIIEHUI paccMaTpuBaeMoro Koutypa. Koagduunen-
THI TP KOHTYPHBIX TOKaX B KOHTypax, UMEIOIINX OO0IIre BETBU C paccMaT-
pUBAaEMbIM KOHTYPOM, PaBHbI CyMME CONPOTHUBJICHUI OOIIMX BETBEH CO 3HA-
KOM IUTIOC (MHHYC), €CJIM HaIpaBJCHUs] KOHTYPHBIX TOKOB B OOIIMX BETBSAX
COBMAAAIOT (IMTPOTUBOIOIOXKHHKI). [IpaBast yacTh ypaBHEHUN COJIEPKUT anreod-
pandeckyto cymmy JDJIC, paccmaTpuBaeMoro KOHTypa (C IUIFOCOM, YUYHUTHI-
Batorca JJIC, coBmajaroliye MO HaIpaBICHUIO C pacCMaTpUBAaEMbIM KOH-
TYPHBIM TOKOM).

Ilpasuno: uepes 6emewb, codepircauiyio UCMOUYHUK MOKA, OOJHCEH 3aMbl-
KamuvCsi MOAbKO OOUH KOHMYPHBIU MOK, KOmMopwlii Oyoem paseH MoKy Uc-
MOYHUKA.

Ilopaooxk pacuema

O003HayarTCs TOKU BETBEH.
Br16uparoTcsi KOHTYpHbBIE TOKH.
CocraBnsercs: cucTeMa ypaBHEHUH JJI1 KOHTYPHBIX TOKOB.
Haxonarcst KOHTYpHBIE TOKH.
OmnpenensdroTcst peajibHble TOKM BETBEW, Kak ajredpanyeckas cymma KOH-
TYPHBIX TOKOB, TEKYIIMX B 3THUX BETBAX
(C IUIIOCOM YUYHUTBHIBAKOTCS KOHTYPHBIE
TOKH, COBIIAJAOIIKE [0 HANPABICHUIO C
peanbHbIM TOKOM B BETBH)

B kagecTBe mpuMepa BO3bMEM CXe-
My pHC. 2.5 W JaHHbIE W3 mpumepa 2.2.
JlaHHas cxeMa MMEEeT TPU HE3aBUCHUMBIX
KOHTYpa, MO3TOMY BBIOMpAaeM TpPU KOH-
TypHBIX TOKa [Iy1,190,133 (puc. 2.6).

A il e

IIpu BEIOOpE MBI Y4IIH, YTO YEPE3 UCTOU-
Puc. 2.6 HUK TOKa TEYET TOJLKO OJMH KOHTYPHBIH
TOK [33 =J. HensBeCTHBIMU SBIIAIOTCS
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KOHTYpHBIE TOKH /]| U [9p. CocTaBisgeM ABa ypaBHEHHMs MJIs pacdyeTa KOH-
TYpPHBIX TOKOB:
111(Ry + Rs) + IpRy — I33Rs = Ep + Ey;
]22(R2 + R3 + R4) +[11R2 +[33R4 =E2.
IoacraBnss UCXOJHbIE JaHHBIE U IOMHS, UTO /33 =J =2 A, noiny4daem
21011 + 1407, =140 +170 + 2 - 70;
280]22 + 140111 =170-2-70.

Pemas coBMecTHO JOTH YPaBHCHUA HaXOAUM KOHTYPHBIC TOKH
111 =3.107A, I, =—1.446A.

Tenepp yepe3 KOHTYPHBIE TOKA HAXOJAUM PEATBHBIE TOKU B CXEME:
I =111 =3.107A, I, =Ij1 + Iy =1.661A, I3 =—I,, =1.446 A,
14 = [22 + 133 = 0554A, 15 = Ill - 133 =1.107 A. Haﬁ,[[eHHBIe TOKH COBIIA-
JIY C TOKaMH, pacCUUTaHHBIMU 110 3akoHaMm Kupxroda.

2.4. MeToa ABYX y3J10B

Mertona nByX y3710B (MEXXY3J10BOTO HAMPSKEHUS) IPUMEHSIETCS 1A 11e-
e, UMEIOIIUX TOJIBKO JIBa y37a (Hanmpumep, y3en 1 u y3en 2).

Ilopaooxk pacuema

1. TIpou3BoJbHO BHIOUPAIOTCS HAMPABICHUS TOKOB B BETBSIX CXEMBI.
2. Bpruncnsercs Mexy3JI0BO€ HANPSKEHUE, HATPABIIEHHOE OT y37a | K y3-
oy 2:

rac

E, . .
Z— — anrebpanueckas cymma otHomeHuid 3J[C BeTBel K CONPOTUBIICHU-
n n
M ITUX BeTBeH (OTHOIIEHUEe Oepercsa c TurocoM, eciu crpenka IJC Ha-
npasjieHa K y3iy 1);

> J; — anrebpamdeckasi CyMMa TOKOB HCTOYHHKOB TOKa (TOK Oepercs ¢
k

IUTKOCOM, €CJIM OH HampaBJIeH B y3en 1);

Y —— — cymMMa POBOANMOCTEH BCEX BETBEH, COSUHSIOLMX y3ibl | 1 2.

m m
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+Up, + E},
b
Ry,
'€ 3HAK «t+» BBI6I/IpaCTCH, cClIn HaHpaBHeHI/IC TOKAa Ik B k—Oﬁ BCTBU COBIIA-

3. BBIUMCIAIOTCSA TOKM BETBEH 110 3aKoHY OMa: [ =

naet ¢ HanpasienueM Uy, n Ej; R; — conpoTHuBiieHUE k-0 BETBHU.

IIpumep 2.3. B cxeme (puc. 2.7) onpeaenuTb BCe TOKM METOJOM JIBYX Y3JIOB,
eciim £ =100B, £, =50B, J=2A, R =1000M, Ry =600M, R3 =800m,

R4 =250Mm.
1/.\ Pemenue. Paccuuraem Mexy3aoBoe Hamps-
KeHue 1o Gopmyie:
Ey E
R R Lty
? R Ry
Vi S R Yi2=q" I 1
P RR R Ry
5Dk, R ; 1y 3+ Iy
v 4| TIlpu 3amucu OBUIO YYTEHO, YTO BHYTpPEHHEE

COIIPOTUBIICHUE MCTOYHHMKA TOKA paBHO Oec-
KOHEYHOCTH (BHYTPEHHEE COIIPOTUBIIEHHUE HC-

tounnka OJIC paBHO Hymo0). IloncraBuB B

Puc. 2.7 (GopMyJly HCXOIOHBIE JIaHHBIE, MOIYYUM, 4TO

Ui, =32.5B. 3Hasg Mexy310BO€ HaAIPSLDKEHHE, JIETKO PACCUATATh HEU3BECT-

HBIC TOKU:
f U+ B 23254100 oo
R 100
12 :U12 +E2 =32'5+50=1.375A; 14 :—U12 :—32.5 —_13A.
R, 60 Ry 25

2.5. MeToa HAJIOKEHUSA

Ilpunyun nanosxcenusn: ToK 000N BETBU MOXKET OBITh HAlJICH KaK all-
reOpanyeckas CyMMa YaCTUYHBIX TOKOB, IPOTEKAIOIINX B 3TOW BETBH.

Yacmuunwlii mox — 3T0 TOK, T€HEPUPYEMBIN TOJIBKO OJHUM MCTOYHM-
KOM JHEpPruH, OCTaJbHbIE MCTOYHUKH HCKIIOYAKOTCA U3 LEenu (MCTOYHHKHU
O/1C 3ameHsI0T NPOBOIHUKAMU, @ BETBU C UCTOUHUKAMU TOKA Pa3pbIBAIOT).

Marematnyeckas opMma 3arnucH NPUHLKIIA HATOKEHUS

n
_ 570 . . . 7@ u
I =21 + > TAe Ij— MCKOMBIii TOK k-0i BeTBH; [’ — YaCTHYHBIH TOK

i=l
BETBU, TEHEPUPYEMBIH i-M HCTOYHUKOM, # — YACJIO UICTOYHUKOB.
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Iopaook pacuema

1. OnpenensieTcss YUCIO0 UCTOUYHUKOB 7.

2. W3obpaxaeTcss n MOJACXEM, B KaXKJIOH M3 KOTOPBIX OCTABJISETCS TOJBKO
OJIMH UCTOYHHK SHEPTUHU.

3. B kaxmoi nojacxemMe onpeAessieTcss YaCTUYHbIN TOK.

4. Tok BETBM HAXOAUTCS aNreOpanvyecKUM CyMMHUPOBAHUEM YACTUYHBIX TO-
KoB nojcxeM. C IUIFOCOM 3alUChIBAIOTCS YaCTUYHBIE TOKH, KOTOPbIE COBMA-
JAIOT IO HAIpPaBJICHUIO C MCKOMBIM TOKOM BETBH, U C MHHYCOM, €CJIM HE
COBIIAJAIOT.

IIpumep 2.4. Onpenenuts TOK /5 (puc. 2.8, a) METOJOM HAJOXKEHUS, €CIIU

E=90B, J=5A, R =70m, Ry =60m, R3 =60m.

A Lt L’

R — R, + R
2

Puc. 2.8

Pemenue. B cxeme ABa MCTOYHHKA, CIEAOBATEIIHLHO, HY’KHO HApHUCOBAThH JBE
MOJCXEMBI, B KaXKJI0M U3 KOTOPBIX OYyJIeT AeMCTBOBATh OAWH UCTOYHUK. [1o/-
cxema ¢ uctoyHukoM JJIC (BeTBb ¢ MCTOYHUKOM TOKa Pa30OMKHYTa) Mpe/-
cTaBjieHa Ha puc. 2.8, 0. YacTUYHBIN TOK 3TOM MOJCXEMbI paBEH
E E 90
Iy =———=—=T75A.
R2 + R3 12
[Toncxema ¢ UCTOUHUKOM TOKa (BMecTo uctounuka J/JC — 3akopoTka) npea-
cTaByicHa Ha puc. 2.8, B. HaCTUUYHBIA TOK OIpPEIEINM [0 MPABWIy Mapa-
JIEJIbHBIX BETBEH
J R3 30

I =J =T =25A,
R2+R3 6+6

Tok BeTBHM HaxoaMTCs aNreOpaMyecKuM CyMMHUPOBaHMEM YaCTUYHBIX TOKOB
noacxeM: [, = —Ifj + 1‘2] =-7.5+2.5=-5A. YacTtuuHblil TOK Ifj B35T CO

3HAaKOM MHHYC, T.K. €T'O HAIIPaBJICHUC HC COBIIAAACT C TOKOM BCTBH ]2 .
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2.6. MeToa 3KBHBAJICHTHOI0 TeHepaTopa

/18yxnontocHuKkom Ha3bIBACTCA 1I€Ib, KOTOPAsi COEAUHSACTCS C BHEUIHEU
OTHOCHUTEJIBHO HEE YaCThIO LIEMH Yepe3 JABa BbIBOJA. Pa3nnyaroT akTUBHBIC U
MACCUBHBIC JBYXITOIIOCHUKU. AKMUBHBLI BYXIIOIIOCHUK COJEPKUT MUCTOYU-
HHUKH DJICKTPUYECKON SHEPTHUM, & HACCUBHBLI JBYXIIOJIOCHUK UX HE COJAEp-
KUT. Y CIOBHBIC 0003HAaYEHUST aKTUBHOTO A 1 maccuBHoro Il nByxmomtocHu-
KOB IPUBEJEHBI Ha puC. 2.9.

# 7 - I
A Ul Ry
a 0
Puc. 2.9.

Cxema 3amelleHus JTUHEHHOrO ABYXIIOJIOCHUKA OIPEAENSIEeTCs] €ro JMHEH-
HOil BAX wnnu BHemHe# xapakrepuctukon U (1) .

BAX maccuBHOTrO JBYXIOJIFOCHHKA — IpsAMas a
Ha puc. 2.10. IloaTomy ero cxema 3amelnieHUs
IIPEACTABISACTCS PE3UCTUBHBIM JJIEMEHTOM C CO-

U
nporuBieHuem R,, =—, rae U,I u R,, — Ha-
p BX =7 BX

7 TPSKEHHE MEX/y BBIBOJAMH, TOK W BXOJHOE
COTPOTHBJICHUE MTACCHBHOTO JBYXIIOIIOCHHKA.

BAX akTtuBHOro ABYXIONIOCHUKA (puc. 2.9,

Puc. 2.10 0) MOKHO IIOCTPOMTSH IO ABYM TOYKAM, COOTBET-

CTBYIOIIIUM PEKHAMaM XOJOCTOTO XO0ja, T.C. MPH

Ry =00, U=Uyy, I =0, 1 KOpOTKOro 3aMbIKaHus, T.c. npu Ry =0, U =0,

v

Ik IKS

I=1I. Ora Xxapakrepuctuka u ece¢ YypaBHeHue U =Uyy —IR., TIE
U
Ry =Ry = XX / — OKBHBAJICHTHOE WM BBIXO/IHOE CONPOTUBICHNUE
K3

JBYXIOJIOCHHUKA, COBMAJAIOT C OJHOMMEHHBIMU XapaKTEPHUCTHKON M ypaB-
HEHUEM JUJIl UCTOYHHUKA 3JIEKTPUYECKON SHEPIHH, MPEJCTABISIEMOIO CXEeMa-
MH 3amenieHus puc. 1.8.

MeTon SKBUBaJIEHTHOTO T€HEpAaTOpa MPUMEHSAETCS MPU PacyeTe dJIeK-
TPUYECKUX LIeTeH, Korja TpeOyeTcs ONpeAesIUTh TOK TOJIBKO B OJJHOI BETBU.

MeTton ocHOBaH Ha TeopeMe 00 aKTUBHOM JBYXIIOJIFOCHHUKE, COTJIACHO
KOTOPOM CIIOKHYIO LIETIb, COAEPIKAILYI0 HCTOUHUKH, M0 OTHOLLIEHUIO K BETBU
C UCKOMBIM TOKOM, PacCMaTpHUBAIOT KaK aKTUBHBIM JBYXIOJIOCHUK (KBHBA-
JICHTHBII T€HEepaTop), COCTOSIUUNA U3 SKBUBAJIECHTHOro ucrounuka J(C EL
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(MM MCTOYHMKA TOKAa Jy.) M DKBHUBAJIEHTHOIO CONPOTUBIECHMS R (puc.
2.11). B atom ciydae D/IC reneparopa E|. paBHa HalpsHKEHHUIO XOJIOCTOTO
xoga Uyy , T.€. HAPSOKEHUIO HAa BBIXOJE LIENU IPU Pa30MKHYTBIX 3aKUMax
«ab» (Rj =o0). BHyTpeHHee COIPOTHBIIEHUE IeHepaTopa R. paBHO COIPO-

TUBJICHHIO 1IETIH OTHOCHUTEIHHO 3aKUMOB «ab». Tok BETBU ompeensieTcs 1o
dbopmyiie:

E U J
]k: r = XX = r R I‘He Jr:[KSZUXXR .
R.+R; R +Ry 1+RV r
RF
a Ii
A R
b k

=
b
AN\
&/
|
]
=
=~

Puc. 2.11
Ilopaooxk pacuema

1. PaspeiBaeTcs Liellb OTHOCUTEIBHO BBIJCICHHOW BETBU U JIOOBIM METOAOM
OIIPENEIAETCS HANPSHKEHUE X0J0CToro xoaa Uy = Ei..

2. OHpG,IICHHCTCH COIMPOTUBJICHUC IICIIN RF OTHOCHUTCIILHO BBIHCHCHHOﬁ

BeTBU. [Ipn 3TOM BETBH C MCTOYHMKAMHU TOKA YIAJISAIOTCS, & UCTOUHUKH
OJ1C 3aMeHs0TCSA TPOBOIHUKAMU.

EF — UXX
Rr + Rk Rr + Rk

3. Ompenensiercs TOK BETBU : [} = , Tae R} — conpoTus-

JICHHE BBIJICJICHHOU BETBHU.
IIpumep 2.5. [l cXeMbl, IPEACTABIEHHON HA PUC. 2.5 HAWTU TOK /5 METO-

JIOM SKBHBAJICHTHOTO r'eHepaTopa. JlaHHbIe BO3bMEM U3 TIpuMepa 2.2:
E;=140B, E, =170B, J =2A, Ry, =1400M,R3 = R4 = R5 =700m.
Pemenue: Boiieanum BETBb ¢ TOKOM /5, a OCTAJIBHYIO 4aCTh CXEMbI 3aMECHUM
HKBUBAJICHTHBIM I€HEPATOPOM C Iapamerpamu L. u R;.
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OmnpenenuM HampsibkeHue xonoctoro xona Uyy = E.. g 3TOro conpoTus-
JeHue Rs 3aMeHseM pa3pblBoM (puc. 2.12).

Ry
—
Ry
R
— r
Ry
Puc. 2.12 Puc. 2.13

ITo Bropomy 3akony Kupxroha U,y = Ej + E5 — 3R, . JIna HaxoxaeHUs

TOKa /5" HMCHOJIB3yEM METOJ KOHTYPHBIX TOKOB: [7y =J =2 A;
I11(Ry + R3 + Rq) = IpR3 = E .

[loxcrasiss nansele noiry4aem [ = % =1.107 A,

torna I5X =11 =1.107A u Uy, =155B.

]_—[JIH OIIPCACIICHUA RF BBIIIOJIHUM OKBHBAJICHTHBLIC HpCO6p330BaHI/I§I B

cxeme puc. 2.13:
_ (R3 +R4)R2 140 -140

r = =700m.
R3 + R4 + R2 280
OrnpenensieM TOK BETBU
I5= Une 155 =1.107 A.

R.+Rs 70+70

Tok u HAIIPSKCHUC BETBU MOJKHO OIIPCACIINTD Fpa(bI/I‘ICCKI/I. I[JI}I 9TOTO
HaxoaATCA HAIIPSKCHHUE XOJIOCTOI0 XO/1a U xx K TOK KOPOTKOI'O 3aMbIKaHUsI

IKS JIIsA 3TO# BETBH. 3aTEM I10 STHUM ABYM TOYKaM CTPOUTCA BHCUIHAA XapaK-

tepuctuka (puc. 2.10). B 3TuUX ke KOOpAWHATHBIX OcsAx cTpoutTcs BAX
U =1IR;, tne Rj — 3TO CONPOTUBICHUE BETBU, B KOTOPOU ONPEHEIIEM TOK.

W3 ToukM nepecedeHrsi BHEIIHEN U BOJIbT-AMIIEPHON XapaKTEPUCTUKH OITyC-
KaloTCs MEPIEHAMKYJIAPBl HA OCU KOOPAUHAT U HAXOZATCS TOK BETBU [} H

Hanpspkenue Uy .
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3. OnHoga3Hbie HeNH CUHYCOUAAIBHOI0 TOKA
3.1. Croco0bI npeacTraBjaeHUsi TAPMOHUYECKHX BeJTHYNH

Hanpsixenus, Toku n 9JIC Ha3pIBalOTCS nepemMeHHblMU, €CIIA UX 3HA-
YEHUsT U3MEHSIOTCS BO BpeMeHM. VX 3HaueHus B Jr000M JaHHBIH MOMEHT
BPEMCHH Ha3bIBAIOTCS MZHOGeHHbIMU W 0003HAYaroTcs i,u, e. I apmonuue-

CKasA 6euyuHa — 3TO BEIMYMHA, U3MEHSIONIASCS 110 3aKOHY CHHYCA WJIU KO-
CHHYCA.

B nuHelHOW 1enu npu AEUCTBUHA CUHYCOUIAIBHO W3MEHSIOLIUXCS MC-
TOYHUKOB TOKHU U HaIPSHKEHUS OYIyT TaK:Ke CUHYCOUIANIbHBI.

N3BECTHO HECKOJBKO CHOCOOOB MPEACTaBICHUS CHHYCOUIAIBHO H3MeE-
HSAIONIUXCS BEJIMYMH: B BUJIE€ TPUTOHOMETpUYECKUX (DYHKIMHU, B BUjIE Tpadu-
KOB U3MEHEHUM BO BPEMEHH, B BUJIC BpAIIAIOIIUXC BEKTOPOB U B BUJIE KOM-
MJIEKCHBIX YUCEN.

Ilpeocmaesnenue cunycoudanvhvlx eeauuun 6 euoe cpaguxos. Ha puc. 3.1
n300pakeHa CUHycouianbHas QyHKIIUS

i(t)=1,,sin(wf+vy).

iA 3necy [,,— MakcUMajbHOE 3HAYECHUE WIIH
aMIUTMTYJla; Y — HadaiabHas (aza, WU Be-

1, JUYMHA CJBUTAa CHUHYCOHWJbl OTHOCUTEJIHHO
! Hayana koopauHat; 1 — mepuon (QyHKIUU;

f‘? \/ o =2nf [pan/c] — yrioBas yactora (YMCIIO
‘ ' \T :

KoJeOaHuil 3a 2m eIUMHULl BPEMEHH);
f :% [['1] — gacToTa.

O BenuMuMHE TOKA CyAST OOBIYHO MO JIEHUCT-
BYIOLLIEMY 3HA4YeHUIO 3a nepuon. /eiicm-
gyloujee 3HAYEHUE TMEPUOJUYECKOr0 TOKAa PABHO IO BEJIMYHMHE TaKOMY IIO-
CTOSIHHOMY TOKY, KOTOPBIM, IPOXOJs Y€pe3 HEM3MEHHOE CONPOTUBIEHUE R,
3a IepUoJ BpeMeHU I BBIIEIAET TO K€ KOJUYECTBO TEIUIA, YTO U MEPUOJIH-
YECKUU TOK:

Puc. 3.1

T T
%giz(t)olt , ananornuHo U = %guz(t)dt.

Ecnn nmepmognvecknii TOK M3MEHSAETCS 110 CHHYCOUIAIbHOMY 3aKOHY,
TO €T0 ICUCTBYIOIIECE 3HAUCHUE ONPEACIIACTCS KaK

T
1
I= yj'lz sinz((ot+\|1)olt =-n.
T m
0 A2
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AHaIOTUYHO ONPEAEISIOTCS IEHCTBYIONINE 3HAYCHUS APYTUX BEITHYUH:
U=—"2;, E=—"F; J=—.
V2 V2 V2

3anuch CUHYCOMJIAIbHBIX BETUYMH MOXKET OCYIIECTBISITHCS KaK 4epes
aMIUTATYIHbIE, TaK U Yepe3 ACHCTBYIONINE 3HAUCHHUS:

i(t)y=1,,sin(ot +y)= V21 sin(ot + ).

Cpeonum 3HaUYEHUEM CHHYCOUJAIbHON BETMUMHBI CUUTAIOT €€ CpeIHee
3HAa4YCHHE 3a MOJIOKUTEIBHBINA MOJIyIepUO/I, COBMAJIAIOIEE CO CPETHUM 3Ha-
YeHHeM 1o Moayiro. Hampumep, /Uis TOKa BBIUMCIMM CpeJHEE 3HAa4YCHHE,
BbIOpaB HauaJIbHYIO (pa3y paBHON HYIIIO:

7 7
Igy=2 J'i(t)dt:% [ 1 sinordr = 2

cp~
T0 0 T

Ilpeocmagnenue cunycouoanbHblX 6eTUYUH BPAULAIOUUMUCA 6EKMOPAMU.
Jns npencraBieHuss Toka i(f) =1, sin(wf+y) BpallaroIMMC BEKTOPOM

noctpouM (puc. 3.2) paauyc BeKTop /,, 3TON BEIMYMHBI IJIUHON (B MacIlTa-
0€), paBHOM aMIUIUTYy/€ TOKA, U MOJ YIJIOM Y K FOPU30HTAIBHOM Ocu. DTO
OyZeT ero uCXOAHOE MOJI0KEHUE B MOMEHT Haudaja oTcuera BpeMeHu ¢ =0.

iA

Lsin(+ y) I,

1,sin(y /\ + )i
\ 7 T
\Imsin(oot2+ \y)/ R I, /'\(’”( ]

Puc. 3.2

Ecin paamyc-BekTop Bpalliath ¢ MOCTOSHHOW YIJIOBOM CKOPOCTBIO ®
IIPOTHUB HAIIPABJICHUS JIBHYKCHUS YaCOBOM CTPEIIKH, TO €ro MPOCKIIMS Ha Bep-
TUKaJIbHYI0 OCh OyneT paBHa [, sin(®wf + y) (puc. 3.2).

[IpuMeHeHue Bpamarouxcs BEKTOPOB MO3BOJIIET KOMIAKTHO MPEACTABUTH
Ha OJJTHOM PHUCYHKE COBOKYIHOCTh PA3JIMYHBIX CUHYCOUJ] OJTHOM YACTOTHI.

Ilpeocmasnenue cunycoudanbHvIX 6eIUYUH KOMNIEKCHBIMU YUCTAMU.

Jlmst toro,  4ToOBI  TPEACTaBUTh  CUHYCOMJAIBHYIO  BEIHMYHUHY
a(t) = A, sin(®t + ) KOMIJIEKCHBIM YHCJIOM, IPOBEJEM Ha KOMIUIEKCHOM
mIockocTy (puc. 3.3) U3 Havajia KOOPJAMHAT TOJ YIVIOM Y K OCH JEeHCTBU-
TEJIBHBIX YHUCENl BEKTOP, JJIMHA KOTOporo (B Macmrade) paBHa 4,,. Konen
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BCKTOpPa HAXOOUTCA B TOYKC, KOTOpOﬁ COOTBCTCTBYCT OIPCACICHHOC KOM-

TJICKCHOE YHCIIO — Komniekcnas amnaumyoa: A, = A, e’V tne j=+-1-

MHUMas €IMHULIA.
[Ipu yBenuuyeHUM BO BpeMeHHU (a3bl ®f +\ yroja MeXIy BEKTOPOM U

OCBIO JICHCTBHTENBHBIX YHCEN PACTET, T.€. IONYYaeTcs BPAIIAIOIIMICS BEK-
top A,/ @V = 4 cos(wt +y) + jd,, sin(of + ). Tlpu sToM MHAMas
YacTh TOTO BEKTOPA PAaBHA 3aJaHHOH CHHYCOHMIAIb-

g4 4 g
m HOM BCJIMYMHE.
bi==- A [IpuHATO Ha KOMIUIEKCHOM IJIOCKOCTH H300pa-
A J)KaTb BEKTOpPbI CHHYCOHWJATbHO M3MCHSIOIIUXCS BO
\ i +], BPCMCHHM BCJIMYHH /Ul MOMCHTA BPEMCHH ot =0. s
¢ 9TOr0 MOMECHTA BPEMCHM BCKTOP Amej (©r+y) Oyzner
Puc. 3.3

paBeH KOMILIEKCHOM ammutyae A, = A,e’V .

BekTop Ha KOMILJIEKCHOM IUIOCKOCTH, JUIMHA KOTOpPOro (B macmrade)
paBHa JIEHCTBYIOIIEMY 3HAYEHHIO CUHYCOMAAIbHOM Belu4yuHbl (puc. 3.3), u
COOTBETCTBYIOIIEE KOMIUIEKCHOE YHCIIO HA3bIBAECTCS KOMHAEKCHbHIM Oelicm-

syrougum 3navenuem: A="m/—=Ae/V .
N2
[Ipumensitorcst Tpu HOPMBI 3aMMCHU KOMIUIEKCHOTO 3HAYE€HUSI CUHYCOU-
NATBHON BEJIMYUHBI:

nokazamensnasn gopma A= AelV ;
mpuzonomempuueckas gpopma A= Acosy + jAsiny;
anzeopauueckan gopma A=ReA+ImA=a+ jb, rne ReA=a=Acosy u
ImA=b= Asiny - nedcTBUTENbHAS U MHUMAs YaCTHU KOMILIEKCa A.
Ilepexo0 om nokazamenvHoU hopMbl K a12edpauyecKkoi
Ae’V=a+ jb, rne a=Acosy; b= Asiny.

Ilepexoo om anzebpauueckoii hopmul K nokazameabHOU

a+ jb=Aej V rme A= Va? +b? - MOJyJIb KOMILJIEKCHOTO YHCJIa;

b o (o)
y =arctg— £ 180 — ¢aza, npuuem * 180" yuuthiBaetcs, ecnu a <0.
a

Ipumep 3.1. IlycTh TOK W HampsbKEHUE 3aJaHbl B BHJE CHHYCOHUJI:
i(t) =5sin(wt +130°) A, u(t) =200sin(owf —30°)B, Tormna KOMIUIEKCHAs aM-

. il o
=Je
IIMTYyaa TOKa ]m 5 J 30 A, KOMIIJICKCHOC JCUCTBYHOLLICC 3HAYCHUC

.5
J=——e/B0A, IlepeBenem mnokazaTenbHyl0 (GopMy B anreOpanyvecKylo:

NG
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I, =5e/130 =5c05(130°) + j5sin(130°) =—3.21+ j3.83A.  KommrekcHas
aMIIMTyaa Hanpsokenus U, =200e /"B wm B anredpanueckon Gopme

U, =200cos(—30°) + j200sin(—30°)=173.2 — j100B.

Onepayuu ¢ KOMNIEKCHbBIMU YUCIAMU
1. Ilpu cnoxeHuun (BHIYUTAHUU) KOMIUIEKCHBIX YHMCEN X 3alHMCHIBAIOT B all-
reOpandeckoii ¢hopMe M OTJCIBHO CKJIAJbIBAIOT (BBIUUTAIOT) MX JEHCTBH-
TCJIbHBIC U MHUMBIC HaCTU:
Jv Jv - - - A
Ale 1 iAze 2 =(a1 +]bl)i(a2 +]b2)=a3 +]b3 =A3€ 3.

5¢/331 112867134 2 (34 4/)+(8-10/)=11-6=12.53¢7/285
2. YMHOXEHHUE U JIeJICHUE MPOU3BOIAT B MOKa3aTelbHOU (popMme:

41’V - 4y = Ay 4y’ V1Y), 30750 6,20 _1ged30,

v . 85
A A jwimwy), 10e77 L 40
Azejwz A2 58]45

3

3. CompskeHHOe KoMmekcHoe uucno: ecimd A= Ae/Y =a+ jb, To conps-

* i .
’KEHHOe eMy uucilo 3anummercs B Buge A = Ade /V =a— jb.
Hekotopsie cooTHOIIEHUS:

. . 1 . .
j=el —j=e 0 =1 5o1=e/0 —1=e/1%0,

3.2. DJeKTpUYecKas Henb ¢ Pe3UCTUBHBIM 3JIeMEHTOM

Ecmn 4epe3 pe3UCTUBHBIM BJIEMEHT TEYET CHHYCOMAAIbHBIA  TOK
R i(t)=1,,sin(®wt +y;), TOrna HaIpsKECHUE HAa COIPOTHUBIIE-
1
s> | HHUM U3MEHseTcs 1o 3akoHy Oma
—> . _ . _ .
m up()=i(t)R=1,Rsin(ot +vy;)=U ,psin(ot +vy,),
IJI€ aMIUTMTYAbl TOKA W HANPSKEHUS CBS3aHBI COOTHOIIIE-
aueM U, p =1,,R, a ux HauapHble (Pas3bl paBHBL Y; =\, .

CrnenoBaTeNbHO, HANpsAjdCeHUe Ha 3aXHCUMAX CONPOMUBLEHUS U MOK,
NPOXOOAUWULL Yepe3 IMO CONpoOmueIeHue, UMerm 0OUHAKOBYIO HAYAILHYIO
Ga3zy unu, xax 2oeopsam, cognadarom no gase.

Dazoewlii coéuz (¢ — STO Pa3HOCTh HAa4YaNbHBIX (a3 JABYX CHUHYCOU],
UMEIOIINX OJMHAKOBYIO 4acTOTy. B manHOM cimyuae (a30BbIi CABUT MEXITY
HaIpspKEHUEM M TOKOM paBeH Hylmo: @ =y, —\y; =0.
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Ecnu nepeBecTn aMIIuTy AHbIC 3HaYEHUS B JCHCTBYIOIIME (pa3/ieiInuB Ha
\/5 ), TO MOJIyYMM COOTHOILIEHUE JJIs AeUCTBYONMX 3HaueHuit Up = IR .
IIpencraBumM CUHYCOMIANBHBIE TOK W HAINPSHKEHUE B KOMIUJIEKCHOM

dopme: [ =1e/Vi u Up =Ue’/V .
3axon OMa B KOMIIICKCHOH (popMe JUIS pe3HCTUBHOTO dieMenTa: U R= IR.

KommiexkcHas cxema 3aMCIICHUS PE3NUCTUBHOIO 3JICMCHTA U €TI0 BCK-
TOpHAs JWarpamMma [peJCTaBJIeHbl Ha
puc. 3.4.

MrHoBeHHag MOHIHOCTD, IMOCTYIIAIOIIasa B
COIIPOTHUBIICHHUC!

pR(t) :uRi:UI(l—cos2(cot+\|1,-))
N3MCHACTCA C yrHOBOﬁ qaCTOTOﬁ, YABO-
€HHOH IO CPaBHCHUIO C JacTOTOU HalpAa-
ZKECHU U TOKA. BBI/I,Z[y TOT'O, UTO B paCCMaTpUBACMOM CJIydac HAIIPAKCHUC U
TOK COBIIaAAaKOT I1O (1)2136, TO €CTb BCeraa UMCHOT OﬂHHaKOBBIﬁ 3HaK, UX IIPO-
HN3BCACHHUC BCCraa IOJOXUTCIIbHO.

Puc. 3.4

T
1
Cpez[Hee 3HAYCHUC MOIIHOCTH 3a ICPHUOI: P= ? Idef Ha3bIBACTCA aK-

0
TUBHOI MOIIHOCTBIO U U3MepsieTcst B BarTax (BT). B paccMoTpenHOM cityyae

P=I’R , TO €CTh BCA DJIIEKTPUYECKasl DHEPIHs, MOCTYIAOIasd B CONPOTUB-
JeHHe, Ipeodpas3yeTcs B TEILIO.

3.3. DuekTpHYecKas Helb ¢ HACATbHOH KATYIIKOM

CBsi3b MEX]ly MTHOBCHHBIMHU 3HAYCHUSIMH TOKA M HANPSIKCHUS UHIYK-
TUBHOTO dJIEMEHTa (MJeaJbHOM KaTyIIKK) BbIpaxkaeTrcs (GopMmyIaMu:

~ L di(t) . 1
g~y up()=L ” O ZJML (t)dt.
—
U Ecnu B MHIYKTHBHOM DJIEMEHTE TOK CHHYCOMIATbHBIH
i(t)=1,,sin(wf +y;), TOrAa HaIpsDKEHUE U3MEHsSeTCs
10 3aKOHY:

ug :L%:Lwlm cos(of +y;)=x7 1, sin(of +y; +90°)=U,,; sin(wt +y,,),

HOqueHHOG BBIPAXKCHUC IIOKA3BIBACT, UMO HANPAdIICEHUE HaA MH()meuGHO-

cmu onepexcaem mok na 90°. Torma dasossiit caur @ =\, —y; =90°.

AMHHI/ITYI[BI, TaK K€ KaK H I[GI\/’ICTBYIOH_II/I€ SHAYCHUS HAIIPAKCHUA M TOKaA,
CBA3aHbI COOTHOIIICHUAMMU, HOI[O6HI:IMI/I 3aKOHY Owma:
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UmL =0)L[m =Ime; UL =0)L[=IXL,
rae x; =oL[OM] — peakmuenoe conpomuenenue UHOYKMUEHO20 3Jle-

mMenma (UHIYKTUBHOE CONpOTUBJIEHME). Benuunna by =%) 7 HaspIBaeTCs

UHyKTUBHOM MPOBOAUMOCTBIO, TorAa 1, =b;U,, 1 .
Ecmm ® — 0, To x; = 0 — conpoTuBieHne HHIYKTUBHOTO 3JIEMEHTA ITOCTO-

SHHOMY TOKY PaBHO HYJIIO.
IIpencraBuM CUHYCOMAAIbHBIA TOK #(?) W HampsbkeHue uj (f) COOTBET-

CTBYIOIIMMH KOMIUIEKCHBIMU 3HAUYCHUSMU I =1Ie/Vi , U . =U Le] Vi

KommekcHas cxema 3amelnie-
HUSI U BEKTOpHas JIUarpamma
WHJIYKTUBHOTO JJIEMEHTa MpHU-
BeleHbl Ha puc. 3.5. Ha nua-
rpaMMme IMOKa3aHOo, YTO BEKTOP
HANPSDKEHUST OIEPEKACT BEK-

TOp ToKa Ha 90°.
3akon OMa B KOMIUIEKCHON (hOpMe JUISl MHILYKTUBHOTO 3JIEMEHTa

UL =1 JXL,
rae x; =L u j=1e’ 20_ YUUTBHIBAET OBOPOT BeKTOpa Ha 90°.
DOHeprusi, HaKOIJIEHHAss B MAarHUTHOM I10JIE MHAYKTUBHOI'O 3JIEMEHTA,

Li?
paccuuThiBaercs o popmyne: W, = -

3.4. DuekTpHYecKas Henb ¢ HAeAJIbHBIM KOHIEHCATOPOM

CBs13b M@Ky MIHOBEHHBIMU 3HAUYECHUSMH TOKA M HANPSHKEHUS €MKOCT-
HOTO JJIeMEHTa (MICaNbHOTO KOHJEHCATOpa) BbIpaXKaeTrcss (opMysIamHu:

, duc (¢ 1
i ¢ i(t) = CA; uc(t)=—[i(t)dt.
——|l— di C
Uc Ecnu yepe3 eMKOCTHOM 3JIEMEHT T€YET CUHYCOUIAIbHBINA TOK

i(t)=1,,sin(wf +y;), Torga HaIpsHKEHUE HA DIIEMEHTE 3a-
MTUIIETCS B BUIE:

— . o
uc(t) :éji(t)dt = (Dg cos(ot + ;) =xc1,, sin(of +y; —90°) =

=U,,csin(of +vy,,).
[Toxy4yeHHOE BbIpak€HHE MOKA3bIBAET, UTO HANPAIICEHUE HA eMKOCHU

omcmaem om moka wa 90°. ®azoBeIi cBuUr @ =y, —\y; =-90°.
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AMHJII/ITYILBI )41 I[GﬁCTBYIOH.II/IC SHAYCHUA HAIIPSKCHUA W TOKA CBA3AHBI

1 1
coornHomenuamu: U, c=——1,, =1,xc; Uc=—+1=1Ixc,
oC oC

1
rope x¢ = _C [OM] — peéaKkmueHoe COnpomue/ieHue eMKOCHmHO20 Jjiemenma
Q)]

(emMkocTHOE comporusineHue). OOparHas BennuuHa br =®C Ha3bIBAETCA
€MKOCTHOM MPOBOAUMOCTHIO. Clie1oBaTeNbHO,
Im:bCUmC; ]=chc.
Ecim ® — 0, To xo — 0, T.e. EMKOCTHOM DJIE€MEHT IIPEICTABIIACT pas-

PBIB 11 MOCTOSIHHOTO TOKA, KOTOPBIA IMPU MOCTOSSHHOM HAIpPSKECHUHA HE
IIPOTEKAET YEPE3 EMKOCTb.
[IpencraBuM CUHYCOMIAIBHBIM TOK [ U HAIPSDKEHUE U COOTBETCTBYIOLLHU-

MU KOMIUIEKCHBIMH 3HaYCHUAMU:
I=1Vi, Ur=Uce’Vv . Komnnexcnas
cXeMa 3aMeIleHHs M BEKTOpHas Jua-
rpaMMa €MKOCTHOIO 3JI€MEHTa IPUBEIEC-

HbI Ha puc. 3.6. Ha nuarpamme mnokasaso,
Puc. 3.6 YTO BEKTOP HANPSKEHUSI OTCTAeT OT BEK-

Topa Toka Ha 90°,
3akon Oma B KOMIUIEKCHOH opMe JJIs1 MHAYKTUBHOTO 3JIEMEHTA

Uc=1-(—jxc),

—Jj90 _ YUYHUTBIBAET IOBOPOT BeKTOpa Ha — 90°.

1
riue xCZR u-—j=le

9H€pFI/I$I, HAKOIUICHHAA B 3JICKTPUYCCKOM I10JIC €EMKOCTHOI'O 3JICMCHTA,

Cu%
paccuuTsiBaeTcs o popmyne: Wy, = 5

3.5. 3akonbl Kupxroga B kommiekcHoii popme

Ilepevuii 3axon Kupxzoga ¢ komnnexcnoii ghopme

AnreOpandeckasl CcymMma KOMILUIEKCOB JACHCTBYIOIIMX 3HAYEHUN TOKOB B
ysie pasHa Hym0: > + 1, =0.

['padraeckas mpoBepka mepBoro 3akoHa Kupxroda ocymecTisieTcs ¢
IIOMOIIBIO JTy4€BOU BEKTOPHOM nuarpaMmsl. JIyueeaa eekmopnaa ouazpam-
Ma CTPOUTCS JJI1 KOMIUIEKCOB JIEMCTBYIOIINX 3HAYEHHM TOKOB — 3TO BEKTO-
PBI, BBIXOASAIIME U3 HAYAJIA KOOPAUHAT KaXK/IbIM 10T CBOUM YIJIOM.
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Bmopou 3axon Kupxzoga 6 komnnexcnoit gpopme

B n11000M 3aMKHYTOM KOHType ainredpanueckass cyMMa KOMIUIEKCOB
JNEUCTBYIOIIMX 3HAYEHUM MAJCHUN HANPSHKEHUS Ha MACCHBHBIX AJIEMEHTax
paBHa anredpanyveckoil cyMMe KOMIUIEKCOB AeicTByomux 3HaueHuit DC u
HaIpsKEHU UCTOYHUKOB TOKA:

ZiUk :Zﬂk +Zink.

Jns rpaduueckoii mpoBepku BToporo 3akoHa Kupxroda ciyxut mono-
2pagpuueckan ouazpamma HAnPA}CEHUIl — 3TO BEKTOPbl KOMIUIEKCOB JECHCT-
BYIOIIMX 3HAYCHUI HAMNPSOKEHUsI, MMOACTPOSHHBIE OJUH K JAPYroMy M 00pa-
3YIOLIME 3aMKHYTBhIM KOHTYp. HampsbkeHuss OTKIIaabIBarOTCs CTPOro B TOM
MOPSIAKE, B KAKOM COEAMHEHBI COOTBETCTBYIOIINE JJIEMEHTHI JAHHOM LIETH,
IIPUYEM KAKJBIM MTOCIEAYIOIIUN BEKTOP MPOBOAUTCS M3 KOHLA IIPEAbLIyLIE-
ro. OTpe30K, COeANHSIOMMUN JTIOObIE BE TOYKM JUAarpaMMbl, paBeH Harpsi-
YKEHHUIO MEXKJy COOTBETCTBYIOIIUMH TOUYKAMU CXEMBI.

Bektopsl HanpsikeHuil Tonorpaduueckux JuarpamMm Mo OTHOIIEHUIO K
COOTBETCTBYIOIIMM TOKaM JIOJKHBI:

®  COBIAJATh MO (aze /Isi PE3UCTUBHBIX AJIEMEHTOB;

L4 OIICPCIKAThb TOK Ha 900 A1 THAYKTHBHBIX 3JICMCHTOB,

e OTCTaBaTh OT Toka Ha 90° 1T eMKOCTHBIX JIEMEHTOB.
Ctpenku BEKTOPOB HAINPSIKEHUM JOJDKHBI MOKA3bIBATh TOYKY BBICIIETO
MOTEHIHAAJIA.

3.6. PacueTr JMHEHHBIX JIEKTPUUYECKUX LeNeid B KOMIJIEKCHOH (popme

Tax Kak OCHOBHBIE 3aKOHBI JIEKTPOTEXHUKU B KOMILIEKCHOM (hopMme Ta-
KM€ K€, KaK U JUIA LETIEN C TOCTOSIHHBIMU TOKAMH, TO BCE U3BECTHBIE METO/IbI
pacyera Lenen ¢ MOCTOSHHBIMU TOKaMH CIPABEIUIMBBI JJIsl pacueTa Lenen ¢
NEepEMEHHBIMU TOKaMHU, TOJBKO BO Bcex Gopmynax Hanpsbkenus, I/C, Toku
Y CONMPOTHUBJIEHUS OY1yT KOMIUIEKCHBIMH YHCIIaMHU.

R L R JxXr
_|:|_/VY\_ _| I_/ YOV O\
e C— — E, ' — JX¢c ==
) [m
Puc. 3.7 Puc. 3.8

Hanpumep, myist  cxeMmbl, mpeacTaBieHHOM Ha puc. 3.7, nOpu
e(t)=LE,,sin(wf +y), ypaBHEHUE Ul MICHOBEHHBIX 3HAYEHHUH IO BTOPOMY

3akoHy Kupxroda 3anumercs B Buae
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1
up +uy +uc=e WA iR+L%+EJ‘idt=e.

Jlyis pacueTa JaHHOM CXEMBI COCTaBUM CXeMy 3aMmeleHus mnenu (puc. 3.8) u
3anuiieM BTopoii 3akoH Kupxroda B koMIuiekcHou popme:

ij + jmij + jm(_ij) :Em :
Brnecem 1, 3a ckooky 1,,(R+ jx; — jxc)=E,,. (3.1)
CnenoBaTenbHO, 114 cXeMbI (puc. 3.7)
Ey,

(R+ jxp = jxc)’
rae Z = Zel® =R+ Jj(x; —xc)[OM] — komnnekc nonnozo conpomugnenusn
yenu.

Vpasuenue (3.1) nepenumem B Bune ,,Z=E,,. Ilogenum obe ero

I,=

YyacTu HA V2 U Hepeﬁz[eM OT KOMIIJICKCHBIX aMIUIUTY I K KOMIIJICKCAM I[CﬁCT-
BYHOIIHUX 3HAYCHUM:

I =

N

(3.2)

VYpasuenue (3.2) npeacrarisieT co0oit 3akon Oma 01sa yenu CUHycou-
oanvHo20 moka. B obuiem ciydae Z uMeEeT HEKOTOPYIO AEHCTBUTEIbHYIO
4acTh R M HEKOTOPYIO MHUMYIO 4acTh jx = j(X7 —X¢):

Z=R+ jx=27e’?,
rac R, X — aKTHUBHOC U pE€AaKTHBHOC COIIPOTUBJICHUS LICIIN;

Z =\ R2 + X2 — MOAYJIb IIOJTHOI'O COIIPOTHUBJICHUSA LCIIN,

X
¢ =arctg e yroJ caura (a3 Mexay BXOIHBIM HaNPsHKEHUEM U BXOHBIM

TOKOM.
Aj . 4j
X[ >Xc —ij JXL Xy, <XC
JXr
R +1
0 0 >
< .
I AN ate
§)
Puc. 3.9

B 3aBucuMOCTH OT 3HaKa BEIUYMHBI (X7 — X ) YTOJ (@ MOXKET OBITh
100 MONOKUTENBHBIM (@ > 0— WHIAYKTUBHBIN XapakTep KOMILIEKCHOTO CO-
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npotuBieHus (puc. 3.9, a)), 1udo orpunareabHbiM (@ <(0— eMKOCTHOM Xa-
pakTep KOMIUIEKCHOTO conpoTuBieHus (puc. 3.9, 0)).

JIJ1st TOCTpOoeHUsT BEKTOPHOM AUarpaMMBbl MMOKaKEM Ha CXeMe HarpaBiie-
HUS HaNpsHDKEHUM Ha MaCCUBHBIX 3MieMeHTax (puc. 3.10).
IlycTp BEKTOp TOKa COBIIAJAET IO Ha-
MIPABJICHUIO C OCHIO BEIICCTBCHHBIX YH-
cen (puc. 3.11). Beibupaem macmrad To-
ka (m; =n, A/cM) 1 MacmTab Hampspke-

Hus (m, =k, B/cm). B npunsarom Mmac-

mTabe n300pakaeM BEKTOp ToKa [, 3a-
Puc. 3.10 TEM B MaciiTabe OTKJIaJIbIBaeM Hampsi-

’KEHUSI Ha COOTBETCTBYIOIIUX CONPOTHUB-

JICHUSAX B TOCJENOBATEIBHOCTH MX PAcHojiokeHus B 1enu. IlycTh Touka a
COBIIQJA€T C HA4aJOM KOOPAMHAT, U3 3TOM TOUKH BBIXOJUT BEKTOP HAIpshKe-

nust Uc =1 -(—jxc), KOTopbiil oTcTaer ot Toka Ha 90°. CTpenka Hanpske-
Aj Hust U BXOAWUT B TOYKY b, U3 KOTOpOH
Beixomut Uy =1 - jx;. CienoBaTenpHO, Ha

KOMIUJIEKCHOM TUIOCKOCTH M3 KOHLIA BEKTO-
pa Uc crpoum Bekrop Uj, y4yuTsbiBasg,

+1 YTO OH JIOJDKEH ONEPENUTh TOK Ha 90°. 3a-

TCM M3 KOHIAa BCKTOpa UL OTKJIaAbIBACM

Upg = IR, xoTOpBIli coBnagaer no ¢ase c

tokoM. DJIC E HaxoIuM KaKk CyMMy Ha-
Puc. 3.11 NPSKEHU Ha MACCUBHBIX AJIEMEHTax (pHuc.
3.11). BekTophHasi auarpamma MOCTpOEHA

s ciydas Uy >U .

Ipumep 3.2. BXoHOE CONMPOTUBIIEHUE LIETTH MOCTOSTHHOMY TOKYy 10 Om. Bo
CKOJBKO pa3 OHO H3MeHHUThcs Ha dactore 100 pan/c, ecmu L =0.1TH,
C =2m®. Onpenenutb BXOAHON TOK (puc. 3.12) mpu BXOJHOM HANpsiKEHUU

u(?) = /280sin(ot + 90°) B.
PemeHne. HanmeeHHe " COIIPOTUBJICHUA 3JICMCHTOB LCIIN IIPCACTABIIACM B
KOMITJIEKCHOU (hopme:

1 103
x; =oL=100-0.1=100m, x¢ - =
(D .

JIeHHe He 3aBUCHT OT 4acToThl R =10 Om, U,, = 80+/2¢/%0.

=50wM, aKTUBHOE CONPOTHB-
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Ha nocTossHHOM TOKE 4acTOTa paBHA HYJIIO, CIEI0BATEIBHO, X —> 0,Xx; =0

U B LI OCTAETCA TOJIbKO akTuBHOE comnpotupieHue R =10 Om. I[Tpu yacro-
Te paBHoi 100 pam/c paccuntaeMm MOJTHOE KOMIUIEKCHOE CONPOTHBIICHHE I1€-
Mu:

Z:R+M:10+5—0.:10_10j:10\/5e—j450M.

JxXp —Jjxc 10/ -5/
i R I, R
g = i
ul C — L —> Uml _ij p— ij
& | o |
Puc. 3.12 Puc. 3.13

3H8.‘II/IT, BXOOHOC COIIPOTHUBIICHHUC LOCIIM HA YaCTOTC 100 paz:/c YBCIIMYHUTCA B

V2 pa3 Mo CPAaBHEHUIO C BXOJIHBIM COMPOTHUBIICHHUEM 1€ MOCTOSIHHOMY TO-
Ky. Onpenensem Tok 1o 3akony Oma:

U, B 80~/2¢/%"

"oz 10+/2¢/ =%
[Ipencrasnsem Tok kak GpyHKIMIO BpemeHu: i(¢) = 8sin(100¢ +135°) A.

—8e/13A.

3.7. MOIIHOCTH B LeNU CHHYCOUJAJIBHOI0 TOKA

B Eciu naccuBHBIN JABYXIONIOCHUK MOJKIIFOYEH K HCTOY-
e CD l v | T | mmky DJC c manpsxernem u(f)=~2Usin(of +y,) u

TOKOM [(f) = V21 sin(wf +y;), TOrja ero MrHOBEHHAas

Puc. 3.14 MOIIIHOCTB 3allUIIeTCS B BUIE

p =ui=2UIlsin(ot + vy, )sin(wf +y;)=Ulcos@ + Ul cosLot +y,, +y;) =
=P+ ScosQCot+vy, +vy;),

1 T
rne P= —I pdt =Ulcos¢@ [BT] — akTUBHasi MOLUIHOCTb, PaBHA MOCTOSIHHOMN

r 0
COCTaBJIAIOLIEH MIHOBEHHOW MOUIHOCTH;, ® =\, —\; — CIBUT (a3 Mexay
HaIPSHKEHUEM U TOKOM.

AKTHBHas MOIIHOCTb 3aBUCHUT OT ACHCTBYIOIIMX 3HAYEHUMN HaIPSIKEHUS

U TOKa, a TAKXXE OT COSP — KoIppduuuenma mouwjpocmu. AKTUBHAS MOLI-
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HOCTb OIIPCACIICT CPCAHIOKD CKOPOCTH HCO6paTI/IMOFO Hp606p3.30BaHI/ISI
OHCPIUKU BO BCCX PC3UCTHBHBIX 3JICMCHTAX. Omna BCCTAa IIOJIOXKHUTCIIbHA N HC
3daBUCHUT OT 3HAKA yIJIa .

AKTHUBHas MOIIHOCTBb U3MCPACTCA BATTMCTPAMMU. BaTTMeTp HUMECT OABC U3MC-
PUTCIIBHBIC LCIIKM, OAHA M3 KOTOPLIX BKIKOYACTCA IMOCICAOBATCIIBHO C JIBYX-

* MOJIIOCHUKOM, T.€. TOK B 3TOM LEMU paBE€H TOKY

1 .
P [ IByXIMOJIOCHUKA. BrTopas wu3MepuTenbHas LEMb
lu BKJIFOYAETCS] MapajuleNIbHO € ABYXIIOIOCHUKOM, T.€.
p HanpsDKEHUE Ha ATOM LEeNu pPaBHO HAINPSIKEHUIO U

Puc. 3.15 JIBYXIOIOCHUKA. UTOOBI y4ecTh 3HAK yria ¢ Hu3Me-
uc. 3.
pPUTENbHBIE LIETIH JOJIKHBI OBITH BKJIFOUEHBI OTHOCH-

TCJIBHO ITOJIOKHUTCJIBHBIX HaHpaBHeHI/Iﬁ TOKa W HAIIPAKCHUA, IIO3TOMY OJHNH

U3 BBIBOJOB K&XJOM HM3MEPHUTENTbHOW Leryd 00O03HA4YeH 3BE3J0YKON (pHC.
3.15).

. R
N3 tpeyronpHuka comportuBienuid (puc. 3.9) ciemyet, 4To cosq):E,

'Kwﬂa}’:LUcompzégLRzlzR.

Honnaa mowyHocms — 3T0 NPOU3BEACHUE JIEVCTBYIOLIMX 3HAYEHUN Ha-

NPSKEHUST MEXTY BbIBOIaMU UCTOUHUKA U = £ 1 TOka UCTOYHMKA [ :
S=UI =EIl = *Z[BA].

Jist u3MepeHusi MOJIHOW MOIIHOCTH BbIOpaHa CBOSI €IMHMIIA: BOJIBT-
amriep [BA].

[TosmHass MOLIHOCTE ONpEAeNseT SKCILUTYaTalMOHHbIE BO3MOXXHOCTU MHO-
TUX JJIEKTPOTEXHUYECKUX YCTPOUCTB (reHepaTopoB, TpaHchopmMaTOpoB u
Ip.), JUIsl KOTOPBIX OHA yKa3bIBA€TCs B KaUECTBE HOMUHAIBHOU: Sy =Uy /.
Hanpumep, mjist reHepaTopa 3JE€KTPUYECKON SHEPTUM HOMUHAJIbHAS MOJTHAS
MOIIHOCTh PaBHA €r0 MaKCUMAJIbBHOW AKTHBHON MOIIHOCTH, KOTOPAsi MOXKET
OBITh MOJIy4YeHa npu cosP =1.

Peaxmuenan mowHocms () OTpaxkaeT mpoliecc oOMeHa PHepruei me-
XKy UCTOYHHUKOM JHEPTHMU U COBOKYITHOCTBIO MHIAYKTUBHBIX U €MKOCTHBIX

anemeHToB: O =Ulsinp=1 %x [Bap], roe sin@ :% (13 TpeyrojpHUKa CO-

npotuBiieHuit). [Ipy WHAYKTUBHOM XapakKTepe BXOIHOTO COMPOTHUBICHUS
(¢>0) peakTHBHAsE MOIIHOCTh IOJOXHUTEIbHA, MIPU €MKOCTHOM ((<0) —

OTpHLIATENbHA.
[IpeacraBuM BXOAHOW TOK M HAaNpsDKEHHE B KOMIUIEKCHOW QopMe:

I=1e/Vi, U=Ue/Vu . Bamummem B 06mmemM BHae MOJHOE KOMIUIEKCHOE CO-
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npotusienue nenn Z = Ze’? = R + jx. Torna KoMIiekc MoHOH MOIIHOCTH
LIETIH 3aIMILIETCS B BUJIE

Lk e : .
S=UI" =UIe/Va™V)) —ULe/® = P+ jO [BA],
* — . .
rne [ =1le/ Vi _ CONPsDKEHHBIN TOK; P =Ulcos( — akTMBHAas MOLIHOCTb;
Q =Ulsin@ — peakTUBHAsI MOLTHOCTb.
Tak kak U =1Z, TO KOMIUIEKC TOJHOW MOIIMHOCTH MOYHO 3aIliCaTh B
. .k *
pune S=UI =ZII =ZI*=RI*+ jxI?.
Ecnu Bce CTOPOHBI TPEYroJIbHUKA COMPOTUBIIEHUN (puc. 3.9) yMHOKUTH
Ha [, TO TONy4YduM TPEYroJbHUK HanpspbkeHuil (puc. 3.16), rae

U=\U%+U2; cosq):UFR; Ugp=IR; U, =Ix.

Y U, S 0

Up P
Puc. 3.16 Puc. 3.17

Ecnu Bce cTOpoHBI TpeyrojibHUKA HanpsbkeHud (puc. 3.16) yMHOXKUTH

Ha [, TO MOJy4YUM TPEYTroJbHUK MolHOCTeH (puc. 3.17), rae S = \/P2 + Q2 ;
COSQ = L
¢ g

JIJIsi IpOBEPKHU MPABUILHOCTH PACUYETOB COCTABIISICTCS OajaHC MOIIHO-
CTeH B KOMIUICKCHOU (popMme.

Ecnu B cxeme nMeercs HECKOIbKO HCTOYHUKOB DJC U HCTOYHUKOB TO-
Ka, TO BBIP@KCHHE IS BBIPAOATHIBACMOM IMOTHOM MOIIHOCTH ONPEICIACTCS
B BH/IC

. . sk . *
Sy = ZEiIi + ZUJka =B+ JjOy -
i k
B CBOIO OqepeJ:[B, AKTHUBHas HOTpCGJ]SIeMaH MOIIHOCTH OHpeI[eJISIeTCH KakK
CYMMa AKTHUBHBIX MOH.IHOCTGIZ BO BCEX pe3I/ICTI/IBHBIX AJICMCHTAaX.:

2
P, :zlkRk ,
k

rae I — AelCTBYyIOLIee 3HAYEHUE TOKA B k-0 BETBH; Rj — COIPOTUBIICHHE
k-o¥1 BETBH.
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PeakTuBHas HOTpC6JI}I€MaH MOITHOCTb HAXOOUTCA C YUYCTOM I[CfICTBYIO-
mux 3HAYEHMI TOKOB BO BCEX PCAKTHUBHBIX 3JICMCHTAX!

2 2
On=21ix; =21 xcx -
i K
I[aﬂee paCC‘{I/ITLIBaeTCH OTHOCHUTCJIbHAA HOFpCH.IHOCTB:

P, — P —
5p =Pl jov<ze: 5 =2l 000 <304
PI/I II
IIpumep 3.3. OnpenenuTs BXOJHOE CONPOTUBICHUE IENMU, TOKA U COCTa-
R Xy . BUTH OaJIaHC MOIITHOCTH €CIIN

A By () =42,42sin(wf +90°) B, R =50m,

ZCV}
e X == R, Ry =20mM, xc =20mM, x; =90Mm.
. Pemrenne. Pacuer BeneM B KOMILIEKCHBIX
! . 4242

uncnax K== e/ 20 _ 30e/ 20 B. Omnpene-

NG

JMM KOMILIEKC BXOJAHOTO CONPOTHUBIICHHS LETIH:
X - R 40790 .
THCTL 549470 25497414167/ =6+8/0m
Ry — jxc 2-2j
KomMrieke 1eicTBYIOMIEro 3HaUeHHsI BXOJJHOTO TOKa HailieM 1o 3akoHy Oma:
i_E_30e7°
Z 6+8j
petpeii: [g =1~ 7C 307368 Z21 _5 15,782 5,
Ry — jxc 2-2j
: . R : 2 :
fo=1—"2 =3e7308_2 5 12/818 7,
Ry — jxc 2-2j
CoctaBuMm OanaHCc MOIIHOCTEH:
S F It 230090 3,368 _ o .
a=FE-1 =30e/"" -3e =P, +jO,; =53.9+72jBA;

P, =I’R +I3Ry=3%-5+2.12° .2=53.9Br;

LZ=R+ jxp +

=3¢/’ 6'8A, a TOKA B BETBSX IO MPaBUIy NapaylIeIbHBIX

Oy = ]zxL - I%xc =32.9-2.122.2=72 Bap. bamanc comencs, 3Ha4uT,
TOKH PAaCCUUTAHBI BEPHO. 3aIHMILIEM UX MTHOBEHHbBIE 3HAYCHUS:
i(t) =372sin(wr +36.8), A;  ip(f)=2.12+/2sin(0t —8.2), A;
ic(t) =2.12+/2 sin(w? + 81.8), A.
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3.8. Pe3onaHc B nensix CHHyCOMAAJIbHOI0 TOKA

Pe3onanc — 310 TakOM PEXUM BJICKTPUUYECKOM ILIENH, COACPKAIIECH EM-
KOCTH M MHAYKTUBHOCTH, TIPH KOTOPOM 00IIIee BXOJHOE CONPOTHBIICHUE HIIH
BXOJHAsI TPOBOJAMMOCTH IIENH OYIyT YKCTO BEIIECTBEHHBIMU. B 3TOM pexku-
Me IIeIb MOTPEOIISIET TOALKO aKTUBHYIO MOIIHOCTh M BXOJIHBIC TOK M HaIpsi-
JKEHUE COBMAAaroT 1o (paze. PaznuyaroT pe3oHAHCHl HAMPSHKEHUH, TOKOB U
CJIOKHOM IIETIH.

Pe3onanc nanpasycenuit — 3T0 PE30HAHC MPU IOCIEIOBATEIBHOM CO-

. €IUHECHUN YYACTKOB LIEMN C UHAYKTUBHBIM H €MKO-
i R JXL CTHBIM XapakrepoM (puc. 3.18).

A :
iy N [TonHoe conporuBnenue uenu Z =R+ j(x; —xc).
U — jxc == Hcxons u3 omnpeleneHuss pe30HaHca, BEIBEIEM YC-
JIOBHE PE30OHAHCA: X], = X WIH OL = / .
. oC
B pexume pe3oHaHca HanpsHKEHUH 3a CUET
Puc. 3.18 P P P

KOMIICHCAIlUU PEAKTUBHBIX COINPOTUBIICHUNU BXOJ-
HOE CONPOTHUBJICHUE LIEMH OYJIeT BEIICCTBEHHBIM Z =R W HAaUMEHBIIINM,

CJIEIOBATEIbHO, TOK CTAHET MAKCUMAIIBHBIM: [ 10y = % .

Pe3onanc HaHpH}KCHI/Iﬁ MOJKET OBITh HJOCTUTHYT UBMCHCHUCM YaCTOTHI,
CMKOCTH WJIN HHAYKTUBHOCTH. Pe3onancHas 4gacrtorta PaCcCUUTBIBACTCA 110

_ 1 1
(I)O MVYJIC W = ——, PC3OHAHCHAasA €MKOCTb Co = I C30HAaHCHasA
MY 0 C P 0 / . p

UHIYKTUBHOCTb — L = % > .
o°C
Ecnu peakTuBHBIE CONPOTHUBIIEHUS X; = X, TO HANPSKEHHUS Ha peak-
TUBHBIX d1eMeHTax Uy = jxyl, Uc =—jxcl OynyT paBHBI IO MOJIYJIO
(U =U() 1 MOTYT 3HaUUTEIBHO IPEBOCXOIUTH IO BEIMYMHE IPUII0KEH-

Hoe HanpspkeHue. [1oaToMy pe3oHaHC IIpU IOCIEA0BATEIBHOM COCIUHEHUN
HAa3bIBAIOT PE30HAHCOM HAIIPSKEHUN.

IIpeBplieHrEe HAaNpPsKEHUS HAa PEAKTUBHBIX JJIEMEHTAX HAJl BXOIHBIM
HaNpsHKEHUEM UMEET MECTO IIPU YCIOBUU

1 L
R<ogl=——==,|—,
(Doc C
Bennuuna p =./L/C [OM] uMeeT pasMepHOCTb COMPOTHUBIIEHHS U HA3BIBAET-
CSl 6OJIHOGBIM (XAPAKMEPUCMUYECKUM) CONPOMUEIEHUEM KOHMYPA.
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Ur _Yc_p

U U R
KOJie0aTeIbHOT0 KOHTYPA U Ha3bIBACTCSI 00OPOMHOCMbIO KOHMYPA.

Ecmmn IMIpHU PC30HAHCC YBCIIMUYUTL B OAMHAKOBOC YHCJIO pa3 77 HHAYKTHUB-

HOC 1 CMKOCTHOC COIIPOTHUBJICHNA, TO TOK B LCIIM HC U3MCHUTC:A, a4 HAIIPAKC-
HHA Ha MTHAYKTUBHOM B CMKOCTHOM 3JICMCHTAX YBCJIIMYATCA B 71 Pas.

VYron MCKAY BXOAHBIM HAIIPSKCHHUEM H TOKOM B PCKHUME PC30HAHCA

XL=XC _y
R

OtHomenue Q = OTIpeJIeNIsIeT PE30HAHCHBIE CBOMCTBA

¢ = arctg CnenoBarenbHO, pEaKTHUBHAA MOIIHOCTh IIEMU

Q=Ulsinp=0, 1 11enp B pexxUMe pe30HaHca NOTPeOsieT TOILKO aKTUBHYIO

MOIHOCTh P =Ul coso.

dusnyeckas MpUUMHA BO3HUKHOBCHHS ITOBBIIICHHBIX HAMPSDKCHUN —
ATO KOJeOaHUs DHEPTUH, 3aracacMoi MONEPEMEHHO B AJICKTPUYSCKOM II0JIe
€MKOCTHOI'O 3JIEMEHTAa U B MarHUTHOM T10JI€ MHIYKTUBHOTO AJIEMEHTA.

3apucnMoctn monHoro  Z =+ RZ + x2 , peaktuBHOro x=wL—1/wC

. x
COTPOTHUBJICHUI U yria casura a3z ¢ = arcth OT YacCTOTHI NPUBEJICHBI Ha

puc. 3.19.
A Z, x, R A (P
Z(o)
R(®)
®o
x(o
(@) -90"
Puc. 3.19

B anmaparype cBs3u, aBTOMaTUKH | T.J1. OOJIBIIIOE TPAKTUYECKOE 3HAYC-
HUE UMCIOT 3aBHCMOCTH TOKOB M HaNPSDKCHHUH OT YaCTOTHI JUTS IIETeH, B KO-
TOPBIX BO3MOKEH PE30HAHC. DTU 3aBUCHMOCTH HA3bIBAIOTCS PE30HAHCHbIMU
kpusvimu (puc. 3.20).
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U

\/R2 + (oL - 1/0)C)2
pexuMe pe3oHaHca. HampspkeHne Ha MHAYK-
TUBHOM onemeHre Uj; =oll/. Ilppy ©=0

JOCTHUI'aCT MAKCHMAJIBHOI'O 3HAYCHHUA B

Tox I(w)=

U; =0, npu o—>o U; —>U. Hanpsxenue
1
Ha €MKOCTHOM aneMmenTe Ur =—— npu o =0

pPaBHO BXOAHOMY HampsikeHuto U, Ipu o —> oo
Uc — 0. Ha puc. 3.20 BugHO, 4T0 HanboOiIb-

M€ 3HAYEHUS HANPSHKECHWH Ha MHAYKTUBHOM
U €MKOCTHOM DJJIEMEHTaX I10JIy4aroTCs MpHU yr-
JOBBIX YacTOTaX, HECKOJIBKO OTIMYAIOIIUXCS
OT pe3oHaHCHOW. Makcumym U; MMeET MECTO

IPU 4acTOTE ® > ®g, a MakcumyM U mpu
4acToTe Oc < 0.

Yem MeHbIle R TIpW HEM3MEHHBIX OCTAJBHBIX MTapaMeTpax CXEMBbI, T.€.
yeM OoJiblIe 10OPOTHOCTh (), TEM MEHbIIE OTIMYAIOTCS 7 U ®C OT Pe3o-

HAHCHOM 4acTOTBI U TEM OCTPEE CTAHOBATCSA BCE TPU PE30OHAHCHBIE KPUBBIE
[((D) > UC (OJ) > UL ((D) .
BekropHas quarpamma pe3oHaHca HapsDKEHUN MpeicTaBieHa Ha puc. 3.21.
B anekTposHepreTnyeckux yct-
policTBax B OOJIBIIMHCTBE CIIy4aeB
pPE30HAHC HANpPSKEHUH — SIBICHHE
HE)KEJIaTeJIbHOE, TaK Kak IpU pe3o-
HAHCE HANpPsDKEHHUSI YCTAaHOBOK MO-
I'yT B HECKOJIBKO pa3 MPEBBIIIATH UX
pabouue HampspkeHus. Ho, Hampu-
Mep, B PaaUOTEXHHUKE, TeJaePOHUU
Puc. 3.21 PE30HAHC HANPSKEHUH MPUMEHSETCS
JUISL HACTPOWKHU LENEN Ha 3aJaHHYIO

tJ
Ur=U I +1

» » »
» » »

Uc| Uy

4acToTy.

Pe3zonanc mokoe — 310 pe30HAHC MPU MAPAIETbHOM COSIUHEHUN yYa-
CTKOB II€TTU C UHIYKTUBHBIM U €MKOCTHBIM XapaKTEPOM.

TIycTs Ha BXOJ IETH MOJaHO Hampsbkerue U (puc. 3.22), TOraa TOKH B
napajieIbHbIX BETBSIX OMpeessaTcs mo 3akony Oma:
U : U

. I Cc=

jo=—"; — .
R+ jxp — JXc

OO01muii Tok 1o nepsoMy 3akony Kupxroda:
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f=ivip=0— 4+ 1 |_p.y,
R+ jx,  —jxc
1 1

rne Y=Y +Y-= — + — — KOMIUJIEKC TOJHOW IMPOBOJAUMOCTH
R+ jxp = jxc

OCIIN. B PECXKHUME PC30HAHCA MHUMAA Y4CThb BXOI[HOﬁ IMPpOBOANMMOCTH OOJI’KHA
OBITH paBHaA HYIIIO. YToOBI BBIACIIUTD MHUMYIO 9aCThb YMHOKUM YUCIUTCIIb U

3HAMCHATCIIb ZK Ha KOMIIJICKCHO COHpH)KeHHOC YqUuCJIIO.
R - jx i R |1 X .
SR Tt bee sl R s el RS CB
R+ X7 Xc R+ X7 XC R+ X7
I Ic rae g = — aKTHUBHAS MIPOBOANMOCTH IICTIH;
: R2 2
+ X7,
R 1 XL
— jxc b=—— 5~ — PEaKTUBHAS IPOBOJMMOCT IIETIH.
U P — xXC R+ Xr,
. [IpupaBHAB K HYJII0 MHUMYIO 4acTh, HAXOJIUM ycC-
v ]XL 1 )CL
Jlosue pe3onamnca TOKOB: = 3 5 a pe3OHaHC-
z xXC R+ X,
Puc. 3.22 . R2
Hasj 4acCToTa (1)0 =,|— — —— . Pe3oHaHCa MOXXHO 0C-

LC 2
TUTHYTh JTUOO M3MEHEHUEM YacCTOTHI MPUIIOKEHHOTO HAMPSHKEHUS, OO0 13-
MEHEHHUEM MapaMeTPOB LICTIH.
B pesrcume pezonanca éxoonas npoeoouMocms U 6xX00HOU MOK Mu-
HUMATbHBL.

Yrosm Mexay BXOAHBIM TOKOM [ W HPUIIO-
JKEHHBIM HAMPS)KEHUEM U paBeH

b
¢ =arctg— =0, 3HAUYUT, peaKTUBHAS MOIIHOCTh
B pexkume pe3oHaHca TokoB QO =Ulsin¢@ paBHa

2
HYJIO, a akTuBHasg P =Ul cosp = UA.

IIpu pesonance Toku [, U [- MOTyT 3Ha-

Puc. 3.23

YUTEJIBHO MPEBOCXOIUTH OOIIUI TOK TIPH  YCIIO-
1
BUM — > g. [losToMy pe3oHaHC mpu mnapai-
XC
JIETbHOM COEAMHEHNUH HA3bIBAIOT PE30HAHCOM TOKOB.
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BekTopHas nuarpamma mpH pe30HaHCE B paccMaTpUBaeMOW LeNH MpH-
XL
BEJIcHa Ha puc. 3.23, rae ¢y = arctg?.

[Ipu pe3oHaHCce TOKOB Tak)Ke KaK U MPU PE30HAHCE HAIPSKEHUN MTPOUC-
XOJISAT KOJIeOaHUsI SHEPTUH B IIENHU. DHEPIHs MOJIeH NepexoauT U3 KOHIeHCa-
TOpa B KAaTYIIKy U OOpaTHO, HE OOMEHUBASICh C MCTOYHHKOM, MUTAIOIIUM
uenb. VICTOUHMK 3HEPrun TOJIbKO MOKPHIBAET MOTEPU SHEPTUU B MPOBOIUMO-
CTH g .

N3meHsist yacToTy MpuU 3ajaHHOM BXOJHOM HAIpPsKEHUM U MapameTpax
LEeNU, MOXKHO IIOCTPOUTH YACTOTHBIE XapakTepucTHUku [ (®), [-(o),

[ =UY, atakxke ¢(m) = arctgé (puc. 3.24).
LI1 &
A\ K> C

4

A(p

o1 S

v

Puc. 3.24
Pe3oHaHC TOKOB MCHOJB3YETCS B PAAMOTEXHUKE JJISI OCIAOJICHUS CHT-
HaJIOB OMNpPEJEICHHON YacTOThI, B DJEKTPOIHEPIeTUKE — JIJIi YMEHBIICHUS
MOTEPh B JIMHUM, B AJEKTPOHUKE — I PUIBTpAIMU ONpPEETICHHBIX rapMo-
HUK (pe30HaHCHBIE) QUITBTPHI.
C IIpumep 3.4. Onpenenutb MHIYKTUBHOCTH, MPHU
KOTOpol B 1enu ¢ mnapamerpamu R =200wm,

C=10mMx®, o= 104paJ:[/c HAaCTYNaeT PE30HAHC.
R L Takoxe onpeaeauTs J0OPOTHOCTh KOHTYpA.

Pemenue.

3anuiieM KOMILIEKC BXOJHOTO COMPOTHBIICHUS

ey M BBIACIINM CI'O MHUMYIO YaCTb
xR X, R-(R— jx

Zm—jup s PR o R-(R=jx)

R+ jxp R%+ x]%
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TJl—Xct = Rygp + JXoxp -
R%+ x]% R%+ x]%
IIpu pe3oHaHce MHHUMas YacTh BXOJHOTO COMPOTUBJICHUS JOKHA PABHATHCA
R%x; 1 108
HYJIIO, T.€. = XC, y4UTBIBAs, UTO X = —— =—7 =100M noxacras-
R%+ x% oC 107
20%x;
JIIEM JaHHBIE > 7 = 10 n maxomum x;=20 Owm. CienoBarenbHO,
207 + XJ,
X 20 X 10
L="L = — = 2wMI'H. Toraa 1o6GpoTHOCTH KOHTYpa O = C -1,
® 10 Ry 10

MHorue 3J1eKTpOTEXHUYECKUE YCTPOMCTBA CHHYCOMAAIBHOIO TOKa ((ha-
30BpaIllaTeNy, IBUTATENN U JIp.) UMEIOT CHUJIbHBIE MarHUTHBIC MOJIA. Y TaKUX

YCTPOMCTB BEIMKAa pEaKkTUBHAs (MHIYKTHBHAs1) [, COCTABIAIOIIAS TOKA

I=1 R + jly, T.c. OONBIION MOJOKUTENBHBIM IOl @, 4YTO yXyAIIAeT UX KO-
3¢ GUIHEHT MOIITHOCTH COS (P, ¥, COOTBETCTBEHHO, KOA(D(UIIMEHT MOIITHOCTH
MPOMBIIUIEHHOTO Tpeanpuatus. Huzkoe 3HaueHHE COS(Q TMPUBOIUT K HE-
MOJIHOMY HCIIOJIb30BaHHUIO T€HEPATOPOB, JUHUM Neperadu u Ipyroro o0opy-
JIOBaHUS, KOTOPOE OECIOJIE3HO 3arpy»KaeTcsi PEaKTUBHBIM (MHIYKTUBHBIM)
TOKOM. DTa COCTaBISIONIas TOKa 00YCIIaBIMBAET TaKkKe YBEIHMUEHHUE MOTEPD
AIEKTPUYECKON SHEPTHH B IPOBOAAX.

YroObl yBETMUUTh 3HAYEHHE COS(, HEOOXOJUMO BKIIIOUUTH Mapai-
JIENbHO MPUEMHHKY C OOJBIION MHAYKTUBHON COCTAaBJISIONIEH TOKa OaTapero
KOHJIeHCATOpOB. PeakTuBHBIA (€MKOCTHOW) TOK OaTaped KOHAEHCATOPOB
KOMIIEHCUPYET PEaKTUBHBIA (MHAYKTHBHBIM) TOK NMpPUEMHHUKA. YIIydlIeHUE
COS(p MOCPEACTBOM BKIIIOUEHHS OaTaper KOHIEHCATOPOB HA3bIBAETCS MCKYC-
CTBEHHBIM YJIy4llIeHUEM KO3 (UIMEHTa MOIIHOCTU B OTIMYHUE OT €CTECT-
BEHHOI'O YJIy4YIIEHUs, I0JIYy4aeMOro MpH MOJHOM HCIOIb30BaHUHA MOIIHOCTH
JIBUTATEJIEN U yCTAHOBKE CUHXPOHHBIX JABUTATENEH, Y KOTOPBIX PEaKTUBHBIN
TOK OY€Hb MaJl.

IIpumep 3.5. ITokazanusa npuOopoB B pexxume pezoHaHca: A=5A, A;=8.66A
(puc. 3.25). OnpenenuTh BXOAHOE HampsikeHue, eciu R =50wM.
Pemenue. Tox [, CONEpKUT aKTUBHYIO M MHAYKTHBHYIO PEaKTHBHYIO CO-

crapisronye: [, =+// 123 + 1 % . IloctpouM BEKTOpPHYXO IHArpamMmy, IPUHSB
HavyaJIbHYIO a3y BXOJHOTO HaIPsHKEHUS paBHOW HYJIIO.
ITocTpouM 1ydeByr0 quarpaMMy TOKOB YYUTBIBas, YTO HA EMKOCTHOM

9JICMCHTC TOK OIICPCIKACT HAIIPSAKCHUC Ha 900 , FHAYKTHUBHAasA COCTaBJIAOIIAA
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ToKa oTcTaeT Ha 90° OT HANpPSKEHHUs, a AKTHBHAS COCTABJIAIOIIAS TOKA COB-
najaet no ¢ase ¢ HanpsbkeHueMm (puc. 3.26).

A+
I'CA
Ip=1 U
(Pkri ] +'1
N1 Up
C {UR\ 1.
Puc. 3.25 Iy Nk
Puc. 3.26

B pexume pe3oHaHCa TOKOB PEAaKTUBHBIE COCTABISAIOIIME TOKOB Ia-
paJUIeIbHBIX BETBEHW PAaBHBI 110 MOAYNIIO [~ =1 ¥ KOMIEHCUPYIOT APYT APY-

ra. Torga BXOJHOM TOK OyJIeT paBeH aKTUBHOM COCTaBIISIONICH TOKA KaTYIII-
ku [=1p. W3 npsAMOYroiapbHOro TPEYrojbHUKA HAWAEM  TOK KaTyLIKH

I = \/1123 + I]% = \/52 +8.66% =10A. Hanpsoxenue Ha pPE3UCTMBHOM DJle-

mente Up =1, R=10-5=50B u cosnanaer no ¢ase ¢ I,. Haiinem yrom

] o b r . y o
(O :arctg—L:6O . Hanpsoxenne U =1 jx; onepexaer [, Ha 90 . To-

Ip
r71a U3 TPEyTroJbHUKA HANpsKEHUN puc. 3.26 HalaeM BXOJHOE HaIpPsKEHHE
v=—Yr N _19p.
cos60° 0.5

4. Tpexda3nblie dIeKTPUUYECKHUE e
4.1. lHonyuenue Tpexdaznbix IC. Tpexda3nbie HCTOUHUKH

Tpexda3znas 1enb ABIAETCA YaCTHBIM CIy4aeM MHOTO(A3HBIX AJIEKTPU-
YECKUX CHCTEM, MPEACTABISIIOUIUX COOOK COBOKYIMHOCTh 3IEKTPUUYECKUX LIE-
ned, B KOTopeIx JedcTBYy0T DJIC oAMHAKOBOM YacTOThI, CABUHYTBIE IPYT
OTHOCHUTEJIBHO JIpyTa Ha ONPEIEIECHHBIN yTOJl.

Kaxxnas u3 yacreit MHOroa3HOW CHUCTEMbI, XapaKTEpU3YIOIAsACs OJIU-
HAKOBBIM TOKOM HAa3bIBAECTCA (Pa3oil.

Takum oOpazom, noHsTHE «(]a3a» UMEET B 3JIEKTPOTEXHUKE JBa pas-
JINYHBIX 3HAYCHUS:

¢ (haza KaK apryMeHT CUHYCOMJIaJIbHO U3MEHSIOIIENCS BEIUUNHBI,
e (haza Kak yacTh MHOTO(a3HOM LIeTH.
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BaxxHol mpeAnochuikoil pa3BUTHS MHOTO(A3HBIX AJIEKTPUUECKUX CHC-
TEM SBWJIOCh OTKpPBITUE SIBICHHUS BpALIAIOLIETOCS MArHUTHOTO OIS
(I".®@eppapuc u H.Tecna) B 1888r. IlepBbie 2JIeKTpUUECKHE TBUTATEIIN OBUIH
NBYX(a3HBIMU, HO OHU UMETH HEBBICOKHE paboure XapaKTEPUCTHKH.

B Hacrosimee BpeMsi HauOOJbIIEe PacCHPOCTPAaHEHUE IMOITYYUIH TPEX-
dasapie cucteMbl. Ha TpexdasHoM Toke paboTaroT BCE KPYITHBIE JICKTPO-
CTaHIIUU U TOTPEeOUTENIN. ITO CBSI3aHO C PSJIOM MX MPEUMYIIECTB [0 CPaBHE-
HUIO, KaK C 0JIHO(a3HBIMHU, TaK U C APYTUMU MHOTO(a3HBIMU CUCTEMaMU:

® HKOHOMHUYHOCTD IepeAauu 3JIEKTPOIHEPTUHU HA OOJIBIINE PACCTOSIHUS;

® BO3MOXHOCTb CPAaBHUTEIBHO MPOCTOrO IOJYyYEHUSI KPYyroBOrO Bpa-
HIAIOIIETOCS MAarHUTHOTO TIOJIsl, HEOOXOIUMOTO JJIsi paboThl KaK aCHMHXPOH-
HOT'O, TaK 1 CAUHXPOHHOT'O JIBUTATEIS;

® BO3MOXHOCThH TOJYYEHHs] B OJHOM YCTAaHOBKE JIBYX AIKCILTyaTallOH-
HBIX HampsHKeHUM — (ha3HOTO U JTMHEHHOTO.

Bonbiolt Bkiiaa B pa3pabOTKy TpeX(a3HbIX CUCTEM BHEC BBIIAIOITUNCS
pycckuit yuensiii M.O. [{onuBo-J[00pOBOIBCKUM, CUUTAIOIIUICS OCHOBOIIO-
JIO’)KHUKOM Tpex(da3ubix cucteM. UM ObuIn pa3pabOTaHbl OCHOBHBIE 3BEHbBS
reHepUpPOBaHUs, TEpeJaun, paclpeiesieHus W MpeoOpa3oBaHUS BJIEKTPO-
SHEpruu Tpex(azHoro Toka: TpexdaszHbli TeHepaTop, TpaHchopMmaTop U
ACUHXPOHHBIN JIBUTATEb.

Hcrounnkom Tpex(azHOro HaANpsLKEHHs ABISETCS Tpex(a3HbI CHH-
XpOHHBIN Tenepatop (puc. 4.1), Ha cratope 1 KOTOporo pazMeniaeTcsi 0OMOT-
Ka 2, cocrosiias u3 Tpex yactei ((haz). @a3bl 3TO 0OMOTKH pacroiararoTcs
Ha CTaTOpe TakuM 00pa3oM, YTOObI UX MArHUTHBIE OCH ObUIM CIBUHYTHI B
MPOCTPAHCTBE JIPYT OTHOCHUTEIBHO JApyra Ha

yroix 120°.

Ha puc. 4.1. kaxnas ¢da3a oOMOTKH cTa-
TOpa YCJIOBHO TOKa3aHa COCTOSIIEH U3 OJTHOTO
BuTKa. Hawama ¢a3 oGo3HauaroTcsi OykBamu
A,B,C, a xouusl — X,Y,Z. Porop 3 — 310
AJIEKTPOMArHUT, BO30YKIaeMbIi MOCTOSIHHBIM
TOKOM OOMOTKM BO30yXaeHus 4, pacroio-
KeHHOW Ha porope. [Ipu BpameHun portopa
TypOUMHON C paBHOMEPHOM CKOPOCTBHIO B 00-
MOTKax (a3 craTopa MHAYKTUPYIOTCA cuHycoupanbHbie DJ[C oamHaKoBOM
aAMIUTUTYJbl U YacTOTHI, C HaYadbHBIMHU (a3aMu, OTIWYAIOUIUMUCS APYT OT

apyra Ha 120°. Ha puc. 4.2 noka3ansl rpaguKk MTHOBEHHBIX 3HAUYEHUH U BEK-
topHas auarpamma DJ[C Ttpexdaznoro reneparopa. [lpu nocrpoennn rpadu-
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Ka MIHOBEHHBIX 3HAu€HHMH HadanbHas (a3a e, BbIOpaHa pPaBHOM HYIIIO
y 4 =0. Torna mraoBenHsle 3Ha4eHus DJ1C 3anuiyTcs B BUzE
. . [e} . o
eq=FE,sinot; eg=FE, sin(wf—-120"); ec =FE,, sm(wt+120").
MM cOOTBETCTBYIOT KOMIUIEKCHBIE JICHCTBYIONIME 3HAUYEHMA:

- E - —i120. 120
Ey=—Z=FE;; Ep=Egpe /'“"; Ec=Ege’ .
2 ¢ iy ¢
ek eA eB eC eA “+j
Ec
EA‘ +1
5 > >
Ep

Puc. 4.2
Takasi cucrema HazbiBaeTcss cumMeTpudHol. Cucrtema DJIC (Hampsixe-
HUI, TOKOB) Ha3bIBACTCSI CUMMEMPUUHOIL, €CITA OHA COCTOUT U3 OJJUHAKOBBIX
o moayito DJIC (HanpsiKeHUd, TOKOB) OJHOM U TOM K€ YaCTOThI, HO C/IBU-

HYTBIX OTHOCHTEIEHO IPYT Apyra Ha 120°.
. 1120
Daznwiii MHOYCUMENb @ — STO KOMILICKCHAs BEIMYUHA a =e’ <, Ko-
TOpasi MPUMEHSAETCS MPU pacuere TpexpazHbIX IEenen Ui YIPOIIeHUs 3amu-

cu. Takum oOpa3om, MOXKHO 3amucaTh EA = Eq,; EB = E(baz; EC = E(i)a .
Anzebpauueckaa cymma CuUMMEmMpUUHOU mpex@a3Hou cucmemol
pasnHa Hy10:
E +Ep+Ec :Eq)(1+a2 +a)=Eg(1-0.5-0.866, —0.5+0.866,) = 0.

4.2. Cnoco0bI coenuHeHust Tpex(a3sHbIX HCTOYHUKOB

CymiecTByeT /1Ba OCHOBHBIX CIIOCO0A COEAMHEHHSI OOMOTOK Te€HepaTo-
poB U TpaHCHOPMATOPOB (MCTOYHUKOB) B Tpex(a3HbIX IEMSIX: COCTUHEHHE
3BE30i M COSAMHEHUE TPEYTOJTHBHUKOM.

IIpu coenuuennu a3 UCTOUHMKA 3BE3710i (YCIOBHOE 0003HaueHHue Y )
BCE KOHIIBI (ha3HBIX OOMOTOK T'€HepaTopa COCTUHSIOTCS B oOumit yzen N —
HEWTpanbHasi TOuka UcTouHUKa (puc. 4.3). Jluneiinvie nposoda — 310 NPOBO-
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Jla COCAUHSIOIINE TEHEPATOP C NPUEMHUKAMU. JIuHellHble HanpaiceHus —
3TO HANpPsLKEHUS Mexay JuHeHbMY poBoaamMu (U 4p5,Upc,Ucy).

E4
@ 1_4 JIMHENHBIN IPOBOJ
N /E{} B lUAB TU CA JIMHEWHBIN IIPOBOJ 4
T )
E lU BC ’ Usg
Fg ? JMHEHHBIN TIPOBOJ
NS :
HEUTPAJIbHBIN MPOBOJ v l l Uc

Puc. 4.3

Heumpanvnolii npo6o0 — 3TO TPOBOJ, COCAUHAIOIIMN HEUTpPAIbHbBIC
TOYKH UCTOYHUKA U IPUEMHHUKA.

A4

JIMHEUHBIN IIPOBOJ
K\ - . .
DE 4 iU AB TUC y

DEg lUBC‘

JIMHEWHBIN TPOBOJL

JIMHEWHBIN TPOBOJ

Puc. 4.5

Puc. 4.4
Da3Hvle HANPANCEHUA UCMOYHUKA — ITO HANPSHKCHUS MEXIy JIMHUEH U

neiiTpansasiM nposogoM (U 4,Up,Uc), mpu stom Uy =Ey; Up=Ep;
Uc=Ec. Tlo Bropomy 3akony Kupxropa Uyp=FE,—Ep;
Upc=Ep-Ec; Ucy=Ec—E,, Tpu >TOM IHHEHHBIE HATIPAKEHHUS
6ombmie dazupix IJIC B NE) pas (puc. 4.4): U, = \/gE(beﬁO.

Tak kak nuHelHble HampspkeHus onpenenstorcs @azubiMu DJC, TO oHUM
TaK)Xe 00pa3yloT CUMMETPUYHYIO CUCTEMY U HE 3aBHUCST OT CONPOTUBIEHUS
IIPUEMHMKOB. BEkTOpHas 1uarpaMmma npejacraBieHa Ha puc. 4.4.

IIpu coenuHennn a3 UCTOUHUKA TPEYTOJIBHUKOM (YCIOBHOE 0003HaAUE-
HUe A) HeHTpaiabHBIN TPOBOA OTCYTCTBYET (puc 4.5). [Ipu 3TOM NHUHEHHBIE
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HanpspkeHus: paBHbl ¢azusiM DJIC reHeparopa u Takke 00pa3yroT CUMMET-
puunyio cuctemy: U g =E4; Upc=Ep; Ucy=E(.

4.3. Kinaccugukanus v cnoco0bl coelMHeHNs MOTpeduTe el

[TpuemHuky, BKItOYaeMble B TpeX(a3HyIO LIeMb, MOTYT OBITh JINOO Of-
HO(a3HbIMHU, OO0 TpexdazubiMu. K onHO(pa3HBIM IPUEMHUKAM OTHOCSTCS
AIEKTPUYECKHUE JIaMIIbl HAKAJMBAHMUSI U JPYTM€ OCBETUTENIbHBbIE MPUOOPHI,
pasnuyHble ObITOBBIE PUOOPHI, OaHO(a3HbIe nBuratenu u 1.1. K tpexdas-
HbIM NPUEMHHKAM OTHOCATCA TpeX(a3zHble aCUHXPOHHBIE TBUTATENIH U WH-
JTYKIIMOHHBIE MTEYH.

OOBIYHO KOMIUJIEKCHBIE CONPOTUBIIEHUS (a3 Tpex(a3HbIX NMPUEMHHUKOB

PaBHBI MEXKy COOOM, HanpuMep, Z y=ZLp =L =2Z= Ze/® . Taxue MIpUEM-

HUKH HA3BbIBAIOT CUMMEMPUUHBIMU.
Ecnu 310 ycnoBue He BBINOJIHAETCS, TO IPUEMHHUKN HA3BIBAIOT HECUM-
mempuunvimu. Ilpu stoM ecnmu Z 4y =Zp =Z ¢, T0 Tpex(}a3Hblil IpUEMHHUK

Ha3bIBAIOT PAGHOMEPHBIM, €CIIA O 4 =Op = P, TO OOHOPOOHBIM.

IA ZA [A
> |— > : .
. A_. —_— > A ]AB—t ]CA
U sl [YUca U4 Ul Z 4B
I Zp |, 4B\Vea
| > [ B > 7 I Zcy
Usc _ %B Upc T zsc
]C > icl— IC > —=
7 . — v
— :IN Uc
—
UN a 3]
Puc. 4.6

[IpueMHUKH TakKe MOTYT COE€IMHATHCS 3Be31101 (puc. 4.6, a), mpu 3TOM
U 4,Up,Uc — paznvie nanpasxcenua npuemnuka, Wi HaIPsHKEHUS HA CO-

NPOTUBIICHUH NpueMHHUKa. OOas TOYka 3BE3/bl 7 HA3bIBACTCS Heumpaiv-
HOUW moukou npuemnuka. Jluneiinvie moku — 3T0 TOKU, TEKYILHUE B JIUHEH-

HbIX npoBojax ([ 4,1p,/¢ ). Tok, TeKyluii B HEUTPAJIbBHOM IIPOBOAE Ha3bl-
BACTCSl MOKOM Heumpanvho2o (Hyneéo2o) npoeooda [, . Hampsokenue
Uy =1y Z ) Ha3bIBacTCad Hanpajicenuem cmMewjenus, Z ) — COIPOTHUBIIE-

HHC HYJICBOI'O IIPOBO/IA.
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HpI/I COCINHCHUU IIPUCMHUKOB TPCYTI'OJIBHUKOM q)aSHBIe HaIIPAKCHUA

MpUeMHUKAa OyAyT paBHbI COOTBETCTBYIOIIMM JMHEHHBIM HANPSDKCHHUSIM
(puc. 4.6, 0).
daznvle moku — 310 TOKHU, Tekymue B Harpyske (1 45.,1p0,1c4). Ju-
HEHBIE TOKHU MOTyT OBITH BBIDAKEHBI Yepes (ba3HLIe 1O TIEPBOMY 3aKOHY
Kupxroa: [ 4 =145 —Icys Ip=Igc —14p; Ic =Icy —1pc.
[Tpu coenuHennu Harpy3Ku 3Be3A0i (azHbIe TOKHA PaBHBI JMHEWHBIM TOKaM.
Ha npakTuke nmpUMEHSIOTCS pa3IuvHble KOMOMHALIUK COeIMHEHUH, Ha-
npuMep: OOMOTKH TEHEepaTopa MOTYT COEIHMHSTHCS 3BE3IIOW, a Harpyska —

3BE3[I0M WJIM TPEyTrOJIbHUKOM; OOMOTKM I'€HEpaTopa COEIUHEHBI TPEYTroJib-
HUKOM, a Harpy3Ka — 3B€3/10M WU TPEYTOJIbHUKOM.

4.4 Pacyer cMMMeTPHYHBIX Tpex(a3HbIX Lemnei

B cummMmerpuuHOM pexxnme cumMMmeTrpuuHas cucrema J/[C nuraer cum-
METPUYHYIO Harpy3ky. B aToMm pexxuMe cucTeMbl TOKOB M HampsDKEHHUH Oy-
YT TAKKE CUMMETPUYHBI, TIOATOMY pacdeT BeAETCs AJid OJHOM (a3bl, a TOKU
U HaIlpsDKEHUS OCTalIbHBIX (pa3 HaXOASATCS OBOPOTOM HANJEHHBIX BEKTOPOB

Ha yron 120° wmm —120°.
Cnocoo coeounenus mpexgpasznvix nompedoumerei 36e3001

Ipumep 4.1. Coenunenue 3Be3na-zBe3na (puc. 4.7). M3BectHbl (a3HbIe
DJIC reneparopa u conporusnenus Gpaz Z 4,Zp,Z o =Z=Ze!? u comnpo-
TUBJICHUE HEUTPAIILHOTO MPOBOJA Z .

Havitu Bce nunennelie Toku: 1 4,/p,1c.

EA ] Z 4 At
-~ CEC ’
7 ) A —
EB UAB UCA . gA
N @ ]B= ';B| n
—>
P Upc _ (éB
S Ic —
. > .
ZN Iy U
1 < C
+—
Un
Puc. 4.7
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Pemenue. HeliTpanbHble TOUKM T€HEpaTopa U HArpy3Kd B CUMMETPUYHOM
peXrME MOTYT OBITh COEAMHEHBI, TAK KAaK OHM UMEIOT OJIMHAKOBBIC MOTEH-

nuanel. Torma Tok B dase 4: I g = E% . Toxu B ¢azax B u C BeIpaKaroTCs

gepes ToK ¢asel A: [ B= a’i 4 I Cc= al 4. JIMHEWHBIE TOKU PaBHBI MEXKIY

co00li M CABUHYTHI IPYT OTHOCUTENBHO apyra Ha 120°.

Helitpanbhslii mpOBOX HE BHOCUT IIPU CUMMETPUYHOM PERXUME HUKAKUX
W3MEHEHMH, TaK KaK CymMMa JIMHEWHBIX TOKOB PaBHA HYJIO U TOK B HYJIEBOM
npoBojie OTCyTcTBYeT: Iy =14+ 1p+1c=(1+ a’ + a)l 4 =0.
CnenosarenbHo, n HanpsbkeHue cMemenns Uy =1y Zy =0.

dazHoe HAIIps’KCHUC UA = jAZ, TOorga UB = aZUA; UC = aUA.
JIuHeHbIE HANPSKEHUS ONPEAEISAIOTCA KaK Pa3HOCTH COOTBETCTBYIO-
UX (a3HBIX HANPSOKEHHH, Hapumep: U AB = U 4= U p - Taxke MOXKHO pac-

CUUTaThb KaK UAB I\/EUAQJSO, TOoraga UBC =(12UAB; UCA ZCIUAB.
BeKTopHaH auarpamMma st CHMMETPHUYHOI'O PEXKUMa IPCACTAaBJICHA Ha
puc. 4.8 (¢=30°).

Ipumep 4.2. CummerpuyHas TpexdaszHas LeNb C CONPOTHBICHHEM (a3
Z =8+ 6 OM noaxiatoyeHa K CMMMETpUYHON cet. OnpenennTh MoKa3aHus
amIiepMerpa U Tok /¢, eciau BOIbTMETp HoKasbiBaeT 380B.

Pemenne. B ciiyuae cuMMeTpuyHOM HAarpy3Ku MpH COeMHEHUHU (a3 3Be370M

i, z U, = J3U q)ej 30 Hampsixenue B dhaze A4:
> Uy = 38y e/30 =220e7739B,
Q| rnguenom

— Tok B ¢aze 4 onpenensieM no 3akony Oma:
i z Uy 220e7/30

% —(A)— ¥ 4=z 8+ j6
B cuMmMeTpudHOM pekrMe MOAYJIH TOKOB PaBHBI,
3HAYUT, amnepmeTp nokaxer 22A. Tok ¢a3bl C OyAeT onepexarb TOK (a3bl

Amna 120°:

Q

Q

—22¢7 /008 4,

Ic=al = 22e7/068 /120 299073324 |
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Cnocoo6 coeounenus mpexgaznvix nompedoumeeii mpey2oibHUKOM

Ipumep 4.3. Onpenenuts Hanpsokenue U BC CUMMETPHYHOTO Tpex(a3zHOro

ucroynuka (puc. 4.9), ecnu usBectHo compoTtusienue Z =300e / 300m u

tox [ 4 =1.27¢/0 A, e
IA R UBC
’ 'jABiZ Icy L4 , Ucy
= I
- s, U1z s N,
Upc [BCiZ Ic IBCI- vap
o4 jC: = ?
Puc. 4.9 Puc . 4.10

Pemenue. [Ipu cumMmMeTpuyHOU HArpy3Ke
I, =\/§jq,e_1 3 0(pI/IC. 4.10). CnenoBaTenbHO, MOXXHO HaWTH (ha3HBI TOK
. Iy 30 127 :
fp: [ yp="2e30 =22Le/30 20734730 A

V3 V3
[Ipu cummeTpuuHOil Harpys3ke ¢a3Hble U JIMHEWHbIE TOKU OOPa3yrT CHUM-
METPUYHBIE CUCTEMBI, 3HAUUT

ige=1,5e7120 =0.734e7307120) _( 7347790
To 3akory Oma U ge =1 g Z =0.734¢ 770 . 300730 = 220¢7/12YB,
Bektopnas quarpamma mnpeacraBieHa Ha puc. 4.10.

Pacuem cnoosicnoii cwmnempulmoﬁ uenu

IIpumep 4.4. CrioxxHas cummeTpuyHas nens (puc. 4.11, a)
E Vs Eq); E B= Eq)az; EC = Eq)a, TaK>Ke 3aJ1aHbl KOMIUJIEKCHBIE COIPOTHUB-
JIeHHs y4aCTKOB Kakaoi u3 gpasz Z,,Z,,2Z3,Z 4. HyxxHo HaliTh BCce TOKM.

Pemenne. [Ipu pacuere Bce CUMMETPUYHBIE TPEYTOJILHUKU MPEOOpPa30OBbI-
BAIOTCS B 3BE3/bl. B Halllell 3aauye CUMMETPUYHBIA TPEYTOJBHUK C COIPO-
THBJIEHUAMHU CTOPOH Z,4 NPEOOpa3oBaH B 3BE31y, COIPOTUBICHUE KaKIOIO
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Za-Zy 24
Ly+Zy+2Zy 3

Jy4ya KOTOpOH paBHO 3ateM paccUUTBIBa€M COIPO-

Z
TUBJICHHE SKBUBAJICHTHOM 3BE37bl Z5 =23 + ?4 (puc. 4.11, 06).

Puc. 4.11

Ha BekTopHO# AuarpaMMe HEHTpalbHBIE TOYKU BCeX 3Be3n (N, n, ny) B CHIIY
CUMMETPHUH JIeKAT B LEHTPE TSHXKECTU PAaBHOCTOPOHHETO TPEYroJibHUKA JIU-
HEWHBIX HanpspkeHuil. CiaeaoBareiib-

Zs HO, NOTEHLHAIL! TOYEK OIMHAKOBEL,
n, W €CIHM MX COCIMHUTH HEHUTPaIbHBIM
npoBOJOM (TIOKa3aH MYHKTUPOM Ha
puc. 4.11), To TOK B HeM OyzeT paBeH
HYJII0, ¥ PEKUM paOOThl HE U3MEHUT-

csi. B atom cnydae ¢asel paboraror

< p HE3aBUCUMO JPYT OT JIpyra W OJHY
Puc. 4.12 u3 HuX (Hampumep, pazy 4) MOXKHO
BBIICIUTE BMECTE C HEHUTPaTbHBIM

Ey 74

npoBoaoM (puc. 4.12).
Torma o 3akony Oma 1 IpaBUIly NTapaJuIEIbHBIX BETBEH UMEEM:

. E
1A1=—ZA )
—=DKB
Zy Zs | ;  _Zs i i 2o
rae ZSKB:ZI-’_Zz—_i_ZS; 1A2:1A122—+ZS;1A3=1A122—+ZS-
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3 VI,
B onHoit u3 ¢a3 tpeyronsHuka [, = %e] 30 Tokn B ocTanbHBIX y4yacTKax

(a3 JIerko HaTH C MOMONIBIO (PAa30BOTO OIEpaTOpa.

Hanpumep, 15| = aszl, Icy=al 4y 1.1
4.5. Pacuer HeCHUMMeTPHUYHBIX TPex(a3HbIX Hene

Pacuer HecumMmeTpuuHOM Tpex(da3HON IENH HE OTIMYAETCA OT pacuera
OObIYHOM OAHO(A3HON WLENMu € HECKOJbKMMHU HCTOYHMKaMu. Eciu 1enb
CJIOXHAs!, TO 0OBIYHO MPUMEHSIOT METO/I Y3J10BbIX MOTEHIIUAJIOB.

Ecnu niens He OY€Hb CII0KHAs!, TO C MOMOIIbIO SKBUBAJIEHTHBIX MPE00-
pa3oBaHUM €€ YNPOLIAIOT J0 CXEMBbI C ABYMs Yy3JIaMU U HaXOIAT JIMHEHHBIE
ToKH. 3aTeM 1o 3akoHaM Oma u Kupxroda onpenensitor Bce oCTallbHbIE TO-
KH. PaccMOTpUM HECKOIBKO IIPUMEPOB.

Cnocoo coeounenus mpexgaznvix nompedoumeei 36e3001

Coenunenue norpeduTesneil 3Be3/10i 0e3 HyJeBOro MpoBoja MPUMEHS-
€TCsl TOJIbKO MPU CUMMETPUYHOI Harpys3ke Bcex Tpex (a3. Mexay tem ycio-
BHE PABHOMEPHOM 3arpy3ku (a3 He BCerja BBINOJHSETCS (Harpumep, Ipu
OCBETUTEIBHON Harpy3Kke) U HampsDKeHUs Ha (pa3ax MmosyqaroTcsi HEOJMHAKO-
BbIMU. Kpome TOro, B JaHHOW CXeMe HENOIyCTUMO BKIHOUYEHUE WIH OTKIIIO-
yeHue OJHOW (a3pl HArpy3Kku. B Takux ciayyasx MpUMEHSAETCS COSAUHEHUE
Harpy3Ku 3Be37101 ¢ HyJIEBBIM NPOBOIOM (puc. 4.7).

JlaHHas 1enb MOXKET PACCMAaTPUBATBLCSA KaK TPEXKOHTYpHas LEMb C Tpe-
Ms uctouHukamu JJIC. Tak kak B cxeme UMEIOTCS TOJIBKO JBa y3Ja, MPOBE-
JIEM pacyeT METOJOM JIBYX Y3JIOB.

B cxeme puc. 4.7. meiictByeT cummerpuunas cuctema JJIC E 4 =Eg;
E B= Eq)az; EC = E(ba. ITycts @ =0, TOrna ypaBHeHUE Y3JIOBBIX IIOTEH-
| N | N | N 1 :EA+EB+EC
Zy Zp Zc Zn) Z4 Zp Zc

UanaoB O, U HaIpsKEHUE

: . Y E +Yg Ep+Y,-E 1
CMELICHUS UN:(pn—(pN:_A A7=B "B 7 =C C,rj:[e Y j=—;
Y +Yp+Yco+Yy Z4
1 1 1
Yp=—Yco=—; Yy =—— — IPOBOAMMOCTH COOTBETCTBYIOIINX BET-

Zp Zc Zy
BE.
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3Has HampsKEeHUE CMeleHus, 1o BTopoMy 3akoHy Kupxroda, Haxogum

EA_UN.['B

JUHENHBIEC TOKU: [ 4 = ~
£ A4

. . . .U
Tok newrpansnoro nposoga Iy =14 +1Igp +1c = Z—N

:E'B_UN.I'C:E.C_UN.
Zg Zc

&N

dazHkIC HaIPsKCHUS OIPCACIIATCA B BUAC

Ugs=E4-Uy; Up
3ameuanusn

:EB —UN; UC ZEC _UN'

1. Ilpu pa3nuuHBIX CONMPOTUBICHUIX (a3 U HAIWYUK COMPOTHUBICHUS B HY-
neBoM npoBoJie Z nr # 0 (a3Hble HAPSKEHUS Pa3IHYHBbL.

2. Ecnu HyneBOil IPOBOA OTCYTCTBYET (Z )y =% U Y 5 =0), TO BCS BBILIIE-
npuBeNeHHBIe (HOPMYIBI CHpaBeMIuBLL, mpuueM [y =0 u dasHble Ha-
OpsDKEHUS Takke OyyT pa3IudHbl.

3. Ecmm Z ) =0, 10 U N =0 u da3Hble HampsbkeHUS 00pa3yrOT CHUMMET-
PUIHYIO CUCTEMY: UA ZEA; UB ZEB; UC ZEc.

Bb1600: TOX HEUTPAIILHOTO MPOBOJA BEIPAaBHUBAET (Pa3HbIC HAPSHKCHUS

(mpu Z y =0).

IIpumep 4.5. Tpexdasznubiii ucrounuk ¢ U,; =100 B cummerpuyen. Onpene-

JWUThH IIOKAa3aHHE BOJIBTMETPA, ecnu u3BecTHsl £ =2000M, Z, =—;200Om

(puc. 4.13).

Pemenue. Tox [~ =-1,, nycts U yp =100¢/"B. To BTOPOMY 3aKOHY

Kupxroda I 4(Z 1+Zy)+ Ucy =0. Haiifem nuneitnpii Tox hassl A:

- ~Ucy _ —100e/'%0
Z+Z, 200-200;
jA Zl
A & >
|45
B J . O
’UCA [ ZZ
C & C: H
Puc. 4.13

= 0.355¢/10° = 03550 /10 A,

Puc. 4.14

[Tokazanue BobTMETpa HaliIeM 110 BTopomy 3akoHy Kupxroda:
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Uy =147, -U 45 =0.355¢" 1% .200-100 =36.4¢ /1 B.
BonbT™Merp nokaxkeT 36.4 B. Tak kak B cXxeMe HET HEUTPAJIBbHOTO MPOBOJA,
cumMeTpust Gha3HbIX HANpsDKeHU Hapytiaetcs (puc. 4.14).

Cnocob coeounenus mpexgaznvix nompeoumeneii mpey201bHUKOM

[Ipu coenuHennn MoTpeOUTENECH TPEYTrOJIBHUKOM COMPOTUBICHUS (a3
MOTYT OBITh HEOJIMHAKOBBIMU M JaKe, B KpaliHEM cllydae, BKIIOYAThCS WU
OTKJIFOYAThCSl HE3aBUCUMO JIPYT OT JIpyra.

Ecnu Ha 3a)kuMax HECUMMETPUYHOU Tpex(a3zHOW HArpy3KHu 3aJaHbl JIH-

Heitaple Hanpsxenus U 4p,U BCaU c4 (puc. 4.15), To no 3akony Oma ¢a3-
HbI€ TOKH PaBHBI:

; U ; U .U
fa5 = A%AB; !5c = B%BC; fea = C%CA'

®da3HbIC HaIIPAKCHUA PABHBI JIMHCUHBIM U JIMHEWHBIC TOKHU onpeacisi-
IOTCA B COOTBCTCTBHU C IICPBBIM 3dKOHOM KI/IpXFO(i)a KaK pasHOCTHU (l)a?)HBIX

TOKOB: ]A :]AB —]CA; ]B :IBC _IAB; ]C :ICA _]BC'

IIpumep 4.6.

Hecummerpuunas tpexdaszHas 1enb, IpeacTaBieHHas Ha puc. 4.15, ¢ comnpo-
tupneHusiMu $az Z 45 =1000m, Zp- =1000M, Z -4 =-100Om mox-

KJIFOUEHA K Tpex(a3HoH ceTu ¢ MMHelHHbIM HanpsbkeHueM U, =100 B.
Onpenemuts: 1) nuHEiHHEI ToK [ 45 2) HampsDKEHUE Ha CONPOTHUBIICHUU
Z pc mocne o0peiBa nuHelHoro nmposoaa C.

Pemenne. 1) Jlnsg HECUMMETpUYHOU

A4 4 l4 - LENA JIMHEMHBIM TOK HAXOAUM I10
Al 1y Bi p Icy ePBOMY 3aKOHY Kupxroda:
UCA UAB' =AB Iy :IAB_ICA’
I .
By B, T ZCA e iAB:UAV .
. igcY Z 4B’
Upc Zpc . Ugy
Ic lea="7
Ce T £CA

[Tonaras U 4p =100B u nomus, 4TO
Puc. 4.15 . .
CHCTeMa JIMHEHHBIX  HaNpsO KCHUN

CUMMCTpHUYHA, IIOACTABIIICM JAaHHBIC!

j120 ) ]
_ 100 100”77 i 101210 _ 99730 A,
7100 —100;

Iy
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2) Ilpu o6peiBe nuHERHOrO npoBojaa C compoTusienus Zgo U Z oy
OKa3bIBAIOTCSI COECAUHEHHBIMU IIOCIIEN0BATENBHO U MOIKIOYEHHBIMU K JIH-
HEHHOMY HanpsbkeHuro U 4p:

_ Uyp 100
ZpctZcqy 100-100j
HampsbkeHne Ha CONPOTHBICHUMH Z p- TOCHE OOpbIBA JIMHEWHOIO

nposoma C: U =1Z g =0.7¢/* -100 =70e/4 B,

)i —0.7¢/% A,

4.6. MomHocTh B Tpexda3Hbix nensx. Cnoco0bl n3MepeHus1 aKTUBHOM
MOIIHOCTH

AKTHBHas MOITHOCTb CHMMETPUYHOTO TpeX(})a3HOro NpUEeMHHKA
P=3UgyI coso [Br].
[Ipynumas BO BHHMMaHHE, YTO MPU COCIMHEHUU BETBEW NPUEMHHKA
sBespoit Uy =U/ V3w I ¢ =1y, @ TIPH COCAMHCHHU TPEYTOJTbHHKOM

Up=Uynly=1I;/ V3, [I0JIyYMM HE3aBHCHMO OT BUJA COCIUHEHUS

P= \/§UHIH cosQ,
rae @ — (a3oBwIif cIBUT MeXAY (Ha3HBIM TOKOM U (ha3HBIM HATMPSHKEHUEM.

AHQJIOTUYHO Ui PEAKTUBHOW M MOJHOM MOIIHOCTEW CHMMETPUYHOTO
Tpex(a3zHOro NpueMHUKa UMEEM

0 =3Uylysing=+3U,I,sing [Bapl; §=3Uyly=+3U,I,[BAl

B HecumMMeTpuYHOM peXrMME MOIIHOCTh NMPUEMHUKOB PaCCUUTHIBACTCS
Kak B 0JJHO(ha3HOM 1IeMu:

2 2 2
Pn:zlkRkQ On =21 xLi_Z]kak-
k i k

Ecnu us3BectHnl dazubie DJIC menu, coeTuHEHHOM 3Be3NoN (¢ HEu-
TpaJbHBIM MPOBOJOM WX 0€3 Hero), T0O KOMIUIEKCHAas MOIIHOCTh MCTOYHH-
KOB PaCCUMTHIBACTCS KaK CyMMa KOMILJIEKCHBIX MOIITHOCTEH (ha3:

SI/I ZSA +SB +SC ZEAIA +EBIB +Ech IPH +JQI/I
Ecnu B nenu 6e3 HEUTpaIbHOTO MPOBOJIA U3BECTHHI TOJIKO JIMHEHHBIC
HaAMPsHKEHUS, TO TI0 TIepBoMYy 3akoHy Kupxroda MoKHO BBIpa3uTh, HaNpH-

mep Tok [ =—(I 4 +1p). Torma IZ :—(12 +I;) U
Su=Eqly+Eglp+Ec(-14—1p)=(E4—Ec)4+(Ep—Ec)lp=

=Uclg4+Upclp =B+ jOyu,te U g4c =-Ucy.
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AHanOruYyHBIM 00Pa30M MOXKHO MOJTYUYUTH elle ABE (OPMYIIbL.

JIJisi TpOBEpKH MPaBUIBHOCTH PACUYETOB COCTABIISIETCS OajaHC MOIIHO-
CTH TI0 PACCMOTPEHHBIM BhIIIE (HOPMYJIaM U CUUTAETCS OTHOCUTEIbHAS IO-
IPEIIHOCTbD:

1l 1009 < 3% 50 _19u=0nl 10004 <30,

P, — P
dp=—-—"
u II
Y cumMeTpu4HOro Tpex(azHOro MpUEeMHUKA MOITHOCTH BCeX Tpex (a3
OJIMHAKOBBI, TIO3TOMY JOCTATOYHO HU3MEPUTHh AKTUBHYIO MOIIHOCTH OJIHOM

bhazsl P<b , TOr/1a aKTUBHas MOIIHOCTB BCeH 1ienu P = 3P(I> )

A g 7 =
ES
B Z
VA
Z
C ¢
a §)
Puc. 4.16

Ha puc. 4.16, a nmoka3zaHo BKJIIOYEHHE BAaTTMETPA, KOTOPBIM U3MEpSET
MomrHOCTh Gasel A: Py =U 41 4cos ZU 4,1 4 (ha3bl IpueMHHKA COETMHEHBI
3BE3JI0M C JOCTYMHOUM HelTpanbHOU Toukoi). Ecnu da3bl npuemHuka coeau-

i —p* HEHBI TPEYTOJIBHUKOM, TO MOUTHOCTb OJHOM (hazbl
4 g—A>_*|®7 MO>XHO M3MEpHUTh, UCHOJB3Yys cxemy puc. 4.16, 6

(Py =Uyclcygcos2U yo-Icy)-

. B ciyuae ecnu HeWTpalibHas TOYKA MIPUEMHU-
C oo Ud  xa HEJIOCTYMHA, WU 3aXuMbl (a3 MnpueMHUKa,
BKJIFOYEHHOTO TPEYTOJbHUKOM, HE BBIBEJCHBI,
R| | R INPUMEHSIOT cXxemy puc. 4.17 ¢ HMcnosp30BaHHEM
UCKYCCTBEHHON HEHUTpajapHON Touku n'. B 3r1oii
CXeMe JTOTIOJHUTEIBHO B JB€ (ha3bl BKIIIOUAIOT pe-
3UCTOPBI C CONPOTHUBICHUEM, PABHBIM CONPOTHB-
Puc. 4.17 JIEHUIO [IEIH HAPSKEHUS BATTMETPA.

[Ipy HECUMMETPUYHOM MPUEMHUKE ISl U3-

MEpEHUSI aKTUBHOW MOIIHOCTH B TpeX(a3HOW CHUCTEME C HEHTpaJIbHBIM IPO-
BOJIOM MCIIOJIb3YIOT TPU BAaTTMETPA, KaXIbId U3 KOTOPBIX U3MEPSET MOUI-

!

n
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HOCTBh OfHOU ¢a3wl (puc. 4.18). AKTUBHAsI MOIIHOCTh TpeX(a3HOU CUCTEMBI
paBHA CyMMe TIOKa3aHHI TpeX BaTTMETPOB:

P=Py+Pyy+Pyz=U Il ycos LU 4,1 y+Uplgcos/Up,I 5+
+ Uclc COSZUCjc.
B clydac CI/IMMeTpI/ILIHOf/JI eI JO0CTATOYHO BKIIIOYHUTH OAHWH BATTMCTP,

a pe3yJIbTaT YTPOUTb.
*

I,

4 7=V i *

. . A *

I U A (W
B # é *QV} 4 . - .

; —x |U Ip L ’UAC
Cglg *@J\* B‘ . B v U l
N \f" lUCl ‘. | l BC

Puc. 4.18 Puc. 4.19

Ecnu B cxeme OTCYTCTBYET HYJIEBOM MPOBOM, TOTJA U3MEPEHUE MOKET
OBITH MPOU3BEJICHO C MOMOIIBIO JIBYX BarTMeTpoB (puc. 4.19). B saTtom ciy-
Yyae aKTHMBHAs MOIIHOCTH IIeNMu OyJEeT paBHA CyMMe TMOKa3aHWM JBYX BaTT-

MeTpoB: P =Py + Pyy =U 40l 4cos LU 4ol 4 +UpclpcosZUpclp,
rae U 4o =—Ucy. BO3MOXHEI IBe IpyTHe CXeMbl BKIIIOUEHHs BATTMETPOB.

BartmeTpsl Tpex¢azHOro Toka, ycTaHaBIMBaeMble Ha paclpeiesuTeNbHbIX
IIUTaX, NPEJACTABIAIOT cOOOM ABa (M1 TPEXMPOBOJHON CUCTEMBI) WU TPH
(171 4eThIPEXITPOBOJHON) U3MEPUTEIBHBIX MEXaHHW3Ma, CBSI3aHHBIX OOLIEH
OChI0O M BO3JICHCTBYIOIIMX Ha OOIIYIO CTPENKY. DTH M3MEPHUTENIbHbIE MeXa-
HU3MBI BKIIIOUAIOTCS B TpeX(Pa3HyIO 1IeNb COOTBETCTBEHHO METO/AM U3Mepe-
HUS C TOMOIIBIO JIBYX WJIM TPEX BATTMETPOB.

IIpumep 4.7. TpexdaszHblii HUCTOYHHUK

4 (B pumep pexd
7 cumMerpudeH. Omnpenenurs IMOKa3aHHE
— % P BaTT™METpa, ecim Z =507 Om, u amnepmerp

IN

B #—{(W D nokasbiBaetr 7.61A.
Pemenue. IToka3zanue BATTMETpA

Z P, =UpclgcosZUpgc,Ip. Tlpumem Ha-

C ¢ .
YaJbHYIO (I)aBy JIUHEWUHOTO TOKa (1)3351 A

paBHO# Hymo: [ 4 :7.6lej0A, Tora TOK Ip =7.61e /12 ®asnuit Tok
i jB 130 -j90
Ipc =—>=e’/7" =4.4¢7/
G

HaIpsDKEHUE HAUJEM 10 3aKkoHy Oma:

(Tak KaK MPUEMHUK CUMMETpHU4YHbIN). JIMHElHOe
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Upc =ipcZ=44¢7.50j=220e/"B.
Torna Bart™etp mokaxer Py, =220-7.61cos(0+120°)=-837.1Br.

5. IlepexoaHbie MPOLECCHI B JIMHEHMHBIX JJICKTPUIECKUX LEMAX
5.1. 3ak0oHBI KOMMYTAIUHU

Ilepexoonvim npoyeccom Ha3bIBAIOT MPOIECC MEPEXoAa OT OJHOIO yC-
TAHOBHUBIIIETOCS PEKUMa PaOOTHI AJIEKTPUUECKOW MenH K ApyroMmy. B ycra-
HOBUBIIIEMCS PEKHMME XapaKTep BCEX TOKOB M HANPSHKCHHH OMpeeiseTcs
BHJIOM JICUCTBYOIIMX B IIETTH HCTOYHUKOB YHEPTHUHU.

[Tepexoaabie MPOIECCHl BO3HUKAIOT NP KOMMYTAIIUH, T.€. BKIIOUCHUH
WIA OTKITFOUEHUH AJIEMEHTOB IIETIH, UCTOYHUKOB SHEPTHH, IPU KOPOTKHX 3a-
MBIKaHHIX, 0OphIBaX MPOBOJIOB, a TAKXKE MPH UMITYJICHBIX BO3JCHCTBHUIX HA
IETIb.

[Tepexoaubie poIecchl 0OBIYHO MPOTEKAOT JOCTATOYHO OBICTPO (Z1ecs-
ThI€ ¥ COTBIE JIOJIM CEKYH/IbI), HO JJa)Ke 32 TAaKO€ BPEeMsI TOKH U HANPSHKCHUS B
[[EMd MOTYT BO MHOTO pa3 MPEBBICUTh CBOM HOMHHAJIbHBIE 3HAUYCHUS U TEM
CaMbIM MPUBECTH K TMOBPEKICHUIO JIEKTPUUECKOTO 000pymoBanus (mpoOoi
W30JISIIUN, MEXaHUYECKUE pPa3pyHICHUST OOMOTOK JJICKTPUYECKUX MAIIHH).
VIMeHHO 110 3TOW MpUYKHE pacdeT MEPEXOAHBIX MPOIECCOB BAXKEH TSI BhIpa-
OOTKM PEKOMEHJAINK TI0 YMEHBIIICHUI0O MaKCHMAJIbHBIX 3HAYCHUH TOKOB U
HaIPSHKCHUH, a TakXKe I onpeaeseHns (akTOpOB, BIUSIONINX Ha JTUTEITb-
HOCTb TIEPEXOTHOTO MpoIiecca.

Bbyaem cunMTarh, 4TO KOMMYTAaIUs OCYIIECTBISIETCS MTHOBEHHO TP TIO-
MOIIK KJIF04a B MOMEHT BpemeHu ¢ =0 (puc. 5.1, a — KOMMyTamusi Ipou30i-
JIET B MOMEHT 3aMBbIKaHMsI KiItoua; puc. 5.1, 6 — B MOMEHT pa3MbIKaHU).

<

a 0
Puc. 5.1.
YcaoBumces paznuyaTb MOMEHT BpeMeHu ¢ =0 _ (mocieIHuid MOMEHT
nepen kommyTanueil) u ¢ =0, (mepBblii MOMEHT MOCIE KOMMYTAIUN).

PuU3NUeCKON TPUYUHON BO3HUKHOBEHMS IIEPEXOJHBIX IIPOLECCOB B
LEMAX SBJISICTCS HAJW4YME KATYLIEK WHAYKTUBHOCTH M KOHIEHCATOPOB, T.€.
VHJIYKTUBHBIX U €MKOCTHBIX AJIEMEHTOB B COOTBETCTBYIOIIUX CXEMax 3amMe-

Lit

mMICHUA. OOBscHSETCS ITO TCM, 4TO JSHCPIUA MArHUTHOI'O IIOJIA WM = 5
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3araceHHasi B KaTYIIKe MHIYKTHBHOCTH, W  O3JCKTPHYECKOIO  IOJIS
Cu2

Wan :TC’ 3amaceHHas B KOHAEHCATOPE, HE MOTYT U3MEHATHCA CKAYKOM
NP KOMMYTAIUU LIETIH.
3aKOHbl KOMMYTALIUU YTBEPKAAIOT, YMO MOK 6 UHOYKMUGHOM 3ile-
MeHme U HANPANHCEHUE HA eEMKOCHHOM I1eMEeHme He MOy UIMEHAMbCA
CKAuKOM.
JlokaxxeM 3aKOH KOMMYTaluu sl UHAYKTUBHOCTH. [Ipeanonoxum, 4ro
B TCYCHHUE MHTEPBAJIA BPEMEHU OT MOMEHTA | 1O !9 TOK B UHIAYKTUBHOM

3JIEMEHTE W3MEHSICA OT 3HaueHus iy (f)) A0 3HadeHus iy (¢p). Ilpu stom

CpEIHSSI MOIIHOCTh M3MEHEHUS SHEPIMH MArHUTHOTO TOJII WHIYKTHUBHOTO
aiieMeHTa Oy/IeT paBHa

2 2
AWy _ L ip(ty)—ig(4)
At 2 th—1

Ecan HHTCPBAJI BPCMCHH At = Zz —Zl CTPCMUTCA K HYJIIO, TO CPCAHAA MOII-

HOCTbh U3MEHEHMS DHEPTUM MAarHUTHOTO TIOJISI CTPEMUTCS K OECKOHEUHOCTH.
Tak xak nemnedt 0€CKOHEYHO OOJIBIIONW MOIIMHOCTH HE CYIIECTBYET, TO
M3MEHEHHE TOKAa B UHAYKTUBHOCTH CKAYKOM HEBO3MOKHO. DTOT BBIBOJI U SIB-
JIAETCS IEPBBIM 3aKOHOM KOMMYTAIIUM U €r0 MOKHO 3aIliCaTh B BUJIE
i (0 )=ir(0,).
3aKOH KOMMYTAIIMU JIJI1 €EMKOCTHOTO AJIEMEHTA JIETKO MOJYYHTh IO aHa-
JIOTUU C JOKa3aHHBIM 3aKOHOM KOMMYTAIIMU IS UHIYKTUBHOTO 3JIEMEHTA.

Lif Cug

JIeCTBUTENBHO, CpaBHUBAs BbIpaxkeHus W, = u Wy :TC, BUIUM,

94TO OTHOCHUTCIIBHO TOKa iL W HAIIPpsDKCHUA U OHHM aHaJIOTHYHBI. CJ'IG,Z[OB&-

TEJILHO, aHaJIU3 DHEPreTUUECKUX IPOIIECCOB B €eMKOCTHOM JJIEMEHTE IpUBE-
JIeT K BBIBOJY: M3MEHCHHME HANPsHKCHUS Ha €MKOCTHOM JJIEMEHTE CKAYKOM
HEBO3MOXHO, T.€. (0 )=uc-(0,).

5.2. Knaccuyeckuii MeTO pacyera nmepexoIHbIX NpPoueccoB

Ha3Banue Meroma «KJIIACCHYECKMID» OTPAKAET HCIIOJIB30BAHUE B HEM
pemieHnii auddepeHuuanbHbIX YpPaBHEHUN C MOCTOSIHHBIMH MapaMeTpaMu
METOJAMHU KJIACCUYECKOW MATEMATUKH.

J1s cxembl Mocjae KOMMYTAlMU COCTaBIISICTCA CUCTEMa YPaBHEHUU IIO

di
3akoHaM Kupxroga, Oma, s1meKTpoMarHUTHOM (1 =L7L) U 3JIEKTpOCTa-
t
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o . duc
THYCCKOU (lC =C —) WHAYKIHH. HOqueHHy}O CUCTEMY CBOpPAUYMBAIOT OO

oJiHOTO Au(dhepeHInaIbHOr0 YpaBHEHUS ¢ OJIHUM HEU3BECTHBIM TOKOM WJIU
HaMpPsHKEHUEM (JIOMyCTHM TOKOM B OJTHOM U3 BETBEH):

. 1
d"i(t) d"” z(t) ( )
Tt +api(t)= f (1) (5.1)
dt dt
VYpasuenue (5.1) — nuHeliHoe HeomHOpoaHOEe muddepeHInaIbHOe
ypaBHEHUE n-T0 NOPSIKA, TA€ d,,,d, _],...Ay — HOCTOSTHHbIE KO3()PUITNEHTHI,

n

oIpesesieMble MapaMeTpaMu LEMu Mociie KoMMmyTauuu; f (1) — GyHKIUO-

HaJbHAsl 3aBUCUMOCTD, OTpeesieMas HCTOUHUKAMHU SHEPTHH MOCIe KOMMY-
tanuu. [TopsSaok 3TOro ypaBHEHHS HE MOXKET MPEBBINIATH YHCIA HAKOITUTE-
neit suepruu (L u C) B cxeme.

[Tonnoe pemenue i(¢f) ypaBHeHus (5.1) MOXHO MNpPEACTaBUTHL B BUJIC

CYMMBI YaCTHOTO PEIICHUs HEOTHOPOAHOTO AU PEepeHIINaTbHOTO ypaBHEHUS
(IpUHYXJIEHHAs] COCTABJIAIONIAsl) U OOIIEro penieHus COOTBETCTBYIOIIETO
OJIHOPOJHOrO Ju((PepeHnaTbHOTO ypaBHEHUs (CBOOOIHASI COCTABIIAIONIA ):
(1) = igp () + i (7).

[TpuHyX/I€HHAsT COCTABISIONIAs HAXOANUTCS U3 pacdeTa yCTaHOBHUBIIIETO-
Csl pe&KHMMa LENH 0C/Ie KOMMYTAllMU U OBTOPSIET 3aKOH U3MEHEHUS! UCTOY-
HUKa, JelcTByromero B nenu. CBoOoHas COCTaBiIAIOLIasi OMUCHIBAET MPO-
necc B 1enu 6e3 ucrouHukoB J/C M TOKa MU UMEHHO 10 3TOMY Ha3bIBAETCSA
CBOOOIHOIA.

CB0O0OOHAs COCTABIISAONIAS BBI3BIBAETCSI HECOOTBETCTBUEM MEXKIY IHEP-
r'Mel, COCPEJOTOUYEHHON B 3JIEKTPUYECKOM U MAarHUTHOM MOJISIX €MKOCTHBIX
U MHIYKTUBHBIX 3JIEMEHTOB B MOMEHT BPEMEHHU, HETIOCPEICTBEHHO Ipelie-
CTBYIOIIMNA KOMMYTAI[MH, U SHEPTUEH STUX 3JIEMEHTOB MPH HOBOM YCTaHO-
BUBIIEMCSI PEKMME B MOMEHT BPEMEHH, HETMOCPEICTBEHHO CIEAYIOIIEM 3a
KOMMYyTalued. DHeprus 3JeMEHTOB HE MOXKET HU3MEHSTHCS CKAuKOM, U €€
MOCTETIEHHOE N3MEHEHHE 00yCIIaBIUBACT MEePEXO0HBINA MPOIIECC.

CBoOOHAS COCTABIAOIIAs ONPEACTSETCS BUIOM KOPHEW XapaKTepH-
CTHUYECKOTO YPaBHEHHSI, KOTOPOE COCTABIISAECTCA HAa OCHOBAaHUU UG hepeHIIn-
i" (1) n
albHOTO ypaBHeHHs (5.1) myTem 3amMeHbI —t_) p' ¥ TpUpaBHUBAHUS K
HYJIIO TIpaBOi dacTu. B pe3ynbrare momydaem XapaKTepUCTHUECKOEe ypaBHe-
HUE

n n—1 _
a,p” +a,_1p°  +..qqp+ag=0. (5.2)
Paznuyaror 3aBucHMbIe U HE3aBUCHMBbIE HayalbHblE ycinoBus. Hezaeu-
cuMble HAYabHble YCI106UA — OTO BEIUYUHBI, KOTOPBIE MOJIYUHAIOTCSA 3aKO-
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HaM KOMMYTAllMH, T.€. TOK B MHAYKTUBHOCTH M HAIPSIKEHHE HA €MKOCTH.
HezaBucumble HavanbHbie yenoBus (HHY) onpenenstorest u3 pacuera ycra-
HOBUBIIIETOCS pEXUMa IIEMU B CXEME 0 KOMMYTaluu (MOMEHT BPEMEHU
t=0_).

3asucumbsle HauaIbHBIE YCI06UA — ITO OCTANBHBIE TOKU U HANPSKEHUS,
oInpeensieMbple B MOMEHT BpeMeHHU ¢ = (0, ¢ y4eToM TOro, 4To TOK B MHIYK-

THUBHOCTH W HAIIPAKCHHUC Ha CMKOCTHU B HGpBLIfI MOMCHT II0CJIC KOMMYTalluH
COXpPaHAIOT CBOU 3HAYCHUA. B cxeme mocne KOMMYyTaluu (MOMGHT BpCMCHHA
Z=O+) HHAYKTUBHOCTb U CMKOCTH 3aMCHAIOTCA CICAYIOIIMMH CXCMaMU 3a-

Metenus (puc. 5.2), rae
Jp=ip(0)=ip(0,)=i(0), Ec =uc(0_)=uc(0)=uc(0).

g
ic(04) ic(0,) i; (0)
c =L uc) = @, — 1O,
L
g
Puc. 5.2

5.3. Pacuer nmepexoaHoOro nmpouecca B Lenu nepBoro nopsiaka

[Topsnok nepexoaHoOro npounecca 3aBUCUT OT YUCIIa HAKOIUTEIIEU dHEp-
T'UU, KOTOPBIE OCTAIOTCA B CXEME NOCiIe KoMMyTanuu. llens nepsoro nopsa-
Ka COJIEP)KUT I10CJIe KOMMYTallMM UHAYKTUBHOCTh WJIM €MKOCTh U XapakTe-
pusyetcst auddepeHmaIbHbIM YpaBHEHUEM MepBOro nopsiika. Paccmorpum
IIPOLECCHI B LEIH IPU 3aPSAKE U pa3psAIKe eMKOCTHOTO JIEMEHTA.

3apaoka emMKoCcmHo20 Inemenma om ucmounuxka nocmoannou 3/C uepes
De3UCmugHblil 31eMeHm

ITepexoaHbIii TIpoIiecC B IIENU HA PUC. 5.3 OMUCHIBAETCS HEOHOPOIHBIM

mudepeHnnanbHBIM YpaBHEHHEM Ha OCHOBaHUU BTOpOro 3akoHa Kupxroda,

3akoHa OMma up =iR M COOTHOLIEHWEM JUII E€MKOCTHOIO DJJIEMEHTa

duc
dt

i=C , T.C.

d
uR+uC=iR+uC:RC%+uC=E. (5.3)

OOmiee pelleHue 3TOr0 ypaBHEHUS 3alHMCHIBAECTCS B BUJAE CYMMBI IIPHU-
HY)KICHHOW M CBOOOIHON COCTABISMIOMUX: U (1) =ucyp(?) +ucep(?). B me-

A IICPBOTO IIOpAAKA CBO60,IIHaSI CoCTaBJAromas U3MCHACTCA IIO 3KCIIOHCH-
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nuansHOMy 3aKkoHy Ae?’ | rme A —MOCTOSHHAsS MHTErPUPOBAHUS PACCUHTHI-
BaeTCcs B MOMEHT BpeMeHM ¢ = (0, . 3Ha4ut, oOliee pelieHre MOXKHO 3allu-

cathb B BUIC U (1) =ucpp (£ + Ae?!

duC
CocTaBUM XapaKTepUCTUYECKOE YpaBHEHHE, 3aMEHUB B (5.3) — —> p,

uc —1 ¥ npupaBHAB K HyNIIO IpaByro 4acte: RCp +1=0. Pemus ypasHe-

1
HUE, TIOJIy4aeM p =———

RC

R
T —
1 — |
6 N 70 T Ve ED |7 Ve

Puc. 5.3 Puc. 5.4 Puc. 5.5

Kopenp xapakTepucTH4eCKOro ypaBHEHU MOKHO HAWTH, HE COCTABJISIS
muddepeHnmanbHOrO ypaBHeHUs. JJis 3TOTO, B CXeMe TOCIe KOMMYTallud

HYXHO 3akopoTuTh MCTOYHHUK JJ/IC, a emxoctb C 3aMEHHTH Ha %) ok 3a-
TEM, C/ieJlaB pa3phiB B Hanbosee yaoOHOM mecTe (puc. 5.4), 3anucatb OTHO-

1
CUTEJIBLHO pa3pbiBa 00IIee conpoTuBiIeHue uenu Z(p)=R +—C. N3 ycio-

1
Bus Z(p)=0 HaX0aUM KOpPEHb XapAKTEPUCTUYECKOTO YPABHEHUS p = ———

RC’
Tak xak B TeNW  JEHCTBYEeT TIOCTOSHHBIA  HUCTOYHHK, TO
ucnp () =Ucpp = const . TloactaBum U ¢y B ypaBHerue (5.3):
dU ey ©

RC—ZF + Uy =E.

Pemas nonyyennoe ypaBHeHue, nojiydaem U Crp = E.

[IpuHYX)€HHYI0 COCTaBIISIONIYI0O MOXHO HAaMTH M3 pacuera CXEMbI B
YCTaHOBHBIIEMCs pexHUMe nocie kommyTaruu (puc. 5.5) Ucyp = E.

JIJist HaXOXKJIEHUSI TIOCTOSTHHOW MHTETPUPOBAHMS A TIOJCTaBUM MOMEHT
BpeMeHu (=0, B obmee pewmenue uc(0,)=U Cnp +4, orciona

A=uc(0y)-Ucpp, rae uc(0,)—3aBucumoe HadanpHOe yciosue. Hampsi-

YKEHUE Ha EMKOCTH B CXEME 0 KOMMYTAallUd PaBHO HYJIO (HE3aBUCUMOE Ha-
yanpHoe ycioBue). [lo 3akony xommytaumu uc(0_)=u-(0,), 3Hauur
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uc(04)=0. Torma nocrosinas unterpupoBanust A4=-Ucy, =—E. Okon-
t

yaTeNbHBIA pe3ysbTaT 3anuchiBaeM B Buje uc(t)=E — Ee RC . Tok, Teky-

t
d E %~
“C _Z, RC, I'paduku Toka u
dt R

HaIlPAKCHUA HA CMKOCTHOM 3JICMCHTC IIPCACTABJICHBI HA PUC. 5.6.

A 4epe3 eMKOCTHOM anemeHT, i(t)=C

Benuuuna, oOpaTtHasi KOpHIO T=—
P
Hu. IlocTOsSIHHAsE BpEMEHH YMCJIEHHO paBHA MHTEPBAJy BPEMEHHU, B TEUEHUE
KOTOpPOTO CBOOOJHAsl COCTaBJIsAIOINAasi yMeHbIaeTcs B e~ 2.7118 pa3. Uem
OoJbIIe T, TEM MEJUICHHEE 3aTyXaeT SKCIOHEHIMaNbHas (QYHKIMS U JOJIbIIE
JUTUTCSL MEpeXoaHbIi npouecc. [Ipaktnuecku
Ue,i A CBOOOJIHAsI COCTABIIAIONIAS 3aTyXaeT 3a 5T, B
OPUEHTUPOBOYHBIX pacyeTax MOXHO Orpa-
HUYUTCA BpeMeHeM 3t. B Hamem mpumepe
T=RC . IlocTOSIHHYIO BpEMEHU MOYHO Haii-
E/R TU rpaduuecku (puc. 5.6). [ljig 3TOro Hy*’HO
BbIOpaTh MPOU3BOJIBHYIO TOUKY Ha Tpaduke
i { CBOOOAHON cocraBisitomied (B mpumepe
- t

Ha3bIBACTCSI HOCHMOAHHOU epeme-

£ ———
T iCB(t):i(t):Ee RCY y wu3 Hee omycTUThH

Puc. 5.6
MEePIEeHAUKYJISIp Ha OCh BpeMeHu. OTpe3ok

MEXKJY TOUKOM IEepecedyeHrs NEePIICHANKYIIS-
pa C OChIO BPEMEHHU M TOUKOHW IIEPECEUECHUsI KACATEIBHOU C ITOM KE OCBIO
Oynet paBeH T (puc. 5.6).

AJITOPHUTM pacyeTa MepexoHOro mpoiecca KIacCH4ecCKUM MeTOI0M

1. Mckomas BeaudrHA 3alMCBHIBACTCS B BHJIE CYMMBI IIPUHYXICHHON M CBO-
OOIHOU COCTaBJISIIOILIEHN.
2. B MomeHT BpeMenn ¢ =(0_ omnpeaenstoTcs He3aBUCHMbBIC HadaIbHBIC YC-

aosus (i (0_),uc(0_)).
3. B momeHT ¢ =0, ompeaemnstoTcs 3aBUCUMbIE HauyaIbHbBIE YCIOBHSL.

4. OmnpenensieTcss NPUHYX ACHHAS COCTABIISAIONIAS] B YCTAHOBUBILIEMCS PEKU-
M€ MTOCJIEKOMMYTAIIMOHHOM 1IeTH.

5. CocraBinsercs XapakKTepUCTUYECKOE YPaBHEHUE U ONPENENseTcs €ro Ko-
peHb. It cocTaBieHHs] XapaKTepUCTUYECKOro ypaBHeHUs uctouHuku J/1C
3aKOPa4YMBaIOTCS, BETBU C UCTOUHMKAMH TOKa pa3pbIBatOTCs, L 3aMeHSETCS
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1 .
Ha pL, C —> Vet JienaeTcsi pa3pbiB B J1I0OOM MECTE MAaCCUBHOM LEMU U pac-

cuuTaeTcs oOlIee COPOTUBIEHHUE LIETTH OTHOCUTENIBHO 3TOTO pa3pbiBa Z(p).
N3 ycnoBus Z(p) =0 HaxoIuTCs KOPEHb XapaKTEPUCTHUYECKOTO YPaBHEHUS.
6. Omnpenensercs NOCTOSIHHAs HHTETPUPOBAHUS B MOMEHT BpeMeHHu { =0 .

Paspaoka emkocmnozo 3nemenma uepe3 pe3ucmueHblil 371eMeHm

B anektprueckoM moiie 3apspKEHHOTO €MKOCTHOTO JJIEMEHTA COCPENOo-
TOYEHA PHEPIHs, 3a CUET KOTOPOWU EMKOCTHOU AJIEMEHT B TEUEHUE HEKOTOPO-
ro BPEMEHH CaM MOXET CIYKUThb UCTOYHUKOM 3Hepruu. [locnme monkmroye-
HUS EMKOCTHOT'O 3JIEMEHTA, MPEABAPUTEIBHO 3aPSKEHHOIO J0 HAIPSKEHUS
uc = E, K pe3UCTUBHOMY JJIEMEHTYy C comporuBiaeHueM R (puc. 5.7) TOk B

OCIIn 6y,Z[€T O6YCJ'IOBJICH HNU3MCHCHUCM 3apsAaa ¢ CMKOCTHOI'O 3JICMCHTA!

i=—%__¢
dt
KOHTYpE LIETIH.
BrinonHuM nocnegoBaTelibHO BCE ATallbl pacueTa KJIaCCUYECKUM METO-
noM. B mienu mocine KOMMyTalMd OCTAeTCsl TOJIBKO OAWH HAKOMUTEIb SHEP-

', 3Ha4UT, OCIIb IICPBOI'O IIOPAAKA U 0611166 PCHICHUC 3aITMIICTCA B BUAC!

duc

, 1€ 3HAK MHUHYC YKa3bIBACT, 4YTO [ —3TO TOK paspAdKU B

uc(t) =ucyp + deP’; i(1) =iy, + Be?".

ol i(0,)
E 1C 1R N E R
el =S Dec
Z(p)
Puc. 5.7 Puc. 5.8 Puc. 5.9

B momenT ¢ =0_ (no kommyrtanun) uc(0_)=E. lna pacuera 3aBUCH-
Moro HayasnbHOro ycioBus (0, )cocTaBuM cXeMy 3aMEIleHus 1Ji1 MOMEHTa
Bpemenn t=0, (puc. 5.8), yuuTBIBas, 4YTO IO 3aKOHY KOMMYTAllUU

Ec=uc(0 )=uc-(0,)=FE. Ilo 3axkony Oma i(0+):—%. B ycranoBus-

meMcest peKUME MOCJIC KOMMYTAIlUU €MKOCTHOM 3JIEMEHT MOJHOCTHIO pasps-
JUTCA uCHp =0 , il'[p =0. I[J'ISI HaXO0XIACHUA KOPHA COCTABJIAACM CXEMY 3aMC-

mieHus (puc. 5.9) u 3anuceiBaem Z(p)=R +L: 0. U3 sToro ycnoBus Ha-
c
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XO0OUM KOpPCHb p = —E . IlocTostHHEIE BpPCMCHHU Anu B HaxXoauM I104CTaB-

misi B obmee pemeHne MoMeHT Bpemenu (=0,: wuc(0,)=ucy, +4;

(0, )=ipp + B. Torna

E E
A=ur0,.)—u =F-0=FE,B=i(0,)—i{p=—""-0=—.
c(04) Crp (04) np R R
[ToncraBnsem HalJIeHHbIC BEJIMUMHBI B 00IIIEE PEIICHUE
t t
_ 1, RC. - _E "Rre
uc(t)=rLe ; z(t)——Ee :

Hooknwuenue ucmounuxka nocmosaunoit 3/]C K HepazeemeeHHOU Uenu ¢
pe3ucmugHvim u UHOYKmMuUeHvIM dj1emenmamu (puc. 5.10)

3amuiieM pemeHue B ooueM Bune iy (f) =iy, + BeP'; L) =upmp + AeP" .
Jlo KoMMyTanuu Kirou Obl1 pa3oMKHYT, 3HauuT i (0_)=0. {11 Haxoxze-
HUS 3aBUCHUMOI'0 HayaJIbHOTO ycnoBus u; (0, ) cOCTaBUM cXeMy 3aMEIleHUs
(puc. 5.11), B koTopoit yureno, uro iy (0 )=i; (0,)=J; =0. IIo BTOpOMY
3akony Kupxroda u; (0, )=E—-J;R=E.

R R R

— 3 -
N ULy,

E®D L E( Z(p) pL

i 1

Puc. 5.10 Puc. 5.11 Puc. 5.12

Tak kak B cxeme JEHUCTBYET MOCTOSIHHBIM MCTOYHUK, TO B YCTAHOBUBIIEMCS
peXKHUME TOCIEe KOMMYTAllMM WHAYKTUBHBIM 3JIEMEHT 3a-

R E
MEHSCTCs 3aKOPOTKOi (puc. 5.13) i uypy =0, ifpy = e
E ILmp JUiss HaXOXKJI€HUsI KOPHS COCTaBIIIEM CXEMY 3aMElleHUs
Y (puc. 5.12) u 3amuceiBaeM Z(p)=R+ pL =0, Torna
R
Puc. 5.13 p=-7- [TocrostHHble BpeMeHH A W B HaxoIuM TOj-

craBisis B oOuiee pemenne MomeHT Bpemenu (=0,: u; (0y)=uyy, +4;
iL(0+) :iLl'Ip + B. Torna
E F
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HO,IICT&BJ'IHCM HaﬁﬂeHHBIC BCIIMYMUHEBI B 0611166 PCUICHUC

_Rt EE _Rt
ur(t)y=Ee L, iL(t):E_Ee L

5.4. OnepaTopHblii METOJ pacyeTa

OmnepatopHblif MeTOJ HE 00JaAaeT PU3NUECKON HATSIAHOCTHIO B CHITY
CBOEW MaTeMaTH4ecKol (hopmanu3ainu, HO B psje ClydaeB yIpoIlaeT pac-
yeTbl. ETo naes 3akirodaercs B TOM, 4TO pacyueT MepexoqHOro mpoiiecca me-
peHocutcs u3 obnactu GyHKIMN BpeMEHU B 00J1aCTh PYHKIHMN KOMIUIEKCHO-
ro MePEMEHHOT0 p , B KOTOpo# auddepeHimaibHbie YpaBHEHUS 3aMEHSIOTCS
anreOpandeckumu. Takoe rpeoOpa3oBaHue Ha3bIBaeTCs npamvim. [lonydeH-
HOE pelleHue anreOpanyecKux YpaBHEHHUH odpammuvim npeodpazosanuem
NIEPEHOCUTCS B 00JIACTh BPEMEHH.

Jlns mpsimoro nipeoOpazoBanus GYHKIIUH BpeMeHH f(¢) MpUMEHseTCs

npeoOpa3oBanue Jlamiaca

o0
F(p)=[e P f(n)t, (5.4)
0
YTO COKPAILIEHHO 3alUChIBaeTCs Tak: F'(p) = L[ f (t)],
rae QyHKiusi BpeMeHdu f(f) Ha3bIBACTCA OPUSUHAIOM, ONPENENseTCs MpU
t >0, uHTerpupyercss B uHTepBaie BpeMeHu (0 +oo U paBHIETCS HYJIO IPU
t<0; F(p)—pyHKIHUS KOMIUIEKCHOTO NMIEPEMEHHOTO p =G + jo npu 6 >0,
Ha3bIBAETCS JIAIIIACOBBIM U300paliceHUEM.
OTMeTuM HEKOTOpBIE CBOMCTBA IIpeoOpa3zoBanus Jlamaca.
1. Teopema O CIOKEHUHU WM JIMHEWHOCTh TPeoOpa30BaHUs
La i) +ar L (0]=aLl A0+ ar L[/ ()] (5.5)

2. Teopema 00 MHTETpUPOBAHUU
t
1
L) [ f(t)d :;F(p). (5.6)
0

3. Teopema o auddepeHmpoBaHuU
Lldf (t)/dt]= pF(p) - £(0,). (5.7)
Hwke mnpuBeAeHBI NpuUMEpbl HW300paKCHUsS MPOCTBIX (YHKIMH, TJIe
A=const.

f<r>=A:>F(p)=§; £()=At = F(p)="2 ;
p
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Aa

p(p+o)
[IpeoOpazoBanue (5.4) MO3BOJSAET MOJYYUTh COOTHOIICHHUS MEXKIY Ha-
NpsDKEHUEM UM TOKOM B OIlepaTopHOU (popme sl pe3sUCTHBHOTO, WHIYKTHB-
HOT'O U EMKOCTHOTO 3JIEMEHTOB.
N300paxkeHne HanpsKeHUsI Ha pe3UCTUBHOM 3JIeMeHTe U g (1) = Ri(¢) mo

FO=4e = F(p)=—2—;  f()=A(l-e %)= F(p)=
p+o

o0
54) Up(p)=R I e P ti(t)dt = RI(p). DTo0 BbIpaK€HUE HA3BIBACTCS 3aKOHOM

0
Owma B oniepatopHoii popme AJig pe3ucTUBHOTO 3eMenTa (puc. 5.14, a).

di
N300paxkeHne HanpsHKCHUS U) :LZ Ha WHAYKTHBHOM 3JIEMEHTE II0
t

(5.5)u (5.7

Up(p)=-Li(0) + pLI(p), (5.8)
rae i(0) =i(0_)=i(0,) —TOK B UHAYKTUBHOM 3JIEMEHTE B MOMEHT KOMMYTa-
IIUH, YIUTHIBAIONINI HaYaIbHBIE YCIIOBHUS.

m ug (1) %(?)
i R Li(0) Ve 9
1) f— M Azz)_{p Ep
Ur(p) U (p) Vo) >
a 6 B
Puc. 5.14

HanpspkeHue Ha €MKOCTHOM 3JIEeMEHTE, HauWHass ¢ MOMEHTa BPEMEHH
t =0 BO3HMKHOBEHHS TIEPEXOJIHOTO Mpoliecca B o0IIeM cirydae,

t
uc(t) =uc(0)-1(7) + % [i(r)dt
0

rne uc(0)=uc(0_)=uc(0,)—HampsskeHHE HA EMKOCTHOM 3JIEMEHTE, CO-
OTBETCTBYIOITCE HAYATLHOMY YCJIOBHIO.

. 1
YuutsiBas n300pakeHUE CAMHUYHONW (PYHKITUU L[l(t)] =— M COOTHO-
meHus (5.5) u (5.6) MOKHO MOTy4UTh N300paKEHUE HAIIPSKEHUS U (1)
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Ue(p =" i), 59)
p pC
Boipaxenusim (5.8) u (5.9) cOOTBETCTBYIOT CXE€MbI 3aMENIEHUS WHTYKTUBHO-
ro ¥ EMKOCTHOTO AJIEMEHTOB B oriepaTopHO# ¢opme Ha puc. 5.14, 6 u B.
Ecnu HavanbHble ycioBus Hyunesble, T.€. i (0_)=0 n u-(0_)=0, 10

BeipakeHus (5.8) u (5.9) npumyTt Buja 3akoHa OMa B omepaTopHOil ¢gopme
JUIsL UHAYKTUBHOTO 3eMenTa U (p) = pLI(p) U 11 EMKOCTHOIO 3JIEMEHTA

Uc(p)= %] (p), tne pL u % —COIIPOTUBIICHUSI UHAYKTUBHOIO U €MKO-

CTHOTO 3JIEMEHTOB B ONEpaTopHOii popme.
Bocnonb3oBaBmumck TMHEHHOCTRIO TTpeoOpazoBanus Jlammaca (5.5), mo-

n
JnyduM TepBslit 3akoH Kupxroga B oneparopHoit hopme: > I (p)=0. Ana-

k=1
JIOTUYHO U BTOpoMy 3akoHy Kupxroda st 11060ro KOHTypa COOTBETCTBYET
ero MpeJICTaBJIEHUE B ONIepaTOpHOIl popme

n m d
2 Uk(p)= 2 Ex(p)+ 2U i (p).
k=1 k=1 k=1

Tak kak 3akonbl Oma u Kupxroda B oneparopHoii popme aHaIOTHUHbI
ATUM 3aKOHaM Ha MOCTOSIHHOM TOKE, TO K ONEpPAaTOPHBIM CXEMaM 3aMEUICHUS
MPUMEHHMBI BCE€ paHee M3y4YEeHHbIE METOAbl pacuera. OmneparopHas cxema
3aMeNIeHUs COCTAaBIISIETCS JJIs LIEMH MOociie KOMMYTAIlMi Ha OCHOBaHUU OIle-
PATOPHBIX CXEM OTIEIbHBIX AIEMEHTOB (puc. 5.14).

JIyist Toro 4TOo0BI penieHue, MOydeHHOE B OmepaTtopHoi (Gopme mepe-
BECTU B (DYHKIIMIO BPEMEHHM HCIIOJIb3YETCS meopema paziodceHus, T1oiy-
YeHHas Ha OCHOBaHUU 00paTHOTro nmpeoOpazoBanus Jlammnaca.

Ecnu nzobpakeHue nuMeeT BUJ pallioOHAIBLHON A1poou

F(p)_A(p)_aO+alp+azp2 +...+a,p"
B(p) bo +b1p+b2p2+...+bnpn
npuduem m<n u kopau A(p)=0 u B(p)=0 pa3znu4sHbl, TO HA OCHOBAaHUU

b

TCOPCMBI PA3JIOKCHUA (1)yHKHI/I$I BPCMCHH 3aIIUIICTCA B BUAC
n

_ A(py) it
HED IS LT
TO= 2 50"

dB(p)

rae py —Kkopuu 3HameHarens B(p)=0; B'(p;) = ” :
P=Pk
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Ilopsaook pacuema nepexoonvix npoyeccos onepamopHvim Menmooom

1. Ompenenstorcss HeszaBucuMble HadanbHble ycnnoBus i7(0_)=i; (0) m

uc(0-)=uc(0).

2. Jlns cxembl mocie KOMMYTAIMKM COCTaBIISIETCA ONEpaTopHasi cxema 3ame-
HICHUS, KOTOpasi paCCUUTHIBAETCA JTIOOBIM METOJIOM B ONIEpaTOpHOM (hopme.
3. Ilo Teopeme pasnoKeHHs ONPENEISIOTCS HAMPSIKEHUS U TOKUA B (PYHKIIUU
BPEMEHU.

JlocTOMHCTBA ONEPaTOPHOTO METOA: HE HYKHO OINPEACNATh 3aBUCUMbIC
HaYaJIbHBIC YCJIOBHSI, MPUHYKJICHHBIC COCTABJISIONINE, KOPHU, TTOCTOSIHHBIE
WHTETPUPOBAHUS;, MOKHO HCIIOJIH30BaTh U3BECTHBIC METOBI pacueTa orepa-
TOPHBIX CXEM 3aMelleHus; mpuMeHeHrne IBM mo3BosisieT pacCUUTHIBATH TIe-
PEXOHBIE MPOTIECCHI B METISIX BEICOKOTO TIOPSIKA.

IIpumep 5.1. OmnepaTopHsiM MeToAoM ompenenuts i(f)(puc. 5.15), ecnu

E=50B, C =100 Mx®, R=500mMm.
R R
. ] s
i(t) . i(0) i(00)]
- R||"==C & R R |uc®

T

Pemenne. B cxeme 10 kommyTtanuu (puc. 5.16) Haiiiem He3aBUCUMOE Ha-
qanbpHOe ycioBue uc(0). BxonHoi Tok

Puc. 5.15 Puc. 5.16

R 1 OTIpeIeTUM IO 00O0OIIEHHOMY 3aKOHY

1(p) y E 50
L /pC Oma i(0_)=————=""=0.666A.

E R ‘ R+R/2 75
p CD uc(0) Tak kak CONPOTUBJICHHUS TMapaslieib-
p HBIX BETBEU OJMHAKOBHI, TOK
2 ir(0_)=0333A u  HampspKeHHE
Puc. 5.17 uc(0)=Rip(0_)=50-0.333=16.66B.

JIist cxeMbl mocae KoOMMyTaluu (K4
Pa30MKHYT) COCTaBHM OIEpaTOpHYIO cxeMy 3ameleHus (puc. 5.17). Tak kak

HCTOYHHK HOCTOHHHBIfI, €ro I/I306pa)KCHI/I€ MMpeACTaBIICTCA B BHUAC —.
p

BxonHoi TOK HaiaeM METOAOM ABYX y3JI0B. PaccumraeM Mexy3iioBoe Ha-
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E  uc(0)pC 1 0.001666 4
b _10%+1666p

R
npsxkerne Upr(p) = P 5 = = 5
E””C 0.04+p-10 400p + p

—Ulz(P)+17
ria Tok I(p)= p:_Ulz(p)+ E :—Ulz(p)+l. Tak kak

R R PR R p

OPUTHHAJIOM H300pakeHUs L ABIISIETCS |, IPUMEHATH TEOPEMY Pa3IOKCHHSI
p
4
Ui (p) _ —107 -16.66p _ A(p)
R 2.10*p+50p> B(p)
Haiinem xopuu p; u3 ycnosusa B(p)=0: p; =0 l/c; pp =-400 1/c. [Ipous-

MOYHO TOJIBKO K IIEPBOMY CJIaraéMoMy —

BoxHas OoT 3HaMmeHarenst B'(p)=100p +2- 10*. 3anumenm TEOpEMY pasJio-

KCHUA:

2 - 4 - 4— o [ —
0= 3 APk it =10 o =107 =16.66-(=400) 400

, 4 € 4
=1 B'(pi) 2-10 100 - (—400) +2-10
=0.5+0.168¢ 40 A,
IIpumep 5.2. OnepaTtopHbIM METOAOM Halth TOK i(t) (puc. 5.18), ecnm

e(t)=50e "B, R=100m, L =0.2THs.

1=

R R
e(t) R L E(p) R oL
i) 1(p)
Puc. 5.18 Puc. 5.19

Pemenne. B cxeme 110 KOMMyTalMd TOK B WHIYKTHUBHOM 3JIEMEHTE
i;(0)=0. CocraBuM oneparopHylo cxemy 3amemeHus (puc. 5.19), rne

50
E(p)= 50 Haiinmem BxomHOM TOK 10 00001IIeHHOMY 3aK0HY OMa:

50
I(p) = E(p) _ p+50 _ 500+10p :A(p).
R BoPL 0 10:02p 452 4 700p +15000 B(p)

R+ pL 10+0.2p
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Paccuntaem kopHu pj; u3 ycnosus B(p)=0: p;=-25 l/c; pp =—-1501/c.
[MpousBomnas ot 3Hamenatens B'(p)=8p + 700. 3anuiieM TeopeMy pasio-
KEHUSI:

2
A L(=25) _ -(-150) _
ity 32 APK) pys S00+10-(25) 25, | 500+10-(=150) 150, _

-1 B'(pr) 8-(=25)+700 8-(=150)+ 700

=0.5¢ 2 127150
6. MarauTHbIe Henu

6.1. O01mue cBeaeHud

Bokpyr Bcsikoro mpoBojia ¢ TOKOM CYIIECTBYET MarHUTHOE moJje. Mar-
HUTHOE COCTOSIHHE JIFOOON TOYKH Cpellbl ¢ OAMHAKOBBIMH CBONCTBAMHU BO
BCEX HAIMPABJICHUSAX ONPEAEIISIETCS BEKTOPOM MACHUMHOU unoykyuu B [Tn]
U BEKTOPOM HANPAHCEHHOCHU MAZHUMHO20 noasa H [A/Mm], koTopble cBs3a-
HBl CJIELYIOIUM COOTHOWEHHeM: B=u,H, toe p, =ppo— adbCoIoTHaAs
MarHuTHas MPOHUIIAEMOCTh CPEbl, XapaKTEPU3YIOIlasi MAarHUTHBIE CBOMCTBA
Cpellbl, B KOTOPOU CO3J]aHO MarHUTHOE MOJIE; L — OTHOCUTENIbHAsE MarHUTHas
MPOHUIIAEMOCTH (TIOKa3bIBAET, BO CKOJIBKO Pa3 M3MEHSAETCS MArHUTHBIN IO-
TOK B JIAHHOM BEIIECTBE 10 CPABHEHUIO C MAaTHUTHBIM IMOTOKOM B BaKyyMe);

-7 o
Lo =4n-10 ' [I'n/M] — MarHuTHas NOCTOSIHHASA, XapaKTEPU3YIOIIasi CBOUCT-
Ba BaKyyMa.

B a B

By

B
H H ol ______  T———. H

Puc. 6.1 Puc. 6.2
[Ipy momemeHun QeppoMarHUTHOrO Marepuaia (CTajlb, HUKEIb, KO-
OaJIbT) BO BHEIITHEE MarHUTHOE T0Jie, OH HaMarHnuuBaeTcs. CTerneHb Hamar-

HUYEHHOCTH MaTepuaa XapakTepHU3yeTCsi BEKTOPOM HAaMAarHMYEHHOCTH J .
HamaramdyenHoe Teno C€O34a€T CBOE MAarHUTHOE II0JI€ C MHAYKLUEH

BJ =ppJ ¥ TeM caMbIM YCHUJIMBA€T MArHUTHOE II0JI€ KaTylKd. Pe3ynbTu-
pytolee MaruutTHoe noJje (puc. 6.1) paccuntsiBaetcs o Gopmyiie:
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§=§H +§J =M0ﬁ+“0?.
Takum 00pa3oM, OTHOCUTENIbHAsI MarHUTHAs MPOHUIIAEMOCTh IS (ep-
POMAarHUTHBIX MaTE€pUaIOB MOXKET COCTAaBJATh TBHICSYU U JCCATKH THICSY
(puc. 6.2). Kpueaa namaznuyusanus — 31o 3aBucumMocts B(H) (puc. 6.1).

MaruutHoe moJje, TPOHU3bIBAIOIIEE KaKyr-TM0O0 IUIOIA/lb, HA3bIBAIOT

MAZHUMHBIM RomoKom: O = j Bd S [Bo6].
S

Pabota 351IeKTpOTEXHUYECKUX YCTPOUCTB OCHOBBIBAETCS HA MCIOJIb30Ba-
HUM SIBIICHUW 3JIEKTPOMEXAHUYECKOT0 M MHAYKIMOHHOTO JIEMCTBUI MAarHUT-
HOTO MOJsA. JeKmpomexanuueckoe oelicmeue ToJisl 3aKJI0YaeTCsl B TOM,
YTO Ha MPOBOJHHUK C TOKOM [, PacroJIO)KEHHBIM B I0OJI€ ¢ UHAYKIUEH B,
NEeUCTBYET dJIeKTpoMarHuTHas cuna: F = Bll, rae [— niuHa npoBOJHUKA, U
MIPOBOJIHUK PACTIOJIOKEH NEPIECHANKYISIPHO CUJIOBBIM JTUHUSIM.

HamnpaBnenue nercTBUs 3TOW CHIIBI ONPENECISIETCS M0 HPAGUJIY €601l
PYKU: €CII JICBYIO PYKY PaclojiOKUTh B MarHUTHOM T10JI€ TaK, YTOOBI CHJIO-
BbIC JIMHUU TOJISI BXOJIUJIU B JIaJIOHb, YETHIPE BBHITSIHYTHIX Majiblla MOKa3bIBa-
71 HampaBJIEHUE TOKA B MPOBOJIHUKE, TOTa OTOTHYTHIA OOJBIION Mmaliell mo-
Ka)KET HaIlpaBJIEHUE CUIIbI, IEUCTBYIOIIEH HAa MPOBOIHUK (puc. 6.3).

JIDSE (T

N

a /

Puc. 6.3 Puc. 6.4

Hnoykyuonnoe oeiicmeue 1oJisi 3aKJIIOYAETCS B TOM, YTO IMPU TIepeMe-
HICHUU MPOBOJAHUKA B MAarHUTHOM II0JIE, B HEM BO3HHMKAET AJIEKTPOIABUNKY-
mas cuna: £ = Blv, rie v— cKopocTh NepeMenieHusl MPOBOAHUKA B MarHHT-
HOM II0JI€, U MPOBOJHUK IMEPECEKACTCS CUJIOBBIMHU JIMHUSIMU TOJ MPSIMBIM
yriom. Hanpasnenue aerictBuga DJIC onpenensiercss npasuiom npaeoil py-
Ku: €CJIM IPaBYI0 PYKY PacroJIOKUTh B MarHUTHOM TI0JI€ TaK, YTOOBI CHJIO-
BbI€ JIMHUU MOJISl BXOJWIH B JIaJIOHb, OOJIBILION Majel COBMajajil ¢ HalpaBlie-
HUEM BEKTOpa CKOPOCTH JBUKEHHUSI TPOBOJHUKA, TOTJA BBHITIHYTHIE YETHIPE
najblia MoKaXxyT HampasiaeHue nHaykiuonHoi 3/(C (puc. 6.4).

JIJisi UICTIONIb30BAHMS AJIEKTPOMEXAaHUYECKOTO U MHIYKIIMOHHOTO JIEUCT-
BUS MOJIS B DJIEKTPOTEXHUYECKOM YCTPOMCTBE CO3/1a€TCS MATHUTHOE TI0JIE.

Macnumnaa wyenb — 3TO YaCTh SJIEKTPOTEXHHUYECKOIO YCTPOICTBA,
npeaHa3HaueHHasl JUIsl CO3JaHUs MArHUTHOTO TOJIS 3aJaHHOM MHTEHCHBHO-
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CTM U KOH(puUrypauud. MarHutHasi 1elb COCTOUT M3 3JEMEHTOB, BO30YXK-
JAIOIIMX MAarHUTHOE MoJe (KaTylUIKd U OOMOTKU C TOKOM) U 3JIEMEHTOB, IPO-
IIyCKAIIIUX MarHMTHOE 0JIe (MarHUTOIIPOBOJI, CEPJICYHUK KaTymku). [Ipu-
Mep MarHWTHOM LIETH MPEICTaBIEH Ha puc. 6.5.

[lo poxy Toka MarHMTHbIE LEMHU KJIACCUDUUUPYIOTCA KaK MarHUTHbBIE
e ¢ MOCTOSTHHON MarHuToIBrKyIIel cuinon (M/IC) — mo o6mMoTke mpoTe-
KaeT NOCTOSIHHBIM TOK M MarHuTHbIE Lenu ¢ nepeMeHHod MJIC — nmo oomoTt-
K€ MPOTEKAET NEPEMEHHBIN TOK.

[lo xoH(uUrypauu MarHUTONPOBOJA MArHUT-
HBIE LENU JEIATCA Ha
® MArHUTHBIE LIENU C OJHOPOJIHBIM MArHHUTOIIPO-
BOJAOM (B JIFOOOM CEUEHHWHM MarHUTOIIPOBOJIA Mar-
HUTHBIC CBOWCTBA M TI'E€OMETPUYECKHE pPa3Mepbl
OJIMHAKOBBHI);
® MArHUTHBIE LENU C HEOJHOPOIHBIM MAarHUTO-
IPOBOJOM (IO CEYEHUIO UM T€OMETPUYECKUE Pa3-
Mepbl WM MarHUTHBIE CBOMCTBA HEOJIMHAKOBBI);
® MAarHUTHBIC LIENU C HEPA3BETBICHHBIM MAarHUTONPOBOIOM;
® MArHUTHBIE LIENU C PA3BETBICHHBIM MArHUTOIIPOBOOM.

Puc. 6.5

6.2. 3aKkoHBI 1 MapaMeTPbl MATHUTHBIX Henel ¢ mocrosstHHoi MJIC

MarauTHble €U pacCYMUTHIBAIOTCS Ha OCHOBAaHHWM 3aKOHA IOJHOIO TO-
Ka, KOTOPbIM ObUT MOJy4YeH HAa OCHOBAHWM MHOTOYHMCIEHHBIX OMBITOB. DTOT
3aKOH YCTaHaBJIUBACT, YTO UHMEZPAIL OM HARPAIHCEHHOCMU MAZHUMHOZ0
nonA no JaOOMy 3aMKHYMOMY KOHmMYpPY PAGEH an2e0pauyeckoil cymme
MOK08, 0X6AYECHHBIX IMUM KOHMYPOM:
fHAl =1,
/ K
IIPUYEM IIOJIOKUTENBHBIMU CIEAYET CYUTATh T€ TOKH, HAIIPABIECHUE KOTOPBIX
COOTBETCTBYET OO0XOJly KOHTypa IO HAIpPaBJIEHUIO JABWKEHHUS YacOBOU
CTpenkH (IpaBuiIo OypaBuuKa).
MarHuTHy10 LeTb OOJIBIIMHCTBA IEKTPOTEXHUUECKUX YCTPOHUCTB MOXK-
HO NPEACTAaBUTh COCTOSIIEN U3 COBOKYITHOCTH YYaCTKOB, B IIPEAEIax KaxI1o-
r0 U3 KOTOPBIX MOXXHO CYUTATh MATHUTHOE I10JIE OJHOPOAHBIM, T.€. C IIOCTO-
SHHOW HaNpsHKEHHOCTHIO, PABHOM HAIPSKEHHOCTH MArHUTHOTO MOJS A-TO
ydacTka H; BRONb CpelHEH JUHUM ATOrO ydyacTKa JUIMHOM /. [Ins Takux

MarHUTHBIX I10JICH MOKHO 3aMEHUTH HHTCTPUPOBAHNC CYMMHUPOBAHUCM.
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Ecnu npu 3TOM MarHutHOE 1osie Bo30yxAaeTcsl KaTyIIKOW C TOKOM [, y
KOTOPOM W BUTKOB, TO ISl KOHTYpa MarHUTHOW 1€, CLEIICHHOTO C BUT-

n
KaMH ¥ COCTOSIILIETO U3 71 yYaCTKOB, MOXKHO 3amucats: . Hyl, =Iw.
k=1
Eciu KoHTYp clLielIeH ¢ BUTKAMHU HECKOIBKUX KaTyLIEK C TOKAMU, TO

n m
> Hyly = 2 Tpwy
k=1 k=1
rae j wj— MarHMTOJABIIKYILAsA CHIA k-0 KaTyIIKH, T.€. IPOU3BEICHUE YHC-
J1a BUTKOB KaTYyIIIKA Ha TPOTEKAIOIINHI 110 HEW TOK.
[Tpoussenenune Hyl, =U,;; Ha3bIBAIOT MAZHUMHBIM HANPAI}CEHUEM
y4aCTKa MAarHUTHOU LIETIN.
Ecnu MarautHas uenb He uMeeT pa3BeTBieHUl (puc. 6.5), To notok @
OKa3bIBACTCs OJMHAKOBBIM BO Bcex ceueHusx nenu. OtHomenne MIC w x
MAarHUTHOMY TOTOKY @ Ha3bIBAIOT MAZHUMHBIM CONPOMUEIEHUEM UEnU:

_Iw /
M T N
@ Mo (H)S
S —1Iomaas MOMEPEYHOr0 CEUYEHUs MarHUTONpPOBOAA, [ —ITMHA CpelHen
JIMHUUN.

rac

i
Tal Yepe3 mapameTpsl MarHMTONpoBOda R, =
H

w o
CootHonienne ® = —— Ha3BIBAIOT 3aKOHOM MATrHUTHOM OCIIn. Ono mno
M

q)OpMC HaroMHHaeT 3akoH Oma JIIsA BHGKTquGCKOﬁ OCIIM ITOCTOSHHOI'O TO-
E .
Ka: [ :E . CH@I[OB&T@HBHO, MOXHO IIPOBECTH aHAJIOTHIO MCKAY MAarHUTHOU

u snektpuueckon neneto: MJIC Iw cootBerctByeT DIC E, moTtoky @ coot-
BETCTBYET TOK/ , MATHUTHOMY COIIPOTUBIICHUIO R, —dIEKTPUYECKOE COIPO-
THUBJIEHHUE R .

B pa3BeTBIIEHHON MAarHUTHOM LIEMA MATHUTHBIN MTOTOK Pa3BETBISCTCS B
y3imax nenu. s Kakaoro ysia Ha OCHOBAaHWM MPUHLMIA

@ — =
1 HEMPEPBIBHOCTH MAarHUTHOTO IIOTOKA (§Bd S=0) MO0XHO
S
O o
2 3 sammcats > @, =0, T.c. anrebpandeckas CyMMa MarHuT-
k
Puc. 6.6 HBIX IIOTOKOB B y3JI€ paBHA HYJII0. DTOT 3aKOH aHAJIOTMYEH

nepBoMy 3akoHy Kupxroda, mosTomy ero Ha3bIBalOT mep-
BbIM 3akoHOM Kupxroda mist marauutHOM nenu. Jlyis y371a MarHuTHOM LieTd
(puc. 6.6) ypaBHenue 3anuiercs B Buje - Dy + O, + O3 =0.
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Jls1 m1:060ro KOHTYpa MarHUTHOM 1I€NM Ha OCHOBAHUU 3aKOHA IOJHOIO
TOKa MOYKHO 3aIlUCaTh ypaBHEHHE
2 H e =2 Iwy
k k
rne Hylp = @Ry = Uy [A]—Marnutnoe manpsoxenue k-ro yuactka mar-

HutHOM 1ienu. T.e. anreOpandeckas cymma MJIC B10OIb 3aMKHYTOTO KOHTYpa
MarHUTHOM LIENM paBHA aJIreOpandecKoi CyMME MPOU3BEIECHUI MarHUTHOTO
CONPOTHUBJIEHUS] HA MAarHUTHBIN TIOTOK BO BCEX YYacTKax (BETBSX) LIETIH, BXO-
JSIIMX B 3TOT KOHTYpP. DTO BBIPAXKEHUE AHAJIIOTMYHO BTOPOMY 3aKoHy Kupx-
roa s enu MOCTOSIHHOTO TOKA M €Tr0 Ha3bIBaIOT BTOPHIM 3aKOHOM Kupx-
roa 1711 MarHUTHOM LIETIH.

Jj1st TOro 4yToOBbl pacCUUTAaTh MATHUTHYIO LIETIb HEOOXOJUMO COCTABUTh
ee cxemy 3amMeleHus. /s 3Toro MarHuTHas 1enb pa3ouBaeTcsa Ha OJTHOPO/I-
Hbl€ y4acTKU. Tak 4acTh MarHUTONPOBOJIAa C OOMOTKOM, IO KOTOPOM TeueT
TOK, 3aMensieTcss MJIC Iw (puc. 6.7). HanmpaBnenue MJIC nerko onpeaenuThb
[0 CJIEAYIOIIEMY IPAaBUWIIY: BBITSHYTBHIE HaJIbIbl MPABOW PYKH PAacIoJiaraeM

I /\ M0 HAMpaBJIEHUIO TOKa B 0OMOTKE, 3aTeM 00-

> c D XBaThIBAEM 3TOM PYKOM MarHUTOIPOBOJ, TO-

w D = Iw I/1a OTOTHYTBIN OOJIBIION Tajiel] MoKaKeT Ha-
P T D o npasienne M/IC.

A, @ Y4acTok OJHOPOAHOTO MAarHUTOIPO-

BOJa 3aMCHACTCA ICPCMCHHBIM COIIPOTHUBIIC-

Puc. 6.7

HUEM RM = , MArHuTHOC HaIIPAKC-

Hq(H)S
Hue Ha kotopoM U,, = DR, = HI (puc. 6.8, a). Bo3aymHslii 3a30p NpeacTaB-

. o | 1
JCTCAd B BHAC JIMHCUHOI'O MArHMTHOI'O COIIPOTHUBIICHUS R6 = )

noS LT
Bo
MarHuTHOE HampsbkeHue Ha KotopoM U,s =®PR5=—, rae O —IupuHa
Ho
BO3IYIIHOTO 3a30pa (puc. 6.8, 0).
K R \ B6
M
U, = HI Rs| |Uuws=—
l —> M aI o = A BT
T ) ) | @
\ \
a 0
Puc. 6.8
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6.3. Pacuetr maruuTHoi# nenu ¢ nocrosauoin M/IC
Pacuem nepazeeme1eHHOU MACHUMHOU Uenu

Hepa3zpeTBiieHHass MarHuTHAs LEMb COAEPKUT TOIBKO OJMH MArHUTHBIN
noTok (puc. 6.9). IIpu pacuere Takoi IeNM BO3HHMKAET JIBa THIIA 3a]a4 IIpsi-
Mas u oOpatHad. [Ipsimas 3agadya — 370 3amada npoektupoBanusd. [lo 3agan-
HOMY MarHuTHOMY moToky omnpeaemsiercs MJIC. OOpaTHas 3agava sBIsSETCS
npoBepouHO — 1o u3BectHor MJIC onpenenseTcs MarHUTHBIM OTOK.

[Ipu nHXKEHEPHBIX pacueTax JIEIalTCs CISAYIONIUE JOMYICHHUS:
® MATrHUTHBIM MOTOK MO CEYEHHUIO MArHUTOMPOBOJIA MPOTEKAET PaBHOMED-

HO: B:%;

® CHJIOBBIC TUHUU MAarHUTHOTO TOJISl paBHBI CPEAHEH TUHUA [ .
IMpsimasi 3agava: JlaHpl TEOMETPUYECKHE pa3Mepbl MarHUTOMPOBOJA
(1, §,0), kpuBas HamarunuuBanus (puc. 6.11) u marautasid notok @ . Tpe-

oyercs Haiitu MJIC.

T

()] Puc. 6.10
Puc. 6.9

Pemenne. CocraBisieTcss cxema 3aMelleHus] MarHuTHOU nenu (puc. 6.10).
[To u3BecTHOMY MarHUTHOMY MOTOKY @ omnpezensercss UHIYKIMS B MarHu-
TonpoBoze: B :%. [lo xpuBOIl HaMarHMYMBAHUS OMPENEIAETCS HaIps-
’KEHHOCTh MarHuTHOTO nojsi H(B). [lanee mo cxeme 3aMeleHuUs 3alUChIBa-
€TCsl YpaBHEHHE 0 BTOpoMy 3akoHy Kupxroda ajis MarHuTHOM 1enu U OIl-

Bb o
penensiercas MJIC: HI + — = Iw. Taxxe B 3TOM 3a7a4e MOXKHO ONPEACITUTh
Ho
2
. B~S
CHIIy, CTATMBAIOIIYO BO3AYLIHBINA 3a30p: F :Z—[H] 3agaBasich TOKOM B
Ho

KaTyIIKE MOKHO OIIPCACIINTD YHUCJIO BUTKOB KaTYIIKU: W = I% .
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OoOparnas 3agava: J[aHbl TeOMETPUUYECKHE pa3Mepbl MarHUTONPOBOJAA
(1, §,9), kpuBas HamaranuuBanus (puc. 6.12) u MJIC. TpeOyercs HaiiTu D .

Pemenne. CocraBisiercst cxema 3amemieHus (puc. 6.10) m 3anuceiBaeTcs

. Bb
By B=g—bH BrOpoi 3akon Kupxroda: Hl+— =Iw, u3 KOTOPOro
Ko
a
B BBIpakaeTcsl 3aBUCUMOCTh B(H') 1u1si 3alaHHOTO Mar-
V% ;  HHMTONPOBOJA — TO yPaBHCHHC JIHHHH: B=a-bH,
|
. > Iw [| TH
0 c% rae a :“O—[TJI], p=R0 BT e PacCUUTHI-
b 0 O | M
Puc. 6.12 BarOTCs KOAQDUIIMEHTH @ U b U, B OJHUX OCIX C KpHU-
o BOM  HaMarHW4MBaHUs,  U300pakaeTca  JIMHUA

B=a—-bH . B Touke ux nepeceuenus (paboyas touka) Haxoasarcs B u H
(puc. 6.12). 3atem onpezenseTrcss MAarHUTHbINA NOTOK: @ = BS .

Pacuem pa36£’m&lleHHOﬁ MAZHUMHOU uenu

Pa3BeTBneHHass MarHUTHAS TIENb COACPKUT HECKOJIBKO MArHUTHBIX TIO-
TOKOB (puc. 6.13) u pu pacuere Takoil 1IeNU UCIOIB3YIOTCS 3aKOHbI Kupx-
roa 111 MarHUTHOM TIETIH.

D, \S3 3 D, O
12\ : 5 ) Iy HaAl
Hjly

w 366
1o

D, T

AY)
Puc. 6.13 Puc. 6.14

CocraBuM cxeMmy 3aMellleHus] MarHUTHOU 1enu (puc. 6.14) u 3anuimemM as
HEe cucTeMy ypaBHEeHH 1o 3akoHam Kupxroda:

CDZ +CD3 :CDI;
Hlll +H2[2 =Iw;
Bgo
Hyly — H3ly — =9~ =0.
Ho

[Ipn pemieHnn npssMOM 3aauyd 3aJaHHOM BEJIMYMHOW SIBJISETCA ITOTOK
O3 =dg. HeussectuoivMu BenmurHaMu sBisitorcds MJIC /w ¥ MarHuTHbIE

MMOTOKHN @2(1‘]2) 151 @1(H1).
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ITopsinok pacyera:
1) Ilo u3BecTHOMY MarHUTHOMY NHOTOKY @3 =@g HaXOAUTCA MarHUTHas

D5 (O
UHIYKIUSA B TPETbEM CTEP’KHE U B 3a3ope: By :S—; Bs =S—. 3areM 1o
o 3
3aJaHHOM KPUBOM HaMarHM4YMBAaHUS ONPEIEIACTCS HAPSLDKEHHOCTh 3.
Bsd
2) U3 ypaBuenusa Hyly — H3lz ~ 2% -0 maxommres HaIPsHKCHHOCTh Mar-
Ho
Bsd
H 3[3 + 0%
HUTHOTO I0JI1 BO BTOPOM CTEpKHE [y = ; all
2

3) [lo 3agaHHOM KpUBOM HAMAarHWYMBAHMS OIpPENEISAeTCS HWHAYKLUA
By(Hy) ¥ paccUuTHIBA€TCS MAarHUTHBII IIOTOK BO BTOPOM CTEPIKHE
4) Ilo nepomy 3akoHy Kupxroda onpenensercs MarHUTHBIN IIOTOK B Iep-
BOM cTepikHEe O =Dy + D3.

D, .
5) PaccuntbiBaeTCsl MHAYKLIHS B NEPBOM CTE€pKHE Bj =—— M 1O KpUBOH

S
HaMarHW4MBaHUs OIPEAENACTCS HANpPsDKEHHOCTh MArHUTHOIO IOJS B IEp-
BOM cTepxkHe H|(B)).

6) Ilo BTopomy 3akony Kupxroda ans marautaoi nenu onpenensercs MJIC
[W=H1[1 +H2]2.
7) 3amaBasgchb TOKOM B KATyIIKE, HAXOJUTCS YHUCIO BUTKOB KaTYILIKU

welw/

OOpaTHas 3a1a4a aHAIUTUYECKOTO pelIeHusl He uMmeeT. Pemaercs rpado-
aHAJIMTUYECKUM METOJOM IIyTeM IMOCTPOCHHUs BeOep-aMIepHON XapaKTepH-
CTHKH.

6.4. MaruuTHblie nenu ¢ nepemennon M/1C

MaruauTtHbiMH LIeTIsiIMU ¢ iepeMeHHbIMA MJIC Ha3bIBatoTCS 1€y, 1Mo Ka-
TYIIKE KOTOPBIX MPOTEKAET MEPEMEHHBINA TOK. DTOT TOK BO30Y’KJaeT B Mar-
HUTOITPOBOJIE U BOKPYT HEr0 MEPEMEHHOE MAarHUTHOE MoJie. bosblnas 4yacTh
MAarHUTHBIX JIMHUW 3TOTO TIOJI 3aMBIKAETCS MO MAarHUTOIIPOBOAY — 3TO OC-
HOBHOM MarHuTHbIA MOTOK @ . OH CIENJIEH CO BCEMU BUTKAMHU KATYIIKH U
co3aaer notokocuemieHue Yy = wd.

JIpyras 4yacTb MarHUTHBIX JIMHUWA OXBAaThIBAE€T OTHEIIbHBIE BUTKHU Ka-
TYIIKA M 3aMbIKAeTCsl MO BO3AYXYy M YAaCTUYHO MO MAarHUTONpoBoay (puc.
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6.15). Ora yacTb MarHUTHOTO IOJISL HA3BIBAETCS MOTOKOCLCIITIEHUEM paccesi-
HUA Y5 = Lgi, Tae Ly —AHIYKTUBHOCTb PACCESHUI.

HepeMeHHBIe MAarivTHBIC ITIOTOKKW HABOAAT B BUTKAX KaTyIIKHU IICPCMCH-

dd i
veie DJIC: e=—w——; e =—Ls—. C ydeToM ak-
a dt’ ° ca 7

TUBHOTO COMPOTHUBIICHUS OOMOTKM R HampsiKeHue
MEXKy BBIBOJIAMH KATYIIKU OTPEACNISICTCS BhIpaXKe-
HUEM U =—e+(—e5) + Ri.

Tok B KarylIKe 3aBUCUT HE TOJBKO OT MPHIIO-
Pic. 6.15 HEHHOTO HANPDKEHHA M CONPOTHBICHUS KaTyIIKH,

HO M OT XapaKTepUCTUK MarHuTHOM nemnu. MHayk-

TUBHOCTb pacCesHus Lg ABISAETCS NMPAKTHUYECKU MOCTOSHHOW BEIUYMHOM,

TaK KakK IIOTOKH PacCEesHUs 3aMBIKAIOTCS B OCHOBHOM II0 BO31yXy. 3aMEHUB
SJIC es; maneHueM HanpspKeHUs Ha MHIYKTUBHOCTH L, odydaeM Gopmy-

CoryacHO 3TOMYy YpPaBHEHHIO
peaNbHYI0 KaTYyIIKy WHIYyKTHB-
HOCTH MOYKHO MPEJICTaBUTh KaK
MIOCJEA0BATENBHO  COEIMHEH-
HbIE “BO3AYIIHYIO KaTyIIKy C
napamerpamu L; U R u unea-

JM3UPOBAHHYIO, B KOTOPOU OT-
CYTCTBYIOT 3JIEKTPUYECKOE CO-
IIPOTUBJIEHHE R ¥ MOTOK pac-
cessuusd 5 (puc. 6.16).

Puc. 6.16

6.5. ®opma KpuBOil TOKA U1EATU3UPOBAHHOM KATYIIKH C
(peppOMATHMUTHBIM CEPACYHUKOM NPH CHHYCOMAATBLHOM HANIPAKCHUN

YPaBHeHI/Ie QJICKTPUICCKOI'O COCTOAHUNA HHG&HHBHpOBaHHOﬁ KaTyIIKKu

dd
U=—e=w—.

dt

1
Torma BenuunHa MarHUTHOTrO noroka @O =— j udt . Ilpu cuHycouaILHOM
w

HanpsokeHun u(¢) =U,, sin®f MarHUTHBIA INOTOK TakXe OyIeT CUHYCOH-
JanbHOU (pyHKIMEN

1 ) U U, . o
D= —J.Um sinotdt = ——"coswt + A =—"sin(wt —90°) + 4,
w we wo
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rie A —TOoCTOsSIHHAs WHTETPUPOBaHUs (paBHA HEKOTOPOMY IMOCTOSIHHOMY
MarHUTHOMY MOTOKY, KOTOPOTO HET B MarHUTOINPOBOAAX MPU MEPEMEHHOM
TOKE B YCTAaHOBUBIIIEMCS PEXXUME pabOThI, cienoBareabHo A =0);

Ul’l’l

— =@, —aMIUIMTyJHOE 3HaYCHHE MarHUTHOI' O IIOTOKA.

wo

[Ipu cuHycommalibHOM HAMPSHKEHUM B MAarHUTOIIPOBOJIE BO30YKIaeTcs

MATHUTHBIA TIOTOK CUHYCOMIANbHON (opmbl @ =®,, sin(wf —90°) Tol ke

4acTOThI, YTO M MUTAIOLIEE HANpsiKEHUE. B uaeann3npoBaHHON KaTyIlIKe Be-
JUYMHA MArHUTHOTO TOTOKa OJHO3HAYHO OMPEACISIETCS YPOBHEM MPUIIO-
YKEHHOT'O HAIpPsKEHUSL.

[To u3BecTHOMY HaIpsKEHUIO U (f)MOXKHO OMPENEIUTh (POpMYy KpUBOU

o w
TOKa. 3Has, 4To B :E u H =7 MOJIyYaeTCs MPONOPIUOHAIBHOCTE B = ®

u H =i. Ha puc. 6.17 no-
CTPOEHBI CUHYCOUJaIbHas
bynkuus B(f) u neras

THCTEpe3nca Marepuana
MaraurtornpoBoga B(H).

Mertogom  otoOpakaro-
e TOYKM HA 3TOM XK€
PUCYHKE TIOJIy4eHa KpH-
Bas TOka i(f) B OOMOTKe

UJCATM3UPOBAHHON  Ka-
Tymku. M3 pucyHka Buji-
HO, 4YTO TIPU CHHYCOHU-
JTATbHOM  TIPHIIOKEHHOM
HaMpsHKEHUU B KaTyIIKe
Puc. 6.17 IIPOTEKAET  HECHUHYCOU-

NAIBHBIA TOK. Benmumna

1 hopMa KPUBOM TOKA OMPEACIISIOTCS YPOBHEM MPIIIOKEHHOTO HATIPSKCHHSL.
Taxxe ciemyeT OTMETHTH, YTO HayaabHas

B(t) ¢daza MarHUTHON WHAYKIIMU W TOKA HE COBIAja-
10T (puc. 6.18). PazHocth a3 O HazbIBaeTCs ye-

JI0M MAZHUMHBIX ROmepy. IDTOT Yroil TeM

B(t)a
i(t)

i(7) OoJIbIIle, YeM MIMpPE TETIIS THCTEpE3rca. YTOI O
/ ., YKasblBaeT Ha MarHWTHbIE NOTepH B (eppomar-
: > HUTHOM CepJCYHHMKE NPH IepeMarHHYNBaHHUU
—>1 5 [
MaTepuaa.

Puc. 6.18
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6.6. JXBMBAJICHTHBII CHHYCOUAAJIBHBINA TOK

HecunyconaanbHOCTh KPUBOM TOKa HE MO3BOJIAET IPEACTaBUTH €0 B
BEKTOPHOH (opMe, a, 3HAYUT, HE BO3ZMOKHO IPUMEHUTH 7Sl pacueTa CUMBO-
JUYECKUHA METOL.

Jlnst ycTpaHeHust 3TOM NpoOIeMbl IPU aHAJIN3€ KAaTyIIKH CO CTAJIbHBIM
CEpACYHUKOM HCIOJB3YIOT CUHYCOMIANBHBIM TOK. Iloa SKBHBalIEHTHBIM CH-
HYCOMJIQJIbHBIM TOKOM i (#) TOHMMAOT TaKOW TOK, KOTOPBIA UMEET TaKoe
Ke JECHCTBYIOIIEE 3HAUYEHUE, YTO U HECHHYCOMJAIBHBINA TOK Iyecyy (£). Ta-
KUM 00pa3oM, 4TOObl 3aMEHHUTh HECHHYCOUJAIBHBIA TOK 3KBHBAJICHTHBIM
CHHYCOUJAJIBHBIM HY’KHO OIPEIEIINTh ACUCTBYIOIIEE 3HAYCHUE HECHUHYCOHU-
A 2
— I Igecyn. (£)dt ¥ TIOCTaBUTH €My B COOTBETCTBHE CUHY-
0
COMATIBHBIN TOK, UIMEIOLIUI aHAJIOTHYHOE JIEHCTBYIOLIEE 3HAUCHUE

JalbHOrO TOKa [ =

Kaxxomy MakcMMaJIbHOMY 3HAUEHHIO HAIPSKEHUSI COOTBETCTBYET CBOS
dbopma kpuBoil Toka. CBS3b MEXKAY NEHCTBYIOIIMMHU 3HAUEHUSIMU HaIpsiKe-
HUS U TOKa KaTyIIKU C (eppPOMArHUTHBIM CEPACUYHUKOM SBIISIETCS HEJIMHEM-
HOU pyHnkuumen. BAX Takoil KaTylku npejcTaBieHa Ha puc. 6.19.

U
(B) Zo
- .

Puc. 6.19 Puc. 6.20

OTHolIEeHNE JIEUCTBYIOIIETO 3HAUCHHS HAIPSHKEHUS K JICHCTBYIOIIEMY

U
3HAYEHHUIO TOKA XApAaKTEPU3YyeT IOJIHOE CONPOTHUBIICHHE KaTYIIKH Z| =

Taxum 06pa3oM, IOJTHOE COMPOTHUBIICHUE HE SIBISAETCS MOCTOSHHOM BETUYH-
HOI (puc. 6.20). 3aBUCHUMOCTb MOJHOIO CONPOTHBIIECHUSA OT HANPSKEHUS —
XapakTepHas 0COOEHHOCTh MHAYKTUBHOHM KAaTYIIKU CO CTAJBHBIM CEpACYHU-
KOM.
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6.7. BekTopHasi fuarpaMMa M cxemMa 3aMelleHus] U1eaJTu3uPOBAHHOMI
KATyIIKH

BBeneHnne 3KBUBaJICHTHOIO CHHYCOMAAIBHOIO TOKA IO3BOJISAET IOCTPO-
UTh BEKTOPHYIO AUArpamMmy HACAIM3UPOBAHHOW KaTYyIIKH, YpaBHEHHUE CO-
CTOSIHUSL KOTOPOM 3aIIMCBHIBACTCS B BUJIE U = —€.

IIpy mocTpoeHur BEKTOPHOM AMAarpaMMbl CHa4ajla OTKJIAJBIBAETCS BEK-
TOP MArHUTHOTO IOTOKA. 3aTEM CTPOUTCSI BEKTOP TOKA, KOTOPBIM ONEPEKAET
MOTOK Ha yroJl MarHUTHBIX NOTeph O. BeKkTop HampsiKeHus onepexaeTr mar-

HUTHBIN ToTok Ha 90° u ypasHosemmBaercsa DJIC (puc. 6.21).

+U \ ROj U
®

[

/' Jxol\
\5 - CD 0

»

Puc. 6.21 Puc. 6.22 Puc. 6.23

ITo BexTopHOUl auarpamme (puc. 6.21) MOXKHO MOCTPOUTH IMOCIEAOBA-

TenbHYyI0 (puc. 6.24) u napauienbHyto (puc. 6.25) cxembl 3aMeIIeHUs ujea-
JM3UPOBAHHOM KaTyLIKH.

. I,
I Ko Jxo SR i
a P
ey
U . .
U 80 _JbO
P
Puc. 6.24 |
2

Puc. 6.25

[TapameTpel Ry U g( yYUTBIBAIOT MAarHUTHBIC OTEPH (IIOTEPH B CTAIHU) Fop

Ha [epEeMarHM4uBaHUE B CEPACYHMKE (SBJICHUE TUCTEPE3UCA), a TapaMETPhI
Xo U by yka3bplBalOT Ha HaIU4ue pabO4Yero MarHUTHOIO MOTOKA B cepled-

HUKE. DTH MapaMeTpbl MOTYT OBITh PACCYUTAHBI 10 CJIETYIOIUM (HOpMyIaM:

2
P, U 2 2 1 1 2 2
Ro=—102T;Zo=7; X =20 ~ Ry go=1—3 Yo=175 bo=1¥5 ~£0 -
CT
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JI7 BBIIEIPUBEACHHBIX CXEM 3aMEIIEHHUS MOXXHO TOCTPOUTH BEKTOP-
HbI€ AuarpamMbl. BekTopHas nuarpamMma JUisl IOCJIEA0BATEIBHOM CXEMBbI 3a-

MellleHns NpuBejieHa Ha puc. 6.22, Tae jxg/ — BEeKTOp HaNpsHKeHHs HA HH-
JlyKTHBHOM CONPOTHBIEHHH X (omepeskaeT Tok Ha 90°); Rgl — BekTOp Ha-
NPSKEHUs HA aKTUBHOM COIIPOTHBIIEHHM R() (coBmagaer mo ¢asze ¢ TOKOM).
PesynpTupylomiee Hanpsokenue U = Roj + jxoj .

BekTopHas auarpamma Jijisl mapajieIbHOM CXeMbl 3aMeIEHUs IPUBEJIe-
Ha Ha puc. 6.23, rne ip — peaKTHBHAs COCTABIISIONAs Toka / (OTCTaeT OT Ha-

MIPSDKEHUS Ha 900); Vi o — AKTHBHAsI COCTABILSIOIIAs TOKA I (commagmaer no ¢a-
3¢ ¢ HanpsbkeHueM). Pesynbrupyroruuii Tok [ =1, + jl,.
6.8. BexTopHas fuarpaMMa u cxema 3aMellleHUs] PeaJIbHON KaTyIIKHU

B peasibHON KaTylIKe HAIpPsYKEHUE CETH YPAaBHOBEUIMBACTCS HE TOJBKO
OJIC KaTylIKH, HO U MaJE€HUEM HAIPSHKEHHUS HAa MHIYKTUBHOM COIPOTHUBIIC-
HUU X5 = ®WL5 ¥ aKTUBHOM CONPOTHUBIIEHUU KAaTYIIKHA R :

u=-e+Lg % +Ri wmm B KomiuiekcHoi popme U =—F + jolsl + RI .

BekropHas quarpamMmma peanbHOW KaTyIIKU MPEACTaBIeHa Ha puc. 6.26,
rne U'=-F.

Puc. 6.26 Puc. 6.27 Puc. 6.28

IIo BeKTOpHOM nMarpaMMe MOYKHO TakKK€ IOCTPOUTH ITOCIEAOBATENb-
Hy10 (puc. 6.27) u napamienbHyto (puc. 6.28) cxeMbl 3aMeIIeHUs], B KOTOPBIX
HaJIM4Me COMPOTUBIIEHUSI R yKa3bIBaeT Ha 3JEKTPUUYECKUE NOTEPU B KaTYIII-
Ke (Harpes MpoBOJa), a X5 = WL; — Ha HAJIMYUE IIOTOKOB PaCCEsSHUS.
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7. Tpancpopmatopsl
7.1. Ha3HayeHue, yCTPOHCTBO, IPUHLMI e CTBUA

DJIEKTPUYECKYIO PHEPTUIO B MOIIHBIX AJEKTPOMAIIUHHBIX FeHepaTopax
PKOHOMMUYECKH 11eJ1eC000pa3HO BhIpa0aThIBaTh YPOBHEM HAIPSIKEHUS B He-
CKOJIBKO JICCATKOB KHUJIOBOJIBT. {151 yMEHBIIIEHUS TOTEPh B JTUHUSX DJIEKTPO-
nepenady OT MCTOYHMKA K MOTPEOUTEN0 Mepeaada dHEPruu MPOU3BOAUTCS
IIPU BBICOKUX HAIPSIKEHUSAX MOPSIKAa HECKOJIBKUX COTEH KMIOBOIBT. [ToTpe-
OUTENN AIEKTPUUECKON SHEPIHH, B OCHOBHOM, MUTAIOTCS HU3KUM HaIpsiKe-
HUEM: OT COTEH BOJIbT JJO HECKOJIbKUX KUJIOBOJBT. [ToaTOMY B mporecce Bbi-
paboTKH, mepesayr U NOTPEOJICHHsI DIIEKTPUUECKON SHEPTUHM BOSHUKAET HE-
00XOJIMMOCTh B MHOTOKPAaTHOM M3MEHEHUHU ypOBHS Hampspkenws. s aToi
HEJIH CITyKaT TpaHCHOPMATOPHI.

Tpancgopmamopom Ha3pIBaeTCsl cTaTU4ecKoe (0€3 IBMKYIIMXCS Yac-
Tel) 3JIEKTPOMArHUTHOE YCTPOWCTBO, MpeJAHA3HAUYCHHOE Jig IpeoOpa3oBa-
HUS DJEKTPUYECKON SHEPruu MEePEeMEHHOTO TOKa OJHOT0 HAaNpsKEHUS B
ANEKTPUUYECKYIO PHEPIUIO MEPEMEHHOTO TOKA JAPYTroro HaMpsKEHUs IpU He-
VM3MEHHOM 4acToTe.

[TepBbie TpaHcPopMaTOPhI C Pa30OMKHYTHIM MAarHUTONPOBOJOM IIPEIJIO-
xun B 1876r. I1.LH. S16;10uk0B, KOTOPBIM MPUMEHUI UX JJISI IUTAHUS DJICK-
Tpuueckon «cBeun». B 1885r. Benrepckue yuenoie M. [epu, O. biaru, K.
[{uniepoBckuii pazpaboTanii ogHO(a3zHble TPAHCHOPMATOPHI C 3aMKHYTHIM
mMarautorpoBogoM. B 1889-1891rr. M. O. JlonuBo-/{o6poBoabckuii mpe-
70U Tpexda3Hbiid TpaHCHOpPMATOP.

Tpancdopmarop paccurTaH Ha HOPMAJIbHYIO PabOTy TOJIBKO MPU OTPE-
JICJICHHBIX 3HAYEHUAX YaCTOThbl, MOITHOCTH, TOKOB M HANPSKEHUI, Ha3bIBae-
MbIX HOMHUHAJIbHBIMH (yKa3bIBalOTCS Ha IMTKe). HoMHHaANbHAS MOIIHOCTH
TpaHchopMaTopoB pazinyHa. B pagrosneKTpOHHBIX yCTPOMCTBAX MMEIOTCS
TpaHCHOPMATOPHI, MOIIHOCTh KOTOPBIX COCTABIICT JCCSATKH BOJIBT-aMIIep.
MomiHocTh ke oaHoro Tpexdaznoro Tpanchopmaropa ans JIDII cocrapnser
I mnH. kBA.

Tpancpopmarop COCTOUT U3 3aMKHYTOI'O CepJIEYHUKA, HA KOTOPOM pac-
MOJIOKEHBI OOMOTKU MEPBUYHOIO M BTOPUYHOrO HampsbkeHus. Paccmorpum
NpUHIUN paboThl OJHO(]Aa3HOTO JBYX0OMOTOYHOTO TpaHchopmaTopa (puc.
7.1).

Ha nepBuunyio OOMOTKY NpPHKIAAbIBACTCA TEPEMEHHOE HAIMpPSIKEHUE
Uy, oA IEHCTBUEM KOTOPOTO IO NEPBUYHON OOMOTKE MPOTEKAET MEPEMEH-

HBIN TOK 7] . MarHuTOABMXKYILAsl CUJIa ATOTO TOKa ijw) BO30YyKJaeT B MarHu-
TOIPOBOJE NMEPEMEHHBIM MarHUTHBIA NOTOK P. OTOT MOTOK, CLEIUICHHBIN €



JIBYMsi 0OMOTKamMu TpaHcpopMaropa, UHIyKTupyeT B HUX IJ[C, MrHOBEHHbIE
3HAYEHUS KOTOPBIX OYIyT:

OJIC e; 4aCTMYHO KOMIIEHCHPYET NMPHJIOKEHHOE HANpPSKEHHE Uy, €)
CO3/1a€T HANpsDKEHUE U, Ha 3aKMMax BTOPUYHON oOMOTKHU. [Ipm 3ambika-
HUM BTOPUYHON OOMOTKH Ha Harpy3Ky ¢ CONpOTUBJIEHUEM Z,, IO HEU Mpo-

TEKaeT TOK ip. Maruu-
D, N /D TOABHKYILAs cha
N / iowy BO30YyXKHaeT Ie-
> -t

i D PEMEHHBIA MarHUTHBIN
> N ) norok ®,, Hampas-

> .

U 3 ey e <"/ uzT Zy  neHHBIH BCTPEYHO
<l L > MarHUTHOMY  TIOTOKY

Pw, w, g — ®; (pa3zMarHu4MBaeT

___________________ ero). Takum oOpa3zom,
IO/, Harpy3kou B cep-
JNEYHUKE  IPOTEKaeT

pe3yIbTHPYIOIINIA MATHUTHBIH TOTOK P = Ci)l +® 9.

Tax xak marHuTHbIA 0TOK ®, HampaBiIeH BCTPEYHO, TO OOLIMI Mar-
HUTHBIA NOTOK @ ymeHbmaeTcs. OTO BbI3bIBacT yMeHblieHue JJIC e u
YBEJIMYEHME TOKA ] 3a cUeT pa3HocTu nuraromen cetu u DJ1C e;. YBenuue-

HUE TOKa BJIEUET 3a COOOM KOMIEHCAIMI0 U3MEHEHHUs OOIIEro MarHUTHOTO
IIOTOKa M, CJIEJIOBATENIbHO, MOJJEpKaHUEe TOKa ip. Takum oOpaszom, ycra-
HABJIMBAETCSA HOBBII pabOuMil pexxuM.

B Tpancdopmarope, padotaromem moja Harpyskoi, IJIC mepBuuHON U

BTOPHUYHON OOMOTKH MHIYKTUPYIOTCS CYMMapHbIM MarHUTHBIM ITOTOKOM:

dd dd
s €y =—Wwr——,
dt dt

a ux HCfICTByIOH.IPIG SHAUYCHUSA PaBHbI
El =4.44ﬁ/\/1q)m; E2 =4.44ﬁ/\/2q)m,
Trac () m AMILIUTYITHOC 3HAYCHUC MArHUTHOI'O ITOTOKaA.

e1 =—-WwW

w E
Benuuuna kpp :—le—l, onpeaensomas orHomenue I/C nepBuu-

w2 2
HOW U BTOPUYHOM OOMOTOK, Ha3bIBaeTCs Ko3ghpuuyuenmom mpauncgopma-
uyuu.



[Ipy HOMHMHaANIBHON Harpyske MoiHoro TpaHchopmaropa ero KIIJI
OYEHb BBICOK, MpUMEPHO 99%. OH CyILIECTBEHHO MOHUKAETCS JIUIIb MPU
MaJIbIX Harpy3kax Wid Y MaJOMOIIHBIX TpaHC(HOpPMATOpOB. DTO JaeT BO3-
MO>XHOCTh B TI€PBOM MPUOIMKEHUH CUYUTATh OJIMHAKOBBIMHU MEPBUYHYIO U
BTOPUYHYIO  [OJHBIE  MOIIMHOCTH  HArpy»eHHOro TpaHcpopmaropa:
S1=Ul1 =Sp =Ujyl,, mOTOMY OTHOLICHHME TOKOB Y Harpy>KeHHOIO

TpaHchopMaTopa MOKHO CUUTATh OOpPATHBIM OTHOUICHUIO HAMPSDHKEHUU a,
CJIeI0BaTeIbHO, U YUCE BUTKOB COOTBETCTBYIOIIMX OOMOTOK:

=0 =" Y= Yy
I Uy wy [/ kp

7.2. YpaBHeHUS UACATN3NPOBAHHOIO TPaHchopMAaTOpa

Tpanchopmarop, nepBuyuHas U BTOPUYIHASI OOMOTKAa KOTOPOTO HE UMEIOT
AKTUBHBIX CONPOTUBIIEHUI M MOTOKOB PAcCEsIHUS, HA3bIBAETCS UOeanu3upo-
6AHHBIM MPAHCPHOPMAMOPOM.

3anuieM ypaBHEHUS 3JEKTPUUYECKOTO COCTOSHUS HI€aTU3HMPOBAHHOTO
TpaHchopmaropa, UCIOJIb3Ys BTOpoil 3akoH Kupxroda:

Uup=—€, uy=ej.

IIpu cuHycOMIaIbHOM HaNpSKEHUU 1] MAarHUTHBIN ITOTOK TaKXKe U3Me-
HSIETCA N0 CHUHYCOMJIaJIbHOMY 3aKOHY. MarHMTHbBIN MOTOK ONPEEseT BeJln-
YUHY HaNpsLDKEHHOCTH MarHuTHoro noist H(¢). C qpyroit cTopoHsl, IO 3aK0-
HY IOJHOTO TOKA:

il W + i2 %)

lep
rac le — CpCAHAA JIMHUA MAaTrHUTOIIPOBOAA.

H(t)= , (7.1)

[Ipu 3amaHHOM 3aKOHE WU3MEHEHUS HAMPSKEHUS Ha IEPBUYHOM OOMOTKE
U] CyMMa MAarHUTOJBWKYIIUX CHJI B KaXKIbIH MOMEHT BPEMEHHU [OJDKHA
VMMETh OIPEICIICHHOE 3HAYCHUE HE3aBUCHUMO OT BEJIMYMHBI U XapakTepa Ha-

rpy3ku TpaHchopmaropa. B yacTHOM ciydae — B peXHUME XOJIOCTOTO XOoJa
(i, =0) — moTOK co37aeTCs TOJIBKO TOKOM XOJIOCTOTO XOAA 1]y :

Hxx W
H(t)="1xx"1 (7.2)
lep

[IpupaBHsB nipaBble yacTu Boipaxenuii (7.1) u (7.2), umeem

ilxxwl = ilwl + i2W2 .

.. . Wy . . g . W) <
Otkyna i] =ijxx —ip —— =i|xx Tin, € Iy =—ip —= — IPHUBEIACHHBIN BTO-
Wi Wi

PUYHBIN TOK.



Taxum 00pa3oM, TOK B IEPBUYHON OOMOTKE MOKET OBbITh IIPEJCTABIICH B
BUJIC IBYX COCTaBJISIONINX: [|xyx H i5. [lepBasi cOCTaBISIOMIAs i1y — HAMAr-

HAYHUBAOIIMNA TOK, KOTOPBIN CO34a€T OCHOBHOW MAarHUTHBIN MOTOK U SIBJIAET-
Cs ITOCTOSIHHOM BEJIMUMHOM, 3aBUCSILIEN OT MATHUTHBIX CBOMCTB CEPACUYHUKA.
Takum oOpa3zoM, B TpaHc(hopMaTope MarHUTHBINA MOTOK HE 3aBUCHUT OT Xa-
paKTepa M BEJIUYMHBI HATPY3KH M OMNPENIEISIETCS YPOBHEM MPHUI0KEHHOIO
HaIpspDKeHUst. Bropast cocraBisiomas i) — peakuusi MepBUIHON OOMOTKH Ha

W3MEHEHUE HArpy3KH BO BTOPUYHON OOMOTKE. DTa BEJIMYMHA NEpPEMEHHa,
3aBUCAIIAs OT BECJIINMYHNHBI Hany3KI/I.
B tpancopmaTtope 0e3 MarHUTHBIX MOTEPh ijxx =0 MO3TOMY MOXKHO
i _wp
cuyuTarb, 4TO — =, CJICA0OBATCIIbHO, HpeO6p330BaHI/IC BHepI‘I/II/I HpOI/ICXO-
p W

muT 6€3 UCKakeHUs (POPMBI KPHBOM TOKA.
7.3. Cxema 3aMelleHHSI U1€AIN3HPOBAHHOIO TpaHchopMmaTopa

Hannure mMarHuTHON CBSI3M OOMOTOK 3aTpPyNHSIET aHAIU3 PEKUMOB pa-
60ThI TpaHcopmaTopa. B cxemax 3aMmeleHnss MarHUTHYIO CBSI3b 3aMEHSIOT
ANEeKTpUUecKon. JlJis 3TOro HEOOXOAUMO OOBEAMHUTH 00€ OOMOTKHM TpaHC-
¢dopmaTopa B oaHY, caenas paBHbIMU DJIC 3TuX 00OMOTOK e =e,. PaBeHcT-

BO OyJIeT BBITIOJIHEHO, €CJIM HOBOE YMCIIO BUTKOB BTOPUYHON OOMOTKH Clie-
JaTh paBHBIM YUCITY BUTKOB MIEPBUYHON OOMOTKH.

Tak kak B Tpancpopmarope "1/ =-€/ =M TO NPHUBEIECHHOE
) € Wy’

3HAYEHUE HAIPSKEHUSI BTOPUUHON OOMOTKH 3alMIIEM B BUE
' Wi
Uy =Uyp =—uUy) —.
w2
[IpuBeneHHBII TOK BTOPHUYHON OOMOTKH OIpeNessieTCs] U3 yCIOBUS CO-
XpaHEHHs] MOIIHOCTHM BTOPHUYHOM OOMOTKHM /10 M IOCIE MpPeoOpa3oBaHUs

. 1o .1 . Uy . W
Uy -1p =uy +1p, CJIACAOBATCIIBHO 1 =1) =)y —.

uz Wi
MouHOCTh MOTEPh 10 U TOCiIe NPeoOpa3oBaHus TAKKE JOJKHA OCTATh-
. 2 2
Csl HEU3MEHHOM, T.e. Ryy -i5 =Ry 15, Tie RyH— aKTUBHOE COIPOTHBIIC-

HUE Harpy3Kd BTOPUYHON OOMOTKH.
N3 manHOro ycinoBus HauJIeM MNPUBEICHHOE 3HAYEHUE AKTUBHOIO CO-

i3 w 2
IPOTHBICHUS Ryy = Ry - 22 = | “Ry.
iy w2



2 2
!/ w ! w
ITo ananorun Lyy =Lyo - L Ciyr =Cyo - -2
w2 i
CxeMa 3aMelleHNs UACATU3UPOBAHHOIO TpaHC(opMaTopa NpecTaBiie-
Ha Ha puc. 7.2. Ha cxeme Ry u Ly — mapa-

g1 i METpbl BETBU HaMarHMYMBaHUA, KOTOpas 3a-
i 2 MEHSIET MAarHUTHYIO CBSI3b Ha JJIEKTpUYe-
Ry | R CKyl0, IpuyeM R, XapaKTepu3yeT MarHuT-
H
U u, HbIE NOTEPH B CEPIEIHHKE, 2 Ly — xoaddu-

' [IUEHT OPOMOPLIHUOHAIBHOCTU MEXIY OCHOB-
LO H2‘ HBIM MArduTHBIM IIOTOKOM W HaMarHu4iu-
BAaIOIINM TOKOM; Rjy, L;» — TpHBEIEHHbIC

=

Puc. 7.2 rapaMeTpbl Harpy3KH.

7.4. PeanbHblii TpaHchopMaTop

Hanpsixenue g, IOABOAUMOE K IEPBUYHOM OOMOTKE, YPaBHOBEIINBA-
erca He Tonbko DJIC e pabouero moroka, HO U DJIC NOTOKOB paccessHUs
es] U MaJieHUEM HaIPsHKEHUS HAa aKTUBHOM COINPOTHBICHUU NEPBUYHOI 00-
MOTKH U] =—€] —€5] T+ Rlil'

di di
YuureiBas, 4To €5) =—Lg ?1 , IoIy4aeM u) =—ej + Ly 71 + Ryip .
! t

HanpspkeHne Ha 3akuMmax BTOpUYHOW 0OMOTKM He paBHO JJIC ey or

pabouero moroka @ . OHO MeHbIlIE HAa BETUYMHY MaJEHHs HaNpsHKeHUs Ha
aKTUBHOM M PEAKTHUBHOM COMPOTUBICHUIX OOMOTKHU
Uy =¢ep —chdﬁ—Rziz.
dt

VYpaBHEHHE MarHUTHOIO COCTOSIHUSI OCTaHETCA TaKuUM K€, KaK W NS
UJCAIN3APOBAHHOTO TPAHC(HOPMATOPA: Ijxx W] = [ W] +ip Wy .

B xommniekcHo#t hopme ypaBHEHUS, ONMUCHIBAIOLINE PAOOTYy pealibHOTO
TpaHc(hopMaTOpa, BEINIAIAT CIEIyOIINUM 00pa3oM:

Up=—E1 + jxoly + Rily; Up = Ey = jxgoply = Rolps I wy = Iywy + 1wy,
IO Xg] =®Lg], X5p = ®Ls5y — UHAYKTUBHBIE COIPOTUBJICHUS NEPBUYHON U
BTOPUYHON OOMOTOK.

[TocTpoeHue cxembl 3aMeIEeHHs OCYIIECTBISAETCS 10 TOW K€ METOJIUKE,
4TO W JUI UeaIu3upoBaHHOTO TpaHchopmaTopa. Kak u mpu paccMoTpeHnn
peanbHON KaTyIIKW, MEPBUYHYI0 M BTOPHUHYIO OOMOTKH TpaHchopmaTopa
MOYKHO IPEJICTABUTh KaK JBE IOCJIEI0BAaTEIbHO COeANHEHHbIE KaTymKu. On-



Ha U3 HUX — «BO3JYyIIHas» C mapaMmerpamu Ry, Ly u Ry, Lgo; BTOpas —
UJIeaTU3UPOBAHHAS CO CTATbHBIM CEpACYHUKOM (puc. 7.3).

U/IeaTN3UPOBAHHBIN
TpaHnchopmarop

—_——— e

ll Rl LGl : r-—Pp - - | : 12 R2 L02

| 1 1 I

lul | T >l ezl</:/ i uzT )
N~ D

o | i >W1 W, i I
oL ]
' |
| |
: |
! |

Hcnone3yst Te e MPUHLHUIBI, YTO W 7S WACATU3UPOBAHHOTO TPAaHC-
dbopmaropa, noctpoum T-00pa3zHyro cxeMy 3amenienus (puc. 7.4).

i R e iy R
b [ —
]1XX

RO rr

) U

Uy 2
JX0

v v
Puc. 7.4

T-o0pa3Has cxema 3aMelleHHUs UMEET CYLIECTBEHHBIM HEIOCTATOK: He-
BO3MOKHO DKCIIEPUMEHTAJIBHO OINPEIEIUTh Bce €€ mapameTpsl. 1loatomy uc-
MOJIB3YIOT NpUOIMKEHHYIO [-00pa3Hyto cxemy.

B tpancdopmaTopax 60Jb110M MOIIHOCTH HAMAarHUYMBAIOIIUN TOK Mall
— I1xx =(0.05+0.07) or Toka nepBUYHON OOMOTKM moj Harpy3koil. Ha oc-

HOBAaHWH 3TOI'0 BCTBb HaMArHMYHMBAHHA ICPCHOCAT B HAYAJIIO CXCMbI (pI/IC

7.5), tme Ry, x9, Zg=+ Rg +x8 —IapaMeTpbl  XOJIOCTOIO  XO[a;

Ry =R+ Ry, Xy =Xg] + X502, Zy = \/RI% + xl% — TapaMeTpbl KOPOTKOTO 3a-
MBIKAHHS.



[TocTpoenue BEKTOPHOW AMArpaMMBI

. -~ -, R .
P I N I K /@C{}\_ﬁ (puc. 7.6) HaunHaeM ¢ BeKTOpa pado-
Fiex g Yero MoToka M HaMarHUYUBAOIIETO
ToKa. [l mocTpoeHust AauarpaMMbl
' Ry ., | HEeoOXomMMO 3HaTh BEIMYUHY M Xa-
U; U2 pakTep Harpy3kd Ha BTOPUYHOU 00-
x MoTKe. Harpy3ka MOXeT ObITh aKTHB-
v 0 v HO MHIOYKTUBHOH (@, >0), 4ncTO aK-
p | » THBHOH (¢ =0) ¥  aKTUBHO-
Puc. 7.5 eMKOCTHOH (@, <0). I[Toctpoum Bek-
TOpHBIE JMAarpamMMbl JUIsl BCEX TpPeX
CIIy4aes. o
: JXc141
JXs11 g
Xo1/ .
\ J olfl v\ Rl [1 v\
0) 4
) ()
- : T\ & Rl : .y
U R 1 Ui 11 U, 1
)
| _E
_ : I :
£y I ., 1 T1xx >
_y S
5 I
Ej
02 =0
Puc. 7.6

[Ipu eMKOCTHOM Harpy3ke HampsiKE€HHWE Ha BTOPUYHON OOMOTKE MOXKET Ipe-
BbIIaTh DJIC Ha XOIOCTOM XO7y.

7.5. OnbITHI X0J10CTOr0 X012 U KOPOTKOI'0 3aMbIKAHUS

Kpome HOMUHaNBHBIX 3HAYEHUH MOIIHOCTH, HANPSKEHUW, TOKOB, Yac-
TOTHI B MACMOPTE TpaHCcPOpMaTOpa 3aMUCHIBAIOT PSIJi ONPEACIIIEMbIX OIBIT-
HBIM IIyTEM MapaMeTPOB, Ha3bIBAEMBIX MapaMeTpaMu TpaHcopmaTopa B pe-
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xuMax xojoctoro xoaa (XX) u koporkoro 3ambikanus (K3). Ucnons3ys ux,
MO’KHO ONPEJENIUTh BCE AKCIUTYyaTAallMOHHbIE XapaKTEPUCTHKU TpaHcopma-
TOpa: AWana3oH W3MEHEHUS HAIpsDKEHUsS Ha NPUEMHUKE NPHU U3MEHEHHSX
TOKa B HEM, HauOOJBIIMKA BO3MOXHBIA TOK mpu K3, morepu sHeprum B
TpaHchopmaTope u Jp.

[TapameTpamu Tpancpopmaropa B pexume XX SBISAIOTCS OTHOCHTEIb-
HOE 3HAYECHME TOKA /|4y B IPOLEHTax OT [{; U MOIIHOCTb IOTEPh B MAarHu-

TonpoBone Py, u3Mepennsle npu Uy, napamerpamu B pexxnme K3 — Ha-
HpsDKEHUE Uy B MpoLeHTax oT Uy, U MOIIHOCTb OTEPh B 0OMOTKax £, npu

I lu> I 2H -
Onwvim xo0.10cmozo xooa

Bce usrorosnennsie TpanchopMaTOpPhl UCHIBITHIBAIOT B OMbITe XX (pHUC.
7.7).
XX
SorRe |

U (1) w3l (9| U
o |

Puc. 7.7.

Ul

o

ITpu 5TOM nepBUYHAsE OOMOTKA BKIIIOUAETCS HA HaNpsbkeHue cetd Uy, a

BTOpUYHAsi 0OMOTKa pa3mbikaeTcs. M3aMepurenbHbie mprOOpHI pErHCTPUPY-
IOT, YTO B MEPBUYHON OOMOTKE CYIIECTBYET HEOOBIION TOK XOJIOCTOTO X0/1a
Iixx =(3+10)% ot [}y, u TpanchopMarop MOTPEOISET U3 CETH DIIEKTPO-

DHEPrUI0, MOIIHOCTh KOTOPOW (OTHOCHTENBHO HEOONBIIYIO) HAa3bIBAIOT I1OTE-
pamu XX Py . OTa MOLIHOCTb U3MEPSETCS BaTTMETPOM U ONPEACIAETCSA B

OCHOBHOM IIOTEPSMU B MAarHUTONpoBoje F.. TpaHchopmaropa. MoIHOCTb

NOTEPh B MAarHUTOIIPOBO/I€ IPOMOPLIMOHATIBEHA D2 , @ TaK KaK JeiCcTByoLIee

2
3HaueHue DJIC Ejyx nponopuuoHansHo @, 10 P, nponopunonansHa Ufy,.
ITorepu B 0OMoOTKax TpaHcpopmaropa (3iekTpudeckue Py, ) B onblte XX He-
3HAYUTEIIbHBI U3-3a MAJIOTO 3HAYCHUS TOKA [{yy -

N3 onbita XX MOXKHO HalTH MOJTHOE COMPOTHUBIICHUE TpaHCchopMaTopa
1 KO3(PULIMEHT MOIITHOCTH
Uln FPyx

Zo=—",; COSQPyy =,
]lxx UlHIIXX

10



TIE Qyx — caBUr Qa3 Mexay Uy n 114y . Takxke, u3 9TOro oneita HaXo4s1T-
Csl aKTUBHOE U MHIYKTHBHOE COIIPOTUBJICHHUE CXEMBI 3aMEIEHUs TpaHchop-

P,
maropa (puc. 7.5) B pexume XX Rj = ;X ;X = w/Z& —R& :

1xx
W3mepuB BosibTMETpOoM niepBuyHOe Ujy 1 BropuuHOe Uyyy HAIPSDKE-

HUS MOYKHO C OOJIBIION CTEHEHBI0 TOYHOCTHU OIIPCACIINTD KOC—)(l)(bI/IHI/ICHT
TpaHchopMaIiu
ku:El " Y
Ey  wy Upx

OTOT KO3(PPUUMEHT yKa3bIBAE€TCs Ha IIUTKAX TPaHCHOPMATOPOB B BUJE
OTHOULIEHUS HOMHMHAJIBHBIX HAaINpsDKEHUN TpaHcpopmaropa B pexume XX,
Harpumep «6000/230» (Kak OTHOIIICHHE BBICIIETO HAMPSKEHUS K HU3IIEMY ).

Onvim KOPpOMKO20 3aMblKAHUA

Cnenyer paznuuarh PeXKUM KOPOTKOTO 3aMbIKaHUS B IKCIUTyaTallMOH-
HBIX YCJIOBHSIX M OMBIT KOPOTKOTO 3ambikaHus. [IepBrlit nipeacTaBisier coOoi
aBapuilHbI pexxuM TpaHcopmartopa, korga K3 mpoucxomut mnpu HOMU-
HaJIBHOM TMEPBUYHOM HarpsikeHuu. [Ipu 3ToM TOkM B 0OMOTKax MOTYT B Jie-
CSAITKM pa3 MPEBBICUTh CBOM HOMHHAJIbHBIE 3HAYEHHUSI, UTO IIPUBEIET K MeXa-
HUYECKOMY U TEIJIOBOMY pa3pyIICHUIO aKTUBHBIX YacTel TpaHchopmaropa.

B onpite K3 BTOpHYHYI0 0OMOTKY 3aMBIKAIOT HAKOPOTKO (puc. 7.8), a K
HNEPBUYHON MOJBOJUTCS TaKO€ NOHWKEHHOE HarpspkeHue Ujy , TP KOTOPOM

TOKH B OOMOTKAX paBHbI HOMUHAIIBHBIM /1y U [y .

OE_,_@ *?ﬁ IZE
U (V} w ‘ w,

o |

Puc. 7.8.

OTHOCHUTENIbHOE 3HAYCHHE STOT0 HAIPSIKCHHS, HA3bIBAEMOTO Hanps-
Jscenuem K3, cocrasisier

Uy =ﬁ-100%=(5+10)%U1H.
I
DTO HaNpSHKEHUE SIBIISIETCA OJHUM M3 MACIOPTHBIX MMapaMeTpOB TPaHC-
dbopmaropa 1 UCMONB3YETCS AJIs ONPEEICHUS psijia HKCILTyaTallMOHHbBIX Xa-
pakrepuctuk. B onbire K3 aktuBHas MomHoCTh B, U3MEpPEHHAs] BaTTMET-
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poM, ImpeacTaBisseT cOO0M MOLIHOCTD AIEKTPUYECKUX HOTeps Py, B 00MOT-
Kax. B 5ToM omelTe moTepH B MAarHUTONPOBOJE [F.; Maylbl M COCTABISAIOT

aumib (0.05+0.1) moTeps Mpu HOMUHAIBHOM PEKHUME H3-3a MOHWKEHHOTO
HanpspkeHuss Uj, M, CJleloBaTeiIbHO, NPEHEOPE)KUMO Majloro OCHOBHOTO

MarHuTHoro noroka @ . MomHocTe noreps pu K3 1 HOMUHANIBHBIX TOKaxX
_ 2 2
PK = RIIIH + R2]2H .
[To nanHbM omnbiTa K3 MOXHO HalTH mapameTpbl YNPOIIEHHOW CXEMbI 3a-
MeteHust (cM. puc. 7.5). Jljis 3TOro onpenensercsl MoJHOE CONPOTUBIICHUE

U P
7, ==X koodPUUMEHT MOIIHOCTH COSQ, =—X—. 3aTeM paccunThIBa-
Iy Ul 1u
_ K _ 2 2
oTes Ry = M X = Zi — Ry . 1lpu 5TOM napameTphl CXeMBbI 3aMEILEHUs
Iiy

1 |
(puc. 7.4) MOXHO OIPENIENUTD KaK Xg| & Xg) = 5% U R =R ZERK.

7.6. U3MeHeHne HATIPAKEHUS HA BTOPUYHOM 00MOTKe TpaHcdopMaTopa

W3 paccMOTpEHHON YIPOILIEHHOW CXEMBbl 3aMELIEHHs TpaHC(hopmaropa
(cM. puc. 7.5) BUIHO, YTO BTOPUYHOE HANPSIKEHHE U3MEHSETCS C U3MECHEHU-
€M TOKa IpUEMHMKA BCJIEACTBUE IaJICHUS HaNpsKeHUs B oOMoTKax. M3me-
Henue emopuynoz2o nanpaxycenus AU, =Uryy —U, olpenenstor 00bIYHO

U, 4 B IPOLICHTaX

02 <0 AU2%:M-IOO%.
Unxx] @ =0 Uazxx
BBenem mnounsatue xoagpguyuenma
¢2 >0 Hazpysku TpaHchopmaropa
. ol b
I Iy Iy
st TpaHcdopMaTopa OYEHb BaXK-

HOMU SBJISICTCS €70 6HEUIHAA XAPAKMEPUCMUKa, T.€. 3aBUCUMOCTb BTOPUYHO-
ro HanpsbkeHus U, OT TOKa Harpy3ku /, npu GUKCUPOBAHHOM HaNpsKEHUU

Puc. 7.9.

Ui =Uy ¥ NOCTOSTHHOM KO3()(pUIIMEHTE MOIIIHOCTH IPUEMHUKA (o = CONSt .
[Ipu usmenenun 0< <1 HampsbKeHHE Ha BBIXOJAE TpaHcpopmaTopa U3Me-
HSIETCS HE3HAYUTEIBHO, YTO OOECreYrMBaeT CTAOUIBLHOCTh HAINpPSDKEHUS Ha

Harpy3ke. Takxke, u3 puc. 7.9 BUAHO, YTO U3MECHEHUE HAIPSIKCHUS 3aBUCHUT
OT XapakTepa Harpys3KHu.
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PerynupoBka HanpspKeHUs! OCYIIECTBIIAETCS U3MEHEHUEM KO3 (UIIUEH-
Ta Tpanchopmaruu. Jjis 3Toro Ha MEepBUYHOM OOMOTKE MMEIOTCS OTBOJIKH,
MO3BOJIAIOIIME U3MEHSATh YUCIO BUTKOB B mpenenax +5%. Yucio BUTKOB
PETYIUPYETCS CHEUUATBHBIM ITEPEKIIOYATEIEM.

7.7. llorepu suepruun u KIIJI tpancpopmaropa

[IpeoOpa3zoBaHue HaNpsHKEHUH U TOKOB TPaHC(HPOPMATOPOM COIMPOBOK-
JAETCS MOTEPSIMA SHEPIUU: MArHUTHBIMU (TIOTEPSIMU B CTaJ MAarHUTOIPO-
BOJIa Ha TUCTEPE3UC U BUXPEBBIE TOKU) F.. U dieKTpudeckumu P, (mmore-
pSIMH Ha HarpeB B 0OMOTKax).

MarsuTHble IOTEPU ONPEAEIAOTCA BEIUUYUHON U YaCTOTOW MAarHUTHOTO
MOTOKAa W HE 3aBUCAT OT BEIMYMHBI U  XapakTepa Harpy3KH:
P, =const = Py .

OneKkTpuyeckrue norepu B 0OMOTKax F,; MpONOpLHMOHAIBHBI KBaapary

TOKa, U MX MOXHO BBIpa3HTh 4yepe3 MomHocTh norepb K3 B =R/ 12H:
P, =R.JI>=R ilz =B2P
) S S A ) - K"
1n
Xots pabota TpaHcopMaTopa COCTOMUT B Mepeaaye MOJTHOW MOIIHO-
ctu, ero KIIJI onpenenstoT mo nepegaBaeMol akTUBHOW MOIIIHOCTH U MOTE-

P2 U2]2 COSPr
PAM SHCPTUHU: T = = —
P2 + PBJI + PCT U2]2 Cos@y + PSJI + PCT
1
U % )I cos
2( I, )20 2 N BSy coser

= ~ > R
UZ(I%HJIZH COS Py +[32PK + P BSycospy + PP + Pk

rne Sy =U,lpy — HOMHUHaNbHAS MOJHAs MOIMHOCTh. Halinem skcTpeMym
JMaHHOW (DYHKIIMU OT aprymeHTa — kodddunmenrta Harpy3ku . s sToro

MPUPABHIEM K HYJIIO IPOU3BOIHYIO Z_E :

2
dn _ $,c050) (BSy; 039 + B2 Py + Py) = BSy; 0307 (S, co50 + 28P) _
dB (BSH Cos@y + B2PK + Pxx)2

Jpo0Ob paBHa HYJIIO, €CIIU YUCIUTENb PABEH HYIIO:
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BS}% cos? ¢y + S cos (p2B2PK + Sy cos@y Py — BSI% cos’ ¢y — ZﬁzPKSH COSPy =
=0; Scos@yPy — BzPKSH cos®y =0; Sycos@y (P — BZPK) =0.

P
OxonuarenbHO Py :BzPK, orcroma P= [ XX b - OTO 03HA4YaeT, YTO MaK-
K

cumanbHblil KITJ[ Oynet mpu paBeHCTBE IEPEMEHHBIX ANEKTPUUYECKUX MOTEPh
n . IIOCTOSIHHBIM MArHUTHBIM noTepsm. Ilpu

1+ —— Harpy3kax OOJIBIINX HOMHUHAJIBHBIX HETPO-
MOPIIMOHATIFHO  BO3PACTAIOT  TEPEMEHHBIC
P, MOTEPH, YTO MPUBOAUT K CHUKEHUIO KO-

Nmax dulrieHTa MOJIE3HOTO JICHCTBUS.

P, 3aBUCUMOCTh MAarHUTHBIX U JJICKTPH-
— - > YECKHUX MOTEPh OT Kod(PHUIIMeHTa HArpy3Ku
0 02 0406 08 1.0 U 3aBHUCHUMOCTh TM() mOKa3zaHbI Ha pHuC.

Puc. 7.10. 7.10. OObluHO s TpaHChOpMaTopa
PX% =0.25+0.5 u f=0.5+0.7. Cneno-
K

BaresibHO, HamOosbiiee 3HaueHue KIIJ[ tpancdopmaTopa Oyner mpu TOke
Harpy3ku 50-70% nHomuHanbHOro. MakcumanbHbiii KIIJ[ cuinoBbIX TpaHc-
dbopmaTopoB goxoauT a0 99.5%. Jlng MCKIOYEHHUS MOTPEIrHOCTe (Kiace
touHocTH TIpuOopoB) KIIJ[ ompenenstor KOCBEHHBIM METOJOM IIO OIBITaM
XX u K3.

7.8. Tpexdaszubie TpanchopMaTopbl

TpanchopmupoBanue 3Hepruv B Tpex@pazHOM Lenud MOXXHO OCYILECTB-
JSTh TU00 Tpex(a3HbIMH TPYNIOBBIMU TpaHC(hOpMaTOpaMu, IMOO CTEpIKHE-
BbIMH. [lepBUUHbIE U BTOpUYHBIE OOMOTKH TPaHC(HOPMATOPOB MOTYT COEIH-
HATBCS JINOO 3BE3710M, TNOO TPEYTOILHUKOM.

I JPA= P
A //, \\\ B //, \\\ C //, \\\
e 1 \I e e 1 \\ b 1 > \I et
. 1D '. ;D ' 1D
X \\\\\_-"// x Y \\\\\‘—‘,/zl y Z \\\\\_-"// z
Puc. 7.11

[IpakTHdecku 6ONBIIMHCTBO TPAHC(HOPMATOPOB MAJION U CpeiHEN MOIII-
HOCTU BBITMOJHSIOTCS Tpex(a3HbIMH, a B ciaydyae OOJIBLIIMX MOIIHOCTEW BO-
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IIPOC PEIIAETCsS C Y4ETOM BCeX KOHKpeTHbIX ycnoBuil. CormacHo I'OCTam
Tpex(da3Hble TpaHCPOPMATOPBI U3TOTOBIISIOTCS MOITHOCTHIO 10 1 MiH. KBA,
HO, HaunHasg ¢ MmourHocTH 1800 kBA, nomyckaeTcst npuMeHeHue Tpexda3zHbIX
rpymi.

B rpynmnoBsix TpanchopmaTopax TpexdasHslii Tpanchopmarop popmu-
pyercst u3 Tpex oaHodasHbiX. [lepBuyHbIE U BTOPUYHBIE OOMOTKHU YKJIaJIbl-
BalOTCSl Ha OTIEJbHBIN cepaeuHuk. Ha pucynke 7.11 mpuBeneH rpymnmnoBoi
TpaHchopMaTop, COeTUHEHHBIN no cxeme Y/Y.

['pynnoBeie TpaHncpopMaTopbl MMEIOT MOBBIIIEHHbIE Ta0apUThl U BEC.
WX 1OCTOMHCTBO — MPHU UJIEHTUYHOCTH MAarHUTONPOBOAOB MarHUTHBIE MOTO-
K1 00pa3yroT CUMMETPUYHYIO CUCTEMY.

JUis ynydiieHuss Macco-rabapuTHBIX MOKa3aTelned UCHOJIb3YIOT CTEPK-
HeBble TpaHchopMaTopbl. Kaxnas ¢asza Takoro Tpancdopmaropa pacrosiara-
eTcst Ha cBoeM cTepxHe (puc. 7.12). HepoctatkoMm siBIsieTCsl HECUMMETPHUY-
HOCTb MarHUTHOW CHCTEMBI (CPEAHHME CWIIOBBIE JUHUU MarHUTHBIX ITOTOKOB
OTIMYAOTCA ApYr OT Apyra). [[ns ycTpaHeHus 3TOro HeAOCTaTKa CpeaHUui
CTEP’KEHDb BBIIIOJIHIETCS APYTOr0 CEYEHUs 0 CPaBHEHUIO ¢ KpalHUMH. [Ipu
BBINIOJIHEHUH 3TOTO YCJIOBUSA YAAETCS MOJYYHTh CHMMETPHUYHYIO CHCTEMY
MarHUTHBIX TOTOKOB.

A B C
z z
. Aq.)
Ec ]ao a
I - | Nd
X Y ] Z 657
g A g LA 2’ 41 ]
Ea
H ] N ”
b A c 2\ b % 51
e £ ) D 3¢ b0
IcO cDb
///
% x gt Z}L Eb P 7.13
uc. /.
Puc. 7.12.

Tak kak cucTeMa OKa3bIBaCTCS CUMMETPUYHON U B DJICKTPUYCCKOM U B
MarHMuTHOM cMbIcie (puc. 7.13), Bce pacueTsl MOXXHO BECTH Ha OJHY a3y,
T.e. Teopusi omHo(dazHOro TpaHchopMaTopa TOTHOCTHIO COOTBETCTBYET
TpexdazHoMYy.

B 3aBucumocty ot casura a3 MexIy JMHEHHBIMHA MMEPBUYHBIM U BTO-
PUYHBIM HaIPsHKEHUEM TpaHCHOPMATOPhI Pa3NIESIOTCS HA TPYIIbI COSIU-
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HEHUH, MPUYEM KaKIYIO TPYIITy COSUHEHUN COCTABISIOT TpaHCHOPMATOPHI
C OJTMHAKOBBIM CJIBUTOM T10 (ha3e MEXy YKa3aHHBIMU HAIPSKECHUSMU.
Jlist 0003HaueHUsT TPYMIBl COSUHEHUN BBIOMPACTCS PSII IIEJIBIX YHCEIl

oT 1 no 12. YcnoBHO mpUHUMAETCS, YTO €AUHUIIA COOTBETCTBYET 30°, mo
aHAJIOTUM C YIJIOM MEXJY MHUHYTHOM M YacOBOM CTpeliKaMd YacoB MpH

1,2,...,124ac. CoorserctBeHHo 2—60°, 3—-90° u T.n. Ilpu ompenencHun
IPYNIbl COSAMHCHUH ¢ BEKTOPOM HANpsDKEHUS OOMOTKH BBICILIETO HAIpsIkKe-
HUSI HY’)KHO COBMECTUTh MUHYTHYIO CTPEJKY, & C BEKTOPOM HamNpsOKEHUS 00-
MOTKHM HH3IIETO HAMPSIKEHHS — 4acOBYIO cTpenky. OTcueT yria mpow3BO-
JUTCSI OT MHHYTHOW CTPENIKM K YacOBOW IO HAIPABJICHUIO WX BpAIICHHUS.
[Tpumeps! omnpepeneHus TPyNbl COSAMHCHUN I 0HO(GA3HOTO TpaHcdop-
MaTopa MpeJcTaBleHbl Ha puc. 7.14, a u 0; ;i Tpexdaznoro — Ha puc. 7.15,
auo.

A - A A EA
7 qa E 4 P
3

180°

v L. xb la

360° E,

a) 1/1-12 6) 1/1-6
Puc. 7.14

[Tpu coequuennn Y/Y MOXKHO MOJYYUTh BCE YETHBIE TPYIIIBI COCIMHE-
Huii: 2, 4, 6, 8, 10, 12. [Ipu coequnenuu Y/A (wim A/Y) MOXHO MOJTYYUTh
BCE HeUeTHbIE rpynmsl: 1, 3,5,7,9, 11.

A.B.C A B

[

X4 vt 2

a) Y/Y-12 6) Y/Y-6
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7.9. llapanienbHas padora TpancpopmMaTopoB

Ha nmapamnensnyto paboty (puc. 7.16) TpancpopmaTopbl MOTYT OBITH
BKJIFOUEHBI TOJIBKO IIPU COOJIIOICHUH OIPEICTICHHBIX YCIOBUM:

1) paBeHCTBO HOMUHAJBHBIX HAMPSHKEHUM MEPBUYHBIX U BTOPUYHBIX OOMO-
TOK (paBeHCTBO KO3(PGUIIMEHTOB TPAHCHOPMAIINHN);

2) TpaHcOpMaTOPHI JOJDKHBI MIPUHAJJICKATh K OJHOW M TOM e rpymnme co-
SIUHCHUU;

3) paBeHCTBO HOMHMHAJBHBIX HAMPSKEHUI KOPOTKOTO 3aMbIKaHUS.

[Ipu coOnrogeHNH NEPBBIX ABYX YCIOBUN YPaBHUTEIBHOTO TOKa B 00-
MOTKax TpaHcGopmaTopoB He OyaeT. MOXKHO TOMYyCTUTh pa3indue B KO-
¢dunmentax Tpanchopmanuu 0.5% OT UX CpeIHETO 3HAUCHHUS.

Henomyctumo  BKIIFOYEHUE

T ' Ha Mapaule]bHyI0 paboTy TpaHc-
4 — o~ X 4 o X (GopMaTOpOB ¢ Pa3sHON TIPyIIOM
VAN o~ COEIIMHEHHS, TaK KaK pe3yJIbTH-
a lx a 1 pyromas DJIC B KOHType BTO-
PUYHBEIX OOMOTOK IIPHBEIET K

Prc. 7.16 YPaBHUTEILHOMY TOKY.

CobntoieHne TPEThero yc-
JIOBUSI HEOOXOIUMO JIJIsl TOTO, YTOOBI O0IIas Harpy3Ka pacmupeaesiuiach mpo-
MOPIIMOHATHFHO HOMUHAIBHBIM MOIIHOCTSM TapaJIeIbHO PaboTaroIMX
TpaHC(HOPMATOPOB.

[IpeneOperasi TOkaMH XOJIOCTOTO XOJa, MOXKEM
3aMeHUTh TpaHcopmaTopsl (puc. 7.16) compoTuBIe-
HUSIMU KOPOTKOTro 3ambikanus (puc. 7.17). Toku pac-
NOpeeNsoTCsT MPONOPLUUOHATBHO COMPOTUBIICHUSIM.

CraenoBaTteibHO,
Iy _Zai _ Zaie”™" _ Zy o) (@ =)
I Za  Zge/®  Za

Puc. 7.17 3HAYEHUE PA3HOCTH YIIOB (Qyf — Px]) B OOBIYHBIX

ciy4asx (eciyM MOIIHOCTH MapajuieJbHO padOTarOIINX
TpaHc(OPMATOPOB HE CHIIBHO OTIMYAIOTCA OJHA OT JIPYTroid) OJIMU3KO K HYIIO.
[lepexonst OT OTHOIIEHUS KOMIUIEKCOB K OTHOILIECHHMIO MX MOAYJIEH, UMEEM:

1 y4 1 U
AL _ 2L yyposkiM 06e gacTi 91oro paBeHCTBa Ha L JEBYIO
L Zg Iy Uy
Ul .
qaCTb HA —.
11

17



Iy G Ue Ue _ D Uie | Ziar .

hin Iie Utw Ule Liiw Utle Zi
UnU)  GimeYis) _ Uit Utn . S1S1m _ U1 %

IUe) - 1eUte) U Ute SiSw ua%

S Sy 11
CHCI[OBaTeJIBHO, . = . — MOIITHOCTHU HapaHHCHBHO pa60-
Sty St Ux1 % ug %

TAIOIIUX TPaHC(POPMATOPOB, BBIPAKEHHBIE B JOJISAX OT UX HOMUHAJIBHBIX
MOIIIHOCTEH, OTHOCATCS IPYr K APYry, Kak OOpaTHble 3HAYEHHUs] HOMHUHAJb-
HBIX HaNpsDKEHUI KOPOTKOro 3amblkaHMd. IIpakTudecku paspemiaercs pas-
mnune mexay U B £10% oT ux cpeHero 3HayeHus..

8. Tpexdaznbie aCHHXPOHHBbIE MAIIMHBbI
8.1. Haznayenue 1 00J1aCTH NPUMEHEHHS] ACHHXPOHHBIX MAILIMH

Acunxponnaa mawiuna — 3TO MallliHa, B KOTOPOH Iipu padboTe BO30Y kK-
JIAETCSl BpaIAIOLIeecss MarHUTHOE II0JIE, HO POTOpP KOTOPOW BpAaIAETCs
ACUHXPOHHO, T.€. CO CKOPOCTbIO, OTJINYHOM OT ckopocTd moisi. OHa Obuia
nzobperena M.O. JlomuBo-/[oO6poBonbckuM B 1888r., HO 110 HACTOSAIIETO
BPEMEHM COXpaHWIa B OCHOBHOM Ty IPOCTYIO (hopMy, KOTOPYIO €il mpuiai
pycckuili u3oOperarenb. ACHHXPOHHBIE MAIIMHBI CpeIHEH MOIIHOCTH
(1+100kBTt), paGoTaromiue B pexuMe ABUTATENS, HAIIUIA HIUPOKOE MPUMeE-
HEHUE IS IPUBOAOB IPOU3BOJCTBEHHBIX ME€XaHU3MOB (95% npuBOIOB Ie-
PEMEHHOI0 TOKa UMEIOT B CBOEM COCTABE ACUHXPOHHBIN JIBUTATED).

ACHHXPOHHBIE JBUTATEIN MPOU3BOIIT MOIIHOCTBIO OT HECKOJIBKHX Je-
csatkoB Bart o 15000 kBT npu HanpsikeHusix o0OMOTKHU cTaTopa Ao 6 kB.

OnHOM W3 OCHOBHBIX MPUYMH MCKIKOYUTEIBHO HMIMPOKOTO PacCIpoCcTpa-
HEHHSI ACHHXPOHHOTO JBUTATENs SBISAETCA IPOCTOTA KOHCTPYKIMHU, YTO
o0ecrieunBaeT HU3KYI0 ce0eCTOMMOCTh, HaJIEKHOCTh, BBICOKMIA CPOK CIIyXK-
Obl. B MammHe OTCYTCTBYIOT Kakue-1H00 JIETKO MOBPEKAAOIINECS WIH Obl-
CTPO W3HAILMBAIOLIUECS 3JIEKTPUUECKUE YacTH, TOITOMY HET HEO0OXOIUMO-
CTH B YaCTbIX PEBU3UAX. B aCHHXPOHHOM JBHraresie ¢ KOPOTKO3aMKHYTBIM
POTOPOM HET CKOJIB3SIIETO KOHTAKTA, YTO ITO3BOJIAET UCIIOJIB30BATh €r0 B ar-
peccuBHBIX cpenax. K 1ocTonHcTBaM aCUHXPOHHOIO JABUTATENA TAKKE OTHO-
CUTCSl BBICOKMH IYCKOBOM MOMEHT (B 1.8 +2 pa3a mpeBbllIaeT HOMHUHAJb-
HBI) U BBICOKAas MEPErpy304Has CHOCOOHOCTh (MaKCHMaJIbHbII MOMEHT B
2+ 2.5 pa3a NpeBbIIAeT HOMUHAJIBHBIN). ACHHXPOHHBII IBUTAaTEIb MOXKET
paboTaTh C IIUTENBHONW NEPErPy3KOM, TOMYCKAET YacThIe IIyCKH, OCTAHOBKU
U PEBEPCHI.
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OCHOBHBIE HEIOCTATKA ACMHXPOHHBIX JBUTATEJIEH — CIOXHOCTb pery-
JUPOBAHMS YACTOTHl BPAIICHUS W OTHOCUTEIBHO HU3KUN KOIPPHUIIMEHT
MOIITHOCTH (COS® ). Y aCMHXPOHHOTO JBHUTaTeNIsI KOADPUIIUEHT MOIIHOCTH
IIPU TIOJIHOW HAarpy3ke MokeT pocturatbh 3HadeHusa 0.85-+0.9; mpu He-

JOTPY3Kax JIBUTaTelisi OH PE3KO YMEHBIIIAETCS U MIPU XOJIOCTOM XOJI€ COCTAB-
nsger 0.2+0.3.

8.2. YcrpoiicTBO aCMHXPOHHOM MALIUHbI

ACHHXpOHHAs MallliHa COCTOUT W3 HETOIBMKHOW YacTH — CTaTopa U
MOJABWXXHOU — poTopa. CTaTop COCTOUT U3 MAarHUTONPOBOJAA ¢ MazaMu. Mar-
HUTOMPOBOJ, HAOUpaAETCs U3 OTACNBbHBIX KOJIEL, U3TOTOBJIEHHBIX U3 JINCTOB
AIEKTPOTEXHUYECKON CTad TONMMUHON (.5 MM, MpUYeM 3TH KOJIbLIAa U30JIU-
pPOBaHBI APYT OT JApyra CIOEM Jiaka. ITO JeNIaeTcs JJisi YMEHbIIIEHUS MarHuT-
HBIX TIOTEPh OT BUXPEBBIX TOKOB U TUcTepe3nca. B ma3bl craTopa ykiaabiBa-
eTcs TpexdaszHas 0OMOTKa, KOTOpasi MOXKET ObITh coelMHeHa MO0 B 3BE31Y,
an60 B TpeyroidbHUK. [lakeT cTaTopa 3ampeccoBaH B KOPITYC — CTaHUHY, KO-
TOPBIN KPEMUTCS K HETOJBIKHOMY JKECTKOMY OCHOBaHHWIO. CTaHWMHA MOXKET
OBITH BBITIOJHEHA W3 TIACTMACCHI, ATFOMUHUS WM uyyryHa. Hauana u KOHIIBI
(da3HBIX 0OMOTOK BBIBE/ICHBI Ha KIICMMHUK, 3aKpEIIEHHBIA HA cTanuHe. O0-
MOTKa CTaTopa MOXET OBITh COEIWHEHA
M0 CXeMe 3Be3/la WJIM TPEYroJbHUK. BbI-
O0p CXeMBI COSMHEHUST OOMOTKH CTaTopa
3aBUCHUT OT JIMHEHHOTO HANPSKEHUS CETU
W TacHOpTHBIX JaHHBIX JABUrarens. B
nacropte TpéxdazHoro ABUTATENs 3a/aa-
I0TCS JIMHEWHbIE HAIpPSKEHUST CEeTU U
cXeMa COeJuHEHUsi OOMOTKHM CTaTopa.
Hampumep, 660/380, Y/A. Jlanubiii nBu-
ratellb MOXXHO BKJIIOYaTh B CETh C
U, =660B 1o cxeme 3Be3/1a WJIN B CETh C

Puc. 8.1. Cepneunnk cratopa U =380B— 1o cxeme TPEyroIbHUK.
1 — cTaHuHa; 2— JIUCTHI;

3 — Ttpexdasznas 0OMOTKa

Porop  acMHXpOHHOW  MAalIWHBI
IpEJCTaBIsIeT COOOW IMIMHIPHUYECKUNA
CEpJIEYHUK, COOpPAHHBIN W3 IJIACTUH 3JEKTPOTEXHUUYECKOW CTaJIH, U30JIHPO-
BaHHBIX JIPYT OT Apyra JiakoM. CepIeuyHUK pOTOpa HacaKE€H Ha BaJl, KOTOPbIA
BpallaeTcs B MOIIMITHUKAX, YKPEIJICHHBIX B OOKOBBIX IMTAaX, HA3bIBAEMBIX
NOJAIIMITHUKOBBIMH IIUTaMu. B ma3ax poTopa pacnojaratroTcsi BATKH 0OMOT-
KM pOTOpA.
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B GonpmmncTBe nBurateneit (80%) mpumeHsieTCs KOPOTKO3aMKHYTHIN
potop (puc.8.2, 6). OH 3HaYUTENBHO JICHIEBIIE U €ro OOCITYKUBAHHUE 3HAUM-
TenapHO Tpoie. OOMoTKa Takoro poropa (puc. 8.2, 6) BBHITIOIHIETCS U3 alto-
MUHUS MYTEM 3aJMBKH €r0 B Ma3bl POTOpa O] M3OBITOUYHBIM JaBJICHUEM.
KopoTko3aMKHYTYI0 0OMOTKY Ha3bIBAIOT «OeMHubs KIeTKa» (puc. 8.2, a), U B
AIIEKTPUYECKOM OTHOIIEHUH OHA MpEACTaBIsieT co00il MHOTrO(a3Hyr0 00MOT-
KY, COSIMHCHHYIO 3BE3/I0 ¥ 3aMKHYTYIO HAKOPOTKO.

3 !:*: _

Puc. 8.2.

a — «0enuubs KIeTKay; 0 — KOPOTKO3aMKHYTHIH POTOP,
rae 1 —Bam; 2— nucThI poTopa; 3 — CTEPKHU;
4 — TOPLEBLIC KOJIbIIA
Ha puc. 8.3 npuBeneH BUA aCHHXPOHHOM MAIlMHBI C KOPOTKO3aMKHY-
TBIM POTOPOM B pazpes3e: 1 — cTaHuHA, 2 — CepJIEYHUK cTaTopa, 3 — OOMOTKa
cTaTopa, 4 — CepJIeYHUK POTOpa C KOPOTKO3aMKHYTOH OOMOTKOM, 5 — BaJl.

Puc. 8.3 Puc. 8.4

Ha puc. 8.4 npuBeneH BuJ aCHHXPOHHOM MallIUHbI ¢ (ha3HBIM POTOPOM B
paspese: 1 — cranuna, 2 — crarop, 3 — poTop, 4 — KOHTaKTHbIE KOJbLa, 5 —
mietk. O6MoTKa (ha3HOTO pOTOpa BHIMIOIHSAETCS MO TUITY CTATOPHOM U MO-
JKeT OBITh COeIMHEHA JTUOO0 3BE3/101, TNOO TPEYTOJIHLHUKOM.
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KoHIpI 00MOTKH pOTOpa BBIBOISATCS Ha KOHTAKTHBIE KOJIBIA, PACTIONOXKECH-
HbIE Ha Bally MamuHbl. Ha KoJbIla HAJIOKEHBI IIETKU, YCTAHOBIICHHBIE B HE-
MOJBIKHBIX IIETKOJEpKarensax. Uepe3 Koiblla U IMIETKH OOMOTKa poTopa
nprcoeauHeHa K TpexdasHoMy peocTaTy. Bkiiro-
YeHHe peocTara B LIEMb POTOpa JaeT BO3MOXK-
HOCTh CYIIECTBEHHO YIYUIIUTh YCJIOBHS ITyCKa
JIBUTATENSI — YMEHBIITUTH MIyCKOBOW TOK W YBEIH-
YUTH ITyCKOBOH MOMEHT, KpPOME TOTO, C TIOMOIIIBIO
peocraTta, BKIIOYEHHOTO B IIETh POTOpa, MOXHO
a 6 IUTABHO PETYJIUPOBATH CKOPOCTH ABUTATEIIS.
Puc. 8.5 Ha puc. 8.5 mpuBenensl ycioBHbIE 0003Ha-
YeHHsSI ACHMHXPOHHBIX MAIIMH C KOPOTKO3aMKHY-
ThIM (@) ¥ a3HbIM (0) POTOPOM Ha CXEMe 3aMeIeHUS.

8.3. Co3nanune Bpamawmerocsi MAarHUTHOTO MOJIS

Eciy TpH KaTyIIKH, PacloioKeHHbIE II0 OKPYXHOCTU Mof yrioM 120°
JPYT OTHOCHUTEINIBHO JPYTa, BKIIOYUTH B TPEeX(Pa3HYIO CETh MEPEMEHHOIO TO-
K4, @ B LICHTPE 3TOW OKPYKHOCTH IIOMECTUTh MAarHUTHYIO CTPEJIKY Ha OCH, TO
CTpeJIKa IpUJEeT BO BpameHue. Ciie1oBaTeNnbHO, TH TPU KAaTYLIKH CO3JA0T
BpaLIAKOLIEECs] MArHUTHOE T0JIE.

PaccMoTpuM MeXaHM3M CO3JaHUsl BPALIAKOLIErOCs MAarHUTHOTO IIOJIS.
3aBUCUMOCTH TOKOB B KaTyIIKax OT BpeMeHHU n300paxeHbl Ha puc. 8.6. Bbi-
OepeM 4eTblpe MOMEHTAa BPEMEHU 1|, ¢y, {3 U f4 4Yepe3 OJHY ILIECTYIO YacThb

nepuoa. s KakI0ro U3 3TUX MOMEHTOB TOCIICIOBATEIHFHO N300pa3uM Ha-
MpaBJICHUE PE3YIbTUPYIOMIETO MAarHUTHOTO TIOJII BHYTPH CTaTopa Tpexdas-
HOM MalllUHbI, KOTOpasi UMEET TP OOMOTKH IO OJHOMY BUTKY (puc. 8.6).
Hauana o6motok o6o3Haunm OykBamu A, B u C, a koHIbl — X, ¥ U Z COOT-
BeTCTBEeHHO. TOK B Hawanme OOMOTKM OyneM CuMTaTh HANpaBICHHBIM K HaM
(o003HaUaeTCs TOYKOI), €CIM €ro 3HadeHHe MOJIOKHTEIbHO. Kpectukom
0003HAa4YCHO HaNpaBlIeHUE OT Hac. B MoMeHT BpemeHu #; 0OMoTKa 4-X noto-

ka He co3naer (i 4 =0); B Hayase oOMOTKH B TOK HanpasieH oT Hac (ig <0),

a B KOHIIE 3TOil 0OMOTKH Y — K HaM; B Hayasie 0OMOTKH C TOK HarpaBlieH K
HaM (ic >0), a B KOHIIE 9TOM 00OMOTKM Z — OT Hac. TakuM 00pa3oM B IByX
PacToNI0XKEHHBIX PsIIoM TTpoBoAHKUKAaX C U Y, MEePIEHIUKYISIPHBIX K TUIOCKO-
CTH 4epTexka, TOKM B MOMEHT #, HamlpaBJ€Hbl B OJIHY CTOPOHY U CO3JAIOT
MarHuTHOE II0JIe, HaNpaBJIE€HHOE MO MpaBWly OypaBUyMKa MPOTUB YACOBOU
CTpEJKHU, @ TOKH B MPOBOJAHUKAX B W Z CO3/1al0T MarHUTHOE IoJie, HalpaB-
JIEHHOE 110 YacoBo# crpenke. O0a MarHUTHBIX NOJISl B IEHTPE CTaTOpa UMEIOT
OJIMHAKOBOE HampaBlieHUE (BBEpX) U CKiaapiBatoTcs. Hampasnenue cymmap-
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HOT'O MATrHUTHOTO II0JIA ITIOKAa3aHO Ha PHUC. 8.6 CTpCHKOI\/JI. OHpe,HGJIHH aHaJIo-
T'HYHbIM 06p&30M HaIlpaBJICHUC CYMMAPHOI'O MArHUTHOI'O ITIOJII B MOMCHTBI
BpCMCHHU f2, t3 nu f4, MBI YBUJIHUM, YTO HAIIPABJIICHUC MAIHUTHOTO IIOJIA 34

MOJIOBUHY TIeproJia u3MeHUThCs Ha 180°. Jlerko yOeauThes, 9TO 3a TIEPHO.T
HaIpaBJICHUE CYMMAapHOI0 MarHUTHOTO TIOJIS CJieJlaeT OJMH O0OpOT M, CJie-
JIOBaTEJIbHO, CKOPOCTh BPAILICHUS] MAalrHUTHOTO TOJIS B JaHHOM clly4dae OyJer
paBHA 4acTOTE MEPEMEHHOr0 ToKa. B 3ToM ciydae oOMOTKa cTaTopa co3aaeT
MarHWTHOE TI0JI€ C OJJHOM MapoM IMOJFOCOB U HA3bIBAETCS JIBYXITOJIOCHOM.

A Iy lp le Iy A

Puc. 8.6
TakuMm 00pa3oM, BHYTPH CTaTopa CYIIECTBYET ITOCTOSHHOE IO 3Haue-
HUIO PaBHOMEPHO Bpalmaromieecss MarHuTHoe mojie. OCHOBHBIM YCIOBHEM
CO3JIaHUS TAKOTO TOJIS SBJICTCS MIPOCTPAHCTBEHHBIN M BPEMEHHOM CIIBHT TO-
koB Ha 120°.
DTOT cnocod CO3MaHMs BPAIIAOMIECTOCS] MATHUTHOTO TIOJIS TTOJIOXKEH B
OCHOBY yCTpOHCcTBa Tpex(ha3HbIX aCHHXPOHHBIX JBUTaTeeh. Eciu moMeHsITh
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moObie aBe (a3pl MecTaMu (IIPU ATOM U3MEHMUTCS MOCIIEN0BATEIBHOCTD TO-
KOB), TO CyMMapHO€ MarHuTHOe mojie OyJeT Bpauiarbcs MPOTUB YaCOBOU
cTpenku. M3MeHnenuem nocienoBaTenbHOCTH YepeaoBaHus (a3 MoJb3yITCs
JUISL I3MEHEHHUS HallpaBJICHUs BPAIllEHUsl pOTOpa, T.€. AJIsl PeBEpCUPOBAHUS.

Ecnu oOMOTKa cTatopa COCTOUT U3 LIECTH KAaTyllek (110 JBE MMOCIeI0Ba-
TENbHO COEJIMHEHHBIC KATYIIKU HAa KaXayio (asy), pa3MEIIeHHbIX B JBEHa-
JIATH Ta3ax, TO 32 MOJOBUHY NEPHOJA MEPEMEHHOIO TOKAa BEKTOP MarHWT-
HOM MHIYKUMHU MOBEPHETCA Ha YETBEPTh 000pOTa, a 3a MOJIHBIM NMepruoj — Ha
noJyi-ooopora. Bmecto AByX moirocoB Ha Tpex OOMOTKax TeNepb MarHUTHOE
M0JIe UMEET YEThIPE MOtoca (JIBE Mapbl MOIIOCOB).

Takum oOpa3om, eciu oOMOTKa craropa umeer 2, 3, 4 u T.11. Tapsl 1o-
JIIOCOB, TO BEKTOp MarHUTHOW MHAYKIIMH 32 BPEMsl OJTHOTO Mepuo/ia U3MEHe-
HUS TOKA IMOBEPHETCS COOTBETCTBEHHO Ha 1/2, 1/3, 1/4 u T.1. 4acTh OKpYX-
HOCTU cTaropa. B obmewm ciiydae, 0003HauuB OyKBOH p YHCIIO TMap IMOJIO-

COB, MBI MOKEM CJ€JaTh BBIBOJI, YTO YI'OJI, OIIMCAHHBIM BEKTOPOM MArHUTHOU
MHIYKIUU 32 BpPEMS OJHOIO NEPUOJA M3MEHEHHsI TOKA, PaBEH OJHOU p-U
YaCTU OKPYKHOCTHU CTaTOpa W, CIEA0BATEIBHO, CKOPOCTh BpAIllCHUSI MarHUT-
HOTO 1oJIst 7] 00paTHO MPONOPLUOHATIbHA YHCITY Hap MOJIFOCOB:

60
ny = 607 (06/MuH),
P
rae f — JacrtoTta mepeMeHHOro Toka B 1, a koaddumuent 60 mosBuics us-

3a TOTO0, YTO 71| MPUHATO U3MEPATH B 000pOTax B MUHYTY.

[TockonpKy YMCIIO TIAp TMOJFOCOB MOXET OBITh TOJBKO IIENBIM, TO CKO-
POCTb BpAILlEHHUs] MATHUTHOTO IOJISI MOXET HPUHUMATH TOJBKO OIPEIEIICH-
HbIE 3HAUCHMUS, IPEICTaBIECHHbIE B Ta0auIe 1.

Tabmmma 1
P 1 2 3 4 5 6 8 12 24
n 3000 | 1500 | 1000 | 750 600 500 375 250 | 125

8.4. PexxuMmbl padoThl Tpex(a3HOH aCHHXPOHHOI MaIlIMHbI

Pesrcum osuzamens: na O6MOTKy craropa nmogacTCsa CMMMCTpHUYIHAA CUCTCMA
TOKOB M B MAalIMHC CO3JACTCA BpalaromiecCss MArHuTHOC II0JIC C YacTOTOM
BpalcHus nj . CusoBsle JJMHUHU TOTO MOJIS IMCPCCCKArOT 06MOTKy poTopa, u

B HEH MO 3aKOHY JJICKTPOMAarHuTHON MHAYKIuK HaBoauTcs DJC, u mo o6-
MOTKE MPOTEKAIT TOKU. B3anMojelcTBue Bpallaroerocss MarHuTHOTO T10-
Ji1 U TOKOB POTOpa CO3JAeT Bpallalolluii MOMEHT, YBJICKAIOIIUM pOTOp 3a
BpAIAIOIIMMCA MarHUTHBIM T0JieM. Eciy 3TOT MOMEHT JOCTAaTOYHO BEJIHK,
TO POTOP MPUXOJUT BO BPAIICHUE U €0 YCTAHOBUBIIIASCA YaCTOTa BpPaIlEHUS
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n) COOTBETCTBYCT PABCHCTBY BPAIIAIOMIETO MOMEHTA My, TOPMO3HOMY

M |, IpUNOKEHHOMY K Bajlly OT IPUBOJMMOIO BO BpallCHUE MEXaHU3Ma, U

BHYTPEHHHUX CUJI TpEeHHUs. Takol pexxuM padOThl aCHHXPOHHOM MalllMHbI SB-
JII€TCS IBUTaTEIbHBIM U, 04€BUAHO, ipu HeM 0 < 1, < nj. Ilo npuHmuny pa-

OOTBI POTOP HE MOYKET UMETh CKOPOCTb, PABHYIO 7|, T.K. B 9TOM CIy4ae po-

TOP OKa3bIBAETCSl HEMOABMXKHBIM IO OTHOLICHUIO K TMOJIKO CTaTopa U B 00-
MoTKe potopa He HaoautTca DJIC. Takoil pexuM Ha3bIBAETCS PEKUMOM
UJEAIBHOIO XOJIOCTOTO XO/a.

OTHOCHUTENBHYIO PA3HOCTh YACTOT BPAIIEHUS! MAarHUTHOTO TOJI U POTO-

m—-n

pa Ha3bIBAIOT CKOJIbMHCEHUEM: §=—T>.

m

OueBHIHO, UTO MpU ABUTATEIbHOM pexkume 0<s <1 U acMHXpOHHas
MalllMHA MPeo0pa3yeT AMEKTPUUECKYIO IHEPTUIO B MEXAHUYECKYIO.
Pesrcum 2enepamopa: B pexxum reHeparopa MalllHa MepPeXoquT B TOM CIy-
yae, eclid pOTOp CTOPOHHUMU CUJIaMU (HampuMep, KaKUM-JIM00 JIBUTATEIIEM )
MPUBOJUTCSA BO BpAlllCHUE B Ty K€ CTOPOHY, YTO U IOJE CTATOpa CO CKOPO-
CTblO, Oonbieit yem ny. B aToMm ciiyyae 3/1C poTopa MeHsieT 3HaK Ha Mpo-

THUBOTIOJIOKHBIM M M30BITOK MOABEACHHON MEXaHUUECKON MOIIHOCTH MPeoo-
pa3yercs B 3JIEKTPUUECKYIO U OTAAETCS B CeTh. TakuM 00pa3oM, MallllHa Io-
TpeOJsieT U3 CEeTU PEaKTUBHYIO MOILHOCTH JUIsl CO3JaHMs BpaIIaroIIerocs
MAarHATHOTO MOJI ¥ OTHAET B CETh AKTUBHYIO MOILITHOCTb.

M cTOYHNKOM pEaKkTUBHOM DHEPTUH MOXKET CIYKUTh CUHXPOHHBIN I'€HeE-
paTop, padoTaromuil NapajjIeIbHO ¢ ACHHXPOHHBIM Ha OOLIYIO CETbh, CIEI0-
BaTEJIbHO, ACUHXPOHHBIM I'€HEpaTOp HE MOXKET padoTaTh HE3aBUCUMO, a pa-
0oTas mapaJijiebHO Ha CETh, OH CBOMM PEAKTHMBHBIM TOKOM YXYJIIAET 00-
Ui K03(P(HULIHUEHT MOITHOCTH YCTaHOBKU. OJJTHAKO BO3MOKHA U aBTOHOMHAs
paboTa aCHHXPOHHOI'O T€HEpaTopa, TaK KaKk HEOOXOIWMYIO PEaKTHUBHYIO
MOIIIHOCTh MOTYT JaBaTh BKJIKOYEHHBIE I1APAJUIEIBHO C HUM CTaTHYECKUE
KOHJIeHCcaTOphl. B renepaTopHoM pexume s < 0.

Pesicum 3nekmpomaznumnozo mopmo3a: MallvHa NEpeXoaUuT B 3TOT pe-
KUM, €CJIIM K BaJly IPWIOKEH AKTUBHBIA MOMEHT, HAIPABJICHHBIA NPOTHUB
BpallleHus1 MarHUTHOro nosis. [Ipu 3ToM oH 60JjbIlIe MOMEHTA, pa3BUBAEMOTO
nsuraresieM. Potop nmpu 3ToM BpaimaeTcs B IPOTUBOIIOIOKHYI BpPAILEHUIO
1oJIA CTOPOHY M s >1. Pexum TopMo3a npuMeHsieTcsl Juisl OBICTPOM ocTa-
HOBKH JBUTaTeNll WIA KOIJa ILejIeco00pa3HO HCMOJIb30BATh ACUHXPOHHYIO
MAIlMHY U1l TOPMOYKEHHS IPUBOAHOTO MEXAHU3MAa, HAIIPUMEP B KPAHOBBIX U
MOJBEMHBIX YCTPOMCTBAX NPH CIyCKE I'py30B. JJis TOro 4roObl MEpPEeBECTH
JIBUTaTellb B PEXUM TOPMO3a, NMPHUMEHSAETCS NPOTUBOBKIIOYEHHUE, T.€. IIO-
CPEACTBOM MEPEKIIOYEHNS IBYX MPOBOJOB, MUTAKLIUX CTATOP, U3MEHAETCS
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HaIlpaBJICHUE BPAILLECHUS MarHUTHOIO IIOJISl, U OHO CTAaHOBUTCS IPOTUBOIIO-
JIO’KHBIM HAIIPaBJIEHUIO BPALEHUs POTOPA.

Takum o0Gpa3om, XapaKTepHON OCOOEHHOCTBIO ACHHXPOHHOW MAIIUHbI
ABJISIETCS HAIMYNE CKOJIBXKEHUS, T.€. HEPABEHCTBO YaCTOT BpallleHUs. TOJIBKO
IIPpU 3TOM YCJIIOBUHU B MPOBOJHUKAX 0OMOTKHM potopa unaykrupyercs IC u
BO3HHMKAeT MOMEHT. [0 3TOl npHuunHe MalllMHy Ha3bIBAalOT aCUHXPOHHOM (ee
POTOP BPAILAETCSA HE CUHXPOHHO C MOJIEM).

7’12 A
| Pesxum
Pexum |
i DJIEKTPOMArHUTHOTO
JIBUTATEJIS !
— | TOpMO3a
Pexum :
reHeparopa |
]
|
m |
]
|
! »
> s
0 1
Puc. 8.7

Ha puc. 8.7 nocTpoeHa JMHEWHas XapakTEpUCTUKA #y(S), Ha KOTOPOH

OTOOPaKEHBI BCE PEIKUMBI PAOOTHI ACHHXPOHHOW MAaITHHBI.

Ha npakTuke gaiie Bcero BCTpEUYaeTCs JBUTATEIbHBIN PEKUM, IIOITOMY
TEOPHUI0 ACHHXPOHHBIX MAIIMH OyJIeM M3y4aTh IPUMEHUTEIBHO K 3TOMY pe-
KUMY C TIOCJICTYIOIIMM 0000IIeHHEeM €€ Ha IPYTHe PEKUMBI paOOTHI.

8.5. MexaHn4veckasi XapaKTepUCTHKA JIBUTATEJIsA

[Tox MexaHMYECKOW XapaKTEPUCTUKONW TOHUMAIOT 3aBUCUMOCTh YCTAaHO-
BUBILEKCS 4aCTOThI BpPAIIEHUs] OT MOMEHTA, pa3BUBAEMOro ABuUraresneM. Pas-
JIMYAKOT €CTECTBEHHBIE U MCKYCCTBEHHBIE XapaKTepUCTUKU. EcTecTBeHHAs —
3TO XapaKTEPUCTUKA, CHATAS IPU HOMUHAJIBHOM HAIPSKEHUHA U OTCYTCTBUH
JIOTIOJTHUTEIIBHBIX COMPOTUBIIEHNWN B KOHTYpaxX MallWHbI. Bee ocTanpHbIe Xa-
PAKTEPUCTUKH — HCKYCCTBEHHBIE.

JIs aCUHXPOHHOTO JIBUTATEJIsl MOTYT OBITh MOCTPOEHBI XapaKTEPUCTH-
KM Kak B ocsix M , s (puc. 8.9); Tak u B ocsix ny, M (puc 8.10).

JI7g aCMHXpPOHHBIX JBUTATENIEH CPEJHEHM MOIIHOCTH XapaKTEpPHBbI Clie-
JIYIOIIUE COOTHOLICHMUS:

1) KpaTHOCTb IyCKOBOI'O MOMEHTA My =
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M
2) KpaTHOCTh MAKCUMAJIBLHOTO MOMEHTA Mgy = —ox =2 +2.5,

H
Mpax XapaKTEpU3yeT NEPEerpy304HyI0 CIIOCOOHOCTh aBurarens. Makcu-

MaJIbHbII MOMEHT AOCTUTACTCA ITPU KPUTHHYCCKOM CKOJIb)KCHHHU SKp . Mak-

CUMYM BpAIIIalOIIEro MOMEHTA pa3/iesiaeT KpUBYIO (puc. 8.9) Ha yCTONYHBYIO
gacTh oT s =0 110 Sxp ¥ HEYCTOMYMBYIO 4acTh OT Sgp A0 S = 1, B npenenax

KOTOpOﬁ Bpamafonmﬁ MOMCHT YMCHBIIACTCA C POCTOM CKOJIBKCHUA.

A
M p 2
< n
E A’ HeycroituuBsiii pexum D
(@]
o) \
g
=
My A
M pax
M max
=
== M yCK
Qo
S 5 v M
- v M, M ”
0 S Skp 1 s o Mnyck
Puc. 8.9 Puc. 8.10

PaccmoTpum ycnoBusi camoperyiaupoBaHus MamuHbl. [Ipenmonoxum,
YTO MalinHa padborasna Npyu HOMMHAJIBHOM BpPAlllalolleM MOMEHTE B TOUKE A
(puc. 8.9). [Ipu BHE3amTHOM YBEIWYEHUH HArpy3KH CKOPOCTh BpAILEHHS PO-
TOpa NajgaeT, YTO NPUBOAUT K YBEIUUEHUIO CKOJIBXKEHUS S W MallliHa Pa3BU-
BaeT OoJbIIMA MOMEHT (Touka A'). YCIIOBHE YyCTOHYMBOCTH MAIIUHBI

dM
d_ >0.V¥ pa60TaI01uer0 ABUTATCIIL JUHAMHWYCCKOC PaBHOBECUC MOMCHTOB

s
ABTOMATUYECKA BOCCTAHABIIMBACTCS IPHU YBEIWYCHUU CKOJBXKECHUS, MOKa
TOPMO3HOM MOMEHT MEHbIIIE MaKCUMaJIbHOTO. HO KOrga TOpMO3HOM MOMEHT
CTAHOBUTCSI PaBHBIM MaKCHMaJIbHOMY, TOTJa MPHU JAITbHEUIIEM YBEIUYEHUN
Harpy3kH, BO3pacTaHUE CKOJIbXEHHUS OYyAeT JUIIb YMEHBIIATh Bpallaroiiuii
MOMEHT; TaKuM 00pa3oM, TUHAMUYECKOE paBHOBECHUE, HAPYILIEHHOE YyBEJU-
YEHUEM Harpy3Kd, HE€ BOCCTAHABIIMBAETCS, W BCJIEIACTBHE MpeoOiiagaHus
TOPMO3HOT'O MOMEHTA JIBUTATENIb OCTAHABIUBACTCS. Y CJIOBUE HEYCTOMUYMBOM

M
paboThl MallIUHbI e < 0. Hampumep, eciu mamuHa paborana B Touke B,
s

TO IIPpU YBCIIMYCHHUHN HAI'PY3KHU YaCTOTA BPAIICHUA YMCHBIIACTCA, CKOJIbXKC-
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HHUE BO3PACTacT, HO BPAIIAIONIMI MOMEHT yMeHbmaetcs (touka B'). Eciu
MPOJIOJIKATh YBEIMYUBATH HATPY3KY, MAIlITMHA MOYXET OCTAHOBUTHCS.

JIJist  yIpOIIEHHOTO aHajinu3a MOXHO T0Jh30BaThCA MPUOIMKEHHBIM
YPaBHEHHEM MEXaHUYECKON XapaKTEPUCTUKH:

M: 2]‘41’118_X )
s Skp
Sxp S

JUist uened 3JeKTponpuBoAa OOJIBIIOE 3HAYEHUE HMEET 3aBUCHUMOCTH
CKOpPOCTH JBHUTaTeNsl OT HArpy3KU Ha Baly ny = f(M). AHanusupys 3Ty 3a-

BUCHMOCTb, MOYKHO CI€1aTh BBIBOJ, YTO CKOPOCTb ACUHXPOHHOI'O IBUIaTEsd
JUIIb HE3HAYNUTEIBbHO CHUKACTCS IPU YBEINYCHUHU BpPaIAIOEro MOMEHTA B
mpenenax OT HyJs 10 MaKCUMaJbHOIO 3HAueHHsA. Takasd MexaHUYeCKas Xa-
PAKTEPUCTUKA HA3BIBAETCS HCECHIKOIL.

Mexanndeckass XapaKTepUCTUKa aCUHXPOHHOI'O JBUTATEls B IpPEAenax
oT s =0 10 s, ABIACTCS KECTKOU, B OCTAIBHOM CBOCH YaCTH HYXHO CUH-

TaTh €€ MSITKOMU.
8.6. IIyck B X011 aCHHXPOHHBIX JIBUTaTeJIeil

B cuity 351eKTpU4eCKON, MarHUTHOM M MEXaHWYECKOW MHEPLMOHHOCTH
IIyCK B XOJ aCHHXPOHHBIX JBUTATEJIEH COIPOBOXKIAETCSA IEKTPOMEXaHUYe-
CKHMH NEPEXOJHBIMU IpOIECCAaMU. DTO BBI3bIBAET BO3HUKHOBEHHE 3HAYU-
TEJBbHBIX ITyCKOBBIX TOKOB U MOMEHTOB, YTO MOKET IIPUBECTH K MEXaHUYE-
CKHMM U TEIUIOBBIM NOBPEXACHUSAM IEKTPUUECKOW MAalIMHBL. B 3aBucumoctn
OT rabapuTOB U MacChl BpallalOUIUXCs YacTeil mepexoaHble MPOLECCHl MOTYT
JUIUTBCS OT JOJIEH CEKYH/BI 10 IECATKOB CEKYH/.

Kpome Toro, anmapaTsl 3auThl (B YaCTHOCTH IIJIaBKUE IIPETOXPaHUTE-
JIM) pacCUMTaHbl Ha 2 + 2.5 KpaTHOE NPEBBIIIEHNE HOMUHAIBHOTO ToKa. [Tpu
OonblIell KPaTHOCTH OHU NPOCTO HE BBIMOJHAIOT CBOM (PYHKIMHM — 3aLIUTY
JIBUraTellsd OT JUIMTENbHBIX NIEPErPy30K U KOPOTKUX 3aMBIKAHU M.

ITosToMy BO3HMKAaeT 3ajaya OTPaHUYCHUs IIyCKOBBIX TOKOB MU MOMEH-
ToB. IlyckoBble CBOWCTBa aCHHXPOHHOI'O JBUTATENS ONPEAEISIOTCS 0COOCH-
HOCTSIMM €TO KOHCTPYKIIMH, B YACTHOCTH YCTPOUCTBOM POTOpA.

Ilyck acunxponnozo osuzamens ¢ pazHvim pomopom

[TyckoBbIE yCIOBHS TaKOTO JBUTATENSI MOTYT OBITHh CYIIECTBEHHO YITyd-
IIEHBI [IEHOM HEKOTOPOI'0 YCIOKHEHHUS €r0 KOHCTPYKIUU U OOCITYKUBAHMUS.
VY Takoro gBuTaTENs B KXY (Da3y Ienu poTopa BBOJIUTCS MMYyCKOBOM CEK-
IMOHUPOBaHHBIN peoctat (puc. 8.11). Xapakrepuctuku 1,2,3 — UICKyCCTBEH-
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HBIC, COOTBETCTBYIOIINE PabOTe aCHHXPOHHOTO JABUTATENsI C BBEJACHHBIMU B
IIellb POTOpa CEKLUSIMU peocTaTa, UMEIOIIEro CONpPOTHBICHUsT Ry, Ry, Ry;;
XapaKTepUCTHKa 4 — eCTECTBEHHAs, KOTOPYI0 MMEET JIBUTATEIh TPU BbIBE-
JICHHOM ITyCKOBOM peocTare. KpuThueckoe CKOJIbKEHUE MPOMOPIHOHATBLHO
AKTUBHOMY COINPOTHBIICHUIO I1enu poTopa. [ToHOe ConpoTHBICHUE peocTara
MoAOUpaeTCst TAKMM 00pasoM, 9TO0BI S, =1. B 9TOM cilydae B MOMEHT Iryc-

Ka JIBUTaTelib Pa3BUBACT MAKCUMaJbHBII MOMEHT (MPUMEHSIETCS ISl TsxKe-
JIBIX YCIIOBUH ITyCKa).

Puc. 8.12

Puc. 8.11

[Tyck nBuratensi MpoOMCXOJUT C MOMEHTa BKJIIOYEHHUS] OOMOTKU CTaTopa
B ceTb. [Ipu 3TOM B pOTOp BBOASAT BCE CEKIIMH ITyCKOBOTO peocrara, byiaroia-
psl yeMy HayalbHBIA MYCKOBOM MOMEHT 3HAYMTEIBHO YBEJIMYMBAETCS (Xa-
pakTepucTuka 1), a myckoBoil Tok yMeHbiaercs. [lo mepe pasrona aBurare-
JISI TOKH POTOpa M CTATOpa YMEHBIIAKOTCS, U YacTh MYyCKOBOro peocrara R

3aKopayuBaroT. Pabouas Touka nepeMeliaeTcs Ha HOBYIO XapaKTepUCTUKY 2,
COOTBETCTBYIOIIYIO COMPOTUBIICHHUIO peocTara R + R}, a 3aTeM Ha Xapakre-

puctuky 3. B KOHIle mycKa 3aKOpayMBalOT BECh IIyCKOBOW peocTat, u pado-
qas TOYKa TMepeMelaeTcs Mo eCTECTBEHHOW MEXaHUYeCKOH XapaKTepUCTUKE
4 10 HOMHHAJIBHOTO MOMeHTa (puc. 8.12).

[IpuMeHeHne MyCKOBOTO peocTara 3HAYMTEIbHO YIydllaeT ITyCKOBBIE
YCIIOBHSI aCHHXPOHHOTO JIBUTATENsI, TIOBHIIIAsI ITyCKOBOW MOMEHT U YMEHb-
mrast 6pocok Toka. Hemoctatkamu (azHoro poropa sIBISIOTCA yIOpOKaHHE
MAIIMHbI, YCIO)KHEHNE €€ OOCTY)KMBaHUs, a TaKXkKe JUIUTEIHHOCTh M CIOXK-
HOCTb yTPaBJICHUS CTYNEHIMH ITyCKOBOTO peocTara.
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Ilyck 0suzamens ¢ KOpOmMKO3AMKHYMBIM POMOPOM

B GonpmmHCTBE CityyaeB MpUMEHSIETCS MpsIMOM Mmyck. Takoi myck uc-
KIIFOUUTETILHO TIpocT U ObicTp. HeoOxomuMm pyOMIIBHUK WU JIJISL IBUTATENS
BBICOKOT'O HANPSDKEHUSI — MAacisHbIA BbIKIIOYaTenb. [lpu mpsMoM mycke
KpaTHOCTh ITyCKOBOTO TOKa BBICOKA, OpUMEPHO 5.5+ 7 (mis aBUTareneu
MOIIHOCTBIO (0.6 +100kBT). Takoil KpaTKOBPEMEHHBIH TOJYOK ITyCKOBOI'O
TOKa OTHOCUTEJIBHO O€30TaceH Il ABUTATENsl, HO BBI3bIBACT MOTEPHU HAIIps-
KEHHSI B CETH, U MOXXET HEOJaronpusiTHO CKa3aThCs Ha JAPYTUX MOTpeOuTe-
JSIX, MOJKIIOYEHHBIX K 3TOM cetu. 1o 3TUM mpuymHam gomycthmasi HOMU-
HaJbHasi MOITHOCTh aCUHXPOHHBIX JBUTATENEH, MyCKAeMbIX MPSMbIM BKIIIO-
YEeHUEM, 3aBUCUT OT MOIIHOCTU paclpeAesIuTeNbHON ceTu. B MOIIHBIX ceTsax
ITPOMBILUICHHBIX MPEINPUATHI JOIYCKAaETCs MPSAMOU IyCK JABUTATENEHN € KO-
POTKO3aMKHYTBHIM pOTOpOM MoIIHOCTBIO 10 1000 kBT U naxke Bbilie, HO B
OOJIBIIMHCTBE CIIy4YaeB 3Ta MOIIHOCTh HE T0JKHA npeBbimarh 100 kBT.

Crnenyer oOpaTuTh BHUMaHUE €lIe Ha OJIMH HEIOCTATOK. Y HOPMaJIbHBIX
JIBUTaTelIel ¢ KOPOTKO3aMKHYTBIM POTOPOM KPAaTHOCTh MYCKOBOI'O MOMEHTA
JexXuT B npeaenax 1+ 2. Takum oOpa3oM, JBUTATENb IPH ITyCKe MOTPeOseT
OOJBIIYIO CHUJTy TOKA, a pa3BUBAET OTHOCUTEIHLHO HEOOJBIION Bpaliaroniui
MOMEHT.

> < 4 Jlnst obneryenust mporecca
—————————— —————>—————  [yCKa IPUMEHSIOT JBUTATEIU C
) 2nyooxumu nazamu. OOMOTKa
: poTopa >TOro ABUTaTEIIsl U3IO-
| TOBJIICTCS U3 TPSIMOYTOIBHBIX
| CTEpP>)KHEH MaJOW UIMPUHBI U
| j  OOJNBIIOM  BBICOTHI, KOTOpPbIE
L MOMEIIAI0TCS B TIyOOKHE TMa3bl
N=====) B cepJieuHUKe poTopa. B Takux
nazax OLIyTUMO MPOSIBISETCS
s (deKT BBHITECHEHUS TOKa, T.€.
IIEPEMEHHBIN TOK PACIPEIEISAETCS MO0 CEYEHUIO CTEPKHs HepaBHOMepHO. Ha
puc. 8.13 moka3zaHbl MarHUTHbBIC JIMHUU TIOJISI PACCESIHUS, 3aMbIKAIOIINECs
norepek riyOoKoro masa, B KOTOPOM PacrojIOXKeH CTeP)KeHb OOMOTKHU C TO-
koM. IIpencraBum cede, 4TO CTEPKEHBb IO BBICOTE pa3leieH Ha OO0JbIIOe
4yucIio ciioeB. HikHME cou CTEep KHS CLEIUIIOTCS ¢ OOJIbIIMM YHCIIOM Mar-
HUTHBIX JUHUN, yeM BepxHue. [[oaToMy HMX MHIYKTUBHOE CONPOTUBIICHUE
Oonblie, yeM y BepxHux cioeB. [Ipu 060mb1110#1 4acTOTE TOKOB B OOMOTKE PO-
Topa f, =sf,rae f —dacroTa ceTH (Mpu Mmycke s =1) UHAYKTUBHOE COMPO-

»

v

Puc. 8.13 Puc. 8.14

THUBJICHUE OTIEIBHBIX CIOEB 3HAYUTENILHO BBIIIE UX AKTUBHOI'O COIIPOTUBJIE-
Hus. [loaToMy pacnpeneneHue Toka Mo CiaosiM OyAEeT ONpeAessaThCs, B OC-
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HOBHOM, MX HWHAYKTUBHBIMHM CONPOTHBJICHHUAMU. Takum o0pa3oM, TOK B
CTEP’KHE BBITECHSETCS B BEPXHIOIO YaCTh I1a3a B Iporecce mycka. [Ipu atom
IUIOIIAb CEYEHUS CTEPIKHS UCIOJB3YETCs HE IOJTHOCTBIO, U BCIEACTBUE ITO-
IO YBEJIMYMBAETCS AKTUBHOE COIPOTUBIIEHHME OOMOTKH poTopa R, , 4TO MpH-

BOJUT K TOBBIIICHUIO MyCKOBOTO MOMEHTA, & YBEIWYCHHE WHIYKTHBHOTO
COIIPOTUBIICHUSI YMEHBILIAET IIyCKOBOM TOK. [Io Mepe pa3roHa CKOJIbKEHUE
ymenbaercs (s; =0.03+0.05) u 3¢ddexr BbITECHEHUS NPAKTUYECKH HE

MPOSBIISIETCS, TOK PACHPEIEISAETCS 110 CEYEHUIO CTEPXKHS IMOYTH PABHOMEPHO
U JIBUraTenpb padoTaeT, Kak OObIYHBIN KOpOTKO3aMKHYThIA. Ha puc. 8.14 mno-
Ka3aHO pacIpeieseHUe MIJIOTHOCTH TOKA j OT BBICOTBI CTEPAKHSL.

HaubGonee 3ameTHO 3 (eKT BHITECHEHUS! TOKA MPOSIBISETCS B JBUTaTe-
JX C 060uHOU KiemKoul. KOpOTKO3aMKHYTBIM POTOp CHA0XaeTcs JBYMS
KJIETKAMHU, JISKAIIMMU B TEJIE POTOPa OJHA HAJl IPYrOi: BEPXHEN — IIyCKOBOU
U HWKHEN — paboueit. BepxHsisi KjeTka BBITIOJIHEHA U3 MapraHIlOBUCTOM Jia-
TYHH (BBICOKOE yJI€JIbHOE CONPOTHUBIICHUE), HUKHSS — U3 KPACHON MeNH, U ee
CTEpKHH UMEIOT OoJipliee ceueHue. TakuM 00pa3oM, aKTUBHOE COMPOTHBIIE-
HUE BEpXHEHN KJIETKH 3HAUUTEIHHO OOJIbIlIE€ aKTUBHOT'O COMPOTUBIICHUS HUXK-
Hel (B 4 +5 pa3). UHAYKTUBHOCTh HM)KHEH KJIETKM BEJMKA, TAK KaK CTEPKHU
ATOM KJIETKU OKPYKEHBI CTaJbl0. Y BEPXHEW KIETKH MHAYKTUBHOCTH 3HAYU-
TEJIbHO MEHBLIE, TaK KaK MOTOK PACCESHUS BOKPYT €€ CTEPKHEU BCTPEYAET
Ha CBOEM IyTH OOJIbLIOE MAarHUTHOE CONPOTUBIIEHHWE BO3AYLIHOTO IpPOMeE-
JKYTKA MEXKITY POTOPOM U CTATOPOM.

B nepBbliit MOMEHT ITycka aBuratesns (moka s = 1) yactora TOKOB B pOTO-
pE€ paBHA 4aCTOTE CETH; B 3TUX YCIOBHUSX IMOJHOE CONPOTHUBIICHUE BHYTPEH-
HEel KIJIETKH 00YyCIIOBIMBAETCS ITaBHBIM 00pa3oM €€ OOJBIITNM UHAYKTUBHBIM
conpoTuBiaeHueM. TakuM o0pa3om, MpH MyCKe ABUTATEIs B POTOPE UMEET
MECTO BBITECHEHHME TOKA M3 BHYTPEHHEH KIETKU. B TO ke Bpems IoiHoe co-
IIPOTUBJICHUE HAPYKHOM KIIETKHU OIPEACISIETCS MPEUMYILIECTBEHHO €€ aK-
TUBHBIM COIIPOTHUBIIEHUEM, H TOK 3TOH KJIETKH CO3AAaeT OOJIbLION IMyCKOBOM
momeHT. [lo Mepe paszbera poTopa yacToTa TOKOB B HEM YMEHbBIIAETCS U
BMECTE€ C TEM YMEHBIIAECTCA U BIUSAHUE WHAYKTHBHOIO CONPOTHUBIICHUS HA
pacripeneneHue TOKoB. 1Ipy HOMUHANBHON CKOPOCTH 4acTOTa TOKOB POTOpa
MMeEET 3HaueHue nopsaka 1 [ B 3TUX yCIOBUAX MHIYKTUBHBIE COMPOTHUB-
JIEHUS PAcCEsIHUS BEChbMa MAJIbl U PACHIPENEIICHHE TOKOB MEXKIY KIETKAMHU
pOTOpa ONPENENAETCS OTHOIIEHUEM AKTHUBHBIX CONPOTUBIIECHUN KIIETOK. [lo-
ATOMY OOJIbIlIasi YAaCTh TOKA MPOXOIUT MO HIKHEH KIIETKE, a Pe3yIbTHUPYIO-
1Ie€ aKTUBHOE U IOJIHOE CONPOTHUBJIEHUS POTOpPA B TAKUX YCIOBHUSIX Mallbl,
KaK y OOBIYHOTO JIBUTATENS C KOPOTKO3AMKHYTHIM POTOPOM.

Takum oOpa3omM, y nBUTATENEH C TBOWHON OeMMYbeil KIETKOW aKTUBHOE
COIPOTUBJICHUE OOMOTKH pOTOpa MEHSETCS B 3aBUCHUMOCTH OT M3MEHEHUs
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CKOJIbKEHHSI — OHO BEJIMKO MPHU IMYCKE M Majio MpU pabouyeM CKOJbKEHUH,
Onaroyapsi ueMy JBUTATEIh PA3BUBACT MOBBIIMICHHBIA MTyCKOBOM MOMEHT IMPHU
ITOHWKEHHOM ITyCKOBOM TOKE.

8.7. MeToabl peryJiMpoBaHUs 4YaCTOThI BPAllleHUsI ABUTaTeJ el

YacToTa BpallleHHs] pOTOpa aCUHXPOHHOT'O JBUTATENSI ONPEEISAETCS CO-

60
OTHOUICHUEM: Ny = —f(l —§) CJIEIOBATEIbHO, U3MEHATh €€ MOXHO MEHSA

4aCTOTYy CETH, CKOJIBKEHUE UJIM YUCIIO I1ap MOJIIOCOB.

JIns peryJMpoBaHMUs 4YacTOThl BPALICHHWS ACUHXPOHHBIX IBHUTATENEH C
KOPOTKO3aMKHYTBIM POTOPOM OOBIYHO HMCIOJIB3YETCS METOJ YaCTOTHOTO pe-
I'yJINPOBAaHMS U METOJ U3MEHEHMS YHCIIa Tap MOJIOCOB BPAIAIOIIETOCS Mar-
HUTHOTO moJis. [ peryaupoBaHus 4acTOThl BpallleHusl ABUrarens c (as-
HBIM POTOPOM IPUMEHSETCS METOJ PEOCTATHOIO PETYJIUPOBAHMSL.

Yacmommnoe pezynupoeanue

HawnGoiiee epCcreKTUBHBIM METOJIOM YIPABJICHHUS YacCTOTON BpalleHUs
ACUHXPOHHOTO JIBUTATENS SBIISICTCS PETYJIUPOBAHHE YACTOTHI MEPEMEHHOTO
TOKa B 0OMOTKaX cTaTopa.

[Ipy W3MEHEHUH YacTOTHI MUTAIOIIETO HANPSKEHUS NP HEHM3MEHHOM

. U
HAIIPSOKCHUHU CCTHU U 1 HU3MCHJCTCI W MArHuTHBIM IIOTOK o® = 1 , I'AC

Comy
C, —TIOCTOSIHHBIA K03 uuueHT. [ coXxpaHeHUs MarHUTHOTO IIOTOKa, a,

CICOO0BATCIbHO, U MOMCHTA IIOCTOAHHBIMH HCIIOJIB3YIOT IIPOIMOPLHHUOHAIIBHOC

U
PETYIMPOBAHUE: ——- = const — ONHOBPEMEHHO C PETYJIMPOBAHUEM HYaCTOTHI

JOJDKHO M3MEHATHCS M ISHCTBYIOIIEE 3HAUCHNE HATIPSIKCHUSI.

DTy 3adady pemarT ¢ MOMOIIBI0 COBPEMEHHBIX JJIEKTPOHHBIX YCT-
POMCTB, KOTOpPHIE BKIIOUAIOT MEXIY CEThI0O M ACHHXPOHHBIM JIBUTATEIICM.
CHayana HampspKeHHE TpeX(a3HOW CETH BBIMPSAMIISETCS, a 3aTeM HHBEPTOP
npeoOpaszyeT BBIMPSMIICHHOE HAaMpsDKEHHE B TpeX(a3Hyr CUCTEMY Harps-
KCHHI HYKHOH 4acTOThl. B cucteme mpeoOpa3oBaHUs MPETyCMOTPEHO aB-
TOMAaTHYECKOE corjlacoBaHue 3HadueHud U; n f, oOecneunBaromiee Tpedye-

MO€ 3Ha4€HHE MaKCUMaJIbHOrO MOMEHTa. Takue mpeoOpa3oBaTesld Ha3blBa-
I0TCS TUPUCTOPHBIMU U OCHOBAHBI Ha MOJYIPOBOJHUKOBBIX 3JIEKTPOHHBIX
npudopax — TUpUCTOpaXx.

CeMeiCcTBO MEXAaHMYECKUX XapaKTEPUCTUK C YaCTOTHBIM PETYIMpPOBa-
HUEM IIPEJCTABJIEHO Ha puc. 8.15.
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Jloruka paGoThl TUPUCTOPHOTO MPeoOpa3oBaTENsi 3aBUCUT OT TOTO, B KaKyIO
CTOPOHY OT HOMHUHAJIBHON 4acTOThI TPeOyeTCsl OCYLIECTBISTh PETyJINpOBa-
Hue. Eciin HyHO 00ecnednTs 4acToTy, MEHbIIE HOMUHAIBHOW 71 < ny, IIpe-

o0Opa3oBaresb aBTOMaTHYECKU OJJHOBPEMEHHO C YMEHbIIEHUEM f yMeEHbIIa-
eT 3HaueHue U,, COXpaHsAsd HEM3MEHHOCTb MaKCHUMaJbHOrO MOMeHTa. Jliis
CIIy4asi 71 > My, COOMIOJCHNUE YCIOBUS MOCTOSIHCTBA M |, HE BBIIOJIHSET-
cs, T.K. TpeOyer pe-
TyJIUpOBaHUS  Ha-
npsokeaust Uy BbI-

A
ny N fH’U&V; _ U(bH

f e HOMHHAIBLHOTO.
Taxxe, BO m30exka-

HME  IEPETrPYy3KH

s JIBATATEIS 1o
MOIIHOCTH €r0 JIJIH-

Up <Ugpn TenbHas pabora mpu

f "< f ’,U&') <U(’b qgacToTax Bpale-
> A/ HUS, BBIIIE HOMH-
Puc. 8.15 HaJIbHBIX, A0I1yC-
THMa TOJIBKO IIpU

CHIDKEHUU HArpy3KH Ha Bally.

Heobxoaumo OTMETHTH, YTO TPH YACTOTHOM PETYJIUPOBAHUH MOIII-
HOCTh OyJEeT W3MEHSThCS MPOIMOPIHOHATFHO YacTOTe, HalpuMep, MpU
YMEHBIICHUU YacCTOTHI B 2 pa3a BJBOE YMEHBIIAECTCS U MOIIHOCTb, OTJaBac-
Mast IBUraTeIeM Ha Bally.

JloctouHcTBaMU METOAA YAaCTOTHOTO PETYJIMPOBAHUS SABJISAKOTCA KO-
HOMHUYHOCTb, IUIABHOCTh M OOJIBIION auamna3oH peryiaupoBaHus. Ho B Ha-
cTosiIiee BpeMs MpeoOpa3oBaTeb 4acCTOThI MO IIEHE MOXKET ObITh PaBHBIM
ACHUHXPOHHOMY JBUIaTEIIIO.

Pezyﬂupoeauue U3BMEHEHUueM uucijia nap nojirocoe

CryneH4aroe W3MEHEHHE YIJTIOBOM CKOPOCTH [IBUTATeNsl B IIMPOKHUX
npeaenax MEepeKIIOYEeHNEM YHuCia MHap IMOJI0COB OCYHIECTBUMO LIEHOW yc-
JI0’)KHEHUS U YAOPOKAHUS €r0 KOHCTPYKIIUH.

[Ipy NOCTOAHHOM YacCTOTE CETH YIJIOBasi CKOPOCTh IOJISI 3aBUCUT TOJIBKO
OT YHUCJIA TOJIOCOB 3TOTO MOJISA, OIpeaeIsieMoro oOMOTKo#M crtatopa. Ecnu Ha
CTaTope MOMECTHUTH JIBE OTJEIbHbIE 0OOMOTKH — OAHY, 00pa3ylollyo p mnap, a

JPYTyI0, 00pa3yoiyo p’ map MOJIICOB, TO, BKIIOUUB B CETh MEPBYIO WU
60 f 60f

BTOPYIO OOMOTKY, MBI TIOJy4UM CKOPOCTb MOJIS: Ry = —— WIH Ay =——;
p p
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!
n
CJIe1I0BaTENBHO, —,C:K, T.€. COOTBETCTBEHHBIM O00pa3oM OyIyT pasiu-

he P
4aThCsl M YaCTOThI BPAILIEHUsI POTOpA.
PerynupoBanue cKOpOCTH MyTeM MEPEKIIOYEHUS YKCIia ap MOJTICOB —
crynenyaroe. Cienyer UMeTh B BUIY, YTO 4acTOThI BpAlll€HUs MIPH YacCTOTE
cetu 50 'mu p =1 u 2 coorBerctBenHo 3000 u 1500 o6/mun, anpu p=5u

6 — 600 u 500 06/mun. IIpu GomnpieM Yucie map MOJIOCOB Pa3HUIA MEXKIY
4aCTOTaMU BPAIICHUST YMEHBIIIACTCSI.

JIBuraTenu ¢ M3MEHEHUEM YHCIIa TIap TMOJIIOCOB HAa3bIBAIOTCS MHOTOCKO-
pOCTHBIMU. [IpOMBINIJICHHOCTBIO BBITYCKAIOTCS JIBUTATEIN Ha JBE, TPH U Y-
TBIPE CKOPOCTH.

Puc. 8.16

JIns U3MEHEeHMsl 4Yuciia map MOJIIOCOB B OJTHM M T€ K€ Mas3bl cTaropa
MOXHO YJIOKUTh OTAEJIbHbIE OOMOTKHM C Pa3HBIMHU YMCIIAMH MOJIOCOB. B 3a-
BUCUMOCTH OT HEOOXOAMMOMN YacTOThl BpAILCHHS BKJIOYACTCS OJHA WIH
npyras oomoTtka. J[Bymsi OTIEIbHBIMU OOMOTKAaMM CHA0XarTCs CTaTOPhI
TOJIBKO y JBUTATENel HEOOJIBbIIONW MOIIHOCTH; Y JABUTATENCH OOIBIION MOIII-
HOCTH I11eJeco00pa3Hee MepeKIIoueHrue KaTyleK OAHOM U TOH e 0OMOTKHU
JUTS TIOJTyYEHUS pa3JIMyHOTO Yucia nap noitocoB. [IpumMep Takoro nepexsro-
YeHHs JBYX Karyuiek oJHou (as3wl mokazaH Ha puc. 8.16, a, 6. B mepBom
Clly4ae KaTyIIK{ BKJIFOUYEHBI MTOCIIEI0BATEIHHO, BO BTOPOM — NapayiienbHo. B
pe3ynbTaTe WU3MEHUTCS HANpPaBJICHHE TOKAa B MPOBOJHUKAX, COCTABIISIOIINX
dazy o6MoTkH, U Tonorpadusi MATHUTHOTO MO cTaHeT uHOoM. [lpu mocne-
JIOBATEJIbHOM COCAMHEHUH KaTyIIeK 00pa3yroTCs YeThIpe MOJIoca, TpH Ia-
paJuIeIbHOM — JIHIIIb JIBA.

JIOCTOMHCTBAMH JAHHOT'O CIIOCO0Aa SIBISIOTCS 3KOHOMHYHOCTH M OOJIb-
IO AMana3oH PeryjaupoBaHusi, K HEJOCTATKaM CJIEAYEeT OTHECTH OOJIBIIYIO
JMCKPETHOCTh M3MEHEHHSI YaCTOThl U YCJIOKHEHUE KOHCTPYKIIUU OOMOTKHU
cTaTopa.
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Peocmammnoe pezynupoeanue

Januslif cioco6 TpeOyeT mpuMeHEeHUs JBUraTesi ¢ (ha3HbIM pOTOPOM, B
1erb KOTOPOro, Kak mpu mycke (cM. puc. 8.11) BBonutTcs TpexdaszHblii peo-
ctat. Ho »TOT peoctaT moiKeH ObITh pacCYMTaH Ha JIIUTEIBHYIO Harpy3Ky
TOKOM pOTOpa, & HE HAa KPAaTKOBPEMEHHYIO, KaK ITyCKOBOW peocTar. Y BEJIU-
YEHUE AKTUBHOT'O CONPOTHUBIICHHUS LIEMU POTOpPA U3MEHSET XapaKTEPUCTUKY

ny(M), nenaer ee Oonee MOJIO-

A ny rov. Eciu npu mocTOSSHHOM MO-
MEHTE Ha BaJly JBUrATEJsl YBEIH-
YUBaTh CONPOTUBJICHUE IEMIHU PO-
TOpa MyTEM IOCTEIEHHOIO YyBe-
JIMYEHUST CONTPOTUBIICHUS PEOCTa-
ta (R <R[ <R[), To pabouas
TOYKa OyJET CMENaThCs ¢ OJHOM

" KPUBOM Ha CIEAYIOUIYI, COOT-
BETCTBYIOIIYIO BO3pPOCIIEMY CO-
MPOTUBJICHUIO  LIENUW  poTOpa
(touku 1, 2, 3). B pesynbrare
4acToTa BpalllCHUs JBUTaTENs

Puc. 8.17

OyJleT YMEHBIIIAThCH.

OTUM MyTEeM MOKHO HM3MEHSTh YAaCTOTY BpAILEHUS POTOpa B Mpeiaesiax
OT HOMHUHAJILHOTO CKOJIBKEHUS JI0 TIOJIHOM OocTaHOBKW. Ho mpum Takom crio-
co0e peryIupoBaHus HEW30ESKHBI OTHOCUTEIHLHO OOJBIIHME MOTEPH DHEPTHUH.
Hampumep, 11 yMEHBIICHHSI CKOPOCTH ABUTATeNs Ha 25%, HYXHO BKITIO-
YUTh TAKOE COMPOTHUBJIEHUE B IIEMb POTOpPa, B KOTOPOM OyAeT OecroJie3HO
MIPEeBpAIIATHCS B TEIJIO YETBEPTh SHEPTHH Bpalaronierocs mois. Peocratnoe
peryiaupoBaHne Takxke Hed((DEKTUBHO MPU MaJBIX HAarpy3Kax, TaKk Kak dac-
TOTa BPAIICHHS TIPAKTUYECKU HE MeHseTcs. HemocTaTkoM Takoro peocTaTHO-
rO PEryJupOBaHUS MOXKET SBISITHCS U TO OOCTOSITENICTBO, YTO BKIIFOUCHHE
COIIPOTUBIICHUS B IIETIh POTOPA JIENAET €r0 MEXaHUYECKYIO XapaKTEePUCTUKY
MsTYe, CIIEeIOBATENIbHO, YMEHBIIACT YCTOWYMBOCTh PA0OTHI JBHUTATEINs, TaK
KaK MpHU BKIIOUYEHHOM peocTaTe Majible M3MEHEHUSI Harpy3Ku Ha Bally BBI3bI-
BAIOT 3HAYUTEIIbHBIC U3MEHEHUS YaCTOThI BPAIIEHUS TBUTATEIS.

8.8. Paboune xapakTepuCTHKH ABUTATE/IA

Pabouumu xapaxmepucmukamu Ha3bIBAIOT 3aBUCUMOCTH MOIIHOCTH,
norpedaseMoil asurarenem F, norpebiasiemMoro Toka oOMOTKU craropa [,

K03(pULIMEeHTa MOIIHOCTH COS (], CKOPOCTH BpallleHHsl ABUraTens ny, KII/]
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P .
T‘|=—2 U Bpallaromero MOMCHTA M ot mone3Houn MOIDHOCTHU OBHIATCJIA,

1
OTHaBaCMOﬁ Ha Bally P2 . O XApPAaKTCPUCTHUKH OIIPCACIIAIOT OCHOBHBIC 3KC-

IUTyaTallMOHHBIE CBOMCTBAa ACMHXPOHHOI'O ABHUraTelsi U CHUMAIOTCS IpPU HO-
MHUHAJIBbHBIX YaCTOTE CETH f M HAIIPSDKEHUH Ha 3axuMax cratopa Uy =Uy,.

PabGoune xapakTepUCTUKA aCHHXPOHHOTO JBUTATENSI CPEIHEH MOIIHO-
CTH MOKa3aHbl Ha puc. 8.18.
3aBUCUMOCTh 71y = f(P,) Majno ominyaercs no gopme ot ny = f(M),

\ 7 OHA TaK)Xe€ MOXKET OBITh
1 Ha3BaHA JKECTKOMW. 3aBHU-

n R
M,n,1
>N, 11 [__cosg CUMOCTb TOKa [ or P,

s,ny,c0s Q1

AHAJIOTMYHA 3aBUCUMOCTHU
TOKa NEPBUYHON OOMOTKH
TpaHcopmaTopa oT
M MoIIHOCTH Harpy3ku. C

pPOCTOM MOIIHOCTH YBe-
/s JIMYUBAETCI TOK poTOpa
Txx 15>, Ipy 3TOM BO3pacCTaeT

XX U TOK craropa I, KOM-

0 Pou P,  mencupys pasmarauuu-
BalOIllee JCHUCTBUE TOKa

Puc. 8.18
poropa [,, Ipu 3TOM

oOecreunBaeTcsd HEM3MEHHOCTh MAarHUTHOI'O ITOTOKa Bpalmaromerocsa mar-
HUTHOrO 1oJis. B ACMHXPOHHOM JABHI'ATCJIC TOK XOJIOCTOI'O XOzIa 1 xx MOXCT

nocturath 50% OT HOMUHAJIBHOTO 3HAYCHHUS (M3-3a HAJUYHUS BO3IYIITHOTO
3a30pa, YBEJIIMUHUBAIOIIETO MATHUTHOE COMTPOTUBJICHUE).
Bpamaromuii MOMeHT M cKiaabIBacTCA M3 IIOJIE3HOIO MOMeEHTa M-

(HOHCBHBIﬁ MOMCHT, OT,HaBaCMBIﬁ Ha Bally ,IIBPIFaTCJI}I) n MOMCHTaA X0JIOCTOI'O
Xo4a M XX (3ana‘-II/IBaCTC$I Ha IMOKPBITHC MCXAaHUYCCKUX ITOTCPb ABUTaTCIIA U

HE 3aBUCUT OT Harpy3ku). llonesnsiii momeHT M5 :P%)z’ rae

QH = 27["%0 [pan/c] — MexaHWYecKasl yriioBas CKOPOCTh BpPAIEHUS POTO-

pa. Eciu 661 €25 OblIa MOCTOSIHHA, TO 3aBUCUMOCTb M (P,) Obuta Obl M-
HEllHa, HO CKOPOCTb JIBUraTesIsi HEMHOTO YMEHBIIAETCS C yYBEIMUYEHUEM P,
H03TOMY Ipaduk 3aBUCUMOCTH M 5 (P>) HeMHOro oTKiIoHseTcs BBepX. CooT-
BETCTBEHHO Tpaduk Bpamaromero Momenta M (P ), CKIaapIBarOIIErocs U3
MOMEHTa XOJIOCTOTO XO0Jla U IMOJIe3HOro MoMeHTa M, (P,), mepecekaer och
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OpAMHAT B TOYKE, COOTBETCTBYIONIEH My, @ 3aTEM OH IOYTH IPIMOIMHEUH

W JIMIIb HEMHOT'O M3rubdaercs BBCPX.
KOC—)(b(I)I/IHI/ICHT MOIIHOCTHU COS(] OLCHHUBACT COOTHOHICHUC MCKIAY aK-

A

JRE ot

[Tpu n3MeHeHNN HATPY3KHU JBUTATENS OT XOJIOCTOTO X0Ja 0 HOMHHAIb-
HOTO PEeXHMMa PEaKTHUBHAS MOITHOCTh OCTAeTCS MPAKTHUYCCKH HEU3MECHHOM,
TaK KaK €€ 3HaueHWEe OIpeAe/IIeTCs] 0OpaTUMBIMU MPOIECCAaMU TIEPUOINYC-
CKOTO M3MCHCHHMS 3armaca dHEPruyd MarHUTHOTO TIOJIS MaIllWHBI, MATHUTHBIN
MTOTOK KOTOPOTO TOJIICPKUBACTCS MPAKTUICCKH TTOCTOSTHHBIM.

B pexxume X00CcToro Xoaa, Korjaa HeoOpaTUMBbIE MTPOIECCHl MpeoOpas3o-
BaHMS DHEPTUU ONPEACIIIIOTCS TOJIBKO IMOTEPSIMU Ha HarpeB, aKTUBHAS MOIII-
HOCTh Majla, ¥ 3Ha4YCHHE KO3 (UIIMEHTa MOIIHOCTH Takke mayo. ITpu Bo3-
pacTaHMM Harpy3KH Ha BajJly aKTHBHAs MOIIHOCTb YBEJIWYMBACTCS, W, TIPHU
HEU3MEHHOM 3HAYCHUW PEAKTHUBHON MOIIHOCTH, PacTeT KOA(PHUIIMSHT MOIII-
HOCTH, KOTOPBIH B peKHUME, OJU3KOM K HOMHHAJIBHOMY, JIOCTUTAET CBOETO
HanOobinero 3HadeHus (0.7 +0.95).

JlanpHeiee yBeIndeHue TOPMO3HOTO MOMEHTA Ha Bajly MPUBOIUT K
CHIKEHUIO K03 puIimeHTa MOITHOCTH, TaK KaK POCT TOKOB B 0OMOTKAaxX MpH-
BOJUT K HACHIIICHUIO MAIWHBI, 3HAYUTEIHHBIM TOJISIM PACCESHUS, YTO BBI-
3BIBaCT BO3pACTAaHUE PEAKTUBHON MOITHOCTH W YMEHBIICHUE K03 duimenrta
MOIITHOCTH.

KoaddurueHT mone3noro aeicTBUS ONMPEASISICTCS OTHOMEHUEM T0JIe3-

TUBHOU P M peakTUBHON (J] MOIIHOCTSIMH JIBUTATENS COS(Q| =

HOM MOIIHOCTU P> K IOABOAUMON OT ceTh H: M= %, a MoJBOIMMAasl MOIII-
1

HOCTh pPaBHa CyMME€ I0JIE3HOW MOIIHOCTH W MOIIIHOCTEN BCEX MOTEPh B JIBU-
rarene: B =P + Bor-

[Torepu MOXHO pa3aeaUTh HA MOCTOSTHHbIC, MPAKTUYECKU HE 3aBUCSIIIUE
OT Harpy3Ku, U IEPEMEHHbBIC OT HEE 3aBUCSIIHE.

Hocmoannvimu nomepamu MOXHO CUUTATh IOTEPU B CTAIU CEPIACUHU-
Ka cTaTopa OT FUCTepe3rca U BUXPEBbIX TOKOB U MOTepU MexaHuueckue. OHu
ONPEICIISIFOTCS SKCIIEPUMEHTAIIBHO M3 OIBITA XOJIOCTOTO X014 ABUTATEIA.

Ilepemennvimu nomepamu SBISAIOTCS NOTEPU HA HArPEBAHUE MPOBOA-
HUKOB 0OMOTOK CTaTopa u poTopa:

2p . _ 2
Pl'[pl 2311 Rl) Pl'Ip2 —}’I’l212R2,
rine my —4ucio ¢paz oOMOTKH pOTOpa.

CBoero makcuManbHoro 3HaueHus (65 +95%) KIIJ nocturaer, kornaa
MEPEMEHHBIC TTIOTEPU PABHBI MOCTOSTHHBIM. Y OOJIBIIMHCTBA ABUTATEIICH 3TOT
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makcumyM KIIJ[ nmeer Mecto npu Harpyske, paBHOW 75% HOMHHAIBHOM,
TaK KaK JBUTATEIU MPOEKTUPYIOTCS C YYETOM TOTO OOCTOATENbCTBA, YTO J1a-
JIEKO HE BCET/1a OHU ITOJIHOCTBHIO 3arPYKEHBI.

8.9. Cnioco0bI 2JIEKTPUYECKOT0 TOPMOKEHHUSI ACMHXPOHHOI0 JIBUTATEJIfA

B psane cnydaeB BO3HHMKAET HEOOXOJIUMOCTh SKCTPEHHOTO TOPMOXKEHUS
neuratenst. Hanbonee a3 pexTuBHBIM sIBIIsIETCS MPOTUBOBKIIOUEHUE. B 3TOM

Puc. 8.19

KEHUE 2) B IeNb pOTOpa BBOJIUTCS JT00aBOYHOE
conpotusienue R, (xiou K2 B poropHOi 00-

MOTKE MEPEBOAUTCS U3 MOJOKEHUS | B MOJIOXKeE-
Hue 2). IIpu nonHoONW ocTaHOBKE POTOpA MUTAHUE

cily4dae, M3MEHSsl TOPSAIOK depenoBaHus (a3 craropa,
NOOMBAIOTCS M3MEHEHUSI HANpaBJICHUS BpAILCHUS Mar-
HHUTHOTO MOJIA. B cuily MEXaHM4eCKOW MHEPUHH POTOP
MPOJOKAET BpaIlllaTbCsi B HMCXOJHOM HaIpPaBJICHUHU.
ACHHXpOHHAsI MaIlllMHA TMEPEeXOJUT B PEXKUM 3JIEKTPO-
MarHuTHOTO TOPMO3a CO CKoJibkeHueM s > 1. [Ipu atom
yacrtota J/IC B poTOpe CYyHIECTBEHHO BO3pPACTAET, UTO
npusenetr k pocty JC u TokoB B potope. g orpanu-
YEHUs TOKOB B POTOPE Ha MOMEHT TOPMOKEHUS B LIEIIb
pOTOpa BBOJUTCS JONOJHUTEIBHOE CONPOTUBIEHUE R..

Cxema TOPMOKEHHSI MPOTUBOBKIIOYEHHUEM IIPUBEIICHA
Ha puc. 8.19.

B moMeHT Hauana Top-
Moxenus (xkmou K1 B cra-
TOPHOI OOMOTKE TMEePEBOJIUT- 1l 1l h 2
cs U3 TMOJIOKEHHs 1 B moJio-

CTaTOPHON OOMOTKH OTKJIHOYAETCH.

Topmoxenue

ACUHXPOHHOTO  JIBUTaTeIs Puc. 8.20

MO>XHO OCYIIECTBUTH IMyTEM TOJKIIIOUCHUS JBYX
¢dha3 oOMOTKHM cTaTopa Ha MmocTositHHOEe HampsbkeHue (puc. 8.20). B MomeHT
TOPMOXKEHHSI OOMOTKH CTaTopa OTKJIIOYAIOTCS OT Tpex(azHOH ceTu mepe-
MEHHOTO TOKa M TIOJKITIOYAIOTCS K CETH MOCTOSTHHOTO ToKa (ko4 K mepeso-
JUTCSL U3 TOJoKeHus 1 B monoxxenue 2. Potop Bpaiaercs B MOCTOSSHHOM B
MPOCTPAHCTBE M BPEMEHH MAarHUTHOM II0JI€, YTO MPUBOJUT K OBICTPON OCTa-
HOBKE aCHHXPOHHOT'O JIBUTATES.
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8.10. /IByx¢a3ubie u ogHo(a3HbIe IBUTATEN

Jlns psijga MCTIOTHUTEIBHBIX MEXaHW3MOB aBTOMAaTHKH, OBITOBBIX IPH-
OOpOB M T.I. HEOOXOIWMBI HAJIC)KHBIC JBHUTaTelid MEPEMEHHOTO TOKa He-
OOJIBIIION MOIITHOCTH, MUTaeMbIE OT OAHOM ha3wl TpexdazHou cuctemMbl. O0-
MOTKa POTOpa BBHUJIY MX MajoOd MOIIHOCTH BBINMOJHSACTCS BCETJa KOPOTKO-
3aMKHYTOM.

T R & *
Q3 ®
S e e O
N =l
- I
K e
Q T T T T T T ®
vV v v v VvYYy

Puc. 8.21 Puc. 8.22
Ecnu cHa®auTh ctaTop nBUTATENsl TOJIBKO OJHOM (pa3HON OOMOTKOM, TO
NEPEMEHHBIN TOK, 0 HEll MpoTeKamui, 0y1eT Bo30yKaaTh B MallllHE, IM0-
Ka €€ POTOp HENOJBHMKEH, IIEPEMEHHOE MAarHUTHOE I0JIE, OCh KOTOPOIro He-
NOJBM)XHA. DTO noJie OyAeT UHIYKTUPOBATh B MPOBOJAHUKAX OOMOTKHU POTO-
pa TOKH, KOTOPBIE, B3aUMOJEWCTBYSI C MAarHUTHBIM IIOJIEM, CO3MaIyT DJICK-
TpoMmarHutHble cuiibl f (puc. 8.21). Tak Kak 3TU CHJIBI OKaXYTCS MPOTHUBO-

MOJIO’KHO HAIlpaBIICHHBIMU B MPABOW U JIEBOW IMOJOBUHKAaX pOTOpa, TO pe-
3yJIBTUPYIOIMIUNA MOMEHT OyneT paBeH Hymo. CienoBarenbHO, IPU HATUYUU
OJTHOM OOMOTKHM HaYaJIbHBIN MMYyCKOBOW MOMEHT OJHO(A3HOTO JBUTATENS pa-
BEH HYJIIO, U IBUTATEIIb CaM C MECTa TPOHYTHCSI HE CMOKET.

[TpumensroTcst nBa croco0a CO3AaHUS ITyCKOBOTO MOMEHTA, IMTOATOMY
JIBUTATEIU JIETATCS Ha 0JfHO(Da3HbIE U ABYX(a3HbIE.

Jleyx¢paznuvie 0euzamenu noMmuMo OOMOTKH, BKITIOUaeMOUM Ha HaIpsiKe-
HHUE CETU C YHMCIIOM BUTKOB W], CHaOXaroTcs BTOPOH 0OMOTKOM (W, ), KOTO-

pasi COeQUHSIeTCS IMOCIIEI0BAaTeIbHO C KOHJIEHCATOPOM (KOHAEHCATOpPHBIE
JIBUTATENN). DIEKTpUYECcKasi CXema TaKoTro JBUTaTessl MpeicTaBieHa Ha puC.
8.22. B mazax cTaropa TakuX JBUTATeJeH pa3MemarTcs A8e (a3Hble 00MOT-
KM, KaX/Jasi U3 KOTOPBIX 3aHUMAET MOJIOBUHY BcexX Ma3oB. CMelleHne KaTy-

IEK B MPOCTPAHCTBE U BPEMEHHOM CIBHUT TOKOB [, U [, o0ecnednBaroT yc-
JI0BUS1 00pa30BaHUsI BPAILAIOIIET0CS] MAarHUTHOTO TOJISL.
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B kauecTBe nBYX(pa3HOr0O MOXKHO HCIOJIb30BaTh MaJblil Tpex(as3HbII
ACUHXPOHHBIN ABUTaTeNb. /7151 3T0M 11e1m aBe Pa3Hbie 0OMOTKH COSIUHSIIOT-
Csl TIOCJIeI0BATENbHO U BKIIIOYAIOTCS O] HAIIPSKEHUE, a TPeThsl 00OMOTKA CO-
€AUHACTCS IOCIEA0BATEIBbHO ¢ KOHIAEHCATOPOM M BKIIIOYAECTCA IMOJ TO K€
HanpspkeHue (eMKOCTh BbiOMpaercs u3 pacyera 10Mk® Ha 1kBT momHocTH
JIBUTATEIs).

Oonogpasuwiit 06uzamensy He pa3BUBAECT HAYAIBHOIO ITyCKOBOTO MOMEH-
ta. Ho eciu potop onHo(a3HOro ABUraresisi pacKpyTUTh B JIFOOYIO CTOPOHY
IIPY IOMOILM BHEIIHEW CHIIbI, TO B JaJIbHEHIIEM 3TOT pOTOp OyAeT BpallaThb-
CS CaMOCTOSITEJIbHO M MOKET pa3BHUBAaTh 3HAYMUTENIBHBIM BPAILAIONIUN MO-
MEHT.

CXoIHBIE YCJIOBHSI CO3/IAIOTCS Y
Tpex(}a3HOTO JABUraTeNsI TPH TEPero-
>/\< "2 panun mpemoxpaHuTens B OZHOW U3
Q > da3. B Takux ycnoBusix ogH0o(ha3HOrO
\/ 2 nuTaHus TpexdasHbld aBUTATENH OY-
JeT npoaosKaTh padbortars. Ho Bo u3-
OexaHMe meperpeBa IBYX OOMOTOK,
OCTAIOLIUXCA BKIIIOUEHHBIMH, HEOOXO-
MO, 4TOOBI Harpy3ka asuratens He npesbimana 50 + 60% HOMHUHAIBHOI.
Opno(a3HpIil aCHHXPOHHBIA JBUTATENhb MOXHO TMPEACTaBHTHh KakK JBa
OJIMHAKOBBIX Tpex(a3HbIX ACHHXPOHHBIX JIBUTATENS, COCTUHEHHBIX OOIINM

BAJIOM U UMEIOIINX PAa3IUYHBIN mOpsiAok yepenaoBanus ¢as (puc. 8.23). Eciu
oOmuii BaJl IPUBECTH BO BpaIllCHHE,

»
—®

&%

Puc. 8.23

A
n
1 2 TO OJHa MaiMHa OyJer paboTaTh B
——1
I JBUTATEIILHOM pEXHME, a BTOpasi — B
\ PEXKHUME AIEKTPOMArHUTHOTO TOPMO-
3a. M3-3a pazHoctu momenToB [ u II
= Myex MAaIITMHBI TOSIBISIETCS. PE3YIBTUPYIO-

M Bpamaromuid  MOMEHT (puc.
8.24).
B sTux ycrnoBusix Bpalmaromuyii
MOMEHT, CO3/1aBa€Mblii MpPSIMO Bpa-
Puc. 8.24 [MIAIOUIMMCS TToJIeM (IpSAMOE Moje —
BpalaeTcs B OJHY CTOPOHY C POTO-
pOM), CTAHOBUTCSI 3HAYUTEIHHO OOJIbIIIE MOMEHTA, Pa3BUBAEMOTO OOpaTHO
BpalAOIIMMCS ToJIeM. B pe3ynbTaTe poTOp MOMKET HE TOJIBKO CaMOCTOS-
TEJIBHO BPAILATHCA, HO U MPUBOJIUTH BO BpalllEHUE KaKOH-IN00 MEXaHU3M.
3amaya mycka B X0J 0JHO(GA3HOrO JBUTaTeNsl pEelIaeTcsi MOCPEICTBOM
MPUMEHEHUS MMyCKOBOIO ycTpoiicTBa. Yare Bcero 3To JOMOJIHUTENbHAS 00-
MOTKa, MMOJ00Has BTOpOH O0OMOTKE NBYX(a3HOTO JBUTATENSA, HO OTKIIOYae-
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Mas 0 OKOHYaHUM MYCKa, TaK KaK OHA PacCUMTHIBAETCS JIMIIL Ha KPATKO-
BPEMEHHYIO Harpy3ky Tokom. IlociemoBaTenbHO ¢ 3TOM 0OMOTKOM BKIIFOYa-
eTcs hazocMearoiiee yCTporucTBO (Hampumep, EMKOCTB).

9. MamiuHbI NOCTOSIHHOTO TOKA
9.1. Haznayenue 1 00,1aCTH IPUMEHEHHSI MALIMH MOCTOSTHHOI0 TOKA

DJIEKTPUYECKHUE MAIIMHBI MOCTOSHHOTO TOKA IIMPOKO MPUMEHSIOTCS B
KAueCTBE JIBUTATEJIEH, HECKOJIBKO MEHbIIIE — B KayecTBe reHeparopos. Illu-
pPOKOE pacnpoCTpaHEHHUE JBUTaTesiell MOCTOSHHOIO TOKa OOBSCHSAETCS MPO-
CTBIMU M HAJICKHBIMH CIIOCOOAMU PEryJIMPOBAHUS YACTOTHI BPAIICHUS B ITHU-
POKHUX Tpejienax, OONbIMMHU MyCKOBBIMA MOMEHTAMHU U TMEPErpy30YHOM CIO-
COOHOCTBIO, UM Y JIBUTaTesei mepeMeHHoro Toka. [loaToMy ux mmpoxo uc-
MOJIB3YIOT B AJIEKTPONPUBOAAX, TPEOYIOMIMX TIIyOOKOTO PEryJIupoBaHuUs Yac-
TOTHI BpallleHHusI (METAJLTyprudeckasi IpOMbIIIJIEHHOCTh, TPAHCHIOPT U T.IL.).
['eHepaTopbl TOCTOSHHOTO TOKA HAaXOASAT IIMPOKOE MPUMEHEHWE IS MUTa-
HUSI DJICKTPOJIUTUYECKUX BaHH, 3aPSAKH AKKyMYJISITOPOB, BBICOKOKAYECTBEH-
HOW CBapKH.

JlnanazoH MOIIIHOCTEN MAIIWH MOCTOSIHHOIO TOKa JOCTAaTOYHO HIUPOK —
OT €IUHUI] BaTT JI0 JECATKOB THICAY KUJIOBATT (KpYIHBIE IBUTATEIH IS
MIPOKATHBIX CTAHOB, TPEOHBIX BUHTOB KOpabJIei).

OCHOBHOI HEOCTAaTOK MaIllMH IMOCTOSIHHOTO TOKa CBfA3aH C paboToi
HIETOYHO-KOJIJIEKTOpHOro y37a. [lpu ompeneneHHbIX HEOMArOnpHUsITHBIX YC-
JIOBUSIX MIETKU MOTYT UCKPHUTh, YTO CHIDKAET HAJIEKHOCTH PaboThI U TpedyeT
HaJ30pa M yxoja 3a MaluHOi. Takyr MalllMHy HEJIb3sl WCMOJb30BaTh BO
B3PBIBOOIIACHBIX cpeniax. KoJUIeKTOp yCIOKHIET U yAOPOKAET €€ KOHCTPYK-
LU0 ¥ 3KCIUIyaTalWI0 MO0 CPaBHEHHUIO ¢ OECKOJUIEKTOPHOW MAaIlMHOW mepe-
MEHHOr0o Toka. TeM He MeHee, 001acTh MPUMEHEHUSI MAIllMH MMOCTOSIHHOTO
TOKa, JOCTaTOYHO OOIIMPHA, a TIOSIBJICHUE MPOCTHIX W MaJorabapuTHBIX TO-
JTYTPOBOJHUKOBBIX BBIIPSAMUTENCH MO3BOJIUIIO MIUPOKO MPUMEHATH B CETIX
MIEPEMEHHOTO TOKA JBUTATEIW IMOCTOSAHHOTO TOKAa, COCAWHEHHBIE C 3TUMHU
BBITIPSIMUTEIISIMU.

9.2. YCTpPOMCTBO MAaIlIMHBI IOCTOSIHHOT'0 TOKA

Maimuna nocrossHHoro toka (MIIT) cocTouT M3 HEMOABUKHON 4YACTH,
HA3bIBAEMOW CTATOPOM, CIy>Kallel aJisi BO30YK/IeHUS TJIaBHOTO MarHUTHOTO
MOJIsA, U BpAIIAOUIeiicsl YaCTH, KOTOPAasi Ha3bIBAETCS IKOPEM (pPOTOP).

Crarop u SAKOpb OTAENEHBI IPYT OT JIpyra HEOOJIBIIUM BO3IYIIHBIM 3a-
3opoM. Ha puc. 9.1. noka3an ynpoIleHHbI MONEepEeYHbIil pa3pe3 cTaTopa ye-
TeipexmnontocHon MIIT.
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CraTtop COCTOUT M3 CTAaHHUHBI, HA KOTOPON YKPEIUIAIOTCS IJIaBHBIE MOJIFO-
Cbl JUIsl BO30YX/I€HHS OCHOBHOI'O MAarHUTHOTIO MOTOKAa U JIOTMOJIHUTEIbHBIE
IIOJIFOCBI JUISl XOPOLIEH KOMMYTAallii MaIIUHBbI.

['maBHBIA TMONIOC COCTOUT W3 CepJeYHUKA, HAOpPaHHOTO W3 JHCTOBOMU
AIIEKTPOTEXHUYECKON CTalM M YKPEIJICHHOro OOJTaMU Ha CTaHUHE, U 00-
MOTKH BO30y:xaeHUs. CepAeuHrK Ha CBOOOTHOM KOHIIE CHA0KaeTCs MOIOC-
HbIM HaKOHEYHUKOM JUJIs CO3AaHUs TPEOYEMOro paclpeeIeH!s] MarHUTHOTO
MOTOKA.

OO6MOTKa BO30OYXIEHHUS JTMOO MUTAETCS OT MOCTOPOHHETO HMCTOYHUKA
MOCTOSIHHOT'O TOKa, TM00 OT 32KMMOB SIKOpHOU 00MOTKH. KaTymku oOMoTKH
BO30YKJICHHSI COECIMHSAIOTCS MOCIEN0BATENbHO TaK, 4TOOBI MOMtOChl N U S
CTaTOpa YEPEAOBAIUCE.

CranuHa sBISETCS SPMOM MAIIMHBI, T.€. YacCThIO, 3aMBIKAIOIIEH Mar-
HUTHYIO LIETb [JIAaBHOTO NMOTOKA. OHA M3rOTABIMBAETCS MACCUBHOW U3 JTUTOU
CTaJIM, TaK KaK MAarHUTHBIN MOTOK B HEW OTHOCUTENIBHO MOCTOSIHEH. [[omodt-
HUTEJbHBIE MOJIIOCH YCTAHABIMBAIOTCA HA CTAHMHE MEXIYy OCHOBHBIMH. MX
CepJCUYHUKH KpemsTcs OoNTaMu K CTaHMHE, a KaTyUIKH UX OOMOTOK COE€IM-
HSIOTCS IOCIEA0BATENIBHO C IKOPEM.

ITonrocHbBIT HAKOHEYHUK

OOMoTKa
BO30YKICHUS

Crannna

Cepaeunuk
TJIABHOTO
moJTroca

Cepneynuk
JIOTIOJTHUTEIBHOTO
ToJIr0Cca

Puc. 9.1

SAxopeM Ha3bIBAIOT YacCTh MAIllMHBI, B OOMOTKE KOTOPOW MPHU BpaIlICHUU
€€ OTHOCUTEIBHO TJIaBHOTO MarHutHOro noss unaykrupyercs DJC. B ma-
IIMHE TTOCTOSIHHOT'O TOKA SIKOPb (pHUc. 9.2.) COCTOUT U3 3y0UaToro cepAaeuHu-
ka 1, oOMOTKHU 2, yJIOKEHHOM B Ma3zax cepJeyHuKa, U KOoJUIeKTopa 3, Haca-
’KEHHOTO Ha BaJl sikopsi. CepAeuHUK HaOUpaeTcs U3 JIMCTOB JIEKTPOTEXHUYE-
CKOM cTanu ToamuHou 0.5 MM, M30JIMPOBAHHBIX APYr OT Apyra JiakoM. Jlis
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OTBOJIA TOKAa OT KOJUIEKTOpAa CIy>KaT YrOJIbHbIE WJIM MEIHbIE IIETKH, yCTa-
HOBJICHHBIE B LIETKOJIECPKATENAX.

Konnekmop — 3710 TONBIN HWIWHIP, COOpaHHBIA M3 W30JUPOBAHHBIX
JIpYyT OT Jipyra KIWHOOOpa3HbIX MeAHbIX muactuH 1 (puc. 9.3). Ilnactuns
KOJUUIEKTOpA M30JIMPOBAaHbI TaKXe OT Baja MamiuHbl. [IpoBomamu 2 oHM co-
SAMHSIOTCS C BUTKAaMU OOMOTKH, pa3MEIeHHON B Mma3ax poTopa. Ha kosiek-
TOP ONMHPAIOTCS YTOJbHBIC WU METAIJIOYTOJIbHBIE IIETKU 3, MOMEIICHHBIC B
HIETKOAEPKATENAX, KOTOPhIE KPEMITCA K MOAIIAMHUKOBBIM IuTaMm. Yepes
HETOJIBIKHBIC IIETKU Bpalllaloiasics 0oOMOTKa COCAUHSETCS C BHEIHEH Iie-
TbIO.

[IpumeHeHne KOJUIEKTOpa HEOOXOUMO B T€HEpaTOpaxX MOCTOSHHOTO TO-
Ka JJ1s1 BeIpsAMIIeHUs niepemeHHoi DJIC, MHIyKTUpyeMOi BO Bpallarolieics
OOMOTKE, a B JIBUTATEJISAX MOCTOSTHHOTO TOKA KOJUIEKTOP HYXEH JIJIs Moyve-
HUS MIOCTOSSHHOTO TIO HAIIPaBJIEHUIO BPAlIaOIIer0 MOMEHTA.

Puc. 9.2 Puc. 9.3

9.3. Pe:xxuMbl pad0Thl MAIIMHBI TOCTOSTHHOT'O TOKA

Kak u Bce anekTpruyeckue MalliHbl, MalIMHbI IOCTOSTHHOTO TOKa OOPaTUMBI.

MammHa paboTaeT B peXUME 2eHepamopa, eciv €€ BpallaeT MepBUY-
HBII JBUraTeNb, TIaBHOE MarHUTHOE I10JIe BO30YXK/IECHO, a LIETb SKOPS 3aMK-
HyTa 4epe3 LIETKH C NPUEMHHUKOM. IIpu Takux yclIOBHSAX NOJ JEUCTBHEM
OJC, uHAyKTHpyeMOH B OOMOTKE SKOpsS, B 3aMKHYTOM IIeMH SIKOPb-
IIPUEMHUK BO3HHUKAET TOK (puc. 9.4, a), copnagaromuii ¢ 9J[C no Hanpasiie-
Huto. DJIC sKops paccuuThIBAETCS 1O PopMyIie:

E qa= C E - D-n )

rne Cp —TNOCTOSHHBIM A AaHHOW MamMHbI KO3()(UIMEHT (3aBUCUT OT
YHUCJIa MOJI0COB, YMCia NapaJyIebHbIX BETBEI), 7 — 4acTOTa BPAIICHUS KO-

ps.
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ypaBHeHI/IC QJICKTPUICCKOI'O COCTOAHUA TCIIN AKOPA
E,=U+I,4R,,
TAc RSI — COIIPOTHUBJICHHUC 00MOTKH AKOPA.

B3aumopeiicTBue ToKa SIKOpsI C TJIaBHBIM MarHUTHBIM IOJIEM CO3/1aeT Ha
BaJly F'€HEepaTopa TOPMO3HONM MOMEHT, KOTOPBII IPEO0JIEBAECTCS IEPBUYHBIM
nsurareneM. I'eHeparop npeobpasyer MEXaHMUECKYI0 SHEPTHUIO B JIEKTpUYe-
CKYIO.

B osuzamenvnom pexume nenum sSKops u

1
A Iy BO30Y)KICHHSI MAIIMHBI MPUCOECIUHEHBI K HC-
TOYHUKY OJJIEKTPOIHEpPIruu. Biaumonencrsue
Ey Eg TOKa SIKOPSI C IJIaBHBIM MArHUTHBIM IIOJIEM CO3-
JIaeT BPAIIAIOIIAN MOMEHT PABHBIN
M=Cy - D1,

60
a 6 rne Cy; =Cp -— — BeJIMYMHA, MOCTOSHHAS

Puc. 9.4 2n

JJIS JTAHHOM MAaIlIMHBI.

Ilox neiicTBMEM MOMEHTA SKOpPbH BPAILAETCs, MIPEOI0JIEBAsT MOMEHT Ha-
rpy3ku Ha Baity. [Ipu stom D/[C sikopsi MpOTUBOEHCTBYET TOKY B IIENH KO-
ps U HampaBlieHa emy HaBcTpeuy (puc. 9.4, 0). IlpwioxeHHoe K 3aKuMaM
SAKOps JABUTATeNd HaNpsDKEHUE paBHO cyMMe npotuBo-O/[C m maaeHus Ha-
OpsDKEHUST Ha BHYTPEHHEM  CONPOTUBJICHMM OOMOTKH  sIKOps R, :
U=E4+ Ryl . Orcrona TOK AKOps ABUTaTEs
— (U - E ;[) .

RH

Bo30y>xeHre TIaBHOr0 MarHUTHOTO TOJIS1 BO3MOXKHO € ITOMOLIBIO JTUO0
AJIEKTPOMArHUTOB, TU0O0 MOCTOSIHHBIX MarHUTOB (MEHEE PacpOCTPAHEHO).

Bce paboune xapakTepUCTUKHM MAalllMHBI MOCTOSIHHOTO TOKA 3aBHUCST OT
crioco0a BKIIIOYEHHSI LeNU BO30YKJIEHUS 110 OTHOLIEHUIO K Lenu sikops. Co-
€IMHEHUE STUX Leneld MOXKeT ObITh NapajuIeIbHBIM, IOCJIEI0BATEIbHBIM,
CMEIIaHHBIM M, HAKOHEL, LUENU 3TU MOTYT OBbITh HE3aBHUCHUMBI OJIHA OT ApY-
rOi, B COOTBETCTBHE C 3TUM IPHUHATO pazinyaTh MMapajuiebHOE, MOCIEI0BA-
TEJIbHOE, CMEIIAHHOE M HE3aBUCUMOE BO30YKJIeHHE MaIMH. MOIIHOCTD, 3a-
TpauMBaeMasi B LENU BO30YXACHHS, IPHU JIOOOM crocoOe BKIIOUEHHS 00-
MOTKH BO30Yy:KJACHUS Majia, mopsiaka 5% HOMHHAIBHON MOIIHOCTH Y MaJlbIX
MalmuH U MeHee 1% y Oonblinx. DTO AETaeT BO3MOXKHBIM 3KOHOMHYHOE
yHpaBjieHUuE padOTON MaIIMHBI TOCTOSTHHOTO TOKA.

[5[
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9.4. Beinpsamienue nepemennoi 31C

Ha puc. 9.5, a uzo6paxena ynporiennas mojaenb MIIT. IlycTe saxopb
IPUBEJAEH BO BpAILCHUE JBUTATEIIEM B HAIPABJICHUU JBHKEHUSI YaCOBOU
CTpENKH, OOMOTKa BO30YXICHHUS TOJKIIOUYEHA K HCTOYHHKY ITOCTOSHHOTO
HaNpsDKEHMs], a BHELIHSS LENb OTKIIOYEHA OT sikops. Ilpu BpameHuun sxop-
HOW OOMOTKM €€ TPOBOJHUKH OyAyT mepeceKaTh MarHUTHBIC JIMHWUW TIOJIS
CTaTOpa M B HUX IO 3aKOHY AJIEKTPOMArHUTHOM MHAYyKIuU HaBeaetrcs DJC
e=B,lv, rne B, —HOpMallbHas COCTaBJISIOIIAs MarHUTHOW WHIYKIWU B

BO3JIYIIIHOM 3a30pe; [ —aKTHWBHAs JJIMHA MPOBOJIHMKA; V —JIMHEWHAs CKO-
pOCTb.

N

X
>y~ €2 €2
€ &3 €] €3

'H I'H
EO 2 om | <>

N €6 €4
€q €y
© es ® °s
. 3 .

(%)

5 |

Puc. 9.5

=
=

o
o)

[IpumeHsis TpaBWIIO NMPaBOM PYKU, MOXKHO YOEIUTHCA, UTO HaIpaBJICHUE
SJ1C e; — e3 BO BCeX MPOBOAHMKAX, JIBUKYIIUXCSA B 30HE CEBEPHOTO IOJIIOCA,

OyZeT OAMHAKOBBIM — OT MEpPETHEro Topla SKOps K 3aaHeMy (0003HaYeHO
3HAKOM KpecTa). B mpoBoaHMKAax, IBMXKYIIMXCS B 30HE FOKHOTO MOJIOCA,
OJIC Oyzer HampaBieHa OT 3aJHEr0 ToplLa SKOpsA K IepeaHeMy (e4 —eg)

(o003HaUeHO TOUYKOM Ha puc. 9.5, a).

I'eomempuueckasa neumpans (I'H) — 310 nuHUs, TpoXonsdias 4yepes
CepeANHY MEXIOJIKOCHOIO MPOCTPAHCTBA U CEpEAUHY MallnuHbl. Duzuueckan
neumpans (OH) — 510 NUHYS, TIPOXOIAIIAS YEPE3 TOUKU OKPYKHOCTH SIKO-
ps, TIe MarHUTHasi MHIYKIUS paBHA HYII0. B MOMEHT nepexojia mpoBOIHU-
koB uepe3 ['H (puc. 9.5, 6) 9JIC B HUX HAaBOJIUTHCS HE OYJAET, TaK Kak 3/1€Ch
HOpMaJibHAasl COCTAaBJISIIOIAS MAarHUTHOM MHAYKIMU paBHa Hy0. CienoBa-
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TEJIbHO, MPU BPAIICHUU SIKOPSI B €ro MPOBOJAHUKAX, MEPEMEIIAOIINXCI U3
30HBI OJIHOTO TIOJIOCA B 30HY JPYTOro IOJIOCA, HABOJSATCS TEPEMEHHBIE
O/IC. Tok B 0OMOTKE SIKOpS HE BO3HHUKAET, TaK KaK ajredpanueckas cymma
MrHoBeHHBIX 3HaueHud DJ]C Bcex mocneoBaTeIbHO COCTMHEHHBIX MPOBO/I-
HUKOB 3TOH OOMOTKH paBHa HYJI0. ECM yCTaHOBUTH HETMOJBMKHBIE IIETKU
JUTSL OCYIIIECTBIICHHUSI CKOJB3SIIET0 KOHTAaKTa ¢ mpoBomHukamu Ha ['H, TO
MEXIy IIETKaMH Bceraa OyayT HaXOIUThCS MPOBOJTHUKUA OOMOTKH C OJIMHA-
KoBO HampasiaeHHbIME DJ[C, cyMMa KOTOPBIX MaKCHMaJIbHA W MIOCTOSTHHA.

etk nemsT 0OMOTKY SIKOPS Ha JBE YaCTH C OJJMHAKOBBIM YHCIIOM TIO-
CJIETOBATEILHO COCTMHEHHBIX MTPOBOJHUKOB. DTH YaCTH OOMOTKH HA3BIBAIOT
napanneibHIMu 6eMeAMU.

bnarogaps HaIMUMIO MIETOK HAIMPSKEHUE HA 3a)KUMax MAaIIMHBI TOCTO-
SIHHO, XOTSl B KaXXJIOM M3 MPOBOJAHUKOB OOMOTKHU €€ SKOpS UHIAYKTHUPYETCs
nepemenHas DJ1C.

[Ipu HEmocpeACTBEHHOM KOHTAKTE IETOK C OOMOTKOM SIKOpS YCIOBUS
paboThl KOHTAKTOB MaJIO OJIATOTPUSTHBI U3-3a BHICOKOM OKPYKHOM CKOPOCTU
Ha MOBEepXHOCTH sKOps. [loATOMYy IIETKM yCTaHABIMBAIOTCS Ha TUIACTUHBI
KOJUIEKTOpA, KOTOPHIE COCIUWHEHBI TPOBOAHUKAMH C COOTBETCTBYIOITUMU
cexknusmMu sikopsi. LlleTkn yepe3 MmiacTUHBI KOJUIEKTOpA TaKXKe COCIUHSIOT
napajieIbHO BETBU OOMOTKH, HO JUAMETP KOJUIEKTOpA 3HAYUTEITHLHO MEHB-
e IraMeTpa sSKops, Oaromaps 4eMy CyIIECTBEHHO MEHBIIE €r0 OKpYKHas
CKOPOCTh, @ MEXaHMYECKH IUIACTUHBI KOJIJIEKTOpPAa 3HAYHMTEILHO TPOYHEES
MIPOBOJTHUKOB OOMOTKH SKOPSI.

B reneparope meTku U KOJJIEKTOP HEOOXOAMMBI JJISI BEITTPSIMIICHHS T1€-
pemennoit DJIC BUTKOB 0OMOTKHU. B nBUraTeNne KOMIEKTOp U METKU obecte-
YUBAIOT HEMPEPHIBHOCTH BpaileHus. [1o BceM MpoBOJHUKAM MapauielbHON

1
BETBU OOMOTKU AKOPS IPOXOAUT OAUH U TOT JKC TOK I = 2—;{ , I'JC 2a — 4HUCI0
a

NapajyieIbHBIX BeTBE. Eciym Ha Bce 3TW MPOBOAHUKHU BO3JEHUCTBYET DJICK-
TPOMarHuTHasi CUJia OJTHOTO M TOTO K€ HAIIPABJICHUS, TO JIBUTATEJIb PA3BUBA-
eT HauOOoJIBIIHMK Bpamarmuii MoMeHT. Korja ke mpoBOJTHUK MEPEXOAUT U3
00JlacTH OJHOTO TMOJI0ca B 00JIaCTh JPYroro IOJIIOCa, TO OJHOBPEMEHHO
HIETKU Y KOJUIEKTOP MPOU3BOMST NEPEKIIOUCHUE HAMPABICHUS TOKA, MPOXO-
JIAIIETO IO MPOBOJHUKY. biiaromaps 3TUM NEPEKIIFOYEHUSIM COXPAHSIETCS He-
VM3MEHHBIM HaNpPaBJICHUE BPAILIAKOIIETO MOMEHTA.

9.5. Peaknus ssikops

Peaxuyueil akopa Ha3pIBaeTCs BO3/CHCTBUE MAarHUTHOTI'O MTOTOKA OOMOT-
KM SIKOPS HA MarHUTHBIN MOTOK BO30YkJIeHHs. B OOJMBIIMHCTBE Clly4aeB 3TO
HEXENATeNIbHOE SBJICHHE, MCKaXalollee OCHOBHOE MAarHUTHOE IOJIE U TEM
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CaMbIM yXY/IIAI0IIee YCIOBUs pabOThl MAIlIUHbI, TO3TOMY MPU KOHCTPYHUPO-
BAHUU MAIIMHBI NPEAYCMAaTPUBAIOTCA MEPBI U1l YMEHBIIECHUS BIUSHUS pe-
aKIUU AKOPSL.

[Toxa TOK MPOXOIUT TOJBLKO MO OOMOTKE BO30YKIEHUS (TOK SIKOpPS pa-
BEH HYJII0), MArHUTHOE MOJI€ MAIllMHbl CUMMETPUYHO MO OTHOILICHHUIO K OCH
CEpACYHHUKOB MOJIFOCOB M MOJ MOJKOCAaMU NouTH paBHOMepHO. Ho korga mo
00OMOTKE SIKOPSI TPOXOAUT TOK, OH CO3/Ia€T CBO€ MarHUTHOE TIOJIE.

[Ipu Harpy3ke MalIuHbBI MOJIE AKOPS HAKJIAJBIBAETCA HA OCHOBHOE IOJIE
1 uckaxaer ero. [IoTok B MalnHE cMeNIaeTcsl 1Mo HANpaBJICHUIO €€ Bpallle-
HUSI B TEHEPATOPHOM PEKHME WM MNPOTUB HAIPABJICHUS B JBUTAaTEIbHOM
pexume. [Ipu 3TOM MOTOK pacnpenesnsieTcs HECUMMETPUYHO O OTHOIIEHHS
K OCHU IOJIOCOB — OCJIA0JISIETCs MO/ OJJHUM KpaeM M YCUIIMBAETCS MOJ JIpY-
ruM, npu 3toM @H cmemaercs no orHomenutro Kk I'H. Beneacrsue aroro
MEXAY IIeTKaMU B KaXJOW MapajijieibHOW BETBU OOMOTKH OKaXXyTCsl He-
CKOJIbKO cekiuid, HampaiieHne DJIC B KOTOpBhIX OyAeT MPOTHBOIIOI0KHO
HarnpaBiieHnto JJIC Bcex OCTaJdbHBIX CEKIMH, YTO BBI30BET yMEHBILICHHE
OJIC saxopsi.

[Ipu paboTe MalIUHBI B TEHEPATOPHOM PEKUME PEAKIIUS SIKOPS BbI3bIBA-
€T MOHWKEHHE HAIPSDKEHUs], IPU padoTe B JBUTATEIBLHOM PEXKUME — U3MeE-
HEHHME BPAIAIONIETO0 MOMEHTA U YaCTOThI BPALICHUS.

Hckaxkenne MarHuTHOrO MOJs MO/ MOJIIOCAMU COMPOBOXKIACTCS 3HAYU-
TEJIbHBIM MECTHBIM IOBBIIIEHUEM MAarHUTHOM MHAYKIHUH. MTHOBEHHBIE 3Ha-
yenust J/IC, uHIyKTUpYyeMOW B CEKUMU OOMOTKHM MpPU €€ JBUKEHUHU, MPO-
MOPUUOHAIBHBI 3TOM MUHAYKIUU. CIen0BaTENbHO, UCKAKEHUE TOJISI MOYKET
BbI3BAaTh TAKOE TMOBBIIICHUE HAIPSIKEHHUS MEXAY COCEIHMMH IUIaCTUHAMHU
kojuiektopa (cBeime 30 -+50B), mpu KOTOpoM MEXaAy ITUMHU IUIACTHHAMMU
BO3MO>KHO BO3HHUKHOBEHHE BECbMa ONACHBIX YCTOMUYMBBIX IYTOBBIX Pa3psioB
(KpyroBOT0 OTHS IO KOJIJIEKTOPY).

st ocnabneHus peakiuu sIKOpsl MpU KOHCTPYUPOBAHUM MAIIIMHBI TIPe-
JIyCMAaTPUBAETCS yBEJIMUYEHUE MArHUTHOI'O COINPOTHBIIEHUs HA IYTH MOTOKA
AKOPS — BO3AYLIHBIM 3a30p MEXAY SAKOPEM M MOJKOCHBIMU HAKOHEYHHUKAMH
JIEAeTCsl OTHOCUTEIHLHO OOJBIITNM, a CeUEHUE 3yOII0B SIKOPS BEIOMpAETCS Ta-
KUM, 4TOOBI MHAYKIINS B HUX ObLTIa BEJIHKA.

Jlns Toro utoObl npenynpeauts cmerienne ®H u3-3a peakuuu gaxops,
OOJILIIMHCTBO COBPEMEHHBIX MAIlIMH CHA0XXACTCS 00NOJHUMETbHbBIMU NO-
JI0camu, KOTOpble yCTaHABIUBAIOTCS Ha craHuHe no JuHuu ['H. OO6MOTKH
JIOTIOJIHUTENIBHBIX TOJIOCOB COEAUHSAIOTCS Yepe3 LIETKH MOCIIEI0BATENBHO C
0OMOTKOH gKOpA Tak, YToObl HanpasieHrne MJIC 1onoJHUTENBHBIX MOTIOCOB
ObLI0 TIpOTUBOMNONIOKHO HampasieHuto MJIC peakuuu sikops. Takum oOpa-
30M, JIOMIOJIHUTEIBHBIE TMOJIIOCH KOMIIEHCHUPYIOT TOJIE PEAKLIHUH SIKOpS MpPH
JOOBIX HATPY3KaX MAIllUHBI.
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9.6. 'enepaTop He3aBHCUMOI0 BO30YKIACHUS

[Ipu He3aBUCHMOM BO30YXKIEHUU LIETIH BO30YKJICHUS U SKOPS JJIEKTPHU-
YECKU Pa3eNICHbl, IOATOMY TOK BO30YXKICHUS HE 3aBUCUT OT HAIPSHKCHUS
reHeparopa u OT Harpy3ku (puc. 9.6). 9To JaeT BO3MOXKHOCTh PEryJIMPOBAThH
MAarHUTHBIM MOTOK B OYE€Hb WIMPOKUX mpenaenax. st Takol peryjaupoBKH B
LIeIb BO30YX/I€HNS BBOJUTCS PEryJIMPOBOUHBIN peocTaT Ry, .

RH
[ ] WB | TIB AEFIXX
I
Ey 4 RL”
—1
Puc. 9.6 Puc. 9.7

MomrHoCTh, HE0OX0aAMMas IJIS e BO30YKIEHUS, COCTABISAET TOJIBKO
1-3% HOMUHAJIBHON MOIIHOCTH F€HEPATOpA. DTO JA€T BO3MOKHOCTh BEChMA
SKOHOMMYHO OCYIIECTBIISITh PEryJUpPOBaHUe paOOThl TeHEepaTopa.

N3MeHenne Toka BO30YXKACHUS U3MEHSET IJIaBHbIA MAarHUTHBIN MOTOK U
nponopuuoHansHo emy OJC Eg =Cp - ®-n. 3aBucumocts DJ[C oT TOKa

BO30Y KIEHMSI IPU pa30MKHYTOM Lenu sikopst (/; = 0) ¥ MOCTOSIHHOM YacToTe

BpallleHUsl 1 =const Ha3bIBACTCS XaAPAKMEPUCMUKOUI XO0A0CHMO20 X004
E4(1y). Ecnn nens Bo30ykaeHus pasoMkHyTa (/p = 0), To B CTaHUHE TeHe-

paropa OT mpeablayliel paboThl COXPaHSAETCsl HEKOTOpas OCTaTOYHas WH-
nykuus. [Ipu BpanieHuu siKopsi B OJI€ OCTaTOYHOM MHAYKIIMU B €r0 OOMOTKE
uHayktupyerca Manas J/[C xonocroro xona Egyy .

YTOoOKI CHATH XApaKTCPUCTHUKY XOJIOCTOTO XOJ4, HYKHO IIOJAaThb HAIIPA-
ZKCHUC Ha O6MOTKy B036Y)KI[€HI/I$I " MOCTCIICHHO YBCIMYHBATDH IB J0 MaKCH-

MaJIbHO JIOITyCTUMOTI'O 3HaY€HHUsI, OTMeYasi COOTBETCTBYoMe 3HaueHus D /[C
(Bocxo/idiasi BETBb). 3aTeM, IMyTEeM MOCTEIIEHHOTO MOHMXEHUsI TOKa BO30Yy-
KIEHUSI, MOXKHO TMOJYyYUTh HUCXOJSIIYI0 BETBh XapakTepucTuku. OHa pac-
MOJIOKUTCSI HECKOJIBKO BBIIIE BOCXOJISAIIEH BETBH BCIEICTBUE BO3POCILIETO
BIUsHUS TucTepesuca (puc. 9.7). Ilocne BBIKIIOUEHUST BO30YKJICHHUS OCTa-
TOYHBIA MarHeTus3M, a, ciiegoBaTenbHo, U IJIC OyayT cyliecTBeHHO Ooblie,
4YeM B UCXOIHBIX ycioBUsX. HO 3TOT OCTaTOYHBIN MarHeTHU3M HEYCTONYMB, U
CIIyCTsI HEKOTOPOE BpeMs IOC€ BBIKIIOUEHHS BO30YkaeHus1, motok u DJ1C,
UM MHAYKTUpYEMas MpU BPAIICHUU SIKOPS, YMEHBIIAKOTCA 10 3HAYEHUs, CO-
OTBETCTBYIOIIETO HaYaJbHBIM YCIOBUSIM.
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Takum 00pa3om, XapaKTepUCTUKa XOJIOCTOro XoAa umMeeT hopmy MeTiiu,
YTO SIBJIIETCS] €CTECTBEHHBIM CJIEICTBUEM HAJIUYMS CTAJIA B MArHUTHOM LIETIH
MAIIUHbI. XapaKTEPUCTUKA XOJIOCTOTO X0J1a B BEPXHEN CBOEH YAaCTH 3aMETHO
3arubaercs B CTOPOHY OCH aOciucc. DTO — CJEICTBUE HACBILEHUS CTaJd
MalMHbl. B 0G0JBIIMHCTBE Cily4yaeB T€HEpaTophl MOCTOSHHOTO TOKa paboTa-
I0T B YCIIOBUSX, COOTBETCTBYIOLIMX HACBHIIICHHOW YaCTH XapaKTEPHCTHKHU.
bnarogapsi HachIlIEHNIO HAMpPsHXKEHUE TeHepaTopa MEHbLIe KoieOieTcs mpu
U3MEHEHUSIX Harpy3KH, TaKk Kak ocladiisieTcsl BIUsSHUE PEeaKIMu SKOps Ha OC-
HOBHOU MOTOK ¥ DJIC MaIlnHBI.

A
U Iy
l]ﬁ(‘ [BXXI
AU I,
UH
L I,
IHH IHH -
Puc. 9.8 Puc. 9.9

BTopoil BaxXHOWM XapaKTEpUCTUKON TreHepaTopa SIBISIETCS 3aBUCHUMOCTH
ero HanpsbkeHus U OT Cuiibl TOKa AKOps [ IPU HEU3MEHHBIX [ WM 4acTOTe

BpalleHUs 7. DTa 3aBUCHMMOCTb Ha3bIBACTCS GHEWIHElNl XapaKmepucmuKoi
(puc. 9.8). HanpspkeHne Ha 3a)KMMax II€TH SKOps TEHEpaTopa MEHBIIE €ro
OJIC u3-3a nafieHUs HANPSKEHUS HA aKTUBHOM COINIPOTUBIICHUU Ry OOMOTKH

akops: U =Eg —I4R,.
3aBucumocts U(l4) Obuia Obl nHelHa, ecinun 0b1 OJIC E, ocraBanack

noCTOSTHHOW. HO MarHUTHBIN MOTOK MAIIMHBI C POCTOM HAarpy3Kd yMEHbIIIa-
eTCsl TIOJT BO3ICMCTBUEM PEAKIIMH SKOPSI, @ BMECTE€ C HUM MPOTOPIIHOHATHHO
ymenbinaercs u DJ{C sxops. B pe3ynbpTare BHENIHsS XapaKTepUCTUKA U3TH-
Oaetcst B cTopoHy ocu abcuucc. Ha ocHOBaHMM BHEIIHEW XapaKTEPUCTUKU
OIIPEICNIACTCS HOMUHAIbHOE USMEHEHUEe HaAnPAXCeHUA Ha TeHepaTrope. D10
— BBIPQXKEHHOE B MPOLIEHTaX OTHOCUTEIbHOE N3MEHEHHE HANPSDKEHHS Ha €ro
3a)KMMax, BbI3bIBAEMOE M3MEHEHHEM HAarpy3kd OT HOMHUHAJIBHOW 110 HYJS
IpY HEM3MEHHOM [ W MOCTOSIHHOW CKOpPOCTH:

U,, U
AU =—2X__"H 100%.
H
Yy I'CHEPaTOpPOB 0e3 KOMIIEHCAIIUOHHOW OOMOTKH dTa BEJIMYMHA JOCTUTAET

5+10%.
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Ecan YBCIINYNBATb ]H CBCPX HOMHWHAJIIBHOI'O 3HAYCHUWA, TO HAIIPSIKCHUC

reHepaTopa CTaHeT AaJIbIlIe OHMKAThCSA, HO MallMHa Oy/eT YK€ B YCIOBUAX
neperpy3ku. OOMOTKa KOS, IETKH U KOJUIEKTOP HAYHYT IEperpeBarbes, a
MOJ1 ETKAMH HaYHETCSl CUIIbHOE UCKPEHHUE.

Jlist HopManbHON pabOThl MPUEMHHUKOB AJIEKTPOIHEPTHH HEOOXOJAUMO
MOJJIEP>KUBATh OCTOSHHBIM HaIpPsDKEHUE HAa UX 3aKMMax, HECMOTPS Ha U3-
MEHEHHE OOlIeH Harpy3Kd TeHepaTopa. ITO OCYIIECTBISETCS MOCPEICTBOM
perynupoBanus [, . Pezynupoeounoii xapaxmepucmuKkou 2enepamopa Ha-

3bIBACTCs 3aBUCUMOCTD IB OT TOKa JAKOpsA ]H ITpH IOCTOAHHOM HAIIPAKCHUN

U wn yacrote BpalllCHUA n. Takas XapaKTCPUCTHKA ITOKA3bIBACT, KdK HAIO0
U3MEHSITh [ B YTOOBI P UBMCHCHHAX HAI'PY3KHU MOAJACPKUBATH IMOCTOSAHHBIM

HalpsDKEHWE Ha 3aKMMax TeHeparopa. XapaKTepUCTHKAa CHAdalla IOYTH
npsiMoJIMHeHas (puc. 9.9), HO 3aTeM 3armbaeTcs BBEpX, BCIEACTBHE BIIHS-
HUsl HACBIIIEHWS] MAarHUTOIIPOBO/IA MAIIUHBI.

9.7. I'enepaTtop ¢ napaLieJibHbIM BO30YKICHUEM

VY renepartopa ¢ mapaJieIbHBIM BO30YKICHUEM Il OOMOTKH BO30YXK-
JICHUSI COCTUHSIETCS MapaJlyIeIbHO C IENbI0 SIKOPS, U YacTh TOKa SIKOPS CIIy-
JKUT JJI BO3OY>KJIEHMsI TJIaBHOTO MAarHUTHOTrO MoJjsi mamuHbl (puc. 9.10).
OTU TeHepaTopbl NPUMEHSIOTCS HanboJiee 4acTo, TaKk KaKk OHU HEe TpeOyroT
JOTIOJTHUTENBHOTO UCTOYHHKA JIEKTPOIHEPTUU AJIA LENU BO30YKIIEHUS, YTO
CYILIECTBEHHO YIPOINAeT OOCTY>KUBAaHUE MAIMHBI: BMECTE C TEM HarpsiKe-
HUE TaKUX TE€HEPATOPOB MaJI0 U3MEHSETCS U3-3a KOJeOaHUl Harpy3Ku.

I; =(0.05+0.01)/4, a HanpspkeHne U Ha 3a)XKMMax LEenei SKops U BO3-

OyxaeHust omHO U To *ke. CaeaoBaTenbHO, COMPOTUBICHUE OOMOTKHA BO30Y-

JXneansa R ~U IODKHO OBITh BeIUKO (OOMOTKAa BO30VKIEHUS HMEET
B 1 Yy
B

00JIBIIIOE YHCIIO BUTKOB TOHKOT'O IIPOBOJA)

[Tpu mycke B X0 Takoro reHeparopa Juis CO3AaHusl MarHUTHOTO IIOTOKa
B MarHUTOIIPOBOJE MCIOJIB3YETCA SBICHUE caMOBO30ykaeHuA. CHadana TOK
B IKOpE, a, CIIEJ0BATENILHO, U B OOMOTKE BO30Y)KIECHHUS OTCYTCTBYET, HO B
MAaCCHBHOW CTaHUHE BCETJa COXpaHsAeTCA HEOOJBIIONH MOTOK OCTATOYHOIO
HamaranuuBanus D .., paBHbld 1 +3% 0T HOMHHANBHOTO NOTOKA. OH OCTa-

€TCS KaK CIIEJCTBME HAMAarHUYMBAHMS MAITUHBI, IMEBIIIETO MECTO paHee MPHU
ee pabore. Korma asurarenb HauWHaeT BpallaTh SKOPb FeHEpaTopa, OCTa-
TOUYHBIM MOTOK MHAYKTUPYET B 00OMOTKe sikopsi Hebomburyto D/IC E, koTo-

past co3maer HeOospmoW [, B OOMOTKE BO30Yy)KIEHUS, a, CIEIOBATENIBHO,
Bo3HukaeT MJIC Bo3Oyxnenus. Ilo orHomenuto k @, OHa HOJIKHA OBITH
HampapJ€Ha COTrJIaCHO, T.€. MOJAMAarHW4YMBaTh MAarHUTOINPOBOJ T€HEpaTopa,
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4TO MMCCT MCCTO IIPpHU IIPAaBHUJIIBHOM COCOAMHCHHH OOMOTKH B036Y)KI[CHI/I$I C
SAKOPEM. HpI/I TaKOM COCANMHCHHNU IB YCUJIMBACT MAroHuTHOC I10JIC MAalllMHbI, 4

nocneanee uHAyKTUpyeT Oonbmryo DJIC B obmotke sikops. Bospactanue
SJ1C BhI3BIBACT NajbHENIIEE yBeIUUYEeHUE [, . YBEIUYCHHUE IIOTOKA U [, Or-

PaHHUYIHUBACTCA HACBIIICHUCM MarHUTHOM OCIIN.

: ~
ﬁ y Ey(Iy)
1
->—E@j—>—o
Eg l Iy 0 ‘\ ¢ ]E
Puc. 9.10 Puc. 9.11

Ecnu npeneOpeub CONpOTUBIIEHUEM LENH SIKOpsA Ry << R, TO yCTaHO-
BUBIIMNCS [, omnpenenserca u3 ycnoBust: Eg =U = R;[;. OTOMYy yCIOBHIO

COOTBETCTBYET TOYKA IepecedeHus A XapaKTEPUCTUKU XOJIOCTOIO XO0Ja M
npamoit Eg = Ryl (puc. 9.11). Yron o Haknona npamoil £y = Ryl k ocu

aOcuucc 3aBUCHUT OT R, . Eciau yMeHsiiats [, BBOJS peocTar B Liellb BO30Y-
JKIEHUs,, TO TOYKa repecedeHus cmermaercs BieBo (A4'). Ilpu moctaTogHO

OOJIBITIOM COMPOTHUBIICHUH IIETIH BO30YKIEHUS, HA3bIBAEMOM KPUMIUUECKUM
Ryyp » MallIMHA HE BOo30Oyxkmaercs (puc. 9.11).

Ecnu mammuaa norepsijia oCTaTOYHBIM MarHeTusM (M3-3a KOPOTKOTO 3a-
MBIKaHUSA WM MEXaHUYECKUX YAApOB), TO JUJISl €r0 BOCCTAHOBJIEHUS HYXEH
IIOCTOPOHHUM HMCTOYHMK IIOCTOSTHHOTO TOKAa. JTOT MCTOYHHUK HYKHO Ha KO-
POTKHMI CPOK 3aMKHYTh Ha OOMOTKY BO30Y>KIEHHS, a 3aT€M MCIIOJIb30BaTh
CO3/IaHHO€ OCTAaTOYHOE HaMarHW4YMBaHUE JUIsl HOPMAJIbLHOTO BO30YKIEHUSI.

XapaKkTepUCTUKa XOJIOCTOr0 XOJa IMPAKTHUYECKU HE OTIIMYAeTCs OT Xa-
PaKTEPUCTUKU NPU HE3aBUCUMOM BO30YKICHHUH, TaK KaK BIUSHUE HA ATy Xa-
PaKTEpUCTUKY MAJEHUS HANPsDKEHUs R/, M peakuus sAKops OT TOKa BO30y-

XKACHUS HUITOXKHO. COBMAAAIOT U PETYIUPOBOYHBIC XaPAKTEPUCTUKH.

Ho BHemHss xapakrepuctuka (puc. 9.12) npu napamieabHOM BO30YxK-
JIEHUU TeHepaTopa (KpuBas a) UAET 3HAUUTENIbHO HUXKE, YeM MPHU HE3aBUCHU-
MOM BO30YykAeHUHU (KpuBas 0), U3-3a YMEHBIICHUS TOKa BO30YKJICHUS MPU
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CHIDKEHUU HarpspkeHus (/g :% ). Ilpu He3aBUCHUMOM BO30YKJIEHUU TO-
B

HWKEHUE HANPSHKEHUS BBI3bIBACTCS IBYMS IPUUYMHAMMU: YBEIMYCHUEM MaJe-
HUS HaNpsDKeHWs Ha R U peakuuen skops. [lpu napamiensHoM Bo30yxae-

HHH K 3TUM IBYM IIPUINHAM I[O6aBJ'ISICTCH TPCThA — ]B .

Ut Tok sKOps, MpU KOTOPOM MAIlIMHA
— 6 [IEPEXOAUT B YCIOBUSA CaMOpasMarHU4u-
> BaHUs, Ha3bIBaCTCs Kpumuueckum. Ero

a : 3HayeHue Oousibllle HOMHHAJIBHOTO B
" 2+2.5 pa3a. Y4acTOK BHEIIHEW XapakTe-
pHCTHKH HIKE [y, (IITPHXOBAs JIUHUS HA

puc. 9.12) cooTBETCTBYET HEYCTOMYUBOMY
peXUMY.

L W3MeHeHne HanpspKeHHsl y TeHepaTo-
Prc. 912 pa Ipu MapajyiebHOM BO30YKIECHUM 3Ha-
YUTEJIbHO OOJIbIIE, YEM MPU HE3ABUCUMOM,

v

A
v

U coctaBisgeT &+ 15%.
9.8. I'eHepaTopsbl ¢ NMOCJI€I0BATEILHBIM U CMEIIAHHBIM B0O30Y:KIeHHEM

B renepatope ¢ mocienoBaTeNbHBIM BO30YXKICHHEM SIKOPh COEIWHEH
MOCJIEIOBATENBHO C 0OMOTKOW BO30Y KIeHUs, Oiarofapsi Y4eMy TOK Harpy3Ku
SIBJISIETCS. BMECTE C TeM TOKOM Bo30yxaeHus (puc. 9.13). OOMoTka BO30yXk-
JICHUSI TaKOM MAaIlMHBI BBITIONHSAETCS W3 MPOBOJA, PACCUUTAHHOTO Ha 0OJIb-
IIOH TOK SIKOPS — YMCJIO BUTKOB TaKOW 0OMOTKH MaJio.

A

U
WHOC.H
L
I, =14
E;[ bl B 0 {ﬂ
Puc. 9.13 Puc. 9.14

[Ipu xonoctom xone Takoro renepatopa IC B 0OMOTKe SKOPS MHIYK-
TUPYETCSI TOJIBKO MOTOKOM OCTAaTOYHOI'O HAMarHWYMBaHUA, MO3TOMY CHSTh
XapaKTEePUCTUKY XOJIOCTOTO XOJla y 3TOro reueparopa Hemnb3s. OTCyTCTByeET
Yy HEro TaKX€ U PEryJIUPOBOYHAS XaPAKTEPUCTHUKA.

Hanpsikenue reneparopa (puc. 9.14) cHavana Bo3pacTaeT ¢ yBeauye-
HUEM TOKa SIKOpSA. 3aT€M BHJ XapaKTEPUCTHUKU HAUYMHAET U3MEHSATHCS H3-3a
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MarHuTHoro Hacseienus (IC sKkops mepecTaeT yBeJIMUUBATHCS, B TO BPEMs
KaK MPOJI0JIKAET BO3PACTaTh [1a/ICHUE HANPSDKEHUS HA R, ) U peakLuu SKOPsL.

B pesynbrarte HampspkeHue reHeparopa NpH AajbHEWIIeM BO3pacTaHWU Ha-
Ipy3KH yMeHblaercs. M3-3a HemoCTOSHCTBA HANpPSKEHUsI TeHepaTophl ¢ TOo-
ClIeZIOBAaTEeNIbHBIM BO30YKIE€HHEM MPUMEHSIOTCS JIMIIb B HEMHOTHX CHElH-
aJIbHBIX CITyYasX.

['eHepaTop CO CMEUIaHHBIM BO30YXIEHHEM MMEET JBE OOMOTKU BO30Y-
KIICHUA: MAPATICIbHYI0 Wy, U HOCHCNOBATENBHYIO Wrocy (pHC. 9.15). Y

TAKOro TeHepaTropa HaNpsDKEHHE OCTAaeTCsl MPaKTUYECKH MOCTOSHHBIM MpU
M3MEHEHUH Harpy3KH B OIPEICNICHHbIX Mpejenax (KpuBas a Ha puc. 9.16).

w
oc A
U

~
o)
Il
~
w
=t
)
o
=1
Ay

Tsnap
Whap

] Puc. 9.16
Puc. 9.15

C 9T0i1 1eNbI0 TOCIeIOBATENbHYIO U MapauIeIbHYI0 0OMOTKH BO30YXK-
JICHUSL BKJIFOYAKOT COIVIACHO, M WX MAarHUTHBIE MOTOKU CKJIJbIBatoTCs. B
stoM ciydae D/IC oT MarHUTHOTO MOTOKA MOCJIEA0BATEILHON 0OMOTKH KOM-
MEHCUPYET MaJieHue HampsHKeHUs: B 0OMoTKe sikopst u ymeHbinenue J/1C ot
cHwkeHus [, . Ilpu BCTpeyHOM BKIIIOUEHMM OOMOTOK HAaIpsDKEHUE TeHepa-

v

TOpa MpHU Harpy3ke pe3ko mamaer (kpupas O Ha puc. 9.16). Takas BHENTHSSA
XapaKTepUCTHKA HEOOX0uMa, HalpuMep, B arapaTax Il 3JIeKTPOIyTOBOM
CBapKH.

B pspae ciaydaeB 1enecooOpa3HO IMUTATh ONPECICHHYIO TPYIIITY I10-
TpeOuTEeIeH OT HECKOIBKHX Te€HEPATOPOB, KOTOPBIC BKIIOUYAIOTCS Mapasljieib-
HO ¥ paboTaroT Ha OOIIyIO ceTh. J{J1s cOBMECTHOM pabOThI UCIIOIB3YIOTCS T'e-
HEpaToOphl HE3aBUCUMOTO, TTapaJUICIbHOTO MIIM CMEIIAaHHOTO BO30YKICHHS.
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9.9. Ilyck aABUraTe/isi MOCTOSIHHOIO TOKA

ITpu mycke nBurarenss HEOOXOAUMO OOECIIEUUTh HaJIEKAIEe 3HAUECHUE
ITyCKOBOI'O MOMEHTA U MPENOTBPATUTh BOZHUKHOBEHUE YPE3MEPHOTO IyCKO-
BOI'O TOKA, OIIACHOI'0 JUIsl IBUTaTEJIs.

Bo3moxHBI Tpu criocoba mycka aBurarens: 1) mpsMoil, mpu KOTOpOM
00MOTKa KOpS MOAKIIOYAETCS MPSMO K CETH; 2) PEOCTaTHBIA C MOMOUIbIO
IIyCKOBOT'O PEOCTaTa, KOTOPBIM BKIIFOYAETCS MOCIEA0BATENBHO B LIENb SIKOPS;
3) npy NOHMKEHHOM HaIPsLKEHUH, TIOJJBOIUMOM K SIKOPIO.

IIpu mpsiMoM nycke B IEpBBIM MOMEHT Npu # =0 B IKOpE HE HaBOJIUTCS
npotuBo-2/1C (£, =0) n HauanbHBINA MYCKOBON TOK OrPaHMUYMBAETCS TOJIb-

KO MaJIbIM BHYTPEHHHUM COMPOTUBICHUEM OOMOTKHU SIKOPSI
U
_YH _10-
Iyex =— = (10+30)1.
RH
Takoli OOJBIION TOK BBI3BIBAET ONMACHOE MCKPEHHE Ha KOJJIEKTOpE M Upes3-

MEpHO OOINbLIOH TYcKOBOH MOMEHT M pyer = Cpy Pryexlnyck, 3aAaromui

PBIBOK WJIM yJap IO Bajlly, OTPULATENBHO BO3ACHCTBYIONIUI Ha Iepenady U
pabouuii MexaHu3M, IPUBOJUMBIN BO BpalleHue asuratenem. [Ipsmoit myck
MPUMEHSIETCS JJIsl IBUTaTenel Manoid MourHocTu (10 1 kBT), y KOTOphIX co-
IIPOTUBIIEHHUE SIKOPSI OTHOCUTENIBHO BEJIMKO, & BPEMs pa3roHa Majo (MEHbIIE
1 ¢). B aTom cinydyae oOMOTKa SIKOpsSl HE yCIEBAET HArpeThcs, U TOJUOK MO-
MEHTa OKa3bIBAETCSI CPABHUTEILHO HEOOIBIINM.

Haubonrwiee pacrpocTpaHeHre MOTYyYHJI peoCTaTHbIN myck. JlJis orpa-
HUYEHHUSI MYCKOBOTO TOKA B ILENb SIKOPS JIBUTATENsl BKIIOYAKOT ITyCKOBOM
peocTar, CONMPOTUBICHUE KOTOPOTO BBHIOMPAIOT C TAKUM PacdyeToM, YTOOBI
Iyycx He mpesbiman (2 +2,5)1,. Ilo Mepe yBenMYCHUs YaCTOTHI BPALICHNUS

JIBUTATEJIs MyCKOBOM peocTaT BBIBOAST. IlyckoBbIE peocTaThl MOTYT OBITh
KaK C py4YHbIM, TaK U C aBTOMATUYECKUM YIIPABJICHUEM.

B nBurarensx GOJIBIION MOITHOCTH ITyCKOBOWM PEOCTAaT BBI3bIBACT 3Ha-
YUTEIbHBIC MOTEPU YHEPTUHU, OCOOCHHO MPH YacCTHIX IMyckax. B aToMm ciydae
MO’KHO MCIOJIb30BaTh MYCK MPHU MOHWKEHHOM HAMNPS)KEHUH, TTOJBOJIUMOM K
SKOPIO JIBUTATENsl OT UCTOYHUKA C PETYIUPYEMBIM HAIPSKEHUEM, HAlTpUMeED,
B CUCTE€MaXx I'€HEPATOP-ABUTATEb.

Cpenu Bcex RJIEKTPOABUTATENECH NBUTATENM MOCTOSHHOTO TOKA MUMEIOT
Jydlllie MyCKOBbIe KaduecTBa. [Ipy OTHOCHUTENBHO HEOOJIBIIOM ITyCKOBOM TO-
ke (2+2.5)/; OHM MOTYT CO3/1aBaTh JOCTATOYHO OOJIBLIOW ITyCKOBOW MO-

MeHT (2.5+4)M . D10 obecrieunBaeT OBICTPBIA Pa3rOH NPUBOJUMBIX WUMHU
MEXaHHU3MOB.
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9.10. IBurareJip ¢ napauieJIbHbIM U HE3aBHCHUMBIM BO30Y KICHUEM

Cxema BKJTIOUEHUS JBUTATENS ¢ apaJlIeTbHBIM BO30YKICHUEM TIOKa3aHa Ha
puc. 9.17, rae Ryycx — MYCKOBOH, Ry, Rpg —PeryanpOBOYHBIC PEOCTATHI.

!

U Eciu obmotky B030yxnaenus (OB) Takoro
JIBUTATENS TOAKIIOYUTH YEPE3 PEryIUPOBOY-
HBIA PEOCTaT K JAPYroMy MCTOYHUKY MOCTOSH-
Iy HOTO HANPSHKEHUS, TO TOJYYUTCS JIBUTATEND C
nap HE3aBUCUMBIM BO30Y>KJICHUEM.

v DIEKTPOJABWXKYILAsg CHJIa MPONOPLUHOHAIIbHA
> |_|:|_ MAarHUTHOMY IIOTOKY, U IIPU IIyCKE OHA JIOJKHA
obicTpo Bo3pacrtath. [loatomy mpu mycke OB
BKJIFOYAETCS HA MOJIHOE HANIPSIKEHUE CETH IIPU
BBIBEICHHOM peocrare R . Tak kak M =,

1

v

Rpg TO TPU TMYCKE MPU HAMOOJbIIEM MarHUTHOM
Puc. 9.17 noroke @ BpamarOIUi MOMEHT JOCTUTHET
HAauOOJBIIEr0 3HAYEHUS, YTO CYIIECTBEHHO

o0JieryaeT MOMEHT ITyCKa.

U-E
Tak xak E; =Cp -®-n, 10, yuutsiBas, 410 [; =———- MOIy9IaeM

A
ypaBHEHHE YaCTOTHI BPAIIEHUsI IBUTATENS C TapalIeIbHBIM BO30YKICHUEM:
_U—Ryly ©.1)
Crp®
N3meHeHne n MOXET NPOUCXOJUTH 3a CUET M3MECHCHUS Harpy3kv M
MarHWTHOTO ITOTOKA. YBEJIMYCHUE TOKA HATPY3KU HE3HAYUTEIBHO M3MEHSET
[aJicHUE HalpspbKeHus [ Ry u3-3a MaJIOro conpotusieHus R, . M3-3a peak-

n

WU SKOPS MPU YBEIUYEHUU TOKA Harpy3ku @ HEMHOTO YMEHBIIIAETCs, YTO
MPUBOJAUT K HE3HAYUTEIBHOMY YBEJIMYEHHIO 7. Takum o0pa3om, vacTtora
BpaIleHUs] JBUTATENS C MapauiebHbIM BO30YXICHHUEM H3MEHSETCS OYeHb
Majio (3 +8%).

Ecnu cuutate @ =const, TO eCTECTBEHHAas] MEXaHUYECKasi XapaKTepH-
CTUKA JIBUTaTelisd C MapajuieIbHbIM BO30yxkaeHueM n(M ) sSBAseTCS HKECTKOU

(puc. 9.18).
B ycranoBuBmemcsa pexume M Bp = M TOpM - Ecnu yBenuuuth Harpysky

Ha Bajly, TO CHa4yaja paBHOBECUE MOMEHTOB HAPYIIAETCs, U /1 YMEHbBIIAETCS.
Ho aro BebIBaeT ymenpmenue JC E g, a, ClIeNOBaTENbHO, U YBEINYEHUE
[ . IlponnopunoHanbHO /4 BO3pacTaeT BPAILAOIIMM MOMEHT, U IIPU HEMHO-
r0 MOHU3UBIIEICS /1, PABHOBECUE MOMEHTOB BOCCTAHABIIMBACTCS.
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Kaxk cnenyer u3 Boipakenus (9.1) yactoTy BpamieHus: MOKHO PEryJnpo-
BaTh TpeMmsi crocobamu: 1) peocTaTHBIM — U3MEHEHHE CyMMapHOTO COIpPO-
TUBJICHUS LEMU SAKOPS; 2) MOJIOCHBIM — U3MEHEHUE MAarHUTHOTO MOTOKA IO-
JOCOB; 3) SIKOPHBIM — HU3MEHEHUE HAIIPSKEHUS, TI0JIBOJJUMOTO K SKOPIO.

D, <D,

A 71
(DI<CDH

EcTecTBenHas
XapaKTEepPUCTUKA

HckyccTBeHHBIE
XapaKTEPUCTUKHU

M

Vg

0 | 0
Puc. 9.18 Puc. 9.19

PeocraTHOe perynupoBaHHe OCYIIECTBIACTCSA BBEACHUEM peocTata Rpy

B ICIIb AKOPA. HN3menss COIIPOTUBJIICHUC 3TOIO0 peocCTara, MOKHO ITOJIYUYUTDb
CEMEICTBO HCKYCCTBCHHBIX MCXAHHYCCKHX XAPAKTCPHUCTHK Ooee MIATKHX,
YyeM ecTecTBeHHas. Ecnu IIpu HCU3MCHHOM MOMCHTC Ha BaJly IMOCTCIICHHO
YBCINYHUBATL COIIPOTHUBIICHUC PCOCTAaTa RPH , TO TO4YKa 7, IIOKa3bIBAIOIIasa Ha

puc. 9.18 yacToTy BpaleHus: ABUTaTels, OyAeT IepeMeniaThes ¢ OJTHON Xa-
pPaKTEpUCTUKU Ha JIPYryro (TOUKH ny —ny). ClleqoBaTeIbHO, C IOMOIIBIO
peocrata Rpq MOHO TOJIBKO YMEHBIIAThb YacCTOTY BpAallCHHs IBUTATEII.
Takoe peryiupoBaHHe€ HEIKOHOMHUYHO H3-3a 3HAYUTEIbHOM MOIIHOCTH TIO-

Tepb Rpgl ,% Y IPUMEHSIETCS JIMILb JUIsl ABUTraTeael HeOOIbII0OM MOIITHOCTH.

[TonrocHOE perynupoBaHuE YaCTOThI OCYLIECTBIISIETCS n3MeHeHneM D 3a
cder perynuposanus [, peocratoMm R, . Yacrora BpameHus Ipu XOJIOCTOM

U
X0[€ — Nyy =————. MeXaHWYeCKHe XapaKTEPUCTUKHU JBUTATENS IMPHU

Cg CDHYCK

pa3JIMYHBIX 3HAYEHUSIX MAarHUTHOTrO MOTOKA MOKa3aHbl Ha puc. 9.19. Kaxo-
My 3Ha4eHHIO @ COOTBETCTBYIOT CBOM 3HAUYEHHUS Hyy M IIyCKOBOI'O MOMEHTA.
Ecau MoMeHT, mpukiaabiBaeMbIii K Bajy, MEHbIIE HOMUHAJIBHOTO, TO MPH
YMEHBIIEHUM MarHUTHOT'O MOTOKA YaCTOTA BPAILLICHUS BO3PACTAET.

PaccmoTpum 351€eKTpOMEXaHUYECKHUM MEPEXOAHBIN MPOLECC YCTaHOBJIE-
HHSL HOBOTO 3HAYeHMs 49acToThl BpameHus (1 —yBelHueHHE BETHYHHBI,
! —ymenburenue):

IN= D= Egd= I T My, > Mooy > nT= Eg T= My 1

Bp>
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B pesynbraTe mpu paBEHCTBE MOMEHTOB YCTAaHABIMBACTCS MOBBIIIEHHOE
3HAYEHUE YaCTOThI BPALLICHUS.

[Ipu Harpyske Ha Basly, OoJibllIed HOMHHAJILHON MOJIOCHOE PEryJnpo-
BAHUE NIPUMEHSATH HEJb3sl, TAK KaK C YMEHBIIIEHUEM MAarHUTHOIO NOTOKA TOK
AKOPS MPEBBICUT HOMHUHANBHBIA. [[03TOMY perynmpoBaHue MOKHO ITPOU3BO-
JUTH JIAITH B 00JIACTH, PACIIONOKEHHOHN BBIIIE €CTECTBEHHOW XapaKTePUCTH-
KM, 4TO MO3BOJIAET TOJBKO MOBBIIIATh YaCTOTY BPALIEHUS.

[lontocHOE peryiInpoBaHUE SBISIETCS YKOHO-

1, "B MUYHBIM, TaK KaK H3-32 OTHOCUTEJIBHO Majou
MOIIIHOCTH OOMOTKH BO30Y>KIE€HHSI HEOOJbIINMU
weH| (U, £ OKa3bIBAIOTCSI U TMOTEPU MOLIHOCTH B PETYJIHUPO-
4 BOYHOM peocTtare u, ciaenoBarenbHo, KIIJ[ aBura-

TeJsl IPAKTUYECKU HE YMEHBILIAETCSI.
v SIKopHOE peryJIMpoBaHHUE YaCcTOTHI BPAIlCHUS
0e3peoCTaTHbIM H3MEHEHUEM HalpsDKeHUs Ha
Puc. 9.20 SAKOpE OCYLIECTBUMO TOJBKO IPHU HE3aBHCUMOM

BO30YXJCHUU, TaK Kak MpU MapaiieIbHOM BO3-

Oy>XIEHUU OJHOBPEMEHHO M3MEHSJICS Obl U MATHUTHBIN MTOTOK, YTO IPUBEIIO
OBl K I3MEHEHUIO TOKA AKOPS, HO HE YaCTOThI BPALICHUSI.

Ot ucrounuka perynupyemoro Hanpspkenus: (MPH) Ha sxopp nBurarens

HezaBucumoro Bo30yxaeHus (JJHB) (puc.

9.20) mnopaercs HamNpsHKEHHE, KOTOPOE nt U

MOKHO IUIABHO M3MEHATH OT HyJ1s g0 HOo-  F—u % .
MHHAJIBHOTO U 00paTHO C MEPEMEHHOM MO- nl U<U,
JSIpHOCTBIO. [IpU SIKOPHOM peryIupoOBaHUU e
ABUrATells IYCKOBOW peoctar He HyxkeH, pf )l U"<U’ :

TaK KaK IyCK HA4YMHACTCS C MaJjioro Ha- ]
psbKeHUs. MeXaHn4YecKue XapakTepUCTH- 0 5 M
KU JIBUTATENs MPH Pa3JIMYHBIX 3HAYCHHSX g
HaIpsDKEHHsT HA sIKope U [y = const npen- Puc. 9.21

CTaBJISAIOTCS MMApaUICTLHBIMU  TPSIMBIMH
(puc. 9.21).

DIEeKTPOMEXaHNYECKUI TICPEXOHBIN MPOIIeCC MPU STKOPHOM PEryJIupo-
BaHHUH MMPOUCXOIUT CIICTYIOIIM 00pa3oM:

U'<Uy= I3, Mppd=>nl=Egd= 1, M, T.
Hpu My, =M gpy  HaCTOTa NEPECTaCT YMEHBIIATHCA, U €CIH M 1qpy HE

WU3MEHUJICA, TO TOK SIKOPS. OCTAHETCS IPEKHUM.

B kauectBe UPH moxeT ObITH MCIONB30BaH T€HEPATOP HE3aBUCHUMOTO
BO30Y)K/ICHUSI WM YNPABIAEMbId BBINPSIMUTENh. TaKhe yCTAHOBKHM HMEIOT
MeHbIyto Maccy u Oonbimid KIT/I.
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9.11. /iBurareJib ¢ MOCJA€A0BATEIbHBIM BO30YKIEeHUEM

VY nmBurartens ¢ MocienoBaTeIbHBIM BO30YXICHUEM TOK SKOPS SBIISETCS
U TOKOM BO3Oyxnenus [g=1, (puc. 9.22,

U
S K04 S pa3oMKHYT). bnaromaps takomy co-
| N\ €IUHEHUIO TJIaBHBIA MArHUTHBIM [TOTOK MAIlIH-
) HBI H3MEHSETCS IPOIIOPIIHOHAILHO TOKY SIKOPS,
Wioen R IIOKa MArHUTOIPOBOJ MAallIMHBI HE HACHIIICH.
| Kak u Bce ABurarei MmOCTOSHHOIO TOKA, HTOT
> | Riye 7 JBMTaTellb s OrPaHHYEHHUS IIyCKOBOIO TOKa
B
- CHA0KAETCS ITYCKOBBIM PEOCTATOM Ry ey -
1 o
A $ P y MarauTHbIA MOTOK ABUraTeNs ¢ IIOCIe-
o
JOBATEIbHLIM BO30YKIEHHEM IIPU HEHACHI-
Puc. 9.22 IEHHOM MAarHMTONPOBOJE IPAMO IPOMOPIIAO-

HaieH MJIC ero oOMOTKH BO3OYXIeHUS —
14 Whoen ¥ OOpaTHO NPONOPLUOHATIEH MAarHUTHOMY CONPOTUBJICHUIO MalllU-

WHOCII

1
Hbl R,,, Takum o6pasom @ =7 . IlogcTaBuB 3TO BBIpa)K€HUE B ypaBHE-

M
HHUA MOMCHTA W YaCTOTBI BPAIICHUA ,Z[BI/IFaTeJIeﬁ IMOCTOAHHOTO TOKA, IIOJIY-
YUM YPABHCHUC YaCTOTHI BpallICHUA IBUTATCIIA
L _U-(Ry+Ry)l,

CEWnocnls / Ry

M ypaBHECHHE €ro Bpallamero MoMenTa My, = Cpy Wyoen ! ,% /Ry .

[TocnenHee ypaBHEHHE TTOKA3bIBAaCT, UTO BpaIIalONIUi MOMEHT JIBHUTATE-
JIs BO3pacTaeT MPOIOPIIMOHAIBLHO KBaJIpaTy TOKa, MTOATOMY HadajabHas 9acTh
KPHUBOM 3aBUCHMOCTH MOMEHTA OT TOKa UMeeT BU/I rmapadossl (puc. 9.23). Ho
IIPU CHUJILHOM HACHIIIICHUYM MarHUTHOMW IIETIH IMOTOK IOYTH NEPECTaeT yBEIH-
YHUBATHCS C YBEJIIMYEHUEM [, , U MOMEHT B JaJbHEUIIIEeM BO3pacTaeT mpuoiu-

3UTENHLHO MPONOPLUOHATBHO TOKY.
Yacrora BpamieHusi ABUratelis yObIBaeT MOYTH OOpaTHO MPOMOPIHO-
HaJIbHO TOKY, IMOKAa HE CKA3bIBAETCS MAarHUTHOE HachlllleHHe. MexaHnuueckas
XapaKTepUCTUKA JBUTraTesis, MokazaHHas Ha puc. 9.24 (xpuBas 1), mpu
I;1 =1, Ha3pIBAaeTCA €CTECTBEHHOM XapakTepUCTUKOW. IIpu yBennuenun

Harpy3Ku Ha BaJly JBUTATENsl TOK BO3PACTAE€T OTHOCUTEILHO MEJIJIEHHO U 00-
pPaTHO MPOIOPIIMOHANBHO €MY YMEHBINAETCS YacToTa BpameHus. Hanmpumep,
€cii MpeHeOpeub HACBIIIEHUEM MAarHUTHOM IeMU U peakuuend [Kops, TO
MO>KHO CUMTATh, YTO IIPY YBEIWYCHUM BJIBOC MOMEHTA HA BaJly JBUraTess
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TOK Bo3pacTaeT Juiib 10 140% mepBoHaYaIbHOTO 3HAYECHMS, a YaCTOTa Bpa-
meHus: ymenbinaercs 10 70%.

VY nBuratens ¢ mapajieabHbIM BO30YKICHHUEM IOBBIIIICHHE BJIBOC MO-
MEHTa Ha Bajly JIMIIb HE3HAYUTEIHHO YMEHBIIUT YacTOTy BpaIlleHHUs, 3aTO
TOK JiBuraresns ypenuuurcs 10 200% nepBoHavaIbHOTO.

MA n A 1B2 < ]Bl
n,
2
I, v
0 g 0 g
Puc. 9.23 Puc. 9.24

JIBuraTenb C MOCieN0BaTeIbHBIM BO30YKICHUEM MOXKET BBIJICPKUBATH
CWIbHBIC IEPErPy3KH NPH YMEPEHHOM YBEJIMUYEHUU TOKA. JTO €ro LEHHOE
CBOMCTBO. [Ipy ymMeHbIIEHNH HArpy3KU Ha Bajly JBUIaTels €ro TOK MEIJICH-
HO YMEHBUIAETCS, 3aTO OBICTPO MOBBIIIAETCS YaCTOTA BPALEHUS U MPU Ha-
rpy3Kax, IpUMEPHO MEHbIIMX 25% HOMHHAIBHOW, YacTOTA JTIOCTUIAET 3HA-
4 YEeHUM, OMACHBIX I MEXaHHYECKOM

LEJTIOCTHOCTH JBUTATENSA, — JBHUTaTEIb
«pasHocutT». lloaTOMy nBurarenu mo-
U >U, CIIE/IOBATENLHOTO  BO3OYKIEHHS — HE
CJIEAYET MyCKaTh BXOJIOCTYIO WJIA C Ma-

U, JIOW HArpy3KOu.
EcrecTBeHHas mexaHU4eckas Xa-
PAaKTEpUCTHKA JBUTATENISI MATKasl, TakK
0 KaK M3MEHEHHME MOMEHTa CUJIBHO CKa-
Puc. 3.25 3bIBACTCS HA 4aCTOTC BpAICHUS JBUIa-
Tensd. PerynupoBaHne 4acTOThl Bpalle-
HUS JABUTaTeNIell IOCIEA0BATENIBHOIO BO30YXKACHHS IMPOU3BOIUTCS TaKkKe

TpeMs CIOCOOaMHU.

PeocratHoe perynupoBaHue B Lienu pabodyero Toka peoctatoM Rpg Aa-

n

v

€T CHMIKEHME 4acTOThl BpauieHusl. OHO sBJIE€TCS HE SKOHOMMUYHBIM, KaK U B
JIBUTATEJIC MapajIeIbHOIO BO30YKICHUS.

[TonmtocHOE peryanupoBaHUE OCYIIECTBISIETCS UIYHTUPOBAHUEM OOMOTKHU
BO30YK/IeHUsl peocTaToM R (cM. puc. 9.22, ximou § 3aMkHyT). Ilpu nryH-

TUPOBAaHUU OOMOTKHM BO30Y>KJI€HHS YMEHbBIIAETCS MArHUTHBIA MOTOK U BO3-
pacraer yactoTa BpaueHns. OTHOBPEMEHHO YBEINYUBAETCS TOK JBUTATEIIS.
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Ha puc. 9.24 xpuBasg 2 — UCKyCCTBEHHAasl MEXaHUYECKasi XapaKTEePUCTHU-
Ka, KOTOpas MOJIy4aeTCs MPU MIYHTUPOBAHUM OOMOTKH BO30YXKICHUS JIBUTa-
TEJIs PE3UCTOPOM C MOCTOSIHHBIM COTIPOTHBIICHHEM R .

Bo3MoxHO perynmupoBaHue ABUTATENS MyTeM H3MEHCHUS HAIPSIKCHUS
Ha sikope (puc. 9.25). Takoe perynupoBaHue MO3BOJSET U3MEHATh YACTOTY
BpalicHUs BHU3 OT HOMHUHAJIBHOTO 3HAYCHUS C COXpPAHEHHUEM BBICOKOTO
KIII.

Bricokas meperpy3o4Hasi criocOOHOCTh M MsITKasi XapaKTEPUCTHUKA JIBH-
ratess ¢ MOCJIeJIOBaTeIbHBIM BO30YKICHUEM O0COOSHHO IICHHBI JUISI dJIEKTPH-
YEeCKOM Tsru (TpamBai, METPOIOJIUTEH, JICKTPUUECKHUE JKEJIE3HbIE JOPOTH U
T.4.). s ux sHEeprocHaOXeHus CTpOATCS MpeoOpa3zoBaTeIbHBIE MOJCTaH-
[IMH, BBIPSMIISIONINE TIEPEMEHHBIN TOK. Ha HEKOTOPBIX 2IEKTPUUECKUX KE-
JIC3HBIX JOporax mpeoOpa3oBaHUE TIEPEMEHHOTO TOKA B TIOCTOSTHHBIN OCYIIIe-
CTBJISIETCSI HA CAMOM 3JIEKTPOBO3€, OOBIYHO TTOCPEICTBOM THPHCTOPOB.

OTU JABUTATENH TOAXOAAT TaKXKe NJisi paboThl B KA4eCTBE KPAHOBBIX
JBUTATEJICH TaM, T/Ie UMEIOTCSI ICTOYHUKH TIOCTOSTHHOTO TOKa.

9.12. /IBurarte/ib €O CMEIIAHHBLIM BO30Y:K/1eHUEM

JIBurarenb ¢ mapauiebHbIM BO30YXICHUEM UMEET KECTKYI0 MEXaHH-
YECKYI0 XapaKTEPUCTHKY, a JBUIATENb C IIOCJIEN0BA-

—» TEJILHBIM BO30YKJICHHUEM — MATKYIO XapaKTepUCTUKY. B
Whocen pslie ciydaeB jKejaTelbHa HEKOTOpas MPOMEKYTOUHas
I, dbopma XapaKTEePUCTHKH. )
E|—<— [Ipocreitmuii crioco® MoMydeHUs TaKOW XapakTe-
Iq A PUCTUKU — MIPUMEHEHHE CMEIIAHHOTO BO30YX)aeHus. B
—’_E@D—" JIBUTATEJIIX CMEIIAHHOTO BO30Y)KJICHUS MarHUTHBIN
IB“aP‘r MOTOK CO3/1aeTCs JCHCTBUEM JBYX OOMOTOK BO30YKIIe-
HUS — NapaJyieJbHOM U moclieloBaTesibHOM (puc. 9.26).
OOBIYHO OOMOTKH BO30YKIE€HHS BKJIIOYAKOT COIJIACHO.
Witap MareuTHEI IOTOK 1BU- . 4
| raTelns CMEIIaHHOTO
Puc. 9.26 BO30YXKJEHUSI 3a CUeT

MOCJIEIOBATEIBHON 00-
MOTKH OyJeT yBEIWYUBATHCS C POCTOM TOKa
SAKOpsI. YBEIWYECHHUE MarHUTHOTO MOTOKa Oy- M
JIET TEM OOJbIIle, YeM OOJIbIIIe YHCJIO BUTKOB
nocieaoBaTenbHO 0O0MoTkH. [loaToMy nBH-
raTeib CMENIaHHOTO BO30YXJICHHUS uMeeT 00-

v

Puc. 9.27
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Jee MATKYH0 MEXaHMUYECKYI0 XapaKTepUCTHKY IO CPaBHEHHUIO C JBUTATEIEM
napajuIeIbHOrO BO30YX/A€HU, HO O0Jiee JKECTKYIO [0 CPaBHEHHUIO C JIBUraTe-
JIeM TOCJIE0BATEILHOTO BO30YXKIEHUSI.

B osucamene ¢ nociedosamenbHo-napaieibHblM 8030yicoeHuem mpe-
o0aaeT mociaenoBaTeIbHOE BO30YXA€HNEe, HO Oarogapsi HATUYMIO Mapa-
JICBbHOW OOMOTKHM HAapacTaHWE YaCTOTHI BPAIECHUS IBUTATENSI TPU YMEHb-
IIEHUH Harpy3KH Ha Bajly orpaHu4eHo (puc. 9.27).

B osueamene ¢ napannenvrno-nociedosamenbHbim 8030yrHcOeHUEeM TIpe-
o0mamaeT mapajuienbHOoe Bo30yXkaeHue. Hanwune MOmOMHUTENhHOU IMOCIie-
JIOBATEIPHOW OOMOTKHM CTaOMJIM3UPYET OCHOBHOM MAarHUTHBIN MOTOK JIBUTA-
TEJSI © HEMHOTO CMATYAET €ro KECTKYI0 MEXaHUYECKYIO XapaKTePUCTHKY.

9.13. Ilorepu 3Heprum u KII/l MamuH nNoCTOAHHOT0 TOKA

DHepreTuyeckasi [uarpaMmma JIBUraTelis IOCTOSHHOTO TOKa MoKa3aHa Ha
puc. 9.28. MowmHoCcTs F 3HEpruu, MOABOAUMOU U3 CETH, NEIUTCS MEXKIY

nenbo Akops P, (OGonpmias yacTe) M Lenblo Bo3OyxneHus P, =Ul, (He-

CKOJIBKO HpOHeHTOB). HC6OJII>H_IYIO YaCTh MOIIHOCTH LCIIU AKOPA COCTABIIACT
MOIODHOCTDH IIOTCPb HA HAI'PCBAHHUC 06MOTKI/I, OCTAJIBHYIO 9aCTb — MCXAaHHUYC-

CKasi MOIIHOCTb P, . . UTOOBI ONpe/IeuTh TMOJIE3HYI0 MOIHOCTE P Ha Baiy

JIBUTATENS, HY’)KHO OTHATH OT MEXAHWYECKOW MOITHOCTHA MOIIHOCTh OTEPH B
cramu P, (U3-3a TUCTepe3nuca M BUXPEBBIX TOKOB) U MOIIHOCTh MEXaHUYe-

CKUX IIOTE€Ph Ha TpeHHE P, ; B MNOIIMIIHUKAX, HIETOK HA KOJJIEKTOPE U O

BO3/YX.
|<| A Plvek
Yy IRRN
Py
< P.
ur, =TT Bt L7 | p
’ Puex [ RHI;ZI ) t
Yy # VL Yy 4 \\‘ 2
/ 2P > R,/
Pan A | |7 Uty < | P, o
ﬂ =| #I
Puc. 9.28 Puc. 9.29

Juarpamma npeoOpa3oBaHUs YHEPTUU B I€HEPATOPE NOCTOSTHHOTO TOKA
npuBeneHa Ha puc. 9.29. K reneparopy NmOABOAUTCS MEXAHUYECKAS MOUI-
HOCTb Fjyex - HaCTh DTOM MOLIHOCTH PACXOAYETCA HA MEXaHUYECKUE IIOTEPU

Py ;. ¥ MaruTHble NoTepu P, a oCTaubHas 4acTb IIpeoOpa3yercs B DIIEK-
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TPUUYECKYI0 MOLIHOCTb, KOTOpas Ha3bIBACTCSA DJICKTPOMArHUTHON MOILHO-
ctei0 P,,,. Ilone3Has snexTpuyeckas MOLIHOCTBb IeHepaTopa P, MeHblie

SHGKTpOMaFHI/ITHOﬁ MOHOIHOCTHU Ha 3HAYCHHC IJJICKTPUYCCKHUX IIOTCPb B 00-

MOTKaX SIKOpst R [ g 1 Bo30yxnenus Ul .

9.14. Cnioco0bI JJIEKTPUIECKOT0 TOPMOKEHUS
JABUTaTeJIed MOCTOSTHHOTO TOKA

Jleucamenu nocmoanno2o moxka napanieibHo2o 6030yxicoeHus

B nBurarensx mapasuieabHOro BO30YKIEHHUS pa3inyaloT TpH crocoda
AIIEKTPUYECKOTO TOPMOXKEHHSI: TEeHEPaTOpPHOE PEKylepaTUBHOE, TeHepaTop-
HOE JMHAMUYECKOE, TOPMOKEHHE MPOTUBOBKIIOUEeHHEM (puc. 9.30).

A
I'eHepaTOpHOE n
peKynepaTHBHOE
Nxx
Ny
|
|
I'eneparopnoe |
TTMHAMAYECKOE : IV
! M Iy CK -
0 L
My Pexum
HPOTHBOBKJIIOUEHHUS

Puc. 9.30

['enepaTopHOE peKynepaTUBHOE TOPMOKEHHUE BO3HUKAET B TOM CIIydae,
KOT/Ia Ha BaJI JBUTATEJIS MPUKIIAJABIBACTCS aKTUBHBIM MOMEHT HAarpy3KH, Mpe-
BBIIIAOIIAN MOMEHT, Pa3BUBAEMBbIN JIBUTATEIIEM U HAIIPABIICHHBIA B CTOPOHY
BpalllcHUA ABUTaTeNss. B 3TOM ciiyyae poTop ABUTATEIN PA3TOHSIETCS 0 CKO-
POCTH, MPEBBILIAIONIEH CKOPOCTh XOJIOCTOTO XOJ1a, U MalllMHA MEPEXOJUT B
TE€HEPATOPHBIA pexuM. [Ipy 3TOM TOK AKOpS MEHSAET 3HAK Ha MPOTHUBOIIO-
JIOKHBIM, W TIPUKJIaJIbIBaeMasi MEXaHU4YecKasi SHEprus, npeodpasysiach B Ma-
IIMHE B AJIEKTPUYECKYIO, OTHAETCS B CETh.

[Ipu reHepaTOpHOM AMHAMHUYECKOM TOPMOXKEHHUH OOMOTKA SIKOpSI OT-
KJIIOYAETCA OT CETU W IOAKIIOYAETCS HAa COIPOTUBICHUE TOPMOXKECHUS R.

JlBurarenb MepexoAuT B PEXHUM TeHepaTopa MapajuiebHOTO BO30YKICHHUS.
MexaHnueckass SHEprus, 3alaceHHas BO BPAILAIOIIMXCS MAaccax MAallWHBI,
npeoOpasysch B AJNEKTPUUYECKYIO, BBIAEISICTCS B BUAE TEIUIOBBIX MOTEPh HA
COMPOTUBJICHUN TOPMOKEHHS.
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[Tpu TOpMOKEHHH MPOTUBOBKIFOUYCHUEM H3MEHSIETCS MOJSPHOCTh TOKA
1160 B 00OMOTKe BO30YKIeHuUs, 1100 B 0OMoTKe sikops. [Ipu s3ToM MOMEHT
JIBUTATEJIS] MEHSCT 3HAK Ha TPOTHBOIIOIOXKHBIN. J[BUTaTE)Ib HAYMHAET TOPMO-
3UTHCS, U, TIPU JTOCTHOKEHUU CKOPOCTH BpAICHUS HYJISA, OH OTKIFOYAeTCS OT
CETH.

Jleuzamenu nocmoaHH020 MOKA ROCIE008AMENIbHO20 8030YHCOCHUA

Tak Kak B TaKUX JBHTATEIIIX CKOPOCTh XOJOCTOTO XOJ[a HE OMpeIeicHa,
UCTIOJIB3YIOTCSL TOJBKO JIBa CIIOCO0A 3JIEKTPUYECKOTO TOPMOXKEHHSI: TeHepa-
TOPHOE TUHAMHUYECKOE U TOPMOYKECHHUE MPOTUBOBKITIOUCHUEM.

10. CuHXpOHHBbIE MAIMHBI
10.1. O0mue cBeeHUA

Cunxponnoii Ha3bIBACTCS SJICKTPUYECKasl MalllMHA, YaCTOTa BpalllCHUs
KOTOPOU CBsI3aHA MOCTOSTHHBIM OTHOIIIEHUEM C YaCTOTOM CETH MEPEMEHHOIO
TOKAa, B KOTOPYIO 3Ta MaIllMHa BKJIIOYEHA.

Kak Bce snekTpuueckre MallluHbl, CHHXPOHHBIC MAIIMHBI OOPATHUMBI:
OHM MOTYT paboTaTh B peXMMaX TeHeparopa u jBurareis. B Hacrosmee
BpEMsI OCHOBHBIMM HMCTOYHHUKAMHU 3JIEKTPOIHEPTHH OCTAKOTCS CUHXPOHHBIE
reHepaTophl Ha TEIJIOBBIX, aTOMHBIX U ruapodiekTpoctaniusax (TOC, ADC,
'3C).

Tpexdas3ubie CHHXPOHHBIC T€HEPATOPHI — CaMbI€ MOIIHBIE AJICKTPHYE-
CKHM€ MalluHbl. EquHAYHAs MOIIHOCTh CHHXPOHHBIX T'€HEPATOPOB, YCTAHAB-
muBaeMbIx Ha I'DC, nocturia 640 MBT, a Ha TOC — 800+ 1200 MBT.

CUHXpOHHBIEC JBUTATEIU TAKXKE SBJISIIOTCS CAMBIMU MOIIHBIMHU CpPEIU
BCEX AJeKTpoaBurarenei. Tak, eMMHUYHAS MOIIHOCTh CUHXPOHHBIX JBUIA-
TeNen JIsl KPYIHBIX HACOCOB, KOMIIPECCOPOB JOCTUTAET HECKOJIbKUX JIECST-
KOB MeraBarr.

Oco0eHHOCTHIO CHHXPOHHOUM MallluHbI, paboTaroIIel B YHEPrOCUCTEME,
SBJISIETCS BO3MOXHOCTH PEryJIMpOBaHUs €€ Ko3(P(UIIMEHTa MOUIHOCTH IO
3HAUEHHUIO W Xapakrtepy. g ynmydiieHus kodhduirieHTa MOIIHOCTH KPYTI-
HBIX JJIEKTPOYCTAHOBOK Ha DJIEKTPUYECKUX IOJCTAHIMUAX YCTAHABIMBAIOT
crenuaibHble CUHXPOHHBIE JABUTATENH, pabOTalolue B PEKUME XOJIOCTOTO
X0Jla C OTepexaronuM 1o ¢aze TokoM. X Ha3pIBalOT KOMIIEHCATOpPaMU pe-
AKTUBHOM MOIIHOCTU. MOIIHOCTh KPYNHBIX CHHXPOHHBIX KOMIIEHCATOPOB
cocrasiset 50, 100, 160 MBT.

Takke BBITYCKAIOTCS CHHXPOHHBIE T€HEPATOpPhl W JBUTATENH 3HAYH-
TE€JIbHO MEHBIIUX HOMHHAJIBHBIX MOIIHOCTEH. CHUHXPOHHBIE TE€HEPATOPHI
MOITHOCTBIO JI0 JECATKOB MM COTEH KUJIOBATT UCMOJb3YIOT KaK aBTOHOMHBIE
MCTOYHUKH MUTAHUA C PUBOJIOM OT JABUTATEIECH BHYTPEHHETO CTOPaHUS.

62



CuHXpOHHBIE JBUTATEIM MOIIHOCTHIO Bbilie 100 kBT umeroT ompene-
JICHHBIC TIPEUMYIIECTBA IEpel aCUHXPOHHBIMHU, XOTS OHHU CJIO)KHEE B IKC-
IJTyaTaluy U JOPOKE, YeM aCUHXPOHHBIE.

10.2. YcTpoiicTBO CHHXPOHHOM MAIIMHBI

OCHOBHBIMM YaCTAMHU CUHXPOHHOM MAaIIUHBI SBJISIIOTCSI CTAaTOP U POTOP,
MPUYEM CTATOP HE OTIMYAETCA OT CTATOpa aCUMHXPOHHOW MaiiuHbl. CepJey-
HUK cTaTopa coOpaH W3 M30JMPOBAHHBIX JPYT OT JpPyra IUIACTHH DJIEKTPO-
TEXHUYECKON CTalu U YKPEIUIEH BHYTPH MACCHBHOTO Kopiyca. B mazax c
BHYTPEHHEW CTOPOHBI CTaTopa pa3MelleHa OOMOTKa MEPEMEHHOTIO TOKa, B
OOJILIIMHCTBE CIy4daeB TpexdazHasi.

Porop cuHXpOHHOUN MalIMHBI TPEACTABISAET JICKTPOMArHUT — SIBHOIIO-
mocHbIi (puc. 10.1, rme 1 — momtoc; 2 — MOMIOCHON HAKOHEYHHK; 3 — 0OMOT-
Ka BO30YKJIeHUsI) WK HesiBHOMOMOCHBIN (puc. 10.2, rne 1 — momtoc; 2 — 00-
MOTKa B030ykJeHus). Tok B 0OMOTKY pOTOpa MOCTYyHaeT Yepe3 KOHTAKTHbHIE
KOJIbI[A M IIETKH OT BHEITHETO0 UCTOYHUKA MTOCTOSTHHOTO TOKa — BO30YIUTEJISI.

Y MHOromojtOCHON CMHXPOHHOM MAallMHBI POTOP UMEET p Map IOJk0-

COB, @ TOKM B OOMOTKE cTaTropa 00pa3yroT TOXKE€ p TMap IMOJIIOCOB Bpalllaro-

IIETOCsl MarHUTHOTO TOJIA (KaK y aCMHXPOHHOUM MamiuHbl). PoTop momxen
BpAILIATBCS C YaCTOTOM BpAILCHUS IOJS, CIEAOBATEIIBHO, €r0 CUHXPOHHAs
4acTOTa BpaLICHUs

_60f

P

HesBHOMOMIOCHBIE POTOPHI MPUMEHSIOTCS B CHHXPOHHBIX MaIlMHaX
OO0JIBIION MOIIHOCTH, UMEIOIIMX OJIHY WJIM JIBE€ Maphl MOJOCOB U COOTBETCT-
BeHHO 4vacToty BpameHuss #=3000 wau 1500 o6/mMuH. M3roToBieHue CuH-
XPOHHBIX MaIllMH OOJBIION MOUIHOCTH C TAKUMHU YaCTOTAMU BpAILEHUS MPU
SIBHOTIOTFOCHON KOHCTPYKIIMM POTOPA HEBO3MOKHO IO YCJIOBHUSIM MEXaHHUYe-
CKOM MPOYHOCTU POTOpa. HEesBHOMOMIOCHBIE POTOPHI MUMEIOT CHUHXPOHHBIE
reHEPaTopPhl, IPEAHA3HAYEHHBIE I HEMOCPEACTBEHHOTO COEAUHEHUS C I1a-
poBbiMH ¥ Ta3oBbiMU TypOuHamu Ha TOC u ADC. Takue ManmHbl Ha3bIBAIOT
TypOoreHepaTopamu. HessBHOIOIIOCHON pOTOP M3rOTAaBIMBAETCS U3 MAacCHUB-
HOI CTaJbHOM MOKOBKHU — “004Kkn”. OOMOTKA MMOCTOSIHHOTO TOKa YKpPEIUIAET-
cs B Ia3aX, BbI(PPE3UpPOBAHHBIX B POTOpE MO Bcel ero amuue (puc. 10.2).
MomtHocTs Takux reneparopoB gpoxoaut 10 500 000 kBA B ogHoll mamuHe.
IIo ycnoBusAM  MEXaHUYECKOW IIPOYHOCTHM JAUAMETP poTOopa  IIpH
n =3000 06/MuH He AofkeH mpeBbimaTth 1.2 — 1.3 M, a akTUBHAsI IJTMHA PO-
TOpa 0JIKHA OBITH HE OoJiee 6.5 M.

n
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SIBHOTIOJIIOCHBIE POTOPHI MPUMEHSIOTCA B CHHXPOHHBIX MalllMHAX C
OOJIBIIIMM YKCIIOM TOJIOCOB M, COOTBETCTBEHHO, OTHOCUTEIBHO HU3KOM yac-
TOTOH BpalieHus. Takue poTopbl UMEIOT CUHXPOHHBIE F€HEPATOPbI, IPEaHA-
3HAYEHHBIE JI1 HEMOCPEICTBEHHOIO COEMHEHUSI C THIPABIMYECKUMH TYp-
ounamu Ha ['DC. Takue reHepaTopbl Ha3bIBalOT T'MJporeHepaTopaMu. I'nai-
paBiIMYecKas TypOWHA BpaIaeTcss OTHOCUTEIHHO MEJICHHO, TO3TOMY YacTO-
Ta BpalieHUs] THAPOTCHEPAaTOpOB OT 60 10 HECKOJIBKHX COTEH 00O0pPOTOB B
MUHYTY, Y€MY COOTBETCTBYET HECKOJIBKO JIECATKOB IMap MOIt0coB. Benenct-
BHE OTHOCHUTEJIbHO MaJIbIX YAaCTOT BPAILICHUS T€HEPATOPHI K THAPABINUYECKUM
TypOMHAM HMEIOT 3HAYUTEIBHO OOJBIIYI0 MacCy Ha €IUHUIY MOITHOCTH
(cBeimie 8 kr/kBA), uem reHepaTopbl K MapoBbIM TypOuHam (MeHee 2.5
kr/kBA). Cambie MOLTHBIE TUPOTEHEPATOPHI UMEIOT JUAMETP pOTOpPa OKOJIO
12 M Ip¥ OTHOCUTEIBLHO HEOOJBIION JUIUHE — 2.5 M, YUCJIO TOJII0COB — 42 U
4acToTy BpamieHus 143 06/MuH.

2 1

=
W
=
N

N S

Puc. 10.2
Puc. 10.1

HctouHnkaMy TOCTOSTHHOTO HAMpsDKEHUs JJIi OOMOTOK BO30YXKIEHUS
SBJISIIOTCSI CTICIIMATIbHBIE YCTPOMCTBA, Ha3zbiBaeMble Bo30Oymutensmu. [Ipo-
CTEUIIUM BO30YAUTENEM SBIISIETCS CaMOBO30YXIAIOIIUICS TeHepaTop Io-
CTOSIHHOTO TOKa, YCTAaHOBJICHHBIM Ha Bally CMHXPOHHOI'O TeHeparopa. Ero
MOIIHOCTh cocTaBisieT 1+3% MomHOCTH CUHXpOHHOTO reHeparopa. C yBe-
JUYCHUEM €AMHUYHON MOUTHOCTH CUHXPOHHOTO T'€HepaTropa BO30YIUTENb C
KOJUIEKTOPOM CTajl HEHAJIe)KHBIM (MCTUPAIOTCS IMETKH, BO3pAacTaeT orac-
HOCTh MCKPEHHUS Ha KOJUIEKTOPE), MOATOMY B IMOCJIEIHEE BpeMs BCe OOJIbIee
MPUMEHEHUE HaXOASAT BEHTHWIbHBIC CUCTEMBI BO3OYKICHHS C AUOJAMU U TH-
pUCTOpamu.
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10.3. Peskumbl pad0ThI CHHXPOHHOM MAIUHbI

Pexum paboThl CHHXPOHHOM MAIlIMHBI OTPEACIISIETCS B3aUMOICHCTBUEM
MarHMTHBIX TOJEH, CO3/laBaeMbIX TOKaMH B OOMOTKax CTaTopa U pOTOpa.
CuHXpOHHAsI MalllMHA TIEPEXOIUT OT PEKHUMa IreHepaTopa K PeKUMY IBUTA-
TEJsI B 3aBUCUMOCTH OT TOTO, JICWCTBYET JIM HA €¢ Baj Bpalaromui (renepa-
TOP) WJIX TOPMO3HOM (JIBUTATEIb) MOMEHT.

PaccMoTpuM pexuMbl pabOThl JIBYX-
\ '\n noJIfocHOM MammHbl. Ha 0OMOTKy cTaTtopa
M0JIaeTCsl CUMMETPUYHAsl CUCTEMa TOKOB U B
MalIMHE CO3/JaeTCsl Bpallarolieecss MarHuT-
Hoe moiyie. B oOMoTke BO30YyXJeHus mpoTe-
KalOT TOCTOSIHHBIE TOKHU. Ecnmu mpeHeOpedb
BCEMH BHJIaMH TIOTEPh SHEPTUHM B CHHXPOH-
HOWM MalllMHEe, TO MPH OTCYTCTBUM MOMEHTa
Ha Bally (peXUM XOJIOCTOrO XOJa), OCh IO-
JIOCOB poTOpa OyJeT coBmajgaTh C OCHIO TO-
mocoB ctatopa (puc. 10.3).
s Toro 4TOOBI 3aCTaBUTh CHHXPOH-
HYI0 MallliHy, BKJIIOUYEHHYIO B CETh, pabo-
TaTh B PEKUME 2eHepamopa, OTiaBas dHep-
THI0, HEOOXOJMMO YBEIWYUThH Bpallaroniui

MEXAHUYECKUU MOMEHT M IPUIT0KEHHBIA
Puc. 10.3 sp> 1P

MEPBUYHBIM JIBUTATEJIEM K Bally MAIIHUHBI.
Torma moa nelcTBUEM BO3POCIIETO BPAIIAIOIIEr0 MOMEHTA OCh MarHUTHBIX
MIOJIFOCOB POTOpA MOBEPHETCA HA HEKOTOPBIM yroil 6§ OTHOCHUTEIHHO OCH TO-
JIIOCOB CTaTOpa B HampapyieHUu Bpaiienus (cM. puc. 10.4). Tak kak nmpu 3ToM
PE3YJIbTUPYIOIIEE MAarHUTHOE IOJIE, CO3/1aBAEMOE HAJIOKEHHEM MAarHUTHBIX
MOJICH CTaTopa W POTOPa, M3MEHUTCS, TO TOK B 0OMOTKaX CTaTopa TaKkKe W3-
MEHUTCS. B3auMoaencTBre 3TOro ToKa ¢ MAarHUTHBIM TIOJIEM pOTOpPa CO3/1a€T
TOPMO3HOM MOMEHT M ., NeUCTBYIOIIMI Ha pOTOp. DTO U O3HAYaAeT npeolpa-

30BaHME PHEPTUM MEXAHMYECKOTO JBMKEHUS MEPBUYHOIO JABUIATENS B JJICK-
TPUYECKYIO SJHEPTUIO T€HEPATOPA.

Ecnu nmpuiokuTe K Bally MAalIMHBI BMECTO BPAaIAOLIEr0 TOPMO3HOM
MOMEHT MEXAaHMYECKOM HArpy3KH, TO OChb IIOJIOCOB POTOpA IIOBEPHETCS HA
HEKOTOPBIA yroil O (yroja Harpy3k) OTHOCHTEIBHO OCH MOJIFOCOB CTAaTOpa
NpoTUB HarpaBieHus BpameHus (puc. 10.5). BHOBb U3MeHSTCS TOKH B 00-
MOTKAaX CTAaTOpa M BO3HUKHYT JJIEKTPOMAarHUTHBIE CUJIbI B3aHUMOJEWCTBUS
TOKOB OOMOTOK CTaTOpa ¥ MarHMUTHOT'O IOJII pOTOPa, HO Ha 3TOT Pa3 3T CH-
Jbl OYyJyT CTPEMUTHCS YBJIEUb POTOP B HANPABJICHUM BpALEHUSA. DIEKTPO-
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MarHuTHbIE CWJIBI CO3JaqyT TENEph BpAlAIOIIMK MOMEHT. DJIEKTpHUYECKas
DHEPTUs CeTH OyJEeT MPeoOpPa30BhIBATHCA B MEXAaHUYECKYIO SHEPTHIO HA BaTy
MAIlLMHBI, T.€. CAHHXPOHHAsI MallIMHA [IEPEUJIET B PEKUM OGUZAMEJIA.

0<0

Puc. 104 Puc. 10.5

CHHXpOHHAsI MalIMHa pabOTaeT B PeKUME Te€HEpaTopa WK JABUTATENs B
3aBUCHMOCTH OT MEXAaHMYECKOI'O BO3JECHUCTBUS HA BaJl MAIWHBI, IPHYEM
AIEKTPOMArHUTHBIE CUJIbl MTPAIOT POJb YHPYTOM CBA3UM MEKIY POTOPOM H
CTaTOpPOM.

10.4. YpaBHeHHeE 3JIeKTPUYECKOT0 COCTOSIHUS, BEKTOPHAS JHarpaMMa u
cxema 3amenneHns pa3bl CHHXPOHHOIO reHepaTopa

B cHHXpOHHOI MalMHe CyIIeCTBYEeT MAarHUTHOE I0JIe BO30YXACHUS U
MarHuTHOE TOJIe TOKOB cTaTopa (IOJIeM paccesHUs] CTaTOPHOM OOMOTKHU
npenebperaem). Kaxmoe u3 aTux moieil MHAyIUpPYeT BO Bcex Tpex (pazax
oomotku craropa DJIC. [l KauecTBEHHOIO PacCMOTPEHUsS! MPOIIECCOB B
CUHXPOHHOH MallliHE MPUMEM, YTO €€ MAarHUTHas Lelb He HachllleHa. DTO
JTaeT BO3MOXKHOCTh CUUTAThb MarHUTHBIE IOJII HE3aBUCUMBIMHU U UCHOJb30-
BaTh MPUHLHUI HAJIO)KECHHUS.

Tok B030yxJeHUsA (TOK B OOMOTKE pOTOpa) CO3Aa€T OCHOBHOE MAarHMT-
Hoe nojie. CHHYCOMJaIbHO U3MEHSIIOIEeCs TOTOKOCIENIIEHue Y (y(f) OCHOB-

HOI'0 MarHUTHOTO TOJI HHAYLUPYET B (azHoi oOMoTke cratopa DJAC ey (1),

JEHCTBYIOLIEE 3HAYEHUE KOTOPOU
Ey =444 fyo,,-
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3aBUCUMOCTh AMIUIUTY/Ibl TIOTOKOCLEIUIEHUSI OT TOKa BO30YXIEHUS PO-
Topa [, npeacraeieHa Ha puc. 10.6 1 MOBTOpsACT KPHBYIO HAMArHNYNBAHUS

B(H) MarHuTHOW CHCTEMbl CHHXPOHHON MalIvMHbl. BaxkHOW XapakTepUCTH-

KOM CHUHXPOHHOM MAIlWHBI SIBJISICTCS XAPAKMEPUCMUKA XO0A0CHO20 X004,
KOTOpas npencrasisier codoit 3apucumocts JIC E( OT TOKa BO30YXAECHUSA

Eoy, .,

Y oom (puc. 10.6), tak xaxk DJIC mnpomopruroHaIbHA
MOTOKOCIETICHUI0. XapaKTepUCTHUKA XOJIOCTO-
ro X0Jia MOXET OBbITh MOJYy4Y€Ha OIBITHBIM ITy-
TEM B PEXHME XOJIOCTOTO XOJa MAIINHBI U TO-
3BOJISICT OIICHUTH HACHIIIICHNE MATHUTHOM IIETIH
MAITTHBI.

1 Toku 0OMOTKM cTaTtopa CO3JAl0T Bpa-

maroiieecss MarHuTHoe moie. M3mensromieecs

Puc. 10.6 MOTOKOCHEIIEHHE 3TOro Moist Y ,(¢) HaBOOUT

[,. OHa aHajmoru4Ha KpUBOH HaMArHMYMBAHH

»

vo

B (paze oOmoTKu cratopa DJC e, (7).
PesynbTupytomas 9J1C craropHoil 0OMOTKH
€pes =€ + e (10.1)
WU B KOMILIEKCHOH popme Epe3 =E,+E,. (10.2)

Ora JJIC onpenensercss pe3yabTUPYIOMUM  MOTOKOCIEIJIECHUEM
Wpes =Wo + V4, KOTOPOE CO31aHO MArHUTHBIMU IOJISIMH TOKOB CTaTOpa U

potopa. YpaHenus (10.1) u (10.2) ucnonb3oBaHbl IpU MOCTPOCHUU BEKTOP-
HOW nuarpaMMsl puc. 10.7. Bekrop () onepexaer EO Ha 90°. Bektop TOKa

cratropa / WMeeT HalpaBJIE€HHUE, COOTBETCTBYIOIIECE AKTUBHO-WUHIYKTUBHOU
Harpyske. Ilorokocuemienue y,, co3gaBacMoe TOKOM [, COBIIAJaeT ¢ HUM

no ¢aze. Bexrop 3JAC E, otcraet ot \y, Ha 90°. Pe3ynbTupytomiye BeKTo-
PBI Ypes M Epe; ONPENCNSAIOTCA IEOMETPUYCCKHM CIIOKECHHEM BEKTOPOB.
Hanpasnenue BeKTopa /() OTHOCHTEIIBHO o3 XaPAKTEPH3YET MPOCTPAHCT-

BEHHOE CMEILEHNE OCEl MArHUTHOTO IOJIS POTOpa U PE3YIbTUPYIOLIEro Mar-
HUTHOTO 1oJis1. [103TOMY yroy MeX1y 3TUMH BEKTOPaMU COOTBETCTBYET YIULY
paccoryacoBanus 0. 13 nocTpoeHus ciaenyeT, 4To CABUT MEXKIY BEKTOpaMH

Eyn Epe3 TaKXKe COOTBETCTBYET yriy 0.

CornacHo BTopomy 3akoHy Kupxroda cymma mHaynupyembeix B (asze
oOMoTku cratopa DJIC paBHa HampsbKeHUIO Pa3bl OOMOTKM CTaTopa IUTHOC
naJIcHUe HapsDKEHUS B aKTUBHOM COIIPOTUBIIEHUH 3TOM 0OMOTKH
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Eg+E,=U+IR.
3amennm DJIC E ; TaJCHUEM HaIpPsHKCHUS Ha UHAYKTUBHOM COIPOTUB-

neaun X obmotku E, =—jxI . BenuunHa X Ha3bIBACTCSI CUHXPOHHbLIM UH-

OYKMUBHbBIM CONPOMUBTICHUEM.

B cuHXpoHHBIX MamnHax o0blMHO R << x. [IpeHeOperas nmajeHuem Ha-
NpsSDKEHUS B aKTUBHOM CONPOTUBIIEHUHM OOMOTKH, MOJYYHUM YIIPOILEHHOE
YpaBHEHUE JIEKTPUUECKOT0 COCTOSIHUSA (ha3bl CHHXPOHHOI'O Te€HepaTopa

Eog=U+ jxI . (10.3)

W3 3TOr0 ypaBHEHUS CIENYET, YTO CUHXPOHHDbLI 2eHEPaAmop — Mo Uc-

mounux JIC E, enympennee conpomueienue Komopozo umeem uHoyK-

MUGHLLI XapaKmep. jxi
N
Eg V‘ U
: Ey 1
0 Epes 1 0
¢
Vg Ypes P
)
Vo
i Puc. 10.7 Puc. 10.8
Jxr VYpaBaenuto (10.3) cOOTBETCTBYET YIpPOIIEHHAs BEK-

Z, TOpHas jauarpamMMa Ui aKkTHBHO-UHIYKTHBHOH Ha-
rpy3ku (puc. 10.8) u cxema 3amernienus ¢a3bl 0OMOTKH
cratopa (puc. 10.9). Ilpu mocTpoeHHH AHATPAMMBI
CUMTAaEeM 3a/IaHHBIMU BEKTOPBI HANPSHKEHUS U TOKA, a

Puc. 10.9 TaKXXe XapakrTep Harpy3ku. M3 BEeKTOpHOU auarpammsbl
uc. 10. :
clelyeT, 4To B pexxume reHeparopa Bekrop D/C E

oIepekaeT BEKTop HanpspkeHus U Ha yroa 0.

10.5. CunxpoHu3anus ¥ BKIKYEHHE FeHepaTopa Ha Napa/lieIbHY 0
padoTy B MOLIHOM JHEProcucreMe

PaccMoTpum 3KCrmyaTallMOHHBIE CBOMCTBA OTAEIBHOTO CHHXPOHHOTO
reHepaTopa, paboTaroero napamieibHO ¢ MHOXKECTBOM JIPYTUX T€HepaTro-
POB Ha OOIIYIO0 CETh C PA3HOOOPA3HBIMU MOTPEOUTEIAMU IECKTPOIHEPTUH.

DHnepzocucmema TPECTABIACT MHOXKECTBO JIEKTPOCTAHIIMA U MOTpE-
outeneit, oObeIMHEHHBIX OOIIEH AIEKTPUUECKON ceThio. B sHeprocucreme
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UMEIOTCSI CIeIUalbHbIE CITY>KObI, KOTOpbIE 3a00TATCS O MOJIJIEPKAHUM TIO-
CTOSTHCTBA YacCTOThI M HANpsHKEHUs B ceT. Jlucmeruep CUCTEMbl UMEET Cy-
TOYHO-TI0YAaCOBOM rpaduk MOIIHOCTEH BCEX MOTpeOUTENe. DHEProCUCTEMbI
YKPYMHSIOTCA, TaK KaK 3TO JIeJaeT uX 00Jiee YKOHOMUYHBIMUA U THOKUMHU.

Jis paccmotpenust padotel otaensHoro CI' B 3HEprocucremMe Hy>KHO
3aMEHUTh MHOKECTBO MapaJJIEIbHO BKIIFOUEHHBIX T€HEPATOPOB CUCTEMBI OJI-
HUM SKBHUBAJCHTHBIM T'€HEPATOPOM, BHYTPEHHEE COIMPOTUBIIEHHE KOTOPOTO
OYEHb MAJIO, @ MOILIHOCTh — BEJIMKA. DKBUBAJIEHTHBIN MOTpeOUTENbh N300pa-

KAETCS TIEPEMEHHBIM AKTUBHO—PEaKTUBHBIM
’—rJ CONPOTUBJICHUEM.

, I AHanu3 paboThl OTAENBHOTO TE€HEPaToOpa
JXL B MOIIHOW 3HeprocucremMe OyJeM BECTH, HC-
ECCD /ﬁﬂ noibp3ysi cxemy 3amemieHuss Ha puc. 10.10.

[Ipu 3TOM Oymem mojaratb, YTO MU3MEHEHHUE
pabouyux peXKuMOB CHHXPOHHOTO T€HEepaTopa
HE MOXKET BJIUATHh HA HANPSHKEHUE U YaCTOTY
CETH, TaK KaK OHM MOJJEPKUBAIOTCA B CETHU
MOCTOSTHHBIMU.

[Ipu BKJIIOYEHMM TeHEpaTOpa Ha MapajuIeNbHYI0 paboTy C APYTUMU Te-
HepaTopaMu HE0OXOJMMO M30eraTb OPOCKOB TOKAa B CTaTOPHOW LIEMU U BO3-
HUKHOBEHHUSI YJAPHBIX 3JEKTPOMArHUTHBIX MOMEHTOB e
Ha Bajly, CIIOCOOHBIX BbI3BaTh MOBPEKICHUE T'€HEepa- EylTU
TOpa W JAPYyroro oOOpPyIOBaHUs, a TAKKE HapYyUIUTh
paboty sHeprocucteMbl. UTOOBI 3TOr0 HE MPOUCXOAU-
JIO HEOOXOAMMO ONpENETICHHBIM 00pa3oM OTperyJu- 0=0
pOBaTh PEXHUM PabOTHI TeHEpaTOpa Ha XOJIOCTOM XOIY >
U B OIpE/IeNICHHbII MOMEHT BPEMEHU BKJIIOUUTH T'€HE- Prc.10.11
paTop B ceTb. COBOKYNHOCTbh 3TUX ACHCTBHI Ha3bIBa-
€TCSl CUHXPOHU3ayUell 2eHepamopa.

UToOBl CHHXPOHU3MPOBATH T'€HEPATOpP C CEThI0, HEOOXOIMMO obecre-
YUTh!

1. PaBenctBo DJIC E() reHeparopa u HanpsbkeHus cetu U .

IN
=

Puc. 10.10

2. PaBeHCTBO 4acCTOT HANpPsDKEHUI reHepaTopa f. U CeTu f.

3. Cosnazaenue no (haze HanpsLKEHU reHepaTopa v CeTH.

4. OnuHaKOBBIN MOPAIOK YepenoBaHus a3 reHepaTopa 1 CeTH.
BrImonmHeHUs 3TUX YCIOBHIA Ha AJIEKTPUUYECKUX CTAHIUAX TOOMBAIOTCS C IMO-
MOIIBI0 aBTOMATHUYECKUX CHCTEM PETyINPOBAHHUS.

[Ipr TOYHOM BBITIOJIHEHUH YCJIOBHM CHHXPOHHM3AIMH MOCIE BKIFOUCHUS
reHepaTopa B CETb OH OCTaeTcs B pexkumMe xosoctoro xona (£ =0). Bekrop-
Has [rarpaMma Juis 3TOro pexuma npuseaeHa Ha puc. 10.11.
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10.6. Yri10BbI€ XapaKTEePUCTUKU CHHXPOHHOI'0 reHepaTopa

PaccmoTpum 0cobGeHHOCTH pabOThl CHMHXPOHHOTO TIeHeparopa Mapal-
JIEIIBHO C ceThI0 OeckoHeuHoM MolHocTH (U, = const, f, = const).

AXTUBHas MOIIHOCTb CUHXPOHHOI'O I€HEpaTOpa ONPEAEISAETCS COOTHO-
IIEHHEM

P =3Ulcoso. (10.4)

ONeKTpOMarHuTHas MOIIHOCTb P, OOJblIE IOJIE3HONW aKTHUBHOU

MOIIIHOCTH HAa OTHOCUTEIHHO Majyl0 MOUIHOCTb AJIEKTPHUUECKUX MOTEpPh B
oOMoTke cratopa. [Ipenebperast STUMU OTEPSMU, TTOTYIUM
P= P, =3Eplcosy. (10.5)
BreIpazuM akTHBHYHO MOIIHOCTh YEpe3 YTroJ
paccornacoBanus 0. Jlns sToro oOpatuMmcsi K BeEK-
TOPHOH AMarpaMMe CHHXPOHHOTO TeHepaTopa, pa-
0oTaroIero ¢ AakTUBHO-WHIYKTUBHOM Harpy3kou
(puc. 10.12). OGo3HauUM TOYKAMU a U b KOHIIBI
BEKTOPOB, a TOUKOW ¢ TMepeceueHrne NeprneHIuKyJs-
pa, OIYLIEHHOr0 U3 TOYKH a Ha BEKTOp E(. Yrou

bac paBeH yriy v, a

ac Usin®
cosy=—=——.
ab xI
Puc. 10.12 [TonctaBug B (10.5) 3TO BeIpa)keHHE, TOTYIUM
3EqU . .
P=""0"gin0=P, . sin0,  (10.6)
X
3E)U
rae Fpax = 0 .
X
DJIEKTPOMArHUTHBI MOMEHT, CO3aBAEMbIN CUHXPOHHOW MAILIMHOU
P 3EyU . .
Moy =—=""9"gin0 =M,y sinb, (10.7)
Ql XQI
rae Qp = 2nn (0 ~ YTIOBas CKOPOCTb MAarHHUTHOTO IOJIsl CTATOPA,
3EqU
M =—.
max XQI

Tak Kak yrioBasi 4acTOTa MOCTOSIHHA, TO MOMEHT IPOIOPIIMOHAJICH aK-
TUBHOU MomHOCTHU. 3aBucumocty (10.6) u (10.7) mpeacraBisitoT co0oii aHa-

JIUTUYECKOE BBIPAKEHUE Y2060l XAPAKMEPUCMUKY CUHXPOHHONW MAIlWHBI
(puc. 10.13).
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AKmMueHas MOWHOCHb U I1EKMPOMAZHUMHBLIL MOMEHM RPONOPUUO-
nanvnol I/[C u cunycy yana paccoznacoeanusa 6, Tak Kak oCTajJbHbIC Mapa-
METpPBbI, BXOJIIHE B (hOPMYJIBI TPAKTUICCKU ITOCTOSHHBI.

AMIUTUTYly 3JIEKTPOMArHUTHOIO MOMEHTa M .y MOXHO Peryiupo-

BaTh, TAK Kak OHa nponopunoHansHa J/JC £\, 3aBUCALIEH OT TOKA POTOpA.

[Toxaxxem Ha yriioBo# xapaktepuctuke (puc. 10.13) 3HayeHue Bpa-
IMAIOIIET0 MOMEHTA My, NPUBOIHOIO JBHraTess B BUIE IOPH30OHTAILHOMU

MyHKTUPHOW JIMHUU (MOMEHT TypOuHBI He 3aBUcHUT OT 0). B Touke mepece-
YCHHS 9TON MPSIMOIi € YTIIOBOM XapaKTepUCTHKOM (ipu yrie 01) My, =M,y

U MEXaHH4YeCKasi MOIIHOCTh TYpOWHBI paBHA JIEKTPOMArHUTHOU (AaKTUBHOM)
MOIIIHOCTH TeHepaTtopa. [Ipu ToMm ke BpamarmneM MOMEHTE TYpOWHBI, HO
MEHBIIIEM TOKE POTOpa yIoJl paccoriacoBaHus Oyaet oonbiie (0, >0;). Uem

OOJIbIIIE MOMEHT Typ6I/IHBI, TeM OOJbIIIC aKTHBHAs MOIDHOCTL, OTAaBacMast

TE€HEPAaTOPOM B CETh. MOIIHOCTH MakcuMaIbHa pu 0 = 90° .
Takum 00pa3oM, aKmueHas MOWIHOCMb 2eHepamopa Ha INeKmpo-
CMAHUUU PecyIUPyemca MOMEHMOM MypPOUHbL WU OPY2020 NEPEUYHO20
oguzamens u He 3a6uU-
i P, M,,, cum om conpomueéiie-
Mo HUA  J1eKmpu4ecKux
NPUEMHUKO8 6 cemu.
Jucnetdep  3JEKTpo-
CTaHLIUK HMEET CyTO4-
Mg -4 A1 HO-TIOYacOBOM  Tpaduk
Ins Harpyski BCEX MOTpe-
outenel, Tme yKa3zaHa
TpeOyemasi akTUBHasA H
pEaKTUBHAS MOIIHOCTb.
ITo yxkazaHuro naucrer-
yepa CHHXPOHHBIE TeHe-
paTopsl  BKIIIOYAIOTCH,
Harpyarorcs (Wi pas-
Puc. 10.13 IpyXarTcsi M OTKIIO-
YaloTCs) Tak, 4TOOBI B
10001 MOMEHT BpeMeHHU olecreurBajiach Tpedyemash MOIIHOCTh 3JIEKTPO-
SHEPrHH.
CHHXpOHU3M TeHepaTopa CyIIEeCTBYET, IOKa Bpallatoliuii MOMEHT Typ-
OMHBI ypaBHOBEIIMBAETCA 3JCKTPOMAarHUTHBIM MOMEHTOM CONPOTHUBIICHUS
re’Heparopa.

Ip1>1p;

vo
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Ipu 0<0<90° (BocxosAmuii y4acTOK) F€HEPATOP COXPAHIET CHHXPO-
HU3M C CEThIO, T.€. IMEET CUHXPOHHYIO YacTOTy BpalIeHUs U paboTaeT yc-
ToluuBO. Hanmpumep, npu yBeIWdYeHUN BpaIalolero MOMEHTa TYpOUHBI Oy-
JIeT yBEIWYUBaThCA yroyl O H, ClieIoBaTeIbHO, SJIEKTPOMArHUTHBI MOMEHT
COIIPOTUBIICHUS TeHepaTopa M ,,, IOKa HE HACTYIUT HOBOE DPABHOBECHE

My, =M 5y, . Ilpu 5TOM yBenu4aTcs TOK CTaTopa /, akKTUBHAs MOIIHOCTH P,
HO YacTOTa BPAILIEHUSI POTOPA OCTAHETCA MOCTOSTHHOM.

IIpu 6=90° 51eKTPOMArHUTHBEI MOMEHT I'eHeparopa MakCHMMAJIeH W
NpH JAJIbHCHIIIEM YBEIMYCHUN M, TEHEPAaTOp HE MOXET CO3/aTh PaBHOIO

MOMEHTa CONPOTUBNCHHUS (M pax <My, ). I1omockl poTopa «OTPBIBAIOTCS

OT IOJIIOCOB MAarHUTHOrO MOJIsI CTAaTOpa, 4YacTOTa BpallleHUs BO3pacTaer
CBEPX CUHXPOHHOH U POTOp «BBINAAAECT» U3 CUHXPOHU3MA. DTO MOXKET BO3-
HUKHYTbh IIPU TOCTOSIHHOM BpallarollleM MOMEHTE U YMEHBIIEHHH TOKa po-
topa (1 OC E(y) Ny CHUKEHUU HaNpsKEHUs Ha 3a)KMMax TeHeparopa (IIpu

KOPOTKOM 3aMbIKaHUU B CETH).

Amnaumyonoe 3nauenue 31eKMPOMAZHUMHO20 MOMEHmMA (Uau Mouy-
HOCMU) HA3bI6AIOM NPEOEOM CIAMUYECKON YCMOUYU80CMU CUHXPOHHOU
MAWUHbBL 8 CUHXPOHUIME.

st obecrieyeHus TMHAMUYECKONW YCTOMYMBOCTU JIOMycKaeTcsi pabora

CHHXPOHHON MalIMHBI IIPH YIJIE PACCOTIACOBAHUS, HE NpeBbimarmeM 30°
MIPY HOMUHAIIBHON MOITHOCTH.

[Ipu yroax 90° <0 <180° paboTa CMHXPOHHOIO T€HEPATOPA HEYCTOM-
4MBa. B 5THMX yCTOBUAX BpAAIOMIHi MOMEHT TypOWHBI My, MpeBbimaeT

MAaKCUMaJIbHBI TOPMO3HOMU 3JIEKTPOMAarHUTHBIM MOMEHT reHeparopa M, .
M36bITOK Bpamaromero MoMeHra (Mg, > M, ) co3aaeT fanbHEHIIee yCKo-
peHre poTtopa, 4To OOyCIaBIMBAET AajbHEWIIEE BO3PACTAHUE YIJIA PACCO-
[JIACOBaHUSA U HOBOE YMEHBIIEHUE TOPMO3HOIO MOMEHTA U T.X., [I0KAa I'eHe-

PaTopP HEC BBINTAAACT U3 CUHXPOHH3MA.
«BBIH&I[GHI/IIO» N3 CHMHXpPOHH3MaA IPCAICCTBYCT HGYCTOIZ‘II/IBO@ COCTOA-

HHE: HEPABHOMEPHOE BO3PACTaHME yria paccormacoBanms 0 mo 90°, 1807,

360° u T.1., T.€. KIPOBOPAYUBAHKE» POTOPA OTHOCHTEIBHO MATHUTHOTO IIO-
A8 TOKOB CTaropa U YEpEIOBAHHE PEXKUMOB TI€HEPATOP-ABUTATENb-
reHeparop, OPOCKM TOKa CTaTopa JOCTHTalOT 3HAUYCHUM, COOTBETCTBYIOIIUX

o . 2U
npu =180 ABOIHOMY TOKY KOPOTKOIO 3aMmblKaHUs: [ =——. DTO COCTOSA-

X
HHUC ABJIACTCA aBapHﬁHBIM.
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M3 Hero ecth Ba BBIXOAA: OTKJIIOYHUTH T'€HEPATOpP OT CETH WM CTPEMMTHCS
yAEpKaTb €ro B CHHXPOHHU3ME, PE3KO YBEIUYMBAsi TOK BO30YKIACHUS pOTOpa.
IIpu 5TOM yCHIMBAETCA MarHUTHOE II0JIE U BO3PACTACT MAKCUMAJIBHBIN JJICK-
TPOMAarHUTHBI MOMEHT I'€HepaTopa.

ABapuiiHO€ OTKJIFOYEHUE MOILHOTO F€HEPATOPA MOKET IPUBECTH JIHOO K
OTKJIFOUEHUIO psfia MOTpeOUTeNeil COOTBETCTBYIOIIEH MOIIIHOCTH, YTO CBS3a-
HO C 3KOHOMHYECKHM yIepOoMm, Tud0 mepeBojaa Harpy3kd Ha OCTaBIIHECS
reHeparopsl. B aTom ciyuyae TpeOyeTcsi onpeaeneHHoe BpeMs ISl yBeIr4e-
HUS BPAILAIOIIUX MOMEHTOB TYpOMH (YBEJIMYEHUE pacxoj]a TOIUIMBA, BOAbI,
napa).

10.7. PeryJiupoBaHue peakTUBHONH MOIIHOCTH CHHXPOHHOTIO reHepaTopa,
U-o0pa3Hble XapaKTePUCTHUKH

PaccMoTpuM BiusiHME TOKa BO30YXKAEHMsI Ha pabOTy BKIIIOUEHHOIO B
CETh CUHXPOHHOT'O F'€HEPATOPa IIPU MOCTOSHHOM BpalaroleM MOMEHTE Iep-
BUYHOIO ABHraressd. Iloctpoum Tpu BEKTOpHBIE IMArpaMMbl T€HEPATOpaA JJIs
pa3IMYHBIX TOKOB BO30Y)KJIEHHUS, COBMECTHB HX Ha OJHOM pPHCYHKE (puc.
10.14). IlepByto auarpammy moctpoum st ciydas, korga Egqy >U. Tok

CTaTopa 1Ipu 3TOM [(1) OTCTacT OT U Ha yroia Qg.

Bropyro nuarpammy mocTpoum IS TAKOTO TOKa BO30YKIEHHUs, KOT/a
TOK CTaTOpa UMEET TOJIBKO aKTUBHYIO cOocTaBisitomyo [, . Tak kak 1mo ycmno-

BUIO My, =M\ =const u U =const, To Ha ocHoBaHuu popmyx (10.7) u

(10.4) E(sin0® = const, Icosp=1, =const.
|

. 9TO O3HaA4YacT, 410 BeKTOpBI E U I
| )
Eo 0

jxj

UMEIOT rojorpadsl — mpsMble, MOKa3aHHbIE
NyHKTUPHBIMHA JUHUAAMHU Ha puc. 10.14. Ilo-

Eo)l
U 5TOMY Ha BTOpOH Jmarpamme Eqy < Eq(p),

Eo3) a Tok craropa [, — MuHMManbHbIA. Haxko-
Hell, JIETKO IIOCTPOUTh JuarpaMmy IJis MaJio-

ro TOKa BO30YXKICHHUS, KOTa EO(3) <U. U3

) JuarpaMMbl BHJIHO, 4YTO IIpU MajJOM TOKeE
1 @1 BO30YyXJIeHUsI TOK cratopa [ (3) TeHepatopa

Puc. 10.14 OIICPCIKACT HAIIPAKCHUC U Ha yToJ]I 3.

Ha yrioBbix XapakTepUCTHKAX pHC.
10.15 oTtmeuensl Touku 1, 2, 3, COOTBETCTBYIOIINE BEKTOPHBIM JUarpaMmam
puc. 10.14.
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Takum oOpazoM, usmenenue moka 6030yxncoeHus pomopa cCUHXPOHHO-
20 2eHepamopa npueooOUm K UsMeHeHUuI0 XapaKmepa peaKkmueHoi MOuiHo-
cmu: npu 00abwWIOM moKe pomopa (npu nepeeo3dyrzcoeHuu) peakmueHas
MOWHOCMb uUMeem UHOYKMUGHbBLI Xapakmep, npu Heo08030yxicoeHuu —

eMKOCMHOU Xapakmep.
P P I'pannna ycroiuuBocTH

A P,M:.)M I y

1,2/3

v

Puc. 10.15
Puc. 10.16

3aBHCUMOCTb TOKa CTaTopa [ OT ToKa BO30Y:KACHUs poTopa [, IpH Io-

CTOSIHHOW aKTUBHOM MOIIHOCTU P mpexactasisiercss U-oOpa3HbIMU XapakTe-
PUCTUKAMHM, IOKa3bIBAIOUIUMU BO3MOXKHOCTH PETYJIUPOBAHUS PEaKTUBHOU
MontHOCTH (puc. 10.16). MUHMMYMBI KPUBBIX COOTBETCTBYIOT YHUCTO aKTHB-
HBIM TOKaM ctaTopa (cos¢ =1).

JleBee TyHKTHPHOW KPHUBOM, COOTBETCTBYIOMICH cosp =1 (cMm. pwuc.
10.16), TOK UMEET EMKOCTHYIO PEaKTUBHYIO COCTaBJISIOLIYIO, PAaBee — WH-
JYKTUBHYIO PEAKTUBHYIO cocTaBisitoulyro. B neBoit wactu rpaduka U-
oOpa3Hble KPUBBIE HE TOXOJAT 10 OCU OPAMHAT, KPOME HUKHEH KPUBOM MpHU
P=0. DTO O3HAay4aeT, 4TO MPU MAJIOM TOKE BO30YKICHHS Maja aMIUIUTyAa
AIIEKTPOMAarHUTHOTO MOMEHTA U, NPU YBEIMYEHUN aKTUBHON MOILHOCTH (U
MOMEHTa TypOWHBI), MOXKET MPOU30MTH BbINAJCHUE T€HEpaTopa U3 CHUHXPO-
Hu3Ma. [Ipu GonpIIX 3HaYEHUAX TOKA POTOpa HAUMHAETCS HACHIIIEHUE Mar-
HUTHOW LENU MAIllMHbI, B PE3yJbTaTE YEr0 HAPyLIAETCsS JMHEWHAs 3aBUCH-
mocts DJIC E( ot Toka poropa (cM. puc. 10.6). ITootomy mpassie BetBu U-

00pa3HBIX XapaKTEPUCTUK CTAHOBATCA Oojiee mosorumu. Ha puc. 10.16 ot-
MEUEHBI TOUKH |, 2, 3 yrIoBBIX XapaKTEpUCTHK, TOKa3aHHbIX Ha puc. 10.15.
BnusiHue Toka BO30YyKJIEHHUS HA PEAKTUBHYK) MOIIHOCTb CUHXPOHHOI'O
reHepaTopa, pabOoTaroIEro B CETH, MOKHO MOSICHUTh €lIe U TaKUM 00pa3oM.
[Tpy DOCTOSTHHOM HANpSKEHUM CETH WHTEHCHBHOCTh PE3YJbTUPYIOIIETO
MarHUTHOTO IIOJIS1 U MMOTOKOCLEIUIEHUS JIOJKHBI OCTaBaThCsl HEM3MEHHBIMU.
[ToaTOMYy yBENMYEHHE WM YMEHBIIEHWE MHTEHCUBHOCTH MAarHUTHOTO ITOJIS
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MIOJIFOCOB POTOPA BBI3BIBAET TAKOE N3MEHEHHUE PACTIOJIOAKEHUSI OCH MAarHUTHO-
ro IIOJIA CTaTopa OTHOCHUTEIIBHO POTOPA, IIPU KOTOPOM COXPAHSAETCS PE3YIlb-
THUPYIOILEE IOTOKOCLEIUICHUE MAaIIUHbl: MAarHUTHOE II0JIE TOKOB CTaropa
pa3sMarHM4MBacT WM MOJAMArHAYMUBAET POTOP, UTO U3MEHSET XapaKTeP peak-
TUBHOI MOIIHOCTU reHeparopa. HopManbHO CUHXPOHHBIM TeHepaTop pado-
TaeT C MepeBo30yKICHUEM.

10.8. PaboTa CHHXPOHHOI0 reHepaTopa B AaBTOHOMHOM peKuMe

Jlns obGecrniedyeHus: 3IEKTPOIHEPTUe pa3INdHbIX MOTpeOuTeNne B Mec-
Tax, YJaJ€HHBIX OT MOIIHOMN 3JEKTPUUYECKOI CETH, UCIIOJIb3YETCS aBTOHOMHO
paboTanii CHHXPOHHBIA TeHepaTop (OOBIYHO NMPUBOAMUTCS BO BpAIIEHHUE
JIBUTATEJIEM BHYTPEHHETO CTOPaHUs).

U COS(P<\L(P<0 Ipa  cosp<le>0
E
=0, cosp=1 « Soso=1
/
cos@<1,0>0 cosp<1l,p<0
I I
Puc. 10.17 Puc. 10.18

Pabota reneparopa B MOIIIHON 3HEPrOCUCTEME XapaKTEPU3YEeTCsl MOCTO-
SHCTBOM HAIIPSDKEHUS HA 3KMMAaX MAlIMHBI U YaCTOTHI 3TOTO HAINPSKEHUS.
[Tpu pabote reHepatopa B aBTOHOMHOM PEXHMME HAIPsDKEHHUE HA €ro 3axu-
Max 3aBUCHUT OT TOKa M Xapakrtepa Harpy3ku. Ha puc. 10.17 mocrpoens
BHEIIHHE XapaKTEPUCTUKH MPH Pa3IMdyHOM KO3(h(UIIMEHTE MOIIHOCTH U
n = const . VI3MeHeHne HanpsHKeHMs!, KOTOPOE MOXKET JOCTUTaTh HECKOJIBKUX
JIECSATKOB TMPOLEHTOB, OOBSICHAETCA OOJIBIIMM BHYTPEHHUM HWHIYKTHBHBIM
CONMPOTUBJICHUEM CUHXPOHHOW MaliuHbl. s cTabuimM3anuu HanpsoKeHUs
HeoOxonumo perynuposate DJIC E(y u, cienoBaTenbHO, TOK BO30YXKAECHUSA

(puc. 10.18). C »T0ii 11e51bI0 TEHEPATOPHI CHAOKAIOT ABTOMATHYECKUMU PETy-
JAsITOpaMu BO30YKJEHUS, pearupyomumu Ha 3Hadenne U . 3meHeHune Toka
BO30Y>KICHHs MPUBOAUT K M3MEHEHHUIO HAIPsDKEHHUS M TOKa CTaTopa, HO HE
ko3 dumenta mourHocTu. CreaoBaTeNbHO, @AGMOHOMHbBLI CUHXPOHHbLIL
2eHepamop He 001ad0aem cEOUCMEOM pPeZyIUPOBAHUA PEAKMUBGHOU MOU|-
Hocmu. OHA IETUKOM OTIPEAETISETCS XapaKTepOM MPHUEMHHUKA.

V3MeHeHre COMpOTUBIICHHSI HArPy3KH BIHMSET HE TOJNHKO HA 3HAUCHUE
HaNpsDKEHUs, HO U Ha 4acTOTy BpamieHus potopa. [Ipu BHe3amHOM yBennye-
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HUW aKTUBHOW COCTAaBIIAIOLIEN TOKA CTAaTOpa MOCIE MOAKIIOUYEHHUS TOMOTHU-
TEJIbHOW HAarpy3KH BO3PacTaeT 3JIEKTPOMArHUTHBII MOMEHT COMPOTUBIICHMUS,
U POTOp HAYUHAET TOPMO3UTHCS. ECIIM MOMEHT MPUBOJIHOTO ABUTATENS OCTa-
€TCSl HEM3MEHHBIM, TO YaCTOTa BPAILIEHUSI pOTOPA CHUXKAETCS, UTO BBI3bIBAET
ymensinenue DJIC E(y. IIpu 5TOM ymMeHbIIaeTCsA TOK CTaTOpa, B YACTHOCTH

€ro aKTUBHAs COCTABJISIONIAS, JI0 TEX IMOP, MOKA JIEKTPOMArHUTHBII MOMEHT
HE CHU3UTCS 10 3HAYEHHs MOMEHTA NEPBUYHOIO ABUraress. I eneparop as-
TOMATUYECKU «CcOpachIBacT» JOMOJHUTEIbHYIO aKTUBHYIO Harpy3ky. B Ho-
BOM DPEXMME 3HAYCHHME HANPSDKECHHS HA 3aKMMAaX MAaIlWHBl U €ro 4acTtora
OKa3bIBAIOTCSI MEHBIIIE, YTO HEOIArOMPHUAITHO OTPaKaETCs Ha YCIOBUAX pabdo-
Thl Harpy304HOIro ycTpoucTBa. s noaaep:kaHusi 4acTOThl BPAIEHUs POTO-
pa ¥ 4acCTOThI HAIPSKEHUS IOCTOSTHHBIMU, TIPUBOJIHOM JIBUTATENIb CHAOXKAET-
Cs1 aBTOMAaTUYECKUM PETYIATOPOM MOMEHTA.

10.9. Cxema 3aMenieHHs M YIJI0OBbIE¢ XapPaKTEPUCTUKH
CHHXPOHHOI0 IBUTaTeJIfl

CxeMa 3aMellleHHs CHUHXPOHHOI'O JBUTATENsl UMEET T€ KE 3JIEMEHTHI
(puc. 10.19), yTo u cxema 3aMellleHUs] CHHXPOHHOTO TeHepaTopa. Ho teneph

7 OHa JIOJDKHA BBIPAa)KaTh MHOW CMBICI: CUHXPOHHBIN JABUTa-
. 1 T€lb — 3TO AKTUBHBIM NPUEMHHUK, MMEIOIIMA MpPOTUBO-
JXL OJIC E( u BHyTpeHHEE MHAYKTHMBHOE CHHXPOHHOE CO-
U npotuBiieHne x. Ha ocHOBaHMM cXeMbl 3aMeELIEHUs IO
Eq BTOpOoMYy 3aKkoHY Kupxroda mMoxxHO 3amucaTh ypaBHEHHE
v AIIEKTPUYECKOTO COCTOSHUSA (ha3bl CTaTOpa JABUTATENS

U=Ey+ jxI (10.8)

Puc. 10.19
VYpaBaenuto (10.8) cooTBETCTBYET BEKTOpHAS AUArpamma

CUHXPOHHOTO JBUTATEls, N300pakeHHass Ha PUC.
10.20. Bekmop 3/C E(), KOTOPBIA CBS3BIBAIOT C JxL

MOJIOKEHHEM TOJIFOCOB POTOpPA, HPU HATUYUU A
Hazpy3Ku Ha eany 0guzamesis OMcmaen Ha y2o

0 om eexmopa nanpancenus U cemu, ¢ KoTo-

pPBIM CBSI3aHO IMOJIOKEHHUE IIOJIOCOB PE3YJIbTH- i
PYIOLLIEro MOJisi MAIlIHBI.

VYrioBas  XapakTepUCTUKAa CHUHXPOHHOTO i
JIBUraTelisd, TakKe KaKk U g TeHepaTopa — 3TO
3aBUCUMOCTb 3JICKTPOMAarHUTHON MOIIHOCTH P
WIN JIEKTPOMarHuTHOrO MOMeHTa M 4, OT yria Puc. 10.20

paccoryacopanuss 0 (puc. 10.13), koTopas aHa-
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JIUTUYECKH OMUCHIBACTCS BBIPAKCHUAMU

P= 3EU SIn0 = Py SN0, My, = L _3EU sin0 = M ;54 SIn 6.

X Ql le

Crnenyer y4uThIBaTh, YTO IPH TEPEXOAE M3 TEHEPaTOPHOTO B JIBUTA-
TENBHBIN PEXUM pabOTHI, U3MEHSIETCS 3HAK yria O, 9TO MPUBOIUT K M3Me-
HEHMIO 3HAaKa MOLIHOCTH U MOMeHTa. OJJHaKO ONEepUpPOBAaHUE C OTPULIATEIb-
HBIMH MOIIHOCTSIMH U MOMEHTaMM HEyAO0OHO U I103TOMY OHHU YCIIOBHO IpHU-
HUMAIOTCSI OJI0KUTEIIbHBIMH.

AMIIIMTY1a YIJI0BOM XapaKTEPUCTHKM XapaKTEPU3yeT Meperpy30uHyIo
CIIOCOOHOCTh CHUHXPOHHOTI'O JIBUTATENS WIH Hpeden €20 CHamuiecKkoil yc-
MOWYUEOCHMU 6 CUHXPOHU3ME

A= M max _ 1 )
M, sin0

[Teperpy3ouHasi clocCOOHOCTb 3aBUCHUT OT HanpsbkeHus cetu u OJIC Ey,

T.. OT TOKa BO30YXJeHUsI poropa. Takum 00pazoM, Meperpy304Hyro CIo-
COOHOCTB JIETKO PETyJIMPOBAThH TOKOM BO30YX aeHUsI. HOMUHATBHBIN MOMEHT

JBUraTens COOTBETCTBYET YINIy paccoriacoBanus He Gomee 30°. ITosTomy
neperpy304Hasi CilocOOHOCTb IBUTATEINS BCeria 0oJiblie ABYX.
Yp 1 Kak u Bce nBurarenu, CAHXpOHHBIN
7 OM IBHATATENb 00JIa1aeT CBOMCTBOM Camo-
pPEryJIUPOBAHUS: HPU UIMEHEHUU MO-
MeHma Ha 6any U3MeHAemcs Y201 pac-
CO2N1aC08AHUA U INEKMPOMAZHUMHBLI
paAMAIOWUIL  MOMEHM CMAHOBUMCA
PABHBIM  MOMEHmMY CORPOMUGIECHUA.
[Ipu 3TOM U3MEHSIOTCS aKTUBHAsI MOIII-
HOCTh M TOK cTaTopa nasuratens. Ho
Puc. 10.21 4acTOTa BPALCHNs OCTACTCA HEM3MEH-
HOM: MeXaHHWYecKasi XapaKTepUCTUKA
CUHXPOHHOTO JIBUTATENSl — 3aBUCUMOCTh 7(M ) — TIpecTaBiIsieT co00i Topu-

30HTAJIBHBIA OTPE30K MPSIMOM.

Ha yrnmoBeix xapakrepuctukax (puc. 10.21) 3HaueHHe MOMEHTa COIpPO-
THUBJICHUS HA Bajly ITOKAa3aHO TOPU3OHTAJIbHOM JMHHEW. Ee mepeceueHue c
BOCXO/ISIIIUMHU BETBSIMU XapaKTEPUCTHUK, IJI€ BO3MOXKHA yCToWuMBas padora
CUHXPOHHOTO JBUTATEJNsl, AI0T 3HAYEHHUsI pabouuX YTJIOB paccoryiacoBaHust 0.
Ha Hucxonsmux BeTBAX XapaKTEPUCTHUK, TaK )K€ KakK U ISl TeHepaTopa, yc-
ToiuMBas paboTa ABUTATENsl HEBO3MOKHA.

[Tpu GosbLIOM TOKE pOTOpa €ro MarHUTHOE IOJIE CTAHOBUTCS CHIIBHEE,
yTOJI paccoriacoBaHus IOJIOCOB YMEHbIIAETCA. ECiIM yMEHBIIUTH TOK POTO-
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pa, TO MOMEHT CONPOTHUBIICHUS HAa BaJly MOXKET OKa3aThCsl OOJIbILIE MAKCH-
MaJIBHOT'O 3JIEKTPOMAarHUTHOIO MOMEHTA JBUIaTelld U POTOpP OCTAHOBUTCH.
IIpu stom OJIC Ej =0 u TOK cTatopa pe3KO YyBEIMYMBACTCS, TaK Kak

I:(U—EO)/]x

10.10. PeryaupoBanue Ko3(ppuumeHTa MOIHOCTH
CHUHXPOHHOI'0 ABUIaTeJIA

[TocToSIHCTBO HaMpsiKEHUSI CETH, OT KOTOPOIl paboTaeT IABUraresn, 00y-
CJIABJIMBACT MOCTOSTHCTBO B HEM PE3YJBTHPYIOMIEro notokocierieHus. [lo-
3TOMY PETYJIMPOBaHHE TOKa BO30YXIEHUs poTopa npu M, = const TpUBO-

JUT K U3MEHEHUIO 3HAaYEHUs TOKa cTaTopa ABUraTens u ero ¢asel. Takum 00-
pa3oM, KoIghpuyuenm mMougHOCMU CUHXPOHHO20 08U2AMENA MONCHO Pe2y-
JIUPO6AMB, UTO SIBISICTCS €r0 BaXKHON 0COOCHHOCTHIO.

N3menenue Toka cratopa u ero ¢asbl Ipu U3MEHEHUU TOKa BO30YXKIIe-
HUS MOKHO TOKa3aTh, MOCTPOUB BEKTOpHbIE nuarpammsl (puc. 10.22). 3aBu-
CUMOCTb TOKa CTaropa OT TOKa poTopa IpH 3aJaHHOM MOMEHTE Ha Bally CHH-

XPOHHOT'O JBHUTraTeNs npeacTaBisitoT U-00pa3HbIMU XapaKTEpUCTUKAMHU (pHC.
10.23).

.y I .
JxI Eo1y ['panuIa ycTOHIMBOCTH
, 1 £o2) ]
U B
Eo3)
Iy
E(sin0 = const 0

Puc. 10.23

Puc. 10.22

[lepeB030y>X/1€HHBIN IBUraTeab padOTAET C ONEPEKAIOIIEH PeaKTUBHOU
cocTaBisitonieit Toka (cMm. puc. 10.22), HeoB0O30YKACHHBIN — ¢ OTCTAIOIIEH.
Ha U-o0pa3nbix xapakrepuctukax puc. 10.23 ormeuensl Touku 1, 2, 3, cooT-
BETCTBYIOILIME TEM K€ TOYKaM Ha YTJIOBBIX Xapakrepuctukax (puc. 10.21) u
BEKTOPHBIX Auarpammax (puc. 10.22).
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OOBIYHO CUHXPOHHBIEC JBUTATENU PabOTAIOT C MEPEBO30OYKICHUEM IPU
cos@ =0.8. Ilpu 3TOM €MKOCTHBIE COCTABJISIIOLIME TOKOB CTaTOpa KOMIICH-

CUPYIOT B JIMHUU UHJIYKTUBHBIE COCTABJISIIONINE TOKOB ACHHXPOHHBIX JIBUTa-
Tesel, TpaHcPOopMaTOPOB M APYTHX WHIYKTUBHBIX MPUEMHUKOB, YMEHBIIAS
TOKH U IOTEPU SHEPTUU B JINHUSIX.

Ilepe6o30yincoennvlii CUHXPOHHDBLIL 08U2AMEITD,
padomarowuil 6e3 Hazpy3Ku Ha 64y, HA3bl6AECHICA
CUHXPOHHBIM KOMNEHCAMOPOM — TIOTPEOUTEIEM EM-
KOCTHOTO TOKa. BekTopHast quarpamma KOMIIEHCATO-
pa nana Ha puc. 10.24. CUHXpOHHBIE KOMIIEHCATOPBI
UCIOJIB3YIOT NJIsl YAydllleHUus KO3 (UIIUEeHTa MOIII-
HOCTH W CTaOWJIM3aIlMU HANPSHKEHUS TPOMBIIICH-
HBIX ceTel. MOIIHOCT CUHXPOHHBIX KOMIIEHCATOPOB
nocturatrot 100 +160 Maap.

Puc. 10.24

10.11. IIyck cMHXPOHHBIX JABUTaTeJIel

[lyck CHHXpOHHOTO ABHUTATENsi UMEET HEeKOoTopblie ocoOeHHOcTH. [lpu
MOJAKJIIOYEHUH CTAaTOpa K CETH OBICTPOBPAILIAIOIIEECS MArHUTHOE 10JIE TOKOB
cTaTopa JEHWCTBYET HAa HEMOJBW)XHBIM, BO30YKICHHBIM IMOCTOSHHBIM TOKOM
POTOp CO 3HAKOIEPEMEHHOW CHJIOW, HE CO3JAIOIIECH CPEAHEr0 MOMEHTA, U
POTOp OCTAETCS HETIOIBU>KHBIM.

DJIEKTPOMarHUTHBII MOMEHT MOKET 3aCTaBUTh POTOP MPEOJ0JIETh
MHEPLHUIO U CJIEIOBATh 32 MAarHUTHBIM IIOJIEM CTaTOpa — BTAHYTHCSI B CUH-
XPOHU3M, €CJIM TOJIFOChI MArHUTHOTO TOJISI TOKOB cTaTopa OyAyT A0CTaTOYHO
MEIJICHHO TEPEMEIIAThCSI OTHOCUTEIBHO MOJIIOCOB POTOpPA. DTO COCTOSIHUE
BO3HUKHET, €CJIM MPEABAPUTEIHLHO Pa30rHaTh POTOP JO YAaCTOTHI BpalllCHHUS,
OJIM3KOM K CUHXPOHHOM. JIJIsi pa3roHa COBPEMEHHBIX CHUHXPOHHBIX JIBUTATe-
JIel MX POTOPhI CHAOXKAIOT CIEHUAIBHOM MyCKOBOM KOPOTKO3aMKHYTOH 00-
MOTKOHM, MOAOOHON «OennybeMy KOJIeCy» aCHHXPOHHBIX JBUTaTeleH.
CrepkHHM 3TOM OOMOTKH YKJIQJBIBAIOT B CIIEIMAJIbHBIE Ta3bl TOJIFOCOB U CO-
EAUHSIOT IO TOPLAM POTOpa.

[Tpu mycke 0OMOTKY BO30YKJIEHHUS OTKIIOYAIOT OT UCTOYHUKA MUTAHUS
Y 3aMBIKaIOT Ha PE3UCTOP, COMPOTHUBJIEHUE KOTOPOro B 10-15 pa3 npeBsbiiiaeT
COMPOTHUBJICHHE camMoil 0OMOTKHU. Eciii 0OMOTKY OCTaBUTH Pa3OMKHYTOM, TO
B Hayajie Imycka B Hel OyneT mHaynupoBaThes Oombmas DJ[C, onmacHas s
m3ossinuu. [lox neicTBueM aCMHXPOHHOTO MOMEHTa POTOpP Pa3rOHSAETCS J0
4acTOTHI BpalleHMsl, OJU3KON K CUHXPOHHOH (75 =0.95n), a 3aTeM 0OMOTKY

BO30YK/I€HHs MOJKIIOYAIOT K MCTOYHHUKY MOCTOSHHOTO HampsbkeHus. Bos-
HUKAeT CUHXPOHHBIN 3JIEKTPOMAarHUTHBIA MOMEHT U JBUTATEb BTATUBACTCA
B CUHXPOHU3M.
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JIJisi MOIIHBIX JBUTATENIEH, AaCUHXPOHHBIM MyCK KOTOPBIX MOTpeOOoBal
OBl MEp IO OTPAHUYCHHIO MMYCKOBBIX TOKOB, HHOTJ]a PUMEHSIOT HEOOJIBIIION

ACUHXPOHHBIN PA3rOHHBIN JIBUTaTENb.

OOBIYHO MYCK CHHXPOHHBIX JBUTATENICd aBTOMATU3UPOBAH, YTO yA0PO-
KaeT UX, OJHAKO MpU MOIIHOCTAX cBhilie 100 kBT cuHXpoHHBIE ABUTATEIN
OKa3bIBAIOTCSI SKOHOMUYECKHU BBITOJIHEE ACHHXPOHHBIX B OCHOBHOM OJiaroja-
psl CHOCOOHOCTH padOTaTh ¢ EMKOCTHOM MOIIHOCTBIO IPU NEPEBO30YKICHUN.

11. DneMeHTHI 3JIeKTPONPUBOA
11.1. O01mme cBexeHus

Anekmponpueood — 3T0 IEKTPOMEXAHUYECKOE YCTPOUCTBO, MPeIHA3HA-
YEHHOE JUISI AJIEKTPU(UKALUKA ¥ aBTOMATHU3alMK pabounX MPOILECCOB U CO-
cTosilee U3 MPeoOpa3oBaTENbHOTO, 3JIEKTPOIBUTATEIFHOTO, TIEPEIaTOYHOIO
Y YIPABJIAIOIIETO YCTPOUCTB.

Takum 00pa3oM, BO3HUKAET 3a7a4a BEIOOpA MOIIHOCTH U TUIIA AJIEKTPO-
JIBUTATENIS U allTOPUTMA YIPaBICHUS UM JUIS OOECIeUeHHUs 3aJaHHOTO TeX-

HOJIOTMYCCKOT'O ITponeccca.
n A n A 1

- 2
\ A /

==

Puc. 11.1 Puc. 11.2
1 — BeHTUNIATOPHAS XapaKTEPUCTHUKA; 1 — xapaktepucTHKa Harpy3KH;
2 —I'TIT ¢ He3aBucHUMBIM BO3OYX)aeHUEM; 2 — XapakTepuctuka C/I;
3 — XapaKkTepuUCTUKa NIPOKATHBIX CTAHOB; 3 — xapakTtepuctuka A/Jl;
4 — MexaHn4ecKas xapakrepuctuka AJl 4 — IIIT napanienbHOro BO30YKACHUS;

5 — AIIT nocnenoBaTenbHOro BO30YKACHUS

Pabouast Touka 3€KTpONpPHUBO/Ia B YCTAHOBUBILEMCS PEKUME OIPEACIIs-
€TCsl KaK BHUJIOM MEXaHWYECKHMX XapaKTepUCTUK Harpy3ku (puc. 11.1, rae
['TIT — renepaTop MOCTOSAHHOTO TOKa; AJl — aCHHXPOHHBIN ABUTATENh), TaK U
BUJIOM MEXAHMYECKHX XapaKTEPUCTHUK JIBUraTejedl pa3IMYHbIX TUIOB (pHC.
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11.2, rne CJI — cunxpoHnHnsiii geurarens; JIIT — nBurarenb mOCTOSHHOTO TO-
Ka).

Ha BBIOOp MOITHOCTH W THIA 3JEKTPOJBUTATENIS BIUSCT XapaKTep Ha-
IPY30K MPOM3BOJCTBEHHOrO IuKiIa. C 3TON 1ENbI0 CTPOATCS HArpy30YHbIE
auarpamMmbl anektponpusona (puc. 11.3, rae 7, —Bpems 1ukia paboThi)).

PaccunthiBaTh QJICKTPOIIPUBO HCO6XOI[I/IMO C YUCTOM €TI0 NUHAMHUYCCKUX
CBOMCTB. I[JI}I 9TOT'0 COCTABJIACTCA YPABHCHUC IBUIKCHUA

AP M B MBp_MT:MZ(HHa
rone M pp — MOMEHT, pa3BUBAaE€MbIil JIBU-

rareaeM; M, —MOMEHT COIpPOTHUBIIE-

Hust; My — TMHAMAYCCKA ~ MOMEHT,

|
[

: KOTOPBIM OMNPENECISIETCS MO (bopMyJIe
[ P5 d
:

|

|

|

I

|

My =J o rae J —MOMEHT HUHEp-

, MM BPAIAOIMIMNXCA YacTeH DJIEKTPO-
o 4o 15 pPUBOJIA, IMPUBEACHHBII K MEXaHHU4e-
Iy CKOM 4YacTOTe€ BpallCHUs JBUTaTENs.
Puc. 11.3 Ecom My, =My, 10 M 1y =0 1 1ipu-

v

A 4

A
\4

BOJ paboTaeT B yCTAaHOBUBIIEMCS pe-
xnme. 1pu My, > M, nUHAMIYECKHH MOMEHT MOJIOXKHUTENICH U HANPaBIICH

Ha YBEJIIMYEHUE YACTOTHI BpallleHUs, a npu M Bp < M . 31eKTpOnpUBOI TOP-

MO3HUTCS IO IEUCTBUEM IUHAMHUYECKOTO MOMEHTA.
11.2. HarpesB u oXJIa:K/eHUE JIBUTATEJIsI

VYcnoBrue MakcUMaibHOM MPOU3BOAUTEILHOCTH, HAJEKHOCTH U DKOHO-
MUYHOCTHU SJIEKTPOIPUBOJIa MOXKET OBITh BBIIOJIHEHO TOJILKO B Clly4ae Ipa-
BUJILHOTO pacyeTa MOIIHOCTH JIBUTaTeJIsl.
OnHuM U3 yCcnoBUM MPaBUILHOCTH BHIOO-
pa DJIEKTpOABUTATEN SBIAECTCS €ro Ha-
rpeB. [Ipyu MHXKEHEPHBIX pacyeTax HarpeB
U OXJIAXJEHUE DIEKTPOJBHUraTesis pac-
CMaTpUBAeTCs Kak JyIsl OTHOPOAHOTO Tea.

N3meHeHne temmnepaTypsl Ieperpena

0°]

()
ez[on ]

e eO (v eO
HaY B 3aBUCUMOCTH OT HAYAJIbHOU Upyqagq H

(V) o
YCTaHOBUBIICHCA — TeMIEpaTypel  Oycq

Puc. 11.4 OTIMCBIBACTCS YpPaBHEHUEM
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o o
0° < 6%

¢

0°(t) = e;’CT(l - e/T) + Ohau »

rae I’ —reMnepaTypHasi IOCTOSIHHAS BPEMEHU JBUTATEIIS.

Ha puc. 11.4 npuBeneHsl KpUBbIE HarpeBa JIBUTATEINs MPU Pa3INYHBIX
MOIIIHOCTSX Harpy3Ku. DJIEKTPOIpHUBOJ OyneT HaJeKHO paboTaTh NP yCIIO-
BUM, 4YTO TEMIIepaTypa JBWUraTelss He OyAeT MpeBbILAaTh JOIYyCTUMOU

11.3. Knaccudgukanus pe;xuMoB padoThI 3JIeKTPONPUBOAA

B 3aBucumoctu ot PCKHUMOB HArpeBa U OXJIAXKIACHUA ABUTATCIIA PA3JIN-

P, OOA o o
eyCT < ez[on
(N
7/
./
_/'/ P
o /
9Haq-— ~~~~~
!
ty -
Puc. 11.5

YaloT TPU pekruMa pabOThl ANEKTPONpU-
BOJA: JUINTEIbHBIM PEXUM; IMOBTOPHO-
KPaTKOBPEMEHHBIN PEXHM; KpaTKOBpe-
MeHHbIM pexuM. [lox odaumensvnvim
pexcumom padomvl TOHUMAKOT TAaKOU
PEXUM, TIPU KOTOPOM 3a BpeMmsi pabOThI
BCE Y3JIbl JBUTATENs JOCTUTAIOT yCTaHO-
BUBLIEKCA TeMnepaTypsl. [Ipu aTom yce-
TaHOBHUBILIAACS TEMIEpaTypa He JTOJKHA
MpeBbIIATh JonycTuMon (puc. 11.5).

ITon NO6MOPHO-KPAMKOEPEMEHHbIM

pexxcumom TOHUMAIOT TaKOM pexuM paboThl, MPU KOTOPOM HH 3a BpeMs pa-

00TBI f,, HU 3a BpeMs

p’
naysml f; TeMmeparypa
JIBUTATEJNSI HE JJOCTUIaeT
YCTaHOBUBLIETOCA 3HA-
yeHus (puc. 11.6).

Iloo  kpamkoepemen-
HbIM  PEeHCUMOM TIOHU-
MarT TakOH pexum,
IIPY KOTOPOM 3a BpEMS
paboTel  Temmeparypa
JBUTATEISI HE JOCTUIaeT
YCTAaHOBUBLIETOCS ~ 3Ha-
YEeHMS, a 332 BpEeMs May3bl
JOCTUIaeT TEMIIEPATYPbI
OKpYyXKarouen Cpensl
(puc. 11.7).

P, 0%
9yCT /P
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eHaq._._._.aﬁ'_/______.\_‘/________ ___________
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P,07 Iy <tn g
Ner
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a 90 Ve
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eHaLI. eyl ==k T
t
'p e 'n > ]
Puc. 11.7
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11.4. Pacuer MOLITHOCTH ¥ BBIOOP ABHMIaTEJIs

Jlnumensnutit pexcum. 1Ipu NIUTETIBHOM PEXUME JTOJKHO COOJIOATH-
o o
Csl yCJIOBHUE GyCT <Opon- OmHako ompeneneHue TEMIEPATYPHI CIUIIKOM

rpomo3ako. bonee ynoOHBIM sIBI€TCS METOJA CPEAHUX MOTepb. MOIIHOCTh
noteps ARy, 3a UK paboThI HE JTOJDKHA MPEBBIIIIATh HOMUHAIBLHOTO 3HAUe-

HUA, T.6. ARy, < AP, nm

_APltl +AP2f2 +...+APkfk
p =

AP, < AP, .

HhW+ity+...+1;

Onpenenenre pacueTHON MOIIIHOCTH JABUIATENSI MOXKHO BBITIOJHATH MeE-
TOJOM SKBHUBAJIEHTHbIX BequuuH. [lo Trpaduky Harpy30o4HOW guarpamMMmbl
M(t) win P(t) (puc. 11.3) paccunuTbiBaeTcsi 3KBUBAJICHTHBIA MOMEHT WJIU

MOIIHOCTB:

M12t1+M22t2 +...+M,%tn Pl2t1+P22t2 +...+Pn2tn
My = s Pygp = .
H+ir+...+1¢, H+it)+...+1¢,

Br1OpanHblii JBUTAaTEIh MPOBEPSIETCA M0 MEPErpy30UHOI CIOCOOHOCTH U
IIyCKOBOMY MOMEHTY.

Iloemopno-kpamkospemennslii pexcum. ITOT PEXKUM XapaKTepU3yeT-
Csl IIPOJOJDKUTENBHOCTBIO BKIIFOYeHus 11B. 1o Harpy3oynoi auarpamme ori-
penenseTcs aercTBuTenbHoe 3HaueHue [1B:

21
I1B=—--100%,
Iy
rae th —BpeMs paboThlI, Iy — BpeMs LMKJIA, KOTOPOE HE IOJKHO IPEBHI-
math 10 MUHYT, B IPOTUBHOM Cily4yae JABUTATEIb JIOKEH BHIOMPATHCS Kak
JUISL TIPOJIOJKUTENIBHOTO pekuMa. BriOOp MOIIHOCTU ABUTATENST BBITOJIHSIET-
Cs 10 METOAY SKBUBAJICHTHBIX BEJIIMYMH. PaccuuMTaHHblE 3HAYEHUS DKBUBA-
JICHTHBIX BEJIMYUH MOMEHTA M 4, ¥ MOIMHOCTH Py, NPUBOIAT K MOIIHOCTH

Impu CTaHI[apTHOﬁ MMpOAOJIZKUTCIIbBHOCTU BKIIHOYCHUA HBH .

I1B I1B
Piacy = Pogp. | =—— W Py oq =M 1z | ——.
pacu JKB 1B, pacu 9KB 1B,
ITpu sToM Py U M o PACCUUTHIBAOTCA TOJIBKO UL BPEMEHU PaOOThI
2 2
_ an tpn . _ ZMntpn

Py = Z—tp, KB Z—fp’

rne t,, —BpeMs pabOThHI B 71-OM PEXKHUME;

pn
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P,, M, —MOIIHOCTb U MOMEHT B /1-OM PEXHUME.

Ecnu nns mpuBoAa mpOM3BOJACTBEHHOTO MEXaHHM3Ma, padOTAIOIIEro B
ITOBTOPHO-KPAaTKOBPEMEHHOM DPEXXUME, YCTaHABIMBAECTCSA JBHUIaTellb, MpEN-
Ha3HAYEHHBIN AJI IPOJOJIKUTEIBHON paboThL, TO IIpH pacuete M, U Pyp

HAJI0 YYUTHIBATh U BpeMs May3 f;:

MBKB =

PBKB =

[ToMrMMO MOUTHOCTH JIBUTATENsl, HEOOXOIMMO BBHIOMpATh POJI €T0 TOKA U
KOHCTPYKTUBHYIO ()OPMY HUCIIOJIHEHUSI.

ACHHXpPOHHBIE JIBUTATENIM HAIUIM IIAPOKOE NPUMEHEHHE BO BCEX OT-
pacisx HapOAHOTO XO3SMCTBA ISl IPUBOJA PA3IMYHOIO POAa MEXaHU3MOB U
MallnH, He TPEOYIOLIMX PEryJMpOBaHUs YaCTOThI BpAalIEHUs B MpoLEcce pa-
OOTBI.

Jlist HeperyJIupyeMbIX 3JIEKTPONPUBOIOB CpeHEW U OONBIION MOIIHO-
CTH, pabOTaIOIIKX B MPOJIOJKUTEILHOM PEXUME C PEIKUMU IMyCKaMu, Liesie-
CO00pa3HO UCIMOIb30BaTh CHHXPOHHBIN JBUTATEb.

JIBArarenu moCTOSTHHOTO TOKa IPUMEHSIOTCS TaM, T€ 10 YCIOBUAM pa-
00ThI TpeOyeTcs IIyOOKOe U IJIABHOE PErYJIMPOBAaHUE YACTOThI BPAILLICHMSL.

Kpome Toro, BbIOOp TuMa JBUTaTelNs U €r0 KOHCTPYKTUBHOI'O HCIIOTHE-
HUS OIIPEACIACTCS YCIOBUSAMU €0 JKCIITyaTalluu.

11.5. YupagsieHue 3JIeKTPONPUBOIAMH

VYrpaBiieHUe dJIEKTPONPUBOJAMU 3AKJIFOYACTCA B OCYILECTBICHUU ITyC-
Ka, peBepca, OCTAHOBKH, PETyJIMPOBAHUS YACTOThI BPAILECHUS, 00ECIEYEHUN
3aJJaHHOTO AJIrOpUTMa PabOTHI TEXHOJIOIMYECKOro npouecca. OHO peanusy-
€TCA PENEHHO-KOHTAKTOPHBIMM, IIOJYIPOBOJHUKOBBIMUA  YCTPOMCTBAMH,
MHKPOIIPOLIECCOPHBIMU CUCTEMAaMU U BCTPOECHHbIMA DOBM.

Paznmnuaror pa3oMKHYTbIE M 3aMKHYTbIE CUCTEMBI yIpaBieHus. B pa-
30MKHYTBIX CUCTEMAaxX HaJIuyue BO3MYILAIOLIMX BO3JECUCTBUM INPUBOAUT K
U3MEHEHHUIO peXHrMa paboThl AIIEKTPONpUBOAA. B 3aMKHYTBIX cucTemax pe-
’KUM pabOThI MOAJEPKUBAETCS 3a CUET OOpPaTHBIX CBS3EH.
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