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YETbIPE TEOPEMbI AJ1A CUHXPOHHbLIX MALLWH
C PEAKTUBHOW HAIPY3KOM

PaccmatpuBaloTCcsi TOK 1 MOMEHT UHAYKTUBHON CUHXPOHHOW 3NEKTPUYECKON MaLUMHbI NPU WH-
OYKTMBHOW Harpy3ke. [nst MHOYKTUBHOW CUHXPOHHON MalluVHbl C MHOYKTUBHOW Harpy3kon cnpasBeanvea
Teopema 1. AMNnuTyaa Toka B MHOYKTMBHOW Harpyske WHAOYKTUBHOW CUMHXPOHHOW 3MeKTpuyYeckon ma-
LUMHBI HE 3aBMCWT OT YacTOThl BpalleHWs. Teopema [OKasbiBAeTCA MyTeM MNpUpaBHWBaHUS BTOPOroO
3akoHa Kvpxroda v 3akoHa 3MeKTPOMAarHUTHOM MHAYKLUMW NPUMEHUTENbHO K BpallaloLiei MaluuHe.
Takke cnpaBeanuea Teopema 2. AMNUTyAa BpallaloLLlero MOMeHTa ANS WHAYKTUBHON CUHXPOHHOMW
3MNEKTPUYECKON MaLLMHbI C MHAYKTUBHOW Harpy3Koi He 3aBMCUT OT YacTOTbl BpalleHus. Teopema goka-
3bIBAETCS NMyTEM aHanusa 3akoHa AMnepa npyMeHWUTENbHO K BpaluatoLielt MalluuHe. YCTaHOBMEHO, YTO
npy aKTUBHOW Harpyske amnnuTyaa Toka IMHENHO 3aBWCUT OT YacTOTbl BpalleHWst MallnHbl. AMNNUTY-
[a BpaLlaloLwero MoOMeHTa TakKke NIMHEHO 3aBUCUT OT YacToTbl BpalleHusi. MNpn eMKOCTHOM Harpy3ke
aMnnMTyaa Toka KBaApaTUYHO 3aBUCWT OT 4acToThl BpalleHus. AMNNMTyAa Bpallalolero MoMeHTa
TaKke KBagpaTUYHO 3aBMCUT OT YacTOTbl BpaLLeHWsl. YCTaHOBMEHa 3aBNCMMOCTb MOLLHOCTU OT Xapak-
Tepa Harpy3kv MalluHbl. [ns MHOYKTVBHON HArpy3ku peakTuBHas aMneKTpuyeckas MOLHOCTb NIMHENHO
3aBWUCUT OT YacToTbl. [ANs pe3auCTUBHOM Harpy3ku MOLLHOCTb KBaApaTWYHO 3aBUCWUT OT YacToTbl. [ns
€MKOCTHOW Harpyskv MOLLHOCTb KYOUYHO 3aBWUCUT OT 4acToTbl. [Nsi CUHXPOHHOW €MKOCTHOW MaLlUWHbI
C EMKOCTHOW Harpyskon cnpaseanuebl Teopembl 3 1 4. Teopema 3: amnnuTyaa HanpshkeHust Ha eMKo-
CTHOW Harpyske eMKOCTHOW CMHXPOHHOW 3MEeKTPUYECKOW MaLLUWHbI HE 3aBWCUT OT YacTOTbl BpaLLEHUS.
Teopema 4: amnnuTyAa BpallaloLLlero MOMeHTa AN eMKOCTHOW CUHXPOHHON 3MEKTPUYECKON MalluHbI
C €MKOCTHOW Harpy3Koi He 3aBUCUT OT YacTOThl BPALLEHWS.

KntoueBble cnoBa: CUHXPOHHAs MalUVHa, MHAYKTUBHANA Harpyska, TOK, MOMEHT, amnnuTyaa.
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FOUR THEOREMS FOR SYNCHRONOUS MACHINES
WITH REACTIVE LOAD

The current and the moment of the inductive synchronous electric machine under inductive load
are considered. For a synchronous machine with an inductive load, Theorem 1 is valid. The amplitude
of the current in the inductive load of an inductive synchronous electric machine is independent of the
rotational speed. The theorem is proved by equating the second Kirchhoff law and the law of electro-
magnetic induction with reference to a rotating machine. Theorem 2 is also valid. The torque amplitude
for an inductive synchronous electric machine with an inductive load is independent of the rotational
speed. The theorem is proved by analyzing the Ampere law with respect to a rotating machine. It is
established that, with an active load, the current amplitude depends linearly on the rotational speed. The
torque amplitude also depends linearly on the rotational speed. With a capacitive load, the current am-
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plitude depends quadratically on the rotational speed. The torque amplitude also depends quadratically
on the rotational speed. The dependence of the power on the nature of the load is established. For in-
ductive loads, the reactive electrical power is linearly dependent on frequency. For a resistive load, the
power is quadratically dependent on the frequency. For a capacitive load, the power is cubic depending
on the frequency. For a synchronous capacitive machine with a capacitive load, Theorem 3 and 4 are
valid. Theorem 3. The voltage amplitude on the capacitive load of a capacitive synchronous electric
machine is independent of the rotational speed. Theorem 4. The amplitude of the torque for a capacitive
synchronous electric machine with a capacitive load is independent of the rotational speed.
Keywords: synchronous machine, inductive load, current, torque, amplitude.

Beenenue. IlpencraBnsier MHTEpEC NOBEACHUE CHUHXPOHHBIX DJIEK-
TPUYECKUX MAIIUH IIPHU Pa3IMYHOM XapaKTepe Harpy3ku. [[ns uHAyKTUBHON
CUHXPOHHOM 3JIEKTPUYECKON MAIIMHBI 3TO 3aBUCUMOCTH aMIUTUTYIbl TOKA
U BpAalLAIOLEr0 MOMEHTA OT Harpy3KH, JUIsl EMKOCTHOW CHHXPOHHOM 3JIEK-
TPUYECKOM MAIIMHBI 3TO 3aBUCUMOCTH AMIUIATYbl HANPSIKEHHUS U Bpa-
[IAOLIEr0 MOMEHTA.

AKTyaJabHOCTh PadoThbl 00YCIIOBIIEHA IIUPOKUM PACIIPOCTPAHEHUEM
CUHXPOHHBIX 3JIEKTPUUYECKUX MAIIMH, UCIOJIb3yEeMbIX, B UaCTHOCTH, B Kaye-
CTBE T€HEPATOPOB.

Leab ucciaenoBaHus — MOKA3aTh, NIPU KaKOM XapakTepe Harpys3Ku
rapamMeTpbl MaIIMHBI HE 3aBUCST OT YaCTOTHI.

3agaun padoThl — MOIYYHUTh JOKA3aTEIbHBIE HA YPOBHE TEOpPEM pe-
3yJbTaThI.

Tok U MOMEHT MHAYKTHBHOW CHHXPOHHOW 3JIEKTPHUYECKOH Ma-
IIMHBI MPH MHAYKTUBHOM Harpy3ke. [lycTe Harpy3koi (ha3bl MHIYKTUB-
HOM CHUHXPOHHOM JJIEKTPUYECKOW MAILIUHBI SBISAETCA KaTyllKa WHIYKTHUB-
Hoctu [1-3]. Jlamee cymmapHass WHIYKTHBHOCTb KATYIIKH W OOMOTKH
MamuHbl 0003Ha4aeTcss L. UUCIIO BUTKOB OOMOTKH — n. J[TWHAa aKTUBHOM
JacTu BUTKa — [. IHIyKIust MAarHUTHOTO MOJIS B paboyem 3a3ope — B. Yrou
noBopoTa poropa — ¢. Hacrora Bpamernus — w=d¢/dr . Tok — i. Yucino mo-

OCcoB — ABa. Jluametp potopa — D,. AKTUBHBIE 3JICKTPUUYECKUE U MEXAHU-
YECKHE MOTEPU HE YUHUTHIBAOTCA. ISl CHHXpPOHHON MalIuHbI C UHIYKTHUB-
HOUW Harpy3Kou crpaBeijiiBa Cleyrolias TeopemMa.
Teopema 1. AMIUTya TOKa B MHAYKTUBHOW Harpy3ke MHAYKTUBHON
CUHXPOHHOU 3JIEKTPUUECKON MalllHbI HE 3aBUCUT OT YacTOThI BPAILICHNUS.
Jloxazamenvcmeo. Ilpu ykazaHHBIX JONMYLIEHUSX CIPaBEIMBO pa-
BEHCTBO (BTOpO# 3akoH Kupxroda u 3akoH 3JE€KTPOMArHUTHOM WHIYKITUH
IIPUMEHHUTEIIBLHO K BpalaloLIed MallIuHe):
Bin D, d—q)sincl) = Lﬂ.
2 dt dt

)
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WHTerpupoBanne 3TOro BEIpaXEHUs 1aeT CAEAYIOIIEe:

l_—B_l,/lDr

==[ cosp+1,.

HauanbHblil TOK /) MOKHO ITOJIOKUTH PABHBIM HYJIIO.

AMIIMTyna ToKa:

_BinD,
nTT 5
OT 4acTOThI BpallleHUs () HE 3aBUCUT. Teopema JT0Ka3aHa.

Teopema 2. AMIUIMTYyAa BpalAIOLIEr0 MOMEHTA JJs MHIAYKTHBHOMU
CUHXPOHHOH 3JIEKTPUYECKOW MAIWHBI C UHIYKTUBHOW Harpy3Kou He 3aBU-
CHUT OT YaCTOTHI BPALICHUS.

Jlokazamenvcmeo. Ilpu ykazaHHBIX JOMYIICHUSX BpAIIAIOIAA MO-
MEHT B COOTBETCTBHM C 3aKOHOM AMIepa (IPUMEHUTENbHO K Bpallarolien
MalINHE) ONPEACIIIeTC KaKk

2 2
M= Blm%sm(b = —BlnBTm%cosq) Lsing = %&s n2d.

AMIIIUTYZA Bpallarollero MOMEHTa
2 2
_(BIn)" D
m L 8 ’
OT 4acTOThI BpalllEHUs () HE 3aBUCUT. Teopema JT0Ka3aHa.
[IpaBomepeH Bompoc: a Kak 00CTOUT AEJIO0 MPH APYTOM XapakTepe Ha-
TPY3KH CUHXPOHHOM 3JIEKTPUUYECKON MalTuHbI?
Tok U MOMEHT NpH APYroM xapakrtepe Harpy3ku. [Ipu akTuBHOU
Harpyske aHajor ypasHeHus (1) umeer Bug

do . )
L —sin®=Ri.
= in i

AMIIIUTYAA TOKa
_BInD,
m - 5 (L)’
R 2
OT YaCTOTHhI BPAILICHUS () 3aBUCUT (JIMHEIWHO).
Bpamaronuii MOMEHT onpenenﬂeTCﬂ Kak

Bin D, (Bln)
D, wsin sin¢ =
2 Ly 2 =

D,
= Blni _— cosm 2
M 5 2 .
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AMIIIUTYa Bpalaroniero MOMEHTa
Bin)’ D}
B D7
R 8
OT 4aCTOTBI BPALCHUS () 3aBUCUT (JIMHEHHO).
[Ipu emxocTHOM Harpy3ke [4—8] aHanor ypaBHeHud (1) umeer BU:

D, wsin Wt :ljidt.
2 C

JuddeperunrpoBanue 3TOro BRIpaKEHUs AT CIeayIolIee:

i=BlnCD2’ ' Cos QY .

AMmutyaa Toka

. D
I, =i=BIlnC—= W,
2
OT YaCTOTHI BPAILLIEHUS () 3aBUCUT (KBAaJIPATUYHO).
Bpammaromuyii MOMEHT onpeAessieTcs Kak

M= Blm% sing = BlnBlnC 002 cosd —sm ¢ = (BIn)’ C 002 sin2¢ .

AMIuIMTya Bpalamiero MOMeHTa
2

M, =q =(an)zc%of,

OT YaCTOTHI BPAILLIEHUS () 3aBUCUT (KBAaJIPATUYHO).
3aBUCHMOCTH MOIIHOCTH OT XapakKTepa HArpy3ku. J[Jis MHIYKTUB-

HOUW HArpy3Ku peakTHUBHAS 3JIEKTPUUYECKAsi MOITHOCTb ONPENEIsAETCs KaKk

(BIn)* D’

——w

0=I’X, =I*0L= .

2)

rae I — NelcTByIolee 3Ha4eHUE TOKA.
Mexanunyeckast MOITHOCTS [9, 10] onpenensieTcst kak
Bin)* D?
(Bln)* D} |
8

0y =Mw= 3)

Pazymeercs, (2) u (3) coBnanu.
MoIHOCTE JTMHENHO 3aBUCUT OT YaCTOTEI.
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JI1st pe3uCTUBHOM Harpy3Ku aKTHBHAs 3JIEKTPUYECKas MOIIHOCTh OIpe-
nensieTcs o Gopmyine

(Bin® D} -

P=I’R= 4
2 “4)
Mexanuueckas MOITHOCTE
2 2
PM =MU)=%%OO. (5)

Pazymeercs, (4) u (5) coBnanm.

MONIHOCTh KBaPAaTHYHO 3aBUCUT OT YaCTOTHI.

JI11 eMKOCTHOM Harpy3Ku peakTHBHAS 3JIEKTPUYECKas MOLTHOCTb OMpe-
JIeTIeTCs KaK

0=I'X —IZL—(Bln)ZCﬂzof (6)
¢ wC s
Mexanuueckas MOITHOCTE
DZ
Q. :Mco:(Bln)ZC?’of. (7)

Pazymeercs, (6) u (7) coBmanmy. MOIIHOCT KyOUYHO 3aBHCHUT OT YaCTOTHL

Hanpsis’keHue 1 MOMEHT eMKOCTHOI CHHXPOHHOW 3JIEKTPUYeCKOil
MAaIIMHBI P €MKOCTHOH Harpy3ke. /[yaJbHbIM aHaJIOrOM UHAYKTUBHOMN
CHHXPOHHOM 3JIeKTpruieckord mamuHbl [11-20] sBiIsieTCss €eMKOCTHAsi CHUH-
XPOHHAas dJIeKTpuyecKas MammuHa [1, 7].

B cooTBeTcTBUM C 3aKOHOM MAarHHUTO3JIEKTPUYECKOW MHAYKIUU (Y-
aJbHBIA AHAJIOT 3aKOHA AJIEKTPOMATHUTHON MHYKIIVH)

i=Dbv, (8)

rae D — snekTpuueckas MHAYKIUS (QIEKTPUIECKOE CMEIEeHHE) B paboyem
3a30pe, b — LUpUHa JIEKTPoa, V — JIMHEHAs! CKOPOCTb.
Bripakenue (8) MokHO TTpeoOpa3oBaTh CASAYIOIIMM 00pa3oMm:

d dx 1 [
—q:Db—, dg = Dbdx qu =Dbjdx, q = Dbx.
dt dt 0 0

C ydeToMm NociIeJHEr0 YpaBHEHUS CUIIA, IEHCTBYIOIAs HA JJIEKTPOJ,

F=qE=q%=Dbu. 9)
X

173



U.Il Ilonos

DTO IyalbHBIA aHAJIOT 3aKOHA AMIepa JJIsl SJIEKTPUUYECKOro (MarHu-
TORJIEKTPUYECKOT0) B3aUMOJIECUCTBUS. 31eCh E — HANPS)KEHHOCTh JJIEKTPHU-
YECKOTO MOJIs, U — HAMPSDKEHHE. DIIEKTPUUECKUN TOK
du
dr’

3ameuanue. ®opmynsl (8) u (9) MOryT OBITH NOJYUEHBI U3 UX DJIEK-
TPOMAarHUTHBIX AHAJIOTOB IYyTEM MPOCTON AyajlbHO-UHBEPCHON 3aMEHBI Be-
muuuH: € > 1, B> D, b, i >uU.

Teopema 3. AMminTyna HanpsKEHUS HAa €MKOCTHOM Harpys3ke eMm-

i=C (10)

KOCTHOW CHHXPOHHOM D3JIEKTPUYECKOW MAIIMHBI HE 3aBUCUT OT YaCTOTHI
BpAILECHHUS.

Jokazamenvcmeo. Jiid BpallaTeIbHON MAallMHbI YPABHEHHUE I TOKA
¢ yuerom (8) u (10) umeer Bua:

Db D, d—¢sin¢ = Cﬂ.
2 dt dt
WHTerpupoBaHue 3TOr0 BEIPAXKEHUS TAET
Db D
u:——b Lcosp+U,=-U,cosdp+U,. (11)
C 2
AMIINTY @ HAIPSDKSHUS
Db D
== (12)
C 2

OT YaCTOTHI BpallleHUs (W) HE 3aBUCHUT. Teopema JIoKa3aHa.

Teopema 4. AMIUIMTY/a BpaIIatOIEro MOMEHTA JJI1 €MKOCTHOM CHH-
XPOHHOH 3JIEKTPUYECKON MAIlMHBI ¢ EMKOCTHOW Harpy3KOH He 3aBHUCHUT OT
4aCTOTHI BpallleHHUS.

Jloxazamenvcmeo. Bpamatoumuii MOMEHT B cooTBeTcTBUH € (9), (11)
1 (12) npuMEeHUTENBHO K BpalaoIleil MalllMHE ONPENeIIeTCs KaK

D D Db D D D*b* D?
=Dbu—Lsinp =—DbU _cosP—Lsinp =—Db——Lcosp—Lsinp =— Zsin2¢ -
M 5 ¢ nCosP 5 0] c ¢ 5 ¢ c g ¢
AMIUIMTYIa Bpalaroiero MOMeHTa,
D*b* D?
m C 8 >

OT 4aCTOTHI BpalllcHUA () HE 3aBUCHT. TeopeMa JJOKa3aHa.
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BoiBoabl. Takum 00pazom, 11t MHAYKTUBHON CHHXPOHHOM 3JIEKTpH-
YECKOM MAIlMHBI C MHAYKTUBHON HAarpy3KOM aMILIMTYyJAbl TOKAa M Bpallaro-
IIEr0 MOMEHTA OT YacTOThl BpallleHusl He 3aBUcAT. [Ipu apyrom xapaxrepe
Harpy3ku — 3aBUCAT. JlJIsi EMKOCTHOM CHHXPOHHOM AIEKTPUUECKON MAIIMHBI
C EMKOCTHOM Harpy3Koi aMIUTUTY bl HAPsDKEHUS U BPaIAIOIEro MOMEHTA
OT YaCTOThI BpAIllEHUsI HE 3aBUCAT. [lorydeHHbIE pe3ynbTaThl pEKOMEH1YyET-
Cs1 UCITOJIB30BATh MTPU IPOEKTUPOBAHUHU SJIEKTPUUECKUX CUCTEM.
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