Ne 2 (26), 2025 BectHuk TBEpCKOro rocyjapcTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA

Cepust «CTpOUTENBCTBO. DIIEKTPOTEXHUKA U XUMUYECKUE TEXHOJIOT UM

SJIEKTPOTEXHHUKA
YIK 629. 1.04
MI'HOBEHHOE 3HAYEHUE MOMEHTA,
PA3BBUBAEMOI'O CUHXPOHHBIM TEHEPATOPOM
TP UHAYKTUBHON U EMKOCTHOM HATPY3KE
B.U. be3oenescnvix
Kypeanckuii 2ocyoapcmeennsiii ynusepcumem (2. Kypeam)

© be3nenexunix B.1., 2025
AHHOTanmusi. llenp HacTOAIIEro WCCIENOBaHUS — II0Ka3aTh, YTO MOMEHT CHII,

pa3BUBAEMbI CUHXPOHHOM JJIEKTPUYECKOM MAIIMHOM IIpU PEAaKTHMBHOM Harpys3ke, HE pPaBEH
Hy1t0. Ilpu 3TOM peub UAET 0 MIHOBEHHOM 3HA4€HUM MOMEHTa cui. B paboTe mpumeHeHbI
METO/ABl MaTEMaTHUYECKOr0 MOJEIMPOBAHMS M TPAJULMOHHBIE JJIEKTPOTEXHUYECKUE PACUETHI.
Jis copMysInpoBaHHON B CTaThe TEOPEMBI MPEJCTaBIEHbl TPU HE3aBUCHUMBIX JIPYr OT Jpyra
JI0Ka3aTenbCcTBa — JUISl JTIF000M PEeakTUBHOW HAarpy3Kd, HHIYKTHBHON M €MKOCTHOH. OTMeueHo,
4TO, BOIPEKHM BO3MOXXHOMY HHTYMTHBHOMY IPEIIOJIOKEHHUIO, Y WHAYKTHMBHOW CHHXPOHHOU
ANEKTPUYECKON MAIlIMHBI C PEAKTUBHON HArpy3KoW pa3BUBAaE€MbIi MOMEHT HE PaBEH HYIIIO, a U3
JTOr0 CJIEAYET, YTO MEXaHWUYECKass MOIIHOCTh, pa3BUBAcMasi MAILMHOM, TAK)KE€ HE paBHA HYIIIO.
Ilonmy4eHHble  pe3ynabTaTbl  PEKOMEHIOBAHO  HUCIONB30BAaThb  IIPU  IIPOCKTUPOBAHUU
ABTOMAaTU3UPOBAHHBIX JJIEKTPUYECKHUX ITPUBOIOB.
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BBE/I[EHUE

MHorre aBTOPHUTETHBIE CIEIMATUCTBI B OOJACTH DSJICKTPOMEXAHUKH YOEXKIEHBI, UYTO
MOMEHT, Pa3BUBAEMbIil CHHXPOHHOM 3JIEKTPHUUECKON MAIIMHOW MIPU PEaKTUBHOW Harpyske, paBeH
Hymto. [Ipu 3TOM peub UAET 0 MTHOBEHHOM 3HAYEHUH MOMEHTa. [lenb O0anHO20 ucciedosamusl
3aKJII0YaeTcss B TOM, 4YTOOBI IOKa3aTh, YTO TMOAOOHOE MpPE/ICTaBIEHHE HE COOTBETCTBYET
NEHCTBUTENBHOCTU. 3adaua — TONY4YUTh JIOKa3aHHBIE TEOPEMOMl pe3ynbTaTbl. AKMyanbHOCHb
pabomul COCTOUT B TOM, UTOOBI 0OpaTUTh BHUMaHKE CIELMAINCTOB Ha YKa3aHHOE 3a0IyK/IeHHUE,
KOTOPO€ JTOBOJIBHO IIMPOKO PACIPOCTPAHEHO.

MATEPHAJIBI H METO/IbI
B Hacrosimieit pabote mprUMEHSFOTCSI METOAbl MATEMaTUYECKOTO MOICIIUPOBAHMUS.
duaexTpoasmkymas cuia (I1C) napeaan3upoBaHHONH CHHXPOHHON MAIIMHBI
DNEKTPOABUKYIIYI0O CHUIYy OJHOTO BHUTKa OOMOTKM B COOTBETCTBHH C 3aKOHOM
5JIEKTPOMArHUTHOM WHAYKIMH MOXKHO BBIPa3HTh Kak e, =—BlvSinQ, rae B — MarHuTHas
UHAYKIHS, | — [IMHA aKTHBHOM YacTH BUTKA, V — JIMHEHHAS CKOPOCTh aKTHBHOMN YaCTH BUTKA; () —
da3za.
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Jliist N BUTKOB e, =—BIlnvsin .

D, do
CkopocTb V npeacTaBiIeTcs Kak V = P rae D, — nuamerp sixops.

Takum obpazom, DJIC upeann3upoBaHHONW CHHXPOHHOHM MammHbl [1-3] MOXHO HaWTH
KaK

e= —Bln&%sin(p.
2 dt

PE3YJ/IBTATBI HCCIIE/JOBAHHUA
Teopema. MOMEHT CHII CHHXPOHHOM JIEKTPUYECKOW MAIIMHBI [IPU PEAKTUBHOM HArpy3Ke
HE PaBEH HYJIIO.
Jloxazamenvcmeo 1. Ilpu peakTHBHOM Harpy3Kke pa3BUBAETCS PEaKTUBHAS MOIIHOCTh

g=ui=Usinwt-I| sin(mtigj:i%w sin 2wt ,

rie U — MCHOBCHHOE 3HaYCHUE HAIPSHKCHUS; | — MTHOBEHHOE 3HaueHHe Toka; U — aMIuuTyiHOe
3HAYCHUE HAIIPSHKEHHUS;  — UKIMYECKas 4acToTa; | — aMIIuTyIHOE 3HaYCHHE TOKA.

PeakTrBHAst MOILIHOCTH HE pPaBHA HYJIIO.

MexaHu4eckasi MOITHOCTb [P = LL®, T/Ie [L — MOMEHT [4].

B cootBercTBUM C 3aKOHOM COXpPAaHEHHUS HSHEPrMM MEXaHUYEeCKash MOILHOCTb paBHa
aneKkTpuueckoit MoruHoctu [5]. U3 atoro ciexyer hopmyna aisi MOMEHTa

n=P o9 Dinet,
0o o 20
Kak 1 peakTuBHas MOIIHOCTb, MOMEHT HE PABEH HYIIIO.
Teopema noka3ana.
3ameuanue. Pedb He UJET O CpeJHEM 3HAYEHUU MOMEHTA 3a IIepUO/]] KoJIeOaHH.

loxazamenvcmeo 2. Ilycth Harpy3ka sBiseTcst HHIyKTUBHOU. [Ipu sTom

di
L=-L—,
dt
riae U, — HampsbKeHHe Ha Harpyske; L — HHIyKTHBHOCTb.
D, do . [
B cootBercTBuu ¢ 3akoHoM Kupxroda e=u, , wmm BIn——sinp=L—.
2 dt dt
. BInD,
WuTerpupoBanue STOro BIpOKEHUS qaeT | = BTy coso+1,=—I_cosp+1,.

HauanbHblil TOK g MOXKHO MOJIOXKUTH PaBHBIM HYITIO.

B cooterctBuu ¢ 3akoHoM Amnepa f =BInising, rae f — MraoBeHHOe 3HaUYEHHE CHIIBI,
JENCTBYIONIEN HA aKTUBHYIO YacTh BUTKA.

OTcro/1a MTHOBEHHOE 3HaYEHNE MOMEHTA

D . Bin D D, . (BIn)> D? .
= BIni—<sinp=-BlIn— =L coso—-sinp=—~—"——sin 2¢p.
H p ¢ L 2 Pl L g F

OueBUAHO, YTO MOMEHT HE PAaBEH HYIIIO.
Teopema noka3ana.
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Hoxazamenvcmeo 3. IlycTh Harpy3Ka sSBISETCS EMKOCTHOM. ITpu 5TOM
D, . 1r¢.
BIn—wmsinwt = —J-Idt , rae C — eMKOCTb.
2 Cs

JuddepeHIPOBaHHE STOTO BRIPAYKEHUS J1aeT
) D
i = BInC?w2 cos ot .

MomeHT
2

u = Blni %sin P= BInBInC%m2 COS(p%Sin P= (Bln)zc%m2 sin2¢p.

OuyeBUIHO, YTO MOMEHT HE PABEH HYIIIO.
Teopema noxazaHa.

3AK/TOYEHUE
Takum oOpa3oM, y MHIYKTHUBHOW CHHXPOHHOHN SJEKTPUYECKON MAIMHBI C PEaKTHUBHOM
Harpy3koil pa3BUBacMbli MOMEHT HE paBeH HYNIO. 3JeCb HEO0OXOAMMO OTMETUThb, YTO
MEXaHUYeCcKas MOUTHOCTb, pa3BUBAEMas MAIIMHOW, TAK)KE€ HE PaBHA HYJIIO.
[TonydyeHHble pe3ynabTaThl CIENYET MCIOJb30BAaTh B XOJ€ Y4eOHOro IMpoliecca, a TaKkKe
IIPU IPOEKTUPOBAHUHU 3JIEKTPUUECKUX CUCTEM.
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INSTANTANEOUS VALUE OF TORQUE DEVELOPED
BY A SYNCHRONOUS GENERATOR
WITH INDUCTIVE AND CAPACITIVE LOAD

V.1. Bezdeneshnykh
Kurgan State University (Kurgan)

Abstract. The purpose of this study is to demonstrate that the torque developed by a
synchronous electric machine under a reactive load is nonzero. This study refers to the
instantaneous value of the torque. The study utilizes mathematical modeling methods and
traditional electrical engineering calculations. Three independent proofs are presented for the
theorem formulated in the article — for any reactive load, inductive, and capacitive. It is noted
that, contrary to possible intuitive assumptions, the torque developed by an inductive
synchronous electric machine under a reactive load is nonzero, which implies that the mechanical
power developed by the machine is also nonzero. The obtained results are recommended for use
in the design of automated electric drives.
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