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ABTOHOMHOW CACTEMbI SNIEKTPOCHABXEHUA
HA NEPEHAMNPAXEHWA B OBMOTKAX BO3BYXAEHUA

INFLUENCE OF SELF-SYNCHRONIZATION MODE OF AUTONOMOUS POWER SUPPLY SYSTEM
GENERATOR ON OVERVOLTAGES IN THE EXCITATION WINDINGS
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CoBpeEMEHHbIE  TEXHONMOMMKM  arponpPOMBbILLAEHHbIX
NPOM3BOACTB MPELbSBMAT BbICOKME TpebOBaHMs K
cuctemam anektpudmkauun. OcobeHHo 3TO KacaeTes
HaJEXHOCTU 3nekTpocHabxeHus. [laHHbIA BONPOC ak-
TyaneH Kak Ans KpynHbIX arponpoOMbILNEHHbIX 06bek-
TOB, TaK M Manbix (hepMepckux xo3sancTs. Hambonee
NOTMYHBIM CNOCOOOM MOBLILLEHNS HAAEKHOCTW 3nek-
TPOCHabXeHUs SBNAETCH NPUMEHEHWE HECKONbKUX na-
pannenbHo BKMOYEHHBIX PasfnyYHbIX UCTOYHUKOB dnek-
TponuTaHus. Mpumepamn Takoro peLleHnst MoryT Ciy-
KUTb LUIMPOKO PacnpoCTpaHAIoLLMeCs B NOCNeaHee Bpe-
MSI CUCTEMbl TMOPWUAHOTO SNEKTPOCHabXeHs, B KOTO-
PbIX UCTOYHMKAMM 3NEKTPONUTAHUS SBNSETCH KOMOMHA-
LS TPaANLMOHHON CUCTEMbI NEKTPOCHABXKEHNS U pas-
NIMYHbIX BULOB BO30GHOBNSAEMbIX VCTOYHUKOB SHEPIUU.
[aHHble CUCTEMbI MOTYT COAEPXaTb CUMHXPOHHbIE TeHe-
paTopbl, ANs KOTOPbIX NPeaycMaTprUBaeTcs napannens-
Has paboTa. [lns BKNIOYEHMS reHepaTopoB Ha napar-
nenbHyto paboTy ucnonb3ytoTes cnegytowme 3 cnocoba
CMHXPOHM3ALMKN: TOYHAs CMHXPOHM3ALMS, CaMOCUHXPO-
HW3aums, rpybas CuHXpoHu3aums. BkrioveHne Ha na-
pannenbHy paboty cnocobom TOYHON CUHXPOHM3ALMM
NPOM3BOAMTCA B MOMEHT B3KOro coBnageHns amnnu-
Ty4, 4acToT U ha3 HanpsHKEHWA MOAKMIOYAEMOro reHe-
patopa k ceTu. [pu cTporom coBnageHumn 3T BENNYMH
CUHXPOHM3aLMs NpOTeKaeT uaeansHo B TOM CMbICTe,
YTO B MOMEHT BKIIOYEHWNS reHepaTopa COBEPLUEHHO
OTCYTCTBYIOT TOMYKM TOKa. HO B aBTOHOMHbIX W rnbpua-
HbIX CHUCTEMax 3rneKkTpocHabxeHns, rhe BenuuuHa
HanpsHKEHUst 1 YacToTa CETU He SBNSKOTCA CTPOro no-
CTOSHHbIMK, OblBAeT TPYAHO, @ MOPOK HEBO3MOXHO
BbINOMHMTb YCMOBWS TOYHOM CUHXPOHK3aLuK. [pn 3ToM
[aHHbIA NPOLIECC 3aHUMaeT A0CTAaTOYHO MHOTO BpeMme-

HW, 4TO AN psda arpoTeXHONMOrNYECKMX NPOLECCOB
Henpuemnemo. ArnbTepHaTUBOW NPOLECCY TOYHOW CWH-
XPOHU3ALMM MOXET SBAATLCS BKIOYEHUE CUMHXPOHHOTO
reHepaTopa Ha napannenbHylo paboty MeTogom camo-
CUHXpOHM3aumK. poLecc 3aHMMaeT JOCTaTO4YHO Marno
BPEMEHM, HO NMPM 3TOM BaXXHO 3HaTb M NPUAEPKUBATLCS
rpaHnL, JOMyCTUMbIX OTKMOHEHWA OT YCMOBWA TOYHOM
CUHXPOHW3aLMK1, MPW KOTOPbIX HE BO3HWKAKOT MepeHa-
NPsKeHUs B Lienu Bo30YXaeHus.

Keywords: autonomous power supply systems,
synchronous generators, self-synchronization, overvolt-
ages, excitation windings.

Modern technologies of agro-industrial production
impose high demands on electrification systems. This is
especially true for the reliability of power supply. This
issue is relevant both for large agro-industrial facilities
and small farms. The most logical way to increase the
reliability of power supply is to use several parallel con-
nected, different power sources. Examples of such a
solution are the recently widespread hybrid power sup-
ply systems where the power sources are a combination
of a conventional power supply system and various
types of renewable energy sources. These systems may
contain synchronous generators for which parallel op-
eration is provided. To turn on the generators for parallel
operation, the following three synchronization methods
are used: accurate synchronization; self-synchroni-
zation; coarse synchronization. Activation for parallel
operation by the method of accurate synchronization is
performed at the moment of close coincidence of ampli-
tudes, frequencies and phases of voltages of the con-
nected generator to the network. With a strict coinci-
dence of these values, synchronization proceeds ideally
in the sense that there are absolutely no current shocks
at the moment the generator is turned on. But in auton-
omous and hybrid power supply systems where the volt-
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age and frequency of the network are not strictly con-
stant, it may be difficult, and sometimes impossible, to
fulfill the conditions for accurate synchronization. Moreo-
ver, this process takes a lot of time which is unaccepta-
ble for a number of agro-technological processes. An
alternative to the process of accurate synchronization
may be to turn on the synchronous generator for parallel

operation using the self-synchronization method. The
process takes quite a little time, but at the same time it is
important to know and adhere to the boundaries of per-
missible deviations from the conditions of accurate syn-
chronization under which there are no overvoltages in
the excitation circuit.
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BBepeHue

PasBuBatoLLMECS TEXHONOMW arponpOMbILLNEH-
HOro MPOW3BOACTBA MPEABABNSIOT MOBbILEHHbIE
TpeboBaHUs K KayecTBy dnekTpudukaLum 1
HaJEeXHOCTM dnekTpocHabxeHns. Hanpumep, Takue
0ObeKTbl, KaK KpynHble NTULedepMbl U XUBOTHO-
BOAYECKME KOMMIEKChI, TENNUYHbIE KOMMIEKCHI,
pblboBOAYECKME X0351CTBA (0COBEHHO C YCTaHOB-
KaMW 3aMKHYyTOro BogocHabxeHus), nabopaTtopun
AN CenekuMn Unu XpaHeHWst TeHeTUYECKNX maTe-
pWanoB OYeHb YYBCTBUTENbHbI HE TOMbKO K nepe-
PbIBY B MOCTaBKM 3NEKTPO3HEPTUN, HO W B OrpaHu-
YeHun 1 ee Kavectse. [laHHble HeraTMBHbIE siBMe-
HUS MOXHO MMHUMU3MPOBATL 3a CYET BBOAA pe-
3EPBHOrO MUTaHWS, B YaCTHOCTW, CUHXPOHHOTO re-
HepaTopa.

Hanuume CUHXPOHHBIX reHepaTopoB B CUCTEMAX
MMOPUOHOrO M aBTOHOMHOMO  3MEKTPOCHaBXeHMs
noapasyMeBaeT, B ONpeAeneHHbIX pexumax, BKto-
YeHMe WX Ha napannenbHylo paboty. B npaktuke
UCMOSb3YKTCA PasfNyHble CNOCOBbI BKMNOYEHUS Ha
napannenbHylo paboTy CMHXPOHHbIX FeHepaTopOB:
TOYHas CMHXPOHW3aLMS, CaMOCUHXPOHM3ALMS, rpy-
Bas cuHxpoHmsaums [1]. ToyHas CUHXpOHU3ALMS
no3sonsieT B Haubornee 6naronpusTHOM pexume
BOMTW Ha napannenbHylo paboTy CUHXPOHHOMY
reHepaTopy, HO Npu 3TOM HEOBXOAMMO YuUTbIBATb,
YTO OHa MOXeT 3aHsTb A0CTATOMHO ANUTENbHOE
Bpemsi. [JaHHbIA HeOCTaTOK BKMOYEHWS reHepaTo-
POB Ha napannenbHytd paboTy MeTogoMm TOYHOM
CUHXPOHM3aLMN CHAMAETCs npyu rpyboil CUHXPOHK-
3aLun N CaMOCUHXPOHM3aLMK reHepaTopos [2, 3].
Takue cnocobbl CMHXPOHU3ALMW NO3BONSIOT 3a KO-
POTKOE BPEMS BBECTU PEe3ePBHbIN UCTOUHUK dMek-
TPOSHEPTUM W, TEM CaMbIM, MAHUMM3NPOBATb BO3-
MOXHble yuepbbl OT nepepbiBa 3nekTpocHabxe-
HUS.

B crnyyae camoCUHXpOHU3aLmMK reHepaTtop nog-
KntovaeTcs K cetu npu obmMoTke BO3OYXaeHus, OT-
KMIOYEHHOW OT WCTOYHMKA U LLYHTMPOBAHHOW CO-

npoTuBNEeHNeM. Bcnen 3a MOMEHTOM BKMKYEHMS
reHepaTopa Ha CeTb No4aeTcs HanpshkeHue Ha 06-
MOTKY BO30YyxzaeHus. Mpn aTOM npouecchl, Npouc-
xoasume B Lienu Bo30YXaeHUs reHepatopa, UMetoT
fonee CNOXHbI XapakTep, B OTINYME OT HECWH-
(hasHbIX BKIKOYEHUN. [1OCKONBKY BKIHOYEHWE reHe-
patopa Ha CeTb MPOMCXOAMT MpW MPOU3BOSILHOM
YrNOBOM MOMOXEHUM POTOpa, MOrYT UMETb MECTO
3HauMTENbHbIE TOMYKM TOKOB. Bcneactaue HecwH-
XPOHHOTO BpaLLEHUs poTopa W3MEHEHME MOSTHOro
TOKa BO3OYXOEHUS 3aBUCUT OT [OMNOMHUTENBHON
O[C yacTtoTbl ckonbxeHus. CamoCHHXPOHU3ALMS
reHepaTopa sBnsieTcs Haubornee THXenbIM, C TOYKN
3pEHNS BO3MOXHbIX NEpeHanpsikeHnn Ha obmoTke
BO30YXOeHus.

Lenblo vccnegoBaHus SBNSETCS COBEPLLEH-
CTBOBaHWE METOLOB, KOTOPbIE NO3BOMSIOT OLEHUTD
Ha npakTWKe BO3MOXHble 0bnacTu nepeHanpsixe-
HWW PN CaMOCUHXPOHW3ALMM reHepaTopoB aBTo-
HOMHbIX CCTEM 3NEKTPOCHaBXeHNS.

3apaun: COBEpLUEHCTBOBAHME MaTeMaTude-
CKOW MOZENMN CUHXPOHHOTO reHepaTopa ¢ CUCTEMON
BEHTUNBHOMO BO30YXAEHWS; BbINOMHEHNe Ha Gase
MOAENM aHanu3a BO3MOXHOCTU BO3HWUKHOBEHWS
obpaTHbIX TOKOB BO30YXZeHWs 1 onpegeneHue
BO3MOXHbIX 00nacten nepeHanpsbkeHWin npu CuH-
XPOHM3aLWV reHepaTopa.

O0bekT n MeToAbI
OBbEKTOM UCCefoBaHUS — PEXUMbI CUHXPOHU-
3aLMN CUHXPOHHBIX FeHepPaTOpOB aBTOHOMHbIX CH-
CTEeM 3MNeKTPOCHabXeHNS.
MeToa uccnenoBaHus — TEOpus MEPEeXOfHbIX
MPOLECCOB CMHXPOHHBIX MallUMH, MaTemaTh4Yeckoe
MOAENMpPOBaHye.

Pe3ynbTathl UcCneaoBaHus
MapameTpbl UCCNEayeMOro CUHXPOHHOTO reHe-
paTopa npueeaeHbl B TabnuLe.
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Tabnuua
MapamempsbI uccnedyemo20 CUHXPOHHO20 2eHepamopa
Tun Py Un Ur I Xad Xag Xof Xd Xd It Ny
kBm B B A 0.6. 0.e. 0.e. 0.e. 0.e. 0.e. 06/MUH.
CBI 800-750 800 400 | 25 180 2,5 2,2 0,08 0,245 | 0,122 | 0,005 750

VccnenoBaHus npoBOAUINCL Ha OCHOBE Marte-
MaTW4eCKO MOJENU CUMHXPOHHOTO reHepartopa ¢
BEHTUIMbHbIM BO36YXaeHWeM [4].

Ha pucyHke 1 mokasaHbl TOK BO3DyxaeHus W
HanpsbkeHWe Ha 0BmoTke BO3ByxaeHUs B npoLecce
CaMOCMHXPOHM3aLMM  HesiBHOMooCcHoro  Typbore-
HepaTopa.

lNepen BKIIOYEHMEM reHepaTopa Ha CeTb CKO-
POCTb BpaLLeHus potopa coctasnsna 0,98 ot cu-
XPOHHOW, @ yron paccornacoBaxns pasHsncs 600.

Kak nokasanu pacyeTbl, MakCUManbHblii OTpU-
LaTesnbHbIN TOK BO3OYxaeHns Habnogaercs B nep-
Bbli MOMEHT BpEMEHW, Korda WMEKTCA MaKCu-
MafbHble OpOCKM TOKOB, BbI3BaHHblE PA3HOCTBLIO

OOC, nHayKTMpoBaHHOW B 06MOTKE BO3BYXaeHMS.
Mpu aTom Ha 06MOTKe BO3DYXAEHWS BO3HMKAOT
nepeHanpsbkeHusi, gocturaowme 20-kpaTHoro 3Ha-
YEHUs OT BENWYMH HOMMWHAMNBHOMO HaNPSHKEHNS
BO36YXaeHus.

/3 rpacdvka BMAHO, 4TO amnnMTyda Toka BO3-
OyxaeHns He octaeTtcs NOCTOsHHOW. [log BAMSIHK-
eM aKTMBHbIX COMPOTMBNEHWUA KOHTYPOB NPOWCXO-
LUT 3aTyXaHWe aKTUBHbIX COCTaBMALLMX TOKA BO3-

BYXKOEHIs, 1 OCHOBHOE BIUSIHUE Ha M3MeHeHue 'f
okasbiBaeT JIC ckonbxeHns. B cnyyae HeygayHom
CUHXPOHM3aLMN ee BO3AENCTBIE MOXET NPUBECTY K
HOBbIM MOSIBIIEHWUAIM OTpULIATENbHBIX TOKOB B Lienu
BO36Y>KAEHMS.

(a3 HanpsikeHWMn reHepatopa U CeTH, a Takke
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Puc. 1. Tok 8036ydeHust u HanpskeHue Ha obmomke 8036y deHust
npu caMOCUHXPOHU3ayuu HesI8HONOIOCHO20 mypbozeHepamopa

B MOMEHT BKMOYeHWs reHepaTopa Ha napar-
nenbHylo paboTy MeTogoM CaMOCUHXPOHM3aLWK
PasHOCTb (ha3 HaNPSKEHW NOAKMNYAEMOrO reHe-
paTopa n ceT MoxeT ObITb NPON3BONbHOI. B cBS-
31 C 3TUM NpeLCcTaBnseT MHTEPEC YCTaHOBMEHWS
3aBUCUMOCTM MaKCKUMasibHOW BENUYMHBbI NepeHa-

NPsbkeHU Ha 0BMOTKe BO3OYXKAEHMS OT yrna pac-
cornacoBaHus Oo. PesynbTaTtbl pacyeTos, wunnw-
CTPUPYIOLLME YKa3aHHYI0 3aBMCMMOCTb Ans Typ6o-
reHepatopa CBI" 800-750 npu NOCTOSIHHOM CKOMb-
XeHuu, paBHOM 2,5%, npuBeneHbl Ha PUCYHKe 2.
MakcumarnbHble nepeHanpshkeHns HabnopawTcs B
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uHTepeane yrmos 6o = (0 + 25)0 [lpu
60 = (30 + 220)° amnnuTyga nepuoamyeckon co-

CTaBnALIen Toka 7 ymeHbluaeTcs, a xapakrep

(&8

W3MEHEHMS MOSHOO Toka BO3bYxaeHus B 6onbLuen
CTEMNeHN 3aBUCUT OT BENMNYNH anepuoanNyeckux To-
kOB 0BMOTKM BO3OYXAEHUS U AeMndepHOn 0OMOT-
Ku.
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Puc. 2. 3asucumocmb nepeHanpsikeHull Ha 06Momke 8036y deHus
npu caMOCUHXPOHU3auUU 2eHepamopa 0m Haya/lbHO20 ya/a Paccoa1acoeaHus

3aknioyeHue

1. Tpoyecc CcaMOCUHXPOHM3ALMKM reHepaTopa
BbI3bIBAET 3HAYMTENbHbIE HAMPSXKEHWS B Lienw
BO30YXaeHus.

2. bonbloe BnMsHWE Ha BENWYMHY nepeHa-
npsbkeHMn B 06MOTKe BO3OYXKAEHMS OKa3biBaeT
Ha4anbHbI Yron paccornacoBaHns Og.

3. BnmsiHue ckonbxeHus Ha hopmupoBaHue
BENWNYMHBI MEepeHanpsiKeHU NPOSIBNSAETCS He3Ha-
YNTENBHO.
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METO/ NMPOEKTUPOBAHUA I'IOKA3ATEJ'II§I7I KAYECTBA TEXHUYECKUX CACTEM
ana 3eOEKTUBHOCTU TEXHONOI M BO3AENbIBAHUA ArPOLIEHO30B

METHOD FOR DESIGNING QUALITY INDICES OF TECHNICAL SYSTEMS
FOR AGROCENOSIS CULTIVATION TECHNOLOGY EFFICIENCY

Knroyeebie crnoea: acpoueHo3bl, 36pHOBbIE Kyilb-
mypbl, Ka4eCMBO, MeXHOM02Us, APHEKMUBHOCMb, KO-
nebamenbHbIli NPOUECC, MEXHUYECKasl cucmema, He-
cmayuoHapHOCMe.

HayyHoe obecneuyeHne Cenbxo3npon3BoAcTBa Tpe-
ByeT yyeTa kayectBa MPOW3BOAMMON Mpogykumn. [ns
9TOr0 BaXHbl 2 yCrioBust: 1) BbICOKMIA TEOPETUYECKMIA 1
METOLONOMMYECKUA YPOBHU paboT WX LEeNoCTHOCTH;
2) TecHeilwas MHTerpauus ¢ NpousBOACTBOM, obecne-
uMBaeMbIM pasHoobpasneM pacTeHueBoacTea. [ocTu-
XeHWe Lenu ana nonyyeHus npubbinm obecneynsaetcs
MUHUMM3ALMEN OTKITOHEHW 0ObeKTa UCCNeaoBaHNUs OT
9TanoOHHOrO MOBEAEHUS U YCUNMEHWEM MOME3HbIX BO3-
pencteui. OgHaKO OTEYECTBEHHOE MPOM3BOACTBO MC-
XOOWT 13 MUHUMYMa 3aTpaT U NoTpebrnsembix pecypcos,
HO He Y4MTbIBAET CTaTUCTMYECKME CBOWCTBA MOYBbI.
HeydeT cTaTUCTUYECKMX CBOMCTB NOYBbI Kak AMHaMnye-
CKOWM CUCTEMbI C MPOCTPAHCTBEHHO-BPEMEHHBIMW Xapak-
TEPUCTUKAMKN SBNSETCA FMaBHOW NPUYUHOR hOpMUPO-
BaHMA konebaTenbHbIX MpOLeccoB. TexHuyeckue cu-
CTeMbl, peanuaytlolime TEXHOMOrnyeckue npoLecchl B
TEXHONOMMAX BO3AeNblBaHUS arpoLEeHO30B, OTHOCAT K
HecTaLmMoHapHbIM npoueccam. B cooTBeTCTBMM C arpo-
TpebOoBaHNAMM TaKMe TEXHOMOrUYEeCKMe MPOLECChl He
obecneunBaloT Tpebyemblx NokasaTenei kavectsa W
yBENMUMBAKT 3aTpaThl notpebnsemon aHeprn. Head-
(DEKTUBHOE MCMOMNb30BaHNE TEXHUYECKUX W SHEpreTnYe-
CKMUX PECYPCOB B TEXHONOTMSX BO3AEMNbIBAHWSA arpoLie-
HO30B CTaHOBUTCSH OAHUM W3 KMOYEBbLIX (DAKTOPOB CHU-
XEHUST KOHKYPEHTOCNOCOOHOCTM CENbCKOXO3AMCTBEHHOIA
npoaykumn. BosHukaeT npobnema NOBbILEHMS Kaye-
CTBa M 3KOHOMUYECKON 3(DEKTUBHOCTU TEXHOMOMNYe-
CKUX MPOLECCOB BO3fenblBaHUs arpoueHo3os. Llenb —
paspaboTaTb MeTOf NPOEKTUPOBaHWS MokasaTenen Ka-
4ecTBa TEXHUYECKUX CUCTEM ANS 3PPEKTUBHOCTM TeX-

HOMOrMI BO3AENbIBaHNS arpoLeHo30B. 3agayun uccne-
[0BaHUiA BXoauno: 1) BbISIBUTb OCHOBHbIE (haKTOPbI W
rnokasatenu agHEKTUBHOCTI TEXHOMOMMYECKIUX NpoLLec-
COB ANS TEXHOMOMUA BO3LENblBaHUS arpoLEeHO30B Ha
OCHOBE YNpaBneHusi nokasaTensMu KayectBa TEXHUYe-
CKMX CUCTEM; 2) YCTAHOBUTb OCHOBHble B3aMMOCBS3M
napameTpoB HEOQHOPOOHON CTPYKTYpbl MOYBEHHOMO
MOKPOBa C NapameTpamu TEXHUYECKMX CUCTEM W pa3pa-
BoTaTb METOA NPOEKTUPOBaHUS pecypcocheperarLmx
TEXHOMOMMA BO3AENbIBAHWS arpoLeHo3oB. OObekTom
WCCNEaoBaHMIA SBNSIOTCS TEXHOMOrMYeckue npoLecch
B3aMMOJENCTBNS OCHOBHbIX NMapaMeTpoB HEOAHOPOA-
HOM CTPYKTYpPbl MOYBEHHOTO NOKPOBa C MapameTpamm
pexumamu paboTbl TEXHUYECKMX cuUCcTEM. B ocHoBy me-
TOOOB WCCMEA0BAHNIA MONMOXEHbI CUCTEMHBIN aHanu3 w
CMHTE3 TEXHWYECKUX CUCTEM, MeTodbl Teopumn Koneba-
HWA, MeTodbl AudpepeHLmanbHbIX U UHTerpanbHbIX
UCHMCIIEHWIA, METOA ANCKPETHbIX anemeHToB (MY).

Keywords: agrocenoses, grain crops, quality, tech-
nology, efficiency, oscillatory process, technical system,
non-stationarity.

Scientific support for agricultural production requires
taking into account the quality of the products produced.
Therefore, two conditions are essential: 1) a high theo-
retical and methodological level of work and its integrity;
2) the closest integration with production. The corre-
sponding variability of soil and climatic conditions should
be ensured by a variety of crop production. According to
general systems theory and the laws of nonlinear syn-
thesis, integrating structures of different ages into a
complex structure provides energy and cost savings.
This goal is achieved not only by minimizing deviations
of the studied object from the reference behavior and
filtering out unwanted disturbances, but also by enhanc-

m BecTHuk AnTanickoro rocyAapCTBEHHOro arpapHoro yHmBepcuteta Ne 9 (263), 2026



