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Pe3tome: B craTbe mpeacTaBIeHbl pe3yIbTaThl UCCIEI0BAHNS BO3MOXKHOCTH BO3HUKHOBEHUSI Pe30HAHCHBIX PEXXHUMOB B 3JIEK-
TPOTEXHUYECKUX CHUCTeMax YroJIbHBIX IIaxT. MccienoBanue mpoBesieHo ¢ UCIOIb30BaHUEeM METO[a UMUTAIIMOHHOIO MOJEIH-
POBaHKA B MPOrpaMMHOM IpoxayKte Matlab. Paszpaborana UMUTALIMOHHAS MOJEIb B 9JIEKTPOTEXHUUECKOM CHCTEME YTOIbHOMN
IIAXThI C BO3SMOSKHOCTBIO IIOKII0UEHHUS 0JI0KA CTATUUECKUX KOHIEHCATOPOB U aHTUPE30HAHCHOTO APOCcesid. YCTaHOBIEeHA BO3-
MO>XKHOCTb BO3HUKHOBEHHS PE30HAHCOB TOKOB U HATIPSKEHUs Ha HOMepax rapMOHUK, COOTBETCTBYIOIIUX 6-ITyIbCHBIM ITpeodpa-
30BaTeJIbHBIM YCTPOMCTBAM. B pe3ysiprare poBeieHHOT0 UCC/Ie0BAHUS YCTAHOB/IEHbI 3aBUCUMOCTH CYMMapHbIX K03 duimreH-
TOB rapMOHUYECKUX COCTABJISIOIIUX HAMIPSIKEHHUS U TOKA IIPY PUKCUPOBAHHBIX 3HAYEHHAX UHAYKTUBHOCTH aHTUPE30HAHCHOTO
Jpocceris, a TAaK>Ke BBIIIOJIHEHA OIleHKAa BO3MOYXHOCTH BO3HUKHOBEHH S pe30HAHCHBIX PESKUMOB B 3JIEKTPOTEXHUYECKOI CUCTeMe
C JINHEMHO ¥ HeJIMHENHOM HAarpy3Koil pY HAJIMUUU B €€ COCTaBe Oaraper CTaTUYeCKUX KOHIEHCATOPOB. [10JIyueHHble pe3yJib-
TaTBI IIO3BOJISIT IIOBBICUTD YCTOMYHUBOCTD 37IEKTPOTEXHUYECKOMN CUCTEMBI YTOJIBHOM IIIaXTHI.
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Abstract: The publication presents the results of a simulation study into the probability of resonant mode in electrical systems
of coal mines. The study was conducted using simulation modeling in the MATLAB software suite. A simulation model has
been developed for the electrical system of a coal mine with the possibility of connecting a bank of power capacitors and
a detuned reactor. A potential has been established for occurrence of the current and voltage resonances at harmonic numbers
corresponding to 6-pulse converter devices. The result of the study helped to establish dependences of the total coefficients of
the harmonic components of voltage and current at fixed values of the detuned reactor inductance. An assessment was also
conducted of the possibility of resonant mode occurring in an electrical system with linear and nonlinear loads when it includes
a bank of power capacitors. The conducted research will improve the stability of the electrical system of the coal mine.
Keywords: coal mine, power supply system, electrotechnical system, higher harmonic components, resonant mode, bank of
power capacitors, detuned reactor

For citation: Plashchanskiy L.A., Reshetnyak S.N., Reshetnyak M.Y., Zhukovskiy Yu.L., Gracheva S.S. Modeling of resonant mode
occurrencein electrical systems of coal mines. Russian Mining Industry. 2026,(4S):127-133. (In Russ.) https://doi.org/10.30686,/1609-
9192-2026-4S-127-133

«lopHasi MpombilwneHHocTs» 48 /2026 | 127



UMMEPATPULLbl EKATEPUHDI 11

BBenenue

TexHosnoruueckoe 06OpPYAOBAHUE, UCIONb3yeMOE B YCIIO-
BUSIX YTOJBHBIX IIAXT, TIOMHUMO AKTHBHOM COCTABJISIOIIEI
HArpy3Kd HMeeT W PEeaKTUBHYIO COCTaBJIIIOLIYIO, KOTOpasl
COCTOUT U3 JIBYX COCTABJISIIOIIUX — UHAYKTUBHOM U €MKOCT-
Ho [1-3]. AKTUBHASI COCTABJISIIOIIAS] HATPY3KU IIPUCYTCTBYET
BO BCEX JJIEKTPOIIOTPEOUTENAX YTOMbHBIX MIAXT, II03TOMY UX
MOXKHO KIacCUGHUIMPOBATh 0 BUAY HAIPY3KU HaA 00Jamaro-
I1e aKTUBHO-UHAYKTUBHBIM COIPOTUBJIEHHEM U 00Jamaro-
mue aKTUBHO-eMKOCTHBIM COmIpoTuBieHueM [4-6]. K amek-
TPOMIOTPEOUTEIISIM YTOJIBHBIX MIAXT C AKTUBHO-UHAYKTUBHBIM
COIPOTHBJIEHUEM OTHOCITCH TpaHCHOpMaTOpHbIE ITOACTAH-
LYY, 3JeKTPUYECKHe MAaIlMHbl. K 3JIeKTpomoTpeOuTenamM
YTOJIBHBIX MIAXT C AaKTUBHO-eMKOCTHBIM COIIPOTHBJIEHHEM
OTHOCATCS YCTPOMCTBA II0 MPeoOpa30BaHUIO 3JIEKTPHUYECKOM
sHeprun (BBIIPSIMUTEIH, IIPeoOpa3oBaTeId YaCTOTHI, YCTPOIi-
CTBA IUIABHOTO ITycKa) [7-9]. KabesbHble 1 BO3AYIIHbIE TUHUH,
BXOAMAINIME B 3/IeKTpoTexHUYeckyo cucreMmy (3TC) yrompbHOI
IIAaXThl, UMEIOT aKTUBHO-UHAYKTUBHO-eMKOCTHOE COIIPOTHUB-
nenue [10-12].

VBenuueHue MOAM peaKTUBHOIM HArpys3Kd B 3HAUUTENIbHOI
CTeleHU IIOBHIIIAeT KAallUTaJbHble 3aTpaThl HA TPAHCIIOPTH-
POBKY 9JIEKTPUYECKOI 9HEePIUH C MOBEPXHOCTU J0 KOHEUHBIX
anekrpomnorpeduTesneit [13-15]. ITo CBA3aHO C AOIOIHUTENb-
HBIMU 3aTpaTaMHU Ha yBeJIWYeHUe IOJIHOM MOIIHOCTH ITOHU-
3UTEJIbHBIX IIOACTAHIUIN, YBEJIUYEHUEM CEYeHH KaOeIbHbIX
nuHUN U T.1. [16-18]. CHIKeHre peaKTUBHOI COCTaBJISIONIE
Harpy3Ku OCYIeCTBIISIeTCS IyTeM IIPUMeHeHUsT KOMIIEHCUPY-
IOIIMX YCTPOMCTB B BUje 6arapeil CTaTUYeCKUX KOHIEHCATo-
pos (BCK), 001a1ai0ux 3HaYUTeIbHBIM eMKOCTHEIM COIIPO-
THUBJIEHHEM U YCTAHABJIMBAaeMbIX Ha oBepxHOoCTH [19-21].

B 9TC yronpHbIX IIaXT BO3MOJKHBI CIy4ad, KOTfa ajre-
Opauueckasg CyMMa MHAYKTMBHOTO U €MKOCTHOTO COIPO-
THUBJIEHUSI OKa3bIBAeTCS paBHA HYJIIO, T.e. TOK B I[e[U U Ha-
npsokeHre OyayT coBmazath 1o ¢dase, a 9KBUBAJIEHTHOE
CONPOTHUBJIEHHE 1enu OyJeT aKTUBHBIM, — JAHHOE
sIBJIeHHe Ha3bIBaeTcsl pe3oHaHcoM [22-24]. B otHo-

IIeHUU IIOBBIIIEHUS YPOBHS HAHEXHOCTH IIOTpe-
Outesnenl 9JEKTPUUYECKON SHEPrUU DPe30HAHCHBIE
PEKUMBL TIPeCTABIISIIOT 3HAYUTENbHYIO OMAaCHOCTb,
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Ha puc. 1 npusenena cxema 3amerienust ITC ¢ BCK u APJ]
IS OIEHKU BO3MO>KHOCTH BO3HHUKHOBEHUS PE30HAHCHBIX pe-
SKUMOB. B cxemy BxozaT: X, — OIpHUBeeHHOE PeaKTUBHOEe (UH-
IYKTUBHOE) CONIPOTUBJIEHHE 0OMOTKHU TpaHCcHOpMaTopa, J1eK-
TPUYECKOM ceTH; R, — MpuBeJleHHOe aKTUBHOE COIPOTUBJIEHUE
06MOTKM TpaHCcPOpPMATOpa, IIEKTPUUECKOi ceTh; X; — IIpuBe-
JIEHHOe peaKkTHUBHOE COIpPOTHUBJIEHUE (eMKOCTHOE) 3JIeKTPH-
YeCKOH CeTH; X; — IpUBeJleHHOEe peaKTUBHOEe COIIPOTUBJIEHUE
(MHAYKTUBHOE) JHMHENHBIX W HEJIMHEHHBIX [OTpeduresner;
R, — mpuBeneHHOE aKTHUBHOE COIPOTHUBJIEHHE JIMHEHHBIX U
HEJIMHENHbIX ToTpeduTeneit; X; — MpUBEIeHHOEe PeaKTUBHOE
corpoTrusiedue (EMKOCTHOE) HeJIMHENHBbIX II0TpeOuTeserr;
X; — peakTuBHOe conpotusnenue (emxkoctHoe) BCK; K; — kirou
g noakmouenud BCK; K, — xmou mng nopkmouenus BCK
c APl

[IpuBeneHHAs CxeMa Jierjia B OCHOBY CO3/IaHUSI UMUTAI[UOH-
Hoit mozenu JTC 11 OlleHKH BO3MO>XKHOCTH BO3HUKHOBEHUS
PEe30HAHCHBIX PEeSKUMOB, IPUBEIEHHBIX HA PUC. 2.

McTouHuk BI'C

Puc. 1

CxeMa 3aMeLLeHNs CUCTEMbI
3/1eKTPOCHa6XeHUA ¢ 6/10KOM
CTaTUYECKUX KOHAEHCATOPOB U
aHTUPE30HaHCHbIM ApOccenem
ANSl OLLE€HKN BO3MOXHOCTHU
BO3HUKHOBEHUS PE3OHAHCHbIX
ABNEeHUN

Fig. 1

An equivalent circuit of the
power supply system with
a bank of power capacitors
and a detuned reactor

to assess the possibility

of resonant phenomena
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[I03TOMY He JIOJIKHBI AOIYCKAThCA [25-27]. 10 0be-
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HbIX mpocceneit (APII), KOTOpble MO3BOJSIOT YCTpa-
HUTh PE30HAHCHBIN KOHTYP HAa YacTOTaX BBICIIHUX
rapMoHuveckux cocrapisgonux (BI'C) [28-30].
[Tpu pe30HAHCHBIX peXKUMaX B 3JIEKTPUUYECKOIN CeTu
MIPOUCXOAUT OOMEH SHEprueil MeXXAy WHIYKTUBHO-
CTBIO U €MKOCTBIO, [IPX 3TOM CYMMAapHasl BeJIMYHNHA
ee 0CTaeTCd KOHCTAHTOM, T.e. AKTUBHASI COCTABJISIO-
1as Harpy3KU OCTAHETCS MOCTOSHHON U He Oymer
3aBUCETb OT BEeJIUYMHBI UHIYKTUBHOCTH U €MKO-
ctu [31-33]. CornmacHo npoBeneHHBIM uccnenoBaHusM B ITC
YTOJIBHBIX IIAXT IPUMEHSIOTCS, KaK IIPAaBWIO, 6-IIyJIbCHBIE
npeoOpa3oBaTeIbHbIE YCTPOICTBA, KOTOPhIE TEHEPUPYIOT 5, 7,
11 u 13-10 rapMOHUKY, UTO MOATBEP>KAAETCS UCCIIeJOBAHUSIMU
B CMEesKHBIX obmacTsax [34—-36].

Marepuasbl 1 METOIbI

JUia MccieoBaHus BO3MOKHOCTH BO3HUKHOBEHUS DPe30-
HaHCHBIX pesXuMOB B OTC yrogbHBIX WIAXT OBbLT MPUMEHEH
METO[ MMHTAIMOHHOTO MOJEIUPOBAHUA B IIPOrPAMMHOM
npoxnykre Matlab, KOTOpPBII II03BOJISIET CO31ATh UMUTAIUOH-
HYIO MOJeJb U 6€3 PUCKOB MOJIOMKU 000PYIOBAHKS IIPOBECTH
COOTBETCTBYIOIIYE UCCIIEI0BAHUL.
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Fig. 2

Simulation model of an
electrical system for assessing
the possibility of resonant
mode

B Mozenp BXOmST: MCTOYHHUK HAIPSDKEHHs, U3MepUuTesb
HAPSKEHUs U TOKA, 9JIEKTPUUECKas CeTh J0 ToTpeduTeeit
C JIMHEMHOM U HEeJIMHENHON HArpy3KOH, 9IeKTPOIIoTpeduTenu
C JMHENHON W HeJIWHEeMHON Harpy3KoH, KOMMYTAallMOHHbIE
amnmaparbl, OJIOK CTaTUUECKUX KOHEHCATOPOB, AHTHUPE30-
HAHCHBII APOCCesb, OCHuUIorpad u 610K U3MEPeHuUs OO
HUTEJIbHBIX ITapaMeTpPOB MOJeJIH.
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Pe3ynbpraTsl

B kauecTBe mpuMepa Ha pUC. 3 TpPUBENEHBI PE3YJIbTATHI
mogenuposaHus ITC ¢ BCK: cunyconna Hanps>KeHUsl U ToKa
C UCKaXEHUSIMU, TADMOHUYECKUI COCTaB U CyMMAapHBINA KO-
abdunrenT rapMOHUYECKUX COCTABISIONIUX HAMPSKEHUS
Ky u Ttoka K. [Napamerpsl MogenupoBauust: Pyy = 2500 kBr;
Py = 1000 xBt; U = 6 KB; Gk = 20 Mx®. Pe3ynpraThl MOenu-
poBanus JTC ¢ BCK mokasanu 3HAUUTEIbHBIE UCKASKEHUS
dbopmbr KpuBoI HanpskeHud u Toka: Ky — 20,44; K; — 34,55%.
OciyuiorpaMMbl HANpsDKeHUST U ToKa Ha uctoyHuke ITC
¢ BCK moxTBep>kaarT UCKaskeHuss GOPMBI KPHUBOM HAIPsIKe-
HUS ¥ TOKA. AHAIN3 OCIIMJIJIOTPaMM TOKA IT0KA3aJL, YTO aMILIU-
TYIHbIE 3HAYEHUS UMEIOT 3HaYUTe IbHbIE KoJiebauus (MIMKOBoe
3HayeHue Toka ocrasiseT 810 A), BbI3BaHHbIE HATUYUEM €M-
KOCTHOM COCTaBJISIOIIel HelTuHeNHOoM Harpy3ku B Bune bCK.

Ha puc. 4 npusenensl pe3ynbraThl MogenupoBanHus JTC
¢ BCK u APJI: cuHyconia HanpspKeHUs U TOKa C UCKasKeHUSIMH,
rapMOHHUYECKUI COCTAB U CYMMAapHbIN KOabduireHT rapmo-
HHUYEeCKUX COCTaBJISIIONIUX HanpsKeHus Ky u Toka K. [Tapame-
TPBI MOAETUPOBAHUSL: Py = 2500 KBT; Py = 1000 kBT; U = 6 KB;
Gscx = 20 MRD; Lapy = 0,001 Ta.
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CuHycounabl € NCKaXXEHUAMM,
rapMoOHUYECKUi cocTas,
CYyMMapHbIA KO3 pULIMeHT
rapMOHUYECKMX COCTaB/MAOLNX
HanpsikeHus Ky n Toka K;
3N1EKTPOTEXHNYECKOW CUCTEMBI
c 6aTapeei cTaTU4eCcKux
KOHAEeHCaToOpoB

Sine waves with distortions,
harmonic composition, total
coefficient of harmonic
components of voltage (Ky)
and current (K)) of an electrical
system with a bank of power
capacitors
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CuHycompaa ¢ ucKaXxeHusimm,
rapMoHMU4YecKuii cocTas,
CyMMapHbI KoaduumneHT
rapMOHUYECKUX COCTaB/AIOLLMNX
HanpsxeHusa Ky n Toka K;
3M1IeKTPOTEXHUYECKOW CUCTEMbBI
c 6aTapeei ctTaTU4eCKux
KOHEeHCaTopOoB U
aHTUPE3OHaHCHbIM gpoccenem

A sine wave with distortions,
harmonic composition, total
coefficient of harmonic
components of voltage (Ky)
and current (K)) of an electrical
system with a bank of power
capacitors and a detuned
reactor

PesynbraTer mopenupoBanus ITC ¢ bCK u APJ] mokasanu
CHU KEHUE UCKaKeHUsI GOPMBI KPUBOI HAIMPSIKEHUS W TOKA.
Tak, ypoBerb cymMMapHOro koadduireHTa rapMOHUYECKUX
cocTaBisomux HanpspkeHus: Ky cocrasiuser 8,02%. YpoBeHb
CyMMAapHOro K03 HuIlreHTa rapMOHUYECKUX COCTABIISIONIAX
toka K;cocrasinser 11,55%. [Ipu sToM npumMenenue APl mo3so-
JIUJI0 CHU3UTH 3HaueHue Ky Ha 12,42%, a 3HaueHue K; Ha 23%.
AHanu3 OCHWUIOTpaMM TOKA IMOATBEPAUII CHIDKEHUE HCKa-
>KeHUsT GOPMBI KPUBOI 10 aMIUIUTYHOTO 3HAUEHUS PABHOTO
630 A. [IpoBeneHHOe HCCIeNOBaHUE MO3BOJIWIO ONpeNeInuTb
cyMMapHble KO3(QOHUIMEHTbl TAapMOHUYECKUX COCTaBIISIIO-
mux HanpspkeHus Ky u Toka K py pa3jnyHbIX YPOBHSX UH-
nyktusHoCTH APIl u moctpouth 3aBUCUMOCTH Ky = f(Lppy) U
K; = f(Lypy) A1 OIIpenieieHusT BOSMOKHOCTY PE30HAHCHBIX SIB-
nennii B CIC, a Takke 3HaYeHUsT UHAYKTUBHOCTH AP/l (puc. 5).

FapMOHUYECKUIl COCTAaB, CYMMAapHbI Koadduient rap-
MOHUYECKUX COCTABJLIIOMIMX Hampsokenus Ky u Toka K,
dopma kpusoit Hanpsokenus Ha Harpyske 3TC ¢ BCK u AP
(pe3oHAHCHBIN pekUM) B KauecTBe MpuMepa MpUBEIeHbl Ha
puc. 6.
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3aBMCMMOCTU CyMMapHbIX
K03¢phMLIMEHTOB rapMOHNYECKUNX
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Ky = f(Lapn)s Ki = fil app)

Dependences of the total
coefficients of harmonic
components of voltage (Ky)
and current (K)) at fixed values
of the detuned reactor
inductance Ky = f(Lapg),

K, = f(Lapn)

AHanu3 CIeKTporpaMM HAaIpsDKEHHS M TOKA II0Ka3all, YTo
PE30HAHCHBIN peXXUM IPOu30lIeNT Ha 5-i rapMOHUKe, MPU
9TOM CyMMapHbie K09 PUIMeHTH rapMOHUYECKUX COCTABIIS-
omux: KU yBenuumica no 20,57%, KI yBenuumics mo 40,76%.
OcrunnorpaMMbl HampsKeHUsT U Toka Ha uctounuke ITC
¢ BCK u AP/l (pe30HaHCHBII PEXXUM) MOATBEPKIAIOT KCKa-
SKeHUsT GOpPMBI KPUBOI HAMPSIKEHUS U TOKA, @ aMIUTUTYIHbIE
3HAUeHHUs UMEIOT 3HaUUTeIbHble KoylebaHus (IMKOBOe 3Haue-
Hue Toka octasster 990 A), BHI3BaHHbIE Pe30HAHCHBIM PesKU-
moM ITC ¢ BCK u AP]l, mpu 5TOM aMIUIUTYIHbIe 3HaUeHUs TOKa
[IpY HOPMAaJIbHOM peXrMe pabOoThl He IPEeBBIIIAI0T 3HAUYCHUI
630 A.

3akimroueHue

[TpoBemeHHOe MCCIe0BaHNe II03BOJIMIIO OIIPe/ie/IUTh 3aBU-
CUMOCTH CYMMAapHBIX KO3(QQUIMEHTOB rapMOHUYECKUX CO-
CTaBJIAONUX HanpsskeHus Ky 1 Toka K; mpu GUKCUPOBAHHBIX
3HAUEHUSX WHAYKTUBHOCTH AHTHUPE30HAHCHOTO JPOCCEesIs
Ky = f{Lapy) ¥1 K; = f{Lppy) IUIS1 YCTAHOBIIEHUSI YPOBHS UHAYKTUB-
Hoctu APJl, a Tak>Ke OLIEHUTh BO3MOSKHOCTb BOSHUKHOBEHHUS
pe3oHaHCHBIX peskuMoB B ITC ¢ JMUHENHON U HeJIUHeMHON
HArpysKow npu Hanuyuu B ee cocrase BCK, yTo mo3sosur mo-
BBICUTD YCTONYNBOCTb JTC yronbHOM IIIAaXTHL.
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A sine wave with distortions,
harmonic composition, total
coefficient of harmonic
components of voltage (K)
and current (K; ) of an
electrical system with

a bank of power capacitors
and a detuned reactor
(resonance mode)
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