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I'peunn /., Apobot I. JocainskeHHs BiAXujieHb HANPYTH B Mepe:Ki eJIeKTPONOCTAYaHHS MiANMPUEMCTBA NMPH
eKCIIyaTalil eJIeKTPooOIaTHAHHS

VY mnparni Bu3HaueHO mpoOiieMy piBHS Hampyrd y CIOXXHBA4iB Ta JOMYCTHUMI MEXi 3MiHM Hamnpyrd. BimxuieHHs
PIBHSI HANPYTH BiJi HOMIHAJILHOTO 3HAYCHHS MAa€ HETaTHMBHHUU BIUIMB Ha CIIOKHBAYiB €JICKTPOCHEPTIi: €JICKTPOOCBITICHHS,
eIICKTPOIBUI'YHH, €IEKTPOTEXHONIOTIYHI yCTaHOBKH Ta iH. OiHa 3 OCHOBHMX MPUYHMH 3HWKEHHS HAIPYTH Yy CIIOXHBAYiB — I1e
BTpPAaTH HANPYTH B MEPEXKi eNEeKTponocTadyaHHs. AHami3 myOnmikamid TOKa3aB aKTyajdbHICTh MPOBEICHHS JOCIIIKCHb
SIICKTPUYHHUX MEPeK JUIsl 3a0e3MeYeHHs KPalliX TeXHIKO-eKOHOMIYHHX IMOKa3HUKiB. Cy4acHi JOCIIKCHHS POBOIATHCS 3a
JOTIOMOTOI0 MOJICTIOBAaHHS. 3aBHAaHHAM JOCIH/DKEHHA € Mo0yxoBa CTPYKTYpHO-MAaTeMaTHYHOI MOJENi CHCTeMH
eNIeKTpONocTayaHHs mianpuemcrsa B cepenosuii MATLAB/Simulink ta anani3 cnanis Hanpyr y mepexi. Mera pobotn —
3a JOMOMOTOI0 MOOYI0BaHOT MOJIEINI JAOCIIUTH CIIaH HANPYT y Mepexi. Y poOoTi moOyJ0BaHO CTPYKTYpPHO-MAaTeMaTHYHY
MOJIeNIb MEPEeXi eJIeKTpoNocTauaHHs niAnpueMcTBa. [IpoBeneHo nociipkeHHs pobotu niHii 10 kB Ha cnajy Hanpyru y JiHii.
IIpoBeaeHo AoCiHKeHHsT pOOOTH TphoX KabenbHHX JiHiH 0,4 kKB modyeproso Ha cnan Hanpyru. Y minii KJI2 cnian Hanpyru
nepeBulLyBaB 5 %, y Lil ninii 30inpmunu nepepis i 3HOB IpoBeNU A0CiN — cliaj Hanpyru Oy MeHIMM 3a 5 %. I[IpoBeneHo
JOCHIJT OJHOYACHOT po0OTH TphoX (igepiB i3 HOMIHAIFHHUM HAaBaHTAKCHHIM. AHaNi3 IOKa3aB, 10, K y MOMEPEIHIX
Jocliiax, BTpaTH Hapyry Oyl B MeXax AOIyCTUMUX BTpar, a B JdiHil KJI2, sk i 3a3Hauasocs paHilie, BTpaTU NEePEBUILYBaIH
JIOITYyCTHUMI, aJie 3MiHa Tepepizy KaOelo BUPIIIYE 110 MPodieMy.

CrnoyaTtky npoBezieHo aHaii3 moxo diHil KJI1. Lo miHito Mu 1ociipKyBaId IpU HOMiHAIbHOMY pexkumi Bif 0 1o 1,2
S, . Brparu manpyru B wmiii nimii Gymm B Mekax JomycTHMHX BTpar, a came 274,5 B. 3rogom Gyno mpoBeseHO
CIIOCTEPEXXEHHS CIajiB Hanpyru i Ha miHii KJI2. AHamni3 mono uief jiHii Takox 37iHCHEHO MpU HOMiHAJIBHOMY pexumi Bix 0
mo 1,2 S, .V nixcymky BinxuienHs Hanpyru Gyino Ginbie, Hik nomyctumi Hopmu. 11106 ne ycynyTH, 6yiio Bubpaso kabeib

3 OLIBLIMMU TIEpepi3oM, BIIXUIICHHS HAINPYTy OyJo B IOMyCTUMHUX Mexax — Bif -5 % no +5 %. Jocainu ninii KJI3 nokazanu,
III0 BTPATH HAIpyTu OyiM B TOIMyCTHMHX MeXaxX BTpaTH, a came — 5 %. JIiHisg TakoX MpalffoBana IpH HOMIHATBHOMY PEKHMI.
V ninii KJI4 BTpatu Hanpyru Oynu Iyxe Maii, CIIOCTEPexEHHs JIiHil Takoxx OyJ10 3AiHCHEHO ITPYU HOMIHAJIBHOMY pexxuMmi Big 0

no1,2 S - pu w’saromy nociiii go kabenbuux ninid KJI2 — KJI4 Oyno mifikiio4eHo 0IHOYaCHO BCE HABAHTaXEHHs. AHa3

mmokaszas, 110 B JiHigx KJI3 i KJI4 Brpatu Hanpyru OyJid B Mexax JOMyCTUMHUX BTpaT, a B JiHil KJI2, sk 1 3a3Havanocs paiiie,
BTPATH MEPEBUILYBaIH JOMYCTHMI, aJie 3MiHa Tepepizy KaOelto BUPIIIYE 110 MpodieMy.
KuiouoBi cioBa: eNekTponoctadaHHs, cnag Hanpyru, Hanpyra, Moaens.

Hrechyn D., Drobot I. Investigating voltage deviations in the enterprise’s power supply network during the
electrical equipment operation

The article focuses on the issue of voltage levels at consumers' buildings and the acceptable limits of voltage
fluctuations. Any deviation from the nominal voltage can negatively affect the electricity supply for consumers, including
lighting, electrical engines, and other electrotechnical equipment. One of the primary reasons for voltage drop is the loss of
voltage in the power supply network. Research has shown that analyzing power supply networks is crucial to ensure better
technical and economic performance. Nowadays, research is conducted through modeling, and the main goal is to build a
structural-mathematical model of the power supply system of the enterprise using MATLAB/Simulink and analyze voltage
drops in the network. The purpose of this work is to investigate voltage drops in the network using the constructed model. In
this work, the authors built a structural-mathematical model of the power supply network of the enterprise. The researchers
conducted a study of the 10kV line's operation on voltage drops in the line and also studied three 0.4kV cable lines alternately
for voltage drops. The KL2 line had a voltage drop of more than 5%, so the cross-section was increased and the experiment
was conducted again. This time, the voltage drop was less than 5%. The authors of the study also experimented with the
simultaneous operation of three feeders with nominal loads. The analysis showed that, as in previous experiments, the voltage
loss was within the allowable losses, and in the KL2 line, the losses exceeded the allowable ones, but changing the cable
cross-section solved this problem.

First, the authors analyzed the KL1 line, studying it at nominal mode from 0 to 1.2Sn. It was found that the voltage
losses in this line were within the limits of permissible losses, specifically 274.5 V. Subsequently, voltage drops on the KL2
line, which were also analyzed at the nominal mode from 0 to 1.2 Sn, were observed. The voltage deviation exceeded the
permissible norms, so a cable with a larger section was selected, and the voltage deviation was within the permissible limits
from -5% to +5%. The researchers then tested the KL3 line and found that the voltage losses were within the allowable loss
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limits, particularly 5%. The line also operated at the nominal mode. In the KL4 line, the voltage losses were minimal, and the
line at the nominal mode from 0 to 1.2 Sn was monitored. In the fifth experiment, the entire load was connected to the KL2 -
KL4 cable lines at the same time. The analysis showed that the voltage losses in the KL3 and KL4 lines were within the
permissible limits, and in the KL2 line, as mentioned earlier, the losses exceeded the permissible ones, but changing the cable

cross-section solved this problem.

Key words: power supply, voltage drop, voltage, model.

IlocranoBka mnpobJiemu. SKICTb €IeKT-
pUYHOI eHeprii — Il CTYyMiHb BIANOBITHOCTI (Qak-
THYHHX 3HAYCHb I1apaMeTpiB EJICKTPUYHOI eHeprii
BcraHoBiieHuM ['OCT 13109 — 97 3HaueHHAM. VY
HAIUX JOCTI/DKEHHAX MIETbCA TMPO BiAXUICHHS
Hanpyrd, BignosigHo mo I'OCT 13109 — 97 HOop-
MaJIbHE 3HAYCHHS IIOJAO BIIXHJICHHS HANPYTH I +5
abo -5 %, rpaHuYHe 3Ha4YeHHS — 1e Bke konu +10
a60 -10 %. KonuBaHHs Hampyru B MEpexXi 3aleKUTh
BiJ] IOTYXHOCTI JOKEpesl *KUBJICHHS, MOTYXKHOCTI, Ka
BTpaua€eThcs MiJl Yac TepelaBaHHS IO JIHIAX elleK-
TpoIepeiadi Ta MOTYKHOCTI eJIeKTPOCIOXuBadiB. J[o
HaHOUTBII PO3MOBCIOJKCHUX CIIOXKHBAdYiB BapTO Bij-
HECTH AaCHHXPOHHI IBUTYHH, B SIKUX TOTYXXHICTh
IpsMO TIPOTIOPIIiHA KBaApaTy HANpyTH, a OTXKeE,
BTpatu ynBiui Oinpmi. OTxe, TpH Malid BTparti
HANpYr¥ y JBUTYHAX BTPATH IOTY)KHOCTI OyayTh
cepiiosHimi. IIpy He3HauHiM BTpaTi HAIPYTH TaKOXK
3MEHIIYEThCSI IIBHIKICTE OOEpPTaHHS IBUTYHA, a B
MiACYMKY 301iNbIIyeThCsI KOB3aHHS. TakoX MifBU-
LIYEThCST CTPYM, Magae Koe(illieHT KOpHCHOI il i
MIBUJIIC 3HOIIYEThCS i30Ms1is. [Ipu BTpaTi Hanpyru
MOTIPIIYIOTCS ITyCKOBHI MOMEHT 1 MEXaHI4HI Xapa-
KTEPUCTHKHU JBUTYHIB.

B enexTpoTeXHOIOTiYHUX MPUCTPOSX BTPATH
HaTPYTH MPU3BOMIATE 0 3HWKEHHS IOTYKHOCTI, sIKa
HAJXOIIUTh 13 Mepexi, 30UIbIIYIOTECA 3aTpaTH 4acy
TEXHOJIOTIYHUX 1 BUPOOHWYMX TPOIECiB, a BiAIO-
BIJTHO ¥ SIKICTh TPOMYKIIIT cTae ripmioto. [Ipu BTpaTax
Hamnpyr'u TOTIPIIYEThCS TaKOX 1 OCBITJIEHICTh, OC-
KIJTBKH CBITJIOBHH IOTIK 3aJ€XUTH Bij 3HAYECHHS HAII-
pyru. Y pa3i 30UTbIICHHS HApyTH Koe(illieHT Kopu-
cHOi nii mamn 30UIBIIYETHCS, a TepMiH iX CiIyXOw,
HABIIAKH, CTAE MEHIIIHM.

AHaji3 ocTaHHiX AocigxeHb i myOJika-
uiif. JlocmimkeHHs mpolieciB, sSKi BiAOyBalOThCS B
CIIEKTPUYHAX MepekaX, He BTPavyaloTh CBOEL
akTyanbHOCTI [1-19]. Cy4yacHi METOIU TOCIIKEHHS
nependavaoTh BUKOPUCTAHHA MAaTeMaTHYHOTO ara-
paty Ta Cy4acHOro mporpaMHoro 3abe3medeHHs [1—
19].

PeryntoBanHs Hampyru TmependadacThcs B
Mepe)kax KHUBIICHHS 1 PO3MOIUTFYAX MEPEKaxX Ta Mpo-
BOAMUTHCSA He3anexxkHo. OJHaK OCHOBHE 3aBlaHHS B
peryJIroBaHHI HAIPyTH 30BCIM iHINE, a came: y mepe-
JKaxX KUBJICHHS HEOOXiJHO 3HU3UTH BTPATU €JIEKTPO-
SHEeprii, a B PO3MOALIBPYNX MepeKax MOTPiOHO Mia-
TPUMAaTH HOPMOBaHI 3HAYCHHS WIOJO BiIXHUICHHS
Hampyrd Ha 3aTHCKadax eJeKTPUYHHX TNpUiMadiB.
Po3pi3HAIOTE IIEHTpaNi3oBaHE 1 MICIIEBE PETYIIIO-
BaHHs HAIPyrd. Y IMEPIIOMY BUIAIKy PETYIIOBAHHS
HanpyTru 3JiHCHIOETHCS B IICHTPAX JKUBICHHSA 1 3Mi-

62

HIOE HalpyTy y BCiH Mepexi, a B IPYroMy BHIIAJIKY
PETYIIIOBaHHS 3IHCHIOETHCS 0€3M0CePETHBO CIOMKH-
BayeM i 3HAYCHHS HAIIPYTH 3MIHIOEThCS JIUIIIE B JIOKA-
JIBHIA 4aCTHHI MEpexi.

3a JONOMOTO0 CIeHiaJIbHAX IIPUCTPOIB, a
TaKOX PI3HUX 3aXOMIIB MOXIIMBO DPETYJIOBaTH 3Ha-
4eHHA Hanpyrd B Mepexi. OCHOBHI crocoOu pery-
JIFOBaHHS HANpPYTW — II€ PEryJIIOBaHHA KoedilieHTa
TparchopMmallii; 3MiHa TapaMeTpiB MEepexKi; 3MiHa CT-
pyMy 30yI>KEHHS; 3MiHa PEaKTUBHOI MOTYXHOCTI.

IMocraHoBKa 3aBAaHHs. 3aBIaHHIM JOCIHi-
JUKEHHST € T1o0yZoBa CTPYKTYPHO-MAaTeMaTHYHOT
MOJIEJTI CHCTEMH eJIEKTPOIIOCTaYaHHs MiANpUEMCTBA
B cepemoBuii MATLAB/Simulink ta anani3 cmagis
Hampyr y Mmepexi. MeTta po0OTH — 3a JIOIIOMOTOKO
no0y0BaHOI MOJENi AOCHIOUTH CHagd HAmpyr y
Mepexi.

Buknan ocHoBHOro mMarepiaiay. Sk mxepe-
JIO SKUBJICHHS Ui 3a0€3I€UCHHS EIEeKTPOCHEPriero
MIANPUEMCTBA BHKOPHCTOBYETHCS paldOHHA TIijC-
TaHIIis, sIKa pO3TAIllOBaHa Ha BiJcTaHi 15 kM Bif mian-
pueMcTBa. BinbLIicTh enekTpooOsafHaHHSA Ha Miam-
PHEMCTBI )KHBHTHCS BiI Tpu(Da3HOT MepeKi 3MIHHOTO
ctpymy Hampyroto 380 B i wacrororo 50 I'm. Cxema
@JIEeKTPONOCTaYaHHs 300pakeHa Ha puc. 1.

[Tapamerpn KkabenbHUX JIHIA HaBENCHO Y
Tabm. 1.

Ha puc. 2 300pakeHa Mozelnb MEpexi enek-
TPOTOCTAaYaHHS MiJPHEMCTBA, HA OCHOBI sIKOi it Oy-
JyTh TPOBOJUTHUCS JOCHian. i1 KOKHOT JIiHIT enek-
TPOIOCTAa4YaHHs, BpaxyBaBIIM BuOpaHi Kabedmi,
BKaszyemo B Oiokax cepemosuima MATLAB/Simulink
BIJIMOB1JTHI TTApaMETPH.

AHami3 pes3ynbTaTiB BHMIpIOBaHb IOKa3aB,
oo Tpu 30iTbIIEHH] CMOXKUBAHOI TOTYXXHOCTI Ha
MIANPUEMCTBI BiJIMOBITHO 301IBIIYIOTHCS 1 BTPATH
Hanpyry. B3sBimM J0 yBard BCi JIiHIT eleKTporepe-
Javi, Oy TPOBEACHI eKCTIEPUMEHTH 3 JIOCHIKSHHS
BTpaT HaIpyrH B JiHIAX. AHaN3 BHKOHAHUX
CIIOCTEPEKECHb BKa3aHO B TaO. 2. [ mociimkeHHs
BIIXWJICHHS HANpPYTH i ii BILINBY HA OOJIaHAHHS CHC-
TEMH EICKTPOIIOCTaYaHHs OyJ0 BHKOPUCTAHO [aHi
PO CUCTEMH 30BHIIIHFOTO Ta BHYTPIIIHBOTO YKHB-
JICHHS MiANPUEMCTBA, CyMapHy IOTY)XHICTh HaBa-
HTQKCHHS, CKJIall, @ TAKOX CTPYKTYpy MpUAMAYiB Ta
CyMapHi HaBaHTaKeHHs npuitmadis, e Ul — Hampyra
Ha mouatky JiHii, B; U2 — nanpyra B kinmi Jinii, B;
AU1 — ciag HanpyTH B JiHii, B.

[pu nocmimkenni ainii KJI2 0,4 kB Bussum,
III0 BTPaTH HaIpyru He Oynu B Mexax Big -5 % g0 +5
%. Tomy Mu BUOpau kabenb i3 OLIBIINM TepepizoM.



EnexTpoTexHiuHI KOMIDIEKCH Ta CHCTEMHU B arpoIpOMHUCIOBOMY BHPOOHHIITBI

BHacniok 11boro BTpaTi Hanpyry OyJi 3MeHIIeH] 1 mepeOyBaiy B IOIMyCTHMHUX MeXax.
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CxeMa eeKkTporocTadanHs MiANPHEMCTBA
1. Power supply scheme of the enterprise

Tab6muus 1. [Tapamerpn kabeTpbHUX TiHINA

Table 1. Parameters of cable lines
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Fig. 2. Study model of Line 1 (10 kV) and Line 2 (0.4 kV)
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Fig. 3. Voltage in the KL1 (10 kV) line
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Fig. 4. Voltage in the second KL2 (0.4 kV) line
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Fig. 5. Voltage in the KL3 (0.4 kV) line
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Puc. 6. Hanpyra B ninii KJI4 (0,4 xB)
Fig. 6. Voltage in the KL4 (0.4 kV) line
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Bracnigok gociikeHb 0yio MoKa3aHo TEeBHi
CHaJid HATNpyrd Ha JiHISIX eleKTporoctadanHs. Jlis
TOro 1100 eNeKTpomnpHuiiMadi Ha IJIPHEMCTBI Ipa-
IIOBAJT HOPMAJILHO, MOTPIOHO, MO0 CHaj HaNpyru
OyB y MeXax IonmycTuMux HopM. Criaay Hampyr, sKi
Oynu BH3HAYeHI BHACHiMOK aHamizy minid 0,4 kB,
OyayTp HeOe3meuHi mias poOOYOro  OCBITIICHHS,
OCKUIBKH OCBITIICHHS Ha IMiJIPUEMCTBI BUKOHAHE
JIOMIHECIICHTHIMH JIaMIIaMU, TPU BTPATi HANPYTH
Oinplre HiK Ha 5 % TepMiH NMPUAATHOCTI JaMI CKO-

pouayerbess Ha 5-10 %. Takox 3MiHa Hampyru B
Mekax, Oumpmmx Big -5 % o +5 %, moraHo BILIMBaE
Ha AacCHHXPOHHI JBUTYHH, OCKUIBKH 3MEHIIYETHCS
MPOAYKTHUBHICTh TEXHOJIOTIYHOTO obOnamHaHHs. [Ipn
3HIDKCHHI Hampyru Ha 1 % CIIOKMBaHHS peakTHBHOL
MOTY)XHOCTI 30inbHryeTbess Ha S5 %. 3HUKYETHCS
MOMEHT ONOpY pOOOYMX MEXaHi3MIB 3 BEHTHU-
JSTOPHOIO ~ XapaKTEPUCTHKOIO, OCKUIBKH  3MEH-
HIyeThesl MBHAKICTH oOepTaHHA. ['padikm 3amex-
HOCTeH IIpoBEIEHHX JAOCHI/IiB BKa3aHi Ha puc. 3-6.

Tabuuus 2. PesynbraTi MpoBeAEHUX CIOCTEPEKEHD
Table 2. Results of the observations
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Puc. 7. Mojens A0OCTiKSHHS CIa/liB HAMPYT [IPH 0OJHOYACHOMY MaKCHMaJlbHOMY HaBaHTa)KCHHI Ha JIiHIT
Fig. 7. Model of the study of voltage drops at the simultaneous maximum load on the line

CymapHi BTpaTH Hampyrd B KoxHii JiHii 0,4 kB Bu3HauatoThcs NpH HapaMmeTpi MaKCHUMaJIbHOTO
HaBaHTaKEHHS BIIMOBITHO B KOXHIH 13 WX TPHOX JiHIN. J[aHl uX T0ciiaiB 300paxeHo B Ta0I. 3.

Ta6auusa 3. Cymapsi BTpatu Hanpyru B niHisx KJI2 — KJI4 (0,4 kB)
Table 3. Total voltage losses in the KL2 - KL4 (0.4 kV) lines

U8 AUB AU%

g

U8

VT

1 YT

BucnoBku. Croyatky MpOBEIECHO aHami3
moxo mimii KJI1. Ifo miHiFO MH DOCHiIKyBadH 3a
HOMiHalbHOTO pesxumy Bix 0 go 1,2 S,. Brpatu

Hampyru B Hil JiHii Oymd B MeXax IOIMYCTHMHUX
BTpar, a came 274,5 B. 3romom Oyio mpoBeJeHO
CTIIOCTEpEXCHHS ChmamiB Hampyrd 1 Ha mimii KJI2.
AHai3 1M00 €T JIiHIT TaKoX 3IHCHEHO MPH HOMI-
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HanpHOMY pexumi Bim 0 no 1,2 S,,. YV mincymky
BIIXWIECHHA Hampyru Oyio Oinblne, HiK AOMYCTHMI
Hopmu. I1[o6 me ycyHyTH, Oyino BHOpaHO Kabenb 3
OLTBIIMME TIEPEPi3oM, BIIXWICHHS HANPYTH OYyio B
JIOTYCTHMUX MeXax Bill -5 % mo +5 %. ocninu niHii
KJI3 mokasanm, mo BTpaTu Hampyru Oynd B JOIy-
CTHMHUX MEXax BTpar, a came 5 %.



EnexTpoTexHiuHI KOMIUIEKCH Ta CHCTEMH B arpONPOMHCIOBOMY BUPOOHHIITBI

JliHis TakoX TpaIroBaiga Py HOMIHATEHOMY
pexxumi. Y minii KJI4 BTpatn Hanpyru Oynn mysxe
MaJi, CIOCTepEKCHHS JIiHII TakoX OyJio 3miHCHEHO
npu HOoMiHanbHOMY pexumi Bix 0 no 1,2 S,,. Ilpn

I’ ITOMY JTocaifi 1o kabenpHux JiHid KJI2 — KJI4 Oy-
JIO WiAKIIOYEHO OIHOYAaCHO BCE HABAHTAKCHHS.
Ananiz nokasa, mo B niHigsx KJI3 i KJI4 Brpatn
Hanpyru OyJiu B MeXax JOIMyCTHMMUX BTpart, a B JiHIi
KJI2, sx i 3a3Havajiocs paHimie, BTPAaTH IEPEBH-
IIyBajy JOIyCTUMI, ajie 3MiHa Tepepisy Kabemto
BHUPIILIYE LI0 IpodIeMy.
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