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Abstract: The paper considers modern approaches to increasing the efficiency and reliability of
transformers and reactors by improving the design of their active part. The disadvantages of traditional
electromagnetic systems with circular shape-forming contours of rods and windings are analyzed, in
particular, increased material consumption, complexity of manufacturing and insufficient electrodynamic
stability. The feasibility of using multifaceted (hexagonal and octagonal) contours is substantiated, which
provide a reduction in bending deformations in conductors, localization of mechanical stresses and an
increase in the electrical strength of insulation. It is established that the use of such structures allows to
increase the filling factor of the magnetic core, reduce electricity losses and reduce material costs. It is
shown that the implementation of the proposed technical solutions contributes to increasing energy
efficiency and reliability of power supply, which is an important factor in the modernization of the
agricultural sector of Ukraine and the sustainable development of rural areas.
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AHaJi3 BILIMBY BUOOPY anapaTiB KepyBaHHS Ta 3aXMCTY HA
eeKTHBHICTH POOOTH €JIEKTPOABUIYHA

Baxonina JI.B., noueHt
Mapazasko K.O., acuctent
MuKkonaiBChbKUi HalllOHATBHUI arpapHUil YHIBEpCUTET

AHoTanisg. Y 1iii poOoTi AOCHIIKYeThCS BIUIMB NPABWIBHOTO Ta HENPAaBWIBHOTO BHOOpPY amaparis
KEepyBaHHS Ta 3aXHCTy Ha poOOTy eJeKTpoIBUTyHA. [IpOoBEIEHO MaTeMaTWYHE MOJCITIOBAHHS OCHOBHHX
napamMeTpiB, TaKUX $K IIyCKOBHHM CTpPyM, BTpaTH €JEKTPOCHEprii, HaBaHTAaXXEHHS Ha MeEpexy Ta
TeMIepaTypHUl pexkuM aBHUTYHA. [IopiBHSHO JBa BapiaHTH KepyBaHHS: i3 3aCTOCYBaHHSIM IUIABHOTO IYCKY
Ta YaCTOTHOIO peryioBaHHs (TMpaBwibHUM BuOip) 1 O0e3 HuxX (HenmpaBwiIbHMK BuOIp). Pesynbratn
PO3paxyHKIB IOKa3ylOTh 3HAa4yHI MepeBaru BUKOPUCTAHHS Cy4aCHUX 3ac00iB KepyBaHHS, IO CIpUSE
M1ABUILEHHIO €HEeProe()eKTUBHOCTI Ta 3HMKEHHIO HABAHTA)XKEHHS Ha EJIEKTPOMEPEKY.

Kiro4oBi ci10Ba: enexTpoABUTYH, anapaT KepyBaHHS, 3aXUCT €JIEKTPOJIBUTYHA, ITyCKOBUH CTPYM, TUTABHUIM

IMyCK, 4aCTOTHC PCryJItOBaHH:A, BTpAaTU CJ'ICKTpOeHepFﬁ, HAaBAHTAKCHHA Ha MCPCIKY, CHCpFOC(bCKTI/IBHiCTB.

Beryn. V cydacHiil enekTpoTexHili e(peKTUBHE BUKOPUCTaHHS €JIEKTPOCHeprii Ta
3a0€3IeueHHs HaJIIMHOT pOOOTH eJIeKTPOO0OJIaIHAHHS € MPIOPUTETHUMH 3aBAaHHAMHU. OTHUM
13 KJIFOYOBMX ACIEKTIB JOCATHEHHS LUX I € mpaBUIbHUN BUOIp amapaTiB KepyBaHHS Ta
3axucty [1]. BoHM 103BOJSIOTH ONTHMI3yBaTh POOOTY EINEKTPUUHUX CUCTEM, 3amoOiraTu
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aBapiiiHUM CHUTyalissM 1 3HIKYBaTH €HEPreTUYHI BUTPATH. 3aBIASKU BIIPOBAKEHHIO
Cy4YaCHHX TE€XHOJOTIH y cepl eNeKTPOTEeXHIYHOTO KePYBaHHS MOKIIMBO CYTTEBO ITiIBUITUTH
€(EeKTUBHICTD EIEKTPOCTIOKUBAHHS Ta MPOJOBXKUTU TEPMIH CIYKOU 00 JHAHHS.

Metoro po0oTM € aHali3 BIUIUBY MPaBWJIBHOTO BHOOPY amapariB KepyBaHHsS Ta
3aXUCTY Ha €(PEKTUBHICTh CIEKTPOTEXHIYHUX CHCTEM Ta PIBEHb EHEPro30epeKeHHS.

Pesyabratu nocaimkednsi. [lpaBunbHuil BHOIp amapaTiB KEpyBaHHS Ta 3aXHCTy
eJICKTPOABUTYHA 3a0e3mnedyye Horo cTrabulbHY Ta Oe3nedHy poOoTy, 3arobirae apapism,
IIPOJIOBXKY€E TEPMIH CIIy»KOW 0OJIaJiHaHHS Ta crpuse eHeprozoepexenHio [3]. HatomicTh
HEMpaBWJIbHUN BHOIP MOXE NPU3BECTH JO CEPHO3HMX HACTIJAKIB, TaKUX SK IEPErpis,
nepeayacHui BUX1]1 3 JIay, 3HIKCHHS e(DEKTUBHOCTI Ta HaBITh aBapiiiHi CUTYaIIii.

Tabnuus 1. [lopiBHSHHS IPaBUIILHOTO Ta HEMIPABUIILHOTO BUOOPY amaparib
KEepyBaHHS Ta 3aXUCTY JIJIsl €JIEKTPOBUTYHA

Kpurepiii [TpaBunbHMIA BUOIp Henpasuibauii Bubip
Bukopucranas TepMiuyHHX peie  alo| .. .
. . BincyTHicTb abo HETIPaBUIBHO
3axucr Bif SNEKTPOHHUX TPHCTPOiB 3aXUCTy, IO o
; : HAJIAIITOBAHUN 3aXUCT TPU3BOAMUTH [0
NEPEeBAaHTAKEHb  [3aM100Irar0Th HEepErpiBy 00MOTOK o
neperpiBy i MOUIKOKEHHS IBUTYHA.
JIBUTYHA.

BukopucTaHHS ~ TPUCTPOIB  IUIABHOTO
Mycky a00 4YacTOTHUX NEePETBOPIOBAYIB,
0 3HIKYIOTh ITyCKOBI CTpyMH Ta
MeXaHi4YHl HaBaHTa)KEHH.

[TpsiMuii myck 6e3 0OMeXeHb CIIPHYUHSIE
pi3Ki CTPyMOBI CTpUOKH, 110 HETaTUBHO
BIUTMBAIOTh HA OOMOTKH Ta MEPEXKY.

[lyckoBuii ctpym

HeBiamoBigHuii aBTOMaTUYHUN BUMUKAY

3axucT Bix BcraHoBiieHHS aBTOMAaTUYHUX BUMHKAYiB . ) .
) . . . abo ioro BIJICYTHICTb MOKe
KOpPOTKOTO ab0 3amoODKHHMKIB 3  BIAIIOBIIHUM .
. CIOPUYMHUTH BUXIJ 3 Jaay JBUTYHa Ta
3aMHKaHHS HOMIHAJIOM.

HaBITh TIOKEXKY.
HenpaBunbHuii BUOIp NPHU3BOIUTH [0

OntuManbHui BUOIp anapaTypu A03BOJISIE

EneprosbepexxeHns . 3aliBUX BUTpAT  €JEKTpoeHeprii Ta
3MEHIIUTH €HEPTeTUYH1 BTPaTH. -
HeeeKTUBHOT poOOoTH.
. [TpaBuiabHO niniOpani HIPUCTPOT . .
Tpusanicts pobotu . ..| HacTi aBapii Ta HempaBWIBHUI PEXUM
MPOJOBXYIOTh ~ TEpPMIH  EKCIuTyaTallii
JIBUTYHA BUryHa pOOOTH CKOPOUYIOTh pECYPC ABUIYHA.

Takum ynHOM, BUOIp AKICHUX Ta BIANOBIIHKUX 3a MapaMeTpaMu anapariB KepyBaHHS Ta
3aXHUCTY € 3aM0pYKOI0 O€3MeUHO01, EKOHOMIYHOI Ta HaA1iiHOT pOOOTH €1eKTPOABUTYHA.

1106 npomMopentoBaTH MaTEMAaTUYHO BIUIMB MPABUIIBHOTO Ta HEMPABUILHOIO BHOODPY
amapariB KepyBaHHS Ta 3aXHCTy Ha poOOTy €NeKTPOABUIYHA, PO3IJISTHEMO KIIFOUOBI
napaMeTpHu: CTpyM MpH MYCKy, BTpaTH €JIEKTPOCHEpPTii, TeMIepaTypHUid pEXHUM JBHUTYHA,
HABAHTAKECHHSI HA MEPEXKY.

Po3paxyemo 1ix mns aBox BumaakiB [3]: 3 IUIABHUM IyCKOM 1 4YacTOTHUM
perytoBaHHsAM (MpaBHIIbHMIA BHOip) Ta 6€3 HUX (HEMpaBUILHUN BUOID).

[TpoBenemo po3paxynku, B cepenosuiri MATLAB (puc. 1).

Pe3ynbpTaTi 3anuiemMo TakuM YHHOM:

IlyckoBuii cTpym:

be3 mnaBHoro nycky (HenpaBuibHUI BUOIP): lnyex = 169.8 A;

3 IUIaBHUM IYCKOM (IIpaBUIbHUN BUOIP): lnyex = 56.6 A.
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BtpaTu enextpoeneprii yepes myCKOBUI CTPYM:

be3 maBHOTO mycKy: Wirpar = 8650.5]1k;

3 maaBHUM Iy CKOM: Wypars = 961.2 JIk;

JlonaTKkoBe HABAaHTAXKEHHS HA MEPEXY i1 Yac MycKy:

bes mnaBHoro mycky: S = 117.65 kBA

3 mnaBHUM mmyckoM: S = 39.22 kBA

BianoBnHo 10 oTpyMaHUX pe3yJbTaTiB MOOYIyeEMO AlarpaMy BIUIUBY HETPABUILHOTO
BUOOPY €IEKTPUYHUX anapariB (puc. 2).

>> % Baxinoni oasi

P = 15e3; % Mory=HicTeE OBMDVHa, BT

T = 400; % Hamopyra mMepexi, B

co=s_phi = 0.85; % FKoedinisHaT DorTy=EHOoOCSTIL

efficiency = 0O.9; T HKHEIO OosMIyHa

R = 0.1: T Onoip oBmMoTxa, O

t_pusk = 3:; T Uac oOycry, o

%2 1. HoMiHadbHME CTDVWM OBMDIVHa

T mom = P J/ (sgrtci(3) * O * cos_phi * efficiency):

T 2. OycHROBMA CTEDWH

K pusk wrong = 6 % KFpaTHICcTE OVCHKOBODO CTDVMY eI MOabBHODO IWCHW

¥ pusk right = 2 % KFparsicTres OVCOCHKOBODND CTERVMY I [AAa3BHMM IWCKOM

I_pusk wrong = K pusk wrong * I nom; % IMIyCcEOBMM CTDVM De3 maaBHODD [IIWCRW

T pusk right = K pusk right * I nom’ T MIycCcHOBMM CTDYWM = [MMaBHMM IVCREOM

% 3. BrpaTrTHM sHeprDii wepesS OyCKOBME CTERYIMM

W_loss_wrong = R * I pusk wrong™2 * t_pusk: % BrpaTHM cHepDTDil (HenDaBMALHIE BMOip)
W_loss right = R % I pusk right™2 * ¢t pusk:? % BrpaTM ceHepDii (OpaEmMaeHIMT =MEip)

T 4. JoomarrmoBEs HaBaHTameHHA Ha MeEpDemXy

5 wrong = sdgrtc(3) = O * T pusk wWwrong: T MoBHa NDoTryxEHIicTeE OpM OVCKyY (HeOpaEBMABHIEL BMEIip)
S5 _right = sgrtc(3) = T % I pusk right: % MoeEHa OoOoTYEHICTE OpM OFCKEY (ODPDaBMABRHIMA EMEILip)
T BMeEing pes3vVALRTaTLE

fprintf ("'HoMiHameH Ml CTERYM OEMIWHa: 3 .2f AWn', I_nom) -

Fprintf ("IdycrRoOEMA cCTEPYM Bes mmasHODO OVCoRy: *.2f A\n', I pusk wrong) s

Ffprintf ({"IycKOEMMA CTDYM = MMaBHMM OyCcKROMM: %$.2F AT I_pusk right)

fprintf("'BrparM eHepril fes nmasHODO OVCOKRY: $.2f OIxn'", W_loss_wrong) :

Ffprintf ("BrparM eHeprii = mOmasEBHMM OyFCcHROoMM: % .2F D= r W_loss_ right):

Fprintf({"IJoeHa OOTy=xHIicCcTE OPpM OycKy (Bes mmasHODO OFCEy) @ $.2Ff mBAWND'", S5 wrong SO10o0)
fprintf("IosHa OOTVEHICTE OPM OVCKY (3 OMaBHMM OVCKOoM) @ $.2f mBAan'", S_right J 1000);
HomMiHameHIEI CTRYM OEMDIWHEa: 2ZE.30 0

IycHROBMA cTpPyYHM BesS mmasHODO OyCcRy: 169 .81 A

OIycHROBMMA CTDYM = MAaBHMM OycCKOoM: S6.60 R

BroaTM cHeprDilil 63 OmaBHODO OVCKY: B5650.52 IIx

BroarTM cHepIrii = mmasHMM OyCRKROoM: 961 .17 IO=

IDosHa OOTyYy=EHICTE OPpM Oycky (HesS mmasHODO OycKy) : 117 .65 =BA

MoBEHa OoTVEHICTE OpM OVCOKY (3 OLAaBHMM OVCKOM) 1 39.22 xBAR

Puc. 1 — Cxkpunr po3paxyHKy HENPaBHJILHOTO BUOOPY anapaTiB KepyBaHHS, 3 IUIABHUM ITYCKOM 1 YaCTOTHUM
peryJoBaHHAM (IIpaBUIBHUN BUOIp) Ta 6€3 HUX (HerpaBUIbLHUMA BUOIp)

MopiBHAHHA NYCKOBOro CTPYMY
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Be3 nnasHoro nycky 3 NNaBHWAM NycKom Bea nnasHoro nycky 3 nnasHuM Mmyckom
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JopaTtkoBe HaBaHTaXeHHA Ha Mepexy
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Bea nnasHoro nycky 3 NNasHMM NycKom

Puc. 2 — Pe3ynbratu MoJie/II0BaHHS

BucHoBok. Pe3ynbrati MaTeMaTMYHOTO MOJIEIIOBAHHS MIATBEPAWIIN BaXKIUBICTh
IPaBWIBHOTO BHOOpY amapaTiB KEpPYBaHHSA Ta 3aXMCTy €JIEKTpOABUTyHa. BukopucraHHs
3ac00iB IUJIABHOIO IYCKY J03BOJI€ 3HAUYHO 3MEHIUUTH IYCKOBHM CTpyM, IO 3arodirae
MEPEBAHTAKEHHIO EJIEKTPOMEPEXK] Ta 3HIDKYE BTpaTH enekTpoeHeprii. [Ipu HenpaBumpsHOMY
BUOOp1 amapaTypyd NYCKOBUM CTpyM Yy 3 pa3d BHILUWA, IO CTBOPIOE PU3UK NEPETPIBY
MIPOBO/JIKH, CIIPALIOBAHHS 3aXHUCTY Ta HECTAOUIBHOCTI Mepexi. BrpaTu eHeprii npu mycky y 9
pa3iB OUIBIII, II0 MPU3BOJIUTH 0 3aHBUX BUTPAT €IEKTPOCHEPTI] Ta 3HUKEHHS €(DEKTUBHOCTI
pobotu cuctemu. HaBaHTakeHHS Ha MeEpeXy 3HAYHO BHINE, IO MOXE CHPUUYUHUTH
MPOCIaHHS HAPYTH Ta HETATUBHO BIUIMHYTH Ha POOOTY 1HIIMX eNeKTporpucTpoiB. OTxe,
npaBWIbHUN  BUOIp  amapaTiB  KepyBaHHS Ta 3aXWCTy HE TUIBKM  IIiJIBUIIYE
eHeproe(eKTUBHICTh, aje W CIHpusie CTabUIBHOCTI POOOTH EIEKTPOMEPEXKI, 3MEHIIYE
eKCIUTyaTalliiiHi BUTpaTH Ta 30UIbIIIYE pecypc poOOTH €IEKTPOIBUTYHA.

CnucoKk BUKOPUCTAHUX JKepeJl
1. Kyuepenko B. 1. Enexrponpuoa ta cucremu kepyBanss. — Kui: Texnika, 2019. 320 c.
2. TapacoB O. Il. EnexTpomexaHiuHi CHCTEMH aBTOMAaTHYHOTO KepyBaHHs. XapkiB: BugaBHHIITBO
XHVYPE, 2017. 280 c.
3. KoponsoB A. B., Xypasneo C. O. YacTtoTHe peryiroBaHHS €JIEKTPOIPUBOMAIB: TEOpis Ta
npaktuka. JIpBiB: Bumasuunrso JIHTY, 2020. 350 c.

Abstract. This paper investigates the influence of the correct and incorrect selection of control and
protection devices on the operation of an electric motor. Mathematical modeling of the main parameters,
such as starting current, power losses, network load and engine temperature, is carried out. Two control
options are compared: with the use of soft start and frequency control (correct choice) and without them
(incorrect choice). The results of the calculations show significant advantages of using modern control
devices, which contributes to increasing energy efficiency and reducing the load on the power grid.
Keywords: electric motor, control devices, electric motor protection, starting current, soft start, frequency
control, electricity losses, network load, energy efficiency.

49



