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AHOTANIA
Ilepecynvko I. I. DopMmyBaHHs E€HEProOPIEHTOBAHUX IyCKOBHUX
XapaKTEepPUCTUK CHHXPOHHOTO  €JIEKTPONPHUBOJA  BEHTWJISATOPIB  T'OJIOBHOIO
MpOBITpIOBaHHs maxT. — KBamiikaiiiina HaykoBa mpartlsl Ha IpaBax PyKOMUCY.
JHucepraliis Ha 3100yTTS HAYKOBOT'O CTYNEHS KaHAMIaTa TEXHIYHUX HAyK 3a
cnemianbHicTiIO  05.09.03  «EnekTpoTexHIYHI KOMIUIEKCM Ta CHCTEMH». —
KpuBopizbkuit HamioHaneHuil yHiBepcurter, Kpusuit Pir, 2021. — BinHunbskuii

HaI[IOHAJIbHUM TeXHIYHUH yHiBepcuTeT, Binnungs, 2021.

HaykoBa HOBH3HA OTPMMAaHUX Pe3yJbTATIB 1 TOJOKECHbD, 1[0 BUHOCITHCS
Ha 3aXWCT, MOJATAE€ y MIiABUIICHHS EHEProeEKTUBHOCTI CIICKTPOMEXaHIYHUX
KOMIUIEKCIB BEHTHJISITOPIB TOJOBHOTO MPOBITPIOBAHHS IIAXT, HUIIXOM PO3POOKH 1
3aMpoBaPKCHHS B MPAKTUKY iX (DYHKIIIOHYBaHHS €()EKTHBHUX METOJIB IJIABHOTO
NyCKy TPUBOAHUX CHHXPOHHHMX JBHTYHIB 13 poOOTOI0 OCTaHHIX B
€HEProOpIEHTOBAHUX MEKaX MyCKOBUX XapaKTEPUCTHK.

B po6oTi oTpuMaHO HayKOB1 pe3yJIbTaTH:

1. Bmepmie onTuMizoBaHO ¥ aapecHO (opMali3oBaHO CKJIAI0BI Teopii
CHUHTE3y CJIICKTPOMEXaHIYHUX CHCTEM 3 OOIPYHTYBAHHSM 1 MPOIO3HINIEI IS
OpaKkTUYHOI  peamizamii  Miaxomay 10 BUOOpPY  BapiaHTIB  IMiABUIICHHS
eHeproeekTUBHOCTI  (PYHKIIIOHYBaHHS  €JICKTPOIPHUBO/IIB BEHTWISITOPIB
TOJIOBHOTO MPOBITPIOBAHHS IIIAXT;

2. Po3pobneno merop, mo mnependadac BHKOPUCTaHHS B OOMOTKax KoJia
cratopa cuHXpoHHoro gnBuryHa |GB TpaHsucTtopHoro 6GaratopiBHEBOTO
MEepeTBOpIOBaYa YacTOTH JUIsl  €HEProe()eKTHBHOTO YaCTOTHOTO IYCKYy 3
(GYHKITIOHYBaHHSIM Ha MPOMDKHUX IYCKOBHX TMO3HWINSAX, IO  JIO3BOJISIE
MIHIMI3yBaTH TOXiJHI HETaTUBHI (PAKTOPU BITUBY MEPEXTHUX MyCKOBUX CTPYMIiB
B 0OMOTKax cTaTropa JBUTYHA, a TaKOXX HOPMAai3yBaTH pOOOTY €IEKTPONPHBOIA
BEHTWJISITOpPA TOJOBHOTO TPOBITPIOBAHHS TPU TIMOOKUX TMPOCAIKaX HAMPYTH

YKUBJICHHS BUCOKOBOJIBTHOI MEPEXKI;
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3. JlocmipkeHO eJIeKTPOMEXaHIYHl TpPOLEeCH 1 3ampolOHOBAHO METOJ
PO3AUTPHOTO  pEryJiIOBaHHS  BENUYMHM 1 YacTOTM  BHUXIAHOI  Hampyru
0araTopiBHEBOTO IEPETBOPIOBAYa YaCTOTU IMPU  KBA31YaCTOTHOMY  IYCKY
CUHXPOHHOTO €JEKTPOINpPUBOAA, IO OOMEXYE 10 NOMYCTUMHUX 3HAUEHb IYyCKOBI
CTpyMH;

4. JloompanpoBaHO BIIOMUN MeTOA (QOPMYBaHHA ONTUMAJIbHOI KPHUBOI
Hanmpyrd cTaropa CHUHXPOHHOIO JBUTYHa B HOBOMY (opmarti, mo 3abesneuye
MiIBUIEHHS  EJICKTPOCHEPTeTUYHUX  TOKAa3HHWKIB  EJNeKTpPONpHBOAa  SIK
€JIEKTPOMEXaHIYHOTO KOMIUIEKCY B IILIIOMY.

[IpoBeneHi MOCHIIKEHHS JTO3BOJIMJIM BCTAHOBUTH, IO  ITiIBUIICHHS
eHeproe(eKTUBHOCTI BEHTHIIATOPY TOJIOBHOTO TMPOBITPIOBAHHS Ma€ 3HAYHUM
MOTEHIliaJT y 3HWKCHHI €HEPrOBUTPAT JAaHUX BUIIB CHEPrOEMHHX CIIOKHBAUiB
CJIGKTPUYHOI eHeprii 3amizopyaHux maxrt. [Ipy mpoMy BEKTOp BHPIIICHHS
npoOJIEeMH JIEKUTh Y CUCTEMI IYCKYy CHHXPOHHOTO €JEeKTPOJBUTYHA IIMX BHUIIB
CJIEKTPOMEXaHIYHUX KOMIUIEKCiB. [liITBepaXeHo, 110 OCHOBHOIO BEPCI€I0
3a0€3MeUYeHHs] ~ €KOHOMIKOCHEPTeTUYHOTO  (DYHKI[IOHYBaHHS  BEHTHIATOPY
TOJIOBHOTO TPOBITPIOBAHHS € BHKOPUCTAHHA B 1X KOMIUIEKCAX CHCTEM
€JICKTPONPHUBO/IA 13 IUIABHUM ITyCKOM, 3 HEOOXIIHMM J11alla30HOM 3MIiHH YaCTOTH
oOepTaHHs CHXPOHHOTO  E€JEKTPOJBHIYHAa TIPM HE3HAYHOMY  3MEHIIEHHI
koedirieHTa KOPUCHOI /i1 BEHTUIIATOPA.

Buxonsun 3 1pOro, BCTAHOBJEHI OCHOBHI BHUMOTHM JO CHCTEMH
€JIEKTPOIIPUBO/1a BEHTWISITOPA FOJIOBHOTO MPOBITPIOBAHHS

- MIHIMaJbHI 3MIHH B PEXHMaxX pOOOTH BEHTWISTOpPA YCTAHOBKH Bif
HOMIHAJBHOIO;

- MiHIMaJIbHE MOXKJIMBE CIIO’KMBAHHS €JIEKTPUYHOT €Heprii B 3aJJaHOMY
pEXKUMI;

- MIHIMaJbHUN Yac TIEPEXO01y 3 OAHOTO HA IHIITUI PEeKUM POOOTH.

BusznaueHo, 1o n0cArtd noTpiOHoOro piBHA €PEeKTUBHOCTI (YHKIIIOHYBaHHS
BEHTWJIATOPIB TOJOBHOTO MPOBITPIOBAHHSA MOMJIHMBO IIJIIXOM  CTBOPEHHS

€JIeKTpOeHEProe(PeKTUBHOTO 1 HAAIMHOIO BapiaHTa CHHXPOHHOT'O €JIEKTPONpPUBOAA
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BEHTWJIATOpPAa TOJIOBHOTO TMPOBITPIOBAHHA 3 TOJETIICHOIO CHCTEMOIO IYCKY
CUHXPOHHOTO €JIEKTPOJBUIYHA, y SIKIi OyAyThb BUKOPUCTAaHI HaIBIPOBIIHHUKOBI
MEepeTBOPIOBAaYl B CTAaTOPHOMY KOJ1, KOTpl 3a0e3neuyroTh IUIaBHUM 1
KBa314aCTOTHHI CIIOCIO pPeryIrOBaHHS.

[IpakTiyHe 3HAa4YeHHS OTPUMAHUX pE3yJAbTaTIB pPOOOTH TOJAraE Yy
MIABULIEHH] €HeProe(eKTUBHOCTI €IEKTPOMEXaHIYHUX KOMILUIEKCIB BEHTHIIATOPIB
TOJIOBHOTO MPOBITPIOBaHHA IaxT. Po3pobieHa eHeproeeKkTUBHA CUCTEMA MYCKY
CUHXPOHHOTO JBUTYHA 3 BUKOPUCTAHHSAM TMPHUHIMITY MHUKIIYHOTO TOYEPrOBOTO
ynpaBiiaHas 6mokamu IGB TpaH3uCTOpPHOTO MEpEeTBOPIOBAaYA YACTOTH, B KOMILIEKCI
CUHXPOHHOTO €JIEKTPONPHUBO/IA, JO3BOJISIE KOMIUIEKCHO (hOpMYBaTH BXIiJHI1 KpHBI
CTpyMy Ta Halpyrd B MaKCUMaJbHOMY HaOJIMKCHHI 0 CHHYCOiTaTbHUX BU/IB, IO
JI03BOJISIE TIOMIMIIUTH SHEPreTHYHI TOKa3HUKU EJIEKTPOMEXaHIYHOTO KOMIUICKCY.
JlonaTKoM 710 IO3UTHBY PO3POOOK € 3MEHIIICHHS MTyCKOBHX CTPYMiB CHHXPOHHOT'O
EJIEKTPUYHOTO JBUTYHA 1 3MEHIIEHHS B IIJIOMY CIOKMBAHHS €JIEKTPUYHOI €Heprii
B IIPOIIEC] TyCKY BEHTHJIATOPIB FOJIOBHOTO MPOBITPIOBAHHS 3a130PYIHUX IIAXT.

B ymoBax TenaeHIlii 3pocTaHHs IiH HA €JIEKTPUYHY CHEPriio 1 30UTbIICHHS
IIpH I[bOMY TTUTOMOI Bar €HEProcerMeHTa B KOMIUIEKCI COO1BapTOCTI BHIOOYTKY
KOPUCHUX KOITAJIMH, OOTPYHTOBAHO 1 3alpOIIOHOBAHO BapiaTUBHHUM MIAXIT 0
3MEHIIICHHS I[bOTO HETaTUBHOTO MPOLECY NUISXOM 3MEHIIEHHS E€HEPro€EMHOCTI
(GyHKITIOHYBaHHSI OJTHOTO 3 HAaMOLIBII BarOMHUX CIIOKHBAUYiB €JIEKTPUYHOI eHeprii
[IaXT — TOJIOBHUX BEHTUJISITOPHUX YCTAHOBOK, IUISIXOM PO3POOKH 1 BIPOBAIKEHHS
B CTPYKTYpH €JICKTPONPHUBOIIB JaHUX CIIOKUBAYIB eHEProe(EeKTUBHUX METOMIIB i
3ac00iB  KEepyBaHHS pEKMMaMH TYCKy B MeXaxX CHEProopieHTOBAHHUX
XapaKTePUCTUK MPUBOTHUX CHHXPOHHHUX JIBUTYHIB.

B pobGori oOrpyHToBaHa 1 3ampomnoOHOBaHAa TaKTHUKA IiABUIICHHS
eHeproeeKTUBHOCTI (DYHKITIOHYBAHHS €IIEKTPOMEXaHIYHUX CHUCTEM, SK 1 BCHOTO
KOMITJIEKCY BEHTWISIIMHUX CHUCTEM y IUIOMYy, TIIIXOM  (OpMYyBaHHS
€HEepProePeKTUBHUX MYCKOBUX  XaPAaKTEPUCTUK 1  BIANOBIAHOTO  PEXKHUMY
GYHKITIOHYBaHHS B iX MeXaX TNPUBOJHUX CHHXPOHHUX JBUTYHIB, JO3BOJISE

JOCSITTH TIOCTaBJIEHUX €HEPTOOPIEHTOBAHUX LILICH.



5

Po3pobiiena mpuUHIIMIIOBO HOBa MaTeMaTH4HAa MOJEb ISl TOCHIIDKCHHS
OLIIHIOBaHHS PIBHS €HEProe(PEeKTUBHOCTI (PYHKI[IOHYBAHHS BUCOKOBOJIbTHOI'O
CUHXPOHHOTO €JIEKTPOIPUBO/IA y BaplaTUBHOCTI CTPYKTYPH Ta METOAIB KEPYBaHHS
MPOIIECOM IYCKY MPUBOIHUX JBUTYHIB, JO3BOJISAE K HAOYHO, TaK i B MU(PpOBOMY
BHpa3i, BUOMpATH ONTUMAJIbHUI BapiaHT.

3popmoBaHa MaTemMaTHyHa MOJENb CHHXPOHHOTO JBUTYHAa B CKIaJIi
CIIEKTPOMEXaHIYHOTO KOMIUICKCY IS CHCTEM 00EepPTOBHX 1 HEPYXOMHUX KOOPJIMHAT,
IO OPIEHTYIOTBCS MO TOKY 1 MOTOKO3UYEIJICHHIO CTAaTOpa, 03BOJIAE KOMIUIEKCHO
BUKOHYBAaTH PO3PAaXyHKA 1 TPOBOAUTH JOCHIIDKCHHS CIICKTPONPHBOJAA 3
ypaxyBaHHSIM CIICKTPUYHUX, EJICKTPOMArHiTHUX 1 MEXaHIYHUX TIPOIECiB 3a
MUTTEBUM 1 CEpeHIM 3HAUYCHHSAM BEJIMYMH, a TAKOXX 3 ypaxyBaHHSIM HaCHUYCHHSI
Mar”iTHOI CHCTEMH CHHXPOHHOTO JIBUTYHA.

Metoau 1 anrOpUTMHU KepyBaHHS IMyCKOBHMH pexuMamu CJI T03BOJISIOTH
3alpOIIOHYBAaTH CXEMOTEXHIUHUM BapiaHT BuxigHoro LC ¢inbTpa Momymarorw4oi
gactotn 10 Buxoay IIIIM-ro Omoky, mo mo03Bois€ MiHIMI3yBaTH Macy 1 o0'eM
€JIeMEeHTIB (UIHbTPOKOMIICHCYIOUOTO MPHUCTPOIO 3 BIATOBITHOI EKOHOMIYHOIO
e(hEeKTUBHICTIO.

Meron  peryiaroBaHHS  BEJIMYMHMA 1 YacTOTH  BHUXIJHOI  HAmpyrH
IUKJIOKOHBEPTOPA, IIUIIXOM PO3AUIBHOTO KEPYBAHHS IIUMU MPOLIECAMHU, T03BOJISE
3MEHIIUTH TIePeXigHI 3HAYeHHS CTPYMIB JI0 PIBHIB JONYCTUMOIO TPH
KBa31YaCTOTHOMY PETyJIIOBaHHI.

B mpomeci gocimimkeHh  JoBeJeHA  HEOOXIAHICTH  CTaJOCTI  OMOPY
30BHIIIHBOTO IYCKOBOTO PE3UCTOpa B KOJI pOTOpa NpPH YaCTOTHOMY ITyCKY
CUHXPOHHOI MamwmHH. Po3po0ieHi pekoMeHmamii moA0 CYMIIIEHHS PE3UCTOPIB
MMyCKOBUX 1 TAaCIHHS TOJISA, JO3BOJISIOTH 3MEHIITUTH HACHYEHHS CTajll IBUTYHA, IO,
B CBOIO 4YEpry, MNPU3BOASITH JO BHHHKHEHHS BHCOKOYACTOTHUX KOJIMBAHb,
MOJYThOBAaHUX HHU3bKOYACTOTHUMH KOJHMBAHHSMH, TMPU SKUX aMIUTITyJa TIKiB
MOMEHTY 1 CTpyMiB, 0€3 MPUUHATTSA HAICKHHX 3axojiB, Moxe csratu 40-90%

HOMIHAJIbHUX 3HAYECHD.
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Pe3ynpTaT MOAENIOBaHHS CBiAYaTh MPO HASABHICTH BHUCOKOYACTOTHUX
CKJIQJIOBHX Yy CTPyMax CUHXPOHHOTO JIBUT'YHA MPHU TpaneueifaaibHii 1 CTYMHYaCTIN
dbopmi dopmyBaHHs ¢da3zHOT HAMPYrd, IO CTBOPIOE JOJATKOBI CKIJIAJHOCTI MPHU
peasnizaiii CUrHajiB 3BOPOTHUX 3B'A3KIB, TOMY L0 IIPU LbOMY MOTPIOHA HASABHICTh
(GUIBTPOKOMIIEHCYIOUMX — MPUCTPOiIB, 1[0  MIJBUIIYE  TOPSAOK  CHUCTEMU
PEryIIOBaHHS 1 3HWXKY€E MIBUJKOJII0 3aMKHYTOI CUCTEMH PETryJIOBaHHS YacCTOTOIO
00epTiB MPUBOAHOrO ABUT'YHA. BUKOpHUCTaHHS 3alpONOHOBAHMX CXEMOTEXHIUHUX
pIllIEHb y CYKYIHOCTI 3 PO3pOOJICHUM METOJIOM YIPaBIIIHHS J03BOJISE peasi3yBaTu
CUCTEMH BEKTOPHOTO KE€pyBaHHS JJIsl MYCKY MOTYXKHUX CUHXPOHHUX JBUTYHIB 0€3
J0JTaTKOBUX MaTepiaIbHUX BUTpPAT.

Po3paxyHKOB1 CITIBBIAHOIIEHHSI Ta XapaKTEPUCTUKH JJI BU3HAUCHHS MEX
€(EeKTUBHOTO YIPABIIHHS MPOIECOM MYCKY CHHXPOHHOI'O JBUTYHA 32 KpUTEPISIMU
MIHIMyMY €HEPrOCHOKMBAHHS, KOTP1 BIAPIZHSAIOTHCS BiJ] BIJOMHUX MOMIJIHBICTIO
e(eKTUBHO BHUKOPHUCTOBYBATH BECh Jlalla30H PEryIIOBaHHSA 0€3 YCKIaJHEHHS
camMOi CHUCTEMHM 1 3alydeHHs JJs LbOr0 JOAATKOBUX CHJIOBUX €JIEMEHTIB,
PEKOMEHIYIOThCSI /11 BUKOPUCTAHHS y HOBUX EHEProe(eKTUBHUX CHCTEMax
KEpYBaHHSl €JIGKTPONPUBOJAMU IIAXTHUX BEHTUISTOPHUX ycTaHOBOK. [lpu
BUKOPUCTaHI BCIX 3alpONOHOBAaHMX HOBOBEHIEHb MOYKEMO OTpPUMAaTH 3HAYHUIA
€KOHOMUYHMM e(eKT, Ta 3MEHbLIETH CIIOKHUBAHHS EJIEKTPUYHOI eHeprii
BEHTWISITOPAMU TOJIOBHOT'O TIPOBITPIOBaHHS 3ami3opyanux maxt Ha 30 — 20 % Bix
3arajgbHOr0 CIOYKUBAHHS.

Knwouosi cnosa: enekKTpoMexaHIYHI KOMIUIEKCH 1 CHCTEMH, ITyCKOBI
XapaKTEePUCTUKHU, CUHXPOHHUHA €JIEKTPUYHUI JBUTYH, BEHTWJIATOP T'OJOBHOIO

MPOBITPIOBAHHS, IMITYJIbCHUM MTEPETBOPIOBAY, TUIABHHUM MTYCK, €JICKTPUYHA EHEPTis.



ABSTRACT

Peresunko 1. Formation of energy-oriented starting characteristics of
synchronous electric drive of fans of the main ventilation of mines. — Qualifying
scientific work on the rights of the manuscript.

Thesis for the degree of a candidate of technical sciences in specialty
"Electrotechnical complexes and systems". — Kryvyi Rih National University,
Kryvyi Rih, 2021. - Vinnytsia National Technical University,Vinnytsia, 2021.

The scientific novelty of the obtained results and the provisions submitted
for protection is to increase the energy efficiency of electromechanical complexes
of main ventilation fans of mines, by developing and implementing in their
operation effective methods of smooth start-up of synchronous motors with the
latter within energy-oriented limits.

The scientific results are obtained in the work:

1. For the first time, the components of the theory of synthesis of
electromechanical systems are optimized and targeted formalized with
substantiation and proposal for practical implementation of the approach to the
choice of options for increasing energy efficiency of electric drives of main
ventilation of mines;

2. A method has been developed for the use of a transistor multilevel
frequency converter for energy-efficient frequency starting in the stator windings
of the IGB synchronous motor with operation at intermediate starting positions,
which allows minimizing the negative effects of transient starting currents in the
motor stator windings the fan of the main ventilation at deep sags of supply voltage
of a high-voltage network;

3. Electromechanical processes are investigated and the method of separate
regulation of size and frequency of output voltage of the multilevel frequency
converter at quasi-frequency start of the synchronous electric drive that limits to

admissible values starting currents is offered;
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4. The known method of forming the optimal voltage curve of the stator of a
synchronous motor in a new format has been improved, which provides an increase
in the electric power indicators of the electric drive as an electromechanical
complex as a whole.

The conducted researches allowed to establish that the increase of energy
efficiency of the fan of the main ventilation has considerable potential in reduction
of energy consumption of these types of energy-intensive consumers of electric
energy of iron ore mines. The vector for solving the problem lies in the starting
system of the synchronous electric motor of these types of electromechanical
complexes. It is confirmed that the main version of ensuring the economic
operation of the main ventilation fan is the use in their complexes of electric drive
systems with smooth start, with the required range of speed of the synchronous
motor with a slight decrease in the efficiency of the fan.

Based on this, the basic requirements for the electric drive system of the
main ventilation fan are set:

- minimal changes in the operating modes of the installation fan from the
nominal;

- the minimum possible consumption of electricity in a given mode;

- the minimum time of transition from one to another mode of operation.

It is determined that to achieve the desired level of efficiency of main
ventilation fans is possible by creating an energy-efficient and reliable version of
synchronous electric drive of the main ventilation fan with a light starting system
of synchronous motor, which will use semiconductor converters in the stator mode.

The practical significance of the obtained results of the work consists in
increase of energy efficiency of electromechanical complexes of fans of the main
ventilation of mines. The developed energy-efficient synchronous motor starting

system using the principle of cyclic alternating control of IGB units of the
transistor frequency converter, in the complex of synchronous electric drive,
allows generating input current and voltage curves as close as possible to

sinusoidal types, which will improve power. In addition to the positive
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developments is the reduction of starting currents of the synchronous electric
motor and the reduction of the overall consumption of electric energy in the
process of starting the fans of the main ventilation of iron ore mines.

Given the growing trend of electricity prices and increasing the share of the
energy segment in the complex cost of mining, substantiated and proposed a
variable approach to reduce this negative process by reducing the energy
consumption of one of the most important consumers of electricity mines - main
fans. Development and implementation in the structure of electric drives of
consumer data of energy-efficient methods and means of control of start-up modes
within the energy-oriented characteristics of drive synchronous motors.

The paper substantiates and proposes tactics to increase the energy
efficiency of electromechanical systems, as well as the whole complex of
ventilation systems in general, by forming energy-efficient starting characteristics
and the corresponding mode of operation within their drive synchronous motors,
allowing achieving energy-oriented goals.

A fundamentally new mathematical model has been developed to study and
evaluate the level of energy efficiency of high-voltage synchronous electric drive
in the variability of structure and control methods of starting motors, allowing both
visually and digitally to choose the best option.

The formed mathematical model of the synchronous motor as a part of an
electromechanical complex for the systems of rotating and motionless coordinates
oriented on current and flux coupling of a stator allows carrying out complex
calculations and to carry out researches of the electric drive taking into account
electric, electromagnetic and mechanical processes on instantaneous, and also
average values. Taking into account the saturation of the magnetic system of the
synchronous motor.

Methods and algorithms for controlling the starting modes of the SD allow it
to offer a circuit version of the output LC filter of the modulating frequency to the
output of the PWM unit, which minimizes the mass and volume of the elements of

the filter-compensating device with appropriate economic efficiency.
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The method of regulating the magnitude and frequency of the output voltage
of the cycloconverter, by separately controlling these processes, allows to reduce
the transient values of currents to the levels allowed for quasi-frequency control.

In the course of research, the necessity of constancy of resistance of the
external starting resistor in a rotor circuit at frequency start of the synchronous car
Is proved. Developed recommendations for combining starting and quenching
resistors, reduce the saturation of the motor steel, which, in turn, lead to high-
frequency oscillations modulated by low-frequency oscillations, in which the
amplitude of the torque and current peaks, without appropriate measures, can reach
40-90 % of nominal values.

The simulation results indicate the presence of high-frequency components
in the currents of a synchronous motor in trapezoidal and stepped form of phase
voltage formation, which creates additional difficulties in the implementation of
feedback signals, because it requires filtering devices that increase the order of the
control system and reduce closed drive motor speed control systems. The use of
the proposed circuit solutions in conjunction with the developed control method
allows implementing vector control systems for starting powerful synchronous
motors without additional material costs.

The calculated ratios and characteristics for determining the limits of
effective control of the synchronous motor start-up process according to the criteria
of minimum power consumption, which differ from the known ability to
effectively use the entire control range without complicating the system and
involving additional power elements, are recommended for use in new energy-
efficient control systems fan installations. Using all the proposed innovations, we
can get a significant economic effect, and reduce electricity consumption by fans
of the main ventilation of iron ore mines by 30 - 20% of total consumption.

Keywords:  electromechanical complexes and systems, starting
characteristics, synchronous electric motor, main ventilation fan, pulse converter,

smooth start, electric energy.
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BCTYII

B X071 TeXHOJIIOTTYHUX TPOLIECIB MPHU MiA3EMHIN PO3pOOILl KOPUCHUX KOTATUH
y HIaXTHY atMochepy BUIUISIOTHCS TOKCHYHI T'a3u, Mapu, Muj, a Npu poOOTi Ha
rIMOOKUX TOPU30HTAX HEOOXigHA IIe 1 HOpMalli3alis MIKpPOKIIMATHYHUX YMOB
npaili ripaukis [1].

Y 3B’SA3Ky 3 IIUM TEXHOJOrid BeJAEHHS poOIT y MIA3eMHHX YMOBax
HEpO3/UIbHA 3 HEOOXITHICTIO BEHTHIIAIIT 3a3HaUueHUX BUIB BUpoOOK. Lleit mporec
B IIIaXTaX PeaNi3yeThCsl TaK 3BAaHUMHU BEHTUJISITOPAMH TOJIOBHOTO TPOBITPIOBAHHS 1
YaCTKOBO BEHTWJISITOPAMHU MICLEBOr0 AUIBHUYHOTO (YHKIIOHYBaHHS [2]. 3riiHO
posnoniienuss ¢yukuii BI'TI 3amizopyanux maxt, 3a0e3nedyroTh MOBITPAM
oinbme 90% nig3eMHUX BUPOOOK.

Y ByruibHUX, pyAHUX W IHIUX cHoopiaHeHux Bujgax maxt BI'TI
BCTAHOBIIIOIOTHCS Y CIELIalbHI BUPOOLI HUXKYE HYJIHOBOI BIAMITKU IIAXTHOTO
cTBoJia. EnekTpoMexaHIuH1 KOMIUIEKCH BEHTUJISTOPIB 0a3ylOThCs, SIK MPaBUIIO, HA
2-X arperatax oOAWH poOouMii, a JApyruil pe3epBHUNA 3 CHUHXPOHHUMU
€JICKTPOIBUTYHAMHU, B AKUX MOTYXHICTh csarae Big 600 o 1600 kBt [3],[4].

OOrpyHTyBaHHSI BHUOOPY TeMM [OCTiIXKeHHsI. AHATI3YIOUH ICTOPiIO
PO3BHUTKY €JIEKTPOMEXaHIYHUX CHCTEM 1 KOMIUIEKCIB €HEPrOEMHHX (CTAI[IOHAPHUX )
cnokuBauiB EE mim3eMHUX 3a1i30pyJHUX MANPHEMCTB, peaJbHUM, SK (akT,
TBEP/DKCHHAM € T€, IO HalMEHIE yBaru IOCHTITHUKIB 3 IOTO CIPSMYBaHHS
OPUIUTUIOCH BEHTWISITOpAM TOJOBHOTO TNpoBiTptoBaHHA. lle chpsimyBaHHA B
MIABUIIEHH] €JIEKTPOSHEPTOe(HEKTUBHOCTI MII3EMHUX MIAMPUEMCTB 3HAXOAMIOCH B
«cipi¥t muronuHI» aaHoi mpooiemu. Taka mo3uIis AeKIapyBagach PSAAOM CKOpiIIe
HEOOTPYHTOBAaHMX, HIDK OOIPYHTOBAaHWUX NpHWYWH. bimbm TOrO, 3 TO3MUININ
€JIEKTPOCHEPTeTUYHOIO ChbOTOJICHHS TIPHUYUX MIANPUEMCTB, 11€ B 3HAYHOMY CEHCI
HaJyMaHa CHUTyamiss moTpedye CcBO€i  Haiickopimoi  mepedopmMaruzariii.

Tum mnade, 1m0, OMOCEpeAHEHA YacTKa BUTpPAT HaA TMPOBITPIOBAHHS B

! CTOCOBHO BYTiJIBHUX IMAXT, KOTPi 38 KATETOPiHHICTIO GE3MEKH BiIHOCATHCS 10 MiANPHEMCTB, IIKIUTMBUX TIO Ta3y,
IIHITY, TO ISl TTPOTIOPIIist TaM BiJPI3HSIETHCS.
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co01BapTOCTI BUJIOOYTKY 3aJIi30pYJHOI CHPOBUHM (pyau) y IIaxTaX MOCTIMHO
3pocTtae 1 Ha niepioa 2020 poky gopiBHioBana 25%.

SAxmo cranom Ha 1990 pik nmig3eMHl 3aMi30pyAHI MIANPUEMCTBA Ha
BEHTW A0 BUTpadainu A0 15% Bia BChOTO 3arajbHOrO CIHOKHUBYOTO 00OCATY, B
nepiog 2015 — 2020 pokiB us uudpa carae 30%. BI'TI 3anizopyaHux maxt —
JAEpU cepell BCiX EHEPTOEMHHX CIIOKMBAUIB B 00CSTaxX CIOKUBAHHS €JICKTPUIHOT
eHeprii. binbmie Toro, ued mnokasHUK Oyae 3pOCTaTH, OCKUIBKA TNIHMOWHU
Bu00yTKY 3PC 3011b1IYIOTECS 1 TOTPeOU B 0OcATax MOBITPS JJIsl MPOBITPIOBAHHS
Mi3eMHUX BUPOOOK 3pocTaloTh. Yxke Ha mepion 2015 poky oOcsru moBiTps B
OUIBIIIOCTI 3aTI30PYAHUX MIAXT YKpaiHu He BIAMOBigaIM HOpMam [7].

3anumaroyn s HAYKOBIIB-TIPHUKIB BUPIMICHHS NPOOJIEMU 3MEHIIECHHS
eHeproButpar Ha BUm00yTOK 3PC muIIXoMm 3acTOCyBaHHS HOBITHIX TEXHOJIOTIH,
3YMUHUMOCH Ha €JIEKTPOCHEPTETUIHOMY aCTIeKTi PIllICHHS.

Sk BcTaHOBIIEHO [5], yMOBH (DYHKIIIOHYBAaHHS €JIEKTPOMEXaHIYHUX CUCTEMU
BEHTWJISITOPIB TOJIOBHOTO MPOBITPIOBAHHS 3aJII30PYAHUX MIAXT XapaKTepU3YIOThCS
HAsSBHICTIO TIPOTSDKHUX EJEKTPUYHUX MEPEeX IKUBJICHHS 1 PI3HOMAHITHICTIO
HaBaHTAXXYBAJIBHHUX J1arpaM.

Baxxnupo 3aznauntu 1 e, mo BI'TI manexats 1o cnoxxkuBauiB 1-1 kaTeropii 1
Bil Oe3mepebiifHOCTI Ta SKOCTI iX (DYHKI[IOHYBAaHHS 3aJICKUTh Oe3neka poOOoTH
TpHUKIB y MiA3eMHUX BUPOOKaX 1 XKHUTTEALUIBHICTh IIAXTH B LyioMy. Bce me
JIOTIOBHIOE TIpOOJIeMy €HEPreTUKH, MpoOsaeMoro 3abe3rneueHHs Oe3mnepebiifHoCTi
¢ynkiionyBanas BI'TI B miomy 1 iX €JlEKTpOMEXaHIYHOTO KOMILIEKCY B TOMY
YHCIII.

HaniiiricTs enektpomexaniunoi cucremu BI'TI B 3HauHIM Mipi 3aJ€KUTh Bif
HagiiHocTi pobotm CJI, mo, y CBOIO Yepry, BH3HAYAETHCS HAIIMHICTIO
¢yHkionyBaHHs rosioBHoro 30ymauka CJl [6]. Beranoriieno, mo 6mm3pko 70%
BiJI 3aranbHO1 KiTbKoCTi BigMoB CJI € pe3yipTaToM pyitHYBaHHS caMe iX MyCKOBHX
oOmoTtok. He3Baxaroun Ha ¢akT, I10 B 3arajbHid rami KUIBKOCTI €JIEKTPUYHUX

JBUTYHIB, 110 peMOHTYI0Tbes, CJ| ctanoBmaTh 61m3pko 30%, ane B MaTepiaibHUX
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BUTpaTax MIANPUEMCTB Ha IXHIM PEMOHT CyMH B JIECATKH pa3iB MEPEBULYIOTh TaKi
BUTpAaTH Ha peMOHT 1HmMX Tumis EJI.

Takum umHOM, (QOpPMYBaHHS TYCKOBHUX XapaKTEPUCTUK € OIHUM i3
BOXKJIMBUX 3aBJaHb Yy CHCTEMi €JICKTPONPHUBOJA BEHTHUIATOPA TOJOBHOTO
MPOBITPIOBAHHS TIPHUYOPYIHUX MiANPUEMCTB. TUM Maye, M0 HA AIMCHUI mepiof
Jacy, B eJeKTpoMexaHIYHIX KoMmIutekcax BI'TI BITUM3HSIHUX 3aTi30pyIHUX IIAXT Y
OUTBIIOCTI CBOTH BCTaHOBIIEHI Ta 3aCTOCOBYEThCS cHcTeMH mpsimoro mycka C/I,
110 Hece B 001 CHCTEMOYTBOPIOIOY1 HEAOIKH:

- 5-10-xkpaTHi KHJAKM CTpPYMIB CTaTopa 1 poTOpa, BIANOBIAHO MOMEHTY
JIBUTYHA;

- 3aTsDKHA TPUBAJIICTh IPOIIECY MYCKY;

- YCKJIQTHCHHS BTATYBAHHS B CHHXPOHI3M.

Bce 1e cTBOprOE KOMIUIEKC HETaTHMBHUX IMPOOJIEM SK B CTPYKTYpi caMoi
enexkrpomexaniuynoi vyactuau CJ[, a came meperpiB oOMOTOK, Tak 1 B poOOTi
BHYTPIIIHBOI MEpeX1 XKUBJICHHS MIAMPUEMCTBA Yepe3 “NpocillaHHd’ Hanpyrd B
Hill.

Kpim Toro, moxmuBocTi icHyrounx cucteM perymoBanHs CEIl oomexeni,
OCKUIBKH 3JIIMCHIOIOTHCS TUIBKU 3a CHUCTEMOIO 30Y/KEHHS JIBUTYHA, TOOTO TUIBKHU
IUISIXOM 3MIHM BEJIMYMHU HAMNpyrd cTaropa, He ii yacTtoTu. Taka cucrema
30ymxenHs CJI enepreTuaHo ManoedeKTHBHA 1 TPOMI3KA.

OkpiM 1BOro, SK JOJATKOBUH HETATHB ICHYIOUHMX CHCTEM, BiJI3HAYUMO
Takuii (pakt, SK HEOOXIMHICTP 1 HeIOoCTaTHS e(PEKTHBHICTh KOMIICHCAIlIT
pPEaKTUBHOI TMOTY)XKHOCTI B IIAXTHUX EINEKTPUYHHX MEpexax, Je came
BUCOKOBOJIbTHI CHHXPOHHI €JIEKTPUYHI JBUTYHH B KOMIUIEKCI BIMOBIIHUX
enekTpoMmexaHiunux cucteM BI'TI € ocHOBHUM 3ac000M /118 1i KOMIIEH ATl

Tomy ctBopenHs CEII, mo30aBieHOro 3a3Ha4€HUX HEAOJIKIB IIJIIXOM
YIOCKOHAJICHHSI  €JICKTPOMEXaHIYHUX KOMIUIEKCIB BEHTHJIATOPIB TOJOBHOTO
MPOBITPIOBAHHS IS MIANPUEMCTB TIPHUYOI MPOMHCIOBOCTI, € 3aBAAHHSAM

AKTYyaJIbHUM.
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[IpiopuTeTHUM HaAOmpsIMKOM Yy BHpPINIEHHI BUIIE3a3HAYE€HOI NpOOIeMH €
CTaBKa Ha BUKOPUCTAHHS JIOCATHEHb B  00JacTi  HaMiBOPOBIAHUKOBOT
MEPETBOPIOBAIBHOI TEXHIKH, & TAKOK HA BJIACHI MPOMO3HUIIli JUCEPTAHTA B YACTUHI
po3poOKM  MeToAiB 1 cmocoOiB  MycKy Ta  KEpyBaHHS  CHUHXPOHHHUM
enexTponpuBogoM BI'TI Ha mpoMiKHHUX MO3ULIIAX.

3B’A130K po0OTH 3 HAYKOBMMH NPOrpaMamMH, INIAHAMH, TEMAMHU.

OcHOBHHIT 3MICT poboTH 0a3yeThCs Ha pe3yiabTaTrax JIOCHIIKEHb, 10
NPOBOAWINCH Ha Kadeapi aBTOMAaTHU30BAHUX CICKTPOMEXaHIYHUX CHCTEM Y
IPOMHUCIIOBOCTI Ta TpaHcnopTi KpHBOPI3bKOro HalllOHATBHOTO YHIBEPCUTETY Y
BIJIMOBIIHOCT1 JI0 HAYKOBOTO HAMNpPSIMKY ,,PO3pO0JICHHS KOMIUIEKCY 3aXOJiB TIO
eHepro30epekeHHI0O  HAa  MANPUEMCTBAX  3aIi30PYAHOI  TIPOMHUCIOBOCTI”.
Huceprariitna poOoTa BHUKOHYBajacs BiamoBimHO a0 ,IIporpamMu HaykoBUX
JOCIIHKEeHb 1 po3po0ok MiHICTEpCTBa OCBITH 1 HAyKU YKpaiHU 3a MPIOPUTETHUMU
HanpsIMKaMH PO3BUTKY HAYKU Ta TE€XHIKKM Yy paMKaX HayKOBO-JOCIITHUX poOiT No
30-114-21 ,Inrerpaitisi pO3yMHHX TEXHOJIOTIH MOOYMOBH EIEKTPOCHEPTETHUHHX
CHUCTEM Y KOHTEKCT1 MIANPHUEMCTB TIpHUYO-METaIypriiHoi ramy3i”’. Pesynbratu
aucepTaniiHoi poboru oxepkaHo mix yac BukoHaHHs HJIP ,,Po3pobienHs
KOMILIEKCY 3axOJiB IO EHEpPro30epeKeHHI0 Ha IMIANPUEMCTBAX 3ai30pyAHOT
IPOMUCIIOBOCTI” (Ne HJIP 0114U003457); HJIP ,,PO3pO0OIICHHS
eHepro3oepirarounx 3aXO0/1iB Ha HiITPUEMCTBAX TpHUY0100yBHOT
npomuciioBocti” (Ne HJIP 0115U003180); HJIP ,,Croci0 3HMKEHHS CTPYMIB
BUTOKY B €JICKTPUYHUX KOMOIHOBAaHUX Mepekax 3amizopynnux maxt’ (Ne H/P
0116U1788); HIAP ,,ActiekTu Teopii Ta MPaKTUKH OILIHKH E€JIEKTPOCHEPTeTHUHOI

KOHKYPEHTHOCTIPOMOXHOCTI 3aT130pYyTHUX HIAIPUEMCTB” (Ne H/IP

0118U006520).

Mera i 3aBaaHHsl JocCHilkeHHs. Memoro poOOTH € TiABUIICHHS
€HEeproePEeKTUBHOCTI E€JIEKTPOMEXaHIYHUX KOMIUIEKCIB BEHTHJIATOPIB T'OJIOBHOTO
MPOBITPIOBAHHS IIAXT, MUISIXOM pPO3POOKM 1 3aMpOBAIKEHHS B MPAKTHKY iX

(GyHKIIOHYBaHHS €(EKTUBHUX METO/IB IJIABHOIO MYCKY MPUBOJAHUX CUHXPOHHUX
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JIBUTYHIB 13 pOOOTOI0 OCTaHHIX B EHEPrOOPIEHTOBAHMX MEXKaxX IIYCKOBHX

XApaKTEPUCTUK.

JInst focsiTHeHHsT MeTU OyJid MOCTaBJICH] Ta BUPIIIEH] TaKi 3a/1ay4i:

o aHai3 METONIB 1 3ac001B MYCKYy CHUHXPOHHHUX JBHUTYHIB 3 MO3ULIN
(YHKIIOHAIBHOCT1 1X Y KOMIUIEKCI €JIeKTPONPHUBOAIB BEHTHIATOPIB TOJIOBHOTO
MPOBITPIOBAHHS IAXT 3a PIBHEM IPOLECY €HEProePEeKTUBHOCTI;

o oOTpyHTYBaHHSI Ta po3poOKa, /s hopMaTy MOAAIBIINX JTOCTIIKEHb,
NPEBCHTUBHUX  BapiaHTIB  CTPYKTYp  CHEProe(PeKTUBHUX  CHHXPOHHHX
€JIEKTPOIPHUBO/IIB 1 CIIOCOOIB KEPYBAHHS HUMH JJIsl YMOB BEHTUJISITOPIB TOJIOBHOTO
NPOBITPIOBAHHS 3aJ1i30PYIHUX IIIAXT;

° MOJIEpHI3allisi METOy IUKJIIYHOTO MTOYEProBOT0 yIpaBIiHHS OJIOKaMu
oararopieHeBoro IGBT TpaH3ucTOpHOrO IEpeTBOpIOBaYa CICKTPUYHOT CHEPTIi JIJIst
KUBJICHHSI CUHXPOHHUX  JBUTYHIB CIICKTPOMEXaHIYHHX KOMILJICKCIB
BEHTWJIATOPHUX YCTAaHOBOK INAXT 1 MOPIBHsUIbHA OIIHKA PEKUMIB iX poOOTH 3
ypaxyBaHHSIM 3alpONOHOBAHOIO TMPUHLMITY PO3AUIBHOI 3MIHU BEIUYMHH i
YacTOTH BUXITHOI HANIPYTH;

o po3po0Ka MPUHIUIY Ta METOAY (OpPMYBaHHS ONTHUMAIBHOI KPHUBOI
BUXIJTHOT HaNpyru MEepeTBOPIOBaYA YaCTOTH Ta IMIIEMEHTAIlil HOTr0 B CTPYKTYPH
eHeproe(PeKTUBHUX CUCTEM 30Y/KEHHS CHHXPOHHHUX JIBUTYHIB €JICKTPOIPHBOJIIB

BEHTHUJIATOPIB F'OJIOBHOTO TIPOBITPIOBAHHS ITAXT.

O0'exT moCaiIzKeHHs - JUCcCepTaliifHOi pPOoOOTH € eJeKTPOMAarHiTHI Ta
CIEKTPOCHEPTeTUYHI  TPOIECH B CHUHXPOHHOMY  €JEKTPONPHUBOAL 3
HAIIBIPOBITHUKOBHUMH TIEPETBOpPIOBaYaMHM B KOJax cTaropa 1 poTopa B

EJIEKTPOMPUBO/IIB BEHTHIISITOPIB TOJIOBHOTO MIPOBITPIOBAHHS 3aT130PYHUX IIAXT.

IIpeamer nociaigxeHHsI - € €HEPrOOPIEHTOBAaHI MYyCKOBI XapaKTEPUCTUKH

CUHXPOHHOTO €JIEKTPOTIPHBO/Ia BEHTWISATOPIB TOJIOBHOTO MPOBITPIOBAHHS MIAXT.

Metoau aocaigkeHHsi. TeopeTHyHI TOJOXKEHHS JUCEpTaIliiiHOI poOOTH

3aCHOBAaHI Ha CKJIAJJOBUX TEOPIH €JIEKTPOINPUBOJIa Ta HAIMIBIPOBIIHUKOBOT
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NEPETBOPIOBANBHOI ~ TEXHIKM. Jlns  aHamily  eleKTpPOMAarHiTHUX  MpPOLECIB
CUHXPOHHOT'O €JIEKTPONPUBOJA BUKOPUCTAHO €JIEMEHTH MAaTEeMaTHYHOIO aHali3y.
AHani3 eIeKTpOMAarHiTHUX MPOLECIB Y KOJII CHHXPOHHOI'O €IEKTPUYHOIO JBUTYHA
3 BEHTWISTOPHUM HABAaHTAXEHHSAM IIPOBEJIECHO 13 3aJlydeHHSIM METO/IB

MaTeMaTUYHOro Ta (PI3MYHOTO MOJIETIOBAHHS.
HaykoBa HOBH3HA OTPMMAHMX Pe3yJbTATIB MOJIATAE Y TOMY, HIO:

o BIIEpIIIE ONTHMI30BAHO 1 aipecHO (opMasizoBaHO CKIJIAJOBI Teopii
CUHTE3y €JEeKTPOMEXaHIYHUX CHUCTEM 3 OOIPYHTYBAHHSIM 1 MNPONO3UIIEI0 IS
OpakTUYHOI  peanizamii  miAXoay 10  BuOOpY  BapiaHTIB  MIJBULICHHS
eHeproeeKTUBHOCTI  (YHKIIOHYBAaHHS  €JIEKTPOIPHUBOIIB BEHTUJISITOPIB

T'OJIOBHOI'O HpOBiTpIOBaHHH m1axT,

o PO3pobIEHO METO/I, 10 Tepeadadyac BUKOPUCTAHHS B 0OMOTKax KoJja
craropa cuHXpoHHoro nBuryHa |IGB  tpan3ucTopHOro GaraTopiBHEBOTO
NepeTBOPIOBaYa YacTOTH JUISI  €HEProeeKTUBHOTO YaCTOTHOTO TYCKY 3
(GYHKIIIOHYBaHHSM Ha MPOMDKHMX TYCKOBUX TMO3HIIAX, IO  JO3BOJISE
MIHIMI3YBaTH MOXIiJHI HETaTUBHI ()aKTOPHU BIUIUBY IMEPEXiTHUX IMYCKOBUX CTPYMiB
B OOMOTKax cTaropa JBUT'YHA, a TaAKOX HOPMaJli3yBaTH pOOOTY €JIEKTPOINPHUBOJA
BEHTHJISITOpA TOJIOBHOTO TMPOBITPIOBAHHS MPH TIIIMOOKUX TNPOCaJKax HaNpyTH
’KUBJICHHSI BUCOKOBOJILTHOT MEPEXKi,

o JOCIIHPKEHO EJIEKTPOMEXaHIYHl TPOIECH 1 3ampONOHOBAHO METO]
PO3AUTBPHOTO  PEryJMIOBaHHS BEJIMYMHU 1 YacTOTM  BUXINHOI  HAmNpyTH
0aratopiBHEBOTO IMEPETBOPIOBAYa YAaCTOTH TNPH KBa3l YAaCTOTHOMY ITYCKY
CUHXPOHHOTO €JIEKTPONPUBOAA, IO OOMEXYE 10 MOMYCTUMHUX 3HAYCHb ITyCKOBI
CTpyMH;

o J0OTPaIlbOBaHO BiAOMHI MeETOJ] (OPMYBaHHS ONTHMAIIBHOI KPHUBOI
HAlpyrd CcTaTopa CHHXPOHHOTO JBUTYHAa B HOBOMY (QopMmari, 1o 3ade3neuye
MiABUIICHHS  CIEKTPOCHEPTETUYHUX  TMOKA3HWKIB  EJIEKTPONPHBOAA 5K

€JIEKTPOMEXaHIYHOTO KOMIUIEKCY B IILJIOMY.
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IIpakTuyHe 3HAYeHHSI OTPUMAHUX Ppe3yabTaTiB. [IpakTU4Ha MIHHICTH
poOOTH TmoNsArae y NIABUIIEHHI EHEProe(peKTUBHOCTI EIEKTPOMEXaHIYHUX
KOMIUJIEKCIB BEHTWJIATOPIB TOJIOBHOI'O MPOBITpIOBaHHSA IIaxT. Po3pobiena
eHeproeeKTUBHA CHCTEMa ITYCKY CHHXPOHHOTO JBUTYHAa 3 BHKOPUCTaHHSIM
MPUHIMIY HUKIIYHOTO MOYeproBoro ympasiiHHs Osokamu IGB Tpan3uctopHoro
MepPETBOPIOBaYa YaCTOTH, B KOMIUIEKCI CHHXPOHHOTO €JICKTPOIPUBO/A, JA03BOJISE
KOMIUICKCHO ()OpPMYBAaTH BXiJHI KPUBI CTpyMy Ta Halpyrd B MaKCUMaJIbHOMY
HAOIMKEHH1 JI0 CHHYCOIadbHUX BUJIIB, 10 JO03BOJISE TOJIMIIUTH €HEPreTUYHI
MOKA3HHUKH CJICKTPOMEXAHIYHOTO KOMILICKCY. Jl0oJaTKOM JI0 MO3UTHBY PO3POOOK €
3MCHIIICHHS ITYCKOBHX CTPYMIB CHHXPOHHOTO €JCKTPUYHOTO JBHUTYHA 1
3MCHIIICHHS B IIJIOMY CIIO)KMBaHHS €JICKTPUYHOI CEHeprii B Tpoleci MycKy
BEHTUJISITOPIB TOJIOBHOTO IIPOBITPIOBAHHS 3aTI30PYAHUX MIAXT.

OnepkaHi HayKoOBI pe3yibTaTH, a caMme: METOAOJIOTIS IiABUIICHHS
eHeproeeKTUBHOCTI TIPHUYOPYAHUX TMIANPUEMCTB IIIIIXOM  3aCTOCYBaHHS
eHeproeeKTUBHUX BHU/IIB €JIEKTPOIPUBOAIB JJIsl CTAI[IOHAPHUX YCTAHOBOK IIAXT, Y
T.4. JUIsI TOJIOBHUX BEHTWJIALIMHUX YCTAaHOBOK, BrpoBamkeHo B TOB «HBK
KpuBopixkeneKTpoOMOHTaX», IO IMiATBEPKCHO aKTOM IPO BIPOBAKEHHS Bij
07.03.2020 p. Pe3ynpTaTé poOOTH TaK0X BUKOPUCTOBYIOThCS y KpuBOpiZbKOMY
HaIlIOHAJLHOMY YHIBEpPCUTETI Ha Kadeapi aBTOMAaTU30BAaHUX EJICKTPOMEXaHIUHHUX
CUCTEM Yy TIIPOMHUCIOBOCTI Ta TPAHCIOPTI JUIS TMIATOTOBKHM (axiBIiB 3a
CHEIATBHICTIO 141 —  “EnexrpoeHepreTuka, CJIIEKTPOTEXHIKA Ta
eJIeKTpoMexaHika”, moBiaka mpo BrpoBamkeHHs Big 07.04.2020 p. (muB. domaTox
B).

Oco0OucTnii BHecOK 3100yBava. Ycl1 HayKOBlI MOJOXEHHS Ta pPe3yJbTaTH
JTUCEPTAIifHOI POOOTH, IO BHUHOCATHCA HA 3aXWUCT, OTPUMaHi 3700yBavyeMm
camoctiitHo. OcoOuctuii BHECOK 3100yBadya B poOOTaxX, OIMYyOJIKOBAaHUX Yy
CIiBaBTOPCTBI, Takuii: [92] — MOKa3aHO BIUIMB BIIXWJICHH HANIPYTH B MeXaxX BiJ -
10% nmo + 10% mna poOOTy eNEKTPONPUBOJA CTAI[IOHAPHUX YCTAaHOBOK
ripHUYOpYAHUX TianpuemMcTB; [93] — 3ampormoHOBaHO CHOCIO PO3ALTLHOTO

KEpYBaHHS HAIMpPYyrow 1 4aCTOTOI MPHU MYCKY MOTYKHOTO CHHXPOHHOTO
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€JIEKTPONPUBO/IA 3a JOTIOMOT0I0 0araTopiBHEBOrO MepeTBOpIOBayYa 4acToty; [74] —
JOCHIPKEHHSI BIUIMBY 3MIHM HAmpyrd 1 4acTOTH MEpeXl >KMBJICHHS Ha poOOTy
CUHXPOHHHUX JIBUTYHIB 1 BHSIBICHHS aBapliHOTO PEXHUMY, 1100 B MOJANbIIOMY
MOJIEpPHI3YBAaTH €JIEKTPOMEXaHIYHY CHUCTeMY Ta 3a0e3NeuuTH CTiiiKy poOoTy
ob0naananHs 13 C/I; [82] — miBUILIEHHS €HEProeeKTUBHOCTI 3aI30PYAHUX IIaXT
[UISIXOM YIPOBAIKEHHS PETYJIbOBAHOTO €IEKTPOIIPUBOIY BEHTHIISATOPA TOJIOBHOTO
NPOBITPIOBAHHS, PO3TIITHYTO MOXIIHMBICTh  3aCTOCYBaHHS  OaratopiBHEBHX
KacKaJHUX CXeM 1HBepTopiB; [8] — 3ampomoHOBaHO MIAXIA IS IMiABUIICHHS
eHeproe(eKTUBHOCTI KOMITJICKCY BEHTHJIATOPIB TOJOBHOTO MPOBITPIOBAHHS MIaXT
3a paxyHOK 3aCTOCYBaHHs 0araTOpiBHEBOTO CHJIOBOTO TEPETBOPIOBaYa YaCTOTH.
[IpoBeneHo aHami3, SKUM YAHOM OyAyTh BIUIMBATH MPSMOKYTHA, TparelneinaibHa
Ta CUHYCOiaJibHa (QOpMU HANpyrH, siki chopmoBaHi 0araTOPIBHEBUM CHIIOBUM
NIepEeTBOPIOBAYEM YaCTOTH, HA OCHOBHI NapaMeTpH CHHXPOHHOTO JIBHTYHA; [9] —
JOCHIPKEHO CIOKUBAHHSAM €JIEKTPOEHEPTii CTallloHAapHUMH YCTaHOBKAMHM Ha
3aiidopyaHux maxrtax; [81] — po3riasHYTO KOMIUICKC HAMpPSIMKIB ITiBUIICHHS
eHeproeeKTUBHOCTI B CYYaCHUX YMOBax IIPH CTAJII TEXHOJIOTIl BHUIOOYTKY
3QI30PYIHOT CUPOBUHU: 3HIDKCHHS BTpaT EJIGKTPUYHOI eHeprii B KOMILIEKCI
€HEPronocTayaHHsI-eHEePTrOCIOKUBAHHS, PECTPYKTYpH3aIlis CUCTEM
CJIEKTPONOCTa4YaHHsA, CTBOPEHHS  yMOB  JJii  MaKCHUMaJIbHO  MOXKIIMBOI
IPOJIYKTUBHOCTI €JICKTPOMEXAHIYHUX CHCTEM TIpHHYMX MaIluH 1 MEeXaHi3MIB,
opranizamiiiai 3axomu; [101] — moka3aHO aKTyalbHICTh aBTOMATH30BaHOTO
VIPABIIHHS €HEPreTUYHUMHU TTOTOKaMH B YMOBAaX ITII3€MHOTO BHIOOYTKY 3aJi3HOT
pyau. BusHaueHo BekTOp cTaHy 00'€ekTa, OCHOBHI iH(OpMaIliiiHI TapaMeTpH,
kepyrounii BmMB Ta oOypeHHs; [103] — mnpu MomenroBaHHI POBEIEHO
JOCTIIKEHHS MPSAMOi CUCTEMHU IYyCKY Ta MYCKY 3 MOKPOKOBOIO 3MIHOKO BEJIHMYHUHU
Halpyrd 1 9YacTOTH W OTPUMAHO EKCIIEPUMEHTaJbHI JaHl JJIS OIIHIOBAHHS
eHeproeeKTUBHOCTI BapiaTUBHUX METOJIB IYCKY €JIEKTPOIPUBOIIB CHHXPOHHOTO
CJICKTPOIIPUBOJIa TOJIOBHUX BEHTWIATOPHHX YCTaHOBOK IMaxT; [5] — mpoBemeHo
MOHITOPHUHT €JEKTPONOCTAYaHHS TIPHUYOPYIHUX MIAIPUEMCTB 13 3aCTOCYBAHHSIM

€KOHOMIKO-MaTEMaTUYHUX METO/IIB, 110 JO3BOJIMIIO OI[IHUTH 1 CIPOTHO3YBaTH
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3MIiHU TIOKAa3HHKIB €HeproBuTpatr mianpueMmctsa; [91] — mpoanamizoBaHo piBHI
CIOKMBAHHS EJIEKTPUYHOI €HEeprii CTallOHAPHUMH YCTAaHOBKAMM 3aJI130pYIHHUX
nignpueMct; [80] — po3risSHYTO BHMOTH [0 CHCTEM IIyCKy 1 30y/IKCHHS
CUHXPOHHOTO €JIEKTPONPHUBOJIa, MPOAHAJII30BaHI BIAOMI CHCTEMH 1 CrocoOu
YIpaBIliHHS HUMH, TaKOXX OIKCaHi mepeBard 1 Hemosiku mux cuctem; [90] —
BUKOHAHO aHaji3 EHEepPreTMYHOi e(EKTUBHOCTI BEHTUJISTOPIB TOJOBHOIO
MPOBITPIOBAHHS 3II30PYJHUX IIAXT 1 3aMPOTIOHOBAHI HOBI METOJM ITiJIBUIIICHHS
e(EeKTUBHOCTI iX BUKOpHUCTaHHS. Pe3ynmbTaTh TEOPETHYHHX OCHIIKeHb Oyin
orpumani y KpuBopizpkomy HatioHasibHOMY yHiBepcuteTi (KHY).

AmnpoOaunis martepianiB aucepramii. OCHOBHI TOJIOKEHHS poOOTH Ta ii
PE3yNbTATH I0MOBIJAIHNCH, OOTOBOPIOBAIMCH Ta OYJIM CXBaJIEH1 HA TAKUX HAYKOBO-
TEXHIYHUX KOH(EPEHIIAX Ta CeMIHapax:

— Ha XIIl MikHapoaHiii HAYKOBO-TEXHIUHIN KOH(PEPEHIIIT MOJOIUX YUEHUX
1 cnemiamictiB  “EnmekTpoMexaHiuHI Ta €HEPreTHYHI CHUCTEMH, METOJU
mojenoBanHs Ta ontumizanii”, (KpHY, Kpemenuyk, 2015);

— Ha IV MbkHapoaHiii HayKOBO-TIPAaKTHYHIA 1 HaBYAIBHO-METOIUYHIN
koH(pepeniii “EHepreTHuHMii MEHEKMEHT: CTaH Ta IEPCIEKTUBU PO3BUTKY —
PEMS’17”, (KIII, m. Kuis, 2017);

— International research and practice conference “Modern methods,
innovations, and experience of practical application in the field of technical
sciences”, (Radom, Poland, 2017);

— ©Ha VI MuikHapogHii HayKoBO-TeXHIUHIM KoHpepeHmii “CydacHi
TEXHOJIOT1i PO3POOKM pyAHUX poOAOBHUIN. EKOIOro-eKOHOMiYHI  HACIIIKH
nisutbHOCTI mignpuemcts ['MK”, (M. Kpuswuii Pir, 2019);

— Ha MDbKHapOgHIA  HAYKOBO-TeXHIUHINM  KoH(pepeHmii “Po3BuTox
npoMucIIoBocTi Ta cycminseTBa”, (KHY, M. Kpuswii Pir, 2018, 2019, 2020).

IMyoaikanii. 3a matepianmamu nucepTamiiHoi poboTu omybiikoBaHo 16
po0iT, 3 sakux 1 MoHorpadis, 4 crareil y HaykoBuX (paxoBUX BUJAHHSX, | CTaTTi y
MDKHApOJHUX TIEPIOIUYHUX BHUAAHHSX, SKI BHECEHH1 O MDKHApPOJHOI HAayKOBO-

METpPUYHOI 0a3u qaHux SCOPUS, 4 cTaTTi y HAYKOBUX KypHaIax i 30ipHUKaX
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HAyKOBUX Mpallb, D — y MaTepiajiax KoH(epeHIiii, 3a pe3yJabTaTaMu AUCEepTalIiHOI

poOoTH oTpumaHno 1 naTteHT YKpaiHu Ha KOPUCHY MOJEIIb.

Ctpykrypa Ta obcar aucepranii. /lucepraimiiina poGoTa CKIagaeThCcs 13
BCTYIly, 4 pO31I1JIiB, CIIMCKY BUKOPUCTAHUX JKEPEN Ta NOJATKIB. 3arajibHUN 00CsT
aucepTanii cTaHOBUTh 221 CTOPIHOK, 3 SIKUX OCHOBHUM 3MICT BUKJIaJeHUN Ha 182
CTOpIHKax JPYKOBAHOTO TEKCTYy, MICTUTh 96 pucyHku, 8 tabmuips. Cnucok
BUKOPUCTAHUX JDKepell ckianaetbes 3 125 HaiimenyBaHHs. JlogaTKu MICTSTH
rpadiki  C€JICKTPUYHUX HABAHTAKECHh CHEPrOEMHHX CII0OXKHBAUYiB EJICKTPUYHOT
eHeprii 3aai30pyAHUX MIaXT YKpaiHW, aKTH BIPOBAKEHHS pPE3yJbTaTiB PoOOTH,
CIIMCOK TMyOJTiKamiii 3a TeMOI JucepTaiii Ta BIZOMOCTI TIpo  ampobarliro

pe3yabTaTiB AUCEPTAIlii.
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