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AHOTALIA

Kosano A.M. Cucrema aBTOMAaTH30BAaHOIO KEPYBaHHS JABOABHUTYHHUM
eJIEKTPONPUBOAOM ToXwiioro audysiiHoro amapara. — Ksamidikaimiiina HaykoBa
mparis Ha TIpaBaxX PyKOIMHCY

Hucepraitiss Ha 3700yTTS HAYKOBOTO CTYIICHS KaHIWJaTa TEXHIYHMX HAyK 3a
cnetianbHicTIO 05.09.03 «EnekTpoTexXHIYH1 KOMIUIEKCH Ta CUCTEMU». — BIHHUIIbKUN
HaI[IOHAJIbHUM TeXHIYHUH yHiBepcuteT, Binnuus, 2021,

HucepraiiitHa poO0oTa MPUCBIYCHA BUPIMICHHIO aKTyaJIbHOI HAYKOBO-TEXHIYHOT
3a/ayl MiABUIIEHHS HAAIMHOCTI JBOABUTYHHOI'O MPUBOAY MOXUIIOr0 AUQY31HHOTO
amapara 3 HCNIHIMHUMHU TPYXKHUMH 3B’SA3KaMH 3a PaxyHOK aBTOMATH30BaHOTO
3a0e3nedeHHss Horo poOOTH B 30HI CTIMKOCTI, IO 0Oa3yeThcs Ha Oe3nepepBHOMY
KOHTPOJIi OCHOBHUX MO0 €JIEKTPUIHUX Ta MEXaHIYHUX MTapaMeTpiB.

HaykoBa HOBH3HA OTPHMAHHX Pe3yJbTATIiB i IMOJO0KEHb, III0 BUHOCUTHCS Ha
3aXUCT, MOJIATA€ y TOTJIMOJIEHHI ICHYIOUMX, PO3BUTKY Ta OOIPYHTYBaHHIO HOBHX
MiAXO/IB 0 aHai3y JTUHAMIYHUX BJIACTUBOCTEW JTBOJBUTYHHUX MPHUBOIIB IMOXHUIIOTO
nudy31HHOTO arnapara Ta BIOCKOHAJIEHHI METOIB aBTOMAaTU30BaHOTO KePyBaHHS, 110
3a0e31euyIoTh Horo HaAiiiHy Ta e()eKTUBHY POOOTY.

B po6oTi oTpuMaHo Taki HAyKOB1 pe3yIbTaTH:

1. BnockoHaJleHO MaTeMaTHu4Hy MOJENb JIBOJBUTYHHOT'O €JIEKTPOIPHBO/IA
noxujioro audy3iMHOro arapara, fSka BiJl BIJOMHX BIJIPI3HSAETbCS BpaxyBaHHIM
CJIEKTPOMEXaHIYHUX TIPOIECIB TOB’SI3aHMX 3 HASABHICTIO HENIHIMHOTO TMPY>KHO-
JTUCUTIATUBHOTO 3B 3Ky MDK JBUTYHAMH, IO JTO3BOJISE OCHTIIKYBAaTH JTUHAMIYHI
pPEKUMH CHUCTEMH B YMOBaX HEPIBHOMIPHOTO 3aBAHTAKEHHS IITHEKOBATIB, SKE
XapaKTepHe JUTsl TEXHOJIOT1YHOTO MpoTiecy B nuy3iitHOMY amapari.

2. Bnepme JIOCIIIKEHO UHAMIYHI BJIACTUBOCTI JIBOJIBUTYHHOT'O
SIEKTPONPUBOY MOXWIOTO nudy3ifHOrOo amapara 3 HETHIMHUMU MPYKHUMH
3B’sI3KaMH, 1[0 JO3BOJIMIO BH3HAYUTH 30HU CTIHKOCTI CHCTEMH B 3aJI€KHOCTI Bif
OCHOBHUX MapaMeTpiB HOoro poOOTHU JJisl IBOX THUITIB MPUBOJY: MOCTIMHOTO CTPYMY Ta

YaCTOTHO-PCTYJIbOBAHOI'O aCMHXPOHHOI'O.
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3. OTpuMaB MoAanbIIMA PO3BUTOK METOJ KOHTPOJII0 MEXaHIYHHMX I[apaMeTpiB
€JIEKTPONPUBO/IA, SIKUWA BiJ BIJOMHX BIAPI3HAETHCA JOAATKOBUM BHMIPIOBAaHHAM
BIIHOCHOTO KyTa TMOBOPOTY BajJiB JBUTYHIB, KOHTPOJb 3a SKUM JIO3BOJISIE
3a0e3neunT poOOTy CHUCTEMHU EJIEKTPONPHUBOJA MOXHIOro AUQPY31HOr0O B CTIMKINA
30HI.

I[IpakTuyHe 3HAYeHHS1 OTPUMAHHUX Pe3yJbTATIB TIONATae Yy MPAKTHUHIN
peamizaiii MeTOJiB Ta 3aco0iB aBTOMAaTHU30BAHOIO KEpPYBaHHS JABOJBUT'YHHUM
EJIEKTPONPUBOIOM TOXMUJIOro AUQYy31HHOTO amapara Ta HOPHUCTPOIB 3aXUCTy BIA
aHOPMAJIbHUX PEXKHUMIB JUISl TIIBUILICHHS HAJAIMHOCTI Ta €(PeKTUBHOCTI 10ro podoTH.

OcHOBHa yacTMHA JUCEPTAIifiHOT POOOTH CKIIAIA€ThCS 3 BCTYIY, YOTHUPHOX
PO3A1iB, BUCHOBKIB Ta CIIMCKY BUKOPUCTAHUX JIKEPET.

B nmnepmiomy po3guti AaHO OIJIA  TEXHOJOTIYHUX OCOOJMBOCTEN poOOTH
NoXujoro nuQy3iiHOro anapara, sk JaHKd 0e3MepepBHOTO IyKPOBOTO BUPOOHUIITBA,
pPO3IJISTHYTO ~ OCHOBHI ~ XapaKTEpPUCTUKU  POOOTH  CUCTEMH  JABOJBUIYHHOTO
€JIEKTPOIIPUBOlY HOCTIHHOTO CTPyMY Ta 3acO0M BUPIBHIOBAHHS HAaBAHTAXEHb MIXK
JABUT'YHaMH NPUBOJIA.

[IpoBeneHo  aHami3  ICHYIOYMX  CHUCTEM  aBTOMATMYHOIO  KEpyBaHHS
JBOJIBUTYHHHUMU MPUBOJIaMU MOCTIMHOTIO CTPyMY, IOKa3aHO Ba)KJIMBICTh BpaXyBaHHs
HAsIBHOTO IPYKHOTO 3B 3Ky B KIHEMAaTHYHIN CXeMi, HEJTIHIMHUM XapaKTEPOM SIKOTO
HE MOJKHA HEXTYBaTH, HAa JWHAMIYHI BJIACTHBOCTI CHCTEMH EJIEKTPUYHOI'O MPHUBOJA,
PO3TIIIHYTO ICHYIOUI MaTEeMaTH4HI MOJIENl €NEeKTPUYHOTO TMPUBOJA 3 TPYKHUMHU
3B’SI3KaMHM Ta 3aCO0M JOCIIKCHHS iX TMHAMIYHUX PEKUMIB POOOTH.

B npyromy posaini Oyno po3pobiieHO MaTeMaTH4HI MOJell CHUCTEMHU
€JIEKTPOIIPUBOlY TMOXHJIOro Ju(y3iifHOTO amapaTa, sKi BpaxOBYIOTb OCHOBHI
eKCIUTyaTallifHl XapaKTepUCTUKU POOOTH [aHOrO0 THUIy NPUBOAA Ta HENHINHUN
XapakTep MPY>KHUX 3B’SI3KIB M1k JBUTYHAMH. Tako CTBOPEHO IMITAL[IiHY MOJENb,
AKa J1a€ 3MOTY AOCIIKYBaTH JUHAMIYHI peXUMH poOOTH Ta BIUIMB Ha i1 BIaCTUBOCTI
OCHOBHHX IapaMeTpiB poOOTH 1aHOT CUCTEMU aBTOMAaTUYHOTO KEPyBaHHS.

B pesynbrari aHanizy po3poOJIeHMX MaTEMaTUYHUX MOJEJIEH CHUCTeMU

JBOJBUTYHHOTO MPHUBOJIa MOXWiIoro Augy3iiiHoro amapara Oyj0 BCTAHOBJIIEHO, IO
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NPYKHUHM 3B’ 30K MDK JBUTYHAMM, SIKM Ma€ HENIHIMHUI XapaKTep CYTTEBO BILIMBAE
Ha JUHAMIYH1 BJACTUBOCTI CUCTEMH, CEPEN SIKUX OCHOBHOIO € CTiIMKICTh. HasBHICTH
HEJIIHIMHOTO TMPY>XKHOTO 3B’SA3KY B JaHIi CHUCTEeMI NMPUBOAA € OJHIEI0 3 OCHOBHHUX
YMOB JIJII BUHUKHEHHS HE3aTyXalounX KOJHMBAIBHUX PEKHUMIB, IO 1O CBOIH CYTTi €
aBapiiiHUM PEKUMOM.

BceranoBneHo, 1110 BU3HA4YaJIbHY POJIb Ha JIMHAMIYHI BJIACTUBOCTI MPUBOAY Mae
KOoe(IlIEHT HEePIBHOMIPHOCTI 3aBaHTaXEHHS ABUTYHIB NpuBoAy. Lle mosicHioeThes
THUM, IO 32 YMOBH HEPIBHOMIPHOTO 3aBaHTaXCHHs AU(PY3IHHOrO amapaTta B3IOBXK
ITHEKIB BUHUKAE PI3HUIL IIBUIKOCTEH 00EpTaHHS JIBOX JBUTYHIB, HACI1JIKOM YOTO €
npyxHa Jgedopmaliis (3aKpydeHHsS) Bajly MDK JBHTYHaMH. TakuM YHUHOM
BIIOYBA€ThCSI MEPEPO3MNOJILTT  KIHETUYHOI €Heprii MDK JBUTYHAMH, a TaKOX
HAaKONMYEHOI B JAedOpMOBAHOMY TUIl TNOTEHUIWHOI eHeprii. Ilpu 3pocranHi
HEPIBHOMIPHOCTI 3aBaHTAXKCHHS 30HAa CTIMKOCTI CHUCTEMH TMPUBOJIY 3HAYHO
3MEHIIIYEThCSI.

TakuM 4YMHOM OOIPYHTOBAHO 3a/ady PO3POOKH CUCTEMHU aBTOMATH30BAHOTO
KepyBaHHs, sika O Ha BIAMIHY BiJl ICHyHOUYHX 3a0e3nedyBaja KOHTPOJIb HE JIWIIe
CICKTPUYHUX, ajie¢ ¥ MEXaHIYHUX IapaMeTpiB MPHUBOAY, Cepela SKUX KyT pamiaibHOT
nedopmMaliii IHEKOBaIIB Ta MIBUAKOCTEH 00EpPTaHHS BaJliB ABUTYHIB.

Takox OyJl0 BH3HAYCHO XapakKTep BIUIMBY IHIIUX IapaMeTPiB CHCTEMHU.
[TokazaHo 3Ha4YHMIA BIUIMB HATIPYTH Ha ABUTYHAX Ta CTPYMY iX POTOPHUX OOMOTOK Ha
CTIMKICTh CHCTEMH TIPUBOTY, 1110 € HAJ3BUYANHO BKJIMBUM, OCKUTBKH B BUPOOHUYMX
yMOBax JiaH1 BEJIMYMHHA € OCHOBHUMH TPU BU3HAYEHHI OTMIEPATOPOM PEKUMY POOOTH
PUBOAY.

B tpetromy po3aini po3poOiaeHO MaTeMaTH4HI MOJEIl CUCTEMH aCHHXPOHHOTO
MPUBOY MOXWIOrO NU(Yy31HHOTO amapaTa 3 YaCTOTHUM DETYIIOBAHHSM JUISI JTBOX
BapiaHTIB >KUBJICHHS AaCHHXPOHHUX JIBUTYHIB: Bl CHUIBHOIO Ta IHIWBITYyaJbHHX
MepeTBOPIOBaYiB 4acTOTH. Ha iX 0CHOB1 Oysi0 MPOBEAEHO MOCHTIIKEHHS JUHAMIYHUX
BJIACTUBOCTEM CHCTEMH 3acO00aMu IMITAI[IMHOTO MOJEIIOBAHHS Ta JJAHO TOPIBHAIBHY

XapaKTEPUCTUKY 1X BIIHOCHO CUCTEMU MPUBOJY MOCTIHOTO CTPyMYy.
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B pe3ynpraTi Oysl0 BCTaHOBJIEHO, WLIO0 CHUCTEMa ACHHXPOHHOTO MPUBOAY
MoXWJIoro Mudy3iiHOro amapara 31 CIUIBHUM MEPETBOPIOBAYEM YACTOTU MA€ HU3bKI
MOKa3HUKM SKOCT1 MEpPEeXiIHUX IMPOILECiB, OCOOIMBO B peKUMax OJM3BKUX MO
HOMIHAJIBHOTO, @ TOMY MOK€ OyTH BUKOPHCTAaHA JIMIIE B yMOBaX 3aBaHTaXEHHS
3HaYHO HWKYMX MACHOPTHUX JAaHUX ACHHXPOHHHX JBUTYHiB. CHUCTeMa MPUBOAY 3
IHAMBIAYaJIbHUMH TEPETBOPIOBAYaMM YaCTOTH IMPU BUKOPUCTAHHI  CKAJISAPHOI
CHUCTEMHM CHHXPOHI3allil 00epTaHHs ABUTYHIB BOJIOJI€ TUHAMIYHUMU BIACTUBOCTSIMH,
AK1 TOCTYTMAOTHCS CUCTEMI MOCTIMHOTO CTPYyMY JIMILE NPU HaBAHTAXKEHH1 OJIM3bKO Ta
OUIbIlIE HOMIHAJIBHOIO, Ta MOXE MPALIOBATH 31 3HAYHUMH 3HAYEHHSIMU KOEQILIEHTY
HEPIBHOMIPHOCTI ~ 3aBaHTaKEHHs  MIHeKoBasiB. [Ipu  MOpIBHSAHHI  TEXHIKO-
€KOHOMIUYHMX TOKA3HUKIB PI3HUX THUIIIB TMPHUBOJIB 3pOOJICHO BHCHOBOK, IO B
CyJacCHHX YMOBaX BHUKOPHCTaHHS CHCTEMH TMPHUBOAY TMOCTIHHOTO  CTPyMY
3aJIMIIAETHCS OUTBII JIOIUIBHUM 3a BIPOBAPKEHHS ACMHXPOHHOTO 3 YaCTOTHUM
PETYIIOBAHHSM.

3 METOI0 MOKpAalleHHs JMHAMIYHUX BJIACTUBOCTEH CHCTEMH Ta 3MEHILIECHHS
HEraTUBHOTO BIUIMBY Ha HMX HEPIBHOMIPHOCTI 3aBaHTa)XEHHS B3/IOBXK IITHEKOBAJIB
OyJ0 3alpoTNOHOBAHO Yy3arajdbHEHY CTPYKTYpHY CXEMYy CHCTEMU aBTOMATH30BaHOTO
KEpYyBaHHs TPHUBOJIOM TOXWIOTO AHQy3iiHOro amapara, SK eJIeKTPO-TEXHIYHOTO
KOMIUIEKCY, IO BKIIOYA€ B ceO¢ KepyBaHHs, SIK OCHOBHHUM, TaK 1 JIONMOMDKHHMH
npuBogamMu. Taka cucteMa, Ha BIAMIHY BiJ ICHYIOUHX, IO TeEpIIe, Ma€ 37JaTHICTb
BpPaxOBYBAaTH HEPIBHOMIPHICTh 3aBaHTAXXEHHS IIHEKOBAIIB, a MO JIPYre Mae 3aco0u
BIUIMBaTH Ha Hei. /g [bOro cucTeMy OCHAIlEHO 3aco0aMu BHMIPIOBAHHS
CJIEKTPUYHUX Ta MEXaHIYHUX MapaMeTpiB MPHUBOAY, IO XapaKTepU3yIThb MOro
pob6ory. Ha ocHOBI BHMIpSHUX 3Ha4eHb Ta 3a7aHOi OMNEPAaTOPOM YCTAaBKHU
MIKpOIIPOIIECOPHAa CHCTeMa KepyBaHHS (opMye BXIiJHI 3aBHaHHS I JIKEpen
PETYITLOBAHOT HAPYTH OCHOBHOTO Ta JIOMOMDKHOTO MPUBO/IIB.

Takoxx po3po0ieHO MeToau W CTPYKTYpHI CXeMH 3aco0iB BHMIPIOBAHHS
KOHTPOJIbOBAaHUX  MapamMeTpiB Ta MOPOBEACHO OLIHKY 1X  METPOJIOTTYHUX

XapaKTEPUCTHUK.
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VY derBepToMy po3auil Oyno po3poOiieHO (DYHKIIOHATBHI Ta EJIEKTPUYHI
OPUHLMIIOBI CXEMHU 3alpONOHOBAHOT CHCTEMH AaBTOMAaTH30BAaHOTO KEpyBaHHS
MPUBOJIOM MOXUJIIOT0 AUGY3IMHOIO amnapata 3 BUKOPUCTAHHSAM MIKPOMPOIIECOPHOT
TEXHIKA Ta aIrOpUTMH iX poOOTH, IO CTajdd OCHOBOIO amapaTHOl peasizarii
OTPUMAHUX pe3yJbTaTiB Ta 3aCTOCYBaHHAM ii B y MoBax BUpoOHuITBa. Cucrema
iHTerpoBana g0 SCADA- cucteMd KepyBaHHS TEXHOJOTIYHMM MPOIECOM
nudy31iHOTO BIIJIUICHHS I[YKPOBOTO 3aBOJTY, 110 J03BOJISIE ONIEPATOPy 3M1MCHIOBATH
kepyBaHHS /A, BpaXoByIOYH B TOMY YHCIII IMIBUIKOCTI OOCPTaHHS Ta BITHOCHUN KYT
MIOBOPOTY BajliB JBUTYHIB, a TAKOXX 3HAYEHHS CTPYMIB Ta HANpyr Ha JBUTyHaxX Ha
MOHITOP1 KOMIIT I0Tepa.

KpiMm 1pOTO TMpOMOHOBAaHA CHCTEMAa 3JIMCHIOE KEPYBaHHS BKIIOYCHHSIM
JOTIOMDKHUX TPUBOJIB Ta KOHTPOJIO ix craHiB. OKpeMuM 3aco00M BIUIMBY Ha
JAMHAMIYHI BIACTHBOCTI CUCTEMH € BUKOPHUCTAHHS YaCTOTHO-PETYIHOBAHOTO MPHUBOA
YeprajpbHOTO KoJieca, SIKMM 3/1IHCHIOE PO3BAHTAXKEHHS CTPYXKH y BEpXHIN YacTHHI
JIA 3a po3po06sIeHMMH 3aKOHAMH PETYIIIOBAHHS HA OCHOBI BUMIPIOBAHHS MEXaHIYHHUX
napaMmeTpiB MPUBOA.

Takoxx cucTtema oOcCHamieHa 3aXHCTaMH 32 yciMa  KOHTPOJIbOBAHUMH
napamerpamu. OkpemMo OyJ0 pO3poOJICHO PS CAMOCTIMHO MpaIOYUX 3ac001B
3aXHUCTYy MOXWIOro Au(y3iHOTO amapara BiJf aHOPMaJIbHUX PEXHMIB pOOOTH 3
BUKOPHUCTAHHSM SIK aHAJIOTOBO1, TaK 1 MU(PPOBOT CXEMOTEXHIKH.

[IpoBeneno excrnepuMeHTadbHI JOCHIDKCHHS, SKI BKIOYaId B cebe
TOCIIHPKSHHSI TIPOBEICHI B yMOBaX BUPOOHUIITBA HA TPHOX MIATPUEMCTBAX IIYKPOBOT
raiy3i. BoHu mokazanau akTyalbHICTh Ta CHPaBEIJIMBICTh OTPUMAHHX TCOPETUUHHUX
pe3yIbTaTIiB, MPEACTABICHUX B JUCEpTalliiHil poOoTi. BcTaHOBICHO MO3WTHBHUMI
BIUTUB BHUKOPHCTAHHS PO3POOJICHOI CHCTEMH aBTOMAaTH30BAaHOTO KEPYBaHHS
mudy3iiHOTO  amapara, SK eJIeKTPOMEXaHIYHOTO KOMIUIEKCY B CHCTEMI
Oe3rmepepBHOr0 BHUPOOHMIITBA, HA TOKA3HUKUA HAAIMHOCTI Ta €(PEeKTHBHOCTI, CEpel
SAKUX KUIBKICTh 3YMNHUHOK, KOE(QIIEHT TOTOBHOCTI, KOE(IIEHT MPOCTOIO,

IHTEHCUBHICTh BIJIHOBJICHHS, CEpEHS 3a 3MIHY HPOJYKTHUBHICTH IU(PY31MHOTO



7

anapaTta. AHalli3 NPUYUH BIAMOB TaKOX II0Ka3aB JOIUIBHICTh Ta aKTyaJlbHICTh
pO3p0o0JIEHUX TPUCTPOIB.

Knwouosi  cnosa: mnoxwnuii nudys3idHUN amapaT, CHCTEMa aBTOMATH30BAaHOTO
KepyBaHHS, JBOJBUTYHHUU EJEKTPONPHUBOJ 3 MPYKHUMH 3B’SI3KaMH, MaTeMaTH4YHA

MOJIC/Ib, TMHAMIYHI BJIACTUBOCTI, HAAIMHICTH CHCTEMHU.

ABSTRACT

Koval A. The automated control system of the inclined diffusion device’s two-
motor electric drive. - Qualifying scientific work on the rights of the manuscript.

The dissertation on competition of a technical sciences candidate, scientific
degree on a specialty 05.09.03 — «Electrotechnical complexes and systems». -
Vinnytsia National Technical University, Vinnytsia, 2021.

The dissertation is devoted to solving the current scientific and technical
problem of increasing the reliability of an inclined diffusion device's two-motor drive
with nonlinear elastic connections due to automated support of its operation in the
stability zone based on continuous monitoring of its basic electrical and mechanical
parameters.

The scientific novelty of the obtained results and the provisions submitted for
defense is the deepening of existing, development and substantiation of the new
approaches to the dynamic properties analysis of the inclined diffusion device’s two-
motor drives and improvement of automated control methods that ensure its reliable
and efficient operation.

The following scientific results were obtained in the work:

1. The mathematical model of the inclined diffusion device’s two-motor
electric drive which differs from known taking into account electromechanical
processes connected with existence of nonlinear elastic-dissipative communication

between engines that allows to investigate dynamic modes of system in the
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conditions of uneven loading of augers which is characteristic for the technological
process in the diffusion device.

2. For the first time the dynamic properties of the inclined diffusion device’s
two-motor electric drive with nonlinear elastic connections were investigated, which
allowed to determine the zones of system stability depending on the main parameters
of its operation for two types of drive: direct current drive and frequency-regulated
asynchronous motor drive.

3. The method of control of mechanical parameters of the electric drive which
differs from known by additional measurement of engines shafts relative rotation
angle which control allows to provide work of the whole system in a steady zone has
received the further development.

The practical significance of the obtained results lies in the practical
implementation of the inclined diffusion device’s two-motor electric drive automated
control methods and means and devices for protection against abnormal modes to
increase the reliability and efficiency of its operation.

The main part of the dissertation consists of an introduction, four sections,
conclusions and a list of used sources.

The first section provides an overview of the technological features of IDD, as
a link of continuous sugar production, considers the main characteristics of the
system and means of load balancing between drive motors.

The analysis of existing two-motor direct current drives automatic control
systems is carried out, importance of the account of available elastic connection in
the kinematic scheme which nonlinear character cannot be neglected, on dynamic
properties of system is shown, existing mathematical models of the electric drive with
elastic connection and means are considered study of their dynamic modes of
operation.

In the second section, mathematical models of the inclined diffusion device’s
two-motor electric drive were developed, which take into account the main
operational characteristics of this type of drive and the nonlinear nature of the elastic

connections between the motors. A simulation model has also been created, which
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makes it possible to study the dynamic modes of operation and the influence of this
automatic control system main parameters on its properties.

As a result of the developed mathematical models analysis of the two-engine
IDD drive system, it was found that the elastic connection between the motors, which
has a nonlinear character, significantly affects the dynamic properties of the system,
the main one being stability. The presence of a non-linear elastic connection in this
drive system is one of the main conditions for the occurrence of undamped oscillation
modes, which is essentially an emergency mode.

It is established that the coefficient of drive motors uneven loading has a
decisive role on the dynamic properties of the drive. This is explained by the fact that
under the condition of uneven loading of the diffusion device along the screws there
Is a difference in the two motors rotation speed, resulting in elastic deformation
(twisting) of the shaft between the motors. Thus there is a redistribution of Kinetic
energy between the engines, as well as the potential energy accumulated in the
deformed body. As the load unevenness increases, the stability zone of the drive
system decreases significantly.

Thus, the task of developing an automated control system is substantiated,
which, unlike the existing ones, would provide control not only of electrical but also
mechanical parameters of the drive, including the auger radial deformation angle and
speeds of motor shafts.

The nature of the influence of other system parameters was also determined.
The significant influence of motors voltage and current of their rotor windings on the
stability of the drive system is shown, which is extremely important, because in
production conditions these values are the main when determining the operator mode
of operation of the drive.

In the third section, mathematical models of the asynchronous IDD drive
system with frequency control for two variants of AD power supply are developed:
from common and individual inverters. Based on them, a study of the dynamic
properties of the system by means of simulation and gave a comparative description

of them relative to the DC drive system.
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As a result, it was found that the system of asynchronous IDD drive with a
common FC has low quality indicators of transients, especially in modes close to the
nominal, and therefore can be used only in conditions of loading much lower passport
data AD. The drive system with individual inverters when using a scalar system of
motor rotation synchronization has dynamic properties that are inferior to the DC
system only at loads close to or greater than the nominal, and can work with
significant values of the coefficient of uneven loading of augers. When comparing the
technical and economic indicators of different types of drives, it is concluded that in
modern conditions the use of the DC drive system remains more appropriate for the
introduction of asynchronous with frequency control.

In order to improve the dynamic properties of the system and reduce the
negative impact on them of uneven loading along the augers, a generalized block
diagram of the automated control system of the IDD drive was proposed as an
electro-technical complex that includes control of both main and auxiliary drives.
Such a system, from the existing ones, firstly, has the ability to take into account the
uneven loading of augers, and secondly, has the means to influence it. To do this, the
system is equipped with means of measuring the electrical and mechanical
parameters of the drive, which characterize its operation. Based on the measured
values and the setpoint set by the operator, the microprocessor control system
generates input tasks for the regulated voltage sources of the main and auxiliary
drives.

Methods and structural schemes of measuring means of the controlled
parameters are also developed and their metrological characteristics are estimated.

In the fourth section, functional and electrical schematics of the proposed
automated control system of the IDD drive using microprocessor technology and
algorithms for their operation were developed, which became the basis for hardware
implementation of the results and its application in production conditions. The system
Is integrated into the sugar plant's diffusion department SCADA system of the, which
allows the operator to control the DA, taking into account the speed and relative
angle of the motor shafts rotation, as well as the values of currents and voltages on

the computer monitor.
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In addition, the proposed system controls the inclusion of auxiliary drives and
monitors their condition. A separate means of influencing the dynamic properties of
the system is the use of frequency-controlled drive of the pump wheel, which unloads
the chips in the upper part of the IDD according to the developed laws of regulation
based on measuring the mechanical parameters of the drive.

The system is also equipped with protections for all controlled parameters. A
number of independently working means of IDD protection against abnormal modes
of operation using both analog and digital electronics were developed separately.

Experimental studies were conducted, which included studies conducted in the
conditions of production at three enterprises of the sugar industry. They showed the
relevance and validity of the theoretical results presented in the dissertation. The
positive influence of using the developed IDD automated control system as an
electromechanical complex inside the continuous production system by the indicators
of reliability and efficiency, including number of stops, readiness factor, downtime
coefficient, recovery intensity, average per change productivity of the diffusion
apparatus. Analysis of the failures also showed the feasibility and relevance of the
developed devices.

Keywords: inclined diffusion device, automated control system, two-motor
electric drive with elastic connections, mathematical model, dynamic properties,

system reliability.
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BCTYII

OOrpyHTyBaHHsI BUOOPY T€MHU AOCiIKEHHS.

[lykpoBa rany3p € BaKIMBOIO CKJIAJIOBOIO Xap4yOBOi MPOMUCIOBOCTI YKpaiHu —
1 3 oAy Ha ictopito (moHan 160 pokiB), 1 3 Origay Ha OOCSTM BUPOOHMIITBA Ta
C€HEProCIOKMBaHH. 3HAYHY YAaCTUHY BHPOOHHMYOI MOTYKHOCTI Ha JaHUH MOMEHT
CTaHOBIIATh 3aBOJM HEBEJIMKOI TMOTYXHOCTI 13 JOCHTHh 3HOIICHUM Ta 3acTapiiuM
obOnagHaHHAM. Lle MpU3BOIUTE 10 HU3BKOI €(DEKTUBHOCTI BUPOOHUIITBA TIOPIBHIHO 3
€BPOIECHCHKOI0 IYKPOBOI IPOMUCIIOBICTIO, Y TOMY YHCJIi O BHUCOKHX IHTOMHX
eneprosutpar. [lonibHa cutyartiis Bene 10 OaHKPYTCTBA 0aratboX IIYKPOBHUX 3aBOJIIB.
Tax y ce3oni 2011 poky B Ykpaiuni npatoBaino 77 3aBoAiB, y ce3oni 2012 poky — 63
3aBojM, a y ce3oHi 2013 poky — 38 1ykpo3aBoiB, mo nepepodomnu 9,06 MiIH. TOH
IyKpOBHX OYpsKiB, Ta BUpoOmin 1,212 MIIH. TOH IyKpY.

Ile craBuTh mTepex Tamy33l0 3aBIaHHS  MOJEpHi3aiii, 30UIbIICHHS
MPOJYKTUBHOCTI Ta €(QEeKTUBHOCTI BUpPOOHHMITBA. Ha neskux mianmpueMcTBax 3a
OCTaHHI POKM OyJI0 JOCATHYTO MiABUIIEHHS M000BOI mepepodku Ha 50 100 %, 3a
PaxyHOK 4Oro co0iBapTiCTh BUPOOJICHOTO ITyKPY HA TaKWUX MIAMPUEMCTBAX 3HAYHO
3HU3WIACh. BuUpIileHHs TakKuxX 3aBAaHb BITOYBAETHCS 3a PAXyHOK OINTHMI3AIli
TEXHOJIOTIYHUX CXEM, BCTAHOBJICHHS HOBOTO BHPOOHMYOro OOJaJHAHHSI Ta
iHTeHCcHpiKaIili BUKOPUCTAHHS ICHYIOYOTO. 30KpeMa II€ CTOCYEThCS BHKOPHUCTAHHS
nudy3iiHUX anapariB, SKi MPU3HAYCHI IJIs €KCTPaKIIii IyKpy 3 OypSKOBOI CTPYKKH,
[0 € OCHOBHUM OOJIAJIHAHHAM OypsIKONEpepOOHOro BIAUICHHS, Bl HAAIMHOCTI i
€(EeKTHUBHOCTI AKOTO 3aJIEKHUTh pOOOTAa BCHOT0 BUPOOHHIITBA.

B BITUM3HSHINA ITyKPOBIA TPOMHCIOBOCTI IMUPOKE 3aCTOCYBaHHS 3HAWIIIN
ITHEKOBI M y3iitHI anmapaTi MOXUIOTO TUITy abo moxwii audys3iiHi amapatu (I11A),
10 TIPUBOJSITHCSA B PYX, HAWYACTIIIE, TBOJBUTYHHUM MPUBOJIOM IOCTIHHOTO CTPYMY.
BupoOHuky, MOAECpHI3yIOUM TIOB’S3aHE TEXHOJOTIYHO OOJagHaHHS, TMOCTIHHO
30UTBIIYIOTh BUKOPUCTAHHS [IMX amapartiB, TO/A1 K TPAHCIOPTHA MEXaH14Ha CHUCTeMa
nu(dy31iiHUX anapatiB 3aIMIIAE€THCS HE3MIHOO. Lle pa3oM 3 MOCTIMHUM 30 UTBIIEHHSAM

MOTYKHOCT1 MPHUBOJY MPU3BOAUTH A0 3HM)KEHHSI HAIIMHOCTI pOOOTH, BUHUKHECHHSIM
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pPI3HUX aBapiiHUX CHUTYalllil Ta KOJIMBAJIBHUX PEXKHUMIB, SIKI € XapakTepHUM Ha
0araThOX IYKPOBHX 3aBOjAaX. be3nocepeAHbOI0 NPUUYUHOI TaKUX PEXKUMIB €
HAsIBHICTh MPYXHUX 3B’SI3KIB MK IBUT'YHAMU MPUBOJA Ta OCOOJIMBOCTI €KCIUTyaTallii
[TIA, a TakoX HEIOCKOHAJTICTh ICHYIOUMX CHUCTEM aBTOMATH30BAHOTO KEPYBaHHS
MPUBOJIOM, MOB’SI3aHUX 3 BIACYTHICTIO y HUX 3aC001B BUMIPIOBAHHS Ta KOHTPOIIIO
MEXaHIYHUX apaMeTpiB.

B Takmx ymoBax HaJa3BHYailHO BaKJIMBOI HAYKOBO-TEXHIYHOKO 3a7a4€l0 €
OILlIHKA JIMHAMIYHUX BiactuBocTed cuctemu npuBoay IIJIA. Opnak i BUKOHAHHS
YCKIIQJHIOETHCS BIICYTHICTIO aJ€KBaTHOTO MAaTEeMAaTHUYHOTO OIHUCY, SIKi BPaXOBYIOTh
HAsBHICTh MPY>KHO-JIMCHIIATHBHOTO 3B 3Ky, HEIIHIMHHUM XapaKTepoOM SKOTO HE
MOKHa 3HEXTyBaTH, Ta IHIIl OCOOJMBOCTI poOOTH MexaHiuyHO1 uacTtuHu [IJIA.
Po3poOka maremMaTnyHuX Mojenel cucreMu enekrponpuBony 1A, mocmimkenns ii
JTUHAMIYHUX PEKUMIB 3aC00aMH IMITAIITHOTO MOJIETTFOBaHHS, OIlIHKA 30H CTIMKOCTI B
PI3HUX KOOpAMHATaX MapaMmeTpiB CUCTEMU Ta PEXKUMY € aKTyaJbHUM 3aBJIaHHSM,
KIHIIEBOIO METOIO SIKOi € po3po0Ka TaKMX CUCTEM aBTOMATHU30BAaHOTO KEPyBaHHS, IO
BIJIMOBIIATUMYTh ICHYIOUHMM EeKCITyaTalliiHuM BUMoram. OcoOJIMBOIO BiIMIHHICTIO
CHHTE30BaHUX CHCTEM aBTOMAaTH30BAaHOI'0 KEPYBaHHs MalOTh OyTH HasBHICTH 3aCO01B
BUMIPIOBAHHS Ta KOHTPOJIO MEXaHIYHUX MMapaMeTpiB MPUBOIY, a TAKOX 3ac00iB, 5Ki
0 HEe JOINyCKaJld BHUHUKHEHHS KOJIMBAIBHUX PEXKHUMIB, IOB’S3aHUX 3 HASBHICTIO
HEMHIMHUX TPY>KHO-TUCUMIATUBHUX 3B’sI3KiB. CyTTEBUM aclEeKTOM TIpU I[bOMY €
MepeBipKa aJIeKBaTHOCTI PO3pOOICHUX Mojaenel. [ mpboro He MOMXJIHBO OOINTHUCH
0e3 eKCnepUMEHTAIbHUX JOCTIIKeHb. Takui mMmiaxig JacTh 3MOTY 3aCTOCYBATH
PE3YNIBTATH OCTIIKEHb K B TPAAUIIIHHUX CHUCTEMaX MPUBOJY MOCTIHHOTO CTPyMY,
TaK 1 B CHCTEMax YaCTOTHO-PETYILOBAHOTO ACHHXPOHHOTO.

OxpeMuM 3aBAaHHSAM € OOIPYHTYyBaHHS BHOOpPY THIY MPUBOAY (TIOCTIMHOTO
CTPYMY YU YacCTOTHO-PETYJIbOBAHOTO ACHHXPOHHOTO), OCHOBOIO SIKOI'O € HE JIMIIE
TEXHIKO-€KOHOMIYHI ITOKa3HMKH, a ¥ IOKa3HWKH HaJIMHOCTI, IO BHUIUIMBAIOTH 3
JTUHAMIYHUX BIACTUBOCTEH CUCTEMU.

Tomy nana mpoOneMaruka noTpedye He JIMIIE TEOPETUUYHUX OCHIIKEHb, a U

MPAKTUYHOI peanizailli CHpOeKTOBAaHUX MPUCTPOIB.
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3B’A130K 3 HAYKOBHMM NPOrpaMaMu, IJIAHAMH, TEMAMHU.

OcHOBHUH 3MICT pOOOTH CKJIAJalOTh pPE3yJIbTaTH JAOCHIIKEHb,  AKI
nposoguinchk npotsaroM 2006-2020 pokiB, BIAMNOBIAHO A0 HAYKOBOTO HAMNPSIMKY
kadenpu Ta 3a AepkOrwmKkeTHO0 Temamu «HoBi Meroau Ta 3acoOM BUMIPIOBaHHS
MEXaHIYHMX  (I3UYHUX  BEJIMYMH  HA  OCHOBI  BJIOCKOHAJEHOI  Teopil
enekTpoarHamMivHuX aHanoriiy 23-/1-341 (Ne nepxxpeectparnii 0112U001370) ta
«Cucrtema aBTOMaTU30BaHOI'0 KOHTPOJIIO TapaMeTPiB T'iipoarperariB B CTallloHapHUX
Ta MepexigHux pexkuMax podotu» 23-J1-384 (Ne nepxpeectpartii 0117U000570).

Merta i 3aBIaHHSA 10CTiIKEHHS.

MeToro poOOTH € TiABUIICHHS HAIIHHOCTI JIBOABUTYHHOT'O TIPUBOY TTOXUJIOTO
nudy3iiHOro amapara 3 HEJIIHIMHUMU TPY>KHUMU 3B’SI3KaMU 32 PaxyHOK
aBTOMATHU30BAHOTO 3a0€3MEeUeHHs] HOoro poOOTH B 30H1 CTIMKOCTI, IO 0a3yeThCs Ha
0e3nepepBHOMY KOHTPOJIi OCHOBHHX HOTO €JICKTPUYHUX Ta MEXaHIYHUX IMapaMeTpiB.

J1;1s1 BUKOHAHHS MTOCTaBJICHOT METH HEOOX1HO BHUPIIIMTH TaKi 3a/1a4i:

1. 3pobuTtu OIS BIJOMHUX cHCTeM KepyBaHHs npuBojoM [1JIA ta meroxis
JTOCIIHKEHHS iX TMHAMIYHUX BIACTHUBOCTEH.

2. Bnockonanmuty  MareMaTH4Hi MOl  CHCTEMH  JBOJBUTYHHOTO
aBTOMAaTHU30BAaHOI'O EJIEKTPOIPHBO/Ia TOoCcTiiHOTrO cTpymy [IJIA msixom BpaxyBaHHS
HEJTIHIHHOTO XapaKTepy MPYKHO-TUCUIIATUBHOTO 3B’ SI3Ky MK JIBUTYHAMU.

3. JlocmiauTty AMHAMIYHI peXUMH cucTteMu nipuBoay IIJIA Ta BCTaHOBUTH
BILJTUB OCHOBHHX MapaMeTPiB CUCTEMU Ta PEKUMY HA 30HY ii CTIHKOCTI.

4, 3MIMCHUTH MOPIBHAIBHUN aHAII3 TUHAMIYHUX Ta TEXHIKO-CKOHOMIUHHX
MOKA3HUKIB CHUCTEMU TPUBOJIA TIOCTIHHOTO CTPYMY Ta YaCTOTHO-PEryJIhOBAaHOTO
ACUHXPOHHOTO MPUBO/IA.

S. Po3poOutu CTpyKTypHI CXEMH, MaTeMaTHYHI MOJENi Ta aJITOPUTMHU
poOOTH CcHCTEeMH aBTOMAaTH30BaHOTO KepyBaHHs mpuBoioM [IJ]A, a Takoxx 3aco0iB
BUMIPIOBaHHS Ta KOHTPOJO OCHOBHUX MMapaMeTpiB HOTO pOOOTH.

6. 3niiiCHUTH  amapaTHy  peali3alil0 CHCTEMH  aBTOMAaTHU30BAHOTO

KepyBaHHs nipuBogom ITJIA, noBecTr aaeKBaTHICTh PO3POOJICHUX MaTEMAaTUUHUX
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MoOJIeJIel Ta BU3HAYMUTH BIUIMB 3aCTOCYBAaHHS IMPOIIOHOBAHUX CHUCTEM KEpYBaHHS Ha
MOKa3HMKHU HaflitHOCTI Ta ehekTuBHOCTI pobotu [1/1A.

06’ckm Oocnioxcennsi — €NEKTPOMArHiTHI Ta €JIEKTPOMEXaHIuHl MPOLECH B
JBOJBUTYHHOMY €JIEKTPONPUBOAL 3 MPYKHUM 3B A3KOM MOXWIOro AUQPY31HHOTO
amapara.

IIpeomem Oocnioxicennus — METOIU Ta 3aCOO0M aBTOMATHU30BAHOTO KEPYBaHHS
€JICKTPOIIPUBOJIOM TIOXWIIOTO AU]y3iifHOTO amapara.

Memoou docniosxcenns — Tpu po3B’sI3aHHI TTOCTABIEHUX 3a7a4 BUKOPUCTAHO
METOJIM MaTEeMAaTHYHOTO Ta (DI3MYHOTO MOJICTIOBAHHS, METOIU TEOPii aBTOMAaTUIHOTO
KepyBaHHS Ta aBTOMATH30BaHOTO EJIEKTPOIPHUBOJY, METOJ CJIICKTPOMAarHiTHUX
aHaJIOTiH, METOJM CHMBOJBLHOI MaTeMaTHKH, YUCEIbHI METOIU PO3B’S3KY CHCTEM
HEMHIMHUX JudepeHIiaIbHUX PIBHSIHb.

HaykoBa HOBH3HA OTPMMAaHUX Pe3yJbTaTiB:

1. Brockonaneno maTeMaTH4YHY MOJIETb JBOJBUTYHHOTO €JIEKTPOMPHUBOIA
noxwjioro audy3iMHOro araparta, fSka BiJl BIJOMHX BIJIPI3HSAETHCS BpaxyBaHHIM
€JICKTPOMEXAHIYHUX TMPOIECIB TOB’SI3aHUX 3 HASABHICTIO HEJIIHIHHOTO TPY>KHO-
JMCUTIATUBHOTO 3B’SI3Ky MIX JBUTYHAMH, IO JO3BOJISIE€ TOCIIIKYBAaTH ITUHAMIYHI
PEKUMHU CHCTEMH B YyMOBaxX HEPIBHOMIPHOTO 3aBaHTXCHHS IITHEKOBAIIB, SIKE
XapaKTepHe IS TEXHOJIOTTYHOro Iporiecy B Audy3iifHOMY amapari.

2. Bnepmie  nmociimkeHo — AMHAMIYHI  BJIACTHBOCTI  JBOJABUTYHHOTO
SJIEKTPONPUBOY MOXHIOTO audy3ifHOro amapara 3 HETHIMHUMU MPYKHUMH
3B’sI3KaMH, 1[0 JO3BOJIMIO BH3HAYUTH 30HU CTIHKOCTI CHCTEMH B 3aJI€KHOCTI Bif
OCHOBHHUX TapaMeTpiB HOTO pOOOTH /IS IBOX THUIIB MPUBOAY: MOCTIHHOTO CTPYMY Ta
4aCTOTHO-PEryJIbOBAHOTO ACHHXPOHHOTO.

3. OTpuMaB mMOAAIBIIMKA PO3BUTOK METOJN KOHTPOIIO MEXaHIYHUX
rmapaMeTpiB  CICKTPONPHUBOAA, SKHW BiJl BIIOMHX BIIPI3HIETHCA JOJATKOBUM
BUMIPIOBAaHHSM BIIHOCHOTO KyTa IOBOPOTY BajJiB JBUTYHIB, KOHTPOJIb 3a SIKUM
J03BOJIsIE 3a0€3MEeUUTH POOOTY CUCTEMHU €JIEKTPOIPUBOJIA MOXUIIOTO AU(]y31HHOTO B

CTIAKIN 30HI1.
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IIpakTUyHe 3HAYEHHS] OTPUMAHMX Pe3yJabTATIiB:

1. Po3po0neno ¢yHKIIOHATIBHI 1 €JIEKTPUYHI MPUHILIUIIOBI CXEMH CUCTEMU
aBTOMAaTHU30BAaHOTO KEpyBaHHS MMPUBOJIOM IMOXHIIOTO AUQY3IHHOTO anapara.

2. Po3pobneno anroputMu  poboTHM Ta MporpaMHe  3a0€3MEUCHHS
MIKPOIIPOLIECOPHOI CUCTEMH KEpyBaHHS MPUBOAOM JU(]yY31iiHOr0O anmapara MmoXuioro
THUTTY.

3. Po3pobneno mnpuctpoi AuQeEpeHIiiHOr0 3axHCTy JABOJBHTYHHOTO
NPUBOJY MOXWJIOTO naudysiiiHoro amapata BiJ aHOPMAJIBHUX PEXKHUMIB 32
MEXaHIYHUMH Ta CJICKTPUIHUMH TTapaMeTPaMHU.

4, [TpoBeneHO eKCIepUMEHTANIbHI JTOCTIDKEHHSI 3alPOTIOHOBAHUX METO/IIB
Ta 3aco0iB B yMOBax BHUPOOHHMIITBA, Yy XOJ1 SKHX JOBEJIEHO aJICKBATHICTh
PO3pOOJICHMX MaTeMaTHYHUX MOJCIICH, BU3HAYCHO OCHOBHI MOKA3HHMKHU HaIIHHOCTI
CUCTEMH, BCTAHOBJICHO IIO3MTHBHUN BIUIMB BIPOBADKEHHS 3alPOITOHOBAHUX
PUCTPOIB HA HATIMHICTH Ta €(PEKTUBHICTh POOOTH MIPUBOY MOXUIOTO ITU(PY31HHOTO
amapara.

5. OnepskaHi pe3yibTaTH BIPOBaKeHO Ha mianmpueMmcTBax «Dimis BII
«ykoppemuanangka» [TPAT AK «CATEP» (M. Binauns), TOB «I1K 3ops Tomgims»
(m. Tadicun). PesynbTaTH, SKi CTOCYHOTHCS aBTOMAaTH30BAHOTO EIEKTPONPHUBOAY,
BIIPOBA/DKEHO B HaBYAIBHUN Tpolec y JiabopaTopii IMPOMUCIOBOI €IEeKTPOHIKU
BiHHUIIPKOTO HAIIOHAJIBHOTO TEXHIYHOTO YHIBEPCUTETY 3 nucHuiutid «lIpomuciora
eNeKTpoHikay Ta «CHIIOB1 MEpETBOPIOBAaUl B aBTOMATU30BAHOMY €JIEKTPOTIPUBOIIN.

Oco0ucTnii BHECOK 3100yBaua.

OcCHOBHI TEOpeTWYHI Ta TMPAKTHYHI pe3yJbTaTH OTPUMAHI  aBTOPOM
camocTiitHo. OcoOucTHii BHECOK 3/100yBadua B pobOoTax, OIMyOJiKOBaHUX B
criBaBTOpCTBI Takmii: [1] — [5] — 3miliCHEHO OIIHIOBaHHS TOYHOCTI BHMIipPIOBaHHS
HECHHYCOITHUX BEJIUYUH B MPUCTPOSX CHUIIOBOI MEPETBOPIOBAIBbHOI TEXHIKU [6] —
PO3pO0ICHO MAaTEMATUIHHUI OMKUC, KU OTMHCYE TPOIECH, 10 MPOTIKAIOTh Y TAKOMY
pexuMi y cucTeMi mnpuBony, [/] — mpoBeaeHo imeHTH(IKAIil0 TapaMeTpiB
MEXaHIYHOI YaCTUHU CHCTEMHU JBOJBUTYHHOTO MPHUBONY MOXUJIOTO AU(Y31HHOTO

amaparty, [8] — po3poOsieHO MaTeMaTH9IHI MOJIEII JBOJBUTYHHOTO E€JICKTPOIPUBOIY
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MOCTIHHOTO CTPYMY MOXWIOro Au(y3iiHOrOo amnapara, BCTAaHOBJIEHO BIUIMB OCHOBHUX
napamMeTpiB CUCTEMH Ta PEKMMY Ha JAMHAMIYHI BJIACTHBOCTI €JIEKTPONPHUBOIY Ta
BU3HAYEHO 30HU CTIMKOI poOOTH B PI3HUX CHUCTEMax KOOpAWHAT, [9] — po3pobiieHo
iMiTaniiHy symulink-Mozesb ABOJABUTYHHOTO €JIEKTPONPUBOJY MOCTIHHOTO CTPYyMY
Ta 3alpONOHOBAHO METOA JOCTKEHHS JWHAMIYHUX BJIACTUBOCTEH CHCTEMH
npuBony, [10] — orpumano wacoBy (yHKIiIO MEpexiHOT BEIUYMHHU JIHIHHOTO
CJIIEKTPUYHOIO KOJla 3MIHHOTO CTPyMy BHCOKOro mopsaky. [11] — po3pobieno
MaTEMaTUYHI MOJCNI AaCHHXPOHHOTO YaCTOTHO-PEryJbOBAHOTO JIBOJBUTYHHOTO
€JIEKTPONPUBOIa MOXUJIOTO AU(Y31HOTO amapara Jijisi JABOX BapiaHTIB, BUKOHAHO
MOPIBHSJIBHUM aHaJ3 TMHAMIYHUX BJIACTUBOCTEH CHCTEMHM JBOX BapiaHTIB KUBIICHHS
JIBUTYHIB Yy TOpPIBHSHHI 3 TPagUIIHHUM €JIEKTPOIPUBOJOM IOCTIHHOTO CTPYMY,
[12] — 3anpomoHOBaHO MeTOM Ta PO3pOOJICHO 3aCO0M aBTOMATH30BAHOTO KOHTPOJIIO
IMIBUJAKOCTEH O0OepTaHHS Ta BIJIHOCHOTO KyTa IIOBOPOTY BajiB JIBUTYHIB
CJIEKTPONPUBOIa MOXWJIOTO JAU(Y3IHHOrO amapara, 3AIMCHEHO OI[IHIOBAHHS
METPOJIOTIYHUX XapaKTEPUCTHK PO3POOJEHUX 3acO0IB Ta BHU3HAYEHO ONTHMAaNbHI
napameTpu ceHcopHoi cuctemu, [13] — po3poOseHO cUCTeMy aBTOMATH30BaHOTO
KEepyBaHHS JIBOJBUTYHHHM €JIEKTPONPUBOJOM IOCTIHHOTO CTPyMY, SIK €JIEKTpO-
MEXaHIYHUM KOMIUIEKCOM, IO BKJIIOYae B ce0e KepyBaHHS OCHOBHUM Ta
JOTIOMDKHUMU €JIEKTPOTIPUBOJIAMHU, 3aITPOITOHOBAHO 3aKOHU PETYIIOBAHHS YaCTOTHO-
PETYJILOBAaHUM €JIEKTPOIPHUBOJIOM JOMOMIKHOTO MEXaHi3My YeprajbHOTO KOJIECY B
3aJIEKHOCT1 BiJl MIBUAKOCTI OOEpTaHHS ITHEKIB MOXWIOro Mu(dy3iiiHOro amapary Ta
BITHOCHOTO KyTa TOBOPOTY BajJiB JBUTYHIB OCHOBHOTO TMPHUBOAY, IPOBEICHO
EKCIIEpUMEHTATbHI JTOCHIKEHHSI 3allpOMIOHOBAHOT CHCTEMH KEpPYyBaHHS B YMOBax
BupoOHunTBa, [14] — [17] - po3pobieHO CTPYKTYypHI CXEMH MPHCTPOIB
TUQEPeHIIIHHUX 3aXKUCTIB Ta 3JIIHCHEHO MaTeMAaTWYHHHA omuc iXx pobotm, [18] —
3MIACHEHO  OIIHIOBAaHHS TOYHOCTI BUMIPIOBAaHHS  HECHHYCOIMHMX  BEIWYHH
cTaHaapTHOT (HOpPMH TPHUIAIOM MAarHITO-eJIeKTpUYHOi cuctemu [19] — po3pobieHo
MaTeMaTH4H1 MOJEIl JABOABUTYHHOTO €JEKTPOMPHUBOAY MOXWIOr0 AU(y31HHOTO
amapata, [20] — mociipKeHO JWHAMIYHI BJIACTHBOCTI JIIHEAPU30BAHOI CHUCTEMHU

SJICKTPOIIPUBOY ToXWiIoro audysiiiHoro amapary [21] — po3poOieHa y3araibHeHa
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CTPYKTypHa CXe€Ma CHCTEMH aBTOMAaTH30BAHOTO KEpPYBaHHS EIEKTPONPHUBOIOM
MOXUJIOro IUQy31HHOro anapara.

AnpoOaunist MaTepiaJiB Aucepramii.

Pe3ynbpTaT 1 OCHOBHI IOJIOXKEHHSI AMCEPTALIIMHOT poOOTH OYyM IpeicTaBiIeH1
Ha!

1. XI MixHapoaH1i HayKOBO-TEXHIUHIA KOH(pepeHiii «EnekrpomexaniuHi
CUCTEMH, METOJIM MOJICIIOBaHHA Ta ontuMizanii» (M. Kpemenuyk, 17-19 TtpaBHus
2006 p.)

2. X MuixHapoHii HayKoBO-TexH1uH1i KoHpepeniii «KYCC 2008» (M.
Binnuns, 21-24 sxosthst 2008 p.)

3. 78 HaykoBIM KOH(epeHIii MOJOIUX yYEHHUX, acHipaHTIB Ta CTYJIECHTIB
«HaykoBi 3100yTKH MOJIO/I1 — BUPIIIEHHIO MTPOOJIeM XapuyBaHHs JitojacTBa y 21
cronitti» (M. Kuis, 2-3 xBiTHs 2012 p.)

4, XIl  MixHaponHili HayKOBO-TeXHIUHIH KoHpepeHiii «ABIA-2017»
(Kuig, 19-21 kBitas 2017

5. HaykoBo-TexHiuHMX  KOH(pepeHIisaXx  mpodecopchKo-BUKIAAAIBKOTO
ckiany, cniBpoOiTHUKIB Ta ctyaeHTiB BHTY, m. Biaaumg 2005-2020 pp.

Iy6aikamii.

Pe3ynbpTaTi mpoBeeHUX AOCHIKEeHb ommyOsikoBaHo y 20 myOmikaIisx, 3 HUX
1 crarTs y mnepioguYHOMY HAyKOBO-TEXHIYHOMY KypHaJIl KpaiH €BpOIEHCchKOTo
coro3y, 12 crareii y ¢axoBux BUIAHHAX YKpaiHu, 4 MaTeHTH HA KOPHUCHI moneni, 4
TE3 JOMOBIACH.

CtpykTypa Ta 00CsATr AUCepTAalii.

HucepraiiitHa poO0Ta CKJIaIa€ThCA 13 BCTYITY, YOTHPHOX PO3/LIiB, BUCHOBKIB,
CIUCKY BUKOpHCTaHUX kepen (138 maitmenyBansb) 1 2 momatkiB. OCHOBHHI 3MICT
BUKJIaJIeHO Ha 143 cTOpiHKax IPyKOBAHOTO TEKCTY, MICTUTH 72 pHUCYHKa, 4 TaOmuIIi.

3aranpHUi 00csAT podotn -177 crop.
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