AHOTAIIS

Kpueonic O.M. Cunte3 cucTeM ONTUMAIBHOTO KEPYBaHHS €JIEKTPOIPUBOIAMHU
31 3MIHHMUMH TapaMeTpaMu Ta TpYXHUMH 3B’s3kaMu. — KBamigikariiiHa HaykoBa
mpatlst Ha IpaBax PyKOIHCY.
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B muceprariiiniii po6oTi po3B’s3aHa HAyKOBa 3a/1ada 31 CTBOPECHHS METO/IIB
CHUHTE3Y Ta 1IeHTU(IKAIlli MaTeMaTHIHOT MOJIeJ1 OJTHOTO KJacy JIHIMHUX TUHAMIYHUX
CUCTEM, sIKa BpPaxOBY€ 3MIHHICTb IapaMmeTpiB B 4Yaci Ta y IPOCTOpi, Ha ii OCHOBI
pO3pO0OJIEHO 3aKOH ONTUMAIbHOIO KEPyBaHHS OJHUM KJIacoM OO0’€KTIB 3
napamMeTpaMu, 3MIHHUMH Y 4aci Ta npocTopl. BripoBamkeHHs 3a3HAYEHOTO 3aKOHY B
CUCTEMax KEpyBaHHS EJIEKTPONPHBOJAMH BAHTAXOMIIIMMAIbHUX MEXaHI3MIB
J03BOJIUTh ONTUMI3YBAaTH XapaKTEPUCTUKU TMPOIECY TEPEMIIICHHS BaHTaXiB,
YHEMOXKJIMBUTH PYHHYBaHHS SIK BaHTaXIB, TaK 1 MalIaHYMKIB, HA SIKUX 11 BaHTaxXl
BCTaHOBJIIOIOTHCS, OCKUIBKU MPOIEC TMEPEMIIICHHSI BAaHTAXY 3A1MCHIOEThCS 0e3 ix
yIapHUX CIIBJAOTHKIB, 00YMOBJIEHUX BUHUKHEHHSIM IOB3/I0BXKHIX KOJIMBaHb B TPOCI,
70 SIKOTO MiJBIIIEHUA BaHTaxX. OTpUMaHi pe3ynbTaTH TAKOX JOMOBHIOIOTH TEOPIIO
CUHTE3y Ta IiAeHTUdIKAIli MaTeMaTUYHHX MOJIeJIie OJHOro Kiacy JIHIMHHUX
JUHAMIYHUX CUCTEM B YACTHHI PO3B’sI3aHHA 3a/1a4 BpaXyBaHHs 3MIHHOCTI TapaMeTpIB
B yaci Ta y mpocrtopi. B pe3ynbrari aucepTaiifiHOro MOCTIKEHHS OTPUMAaHI Taki
pe3yNbTaTH.

VY aucepraiii 341MCHEHO aHa3 HAYKOBHUX Mpallb, OMyOJIKOBAaHUX 32 TEMOIO
JUCepTalii, 1 moKa3aHo, I0: MO-TIepIlle, aBTOPYU HAYKOBUX MpaIilb B CBOIX pobOoTax
BUKOPUCTOBYBAJIH JIJIsl aHAITI3Y MPOIIECIB B €JICKTPOMEXAHIYHUX CUCTEMaX MiAHOMHIX
KpaHiB Ta CKIMOBUX JI€O10K MIAXT KJIACUYHE PIBHIHHS IMHAMIKH €JIEKTPOIIPUBO/IA, 110
HE € IPaBUIILHUM, OCKUJIBKY IMTApaMeTPH 1HOTO KJIACY CHCTEM B TIPOILIeCi MiiiMaHHs Ta
OIYCKaHHSI BaHTaXiB 3MIHIOIOTHCS B 4Yaci; MO-ApPYyre, B YCIX PO3MISIHYTUX poOOTax,

CIPSIMOBAaHUX HA HEUTpasi3alliio NPy>KHUX KOJIUBAHb B CUCTEMI KPAHOBOTO MEXaHI3My



IpH MiIIHMaHHI/OMYCKaHHI BaHTaXy, BCTAHOBJIECHO, 110 HE BPAXOBYETHCS 3MIHHHUN
MOMEHT 1HepIlli OapabaHa, Ha SIKMM HAMOTYETHCA 1 3 SIKOTO PO3MOTYEThCS TPOC, J0
SIKOTO MIABIMICHUH BaHTaX. A MPUITYIIEHHS, 110 MPU CTaJii MIBUAKOCTI 0OepTaHHS
poTOpa TATOBOTO EJEKTPOJBUTYHAa KpPAaHOBOTO MEXaHI3My JIHIHHA IBUIKICTh
11HMaHHs/OIyCKaHHS BAHTaXKy TaKoXK OyJie cTajioro, He € JocToBIpHUM. BoHa Oyie
abo HapocTaTH, a00 cIaiaTy, TOMY HaBEIeH1 CHCTEMH CTab1Ti3a1ii KyTOBOI IIBUIKOCTI
«MAaCKyIOTb» HECTaOUIbHI JIHINHI MIBUIKOCTI MiAIMaHHI/OMyCKaHHS BaHTaXIB; MO-
TpeTe, i 3a0€3MeYeHHs CIPABHOCTI TATOBOTO ACHHXPOHHOTO €JIEKTPOABUTYHA TIPU
OesmepepBHii poOOTI 3 TEpPEeBaHTAXEHHSAM a00 OJM3BKHM [0 TEepPEBAHTAKCHHS
HEOOX1THO 3a0e3NMeUnTH KOHTPOJIbh 3HA4YCHHS (a3HUX CTPyMIB cTartopa i
YHEMOYKJIMBIICHHS TIOTIPIIIEHHS XapaKTePUCTUK JIBUTYHA a00 BUXOIy HOTO 3 JIafy.
3anponoHOBaHO METOJ 1AEHTH(IKAIli MaTeMaTUYHOI MOJIENl OJHOI0 KIacy
THIAHUX JUHAMIYHUX CHUCTEM 31 3MIHHUMH IapaMeTpamH, 0 SIKOTO HaJIeKUTh
TATOBUM  €JIEKTPONPHUBOJA  MIAHOMHOTO KpaHy 31 3MIHHUMH [apaMeTpami,
0OyMOBJICHUMH 3MIHAMH B 4aci MPUBEIECHOTO MOMEHTY 1HEpIli MaxOBHUX Mac Ta
3MiHAMHU B 4aci MOMEHTY HaBaHTAXXEHHS TSATOBOIO €JIEKTPOJBUTYHA MPH IiTHIMAHHI
(omyckaHHi)  BaHTaXy.  3ampolOHOBAaHO 1  OOIPYHTOBAaHO  PO3PAXYHKOBI
CIIBBIJHOIIEHHS, 32 JOMOMOTOI0 SIKMX BHU3HAYAIOTHCSA 3MIHM B Yaci MPUBEICHOTO
MOMEHTY 1HEpILil TArCOBOrO EJEKTPONPUBOAA, 3yYMOBJIECHI HAMOTYBAHHSIM 1
3MOTYBaHHSIM TpOCa, O SIKOTO MiABIIIEHWH BaHTaX, Ha KOTYIIKY, 3B’S3aHy 4Yepes
PEAYKTOp 3 BajlOM €JEKTPOABUIYHA. 3ampoNOHOBAHO 1 OOIPYHTOBAHO TaKOX
PO3paxyHKOB1 CITIBBIIHOIIEHHS, 32 JOIMOMOIOI0 SIKMX BHU3HAYaIOThCS 3MIHM B 4Yaci
MOMEHTY HaBaHTAXXEHHS, 3yMOBIJICHOTO BKOPOYEHHSIM Ta BUIOBKEHHSIM TPOCY, 0
SKOTO MIJBIIICHUI BaHTaX, B pe3yJIbTaTl MiIHIMAHHS YU OMYCKAHHSA IIbOTO BAHTAXKY.
Po3po0isieHO MOKPOKOBUM aJTOPUTM BHU3HAYEHHS YCIX MapaMeTpiB MaTeMaTUYHOI
MOJIeJIl TUHAMIKH KPAaHOBOTO €JIEKTPOIPUBOA 31 3SMIHHUMHU B 4aci MOMEHTOM 1HEPITii
MaxoOBHX Mac Ta MOMEHTOM HaBaHTaXeHHsA. HaBeneHO pe3ynbTaTH MOJETIOBAHHS
TUHAMIKM CHCTEMH €JIEKTPOTPUBOJIAa TPU PO3TOHI, TallbMyBaHHI, YyCTaJICHIN
HIBUAKOCTI, XOJIOCTOMY XOJl Ta peBEpCl TATOBOTO €JIEKTPOABUTYHA 3 ypaxyBaHHSIM
3MIHHUX MapaMeTpiB Ta BUKOPUCTAHHSAM MAaTeMaTHU4HOI MOAENI, 11eHTU(IKOBAHOI

KOHKPCTHUMHA  ITACIIOPTHHMH  XaPAKTCPUCTHUKAMM  TATOBOI'O CJICKTPOABUTYHA,



peaykropa Ta Tpoca, y rpadiuHomy mporpamHoMy cepenoBuini Simulink makera
npukiagaux nporpaM MATLAB. BukoHaHo MNOpIBHSUIBHUN aHajl3 OTPUMAHHUX
PE3yNbTATIB 1 TOKA3aHO, 110 BUKOPUCTAHHS KIIACUYHOTO PIBHSHHS JUHAMIKH CUCTEMHU
CIEKTPONPUBOAA, SKE MICTHTh CTaJuii MOMEHT 1HEpIi 1 CcTaguii MOMEHT
HABAHTAXKEHHS, MPUBOJUTH IO CYTTEBUX MOXMOOK, HABITH HE3BAXKAIOYM HA IJIABHE
pPETyNIOBaHHS IIBUAKOCTI 3 BUKOPHUCTAHHSM YaCTOTHHUX PETyJIATOPIB IS
ACMHXPOHHUX €JEKTPOABUTYHIB Ta BUKOPHUCTAHHSM CHJIOBHUX TPAH3UCTOPIB MJIs
PEryJIIOBaHHS €JIEKTPOABUTYHIB IMOCTIHHOTO CTPyMy NUIAXOM 3MIHHM HAmpyrH, IO
MOJIA€THCS Ha SKIP €JIEKTPOABUTYHA.

OOrpyHTOBaHO HEOOXIAHICTH CHCTEMHOrO IMIAXOAY JO aHaji3y IpoIIeCiB
MEepPEMINICHHS! BaHTAXIB MIJAOMHUM KpAaHOM, SIKHA BpaxoByBaB OH 1 3MiHY
XapaKTePUCTHK I[LOTO MPOIIECY y Yaci, 3yMOBJICHY 3MiHAMU MPUBEIACHOTO MOMEHTY
1HepLii CUCTEMH E€JIEKTPONPUBOIA Ta MOMEHTY HaBAHTAXXCHHS I1J] Yac MepeMIILEHHS
BAHTAXY, 1 BIUIMB MO3J0BXKHIX KOJMBaHb, II0 BHHHMKAIOTh Y TpPOCI, Ha SIKUI
MiJBIIIYETbCSl BaHTaX. [lokazaHo, 110 ITHOPYBaHHA IUX OCOOJMBOCTEH MpoIliecy
HNEPEMILEHHS] BaHTaXIB MIJAOMHUM KPaHOM MOXKE NPU3BECTU 1O PYyHHYBAHHS SIK
BaHTaXIB, TaK 1 MaWJaHYMKIB, Ha SKUX I[l BaHTa)Xl BCTAHOBIIOIOTHCS, BHACIIIOK
BUHUKHEHHS 1X YAapHUX 31TKHEHB, 3yMOBJIICHUX BUHUKHEHHSM MO3J0BXHIX KOJIUBaHb
y TpOCi, 10 SIKOTO MIJBIIIEHUNA BAHTAX. 3 BUKOPHUCTAHHSIM CTPYKTYpH 3BHYAITHOTO
nudepeHiaIbHOro PIBHAHHS 31 3MIHHMMHM B 4acl IapaMeTpaMu, SKe 3B’SI3y€
OPUBOJHUM MOMEHT TSATOBOTO €JIEKTPOJBUTYHa 3 MOMEHTOM HAaBaHTa)KEHHS Ta
OPUBEICHHUM MOMEHTOM 1HEpIii CHUCTEeMH eJNeKTPONpPHBOIA, Ta CTPYKTypH
nuepeHIliaIbHOTO PIBHSHHS B YAaCTHHHUX TOXITHUX, SKHUM OIMHUCYETHCS MPOIIEC
BUHUKHEHHS MMO3/I0BXHIX KOJIUBAaHb B TPOCI, 3yMOBJICHUX BITMBOM MacH BaHTaXy Ta
MacH BiJIpi3Ka Tpoca MK OapabaHOM MOro HAMOTYBaHHS Ta TOUKOIO MiABICY BAaHTAXY,
3IMCHEHO CUHTE3 CUCTEMHOT MaTeMaTUYHOT MOJIEIII MPOIIECY MEePEMIIICHHS BaHTAXKY
NiJAOMHUM KpPAaHOM, sIKa BPaxoBYE 1 3MiHY MapaMeTpiB MAaTEMATUYHOT MOJIENI LIbOTO
MpoIleCy y 4Yacl, 3yMOBJICHY 3MiHAaMHU NPUBEACHOTO MOMEHTY IHEpIii CHCTEMH
EJICKTPOINPUBOJA Ta MOMEHTY HAaBAaHTA)KEHHS, 1 BIUIUB IO3/I0BXKHIX KOJWUBaHb, SIKi
BUHUKAIOTh y TPOCI, Ha SIKUI MIJABIIIYETHCS BaHTaX. 3aMpPONOHOBAHO AJTOPUTM

MPaKTUYHOI peasizaiii CHUHTE30BAHOT CHUCTEMHOI MaTeMaTHYHOI MOJEINI MPOIeCy



MEePEeMIIIEHHS! BaHTaXy MITHOMHUM KPaHOM, SIKHH J03BOJISIE TOKPOKOBO OLIIHIOBATH
el MpoIiec B TeMIIi Horo nepeoiry.

HaBeneHo pe3ynbTaTu MOJEIIOBAHHS IMHAMIKU CUCTEMHU €JIEKTPONPUBOJIA TIPH
PO3TOHI, TaJIbMYyBaHHI, ycTajeHid MBUAKOCTI. IIImsxom 3icTaBIeHHS PE3yNbTATIB,
OTpUMaHUX Ha IMITAIlIHHIN MOJIeN1, 3 pe3ybTaTaMH €KCIIEPUMEHTAIBHUX JOCIKEHB
IBOTO X KJacy AMHAMIYHUX CHCTEM, BHUKOHAHMX IHIIMMHU aBTOpPaMH, IOBEACHA
a/ICKBaTHICTh CHHTE30BaHMX MaTeMaTUYHUX Mojienei. JJoBeaeHo, 0 BUKOPUCTAHHS
KJIACUYHOTO PIBHSHHA JIMHAMIKA CHUCTEMH EJIEKTPOIPHUBO/AA, SIKE MICTUTh CTaJIUN
MOMEHT iHepuii 1 cTanuii MOMEHT HAaBaHTAXKEHHS, MPHUBOJIUTH O MOXUOOK IpH
OITIHIOBAHHI TPOIIECIB, IO CYNPOBO/KYIOTh MIJHIMAHHS Ta OIYCKaHHS BaHTaXIB
MIJAOMHUMHU KpaHamMH. A 1€, Y B CBOIO 4Yepry, HE J03BOJISIE JOCTATHbO TOYHO
CIIPOTHO3YBAaTH MOBEAIHKY CUCTEMH B PI3HUX PEKUMAX POOOTH.

CHHTE30BaHO 3aKOH OINTHMMAJIbHOIO KEPYBAaHHS OJHUM KJIacoM OO’€KTIB 3
napamMeTpamMu, 3MIHHUMH B 4Yacl Ta MpPOCTOpl, JI0 SAKOrO BIAHOCATH CUCTEMY
€JIEKTPONPUBOIA MIAMOMHOTO KpaHa, OCKUIBKH Y L1 CUCTEMI €IEKTPOIPUBOA MAIOTh
MiCIIe 1 3MIHa XapaKTePUCTUK TMPOIECY MEepPEeMIIIEHHsI BaHTaXiB y Yaci, 3yMOBJICHA
3MIHAMU TOPHUBEACHON0O MOMEHTY 1HEpIIl CHUCTEMH €JIEKTPONPHBOJA Ta MOMEHTY
HABAaHTAXKEHHS 1] Yac MEPEeMIIICHHS BaHTaXy, 1 BIUIMB MOB3JI0BXKHIX KOJIUBaHb, SIKi
BUHUKAIOTh y TPOCI, HA SKUA MIABIIIYEThCS BaHTaX. SIK Kpurepiid onTumizauii
BUKOPUCTAHO (YHKIIOHAN Yy BHIJISAI 1HTErpajia BiJ KBajpara BIIXWIECHb peanbHOI
KYTOBOI IBHIKOCTI IIPUBOTHOTO €JICKTPOIBUTYHA ITIIHOMHOTO KpaHa Bif 11 i7eaabHO1
Tpaektopii. [Ipy cuHTE31 3aKOHY ONTHUMAILHOTO KEPYBaHHS BUKOPHCTAHO CTBOPEHY
MaTEeMaTUYHy MOJIeNb TMPOIECIB TEPEMINICHHS BaHTaXy MIAMOMHUM KpaHOM,
CTPYKTypa sIKOi MoOyJ0BaHA 3 BHUKOPUCTAHHSM SIK 3BUYAHOTO NHU(EPEHIATIBHOTO
PIBHSIHHS 31 3SMIHHUMU B 4acl apaMeTpamH, sIKe 3B’ s13y€ TPUBOJIHUI MOMEHT TATOBOTO
€JIEKTPOJIBUTYHA 3 MOMEHTOM HABAaHTA)KEHHSA Ta IMPUBEACHUM MOMEHTOM 1HepLii
CUCTEMHU EJIEKTPONPUBO/IA, TAK 1 TM(PEepEeHLIIaIbHOTO PIBHSHHS B YACTUHHUX MOX1HUX,
SKUM OIHCYETHCS MPOLIEC BUHUKHEHHS MOB3/I0BXKHIX KOJUBaHb B TPOCI, 3yMOBJIEHUX
BIJTUBOM MAacH BaHTaXy Ta MAacH BiJIpi3Ka Tpoca MK O6apabaHOM HOTO HAMOTYBaHHS
Ta TOYKOIO MiJBiCY BaHTaxy. [lokazaHo, 110 peani3ali€lo CUHTE30BAHOIO 3aKOHY

ONTUMAJIBHOTO KEPYBaHHS €JIEKTPONPHUBOJIOM IMiIHOMHOTO KpaHa JOCATAIOTHCS TaKi



XapaKTEPUCTHKU TIPOILIECY TIEPEMIIICHHs] BaHTAXIB, SKI  YHEMOXJIHBIIOIOTH
pyHHYBaHHS SIK BaHTaXXI1B, TaK 1 MaliJJaHYMKIB, HA SIKUX 111 BAHTAK1 BCTAHOBIIOKOTHCS,
OCKUJIBKH TPOIIEC MEePEeMIIICHHS BAHTAXYy 3/IIMCHIOEThCS 0€3 1X YJIapHUX CITIBIOTHKIB,
00yMOBJICHMX BHHHKHEHHSM ITOB3/I0BXKHIX KOJHMBaHb B TPOCI, 0 SKOTO IiIBIIICHUN
BaHTaX. 3alpOINIOHOBAHO AJITOPUTM NPAKTUYHOI peasizailii CHHTE30BaHOTO 3aKOHY
ONTHMAJIBHOTO KEPYBaHHS CHCTEMOIO €JIEKTPONPUBOJA TITHOMHOTO KpaHa SK
JUHAMIYHOTO 00’€KTa 3 mapamMeTpaMu, 3MIHHUMH B 4acl Ta MPOCTOPi.

Buxonsun 3 ¢i3uku 1porieciB, IO BiOYyBalOThCA y BHUMIPIOBAIBHUX
TpaHchopMaTopax CTpyMy, YTOUYHEHO ICHYIOYl XapaKTePUCTUKH IHX IPOIIECIB Ta 1X
MaTeMaTH4YHI MOJeJl K CTAaTH4YHI, IO XapaKTePHU3YIOTh 3aJICKHICTh JIHCHOTO
3HAYEHHS BHUXIJIHOTO CTPYMY BIJ BXIJHOrO, TaK 1 JMHAMIYHI, IO XapaKTE€PU3YIOTh
MepexiiHl Mpolecu B OOMOTKax UOuX TpaHc(hOpMaTopiB MpH MEpexoal iX
MarHiTOMPOBO/IIB BiJl HCHACUYEHOTO CTaHy JI0 HACHYEHOTO 1 HaBIAKH.

Buxonsun 3 i3uku mpoueciB, MmO BiIOYBAalOThCA Y  JIBOKACKaIHUX
TpaHchopMaTopax CTpymy, 3alIpOIIOHOBAHO HOB1 MOJIEJII IIMX MPOIIECIB 1 TOKA3aHO, 10
3araJbHOMPUIHSATA 3aCTylHa cXeMma TpaHcdopmaTopa IHOTO KIacy HE MOXKeE
BUKOPHCTOBYBATUCH ISl PO3PAaxXyHKIB MOro peXUMIB B IIMPOKOMY Jiama3oHl 3MiH
BUMIPIOBAaHOTO CTPYMY.

Kntouogi cnosa: TAToBUN €IEKTPONPHUBOJ, BAaHTAXKOMIIINMAIbHUN MEXaHI3M,
MareMaThyHa MOJAENb, MOJCIIOBAHHS, 3aKOH ONTHMAJIBHOTO  KEPYBaHHS,
TpaHc(hopMaTop CTpyMmy.
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In the dissertation the scientific problem on creation of methods of synthesis and
identification of mathematical model of one class of linear dynamic systems which
considers variability of parameters in time and in space is solved, on its basis the law
of optimum control of one class of objects with parameters variable in time is
developed. and space. Introduction of the specified law in control systems of electric
drives of load-lifting mechanisms will allow to optimize characteristics of process of
movement of freights, to prevent destruction of both freights, and platforms on which
these freights are established as process of moving of freight is carried out without their
shock contacts caused by occurrence of suspended load. The obtained results also
supplement the theory of synthesis and identification of mathematical models of one
class of linear dynamical systems in terms of solving problems of taking into account
the variability of parameters in time and space. The following results were obtained as
a result of the dissertation research.

The dissertation analyzes scientific papers published on the topic of the
dissertation and shows that: first, the authors of scientific papers in their work used to
analyze the processes in electromechanical systems of cranes and skip winches of
mines, the classical equation of electric drive dynamics, which is not correct, because
the parameters of this class of systems in the process of lifting and lowering loads
change over time; secondly, in all the considered works aimed at neutralizing elastic
oscillations in the crane mechanism system when lifting / lowering the load, it is
established that the variable moment of inertia of the drum on which the cable is wound
and unwound to which the load is suspended is not taken into account. And the
assumption that at a constant speed of rotation of the rotor of the traction motor of the
crane mechanism, the linear speed of lifting / lowering the load will also be constant,
Is not valid. It will either increase or decrease, so the above angular velocity
stabilization systems "mask™ the unstable linear speeds of lifting / lowering loads;
thirdly, to ensure the serviceability of the traction induction motor during continuous
operation with overload or close to overload, it is necessary to provide control of the
magnitude of the phase currents of the stator to prevent deterioration of the motor

characteristics or its failure.



A method for identifying a mathematical model of one class of linear dynamic
systems with variable parameters, which includes a traction crane with variable
parameters due to changes in the time of the moment of inertia of the flywheels and
changes in the time of loading of the traction motor during lifting. The calculated
relations are proposed and substantiated, by means of which the changes in time of the
reduced moment of inertia of the traction electric drive, caused by winding and winding
of the cable to which the load is suspended, on the coil connected through a reducer to
the motor shaft are determined. The calculated ratios are also proposed and
substantiated, by means of which changes in time of the moment of loading caused by
shortening and lengthening of a cable to which the load is suspended, as a result of
raising or lowering of this load are defined. A step-by-step algorithm for determining
all parameters of the mathematical model of crane electric drive dynamics with time-
varying moment of inertia of flywheels and moment of loading is developed. The
results of modeling the dynamics of the electric drive system during acceleration,
braking, steady speed, idling and reverse of the traction motor taking into account
variable parameters and using a mathematical model identified by specific passport
characteristics of the traction motor, reducer and cable in graphical software
environment M and Sim. A comparative analysis of the obtained results is performed
and it is shown that the use of the classical equation of dynamics of the electric drive
system, which contains a constant moment of inertia and a constant load moment, leads
to significant errors, even despite smooth speed control using frequency regulators for
induction motors and power transistors. DC motors by changing the voltage applied to
the armature of the motor.

The necessity of a systematic approach to the analysis of cargo moving processes
by a crane is substantiated, which would take into account the change of characteristics
of this process in time due to changes in the moment of inertia of the electric drive
system and the moment of loading during cargo movement, and the influence of
longitudinal oscillations. the load is suspended. It is shown that ignoring these features
of the process of moving loads by a crane can lead to the destruction of both loads and
areas where these loads are installed, due to their impact collisions due to longitudinal

oscillations in the cable to which the load is suspended. Using the structure of the



ordinary differential equation with time-varying parameters, which connects the
driving moment of the traction motor with the load moment and the reduced moment
of inertia of the electric drive system, and the structure of the partial differential
equation, which describes the process of longitudinal oscillations in the cable. load and
the mass of the cable segment between the drum of its winding and the point of
suspension of the load, the synthesis of a systematic mathematical model of the process
of moving the load by crane, which takes into account changes in the mathematical
model of this process over time due to changes in the inertia of the drive system.
longitudinal oscillations that occur in the cable on which the load is suspended. An
algorithm for the practical implementation of the synthesized system mathematical
model of the load moving process by a crane is proposed, which allows to evaluate this
process step by step in the rate of its flow.

The results of modeling the dynamics of the electric drive system during
acceleration, braking, steady speed are presented. By comparing the results obtained
on the simulation model with the results of experimental studies of the same class of
dynamical systems performed by other authors, the adequacy of the synthesized
mathematical models is proved. It is proved that the use of the classical equation of
dynamics of the electric drive system, which contains a constant moment of inertia and
a constant moment of loading, leads to errors in estimating the processes that
accompany the lifting and lowering of loads by cranes. And this, in turn, does not allow
you to accurately predict the behavior of the system in different modes.

The law of optimal control of one class of objects with parameters variable in
time and space is synthesized, which includes the crane electric drive system,
fragments in this electric drive system take place and the characteristics of the load
moving process in time due to changes the moment of loading during the movement of
the load, and the influence of longitudinal oscillations that occur in the cable on which
the load is suspended. As an optimization criterion, a functional in the form of an
integral of the square of the deviations of the real angular velocity of the crane drive
motor from its ideal trajectory is used. In the synthesis of the law of optimal control
the created mathematical model of processes of cargo movement by the crane which

structure is constructed with use as the usual differential equation with time variables



connecting the driving moment of the traction electric motor with the moment of
loading and the resulted moment of inertia of the electric drive system is used.
differential equation in partial derivatives, which describes the process of occurrence
of longitudinal oscillations in the cable due to the influence of the mass of the load and
the mass of the segment of the cable between the drum of its winding and the point of
suspension of the load. It is shown that the implementation of the synthesized law of
optimal control of the electric crane drive achieves such characteristics of the process
of moving goods that prevent the destruction of both goods and areas where these loads
are installed, because the process of moving cargo is carried out without their shock
contacts , to which the load is suspended. An algorithm for the practical
implementation of the synthesized law of optimal control of the crane electric drive
system as a dynamic object with parameters variable in time and space is proposed.

Based on the physics of the processes occurring in measuring current
transformers, the existing characteristics of these processes and their mathematical
models are clarified, both static, which characterize the dependence of the actual value
of the output current on the input, and dynamic, from unsaturated to saturated and vice
versa.

Based on the physics of processes occurring in two-stage current transformers,
new models of these processes are proposed and it is shown that the generally accepted
substitute circuit of a transformer of this class cannot be used to calculate its modes in
a wide range of measured current changes.

Keywords: traction electric drive, hoisting mechanism, mathematical model,

modeling, law of optimal control, current transformer.
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