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1. OnTumiszauis AMHAMIYHUX PEKUMIB €JIEKTPUYHUX MAIIVH 3 BUKOPUCTAHHSIM JPOOOBO-iHTEIPaJIbHUX PETyJISITOPIB.

2. Optimization of dynamic modes of electric machines using fractional-order integral controllers.

Pedepar:

1. O6'exTy HOCTiAKEHHS B MTUCEPTALiHOI POOOTi — €JIeKTPOMEXaHiYHi CUCTEMU, XapaKTEPHOIO OCOBJIMBICTIO SIKUX €
HasIBHICTb CYTTEBOI CTEIIEHEBO] 3aJIe>KHOCTi B MaTeMaTUYHOMY onuci. Yepes 1ie BUHMKAaIOTh IPO6JieMu IIPU BUGOPi
CTPYKTYpH Ta NapaMETPIB PeryysiTopiB. 30KpemMa, B IBUTYHi IIOCTIHHOTO CTPyMY 3 IIOCJIiJOBHUM 30y KEHHSIM,
BEHTUJIbHO-PEaKTUBHOMY ABUTYHi Ta €JIeKTPOMArHiTHUX rajibMax MOXe BifJ0yBaTHCsl HACUYE€HHSI MarHiTHOI
CHUCTEMU B CTATUYHUX i IMHAMIYHUX PEXKUMax. 3aCTOCOBAHUI B POOOTI anapaT Apo6OBO-iHTErpasbHOTO YHCJIEHHS
I03BOJIsIE TaKi HEJIiHiMHI 06'€KTU ONMCATHU 3 BUCOKOIO TOYHICTIO JIiHITHMMU NlepeiaBajlbHUMK QYHKIISIMU
Ipo60BOro nNopsaaxy. Tak, st SKipHOTO JIaHIIOra ABUTYHA [TOCTIHOTO CTPYMY 3 MOCJIifOBHUM 30yI>)KEHHSIM TaKa
arpoKCcHUMaliis fae HallMeHINy cepeHbOKBaApaTUYHy ox1oKy. Kom6inauis 3BuyaitHoro PID-perymstopa ¢

I po60BO-iHTErpaIbHUMU CKIafoBuMu nopsaky 0.35 i 1.35 3abesnedye HalKpallly SIKiCTb II€PEXiIHOro NPOoLecy —
CTPYM JOCSITa€e 33JaHOr0 3HAUYEHHSI MaKCUMaJIbHO IIBUJIKO 6€3 nepeperyaoBanHs. [1o-gpyre, BEHTUIIbHO-
PEaKTUBHUI IBUTYH, B MOJIEJIi SIKOTO HEOOXiIHO BPaxOBYBAaTH CTENEHEBi 3a/1€XKHOCTI, IIPYU ONUCI NepexiHUX

IIPOLIEeCiB WIBUAKOCTI IIPY CTPUOKY HaIlpyTry allpOKCUMOBAHUM anepionnyHoI0 QpyHKLieo nopsaky 0.7. 3 cimericTsa



IOCIIIPKEHUX PETYJISTOPiB TpaauLiiiHuii PI-perynsatop 3 0JaTKOBUMU IPOOOBO-iHTETPaIbHUMU CKIIaJOBUMU
nopsaxy 0.7 1 1.7 3a6e3neyrB acTaTu3M KOHTYPY WIBUAKOCTI OPsAKY 1.7 i HaliMeHIle IiepeperyJsiioBaHHs. TpeTii
IOCTiIKEeHM 00'eKT — eJIeKTPOMAarHiTHi rajbma, 110 BCTAHOBJIIOIOTHCS Ha BeLlyyi Kojieca aBTOMOOIIS 1715
HaJIAITyBaHHS ABUTYHA BHYTPIIIHBOTO 3rOPSIHHS — TAKOX ITiCJIsl TECTYBAHHS HANOibII TOYHO ONKUCAHO
nepenaBanbHOIO QYHKIIEIO TPpO6OBOTO NOPANKy. 3a noriomoroio PIDIolu-perynstopa, mo 3a6e3neynB acTaTu3m
3aMKHEHOT0 KOHTYpY Nopsiaky 1.63, mocsrHyTo crabinisaliio mBUAKOCTI 06€pTaHHS JBOX KOJIiC 6€3 IPOTU(a3HUX
KOJIMBaHb i TOYHE BiJIIpalloBaHHS TPUKYTHOI Taxorpamu. TakuM YMHOM, 3aBJSIKU aniaparty Apo60BO-iHTErpasbHOTO
YHUCJIEHHS, 3a0€3MeuyeThCs Oi/IblI TOYHA ineHTHdiKallisg napaMeTpiB 06'eKTa, MaTeMAaTUYHUI ONUAC 3BOIUTHCS 10
JIiHIAHYX NepenaBaJbHUX QPYHKLINA IPOGOBOro NOPSAKY, B 3aMKHEHUX CUCTEMax MOXXHA 3a0e31eYnTH aCTaTU3M
Ipo6osoro nopsiaky 1.3...1.7 i gomorTucs Kpauoi SIKOCTi epexifiHUX MPOoLeciB, HiK IPY BUKOPUCTAHHI KJIACUYHUX
METOJIIB.

2. Objects of research in the dissertation - electromechanical systems, a characteristic feature of which is the
presence of a significant power dependence in the mathematical description. Because of this, there are problems
in choosing the structure and parameters of the controllers. In particular, in a DC motor with sequential
excitation, a switched reluctance motor and electromagnetic retarders, the magnetic system can be saturated in
static and dynamic modes. The fractional-integral calculus used in the work allows to describe such nonlinear
objects with high accuracy by linear transfer functions of fractional order. Thus, for the armature circuit of a DC
motor with sequential excitation, such an approximation gives the least root mean square error. The combination
of a conventional PID controller with fractional-integral components of the order of 0.35 and 1.35 provides the
best quality of the transient process - the current reaches the reference value as quickly as possible without
overshoot. Secondly, the switched reluctance motor, in the model of which it is necessary to take into account
power dependences, is described by the aperiodic function of the order of 0.7 when describing the transient
processes of the speed during a voltage jump. From the family of studied controllers, the traditional PI-controller
with additional fractional-integral components of the order of 0.7 and 1.7 provided the astaticism of the speed loop
of the order 1.7 and the smallest overshoot. The third object studied - electromagnetic retarders mounted on the
drive wheels of the car to tune the internal combustion engine - also is most accurately described by the transfer
function of the fractional order. With the help of the PIDIoIu-controller, which provided the closed-loop astaticism
of the order of 1.63, the stabilization of the speed of rotation of the two wheels without antiphase oscillations and
the exact trajectory of the triangular tachogram were achieved. Thus, thanks to the apparatus of fractional-
integral calculus, more accurate identification of object parameters is provided, the mathematical description is
reduced to linear transfer functions of fractional order, in closed systems it is possible to provide astaticism of
fractional order 1.3 ... 1.7 to achieve better quality of transients than using classical methods.
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