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1. HaykoBi 0CHOBY BUOOPY ONTHMAaJIbHUX I1aPaMETPIB Ta PEXXUMIB pOOOTH CUCTEM OXOJIOIKEHHSI aCUHXPOHHUX

TATOBUX JIBUTYHIB €JIEKTPOTPAHCIIOPTY

2. Scientific bases of a choice of optimum parameters and operating modes of cooling systems of asynchronous
traction engines of electric transport

Pedepar:

1. Incepralist NpucBsY€Ha CTBOPEHHIO HAYKOBUX OCHOB LOJI0 BUOOPY ONTHMAaJIb-HUX [1apaMeTPiB Ta PEe>KUMiB
POOOTH CUCTEM OXOJIOIPKEHHS aCUHXPOHHUX TATOBUX ABU-TYHIB €JIEKTPOTPAHCIIOPTY. PO3p0O06IeHUIT alrOpUTM
pimeHHs piBHsSHHS [aMinbToHa-SK06i-bennmana 11 3a2a4i pyxy €J1eKTPOPYXOMOTO CKJIaAy Ha AiISHI HIISAXY i3
3aaHuM npodinem i rpadikom pyxy, IO 03BOJISIE CTBOPUTH €KCIIEPTHY CUCTEMY YIIPABJIiHHS PYXOM.
OC06MBOCTSIMU LIbOTO AJITOPUTMY € 3aCTOCYBaHHS MITpadpHUX QYHKIIN 17151 OIUCY OOMEKEeHb, 1110 HAKJIAJAThCs
rpaikom pyxy: LOCSITHEHHS IIOTITOM KiHIIEBOTO NYHKTY 3a 33JJaHMI 4ac pyxy, OOME>KeHHI IIBUAKOCTI Ha AiISHKaX
LJISIXY, @ TAKOX BiICYTHICTb ITPOCTOIB MOTSTY B ITpoLieci pyxy. €QMHUIN Nigxif mTpadHuX QYyHKLINA 3aCTOCOBAaHUI

TaKOX JJ151 BBE/ICHHSI OOMEXKeHb 110 34eryIeHHI0. Takuil mifxif J03BOJIsSI€ 3HAYHO TTOHU3UTY BUTPATH



PO3PaxyHKOBOI'O 4acy i CIPOCTUTH NPOLENYPH PO3PAXYHKY BUTPAT eHeprii. CTBOpEHa MaTEMATAYHA MOJEJIb [JIsT
BH3HAUYeHHS e(PeKTUBHOCTI TSATOBOTO IIpU-BoAy. Monesb BKIOYae B cebe BU3HAUEHHSI OCHOBHUX BTPAT Y
ACMHXPOHHOTIO TATOBOTO JBUTYHA 3 YPaxXyBaHHSM HACUYE€HHS MArHiTHOI CUCTEMHU, 1O BUHAYAETHCH 3 PE3YJIb-
TaTaMu BUPILIEHHS PEKYPEHTHOTO HEJIiHIMHOTO piBHAHHA. TaKOX y MOJi€Jli BpaxOBaHi BTPAaTU Bil BULMX FAPMOHIK
HAIpYTH B Mifli Ta cTasli, a TAKOXX MEXaHi4Hi Ta JOJATKOBI BTpaTH. B po3po6iieHiil Mozesli BpaXxOBYIOTbCSI CTaTU4HI Ta
nyHamivyHi BTpaTu y IGBT TpaHaucTopax Ta Aiofax HaliBIPOBiIHUKOBOrO IepeTBopioBaya. Po3pobyeHo metoy,
oNnTUMi3allii NapaMeTpiB Ta pe>XKUMiB pOOOTU CUCTEM OX0JIO-IKEHHSI aCHHXPOHHUX TSTOBUX JIBUTYHIB
€JIEKTPOPYXOMOTO CKJIAy, sIKill CKJIaJIA€ThCS 3 HACTYITHUX OCHOBHUX €TalliB: BUSHAYEHHS ONTUMAJIbHUX PEXKUMIB
POOOTH TSATOBOTO MPHBOAY Ha OCHOBI 3a[IPOTIOHOBAHOI0 BHpa3y e(peKTUBHOCTI TATOBOIO IIPUBOAY; BU-3HAUYEHHS
ONTHMMAaJIbHUX PEXXUMIB PyXy €JIEKTPOPYXOMOIO CKJIZly 3a KPUTEPieM MiHIMyMy BUTpAaT; BUPilIEHHS TArOBOI 3a/1a4i
PYXy Ha gingHui Kosii ¢ 3agaHnm rpagikom pyxy Ta npodisnem Kosii, a TaKoX BU3HAYEHHSIM 3aJIEXKHOCTI 3MiHU BTpPaT
B €JIEMEHTAaX TSATOBOrO JBUTYHA 32 YACOM; BUOOPY [1apaMeTpiB Ta PE>KUMiB POOOTU CUCTEM OXOJIO-/>KEHHSI TSITOBUX
IBUT'YHIB, sIKi 0OYMOBJIIOIOTh €(PEKTUBHICTb CUCTEMU OXOJIOJKEHHS Ta BEHTUJIALII €J1eKTPOPYXOMOT'O CKJIaLy;
BUPIlLIEHH 3a7a4i yMOBHOI MiHiMi3alii cucTeMu OX0JIOIKEHHS TATOBOr'O IBUTYHA 32 MOJEPHI30BaHUM KPUTEPiEM
€KOHOMIYHOi e(pe-KTUBHOCTI Ha OCHOBI MeTOMy Beiis 3a y3aralbHEHUM 30JI0TUM IIEPETUHOM Ta 3a/a4i aHali3y
CHCTEMU BEHTUJIALII i OXOJIOZPKEHHS TSITOBUX JBUTYHIB, sIKa CTBOPEHa Ha 6a3i MaTeMaTUYHOI MOZeJIi TeryIoBUX

pe)KI/IMiB ABUTYHA 3a y3arajlbHEHOIO €KBiBaJIEHTHOIO TETJIOBOIO CXEMOIO.

2. The thesis is devoted to the creation of scientific foundations for the selection of optimal parameters and
operating modes for cooling systems for asynchronous traction motors of electric transport. An algorithm for
solving the Hamilton-Jacobi-Bellman equation for the problem of the motion of an electric stock on a section of a
track with a given profile and a traffic schedule is developed. That makes it possible to create an expert control
system for motion. Features of this algorithm is the use of penalty functions to describe the restrictions imposed
by the traffic schedule: the train reaches the destination point for a given driving time, the speed limit on the
sections of the track, and the absence of train idle time during the movement. A single approach to penalty
functions is also applied to introduce constraints on the adhesion. This approach allows to reduce significantly the
costs of the estimated time and to simplify the procedures for calculating energy costs. A mathematical model is
created to determine the efficiency of the traction drive. The model includes the determination of the main losses
in an asynchronous traction motor, taking into account the saturation of the magnetic system, which is
determined by the results of solving a recurrent nonlinear equation. Also, the model takes into account losses from
higher harmonic stresses in copper and steel, mechanical and additional losses. The developed model takes into
account static and dynamic losses in IGBT transistors and diodes of a semiconductor converter. A method for
optimizing the parameters and operating modes of cooling systems for asynchronous traction motors of the
electric stock is developed. It consists of the following main stages: determination of the optimum mode of the
traction drive operation on the basis of the proposed expression of its efficiency; determination of optimum modes
of movement of the electric stock by the criterion of minimum costs; solution of the traction problem of motion on
a section of the track with a specified traffic schedule and the track profile, as well as the determination of the
dependence of the change in losses in the elements of asynchronous traction engines in time; choice of
parameters and operation modes of cooling systems for asynchronous traction motors, which determine the
efficiency of the cooling and ventilation system of the electric stock; solution of the problem of relative
minimization of the cooling system for asynchronous traction motors with a modernized criterion of economic
efficiency based on the Weil method on the generalized golden section and the problem of analyzing the
ventilation and cooling system of traction motors, which is based on the mathematical model of thermal motor
conditions by the generalized equivalent thermal scheme.
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