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Ha cydacHOMy 3ali3HUYHOMY TSATOBOMY pPYXOMOMY CKJIaJl  IIMUPOKO
BUKOPUCTOBYIOTHCA aCHUHXpOHHI enekTpoasurynn (AJl). HaiGinpm dvacto s
peryyoBaHHs IIBMJIKOCTI Ta o00epTaibHOro MOMEHTY AJl BHKOPUCTOBYIOTHCS
MEePEeTBOPIOBAYl YacTOTH, $KI NPALIOIOTh 3 CUHYCOiNaJbHOK a00 MNPOCTOPOBO-
BEKTOPHOIO HIMPOTHO-IMIYJIbCHOIO Moy sitieto (LLIM) [1, 2].

[TinBuIIEHHS eHeproeEeKTUBHOCTI ACHHXPOHHOTO E€JIEKTPOIPUBOAY € BaKJIMBUM
HaMpsSIMKOM PO3BUTKY €JIEKTPOTeXHIKU Ta enekrpomexaHiku. [ligBumenns KK
ACHHXPOHHUX €JICKTPOJIBUTYHIB MOB’SI3aHO 31 30UIBIIEHHSM TMOJIOCIB, 3HIKEHHSIM
ornopy oOMOTOK Ta 301IbllIeHHAM Koedirienta notyxkHocti [3, 4]. Kpim Toro, ans
3a0e3nedyeHHss MakcumanbHOro KKJI acHHXpOHHOTO JBUTYHA PALIIOHATBHUM € HOro
BUKOPHUCTAHHSA 3 IOBHUM (HOMIHAJIbHUM) HAaBaHTA)KEHHSIM.

BaxmmBuMm Takox € migBumenHs KKJI  meperBoproBadiB  4acTOTH B
ACMHXPOHHOMY eJieKTpornpuBoai [5, 6]. 3HWKEHHS BTpaT MOTYKHOCTI B CHCTEMI
«TEePETBOPIOBAY YACTOTH — ACHHXPOHHHUN JBUTYH», KPIM KOHCTPYKTHUBHHX METOJIIB,
MOe OyJIh TOCATHEHO 3a PaXyHOK 3aCTOCYBAHHS aJITOPUTMIYHUX METOMIB (CHCTEMHU
KepyBaHHS  abo  pexumu  pobotu).  BiabmicTe  3araabHOMPOMHUCIOBHUX
MEPETBOPIOBAYIB YAaCTOTH MalOTh MOXJIMBICTH KOH(QIrypalli Ta 3aBAaHHS YacTOTH
MoayJssii. [Ipu 301IbIIEeHH] YacTOTH MOIYJISIIT 301IbIIYIOTHCS BTPATH MOTY>KHOCTI
B CWIOBHMX KJIHOYaxX aBTOHOMHOro iHepropa Hampyru (AIH). ¥V Ttoit xe uwac mnpu
30UTbLIEHH] YaCTOTH KOMYTAllli MOKPAULY€e€ThCS CHUHYCOINANbHICTh (Pa3HOTO CTPYyMY
1HBEpPTOpa, BHACHIIOK YOT'O 3HMXKYIOThCSI JOJATKOB1 BTPATH MOTYHOCTI B 0OMOTKax
A/l Bi1 BUIIIUX TapPMOHIK.

CnotBopeHHs (pazHOTro CTpyMy 3 KoedilliEHTOM TapMOHIYHUX CIOTBOpeHb S0 %
CHpUYMHSE 30UTbIIEHHS! BTPAT MOTYKHOCTI B €JIEKTPUUYHINA Mepeki MPUOIM3HO Ha
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25%. Takum 4YMHOM, OJHUM 13 MNUISXIB TOKpAUIeHHS eHeproeeKTUBHOCTI
ACUHXPOHHOTO €JIEKTPONPUBOJTY 3 TIEPETBOPIOBAYEM YACTOTH € ONTHUMI3allisl YaCTOTH
KOMYTaIlil CUJIOBUX KJIIOYIB.

ImiTaniiiny Moellb aBTOHOMHOI'O 1HBEPTOpa HANIPYTH 3 ACUHXPOHHUM JIBUTYHOM,
po3pobJieHy y mporpamMHomMy cepenoBuini Matlab, HaBeneno Ha pwuc. 1.
MopemtoBanus pob6otu cucremu AIH—-AJl BUKOHaHO TIpM HOMIHAJIBHOMY
HaBaHTaXEHHI JIBUTYHA (HOMIHAJIBHOMY MOCTIHHOMY MOMEHTI OINOpPY 1 HOMiHAJbHIM

MIBUIKOCTI).
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B mnpomeci moxaentoBaHHS 3MiHIOBajgach Jjuiie dvactora moxyisamii ITIM i,
BIIMOBITHO, YaCTOTH KOMYTaIlli CHJIOBUX KIIFOYiB. 3a pe3yibTaTaMH MOJICITFOBAHHS
BEJIMYMHA TEPIIOi TapMOHIKM BUXIAHOI HAmpyrd Ta BUXIAHOTO CTPyMy BiJl 3MIHU
YaCTOTU MOYJISIIi MPAaKTUYHO HE 3MIHIOETHCS, MPOTE BMICT BHUIIUX TapMOHIK 3
poctoM  uyacrotu  IIIM  3HMXKYeETbCS,  BHACHIIOK  4YOIO  3HUKYETHCS
CEepEeIHbOKBAAPATUYHE 3HA4YEHHS (PA3HOTrO CTpyMy 1, BIAMOBITHO, 3HUKYIOTHCA
BTpAaTH MOTYXHOCTI B AKTUBHOMY OIIOP1 OOMOTOK JIBUT'YHA.

Buxoasun 3 mpoBenenux npociaiypkenb AIH Ha cuimoBux TpaH3ucTOpax THUILY
PS21A79 ta A/l notyxHictio 3,7 kBT ontumansHOI0 yactoToro Moaysiii B I1IIM e
gactoTa 1200 ', IIpu upboMy BapTO 3a3HAYUTH, 11O B JAianazoHi yacTtot Bix 1 k' 10
2 kI'l cyMapH1 BTpaTu MOTY>KHOCTI pOCTYTh HECYTT€BO. B JianmazoHax 4acTOT HIKYE
1 I’y Ta Bute 2 k[ 11 BTpaTH MOTYKHOCT1 3pOCTaIOTh.
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Recuperation braking in railway transport is the process of converting the kinetic
energy of train movement into electrical energy by traction electric motors operating
in generator mode. The generated electrical energy is transmitted to the contact
network, unlike rheostat braking, in which the generated electrical energy is
extinguished on the braking resistors, that is, it is converted into heat and dissipated
by the cooling system [1, 2].

Recuperation braking is used to slow down electric rolling stock in cases where it
is going down a relatively gentle slope and the use of an air brake is irrational. That
is, recuperation braking is used to maintain a set speed when the electric rolling stock
moves downhill. This type of braking provides significant energy savings, as the
generated electrical energy is transferred to the catenary network and can be used by
other electric rolling stock on this section of the catenary network [3, 4].

One of the disadvantages of DC substations is that they cannot return recovery
energy from the DC network to the AC network unless the substation has
recuperation inverters. Recuperation electric brakes can only work when the braking
electric rolling stock is simultaneously accelerated by another electric rolling stock.
Since the protection control of the on-board converter depends on the voltage of the
catenary network on the pantograph, the functioning of the recuperation braking
under such conditions cannot be guaranteed. When the recuperation braking force is
insufficient, mechanical pneumatic braking is additionally used to compensate for the
braking force. The energy absorbed by the mechanical brake is lost due to heating
and wear of the brake disk, which requires periodic maintenance of the rolling stock.
The concept of pure electric braking creates a strategy for making the most efficient
use of recuperation electric braking [5, 6].

In railway traction, there are two challenges to making full use of recuperation
electric braking:

— determining the speed of movement at slow speeds is difficult, therefore
electrical braking is replaced by mechanical braking at very low speed;
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