IHPOPMAILUIMNHO-KEPYIUYI

CUCTEMU HA 3AJI3Z3HUYHOMY TPAHCIOOPTI

In programs of the scheme of technical modeling of
SPICE type, such as Multisim, LT-spice, TINA,
MicroCap, modeling of volt-ampere processes is more
exact. Transistor models in SPICE simulation take into
account the on and off time of transistors and take into
account the dynamic losses in transistors. However, the
above programs allow you to simulate only low-power
transistors, as models of high-voltage power IGBT-
transistors in these programs simply do not exist. When
determining the power loss of IGBT-transistors, the
following dependences are basic:

— the dependence of the voltage between the collector
and the emitter on the collector current (volt-ampere
characteristic (VAC) of the transistor);

— VAC of the reverse diode;

—the dependence of the power of the transistor, the
power of the transistor, as well as the recovery energy of
the reverse diode from the current of the emitter of the
transistor.

The process of current and voltage switching in the
IGBT-transistor and the graphical distribution of static and
dynamic losses is shown in Fig. 2.
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Fig. 2. The process of switching current and voltage in the IGBT-transistor

It should be noted that the energy characteristics of the
transistor at a temperature of 25 °C and 125 °C are quite
different and with increasing temperature, the losses in the
transistor increase.
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EHEPI'OPECYPCO3BEPEXEHHA Y
CUCTEMAX EJEKTPUYHOI TATHU

st cucTeM eNeKTPUYHOT TATH MOXKHA BHUIUTUTH Taki
KIIOYOBI  TEHJCHILII y  eHEepropecypco30epekeHHi:
BUKOPHUCTAHHS Ha PYXOMOMY CKIa[i CY4acHOTO TATOBOTO
€JICKTPOIIPHUBO]I, 3aCTOCYBaHHA KOMOiHOBaHHX
SHEePreTHYHUX  YCTaHOBOK, YIOCKOHQJICHHS  CHCTEM
TATOBOTO  EJISKTPOIIOCTAYaHHA LUIIXOM 3aCTOCYBAaHHS
HAKOTIMYIyBaviB €Heprii. BakIuBUM Takox € 3a0e3rmedeHHs
ONTHMAJIBHOTO YIPABIiHHA €HEPreTHYHUMHU IOTOKAMH SK
MDK TATOBUM €JICKTPOIPUBOZOM Ta CHJIOBOIO YCTaHOBOIO
Ha PYXOMOMY CKJIaJi, TaK i MIX DPYXOMHM CKJIQJIOM 1
CHCTEMOIO TATOBOTO EJIEKTPOIIOCTAauYaHHs B LIIIOMY.
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IHPOPMAILUIMNHO-KEPYIUYI

CUCTEMU HA 3AJI3Z3HUYHOMY TPAHCIOOPTI

IIpnu BUPOOHMIITBI PyXOMOT0 CKIaxy
3araJIbHOBKMBAHOKO  IPAKTHKOIO €  3aCTOCYBaHHA
ACHHXPOHHOTO TATOBOrO eneKkTponpusoxy. llokpamieHHs
HOT0  TATOBO-CHEPETTUYHHUX TIIOKAa3HHWKIB MOXe OyTH
JOCATHYTO K 32 PaXyHOK YZOCKOHAJeHHS KOHCTPYKLII Ta

3aCTOCYBaHHsI  HOBUX  MarepiamiB  (30kpema, y
HAIIBIPOBITHUKOBUX IEPETBOPIOBAYAX), TaK 1 IUIIXOM
BIIPOBAKCHHS EHEProcPeKTHBHUX aNTOPUTMIB
KepYBaHHSL.

AHbTepHaTI/IBOIO € 3aCTOCYBaHHs eﬂeKTpOHpI/IBOL[iB Ha

1

OCHOBI CHHXPOHHHX EJICKTPOJBHUTYHIB 13 TOCTiHUMH
MarHiTamu. [y npuxiiagy Ha puc. | momaHoO 3aleXHICTh
Koe(imieHTy KOPHCHOT hivit BiX IIBUIKOCTI
€JIeKTPOIBUIYHIB €NEeKTPOmnoi3ay Regina mpm pisHOMY
HaBaHTaXXCHHI JJI1 aCHHXPOHHOTO eleKTpoaBuryHa (ASM)
Ta CHHXPOHHOTO 3 MocTiiHmMu MarHiTamu (PM) [1]. Sk
06aunMo, KOoe]imieHT KOPHCHOI  Jii  CHMHXPOHHOTO
€JIEKTPOJBUIYHA 3 TOCTIHHMMHM MarHiTaM¥ BHUILNIH y BCiX
pEeKMMaXx. Taxox IIPOBOASATHCS JIOCITIPKEHHS
0€3peJyKTOPHOTO TATOBOTO €JIEKTPOIPUBOAY.

ASM 100% torque
e P\ 100% torque
— —ASM 75% torque

— =PM 75% torque

= = ASM 50% torque

= — PM 50% torque

------- ASM 25% torque

....... PM 25% torque

niHisgx [3]. Bizoma mocnifHa eKCIuTyaTariss HAaKOIU9yBayiB
TSATOBOTO  €HEPrornocTayaHHs
MmerpononiteniB M. ['amOypr (Himeuunna), m. JlongoHa
(BenukoOpuranis), TpamBaitHiil JiHii M. Jleon (Ppanuis).
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Puc. 1. 3anexHicTs KoediieHTy KOpUCHOT aii
[HmMM ~ HampsMOM  yJOCKOHAQJICHHS  TSTOBUX
CJICKTPOITPHUBOIIB CJIEKTPOPYXOMOTO CKIamy € eHeprii y cucreMi
3aCTOCYBaHHs HakonuuyBauiB eHeprii. Ilpm 1pomy
3aCTOCYBaHHS  OOpTOBMX  HAKONMYYBadiB  JIO3BOJISIE
BHUKOPHCTOBYBAaTH PyXOMUH CKJIaz Ha

HeenekTpugikoBaHux AinsgHKax. Came y Takuii cmocid y
Himeuunni mmaHyeThCs 3aMIiHWTH JTU3ETb-TIOI3NA  Ha
€JICKTPONOi3AM 13 KOMOIHOBaHMM JKHMBIICHHSM [2]: TIpH
pyci 1o enekTpudikoBaHIA  TIMSHII  €JIEKTPOIOI3[
JKUBUTBHCS BiI KOHTAKTHOI MEpEXi, a TpU Pyci MIJITHKOIO,
JI¢ HEMa€ KOHTAKTHOI MEPEXi, JKUBJICHHS 3iHCHIOETHCS
BiJl TATOBUX aKyMyJSITOpHUX Oatapeii. [Ipu npomy 3apsaka

aKyMyJISITOpIB  3IMCHIOETBCS Bl Mepexi Ta IpH
peKynepaTuBHOMY rajJbMyBaHHI. HonatkoBo
3aCTOCYBaHHS HaKOIMYyBadiB eHeprii Ha

CJIIEKTPOPYXOMOMY CKIIaJi J1a€ MOMJIMBICTh ONTHMIi3yBaTH
EHEPTOCIIOKMUBAHHS BiJI KOHTAKTHOT MEepexi.

Jo ckmamy cuiioBOT  €HEPreTHYHOI  YCTaHOBKH
MYJIBTHCUCTEMHOTO PYXOMOTO CKJIaay MOXYTb BXOJUTH
nauBHI KOMipku abo TerioBi aBuryHu. Pobora ocTaHHIX
Mae OyTH ONTHMIi30BaHa 3 YypaxyBaHHSAM OOpTOBOTO
HaKOITMYyBada eHeprii.

3Bakaroud Ha 3HAYHY YAaCTKy eJNEKTpHu(]iKOBaHUX
MUISHOK ~ 3alli3HUIlb, JOIJIBHUM €  3aCTOCYBaHHS
HAKONMYYBa4iB  CHEprii y  CHCTEeMax  TATOBOTO
eNeKTponocTavaHHs. SIK MpUKIay, MOXHA HAaBECTH
JOCIIIHY ~ eKCIUTyaTallilo HaKoNW4yBayiB eHeprii y
CHCTEeMaxXx  TArOBOTO  E€HEProroCTavaHHs  MICBKOTO
EJIEKTPOTPAHCIIOPTY — METPOIOJITEHaX Ta TPaMBailHUX

3acTOCYBaHHIO HAKONMYYBadiB EHEPTii Ha 3ai3HUIX
MIPUCBSYCHO PSJT POOIT BITYUN3HSIHUX BUCHHX.

Y pa3i 3acTocyBaHHS HaKOTMYyBadiB EHEPrii y
CHCTEMI TSATOBOTO EJIEKTPOIOCTaYaHHs MOCTaE 3amada ix
ONTHMAIBHOTO  PO3MILICHHS Ta KEPYyBaHHS  TaKOO
cructemMor0. BbadaeTscst He0OXiTHUM po3poOKa ITUPPOBOTO
JIBIHHMKA CUCTEMH CIICKTPUYHOT TSTH.

Cnucoxk BUKOPUCTAHUX JIZKepeJt

1. http://www.gronataget.se/upload/PM%?20motors%
20for%?20railway%20applications.pdf

2. VDB: crparerumst mepexoja K Toe3laM Ha TATOBBIX
aKyMyJISITOpax. https://zdmira.com/articles/vdb-
strategiya-perekhoda-k-poezdam-na-tyagovykh-
akkumulyatorakh

3. InepuiiiHi HaKOIM4yBa4i eHEPTii y TATOBUX MEpExkax.
/ OBep’stHoBa JI.B., Omenbsnenko B.1., Psoos €.C. //
Cran Ta TEpPCHEKTHBH  PO3BUTKY  MICBKOTO
eJIEKTPUYHOTO TpaHcnopty [Enexrponnuii pecypc] :
Mmarepianu  Bceykp. Hayk.-mipakT. KoH(., Xapkis,
14-16 ksitas 2021 p. / XapkiB. Hal. YH-T MICBK.
rocrm-Ba iM. O. M. BekeroBa Ta iH. — EnextponHi
TECTOBI JaHi. - XapkiB: XHYMI'
im. O. M. Bekerona, 2021. — 184 c.

21

IKC3T, 2021 Ne3 (monmatok)




