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Pedepar:

1. Incepralis NpUCBsAY€HA BUPIlIEHHIO aKTyaJbHOI HAYKOBO-TIPUKJIAIHOI 3a7ja4i, SIKa [10JIsIra€ y pO3BUTKY METOMY Ta
IIPUHLMIIIB I0OYI0BU [IBOJIAHKOBUX OOEPHEHUX HepeBeP-CHUBHUX II€EPETBOPIOBAYIB IOCTIIIHOI HANIPYTH 3
TpaHCcOPMaATOPHOIO rajibBaHiYHOIO PO3B'SI3K0I0. B pO6GOTI 3AiIICHIOETHCS NOCTIMKEHHS Ta PO3BUTOK KOHIIETIIIii
no6yJ0BY Ta-KUX I1EPETBOPIOBAYIB Ha 6a3i HOBOI KOHILENIi — KOHLeNLii po3aineHoi komyTauii. [lepeTBopioBaui 3
posninenoio komyTauieio (ITPK) 6ynyioTbcsa Ha 6a3i HEOTHOPITHUX iIHBEPTOPHO-BUIIPSIMHUX JIAHOK: OJHA 3 JIAHOK
no6ysoBaHa Ha 6a3i Tornosiorii inBepTopa Hanpyru (IH), a inma - inBeptopa crpymy (IC); 1aHKM 3'€IHYIOTbCS 3a
IIOTIOMOTOI0 Y3TO/Kyt04oro TpaHcpopmaTopa. CrieliajibHUAM aJIrOPUTM CUHXPOHHOTO KEPYBaHHS KJIloyaMU 060X
JIAHOK — aJITOPUTM po3zinenoi komyrauii (APK) — 3a6e3nedye cnpusSTIMBi yMOBU KOMYTallii KJII0UiB 000X JIAHOK: JJ1s1
KJIIOUiB s1aHKU [H 31ificHIOEThCS IPUPOJIHE (B HYJISIX HAIIPYTH, Zero voltage switching, ZVS) BMuKaHHS Ta IpUMyCOBe

CHabepHe eMHICHe BUMMKaHHS, 1J1s Kimoy4iB slaHku IC - npupopHe (B HYJISIX CTPyMy, zero current switching, ZCS)



BUMUKAHHS Ta IPUMYCOBE CHabepHe iHIyKTMBHE BMUKaHHS. HepeBepCUBHICTb IepeTBOpIOBaya 3 jlaHKo1o IC npu
30epeskeHHi B[JaHO OOIpyHTYBaHHS [lepeBarv BUKOPUCTaHHS y JIaHI 3 6i/Ib1IOI0 BEJIMYUHOIO IToc-TitiHOi Hanpyru IC
3 ZCS BUMMKaHHSIM Ki04iB i [H 3 ZVS BMUKaHHSM KJII0YiB 7151 iHIIOI JIAHKU; BBEJIEHO MTOHSTTS «KPUTUYHOI» YaCTOTU
nepersopenHs y [IPK 3 IGBT - Takoi ya-cToTy, BUlle SKOi CyMapHi CTaTUYHi BTpaTH Ta BTpaTu BUMKUKaHHA IGBT y
nanyj [H 6yayTs BULIIMMU 3a cyMapHi cratuyHi BTpatu y IGBT Ta nocnimoBHOoMy miozi kioua IC mpu Tiit
BeJIMYMHAX CTPYMY Ta Hanpyry, mo komytyrot[s [1PK 3 IGBT y nanui IC npoananizoBaHO BUKOPUCTaHHS, HAPALY 3
MOCTOBOIOCXEMOIO 3 4-XKBaJIpaHTHUMM KJIIOYaMU, PSIY CXEM 3 4-XKBaIpaHTHUMU KJII0YaMUbCSL.JIACTUBOCTI
060pPOTHOCTI 3a6€31euyeThCsl IPUCYTHICTIO Y KOMYTaTOPi J1aHKU IC 4-KBaIpaHTHOTO KJItova (KJII04iB).
mocuinxkyetbes [TPK 3 acuMmeTpudHOIo Tomosorieto sadku IC, B SKOMy CTPyM BTOPMHHOI OOMOTKHU IIPOTiKa€e He
yepes 4, a yepe3 3 BBIMKHEHHUX KJIlo4ya 3allpOIIOHOBAaHO OOMEXKEHHS BeJIMYMHY iHIYKTUBHOCTI PO3CiSIHHS SIK CHabepa
BMU-KaHH$ Ha PiBHi, KUl 3a6e3I1e4ye BiJHOCHY CyMapHy TPUBAJIICTh KOMYTALiHUAX iHTEPBaJIiB Ha TepioAi 6iss
10%. BuzHavyeHa BeJIMYMHA MUTOMOI EMHOCTI CHabepHUX KOHAeHcaTopiB (Ha 1 A ctpymy IGBT, m0 KoMyTyeTbCs) A1s
3abe3nevyeHHs IPUOJIN3HO ABOKPATHOrO 3MEHIIIeHHs eHeprii cHabepHoro BumukaHHs IGBT BinHOCHO 6e3cHabepHOi
komyTauii: Big 0,5 H® /A no 3 H® /A 1715 npunanis Pi3HUX KIIACIB Ta TEXHOJIOTIN. PO3IIsIHYTa NOLIBHICTD
BukopuctanHs [1PK sk ckiafgoBoi YyacTUHY 6aTapeiiHuX CU-CTeM HAaKOIMYEHHS eHeprii 1715 NigCUI0I04Y0T0 IIyHKTY
CHCTEMHU TITOBOTO €JIEKTPOKMB-JIEHHS 3aJIi3HULIi IIOCTIMHOTrO CTPyMY (Harpyra KOHTaKTHOI Mepexi 2 - 4 KkB). Ins
snanku IC 3 4-KBaJlpaHTHUM KJIIOYEM CMMETPUYHOI TOMOJIOTi], HOMiHanbHUI BUxifgHUN cTpyM [1PK 200 A, ximoui IC
Ksacy 6,5 kB, Hanpyra sianku [H 600 B, kitodi niei 1anku knacy 1200 B, yacrora 1000 I'u, nis kitodis gaHky [H
KOMYTalliiiHi BTpaTu 6in1s1 7% Bif ctatnuHux. OLiHKa Macu TpaHc@opmaTopa — 6ins 1,3 T, akyMyJsiTOpHOI 6arapei -
BiZ, 7,5 10 22,5 T, 1110 1O3BOJISIE pO3TalLlyBaTH ix Ha OOPTY MOTAra.

2. The dissertation is devoted to the solution of the actual scientific and applied prob- lem, which consists in the
development of the theory and principles of construction of non-reversible bi-directional DC converters with
transformer galvanic isolation, which are a type of two - stage DC/DC converters. In work carried out
development and research of the such converters based on a relatively new and little researched concept - the
concept of separated commutation. Converters with separated commutation (CSC) are built on the ba-sis of
inhomogeneous inverter-rectifier units: the topology of the one stage is based on voltage-source-inverter (VSI, or
voltage-fed, VF) topology, and the topology of the other stage is based on current-source-inverter (CSI, or
current-fed, CF) topology; the stages are connected by a transformer. A special algorithm for synchronous control
of the both stages switches - algorithm of separated commutation (ASC) - provides favorable conditions for
switching: for the VF stage switches the turning-on is natural (zero voltage switching, ZVS) and the turning-off is
forced with the help of capacitive snubbers; for the switches of CF stage the turning-off is natural (zero current
switching, ZCS) and the turning-on is forced with the help of inductive snubber (its role can be played by the
transformer's leakage inductance). Limiting switching losses allows to increase the conversion frequency. The
non-reversibility of the converter with the CF stage while maintaining the property of bi-directionality is ensured
by the presence in the CF stage the four-quadrant switch (switches). For CSC with a bridge circuit with 4-quadrant
switches based on MOSFET in the CF stage, the advantages and disadvantages of synchronous and independent
control of the composite switches are identified. For CSC with IGBTSs in CF stage, the use of a number of schemes
with 4-quadrant switches was analyzed, with along with the bridge scheme with 4-quadrant switches, A CSC with
an asymmetric topology of the CF stage is proposed and investigated, in which the current of the secondary
winding flows not through 4, but through 3 switches. . It is proposed to limit its value to a level that provides the
relative total duration of switching intervals for a period of about 10%, which is equivalent to the relative value of
the short-circuit voltage xs* of the transformer within 16%. For CSC transformers of rod design, a expression for
xs* was found. the value of the specific capacitance of snubber capacitors (per 1 A of IGBT switching current) was
determined to provide approximately twofold reduction of the IGBT's turning-off energy with snubber relative to
turning-off energy without snubber. The expediency of using the proposed principles of construction of PRC as a
compo-nent of battery energy storage systems for the amplifying point of the traction power supply system of the
DC railway (catenary voltage 2 - 4 kV) was considered. A symmetrical topology with a 4-quadrant key is selected
for the CF Istage, the nominal output current of the converter is 200 A, the CF switches have the class of 6.5 kV,



frequency is 1000 Hz, the voltage of the VF stage is 600 V, the switches of this stage have class 1200 V, the
switching losses for the switches of this stage are about 7% of static. Estimation of the mass of the transformer -
about 1.3 tons, the battery - from 7.15 to 21.5 tons, which allows you to place them on board the train.
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