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1. CucreMu KepyBaHHS BUCOKOYAaCTOTHUMM TPAH3UCTOPHMMM IIE€PETBOPIOBAYAMU i3 MOIYJISLI€IO0 MiTbHOCTI

iMITyJIbCiB J1s1 IHAYKUiMHOrO HarpiBaJbHOTO 00JIaHAHHS.

2. Control systems of high-frequency transistor converters with pulse density modulation for induction heating
equipment.

Pedepar:

1. Iucepranifina po60oTa MpuUcCBsAYeHa MiBUIIEHHIO €HEPTeTUYHUX Ta TEXHIKO-€KOHOMIYHUX TOKA3HUKIB
iHOYKLiAHOro HarpiBajabHOro 06JIaJHAHHS 32 PaXyHOK PO3POOKM HOBUX CIIOCOOIB Ta 3aCO0iB KEPYBAaHHS
BHCOKOYAaCTOTHMMM TPAH3UCTOPHMMMU NEPETBOPIOBaYaMU 3 (pa30BUM aBTOIIJJIAITYBAHHIM 4YaCTOTHU Ta
MOZYJISILIEIO WiBHOCTI iMIysibCiB. [TOpiBHSAHO 3 iHIIMMY TE€XHOJIOTISIMY IHAYKLIHN HArpiB Mae 6arato nepesar
TaKUX SK JIOKaJIbHICTh HarpiBy, 6e3rnocepeHs rnepejaya eHeprii Bif inaykropa no feTtasti, eKoJIoTiYHo 6e3neyHa
opraisatlis po604oro npouecy, IBUIKICTb Ta aBTOMATU3AaLlis1 BAPDOOHULTBA. YCTAaHOBKY iHAYKLITHOTO HarpiBaHHs
Ha TPaH3UCTOPHUX [I€PETBOPIOBAYaX XapaKTepu3ylThcs BUCoKnM KK, Mmanumu rabaprutamu, IHNPOKUM
IianazoHoM po6oyoi yactotu (Bix 10 o 500 xI'L Ta BULlE), JOBTOCTPOKOBUM PECYPCOM POOOTH, MOKIIMBICTIO



MOJIepHi3allii Ta BIOCKOHAJIEHHSI CUJIOBOTO OOJIa[IHAHHS IPY 3MiHi TEXHOJIOTii BUPOOHUIITBA a60 TUITY AeTaJl,
MO>KJIMBICTIO MOHITOPUHTIY Ta KEPYBaHHSI IPOLLECOM 3a JOTIOMOTOI0 TIEBHOTO IIPOrPAMHOT0 3abe3neyeHHs. [1pu
PO3po0Lii iHBEPTOPiB YCTAaHOBOK iHNYKIIMIHOIO HAarpiBaHHS BaKJIMBYM € IIMTAHHS 3MEHIIEHHS BTPAT B CUJIOBUX
KIo4ax. lle focsiraeTbCsl HaJlAITYBAaHHSIM CUCTEMU KEPYBAaHHS, KOJIM KOMYTallisi CUJIOBUX KJIIOYiB BifiOyBa€ThCS IPU
CTPyMi Ta Hamnpysi 6113bKuX 10 HyJiA. 1106 3a6e3neunTy TaKi pesKMMU IepeMUKaHHS ITMPOKO BUKOPUCTOBYIOTHCS
TPaH3UCTOPHI NIepeTBOPIOBaYi 3 MOy IsLi€to minbHOCTI iMnysbCeiB (Pulse density modulation abo PDM). Ha Bigminy
Bifl iHIIKX CIIOCO6iB KepyBaHHS (YaCTOTHO-IMIIyJIbCHU, (Pazo-imnysbcHui, IIIIM) cucteMn KkepyBaHHS
BMCOKOYaCTOTHUMU TPAH3MCTOPHUMU NIepeTBOPIOBaYamu i3 PDM 03BOJISIIOTh IEPEMUKATH KJIIOUi iHBEpTOpa IpU
Maike HyJIbOBOMY CTpyMi. ToMy po3po6Ka aJropuTMiB IlepeMUKaHHS TPaH3UCTOPIB pe30HAHCHUX iHBEPTOPiB
Hanpyru 3 PDM € 1oCUTh BaXKJIMBMM €TallOM IIPY ITPOEKTYBAHHI CUJIOBUX IIEPETBOPIOBAYIB i € KJII0YOBUM (aKTOPOM
17151 BUPILIE€HHS MUTAHHS 3HKEHHS JUHAMIYHUX BTPAT MOTY>KHOCTI. [17151 CTBOPEHHSI CTajIoro 3CyBy (a3 Mix
BUXiIHMU HAIIPYrolo Ta CTPYMOM iHBepTOpa i 3a6e3nedeHHs MiHiMaJIbHUX JUHAMIYHMX BTPAT B TPAH3UCTOPAX €
HeOoOXiIHUM po3po0OKa HOBUX crucTeM (a30BOro aBTOMIIAITYBaHHS YaCTOTH, 5IKi 6 BpaxOByBaJu BCi 0COOJINBOCTI
BAKOPUCTaHHS PE30HAHCHUX IHBEPTOPIB HANIPYIX 3 MOAYJISALIEIO WIIJIBHOCTI iIMITYJIbCIB AJIs1 YCTAHOBOK IHAYKLIMHOTO

HarpiBaHHs.

2. The dissertation is devoted to increasing the energy and technical and economic indicators of induction heating
equipment due to the development of new methods and means of controlling high-frequency transistor
converters with phase auto-adjustment of frequency and pulse density modulation. Compared to other
technologies, induction heating has many advantages, such as locality of heating, direct transfer of energy from
the inductor to the detail, environmentally safe organization of the work process, speed and automation of
production. Induction heating installations on transistor converters are characterized by high efficiency, small
dimensions, a wide range of operating frequency (from 10 to 500 kHz and higher), long-term service life, the
possibility of modernization and improvement of power equipment when the production technology or type of
part is changed, the possibility of monitoring and controlling the process with the help of the appropriate
software. When developing and modeling inverters for induction heating installations, the issue of reducing static
and dynamic losses in power switches is important. Since static losses of high-frequency converters make up a
smaller part of total losses, the main goal is to minimize dynamic losses in transistors. This is achieved by adjusting
the control system, when the switching of the power switches occurs at current and voltage close to zero. To
ensure such switching modes, transistor converters with pulse density modulation (Pulse density modulation or
PDM) are widely used. Unlike other control methods (frequency-pulse, phase-pulse, PWM), control systems of
high-frequency transistor converters with pulse density modulation allow switching the inverter keys at almost
zero current.The development of algorithms for switching transistors of resonant voltage inverters with PDM is a
rather important stage in the design of power converters and is a key factor in reducing dynamic power losses.
Therefore, in order to create a stable phase shift between the output voltage and current of the inverter and to
ensure minimal dynamic losses in transistors, it is necessary to develop new systems for phase self-adjustment of
the PLL frequency, which would take into account all features of using resonant voltage inverters with pulse
density modulation for induction heating installations.
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