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AnHoTanmusi. B craThe paccMaTpuBarOTCSA BOIPOCHI, KAacarolIMecs OCOOCHHOCTEH pabOThI M HACTPOHKH
PEKUMOB BBICOKOBOJIBTHOT'O MMITYJILCHOTO UCTOYHHKA MUTAHUSA HA OCHOBE IMOCIIEIOBATEIHEHOTO aBTOHOMHOTO
PE30HAHCHOTO UHBEPTOPA ¢ OOPATHBIMHU JAMOAaMH, HCIIOJIB30BAHHOTO IS BO30YXKICHUS pa3psiia aTMOCPEPHOro
JaBJICHUS OapbepHOTO THMA. YKa3bIBaeTCS, YTO XapaKTEPHBIMH OCOOCHHOCTSMH pPabOThI aBTOHOMHBIX
PE30HAHCHBIX WHBEPTOPOB SIBIICTCS BO3HUKHOBEHHE 3aTYXaIONIMX KoJieOaHWi HampsbkeHuss B LC-koHTYype
WHBEPTOpa, a TAKXKE 3aBHCHUMOCTH BBIXOJHOTO MEPEMEHHOTO HAIPSDKEHHSI OT OTHOIICHUS Pabodyeil 4acTOTHI
WHBEpTOpa (YacToTa OTKPBITUS THPUCTOPOB) K COOCTBEHHOW pe3oHaHCHOH dYactore LC-KoHTypa.
B 3aBHCHMOCTH OT 3TOTO OTHOIIEHHS HHBEPTOP MOXKET paboTaTh B PEKHAME MPEPHIBUCTOTO, TPAHUYHOTO U
HENPEPHIBHOTO TOKa. AMIUIMTYZa W (QopMa BBIXOZHOTO HANPSDHKCHHUS HHBEPTOPAa KOHTPOIHUPOBAIHCH IIPH
nomomu nenutens HanpspkeHus 1:1000 ocummnorpadgom C1-65A. Bup ympapisionmx HMITYJIBCOB JUIS
OTIIUpAHMSl THPHCTOPOB TMONy4YeH npu mnomoind ocuwuiorpapa Cl1-167. VYcraHoBIeHO, 4YTO IpH
HECHMMETPUYHOM CJIEOBAaHMU YIPABIAIONIMX HMITyJbCOB JPYr OTHOCHUTENBFHO Jpyra BCIEACTBUE
0COOCHHOCTEH pabOTHl TOBBIMIAOIIUX TPAHC(HOPMATOPOB BEJIMYMHA BBICOKOBOJIBTHOIO IMEPEMEHHOTO
HATPSOKCHUST Ha BBIXOJIC MHBEPTOPA OKAa3hIBACTCSA HEIOCTATOYHOW I BO3OYXKACHHUS paspsiia atMochepHOro
JABJICHUs OaphepHOTO THIA. B cilydae CHMMETPHUH YIPABISIONIMX HMMITYJIECOB BEIUYMHA HAIPSDKCHHS Ha
BEIXOJIC WHBEPTOPHOI'O KacKala IOCTUTACT TPeOyeMbIX s Mpo0Oos IUAIEKTPHYSCKOW CpEeNbl BEIMYHH.
[Momy4yeHpl OCIMILIOTPaMMBI BEIXOIHOTO HATPSHKEHHS WHBEPTOpA MPH PETYIUPOBAHUU €ro paboueil 4acTOTHL
[TokazaHo, 9TO aMIUTUTYAHOE 3HAYEHHE HAIPSDKEHMS Ha Ta30pa3psOHON HAarpy3Ke YBEIWYIHBAETCS MO Mepe
MOBBITIIEHUST pabodell 9acTOTH WHBepTOpa. s HYacTOTHl YHpaBIAOMMX HMITyTbcoB 250 ['m 3HaueHume
BBIXOJTHOTO aMIUTUTYAHOTO HANPsDKEHHS WHBepTOpa coctaBmwio 3,4 kB, mma 460 I'm — 4,0 kB, a g 550 T'o —
4.2 xB.

KaioueBbie ciioBa: GapsepHbIi pa3psill, MOJTYMOCTOBOM PE30HAHCHBII HHBEPTOP, BBICOKOBOJIBTHBIE UMITYJIBCHI.
KoHpuKT HHTepecoB ABTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(INKTA HHTEPECOB.

BaarogapHocTH. ABTOpPBHI BBIpaXarOT OnaromapHocts bynpko I.I1. 32 mOMOINL B CHATHH 3JCKTPUYCCKHUX
XapaKTePUCTUK UHBEPTOPA.
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Abstract. The issues related to the features of operation and modes setting of a high-voltage switching power
source based on a sequential autonomous resonant inverter with reverse diodes used to excite an atmospheric
pressure barrier type discharge are discussed in the article. It is indicated that the characteristic features of the
autonomous resonant inverters operation are the occurrence of damped voltage fluctuations in the LC circuit
of the inverter, as well as the dependence of the output alternating voltage on the ratio of the inverter operating
frequency (thyristor switching frequency) to the natural resonant frequency of the LC circuit. Depending on this
ratio, the inverter can operate in discontinuous, boundary and continuous current mode. The amplitude and
shape of the inverter output voltage were controlled using a 1:1000 voltage divider with a C1-65A oscilloscope.
The shape of the gate trigger pulses was obtained using a C1-167 oscilloscope. It is established that when the
gate trigger pulses are asymmetrical relative to each other due to the operation features of the step-up
transformers, the value of the alternating high-voltage at the inverter output is insufficient to excite the
atmospheric pressure barrier type discharge. In the case of the gate trigger pulses symmetry, the output voltage
of the inverter stage reaches the values required for the breakdown of the dielectric medium. Oscillograms of the
inverter output voltage while adjusting its operating frequency are obtained. It is shown that the amplitude value
of the voltage at the gas-discharge load increases as the operating frequency of the inverter increases. For the
gate trigger pulses frequency of 250 Hz the value of the inverter output voltage amplitude was 3.4 kV, for 460
Hz - 4.0kV, and for 550 Hz - 4.2 kV.
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BBenenue

BapbepHbIii pa3ps — BUJ Ta30BOr0 pa3psAla, BOZHUKAKOUIMI IPH MOABEACHUN IIEPEMEHHOIO
TOKa BBICOKOTO HAINPSDKEHHS K DJEKTPOJAM MpPU YCIOBHHM, YTO XOTA OBl OAWH M3 HHUX OTHAENEH OT
ra3oBOro MPOMEXYTKa OU3JIeKTpuueckuM OapbepoM [1-3]. TexHuueckue mpuioxeHus: 0apbepHOTO
paspsia Hallld IIUPOKOE INPHUMEHEHHWE B IPOMBINUIEHHOCTH, HAIpUMEp, Ul BOJOMOATOTOBKH,
OYUCTKH M MOAM(DUKAIMKM MOBEPXHOCTEH, B OSKCHMEPHBIX JaMlax M TIJIa3MEHHBIX IaHesIxX
TENEeBU30poB U T. A. [3]. B mpousBoacTBe u3enuil 3JEKTPOHHONW TEXHUKU MHTEPEC K Pa3psIHbIM
cucreMaM OappepHOro THma OOYCIOBIEH BO3MOXKHOCTBIO HCIIONIB30BATh UX VI CyXOH OYHCTKU
KPEMHHEBBIX IUIACTUH OT OPraHUYECKUX 3arps3HEHHH, a TarkkKe Ul yAaleHUs (OTOPE3UCTUBHBIX
MaCKHPYIOLINX MOKPBITHH, HE HCIONB3YS NpU 3TOM BakyymMHoe oOopynoBanue [4—6]. Jlns storo
HEOOXOOMMO KOMIUIEKCHOE peIleHHe 3anad oOecredyeHus CTaOMIbHOM W HaIe:KHOH paboThI
KaK razopaspsaHbIX CUCTEM, TaK M UCTOYHUKOB UX MUTAHUS.
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MeTomea NMPOBEACHUSA IKCIICPUMEHTA

s ocymiecTBICHUSI PeakUUM CHHTE3a O030HA B pas3psae OaphepHOro THIA HEOOXOOUMO
HOJYYUTh HUMILYJIbChl BBICOKOBOJBTHOTO HANPSKEHUS aMIUIUTy#oil mnopsgka 3 kB Ha 1 MM
paspsinHoro mpomexxyTka [1]. TloBelieHHe KOHIIEHTpalMK O30HA JOCTUTAETCs 3a CHET YBEIHMYEHHS
4acTOTHI CIEA0BAaHUS BHICOKOBOJIBTHBIX MMITYJIBCOB JJO HECKOJBKUX JECSITKOB Kujorepl [7], a Takxe
W3MEHEHUEM BEIMYMHBI AMIUTUTYIbl HAPSDKEHHS BHICOKOBOJIBTHBIX Pa3psIIHBIX UMITYJIbCOB.

Jns mutaHus pas3psgHOTO MOAYNS aTMOC(EpHOro JaBiCHUS OapbepHOTO THIA B BHIE
KOXKyXOTpyO4YaToro TeINIOOOMEHHHKA C HECKOJBKHMHU MapajuleIbHO COSAWHEHHBIMH BIIEMEHTaMH
UCIIOJIB30BaH Mpeo0pa3oBaTeNb YacTOTHl, COCTOALIMKA W3 BBHIIPSIMHUTENSS M HOJIYMOCTOBOTO
PE30HAHCHOIO HHBEPTOpPAa C IOBBIIAIOMMMHU TpaHCHOPMATOpaMU M OOpPaTHO BKIIIOYEHHBIMHU
JMOJIaMH, CXeMa KOTOpOro mnoka3aHa Ha puc. 1. 'a3opaspsaHas cucrema B BHAE TpeX MapaylieIbHO
COCMHEHHBIX TPYyOUaTBhIX CTEKIIO3JEKTPOAOB Kak Harpyska El, E2, E3 BkimoueHa B auaroHaib
WHBEPTOpa Yepe3 BRICOKOBONBTHEIE TpaHchopmaTopsr T1, T2.
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Puc. 1. [IpuHuMnmansHas cxeMa MoJyMOCTOBOTO PE30HAHCHOTO HHBEPTOpA
Fig. 1. Half-bridge resonant inverter circuit diagram

CoOcTBeHHAsi PE30HAHCHAs 4YacTOTa MHBEpTOpa cocTaBiseT fo =450 'y U paccuuThIBaeTCS
UCXOIS W3 BEIMYMHBI HWHIYKTUBHOCTH TNapajUIebHO COEAWHEHHBIX MEPBHYHBIX OOMOTOK
BBICOKOBOJIETHBIX ~TpaHchopmaTopoB T1, T2 oOmeit BemuumHoit L ~30MIH u emKocTH
MTOCJIeTOBATEIBHO BKIIFOUeHHOTO KoHAeHcaTopa C3 C = 4 mx® [8-10].

CxeMa ympaBlieHHsS CHIOBBIMH THUPUCTOPaMH COCTOMT W3 MYJbTUBHOpaTtopa Ha JBYX
OJTHOTIEPEXOIHBIX TPAH3UCTOPAX, BBHIPAOATHIBAIOMIETO JBE IMOCIEAOBATEIILHOCTA OXHOMOJSPHBIX
MMITYJIbCOB, CABHHYTBIX IPYT OTHOCHTEIHHO JApyra Ha MOJMNEepHo/la BBIXOJHOTO HAMPSIKECHHS.
YacToTa ynpaBiSIOIIMX UMITYJILCOB f perynupyercs B auanazone ot 250 mo 550 I'm. 3ammpanue
TUPUCTOPOB IMPOUCXOJUT B MOMEHT CHaJaHHWi 3apsAJHOrO TOKa A0 HyJs TNPH TOJHOW 3apsiKe
konaeHcatopa C3.

PerynmpoBka oTnaBaemMoi B Harpy3Ky MOIIHOCTH OCYIIECTBIISIETCS 3a CYET W3MEHEHUS
YacTOTHl MOJABAaCMbIX C MYJIBTUBHOpaTopa YIPaBISAIOIIMX HMIYJIbCOB, KOTOPBIE ONPEACISIOT
pabouyro wyacToTy wuHBepTopa. (PopmMa yHNpaBISIOMNAX WMITYJIbCOB CHUMANACh TMPH ITOMOIIH
ocmmmiorpada C1-167.

®opMa BBIXOJHOTO BBICOKOBOJIFTHOTO HAMpPSsDKEHHsST MHBEPTOpA CHUMANACh HPU MOMOIIH
nemutens 1:1000 ocipmnorpagom C1-65A.

Pe3yabTathl n ux o0cy:kaeHue

®dopma yIpapysIOIUX UMITyJIbCOB II0Ka3aHa Ha puc. 2. lleHa oHOro AeneHus oCLUULIorpaMm
10 TOPU30HTAIM cocTaBiseT 1 Mc, mo BepTukanu — 1 B.
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Puc. 2. Bun ynpapisiomux uMIyabcoB mpu gactore f: 250 Iy (a); 460 I'tt (b); 550 I' (¢)
Fig. 2. Shape of gate trigger pulses when repetition rate fis: 250 Hz (a); 460 Hz (b); 550 Hz (¢)

IIpu wyacTtoTe crnegoBaHUS UMIYJIbCOB YIPABICHHSA, MEHbIIEH pPE30HAHCHOM YacTOTHI
uHBepTOpa f < fy, mocneanmii paboTaeT B pexxume npepbiBuctoro Toka (PIIT), mpu f> fi — B pexume
HernpepbiBHOTO TokKa (PHT) ¢ dopmoii BEIXOgHOTO HANPsHKEHMSI, OJIM3KOHM K cuHycoumaipHou [8—10].
@opma BBIXOJAHOTO BBICOKOBOJIBTHOTO HANpsKEHHWS WHBEpTOpa mMokazaHa Ha puc. 3,a mist PIIT u
puc. 3, b, ¢ s PHT. Llena oqHOTO IeNeHus OCIAIIIONPaMM IO TOPU30HTAIN — 1 MC, 110 BepTHkamm — 2 B.

=

Puc. 3. ®opma BLICOKOBOJILTHOTO HANPSHKEHUS HA BHIXOE HHBEPTOPA IIPH YaCTOTE f
yIpaBILSFOIuX uMIynbcoB: 250 Iy (a); 460 'y (b); 550 ' (¢)
Fig. 3. Shape of invertor output high-voltage when gate trigger pulses repetition rate f'is:
250 Hz (a); 460 Hz (b); 550 Hz (c)

[Ipu pabore maBepTopa B PHT THpHCTOpHI BKIIOUAIOTCS B MOMEHT HETOJHOTO pa3psaa
koHaeHcaTopa C3. W3 aTOoro ciemyer, YTO YBEIWYCHUE YACTOTHI CIEIOBAHUS YMPABISIOMIUX
mMITy1bcoB B PHT mpuBeneT Kk yBeTHUECHHIO aMIUTHTYABI BBIXOIHOTO HAINPSHKCHHS HHBEPTOPA BILIOTH
1o f < 1,25fp (mpu 3TUX YCIOBHIX OCTATOYHBIN 3apsa Ha KOHACHCATOPE MaKCHUMAaNeH; IpH f > 2fy
MIPOUCXOJUT OTKPBHITUE BTOPOTO THUPHUCTOPA MO0 3alUpaHus TEPBOTO M, KaK CJCACTBHUE, CPHIB
uHBepTupoBanus) [8—10]. 3aBUCUMOCTh M3MEPEHHOTO AMIUIUTYJHOTO 3HAUYEHHUS BBICOKOBOJIBTHOTO
HanpsDKEHUS Ha BBIXOJIe MHBEPTOPA OT YaCTOTHI YIPABJIAIONIMX UMITYJIBCOB IIOKa3aHa Ha puC. 4.
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Puc. 4. 3aBUCHMOCTB BEICOKOBOJIBTHOT'O HAIPSHKEHHS Ha BBIXO/I€ HHBEPTOPA
OT YacTOTHI YIIPABJIAIONINX UMITYJIECOB
Fig. 4. Dependency of the invertor output high-voltage on the gate trigger pulses repetition rate
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3akiouenne

[Tomy4eHsl SKcIEpUMEHTAIBHBIE JaHHBIE W M3ydeHa paboTa HMCTOYHMKA BBICOKOBOJIETHOTO
UMIIyJIbCHOTO HANpsDKEHUA C HCIOJIb30BAHUEM CXEMbI IIOJYMOCTOBOI'O PE30HAHCHOTO HMHBEPTOpa
c 0OpaTHBIMU JHMOJaMH Ha HArpy3Ky B BUJE pa3psia arMoc(epHOTo JaBieHUs 0aphepHOTrO THIIA
B TOPU30HTAIBHO PACIONI0KEHHBIX KOKYXOTPYyOUaThIX ra3opa3psaaHbIX 3JIeMEeHTax.

B mpenBapuTenbHBIX 3allyCcKax MPEACTaBICHHBIM HCTOYHUK MUTAHUS MOKa3ajl BO3MOXKHOCTh
CTaOMIIBHOTO PEryJupOBaHUS MOIIHOCTH, OTAaBa€MOM B paspsijl, U, KaK CIEJCTBHE, PETyIHPOBAHUSA
KOHIIEHTpAIM1 030Ha B 030HO-BO3YIITHON CMECH.
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