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AHAJIN3 QJIEKTPUYECKHUX CUT'HAJIOB,
BO3BY/XKIAIOININX HU3KOTEMIIEPATYPHYIO ATMOC®EPHYIO IIVIAZMY
JAUIEKTPUHYECKOI'O BAPBEPHOTI'O PA3PAJIA

A. H. OCUIIOB, T. MA, B. A. POKAY

Benopycckuii cocyoapcmeennblii yHugepcumen uHGOPMAmuKu u paouod1eKmpoHuK
(Munck, Pecnybnuka Benapycyw)

AnHoTanus. [IprBeieHb! pe3yabTaThl aHAIN3A H3MEHEHHUS HETMHEHHOTO MMITE/IaHCa TIIa3Mbl AUAIIEKTPHIECKOTO
GaprepHOTO paspsama. HenmnHeiHbIe CBOMCTBA IIa3MbI OOJBIIE MPOSBIIIOTCS MPH BO3IEHCTBHM HA HEee HAIpPS-
JKCHUEM MEHBIIICH AMIUIATY/BI. PCFI/ICTpI/IpyeMBIC QJICKTPUYCCKUEC MMapaMETPhI TOKa B BBIXO)IHOﬁ enu reaeparo-
pa OTpaxaroT U3MCHCHUSA I1J1a3Mbl, BBI3BAHHBIC U3MCHCHUCM Bo36y>1<ua}omero I1a3My HalpsKEHUA, TCOMECTPUN
pa3psIIHON CUCTEMBI, pacxo/ia MOTOKA ra3za. JKCIEPUMEHTAIbHO HOIy4EHbl IPOXOAHbIE BOJIBT-aMIIEPHBIE XapakK-
TEPUCTUKH TIa3Mbl. YCTAHOBJICHBI 3aBHCUMOCTH WX M3MEHEHHsI OT aMIUIUTYAbl BO30YXKIAIOIIETO HANpsDKEHUS
B BBIXOZHOM IIETIM I'eHEepaTopa, MOTOKAa HHEPTHOTO Ta3a U PAaCCTOSTHUS MEXLy 3JIEKTPOJaMHU pa3psaHON CHCTEMBI.

KuroueBble cJIoBa: HU3KOTEMIICpaTypHas arMOoc(epHas Iuia3Ma, TUAJICKTPUICeCKU OapbepHBI pa3psi, HElu-
HCHHBIN UMIICIAHC, AMIUTUTYIHBIH CIICKTP, BOJIBT-aMIICPHAS XapaKTCPUCTHKA.
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Abstract. This paper presents the results of analyzing the change in the nonlinear impedance of plasma
in a dielectric barrier discharge. The volt-ampere characteristics of the plasma were obtained experimentally.
The dependencies of their changes on the amplitude of the excitation voltage in the generator’s output circuit,
the flow rate of the inert gas, and the distance between the electrodes of the discharge system were determined.
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BBenenune

Cdepa mpumMeHeHUsT TEXHOIIOTUU XOJIOMHOM arMochepHoit mia3mbl (XAIT) gocraTtouno oOmmpHa.
OcHoBHbIC HanOoJee BaKHBIC 007aCTH — MHKPORJICKTPOHUKA (MPOU3BOACTBO W3/ENuii), onTuka (00-
paboTka M HaHECEHUE MOKPBITUH), XUMUYECKast MPOMBIIIUICHHOCTh U TMOJIYYCHHE HOBBIX MaTEepPHAIOB
(M3MeHeHrne CBOWMCTB IMOBEPXHOCTH PA3IMUHBIX MaTepHAIOB HEPa3pyIIAIONIUM CIIOCOOOM), OXpaHa
OKpY’KalomIel cpebl (TEXHOJIOTHH OYUCTKH BOJBI, BO3AyXa H JIp.), OMOJIOTHS 1 3paBOOXpaHeHHe (arl-
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raparypa U TeXHOJIOTHH CTePHIIM3alliu U Tepanun) u ap. [IpenmymiectBaMmu oOpabOTKH B HU3KOTEM-
NepaTypHOi I1a3Me MpHu arMoc(epHOM JIABICHUH SIBIISIOTCS OTCYTCTBHE HEOOXOIUMOCTH CO3IaHUS
U MOJACPKaHHS BaKyyMa B TPOMO3JIKUX CHCTEMAaX, BO3MOKHOCTh PabOThI C Pa3IMuHOr0 pojia MaTepra-
JIAMH, B TOM YUCJI€ HU3KOTEMITePaTypHBIMH ITOJIMMEPAMU B OMOIIOTHYECKUMH 00BEKTaMH, HU3Kasl CTOU-
MOCTh 00OpPY/ZIOBaHHUSI B CPABHEHUH C BaKyyMHO-TUIA3MEHHBIM 00OpYJIOBaHHEM, MOOMIILHOCTh M yYHU-
BEPCAILHOCTb PUMEHEHNS.

B [1] omybnuxoBana mopokHas kapra miasMel Ha 2022—-2027 1T., B COOTBETCTBUU C KOTOPOH TpH-
OpHUTETHBIEC 331a4l Ha YKa3aHHBIW MMEPUO]] — HOBBIC MOJXO/bI K BO30YKICHUIO U I'eHEpaIiH TIa3MEH-
HBIX Pa3psiioB, TUarHOCTUKA U MOJICIMPOBAHNUE TU1a3Mbl. TakuM 00pa3oM, pereHne 3a1a4 T1arHoCTUKH
u monenupoBanus XAl sBisieTcss KIOYEBBIM Ha JJAHHOM d3Tare pa3BUTHsl TeXHojoruu. [lapamerpsl
TUIa3Mbl UCCIIEJIOBATIMCH C TMOMOIIBIO ONTHUYECKUX, CHEKTPOCKOMUYECKHX, MUKPOBOIHOBBIX METOJIOB
1 2JEKTpUYECKUX 30HJ0B. [I0CKONIBKY IIa3Ma MHTEPIPETUPYETCS KaK AIIEMEHT C HEJIMHEHHBIM HMITe-
JTAHCOM, pelIeHue 3aJa9 aHATUTHYECKOTO MOJCTHPOBAHUS ABISETCS BeChMa CIOXKHBIM [2]. OmgHaKOo
YyHCIIeHHOE MojienupoBanue renepanuu XAll, ocHOBaHHOe Ha pEelIeHUH ypaBHEHHH 3JIEKTPOCTATHKU
U TUAPOAMHAMHMYECKOTO JABMKEHHUS 3apSHKCHHBIX YAacTHUI] B JICKTPUUYECKOM TI0JIC B NMPUBSI3KE K KOHK-
PETHOI TEOMETPUH Pa3pATHON CHCTEMBI, HE MOXKET OBITh HCITOJIB30BaHO ISl MMPOTHO3MPOBAHUS TIa-
paMeTpoB IUIa3Mbl B CIIydae U3MEHEHHS TapaMeTpOB pa3psiia (aMILTUTYAbl BO30YKJAIOIIET0 CUTHANA,
pacxona raza u T. A.). OJHHM U3 TIOAXO/IOB PEIICHUS TaHHOW IPOOIEMBI SIBIISIETCS aHATH3 OTKJIMKA TOKa
TIPU BO3JCHCTBUYN HANPsDKCHUS HAa HEIMHEWHBIHN dJIeMeHT (aTMocdepHyto miasmy) [3, 4]. [l gucien-
HOTO PeLIeHHs 3a/1a4i HEOOX0JMMO pacroiarath JUCKPETHBIMU 3HAYEHUSIMH TIPOXOAHBIX BOJIBT-aMIIep-
HBIX XapakTepucTuK (BAX) HEMUHEHHOTO COMPOTHBIIEHHS: MHO)KECTBOM 3HAYSHHU BO3CHCTBYIOIIETO
MTHOBEHHOTO HAIPSKEHUS U COOTBETCTBYIONINX MM MTHOBEHHBIX TOKOB. Takoi MacCuB JAHHBIX MOXKET
OBITH MOJTy4YeH SKCIEPUMEHTAILHBIM MyTEM. B CBsI3M € 3TUM B CTaThe NPUBEICHO MUCCIIEI0BAHUE MPO-
XOJTHOU BOJIBT-aMIIepHON XapakrepucTuku XAl B 3aBHCHMOCTH OT IMapamMeTpoB AIEKTPHUECKAX CUTHA-
JI0B, BO30YKAAIOUIMX IJ1a3My, PacXojia HHEPTHOTO ra3a, FeOMETPUH Pa3psHON CHCTEMBI.

anomeﬂﬂaﬂ JEKTPUUYECKasd MO/1€/Ib BBIXOJITHOI'0 KaCKajaa reseparopa mnjaasMbl

Ha puc. 1 npeicrapiena ynpoIieHHas 3JIeKTpUIecKasi CXxeMa THIIOBOTO BBIXOIHOTO KacKajia reHepa-
topa XAII ms reneparuu XAl pazpsmom DBD. Cornacho [2], moBsrmatomuii Tpancdopmatop (I1T),
ANIEKTPOJBI U JPYTHE IEMEHTHI pa3psiIHON CUCTEMBI COBMECTHO C T€HEPUPYEMOH IIa3Moil 00pa3yroT
KOJIeOATeNbHBI KOHTYP, KOTOPBIA 001ajaeT pe30HaHCHBIMU CBOWMCTBAMU. HanpsbkeHne ¢ 3a1aro1ero
rereparopa U, momaeTcs Ha MEpPBUYHYO 00MOTKY TpaHchopmaropa. HanpsokeHue Bo3OyxaeHus U, s
CO BTOPUYHOH OOMOTKH MOCTYTAET Ha 3JIEKTPOBI Pa3psSAHON CHCTEMBI, KOTOpPBIE HA CXeMe MpeJICTaB-
JICHBI SKBUBAJCHTHBIMU eMKocTamu C,,; u C,», U Jajiee MOJACTCsl Ha Harpy304HOE COMPOTUBIICHUE Z ;.
Emroctu C,, cOCTOST U3 BBICOKOBOJIBTHOTO 3JIEKTPOIA M AUIEKTPUIESCKOTO CIIOS, TOKPBIBAFOIIETO STOT
ANIEKTPON, a Z,, OTIpeNesieTcs SKBUBAJICHTHBIM CONPOTHUBIICHUEM TUTa3Mbl. TakuM 00pa3oM, HU3KOTEM-
neparypHas 1miazmMa atMoc()epHOTO JaBieHHsI, B3aUMOACHUCTBYIOIIAS C TOBEPXHOCTHIO 00bEKTA, SIBIISI-
€TCsl HeTMHEWHOMN Harpy3KOi JUI BRICOKOBOJIFTHOTO UCTOYHUKA TIEPEMEHHOTO TOKa B IIETH C MTEPHOJIHU-
YECKUM MCTOYHMKOM CHUTHAJA.
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Puc. 1. YnpouieHnHast 5KBUBaJIEHTHAs! AJIEKTPHUECKAsi CXeMa BBIXOJJHOTO KacKaja
reHepaTopa XOJIOAHOI aTMOC(HEPHOH M1a3MBbl
Fig. 1. Simplified equivalent electrical circuit of the output stage of a cold atmospheric plasma generator

B [5, 6] npennokeH crmocod THATHOCTUKU W KOHTPOJIS B3aWUMOACHCTBHS TUTa3MBI C TTOBEPXHOC-
ThIO 00BEKTa Ha OCHOBE MapaMeTPOB CHTHAJIOB, BO30YKIAIOMIMX I1a3My (MICHOBEHHBIX 3HAYCHUH
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HarpsDKeHHs ¥ TOKa). B 1aHHOM cTaThe 9TH K€ CUTHANBI NCITOJIb30BAHBI JUTSl aHAIH3a UMITEIaHCHBIX
CBOMCTB IU1a3Mbl. B kauecTBe qaTurKa TOKa B BBICOKOBOJIBTHOM 1IEMU MPUMEHEHO YCTPOICTBO Ha OC-
HOBE OITomnapsi [7].

IIpoBenenne ucciienoBaHmii

Jnst mpoBenieHMsl MCCIeNOBaHUN B 00JIaCTH aHaIM3a JEKTPUYECKUX CUTHAJIOB, BO30Y)KIArOIIUX
IUIa3My JMAJIEKTPUYECKOTO 0apbepHOTO paspsia, MCIOIb30BAICS IKCIIEPUMEHTAIBHBIN CTEH]I, BKIIIO-
yaBIii B ce0st reHeparop curaioB OWON AG4151, ocuumnorpag OWON XDS3204AE, Bbicoko-
BOJIBTHEIH TTpeoOpa3oBarels (TpanchopMaTtop), JaTIUK TOKa, peryisiTop pacxona raza PPI'-10 ¢ 6mokom
ynpasienus BYUII-1M, a taxoke pa3psaHyto CUCTEMY C JIEKTpoaaMH (puc. 2).

Bricok0BOTLTHBIH

npeoGpa3OBaTenL

A
[eHEepaTop
CHI'HAJIOB U,

Puc. 2. CtpykTypHas cxema HcCeJ0BaTeIbCKOTO CTeHIa
Fig. 2. Structural diagram of the research stand

Paspsanas
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BbICOKOBOJIBTHBII

Perynarop

Ocumutorpad

pacxona rasa

[Tmasma dopMupyeTcss B KOAaKCHATLHOW pa3psaHON CHCTEME C HCIOIh30BAaHUEM HHEPTHOTO Ta3a
aprona (Ar), 4To co3JaeT MIa3MEeHHBIN Qakes JUIMHOHN /10 3 CM U AUaMETPOM OKOJIO 1 cM.

AHanu3 OTKIMKa (TOKa) HArpy304HOTO CONPOTHBIICHUSI Ha BO3/ACHCTBHE HAIPSKEHUEM TapMOHU-
4eCKOM (DOPMBI BBINOIHSIIN C IIOMOILBIO JUCKPETHOro npeoOpazoBanus Pypse. B nepsuunyro o6MoT-
Ky I1T nmonasascs meproguuecKuii CHrHaI IPSMOYTOJIBHOM ()OPMBI C 4aCTOTOMH, OIIM3KOM K Pe30HaHCHON
yacToTe BhIXOAHOro KoHTypa — 50 kI'n. Ilomaua curnana npsiMoyroiabHOM (OpMbI ObUIa BBI3BaHA TEX-
HUYECKOH pean3yeMOCTbI0 r'eHepaTopa. B pesynbrare Bo BTOpH4HONW OOMOTKE BBUY HAJIMUUs PEaK-
TUBHBIX 3JIEMEHTOB (BTOPUYHON 0OMOTKH TpaHc(hOopMaTopa, EMKOCTH IEKTPOJOB Pa3psAHON CHCTEMBI
1 €MKOCTHBIX CBOWCTB CaMOH IJIa3Mbl) CUT'HAJI HANPsDKEHHUS IpHoOpeTall CHHYCOMJalbHYy 0 hopmy. Pe-
TUCTPUPOBANNCH CUTHAIBI HAPSHKEHHH U TOKOB B Harpyske. Jlanee B COOTBETCTBUY C [8] BBIYHUCISIINCH
CIICKTPbI CUTHAJIOB HAIIPSKCHUA U TOKA. AHanuz TMHEHHOCTH COIIPOTUBJICHUSA HArpy3KKU OCYLICCTBIIAIN
Ha OCHOBE CPAaBHEHMS CIIEKTPa OTKJIMKA (TOKA) K CIIEKTPY BBI3BABLIECTO €I0 BO3ACHCTBUS (HAIIPSIKCHUS).
ITo N3MEPCHHBIM 3aBUCUMOCTIAM U3MCHCHM HAIIPSHKCHU A Ha SJICKTPOaax pa3p;111H0171 CHUCTEMBI OT BpEME-
HU U TOKa, MMPOTEKAIOIIEr0 MEX /1y EeKTpoaaMu, cTpomin BAX Harpy304HOTo CONpOTHBICHMSL.

MeTtoauka uccjaen0BaHus

Ha nepBom »Tamne 3KCHEpPUMEHTOB HCCIEAOBaId M3MeHEeHHss BAX npu U3MEHEHUM aMILUIUTYIIbI
HAIPsDKEHUS Ha DJIEKTpoJax B Auama3oHe oT 3,5 mo 8,0 kB. M3MeHeHne HampspKEHUS! BBITIOTHSIOCH
ITOCPEJICTBOM M3MEHEHHUsSI HANPSIKCHUS B IIEPBUYHON 0OMOTKE TpaHC(OpMAaTOpa U KOHTPOIHUPOBAIOCH
BBICOKOBOJIFTHBIM IIYTIOM Ha 3JeKTpoaax. B mamsaTs mudposoro ocumitorpada mapamiensHo Mo TPEM
KaHallaM 3aliCBIBAIMCH PE3YJIbTaThl U3MEPCHUN: HAMPSIKEHUS, MM01aBaéMOTr0 Ha TIEPBUYHYI0 0OMOT-
Ky TpaHchopmaropa U,, HanpsokeHUst Uy, Ha DJIEKTPOAAX Pa3psIHON CHUCTEMbI, CUTHAJIA C JaTdyuKa
TOKa [, MPOTEKAIOIIETO MEXKIY dIeKTponamu. Bpems peructpanuu cocrasisio 200 MKc, yacTtora uc-
kpetm3aruu — 200 MI'1i, gactora curHana Ha Bxoze Tpanchopmaropa — 50 kI, pacxox raza — 25 /4.

Ha Bropom stamne uccnenosanu BaussHue u3MeHeHuss BAX mpu u3aMeHeHun pacxoia moToka HHEepT-
HOTO Traza 4epe3 pa3psaHylo cucrteMy. Pacxos ra3a U3MEHsIICS MOCPECTBOM PETYISATOpa pacxoa rasa
B Juara3oHe ot 25 1o 125 /4. AMIuuTyia HarpspkeHus Ha JIeKTpojiax cocrapisuia 5,5 kB. B mamsatu
ocrmuiorpaga (GUKCUPOBAIKCH IMapaMeTPphl 3aBUCHMOCTH HAINPSKCHUS U TOKa Ha (Yepe3) 3eKTpoax
paspsiHO# cucTeMbl oT BpeMeHH. Ha TpeTbeM stane uzmepsiu Hanpspkerne U, ,q(¢) u TOK 1,,(¢) pu n3-
MEHCHHH MEXDIIEKTPOTHOTO PACcCTOSHUA. HapyKHBIA 3JIEKTPOJ TepeMenaics OTHOCUTEIBHO KOHIIA
BHYTPEHHETO 3JICKTPO/Ia, PACIIONIOKEHHOTO B KBapIeBOW TPyOKe, Ha paccTossHue oT (—5) g0 (+5) Mm
c marom 1 MM (puc. 3). AMIUIHTYIa HAPSDKEHUS cocTapisuia 5,5 kB, pacxon raza — 25 /4.
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WueprHslii ra3 -5mm OMM +5 MM Ilna3ma

BHyTpeHHuUIi 31eKTpOs ‘ I |

KBapresast TpyOka Hapy>xHblii 2nekTpon

Puc. 3. 3MeHeHre TI0JI0KEHHS IEKTPOIOB Pa3psTHON CUCTEMBI
Fig. 3. Change in the position of the electrodes of the discharge system

[Toctpoenue npoxoausix BAX Ha ocHOBe 3apMKCHPOBaHHBIX HA TIEPBOM, BTOPOM U TPETHEM ATaIax
HCCIIEIOBAaHUH 3aBUCUMOCTEH HANIPSDKEHUH M TOKOB OT BPEMEHHU BBHINONHSIOCH B cpeae MathCAD.

Pe3ysbTaThl HCc1e10BaHUI

Ha puc. 4 npencraBineHbl BpeMEHHBIE AMArpaMMbl HampsoKeHUH B mepBuyHOM oOmotke [IT
1 Ha DJIEKTPOAAX Pa3psAHOM CUCTEMBI M TOKa, MPOTEKAIOLIero Mex 1y HUMH. Ha Bxox Tpancopmaropa
M0/1aBAJIOCH [IEPUOIMYECKOE HAMPSDKEHHUE TPSMOYTOIBHON (opmbl (puc. 4, ). B BeIXomHOM 11eTH reHe-
paTtopa HaOJIroaICs CUTHAII CHHYCOUAATBHON (popMEI (puc. 4, b), 9TO 00BSICHACTCS HATMIUEM PEAKTHB-
HBIX CONPOTHUBJICHUH 311eMeHTOB (00MOTKa I1T, eMKOCTE 27IeKTpOIOB, M1a3Ma).
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Puc. 4. VI3MeHeHNs HANIPSDKSHUSI M TOKA B BBIXOJHOM LICMH FeHepaTopa Mia3Mbl:
a — HanpsbkeHre U, Ha BXOJI¢ MOBBIIIAIONIETO TPaHC(HOPMAaTopa;
b — HanpspxeHne Bo3OyaeHus U,,,; Ha BBIXOJIE TIOBBIIIAIONIETO TpaHC(hopMaTopa;
€ — TOK [ ;, IPOTEKAIOIIHNK Yyepe3 AIEKTPO/IbI pa3psiIHON CUCTEMBbI
Fig. 4. Changes in voltage and current in the output circuit of the plasma generator:
a — input voltage U, of the step-up transformer; b — excitation voltage U, at the output of the step-up transformer;

¢ — current /, flowing through the discharge system electrodes
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3aBUCHUMOCTb TOKa OT BPEMEHH, CUMTAaHHAs C JaT4MKa TOKa, IIpejcTaBieHa Ha puc. 4, c. Dopma
OTKIUKA /,,(f) AIMEKTpUYECKOi TeTH (TIa3MBbl) COMEPIKUT HECKOJBKO JIOKATBHBIX SKCTPEMYMOB (1,
Ly, I;3) M CYLIECTBEHHO OTIMYAECTCS OT (JOPMBI 33/1aI0IIET0 TAPMOHUYECKOTO BO3ACUCTBUS U,yys(?).
[Ipu sToM Habmomaercs caBur (a3 MEXIY TOKOM M HAlpsDKEHHEM: TOK OIEpe)KaeT HampsDKEHHE.
3TO CBUAETENBCTBYET O TOM, YTO TPH MPOBEACHUH 3KCIIEPUMEHTA B BBIXOJHOM KOHTYpE Ipeolnanana
€MKOCTHAs COCTABIIAIONIAs PEAKTUBHOTO COMPOTHUBIICHHS], @ YaCTOTA CUTHANa BO30YXACHHUS IJIa3MBbl OT-
JAMvasach OT PE30HAHCHOM. BBy cioskHOM (opMbl TOKa, CABUTH (a3, H3MEPEHHbIC HA Pa3HbIX yPOB-
HSIX aMIUIMTYJ, UMEIOT pa3IMyHble 3HAUYCHUs B Pa3Hble MOMEHTHI BpeMeHH (nepuoaa). Tak, npu Bo3pac-
TaHUU HATPSDKCHUS Ha YPOBHE HYIIS cIBUT (ha3 coctapisier 18°, a mpu yMeHbIICHHH HarpsbkeHus — 11°.
Takum 00pa3om, TaHHBIE TAPAMETPBI XapaKTEPH3YIOT U ONPEACISAIOTCS M3MEHEHHEM UMITEIaHCa I1a3Mbl.

Ha puc. 5 npencraBneHbl aMIUIMTYJHBIE CIIEKTPBI CUTHANIOB HanpspkeHus: U Toka. CrieKkTp Harpsi-
JKCHUST — KBQ3UTAPMOHUYCCKHI U COJCPIKUT HECKOJILKO FApPMOHUK, T. €. 33JJafOIUI CUTHAT HECKOJILKO
OTJIMYAETCSI OT CHUHYCOMIAIbHOr0. JT0 00bsAcHAeTca TeM, uTo Ha Bxon IIT monmaBaics mpsmoyross-
HbI{ curHai. CHEeKTp OTKJIMKA (3aBUCUMOCTb TOKa) — MYJIBTUTaPMOHHUYECKUN M CONCPKUT CYIIECTBEH-
HO OOJIbILIC TAPMOHHUK, YEM aMIUIUTYIHBIN CIIEKTp cUrHaja HanpsokeHusl. COOTBETCTBEHHO 3 (EKTHB-
Hasl IIMpPUHA TOJIOCHI CrIeKTpa f curHana HanpsbkeHus U, onpeaeneHHas coniacHo [9], cocrais-
et 125 x['u, a apdexTrBHas monoca cnekrpa f curnaia Toka [, — 425 xI'g, T. e. B 3,4 pasa Oomnblue.
Wzmenenue Gopmbl cUTHAIAa-OTKIMKA TIPU BO3ICHCTBUY TaPMOHUYECKUM CHT'HAJIOM, COOTBETCTBEHHO
u pacmupenue 3(HEeKTUBHOM MOJIOCH CIIEKTPa, CBUIETEIbCTBYIOT O HEIMHEHHOM CONPOTUBICHNH Ha-
rpy3KH (TIIA3MBI) TETIH.
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Puc. 5. AMIUIATYTHBIE CTIEKTPHI: @ — HANPSDKEHUST, b — TOKa
Fig. 5. Amplitude spectrum: a — voltage; b — current

HccnenoBany BIUSHUE aMIUTUTY/IbI HANPSOHKSHUS, BO30YKIAIOIIEr0 IUIa3My, pacxola WHEPTHOTO
ra3a v pacCTOSIHHS MK/ ICKTPOIaMH pa3psiHON cucteMbl Ha BAX xononHoi arMocepHOit Tu1a3Mbl
JUAJIEKTPUYECKOTO OapbepHOro paspsiaa. s aHannza n3MeHeHUs] UMIIelaHca TUIa3Mbl OT TapaMeTpoB
reHeparopa 1 paspsiIHOM CUCTEMbI CTPOMIIN MPOXoaHyt0 BAX Harpy3ku BBIXOIHOMN IIETIH TeHepaTopa.
Pacxonx moToka raza cocTaBisut 25 /4, HalpsDKEHHUE Ha dIIeKTponax — 5,5 kB.

Ha puc. 6 npeacrasnena npoxoanas BAX, nocTtpoeHHas Ha OCHOBE M3MEPEHHBIX HOPMHUPOBAH-
HBIX 3aBUCHMOCTEH HaIpsDKEHUsI M TOKAa OT BpeMeHu. BAX mMeeT CloXHBIA T'MCTEPE3UCHBIN Xapak-
TEp, COOTBETCTBEHHO YroJl HAKIOHA MPUHUMACT KaK MOJIOKUTEIbHbIC, TAK U OTPULIATEIIbHBIC 3HAUCHUS.
3T0 00BSCHSIETCS HATMYHEM PEAKTHBHOHN COCTABIISIONICH UMITEIaHCca HATPY3KH.

3aBUCUMOCTH U3MEHEHHUS TOKA, MPOTEKAIOIIETO YepPe3 MEKTPOIbI, TPU U3MEHEHUH aMIUIUTY/IbI Hall-
psDKEHHS TIpeAcTaBiIeHbl Ha puc. 7. HabnropatoTcst n3aMeHeHne (CABHT) TIOJOKEHHUS JIOKATBHBIX DKCTPe-
MYMOB TOKOB OTHOCUTEIHHO OCH BPEMEHHU U HEMPOIIOPIIHMOHATFHOE U3MEHEeHHE UX aMIuiuTy. [Ipu yBe-
JUYCHUH aMIUTUTYIbI HAMpsDKCHUsI BUJICH HE TOJBKO POCT aMIUIUTYIBI TOKA, HO TAaKXKE MPOUCXOIUT
HEKOTOPOE U3MEHEHUE (POPMBI TOKA — OHA MPHUOJIMIKACTCS K CUHYCOMTANbHON. CIBUT (a3 MEXKIY TOKOM
U HallpsHKCHHUEM, OIPEIeJICHHBIN Ha YPOBHE HYJIEBON aMIUTUTY/bI, He u3MeHseTcsl. CleayeT OTMETHUTh,
yTo omnune Gpopmbl ToKa /() OT CHHYCOMIAILHOM, 8 3HAUUT, U HEIMHEWHBIE CBOMCTBA TIa3Mbl, 0OJIb-
1I1€ TPOSIBIISIIOTCS TIPU BO3ICUCTBUM HA HEE HAMPSXKEHUEM MEHBIIEH aMIUTUTY/IbL.
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Fig. 6. Volt-ampere characteristic of the plasma generator load
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Puc. 7. 3aBUCHMOCTD TOKa HATPY3KH OT BPEMEHHU TIPU Pa3TUIHBIX HATIPSDKEHHUSX
Ha SIIEKTPOJIaX Pa3PsTHON CHCTEMBI
Fig. 7. Dependence of load current on time at different voltages on the electrodes of the discharge system

W3menenust popMbl CHTHAIOB TIOATBEPKIAIOT MpoxonHbie BAX mma3mbl, TOCTPOECHHBIE TIPH pa3-
JTUIHBIX HAMIPsHKCHMSIX Ha AIEKTPOAax pa3psmaHoit cucteMsl (puc. 8). Kak ciaemyert u3 puc. 8, a, cymect-
BeHHBbIe nM3MeHeHus Gopmbl BAX xapaxTtepHbl it obmacteit 4 u B. DT 00IaCTH COOTBETCTBYIOT
yuactkam 4°, B® Ha puc. 7. Yenuuenne aMmutyasl U, s TIPUBOJUT K yBEITHMUEHHIO TUIOMIAMH Spax,

orpanndeHHOlN kpuBoii BAX. B Tabn. 1 mpencraBieHbl 3HAYCHUS Spax U PA3IMYHBIX HAMPSHKEHUHA
BO30YKICHIS TIIA3MBI.
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Fig. 8. Transitional volt-ampere characteristics of plasma at different voltages on the electrodes
of the discharge system for values of currents and voltages:
a —normalized; b — relative

Tabauua 1. OrpannueHue mIoma Iy BoJIbT-aMIEPHON XapaKTepUCTUKU
TIPY U3MEHEHUH HANPsHKEHUS BO30YKJICHUS TTa3MBbl
Table 1. Limitation of the area of the volt-ampere characteristic when changing the plasma excitation voltage

U, KB 3,5 43 55 6,9 8,0
Siax, OTH. €I, 8,4 13,0 22,5 39,8 57,6

VYBenuuenue HanpsikeHus U, s B 2,3 pa3a NpUBENO K yBEINYEHUIO TUOMAAN Spax B 6,8 paza. Takum
00pa30M, U3MEHEHHUE HATIPSIKCHUS BO30YKICHUS TIa3Mbl TPUBOJIUT K U3MEHEHUIO (DOPMBI TOKA, IpoTe-
KAroOIIEeTO0 MEXKIY MIEKTPOIAMH, & 3HAYHT, — K U3MECHCHUIO UMITE/ITAHCA TUTa3MBI.

Ha puc. 9, a, b mipencrapnens cemeiictBa BAX cOOTBETCTBEHHO MTPU N3MCHEHHH TTOJTOKEHUS IJICKT-
POIIOB M pacxoja MoToKa ra3a. Vi3aMeHeHne JaHHBIX TapaMeTPOB IMPHUBOIUIO K HEKOTOPOMY H3MEHEHUIO
(hopmbl 1 TIONIa M, orpaHndeHHON BAX. Jliis OleHKH 3TUX U3MEHEHHUU PAaCcCUMUTAHbBI ILIOMAIHA Spaxs
MIEPUMETPBI KPUBBIX Lsx U MapamMeTp Spax/Lpax- Pe3yabTaThl BEIUNCIICHUH PUBEICHBI B TA0M. 2, 3.
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Fig. 9. Volt-ampere characteristics of plasma at different: @ — distances between electrodes; b — gas flow rates
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Tadauna 2. [Tomans BoJIbT-aMIIEPHBIX XapaKTEPUCTUK U TapaMeTp Spax/Lpax
IIPU Pa3IMIHOM MEXKIIEKTPOIHOM PACCTOSHUU
Table 2. The area of the volt-ampere characteristics and the parameter Sys/Lyac
at different interelectrode distances

Paccrosiane, Mmm -5 —4 -3 -2 -1 0 1 2 3 4 5
S 2,089 | 2,141 | 2,149 | 2,174 | 2,198 | 2,131 | 2,279 | 2,147 | 2,149 | 2,168 | 2,109
S/L 701,3 | 712,4 | 725,3 | 728,1 | 750,5 | 723,2 | 756,3 | 719,6 | 733,6 | 7324 | 721,1

Taoauma 3. [11011aas BOIBT-aMIICPHBIX XapaKTEPUCTUK U MapaMeTp Sgax/Lpax P PA3TUUIHOM PACXOC Ta3a
Table 3. The area of the volt-ampere characteristics and the parameter Sy, /Lyac at different gas flow rates

Pacxoz rasa, ji/4 25 40 55 65 75 80 110 125
S 2,327 2,299 2,328 2,309 2,302 2,324 2,329 2,324
S/L 775,908 | 756,927 | 771,826 | 767,321 | 775,481 | 777,731 | 785,887 | 769,502

AHanmM3 MOMyYEHHBIX NAaHHBIX MOKa3aj, YTO U3MEHEHHNE MEKIIEKTPOMTHOTO PACCTOSHUSI HA S5 MM
MIPUBOANT K HE3HAYUTEIHHOMY, MeHee 5 %, nameHennto miomaan BAX. I[Ipu atom nponcxoaut Oosnee
3HaYHTENbHOE M3MeHeHne popMbl BAX — mapameTp Sgax/Lpax B3MeHsAeTcs Ha 9,2 %. YBenndeHnue pac-
XO0J1a MIOTOKA ra3a B ATk pa3 — ¢ 25 10 125 1/9 — He3HAYUTEIHHO CKa3bIBaJIOCh HA N3MEHEHUH NMIIS/IaH-
ca mia3mbl. Tak, M3MEHEHUE TUIOIIAIN COCTABISIIO MeHee 2 Y%, a mapameTpa Sgax/Lpax — MeHee 4 %.
CrnenoBarenbHO, U3MEHCHUS AIEKTPUUECKUX CHUTHAJIOB, TOJYUYCHHBIC MPH PAa3HBIX PAcXOAax IMOTOKA
rasa, He CTOJIb 3HAYUTEIBHBI IO CPABHEHUIO ¢ N3MEHEHHSIMH, BI3BAHHBIMH PA3TUIHBIMU HATIPSDKEHUS-
MU BO30Y>KACHHUS TUTa3MbI FITH PACCTOSHISIMHA MEXKTy SJIEKTPOJAMH Pa3psITHON CHCTEMBI.

3aKIIoueHue

1. [lonTBepKAECHO, UTO aTMOC(epHas IuTa3Ma XapakTepru3yeTcs HeTHHEHHBIM nMITefancoM. 00 3Tom
CBUJICTEIHCTBYET H3MEHEHNE (POPMBI TOKA (OTKIIMKA) Harpy3KH (I11a3Mbl) HA BO3ZCHCTBHAE rapMOHHYEC-
KHMM HanlpspKEHUEM COOTBETCTBEHHO Ha paciuupeHue 3pQekTHBHOM MOI0CH U CTPYKTYPbI aMILTUTYIHO-
ro crekTpa Toka. [Ipu nmpoBeeHNN HCClieIOBaHUI Ha YacToTe, OJM3KOH K pe30HAaHCHOM, HaOIoqancs
cABUT (a3 MEKIY TOKOM U HANpPsDKEHHEM, TIPUYEM TOK OTepesKall HalpsDKEHHUE, YTO CBUIICTEIbCTBYET
0 TpeoOrajaH €MKOCTHON COCTAaBIISIONIEH B BBIXOAHOH Iienu reHepartopa. HenwmHeliHble cBOHCTBa
IJ1a3Mbl OOJTBITIE TIPOSBIISIFOTCS TTPH BO3ACWCTBUY HA Hee HANPsDKEHHEM MeHbIel aMrmuTyasl. [pn us-
MEHEHHHU Pa3INYHbIX [TapaMETPOB FeHepaTopa sl OLEHKU U3MEHEHUS UMIIEIaHCa I1a3Mbl [IOCTPOCHbI
€€ IIPOXO/IHBIE BOJIBT-aMIIEPHBIE XapaKTEPUCTHKH, KOTOPHIE UMEIOT CIIOAKHBIN THCTEPE3UCHBIN XapakTep.

2. YCTaHOBIIEHO, YTO PETUCTPUPYEMBIE IIEKTPUUECKNE ITapaMeTPhl TOKA B BBIXOAHOM LIeNu reHepa-
TOpa OTPa)KatoT U3MEHEHU TUIa3Mbl, BBI3BAaHHBIE U3MEHEHHEM BO30YKIAIOIIETo MIa3My HaIlpspKEHUs,
TeOMETPHUH Pa3psAAHON CHCTEMBI, pacxo/ia MOTOKa ra3a. YBenudeHue HarnpspkeHus U, s B 2,2 pa3a npu-
BOJIUT K YBEJIIMYCHHIO TUTOMAAN Spax B 0,8 pasa, M3MEHEHHE MEXIIEKTPOTHOTO PACCTOSHUSA HA 5 MM —
K HEe3HaUYNUTENbHOMY (MeHee 5 %) N3MEHEHHUIO TUIOIIA I TPOXOJHON BOIBT-aMIIEPHON XapaKTEPUCTUKU.
[Ipu 3TOM CyIlIeCTBEHHO MEHSIeTCs mapamerp Spax/Leax — Ha 9,2 %. V3MeHeHus] TeoMeTpUH BOJIBT-
aMIIEPHBIX XapaKTEPUCTHK MPH YBETUUECHUH PAacXofa MOToKa raza ¢ 25 1o 125 /4 He CTONb OLy TUMBI
(rutomaau — MeHee 2 %, napameTpa Sgax/Lax — MeHEe 4 %) 110 CPaBHEHHIO ¢ M3MEHEHUSIMU, TT0JTyYCH-
HBIMH TIPH PA3IUYHBIX HAPSKEHHSIX BO30YKACHNS TUTa3MbI FITH PACCTOSHHSX MEXY IEKTPOTAMHU.

3. PesynbraTsl MicCIeOBaHUA MOTYT OBITH UCTIOIB30BAaHBI TTPH YHCICHHOM MOJICTMPOBAHUN aTMOC-
(hepHOII MIa3MBl TUAIIEKTPHUECKOTO OaphepHOTO paspsija, a TAaKKe MPHU BHIOOpE ONTHMAIBLHBIX PEKHU-
MOB pa0OTBI T€HEPATOPOB IIA3MBI.
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