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B AaHHOM paboTe NpMBeAEHbI PE3YALTATbl UCCAEAOBAHMWS ONTUYECKMX
N IAEKTPUUECKUX XapaKTEPUCTMK AUIAEKTPUUECKOro 6apbepHOro paspsiaa
NpU 3AEKTPOAHBIX KOH(UIypaumsax NAOCKOCTb — MAOCKOCTb M MAOCKOCTb
— ocTpue. MccaepoBaHa AMHaMMYeckast BOAbT-amrepHas XapakTepucTmka
paspsiaa MpU pasHbIX KOHMUrypaumsax 3AeKTPOAOB. METOAOM OMTUKO-
SMMCCUOHHOM CMEKTPOCKONMUM ObIA MOAyYEH CreKTp MAasMbl BO3AyXa
AVMDAEKTPUYUECKOro 6GapbepHoro paspsisa. M3 pesyAbraToB m3mepeHus
Pa3pSIAHOIO TOKA BUMAHO, UTO GapbepHbIN PaspsiA ropuT B CTPUMEPHOM
pexxnme U NMpUMEHEHNEe OCTPOro SAEKTPOAA MPUBOAMT K YMEHbLLIEHUIO
CTPUMEPHBIX KaHAaAOB M MMKpopaspsaoB. CrekTp nAasmbl BO3Ayxa
nokasaA HaAMuMe aKTMBHbIX KOMIMOHEHTOB U PAaAMKAAOB, KOTOPbIE MOTYT
ObITh MPUMEHEHbBI AAS 06PABOTKM SKMBbIX TKAHE U MaTepPUAAOB.

KAaloueBble  cAOBa:  AMBAEKTPUYUECKMiA  GapbepHbli  paspsa,
DAEKTPUYUECKME U OMTUYECKMEe CBOMCTBA, OCTPble DAEKTPOAbI, CrEKTp
MAQ3Mbl.

In this paper the results of optical and electrical characteristics of di-
electric barrier discharge are presented where were used plane to plane
and pin to plane electrode configurations. The dynamic current-voltage
characteristics of discharge at different electrode configurations were in-
vestigated. The plasma spectrum of air of dielectric barrier discharge was
obtained by optical emission spectroscopy method. The results of mea-
surement of the discharge current showed that the barrier discharge gener-
ated in the streamer mode and used pin electrode reduces the streamer
channels and micro discharges. The plasma spectrum of air showed active
components and radicals which can be used for treatment of living tissues
and materials.

Key words: dielectric barrier discharge, electrical and optical proper-
ties, pin — to — plane electrodes, plasma spectrum.

bepiAreH >KymMbICTa >KasbIKTbIK-)KA3bIKTbIK, >K&HE YLIKIP CbIM —
>Ka3bIKTbIK, JAEKTPOA KOHMPUIYpaLMAAAPbIHAAFbI AUIAEKTPAIK GapbepAik
Pa3psATbIH SIAEKTPAIK XKOHE ONTUKAAbIK, KACMETTEPIH 3epTTEY HOTUXKEAEPI
KeATipiAreH. Pa3psATbiH AMHAMMKAADIK, BOABT-aMMEPAIK CUMATTAMAChIHbIH,
DAEKTPOA TEOMETPUSICbIHA  TOYEAAIAITI  3epTTEAreH.  IDMUCCUSAbIK,
CMeKTPOCKONMS SAICIMEH ayaaarbl 0apbepAik paspsia  MAA3MACbIHbIH
CreKTpi aAblHFaH. Pa3psiA TOrblH ©AlLey HSTMXKEAepi MNAa3MaHblH
CTPUMEPAIK PEXMMAE MariAa OOAATbIHbIH JKOHE VYLIKIP 3AEKTPOATDI
KOAAQHY CTPUMEPAIK KaHaAAAPAbIH (MUKPOpPA3psATapAbiH) asatoblHa
AAbIMN KEAETIHAIrH KepceTTi. ONTUKAAbIK, AMArHOCTMKA HBTUXKECI NAa3Ma
KypamblHAQ MaTepuasaap 6eTi MeH Tipi yAnaAapAbl eHAeyre KaxkeTTi
aAKTUBTI PaAMKAAAAP MEH XMMMSABIK, KOMIMOHEHTTEPAIH 6ap eKeHAIriH
KOpCeTTi.
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BBenenue

Jwanexrpuueckuit O0apeepHbiit paspsan (JIBP) — ato paspsn,
KOTOpBIA TIONYYaroT NpU aTrMOC(EpPHOM JaBICHUU MEXKAY [BY-
Ms METAJUTHYECKUMH 3JIEKTPOJaMU OJIMH M3 KOTOPBIX TOKPBIT
nuanektpukoMm [1]. B mocrienHue necATHNETHS HU3KOTeMIIepa-
TypHas Ij1a3Ma 0apbepHOTO paspsifa MIMPOKO UCIONB3YEeTCs s
00pabOTKY KMBBIX TKaHEH W ISl YHUUTOXKECHUS PaKOBBIX KIIETOK
[2, 3], mIs cCTepUIM3aMK HHCTPYMEHTOB, YIIAKOBOK M CEMSH Pa3-
HBIX KyJIbTyp [4], A1 ynmydllleHHs TMOBEpXHOCTHBIX CBOMCTB IO-
JIUMEPHBIX U TEKCTUIILHBIX MaTEPHAIIOB, a TaK XKe JJI HaHSCEHUs
pPa3HBIX TOHKOIUICHOYHBIX MOKPHITUH U ocaxaeHui [5]. Baxmuyro
PO TIPH MOJTYYEHUH T1a3Mbl aTMOC(HEPHOTO IaBICHUS B AUIJICK-
TPUYECKOM OapbepHOM pa3psijie UrpaeT GopmMa MEeTAITHISCKUX U
JIMDIIEKTPUYECKUX DJIEKTPOIOB. B 4acTHOCTH, CyIIECTBYIOT KOH-
¢urypanun Kak «IUIOCKOCTh-IUIOCKOCTBY», «OCTPHE-IUIOCKOCTHY,
«IIOBEPXHOCTHOE PACIOJIOKEHUE DIIEKTPONIOBY», «KOAKCHAIHHOE
PaCIIONOXKEHUE DITEKTPOIOBY» U T.7. CHUcTeMa DIIEKTPOI0B Oapbep-
HOTO pa3psiia onpeaessieT OCHOBHBIC DIICKTPUUYECKUE, ONITHYECKHE
W JHepreThyecKue CBOMCTBa OapbhepHOTO paspsiga. B padore [6]
SKCIIEPUMEHTAIBHO HCCIIET0BAaH KOPOHHBINA pa3psijl MepEeMEeHHOTO
TOKa ¢ OapbepHBIM 31eKTpogoM. OJUH U3 IEKTPOJIOB UMEIN IUIO-
CKYIO TEOMETPHIO U OBLIT TTOKPHIT JUAIEKTPUKOM, TOTJIa KaK BTOPOH
AMEKTpOon ObLT B popMe ocTpusi. DKCIEPUMEHTHI OBUTH TIPOBEIIC-
HBI IpU aTMOC(EpPHOM JaBIICHUH B cpeJie BO3AyXa, Iellusi, aproHa
1 a3oTa. Pe3ynpraThl IOKa3anu, 4TO MPH MPUMEHEHUHU 3JIEKTPOoJa
B (popMe oCTpHs MPOOWBHOE HAIPSHKEHUE MATaeT M0 CPaBHEHUIO
¢ OOBIYHBIM OapbPEHBIM Pa3psAOM, HO TOK 3HAYMTEIHHO YBEIH-
yuBaeTcs. PasHble PeKUMBI pa3psia IPH TEOMETPUU DIIEKTPOIOB
IJTIOCKOCTB-OCTPHE OBUTH MCCIIEOBAaHBI B padote [7]. Pazmuunbie
PEXKUMBI pa3psijia ObUTH TIOTYUYCHBI IPH MPUI0KESHHBIX HATIPSIKCHH-
six 3 kB 1 6 kB 1 B OTpULIATENBbHBIX U TOJOKUTEIBHBIX MOTYHEPU-
onax. bbulo mokazaHo, YT0O MUKPO-TJICIOIIUNA pa3ps]l UMEET uepap-
XMYECKYIO CTPYKTYPY, TaKyl0 K€ KaK B TICIOLIEM pa3psijie HU3KOTO
naBieHus. B paGore [8] xapakrepucTukw MOAM(DHUIIMPOBAHHOTO
TIUDIIEKTPUYECKOTO 0apbhepHOTo paspsiia (TO eCTh, TEOMETPHS III0-
CKOCTB-OCTpHE) B Cpe/ie Tejusi ObUIM M3YYCHBbI B 3aBHCUMOCTH OT
MPUJIOKEHHOTO HANPSKEHUS TIEPEMEHHOTO TOKa, BO3JIYIIHOTO 3a-
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30pa MEX.Iy JIEKTPONAaMH U INIOTHOCTBIO AJIEKTPO-
JI0B B BHJIe ocTpusi. bbuta mccienoBana noTpeos-
eMasi MOLIHOCTh pa3psifa MpU Pa3HBIX MIOTHOCTAX
OCTPBIX KOHTaKTOB BBICOKOBOJIBTHOTO 3JIeKTpona. B
cTatbe [9] m3ydeHa cTaTHUECKash BOJBT-aMIIEpPHAS
XapaKTEepPHUCTHKa OapbepHOTO passipsaa C JIEKTPO-
JTHOHI KOH(UIypaLuel MiI0CKOCTh-OCTpUE M OBLIO
MOKa3aHO, YTO TOK pa3psijia yMEHBINAETCS C yBe-
JUYEHHEM MEXKAIIEKTPOJHOTO paccTosiHus. B pa-
6ote [10] Ha OCHOBE ypaBHEHUSAX HENPEPHIBHOCTU
W ypaBHeHHH [lyaccoHa sl 2JIEKTPUIECKOTO TOJIs
COCTaBJIeHa JIBYMEpHas MOAETb OapbepHOro pas-
psina asora AN TEOMETPUHM  OCTPUE-TUIOCKOCTD.
Pesynbrarel 4YMCIEHHOTO aHAJM3a IOKA3BIBAOT,
YTO XapaKTEPUCTHKH Pa3psiia ONpPEACISIIOTCSl pac-
MIpeAeICHNEM MIEPEMEHHOTO 3JIEKTPHUYECKOTO OIS,
KOTOpOe OOJNBIIYIO YacTh MEPHUO/a BEIUKO B 00Ma-
CTH DJICKTPOAA OCTpPHUs, YTO OOYCIOBIEHO €ro Kpu-
BU3HOW. PazHble reoMeTpun 3JIEKTPOJOB peakTopa
OapbepHOTO paspsiaa OBUTH HCIIOIB30BAHBI B paboTe
[11] mst quccoumManuy MOJIEKY YIIEKUCIIOTO rasa.
[Ipumenenne KOH(UTYpaLUKH JIEKTPOIOB OCTpPHE-
IJIOCKOCTH TOKa3aJlo 3HAYUTENbHYI0 Heprod3ddex-

5

THUBHOCTB 110 CPAaBHEHHIO C TEOMETPHUECH 3IEKTPOIOB
IUIOCKOCTh-TIOCKOCTD.

HccnenoBanue OapbepHOTO paspsija NpU pas-
HOHM T€OMETPHH JIISKTPOJIOB JIaeT HOBBIC PE3yIbTa-
THI JUI ONTUMM3AIMN PEKIMOB TOPPEHHUS paspsina
Y TIO3BOJISIET YBEIMYHUTh 3PPEKTUBHOCTD U IPOIYK-
THUBHOCTB IPUMEHEHUS TIa3MbI aTMOC(HEPHOTO J1aB-
senusi JIBP B pa3HbIX MPUITOKEHUSIX.

IKCIMePpUMEHTAJIbHASL YCTAHOBKA

B mpouecce pa3paboTku 3KCHEPUMEHTAILHON
YCTaHOBKH HA OCHOBE JTUAJIEKTPUYECKOTO Oaphep-
HOTO pa3psma ObUTH cOOpaHBI Be KOH(MHUTYpaITUH
AJIEKTPOAHON cucTeMbl. [lepBasi cocTOUT M3 ABYX
TUIOCKHUX D3JICKTPOJIOB, OMUH M3 KOTOPBIX TMOKPHIT
IAJIEKTPUYIECKIM MaTepraioM. Bo Bropoit koHpH-
Typauuy 3a3eMJICHHBIA 3JIEKTPOX 3aMEHEH MeTal-
JUYECKUM CTEPKHEM C OCTPHIM HAaKOHEYHHKOM. 3a
cYeT ITOro mocTuraercs 3¢ ¢dekT KopoHsl. Hmke Ha
pucyHke | mpuBeneHbl 00MIas cXemMa SKCICPUMEH-
TaTbHOW YCTAHOBKM W TPHHIIUITHATBHBIE CXEMBI
AIIEKTPOAHBIX CUCTEM OaphEPHOTO pa3psa.
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Pucynox 1 — DxcniepuMeHTallbHas yCTaHOBKA U
KkoH(urypanuu s1exkrponos {bP
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B xauecTBe MIOCKHX BIEKTPOIIOB HCIOIB30-
BaJICSI MEIHBIM IMIHHIAP ¢ auameTpoM d=45 mw,
tomuHo# 1 = 4,5 mm. Ha moBepXHOCTH IJIOCKOTO
ANIEKTPOa OBUIO PACIONIOKEHO KBapIeBOS CTEK-
70 ¢ auameTpoMm d=75 MM, TONIIHHONW | = 6 MM 1
C JIURJIEKTPUYCCKONM MPOHHUIIAEMOCThIO € = 3,5. B
Ka4eCTBE BBICOKOBOJBTHOIO 3JICKTPOAA B Ciyyac
KOH(HUTYparuu OCTPHE-TUIOCKOCTh HCITOIB30BAIICS
OCTpBI METaJNTMYeCKUd CTep)KeHb UIMHOW =28
MM U quamerpoM d = 8 MM. MexanekTpoHoe pac-
CTOSTHUE BO BCEX DKCIIEPHMEHTAX COCTABISIET 2 MM.
I[J'ISI TMOJIy4YCHU I1JIa3Mbl BBICOKOBOJIBTHOC HaIps-
JKEHHE CUHYCOHMJIATBHON (POPMBI C aMIUTUTYIOH 10
15 kB u yactoroit 1o 20 kI'u momaBaniock U3 BbI-
COKOBOJIBTHOI'O HICTOYHUKA ITUTAHHA. HpI/IJIO)KeHHOG
HaTpsDKCHUE U3MEPSIach ¢ MOMOIIBIO ITUPPOBOTO
ocmmutorpada LeCroy uepe3 BBICOKOBOJIBTHBIN
mryn Tektronix P6015, a Tok perucrpupoBaics de-
pe3 Hu3koBOJIbTHBIM Iyn Le Croy M HIyHTOBBIM
pesuctop ¢ HomMmHAIOM 100 OM. Jlna m3mepeHus
BOJIBT-KYJIOHOBCKOM XapaKTePUCTUKU PE3UCTOP OBLIT
3aMECHEH Ha BHICOKOBOJIBTHBIN KOHACHCATOP C EMKO-
cThi0 68 nd.

s nM3MepeHns ONTHUYECKUX XapaKTEPUCTHUK
OBLI UCIIOB30BAH ONTHKO-3MUCCHOHHBIN CIIEKTPO-
MmeTp Solar Systems. CrieKTpoMeTp COCTOHUT W3 OTI-
TUYECKON CUCTEMbI COOpaHHOM B €MHBIN OJIOK ISt
pEerucTpalyy CUrHalla, ONTHUYECKOTO BOJIOKHA IS
nepeayy U3Iy4YeHHsl U U3 CaMOTO CIIEKTPOMETpa.
Jlanee mosyueHHBIH CUTHA oOpabarbIBaJICs 4yepes
MEPCOHANIBHBIN KOMIIbIOTEp. s BU3yalbHOTO Ha-
OmrofeHMS 3a pa3psaoM Obla mcroib3oBana CCD
KaMepa ¢ 4acTOTON 25 KaJpoB/CeKyH/I.

Pe3y.ﬂbTaTbI IKCIIEPUMECHTOB

[Tocne momaun BEICOKOBOIBTHOTO CHHYCOU/1ATTb-
HOTO HAIIPSDKEHMSI Ha IUIOCKUE 3JIEKTPOABl MEXIY
JIUAJIEKTPUYECKON MMOBEPXHOCTHIO U METAJIIOM 00-
pa3yercs pa3psj B CTPUMEPHOM PEXHUME.

Kak BunHO u3 pucyHka 2 pasps]l COCTOUT W3
MHOXKECTBA MHUKPOKAHAJIOB (MM CTPUMEPOB) IO
KOTOPOMY MEPEHOCUTCS TOK paspsaa. OOBIYHO IpU
ciyvae, KOrjua TOJIBKO OJMH U3 3JEKTPOAOB IMOKPHIT
JUAJICKTPUKOM, IIMPHUHA MHUKpopaspsjaa B o0nacTu
JIURJIEKTPUYECKOro Oaprepa Oonblie 4eM Ha I0-
BEPXHOCTH METAINIMYECKOTO 3eKTpona. Ha pucyH-
Ke 3 mpuBeneHbl TUHAMUYECKHE BOJBT-aMIIepHBIE
XapaKTePUCTUKU pa3psja MpU MOCTOSHHOM Hamps-
>)keHUM B 15 kB M pa3HOl reoMeTpuu AJIEKTPOIOB.
BepxHuil puCyHOK COOTBETCTBYET F€OMETPUHM IJIEK-
TPOJIOB «IUIOCKOCTH-IUIOCKOCTBY», TOTNA KaK HIDK-
HUU COOTBETCTBYET I'€OMETPHUM 3JIEKTPOAOB «ILIO-
CKOCTb-OCTPHEN.

ISSN 1563-034X

Pucynoxk 2 — JIBP B paGouem pexxume Npy reOMeTpUH
NIEKTPOAOB «ILUIOCKOCTh-ITIOCKOCTh)
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Pucynok 3 — /lunamuueckas BOJIbT-aMIICpHAS
XapaKTepPUCTUKA AUIEKTPHIECKOTO OapbepHOTO pas3psija:
BEPXHHUH-TEOMETPHS MEKTPOJIOB «IIOCKOCT-IIIIOCKOCTEY,

HIDKHHUH — T€OMETPUS SIIEKTPOIOB (IIITOCKOCTh-OCTPHE

13 ocuuJIorpaMMbl TOKa BUIHO, YTO IIPU ILJIO-
CKHUX DIIEKTPOIaX HAOIOMAETCSI MHOYKECTBO ITHKOB B
Hayalle KaXJoro Mojynepuojia HamnpspkeHus. Jlan-
HBIC MYJIBTU ITUKH COOTBETCBYOT MHOKCCTBY MUKPO-
paspsgaM (cTpuMepam) B pa3psIHOM ITPOMEKYTKE.
B ciyuae, xorga 3a3eMIICHHBIN IUIOCKUI METalIN-
YECKH MEKTPOJl 3aMEHEH OCTPBIM 3JIEKTPOIOM Ha
OCIIIJUTOTpaMMe TOKa BHIHBI TOJBKO €IUHHYHBIC
UMITYJIBCBhI, KOTOPBIC COOTBETCTBYIOT OJAWHOYHOMY
CTpUMEpPHOMY KaHany. Hajo omeTurs, 4To TOK, IIpo-
TEKAIOUINI Yepe3 dTOT KaHajl, OTHOCHTEIHHO 0OJIh-
IO W COCTAaBIISIET OKOJIO 4 MA, TOTIa KaK B CcIydae
IUTOCKUX DJIEKTPOIOB U MHOKECTBE MHKPOPa3psI0B
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TOK He mpebiiaet 2,5 MA. Tak ke BUIHO, UTO MpH
TFEOMETPUHU DJICKTPOJIOB «IUIOCKOCTh-OCTPHE» TOK
MIPOXOJUT Yepe3 MEKINCKTPOIAHBIN MPOMEKYTOK
TOJILKO B OTPHIIMTACITHOM TOJYIIEPHOJIE HAIPsIKe-
HHUS, 9TO CBSI3aHO C 2(PPEKTOM HAKOTUICHHS 3apsia
Ha IMOBEPXHOCTH JIEKTPOJIOB.
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Pucynoxk 4 — Criektp mia3mbl Bo3ayxa Mpy IPHI0KEHHOM
HanpsoKeHnH paspsana 15 kB. Bepxuuii — mimockue 31eKTpossl,
HIDKHUI-ONH U3 SNIEKTPOJOB B BUJIE OCTPUS

s ompeneneHWs aKTUBHBIX XHUMHYECKUX
KOMITOHCHTOB OaphepHOro paspsaa ObUT W3MepeH
CIIEKTp IUIa3MbI BO3AyXa B quarno3oHe BoiaH ot 200
HM 110 1200 HM TpH IPUIT0KEHHOM TOCTOSHHOM Ha-
npsokeHuH B 15 kB 1 ipu atMocepHOM TaBIICHUH.
Pe3ynprarsl oka3anu HaJIuyue JMHUN a30Ta U KUC-
sopoga. OCHOBHBIMU aKTHBHBIMH KOMIIOHEHTaMHU
B miasMe sBisteTcss N, 1 N,* 1 aromMapHblid KHCIIO-
pon. Taxxke, ects coenunenus NO u OH. lannsie
CHELUH SIBIOTCS KJIIOYEBBIMU NPU 00pabOTKe KH-
BBIX TKaHEW, KJIIETOK U OKa3bIBAIOT AC3UHPUKITUPY-
roruit a3gdext. Ha pucyHke 4 mokazaHbl CIIEKTPbI
TUIa3MBbl, TIONTYyYEHHBIE TPH T€OMETPHUHU HIIEKTPOLOB
«IUTOCKOCTh — IUTIOCKOCTBY (BEpXHHUH Tpaduk) u
«IUIOCKOCTh — OcTpue» (HmkHui rpaduk). MaTeH-
CHBHOCTb JIMHHH N, TP TEOMETPUH «IIOCKOCTH —
TUIOCKOCTHY» HE3HAYNUTENBHO BBIIIE YeM CIIEKTPallb-
HBI€ JTMHUN TPY IPUMEHEHHH OCTPOTO AIEKTPOAA.

3akiaouenue

HccnenoBana nuHaMHUecKash BOJIBT-aMIIEpHAs
XapaKTEPUCTHKA AUIEKTPUUECKOI0 OapbepHOro
paspsiia U CHEKTPBI [Ia3Mbl BO3/1yXa IPH JIEKTPO-
JTHBIX KOH(MUTYpanMsx IUIOCKOCTh — IUIOCKOCTh U
IUIOCKOCTh — ocTpHe. [lokazaHo, 4TO IMpUMEHEHHE
OCTpPOTO D3JIEKTPOJia CIIOCOOCTBYET YMEHBIIECHUIO
CTPUMEPHBIX KaHAJIOB W TPOTEKAHUIO OCHOBHOIO
TOKa TOJBKO B OTPHILATEIEHOM IONYyIEPUOJE Ha-
HpsKEHMsI. Pe3ynbTaTbl ONTUKO SMUCCHUOHHOM CIIEK-
TPOCKONHH TMOKa3ald yMEHBIIEHHE MHTECHBHOCTH
IIPH TEOMETPUH NIEKTPOAOB «IIJIOCKOCTh-OCTPHEY.
[TosydyeHHbIE AKCHIEPMEHTAIBHBIE JAHHBIE MOTYT
OBITH MOJIE3HBI NPU HCCICAOBAHUM (HU3NIESCKHX
nporreccoB B JIbP mpu pa3Hoit koMOWHAIIMN TeoMe-
TPUU IEKTPOJIOB.
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