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Abstract. The use of the high-voltage high-frequency streamer discharges for the destruction of environmentally
hazardous gas emissions has been studied in the article. The operation of the generator of the high-voltage high-
frequency pulses with a nanosecond rise time of the pulse is described as well. For generating a streamer discharge,
the diode assembly of the series fast diodes parallel-connected to the load at the output of generator was applied.
It allowed obtaining sharp pulses with a rise time less than 1 ps. The use of the streamer discharge with sharp high-
voltage high-frequency pulses reduced the concentration of the environmentally hazardous gases in the flue emissions.
The NO gas concentration decreased by 4 times, the CO concentration decreased by 5.7 times, and the SO concentration
decreased by 3.9 times.

Keywords: streamer discharge; gas treatment; high-voltage pulse generator.

AnHoTranus. VccienoBaHo IpUMEHEHUE BbICOKOBOJIBTHBIX BEICOKOUACTOTHBIX CTPUMEPHBIX Pa3psiioB A A€CTPYK-
LIUM HKOJIOTMYECKN OMAaCHBIX T'a30BBIX BHIOPOCOB, a TAK)KE OMMCaHa paboTa TeHepaTopa BHICOKOBOJIBTHBIX BBICOKO-
YAaCTOTHBIX UMITYJIbCOB C HAHOCEKYHHBIM (DPOHTOM HApacTaHUsI UMITyJbca. [ co3maHusi CTpUMEPHOTO paspsja
MIPUMEHEHA ANOAHAS cOOPKa M3 MTOCIIEC0BATEIFHO BKIIOUCHHBIX OBICTPHIX INOI0B, MOAKIIOYEHHAs TapauIeIbHO Ha-
Tpy3Ke Ha BBIXOJIE TeHEpaTopa. ITO MO3BOJIMIIO MOIYYNUTH OCTPhIE HMITYJIbCHI C JIIUTEILHOCTHIO ()poHTA MeHee | MKC.
Hcrionp30BaHne CTPUMEPHOTO pas3psiaa ¢ OCTPHIMU UMITYJIbCAMU BBICOKOH Y4acTOTBI BEICOKOTO HANPSHKEHHS CHU3MIIO
KOHIICHTPAIMIO SKOJIOTHYECKH ONACHBIX TA30B B JILIMOBBIX BbIOpocax. Konnenrpamus raza NO cHusmiiach B 4 pasa,
koHueHTpauus CO ymenpmiiace B 5,7 pasza, a SO — B 3,9 pasa.

KuroueBble ci10Ba: CTpUMEPHBIH pa3psizl; Ta3004UCTKA; BEICOKOBOJIBTHBIN T€HEPATOP UMITYIILCOB.

AHoranis. JlociipkeHo 3acToCyBaHHS BHCOKOBOJBTHUX BHCOKOYACTOTHHX CTPHUMEPHUX PO3PSAIB JUIS JECTPYKINT
€KOJIOT1YHO IIKIJUTMBUX Ta30BUX BUKUJIB, & TAKOX OIMHMCAHO POOOTY reHepaTtopa BUCOKOBOJIBTHUX BUCOKOUACTOTHHX
IMITYJIbCIB 3 HAHOCEKYHJIHMM (DPOHTOM HapOCTaHHs iMITyibCy. [lIsi CTBOPEHHSI CTPUMEPHOTO PO3Psiy 3aCTOCOBAHO
Jio/tHy 301pKy 3 IOCHIJOBHO BKJIIOUYEHHX MIBUAKHX J10JIIB, MIKJIIOYEHY IapajielIbHO HaBaHTaKCHHIO Ha BUXOJII TeHe-
paropa. Lle 103BoJIMIIO OTPUMATH TOCTPI IMITYJIBCH 3 TPUBAIIICTIO (PPOHTY, MEHIIOK0 32 1 MKc. Bukopucranus crpu-
MEPHOTO PO3PsAY 3 TOCTPUMH IMITYJIbCaMH BUCOKOT YaCTOTH BHCOKOI HAaNpPYT'H 3HU3WIO KOHIIEHTPAIIO EKOJIOTTYHO
HebOe3mnmevyHnX ra3iB B quMoBux Bukungax: NO —s 4 pasu, CO — B 5,7 pa3za, a SO — B 3,9 pasa.

Kuio4oBi ciioBa: cTpuMepHU po3psi; ra3004MCTKA; BUCOKOBOJIBTHUI reHepaTop IMITyJIbCIB.
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ITOCTAHOBKA ITPOBJIEMbI

CoBpEeMEHHBIC TEXHOJIOTUH JJIECKTPOPIIIBTPAIINN Ta-
30BBIX BEIOPOCOB Ha MpPUMEpPE TEIUIOBBIX DJICKTPOCTAH-
i uMeroT ddekTuBHOCTL 0KOI0 99 % npu yaaneHun
a’p030JbHBIX YacTull [2]. OJHAKO OYUCTKA OT DKOJIOTHU-
YECKHM OMacHbIX Ta3os, Hanpumep, CO, NO, SO, npaxk-
TUYECCKH HE TIPOBOTUTCS.

HeobOxomuMocTh pa3pabOTKH HOBBIX CIIOCOOOB OYUCT-
KH Ta30BBIX BEIOPOCOB O0YCIIOBIICHA aKTyalbHBIMH 337a-
YaMU 3alIUTHI aTMOC(HEPBI OT 3arps3HEHUS MTPOMBIIIICH-
HBIMH BBIOPOCAMH: YBEIHYCHHEM TPEOOBAaHHUN K COCTaBY
TIBUTA ¥ A0Pa3UBHBIX YACTHI] ITOCIIC OYHUCTKH, PE3KUM yBe-
JTUYCHUEM BEIOPOCOB Ta30B, TPEOYIOIINX OYHCTKH, a TAKKE
OYHCTKH OT SKOJIOTUYSCKHU BPEIHBIX Ta30BBIX MIPUMECEH.

AHAJIN3 MMOCJIEJHUX
HCCJEJOBAHUM U ITYBJIUKALIUA

OCHOBHBIM ITyTeM THOBBIIIEHHUS 3()(PEKTUBHOCTH
OYHCTKH Ta30BBIX BBIOPOCOB MPOMBIILIEHHBIX O0BEK-
TOB SIBISIETCS MCHOJb30BAaHUE BBICOKOBOJIBTHBIX BBICO-
KOYAaCTOTHBIX CTPUMEPHBIX pa3paaoB [5]. Crpumepst
MIPE/ICTABISIIOT COOOH 3J1eKTpOHHYIO JaBuHY [3, 4, 7].
ONEeKTPOHBI, BBIIETAOLINE U3 TOJOBKU CTpUMEpA, B3au-
MOJEHCTBYIOT € YaCTUIAMU ras3a, 4TO BeAET K JIUCCO-
[UALUN MOJIEKYJI, 00pPa30BaHUIO CBOOOIHBIX PaJNKaJIOB
M BBIIEJIEHNIO OOJIBIIMX 00BEMOB 030HA.

Ha puc. 1 na npumepe CO n NO npexacrasneHa auc-
COLMANMsl SKOJOTHYECKH OIACHBIX T'a30BBIX BBIOPOCOB
MIOCPEICTBOM peakunii cBOOOAHBIX PaJUKaJIOB M HOHOB
CO, C, O, NO nop neiicTBUEM HU3KOTEMIIEPATYPHOI
TUTa3MBI.

Cxema mpeBpamieHnil (cM. puc. 1) TOKa3bIBaeT, 4To
Hamare 030Ha O, He ABJIAETCS HEOOXOIUMBIM YCIIOBHEM
s xumuaeckux npeodpazosannii CO, u CO. Oxnako
CBOOONIHBIN pajinKall KHCJIOPO/IA UTPAET 3HAYNTEIBHYIO
POJIb B 3TOM IIpoLECCE.

Jns 3aXuTaHus W TTOAAEPKKH B 3HAYUTEIBHBIX 00beE-
Max MEXJIEKTPOIHOTO TPOCTPAHCTBA BBICOKOBOJIBTHO-
IO BBICOKOYACTOTHOTO CTPUMEPHOTO pa3psiaa Ha MHOTO-
OCTPUIHON DJEKTPOAHON CHCTEME AIIEKTPOPHUIbTpa
HEOOXOANMO TO/IaBaTh WMITYJbCHl C YAacTOTOH CBBIIIE
400 I'm, xopoTkuM (HPOHTOM HapacTaHHS 10 | MKC U Ha-
MpsDKEHHOCTHIO 0Tt 6omee 30 kB/cum [6]. Bricokas da-

CTOTa CTPHUMEPHBIX Pa3psioB HEOOXOAWMA JUISl 3a’KUTa-
HUSI CIUTOLIHOTO (paKeIIbHOTO U 00BbEMHOTO Pa3psiIOB.
W3nosxeHHOE BBIIIE OAUEPKUBACT AKTYaJIbHOCTD 3a/1a-
Y1 CO3/IQHMSI UICTOYHHKA BBICOKOBOJIBTHBIX BBICOKOYACTOT-
HBIX CTPUMEPHBIX Pa3psiIOB M MPOBEICHUE NCCIICIOBAHNH
BIIMSTHUS TEHEPHPYEMBIX Pa3psiZioB HA Fa30BBIC BEIOPOCHL.
HEJb PABOTDBI — pa3pabotka reneparopa BBICO-
KOBOJIETHBIX BBICOKOYACTOTHBIX MMITYJIbCOB C HAHOCEKYHI-
HBIM (DPOHTOM HapaCTaHUS IS 3aKUTAHUS U TTOAJCPIKKH
CTaOMIIBHOTO CTPHMEPHOTO pa3psizia, a TaKKe MCCIEA0Ba-
HHE BO3MOKHOCTH €I0 MPUMEHEHHS JUISl OYMCTKHU T'a30BBIX
BBIOPOCOB OT 3KOJIOTHYECKH OMACHBIX TPUMECEH.

N3JI0KEHUE OCHOBHOI'O MATEPUAJIA

JUis 3akuraHust ¥ TOAJEPKKU BBICOKOBOJBTHOTO
BBICOKOYACTOTHOTO CTPUMEPHOrO paspsiaa Obul paspa-
00TaH BBICOKOUACTOTHBIH T'€HEepaTop BHICOKOBOJIBTHBIX
HMITYJIbCOB C ()POHTOM HapacTaHMsl MeHee | MKC, 4acTo-
Toil moBTopenust 1o 10 k['u u Hanpsbkenuem a0 150 kB
(puc. 2, 3). lnsg reHepupOBaHHS MMITYIHCOB C HaHOCE-
KyHIHBIM (D)POHTOM B BBIXOZHOM KacKaje MCHOJIb30BaHA
cXeMa C BBICOKOBOJIFTHOW JMOAHOW COOpKOI Ha mocie-
JIOBaTEeIHHO BKIFOUEHHBIX OBICTPHIX auomax HVR—1X-3
Ha BBIXOJIE UMITYJICHOTO TpaHcdopmaropa.

Ha mepBom stame paboTsl rereparopa (puc. 3) 3a-
psoKaeTcst KoHeHcatop C| OT MCTOYHHKA MOCTOSHHOTO
TOKa Yepe3 KaTylmIKy MHIyKTHBHOCTH L .

Ha Bropom orane ortkpbiBaercs Tpausuctop VT,
Y DHEPTHUsl, HAKOTUIEHHas B KoHneHcarope C|, mepenaercs
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Puc. 1. [IpeoOpazoBanue ra3oB Hoj AEHCTBHEM HHU3KOTEMIIE-
parypsoii mia3mel (BBU — BBICOKOBOIBTHBIN HCTOUHHK HM-
ITyJIECOB)
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Puc. 2. HuzkoBoJIbTHAs 4acTh I'eHEparopa BbICOKOBOJIBTHBIX
BBICOKOYACTOTHBIX UMITYJIbCOB U OOIIHIA BUI IKCIICPUMEHTAIIb-
HOM yCTaHOBKHU
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Puc. 3. Tononorust cuiaoBOi 4acTu TeHEPaTopa BBICOKOBOJBT-
HBIX BBICOKOYACTOTHBIX UMITYJILCOB

Puc. 4. OcunsiorpaMma TOKa U HapsDKEHUS BBICOKOUACTOTHO-
TO CTpUMepHOro paspsiza. Pa3seprka 250 mkc/nein.

Puc. 5. CrpumepHsIil pa3ps/ B MakeTe eKTpoduibTpa
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Puc. 6. Pesynsrarsl usmepenuil razoananuzaropom Testo 360
00BEMHBIX JIOJICH COCTABJISIONIMX BBHIOPOCOB JHIMOBOIO Ta3a
BO BpeMsl BO3JEHCTBHS BBICOKOBOJIBTHOTO BBICOKOYACTOTHOTO
CTPUMEPHOTO paspsiia
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gepes Tpancpopmarop 7, koupencaropy C, 9€pe3 OTKpHI-
TyI0 TMOIHY0 cO0pKy VD ...VD B IPIMOM HATIPABIEHHH.

Ha tpeThem stane, korja konaencarop C, okakercs
MOJIHOCTBIO 3apsKEHHBIM, UMITYJIbCHBIN TpaHchopMarop
Mepexo T B PEXUM HachlleHus. [lepenaya sHepruu
IpeKpamiaeTcs. DHeprusi, HaKoIJIEHHas B KOHJEHCATO-
pe C,, Oymer mepenaBaThCsl 9€pe3 WHAYKTHBHOCTH Ha-
CBIIIIEHHOTO MMITYJIbCHOTO TpaHchopmaropa. Tok B 3TO
BpEeMs IPOXOIUT B IIPSMOM HaIlPaBICHUU Y€PE3 BBICOKO-
BOJILTHYIO JIMOJHYI0 cOopky VD,...VD. .

Ha gerBepTom 3Tarne B KOHIIE peKiMa 00paTHOTO BOC-
CTAHOBJICHUS JOJIOB TOK Yepe3 HUX PE3KO MPEPHIBACTCS
W 9HEPTHsl, HAKOIUICHHAS B MHAYKTUBHOCTH HACBIIIIEHHO-
r0 UMITYJILCHOTO TpaHchopmaTopa, nepeaéres B Harpys3-
Ky. ITockosibKy CKOpOCTH OTHHMpPaHUs JTUOIHOH COOpKH
OYeHb BBICOKA, Ha HAarpy3Ke MOJKHO TOJYYHTh MMILYJIbC
C OYCHBb BBICOKOH CKOPOCTBIO HapacTaHus (pPOHTA U pe3-
KAM cragoMm (puc. 4).

OOBEMHBIIT CTPUMEPHBI pa3psill, HEOOXOUMBIN JIJIsI
JACCTPYKIMU T'a30BbIX BI)I6pOCOB, Inpyu 1noga4€¢ Ha MHO-
TOOCTPUIHYIO JICKTPOAHYIO CHCTEMY BBICOKOBOJIBTHBIX
BBICOKOYACTOTHBIX HMITYJbCOB C KOPOTKHM (DPOHTOM
OT UMITYIbCHOTO MCTOYHMKA MHUTAHMS C 3aJaHHOM UTH-
TEJILHOCTBIO U YaCTOTOH CJIEZ0BAHUS MMILYJIbCOB H30-
OpaxeH Ha puc. 5.

OnekTpodu3nyecKknue MpoLEecChl JECTPYKIMU Ia3o-
BBIX BEIOPOCOB OBUIN MCCIICIOBAHBI HA SKCTIEPUMEHTAIIb-
HOM CTEH]Ie, KOTOPBII BKJIFOYaII B ce0s MHOTOOCTPHIHYTO
SNEKTPOJIHYIO CUCTEMY, TEHEPATOP BEICOKOBOJIBTHBIX BbI-
COKOYAaCTOTHBIX HMMITYJIBCOB, T€HEPATOP AbIMa, a TAKXKE
M3MEpHUTENIbHAYI0 anmaparypy. JleranpHoe omucanue
nabopartopHoro creHaa npexacrasieHo B [1]. ['eneparop
paboTas Ha 4acToTe IMOBTOPEHUs NMITyabcoB 10 7 KI ',
¢ amMIIUTYyHoi Hampspkerns 1o 60 kB, B 3akpeiTom mo-
MeleHnH pu Temreparype 24 °C, armocdepHoM JaBiie-
HuM 730 MM PT. CT. U OTHOCUTENBHON BiIaxkHOCTH 73 %.
CKOpOCTb ITOTOKOB JIBIMOBBIX I'a30B 4epe3 IEKTPOAHYIO
CHCTEMY COCTaBIIsT 25 M/cC.

B kadecTBe MCTOYHMKA IBIMOBBIX T'd30B HCIIOIB30-
BaJIM HUTPOLEILIION03Y, MOIYYCHHYIO 1ociie 00paboTKH
JIPEBECHBIX OIMJIOK a30THOM KUCJIOTOU, U 3aTEM B CMECh
no0aBisM cepy. Bo BpeMs akcriepuMeHTa MoJTydeHHast
cyOcTaHIusI MO/IaBaIach TePMUIECKON 00paboTKe ¢ To-
CJICTYIONIMM BBIJEIICHUEM JBIMOBBIX T'a30B, HACHIIICH-
HeIX okcuaamu a3ota NO u ceprr SO, (puc. 6).

Havanenple  KoHieHTparmu — cocrapnsm: SO, —
129 mr/v®, NO — 43 mr/m3, CO — 635 mr/v?. Tlocae
BKJIFOYECHUS TEHEPATOpPa M BHIXOJa CHCTEMBI HA paboumii
PEKUM MPUOIN3UTEIBHO Yepe3 2 MUHYTHI 3HAUCHUS BbI-
opocos cocrasumu: SO, — 33 mr/m?, NO — 10,5 mr/m?,
CO — 110 mr/v.

BBIBO/IbI. OnucanHoe wHccieqoBaHUE MOATBEPHK-
JTaeT BO3MOJKHOCTH TPUMEHEHHS CTPHMEPHBIX BBICOKO-
YaCTOTHBIX BBICOKOBOJIBTHBIX Pa3ps/IOB JJIsl OYUCTKH Ta-
30BBIX BEIOPOCOB OT 9KOJIOTMUYECKHU OMACHBIX COCAMHEHUH.



Pa3zpaboran TeHepaTop BBICOKOBOJBTHBIX BEICOKO-
YaCTOTHBIX HMMITYJIbCOB C (DPOHTOM HapacTaHHsS MEHee
1 MKc.

[IpuMeHeHNe BBICOKOBOIBTHBIX BBICOKOYACTOTHBIX
CTPUMEPHBIX Pa3psIOB MO3BOIMIO CHA3UTH KOHIICHTpA-
LU0 DKOJIOTMYECKH OIacHbIX raszos it CO — ¢ 635
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no 110 mr/m*; NO — ¢ 43 no 10,5 mr/m?; SO, — ¢ 129
110 33 Mr/m>.

[IpemtokeHHBIH cI0c00 AeCTPYKIUU SKOIOTHICCKU
OTIACHBIX Ta30BBIX BEIOPOCOB oOecmeunBaeT 3(PPeKTHB-
HYIO JAECTPYKINIO KaKI0W M3 BECOMBIX COCTABIIAIONINX
ra30BOM CMECH.
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