OO6Lwpe BoNpoChl ABUraTeNecTPoeHNs

YK 621.43.056+519.6

KaHnd. mexH. Hayk [. A. Jonmamoe

Hayuonaasnotii aspoxocmuuecxuii ynusepcumem um. H. E. XKyxoeckoeo «XAH», Yxpauna

BIIMAHUE SNEKTPOMAIrHUTHOIO U3NYYEHUA HA
MEXAHU3MblI TOPEHUA YINMEBOAOOPOOOB B
HEMOCPEOCTBEHHON OKPECTHOCTU PA3PAOA

IIposedero mamemamuueckoe Mooeaupo8anue 2o0peHusi npedesbHbX yeneeo0opodos 6 oKpec-
muocmu cmayuoHaprozo dyzoeoeo u CBY-paspsdoe. ObuapyiceHbl KpunmouecmauyuoHapHble
aghghexmut, ces3aHHbIE C AYMUCMBIM NEPEHOCOM IHEPUU U3 CIB0AA Pa3psia 6 30HY NPUCOEOUHEH-
HO20 meueHUs: U GMOPUMHOU UOHU3AUUU, BOHUKAIOUWEM NPU PeAaKCAUUU 8030YHCOCHHBIX INeKM -
POHHBIM YOapom yacmuy u uonos. Ilpoanairuzuposana acummempuyHOChy NEPUOOUHecK020 YC-
KOperUsi/3aMe0NeHUsI CKOPOCIU 20PEeHUsI OMHOCUMENbHO OCU Pa3psa0a U ee C8s3b ¢ 2a300UHAMU-
YeCKUM CHOCOM Peazupyioujux 6030YHCOeHHbIX Yacmul, UCCAe008AHbl CONYMCMEYIOULUEe MEXAHU3-
MblL NepecmpouKy KUHeMU4ecKol cxemMbl nPOUecca opeHus..

Karoueevte caoea: 6030ysxcoenHoe cocmosinue, AyHUCMbLI NEPEHOC FHEPUU, NYAbCAUUU NAPa-
Mempoe, CKOpOCMb 20peHUsl, KOHUCHMPAUUs Peazenma.

BBenenue 1 nocTaHOBKA 3224

HccrnenoBaHue MpoIieccoB 3MEKTPOXUMUIECKOTO
U TUTA3MEHHOTO rOpeHus B MOCAeaHee BpeMs 00J1a-
JAeT TeHACHIMEN K YBEJIMUYECHUIO JeTATU3aIUU IPU-
MEHSIeMBIX MaTeMaTHIeCKIX MOJIEIICi, pOCTy IOTpeO-
HO TOYHOCTM YMCJIEHHBIX U HATYpPHBIX SKCIEPU-
MEHTOB, a TaKXKe BCe OOJIbIIIEMY YHCITy YIUThIBae-
MBIX M 00HapyXuBaeMbIX 3(D(HEKTOB, CBI3aHHBIX C
(UBUKO-XUMUYECKON MPUPOAON MHIYLUPYEMBIX
3JIEKTPUYCCKU HE HEUTPaJIbHOI Ccpenoii/pa3psaom
[1, 2]. BaxxHeiM HarpaBIeHUEM SIBISIETCS U3yde-
HUE B3aMMOICUCTBUS CTAIlMOHAPHBIX M MEPUOIM-
YECKHUX pa3psioB U IUIa3MEHHBIX CTPYKTYP C pearu-
pylollIei cpeaoii, B YaCTHOCTU — O0yCIaBIMBaeMas
TaKWM B3aUMOJIEMCTBUEM MEPECTPONKAa KUHETUYEC-
KOl CXeMbI TOPEHMS, UBMEHEHUE CKOPOCTH TOPEHUSI
U KOHEYHBIX MPOAYKTOB KaK Pe3yJbTaT BO3HUKHO-
BEHUS U SBOJIOLMIA PAa3BUTOTO HECTAIIMOHAPHOTO
TOPEHMUSI TIPU ITOCTOSIHHBIX TPAHUYHBIX MaKPOYCIIO-
BUSIX (ra30AMHAMUYECKUX TapaMeTpax cpelabl Ha
BXoJie B peakTop BAX M 4aCTOTHBIX XapaKTEepUCTH -
Kax paspsina). K unciay Hanbosee (pyHIaMeHTaIbHBIX
npo6JeM TeOpUH U MPAKTUIECKUX MTPUIIOKEHUI To-
pEHMA U B3pbIBA B HACTOALLEE BPEMS CIIEAYET OTHE-
CTH BOIIPOC O BIMSIHUM DJIEKTPOXUMUYECKUX MPO-
LIECCOB Ha TeHEepaluio U JUCCUIIALINIO TypOYJICHT-
HBIX BUXpEii B pearupyoliem noroke [3]. OgHako B
CIJTy HEIOCTAaTOYHOI TEOPETUYECKON N3yYEHHOCTU
¥ HEBO3MOXKHOCTH IIPUMEHEHUS SIMITMPUICCKUX U
MOTYSMITUPUIECKUX MOJIETIeH TypOyJIeHTHOCTH YHC-
JIECHHbIE€ MCCJIEI0BAHUS B JAHHOU 00J1aCTU TPEOYIOT
ucnonb3oBaHusa DNS-monenu, 4To 00yciaBIvMBaeT
MOTPEeOHOCTh B YPE3BBIYAHO BBICOKMX BBIYMCIIU-
TEJIbHBIX MOITHOCTSIX U €1Ba I MOTYT ObITh BBITION-
HEHBI B Mpefiesiax YKpauHBbl.

He menee BaxxHOI 3anaueil siBasieTCsS U3y4eHUE
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KMHETUYECKUX M Ta30AMHAMUYECKUX MEXaH3MOB B
HETIOCPEICTBEHHON OKPECTHOCTH JIEKTPUUECKOTO
pa3psiga — 30He BTOPUYHOM MOHM3ALIMK 1 TIpHJIera-
OLLMM K Hell yyacTkam TedyeHus1. Kak u3BecTHo, a/ieK-
TpUYECKME paspsiabl pa3IMIHOrO TUIA 00JamaroT
HelIeTepPMUHUPOBAaHHBIM BO3ICHCTBUEM Ha TeMIIC-
paTypy, CTPYKTYpY ¥ SMUCCUOHHBIE XapaKTePUCTH-
KU TIaMeHu [2, 4]. B yacTHOCTH, X BIMSTHUE MOXET
MMPUBOANTH KaK K YCKOPEHUIO, TaK M K 3aMeIJICHUIO
ropeHusi. Beicokas aHeprusi CBOOOIHBIX 3JIEKTPO-
HOB pa3psiaa 1 00bllasi peaKIMOHHAsI CHOCOOHOCTh
00pasyloIxcs B X0/e 3JICKTPOXMMUIECKUX peaK-
LI BEIIECTB B COYETAHMU C KOPOTKUM IEPUOIOM
HX CTAOMIJIBHOTO CYIICCTBOBAHUS IIPUBOINT K pa3-
BUTHIO KPUIITOHECTALIMOHAPHBIX 3(P(PEKTOB, T. €. BO3-
HUKHOBEHUIO CPABHUTEIHHO BEICOKOYACTOTHBIX JIO-
KaJIbHBIX ITYJTECALINI ITapaMeTPOB IMPHU HEM3MEHHBIX
IPaHUYHBIX YcI0BUSIX. COTIacHO KOCBEHHBIM JaH-
HBIM 3HAYUTEIBHOTO YKCIa UCCIeIoBaTeNei, momnoo-
HBIE TIPOIIECCHI, B TOM YHMCJIe — OOYCIOBJICHHBIEC T1e-
PEHOCOM 3HEPIMH 3JIEKTPOMArHATHBIM M3ITyIeHUEM,
MOTIYT CIIyXWTb IIPUYMHOM IIEPECTPONKA KUHETU-
YeCKO#l cXeMbl peaklinii 1 (poHTa IIaMEHU B 1ie-
JIOM, BIIOTH IO Pa3BUTHSI BUOPALIMOHHOTO TOPEHMST
U JIOKabHBIX AeToHauwmii [1, 2, 5]. Takum ob6pasom,
MaTeMaTU4eCcKOoe MOJICIMPOBAaHUE TOPSHUS YIJICBO-
JIOPOJIOB B OKPECTHOCTU CTAallMOHAPHOIO U B OCO-
o6enHoct CBY-paspsiga ¢ yueToM JIyducToro repe-
HOCA I MTHUIIUAPYEMBIX TAKOBBIM JIOTTOTHUATETHHBIX
AKTHUBHBIX YaCTHUII B 30HE TEPMUUYECCKOIO TOPEHUS
SIBJISIETCSI AKTYaJIbHOW 3a/1aueii COBPEMEHHOM T€O-
PUM TOPEHUS U B3pHIBA.

MoneaupoBanne roOpeHnsi B OKPECTHOCTH JJI€KT-
PHYECKOTO pa3psna

OOBEeKTOM HcCeN0BaHUs B HACTOSILIEH paboTe
SIBJISIETCSI pearvpyroliast BO3MyIIIHO-METAHOBAsI CMeCh,
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noJBepracMasi BO3IEHCTBUIO SJIEKTPUUECKOTO pa3-
psila ¥ COMYTCTBYIOIIETO MIEPBUYHOTO M BTOPUIHO-
r0 (T. €., BOBHMKAIOIIETO BCJIECACTBUE peTaKCalluu
BO30Y:KICHHBIX YaCTUIl B BBICOKMX COCTOSIHUSIX)
5JICKTPOMATrHUTHOTO M3Ty4eHns. B KauecTBe Mare-
MaTUYECKOM MOAEIM IIPU pacuyeTax UCIOIb30Bajach
cucreMa ypaBHeHMi HaBbe — CTOKCa, OCpeIHEHHBIX
o PeitHoNbaCY U JOTTOJTHEHHAsI CUCTEMOM ypaBHE-
Huit MakcBeJia 1 ypaBHeHreM bosbiiMaHa aist pac-
TIpeIe/ICHUS 3apsSLKeHHBIX M 3JIEKTPOHEHTPpaTbHBIX
peareHToB, a TakxKe (PUIbTPOBAaHHBIM 110 CMEIIIaH-
HBIM KO3 (PUIIMeHTaM reHepaIbHbIM 0alaHCOM BO3-
IYILIIHOTO TOPeHUS MeTaHa B IIPUCYTCTBUU 3JICKTPU-
YeCKOro pa3psaa 1 ypaBHeHusiMu SST-momenm Typ-
oynentHoctH [1, 2, 3, 5, 6]. s CBY-paspsina npuHs-

TO pacripenefieHue MapreHay JJisi CHMMETPUYHOMN
yacTh QYHKIUM pacnpeneieHust [6]. PesyabraTsl
MOZETMPOBAHYSI, BBITIOJJTHEHHOTO Ha BHICOKOITPOU3-
BOIMTEJILHOM CTaHLIMU, TIpUBEAEHBI Ha puc. 1, 2.

B manHoM ciydae moa BenrnynHOi T, moHMMa-
€TCsI CpeHsISl TEMIIepaTypa B TOUKaxX MpOCTPAHCTBA
C KOOpIMHATaMU, COOTBETCTBYIOIIMMU OCH pa3psiaa
TPY OTCYTCTBUM Pa3psifia, T. €. IpU OOBIKHOBEHHOM

TePMUYECKOM ropeHny mMertaHa. [Tapamerp OCH

OITMCHIBACT MOJISIPHYIO JOJIIO OCTaTOYHBIX YIJICBO-
JIOPOIHBIX PaINKAIOB Ha OCH pa3psia IIpHu TepMU-
yeckoM roperuu (Bkimodass CH u mpoMexxyTouHbIe
peareHThI ¢ 00s1ee BEICOKMMH YTJICPOIHBIMM YMCIa-
MU, BXOJSIIME B pacIUMPEHHBIN reHepalbHbIl 0a-
JIaHC BO3IYIITHOTO TOpeHus MeTaHa [1, 4].

a—nyra, 1,5 A; OCHy =0,05; T, =1800K

%

6-nyra, 1.5 A; ocy, =0.2; T =1800K

6 —nyra, 1,5 A; OCHy =0,2; Ty =2100K

2— CBY-paspsan, 2 A; £ =1,35ITn; T, =1800K

Puc. 1. Temneparyphbie mojs rpu ayroboMm u CBY-paspsige
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Puc. 2. Ilynbcaiuy mapameTpoB B BBICOKOTEMIIEPATypHOU 30HE BTOPUYHOI MOHU3ALMU MPU TYTOBOM Daspsiie:

a — TeMIieparypa cpeibl; 6 — CyMMapHasi CKOpPOCTh peakLuid

Kaxk MoxxHO BUAeTbh U3 puc. 1, Ul BceX peXXMOB
3JIEKTPOXMMIUIECKOTO TOPEHMS B CPABHUTEIIBEHO 00-
raToii OCTaTOYHBIMM YIJICBOJOPOJAMU 30HE Xapak-
TEepHBI TICPUOANYECCKIIEC BO3MYIIICHHS TeMIIepaTyp-
HOTO (M KOHIICHTPALIMOHHOTIO) MOJISI MapaMeTpoB
BHU3 M0 TIOTOKY, 3aKJII0vatolieecs B TeHepaluu Ko-
nebaHuii Temrneparypsl (Ha puc. 1 BcaeacTBue oc-
peIHEHUsI 110 BpeMEHU 3a XapaKTePHBIil, yCTAHOB-
JICHHBIN B XOJIe pacueTOB MHTEPBAJI, IIPEACTABICHBI
B BUJIE 30H C ITOBBILLIEHHOH TeMieparypoii). OnHako
BCJICICTBUE HAJIMYMSI rA30AMHAMMYECKOr0 CHOCa pea-
TUPYIOIIEH CpeIbl N3 30HBI CBOOOTHEIX 3JICKTPOHOB
paspsiza, HeJlb3sl OMHO3HAYHO YTBEPXKAATh O IPUPO-
Jie TIOTOOHBIX BOJTH HIXKE T10 TIOTOKY OT pa3psija.

Jlns Gonee meTaabHOTO M3Yy4eHMs IPOLIECCOB
OBLIO MTPOBENIEHO METAM3MPOBAHHOE MOIEIMPOBa-
HHE TOPEHUS B IBYX XapaKTePHBIX CEUCHUSIX Ha pac-
crogHuu 1,75 MM 1 2,5 MM BBEpX IO IIOTOKY OT
BHEITHE# TpaHUIIBI CTBOJIA Pa3psiia B IBYX BapHaH-
Tax MaTeMaTUYECKOM MOIEIM IepeHoca SHEepruu
3JICKTPOMArHUTHBIM TIOJIEM — C ITOCTOSTHHBIM KO-
3 dULIeHTOM pacceuBaHUS JIYIUCTON SHEPTUU U
0e3 yueTa MHULIMUPYEMBbIX U3JTyYeHUEM peaKLnii 3a
npeaeaaMy 30HBI BTOpPHYHON MOHM3AIUM (puc. 2,
CILIOLLIHbIE JIMHUM); C HEJIMHEMHBIM PacCeMBaHUEM

WU3JIYYCHMS 1 UHALIMALMEN peaKiiuii BO BCEM MOIE-
JIMpyeMoM obbeMe (pUC. 2, TyHKTUPHBIC JIUHUM).

HeTpynHo BUIEeTh, UTO MOBEACHUE TTapaMETPOB
BOJIM3M pa3psiga 06paTHO TOMY pacIpeneIeHUI0, KO-
TOPOE COOTBETCTBYET HECTAIIMOHAPHBIM IIpOIIECCcaM,
BO3HUMKAIOIIVIM BCJICICTBHE TA30IMHAMUYECKOTO JI00
I1dOY3MOHHOTO TTepeHOCa XMMUYECKH aKTUBHBIX
KOMIIOHEHT U3 BBICOKOTEMIIEPaTypHOU 30HBI, I10-
CKOJIBKY B 3TUX CITydasx aMILTUTyJa U 4acTOTa MyJib-
caluii MOHOTOHHO TafaeT MPU YBEIMYCHUU IUC-
TAaHLIMYA MEXIY KOHTPOJbHOM TOYKOM U I'PaHULIECH
paspsaa [6]. Hampotus, B paccMaTpyUBaeMOM Cliydae
BHE 3aBUCUMOCTH OT CTEIICHM ACTATN3allUN UCIIONb-
3yeMOW MOJIe/v IepeHoca HabI0aaeTCs UHTEHCH -
dukamus konedaHUil TeMneparypsl (puc. 2, a) u
CYMMAapHOWM CKOPOCTH peakiuii (puc. 2, 6) npu yna-
JICHUY OT TPpaHUIIbI pa3psiaa.

OueBUIHO, BO30Yy:KIaeMble pa3psiioM KojieOaHus
MapaMeTPOB IJIAMEHU CBS3aHbI C IEPUOANIECKAM
HACBIIIEHUEM PeaKlIMOHHOW 30HbI BOJIM3H pa3psiaa
YACTUIIAMM C TMOBBILLIEHHOW PeaKIIMOHHOM CITOCO0-
HOCTBIO (MOHBI ¥ BO30YKICHHBIC YACTUIIBI), BO3HU-
KalolINX BCJIEICTBHE BO30YXICHUS KOMIIOHCHT
5JIEKTPOMATrHUTHBIM MOJIEM, U IMOCEAYIOIIAM UCTO-
IIEHWEM peareHToB. TakuM 00pa3oM, IMOTyYeHHBIE B
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XOJIe pacyeToB U MpelCcTaBlIeHHbIe Ha puc. 1, 2 pe-
3yJILTAThl CBUIETEILCTBYIOT 00 OCHOBOIIOJIAratoIeit
pOJIM JIYYMCTOTO 3HEProoOMeHa Uil MHUIUAIINU
HECTAllMOHAPHBIX MPOIIECCOB B HEMTOCPEACTBEHHOMN
OKPECTHOCTHU Paspsifa MpH 3JIeKTPOXUMUYECKOM TO-
PEHUU U Ta30[IMHAMUYECKOTO CHOCa — JIJIsI PacIipo-
CTpaHEHUsI HeCTallMOHAPHBIX 3¢h(PeKTOB BHMU3 110
MOTOKY, a TAKXXE BOCMOJIHEHUSI XMMUYECKOTO TIPO-
(uns cpenpl B 30HE BTOPUYHOM MOHU3AIUH TTOCTIE
TEPUOINIECKOTO MCTOIIEHMS pEareHTOB. SIpKO BbI-
paKeHHbIEe pa3Iuyusi MeXay BO3NEWCTBUEM Ha MO-
TOK craimoHapHoro 1 CBY-paspsina (puc. 1, e) mpen-
CTaBJISIIOT CO0OI MaTepuan J1s1 JadbHEMIIMX UCCIe-
JIOBAaHUI — B YaCTHOCTH, U3YUYEHUSI BOIPOCA BO3-
MOXXHOCTH CYIIECTBOBAHWS pe30HAHCA MEXKIy Yac-
TOTOW pa3psiia U KPUTITOHECTAIIMOHAPHBIMU TTYJIb-
calrsIMU TIOTOKA B BBICOKOTEMIIepaTypHOI 30HE.
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Jloamatos /I.A. BIUIMB €JIeKTPOMATHITHOTO BHIIPOMIHIOBAHHS HA MEXaHi3MH rOpiHHSA BYTJIe-

BOJHIB y 0e3mocepeaHboMy TOBKIJLT po3psmy

IIposedeno mamemamuune MoO0ea08aHHS 20PIHHA ANKAHOBUX 8Y2A1e800HI8 Y Q08KIiAL] cmayio-
HapHo2o 0y206020 Ma BUCOKOYACMOMH020 po3psdie. Bunatideni kpunmo-necmayionapui egpekmu,
W0 NOB I3aHi 3 NPOMEHeBUM NePeHOCoM eHepeii 3i cmeony po3psady 00 30HU NPUEOHaHOT meyii ma
6MOPUHHOI IOHI3aLIl, KOMPUL BUHUKAE BHACAIOOK peaarcauii 30y0XceHux eaeKmpoHHUM y0apom
yacmok ma ioHie. Ilpoananizoeano acumempuunicms nepioOu4Ho20 NPUCKOPeHHS/YNOBiNbHeHHS
WeUOKocmi 20piHHA BIOHOCHO 0Ci po3pady ma ii 36 930K 3 2a300UHAMIMHUM 3HOCOM Peazyrouux
30Y0CeHUX HaACMOK, 00CAIONCeHO MeXaHi3Mu nepedy0oeu KiHemu4HoI cxemu npoyecy eopiHHs.

Karouoei caoea: 30yomcenuii cman, npomenesuti nepeHoc enepeii, nyascauii napamempie, weUuoKicmo

2ODIHHA, KOHUEHMPAYis peazenmy.

Dolmatov D. The influence of EM radiation on the hydrocarbon combustion mechanism

near discharge

The article consists the results of mathematical modeling of the alkyl hydrocarbon near
constant arc and SHF discharges. There were founded the crypto-transient effects which are
linked with energy transmission from the main discharge to the connected area and secondary
ionization zone by the EM radiation, generated during excited ions and particles relaxation
processes. The axial asymmetric of flame total reaction speed acceleration/deceleration and gas
dynamic influence on this effect have been analyzed, kinetic mechanism’s rebuilding were researched.

Key words: excited state, radiation energy transmission, parameter’s pulsation, flame speed,

reagent concentration.
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