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Upenanuenko M.B.

BJIMAHUE TAPAMETPOB IIOTOKA TINTABMOOBPA3VIOIIET'O 'A3A B
[TOJIOCTU DJIEKTPOA IIJIASMOTPOHA HA EI'O 5PO3UIO

Kysenos B.B., ®ponxko [1.A., [llymaes B.B.
CHUCTEMA UMITYJIbCHBIX KAIINJIJIAPHBIX PA3PAJIOB KAK CITOCOb
[IOJIYYEHWS IJIASMEHHBIX CTPVIA

Badriev I.B., Zheltukhin V.S., Chebakova V. Yu.
SIMULATION CAPACITIVE COUPLED RADIO-FREQUENCY DISCHARGE:
LOCAL AND NONLOCAL APPROXIMATION

Axumes 10.C., Kapansauk B.b., Ilerpsxos A.B., Tpymkun H.W., Hlagukos A.T.
BJIMAHUE BHEHIHEI'O SJIEKTPUYECKOI'O I10JIS1 HA PACITIPOCTPAHEHUE
MOHU3ALIMOHHON BOJIHbI BJ10JIb TEJIMEBOM ITJIASMEHHOM CTPYU

Khomich V.Yu., Moshkunov S.I., Shershunova E.A.
DIFFERENCE IN DBD DEVELOPMENT IN AIR AT NANOSECOND AND
MICROSECOND VOLTAGE RISE TIME

Khomich V.Yu., Podguyko N.A., Moshkunov S.I., Shershunova E.A.
DBD-PLASMA SOURCE FOR POLIMER TREATMENT

Jleb6enes 0. A., Tarapunos A. B., Dumreiin U. JI., Tutos A. 1O.
BJIMSIHUE MAJIBIX JOBABOK A3OTA HA DJIEKTPOJIHBIN CBY PA3PSI/I
ITOHMXXEHHOI'O TABJIEHM A B BOJOPO/IE

Mupxanos JI.H., ["aticua An.®D.
OJIEKTPOOU3NYECKUE U TEITJIOBBIE XAPAKTEPUCTUKU PA3PALA C
KNJIKMM AHOJIOM

la6apaxmanoB A.T., Ucpadunos U.X., 'annakbapor A.T.

NCCJIEJOBAHUE BJIMAHUA TTAPAMETPOB [TAPOI'A3OBOI'O PA3PSJIA
MEXAY AJIIOMUHUEBBIM DJIEKTPOIOM U XXUAKKWM DJIEKTPOAOM HA ET'O
OOPMY

Cexnus 2. 9JIEMEHTAPHBIE ITPOIHECCHI B IIVIA3BME

[TonomapeB A.A., Anekcannpos H.JL.
KUHETHUKA SHEPTMUYHBIX MOHOB O B PA3PSIJTHOM ITJTABME ITAPOB BOJIbI

Anoxun E.M., [TonnoB M.A., CtapukoBckuit A.1O., Anexcannpos H.JL.
ITPOLECCHI, OITPEAEJIAIONINE PACITA /L ITJIA3BMBI B TOPIOUNX CMECAX ITPU
NX BO3BYXXJIEHVH BICOKOBOJIbTHBIM HAHOCEKYH/IHBIM PA3PsJIOM

Angensbaym E. M.
PACYET TEIUIO®U3NYECKUX CBOMCTB HU3KOTEMIIEPATYPHOM ITJIA3MBbI
Mo U1 Ta

Apnensa H.B., berukoB B.JI., Kocmauesckuii K.B.
ITPOLECCBHI ITPUJIMITAHMA U OTJIMITAHUSA 3JIEKTPOHOB B
IIPEJITIOPOTI'OBBIX YCJIOBUAX B ITINIASME BO3Y XA

Jlagkua A.B.
BJIMSSTHUE MOHHOM TJIOTHOCTHU HA PEKOMBUHAIINIO NOHOB B ITIJIOTHBIX
IF'A3AX 1 XNJKOCTIAX
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Bopo6ses B. C.
OCOBEHHOCTU TPOMHOW PEKOMBHUHALINU B YJIbTPAXOJIOTHOM IVIABME

J.P.Booth, O.Guaitella, A.Chatterjee, JI.B.JTonaes, C.M.3sipsioB, T.B.Paxumona,
J.I".Bonommnx
JANCCOLHUALIA O, SJIEKTPOHHBIM YJIAPOM B IVIASME

Arkhipov D.N., Astashkevich S.A., Mityureva A.A., Smirnov V.V.
PHOTOIONIZATION OF HYDROGEN MOLECULAR ION BY ULTRASHORT
PHOTO-PULSE

Cekuus 3. JUATHOCTUKA U MOJIEJIMPOBAHHUE I1JIA3MbI

Xycaunos [O.I'., Pamazanos K.H., Myprasusn JI.A., 3onotos 1.B.
MODELLING OF IONNITRIDINGIN HIGH-DENSITY GLOW DISCHARGE PLASMA

Xycaunos [0.I'., Pamazanos K.H.,Ar3zamoB P./I.,Myptasun J/I.A., bekacos B.C.
MOJEJIMPOBAHUE ITJIA3SMBI TJIEIOIIET'O PA3PAJA C ITIOJIBIM KATOLOM

[lenncoB B.B., Octposepxos E.B., Jlonatun WU.B., KoBansckuii C.C., KoBans H.H.,
[lanun I1.M.

NCCIIEAOBAHUE PACITIPEAEJIEHUA ITNIOTHOCTU NOHHOI'O TOKA B
UMITYJIBCHOM HECAMOCTOATEJIBHOM TJIEIOIIEM PA3PAIE HU3KOI'O
JABJIEHUS C ITIOJIBIM KATOAOM BOJIBIIOI'O OFBbEMA

Axumie FO.C., Kapaneauk B.b., [Terpsiko A.B., Tpymkun H.U., Hladpuxos A.T.
IIUPUHA JIMHWM U3JIYYEHW, UCITYILIEHHOI'O Y KATOJ/IA B
I[NEPEHAIIPS)KEHHOM U KOHTPATMTPOBAHHOM PA3PAJIE B H, U D;

Axumes 1O.C., Kapanbauk B.B., Mensenes M.A., [lerpsikoB A.B., Tpymkun H.U.
JNHAMUKA KOHTPAKIHUU HLIMPOKOAITEPTYPHOI'O CMJIBHOTOYHOI'O
ITYYKA DJIEKTPOHOB CPEHWX DHEPI' M TP ET'O PACITPOCTPAHEHUU B
Hy; U D, [TPU MAJIBIX JABJIEHUAX

JlomaeB M.U., Knumos A.C., Okc E.M., Auapeituuk A.IL.

CITEKTPBI U3JIVUEHU S U TAPAMETPBI ITYUKOBOM ITIJIASMBI,
®OPMUPYEMOU ®OPBAKYYMHBIM IJIABMEHHBIM UICTOYHUKOM
JIEHTOYHOI'O DJIEKTPOHHOI'O ITYUKA B CUCTEME TPAHCIIOPTHMPOBKHU BE3
MATHUTHOI'O I10JIs

Bapnansn 2.J1., Pamazanos K.H., Harumos P.111.
MOJEJIMPOBAHUE ITPOLUECCA OCAXJIEHW A UHTEPMETAJUJIMJIHBIX
[TOKPBITUI U3 IIJIASMbBI BAKYYMHO-JIYTOBOI'O PA3PSIJIA

bekacos B.C., Bapnausu 2.J1., Kynpsisues A.A., Harumos P.111., Pama3zanos K.H.
UNCJIIEHHOE MOJIEJIMPOBAHUME JIYI'OBOI'O PA3PSIJIA 1TP11 HU3KUX
JABJIEHUAX

Babaeva N.Yu., Naidis G.V.
DYNAMICS OF SUBNANOSECOND BREAKDOWN
OF HIGH-PRESSURE GASES

G.V. Naidis
SIMULATION OF PREBREAKDOWN PROCESSES IN DIELECTRIC LIQUIDS

Ortega A.M., Bes A., Bechu S., Lacoste A.
MODELLING AND CHARACTERIZATION OF ELEMENTARY MICROWAVE
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PLASMA SOURCES AT MEDIUM PRESSURE (1 TO 50 TORR) FOR HIGH RATE
DEPOSITION

Axuies FO.C., Kapaneauk B.b., Menseaes M. A., IlerpskoB A.B., Tpymkun H.H.
B3AHMOI[EI>1CTBHE I/IOHI/I3ALIHOHHOI>1 BOJIHEI, PACHPOCTPAH}HOHIEIZCH
BJ1OJIb T'EJIMEBOM TIJTIASMEHHOM CTPVH, C IIOBEPXHOCTBIO
JIUDJIEKTPUKA U METAJLJIA

Axumie FO.C., Kapanbauk B.b., [lerpskos A.B., Tpymkun H.U., Hladpuxos A.T.
®OPMA TUIASMEHHOM CTPYU ITPM EE CTOJIKHOBEHUH C HEIIOJIBUKHOM 1
JIBVDKYIENCS JUDJEKTPUYECKON U METAJIJIMYECKOM ITOBEPXHOCTHIO

CyxunuH I''1., Canbaukos M.B., ®enocees A.B, Poctom A.M..
TIOJISIPU3ALIMS TUIAZMBI 1 BOSHUKHOBEHUE BEMKA 3A TIBIJIEBOM
YACTHIIEN BO BHEIIIHEM ITOJIE

Badwun P.K., Aradapos N.U., Xycaunos FO.I'., [Tecun A.M., [TyctoBoiitos /I.O.
BJIMSIHUE CKPEILIEHHBIX DJIEKTPUYECKUX U MATHUTHBIX ITOJIEM HA
XAPAKTEPUCTUKU TJIEFOLIET'O PA3PAJA

Badwun P.K., [lIseéra T. B., Acsuibaes A.B., Myxametos P.U., Hukomae A.A.
NCCIIEAOBAHUE TEXHOJIOTMMYHECKHNX PEXXUMOB MOHHOI'O
A30THUPOBAHUA B ITJIASME TJIEIOIIET'O PA3PAA

Camunkun A.T'., IIpoxoposuu /I.E.
OITPEJIEJIEHUE SHEPTETUYECKUX XAPAKTEPUCTUK KOPITYCKYJISIPHOU
OMUCCHUH 13 ITEHHUHI'OBCKUX NOHHbBIX HCTOYHNKOB

@ununmnoB A.B., Jlep6enes U.H., [layroB A.A., Ponun M.M.
B3AMMOJIEMCTBUE 3APSIKEHHBIX ITBUIEBBIX YACTUL] COEPUYECKOM
®OPMBbI B IIVTASME B PEXXUME CHUJIBHOI'O S5KPAHUPOBAHUA

Opank A.l.

JMATHOCTHUKA 3D CTPYKTYPbBI TOKOB B TOKOBBIX CJIOAX 1
MOJIEJIMPOBAHHUE ITPOLIECCOB B XBOCTOBOM OBJIACTH MAT'HUTOC®EPHI
3EMJIN

Illaxatos B.A., JleGenes 10.A., "Lacoste A., Bechu S.
KUHETHUKA 3ACEJIEHUS TPUILUIETHBIX COCTOSHUMN MOJIEKY JIbI
BOJIOPOJIA B DLIP PA3PSIIE

Hlemaxun A.1O., Kentyxun B.C.
MATEMATHUYECKAS MOJEJIb TIOTOKA BU-TIJTASMBI I[TPU ITOHM>KEHHBIX
JABJIEHUAX

Acramkesud C.A., bornano E.A., Kupcanos I'.B., Kyapssies A.A.
UCIIOJIb30OBAHUE JIBYXKAMEPHOU ®OTOIIJIAZMbBI
I CO3JAHUS ®DOTOSJIEKTPUYECKOI'O ITPEOBPA3OBATEJLA

Bousinen A. B., Jlonaes /[I. B., 3otoBuu A.U., 3eipsinoB C.M., Paxumos A.T.
ACTINOMETRY OF O, N AND F ATOMS

I'aneeB U.I', Acanynnun T.A.
MODELING OF GLOW DISCHARGE IN A GAS FLOW

Hepessukun [L.I., [lenkun U.A., Caiipyraunosa A.3., Knementoera U.b., [Tuauyk M.D.,
Jlexc A.T.
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®OPMHUPOBAHUE BJIEKTPMYECKOU YTY HAJl IOBEPXHOCTBIO XXHJIKOI'O
METAJUIA

Hemxo K.H.
OITPEJIEJIEHUE CKOPOCTU IIJIASMEHHOM CTPYU MUHUATIOPHOT'O
MATHUTOIUVIASMEHHOT'O KOMITPECCOPA

B.C. Kenryxun, 1. A. boponaes, A.A.IllaxeipoB
MATEMATHUYECKA I MOJIEJIb HU3KOSHEPTETUYHOM MOHHOM OBPABOTKU
[MOJINDTUIIEHA

A3zanoBa A.A., boponaes U.A, Xenryxun B.C., [TlaxsipoB A.A.
B3AMMO/IEMCTBUE HU3KOTEMITEPATYPHOM IJTIABMBI C TPUKOTAXEM HA
OCHOBE ITPUPOJIHBIX HEJIIFOJIO3HbBIX BOJIOKOH

Kyxosunkuii JI.1., Haymxun B.H., Xycuynratun A.W., Mosotkos B.1.,

JIummaes A.M.

AHOMAJIbHA S KUHETUYECKAS TEMITIEPATYPA IIbIJIEBBIX HACTUIL] B
KOMITJIEKCHOM ITVIABME PAJTMOYACTOTHOI'O PA3PSJIA B YCJIOBUX
MUKPOT'PABUTALUU: SKCITEPUMEHT U MOAEJIMPOBAHUE

Kosaie T.B., Kynurua C.M., Ps6unkoB A.W., Yan Mu Kum An
OGOPMUPOBAHUME BLICOKOMHTEHCHMBHBIX MOHHBIX ITYYKOB C
BAJUIUCTUYECKOM ®OKYCUPOBKOI

Jlomosunkuii [1.B., ®ununmos A.B.

NCCIIEAOBAHUE 5KPAHUPOBAHWA 3APSJIA TTIBIJIEBBIX HACTUI] B ITIJNTASME
HA OCHOBE YPABHEHUI BJIACOBA C YYETOM CTOJIKHOBEHUI U CTOKOB
DJIEKTPOHOB 1 MIOHOB

[MaytoB A.A., ®ununmnos A.B.
B3AMMO/IEVMCTBUE 3APSKEHHBIX ITBUIEBBIX YACTHL] I[TPU ITOCTOSIHHBIX
ITOTEHIHHMAJIAX ITOBEPXHOCTH

Pogun M.M., ®unmnmos A.B.

TOUYHBIE U ITPUBJINXKEHHBIE METOJIBI PACUETA EMKOCTHBIX 1
IIOTEHIHMAJIBHBIX KOOOOUITMEHTOB CUCTEMBI U3 JIBYX COEPUUYECKHUX
MAKPOYACTHL]

CaitdyrnunoB A.U., Kyapssiie A.A., CeicoeB C.C., Tpodumos U.B.

AHAJIN3 [TPUMECEN 10 CITEKTPAM ITEHHUHI'OBCKUX SJIEKTPOHOB B
[IJIABME OTPULIATEJIBHOI'O CBEYEHU S C ITIOMOILBKO CTEHOYHOI'O
DJIEKTPOA

CaitdyrnunoB A.U., Kyapssies A.A., CoicoeB C.C., Tpodhumos U.B.
MOJIEJINMPOBAHUE [TAPAMETPOB ITJIA3SMbI B T'A30BOM AHAJIM3ATOPE
XPOMATO-TIISC

Tpsckun f.B., [1aBnos B.A.
HEJIMHEMHBIE D®OEKTHI B CJIABOMOHNU3UPOBAHHOM ITJIABME IO/
BO3JIEMICTBUEM CUJIbHOU VJAPHO BOJIHBI

N.N. @anpymux

PACYET COCTABA TEPMUUYECKOM! IbIJIEBOH ITIJIASMbBIL, COJAEPXKAIEN
METAJUIMYECKHUE YACTHLIbI Y JIETKOMOHU3UPYIOIUECS IIPUMECHBIE
ATOMBI
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Cexuus 4. BBAUMOJIEMCTBHUE IIJIA3MBI C BEILIECTBOM

A3zapoa B.B., Akumes 10.C., I'onsieBa A.1O., I'pyminn MLE., Kpacuos B.I., [leTpsikoB
A.B., Cyxos E.B., Tpymkun H.H.

AKTHUBALIMS TUSJIEKTPUYECKHX [TOBEPXHOCTEN C ITOMOIILBIO
XOJIOJHOM TVIA3MBI J1J151 VIIPOUHEHM ST OTITUYECKOI'O KOHTAKTA

Awmupos U.U., U3ztomoB M.O., Mazanenkuii JI.A.

CAMO®OPMHNPOBAHUE HAHOCTPYKTYP HA ITOBEPXHOCTHU KPEMHUS B
ITPOLIECCAX PACIIBIJIEHM S U TTEPEOCAXIEHW A METAJIJIJIOB B ITJIASME
BY UHAYKIIMOHHOI'O PA3PAA

borarosa JI.®., Kynesnos I'.H.

[TPUMEHEHUWE HU3KOTEMIIEPATYPHO HEPABHOBECHOU TIJIABMEHHOMN
OBPABOTKMU IT1PY PASPABOTKE METOJIMKN KOHCEPBALIMU
APXEOJIOTMYECKHNX OBBEKTOB U3 KOXU

Fonsesa A.1O., Tocromst A.B., I'aneeB B.A., 'adhapos W.I'., apudynun @.C.
BY MHYKIIMOHHBIN PA3PSJT B [TPOLIECCAX MOJJUDPUKAITIN
I[MOBEPXHOCTU JUDJIEKTPUKOB

Zmievskaya G.l.
STOCHASTIC MODELS OF THE PHASE TRANSITIONS FIRST KIND AT NON
EQUILIBRIUM TAGE IN THE MODIFICATION OF SURFACE PROPERTIES

3bipsinoB U.A., PemetHukos C.M.
BJIMSIHUE DJIEKTPOCTATUYECKOT'O I10JI U COCTABA IIbUIEBOM ITJIAZMBI
HA CKOPOCTbL I'OPEHU S

Kamanos P.H., Kamanos JI.H., Kamanos H.®.
INIOJIYUYEHUE METAJIJIMYECKHUX ITOPOIIKOB B ITJTIASMEHHO-
OJIEKTPOJIMTHOM PA3PAJIE

®enotona 0. B., Kynesuos I'.H.
PA3PABOTKA METOJMKM KOHCEPBAIIM APXEOJIOTMYECKOI'O IIEJIKA C
ITPUMEHEHUWEM HHTII ObPABOTKU

Boznecenckuit 3.0., Mudraxos U.C., Harmyrauaosa A.U., Tpodumor A.B.
SOOEKThI BUU-TIJIASMEHHOU MOJUOUKALIMU JUCITEPCHBIX CUCTEM HA
OCHOBE MHWHEPAJIbBHOI'O CTEKJIA

Homunmyk B.I1., Camoitnos U.C., Amupos P.X., Kucenes B.N.
BO3HUMKHOBEHUME AYT'U ITPU HATPEBE T'PA®UTA ®MKCHUPOBAHHBIM
TOKOM

Codponnukuii A.O., Camuxos K.I'?, Jlaproros B.M.
BJIMSHUE 3JIEKTPOITPOBO AN X JIOBABOK HA TTJIABMOJIN3 TSXKEJIBIX
YI'JIEBOAOPO/IOB

Surov A.V., Subbotin D.I., Popov V.E., Popov S.D., Litvyikova A.l., Nakonechniy Gh. V.,
Serba E.O., Obraztsov N.V.

THERMAL STEAM PLASMA DECOMPOSITION OF ORGANOCHLORINE
COMPOUNDS

TepecoB A./L., Koans H.H., UBanos 10.®., [Terpukona E.A., Kpsicuna O.B.
MOJINOUKALIMA THTEHCUBHBIM DJIEKTPOHHBIM ITYUYKOM ITOBEPXHOCTH
METAJUIMYECKWX U3JAEJINUN, TIOJTYYEHHBIX METO/IOM JIASEPHOI'O MJIN
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OJIEKTPOHHO-ITYUKOBOTI'O CIIEKAHHA ITOPOIIKA

denoronsa A.B.

PA3JIEJIEHUE SMVYJIBI'MPOBAHHBIX CTOYHbBIX BO/I
[TOJINCYJIbAOHAMUIHBIMU MEMBPAHAMU, MOJU®ULIMPOBAHHBIMU
HU3KOTEMITEPATYPHOM TUIABMOI

Kocenko A., Ky3nenos FO.A., Konomeituenko A.B., Turos H.B., Conosses P.1O.,
Hlapudymmmua C.H.

UCCJIEJOBAHUE TOJIMUHBI IIOKPBITUH, TIOJTYUYEHHBIX IIJTASMEHHO-
DJIEKTPOJIMTUYECKHUM OKCUJIMPOBAHWEM HA AJTIOMMUHUEBBIX
CIINTABAX B DJIEKTPOJIUTE TUITA «KOH-H3BO3»

M.B.AnToHoBa, 11.B.Kpacuna, C.B. Unromnna
IINIASMEHHA A MOJIM®UKALINA KAK METO PEI'YJIMPOBAHUW A
T'UJIPO®UIIBHOCTH TKAHEM CMECOBOI'O COCTABA

lanumssanos U.U., barayraunosa JI.H., I'alicun A3.®., lNaiicun ®@.M., bynatos P.1.,
HBanosa A. B.
IIYJIBCALIMU HAIIPSDKEHIA U TOKA PA3PSIA C XKUUAKUMU SJIEKTPOJJAMUA

D.®. Bo3necenckuii, E.C. Bacunbes, A.K. Xaiipyinun
[NOJIYUEHUME KOJUIATEHCOJAEPXAIINX KOMITIO3UTHBIX MATEPHUAJIOB C
MCITIOJIb30OBAHUEM ITJTASMEHHOM OBPABOTKU

Bacunbkun JILIL., [llukosa T.I'., TutoB B.A., CmupuoB C.A., Xomskosa H.C.
MOJINOUILTTPOBAHUE TTOJIMITPOITMJIEHA B ITOCJIECBEUEHWU PA3PAI0OB
ATMOCOEPHOI'O IABJIEHUA B BO3IYXE 11 APTOHE

No6parumos P.I'., Bo3uecenckuit 2.D., Bumnesckas O.B.
BJIVSTHUE ITJIASMEHHOU MOJUOUKALIMN HA TUTUEHUYECKHUE CBOMCTBA
TEKCTHNJIbHBIX MATEPUAJIOB C MEMBPAHHBIM ITIOKPBITUEM

Bonokutun I'.I'., CkpunaukoBa H.K., Bonokutun O.I"., [llexosnos B.B.
INIASMEHHAA TEXHOJIOTI' WA ITEPEPABOTKIM CUJIMKATHBIX 1
TYTOIUIABKIMIX HEMETAJIMYECKHX MATEPHUAJIOB

Minyazova A.N., llyushina S.V., Antonova M.V., Krasina I.V.
RESEARCH OPPORTUNITIES USING PLASMA MODIFICATION FOR TECHNICAL
FABRICS

Kasues A. B., Konoaxo /1. B., 3ubpos M. C., Crenanosa T. B., Jleonosa K. A.
AHAJIN3 NOHHBIX ITOTOKOB B ITJTASME HEPACIIbUIAIOILETO
MAT'HETPOHHOI'O PA3PSJIA

Kupnuues /[.E., HukomnaeB A.A., Hukonaes A.B., [IseTkos 1O.B.
TEIUJIOBOE BO3IEMCTBUE IIJIASMEHHOM AYI'U IIOCTOSHHOI'O TOKA HA
BAHHY-AHO/I IENKOKCEHOBOI'O KOHIIEHTPATA

S. Kolmakov, S. Koitov, |.Evdokimova
DEVELOPMENT OF TECHNOLOGY OF PRODUCTION OF CERAMIC UNITS AND
PARTS BY SELECTIVE LASER FUSION

JleonoBa K.A., Tymapkun A.B., Kasues A.B., Konoako /I.B., [Ipo6unun B.E.
CO3JIAHME 3AILIMTHBIX [TOKPBITHUI B MATHETPOHE
C I'OPAYUM KATOAOM
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Cenesnéra H. B., I'ypsuu JI. I'., CmonanoB H.A., Ocunos A. K.
N3YYEHUE BJIMAHNA PEXXMMOB MOHHO-TIVDIASMEHHOI'O ZrN-IIOKPBITUA
HA KOPPO3HMOHHVYIO CTOMKOCTH CTAJIM CT3

Haytos I'.}O., Codpponunkmii A.O., Mapkos E.O., laytos U.T.

WCCJIEJOBAHUE BO3JIEVICTBMS HA YACTULIBI TIOPUCTOI'O MATEPHAJIA
I[MTOIMEPEYHOTI O PA3PAIA B ITIOTOKE IMPOJJYKTOB CI'OPAHU A TTPOITAH-
BYTAHOBOW CMECH

Surov A.V., Subbotin D.I., Popov V.E., Popov S.D., Litvyikova A.l., Nakonechniy Gh. V.,
Serba E.O., Obraztsov N.V.
USAGE OF AC PLASMA TORCH FOR PRODUCTION OF OXIDE POWDERS

Bosnecenckuii 3.0., Cabupos A.M., Xaiipymaun A.K.
YJIYUIIEHUE TEXHOJIOTMYECKHUX CBOMCTB PACTUTEJIBHOT'O JIYEUTEJISA
B F'A30PA3PSIJHOM ITJIASME

XapbkoB M.M., KazueB A.B., Tymapkun A.B., [Ipoounun B.E., Memepsikosa E.A.,
ITucapes A.A.

MOANPUKALIMA ITOBEPXHOCTU TUTAHA IIOTOKAMUM NOHOB U3 ITJIA3MbI
BUYU PA3PAJIA

Maxotkuna JI.YO., Xpucromob6osa B.1.

I[MOBBIINEHUE 3KCITNITYATAIHMOHHbBIX XAPAKTEPUCTUK MATEPHUAJIOB
TEXHUYECKOI'O HABHAYEHMS C TIOMOIIBIO BBICOKOYACTOTHOM
[TJIA3BMBI TIOHM>KEHHOT'O JABJIEHU A
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DBD DISCHARGE PROCESS: A SPECIFIC PLASMA TOOL FOR GAS
TREATMENT

Amouroux J.}, Dresvin S.2
YUniversité Pierre and Marie Curie /ENSCP / France;
“State Polytechnic University of Saint Petersburg /Russia

DBD discharge is an innovative plasma process for specific chemical gas
treatment. The main characteristics of the DBD plasma discharge are its possibility to
work at atmospheric pressure with electrical nanopulses of streamers at high voltage
of few kilovolts and high frequency of giga hertz.

To describe a little more the hydrodynamic properties of these discharge we have
to take into account that the ions pulses from the high voltage electrode to the ground
electrode produce a wind jet of hundred meters per second and behind each pulse a
convective motion in the gas phase. For the design of a chemical engineering process
we have the gas mixing and the recycling process which are the first main parameters
for a global gas flow treatment.

The second aspect is connected with the specific properties of the excited species
and more generally with the energy exchange between electron pulses and the gas
molecules species.

If we take into account the electron energy distribution ( FDE) and the capture
cross section of each specie ( molecules and radicals ) we point out that the excited
states are first of all vibrational states ,but also homo/lumo new species with odd
electron and radical species and at last ,connected with the high voltage of the
discharge ,strong polar molecules appear with unusual debye polarizability.

The third part of the DBD process is linked with the short time of the electron
pulses (few nanosecond) in agreement with the time of the elementary chemical
reactions. Usually the energy transfer from electrons to the boundary layer of a
molecular orbital is close to 10" **to 10" °second while excited states are able to react
and produce a new species in the range of 10° to 10® second . By that way the
chemical reactions starting with the excited state, new molecular orbital and
quenching process stabilize the non-equilibrium pathway and open a very efficient
chemical process in a DBD reactor.

From this knowledge we have developed an industrial gas depollution pilot plant
to eliminate the COV in a gas flow at a level of 500 ppm by an on line treatment at
60m3/mn. These polluted compounds produce by a bitumen industrial plant are
treated in a triple steps DBD fluidized bed of zeolite and the DBD discharge produces
a polymerization of the organic molecules and a desulfurization of the thiols which
are trapped on the surface of the zeolite beads.
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SURFACE-WAVE-SUSTAINED ARGON PLASMA TORCH FOR
BIOMEDICAL APPLICATIONS

E. Benova', Y. Topalova?, Y. Todorova®, P. Marinova®, M. Atanasova®, T. Bogdanov®, . Yotinov?,
K. Ivanov®, I. Tsonev®

IDLTIS, Sofia University, 27 Kosta Loulchev Str., Sofia, 1111, Bulgaria
’Faculty of Biology, Sofia University, 8 Dragan Tsankov Blvd., Sofia, 1164, Bulgaria
3Faculty of Physics, Sofia University, 5 James Bourchier Blvd., Sofia, 1164, Bulgaria
*Faculty of Mathematics and Informatics, Sofia University, 5 James Bourchier Blvd., Sofia, 1164,
Bulgaria
*Medical University—Sofia, 15 Academician lvan Evstratiev Geshov Blvd., Sofia, 1431, Bulgaria

Plasma sustained by electromagnetic wave traveling along a dielectric-plasma
interface can operate in broad range of discharge conditions: gas pressure from a few
mTorr to several atmospheres; wave frequency from 10 MHz to above 10 GHz;
plasma radius from 0.5 mm up to 12.4 cm produced till now; plasma length depends
on the wave power and can reach several meters but also microplasma of a few
millimetres length is in use. Surface-wave-sustained discharges (SWD) can operate in
rare gases, molecular gases and gas mixtures. In most of the cases the plasma is non-
thermal one — the electron temperature is much higher than the gas temperature even
at atmospheric pressure.

These advantages give opportunities for applications in environmental protection,
sterilization, treatment of living tissue, seeds, water, ets.

The surface-wave plasma torch operating at room temperature can be used for
water treatment and activation as well as for direct treatment of seeds, products,
living tissues, temperature sensitive materials, ets. In the direct plasma treatment
several agents are included in the same time: UV radiation, electric field, charged and
excited chemically active particles. If it is necessary plasma can operate in room
temperature without heating the treated material but it is also easy to choose regime
of operation with gas temperature above 1000 K using the heating as an additional
treatment agent.

In this study the Argon SWD is applied for treatment of Gram positive and Gram
negative bacteria in agar and in suspension. The treatment time is less than 1 min, the
wave power up to 20 W and the plasma gas temperature is less than 36 degrees in
order to avoid the thermal effects. At such conditions good sterilization effect is
observed even at very short treatment time as 5 s. The plasma is also applied to other
model biological systems.
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ION ACCELERATION THROUGH A MAGNETIC BARRIER SINGLE
STAGE AND DOUBLE STAGE HALL THRUSTER

Boeuf J.P., Dubois L., Gaboriau F., Liard L.
LAPLACE, Université de Toulouse, CNRS, INPT, UPS, 118 Route de Narbonne, 31062 Toulouse,
France, jpb@]Ilaplace.univ-tlse.fr

In a Hall thruster, a plasma is formed in a channel between two concentric dielectric
cylinders. The anode is placed at one end of the channel and an emitting hot cathode is
located outside the channel. In a standard, single stage Hall thruster, neutral atoms are
emitted on the anode side and are ionized by electrons emitted from the external cathode. A
radial magnetic field, maximum in the exhaust region of the channel, is generated by coils
(or magnets) and a magnetic circuit. The presence of this radial magnetic field,
perpendicular to the electron current from cathode to anode, leads to a drop of electron
conductivity and to the generation of a large axial electric field in the quasineutral plasma of
the exhaust region. lons (which are practically not magnetized) are extracted from the
plasma by this electric field. The combination of axial electric field E and radial magnetic
field B leads to a large EXB electron drift in the azimuthal direction (closed drift). Efficient
operations of a Hall thruster are obtained when the injected gas flow is almost completely
ionized by electrons emitted from the external cathode and accelerated by the axial electric
field. The gas flow being practically fully ionized in the channel, the gas density in the
exhaust region is very small. Because of the small neutral atom density in the exhaust
region, electron transport through the magnetic barrier cannot be due to classical, collisional
mechanisms.

In a first part of this lecture, we discuss, on the basis of particle simulations, the
mechanisms of electron transport across the magnetic barrier, and the possible role of
instabilities and turbulence.

In a second part of the lecture we address the question of double stage thruster. In the
operation of a single stage thruster described above, the same electric field controls the
electron energy (and therefore ionization), and the velocity of the extracted ions. Therefore,
it is difficult to control separately the thrust and specific impulse (i.e. the velocity of the
extracted ions). Telecommunications satellites will use only electric (plasma) thrusters in a
very near future, and the new generation of electric thrusters must be able to operate
efficiently for satellite station keeping as well as for orbit transfer. Therefore, there is a need
to develop more versatile electric thrusters, able to operate in a large range of thrust and
specific impulse (large thruster for orbit transfer, large specific impulse for satellite station
keeping). The idea behind the concept of double stage Hall thruster is to use a plasma
source (ionization stage, or first stage) upstream of the magnetic barrier, to control
lonization separately from ion acceleration (acceleration stage, or second stage). In such
double stage thruster, thrust would be controlled in the ionization stage by the power
injected in the plasma source, while specific impulse could be adjusted in the acceleration
stage, by the applied voltage. Different types of ion sources have been proposed in the
literature for the ionization stage. In this lecture, we will describe and compare some of the
different attempts at designing double stage Hall thrusters, discuss the concept of ion
acceleration through a magnetic barrier in these thrusters, and propose directions for new
designs.
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PLASMA WATER VAPOR KINETICS AND PLASMA-LIQUID
INTERACTIONS
Peter J. Bruggeman

Department of Mechanical Engineering, University of Minnesota, 111 Church Street SE,
Minneapolis, MN 55455, USA, pbruggem@umn.edu

Abstract

Non-equilibrium atmospheric pressure plasmas interacting with water offer a unique source of
highly reactive chemistry beneficial for many applications [1]. This presentation will provide an
overview of the current state-of-the-art of plasma-liquid interactions and identify key research
challenges. I will focus on the plasma kinetics in the gas/vapor phase and the interfacial transfer of
reactivity from the gas to the liquid water phase.

Although the water plasma kinetics of a diffuse atmospheric pressure glow discharge has been
developed and partially validated [2], our current understanding of the complex Kinetics in
ubiquitous high electron density filamentary water containing discharges is limited. 1 will present
results of a detailed study of a filamentary transient discharge in Ar-H,O in which ionic reactions are
important. Our current predictive modeling capabilities of the non-equilibrium water kinetics will
also be summarized and additional remaining challenges will be identified.

In addition, I will discuss our recent results related to the transfer of reactive species in the context of
plasma-biointeractions and nanoparticles synthesis at the plasma-liquid interface. My group has
performed a large set of experiments with different plasma conditions leading to large variations in
reactive species fluxes to the liquid [3,4]. This allowed us to indentify different chemical reaction
pathways for plasma-biointeractions. The results clearly illustrate the importance of the plasma-
liquid interface as a source of highly reactive chemistry. The important interpfacial processes will be
discussed in detail.
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KINETIC MONTE CARLO ALGORITHMS FOR SURFACE KINETICS

Guerra V.! and Marinov D.?
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In this report we present and discuss the interest and efficiency of Kinetic Monte
Carlo (KMC) algorithms to study heterogeneous atomic recombination and molecule
formation [1]. KMC simulations are then used to validate deterministic calculations,
where surface kinetics is formulated in terms of fractional coverages of different
types of adsorption sites, described by a system of reaction-rate differential equations.
The cases of NO oxidation on Pyrex and O recombination on silica forming O2 and
O3 are discussed in detail.
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ELEMENTARY MICROWAVE PLASMA SOURCES WITH EXTENDED
OPERATING PARAMETERS (FROM LOW TO HIGH- PRESSURES) FOR
LARGE AREA DEPOSITION

Lacoste A., Baele P., Ortega A.M., Bes A., Bechu S.

University Grenoble-Alpes

By an appropriate spatial distribution, a set of elementary plasma sources can be
used for large area deposition over a low- and very low- pressure range. A real
challenge is to obtain uniform depositions at pressures greater than the few Torr when
the plasma diffusion is limited by the scale laws. Study of coupling modes and spatial
distribution of the power deposition for microwave applicators operating at low
pressure allows the prediction of new design of applicators devoted to work at higher
pressures. Indeed, the operating range is strongly dependent on the geometrical
dimensions, pressure and microwave frequency. As a result, the increase in pressure
requires changes to the other two parameters. Different type of couplers (very low to
medium pressure, at 2.45 GH and 915 MHz) will be described in terms of plasma
performances related to the plasma impedance and coupling modes. Interest of this
technology will be pointed out through some examples of applications.

27



DATA NEEDED FOR MODELING LOW-TEMPERATURE PLASMAS
L.C. Pitchford
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The modeling of low temperature, non-equilibrium plasmas (LTPs) is centered on
a description of the electron and ion components of the plasma. The transport of
electrons and ions and the coupling of the charged particle transport to
electromagnetic fields can be described using different levels of models ranging from
macroscopic fluid models to detailed kinetic models such as particle in cell/Monte
Carlo collision (PIC-MCC) simulations.  Data needs depend on the level of
description, but in all cases are extensive. For PIC-MCC simulations, electron/ion-
neutral scattering cross sections are required input whereas the information required
for fluid models includes electron/ion transport and rate coefficients. Hybrid models
have been developed and these use a combination of both kinds of data. An important
consideration is that the electron energy distribution function is generally non-
Maxwellian and can be determined by solving the Boltzmann equation using cross
section data as input.

The LXCat project was initiated in 2009 for the purpose of providing a
warehouse for data related to the charged particle components of low temperature
plasmas along with on-line tools to facilitate intercomparisons and evaluation.
LXCat is a dynamic, open-access, website (www.Ixcat.net) for collecting, displaying,
and downloading the cross sections and transport coefficients required for modeling
low temperature plasmas. This is a community-wide activity and anyone willing to
contribute data or to contribute in other ways to the development of the project is
welcome — at present there are over 40 members of the LXCat team. The contents
and maintenance of the individual databases are the responsibility of the contributors.
Also available on the LXCat site is an option for calculating electron transport and
rate coefficients in pure gases or in gas mixtures when cross section data for the
component species are available in the LXCat databases.

This talk will provide an overview and status report on the LXCat project. Also
included in this talk will be mention of some recent efforts on the part of the Low
Temperature Plasma community to extend the LXCat concept to plasma chemical
kinetics models with associated reaction rates, validation by comparison of model
predictions with target experiments, and distribution in open-access electronic format.
Data related to plasma surface interactions are another issue which will be mentioned
only briefly.
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NANOPARTICLES IN THE VICINITY OF THE ARC DISCHARGE

M.N. Shneider

Princeton University, Princeton, NJ, USA 08544
m.n.shneider@gmail.com

The arc discharge between the graphite electrodes burning in the atmosphere of
Inert gases is one of the standard methods of nanoparticle synthesis. The arc is a very
powerful light emission source, which is close to the blackbody. This radiation is
scattered and partly absorbed by the nanoparticles. In the areas where a synthesis can
occur theoretically, the radiation intensity of the arc is still quite high, and therefore,
one should expect that the temperature of nanoparticles that absorb radiation may
considerably exceed the local ambient gas temperature. A simple theoretical model of
heating the nanoparticles, depending on their size and the parameters of the radiating
arc and the surrounding gas is considered. Heating of nanoparticles by the radiation
can affect the process of synthesis [1]. The degree of heating of the particle is
determined by its geometry, which opens, apparently, additional possibilities for
nonintrusive optical diagnostics.

An effect of intensive ultrasound on the suspension of soot microparticles and
nanoparticles in the inert gas, resulting in the coagulation of relatively large soot
particles and leading to the improvement of the efficiency of production of
nanoparticles, as has been observed in experiments ((see., e.g., [2]), is discussed. The
effect of the particles charge on the possibility of coagulation is analyzed [3].

The polarization forces in a weakly ionized plasma, acting on neutral atoms and
molecules [4,5], are also considered. These forces may have a noticeable impact on
the dynamics of nanoparticle synthesis and growth of soot particles and their thermal
balance.
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Vicinity of the Arc Discharge” (AIAA 2016-1693) 54th AIAA Aerospace
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4. M.N. Shneider, “Polarization Forces in the Vicinity of Nanoparticles in Weakly
lonized Plasma”, Physics of Plasmas 23 (2016) 094505.

5. M.N. Shneider, “Cross-Sections for Neutral Atoms and Molecules Collisions with
Charged Spherical Nanoparticle”, Physics of Plasmas 23 (2016) 124503.
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JJIEKTPOHHBIE ITYYKH, POPMUPYEMBIE I'A30BbIMHU PA3PAJAMMU
B IEPEHAIIPS)KEHHBIX TIPOMEXYTKAX: ®PU3UKA, ITPUJIOXKXEHUA

ELECTRON BEAMS GENERATED BY GAS DISCHARGES IN SHORT
GAPS UNDER STRONG OVERVOLTAGE: PHYSICS, APPLICATIONS

Axumies 10.C., banakupeB A.A., Kapansauk B.b., Ilerpsikos A.B., Tpymkun H.A.

AO "T'HL] P® TPUHUTH", 108840, Mockea, Tpouyk, yn. Ilywkosvix, 12.
akishev@triniti.ru

AnHoTanusi. B 1oknaze mpencraBieHO COBPEMEHHOE COCTOSHUE WCCIICIOBAaHMM B 00JacTH
reHepaluy HMMITYJIbCHBIX CHJIBHOTOYHBIX 3JIEKTPOHHBIX IYYKOB CpeIHUX HsHepruil (mo 25 k3B).
[Toxa3aHbl MEPCIIEKTUBBI MX IPUMEHEHHUSI Ha IPUMEPE MOJYUYECHHS TyYKAMH CBEPXBBICOKOMN 3apsIKU
IBUIEBBIX YACTHLI, COAEPKAIUUX NECUTEpUN WIM TPUTHM, U CO3JAHMS HA TOW OCHOBE IeHeparopa
HEHUTPOHOB 0€3 COMYTCTBYIOMIETO ECTKOTO PEHTTEHOBCKOTO W3Ty4eHUS, KOTOPBIM MpPEICTaBIIsIeT
00JIBIIION HHTEPEC ISl OMOMETUIIUHBI.

Abstract. The report presents the state-of-the-art in the field of generation of the pulsed electron
beams with a high current and moderate energy (up to 25 keV). The prospects of their applications
are shown by the example of an ultrahigh charging of dust particles by the e-beams. In the case of
particles containing a deuterium or tritium this approach gives the chance to develop the generator
of neutrons without the accompanying hard X-ray radiation - a such neutron generator is of great
interest to biomedicine.

Jloknax mpencTaBUT COBPEMEHHOE COCTOSHME HCCIENOBAHMM IIO TIEHEPALMH
MMIIYJIbCHBIX CHJIBHOTOYHBIX 3JIEKTPOHHBIX ITy4KOB cpeanux sHeprui (U <25 k3B) ¢
UCIIOJIb30BAaHUEM TIEPEHANPSDKEHHBIX pa3psoB IPU  HEOOJBIIMX  JIaBJICHUSX
mazmooOpasyromiero raza (P < 10 Topp) u B kopoTkux nmpomexyTtkax (d < 1 cm),
MOCKOJIbKY yBenuueHue napametpoB U, P, d mpuBOIuT K pEe3KOMY COKpPAIICHHIO
JUIATEIBHOCTH TEPEHANPSIKEHHOTO pa3psina U (HOopMHPYEeMOro MM 3JIEKTPOHHOTO
Iy4Ka, YTO HEXKEJIATEJIBHO JUIA Psiia HAYYHBIX U NPAKTUYECKUX MPUIIOKEHUN. byaer
IpelcTaBiIeHa COBPEMEHHAas  TPEXAJIEKTpOJHAs  CHUCTeMma, oOecredyuBaronias
MOBBIIECHHYIO CTAOMIIBHOCTD MEPEHANPSKEHHOTO pa3psijia.

[lepciekTHBBl TPUMEHEHUs MYYKOB CpPEAHMX OSHEpPruil OyAyT MOKa3aHbl Ha
IIpUMEPE TMOJIYYEHUSI TAKUMHU IYYKaMH CBEPXBBICOKOW 3apsIKH IBUIEBBIX YaCTHLI,
colepXkalluX JEUTEpUM WIM TPUTUHA, W OKPYXKEHHBIX IU1asMou. Peanmzanus
ANIEKTPOHHBIMU IMyYKaMU CBEPXBBICOKOW 3apsiiKM JAaeT BO3MOXHOCTb CO3/IaHMS Ha
TOM  OCHOBE TEHEepaTropa HEUTPOHOB 0€3  COIMYTCTBYIOLIEIO  KECTKOrO
PEHTI€HOBCKOTO M3Jy4Y€HHUs, KOTOPOE BO3HUKAET MPHU HCHOJIB30BAHUM ITYYKOB C
sHeprusimMu okoiio 100 k3B. I'eHepaTopbl HEUTPOHOB 0€3 COMYTCTBYIOILIETO KECTKOTO
PEHTI€HOBCKOTO U3ITyYEHHUsI MPEACTABIAIOT OOJIBILION UHTEpEC Jisl OMOMETUIIUHBI.

Pabora BeImoHEeHA TpH osTHOH noyiepxkke PH® (rpant Ne 16-12-10458).
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HHOJNYYEHHUE YIVIEPOAHBIX HAHOCTPYKTYP B
IIJIASBMOCTPYHUHOM PEAKTOPE: CUHTE3, XAPAKTEPU3AIIUAA,
INPUMEHEHUE

PRODUCTION OF CARBON NANOSTRUCTURES IN PLASM JET
REACTOR: SYNTHESIS, CHARACTERIZATION, APPLICATION

Awmupos P.X., UcakaeB O.X., [llaBenknna M.b.

Obvedunennwiii uncmumym gvicoxux memnepamyp PAH, Poccus, 125412, Mockea, yn. Mcopckas
0. 13, cmp.2, amirovravil@yahoo.com

HccnenoBanbl Mpouecchl MOMYYeHUsT TpaQeHoB M YIIIEPOIHBIX HAHOTPYOOK MPH HCIOJIb30BaHUU
m1asMoTpoHa. CremaH BBIBOJ O BO3MOKHOCTH HENPEPBIBHOIO  BBICOKOIIPOW3BOAUTEIBHOIO
0eCKaTAINTUYECKOT0 CHHTE3a YIICPOIHBIX HAHOMATEPHAJIOB B IUIA3MEHHBIX CTPYSX.

The synthesis of graphene and carbon nanotubes using plasma torch has been investigated. It is
found the possibility of continuous high-performance carbon nanomaterials synthesis in a plasma jet
without the use of catalysts.

[IpoBeneHbl  3KCIIEPUMEHTANBHBIE  WCCIEAOBAHUS  CHHTE3a  YIJIEPOJHBIX
HAHOCTPYKTYP B IUIa3MOCTPYHHOM PEKTOPE Ha OCHOBE IIa3MOTPOHA MOCTOSHHOIO TOKa
C PACIIMPSAIOIIMMCS KaHAJIOM-aHO/OM IPH 3JIEKTPUYECKON MOIIHOCTH IUIA3MOTPOHA JI0
40 kBt. B xauectBe mua3mMoo0pa3yrolero raza npuMeHsUIMCh TeIUid, aproH U a30T MpH
nasiieHusix 150- 730 Topp. B kadecTBe mpekypcopa yriaeposia NCHOIb30BATUCH Caka,
METaH, MpOIaH-OyTaHOBas CMECh, aleTWiIeH W 3TaHojd. [loiyyeHHbIe yriepoaHbIe
HaHOTPYOKH M rpad)eHOBbIE MaTepUalibl ObUIM HMCCIIEI0BAaHbl METOIAMU CKAaHUPYIOLIEH
Y TNPOCBEUYMBAIOIIEH DBJIEKTPOHHOW MHUKPOCKOIIMEW, PEHTTCHOCTPYKTYPHOIO aHaIu3a,
PEHTTEHOBCKON  (DOTODNIEKTPOHHOM  CHEKTPOCKONHH,  TEPMOTPABUMETPUUA U
CHEKTPOCKOIMN KOMOMHAIIMOHHOTO paccesiHusi cBera. [lopucteie cBoiicTBa rpadeHoB
m3ydenbl Merogamu bBOT u «JlumutupoBaHHOrO wucmapeHus». bbuia 0OHapykeHa
BO3MOKHOCTh MPSIMOTO THIPUPOBAHUS TPa(EHOBBIX MATEpUANOB MPU HUX CUHTE3E U
noiyueHus rpadana. Meron sKcrnpece — rpaBUMETPHUU MOKA3a]l BO3MOKHOCTh HATMUHSI
BOJIOPOJIa B CHHTE3UPOBAHHBIX 00pa3liax MMpyu aTOMapHOM COOTHOIIEHUH BILIOTH A0 H:C
- 1:4. IlpoBeneHHbIE HUCCIENOBAaHUS IO3BOJIIIOT CHENATh BBIBOA O BO3MOXXHOCTH
HENPEPHIBHOTO BBICOKOIPOU3BOAUTENBHOIO OECKATAIUTHUECKOTO CUHTE3a YIIEPOIHBIX
HAaHOMAaTEpPUAJIOB B IJIA3MEHHBIX CTPYSIX.

[IpoBeneHbl 3JIEKTPOXMMUYECKUE MCCIEAOBAaHUS CHHTE3UPOBAHHBIX Tpad)eHOB.
[Toka3zaHa BO3MOXXHOCTh NPUMEHEHHS MX B KAa4E€CTBE HOCUTENICH KaTaJM3aTOpPOB JULI
AJIEKTPOJOB TOIUIMBHBIX 3JIEMEHTOB, UICTOYHUKOB TOKa. [0 TEXHOJIOTMM peaKkMOHHO-
CBSI3aHHOIO KapOuaa KpeMHHs ObUIM MOJYYEHbl M HCCIEIOBAHbI 00pa3ubl KapOua
KPEMHHEBOM KEpaMUKU C J00aBKOW CHHTE3MPOBAHHBIX JKIYTOB  YIJIEPOJIHBIX
HaHOTPYOOK. McciienoBaHus MOKa3anu yiyduieHHe (PU3MKO- MEXaHWYECKHX CBOMCTB
KEpaMHMKH TpU OIPENIETICHHOM COAEPKAHUM HAHOTPYOOK. YCTaHOBJIEHA B3aUMOCBS3b
CBOWCTB KE€PAMHUYECKMX MaTepUallOB Ha OCHOBE HUTpuAa Oopa ¢ (ha30BbIM COCTABOM
marepuana. [lpu poGasnenun 0,5 macc.% MOMYYEHHBIX TIpa€HOBBIX CTPYKTYP
HaOJIIOJAJICS] MAKCUMYM 3HAYEHHUs MpeJiena IPOYHOCTH.

Pabota Brimonnena npu noaaep:xkke PODOU: rpanter Ne 15-08-00165-a, 16-08-00145-a.
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MHUKPOBOJIHOBBIE PA3PAJIBI B XKUJIKUX JUIJEKTPUKAX
MICROWAVE DISCHARGES IN LIQUID DIELECTRICS
Jle6enen 10.A., Tatapunos A.B., Dnmreiin N.J1.

Lebedev Yu.A., Tatarinov A.V., Epstein I.L.

Hncmumym negpmexumuuecxkoeo cunmesa um. AB. Tonuuesa PAH, Poccus, 119991, Mockea,
Jlenunckuit npocnexm, 29, lebedev@ips.ac.ru

Jlan 0030p paboOT 1O OTHOCHUTEIFHO HOBOMY HAIpaBIEHUIO B (U3MKE M NPUMEHEHUU
HU3KOTEMIIEPATypHOH IJ1a3Mbl, 8 HIMEHHO 110 MUKPOBOJIHOBBIM pa3ps/iaM B KUJIKHUX IUAJIEKTPUKAX.
OnucaHbl OCHOBHBIE THIBl 3KCIEPUMEHTAIBHBIX YCTAaHOBOK (I€Hepanus IUIa3Mbl C IIOMOIIbIO
IITHIPEBBIX U IIEJEBBIX AHTEHH, NPU OJHOBPEMEHHOM BO3IEHCTBHM YIbTPa3ByKa U MHUKPOBOJH),
NpeJCTaBlIeHa UMemascs uHpopManmus O TapaMeTrpax IUIa3Mbl, IOJy4€HHas METOIO0M
SMUCCHOHHON CIIEKTPOCKOIHUH. PaccMOTpeHbl mNpHUMepbl MPUMEHEHHs pPa3psgoB B KUAKUX
TURJIEKTPUKAX: PELICHUE IKOJIOTMUECKUX 3a/a4, IOIYy4eHHE BOJOPO/1a, HAHOMATEPUaIOB, aIMa30B.

A review presents the relatively new field of physics and the use of low-temperature plasma,
namely the microwave discharge in liquid dielectrics. The basic types of experimental facilities
(plasma generation by rod and slot antennas, by microwaves accompanied by ultrasound radiation)
IpU OJHOBPEMEHHOM BO3ACWUCTBUM YJIbTpa3Byka M MHKpoBoiH) are described along with the
available information on the plasma parameters obtained by emission spectroscopy. The examples
of the application of discharges in liquid dielectrics are given in the solution of environmental
problems, the production of hydrogen, nanomaterials, diamonds, etc.

PaccmarpuBaemass B o0030pe 00macTh (M3UKUA TUIA3MbI SIBISIETCS HOBOW M
myOJMUKaIM  CBSI3aHBI, B OCHOBHOM, C OIIMCAHMEM METOJOB TEHEpPAINH
MUKPOBOJTHOBOW TUIa3Mbl B  Pa3IMYHBIX JKHJIKOCTIX, (PEHOMEHOJIOTHYECKOMY
ONMCAHUIO TJIa3Mbl U PA3JIMYHBIM €€ NMpuMeHeHUsIM. [1na3ma 3akuraercst B ra30BbIX
My3bIPsIX B 00bEME JKUJIKOCTU U CYIIECTBYET MPU MOCTOSTHHOM OOMEHE C JKUKOCTHIO
Maccou u 3Hepruen. [Ltazma siBisieTcst HEOJHOPOAHOM, KaK IIPaBUIIO, HEPABHOBECHOU
1 reTeporeHHoi. Ily3pIpu MOTYT cO37aBaThCsl MPU HArpeBE aHTEHHBI M MCHApPEHUU
KUJKOCTH, TIPU BBOJIC JOIMOJHUTEIBLHOIO Ta3a, WU YJIbTPa3BYKOBBHIMU BOJHAMHU.
Nsyuarorcs paspsiapl npu gaBieHusx ot S5 klla nmo armocdepHoro. AHanu3
JUTEepaTyphl TOKa3ajd, YTO CKOPOCTH IIJIa3MOXUMHYECKUX TIPOIIECCOB B TaKUX
paspsiiax 3HAYUTEIBHO TIPEBBINIAIOT CKOPOCTHU, HW3BECTHBIE B TPAJAUIIMOHHBIX
MJIa3MOXUMHUYECKUX  TIpolleccax B  Ta3oBBIX  paspsAnax. ITO  MOKa3bIBaeT
MEePCIIEKTUBHOCTh MCMOJIb30BAHUS TIa3Mbl JIJIsI PEIICHUs MPUKIAIHBIX 3a7ad. B To
K€ BpeMs JTH HOBBIE IUIa3MEHHBIE OOBEKTHI MPEJCTABISIOT OOIIMPHOE T0JIe
NEATEIbHOCTH I  UCCIENOBaHMS JaHHBIX O MapamMeTpax IuUla3Mbl BBHIY
MPAKTUYECKU TMOJIHOIO MX OTCYTCTBUSI B OTJIMYHME OT Pa3psaoB JIPYyruxX THUIIOB B
KUAKOCTSAX, TIE€ JaHHBIX 3HAYUTENbHO Oosbiie. Tak, 3adacTyro nJis aHalM3a
UCIIONB3YIOTCS MPEJICTABICHUSI PABHOBECHOM IJIa3Mbl, IPUMEHUMOCTh KOTOPBIX HE
000CHOBaHA, OCOOEHHO TpU TOHWKEHHBIX JaBlieHUAX. be3 pemieHus 3amad
JMAarHOCTUKHU U MOJICTUPOBAHUS MUKPOBOIHOBOH IJIa3Mbl B AKHUJIKOCTSIX HEBO3MOKHO
nanpHeiiee >((PEKTUBHOE pa3BUTHE OSTOWM  NMEPCIEKTUBHOW oOsactu (DU3MKU
J1a3MBbl.
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EVOLUTION OF ACTIVE STRUCTURES IN NON-IDEAL DUSTY PLASMA

Petrov O.F.1? Statsenko K.B.}? and Vasiliev M.M.*?

LJoint Institute for High Temperatures RAS, Russia, 12412, Moscow, Izhorskaya,13-2
“Moscow Institute of Physics and Technology, Russia, Dolgoprudny
ofpetrov@ihed.ras.ru

We study self-propulsion of a metal-coated grains, suspended in gas, under laser irradiation. The
motion is caused by photophoresis: i.e., absorption of a laser at the metal-coated surface of the particle
creates radiometric force which in turn drives the particle. We observed experimentally the active
Brownian motion (irregular or directed) caused by radiometric force at different Coulomb coupling of
charged grains.

The charged dust represent a non-neutral or quasi-neutral systems (dusty plasmas)
containing micron-sized particles (dust or grains) of a substance with electrical charges
up to 10°-10%. As a result of strong interaction of the strongly charged dust particles
they may form the ordered structures of liquid and crystal types that are different from
gas-like or chaotic systems.

Most of the laboratory studies of dusty plasmas are carried out in weakly ionized
gas discharge plasmas. As a result, the laboratory dusty plasma is the unique object for
studying the structure, phase transitions and transport properties of the systems of
interacting grains on the “kinetic level”.

We study Brownian motion of a metal coated grains, suspended in rf gas
discharge, under laser irradiation. The motion is caused by photophoresis: i.e.,
absorption of a laser at the metal-coated surface of the particle creates
radiometric force which in turn drives the particle. The grains gain sufficiently
high electrical charge (~10°-10° of electron charge) under the flows of plasma
particles or in the emission processes. The action of external forces and forces of
interparticle interaction combined with dissipative mechanisms in these systems can
lead to the self-organization of the system, resulting in formation of quasi-stationary
crystal- or liquid-like structures. We observed experimentally the active Brownian
motion (irregular or directed) caused by radiometric force at different Coulomb
coupling of the charged grains.

We present the results of our studies the evolution of strongly coupled systems of
charged dust particles at cryogenic temperatures (temperatures of liquid helium and
nitrogen). The confinement of strongly charged (up to 10’e) superconducting micron-
sized particles in a static magnetic trap in liquid nitrogen or in nitrogen vapor at
temperatures of 77-91 K is observed experimentally. The macroparticles with sizes
up to 60 um levitate in a nonuniform static magnetic field B ~ 2500 G. The formation
of strongly correlated structures comprising as many as ~10° particles is reported.
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HAHOCEKYHJIHbI TOBEPXHOCTHBII BAPHLEPHBIN PA3PS ]I
BBICOKOI'O JABJIEHUA: ®PUZUKA U ITPUMEHEHUE

HIGH PRESSURE NANOSECOND SURFACE DIELECTRIC
BARRIER DISCHARGE: PHYSICS AND APPLICATION

Homnos H.A.", Crapuxosckast CM.2 [llepOaneB C.A2
Popov N.A.%, Starikovskaya S.M.?, Shcherbanev S.A.?

‘Hun AHoepnoti puszuxu um. /[.B. Crobenvywvina, Mockosckuii 20cy0apcmeenvlil yHugepcumem
um. M.B. Jlomonocosa, Mockea, 119991, Jlenunckue copwl, Poccus, NPopov@mics.msu.su

CNRS, Ecole Polytechnique, Sorbonne Universities, University of Pierre and Marie Curie-Paris 6,
route de Saclay, 91128 Palaiseau, France

B pabote [1] Obut0 MOKa3aHO, YTO XapaKTEPHOH OCOOEHHOCTHIO BBICOKOBOJBTHBIX HAHOCEKYHIHBIX
TMIIEKTPUYIECKUX OapbepHBIX Pa3psAloB BBICOKOTO JABICHUS SBISAETCS IEPEXOJ OT CTPUMEPHOM
dbopmbl paspsiia K (UIaMEHTUPOBAHHOM, KOTOpas XapaKTepHU3yeTcs CYIIECTBEHHBIM YMEHBIIEHHEM
YHCiia TUIa3MEHHBIX KAHAIOB W HM3MEHEHHEM WX MapameTrpoB. B maHHOW paboTe mpencTaBieHBI
pE3yABTAThl UCCIEN0BAHHS SMUCCUOHHBIX XAPaKTEPUCTHK MOBEPXHOCTHOIO pa3psiia C BPEMEHHBIM U
MIPOCTPAHCTBEHHBIM pa3zperieHreM B Y@ u BUauMoi obnacTsx crektpa. Paspsn nauiunposaics BB
HMMITYJIbCAMHU JUTUTENBHOCTHIO 20 HC, BpeMeHeM HapacTanus 2 HC 1 ammumurygod U = 20 - 60 kB mipu
HayaJbHBIX JgaBneHusx P > 3 arm. Iloka3aHo, 4ro mepexol B (HIAMEHTUPOBAHHBIA PEKUM
COIIPOBOXKIAETCSA TMOSBICHUEM WHTEHCUBHOIO W3IYy4YEHHUs HENPEPBIBHOIO CHEKTpa M IIUPOKUX
aTOMHBIX JIMHUN. IDIOTHOCTB 251eKTPOHOB, paccuuraHHas 1o llITapkOBCKOMY YIIMpPEHWIO JIMHUM
aTOMapHOr0 BOAOPOJA, cocTaBwia Ne > 10 ev®, a M3MEpPEHHbIE BpEMEHa pacnaja Iula3Mbl B
nociepazpsanbid niepuoy, npesbimam 20 He. OOCYXIAIOTCS BO3MOXKHBIE MEXaHU3MbI KOHTPAKIHH
paspsiIoB  BBICOKOTO JABJICHWSI HAa HAHOCEKYHJHBIX BpPEMEHAX, a TaKXXE BO3MOXKHBIE IPUYUHBI
TMOSIBJICHHUS! CIUTOLIHOTO CIIEKTPA M BBICOKOM IJIOTHOCTH JIEKTPOHOB B KaHaax (pUIIaMEeHTOB.

Streamer-to-filament transition is a general feature of high pressure high voltage nanosecond surface
dielectric barrier discharges [1]. The transition was studied experimentally using time- and space-
resolved optical emission in UV and visible parts of spectra. The discharge was initiated by HV pulses
20 ns in duration and 2 ns rise time, positive or negative polarity, 20 - 60 kV in amplitude on the HV
electrode. The experiments were carried out at initial pressures P > 3 atm and ambient initial
temperature in air, H, : N, and O, : Ar mixtures. It was shown that the transition to filamentary mode is
accompanied by the appearance of intense continuous radiation and broad atomic lines. Electron density
calculated from line broadening is characterized by high absolute values Ne > 10*® cm® at P > 5 atm and
long decay time. Possible mechanisms of the contraction of high-pressure nanosecond discharges and
possible reasons of the appearance of a continuous spectrum and a high electron density in the filament
channels are discussed in detail.

Pabota BeimonHeHa npu ¢puHaHcoBor moaepxkke PODU (mpoekr No 17-52-16001),
French National Research Agency, ANR (ASPEN Project), LabExPlas@Par.
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SJIEKTPOHHO-ITYYKOBA/S IIVIASMA B CBEPX3BYKOBOM IIOTOKE U
TEXHOJIOI'MA HA EE OCHOBE
P.I'. lllapadyrauuos, D.E. Con
HNuctutyt Temnodusuku CO PAH
Poccus, 630090, e. Hosocubupck, np. Ax. Jlaspenmoesa, 0. 1
e-mail: molkin@itp.nsc.ru
OObeTMHEHHBI UHCTUTYT BbICOKUX Temmneparyp PAH
Poccus, 125412 2.Mocksa, yn. Hocopckas, o.13/2 son.eduard@gmail.com

B paGortax aBropoB, HaumHas ¢ 70-X rofoB paspaboTaHa Teopus, MPOrPaMMBbI
pacyeTa CBOMCTB M TEXHOJOIMM HEPABHOBECHOM IUIa3Mbl (CTEIC TEXHOJIOTHUH,
YIIPOYHEHUE MAaTEepHAaJIOB, TIOKPBITHSA, OHOMEIWIMHCKAE TMPWIOKEHUS U MHOTHUE
npyrue). CrexkTtp MNpWIOKEHUH XOJIOIHOM HEPAaBHOBECHOW IUIA3Mbl  BKJIFOYAET
TEXHOJIOTUA O00pabOTKU Ppa3IUYHBIX MATEpPUATIOB W CHUHTE3 HOBBIX XUMHYECKHX
BEIIECTB. B OTIMYMe OT HEPAaBHOBECHOW IUIA3MbI, CO3/1aBAEMOM C IOMOILBIO
Pa3IMYHOTO TUNA Pa3psAIOB AIEKTPOHHO-TIYYKOBAs IJIa3Ma B CBEPX3BYKOBOM IIOTOKE
ATO KOHTPOJIMPYEMBIA W YIIPABIAEMBIM METOM, 4YTO HE MPUCYLIE A Pa3psAIHOU
wia3Mbl. KoHTponupyemsblii niepeHoc padoyuxX Ta30B OCYIIECTBISETCS B XOPOILIO
BOCIPOM3BOAUMBIX CBEPX3BYKOBBIX CTpysaX. [[ns co3pmaHusi 1iasMbl MCHOJIB3YETCS
DJIIEKTPOHHBIA MYYOK, BBOAMMBIA B Ta30BbId IIOTOK. OJEKTPOHHBIM IIy4OK C
HEOOXOAMMBIMH MapaMeTPaMHu CO3JAETCs HE3aBUCHUMbBIM MCTOYHUKOM HMOHM3aLMU. s
M3MEHEHHs] BUAAa (YHKIMM pacrlpeieieHus 3JeKTPOHOB Mo 3HeprusMm (DPPDI) k
IEKTPOHHO-IIyYKOBOMN I1asme JOTIOJTHUTEIILHO IIOIBOJUTCS BHEIIIHEE
IEKTPOMArHUTHOE IOJIE.

[Ipunoxennst Merona aenATcs Ha TpU Kiacca. IlepBbld — 3TO MHULMHUPOBAHUE
XUMHUYECKUX PEAKIMiA B Ta30IJIa3MEHHOM TOTOKe (TUIa3MEHHBIN Karanu3). Bropoit —
AIIEKTPOHHO-ITYYKOBbIE TEXHOJIOTUM BHE BakyyMma. Tperuil - ocaxiaeHue u oOpaboTka
noBepxHocTed. HOBBIM MeTOA B KaXKIOM M3 YKAa3aHHBIX KJIACCOB MPUJIOKEHUN MMEET
CBOM JIOCTW)KEHHA. B mepBOM — 3TO BBICOYAMIINE CKOPOCTH OCAKICHUS CIIOEB
MaTepualioB (KPEMHUI U Jp.) Ha TBEPbIX MOBEPXHOCTSIX C MPOU3BOJIBHON CTPYKTYpOIt
ATHUX CJIOEB OT aMOP(PHOIO JI0 KPUCTALTMYECKOro. Bo BTOpoM Kitacce MpHUIIOKEHUM 3TO
BO3MOKHOCTb HANpPSMYIO TOJYYEHUS JKUIKOCTH W3 YIIIEBOJOPOAHOIO CBHIPbS MHUHYS
CTaJUI0 TOJIy4YE€HUs] CUHTE3-Ta3a B KOMIIAKTHBIX MOJIYJbHBIX ycTaHOBKax. Ha 0aze
HAYYHBIX pa3paboTOoK C(HOPMHUPOBAHBI JBa TMPOEKTA - OMBITHO-TIPOMBIIUICHHOE
IPOU3BOJCTBO TOHKOIUIEHOYHBIX KPEMHHUEBBIX COJIHEUHBIX MOAYJIEH Ha THOKHX
TUTACTUKOBBIX TOJJIOKKAX W COJHEYHBIX CHCTEM Ha HUX OCHOBE U pa3paboTka
MOMYJIBHBIX YCTAaHOBOK MPOM3BOAUTENBHOCTHIO 110 1000 M/uac o MOJTYYEHUIO U3
MOITyTHOTO HE(PTAHOTO ra3a WM HIAXTHOTO METaHa METaHoJa Ha 0a3e IUIa3MEHHOTO
KaTajausa.
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NCCIEAOBAHUA 11O ®U3UKE U ITIPUMEHEHUAIO
HU3KOTEMIIEPATYPHOM IJIABMbI B KASAHCKOM ®EJIEPAJIBHOM
YHUBEPCUTETE

RESEARCH ON PHYSICS AND APPLICATION OF LOW-TEMPERATURE
PLASMA IN THE KAZAN FEDERAL UNIVERSITY

Kamamnos H.D.

Kazanckuii gpeoepanvuviii ynusepcumem, 420008, 2. Kazans, Poccus
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OObekTaMH HCCIENOBAHUUN SBISIOTCS: Ja3epHas I1a3Ma, TbUIeBas Iula3ma, oOpasyromiascs B
mpoueccax Noay4eHHs (QYHKUMOHAJIBHBIX TOKPBITUNA; aHOMAIbHBIA TJCIOMIMNA pa3psal MpH
MOHMKEHHOM JIaBJICHUH B MPHCYTCTBUU PEAKIIMOHHOTO Ta3a; TOHKOIUICHOYHBIE TOKPBITHSI,
MOJTYYEHHBIE C TIOMOIIBIO AJIEKTPOUCKPOBOW U BUOPOAYTOBOM 00pabOTKH; TICIOIINI pa3psi B MOJIE
AKyCTUYECKOHN BOJIHBI.

The objects of research are: laser plasma, dust plasma, formed in the processes of obtaining
functional coatings; an anomalous glow discharge under reduced pressure in the presence of a
reaction gas; thin-film coatings obtained with the help of electric spark and vibro-arc treatment;
glow discharge in the acoustic wave field.

B pesynpraTre wuccnemnoBanuit npoBoguMbix B KDY Owu1 paspaboraH psn
(bu3MYecKuX MOJIeeil HalbIJIEHUS U TIOJIy4eHbl TOKPBITUS C 323 IHHBIMU CBOMCTBAMM.

1) Co3nana maTeMaTudecKkas MOJIENb MOJOXKUTEIBHOTO CTOJI0a TICIOUIEro pa3psaa
C YYETOM BIIMSIHUSA aKyCTUYECKUX TCUCHUM.

2) Paszpaborana Mojienb 3JEKTPOHHOW 3MHCCHW W3 YACTHI] KOHJICHCUPOBAHHOTO
BEII[ECTBA B YCJOBUSX HHU3KOTEMIIEPATypHOW IIJIa3Mbl U C YYE€TOM OCOOEHHOCTEH
MPOIECCOB IJIa3MEHHO-AYTOBOIO HaHECEHUs MOKPhITUH. C MpUMEHEHUEM MOJEIU
(OKEJIe» K YacTHUIlaM KOHJEHCUPOBAHHOTO BEIIECTBA, MOJYYEHbl CAMOCOTIACOBAHHBIE
MIPOCTPAHCTBEHHBIE PACHPEICNICHUs DJIEKTPOHHOW TIJIOTHOCTH BO BCEM OOBEME
YacTHUIl M OKpYXKalollled MX TIa3Me, a TakKe pacrpeseeHus KOHIEHTPAllu MOHOB
JIETKOMOHU3UPYIOIINXCSI TPUMECHBIX aTOMOB.

3) YcraHOBIIEHBI PEXUMBI M BbIpaOOTaHa MOJCNIb PEAKTHBHOI'O MAarHETPOHHOI'O
pacIblICHUS NPU MMOHW>KEHHOM JIaBJICHUH B MMPUCYTCTBUU PEAKIIMOHHOTO Ta3a.

4) VccnenoBaHO BO3HUKHOBEHHUE yIApPHBIX BOJIH MPH ILUIa3MEHHO-IJICKTPOJIUTHOM
00paboTke. BbIABICHB MEXaHU3Mbl TE€HEpAllUM YAAPHBIX BOJH B MEPEXOIHOM
00JIaCTH U3 ANEKTPOJIN3a B CTALIMOHAPHBIA PEXUM TOPEHUS pa3psiaa.

5) [IpoBeieHbI UCTIBITAHUS TOKPBITHI Ha MUKPOTBEPIOCTD, MOJYyYCHHBIX HAa CTAH
C TIOMOIIBIO DJIEKTPOUCKPOBOM M BUOPOIyroBoit oOpabotku. IIpenmoxkena mozenb
TPUOOTIIIA3MBI.

6) HccrnenmoBanbl OCOOEGHHOCTHM BO3HMKHOBEHHS OINTHYECKOTO pa3psiga U
PacCMOTPEHBI TPOLIECCHI CENIMKTUBHOTO J1a3€PHOIO CIIEKAHUS U CIUIABIICHUS.
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Cexkunus 1
OU3UKA I'A30BBIX PA3PAJIOB
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HUCCJEJOBAHUE I'A30PA3PSTHOM IIJIA3ZMBI THIIA XOJIJIOBCKOI'O
IJIASMEHHOI'O IBUTATEJISI ITPU YCJIOBUY TOBBIILEHHOM
BTOPUYHOM DJTEKTPOHHON YMUCCHUHU C TIOBEPXHOCTH Al,O3,
BOMBAPJIUPYEMOM IYYKOM DJIEKTPOHOB

STUDY OF THE HALL THRUSTER TYPE GAS DISCHARGE PLASMA
FOR THE CASE OF ENHANCED SECONDARY ELECTRON EMISSION
FROM Al,O; SURFACE BOMBARDED BY ELECTRON BEAM

IBeitrept 1U.B., Anekcanapos A.JI., ®omuues B.I1., Anpenkun M.A.

[IpoBeneHO TeopeTHYecKOe M 3KCHEPUMEHTAIbHOE  HMCCIEAOBAHME  IIA3MEHHOIO  CIIOS,
dbopmupyemoro y moBepxHocTH Al,O3, GoMmOapaupyeMoil MydyKOM JJIEKTPOHOB C H3MEHSIEMOM
sHeprueit. [lokazaHo, 4TO CTPYKTypa CJIOS 3aBUCUT OT SHEPIHH IydKa AJIeKTpoHOB. Habmomanuce
Takue CTPYKTyphl, Kak [leOaeBckuil cioi, hopMuUpoBaHHE BUPTYaIbHOTO KaToAa Yy MOBEPXHOCTH
JTUAJIEKTPUKA U NCYE3HOBEHHE €0 P YBEJIMUEHUN SHEPTUH ITy4Ka 3JIEKTPOHOB. J{ONIOJIHUTENbHBII
NEKTPOA B BHJE CETKM PACIOJOXKEHHBIH Yy SMUTTUPYIOUIEH IUIACTUHBI HCIOJB30BAJICS IS
yYIpaBJI€HUS TOTOKOM BTOPUYHBIX JIEKTPOHOB.

Theoretical and experimental study of plasma sheath formed near Al,O3; surface bombarded by
electron beam was performed. It was shown that the sheath structure depends on beam energy. For
low energy a Debye sheath was observed, a virtual cathode was formed with larger energy and
disappeared with further energy increase. Additional mesh-electrode near the emissive plate was
used to manipulate with secondary electron flux.

@opMUpPOBaHUE pA3JIMYHBIX THUIOB IUIA3MEHHBIX CJIOEB BOJM3UM TMOBEPXHOCTH
SMUTHUPYIOIIETO BTOPUYHBIEC DJIEKTPOHBI AMAJIEKTPUKA HAOII0AN0Ch, HApUMEp, B
skciepuMmente [1]. B HacTosiel pabote mpoBeeHO KUHETHYECKOE MOJICTUPOBaHUE
IPHUIIOBEPXHOCTHOTO IuTa3MeHHOro cjios MetogoM PIC-MCC mnsa mmactunsl Al,Os
O6oMOapaArpyeMoil TyuyKOM 3JIEKTPOHOB ¢ KatoAa. dusnyeckast MoJieb PeICTaBICHA
B [2]. Pa3paboTaHa 3kcniepuMeHTaIbHas yCTaHOBKA JIJIsl MCCIIEA0BaHUS TJIa3MEHHOTO
ciost okoJio turactubl Al,O3 ipu peaym3arii BTOPUYHON AIEKTPOHHON SMHUCCHU C
IIOBEPXHOCTH IUIACTHHBI IIy4KOM DJJIEKTPOHOB C 3Hepruer E. JlonmomHuTensHbIN
ANEKTPOJ B BHJAE CETKH pACIOJOXKEHHBIA y SMUTTUPYIONIEH ILJIACTUHBI
UCIIONB30BAJICS /IS YIPaBIEHUSI MOTOKOM BTOPUYHBIX 3JEKTPOHOB. IlokazaHo, 4to
MIPU PA3TUYHBIX SHEPTUSX IMydYKa DJIEKTPOHOB, OOMOAPAUPYIONIUX JUIIEKTPUUECKYIO
MJIACTUHY, BO3JIe €€ TMOBEPXHOCTH (HOPMHUPYIOTCS Pa3IMYHBIE THUIBI MEPEXOTHOTO
cnost. Tak, npu mansix E, korga BropruHas 31neKTpoHHas smuccus (BDD) HeBenuka,
HaOmonaercs JlebaeBckuil cioi. [Ipy MOBBILIEHWH SHEPrUM My4Ka BO3HHMKAET TOK
B33, u B mazmeHHOM ciioe HOpMUPYETCSE BUPTYAJIbHBIM KaToJ, 00eCTIeduBarOITUI
HyJIeBOW OaJlaHC TOKOB Ha IMOBEPXHOCTh MiiacTuHbl. [lpu nanbHeimem pocte E
OaJlaHC TOKOB 00€CTIEUNBAETCS C YHaCTHEM XOJIOIHBIX 3JEKTPOHOB IJ1a3MBbl.
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EFFECT OF SECONDARY ELECTRON EMISSION ON SUBNANOSECOND
BREAKDOWN IN HIGH-VOLTAGE PULSE DISCHARGE
I.V. Schweigert!, A.L. Alexandrov?,

P. Gugin®, M. Lavrukhin?, P.A.Bokhan? Dm.E. Zakrevsky?
Khristianovich Institute of Theoretical and Applied Mechanics, Novosibirsk, Russia
2 Rzhanov Institute of Semiconductor Physics, Novosibirsk 630090, Russia

A subnanosecond breakdown in high-voltage pulse discharge is studied in experiment and in kinetic
simulations for mid-high pressure in helium. It is shown that the characteristic time of the current
growth can be controlled by the secondary electron emission. We test the influence of secondary
electron yield on plasma parameters for three types of cathodes made from titanium, silicon carbide
and Cu Al Mg-alloy. By changing the pulse voltage amplitude and gas pressure, the area of existence
of subnanosecond breakdown is identified.

Recently serious attention is paid to the study of phenomena of subnanosecond
current development in discharge in high-electric fields at mid- and high-pressures. We
study the breakdown development in the high voltage discharge in the experiment and
in PIC MCC simulations,forcathodes made from 3 different materials with enhanced
secondary electron emission yield. Our purpose is to find a way to decrease the
breakdowntime by testing different cathode materials and changing the gas pressure and
voltage. The breakdown in the high-voltage pulse discharge in helium is studied in the
experimental cell with two round cathodes placed 6 mm apart. A mesh-anode is placed
between the cathodes. The pulse voltage is applied to both cathodes and two opposite
electron beams are generateddue to cathode emission. The voltage amplitude U ranges
from 4 kV to 12 kV and P=10-35Torr. The cathodes are symmetrically connected to the
external low-inductance circuit and the mesh-anode is grounded. The pulse shape is
registered with the low-inductive resistive divider using oscilloscope Tektronix DPO
70804C with a bandwidth of 8 GHz. The experimental details were described in [1].In
the experiments, the cathodes made from titanium (Ti), silicon carbide (SiC), and
CuAlMg alloy were tested. All these materials have large SEE coefficient y,, but the
dependence of vy, from the electron energy is different. In our simulations, we solve
Boltzmann equations for electrons, ions and fast neutral atoms.Poisson equation
describes the electric potential. The details of the model can be found in [2,3]. The
record observed switching time for SiC and CuAlMg-alloy is t,<0.4ns and for Ti is 4-5
timeslarger. In conclusion, there is a specific range of discharge parameters, 5-10 kV
and P=15-35 Torr, within that the record switching time t,<1 ns can be achieved.

REFERENCES

[1] P.A. Bokhan et al 2016 In: Generation of runaway electron beams and x-rays in
high pressure gases, Nova Science Publishers Inc, NY (2016) p. 221.

[2] 1.V. Schweigertetal. Phys.Rev.E 90 (2014) 051101(R);

[3] I.V. Schweigert et al. Plasma Sources Sci. Technol. 24 (2015)044005.

39



PERIODICAL PLASMA STRUCTURES CONTROLLED BY EXTERNAL
MAGNETIC FIELD

I. Schweigert™?, M. Keidart

'George Washington University, Washington D.C. 20052, USA
?Khristianovich Institute of Theoretical and Applied Mechanics, Novosibirsk, Russia

The characteristics of 2D periodical structures in propulsion type magnetized plasma are studied in
kinetic PIC MCC simulations.With increasing an angle of magnetic field the ridges (maxima) of electron
and ion densities form in the plasma volume in cylindrical chamber. These ridges are shifted relative each
other that results in the formation of 2D double-layers structure. Depending on Larmor radius and Debye
length up to nineteen potential steps appear across the oblique magnetic field.

Recently some methods to control the Hall effect thruster characteristics with applying
the obliqgue magnetic field B with respect to the channel walls is widely discussed (see
[1]). Nevertheless with increasing the magnetic field angle ag, discharge plasma properties
can essentially change. For example, a several magnetized double-layers were observed in
a laboratory experiment for this type of plasma [2].In this work [3],in Kkinetic simulations
we consider the DC discharge plasma in the external oblique magnetic field at P=0.0001
Torr. Our purpose is to study the plasma structure modification with changing the electron
temperature, magnetic field strength and obliqueness. In simulations, the plasma is
embedded in a cylindrical chamber with r=4 cm and H=10 cm. All walls are grounded and
the cathode is biased with -90 V, B=25-100 G and og =0-77°. To describe the plasma in
electro-magnetic field we solve Boltzmann equations for the distribution functions for
electrons and ions with particle-in cell Monte Carlo collision method and Poisson equation
for the electrical potential. The periodical structure with ridges of ion and electron densities
was found for larger og. The electron and ion ridges are shifted with respect to each other
and double—layer structure appears across B-field and along the potential rise. The double-
layers structure forms due to a distortion of local quasineutrality in the presence of oblique
magnetic field. The ion current to the wall considerably increases and has a peaked profile
in the case of largeag. This effect can lead to an additional local erosion of wall
material. The current flow channels are associated with ridges of electron and ion densities
and aligned with B-vector.The characteristics of plasma structure such as the number of
peaks, gap between them, their broadening depend on the Larmor radius, Debye length
and the size of quasineutral plasma.
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CAPILLARY NANOSECOND DISCHARGE IN MOLECULAR GASES:HIGH
ELECTRIC FIELDS AT HIGH SPECIFIC DEPOSITED ENERGY
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2Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow, 119991,
Leninsky gory, Russia

Strongly non-equilibrium plasma at high electric fields and high specific deposited
energy was studied in capillary nanosecond discharge in 20 Torr N,:O, mixtures. The
discharge developed in the quartz capillary with inner diameter 1.5 mm and length 80
mm. The capillary was inserted into the break in the coaxial cable at the distance 25
m from the high-voltage generator (FID FPG 10-MKS20 HV, FID GmbH). Pulses of
20 kV amplitude on the electrode, 30 ns FWHM and 4 ns rise time were repeated
with a frequency of a few Hz to accumulate the signal; gas flow rate provided change
of the gas in the capillary between two pulses. Calibrated back current shunts where
used to measure current, voltage in the cable and energy stored in plasma. The
electric field was measured by capacitive gauge and from optical emission
spectroscopy. For emission spectroscopy measurements, the Acton spectrometer (SP-
2500i, 1200 I/mm grating, Princeton Instrument) was combined with Pi-Max4
(Princeton Instruments) ICCD camera or with UV and IR photomultipliers
(Hamamatsu). Measurements of oxygen atoms in the discharge and afterglow (t<100
ns) were carried out by actinometry, using 5% of Ar addition as actinometer. Two-
photon absorption laser induced fluorescence (TALIF) was used to measure O-atoms
density in the late afterglow (t<1000 ns).

Measured specific deposited energy in the discharge was as high as 0.5-1.0
eV/molecule, the electric field on the stage of maximum energy deposition was in the
range of 200-400 Td. It was shown that kinetics in the discharge requires taking into
account reactions of interaction between charged/dissociated and excited species.
High quenching of electronically excited species by electrons was observed in early
afterglow [1]. Dissociation degree of oxygen in the discharge reached tens of percent,
increasing to 100% at microseconds due to reactions between O, and electronically
excited nitrogen. Heating of the gas up to a few thousand K was observed at the time
scale less than VT-relaxation due to energy release in collisions with electronically
excited species.
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PA3PIAI MEXIY CTPYUHO-KANEJbHBIM AKUNIKNUM KATOJIOM A
METAJUVIMYECKUM AHOJIOM
THE DISCHARGE BETWEEN THE JET-DRIP LIQUID CATHODE AND
METAL ANODE
AH.CD.FaﬁCHHl, 9.E.C0H2, H.®.Kamanos®

'Kasanckuii HAYUOHATILHBLU UCCTe008amenbckull mexnuyeckuul yuueepcumem um.A.H. Tynonesa —
KAU, Poccusa
206vedunéunpiii uncmumym svicokux memnepamyp PAH, Mockea, Poccus
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HccnenoBan ra3oBbIlil pa3psii MEXKIY CTPYHHO-KAMENIbHBIM JKHAKAM KAaTOJIOM M METANIMYECKUM
aHOOOM IIpU aTMocq)epHOM JaBJICHUMU. Hpe,Z[CTaBJIeHBI PE3yjibTaThl MO COCTAaBy IIJIa3MBbI,
ANEKTPOPUZNUECKHE XaPAKTEPUCTUKH, KOHIICHTPAIIMH 3JIEKTPOHOB, OMHUCAHBI ()OPMBI pa3psa.
Investigated gas discharge between the jet-drip liquid cathode and a metal anode at atmospheric
pressure. The results of the plasma composition, electrical characteristics, electron concentration,
the forms of discharge.

VY CTaHOBJIEHO 3a)KMTaHUE Ta30BOTO Pa3psiia B MEKAIEKTPOAHOM IMPOMEKYTKE NPH
Hanpspkeann U = 250 — 1000B, Tox [ = 0.7 — 2.5A, mmuHa ctpyu [, = 30MM,
JTABJIEHUE BHEIIIHEW CPEJbl P = 10°IIa, ¢ yacToToi nynbcanuii Toka v = 30 — 100T',,
B KauecTBe aHoja Obula B3ATa MeJHas IUIacTUHa auaBMeTpoM d, = 1MM. Pa3psa
TeHEPUPYETCs B IByX OOJIACTSX CUCTEMBI: 1 — HA IpaHUIIe MEXKIY CTPYHHO-KaneIbHbIM
KHUJKAM KaToOJOM MU MEIHBIM aHOAOM, 2 — B O0JacTH YTOHYEHHS CTPYH, MEXKIY
(GOpMUPYIOIIMMHUCS ~ KaIUIMUA ~ 3JIeKTpoiuTta. J[s OlleHKM cocTraBa IUIa3Mbl U
KOHLIEHTpAllUA 3JIEKTPOHOB Ta30BOr0 pas3psAla NPUMEHEH METOJ ONTUYECKON
CIEKTPOCKOIMU. AIITApATHOE YIIMPEHHUE B CIIEKTpax NIPOBEpeHo 1o aromy Kayms K I -
766.2 uM. B 00oux criekTpax MUHUMAJIbHAS IIMPUHA OJMHOYHBIX JIMHUN COCTaBIISICT
AAg = 1 HM, OHa W TIPUHAITA 3a aNMapaTHyo MUpuHY. V3 aHamm3a criekTpa n3mydeHHs
ra3oBOro paspsjia BHJIHO, YTO B HaOJIOAA€MOM YYacCTKE IUIa3Mbl HPUCYTCTBYIOT
AMIEMEHTBI pa3au4yHoro HanmeHoBaHus: kuciopon O I, Bogopox H I, matpuit Na I,
kanmuit K 1, muaka Zn I, nons! kambitus Ca |, monsl muaka Zn 11, a Tak e MOJIEKyIbl
azota N2+ (C-B) u rugpoxkcun OH (A-X). [lng omnpedeneHuss KOHIEHTpaIUW
aeKkTpoHOB B uiazMe BYUE pa3psma npoBeneH aHanu3 KOHTYPOB BOAOPOIHBIX JIMHUN B
cepuu banemepa (H,, Hg, H,). st pacuéra KoHIIEHTpanuy 3JIeKTPOHOB 1, ONpe/eIeHa
mupuHa DOUTTOBCKOTO KOHTYpa BOJOPOAHBIX JIMHUM. llonmymmprHa JIMHUK Ha
noiysbsicote 111 H, paBa AM = 1.4 um, uis Hg paBaa AAM = 18M, a 111 H, paBaa AM =
1.2 am. Pacuer N mo mHuK Hyg He MpoM3BOIMIACE, TAK KAK €€ MOJIYIIMPUHA OKa3aJIoCh
PaBHOI MUHHMMAJIBHOM IIUPHHE OAUHOUYHBIX JIMHUHN Alg= 1 HM. C yyéroM anmapaTHOro
YIIMPEHUsI B NPeanosiokeHnn @OOUITOBCKOrO KOHTYypa PErucCTpUPYEMOW JIMHUU
Jlopennesckas cocrapisromas muaun H, pasaa AAL = 0.661 um, a muaun H, paBHa
AAML = 0.34 am. Bemuumnaer ALL oOycnoBiennsle jmHelHHBIM [lITapk-a3¢dexTtom

COOTBETCTBYIOT KOHIIEHTPALUsAM 3JIeKTPOHOB Nopsiaka n, ~ 101° — 10%6cm~3,
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IJIEKTPOHHO-ITYYKOBASA JTUATHOCTUKA KJIACTUPOBAHHBIX
CBEPX3BYKOBBIX CTPYIl A30TA

THE ELECTRON BEAM DIAGNOSTIC OF CLUSTERED SUPERSONIC
NITROGEN JETS

AgrtaeBa C.B., 3apsun A.E., Kansaa B.B., fkosnesa T.C.

HI'Y, Poccus, , 630090, Hosocubupck, ya. ITupozosa, 0. 2, S_avtaeva@srd.nsu.ru

MeronoM  3JIEKTPOHHO-IIYYKOBOM  CIIEKTPOMETPUU H3YyYEHBl AKCHAJIbHBIE M  PAJHUAIBHBIC
pacnpeeNeHus: TEMIIEPATyPhl U IJIOTHOCTH Ia3a B KJIACTUPOBAHBIX CBEPX3BYKOBBIX CTPYSX a30Ta B
uana3oHe JaBleHUd TopMmokeHus 1-6 bap. IlokazaHo, 4TO pacmpeneieHHsl TeMIEpaTypbl U
IUDIOTHOCTH Ta3a B MCCIENOBAHHBIX KIACTHPOBAaHHBIX CTPYSAX a30Ta CHJIBHO OTIUYAIOTCS OT
M303HTPOMHUYECKUX, YTO CBSI3aHO ¢ (POPMHUPOBAHUEM KIIACTEPOB B CTPye U NMPOHUKHOBEHHEM B HEe
OKpy)KamIuero rasa. IM3ydyeHo BiusHuE JaBlIEHHS Ha CKOPOCTh OXJIAXIEHUA Tra3a B
pacLIUpAIOLIENCs CTPYe.

Axial and radial distributions of the gas temperature and density in clustered supersonic nitrogen
jets were studied using the electron beam fluorescence technique at stagnation pressures of 1-6 Bar.
It is shown, the gas temperature and density distributions in the studied clustered nitrogen jets are
unlike to the isentropic distributions because of cluster formation in the jet and ambient gas
penetration in the jet. A pressure effect on gas cooling rate in the expanding jets is studied.

MeTonoM 3NEKTPOHHO-IIYYKOBOM CHEKTPOMETPHM H3Y4YEHbl AKCUAJbHBIE U
paavaibHbIE pacCHpEeAeNICHUs] TEMIIEpaTypbl M IUIOTHOCTU Ta3a B KIACTUPOBAHBIX
CBEPX3BYKOBBIX CTpPySX a30Ta B Juana3oHE JaBjeHUN TopMmoxeHus 1-6 bap. Ilo
pacupeesieHuI0 MHTEHCUBHOCTEW BpauatenbHblx JuHuid B (0-1) monoce 1-ii OC
a30Ta BOCCTAHOBJIEHA BpallaTesibHas TeMIiepaTypa Tr,; OCHOBHOro coctosinus N; B
COOTBETCTBUM C METOJOM, MpeMioKeHHbIM MioHuem [l1]; mo wuHTErpagbHOM
MHTEHCUBHOCTU 3TOW IMOJIOCHI M3YyYEHO paclpe/eleHre MIOTHOCTH ra3a B CTpYye.
BcenenctBue ObicTpolt BpamiaTelbHOM perakcaiuu I.; paBHa TeMmrepaTrype rasa B
crpye 1y. @opma u pasmep cTpyu poTorpadupoBaucs.

Crpyu nonydanu Ha razoguHamuyeckoM crenae JIDMITYC-2. Hcnosb3oBanu aBa
CBEPX3BYKOBBIX coruia: 1) ¢ BxoaHsiM guameTpoM Di,=0.17 MM, 2) ¢ Dj,=0.215 mm.
JlaBnenue TopMmoxkeHus Py coctaBmsuio 1-6 Gap, JaBieHHE B KaMepe pacIlupeHHs
Py=2.6-27 mTopp. Ilpu 3tux ycnoBusix B cTpye (OPMHUPYIOTCA KJacTepbl a30Ta,
CpeIHUI pa3Mep KOTOPBIX 3aBUCHT OT MapaMmeTpoB coruia u oTHomeHus: Po/Py. Tok
ANEKTPOHHOIO my4yka cocTtaBisul 20-40 MA, sHeprus snekTpoHoB 10 k3B, nuamerp ~
1 mM. M3nnydyenne peructpupoBasioch ¢ nomoiibio JJPC-452, obopynosannoro I113C
JINHENKaMH.

[Tokazano, yto Ha paccrosHuu 10-20 mm Ty B ctpye mamaer ao ~20K, 3arem
HAa4YMHAET BO3pacTath, aocturas BenuuuHbl ~100K Ha paccrosHuu nucka Maxa ot
comia. Pacnipenenenue temneparypsl U MIIOTHOCTH T'a3a B KIACTUPOBAHHBIX CTPYSX
a30Ta OTJIMYAIOTCA OT HW303HTPONUYECKHX, YTO CBs3aHO C (HOPMHUPOBAHHEM
KJIACTEPOB U TMPOHUKHOBEHHWEM B CTPYIO OKpYyXkarolero rasa. M3ydeHo BiusHue
JaBJICHUS HA aKCUAJIbHBIE paclipeesieHUs TEMIIEpaTyphl U INIOTHOCTH ras3a B CTpYe.
JIMTEPATYPA
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O BJIMSAHUU ITPUJIMITAHUA DJIEKTPOHOB HA XAPAKTEPUCTHUKHA
BAPBEPHOI'O PA3PAIA B XJIOPE U EI'O CMECAX C KCEHOHOM

ON ELECTRON ATTACHMENT EFFECT ON CHARACTERISTICS OF
THE DBD IN CHLORINE AND ITS MIXTURE WITH XENON

AsrtaeBa C.B.
HI'Y, Poccus, , 630090, Hosocubupck, ya. Iupozosa, 0. 2, S_avtaeva@srd.nsu.ru

N3yueHo BiMsHUE NPWIKMIIAHMSA DJIEKTPOHOB Ha XapaKTepuUCTUKU bP B Xxjope M ero cmecsx c
KCEHOHOM. XapakTepucTUKu BP B 4MCTOM XJ0pe U B CMECAX KCEHOH-XJIOpP C COACpPKAHUEM XJIOpa
0.1-5% MonenupoBaiuch B paMKax THApoAWHamMHuyeckod mozenu. ITokasaHo, 4To mpuiMnaHue
AJICKTPOHOB OTPaHUYMBAET BeIWYMHY Toka bBP, cmocoOcTByeT (QopMHUpOBAaHUIO ‘BTOPUYHBIX’
UMIIYJIbCOB TOKA, BO3HUKHOBEHMIO JIBOMHOTO CIIOSI BOJM3UM TIOBEPXHOCTH JMAJIEKTPHKOB,
00pa3oBaHMIO AKCUMEPHBIX MOJEKYII XeCl™ u MPUBOAUT K TIEPEpPaCIpPEACIICHUIO MOIIHOCTH
BKJIQ/IBIBAEMOI B pa3ps/: O0JblIe MOITHOCTH BKJIAJBIBACTCS B MOHBI U MEHBIIE B AJIEKTPOHBIL.

The electron attachment effect on DBD characteristics in chlorine and its mixtures with xenon has
been studied. Characteristics of the DBDs in pure chlorine and in xenon-chlorine mixtures with a
chlorine content of 0.1-5% were modeled using the hydrodynamic model. It is shown that the
electron attachment limits a magnitude of the DBD current, contributes to formation of the
"secondary" current pulses, appearance of a double layer near the dielectrics surface, formation of
the XeCl™ excimer molecules, and leads to a redistribution of the power deposited into the
discharge: more power is deposited into ions and less one is deposited into electrons.

Xapakrepuctuku BP B unctom xyope u B cmecsx kcenoH-xsop (0.1-5% Cl,)
MOJICIMPOBAIUCH B paMKax THAPOJAMHAMHYECKOW Mojnenu. ['eomerpust paspsga —
MJIOCKOMApaJuIeNIbHbIE 3JIEKTPObl MOKPBITHIE OJIMHAKOBBIMHU CIOSIMU AMDJIEKTPUKA
(1-2 MM), paccTosiHEE MEXIY KOTOpbIMHU 4-8 MM. HanpsbkeHue CHHYCOHMIAIbHOE C
ammuntyaou 4.25-8 kB u wactoroit 25-100 k', naBnenue raza 15-300 Top.

[ToxazaHo, 4YTO mNpUIMNAHUE SJICKTPOHOB, OTPAHUYMBAS BEIUYMHY TOKA, B
Clydae MajiblX NEPEHANPSHKEHUM NPUBOJUT K HE IIOJHOW  HEUTpaIu3aluuu
MMOBEPXHOCTHOTO 3apsiia Ha JUAJICKTPUKAX BO BpEMs MPOXOXKIEHUS ‘TIEPBUYHOTO’
HUMITYJIbCa TOKa, YTO CIOCOOCTBYET (hOPMHUPOBAHUIO ‘BTOPUYHOTO’ HMITYJIhCA TOKA B
B cMmecsix Xe-Cl, [1] U mosiBIEHHIO CEpHM IMOCIIEA0BATEIbHBIX HMITYJIHCOB TOKA B
gucToM xJiope. [lpu ABMKEHUM K AWAJICKTPUKY BOJIHBI WOHHU3AIMH TPHIUITAHHUEC
AJIEKTPOHOB MPUBOAMUT K MOSBICHUIO JIBOWHOTO CJIOS BOJIM3U JUAJIEKTPUKOB, YTO
CBSA3aHO C PE3KUM H3MEHEHHEM OJJIEKTPUUYECKOrO TOJIA, CKOPOCTEH HOHU3aLUU U
MPWIMIIAHKS, U PA3JICISIONIMM BIMSHUEM IOJIS Ha 3apsKEHHbIC YACTHUIBI.

BP B cmecsix Xe-Cl, (0.5-5% Cl,) sddekruBro m3myuaer B momoce XeCl
(B—X), 308 um. Hanbomnsiumii Bkiax B dhopmupoanne XeCl Momexyn Bo Bpems
MMITYJIbCOB TOKa oOecreurnBaeT rapiysHas peakuus Xe +Cl,—XeCl'+Cl , Bo Bpems
IIOCIIECBEUCHHUS — HOH-MOHHAs pexoMOuHammst Xe, +Cl'—XeCl +Xe [2].

JIUTEPATYPA
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WHTEHCH®UKAIIAA PA3JIEJEHUS BOJOMACJISTHOM SMYJIbCHUU C
UCITOJb30BAHUMEM ITOJIMCYJIb®OHAMU/IHBIX MEMBPAH,
MOJUNOPUIINUPOBAHHbBIX YHUITIOJIAPHBIM KOPOHHBIM PA3PAIOM

INTENSIFICATION OF SEPARATION OF OIL-WATER EMULSIONS
USING POLYSULFONAMIDE MEMBRANES MODIFIED BY UNIPOLAR
CORONA DISCHARGE

M.IO. AnexkceeBa, N.I'. Illaiixues, B.O. dpsaxnos, M.®. ['anuxanos, N.P. Huzameen

Kazanckuii hayuonanvuwlii ucciedosamenbCKkuti mexHoI02u4ecKull yhugepcumen,
Poccus, 420015, Pecnyonruxa Tamapcman, Kazauns, yn.K.Mapxca, 68
E-mail: musoke@mail.ru

HccnenoBano paszjeneHre BOJOMACISIHOW 3MYJIbCHU TOJUCYJIb(OHAMUIHBIME MeMOpaHaMH,
MOJIUGUIMPOBAHHBIMUA YHUIIOJIIPHBIM KOPOHHBIM pa3psaoM. MHCTpyMEHTaIbHBIMH METOAAMU
ananuza MK-cnexkTpockonuu, peHTTeHOCTPYKTYPHOI'O aHalli3a, CUASYE Kalljiid U aTOMHO-CHJIOBOU
MHUKPOCKOIIMM OIPEICIICHbl IIOBEPXHOCTHBIE W CTPYKTYPHBIE XapaKTEpUCTUKU HCXOJHOM U
MOANGUIIUPOBAHHON MEMOPAHHI.

Studied the separation of oil-water emulsion using polysulfonamide membranes, modified by
unipolar corona discharge. Instrumental methods of analysis infrared spectroscopy, X-ray
diffraction, hip drops and atomic force microscopy showed the surface and structural characteristics
of initial and modified membranes.

[IpoBeneHsl HcclieqOBaHUSl pa3/ieNieHUs] BOJOMACISTHOM AMYJIbCUU TMIOCKUMHU
NoJIMCYIb(POHAMUAHBIMU MeMOpaHaMu, OOpaOOTaHHBIMU B I0OJ€ YHHUIIOISPHOIO
KOPOHHOTO pa3psina npu HanpsokeHuu U = 5-15 kB u Bpemenu o6pabotku 0,5-1,5
MUH.

Ha ocHOBaHMM 53KCIIEpUMEHTAJBHBIX JAaHHBIX IIOKa3aHa TEHIEHUUA K
yBeUYEHUIO 3((EKTUBHOCTU pa3AeNeHUs] 3MYJIbCHH C YBEJIMUYEHUEM BpPEMEHH
00paboTkn MemOpaH. Hanmensiee 3nauenne XIIK = 1040 mr Oz/I[MS JIOCTUTHYTO
npu o6padotke T =5 muH u U = 5 kB. Takum oOpazom, 3pPpeKTUBHOCTD pa3/ieiaeHUs
sMyJsbcuu coctaBmna 95,4 %.

MeTtogamu HK-cniexkrpockonuu, cUsUCH KaIlIu, aTOMHO-CHUJIOBOM
MUKPOCKOIIUA U JU(PPaKTOMETPUU OIpPEACIICHbl MOBEPXHOCTHBIE M CTPYKTYpHBIE
XapaKTePUCTUKN UCXOHOU U HanboJsiee 3¢ HeKTUBHOM dekTpeTupoBaHHOM mpu U =
5 kB u t =5 mun [ICA meMOpanbl. BeisiBieHa yacTU4YHAs JECTPYKILMS TOBEPXHOCTH
MOJIUMEpa W CHIDKEHHE CTENEeHM KPUCTAJUIMYHOCTH, a TakKe 3HAYUTEIbHOE
YBEJIMYEHHUE IIEPOXOBATOCTH M YMEHBIIEHHWE KpPaeBOro yrja CMayuBaHUs. Takum
o0pa3oM, yBEJIMYEHHE CMAauMBaeMOCTH KopoHooOpaboTanHbeix I[ICA wmeMOpan
CIOCOOCTBYET YBEIMYCHUIO 3PHEKTUBHOCTH pa3ACICHUS SMYIIbCUH.
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MNOTOK U DHEPTETUYECKOE PACITPEAEJIEHUE NOHOB HA
IJIEKTPOJE B IBYXYACTOTHOM BYE PA3PAJIE

ION FLUX AND ENERGY DISTRIBUTION AT AN ELECTRODE IN AN RF
DUAL-FREQUENCY CCP DISCHARGE
Boraanosa M. A.**", Jlonaes B 3BIpSIHOB C.M.}2, Paxumosa T.B.}, Bonowmmnn Tt
‘munsgio mr V, 119991, I'CII-1, Mocksa, Jlenunckue copwl, oom 1, cmpoenue 2

2MTY, 119991, I'CII-1, Mocksa, Jlenutckue zopbi, dom 1, cmp.
*bogdanova.masha91@gmail.com

The possibility of the ion flux and energy virtual diagnostics at an rf-biased electrode in an asymmetric
rf dual-frequency CCP discharge in Ar, N, and Xe plasmas is considered. lon energy distributions
(IEDs) were calculated according to the semi-analytical model of the ion motion through the sheath
including a set of externally measurable discharge parameters. Direct IED measurements were carried
out via the Retarded Field Energy Analyzer (RFEA). The ion flux was measured by the pulsed self-bias
method.

[loroxk W D2Heprus HOHOB SBISIOTCS  KJIIOYEBBIMM  MapamMeTpamMu  HOH-
CTUMYJIMPOBAHHBIX  IUIA3MOXMMUYECKHX IMPOLECCOB, IIMPOKO HCIOJIb3YEMbIX B
COBPEMEHHBIX TEXHOJIOTHSX M3TOTOBJICHHUS HAHOCTPYKTYpP, MOJIU(MUIUPOBAHUS
noBepxHocted u mnp. OpHako, W3MEpPEHHE HSTUX MapaMeTpoB BO  BpeMs
TEXHOJIOTMYECKOT0 MpoIiecca 3a4acTyr0 HeBO3MOKHO. JlaHHas paboTa MOCBsILeHa Hjiee
CO3/IaHHSI BUPTYAJbHOIO JIaTYMKA MOTOKA M SHEPruu HOHOB [1], mpeacTaBistolero
co0oif  OBICTPBIM  pacu€T  DHEPreTHYECKOr0  CIEKTpa  HMOHOB  COTJIACHO
MOJTyaHATUTUIECKON MOJIENN JBM)KEHUSI HOHOB B TIPUAJIEKTPOTHOM CJIO€, BKITFOUAIOIIEH
B ceOs psiji BHEIITHE M3MEPSIEMBIX MmapameTpoB paspsa. [IpoBepka ganHo# ujaen Oblia
OCYILECTBJIEHA B ACUMMETPUYHOM ABYX4acTOTHOM BUYE paspsne HU3KOro naBiieHus
(20, 100 mTopp) B Ar, N, u Xe muasmax IpH HECKOJbKUX 3HAUEHUSX YacTOThl U
aAMIUTUTYbl PUIOKEHHOTO K HUKHEMY 3JIEKTpoay Bu cMmerieHus (Fpips = 2+12 MI',
Vihiis = 0+120 V). DOkcnepuMeHTalbHO HHEPreTHYECKHE CIIeKTPhl HMOHOB ObLIH
NoJlydeHbl aHanu3aTopoM dHepruit yactuni RFEA. Jlnsg aHanmza mosydeHHBIX
pe3yabTaTOB OBUIM TaKKe MPOM3BENEHBI pacu€rhl corjacHo Moxaenu Moute-Kapnio
METOJIOM 4acTull B stueiike. s kaauOpOBKM M3MEPEHHBIX YHEPreTUUECKUX CIEKTPOB
no aOCOJIIOTHOM IIKane, B JaHHOM padoTe OBbUTM MPOM3BEACHBI M3MEPEHHs MOTOKa
MOHOB METOJIOM TICPEMEHHOTO aBTOCMEIICHMA. Takxke, JaHHas padoTa COACPIKUT
HCCIIEIOBAaHUE 3aBUCUMOCTH TTOTOKA MOHOB Ha 3JIEKTPOJ ¢ pocTtoMm aasieHus (20+200
MTopp) T©pH HECKOJBKMX 3HAUYEHUSX IUIOTHOCTH IUIa3Mbl. B mpocreiiieM
OECCTOKHOBHUTEIBHOM CITydae, MOTOK WOHOB Ha 3JIEKTPOJ CBS3aH C IUIOTHOCTBHIO
TUTa3MBbl CIIEAYIONIMM COOTHOIIICHUEM:

Fi = knovg, 1)
rae K = ngNng— majieHre TIOTHOCTH TUIa3Mbl Ha TPAHMIIE CIIOW-TIPECION OTHOCUTEIIHHO
TUIOTHOCTH IIIa3Mbl B TIEHTpPE paspsina, vg — bomoBckas ckopocts. M3 (1) Obima
MOJTy4eHa 3aBUCHMOCTh K OT JaBJieHHS. ODKCIIEPHMEHTAIBHO MOJYYCHHBIC K ObLIH
COIIOCTaBJICHBI pacdéTaM COTJIACHO JIBYMEPHOW Mojenn COOWMpaHWsS HOHHOTO TOKa
TUIOCKUM 30HI0M. PaboTa BhIMOIHEHA TIPU TOIIEPKKE POCCHIICKOTO HAYyYHOTO (OHIA

(PH®) rpanT Ne 14-12-01012.
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N3 UCTOPUHU BBICOKOYACTOTHOI'O EMKOCTHOI'O
PA3PAJA IIPU JABJIEHUAX 0.1 - 3.0 TOPP

FROM THE HISTORY OF THE HIGH-FREQUENCY CAPACITIVE
DISCHARGE AT PRESSURES OF 0.1-3.0 TORR
JayToB F.IO.l, HpecBun C.B.Z, ["adapoB nr
‘KHUTY-KAU um. A.H. T ynonesa, Poccus, e. Kazanw, yn. k. Mapxca, 10.
2CrieIly, Ilempa Benuxoeo, Poccus, e. Canxm Ilemepoype, [lonumexnuueckas yu., 29.
*HB® «PEHAPUCOPE», . Mockea, Poccus, Jlenunckuii npocnekm, 0.88/3.
e-mail:renari@mai.ru

[IpencraBnena uHoOpMalys O MEPBBIX HCCIEAOBAHUAX BBICOKOYACTOTHOIO €MKOCTHOIO pas3psjaa
IIpY HU3KUX AaBiieHusAX Ha yactorax 1.0 — 20.0 MI'u, npoBeneHHbix B KazaHCKOM aBHallMOHHOM
MHCTUTYTE B 80-X rogax mpouuioro Beka.

Provides information about the first studies of the high-frequency capacitive discharge at low
pressure, at frequencies of 1.0-20.0 MHz in Kazan Aviation Institute in 80-ies of the last century.

B 1982 rony B Kazanckom [lome VY4eHbIX Ha HAy4yHO TEXHMYECKOM CEMHUHape
«HuzkoremnepatypHas mia3msl st npeanpusatuii PecryOnuku Tartapcran» Obuin
MIPEJCTABIICHBI MEPBBIE pPE3yJIbTaThl UccieAaoBaHui napamerpoB BUE mmasmer npu
nasnenusx 0.1 — 3.0 Topp. B Kazanckom aBmarnmoHHOM WHCTHTYyTe Ha Kadempe
“O6mas ¢u3mka” K STOMY BpeMEHH ObUIM CO3/1aHbl JIBe YycTaHOBKH. llepmas,
HCCIIEA0BATENIbCKAsl YCTAHOBKA, MO3BOJSUIA IOJYy4YaTh paspsibl MHAYKIHOHHOIO W
€MKOCTHOTO Tuna B nuana3zone 4yactot 1.0 —20.0 MI'u npu momHocTtr ot 50 1o 1000
Btr. D10 mNO3BONMMIO MPOBECTH CpaBHUTENbHbIE uccienoBanuss BY paspsgoB Ha
yactotax 1.76, 2.64, 5.28, 13,36 MI1, pa3peuieHHbIX IS MNPOMBIIIIEHHBIX
IUIa3MEHHBIX yCTaHOBOK. I[IpoBenenbl ombiThl 1o cpaBHeHuto E- m H- dopm BU
paspsAoB, YTO BCErJa HHTEPECOBAJIO MCCIEAOBATENEM C Hadala H3Y4YEHHs] ATHX
paspsaoB. AnpoOMpPOBaHBI Pa3IMYHBIE CXEMbl €MKOCTHOTO pa3psiia: € TUIOCKUMHU
ANEKTPOJIaMH; C BHEIIHUMHM HEOXJIAKJAEMBIMU W BHYTPEHHHMH OXJIQXK]1a€MbIMU
ANEKTPOJIaMH; KOAKCHAJIbHAsI CXEMa pPAaCHOJIOKEHUSI SJIEKTPOJIOB. IJTO IMO3BOJIUIO
pa3paboTaTh pa3IMdHble KOHCTPYKIIMH BBOJIA TJIA3MbI B PEaKTOPHI.

Jlpyrasi yCcTaHOBKa YX€ TPEICTaBIisIa ONBITHO-IPOMBIIUICHHBIA BapUaHT C
kosnebarenpHON MomHOCThI0O BY renepatopa g0 10 kBt Ha wactore 13,35 MI't u
MomHocThto B BYUE mmazmotpon a0 3 kBt. CBY cmocobom wucciaenoBaHbl
KOHLIEHTpALUs 3JIEKTPOHOB, 3(Q(EKTUBHAs 4YacTOTa CTOJIKHOBEHHUS JIIEKTPOHOB C
TSOKETBIMU  YacTullaMu. [IpoBefieHbl OMBITHI MO M3YYEHUIO HAMNPSLKEHUS Mpo0os
paspsaa Ul pa3liMYHbBIX Ta30B, JABICHUM KM TEOMETPUU PaA3PAIHBIX Kamep
IUIA3MOTPOHOB,  MOJYYEHbl  JHEPreTHYECKHE  XapaKTEepUCTUKH  paspsga |
IJ1a3MOTPOHOB.

B 1982-85 rogax mo pe3ynbraraM HCCIEAOBAHUNA 3TOTO paspsia ObUIM MOJTYYEHBI
IepBble aBTOPCKHE CBUJETEIbCTBA Ha H300peTeHHs 1o crnocodam o0paboTKu
BHYTPEHHEH MOBEPXHOCTU TEIUIOBBIX TPYO, MOIU(MUKAIIMK TOBEPXHOCTH METAJLIOB,
nepepaboTKu OUTYMHUHO3HOM MOPOIBI C LEJIbIO MOJIYYEHUS CUHTE3 - Ta3a U BbIICICHHUS
U3 HEE PEIIKUX METa/IOB; OMyOJIMKOBaHBI MepBbie craThu. CeronHs, cmycts 35 e,
BU-emMKOCTHON pa3psii B 3TOM JAMAaNa3oHE JABJICHHM, LIMPOKO HCMOJIb3YETCS B
Pa3IMYHBIX TEXHOJOTUYECKHX MTPOIIECCaX.
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IOPOEKTUBHOCTDb ®OPMHUPOBAHMUS ITYUKOB YBET'AIOIIINX
IJIEKTPOHOB B CTAIIMOHAPHOM OTKPBITOM PA3PAAE

ON EFFICIENCY DURING THE GENERATION OF RUNAWAY
ELECTRONS BEAMS IN STATIONARY OPEN DISCHARGE

Boiitemonok B.C., ['osnoBun A.U., Typkun A.B., IInoigo A.U.
THI] @I'VII «l]lenmp Kenoviway, Poccus, 125438, 2. Mocksa, yn. Ouesicckas, 0. 8,
kerc@elnet.msk.ru

[TpoBenensl u3mepenus 3 dekTuBHOCTH HOPMUPOBAHMS ITYUYKOB YOETaIOIIUX 3JIEKTPOHOB B I'elIUH,
BO3/IyX€ M Mapax BOJbI IPU PA3IMYHbIX JABICHUX JJIS Pa3IMYHBIX MaTepHajoB KaToaa. B remuu u
BOJASHOM Tape MPOAEMOHCTPUPOBAHO TOJYYEHHE Iyyka YOeramomux OSJIEKTPOHOB ¢
sHEepreTHuecKoi 3heKTuBHOCTHIO 0K0JI0 80%.

Measurements of energetic efficiency were accomplished in generation of runaway electrons beams
for helium, air and water vapor with various cathode materials. The efficiency near 80% was
demonstrated for runaway electrons beam generated in helium and water vapor.

['eneparopsl snekTpoHHBIX My4ykoB (I'JI1), pabortaromrie HENOCPEICTBEHHO B
ra3oBol cpefe, SBISIIOTCS NEPCHEKTHUBHBIM  CPEACTBOM  PELICHUS MHOTHX
TexHoJoruueckux 3aaad [1]. B [2] npensoxkeHo HeCKOJIbKO BapHaHTOB KOHCTPYKIIUU
takux [DIl, a B pabore [3] W psaae Apyrux TMPOBEICHBI HCCIEAOBAHUS
¢bynkunonuposanus ['OI1.

Baxuenmen XapaKTEepUCTUKOU TEXHOJIOTUYECKUX ['OI1 ABIIACTCS
sHepretudeckas dsddextuBHocth (KIIH). Jns ero OLEHKH OCYIIECTBISUINCH
u3MepeHusi temreparypbl kopmyca ['DI1 B mporecce mmurensHON pabOThl U TpH
NOCIIEAYIOLEM OXJIaKIeHH. HekoTophle pe3ynbTaThl MPUBEACHbI B TAOIHIIE.

Pe3ynbTaThl 3KCIIEPUMEHTOB COOTBETCTBYIOT TeopeTndeckoit moeinu [0].

Pe3ynbrarhl 5KCIEpUMEHTOB MO OMPEIETCHUI0 dSHEPTeTUYeCKOn A (HEKTUBHOCTH

MarepuaJj kaTojaa U,kB | Pabounmii ras P, Ila KI1JI, %
LaBg 4,4 reJIni 1513 71
Mo 4,4 reJIni 1507 48
Cu 8,0 rejIini 2060 83
Cu 7,0 e 1504 78
cTajb 6,5 rejmn 964 76
CcTalb 4 BO3JIYX 307 59
CcTalb 6 BOJIa 310 79
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OCOBEHHOCTH CTPYKTYPbI HOBEPXHOCTHOI'O BAPBEPHOT'O
PA3PAIA B BO3AYXE ITPU BO3JIEUCTBUHU UMITYJIbCHOI'O U
CUHYCOUMJAJIBHOI'O HAITPAKEHU A

STRUCTURE PECULIARETIES OF SURFACE DIELECTRIC BARRIER
DISCHARGE FORMED BY IMPULSE AND SINUSOIDAL VOLTAGE

Cokosioa M.B. !, Boeoaun B.B. 1, Manamuua M.B. 2, Pe6pos N.E. 2, Kucenen
H.AZ,

Uy «M2Hy Poccus, 2. Mockea ,111250, Kpacrhoxazapmennas yi., 0.14.
233 PAH, Poccus e. Canxm-Ilemepoype, 191186, /[sopyosas naob., 18.
2000 «Cupuycy, Poccus, e. Mocksa, 127015, yn. Hosoomumposckas, 0.2, k. 2.
E-mail: mvsokolova@mail.ru

Annotanus: B pabore nonydeHo, 4To CTpyKTypa MOBEPXHOCTHOTO pa3psia U €ro XapaKTepUCTUKH
orpenensaorcs (HopMONW KPUBOW HANPSOHKEHUS, AMIUTUTYIOW, UIMTENBHOCTBIO W TOJSPHOCTHIO
UMITYJILCOB, KPYTU3HOHN (pOHTa U MOMEHTOM BO3HUKHOBEHUS pa3psa.

Abstract: It is shown in the paper that the structure of the surface discharge and its characteristics
depend on the form of the voltage curve, its amplitude, duration and polarity, the impulse front
steepness and the moment of the discharge ignition.

Nmeromuecss B JuTepaType JaHHBIE MO BIUSHHUIO MUTAIOMIETO HANPSDKEHUS HA
paspsiz OTHOCATCS B OOJIBIIMHCTBE K CIy4daro 0apbepHOro paspsija B mpoMexyTke [1].
B npuBoaumoil pabGoTe wucciaeqoBaH TOBEPXHOCTHBIM paspsii B BO3AyXe IMpH
HOPMAaJIbHBIX YCJIOBHUSIX IO MOBEPXHOCTH Oaphepa (IiacTuHbl u3 kepamuku 22XC).
KapTtunsl paspsja, nojaydeHHbIC ¢ TTIOMOIIBIO CKOPOCTHOM KaMmepsl Phantom v2511 u
mudpoBoit  porokamepst Lumix (Panasonic DMC-FS3), comoctaBieHbl C
COOTBETCTBYIOIIUMH OCLMJUIOTPAMMaMH TOKa MHKpopaspsnoB. AMIATYAa Upimp
UMITYJIbCHOTO ~HalpsDKEHUsS, CO3[aBaeMOr0 TE€HEpaToOpoM, ONHMCAaHHBIM B [2],
coctapisiia  7-8 kB, moutensHocTh MMmynbea 0,5-45 MKC UM UIMTETBHOCTh (PPOHTA
umnyinbca 150 He. {1 cuHyconaaibHOrO HAMpsHKEHUs: TOU ke 4acToThl 2Up gin = Uy,
imp. B ommmume ot cuHycougambHoro nurtanus (0,18 V/ns), paspsx Ha ¢ponTe
UMITYJIbCOB OO€UX TMOJSIPHOCTEH BO3HUKAET MPHU BBICOKOM CKOPOCTH HapacTaHUS
Hanpspkerust (50 V/Ins it Up imp = 8 kV) u umeer Gonbiryro nHTeHCHBHOCTH. Ha
craje HMMITYJIbCOB pa3BUTHE pas3psAla HAET NOPU CHUKEHUU MPUIIOKEHHOIO
MOTEHI[MAIa U OCHOBHBIM (PaKTOPOM, OMPENETSIONIMM BO3HUKHOBEHUE U Pa3BUTHE
paspsiia, CTAaHOBUTCA TOJIe 3apsifia, OCEBIIETO HAa MOBEPXHOCTh Oapbepa. Pazpsia Ha
crnaje MMIyJIbca HMMEET CTPYKTYpYy, TMOJOOHYI0 CTPYKType pa3psjua Ha
OTpHUIIATEILHOM MOJYIEPUOAE CHHYCOUIAILHOTO HampspkeHus. [lomuMo xapakrtepa
BO3/ICICTBYIOIIETO HAIPSKEHUS, CUJIBHOE BIUSHHE HA CTPYKTYpPY paspsja U €ro
WHTEHCHUBHOCTh OKAa3bIBAIOT MMapaMeTphl HMITYJIbCOB (MX TMOJISIPHOCTh, KPYTH3HA
(bpoHTa, aMIUTUTYa UMITYJIbCa U €T0 JUIMTEIIbHOCTh) U TIOJIE 3apsiioB, OCEBIIUX HA
ITOBEPXHOCTH Oapbepa.

PaGoTa BrimonHeHa B pamkax rpanta POOU Ne 15-08-04384.
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BJIMSHUE AKYCTUYECKNUX KOJIEBAHUIM HA TIAPAMETPBI
PA3PAIA B API'OHE

EFFECT OF ACOUSTIC OSCILLATIONS ON THE PARAMETERS OF A
DISCHARGE IN ARGON

danees C.AL CaiipyTanHoB AWM., Kamanos H.®.*

YKasancruii geoepanvuviii ynusepcumem 420008, Kazanw, Poccus
2CaHKm-IYemep6yp.20KuL? eocyoapcmeennulil ynusepcumem, 199034, Cauxkm-Ilemep6ype, Poccus

B nanHoil paboTe mpencTaBieHbl 3KCIEPUMEHTAIbHBIE U YHCIEHHBIE MCCIENOBAaHUS Pa3psioB
MOCTOSIHHOTO TOKA B TIOJIE MHTEHCUBHBIX aKYCTHYECKUX KoyieOaHui. Pa3psi 3axxurancs B JITUHHOM
(L=0,25 ™), y3kori (R=0,01 M) TpyOKe C MIOCKMMH MEIHBIMH JJICKTPOJAaMH Ha KOHIAX MpPH
naBineHuax or 20 go 60 Topp. C nomoupro 3JIEKTPOJUHAMMYECKOIO M3JIydarens, ¢
KOHIUEHTPUPYIOIIMM, aKyCTHUECKYI0 DSHEpPruio, KOHPY30poM B Tra3opa3psgHOi  Kamepe
BO30YKJANIMCh PE30HAHCHBIC aKyCTUYECKHE KOJeOaHus MepBOii MpoI0IbHON Mokl [loka3zaHo, 4To
HaJu4Me€ WHTEHCHUBHOIO aKyCTHYECKOIO0 TOJII BENET K  YBEIMYEHHID CONPOTHBICHUS
ra3opaspsaHoro MpoMexXyTKa, PacTeT HaIpsSKEHUE M YMEHBIIAeTCs TOK MPH TEX K€ MmapaMerpax
AJIEKTPUYECKON IIeMu B OTCYTCTBHE aKyCTHYeCKUx KojeOanuil. [lpm QukcupoBaHHOM TOKE,
HaIpsHKEHUE PacTeT MPONOPLHUOHATBLHO YPOBHIO 3BYKOBOTO JIABJICHHUS.

Experimental and numerical studies of DC discharges in the field of intense acoustic oscillations are
presented The discharge chamber had a long (L = 0.25 m) and narrow (R = 0.01 m) tube with flat
copper electrodes at the ends. The pressure range was from 20 to 60 torr. The acoustic energy
emitted by the electrodynamics was concentrated by the confusor. Resonant acoustic vibrations of
the first longitudinal mode were excited in the discharge chamber. It is shown that the presence of
an intense acoustic field leads to an increase in the resistance of the gas-discharge gap. The voltage
increases and the current decreases with the same parameters of the electrical circuit in the absence
of acoustic oscillations. With a fixed current, the voltage rises in proportion to the sound pressure
level.

Pe3onancHbIe KoIeOaHMs B Ta30pa3psIIHON TUIa3Me COTIPOBOKIAFOTCS PA3TMIHBIMU
HeJMHEHHBIMU siBIeHUsMH [1]. B dacTHOCTH, KacaTtenbHO BIWSHHS KOjieOaHWA Ha
I1a3My paspsioB MOCTOSIHHOTO TOKa, 0CO00 CTOUT OTMETUTh aKyCTUUYECKUE TEUEHUS
[2, 3], BO3HHMKAIOIIME B CTOSYEH 3BYKOBOM BOJIHE B BUJIE JIByX OCECUMMETPUUYHBIX
TOPOMJAIBHBIX BHUXPEH, BpAlAOIMIMXCS B NPOTHBONOJIOKHBIX HANpPaBIECHUAX
OTHOCUTEIBHO Apyr Apyra. B mpencraBieHHON padoTe C MOMOIIBIO YHCIEHHBIX
AKCIIEPUMEHTOB, OBLIO TMOKa3aHO, YTO MPU HAJIMYMH WUHTEHCHUBHBIX aKyCTHYECKHUX
TEUEHUM, TPOUCXOIUT YMEHBIIICHUE Pa3PsIAHOTO TOKA U YBEJIMUCHHUE HAIIPSHKEHUS Ha
paspsiaHoMm  nipomexyTtke [3]. Ilo pe3yapTaramM YUCIEHHBIX W HATypPHBIX
HKCIIEPUMEHTOB TIOKa3aHO, YTO YMEHBIICHUE Pa3psSIHOTO TOKa OOYCIOBIEHO
BBIHOCOM 3apsKEHHBIX YaCTHUIl HA CTEHKU TPYOKH M UX THOETH.

UccnenoBanue BbIMojHEHO Tpu (¢GuHaHCOBOM momnepxkke PODU B pamkax
HaygyHoro npoekta No 16-38-60187 mon _a nk u rpanta Ilpesunenta PO No MK-
539.2017.1.
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OCOBEHHOCTHM UHULIMMPOBAHUS 1YTOBOT'O PA3PSIJIA B
BAKYYMHOM MPOMEKYTKE UMITYJIbCOM ONITUYECKOT'O
U3JIYYEHUSI HAHOCEKYH/IHOM JJIUTEJABHOCTHU U
UHTEHCUBHOCTBIO 10°- 10*° BT/CM?

FEATURES OF ARC DISCHARGE INITIATION IN VACUUM GAP BY
PULSED NANOSECOND OPTICAL RADIATION WITH INTENSITY
OF 10° - 10* w/cm?

B.1. Acronun, C.I'. JlaBeiios, A.H. Jlonros, B.O. PeBa3zos, P.X. fIky6oB

Dedepanvroe 2o0cyoapcmeenHHoe YyHumapHoe npeonpusmue « Bcepoccutickuil
HayyHo-ucciedosamenbCkull uHcmumym asmomamuku um. H.JI. /[yxoea», Poccus,
e-mail: vniila@vniia.ru

Jlis BaKyyMHOTO MpPOMEXYTKAa C HHHUIMHPOBAHHEM JYTOBOTO pa3psiia Jia3epHbIM H3ITyYeHHEM
M3MEpPEHO 3HAYCHHE MHHHMMAJIbHOM JHEpPruH, HEOOXOJUMOHM il KOMMYTAaluH, ¥ OOHapyX eHO
CYILLIECTBOBAHUE ITIOPOTOBOM BEJIIMYMHBI JHEPTUU U3JIYYCHUS, IPU KOTOPOU IMPOUCXOJUT U3MEHECHUE
XapakTepa 3aBHCHUMOCTH PETHCTPUPYEMBIX BpPEMEHHBIX MapaMeTpoB Mpollecca KOMMYTAIUU OT
OHCPIUU HU3JTyUYCHHA. Ha ocHoBanun MOJIYYCHHBIX JSKCIICPUMCHTAJIbHBIX JAHHBIX BBIABUHYTO
MPENIOJIIOKEHUE O TOM, YTO B MEXDJIEKTPOJIHOM IPOCTPAHCTBE B MPOAYKTAX APO3UHU 3JIEKTPOIOB
3KUraeTcs MEPBOHAYAIBHO TJCIOMUN pa3psall, KOTOPBIM 3aTeM B pe3yibTaTe pa3BUTHS
MOHU3AI[MOHHO-TIEPETPEBHOM HEYCTOWYMBOCTH HCHBITHIBAET KOHTPAKIIMIO TOKOBOIO KaHala H
MEePEXOIUT B TyTOBOM.

Minimum energy required for switching was measured for the vacuum gap with laser initiation of
arc discharge, and existence of threshold emission energy was found, at which change occurs in the
nature of relationship between the recorded timing parameters of switching process and the
emission energy. Based on the experimental data, it was suggested that in electrode erosion
products in the interelectrode space, an initially glow discharge ignites, which then as a result of
ionization-overheating instability undergoes contraction of current channel and moves into an arc
channel.

IIpoBeneHo wucciienoBaHWE 3aBUCHUMOCTH BPEMEHHBIX [ApaMETpOB IIpolecca
KOMMYTAllMM BaKyyMHOI'O IIPOMEXYTKA, YNPABISIEMOTO HUMIYJIbBCOM JIA3€PHOTO
W3JIy4YC€HUs HAHOCEKYHIHOW JJIMTEIIBHOCTH, OT DHEPTrUU W3JIYYCHUS, NAJaroIIEero Ha
KaTOA—MUILICHb, U OT Marepuaiia karoja. [lokasaHo, 4yTO XapakTep 3aBUCUMOCTHU
PETUCTPUPYEMBIX IMAPAMETPOB OT DHEPIUU HU3JIYUYEHUS OAMHAKOB I PA3IAYHBIX
MaTepuagoB. BenuumHa »SHEpPruM a3epHOTO HUMIIYJIbCA ONPEAEISET CKOPOCTb
3aMbIKaHHSI BAKYyMHOIO MpomexyTka. C pocTOM SHEPruu M3JIy4YEHHs B JIHANa30HE
200-2000 mk/I>x Bpems 3aIepKKU YMEHBIAETCsl 0ojiee YeM Ha TOPSAIOK BEIIUYUHBI.
IIpy BenuuuHE DHHEPrUM U3JIYYEHHMs, MPEBBILAIONIEH [OPOrOBOE 3HAYECHHUE,
najiaroIiee U3JIyudeHHe HE TOJIBKO BBI3bIBAET TEPMOIMUCCUIO SJIEKTPOHOB U BHIOPOC
NPOJYKTOB J3PO3UM MaTepuajia KaroJa B MEXKIJIEKTPOAHOE NPOCTPAHCTBO, HO U
YCKOPSAET TMPOLECC PA3BUTHA  HOHU3ALMOHHO-TIEPETPEBHOW  HEYCTOMYMBOCTHU
TIICIOLLETO pa3psaa U €ero nepexoa B AyroBou paspsi.
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K TEOPUU THYPOBAHUSA CBEPXBBICOKOYACTOTHOI'O U
HAHOCEKYH/IHOI'O PA3PsA/10B B I'A3E

TO THE THEORY OF MICROWAVE AND NANOSECOND GAS
DISCHARGES FILAMENTATION

JBunun C.A.

MI'Y umenu M.B.Jlomonocosa, Poccus, 119991 Mocksa, Jlenunckue copwvi. 1-2. E-
mail: s_dvinin@mail.ru

PaccmoTpena 3amada 00 YCTOHYMBOCTH pa3psila, pacIpOCTPAHSIONICTOCS IO IMOBEPXHOCTH
IMAJICKTPUKA, PACIIOIOKEHHOTO HaJl 3€MJISIHBIM 3JIeKTpoJoM. [loka3zaHO, YTO HEYCTOHYHMBOCTH
MOXXET OBITh CBSI3aHA C IMaJAIOIICH BOJIBT-aMIIEPHON (MOIIHOCTHOM) XapaKTEPHCTHUKON paspsna,
1100 ¢ BO30YKIEHHEM BOJIH, PACIIPOCTPAHSIONIMXCS BJIOJb TTOBEPXHOCTH (DPOHTA.

Stability problem of the stability of a discharge propagating over the surface of a dielectric located
above the earth electrode is considered. It is shown that the instability can be related to the incident
volt-ampere (power) characteristic of the discharge, or to the excitation of waves propagating along
the front surface.

Pa3psin BBICOKOTO aBlIeHUS, MOAAEPKUBAEMbIA HAHOCEKYHIHBIMA UMITYJIbCAMHU
WM CBEPXBBICOKOYACTOTHBIM TIOJIEM, IIPU PACHPOCTPAHEHUU [0 IOBEPXHOCTH
IURJIEKTPUKA TPU BBICOKOM JIABJICHMM HHOTAA NpPUHUMAET (GOpMY OTAENIbHBIX
BojlokoH [1, 2], mpuuem mpupoma HaOIOJAEMOTO TIpollecca HE MOJIydusa
OJIHO3HAYHOTO O0OBscHeHus [2, 3]. B pganHO paboTe MBI OCTAaHOBUMCS Ha
AMEKTPOIMHAMUYECKHX 3P dEeKTax, KOTOPble MOTYT MPHUBECTH K IMOSBICHUIO ATOTO
s dexTa B MUKPOBOJIHOBBIX U UMITYJIbCHBIX B HAHOCEKYHJIHOM JHMAra30HEe BPEMEH
paspsiiax.

PacueTsl mOKa3bIBAIOT, YTO BO3MYIIEHUS B pa3psie MOXKHO Pa3[elUTh Ha TPH
tumna: 1. Bo3aMylieHus, MmIOTHOCTU 3JEKTPOHOB U IOJIS, JIOKAJIM30BAHHBIE MO BCEM
JUTMHE pa3psaa, 2. Bo3mylleHus: MIOTHOCTH SJEKTPOHOB U TOJISI, JTIOKAJIU30BAHHbBIC
BONMM3u (ponta. 3. BoamymieHus ¢opmbl moBepXHOCTH (pOHTA, 00YCIOBIECHHbBIC
M3MEHEHHEM €ro CKOpPOCTH  pacmnpocTpaHeHus. Bce Tumsl  BO3MyIIEHUs
YAOBJIETBOPSIOT PA3IUYHBIM YPAaBHEHHUSIM, CO CBOMMH XapaKTEPHBIMU BpEMEHAMH U
pasmMepaMu, HO OKa3bIBAIOTCS CBSI3AHHBIMU MEXKy coOoi. PazBuTne HeyCTOMYMBOCTH
MPOUCXOJIUT B TOM ClIy4ae, €Cd POCT BO3MYIIECHUU MPUBOAUT K (HOPMUPOBAHUIO
naaaroet BAX paspsija kak 1enoro.

B cuiy kauecTBEHHOro XapakTepa KHHETUYECKON MOJEN MPOBOAUMBIE
pacueTbl HE MOTYT MPETEHI0BaTh HA KOJWYECTBEHHOE OIKMCAaHWE LIHYPOBAHUS
paspsiia, OQHAKO JAl0T NPEACTABICHUE O XapaAKTEPE MPOTEKAIOIINX MMPOLECCOB.
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MOHU3ALIMOHBIE HEYCTOMYUBOCTH B BBICOKOYACTOTHBIX U
CBEPXBBICOKOUYACTOTHBIX PA3PSIIAX B OTPAHUUEHHOW
CPEJIE

IONIZATION INSTABILITIES IN HIGH FREQUENCY AND MICROWAVE
DISCHARGES IN LIMITED MEDIA
JIBunun C.A., TI[OB;KGHKO B.A| “Cunxesnu O.A.
MTI'Y umenu M.B.Jlomonocosa, gpusuueckuti paxynomem, Poccus, 119991 Mockaa,
Jlenunckue eopwi, 1-2. E-mail: s_dvinin@mail.ru
"UDA umenu A.M.O6yxo6a PAH, Poccus, 119017, Mockea, ITuixcesckuii nep., 3
“HHY MOH, Poccus, 111250, Mocksa, Kpacnoxkazapmennas yiuya, 14. E-mail:

oleg.sinkevich@itf.mpei.ac.ru
HccnenytoTest 0cOOEHHOCTH pa3BUTHSI HOHU3AMOHHBIX HeycToitunBocteil B BU u CBY pa3psngax B
OIrpaHUYEHHOM M OECKOHEYHOM IUIa3MEHHOM cTojioe. PaccumTaHbl CTallMOHapHBIE PEKUMBI
pa3sBUTON HEYCTOMUMBOCTH. OmpeneacHbl IOPOroBbIE MO, YCIOBUS PeaTU3alMyd NEPUOIUIECKUX
U anepuoAMYecKHX peXHMoB. OOCYXIEHBI BO3MOXXHOCTU  Pa3BUTUS  MOHM3ALMOHHBIX
HEYCTOMYMBOCTEN B TEXHOJOTMYECKUX YCTAHOBKAX HU3KOIO JABJICHUS.

lonization instabilities in HF and microwave discharges in the limited and infinite plasma column
are investigated. Stationary modes of the developed instability are found. Threshold fields,
conditions of periodic and aperiodic modes realization are defined. lonization instabilities in low
pressure technological installations are discussed.

Brnepsbie pelieHa 3a1aua 0 BbIHYKJACHHOM BO30YKJI€HUH MOHU3AI[MOHHO-TI0JIEBOU
HeycrounBoctd [1, 2] BHemHuM wuctouyHukoMm B BYU u CBY paspspgax B
OTPAaHWYCHHOM W HEOTPAHHMYCHHOM IO JUIMHE IUIa3MEHHBIX cronbax. [lomyueHsr
BBIpXEHUS A1 KOA(pUIUEHTa YCWICHUS BO30YXKIaeMbIX  BO3MYLICHHI.
Teopernyecku HalIeHbl YCIOBUS HAOMIOJAEHUS aOCONIOTHOW HEYCTONYMBOCTH H
pealn3aiuu  MEPUOAUYECKOTO U alepUOJUYECKOr0 PEXKHUMOB €€ Pa3BUTHSL.
PaccMoTpeHbl pe30HAHCHBINA, CBSI3AHHBIA C BO30YXKIEHHEM COOCTBEHHBIX BOJH
MJIa3MEHHOTO CTOJ0a (MOBEPXHOCTHBIX WJIM BBITEKAlOmuX BOJH [3, 4]), #u
HEPE30HAHCHBIN, 00YCIOBJICHHBIN OCOOEHHOCTSIMH KUHETUKHU JJICKTPOHOB, PEKHUMBbI
HEYCTOMYHUBOCTH.

Bue 3aBucumoctd OT TOro, OyAeT M Ha HAYaJbHOM 3Tale HEYCTOMYHMBOCTH
NEPUOJANYECKOM WM alE€pUOJUYECKON, B pE3yJIbTaTe €€ Pa3BUTHUSI MOXKET
YCTaHABJIMBATbCSl CTAlMOHAPHOE COCTOSIHUE C HEOJHOPOAHBIM pPaCHpENcICHUEM
IJIOTHOCTU DJIEKTPOHOB B IMPOCTPAHCTBE M OTCYTCTBHUEM KOJIEOAHHM BO BpEMEHH.
Pacuetsl cormacyrorcss ¢ 3kcnepuMeHTamH, mnpoBeneHHbiMM B CBY paszpsige B
BoiHOBOZIe [5]. [l orpaHWyeHHOW IUIa3Mbl pElIeHa 3a7ada O CTaOWIU3aIuu
HEYCTOMYUBOCTH.

AHaJIOTUYHBIE HEYCTOMYNBOCTH MOTYT HAOIOIaThCS TAKKE B TUIA3MOXUMHYECKUX
pEeaKTopax U APYruX TEXHOJOTMUYECKUX YCTPOMCTBAX HUZKOTO JABJICHHUS.
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ACCOUNT OF NONLOCAL IONIZATION AND SLOW ELECTRON
ENERGY BALANCE IN GLOW DISCHARGE MODELS

Eliseev S.1.', Bogdanov E.A.}, Kudryavtsev A.A.

ISt. Petersburg State University, Ulyanovskaya, 3, St. Petersburg, Russia,
step.eliseev@yandex.ru

Numerical simulation of cathode region of DC glow dischargeis a serious
challenge due to complex kinetic behavior of electrons, the most important being
non-local ionization by fast electrons which stream from cathode sheath.
Applicability of different simulation approaches —extended fluid, particle/kinetic,
hybrid —towards numerical modelling of direct-current (DC) glow discharges and
their ability to correctly describe non-local ionization has been discussed intensively
during last decades [1,2]. Simple hybrid approach seems to be the most promising in
terms of accuracy and computational efficiency, since it combines fluid description
for ions and slow electrons with analytical formulation of non-local ionization source

[3].

We present overview and details of simple hybrid approachin appliance with
DC glow discharge simulations together with formulation of slow electron energy
balance. Electrons originating from non-local ionization by fast electrons contribute
significantly to the energy balance of slow electrons in negative glow plasma. This
heating process has to be accounted for if accurate estimations of electron density and
electron temperature in plasma region of discharge are required. An approach
towards calculating effective energy brought by a secondary electron to the group of
slow electrons by means of coulomb collisions is suggested. The value of effective
energy shows considerable dependence on external parameters of a discharge, such as
gas pressure, type and geometric parameters.
The slow electron energy balance was implemented into simple hybrid model and
allowed calculating electron density and electron temperature. Simulations of short
(without positive column) DC glow discharge in argon were carried out for a range of
gas pressures. Comparison with experimental data showed good agreement in terms
of current-voltage characteristics, electron density and electron temperature.
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BO3MOXHOCTH YHPABJIEHUA XAPAKTEPUCTUKAMMU TJIEIOLIEI'O
PA3SPAIA C IIOMOIIbBIO OPTAHU3AIIMU CBEPX3BYKOBOI'O
IIOTOKA I'A3A

POSSIBILITIES OF CONTROL OF THE CHARACTERISTICS OF A
DISCHARGE BY THE ORGANIZATION OF SUPERSONIC GAS FLOW

Bamsmes B.P.", Tumepkaes B.A.", Caiidyranmos A.1.%, Amupssuos [P,

'Kazancrui HAYUOHANbHBIU UCCIe008AMENbCKULL MEXHUYeCKUL YHUBEepCUmMem UmMeHu
A. H. Tynonesa, Poccus, 2. Kazanv, 420111, yn. Kapna Mapxkca, 10, kai@kai.ru.
2Canxm-Ilemep6ypeckuii 2ocyoapcmeennviii ynusepcumem, Poccus, Cankm-
Ilemepoype, 199034, Vuusepcumemckas nab., 7/9, spbu@spbu.ru.

OOCy)KmaroTcss BO3MOXKHOCTH TJICIONIMX Pa3psoB B CBEPX3BYKOBOM ITOTOKE B OrpaHUYEHHOMU
o0Jacru.

The possibilities of glow discharges in a supersonic flow in a limited region are discussed.

Kak wu3BecTHO, mNpH  3aKUTaHWKA  TICKOLIETO  paspsaa  OPOUCXOAUT
CaMOOpPraHu3alus CIOUCTON CTPYKTYPhl MPUAIEKTPOAHBIX 30H, a JJI UX ONUCAHUS
BIIOJIHE TMOAXOJAT 3aKOHbl T0a00usA. (OKa3bIBaeTCs, MOXHO HApyUIUTh 3THU
3aKOHOMEPHOCTH, CHENAB YIPaBIIIEMBIMU KaTOAHBIE MPOLIECCHI paspsaa. B camom
JieJie, €CJIM OPraHu30BaTh CBEPX3BYKOBOM IMOTOK I'a3a HE BO BCEM MEXKIIEKTPOIHOM
npomexyTtke [1,2], a TOJbKO B OrpaHUYEeHHOU 001acTH[3-6], TO KOHIICHTpaIUu
YacTUIl B Pa3HBIX 00JacCTAX MEXKDIJIEKTPOJHOTO MPOMEXKYTKa MOTYT OKas3aThCs
pa3HbiMH. [IOCKOIBKY KOHILIEHTpalWs 4YacTHIl ra3a MpU HEU3MEHHOW TeMIepaType
ompenesieT JIMHY CBOOOJHOTO Mpobdera YacTUil ra3a, TO TOJIIIMHBI TPUJICKTPOIHBIX
30H TaK € W3MEHATCA. BO3MOXHBI ABa MpeAeNbHBIX ciydas 3(P(EKTUBHOTO
YIIPaBJIEHUS PACIIPEICICHUEM BHYTPEHHUX MTapaMEeTPOB TICOIIEro paspsiaa. [lepBsiit
CIIy4dail — ciiy4al NpeAeabHO HU3KUX JIaBJICHHM, KOT/la OpraHU3aIusl CBEPX3BYKOBOTO
IIOTOKa, HampuMmep, BOJM3M aHOJa, II03BOJISET OOCCIeUWTh B OTOM o00JacTu
HEOOXOJMMBIC YCIOBUS MJIs 3Q)KUTAHUS U TOJJEPKaHUS HOPMAJIBHOTO TJICIOIIETO
paspsiia, HECMOTPSL Ha TO, 4TO 0€3 OpraHu3allid CBEPX3BYKOBOI'O IMOTOKA YCIOBUE
CaMOTOJIIEP>KaHUsI pa3psijia MPOCTO HE BHIMOJIHAJIOCH Obl. BTopo# ciyuait — ciydai
CpeNHUX JaBJeHUW. B 3TOM ciydae CBEPX3BYKOBOW IOTOK, OPraHM30BAHHBIN B
ONPEAECICHHOU obnactu MEXKIJIEKTPOIHOIO MIPOCTPAHCTBA, MTO3BOJIAET
KOHIICHTPUPOBATh pa3psji MMEHHO B 3Toi oOnactu. Hampumep, MOXHO Cy3UTh
MPUAJIEKTPOAHBIE 30HBI, IUOO CY3UTh MOJOKUTEIbHBIN CTOJIO.
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ON THE FEATURES OF ELECTRIC FIELDS CHARACTERIZATION IN DC
ATMOSPHERIC PRESSURE HELIUM DISCHARGES USING
POLARIZEDSTARK SPECTROSCOPY
L.V. Simonchik, A.V. Kazak
Institute of Physics of NAS of Belarus, Minsk, Belarus
E-mail: a.pavlova@ifanbel.bas-net.by

The effect of fluctuations in the discharge current on the Starks broadening components of

helium and hydrogen lines in the cathode fall layer of the potential is investigated. The oscillations
are analyzed with the use of elements of chaos theory.

Polarized Stark spectroscopy is frequently used for electric field determination
in plasma. In this report we consider some features of its applications in dc
atmospheric pressure helium discharges starting from Townsend discharge and
terminating at a high-current glow discharge. These discharges and their
characteristic regions have quite different plasma conditions leading to the Hg (486.1
nm) and He | (492.2 nm) line profiles broadening.

In Townsend discharge, electron concentration is extremely low and gas
temperature is close to room temperature. Therefore, the main broadening mechanism
of Stark components of Hg line is a Wan-der-Waals broadening (~0.05 nm). At a
fitting of Hg line profile from region located close to anode, we obtain electric field
about 5 kV/cm.

In a cathode fall layer of glow discharge in helium, the Stark components of Hg

as well as He I line are strongly broadened

[\\ /\ (Fig. 1a). The performed analyze of
J - possible broadening mechanisms in this
Woam Frequency. Mz layer shows that such strong line
broadening is caused by fluctuations of

[\\w«\ i II ‘ discharge parameters in megahertz range

due to anode spots [1]. These fluctuations
Irequcnu MH/ . . . .
A nm do not effect significantly the line profiles

in the other discharge regions.

p \\ * Electric field in cathode layer is

: * represented as: E = Eq +E-, where E, is
constant component of electric field and
E_ is its variable one. So, Eyis~60 kV/cm
and E. is ~17 kV/cm close to cathode
surface. Shapes of Hg and He | lines in the
cathode fall depend on admixtures of other gases in helium. In Fig 1 the shapes of
He I line with of argon (b) and nitrogen (c) admixtures are shown. It can be seen, the
profile becomes more broadened in the first case and more narrow in the second case
in comparison with helium discharge. That is accompanied with changing of a
discharge current fluctuation spectrum and an anode spots picture. Discharge current
fluctuations are analyzed with an involvement of the elements of chaos theory.

REFERENCE
1. V.1. Arkhipenko et al. Plasma Sources Sci. Technol.17 (2008) 045017

Hequenu \'le
A,A nm

Fig. 1. The measured and simulated (solid)
He 1 492.2 nm line shapes (left column) and
spectra of current fluctuations
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APPLICATION OF DC ATMOSPHERIC PRESSURE PLASMA JETS FOR
INACTIVATION OF MICROORGANISMS CONSORTIUMS

A.V. Kazak, L.V. Simonchik, N.V. Dudchik*, O.A. Emeliyanova*

Institute of Physics of NAS of Belarus, Minsk, Belarus,*Republican unitary enterprise
«Scientific Practical Centre of Hygiene», Minsk, Belarus,
E-mail: a.pavlova@ifanbel.bas-net.by

Experimental results for inactivation of microorganism test strains of S. aureus, E. coli,
P. aeruginosa separately and in such consortium by air plasma jet are presented. For monocultures
of S. aureus, E. coli, P. aeruginosa the characteristic D-times are practically the same and are
around 1.5 min, while for the consortium these is 3 min.

This  report presents experimental results for inactivation of
planktonicmicroorganism test strains of S. aureus, E. coli, P. aeruginosaseparately
and in their consortiums E. coli + P. aeruginosa and S. aureus + E. coli + P.
aeruginosa.The total initial concentration in each experiment is 10° CFU/ml. The DC
atmospheric pressure air plasma jet at 40 mA [1] is used for microorganisms
Inactivation.The concentration of bioactive molecules are NO = 180 ppm,
NO; = 140 ppm, HNO, =25 ppm.The efficiency of plasma exposure is estimated
with a percentage of the survived cells in the strains. The temperature in Petri dish
was controlled with a thermal imager FLIR E4 and did not exceed 30 °C.

The efficiency of plasma exposure is

—=—Canortum  estimated on the percentage of the survived

—e—E_coli ATCC . . .

sawenssdo CellS in strains  of the planktonic

r—Pamgmosa  microorganisms and the consortium (Fig.

[ 1).1t is shown that the characteristic D-times
3)

defined as the time interval during of which
the number of surviving microorganisms is
reduced by 10 times were rather different.
Thus, for monocultures of S. aureus, E. coli,
T " s P. aeruginosa the characteristic D-times

Treatment time, min were the same and were about 1.5 min. At
) o the same time, the D-time for consortium of
Fig.1.Inactivation curves Of o1 these three strains of microorganisms

{R(ejil;”cdounaslortiumrhczﬁorrgsmiscr;s Ia:‘r?]g exceeded 3 min. Therefore, microorganisms
P are steadier in the consortiums.

jet exposure
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THE INFLUENCE OF EXTERNAL FLOW ON THE DYNAMIC OF ARC
CHANNEL MOVING ALONG THE WALL WITHIN A MAGNETIC FIELD

V.A. Bityurin, A.N. Bocharov, P.N. Kazanskiy, R.E. Karmatsky, I.A. Moralev

Joint Institute for High Temperatures RAS, Russia, 127415, Moscow, ljorskaja, plot
13, building 2, knispel.kurt@gmail.com

A theoretical study of the arc behavior has been conducted. The moving arc in
surface magnetic field is used in high-voltage circuit breakers, plasma actuators. In
practice, an important role plays the exact position of the discharge relative to the
device construction or the heterogeneity of the environment. The arc discharge is
moving in the magnetic field under the action of Lorentz force f = [jB], pressure
gradient and, to a certain extent, viscosity forces. The Lorentz force and the viscosity
forces cannot be balanced by the pressure gradient, this way a continuous vortex
generator is formed within the flow. The influence of the wall on the arc channel
trajectory is determined by the remoteness of the arc from the wall and border
conditions on the wall. The main parameter analyzed in the experiment was the
trajectory of the arc discharge front line, first of all the distance between the wall and
the arc center. At the beginning, after the ignition of the arc discharge, there is a shift
from the surface of the wall, approximately equal to the arc diameter. When the
discharge is moving against the flow, a decrease of indent h is observed, compared to
the absence of external flow. The external flow doesn't have considerable influence
on the value h. It was shown that the increasing velocity of external flow leads to the
intensification of the effect. At the same time, the external flow has influence on the
velocity of the arc: the velocity of the arc increases moving along the flow and
decreases moving against it. A theoretical calculation of the arc discharge moving in
external flow under the action of the Lorentz force was conducted using the package
PlasmAero. This package enables us to make a self-concordant solution of Navier-
Stokes equations and Maxwell’s equations in MHD-approximation for real gases in
2D-non-stationary case [1]. The achieved trajectories of the “hot point” of the
discharge are close to the experimental ones. Features of the velocity and pressure
distribution in near the arc channel have been detected. It was determined, that the
velocity of the “hot point” depends on the conductivity model of the working mass
(in this study it was the air), in particular, on the effective relation of conductivity on
temperature. It was shown, that the velocity field near the arc channel is formed
mainly by a pair of vortexes, and the velocity of the working mass in the “hot point”
Is approximately two times greater than phase velocity of the “hot point”. A further
research is needed in order to study the mechanism of the arc’s indent from the wall
in greater detail.
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®OPMHUPOBAHUE I'A30BbIX ITIOJIOCTEM B DJIEKTPOJIUTE U
PA3BBUTHUE PA3PAIA B HUX ITPU HAIIPSOKEHUAX BJIM3KUX K
IIOPOI'OBOMY

GAS CAVITIES FORMATION IN ELECTROLYTE AND DISCHARGE
EVOLUTION WHITHIN CAVITIES AT VOLTAGE IN VICINITY OF
CRITYCAL VALUE

KacpsiHOB B. Cl’z., Koposes 1O. I[l‘z., [Hemsxun U. Al‘z., I'eiiman B. Fl‘z., bonotos
A. B"? Hexopomes™* B. O.

'InstituteofHighCurrentElectronicsSBRAS, Tomsk, 63455, Russia
National ResearchTomsk State University, Tomsk, 63455, Russia,kasianov_vs@bk.ru

W3yuaeTcss He3aBeplIEHHBIH MpoOOH B pacTBOpe coilu B Boje. VCHONb3yIOTCS HMMITYJIBCHI
HanpspkeHus 10 1000 B MUKpO ¥ MWUIMCEKYHIHOW IHMTENbHOCTH. Mccmenmyercs mpoleccsl
(bopMHpOBaHUS Ta30BBIX MMOJIOCTEH M BO3HUKHOBEHUS I1a3Mbl B HUX. [10Ka3aHO CHIIbHOE BIHMSIHUE
JAHHBIX MPOLIECCOB Ha BEIMYUHY U (OPMY Pa3psiAHOTO TOKA.

An incomplete breakdown in a solution of salt in water is studied. The micro and millisecond
pulsed voltage up to 1000 V was applied to the gap. The processes of formation of gas cavities and
the appearance of plasma in them were investigated. A strong effect of these processes on the
magnitude and shape of the discharge current was shown.

B Hactosiee BpeMs pa3psasl B 2JIEKTPOIUTAX HAXOIAT MIMPOKOE MPUMEHEHHE B
MeUITMHEe, OMOJIOTHH dXO0JIOKauu | T. 1. [1, 2]. B marHOI paboTe paccMaTpuBarOTCs
MIPOIIECCHI, MpOTeKaromue B TpexnpoieHTHoM pactBope NaCl B Boje B reomMeTpuu
AIEKTPOJOB IITHIPh - IUIOCKOCTh. JTUTENBHOCTh UMITYJIbCA, MPUKIAIBIBAEMOTO K
MPOMEXKYTKY, JEKUT B MHUKPO M MWUIMCEKYHIHOM HHTEpBaJie, a aMILUIUTyAa
HaIpspKeHUs 0JIM3Ka K MOPOTroBOMY (B pacTBOpe Bo3HUKaeT miasma) [3].IIpuBoaurcs
Ha0Op MaHHBIX O TMporecce (opMUPOBaAHMS, Pa3BUTHSA M JACTpPagalldid Ta30BbBIX
MOJIOCTEH TIPH PA3TMYHBIX MOJSPHOCTIX MPHIOKEHHOTO WUMITYJIbCA HAMPSOKCHUS H
pPa3IMYHBIX KOHIIGHTPAIUSAX COJMM B  pacTBope.AHanmu3upyercs (GU3HYECKUi
MexaHu3M dBoJironuu - nojoctel. [Ipeacrasnenst  nanubie  (pororpaduu  CCD
KaMephbl, TTOBEJCHUS CBEUCHHS MTPOMEKYTKA BO BPEMEHH, CTICKTPAIbHBIC H3MEPEHUS)
o mporiecce (GOPMHUPOBAHUS Ta30pa3psaHON IUIa3Mbl B mojocTax. [lokazaHo, 4To
BO3HMKHOBEHHUEIIONOCTEH M 3aKUTaHWEe TIJIa3Mbl B HUX OKa3bIBAET CYIIECTBEHHOE
BIIMSIHUE HA MTPOTEKAHUE TOKA.

Pabora momnepxxana rpanTtom Poccuiickoro ¢onHma GyHIAMEHTAIBHBIX
uccaenaoBanuii, mpoekT Ne 16-08-00652a.
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CURRENT PASSAGE MECHANISM OF THE AUXILIARY GLOW
DISCHARGE IN THE TRIGGER UNIT OF A COLD-CATHODE
THYRATRON

Landl N.V., Korolev Yu.D., Frants O.B., Geyman V.G., Bolotov A.V.,
Argunov G.A., Nekhoroshev V.O.

Institute of High Current Electronics SB RAS, 2/3 Akademichesky Avenue, Tomsk
634055, Russia. landl@Inp.hcei.tsc.ru

The report deals with the investigation of the low-current glow discharge with a hollow cathode and
hollow anode in the trigger unit of a cold-cathode thyratron. Two discharge regimes were observed:
the so-called hindered glow discharge and the conventional glow discharge. A model of the current
sustainment in a hollow-cathode discharge is proposed. Instead of the conventional secondary
emission coefficient, the model uses a generalized emission coefficient that takes into account not
only ion bombardment of the cathode, but also the emission current from an external source. The
results of calculations agree well with the experimental data.

Since the end of 1980s, considerable interest has been generated to a new type of
low-pressure high-current switching device with a cold cathode (the pseudospark
switch) [1-5]. A range of operating pressures of the switch corresponds to the
conditions of the left branch of Paschen's curve when the electron free path for
ionization is much in excess of the electrode separation. For both self-breakdown of
the main gap of the switch and for external discharge triggering a considerable
prebreakdown electron current is required [2, 4]. This current is provided due to a
trigger unit that is placed in the main cathode cavity [3].

Various types of the trigger units are used in the switches [2, 3]. One type of the
trigger devices is based on an auxiliary low-current hollow-cathode glow discharge.
The conditions of the auxiliary discharge burning significantly determine the rating
characteristics of the switch itself. Therefore, the investigations of the auxiliary
discharge seem to be of a great importance.

In this report, the data on the regimes of the auxiliary glow discharge with a
hollow cathode and hollow anode are presented. The model for current sustaining in
hollow-cathode discharge has been developed. The model interprets well the current-
voltage characteristics.

The work was supported by Russian Science Foundation under the Grant Ne 14-
19-00139.
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CBU PA3PSI B IIOTOKE I'A3A
MICROWAVE DISCHARGE IN A GAS FLOW
B.M. JleneBkuH

Kuvipevizcko-Poccutickuu Cnasanckuu ynugepcumem, Koipevizcman,
720000, 2. buwxkex, yn. Kuesckas, 44, lelevkind4@mail.ru

[TpoBonutcs pacuetr xapakrepuctuk CBY paspsina npu atMochepHOM JaBICHUH B KOAKCHATHLHOM
KaHaJIC B 3aBHCUMOCTU OT HOHBOHHMOﬁ MOINHOCTH JJICKTPOMArHuTHOI'O H3JIYYCHHUA U pacxola
rasa.

The characteristics of atmospheric pressure microwave discharge in a coaxial channel are
calculated, depending on the input power of electromagnetic radiation and the gas flow.

Ha ocnose pewmenuss MI'J] ypaBHeHMiI mpoBoauTcs pacuer xapakrepuctuk CBY
paspsiia B KoakcuaibHOM KaHaie (tazMorpoH MU®-1 [1]) B 3aBUCUMOCTH OT
[IOJIBOIMMOM MOIITHOCTH 3JIEKTPOMATHUTHOT'O U3JIYYEHHSU PAcX0/a aproHa.

ITon neiictBuem »snekTpomarHuTHoro wusnydenus CBY paspsg dopmupyercs B
IyOMHE KaHajla B IOTOKe «xo0JiofaHoro» raza (7=300K). B kanane peanusyroTcs JBe
XapaKTepHbIe 00JIaCTH:

1. BeicokoremnepatypHoe (7>4000K), snextponpoBosiiee (0#£0) saapo mia3msbl

(n, >n_=m(0®+v’)s,/e*), TAc B 00]1aCTH CKHH-CJIOSN MICT JUCCUTIAIMS U3ITYyUCHHS U

3aTyXaHHUE JIEKTPOMArHUTHOTO BOJIHEI;

2. Huskoremneparypubiii( 7<4000K),ne npoBoasmuii (0=~0) 1ia3sMeHHbIN (aken
wim  «y6a» [1], roe pacmpocTpaHsieTcss NpaKTHYeCKd ©0e3 MOTJIOMICHUS
MOBEPXHOCTHAsI DJIEKTPOMArHUTHAas BOJHA M KOAKCHAJIbHBIA IMOTOK «XOJIOJAHOIO
ra3ay, peJoXpaHsIOIIUA CTEHKH KaHaja OT Ieperpena.

C yMeHbIIIeHUEM MTOABOAUMON MOIIHOCTH 3JiekTpoMaruuTHoro u3nydeHus(Q=1000,
350,250 B1) CHIKAETCs MOIITHOCTb, JTUCCUTIAINA B sype CBY
paspsina(Qy=447,181,96 Brt),ymenbmarotrcs Ttemnepatypasapa(Tn,=9500, 8800,
8600K) m ckopocth moToka mia3mbel (u . =450, 240, 148 w/c), TPOUCXOIUT

nepemMenieHne nepeanero GpoHTa paspsiga BHUA3 MO TOTOKY «XOJOJHOTOY» ra3a (Z=-
18,8; -10; -4mm), BO3pacTalOT HAMPSHKEHHOCTH AMEKTpUIecKoro moist (Ema=56, 95,
98kB/cM) um «mxoyneBo Temo» Ha mepeaHeM (ponte paspsaa (Qmax=3,4; 16,8;
18,3KBT/MM3).

C yBenuuenueM pacxoma raza (G=1, 5, 10 n/mMuH) CHMXKAeTCS AMCCHITALINS
MOITHOCTH 3JieKTpoMarHutHoro usnydeHus (Qqy=730,520,460 BT), nepennuit ppoHT
CBY pa3psnga cmemaercss BHU3 10 TOTOKY, pa3psii WHTEHCHBHEE OXJIAXKIACTCS
MOTOKOM «XOJIOJIHOTO» Ta3a M CXKUMAECTCs B pPaadATbHOM HaNpaBICHUU. ITO
MPUBOTUT K POCTY HAINPSHKCHHOCTH AiekTpudeckoro mois(Ema=11,9; 13,8; 36,4
kB/cMm), yBennueHHIo TemmepaTypbl B sIpe MUKPOBOJHOBOTO paspsaa(Tma=8921,
9148, 9322K) u ckopocTa ToToKa 1ia3msl (U, =135, 197, 277 m/c).

JINTEPATYPA
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CPABHEHME JIBYX DJIEKTPOHHO-ONITUYECKUX CUCTEM B
SKCINEPUMEHTAX IO TEHEPALIMM MTHTEHCUBHBIX
CYBMUJJIUCEKYHJIHBIX DJEKTPOHHBIX ITYUYKOB B BAKYYMHBIX
JNOJAX C IMJIAZMEHHBIM KATOJIOM

COMPARISON OF TWO ELECTRON-OPTICAL SYSTEMS IN
EXPERIMENTS ON THE GENERATION OF INTENSE SUBMILLISECOND
ELECTRON BEAMS BY A VACUUM DIODE WITH A PLASMA-CATHODE

B.T. ACTpeJ'II/IHl, M.C. Bop06béB2, N.B. KaHILaYPOBl, H.H. KOBaJ'H)Z,
B.B. Kypkyuekos', C.A. Cynaxmmn’, F0.A. Tpynes®
“Unemumym sdeproii gusuxu CO PAH, Hosocubupck, Poccus

" Unemumym cunsromounoti snekmporuxu CO PAH, Tomcxk, Poccus
E-mail: astrelin@inp.nsk.su, vorobyovms@yandex.ru

Annotauus. Vcnonb3ys SJI€KTPOHHBIM HMCTOYHUK C IUIa3MEHHBIM KaTOAOM Ha OCHOBE
IYyrOBOTO pa3psiia HHU3KOrOo JaBJICHMUSI IPOBEAEHO HKCIIEPUMEHTAIbHOE CpaBHEHHE JBYX
anekTpoHHo-onTHueckux cucreM (D0C): nByxanekTpomgHoil MynbTHanepTypHoii O0OC Nel u
D0C Ne2 ¢ ceryaThiM IUIA3MEHHBIM KaTOJOM M IUIa3MEHHBIM aHOJIOM C OTKPBITOM TIpaHULIEeH
AQHOJTHOW TIIa3MbI. DKCIIEPUMEHTHI, TIPOBEJCHHBIE B COMOCTABUMBIX YCIOBHSX, OBLIM HAIpPaBICHBI
Ha JOCTH)KEHHE MAaKCHUMaJbHOW DSHEPrOEMKOCTH Ny4yKa CYOMMJUIMCEKYHIHOW JJIUTEIbHOCTH.
[Tokazano, 4to pabora wucrouHuka AeKTpoHOB ¢ DOC Nel xapakrepusyercs OObIICiH
MIPOCTPAHCTBEHHO-BPEMEHHOI CTaOWUIBHOCTHIO IYy4YKa, HO €ro MEHbBIIEH DSHEProeMKOCTHIO B
cpaBHeHMH ¢ OOCNe2, mpu paboTre C KOTOpOW BO3pacTaeT »3JIEKTpUYECKas MPOYHOCTh
BBICOKOBOJIbTHOT'O YCKOPSIIOIIETO MPOMEXKYTKA, YTO MO3BOJSET MOBBICUTH JTIOOOH M3 OCHOBHBIX
MapaMeTpoB 3JEKTPOHHOTO MyuYKa (SHEPruio, aMIUIUTYIy M JJIMTEIbHOCTh Myudka). OQHaKo, mpu
pabore ¢ DOCNe2 mmeeTcst BhICOKasi HEOHOPOIHOCTh TIJIOTHOCTH TOKa 10 €r0 CEYEHHUI0, KOTopas
CYLIECTBEHHO OIPAaHMUYMBAET JaJbHEWIIEE NPUMEHEHHE TAaKOro IydyKa B MaTepUalOBEIUYECKHX
uensx. O6cyxnarTcs MexaHu3Mbl GOPMHUPOBAHUS U TPAHCIIOPTUPOBKHU ITyyka B 00enX cucTeMax.

Abstract. Using an electron source with a plasma cathode based on a low-pressure arc
discharge, an experimental comparison of two electron-optical systems (EOS) were carried out: a
two-electrode multi-aperture EOS No. 1 and an EOS No. 2 with a mesh plasma cathode and a
plasma anode with open bound. Experiments carried out under comparable conditions were aimed
at achieving the maximum energy capacity of the submillisecond beam. It is shown that the
operation of the electron source with EOS No. 1 is characterized by greater spatio-temporal stability
of the beam, but its lower energy capacity in comparison with EOS No. 2, which increases the
electrical strength of the high-voltage accelerating gap, which allows increasing any of the basic
parameters of the electron beam (energy, amplitude and duration of the beam). However, when
working with EOS No. 2, there is a high inhomogeneity in the current density across its cross-
section, which significantly limits the further application of such beam in materials science. The
mechanisms of beam formation and transport in both systems are discussed.

DKCIepUMEHTHI MPOBECHBI B paMKax MporpamMMbl (hyHIaMEeHTalbHbIX HccieqoBanuii PAH
(mpoekt Ne(366-2015-0009) npu vactuuHo# PuHAHCOBOW ToAnepkKe TpaHTOB PODU (mpoekTs
Ne16-38-00739 u Ne16-08-00785).
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AMITYJILCHO - TEPHOMYECKWIA BY-PA3PST MHIYKIIMOHHOT O TUTIA
JUIS1 BO3BY KIEHMS JIASEPOB HA CAMOOT PAHMYEHHBIX TEPEXO/IAX

PULSE-PERIODIC HF INDUCTION TYPE DISCHARGE FOR PUMPING
LASERS ON SELF-TERMINATING TRANSITIONS
B.M. Barernt’, B.T. Kapryxus,” MMM. Mamikos', MLA. Kasap;m2
'OIBYH O6vedunennbvlii uncmumym svicokux memnepamyp PAH (OUBT PAH),
Poccus, Mocksa, 125412, yn. Uacopckas, 13, cmp.2. e-mail: mmalikov@oivtran.ru.
2Dusuueckuii uncmumym um. I1.H. Jlebeoesa PAH. Poccus, Mocksa, 119991,
Jlenunckuu np-m, 53

Hpe,Z[CTaBJICHBI PE3yJIbTaThl YUCIICHHBIX I/ICCJIC,Z[OBaHI/Iﬁ (bI/I?)I/I‘IeCKI/IX MponuecCcoB, MpOTCKAOIUX B
paboueii cMecH Ja3zepa Ha mapax Meau, Bo30yKIaeMoro myramu BbICOKO4acTOTHBIX (10—70 MI'm)
KOJICOaQHUHN DIJIEKTPUUECKOTO0 TOKa, CIEAYIOMUX Apyr 3a apyrom c¢ dbactoramu (2-30) kI
be3anexTpoHbIit pa3psia co3/1aBaicsa HOBBIM JUISL 3TOTO JIa3epa HHAYKIMOHHBIM CIIOCOOOM.

The results of numerical studies of physical processes working mixture of the copper vapor lasers
excited by high frequency trains (10—70 MHz) oscillations of electric current, following each other
with frequency (2-30) kHz are presented. The electrodeless discharge was created new for this laser
induction method.

B pabore wuccnenoBanach BO3MOXKHOCTH 3(G(EKTHBHOW HaKaykd Ja3epa
BBICOKOYACTOTHBIM pa3psioM. [ 3TOro MCHnoiab30BaluCh pa3paboTaHHbie B [1]
¢uznyeckas MOeNb HHAYKIIMOHHOTO Ja3epa Ha nmapax meau (MJIIIM) u nporpammsl
pacdy€ra, KOTOpBIE IIO3BOJIIIOT HAaXOJWTh CAaMOCOIVIACOBAHHBIC 3HAYECHMSI BCEX
IUTA3MEHHBIX, JJIEKTPUYECKUX M TEIUIOBBIX MCKOMBIX BEIMYMH. B paccMoTpeHHOU
cxeme WJIIIM wumnynbc Hakayku TpeAcTaBisieT cobod myr 3aryxatromux BY
KojeOanuii. MOIIHOCTh JKOYyJieBa TEIUIOBBIACICHUS HOCUT MYJIbCUPYIOIIHMA
XapaKTep U COOTBETCTBEHHO, HAOIIOJAIOTCS 3aMETHBIE IMyJIbCAlMU JJIEKTPOHHOM
temriepaTypbl Te. OJHaKo, 3TO HE MEIIAET BO3HMKHOBEHUIO U MOJACP>KAHUIO
MHBEPCHOM 3aCEeNEHHOCTM HAa CaMOOTPAaHMYEHHBIX Mepexofax paboumx Ja3epHbIX
ypoBHeir. Ha cmamax Te(t) ckopocTh 3aceieHHss BEpPXHEro JIa3epHOIO YpPOBHS
IIPOJIOJKAET ONEPEKATh CKOPOCTh 3aCEJICHHs HW)KHETO YpPOBHsS, BCIJIEJICTBHE
CHW)KEHUSI CKOPOCTH PacCEIEHUsI BEPXHETO YPOBHS Ha BBILIEEKAIINE YPOBHH B 3TH
MOMEHTBI BpeMeHH. B mnenom, kaptuHa reHepanuu wusnydenus WJIIIM npu
BO30ykaeHuu 1myramu BY Toka, HocUT GoJiee CIOXKHBIA XapakTep, 4eM B OOBIYHOM
anexktpoaHoMm JIIIM ¢ piuaHBIM (~250 HC) anepuoAMYECKUM UMITYJIbCOM HAKadKHU.
ITokazano, uro npeumyiiecTBoM BUY Hakauku sBisieTcss 0ojiee BBICOKasi CKOPOCTh
BBOJIa 3HEpruu B miazmy. OTMETUM, 4TO NpH 00bEME paspsaHoil kamepsl B 1.7
JUTpPaA, BBIXOJHAS MOILIHOCTh nocturana 170 BT, mpu QuanyeckoM M TEXHUYECKOM
K1 cooTBeTCTBEHHO 3.7 % u 1.9 %. DTO CBUAETENBCTBYET O MNEPCIEKTUBHOCTU
coznanust 3¢ dexTuBHBIX MOITHbIX MJITIM.

Pa6ota BemonHena npu nogaepxke rpanta POOU  Ne 17-08-00410
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EXPERIMENTS ON PHASE TRANSITIONS IN 3D DUSTY PLASMA
UNDER MICROGRAVITY CONDITIONS

Molotkov V.1.}, Naumkin V.N.}, Lipaev A.M.}, Zhukhovitskii D.1.}, Usachev A.D.},
Fortov V.E.!, Thomas H.M.?

'Joint Institute for High Temperatures of the Russian Academy of Sciences,
Izhorskaya 13 Bld 2, Moscow 125412, Russia, molotkov@ihed.ras.ru
?Institute of Materials Physics in Space (DLR-MP) German Aerospace Center,
51147 Cologne, Germany

The investigations have been performed onboard the International Space Station (ISS) with the help
of the PK-3 Plus laboratory. Due to the manipulation of the interaction potential between the
microparticles it is possible to initiate a phase transition from isotropic plasma into
electrorheological plasma. The crystal-liquid phase transition was obtained in large 3D isotropic
dusty plasma system. First observations of a transition of the dusty plasma system state due to
variations of the plasma component density are presented.

Complex (dusty) plasmas are composed of weakly ionized gas and charged
microparticles and represent the plasma state of soft matter [1]. Due to the “heavy”
component, microparticles, and the low density of the surrounding medium, the
rarefied gas and plasma, it is necessary to perform experiments under microgravity
conditions to cover a broad range of experimental parameters which are not available
on ground. The investigations have been performed onboard the International Space
Station (ISS) with the help of the PK-3 Plus laboratory [2]. This laboratory was
mainly built to investigate the crystalline state of complex plasma, the so-called
plasma crystal, its phase transitions and processes in multi-particle mixtures. One of
the important results achieved using the PK-3 Plus laboratory was the first
observation of the electrorheological effect in complex plasmas or a phase transition
from an isotropic fluid into a so-called electrorheological string fluid. We performed
experimental investigations of the fluid-solid phase transitions in large 3D complex
plasmas under microgravity conditions. These phase changes were driven by
manipulating the neutral gas pressure. It was observed that the system of charged
particles can exhibit melting upon increasing the gas pressure, in contrast to the
situation in ground-based experiments where plasma crystals normally melt upon
reducing the pressure. The other quite a new observation concerns a study of
transitions of the dusty plasma system state due to variations of the ion density. It was
demonstrated a rather complicated character of the dependence of the system order
upon the ion density.

The work is supported by the Russian Science Foundation, grant 14-12-01235.
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UCCJIEAOBAHUE MPUDJIEKTPOIHBLIX MPOLIECCOB
B UMITYJILCHOM HAHOCEKYH/THOM PA3PSIJIE
B IMOJE C OCTPUITHBIM KATOJOM
METOJAMU JIA3EPHOT'O 30HIMPOBAHMSI

STUDY OF NEAR-ELECTRODE PROCESSES AT NANOSECOND
PULSE DISCHARGE INTO DIODE WITH POINT CATHODE
BY LASER PROBING

E.B. [apkesuu %, C.1. Tkauenko’, A.B. ArahoHos'

Wdusuueckui uncmumym um. Jlebedesa PAH, 119991 Mockea, Poccus,
@Mockoscruii Gusuxo-mexnuueckui uHcmumym (2ocyoapcmeennniii ynusepcumem), 141700
Honeonpyonwiii, Poccus; parkevich@phystech.edu

JlazepHbIMU MeTOaMU U3y4asach MpeAnpoOoiiHas cTaaus pa3psia Npu aTMOCPepHOM JaBICHUU B
IMOJE C CUJIBHOW MEepeHaNpsHKEeHHOCTBIO MOJsS Ha KaTtoge. B cimyuae paspsga B Bo3ayxe ObLIO
OOHapy)XE€HO, YTO HaYaJbHAas CTaausi MPOOOS COMPOBOXKIACTCS TOSIBJICHUEM IUIOTHOTO OOJaka
IUIa3Mbl Ha TOPILE KAaTOJHOTO OCTPHUS C 3JIEKTPOHHOM IUIOTHOCTBIO OKOJO Ne ~ 510" cm® ma
MacIITabe HECKOIbKHX JECATKOB MUKPOH.

The prebreakdown stage of a gas discharge in a diode with strongly overloaded cathode is studied
by laser methods at atmospheric pressure. It is shown that the initial stage of breakdown of a
discharge gap is accompanied by the emergence of a dense plasma bunch at the end of a tip with

electron density of about N, ~ 5-10* cm™ with a size of tens of microns

JIist uccnenoBaHysl UMITYJIbCHOTO pa3psiia B IIMPOKOM JAMana3oHe JaBieHuid oT 107
> top 10 1 atv Gbima co3/aHa ManOrabapuTHAs YCTAHOBKA C JKECTKOH CHHXPOHM3AIMEHt
MOMEHTa 30HAMpOBaHUs muKocekyHIHOro Nd:YAG mazepa LS-2151 (smeprusi B
umyibee A0 40 mJx; nBe rapmoHuku — A = 1064 u 532 HM) ¢ mo1aBaeéMbIM UMITYJIHCOM
HaNpsDKEHUST Ha MCCIEAYEMYKO Harpy3Ky (TOYHOCTh CHUHXPOHM3ALMM HMITYJbCa
HaNpsHKEHUS M 30HAMPYIOLIETO JTydya ~1 He). YCcTaHOBKaA MMO3BOJISIET MOTyYaTh UMITYJIbChI
HanpspkeHus: amiuutyaou 10 10 kB u gymurensHoCTRIO ~ 150 HE, AMMTEenhHOCTh (PpoHTa
ummynbca — 20 HC, MaKCUMaJIbHBIN TOK — 1.5 KA. DJeKTprUuecKre CUTrHaJIbl ¢ IaTYMKOB
TOKA M HAINPSHKEHUS pEerucTpupoBaiuch tuppoBbiMu ocumiiorpadamu Tektronix TDS
3054B c nonocoit nponyckanust S00 MI'i. MoMeHT nprxo/ia 30HIUPYIOLLIETO JIA3€PHOTO
Jy4a B pa3psAHYI0 KaMmepy omnpenensuics 1o curHany ¢Goroxatuuka. CuibHas
MEPEHAIPSKEHHOCTD JIEKTPUYECKOro TMOJIsl Ha KaToAE JOCTUrajlaCh MCIOJIb30BAaHUEM B
KaueCTBE OJMHOYHOTO OCTPHS TOHKHMX IpPOBOJIOYEK auamerpoM oT 10 mMxm u Ooree.
Hcnonb3yemas onThyecKas CxeMa Mo3BOJISIET MOJIydaTh A0 TPEX KaJIpoB 3a OJIUH BBICTPET
C OJIHOBPEMEHHOW PErucTpaluel B KaXJI0M KaHaie MHTep(HEPEeHIMOHHOTO, TEHEBOTO U
HUTMpEeH-U300pakeHus. Bpems sSkcnos3uimy Kajpa OIpeAensercs UIMTEIbHOCTHIO
JazepHoro umiyibca — 70 Tic.

B cmydae paspsma B BO3Ayxe aTMOC(EpPHOrO JaBieHUs ObLIO OOHAPYXKEHO, YTO
HavyaJjibHasi CTaJusl MPOOOsT COMPOBOXKIAECTCS MOSIBJICHUEM IUIOTHOTO O0Jlaka Iia3Mbl Ha
TOpLEe KATOZHOTO OCTPHS C OJIEKTPOHHON IUIOTHOCTBEO OKOMO Ne~5-10"cm™ Ha
MaciTabe HECKOJbKHX JECATKOB MHUKPOH. OIHOBPEMEHHO C TMOSIBICHHEM oO0JiaKa
IUIOTHOM IIIa3Mbl Ha TOPLIE OCTPHs aHOAHBIM LIYHT HAYMHAET PETUCTPUPOBATH PE3KUN

pPOCT CyMMapHOI'O TOKa dYepe3 JHOJ; CPEIHsSs CKOPOCTh HAapacTaHWs COCTaBISET ~
15 A/Hc.
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BJIUAHUE TAPAMETPOB BBICOKOYACTOTHOI'O EMKOCTHOTI' O
PA3PAJIA B CMECHU XE U Cl; HA XAPAKTEPUCTUKHU DKCUMEPHOI'O
YO U3JIYUYEHUA PA3SPAIA

INFLUENCE OF VARIATION OF RF CAPACITIVE DISCHARGE
PARAMETERS IN XE - CL, MIXTURE ON EXCIMER UV RADIATION
I'onmoBunikuit A.IL., Ilemmu A.B.

Canxm-Ilemepoypeckuti nonumexunuueckuii ynueepcumem Ilempa Benuxoeo, 195251,
ya. Honumexnuueckas, 0.29, Canxkm-Ilemepbype, Poccus, pelli.alexandr@gmail.com

[TocpencrBom uymciennoro 1D mopemupoBanust emkoctHoro BU paspsima B cmecn Xe u Cl2
OIIPCACIICH ONTUMAILHBIN C TOYKHU 3pCHHA MAaKCUMU3allUU MOIIMHOCTHU U KIIJ BbIXOJa 3KCUMCPHOTO
Y® uznydeHust COCTaB CMECH Ta30B.

The optimal gas mixture composition providing the maximal power and efficacy of UV excimer
radiation is found by 1D modeling of capacitive RF discharge in the mixture of Xe and Cl..

Pa3psimpl B cMecsiXx MHEPTHBIM ra3 — TaJlOreH MNPUMEHSIOT Kak d(QexTuBHBIC
0e3pTyTHbIE HUCTOYHMKHA MOIIHOTO Y3KOIMOJOCHOTO YyibTpaduosneroBoro (YO)
W3JIYYCHUSI MOUIIHOCTBIO OT €AuHMI] 10 Thicsd BarT [1, 2]. Bonbmoit uHTEpec
MPEJICTaBIACT H3ydeHUE O€33JEKTPOAHBIX pa3psAnoB, B dyacTHoctd BY - kak
obecrneynBaOIIMX OOJBIIYIO JTOJATOBEYHOCTh OTHAsSHHBIX MPUOOPOB. JlOHBIHE BCe
MoJ00HBIE KCCIIENOBaHUS OBUIM CYTy0O SMIIMPUUECKUMH, a MUMEIOIIUECS MOJIeNU
AIEKTPOOTPHIIATEIEHON TutasMbl BY  paspsiga oOXOaAT BHHMAaHHEM BOMPOCHI
W3ITYYICHHS TUTa3MBl.

B nmanHO¥M paboTe mIOCPEACTBOM YHCICHHOTO MOJICIUPOBAHUS HCCIICIOBAHO
BJIMSTHUE MapIMaJIbHOTO JIABJICHUS XJIOpa Ha U3JIy4aTeIbHYI0 MOIIHOCTh Wiy M KIIA

n BY paspsga. Ammiautyna BY  wHanpsbkenus Ugp= 200 — 800 B mpm

MEXAIEKTpOOJHOM 3a3ope 4 cm. I[loka3aHo, 4YTO ONTUMalbHBIE 3HAYEHUS KIIJ
JIOCTHTAIOTCS MpH OTHOcHTeNbHOM conaepxkanuu Cl, mopsimka 0.001 — 0.03 (pwuc.
1a,b), gaTo cormacyercs ¢ dKCIepUMEHTAIbHBIME JNaHHBIME [3]. [laHo du3mdeckoe
OOBSICHEHHE MOYY€HHBIM 3aKOHOMEPHOCTSAM

o 13.56 MHz a) Wy, mWiem® 13.56MHz  b)
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NCCJEJTOBAHUE TAPAMETPOB HU3KOTEMITIEPATYPHOM
IIVTIASMbI YACTOTHO-UMITYJIBCHOI'O PA3PATA
IMPUMEHHUTEJIBHO K YCTAHOBKAM OYUCTKH BO3AYXA

INVESTIGATION OF THE PARAMETERS OF LOW-TEMPERATURE
FREQUENCY PULSE PLASMA DISCHARGE IN RELATION TO AIR
CLEANING UNITS

A.3. ITonuzosckuii, C.I'. T'octeeB, O.C. Kyxenb
OMKEB « opuzont» AO «HIIL razorypboctpoenus «Camtor», PO, m/o
r.J[3epxxuHCKUH, yi1. DHEepreTukos, a.7, Email: horizontl56@rambler.ru

In paper it studied parameters of low-temperature plasma (LTP) used in systems for cleaning waste
gas. LTP created by positive nanosecond corona discharges, generated by high voltage pulses with a
rise time of 50-100 ns, duration up to 100-600 ns, an amplitude up to 90 kV and pulses repetition
50-1000Hz. in coaxial electrode system with gap space 3-10 cm through which moving air.

B Hacrosiiee BpeMsi HaXOIAT IPUMEHEHUE BbICOKOBOJIBTHBIEC AJIEKTPOPU3NUYECKUE
YCTAaHOBKM C MHOTOTOYEYHBIMH KOPOHHUPYIOIIMMHU HJIEKTPOJAaMH, paboTarouie B
YaCTOTHO-UMITYJIbCHOM pexume. [IpakTudeckoe HCIOIb30BAHUE TAKUX CHCTEM
BO3MOXXHO TOJIbKO B CiIy4ae JJOCTaTOYHO MONHOW mnepemayn sHepruu (Eg,) ot
reHeparopa HMMITyJIbCOB B ra3. B paboTre mnpoBeaeHbl MCCIEAOBAHMS MapaMeTpoOB
HUA3KOTEMIIEPATYPHOM IUIA3Mbl B T'€PMETHYECKOU Kamepe, COCTOsIEN U3
3a36MJIGHHOM TpyObl C KOAaKCHAJIbHO PaCIOJIOKEHHBIM ~ BBICOKOBOJIETHBIM
AJIEKTPOJIOM B BHJE IOCIEIOBATEIbHO PACIOJIOKEHHbIX 3Be3ouek. [lmazma
co3/1aBajlach HUMITyJIbcaMu HampsikeHus ¢ ¢pponramu 50-100 He, TIMTETBHOCTAMU
100-600 uc, ammmrygamu (Uy) 10 90 kB m gactoramu ciegoanus 50-10000m,
reHepupyembIMH 3-x ctynendareivu [ IHamu o cxeme ®@utya. /J[laHHOE yCTpORCTBO
MO3BOJISIET HAKJIAJbIBATh MUMIYJbCHl HanpsbkeHus U, Ha MOCTOSIHHOE HamnpsDKEHHE
(Ug), mpuuem B Oesnarpy3ounom pexume U,/ Uy ~ 3. OnbITel IPOBOAMINCH B
nporouyHoM Bozayxe mnpu ckopoctsix v~ 0,01- 10 wm/c. B »skcnepumenTtax
U3MEpSJIUCh:  TOK  CTPUMEPOB  30HJOBOM  METOAMKOHN, HamNpsDKeHHEe  Ha
BBICOKOBOJIBTHOM ~ JJIEKTPOJE, pa3psAaHblii TOK ©  BU3YaJbHO OIEHUBAJIOCH
MHTETPAJIbHOE CBEUYEHUE Yepe3 OKHO B TOpLE KaMmepbl. OKCIEPUMEHTAIBHO
YCTaHOBJICHO, YTO 4YacTOTa TEHEpalh CTPUMEPOB, CPEAHHMMA 3apsi TOJOBKH
CTPUMEpPOB, H, cleaoBarenbHO, E., sBuserca ¢yHKIHEH KPYTHU3HBI HMITyJIbCa
HaNpsDKEeHUs. BbUIo yCTaHOBIIEHO, YTO B YaCTOTHO-MUMITYJILCHOM PEXHME BO3MOXKEH
nepexo]l CTpUMepa B HUCKPY B CAHTUMETPOBBIX BO3IYIIHBIX MPOMEXYTKaX MpH
CPEIHUX HANPSHKEHHOCTSX AyekTpuueckoro mons wmeHee 10 xB/cm, uto
OrpaHMYUBaeT MakcumaibHoe 3HaueHue E., Jlpyroe orpanunuenue E,, cBsizaHo c
TEM, YTO XapakTep paspsia 3aBUCHUT OT CKOPOCTH MOTOKAa M YaCTOTHI CJIETOBAHMS
uMiyiabcoB. Ilpu vy >0,15 M/c mpu TOJOXKUTENBHOW TMOJSIPHOCTH HMITYJIbCA
HAOJIIOAIOTCSL JIBE€ CTAJUU CTPUMEPHOrO IMpollecca — IMEPBUYHBIN U BTOPUYHBIN
ctpumep. [ns ckopocteit motoka vi < 0,15 M/c Habm0AaeTCS OJIHOE UCYE3HOBEHHE
BTOPUYHOI'O CTPUMEPA, BCIECJICTBUE YETO TMPOUCXOIUT CYIECTBEHHOE CHUXKeHue E
P OJIMHAKOBBIX MapaMeTpax UMIYJIbCHOTO HamnpsbkeHus. [loydeHHble pe3yabTaThl
MCIIOJIb30BaHbI MPU KOHCTPYUPOBAHUM TUIA3MEHHBIX YCTAHOBOK JIJISi OYMCTKHU T'a30B
OT HKOJIOTMYECKU BPEIHBIX BEIOPOCOB.
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IJIEKTPUUYECKHUE XAPAKTEPUCTUKU CUCTEMBbI
'TIOBEPXHOCTHbBIHU ABP - UCTOYHUK ITUTAHUSA'

ON THE ELECTRICAL PROPERTIES OF THE SURFACE DBD AND
THEIR EFFECT ON THE RESONANT POWER SOURCES

CeuBOHUH I/I.B.l’z, Mopanes A2

1Hauu0HaJ1be1L7 uccnedosamenvckuil ynueepcumem « MOHy, Poccus, 112500, Mocksa,
Kpacnokazapmennas yn., 14
206vedunentbiii uncmumym evicokux memnepamyp PAH, Poccus, 127415, Mockea, Hcopckas
., 13/2
E-mail: inock691@ya.ru

Annotais: B pannoil pabore ObumM uccienoBaHbl (akTopsl, ompenensomue ¢dopmy BKIL
OapbepHOTO pas3psiaa, a Takke BIusHus [[bP kak eMKOCTHO# Harpy3ku Ha pe30HAHCHBIA UCTOYHUK
MUTaHUS.

Abstract: In this paper, we investigated factors determining the shape of the VCC of a barrier
discharge and the influence of DBD as a capacitive load on a resonant power source.

I'maBHoO¥ 3amayeit naHHOW pPaOOTHI SIBIASETCS aHAIW3 OCHOBHBIX (DAKTOPOB,
BIMSIOIIUX Ha (opmy wmukiIorpammel noBepxHocTHoro JIBP u mocrpoenue
KOJINYECTBEHHON MOJENN B3aUMOJEHCTBUS pa3psla C PE30HAHCHBIM HCTOYHUKOM
nutanus. EMkocTs paspsina moxet ObITh onpenenena kak Cp(t)=dQ/dU [1].

const 0.8

0.4

0,0

Q (nC/mm)

wp?

surface charge, nC/mm

-0.4
—T.5 KV

42KV
5KV
B kV -0.8

const

8000 -6000 4000 -2000 0 2000 4000 6000 BO0O ' '5 ' 6 ’ 5
supply voltage, V amp U (kV)

Puc.1. Unterpanbaas BKI] nns paznuunsix Hanpsokenuid (cieBa) u BKI B ciydae
y3KOT0 AJIeKTpoaa (2 MM).

Brusaue pa3psaa Ha HCTOYHUK MUTAHUS C PE30HAHCHBIM (PUIIBTPOM HA BBIXOJIE
MCCJIEIOBAJIOCH aHAUTUYECKU. [IpoBoawMIicS aHANM3 JIMHEAPU30BAHHOTO YPABHCHHUS
(1) metomom pasnoxeHus: mnapamerpudeckoro wieHa Cp(t)U B psag Dypse u
MOCTIEAYIONIETO aHajdn3a AaMIUIUTYIbl TapMOHHMK BO3MYyIIeHHS. JlaHHBIA MmMOAXO0n
MO3BOJIIET BBIUMCIHUTH CPEIHUN 3apsiji, PaccerBaeMylO0 MOIIHOCTh, HEIMHEHHOCTD

HaIpsOKEHUS U TaApMOHUYECKHE UCKaKeHUs Kak GyHkimu Gopmbl BKII.
CpU
" 2 p Yoa _.:
w5 —=——-sin(wt) =0 1
dp + Qo — -, sin(wt) (1)
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MOJN®UKALIMA DJIEKTPOIHON KPOMKH 1 MIPWIEKAIIER
MOBEPXHOCTH BAPHEPA B MTOBEPXHOCTHOM
JTUDJIEKTPUYECKOM BAPLEPHOM PA3PSIJIE

ELECTRODE AND DIELECTRIC BARRIER MODIFICATION IN A
DIELECTRIC BARRIER DISCHARGE

Cenusonnx M.B."2, JTasykuu A.B.', Mopanes NAZ Kpusos C.A.*
1Hauu0HaJ1be1L7 uccnedosamenvckuil ynueepcumem « MOHy, Poccus, 112500, Mocksa,
Kpacnokazapmennas yn., 14
206vedunentbiii uncmumym svicokux memnepamyp PAH, Poccus, 127415, Mockea, Hcopckas
., 13/2
E-mail: inock691@ya.ru

AnHoTanwms: B manHol paboTe ObUTH HCCIeA0BaHbI MPOIECCH MOAU(DUKAIHS IIEKTPOTHON KPOMKH
Y TIpWJIeKaIEH TOBEPXHOCTH Oaphepa B MOBEPXHOCTHOM JUAICKTPHUIECKOM OaphepHOM paspsjie

Abstract: In this paper, we investigated electrode and dielectric barrier modification in a dielectric
barrier discharge

Jlannass  pabora  mocBsmieHa  (PEHOMEHOJOTUYECKOMY  HMCCIIEIOBAaHUIO
MOoAU(UKAIIMK KPOMKH MEIHOTO W aJIOMHUHHUEBOTO D3JIEKTPOJOB M TIOBEPXHOCTH
KepaMU4ecKoro Oapbepa IMOJ BO3CHCTBHEM IMOBEPXHOCTHOTO paspsia, a Takke
JTUHAMHUKU BJIOKEHHOW SHEPTUH. DKCIIOHUPOBAHUE PA3PSAIHBIX STYEEK TPOBOIUIIOCH B
TeyeHue 96 4acoB MpPU YACTOTAaX CHHYCOMJAIBHOIO MUTAKOUIETO HANPSKEHHS 25 U
110 xI'u m ammnmutyaax 3,3 u 4,2 kB. B npouecce 3kcnoHupoBaHus MPOU3BOANIACH
MUKPOChEMKA pa3psiila W TMOBEPXHOCTH DJJIEKTPOJAa, a TaKKE H3MEpEHHE
paccenBaeMoi MOIIHOCTU. Take ObLIM MOJTyYeHbl KapTUHBI pebeda TOBEPXHOCTH.

He3aBucuMo ot martepuasia, Ha KPOMKE KOPOHUPYIOIIETO 3JEKTPOJa yKe MpHU
HKCMO3UIIMM B HECKOJIBKO  4YacoB  HAONIOAAIOTCS  APKO  BBIPAXKEHHBIC
Mopdosiornueckrue u3MeHeHus. OOHapy»KeHO, YTO CTPYKTypa KPOMKHU DJIEKTpoAa
MOCJIE€ JKCIOHUPOBAHUS HANpsIMyI0 CBs3aHAa C JMHAMHUKOM MHMKpPOpPa3psIo0B.
JluHaMyKa MUKpPOPa3psI0B CYIIECTBEHHO Pa3InyaeTcs B 3aBUCUMOCTH OT MaTepuana
anekTpona. [usnektpuueckuit Oaphep MOBPEXKIAETCS TMOJ JEHCTBUEM paspsaa
He3HauuTenbHO. Ha ero moBEepXHOCTH BBICAKUBAIOTCS OKCHIHBIE O0Opa30BaHMS,
BCIIC/ICTBME YETro BO3pacTaeT CTeNeHb IepoxoBarocTu Oapbepa. CKOpocTh
WHTEHCHUBHOCTb TPOILIECCOB MOAM(PUKAIMH KOPOHUPYIOMIETO AJIEKTPOJa PacTET C
POCTOM MUTAIOIIETO HAMPSKEHHUS.

Cu 8h ., Cusoh .
A o | 'I
Al 8h " Al 80h

Puc.1. U3o0pakenus paspsiaa Juisi aTFOMUHUEBOTO U MEJTHOTO 3JIEKTPOIOB (ClieBa)
U pelibed IIEKTPOIOB MPHU PA3TUUHBIX BpEeMEHAaX IKCIIO3HIINH (CIIpaBa)
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HAHOCEKYHJIHBI MOBEPXHOCTHBI BAPLEPHEIN PA3PS B
BO3JIYXE: YUCJEHHOE MOJEJMPOBAHUE U AHAJIUTUUECKHUE
OLIEHKH

NANOSECOND SURFACE BARRIER DISCHARGE IN AIR: NUMERICAL
MODELING AND ANALYTICAL ESTIMATIONS

Counosbes B.P."2, Kpusuos B.M."®
"WMoTH, 141701, Mockosckas obnacme, 2. Honeonpyoustii, Hucmumymckuii nep., 9.

20UBT PAH, 125412, 2. Mocksa, yn. Hacopckas, 0.13, cmp.2
3Bl[ PAH, 119333, Mockea, Basunosa, 0.44, kop.2

BbImonHeHO YHCIIEHHOE MOJENUpPOBAaHHE IOBEPXHOCTHOro OapsepHoro paspsga (IIBP) B
aTMOC(EpHOM BO3yX€ B CIy4ae ero Bo30yKIACHHS UMIIYJIbCOM HANPSDKEHUS JIUTEIbHOCTBIO 30-
50 Hc. IloBepxHOCTHBIN OapbepHbIl pa3psl, BO30YXKIaeMbIi HMITYJIbCOM HANpsOKEHUS TaKou
JUTUTENILHOCTH, SIBIIICTCS NMPEANOYTUTEIbHBIM OOBEKTOM MCCIEIOBAHUS Ui BBIICHEHUS (U3UKU
MPOUCXOJAIIMX B paspsizie MPOIECCOB, MOCKOJIBKY MPOTeKaeT B (hopMe €AMHUYHBIX UMITYJIHCOB C
U3BECTHBIMH  HAYaJIbHBIMU  YCJIOBUSIMH, OOECHEUMBAIONIMMU  HAAEKHYI HHTEPIPETALHIO
IIOJIYYEHHBIX pE3yJIbTaTOB B CPAaBHEHUU C OSKCIEPUMEHTAIbHBIMU JaHHbIMU. IlomyueHHbIE
pe3yabTaThl MO TEHEpAalUd HUMIYJIbCOB pa3psAla Ha IepeJHeM M 3aiHeM (QPOHTE MMITyJbca
HanpsDKeHUs W 1o (opMe Toka paspsga XOpOILO COBHANAIOT C PE3yslbTaTaMH SKCIEPUMEHTA.
ITpocTpaHcTBEHHas! CTPYKTypa paspsiia Ha MEpeiHeM M 3aJHeM (pPOHTE UMIIY/IbCa HamlpsKEeHUs
CWIBHO oTauyaercs. IIpoaHann3upoBaHbl MPUUMHBI TAKOIO Pa3jIMuus U MOJyYEHA aHAIUTUYECKas
OLICHKA JUITMHBI U BBICOTHI 30HBI Pa3psiia IPH Pa3InvHOM MOJIAPHOCTH BBICOKOBOJIBTHOIO JIEKTPOAA.
YucneHHO NPOMOJEIMPOBAHbl U AHAIWTUYECKU OLICHEHBI pacHpeleieHHs] 10 JUIMHE paspsaa
MOIIHOCTH JHEPrOBKJIaJa W HAKOIUICHUS AaKTUBHBIX DPAaJHKaJIOB, IPEXKIE BCEr0 aTOMapHOIO
KHUCJIOPO/Aa, HEOOXOAUMBIE IS OLICHKH BO3MOXXHOCTH YCKOPEHUS 3a)KMTaHUs TOIUIMBHBIX CMecel ¢
nomompio TIBP. IlpemnoxeHHble aHaTUTUYECKHE OICHKH ITOKAa3bIBAlOT (YHKIIMOHAJIBHBIE
3aBUCHMOCTH IIapaMETPOB paspsiAa OT IPHUIOKEHHOIO HaNpsKEHWs, TONIIMHBI JUIIEKTPUKA U
3HAYEHUS €T0 TUIIEKTPUYECKOU TPOHUIIAEMOCTH.

Numerical simulation of the surface dielectric barrier discharge (SDBD) in atmospheric air has
been done for a case of its ignition by a 30-50 ns voltage pulse. The SDBD driven by such a pulse is
a preferable object of investigation to get the discharge physics, because it develops as a single
discharge current pulse based on the well known initial conditions, giving the possibility of reliable
interpretation of obtained results in comparison with experimental data. The simulated results for
electrical current pulse waveform and for discharge pulses generation at the leading and trailing
edges of the voltage pulse are in a good agreement with experimental data. The spatial structure of
the discharge at the leading and trailing edges of the voltage pulse is quite different. The reasons of
such a difference have been analyzed and the analytical estimation of the discharge length and
thickness has been got for different exposed electrode polarities. The discharge power deposition
and active species accumulation (atomic oxygen, first of all) along the discharge length have been
both numerically simulated and analytically estimated. These data are important for estimation of
plasma assisted ignition using nanosecond SDBD. The proposed analytical estimations reveal the
functional dependencies of discharge parameters on applied voltage, dielectric thickness and
dielectric relative permittivity.
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SCIENTIFIC RESEARCH IN LABORATORY OF HYPERSONIC
AND PLASMA TECHNOLOGIES

Arefyev K.Yu., Prokhorov A.N., Son E.E., Son K.E.

Moscow Institute of Physics and Technology (State University), Russia, Dolgoprudny, Moscow
region, son.ke@mipt.ru

The research laboratory of hypersonic and plasma technologies (HPT laboratory) is
established in Moscow Institute of Physics and Technology with the view of
fundamental and applied researches in prospective aerospace systems and their
propulsion units, the laboratory carries also a professional training in the aerospace
field. It is an item of the Program ‘Five Top 100’ by the Ministry of Education and
Science of the Russian Federation. As partners of the laboratory there are some
leading academic and applied-research institutes, enterprises of aerospace industry,
and institutes of higher education.

The HPT laboratory has recently obtained new computational-experimental data in
the following fields of its research:

- thermal gasdynamic processes at hypersonic flow around bodies of various
shape;

- thermophysical properties and material durability under higher thermal load;

- hydro-gas-dynamic and plasma-chemical processes in high-enthalpy
multiphase flows.

The research works of HPT laboratory within the international project HEXAFLY -
INT (High Speed Experimental Fly Vehicles - International) demonstrate the
resource of simulation technique for external and internal gasdynamic processes
under the incoming hypersonic flow against a prototype plane. The comparison of
results obtained by computations and experiments proves their acceptable accuracy to
predict the aerogasdynamic features of hypersonic aircraft.

A current task of the HPT laboratory is computational-engineering development of
some possible validation models of a hypersonic aircraft with its integrated
propulsion unit so that to perform comparative trials at various hypersonic
installations and wind tunnels, and as well to compare predictive computational
research with experimental data.

A configuration of the modelling hypersonic stand is presented for both
educational laboratory works and scientific research over a wide range of Mach
number.
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UCCJIEJOBAHUE ®A3bI IPOBOS TIPOMEXKYTKA “OCTPUE-
IIVIOCKOCTBH” UMITYJIBCAMMUM HAITPAKEHUSA C
CYBHAHOCEKYH/HBIM ®POHTOM IIPU ITOBBIINEHHbBIX
JABJEHUAX A30TA, APTTOHA U BO3JTYXA

BREAKDOWN OF “TIP-PLANE” GAP BY SUBNANOSECOND-RISETIME
VOLTAGE PULSES AT HIGH PRESSURES OF NITROGEN,
ARGON AND AIR

Copoxun JI.A., JlomaeB M.U., benomnotos /I.B., Tapacenko B.®.

NuctutyTt cunbHOTOUHOM AnekTponnku CO PAH, Poccusi, 634055, 1. Tomck,
np-t Axagemudeckuii 2/3, E-mail: SDmA-70@Iloi.hcei.tsc.ru

[Ipy momomu MeTroda  ANEKTPOHHO-ONTUYECKON  XpOHOrpaguul  MPOBEICHO
HCCIICZIOBAaHUE CTaJAUU TPO0O0ST MEXKDICKTPOJHOTO MPOMEXKYTKAa HMITYJIbCAMU
HaIIPsDKEHUSI C CKOPOCTBIO HapacTaHUsA OO~ 10" B/c. HccnenoBannus MPOBOAUIINCH
IMOCPCACTBOM pPErucCTpalii BpPEMCHHOI'O XOJda HWHTCHCUBHOCTH M3JIYYCHHA II10JI0C
BTOPOM IMOJIOKUTETLHON CUCTEMBIMOJIEKYJIbI a30Ta M aTOMapHOU JuHUM aproHa (750,4
HM) U3 IUIa3Mbl paspsaa, GopMUpyeMoil B AUOJIE TIPU 3a30pax 5-8 MM, 3al0JIHEHHOM
a30TOM, BO3AYyXOM WJIM aprOHOM IPU HABJICHUAX COTHU-THICAYU TOopp. Y CTaHOBIIEHO,
YTO MPU TOJAY€ HA MEXKDICKTPOAHBIM MPOMEXKYTOK, BBINOJHEHHBIM B T€OMETPUH
“OCTpUE-TUIOCKOCTh’,  MMIIYJbCOB  HANpsbKeHWs — amrumTtyaon  45-55 kB ¢
JUTUTENILHOCTRI0 (poHTa 0.5 HC MpoOOM MPOUCXOAUT B BHUJAE BOJHBI HMOHM3AIWH,
HAYMHAIOLIEHUCS OT KaToJa ¢ MAJIBIM PaguyCOM KPUBU3HBI. DTO UMEET MECTO KaK B
pe3yabTare Npuxoja Ha MIPOMEXKYTOK IIEPBUYHOIO UMITYJIbCA HANIPSDKEHUS, TaK U IIPU
MOCIEAYIOIMX — OTPAXKEHHBIX OT TE€HEpAaTopa UMITyJbcax. M3MmepeHHble cpenHue
3HAYECHUSI CKOPOCTH BOJIHBI WMOHM3AIMU JIOCTUTAIOT~ 0.3-10" cm/c. Ha ocHoBauuu
3apCruCTPUPOBAHHOIO BPECMCHHOI'O XO0Ada MWHTCHCHUBHOCTHU H3JIYYCHHUA I10JIOC HepBOI;'I
OTPULIATETILHOM M BTOPOM IOJIOKUTEIIBHOM CHUCTEMMOJIEKYJIBI a30Ta OLIEHEHBI
3HAUYCHMSI DJICKTPOHHOM TeMIiepaTypbl [, M TPUBEICHHONW HaNpPsDKEHHOCTH
anexktprueckoro moiist E/N B masme paspsiaa.

Using the technique of electron-optical-chronography the phase of break down of an
interelectrode gap by voltage pulses having the rate of ~ 10* /s was investigated. The
study was carried out by means of registration out of discharge plasma the time
dependence of the emission intensity of the bands of the second positive system of a
nitrogen molecule and atomic line of the argon (750.4 nm). Plasma was formed in the
diode with electrode spacing of 5-8 mm filled with nitrogen, air or argon at pressure of
hundreds-thousands Torr. It has been establishedthat when applying voltage pulses
with the amplitude of 45-55 kV and the risetime of 0.5 ns the breakdown of the gap is
occurred in the form of the ionization wave. This occurs both during the arrival of the
primary voltage pulse on the gap, and for subsequent pulses reflected from the
pulser.The measured average values of ionization wave velocity areachieved
~0.3-10" cm/s.Based on the recorded time dependencies of the emission intensity of
the bands of the first negative and second positive systemsof thenitrogen molecule, the
values of the electron temperature T, and the reduced electric field strength E/N in the
discharge plasma were estimated.
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JABOPATOPHAS JIEMOHCTPAIIVSA B BO3YXE MUHU-CTPYH
I'0JIYBOI'O U KPACHOTI'O IIBETA

LABORATORY DEMONSTRATION IN THE AIR BLUE AND RED

MINI-JETS
Tapacenko B.®., [Tanapun B.A., Ckakyn B.C., CocaHun 2.A.
HUncmumym cunonomounoti snexkmponuxu CO PAH,
np. Akademuueckuit, 2/3, Tomck, 634055, Poccus. E-mail: VFT@Iloi.hcei.tsc.ru

[Tn1a3MeHHBIE MHHU-CTPYH (QIIOKaMITbI) TOJyOOr0 ¥ KpacHOTO 1BeTa, ofo0HkIe cTpysm (blue jets u
red sprites), HaOm0macMBIM B BEPXHHUX CIIOSX aTMOCGeEphbl, OBLIM 3aperHCTPUPOBAHBI MPH
HUMITYJIbCHO-IIEPHOUYECKOM pas3psizie B BO3ayxe npu AasieHusx 1-760 Topp.

The formations of mini plasma jets (apokamps) of blue colored similar blue jets, and red colored
similar red sprites observed during the discharges in the upper layers of atmosphere were registered
in air during pulse-repetitive discharge under the pressures 1-760 torr.

B nmammx pa6orax [1, 2] coolmanock 0 HaOMIOAEHUU HOBOTO PEXUMa pas3psiia,
KOTOPBIH ObUIO MPEIOKEHO HA3bIBATh AllOKaMIIOM. ATIOKamI ObLT 3aperucTPUPOBaH
npu atMochepHOM JaBJIICHUU BO3AyXa U uMmen Gopmy nuddy3HbIX CTpyd, KOTOpBIE
dbopMupylOTCI B MeCTaX YCHJIEHHUS DSJIEKTPUYECKOrO TOJiI OKOJO H3TrMOOB
¢ ¢y3HOro KaHalla MUMIYJIbCHO-IEPUOAMYECKOrO pas3psAna: OTCI0Jla M Ha3BaHHE
SBJICHUS, KOTOPOE pa3BUBAETCs OT M3rMOa KaHaua (OT rped. Omd — «OT» U KOUTN —
«u3rud», «moBopoT»). Amnokamnbl (aud@y3Hble CTpyd) OBUIM HaIlpaBICHBI
NEPICHIUKYISIPHO KaHAy W PaclpoCTPaHSIIUCh MPEUMYIIECTBEHHO BBEpX MpH
TOPU30HTAILHOM  PAaCTOJOKEHUH  HMCKPOBOTO  KaHama. Ilpum  BepTUKaIbHOM
MOJIOKEHUHN KaHaja  HMMITYJIbCHO-TICPUOIUYECKOTO paspsaa arlOKaMIThI
pacIpOCTPaHsIINCh MOYTH MapauIeIbHO MOBEPXHOCTH IKCIEPUMEHTAIBHOTO CTeH IA.
OcCHOBHBIE OTJIMYHUSI alOKaMIla OT IIMPOKO HM3BECTHBIX «IUIa3MEHHBIX CTPYH» ITO
OTCYTCTBHE JIOTIOJHUTEIBLHOM MPOKAUKU Ta3a uepe3 o0JacTb paspsia, a Takke
dbopMUpOBaHUE amoKaMIla U HMITYJIbCHO-TIEPUOJAUYECKOTO pa3psiia B OTKPHITOM
MPOCTPAHCTBE, HE OTPAHUYCHHOM JAUAJIEKTPUUECKUMHU CTEHKAMHU.

VY CcTaHOBNIEHO, YTO Psii CBOMCTB alOKaMIIOB, UMEIOUIMX MPH HU3KUX JABICHHSIX
pa3Mepbl B EAMHULBI-JECATKA CaHTUMETPOB, MOJOOHBI CBOMCTBAM TI'MTaHTCKUX
MJIa3MEHHBIX CTPYH (CIpaToB, CTApTEpOB M TONYyOBIX CTPYi), HaAOIIOIaeMbIX B
atmocdepe 3emun Ha BhicoTtax 17-100 kM. B poxmane mpuBomstcs Qororpadun
arlOKaMIioB B Pa3UYHBIX YCIOBHSX, HMX CIEKTPbI, a TakXe OCHUIIOTPaMMbI
UMITyJIbCOB HAMpSOKEHHUs, TOKAa M H3IydYeHHs. B  71abopaTOpHBIX yCIOBHSX
MIPOJIEMOHCTPUPOBAHO IMOCTENEHHOE M3MEHEHHE IBeTa JudPy3HBIX CTpyHl C
YMEHBIIIEHHEM JaBJICHHS BO3AyXa. YCTAHOBJICHO, YTO IJIa3MEHHYI0 MHUHHU-CTPYIO
CYIIECTBEHHO Jierdye cHOopMHpOBaATh MPU TMOJOKHUTEIBHON MOJISIPHOCTH AUQPY3HOTO
KaHalla OCHOBHOTO paspsana. [lpuBoasTcs naHHBIE O AWHAMHUKH (HOPMHUPOBAHUS
arloKamIa, MoJIy4eHHbIE ¢ TOMOIIbIO BBICOKOCKOPOCTHBIX Kamep.

JUTEPATYPA
1. 5.A. Cocuun u ap. [ucvma 6 KOT®. 103 (2016) 857.
2. D.A. Cocuun u 1p. Onmuxa ammocghepol u oxkeana. 29 (2016) 855.

73



JANHAMMKA INEPEXOJA CUJIBHO HEPEHAIIPSAKEHHOI'O
JANPPY3HOI'O PA3PAJA B KOHTPATHPOBAHHOE COCTOSHUE C
CUWJIBHOTOYHBIMU KATO/HBIMMU ITATHAMMU B H, U D,

ON TRANSITION OF A STRONGLY OVERVOLTAGE DIFFUSIVE
DISCHARGE INTO THE CONSTRICTED REGIME WITH THE HIGH-
CURRENT CATHODE SPOTS IN H, AND D,

Axuies [0.C., Kapansauk B.b., Mensenes M.A., [lerpsikoB A.B., Tpymikun H.H.
AO "THI] P® TPUHUTH", 108840, Mocxsa, Tpouyk, ya. Ilywkosvix, 12, trushkin@triniti.ru

B noxnane packphIT clieHapHil Iepexo/1a BHICOKOBOJIBTHOIO pa3psiia B UCKPY.

The report presents the results showing the transition of high-voltage discharge in spark.

HccenenoBan cphlB reHEpalny 3JIEKTPOHHOIO ITy4YKa B TPEXIEKTPOJHOU CXEMeE
(Puc.1a) ¢ cunapHO nepeHanpsbkeHHbIM paspsaoM B H, u D, 3a cuer pa3Butus
HEYCTOMYMBOCTH KAaTOAHOTO CJIOS, KOTOpas MPUBOIUT K (HOPMHPOBAHUIO
CUJIBHOTOYHBIX KATOAHBIX TISATEH U TMEPEXOJy BBICOKOBOJILTHOTO AU Y3HOTO
paspsiia B ucKkpy. Pesymbrarhl, mnpencrabieHHble Ha Puc.16 u Puc.1B, kpatko
JEMOHCTPUPYIOT CIIeHapui ykazaHHoro nepexona s D, npu P=1 Top. IlonpooHas
nH(popmarius OyaeT u3J0KeHa B MTOJTHON BEpCUHU JTOKIIAa.
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Puc.1B). Bun xarogHoit o6mactu paspsana. Koibio yka3eiBaeT rpanuiry karoaa. [lokazana

JUHAMUKa (OpMHUPOBaAHUS KaTOJHBIX MsATeH. HoMepa KaapoB cOOTBETCTBYIOT MeTKaM Ha Puc.
10.

Pabora BeImoHEeHA 1TpH oTHOM noyiepxkke PH® (rpant Ne 16-12-10458).
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CIIEKTPBI U3JTYYEHUSA KATOJHOMN OBJIACTH UMITYJIbCHOT'O
PA3PSAIA B H, 1 D, B IIEPEHAIIPS’KEHHOM JUO®Y3HOM U
HU3KOBOJIbTHOM KOHTPAI'MPOBAHHOM PEKUMAX

SPECTRUM OF EMISSION FROM THE CATHODE REGION OF PULSED
DISCHARGE IN H, AND D, IN BOTH STRONGLY OVERVOLTAGE
DIFFUSIVE AND LOW-VOLTAGE CONSTRICTED REGIMES

Axwumies 10.C., Kapanpauk B.b., [TerpsikoB A.B., Tpymkun H.W., lladukos A.T.
AO "THI] P® TPUHUTH", 108840, Mockea, Tpouyx, yn. Ihwkoswix, 0. 12, trushkin@triniti.ru

IIpencraBieHsl pe3ynbTaTbl IO CHEKTpaM HW3JIY4YEHUS W3 30HBl CHWJIBHOTOYHOTO pas3psja c
KAaTOAHBIMU MATHAMHU U U3 30HBI BHE pa3psia, BO30YKIaeMOW MMITYIbCHBIM MyYKOM YOErarouux
AJIEKTPOHOB, CO3AaHHbIX pa3psaoM B Hy u Dy npu HU3KOM AaBiieHun.

Optical spectrum of the emission from high-current cathode spots in Hy, D is studied.

[lepenanpsikeHHBIN PEXUM TpexdieKkTpoaHoro auddysHoro paspsana B H, u D,
npu pasiaeHun P=0.1-3.0 Topp wucnonws3yercs sl TIeHepalud HMITYJIbCHOTO
AIIEKTPOHHOTO My4Kka. OOpHIB reHepanuu oOyCIOBIEH KOHTpaKLUUEH paspsia U ero
MEPEX0/IOM B HU3KOBOJIBTHBIN PEXUM BCIEJICTBUE (POPMHUPOBAHUS CHILHOTOYHBIX
KAaTOAHBIX MATEH. B cnekTrpe M3iMydeHus U3 30HBI pa3psAa C TOKOBBIMH IATHAMH
oOHapy»KeHbl JIMHUYA HOHOB MaTepHalla KaTo/1a, 4YTO CBUAETEIBCTBYET O TEPMUUECKON
npupoge »tux nsareH (Puc.la). [lo oOTHOWIEHUSM MHTEHCUBHOCTEW JIMHUMA
baneMepoBckoi cepur ompenesieHa 3JIEKTPOHHAs TeMIeparypa B KaTOJHOM ISITHE.
N3nyuenue u3 30HBI BHE paspsiaa (Puc.1b) cozmaercss BO30OyKAeHUEM Ta3za My4KOM
AJIIEKTPOHOB. DTO WU3IYyYEHHE CYIIECTBEHHO ciiadee M HE COAEPKUT JIMHUM HMOHOB
xenesa. [lonpoOHast unpopmanus OyaeT u3jiokeHa B OJIHOM BEPCUU JIOKIIA/a.
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Puc.1. OG30pHbIe CIIeKTPhI U3TYyYEHUS U3 30HBI paspsiia (a) u 30HbI BHE pa3psaa (b).
I'a3 - Dy, naBnenue P=2 Topp. AmmuTtyaa npuiiokeHHoro HanpsbkeHus 20.2 kB.

Pa6ota BeimonHena npu noiaHo# nmoanepxkke PH® (rpant Ne 16-12-10458).
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SKCIEPUMEHTAJILHOE UCCJIEJJOBAHUE JU®®Y3HOM
BAKYYMHOM JYTY HA KATOJIE U3 OKCHUJIA IIEPHS,
MO/JIEJIAPYIOIIETO OKCUJ] YPAHA JJIS 3AJIAY MIJIA3MEHHO¥
CENAPALINY OST

EXPERIMENTAL STUDY OF THE DIFFUSED VACUUM ARC WITH
CERIUM OXIDE CATHODE MODELING URANIUM OXIDE FOR THE
METHOD OF SNF PLASMA SEPARATION

Ycmanos P.A., Amupos P.X., Bopona H.A., I'aBpukos A.B., JIuzaxun I'. /1.,
[Momumyk B.IL., Ilepmun J{.A., Camoiinos 1U.C., Cmupnos B.I1., Apues .M.

OUBT PAH, Poccus, 125412, 2. Mocksa, yn. Hacopckas, 0.13, cmp.2, ravus46@yandex.ru

[IpencraBneHsl pe3yiabTaThl MCCIENIOBaHMS CTAlMOHAPHOTO IU(QY3HOTO paspsia Ha KaTole M3
CeO,, momenupyromumM mporecchl noxydeHus miazmbel UO,. M3mepena BAX paspsima nmpu Tokax
20-120 A u temneparype karoaa 2.1-2.4 kK. 30HI0BBIMH METOJaMH OTIPENEICHBI TeMIepaTypa u
KOHIIEHTpALUsl JIEKTPOHOB M JSHEPrHs. MOHOB B IPOCTPAHCTBE 3a aHOAOM. CHeKTpalbHbIMU
METOJIaMHU YCTAHOBJIEH KOMIIOHEHTHBII COCTaB IJIa3MBbl.

The results of an experimental study of the stationary diffused discharge with cerium oxide hot
cathode modeling vaporization and ionization processes of UO, are presented. The CVC of the
discharge was measured at currents of 20 - 120 A and cathode temperature of 2.1-2.4 kK. Electron
temperature, their concentration and ion energy after anode space were studied by probe techniques.
The plasma component composition was determined by spectral method.

Huddys3Has BakyymMHas Iyra paccMaTpUBaeTCs B KaueCTBE MCTOYHHKA IIa3Mbl
JUTS TEXHOJIOTHH TUTa3MEHHOU cemapaiuu otpabdorasirero sigepHoro tommsa (OST)
[1]. Karomom pmyru SIBISICS OKCHIl LEPHsi, KOTOPBIA CIIOCOOCH MOJEIMPOBATH
OCOOEHHOCTH TMPOILIECCOB MCMApPEHUs] U MOHU3alMU JUOKCHAA ypaHa — OCHOBHOIO
komrnoHeHTa OSAT. Cxema skcriepuMeHTa onucaHa B padote [2]. s BHEIIHEro
paszorpena Karoja AYTd UCTOJIb30BaJICs AJIEKTPOHHO-Ty4YeBoM nojgorpeatens (DJIIT),
YTO IMO3BOJISIJIO U3MEHATh TEMIEPATypy Kartoja npu GUKCUPOBAHHOM TOKE pa3psja.
[IpeacraBieHsl 3aBUCMMOCTH  HampsbkeHUst ropeHust paspsga (9-13 B) wu
temrepatypbl 3ekTpoHOB (0.7-1.0 3B) or Toka nyrm u Temmeparypbl KaToja.
N3mepensl 3HA4YECHUS K03 umeHTa AJIEKTpONEpeHoca B paspsze
(~0.02 aTom/351eKkTpoH). MeTo10M 3aIepKUBAIOIIETo MOTCHIINANIA H3MEepPEHa SHEPTHUs
HMOHOB B IIa3Me 3a aHoJoM. B wuccienoBaHHON o0nacTé mapameTpoB MOJIYYEHO
OTHOCHUTENILHO cJla00€ BIMSHUE MOIIHOCTH BHEIIHEro I[OJO0rpeBa Karoja Ha
MapaMeTpshl I1a3Mbl IAPOB KaTOJAHOTO MaTepuaa.

HccnenoBanue BBIOIHEHO 3a cueT rpaHTa Poccuiickoro HaygHoro ¢hoHaa, MpoOeKT
Ne 14-29-00231.
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NHUIINNUPOBAHUE PA3PAIA B BAKYYMHOM ITPOMEKYTKE
ITYTEM UHKEKIIMH IIJIASMbI ITPOBOA 11O IOBEPXHOCTHU
JAUDJIEKTPUKA

INITIATION OF DISCHARGE IN VACUUM GAP BY INJECTING
BREAKDOWN PLASMA ALONG DIELECTRIC SURFACE

Actronun B.U., aesios C.I'., Jlonros A.H., SIky6oB P.X.

Dedepanvroe 20cyoapcmeerHHoe YHumapHoe npeonpusmue « Bcepoccutickutl
HayyHo-ucciedosamenbCkul uHcmumym asmomamuxku um. H.JI. /[yxoea», Poccus,
e-mail: vniila@vniia.ru

OOHapy)XeHO W3MEHEHHE YCJIOBHW TPOTEKAHUS TOKAa M YBEIMYCHUE JJIMTEIBHOCTH Mpoliecca
HpOGOH 110 MOBCPXHOCTU AUIJICKTPHUKA B BAKYYMC B IPUCYTCTBUHU IIPOJOJILHOTO MArHUTHOT'O I10JIA.
Hab6mronanock 3amennienre mpoiecca mpo0osi Mpy HATHMYHUH TTPEABAPSIONIETO UCKPY CIa00TOYHOTO
paspsga. B BakyyMHOM MpOMEXyTKe B OOJIake pa3pekKCHHOHN IIa3Mbl HAOIIOJANIOCh Pa3BUTHE
AJIEKTPOHHOW HEYCTOWYHMBOCTH, IPOXOXKICHHE KATOJAHOTO DJEKTPOHHOTO TIIydKa M ITydYKa
AHOMAJIbHBIX MOHOB C MOCJICAYIOMIUM BCIUICCKOM TOKa Ha HadaJILHOU CTaguu OyroBoro paspsnaa,
9YTO COOTBETCTBYET MOJIEIM aHOMAJIBHOTO YCKOPEHHUS HOHOB MEXKAIIEKTPOAHON TUIa3Mbl Ha
HCKPOBOM CTaIMM BaKyyMHOTO pa3psija.

A change in current flow conditions and increase of breakdown duration on dielectric surface in
vacuum in presence of a longitudinal magnetic field was discovered. Deceleration of breakdown in
presence of low-current discharge preceding the spark was observed. In the vacuum gap in the
rarefied plasma cloud, the development of electron instability was observed, along with the passage
of the cathode electron beam and the abnormal ion beam, followed by a current surge at the initial
stage of arc discharge, which corresponds to the pattern of abnormal acceleration of the
interelectrode plasma ions on the spark stage of vacuum discharge.

YMeHblIeHHEe aMIUIMTY/Ibl ¥ 3aTATMBAaHUE JUIMTEIbHOCTH MMITYJIbCA TOKA MOJKUTA

CB3aHO C TeM, 4YTO CJa00TOYHBIA pa3psii MO TMOBEPXHOCTH JUAJICKTPHUKA,
NpeIUIeCTBYIOIUN HCKpe, pa3orpeBasi IMOBEPXHOCTh, BBI3BIBAET BBIOPOC B
OKpY’KaloIllee IPOCTPAHCTBO CIryCTKAa MOJIEKYJ Tra3a W IPOAYKTOB 3PO3HH
AUDJIEKTPUKA, SKPAHUPYIOIIErOo 00JacTh (OPMUPOBAHHSA KAaTOAHOIO IMATHA OT
BaKyyMHOI'O IPOMEXYTKa KaTOd-aHOA. B ciydae mpuCyTCTBHSI BMOPOXKEHHOU B
MAarHUTHOE II0JI€ 3JEKTPOHHOW KOMIIOHEHTHI IJIa3Mbl y MOBEPXHOCTU AMIIIEKTPUKA
MIPOUCXOMUT pacKkauka ajgb()BEHOBCKUX BOJIH B Miia3me. [Ipu 3HaunTENHHON TOMIIMHE
IURJIEKTPUKA MaJaeT aMIUIUTYAa TOKa MO MOBEPXHOCTU TUANIEKTPHUKA, 3aMEIJISIOTCS
MpOLIECChl MOHU3ALMUA Ta3000pa3HbIX MPOIYKTOB APO3MH M POCTa MPOBOJUMOCTH
KaHaJla TOKa, 3aTATMBAETCS MepeJHUu (PPOHT UMITYJIbCa HAIPSHKEHUS TIPOOOS.
[Ipy u3yyeHHH C HAHOCEKYHJHBIM BpPEMEHHBIM pPAa3pEIICHUEM BOJIbT-AMIEPHBIX
XapaKTEPUCTHK MPOLECCa KOMMYTAIIMU BICOKOBOJBTHOTO BaKyyMHOT'O MPOMEXKYTKA
IJ1a3MOM  MCKPOBOIO paspsAzia MO MOBEPXHOCTU JAMDJIEKTPUKA OOHApYKEHBI
CBUAETENHCTBA 3(PPEKTUBHON MOHU3AIMHN OCTATOYHOIO T'a3a U3TyUYEHUEM KaTOJHOTO
nsTHA, C(POPMUPOBAHHOTO BO BCIIOMOTaTeIbHOM pa3psijie.
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KOMBHUHWPOBAHHBIN CIIOCOB CTABMJIN3AIIMHA TJIEIOIIEIO
PA3PAIA B IIOTOKE I'A3A

COMBINED METHOD OF STABILIZATION OF THE GLOW DISCHARGE
IN GAS FLOW
Acanymnnn T.4., IN'anees U.T.
Kazanckuii HallMOHAJIBHBIN UCCIIEI0BATENbCKUN TEXHUYECKU YHUBEPCUTET
uM. A.H. Tynonesa — KAH, Poccus, 420111, r. Kazauns, yn. K. Mapkca, 10
apd_kstu@rambler.ru

JUiss MHOTMX MpPaKTHUYECKHX MPUIOKEHUH TICIOUIEro paspsijia HEoO0XOAMMO TOBBIIATH €ro
MOIIHOCTh U JAaBleHME Traza. [Ipu 3ToM, Kak NMpaBMIIO, HEM30EXKHO BO3HMKAIOT HECTAOMIJIBHOCTH,
HapylLIaloIlie HOPMAJIbHBIA peXUM ropeHus. B sToM pokiaze paccMaTpuBaeTCsi COBMECTHOE
IIPUMEHEHHE ABYX CIOCOO0B CTaOMIIM3AIMK TIICIOLIETO pa3psia B MOTOKE rasa.

Many applications of the glow discharge need the discharge power and gas pressure grow up. As
usual this cause the appearance of discharge instabilities which violate the normal glow mode. Here
the combination of two methods of stabilization of the glow discharge with gas flow is considered.

Jist  [HOCTHKEHUS CTAaOWJIBHBIX 3HAYEHUM  AJIEKTPUUECKMX U TEIJIOBBIX
XapakTepUCTUK TiewIiero paspsaa [1-3] spdekTuBHO NPUMEHSIOTCS METOJAUKHU
BO3JICHCTBUSI Ha KATOAHYIO OOJIACTh TJCIOMIErO paspsja. JTO CBSI3aHO C TEM, YTO
nepexoj] pas3psiia B KOHTPAarMpOBAaHHOE COCTOSIHUE COINPOBOXKAAETCS CHKATHEM
KaTOJIHOTO TSITHA.

JUiss  mpeaynpexaceHus CKaThsg KAaTOAHOrO IIATHA paspsia I[PUMEHSIIACh
OpraHu3alus creudaibHOW (OPMbI MOBEPXHOCTEM CEKIIMOHUPOBAHHBIX KaTOIHBIX
cekimii [4], cTUMynuUpyOmas pacupenejeHue KaTOJHOTO TSTHA MO OOoJbIIeH
s dextuBHON TOBepxHOCTH. [Ipm »TOM mocTturanmace Oombinas 3PGEeKTHBHOCTD
OXJIAKJICHHUSI KaTOJHBIX CEKUHMHA 3aHATBIX paspsaaoMm. Takxke NpUMEHSIO0CH
JUHAMUYECKOE YIIPABJIECHNE TOTEHI[MATAMH KaTOIHBIX CEKIUH [5].

CoBMecTHOE TPUMEHEHHE 3TUX METOJUK IO3BOJIAET MOBBICUTH 3((HEKTUBHOCTH
O0pBOBI C pa3BUTUEM HECTAOMIJIBHOCTEH TICIOLIETO pa3psja B MOMEPEYHOM MOTOKE
raza. [lpumMeHeHne KOMOWHUPOBAHHON METOJIMKH TO3BOJISIET JIOCTUYbL OoJjee
BBICOKMX 3HAYEHUI TOKa pa3psja 0e3 pa3BUTUS HEYCTOWYMBOCTEH, MPUBOIALIUX K
Mepexoqy pas3psiia B KOHTPAarMpOBAaHHOE cOCTOsHME. B mepByro odepens 3To
OTHOCUTCA K Pa3BUTUI0O HECTAOMJIBHOCTEN M3-32 HOHU3ALMOHHO-TIEPETrPEBHOM
HEYCTOMYUBOCTH.
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BJIMSTHUE COCTABA DJIEKTPOJIATA HA DJIEKTPUUECKUIA PA3PS
B )KUJIKOCTH

EFFECT OF ELECTROLYTE COMPOSITION ON ELECTRICAL
DISCHARGE IN LIQUID
M.D. AxaTOBl, P.P. Ka}OMOBl, Taiicun ®.M™.
'Kazancrui HAYUOHANbHBIU UCCIe008AMENbCKULL MEXHUYeCKUL YHUBEPCUMEm UM.
A.H. Tynonesa-KAHU, Poccus, 2. Kazanw, 420111, yar. Kapra Mapkca, 10.

E-mail:_ahatov.81@yandex.ru
Amnnotanys: B nanHoi pabore ObUT SKCIEPUMEHTAIBHO UCCIIEIOBAH SJICKTPUUECKUN pa3psa MKy
CTPYMHBIM JJICKTPOJINTUYECKUM KaTOAOM M TBEPABIM AaHOAOM JUIA  Pa3iIM4YHOIO COCTaBa
JJIEKTPOJIUTA.

Abstract: In this paper, an electric discharge between an electrolytic electrolytic cathode and a solid
anode for a different composition of an electrolyte was experimentally investigated.

CymiectByeT OOJBIIOE KOJIMYECTBO PA3HOBHJIHOCTEH 3JIEKTPOJUTOB, KOTOPBIE
OTJIMYAKOTCA APYr OT Jpyra CBOMMHU XUMUYECKMMHU COCTaBaMH, a 3HA4YUT U
(U3NYECKUMU U XUMUYECKUMHU CBOMCTBaMH. Takke OT cocTaBa JEKTPOJIUTA OyAyT
3aBUCETh U PE3YJIbTAThl UCCIECIOBAHM, IIPOBOIAIIMECS B JICKTPOIMTHBIX pa3psuax,
a MUMEHHO YCJIOBUS 3aKUTaHMs pa3psAna, GOpMbI 3JIEKTPUUYECKOIO paspsiia, BOJIbT-
aMIIEpHbIE XapaKTEPUCTUKU pa3psa.

B nanHoil pabote mnpuBeneHbl pe3yiabTaThl BAX paspsina Mexay CTpyWHBIM
JJIEKTPOJIMTUYECKUM KAaTOAOM M TBEPABIM aHOIOM JUIi  Pa3IMYHOIO COCTaBa
JJIEKTPOJIATA.

el A

1

Puc.1. BAX pazpsoa 6 cmpytiHom 21eKmpoaumuyeckom Kamooe.

Anamu3z BAX paspana Mexay CTpYHHBIM 3JIEKTPOJIMTUYECKMM KaTolOM U
tBEPaBIM aHostoM 11t pactBopoB NaCl, KCl u CuSO, B Texauueckoii Boge Ha puc. 1
MOKa3ajl, YTo B CiIy4ae HachleHHOro pactBopa CuSO, (kpuBas 1) paspsa roput mnpu
Manbix Tokax | = 0,03 A wu Gonpmux Hanpspkermsix U > 1200 B dbopme kombiia
BOJIM3U METAJTMYECKOro aHoja. B ciyyae mMCnosib30BaHME HACBHIIIEHHOTO PacTBOpPA
NaCl (kpuBast 2) B TEXHUYECKOH BOJIC MPUBOMUT K TOMY, 4TO B MHTepBajie | = 250 +
450 MA BenmmunHa U Bo3pacTtaeT mouTH JuHEHHO. B ciydae wucmonb3oBaHusS B
Ka4eCTBE CTPYHHOTO 3JIEKTPOJIMTHUYECKOTO Karonaa HackimeHHBbIH pactBop KCI B
TexHudyeckoil Boxae (kpuBas 3) BenumunHa U B umHTepBane ot 200 mo 250 mMA

BO3pacTaeT  MEJIGHHO, a B  HWHTEpBaje I = 250 <+ 380
MA HanpsiKEHUE paspsijia BO3pacTaeT Pe3Ko.

JIMTEPATYPA:

1. Tpyrues E.H., u ap. «MccienoBanus ropeHust 3JIEKTPUYECKOr0 paspsiia MEXKIY TBEPIBIM

AIEKTPOIOM pa3audaHOon hopmbl U dnekTpoiautom» XXII TVIIOJIEBCKUE YTEHHUA. 2015.
79


mailto:ahatov.81@yandex.ru

CYBHAHOCEKYHJIHBIA ITPOBOM ITPOMEXYTKOB JIE3BUE-
IIVIOCKOCTD U JIE3BUE-JIE3BUE IIPU ITOBBIINEHHOM JIABJIEHUH
A30TA

SUBNANOSECOND BREAKDOWN OF BLADE-TO-PLANE AND BLADE-
TO-BLADE GAPS AT ELEVATED NITROGEN PRESSURE

benomnoros JI.B., JlomaeB M. ., Tapacenko B.®., Copokun JI.A.
NuctutyT cunbHOTOUHOM AnekTponnku CO PAH, Poccust, 634055, 1. Tomck,
np. AkageMudeckui, 2/3.
E-mail: rff.qgep.bdim@gmail.com

AHHOTaIUs. DKCIEPUMEHTAIBHO HCCIEI0BaHa JUHAMUKA (DOPMUPOBAHUS TIIA3MBI

npu CyOHAaHOCEKYHTHOM MpoOOe MPOMEKYTKOB «JIE€3BHE—IUIOCKOCT» U <«JI€3BHE—
ne3Bue» oauHakoBo JummHBI (0 =13 MMm) mpu gaBmenwm aszora 0,1-0,7 MIla.
[IpousBenén pacuér pacnpeneneHuss HANPsHKEHHOCTH JJIEKTPUYECKOrO OIS IS
COOTBETCTBYIOIIUX MPOMEXKYTKOB 0e3 Tuia3Mbl. Ha ne3BHifHBIN 3JIEKTPOT TI0/1aBaJNCh
ummynschl Hanpstxerus (U =110 kB, 195 = 2 Hc, 19109 = 0,5 HC) oT TeHepaTtopa
PAJZIAH-220 oTpuuatesbHOM M TOJIOKUTEIBHOW MOJISIPHOCTH. 3a OJWH HMMITYJIbC
PETUCTPUPOBATIMCE HAIIPSPKCHUC, TOK pas3psaa, BpCMGHHOﬁ X044 HHTCHCHUBHOCTU
M3JIYyYEHUs] IUIa3Mbl  paspsiga. Onrhdeckas cxeMa T03BOJsIa  PETUCTPUPOBATH
U3JIyYEHHUE W3 Pa3INYHBIX YYaCTKOB BJOJb IIPOMEXKYTKa C IIPOCTPAHCTBEHHBIM
paspemieHueM 1 Mm. IlomyuyeHbl cremyromme pe3yibTaThl. 3a3€MIIEHHBIE CTEHKHU
paspsAIHOM KaMepbl, OKPYXAIOIIUE 3a3€MJIEHHOE JIE3BUE, CIY)KAaT MPUYUHOU
ACUMMCTPHUH B pacCIpeCaCICHUN HaHpH}KéHHOCTI/I QJICKTPHUYCCKOI'O I10JISI B IIPOMEIKYTKE
«JIe3BUe—Jie3Buey. B pE3YyJIbTaTC B obooux IMPOMCIKYTKaXx IMPONCCChI HMOHU3AIMN BCCraa
CTapTyroT B6J'II/IBI/I IMOTCHOHNAJIBHOI'O JIC3BHUA HE3aBHUCUMO OT ITOJIIPHOCTH,; BCTPCUaA BOJIH
HOHU3alINU B IMTPOMCIKYTKC <«JIC3BUC—JIC3BHUCY Ha6moz{aeTc;1 Ha PpaCCTOAHHUHA 1-3 MM oOT
3a3€MJICHHOT'O JIE3BUS B 3aBHCHUMOCTU OT JaBJICHUA W IIOJIAPHOCTH; IIO XAPAKTCPY
Hp060}1 IIPOMCIKYTOK «JIC3BUC—JIC3BUCH HOI[06GH IMPOMCKYTKY <«JIC3BUC—IIIIOCKOCTB»
(B yCIIOBUSX DKCIIEPUMEHTA).
Abstract. Dynamics of plasma formation at subnanosecond breakdown of blade-to-
plane and blade-to-blade gaps of the same length (d = 13 mm) at a nitrogen pressure of
0.1-0.7 MPa was investigated experimentally. Electric field distribution for the gaps
without a plasma was calculated. Voltage pulses (U = 110 kV, FWHM is 2 ns, rise
time is 0.5ns) of both polarities produced by RADAN-220 were applied to the
potential blade. Three parameters were registered per pulse: a voltage, a discharge
current, a time dependence of the radiation intensity. Optical registration system
allowed to register a discharge plasma radiation from different zones along a gap with
a space resolution of 1 mm. The following results were obtained. The grounded walls
of the discharge chamber are the cause of the asymmetry of the electric field
distribution in the blade-to-blade gap. As the result, ionization processes always begin
near the potential blade irrespective of the polarity; in the blade-to-blade gap collision
of ionization waves was observed at a distance of 1-3 mm from the grounded blade
depending on the polarity and pressure; breakdown character of the blade-to-blade gap
Is similar to the one of the blade-to-plane gap.
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UCCJIEJOBAHUE C MOMOILBIO ICCD KAMEPLI CBEUEHUS
MJIA3MBI B IPEANPOBOMHON CTAJUN HAHOCEKYHJHOT' O
PA3PSIJIA B BO3JIYXE, APTOHE M A3OTE ITIPU OBEMX
MOJISIPHOCTSIX

ICCD IMAGING OF A PLASMA GLOW DURING A PREBREAKDOWN
STAGE OF NANOSECOND DISCHARGES IN AIR, ARGON, AND
NITROGEN AT BOTH POLARITIES

benomnoros JI.B., JlomaeB M. ., Tapacenko B.®., Copokun 1. A.
HNuctutyt cunbHoTOuHOM 3nekTpoHuku CO PAH, Poccus, 634055, r. Tomck,
np. AKajieMu4eckui, 2/3.

E-mail: rff.qgep.bdim@gmail.com

Annortamus. [TocpenctBom uetbipéx kananbHOM ICCD kamepnr hsfc pro 12 bit

HCCIIea0BajIach JUHaAMHKa CBCUCHUA IJ1a3MbI B HpG,Z[HpO6OI>'IHOI>'I craanu
HAHOCEKYHIHOTO pa3psiia B IPOMEKYTKE «OCTPUE—IUIOCKOCThY miauHOW d = 3 MMm.
[IpomexxyTOK 3aroJHAICA BO3AYXOM, aprOHOM U a30TOM. /[aBiieHHME ra30B MEHSIOCH
B auamnazoHe ot 12,5 nmo 400 klIla. Ha mnpoMexyTok MOJaBaIuCh HWMITYJIbCHI
HanpsokeHust  otpunarensHoit (U =25xB, 195=10HC, Tp109=0,7HC) m
nooxuTenbHol mossipHocten (U =25 kB, 195 =15 He, 1109 = 3 HC). [lomyuensr
H306pa)KeHI/I$[ CBCUHCHUS ILJIa3Mbl B PA3JIMYHBIC MOMCHTBI BPEMCHH, Ha KOTOPBIX
BHUJIHO, 4YTO Npu AaBieHuu razoB a0 100 kIla momepeunsie pa3mepbl MIa3MEHHOTO
obpasoBanusi (ctpumepa) h comocraBumbel ¢ umHOW mnpomexxytka d. Ilpu
yBenuueHun aapnenus a0 400 klla h yoeiBaer. [Ipu naBnennu 400 k[1a B HEKOTOPBIX
UMIyjIbcax HaOmromaeTcss (OPMUPOBAHME HECKOIBKMX CTHMEPOB C MalbiM .
OOHapyXeHO, 4YTO TMpU OTPHUIATEIBHONW TMOJSIPHOCTA WMIYJIbCOB HaIPSHKCHUS
cBeueHue nosipiusiercss Ha HeKoTopoM (~100-200 MkM) paccTOSIHUM OT MOBEPXHOCTU
OCTPUHHOTO KaTojia. BeposTHO, 3TO CBSA3aHO C T€M, YTO JIABUHE TPeOyeTcsl MPOUTU
HEKOTOpPOE pAaCCTOSHME JO TOro, Kak B HeW oOpaszyercss IOpPOroBO€ YHCIIO
BO30Y)X/IEHHBIX YaCTHIl, M3IYyYEHUE KOTOPBIX OYyJeT CrocoOHa 3aperucTpupoBaTh
ICCD kamepa.
Abstract. Dynamics of a plasma glow during a prebreakdown stage of a nanosecond
discharge in «point-to-plane» gap with length of d =3 mm was investigated by four-
channel ICCD camera hsfc pro 12 bit. The gap was filled with air, argon, nitrogen.
Pressure was ranged from 12,5 to 400 kPa. Voltage pulses of negative (U = 25 kV,
Tos — 10 ns, T0,1-0,0 — 0,7 nS) and pOSitive (U =25kV, Tos5 — 15 ns, T0,1-0,9 — 3 nS)
polarities were applied across the gap. Images of the plasma glow were obtained for
different instants of time. Lateral dimensions of a plasma formation (streamer) h are
comparable with the gap length d at pressure up to 100 kPa. Further pressure increase
leads to h decreases. Formation of several streamers with a small h are observed at
pressure of 400 kPa. It was found that at the negative polarity the plasma glow
appears at a certain distance (~100-200 um) from the pointed electrode. Likely,
electron avalanche is required to pass a certain distance before it generates a certain
threshold number of excited particles, the radiation of which will be able to register
by the ICCD camera.
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3KCHEPUMEHTAJIbBHO-TEOPETUYECKASI MOJIEJIb CTPYHHOI'O BU
NHAYKIUOHHOI'O PA3PAJA ATMOC®EPHOI'O JABJIEHUA

EXPERIMENTAL-THEORETICAL MODEL OF JET RF INDUCTION
DISCHARGE OF ATMOSPHERIC PRESSURE

lalinynnus P.H., Kupnuunukos A.II.

Ka3zanckuii nayuonanvHwiil ucciedosamenbCKull mexHoI02UYeCKUll yHugepcument,
Poccus, 420015, 2. Kasanw, K. Mapkca, 68, e-mail: gainullin@kstu.ru

B paGore paccMOTpeHa 3KCHEPUMEHTAIBHO-TEOPETUYECKAss MOJENb, MO3BOJISAIOIIAs ONpPENEITh
3aKOHOMEPHOCTU CTPYKTYpPbl KBa3MCTALMOHAPHOIO JieKkrpomarHuTHoro nosnss BUM  paspsna,
TOPSILLETO B MHAYKTOPE KOHEYHBIX Pa3MEPOB IIPU aTMOC(EPHOM /1aBICHUH.

Bricokasi sHepreTuka IUIa3MEHHBIX MPOLECCOB MAET BO3MOMXKHOCTH IPOBOJUTH
pEeaKiMK, HEOCYIIECTBUMBIE MPU OOBIYHBIX YCIOBUAX C HCIOJIB30BAHUEM PSAOBBIX
TEeXHOJIOTHM. J[JI1 yrpaBieHusi TaKoro pojia MpoueccaMd HeO0OXOJUMO pacroJiaraTh
J0CTOBEPHOI MH(pOpMaIKeil 00 OCHOBHBIX MapaMeTpax B 30HE pa3psia.

B pabGore mnpemioxkeH KOMIUIEKCHBIA METOJ, KOHTAKTHOW JUArHOCTHKH
AJEKTPOMArHUTHBIX M TEIUIOBBIX  MapaMeTpoB  IUIa3Mbl  BBICOKOYACTOTHOTO
MHIYKIIMOHHOTO pa3psiia aTMOC(EpHOro JaBJICHUS, MO3BOJISIONIUM BOCCTAHOBUTH
BCE OCHOBHBIE 3JICKTPOMArHUTHBIE U TEIUJIOBBIE XapaKTEPUCTUKHU pa3psla Mo
KOHEYHOMY YHUCJIY OKCIEPUMEHTAIIBHO HW3MEPEHHBIX 3HAYECHUM aMIUIUTY]IbI
MPOJIOJIbHONM KOMIIOHEHTHI MarHUTHOTO 10J1s1 B pa3psizae [1].

Coueranne pacy€éTHOTO M SKCIEPUMEHTAIIBHOTO METOJIOB HCCIEJOBAHUS
MO3BOJISIET OoJiee TIYOOKO H3YyYUTh BHYTPEHHIOI CTPYKTypy U cBoiictBa BY
WHIYKIIMOHHOTO pa3psiia aTMOC(HEPHOTO AaBJICHUS, HCCIIEIOBATH BIUSHUE BEIUYUHBI
pacxoja  IUIa3MOOOpa3ylolllero Tra3a Ha  paclpeesieHue ero  OCHOBHBIX
AJIEKTPOMArHUTHBIX M TEIUIOBBIX XapaKTepUCTHUK. [lomydeHHble pe3ylbTaThl MOTYT
ObITh HWCIHOJIB30BaHbl JUIsl Pa3padOTKM M ONTUMHU3ALMHM  PA3IMYHOrO poja
DHEPreTUYECKUX  YCTAaHOBOK, HCIMOJB3YIOIIUX  MPUHLUUN  BBICOKOYACTOTHOTO
WHAYKIHOHHOTO Harpesa rasa [2,3].
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3KCHEPUMEHTAJIbHOE UCCJIEIOBAHME IYJbCAIIUA
HAITPSKEHUA B TJNIEIOINEM PA3PAIE C IIOTOKOM I'A3A

EXPERIMENTAL INVESTIGATION OF VOLTAGE PULSATIONS IN A
GLOW DISCHARGE WITH A GAS FLOW
["apunioB M.M., IOnycoB P.®.

Kazanckuti HayuonanvHwlil ucciedo8amenbCKull mexHuvyecKull yHugepcumenm um.
A.H.Tynonesa, Poccuiickas @eoepayus, 420111,y1. K. Mapxca, 10, E-mail:
optanir@mail.ru
AnHoTamusi: CTaThsi MOCBSIIECHA SKCIEPUMEHTATBHOMY HM3YYEHUIO NYJIbCAllU HANpSHKEHUS B
TineomeM paspsage. IIpononbHbI  paspsn 3aXuraiacs B IIOTOKE BO31yXa, ABUXKYILErOCsS B
nunuHaprdecko paspsaHoi kamepe (PK). Mennple mombie 37I€KTpOABI  pacrojarajuch Ha
paccrosiHun 4 cM apyr ot apyra Baoib ocu PK. KonrpomupoBanuce nasnenue raza P = (4,7 —
26)xIla u ero pacxox G = (0 — 0,012) r/c. Cwuna Toka pas3psaa ¥ HaNpsHKEHHE H3MEHSJIHCH
cooTBeTCTBeHHO B amamnasonax: | = (20-100) mA, U= (1, 5 - 4,2) kV. HaGmronanucey nanarormime
BOJIbTAMIIEPHBIC  XapakTepucTHKU. KomeOaHus HampsHKEHUs — pa3psga  PErHCTPUPOBAIHCH
ocumiorpagom, BAX paspsina cHEUMangach JBYXKOOPAWHATHBIM CaMOIMCLEM. BBIABIEHBI Tpu
yuactka BAX: B amamaszone TokoB | = (100-70) mA HaOm0gaICsa CBETSIIUNCS OI0KUTEIbHBIH
cronb (IIC) pa3psnga BIUIOTH 10 KaToja ¢ MEIJICHHBIM BO3pAacTaHUEM HAIPSDKEHUS; B JMANa3oHe
tokoB | = (70-40) MA mpoMCXOAMT IIABHBIN Mepexoa K pa3psaay 6e3 Bumumoro cBedenus [1C co
3HAQUUTEIIBHBIM YBEIMYCHUEM HaNpsLKeHUs paspsaa. [Ipu nanbHEnieM yMEHbBIIEHMM CHIIBI TOKa
(TpeTuii yd4acTOK) pasps] CYHIECTBYET MOYTH MPH TOCTOSHHOM HANpPsDKEHUH BIUIOTH JIO €T0
ramenus. Ha rpanune BTOoporo u Tperbero ydactka BAX HaOmogamuch HU3KOYACTOTHBIE U

BBICOKOYACTOTHBIE KOJICOAHUs HAPSDKSHUSI pa3psiia.

Abstract: The article is devoted to the experimental study of voltage pulsations in a glow
discharge. The longitudinal discharge was ignited in a stream of air moving in a cylindrical
discharge chamber (DC). Copper hollow electrodes were located at a distance of 4 cm from each
other along the axis of the DC. The gas pressure P = (4.7 - 26) kPa and its flow rate G = (0-0.012) g
/' s were monitored. The discharge current and voltage varied accordingly in the ranges: | = (20-100)
mA, U = (1, 5 - 4,2) kV. Falling current -voltage characteristics were observed. The oscillations of
the discharge voltage were registered by an oscilloscope; the current-voltage characteristic of the
discharge was recorded by a two-coordinate recorder. Three sections of the current-voltage
characteristic were detected: in the current range | = (100-70) mA, a luminous positive column (PC)
of the discharge was observed up to the cathode with a slow increase in voltage; In the current range
I = (70-40) mA there is a smooth transition to the discharge without visible glow of the PC with a
significant increase in the discharge voltage. With further reduction of the current intensity (the
third section), the discharge exists almost at a constant voltage until its quenching. At the boundary
of the second and third sections of the current-voltage characteristic, low-frequency and high-
frequency oscillations of the discharge voltage were observed.

[IpoonbHBIA TACOMMN pa3ps] HaXOAUT IIMPOKOE NpuMmeHeHue [1] B Hayke H
TEXHOJIOTUH IIOJYyYEeHUS HETPAJULIMOHHBIX MAaTEPUAIIOB.
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SKCIIEPUMEHTAJILHOE UCCJIEJOBAHUE TEIIJIOOEMEHA B
TJIEIOLLIEM PA3PSIIE

EXPERIMENTAL STUDY OF HEAT TRANSFER IN A GLOW
DISCHARGE
["apunioB M.M., IOnycoB P.®.

Kazanckuti nayuonanvHwlil ucciedo8amenbCKull mexHuyecKuil YHugepcument um.
A.H.Tynonesa, Poccuiickas @eoepayus, 420111,y1. K. Mapxca, 10, E-mail:
optanir@mail.ru
AHHOTaIII/IﬂZ Cratbps IMOCBAIIICHA JSKCIICPUMCHTAJIBHOMY H3YYCHHIO TemiooOMeHa B TJICOLIEM
paspsae. 1IpononpHblid paspsia 3aKUTajcs B IMOTOKE BO3yXa, IBHXKYILIETOCA B LMJIMHIPUYECKOU
paspsnnoit kamepe (PK). Mennbie aIeKTpo/ bl pacmoiaraiuch Ha pacCTOSHUMA 9 CM ZIpyT OT Apyra
nepreHauKyisipHo k ocu PK. KonTtponmupoanuce nasinenue raza P = (2 — 9)klla u ero pacxox G =
(0 - 0,035) r/c. Cuta ToKa paspsiia U HanpsHKEHHE U3MEHSUTUCH COOTBETCTBCHHO B AMarna3oHax: | =
(30-80) mA, U= (1-2) kV. HaGmioganuch mnajmaroni@e BOJbTAMIICPHBIC XapaKTEPUCTUKH.
TeMneparypa HEHTpaJbHBIX YACTHUI] MU3MEPSIIACh C MOMOUIBIO XPOMEJb-ATIOMENEBBIX TEpMOIIap,
pacnonoxeHHbIX Boab PK B Tpex ceuenusix. PacnosoxeHue tepmomnap MO3BOJSIIO U3MEPHUTH
pacnpeneneHus temnepatypbl kKak Baosb PK, Tak u momepek Hee. dPopma paspsga
KOHTpOJMpoBanach ¢Gororpaguuecku U BU3yalbHO. BbIsSBIEHO, uTO mpHU pacxone Bozayxa G =
0,017 r/c pa3psg TepseT OCeBYIO CHUMMETpUI0 M crsaruBaeTcss k crenke PK. Ilpm sTtom Taxxke

CYILLIECTBEHHO U3MEHSETCS TEMIIEPATypHOE 10JI€ HEUTPAIbHbIX YaCTHLL.

Abstract: The article is devoted to the experimental study of heat transfer in a glow discharge. The
longitudinal discharge was ignited in a stream of air moving in a cylindrical discharge chamber
(DC). Copper electrodes were located at a distance of 9 cm from each other perpendicular to the
axis of the DC. The gas pressure P = (2 - 9) kPa and its flow rate G = (0 - 0.035) g / s were
monitored. The discharge current and voltage varied accordingly in the ranges: | = (30-80) mA, U =
(1-2) kV. Falling current-voltage characteristics were observed. The temperature of the neutral
particles was measured using chromel-alumel thermocouples located along the DC in three sections.
The location of the thermocouples made it possible to measure the temperature distribution both
along the DC and across it. The discharge shape was monitored photographically and visually. It
was found that with an air flow rate G = 0.017 g / s, the discharge loses its axial symmetry and
contracts to the wall of the DC. The temperature field of neutral particles also changes significantly.

OpxHa U3 BO3MOXKHBIX MOJIENEH TJICIOIIEro pas3psaa B MOTOKE Ta3a MpelCcTaBlIcHa B
pabore [l], rme ToONydYeHBI paclpeneieHUs] KOHIEHTPAlMH  SJICKTPOHOB,
HANpsDKEHHOCTH M TEMIIepaTypbl  HEWTpaJbHBIX  dYacTull.  Hekoropeie
AKCIIEPUMEHTATIbHBIC PE3YNIbTAThI IO TIPOBEPKE YKA3aHHON MOJIETH MPEICTaBICHBI B
pabore [2]. B nmaHHON cTaThe mOKa3aHO, YTO pE3yJbTaTbl TEOPETUUYECKUX MU
AKCIIEPUMEHTAIILHBIX UCCIEA0BaHUH coracyroTes B 1uddy3HON 00IacTH pa3psia.
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MECTOPACHOJIO)KEHUE MAKCUMYMOB NPOBOJUMOCTH,
TEMIIEPATYPbBI, INIOTHOCTHU TOKA U YIEJBHOU MOIIHOCTH
TEIIVIOBBIIEJIEHUA B BUU-PA3PAIE

SITE OF MAXIMA OF CONDUCTIVITY, TEMPERATURES, DENSITY OF
THE CURRENT AND SPECIFIC CAPACITY OF THE THERMAL
EMISSION IN THE RF-DISCHARGE

A. B. I'epacumos, A. I1. Kupninunnkos, ®@. P. Cabupona

Ka3zanckuii nayuonanvhwiii ucciedosamenbCKuli MmexHoJL02UYeCKUll YHUugepcumen,
420015 2. Kazanw, yn. K. Mapxca 68 E-mail: faridasabirova@mail.ru

Teopetnueckn 00OCHOBaHBI IKCICPUMCHTAIbHBIC (AKThl, IMOKA3bIBAIOIINE, YTO BHYTPHU
BBICOKOYACTOTHOTO HWHAYKIIHOHHOTO JUIS KaKIOr0 M3 €ro IOMEPEYHBIX CEYCHHH BBIMOJIHEHO
HEPaBEHCTBO I1<I7<l3 B KOTOPOM I1=I(Gmax), 2= (Jo max) ¥ 13=1(Wmax) - paauaabHble KOOPIHHATHIL,
COOTBETCTBYIOIIHE MAKCUMYyMaM CTOSIIUX B CKOOKaxX (PM3UUCCKUX BEITHUHUH.

The experimental facts that inside high-frequency induction for each of his cross sections the
inequality r1<ro<rs in which ri=r(cmax) is executed r,=r(j, max) and rz3=r(Wmax) - the radial coordinates
corresponding to maxima of physical sizes worth in brackets are theoretically proved.

AHAJIUTHYECKH OOBSCHEHBI IMOJy4YeHHBIE aBTOpamMu [1-2] sKcmepuMeHTaJbHbIC
JaHHble, MoKa3biBawolue, uyro BHYTpu BUU-paspsga paauanbHble KOOPAMHATHI,
COOTBETCTBYIOIIME MAKCUMyMaM BEIWYUH MPOBOJUMOCTH, IJOTHOCTH BUXPEBOIO
TOKAa Y BKJIAJIbIBAEMOM B pa3psiJi MOIIHOCTH PACIONaraioTcs B HOPSIKE BO3PACTAHUS.

OmnpenenieH 3aKOH CTYIIEHUSI TOYEK Tj, COOTBETCTBYIOIIMX TOYKAM MaKCHMYMOB
BennuuH oE," (i=1, 2, 3) Ha OcH I 10 HAIIPABICHUIO K NepHpEpUH MITa3MOUJIA.

IToka3zaHo, 4TO HawIyyllee COBIANECHUE DMIIMPUYECKUX HAHHBIX C PAaCUETHBIMU
HaOIIOAAaeTCs 11 NEPBBIX YETHIPEX BHYTPEHHUX CEYEHUM pa3psiia BHU3 IO MOTOKY,
YTO MOXHO OOBSICHUTH 00Jiee TOUHOM anmpOKCUMAIUel aMIUIUTYAbl a3UMYTaJIbHOTO
AIIEKTPUYECKOTO TOJIS JUIS 3TOM 00JACTH MJIa3MEHHOTO CTYCTKA.
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BJAUSAHUE MATEPHUAJIA SJIEKTPOAOB U TJINHBI
MEZKIJIEKTPOJHOI'O 3A30PA HA YHUBEPCAJIBHOCTDH KPUBbIX
ITAIIEHA B UHEPTHBIX I'A3AX

INFLUENCE OF ELECTRODE MATERIAL AND THE LENGTH OF THE
INTERELECTROD GAP ON THE PASCHEN CURVES UNIVERSALITY IN
NOBLE GASES

C.q).Az[aMcl, B.I/I.I[eMI/IzLOBl, A.A.Kyﬂp}IBHeBl'z, I/I.H.KprI}IHI[CKa}Il'Z,
I[}K.A.Maﬁncl, B.A.Toncon™

'Saint Petersburg State University, St. Petersburg, 199034, Russia, akud53@mail.ru
Department of Physics, Harbin Institute of Technology, Harbin 150001, China

[Tokazano, 4TO Marepuan aHOJa, TaK K€ KaK U MaTepHall KaToJa M BEJIIMYKMHA MEXDIECKTPOIHOTO
MIPOMEXKYTKA, CUJIHHO BIUSIOT HA BUJ KpUBBIX [lamiena, 3To BIusHUE CBA3aHO KaK C 3aBUCUMOCTBIO
OTPaXE€HUs DHIIEKTPOHOB OT IOBEPXHOCTHM AaHOJA, a TakXKe C MpoleccaMd Ha KaToJle U B
MEXDJIEKTPOTHOM ITPOMEKYTKE.

It is shown that the anode material is strongly affecting the appearance of the Paschen curves. This
influence is connected to the influence of the electron reflection from the anode surface on the
anode material as well as processes on the cathode and in interelectron gap.

[IpoBenensl m3MepeHusi KpuBbIX [lameHa Ui pasTUYHBIX MaTEpHAoOB aHOJA,
Hcnonb30Banich aHOMBI, W3TOTOBJICHHBIE W3 ATIOMHUHHS, HEP)KaBEIOIIEH CTajw,
rpadura, aTOMUHUS TOKPHITOTO TUIATUHOW M 30JI0TOM, a Tak ke menu. [Ipu stom
MaTepuaJoM KaToJla BCETJa CIyXmia Meab. bpuio 0OHAapyKeHO, 4TO IS pPa3HbBIX
MarepuanoB aHoja kpuBbie [lamena oTnuuatorcst apyr ot apyra. Haumbombiiee
OTJIMYUE OT JPYTMX MaTepuajoB ObUIO HAWAEHO I aHOJa, M3TOTOBJIEHHOTO WX
rpadguTa. ITO OTIWYHE, TO-BHAUMOMY, CBS3aHO C OOJBIIUM KOd(DPHUITUEHTOM
MOTJIONICHHSI AJIEKTPOHOB TpadUTOM H3-3a HAJIWYHUS TOP HA €ro MOBEPXHOCTH.
N3menenne Marepuana Katoga U MEXIJIEKTPOTHOTO PACCTOSHUS TaK K€ OKA3bIBACT
CYIIIECTBEHHOE BiIMsHUE Ha KpuBbie [lamena. B mokmaze oOCyX maroTCs MPUUUHBI
ATOTO BIIMSHUS.
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DUST PARTICLE CHARGE DETERMINATION IN CONSIDERATION OF
NON-LOCAL EFFECTS IN A STRATIFIED GLOW DISCHARGE

Kartasheva A. A., Golubovskii Yu. B., Karasev V. Yu.

Saint Petersburg University, Russia, 198504, Saint Petersburg, 3 Ulyanovskaya str
*alexkartasheva@gmail.com

A new theoretical method of dust particle charge determination is provided. This method is based
on the calculation of the ion and electron fluxes on the dust particle surface in a spatially periodic
strata field. The electron flux is calculated through the non-local electron distribution function
(EDF), which is formed by inhomogeneous strata potential. The comparison between proposed
theoretical method and the traditional method of using Maxwell EDF for dust particle charge
calculation is done.

Dust particle charging in a low-pressure glow discharge was investigated
theoretically. The numerical calculation is based on the equality of ion and electron
fluxes on the dust particle surface. The theory of the motion of electrons and ions in
stratified glow discharge in a vertical cylindrical discharge tube is considered.

The electron flux is derived by integrating over distribution function of electrons,
which were passed through the absorption cross-section. The calculation were
performed with the help of non-local electron distribution function (EDF), which is
not formed by the local field, but the whole potential profile of the striation. The
computations were made in the steady electric field, which is correlated with the field
profile, experimentally obtained under the conditions of the P-striations formed in the
discharge tube with a radius R=1 sm, at low pressure p=0.2 torr of neon. In this case
the coefficients of the kinetic equation can be averaged over the radial transits due to
the feasibility of the diffusion approximation [1]. EDF is compressed into narrow
peaks, which move along the resonance trajectories.

The usual way to calculate the dust particle charge is to use Maxwell distribution
function. The electron flux on the dust particle surface was calculated for two types
of EDF. The essential differences between two fluxes, related with the absolute
values, the modulation depth and the phase are shown. So, the dust particle charge,
obtained using the equality of electron and ion fluxes, also depends on the type of
EDF. It is shown that the potential and the charge number of dust particles calculated
for two types of EDF are not equal.
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PA3BUTHE I'A30BBIX IIOJIOCTEHR U PA3PSIZIOB B HUX ITPH
HAITPSOKEHUAX BBILIE ITIOPOI'OBOI'O

GAS CAVITIES AND DISCHARGE INSIDE CAVITIES EVOLUTION AT
VOLTAGE ABOVE CRITYCAL VALUE
KacpsiHOB B. Cl’z., Koposes 1O. I[l‘z., [Hemsxnun U. Al‘z., I'eiiman B. Fl‘z., bonotoB
A. Bl‘z., B. O.®pann O. Bl?
'Institute of High Current Electronics SB RAS, Tomsk, 63455, Russia
National Research Tomsk State University, Tomsk, 63455, Russia,

kasianov_vs@Dbk.ru
Nzygaercs mpoOoii B pacTBope coiu B Boje. Mcrnonb3yroTest MIYIIbChl Hanpsbkenus Boimie 1000 B
MUKpPO U MWUIMCEKYHAHON anmuTenbHocTH. MccnenyroTest npouecchl pOpMUPOBAHUS U Pa3BUTHUS
ra3oBbIX IOJIOCTEH, a TaK K€ BOSHUKHOBEHHUS IJ1a3Mbl B HUX. [I0Ka3aHO CHIIBHOE BIUSHUE JTAHHBIX
MIPOLIECCOB HA BETMYUHY U QOPMY pa3psiIHOTO TOKA.

The breakdown in a solution of salt in water is studied. The pulses voltage above 1000 V of the
micro and millisecond duration was applied. The processes of formation and development of gas
cavities, as well as the occurrence of plasma in them, were studied. A strong effect of these
processes on the magnitude and shape of the discharge current was shown.

B Hacrosiee BpeMs pa3psiibl B 3JIEKTPOIUTAX HAXOAAT IIMPOKOE MPUMEHEHHE B
MEJUIIMHE, OMOJIOTHH 3XOJIOKaluu U T. 4. [1, 2]. B maHHO# paboTe paccMaTpuBaroOTCs
MpoILIeCChl, MpoTeKarolue B TpexnpoueHtHoM pactBope NaCl B Bome B reoMeTpuut
ANEKTPOJOB HITHIPh - IUIOCKOCTh. JJIUTENbHOCTh UMIYJIbCA, MPUKIAIBIBAEMOTIO K
MPOMEXKYTKY, JEKHT B MHKPO M MWUIMCEKYHIHOM WHTEpBaJie, a aMIUIUTyAa
HaIpsOKEHUST TIPEBBINIAET TOPOTOBOE (HAMPSDKEHHE TIPH KOTOPOM B PacTBOpE
Bo3HUKaeT miuasma) [3]. [IpuBonutcs Habop JaHHBIX O mpolecce (HOpMHUPOBaHMS,
pPa3BUTHSL W JETPAJaliMl Ta30BbIX TOJOCTEH TIPU Pa3TUYHBIX TOJSIPHOCTIX
MPWIOKEHHOTO HWMITYJIbCa HANPSDKCHHUS W Pa3IUYHBIX KOHIIGHTpAIUSAX COJIM B
pacTBope. AHanuzupyercs buzngeckuit MEXaHU3M HBOJTIOITUHU
nosnocteit. [Ipeacrasiensl nanuwie (potorpadun CCD kamepsl, MOBEACHUS CBEUCHUS
MIPOMEKYTKa BO BPEMEHH, CIEKTpalbHble U3MEPEHHs) O mpolecce (HOpMUPOBAHUS
razopaspsAHoN 1asMbl B mosiocTsax. OOcyxkmaercss Bompoc o (opmax TropeHHs
paspsga. CrnenaH BBIBOJA, YTO HBOJIIOIMUS TMOJOCTEH M IUJIa3Mbl B HUX OKa3bIBaeT
CYILIECTBEHHOE BIIMSHUE HAa TPOTEKAaHUE TOKA.

Pabota mnopnepxkana rpanTtoM Poccuiickoro QoHma (GyHAaMEHTAIbHBIX
uccaenoBannii, mpoekT Ne 16-08-00652a.
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UCCJIEAOBAHUS POCTA MAPOBO31YIIIHOI OBOJIOYKH
T'A30BOI'O PA3PSJIA C )KMJIKNAM DJIEKTPOJTUTUYECKUM
KATOJIOM PACTBOPA TH/IPOOKCHJIA HATPUS

INVESTIGATIONS OF THE GROWTH OF THE STEAM-AIR SHELL OF A
GAS DISCHARGE WITH A LIQUID ELECTROLYTIC CATHODE OF
SODIUM HYDROXIDE SOLUTION
Kamanos JI.H., Kamanos P.H.

Hnorcenepnuviti Uncmumym, Kasanckuu @edepanvuviii Yuueepcumem, Kazamo,
ya.Kpemnesckas, 18, 420008 E-mail: kashlenar@gmail.com

B paGore onuchIBalOTCSI OCOOCHHOCTH aHOMAJIBHOTO POCTa MApOBO3AYIIHOW 0OOJOYKH Ta30BOTO
paspsa ¢ KHUJIKUM JIEKTPOJIUTHIECKUM KaTOJOM.

The paper describes the features of the anomalous growth of the steam-air shell of a gas discharge
with a liquid electrolytic cathode.

["a30BbIe pa3psapl € KUIAKUMU DJIEKTPOAAMH IIUPOKO MPUMEHSIOTCS. Tak mpu
KaTOAHOM IPOIIECCE BO3MOXKHO MPOBEICHHE OYMCTKH, MOJUPOBKU U YIPOUHEHUS
MMOBEPXHOCTEN, aHOJTHOM TIpoliecce - popMUpoBaHUE MUKpOpebeda MOBEPXHOCTH C
3aIaHHBIMU TTapaMETPaAMH.

[Ipu ropeHun paszpsija MKy METALINYECKUM aHOJIOM M 3JIEKTPOIUTUYECKUM
KaToJoM oOpa3yeTcsi MapoBO3AyIIHAs O00J0YKa ToimuHou 2-3 mm. HHTepec
MIPEACTABISIET UCCIEAOBAaHNE MEXaHU3Ma 00pa30BaHUs MAPOBO3AYIITHON 000JIOYKH B
YCIIOBUSIX OTJIMYHBIX OT CTAHIAPTHOTO TEIJIOBOTO MEXaHW3Ma, KOrja HaOIrofaeTcs
mieHouyHoe  kumenue. llenpto  paboThl  SIBIASUIOCH  M3y4Ye€HHWE  MEXaHW3Ma
BO3HMKHOBEHHUS IMapOBO3YIIHON OOOJOYKA BOKPYTI METAJUIMYECKOTO aHOo/a B
pacTBope TUAPOKCHUIA HATPUSI.

B 3KCIIepPHMEHTAX HCIOJIB30BAINCH MEIHBI aHOX M KaToJ IIomanso 0,65 cm’
u 34 cM® COOTBETCTBEHHO. MHHUIMMPOBAHME paspsiia MPOBOLHMIOCH C OMOLIBIO
MCTOYHMKA MOCTOSTHHOTrO HanpsbkeHus ot 20 o 300 B.

boutn  ompeneneHsl  yClIOBUS

AHOMAaJIbHOT'O POCTa MapOBO3YIIHON
oOoouku. Pa3psin uHULIMUpOBACS B
MOMEHT KOHTaKTa METaJNIM4€CKOTO
aHoJa C MOBEPXHOCTHIO ANEKTPOJIUTA.
a — pa3OpbI3rUBaHUE M OOpa30BaHUE
Karuid 3JeKTpoJuTa. O — CTeKaHWEe Karuld K KOHYMKY SJIEKTPOJia U TOpEHue paspsaa
Ha TPAHMIIC JICKTPOIHUT/IIApOBO3AYIIHAS 000JI0YKa. B, T, J — POCT MapPOBO3AYIITHOM
000JI0YKH.
YcraBneHo, 4To AJis TUIa3MEHHO-3JIEKTPOJIMTHOTO Tipotiecca B pactBopax NaOH npu
CIJIAXXEHHOM  HAMNpSKEHUM,  TOJIYYEHHOro  MOCJ€  JBYXIIOJIYNEPUOIAHOIO
BBITIPSIMJICHUSI M C MCHOJIb30BaHUEM eMKOCTHOro ¢uibrpa 450 Mx®d, HabmogaeTcs
oOpa3oBaHue MapoBoO3aAyIIHOM obonouku: st 1% pactBop npu 97 B, 3% pactBop —
93 B, 5% pactBop — 81 B. «lly3bippkoBasi» 000JI0YKa IMOCTEIIEHHO PAaCTET M
3aMOJIHSIET BCE MPOCTPAHCTBO MEXKIY METALIMYECKUMHU dJiekTpoaamu. [lpu stom
permaronM GakTOpoM SBISIETCS BETMYUHA MTPUKIIAIBIBAEMOTO HATIPSKCHMUS.
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POJIb AMBUIIOJIAPHOI'O ITOJIAA B ®OPMUPOBAHUU ®PO U
KPUTEPUHU NCIIOJb30BAHUA JTOKAJIBHOI'O ITPUBJINKEHUA

THE ROLE OF THE AMBIPOLAR FIELD IN FORMING THE EDF AND

THE CRITERIA FOR USING THE LOCAL APPROXIMATION
E.A. BOFI[aHOBl, AA. KVI[DSIBHCB:L’Z, K. M. Pa6az[aHOBl
1Saint Petersburg State University, St. Petersburg, 199034, Russia, akud53@mail.ru
Department of Physics, Harbin Institute of Technology, Harbin 150001, China

[Toxazano yto nokanbHoe nmpubmmxenue (JIII) ans onpenenenus OPD u apyrux xapakTepUCTHK
AJICKTPOHHOTO Ta3a Ha nepudepun Mmia3msbl, Tae aMOUTIOSIPHOE TOJIE SBIISETCS JTOMUHHUPYIOITUM,
HCIIPUMCHUMO.

It is shown that the local approximation for determining the EDF and other characteristics of the
electron gas at the periphery of the plasma, where the ambipolar field is dominant, is not applicable.

Hnst Beruncnenuss @PD oObuHO Hcmonb3yeTcs: jJokaiabHOoe mnpubmmxenue (JIID),
KOTJla B KMHETUYECKOM ypaBHeHUM bonbliMana mns wusotporHoi dactu DPD fy
npeHedperaeTcsi MpOCTPaHCTBEHHOW auddy3uell mo CpaBHEHHIO C H3MEHEHUEM
SHEPTUU JEKTPOHOB B MOJIE€ U 32 CYET CTOJKHOBEHUI C aTOMaMH M MOJIEKYJIaMU rasa

1 0

_ﬁa(ﬁ(eE)sz—a&/]: St(f,)+St"(f,) 1)

rae E — snexrpuueckoe mone B qanHoil Touke, D =0A/3 - kosddunment auddysun
snektpona, St(f;) m St'(f,)- mHrerpansl ynpyrux u HEynpyrux CTOJIKHOBEHHIA.

IIpu anamuze ycnoBuit npumeHumoctu JIII nns pacyuera OPD  nHambonee
JUCKYCCHOHHBIM SIBJISIETCSI BOIPOC 00 3JIEKTPUYECKOM I10JI€, KOTOPOE SIBHBIM 00pa3oM
BXOJIMT KaK B UCXOJIHOE, TAK U B JIOKaJIbHOE KUHEeTHUYecKoe ypaBHeHueE (1). [Tockonbky
AJIEKTPOH pearnupyeT Ha TO MOJIHOE I10JI€, KOTOPOE €CTh B JAHHON TOYKE IPOCTPAHCTBA,
TO B UCXOJHOE€ KMHETUYECKOE YpaBHEHHUE, a, CIEA0BATENbHO, U B (1), BXOAUT MONHOE
ANEKTPUYECKOE Moje. B 4acTHOCTH, 3TO Tak W €CTh MPU YHUCICHHBIX CHUMYJISIIUAX
Pa3IMYHBIMU  BBIYMCIUTEIbHBIMUA KOJAMH, KOTJa TOJI€ HAaXOAWTCS U3 PEIICHUS
ypaBHeHus Ilyaccona. B mnporuBomonoxHocte 3ToMy, B [l] oTmewamoch, 4TO
MOCKOJIbKY ~ aMOUWIIOJIIPHOE TI0JIE TaKXKe OMNPENeNseTcs MNpOCTPAHCTBEHHBIMU
rpagueHTamMu, To npu ucnosb3oBanuu JIII qyig OPD ero Takxke cienyer npeHeOpeyb B
(1) (kaxkuM-TO 0Opa30M BBIYECTDH U3 MOJIHOTO MOJIS).

B nanHolt pabote mnpopomxeHsl ucciaeaoBaHus [2]. I[lokazano, uto JIII mus
onpeaeneHuss OPD u apyrux XapakTepUCTUK BIIEKTPOHHOIO Tra3a Ha mnepudepuu
IJ1a3Mbl, T€ aMOUIIOJISIPHOE TMOJie SIBJISIETCSl JOMUHUPYIOIIMM, HermpuMeHumo. [Ipu
ATOM, B 3aBUCUMOCTHU OT SHEPIeTHUYECKON 3aBUCUMOCTH CEUEHHI yIPYyroro paccesiHus
ANIEKTPOHOB  (pacTymiyie WM  TaJalollyde), BO3HUKAIOT OIMMOKKM Kak MpH
MPeHEOPEIKEHNUN B JIOKATbHOM KUHETUYECKOM ypaBHEHUU (1) aMOUTIONAPHBIM TOJIEM,
TaKk W MPU KCIOJB30BAHUMU TaM MOJHOro nojs. [lo3atoMy nocTtoBepHbIE pe3ynbTaThl
MOXXHO TOJYYUTh JUIIb IPU PEHICHUH TOJIHOTO KWHETHUYECKOro ypaBHEHUs (B

MIePEMEHHBIX SHEPTHH U KOOP/UHAT).
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KHUHETUYECKASA MOJAEJb NOHHO-MOJIEKYJIAPHBIX IPOHECCOB
BO BJIA’KHOM BO31YXE

A KINETIC MODEL OF ION-MOLECULAR PROCESSES IN HUMID AIR
Kypkun C.A., lep6enes 1.H., {atko H.A., ®ununmnos A.B.
Axyuonepnoe obwecmso «l ocyoapcmeennwiii Hayunwlil yenmp Poccutickotl
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C03z[aHa KHMHCTHYCCKad MOJCIb HWOHHO-MOJICKYJIIPHBIX MIPOHCCCOB BO BJIAXHOM BO3AYXC,
MOHU3MPYEMOM BHEIIHMM HWCTOYHMKOM HWOHU3anuu. Monaens BkiIodaer Oonee 600 wuoHHO-
MOJIEKYJISIPHBIX TPOILIECCOB C YYacTHEM 3JIEKTPOHOB, 14 oTpuuareiabHbIX U 39 MOJIOKUTEIbHBIX
HOHOB. TecTHUpoBaHME MOJEIU MPOBEICHO NYyTEM CpaBHEHUS pelIieHus 54 HecTalMOHapHBIX
ypaBHEHM OanlaHca 3apsDKEHHBIX YacTHUI IJIa3Mbl, BO30YKIaeMOM MydyKoM OBICTPBIX 3JIEKTPOHOB,

Y UMEIOIIUXCS B INTEPATYPEe IKCIIEPUMEHTAIBHBIX TaHHBIX.

A kinetic model of ion-molecular processes has been developed for a humid air plasma produced by
e-beam. The model includes over 600 reactions with electrons, 39 positive and 14 negative ion
species. The model has been tested by comparing the solution of 54 non-steady state equations for
number densities of charged particles in the humid air e-beam plasma with the available
experimental data.

B Hacrosiiiee BpeMsi akTUBHBIA MHTEPEC K UCCIEIOBAHUSM MOHHO-MOJIEKYJISIPHBIX
MIPOIIECCOB BO BIIAYKHOM BO3JyXE€ CBSI3aH WX BAXHOW POJIBIO B (M3HKE aTMOC(hEpHl,
OCOOCHHO, IJIsi SIBJICHWM B BEPXHHUX CIJIOSX aTMOC(epbl, B CHCTEMax OYHCTKH H
KOHJIULIMOHUPOBAHUS BO3/yXa, B MEIUIIMHCKUX MPUJIOKEHUSIX TUIa3Mbl, UX BIUSHUEM
Ha KJIMMAT, Ha HYKJICAIUIO U POCT a’pO30JbHBIX YacTull U T.1. [lna3ma, co3naBaemas
My4YKOM OBICTPBIX DJIEKTPOHOB, IIMPOKO HWCIIONB3YETCA ISl YOAJICHUS BPEIHBIX
COCIMHEHMM M3 Bo3ayxa. HecMOTpss HA MHOTOUMCIIEHHOCTh PaboOT MO IJIa3MOXUMUU
BJIQXKHOTO BO3/yXa, OOJIBIIMHCTBO M3 KOTOPBIX IMOCBAIIECHBI U3YyYEHHUIO MPOIECCOB B
BEPXHUX CJIOSIX atMocepbl W B paspsaax MNpU JOCTATOYHO HU3KUX JIaBJICHUSX,
CEroJIHsI HaOIIOJAeTCsl HEJIOCTATOK JIAaHHBIX MO0 MOHHO-MOJIEKYJISIPHBIM MPOIECCaM BO
BJIQKHOM BO31yXxe Ipu armocepHoM pamieHuu. Hacrtosimas pabora mocBsieHa
CO3JIaHUI0 KUHETUYECKOW MOJIeTM HMOHHO-MOJIEKYJISIPHBIX IPOIECCOB C Y4YacTHEM
3apSOKCHHBIX YacCTHI[ TIa3Mbl BO BJIAKHOM BO3AYyXE IMPU €ro HMOHMU3ALUU MTYyYKOM
OBICTPBIX IEKTPOHOB.

B xunetnueckyro mojnens BkimodeHo Oosee 600 mporieccoB MOHU3AIMMHU MOJIEKYIT
a3oTa, KHCIOpoJAa ¥ BOJBI ITyYKOM OBICTPBIX JJICKTPOHOB, TMPWIMIAHUS U
pPEKOMOWHAIIMM HMOHOB, JBYX M TPEXTCIbHBIX HOH-MOHHOHW pPEKOMOMHAIIUKA U
KOHBEPCUHU MOHOB JJIs 54 3apsKEHHBIX KOMIIOHEHT I1a3Mbl. MOE/b YUUTHIBAET MOHBI
H;0"(H,0), u O, (H,0), ¢ n ot 1 10 12. CucremMa HeCTAalMOHAPHHIX yPABHEHHl
OajlaHca Il KOHIEHTpAIMil 3apsHKEHHBIX YacTHI[ TUIa3Mbl pelianach YHUCIEHHO
meTogioM Pynre-KyrTa 4-10 nopsiika TOYHOCTH, a CUCTEMa CTallMOHAPHBIX YpaBHEHUN
OajlaHCca — METOJIOM MTEpalluid C 1LIETbI0 ONPEeEICHUS COCTaBa IUIa3Mbl BO BJIAKHOM
Bo3ayxe. MccienoBanus MpoBEIEHBI [T CKOPOCTEeW MOoHM3auu ra3a ot 10 1o 10% cmr
lu JI0JI€ MOJIEKYJI BOJibl B Bo3ayxe oT 0 110 2%.

Hacrosias pabota BeITIOJIHEHA TIpU (PUHAHCOBOM ToIepkKke Poccuiickoro Hay4yHOTO
donma, mpoekt Ne 16-12-10424,

91



UCCJEJOBAHME MPOJIYKTOB CBY PA3PSIA B KHJIKAX
YIJIEBOJIOPOIAX

RESEARCH OF PRODUCTS OF MICROWAVE DISCHARGE IN LIQUID
HYDROCARBONS

Jle6enen 10.A., ABepun K.A., BanoB A.O., bopucos P. C., 'apudymmun A.P.
Lebedev Yu.A., Averin K.A., Ivanov A.O., Borisov R.S., Garifullin A.R.
Hncmumym negpmexumuueckoeo cunmesa um. AB. Tonuuesa PAH
Poccus, 119991, Mocksa, Jlenunckuit npocnexkm, 29
lebedev@ips.ac.ru

[IpencraBnensl pe3yabTaThl uccienoBanus TBepaodaszHeix mnpoaykToB CBY paspsga B mimpokom
Habope XKHUIKUX yriaeBoaoponax (meron SAMP 13C) U KUJKHUX YTJIEBOJOPOJOB IOCIE CO3JAaHUSA B
Hux CBY paszpsga (meron ['’X-MC).

The results of the study of solid state products of microwave discharge in wide spectra of liquid
hydrocarbons (13C-NMR method) are described as well as results of study liquid hydrocarbons
after creating therein the microwave discharge (GC-MS method).

Pabora mnpomomkaer 1mukia ucciaenoBanuii CBY  pa3psnoB B KHUIKHX
yrieBogoponax [1-4]. IlpencrtaBiieHbl  pe3yabTaTbl U3Yy4YE€HUS  TBEPIO- U
KHUIKO(]A3HBIX MPOIYKTOB IIa3MoxuMudeckux peakiuit B CBU-paspsiae B Kuakux
YIJIEBOJOPOAAX Kjlacca AJKaHOB, QJIKEHOB, LHKJIOAIKAHOB, apOMAaTHYECKHUX
coeauHeHuil. Mcnosib30BaHHasi yCTaHOBKA onucaHHa B [1].

Teepnodaszusie mpoayKTH UccaeaoBaIMCh MeTogoM SIMP BC Ha npudope MapKu
Varian Unity AS 500. Anaim3 moka3ajJ, 4YTO 4YacTb OOpa3IOB COJEPKHUT
amdatudeckyro (asy (muku B mHTepBasie 13-31 M.1m.), 9TO CBUICTENBCTBYET O
HETIOJTHOM TIE€PEX0JI€ KUJKOTO YIJIEBOAOPOJa B TBEPJbIE YIIE€POJHBIC YACTHUIIBI.
Jlpyras gacTb 00pa3IoB COACPKUT OAWH MOJIOTMH MUK B uHTepBaie 110-142 m.n.,
YTO CBUJETEIBCTBYET O IOJHOM NPEBPALICHUU KUJKOTO MCXOJHOTO BEIIECTBA B
TBEp/bIi caxeBblil mpoaykt. [Ipu 06padorke B CBY mna3zme BA3KHUX YIIIEBOJOPOIOB
(Macna, TshKenble TPOAYKTHhI HedTernepepadOTKU) HAa KOHIIE aHTEHHBI oOpaszyercs
oO0beMHas yriiepojcoaepkaiias crpykrypa [1,4].

XKunkodazHpie MPOAYKTHI HCCIEIOBAIUCH METOJOM Ta30BOM Xxpomarorpaduu c
Macc-crekTpomeTpoM Ha nmpudope Thermo DSQ Il. Ananu3 coctaBa x-renTaHa [0 H
nocie 06padotkn CBY mna3moi mokasai, 9To M3BMEHEHHH B COCTaBe YIJIeBOJ0pOaa
He HaOmomaercs. [Ilpy  KOHIIGHTpUpPOBAaHWUM MPOOBI IMyTEM  BBIIAPUBAHUS

00pabOTaHHOTO YTIIEBOJOPOAA YAAeTCsi OOHAPYKUTHh PAJl APOMATUUECKHX BEIIECTB
[3.4].
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PACHHPOCTPAHEHUE OTPULHATEJBHOI'O CTPUMEPA 110 I1Y3bIPIO,
IINTABAIOINEMY HA IIOBEPXHOCTHU KUJIKOCTHU

PROPAGATION OF A NEGATIVE STREAMER OVER A BUBBLE
FLOATING ON A LIQUID SURFACE

Axuies [O.C., Kapanbauk B.b., MenseneB M.A., IlerpsikoB A.B., Tpymikun H.H.

AO "T'HL] P® TPUHUTH", 108840, Mockea, Tpouyk, yn. I[lywkosvix, 12.
medvedev@triniti.ru

AHHoTanusa. M3naraioTcst pe3ysiabTaThl SKCHEPUMEHTAIBHBIX HCCIEIOBAHUNA B3aUMOJICUCTBUS
OTPUIIATEIILHOTO CTpUMEpPA C IMy3bIpEM, IUIABAIOIIMM Ha ITOBEPXHOCTU JKUJIKOCTH C pPa3HOU
MIPOBOJUMOCTBIO.

Abstract. The report presents the results devoted to propagation of a negative streamer along the
bubble floating on a liquid having a different conductivity.

CtpuMepHble pa3psalbl 4YacTO MCHOJB3YIOT [l  HACBIIMICHHUS KUJKOCTEH
AKTUBHBIMHU YaCTHUIIAMH, CIIOCOOHBIMU MHHUIIMUPOBATH WM YCKOPUTH HEOOXOAUMbBIE
omoxumudeckue mporecchl. IHPEKTUBHOCTh IJIA3MEHHONW aKTHUBAIIMU 3aBUCUT OT
IJIOIIAM CONPUKOCHOBEHHUS CTPUMEPOB C KUAKOCTHIO0. OAMH U3 MyTel yBEIHMYECHUS
ATOM TUIOMIATU COCTOMT B MCIOJIb30BAHMM >KUJIKOCTH B BHJI€ TIEHBI, COCTOSIICH U3
MHOXeCTBa Ty3bIpeil. [lo 3Toil mnpuYMHE BBIICHEHHE B3aUMOJICHCTBUS ITy3bIps
KUJAKOCTH CO CTPUMEPOM TIPEJCTaBIsCT OONBIION HAYYHBIA W MPAKTUYECKHMA
uHTepec. B noknaze mpencTtaBieHbl Pe3yibTaThl HCCIEAOBAaHUSA B3aUMOJCHCTBUS
OTPUIIATEILHOTO CTPUMEpA C IUIABAIOIIMM IY3bIpEM Ha BOJOMPOBOJHOM BOJIE.
[Ipumep mMOJy4EHHBIX B SKCIEPUMEHTE PE3yJIbTaTOB MpeacTtaBieH Ha Puc.l.
PaszBepnytas uapopmaius OyaeT u310’KeHa B MTOJHOW BEPCUU JOKIIAIA.

=-12 kB =-14 kB

U=-17xB U=-17xB
Puc. 1. BHemHuii BuJ OTpULATENBHBIX CTPUMEPOB Ha IIy3bIp€ C JIUAMETPOM
OCHOBaHMs 15 MM IIpH pa3IMUHBIX HAIIPSDKEHUAX Ha ocTpue. BomonpoBoaHas Boja.

Pa6ota BeinoaHeHa npu nozaepkke PODU (rpant Ne 16-02-00613).
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DYNAMICS OF NANOSECOND DIELECTRIC BARRIER DISCHARGE
DEVELOPMENT IN SYMMETRICAL AND ASYMMETRICAL
DISCHARGE GAPS

Khomich V.Yu., Malashin M.V., Moshkunov S.1., Podguyko N.A., Shershunova E.A.
Institute for Electrophysics and Electric Power, Russian Academy of Sciences,
St.-Petersburg, Russia, 191186, Dvortsovaya nab.,18
E-mail: podguyko.nikolay@mail.ru

The difference of DBD ignition in symmetrical and asymmetrical discharge gap was studied. The
numerical simulation of electric field near the bare grounded electrode is presented to explain it.

There are series of contributions on nanosecond atmospheric pressure air DBD in
symmetrical discharge gap [1,2]. However, the dynamics of the discharge
development in asymmetrical gaps has not
been researched virtually. Therefore, a series C2 1.2 A/div
of experiments were carried out in order to C4[ Y/ 0N O3 _10 ns/div
study it (fig.1). High-voltage rectangular pulses ~ ceuer  /f NS
with nanosecond rise time were used as a
power supply [3,4]. Various gap configurations ===/ e, SN PR
were used: symmetrical and asymmetrical. Due
to the presence of the segmented ground Figure 1. Currenttraces of the
electrode, the spatial-temporal discharge Segmented electrode in 3 mm gap.
generation was recorded [1,5]. According to
the current waveforms, one can see an order of discharge ignition in every segment.
; | Different discharge development appeared
10,510 V/m | with the barrier on the ground electrode

1 and without it. In the case of symmetric

I | barrier discharge, the ignition started from
] N— ) | the center of the electrode, but in the case
" hall B of asymmetric one — from the edge. It can

2 mm

] | | be explained by means of electrical field
Figure 2. Electric field distribution near €dge discontinuity and it is confirmed by
the segmented electrode. numerical simulation (fig.2).
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KPYT'OBOE JIBUKEHUE HEMTPAJIbBHOM KOMIIOHEHTHI IIJIA3MBI
MATHETPOHHOI'O PA3PAJIA

CIRCULAR MOTION OF THE NEUTRAL COMPONENT OF
MAGNETRON DISCHARGE PLASMA

Mans A. ®.12, Pa6unkun A. H.l’z, Cepos A. 0.1‘2, ®umanmos A. B.
‘Hunsio mr YV, P®, 119991, I'CII-1, Jlenunckue copwi, 0om 1, cmpoenue 2, Mockea
2A0T. HI] PO© TPUHUTHU, PD, 142190, yn. Ilywkosvix, 1. 12, 2. Mockea, 2. Tpouykx,

alex.ryabinkin@gmail.com

OKCIIEpUMEHTAIBHO  IIOKa3aHO  CYIIECTBOBAHHWE a3UMYTAJIbHOIO  JBHXKEHHUS  HEUTpaibHOMU
KOMITOHEHTHI TIJIa3Mbl MarHETPOHHOTO pa3psija MOCTOSHHOTO Toka. JIJis 3Toro B paspsi B aproHe
BBO/AMJIAch HeOombIas 100aBKa KCEHOHA M M3Y4ajoch €€ paclnpocTpaHEHHe BIOJb IUIa3MEHHOTO
KoJplia. HampapiieHrne ABMKEHUS COBIAAANIO ¢ HAIpaBICHUEM Jipeiia 3JIEKTPOHOB B CKPEIICHHBIX

nosisix. CpaBHEHHE PE3yJbTAaTOB SKCIIEPUMEHTA C PE3yIbTaTaMM pacueTa JJisl yKa3aHHBIX YCIOBHH
JaJI0 OLIEHKY CKOPOCTH OKOJIO 2 M/C.

The existence of an azimuthal motion of the neutral plasma component of DC magnatron discharge
is shown experimentally. For this purpose, a small addition of xenon was introduced into the
discharge in argon and its propagation along the plasma ring was studied. The direction of motion
coincided with the direction of the electron drift in the crossed fields. Comparison of the
experimental results with the calculated ones for noted conditions gave an estimate of the velocity
about 2 m/c

[lenpr0o maHHOW pPabOTHI SIBISTIOCH HEMOCPENCTBEHHOE HAOIIOJCHUE BpAICHUS
HEUTPAJIBHOIO Ta3a B IUIa3ME€ MArHETPOHHOro paspsna. g 3Toro B IUIa3MEHHOE
KOJIBIIO MAarHeTPOHHOI'O pa3pszia HaJ IUIOCKAM 3JIEKTPOAOM HMITYJIBCHO BBOAWIIACH
IIPUMECHh KCEHOHA, M MCCIECI0BAIOCh €€ pACHPOCTPAHEHUE B JBYX Pa3IMYHBIX
HalpaBJICHUAX  BJAOJb  Pa3psHOTO  Kojblla.  PacmpocTpaneHwe — mpumecu
PETUCTPUPOBATIOCH [0 BPEMEHHOMY U3MEHEHUIO0 MHTEHCUBHOCTH €€ CBEUEHUS B PA3HBIX
Toukax paspsjaa. PaspsmgHas o0nacTh cocTosjia M3 KOJBIIEBOTO MEIHOTO Karoja
muamerpamMu 180 u 220 MM, mox KOTOPBIM pacnojiarajach MarHMTHas CHCTEMA,
COCTOSIBIIIAS U3 JIBYX KOAKCHAJIbHBIX PSJIOB MAarHUTOB Ha KOJIBIIEBOM MAarHUTOIPOBO/IE.
Bokpyr kaToiHOTO KOJIbLIa HAXOIMJIUCh 3a3€MJIEHHBIE CTEHKHU BbICOTOM 4 cM. B Hauane
AKCIIEPUMEHTA B PA3PSAHON Kamepe moaiepkuBaics paspan B aprode npu 300 B, 0.36
A n nanennu 50 ITa. Bo BHelIHEN CTEHKE HAXOAWJIOCh HAITyCKHOE OTBEPCTHE, Yepes3
KOTOpPOE BHYTPb Pa3psiIHON KaMepbl UMITYJILCHO IOJABAJICS KCEHOH (€ro mapuuaibHOe
JaBjeHue Tocyie Hamycka coctaBisio 0.5 % ot gaBiaeHust B kamepe). M3mepsiiach
WHTEHCUBHOCTb CBEUEHUS JIMHUM KCeHoHa 4624 HM B JBYX JUWaMETPalIbHO
IPOTUBOMOJIOKHBIX TOYKAX pPa3psAIHOrO KOJbIA, HAXOIAIIUXCS Ha OJUHAKOBOM
pPacCTOSIHUM OT HAIyCKHOT'O OTBEpPCTUsl. Perncrpupyemble BpEMEHHBIE 3aBUCUMOCTH
MHTEHCUBHOCTH CBEUYEHMS B 3TUX TOUYKAX HAPACTaIM C Pa3HON CKOPOCTHIO BCIIEJICTBUE
CYILLIECTBOBaHMUSI HANPABJICHHOIO JABMXKEHHUS HEUTPAIBHOIO Ta3a BIOJb PA3pPsIHOTO
KOJIbI[a, HAMNpaBJIEHUE KOTOPOrO COBMAAAET C Aper(oM 3JIEKTPOHOB B CKPEIIEHHBIX
noyisix EXB. Beuia uucnenHo pemieHa 3anada qud@y3ud B TOTOKE JJIst  YCIOBHIA,
COOTBETCTBYIOIIMX 3KCIIEPUMEHTAIBHBIM, YTO MMO3BOJIMJIO MOJYYHUTh OLICHKY CKOPOCTH

nBUKeHUs raza — 175 cm/c. Pabota BeimonHena npu nojaiep:kke PH®, npoekt No 16-
12-10511.
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MODELING OF THE ION AND FAST ATOM ENERGY SPECTRA
IN AN ARGON TOWNSEND DISCHARGE

Savichkin D. O., Kristya V. I.
Bauman Moscow State Technical University, Kaluga Branch, Bazhenov-st., 2,
Kaluga, 248000, Russia, denis.savichkin@phystech.edu

Simulation of argon ion motion in the low-current discharge is fulfilled by the Monte Carlo
method, taking into account the charge exchange and elastic scattering on argon atoms. The energy
spectra of ions and fast neutrals generated under ion elastic scattering are calculated and their
contributions to the cathode sputtering are found.

A mixture of argon with mercury vapor, in which the density of saturated
mercury vapor decreases exponentially with temperature, is used in different types of
gas discharge illuminating lamps as a background gas [1,2]. When the electric current
flows in the mixture, the mercury ion flow density depends significantly on
temperature and at its negative values it is by several orders lower than the argon ion
flow density [3,4]. Hence, sputtering of the cathode, which reduces the lamp lifetime,
Is a result of its surface bombardment by argon ions and fast atoms generated in ion-
atomic collisions. Therefore, only argon ions and fast neutrals, which move into the
parent gas, can be taken into consideration under simulation of this process at low
mixture temperatures.

The effective (averaged over particle energies) coefficient of the cathode
sputtering by argon ions as a function of the reduced electric field in the Townsend
discharge was calculated in [5] under taking into consideration their resonant charge
exchange on argon atoms, whereas the ion elastic scattering on argon atoms was
neglected. In this work, motion of the argon ions in the discharge volume is simulated
by the Monte Carlo method with due account of their charge exchanges and elastic
scattering on argon atoms. The energy spectra of ions and fast neutrals generated in
elastic collisions are calculated at different discharge conditions. The contributions of
both types of particles to the cathode sputtering, as well as the flow densities of atoms
sputtered by them from the cathode surface, are found.
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KOATYJISIIASA NBUIEBBIX YACTHIL B IUTASME MATHETPOHHOT O
BY PA3PSIIA

COAGULATION OF DUST PARTICLES IN MAGNETRON RF
DISCHARGE PLASMA

ITams A. <D.1’2, Ps6unkun A. H.}?, CepoB A. 0.1‘2, ®umanmos A. B.
YHUUAD MI'Y, P, 119991, ['CII-1, JTenunckue 2opwi, dom 1, cmpoenue 2, Mocksa
°AO T'HI] PD TPHHHUTH, PD, 142190, yn. Iywkossix, 61. 12, 2. Mockea, 2. Tpouyx,

aserov@mics.msu.su

HaGnromaemass koarymsiusi OAHOMMEHHO 3apsHKEHHBIX YacTHIl OJM3KOro pasmepa OObSCHEHa Ha
OCHOBE TOJYYEHHBIX JKCHEPUMEHTAJIbHBIX JAaHHBIX O PACIOJIOKEHUU JIOBYIIEK, O CKOPOCTIX MU
pa3Mepax 4acTHI] U TEOPETUYECKOTO0 PACCMOTPEHUS 3JIEKTPOCTATHUYECKOIO B3aUMOJEHCTBUS JIBYX
YaCTUI B pa3psiIHON IJ1a3Me € y4ETOM HEOJHOPOHOCTH paclpeAeIeHNs IOBEPXHOCTHOIO 3apsaaa U
C Y4eTOM OJIHOPOJHOTO BHEIIHETO JJIEKTPUYECKOTO mojis. YacTuibl ¢ Maccoil Ooiee 10 ¢
JBUTAIOTCSl BIOJb TPEKa paclbUICHUS U KOJEOJIOTCA B BEPTUKAIBHOM IUIOCKOCTH B 00JacTH
AJIEKTPUUYECKOTO TOJS HANpsHKEHHOCThIO Ha ypoBHe 100 B/cM. B ciywae mocrarouno Gomibmmx
YacTUI[ pPa3MEpPOM B HECKOJIBKO MHUKPOH, OONaJaroIluX H3MEPEHHBIMH KOJeOaTelbHbIMU
CKOPOCTSIMH, 3JIEKTPOCTATHUECKOE OTTAJIKMBAHHE MOKET OBITh MPEOO0JICHO. DTO MOXKET CIYXKHUTh
00BsICHEHHEM HA0JII01aeMON B SKCIIEPUMEHTE KOATYJISIUH.

Observed coagulation of like charged particles is explained basing on the obtained experimental
material on the plasma trap location, particles sizes and velocities, and on the theoretical study of
the electrostatic interaction of two particles in discharge plasma which accounts of the non-
uniformity of the surface charge distribution in presence of the uniform external electric field. The
observed particles having mass above 10*° g move along the ring-shaped sputtered trench and
simultaneously oscillate in the region where the electric field of the order of 100 V/cm exists. The
particles with size of several microns, confined in the presheath of the RF magnetron discharge,
represent the kinetic energy value that is sufficient for the electrostatic barrier overcoming. This
may be the cause of the observed coagulation of particles having the near sizes.

OKCHEepUMEHTAIbHO ~ HaOMIoJacs pOCT 4YacTWll, YAEPKUBAEMbIX B  IUIa3Me
MarHeTpoHHoro BY pa3psga Hag IUIOCKMM  MEIHBIM  3JIEKTPOAOM. YacTuibl
3apOXKJAOTCA B IUIa3ME€ W3 PACIBUICHHOIO Marepuaja M pacTyT 0 MHUKPOHHBIX
pPa3MepOB B BUJE OTAEIbHBIX KOMITAKTHBIX KPUCTAJUIUTOB. YaCTUIIBI IBUTAOTCS BJIOJIb
pa3psAIHOTO KOJIblla B HarpaBieHuu jpedda EXB u onHOBpeMEHHO KOJIEOTIOTCS
BepTUKanbHO. HaOmromaercsa koarynduus 4acTull B IUIa3M€ MO JOCTHXKEHUU HMHU
onpeieIeHHOro pa3mepa. Yactuilpl ¢ Maccoit 6onee 10" ¢ JIEBUTUPYIOT B 00JIACTH
AIIEKTPUUYECKOTO0 TOJS HampsbkeHHocThio Ha ypoBHe 100 B/cm. Ilposeneno
TEOPETUYECKOE PACCMOTPEHUE IIEKTPOCTATUYECKOTO B3aUMOJECHCTBHS IByX YaCTUL B
paspsaHoH 1ia3Me. Hannuue 31eKTprUdecKoro nojisl yKa3aHHOW BEJTMYHMHBI B 00JIaCTH
B3aMMOJICUCTBUS CYILIECTBEHHO CHI)KAET SHEPreTHUYECKU Oaphep, KOTOPBIA JOJKEH
ObITh TMPEOAOJIEH ISl KOAryJsiuu JBYX OJAHOMMEHHO 3apsHKEHHBIX cepruecKux
yacTul OJu3Koro pasmepa. Yactuipl ¢ pazMepaMu B HECKOJIBKO MHUKpPOH M Ooliee,
yAep>KUBaeMbIe B TIpeaciioe, 00Jadat0T KMHETHYECKON dHEpruei, JOCTaTOYHOU s
MPEOJIOJICHUST 3TOr0 Oapbepa, UYTO MOXKET CIYXUTh NPUUYMHON HaOII0IaeMoun
Koaryisiiuu yactuil. Hacrosimias pabota BBINONMHEHA NpU (PMHAHCOBOM MOAJIEPIKKE
PH®, mpoekt Ne 16-12-10424.
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OBPABOTKA KCEHOIEPUKAPJIA XUPYPITMUECKHUX
UMILIAHTATOB BBICOKOYACTOTHOM IIJIABMOM

HIGH-FREQUENCY PLASMA PROCESSING OF XENOPERICARDIUM
FOR SURGICAL IMPLANTS

Cynranranuesa [.1., MuponoB M.M., I'pebennnkora M.M.
Kazanckuti nayuonanvmwiii ucciedo8amenbCkull mexHoai02udecKull
yuusepcumem, Poccus, 4200135,Kazans, K.Mapxca 68,
mironov.medinstrument@yandex.ru

[Tonyyanu kcenomepkapn u3 mnepukapaa KPC ¢ nyOneHweMm TIyTapoBBIM —allbJIETHAOM U
nocyenyomeil 1iasMeHHol 00paboTKOW B BBICOKOYACTOTHOM E€MKOCTHOM paspsijie  aprosa.
ITpoBounu nccienoBaHNe PU3NKO-MEXaHUYECKUX XapAKTEPUCTUK KCEHOMEpHKapia COOCTBEHHOTO
MPOU3BOJICTBA M 3apyOeXKHOro. YCTaHOBJIEHO, YTO TMoOcie OO0pabOTKM B EMKOCTHOM paspsje
MMPOYHOCTHBIE XapaKTEPUCTUKH yayurmmiuchk Ha 20-40%.

Xenopericardium was obtained from cattle pericardium with glutaraldehyde tanning and high-
frequency plasma processing in a capacitive discharge of argon. A study of physical and mechanical
characteristics of xenopericardium own production and manufacturing group Johnson & Johnson
(USA). It is found that after processing in a capacitive discharge strength properties improved by
20-40%.

Kcenonepukapa npuMeEHSIOT B MPOU3BOJACTBE KJIANaHOB CEpJLla, BEH U apTEpPHUM.
D10 00BEMHO-TIOPUCTHIN  GUOPWILISAPHBIM  OEJIKOBBIM ~ MaTepHall  YKUBOTHOTO
npoucxoxaeHus ¢ repmocroiikoctbio 100-110 °C, u conepsxkanuem Biaru 6omaee 50 %.
CtpykTypa MMIUIAaHTHPYEMOTO KCEHOIIEpUKapAa CIIMTa MEXMOJEKYISIPHBIMU
nyoutensamu. [Ipomeiennsii Beimyck npousBoaat CLIA, U3pauns, Poccust.

[TpoBoamu BeIpabOTKy jockyToB M3 mepukapaa KPC ¢ myOneHueM TiyTapoBbIM
QJIBJIETHIOM M TIOCTICAYIOIICH TIIa3MEHHON 00pabOoTKOM B EMKOCTHOM pa3psijie aproHa,
UCTIONB3YSl A1 BO30OykaeHust vactory 13,56 MI'n mpu naBnenun 26,6 Ila wu
BKJIaJbIBaeMOM B pa3psa MomtHocTu 2,0 kBT. PacdueTHass HEpaBHOBECTHOCTD ILJIa3MbI
COCTaBJIsIa 1O TeMIiepatype Tsokenbix vactull okoiio 400 K, mo 3nexkTpoHHOU
temriepatype Ha ypoBHe 10000 K. ®Ousuko-MexaHUYECKHE XapaKTEPUCTUKU
KCEHOIIepHKap/ia COOCTBEHHOTO IMPOU3BOJICTBA U MPOM3BOJICTBA KOHIIEpHA JI)KOHCOH 1
Jlxoncon (CHIA) nmocne 00pabOTKH B EMKOCTHOM paspsiae yayumiuch Ha 20-40% u
MIPUBE/ICHBI B TAOJHIIE.

Tabnuna - [lokazaTenu KceHomepukapaa 10 ¥ Mocjie IIa3MEeHHOU 00paboTKu

[IpousBoauTtens | Bpemst o6paboTku, [Ipounocts, | Temneparypa
MHH MIla cBapuBanus, °C
JI>KOHCOH H 0 18,5-19,2 96,5-97,2
JxxoHCOH 18- 20 25,6-26,1 99,0- 100,5
CoOcTBeHHOE 0 15,3-17,5 92,5-94,6
IPOU3BOJICTBO 18- 20 18,1-19,0 97,2- 98,1

N3mepenre NPOYHOCTH NPOBOAMIM TMPU OTHOCUTEIBHOW BIIAXKHOCTH BO3JyXa
onuskoit k 100%. O6paboTka MPUBOAUT K YMOPSAOUYEHUIO CTPYKTYPbI, aKTUBALIUU
CIIMBAIOLIMX AareHTOB, YCPEIHEHHWIO HAHOIOP, YTO OIPEACICHO pPacyeTOM U
MOATBEPKAACTCS BJICKTPOHHON MUKPOCKOIIMEN CTPYKTYPHI.
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HIGH VOLTAGE AC PLASMA TORCH OPERATING ON VAPORS
OF ORGANIC SUBSTANCES

Surov A. V., Popov S. D., Serba E. O., Nakonechny Gh. V., Subbotin D. I.,
Pavlov A. V., Spodobin V. A., Nikonov A. V.
Institute for Electrophysics and Electric Power of Russian Academy of Sciences,
Russia, Dvortsovaya emb.18, Saint Petersburg, 191186, alex_surov@mail.ru

The report deals with a three-phase high-voltage plasma torch with separate supply of gases and
vapors during its operation on a mixture of steam, carbon dioxide, methane and chlorobenzene
vapors. Increase in the chlorobenzene flow rate leads to increase in the arc voltage drop and electric
power from 100 to 140 kW.

In most cases, waste from production of chlorine-containing substances have high
toxicity and thermal stability. Traditional combustion is impossible due to the
formation of dioxins. There are a number of methods for processing chlorine-
containing substances: catalytic reduction, fusion with alkalis, destruction by thermal
air plasma [1, 2]. Plasma torch with separate feeding of plasma-forming media into
the near-electrode zone and into the arc combustion zone has been developed in IEE
RAS [3, 4]. The shielding gas (carbon dioxide) is supplied into the near-electrode
zone, and other gases and vapors of organic and inorganic liquids may be fed into the
arc zone. Operation of the plasma torch on a mixture of carbon dioxide (2.9 g/s),
steam (2.9 g/s), methane (0.3 g/s) and chlorobenzene vapor (0-3.56 g/s) is discussed
in the paper. Short-circuit current of the source is 55A. No load voltage is 10 kV. As
can be seen from the figure, the electric arc voltage drop of plasma torch increases
with increasing of CsHsCl flow rate. This is due to increase in the thermal heat losses
of the arc (proportion of hydrogen in the mixture increases).

1,30

1,251
1,20+
1,151
1,101

VOLTAGE DROP, kV
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Figure. Dependence of the arc voltage drop versus chlorobenzene flow rate.
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BO3HUKHOBEHWE ¥ PA3BBUTHE UCKPOBBIX KAHAJIOB B
IJIASMEHHOM CTOJIBE TA30BOI'O PA3PSIJIA MEXKIY
BOJTHOPACTBOPHBIM KATOJOM M MEJHBIM AHOJIOM

THE EMERGENCE AND DEVELOPMENT OF SPARK CHANNELS IN THE
PLASMA COLUMN OF THE GAS DISCHARGE BETWEEN A WATER-
SOLUTION CATHODE AND A COPPER ANODE
I'.X. Tazmee*, b.A. Tumepkae*, A.X. Tazmeep™**
* Kazanckuil HAYUOHAILHBIU UCCIe008aMeNbCKULL MEXHUYECKUL YHUBEPCUMem um.
A.H. Tynonesa, Poccus, 420111, Kazans, yn. K. Mapkca, 10,
tazmeevg@mail.ru
**Kazanckui (Ilpusonsicckuti) gpedepanvuviii ynueepcumem, Habepesicnouennuncrkuii
uncmumym, Poccus, 423810, Habepeoicnvie Yennwl, npocn. Mupa, 68/19

OKCIePUMEHTAIBHO HUCCIICJIOBAH Ta30BBIA Pa3psil B BO3IYXE MEXIy BOJHOPACTBOPHBIM KaTOJAOM U MEIHBIM
aHOJIOM. BBIsSBIIEHBI YCIIOBUS MOSBICHUS W 3aKOHOMEPHOCTH Pa3BUTHS MCKPOBBIX KAaHAJOB B TUIA3MEHHOM
cToyibe paspsna.

The gas discharge in air between water-solution cathode and a copper anode was experimentally
studied. The conditions of the emergence and development patterns of spark channels in the plasma
column of discharge were identified.

B nocnenHue ronpl HaOMIOAAETCS MOBBILICHHBIM HHTEPEC K Ta30BbIM pa3psaaM C
KUJAKAMH 3JIEKTPOJaMH. boybllioe BHUMaHHWE yNIENSETCS BapHAHTY KUIAKO(DA3HOTO
Karojga. B TakoM BapuaHTe, MOAOOHO TIHEIOUIEMY pa3psAdy, HaJa KaToJIOM
dbopmupyeTcsi 00beMHBIN IIa3MeHHBIN cTosO. [laHHas pabGoTa HampapieHa Ha
U3y4YEHUE PEXKUMOB, NPU KOTOPHIX BHYTPU IUJIA3MEHHOTO CTOJI0A MOSBISIOTCS
MCKPOBBIE KAHAJIBI.

Kuakum KaToIoM CIyKHUJI pacTBOP XJIOpHJIa HATPUSl B JTUCTUIUIMPOBAHHOM BOJIE.
B omnbiTax ucnosib30BAIMCH pacTBOPHI ¢ KOHIEHTpanuen nmo macce ot 0.1 go 0.05 %.
Boauplii pacTBOp HCTeKkan M3 KaHala KpYrJoro CEYeHus, YCTAHOBJIEHHOIO
BEPTUKAIBHO. MeEIHBIM aHOJ pacrojaraics Ha BbICOTE 5 c¢M. MaccoBbIl pacxon
BOJIHOT'O pacTBOpa BapbupoBaiica B mpenenax 5-30 r/c. DIeKTpUYECKOe MUTAHUE
MOJABAJIOCh OT TpexX(a3zHOTO JBYXMOIYMNEPUOJOTO BBIIPSIMHUTENIS C BBIXOIHBIM
HarnpsbkeaueM 3100 B. Ilynbcanum Hanpsbkenus criaaxuBaiuch C-L-C-dunbtpom.
PerynupoBanue TOKa OCYIIECTBIISIOCH CTYIEHYATHIM H3MEHEHHEM OallJTaCTHOTO
pesuctopa B auanazone ot 200 go 50 Om. B mpomexyTkax cTaOUIBLHOTO TOPEHHUS
(6e3 UCKpPOBBIX KaHAJIOB) pa3psaHbIi TOK coctaBis 10-15 A, a Hanpsbkenue 2400-
2700 B. IlosiBneHME MCKPOBBIX KaHAJIOB (PUKCHPOBAIOCH HA OCIMILIOTpaMMax Kak
CKaukooOpa3Hble u3MeHeHHs Toka. Tok Hapactan npo 30-35 A. Ilpu »sToMm
HaIpsKEHUE MEHSUIOCh He3HauuTenpHo. OHo cHmxkanocs Ha 200-300 B.

[Ipoueccsl pacnpoCTpaHEeHHs] U Pa3BUTHSI HCKPOBBIX KaHAJIOB BU3YaJIM3UPOBAIUCH
CKOpocTHOM BuaeocheMKkoil B pexxume 10000 kanpoB B cexyHay. VIckpoBbIe KaHAIIBI
pacrpoCcTpaHsauch OT MeAHoro aHoja co ckopoctsimu  100-150 wm/c. Tlocne
3aMBbIKaHHSI Pa3psAIHOTO MPOMEKYTKAa HCKPOBBIE KaHAJbl pacupsuiuck. OKolio
KaToja MPOUCXOAWIIO WX pa3BeTBiieHHE. B cpeaneil yactu oOpa3oBamuch HU3THUOBI,
XapaKTepHbIE 11 CBOOOTHOMN AJIEKTPUUECKON TyTH.

CrekTpalibHbIE HWCCIIECIOBAHUS B BHIUMOW OOJACTH TOKAa3alid, YTO B MOMEHTHI

IMOABJICHUSA UCKPOBBIX KAHAJIOB npeo6nanaeT H3JIy4YCHUC aTOMOB BOAOPO/JA.
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I'EHEPALIMSA ITYUKOB YBET'AIOIIIUX DJIEKTPOHOB BO BPEMSA
ITPOBOS I'A30B BBICOKOI'O JTABJIEHUA
GENERATION OF RUNAWAY ELECTRONS BEAMS DURING THE

BREAKDOWN OF HIGH PRESURE GASES
Tapacenko B.®., bypauenko A.I'., bakmr E.X.
HUncmumym cunonomounoti snexkmponuxu CO PAH,
np. Akademuueckuit, 2/3, Tomck, 634055, Poccus. E-mail: VFT@Iloi.hcei.tsc.ru

[IpuBeneHbl  pe3ynbTaThl  S3KCHEPUMEHTAIBHBIX  HCCIEIOBAHMM  aMIUIUTYAHO-BPEMEHHBIX
XapaKTePUCTUK ITyYKOB YyOErarommx 53JEKTPOHOB, a TaKKe MPOOMBHBIX HANPSDKEHUH M TOKOB
cyOHaHOCEKYHIHOTO paspsga. CBEXKOpPOTKMW JTaBUHHBIA dJeKTpoHHBI mydok (CJIDIT)
3apEeruCTPUPOBAH C TOMONIBIO KOJUIEKTOpa MpH AaBiIeHUsIX azoTa u renus 1.2 Mlla.

The results of experimental studies of the amplitude-temporal characteristics of runaway electrons
beams, as well as breakdown voltage and discharge current are presented. A collector behind the
flat anode up to pressure 1.2 MPa detected the supershort avalanches electron beam (SAEB) in
nitrogen and helium.

['enepanusi my4ykoB yOeraromux 3JEKTPOHOB B ra3ax BBICOKOTO JAaBJICHUS TpU
WCIIOJIb30BAaHUM  JJICKTPOJIOB €  MaJbIM  PaJuyCOM  KPHWBHU3HBI  SIBIISCTCS
byHIaMEHTATBHBIM ~ (PU3WYECKUM  SIBJICHUEM,  ONPEICISIIONMM  CBOMCTBA
dbopMHupyeMbIX pa3psAoB M 3amna3fpiBaHuEe MNpoOosi. B Hacrosimee Bpems Myyku
yOeraromnmx 3JeKTPOHOB 3a aHOJA0M U3 (osbsru npu atmMochepHoM aamieHuu (=0.1
Mlla) Bo3ayxa WM ApPYyTrHX Ta30B 3aperHCTPUPOBAHBl C MOMOILBIO KOJJIEKTOpAa B
HECKOJIbKMX HAayYHBIX TPYMIaxX, CM. KOJUIEKTUBHBIE MOHOTpaduu [1, 2] u cchlku B
Hux. OJHaKo MpH JaBIECHUH, NMPEBBIIAIONIEM aTMOC(hEepHOe B Ba U Oojee pa3 (P =
0.2 MIla u 6onee), Tonbko B UnctutyTe CunbHoTOuHOM Dnextponuku CO PAH Obin
3apEruCTPUPOBAH MYyYOK YOETaroluX 3JIEKTPOHOB KOJJIEKTOPOM U OBLIM HM3MEpPEHBI
3aBUCUMOCTH amIuuTyabl Toka SAEB ot naBnenus paznuansix razos [1, 2].

Lens nanHOW paboThl — wucciaegoBaTh mapamerpbl CJIDII, a Takke
XapaKTePUCTUKN CYOHAHOCEKYHIHOTO Mpo0osi, TpH AaBleHUsX a3oTta u renus 0.2-1.2
MIlIa.

Bnepseie Tok myudka yberaromniux 35ektpoHoB (CJIDII) ¢ moMoripio KoJIeKTopa
MOJIydYeH W HM3MEpeH 3a aHoAHOW Qosbrol mpu gaBiaeHusix azora 0.5-1.2 MlIla.
[lokazaHo, YTO AJIUTETBLHOCTh MMIYJbCA TOKA IMy4YKa B ATUX YCIOBUAX COCTABIISIET
~90 mnc. Ilpu naBnenum azora 1.2 MIla Ha ocu ra3zoBoro auoaa ¢ TpyOyaThiM
KaTogoM auaMeTpoM 6 MM 3a aHoxHoi AlBe ¢onproii Ha NpUEMHONW YaCTH
KOJUIEKTOpa JuamMeTpoM 13 MM 3aperucTpupoBaHO ~5-10° 3JIEKTPOHOB C JHEPrueit
6onee 70 k3B. YcranoBneno, uro npu reneparun CJIDI1 u MeKIIEKTpOIHOM 3a30pe
4 u 8§ MM B Ta30BOM Auojie hopmupyetcs auddy3HbINA paspsi.
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TEOPUA BBICOKOBOJIbTHOI'O TJIEIOIEIO PA3PSJIA C YYETOM
TEPMOMHUCCHUHU JIEKTPOHOB

THEORY OF THE HIGH-VOLTAGE GLOW DISCHARGE WITH
CONSIDERING OF THERMAL EMISSION OF ELECTRONS
Camnponosa T.M., Yasanos K.H.
Bcepoccuuckut anekmpomexnuueckuii uncmumym umernu B.H.Jlenuna,

Poccus, 111259, 2.Mocksa, Kpacnokaszapmennas 12, kulyanov@vei.ru
Pa3BuTa Teopus BBICOKOBOJIBTHOTO TJCIOLIErO paspsna ¢ y4€TOM BTOPUYHOM AIIEKTPOHHON dMHUCCHH
u Tepmosmuccud. Pemeno ypasuenue [lyaccona B croe 00bEMHOTO 3apsa ¢ yu€TOM OTOKA HOHOB,
MOCTYNMAIMX W3 IUIa3Mbl B CIIOM, HMOHM3alMM Trasa, Iepe3apsaaku HoHOB. Mwmeer wecto
MOTEHIIMAJIbHOE U KMHETHUUYECKOE BBIPHIBAHHME 3JIEKTPOHOB C MOBEPXHOCTU Karoja. s pasindHbIX
HaNpsOKCHAM M JABJICHUM DPACCUMTAHBl PACHPENCIICHHs DIIEKTPUYECKUX II0JE€H, KOHLEHTpALUH
AJIEKTPOHOB U MOHOB B CJIOE, 3aBUCUMOCTH IUIOTHOCTU TOKA OT HanpsbkeHus. [lokazaHo, 4To Hanuuue
TEPMOS3MHUCCUH NTO3BOJIIET MTOBBICUTh MAKCUMAJIBHYIO MOIIHOCTD YCKOPUTEIIS JIEKTPOHOB.

The theory of a high-voltage glow discharge with allowance for secondary electron emission and
thermoemission is developed. The Poisson equation is solved in the layer of the space charge, taking
into account the ion flux coming from the plasma into the layer, ionization of the gas, and charge
exchange of ions. There is a potential and kinetic ejection of electrons from the surface of the cathode.
The distributions of electric fields, the concentration of electrons and ions in the layer, the dependence
of the current density on the voltage are calculated for different voltages and pressures. It is shown
that the presence of thermionic emission makes it possible to increase the maximum power of the
electron accelerator.

BoicokoBosbTHBIN Tierommid paspsia (BTP) — 3To pa3HOBUAHOCTH aHOMAIbHOIO
TJIEIOLLEro paspsaa npu HanpsokeHusx S — 150kB [1, 2]. DnekTpoHsl BEIXOAAT ¢ KaToa
32 CYE€T NOTCHUUAIBHOIO BBIPHIBAHUS IIOJIOKUTEIBHBIMA HOHAMH, a TaKkKe
KUHETUYECKOTO BBIPbIBAaHUA Tpu OOMOApIUpOBKE KaToAa HOHAMU U  OBICTPHIMHU
aToMaMH, KOTOpble o0O0pa3yloTcsi mnpu mnepesapsike. K ciioro mnpuinokeHo BcEé
HaNpsDKEHUE, MOATOMY D3JIEKTPOHBI YCKOPSIOTCA B CIIO€ M 00pa3yloT NpPaKTUYECKH
MOHOJOHEPIreTUYECKUN ITy4oK. MakcumaiibHass MOIMHOCTh — yckopurenen ¢ BTP
OTPaHUYMBACTCS MPEAEIHLHO TOIYCTUMOM MOIIIHOCTBIO, KOTOPAsk BBIAEIAETCSA HAa KaTOJE
3a CUET KMHETUYECKOM SHEpruu OBICTPHIX MOHOB M aTOMOB. DTy MOIIHOCTb MOXKHO
YMEHBIINTD, €CJIA HCIOJIb30BaTh TEPMOKATO, C MOBEPXHOCTU KOTOPOIO AJIEKTPOHBI
OyZIyT BBIXOJIUTH KakK 3a CU€T Yy MPOLECCOB, TaK U 3a CUET TepMOAMUCCHU. B HacTosiieit
pabote pa3suta Teopusi BTP. Pemeno ypaBaenue Ilyaccona B cioe ¢ yu€ToM moToka
MOHOB, ITOCTYIAOLIUX U3 ITUIa3Mbl, HOHU3ALMU a3a JIEKTPOHAMHU, [IEpE3apsAKd HOHOB,
00pa3zoBaHUsl TOTOKA OBICTPBIX AaTOMOB, TEPMOAMUCCHHM W BTOPUYHOM 3JIEKTPOHHOM
OMUCCUM TIO/ IEHCTBHEM OBICTPBHIX MOHOB M aTOMOB. J[JIsl pa3mMuHbIX HANPSHKEHUH U
JABJICHUI ONpeNeNieHbl 3HAa4eHHUs pasMmepa ciios, 3PQPEKTUBHOrO KodPPUIMeHTa
BTOPUYHOM DJIEKTPOHHOM OSMHCCHHU Y.y, PACCUUTAHBI PACIPENEIECHUS DIEKTPUYECKOIO
NoJIs, TOTEHIMada U OOBbEMHOIO 3apsja B CIIO€, a TAKXKe J0JIA MOTOKa MOIIHOCTH,
nepenaBaeMoro karoay. Hammume tepmosmuccnu ¢ Karoga MO3BOJSET PEryJIUPOBATH
TEIUIOBYIO HArpy3Ky Ha KaToJ U MPOBECTH ONTHUMM3ALMIO0 MAPaMETPOB JIEKTPOHHOIO

YCKOPHTEIIS.
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BJAUAHUE TAPAMETPOB ITIOTOKA IIJIASMOOBPA3ZYIOIIEI'O I'A3A B
ITOJIOCTH SJEKTPOJA IIVIASMOTPOHA HA EI'O OPO3UIO

NFLUENCE OF PARAMETERS OF THE STREAM OF PLASMA-FORMING
GAS IN THE PLASMATRON ELECTRODE CAVITY ON HIS EROSION

Anburakos A.C."2, Byraxos E.B.", JlTomapos [1.B."?, Vp6ax A.D.%,
UpenHnueHko M.B.!
'®OI'bYH Uucruryt temnodusuku um. C.C. Kyraremanze CO PAH, HoBocubupek
2HOBOCI/I6I/IpCKI/Iﬁ rOCYJapCTBEHHBIN TEXHUYECKUY YHUBEPCUTET
E-mail: anshakov@itp.nsc.ru

[TpuBeneHsl pe3ynbTaThl HCCIEAOBAHUM YACNBHOW SpPO3UM MEIHBIX TpPyOYaThIX 3JIEKTPOJOB
IYroBOrO IUIa3MOTPOHA JAJIsl HarpeBa Bo3ayxa. Iloka3aHa omnpenensromas poib IPOCTPAaHCTBEHHON
CTa0WJIN3alMU JIyTOBOTO paspsijia U CUJIIbl TOKAa Ha BEIUYMHY YIENbHOW 3po3uu. OrpeneseHsl
YCIIOBHSI ONITUMAIIBHON 3PO3UU IEKTPOJOB B 3aBUCMMOCTH OT pacxoja IN1a3Mo00pa3yrollero rasa,
JABJICHU B pa3psiAHON KaMepe U IUaMeTpa dJIeKTpoaa.

Results of researches of a specific erosion of copper tubular electrodes of an arc plasmatron for air
heating are given. The defining role of spatial stabilizing of the arc discharge and current intensity
on value of a specific erosion is shown. Conditions of an optimum erosion of electrodes depending
on the expenditure of plasma-forming gas, pressure in the bit camera and diameter of an electrode
are defined.

[IpeaAMETOM SKCHEPUMEHTAIILHOTO HCCJEAOBAHMS SIBISIETCS BHYTPEHHHUM MOJBINA
AJIEKTPOJI TPEXKAMEPHOTO IIJIa3MOTPOHA C Ta30BUXPEBOM cTabmiM3anuend IyrH.
JlnameTp BHYTPEHHEN MOJIOCTH COCTABIISUI 20-10°, 50-10° u 60-10°m. [TonsspHOCTB
MOJIKJIFOUEHUS! K UCTOYHUKY AJIEKTPONUTAHUS Oblia IPSIMOM (3JIEKTPOJ — KaTOJl) WU
oOpaTHOM (3JEKTPOJI — AaHOJ).

Benuunna ynenbHoit spo3un G , kr/Ki paccuuThiBajiach MO COOTHOIIECHHUIO
Am/(It).

WccnegoBanus ynenbHOM 3po3un KaTo/la OT TOKa IyrOBOr0 paspsjia MoKa3aiu, YTo
B 3aBucumocty G = f(I) ycraHoBneHo siBIeHHME KpuUTHYECKOro Toka |y, BbImIe
KOTOporo HaOmromaetcsi peskoe yBenuuenue G. Ecim s auamerpa snekrpona d =
20-10° M 1, = 300 A, o ;s d = 50-10° M 1, = 600 A.

3Hauenue |, TeM OoIblIE, YEM BBIIIE CTAOMIM3UPYIOMNHI () (EKT Bpalaonierocs
noroxa V,,. T.x. V, ~ G/pd, To u I, = (G, p, d)

YcTaHoBIEHBI HEOOXOIMMBIE YCIOBHS UIUTEIBHOIO pecypca paldoThl KaToja U
aHoja B BO3AYIIHOM cpere. OHM TO3BOJSAIOT €HI€ HA CTaJUU MPOEKTUPOBAHUS
IUTa3MOTPOHA OIICHUTH IS pacueTHhIX 3HadeHud G, p, d pecypc HeNmpepbIBHOIM
pabOThI BJIEKTPOAOB B TEXHOJIOTHYECKUX UCTIBITAHUSX.

PabGora BeimosHeHa npu (GuHAHCOBOW MoepkKe MwuHuUCTEpcTBa OOpa3oBaHUs U
Hayku P® mno Cornamenuto o cyocuaun Ne 14.607.21.0118 (yHUKaIbHBIHI
unentudukarop npoekra RFMEF 160715X0118).
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CUCTEMA UMITYJIbCHBIX KAITMWJIJIAPHBIX PA3PA/IOB KAK
CIIOCOB MMOJIYYEHUSA IIJIASMEHHBIX CTPYI

A CAPILLARY DISCHARGE SYSTEM FOR PLASMA JET FORMATION

Kysenos B.B."?, ®poako AL [ITymaes B.B.!
YMI'TY um. H.3. Baymana, Poccus, Mockea, 2-1 Baymanckas yi., 0. 5, cmp. 1,
e-mail: shumaev@student.bmstu.ru
°BHUUA um. HJL [lyxosa, Poccus, Mockea, 127055, Cywesckas ya., 0. 22,
e-mail: vik_kuzenov@mail.ru

OnpeneneHHbll WMHTEpPEC JUIsl DIKCIEPUMEHTAIbHOM (DM3HKH, B YACTHOCTH,
actpom3ukn u QU3MKU TUIa3Mbl [1-5], TPEACTaBIAIOT YHCIICHHBIE MCCIICIOBAHUS
B3aMMOJICUCTBUS CUCTEMbl HMIYJbCHBIX CTPYH, BBITEKAIONIUX U3 TPYIIIbI
PAaCIOJIOKEHHBIX PSAAOM pPa3psAoB. JDTO TaK HAa3bIBAEMbIM KAMWJULSIPHBIA pas3ps C
ucnapsrorerics creHkor (KPUC) kanaa [6-9].

B pabote mnpeacraBieHbl NPOCTPAHCTBEHHBIE JBYMEpHBIE pacHpeesIeHUs
TeEMIeparypel  T[K]|, maBiaeHHst  Plarv|, KOTOpPBIE COOTBETCTBYIOT  Hadally

B3aMMOJICUCTBUS Mepu(epruiHbIX YacTell UMIYJIbCHBIX CTPYH IUIa3Mbl, HCTEKAIOUIUX
U3 CUCTEMbl KanWJUIAPHBIMU pa3psaoB. [Iponecc B3aumoneiicteus cucremMbl KPUC
MIPOBOJIUT K 0OpPa30BaHUIO BOIM3U OCU CUCTEMBI O0JACTH (r ~0,5 cu ) C TTOBBIIICHHBIM,
OTHOCHUTEIILHO OKpY>Karolllen cpeapl, AaBieHueM (B ~ 160 pa3) u miotHocThio (B ~10
pa3). /laBnenue B 9T0i#1 00siacTu 3anupaeT (Ha TaHHBIH MOMEHT BPEMEHU ) NCTEUCHUE
razMenHoi ctpyu u3 KPUC, kotopas pacnosiokeHa Ha OCH CUCTEMBI.

B  mocnemyrorme  MOMEHTBHI BpeMEHM B 3TOM  30He  (opmupyercs
Y3KOHAINpPaBJIEHHAsT CTpys, KOTOpas HKMEET I[IOBBIIIEHHYI0, [0 CPaBHEHHUIO C
nepudepuiiHBIMU KallWJUSIPHBIMU pa3psiaMu, OCEBYIO0 CKOPOCTb JIBHXKEHHUSI (pakera.
[IpuBeneHbl pHUCYHKHM, TIOKa3bIBAIOIIME, YTO HA JAHHOW CTaguu pPa3BUTHS
O00OBEMHEHHOTO IUIA3MEHHOTO (hakena TOPOUJATIBbHOM BUXPEBOW CTPYKTYpPhI HE
HaOmogaercs. Takke oOcyxnaercas MeTon (GOPMHPOBAHUS — CBEPX3BYKOBBIX
IIJIA3MEHHBIX CTPYH.

[IpeacTraBneHHble  pe3yiabTaThl  MOJIYYEHbBI B paMKax  BBINOJHEHUS
rocyaapcTBeHHoro 3aganust Munobpuayku Poccun Ne 13.5240.2017/BY.
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SIMULATION CAPACITIVE COUPLED RADIO-FREQUENCY
DISCHARGE: LOCAL AND NONLOCAL APPROXIMATION

*Badriev 1.B., **Zheltukhin V.S., *Chebakova V. Yu.
* KFU, 420008,Russia, Kazan, 18 Kremlyovskaya street, vchebakova@mail.ru;
** KNRTU, 420015, Russia, Kazan , 68 Karl Marx street,
E-mail: vzheltukhin@gmail.com;

Abstract. The models provided in the research paper describe a capacitive coupled radio-frequency
discharge in argon between two parallel plate electrodes, one of which is grounded, and the other is
connected to the radio-frequency capacitive generator. The model of a radio-frequency capacitive
discharge under low pressure is simulated in non-local approximation, and under high pressure is
simulated in local approximation and is sensitive to dimers and molecular ions. We provide
calculation data with respect to different pressures and make comparative analysis of data provided
by other authors in particular, analysis of data obtained with real experiment.

We have constructed a self-sustained mathematical model, which is described a
capacitive coupled RF discharge between two plane-parallel electrodes, one of them
Is grounded and the other is connected to RF generator, wherein the interelectrode
distance is smaller than the electrode size. In this case the electric field is close to the
potential field and the discharge is uniform along the electrode. It allows us to use
one-dimensional approximation. Herein we review various approaches to simulate a
high-frequency capacitive discharge depending on pressure. Provided herein model
of CCRF-discharge under low pressure includes time-dependent equation of balances
for electron gas, metastable atoms, atomic ions, Poisson’s equation for potential of
electrical field, time-dependent equation of electronic energy balance, as well steady
state equation of thermal conductivity of atomic-ion gas at average parameters. Rate
coefficients for processes taking place in electron impact depends on the electron
temperature and taking into account electron-electron collisions. Self-sustained
model of the CCRF discharge at atmospheric pressure in the local approximation
contains the balance equations for electrons, metastable atoms, molecular and atomic
ions, the kinetic equations for argon dimer and neutral atoms, the Poisson equation
for the electric field potential, as well as stationary atomic heat equation ion gas with
the boundary conditions of heat transfer, calculated on the average for the period of
oscillation of the field parameters. Rate coefficients for processes taking place in
electron impact depends on the local value of the reduced electric field and the degree
of ionization taking into account electron-electron collisions. We used an
approximate method for solving nonlinear system of boundary and initial-boundary
problems, which is considered in this paper. The metod is based on a preliminary
finite-dimensional approximation of the problem by using finite-difference schemes
with a subsequent application for its implementation of the iterative process. We
provide calculation data with respect to different pressures and make comparative
analysis of data provided by other authors in particular, analysis of data obtained with
real experiment. This work was supported by RFBR projects 16-31-00378.

105


mailto:vzheltukhin@gmail.com

BJIUAHUE BHEIIHET' O 3JIEKTPUYECKOI'O IIOJIA
HA PACIIPOCTPAHEHHE HOHI/BAHHOI:}HOPI BOJIHBI
BJ1OJIb I'EJIMEBOU IIJIASMEHHOU CTPYH

THE INFLUENCE OF AN EXTERNAL ELECTRIC FIELD ON THE
IONIZATION WAVE PROPAGATION ALONG PLASMA JET IN HELIUM

Axumies 10.C., Kapanpauk B.b., [TetpsikoB A.B., Tpymkun H.W., Hladuko A.T'.

AO "THL] P® TPHHUTH", 108840, Mocksa, Tpouyk, ya. [Iywkosuvix, 12.
airat.shafikov@gmail.com

AHHoTauus. HMcciaenoBaHo BIMAHME CTalMOHAPHOTO BHEUIHETO  JJIEKTPUYECKOrO  IIOJI,
HAJIOKEHHOI'0 BJIOJIb IUIa3MEHHOMN CTpyH B He, Ha pacnipocTpaHeHne B HEM MOHU3ALIMOHHON BOJIHBI.

Abstract. The report presents the results on influence of an external electric field on velocity of the
ionization wave (plasma bullets formed by DBD) propagating along the plasma jet in helium.

Oxkazanoch, 4TO nmapameTpbl HoHU3amoHHOU BoJHBI (MB), pacnpocTpanstomnieiics
BJIOJIb TUIA3MEHHOM CTpyHW AMAJIEKTpUueckoro OapbepHoro paspsiaa (ABP), u Bujg
CTPYH 3aBUCSAT OT JEKTPUUYECKOTO MOTEHIIMAIIA, TPUIOKEHHOTO K 00pabaThiBaEMOMY
00beKTy (MeTarmmuyeckas miactuHa). Kparko pesynbrarsl npeactaBieHbl Ha Puc.1 u
Puc.2. Jleranpnas undopmaiust OyaeT npeicTaBiieHa B MOJHOW BEPCUU JOKIIAA.

U=-2 kB U=-1kB U =0 B U=+1xB U =+2 xB
Puc.1. Bun ctpyn JIBP B He npu pa3supix norennuanax UHa MeTHOM TIJIaCTHHE.
5+

+

w ]
.2
3

v, 10%m/s
™

[}

00 3 1o 15 20 25 30 35 40 0 5 To 15 20 25 30 35 40

X, mm a) X, mm 6)
Puc.2. I3menenue ckopoctu VB Brons ctpyn: a) 6e3 mnactussl (1) u ¢ ruracturoi npu U=0
(2); 6) mpu Hammuuu mactuabl ¢ U=0 (1), +1kB (2) u -1 kB (3).

Pa6ota Bemonnaena npu noguep:xkke PODU (rpant Ne 17-02-00234).
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DIFFERENCE IN DBD DEVELOPMENT IN AIR AT
NANOSECOND AND MICROSECOND VOLTAGE RISE TIME
Khomich V.Yu., Moshkunov S.1., Shershunova E.A.

Institute for Electrophysics and Electric Power Russian Academy of Sciences,
St.-Petersburg, Russia, 191186, Dvortsovaya nab., 18

E-mail:eshershunova@gmail.com
Analysis of the discharge current waveform, E/N and ionization rate (a-r) showed that different
modes of dielectric barrier discharge (DBD) were realized in 1-mm air gap at nanosecond (ns) and
microsecond (us) voltage fall and rise time at the gap.

Solid-state DBD-power supply, providing us-pulses with ns-
fall time (4-35 ns) and us-rise (12 us) time, with amplitude up
to 20 kV and frequency up to 3 kHz, was developed (fig. 1).

The “mixed” DBD mode was o T T 1
realized in plane-parallel 1-mm [0l e
air gap. It is seen from fig. 2 1 —+ 1
that a single discharge current \

of ns-duration with amplitude || \ i
of tens of amperes is formed at :\ i I L
fast voltage drop. The | N e s
breakdown voltage, calculated | s S ZEm

considering the gap geometry
and barrier capacitance (30 pF)
was ~ 12.8 kV, E/N ~ 480 Td, Voltage traces.

' and ionization rate (a-n) estimated in Bolsig+ ~ 1450 1/cm?
Figure 1. Solid-state  (5.4-10%* m? as shown in fig.3). Due to Meek-Loeb criteria
DBD-power supply.  and the data from [1], itcsn

be Concluded that at nS'fa” H;[lie.o_e.zal,ngarl’;"i’c"ié«fu‘uu3,34;;33§:£4~;3%E$H-’é.'Hafafnu+u{co.midefmfr'§am
(or rise) voltage time many streamers develop
synchronously and the DBD is rather diffuse. The
opposite situation takes place at us-voltage rise
(fig.2). The gap breakdown occurred at 4.7 kV/cm, -
— the static air breakdown voltage [2]: many |,
random discharges of ns-duration with amplitude of
tens-thousand mA were clearly seen in the current ,
trace (fig.2), so it looked like a classic filamentary &= w5 =

Figure 2. DBD current and

DBD in air. Figure 3. lonization rate (a-n)
This research was partially supported by RFBR; via E/N. (a —impact, n -
grant N. 16-08-01037. attachment).
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DBD-PLASMA SOURCE FOR POLIMER TREATMENT

Khomich V.Yu., Podguyko N.A., Moshkunov S.I., Shershunova E.A.
Institute for Electrophysics and Electric Power, Russian Academy of Sciences,
St.-Petersburg, Russia, 191186, Dvortsovaya nab.,18
E-mail: eshershunova@gmail.com

DBD-plasma with pulse power supply was used for improving hydrophilic properties of

polytetrafluoroethylene (PTFE).

DBD-plasma source with pulse power supply
was designed. High-voltage pulses with 20-ns
fall time and 12-us rise time, regulated amplitude
0-20 kV and frequency 1-3 kHz were formed at
electrodes by the home-made pulse
semiconductor generator [1]. The discharge was
realized in 1-mm atmospheric air gap between
two ring metal electrodes with diameter of 30
mm [2]. The upper high-voltage electrode was

plasma no plasma
a=34 =L

Figure 1. Photo of the water drop
on the PTFE surface before and
immediately after DBD-plasma

treatment

covered by 1-mm-barrier plate with £ = 4. 50x50x1-mm plate of PTFE served as a
sample, which was put on the lower grounded electrode during the experiment.

Plasma treatment of PTFE-surface was

_______________________ frequency — 3 kHz, treatment time — 10

o conducted (fig.1). The test was carried out
Y s in two regimes: 1) voltage — 20 kV,
) i frequency — 1 kHz, treatment time — 1
5 af : minute; 2) voltage amplitude — 20 kV,
:

if minutes. It's worth to note that the water
S contact angle was the same for two
days regimes immediately after the treatment ~

— 1kHz, 1 min 34°, but the samples ageing occurred in a
e different way (fig.2). The samples treated

— 1o plasma treatment

in regime 1) retained their hydrophilic

Figure 2. Water contact angle versus  properties after DBD-plasma treatment

days after plasma treatment longer.

This research was partially supported by RFBR; grant N. 16-08-01037.
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BJIMSTHUE MAJIBIX JIOBABOK A30TA HA DJIEKTPOJTHBIV CBY
PA3PSIJI IOHWKEHHOT'O JABJEHHUS B BOJIOPO/IE

INFLUENCE OF SMALL ADDITIVES OF N, IN THE ELECTRODE
MICROWAVE DISCHARGE OF LOW PRESSURE IN HYDROGEN

Jlebenes FO. A., TarapunoB A. B., Domretin U. JI., Tutos A. 1O.

Hncmumym Hegpmexumuuecxoco Cunmesa um. A.B. Tonuueea PAH, Poccus,
Mocksa 119991, Jlenunckuii np.29, Lebedev@ips.ac.ru

DKCIEepUMEHTAIbHOE U YMCIIEHHOE MCCIIEOBAHUE MTPOJEMOHCTPHPOBAJIO BIHUSIHUE MANbIX 100aBOK
MOJIEKYJISIPHOTO a30Ta Ha 31eKTpoaHblii CBY-pa3psa NOHNKEHHOTO JaBJIE€HUS B BOAOPO/IE.

Experimental and numerical studies have demonstrated the influence of small additives of
molecular nitrogen in the electrode microwave discharge of low pressure in hydrogen.

B pabGorax [1, 2] skcnepuMeHTaIbHO (METOAOM ONTHYECKOM HSMHUCCHOHHOM
CHEKTPOCKONMHU) U C IMOMOIIbI0 YHMCIEHHOTO MOJEIMPOBaHUSI OBLIO HCCIEAOBAHO
BIIMSIHUE MaJjbIX J00aBOK BOJopoja Ha 3JekTpojaHbli CBU-paspsa MOHMKEHHOTO
naBieHus: B azore. [loka3aHo, YTO HEOAHOPOAHOCTh pa3psija NPUBOJUT K TOMY, UTO
XapakTep BIUAHUS TOOABKHA BOAOPOJA HA MHTEHCUBHOCTH IOJOC M3JIyYEHHUS a30Ta
paznuyeH B pa3HbIX yacTsAx paspsaa. IlokazaHo, yTo OCHOBHOE BIMSIHME H00AaBKHU
BOJIOPO/Ia HA MapaMeTphl pa3psiia CBA3aHO C U3MEHEHUEM MOHHOI'O COCTaBa IJIa3Mbl.
JlanHast pa®oTa MOCBSIIEHA BIUSHUIO T00OABOK MOJICKYJISIPHOTO a30Ta Ha paspsj B
BOJIOpPOJIE.

OnnomepHas Mozenb B kBazuctatuueckomM CBY mone Bkiouana ypaBHEHUS
OaslaHca 3apsOKEHHBIX U HEUTpaIbHBIX YacTHIl U ypaBHeHue [lyaccona.

[Ipu uccnenoBaHuu BIMSHHUS J00AaBKM a30Ta Ha MapaMeTpPhbl MUKPOBOJHOBOIO
BOJOPOJHOTO pa3psijia B paMKax OJHOMEPHON Mojenu ObUIO IMOKa3aHO, 4YTO Ha
npoguin KoHueHTpauud 31ekTpoHoB U CBY-nonsa yxe npu 5% nobaBku azoTa
BIUAIOT u3MeHeHne PPD3D, m3MeHeHuEe HMOHHOTO COCTaBa IUIa3Mbl M U3MEHEHHE
TPAHCHOPTHBIX CBOMCTB 371eKTpOHOB. PO oka3piBaeT BiaMsHUE B IApOBOM 00JaCTH
paspsiia (BAAJIA OT JIEKTPOJA): YBEIMUECHHUE MOJBHKHOCTH JIEKTPOHOB MPUBOAUT K
YMEHBUIEHUIO Pa3MEpPOB IJIa3MEHHOro 0Opa3oBaHUs. I3MeHEeHHe HMOHHOIO cOcTaBa
IJ1a3Mbl (OCHOBHBIM MOHOM cTaHoBuTca HoH NoH™) BimsieT Ha cTpykTypy miuasmel y
MIOBEPXHOCTU 3JIeKTpoaa. [IpoBeneHHbIE CHEKTpaJbHbIE H3MEPEHUs MOITBEPIUIH
BIIMSIHUE MaJIbIX J0OABOK a30Ta Ha CBOMCTBA BOJAOPOIHOM IIa3MBbl.

Oto uccnenoBanue ObUIo NMojaepxkano rpantom POOU # 15-08-00070
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QJIEKTPO®UINYECKHUE U TEIIJIOBBIE XAPAKTEPUCTUKU PA3PAJIA C
KUIKUM AHOIOM
ELETROFIZICHESKY AND THERMAL CHARACTERISTICS OF THE CATEGORY
WITH THE LIQUID ANODE
Mupxanos JI.H.,* Taiicun An®.
'Kasanckuii HAYUOHATIbHBLU UCCTe008amenbckull mexnuyeckull yuueepcumem um.A.H. Tynonesa —
KAU, Poccusa
E-mail: mirhanov@list.ru
UccnepgoBan ra3oBblid pa3psll MEXAY CTPYWHO-KAMEIbHBIM KUAKAM aHOJAOM W METaUIMYECKUM
KarogoM Tmpu  arMochepHOM  naBieHHH. llpencTaBieHbl — pe3ynbTaThl  MCCIIETOBaHHMA
ANMEKTPOPUZUUECKUX XAPAKTEPUCTHK U TETLIOBBIX MPOIIECCOB B 30HE TOPEHUS pa3psa.
The gas discharge between the jet and drop liquid anode and the metal cathode with an atmospheric

pressure is investigated. Results of researches of electrophysical characteristics and thermal
processes in a zone of burning of the category are presented.

VYCTaHOBIEHO 3aKMTaHHUE TAa30BOTO pa3psga B MEXKIIEKTPOAHOM MPOMEKYTKE MpPU
Hanpspkennn U = 600 — 1000B, tox [ = 1.2 — 4.8A, mmunHa ctpyu [, = 30MM,
nasienye BHelHel cpensl p = 10°T1a, B KayecTBe kaTosia OblIa B34Ta MeIHAs IIACTUHA
maBMeTpoM d, = 1MM.

HccnenoBannst koje0aHWid TOKAa W HAMPSHKEHHUS TA30BOTO paspsaa MPOU3BOIIIINCH
@poBeiM ocipuiorpagom mMapku «GDS — 806 S». YcraHoBieHO, YTO pas3psii MEXIy
CTpYWHO-KaINeIbHbIM aHOJAOM M MEAHBIM KaTOAOM FOpUT B BUJE MMITYJILCOB C YAaCTOTOM
nyabcauid Toka v = 30 — 70, D10 00BACHSIETCS TEM, UYTO MPH Tojade MOTEeHIIMaIa
Ha DJIEKTPOABI B 30HE COINPHUKACAHUSA DJIEKTPOJIATA U METHOIO 3JIEKTPO/Ia, IPOUCXOINUT
AKTHBHBIA MPOIIECC MCTIAPEHUS IEKTPOJIMTA ¢ 00pa30BaHHEM JIOKATBHBIX MapOra3oBOM
30H. Ecimu ycroBus B mapora3oBoii 000JI09Ke YAOBICTBOPSAET BOSHUKHOBEHUIO MTPOIEcca
MOHU3AIWSI, B HUX MPOUCXOIUT MPOOOH, COMPOBOKIAIOIIUIACS C PE3KUM BO3PACTAHUEM
TEeMIepaTypbl U JABJICHUSA. JTO BbI3bIBAET BO3HUKHOBEHHE YAAPHBIX BOJIH, KOTOPBIC
MIPUBOMIAT K PACIIMPEHUIO MAPOra30BOM OOOJOYKM M PA3PEIICHUs] CTPYH, YTO B CBOIO
oyepenb TMPHUBOAUT K TIOBBINICHUIO COMPOTHUBIICHHS B MApOra3oBOil 00OJOYKE, B
pe3yabTaTe 4ero paspsisi TacHET, IeNb pa3MbIKaeTcs, TOK mnagaer Ao 0. DToT mporecce
nepuoandecku nopropsiercs. Tepmorpadusi MOBEPXHOCTH AJIEKTPOJIOB B 30HE TOPEHUs
ra3oBOro paspsaa npousBoauwiack TeroBu3opoM Mapku «FLIRA 6500 SCy». O6paboTku
MOJTyYEHHBIX JAHHBIX OCYILECTBISIACh C TOMOIIBI0 MPOTPAMMHOIO 00€CTIeYeHUs
«ALTAIR v5.91.010». Ucxons U3 TepMorpaMM IMOBEPXHOCTH B 30HE TOPEHHS paspsia
BUJIHO, YTO TEMIIEpaTypa BIIOJIb CTPYWHO-KaIEIbHOrO aHoja Bapwupyercs 1), =~ 46 —
69°C. Temneparypa meqHoro karona paBHa T, =~ 54 — 69°C. B 30He ropeHus pazpsiaa
TEMIIEPATYpA JOCTUTAET Tpp4,, = 69°C. YCTaHOBIIEHO, YTO TOCIIE 3aKUTAHUSI TA30BOTO
paspsizia TemrepaTrypa BAOJIb CTPYWMHO-KANeIbHOrO aHO/a MOHMKAETCSl, 3TO CBSI3aHHO C
TEM, YTO JI0 MPOOOST SHEProBKIAJ MPOUCXOAUT 3a CUET JHKOYJEBOTO TEIJIOBOTO
BoIzienieHus. [locne mpoGosi SHEProBKIA B CTPYIO TMOHIDKAETCS HAa ()OHE YMEHBIIICHUS

OOIIIero COTMPOTHUBIICHUSI U TTAJICHUS HANIPSHKCHHUS Ha CTPYE.
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NCCIEAOBAHUE BJIIUAHUA TAPAMETPOB ITAPOI'A30OBOT'O
PA3PAIA MEXAY AIIOMUHUEBBIM JJIEKTPOJIOM U ’KHJAKUM
JJIEKTPOJIOM HA EI'O ®OPMY

INVESTIGATION OF INFLUENCE OF THE PARAMETERS OF THE GAS
DISCHARGE BETWEEN THE ALUMINUM ELECTRODE AND THE
LIQUID ELECTRODE ON ITS FORM

[abapaxmanoB A.T., Ucpadunos N.X., N'anuax6apoB A.T.
Habepeocnouennunckui uncmumym K@Y, ATGabdrahmanov@kpfu.ru

B pabore mpencraBieHbl pe3yNbTaThl MCCIEIOBAHWN BHEUIHMX OCOOCHHOCTEH: H3IIyueHHUs,
reOMETPUUECKOH (OpPMBI, OOBEMHOM CTPYKTYphl, CTPYKTYpbl KAaTOAHBIX W aHOJHBIX IISITEH
[1apora3zoBOro paspsia MeXay allOMUHHEBBIM DJIEKTPOIOM U KUIAKUM JIEKTPOJIOM.

The paper presents the results of studies of external features: radiation, geometric shape, volumetric
structure, structure of cathode and anode vapor-gas discharge spots between an aluminum electrode
and a liquid electrode.

DneKTpuYecKue paspsabl MEXKAY MPOTOYHBIM 3JIEKTPOJUTUYECKUM KaTOJOM U
METaJUTMYECKUM aHOJOM MPEACTABIISIOT OOJBINON TpakTudeckuid uatepec [1]. 31o
CBSI3aHO C OOJBIIMMHM BO3MOXKHOCTSMH HCIIOJIb30BAHMS YKa3aHHBIX DPa3psioB B
TEXHOJIOTHYECKUX poleccax: HaHECEHUE BBICOKOTEXHOJIOTUYHBIX
AHTUKOPPO3HOHHBIX U 3aIUTHBIX NOKPBITUHA, OYUCTKA U MOJMPOBKA METAIUITMYECKUX
noBepxHocTel [2,3], anmekTporepmuueckas oOpaboTka wmarepuanoB. Mcmonb3ys
pazIuMyHbBIE NapameTpbl Mapora3oBOr0 pas3psAla MOXKHO IOJYYUTh pPA3TUYHBIE
pexXUMBl TOpeHHs pa3psaa. Kaxapli pexuM MpUMEHSeTCd B KOHKPETHOMH
TexHoJIoTuH. VI3MeHeHne pexxruma ropeHust paspsijia MOKHO HaOIoaaTh BU3yaibHO. B
JaHHOM paboTe paccMaTPUBAIOTCS OCOOEHHOCTH BIUSHUSA MapaMeTPOB MMapOTra3oBOro
paspsiia ¢ aJFOMUHUEBBIM aHOJIOM M XKUAKUM KaTOJAOM IpHU aTMOCHEPHOM JaBICHUU
Ha €ro reoMeTpuYecKyro (popmMy, 0OBEMHYIO CTPYKTYpPY, CTPYKTYPY KATOJHBIX H
AHOJHBIX MATCH B JIMANIA30HE MEXKAICKTPOTHOTO paccTossHus 1=2+8 MM, nuamerpom
arozaa d=1,6+5 mm, Tok paspsaa 1=30+1000MA u Hanpsprerus U=1000-2000B.
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KUHETHUKA SHEPTUYHBIX NOHOB O B PA3PSITHOM IIJIA3BME
ITAPOB BO/IbI

THE KINETICS OF ENERGETIC O IONS IN DISCHARGE H,0 PLASMA

[Tonomapes A.A., Anexcannpos H.JL

Mocroesckuii ghusurxo-mexnuueckuti uncmumym, Poccus, Jloneonpyonsiii, Mockosckas obaracme,
Hncemumymcxuil nepeynok 9, nick_aleksandrov@mail.ru

Metonom MonTte Kapiio BBIITOTHEHO MOAECIMPOBAHUE MOCTYNATEILHOW pelakcaluyd SHEPTrUYHBIX
1noHOoB O, poXKIAIOLIUXCS B PE3YJIbTAaTE JUCCOLNUATUBHOIO NMPUIMIIAHUS JIEKTPOHOB K MOJIEKYJIaM
B IUIa3Me MapoB BOJBI B CHJIILHOM 3JIEKTPUYECKOM I0Jjie. BbunciaeHsl BEpOsSTHOCTH Mepe3apsaku U
OTJIMIIaHUS 3JICKTPOHOB OT MOHOB O’ B 3aBUCUMOCTH OT MPUBCACHHOTO 3JICKTPUYCCKOI'O ITOJIA.

Monte Carlo simulation was used to study the translational relaxation of energetic O ions formed
by dissociative electron attachment to H,O molecules in water vapor plasma in a strong electric
field. The probabilities of charge exchange and electron detachment from O" ions were calculated
versus the reduced electric field.

HepaBHOBecHast pa3psaHas Iuia3ma, reHepupyemas B mnapax Boael u  H,O-
COJIepKalllMX Ta30BbIX CMECSX, MPEICTABISECT HWHTEPEC Uil MHOTOYMCIIEHHBIX
MIPWIOKEHUN HU3KOTEMIEPATYPHOU I1a3Mbl. CBOMCTBA TaKOM IIa3Mbl 3aBHUCST OT
KOJIMYECTBA U COCTaBa OTPUIATEIIbHBIX HOHOB, KOTOPBIE ONMPEIEISIOTCS CKOPOCTIMHU
ux o00pa3oBaHMs, KOHBepcuu u TubOenu. Ilpm pacdeTre OTUX CcKOpocTed B
c1a00MOHU30BAaHHON IUJIa3Me€ TMOJ] JEUCTBUEM CHUJIBHOTO DSJIEKTPUYECKOTrO IOJIA
BBIYHCIISIETCS pACTIPEACIICHHE HOHOB MO SHEPTUSM, KOTOPOE OOBIYHO MPEANOIaraeTcs
HaxXOJIAIIMMCS B PABHOBECHH C BJIEKTPUUYECKUM IOJIEM.

B Hactosmieit pabGoTe wucciemoBayics clydaid, KOTJla HOHBI POXKAAIOTCS C
M30BITOYHOM SHEPrued W /0 YCTAHOBJIEHHUS PaBHOBECHS C AJIEKTPUUYECKUM IOJEM
yCIEBAIOT BCTYNHUTh B MOPOTOBbIE MOHHO-MOJIEKYJISIPHBIE peakiuu, 3PPEeKTUBHOCTD
KOTOPBIX OTHOCHUTEJIBHO MaJla JUIl «PaBHOBECHBIX» HWOHOB. JlJI1 3TOro METOI0M
Moure Kapiio MozaenupoBanach 3BOMIONMS 3HEPTUU HOHOB O, 00pa30BaHHBIX MPH
JUCCOLIMATUBHOM MPWIMIIAHUM 3JIEKTPOHOB K Mojekyidam H;O B cuiabHOM
ANEeKTpUYecKoM MoJje. Takue noHbl poxaarorcs B auanazone ot 0 go 1.5 3B u moryt
3¢ (EeKTUBHO y4yacTBOBaTh B IIOPOTOBBIX CTOJKHOBHUTENBHBIX mporeccax. [lpu
MOJICJIMPOBAHUMU pEJIaKCcallii MOHOB B Mapax BOJAbI BO BHEUIHEM AJIEKTPHUUECKOM
M0JIE YYUTHIBAIUCH YIPYTM€ CTOJKHOBEHUS C MOJEKYJIaMH, mepe3apsjika MOHOB U
OTJIMIIAHUE DJIEKTPOHOB OT MOHOB. 13 pacueToB cienyet, yTo 10 ~ 20% 3HEprUYHbIX
noHoB O” MoryT ObICTpO mpeBpamiarhes B monbl OH' B mpolieccax nepe3apsaiku u 10
~ 15% moryT ruGHYTh B pe3yJIbTaTe OTIUIAHUS FJIEKTPOHOB.

[TokazaHo, 4TO BIMSIHUE SHEPTUYHBIX HOHOB O Ha MOPOrOBBIE PEAKIIUU HE MOXKET
ObITh ONHCAaHO TPAAMIMOHHBIM OOpa3oM. bplT mpeanokeH moaxox — AJis
KOJIMYECTBEHHOTO OMHCAaHUsI 3TOro 3¢ (HeKTa, KOTOPhIA OCOOCHHO Ba)KEH MPU MabIX
npuBeneHHbIX noisix (100 Tn u HUXKeE), KOTAAa CpelHssl PHEPTHsi MOHOB Maja, a
AJIEKTPOHBI IOCTaTOYHO HArpeThl I NpWIKIaHus K Mosiekyinam H,O.

Pa6ota yactuuno noanepxkana rpantom PODU Ne 16-32-00196.
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PACUYET TEILTIO®W3NYECKHNX CBOMCTB HU3KOTEMIIEPATYPHOUI
IIJTA3MbI Mo 1 Ta

CALCULATIONS OF THERMOPHYSICAL PROPERTIES OF LOW-
TEMPERATURE Mo AND Ta PLASMA

Andensbaym E. M.

OUBT PAH, Poccus, Mockea 125412, Hxcopckas ya. 13 cmp. 2, apfel e@mail.ru

TepMmoauHaMHUUeCKHEe BEJIMYMHBI (JIaBJICHUE, BHYTPEHHSISI SHEpPrusi, U T. J.) U 3JIEKTPOHHBIC
Kod(ppuimenTsl nepenoca (IEKTPONPOBOTHOCTh, TETUIOMPOBOIHOCT M TEPMOSC) PACCUUTAHBI
IUIE  HU3KOTEMIEpaTypHOH paBHOBECHOW MiasMbl MonuOaeHa u  TaHtana. Jins pacuéra
TEPMOJUHAMHUKN HCIOJIb30BANIACh XMMHUECKas MOJENb, pa3paboTaHHas paHee ISl aHAJOTUYHBIX
pacuéroB s Apyrux MetawioB [1,2]. 3ror momxon, Moau(UIMPOBAHHBIA B HACTOSIIEM
UCCIIEIOBAaHUM ISl MOJIMOeHA U TaHTala, MO3BOJIAET MOJYyUYUTh TaK )K€ U XMMHUYECKHI (MOHHBIN)
COCTaB M3Yy4aeMbIX BemlecTB. Jlajee 3TOT COCTaB MCHOJIB30BAJCH Ui pacyéToB KO3()(PUIIMEHTOB
nepeHoca B NpUOIMKEHWH BPEMEHHU perakcaiuu. bbuia ycraHoBieHa 0051acTh Ha IUIOCKOCTH
IUIOTHOCTB-TEMIIEpaTypa, TAe MPUMEHEHHE UCIOIb3yeMOW Mojenn (U3HUYEeCKH KOPPEKTHO.
[IpoBenénHoe najnee cpaBHEHUE HAIIMX PE3YJIbTATOB C UMEIOIIUMHUCS pe3yJibTaTaMUu U3MepeHui [3]
1 pacy€ToB [4, 5] Apyrux aBTOPOB [10KA3aJI0 XOPOILEE COIJIacue.

The thermodynamics values (pressure, internal energy etc.) and electronic transport coefficients
(electrical conductivity, thermal conductivity and thermal power) have been calculated for low-
temperature equilibrium molybdenum and tantalum plasma. The chemical model, developed
previously for other metals [1, 2] was used to obtain the thermodynamics. This approach, modified
in present study for the cases of Mo and Ta, allows one as well to calculate the chemical (ionic)
composition. Farther the latter was used to calculate the electronic transport coefficients within the
relaxation time approximation. The region on density-temperature plane was established, where the
application of present model is physically correct. The following comparison of our results with
available experiments [3] and calculations [4, 5] of other researchers has shown good agreement.
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IMPOLECCHI, OITPEAEJIAIOIINE PACHA/ IIVIAZMBI B 'OPIOUYNX
CMECHAX TP UX BO3BYKJIEHHUHU BBICOKOBOJIbTHBIM
HAHOCEKYH/IHBIM PA3PA/I0OM

PROCESSES CONTROLLING DECAY OF HIGH-VOLTAGE
NANOSECOND DISCHARGE PLASMA IN COMBUSTIBLE MIXTURES

AHOXUH E.M.l, ITomos M.A.l, CrapukoBcKuit A.IO.Z, AnexcaHnapoB 1.t

"Mocrosckuii pusuxo-mexnuueckuii uncmumym, Poccus, loneonpyonsiii, Uncmumymckuil
nepeynok, 0. 9, e-mail: nick_aleksandrov@mail.ru
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e-mail: astariko@princeton.edu

[IpencraBiaeHbl  pe3ydbTaThl  SKCICPUMEHTAIBHOTO  HCCIICIOBAHUSA  pachmajga  IIa3Mbl
MEPUONYECKOTO UMITYJIbCHOTO BBICOKOBOJIBTHOTO HAaHOCEKYHIHOTO paspsna B cMmecsx CsHg:Op,
C,H6:0,, H,:0, n mumetunoBoM 3¢gupe mpyu KOMHATHOM TEMIIEPAType W IaBJIICHUSX B IHANa30HE OT
2 o 6 Topp.

The results of the experimental study of high-voltage nanosecond repetitively pulsed discharge
afterglow in C3Hg:O,, CoHe:O,, H2:0, mixtures and dimethyl ether are presented for room
temperature and pressures from 2 to 6 Torr.

bruto mpoBeneHO AKCHEpPUMEHTAIbHOE HCCIENOBAHME pacnaja IIa3Mbl B
C3Hg:O,, CoHg:O,, H2:0, 1 mumetmiddupe mpu pa3iuyuHBIX CTEXHOMETPHUECKUX
COOTHOIICHUSX. OKCIIEPUMEHTHl NPOBOAWIMCH HpH JgaBieHusX 2-6 Topp wu
temrniepatype 300 K. C momompio nyxkanameHoro CBY-untepdepomerpa Ha
paboueii yacrote 94 I'T'ni u3Mepsach 3aBUCHUMOCTb KOHIEHTPALUU 3JIEKTPOHOB OT
BPEMEHU B IMOCJIECBEUCHUH pa3psana. HavanbHas KOHIIEHTpalMsl 3J€KTPOHOB ObLIa B
muanasone (1-3)x10" cm®. B kauecTBe HCTOYHHKA IUIA3MBI  HCIIONB30BANCS
BBICOKOBOJIBTHBIM HAHOCEKYHJIHBIM pa3psi]l C aMIUIMTYJ0M umnyibca 25 kB u
mnTeIbHOCTRIO 30 He.

[TokazaHo, YTO CKOPOCTh PEKOMOMHAIIMU IJIa3Mbl B MCCJIEIOBAHHBIX TOPIOYUX
CMECSIX MOXKET MPEBOCXOJUTHh HA TOPSIOK BEIUMYMHBI CKOPOCTh PEKOMOWHAIIMHU B
YUCTBIX yriaeBoaoponax [1] u Kuciaopojie mpu YKa3aHHBIX YCIOBHUAX. JlMHamuka
PEKOMOMHAIIMK TIJIa3Mbl B OTHUX CMECSX B 3HAYUTEIIBHOW CTEMEHW 3aBUCENa OT
KOJIMYECTBA PA3PSAHBIX UMITYJILCOB, IPUUYEM XapaKTEp ITOM 3aBUCUMOCTH B CMECAX C
VTIEBOJOPOAAMH  OKa3aJICi HEMOHOTOHHBIM. JTO OOBSICHSETCS TOCTENEHHBIM
OKHCJICHMEM  HCCIEIyeMBbIX CMeced W  Oo0pa3oBaHMEM  IPOMEKYTOUHBIX
YIJIEBOJOPOJAHBIX COEUHEHHM, KOTOPBIE TPUBOAT K YCKOPEHHIO PACIiajia Ma3Mbl.

Pabora yactnuno noanepxkana rpantom PODOU Ne 17-02-00481.
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IMPOLECCHI TIPUJIMITAHUSA U OTJIMITAHUA DJIEKTPOHOB B
HPEAIIOPOTI'OBBIX YCJIOBUSAX B IIVIASME BO31YXA

PROCESSES OF ELECTRON ATTACHMENT AND DETACHMENT IN
NEARBREAKDOWN CONDITIONS IN AIR PLASMA

Apnensa H.B., boerukoB B.JI., Kocmauesckuii K.B.

Mockosckuii I'ocyoapcmeennviil Ynusepcumem umenu M.B. Jlomonocosa,
Poccus, Mocksa, I'CII-2, 119991, Jlenunckue eopbl, huzuueckuti gpaxyibmem,
bychvi@gmail.com

OnuceIBaroTCs PE3YIbTAThI TCOPCTUUCCKHUX I/ICCHe,Z[OBaHI/Iﬁ M0 HOHHU3aAlUKU CYXOro BO3[yXa B
paspszie B TMOCTOSHHOM OJJICKTPHUYECKOM Tojie. B moapoOHOM M yKOPOYEHHOW KHHETHYECKUX
MOJIETISIX YAEIEeHO 0co0oe BHHMAaHHE TpoIeccaM TMPWIHIIAHUS DJIEKTPOHOB K MOJEKYyllaM
KHCIIOpO/Ia U OTJIMMAHUS OT MOJIEKYJ W aTOMOB KHCJIOPOJa, KOTOPbIE ONPEAENSIOT KUHETHKY
OKOJIOMIOPOTOBBIX TporeccoB. OCHOBHBIE JJAHHBIE MO KOHCTAHTaM CKOPOCTEH OTIMMAaHUs B3STHI U3
[1,2]. IlomydeHHbBIe pe3yabTaThl MOKA3bIBAIOT, YTO HEOOXOAMMOE HATMYHE HAYAIhHBIX JJICKTPOHOB
Ha TPEANPOOOHHON CTaAMM MOXKET OOECIeuMBaThCS MPOLIECCOM OTIIMIAHUS JIIEKTPOHOB OT
OTpPHULATENILHBIX MOJEKYJISPHBIX HOHOB KHUCJIOpPOJa B BO3JyXe C KOHCTAHTOM MNPWJIMIIAHUS IO

mexauusmy O, + M — e+ 0O, + M u3 [2]. IIpeacraBneHsl noapoOHas U YKOPOUEHHAS MOJIEIIN
y Y, 2 p p YKOp

MPOIIECCOB C y4acTHEM OTPHUIIATEIIFHBIX HOHOB, KOTOPAsk XOPOIIO ONHMCHIBAECT KHHETUKY ITPOIIECCOB
B OKOJIOIIOPOTOBOM 00JIACTH.

The results of theoretical studies on the ionization of dry air in a discharge in a constant electric
field are described. The detailed and shortened models pay particular attention to the processes of
electron attachment to oxygen molecules and detachment from molecules and oxygen atoms, which
determine the Kkinetics of near-threshold processes. The basic data on the rate constants of
detachment are taken from [1, 2]. The obtained results show that the necessary presence of initial
electrons in the prebreakdown stage can be provided by the process of electron detachment from
negative molecular oxygen ions in air with a sticking constant according to the mechanism

O, +M —>e+0, +M from [2]. The detailed and shortened models of processes involving
negative ions describe well processes kinetics in near threshold area.
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BJIMSTHUE NOHHOM IIJIOTHOCTU HA PEKOMBUHAIIMIO HOHOB B
IIVIOTHBIX T'AZAX U ZKUAKOCTAX

THE EFFECTS OF ION DENSITY ON THE ION RECOMBINATION IN
DENSE GASES AND LIQUIDS

Jlankug A.B.

OUBT PAH, Poccus, 125412, r. Mocksa, yn. Uxopckas, a.13, ctp.2,
Alex198508@yandex.ru

[IpencraBieHsl pe3yabTaThl A CKOPOCTH PEKOMOMHAIMK MOHOB B IJIOTHBIX ra3axX W KUIKOCTSX,
rie oHa mpoTekaeT B AUPPY3HOHHOM pexume. YTOUHEHbl TpaHHIbl O00JacTh MPOTEKAHUS
pexkoMOMHaMU 1O U(PPY3MOHHOMY MeEXaHU3My B razax. V3ydeHa 3aBUCHMOCTb KOHCTAHTBI
CKOPOCTH PEKOMOWHAIMM MOHOB B Ta3axX OT IUIOTHOCTU (JOHOBOTO ra3za M KOHIIEHTpPAlMUd HOHOB.
[Tokazana cymiecTBeHHasi 3aBHCHUMOCTb KWHETHKH PEKOMOHMHAIMM OT KyJIOHOBCKOTO IapaMerpa
HeujeanbHOCTH B Ta3zax. [IpencraBien cnocoO BEIYMCIECHUS KOHCTAHTBI CKOPOCTH PEKOMOUHAIINH C
yuéToM 3(pPeKTOB HeneanTbHOCTH MPH Pa3IMYHBIX 3HAYCHUSAX KOHIICHTpaluu (POHOBOTO Ta3a.

The ion recombination rate in dense gases and liquids where it occurs in the diffusion mode is
studied. The boundary of the recombination by the diffusion mechanism of gases is verified. The
dependence of the ion recombination constants in gases on the density of background gas and ion
concentration is obtained. Strong dependence of the kinetics of recombination from Coulomb
nonideality parameter in gases is showed. The way of calculating the constant recombination rate
taking into account the effects of coulomb nonideality for different values of gas number density is
obtained.

B pabore paccMoTpeH mpollecC pPEeKOMOMHAIMM HMOHOB B IUIOTHBIX Ta3ax u
KUAKOCTSIX TPU PA3IUYHBIX BaprHaHTaX BBHIOOpAa CBOWCTB CpeIbl U CaMOTO HOHA.
VYcraHoBiaeHa 3aBUCHUMOCTh KOHCTAHTHI CKOPOCTH pPEKOMOWHAIMM B Taze OT
KOHIICHTpaIuu (HOHOBOTO Ta3a Mpu €€ OTCYTCTBHE B KUIAKOCTIX. [loydeHsl ycioBus
JUTSL TIOJIOKEHUSI 00JIacTel C Pa3jIMYHBIMU PEKUMaAMU KWHETUKH PEKOMOMHAIUU.
[IpousBeneHo ucCCIeNOBaHUE 3aBUCHUMOCTH KOHCTAHTBI CKOPOCTH PEKOMOWHAIIUU B
IUIOTHBIX Ta3ax OT MapaMeTpa KYJIOHOBCKOM HEWJCAIBHOCTH. Y CTAHOBIIECHO, YTO
BONPEKH HMEIOIUM MECTO B JIUTEpAType TMPEJACTAaBICHUSIM 00 OTCYTCTBUU
3aBUCHUMOCTH CKOPOCTH peKoMOMHaInuu B IU(PGY3MOHHOM peXHMME OT Tapamerpa
KYJIOHOBCKOM HeuaealbHOCTH [l] B [EHUCTBUTENBHOCTHM Takas 3aBUCUMOCTH
coxpansieTcsi. JlaHHas 3aBUCUMOCTb MOXET OBITh MHTEPHOJHMPOBAHA B JUAIA30HE
BCEX 3HAYCHUHU MapaMeTpa HEUACAIbHOCTH 3KCIOHEHUIMAIbHO CHAJAIOIIE KPUBOW.
KpyTuszHa ymeHbIIeHHsS KOHCTaHThl CKOPOCTH PEKOMOWHAIIMKM C POCTOM Tapamerpa
HEUJICATBHOCTH YMEHBIIIAETCSl C YBEJIIMYCHHE KOHIeHTpaluu (oHoBoro rasa. [lpu
ATOM TIPU PEKOMOMHAIIUU MOHOB B KHUIKOCTSAX MOJOOHOM 3aBUCUMOCTH KOHCTAHTBI
CKOPOCTH PEKOMOMHAIIMKM OT MOHHOW TJIOTHOCTH HE oOHapykuBaeTcsi. Kpome Toro
M3y4YeHa 3aBUCHMOCTh KOHCTAHTBI CKOPOCTH PEKOMOWHAIIMU OT COOTHOIIEHUS Macc
PEKOMOEHUPYIOIINX NOHOB, a TAK)KE HEUTPATHHBIX MOJIEKYJ M HOHOB.

PabGora BeimonHena mpu nogjaepxkke mo rpanty lIpesumenta PO No MK-
9285.2016.8.
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OCOBEHHOCTH TPOMHOM PEKOMBUHAIIMHA B YJIbTPAXOJIOJJHOM
IIJTASME

FEATURES OF TRIPLE RECOMBINATION IN ULTRACOULD PLASMA

BopoGses B. C.

L O6veounennviii uncmumym gvlicokux memnepamyp PAH, Uxxcopckas yn. 13 cmp.. 2, Mockea
125412, Poccus, 2 Hayuonanvnwiii Ynueepcumem Hayku u Texunonocuu “MHUCHC”, Jlenunckuii
npocnexkm 4, Mockea 119049, Poccus

E-mail: vrbv@mail.ru

Annoranus. PaccmarpuBaeTcsi TpexdacTHUHAsi CTOJKHOBHTENIbHAS peKOMOWHarms (e —e —ion) B
yabTpaxosiofHoM miuasMme [1, 2], korma TemmepaTypa Majia, a IapaMeTp HEUAEaIbHOCTU MEXKIY
3apsHKEHHBIMU YaCTHLIAMU MOKET IPEBBIIATh €AUHUILY.

Abstract: Three-particle collisional recombination (e-e-ion) in an ultracold plasma is considered
when the temperature is small, and the coupling parameter between charged particles can exceed
unity.

I[J'IH 9THUX YCJIOBI/Iﬁ paccunTaHa CPCaHsAs SHECPIrus CBO60,ZIHBIX QJICKTPOHOB U HaﬁﬂeH

xkodddurment pexomOunammn. OH ~ T %% mpu ManelX 3HAaueHMAX TmapaMeTpa
HEUICATLHOCTHU, a MPHU OONBIINX — OOPATHO MPOMOPIIMOHATEH MJIa3MEHHOM YacTOTe.
[Tomy4yeHHbIe pe3yabTaThl CPABHUBAIOTCA C PA3JIUYHBIMU TEOPETHUECKUMU MOJAEIIIMH
Y YUCJICHHBIMU MOJICTTMPOBAHUSAMH MpoIiecca peKOMOHAIUY.
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ANCCOOUALIUA O, DJIEKTPOHHBIM YJIAPOM B IIVIASME
DISSOCIATION OF O, BY ELECTRON IMPACT IN PLASMA

J.P.Booth®, O.Guaitella’, A.Chatterjeel, Z!.B.HOH&CBZ, C.M.3BIp}IHOB2,
T.B.PaXI/IMOBaZ, I[.F.BOJIOLHHH2

! Laboratoire de Physique des Plasmas, CNRS, Ecole Polytechnique, France
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Koncranra ckopoctu auccoruanuu O, ObUTa W3MepeHa B muMpokoM auamnasone E/N B Tierornem
paspse nocrosiHHOro Toka. ITone E ompenensiock 30HA0OBEIM METOJIOM, a IIOTHOCTH raza N — u3
HU3MEPEHUI Ta30BOM TEMIIEPATYPBI 110 CTIEKTPY H3ITYHEHHUS P-BeTBH MOJTOCHI Oz(b ) — 0,(X3 Zq)-
[lnotHoets atomoB O(’P) m3mepsitacse meromom TALIF, a orsomenne O(P)/N, kpome storo,
OTIPEETISIIOCh METOJIOM aKTHHOMETpUH To aromam Ar. Bpems paspemieHHas aKTHHOMETPUS B
MOYJIUPOBAHHOM Pa3psiJie UCIOIb30BANIACh IS OMPEIEICHUS CKOPOCTH THOEIH aTOMOB O(3P). U3
JIaHHBIX W3MEpEeHHi ObUla TMOJydeHa KOHCTaHTa CKopocTd aucconmanuu Op xak ¢yHkius E/N.
AHamM3 TOJXYYEeHHBIX IaHHBIX ITO3BOJIMII JETAIBHO PACCMOTPETh MEXaHHM3MBl TUCCOIMALNU U
BO30YKJCHHS BHICOKHUX AJIEKTPOHHBIX cOCcTOSTHUIN O ¥ chOpMUPOBATH HOBBI CAMOCOTIACOBAHHBIH
Habop ceueHu# 11t MoJeKynbl Oy.

DC glow discharges in pure O in a Pyrex tube were studied to measure dissociation rate constant
over a wide range of E/N. E was found from probe measurements while gas density N - from the
measurements of the gas temperature from the 02(b12g ) > 05(X3 2g) emission spectrum. OCP)
atom density was measured by TALIF while OCP)/N ratio was also determined by Ar actinometry.
Time-resolved actinometry on partially-modulated discharges was used to measure the loss rate of
O atoms. From these measurements the O, dissociation rate constant was determined as a function
of E/N. The obtained data allowed analyzing both dissociation and excitation mechanisms of the
high electronic states of O, as well as forming a new self-consistent cross section set for O,
molecule.

Ceuenune nucconmaruu Mosiekyn O, 53JIEKTPOHHBIM YIApOM (Ggis) SBISIETCS
NpeIMETOM aKTUBHBIX Je0aToB. Tak mMmeroniuecs SKCIEpUMEHTANbHBIE JaHHbIE 110
Ggis BOJIM3U MOpora npecKa3blBal0T BETUYMHY CKOPOCTU JAUCCOLMALIMM MHOTO HUXE
TOH, 4TO HabMomaercs. B To ke Bpemsi, HepeaaTuCTUIHO OOJBIINOE Ggjs UCIIOTB3YETCS
BO MHOTHX CaMOCOIJIACOBAaHHBIX Habopax ceueHud miga Op, 4TOOBI 0OECHEUUTH
COOTBETCTBHE HAOJIIOIAEMBbIM  TPAHCIOPTHBIM  KOd(PuImeHTaM U  CHEeKTpam
HEYNPYTUX MOTEPbD.

UToOBI IPOSICHUTH 3TO HECOOTBETCTBUE U ObLIa cleaHa JaHHas padoTta. J[isg atoro
KOHCTaHTa ckopoctu auccormanuu O, Oblaa u3MepeHa kak ¢yHkius E/N B mma3me
TJICIOLIETO pa3psiia MOCTOSHHOIO TOKa B YUCTOM KHUCIIOPOJE. AHAIU3 MOJYYEHHBIX
JAHHBIX TO3BOJIMJI COIJIACOBATh MEXAHU3MbI AUCCOLMAINUA U BO30YKIEHUS BHICOKUX
ANIEKTPOHHBIX cocTossHU O, U chOpMUPOBATH HOBBIM CaMOCOTJIACOBAHHBIN HabOp
CeYEeHM 1151 MOIeKyJIbl O.

JlaHHast paboTa caennaHa B paMkax MexyHapoaHoro nmpoekra KaPPA International
Associated Laboratory (LIA) (the LABEX Plas@par project), a Takxe npu
nomuepxke pouga PODU npoext Nel6-52-16024.
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PHOTOIONIZATION OF HYDROGEN MOLECULAR ION BY
ULTRASHORT PHOTO-PULSE

Arkhipov D.N., Astashkevich S.A., Mityureva A.A., Smirnov V.V.
Faculty of Physics, St. Petersburg State University, Russia, 198504,
E-mail: valery_smirnov@mail.ru

The probabilities of photoionization of hydrogen molecular ion by ultrashort laser field were
evaluated on base of earlier developed trajectory method.

The process of photoionization of hydrogen molecular ion in ultrashort laser field
was considered. The process may be of interest, for example, in astrophysical plasma.
The trajectory-based method for evaluating transition probabilities developed in our
works [1, 2] has been used. The method is nonperturbative and takes into account all
orders of multiphoton and recollision processes. The photoionization probabilities
were calculated in a wide range of field frequencies and intensities. This is unique
capabilities compared to the other methods.

We consider a plane-wave photo-pulse with linear polarization and a Gaussian
modulation. The result in a weak field is usually represented in a form of cross
section. Gained hydrogen molecular ion photoionization cross section averaged over
molecular orientation for equilibrium internuclear distance is shown in Fig. 1.
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Figure 1. H," photoionization cross section o (Mb) dependence on photon energy E (eV). Line 1 —
our result, line 2 - [3], line 3 - [4].The calculations are presented for the photon-pulse
duration of 7~ 1.2 fs.

There are several works with calculations of ionization cross section for a stationary
radiation whith agreement of results. Our calculations are in good agreement with the
data obtained by other methods. For example, in Fig. 1 our results are compared with

the data of [3, 4].
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MOJEJTAPOBAHUE HPOLECCA HOHHOTI'O A3B0TUPOBAHUSI B
IIVTASME TJIEIOIIET'O PA3PA A ITOBBIINIEHHOMU IIVIOTHOCTHU

MODELLING OF IONNITRIDINGIN HIGH-DENSITY GLOW DISCHARGE
PLASMA

Xycaunos FO.I'., Pamazanos K.H., Mypra3un JI.A., 3os0toB 1.B.
@I'BOY BO «YI'ATY», Poccus, 2. Ypa, yn. K. Mapkca 12, 450008, uldash990@mail.ru
[IpennoxkxeHa  KOMIIbIOTEpHAsi  MOJENb,  MO3BOJISIIOIIAS ~ MPOTHO3UPOBATh  pacIpe/esieHue
TEMIepaTypHOTO MoJid U TIyOuHy Iu(@dy3HOHHOTO CJIOS MPU HOHHOM a30THPOBAaHUM B ILIa3Me
TJICIOMIETO pa3psiia MOBBIIICHHOW IUIOTHOCTH ISl AeTaneld 00N KOH(HUTypamuu U pa3MepoB.
[IpoBeneHO 30HAOBOE HCCIEAOBAHME IUIA3Mbl TICIOLIETO pa3psia MOBBILIEHHOW IUIOTHOCTH M
MOJIYYEHbI pacIpesiesieHus] TUIOTHOCTEH 3apspKeHHbIX uacTull. MccinemnoBaHo BIIMSIHHE TIL1a3Mbl
MOBBIIIEHHOW IIJIOTHOCTH IIPM MOHHOM a30THPOBAaHMM HA PacCHpeiesIeHue TEMIIEPAaTypHOro MO
neranu 3yOdaroe kosieco. M3ydeHO BIHSHHE TUIa3Mbl TOBBINICHHON TIJIOTHOCTH TPH HOHHOM

a30THPOBAHUH HA TIIYOMHY YIIPOYHEHHOTO CJI0s /T 0Opasia u3 ctamm 38 XMIOA.

A computer model is proposed that predicts the distribution of the temperature field and on
nitridingin a high-density glow discharge plasma for part so fany configuration and size. A
probleme a surements of a high-density glow is charge plasma was carried out, and distributions of
charged particle densities were obtained. The influence of high-density plasma on the temperature
distribution field during ion nitriding of the "cogwheel” part was investigated. The influence of
high-density plasma during ion nitriding on the depth of the hardened layer for a sample of
38KhMYUA steel is studied.

N3BectHO [1], 4TO MpoBeaEHKE MPOLECCa HOHHOTO a30TUPOBAHHUA B IJIa3ME TJICHOLIETO
paspsiia MOBBIIMIEHHONW MIOTHOCTU TpH mposiBieHnn 3¢ dekra nonoro karoga (IIIK)
MO3BOJISIET MPOBOAUTH MHTEHCU(DUKAIMIO TIpoliecca AU (HYy3MOHHOTO HACBIIIEHUS a30Ta
BIUIyOb MaTepuana. [IpoBefeHre KOMIBIOTEPHOIO MOJAEIMPOBAHUS IUIA3MbI TIICIOIIETO
pa3psijia MOBBIIIEHHOMN MJIOTHOCTHU, TEIUIOBBIX U MU (Y3MOHHBIX MPOLIECCOB MPU MOHHOM
a30THPOBAHUM SIBJISIETCA aKTyaJbHOW 3a/ayeil, MOCKOJbKY B HACTOAIIEE BPEMSI pacueT
TEXHOJIOTUYECKUX PEXKHMOB HMOHHOTO a30THPOBAaHUS BechbMa 3aTpPyAHEH BBUIY
OTCYTCTBHSI TIOJTHOTO ONHMCAHMS B HAYYHOM JUTepaTypedU3HUECKUX IMPOIIECCOB,
MPOTEKAIOIIMX B paspsie C TMOJIbIM KaToJIOM, a TaKXe u3-32 HEPaBHOMEPHOTO
pacripesieieHus] TeMIepaTyphbl B JIeTalld B TEYEHHE BCEro Ipoliecca ynpoyHenus [2]. B
JaHHOW paboTe MpeayokeHa KOMIBIOTEpHAs MOJEINb, MO3BOJISIONIAs MPOrHO3UPOBATH
pacmpesiefiecHue TEMIIEpaTypHOTO MOJS U ONPEAeNATh KOHIEHTPALMIO HACHIIIAIOIIETO
slieMeHTa 1o TayOuHe Iud@dy3MOHHOTO CJIOS MPU MOHHOM a30TUPOBAHUU B IIA3Me
TJCIOIIETO pa3psia MOBBIIMIEHHONW MJIOTHOCTH HAa MpHUMeEpe JeTalu 3yO0uaToe KOJeco U3
ctamn 38XMIOA. Wonnoe azormpoBanue mnpoBomwinn mnpu 7=550°C, P=60 Ila,
U=500 B, t=8 4. Pe3ynbTarsl MOAECTUPOBAHUS TUIa3Mbl TJICIOLIETO pa3ps/ia MOBBIIICHHOM
IUIOTHOCTU TIO3BOJWJIM TOJMYYUTh pacCHpelesieHus] TUIOTHOCTEH 3apsKEHHBIX YacTHIL
MEXKATOJHOM TPOCTPAHCTBE, KOTOpPbIE TMOKA3aJlM XOPOIIYyID CXOAUMOCTb C
pe3ysibTaTaMi 30HIOBBIX M3MepeHHi. YcraHoBieHo, yto OIIK mo3BoisieT moBBICHTH
KOHIICHTPAIIMI0 MOHOB HACHIIIAOLIEr0 3JI€MEHTa BOJIM3U MOBEPXHOCTU JeTanu B 2-2,5
paza 1o CpaBHEHHMIO C TieroIuM pazpsgom 6e3 DIIK.
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MOJEJIMPOBAHUE TLJTA3MBI TJIEIOIIETO PA3PSIJIA C OJIBIM
KATOJIOM

MODELLING OF PLASMA OF GLOW DISCHARGE WITH HOLLOW
CATHODE

1Xy0aI/IHOB 0.1, 'Pamazanos K.H.,lAFSaMOB P.I[.,lMVpTaBHH JLA., ’Bekacos B.C.
Y\®Ir50Y BO « VTAT V», Poccus, e. Ygha, yn. K. Mapkca 12, 450008
2@I'BOY BO «CII6I'Y», Poccus, 2. Cankm-Ilemep6ype, yi. Yuusepcumemckas nab. 0. 7, 199034

Hpeunomeﬂa KOMIIBIOTEpHAad MOJCIIb IJIa3Mbl TJICKOLICTIO paspdaa € IOJbIM KaTOdOM. HOJ’Iy‘IeHLI pacopeacicHus
NnapaMeTpoOB IJIa3Mbl TJICIOLIETO pa3psaaa € MOJIbIM KAaTOJAOM IO €ro CCUCHUIO IPU Pa3JIMYHbIX HAIIPSKCHUAX pa3psaia OT
350 no 600 B. IlocTtpoeHsl BonbTaMIEpHBbIE XapaKTEPUCTUKU Pa3psiioB C MOJIBIM KAaTOJOM U C MJIOCKUM KaTOAOM.
YCTaHOBHeHO, YTO TOK pa3psja € NOJIbIM KaTOAOM, 06pa30BaHHLIM C IOMOMIBIO CETYATOI'O 3KpaHa, B 2-2,5 pasa BbIIIC
MO0 CpaBHCHUIO C TOKOM paspsja C IJIOCKUM KaTOJdOM. YCTaHOBHeHO, 4TO B KaTOL[HOﬁ 10JIOCTH, 06pa30BaHHLIM C
MMOMOIIBI0 CETYATOTO JKpaHa, (opMHUpyeTcss O0JAaCTh € IUIA3MOM IOBBIIIEHHOW IUIOTHOCTH C MAaKCHMYMOM
KOHLEHTPALlui HOHOB B LIEHTPE IMOJIOCTH, YTO B 1,5-2 pasza Bblllle IO CPABHEHUIO C KOHLEHTPALUEH! HOHOB y KaTOIHOMN
IIOBEPXHOCTH B TPAAULIMOHHOM TICIOLLIEM pPa3psAc IIPU TOM K€ JABJICHUU U HANIPsDKCHUU paspsaa.

A computer model of plasma of a glow discharge with a hollow cathode is proposed. The distribution of the glow
discharge with a hollow cathode plasma parameters by its cross-section at different discharge voltages from 350 to 600
V are received. Volt-ampere characteristics of discharges with a hollow cathode and a flat cathode are built. It is
established that the discharge current with a hollow cathode formed by a lattice screen is 2-2.5 times higher in
comparison with the discharge current with a flat cathode. It is established that in the cathode cavity formed by a lattice
screen, a region with a plasma of increased density with a maximum concentration of ions in the center of the cavity is
formed, which is 1.5-2 times higher than the concentration of ions near the cathode surface in a traditional glow
discharge at the same pressure and discharge voltage

N3BectHo [1], uTo sl WHTEHCH(UKAIMKA TPOIECCa HMOHHOTO a30THPOBAHUS
3a4acTyro 00pabOTKy MPOBOJAT B IJIa3Me TJICIOIIETO pa3psiia ¢ MOJbIM KatoaoM. B
HACTOSIIIIEE BPEMsSI pacyeT TEXHOJIOTMYECKUX PEKHMOB HOHHOIO a30THPOBAHUS U
r€OMETPUYECKUX MMapaMeTPOB KaTOAHOW MOJOCTH MpH 00pabOTKe 3aTpy/HEH BBUIY
OTCYTCTBHUS TIOJIHOTO ONHMCAaHWsA B HAay4YHOW JUTEpaType (PU3MYECKUX MPOILIECCOB,
MPOTEKAIOLIUX B pa3psijie C MOJbIM KaToAOM. B CBSI3U ¢ 3TUM HCClEeI0BaHUE TUIa3Mbl
TJICIOLIETO Pa3psAaa C MOJBIM KaTOJIOM SBJISAETCS BAXXHOM 3a/1a4eH, peIIEHUE KOTOPOU
MO3BOJIUT COBEPIICHCTBOBATH CYIIECTBYIOIINE U pa3padaThiBaTh HOBBIC TEXHOJIOTHH,
a Tak)Ke Ha3HA4YaTh U KOHTPOJMPOBATH TEXHOJOTUYECKUE MapaMeTpbl 00padoTku. C
LEJIbI0 OMPEICNICHNS] ONTUMAJIbHBIX PEKUMOB MPEABAPUTEILHON MOHHON OYHUCTKU U
mpoliiecca a30TUPOBAHMS, a TAK)KE U3yUYeHUs] (PU3NIECKUX MPOIIECCOB, MPOTEKAIOITUX
B KaTOJHOH IIOJIOCTH, B JIaHHOM paboTe OBUIO MPOBEACHO KOMITBIOTEPHOE
MOJICIUPOBAaHUE TICIOMIETO pa3psiia C TMOJbIM  KAaTOJIOM TMPHU  Pa3IUUYHBIX
HanpspkeHusix pazpsaa ot 350 go 600 B.YcraHoBineHO, 4TO TOK pa3psia ¢ MOJIBIM
KaToJIoM, 0Opa30BaHHBIM C TMOMOIIBIO CETYATOro dKpaHa, B 2-2,5 pasa BbIIIE IO
CPaBHEHMIO C TOKOM pa3psijia C MJIOCKUM KaTOJAOM. YCTaHOBJIEHO, YTO B KaTOJHOM
MOJIOCTH, OOpPa30BaHHBIM C MOMOIIBIO CETYATOr0 3KpaHa, (popMupyeTcs 001acTh C
MJIa3MOM MOBBIIIEHHONW TJIOTHOCTH ¢ MAaKCUMYyMOM KOHIIEHTpPAllMM MUOHOB B IIEHTPE
IOJIOCTH, 4TO B 1,5-2 pas3a BbIIE MO CPABHEHHIO C KOHLUEHTPAUHUEW HOHOB Yy
KaTOJIHOW MOBEPXHOCTU B TPAAUIIMOHHOM TJICIOLIEM paspsiic MPU TOM Ke JaBICHUU
Y HalpsHKEHUU paspsa.
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NCCIEAOBAHUE PACIIPEJAEJIEHUSA IIVIOTHOCTHU NOHHOI'O TOKA
B UMITYJIbCHOM HECAMOCTOSATEJIBHOM TJIEIOIIEM PA3PAIE
HU3KOI'O JABJEHUA C I1I0OJIBIM KATO/IOM BOJbBIIOI'O OBbEMA

A STUDY OF ION CURRENT DENSITY DISTRIBUTION IN PULSED NON-
SELF-SUSTAINED LOW PRESSURE GLOW DISCHARGE WITH
HOLLOW CATHODE OF LARGE VOLUME
Henncos B.B., Octposepxos E.B., Jlonatun N.B., Koansckuii C.C., Kopans H.H.,
[{anunu I1.M.

OI'bYH Hncmumym cunonomounou snexkmponuxku CO PAH, Poccus, 634055, 2.
Tomck, np. Axademuueckuu 2/3, E-mail: volodyadenisov@yandex.ru

HecamocTosTenpHblid TICIOMMUN pa3psl HU3KOIO JABICHUS C IMOJBIM KAaTOJIOM
[103BOJSICT IMOTYYaTh KOHIEHTPALMIO IUTa3Mbl BeamumHoil 10" M™° ¢ BBICOKOI
PAaBHOMEPHOCTBIO pacmlpeniesicHus: B oobeMe kamepsl Oosiee 0.2 M [1]. B mamHoit
paboTe TPOBOIUTCS WCCICIOBAHUE BIMSHUS TAaKUX IMapaMETPOB HMITYJIHCHOTO
HECAMOCTOSITEILHOTO TJEIOMIETO pa3psga HU3KOrO MaBJICHUSA C MOJbIM KaTOJIOM
Gombioro (0.2 M%) oGbema, Kak paGodee JaBIICHNUE, HAPSDKCHIE TOPSHHs paspsia
U aMIUIMTyJa TOKa paspsna, Ha GopMy a3UMyTalbHBIX paclpe/leeHUN TUIOTHOCTH
MOHHOTO TOKa M PaJIMaJIbHBIX paclpeiesieHnid mapaMeTpoB MIa3Mbl (KOHIICHTPALIUS
IJ1a3Mbl, TEMIEpATypa 3JIEKTPOHOB, MOTEHIMAN IJ1a3Mbl). M3MepeHus paauaibHbIX
pacrpesiefieHdid MapaMeTpoB IIJIa3Mbl  OCYIIECTBISIUCh B KBa3HUCTAllMOHAPHOM
peXKHMME OJMHOYHBIM I[WIMHAPUYECKUM 30HAOM JIeHrMiopa mpu HU3MEHEHUU
pabouero naBnenus B auanaszone (0.4 — 1) [la, mpu HanpspKeHUSIX TOPEHUS paspsaa
or 130 mo 235 B um amMmiurygax Toka Tieromiero pazpsga or 60 mo 125 A.
[TonyueHHble pe3yJabTaThl BaXKHbI C TOYKH 3PEHHUS MCIOJIb30BAHMS IJIa3Mbl TaKOTO
paspsiga i MoAuGUKAIMKY ITOBEPXHOCTH MaTEPUAJIOB U U3/ICIIUH.

The low-pressure non-self-sustained glow discharge with the hollow cathode allows
to reach a plasma density of up to 10'® m™ with a high homogeneity of plasma
density in vacuum volume more than 0.2 m* [1]. The influence of such parameters of
pulsed non-self-sustained low-pressure glow discharge with the large (=0.2 m®)
volume hollow cathode as the operating pressure, the discharge voltage and the
amplitude of the discharge current on the shape of the azimuthal distributions of the
ion current density and radial distributions of plasma parameters (plasma density,
electron temperature, plasma potential) in this work was investigated. Measurements
of the radial distributions of plasma parameters was carried out in a quasi-stationary
mode by a single cylindrical Langmuir probe. The operating pressure was change in
the range of (0.4 - 1) Pa, the discharge voltage was change from 130 to 235 V and the
amplitudes of the glow discharge current were change from 60 to 125 A. The results
are important in terms of the use of plasma of such discharge for surface modification
of materials and products.
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IAPUHA JIUHUA U3JTYYEHUS, MCITYIIEHHOTI'O Y KATOJIA B
INNEPEHAIIPA’KEHHOM U KOHTPAI'MPOBAHHOM PA3PSAIE B H, 1 D,

WIDTH OF THE SPECTRAL LINES EMITTED FROM CATHODE AREA IN
THE OVERVOLTAGE AND CONSTRICTED DISCHARGE IN H; AND D,

Axwumes 10.C., Kapanpauk B.b., [TetpsikoB A.B., Tpymkun H.W., Iladukor A.T'.

AO "THL] P® TPHHUTH", 108840, Mocksa, Tpouyk, ya. [lywkosusix, 12.
karalnik_vb@triniti.ru

W3mepens! mupuHa U GpopMa CHeKTpalbHbIX JUHUHN cepun banbmepa, UCITyCKaeMbIX U3 KaTOIHOU
obnactu paspsna B Hy u Dy B nepeHanpsykeHHOM U KOHTParupoBaHHOM peXHMax.

Experimental data onwidth of the spectral lines emitted from the cathode region in the overvoltage
and constricted discharge in narrow gap in H, and D, are presented in this report.

W3mepens! mmpuHa U ¢popMa CeKTpajabHBIX JTUHUM cepun bambmepa, ncmyckaembIx
U3 KaTogHou obnacTtu paspsaa B H, u Dy B KOPOTKOM MEXIIEKTPOAHOM MIPOMEKYTKE
B CWJIBHO IIEPCHANPSIKEHHOM PEXKHMME, MCHOJIB3YEMOM JUIsl TEHEPAUMU IIydKa
AJIEKTPOHOB, U B HU3KOBOJIBTHOM PEXUME C CHIBHOTOYHBIMHU KAaTOAHBIMU IISITHAMM,
NOJJEPKUBAIOIIMMU UCKPY. YIIUPEHHWE JMHUN NPUMEPHO OJUHAKOBO B 000HMX
peXHUMax, HO ONpeAeseTcs pa3nuuHbIMU dpdexTamu. B BBICOKOBOJIBTHOM peXHUME
YVIIUPEHUE JIMHUM SBISAETCS JIOMIUIEPOBCKUM, OOYCIIOBIEHHBIM IOSIBICHUEM
OBICTPBIX MOJIEKYJ 3a CYET IMepe3apslki HOHOB. B HU3KOBOJIBTHOM pEXHUME
VIIUPEHUE SIBIIAETCA ITAPKOBCKUM, OOYCIOBJIEHHBIM BBICOKOW MJIOTHOCTBIO TIa3Mbl
B CHJIBHOTOYHBIX KAaTOAHBIX IsSITHaX. [IprMepbl M3MEPEHHBIX CHEKTPAIBHBIX JIMHUN
s D, mpu P=2 Topp mpuenenst Ha Puc.l. [loapoOnas wmHbpopmaius Oyzaer
M3JIO’KEHA B IIOJIHOM BEPCHUM JTOKJIAJIA.
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Pabora BhInoHeHa pu moHok noaaepxke PH® (rpant Ne 16-12-10458).
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ANHAMHKA KOHTPAKIUHU IIUPOKOAIIEPTYPHOI'O
CUJIBHOTOYHOTI'O IIYYKA JIEKTPOHOB CPE/IHUX DOHEPI'MU ITPHU
ET'O PACITPOCTPAHEHUMHU B H; 1 D, ITPU MAJIBIX TABJIEHUAX

THE CONSTRICTION DYNAMICS OF A LARGE APERTURE HIGH-
CURRENT ELECTRON BEAM OF MODERITE ENERGY PROPAGATING
IN H, AND D, AT LOW PRESSURE

Axumes 10.C., Kapanbnuk B.b., Menseaes M. A., [lerpsaxoB A.B., Tpymkun H.W.

AO "THL] P® TPHHUTH", 108840, Mockea, Tpouyk, ya. [ywkosvix, 12.
karalnik_vb@triniti.ru

[IpencraBnena mHbopMalus O KOHTPAKIUU HUMITYJbCHOTO CHJIBHOTOYHOTO IMYy4YKa 3JIEKTPOHOB C
sHepruit 10 25 k3B, pacnpocrpansitomerocs B Hy u D, npu Manbix qaBiaeHUsX.

The report presents the experimental data on constriction of the high current and moderate energy
(up to 25 keV) electron beam propagating through H, and D, at low pressures.

Kpatkas wuHdopmanus 1o JAMHAMHMKE KOHTPAKLMU JJIEKTPOHHOIO  IydKa,
c()OPMUPOBAHHOTO CUJIBHO IEPEHANPSIKEHHBIM pa3psaaoM B D, pecTaBieHa HIKE
Ha Puc. 1 n 2 Hoz[p06Ha;[ uHdopMaius OyJeT U3JI0’KEeHa B MOJIHOM BEPCHM JIOKIaIa.

‘ 1" Puc.l. OcuumiorpaMmbl HampsoKEHHS |
[ TOKa CHJIbHO MEPEHAIPSHKEHHOTO pa3psiia B
TPEXAIIEKTpoaHOU cucteme B D, mpu P=2
R Topp. [IpsmoyroiapHuku ¢  uudppamu
%0 IMOKa3bIBAIOT  IIOJIOKCHHE BO  BPCMCHHU
400 BOCBMH CHUMKOB 3JIEKTPOHHOIO IIy4Ka,
*os00 MpEICTaBICHHBIX HA Puc.2.

=100

L-200

5cm

Puc.2. Pa3BuTue BO BpEMEHM KOHTPAKIIMHU 3JIEKTPOHHOTO myuka. Takcm = 50 Hc.

Pabora BeImoHEeHA ITpH 1osTHOH noiepxkke PH® (rpanTt Ne 16-12-10458).
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CIEKTPHI U3JIYYEHUS U TIAPAMETPHI ITYYKOBOM IJIA3MBI,
®OPMUPYEMOM ®OPBAKYYMHBIM ILJIASMEHHBIM UCTOYHUKOM
JIJEHTOYHOTI'O 3JIEKTPOHHOI'O ITYYKA B CUCTEME
TPAHCIIOPTHUPOBKH BE3 MAT'HUTHOI'O ITIOJIA

EMISSION SPECTRA AND PARAMETERS OF THE BEAM PLASMA
FORMED BY A FOREVACUUM PLASMA SOURCE OF A RIBBON BEAM
IN ZERO-FIELD TRANSPORTATION SYSTEM

M.U. HOMaeBl’S, A.C. KHI/IMOBZ, E.M. OKcl’Z, ATl AHz[peﬁqHKZ

YUnemumym cunvnomounoii snexkmponuxu CO PAH, Tomck, Poccus,
2Tomckuti 20cyOapcmeennblil yHU8epCumen cucmem Ynpasienus u
paouoanexkmponuxu, Tomck, Poccus,

S Hayuonanshuiii uccnedosamenscekuii Tomckuil 20cydapemeentuiii yHusepcumen,
Tomck, Poccus, Lomaev@loi.hcei.tsc.ru

[IpoBeneHbl HCCIIENOBAHUS AMHCCHOHHBIX CIIGKTPOB M IMapaMETPOB ITYYKOBOH  TIA3MBI,
dbopMupyeMoil (GopBaKyyMHBIM TUIa3MEHHBIM HCTOYHUKOM JIGHTOYHOTO S3JEKTPOHHOTO ITyYKa B
YCIIOBHSIX €r0 TPAHCIOPTUPOBKH 0€3 CONMPOBOXIAIOIIETO MArHUTHOTO 1Ot OnpeesieHbl YCIOBHS
32)KUTaHUS B 00J1aCTU TPAHCIIOPTUPOBKU IyYKa ITyYKOBO-IUIA3MEHHOTO pa3psla, MO3BOJISIONIETO
dhopMHupOBaTH MJIA3MEHHOE 00pa30BaHMUE TUTA ~TIA3MEHHOTO JIMCTA™ C KOHIICHTPAIUeH ~ 10* m™
U TEMIIEpATypou 31EeKTpoHOB 1-2.5 eV.

The emission spectra and parameters of the beam plasma formed by a forevacuum plasma source of
a ribbon electron beam in the conditions of its transportation without an accompanying magnetic
field have been studied. The ignition conditions in the beam transportation region of the beam-
plasma discharge producing a plasma formation of the plasma sheet type with a plasma
concentration of ~10'® m™ and an electron temperature of 1-2.5 eV have been determined.

Hcnonp30BaHre JTIEHTOYHOIO AJIEKTPOHHOTO ITy4YKa ITO3BOJISIET CO3/1aBaTh ITyYKOBYIO
IJ1a3My THUIIA TJIA3MEHHOTO JIMCTA™ C IJIOIIAAbI0 B COTHU KBAIPATHBIX CAHTUMETPOB,
MPEACTABIAIONIYI0) HMHTEPEC C TOYKM 3PEHUSI €€ MCIIOIb30BAHUS B PA3ITUYHBIX
MPAKTUYECKUX TpuiioxkeHusix [1]. Pe3yapTarsl MNpPOBEACHHBIX UCCIIEIOBAaHUM
CBHUJIETENILCTBYIOT, YTO AAXE B OTCYTCTBUE TPAHCIOPTUPYIOIIETO MarHUTHOTO T10JIA B
00JacTl TPAaHCHOPTHUPOBKU JIEGHTOYHOTO My4yKa BO3MOKHO 3a)KHUTaHUE IJIa3MEHHO-
My4YKOBOTO pa3psaa, (Gopmupyemoro (opBaKyyMHBIM IIJIA3MEHHBIM HCTOYHHKOM
ANeKTpoHOB. KOHLIEHTpamuss W TemIeparypa DJJEKTPOHOB B INIa3Me paspsaa
coctapmsior ~ 10 m™ u 1-2.5 eV coorBercrBenno. Ilpn 5TOM HabmomaeTcs
KauE€CTBEHHOE U3MEHEHHE SMUCCUOHHOIO CIIEKTPa IJIa3Mbl pa3psaa.

JIMTEPATYPA

1. I'.®. Usanosckwuii, [lerpoB B.M. MonHo-mma3menHass oOpaboTka MaTepHaIOB.
M.: Paguo u cBs13b, 1986. 232 c.
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MO/JIEJJMPOBAHUE MPOLIECCA OCAXJIEHUS
UHTEPMETAJUINIHBIX MOKPBITUIA U3 MJIA3BMBI BAKYYMHO-
JIYTOBOT'O PA3PSIIA
MODELING OF INTERMETALLIC COATINGS DEPOSITION PROCESS
FROM VACUUM-ARC PLASMA

Bappaunsan 2.J1., Pamazanos K.H., Harumos P.II1.
Ypumckuii cocyoapcmeennwiii aguayuoHuslil mexnuveckutl ynugepcumem, Poccus, Ya, ya.
K.Mapxkca 12 k8. rustembokushisan@gmail.com

AHHoTanus. VccnenoBansl pU3NKO-XUMUYECKUE MPOIECCH TPOTEKAIONIUE B MPOLIECCE OCAXKACHUS
HUHTCPMCTAJVIMIHBIX HOKpI:ITI/II\/'I U3 IIJIa3Mbl BAaKYYMHO-AYI'OBOI'O paspsaa. CMO,Z[G.HI/IpOBaHO
ANEKTPOCTATUYECKOE TI0JIe, CO3/[aBaéMO€ B BaKyyMHOH KaMepe I[ojJayeil OTpULIaTeIbHOrO
IIOTCHIIMaJIa CMCHICHUA Ha O6paGaTBIBa€My10 JACTalb. OJICKTPOMAriuTHBIX nojied Ha HOHHBIE
noToku MetamwioB. Pa3paborana MaTemaTHueckass MOJAENb IIpolecca BaKyyMHOTO HMOHHO-
IJJA3MEHHOTO OC&XJICHHMST Ha OCHOBE HHTEpPMETAIMJa CHCTeMbl Ti—Al ¢ ydeToM BIUSHHS
ANEKTPOCTATUCTUYECKUX U AJIEKTPOMATHUTHBIX MOJIEH Ha MOHHBIE TOTOKH METaJJIOB.

Annotation. The physico-chemical processes taking place in the process of precipitation of
intermetallic coatings from the vacuum-arc discharge plasma are studied. An electrostatic field
created in a vacuum chamber by applying a negative bias potential to the workpiece is modeled.
Electromagnetic fields on the ion fluxes of metals. A mathematical model of the process of vacuum
ion-plasma deposition based on the intermetallic compound of the Ti-Al system is developed taking
into account the influence of electrostatic and electromagnetic fields on ionic metal fluxes.

[TokpeITHsT HA OCHOBE WHTEPMETALTUAOB cucTeM Ti-Al MOryT OBITH HCHONB30BAaHBI B KAa4eCTBE
3alIUTHBIX ~ IOKPBITUM B XMMHYECKOW  IPOMBIIUIEHHOCTH,  AaBHAKOCMHUYECKOM  TEXHHKE,
apromodunectpoennu u T.4[1]. B wactHocTH, TOKpBITHS ¢ conepxanueM ¢a3 TiAl3+TiAl obmamaror
XOPOIIIEH KOPPO3UOHHON CTOMKOCTBIO TIpH Temrieparypax 600-1100 °C, u MOTYT OBITh TIPUMEHEHBI JIJIs
3aIlUTHI JIOMAaTOK Komipeccopa. Jlist mporao3upoBanus (ha30BOro cocTaBa v 00ecreueHust HeOOXOMMBIX
YCIOBHIA MPH OCAKICHUN MHTEPMETAUTHIHBIX MTOKPBITHI 11€71€C000pa3Ho MPOU3BOIUTH MaTEMaTHIECKOe
MO/IETUPOBaHKE Tporiecca [2].

B nanHOil paboTe mpencraBieHbl pe3ylbTaThl pa3pabOTKUM MOJENM Ipolecca OCaXKACHUs
MHTEPMETAJUTUTHBIX TIOKPBITUH 13 TUIa3Mbl BAKYYMHO-IyTOBOTO paspsina Ha ycraHoBkax HHB-6,6- 11 B
cpene COMSOL Multiphysics. CmoaeanpoBaHO 3I€KTPOCTATHUECKOE M AJICKTPOMArHUTHBIE TONIST B
BakyyMHOU kamepe. IIpu momoum monyns Particle Tracing (TpaccupoBka yacTHIl) OMMCaHBI MOTOKH
MOHOB METAJIOB B BaKYyMHOI Kamepe MoJT ISUCTBUEM 3JIEKTPHUECKUX U JIEKTPOMArHUTHBIX TOJIEH.

B xome pacueToB ObUIO MOTYY4EHO NPOCTPAHCTBEHHOE PACHpENENICHUE 3JIeKTPOCTATHUSCKUX U
ANIEKTPOMArHUTHBIX TIOJIE B BakKyyMHOW kamepe. Takke, MOMy4eHO paclpeieiieHHe XUMHYECKUX
ANIEMEHTOB OCAXKTAEMBIX MaTEepUAJIOB HA IMOBEPXHOCTH 00pabaThIBAEMOMN JeTany sl OMpPEIeTICHHUS
CTEXMOMETPUYECKOT0 COCTaBa MOKPHITHSI.

Pacripenenenre a) SMEeKTPOMAarHUTHBIX TIOJIEH; 0) AIEKTPOCTATUIECKOTO TIOJIS.
Jlureparypa
[1] Budilov V V, Vardanyan E L 2016 Journal of Surface Investigation: X-ray, Synchrotron and
Neutron Techniques Vol. 10 No 4 pp 728-731
[2] Bymuios B.B., P.M. Kupees, U.N. fradapos Onenka Tounoctu aeraineii I'T/] mpu norHO-
TUTa3MEHHOM HAaHECEeHUH MOKPBITHH M3B. By30B. ABHanmonHast Texauka. 2012, Ne2. — ¢.65-68
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YUCJIIEHHOE MOJIEJIMPOBAHUE AYI'OBOI'O PA3PAJIA 1P HU3KUX
JABJIEHUSAX
NUMERICAL MODELING OF ARC DISCHARGE AT LOW PRESSURES
bekacos B.C., Bapnansu 9.J1., Kyapsisues A.A., Harumos P.111., Pama3zanos
K.H.
Yumckuii cocyoapcmeennblil a8uayuOHHbII MeXHUYeCKUll YHugepcumen,
Poccus, Ygha, yn. K. Mapkca 12 k8.
rustembokushisan@gmail.com

AnHoTanud. Pa3zpaboTaHa KOMIBIOTEpPHAs MOJENb MpOIecca TOPEHHsI AYTOBOTO paspsia IpH
HHU3KUX AaBlieHHsX nopsaka 3 Topp. [lomydeHsl pacnpenerneHus napaMeTpoB IUIa3Mbl JYTrOBOTO
paspsga HH3KOTO JaBlieHUss 1o ero cedeHuro npu HampsokeHun 30 B. Tloctpoen rpadwuk
pacrnpeneneHnsl KOHIEHTPAIMU JIEKTPOHOB U MOHOB. [locTpoeHa BoJbTamIiepHasi XapakKTEepUCTHUKA
JyTOBOI'O pas3psja.

Annotation. A computer model of the arc discharge combustion process at low pressures of the
order of 3 Torr is proposed. Distributions of plasma parameters of a low-pressure arc discharge arc
over its cross section at a voltage of 30 V. A graph of the distribution of the concentration of
electrons and ions is constructed. The volt-ampere characteristic of the arc discharge is constructed.

N3yueHne ra3oBbIX pa3psioB aKTyabHO ¢ TOYKH 3PSHUS MHOTOYHMCIICHHBIX MPUMEHEHUN
[1]. B wuyactHOocTH, IyroBOW pa3psii HMEET OOJbLIOE 3HAUYE€HHE B COBPEMEHHOM
MAIMHOCTPOSHUH. METO/bI YHCIICHHOTO MOJICITUPOBAHUS UTPAIOT BAXHYIO POJb TPU
OIMCAHUM HU3KOTEMIIEpaTypHOH T1a3MblI U SIBJICHUM IEPEHOCa B Ta3ax, Tak KaK CJIOKHOCTb U
pa3Hoo0pa3ue MPOUCXOAAIINX B HUX MPOLIECCOB HE TIO3BOJISIOT MOMYYUTh UX BCECTOPOHHETO
OIMCAHUS OOBIYHBIMH IKCIIEPUMEHTATIBHBIMUA M TEOPETHUECKIMHU MeToIaMu [2].

B nmanHo# paboTe mpeacTaBieHbI pe3yIbTaThl JBYXMEPHOTO MOJICITUPOBAHUS TTapaMETPOB
JYTOBOTO pa3psijia MpU HU3KUX JABJICHUSIX C MOMOIIBIO PACHIMPEHHOW ra30MHAMHYECKON
monenn B cpeare COMSOL Multiphysics mast HaxoaeHHS KOHIIGHTPALUMK DJICKTPOHOB,
pacmpesieJieHHs]  TEeMIIepaTypbl DJIEKTPOHOB W TOTeHuWana. Jma mMomenupoBaHMs
TUIA3MOXUMHUYECKUX PEAKLM ObUIM B3SITHI SHEPreTHMYECKHUE PpaCTpeeSieHUs HOHHU3ALUU
aprona. PacdeTs! ObUTH TIPOBEICHBI 15 YacThil A, Ar', Ar’,

B xome pacderoB OBUIO TMOMyYeHO NPOCTPAHCTBEHHOE pacIpeaesicHne HEKOTOPhIX
MapamMeTpoB pa3psia, a UMEHHO - KOHIIEHTpAlUM 3apsDKEHHBIX YacTHIl, JIEKTPHYECKOTO
MOTEHIIMAJIA W TEeMIIEpaTypbl 3JeKTPOHOB. Tarke, Oblla MOMy4YEHAa XapaKTEPUCTHKA
pacrpeesieHus AIeKTPOHOB U MOHOB B ITJIa3Me.

Pacnipenenenue a) KOHIEHTpALUH IEKTPOHOB; 0) TEMIEPATYPhI IJTEKTPOHOB
Jlutepatypa
1. M.B. UYepnbuuena, B.II. Mapek, A.C. Yupnos, .A. IllBarep. HayuHo-TexHHUecKuil
BECTHUK MH(POPMAIIMOHHBIX TEXHOJIOTUN, MEXaHUKU U onTUKHU. 2014. Ne3 (91)
2. C.1. Enucees, B.1. [emunor, A.C. Yupnosa, B.1. Kono6os, A.A. Kyapsasues, E.A.

borganoB. HayuyHO-TeXHHYECKHMH BECTHUK HH(POPMAIIMOHHBIX TEXHOJOTHH, MEXaHUKU U
ontuku. 2014. Ne5 (93)
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DYNAMICS OF SUBNANOSECOND BREAKDOWN
OF HIGH-PRESSURE GASES

N.Yu. Babaeva and G.V. Naidis

Joint Institute for High Temperatures Russian Academy of Sciences, Moscow, Russia
nybabaeva@gmail.com, gnaidis@mail.ru

Recent results on computational study of subnanosecond discharge formation are presented. Their
comparison with available experimental data is given. The effects of various factors governing the
discharge characteristics are discussed.

Pulsed discharges in high-pressure gases are of considerable interest as sources of
non-equilibrium plasma for various technological applications: pollution control,
pumping of laser media, plasma assisted combustion, etc. Discharge development
typically proceeds via the stage of formation near stressed electrodes and propagation
inside the gap of ionization waves — streamers. The growth of front steepness
supplies conditions when streamer formation occurs at strong overvoltages, resulting
in generation of wide plasma channels, with radii of several millimeters [1-3]. Such
plasma structures, similar to glow discharges, are of interest to applications due to
quasi-uniformity of plasma parameters in relatively large gas volumes. The specific
features of subnanosecond ionization waves are extremely high propagation
velocities and large currents. Very high electric fields at the stressed electrodes and in
the ionization wave fronts often lead to generation of runaway electrons and x-rays.

In this talk, results of numerical simulations of the development of subnanosecond
discharges are discussed. Calculated spatial-temporal profiles of plasma parameters
during streamer propagation are presented. A comparison of numerical data with
results of experimental study is given. The efficiency of subnanosecond discharges
for production of reactive species is evaluated. The effects of variation of applied
voltage pulse parameters (voltage rise time, polarity, etc.) on discharge characteristics
are considered. Possible role of runaway electron beams and x-rays in the process of
discharge formation is discussed.

The work was supported by the Russian Foundation for Basic Research under Grant
17-52-16002.
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3. N.Yu. Babaeva, G.V. Naidis. Phys. Plasmas 23 (2016) 083527

130


mailto:nybabaeva@gmail.com,
mailto:gnaidis@mail.ru

SIMULATION OF PREBREAKDOWN PROCESSES
IN DIELECTRIC LIQUIDS

G.V. Naidis
Joint Institute for High Temperatures Russian Academy of Sciences, Moscow, Russia
gnaidis@mail.ru

Results on simulation of streamer dynamics in dielectric liquids are discussed. The model
describing the streamer dynamics accounts phase transition - formation of expanding gaseous
channels behind streamer heads, due to Joule heating and vaporization of the liquid.

Numerous experimental studies of prebreakdown processes in dielectric liquids
have shown that the character of these processes varies substantially depending on
the liquid nature, on the discharge gap length and configuration, on hydrostatic
pressure, on the duration, polarity and amplitude of applied voltage pulses, etc. [1,2].
While at application of very short (subnanosecond) voltage pulses formation of
lonization waves — streamers and their propagation leading to breakdown occurs due
to ionization processes in liquid state, at longer pulses the discharge development
usually includes the stages of formation of bubbles and propagation of gaseous
filaments. Formation, inside liquids, of low-density regions (bubbles or micropores)
at application of voltage pulses can be caused by the electrostriction effects or by
heating of the liquid (due to Joule energy input) and its vaporisation. The first
mechanism can be effective in liquids with high dielectric constants, such as water. In
hydrocarbon liquids, with low dielectric constants, the second mechanism is expected
to be dominating.

In this talk, a model of streamers in liquids, based on approach developed in [3,4],
Is presented. It accounts both electron impact ionization in liquid phase, occurring in
the streamer front region, and formation of a gaseous channel behind the streamer
front. The dynamics of plasma inside gaseous channels during streamer propagation
is analyzed. Results of numerical simulation of streamer dynamics in hydrocarbon
liquids are compared with available experimental data.

The work was supported by the Russian Science Foundation under Grant 14-12-
01295.

REFERENCES

1. V.Ya. Ushakov, V.F. Klimkin, S.M. Korobeynikov. Impulse Breakdown of
Liquids. Springer, Berlin, 2007
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MODELLING AND CHARACTERIZATION OF ELEMENTARY
MICROWAVE PLASMA SOURCES AT MEDIUM PRESSURE (1 TO 50
TORR) FOR HIGH RATE DEPOSITION.

Ortega A.M.', Bes A%, Bechu S.%, Lacoste A.2

'LPSC
University Grenoble-Alpes

The 2D and 3D distribution of a set of elementary plasma sources enables its use in
large area deposition and etching processes. The use of such sources at medium
pressure requires both an impedance matching between the plasma and the source
and a uniform plasma distribution. In this work the modelling techniques are
employed to study and design plasma sources for medium pressure. Experimental
characterization of different source geometries are used to validate the models.
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B3AHMOI[EP1CT]§HE I/IOHI/ISAI_[I/IOHHOIZI BOJIHbI, .
PACIHHIPOCTPAHAIOIIENXCA BJAOJIb I'EJIMEBOU IIVTASMEHHOU
CTPYH, C HOBEPXHOCTDBIO JUIJIEKTPUKA U METAJUIA

INTERACTION OF THE IONIZATION WAVE PROPAGATING ALONG
HELIUM PLASMA JET WITH A DIELECTRIC AND METAL SURFACE

Axuies 1O.C., Kapansauk B.b., Mensenes M.A., [lerpsikoB A.B., Tpymikun H.H.

AO "T'HL] P® TPUHUTH", 108840, Mockea, Tpouyk, yn. Ilywkosvix, 12.
shurik_na@bk.ru

AHHoTanusi. B 1oknaze mpencTaBieHbl  pe3yNbTAaThl O  CKOPOCTH  PACHPOCTPAHEHUS
HMOHU3ALMOHHON BOJIHBI 1O TUIA3MEHHOM CTpYe TeJIUs U 10 €€ B3aUMOJICUCTBHIO C IPEISATCTBUSIMH.

Abstract. This report presents the results on the velocity of the ionization wave propagating along
helium plasma jet and its interaction with the surface of dielectric and metal substrate.

[lo mna3mMeHHOW CTpye, BBIXOIAIIEH W3 HUIMHAPUYECKOrO0 OapbepHOTO paspsia B
notoke He, pacmpocTpaHsieTcss MOHU3AIMOHHAS BOJIHA, KOTOpas MOJJEPKUBAET U
MO/ICBEYMBAET HEPABHOBECHYIO IIa3My B cTpye. CKOpPOCTh paclpOCTpaHEHUs STOU
BOJIHBI U XapakTep €€ B3aUMOJEUCTBHS C MPEMATCTBUEM 3aBUCAT OT MPOBOAUMOCTH
Marepuana npenstctBua. Puc.l m Puc.2 kxpaTko I€MOHCTPUPYIOT YKa3aHHYIO
3aBUCUMOCTb. [1oapoOHbIE pe3ynbTaThl OyAyT U3JI0KEHBI B TIOJTHOW BEPCUH JTOKIA/a.
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Puc.1.Bua nia3MeHHON CTpyW U TUIa3MEHHOT'O MSATHA HA KEPAMUYECKOMW IJIACTHUHE C
He3a3eMJICHHOM (a) 1 3a3emiieHHO# (D) MeTauIM3anuei Ha ee 00OpPaTHOM CTOPOHE U Ha
MeTaTHIeckoll iacture (). Beepxy: Buz (a) u (D) mox 45° k moBepXHOCTH; BHH3Y
u crupasa: Bua (a), (0) u (¢) BI0JIb MOBEPXHOCTH. AMILIUTYAa HampspkeHus 3.0 kB.
MormHocTs paspsiaa 3.4 Bt (a), 4.8 Bt (b) u 3.7 Bt (¢).

Puc.2. CkopocTh MOHM3AIIMOHHOW BOJIHBI BJIOJIb CBOOOTHOM Tu1a3MeHHOM cTpyH (1)
BJIOJIb CTPYH, Majaroniel Ha MeTaiul (2) u qusneKkTpuk (3).

Pabora BeinoaHeHa npu noajaepxkke PODU (rpant Ne 17-02-00234).
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DPOPMA H.JIABM!EHHOﬁ CTPYHU ITPU EE CTOJIKHOBEHHWU C
HEINOJABUXHOU U IBUKYIIENUCA AUIJIEKTPUYECKOHN "
METAJUIMYECKOM NOBEPXHOCTHIO

THE SHAPE OF PLASMA JET UNDER STRIKING INTO STATIC AND
MOVING THE DIELECTRIC AND METALLIC SUBSTRATE

Axumies FO.C., Kapansuuk B.b., [letpskoB A.B., Tpymkua H.U., [lladukoB A.T'.

AO "T'HL] P® TPUHUTH", 108840, Mockea, Tpouyk, yn. Ilywkosvix, 12.
<shurik_na@bk.ru>

AnHoranus. [lokazano, 4yro u3MeHeHHE (GOpPMBI TUTA3MEHHOW CTpyHW, Majaromeid Ha OBICTPO
JBIDKYIYIOCS TOBEPXHOCTD JUAJICKTPUKA/METAILIA, 00YCIIOBIEHO YBICUEHUEM ra3a MOBEPXHOCTHIO.

Abstract. It is proved that the change of the shape of plasma jet striking into a moving dielectric
and metal substrate happens due to dragging of gas by the fast moving surface.

[ToBepxHOCTh, OBICTPO JBMXKYIIAsCS B HEMOABI)KHOM BO3AYyXE, BOBJEKAET B
JNBWKCHUE NPUCTEHOYHBIM CJIOM Ta3a, KOTOPBIM MOJKET OKa3blBATh CYIECTBEHHOE
BIUSHUE Ha (OpMY IJIa3MEHHOM CTpPyH MpU €€ B3aUMOJCHCTBUU C ABUKYIICHCS
[IOBEPXHOCTBIO. JlaHHBIM BONPOC HCCIENOBAaH HAa IMPUMEPE B3aUMMOJCHCTBHS
IUIa3MEHHOM CTPYHM C BpallAlOIIMMCS JAWCKOM M3 QIIOMHUHHS W OPICTEKIIA.
N3meHeHne (GopMbl CTpyH IUIa3Mbl, CO3JaHHOW OapbepHBIM pa3psIOM B TEuH,
noka3ano Ha Puc.1. [TogpoOnas nndopmanus OyaeT JaHa B MOJHOM BEpCUU JTOKJIAA.

2 mm i 2 mm
[ e | |

2 mm 2 mm
[ — [ ————

0 3.8 25.5 35.2 44.8 61.1 73.8
a) Crpys nanaer Ha jquck u3 Al; uHeliHas CKOPOCTh BpAILEHUs HAIPABJIEHA BHU3,

0 | 38 [255][448] 611738
0) [InasmeHHas cTpys HallpaBjIeHa Ha BPALLAIOLIUIICS TUCK U3 OPICTEKIIa;
Puc.1. Buza (cOoky) miasMeHHON CTpyd B MECTE MaJeHHUs Ha BpPALIAIOIIMICS JMCK.
Ckopoctb cTpyu 28 wm/c; MouHOCTh paspsana 3.6 Bt; Bpems skcmoszunusa 0.75 mc;
qrclia OJ KaXAbIM (OTO - TUHEHHAss CKOPOCTh JAMCKa B M/C B MECTE NaICHUS CTPYH.
Pa6ota Bemmonsaena npu noguepxkke PODU (rpant Ne 17-02-00234).
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MOJIAPU3AIINA IIJIA3MBI U BOSHUKHOBEHUE BEVIKA 3A
INIBIJIEBOU YACTHUIHENX BO BHEIIIHEM ITOJIE

I''". Cyxunun, M.B. CansaukoB, A.B, ®egocees, A.M. Poctom.

CO PAH, Hosocubupck, np. Axademura Jlaspenmoesa 1, 630090, sukhinin@itp.nsc.ru
AbctpakT: B maHHOM paboTe METOJaMHM CaMOCOTJIACOBAHHOIO YHCIICHHOTO MOJCITHPOBAHUS
PacCMOTPEHO BIUSHHUE BHEIIHETO DJIEKTPUYECKOTO IO Ha CHCTEMY «IIbLIEBAss YaCTHIA - HOHHOE
00JIaKo» IS Pa3InYHBIX MMApaMETPOB IMBIJICBOM YaCTHIIBI M CPEIHUX JJIMH CBOOOIHOTO mpobdera
HMOHOB JIJIs MPOLECCAa PE30HAHCHOM MOH - HEUTPAJIbHOM Mepe3apsiKu.

[TapameTpbl BOKpYr NBLJIECBOM IIJIa3Mbl, KAK BO BHEIIHEM IIOJIE, TaK U B TIOTOKE
IJ1a3Mbl C 3aJIJaHHOM CKOPOCTBIO TPAAUIMOHHO MOJECIUPYIOTCS JABYMS OCHOBHBIMU
yrcinenasiMu Metogamu LR (Linear Response)[1] u PIC (“particle — in — cell”)[2].
Onnako, B OOJIBITMHCTBE PabOT, UCIOJIB3YIONIUX 3TU METO/bI, BIUSHUEM pa3Mepa Ha
3apsii MBUIEBOM YacTUIIBI OOBIYHO MPEHEOperarT, cuuTas MO0 YacTUIly TOUCUHOMH,
anbo 3apsa noctosHHeIM [3]. B ganHON paboTe MpOAEeMOHCTPUPOBAH HOBBIM
CaMOCOTJIaCOBAaHHBIM METOJI ONpEJCNCHUs] MMapaMeTpOB IUIa3Mbl HTEPATUBHBIM
o0pa3oM C UCIOJIb30BAaHUEM pa3iokeHus ypaBHeHus [lyaccoHa mo monamHOMaM
Jlexxanapa. 3apsii Ha MBUIEBOM YacTUIIE PACCUMTHIBAJICS M3 TOTOKOB HOHOB H
BJICKTPOHOB Ha €€ IOBEPXHOCTh. BO BHEmIHEM TOJ€ 3a MbUICBOW YaCTHULEH
00pa30BBIBACTCS TOJOKUTEIBHBIM MOTEHIIMAIBHBIM NHK. [loka3zaHo, 4TO CHavala, C
YBEJIMYEHHUEM BHEIIHETO I10JI1 €r0 MAaKCUMYM PACTET JIMHEWHO, a 3aTEM BBIXOJUT HA
«PEKHUM HACBIIICHUSD». MaKCUMyMbI JJAHHOTO MHUKA B «PEKUME HACBHIIICHUSD MOYTH
MPONOPLIUOHANIBHBI PAJANYCY TBIJICBON YaCTHUIIBI.
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Puc 1. (crnesa) TlpocTpaHCTBEHHOE pacrpeie/icHHe MOTCHIMANa BOJM3U TBUICBOM
YaCTHIBI JIJIS1 Pa3HbIX BHEIIHUX MOJeH. (cnpasa) MakcuMyMbl NOTEHIUATBHOTO MHUKa
OT BHEIIIHETO MOJIS.

JIMTEPATYPA

1. R. L. Dewar and D. Leykam, Plasma Physics and Controlled Fusion 54, 014002
(2012).
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BJIUSIHUE CKPEIIEHHBIX 3JIEKTPUYECKUX U MATHUTHBIX
MOJIEM HA XAPAKTEPUCTHUKMU TJEIOIIETO PA3PSJIA
EFFECT CROSSED ELECTRIC AND MAGNETIC FIELDS OF A

GLOW DISCHARGE
Badun P.Kl., Aradapon I/I.I/I.l, XyCcanHOB IO.F.l, [Tecun A.M.z, ITycroBoiiToB /. 0.2
YYpumckuii 2ocydapemeentuiii aguayuonHblil MeXHuYecKuil yHugepcumen,
450000, Poccus, Ya, yn. Kapra Mapkca, 12, vafinrk@mail.ru
2MaeHumoeopcxud T'ocyoapcmeennviii Texnuueckuii ynueepcumem um. 1. 1.
Hocoesa, 455023, Poccus, Maenumoeopck, npocnekm Jlenuna, 38,

pustovoitov_den@mail.ru
AnHoTanuda. VccrenoBaHn HOBBIA crmoco0 00pabOTKM B IUIa3Me TIICIOMIETO paspsia B
CKPEIICHHBIX JJICKTPUYECKUX M MArHUTHBIX TOJIAX, IMO3BOJISIONIMN MHTEHCU(PHUITUPOBATH MPOIIECC
¢ y3MOHHOTO HACHIIMICHUS TTOBEPXHOCTH a30TOM. [loydeHbl BOIbTAMIIEPHBIE XapaKTEPUCTUKH
TJICIOMIETO pa3psia B CKPEHICHHBIX JJICKTPUYECKUX M MArHUTHBIX TOJAX. M3ydeHO BiMsSHUE
MOHHOTO a30THPOBAaHUS B CKPEHICHHBIX JJIEKTPUYECKMX W MArHUTHBIX MOJIIX HA TBEPIOCTh H
CTPYKTYpHO-()a30BbIil COCTaB HHCTPYMEHTAIBHBIX cTaieit POMS u X12.

Abstract: A new method of processing in a glow discharge plasma in crossed electric and
magnetic fields is investigated. This method makes it possible to intensify the process of diffusion
saturation of the surface with nitrogen. Volt-ampere characteristics of a glow discharge in crossed
electric and magnetic fields are obtained. The effect of ion nitriding in crossed electric and magnetic
fields on the hardness and structural-phase composition of tool steels P6M5 and X12 is studied.

BusyanpHasg KkapThHa CBEYEHHMS TICKOIIETO pa3psia B  CKPELICHHBIX
ANEKTPUYECKUX U MArHUTHBIX MOJSX COOTBETCTBYET OOIICTIPUHATOMY OIpPEACIICHUIO
[1] u xapakTepuszyercsi SPKOBBIPOKCHHBIM CBEUYCHHEM TOPOUIATLHON (HhOPMBI,
pacIioNIOKEHHBIM  BOJIM3M KaToja, Mpu d3ToM JpeiidoBas o0jgacTh ocTaercs
npakTuyecku TeMHOU. C yMEHbIIIEHHEM JIaBJICHUSI BOJIbT-AaMIIEPHBIE XapaKTEPUCTUKU
(BAX) cnBuratorcst B 001acTh OOJBIIMX pabOUMX HAMPSKEHU, 32 CYET YMEHbBIIICHUS
KOHIICHTpAIlMU  3apsDKCHHBIX  YAaCcTHIl.  YBEJIMYCHHE BPEMEHH  TPEOBIBAHUS
AJIEKTPOHOB B IUIa3M€ TIICIOUIErO pas3psiia MpU pa3MEIICHUH KAaToJla B MAarHUTHOM
nosie, cnocoOcTByer cmenieHnto BAX BBepx. AHanu3 pe3yibTaTOB H3MEPECHHUS
MUKpPOTBEPAOCTH TOBEPXHOCTU 00pas3ioB u3 ctaym PO6MS m X12 moxkasan, 4ro
MOHHOE Aa30TUPOBAHHE B CKPEMICHHBIX OAJIEKTPUYECKUX U MATrHUTHBIX MOJIAX
MIPUBOJUT K YBEJIMYECHHIO MOBEPXHOCTHOM MUKpOTBepaocTH OT 3300 no 21000 MIla
st crany X12 u ot 4150 mo 19500 MIla mist P6MS.

[Ipu a30THpOBaHUH B TUIA3ME TJICIOIIETO pa3psia ¢ HAT0KEHUEM MarHUTHOTO TMOJIS
cramu P6MS B Teuenun 4 4. ¢opmupyeTcs yNnpoYHEHHbIH ciaod TormmHor 200 MKM.
M3BecTHO [2], 4TO TONIMHA YOPOYHEHHOIO CJIOSI TOCIE TPAJAWLIMOHHOTO HOHHOTO
azothpoBanusi B TeueHue 40 muH coctaBiger 10-12 MkM. YBenMUYEHHE TOJIIUHBI
YIPOYHEHHOTO CJIOS XapaKTepU3yeT KMHETHYECKYIO APPEKTUBHOCTH MPOLIECCA HOHHOTO
a30TUPOBAHUS B CKPEIICHHBIX 3JIEKTPUYECKUX M MArHUTHBIX MOJISIX.
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NCCIEAOBAHUE TEXHOJIOTUYECKUX PEXKUMOB NOHHOI'O
A30THPOBAHMA B IIVIASME TJUIEIOILIEI'O PA3PAIA

INVESTIGATION OF TECHNOLOGICAL PARAMETERS ION NITRIDING
IN GLOW DISCHARGE PLASMA

Badun P.K., IlIseéna T. B. 2, Acput6aes A.B. 1, MyxameroB P.1. ! Hukomaes A.A.1

1Ydmch;<ub7 20Cy0apcmeenHvlil aduayuoHHblLl mexnuyeckutl ynusepcumem, 450000, Poccus, Ya,
yva. Kapna Mapxca, 12, vafinrk@mail.ru

2 Habepescnouennunckuu uncmumym Kazamnckozo ¢hedepanvrozo ynusepcumema, 423812, e.
Habepeoscnvie Yennwl, 0. 68/19 chelny@kpfu.ru

AnHoTanus. MccnenoBaHbl BOJIBTaMIIEPHBIE XapAKTEPUCTUKU TIICIOLIETO pa3psla B CKPELICHHBIX
ANEKTPUICCKUX M MAarHUTHBIX TOJISIX TTorydeHHbIe B cpene Ar u cmecu N 75% + Ar 20% + CoH, 5%
nipu aasnenusix 5 Ila v 100 /1a.

Abstract: Volt-ampere characteristics of a glow discharge in crossed electric and magnetic fields were
obtained in Ar 100% and N2 75% + Ar 20% + C2H2 5% mixture at pressures of 5 Pa and 100 Pa.

OpnHoli M3 OCHOBHBIX XapaKTEPUCTUK TIICIOIMIETO pa3psia B CKPEIICHHBIX
ANIEKTPUYECKUX M MArHUTHBIX MOJsiX siisiercs BAX. CyliecTBeHHOE BIIMSIHUE Ha HEe
OKa3bIBaIOT pabodee naaBjieHWE W WHAYKIMS MaranutHoro moins [1,2]. Ha pwuc. 1
npeacraBiienbl BAX pa3psia, moaydyeHHbIC P Pa3IudHbIX JaBiIeHUsIX Al B KaMmepe.
C ywmenbiienneM napineHuss BAX cuauratorcss B 00J1acTh OOJBIIMX PabOunx
HanpspKeHWH, 3a CYET YMEHBIICHUS KOHIICHTpAIMKd 3apsDKEHHBIX — YaCTHIL.
YBenuueHne BpEeMEHH NMPEObIBaHMS JJICKTPOHOB B IUIa3ME TIICKOIICTO paspsjia Mpu
pa3MeIeHnH KaToJla B MAarHUTHOM II0Jie, CIOCOOCTByeT cmemieHnio BAX BBepx
(puc. 1). BAX pa3psiga B CKpPENIEHHBIX 3JIEKTPUUECKUX W MArHUTHBIX MOJSAX B
OTJIMYUE OT TPAJUIIUOHHON CXEMBbI UMEET 00JIee KPYTOM MOIABEM, YTO YKa3bIBACT HA
3(PEKTUBHOCTD MPOIECCOB HOHU3AIIHUH.
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Puc. 1. BAX mietoriero paspsiia npu pasnuuHbix qaiaeHusix cmech Ny 75% + Ar 20% +
C,H,5%: a)-100Ila (1 - B MarHuTHOM I10JIE; 2 - 6€3 MAarHUTHOTO T10JIs);
0) - 5 Ila (1 - 6€3 MarHUTHOTO IOJIS; 2 - ¢ MATHUTHBIM TTOJIEM )
u 15 Ia (3 - 6e3 MarHUTHOTO TMOJIST; 4 - C MATHUTHBIM TTOJIEM)
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OINPEAEJIEHUE DOHEPTETUYECKHUX XAPAKTEPUCTUK
KOPIYCKYJIAPHOI YMUCCHUHU U3 MIEHHUHI OBCKUX MOHHBIX
NCTOYHHUKOB

THE DEFINITION OF THE ENERGY CHARACTERISTICS OF THE
CORPUSCULAR EMISSION FROM A PENNING ION SOURCES

Cagunkun A.T'., ITpoxoposuu /I.E.

QI'VII BHUHUA um. HJI. /[yxoea, Poccus, 2. Mockea 127055 Cywesckas ya., 0.22
E-mail: vniia4@vniia.ru

Annortansi: B gaHHOM paGoTe mpencTaBiieHBl pe3yibTaThl PETUCTpAllUM  (YHKUIUH
pacrpeielleHusl HOHOB, SMUTHUPOBAHHBIX U3 IIa3MEHHbIX UCTOYHUKOB (I1M) neHHUHTrOBCKOTO THIIA,
10 HaIPaBJIEHHBIM CKOPOCTSAM (IT0 COOTBETCTBYIOIIIMM KOMIIOHEHTAM SHEPTrHil).

Abstract: In this paper presents the results of the registration of the distribution functions of
the ions emitted from plasma sources penning type, in the direction of the velocity (for the
respective components of the energy).

B ocHOBe nMpuMEHEHHOT0 Ccroco0a U3MEPEHHI JIEKUT METO/T 3a/1ePKUBAIOIIETO
noteHuuana [ 1], aganTupoBaHHBIN K UCTIOIB30BAHUIO B OTIASIHHBIX MaI0radapuTHbIX
JUHEHHBIX YCKOpUTENSAX (3aJep:KuBarouiee IoJie CO3Jal0T KOHCTPYKIIMOHHBIE
AJIEMEHThl HOHHO-ONITUYECKONW CUCTEMbI YCKOPHUTEISI), COCTABHOM YaCThIO KOTOPBIX U
sBisiercs [11 meHHuHroBCcKoro Tumna [2].

UccnenoBanusiMm B JaHHOM paboTe ObUTM TOABEPTHYTHI  pas3InYHBIC
KoHCTpyKIuu neHHuHroBckux [1M. B xauecTBe pabouero raza B [11 ucnonb3oBanach
CMECh TSDKEIIBIX H30TOMOB BOJOPO/A — ACHTEPHs U TPHTHS Py AaBiaernn ~ 107 — 10°
2 Top. Hanpsiokenue ropenust paspsiia coctasisuio 1 — 3 kB, npu aTom Tok paspsna
nocturan BeauuuHsl ~ 0,5 MA [3].

[lonyyena uH@opManus O BETUYMHE HAIPABICHHBIX (BAOJb OCH pa3psia)
CKOPOCTEM 4YacTHul] B IJIa3MEHHOM mnoToke u3 [IM, ux cpemHen SHEPTUU U CTENCHU
MOHO?HEpPIeTUYHOCTH B 3aBUCHMOCTHM OT JaBlIeHHUs paboyero rasa B CHUCTEME,
HanpspDKEHUs ropeHus paspsaga B I U KOHCTpyKIMH €ro 3JIEKTPOJAHOW CHUCTEMBI.
Pe3ynbpTarhl, NOJy4E€HHBIE B XO/1€ DKCIIEPUMEHTA, IBUIIMCH UCXOAHBIMU JIAHHBIMU JIJI4
MIPOEKTUPOBAHUS HOHHO-ONTUYECKUX cucTeM Ha 6a3e 1/ meHHHHroBCKOTO THTIA.

[Toaxox, peann3oBaHHBIA B JaHHON paboTe, MO3BOJISET MPOBOJAUTH U3MEPEHUS
B TOM YHCJI€ TIPU HCIIOJIh30BAaHUU PAJMOAKTHBHBIX Ta30B B KauecTBe pabouux 0e3
HAHECEHMS BPEIa OKPYKAIOLIEH cpele.
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B3AMMOJIEMCTBUE 3APSI)KEHHBIX IIBLJIEBBIX YACTHII
CO®EPUYECKOMN ®OPMBbI B ILUIA3ME B PEXKUME CUJIBHOT'O
IKPAHUPOBAHUA

INTERACTION OF SPHERICAL CHARGED DUST PARTICLES IN
PLASMA AT STRONG SCREENING REGIME
dununmnos A.B., Jlep6ener 1U.H., [TaytoB A.A., Pogun M.M.
Axyuoneproe obuecmeo «l ocyoapcmeennsiii Hayunslii yenmp Poccutickoti
Gedepayuu Tpouyxuii uHCMUMYmM UHHOBAYUOHHBIX U MEPMOSOEPHbIX
uccneodosanuity, Poccus, 108840, 2. Mockea, 2. Tpouyk, yn. I[lywkosyix, 1. 12,
fav@triniti.ru

M3yueHo B3auMOJEHCTBHE 3apsHKCHHBIX JAMAIEKTPHUECKUX MaKpodacTHll chepudeckoil Gpopmbl B
PaBHOBECHOM IUIa3M€ WJIM JJIEKTPOJIMTE B PEXUME CUIBHOTO SKPAaHMPOBAHUS B Clydac, KOraa IpH
U3MEHEHUU MEKYaCTUYHOIO PACCTOSAHMS OCTAKOTCS IOCTOSHHBIMHU 3apsAJbl MakpO4acTUI] U B
cllydae, KOTJla OCTal0TCs MOCTOSHHBIMY ITOTCHIIMAJIBI TOBEPXHOCTH MaKPOYaCTHII.

The electrostatic interaction between charged dielectric macroparticles of spherical shapes at strong
screening in an equilibrium plasma or electrolyte is studied. A case of constant charges and a case
of constant surface potentials are considered.

B paborax [1,2] ObLIO paccMOTPEHO B3aUMOJCHCTBUE JABYX 3apsSKEHHBIX
AUDJIEKTPUUECKUX MAaKpOYacTUIl B PABHOBECHOW Ma3Me C yderoM 3¢ddexToB
sKkpaHupoBaHus. Jlisg ciywas, Korga IpU HW3MEHEHUM PACCTOSIHUS MEXIY
MaKpOUYaCTHUIIAMH OCTAIOTCS MOCTOSIHHBIMH 3apsibl MakpodacTull, B padote [1] 6110
MPEIJIOKEHO UCIO0JIb30BaTh 00Jiee TOUHbIE PacdyeThl B3aUMOJEHCTBUSA B OJJHOPOIHOM
TUAJIEKTPUKE C HMCIO0JIb30BaHHEM Ouchepruyecko CHUCTeMbl KoopauHat [3], ¢
MOCJIEIYIOUUM BBEJCHUEM IOMPABKH, YUYUTHIBAIOMIUNA 3PPEKThl SKpaHUPOBAHUS Ha
OOJBIIMX PACCTOSHMSX MEXAY MakpouacTuliamu. Takasg mpolenypa MO3BOJIMIIA
MOCUYMUTATh CHIIY B3aUMOJEHCTBUS MAaKpOUYACTHUIl C BHICOKOM TOYHOCTBIO B pEXKUMAax
c1aboro M YMEpPEHHOTO »JKpPaHUpPOBaHMSA. B 3jekTponuTax wWiM B MbUICBOU
TEPMUYECKOM  IUJIa3ME€ MaKpOYacTHI[bl HAXOJATCA B  TEPMOAMHAMUYECKOM
paBHOBECHM, IIO3TOMY B IIpolecce COMMKEHUS MaKpO4yacTHIl  OCTArOTCs
IIOCTOSIHHBIMA (M PaBHBIMH B OJHOPOJHOM 3JIEKTPOJIMTE) 3JIEKTPOCTATHYECKUE
MOTEHIMANBl MX IOBEPXHOCTEH. B 3TOM ciydae ucnosib3oBaHue pacueToB [3]
0Ka3ajJoCch BO3MOXHBIM TOJIbKO B cllydyae ciiaboro skpaHupoBaHus. [lostomy
HacToAlas pabdoTa MOCBSIIEHA HMCCIEAOBAHUIO B3aUMOJICHCTBUS MaKpOYacTHIl B
pEXUME CHIBHOIO 3KPAaHUPOBAHMSI NPU IOCTOSHHBIX 3apsAaXx M HUCCIEI0BaHUIO
B3aUMOJICMCTBUS NIPU MOCTOSHHBIX MOTEHIMATAX TOBEPXHOCTH.

Hacrosimiass pabGorta BbimosiHeHa mnpu (puHAHCOBOM Tmoajaep:kke Poccuiickoro
Hay4yHOTO (oHa, MpoekT Ne 16-12-10424.
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JANATHOCTHUKA 3D CTPYKTYPBI TOKOB B TOKOBBIX CJIOAX U
MOJIEJUPOBAHMUE ITPOIIECCOB B XBOCTOBOU OBJIACTHU
MATHUTOC®EPHI 3EMJIN

DIAGNOSTICS OF THE 3D STRUCTURE OF CURRENTS IN CURRENT
SHEETS AND MODELLING PROCESSES IN THE TAIL REGION OF THE
EARTH’S MAGNETOSPHERE

®pank A.T.

Hucmumym obweti puzuxu um. A.M. [Ipoxoposa PAH, Poccus 119991, Mockaa,
yia. Basunosa 0. 38, annfrank@fpl.gpi.ru

B pabGote ompeneneHa CTPyKTypa MPOJOJBHBIX M TONEPEYHBIX TOKOB B TOKOBBIX CJOSIX,
(hopMHUpPYEMBbIX B MATHUTHBIX KOH(MUTYpanusx ¢ X JIMHUCH.

In this work we have determined the structure of both the longitudinal and transverse currents in the
current sheets formed in magnetic configurations with an X line.

TpaguuoHHO cyuTaeTcs, 4YTO TOKOBBIM CJOW MpENCTaBIsieT COOO0M TOHKUMN
(JICHTOYHBIM  TOK», CIYXXallMd TpaHULEW pas3jelna MAarHuTHBIX — IOJIER
IIPOTHUBOIIOJIOKHBIX HamnpasieHuid [1]. OpHako pealbHbIE TOKOBBIE CJIOU — 3TO
IMHAMHYECKHE OOBEKThl C MHTEHCUBHBIMH TEUEHHUSIMH IUIa3Mbl, OBICTPHIMHU
M3MEHEHUSIMA MArHUTHBIX TMOJEH, BO30YKJIEHUEM 3JIEKTPUUYECKUX IMOJIEH M TOKOB,
HaIlpaBJICHUSI KOTOPBIX MOTYT OTJIMYAThCA OT HAIPABICHUS OCHOBHOTO TOKA B CIIOE.
B npouecce pa3BuTHS TOKOBOTO CJOSI BO3MOXHBI HW3MEHEHHUS MPOAOJIHHOU
KOMITOHEHThl MarHUTHOTO MOJsI, KaK B pe3yJbTaTe YCHIIEHHSI 3TOH KOMIIOHEHTHI B
cioe, Tak u 3a c4yeT dddekra Xomia [2]. [Ipu 3ToM B mtazMe A0IKHBI BO30YKIAaThCs
TOKA B TMONEPEYHOM IIJIOCKOCTH MO OTHOLIEHHWIO K OCHOBHOMY TOKYy. B pabote
MPOBE/ICH JI€TaJbHBIM aHANU3 CTPYKTYpPbl NPOJOJBHBIX M MOMNEPEYHBIX TOKOB B
TOKOBBIX CIIOSIX, KOTOPbIe (DOPMUPOBAIMCH B MATHUTHBIX KOH(PUTYpAIUIX C 0COOOM
nuHued X Tumna. DKCIEepUMEHTHI MpoBoauiInch Ha ycraHoBke TC-3D (MO® PAH),
MarHuTHasi CTPYKTypa HCCIEA0BAIACh C IIOMOIIBKD CHCTEMBI 30HAOB, 3aTEM
PaCCUUTHIBAIUCH PACHpEAEsICHUsI MIIOTHOCTU TOKa [3]. YCTaHOBIEHO, YTO HApANlYy C
OCHOBHBIM (TIPOJIOJIbHBIM) TOKOM BO3HUKAIOT TIONEPEYHbIE TOKH; TOJYYEHBI
COOTHOILIEHUS] MEXJYy 3TUMH TOKAMHM B 3aBUCHUMOCTH OT KOH(HUIypaluu HCXOJHOTO
MarHuTHOro nmosis. PaccuuTaHbl yrjibl OTKJIOHEHHH CyMMapHbIX TOKOB OT
HaIlpaBJEHUsl MPOJOJBHOTO TOKAa M ONpelesieHa CTPYKTypa CyMMapHBIX TOKOB B
pa3IMyHbBIX  ycloBHSX. M3 comocTaBieHHMs  Pe3yJbTaTOB  JIA0OPATOPHBIX
AKCIIEPUMEHTOB C JaHHBIMM CIIyTHUKOBBIX HAONIOACHU B XBOCTOBOM 001acTH
Marautocepsl 3emsid [4] cieAyeT, UYTO TMOIMEPEYHBbIE TOKU JIOKHBI BHOCHUTH
3aMETHBIN BKJIaJl B JTUHAMUKY MarHUTOC(EPHI.
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KUHETHUKA 3ACEJEHUSA TPUILIETHBIX COCTOSTHUI MOJIEKY.JIBI
BOJOPOJIA B DIIP PA3PSIIE

THE KINETICS OF HYDROGEN TRIPLET STATES Population in ECR
DISCHARGE

Illaxatos B.A., Jlebenen YO.A., Lacoste A., Bechu S.
HHXC PAH, Poccus, Mocksa, Jlenunckuii np. 29, e-mail:shakhatov@ips.ac.ru,
lebedev@ips.ac.ru
"LPSC, Universite Joseph Fourier Grenoble 1, CNRS/IN2P3, Grenoble INP, 53,
Avenue des Martyrs, 38026 Grenoble, France, e-mail:bechu@ips.in2p3.fr,
ana.lacoste@uijf-grenoble.france

The applicability of plasma diagnostics of ECR-discharges by emission of triplet electron-excited
states of hydrogen molecules was analyzed on the base of the level-to-level semi-empirical
collisional-radiative model. One of the main results is that often used emission of d°[T, -state can
not be applied for diagnostic of these discharges in the frame of simple coronal model.

Ha ocnose ypOBHeBOI\/'I CTOJ'IKHOBI/ITGJ'IBHO-HSquaTeHBHOﬁ MOIACIN HCCIIEAJOBaHaA BO3MOXHOCTH
HCIIOJIb30BAaHUS M3JIY4YEHMs] TPUILIETHBIX COCTOSHUM Bojopona B OIlIP-paspsae g AMAarHOCTUKH
IIJ1a3MBbI.

YpoBHEBasT CTONKHOBUTEIHHO-U3IIyYaTeIbHAST MOJIETh IIJIa3Mbl WCIIOJIB30BaHA IS
aHanM3a MPUMEHUMOCTH CHEKTPAJbHBIX METONOB auarHocTuku DI[P-paspsimoB mo
M3JTy4eHHUIO TPUILIETHBIX COCTOSIHHIT MOJIEKYIIBI Bogopoaa (N°A, = a’%;, ¢’I1,, d°M,,
3 3 3
ez, =, g%, hz,, i

IKCIIEpUMEHTAJIbHBIE AByXTeMIepaTypHble @POD ¢ rpynmaMu  «XomoaHbx» (T, nS)

., KT, m riIl). B pacderax HCIOIB30BAIKCH
u «ropsanx» (T.",n) snexTpoHoB. McXoqHbIMU TapaMeTpaMu B MOJEIU SIBISUTHCH
Temmeparypa raza 400-600 K, naBienne rasa (0.25-0.96)x10 Top, koHueHTparmu
snextporoB  nf=(0.13-2.3)x10" cm®, n"=(0.3-0.8)x10" cm® wu Temmeparyps
anektpoHoB T°=0.6-2.0 »B, T'=2.0-6.0 »B mnpu mpOLEHTHOM COJCpPKAHUH
atomapHoro Bojopoja 4.0%. Iloka3zaHo, 4TO MEXaHU3M 3aCEJEHHUS TPUILICTHBIX

COCTOSIHMI 3aBUCHUT OT BpPEMEHM NpeObIBaHMA raza B paspsnue. Bpems penakcauuu

v \y 6
3acesieHHOCTeN cocTositHuM N°A_ m3menserca ot 107 mo 0.2 c. KonuenTtpauuu

HZ(NE‘AG) npuHnMaoT  3Hadenms  1.7x10°-8.2x10" cm®.  Pacmpenernenue

3acelIeHHOCTeN COCTOSIHMM N°A, oTiuyaercst oT OosbiMaHoBcKoro. Ilokasano, 4uto
BTOPHYHBIE MPOLECCH JAIOT HAMOONBIINK BKJIAJ B POXKAECHHE W THOCNb COCTOSHUM
a’z,, c’m,, d°r,, €=, g¢°%;, h’z;, il u rl,. CocrosHue d°[, HENb3s
UCTIONIB30BATh JJISl JWArHOCTHKHM paspsna.  HawMeHbmmii BKJIag BTOPHYHBIE
Ipolecchl JaloT B 0oOpa3oBaHMe U rubenb coctossHUi f°r! m k°M,. [lunosbHble

u'?

nepexonpl f°%; —»a’s),¢9°s; u k’l, »a’S; MOryT NPUMEHATHCA I IUArHOCTHKH
ruasMer. TTponeccsr ¢ yuactuem H,(X'T;,v=1-4) MOTYT 1aBaTh BKJIajl B KHHETHKY
BO30OYXKJICHHS TPHIUICTHBIX COCTOSHMH c°I1,, d°I1,, €'z, h’%y, i’ll; u r’ll; mpu

KOJIeOaTeNIbHbIX TeMIepaTypax oCHOBHOro coctosinus ~ 3000 K.
PaGota BeImoaHeHa MpH YacTUUHOM noaaepxke rpanta PO®OU Nel15-08-00070.
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MATEMATHYECKASA MOJIEJIb IIOTOKA BU-IIJIA3SMBI ITPU
IHOHU’KEHHBIX JTABJIEHUAX

A MATHEMATICAL MODEL OF RF PLASMA
FLOW AT LOW PRESSURES

A.10. lllemaxun, B.C. XKXentyxun

Kazanckuii (Ilpusondicckuit) ghedepanvrwiii ynugepcumen,
Poccus, yn. Kpemnesckas, 18, Kazanw, shemakhin@gmail.com
Kazanckuii hayuonanvubulii ucciedosamenbCKuti mexHoI02u4ecKull yHusepcumenm,
Poccus, yn. K.Mapxkca, 68, Kazanw, vzheltukhin@gmail.com

Jlis uccnenoBaHus INPOLECCOB B BAaKyyMHOM KaMmepe BUY-mia3MeHHOM yCTaHOBKH CoO3ZaHa
ruOpuHas MaTeMaTU4eckas MOJeNb, BKIIOYANONIAs KUHETHYECKoe ypaBHeHUEe bombimana s
HECYILETO ra3a U ypaBHEHUS HEPA3pbIBHOCTHU Ul YACTHUL IIA3Mbl, DJIEKTPOHHOM TEMIEPAaTyphl U
ANEKTPOMAarHUTHOTO TIOJIA.

A hybrid mathematical model is developed to study the processes in the vacuum chamber of the RF
plasma equipment. The model includes Boltzmann’s Kkinetic equation for the carrier gas and the
continuity equations for plasma particles, electron temperature, and the electromagnetic field.

[Inazama BY WHAYKUMOHHBIX pa3psaaoB MNOHWXKeHHOro nasieHus (5—150 Ila)
OpUMEHsieTcd Uil MOIUM(UKAIMKM PA3IMYHBIX MaTEpUANIOB: JAMAJICKTPUUECKUX,
MIPOBOJIAIINX, TMOTYNPOBOAHUKOBRIX [1]. Ilmasma, oOpa3oBaHHas MaHHBIM BHUIOM
paspsizia, XapaKTepH3yeTcs CIEAYIOUIMMHI MapaMeTpaMi: CTeleHb HoHm3armu 10—
10", koHIEHTpaIwMs 31eKTpoHoB Ne=10""-10" M, snextponnas Temneparypa T,=1-4
9B, TemmepaTypa aTOMOB M HOHOB B IUIa3sMeHHOM cryctke T,=(3-4)-10°K, B ctpye
T.=(3.2-10)-10° K.

g uccienoBaHus MpoUECCOB B BaKyyMHOM kKamepe BYU-1miasMeHHOM yCTaHOBKHU
CO3[IaHa MaTEMaTHYECKas MOJIENIb HA OCHOBE KMHETHYECKOM MOJEIM JJIsl HECYILETO
ra3a M ypaBHEHUH HEPa3pbIBHOCTU [JISl DJIEKTPOHOB, METACTAOMJIbHBIX aTOMOB H
ANEKTPOMATHUTHOTO TIOJIS.

JUis peanuzauuu MoJenu pa3paboTaH THOPUAHBIA UYHUCICHHBIA METOJ, KOTOPHIH
BKJIFOYaeT B ceOst MmomaubunupoBanusii Meron ['.bépna mnsa Hecymero raza [2,3] u
METO]I KOHEYHBIX 00bEMOB ISl 3apSKEHHON KOMIIOHEHTBI, METaCTAOUIILHBIX aTOMOB
U 3JIEKTPOMAarHUTHOTrO Mojs. MeToJ peanu3oBaH C MOMOIIbIO OMOJMOTEK IMaKeTa
OpenFOAM [4].

PaboTa BrimonHeHa npu GuHaHcoBoit nogaepxkke PODU, mpoext Ne 16-31-60081.
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HCIIOJIb30BAHUE JIBYXKAMEPHOMN ®OTOILJIA3MbI
IS CO3JAHUSA POTOIJIEKTPUYECKOI'O IPEOBPA3OBATEJIA

USING TWO-CHAMBER PHOTOPLASMA
FOR CREATING PHOTOVOLTAIC CONVERTER
AcramkeBuu C.A., bornanos E.A., Kupcanos I'.B., KyapsBues A.A.
Canxm-Ilemepbypeckuti 2ocyoapcmeennulil ynusepcumem, Poccus, 198504

E-mail: akud53@mail.ru

B kaudecTBe (hOTORIEKTPUUYECKOTO NMpeoOpa3zoBaTess MPEJIOKEHO HCIIOJIb30BaTh ABYXKaMEPHYIO
¢doromnazmy u nposeaeH 2D-pacuer ee mapameTpos.

It was proposed to use a two-chamber photoplasma as a photoelectric converter and a 2D simulation
of its parameters was carried out.

doTorna3MeHHbIe MPeoOpPa30oBaTENN COJIHEUHON SHEPTUH B ANEKTPUUECKYIO 1]
MOTYT HWMETh TPEUMYIIECTBA 110 CpPaBHEHUIO C 0OImepacnpoCTpaHEHHBIMH
MOJTyITPOBOJTHUKOBBIMUA COJTHEUHBIMU OaTapesiMu. J[7s mosrydeHus MaKCHMAaJIbHBIX
sHaueHuit Goto-0/IC u MomHOCTH Takux mpeoOpazoBareneld, CO3aBaeMbIX C
UCIIOJIb30BaHUEM (POTOIUIa3Mbl, BO30YKIa€MOU COJIHEYHBIM CBETOM, TpeOyeTcs
CO3aHHE CWJIBHO HEOJHOPOAHOM IUIa3Mbl. Takas Iu1asMa C  CyIIECTBEHHBIMU
MIPOCTPAHCTBEHHBIMH TPAIMEHTAMU KOHIIEHTPAITUH U TEMIIEPATypPhl AJIEKTPOHOB MOKET
ObITh CO37MaHa B JByXKaMepHoOW sueiike [2,3]. B pesymerate 2D cumynsmum B
mudy3HOM pexxuMe yxoaa 3apsKEHHBIX YaCTHII ISl KOHWYECKOH TeOMETpHH KaMep
ananornusoii [1] (cm. puc.) ¢ mapamerpamu L,;=107° (M), Ri/L1=1/2, Ly/L=6 mmus
cmecu Na u Ar (pna=0.01 Topp, Pa/Prna=100) 1 MakcCHMaTLHOW CKOPOCTH MOHU3AINH
B mepBoii Kamepe 8.3x107" (M°/C) OBUIM pacCUMTAaHBI TApAMETPhl IUIA3MBI H
noyuyeHo 3Hauenue JJ(C: U;,=0.93 B.

¥ Kamepa 1 Kawepa 2

F

L
Gaemoeo f\!' HOMoK

;

U

Puc. NonepeyHoe ceyeHne aByxKamepHo ¢OTONNa3MEHHON AYENKN.

Pabota BeimonHeHa nmpu GpuHancoBoil noanepsxke rpanta CIIOIY 0.37.218.2016.
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AKTHUHOMETPUSA ATOMOB O, N U F
ACTINOMETRY OF O, N AND F ATOMS

Boasiaerr A. B. 1'2’*, Jlomaes /I. B.l, 30TOBUY A.I/I.l’z, 3BIpSIHOB C.M.l’z, Paxumos A.T.
1 HUUAD MTI'Y, 119991, I'CII-1, Mockea, Jlenunckue ecopwi, 0om 1, cmpoenue 2
2 MI'Y, ¢usuueckuii paxyromem, 119991, I'CII-1, Mocksa, Jlenunckue copul, dom 1, cmpoenue 2
* devorum89@gmail.com

briia HucciacaoBana NMpuMCHUMOCTb AKTUHOMCTPUH JIA U3MCPCHUA a6COHIOTHOﬁ KOHICHTpalu
atomoB O, N u F B pa3psanax Huzkoro nasinenus (< 1 Topp). st 3TOro KOHIIEHTPAlMK YKa3aHHBIX
aToMOB, O0Opa30BaHHBIX B IUIa3M€ WHAYKIMOHHOTO pa3psna, ObUTM HW3MEpEeHBl METOIO0M
aKTHHOMETpHUHU U Macc-criekTpomerpun (APMS). CpaBHeHHe pe3yabTaToOB MO3BOJIUIIO TIPOBEPUTH U
KaJ'II/I6pOBaTB AKTUHOMCTPUUCCKHUEC CCUCHUA BOSGy)K,Z[CHI/IH, a TaKKXC OLCHHUTL MNOIPCHIHOCTb
AKTMHOMETPHH, BBI3BAaHHYIO HETOYHOCTSIMH B (opme DPOD (M3MepeHHON WM pacCUMTaHHOU
TEOPETUYECKHN).

Applicability of actinometry for measuring of absolute concentrations of O, N and F atoms in the
low-pressure (< 1 Torr) discharge was studied. For this purpose, concentrations of mentioned atoms
produced in downstream ICP plasma were measured by means of the actinometry and appearance
potential mass-spectrometry (APMS). Comparison of the results allowed to verify and calibrate
actinometrical excitation cross-sections as well as to estimate diagnostic’s error induced by
inaccuracies in (measured or calculated) EEDF.

AKTUHOMETpHUS O3TO ONTUYECKAas HEHWHBA3WBHAs JAMATHOCTHKA, I103BOJIAIOIIAS
U3MEPATh KOHLIEHTPAlMKM aTOMOB M MOJIEKYJI B Pa3iM4YHbIX paspsaax. C moMolibro
TOM JMAarHOCTUKM MOKHO M3y4daTh pacHpelesieHue KOHLEHTpalUil YacThll IO
IIPOCTPAHCTBY, @ TAKXKE CIEAUTH 34 BPEMEHHOW NUHAMUKOM KOHILIEHTPALMN YaCTHLI.
OpnHako, TOYHOCTh AKTUHOMETPHM 3aBUCUT OT TOM TOYHOCTH, C KOTOPOM WM3BECTHBI
HEOOXOUMBIE CHEKTPOCKONMMYECKHE JaHHbIE, T.H. «AKTUHOMETPUYECKHE CEUCHHS
BO3OYXICHHS» U (YHKIMS pacrpeiesieHus] dJIeKTpoHOB 1o 3Hepruun (DOPDD) B
wiazme. B nanHoit paboTte n3yvanack MPUMEHUMOCTh aKTUHOMETPUU TSI U3MEPEHHUSI
koHueHtpauuii atomoB O, N u F B paspsanax nuskoro nasnenust (< 1 Topp). Hns
ATOr0 KOHIIEHTPALMK YKa3aHHBIX aTOMOB, 0Opa30BaHHBIX B IJIa3M€ MHIYKIIMOHHOTO
paspsiza, ObUTH U3MEPEHBI METOJIOM aKTHHOMETPHH B Macc-criekrpoMetpun (APMS).
CpaBHeHME pe3ysibTaTOB 000MX METOOB IMOKA3aJ0 XOPOLIEe COIIacue B MIpejenax
AKCIIEPUMEHTATBHONW OMMOKU I ciaydas aToMOB O. AKTHHOMETPUYECKHE CEUCHHSI
Bo36yxmeHnss it cocrosrmit O3p °P) m O(3p °P) XOpowmo HW3BECTHBI W
IPOTECTUPOBAHBl BO MHOTHX paboTax, 4YTO MO3BOJWJIO OLIEHUTh MOTPEIIHOCTD
aKTUHOMETPHUH, BBI3BAHHYI0 HETOYHOCTSIMU B (opme DPDD. Bce wusBecTHBIC
aKTHHOMeTpHueckne cedenns misi cocrosrmit N(3p “P°), F(3p *P°) and F(3p “D°)
ABISIFIOTCS ~ TEOPETUYECKHMMHM,  I[O3TOMY  MX  TOYHOCTh  HYXJIAaeTcs B
SKCIIepUMEHTaIbHOU mpoBepke. [lonmaras ¢opmy ceueHHMi! MpaBHIIbHOM, B JTaHHOM
pabote Oblma TMpoBeAeHA UX KaTUOpOBKAa IyTEM CpaBHEHHUS pe3yJbTaTOB
AKTHHOMETPUU C PE3yJIbTaTaMH Macc-CIeKTpOMeTpuu. IIoNHBIA TEKCT cTaThu
JOCTYIICH MO CChUIKE HIXKeE [1].

Pabora BeITIONTHEHA TpH MTOAEPKKE poccuiickoro HayuyHoro ¢onaa (PH®) rpant Ne
16-12-10361.
1. D. V. Lopaev et all. Journal of Physics D: Applied Physics, 50 (2017) 075202.
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MODELING OF GLOW DISCHARGE IN A GAS FLOW
lanees U.I', Acanymnun T. 5.
Kazanckuti nayuonanvHwlil ucciedosamenbeKull mexHUYecKull YyHugepcumem
um. A.H. Tynonesa - KAU, Poccusa, 420111, K.Mapxkca, 10
galeev.physics@kstu-kai.ru

AnHotanms. [lna3ma monoXuTeNbHOrO cTonba paspsaa B MOTOKE AIEKTPOOTPHIIATEIHLHOTO Ta3a
omycaHa JBYMEPHOW WHTErpo-auddepeHuaIbHOil CUCTEeMON ypaBHEHWM, 3amUCaHHON B
npubmmkeHnn "y3Koro kaHanay. [IpoBeIeHO MOJenupoBaHWE Pa3pSIHBIX XapaKTEPUCTUK MPH
Pa3IMYHBIX TPAaHUYHBIX YCIOBUSAX Ha BXOJE B Pa3psIHYIO 30HY U MOJHBIX TOKAX pa3psja.

Abstract. Discharge plasma of positive column in electronegative gas flow have been described by
two-dimensional integro-differential system of equations, written in the approximation of "narrow
channel». The simulation of discharge characteristics was conducted under various boundary
conditions at the inlet of the discharge area, and with various full discharge currents.

B paborax [1-3] mpemsiokeHbl aHATUTUYECKHUE MOJAENIU, a B [4] - yucIeHHas
MOJICNTb  TIIa3MbI mojoxkuTeaprHoro cronba (I1C) Tieromnero paspsaa B MOTOKE IJICK-
TPOIOJIOKUTEIbHOTO Ta3a. B mannoit pabote paccmorpena monenb [IC mis ciydas
MOTOKA 3JIEKTPOOTPUIIATENILHOTO Ta3a. [ Hee pa3zpaboTaH 3PEeKTUBHBIN alrOPUTM
pacdeTa dJIEKTPUYECKUX XapaKTEPUCTUK pa3psa B IFIOCKOM KaHaJe MAJION IIMPUHBI.

IIpy MopenupoBaHMHU IUIA3Mbl SJIEKTPOIIOJIOKHUTEIBHOIO rasza yder aupdysun
3apSOKEHHBIX  4YacTUIl OOBIYHO  OCYILECTBISAECTCS  BBeJAeHUEM  KoddduimenTa
amOunossspHot  quddy3un, 3aBucsmMM 0T  KoddduimentoB  auddysum,
MOABMKHOCTEN AJIEKTPOHOB U MOJIOKUTENbHBIX HOHOB. B cilydae mina3mbl pa3psiia B
AJIEKTPOOTPUIIATEILBHOM Ta3€ 3TOro CAellaTh HE YJAeTcs, KOHUEHTpalus OTpH-
LATEJIbHBIX MOHOB MOKET JOCTHUraTh 3HAYUTEJIBHOW BEJIUMYMHBI (HAIpUMeEp, B
BO3/JyX€), UYTO YCIOXXHAET XapakTep Iupdy3un 3apsHKEHHBIX YacTHIl K CTEHKaM
pa3psIHON KaMepbl, CTAHOBUTCS TAK)XKE 3aMETHBIM BKJIaJl OTPULIATEIILHBIX MOHOB B
IIPOBOJIMMOCTb IUIA3MBI.

[Tnazma IIC pa3psina onricaHa AByMEpHON UHTErpo-auddepeHImaibHOM CUCTEMON
ypaBHEHUH, 3amucaHHOW B TpUOIMKEHUH '"Y3KOTO KaHaja', BKIIIOYAIOIICH
YPaBHEHUS HEPA3PBIBHOCTH IS 3JIEKTPOHOB U OTPULATENBHBIX HOHOB, 3aKoHa OMa B
muddepeHIranbHO 1 UHTETpaIbHONW (pOpMax, yCIIOBUs KBazuHeWTpanbHocTH. OHa
JIOTIOJTHEHA TAaKXK€ YpaBHEHUSMM HeEpa3pbIBHOCTM Macchbl rasza, Haswbe-Crokca wu
COXpPaHEHUS MTOJIHOW SHEPTUN.

B pesynbrare 4MCICHHOTO MOJEIMPOBAHUSA IMOIYYEHBI JBYMEPHBIE PACIIPEACIICHUS
IEKTPUUECKUX XAPAKTEPUCTHUK B PA3PSAAHOM 30HE.
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®OPMHUPOBAHMUE SJIEKTPUUECKOM YT HAJI HIOBEPXHOCTBIO
AKNUIKOI'O METAJUIA

ELECTRIC ARC FORMATION ABOVE LIQUID METAL SURFACE

ILT. I[CDCB}IHKI/IHl'Z, n.A. HCHKI/IHl’Z, A.3. Caﬁ(‘pyszHOBal‘z,
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1 -HCTUTYT MeKTPOPU3UKHU U DIIEKTPOIHEPTreTUKH Poccuiickoit AkaieMun HayK

(U155 PAH)

Poccus, 191186, [leopyosas nao., 18, Cankxm-Ilemepbype, Poccus

2 -Cankt-IletepOyprekuii [Tonurexunyeckuii Yausepcurer Ilerpa Benukoro
(CIIoITY)
Poccus, 195251, I[lonumexnuueckas yn., 0.29, Cankm-Ilemepoype
3 -O0beTMHEHHBIM HHCTUTYT BBICOKHX Temriepatyp PAH
(OUBT PAH)
Poccus, 125412, Uxcopckas ya., 0.13, cmp.2, Mockea
E-mail: rc@iperas.nw.ru

B pabote npeacTaBieHo omMcaHWe YCTAaHOBKH, Ha KOTOPOH mccieayeTcs (OpMUPOBAHHE pa3psaa
HA/T KHJIKOMETANTMYECKON IMOBEPXHOCTHIO C TOKOM B IIE€MH JI0 HECKOJNBKHX KHIIOAMIIED.
IIpuBonsATCA HEKOTOpBIE IIPEABAPUTEIBHBIE OKCICPUMEHTAIBHBIE PpE3yabTaTbl AUArHOCTUKHU
dhopmupoBaHus pa3psaa.

In the paper a description of the installation, on which the formation of the discharge over the liquid
metal surface with current up to several kiloamps are exploring, is given. Some preliminary
experimental results of diagnostics of the discharge formation is presented.

MOUIIHBIN JNEKTPUYECKUM pa3psAl Hal KUAKOMETAUINYECKOM IOBEPXHOCTBIO
BO3HHMKAae€T BO MHOTMX TEXHOJIOTMUECKMX IIpoueccax. B 3Toll CBA3M H3ydeHHE
OCOOCHHOCTEM  3aXKUTaHUs  DJJEKTPUYECKUX  Pa3psAoB  BaXHO, OCOOEHHO
IIPUMEHUTENBHO K CUCTEMaM C UMITYJIbCHBIM PEKUMOM TOKOIIOIBOJA.

B noxisazne onuceIBaeTCs SKCIEPUMEHTAIBHBIN CTEH JUIsl UCCIIEIOBAHUS yCIOBUN
3QKUTaHUA paspsga B CUIBHOTOYHOM CHUCTEME C KUAKOMETANIMYECKOW BAHHOW U
MOTPYKEHHBIM B HEE CTEP>KHEBBIM 3JEKTpoJoM. [Ipu mpomyckanum Toka OOJIBLION
BEJIMYMHBI TOBEPXHOCTh JKHUJKOrO MeTayia AehopMHUpyeTcss TOoHA JIeWCTBHEM
MAarHUTHBIX CUJI M MPOUCXOJUT Pa3pblB €€ KOHTAKTA CO CTEPIKHEBBIM 3JIEKTPOJOM C
3a)KUraHueM B mpoMexyTtke ayru [1,2]. OcymecTBisieTcs IHArHOCTHKA TyTrOBBIX
MPOLIECCOB KOMIUIEKCOM BBICOKOCKOPOCTHOM JMAarHOCTUKH, BKJIIOYAIOMIEH B ceOs
BBICOKOCKOPOCTHYIO (POTOCHEMKY, BpEMSpa3pelICHHYIO CIIEKTPOCKONHio. TOK B 1enu
MOKHO M3MEHATH B quana3one oT 0.1 1o 4 kA.
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OIIPEJIEJIEHUE CKOPOCTH IVIASMEHHOM CTPYH
MHUHHUATIOPHOI'O MATHUTOIIVIASMEHHOI'O KOMITPECCOPA

VELOCITY MEASUREMENTS OF THE PLASMA JET
FROM MINIATURE MAGNETO-PLASMA COMPRESSOR

Jemxo K.M. (Deshko K.), kir.deshko@gmail.com
MI'Y um. M.B. Jlomonocosa, 119991, Poccus, Mockea, [ 'CII-1, Jlenunckue copwi, 1c2

[IpuBenenbr pe3ynbTaThl HW3MEPEHHN CpEeAHEH CKOPOCTH MCTEYEHHUs IUIA3MEHHON CTpYyH,
nosiyyaeMoil mpu nomomu MuHHaTiopHoro MIIK — miazmaTpoHa ¢ HM3KOBOJIBTHOM CHCTEMOM
nutanusa. [lokaszaHo, 4TO CKOPOCTh MPAKTUYECKH HE MEHSAETCS Ha PacCTOSHUHU 5-25 MM OT TopuLa
[J1a3MaTpOHA; MPU YBEITWYEHUU aMILUIUTYABI TOKa pa3psja BO3pacTaeT MPSMO MPOMOPLHOHAIBHO.
M3MepeHHast CKOPOCTh COCTaBMIIAa ~ 5 KM/C IPH aMILIMTY/IE TOKa 7 KA.

Results of the plasma jet average speed measurements are obtained using miniature magneto-
plasma compressor (MPC) with low-voltage power supply system as a plasma source. It is shown
that the speed remains virtually unchanged at a distance of 5-25 mm from MPC edge and increases
in direct proportion to the discharge current amplitude. The measured speed value was about 5 km/s
at a current amplitude of 7 kKA.

B [1] ommcan MuHMATIOpHBI MarHuToruiazaMeHHbIM Kommpeccop (MIIK) ¢
HU3KOBOJBTHOM CHCTeMOW MNUTaHWs. B Hacrosmiei paboTe u3Mepsuiach CpeIHssA
CKOPOCTh IUIa3MEHHOW CTPYH, CO3/aBaeMOW TaKUM ILJIa3MaTPOHOM B BO3JyX€ MpH
nasiennn 50 Topp. Hcmonp3oBancs meronq CBY — 3onmupoBanust (f =161Ty),
OCHOBaHHBIA Ha d(Pdekxre orceuku. 30HM (IBYXMPOBOAHAS JIMHUS) YCTAaHABIMBAJICS
Ha paccTossHUM 5...25 MM OT cpe3a Iuia3MmaTrpoHa. H3mepsiiace 3aaepikka
npoxoxaeHua 1asmbl or MIIK no 3oHma. Ammumtyaa Toka paspsana MIIK
3a/1aBajach Ha4YaJIbHBIM HaNpspKeHUEM U, Ha HAaKOMUTEIBHOM KOHJIEHCATOPE.
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MATEMATHYECKAS MOJEJIb HU3KOSHEPTETUYHOM
HMOHHOHN OBPABOTKHU MMOJIMDTUJIEHA

A MATHEMATICAL MODEL OF LOW ENERGY
ION TREATMEBNT OF POLYETHYLENE
B.C. Kentyxun, .A. boponaes, A.A.lllaxpipoB
Kazanckui HayuonanbHulil UcCcie008amenbCKull MeXHOI02UYeCKULL YHUBEpCUmen,
Poccus, yn. K.Mapxkca, 68, Kazanw, vzheltukhin@gmail.com

Jns u3yyenus HuzkosHepretuuHoit (mo 100 3B) nonHo# 00paboTKM monudTHICHA pa3paboTaHa
MOJIEKYJIIPHO-AMHAMHYECKAask MOJEIb.

Molecular dynamics simulations were used to study low energy (up to 100 eV) ion treatment of
polyethylene surface.

Bo3zneiictBue minazmel BeicokodactoTHOTO (BY) paspsma monmxkennoro (1,33-133
[Ta) naBnenust sBisercss 3PGEKTHBHBIM METOJIOM THUAPODUIN3ANUKA TOBEPXHOCTH
nonusTHiieHa [1]. [loBepxHOCTh MaTepuaia MOAUGPUIIMPYETCS 32 CUET BO3IACHCTBUS
notoka Hu3kosHepreTuyHbix (30-100 3B) nonoB ¢ miuotHocty nonHoro toka 0,3-1,5
A/M®. JIis [eTambHOTO WCCISHOBAHMS MEXaHHW3Ma MOAM(HKALME [TOBEPXHOCTH
nonudTUieHa B BU-mia3Me NOHMKEHHOTO JaBJI€HUS CO3/aHa MaTreMaThyecKas
MOJIENIb HA OCHOBE METOAa MOJIEKYJISIPHON TUHAMUKH [2].

Mogens peanuzoBana ¢ nomonisio naketa LAMMPS [3]. Ucnonb3oBana moenb
00BEIMHEHHOTO aToMa, B KoTopoii 38eH0 -CH,- paccmaTpuBaeTcst kak ofHa yacTHIla.
MexaToMHOE CHJIOBOE TI0JIe B TIOJUATHIEHE MOJAEIUPOBAIOCh, HUCIOJIb3Ys
noreHuan Jpeiaunra [4-6]. BzaumoaencTBue aToMOB aproHa ¢ MakpOMOJIEKYJIaMHU
MOJMATUIIEHA MOJICIMPOBAIOCH ¢ MOMONIBI0 noTteHuuana Jlennapa-/xxouca [7, 8].
Takas MexaHHCTHYECKas MOJIEIb Jlajieka OT ujeana, HO OHA JIO0CTaTOYHO aJEKBaTHO
OMHCHIBACT JBIDKCHUS MOJEKYJSIPHBIX CTPYKTYp, €CJIH JIOCTAaTOYHO TOYHO
BBIYHMCIICHBI CUJIOBBIE KOHCTAHTHI U IIAT MHTETPUPOBAHUS HE CITUIIIKOM BEJIHK.

PaboTa BeimonHeHa npu GuHaHcoBoit nogaepxke PODU, mpoekt Ne 15-41-02672.
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B3AMMOJIEACTBUE HU3KOTEMIIEPATYPHOM I1JIA3MBI
C TPUKOTAKXEM HA OCHOBE ITPUPOIHBIX
HEJIJIIOJIO3HBIX BOJIOKOH

THE INTERACTION OF LOW-TEMPERATURE PLASMA
WITH KNITS OF NATURAL CELLULOSE FIBERS

A3zanoBa A.A., boponaes 1. A, Xenryxun B.C., ITaxsipoB A.A.,

Kazanckuii nayuonanvHwiil ucciedosamenbCcKull mexHoI02UYeCKUll yHugepcument,
Poccus, 420015, 2. Kazanw, yn. K.Mapxca, 0.68., vzheltukhin@gmail.com

PaccmoTpeHo BiMsiHME HEPAaBHOBECHOM HU3KOTEMIIEPATYPHOM IJIa3Mbl Ha TPUKOTAXKHOE IMOJIOTHO
Ha OCHOBE IPUPOJHBIX ILEJUIIOJIO3HBIX BOJOKOH. IlnmasmeHHoe BoO3AelcTBHE MNPUBOAUT K
MOBBIIEHUIO THAPOPUIBHOCTH MaTepHalla U MOKET 3aMEHUTD JKUIKOCTHBIE MPOIECCHI MTOJATOTOBKH
TPUKOTaXKA K KPAIICHHUIO.

The influence of nonequilibrium low-temperature plasma on knitted fabrics from natural cellulose
fibers is examined Plasma exposure leads to increase the hydrophilicity of the material, and can
replace liquid preparation processes to knitwear dyeing.

OgHuM W3 NEPCIEeKTUBHBIX HANpaBICHUA MpakTHYEeCKoro npumeHeHus BY
IJ1a3Mbl MOHWKeHHOro AasieHus (13.3-133 Ila) [1] siBiseTcst oTnenka TEKCTUIIbHBIX
MaTepuaioB, B YaCTHOCTH, TpUKOTaxa. Jlyiss oOyerdeHus! Bsi3aHUS W YMCHBIIICHUS
OOpBIBOB HAa HUTH HAHOCHUTCS TapaduH, KOTOPHIA B JaJIbHEHIIEM yHalseTcs MyTeM
orBapuBaHus. [lmazmennas obpaboTka mpenaraeTcsi aBTopaMu, Kak albTepHATHBA
TPaJUIIUOHHBIM KUJIKOCTHBIM MpOlieccaM MOATOTOBKH TPUKOTAXa K KPAIIECHUIO.

BrisiBiIeHO, UTO IJIa3MEHHOE BO3JACHCTBUE B APrOHE, BO3JyXE M KHUCIOPOJE HE
3aTparuBaeT OOBEMHYIO CTPYKTYpPY MPHUPOJHOTO IEJUIIOJIO3HOTO BOJOKHA H
OTPAaHUYEHO €r0 TOHKUM MOBEPXHOCTHBIM cjioeM. B pesynbrare OG0MOapaupoBKU
MOBEPXHOCTH BOJIOKHA HU3KOAHEPTeTUYHBIMM HOHAMHU  MPOUCXOJUT  OOPBIB
VTIEBOJOPOAHBIX Iienel mnapaduHa U BOCKOOOPA3HBIX BEUIECTB HAPYKHOIO CIIOS
BOJIOKHA, OOpa30BaHHUE pAJUKAJIOB, HCIAPEHUE HUZKOMOJIEKYISPHBIX (DpaKiuii
napaduHa, 4TO MPUBOAMUT K YBEIMUYCHHIO THAPO(UIBHOCTH Matepuasia. Ha ocHoBe
Merona  Monrte-Kapino  mpoBeneHO  MOAEIMPOBAHME  IIpolecca  MOHHOU
6oMOaparpoBKH MapaHOBOTO CIIOSI.

B omimMuume OT TpaguIMOHHBIX TPOIECCOB OTBAPUMBAHMS W OTOEIMBAHUA
TPUKOTaXa, IIJJA3MEHHOE BO3JIEHCTBUE SBIAETCS Oojiee MIAASIIMM  METOIOM
00paboTKH.

PaGoTa BeimonHeHa npu guHaHcoBoit nojaepxke PODU, mpoext Ne 15-41-02672.
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AHOMAJIBHAA KHHETHYECKASA TEMIIEPATYPA IIBIJIEBBIX
YACTHUIL B KOMIIJIEKCHOM IIJIA3BME PAJJMOYACTOTHOI'O
PA3PAIA B YCJIOBUAX MUKPOIT'PABUTALIUU: DKCIIEPUMEHT U
MOJAEJIUPOBAHUE

ANOMALOUS KINETIC TEMPERATURE OF THE DUST PARTICLES IN
COMPLEX PLASMA OF THE RF DISCHARGE UNDER MICROGRAVITY
CONDITIONS, EXPERIMENT AND SIMULATION

Kyxosuukuii [I.1., Haymxkun B.H., Xycuynratun A.U., Mosiotkos B.I.,
JIumaeB A.M.

Obveounennwvlll uncmumym evicokux memnepamyp Poccutickoil akademuu Hayx,
Poccusa, 125412, e. Mocksa, ya. Hxcopckas, 0.13, cmp.2, dmr(@ihed.ras.ru

C wucnons3oBanuem ycranoBku PK-3 Plus wa GopTy MexayHapoaHOW KOCMHUYECKOW CTaHIIMU
HCCIICAO0OBaHa KMHCTHUYCCKAs S3HCPrus 4aCcTull, COCTABJIAIOIIUX BUIEBOU KpucTall. Kunetnueckas
TeMIIepaTypa 4acTHIl OKa3bIBACTCS MOYTH HA J[BA MOPsAKA BBIIIC TEMIEpaTyphl X marepuaia. B
pPE3YIbTAaTC HYUCICHHOI'0O MOACIUPOBAHUA IIO0JIydC€HA CPCAHCKBAJApaTUYHAd aMIUIUTyJda HUX
KoJieOaHuH OJIM3Kas K ONPECIICHHON B SKCIIEPUMEHTE.

The average kinetic energy of particles in the dust crystal is investigated using the PK-3 Plus
laboratory onboard the International Space Station. The particle kinetic temperature proves to be
almost two orders of magnitude higher than the temperature of their material. Simulation of the
particle oscillations leads to the rms oscillation amplitude close to that determined in the
experiment.

Uccnenyerca cpenHssi KUHETHYECKAs DSHEPrUs MbUIEBBIX YACTHUI[ B CHIJIBHO
HeuJIeaJIbHOW KOMILJIEKCHOM I1a3Mme, mojaydeHHo Ha yctaHoBke PK-3 Plus Ha Gopty
MexaTyHapOgHOM KOCMHUYECKOM CTaHIMU. [ omnpeneneHuss KOOpAUHAT YacTUIl B
TPEXMEPHOM TMBUIEBOM OO0JaKe HCIOIB3YyeTCS METOJ] ONTUYECKOW TUATHOCTUKH C
OpUTHHAIBHBIM aJTOPUTMOM OOpaOOTKM TIONYYECHHBIX B XOJE OKCIEPHUMEHTa
BUAcO3anucei. B THUOWYHBIX YCIOBHUSX OKCIIEPUMEHTA IIOACHUCTEMA YacCTHII
MIPEACTABISIET COOOM MBUICBONM KPHUCTAII, B KOTOPOM YaCTHIIBI KOJICOTIOTCS BOIM3H
IIEHTpOB sueek Burnepa—3eitna. ITu KoyieOaHHWS HE 3aBUCAT OT KOOPJIWHATHI U
HanpasiicHUs. KuHeTMueckass Temmeparypa 4YacTUIl OKa3bIBAETCA aHOMAJIBHO
BBICOKOM, IIPEBBIIIAs TEMIIEPATYPY BEIIECTBA YaCTHUI[ IIOYTH HaA JBa NPAJKA.
YHucneHHoe MOAEIMPOBAHUE AHOMAJBHOTO HAarpeBa 4YacTUl MPOU3BOIUTCA B
NPEANOJI0KEHUM O TOM, YTO HMCTOYHHUKOM CIIyYalHOW CHJIbI, JCUCTBYIOLIEH Ha
YaCTHULIbI, SIBISAIOTCA (GAYKTyallud WX 3apsga. Pe3ynabTarbl  MOJACIUPOBAHUS
MOKAa3bIBAIOT, YTO TUIIMYHOE OTKJIOHEHHUE YACTHUIl OT LIEHTPA JOJDKHO MPEBOCXOIUTH
10% paauyca siueliku Burnepa—3eiTia, 4TO HAXOJIUTHCA B COTJIACMU C JIAHHBIMHU
JKcrepuMeHTa. [lapameTp HEMAEanTbHOCTH MBUICBOTO KPUCTAIA, PACCUATAHHBINA 110
KHHETHYECKOU TemrepaType, okaspiBaeTcsi 0au3kuM k 100. C yueTom pe3ynbTaToB
YHUCJIEHHOTO MOJICJIMPOBAHUSA OJHOKOMIIOHCHTHOM TIIa3Mbl 3TO YKa3bIBAa€T HA TO, YTO
CHCTeMa HaxOJUTCSA HeJaleKo OT OuHomanmud ¢a3oBOro Imnepexona KpHCTaI—
KHUJIKOCTh. DTOT BBIBOJ IMOJTBEPKIACTCS TEM, YTO HAOIIOJaeMblid B DKCIIEPUMEHTE
MbUICBOM KPUCTAILI IUIABUTCS MPU MAJIOM U3MEHEHUH MAPaMETPOB T1J1a3MBbl.

Pabora BrInoTHEHA TIpH Tojepkke Poccuiickoro HayyHoro ¢onaa, rpant Nel4-
12-01235.
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®OPMUPOBAHUE BBICOKOUHTEHCUBHBIX MOHHBIX ITYUYKOB C
BAJUIMCTUYECKOU ®OKYCHUPOBKOM

FORMATION OF HIGH-INTENSITY ION BEAMS WITH BALLISTIC
FOCUSING

Kosamns T.B., Kymurua C.M., Ps6urnkos A.H1., Han Mu Kum Ax

Hayuonanenolit  uccreoosamenvckuti  ToMCKUilL  NOAUMEXHUYECKUT  YHUBEPCUMEM
Poccus 634050 Tomck, np. Jlenuna 30, tvkoval@mail.ru

In the work, experimentally and theoretically with the use of numerical simulation, the features of
plasma-immersion pulse-periodic formation, transportation and focusing of a high-intensity
titanium ion beam with an ion current density above 1 mA/cm? and pulsed power density up to 2.6
kW/cm? are studied.

Metoabl Moau(pUKAIIMU TOBEPXHOCTHBIX CBOMCTB Ha OCHOBE BHICOKOMHTEHCHUBHOM
MMIUIAHTAllMM HWOHOB HU3KOM DJHEPrMM WrpaloT BaXHYK pOJb B PAa3BUTUU
MEPCIEKTUBHBIX  TEXHOJOTUH  yIydllleHHs  (QU3UKO —  XUMHYECKUX U
AKCIUTYaTallMOHHBIX CBOWCTB MAaT€pUAIIOB U ITOKPBITUH.

B pabote »kcnepuMEHTaIbHO M TEOPETHUYECKH C MPUMEHEHHEM YHCICHHOTO
MOJEIINPOBAHUS UCCIIEAYIOTCS 0COOEHHOCTHU IJ1a3MEHHO-UMMEPCUOHHOTO
UMITYJIbCHO TIEPUONYECKOTO (HOPMHUPOBAHUS, TPAHCTIOPTUPOBKU M (POKYCHPOBKH
HMOHHBIX IMYYKOB BBICOKOM HMHTEHCUBHOCTH C IUIOTHOCTbIO MOHHOTO TOKa BbImIe 1
MA/CM® B IMITy/TbCHOIT INIOTHOCTBHIO MOIIHOCTH 10 2.6 KBT/cM.

BoisiBneHa BaxHas OCOOCHHOCTb, CBSI3aHHAs C CYLIECTBEHHBIM BIIMSHUEM
JUIMTENBHOCTH HMITYJIbCA HAIPSDKEHHUS CMELICHHS OT 2 A0 8 MKC Ha YCJIOBHS
(GbopMHUpPOBaHUS U TPAHCTIOPTUPOBKH BHICOKOMHTEHCUBHOI'O MTy4YKa MOHOB TUTAHA.

HccnenoBana BO3MOXXHOCTb H3MEHEHHUSI CTA0OMJIBHOCTH BBICOKOMHTEHCHUBHOIO
Ily4yka HOHOB THTaHAa C TIOMOINBI JOIMOJHUTEIBHOIO JUCKOBOTO JJEKTPOJA,
YCTaHOBJICHHOT'O HETIOCPEJACTBEHHO Ha CETKE.

[TokazaHo, 4to 3(p@PexkTUBHOCTH (OKYCUPOBKM U TPAHCIIOPTUPOBKU HOHHBIX
Iy4YKOB BBICOKOM HWHTEHCUBHOCTH B 3HAQYUTEIBHOW MEpEe 3aBUCUT OT YCIOBUU
HEUTpaNM3aluu WX TPOCTPAHCTBEHHOTO 3apsjia B TPOCTpPAHCTBE Japeiida, mpu
(UKCUPOBAaHHOW YacTOTe, OT AaMIUIMTYJHO — YaCTOTHBIX XapaKTePUCTHUK
OTPULIATENBHOTO MOTEHIIMAJIA CMEIIICHUS, JaBJIECHUSI OCTATOYHOT'O ra3a.

Pabora mognepsxana rpantom PH® Ne 17-19-01169
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NCCIEAOBAHUE DKPAHUPOBAHUA 3APAIA IIBIVIEBBIX HACTHIL B
IJIASME HA OCHOBE YPABHEHMI BJIACOBA C YYETOM
CTOJIKHOBEHUH U CTOKOB 2JIEKTPOHOB 1 HOHOB

STUDY OF DUST PARTICLE CHARGE SCREENING ON BASIS OF
VLASOV EQUATIONS TAKING INTO ACCOUNT COLLISIONS AND
SINKS OF ELECTRONS AND IONS

Jlomosuukuii I1.B., ®umymnmos A.B.

Axyuonepnoe obwecmso «l ocyoapcmeennwiii Hayunwlil yenmp Poccutickotl
Geoepayuu Tpouyxuili uHCMumym UHHOBAYUOHHBIX U MEPMOSIOEPHBIX
uccneoosanuiiy, Poccus, 108840, e. Mockaa, 2. Tpouyx, yn. Ilywkoswix, é1. 12,
fav@triniti.ru
PaCCMOTpeHO OKpaHUPOBAHUEC 3apsaa IbUICBBIX YaCTHUI B IIa3MC Ha OCHOBEC KHHCTHUYCCKHUX
ypaBHeHUN BilacoBa ¢ y4eTOM CTOJKHOBEHMH M CTOKOB DJJIEKTPOHOB M HOHOB U YPaBHEHHUS
HyaCCOHa A1 CaMOCOIJIaCOBAHHOT'O 3JICKTPUYECCKOT'O ITOJIA. HOKaBaHO, KaK IIPpOUCXOOUT IEPEXO]

2 N -1
OT ACUMNTOTHUKH I~ K KYJIOHOBCKON aCUMIITOTHKE I~ pacmpeeieHus MmoTeHuaina o Mepe pocra
YaCcTOTEI CTOJIKHOBECHHUH.

Screening of a dust particle charge in plasma is considered on the basis of the Vlasov kinetic
equations for electrons and ions taking into account their collisions and sinks and the Poisson
equation for the self-consistent electric field. It is shown how the r? asymptote of the potential
distribution is transformed into the Coulomb-like asymptote r in the growth of the collision
frequency.

B paGore [1] Opuia pa3BuTa KHMHETHYECKAs TEOpPUS SKPaHUPOBAHUA 3apsijia
IBUIEBBIX YaCTHIl HA OCHOBE ypaBHeHuH BilacoBa m ypaBHenus Ilyaccona s
CaMOCOIJIaCOBAHHOTO 3JIEKTPUYECKOro Moisi. CTOJIKHOBEHUS 3JEKTPOHOB U MOHOB C
HEWTpaJbHBIMA AaTOMaMH YYUTBHIBAIMCh Ha OCHOBE Mojenu bxartnarapa-I'pocca-
Kpyka (BI'K) [2]. Takxke yuuThiBajicsi THO€Ib 3JIEKTPOHOB UM HOHOB BCIEACTBHE
yXO0/a Ha TMbUIEBbIE YaCTHIIBI IIyTEM BBEJEHUS JEIbTa-CTOKOB B ypaBHEHUS OanaHca
YUCJIa JJEKTPOHOB M MOHOB. IlomydeHHBIE BBIpOXKEHHS ISl PaclpeiesIeHUs
MOTEHLMajJa OKa3aJMCh JOCTATOYHO CJIOXKHBIMU. OHHU ObUIM MpOaHATU3UPOBAHBI
TOJIbKO B PEKMMax CJIa0bIX U CHUJIBHBIX CTOJIKHOBEHHI, a B O0IIEM ciiydae TpeOyroT
MPUBJICYECHUS YUCITIEHHBIX METOOB.

B nacrosiei padote mpoBeieHbl UCCIAEA0BAHMS IKPAHUPOBAHMS 3apsia MbLIEBON
YacTHI[bl HA OCHOBE palOoThI [1] B peskuMe yMepEeHHbIX CTOJKHOBEHUI. B pesynbTare
FICCIICIOBAHM} MMOKA3aHO, KAK MPOUCXOMMT IEPEX0J OT ACHMIITOTHKH I'> B PEKHME
PEJIKHX CTOJKHOBEHHH K KyJIOHOBCKOH aCHMITOTHKE I pacipe/ie/ieHns MOTeHIHaIa
10 MEpPE POCTA YACTOTHI CTOJKHOBEHM.

Hacrosimmast paGota BbimosHeHa npu (uHaHCOBOM moanepkke Poccuiickoro
Hay4yHOTO oHa, mpoekT Ne 16-12-10424.
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B3ANMOJIEHCTBUE 3APSIKEHHBIX IIBLJIEBBIX YACTHII ITPUA
INOCTOSAHHBIX IIOTEHIUAJIAX IIOBEPXHOCTH

INTERACTION OF SPHERICAL CHARGED DUST PARTICLES WITH
CONSTANT SURFACE POTENTIALS

IIayToB A.A., ®ununmos A.B.

Axyuoneproe obuecmeo «l ocyoapcmeennwiii Hayunslii yenmp Poccutickoti
Gedepayuu Tpouykuti uHCMumym UHHOBAYUOHHBIX U MEPMOLOEPHBLX
uccnedosanuily, Poccus, 108840, 2. Mocksa, 2. Tpouyk, ya. I[lywkosvix, 1. 12,
fav@triniti.ru
Pa3Burta mMeTonuKa pacueTa CHIIbI B3aMMOJEHCTBHS JBYX 3apsDKEHHBIX MakpodacTul] cheprueckon
(GhopMBI B PaBHOBECHOU IIJIa3M€ HUIM DJICKTPOJIMUTE TPH MOCTOSHHBIX MOTEHIIMATIAX IMOBEPXHOCTH
OyTeM IICpepacucTa 3apaa0B MaAKpOYACTUI] C HCIIOJIb30BAHHUCM CKOPPCKTUPOBAHHBIX BAKYYMHBIX

€MKOCTHBIX KO3 (HUIIMEHTOB U TIepepacueTa BAKYYMHON CHJIBI C YI€TOM SKPaHUPOBAHUS.

A technique to calculate the electrostatic interaction force between charged dust particles of
spherical shapes for a case of constant surface potentials is developed. The technique is based on
the recalculation of charges of dust particles using corrected vacuum capacitive coefficients and the
recalculation of the vacuum force with considering the screening effects.

B pabotax [1,2] Oblia co3maHa METOAMKAa pacueTa CHUJIbI B3aMMOICHCTBHS JIBYX
3apSKEHHBIX JTUAJIEKTPUYECKUX MAKpPOYacTUL[ B PABHOBECHOM IUIa3ME C YYETOM
sddexkToB skpaHupoBaHuA. [Ipy  ManbIX pacCTOSIHUSAX MEXKAY LIEHTpamu
MakpoyacTul] TpeOyercss ydeT OOJNBIIOr0 4YuCia YJICHOB PA3JIOKEHUS IO
MYJIBTUIIOJBHBIM MOMEHTAM M JaHHAs METOJHMKAa BCTPEYAETCA C CEPbE3HBIMU
YUCJICHHBIMUA TPYAHOCTSMH, CBS3aHHBIMH C pELIEHUEM IUIOXO OO0YCIOBICHHOM
CUCTeMBbl ypaBHEHUU. B Bakyyme wucmnosib3oBaHue OuCPEepruecKol CHUCTEMBbI
KOOPJIMHAT TMO3BOJISIET TMOJYYUTh PEIIEHHE, KOTOPOE€ CBOOOJHO OT YKa3aHHOTO
Henoctatka [3]. IlosroMy Hactosimas paboTa TIOCBAIIEHA HCCIIEIOBAHUIO
B3aUMOJICMCTBUSl MaKpOuyacTULl NpPH TMOCTOSIHHBIX 3apsiiaX C ULEJIbI0 Pa3BUTHS
METOJIMKH pacueTa CHJIbl B3aUMOCUCTBUSA, KOTOpasi CBOOOAHA OT YIIOMSHYTHIX BBIIIE
HEJOCTaTKOB M O0JIaJjaeT MpUEMJIIEMONM TOYHOCTBIO B PEXKHUME CHUIIBHOTO
SKpaHUpPOBAHMUS, KOIJAa paguychl MaKpOUacTHI] MHOTO Oojblie  pajauyca
SKpaHUPOBAHMUS.

Pa3Burasgs Meroauka pacuera BKJIKOYAET MEpepacdeT 3apsgoB MaKpO4YacTHI[ C
HCIIOJIb30BaHUEM CKOPPEKTHPOBAHHBIX BAaKyyMHBIX €MKOCTHBIX KO3(Q(PHUIIMEHTOB U
nepepacuer BAKyyMHOM CHIIBI C Y4eTOM 3(P(PEKTOB SKPAaHUPOBAHUS.

Hacrosiiiast paGorta BbimonHeHa Tpu ¢GUHAHCOBOM mojepxkke Poccuiickoro
Hay4dyHOTO (oHa, MpoekT Ne 16-12-10424.
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TOYHBIE U NIPUBJIMKEHHBIE METO/IbI PACYETA EMKOCTHBIX U
IHOTEHIHUAJIBHBIX KOY®OUIIUMEHTOB CUCTEMBI U3 JIBYX
COEPUYECKUX MAKPOYACTHULL

ACCURATE AND APPROXIMATE METHODS TO CALCULATE THE
CAPACITIVE AND POTENTIAL COEFFICIENTS OF ASYSTEM OF TWO
MACROPATICLES

Pognua M.M., ®unnmnmos A.B.

Axyuoneproe obuecmeo «l ocyoapcmeennwiii Hayunslil yenmp Poccutickoti
Gedepayuu Tpouyxuii uHCMUMYM UHHOBAYUOHHBIX U MEPMOAOEPHLIX
uccaeoosanuily, Poccus, 108840, 2. Mocksa, 2. Tpouyk, ya. I[lywkosvix, 1. 12,
fav@triniti.ru

PaccMoTpeHbl TOYHBIE W TNPHUOIMKEHHBIE METOJbl pacueTa EMKOCTHBIX M HOTEHIMAJIbHBIX
KO3 (PHUIMEHTOB CHCTEMBI, COCTOALICH W3 JBYX cQepuueckux MakpoyacTull. Ilpennoxena
METOAMKA HX pacdera, obOjajaromias ¢ JOCTaTOYHOM JUIsl (PU3MYECKMX M TEXHOJOIMUYECKUX
MIPUIIOKEHUH TOYHOCTBIO.

Accurate and approximate methods to calculate capacitive and potential coefficients of a system
consisting of two macropaticles are considered. A technique of their calculation with sufficient
accuracy for physical and technological applications is proposed.

[ToTeHuman B3aMMOACICTBUSL UIPAET BAXHYIO POJb B MPOLECCAX KOATYJSALMH U
arJoMepali MUKpPO M HAaHOYACTUL. 3HAHHE €MKOCTHBIX KO3(DPHUIIEHTOB MMO3BOJISIET
paccuuTaTh 3TOT NOTEHLIHAJ B BaKyyM€ WM B OJHOPOJHOM Ju3jekTpuke. [loatomy
LEIbI0 HAcTosAlEed paboThl SBISETCA IMOUCK MPOCTBIX METOAOB pacuera 3STUX
BEJIMYMH, KOTOPbIE MO3BOJUIN Obl pacCUUTaTh CUJIYy M MOTEHIMAT B3aUMOJEHCTBUS
MaKpOYacTHI] C JOCTATOYHOM [JIsi (PU3MYECKUX U TEXHOJOTUYECKUX MPUIIOKEHHM
TOYHOCTBIO.

EMKocTHBIE KO3(DPUIIMEHTHI ONpPEEsUINCh HA OCHOBE pELIEHUs 337a4l METOI0M
pasnoxkenus: mo nojuHomaM Jlexanapa B cdepuyeckoi u Ouchepuueckon [1,2]
CUCTEMAaX KOOPJMHAT, & TAK)KE HA OCHOBE ACUMIITOTUYECKUX BBIPAKEHHUN I MaJIbIX
MEXYACTUYHBIX pacCTOSHUN [3] W aHATUTUYECKOTO pEIIeHHs Ha OOJbIINX.
[loxazaHo, uyto HauboJsiee TOYHBIC JaHHBIE JAET pEIICHUE C HCIOJIb30BaHUEM
Ooucdepuyeckoil cUCTEMbl KOOPAMHAT, @ HCIOJb30BAaHUE ACUMITOTHYECKUX
BBIPAKEHUN JUII E€MKOCTHBIX KOX(PGUIMEHTOB Ha MalblX MEXYaCTUYHBIX
PacCTOSHUAX U aHAJIUTUYECKOTO PEIIeHUsI Ha OONBIINX MO3BOJISIET ONPENEIUTh CHITY
Y TNOTEHLHMAa] B3aMMOJEWCTBUS MAKpOYACTUL[ C JOCTATOYHOW IJsi (PUBHUYECKUX U
TEXHOJIOTHYECKUX MPUIOKEHUN TOUHOCTBIO.

Hacrosiiiast paGorta BbimonHeHa Tpu ¢GUHAHCOBOW momiepxkke Poccuiickoro
Hay4yHOTO oHa, mpoekT Ne 16-12-10424.
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AHAJIN3 IPUMECEM 11O CHEKTPAM NEHHUHI OBCKHX
IJIEKTPOHOB B IIVTASME OTPUIATEJIBHOI'O CBEYEHUSA C
IHOMOIIBIO CTEHOYHOI'O 3JIEKTPOIA

ANALYSIS OF IMPURITIES IN THE SPECTRUM OF PENNING
ELECTRONS IN NEGATIVE GLOW PLASMAWITH WALL ELECTRODE

CaiibyTanHOB A.I/I.l, Kynpsisuien A.A.l, CricoeB C.C.l, Tpodumon B!
1CaHKT—HeTep6ypr0KI/II”4 rOCYJapCTBEHHBI YHUBEPCUTET
Russia, 199034 Universitetskaya emb, 7/9, St. Petersburg
E-mail: as.uav@bk.ru

In the experimental studies of impurities registration in buffer helium by Penning electron spectra in
negative glow plasma short glow by wall electrode at pressures from 10 to 150 Torr.

B pabote [1] ObuUT 3amareHTOBaH MOHU3AIMOHHBIN JETEKTOp [JIsl aHaJIW3a ra3oB
METOJIOM TUTa3MEHHOM ANIeKTpoHHOU criekTpockornuu (PLES), mo3Bonsromuii paboTaTh
IIPU BBICOKMX JaBJICHUSIX Tra3a. OH OCHOBaH HA WM3MEPEHUSIX DJEKTPOHHBIX CHEKTPOB
peaKkiuii  MEHHWHNOBCKOM  MOHM3allMd aTOMOB W MOJEKyl Ipumecn A
MeTacTabMILHBIMU aToMaMu Oy(depHoro ra3a B*, B kauecTBe KOTOPOTO 11€71€c000pa3HO
BBIOPATh I'eJNii, CIIOCOOHBII HOHU30BATh JHOOYIO MPUMECH

A+B — A" +B+e{E}, (1)

371€Ch SHEPrus MOSIBICHUS OBICTPBIX 3IEKTPOHOB B peakimsx (1) ects E, = E— Ei (En =
19.8 5B, Ej —sHeprum Bo30yXaeHUs MeTacTabuield Tenus W HOHHM3AIWU TPUMECH,
cooTBeTcTBEeHHO). [l peammzanmu Metoma [1,2] HeoOxomumo 4toObr PO ObICTpHIX
ANIEKTPOHOB f (r,s) ObLIA HEJTOKAIBHOM, a TeMIIepaTypa MEeIFIEHHOM IPYIIIbI 37€KTPOHOB

Obula HM3KA, YTO B CTAIlMOHAPHBIX YCIOBUSX PEAM3yeTCs B IUIa3ME€ OTPULIATETIHLHOIO
cBeueHHs. B aTom ciydae f(r,e) mpencTaBisier coOOM y3KHE MUKH, COOTBETCTBYIOIIUE
sHeprusiM E, nx nossrnenus B peakuusix (1) [1,2]. Ilpu BbICOKUX AaBIEHUSIX BBOAUTH B
IJIa3MEHHBIM 00BbEM KJIacCUYeCKUW 30HA s u3MepeHuss OPD He mpencraBisieTcs
TEXHUYECKU BO3MOKHBIM. Ty TPYJIHOCTH B [1,2] ObLIO NPEUI0KEHO MTPEOAONIETh ITyTeEM
WCTIOJIb30BaHUS CTEHOYHOTO 30HAA ajisi peructpaumu PO ObicTphix smekTpoHOB. B
MPEACTAaBICHHOW paboTe TPOBEICHBI  AKCIIEPUMEHTAIBHBIC  WCCICIOBAHUS  T10
peructpanuu npumeceil B OypepHOM resmu 1o CrekTpaM MEHHUHTOBCKUX AJIEKTPOHOB B
IUIa3M€ OTPHLIATENIBHOTO CBEYEHHUS KOPOTKOIO TICKOMIErO pa3psia C  MOMOIIbEO
CTEHOYHOrO 3JieKkTpojia npu AasieHusax ot 10 o 150 Topp. [lokazano, 4ro mo BTOpOIt
NPOU3BOAHOM TOKa MEHHUHTOBCKUX AJIEKTPOHOB, 00pa3yIONIUXCS B Pe3ysIbTaTe peakiuu
NEHHUHIOBCKOM HOHM3AalMM B IUIa3ME€ OTPULATENIbHOTO CBEYEHUS HA CTEHOYHBIN

QJICKTPOA MOXKHO OIPCACINTDb THUII IIPUMECH N €€ KOHLUCHTPALIUIO. Pabota NnoaacpiKaHa
PHO.
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MOJAEJIUPOBAHUE TAPAMETPOB IIJIA3MbI B 'A30BOM
AHAJIM3ATOPE XPOMATO-IIVIOC

SIMULATION OF PLASMA PARAMETERS IN THE GAS ANALYZER OF
CHROMATO-PLES

Caiidyrauaos AL, Kynpsiiies A.A.L, Cricoes C.C.Z, Tpodumon B!
1CaHKT—HeTep6ypr0KI/II”4 rOCYJapCTBEHHBI YHUBEPCUTET

Russia, 199034 Universitetskaya emb, 7/9, St. Petersburg
E-mail: as.uav@bk.ru

B pabote npoBeeHbl YHCIEHHBIE SKCIIEPUMEHTHI TI0 OIPEIEICHUIO OCHOBHBIX MapaMeTPOB I1a3Mbl
PLES-neTekTOpoB AISMUKPOIUIA3MEHHBIX JETEKTOPOB [UIsi MHHHMATIOPHBIX Ta30HATUTHYECKUX
cuctem Xpomato-11JIDC

The main plasma parameters of PLES detector for the developed gas chromatographic system
Chromato-PLES are determined.

3anava, cBsi3aHHAsl ¢ MUHHUATIOpU3alMel ra3oxpomMaTorpapuyeckux npuoopoB U B
TO K€ BpPEMS C PACIIMPEHUEM UX aHATIMTUYECKUX BO3MOKHOCTEM, SIBIIAETCS OAHOU U3
LEHTPAJIbHBIX B COBPEMEHHON HayKe W TEXHHKE 00 WIACHTH(PUKALMHU Ta30BbIX
cmeceil. B paGortax [1-4] Oblium mpensiokKeHbl MHKPOIUIA3MEHHBIE JE€TEKTOPHI,
MO3BOJISIIOIIME AHAIM3UPOBATh COCTaB Ta3oBbIX cmeced wmerogom [IJIDC npu
aTMoc(hepHOM [aBICHHMM B PEXKHUME pealbHOro BpeMmeHH. [l manmpHeiiero
pPa3BUTHS paHEE MPEIOKEHHOTO METO/AA, JOCTHXKEHHSI €r0 YHHBEPCAIBHOCTH M
CO3/aHMA  KOMIIAKTHOTO  rasoaHaimutuyeckoro  mpubopa  Xpomaro-IIJIEC
MpeNroyiaraeTcsi  MCMOIb30BaTh ~ MHKPOXpOMATOrpaUuecKyr0  CUCTEMY IS
MIPEABAPUTEILHOIO Pa3eIeHUs Ta30BOM CMECH.

B npencrasienHoit paboTe mpoBeneHbl YHCIEHHBIE IKCIEPUMEHTHI, OCHOBAHHBIC
Ha PeIlICeHUU YpaBHEHUN THOPUAHON MOIENN, ONTUCHIBAIOLIEH Ta30pa3psIHYIO I1a3My
B MHUKpoIuiazMeHHoM jaeTektope PLES, nonmonHenHoit cucremoii ypaBHenuii Habbe-
Crokca st onucaHusi TedeHus: OypepHoro rasa B cCUCTEME «XpomaTtorpaduyeckas
KOJIOHKAa — JeTeKTop». I[lonmydeHbl BCE OCHOBHBIE IMAapaMETPbl MUKPOILIaA3MEHHBIX
JNETEKTOPOB JJIS1 Pa3JIMYHBIX T€OMETPUUYECKUX Pa3MEPOB JETEKTOPOB.

Pabora nognepxana PHO.
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HEJIMHEHUHBIE Y®®EKTHI B CIABOMOHU3NPOBAHHOM IIJIA3BME
IO BO3AEMCTBUEM CHJIBHOU YIAPHOU BOJIHbI

ANOMALOUS NONLINEAR EFFECTS IN A WEAKLY IONIZED GAS
EXPOSED TO A STRONG SHOCK WAVE

Tpsickun 5. B.Y, ITasnos B. A

L dusuueckui gaxyromem, CII0I'Y, Cankxm-Ilemepoype, Poccus, Yavanosckas 1,
Ilempooesopey, 198504, Canxkm-Ilemepbype, Poccus

E-mail: jaroslav.triaskin@spbu.ru

N3yuyeHbl 3aKOHOMEPHOCTH BO3JEHCTBHS CUIBHOM CTAllMOHAPHOW yJapHOU BOJIHBI Ha IIA3MEHHYIO
KOMIIOHEHTY CI1a00MOHU3UPOBAHHOTO HEU30TEPMUYECKOro rasa. [l mia3MeHHOW KOMIIOHEHTBI
HCII0JIb30BaHAa MOHHO-3BYKOBas Haeanu3alusd. B y3koM Iuana3oHe CKOPOCTH YAapHOW BOJIHBI
peanu3yercsl aHoMallbHasl peslakcaliysl Ia3MEHHbIX OCLMIIISIMN 103311 (ppoHTa. DTO NposABIAETCA
B aMOWIIOJIIPHOM IOJTHOM YBJICYEHUH IUIA3MEHHBIX KOMITIOHEHT yJapHOW BOJHOH. MHTepecHbIM
3pdeKTOM ABISAETCA BO3MOXKHOCTb IPOSBICHUS CUJIBHOTO HEIMHEHHOIO0 PE30HAHCHOIO
BO3MYIIIEHUS B 001acTH miepes; GPOHTOM.

The patterns of exposure of the charged components to a strong shock wave in weakly ionized non-
isothermal gas have been studied. The assumption of the ion sound is used for the plasma
component. In a narrow range of shock wave speeds, the anomalous relaxation of plasma
oscillations occurs behind the front. Essentially, it appears in the total ambipolar entrainment of
charged components by a shock wave.

Ha ocHoBe aHamuTtH4eckoro uccienoBaHus [1] ¥ 4YHCIEHHBIX OLICHOK [2] OBLIO
OKa3aHO, 4YTO Tnepen (POHTOM yAApPHOM BOJIHBI BO3MOXKHO (opmMupoBaHue
IJJa3MEHHOTO COJIUTOHA. lIMeeTcsi HEMOHOTOHHAs PE30HAHCHAs 3aBUCUMOCTD
aAMIUTUTY/Ibl COJIMTOHA OT CKOPOCTH YJIApHOW BOJHBI. MaKCHMalbHbIE BO3MYILICHUS
JOCTUTAIOTCS TPU 3HAYCHHSX CKOPOCTH yAapHoi BoiHbI ¢ =~ (1.6 + 2)ug, (us -
CKOpPOCTh HMOHHOTO 3Byka). B Takoil curyanum QopMHUpyeTCsl €IWHCTBEHHBIN
MaKCHUMAaJIbHO TUIOTHBIN JIOKAJbHBIM CTyCTOK 3apsKEHHBIX YAcCTHI, TIE ra3 yKe He
aBisieTcs: cnabo WOHM3MpOBaHHBIM. IIpy HEKOTOPOM 3HAYEHUH CKOPOCTU C
peanu3yercs emé€ oauH dPGEeKT - aHOMallbHas pPE30HAHCHas pelaKcalus
MJIa3MEHHBIX ~ OCHWJUIANMK  1o3aau  ¢poHTa. VMMmerTcs dKCepuMEHTalbHBIC
MOJITBEPIKICHUS ONUCaHHBIX 3 dexToB [3].

JIMTEPATYPA

1. V.A. Pavlov. Plasma Phys. Rep. 22, 167 (1996).

2. V.A. Pavlov. Ya.V. Tryaskin. Journal of Applied Mechanics and Technical
Physics, 56, No. 3, pp. 361-368, (2015).

3. V.A. Pavlov, Yu.L. Serov, 3rd Weakly lonized Gases Workshop, AIAA-99-
4852, Norfolk, USA, 1999.

157


mailto:jaroslav.triaskin@spbu.ru

PACYET COCTABAuTEPMI/I‘IECKOI?'I NBLIEBOM IIJIA3MBI,
COIEPKAIIEN META/IVIMYECKHUE YACTHUIIBI 1
JIE'KOMOHM3UPYIOIIUECSA IPUMECHBIE ATOMbI

CALCULATION OF THE COMPOSITION OF A THERMAL DUSTY
PLASMA CONTAINING METALLIC PARTICLES AND LIGHTLY
IONIZING IMPURITY ATOMS

N.A. Qaipyimux
Kazan Federal University, Kazan, 420008, Russia, fairushin_ilnaz@mail.ru

IIpoBeneH pacder cocraBa TEPMHUYECKOM ILIA3MBbl, COJEpKAIEW aTOMBbI JETKOMOHU3UPYIOIIECHCS
IIPUMECH IIEJIOYHOIO METalla U METAITIMYECKUE YaCTUII MUKPOHHBIX pa3mepoB. IIokasaHo, 4TO
CTENEHb WOHM3AaLHUM OKPYXKAIOLIETr0 ra3a OKAa3blBacT BIIMSHUE HAa BEJIMYMHY 3apsifa IbUICBBIX
YaCTHILI.

The composition of a thermal plasma containing atoms of an easily ionizing impurity of an alkali
metal and metal particles of micron sizes is calculated. It is shown that the degree of ionization of
the surrounding gas affects the magnitude of the charge of the dust particles.

Tepmuueckass Mmia3Mma, cojepxanias YacTUIbl KOHJEHCHUPOBAHHOTO BEIIECTBA
MUKPOHHBIX Pa3MEpPOB IIMPOKO pacOpoCTpaHeHa Kak B TMPUPOAE, TaK U B
TexHoJoruueckux mnpoueccax [1, 2]. Takas mnazma oOpasyercs, Hampumep, MpH
ra30TepMHUYECKOM  HAHECEHHE  (PYHKIMOHANbHBIX TOKPBHITUA €  MOMOIIBIO
TE€HEepPATOPOB CTPYM AYroBOM mia3msl [3].

B nannoili pabote paccMOTpeHa TepMUYECKas MJ1a3Ma HHEPTHOTO Ta3a ¢ MPUMECHIO
JIETKOMOHU3UPYIOIIETOCS AJIEMEHTa, B KOTOPYHO BBOAST METANIMYECKUE YaCTHUIIBI
MUKPOHHBIX pa3mepoB. Ilomamas B Topsunii ras3, MeTaUIMYecKas YacTHIa
HarpeBaeTcs A0 TeMIrepaTypbl OKpYKarolel MIa3Mbl U IMUTUPYET JICKTPOHBI. Bes
cUCTEMa B IIE€JIOM NEPEXOJUT B COCTOSHHE CTATUCTUUYECKOro paBHOBecus. C yueTom
yCJIOBUSI paBHOBecHs] W ypaBHeHUsi (Caxa MOXHO pacCUUTAThb KOHIIEHTpalUu
AJIEKTPOHOB U MOHOB B TEPMHMUYECKON NBUICBOU IUIa3Me€, a TaKKe€ 3HAUYCHHE 3apsija
MIBIJIEBBIX YacTHIL [4].

Jlma TepMHYECKOM IUIa3Mbl, COAECPIKAIEH METAJUIMYECKUE YACTHUIlbI, PacyeThl
MOKa3ajy, YTO C MOBBIIIEHUEM TEMIIEPATYPhl YACTHUIIBI, HAXOJSACh B OKPYKEHUU
aTOMOB Ta3a C HHU3KUM NOTEHUMAIOM HOHMU3ALMHU @, HCIYCKAIOT 3JIEKTPOHBI
MEHbIIIE, YeM B OKpPY)KEHHH aTOMOB raza ¢ Ooisiee BBICOKUM 3HaueHuem @;. C
YMEHBIIEHUEM pa3Mepa 4YacTUIl U COXPAHEHUEM HMX MacCOBOW J0JU 3TOT 3P(PEeKT
CTaHOBUTCS 00JIe€ BBIPAKEHHBIM.
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Cexknus 4
B3AUMOJIEVMCTBUE TIUTABMEI C
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AKTHUBAIIAA JUSJEKTPHYECKHAX IOBEPXHOCTEM C TIOMOIIBIO
XOJIOJHOM IVIA3MBI JJ151 YHIPOUHEHUWSI ONTUYECKOI'O
KOHTAKTA
ACTIVATION OF DIELECTRIC SURFACES BY COLD PLASMA FOR
OPTICAL CONTACT HARDENING
Asaposa B.B'., Akumren 10.C.2, TomsieBa A.JO"., I'pyums M.E'., Kpacros B.1.",
[TeTpsikoB ABZ Cyxos E.B.", Tpymkun H.I.?

1. AO HUU «llontocy um. M.®D,Cmenvmaxa, Mocksa, Poccus
2. AO «I'Hl] P® TPUHHUTHU», Mockea, Poccus.
azarovav@hotbox.ru

Annotarus: B paboTe npecTaBieH METo YIPOUHEHHUS! ONTUYECKOTO KOHTAKTa AMAJICKTPUIECKUX
MMOBEPXHOCTEH C WCIOJb30BaHUEM TUIa3MEHHOM akTuBanuu. I[loka3zaHa BO3MOXXHOCTH COOpPKH
PE30HATOPOB KOJIBIICBLIX JIA3CPOB C UCIOJIB30BAHUCM HAHHOI'O MCTOAd4, B TOM YUCIIC U3 I[eTaHeﬁ,
M3TOTOBJICHHBIX U3 Pa3HOPOIHBIX MaTEPUAIIOB.

Abstract: This paper presents a method for optical contact hardening of dielectric surfaces by
plasma activation. The possibility to fabricate resonators of ring lasers including made of dissimilar
materials by this method is shown.

OaHuM U3 BaXXHEMIIMX HKCILTyaTAllMOHHBIX MapaMeTpoB Ja3epHBbIX MPUOOPOB
ABJISIETCA CPOK UX COXPAHSAEMOCTH, TO €CTh HEM3MEHHOCTh COCTAaBa T'a30BOM CMECHU B
TEUEHHE BCEro CpOKa WX OJKCIUTyaTalMd W XpaHeHWs. HarekaHue B Jazep Takux
MIPUMECEN KaK KHUCJIOpPOJ, BOJOPOI M YIVIEBOAOPOABI CYIIECTBEHHO OTPaHHYHMBAECT
CPOK €ro CiayObl. MexXaHWYeCKd MPOYHOE W BAKYYMHO-TUIOTHOE COCIUHECHUE
ontrueckux Aetanen JII' sBisieTCss OHOM U3 CEPHE3HBIX TEXHOJOTUYECKHUX MPOOIeM
MpU U3rOTOBJIEHUH. ONTUYECKHUE AETAIM JIA3€POB U3TOTABIMBAIOTCS U3 MATEPUAJIOB C
MajbiM KO3(PHUIIMEHTOM TEPMHYECKOTO PACITUPEHHS, CPEIu KOTOPBIX HAXOMSTCS
CUTAJUI, 3€pOoAyp W KimakepaM. B Hacrosiiee Bpemsi OOMIEHPHHSITHIM METOJ0M
COCMHEHUS ONTHUYECKUX JETAIEU SBISACTCS TEXHOJOTUS ONTHYECKOTO KOHTAKTa
(OK)l'S. [locne MexaHMYECKOM MOJHUPOBKM HAa KOHTAKTHUPYIOLIMX IMOBEPXHOCTAX
OCTAIOTCSl PA3IMYHbIC IJIEHKU TOJUIMHOM B HECKOJIBKO AaTOMHBIX CJIOEB, KOTOPBIE
OCJIA0JISIIOT MEXKMOJIEKYJISIPHOE B3aUMOJICHCTBUE IBYX MMOBEPXHOCTEH U, TEM CaMbIM,
YXYJIIIAIT KayeCcTBO MX ONTHYECKOro KOHTakTa. Kak Tmokazaia MpakTuka,
TPAJUIIMOHHAS «MOKpAs» XUMHUUYECKAsT YUCTKA MOJUMPOBAHHBIX MOBEPXHOCTEU HE
YCTpaHSET MOJTHOCTBIO 3TH IIJICHKH, B CBSI3M C YeM ObLiIa MOCTaBJICHA 3ajjaya MOKUCKa
HOBBIX METOJIOB OOpabOTKH ONTHYECKUX MOBEPXHOCTEH Mepea HUX MOCaAKOW Ha
ONTHYECKUI KOHTaKT. B maHHOW paboTe mpencTaBlieH HOBBIM METOJ YIPOUHCHUS
ONTUYECKOI0 KOHTAKTa IUAJICKTPUUYECKUX IMOBEPXHOCTEH JIA3€PHOr0 THPOCKOMa C
WCIIOJIb30BAaHUEM IUIA3MEHHOM aKTWBamuu. MeTon 3akimiodaeTcss B 00paboTke
ONTHYECKUX  TOBEPXHOCTEH  CTpyell  XOJOAHOW  mJa3mbl,  (OPMUPYEMOM
ra3opaspsiiHBIM HCTOYHUKOM IUJIa3Mbl Ha OCHOBE BBICOKOYACTOTHOTO OaphepHOTO
paspsizia B TOTOKE aproHa npu aTMochepHOM JIaBJICHHUU.

1. N.B.O6peumos, E.C. Tpexos, « KITDy, 1.32, B.2, c.185, (1957).
2. b.B.Jepsirun, H.JI.Kporosa, B.I1.Cmuinra, Aoeezus meepovix men, (1977).
3. B.M. 3onotapeB u ap. «®TT», 1.20, Nel, ¢.177, (1978).
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CAMO®POPMHUPOBAHUE HAHOCTPYKTYP HA IIOBEPXHOCTH
KPEMHMUMA B IPOHECCAX PACIIBIVIEHUA U ITIEPEOCAKIEHU A
METAJIJIVIOB B IIVTASME BY HHAYKIIMOHHOTI'O PA3PAIA

SELF-FORMATION OF NANOSTRUCTURES ON THE SILICON SURFACE
IN THE PROCESSES OF SPUUERING AND CO-DEPOSITION OF METALS
IN RF INDUCTIVE PLASMA

Awmupos .., N3romoB M.O., Ma3zanenkuii JI.A.

Apocnasckuii Qunuan Quzuxo-mexuonocuueckozo uncmumyma PAH, Poccus, e. Apocnaéns, yu.
Yuusepcumemcxas, 0.21.
ildamirov@yandex.ru

[IpencraBiaeHbI pe3yabTaThl HCCACIOBAHNS CaMO()OPMUPOBAHKS HAHOCTPYKTYP HA MOBEPXHOCTH Si
B npoueccax paCHBIJIeHI/IH IIJICHKHA CO nu nepeocaxcz[eﬂml aTOMOB Tl, paCHBIJISIeMBIX C HOBerHOCTI/I
Ti MOAIOXKKH B IJIOTHOM aproHoBo# miasme BU HHAYKIIMOHHOTO pa3psiia.

The results of the self-formation of columnar nanostructures on the Si surface in the processes of Co
film sputtering and co-deposion of titanium atoms sputtered from the Ti substrate surface in dense
argon plasma of RF-inductive discharge are presented.

[Ipoueccsl popMUpOBaHUS HAHOCTPYKTYP HA TOBEPXHOCTH MATE€PHUAIOB C LEJBIO
NpUAAHUS €W HYKHbIX (YHKIIMOHAJIBHBIX CBOMCTB IIUPOKO HCIONB3YETCS B
HaHOoTexHOJoruu. CaMohopMHUPOBaHNE HAHOCTPYKTYP MPOUCXOAUT HA MOBEPXHOCTH
Marepuaia npu HOHHOH O0MOapIMPOBKE B OJJTHOBPEMEHHO MPOTEKAIOIIMX MPOIEccax
MOHHOTO PAaCMbUICHUS U TNEepeocaxaeHusi aToMoB meTaiioB [1]. B manHoil pabote
MOKa3aHo, 4YTO camodopmupoBanue HaHOCTpYKTYp CO, Ti HpoUCXOAUT Ha
MOBEPXHOCTH S TIPU HOHHO-TUIA3MEHHOM paciblUicHUH 1ieHkH Co U epeoCakICHUH
aTOMOB  Ti, pacmbUIsIEMBIX C TIOBEPXHOCTH THUTAHOBOW  IUIACTHHBI  IIPH
HHU3KOSHEPreTHISCKOM HOHHOM O0MOapIupoBKe.

| Wv DOKCIEpUMEHTHI POBOANIH B
Sl WL Y peakTope TIOTHOM miasMel BUNM paspsiia

P\ 2 i Y _{,, " g | B Ar, noapo6Ho ommcanHoM B [2]. Beuio
" S~ g ¢, OOHAPYXCHO, YTO B 3aBHCHMOCTH OT
i 48 AT -*'--’“' BPEMEHU OO0pabOTKH Ha IOBEPXHOCTH
|, oOpasyloTcs  HAHOCTPYKTYphl ~ pa3HOMN
N bopMbI H cocTaBa, B TOM WYHCIE
WIS [ R—— ctpyktypsl  (puc.1).

2% nm m ; ‘fp OG6CyKIaeTcss MEXaHU3M UX 00pa30BaHUSL.

Puc. 1 Bua maccuBa HaHOCTOOYATHIX T1 CTPYKTYD.
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1. K Zhang, O Bobes and H Hofséass. Nanotechnology 25 (2014) 085301.
2. .. Amupos, M. O. UztomoB, B. B. Haymos. ITosepxnocms. 8 (2016) 82.

161


mailto:ildamirov@yandex.ru

MNPUMEHEHUE HU3KOTEMIIEPATYPHOM HEPABHOBECHOU
MJIASMEHHOH OBPABOTKH ITPU PA3PABOTKE METOJUKH
KOHCEPBAIIMUU APXEOJIOI'MYECKHUX OBBEKTOB N3 KOXHU

APPLICATION OF LOW TEMPERATURE NON-EQUILIBRIUM PLASMA
TREATMENT FOR DEVELOPING CONSERVATION TECHNIQUES
ARCHAEOLOGICAL SITES LEATHER

borarosa JI.®., Kynesuos I'.H.

Kazanckuii Hayuonanouwiii Uccreoosamenvcruii Texnonoeuueckuil, Poccus, 420015, Poccutickas
Deoepayus, Pecnyonuxa Tamapcman, Kaszanw, yn.K.Mapkca, 68, linafeliksovna@mail.ru

Annorammst:  Hccnenopanue Biusgaus HHTII  oOpaGoTkm Ha  (PU3HKO-MEXaHHYECKHE U
TMTHEHUYCCKUE CBOMCTBA apXCOJOTHYECKMX OOBEKTOB M3 KOXKEBCHHBIX MATEPHUAJIOB IEpe]
MPOLIECCOM KOHCEPBAIIHH.

Abstract: Investigation of the effect of treatment on the NLP physical, mechanical and hygienic
properties of archaeological objects from leather materials before the preservation process.

Apxeosioruyeckue OOBEKTBI U3 KOXH, CaMble TpPYyJAOEMKHE OOBEKTHl B
peCcTaBpallMOHHON JeATeabHOCTH. OIMH U3 BaKHEHIINX HETOCTATKOB KOHCEPBALIMU C
[IOMOIIBIO TOJMATHIIEH TJHMKOJIS — HEIOJTOBEYHOCTh pE3YyJIbTaTa, XUMHAYECKas
YCTOMYMBOCTh U MEXAHWYECKAs] MPOYHOCTh JTOCTUTAETCS HA HEONPEAEIECHHBIN CPOK,
CO BpeMeHeM OOBEKT CHOBa MPUJIETCA BOoccTaHaBiuBaTh [1]. B cBsizu ¢ atum, Obuia
IIPEAIPUHATA TOINBITKA YCOBEPIIEHCTBOBATh JAHHYI0 METOAUKY ¢ nomorso HHTII
oOpaboTkw [2].

JIUTEPATYPA
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2. JI. ®. boraroBa u a.p. «Pa3paboTka TEXHOJOIMU KOHCEpBAIUU
apXeoJIOTMYECKUX 00BEKTOB U3 KOKEBEHHbIX MaTepualnoB ¢ npuMmenenrnem HHTII
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BY MHIYKIIMOHHBII PA3PSA/ B IPOIIECCAX MOJIU®UKAIIAN
MOBEPXHOCTH AUDJEKTPUKOB

RF INDUCTIVE DISCHARGE IN PROCESS OF MODIFICATION OF THE
DIELECTRIC SURFACE

LomsieBa A.JO.", Toscromsit A.B.}, Tanees B.A.}, Tadapos Ur2 [Tapudynun ®.C2

Y40 «HUH «ITonocy um. M. D. Cmenvmaxay, Poccus, Mocksa, ya. Beedenckoeo, 0. 3,kop. 1.
e-mail:kaitana2005@gmail.com
’Kazanckuii HAYUOHATILHBIU UCCNe008amMeNbCKUll mexHoao2udeckull ynusepcumem, Poccus,
2. Kasanw, yn. K, Mapkca, 68. e-mail:sharifullin80@mail.ru

[Ipencrarnena undopmaIus o pe3ysibTarax UCCiaeoBaHus 00paOOTKH MOBEPXHOCTH JAUAIIEKTPHUKOB
B BY nnaykunonHoMm paszpsiae Ha yactote 13,56 MI'n ipu naBnenusix 13,3 — 66,5 Ila.

Provides information about the results of the study of dielectrics surfaces processing in RF
induction discharge at a frequency of 13,56 MHz at pressures 13,3-66,5 Pa.

[enbro pabOThI SABISUIMCH UCCIEAOBAHUS CHIXKEHMS IIEPOXOBATOCTH U OUYMCTKA
MOBEPXHOCTU JIUAJIEKTPUYECKUX OOpa3loB M3 KBaplla M CUTaNla B CTpye
BBICOKOYACTOTHOM HMHAYKIIMOHHOM Iu1asMbl Ha yactore 13.56 MI'm, co3maBaemoii
kBapueBbiM BY mnasmotpoHoMm. B pabore wuccienoBasiack Takke BO3MOKHOCTD
OJTHOBPEMEHHON paboThl JBYX IUIa3MOTPOHOB, TIIOJCOCIUHECHHBIX K OJHOMY
BaKyyMHOMY OJoKy (puc. 1). MoiHocTh, m0oABOANMAS K JIA3MOTPOHAM, H3MEHSIACh
or 200 go 3000 Bt. OO6pasmpl pa3Memaiuch B TOJI KOJIMAYHOM YCTPOWCTBE
BaKyyMHOTO OJIOKa, JaBji€HHE B KOTOpoM wu3MeHsuioch ot 13,3 Tla mo 66,5 Ila.
Pacxon mnmazmooOpa3yromiero raza Ar peryiupoBaics B auamnasone 0,02 — 0,1 r/c.
BapbupoBanoch Bpems 00paOOTKM M PACCTOSHHUE OT Cpe3a IJIa3MOTPOHOB [0
obpasma. O0paboTka 00pa3IOB MPOBOAUIACH NIPU HUX PACIOJIOKEHUU MapalIeTbHO,
MIEPIICHIUKYJISIPHO U 1TOJ yriaoM 450 k cTpye nia3Msl.

CreneHb OYUCTKHU ONpPENENsIach Mo U3MEHEHUIO yTila cMadyuBaeMocTH (puc. 2).
VI3MeHeHye mepoXoBaToCTH NPOBOIUIINCE HA HH@_p@epgmeTpe Zygo NV 6200.

T !

Pucynox 2 MI3MeHeHue yriia cCMayuBaeMOCTH Tociie 00paboTke
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STOCHASTIC MODELS OF THE PHASE TRANSITIONS FIRST KIND AT
NON EQUILIBRIUM TAGE IN THE MODIFICATION OF SURFACE
PROPERTIES

Zmievskaya G.I.
M.V.Keldysh Institute of applied mathematics, RAS, Moscow, 125047, Miussksya sq.4, Russia

zmig@mail.ru

The work presents computer experiments studies interaction of ions Xe++ gas with ~5-10 keV
energy with crystal lattice of thin layers “SiC/metal” substrate and SiC vapors condensation near
surface. The both processes are considered as initial stage of phase transition at initial stage.
Properties of substrate are altered due to porosity and stresses formation into thin layers substrate.
The sizes distribution of sedimented SiC charged droplets with accounting of melt dispergation
SiC due to Rayleigh instability is discussed.

Non-equilibrium stage of phase transitions in plasma-like medium (or
nucleation of lattice defects as well as droplets of condensation near surface ) in
nanomaterials as well as their computer modeling are discussed. The solving the
kinetic (Kolmogorov- Fokker-Planck and Smolukhovskii) equations in partial
derivatives using Ito-Stratonovich stochastic differential equations solution which
are equivalent to Kolmogorov equations is presented. Here are concretized:
Stochastic kinetic description of the surface properties modification due to phase
transition first kind at non equilibrium (fluctuation) stage which is related with
the models of creation microdefects, their the Gibbs free energy as well as with the
Brownian motion in the potentials of indirect long-range interaction between
gaseous bubbles into lattice. These models predict stress from gas bubbles
penetration and the alteration substrate properties[2]. Also we are carried out the
computer simulation of silicon carbide (SiC) vapors condensation in a plasma
discharge and the formation of thin film islands on a Si(100) substrate. Earlier the
dusty plasma dynamics [3] had been studied in 3D3V kinetic plasma code[4], here
Is presented processes of charged particles nano sizes condensation (such as
«from vapors to melt droplets» ) under cooling process.
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BJIMSHUE 3JEKTPOCTATUYECKOI'O ITOJISI U COCTABA IBLJIEBOM
IINTASMbI HA CKOPOCTb I'OPEHUA

THE EFFECT OF THE ELECTROSTATIC FIELD AND THE
COMPOSITION OF ADUSTY PLASMA ON THE BURNING RATE

3eipsHOB M. A., Pemetnnkos C.M.

Bamckuil cocyoapcmeennwiii ynugepcumem, P®@, 610000, 2. Kupos, yi1. Mockosckas, 0. 36,
e-mail: b185@mail.ru

IIpuBogsTCA pE3yJbTAThl HKCIEPUMEHTAIBLHOIO HMCCIECIOBAHUS JJIEKTPUYECKUX CBOMCTB ILUIA3MBI
[IJIJAMEHU U CKOPOCTH F'OPEHHUS MOJUMETUIMETAKpUIIATa B DJIIEKTPUUECKOM I10JI€.

The results of an experimental study of the electrical properties of the flame plasma and the burning
rate of polymethylmethacrylate in an electric field are presented.

B pabote sxcniepuMeHTaIbHO UCCIIEIOBAHO BIMSAHUS IUCIIEPCHBIX MpUMecei Ha
CKOpOCTh TopeHusi nojumetwiMmeTakpuiara ([IMMA) B 3JIeKTpUYECKOM IMOJEe U
BOJIbTAMIIEPHBIE XaPAKTEPUCTHKHU IJIa3Mbl IUIaMeHU. VccienoBaHus MpoOBEICHBI Ha
MOJICIBHOM THOPHIHOM paKEeTHOM JBUTaTele omucaHHoM B [1]. BremrHwmii
TOIUTUBHBIM 070K wu3rotoBieH u3 [IMMA, BHyTpeHHUN uMeEN pa3HbId COCTaB:
[IMMA (PM), nommdtwiien (PE), 60%mommaytrnen+40%npumecn (PM-PES40),
40%mnommytuneH+60%npumecu (PM-PES60). B kadecTBe mpumMecH HUCMIOJIb30BaAJICs
OKCH/I KeJe3a.

Ha puc.1,a npeacrasnensl BoibTamnepHuble xapakrepuctuku (BAX) miamenu B
JBUTATENIe TPHU Pa3IMYHbIX COCTaBax LEHTpaJbHOro 0Jioka. BBeleHue AucrnepCHbIX
100aBOK YBETMYMBAET IPOBOJUMOCTH TUIAMEHH.

LA 1= 0,000011U - 0,001038 U,mm/c
PES40 =
0,16

1S0.00003)-00mse of 1=0,0000037U-0,0002844

PES60 +PE

+ 6es nona

PM 0,14 W +5kB

1=0,0000025U-0,0001476 s
012 m

-S5KB

0
u,B 0,08 =8

0 50 100 150 200 250 300 350 400 450 0 20 40 60

a 6
Puc.1. BAX miameHu u CKOpOCTb TOPEHUS.

N3menenne nuHenHOM ckopoctn ropeHus [IMMA npu  Bo3gelcTBUHM
ANEKTPUYECKOr0 MOJIsl B 3aBUCUMOCTU OT KOHIEHTpauuu aucnepcHoi npumecu (C)
npeJcTaBieHbl Ha puc.1,0 (B JiereHie yKa3aHa MoJsIPpHOCTh [IEHTPAIbHOIO 3JIEKTPOoaa
U HampsbkeHne B KB). BBeaeHue AUCHEpPCHBIX TMPUMECEl B 30HY TOPEHUS
CYLIECTBEHHO yBEJINYUBAET 3(PPEKT BIUSIHUS M0 HA CKOPOCTh TOPEHUSI.

Jlureparypa.

1. Reshetnikov, S.M., Zyryanov, |.A., Budin, A.G., Pozolotin, A.P., J. Phys.: Conf.
Ser. 789 012042
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MNOJYYEHUE METAJIVIMYECKUX ITOPOIIKOB B IIVTIASMEHHO-
QJIEKTPOJIUTHOM PA3PAE

PRODUCTION OF METALLIC POWDERS IN A PLASMA-
ELECTROLYTIC DISCHARGE

Kamanos P.H., Kamamnos JI.H., Kamranos H.®.

Kazanckuii gpedepanvuwiii ynusepcumem, Poccus, Kazaus, yn. Kpemnesckas, 0. 18, E-
mail:kashramil.88@mail.ru

AI[,I[I/ITI/IBHI)IC TEXHOJIOTHUH, pa60Ta}oume Ha OCHOBC CCJIICKTUBHOI'O JIa3€PHOI'0 CILIaBJICHUSA
MCTAJUIMYCCKUX  ITOPOUIKOB, ABJISIOTCA HaI/I6OJIee MNEPCHCKTUBHLIMU  MCTOJaMH  CO3JaHUA
YHUKQJIBHBIX 00BEKTOB. B paboTe wmccrmeayeTcss BO3MOXKHOCTh IIA3MEHHO-3JIEKTPOJIMTHOTO
MIOJIyYEHUSI METAJTIMYECKUX NOPOIIKOB, IpUroaHslx s CJIC-texHonoruu.

Additive technologies that work on the basis of selective laser melting of metal powders are the
most promising methods for creating unique objects. The possibility of plasma-electrolyte
production of metal powders suitable for SLM-technologies is investigated in this work.

B  ycraHoBKax CEJEKTUBHOIO JIA3€PHOTO  CIUIABJICHUS  MCIIOJb3YKOTCS
NOPOILIKOBBIE MATEPUAJIBI, KOTOPBIE TOJKHBI UMETh OINPEAEIECHHBINA TUCIIEPCUOHHBIN
COCTaB, YaCTHUIIbI IOJKHBI ObITh chepuueckumu. Ha naHHBINT MOMEHT HU3BECTHBI JIBE
TEXHOJIOTUH TOJYYEHUS] METANIMYECKUX IOPOLIKOB, Hcnoib3yembix npu CJIIC —
IJIa3MEHHAs, Tra3oBas W BOJfHAs  aromu3anuu. Hemocrtarkom — TaHHBIX
TEXHOJIOTHUECKUX MPOU3BOJICTB SBJSIETCS BBICOKHM pa3zdpoc pa3zMepoB yacTull oT 1
MKM 110 200 MKM, 4TO TpeOyeT JOMOJTHUTENbHOW OUUCTKHU U PA3ACICHUS], TPYIHOCTD
[IEpEeX0/la YCTAaHOBKM HA MPOU3BOACTBO JAPYroro BHJIA MaTepuana, BbICOKas
AHEPro3aTpPaTHOCTh IMPOLECCa, TPYAHOCTh KOHTPOJS W U3BJICYCHUS YaCTHIIL
HAHOMETPOBOI'O JlMana3oHa, MCIOJIb30BAaHUE JIOPOTOCTOSILEr0 00OPYIOBaHMS.
OnHUM U3 BO3MOXKHBIX PEIICHUI MOXET SIBISIETCS] MCTIOJIB30BAaHUE Ta30BOI0 pa3psiia
C JKHJIKUMHU DJIEKTPOJAMH, JAHHBIM METOJ MPOCT M HE TPEOyeT ITOPOrOCTOSIIETO
000opyI0BaHUS.

JIJist TpOBEpKH JAHHOTO YTBEPXKJICHUS OblIa pa3paboTaHa dKCIEPUMEHTATbHAS

yCTaHOBKa, paboTaromas rpu HanpsikeHusx ot 0 1o 1000 B u tokax ot 0 10 5 A. B
paboTe pachbUIsIIA aHOJIa, W3TOTOBJEHHBIA W3 CTadd Mapku 45 W yCTaHOBJICHHBIN
HaJl TOBEPXHOCTBKO  DJJIEKTPOJUTHYECKOTO Karoga. B kadecTtBe  karona
WCMOJIb30BAJIMCh PACTBOPHI XJIOPWJA HATPUS M CEPHOM KHUCIOTHI. IIpum ropenHun
paspsaa  MeXAy  DJIEKTPOJUTOM M CTalbHBIM  AHOAOM,  IPOUCXOIUIIO
OUCIEPTUPOBAHKUE mocieaHero. llomydaemplii MOPOMIOK B OCHOBHOW CBOEH YacCTH
nmonajail B JJEKTPOJIUT M OBICTPO OXJaXKIaics. AHaIW3 AUCIEPCHOTO COCTaBa
nmokazan paszopoc pasmepa vactui oT 30 go 200 Mkm. V3MeHss BKJIaJbIBaeMYIO
MOIIIHOCTh B pa3psiyi ObUIO ompeseseHo, uto npu HampspkeHusx 400 B u Tokax 2 A
HaOmrogaeTcss oOpa3oBaHME MOPOIIKA JUCIEPCHOCTHIO 10 60 MKM, YTO SIBIISETCS
ONTHUMAJIbHBIM JIJI CEJIEKTUBHOTO JIa3€PHOTO CILIABJICHUS.
B pe3ynprare mNpOBENEHHBIX MCCIECIOBAHUM YCTAHOBJIECHO, YTO IIOJy4acMbIe
MOPOIIKK CTaJel M0 JTUCIIEPCHOMY COCTaBY M HaJUYHIO C(HEPUUECKON T€OMETPUU Y
YacTHI] IPUTOAHBI JUIsSl CEJIEKTUBHOTO Ja3epHOro cruiaBieHus. OIHaKO HEOOXO0IUMO
MPOBOJIUTh JTAJIBHEWIIINE HWCCIECAOBAHMS [UJI1 YCTPAHECHUS OKHWCIICHUS YacCTHII
MOPOIIIKA, & UMEHHO NOAOUPATH IEKTPOJUTHUECKUE KATOAbl U UBMEHATh aTMOC(hepy
B Kamepe.
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PA3BPABOTKA METOJIUKHN KOHCEPBALIUN APXEOJIOI'MYECKOI'O
HIEJKA C IPUMEHEHUEM HHTII ObPABOTKH

DEVELOPMENT OF THE METHOD OF CONSERVATION OF
ARCHAEOLOGICAL SILKWITH APPLICATION OF NTPP PROCESSING
denorona 1O. B.l, KyneBuos H.

'Kazancrui HAYUOHANbHBIU UCCTIe008AMENbCKULL MEXHON02UeCKUL YHUBEPCUmMem,
Poccus, 2. Kazanw, 420015, ya. Kapra Mapkca, 68.

E-mail: yulia.fedotova86@yandex.ru

AnHotanms: B maHHOM paboTe NpeACTaBICHO WHCCIenoBaHue BiHsHUsA mapamerpoB HHTII
00pabOTKN Ha KalWUBIPHOCTh, CMAYMBAEMOCTh M (PU3MKO-MEXaHMYECKHE CBOWCTBA OOBEKTOB W3
HATypaJIbHBIX BOJIOKHHCTHIX MAaTepUATIOB MIEpe]] MPoIleccoM KOHcepBauu. Pazpaborana MeToauka
KOHCEpBAallUM apXEOJIOTMYECKUX OOBEKTOB M3 HATypalbHBIX BOJIOKHHUCTBIX MAaTepuajioB C
npumenenrneM HHTII o6paboTku.

Abstract: In this paper, a study is made of the influence of the parameters of the NSTP processing
on the capillarity, wettability, and physical and mechanical properties of objects from natural
fibrous materials before the process of conservation. The technique of preservation of
archaeological objects from natural fibrous materials with application of NSTP processing is
developed.

Pa3zpaboTanHasi MeTOAMKA KOHCEPBALIMU apXEOJOTHYECKOr0 MIENKA BKIIOYAET B
cebs : mexannyeckyro ounctky, HHTII o6paboTky B ruapodmibHOM pexume (: p =
26,6 ITa, G = 0,04 r\c, Wp=3 xBt, [ = 0,4 A, =180, mura3moo0pa3yrorias cMech rasa
aprod u Bo3ayx B cooTHoueHuu 50:50), koHcepBauuss BoAHbIM pactBopoMm IO —
400 ¢ koHieHTpanuen 3% .

Pa3paboTanHass MeTOAMKA MO3BOJIWIA AAANTHPOBATh BBICOKUE MOKA3ATENH IO
BIIMTBIBAEMOCTH KOHCEpBUpYMolero are’ra. Bosgencreue mimasmel BUE paspsna
NOHM)KEHHOTO  JaBJICHUS  TO3BOJIIET  CYHIECTBEHHO  M3MEHATH  COCTOSIHUE
MOBEPXHOCTEH TKaHeW W3 HarypaidbHOro Iménka. Moaudukamus mnazmorr BUE
paspsiia MOHMKEHHOTO JaBjeHus [1], MO3BONMUT yBEIMUYUTHh CPOACTBO MOBEPXHOCTHU
JAHHBIX MAaTEepUaJOB C BOJHBIM pPAcCTBOPOM. YCTaHOBJIEHO, YTO IJIa3MEHHAs
oOpabotka BYE pa3psiga MOHMKEHHOTO [AABJICHHS HE MPUBOAUT K YXYIIIECHUIO
¢busukf — MexaHMUECKUX XapaKTePUCTUK 0O0pabOTaHHOTO HATYpalbHOTO IIEiKa [2].
B 3aBUCMMOCTH OT MOILIHOCTH OTHOCHUTEIBHOE YUIMHEHHE KOJeOsieTcs B Ipenenax
8,46+0,18 %, mpenen mpounoctu §,46+0,88 wmlla, B 3aBUCMMOCTH OT BpPEMEHHU
00pabOTKM OTHOCUTENBHOE YAJMHEHUE Konebercs B mpenenax 8,46+0,19 %, npenen
npounoctu 8,46+0,92 mlla. C momMoIIp0 MUKPOCKOIMMYECKOTO MCCIIEIOBaHMS, ObLIa
HaiiieHa 3% KoHIEeHTpauus KoHcepBupytouiero arentra [I3I-400, yto mo3BoisieT
CHU3HUTH KOHLIEHTPALUIO [0 CTAHAAPTHON METO/IHKE.

JIUTEPATYPA:
1. A6aynmun NI, llaexoB M.®.. Becmnux Kazan.mexuon. yn-ma. 2002. Ne 1. C.
75-78.

2. ®enorosa FO.B., Kynesnos I'.H., Aoaymnun WU.II. Becmnux Kazan.mexuon. yu-
ma. 2015. T. 18. Ne 21. C. 101-102.
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3OOEKTHI BUU-TIJIASMEHHONU MOJU®UKALIIMA JUCIHEPCHBIX
CUCTEM HA OCHOBE MUHEPAJIBHOI'O CTEKJIA

EFFECTS RFI-PLASMA MODIFICATION OF DISPERSE SYSTEMS ON
THE BASIS OF MINERAL GLASS

Bosuecenckuii 2.0., Mudrtaxos U.C., Harmytnunosa A.U., Tpodumos A.B.
OI'bOY BO «KHUTY», P®, 2.Kazans, yi.Kapra Mapkca 0.68  fortmayn@mail.ru

PaccmoTtpena Bo3moxkHocTh BUM mazMeHHON MOAM(UKALMM CTEKJISSHHBIX MHUKPOIIAPHKOB,
IIPUMEHIEMBIX B KAaueCTBE HANOJHWUTENS B CHTHAJIBHOM JTOPOKHOM pa3METKE M TEXHUYECKUX
TEKCTUJIBHBIX MaTepHaIax.

The possibility RFI plasma modification of the glass microspheres used as filler in the signal road
markings and technical textile materials.

B kadecTBe OOBEKTOB HCCIIEOBAHUS HMCIOJb30BAIUCH MHUKPOCTEKIIOIIAPUKH
(MCHI) nucnepcHocthto 50-100 MM, cootBerctByronme ['OCT P 51256.
PaccmoTpeHa BO3MOXKHOCTh —CIJIQXKMBAaHUSI TMOBEPXHOCTU MHUKPOIIAPUKOB MO
BO3JICHCTBHEM 00pabOTKH B pa3psjie HU3KOTEMIIEpAaTypPHOU, HEPABHOBECHOM IJIa3Mbl
C T1a3Mo00pa3yromumM razom Ar.

TexHuyeckue napaMeTpsl 00padOTKHU: TIIa3MO00PA3yIOIINIA Ta3 — aproH; Pacxoj
raza Ga=0,04 r/c; sneprus nonoB 30 3B, MIOTHOCTH ANEKTPOHHOTO TOKA 25 AV
nasieHue B padoueit kamepe P =40-90 [1a. MCII uHXEKTUPOBAIUCH B pa3psil U C
MOTOKOM TIa3MO00pa3yIOIIer0 raza MPOXOIWIM Yepe3 sApo paspsaa. 3a cpe3oMm
MJIa3MOTPOHA 00pabOTaHHBIC YACTHUIBl  YJIABIUBAIUCH  (PUIHTPOM-JIOBYIIKOM.
[Inazmennas oOpaboTka mpoBoJWiIach Ha 3KcnepuMeHTanbHOM BUM-mnmazMenHoit
YCTaHOBKE, OTMCAHHOW B UCTOYHHKE [ 1 ].

Kontpons BnussHuss BUWM miasmenHoil MoauduUKanMK OCYHIECTBISUICS TPHU
MOMOIIM CKaHUPYIOIIEro 30HaA0Boro mukpockoma N-Tegra Therma mpou3sBojacTsa
NT-MDT. HaGmromaeTcst CyliecTBEHHOE CHIPKEHHUE MIEPOXOBATOCTH Zmax HA 55,45%,
R, na 54,57%, R, Ha 43,37%, Ryus Ha 48,4 %.

Takum 00pa3zom, IKCIIEPUMEHTAIBHO MOATBEPKAEHA BO3MOXHOCTh MPUMEHEHHUS
mia3mMbl BUN paspsna moHuKeHHOTo AaBieHUS Uil MOAM(DUKALMHU JAUCIIEPCHBIX
CTEKJISHHBIX MAaTE€pPUAJIOB C IMENbI0 YIPaBICHUS MHUKPOpPEIbe(dOM, OUHUCTKH H
aKTUBAIIUM TIOBEPXHOCTH JUIsI TOJy4YeHUs (YHKIHMOHATBHBIX KOMITO3UITMOHHBIX
MaTepUaJOB IIUPOKOTO TPOPHUIs ¢ YIYYIICHHBIMH OSKCIUTyaTallMOHHBIMH |
MMOTPEOUTEITLCKUMHU CBOMCTBAMH.

JINTEPATYPA
1. .. AGxaynnun, B.C.Kentyxun, H.®. Kamano. BeicokoyacToTHas rja3MeHHO-
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BO3HUKHOBEHUE AYI'U IIPU HAT'PEBE ' PA®UTA
OPUKCHUPOBAHHBIM TOKOM

ARC IGNITION AT HEATING OF GRAPHITE BY FIXED CURRENT

[Tonumyk B.I1., Camoiinos U.C., Amupos P.X., Kucenes B.U.
OUBT PAH, Poccus, 125412, Mocksa, yn. Hocopcras, 0.13, cmp.2 polistchook@mail.ru

Ommcano paspyuienue rpaguToBoro odpasua rmocjie ATUTEIHHOTO HarpeBa MPOXOJISIIAM TOKOM.
[TpuBeneHsl pe3ynbTaThl, MOATBEP)KAAIONIME OOpa3oBaHHE >KUAKOW (a3pl rpadura B IyroBoMm
paspsae npu Temieparype okoio 3,3 kK.

The destruction of graphite samples after prolonged heating by electric current was described. The
evidences of liquid film formation on the electrode surfaces at temperature of 3.3 kKK were
presented.

[IpuBeneHbl pe3ysbTaThl UCCIEIOBAHUS HAYaJIbHOM CTaguu QYyTOBOTO pa3psia
Ha TpadUTOBBIX AMEKTpoaax. JlyroBoil pa3psia BO3HHKAI B Pe3yibTaTe JOKAJIHLHOTO
caMOpa3pyIIeHUsI 4acTU TPaPUTOBOTO CTEP)KHS, HATPEBABIIETOCS JJICKTPUUECKUM
TOKOM M BblAepxkuBaBlIerocs cebime 10 MuHyT npu temneparype okosio 3 kK B
atmMocdepe aproHa npu npaiaennn 10-90 klla [1]. Hcmomp3oBanuch KpyTiibie
CTEP)KHU CIEKTPAIbHOTO rpaduTa, AUAMETP HCCIECIyeMOr0 ydacTKa KOTOPBHIX Ha
mmae 20 MM ObLT yMeHbIeH mpoToukoi ¢ 6 1o 3 mm. Tok Harpesa (120-190 A)
YCTaHABIMBAJCS TakK, 4YTOOBl HadajlbHas TeMIlepaTypa B IIEHTPE NPOTOUYKHU
cocraBisuia 2,7-2,9 kK. 3a Bpems Bwiaepkku oOpasua (10-100 munyT) npu
HEU3MEHHOM TOKE PETHCTPUPOBAJICSI MOHOTOHHBIA POCT TeMmIlepaTypbl 0oOpaslia u
HanpsokeHus: Ha HeM. [lpu jgocTukeHMH B O0JaCTH MPOTOUYKH TeMIIEpaTypbl
3,2-3,3 kK Habmromaicst ckadok HampsbkeHuss Ha oOpasme ¢ =12 B no =35B
JUTUTEIBHOCTBIO OKOJIO 5 MC, MOCJIE YEro HampsKEHUE YCTaHABJIMBAJIOCh HA YPOBHE
25 B. U3 aHanu3a JaHHBIX CMHXPOHHBIX MU3MEPEHUN - OCHWIUIOIPAMM HAIMPSKEHUS,
TepMorpamMM oOpasiia U BUIACO(PUIBMOB €T0 Pa3pyIICHHS, CHATBHIX CO CKOPOCTBHIO
25-1200 kaapos/c, clieyeT, YTO BO3HUKHOBEHHIO JYTH IPEIIISCTBOBAIO PE3KOE,
MPUMEPHO Ha MOPSJI0K, CHIKEHHUE AJIEKTPONPOBOJHOCTH MaTepuaia oOpasma. ITo
MOXET OOBSCHIAThCA TMOSIBIEHUEM JKUAKOro yriaeponaa. llpeamonoxenue o0
oOpa3oBaHUU KUJAKOW (a3pl TMOATBEPKIACTCI OCOOCHHOCTSIMU T'€OMETPUH
AJIEKTPOJOB BO BpeMsl ropeHus ayru [l], a Takke UX TJIAAKOW IMOBEPXHOCTHIO,
KoTopasi HaOJroanack mnocie JaiurenbHoro, 6osee 10 c, Bo3aeiictBus ayru. [locne
KPaTKOBPEMEHHOTO TOpeHHUs IyTH (=1 ¢) MOBEPXHOCTh 3JIEKTPOJOB MPAKTUUECKU HE
U3MEHsIach, HO Ha Hel Habmomanuch KamieoOpasHbie pparmeHtsl pazmepom 0,1-
0,3 mM.

[IpencraBiieHHbIE pe3yJbTaThl TMOJITBEPXKIAIOT BBIBOALI paboThl [1] 00
00pa30BaHUM Ha TMOBEPXHOCTH TpaUTOBBIX JIEKTPOJOB IPHU TEMIIEPAType OKOJIO
3,3 kK menku pacrutaBa TonmHoN nopsaka 0,1 M.

JIMTEPATYPA
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BJIAUSAHUE SJEKTPOITPOBOIAIINX TIOBABOK HA IIJIA3MOJIN3
TAKEJIBIX YI'VIEBOAOPO/10B

EFFECT OF ELECTRICALLY CONDUCTIVE ADDITIVES ON THE
PLASMA PYROLYSIS OF HEAVY HYDROCARBONS

Codponunkuii A.0.M, Camnxos K.I', JlapuoHos B.M.?

1 . . . .
Kaszancxuii nayuonanvuoiil ucciedosamenvekuti mexHuueckuil ynusepcumem um. A.H. Tynonesa-
KAMU, Poccus, 2. Kazamnw, 420111, yn. Kapra Mapkca, 10. artempicS8@mail.ru

2Kasanckuii gedepanvuviii ynusepcumem, Poccus, 2. Kazaus, 420008, yn. Kpemnesckas, 18.

B 371011 paboTe mokazaHa BO3MOXHOCTh HHULIMUPOBAHNE BHYTPUILJIACTOBOIO FOPEHUS MIPH OMOIIH
AJIEKTPUUYECKOTO pa3psifa MPHU BBEICHUU IIEKTPONPOBOIAIIUNX J00ABOK B YIIIEBOJIOPOIHOE CHIPHE.
bouto oOHapykeHO, YTO MpH IJIa3MOJIM3€ YIJIEBOAOPOJIOB apOMaTHUECKOro psiaa OoJibllie BCEro
obpasyercs caxa. PasioskeHue yriieBOIOpOJIOB pPa3psAOM, NPU HAIWYMM SICKTPOIPOBOISIINX
N00aBOK M TMPEKypCOpOB  KaTaau3aTOpOB TMPUBOAMIO K OOpa30BaHMUIO YIIEPOAHBIX H
METAJUINYECKUX HAHOYACTHIL.

It's shown that the electric discharge initiation of in-situ combustion can be executed by entering
conductive additives to hydrocarbon raw materials. It is observed, that the most of all the soot is
formed from aromatic hydrocarbons during the plasma pyrolysis. Cracking of hydrocarbons by
electric discharge, with conducting additives and precursors of catalysts, leads to formation of
carbon and metal nanoparticles.

W3BecTHBI HECKOIBKO CIOCOOOB MHUIIMUPOBAHMS BHYTPHUILIIACTOBOTO TOPEHUS:
HArpeB € MOMOIIBIO JJIEKTPOHATPEBATEIICH, HATPEB ra30BOM TOPEIKON U XUMHUYECKOE
MHUIMUpoBaHue. B maHHON pabote mpennaraercs HOBBIA CIOCOO MHUIIMUPOBAHMS
TOPEHMS C IOMOIIBIO DJIEKTPUYECKOTO pa3psiia B Cpee KUAKUX YIIIeBOLOPOAOB. [l
OpraHu3alMK B3aUMOJEHCTBUS pa3psAla ¢ KUAKUMHU YIIIEBOJOPOAAMH MPEIIaraeTcs
YBEIIMYUTD UX 3JEKTPOIPOBOAUMOCTD ITPU MTOMOIIN XOPOIIO PACTBOPUMBIX B KUIKHUX
YTIEBOJOPOAAaX AIIEKTPOIPOBOAAIIMX J100aBOK. B KkauecTBe 3leKTPONPOBOASIIUX
100aBOK ObUTH UCTIOJIb30BaHbI (POPMHATHI MIETIOYHBIX METAILIOB.

B mnpoueccax BHYTpUILUIACTOBOTO TOPEHUS OAHOW M3 TIJIABHBIX MpPoOJIeM
ABJISIETCA KOKCOBAHMS IECYAHOM MOPOJABI, 3TO YMEHBIIAET IOJHOTY HW3BJICYECHUS
yIIeBoAOopoAHOro chipbd. [losTomMy 3amadeil maHHOW pabOTHI OBLIO OMpeneTeHUE
YCIIOBUHM, MPHU KOTOPBIX B XMMHUYECKHUX Ipolleccax ropeHus (OKHUCIIeHusi) OoJiblie
BCcero obOpasyercss caxa. [[is cpaBHUTENBHOTO H3Y4YEHMsI ATOr0 Ipolecca ObLIH
WCIIOJIb30BaHbl MHANBUAYAJBHBIE YTIEBOAOPO/IbI AJTKAHOBOTO Psija U apOMATHYECKUE
YIJIEBOIOPO/IBI.

bbu1o oOHapyxkeHo, 4TO IpH MIa3MOJIN3€ YIIIEBOAOPOJOB ApOMATUYECKOTO psijia
OoJbIlle BCero obOpasyeTcsl caxa, 4TO MPUBOAUT K 3aKOKCOBBIBAHHMIO IMOPOABI U
noTepe YriaeBOJOPOAHOrO Chipbs. MccnenoBaHue oOpa3LoB cCaXH MOKa3ajo, YTO
pasmep vactui kojeOnercss B mpenenmax 20-100 am, a Takke ObUTH OOHAPYKECHBI
CKOIUIEHUS YTIEPOAHBIX HAHOTPYOOK.

JIns moJydeHusT HaHOYACTULl METalljla B Ka4eCTBE NMPEKYpPCOPOB KAaTAIN3aTOPB
OBLIIM MCIIOJIb30BaHbl PACTBOPHI PE3MHATOB PA3JIMYHBIX METAIOB B OPraHUYECKUX
PaCTBOPHUTEIIAX.
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THERMAL STEAM PLASMA DECOMPOSITION OF
ORGANOCHLORINE COMPOUNDS

Surov A.V., Subbotin D.I., Popov V.E., Popov S.D., Litvyikova A.l.,
Nakonechniy Gh. V., Serba E.O., Obraztsov N.V.

Institute for Electrophysics and Electric Power RAS, Dvortsovaya nab., 18, Saint Petersburg
191186, Russia, subbotin1987@mail.ru

The report considers the decomposition of carbon tetrachloride and chlorobenzene by the plasma
obtained in an AC plasma torch with separate supply of shielding gas and reaction components.

A large group of organochlorine compounds is prohibited for use and requires
careful processing. The thermal plasma can be used for their processing. Under high
temperature, organic compounds decompose to form simpler ones. Thus most of the
researches is concerned with air-plasma processing [1]. This process is a high-
temperature oxidation.

The steam plasma has significant advantages: a high concentration of active
particles, the presence of hydrogen to form hydrogen chloride. However, the use of
steam complicates the design of the plasma torch. For this purpose, the IEE RAS has
developed an steam AC plasma torch with separate supply of shielding gas and main
plasma-forming media [2]. Plasma torch tested during methane reforming [3].

The work deals with the decomposition of carbon tetrachloride and
chlorobenzene under the plasma obtained in the AC plasma torch. Carbon dioxide is
supplied into the near-electrode zone, but steam, vapor of organochlorine compound
and methane are fed into the arc zone. Component flow rates are selected by the
equations:

CC|4 +2 Hzo +0.8 C02 +1.8 CH4 —36CO+3.6 Hg +4-HC1
Ce¢HsCl +5H,0+2 CO, + CHy —» 9 CO+ 9 H, + HCI

In the course of the experiment it was found that the initial organochlorine
compounds completely decompose, however, chlorobenzene is partially converted to
soot. The yield of soot was 0.84% wt. of raw materials, the content of chlorine in the
soot was 2.08% by wit.
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MOJUPUKAILINA UHTEHCUBHBIM 2JIEKTPOHHBIM ITYYKOM
MMOBEPXHOCTHU METAJJIMUECKHUX U3JAEJUI, TOJTYUYEHHBIX
METOJI0OM JIABEPHOI'O UJIA DJIEKTPOHHO-ITYYKOBOI'O
CIIEKAHMUS ITOPOLIKA
MODIFICATION OF METAL ARTICLES OBTAINED BY LASER OR
ELECTRON-BEAM POWDER SINTERING BY INTENSE ELECTRON
BEAM
TepecoB A /L., Kosans H.H., BanoB 10.®., Ilerpukosa E.A., Kpsicuna O.B.

HUncmumym cunonomounou anexkmponuxu CO PAH, Poccus, Tomck,
634055,np. Axademuuecxuu 2/3, E-mail: tad514@yandex.ru

HpOBGI[eHBI HCCICAOBAHUA IO IMOJUPOBKEC IMOBCPXHOCTHU MOPHUCTBIX MCTAJUIMYCCKUX 06pa3u03,
IMOJIYYCHHBIX METOAOM MOCJIOMHOTO CEIEKTUBHOTO CHEKAHUS ImopoIika, ¢ IOMOIbIO UMITYJIBCHOI'O
anekTpoHHoro nydka. Ha mnpumepe tutanoBoro cminaBa BT6 mnokasaHo, uyTo BO3aciicTBHE
HMITYJIbCHOTO JJICKTPOHHOTO TydykKa Ha IOBEPXHOCTh oOpaslia MNPHUBOJUT K 3HAYUTEIBHOMY
YMCHBIICHUIO ICPOXOBATOCTU U MOPUCTOCTHU MMOBECPXHOCTHOI'O CJIOS MaTCpHrajia.

The paper presents research results on pulsed electron beam surface finish of porous metal samples
obtained by selective powder sintering. On the example of VT6 alloy, it is shown that surface finish
with a pulsed electron beam provides a considerable decrease in surface roughness and porosity.

[enpro HacTOsIIENH pabOTHI SIBIsUIACh MOAM(DUKAIUMS UHTEHCUBHBIM HUMITYJIbCHBIM
AIIEKTPOHHBIM IyYKOM CYOMWIIHUCEKYHIHOM MJIUTENILHOCTH CTPYKTYphl U (pa3oBOro
COCTaBa TMOBEPXHOCTHOTO CJIOSI METAUIMYECKUX U3JIEINM, TOJYyYEHHbIX METOI0M
MOCJIONHOTO CEJIEKTUBHOIO 3JIEKTPOHHO-ITyYKOBOTO CIIEKaHHUS B BaKyyMe€ THUTaHOBOTO
nopomika Mapku BT6 ¢ pasmepom wactun 40-100 mxm (ycranoBka «Arcam A2X»
¢upmel Arcam (IlIBenus)).

Ha npumepe turanoBoro craBa BT6 moka3zaHo, YTO TOCIEIOBATEIBHOE
BO3/JICIICTBHE HWMITYJILCHOTO JJICKTPOHHOTO Iy4YKa Ha MOBEPXHOCTh OOpa3IoB,
MOJIy4aeMbIX METOJIaMH aJAUTHUBHOIO MPOM3BOJICTBA U3 METAINIMYECKOTO MOPOIIKA, B
BaKyyMe IpH gasieHuu 3,5-107 ITa (Ar) B pexnme Nel (200 mkc, 45 Jlx/cm?, 10 um.)
u 3arem B pexume No2 (50 mkc, 20 Jlx/cM?, 3 ML) MPUBOAUT K 3HAUYUTEIHHOMY
yYMEHBIIEHUIO 1epoxoBaTocTu (B 20 pa3 mo R,) u mopHCcTOCTH MOBEPXHOCTHOTO CIIOS
Marepuasna. CkaHuMpylolmiasi »3JEKTPOHHAas MHUKPOCKONHUS MOATBEPKIAET, UYTO B
pe3yJibTaTe UMITYJIbCHOTO JIEKTPOHHO-ITYYKOBOTO BO3ACUCTBUS MPO(UIIL MOBEPXHOCTH
00pa3IioB 3HAYUTEIHLHO U3MEHseTCs. B moBepxHocTHOM ciioe cmiaBa BT6 ¢popmupyercs
OJIHOpOJHAsl 3€peHHasi CTPYKTypa, OTIMYAIOMIAsCd OTCYTCTBUEM BUJUMBIX OTAEIbHBIX
YaCTHULl UCXOAHOTO MOpoIIKa. MUKPOTBEPAOCTh MOBEPXHOCTU, KOIPPUIMEHT TPEHUS U
YPOBEHb H3HOCA MpPU 3TOM MPAKTHUECKHM He u3MeHsAwTcs. Kpome Toro, 1o
MpEeABAPUTEIBHBIM JaHHBIM, 3JIEKTPOHHO-ITy4YKOBasi 00pa0OTKa IMO3BOJSET IMOBBICUTH
npeiesl MPOYHOCTH Ha pa3pbiB B 1,33 pasza u yBeanuuTh AeopMallvio IPU PacTsHKEHUH
B 1,18 pa3za. Takoit cnoco® MOJUPOBKU SBJISETCS albTEPHATUBON TpagUIIMOHHBIM
METOJaM TMOJATOTOBKH TMOBEPXHOCTH HW3JENUH, MOJYyYaeMbIX METOJaMHU aJAUTHUBHOTO
MPOU3BOJACTBA M3 METAJUIMYECKOro TMOPOIIKa, JUIs JalbHEUIEro MPUMEHEHUs B
MalIMHOCTPOEHUH, UMIUIAHTOJIOTUH, ABHAKOCMHUYECKOW NPOMBIIIEHHOCTH U JIPYTUX
o0nacTsx.

PabGoTa BbIMIOJIHEHA TpH YacTHYHOM (PUHAHCOBOM monanepkke rpanta POOU
(mpoext Ne16-58-00075-ben_a).
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PA3JAEJEHUE OMYJIbI'MPOBAHHBIX CTOYHbIX BO/I
HOJIUCYJb®OHAMUIHBIMU MEMBPAHAMM, _
MOJNOUIINPOBAHHBIMUA HU3KOTEMIIEPATYPHOMU IIVIASBMOU

SEPARATION OF EMLSIFIED WASTEWATER BY POLYSULFONAMIDE
MEMBRANES MODIFIED WITH LOW-TEMPERATURE PLASMA

denorosa A.B.

DI'bOY BO «Kazanckuil HQUUOHATLHBLI UCCTe008AMENbCKUL MEXHOI02ULeCKULL YHUBEPCUMEem »
P®, 420015, Kazanw y1.K.Mapxkca, 68, e-mail: felina.93@mail.ru

[IpoBeneHBI UCCIENOBaHMS pa3IeICHUST BOJIOMACIISTHON AMylbeun ntosucyiabhonamMuaabivMu (ITCA)
MeMOpaHamMu ¢ Maccoi oTcekaemblx dactull 20 k/la, oOpaOoTaHHBIMH HH3KOTEMIIEPATypPHOM
IJ1a3MOM B cpesie aproHa u Bo3yxa.

Investigated the separation of oil-water emulsion using polysulfonamide (PSA) membrane with
molecular weight cut-off of 20 kDa, treated by low temperature plasma in argon and air.

BospenctBue HuskoremneparypHod BY murazMbl Ha IOBEPXHOCTH ITOJIMMEpPA
II03BOJISIET M3MEHATh €ro KOHTAKTHBIE CBOWMCTBA - CMayMBAa€MOCTb, aJr€3HI0, YTO
CBSI3aHO C MPOLIECCaMU TPABJICHHUS M OKHCIEHHUS ¢ 00pa3oBaHUEM THAPOQPHIbHBIX
TPyl pa3IM4HON XUMUYECKOU mpuposl [1].

JlanHOe  OOCTOSITENIbCTBO ~ SBJIAECTCS ~ OCHOBaHMEM  JJiIi  NPUMEHEHUs
M1a3M000pa0OTaHHBIX TOJIMMEPHBIX MEMOpaH Jisi WHTCHCU(DHUKAIUU pa3AeiICHUS
BOJOMACIISIHBIX ~Cpell, B YAaCTHOCTU JKHMJIKHUX OTXOJAOB B BHJI€ HMYJIbCUU
HEePTENPOAYKTOB. ODKCIEPUMEHTAIBHBIMU JIaHHBIMH [2] MOKa3aHO yBEIWYEHUE
3¢ (PEeKTUBHOCTU pa3feieHus BOJOMACISIHOW 3MYJIbCUU MOJUCYIb(HOHAMUIHBIMU
(ITCA) memOpanamu ¢ maccoil orcekaembix uvactui] 20 x/la, o6paboranusiMu BYU
HU3KOTEMIIEPATypHOM IUIA3MOM B Cpele aproHa M BO3AyXa IPpU aHOJHOM
Hanpsokenun U = 1,5-7.5 kB u Bpemenu o6pabotku 1 = 1,5-7 mun. Ilpu stom
3 PEeKTUBHOCTh MCXOJMHOM MeMOpaHbl cocTaBuia 89,8%, a Hamboliee CeleKTUBHOM
ma3mMooopadoTanHoit MmemOpansl ipu U = 1,5 kB u 1 = 1,5 mun — 93,2%. Metonom
CUJSUEH KaIlJli BBISIBJIEHO YMEHBIIICHUE KPAeBOTO yIiia cMauyuBaHus ¢ 59,6° no 47,9°
B pesynbTaTe Mmna3mMooopadotku IICA wmemOpan. Takum oOpa3om, yBeIHMYECHHE
CMauuMBaeMOCTH npu BozaecucTBun BY  HU3KOoTEMIIEpaTypHOW 11a3mMbl  Ha
noBepxHocTh [ICA memOpaH cmoOCOOCTBYET YBEIMYEHHIO HX CEJIEKTUBHOCTH
OTHOCUTEILHO BOJHOM (Da3bl IMYIbCUU M OTTAJIKUBAHUIO THUAPODOOHBIX MOJEKYI
Macjna, 4To OOYyCIJIaBJIMBAET MOBBIILIEHHYIO 3(QQEKTUBHOCTH MIa3M0O00paOOTaHHBIX
(UIABTP-371EMEHTOB.
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HCCJIEJOBAHUE TOJINIUHBI MOKPBITUHA, TOJTYUYEHHBIX
IHJIASMEHHO-2JIEKTPOJIUTUYECKUM OKCH/IUPOBAHUEM HA
AJIIOMUHHUEBBIX CIINTABAX B SJIEKTPOJIMTE TUIIA «KOH-H3;BO3»

INVESTIGATION OF COATING THICKNESS OBTAINED BY PLASMA
ELECTROLYTIC OXIDATION ON ALUMINIUM ALLOYS IN
ELECTROLYTES OF TYPE «KOH-H;BO3»

Kocenko A.l, Ky3Henos IO.A.Z, KomomeitueHKO A.B.z, Turos H.B.Z, CooBBLEB
P.10.2, llapudymmu C.H.*

1Apu3ﬂbcmn? Yuueepcumemckuii Llenmp, Uspaunw, 40700, 2. Apusnw, Science Park
2@I’FOY BO «Opnosckutl cocyoapcmeeHnublil azpaphsiil ynueepcumem umenu H.B. Tlapaxunay,
Poccus, 302019, 2. Open, ya. I'enepana Poouna, 0. 69,
e-mail: kolom_sasha@inbox.ru
SOIBHY «DeodepanvHulli Hayunsli azpoundceneprulil yenmp BUMy, Poccus, 109428, 2. Mockea,
1-it Unemumymecerkuii npoeso, 0. 1, e-mail: rudsol@mail.ru
*Kazancruii (IIpusonsicckuii) pedepanvrsiii ynugepcumem, Poccus, 420008, 2. Kazanw, yi.
Kpemnesckas, 0. 18, e-mail: Saidchist@mail.ru
PabGora moOCBSIIEHA WCCIEIOBAaHUIO TOJIIMHBI TOKPBHITHIA, C(HOPMUPOBAHHBIX ILUIA3MEHHO-

AJICKTPOJUTUYECKUM OKCUIMPOBAHUEM Ha PA3TUYHBIX aTIOMUHHEBBIX CIIABaX B JIEKTPOJIMTE THIIA
«KOH-H3BO3».

The work is devoted to the investigation of the thickness of coatings formed by plasma electrolytic
oxidation on various aluminum alloys in an electrolyte of the «<KOH-H3;BO3» type.

OaHuM U3 NEPCHEKTUBHBIX CIOCOO0B, MO3BOISIONIMX B 3HAUUTEIbHON CTEEHU
YBEJIMUUTh PECYpC JAETaliel, W3TOTOBJICHHBIX U3 AJIFOMUHUEBBIX CIUIABOB (MOPIIHU
JIBUTaTelIed BHYTPEHHErO CropaHus, KOpIyCca TUAPABINYECKUX MIECTEPEHHBIX
HacOCOB M T.M.) SIBJSETCS TUIA3MEHHO-3JIEKTpoJuTHYeckoe okcuaupoBanue (I120).
Cytp I120 3akmtouaercss B (OPMUPOBAHUM Ha MOBEPXHOCTU JETadd B YCIOBUSIX
BO3JICHCTBUSI MUKPOIUIA3MEHHBIX  Pa3psA0B TOHKOCIOWHOTO  BBICOKOIPOYHOTO
M3HOCOCTOMKOTO KEPAaMUYECKOTO TMOKPBITHS, COCTOSIIETO MPEUMYIIECTBEHHO W3
TBEep0(a3HBIX OKCHJIOB aJTIOMUHHSI.

WccnenoBanusi mokaszainu, 4YTO TOJIIMHA TOKPBITHS, HEOOXoauMasi st
oOecrieueHns BBICOKOW HM3HOCO- M KOPPO3MOHHON CTOMKOCTH, HU3KOW MOPUCTOCTH
nomkHa ObiTh He wMeHee 90...120 Mxm. Jlns  ynpodHeHHs TOBEPXHOCTEH
JOTIOJIHUTEIIbHOM  PEMOHTHOW JieTaiid  (Hampumep, PEMOHTHBIX BTYJIOK) B
sanexktponute Tuna «KOH-H3BOj3» MoXHO pexkOMeHIoBaTh CleAyrouee: s
U3rOTOBJIEHNS PEMOHTHBIX BTYyJOK J[PJl mpumenars crmaB AMr2; ucnonb30BaTh
ANEKTPONUT cheayromiero cocrtaBa, r/m: KOH - 4...6, H3BO; - 20...25;
pekomenayemas temmeparypa saekrpoaura 30...35 °C; IUIOTHOCTH TOKa B XOJI€
npolecca NOAJAEPKUBAThH OKOJIO 20...25 A/,Z[MZ; peKOMeHyemas
npoAoJBKUTENLHOCTH [ 120 — 110...130 muH.

JlanHbli  croco®  yNMpOYHEHMsI TOBEPXHOCTEW JeTajiell MOXKET OBITh
PEKOMEHJIOBAaH K BHEJIPEHUIO HAa MAIIMHOCTPOUTENIBHBIX U PEMOHTHO-TEXHUYECKHUX
NPEANPUATUSIX, 3aHUMAIOIIUXCS U3TOTOBJICHUEM, BOCCTAHOBIEHUEM U YIIPOUYHEHHEM
neranei. [I[poruo3upyemoe yBeJIMUeHUE pecypca YIPOUHEHHBIX JIETalIed COCTABUT HE
Menee 150...200% 1o OTHOIIEHHIO K HOBBIM JIETAJISIM.
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ILTASMEHHAA MOJAU®UKALIUS KAK METO/ PEI'YTMPOBAHUS
I'mMAPOPUJTIBHOCTHU TKAHEU CMECOBOI'O COCTABA

PLASMA MODIFICATION AS A METHOD OF REGULATION OF
HYDROPHILICITY OF FABRICS BLENDED COMPOSITION
M.B.AnrtonoBa, 1.B.Kpacuna, C.B. Mmrommuna

Kazanckuti nayuonanvmwiii ucciedo8amenbCkull mexHoai02udecKull

yuusepcumem (420015 Kazanw, yn1. K.Mapkca 68)

Aunomayus: B cmamve paccmompeno enusuue niazmMeHHOU MoOupukayuu Ha nO8epXHOCMHbvIe
CBOUCMBA CMECO8bIX MKAHE.

Abstract: In article influence of plasma modification on the surface properties of mixed fabrics.

[Ipobnema perynupoBanus rHAPOPHIBHOCTH MOBEPXHOCTEN TKaHEH CMECOBOTO
COCTaBa OCTAETCS 3HAYMMOW IpPH MPONMTKE HMX MpernapaTaMyd Ha BOJHOW OCHOBE,
HarpuMep aHTHOAaKTepHalbHBIMU pacTBopamu. ConaepkaHHE B COCTaBe TKaHEH
CUHTETUYECKUX BOJIOKOH MPUBOAUT K ruApododm3anuu ux moBepxHoctu. [Iponutka
TaKMX TKaHEHd BOJHBIMU PACTBOpAMH 3aTpyaHeHa. [1o3ToMy, 4TOOBI aKTUBUPOBATH
MOBEPXHOCTh TEKCTWIBHOTO Marepuaina, Oblla MpoBeldeHa ero Moaudukaius B
HU3KOTEMIEPaTypHOH IJIa3Me MOHMKEHHOTO JIaBJICHUS B THAPODWIHLHOM pEKUME.
Jlns uccnaenoBanuii BeIOpaHbl TKaHu coctaBa: 1- 80% -xmomnok, 20% mnoauscrep; 2 -
65% nommactep, 35% xsonok. /g kaxkaoro Buja TKaHU, B 3aBUCUMOCTH OT COCTaBa
BBIOMpAJICA CBOM peXUM 00pabOTKH B IUIa3ME BBICOKOYACTOTHOIO €MKOCTHOIO
paspsiaa.

Bribop pexumMoB TuIa3MeHHON OOpabOTKH OCHOBBIBAJICS HA W3MEHEHUH
KaNWUBSIPHOCTH TKaHU C MapajuleIbHbBIM KOHTPOJIEM HW3MEHEHUS MEXAHUYECKUX
XapaKTEPUCTUK M TUTHEHHUYECKUX CBOMCTB. Monudukaiys BbIOpaHHBIX TKaHEH
CMECOBOTO COCTaBa B BBICOKOYACTOTHOM TIUIa3M€ TIOHMKEHHOTO JaBJICHUS HE
NPUBOJUT K YXYAIIGHUID WX TUTMEHUYECKUX Tmokazatened. Ilokazarenu
TUTPOCKONUYHOCTH, BO3AYyXONPOHUIIAEMOCTH M IMAPONPOHUIIAEMOCTH OCTaIOTCS B
npeaenax HOpMbl. KanmmuispHOCTb, CMAauMBAeMOCTb U BOJOINOIVIONIAEMOCTb
HECKOJIbKO  YBEJIMYMBAIOTCS, YTO CHOCOOCTBYET JIydlIeMy [POHUKHOBEHHUIO
pPacTBOPOB BrilyOb BOJIOKOH .

[Tokazarenu NpPOYHOCTH Ha Pa3pblB U OTHOCUTEJIBHOTO YJIMHEHUS TKaHEH
OCTAIOTCS B IIpe/iesiax HOPMBI.

AHanu3upysi TOJyYEHHbIE pE3yibTaThl, MOXHO cJeiaTh BBIBOJ, YTO
MJIa3MEHHAsT MOJAUQPUKALNS CIHOCOOCTBYET TMOBBIIMICHUIO THAPOQUIBLHBIX CBOWCTB
TKaHEl CMECOBOTO COCTaBa, M MOXKET ObITh UCIIOJIb30BaHa KaK METOJI PEryJIUPOBAHUS
CBOWCTB OBEPXHOCTH TEKCTHJIBHBIX MATEPUAJIOB.
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NYJbCAIUU HAIIPAKEHUSA U TOKA PA3PAJA C KUAKUMU
IJIEKTPOJAMU

PULSATION OF VOLTAGE AND DISCHARGE CURRENT WITH LIQUID
ELECTRODES

lanumssnoB U.U., barayrnuaosa JI.H., 'alicun A3.®., ['aiicun ®.M., bynaros P.U.,
HNBanoBa A. B.
Kazanckuti nayuonanvHwlii ucciedosamensbckull mexHuyeckuti ynugepcumem um.A.H.
Tynonesa-KAU, Pecnybauxa Tamapcman, Poccus, lilup@bk.ru

The purpose of this work is to study the pulsations of the current and discharge voltage with liquid
electrodes. Shows a change in the nature of pulsations with increasing source voltage.

Llenbto maHHOM PaOOTHI SBISETCS M3YUYEHHE MyJIbCAllMil HANpPSHKEHUS] U TOKA
MUKPOPA3PSAA0B MEXKIY CTPYHHBIM JICKTPOJIUTHUYECKUM aHOJOM U KUIKUM KaTOJIOM
B IIMPOKOM JIMala3oHe pa3BepTKM BpeMEeHH. B  KkauecTBe d3JEKTpOJIMTA
ucnonb3oBaics 20 % pacTBop xJiopuaa HaTpus B TexHUYeckod Boxe. Konebanus
HalpsOKeHUST W TOKa HaOJoJanuch Ha dkpaHe 1mudposBoro ocuuuiorpadga GD S-
806S. Jlniuna ctpyu osnektpoiutra 30 MM, AuamMeTp CTpyd 3 MM U pacxoj
anektponuta 3,8 r/c. PazBepTka BpeMenu MeHsutach oT 50 HC g0 1 He. Ilynbcanuu
HalnpspKeHUST W TOKA MHUKPOPa3psAJIOB MCCIENOBAIUCH ISl YETHIPEX PEKUMOB
HanpsbkeHus: uctounuka nwmrtanus (U=350-1200 B). Ilpu mnepBoMm pexume
MHUKpPOpa3psiAbl HE TOpeiu u3-3a HegoctaTouHoi BenmunHbl U=350 B. Bo BTOpOM
pexume ucrounuka nutanus U=500 B B auanaszone pa3BepTku oT 25 HC 10 1 HC
CpeaHee 3HAUCHUE TOKA pa3psifia paBHIOCh 4 A ¢ IMyJbcalMeil Toka MUKpOpa3psaa
no 18A. Xapakrep nynbcauuii U u | nig BToporo pe Ha puC. I a-r.

.............

MR .|-|""'-’-’".l-"""""{"J' Li‘;’""‘"‘uf' h.-J-‘J'""'...l.- ;,:.—I'1Jj._|““-1 _I_.J —:"]"I"_"l‘

B wuntepBane pasBeptku Bpemenu oT 25 go 10 Hc HaOmomaroTcs
MEPUOINYECKH TTOBTOPSIOIINECS UMITYJIbCHI HAIIPSKEHUSI U TOKa MUKpopa3psaos. Ha
puc.l B u r mpu BpemeHu paszBepTku oT 10 mo 1 HC HaAOMIOZAIOTCA KOPOTKHE
HMMITYJIbChl TOKOB, @ MEXIY HUMH- ClIy4yaiiHble KojeOaHus. BenuumHa MMITyJIbCOB
TOKa MHKpopaspsiaoB gocturaet 1,8 A. [Ipu ymeHbIIEHUH BpEMEHU Pa3BEPTKHU OT S
70 2,5 HC, MPOSBISAIOTCS MUKPOUMITYJILCHI Pa3IMyHON TeoMeTpuueckoit ¢hopmel. B
JAHHOM CJIydae TOKM MHUKpoOpaspsiioB MeHsitoTca ot 0,5 mo 2 A, a HanmpsbkeHUE B
cpenaem coctapisieT okojio S00B. C poctoM HanpskeHUsT UCTOYHMKA TUATAHUA
XapakTep U BennunHa nyiascauuid U u | cylecTBeHHO MEHSIOTCS.
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MNOJYYEHUE KOJUVIAT'EHCOAEPKALINX KOMITIO3UTHBIX
MATEPHUAJIOB C UCHOJIb30BAHUEM IIJIASMEHHON OBPABOTKH

OBTAINING OF COLLAGEN COMPOSITE MATERIALS USING A
PLASMA PROCESSING

0.@. Bo3necenckuii, E.C. Bacunbes, A.K. Xalipyminx

DI'bOY BO «KHUTY », P®, 2.Kazanw, yn.Kapra Mapkca 0.68 e-mail:
jevgen321@gmail.com

PaccMmoTpeHO ToydYeHHe KOJUIareHCOJepKalero KOMIO3HTHOTO MaTepHaja C HCIOJIb30BaHHEM
IUIa3MEeHHOW  00paboTku. KoOHLEHTpamus CBSA3YIOIIEro BeHIecTBA M MPOJOJIKUTEIBHOCTD
MJIa3MEHHOU 00pa0OTKU BIUSAIOT Ha (PU3UKO-MEXaHUUYECKHE CBOMCTBA KOMITO3HUTA.

The thesis considers the obtaining of collagen composite material using plasma processing. The
concentration of the binder and the duration of the plasma processing affect the physical and
mechanical properties of the composite.

OpHuM M3 HaMpaBiICHUM PallMOHATBHOTO MPOW3BOJICTBA SIBISIETCS M3TOTOBJICHHUE
KOMITO3UTHBIX CTPOUTENIbHBIX MAaTEPUAIOB HA OCHOBE KOJUIAr€HCOJIEPKAIUX OTXOOB.
Marepuaiisl  0051a1al0T  XOpPOLIMMH ~ 3BYKO-, IIYMO-,  TEIJIOU3OJISLIMOHHBIMU
xapakTepucTukamy. OCHOBHBIMM KOMIIOHEHTAaMHU KOMIIO3UTHBIX MaTe€pHajoB Ha 0Oase
OTXOJIOB KO>KEBEHHOTI'O IIPOM3BOJICTBA SIBJISIFOTCS XPOMOBAs CTPYXKKa M MOJIUMEPHOE
CBSI3YIOIIIEE BEIIECTBO, HAPUMED, TUCIIEpCHUs Ha OCHOBe nosimBuHUIaneTara (IIBA).

[IpennoxxeHo nmpoBecT MOAUMPUKAIIUIO XPOMOBOM CTPYXKKHU C LIETBIO TTOBBIIICHUS
ee ruaApodUIBLHOCTH U CHIDKEHUs KoHleHTpanuu [IBA. Panee ycranosneno [1], 4ro
Hu3kotemmneparypaoe 1uiasmenHoe (HTII) BozneiicTBue CyliecTBEHHO 3aBUCHT OT
XUMHUYECKOI0 COCTaBa KOMIIOHEHTOB MaTepuara.

O6paboTka TIPOBOAMIACH HA  ONBITHO-TIPOMBIIUIEHHOW  BBICOKOYACTOTHOM
emkoctHoi (BYE) ma3smenHoi ycraHoBke. VCronb30BAIMCH CIAEAYIOMIME TAPAMETPhI
IIa3MEeHHON 00paboTku: yactota reneparopa f = 13,56 MI'u; naBieHue B paboucii
kamepe P = 26,6 [la; pacxon mmazmooOpaszyromero raza — aprona G = 0,04 r/c;
IPOAOIKUTENILHOCTh 00paboTKH t = 5—15 MuH; MonHoCTh paspsna W, = 1,6 kBr.

Jlanee cyxas KOXEBEHHas CTpy)KKa CMEIIMBaJIach ¢ BOAHOW aucnepcueit [IBA
KoHIeHTpatuu 35-55%. O6pasipl komnosuta pazmepom 10x10 cM 1 TonmHOM oT 1—
1,2 cM hopmMupoBaIKCh, BEICYIIMBAIUCH B TeueHUE 24—48 4acoB.

YcTaHoBIEHO, YTO TPH TUIA3MEHHON 00pab0oTKe B TEUCHHUE 5 MUH U KOHIIEHTpAIIUN
IIBA 359% pocruraercs HamOOJbIIas IPOYHOCTh, IIOBBINIAETCS CTOMKOCTh Ha
uctrpanue Ha 25-35 %; npu o0paboTtke B Teuenue 15 mun u konuenrparmu [I1BA 55%
yIy4IIaloTcsl 3BYKOM30JMpytouue cBoiictBa Ha 15-20 %. Ilnasmennas oOpaboTka
TaKKe TO3BOJISIET CHU3UTh KOJIMYECTBO pacxoayemoro [TIBA.

JIMTEPATYPA

1. J>xanOeKkoBa, JL.P. dusznueckas MOJEHb B3aUMOJICHCTBUS
KOJUTAareHCOICpKAIUX BOJIOKHUCTBIX MAaTEpUaioB C HHU3KOTEMIIEPATYPHOU TUIA3MOM
noHmwkenHoro jaBnenms /  JLP.  JxanbekoBa. — Bectauk  KasaHckoro

TeXHOJIOTHYecKoro yausepcureta, 2009, Ne4, — C.193-198.
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MOANO®UIINPOBAHUE NMOJIMITPOIIMJIEHA B TIOCJIECBEYEHUHU
PA3PAIOB ATMOC®EPHOI'O JTABJIEHUA B BO3JAYXE U API'OHE

MODIFICATION OF POLYPROPYLENE IN THE ATMOSPHERIC
PRESSURE AIR AND ARGON DISCHARGES AFTERGLOW

BacuibkuH I[.H.l, [ITukoBa T.F.l, Tutos B.A 2 CmupHOB C.A.l, Xomsikosa H.C.!
'\®I'BOY BO «HT'XTY», Poccus, 153000, 2. Heanoso, np. Lllepememesckuii,7;
E-mail: d-vasilkin@mail.ru
2I/IiLtcmumym xumuu pacmeopos um. I A. Kpecmoea PAH, Poccus, 2. Meanoso

HccrnenoBaHo BiusiHUE 00paOOTKU B MOCICCBEYCHHUU PA3psiIOB B BO3AYXE M aprOHE HA CMAaYMBAEMOCTh, TOIOJIOTHIO U
XAMHUYECKHH COCTaB MOBepxHOCTH IuieHoK monunponmieHa (ITIT). ITokazaHo, 94To pe3ynbTaThl MOIUGHUIMPOBAHUS
MOJIMMEpa 3aBUCIT OT pOja ra3a, CKOPOCTH €ro IOTOKa, BpeMeHH oOpaOOTKH M paccTOSHHA OT oOpasma A0 30HEBI
paspsna.

The influence of processing in the afterglow of discharges in air and argon on the wettability, topology and chemical
composition of the surface films of polypropylene (PP) was investigated. It is shown that the polymer modification
results depend on the gas nature, gas flow rate, treatment time and distance from the sample to the discharge area.
OnnuMm w3 Hawbojiee  TMEpPCIEeKTUBHBIX U COBPEMEHHBIX  METOJIOB
MOAU(MUIIMPOBAHUS TIOJIUMEPOB SBIISIETCS BO3JCHCTBUE IJIa3Mbl IIPU MOHMKEHHOM
win armochepHoM gamieHud. llenpro HacTosmell paboThl OBUIO HCCIIETOBaHHE
BIIUSIHUS YCIIOBUW MPOBEICHUS TPOIecca B MOCIECBEYCHUH Pa3psAI0B aTMOC(HEPHOTO
JaBJICHUS B aproHe u Bo3ayxe Ha d3(PdexktuBHOCTH MoauduiupoBanus 11,
Metonuka skcrnepumeHTa uznoxkeHa B [1]. OOpaboTka monumepa MPUBOIUT K
VIAYUYIIEHUKD  CMAyMBaE€MOCTH  IOBEpPXHOCTH. KpaeBble  yriibl  CcMayuWBaHUS
YMEHBIAITCA 0T 89° 11st ucxoaHoTo 00pasma a0 58° u 48° s pa3psaoB B BO3AyXE
U aproHe cooTBETCTBeHHO. MccinenoBanue tieHok MetogoM WK criekrpockonuu
MoKa3ajio, YTo MOAU(MUIIMPOBAHUE TIOJIUMEPA B TTOCIECBEUCHUH pa3psijia PUBOIUT K
OKUCIICHUIO TIOBepXHOCTH. IIpu wucnonp3oBaHuu o00OMX Ta30B HaOJI0IAETCS
yYBEJIMUEHHUE TIOTJIONIEHUSI B 00JIaCTH BaJIGHTHBIX KosieObanuit cBsizu C=0, a s
aproHa OTMEYaeTCsl TAKXK€ POCT MOTJIOMICHUS B O00JIACTH BAJICHTHBIX KOJICOAHUI
cBs3u O-H. OneHka KOHIEHTpalMid 3TUX (PYHKIMOHAJIBHBIX TPYIIN MOKa3aia, 4To B
cllyyae aproHa, HECMOTpsl Ha OoJjiee HU3KOE COACPKaHUE B MOBEPXHOCTHBIX CIIOSX
mojauMepa KapOOHWUJIBHBIX TPYIII, OOINas KOHIICHTPAIUs KHCIOPOICOACPKAIINX
TpyNI 3a cueT 00pa3oBaHMs TUIPOKCUIBHBIX TPYMN BHINIE, YeM TpH 00paboTke B
Bo3ayxe. [IpudamHOM 3TOro MoXxeT ObITh 0oJiee BBICOKAS KOHIICHTPALMS THIPOKCHII
paaivKajioB B IUIa3ME€ aproHa. Pacuersl mokaszaiav, 4TO KOHIEHTPAUMs THIPOKCHII
paauKaoB, KaK IIPOJYKTOB JUCCOIMAIIMU PUMECEH BOJIbI B MTOJIOKHUTEIBHOM CTOJIOE
pa3psaa B aproHe MOYTH Ha JIBa MOPSKa BBIIIE, YEM B pa3psic BO3AyXa.
HccnenoBanue BBINOJHEHO Npu puHaHcoBoU noanepxke PODU u IlpaButenbcTBa
WBaHOBCKO# 001acT B paMKax HayqHOro mpoekta Ne 15-42-03124-p-tieHTp-a.
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Huskomemnepamyphas niazma 6 Npoyeccax HAHeceHuss @OYHKYUOHATbHBIX
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BJIMSTHUE IIJIASMEHHOM MOJUO®UKAIIUN HA THTUEHUYECKHUE
CBOHCTBA TEKCTUWJIbHBIX MATEPUAJIOB C MEMBPAHHBIM
IHOKPBITUEM

INFLUENCE OF PLASMA MODIFICATION ON HYGIENIC PROPERTIES
OF TEXTILE FABRICS WITH MEMBRANE COATING

No6parumos P.I"., Boznecenckuii 2.®., Bumnesckas O.B.
DI'bOY BO «KHUTY », Poccus, 420015, Kazanw, yi1.K.Mapxca 68, modif@inbox.ru

B pabGore paccmarpuBaercs TporecC BWISHHS IJITa3MEHHOM OOpaOOTKM Ha THTHEHHYECKHE
CBOIICTBA TEKCTHIILHBIX MaTcepurajoB C MGM6paHHBIM IMOKPBLITUCM C HCJIbIO YIYYIICHHUA I1apo-,
BO3AYXOIPOHHUIIAEMOCTH U BOJIOYTIOPHOCTH.

The paper considers the process of influence plasma treatment on the hygienic properties of textile
materials with a membrane coating to improve steam, air permeability and waterproof.

ACCOPTHUMEHT W3/IENINN U3 TEKCTUIIbHBIX MaTEpUaoB ¢ MEMOPAHHBIM MOKPBITHEM,
WCHOJIB3YEMBIX Ul NOLIMBA CHELMATIBHOM OJEXIbl KYpTOK BEpXa, HE PElIaeT BCEX
npoOJsieM, CBSI3aHHBIX C SKCIUTyaTallMOHHBIMU CIOCOOHOCTSIMH JaHHOTO MaTepuaa.
N3BECTHO, YTO OCHOBHBIM HEIOCTAaTKOM TEKCTHJIBHBIX MATEpUAIOB C OECIIOPUCTBIM
MeMOpaHHBIM TIOKPBHITHEM SIBJISICTCSI MX HU3Kas MapOINpPOHHUIIAEMOCTh. Llenmpio TaHHoTOo
WCCTICIOBAHUS SIBIISUTACh MOAU(UKAIMS TEKCTUIIBHBIX MAaTEpUAIOB C MEMOpPaHHBIM
nokpeitieM B BYE-Iuiasme NOHMKEHHOTO JABJIEHUS ISl TOBBIICHUS ITOKA3aTeNIeH
TUTUEHUYECKUX CBOVCTB.

B kaudectBe 00BEKTOB MCCiEIOBaHUS ObUTH BbIOpaHbl mojmd¢upHas TkaHb ¢ 1Y
nokpeitieM Kmumar 3 u nonmusdupsucko3Has Tkanb ¢ [1Y nmokperruem Kimumar 3+ u
nosikaakoi npousBoicTBa OAO «HalKoBCKHA TEKCTUITBY (T. YalKOBCKHIA).

OKCIIEpUMEHTHI BBINOJMHUIMCE Ha BYE-1a3MeHHON YCTaHOBKE IOHMKEHHOIO
JIaBJICHUSI, TIOJIPOOHOE OIMMCAHWE YCTAHOBKU M PEKUMBI 00pabOTKM TIpE/ICTaBIICHBI B
paborax [1,2]. i ompeneneHuss 3aKOHOMEPHOCTEH BIIMSHHUS IUIa3Mbl Ha CBOMCTBA
MaTepuajioB C MEMOpaHHBIM TIOKPHITHEM, ObUIM TIPOBEJCHBI HCIIBITAHUA Ha
napornponuriaeMocts 1Mo ['OCT 22900-78, BomoymopHocth Ha mpubope FX 3000
HYDROTESTER III, Bo3nyxonpoHumiaeMocTts 1o crangapty ASTM D737.

B pabote ycranoBneno, uto obpabotka B miuazme BUE-paspsima moHmxeHHOTO
JABJICHUS] TEKCTUJIBHBIX MarepuaioB ¢ MokpbiTusiMu Kimmar 3 u Knmumar 3+ no3Bossier
YBEIIMUUTh MaponpoHunacMocts Ha 12,3% u §8,8%, COOTBETCTBEHHO; NPUBOIUT K
MOBBIICHAIO BO3AyXOoNnpoHnaeMocTd Ha 31% u 54%, COOTBETCTBEHHO; NPHU ATOM
BOJIO3ALUTHBIE CBOWCTBA TEKCTWJIBHBIX MAaT€pHajoB C MEMOpPAHHBIM IOKPBITHEM
COXPaHSIOTCS.
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IIJIASMEHHAS TEXHOJIOT'USA HEPEPABOTKHN CUJIMKATHBIX N
TYTI'OIIVTABKUX HEMETAJIMYECKUX MATEPUAJIOB

PLASMA TECHNOLOGY FOR PROCESSING OF SILICATE AND NON-
METALLIC REFRACTORY MATERIALS

Bosokutun I'.T"., CkpunaukoBa H.K., Bonokutun O.I'., lllexoBuos B.B.
Tomckuti 20cy0apcmeeH bl apXumexKmypHo-cmpoumenvhslil yuusepcumem, Poccus,
634003, 2. Tomck, na. Consanas, 2,

E-mail: vgg-tomsk@mail.ru

AHHOTaHI/IﬂZ B ,HaHHOfI pa60Te MNPpUBCACHBI PE3YJIbTAThl TCOPCTUUCCKUX M IKCICPUMCHTAJIbHBIX I/ICCJ'IGL[OBaHI/Iﬁ 1o
MOJYYCHHUIO CUJIMKATHBIX pacilyiaBOB € UCIIOJIb30BAHUEM SHEPIUU HHSKOTCMHepaTypHOﬁ IJ1a3MBbI.

Abstract: In this paper, we present the results of theoretical and experimental studies on the production of silicate melts
using low-temperature plasma energy.

Pa3Hoo6pa31/Ie 3a1a4, peliacMbIX B 00JIaCTH  TEXHOJIOTUH MMOJIY4CHUA
TYTr'OILIaBKHUX CHJINKAaTHBIX pacIliaBOB C HUCIIOJIB30BaHUEM OHCPIrun
HU3KOTEMIEpaTypHOH  TUla3Mbl,  OOYCJOBWJIO  pa3pabOTKy HW  CO3/JaHUE
MJIA3MOXUMHUYECKUX PEaKTOPOB CIIOCOOHBIX BhIpaOaThIBaTh pacijiaB U3 MaTepruaioB C
coziepkanreM okcuaa kpemuus ot 50 1o 100 % macc [1-3].

AHanu3 pe3yJabTaToOB 3KCIEPUMEHTOB IO3BOJIMI CII€JIaTh BBIBOABI O TOM, YTO
mpouecc IOJYUYCHHUA paciuiaBa B YCIOBUAX HHBKOTGMHepaTypHOﬁ T1J1a3MbI
OTJIINYACTCA OTCYTCTBUCM OTACIBbHBIX 3TaIlloB O6paBOBaHI/I$I IICPBHUYHOI'O
9BTCKTHUYCCKOI'O paciuiaBa U paCTBOPCHHUA OKCHAOB B pPacCIlIaBC. Ot IIPpOHECCChI 3a
cyeT OBICTPOrO HarpeBa MIUXTHl MPOTEKAIOT OJHOBPEMEHHO C MPOIECCOM
06p330BaHI/I$I ICTCPOIrcHHOro  paciryiaBa OAHOBPCMCHHBIM  IINIABJICHUCM  BCCX
KOMIIOHEHTOB, KOTOPBIi B UTOTe, TEpPEMEIIUBaeTCs, 00pa3ys TOMOTEHHBIH
CUJIMKATHBIM PACIUIaB 3a CUET MOHMXKEHHUs BA3KOCTHU. [Iponecc nmonydeHus paciiaBa
B YCIOBHAX HH3KOT€MHCpaTypHOﬁ ImIasMbl CO CKOpPOCTBIO Harp€Ba CbIPbCBBIX
marepuanoB ©Oonee 1000°C B cexkyHAy XapakTepu3yeTcs OJHOBPEMEHHBIM
IIJIaBJICHHUEM BCEX (1)33, B OTIHMYHC OT IIPOLHCCCOB, IIPOTCKAIOIIMUX IIPHU OOBIYHBIX
ckopocTsix HarpeBa 0,5-1°C B cekyHay. CBEpXBBICOKME CKOPOCTH Harpena
COKpalaT BpeMs 00pa3oBaHUsl TETEPOTCHHOr0 paciyiaBa U YMEHbBIIAIOT YACIbHBIC
sHepro3arpatsl (1,5-2,1 kB1/kr), uto B 2-2,5 pa3a MCHbIIIEC, YeM B CYILECTBYIOIIUX
TEXHOJIOTHUAX.
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RESEARCH OPPORTUNITIES USING PLASMA MODIFICATION
FOR TECHNICAL FABRICS

Minyazova A.N., llyushina S.V., Antonova M.V., Krasina I.V.
Kazan National Research Technological University, Russia, 420015, Kazan, K.
Marksa, 68, strelfy@mail.ru

Abstract: The article discusses the possibility of using plasma modification to get anti adhesive
properties of the technical fabrics.

Technical textiles are widely used for the production of conveyor belts, rubber
hoses, flat and V-belts, upholstery seats and the interior lining of cars, for tents,
shells, and folding camping hiking, automobile and aircraft tires; in as filter screens.

To reduce the adhesion of filling material on the basis of technical fabrics for
the procurement of raw rubber is required to further processing with release
formulations. Fabrics are either impregnated or duplicated with film material, or
covered with various emulsions based on polymers of low molecular weight
rubbers.

Non-equilibrium low-temperature plasma (NLP) changes the adhesive
properties of the material surface depending on the parameters of the modification. In
connection with this interest is the impact on the NLP fabrics for technical purposes,
including on the basis of natural and synthetic fibers.

The object of the study performed technical fabrics ChLH (51% cotton, 49% of
PEF) produced by "Krez," Elabuga. Insulating fabric cushioning ChLH is used in the
tire industry between steel cord and rubber, therefore, is to make the necessary anti
adhesive properties of the technical fabrics to the rubber. Treatment of the samples
was carried out at high plasma installation of capacitive discharge. Evaluation of the
surface properties of the object of research carried out by changing the capillary
tissue according to a standard method according to GOST 3816 - 81.

Experimental dependence of the values of the capillary modes plasma
treatment of tissue ChLH is presented in Table 1.

Table 1 - The influence of NLP processing on tissue capillarity (t = 3 min, P =
26.6 Pa; G = 0,04 g/s, argon / propane-butane (70%/30%))

Processing l,, A 0,2 0,3 0,3 0,5 0,5 0,5 0,7 0,7 0,8 Not
modes U,kV |45 3 6 2,5 45 6,5 3 6 45 treated
Capillarity, mm 86 77 63 102 5 89 70 83 8 105

According to Table 1, the lowest elevation of tissue fluid after the plasma-
forming gas treatment in argon / propane-butane (70% + 30%) was observed for the
parameters: la=0,5 A, Ua=4,5kV, t =3 min, P = 26,6 Pa.

Thus, the processing of technical textiles NLP allows you to effectively regulate
the surface properties and can be recommended as an alternative to chemical
modification.
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AHAJIM3 NTOHHBIX ITOTOKOB B IIVTASME HEPACHIBIIAIOHIETI'O
MATHETPOHHOI'O PA3PAJIA

ION FLUX CHARACTERIZATION IN A NON-SPUTTERING
MAGNETRON DISCHARGE
Kazues A. B., Konoako 1. B., 3u6pos M. C., Crenanona T. B., Jleonosa K. A.

Hayuonanvnouii uccneoosamenvckutl sioeprwiii yrusepcumem « MU », 115409,
Poccus, e. Mockea, Kawupckoe w., 31, e-mail: kaziev@plasma.mephi.ru

C nomomupio punstpa Buna (EXB 30H12) ¢ cHCTEMOM 3KCTPAKIIMU KCIIEPUMEHTAIBHO ONPEIEICH
COCTaB MOHHBIX ITOTOKOB B IIJIa3M€ HEPACIBUIAIONIET0 MarHETPOHHOT'O pa3psia Ipu paboTe B cMecu
Ar/CO; nnsi pasnuuHBIX 3HAYEHHH MOIIHOCTH paspsjaa. [lokazaHo, 4YTO cojep)KaHHE HOHOB
METAJUIOB B IOTOKE Ha SKCTPAKTOP MPEHEOPEIKUMO MAJIO.

The ion flux composition in a non-sputtering magnetron discharge has been experimentally
measured by a Wien filter (ExB probe) equipped with an extraction system. It is demonstrated that
the metal ion fraction in the extracted flux is negligible.

Hepacnpinsromuii  maraetponnsiii paspsn (HPMP) — kBasucrtanmoHapHbIi
PEXKUM MarHeTpOHHOTO pa3psla, XapaKTepU3YIOUIUHCS BBICOKOM IIJIOTHOCTBIO
maasmel [1] u Manoit (< 50 3B) sHeprueit noHoB, 6oMbOapaupyronux karosa [2]. B
HacToAllel paboTe MPOBOAMIICS MAacC-CHEKTPOMETPUUYECKUN aHallu3 HOHHBIX
noTokoB B muazme HPMP. DkcniepumenTsl npoBoauianch npu aasieHuu 1 Ila npu
pasnuuHbix cooTHomieHusx Ar u CO, B cmecu pabouero rasza. Bapeupomanach
MOIIHOCTbh pa3psiia, MPU 3TOM HANPSIKEHUE i1 BCEX IKCIEPUMEHTOB COCTABIISLIO
Ug ~ 80 B. MoHbl BbITATMBaNIMCH M3 IEHTPAIbHOM OOJACTH paspsga C MOMOIIBIO
CHEUMAaIU3UPOBAHHOIO 3KCTpakTopa. PasaerneHne MOHOB MmO MaccaM IPOBOJAUIOCH
¢bunsTpoM Buna (ExXB-30u10M) [3].

[Tonmy4yeHHbIE CHIEKTPBI CBUIETEIBCTBYIOT 00 OTCYTCTBUM B IUIa3Me€ MpUMecei
Marepualia Karoja WiIW aHOJAA, YTO HAXOJUTCS B COTJIACHM C PE3yJbTaTaMH JIPYTUX
METOJ0B TUAarHoCTukH [ 1, 2].

Pabora BeinoaHeHa pu nojuepskke PODU (cormamenue 16-32-00825\17).

JIMTEPATYPA

1. T". B. Xoaauenko, /I. B. Mosrpun, 1. K. ®etucos, T. B. CrenanoBa. @uzuka
naasmer 38(1) (2012) 78

2. A. V. Kaziev, D. V. Kolodko, A. V. Tumarkin, M. M. Kharkov, T. V. Stepanova.
Proc. XXVIIth ISDEIV, Suzhou, China, 18-23 September 2016 733

3. A. B. Kazues, /. B. Konoako, /1. I'. Areituenkos. Joxknaowvr X Kongepenyuu
«CoepemenHvle cpedcmea OUaesHOCMUKU NIA3Mbl U UX npumeneruey, Mockea, 14—
16 nosopsa 2016 2. 217

182


mailto:kaziev@plasma.mephi.ru

TEILIOBOE BO3JIEIICTBUE HJ}A3MEHHOfI AYTU HOCTOAHHOI'O
TOKA HA BAHHY-AHO/ IEMKOKCEHOBOI'O KOHIHIEHTPATA

HEAT IMPACT OF DC PLASMA ARC ON LEUCOXENE MELTED POOL
ANODE
Kupnnues /1.E., Hukonaes A.A., Hukonaes A.B., [[seTkos FO.B.
UMET PAH, 119334, Poccus, Mocksa, Jlenunckuii np-m, 49, dym2004@bk.ru

ConocTtaBiaeHBI PE3YIBTATHI MMIIA3MCHHO-AYI'OBOI'O BOCCTaAHOBJICHUA JIEMKOKCEHOBOT'O KOHIICHTpaTa
B XOJOAHOM MEOHOM U TopsyeMm rpadurtoBoM THUrIAX. [lokazano, 4ro Xynmas mnpopaboTka
KOHICHTpAaTa B ropsA4dEeM THUIJIC BbI3BaHA MCHBIINMHU TeMnepaTypoﬁ " INIOTHOCTBHIO TOKA B aHOJAHOM
IIATHE.

Results of plasma-arc reduction of leucoxene concentrate in copper and graphite crucibles are
compared. It was shown that worse treatment of concentrate in graphite crucible is due to low
temperature and current density in anode spot.

JleitkokCceHOBBIN KOHIIEHTpAT, BKItouatomuii 55 % TiO, u 36 % Si0,, oTHOCUTCS
K MEPCIEKTUBHOMY CBIPBIO POCCHMCKOM TUTAHOBOW IMPOMBINUICHHOCTH. [li1asmMeHnHo-
JyroBasi BOCCTAHOBUTEJIbHAS IUIaBKa MO3BOJSET MOJYYUTh M3 ATOrO0 KOHIIEHTpaTa
CUHTETHYECKH pyTWi, coaepxaumii Oonee 80 %. ODOuzukoxumus mpolecca
3aKJII0YaeTCsl B yIVIETEpMHYECKOM BoccTaHoBiieHHH Si0; mo SiO ¢ ucnapeHueM
nocieqHero w3 pacmiaBa. [lpy 3ToM HeoOXoguMo oOecneduTh TeMIeparypy
pacmiaBa B auamazoHe 2500 — 3000 K. Ilenpto paboThl SBISUIOCH HUCCIEAOBAHUE
TEMIIEPATypPHOTIO MOJIsl B 00JACTH aHOJIHOTO ISATHA MPU BapUalluu TEIUIOBBIX YCIOBUI
Ha TpaHUIlE BaHHBL. bBUIM COMOCTABICHBI JKCIEPUMEHTHI TPU  METHOM
BOJIOOXJIAKIAEMOM U TpaUTOBOM paJMaIllMOHHO OXJaxaaemMoM Turisx. [lomydeno,
YTO CTeNeHb padUHUPOBAHUS OT KPEMHHsI B MEIHOM Turiie B 1,4 pas3a BbIlIe, 4YeM B
rpa@uTOBOM, YTO CBHJIETEILCTBOBAJIO O MEHBIIEH TeMIepaType maTepuaia B
nocaeaHeM. TemmnepaTypHOE 10JI€ BaHHBI OMPEAEISIN Pacu€TOM B MPEANOI0KEHUH,
YTO aHOJHOE NATHO Jyru orpanndeHo wuzorepmoit T,=2000 K. Jlns pacuéra
MCIIOJIH30BaIM (POPMYITY, TIOJYICHHYIO 1O JaHHBIM | 1]:

() = 02822 [o(r) - o)+ T, (1)
o

IZie T, — PaANYC aHOJHOTO MATHA, T — TeMneparypa MaTepuaia B 00J1acTi KOHTAaKTa C

TUTJIEM, A — TEIUIONPOBOAHOCTh MaTepuaa, (p(r)zexp{ fzJ.,o[fzj, lo — QynkIHs

2 rg 2 rg

beccens maumoro aprymenta. 3 pacuéra cnegyer, 4To B METHOM THUIJIE€ BCJIEICTBHE
CUJIBHOTO  OXJaxJaeHuss  nepudepuitHoit  obnmactu  popmupyercs  Oosee
COCPEIOTOYEHHOE AHOJHOE ISTHO C 00Jiee BBHICOKOM MIOTHOCTHIO TOKA U CpelHEen
temnepatypoi. IIpu mommuoctu nyru 10 kBT cooTBeTCTByrOlIME 3HAYEHUS IS
METHOTO W TpaduTOBOTO TUTJIEH cocTaBWiIU: 1,=2,67 u 3,22 cMm, j = 15,6 u 13,8
Alem?, Te,= 2808 u 2668 K. Takum o0pa3oM, HECMOTPS Ha TO, YTO MaTepuail B
MEIHOM THUTJIE uMen Ooliee Hu3Kyto nepudepuitnyio temneparypy Ts= 400 K npotus
Te= 1263 B rpadgutoBOM, MpopaboTKa MaTepuaia B MEJHOM THUIJI€ OKa3ajach Jydlle
u3-3a 0oJiee BBICOKOM TeMIiepaTypbl B aHOJTHOM IIATHE.
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DEVELOPMENT OF TECHNOLOGY OF PRODUCTION OF CERAMIC
UNITS AND PARTS BY SELECTIVE LASER FUSION

S. Kolmakov, S. Koitov, I.Evdokimova
EMBD Novator, JSC. Russia, neo-ksv@yandex.ru, koytov@inbox.ru

The development of highly efficient thermal protection is most acute in missile and
aerospace applications in connection with the solution of problems of hypersonic flight
with gas-jet control. One of the most effective materials are considered ceramic materials
with low thermal conductivity and, in the first place, the oxide materials. However,
ceramic parts usually have extremely low thermal resistance, making them unsuitable for
operation in the conditions of thermal shock and thermal cycling.

Therefore, currently, a hypersonic aircraft to protect the metal parts from overheating
and erosive effects of the environment, in particular in the gas-jet control system applied
ceramic thermal barrier coating. This increase in requirements of the range leads to
increased thermal loads on the elements of the modernized systems of the gas-jet control.
In this regard, more stringent requirements for erosion resistance, strength and thermal
insulation ability of ceramic materials to withstand cyclic thermal exposure of high
intensity.

Increasing demands for range and intensity of maneuvering hypersonic vehicles at the
moment is hampered by the complex dependent factors: weight, heat resistance and
mechanical strength of structural materials at elevated temperatures. Existing to date
technology of hot pressing and conventional sequential molding followed by sintering of
ceramic materials, can not provide the required characteristics of the structural parts for
hypersonic vehicles. This is especially true of hollow ceramic parts of cellular structure.
Technology of production of ceramic components and parts by means of selective fusion,
which refers to the additive technology will enable the engineering industry to solve
complex materials science problems and to create a programmable structural material of
cellular structure.

It should be noted that the analysis of modern trends of development of the relevant
area of science and technology shows a rapidly growing segment of additive
manufacturing refers to production technology of ceramic components and parts by means
of selective fusing.

The result of the work performed will be established additive technology for
manufacture of ceramic units and parts of the hypersonic aircraft of a new type by means
of selective laser fusing of the modified ceramic powder materials with the use of
innovative diagnostic methods that will increase not less than 30% of the thermal
resistance of monolithic ceramic parts, and reduce the cost of production of parts and
components of hypersonic vehicles is not less than 25 %, to reduce the time of
manufacturing the parts and components of hypersonic vehicles is not less than 2 times.

The result of scientific research works on the program cipher 2016-14-579-0009-027
will be the transition to development work for the manufacture of ceramic units and parts
of the hypersonic aircraft of a new type by means of selective laser fusing of the modified
ceramic powder materials with the use of innovative methods of diagnostics in the
interests of the military-industrial complex of the Russian Federation.
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CO3JIAHME 3AIIUTHBIX MOKPBITUM B MATHETPOHE
CTIOPAYUM KATOAOM

DEPOSITION OF PROTECTIVE COATINGS IN THE MAGNETRON
WITH HOT TARGET

Jleonora K.A., Tymapkun A.B., Kasues A.B., Konoako /[.B., JIpoounun B.E.

Hayuonanvnoiii uccneoosamenvckutl sioeprwiii yrusepcumem « MU », 115409,
Poccus, e. Mockea, Kawupckoe w., 31, e-mail: leonova.ka.31@gmail.com

[TpoBeneHBI AKCIIEPUMEHTHI IO BBICOKOCKOPOCTHOMY (10 15 MKM/MHUH) OCaXXIEHHUIO XPOMOBBIX
MOKPBITUM B MAarHETpPOHE € ropsiyMM KaToAoM. [loslydeH yCTONYMBBIA pEKUM CaMOpPacHbUICHUSA.
HccnenoBaHo BIMSHUE METOAA NPEIBAPUTENHHOM OYMCTKM TOBEPXHOCTH 00pasia, a Takke
MOTEHIIMajla CMEUIeHHS B MPOIIeCCe OCAKIACHUS Ha air€3MOHHbIE XapaKTEPUCTUKU TOKPBITH.

Chromium coatings have been deposited by high-rate (up to 15 um/min) magnetron sputtering with
hot target. The magnetron was operated in a stable self-sputtering regime. The influence of both the
sample cleaning method and the bias potential on the adhesion of Cr films have been studied.

AXTyallbHOM ~ 3ajadyeli  TOHKOIUIEHOYHOW  MPOMBIIUIEHHOCTH  SIBJISIETCS
HOBBILIEHHE POU3BOAUTEILHOCTH MATHETPOHHBIX pacnbuInTeIbHbIX cucteM (MPC).
B dactHoCcTH, OOJIBIION MHTEPEC MPENCTABISIET yBEINYCHHE CKOPOCTEH OCaXKICHHUS
NOKpbITUL Ha ocHOBe Cr, KOTOpOe SBISETCS MEPCHEKTUBHBIM METOIOM 3allUThI
MOBEPXHOCTEN MaTepuaioB B aTOMHOM OTpaciii U aBTOMOOUIIECTPOCHHH.

Ckopocth ocaxaenusi mieHok Cr moBelmaeTcss npu ucnoiabzoBanuu MPC c
ropsyuM katogoM [1]. OmHako, ITOCTHXKEHUE MPEACIBHBIX CKOPOCTEH OCaKIACHUS
TpebyeT paboThl B peXUME caMmopachbuieHus. Panee Obutn pa3paboTaHBI METOJbI
BBICOKOCKOpOCTHOTO ocaxkaeHus CU u Si B Takom pexrme B MPC ¢ pacruiaBieHHbIM
kaTosioM [2, 3]. biiarogapst BBICOKOMY JaBJIE€HHIO HACHIIIEHHBIX TTapoB Cr, mepexo B
peXUM  CaMOpaclbUICHUS MPOUCXOAUT TMpPHU TEMIEpAType MUIIEHU HUXKE
TEMIIepaTyphl TUIABJICHHUS.

Ocaxnenue Cr Ha oOpa3is! u3 Zr u cranu 40X 13 nmpoBoamiiocs mpu yaeIbHON
MOIHOCTH pa3spsiia 45 Br/cM® npu 3HaueHHSIX MOTEHIHMAna cMemieHus oT 0 0
—300 B. Cxopocts ocaxaenuss nocturaia 15 mxm/muH. IloBepxHocTu 00pa3ios
MPEIBAPUTENILHO OYHUILATNCH TUOO0 MOHHBIM ITYYKOM, JTHOO0 TICIOLUIUM Pa3psIOM.

JlnarHocTuka aare3uy MpoBOAMIIACH C TIOMOIIBIO CKPETY-TECTEPA C MHIAEHTOPOM
PoxBemna. Jlydmias agre3ust HaOmoganack y MOKPBITHA, OJTyYEHHOTO MpH Moj1adye Ha
oOpazery moreHnuana cmenienuss —100 B. BnusHue wmetona mnpensaputenbHOU
OUYMCTKH Ha aJIF€3UI0 HE3HAYUTENBHO.
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MN3YYEHMUME BJMUAHUA PEXKUMOB NHOHHO-IIVIASMEHHOI'O ZrN-
MOKPBITHUSA HA KOPPO3MOHHYIO CTOMKOCTbh CTAJIU CT3

STUDY OF THE EFFECTS OF MODES OF ION-PLASMA ZrN COATING
ON CORROSION RESISTANCE OF ST3 STEEL

Cenesnéra H. B., I'ypsuu JI. I'., CmonanoB H.A., Ocumnos A. K.
D@I'bOY BO "MTI'Y um. H. I1. Ozapésa”
Poccus, e. Capanck, yn. bonvuesucmcekas, 0. 68, 430005
E-mail: natasch.selezneva2010@yandex.ru

AHHOTAIMA: B paboTe MPUBEACHBI PE3yabTaThl UCCIECIOBAHUS KOPPO3UOHHON CTOWKOCTH MOHHO-
mIa3MeHHoro mokpbeitusi ZIN, HanecenHoro Ha crans Mapku Cr13. MccnenoBanue mpoBOAMIOCH
rpaBUMCTPUUCCKUM U MNMOTCHHUOCTATUYCCKUM MCTOAAMU. I[aHa CpaBHHUTCIIbHAA XapaKTCPUCTUKA
KOPPO3WOHHON CTOMKOCTH IJIEHKU B Pa3IMYHBIX KOPPO3UOHHBIX CpeJax.

Abstract: the paper presents the results of study of corrosion resistance of ZrN ion-plasma coating
on St3 steel. The study applied the gravimetric and potentiostatic methods. Comparative
characteristic of corrosion resistance of the layer obtained in different modes of spraying is given.

B nocnennee BpeMst moHHO-IIIa3MeHHbIe MOKphITHsS Ha ocHOoBe ZIN u TiN [1]
MIMPOKO HCTIOIB3YIOTCS JJI MOBBILIEHUS KOPPO3MOHHOM CTOMKOCTH pPAa3IMYHbIX
METaJUIOB U CILJIABOB.

B nacrosimieir paboTe U3y4eHO BIMSHUE PEKUMOB HAHECEHUS HOHHO-
mna3mMeHHbIX ZIrN-mienok [2] Ha cranb Ct3.

Taomuna. Pexxnmel Hanecenuss ZrN-mienku Ha Ct3

Pexuwm | laBnenue,lla | Pacxon | Bpems Bpewms Hayasia paspylieHus rociie
a30Ta, | HAaHECEHWs, | KOPPO3UOHHBIX UCIIBITAHUM, U
em’/cex | M Kucnas He#itpanpnas | Ulenounas
cpena cpena cpena

1 0,022 0,6 10 24 24 72

2 0,017 0,3 10 24 48-72 96

3 0,05 0,25 10 Memnee 24 24 48

4 0,08 0,2 10 Memnee 24 24 72

I'paBuMeTprUECKUM METOJOM YCTAHOBIIEHO, 4YTO PEXUMBl HANbUICHUS HE
OKa3bIBAIOT 3HAYUTEILHOTO BIMSHUS Ha KOPPO3ZUOHHYIO CTOMKOCTh ZIN-OKpBITHS B
KUCIIOM U HeWTpambHOU cpenax. Illenounas cpema cmocoOCTByeT OoJbliei
KOPPO3WUOHHOW  IPOYHOCTH  H3y4aeMbIX HOKpbITHH. [loTeHumMocTaTnyeckue
HCCIICIOBaHMS TIOKA3ajd, YTO TOKPBITUSA, MOJy4YeHHBIE MO pexuMy 1, o0iamaroT
MEHBIIIEH CKIIOHHOCTBIO K MUTTUHTO00Pa30BaAHMUIO.
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WCCJEJTOBAHUE BO3JEVCTBUS HA YACTHUIIBI IOPUCTOI'O
MATEPHAJIA IIOITIEPEYHOT O PA3PAJA B IIOTOKE ITPOAYKTOB
CT'OPAHMSA ITPONAH-BYTAHOBOM CMECH

INVESTIGATION OF THE IMPACT ON PARTICLES OF THE POROUS

MATERIAL OF THE TRANSVERSE DISCHARGE IN THE STREAM OF

COMBUSTION PRODUCTS OF COMBUSTION OF PROPANE-BUTANE
MIXTURES

Jayros I'.10.}, Codpornmkmii A0, Mapxos E.O.", Jayros 1%
'Kasanckutl HayuoHanbHblil UCCIe008amMenbCKUi MEXHUYECKUI YHUSEPCUMEN UM.
A.H. Tynonesa-KAU, Poccus, 2. Kazanw, 420111, yn. Kapara Mapxkca, 10.
?Kaszanckuii pedepanvuuiii ynusepcumem, Poccus, 2. Kazanw, 420008, ya.
Kpemnesckas, 18.

E-mail: artempic8@mail.ru

Annotamsi: B nmamHOW  paGore  ObUIO  MCCIENOBAaHO — BO3JCHCTBHE  IMONEPEYHOTO
HECaMOCTOSITETIbHOTO pa3psla Ha YacTHIBl HOPUCTOTO MaTepuaia B MOTOKE MPOJYKTOB CTOPAHHS
PONaH-0yTaHOBOW CMECH.

Abstract: In this paper, we investigated the effect of a transverse, non-self-sustaining discharge on
particles of a porous material in a stream of combustion products of a propane-butane mixture.

B dactHOCTH, ecnu Temmeparypa JOCTaTOYHA JUIsi MOHM3AIMM aTOMOB U
mouekyi yactuil (NaCl, HCI, CaCl), Ha6roraeTcst HOBBIIIICHHE CHJIBI TOKA B ISCATKU
pa3 MO CpPaBHEHHUIO C HECAMOCTOSITEIbHBIM TOMEPEYHBIM pAa3psiioM B IMOTOKE
MPOJYKTOB CropaHus mpomnaH-0yraHoBoil cmecu (U=const). Hanmuuue 3tux yciaoBuit
M pa3BUTas TMOPOBas CTPYKTypa MOTYT TMO3BOJUThH IOJIYYUTh MHOTOKAHAJIHHBIN
paspsin [1,2].

BonbsT-amnepHas xapakTepucTuKa Mpy BBEJICHUH B 00JaCTh CTOPAHMS MPOIaH-
OyTaHOBO# cMmecu YacTwil Top(a U camporene CpaBHUBAIACh C UCXOIHBIMH BOJBT-
aMIIepHBIMHU XapaKTePUCTUKAMU U nojydeHHbIME panee a1 KCl.

TBepaple 4YacTUIBI HUCCIEAOBAINUCH 1O W TOCJE TOPEHUS HA CKAHUPYIOIIEM
anekTpoHHOM MuKpockone «AURIGA CARL ZEISS». Ilomumo 3tOro, mis 3Tux
gactull (Mo u mocie ropenus) Obul uaMepen PH mo I'OCT 26423-85 «Metoabl
OTIPENICIICHUS YJIEIbHOU SJIEKTPUUECKON TPOBOAMMOCTH, pH M MmIOTHOrO ocTatka
BOJTHOM BBITSDKKW». Pe3ynbTarbl paboThl MpEANojaraeTcs HUCMOJIb30BaTh s
MOJIYYCHUSI ~ KOMIAKTHBIX  00€33apaXCHHBIX  MHUTATCIBHBIX  CMECed  JIs
PaCcTeHHEBOACTBA, KOMIIOHEHTOB CMECEH 11 BOCCTAHOBJICHUSI TTIOBPEXKICHHBIX MOYB,
MIPU MPOU3BOJICTBE AOCOPOEHTOB JIJIsl y/IaJICHUsI BA3KUX YTJIEBOAOPOIOB. M3MeHenue
r€OMETPUU TIOPUCTOM 4YACTUIBI B PE3yJbTaTe Ipollecca TOPEHUs TO3BOJISET
MOJIY4YUTh 3KOHOMHUIO B 00beMe 20-30 %.
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USAGE OF AC PLASMA TORCH FOR PRODUCTION OF OXIDE
POWDERS

Surov A.V., Subbotin D.I., Popov V.E., Popov S.D., Litvyikova A.l.,
Nakonechniy Gh. V., Serba E.O., Obraztsov N.V.
Institute for Electrophysics and Electric Power RAS, Dvortsovaya nab., 18, Saint
Petersburg 191186, Russia, subbotin1987@mail.ru

The report deals with the synthesis of oxide materials in a plasma torch with separate injection of
plasma-forming gas and solid aerosol of precursors. Thus, it is possible to provide a stability of the
plasma torch operation and high degree of mixing of thermal plasma and precursors.

Oxide materials are actively used in a wide range of products, such as catalysts,
filter materials, electrical devices (transformer cores), magnetic fluids for
tomographic studies, etc. The main methods of their production are hydrothermal
synthesis [1], coprecipitation [2], glycine-nitrate synthesis [3], gel-sol process [4],
and also electric arc synthesis [5]. Usually plasma synthesis is carried out by mixing
the flow of solid particles with the flow of thermal plasma in a plasma reactor. In the
proposed method, a plasma torch with two feeding zones of plasma-forming media is
considered: the near-electrode zone and the arc-burning zone. In the near-electrode
zone the main air flow is fed, and a solid aerosol of the ground oxides with air is
tangentially supplied to the arc-burning zone.

The composition and properties of the produced material were studied by
energy-dispersive analysis, scanning electron microscopy, IR Fourier spectroscopy
and X-ray phase analysis.
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YIYYIIEHUE TEXHOJIOT'MYECKHUX CBOfIgTB PACTUTEJBHOI'O
JAYBUTEJIA B I'A30PA3PATHOMU IIVIABME

IMPROVEMENT OF TECHNOLOGICAL FEATURES OF VEGETABLE

TANNING AGENT IN GAS DISCHARGE PLASMA
D.®. Bosnecenckuii, A.M. Cabupos, A.K. Xalpymina

DI'bOY BO «KHUTY », P®, 2.Kazanw, yn.Kapra Mapkca 0.68 e-mail:
beckhenkel@mail.ru

PaccmoTpena moaudukanus pacTUTENBHOTO IyOWTENsl 3a CuYeT IUIa3MEHHOTO BO3JCHCTBHSL.
[TpuMeHeHne MOTyYeHHOTO MPOAYKTa B Tpolecce JOAYOIMBAaHUS KOXKH MO3BOJICT YIY4IINTh €€
($u3MKO-MEeXaHNYECKHE U MOTPEOUTENbCKUE CBOUCTBA.

The thesis considers the modification of vegetable tanning agent due to a plasma effect. Application
of the obtained product in the process of leather retanning improves its physical-mechanical and
consumer properties.

HatypanbHble TaHMHCOAEpXAllUe€ pACTUTEIbHBIE OSKCTPAKThl  00JagaioT
XOpOLIEH CBA3BIBAIOIIECH CIIOCOOHOCTBIO TpU TMepepadoTKe KOXKEBEHHO-MEXOBBIX
MaTtepuanoB. OpHako, Hu3-3a OOJNBIION MOJIEKYJSIPHOH Macchl W 0OOpa3oOBaHUSA
KPYIHBIX arperaToB pacTUTEIbHBIC AyOWUTETN CYIIECTBEHHO YCTYHAIOT TOKCHYHBIM
XpOoMOBBIM. [IpeasioxkeHO MpOBECTH aKTUBALMIO CYXOro AYOSIIEro pacTUTEIBHOTO
AKCTpAKTa KBEOpaxo B YCJIOBUAX BBICOKOYACTOTHOrO WHAYKIMOHHOro (BUMN)
MJIa3MEHHOT0 pa3psijia C LEJbI0 CHIKEHUSI MOJEKYJISIPHOM MacChl M pa3pylICHUS
arperaroB. O0paboTka MpoBOJMIIACH HA OOOPYJIOBAHMH, ONMHMCAHHOM B HCTOYHUKE
[1], wuCHONB30BAIUCH  CICAYIOIIME MapaMeTpbl  IUJIa3MEHHOW  00paboTKHu:
MJ1a3M000pa3yoIIuil ra3 — aproH; jgaBieHue B padoueit kamepe 30 Ila; pacxon
mazmMoobpasyromero raza 0,04 r/c; sHeprust noHoB 1w1azMel 10—15 3B, mIOTHOCTH
HoHHOro Toka 20 A/M°, CyxXoif MaTepHan WHKEKTHPOBAICS B PAspsii C MOTOKOM
M1a3MO00Pa3yIOIIETo ra3a U yJaaBIuBaJICs JOBYIIKOM.

YcTaHOBICHO, YTO TUTa3MEHHAs MOJU(UKAIUS TPUBOAUT K YMEHBIIICHUIO
ONTUYECKOW MJIOTHOCTHU MOJYyYa€MbIX PACTBOPOB; UX XapaKTEPUCTUUYECKAS BSI3KOCTh
cHkaercs B 2,7 pasza. [IpoucxonuT CHMKEHUE pa3MepOB KOJUIOMAHBIX (Ppakuuii
nyourens ¢ 68,94-98,13 um u 367,33-502,88 HM y KOHTpOJILHOTO 00pasma 1o 48,37—
68,94 um wu 260,28-405,29 wum 'y onsitHoro. Ilpu wucnonp3oBaHuuU
MOJAU(PUIIMPOBAHHOTO yOUTEINs Mpolecc AoAYOnMBaHUsA MonydadpukaTa OBUMHBI
HEoOXoauMo mpoBoauTh Tipu  pH=4; mnpu >TOM TEPMOCTOMKOCTH  KOXKHU
YBEJIIMUMBAETCS Ha 9°C; npeaen NpoYHocTH — Ha 15%; OTHOCUTENbHOE yIJIMHEHUE —
Ha 50 %. [lony4yeHHBbIE KOXKHU TakXke 00J1a1al0T YIYUIIEHHbIMU CBOMCTBAMM: MSATKHMA
rpud 1 paBHOMEpHAasi OKpacka MOBEPXHOCTH.

JIMTEPATYPA
1. AOnymnmun, W.III. BsicokouacToTHas TUIa3MEHHO-CTpyiiHasi 00paboTka
MaTepHuaoB IIPH MOHKCHHBIX JaBlIeHUAX. Teopus u npakTuka npumenenwns / V.11

A6aymnmun, B.C. Kentyxun, H.®. Kamanos. — Kazans: M3a-so Kazan. roc. yH-Ta,
2000. — 348 c.
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MONO®UKALINA IOBEPXHOCTHU TUTAHA IIOTOKAMHU NOHOB
N3 IIVIA3MbI BUU PA3PAIA

TITANIUM SURFACE MODIFICATION UNDER ION FLUXES
IN AN ICP DISCHARGE

XapokoB M.M., Kazue A.B., Tymapkun A.B., Ipoounun B.E., Memepsixosa E.A.,
[Tucapes A.A.

Hayuonanvnoui uccnedosamenvckuil soepruiil yuusepcumem « MUDHy, 115409,
Poccus, e. Mockea, Kawupckoe w., 31, e-mail: wolframax@yandex.ru

[IpoBeaeHBI IKCIIEPUMEHTHI TI0 HOHHOW MOJU(UKAIIUKA TOBEPXHOCTH 00pa3iioB u3 tutana BT1-0 B
1a3Me BRICOKOYAaCcTOTHOTO MHAYKIHOHHOTO (BUN) pa3psiga HU3KOro AaBlieHus. B 3aBUCHMOCTH OT
nmapaMeTpoB 00OpaOOTKM TIOJNYYEeHBI Ppa3MYHBbIC BapHaHTBl PAa3BUTHS MHUKpopenbeda C
XapaKTepHBIMU MacIiTabaMu HepoBHOCTEH B auamnaszone 0,5-5 MKwm.

The ion surface modification experiments have been conducted with samples of VT1-0 titanium in a
low-pressure ICP discharge. Depending on the treatment parameters, different surface topography
structures have been obtained, with the roughness features in the range of 0.5-5 pm.

HccnenoBanocs Bo3melcTBHE OOMyYEeHHS MOHAMH B TUIA3ME BBICOKOYACTOTHOTO
nHaykuronHoro (BUM) paspsina Ha CTpyKTypy MOBEpXHOCTH 00pa3iioB u3 TuraHa BT1-0.
OkcnepuMenTsl poBoanchk ipu BY monnocty 1 kBT nipu pasnuusbix ganenusix A,
MOTEHIMAJIE CMEIIEHUS TIO/UIOKKH, TeMIepaType U JUIMTEIBHOCTH OOpaOOTKH.
[ToBepxHOCTH MOCTIE TPABJICHUS AUATHOCTUPOBAIACH C IOMOIIBIO CKAHHUPYIOILIETO
aNeKTpoHHOro Mukpockornma (COM). Ha puc. 1 mnpencrabieHbl HU300paKeHUS
TIOBEPXHOCTH TUTaHA II0CIIe 00PaOOTKH B Pa3IMIHBIX PXKUMAX.

P . . b, g 4 'a JA""*- . i"',. " - i - .

o 5 . ; [ ] 3 P < a o AT 2
SEM HV: 30.0 kV WD: 8.07 mm 1) | VEGA3 TESCAN SEM HV: 30.0 kV WD: 7.97 mm T I
View fleld: 27.7 pm Det: SE View field: 27.7 pym Det. SE 5um
SEM MAG: 10.0 kx  Date(midly): 01731117 MEPHI SEM MAG: 10.0 kx | Date(m/dly): 01/31/17

Puc. 1. COM-uzo6paxenus noBepxuoctu Turana BT1-0 nmoce TpaBieHus B Tuia3Me.
TexHonorum pazBUTHs MHUKpOpESbeda MOBEPXHOCTU AKTYAIbHBI JUIS YITyUIICHUS

XApPaKTEPUCTUK HMIUIAHTATOB, a TAKXKE MOIYT HaWTH NPUMEHEHUE TpU pa3paboTKe
HOBBIX HAKOMUTEJIEH SHEPIHH.
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MHNOBBIINEHHUE SKCIIVIYATAIIMOHHBIX XAPAKTEPUCTHUK
MATEPHAJIOB TEXHUYECKOI'O HASBHAYEHMUA C ITIOMOIIBIO
BBICOKOYACTOTHOM IIJTA3SMBI IOHN)KEHHOT' O JTABJIEHUSI

IMPROVEMENT OF TECHNICAL PURPOSE MATERIALS
PERFORMANCE CHARACTERISTICS WITH THE RADIO FREQUENCY
LOW PRESSURE PLASMA
Maxotkuna JI.1O., Xpucronro6osa B.1.

Kazanckui HaI/!MOHa]ZbelIZ UCCIIe008aMeEIbCKUN MEXHONI02UYECKULL YHUsepcument,
P®, 420015, valllerrriya@mail.ru

PaccmoTpeHo Bo3zeHCTBHE BBICOKOYACTOTHOW IUIa3Mbl MOHIKEHHOTO [aBJICHHS B IIpoIEccax
MOIU(UKAIIMH MaTepHaIOB TEXHUYECKOro Ha3HayeHus1. O60cHOBaHa AP PEKTUBHOCTh TPUMEHEHHUS
IUIa3MEHHBIX ~ TexHojoruid. [IpuBemeHsl pe3ynbTaThl  00pabOTKM  OOpasloOB  TEXHUYECKUX
MaTepHalioB B BHICOKOYACTOTHOMN TJIa3Me TTOHM)KEHHOTO JaBICHHS.

The impact of low pressure radio frequency plasma in the processes of materials for special
purposes modification are considered. The efficiency of the plasma technology application is
provided. The results of the materials for special purposes sample processing by a radio frequency
low pressure plasma are described.

[lpu pa3zpaboTke KOHCTPYKIMNA W3ACTHA TEXHUYECKOTO HA3HAYCHHS M BBIOOpE
MaTepuajoB Uil €€ W3rOTOBJICHUS HEOOXOIMMO KOMIUIEKCHOE pEIIeHHe 3ajad I1o
00€CTICYEeHUIO KaK IKCIUTYaTaIMOHHBIX, TAaK ¥ TATUCHUYECKUX CBOMCTB. J1J1s1 COBMEIIICHHSI
ATUX TpeOoBaHUI HEe0OXOoauMa pa3padoTKa MPUHIMITHAIGHO HOBBIX CHEIMATBHBIX
peIlIeHnA MPOW3BOJICTBA W3/ICINI, U3TOTOBJICHHBIX M3 Pa3pabaThIBAEMbIX TEXHHUYECKHX
MaTEepUAJIOB.

HccnenoBanusi MpoOBOIMIIMCH, HAa OSKCIIEPUMEHTATBHBIX 00pa3iiax MaTepualioB
TEXHUYECKOTO Ha3HAYEHUS, BBITIOJIHEHHBIX 1o JIBYM TEXHOJIOTUSIM:
HAHOCTPYKTYpUpPOBaHHbIE  OOpa3iibl  (HaTypaJibHble  Marepuaibl, KOTOpbIE Ha
3aKJIIOYUTENILHOM JTarie  OT/EJIOYHOro MPOM3BOJACTBA oOpabathiBa BY-miazmoit
NOHWKEHHOTo JasneHmss B pexume W, = 1.5 kBr, t = 7 wMuHyr),
HAaHOMOJM(PHUIIMPOBAHHBIE 00pa3llbl  (HaTypaJibHbIE MaTepuasibl, TJE Ha JTame
YKUPOBAHUS, TIPH MMOKPHIBHOM KPAILIEHUU U HA 3TAlle HAHECEHUS 3aKPETUTENS TOKPBIBHON
TUICHKH JIBYKPATO BBOJMIIA OMOLMIHBIN areHT, pacTBOp HaHouyacTuil cepedpa 0,2 %, a Ha
aTare OTJEIOYHOTO MPOU3BOACTBA 0OpadarhiBaii BU-11a3mMoil MOHMKEHHOTO AaBICHUS
B pexxume W, = 1,5 kBT, 1= 7 MunyT).

[Ima3mMoTpoH [yt nmosrydeHus notoka miaMel BUE tuma ¢ miockumu anekTpoamu
MIPEICTaBISIET COOOM JIBE BOJOOXJIaXIAaeMble MeIHbIC TUIACTUHBI pazmepoM 20x30 cm
wm guametpoM 40 cM. DNeKTpoJbl pa3MellieHbl B BakKyyMHOM Ojoke. Mexmy
AIIEKTPOJIAaMH pa3MeIaeTCs MPUCIIOCOOTICHUE ISl 3aKPETIEHUsS] 00pa3IoB C YCTPOHCTBOM
JUIS UX BpallleHus B mpoiiecce 00padboTku. OCHOBaHME BaKyyMHOTO 0JI0Ka CMOHTHPOBAHO
B BUJIC CBapHOTrO Kapkaca. Ha kapkace Oyioka pa3mellieHbl JBYXPOTOPHBIE HACOCHI U
CUCTEMa BOJSTHOTO OXJIAXK/ICHUS y3J10B YCTAHOBKH.

B pe3ynbrate HAHOCTPYKTYPUPOBAHUS M HAHOMOIU(DUITUPOBAHUS MaTEPUAIOB, U3
KOTOPBIX H3TOTABJIMBAKOTCS M3JEIHS TEXHUYECKOTO HA3HAUYCHMS], YBEIMYHUBAKOTCS
(du3ngecKue, MEXaHMUYECKHE U TUTUEHUYECKUE XapakTeprucTuku. O0paboTka MaTepraioB
[IO3BOJISIET YBEJIMYHUTH KCIUTYaTAl[MOHHBIE ITOKA3aTeNu M3JEIUA W IPOUIUTh UX CPOK
CITYKOBI.
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MOJIEJMPOBAHUE ITPOIIECCOB UMITYJIbLCHOM
JEKTPOHHO-UOHHO-IVIASMEHHOM OBPABOTKH NOBEPXHOCTH
AJIIOMUHUA

SIMULATION OF THE PROCESSES OF PULSE ELECTRON-ION-PLASMA
SURFACE TREATMENT OF ALUMINUM

KoBans T.B., Uan Mu Kum An

HayuonaneHulii uccieoosamenvekuil ToMckull noaumexHudeckutl YHugepcumen
Poccus 634050 Tomck, np. Jlenuna 30, tranmykiman@gmail.com

Numerical simulation of the processes of combined treatment of aluminum surfaces combining
electron-beam mixing of the film / substrate system and nitriding in a low-pressure gas discharge

plasma is carried out.

KombOunupoBanHast 00pabOTka TOBEPXHOCTH ANIOMUHHUSA, COYETAIOIas
AIIEKTPOHHO-TIyYKOBOE€  IEPEMEIMBAHUE  CHUCTEMbl  IUICHKA/MOMJIOKKA, U
a30TUPOBAHME B IUIa3ME€ Ta30BOr0 pa3psiia HHU3KOIO JIaBJIIEHHUS IO3BOJIAET
(GbopMHpOBaTh MOBEPXHOCTHOIO CJIOSI C MOBBIIMIEHHBIM (Oojiee yeM B JBa pasza, IO
OTHOLIEHUIO K HCXOJAHOMY MaTepHally) 3Ha4YeHUEM TBepAocTH [1].

B pabGoTe npoBoaUTCSA YUCIEHHOE MOACIUPOBAHUE UMITYILCHOTO 3JEKTPOHHO-
My4KOBOTO  BO3/CHCTBUSL HA CHCTEMY THUTAH/aJIIOMUHUA C MOCIHEAYIOIIUM
HACBIIIEHHUEM aToMaMu a30Ta. TepmMoaud¢y3noHHBIE MPOLECCHl HCCIEN0BAINCH B
Mana3oHe IUIOTHOCTeH sHeprum 3mektpoHoB (10-30 JDk /cM?) M UIMTENBHOCTBIO
umiyisca (50 - 200 mxc). [lokazaHo, 94TO B 3aBUCHMMOCTH OT PEXHMa IyYKOBOTO
BO3JICUCTBHSI B TOBEPXHOCTHOM CJIO€ QIIOMUHUSL TE€pPEMEIIUBAHUE IUICHKU
IIPOMCXOJMT KaK P €€ MOJHOM pacIulaBe, TaK IPH €€ HE MOJHOM PacIUIaBe 3a CYET
CHUJIBI TSDKECTH.

CpaBHEHHE pacyeTOB C OHKCIIEPUMEHTOM IIOKA3bIBAET, YTO AJIEKTPOHHO-
My4YKOBOE TEPEMEIIMBAHNE CUCTEMBI IJICHKA (TUTaH)/TMOIJIO0XKKa (QTIOMUHUNA) TIPH
BapHAllMU TUIOTHOCTU SHEPTUU JJIEKTPOHHOTO IyYKa W KOJMYECTBA HMITYJIbCOB
BO3JICUCTBHS CONMPOBOXKIaeTcsa nuddys3ueit aToMOB TUTAHA.

[Ipouecc a3orupoBaHusi B IUIa3ME Ta30BOr0 paspsla HU3KOTO [JABJICHUS,
SBJISIETCS 3aKJIIOUYUTENIBHBIM 3TanoM MoJuuKkanuu U HOCUT U] dy3MOHHBIN
xapaktep. YuciaeHHoe MojenupoBaHue AUPGY3MOHHOTO MpOIecca HACHIILIECHUS
a30TOM B pe3yJibTare OOMOapIMpOBKU IMOBEPXHOCTH MaTepuajga MOHAMH ILIa3MbI
CYLIECTBEHHO 3aBUCUT OT CTPYKTYpbl TOBEPXHOCTHOTO CJIOA  aTIOMHHMS,
chopMHUpPOBAHHOM TIOCJIE€ TYYKOBOM OOpaOOTKH, a WHTEHCUBHOCTH IIpoliecca
onpenensieTcss KOJUYECTBOM AaTOMApHOIO a30Ta M 3aBHCUT OT HMHTEHCHUBHOCTH
pacIbUIEHUS IOBEPXHOCTHOTO CJIOSl MIOHAMH TJIa3MBl.

JIMTEPATYPA

1. DAeKTpOHHO-MOHHO-TNIA3MEHHA MOAU(PHUKAIUS TTOBEPXHOCTH LIBETHBIX
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YIIPOUYHEHME PEXYIIEA KPOMKHA ME3JIPUJIbHBIX HOXEM
BBICOKOYACTOTHBIM EMKOCTHBIM PA3PA1OM HU3KOI'O
JABJIEHHUSA

HARDENING OF THE CUTTING EDGE FLESHING KNIFE RADIO-
FREQUENCY CAPACITIVE DISCHARGE OF LOW PRESSURE
[[TaexoB M.®., KansipoB @.D.

Kazanckuti nayuonanvwiii ucciedo8amenbCKuli MexHoL02UYeCKUll YHUgepcumem
(KHUTY-KXTH), Poccus, 420015, Poccutickasa @edepayus, Pecnyoniuka

Tamapcman, Kazanw, yn.K.Mapkca, 68, E-mail: office@kstu.ru
[TpoBenena mnazmeHHas oOpaOoTKa Me3ApUIIBLHBIX HOXKell. MccriemoBanu Takue mapaMmerphbl Kak:
MHUKPOTBEPJOCTh, PAANYC YIJIa 3aTOYKH, IMIEPOXOBATOCTh IMOBEPXHOCTH JI0 M IMOCJE TJIa3MEHHOTO
BO3JICUCTBHUSL.

Carried out plasma processing of fleshing knives. Investigated parameters such as microhardness,
angle radius, surface roughness before and after plasma exposure.

OnHUM W3 NEPCHEKTUBHBIX METOJOB MOBEPXHOCTHOTO YIPOYHEHHUS SIBISETCA
00paboTKa B BBICOKOYACTOTHOM pa3psiic MOHMKEHHOro aaBieHus. CyThb Takoi
MoAU(UKALIMK MaTepUaioB COCTOUT B TOM, YTO aTOMbI IJIa3MOOOPa3yIOIIETo ras3a
MIPOHMKAIOT B MOBEPXHOCTHBIEC CIIOM MaTepuajna Ha riyouny mopsaka 60 um. Eciu
MJ1a3M000pa3youil ra3 peakinuoHHo-crnocooHwii (O, N, CH; u T1.1.), TO Ha
MOBEPXHOCTH 00pa3yroTcsi HaHO(a3HbIE CUCTEMbI U3 OKCHUJIOB, HUTPUAOB U KapOUI0B
9JICMEHTOB, BXOJISIIIIUX B COCTaB Marepuaia [1-2].

OcoOeHHOCTBIO ME3IPUIIBHBIX HOXKEH SABISETCS OCTpas KpOMKa 3aTOYKHU II0
kpyry. Bo Bpems wmomuduxamuum B BUYUE paspsge noHmKeHHOro gaBieHUS
HEOOXOJUMO YBEIUYUTh MHUKPOTBEPAOCTh M MUHUMHU3UPOBATH 3aKpPYyTJICHHE
PEXKYILIEH KPOMKHU HOXKA.

Me3apuiibHbIe HOKHA MOAU(DUIIUPOBATIN B CIIEIYIOIIEM PEKUME:

MowHocTh paspsaa 1200 Bt
Pacxon raza aprona 0,045 r/c
JlaBneHue B kamepe, 24 11a
Bpewms 06paboTku, 20 MuH
Pacxop rasa a3ora, 0,006 r/c

B pesynbraTte miazMeHHON 00pabOTKU MUKPOTBEPAOCTh HOXKEM yBenn4YMIach Ha
45,2%, paguyc yria 3aTo4ku Ha 36%, MEpOXOBATOCTh MOBEPXHOCTU YBEIUYUIIACH 10
napametpy R, Ha 38,5%, o napamerpy R, na 13,1%.

JIUTEPATYPA
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TeXHOJIoTHUecKoro yuusepcurera. - 2014.-No7. -C 71-73.
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HCCJEJOBAHUE ®U3NKO-MEXAHUYECKNX CBOMCTB
MOIAUPUIUPOBAHHOTI'O YIVIEPOJHOI'O TEXHHYECKOI'O
TEKCTWIA, ITPOIIMTAHHOI'O KIEEBOU KOMITIO3UIIMEN

THE STUDY OF MECHANICAL PROPERTIES OF THE MODIFIED
CARBON TECHNICAL TEXTILES IMPREGNATED WITH ADHESIVE
COMPOSITION
lapudymauna A.P., Kapumymnun U.U., Kapnoyxos A.E., [1apcanos A.C.,

[ITaexoB M.D.
@I'bOY BO «KHUTY », Poccus, 420015,Kazans, K.Mapkca 68,
darin-loko@yandex.ru

HccnenoBaHo n3MeHeHHe Mmokasaresie PU3nKo-MeXxaHUnYeCKUX CBOMCTB TEXHUYECKOTO TEKCTHIIS U3
VB, DnponMTaHHOro KJIEEBOM KOMIIO3ULMEH. YCTAaHOBJIEHA KOPPEIALUOHHASA CBS3b MEXKIY
KaNMWUSIPHOCTbIO TEXHUYECKOTO0 TEKCTUJISI U3 YrIepoAHbIX BoJokoH (YB) u caBuroBoi
MPOYHOCTHIO KIJIEEBOTO COCAMHEHMs. YcTaHoBleHO, d4ro BY minazMeHHas Moaudukanus
oOecrieunBaeT MOBHIIICHUE TIOKa3aTenel (GU3nKo-MeXaHUIeCKuX CBOMCTB Ha 15-20 %.

Studied mechanical properties of carbon technical textiles impregnated with the adhesive
composition. Correlation established between the capillarity of carbon technical textiles and the
shear strength of the adhesive bond. Found that the RF plasma modification provides improved
mechanical properties by 15-20 %.

D¢ hHeKTUBHBIM METOAOM MOAMGUKAIIMA MATEPUATIOB PA3IUYHON XMMHUUYECKOM
IPUPOJIBI sIBIsIETCST 00paboTKa B IIa3Me BBICOKOYACTOTHOro emkoctHoro (BUYE)
paspsiia Ipu TNOHWKEHHOM JaBieHMM B nuanasoHe ot 13 go 133 Ila. K wyucny
JOCTOMHCTB JIaHHOTO METOJa CJIEAYET OTHECTH BO3MOXHOCTh PETYJUPOBAHUS
KOMILUIEKCAa CBOMCTB 0e€3 yXyAlleHUs (PU3NKO-MEXaHWUYECKUX MoKaszaTesel oObekTa
[1].

YcraHOBNIEHA CWIbHAs KOPPEJSIHAOHHAS CBSI3b  MEXAY KalWUISIPHOCTHIO
TEXHUYECKOTO TEKCTWJISI M3 YB M CABUTOBOM MPOYHOCTHIO KJIEEBOIO COCAUHECHUS.
Koaddumuent xoppemnsiuu coctasmisiet 0,92.

PerynupoBanre cMaunBaeMOCTH NTO3BOJISIET HAIPABIEHHO U3MEHSITh MTOKA3aTEIN
(UBUKO-MEXaHUUECKUX CBOWCTB TEXHUYECKOTO TEKCTHWIA U3 YB, mpomnuTaHHOro
KJICEBOM KOMIIO3MILIMEH, YTO JA€T BO3MOXKHOCTh IPOU3BOJAUTH MaTe€pUanl C
3aJJaHHBIMHA CBOMCTBaMHU.

BrisiBIIEHO, UTO pPEryJIMpOBaHUE KOMIUJIEKCA CBOMCTB TEXHUYECKOTO TEKCTHIIS U3
YB 1o3BOJISIET HANpaBJIEHHO M3MEHSATh MOKazaTeldu  (PU3MKO-MEXAaHUYECKUX
XapaKTEPUCTUK TEKCTUJISA, TPOMUTAHHOTO KJIEEBOW KOMITO3UIIMEHN. Y CTAHOBIIEHO, YTO
BYE nmna3menHas MoguduKkaius TEXHUYECKOTO TEKCTUIISI 00ECTIEYMBAET TTOBBIIIICHUE
caBuroBor nmpouy”octu Ha 40-50 %, Moyt ynpyroctu npu pactsikeHun ot 13 go 15
%, Mozlysst ynpyroctu npu cxkatuu oT 11 mo 18%, npeaena npoyHOCTH NP CHKATUU
or 16 1o 19 %. Ilo uroraMm uCHBITAaHUS TEXHUYECKOTO TEKCTHJIS, MPONUTAHHOTO
KJICEBOM  KOMIO3UIMEH HAa  KOPOTKOOAJIOYHBIM  W3rub  mpeaBapuTesIbHAs
Mo uduKanms odecreurBaeT MOBBIIIIEHNE MEXKCIIOeBOM MpoyHOCcTH Ha 16 %.

1. A.P. 'apudpymnmun, U.1. AGaynnun. Becmuuk Kazanckoeo mexnonozuueckoeo
yrusepcumema. 17. 14, 101-102 (2014)
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JEKTPOXUMHUYECKUE ¥ KOPPO3UOHHBIE CBOMCTBA HOHHO -
IIVTASMEHHbBIX KAPBOHUTPUALIMPKOHUEBLIX IIOKPBITUHN HA
CTAJIMA 12X18H10T

ELECTROCHEMICAL AND CORROSION PROPERTIES OF ION-PLASMA
ZIRCONIUM CARBONITRIDE COATINGS ON 12X18H10T STEEL

[Ikepruna M.B., I'ypeuu JI. I'., CmonanoB H. A., Ocunos A.K.
D@I'bOY BO "MI'Y um. H. I1. Ozapésa”
Poccus, e. Capanck, yn. borvuesucmcekas, 0. 68, 430005
E-mail: marissshka2015@yandex.ru

AHHOTAIMSA: PACCMOTPEHbl 3aKOHOMEPHOCTU KOPPO3MOHHO — 3JIEKTPOXMMHMYECKOIO IOBEICHHUS
MOHHO — IUIa3MEHHBIX TIOKPBITUH U3 KapOoHuTpuaa 1HMpkoHus Ha crtanu 12X18HI10T
IpPaBUMETPUUECKUM, IMOTEHIIMOCTAaTUYECKUM,  (OTOKOJOPUMETpUUYECKMM  MeTojnamu. [lana
CpPaBHUTEJIbHAS OLIEHKA KOPPO3HOHHBIX MMOTEPH B Pa3IMUHBIX KOPPO3UOHHBIX CPENlaX.

Abstract: regularities of electrochemical corrosion behavior of ion-plasma zirconium carbonitride
coatings on 12X18H10T steel were examined by means of the gravimetric, potentiostatic and
photocolorimetric methods. Comparative assessment of corrosion losses in different corrosive
environments was given.

ObecrnieueHue BHICOKOM KOPPO3ZMOHHOM CTOMKOCTH METAJUTMUECKUX MOBEPXHOCTEH
U3/IeNUil He MOTepsET aKTyalbHOCTH U B 0003puMOM Oy ryiieM. J{Jist 3aluThl CTalbHbBIX
KOHCTPYKLIHW TEPCHEKTUBHO HCIIONB30BAHUE HOHHO — IUIA3MEHHBIX IMOKPBITHA Ha
OCHOBE COCOVMHECHUN LUPKOHMS. BbICOKas Temrieparypa IUIABICHUS, TBEPAOCT,
M3HOCOCTOMKOCTb, KOPPO3HMOHHAs CTOMKOCTb M YCTOMYMBOCTb K  OKHCIICHHIO
KapOOHUTpHUAA IIMPKOHUS MPEIONPEIEIISIOT IUPOKOE MPUMEHEHHE TaKUX TOKPHITUHN B
KaueCTBE 3allUThl CTAIBHBIX TTOBEpXHOCTEH [1].

Tak KaK 3JIEKTPOXMMUYECKUE U KOPPO3UOHHBIE CBOMCTBA TAHHOT'O BUAA IIOKPBITHS
Ha ctamu 12X18H10T B Hacrosiee Bpemsl M3ydeHbl HEAOCTATOYHO IOJHO, TO 3TOT
aCIIEKT U SIBUJICS LIEJbIO MIPECTAaBICHHON pabOThI.

B xome oKkcmepuMeHTa MOJNy4Y€HAa  3aBHCHMOCTb  CKOPOCTH  KOPpO3WHU
HCCIIEAYEMbIX 00pa3liOB OT BPEMEHH B PA3JIMYHBIX CpeJaX TPaBUMETPUUECKUM METOI0M
[2]. Kuneruka »SNEKTpOOHBIX peakuuil ObUla HM3y4yeHa Ha OCHOBE AHOJHBIX

MOJIIPU3ALIMOHHBIX ~ KPUBBIX.  YCTaHOBJIEHa  I€J€cO00pa3HOCTh  HAHECEHUs
KapOOHUTPUALIMPKOHUEBBIX TTOKPHITHI B KaueCTBE 3alIUTHBIX Ha cTaib 12X18H10T.
JIMTEPATYPA
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BJIUAHUE BY IIJIASMbBI TIOHUKEHHOI'O JABJIEHUS HA
BCXOXKECTh CEMSH CEJbCKOXO3MCTBEHHBIX KYJIbTYP

INFLUENCE OF HF PLASMA OF THE LOWERED PRESSURE UPON
VIABILITY OF SEEDS OF CROPS
[Tapudynnux ®.C.Y, I"adapos nr.?
@I'bOY BO «KHUTY », Poccus, e.Kasanw, ya1.K.Mapkca, 0.68,
E-mail: sharifullin80@mail.ru

Hayuno-eneopenueckasn pupma « PEHAPHUCOPE», Poccus, Jlenunckuti npocnexkm,
88/3,
E-mail: renari@mail.ru

HccnenoBaHo BIMSIHME PEKUMOB IUJIa3MEHHOM 0OpabOTKM Ha  BCXOXKECTh CEMSIH
CEJIbCKOXO3SUCTBEHHBIX KYJIBTYp. Y CTAHOBIIEHO, YTO BBICOKOYACTOTHAs IJIa3Ma MOKET YCIEIIHO
MPUMEHATHCS B TEXHOJOTMUECKUX ONEPAIHsIX MPU MOATOTOBKE CEMSIH K MOCEBY, 00€33apaKMBaHUN
CeMsiH OT OoJie3Hel U BpeAuTeNeil, a TakKe CTUMYJISLIUY TPOPACTAHHUSL.

Influence of the modes of plasma processing on viability of seeds of crops is investigated. It is
established that high-frequency plasma can successfully be applied in technological operations by
preparation of seeds for crops, disinfecting of seeds from diseases and wreckers, and also
germination stimulation.

Bricokass CTOMMOCTH CTUMYJISITOPOB, CIIOKHAsI W JIOPOTOCTOSIIAS TEXHOJOTHS
XAMAYECKOM 0OpabOTKM ¥ JPaXKMPOBAHUS CEMSH, BPEIHOE JICHCTBHE XMMHUKATOB Ha
JFO/IEH ¥ KMBOTHBIX 3aCTaBIBIIOT YYCHBIX U TPAKTHKOB MCKATh HOBBIC, AIbTCPHATHBHBIC
CIIOCOOBI MOBBIIICHHS KAUeCTBA CEMSIH.

OObeKTaMM  HCCIIEAOBAaHMSA  SIBISUIUCH — Pa3lIMUHble  CEIbCKOXO3SIICTBEHHbIE
KYJIbTYpbl: CEMEHa KYKYypy3bl, IOJCOTHEYHHKA, OTrypLOB, MOPKOBHM, OaxueBbIX. Jljist
00pa0OTKM CeMSH HCHOJNb30BaJlaCh  BBICOKOYACTOTHAs E€MKOCTHAs — IUIa3MEHHAs
yCTaHOBKA. Pe:xuMbI 11azMeHHOM 00paboTKu: MOITHOCTH paspsiaa 0,1-1,5 kBT, naBnenue
B BakyyMHOI1 kamepe 26,6 I1a, Bpems o6padotku 30-300 c, pacxo/1 1mia3mMoo0pa3yroiero
raza (50% Ar/50% N,) 0,04r/c. CemeHa mpopaiyBaIich B ONTUMAIBHBIX YCIOBUSX B
crienuaibHOM Kamepe (BJIakHOCTh 96-98%, Temniepatypa 22-25 °C).

AHaM3 TIOJyYEHHBIX PE3yJIhTaTOB IIOKA3bIBACT CTUMYJUPYIOIICE BO3ICHCTBHE
wia3MeHHo  oOpabotku. [lpopactanme u  mabopaTopHas BCXOXKECTb  CEMSH
YBEJIMYMBAINCH IO OTHOLICHWIO K KOHTPOJbHBIM oOpasuam Ha 4-10%, mpu stom
00paboTKa TOJIOKHUTEIBHO BIHSIET HA TOCIEAYIONIEEe Pa3BUTHE PACTCHUN. 3aMephl H
OLIEHKA TIPOPOCTKOB IO OATBHON CUCTEME TIOKa3alll, YTO 10 BCEM BapHaHTaM 00pabOTKH
OHH Jiyule Ha 8-18 %, 4eM y KOHTPOJIbHBIX.

Oco0oro BHUMaHMSI 3aCITyKMBAET TYOUTEIIbHOE BIMSIHUE TUIA3MbI HA BpeAUTEIeH 1
O6onesnn cemsiH. OOpaOoTKa TIIa3MOM  CHIDKAET KOJMYECTBO OOJBHBIX CEMSH,
3aokeHHBIX Ha mpopanmBanue Ha 40-50 %. C yBenuueHHMeM BpeMEHH OOpaOOTKH
o0e33apakuBaroliee ACHCTBUE TIa3Mbl BO3PACTAET, OJJHAKO TOJHOTO 00e33apayKMBaHUSI
CEMSTH HE TIPOUCXOTHT.

OnbITEl TTO3BOJISIIOT C/IEIAaTh BBIBOJBI O TOM, 4TO 00paboTka cemssH BY miazmoit
MOHMYKEHHOTO JIaBJICHUS MOXKET CTaTh A()(MEKTUBHBIM arpOTEXHUYECKUM TPUEMOM
CTUMYJIMPOBAHUSI POCTA OBOIIHBIX W 3€PHOBBIX KYJIBTYp, KOTOPBINA SBISiCTCS Ooliee
(P GEKTUBHBIM U OE30TMaCHBIM, HEXENMW CYHIECTBYIOIIME XUMHUYECKHE U (DU3NYECKre
COCOOBI 00€33apasKUBaHUSA U MTPEATIOCEBHOM MOJITOTOBKU CEMSTH.
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PLASMA-INDUCED ELECTRET CHARGE IN
POLYTETRAFLUOROETHYLENE FILMS

Yablokov M.Yu., Gilman A.B., Kuznetsov A.A.
Enikolopov Institute of Synthetic Polymer Materials RAS, Russia, 117393,
Moscow, ul. Profsoyuznaya 70
E-mail: yabll@yandex.ru

The effect of plasma treatment on the surface properties of PTFE films modified by direct current
glow discharge was investigated. The relationship between the formation of the electret states and
the contact properties of PTFE films was examined.

The improvement of the contact and adhesion properties of polymers by low-
temperature plasma treatment is usually associated with chemical transformations on
their surface, such as the formation of chemically different (mainly, oxygen-
containing) polar groups. However, no direct correlation between the values of the
contact angle, data on the adhesion of plasma-modified polymers and the formation
of electret states in the surface layers of the films has been revealed.

Samples of the PTFE film of 40 pum thickness (Russia, “Plastpolymer”, St.
Petersburg) were modified by DC discharge at the anode and cathode [1]. The surface
properties were characterized by the values of the contact angle (0) of deionized
water. The electret potential (U) was measured by the compensation technique using
a dynamic capacitor. From the measured U value, the effective surface charge density
(o) was calculated by the equation ¢ = ggeU/L. The adhesive properties were
investigated according to the procedure described in [2]. The peel strength (4) was
determined using the T-peel test for the Scotch®810/PTFE film contact.

The results obtained are indicated the existence of an inverse correlation between
the contact angle and the peel strength: the less the value of 0, the greater the value of
A. This relationship is characteristic of the both types of films modified at the anode
or at the cathode. It was established that the initial film had a small negative surface
potential and the effective charge density of this film is ¢ = =15 pC/m®. The presence
of this potential is apparently due to the sample prehistory. After modifying the film
at the anode, the effective density of negative charge increases to ¢ = —36 pC/m?,
whereas the film treated at the cathode acquires a positive surface charge. It was also
shown that as the storage time increases the contact angle increases, the peel strength
decreases, and the effective surface charge density is reduced. Note that there is the
undoubted correlation between the effective surface charge density and 0, as well as
between ¢ and A.
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DBD PLASMA CATALYSIS PROCESS FOR CARBON RECOVERY

Amouroux J., Cavadias S.

ENSCP/UPMC

Since many years carbon dioxide reduction by hydrogen through catalyst
processes is a usual way from the Paul Sabatier reaction to produce CH4. this process
Is able to be done from thermal process by using an heterogeneous catalyst such as
zirconia cerium support with nickel sites for the hydrogen reduction of CO2
.However this reaction is well working ( 85%-90%) at 350°c and its selectivity
depends of the secondary reactions such us carbon monoxide or carbon deposit which
appears above 350°C.

Our goal is to point out that the cerium oxide is a N semiconductor while Nickel
sites are a P semiconductor and by that way we have a N-P semiconductor so the
bimetallic catalyst is able to produce electrons for the CO2 reduction when the DBD
plasma polarize the ceramic in the small pores of the bulk of the pellet ( plasma
appears inside the pore ) We have demonstrated an electro catalyst process
working at room temperature with a high efficiency close to 85% -90% and a
selectivity of 100% . The exothermal reaction of the reduction increases the
temperature of the reactor until 120°C without any secondary reactions ( CO,Carbon
deposit )and points out the role of the N-P semiconductor as the key step for the
electron flow to reduce the CO2 into CH4 .
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KUHETHKA JECTPYKIIMN HE®TEIMPOIYKTOB, COPBMPOBAHHBIX
TUATOMMTOM, B IUVIA3ME JIMDJEKTPUYECKOI'O BAPLEPHOT'O
PA3PSIJIA

KINETICS OF DESTRUCTION OF PETROLEUM PRODUCTS SORBED BY
DIATOMITE IN A PLASMA OF ADIELECTRIC BARRIER DISCHARGE
['yces F.I/I.l, [Nymun A.A.l, JleMbsiHOBCKast AB.?

Y\®IBOY BO «MI'XTY», Poccus, 153000, 2. Hsaroso, np. lllepememesckuti, 7,

E-mail: grisha.gusev.05@mail.ru

PaGota mocBsmeHa uW3ydeHWI0 mporeccoB  AecTpykuuu  HedrenpoaykroB  (HII),
COpOMpPOBAaHHBIX HA TUATOMHTE, B JIUAJIEKTPUUYECKOM OapbepHOM paspsijie. CTeneHb pa3iokKeHUs
HIT coctaBuna He menee 98-100 %. B kauecTBe KOHEUHBIX MPOAYKTOB Obl1 oOHapyxkeH COg,
BBIXOJI KOTOPOTo cocTaBisieT He MeHee 60 %, 4TO TOBOPUT O MOJIHOTE MPOTEKAIOIIUX MPOIIECCOB
OKHCJICHUSI OpPraHMYeCKUX coenuHeHni. B kadectBe mnpoaykroB aectpykumu HIT Obum
oOHapykeHbl anpaeruabl U kapooHoBsie KUCIOTH (KK), KoTOpbie SBISIFOTCS HEYCTOMYMBHEIMHU U B
JajabHeeM noTHoCThI0 paznaratores 10 CO u COa.

The work is devoted to study of products of destruction oil products (OP) from the surface
of diatomite sorbent in a dielectric barrier discharge. The degree of decomposition of the OP was
not less than 98-100%. As the final products, CO;, was found, the yield of which is not less than
60%, which indicates the completeness of the ongoing oxidation of organic compounds. As
degradation products of OP, aldehydes and carboxylic acids (CA) have been detected, which are
unstable and subsequently completely decompose to CO and CO..

Panee npoBeneHHbIE HCCIEAOBaHUS IMOKA3aJIM BO3MOXHOCTb HCIIOJIb30BaHUS
auaIeKTpudeckoro OaprepHoro paspsna (JbP) s momudukammm u pereHeparuu
copOeHTOB paznuyHoil mpuponabl [1]. OnpHako wucclenoBaHUM, MOCBSIIEHHBIX
KOJIMYECTBEHHOW W  KA4YECTBEHHOM OILEHKE TMpPOAyKTOB aectpykuuu  HII,
0o0pa3yIoluXxcsi MpU pereHepanuu COpOEHTOB HE MPOBOAWIIOCH. [lenblo JaHHOU
paboThl  SIBISUIOCH ~ ONpEAENeHHEe KUHETHKU mpoueccoB  nectpykuuu — HII,
a7IcOpOMPOBAHHBIX HA IMATOMUTE, U 00pPa30BaHUs MPOJYKTOB UX PA3JIOKEHUS MOCHE
obpabotku B JIbP.

[Tpoueccnl aectpykuuu HII ¢ moBepxHoctu copOenta B JIBP mpotekaroT co
crenenbto paznoxenus HII ne menee 98 %. B xauecTBe mpoaykToB ObUT OOHApYXEH
CO,, BBIX0J KOTOPOTO cocTaBisieT He MeHee 60 % oT 001Iero coaepkanus yrieposa.
Taxxe B KauecTBE NPOAYKTOB JNECTPYKUMHU ObLIM OOHapy:keHbl anbaeruabl u KK,
KOTOpBbI€,  COTJIACHO  TOJYyYEHHBIM  KHUHETUYECKUM  JaHHBIM,  SIBJISIFOTCS
IPOMEXYTOUHBIMH TpoaykTamu aectpykuuu HII, m mpu nanbheiimeit o6paboTke
pasnaratorcs 10 CO u CO,. Takum 006pa3om, OIyICHHBIC PE3YIbTAThI TIO3BOJISIIOT
ceNaTh BbIBOJ 00 OTCYTCTBHM BTOPUYHOI'O 3arpsi3HEHUS OKpYKAloLeH cpeibl Mpu
peredepauuu copoenta B JIbP, 3a cuer oOpa3oBaHus MEHEE TOKCUYHBIX MPOIYKTOB,
1O CpaBHEHMUIO ¢ ucxoaHbiMu HIT.

JIMTEPATYPA
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®U3NKO-TEXHUYECKUE CBOMCTBA INOJIUMMEPHBIX IIOKPBITHI,
IHOJYYEHHBIX B IINTASME BAPBEPHOI'O I'A30BOI'O PA3PA A
ATMOCO®EPHOI'O JABJIEHUA

PHYSICO-TECHNICAL PROPERTIES OF POLYMER COATINGS,
DEPOSITED AT ATMOSPHERIC PRESSURE IN THE BARRIER GAS
DISCHARGE PLASMA

Jlanuiaen M.H.l, borociios E.A.l, IHonbckuit IO.E.l, BaxuroB I/I.P.Z,
['ymapoB ANZ Sannkus UB.2 Tarupos JLP.2®

YKasanckuii nayuonanshoiii ucciedosamensckuti mexnuueckui yuugepcumem um. A.H. Tynonesa —
KAHU, Poccutickas @edepayus, 420111 2. Kazans, yn. K. Mapkca 10, E-mail: danilaev@mail.ru
Kaszanckuii geoepanvuniii ynugepcumem, Poccuiickas @edepayus, 420008 2. Kazanw,
yi. Kpemnesckas 18, E-mail: amir@gumarov.ru
3HHcmumym nepcnexmuenwix uccieoosanuilt AH PT, 2. Kazanwv, 420111 ya. Jleso-Bynaunas, 36a,
Itagirov@mail.ru

B pabote ompenenensl mapamerpsl paspsaa (TUIOTHOCTh TOKa He Oonee 25 MA/cM?, MOLLHOCTD He
6onee 200 Br), obecneunBaroniux GopMHUPOBaHKE TOIUCTUPOIBHOM IJIEHKH C BOCIIPOM3BOANMBIMU
CBOMCTBaMH (TOJIIIMHA, OJHOPOJHOCTh U YUCTOTA TIOKPHITHSA).

The discharge parameters (current density not more than 25 mA/cm2, output power not more than
200 watts), providing formation of polystyrene films with reproducible properties (thickness,
uniformity and purity of the coating) are shown in the presentation.

B03MO0XHOCTh NOJIy4€HHsI B TUIA3M€ ra30BOr0 pas3psiga MNOJUMEPHBIX NOKPBITHI
c TpeOyeMbIMH CBOWCTBAMM Ha IOBEPXHOCTU  Pa3IUYHBIX  CYOCTPaTOB;
CTUMYJIMpPOBaja pOCT UCCIAEAOBAaHMWU B 3TOM HampasiieHud [1,2]. IIpu 3TOM BaxHO
o0ecreunTh BOCHPOU3BOJAMMOCTD (DU3UKO-TEXHHYECKMX CBOWCTB IMOJIMMEPHBIX
MOKPBITUMA, HANpUMEpP, TOJILIUHBI, OJHOPOJHOCTH, CIUIOUIHOCTA M YHCTOTHI
NOKpeITHs. B nmaHHOW paboTe OmpenesneHO BIMSHUE OCHOBHBIX IapaMeTpOB
(dhopMHUpOBaHUS TTOJMMEPHBIX ICHOYHBIX MOKPBHITHHA B IJIa3Me OapbhepHOTO Ta30BOTO
paspsga aTtMocEpHOrO0  NaBICHHWS HAa  TONIIWHY  TOJMMEPHBIX  IJICHOK.
®opMUpPOBaHUE MOJUCTUPOIBHOMN MIEHKU OCYIIECTBISJIOCh HA MPEAMETHOM CTEKJIE
B IJIa3MOXHMMHUYECKOM pEaKTOpe, MPUBEICHHOM B pabote [2]. B pe3ynbTaTe Hammx
WCCJIEIOBAHMI MOKA3aHO, YTO CKOPOCTh POCTA MOJUMEPHOTO TJICHOYHOTO MOKPBITHS
JUHEWHO 3aBUCUT OT IUIOTHOCTH TOKa, KOTOpas HW3MEHsulach B jauamnazone (7-
25 MA/cM?), 1 OIIpeensieTcst KOHIEHTPaLel MOHOMEpa.
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KOMILIEKCHOE M3YUYEHUE OFbEMHOMH IIJIASMOXUMUH
EMKOCTHBIX BU-PA3PATI0OB B CMECSAX CF,/AR U CHF3/AR
MULTIFOLD STUDY OF VOLUME PLASMA CHEMISTRY IN CF/AR
AND CHF3;/AR CCP DISCHARGES

30TOBUY A.I/I.l’z’*, [Ipommua O.B.l, JlomaeB Jl.B.l, 3BIpSTHOB C.M.l’z, Paxumosa T.B.!

YHunsg® mr V, 119991, I'CII-1, Mockea, Jlenunckue eopwvi, 0om 1, cmpoerue 2
2MTY, Gusuueckuni paxyromem, 119991, I'CII-1, Mocksa, Jlenunckue copet, dom 1, cmpoenue 2
* e-mail: zotovich@physics.msu.ru

AnnoTtauus: BpuUto MpoBEeAEHO KOMIUIEKCHOE 3KCIEPUMEHTATbHO-TEOPETUUECKOE HCCIIEOBAHUE
eMKOCTHOM 1u1a3Mel Ha yactoTe 81 MI'n B cmecsax Ar/CF4/CHF; mpu pasnenusix 50 mTopp u 150
MTopp. upokuit HAOOp 3KCIEPUMEHTAIBHBIX JHATHOCTUK BMECTE C OJHOMEPHOH THOpHIHON
MomnTte-Kapno monensto Ha ocHoBe MeTona vactuil B siueiikax (PIC MC) Obutn mpuMeHeHBI IS
HCCIIEIOBAHUS IIa3Mbl. Takod MOAXOJ IMO3BOJIMII OINPEAEIUTh CIIOXKHBIA XUMHUYECKUUA COCTaB
AKTUBHBIX YACTHI] B TIa3Me, a TAKXKe ONpeaeauTh NoToku BY® ¢hoToHOB.

Abstract: Multifold experimental and theoretical study of capacitively coupled plasma at 81 MHz in
Ar/CF4/CHF3 has been carried out at 50 and 150 mTorr gas pressures. The wide set of
experimental diagnostics together with the hybrid PIC MC model calculations were applied to the
detailed study of the plasmas. This multifold approach enabled us to determine the complicated
plasma chemical composition of active species and the fluxes of VUV photons.

Emkoctaeie BY-paspsiabl Bo  (TOPYIVIEPOAHBIX CMECSX HCHOJB3YIOTCS B
MHUKpOdJCKTpoHuKe st TpaBiieHus SiO, u  SiO)—1momg00HBIX  AMIJICKTPHKOB.
[locnenHue WCHIONB3YIOTCS B KAde€CTBE MEXKCIOMHBIX AUAJIEKTPUKOB C HHU3KHM
nokasareseM npeaomienus [1]. Ipouecc TpaBineHHs TaKUX JUAIEKTPUKOB IPUBOIUT
K UX Jerpajaluy MoJ JCHCTBHEM IIa3MEHHBIX PaJMKalIoOB U (OTOHOB B 0OJACTH
BakyyMHOro ynbrpaguosnera (BY®). Urto6pl MHHMMHU3HPOBATH JAETpajalldio
IUAJIEKTPUKOB, JIOJDKHBI M3y4aTbCsl KaK IMPOLECCH B3aMMOACHCTBUS IUIa3Mbl C
BEIIECTBOM, TaK M IUIA3MOXMMHS JAHHBIX pa3psaoB. sl onucaHus CIOYKHOM
TUTA3MOXUMUU PTOPYTIIEPOIHBIX pa3psnaoB B cmecsx Ar/CF,/CHF3; Oblin mpuMeHeHbI
Pa3JIMYHbIC SKCIIEPUMEHTAIIbHBIE TUATHOCTUKY JJIS1 ONIPEACIICHUS NIOTHOCTH IIJIa3Mbl
U (QyHKIMM pacrpefeneHus] JJIEKTPOHOB IO DJHEPrusiM, HOHHOTO COCTAaBa,
AIEKTPOOTPULIATENBHOCTH IUIA3Mbl, KOHIEHTPAUA OCHOBHBIX PAJUKAIOB U MOTOKHU
dbotonoB B BY® o6mactu, a takxke rubpuaHas ognomepHas Moute-Kapio Mojens
Ha OCHOBE METOJA YacCTHUI| B sA4eiKax. Takou MOAXOJ IO3BOJIMI OIMUCATH CIOXKHYIO
MJIa3MOXUMHUIO JJAHHBIX CMECEM M OMpeneNuTh W/Uiu Bepu(UUHUPOBATH KOHCTAHTHI
peaKkiuy U OTHOILLIEHUS BETBICHUN OCHOBHBIX OOBEMHBIX PEAKIIUM.

Pabota BbInmosiHEeHa MpH MOJAEPKKE poccuiickoro HayuHoro ¢ponaa (PH®) rpant
Ne 16-12-10361.
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XOJIOJTHBIN IJIASMOTPOH JIJISI TEXHOJIOT UM OCAKIEHUS
CJIOEB KPEMHUA

COLD PLASMATRON FOR TECHNOLOGY OF SILICON LAYERS
DEPOSITION

KoncrantunoB B.O., Hlapadpyraunos P.I'., [llykun B.T.

HUncmumym mennogpusuxu CO PAH, Poccus, Hosocubupck, np-m Ax. Jlaspenmwvesa, 0.1,
konstantinov@itp.nsc.ru

Pazpaboran ¥ cO34aH XOJOJHBIM IUIA3MOTPOH, MO3BOJSIONIMKA IPOBOAUTH OCAXKJIEHHE CIIOEB
KpeMHHS B (opBakyyMHOM nuamna3one naBieHuil. Jlocturnytel 3HaudeHus KIIJ[ wmcTounmka
3NeKTpOoHOB cBbIe 80% mpu 3Hepruu nyuyka nopsaka 1 k3B.

A cold plasmatron was developed and constructed, which makes possible to carry out silicon layers
deposition in the forevacuum range of pressures. The efficiency of an electron source is over 80% at
electron beam energy about 1 keV.

JIis MI1a3MOXUMHUYECKUX TEXHOJIOTHI OCAKICHHSI CII0EB KpeMHUs (OpBaKyyMHBIN
Auamna3oH pabourx JABJICHHUM SBISETCS ONTUMAIbHBIM C TOUKH 3PEHUS JOCTHXKECHUS
MakcUMaJbHOW 3(dexTuBHOCTH mporecca. Co3gaHue YCTPOWCTBA, CIIOCOOHOTO
ITEHEPUPOBATh JJIEKTPOHHBIM IIYYOK B OTOM [JMAala3oHE [JaBJIICHUM SBIIETCSA
aKkTyanpHOU 3amaued. Hamu Obut pa3zpa®oTaH CTpYHHBIN MIIa3MOXUMHUYECKUNA METOJT
[1] 1 co3man npoToTumn xojgoAHOoro miazMoTpona (XII), coctosmuii U3 3IEKTPOHHON
MyIIKA € TIOJBIM KaToJOM U 0OJIoOKa KOJIBIIEBBIX CBEPX3BYKOBBIX comen. C
ucnosb3zoBaHueM XII ObUTM MOJIyYEHBI CIOU KPEMHHUS PA3IMYHON KPUCTAIIIMYECKOM
CTPYKTYpbl M HW3MEPEHBI NApPaMETPbl AJNEKTPOHHO-IIYYKOBOM ILIa3Mbl, a TaKXKe
YCTAQHOBJICHBl KOPPEJSIUMMA MEXKIYy IapaMeTpaMH IUIa3Mbl M XAapaKTEPUCTUKAMU
ocakJeHHBIX clioeB [2]. B xome pa®oThl BBIICHWIOCH, YTO MPOTOTHI XOJOJHOTO
MJ1a3MOTPOHA TOJIBEPKEH 3PO3UHU TOJIOTO KaTO/1a, HECTAOMIIBHOCTH MPHU JIJIUTEIBHOM
paboTe U CIOKHOCTH B TEXHUYECKOM 00ciykuBaHUU. CIpOEKTUPOBAH U U3TOTOBJIEH
HOBBIM oOpazery XII, HuBenupyromuid HEAOCTaTKM mpoToTurna. Ha pucyHke
MPUBEJACHBl 3aBUCHUMOCTM TOKOB MCTOYHMKA U KoJuiekTopa, a Takxe KIIJI
IJIa3MOTPOHA B 3aBHCHUMOCTH OT pacxojia IuiazMooOpasyrouiero rasa. Bugno, uto
IIPU SHEPTUSX MyUYKa, HEOOXOIUMBIX JUIsl OCAXKJIEHUSI KAaUECTBEHHBIX CJIIOEB KPEMHMUSI
nocturaercs Bpicokui KII/[ ncrounmka. B xonme skcruiyataumu yCTaHOBIJIEHO, YTO
HOBBIN IJ1a3MOTPOH JIMIIWJICSA HENOCTATKOB, XapaKTepHbIX i nporotuna XII.

JUTEPATYPA
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IJIASMOXUMHWYECKHN CUHTE3 PA3JIMYHBIX CTPYKTYPHBIX U
MN30TOIIHBIX MOIUPUKAIIUU KPEMHUSA, 'TEPMAHUSA, BOPA U
MOJIMBAEHA N3 UX JIETYUYUX I'AJIOTEHN10B

PLASMA CHEMICAL PRODUCTION OF VARIOUS STRUCTURAL AND
ISOTOPIC MODIFICATIONS OF SILICON, GERMANIUM, BORON AND
MOLYBDENUM FROM THEIR VOLATILE HALOGENIDES

Kopnes P.A., Cennukos I1.T.
Hncmumym xumuu evicokouucmoix eewpecms um. 1.1 [lesamoix PAH, Poccus, 603950,
2. Huoicnuti Hos2opoo, yn. Tponununa, 49 kornev@ihps.nnov.ru

ChopmMupoBaH  HOBBIM  TOAXOA K  CO3JAaHUIO  TEXHOJOTHHA  TIOJYYEHHS  HM3OTOITHO-
MOI[I/I(bI/ILII/IpOBaHHBIX BCIICCTB M MATCPUAJIOB Ha HUX OCHOBC C IMOMOMLIBIO INJIa3MOXHUMHYCCKUX
MeToJI0B. B KauecTBe HMCXOIHBIX BEIIECTB PACCMATPHUBAIOTCS TaJOr€HH]IbI KPEMHUS, T€PMaHUS,
60pa n MOJII/IGI[CHB.. I/ICCJIC,Z[OBaHI/IH MpoBOAUJIM B IIUPOKOM JUAMMA30HC TCEXHOJOTUYCCKUX
MapaMeTpoOB C UCIOJIb30BaHUEM pa3innyHbIX THIOB BU u CBY pa3psaos.

A new approach to the development of technologies for obtaining isotope-modified substances and
materials based on them using plasma chemical methods has been developed. As starting materials,
halides of silicon, germanium, boron and molybdenum are considered. The studies were carried out
in a broad range of technological parameters using different types of RF and MW discharges.

N3oTonHble MOAU(UKAIIMK KPEeMHHMsI, TepMaHusi, 60opa u mMonub1eHa, obnamgas
PSAIOM YHUKAIbHBIX (PU3MUECKUX CBOMCTB, MPEACTABISIOT OONBIION HMHTEPEC B
pa3MUYHBIX OOJACTAX HAYKH W TEXHHUKHU. [l TONydeHUsT STUX DJIEMEHTOB U
MaTepHaoB Ha WX OCHOBE CIEAYET MCIOJIb30BaTh UX JIETYy4re (PTOPUABI U XIIOPUIBI,
TaK Kak g OTHUX COCAMHEHHM XOpOIIO pPa3BUTHI TEXHOJIOTMH W30TOIHOTO
oOoraleHus, OCHOBaHHbIC Ha IEHTPOOEKHBIX METOAaX M METOJaxX PEeKTU(PUKAIIY.
Kpome Toro, /it MaHHBIX TaJOTCHHIOB XOPOIIO PAa3BUTHI METOMBI TTYOOKOM
OYUCTKH, YTO ITO3BOJIIET HCIOJB30BaTh MX B KAue€CTBE HCXOMHBIX COEIMHEHHH,
HAXOSIIHUXCS B BLICOKOYHCTOM COCTOSHUH.

B nmokname paccmaTrpuBaeTCs HOBBIM IMOAXOA K CO3JAHUKD TEXHOJOTUU
MOJTYYCHHUST U30TOMTHO-MOAN(PHUIIMPOBAHHBIX BEIIECTB U MAaTEPUAJIOB Ha MX OCHOBE C
MOMOIIbI0  TUTA3MOXMMHYECKOTO  BOCCTAHOBJICHHS ~ YKAa3aHHBIX  TaJOTEHUIOB
BOJIOpoJioM. JlaHHBIM moaxoa Oa3upyeTcs Ha HCCICIOBAHHUAX, IIPOBOJMMBIX B
CICAYIOIIMX HampaBJICHUSAX: 1) ucclIea0BaHNUE mporecca BOCCTAHOBIICHHS
raJoOreHHuJI0B KPEMHHS, TepMaHus, 6opa 1 MOJIMO/ICHa B Pa3JIMYHBIX THUIIAX pa3psaa ¢
IIEeJIbI0 TTIOMCKA BO3MOYKHOCTH MOJyYeHHUSI MaTeprasia TpeOyeMoro KauecTna; 2) MOUCK
OTNTUMAJILHBIX YCJIIOBUI Mpoliecca BOCCTAHOBJICHUS B BBIOpAaHHOM THIIE paspsiaa; 3)
HCCIICIOBAaHWE  BHYTPEHHHUX  IapaMETPOB  XMUMHYECKH-aKTUBHOM  IIIa3MBbl
OCCKOHTAKTHBIMH METOJIaMH JTHATHOCTUKH C IIEJBI0 OMPEISICHUS OCHOBHBIX
MEXaHU3MOB MIPOTEKAHUS XUMHUYECKUX peaKInii; 4) HCCIeI0BaHNE
ra30IMHAMUYECCKUX W TEIUIOBBIX PEKUMOB IUIA3MOXHMUYECKHX PEAKTOPOB C IEIBIO
UX MaclTaOMpoBaHUs;, 5) ucclenoBaHue (DU3NKO-XUMHUYECKUX CBOMCTB 0OOpa3lloB,
MOJIYYCHHBIX B MPOIECCE TUIA3MOXMMHYECKOTO CHHTE3a W ONpPEICIICHUE BIUSHUS
TEXHOJIOTHYECKNX TapaMeTpOB HA ATH CBOWCTBA; 6) pa3paboTKa TEXHOJIOTHYECKOTO
mporiecca moTy4eHust MaTepuaia TpeOyeMoro KauecTna.
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DEPOSITION OF NANOSIZED POLYMER FILMS ONTO TRACK-
ETCHED MEMBRANE SURFACE OBTAINED BY PLASMA
POLYMERIZATION OF HEXAMETHYLDISILAZANE

Kravets L.I.", Dyussembekova A.A2 Satulu V.*, Mitu B.2, Dinescu G.?

LJoint Institute for Nuclear Research, Flerov Laboratory of Nuclear Reactions,
Joliot-Curie Str. 6, 141980 Dubna, Russia
*National Research Tomsk Polytechnic University, Lenin Str. 30, 634050 Tomsk, Russia
*National Institute for Laser, Plasma and Radiation Physics, Atomistilor Str. 409,
077125 Magurele, Bucharest, Romania
E-mail: kravets@jinr.ru

The structure, surface and electrochemical properties of polypropylene track-etched membrane with
a polymer layer obtained by plasma polymerization of hexamethyldisilazane have been studied.

The synthesis and characterization of the polymer bilayer composite membranes
prepared by deposition of thin films formed on one side of a porous substrate using a
plasma polymerization method were studied. Polypropylene track-etched membrane
(PP TM) with thickness of 10.0 um and pore diameter of 300 nm (pore density of 10°
cm™) were used as porous substrates. To produce the membrane, PP-foil Torayfan
T2372 (Toray Co., Japan) was irradiated by xenon ions accelerated at the cyclotron
and then subjected to physicochemical treatment using the method described in [1].
The deposition of the polymer films on the membrane surface was conducted by RF-
discharge (100 W, 13.56 MHz) [2] generated at a working pressure of 0.7 Pa
established by a mixture of argon, used as feed gas, with hexamethyldisilazane
(HMDSN) vapors used as precursor. The deposition time was varied.

The membrane characterization was carried out by atomic force microscopy
(AFM), the surface properties were characterized by measuring the water contact
angles, and the chemical structure was investigated by X-ray photoelectron
spectroscopy (XPS) and Fourier-transformed infrared spectroscopy (FTIR) in
attenuated total reflectance (ATR) mode. The measurements of the current-voltage
characteristics of the membranes were carried out with a direct current regime in the
voltage range of -1 to +1 V using a PC-controlled potentiostat ‘Elins P-8S’ (Russia)
with a scan rate of 50 mV/s. A two-chambered cell with Ag/AgCl electrodes,
containing a water solution of potassium chloride of identical concentration on both
sides of the membrane was used for this purpose.

This work was supported by the grants (Nos 14-08-00896 and 17-08-00812)
from Russian Foundation for Basic Research.
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USING THE PLASMA CHEMICAL METHODS FOR DEPOSITION
OF FLUORINATED POLYMER COATINGS ONTO TRACK-ETCHED
MEMBRANE SURFACE

Kravets L.I.}, Gilman A.B.2, Yablokov M.Yu.?, Satulu V.2, Mitu B.2, Dinescu G.}

LJoint Institute for Nuclear Research, Flerov Laboratory of Nuclear Reactions,
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“Enikolopov Institute of Synthetic Polymer Materials RAS, Profsoyuznaya Str. 70, 117393 Moscow,
Russia
3National Institute for Laser, Plasma and Radiation Physics, Atomistilor Str. 409,
077125 Magurele, Bucharest, Romania

The structure, surface and electrochemical properties of track-etched membranes from
poly(ethylene terephthalate) with fluorinated polymer coatings obtained by plasma chemical
methods have been studied.

The synthesis and properties of polymer composite membranes with hydrophilic
porous substrate and hydrophobic top layer were studied. To prepare the composite
membranes the fluorinated polymer films have been applied on one side of a
poly(ethylene terephthalate) track-etched membrane used as a porous substrate. The
plasma polymerization of 1,1,1,2-tetrafluoroethane [1], RF magnetron [2] and
electron-beam sputter deposition of polytetrafluoroethylene [3] techniques were used
for applying of polymer films onto membrane surface. The influence of the
deposition time on the surface properties, chemical composition and wettability on
both sides of the composite membranes is reported.

It was found that the application of such layers results in bilayer composite
membranes with hydrophilic and hydrophobic sides. The surface roughness of the
initial membrane changes in these processes. Besides, the deposition of a polymer
film causes an essential narrowing the pores. The research of the electrochemical
properties of the composite membranes has shown that the deposition of the
hydrophobic polymer layer results in the creation of membranes featuring asymmetry
of conductivity in solutions of electrolytes, which manifests itself at various
orientations of membranes in an electric field. The principal cause of appearing the
asymmetric conductivity is the changing the pore geometry due to the essential
reduction of their diameter in the layer of the deposited polymer.

This work was supported by the grants (Nos 14-08-00896 and 17-08-00812)
from Russian Foundation for Basic Research.
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MEX®A3HBIN CJI0OU, POPMUPYEMBINA B HUBKOTEMIIEPATYPHOM
IIJIABME YIJIEBOJOPO/0OB HA KEJIE3E

INTERFACE FORMED IN LOW-TEMPERATURE PLASMA OF
HYDROCARBONS ON IRON

JIsixoBHY A.M.l, IlakoB A.A.>

'Kazanckuii ¢eoepanvusiii ynusepcumem, Poccus, 420008, e. Kazanw, yn. Kpemnesckas, 18,
alalam@mail.ru

2 Dusuxo-mexnuueckuil uncmumym Ypanockoeo omoenenus PAH, Poccus, 426000, 2. Hocesck, yi.
Kupoesa, 132

Hcnonb30BaHue ABYXCIOWMHOM MOMIOKKH U3 HEPE3OHAHCHOIO M30TOIA *Fe u CBEPXTOHKOTO CJIOS
%"Fe mo3BOIAET MCIIONB30BATEH MEccOayIPOBCKYIO CIIEKTPOCKOIUIO ISl UCCIEAOBaHMS MeK(pazHOH
o0JacTh B CHCTEMax <OKEeJNe30 — IUIa3MOMOJIMMEPU30BAHHOE TOKphITHE». [l oOHakeHus
MeX(}Ha3HOTO CIIOS UCTIOIB3YETCSl aHOHOE PACTBOPEHHE JKEIIE3HOU MOTOKKH.

The use of a two-layer substrate from the nonresonant *°Fe isotope and the *’Fe thin layer makes it
possible to use Mossbauer spectroscopy to study the interphase region in "iron- plasma polymerized
coating" systems. Anodic dissolution of the iron substrate is used to expose the interphase layer.

OgHuM #3 CcHoco0OB HAHECEHMsS] TOHKUX (YHKIHMOHAIBHBIX OPraHUYECKUX
NOKPBITUM HAa MeTajulaX SBISIETCS IUIA3MOXMUMUYECKUN MeTOH. (DyHKIMOHAIbHBIE
CBOMCTBA TOHKMX, a OCOOCHHO HAaHOPa3MEpPHBIX, TOKPBHITUA BO MHOIOM
OOyCJIOBJIEHbI ~SHEPreTUYECKHUM COCTOSIHUEM MEX(pa3HONW TpaHUIbl CUCTEMBI
«IOKPBITHE — TIOJIOKKa». V3ydueHne CBOWCTB Mex(a3zHOU TpaHUIBI M MPOIIECCOB,
MPOXOMSIUX TPU €€ (HOPMUPOBAHHH, SIBIISETCS BECbMa BaXKHBIM JJIsl MIOHUMAHUS
MexaHu3Ma (popmMupoBaHus (PYHKIIMOHAIBHBIX CBOMCTB TaKUX MOKPHITHIA. B pabdote
MpeIIOKeHa METOJMKA TOJATOTOBKH K UCCIENOBaHMIO MexXda3zHoil obmactu B
CHUCTEMAaX <GKelle30 — IUIa3MOIOJMMEpPU30BAHHOE TMOKPBITHE», OCHOBaHHAs Ha
oOHa)keHNU MEX(Pa3HOTO CJIOS TOCPEJACTBOM AHOJHOTO PACTBOPEHHUS KEIE3HOU
MOUIOKKHU. [l oOecrieyeHusi OJHO3HAYHOTO MPOTEKAHUS BJIEKTPOXUMUUYECKOTO
mpolecca NPUMEHSETCS  sYeiika ¢ pa3feibHbIMH  KAaTOJHBIM M aHOJHBIM
MPOCTPAHCTBAMU W PaCTBOp CyJb(aTa aMMOHHUS B KadeCTBE DJIEKTPOJUTA, YTO
obecrieynBaeT MSTKHE YCJIOBUS PACTBOPEHUS] METAJUIMYECKON TMOJIONKKH, HE
«TpaBMUpYIOIIHE» MexK(]a3Hbli ciaoil. MeToIoM pPEeHTI€HOBCKON (DOTORIEKTPOHHOM
CIIEKTPOCKOTIMU M aTOMHO-CUJIOBOM MHKPOCKOIUM W3YUYEHBI pelibed) U XUMUYECKUI
cocTaB MeX(a3HbIX CIOEB.

Hcnonb3oBaHne NBYXCIOWHOM KEJIE3HOU ITOJUIOKKH, COCTOSIEH U3 TIJIACTHUHBI
HEPE30HAHCHOTO M30TONMa °Fe ¢ OCaKICHHBIM HA €¢ MOBEPXHOCTH CBEPXTOHKHAM
cioeM °'Fe, MO3BONHMIO MPUMEHHTh METOX MECCOAYIPOBCKOM CIIEKTPOCKOIHH IS
WCCJICIOBAaHNS XUMHUYECKOTO COCTOSHUSI aTOMOB JKelie3a B MexdazHoil oOjacTu
CHUCTEM <«KEJI€30 — HaHOpa3MepHas MOJIMMEPHAs! TIJICHKA.

YcTaHOBIEHO, 9TO B cOCTaB MEX(a3HOTO CJIO0sI KpOME OKCHJIOB Keje3a BXOIIT,

COCOAHMHCHUA XKEJIC3a C CI)YHKI_II/IOHEUIBHI)IMI/I rpyuniamMu IJICHKH U Kap6I/II[LI KCJIC3a.
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OBPATHBIE CBS34 B IIVIASME BO3VYXA, PEAFI/IPYIOHIEfl C
INOJIMKAPBOHATOM
FEEDBACKS IN AIR PLASMA REACTING WITH POLYCARBONATE
OBubiH A. A., Kagaukos /. B., Cmupnos C. A.

Hsanosckuii 2ocyoapcmeenHblil XUMUKO-mexHoio2udeckuti ynusepcumem, Poccus, 153000, e.
Hsanoso, np. [llepememesckuii, 7, moose2004@inbox.ru

[IpuBeneHbI SKCIEpUMEHTAIBHBIC PE3yIbTaThl HccaeAoBaHuM d(PdekTa 3arpy3Ku Ipu BO3ACUCTBUU
TICIOMIETO pa3psaa B Bo3ayxe Ha IwiéHKy mnonukapbonata (IIK). C pocrom konmyectBa
oOpabaTeiBaeMOro mojiuMepa B IUIa3Me YMEHBIIACTCS ylelbHas CKOPOCTh TpaBieHus. CKOpocTH
BBIJICJICHUST Ta3000pa3HbIX mpoaykToB Tpasienus CO,, CO, HyO, H; Taxke u3aMeHstoTcs c
YBEIIMYCHUEM CTENEHU 3arpy3ku. TemmepaTypa rasa CYyIIECTBEHHO CHUXAETCS, a NMPUBEIACHHAS
HaMps’KCHHOCTD 3JICKTPUYCCKOTO ITOJIA B TNIa3MC BO31yXa YBCIUMYNUBACTCA.

The experimental results of the studies of load effect under glow discharge treatment in the air on a
polycarbonate film (PC) are presented. With increasing amount of polymer treated by plasma
etching reduced etching rate is decreasing. The rate of release of gaseous products of etching CO,,
CO, Hy0, H, are also changing with increasing the amount of polymer in the reactor. Gas
temperature varies only slightly, and the reduced electric field intensity decreases in air plasma.

[Ipy mna3sMOXMMHUYECKOM TpPABJIEHUU MOJUMEPHBIX MaTepHAIOB HAOI0IAeTCs
ekt 3arpy3Kkd — yMEHbIIEHUE YJCIbHONH CKOPOCTH TpaBJICHHUS MaTepuaia c
YBEJIMYEHUEM €ro KojJuuecTBa. ODQPQEeKT 3arpy3kud cBs3aH C oOpa3zoBaHHEM
ra3oo0pa3HbIX MNPOAYKTOB TETEPOreHHBIX pPEAKIU W HM3MEHEHHEM TI'PaHUYHBIX
YCIOBUM ISl aKTUBHBIX 4acTUILl. B pesynbpTaTe MeHst0oTCS (DU3MYECKUe mapameTpbl
IJ1a3Mbl, CKOPOCTH T€HEpalli aKTUBHBIX YaCTHUIl W, KakK CJEICTBHE, CKOPOCTb
I[EJIEBOTO Tpolecca.

O6pabotky ob6pasuoB nojukapobonara (I1K) mapku Lexan 8010 mpousBoawin
HA TEPMOCTATHUPYEMOM CTEHKE IIMIMHIPHUECKOTO CTEKITHHOTO PEeakTopa JUaMeTpOM
3 cM B 30HE MOJIOKUTEIBHOrO cTON0A. [lnana3oH u3MeHeHus Toka paspsua (i): 20 —
110 MA, naBienus miasmooopasyroiero rasza (P): 50 — 300 ITa.

CkopocTu TpaBiieHHs] TIOJUKApOOHATa MPU YBEIUYCHUH €ro 00pabaThIBaeMOit
miomaad B peaktope oT 28,5 1o 84,6 cM® CHUKAIOTCA  C 1,24-10'7 bi (o)
1,01-107 r/em?c?. Tlo maHHBIM Macc-CIIEKTpAIbHBIX HM3MEPEHHIl C YBEIMUYCHHEM
KOJIMYECTBA MOJIMMEPA B peakTope pacTyT ckopoctu Beinenenus CO, u H,0, a Taxxe
ckopocTh pacxomoBanus O,, mpu 3TOM cKopocTh BhimeneHuss CO 3HAYUTETHHO
cHkaercs. CKOpPOCTb BBIJICICHUS MOJEKYJIIPHOTO BOJOPOAA NPAKTUYECKU HE
u3mensiercs. CymmapHasi MoJibHast J0Jisi ra3000pa3HbIX NpoaykToB TpasieHus [1K
nocturaet 0,108 u TPUBOAUT K H3MEHEHHUIO JJEKTPODHU3NUYECKUX TapaMeTpoB
IJIa3Mbl: TpU YBEJIMYEHUH IUIOMIAAM oOpabdaTbiBaeMoro mnojaumepa ot 28,5 10
84,6 cM® HpHBECHHAS HAINPKCHHOCTh SIEKTPHYECKOrO IONS YBETHUMBACTCS C
8,69-10° 50 1,25-10™"° B-cM?, a Temmeparypa rasa ymensmaercst ¢ 600 o 500 K
(mpu 1= 80 MA, P =100 Ila).

["a3000pa3Hble MNPOAYKTHI TpaBICHUS MOJUMEpPAa OKa3bIBAIOT BIIMSHUE Ha
ANIEKTPOPU3NYECKUE  MapaMeTpbl  pa3psAna, KUHETHYECKHE  3aKOHOMEPHOCTH
MJIa3MOXUMHUYECKOTO TPABJICHHUS U 3TO HEOOXOAMMO YUUTHIBATh NPU JajdbHEHIINX
HCCIIEIOBAaHMX U pa3padOTKe HOBBIX TEXHOJIOTUYECKUX MPOLIECCOB.

PaboTa BeImonHEeHA TIpH moazepxkke Poccuiickoro donma GyHIaMEHTATBHBIX

uccienoBanuii (mpoekt Ne 16-32—00404).
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INVIASMOXUMHUYECKASA KOHBEPCHUSA N30TOIIHO-
MOANPUIITNPOBAHHBIX JIETYUYUX HEOPTAHUYECKHUX ®TOPU/IOB
PLASMA-CHEMICAL CONVERSION OF ISOTOPE-MODIFIED
VOLATILE INORGANIC FLUORIDES
Cennukos IL.I"., Kopnes P.A.

HUnemumym xumuu gvicokouucmoix sewpecms um. 1.1 [{eeamoix PAH, Poccus. 603950 .
Huoicnuui Hoseopoo, yn. Tponununa, 49 pgsen@rambler.ru

PaccmoTpensl ocHoBHble cTagun BY w CBY mia3zMOXMMHYECKOW BOJOPOIHOW KOHBEPCUHU
M30TONMHO-O0OTAICHHBIX JIETYYMX HEOpPraHMYecKuX (TOPUAOB KPEMHUS, TepMaHHs, CEpBl,
MonubsieHa U O6opa B dJeMeHTapHbie (OpPMBI, a I KpPEMHHs, MOJMOJIEHa W Oopa Takke W B
KapOupl.

Main steps of RF and UHF plasma-chemical hydrogen conversion of isotope-modified volatile
inorganic fluorides of Si, Ge, S, Mo, and B to elementary form, and for Si, Mo, and B also to
carbides, have been discussed.

Jleryune HeopraHudeckue (PTOPUABI — COEAMHEHHS C KOBAJECHTHOM CBA3BIO,
HAXOZSIIMECs NpU OOBIYHBIX YCIOBHUSIX B Tra3000pa3HOM COCTOSIHMM, a TakXe B
KUJIKOM WJIM TBEPAOM, HO HUMEIOUIME MPU 3TOM JOCTATOYHO BBICOKOE (JI€CATKU
MM.PT.CT. W BBIIIE) JaBJICHUE HACBIIEHHOTO mapa. [1oBbIIEHHBIH UHTEpPEC K 3TUM
COCIMHEHMUSIM BO3HHMK B CBA3M C HMX INPUMEHEHHEM JMJi1 pa3/ielieHUs H30TOIMOB
dbTopua-00pa3yOIIMX 3JIEMEHTOB (CTAOMIBLHBIX 3a UCKIIOUYEHUEM YpaHa) ¢ MOMOIIBIO
HanOoJsiee YPPEKTUBHBIX U OTHOCUTEIBHO HEAOPOTUX (U3UKO-XUMHUUYECKUX METOIOB,
MpEeXIe BCEro LEHTPOOEKHOro. ITUM OHU O0s3aHbl MOHOM3O0TOMHOCTBIO (TOpa.
Hapsiny ¢ coBepieHCTBOBaHHWEM TEXHOJOTHH COOCTBEHHO IIpoliecca pasaeieHUs
Tpebyercs paspaboTka dS(PPEKTUBHBIX OJHOCTAAMMHBIX METOJOB KOHBEPCUU
¢bTOopuAOB B 3iIeMEHTapHble (OpMBI WIM B JApyrue coeauHenus. I[Ipumenenue
J1a3Mbl, TIOJIIEP)KUBAEMON PA3IMUHBIMU TUTIAMU Pa3psoB, MO3BOJISIET B IPUHIIUIIC
peanu3oBaTh MpsAMOE TMpeBpaiieHne QTopuga B IJIEMEHTApHYIO (GOpMy WIIH,
100aBJIsis B IJ1a3My JIpYroe BEIIEeCTBO, — MOJIy4aTh COSAMHEHUS 3a/IaHHOTO COCTaBa B
BUJIE IJICHOK WMIM O00BbEeMHBbIX 0Opa3loB. B 1okiage paccMOTpEHbI HEKOTOpHIE
pe3ysbTaThl MCCICAOBAaHUS KOHBEPCHH H30TOMHO-oOorameHHbix SiF;, GeF4, SFg,
MoFs, BFs;, Bemmonnennsie B UII® PAH u UXBB PAH B Huxuem Hosropose
coBMecTHO ¢ [IO «DaeKkTpoXuMHUUYECKHU 3aBO/», T'. 3€JICHOTOPCK B MOCIEAHUE TOJIBI.
Ota paboTa cocTosa U3 CIEAYIOIIUX ITAMOB:

- BeiOOp Thna BYU u CBY pazpsna a1 MOJydeHHUs 3JIeMEHTapHON (OpMBI
M30TOMAa B BHUJE TOHKOM IUICHKH, HAHOIMOPOIIKAa WM MAacCHBHOTO oOpasia
JAMArHOCTHKA TJIa3MbI Ha OCHOBE cMecH (TOPUAOB U BOJOPOA;

- 0o0CyXJeHHEe MeXaHW3Ma I[JIA3MOXUMHUYECKOTO TIPEBPAIICHUS B KaXKIOM
OTJEJILHOM CITyuae;

- pa3paboTKa MeTOJIa KOMIAKTUPOBAHUS dJIEMEHTapHON (OPMBI U30TOMA MOCIE
OCKICHHUS W €ro M3BJICUCHUS U3 peakTopa C IMOCIEAYIOIIMM  BbIpAllMBAHUEM
KpUCTAJUIOB (B CIyyae TepMaHUs U KPEMHHS);

- pa3paboTka MeTo/Ja IUIA3MOXMMHYECKOM KOHBEPCHUU (PTOPUIOB KpPEMHHS,
MosnOJIeHa U 60pa B COOTBETCTBYIOIINE KapOUIbl 3a1aHHON (DOPMBL.

Pa6ora Beinoanena npu nogaepxkke PH®, rpant Ne 17-13-01027.

209


mailto:pgsen@rambler.ru

BJIMSHHUE MMPOJAYKTOB ILIASMOXUMHWYECKOM JECTPYKIIUA
I'ETEPOLEITHBIX ITOJIMMEPOB HA 'EHEPAIIIO AKTUBHBIX
YACTHUIL B IIVTASME APTTOHA

INFLUENCE OF PLASMA-CHEMICAL DESTRUCTION PRODUCTS OF
HETEROCHAIN POLYMERS ON GENERATION OF ACTIVE SPECIES IN
ARGON PLASMA

Turos B.A.l, CMupHOB C.A.z, [IukoBa T.Fz, OBLBIH AA?

1HHcmumym xumuu pacmeopos um. I'.A. Kpecmoea PAH, 153045, Poccus, Heanoso, y:.
Axaodemuueckas, 1,
2 Heanosckui 20CY0apCmeeHHblil XuMuKo-mexuonocuveckuu ynusepcumem, Poccus, 153000, 2.
Hsanoeso, Lllepememesckuii npocnexkm,7 e-mail: sas@isuct.ru

Hpe,Z[CTaBJICHBI SKCHCPUMCHTAJIBHBIC HAHHBIC O ra3006pa3HI>1x MMpoAYKTax B3aHMO,Z[eI>'ICTBH$I
TUTa3Mbl TIOHMDKEHHOTO JaBJICHWS B aproHe C TOJIHapaMUIOM U TIOJNHATHICHTEpedTaIaToMm.
[Tonmy4yeHbl CHEKTpPhl M3JIyYEHHUS IUIa3Mbl U €€ AIEKTPO(U3NYECKHe MapaMeTpbl MpU pa3IHuHON
iomaan odpadaTeiBaeMOro MaTepuaia B peakrope. Ha ocHOBe SKCIEpUMEHTAIBHBIX TaHHBIX
BBIITOJIHCHO YHUCJICHHOC MOACIUPOBAHUC IPOLCCCOB T'CHCpAIUH AKTUBHBIX YaCTUI] IJIa3Mbl C
Y4CTOM TIPOAYKTOB TCTCPOICHHBIX peaKHHﬁ, pacCUUTaHbl TIOTOKM AKTHUBHBIX YaCTUL Ha
MMOBEPXHOCTh 00padaThIBAEMbIX MAaTEpPHAJIOB.

Experimental data are presented on the gaseous products of the low-pressure argon plasma
interaction with polyaramide and polyethylene terephthalate. The emission spectra and plasma
electrophysical parameters are given for different areas of the material being treated in the reactor.
On the basis of experimental data, numerical simulation of the processes leading to the formation of
active plasma species has been carried out, taking into account the products of heterogeneous
reactions. The fluxes of active species to the surface of the materials have been calculated.

Bo3zaeiicTBue mia3Mbl Ha MOJIMMEPHI COMTPOBOXKAACTCS BBIACICHUEM Ta3000pa3HbIX
NPOJYKTOB, TOSBICHHE KOTOPHIX M3MEHSAET Ha0Op TNPOTEKAINIMX B IJIa3Me
OpolLeccOoB M ee mnapameTpbl. B 1aHHON paboTe mpeicTaBieHbl pe3ybTaThl
YUCJIEHHOTO KHHETHYECKOrO0 MOJEIUPOBAHUSA NPOLIECCOB B IUIA3ME aproHa IMpHU
00paboTKe MoJIMapaMUTHbBIX MaTepuagoB u noMdTHIICHTEped TamaTa.
MopaenupoBaHue CTpPOMJIOCh HA COBMECTHOM PELICHHM YpaBHEHUs bonbiMaHa 1uis
AJIEKTPOHOB C YypaBHEHUSIMU KOJeOaTeIbHOM W XUMHUYECKOW KUHETUKU B
CTaIlMOHAPHOM TNpUOIKeHnu. lcronb30BaiM AKCIIEPUMEHTAIbHBIE JaHHBIE O
COCTaBe CTaOMJILHBIX KOMIIOHEHTOB, BKJIFOUAs MMPOAYKTHI PEAKIIM aKTUBHBIX YaCTHII
¢ nonumepamu (O,, Ny, H,0O, H, u CO), a Takxke 0 HapsiXKEHHOCTU AJIEKTPUUYECKOTO
MoJIsL U TeMIlepaType Ta3a IpU pa3IuvyHOMN IUIoU[aau 00pabaThiBaeMOTro MaTepuara.
[Ipoananu3upoBaHO BIUSHUE Ta3000pa3HBIX MPOIYKTOB JecTpyKuuu Ha PPID u
CKOpPOCTH MPOLIECCOB, UHUIMMPOBAHHBIX 3JIEKTPOHHBIM YAapOM, Ha 3aCEJICHHOCTH
BO30Y)K/ICHHBIX COCTOSIHMM aproHa, CIEeKTPhl M3IYYCHUS IUIa3Mbl, BKIIOUas MOTOKH
Y®-kBaHTOB, MPUBOIAIIUX K (DOTOASCTPYKIIMH TMoauMepoB. IlokazaHo, dYTO
3HAYUTENIBHBIN BKJIaJl B TETEPOTCHHBIC PEAKIIUU MOTYT BHOCUTh aKTHBHBIC YACTHUIIbI,
oOpasyroluecs U3 NPOAYKTOB IECTPYKIUHU MOJTUMEPOB.

Uccnenosanue BoinmoaHeHo npu (uHaHcoBoU moanepxkke PODU u IlpaBurenbcTBa
NBanoBckoit o0nactu B paMkax HaydHoro npoekrta Ne 15-42-03124-p-uieHtp-a.
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MEPEHOC 3APSIJIOB U BELIIIECTBA B F'A30PA3PSITHYIO IUIA3MY U3
"KUJKOTO DJIEKTPOJIMTHOTO KATOJIA, COAEPYKAIIETO COJIN
IIEJOYHOT'O METAJLIA

TRANSFER OF CHARGES AND SUBSTANCES IN GAS-DISCHARGE
PLASMA FROM THE LIQUID ELECTROLYTE CATHODE CONTAINING
SALTS OF ALKALI METAL

TazmeeB X.K.l, Tumepkaen B.A.Z, Tasmees [.X.°

YKasanckuii (IIpusonsicckuii) pedepanvhsiii ynugepcumem, HabepescnouerHunckuii uncmumym,
Poccus, 423810, Habepeosicnvie Yennwl, npocn. Mupa, 68/19, tazmeevh@mail.ru

2 o o o o
Ka3zanckuii nayuonanvuulil uccnedosamensckuti mexHudeckui ynugepcumem um. A.H. Tynonesa,
Poccus, 420111, Kazanw, yn. K. Mapxkca, 10

DKCIIEpUMEHTAJIBHO HUCCIIE0BAaH Ta30BbIN pa3psj B BO3AYXE MEXIY IPOTOUYHBIM KHUAKUM KaToA0M
U TBEPAOTCIBHBIM aHOAOM. B kadecTBe KHUJIKOI'O 3JICKTPOJUTHOI'O KaToJa HMCIIOJIb30BaH BO,I[HBIP'I
pacTBop xJyiopujaa HaTpus. Ero MaccoBblii yHOC 3a CYeT HWCHapeHHs W paclbUICHHUS ObLI
KOMITCHCUPOBaH 100aBJIICHUEM TUCTUUTMPOBAHHON BOJBI B HEMPEPHIBHOM pexume. OOHapyKeHO,
4TO yACNIbHaAs JJICKTPHUYCCKas IMPOBOAWMMOCTL BOJHOI'O pacTBOpa MPAaKTUYCCKHM HE MCHSICTCS.
Y cTaHOBIEHEI 3aKOHOMCPHOCTH U3MCHCHUS aHUOHHOT'O COCTaBa paCTBOpa.

Gas discharge in the air between the flowing liquid cathode and a solid anode was experimentally
studied. Aqueous solution of sodium chloride was used as the liquid cathode electrolyte. Mass loss
due to evaporating and sputtering was compensated by adding distilled water in a continuous mode.
It was found that the specific electric conductivity of the aqueous solution is almost unchanged. The
regularities of changes in the composition of an anionic solution were discovered.

Uccnenoanusi mpoBOJUIUCH HA 3KCIEPUMEHTAIbHOW ycTaHOBKE [1]. OmbIThI
MOKa3ajau, 4To KHUAKO(]a3HOE BEIIECTBO IMEPEHOCUTCS B Pa3psIHYIO 30HY B BHJE
Kareyb U napa. IIpu 3ToM MEHSIETCS HOHHBIM COCTaB U BOAHOI'O pacTBOpa, U Karelb.
B kadecTtBe mpumepa Ha PUCYHKE MPEACTABICHBI PE3YJIbTAThI, MOJYUYECHHBIE IIPU
HCIIOJIb30BAaHUM BOJIHOTO PACTBOpA XJIOPUJA HATPUS C MOJIAPHOM KOHUEHTpaLUEH

0.1 momnp/m.
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Puc. 1. Ynpouiennas kaptuHa siBJeHUW nepeHoca. 1 — rpaduroBas rutactuna; 2 —
BOJHBIH pacTBOp XJIOpWIA HATpHs, 3 — KamlelbHas ¢aza YHOCHMOIO M3 Karoja
pacTBopa; 4 — BosiHOM nap. Kpyroeeie quarpaMmbl — MOJIBHBIC COJICP)KaHHSI HOHOB B
BOJHOM pactBope (5) u B karux (6) (mudpamu ykazaHbl JOJU KATHOHOB U aHWOHOB
B obOmem konudectBe MoHOB). | = 11.0 A. O6bem BomHoro pactBopa V = 15.0 m.
AVIV = 2/3.

JIMTEPATYPA

1. Tazmeev Kh. K., Arslanov I. M., Tazmeev G. Kh. // J. Phys.. Conf. Ser. 2014. V.
567. P. 012001.
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MOANP®UIINPOBAHUE NOBEPXHOCTH INOJMUMEPHBIX
MATEPHUAJIOB C UCIIOJIB3OBAHUEM I'A30BbIX PA3PA/10B,
KOHTAKTHUPYIOIIUX C KUIKOCTAMU
SURFACE MODIFICATION OF POLYMER MATERIALS USING GAS
DISCHARGES CONTACTING WITH LIQUIDS

TutoB B.A.l, Ky3bmuuena JILA. 1, XarocroBa A.B. 1, Huxkutun 1.1. 1.2

1HHcmumym xumuu pacmeopos um. 1'.A. Kpecmosa PAH,
153045, Poccus, Hsarnoso, yi. Akademuuecxas, 1,
2 Faculty of Mathematics and Physics, Charles University, V Holesovickach 2,
18000 Prague, Czech Republic
titov25@gmail.com

[IpeacraBnen kparkuii 0030p pabOT MO MOAMGPHUIIMPOBAHUIO TOBEPXHOCTH TOJUMEPOB C
WCIIOJIb30BAaHUEM DPa3psioB, BO30YXKIaeMbIX HaJ >KHJIKOCTBIO UM B ee o0beme. PaccMOTpeHBI
CIocoOBl pean3allid TaKUX MPOIECCOB, MaHa MHGOpMaIUs 00 aKTUBHBIX YACTHUIIAX, CITOCOOHBIX
pearupoBats ¢ nonuMepamu. [IpuBeeHsr mpuMepbl MOAU(DUIUPOBAHHS PA3IMYHBIX MAaTEPHAJIOB.

A brief review is presented on the studies of surface modification of polymers using discharges
excited above the liquid or in the liquid. The discharge excitation methods and information on
active species capable of reacting with polymers are discussed. Examples of the modification of
various materials are given.

MoaudunupoBanie MOMMMEPHBIX MAaTEPUATIOB — OJHO U3 HAIPaBICHUIM
BO3MOKHOTO TPUMEHEHUS IJ1a3Mbl, KOHTAKTUPYIOUIEH € KUAKOCTSMHU. B mia3meHHo-
PACTBOPHBIX CHCTEMaxX AKTHUBHBIE YACTHIIBI OOpa3yloTCs Kak B Ta30BOM, Tak M B
xuakol (¢aze. Vcnonp3oBaHME pa3NMUHBIX CHOCOOOB OpraHU3alldyd Ipolecca
ITO3BOJISIET PETYJIUPOBATh IMPEUMYIIECTBEHHOE YYacTHUE TE€X WA HHBIX AKTUBHBIX
YacTULl B peaKkUusAx ¢ noiauMepamu. lIpum akTuBanmu moj AEHUCTBUEM IUIa3Mbl B
KHUJTKOCTH MOXKHO 00paOaThIBaTh MOJUMEPHBIE TJICHKH, BOJIOKHA, HUTH, HETKAHbIC
BOJIOKHHMCTBIE MaTepHalibl, CYCIIEH3UU YacCTHUIl MOJMMEPOB WM BOJOPACTBOPHUMBIC
BBICOKOMOJIEKYJIIPHBIE COEJMHEHHMS, YTO MO3BOJISIET COUYETATh IUIA3MOXMMHUYECKHUE
MPOLECCHI C TPAAUIIMOHHBIMU XUMHUKO-TEXHOJIOTMYECKUMU OornepanusiMu. B kauecTe
MCTOYHMKA TUIa3Mbl HMCIOJIB3YIOT AuadparMeHHBIA WM KOHTAaKTHBIA pa3psiabl B
o0beMe JKHUIKOCTH, a TaKXKe pa3psii MOCTOSHHOTO TOKAa, KaToAoM (WJIM aHOJOM)
KOTOPOTO BBICTYIaeT oOpabatbiBaeMblii pacTBOp. [lokazaHo, 4To JAeHCTBUE TIa3MBbI
Ha BOJHBIE PACTBOPbI, B KOTOPbIE IOMEIIECH MOJMMEPHBIM Marepuall, BEIAET K
CTPYKTYpPHO-XMMHUYECKUM HW3MEHEHUSIM B TMOBEPXHOCTHOM CJIO€ Marepuarna,
YIYUYIIEHUIO €ro TuApoPUILHOCTA U aJIN€3MOHHBIX CBOMCTB. IIpu 3TOM BO3MOXKHO
3aKperyieHHe Ha TTOBEPXHOCTH PA3IUYHBIX COSTUHEHHM, B TOM YHCIE, 00JaJaromnux
OMOJIOTHYECKON aKTHUBHOCTHIO. [lmazmoxumuueckass o0paboTKka pacTBOPOB XUTO3aHA
BEJIET K YMEHBIICHUIO €ro CpeIHeW MOJEKYJISIpHONW Macchl, a Tpu oO0paboTKe
CYCNIEH3UH  MHKPOKPUCTAJUIMYECKOM  LEJUTI0N03bl  HAOMI0MAaeTcsl  M3MEHEHHE
pacupeneneHuid  yactul 1o  pasmepam. [lmazmoxumuyeckas ~— 00paboTka
PACTUTENIBHOTO LEJUT0JI030COIEPKAILETO ChIPhsl MO3BOJSIET 3HAUYUTEIBHO COKPATUTh
BpEMs U SHEPro3aTpaThl HA JETUTHUPUKALINIO IEIITIONO03bI.
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IGNITION OF PROPANE-AIR MIXTURE WITH SPATIALLY-
NONUNIFORM REACTIVITY, GENERATED BY STREAMER
DISCHARGES

Filimonova E. A., Bocharov A.N., Bityurin V.A.

Joint Institute for High Temperatures of RAS, Russia, Moscow, Izhorskaya str. 13, bld.2,
helfil@mail.ru
This work presents the numerical results regarding to ignition of the premixed lean CzHg-air
mixture. The temperature and radical stratifications are created by a filamentary electrical
discharge. The formation of combustion wave at the different specific deposited energy and the
important role of low temperature oxidation chemistry (below 1000 K) in the preheating zone ahead
the flame front for the acceleration of low flame velocity in lean mixture are shown.

In connection of modern requirements to the content of automotive exhaust gas,
the use of a homogenous charge compression ignition (HCCI) engine with a
stratificated reactivity of lean premixed mixture in the engine cylinder is considered.
The stratification of lean mixture can provide a control of ignition and maximum
temperature. A modified reactivity due to the fast discharge impact can be achieved
by non-uniform discharges with the filamentary structure like in experiment [1]. The
goal of given work was to show the discharge effect on the ignition of lean propane-
air premixed mixture stratified on the temperature and concentrations of primary
radicals generated by discharge at P,=30 bar and T,=800 K.
The system has stratification in

Co .
. CaHg | 1 ~—— =620mks the form of the alternation of
2400 : i discharge filaments (x>1cm in figure)
X 004 | fiE4 and free space (x<lcm). The initial
IR | 11§2§ heating and concentrations of radicals
& 1o | Yoz  produced by the discharge  were
%1200_ {C3H7OOH !ig% determined in an appro_xim_ation of a
= 200 e w0 _Yejo  constant reduced electric field at the
——HE-11 different input specific energies Q.

0.0 0.4 i ‘018 I 1?2 I 1.6 2.0 . . . .
Distance, cm The spatial distribution of components

at the ignition moment of at t = 620 us
Is presented in figure at Q=0.05 eV/molecule. The broadening of zone in front of
flame front due to low temperature oxidation reactions (zones of cool and blue flame
stages) is clearly seen: the behavior of temperature has the stepped growth before the
flame front. Due to this oxidation the mixture is heated additionally and the flame
front propagates through the zone with T~950 K with a higher velocity than that in
the undisturbed mixture at the normal conditions. This effect is known as a chemical
acceleration flame.
This work was supported by LIA KaPPA-RFBR Grant 17-53-16003a (France-
Russia).

REFERENCES
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SJEKTPUUYUECKUE PA3PSAIBI ATMOC®EPHOI'O JABJIEHUSI KAK
HHCTPYMEHT XUMHNYECKON AKTUBAIIMU BOJHBIX PACTBOPOB
ATHMOSPHERIC PRESSURE ELECTRICAL DISCHARGES AS WATER

SOLUTIONS’ CHEMICAL ACTIVATION TOOL
[IIyroB JI.A., PriOkun B.B.

Hesarnoeckuii 2ocyoapcmeerHblll XUMUKO-mexHoao2udeckutl ynusepcumem, 153000,
Lllepememesckuii np., 0.7., 2. Meanoso, Poccus, e-mail: shutov@isuct.ru

B nocnennue 20 nmer omyOJUKOBAaHO 3HAYUTEIBHOE YUCIIO pabOT, MOCBAIMIEHHBIX HCCIICIOBAHUIM
CBOWCTB Pa3JIMYHBIX Pa3psioB aTMOC(EPHOTO JABJICHUS, TOPALIMX JHOO0 HaJl MOBEPXHOCTHIO BOJHI,
nub0 B HEW. DTOT WMHTEpec 00yCIaBIMBAETCs, KaK IMOMBITKAMU pa3o0paThCsi B (DU3UKOXUMHUU
paspdaaoB, TaKk W HOBBIMHU BO3MOXHOCTSIMH, KOTOPBIC MOABIAIOTCA JIA HCIIOJIB30BAHUA I3THUX
pa3psA0B JUIsl pEUICHUS LEIOTO pAlla MpakTUUecKux 3afgad. Cpeau Takux 3aad MOXHO OTMETHUTh
6HOMC,Z[I/ILII/IHCKI/I€ MMPUIIOKCHUA, HUCTOYHHNKHN B036y)KI[eHI/I5I JJISL aTOMHO->MHUCCUOHHON
CIICKTPOCKOIIHNH, MO,I[I/I(bI/IKaHI/ISI IMOBEPXHOCTU IOJHUMEPHBIX MATCPHAJIOB C ILECJIBIO U3MCHCHHUA HX
MMOBCPXHOCTHBIX CBOICTB MU I/IMMOGI/I.HI/IBaI_[I/II/I Ha HeH APYrux MOJICKYJ, IIOJIYYCHHUC HAHO
MMOPOIITKOB KAaTaJu3aTOPOB M TOJYIPOBOJHUKOBBIX COCAWHEHWH, CHHTE3 (YJUIEPEHOB, OYMCTKA
CTOYHbBIX BOJ U Ta30BbIX BI:I6pOCOB OT OpPraHHUYCCKHUX COGI[I/IHCHI/Iﬁ " ap. HpI/IBJIeKaTGJIBHOCTB
IIa3MCHHBIX CHCTEM 3aK/IH0YacTCd B TOM, YTO IIpHU HX I[Gf/iCTBPII/I Ha BOAY B Hell MosABIIsIeTCS
H_II/IpOKI/Iﬁ Ha60p XUMHUYCCKU aKTUBHBIX HaCTHUI], KOTOPLIC O6Hal[aIOT KaK OKHMCIIUTCIBbHBIMU, TaK U
BOCCTAHOBUTEIBHBIMU CBOMCTBAMHU. DTH YaCTHUIIBI 00pa3yroTcsi 0€3 HCIOJIb30BaHHS KaKUX-JTHOO
XUMHAYECKHX PEAareHTOB, a IIa3MOO0Pa3yIOIIMM Ira30M MOXKET SBJIATHCA OKpYXKarouuil Bo3ayx. B
JOKJIaJIe aHAJM3UPYIOTCS PE3YyJIbTaThl AKCIEPUMEHTAIBHBIX HCCIECIOBAHUNA W MOJACIHPOBAHUSA
(U3NKO-XMMHUYECKUX XapaKTEPUCTUK IJIa3Mbl Pa3psagoB aTMOC(EpHOro MaBICHUS PAa3IMYHBIX
THUIIOB, KOTOPbIC IPUMCHAIOTCS JIA BOS,I[CI\/'ICTBI/ISI Ha BOAHKBIC paCTBOPLI AJII MHUIIUUPOBAHWA B HUX
Pa3JIMUHBIX XUMHUUYCCKHUX IIPOLCCCOB. PaCCManI/IBaIOTCSI TUIMUYHBIC KOHCTPYKIHUU PCAKTOPOB.
HpI/IBOI[}IT CA JaHHBIC O XapaKTCPUCTHUKAX UCTOYHUKOB IIMUTAHUSA, IMApaMETpax 3JICKTPOHOB, I'a30BbIX
TEeMIICpaTypax H KOHICHTpAIMAX aKTUBHBIX YacTHUIl B Pa3IUYHBIX THIAX paspsjgoB H
MJ1a3MO00Pa3yIOIMMX Ta30B U UX 3aBUCUMOCTH OT BHEITHUX MapaMeTpoB paspsnoB. ONMHCHIBACTCS
XMMHAYECKHH COCTaB AaKTHBHBIX YacTHI, oOpasyrommxcs B Boje. OOCyxmaioTcs BO3MOKHBIC
MEXaHHU3MBI IPOIIECCOB 0OPa30BaHUsI M THOCIIH YaCTHII.

At last years a lot of properties investigations of atmospheric pressure electrical discharges in
contact and in liquids were published. The interest of researches deals with both theoretical and
applied aspects of plasma-liquid systems. The practical study includes bio- and medical application,
atomic emission spectrometry, modification of the polymers surfaces, synthesis of metal catalysts
Nan particles and semiconductor materials, water and gas purification, etc. The attractiveness of
plasmas in and in contact with solutions is caused by the fact that under discharge action a large
number of both oxidative and reducing active species are generated in liquid. The oxidative agents
are primarily presented by OH radicals (E°=2.85 V), O atoms (E°=2.42 V), hydrogen peroxide
molecules (E°=1.68 V), ozone molecules (E°=1.51 B) and HO, radicals (E°=1.70 V). The reducing
species are hydrogen molecules and atoms (E°=-2.3 V), and solvated electrons (E°=-2.68 V). In
principle the active species formation doesn’t require any chemicals additions and discharge in
ambient air may be easily used. In this report the results of experimental research and plasma
parameters modeling of several atmospheric pressure gas discharge plasma action for the chemical
processes’ initiation in liquid are analyzed. The typical plasma-liquid system constructions are
observed. The data on power supplies, electron parameters, gas temperatures and active species
concentrations both in plasma and in liquid phase depending on the discharge types, plasma-
forming gases and discharge parameters are reviewed. Some possible mechanisms on the active
species formation and loss are discussed.

Pabota BeimosnHeHa mpu noajaep:kke MuHuctepcTa odpasoBanus u Hayku P,
mpoekT Ne 3.1371.2017/TT4
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COLD ARGON PLASMA TORCH FOR WATER TREATMENT

Plamena Marinova®, Evgenia Benova?, Yana Topalova®, Yovana Todorova®, Maya Zhekova®,
Ivaylo Yotinov®, Frantisek Krcma®

'Faculty of Physics, Sofia University, 5 James Bourchier Blvd., Sofia, 1164, Bulgaria
DLTIS, Sofia University, 27 Kosta Loulchev Str., 1111 Sofia, Bulgaria
3Faculty of Biology, Sofia University, 8 Dragan Tsankov Blvd., Sofia, 1164, Bulgaria
*Faculty of Chemistry, Brno University of Technology, Brno, Czech Republic

The effects of water treatment by surface-wave-sustained plasma torch at 2.45
GHz are studied. Two aspects of the plasma-liquid interaction have been
investigated: water physical and chemical characteristics as H,O, concentration,
conductivity and pH, are modified as a result of the plasma treatment and on the other
hand the plasma properties are changed during the interaction with water.

The plasma torch is considered as plasma-air configuration. Working gas is
Argon at atmospheric pressure. Gas flow rate varies from 0.1 I/min up to 3 I/min.
Discharge conditions are: plasma radius from 0.5 mm to 1.5 mm; wave frequencies
2.45 GHz. Treatment time during all the investigations is significantly short — less
than a minute and the input wave power is in the range from 12 W to 40 W.

The advantage of this type of discharge is the low operating gas temperature,
since the H,O, decomposition is strongly dependent on the temperature. The low gas
temperature also allows plasma to be in close contact to the treated water without
evaporation. Estimation of the changes in the characteristic concentration of
hydrogen peroxide of plasma treated liquids is done.

Simultaneously, the plasma characteristics as plasma length and electron
temperature are measured in the presence of water placed below the discharge and
compared with the same characteristics when there is no water.

Creation and determining the H,O, concentration is needed since the H202 is one
of the most powerful oxidizers, able to destroy organic contaminates which are
ordinarily difficult to destroy, as well as inactivating cells of living organisms. This is
the reason why it plays a main role in various biological, biomedical, environmental
and wastewater treatments.

Acknowledgments:
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PROCESSING OF HYDROCARBONS DRIVEN BY ELECTRON BEAM
AND NON-THERMAL PLASMAS

M.N. Vasiliev, R. Cartaya, V. Miasnikov, T. Vasilieva.

Moscow Institute of Physics and Technology, Russian Federation, Dolgoprudny, Moscow
Region, 141700

E-mail: rene.alejandro.cartaya@gmail.com

Abstract: Energetic processing of liquid and gas phase hydrocarbons as Crude QOil, Methane (CH,)
and Acetylene (C,H,) driven by Electron-Beam plasma, as well as other nonthermal plasma
generation techniques as Radio Frequency (RF) discharges, Direct Current (DC) discharges, and
Hybrid Plasma (HP) discharges has been studied in plasmachemical reactor in conditions of low
temperatures and low pressures. Experimental results show the cracking of long molecules and
polymerization of shorter ones using different plasma modes. Analysis of Plasma has been
performed using mass spectroscopy, fiber optic spectrometry, Charge-coupled Device (CCD)
Camera imaging as well as electric diagnostics techniques as Langmuir probes.

To improve understanding of reaction mechanism and pathway of plasma process
Monte Carlo based modeling of plasma has been performed. Effects of plasma
processing over liquid phase hydrocarbons was studied using Fourier Transform
Infrared (FTIR) spectroscopy analysis as well as contact angle and viscosity
measurement. The results obtained show Electron-Beam and hybrid plasma
discharges produces cracking, reducing the size of chain of hydrocarbon molecules
and RF Plasma discharges induces polymerization, generating longer molecular
chains. The achieved results prove the cracking and polymerization process to be
considered as promising applications of nonthermal plasma processing of
hydrocarbons for environmental, energy, nanomaterial and industrial applications as
well as for reproduce in laboratory astrochemical reactions involving Polycyclic
Aromatic Hydrocarbons (PAH) present in Low Earth Orbit (LEO).

REFERENCES:

[1] Mirikin G. Zaykina RF, Zaykin Yu. A Radiation methods for upgrading and refining of
feedstock for oil chemistry. Radiation Physics and Chemestry. Science Research Institute of
Experimental and Theoretical Physics. 2003.
[2] R. Cartaya, V. Miasnikov. Study of the interaction of non-thermal plasmas and organic liquids.
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[3] Zaykina R.F., Zayking Yu., Miriking G., Nardirov N.K. Prospect for irradiation processing in
the petroleum industry. Radiation Physics and Chemestry. 2002.

[4] Zaykin Yu. A., Zaykina RF, Mirki G. On energetics of hydrocarbon chemical reactions by

ionizing irradiation. Radiation Physics and Chemestry. 2003.

216


mailto:rene.alejandro.cartaya@gmail.com

ELECTROPHYSICAL INSTALLATION BASED ON BARRIER
DISCHARGE FOR HYDROCARBON SYNTHESIS

'Khomich V. Yu., **Malanichev V. E., *Malashin M. V., ’Shmelev V. M.
YInstitute for Electrophysics and Electric Power RAS,
Russia, 191186, 18, Dvortsovaya emb., Saint Petersburg
2Semenov Institute of Chemical Physics RAS
Russia, 119991, 4, Kosygin st., Moscow
mve.191@gmail.com

In an electrophysical installation, a mixture of CH4 and C,Hg was treated by a barrier discharge. The
hydrocarbon conversion was experimentally recorded. For the developed plasma chemical reactor,
with help of the solver "ZDPlasKin", a theoretical evaluation of the plasma kinetics processes
occurring in the discharge was carried out. The experimental results are in good agreement with the
theoretical estimate.

To the plasma chemical reactor (PCR) with a coaxial configuration of electrodes
with the help of a special generator rectangular voltage pulses were applied with an
amplitude of 12 kV, a duration of 60 ps with a frequency of 4 kHz [1]. In a mixture
of CH4 (98.2% vol.) and C,Hg (1.8% vol.), a barrier discharge was initiated to
activate and stimulate chemical reactions. During the experiments, the volume of
CH,4, C,H,4, C,Hg and H, at the outlet from the PCR was measured (see table). For a
theoretical evaluation of the plasma kinetics and chemical composition of the output
stream, a O-dimensional plasma kinetics model based on "ZDPlasKin" [2] was used
(see table).

It can be seen Table — Comparison of the results of measuring the chemical
from the table that composition of chromatography and the results of modeling

within the limits of Initial mixture | Experiment | Modeling
the order of | Ncus, cm™ | 265.1x 10" | 262.4 x 10" | 264.1 x 10"
magnitude the | Neopa, cm™ 0.0 1.1x 10" | 3.6x 10"
experimental and | Neowg, cm® | 4.9 x 10Y 54x10Y | 4.6x10"
modeling results | N, cm’ 0.0 1.1x 10" | 6.1x10"

agree well. Thus, it

can be concluded that the O-dimensional plasma kinetics model acceptability for
estimating the most probable ways of the reactions of stimulated barrier discharges in
a PCR.

REFERENCES
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MOJIEKYJISIPHO-IMHAMHNYECKOE MOJIEJIMPOBAHUE HOHHOTI'O
PACIIBIVIEHUS PACTBOPOB XJIOPUJ10OB HATPUS U KAJIBIIUS
MOLECULAR DYNAMICS SIMULATION OF ION SPUTTERING OF THE
SOLUTIONS OF SODIUM AND CALCIUM CHLORIDES
Cupotknn H.A., TutoB B.A.

HUnemumym xumuu pacmeopoe um. I'.A. Kpecmosa PAH, 153045, Poccus, Heanoso, yn.
Axademuueckas, 1, e-mail: alexsad8@yandex.ru

MeTrogoM MOJICKYJIAPHOH JHMHAMHKHA HCCJIEAOBAaH TMPOIECC HMOHHOTO PACIBUICHUS BOJIHBIX
pPacTBOPOB XJOPUIOB HaTpusi U Kaiblus. [lokazaHo, 4TO MOHBI PAaCTBOPEHHOTO BELIECTBA MOTYT
BBIXOJIUTHh B ra3oByl0 (pa3y Kak B BUJE THAPATUPOBAHHBIX MOHOB, TaK M B BUJE MOHHBIX Tap B
COCTaBE BOJHBIX KJIACTEPOB.

The ionic sputtering of sodium chloride and calcium chloride solutions was studied by classical
molecular dynamics method. It is shown that the ions of the solute transferred into the gas phase
both in the form of hydrated ions and in the form of ion pairs in water clusters.

B razoBom paspsie atMochepHOTo JaBJIE€HUS C KUJIKUM KaTOJIOM TOBEPXHOCTh
AIIEKTPOIUTHOTO KaToga 60MOapAUPyeTCs TOJIOKUTEIIbHBIMA HOHAMU, YTO MMPUBOIUT
K pa3InYHBIM XUMHYECKUM U (U3UYECKUM TpolleccaM, Kak B JKUJKOW, TaK U B
ra3oBoil (hazax. B Toxe BpeMs OoMOapIUpOBKa MOBEPXHOCTH MPUBOAUT K MEPEHOCY
B ra30oBYI0 (pa3y KOMIIOHEHTOB PaCTBOPA: PACTBOPUTEIIS U PACTBOPEHHOIO BEILIECTRA.

[enps HacTosiIel pabOTHI 3aKIIIOYAETCS] B UCCIEIOBAHUNA MOHHOTO PACTIBUICHUS
BOJIHBIX PACTBOPOB XJOPUAOB HATpUsi U Kaiublusa 1-20 mamaromumMu HOHAmMu C
HavanbHOM 3Heprueit 50-500 3B MeToqom Ki1acCHyecKo MOJIEKYJISIPHOM AUHAMHUKH,
peaM30BaHHBIM B MPOrpaMMHOM makeTre (Gromacs 1Mo ajJropuTMaM, ONMKMCAHHBIM B
pabore [1]. Cnegyer OTMETHUTH, YTO B HACTOSIIECH pabOTe TPH MOJCIMPOBAHUU
VYT€HO HaJU4YMe DJCKTPUYECKOTO TOJIA y MOBEPXHOCTH KaTojaa. MonaenupoBaHHe
MOKa3aJio, 4TO B 3aBUCHMOCTH OT YHWCIAa W JHEPruu OOoMOapAupyIOIUX HOHOB
MEHSETCSI XapaKTep HMOHHOTO PaCIbUICHUS >XUIAKOro katona. Ilpu BKIagpiBaeMoit
sHepruu 0,14-0,25 sB/gactumna (13,5-24 xJIx/monp) B razoByio (a3y mepexomsT
MPEUMYIIIECTBEHHO MOJEKYJIbl BOJbL. [Ipu JOCTHIKEHHWH TMOPOTOBOM SHEPTHUH
(0,3 »3B/gactuma, 30 k/[»k/MOJIb) B ra30BOM (ha3ze MOSBJISAIOTCS HE TOJBKO MOJICKYJIBI
BOJIbI, HO ¥ KOMITOHEHTBI PACTBOPEHHOTO BEIIECTBA, MIEPEHOC KOTOPBIX MPOUCXOIUT
KaK B BHJIE TUAPATHPOBAHHBIX KATHOHOB M AHWOHOB, TaK M B COCTaBE BOJHBIX
KJIACTEPOB B BUJIC MOHHBIX Map. Haimmuune aIeKTprudecKoro moJist MPensTCTBYET YHOCY
TUAPATHPOBAHHBIX KATHOHOB B Ta30BYIO (ha3y TeM CaMbIM 3HAYCHUS KOA(DPHUITMESHTOB
nepeHoca sl XJIOPUI-HOHOB OKAa3bIBAIOTCS BBIIIE, YEM JIJII KATHOHOB HATPHUS WIIH
Kamplusg. TakuM  00pa3oMm, pe3yJbTaThl  MOJACIHUPOBAHUS  MOJATBEPIKIAIOT
YCTaHOBJICHHOE paHee dKCIEPUMEHTAIBHO HapYIIEHUE CTEXUOMETPUH TIPH MEPEHOCE
HEJIETY4YMX KOMIIOHEHTOB KUJIKOTO Karoja [2].

PaboTa BeinonHena npu ¢punancoroi nomuepxke PODU (rpant Nel6-33-60061
MOJI_a JIK)

JINTEPATYPA
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2. A.V. Khlyustova, N.A. Sirotkin, A.l. Maximov. High Energy Chem. 44 (2010) 75.
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SYNTHESIS AND DEPOSITION OF AG NANOPARTICLES ONTO
POLYPROPTLENE FILM BY ATMOSPHERIC PRESSURE GLOW
DISCHARGE TREATMENT
Khlyustova A. V., Sirotkin N. A., Kraev A. S., Kochkina N. E., Titov V. A,

Agafonov A. V.
A. G. Krestov Institute of Solution Chemistry of RAS, Russia, Academicheskaja str., 1, 153045,
Ivanovo

This report presents a one-step method of silver nanoparticles synthesis and deposition of it onto
polypropylene surface by use of an atmospheric pressure glow discharge. Obtained data of UV-vis
spectroscopy and Zetasizer indicate that Ag nanoparticles are polydispersed. The polypropylene
film surface is modified during gas discharge treatment.

It is known that silver and silver salts have the antibacterial effects. And silver in
nanoscale is more attractive due to high surface area and high fraction of surface
atoms. At present there are various methods for synthesis of silver nanoparticles
(AgNPs) including plasma liquid method. Methods of nanoparticles (NPs) deposition
onto different surfaces are main part of the technology development. All methods
require more then one step process. It was established that the non-thermal plasmas in
liquids are an effective method of polymer surface modification. The silver
deposition onto polymer surface would be preventing bacterial attachment. And the
DC glow discharge is the most frequently method for synthesis of NPs. The new one-
step process method of synthesis of silver nanoparticles and its deposition onto
polymer surfaces is described. The silver nitrate was used as sources of NPs and
polypropylene films are used as solid templates.

The negative glow discharge is ignited between metallic cathode and liquid
anode. The graphite rods (diameter 5 mm) were used as metal electrodes. The
discharge current was 5 mA, applied voltage was 1.2 kV, and time of treatment was
4 min.

The boardering peak of surface Plasmon resonance and data of Zetasizer have
shown that AgNPs formed in liquid are polydisperse and have an average size of 50-
65 nm. Gas discharge treatment leads to appearance of new functional groups onto
polymer surface. After treatment in solution with NPs precursor, the surface energy
increases due to growth of dispersive component of surface energy. The deposition of
AgNPs onto polymer surface has confirmed by SPM analysis (Fig. 1)

| 0.91 pm
0.00 pm

a b

Fig. 1 SPM topographic image of polypropylene films before (a) and after treatment
(b)
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PE3YJIbTATHI INTASMEHHOM 1 XUMHWYECKON OFPABOTKH
JIMTEMHbBIX ®OPM JJIA ITIOJYUYEHUA U3TEJINU U3 TUTAHOBBIX
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RESULTS OF PLASMA AND CHEMICAL PROCESSING OF MOLDS FOR
PRODUCING DETAILS FROM TITANIUM ALLOYS
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Annorarms: [IpoBefieHbI HCCIeOBaHUs MOBEPXHOCTH W TPUIIOBEPXHOCTHBIX CIIOEB oOpasma C
MEPEMEHHBIM CEYCHHEM M3 THTAHOBOTO cruiaBa. Moauukanys MOBEPXHOCTH JUTEHHOU (HOpMBI
OblT1a TIpOBEACHA IUUIa3MEHHOW 00paboTKOW M HaHeCEHHWEeM TpadUTOBOTO CJOSI METOJAO0M
XUMHYECKOTO OCAXKICHHUS.

Abstract: In this article the results of researching the surface and near-surface layer of the titanium
alloy sample with variable cross-section were presented. The mold surface was modified by using
plasma treatment and coating it with the graphite layer by chemical vapor deposition.

Crnoii TOBBIIIEHHONW TBEPAOCTH HA THUTAHOBBIX OTJIMBKax o0OpasyeTcs Mpu
MOTJIOUICHUH OCTATOYHBIX Ta30B C IMOBEPXHOCTU JHUTEHHBIX GopM U nuddysun
npuMeceld NpU OCThIBaHMM. TemrepaTypa JHMTEHHOTO Ipolecca CIOCOOCTBYET
obpasoBanuto coemunenuit TIOX. [lo mepe ymaneHuss OT MOBEPXHOCTHOTO CIIOS
BIVIyOb OTJIMBKHM MPOUCXOJUT IOCTENEHHOE CHUYKEHUE MACCOBOM JOJIM KHUCIOPOAA.
OnHMM W3 NyTeW CHUKEHMs IOIJIOIIEHUS KUCIOPOJA MOXKET SABIATHCA CO3JAHME
TOKPBITHS Ha MMOBEPXHOCTH JUTEHHBIX hopm [1-2] .

B pabote npeacTaBieHbl pe3yJbTaThl UCCICAOBAHUN OTIIUTOW U3 TUTAHOBOTO
CIUlaBa 3aroTOBKM  CJOXKHOM reoMerpuueckoil ¢opmbl. JlureitHas ¢opma
peIBapuTeNbHO 00pabaThIiBaiach MOTOKOM IIIa3Mbl, COAEPIKAIICH YIIIEeBOJOPOIHBIC
ra3pl, Tmocjie HaHocwics ciod rpaduta. [lodydeHHOe wu3Aenue paspe3aHo IO
CEUEHHUSM C Pa3IMYHBIMU XapaKTepHbIMU pa3Mepamu. BriOpanHble o0nactu neTanu
OTJIMYAIOTCS TEMIIEPATYPHBIMU PEKUMaMH B IPOLIECCE 3aTBEPACBAHMSL.

XUMHYECKAM  COCTaB  HMCCIEA0BaJIM HA CKAHUPYIOLIEM  SJICKTPOHHOM
mukpockorie «AURIGA CARL ZEISS». BsiOupamuch TO4YkM U o0nacTu
CKAaHMPOBAHHS B O00JACTAX, OTCTOSIIMX OT moBepxHocTH Ha 2x10° M. He
0OHapyKEHO OTJIEIbHBIX MUKOB, COOTBETCTBYIOIIUX KUCIOPOIY.

JIUTEPATYPA:
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Cexkuus 6
ITJTASMA B MEJIMKO-
BUOJIOTNMUHECKUX TTPNJIOXEHU X
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THEORETICAL AND EXPERIMENTAL STUDY OF PLASMA JET
INTERACTION WITH SURFACE

Schweigert I.*2, Lin L.}, Keidar M.
! George Washington University, Washington D.C. 20052, USA
2 Khristianovich Institute of Theoretical and Applied Mechanics, Novosibirsk 630090, Russia

Characteristics of streamer propagating over helium jet at atmospheric pressure are studied in 2D
simulations and in the experiment. This type of streamer often referred as cold atmospheric plasma jet is
widely used for medical applications. We study effect of surface presence and interaction of the streamer
with surface with different properties (surface charge, ion-electron emission, biased surface). The
enhancement of streamer properties is obtained with biased ring placed some distance from dielectric
tube.

Cold atmospheric plasma (CAP) jet becomes attractive research topic due to different
applications, in particular for cancer treatments (see for example [1]). The CAP jet forms
as a result of ionization along the gas flow passing through high voltage electrodes.
Streamer propagates by ionizing neutral particles at front. In Ref. [2], the idea of using a
ring with DC voltage was proposed. It was shown that the jet length can be changed by
setting up different ring potentials. To study the effect of additional DC voltage from the
ring and interaction of jet with a surface we performed experimental and computational
analysis of CAP jet, generated by an AC voltage of 4 kV pk-pk at 12.44 kHz in a 5 LPM
helium flow. The ring with applied voltage is placed 1 cm apart from the discharge tube.
Additionally a grid made from crossed wires covered by dielectric is placed 4 cm apart
from discharge tube which models a cell membrane. We have performed 2D simulations
of DC discharge in dielectric tube and streamer formation and propagation outside of tube.
In our simulation model we use the fluid approach with additional continuity equation for
electron energy. The surface charge accumulation and ion-electron emission are taken into
account. We assume that streamer propagates over helium at atmospheric gas pressure.

In simulation the ionization front speed is about 17 km/s. The ionization rate is about
2x10" cm™s™* and this value is constant during streamer propagation up to 4 cm and then
quickly decreases. Note that in simulation the gas flow is assumed to be laminar. Streamer
channel radius is 300 microns. The electrical field in streamer head is about 10 kV/cm.
The measured and computed jet characteristics are in good agreement. A variation of ring
potential from -1.5 kV to 1.5 kV considerably affect CAP jet properties. The sheath
structure and strength of electrical field near grid surface are essentially changed for
different surface potentials and emission yield.

REFERENCES

1. M. Keidar et al. Br. J. Cancer 105 (2011) 1295.
2. A. Shashurin, M. N. Shneider, and M. Keidar. Plasma Sources Sci. Technol. 21
(2012) 034006.
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INTERACTION OF HELIUM AND ARGON PLASMA JETS ARRAYS

Babaeva N.Yu. and Naidis G.V.

Joint Institute for High Temperatures Russian Academy of Sciences, I1zhorskaya 13, Moscow
125412 Russia

nybabaeva@gmail.com, gnaidis@mail.ru

We discuss results from computational investigations of the properties of jets arrays operated in He
and Ar. He or Ar is flowing through the tubes of the jets into ambient humid air. We show that jet—
jet interactions primarily depend on the properties of plasma forming gas through the tubes. For the
helium array, the jets at edges of the array tend to divert while for Ar array plasma propagates more
directionally.

Non-equilibrium atmospheric-pressure plasma jets and jets arrays are one of the main
plasma sources used in biotechnology and plasma medicine. A rare gas or a mixture
of a rare gas with a small percentage of a reactive gas such as O, are often used as a
plasma-forming gases. One solution to increase the area treated is to group many jets
together to form an array [1]. In this work, we investigated the properties of four jets
arrays operated in He and Ar. For helium, jets on the edges of the array tend to divert
while for Ar plasma propagates more directionally. Such a behavior can result from
electrostatic, photoionization and gas dynamic origins as shown in Figure 1. For
example, N," ions are produced at the boundary of the He or Ar channels where the
diffusion of N, provides a sufficient density of collision partners and there are still
enough energetic electrons and excited helium or argon atoms.

Argoen into Air
N; lon Density 2 x 10" em™ (2 dec)

Flow 30 ms (without Discharge) Flow 30 ms (Without Discharge) |

Figure 1. Flow patterns for (a) helium, (b) oxygen for the He array, (c) argon, (d)
oxygen for the Ar array, (e) N," ion densities for the Ar array.

This work is supported by the Russian Foundation for Basic Research under Grant
17-52-53044.

JIUTEPATYPA
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EFFECT OF DC DISCHARGE PLASMA ON CHITOSAN-BASED FILMS:
SURFACE PROPERTIES AND IN VITRO EVALUATION

Demina T.S.", Drozdova M.G.2, Zaytseva-Zotova D.S.? Yablokov M.Yu.!, Gilman
A.B.! Markvicheva E.A.2, Akopova T.A.}, Zelenetskii A.N.*

'Enikolopov Institute of Synthetic Polymer Materials of Russian Academy of Sciences,
Profsoyuznaya str, 70, 117393, Moscow, Russia, e-mail:
2Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of Russian Academy of Sciences,
Miklukho-Maklaya str, 16/10, 117997, Moscow, Russia
e-mail: detans@gmail.com

This work was aimed at studying the effect of DC discharge plasma modification of films casted
from various chitosan samples and chitosan/poly(L,L-lactide)/gelatin graft-copolymers on their
surface properties, chemical structure and cell response. Contact angle measurements, XPS and
SEM showed that in spite of the similarity of the observed processes, such as surface
hydrophilization and etching, the contribution of each process significantly depended on the initial
polymer films characteristics.

Chitosan (Chit), a deacetylated derivative of naturally occurring chitin, is a
promising material for a wide range of applications from biotechnology to packaging
industry. Plasma modification of Chit-based films was proposed to control their
hydrophilic-hydrophobic balance, permeability as well as cell adhesion and
proliferation.

This study deals with evaluation of DC discharge treatment effect on chemical
structure, surface properties and cell response to the plasma modified films casted
either from Chit with various macromolecular characteristics or chitosan/poly(L,L-
lactide)/gelatin graft-copolymers (CGP). The films were treated at the cathode or
anode by DC discharge using residual air at pressure of 10-15 Pa and current of 50
mA for 60 s. Contact angle and surface charge measurements showed that plasma
modification led to hydrophilization and surface energy increase of all the studied
films. SEM and XPS observations demonstrated that plasma treatment of Chit films
led to etching and oxidation of the surface layers. However, particular features of
each process significantly depend on the Chit characteristics, as well as plasma
treatment conditions. XPS data confirmed that a surface layer of the CGP films was
enriched with a polyester component. The use of CGP for film fabrication markedly
affected the surface chemical structure and properties and, therefore led to specific
modification effects, namely decrease of oxygen-containing groups.

A number of mouse fibroblasts (L929) were shown to decrease on the plasma
treated CGP and Chit films as compared to those on non-treated films (control).
Plasma treatment at the cathode led to more pronounced cell viability decrease than at
the anode and control. Thus, plasma surface modification could be proposed as a tool
to control cell response on the material surface.
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CPABHEHHME PEAKIIMA MOJEJBbHOI'O BUOJIOI'MYECKOI'O
OBBEKTA HA BO3JEUCTBHUE ITPOAYKTOB I1JTA3MbI
IHOBEPXHOCTHOI'O PA3PAJA U CUJIBHOI'O JIEKTPHYECKOI'O
IOJIA

REACTION OF THE MODEL BIOLOGICAL OBJECT TO INFLUENCE OF
SDBD’S PLASMA PRODUCTS OR STRONG ELECTRIC FIELD

HaBVKI/IHl’Z A.B., CCp,Z[IOKOBZ IO.A., KpI/IBOBl CA., Huxutun® AM.

l®dIBOY BO «HUY «MOCKOBCKuii SHEpreTUYecKuil THCTUTYT», Poccus, 111250, Mocksa, yi.
Kpacnokazapmennas ynuia, 14

?OI'BYH Wucturyt ¢pusnonorun pacrenuit um. K.A. Tumupsazesa PAH, Poccust, 127276, Mocksa,
yi. borannueckas, 35

E-mail: lazukin_av@mail.ru

[IpoBeneHO SKCIEpUMEHTAIbHOE CpPaBHEHUE PEAKIMM MOJEIBHOIO OHOJIOTrHYEeCKOro OO0beKTa
(ceMeHa MIIEHMIIBI) Ha BO3JEHCTBHE MPOAYKTOB IOBEPXHOCTHOTO OapbepHOro paspsia u
IIEPEMEHHOT0 AIEKTPUUYECKOTO TOJIA.

Experimental comparison of reaction of the model biological object (wheat seeds) to the influence
of products of a surface barrier discharge and an alternating electric field is carried out.

B pabore mnpuBeneHsl pe3yabTaThl AKCIEPUMEHTAJIBHOIO HCCIEI0BAaHUS
peakiuu MOJIEIBHOrO0 OHOJIOTUYECKOTO OO0BEKTa (BBICOKOKAYECTBEHHBIE CEMEHa
03uMOil MsArkoil mueHunbl «Mpkyctkas», ypoxkaid 2015 r.) Ha BoO3nelcTBHE
MPOAYKTOB IUIa3Mbl MOBEPXHOCTHOTO OaphepHoro paspsaa (IIBP) u mepemenHoro
anekTpudeckoro mois. O6pabotka mnpoaykramu [IBP u snexTpuueckum mosiem
OpPOBOAWIACHE B OJHOTUIHOW 3JEKTPOAHOM KOH(Urypanuu (TpHU JHCKOBBIX
AJIEKTPO/Ia HA TIOBEPXHOCTH Oaphepa U3 HUTPUJA AFOMHHHUS, CEMEHA PACIOJIOKEHBI
Ha 3a3€MJICHHOM IIOCKOCTH Ha pacctosHu 10 MM ot Oapwepa). Paznuuue cucrem
3aKII0YAIOCh B HalMMuuu oOpatHoro snekrpoaa npu IIbP oOGpabotke. DnexTposl
MUTAJUCh CHUHYCOMJAJIbHBIM HampsbkeHueM 3,5 kB (nmelicTByrolee 3HaY€HHUE) C
yactorod oT 0,05 mo 66 kl'u. Peakumsi oneHMBanach MO SHEPTUM MNPOpACTaAHUA
(BcxoxecTh Ha 3-v CyTKM) U MOPQOJIOTMM (JIJMHA POCTKA M JIJIMHA KOPHEBOM
CUCTEMBbI) TPEXCYTOUHBIX HPOpPOCTKOB. [loka3aHo, 4YTO C€ POCTOM YacTOTHI
IIEPEMEHHOTO AJIEKTPUYECKOr0 TOJII CHMIXKAETCS JHEprus mnpopacraHusd. /[[nuHa
pPOCTKA U JITTMHA KOPHEBOM CUCTEMBI (CpeHHE MO BHIOOPKE) HE UMEIOT NPSIMOM CBA3H
C M3MEHEHHEM 4YacTOThl (B OTIENbHBIX CIy4asX HaOJIOJAeTCsi CTUMYJIHPOBAHUE).
IIpu Bo3nelicTBumM npoaykToB mia3Msl [IbP 3Heprus npopacranus e cHuxaercs. B
ornenbHbIX pexumax [IBP-o6paGoTku  Takxke HaOMOmaeTcs JTOCTOBEPHOE
CTUMYJIMPOBAHUE POCTKAa M KOPHEBOM cucTeMbl. Takum oOpa3oMm, HaJM4YUe IIa3Mbl
IIBP cHmwxkaeTr HeraTMBHOE JIEUCTBHE COOCTBEHHOTO DJIEKTPHUYECKOIO  IOJIS
MJ1a3MOHECYILETro 3JeKTpoaa. [lpu cpaBHEHUM TaHHBIX HEOOXOAMMO YYHUTHIBATH, UTO
YBEJIMYEHHUE JIJIMHBI POCTKA B Cy4yae ¢ 00pabOTKOW 3IEKTPUUYECKUM IOJIEM CBSI3aHO
CO CHI)KEHHEM BCXOXKECTH — OcjabiieHHble ((uTOomaToreHaMu, XpaHEeHHUEM MU T.II.)
pacTeHusi ¢ HEOONBIIUMH JUIMHAMHU POCTKA NPH BO3JECUCTBUM IOJS TOPMO3SAT CBOE
Pa3BUTHE U HE ONPENEISAIOTCS KaK BCXOXKHUE K TPETHUM CYTKaM.
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BJIUSTHUE CKOPOCTHU I'A30BOI'O IIOTOKA HA IIOJIABJIEHUE
POCTA KHIIEYHOM MAJIOYKH ITPU EE OBPABOTKE CTPYEN
HU3KOTEMIIEPATYPHOM IJIA3ZMBI

THE INFLUENCE OF GAS OUTLET VELOCUTY ON THE INHIBITION
OF ESCHERIHIA COLI GROWTH WITH LOW-TEMPERATURE PLASMA
JET

Cremanosa O.M.}, PeiGansuenko O.B.}, OpnoBa or.t Acrtadnen A.M.z,
Kynpsisues AAL

L Canxm-ITemep6ypeckuii 2ocyoapcmeennbiii ynugepcumen
2anmumym anekmpousuxu u anexkmposnepeemuxu PAH
Poccus, 199034, Ynusepcumemckas unab6., 7-9, Cankm-Ilemepoype,
E-mail: 0.m.stepanova@spbu.ru

[IpoBeneHO HcceqoBaHNE BIMSHUS TEIMEBOM TUIa3MEHHON CTPYH MpHU 00BEMHOM pacxoje rasza 4,5
u 11 n/mMuH Ha pocT kuiedHoi nanouyku E.coli M17. B pe3ynbTare BBISIBICHBI 30HBI IT0/IaBICHUS
pocta (3IIP) Oaktepwmii, hopmMa KOTOPHIX H3MEHSUIACh B 3aBUCHMOCTH OT CKOPOCTH Ta30BOTO
MOTOKA.  DJEKTPOHHO-MUKPOCKOIMYECKUI  aHaIM3  TOKa3aJl  pa3jMyHble  COOTHOUICHHUS
(U3MONIOTMYECKH AaKTUBHBIX, MOKOSIIUXCS W JECTPYKTUBHBIX (OPM KIETOK Ha pa3IHMYHbIX
yuyacTtkax 1 rpanuuax 3I1P.

The effect of helium plasma jet at the of gas flow rate of 4.5 and 11 I/min on the growth of coliform
bacterium E.coli M17 has been investigated. Zones of bacterial growth inhibition with various
shapes, which depend on the gas outlet velocity, have been revealed. Electron microscopic analysis
detected physiologically active, resting and destructive cells from different regions and boundaries
of the growth inhibition zones.

Boimonnena 06paboTka CBeXe3acesHHBIX Ha arap KJIETOK KUIIEYHOW Malo4yKu
E.coli M17 renueBoli Tuta3sMeHHON cTpy€l npu oOBEMHOM pacxone rasa 4,5 u
11 n/muH. WCTOYHHMKOM TUIa3Mbl CIIYy>KUJT OapbepHBIM  paspsii, HHHUIMHPYEMbIT
BHYTpU KBaplEeBOll TpyOKH ¢ BHYTpPEHHUM JuamerpoMm 7,49 MM H cuCTEMOM
ANEKTPOAOB «BHYTPEHHUN CTEPKEHb — BHEIIHEE KOJbLO». VIMITylIbChl UTAIOMIETO
HanpspkeHus: ¢ pazmaxoM 4-7 kB u dacroroit renepupoBanus 40 kI['1 mojgaBanu Ha
BHYTPEHHHMI 2JIEKTpoJ. 3aJaHHbIi 0O0BEMHBIN pacxon raza 4,5 u 11 n/mun
COOTBETCTBOBAJI CKOpOCTH razoporo motoka 1,8 u 4,1 M/c. Paccrossnue Mmexay
BBIXOJITHBIM OTBEPCTHEM Pa3psSAHON SYEHKH U MOBEPXHOCTHIO arapa yCTaHaBIMBAIH
paBHBIM 15 MM.

B pesynbTaTe neMcTBUS TIa3MEHHOM CTPyH, C(OPMHUPOBAHHOM TpU pa3HOM
CKOPOCTH TIOTOKA TENHs, BBIABICHBI NPUOIUZUTEITHLHO OJMHAKOBOTO JHaMETpa
(10-12 mm) 3IIP Oaktepmit. Mx ¢opma, omHako, pa3jid4Ha: POBHBIA KpPyr C
pa3peKEHHBIM POCTOM OaKTEPUAIBHBIX KOJIOHUHN MO Tepudepuu Mpu pacxoje rasa
4,5 n/MUH 1 JBa MOJYKOJIbIIA PA3HOTO paguyca C MIOTHBIM OaKTepuaIbHBIM Ta30HOM
B IICHTPE U MEXIYy HUMU - TipH 11 J1/MUH. DIEKTPOHHO-MUKPOCKOMUYECKUN aHAIN3
METOJIOM TO3UTUBHOTO OKpAIMBAHMS YpaHUJAIETATOM OaKTepUabHBIX KIIETOK U3
pa3IMYHBIX YYacTKOB M C TrpaHuilbl 3[IP BBISIBUI pa3ivyHble COOTHOIICHUS
(hU3MOTOTUYECKN aKTUBHBIX, MOKOSIINXCS U AECTPYKTYPUPOBAHHBIX (POPM KIIETOK.
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AHTUMMKPOBHBIE CBOMCTBA HAHOCTPYKTYPUPOBAHHBIX
IIJIASMEHHbBIX KOHAEHCATOB MEJUIIUMHCKUX UMIIVIAHTATOB

THE ANTIMICROBIAL PROPERTIES OF NANOSTRUCTURED PLASMA
CONDENSATES ON MEDICAL IMPLANTS

[TamcytaunoB N.U., baszutoa JI.T., I'pedenmukoa M.M., Muponos M.M.

Kaszancxuii nayuonanvuwlil ucciedosamensCckuti mexHoao2udeckutl ynusepcumem, Poccus,
420015,Kazanwv, K.Maprca 68, mironov.medinstrument@yandex.ru

Ha MCOUIIMHCKUEC UMIIJIAHTAThl U3 THTaHa HAHOCUIIU MOHHO-IIa3MEHHON TEeXHOJIOTuel IOKPBITUA
Ha OCHOBE HUTPHUOB radHus. VMccmenoBany 21eMEHTHBIM COCTaB, CBOMCTBA TTOKPBITUHA B YCIIOBHUSIX
n3ruba, a TaKKe MHOTOCIOMHYIO CTPYKTYpy W TOHorpauio TOBEPXHOCTH. YCTaHOBIIEHBI
AHTUMUKPOOHBIE CBOMCTBA M OTCYTCTBHE TOKCUYHOCTH, pa3pad0oTaHbl METOIUKH UCTIHITAHUH.
Coatings based on nitrides of hafnium were applied with ion-plasma technology on medical
titanium implants. Elemental composition, properties of the coatings in terms of bending, the
multilayer structure and the surface topography were investigated. The anti-microbial properties and
absence of toxicity are determined. Testing methods are developed.

KonpgeHcanuio TmOKPBITUH K3 METAUIMYECKOM IUIa3Mbl OCYIIECTBWIA B
atMocdepe a3oTa Mpu JaBICHUH  OKOJIO 10" la Ha YCTaHOBKE C Tpems
ANEKTPOAYTrOBbIMU  UcHaputensaMu.  [IOKpbITUST ~ XapakTepu3yrTCsl  POBHBIM
COJIOMEHHO-JKEITHIM I[BETOM, MeTauindeckuM OsieckoM. Ilpu wu3rube OCHOBBI
OTCJIOEHUE TOKPBITUSA HE HaOmogaeTcss. MUKpOTBEpAOCTh MOKPHITHS AocTurana 14-
30 I'lla, nmpu TonmmHe 2-5 MKM, a 00BbeM MOpP B MOKPHITHM HE IpeBbiman 1-2% Ha
tonmuHe 2 MKM. CTpykTypa  MOKpBITUSL ~ XapaKTEepU3yeTcsl  CTOJ0YaThIMU
KPHUCTAJUIAMU HUTPUJOB C XapakTepHbIM pazmepoM 20-50 HM U BBICOTOW B TOJIIMHY
NOKpbITHA. Cpe3 TMOKPBITHS 1O TOJIIWHE HWOHHBIM TpPaBJICHUEM YCTaHOBUII
MHOTOCJIOMHOCTh MOKPBITUSA, COCTOSILET0 U3 HUTPUIHBIX CJI0€B TOJUHON 20-30 HM
U JeMI(QUPYIONUX CJIOCB MEHbBIIEH TOJIIMHBI, OOOTAIICHHBIX METAJTHYECKOM
COCTABJIIOLICH.

TOKCUKOJIOTMYECKHME M CAHUTAPHO-XMMHYECKHUE HCCIEIOBAaHMS MOKa3aIH
OTCYTCTBHE TOKCUYHOCTH THTAHOBBIX MMIUIAHTATOB C MOKphITHEM Ha ocHoBe HfN Ha
JUIMTENIbHBIX CpOoKax KoHTakTa. YuuThiBas ykazanus ['OCT (ISO) 10993-2011,
pa3paboTaHa METOJMKA OIIEHKH aHTUMHUKpoOHOTOo »ddekra. HWcmbiTanus Ha
IPaMITOJIOKUTETBHBIX (CTaQUIOKOKK) M TPaMOTPUILIATENbHBIX (KHUIIEUHAs MaJI0YKa)
OakTepusix, a TaKkKe MUKPOrpHUOKOBOW MH(MEKIMHU JO0Ka3aJId HaJIW4uhe JOCTOBEPHO
MOATBEPKAEHHOTO AaHTUMUKPOOHOro 3(dexra OT MOKpBITHS. BHOCOBMECTUMOCTH
MMIUIAaHTaTa C TIOKPBITUEM MOXET TapaHTHUPOBaTh OTCYTCTBUE TOKCHYHOCTH U
CBEpXHM3Kasl KOHIIEHTpauus HWOHOB rapHus B 20 CyTOYHOM BOJIHOM BBITSIKKE,
cocrapuBmas menee 10° wmoms/mutp. KOHUEHTpamust BaHAAWS OT OCHOBBI
UMIUIaHTaTa-TuTaHa Mapku BT6 B BOAHON BBITSDKKE YMEHBIIMJIACh B S5 pas, 4yTo
xapakTepu3yer 0apbepHbIi A3GHEKT MOKPHITUS, a HE3HAYUTEIbHAS MUTPAIUS NOHOB
TATaHa W TapHUI—OMOCOBMECTUMOCTh. K 3TOMYy MOXHO J00aBUTh OTCYTCTBHUE
UTOTOKCUYHOCTH 110 MIEPEBUBAEMBIM KYJIbTypaM B YCIOBUSIX UX aBTOHOMHOT'O POCTa
Ha MOBEPXHOCTHU MOKPBITHUS.
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MICROWAVE PLASMA FOR WOUND TREATMENT

. Tsonev', T. Bogdanov?, E. Benova®
'Faculty of Physics, Sofia University, 5 James Bourchier Blvd., Sofia, 1164, Bulgaria
Medical University—Sofia, 15 Academician lvan Evstratiev Geshov Blvd., Sofia, 1431, Bulgaria
DLTIS, Sofia University, 27 Kosta Loulchev Str., Sofia, 1111, Bulgaria

Over 40% of combat-related deaths are attributable to uncontrolled bleeding, the
majority of those from noncompressible profuse hemorrhage [1]. Other patients, for
example diabetics, have problems with activating healing processes in wounds, which
could escalate to losing a limb, quite common in patients suffering from severe forms
of diabetes. Plasma treating has proven to have positive effect on activating healing
processes and enhancing wound healing. Low temperature plasma jet discharge
contains active agents, microwave radiation and UV radiation which sterilize and
activate the healing agents in the wound.

The purpose of this research is to accelerate blood coagulation and tissue
regeneration of open wounds. For this purpose, we are investigating the effect of a
microwave plasma torch sustained by travelling electromagnetic wave with the usage
of different gasses and gas mixtures. Till this moment this type of plasma source has
not been investigated regarding bio-medical purposes.

Low temperature plasma torch at atmospheric pressure sustained by solid state
microwave generator coupled to a wave launching structure surfatron type is used.
This plasma source allows varying of the: geometrical parameters (length, diameter,
cross section), main plasma parameters (wave power, gas temperature, concentration
of charged particles and reactive species, UV and microwave radiation), gas and gas
mixture parameters (flow velocity, gas mixture ratio). The fact that we are able to
vary these parameters allows us to sustain low temperature plasma torch (gas
temperature up to 30 — 37 °C) for in vivo treatment of live ICR mice models.
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OBPABOTKA KCEHOIIEPUKAPIA XUPYPITMUECKHUX
UMILIAHTATOB BBICOKOYACTOTHOM IIJIABMOM

HIGH-FREQUENCY PLASMA PROCESSING OF
XENOPERICARDIUM FOR SURGICAL IMPLANTS

Cynranranuesa [.1., MuponoB M.M., I'pebennnkora M.M.

Kaszancxuii nayuonanvuwlil ucciedosamensCckuti mexHoao2udeckutl ynusepcumem, Poccus,
420015,Kazans, K.Maprca 68, mironov.medinstrument@yandex.ru

[Tonyuanu kcenomepkapn u3 mnepukapaa KPC ¢ nyOneHweMm TIyTapoBBIM —allbJIETHAOM |
nocjenyomeil 1asMeHHol 00paboTKoW B BBICOKOYACTOTHOM E€MKOCTHOM paspsijie  aprosa.
ITpoBoaunu nccenoBaHne PU3NKO-MEXaHUYECKUX XapaKTEPUCTUK KCEHOMNEpHKapia COOCTBEHHOTO
MPOU3BOJICTBA M 3apyOeXKHOro. YCTaHOBJIEHO, YTO Iociie OO0pabOTKM B EMKOCTHOM paspsje
MIPOYHOCTHBIE XapaKTEPUCTUKH yayunmmiuchk Ha 20-40%.

Xenopericardium was obtained from cattle pericardium with glutaraldehyde tanning and high-
frequency plasma processing in a capacitive discharge of argon. A study of physical and mechanical
characteristics of xenopericardium own production and manufacturing group Johnson & Johnson
(USA). It is found that after processing in a capacitive discharge strength properties improved by
20-40%.

KceHnonepukapa npuMeHSIOT B IPOU3BOACTBE KJIANAHOB CEPALA, BEH U apTEPUHU.
D10 00BEMHO-IOPUCTHIN  HUOPUIUISIPHBIM  OENKOBBII  MaTepuag  KUBOTHOTO
npoucxoxaeHus ¢ TepmocToiikocThio 100-110 °C, u conepxanuem Biaru 6osee 50
%. CrpykTypa HUMIUIAHTUPYEMOTO KCEHOINEpPUKApAa CIIUTAa MEXMOJEKYISIPHBIMU
nyoutensimu. [IpombinuienHsii Beimyck mpousoar CILIA, U3pauns, Poccus.

[IpoBogunu BeIpabOTKY JiockyToB u3 nepukapaa KPC ¢ gyOneHuem
[JIyTapOBBIM aJIbJETHUAOM M TMOCIEAYIOMEeH IMIa3MeHHOH 00paOOTKOW B €MKOCTHOM
paspsijie aprosa, UCHOJIb3ys g BO30YykJeHus dactory 13,56 MI't npu naBieHuun
26,6 Ila w BkIagpIBaEMOM B pa3psAl MOLIHOCTH 2,0 xBt. PacuertHas
HEPABHOBECTHOCTb IJIa3Mbl COCTABJISIIA MO TEMIIEPATYPE TAKEIBIX yacTull okoJio 400
K, mo snextponHoii temneparype Ha ypoBHe 10000 K. ®Puszmko-mMexaHuudeckue
XapaKTepUCTHKNA KCEHOIlepHUKapaa COOCTBEHHOI'O IPOM3BOJCTBA M IPOM3BOJICTBA
konrepHa JIxoncon u Joncon (CIIA) mociae oO6pabOTKH B €MKOCTHOM pa3psjie
yiyuimiich Ha 20-40% 1 npuBeieHbI B TaOJIHIIE.

Tabnuna - [lokazarenn KceHomepukapa J0 U MOcCie IJIa3MEHHOW 00paboTKu

[TIpousBoautenn Bpems [IpouHOCTB, Temneparypa
00pabOTKH, MUH MlTa cBapuBanus, °C
JI>KOHCOH 5 0 18,5-19,2 96,5-97,2
JI>KoHCOH 18- 20 25,6-26,1 99,0- 100,5
CoOcTBeHHOE 0 15,3-17,5 92,5-94,6
MTPOU3BOICTBO 18- 20 18,1-19,0 97,2- 98,1

H3MepeHre MpOYHOCTH MPOBOAMIN MPU OTHOCHTEIHHON BIAKHOCTH BO3IyXa
omuzkoit k 100%. OOpaboTka NPUBOAUT K YHOPSJOUYEHHUIO CTPYKTYpHI, aKTUBALIUU
CIIWBAIONINX areHTOB, YCPETHEHHIO HAHOIOpP, YTO OMNpPEICNIEHO pacdyeToM H
HOJTBEPIKAACTCS DIICKTPOHHOW MHUKPOCKOIIHEH CTPYKTYPBHI.
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HCIIOJIb30BAHHUE I'A30BbIX PA3PA0B, KOHTAKTUPYIOLIHUX C
AKUIAKOCTAMMU, JJIA ITIPUJAHUA BAKTEPUIINIHBIX CBOUCTB
BOJAHBIM PACTBOPAM U MEJJUIIUHCKUM MATEPUAJIAM

THE USING OF THE CONTACTING TO LIQUIDS GAS DISCHARGES FOR
GIVING BACTERICIDAL PROPERTIES TO AQUEOUS SOLUTIONS AND
MEDICAL MATERIALS

Haymosa 1.K., Cy66oTkuna 1.H.

Hesanosckas cocyoapcmeennas cenvckoxossiicmeenuas akaoemus um. /1.K. Bensesa,
Poccusa, 153012, 2. Heanoso, yn. Cosemckas 45
e-mail: irinauma@mail.ru

06pa60TKa PAaCTBOPOB U MATCpUATIOB MCAUIMWHCKOI'O HAa3HAYCHHUSA HHU3KOBOJIbTHBIMHU TId30BbIMU
paspsgamMu TMPUBOJUT K WX CTEPWIM3AIMM W TPUAAHUI0O UM OaKTEPUIUAHBIX CBOWCTB.
Habnromaemsbiit 3¢ ¢GexT BbI3BaH MHUIUUPOBAHUEM XMMUYECKH aKTUBHBIX YACTHIl B 30HE TJIA3MBL.
YCTaHOBIIEHO, YTO BpEMs IIOJIHOW CTEPWIM3AIMK W HaJIUYue OaKTEPUIMIHOW aKTHBHOCTH
OTIpeNIeNIACTCSl THIIOM pa3psia, BHIOM OaKTEpUANbHOM KyJIbTYphl M BpEMEHEM TIa3opa3psIHOn
00paboTKH.

The treatment of solutions and materials of medical appointment by low-voltage gas discharges
leads to their sterilization and giving bactericidal properties to them. The observed effect is caused
by reactive particles in a plasma zone initiation. It is established that the complete sterilization time
and existence of bactericidal activity are defined by discharge type, bacteriemic culture type and
time of gas-discharge treatment.

B Hacrosimiee Bpems MI1a3MEHHO-PACTBOPHBIE CUCTEMBI AKTUBHO HCIOJIB3YIOTCS
B BETEPUHAPUU M MEIUIMHE IJs CTepWIM3alMM M 00€33apakuBaHUsA PacTBOPOB,
KHUJIKOCTEH, MOBEPXHOCTH MHCTPYMEHTapus, OOOpYyIOBaHUS U  MEPEBSI30UHBIX
MaTepuanoB. B Hamelr paGoTe wuccrneAoBanoch YrHETalollee BO3/CHCTBHE
HU3KOBOJIBTHBIX 3JIEKTPUUECKUX Pa3psAIOB MEPEMEHHOr0 TOKa (IuadparMeHHOTO U
KOHTaKTHOT0), TE€HEPUPYEMBIX BHYTPHU pPacTBOpa 3JIEKTPOJIUTA, HA PACTBOPHI H
TEKCTHJIbHbIE MaTepuaiibl, coaepsxkamue Escherichia coli, Staphylococcus albus u
Bacillus subtilis.

OKCIEpUMEHTHl  MOKa3aJid, YTO TPU TOPEHHUU pas3psaa MPOUCXOTUT
oOpa3oBaHHEe XUMHUYECKH AKTHUBHBIX YaCTHUIl, MPOSBISIONINX CTEPUIU3YIONIYIO U
OaKTEpUIIMAHYIO AKTUBHOCTbH. YCTAaHOBJIEHO, YTO MOJIHASA CTEPWIIBHOCTh OOBEKTa W
Hanmuuue OaktepunuaHoro 3ddexra 3aBUCAT OT BpEMEHH O00pabOTKH U
AIIEKTPUUYECKUX napaMeTpoB paszpsina, OMOJIOrMUYECKUX 0COOEHHOCTEMH
OaKTepraNbHON KYJIBTYPhl 1 MACCUBHOCTH OOCEMEHEHHS.
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QHEPTETUYECKHUE XAPAKTEPUCTUKU BAPBEPHOTI' O PA3PA A IIPU
®OPMUPOBAHUMU IVIASMEHHOM CTPYHU B IOTOKAX I'EJIUSI,
APTOHA M A30TA B IPUCYTCTBUM ATAPU3OBAHHOM
MUTATEJBHOM CPE/IbI B KAUECTBE MULLIEHA

ENERGY CHARACTERISTICS OF DIELECTRIC-BARRIER DISCHARGE
IN THE FORMATION OF PLASMA JET IN HELIUM, ARGON AND
NITROGEN GAS FLOWS IN THE PRESENCE OF AGAR NUTRIENT
MEDIUM AS A TARGET

Cremanosa O.M.", ITurayx M.D.}, Jlasyxun A.B.%, Cogo6un B.A.", Kpusos C.A.%.
WHCTUTYT 31eKTpOoPHU3UKH U neKTposHepreTuku PAH
ZHaHI/IOHaJ'IBHBII\/'I HCCIIeIOBATENbCKUI YHUBEpCUTET «MOD»
Poccus, 191186, /[sopyosas nab., 18, Canxm-Ilemepoype
E-mail: olga.stepanova707@gmail.com

PaccmoTpen 6anaHc SHEprUM B cUCTeMe «OaphepHBIN pa3ps/l — IMIa3MEHHas CTPYs» B MIPUCYTCTBUU
arapoBOM IHTATEIbHOM CpeAbl B KA4eCTBE MHINCHH. Pacd€r 5SHEpruM BBINOJIHEH IIyTEM
MHTETPUPOBAHUS BOJIBT-KYJOHOBCKOW IHAarpaMMbl, 3allMCAHHOW NpPU 3a3eMJICHUU MHUIICHU U 0e3
Hero. BapeupoBain 4acTOTy CIIEJOBaHMs HMMIIYJIBCOB ITUTAIOIIETO HANPSDKEHHS U CKOPOCTH
ra3oBoro noroka. [lokazaHo, 4To 3HeproBuleTICHUE B 00JacTU pa3psa pacTET MpH Mepexojie OT
JJAMMHAPHOTO peXHMMa MCTEUEHUs rasa K TypOysneHTHoMy. IIpu 3a3eMieHnn MHUIIEHH MTPOMCXOIUT
repepacnpeereHue SHEPrun MexX Ay pa3psoM U INIa3MEHHOHN CTPYEN.

Energy balance for the system of “dielectric barrier discharge — plasma jet” in the presence of an
agar nutrient medium as a target has been considered. Energy was calculated by means of the
integrating of Volt-Coulomb characteristics recorded with the grounding of the target and without
it. Pulse frequency of the supply voltage and gas outlet velocity was varied. It is shown that the
energy released in the discharge rises with the transition of laminar gas flow into turbulent one. At
the grounding of the target the energy is redistributing between the discharge and plasma jet.

Uccnenosansl mazmennsie ctpyu (IIC) Ha ocHoBe GapwepHoro paspsaa (bP),
chopMHpOBaHHbIE B MOTOKAX TeNMs, aproHa M a30Ta MpU HUX B3aUMOJIEUCTBHH C
MHUKPOOHOJIOTUUECKON MTUTATEIbHON cpelol (arapoM), BeIIOKEHHOH B yaike [leTpu.
PaccmoTpen GanaHc sHepruu, BKIIAIbIBAEMOU B pa3psi, IPU HATUYUH 3a3€MJIEHHOTO
anekTpoaa noja yamkoi [lerpu u 6e3 Hero. st nuTaHus MIa3MEHHOIO reHeparopa
UCIIOJIb30BAINCh BBICOKOBOJIbTHBIE MCTOYHUKH CUHYCOMAAIBHOTO HAMNPSHKEHUS C
4acToTOM clienoBaHust uMmmyibcoB 7,5, 31,5 m 84 kl'. PaccmarpuBanucey 1IC,
c(hOpMHpPOBAaHHBIE B JAMHHAPHOM W TYpOYJEHTHOM IIOTOKax ra3a. BioskeHHas
SHEPrusi OMNpENeIsuIach MyTEM WHTETPUPOBAHUS BOJIBT-KYJOHOBCKOW JIHArpPaMMBI.
[Toxazano, uto »3HeproBeimenieHne B oOnactu bP pacrér mpu mnepexome oT
JAMUHApPHOTO pPEeXMMa WCTEYCHHs] Ta3za K TypOyineHTHOMy. llpm 3a3emueHun
anekTpona noxa 4amkou Ilerpu mpoucxomut mnepepacnpeneneHue sHepruu. [lpu
HanpspkeHuu nuTaHus ~1-2 kB sHeproBeinenenne B oOnactu BP  Heckonbko
NpeBbIlIaeT dHEprovbieeHre Ha yvamike [letpu. B To Bpemsa kak npu ~3-5 kB
sHeprus B [IC Ha mopsigok OoJibilie S3HEPTUH, BbiAeneHHON B BP, u MoxeT nmocturath
BEJIMYHMH, COOTBETCTBYIOUIUX IyTOBOM CTaAuM pa3BuTus paspsaa (~1 mIx).
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BO3MO’KHOCTH HCI1IOJIb30BAHMSL IJIASMOXUMHNYECKOM
OBPABOTKMU JIUIA ITPEAJITIOCEBHOMHU ITOAI'OTOBKH CEMSH

POSSIBILITIES OF PLASMA CHEMICAL TREATMENT IN PRESOWING
PREPARATION OF SEEDS

Cy6601kuna 1.H., Haymosa UK.

Hsanosckasn eocydapcmeeHHaﬂ CeﬂbCKOXOBﬂﬁcmeeHHa}l axademuﬂ um. ﬂ]{ Eeﬂ;zeea,
Poccus, 153012, 2. Hsanoso, ya. Cosemckasn 45
Ivanovo State Agricultural Academy, Sovetskaya str 45, 153012 Ivanovo, Russia
e-mail: irinauma@mail.ru

OOpaboTka BOJBI TA30BBIMH pa3psiiaMy MPUBOAUT K T€HEpAIlMA XUMHUYECKH aKTHBHBIX YaCTHII, B
TOM YHCIIC, C OTHOCHUTCIBHO GOHBI_HI/IM BPECMCHCM KH3HH, YTO IMPUOACT BOAC 6aKTepI/II_II/II[HBIe
cBoiicTBa. B pabore mokazano, 4To 00paboTKa ¢ UCTIOIb30BAaHUEM aKTUBUPOBAHHOM TIIIa3MOM BOIBI
CeMSH PXU M KapTodens MOJOXKHUTEIbHO BIMAET HAa HayalbHbIE 3TAlbl Pa3BUTHS pacTeHU U
KaueCTBEHHBIC XapaKTEPUCTUKH YPOXKasl.

The treatment of water by gas discharges leads to the production of chemically active species,
including species with a relatively long lifetime, which imparts the bactericidal properties to water.
In our experimental study, it was shown that treatment of rye and potato seeds with plasma
activated water positively influences the initial stages of plant development and the qualitative
characteristics of the crop.

B mocnemnme rompl  OonbIIOE  BHUMAHHWE  YACIACTCS  BO3MOXKHOMY
WCIIOJIb30BAHUIO TIJIa3MbI, KOHTAKTUPYIOMICH C KUIKOCTSMH, JUIS PEIICHUS 3ajad,
BO3HHMKAIOIIUX B  CEJIIbCKOXO3SMCTBEHHOM  TMPOU3BOJCTBE W B  IHUIICBOM
MIPOMBIIICHHOCTH. B j1aHHON paboTe SKCIEepUMEHTAIbHO MCCIIEI0BAHO BIIUSHUE
aKTUBHPOBaHHOU 1ia3Moil Bojawsl (AIIB) Ha nBa Buga OHMONOrMYECKUX OOBEKTOB:
ceMeHa pxu M Kaptodens. Boay oOpabaTeiBamu pas3psioM MOCTOSSHHOTO TOKa C
KUJIKAM KaToOAOM, a Takke auadparMEHHBIM Pa3psoM WU KOHTAKTHBIM Pa3psioM,
B0O30Y)XKTaeMOM B 00BEME JKUIKOCTH, ¥ KOHTPOJHMPOBATM OOpa30BaHWE PAa3TMUHBIX
AKTUBHBIX YaCTHI] B )KUJKOU (aze. B 00paboTaHHON BOJIe 3aMayMBAJId CEMEHA PKHU
mepea  MpOopanMBaHUEM. OKCIIEPUMEHTHI IMOKa3aiaW, 4To ucronb3oBanue AlIB
MPUBOJUT K YBEJIWYEHUIO CTENEHW HaOyXaHWs W BCXOXECTH ceMsH (d¢dekt
nocturaeT 30%), a TakXke MOJOKUTEIbHO BIUAET HA JIJIMHY MPOPOCTKOB M KOPHEHW.
Kpome yHMUYTOXKEHUS TTATOTEHHONH MUKPO(MIOPHI, KOTOpask HAXOJUTCS HA CEMEHax,
oOpaboTaHHas JIa3MOW BOJAa COJEPYKUT aKTHUBHBIC YACTHUIIBI, KOTOPHIC MPOHHUKAIOT
CKBO3b KJIETOYHYIO MeMOpaHy M aKTHUBU3HPYIOT KJIETOUYHBIE Tpoiiecchl. Bce 3To
BIIUSICT HA HAYAJIbHBIC ATAIbI PA3BUTHS PACTCHUM.

Kpome cemsiH pu 3aMayMBaHHMIO B BOjJi€, 0OpaOOTaHHOM Ta30BBIM Pa3psIoM,
nojBepraim u cemeHa kaprodens. KOHTpoib ypoKallHOCTH M KadeCTBEHHBIX
XapaKTEPUCTHK KOPHEIUIONOB TIOKa3all, 4YTO Hcmojias3oBanne AIIB moBbimaeT
ypoxaiHOCTh Ha 29%, a Takke NPUBOJUT K YBEJIMUYEHUIO COJIEP)KaHUS OOIIUX
caxapoB W MacChl CyXOTO OCTaTKa KOPHEIUIOJOB IPH HEKOTOPOM YMCHBIICHHH
coJiepKaHUs Kpaxmaia.
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IKCHHPECC CTEPUJIN3ALIAA MEJTUIITMHCKOI'O UHCTPYMEHTA
EXPRESS STERILIZATION OF MEDICAL INSTRUMENT
ToxkapeB A.B., Jlexeskun B.M.

Kuipevizcko - Poccutickuti Cnagsanckuu Yuusepcumem um. b.H. Enoyuna, 720000,
Kuipevizckasn Pecnybnuka, e. buwxek, yi1. Kuesckas, 44,

dedushka79@mail.ru

PaccmaTtpuBaeTcs MeTon AKCIpecc CTEPUIU3ALUK MEAMIMHCKOIO HWHCTPYMEHTa Ha OCHOBE
COBMECTHOTO BO3JCHCTBUS 030Ha, Y®D-M3iIyuyeHUs, aTOMapHOrO KHUCIOpOJa U CBOOOJHBIX
TUIPOKCHIIBHBIX PaIUKaJIOB.

The method of express sterilization of a medical instrument based on the joint action of ozone, UV
radiation, atomic oxygen and free hydroxyl radicals is considered.

[enpto paboThl sBIAETCS pa3pabdOTKa »dKCOpecC METOAa CTEpHIIU3aIuU
MEIUIMHCKOIO HHCTpyMeHTa. B skcnepumenTtanbHoM crepuiu3arope (Puc.l.)
reHepalysi 030Ha OCYIIECTBISIETCA B 0apbepHOM pa3psijie a HapaOOTKa aKTUBHBIX

UcTou

HUK NUTaHUA

Puc. 1. Cxema skcnepuMeHTabHOTO cTepuian3aropa. 1 — Kucmopomusni OamioH. 2 —
Penykrop. 3 — O3zonarop. 4 — bapOoraxuslii annapat. 5 — Kamepa ob6e33apaxuBanus. 6 —
VYasrpaduonerosas nammna JIPJI 250. 7 — McTouHuk nutaHus yiabTpaguOIETOBOM JIaMITbl. § —
O6e33apaxkuBaeMbiii HHCTpyMEHT. 9 — O30HOMeTp. 10 — JlecTpykTop 030HAa.

pagMKaIoB  TMPOM3BOAUTCS IyTeM o0OiydeHuss oO0bemMa Y@  u3IydeHHEM
razopaspsHoi Jiamnbl. B KadecTBe MOJEIM HUCIOJB3YETCS KPOBb, COJEpikKaiias
BUpychl remaruta B. KpoBb HaHOCMIOCH HAa MOBEPXHOCTH CTOMATOJIOTMYECKHX
HAaKOHEYHUKOB, KOTOPBHIE 3aTeM 00padaThIBAIKNCH B KaMepPe YCTAHOBKH.

AHanmu3 00pa0OTaHHBIX HAKOHEYHWKOB Ha rematuT B mpooamics
naboparopueid neHtpa usydenuss CIIM/la r. bumkexk metomom HUDA, xoTopsiit
MOoKa3ajl YTo MPU 5 — T MUHYTHOM AKCIO3UIIUM BUPYCHI renatuta B npucyTcTBYIOT B
HE3HAYUTEIBHBIX KOJMYeCcTBax. JlecsiTu MUHYTHOH 0OpaOOTKH JIOCTATOYHO JIJIst
MIPOBEJICHUSI CTEPUIIM3ALIUA UHCTPYMEHTA.

Takum 0Opa3zoM COBMECTHOE BO3/IEHCTBHE 030HA, Y D-U3ITydyeHHs], aTOMAPHOTO
KHCJIOpoAa U CBOOOJHBIX THAPOKCHIBHBIX pPaAUKAIOB TO3BOJAET A(PPEKTUBHO
BO3JICICTBOBATh Ha MUKPOQIIOPY U MOJYyUYUTh OBICTPBIM CTEPHIIU3AIMOHHBINA d(PDHEKT
MEJIUIIMHCKOTO HHCTPYMEHTA.
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GENERATION OF QUASI-PERPENDIQULARE COLLISIONLESS SHOCKS
BY LASER-PRODUCED PLASMA TO SIMULATE THE EFFECTS OF
SUPER-COMPRESSION OF THE EARTH MAGNETOSPHERE
Zakharov* Yu.P., Ponomarenko® A.G., Terekhin? V.A.,Golubev? A.1., Boyarintsev® E.L.,
Vchivkov! K.V., Melekhov! A.V., Posukh® V.G., Prokopov' P.A.

! Institute of Laser Physics (ILP) Siberian Branch of Russian Academy of Sciences,

Av. Lavrentyeva 13/3, 630090, Novosibirsk, Russia. E-mail: kilz@mail.ru
2 All-Russian Research Institute of Experimental Physics (VNIIEF), Av. Mira 37, 607188, Sarov,
Russia.

Giant plasma releases of so called Coronal Mass Ejections (CME, with Kkinetic energy up to Ey
~ 10% opr) from the surface of the Sun and their potential catastrophical impact onto Earth’s
magnetosphere, with the probable opportunity to compress it 2, 3 or more times [1-3], represent
one of the most important problem in the geophysical and historically-bioevolutional
investigations of the past and present of the Earth. It was supposed that the re-connection of
magnetic fields at MagnetoPause (MP) could play [2] an exclusive role in the inward shift of MP,
but from the more general point of view (to perform laboratory simulation [1] of MP dynamics),
the most important and common features of CME propagation in Solar Wind plasma are the
formation of Quasi-Perpendiculare Shocks (Q-PS) ahead of Super-Alfvenic CME. It is provided
by the almost radial (along to R) motion of CME from the Sun, while the Interplanetary Magnetic
Field By has an angle 6 ~ 45° (relative to R) near the Earth orbit. Up to date, in spite of intensive
development of laser energetics and energy [4] of Laser-Produced Plasma (LPP, e.g. in
comparison with initial simulations [5] at KI-1 facility of ILP), such collisionless Q-PS never
were studied in laboratory [6], excluding recent LPP-experiment (see Fig. 1) at KI-1 [7]. In the
given work, a first results of our study were presented together with relevant calculations by
hybrid codes and the data of physical model of VNIIEF [8] on the collisionless Magnetic Laminar
Interaction of spherical LPP with magnetized background plasma. A special analysis was done on
the conditions of whistler generation in front of oblique shocks. This work was supported by ILP
SB RAS Research Program 0307-2016-0002 and by Fundamental Program of Presidium
RAS/Siberian Branch of RAS on 2017.
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MATHUTOIIJIASMEHHBINA YCKOPUTEJD «TSKEJBIX» YIAPHUKOB
ELECTROMAGNETIC LAUNCHER FOR “HEAVY” PROJECTILE

Koznos A.B., Kotos A.B., [Toaumyk B.I1., lllypynos A.B., lllypynos M. A.
OUBT PAH, Poccus, 125412, Mocksa, ya. Hxcopckas, 0. 13, cmp. 2
polistchook@mail.ru

[IpencraBieH penbCOBBIM YCKOPUTEIb ¢ €MKOCTHBIM UCTOYHHKOM 3Hepruu Ha 4,8 M/[x. Onucansl
SKCIIEPUMEHTBHI 110 PA3TOHY YIapHUKOB Maccoil 15 r B pesknMe I1a3sMeHHON apMaTyphl.

Railgun with capacitive power source of 4.8 MJ has been described. Experiments on the throwing
of projectiles with weight of 15 g in the regime of plasma armature have been presented.

[IpencraBiena »IEKTPOMArHWTHAsE METATENIbHAsi YCTAHOBKA C E€MKOCTHBIM
ucrounukom sHepru (EH) na 4,8 M/I>k npy HOMUHAJIBPHOM HANPSOKEHUU 3aPSIKU
6 kB. EH cocrour u3 cemMu MOIynedl C HE3aBUCHUMBIM 3aIllyCKOM. Y CTaHOBKa
ITO3BOJISIET MCCJIENOBaTh PA3rOH YAAPHUKOB B PEIBCOBOM YCKOPUTENIE B JBYX
peXuMax: ¢ TBEPABbIM SIKOPEM U C IUIa3MEHHOU apmaTypoil. DHeprus EH nocratouna
IUI1 METaHUs YJapHUKOB Maccoit nmopska 0,3 Kr co CKOpOCThbIO 3 KM/C.

OKCIEPUMEHThl C IJIa3MEHHBIM apMaTypoill MpPOBOJIUIIUCH B PEIbCOTPOHE C
mmHOM kaHana 0,7-1 M W BHyTpeHHUM JuameTpoM 17-25 MM. OIeKTpojbl
M3TOTaBIMBAJINCH U3 MEIH, U30JSATOPHl — W3 ToymkapOoHaTa. Macca yaapHHUKOB U3
noymkapOoHata cocraBmsuia 5-15 1. Jlns 3amycka paspszma B peIbCOTPOHE
npuMeHsIcs rpaduToBbIM nHUIIMATOP Maccoit 0,5-1 r. Mcnonp30Bamuce Tpu MOTYJIS
EH ¢ cymmapHoi HoMuHanbHOM 3Hepruen 1,2 MJDx.

CucteMa JMAarHOCTUKHU BKJIOYajia B ceOsi: M3MEPEHHE TOKAa, BXOJHOTO H
BBIXO/JIHOTO HANpPSKEHUS B PEIbCOTPOHE, KOHTAKTHBIC JaTYMKA HAa MUIIEHU U
BBIXOJIC M3 KaHaja, MarHUTHbIE 30HIbI. [[poBOAMIIACHE BUACOCHEMKA CO CKOPOCTHIO
100000 kaapoB B CEKyHIy IBIKCHHUS yJapHUKAa Ha OalLTUCTUUYECKOW Tpacce u
Mpolecca €ro CTOJKHOBEHUA C MHUIIEHbIO. B KauecTBe MUILIEHEH HCIOIb30BAIMChH
JropalieBble QUCKU ToMuHOW 60 MM 1 quamerpoM 150 Mm.

[IpuBeneHbl pe3yabTAaThl IKCIEPUMEHTOB, B KOTOPBIX IOJYYEHBI CKOPOCTH
MetaHus 2,5-3,5 kM/c. OnucaHbl TOBPEXKACHUS MHIICHEH IPU BBICOKOCKOPOCTHOM
yaape.

O6cyxnatotcst PU3NYECKre MEXaHU3Mbl, OTPAHUYUBAIOIINE CKOPOCTh METAHUS
B PEJIBCOBBIX YCKOPUTEISIX.
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MATEMATHYECKAS MOJEJIb TEYUEHUI NTBIJIEBOM I1JIA3MBI,
BBI3BAHHbBIX CAMOCOI'JTACOBAHHBIM 3JIEKTPUYECKHUM I1OJIEM

MATHEMATICAL MODEL OF THE CURRENTS OF DUST PLASMA
CAUSED BY THE SELF-COORDINATED ELECTRIC FIELD

TykmakoBa H.A.l, TykmakosB I[.A.2
KITY um. A.H.T ynonesa, Poccus, 420111, Kazanv, K.Mapkca, 10,
nadejdatukmakov@yandex.ru

UMM PAH, Poccus, 420029 2. Kazanw, ya. Cubupckuii mpaxm, 0. 10/7,
tukmakovDA@imm.knc.ru

B pabGote uucieHHo wu3ydaercs mporecc (GOPMHUPOBAHUS BOJH CXKATUA U PA3PEKEHUST
BCJICJICTBUE JBUKEHUS 3apsKEHHBIX YACTHIL IOJ] ICUCTBUEM KYJIOHOBCKUX CHJL.

In work is studied the process of formation of waves of compression and depression owing to
the movement of charged particles under the influence of Coulomb forces.

Hannass paGoTa TOCBSIIIEHA W3YYEHHUIO HECTAI[MOHAPHBIX IMPOLIECCOB B
KOMIUIEKCHOW TUTa3Me€ TIPENCTaBISIONIC COOOW B3BECh TBEPABIX YacTHI[ B
MOHU3UPOBAaHHOM rase. B xoae uccinenoBaHus MOJIydeHAa MareMaTUyecKas MOJIEIb
KBa3MHEUTpaIbHON NBUICBOM IUIa3Mbl KOHJIGHCHpOBaHHas (a3a KOTOpOM HMeeT
MHOTO(paKIIMOHHBIA COCTaB- MPEACTABJICHA YacCTUI[AMHU, MMEIOIIMMHU Pa3IUYHBIN
pa3Mep U COCTOSIIIMMHU M3 BELIECTB C Pa3IMYHBIMU (PU3UYECKUMH CBOMCTBaMHU.
[IpensioxenHass Mo/iesb MbUIEBOM IJIa3Mbl pa3pad0TaHa Ha OCHOBE TEOPUU JUHAMUKH
MOJIMAUCIIEPCHOM MHOTOCKOPOCTHOM U MHOT'OTEMIIEPATYPHOU Ia30B3BECU C YUETOM
CKOPOCTHOTO M TEMIIEpATYpHOTO 3ama3/IblBaHusl YacTUl] KOHJICHCUPOBAHHBIX

bpakimii.
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WCCJEJTOBAHUE BJIUSHUA HEJTUHEMHBIX KOJIEBAHUM I'A3A HA
XAPAKTEPUCTHUKHU AYT'OBOI'O PA3PAIA

INVESTIGATION OF THE INFLUENCE OF NONLINEAR GAS
OSCILLATIONS ON THE CHARACTERISTICS OF ARC DISCHARGE

lannymmug JIL.P., Kamamnos H.®.

Kazanckuit (ITpuBomxckuii) penepanbHbIi YHUBEPCUTET

B nanno# paboTe mccienoBaHbl CBOMCTBA B3aUMOJICHCTBUS aKyCTHUECKUX KOJICOAHUN C TIIIa3MOM.
B cnydae pe3oHaHCHON dYacTOoThl KoiebaHMs Ta3a B TpyOe, mpu OONBIIMX 3HAUYCHHIX
MHTEHCUBHOCTH OBUTH TIONyYCHBI BOJBT-aMIICPHBIE XapaKTEPHCTHKH pa3psiga B BO3AYXE Yy
OTKPBITOTO KOHIIA TPYOBI.

The properties of the interaction of acoustic oscillations with a plasma are investigated in this paper.
In the case of the resonance frequency of gas oscillations in the pipe, at high values of the intensity,
the current-voltage characteristics of the discharge in air at the open end of the pipe were obtained.

N3yuenne BIMSHMS HEIWHEWHBIX KOJEOAHWI Ta3a Ha IUIa3My YpPe3BBIYAiTHO
BAXHO KaK C TOYKM 3PEHHUs PEUIEHUS AaKTyaJbHbIX MPAKTUYECKUX 3a1ad, TaK M
TeopeThyeckux uccienoBanuii [1]. B mocnennee Bpems B JaHHOW 00J1acTH 3HAHUU
aKTUBHO BEIETCS Pa3BUTHE HETPAJAMIIMOHHBIX MOJXO0JOB K MpoOJieMaM MOBBIIIECHUS
s exTuBHOCTH SHEPrOMOIIHOCTHBIX XapakTepUCTUK B COBPEMEHHBIX
ra3oINIaMEHHBIX TOPEJNKax M IUIa3MOTpoHax. B Hacrosiiee BpeMss B OCHOBHOM
M3y4YeHbl 0COOEHHOCTH MPOUCXOJISIINX MPOIIECCOB, T/I€ MPOI0JIbHBIC KOJIeOaHUs Ta3a
CO3JAIOTCA  AKyCTUYECKHM  3JIEKTpPOJAMHAMHYECKUM  u3nydareneM [2].  Ilpwm
BO3OY)XJICHHH CpEIbl B MCCIEIYEeMBbIX Ta30JJUHAMUYECKUX CHUCTeMax BOJIU3H
PE30HAHCOB BO3HUKAIOT CUIIbHO HEJIMHEWHbBIEC BOJIHBI JaBJICHUS.

HccnenoBanusi MpoBOJATCS HA yCTAHOBKE OCHOBAaHHOTO Ha BUOpOTeHEpaTope
mapku TIRAvib S 5220/LS, koTopsiii ipeoOpa3yeT dAEKTPUISCKH TeHEPUPOBAHHBIM
W YCWICHHBIA CUTHAJI B MEXaHMYECKHE KojeOaHWs, MepeaBaeMble K IOPIIHIO,
COCAMHEHHOTO0 CO CTEKISHHOM TpyOoi. C mOMOIBI JaHHOTO BHOpPOCTEHIA
CO3/IaeTCsl YIPaBIISIEMbIN peXUM KojieOaHusi raza B Tpyde, niauHou L = 0.918 M u
BHYyTpeHHUM auamerpoM Oy = 0.1 M. MICTOYHMKOM TUTaHUS Ui HCCIIETYyEMOTO
paspsiaa sBusercs Spellman STR30P/400VAC wmomHocthio 6 kBT. B ciyuae
pe3oHancHO# vacToThl (v=90.3 '), moa BIUSIHUEM aKyCTHYECKHUX KOJieOaHWM Mpu
0osbIMX 3HaUYeHUIX HHTEHCHBHOCTH (1=0.01 M), mpPOMCXOAAT M3MCHCHHS BOJIBT-
aMIIepHOM XapaKTEPUCTUKHU pazpsiaa. Hanuuue Takux KojaeOaHUl MPUBOIUT K POCTY
Pa3psAIHOTO HANPsDKEHHS MpU (PUKCUPOBAHHOM 3HAYCHHUH TOKA, T. €. K MOBBIMICHUIO
MOIIHOCTH, BKJIQ/IbIBAEMOI B pa3ps/l.

NHTeHCcUBHBIE TUHAMUYECKHE KOJICOAHUS B IUIa3Me, MPEJCTaBISET OCOOBIM
HMHTEpPEC B BOIPOCE B3aUMOJEHUCTBUS IJIA3MEHHBIX TMOTOKOB C BOJHOBBIM IOJIEM,
dbopMupyemMbIX BHOPOCTEHIOM B JMHAMHYECKOM JHMArma3oHe W MOTYT OBITh
WCIIONIb30BaHbl JUIsl KOHTPOJS IMapaMeTpoB pas3psiga B Mpoleccax MNOJydeHUst
ra30TEPMUUYECKUX IMOKPBITUH.
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CTABWIN3ALIUS IIJIA3MBI HHEPIIUAJIBHBIMHA BO3JEMCTBUSMHU
PLASMA STABILIZATION BY INERTIAL EFFECTS

AdanaceeB B.B., borocnos E.A., lanunaeB M.IL., ITonbckuii 1O.E.

Kaszanckuii nayuonanvuwiil uccieoosamenvekuti mexuudeckuti ynusepcumem um. A.H. Tynonesea —
KAHU, Poccuiickas @edepayus, 420111 . Kazans, yi. K. Mapkca 10, E-mail: danilaev@mail.ru

HpennomeH nmoaxod K CTa6I/IJ'II/I33L[I/II/I Ij1asMbl Ha OI'PaHUYCHHBIX BPEMCHHBLIX HWHTECpBajlIax C
MMOMOIIBIKO BPEMCHHBIX U MTPOCTPAHCTBCHHBIX NHCPIUAIIbHBIX BO3CHCTBUH.

An approach of inertial influences (time and spatial) plasma stabilization is considered in that paper.

Opna w3 ocoOeHHOCTEH CTaOWIM3alMH IJIa3Mbl B pEAlbHBIX YCTPOMCTBaxX U
CHUCTEMax 3aKJII0ouaeTcsl B o0ecredueHnu TpedyeMoro Buja (GyHKIMH pacipeaeieHus
YacTUIl TOJIbKO Ha OTPaHMYEHHBIX BpPEeMEHHbIX MHTepBanax [1]. B mannoit pabote
pacCMOTpPEH KOMIUIEKCHBIH MOAXOA K CTaOWIM3aluy IJIa3Mbl € TIOMOIIBIO
MHepuHaIbHbIX Bo3aeicTBUil (MB). KOMILIEKCHOCTh MOAXOJa 3aKII0YAETCS B TOM,
4TO JJIs1 00JJACTH OTHOCUTEJIBHO OOJIBIIMX XapaKTEPHBIX BPEMEH HEYCTONYMBOCTEM
B peanu3yroTcss BO BpEMEHHOM o0Onactu (Hampumep, CTaOWIu3anus IIa3Mbl B
KOAKCHAJIbHOU pa3psaHON Kamepe BpallalolMMCS MarHUTHBIM mojeMm). B oGnactu
ManbIX XapakTepHbIX BpemeH (Menee 107 ¢), rme peanmsaups CTaGHIH3HDPYIOIHX
BO3JECHCTBUI BO BPEMEHHOW OOJacTH IPAKTUYECKHM HE BO3MOXKHA, PEAIU3YIOT
IIPOCTPAHCTBEHHbIE cTabmnusupytonue VB (HanpuMmep, 3a cUET CTPYKTYpHUpPOBAHMS
MUILIEHH JIJIs JTa3epHOro TepmosiiepHoro cunresa - JITC) [2].

Ha ocHoBe ¢Qopmann30BaHHOTO TMOAXO0Aa, B paboTe MNPEemIOKEeH METON
crabunmn3anuu mia3Mel B MuieHsx JITC myTem M3roToBlieHUSI CTPYKTYpPUPOBAHHBIX
MHOTOCJIOMHBIX MHIIEHEH CO CJIOSIMM, BBIIOJIHEHHBIMA B BHJI€ SYEHCTBIX
MPOCTPAHCTBEHHBIX CTPYKTYp C MEPEMEHHBIM pa3MEpPOM siUeeK MO IIyOMHE CIIOEB
MUIIEHW. BaXHBIM  NPEUMyIIECTBOM  IPEIAraéMblX  CTPYKTYPHPOBAaHHBIX
MHOT'OCJIOMHBIX MMILEHEW SIBJIIETCS BO3MOYKHOCTH B3aMMOIIOAABICHUS JIOKAJIBHBIX
HEYCTOMYMBOCTEN B IUIa3ME€, BO3HUKAIOMIMX B PA3IMYHbIX JIOKAJBHBIX OOJACTIX
CJIOEB MHUIIEHHU, MPU HAAJEXKAIIEM BbIOOPE CTPYKTYphl CIOEB M MapamMeTpoOB
SAYEUCTHIX MPOCTPAHCTBEHHBIX CTPYKTYp. Takum oOpa3zoM, mpeajaraemMblidi MOAXoHA K
CTaOMJIM3aIMU TUIa3Mbl TIO3BOJISIET C OOMIMX MO3MIMKA aHAIU3UPOBATH MEXAHU3MBI:
3aMEIJICHUSI Pa3BUTHUSL JIOKAIBHBIX HeycToMuuBOCTeWd B Tasme muineHer JITC u
oOecrieyeHuss TpeOyeMbIX BPEMEHHBIX 3aKOHOB HM3MEHEHHMS IJIOTHOCTU TMOTOKA
SHEPruM JJIsl YyCTONYMBOIO CXKAaTHUsl U HarpeBa MMILEHH, a TaKKe peliath 0OpaTHYIO
3aJja4y yCTOMYMBOCTHU IJIa3Mbl C BBISBIEHUEM TPeOYEMOTO 3aKOHa pacIpeeiIeHUs
IUIOTHOCTU MaTepuaja U MPUCaI0K B aOJISMOHHOM U paboyeM CII0SIX MUIICHHU.
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ELECTROHYDRODYNAMIC FLOW APPLICATION IN GAS DISCHARGE
LASER CIRCULATION SYSTEM

Dremin D.V., Khomich Yu.V., Rebrov I|.E., Yamshchikov V.A.

Institute for Electrophysics and Electric Power RAS, Russia, Saint- Petersburg, Dvorzovaya
Naberezhnaya 18, 191186, Rbrv.igor@gmail.com

Abstract: Electric discharge No-laser with circulation system based on electrohydrodynamic flow is
described. Experimental studies and mathematical modeling of EHD flow considering configuration
of circulation chamber and discharge gap have shown value of a stream more than 15 I/s.

Electrohydrodynamic (EHD) gas acceleration systems are extensively used in
cooling and circulation devices, and in laser technique for active air flow control [1-
3]. The advantage of these devices is the absence of moving parts, vibration and
noise, as well as the need to use preionisation. They are simple, compact and reliable
compared to conventional electromechanical fan. The most important factor affecting
maximum frequency of electric discharge lasers impulse repetition is the velocity of
working gas mixture circulation V in the interelectrode gap [4-7]. In its turn the
circulation rate is determined by the value of gas flow W, provides by circulation
system. Electric discharge N,-laser with EHD circulation system integrated in gas
circulation and cooling contour was investigated. Experimental studies and
mathematical modeling of gasdynamic processes in EHD flow considering
configuration of circulation chamber and the area of discharge gap of 200 cm® were
carried out. Multicascade circulation system consists of plasma emitters (PE) and ion
collectors. Researches with amount of PE in one stage from one to six were
conducted. According to our results, the value of the gas flow increases in proportion
to the amount of PE by increasing the area of emitter. Therefore, to obtain W > 15 I/s,
required for efficient laser operation, it is necessary to use more than three PE. The
system with two emitters in two cascade configuration and with one PE and four
stages was optimum for velocity of gas flow and efficiency. Operating voltage of
such systems was 17 kV and the flow velocity reached 3 m/s in the output of single
stage and 1,3 m/s in laser discharge gap. At this speed, the volumetric flow rate is of
16 I/s, thereby we are able to obtain the N,-laser output energy of to 3 mJ with a pulse
repetition frequency of 50 Hz using a single stage and up to 150 Hz using four
respectively.
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THRUST AND THRUST-TO-POWER RATIO IN
ELECTROHYDRODYNAMIC PROPULSION ELECTRODE SYSTEMS

Dremin D.V., Khomich Yu.V., Rebrov |.E.

Institute for Electrophysics and Electric Power RAS, Russia, Saint- Petersburg, Dvorzovaya
Naberezhnaya 18, 191186, Rbrv.igor@gmail.com

Abstract: Dependences for the efficiency of ionocraft electrode system and the magnitude of the
thrust were obtained for different polarity of the corona. The most effective mode of work lifters of
the considered structures is achieved at low current. The increase of distance between the corona
electrode and the collector gives the growth of thrust and thrust-to-power ratio up to some distance.
In the subsequent distancing statistically significant increase of characteristics is not observed. It is
advisable to use emitters with smaller diameter to reduce losses to the formation of the corona.

The influence on thrust parameter [1-2] and efficiency [3] from geometric
parameters and design features [4, 5] of the ionocraft electrode systems (IES) in air at
atmospheric pressure and natural humidity [6] is considered. Thrust parameter is
represented by magnitude of a generated thrust F [g], and the efficiency is evaluated
by magnitude of thrust-to-power ratio, which is equal to ratio of thrust to power
consumption F/P [g/W]. Thrust F will increase in proportion to increasing distance of
the collector-emitter | if other parameters stay the same [7]. In practice, this
dependence cannot be fully performed. Increasing of the zone of acceleration of
charged particles leads to an increase of the thrust up to some distance. As | increases,
the growth of thrust F is slowing down. Using formula for estimating thrust for
ionocraft and expressions for power consumption and 1-V curve of corona discharge,
thrust-to-power ratio for ionocraft is obtained:

F—Zl Vel 1+ 1+4I
- UV Csz

where [ is ion mobility in air; V is the critical corona voltage; | is intensity of
current; C is a constant value defined for a particular geometry of the system.
Hyperbolic dependence for thrust-to-power ratio from current shows necessity of
work of ionocraft in modes small values of current | as the most effective. With
increasing |, the system with a negative corona becomes more effective in
comparison with the device with the positive corona with the similar configuration.
The using of emitter with wire diameter d = 0.02 mm increase thrust-to-power ratio
by 10% compared with wire diameter d = 0.08 mm.
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COMPARISON OF DIFFERENT IONOCRAFT ELECTRODE SYSTEM
MODELS
Dremin D.V., Khomich Yu.V., Rebrov |.E.

Institute for Electrophysics and Electric Power RAS, Russia, Saint- Petersburg, Dvorzovaya
Naberezhnaya 18, 191186, Rbrv.igor@gmail.com

Abstract: The influence on thrust parameter and efficiency from geometric parameters and design
features of the ionocraft electrode systems (IES) in air at atmospheric pressure and natural humidity
is considered. Collector in form of a grid or two parallel tubes gives a significant increase of thrust
and thrust-to-power ratio of EHD propulsion system compared with the single tube collector.

Geometric parameters and design features of the IES include the diameter of the
corona electrode, the distance between it and the collector, the number of plasma
emitters (PE) in usage and the framework of the collector [1-4]. Designs of five IES
models shown in Fig 1. Thrust parameter is represented by magnitude of a generated
thrust F, g and the efficiency is evaluated by magnitude of thrust-to-power ratio F/P,
g/W [5-7]. In all five models nichrome emitter wire with diameter d = 0.02 mm is
under negative potential. The aluminum tube collector has diameter d. = 10 mm.
Results of the experiment show that F/P of system with the grid collector and system
with double tube collector are comparable, although for the last one a greater thrust
value is observed at the same discharge current. Compared to the single tube collector
such configurations give an increase of value of F/P to 1.5-2 times. Using of double
PE leads to a drop of output parameters due to the mutual shielding of PE, when the
ratio h/l is lower value of 1.15. The IES with a grid collector has reached the
maximum for this series of experiments of thrust to about 2.8 g.

B o] ‘, R 4

\\

1 2 3 4 and 5

Fig 1. 1 — steel grid collector with mesh size of S = 2x2 mm’ and diameter
d.=0.42 mm; 2 — double tube collector with distance h = 10 mm; 3 - single tube
collector; 4,5 — double wire emitter with h equal 10 and 30 mm, single tube collector.
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BJIUSTHUE TEOMETPHHU 1YT'OBOM KAMEPHI HA XAPAKTEPUCTUKHA
IIJIASMOTPOHA

EFFECT OF ARC CHAMBER GEOMETRY ON THE CHARCTERISTICS
OF THE PLASMA GENERATOR
Jayros 10!, Kamanos H.® .2, JlayToB 1 Codponunxuii A.0.M

YKasancruii HAYUOHATILHBIL UCCTe008amenbCKull mexHuveckuil ynueepcumem um. A.H. Tynonesa-
KAHU, Poccus, 2. Kazanw, 420111, yn. Kapaa Mapkca, 10.
?Kaszancruii ¢edepanvuniii ynusepcumem, Poccus, 2. Kazanw, 420008, yn. Kpemnesckas, 18.
E-mail: artempic8@mail.ru

Annotanus: B a3Toit paboTe mokazaHna BO3MOKHOCTb CYIIIECTBEHHOTO BIMSHUS HAa XapaKTEPUCTUKU
MJIa3MOTPOHA U3MEHEHUEM TMaMeTpa TyroBOi KaMepbl IO €€ JITUHE.

Abstract: This article shows that the change of the diameter of arc chamber along its length
significantly influences the characteristics of plasma generators.

OCHOBHBIMHU YaCTSIMU JAYTOBOM KaMepbl UCCIEAYEMOTO MIIa3MOTPOHA SBISIOTCS
KaToJl, AaHOJ M  CEKUIMOHHPOBAHHAs  MEXDJJIEKTpoaHass BctaBka (MOB).
[Inazmoo0pa3yromuit  ra3 — BO3AYyX IOJaeTcss B JYroBylO Kamepy dYepes
MEKCEKIIMOHHBIE KOJIbLIa 3aKPYTOK M B Hadajle kaHana. BHyTpenHuil paguyc MOB B
HaIPaBJICHUU JBW)KCHHS IUIa3Mbl MeHseTcs imHeiHo R=Ry(1+ kilx), rme Ro-pamnyc
ayroBoit kamepsl npu X=0 u |-mmHa MDOB. B cnygae k>0 nyroBas kamepa
pacimMpsieTcsl B HaNpaBJICHUU JBWKEHUs IiasMbl U Rg=0,5 cM, a B ciydae k;<O
Ro=0,75 cM u ayroBasi kKamepa Cy>KaeTcsl B HAPaBJIEHUU JBUKEHUS T1J1a3MBbl.
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Pucynox 1. I'paduku pacnpenenenus noTepu Teria 4epe3 CTEHKY JyroBOM KaMephl.

Ha pucynke 1 noka3zansl rpaduku pacnpeneseHuss IoTepy TeIuia Yepe3 CTEHKY
nyroBoit kamepsl mpu Go=0,32 rc’, Gi=0,17 rc’, kl=525. I'paduxu 1 u 2
cooTBeTCTBYIOT cuiie Toka 150 A u 200 A. Kak BumHo, mpu OoybIIMX X B
HaIpaBJICHUU JABWXEHHUS TUIa3Mbl (| YMEHBIIAETCS, YTO MPUBOJUT K MOBBIIICHUIO
KII/I rmasMoTtpoHa.

JIMTEPATYPA:

1. Tasicun An.®@. @usuxa u xumus oopabomxu mamepuanos. 2016. Ne 3. C. 22-26.

2. laticun An.®., Aonynnun W.II., baceipos P.11., Xa3zueB P.M., CamutoBa I'.T.,
akuposa 2.D. Qusuxa nrazmor. 2014. T. 40. Ne 12. C.1095.

243


mailto:artempic8@mail.ru

HNCCJIEIOBAHUE BJIUAHUA TOPMO3HOI'O H3JIYYEHUS HA
ITPOLECC 3ATYXAHUS AJIb®@BEHOBCKOU BOJIHbI B
JAUCCHUITATUBHOMU IIVTASME

INVESTIGATION OF THE INFLUENCE OF BREMSSTRAHLUNG ON THE
PROCESS OF ALPHEN WAVE ABSORPTION IN DISSIPATIVE PLASMA

I'aBpukoB M.b., Tatopckuii A.A.
HIIM um. M.B. Kenoviwa PAH, Poccus, 125047, Mockea, Muycckas na., 0.4, tayurskiy2001@mail.ru

B pabGore paccmoTpena 3amada O 3aTyxaHWUW adb()BEHOBCKOW BOJIHBI, MAaJaloNIeli Ha TpaHUILY
,Z[HCCHHB.THBHOIE I1J1a3MBbI, y‘lI/ITBIBaIOH_Ieﬁ TUAPOAVNHAMHUYCCKUC BA3KOCTH H TCIUIOMPOBOJHOCTH
AJIEKTPOHOB U MOHOB, MarHUTHYIO BSI3KOCTh, PEJIaKCAUIO TEMIIEPATyp, TOPMO3HOE U3TyUCHHE.

The problem of absorption of Alfven wave falling on a boundary with a dissipative plasma is
considered in the paper, where take into account hydrodynamic viscosities and thermal
conductivities of electrons and ions, magnetic viscosity, temperature relaxation, bremsstrahlung.

Kak wm3BecTHO u3 paboTel [1], 3a pa3orpeB COJHEYHON KOPOHBI 0 HECKOJIbKHX
MUJJIMOHOB T'PaJyCOB OTBETCTBEHHBI 3aTyXarollue anb(BEHOBCKOW BOJIHBI, KOTOPHIE
TeHEPUPYIOTCS B HIKHUX 3HAUUTEIHHO OOJiee XOJOAHBIX COJNHEUHBIX ciosix. Kak
MOKa3aJId HAllld HCCIEIO0BaHUA [2], 3aTyXaHHE NPOUCXOIWUT HA JUIMHAX MOpsKa
CKMHOBBIX, Ha KOTOpeIX MI'J[ ypaBHEHMS HE NPUMEHHUMBI, IO3TOMY B OCHOBY
WCCJICIOBAHUM  TIOJIO)KEHbI  YPAaBHEHUS JBYX)KUJIKOCTHOM  3JIEKTPOMArHUTHOM
THIPOJUHAMUKN C TIOJHBIM YYETOM WHEPUMHU JIIEKTPOHOB. llpemnoxkeHa HesBHas
PAa3HOCTHAs CXE€Ma YHUCJIEHHOTO pAacy€ra TIUIOCKUX TEUYEHUM JABYXKUIKOCTHOU
mia3mel.  [IpoBen€HHBIE WCCIETOBaHMS TMO3BOJMIM yCTAaHOBUTH 3aBUCHMOCTH
3aTyXaHHUs OT YacTOThI alib()BEHOBCKOW BOJHBI M DJIEKTPOHHOU TETIOMPOBOIHOCTH H
BS3KOCTH. BBITIOJTHEHHBIE WCCICNOBAHUS YYHUTHIBATM KaK TOPMO3HOE, TaK W
CUHXpPOTpOHHOE wu3nydeHue. OOHapykeHbl Takue A(P(EKTh, KaK yCTaHOBJICHHE
mpoiiecca 3aryxaHusi alb(MBEHOBCKON BOJHBI U 3P (HEKT 3anupaHus anb(HBEHOBCKOM
BOJIHBI B INCCUNIATUBHOM IJIa3Me.

PaGora BbmonHena mnpu (¢uHaHCOBOM mommepxkke Poccuiickoro  donga
byHIaMeHTaIbHBIX UccieaoBanuid (Koapl mpoektoB 15-01-03085, 16-31-00302).
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O BJIMSAAHUU CTPYKTYPbI MULIEHU HA D®OP®EKTUBHOCTbD
I'EHEPALIMH JIASEPHOM I1JIA3MbI

ABOUT INFLUENCE OF TARGET STRUCTURE ON LASER PLASMA
GENERATION EFFICIENCY

Loktionov E.Yu., Telekh V.D.

Bauman Moscow State Technical Univercity, Russia, 105005, Moscow,
2" Baumanskaya str. 5-1, stcpe@bmstu.ru

[IpocTpaHCTBEHHBIEC OrpaHWYCHHS, HAKJIAJBIBACMBIC HA TEIUIONIEPCHOC B MUIICHU NPHU HCIIOIH30BaHHU (OJIBIUA WU
CIICKAaHWM W3 TOPOIIKA, MOKa3adl Ha IMpPHUMEpPEe TUTaHA HE TOJBKO CYHICCTBEHHOE YBeinueHHe 3(PQPEKTHBHOCTU
reHepally Tra30BO-IUIA3MEHHBIX MOTOKOB MO CPaBHEHHIO C MACCHBHBIMH MHUIICHAMH (OCOOCHHO TMPH HH3KUX
IUTOTHOCTSIX YHEPTHH), HO M M3MEHEHHE XapaKTepa 3aBUCHMOCTH YJEIbHOTO MEXaHHYECKOIro uMIyibca otnadu Cp oT
[UTOTHOCTH YHEPTHHU JIa3ePHOr0 U3IydeHus: F — ¢ BbINyKJI0it Ha BOTHYTYI0. MUHHMAaNbHAs Pa3HUIA MEXAY 3HAYCHUSIMU
C 1t MaccuBHOM MuIieHH B GoJbru coctaBuiia 1,68 pas, MakcuManbHast — 1,5 mopsiaka, Bcera B MOJIb3Y MOCIETHEH.
ITpu BO3zEHCTBMM Ha CIIEUYEHHbIC M3 MOPOIIKA [MOPUCTHIE MHUIICHU YISNbHBII MEXaHHYECKHH MMIYJILC OTAa4Yd ObLI
MEHBIIIE, YeM IIPH BO3JEHCTBUH Ha (OJILIY U3 TOrO ke Marepuaia (xapakrep 3aBUCUMOCTH Cp(F) OBUI HICHTHYHBIM),
HO TpU HOPMHUPOBAHMM HA IUIOTHOCTH PE3YJIbTaThl BHIPABHUBAIUCH, YTO, HA HAIl B3TJISLMA, MOATBEPXKIACT POIb
MPOIIECCOB PACcCEsIHUS TEIUIa B CHIXKCHUHU 3()()EKTUBHOCTH BO3/ICHCTBHS HA MACCHBHBIC MUIIICHU.

Spatial restrictions on heat transfer imposed in foil and sintered powder titanium targets have resulted not only in
sufficient efficiency of gas-plasma flows generation increase as compared to bulk Ti targets (especially at low laser
fluences), but also in change of the pattern of momentum coupling coefficient C,, dependency on laser fluence F form
convex to concave. Minimum difference C,, in values for bulk and foil targets was 1.68 times, maximum — 1.5 orders of
magnitude (always higher for foil). At the impact on sintered porous targets momentum coupling coefficient was lower
than for foil of the same Ti (C,(F) dependency pattern was identical), but normalised by mass density, the results
became about equal. To our mind, this confirms the role of heat dissipation processes in decrease of efficiency at the
impact on bulk targets.
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NCCIEAOBAHUE MPOLHECCOB JIASBEPHOI'O UHUIIMUPOBAHU A
IMPUPOJHOTI'O I'A3A ITPU ITOBBIINEHHBIX TABJIEHUAX

INVESTIGATION OF THE PROCESSES OF LASER IGNITION OF
NATURAL GAS AT ELEVATED PRESSURES

Loktionov E.Yu., Pasechnikov N.A., Telekh V.D.

Bauman Moscow State Technical Univercity, Russia, 105005, Moscow,
2" Baumanskaya str. 5-1, stcpe@bmstu.ru

HenaBuue pa3pabOTKM Ja3epHBIX CBEUYEH 3a)KUraHMs JUIsl JIBUraTeledl BHYTPEHHErO CropaHus MOKas3ajld HEJIO0CTaTOK
JIAaHHBIX 110 JIa3€pHOMY WHHIIMMPOBAHHIO TOIUIMBHBIX CMECEW NPH JIaBJICHHUSAX B HECKOJIBKO aTMocdep, He0OX0IUMbIX
JUIl ONTHMH3aLUN SHEPTUM U (OKYCHPOBKH JIa3€PHBIX HMIYJILCOB. Kak M3BECTHO, IMOPOTH ONTHYECKOTO Mpobos B
ra3ax yMEeHbIIaIOTCs ¢ pOCTOM JaBiieHus 10 pumepHo 100 6ap. OHako npeoioiieHre mopora oNnTHYeCKOoro Npooos He
SBJISCTCS. JOCTATOYHBIM YCJIOBHEM JUIl MHHLMHUPOBAHMS T'OPEHHUS, MTOITOMY MHHHMAaJbHAs dHEPTUs WHULUUPOBAHUS
(MDMW) cranoButcs Oonee BaKHON BEIWYMHOW U YCTAHOBJICHHUS SiApa TOPeHMS. B oTimume ot mopora mpo0osi, oHa
cy1abo 3aBUCHT OT JUIMTEIBHOCTH Ul HAHOCEKYHIHBIX M 0oJiee JUIMHHBIX JIA3ePHBIX UMITYJILCOB. MBI IPEIIIONIONKNIH,
YTO BO3JCHCTBHE YJIBTPAKOPOTKHMH JIA3EPHBIMU UMITYJIECAMH MOXKET MPUBECTH K CYLIECTBEHHOMY CHIDKeHHI0 MOU 3a
cueT HenuHeWHbIX 3ddexToB. [I03TOMYy MBI HCCIEmOBaNM HOKUT CMeced Ha OCHOBE MHPHPOAHOro rasa 71 1c
JIa3€pHbBIMU UMITYJIBCAMU U CPABHUJIN MMOJYYCHHBIC PE3YJIbTAThI C PE3YyJIbTaTaMU BO3Z[€I71CTBI/IH 12 HC UMITyJIbCaMHU.

Recent development of laser spark plugs for internal combustion engines have shown lack of data on laser ignition of
fuel mixtures at multi-bar pressures needed for laser pulse energy and focusing optimisation. It’s well known that
optical breakdown thresholds in gases decrease with pressure increase up to ca. 100 bar. However, breakdown is not a
sufficient condition for combustion ignition, so minimum ignition energy (MIE) becomes more important for
combustion core onset. The latter, unlike breakdown threshold, is poorly dependent on laser pulse length in nanosecond
and longer range. We suggested, that irradiation by ultrashort laser pulses may lead to significant MIE decrease due to
non-linear effects. So we have investigated ignition of natural gas — air mixtures by 71 ps laser pulses and compared the
results with those obtained for 12 ns pulses.

246


mailto:stcpe@bmstu.ru

Cexknus 8
IIJIASMA B CUHTES3E
HAHOMATEPHUAJIOB
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HIGH PRESSURE ICP/RF PLASMA SYSTEMS FOR NANO-MATERIALS
PRODUCTION

Igor Matveev*, Svetlana Matveyeva', Sergei Zverev’
Applied Plasma Technologies, McLean, Virginia, USA
%Peter the Great Polytechnic University, Saint-Petersburg, Russia

To investigate some promising plasma assisted processes at the elevated pressures
Applied Plasma Technologies, Corp. has developed an inductively coupled (ICP) or
radio frequency (RF) plasma system APT-60 with input power up to 60 kW and
APT-100 with input power 100 kW.

General view of APT-100-2 is depicted in Fig.1.

~ (/YT ) 7 W -

Fig.1. APT-100-2: a) two-modular power supply with coaxial cable and capacitor bank
combined with torch, b)high pressure reactor for boron nitride nano-tubes production with
top mounted torch.

Among advantages of the newly developed systems are:
- High pressure operation (tested up to 7 bar) means higher plasma enthalpy, smaller

reactors, high pressure output (no need in compression);

- Portable design and low gravimetric parameters. Total weight of the APT-100
power supply is 1,100 kg;

- Wide range of operation frequency — from 4 MHz to 7 MHz, what provides stable
operation on different gases, including N, at elevated pressures;

- Remote ignition;

- Patented torch with direct and reverse plasma stabilization;

- Advanced control system with customer friendly data visualization;

- Contemporary and portable gas supply system - 190 x 190 x 200 mm for 3 gases;

- High thermal efficiency - up to 60%;

- Low cooling water flow — 30-40 liters per minute (over 120 I/min for TEKNA
same power system).
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OCOBEHHOCTH ®OPMHUPOBAHUA YTJIEPOAHBIX JEHAPUTOB B
BAPBEPHOM I'A30BOM PA3PAJIE ATMOC®EPHOI'O JABJIEHUSA
CARBON DENDRITES FEATURES FORMATION IN THE BARRIER GAS
DISCHARGE AT ATMOSPHERIC PRESSURE

JlanumaeB MLII., borocaoB E.A., IToasckuii FO.E.
KHUTY KAH, Poccuus, 420111, 2. Kazanw, y1. K.Mapkca 10. E-mail: danilaev@mail.ru

B cratbe BIICPBBIC MPUBOJAATCA OPUIMHAJIBHBIC PC3YJIbTAThl S3KCIICPUMCHTAJIBHBIX I/ICCJIC,Z[OBaHI/Iﬁ
dbopMUpOBaHUs YITIEPOJHBIX ACHAPUTOB B IUIa3Me OapbepHOro razoBoro paspsnaa. Ilokxazana
BO3MOXHOCTbH O6paBOBaHI/I$I KJIaTpaT aTOMOB MHCPTHBIX I'a30B HA 3apOJbIIIax, KOTOPBIMU SBJIAIOTCA
MOJIEKYJbI akcumepa ArC.

The original experimental studies results of carbon dendrites formation in the barrier gas discharge
are considered in that paper. The possibility of inert gases atoms clathrate formation on the
embryos, which are molecules excimer ArC is showing.

[ToyyeHue yriaepoaHbiX JEHAPUTOB, COCTOSIIUX U3 YaCTUIl rpad)eHa BOZMOKHO
B auanasone remueparyp ot 800 °C mo 3000 °C, HabimrogaeMbIX B IyTrOBBIX pa3psaaax
aTMOC(EpHOTO JaBJIeHHUsA. 3HAYCHHE DHEPIHH DJIJIEKTPOHOB B TaKHUX paspsaax
OKa3bIBACTCS JIOCTATOYHOMW [IJISi MHUIIMUPOBAHUS 00pa30BaHUS MOJIEKYJ 3KCUMEPOB,
KOTOpPBIE MOTYT SIBIISITHCS 3apOJBIIIIAMH POCTa KOHTJIOMEPATOB YacTHIl rpadeHa B
paspsagHom obbeme. [Ipy 3TOM ecnm XapakTepHOE BpeMsi pocTa KOHTJoMepara
YIJIEPOJHBIX YaCTHI] MEHBIIIE XapaKTEPHOTO BPEMEHM KU3HU MOJIEKYJbl 3KCHMEpa
BO3MOXKHO 00pa30BaHME KJIATPAaTOB aTOMOB MHEPTHBIX T'a30B, B KOTOPBIX 3aKUTAIOT
paspsan [1,2]. Llensto manHOW pabOTHI SBISIETCS OMpEIETCHUE YCIOBHM pocTa
VIJIEPOJHBIX JICHIPUTOB, C KjaTpaTaMd aTOMOB HWHEPTHBIX Ta3oB. B pabote
00CYXIAIOTCSl YCJIOBUSL TOJy4eHHUS KJIATpaTOB aTOMOB HWHEPTHBIX Ta30B B
yriepoAaHbix aeHapurtax. [lokazaHo, YTO B OXKE—CIHEKTpaxX, TMOJYYEHHBIX U3
IIEHTpaJIbHOW ~ 00JacTW  JeHJApUTA,  NPUCYTCTBYET  aproH.  AMIUIUTYJa
COOTBETCTBYIOIIETO MHKA HE U3MEHSJIACh MOCJE BBIACPKKU o0pasiia mpu JIaBICHUSIX
~10"° Topp B TedeHHHU TPeX CyTOK. DTO CBUACTEIBCTBYET O HAINYHH YIOPSIOYCHHOM
CTPYKTYpHI yIjiepoJia B LieHTpe aeHaputa. [lo Mepe yaaneHus ot 1eHTpa JeHIpUTa
pacTeT a0 aMOp(HOTO yriepoaa, KOTOPBIM YXKe HE CIIOCOOEH yAEepKUBATh aTOMBI
aprona. Hannuue aprona B IEHTPaIbHOM YacTH IEHIPUTOB HAOIIOIAJIOCHh TOJILKO B
ciydae ux (GOpPMUPOBAHHMA W3 TPOMNMIEHA. JTO CBsI3aHO C 0Ooyiee BBICOKOU
IJIOTHOCTBIO TOKa paspsaa (45 MA/cM?), deMm npu (pOpMUPOBAHUM JEHAPUTOB U3
crupora (25 MA/cM®), akprnonuTpria (28MA/cM), MeTaMeTakprnaTa (35MA/cm’).
JIMTEPATYPA
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M.C.IlynoBkun, A.P.XagueB CtpykTypa YriaepOAHBIX ACHIAPUTOB, MOJYYEHHBIX B
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CBEPXTJIAAKAA ITOJIMPOBKA TIOBEPXHOCTHU MATEPHAJIOB C
IMOMOHBIO YCKOPEHHOI'O HOHHO-KJIACTEPHOI'O ITYUKA
API'OHA

ULTRA-SMOOTH POLISHING THE SURFACE OF MATERIALS BY AN
ACCELERATED ARGON CLUSTER ION BEAM

Kopob6enmukoB H.I'., Poenko M.A., Hukomxaes 1.B.

Hoesocubupckuii cocyoapcmeennwiii ynusepcumem, Poccus, 630090, . Hosocubupck,
ya. [Tupoeosa, 2, E-mail: korobei@ci.nsu.ru

[TpoBeneHO FKCIEPUMEHTATIBHOE UCCIIEJOBAHUE BIUSHUS YCKOPEHHOTO MOHHO-KJIACTEPHOTO Iy4Ka
aproHa Ha MOP(QOJIOTHIO MOBEPXHOCTH PA3JIIMYHBIX MAaTEPHAJIOB: HEPXKABEIOIIAs CTaJb, IUTABJICHBIN
kBap1l. [lomyyeHsl 3aBUCMMOCTH OCHOBHBIX [TapaMETPOB aMIUIUTYIHOU (CpeHEeKBapaTHUHAs
IepPOXOBATOCTh R,) M 1aTepanbHOM (PYHKIHS CIIEKTPAIbHOM INIOTHOCTH IepoxoBarocTH, PSD)
IIEPOXOBATOCTH OT J103bl OOJIYUEHUS U CPEHETO pa3Mepa KiacTepoB. [TokazaHa BO3MOKHOCTh
MOJTyYCHHUS CBEPXTIIaIKUX MOBEPXHOCTEN C CyOHAaHOMETPOBOH IIEPOXOBATOCTHIO.

An experimental investigation of the effect of accelerated argon cluster ion beam on the surface
morphology of various materials (stainless steel, fused quartz) has been carried out. The
dependencies of the main parameters of the amplitude (toot-mean-square roughness, R,) and lateral
(the function of the spectral density of roughness, PSD) roughness on the irradiation dose and the
average cluster size were obtained. The possibility of obtaining super-smooth surface with
subnanometer roughness is shown.

B nocnennee necarwierve ObUIO MOKa3aHO, 4YTO, MO CPAaBHEHUIO C
TPAAUUHUOHHBIMA HOHHBIMH ITyYKaMH, IIy4KHM BBICOKODHEPIE€TUYHBIX Ta30BbIX
KJIACTEPHBIX MOHOB 00JIaAAI0T YHUKAJIBHBIMU MIPEUMYIIIECTBAMH JIJISl UCCIICIOBAHUS U
MoauduKaMK TMOBEPXHOCTH MarepuaynioB [1]. B manHON paboTe BBIMOTHEHBI
HKCIIEPUMEHTAJIbHbIE  HUCCIECOBAHUS  HU3MEHEHHs MOP(OJIOTUH  MOBEPXHOCTH
HEp’KaBeIOIleH CTall U IUIABJIIEHOTO KBapia mpu oOpaboTke KijacTepaMu aproHa c
paznuuHbiMH cpenHuMu  pazmepamu N=150+1200 aTtomoB/knactep u D>Hepruei
Eaus=5+25 3B, cdhopmupoBannubix razoctpyiineiM Metonom [2]. Ilapamerpsr
NOBEPXHOCTH JO U TMOcjie OOJydeHuss pa3HbIMU J03aMU  HU3MEPSUIUCHh C
UCIIOJIb30BaHUEM aTOMHO-CUJIOBOM MUKPOCKOIHH. 3aPETUCTPUPOBAHO 3HAUUTEIBHOE
MTOHIKEHHE IIEPOXOBATOCTH TOBEPXHOCTH HAa PA3JIUYHBIX IMPOCTPAHCTBEHHBIX
yactotax. Onpezenensl ko3 uimeHTsl pacnbuieHus kinacrepamu SiO,. ITokasaHo,
41O 00paboTKa MaTEpHAIOB YCKOPEHHBIM HMOHHO-KJIACTEPHBIM ITYYKOM IO3BOJISIET
MOJIy4YaTh CBEPXIJIAJIKMUE MOBEPXHOCTHU € MIEPOXOBATOCTHIO A0 0,5 HM. MuHnManbHas
JOCTHXKAMAsSI 1IEPOXOBATOCTh OTPaHUYMUBACTCS (U3MKO-XUMHUUYECKOW aHU30TPOMHUEH
oOpabaTeiBaeMOro MaTepuaia.

Pabota BeimonHeHa npu (UHAHCOBON Mojepkke MuHuctepcTBa 00pazoBaHUs
u Hayku Poccwuiickoit dpeneparuu (rpant 11.1402.2017/1T4).
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SYNTHESIS OF ULTRADISPERSE CDO POWDERS IN A PLASMA-
SOLUTION SYSTEM
Rybkin V.V., Shutov D.A., Ivanov A.A., Smirnova K.V., Gromov M.V.

ISUCT, Russia, 153000, Ivanovo, Sheremetevsky Ave. 7, E-mail: smirnovakvl@gmail.com
Abstract: Ultrafine powders of cadmium oxide were obtained from the plasma-solution system. The
powders obtained were examined with SEM, XRF, and TGA.

CdO are widely used in electronics and it has prospects in the future. One of the
promising methods of obtaining this substance is plasma-solution synthesis.

A method for the synthesis of CdO powders using a plasma-solution system is
proposed. Agueous solutions of Cd(NO3),-4H,0 with a concentration of 0.05 mol/l, a
volume of 200ml were placed in an H-shaped glass cell. The voltage on the titanium
electrodes located above the solution was sufficient to ignite the discharge. The
discharge current was 40 mA, the discharge burning time was 10min. At the action of
a discharge in the anode part of the cell a suspension (hereinafter precursor A) is
formed and precipitation of deposite (precursor B). The synthesized powder was
taken separately from the bottom and from the near-surface layer, centrifuged and
dried at a temperature of 60°C for 24 hours.

X-ray was carried out using a DRON 3M X-ray diffractometer (CuKa
radiation). On the basis of these data the quantitative phase composition of the
powders were determinated. Thermogravimetric (TGA) analysis and scanning
differential calorimetry were used to study samples. Analyzes were performed on a
STA 449 F1 Jupiter (Netzsch, Germany) instrument in the temperature range of (30-
600)°C at a heating rate of 5°C/min. The surface images of the powders and their
EDX were obtained with a SEM Tescan VEGA3.

. = | X-ray showed the presence of a large
4 | number of reflexes indicating the crystallinity
of synthesized substances. The composition of
precursor A and B is different. The
composition of A is: Cd(OH)(NOj3) -H,O -
38.2%, Cd(OH), — 50%, Cd3(OH)s(NOz) -
11.8%. The composition of B is: Cd(OH)(NOs)
H, O - 34.2%, Cd(OH),-H,O0 - 53.5%,
Cd3(OH)s(NO3) — 12.3%. The TGA and DTG
confirm that A and B differ in composition.
DTG after calcination demonstrates the
absence of extremums, that is, we are dealing
with a stable anhydrous compound. Annealing
A and B at 500°C for 2 hours leads to the
formation of CdO powders. In the Images of
the powders obtained after calcination, crystal
structures of CdO are clearly visible (Fig. 1).
Given study was carry out at financial support of RF Ministry of Education and
Science (project 3.137171/1T4)

(precursor-A after calcination).
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CTPOEHUE U CBOMCTBA YACTHUII, OCAXKJIEHHBIX U3 JYTOBOI'O
PA3PSIJIA
STRUCTURE AND PROPERTIES OF PARTICLES DRAINED FROM ARC
DISCHARGE

CwmomnanoB H. A.
@I'bOY BO "MTI'Y um. H. I1. O2apésa”
Poccus, 2. Capanck, yn. Bonvwesucmckas, 0. 68, 430005
E-mail:: smolanovna@yandex.ru
AnHoTanusa. VccrnenoBaHbl OCaXJACHHBIE YACTULBI M IUIEHKM M3 IJIa3Mbl JYTOBOrO paspsja.
[Inenkn u moporku 00Jagar0T CBOMCTBAMHM HAaHOKPUCTAUTMYECKUX MaTepuaioB. PaccMoTpeHs
BO3MOXXHBIE MEXaHU3MBI NX 00pa3oBaHUS.

Abstract. Precipitated particles and films from an arc discharge plasma are investigated. Films and
powders have the properties of nanocrystalline materials. Possible mechanisms of their formation
are considered.

Yactuupl U3 KaTOAHOTO MSITHA B JAYTOBOM paspsiie Aal0T HHPOPMAIHUIO O
mpolueccax Mx B3auMojielcTBusi B 1uazme [1-2]. Kpome Toro, HepaBHOBECHBIE
YCIIOBUS TMOJYYEHUSI MPUBOJAAT K 0Opa30BaHUIO HOBBIX COCIIMHEHUN U CTPYKTYp, B
TOM 4YHUCJE€ HAHOKPUCTANIMYECKUX pa3MepoB. B pabore mnpuBeneHbl aHHBIE O
CTPYKTYpE U CBOMCTBaxX TaKMX YacCTHI], OCAKJICHHBIX BOJU3U KaToAa U Ha MOJIOKKE
B BHJI€ TOHKUX IUICHOK, & TakXK€ CTEHKaX BaKyyMHOH kamepbl. Ocoboe BHHMaHHE
y/IeJIEHO TTOBEACHUIO KarnelbHON (DpaKIMK MJIa3Mbl U €€ B3aUMOJICHCTBUIO C a30TOM U
AlETUICHOM B MEX3JIEKTPOJHOM IMPOCTPAHCTBE B MPUCYTCTBUU ANEKTPUUECKOTO U
MAarHUTHOIO MOJIer. B CTpyKTypax marepraia, OCaXxJICHHOIO Ha CTEHKaX BAKYYMHOMU
KaMmepbl 1yroBoro paspsaa (ycranoka HHB-6), nHamu Obuin 0oOHapy>KeHbI YaCTHIIbI,
Heu3BeCTHhIX B 0a3ax maHHbIX ASTM crpykryp. Kpome Toro, onHa u3 moiaydeHHbIX
(a3 COOTBETCTBYET TOUEHHOU MTpOCTpaHCTBeHHOM rpynne Fd3m (anmas).

Jliist uccnenoBaHust CTPYKTYP M CBOMCTB MUKPOUYACTHUIL U TIIICHOK ObLT
HCIIOJIb30BaH KOMILIEKC METOI0B U 000pyaoBanus. 1o nudpakromerpsl JJPOH-6 u
Hecus S3-MICRO, snektponnsiii mukpockon Quanta 200 i 3D FEI,ananu3zarop
pasmepoB yactui Shimadzu SALD — 3101, ananuzatop TGA/SDTARS1e,
uH(ppakpacubiii cnekrpoporomerp IRAffinity-1, 3IIP - cnekrpomerp PS 100.X.
MarauTHbI€ CBOMCTBA UCCIIEIOBAIMCH PU KOMHATHOW U A30THOW TEMIIEpATypax.
3T0 1aJI0 BO3MOKHOCTD B MOJIHOW MEpPE U3YUYUTh CTPOEHUE U CBOMCTBA MOJYYEHHOIO
Marepuana [3].
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CHUHTE3 N-JOIMUPOBAHHBIX TPA®EHOB B IILIASMOCTPYIHHOM
PEAKTOPE

ONE-STEP SYNTHESIS OF N-DOPED GRAPHENE IN A PLASMA JET
REACTOR

[HlaBenxkuna M.bB. 1, Amuposn P.X.l, Kanamenko C.H.Z, Haymkun A.H.S,
BaxutoB I/I.P.4, ['ymapos A.I/I.4, SIHUIKUH I/I.B.4, Tarupon apt
Shavelkina MB, *Amirov R.Kh., 2Kanashenko S.L., *Naumkin A.N.,
Vakhitov I.R.*, Gumarov A.L.%, Yanilkin 1.V.*, Tagirov L.R.*

' O6veounennviii uncmumym evicokux memnepamyp PAH, Poccus, 125412 Mockea ,
V. Hocopcras 13, empoenue 2, e-mail: mshavelkina@gmail.com
% Hayuno-uccredosamensckuii uncmumym 6uomeouyunckoi xumuu umenu B.H. Opexosuua,
Poccus, 119121, Mocksa, yn. [locoounckas, 0. 10, cmp.8 , e-mail: serkanash@mail.ru
3 Hucmumym snemenmoopeanuueckux coeounenuu um. A.H.Hecmesnosa PAH, Poccus, 119991,
I'CII-1, Mocksa, 119334, yn. Basunosa, 28. e-mail: naumkin@ineos.ac.ru
* Unemumym gusuxu Kazanckozo (Ipusonsicckozo) (edepansrozo ynusepcumema, Poccus
420008, Kazans, yn. Kpemnesckas, 16a. e-mail: iskvakhitov@gmail.com
HccnenmoBaHa BO3MOXKHOCTh KOHTPOJIS JICTUPOBAHUS rpadeHa a3oTOM TpH €ro CHHTE3E B
MIa3MOCTpyHHOM peakTtope. C TOMOIIBI0O PEHTIEHOBCKOW (DOTORIEKTPOHHON CHEKTPOCKOTTHH
MMOKAa3aHo, YTO MPHU Pa3I0KEHUH YTIIIEBOAOPOIOB (TMPOMaH-0yTaHOBOW CMECH, METaHa, alleTUIICHA) B
CTpye a30THOH TuTa3Mbl B Tpa)€HOBBIX CTPYKTypax o0pasyroTcs paznuunbie cBsizu C-N, KoTophie
BHOCSIT CTPYKTYPHYIO HEYCTOHYHBOCTb.

The possibility of controlling doping of graphene with nitrogen during its synthesis in a plasma jet
reactor has been studied. Using X-ray photoelectron spectroscopy, it has been shown that in the
decomposition of hydrocarbons (propane-butane mixture, methane, acetylene) in a jet of nitrogen
plasma, different C-N bonds are formed in graphene structures, and they introduce structural
instability.

[Inasmennass  oOpaboTka  sIBAsSieTCS  OAHUM M3 IIPOCTBIX  CIOCOOOB
CTpYKTypupoBaHusi TpadeHa. I[IpoBeseHHOE C TOMOIIBI IJIa3Mbl XUMHUUYECKOE
JerupoBanue sBiseTcs A(PEGEKTUBHBIM CHOCOOOM TMPUTOTOBJICHUST TpadeHa ¢
KOHTPOJIUPYEMBIMH OINTHYECKUMHU, XUMHUYECKUMH U DJIEKTPOHHBIMU CBOMCTBAMHU.
[Tpu dpyHkMOHATBHON MOAU(HUKAIUY TpadeHa a30TOM MOTYT OBITh CPOPMHUPOBAHBI
YYaCTKHA C BBICOKOW KAaTaJUTHUYECKOW AKTUBHOCTBIO, YTO BAXXHO JJISI Pa3JIUUYHBIX
npuMeHeHnd B obnactu »Hepretuku. OCHOBHAs T1EJIb HACTOSIIEH pabOThl —
ONPENCICHUE  AKCICPUMEHTAIBHBIX  YCIOBHM, TMPHU  KOTOPBIX  IPOUCXOJUT
obOpazoBanne cBs3eit C-N ¢ 3a7aHHBIMH OTHOCHUTEIHHBIMH KOHIICHTPAIIASIMH.
Nnentudukanus XuMUYECKUX CBsi3el ocyiecTBsuiach MetooM POOC oCHOBHBIX
YPOBHEM, BaJICHTHOMN 30HBI U 0XE-CIIEKTPOCKOIUHU C PEHTICHOBCKUM BO30YKJICHUEM.
Ha ocHoBaHuu aHamu3a CIEKTPOB, MOJYYEHHBIX B 0e3a30THOM aTtMmocdepe U B
azotHoil miazme npu 350 TOpp, OMNpEAENeHbl CTENEHb sz—m6p1/1z[n3au1/m 51
(yHKIIMOHATM3AMK  TPaPeHOBBIX  CTPYKTYp. ITO  TO3BOJSET  YCTAHOBUTH
KOPPEJAIUIO ONTUMAIIBHBIX YCIOBUM CHHTE3a TpadeHoB ¢ uX cTpykTypoi. [lokazana
M30UPATEILHOCTh 51 YIPaBIIEMOCTD TUIA3MEHHBIX TEXHOJIOTUH TUTS
KpynHOMAacIITaOHOM ObICTpOoll (PyHKIMOHANIM3AMU rpadeHa s COBPEMEHHBIX
IIPUMEHEHU .

253


mailto:mshavelkina@gmail.com
mailto:serkanash@mail.ru
mailto:iskvakhitov@gmail.com

CHUHTE3 U MATHUTHBIE CBOMCTBA TOHKUX ILUIEHOK Pd,Fe,,
INOJYYEHHBIX METOJAMUW MAT'HETPOHHOT'O PACIIBIVIEHUA U
MOJIEKYJISAPHO-JTYYEBOM SIIMTAKCUA

MAGNETIC PROPERTIES OF Pd; Fe, THIN FILMS SYNTHESIZED BY
MAGNETRON SPUTTERING AND MOLECULAR BEAM EPITAXY

A. ESlIIaeiIil, H.IL HI/IKI/ITI/IHl, H.B. HHI/IHKI/IHl, n.P. BaXI/ITOBl, A.N. T'yma OBl,
ymap
M.H. AJ'II/ICB3, P.B. IOCYHOBl, JL.P. ]aFI/IpOBl'Z'4

'Kazanckuit benepanbubiii yauBepcuTeT, 420008 Kazanp, yin. Kpemnesckas 18
®Kasanckuii (usnko-Texanuecknii nactutyt PAH, 420029 Kasanb, yin. Cubupcknit tpakr 10/7
$Baku State University, Z. Khalilov 23, AZ- 1148 Baku, Azerbaijan
4I/IHCTHTyT nepcnekTuBHBIX uccnenoanuiit AH PT, 420111 Kasaub, yn. JleBoOymnaunast 36 A
yanilkin-igor@yandex.ru

CeepxTonkue (20 HM) IJICHKH CruiaBa nataaui-kene3o PdixFeyx (x=0.01-0.2) Obuiv BhIpalieHb
METOJAaMH MOJIEKYJIIpHO-TydeBoii snutakcud (MBE) u marmerponnoro ko-ucrapenus (MS)
MUIIIEHEH W3 MaIaaus W JKelie3a B CBepXBbICOKOBakyyMHOH yctaHoBke (SPECS, BESTEC). B
Ka4ecTBE TMOJUIOKEK HCIOIb30BATUCH MOHOKPUCTATBI KPEMHHUS M OKCHJIa MarHusi. Y CTaHOBJICHO,
YTO HAMAarHMYEHHOCTh U Temreparypa Kropu IIeHOK CHCTEMaTHYeCKH BO3PACTAIOT C YBEITHUCHHEM
B HUX KOHIICHTPAIIUU Kele3a.

Ultrathin (20 nm) PdjxFex films with x =0.01 - 0.2 were synthesized by means of the molecular
beam epitaxy (MBE) and magnetron sputtering (MS) techniques under ultra-high vacuum
conditions (SPECS, BESTEC). Magnesium oxide (MgO) and silicon single crystals were used as
the substrates for MBE and MS depositions, respectively. It was found that the magnetization and
Curie temperature of the films grew systematically with an increase of iron concentration.

JIist uccnenoBaHusl KPUCTAJUIMYHOCTH TOBEPXHOCTH TOMJIOKEK M IUJIEHOK
UCII0JIb30BaIaCh METOMKa AU pakiuu MeIeHHbIX 3ekTpoHoB (SPECS Er-LEED-
3000-D). Conepxanue Fe B cuHTE3MpOBAHHBIX CIUJIaBaX OIPEACISAIOCh METOJI0M
pEHTreHOBCKOM ¢oTodnekTpoHHOU cnekTpockonuu (POIC, SPECS), Tommuna
IUICHOK KOHTpoJupoBayiack cTuirycHbIM mpodmiomerpom Dektak XT (BRUKER).
HccnenoBanuss MarHUTHBIX CBOWCTB 0OpasloB MPOBOIWIMCH Ha BHOpAIMOHHOM
maraerometpe (Quantum Design PPMS-9) B auamaszone temnepatyp 2.5-300 K.,

KospuutrBHOE noJie SNMUTaKCHANIBHBIX TJIEHOK, MOJTy4YeHHbIX Metogom MBE, B
HECKOJIbKO Pa3 MEHBIIE M0 CPABHEHUIO C IUICHKAMH, MOJy4YeHHBIMU MeTosoM MS.
Huszkoremnepatypuble MarHuTHble u3Mepenuss (npu  S5K)  snuTakcuanbHO-
BBIPAIIICHHBIX IUICHOK MOKa3aJIi 3HAYEHHE KOIPIIUTUBHOTO TOJISI paBHOE 7 dPCTE.

Pabota BemonHena npu noaaepxke PODU (14-02-00793 a) u OIKIT XU
KoY.
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YHOPAJOYEHHBIE CTPYKTYPbI U3 MUKPOYACTHULL B JUHEMHOM
AJIEKTPOANHAMMNYECKOMU JIOBYHIKE C KOPOHUPYIIOLIUMU
IAJIEKTPOJAMU

ORDERED STRUCTURES OF MICROPARTICLES IN THE LINEAR
ELECTRODYNAMIC TRAP WITH THE CORONA DISCHARGE

Baagumupos B.U., Bacunsik JI.M., Jlenyrarosa JI.B., Jlanunkuii 1.C.,
ITeuepkun B.41., CeipoBaTtka P.A., ®ununos B.C.

Obveounennvlli uHCMumym 8vlcoxux memnepamyp Poccutickoti akaoemuu nayk, Poccus, 125412,
vld@ihed.ras.ru

B  pabGore BmepBble  MPOAEMOHCTPUPOBaHA  BO3MOXHOCTh  yJAEpXKAHWUS  YacTUIl B
JJIEKTPOJAMHAMHUYECKON JIOBYIIKE C KOPOHMPYIOIIMMHU DJIeKTpoAamu. HesapsskeHHblE 4acCTULBI
Al;O3 HHXEKTHPOBAIKCH B 3JICKTPOANHAMHYECKYIO JIOBYIIKY, TJI€ 3aXBaTHIBAIINCH U YACPKUBATHCH
B TCYCHHUU MPOAOJIKUTCILHOTO BPCMCHHU. KOHLIGHTpaI_[I/IH HOHOB B JIOBYHIKC COCTaBJIsAJIa IMOPSAAKa
10" em™.

The possibility of confinement of microparticles in the linear electrodynamic trap with the corona
discharge was demonstrated for the first time. Uncharged Al,Oj3 particles were injected into the trap,
whgre they were confined for a long time. The concentration of the ions in the trap was about 10’
CM .

B pabote wuccnenoBanach BO3MOMKHOCTb YAEpKAHUS YaCTUI[ MHUKPOHHOTO
pasmMepa B JIMHEMHOM DJJIEKTPOAMHAMHYECKOM JIOBYIIKE C KOPOHUPYIOIIMMU
anekTpogamu. JIOByIIKa COCTOsUIa W3 YETHIPEX JJIEKTPOJOB H3 BOIHGPaAMOBOM
npoBoJioku auamerpoM 300 MxM u aiuHOM 10 cM. PaccTosiHne mMexay coceaHuMHU
ANEKTpoAaMu COCTaBisio 1 cM. Ha anexkTpoasl JOBYIIKM NMOAABAJIOCh NEPEMEHHOE
HanpsokeHue. KOpOHHBIM  pa3psi  3akuraics IpU aMIUIMTYJHOM 3HA4€HUU
Hanpspkennss U, = 5 kB. Yacrora nepemennoro Hampspkenus f = 50 T,
KOHIIEHTpAIMs HOHOB B 00JIaCTH JIOBYIIKH COCTaBIIsuIa mopsika 10 em”,

Heszapsokennsiii  monmuaucnepcHbiid  mopomok  Al,O;  wHkekTUpoBayics B
JIOBYIIKY C BEpXHEW CTOpPOHbI. KyJIOHOBCKas CTpyKTypa, COCTOsIIAas NPUMEPHO M3

NSTHIECATH YacTHUIl, YIEPKUBAIMCH 001aCTH OCH CHMMETPHUH JIOBYIIKH (PHCYHOK 1).

Pucynok 1. KyioHOBcKas CTpyKTypa B 3JEKTPOJWHAMHYECKOW JIOBYILKE C
KOpOHMpYromuMu aektpogamu. Up = 6 kB.

B pabote BmepBeie OblTa MPOAEMOHCTPUPOBAHA BO3MOXKHOCTH YAEpKaHUS
YaCTHULl B 3JICKTPOJANHAMUYECKOHN JIOBYIIKE C KOPOHUPYIOLIMMH 3JIEKTPOJIAMH.
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TIJIASMEHHBIA CUHTE3 HAHOMATEPHAJIOB
PLASMA SYNTHESIS OF NANOMATERIALS

[ToroB B.E., dyanuk 1O. /., 3a6oesa E.A., N3otoBa C. I'., Ky3nenos B.E.,
Maptuncon K. /1., Hakoneunsrii I'. B., O6pasmnos H.B., [Tonkos B. U., Cep6a E. O.,
Cy660Tun /l. U.

Hncmumym Dnexmpoguszuxu u snexkmposunepeemuxu PAH, /[sopyosas nao., 18, Canxkm-
Iemep6ype 191186, Poccus, vld.kuznetsov@gmail.com

B noxnazne paccMOTpeH CHMHTE3 MarHeTUTa U3 BOJHOTO pacTBopa HuUTpata xemnesa 1l ¢
MCIOJIb30BaHUEM OJTHO(A3HOTO BO3AYIIHOTO TIa3MOTPOHA TIEPEMEHHOTO TOKa

The report considers the synthesis of magnetite from an aqueous solution of iron nitrate 111 using a
single-phase AC plasma torch

Hanomarepuansl  aKTUBHO  TNPUMEHSIOTCS B~ XHMHUYECKOH, AaTOMHOM
IPOMBIIIJIEGHHOCTH, B OJJIEKTPOHUKE U Jpyrux cdepax. TpaauiMoHHO OHH
MOJIYYarOTCs Pa3IMYHBIMU HU3KOTEMIEPATYPHBIMU XUMHUYECKUMHU WA (U3UKO-
XUMUYECKUMH MeTojgaMu. OJHaKO B HACTOSIIEE BpPEMsI BO3POC MHTEpPEC K
IJIa3MEHHBIM MeTosiaMm [1] [2], T.K. OHU TTO3BOJISIOT TPOU3BOAUTH TOHKOJAUCIIEPCHBIE
MTOPOIIIKU B HEMPEPHIBHOM IIHKJIE.

B pabote paccmaTtpuBaeTcsi TepMHUECKOe pasiiockeHne Hutpata xenesa |l mpu
HarpeBe €ro C IMOMONIbI0 BO3AYLIHOW IUIa3Mbl, MOJIYYEHHOW B BBICOKOBOJHTHOM
IJIa3MOTPOHE MEepeMEeHHOro Toka. [lma3ma cMmemmBaeTcs € JUCIIEPTUPOBAHHBIM
pacTBOpoM HHUTparta xene3a npu temneparype ot 600 mo 1500 K, momyueHHble
YaCTHUIl COOMPAIMCh Ha OXJKIAEMOM MeTauinyeckord mnoBepxHocTtu. CocraB
YaCTHI] ONPECIICHHBIN YHEPTOAUCTICPCUOHHBIM aHAIU30M TPEJICTaBJICH B TaOIHUIIE.

Ta6auna CocTaB MOJIy4eHHOTO MaTepuaia

MonbHas
DeMeHT o
nons, %
O 58,43
Cr 0,77
Fe 39,39
Ni 0,49
Cu 0,92
U3 rtabmuuel  BuUOHO, 4YTO MOJbHOe coorHomeHnue O/Fe~1.5, uro
CBHUJICTEIILCTBYET 00 oOpazoBanuu okcuaa xenesa lll. Kpome Toro uacTtuirsl

IMPOABJIAIOT MArHUTHBIC CBOﬁCTBa, XapaKTCPHBIC IJISI MAaIrHCTUTA.
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OYUCTKA I'ETEPOI'EHHBIX ITOTOKOB I'A30B B
I'ASOAUHAMMUYECKOM 2JIEKTPO®UJIBTPE

CLEANING OF HETEROGENEOUS GAS FLOWS IN GAS DYNAMIC
ELECTROFILTER
JleneBkun B.M., bornanoB A.C., TokapeB A.B., Bunorpanos B.B.

Kuipevizcko - Poccutickuti Cnaganckuu Yuusepcumem um. b.H. Enoyuna, 720000,
Kwvipevizckas Pecnybnuka, 2. buwkex, yi. Kuesckas, 44, dedushka79@mail.ru

PaccmarpuBaeTcst TEXHOIOTHS M3BJICUECHHUS HAHO-PA3MEPHOTO 30JI0Ta U3 MPOIYKTOB TOPEHUS YIS
Kapa-Keue. IlpuBenaeHo oOmiee omMcaHUEeM MPOIECCOB: MOATOTOBKU YIJISi K 3KCIIEPUMEHTaM,
METO/Ia MCKYCCTBEHHOTO BBEICHHMS HAHO-Pa3MEPHOTO 30JI0Ta B €ro COCTaB, TEMIICPAaTypHBIC H
BpPEMEHHBIE XapaKTEPUCTHUKH TOPEHUs, YCTPOMCTBO M padoTa SKCIEPUMEHTAIBHON YCTAaHOBKH,
IPOIIECC Ta3009MCTKH MTOTOKA ra3a.

The technology of extraction of nano-sized gold from combustion products of Kara-Keche coal is
considered. The general description of the processes: the preparation of coal for experiments, the
method of artificial introduction of nano-sized gold into its composition, the temperature and time
characteristics of combustion, the design and operation of the experimental setup, the process of gas
purification of the gas stream

B HacTtosimiee BpeMs yrojib pacCMaTpUBAETCA KaK HOCUTENb IOJE3HBIX
AJIEMEHTOB: PEIKO3eMOB U IIAaTUHOMAOB [1]. TloaTOMy akTyalbHBIM ABISETCA, KaK
YCTaHOBJICHHE 30JI0TOHOCHOCTH YTJIEH, Tak U pa3paboTKa TEXHOJIOTMM H3BICYCHUS
30JI0Ta M3 TMPOAYKTOB TOpeHHs OypbIX yried Ha 0a3e COBpPEMEHHBIX
ra3004YMCTUTEIbHBIE TEXHOJIOTHUU CIIOCOOHBIX YJABIMBATh CYOMHUKPOHHBIE M HaHO-
pa3MEpHBIE YaCTULIBI MIOJIE3HBIX 3JIEMEHTOB [2,3].

Lenbto paboThl sBiIsieTcs pa3paboTKa TEXHOJIOTHM MOIMYTHOTO YIIaBIUBaHUS,
OCXKACHUSI U XMMHYECKOTO BOCCTAHOBJICHHUS 30J10Ta U3 MPOAYKTOB rOpeHHUs: Oyporo
yrast pa3pesa Kapa-Keue. [IpeaBaputenbHo n3MenbsueHHBIN yroib ¢ ¢paknuei 2 — 4
MM U Maccoil 1Kr, B cOcTaB KOTOPOTO MyTeM ONTHUMAIBHOIO COPOMPOBaHUS, BBEJICHO
HaHO-pa3zMepHoe 301070 (0,02 r/Kr), cKUraeTcs BO BCTPEUHOM MOTOKE KHUCIOPOa.
I'eTeporeHHbIld ra30BbIi NMOTOK MPEABAPUTEIBHO OXJAXKAAECTCS B LUIMHAPHUYECKOM
TEIJIOOOMEHHUKE M TMOJAeTcsi B Tra3oJuHaMUYecKuil snexktpopuibTtp. [lpu
KOHJICHCAllMM YCWJICHHOW NIEVICTBUEM KOPOHHOTO pa3psna NPOIYKTHI TOPEHUS IIOJ
NEUCTBUEM  DJIEKTPUYECKOTO IIOJISI  OCEJAlT HAa BHYTPEHHEW ITOBEPXHOCTH
anekTpoduibTpa. OOpa3yromMiicss KOHAEHCAT COAEpX AUl TBEpAbIE YaCTHUIBI
MOJBEPraeTcs aHajlu3y Ha cojJepkaHue 3o0s0Ta. [lo OamaHcy BBEIEHHOrO H
BBIJICJIEHHOTO 30JI0Ta onpeaesisieTcs: 3 PEeKTUBHOCTb TEXHOJIOTHUHU.
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LAYERED COMPOSITE STRUCTURES SYNTESIS g-SiC - DIAMOND
BY MICROWAVE PLASMA CVD IN H,-CH,-SiH, GAS MIXTURES

Martyanov A.K., Sedov V.S., Ralchenko V.G., Khomich A.A.
General Physics Institute RAS, Russia, Moscow, Vavilov Str., 38, art.martyanov@gmail.com

In this work we present the synthesis of a composite structure: diamond on a cubic polytype silicon
carbide layer (B-SiC).

Diamond is widely used in electronics, optics, biology and medicine [1]. Silicon
Impurities in diamond tend to form «silicon-vacancy» color centers (SiV), which can
be used for optical biomarkers in medicine and single photons sources in quantum
optics [2]. Higher concentrations of silicon allow the formation silicon carbide (SiC),
which has excellent semiconducting properties for high temperature applications.
Formation of a composite material «Diamond — SiC» is an important task for
electronics and quantum optics.

Single crystalline silicon substrate (100) was spin-coated with diamond
nanoparticles. Diamond growth was performed with chemical vapor deposition
technique in a microwave reactor ARDIS-100 (2.45 GHz) in the "methane-hydrogen-
silane" mixtures at flow ratio SiH, / CH4 from 0 % to 50 %. The change in the growth
regime allowed us to first obtain a layer of B-SiC with individual crystallites of
diamond, and then a layer of solid diamond (Fig.1a).

120
(Si removed) Nucleation centers
y i~ B-SiC
20l (200)
¢ SiC
-o1
£ =1 [(3111) B-SiC
N | ‘ (220)
| Diamond
D

EM images chip of the sample: the composite structure of "B-SiC-
diamond"; (b) Diffractogram of the composite "p-SiC-diamond".
This study was supported by the RFBR (grants Ne 14-02-31772_mol_a and 15-

52-04073 Bel _mol), BRFFR (grants No. F15RM-046) and the grant of the President
of the Russian Federation (No. SP-2575.2015.5).
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ELECTRICAL PROPERTIES OF TITANIUM NITRIDE FILMS
SYNTHESIZED BY REACTIVE MAGNETRON SPUTTERING

Mohammed W.M., Gumarov A.l., Vakhitov I.R, Yanilkin I.V.,
Nikitin S.1., Tagirov L.R., Yusupov R.V.

Kazan Federal University, Kremlevskaya str. 16a, 420008 Kazan, Russia

e-mail: waelmohammed88@yahoo.com

A use of the four-probe resistance measurements as a tool for characterization of a quality of
titanium nitride thin films deposited by the reactive dc magnetron sputtering will be discussed in the
report. Few series of ~ 50 nm thick films on various substrates as fused silica, monocrystalline
silicon and magnesium oxide have been deposited with several degrees of freedom (substrate
temperature, magnetron chamber atmosphere and working pressure etc.) varied in a wide range.
Electrical resistivity correlation with the films properties will be reported.

Titanium nitride (TiN) is a material that for a long time is used in many
technological, medical and scientific fields due to its outstanding properties.
Recently, it has been found that TiN thin films may serve also as the plasmonic
materials that can hold the temperatures much higher than the classic plasmonic
elementary compounds like gold, silver or copper [1].

Titanium nitride (TiN) films were deposited by the reactive dc magnetron
sputtering with the power of 150 W on the cleaned silicon, fused silica and crystalline
magnesium oxide substrates at room temperature. Titanium metal target with a purity
of 99.99% was used for deposition. Before the deposition the pressure was set to
5.10" mbar inside the chamber with argon and nitrogen gas partial pressures of Ar:
N, = 0:10, 2:8, 4:6, 6:4 and 8:2. The film compositions were tested with X-ray
photoemission spectroscopy both before the samples were taken out of the deposition
setup and after leaving them for some time in the air.

The resistivity measurements were performed using the van der Pauw four-
point probe system. One of the problems that had to be solved was a development of
the way to create the resistive connection which was not the case for, e.g., aluminium
or gold wire ultrasound bonding. We have found that the best choice is the
indium/gallium alloy.

Results of the correlation study between the structure, composition, deposition
conditions with the resistivity value of the films will be reported and discussed.
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IJIABSMEHHASA MOJIUDPUKALIUA HAHOYACTHUIL CEPEBPA,
MOJYYEHHBIX ITPA ITIOMOIIIA MATHETPOHHOU
PACHBIIUTEJBHOM CUCTEMBI
PLASMA MODIFICATION OF SILVER NANOPARTICLES PRODUCED BY
GAS AGGREGATION CLUSTER SOURCE

Huxwrus JLAY2, Turos B.A¢ H_IyKypOB AJL? BaI/mmeq M.2 , 'anymn 12

Becennl 1.2 , bunepman X2
lyxp PAH, yn. Akanemuueckas 1, I/IBaHOBo Poccus, 153045 daniilnikitin92@gmail.com
2 Faculty of Mathematics and Physics, Charles University, V Holesovickach 2, Prague 8, Czech
Republic, 18000

Cdepruueckre HaHOYACTHUITHI cepedpa ObLIH MOTyYEHBI IIPU TIOMOIIH UCTOYHHKA, OCHOBAHHOTO Ha
MarHeTpPOHHOM pAaCIbUICHUU. B pe3ynbrare mia3sMoXUuMUIECKOT0 OKUCIICHHUS MTOTYYEHBI
HAHOYACTHUIIBI OKCHA cepedpa MeHbIIero aquamerpa. OOpasiipl OXapaKTeprU30BaHbl IPH IIOMOIIH
cnekrpodoTomerpun u POIC.

Spherical nanoparticles of metallic silver were produced by gas aggregation cluster source. Silver
oxide nanoparticles of lower diameter were synthesized by plasma oxidation. Samples were
characterized by UV-Vis spectroscopy and X-ray photoelectron spectroscopy.

Bricokas anTmOakTepuanibHash aKTUBHOCTh HAHOYACTHI[ cepedpa ompenersieT
MNEpPCIEeKTUBBl HUX OUOMEIMIIMHCKUX TNPWIOKEHUH. BaXHOW XapaKTepUCTHUKOM
SBJISICTCSI BBIXOJ HMOHOB cepebpa, KOTOphIE pa3pylIaloT KICTOYHYI) MeMOpaHy
OakTepuil. YBEIWYUTh BBIXOA HOHOB M A()PEKTUBHOCTH ACHCTBUS HAHOYACTHUIL
MO>KHO, 3aMEHHB MeETaInYecKoe cepedpo Ha ero okcull. Xabepmana pazpadoran
HMCTOYHUK, OCHOBAaHHBI! Ha MarHeTPOHHOM PACHbUICHUH METAJUIMYECKOW MUIIECHU C
MOCJeAYIONIEH arperaireil HaHOYacTHUIl B aTMocdepe OXJIaxAEHHOTO HHEPTHOIO ra3a
(gas aggregation cluster source, GAS). DTa TeXHOJOrHus OOCCICUYMBACT BBICOKHE
CKOPOCTH OCaXIEHUS C JIOCTaTOYHO OJHOPOJHBIM pAaCIpPEACIICHHEM YACTHI[ IIO
pasmepaM. llenp naHHOUM pabOTHI - MONyYEeHUE HAHOYACTHUIl cepedpa B MCTOUYHUKE
Xabepnanaa ¢ MX MOCHEAYIOUIMM OKHCICHHEM M JalbHEWIIed XxapaKTepu3aluen.
Ncnonb30BaHHBIA MCTOYHUK MOJAPOOHO omnucaH B [1]. MarHeTpoHHOE pacrblIeHUE
MPOM3BOJMIA Ha MOCTOSHHOM TOKE 150 MA npu nasieHun aprona 100 ITa. Ha
TMOJIOKKAX U3 cTeka i KpeMunst (1x1 cM?) ocaxIamich chepraeckne HaHOYACTHIBI
cepeOpa co cpeaHum nuamerpoMm 25 HM. OkucieHue B miasme kuciopoaa (BU-
paspsia, MomHocTh 15 Bt, naBnenue 2,5 [1a) npuBoAnIio K YMEHBIICHUIO CPEIHETO
nuamerpa yactul 10 <10 M. [Ipu 3TOM Hcue3an XapakTEpHbIM MUK IUIA3MOHHOIO
pe3oHanca Ha 337 HM B cnekTpe mnoryonieHus. CmMellleHre B CTOPOHY OoJbliei
sHeprun cBs3u mmka Ag 3dz, B PDD-cmekTtpe Takke CBUICTEIBCTBYET 00
oOpazoBanuu okcuaa. CTpykTypa HAHOYACTHI[ MEHSETCS € TOJH- Ha
MOHOKPUCTAJUIMYECKYI0, YTO MOYKET TOBOPUTH O MOBTOPHOM PAacCIbUIEHUU C
CaMOOPTraHU3alMEN B MaJIble KIACTEPHI.
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CTEJIIOHIHﬁCH PA3PS B IIPOIHECCAX ITIOJYYEHUASA
HAHOMATEPHUAJIOB
DISCHARGE CREEPING ALONG THE SURFACE IN THE PROCESS FOR
PRODUCING NANOMATERIALS
TumepkaeB B.A.l, Codponunxuii A.O.l‘z, AHzapeeBa AAL?

YKasancruii HAYUOHATILHBIL UCCTe008amenbCKull mexHuveckuil ynueepcumem um. A.H. Tynonesa-
KAHU, Poccus, 2. Kazanw, 420111, yn. Kapaa Mapkca, 10.
?Kaszancruii ¢edepanvuniii ynusepcumem, Poccus, 2. Kazanw, 420008, yn. Kpemnesckas, 18.
E-mail: artempic8@mail.ru

AHnHoTanus: B manHo# paboTe mpeayionkeH HOBBIA MPUHIIAIT COOPKH YIIIEPOIHBIX HAHOYACTHI] B
IJ1a3M€ CTEJIOLIEr0Cs 10 MOBEPXHOCTHU TICIOLIETO pa3psiaa.

Abstract: In this paper, we propose a new principle of assembling carbon nanoparticles in the
plasma of a glow discharge creeping along the surface.

Opranu3anys B3aMMOJCUCTBUS TJICIOUICTO paspsia ¢ JUJICKTPUICCKHUMHU
KHUJIKOCTSIMUA BbI3bIBACT OMNPE/CICHHBIC TPYJHOCTH, CBA3aHHBIC C TEM, YTO IlIa3Mma
TJICIOMIETO pas3psjia BCEraa OTKIOHSAETCS BBEPX, a JKUIAKOCTh BCET/Ia HAaXOIUTCS
BHU3Y. [lo3TOMYy JOJDKHA TPHCYTCTBOBATh CHJIA JPYTOM TPHUPOJIBI, KOTOpas
MIPEBOCXOUT CHITYy ApXHWMela W NPIKUMAET IIa3My K MOBEPXHOCTH KHUIAKOCTH. B
KaueCTBE TaKOW CHJIBI MOXET BBICTYNHTH cHjla AMIiepa, KOTopas JEWCTBYET Ha TOK
TJICIONIETO paspsga B MarHUTHOM Tojie. [lpw HamWYMM MarHUTHOTO — ITOJIS
COOTBETCTBYIOIIIECTO HAMPABJICHHS, IIa3Ma TJICIOIIETO pa3psia MOKET ObITh MpHKaTa
K TTOBEPXHOCTH JKUJIKOCTH. Tak Kak HalpaBJICHUsS JBMKCHUS JJIEKTPOHOB U HOHOB B
I1a3Me TJICIOMIETO pa3psiia MPOTHUBOIIOJIOKHBI, TO HANpaBICHUS JCUCTBUS HAa HUX
cwibl JlopeHia OyayT UMETh OJTHO U TO K€ HampasiieHue. Pa3psia Oyaer cTeauThes y
MOBEPXHOCTU. B paboTe M3ydyeHbI XapaKTEPUCTHUKH TAKOTO pas3psaa, KOTOPOIO MbI
Ha3BaJIM «CTEJFOIIUMCS 110 TIOBEPXHOCTH Pa3psioM».

B pabote Tak ke mpeiioskeH HOBBIN MPUHIIAIT COOPKU YIIICPOIHBIX HAHOYACTHIL
B IUTa3ME€ CTEIIOUIETOCS TICKOMIETO pa3psiia. DJIEKTPOHBI, YCKOPCHHBIC B CHUIIBHOM
AJIGKTPUYCCKOM TIOJIC W HaIlpaBJICHHbIC 3a c4yeT JcicTBUs cwibl JlopeHma K
MOBEPXHOCTH  YIJIEBOJAOPOAHOTO  CHIPhs, CIOCOOHBI ~ pa30MBaTh  MOJICKYJIBI
YIJICBOJIOPOZOB Ha COCTAaBHBIC 3JIEMEHTHL. TakuMm oOpa3om, MOCiie BO3ICHCTBUS
BBICOKODHEPTETUYHBIMH  3JIEKTPOHAMHA Ha MOJICKYJIBl KUAKUX YTJIIEBOJIOPOJIOB
MOSIBJISIFOTCS. KaK aTOMAapHBIA yTIJIepoJI, BOJOPO, a Takke OO0JIbIIIOe MHOTOOOpa3me
pe3yslbTaTOB HMX CHHTE3a. B TOM 4HCIe JieTydne W JIETKHE YTJICBOJIOPOJIbI.
[Tpobupaschk CKBO3b TUIA3My TJICIOMICTO pa3psiia OHM M JaNbIIe TOJBEPTaroTCs
O0oMOapIUpOBKE  O3JCKTPOHAMH, oOOoramias d3JEMEHTHBI COCTaB  IPOIYKTOB
pa3IoKEHUs YTIIEBOIOPOIOB. B TO e BpeMs aTOMBI Yriiepoja B TICIOMIEM pa3psize
NPHOOPETAIOT 3aps] W HaAIpaBIIAIOTCS K JJIGKTPOJaM, TIJe, B OCHOBHOM, H
MIPOUCXOUT CUHTE3 YIJICPOJIHBIX HAHOMATEPHAIIOB.

[TpoBeeHHBIC HCCACIOBAaHUS IMOJYUYCHHBIX YIJCPOIUCTHIX OOpa30BaHUN Macc
CIEKTPOCKONUYEeCKMM MeTogoM W MerogoM MKC mokasanm Hanmuuue B
oOpazoBasmreiics caxe dymrepeHoB C60, C70 u Beicmx (yIIepEHOB.
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®OPMHNPOBAHMUE BOJIH JABJEHUSA JIEKTPUYECKHUM PA3PAIOM
JJIA BUOMEINMIHCKUX ITPHJIO’KEHUHN

PRESSURE WAVE FORMATION BY PULSED DISCHARGE FOR
BIOMEDICAL APPLICATIONS

CuetoB B.H., [Tuauyk M.3., KonukoB B.A., Jlekc A.I'., Cy66oTun JI.W.

HNHCTUTYT 37eKTpOPU3HKHN U dIIeKTpodHepreTuku Poccuiickont Akanemun Hayk (199 PAH)
Poccus, 191186, /[sopyosas nab., 18, Cankm-Ilemepbype,
E-mail: pinchme@mail.ru

OnpeneneHbl ONTUMAJIbHBIE MapaMeTpbl 3JEKTPUYECKHMX HMMIIYIbCOB U TE€HEPUPYEMBIX HMHU
YIApHBIX BOJH JUISl «MATKOTO» pPa3pylIeHHsl 000J0YEeK BUPYCOB M JpOicKell 0e3 HapyleHHs
CTPYKTYpbl ~AHTHIE€HHBIX IOBEPXHOCTHBIX O€IKOB M MOPQOJOTHMM CaMHUX KIETOK JUIs
UCIOJIb30BAaHUS UX MPH MPOU3BOACTBE AHTUBUPYCHBIX BAaKLUH U B OnotexHosoruu. VccnenoBansl
HMITYJIbCHBIE 3JIEKTPUUYECKUE Pa3psAlbl B BOJAE, Pa3INYaIOIINECcs aMIUIUTYAOH, JUIMTEIbHOCTBIO U
CKOPOCTBIO HapacTaHUs TOKA.

Parameters of electric pulsed discharge has been determined for the "soft" breaking the shells of
viruses and yeasts without disturbing the structure of the antigenic surface proteins and morphology
of the cells themselves for manufacture of antiviral vaccines. Pulsed discharges in water was
researched with different current amplitudes, pulse duration and current rise of rate.

Bo03MOHOI 00JaCThI0 MPUMEHEHHUS HMITYJIbCHOTO 3JIEKTPUYECKOrO paspsiaa B
BOJIC, KaK HMCTOYHHMKA YyJapHBIX BOJH [1], MOXkeT cTtath OuoTexHomorus [2], s
«MSATKOTO» pa3pylIeHUs] 000J0YEK BUPYCOB U JPOXOKeN 0€3 HapylIeHUS! CTPYKTYpPBhI
AHTUTEHHBIX TIOBEPXHOCTHBIX OENKOB H MOP(}OJOrHMH caMUX KJIETOK MJis
WCIIOJIb30BAaHUSI MX IPU MPOM3BOACTBE AHTUBHUPYCHBIX BakUMH. JlOCTOMHCTBaMH
JAHHOTO METOJAA SBIIAKOTCA HEMPEPBIBHOCTH IMPOLECCA pPa3pyLICHUs, OTCYTCTBUE
XUMUYECKUX  3arps3uurtenied.  [IpeacTtaBieHsl  MCClEeNOBaHUS ~ MUMITYJIbCHBIX
ANEKTPUUECKUX Pa3psiIOB B BOJE, PA3IMYAIONIMECs aMIUTUTYIOH, JUIMTEIbHOCTHIO U
CKOPOCTBIO HapacTaHUs TOKa C OTHOCHUTEJIbHO MallbiM »HeproBkiagoMm (~1J1x).
Cornacao [3] ang paspyuieHus: oOOJIOYKHM BHpyca TPATUEHT AaBICHUS JOJHKEH
coctaBmsith ~3x10™ Pa/m, 49To COOTBETCTBYET MEXAaHHYECKOMY HAIPSDKCHHIO B
CTEHKE O0O0OJIOUKU BHUpYcCa ~3x10" Pa. WurencuHocts VYB, 00pa3yronmxcs B
IIPOLECCE PACILINPEHNs KaHAJIA pa3psaa, 3aBUCAT OT CKOPOCTH HapaCTaHUs UMITyJIbCa
TOKA.
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MAJIOBIOJKETHBIE CBY IIJIASMOTPOHBI JJIS1 HAYKH U
MNMPOMBIINIJIEHHOCTHU
THE LOW-COST MICROWAVE-PLASMA SOURCES FOR SCIENCE AND
INDUSTRY APPLICATIONS
Tuxono B.H., Anémun C.H., UBanos 1. A., Tuxonos A.B.

Bcepoccuiickutl nayuno-ucciedosamenbCkuti UHCMuUmym paouayuorHou azposxonozuu, 249032,
Poccus, Kanyscckas o6x., e.Obnunck, Kuesckoe wiocce, 109 km, v.n.tihonov@yandex.ru

MBI OTOLUIN OT KJIACCUYECKOM CXEMbI MUKPOBOIHOBOIO IUIA3MOTPOHA U MAKCUMAJIBHO YIIPOCTUIIN
KOHCTPYKITUIO BOJIHOBOJHOTO TpakTa. B coueTannu ¢ Maao0r0KETHBIM T€HEPATOPOM MOKEM
MOCTABIISATh UCTOYHIUKH MUKPOBOJIHOBOH TIa3Mbl 110 11eHe OT 150 ThIC.pyo.

We have changed the classical scheme of the microwave plasmathrone and optimised design of the
waveguide channel. Therefor in combination with low cost generator, we can supply microwave
plasma sources at price from $2700.

[Ipensiaraempie Ha MUPOBOM PBIHKE MUKPOBOJIHOBBIE TUIA3MOTPOHBI TOCTPOEHBI
M0 TaK Ha3bIBAEMOI KJIACCHUECKOM cxeme: OJIOK MUTAaHUS MarHeTPOHA — MarHeTPOH—
HUPKYJISATOP C TMOIJIOMIAONIEH Harpy3koil — H3MEpHUTeNb Mafaroiei/0Tpa>KeHHON
BOJIHBI — YCTPOWCTBO COTJacOBaHUS — COOCTBEHHO IIJIa3MOTPOH — YCTPOMNCTBO
noAcTpouku. IIpu 3TOM CcymMMapHas CTOMMOCTB TOJIBKO TPEX MNO3WLMU M3 ITOTO
IIEPEYHsl, a MMEHHO: YCTPOICTBA COIJIAaCOBAaHMS, HANPABICHHOIO OTBETBUTENS H
[IUPKYJIATOpA C HArpy3Ko#, B ucroiHeHuu, Hanpumep, ¢upmer ULY Tecnology Co.,
Ltd, China, coctaBnser nopsiaka $7800.

[Iponomxkass W pa3BuBas NPUHIMI MHHUMAIbHOW OIOJKETHOCTH HAIIUX
pa3paboOTOK, Mbl ONTUMU3UPOBAIM KIACCUUYECKYIO CXEMY, OCTABUB TOJIbKO CaMble
HE00XOAMMbIE KOMITIOHEHTHI: OJIOK MUTAHUSI — MArHETPOH — BOJHOBOJHBIN TPAKT —
MJ1a3MOTPOH — BOJISIHASA HArpy3Ka U MAKCUMAJIbHO YIPOCTUIIU KOHCTPYKIIMIO CaMOTo
BOJTHOBOAHOTO  Tpakta. llocmemnumit  mpeacrtaBisgeTr coboli  HEpa30OPHYIO
LEJbHOCBAPHYIO KOHCTPYKLMIO M3 HEPKABEIOIIECH CTAJIM HA OCHOBE CTAHJIAPTHOIO
npsimoyrosibHoro npodusiss 100*50*2 mm. B pesynbrate Mbl MOXEM OCYIIECTBIIATH
[OCTABKY IIPOCTBIX U HAJIEKHBIX HCTOYHUKOB MUKPOBOJIHOBOM IJIa3Mbl (B KOMILUIEKTE
¢ HamuM MasoOrwkeTHeIM CBY renepatopom [1] momuocTeio 10 3 kBT 1 mpocThiM
TUTa3MOTPOHOM aTMOC(hEpHOTO AaBieHus) 1o 1eHe oT 150 Teic.py6. (~$2700).

B Hactosiiiee Bpemsi Mbl noctaBisieM Ham CBY mia3MeHHbIE YCTAHOBKHU C
1a3MOTPOHAMHU, MOCTPOEHHBIMU Ha 0a3e CTaHJApPTHBIX PE3bOOBBIX (DUTUHIOB IS
METaNIMYECKUX TpyOorpoBoaoB. Hainume ux B IIMPOKOW mIpojaxe, MO BecbMma
JOCTYITHOM IIeHE M B OrPOMHOM aCCOPTHUMEHTE MO3BOJISIET JOCTATOYHO JIETKO
noaoO0paTh KOH(UTYypalMIO 3aBUXPUTENS MOJI KOHKPETHYIO 3aiady. B xoxe paboThl
[0JIb30BATENIb BIIOJHE MOXET CaM, Ha OCHOBAaHMM HAKAIUIMBAEMOIO OIIbITA,
COBEPILEHCTBOBATh U ONTUMU3UPOBATH KOHCTPYKIHUIO cBoero CBY masmoTpoHa.
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MOJUPUKALINA CBOMCTB MIOBEPXHOCTH IVIEHOK
CBEPXBBICOKOMOJIEKYJIAPHOTI'O IOJIUDTHUJIEHA B PA3PAIE
INOCTOSHHOI'O TOKA

MODIFICATION OF SURFACE PROPERTIES
OF ULTRAHIGH-MOLECULAR-WEIGHT POLYETHYLENE FILMS
BY DIRECT CURRENT DISCHARGE

ITuckapeB M.C., I'mneman A.B., Ky3nenoB A.A., Ozepun A.H.

HUncmumym cunmemuyeckux noaumepnvix mamepuanog um. H.C. Enuxononosea PAH, Poccus,

117393, Mockea, Ilpoghcorozuas yn. 70
E-mail: mikhailpiskarev@gmail.com

Paccmorpensr  MeTonbl  MOIU(UITUPOBAHHWS TIOBEPXHOCTH W HW3MEHEHHE CBOWCTB IJICHOK
CBEPXBBICOKOMOJIEKYJISIPHOTO ~ IIOJIMDTUJIEHA B  HU3KOTEMIlepaTypHOM 1iasme. IIpuBeneHsl
AKCIICPUMEHTAIIbHBIC PE3YJIBTATHI, TOJYICHHBIC JJIS TIJICHOK MOJIMMEpa Mociie 00paboTKH B pa3psijie
IIOCTOSIHHOTI'O TOKaA.

The methods of surface modification and changes in film properties of ultrahigh-molecular-weight
polyethylene by low-temperature plasma are considered. The experimental results obtained for the
polymer films after direct current discharge treatment are given.

B pabore paccMOTpeHbl OCHOBHBIE METOJIUKA MOAM(PHUIMPOBAHUS TUICHOK
CBEpPXBBICOKOMOJIEKYJIsipHoro  nonudtuieHa (CBMIID) ¢ ucnosb3oBaHueM
HU3KOTEMIEPATYpHOH IIa3Mbl, @ TAKKE METOAbl U3YUEHUS U3MEHEHUSI KOHTAKTHBIX
U aJIT€3MOHHBIX CBOMCTB, COCTaBa M CTPYKTYPHI OBepXHOCTH [1].

[IpoBeneHbl SKCHEPUMEHTAIBHBIE HWCCIEAOBAHMS Tpolecca MOoaudUKauu
mieHok CBMIID B paspszae NOCTOSHHOTO TOKAa TNOHM)KEHHOTO JABJICHHMS Ha
YCTAHOBKE U COIJIaCHO METOJMKE, ONHMCAaHHBIM aBTopamu panee [2]. B pabore
HCTIONB30BaIM IIeHKH oTedecTBeHHOro CBMIID tommuuon 100 Mxm. M3ydensl
KMHETUYECKUE 3aKOHOMEPHOCTH W3MEHEHMS BEJIMYMHBI KPA€BOI'O yIila CMayMBaHUs
IJICHOK OT BpEeMEHH O0OpaboTKM B IUIa3Me W Toka paspsga. Ha ocHoBanuu
IIOJIyYEHHBIX PE3YyJIbTATOB IPOBEIEHBI PACUETHI IOJHOW NOBEPXHOCTHOW JHEPIUH,
MOJSIPHOTO W JUCHEPCUOHHOIO KOMIOHEHTOB. CyIECTBEHHOE  YIIyYILECHHE
a/Ir€3MOHHBIX CBOMCTB YCTAHOBJIEHO C MOMOUIBIO pa3pab0TaHHOTO aBTOPAMU METO/a
T-tecta ¢ nenrtoir SCOtCh®810 [3] W ¢ pa3saMYHBIMU AAre3WBAMHU 0 CTAHIAPTY
ASTM 1876-01. N3meHeHUss XUMHUYECKON CTPYKTYphl IUIEHOK U MOPGOJIOTHH
IMOBEPXHOCTHU ITOKAa3aHbl C UCIOJIb30BaHUEM MeTon0B Pypne-UK-cnekrpockonuu u
CKaHUPYIOLIEH AIEKTPOHHON MUKPOCKOIUHU.

JIUTEPATYPA

I. A.b. I'mibman, M.C. Iluckapes, A.A. Ky3nenos, A.H. O3zepun. Xumusa svicokux
anepeut. 51 (2017) 147.

2. T. Demina, D. Zaytseva-Zotova, A. Gilman, T. Akopova, E. Markvicheva, A.
Zelenetskii. Surf. Coat. Techn. 207 (2012) 508.

3. M.IO. S6nokos, A.C. Keuekbsin, C.JI. baxxenoB, A.b. ['mneman, M.C. Iluckapes,
A.A. Ky3nenon. Xumus evicoxux suepeuit. 43 (2009) 569.

264



T'A30OPA3PSJTHBIA ATOMHM3ATOP JIJISI OGECCEPUBAHUSA
BBICOKOCEPHUCTOM HE®THU

GAS-DISCHARGE PULVERIZER FOR DESULPHURATION OF HIGH-
SULPHUROUS NAPHTHA

Cay0OanoB Py3.P., Kapux ®@.I'., BaxutoB P.®., Cay6anos Pycn.P., barranosa JI.®.

Kasanckuii ghedepanvuniii ynusepcumem, saubanov@mail.ru

B ocHoBe wucciemoBaHHMs MO OYHUCTKM HEPTH OT cepbl HCHoib3yeTrcs 3(H(PEeKT aKTUBHOTO
B33.HMO,Z[€I>'ICTBI/I$I aTOMOB CCPBI C ATOMAMHU AJIIOMUHUSA, ITOJTYYaCMbIMU B IJIA3MCHHOM aTOMH3AaTOPC
B 3alIMTHOM ra30BOM Cpeie peaKTopa.

At the heart of a research on oil refining from sulfur the effect of the fissile interaction of atoms of
sulfur with the aluminum atoms received in a plasma pulverizer in a shielding gaseous fluid of the
reactor is used.

ATOMU3HpPOBAaHHBII B Ta30BOM  3alMTHOM Cpele Mapbl  AIOMHHUSA
TPAHCIIOPTUPYETCS ~ CO3aBa€MbIM  IIOTOKOM Ta3a B  OCHOBHOM  pEaxkTop,
MIPEACTABIISIONICH CO00M MUIMHAPUUECKYIO KaMepy POTOPHBIM YCTPOMCTBOM B BHUJIC
HeKa. BBICOKOCEpHUCTBHIE HEPTh CMayuMBaeTCs B pEaKTOpe M BCTyHaeT B
XUMHUYECKYIO PEAaKIUI0 C HOHAaMU aMiOMUHHUS AU(Py3MOHHO MPOHUKAIOMIHUNA B
HE(PTAHYIO TIIEHKY.

[IpoGnema 0cBOOOXKIEHUSA MApOB ATIOMUHHUS OT OKHUCHOW IJIEHKH, HaIUYue
KOTOpOM He M03BOJIAET 3P(PEKTUBHO PeaaTu30BaTh PEAKLINIO COSTUHEHUS aTFOMUHHUS C
cepoii He pemieHa. B kadectBe Mepbl 3(PPEKTUBHOCTH MONyYeHUS Cybpuaa
AIIOMUHUSA, UCTIOJIb30BaHA CTENEHb MOMYTHEHUS HEPTH, CKOPOCTh MOAAYH KOTOPOM
OCYILECTBIISIFOT CUHXPOHHO CO CKOPOCTBIO MOJAYH AJNEKTPOAOB, YUUTHIBASL BEINUUHY
KOHIICHTpaluu cepsl B HedTH [1-3].
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Pucynok 1 — CtpykTypHas cxema Jecyib(ypuzaropa HepTenpoIyKTOB
BoiBoa. JlanHbiii croco® MO3BOJIIET OUYMINATH BBICOKOCEPHHUCTHIM HEPTH OT
cepbl 0€3 MPUMEHEHHS JOPOTOCTOAIIMX KAaTaJIM3aTOPOB M MOJy4aTh B BHUJE MACThI
LEHHBIM MaTepUal C IEPCIEKTUBOW €ro HUCHOJb30BAHWS B KAYECTBE MPUCAJIKUA K
YKUJIKAM TOIIJIMBAaM.
Jluteparypa.
1. TIlarent Ne2000139 P®. KatanuzaTop JUist OKUCICHHS CEPHUCTBIX coequHeHni / A.M.
Masrapos u ap. // bron. Ne33. — 1992.
2. bonbmakos, I'.®. Cepaopranudeckue coenunenus Heptu. HoBocubupck: Hayka, 1986.
243c.
3. Xapmammnuau, X.O. CepaopraHuyeckie COeTUHEHUS HEPTHU, METO/IbI OUNUCTKHU U
Moaudukaruu CopocoBckuii oOpazoBarenbHbIH xypHaI, Tom 6, Ne7, 2000. C.42-46.
265


mailto:saubanov@mail.ru

HAYYHOE U3JJAHUE

BCEPOCCHHCKAS (C MEXIYHAPOJHBIM YUACTUEM)
KOH®EPEHIIMA

«DPU3NKA HU3KOTEMITEPATYPHO! ITJIA3MBI»
OHTII-2017

OTBeTCTBEHHBIN 3a BbINYCK — H.D. Kawanos

Kommnbrorepnas Bepctka — M. 1. Daipyuwiun

266



	ION ACCELERATION THROUGH A MAGNETIC BARRIER SINGLE STAGE AND DOUBLE STAGE HALL THRUSTER
	E-mail: ahatov.81@yandex.ru
	Saint Petersburg University, Russia, 198504, Saint Petersburg, 3 Ulyanovskaya str
	*alexkartasheva@gmail.com
	INFLUENCE of SMALL ADDITIVES OF N2 IN the eLECTRODE MICROWAVE DISCHARGE of low pressure IN HYDROGEN


	Arkhipov D.N., Astashkevich S.A., Mityureva A.A., Smirnov V.V.
	Faculty of Physics, St. Petersburg State University, Russia, 198504,
	E-mail: valery_smirnov@mail.ru

	REFERENCES
	G.V. Naidis
	E-mail: akud53@mail.ru
	Работа выполнена при финансовой поддержке гранта СПбГУ 0.37.218.2016.
	ЛИТЕРАТУРА
	1. В.П. Табаков, М. Ю. Смирнов, А. В. Циркин. Тонкопленочные многослойные покрытия побеждают трещины. РФФИ , Москва, 2007.
	2.А. Л. Каменева, И. И. Замалетдинов, В. И. Кичигин. Коррозионная стойкость твердого сплава ВК8 с пленками на основе нитридов титана и циркония. Коррозия: Материалы,Защита, 1 ,Москва, 2013.
	1. Амирханова Н.А., Валиев Р.З., РазяповаА.Ф., Рааб Г.И. Исследование коррозионного поведения и высокоскоростного растворения сталей Ст3, Ст 45 и 12Х18Н10Т в крупнозернистом и ультрамелкозернистом состояниях // Вестник УГАТУ. – 2008. – №1. – С. 91-95.
	2. Харина Г.В., Ведерников А.С., Садриев Р.С. Исследование коррозионного поведения стали 20Л в агрессивных средах // Наука, техника и образование. - 2015 . - № 8. – С. 8-12.
	3. Anders A. Cathodic Arcs: From Fractal Spots to Energetic Condensation. Berckey: Springer Science, 2008. 540 p.
	4. Любимов Г.А., Раховский В.И., УФН. 125 (1978) 665.
	5. N.A.Smolanov. Journal of Surface Investigation: X-ray, Synchrotron and Neutron Techniques. 11 (2017) 353.


