IJIEKTPOPU3INKA

YK 533.9.011

b.O. [lem’anuyk

Ooecvruu Hayionanouuu yHieepcumem im. 1.1 Meunukosa, eyn. Jloeocenxo,7a,

YmoBH mi1azmosux yreoprosanb npu HBU-npo0oi B cymimi ioHoyrBoproyoi pe-
YOBHHM Ta YACTHHOK JIETKHX METaJiB

OneprxaHi KiJbKIiCHI OLIHKA YMOB IJIa3MOBHUX YTBOPKOBaHb MiJl 4ac MIKpOXBHIIBOBOI Jii Ha
MOPOIIOK-CYMilll 10HOYTBOPIOIOYOT PEYOBHUHHU [ YACTUHOK JIETKUX METAJIIB: KPUTUUHUN piBEHB
€JIEKTPUYHOT HAMPYKEHOCTI €eKTPOMATHITHOTO TOJT0, AKWH MOTPiOEH Al BUHUKHEHHS ICKPO-
BOTO PO3pAY i 3aMaIOBaAHHSA MOPOIITKY JIETKUX METAaJIiB, a TAKOK PiBEHP YaCTOTH €JIEKTpOMar-
HITHUX KOJIMBaHb, HEOOXiTHWH /Ui MIATPUMAHHA TPOIECY I1a3MOyTBOproBaHH:. OTpuMaHi
OLIIHKH 3arajibHOTO €NEKTPUUYHOTO 3apsiy, SKHMH HAKOMUYYETHCS B OKCHIHOMY Iapi YaCTHHOK
MeTatie 10 momeHTa HBU-mmpoboro.

B ocranHi poku creniaiictd 0araTboxX KpaiH akTUBHO JIOCIIKYIOTh podJiemMy B3a-
imonii HBY-nosst 3 HU3bKOTEMIIepaTypHOwO Masmoro[1,2]. BBaxaerscs, 1m0 3apa3
MOBUHHI OYTH BUPILIMHI TaKi CKJIaI0BI 3aBAaHHs 3arajibHOI MPOOJIEMHU:

® ONTHUMI3allisl CHEPrOBUTPAT HA BUKOHAHHS TIPAKTHYHKMX 3a/1a4;

® OIlliHKa MapaMeTpiB M1a3MoyTBopeHHs nij yac Jaii HBY-noJsi.
MeToro cTaTTi € KiIbKICHUI aHali3 CyTTEBUX 3aJEKHOCTEH Mik (Pi3MMHUMHU YMOBa-
MU, siki oTpiOHi mpu HBY-nipo0oi niaazMoyTBOPIOIOUOT XMapu Ta siKi peani3yloThCsl.
Lle crpusuio OM MOJANBIIOMY IMPOCYBAHHIO TaKOX JOCIIIKEHb OO0 BHUPIIICHHS
CKJIQJIOBHUX 3aBJaHb 3arajbHOi MpoOJIeMHU.

IIpu B3aemonii HBU-mosist 3 MeTajieBUM MOPOIIKOM Ha MOBEPXHI YaCTHHOK BH-
HUKA€ TIOBEPXHEBUN CTPYM, SIKUI MPU3BOJUTH JIO €IEKTPOCTATUYHOL 3aps/ KU TOBEP-
XHEBOT OKHCHOT TIJIiBKH, sIKa 3aBXK/M BKPUBAE 11i YaCTHHKH. 3apsi/id HA OKCHJIHIH T0-
BEpPXHI METaJIeBUX YAaCTUHOK MU JocTaTHii noryxHocti HBY-nosst y miiasmoyTso-
PIOIOUOMY CEpPEIOBHII, sIKA CTBOPEHA MONEPEIHBO, MOXKYTh TPUBOJUTH O BUHHUK-
HEHHS €JICKTPUYHOTO i1CKPOBOTO PO3PSLY, 3a JIOMOMOTOK) SIKOrO CTa€ MOXKJIUBUM iHi-
[iFOBaHHS 3aMaJOBaHHsI METAJIEBOr0 MOPOIIKY. 3 IHIIOr0 OOKY, FOPiHHS MOPOIIKY B
HBY-nosi 6€3yMOBHO TPU3BOAUTHL JI0 HEPIBHOBAroBoi ioHi3anii yacTUHOK. Tomy B
poOOTI EKCHEPUMEHTAIBHO JIOCII/IKEHA MOXKJIMBICTH OTPUMAaHHSI HEPIBHOBArOBHX
MJ1a3MOBUX YTBOPIOBAaHb ILJISIXOM iHII[IFOBaHHS 3aMaOBaHHSI METAJICBOr0 MOPOIIKY Y
HBY-noui.

ExcrniepuMeHTH mpoOBOIMINCH B kKamepi 00’ emom 1811, B sikili CTBOprOBAOCS pi-
BHoMipHe HBY-nosie 3 uacrororo 2450 MI'11 i Hanpy»xeHicTio nojs 3700 B/Mm. Mera-
aesuit mopomok ACJI-4 Hacunaau Ha JieJekTpuuHy ((pTopomnaacToBy) MOBEPXHIO.
3anajatoroya ickpa iHiliroBagacs MiXk METaJICBUMH YaCTUHKAMH aJTFOMiHIIO i Marxito.
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OWUiHIOBaHHA KPUTHYHOTO 3HAYECHHS HANPYKEHOCTI CIEKTPHYHOTO NOJs L, Mpo-
BEJICHO BUXOJSAYM 3 YMOBH, IIPU sIKil NPHITYCKaIOCs, WO NPH £, BITbHUH €JIEKTPOH
Ha BiJICTaHI cepeaHBOI JTOBXKHUHHU BiILHOTO MpOOIry HaOyBae €HEprii, sika JOPiBHIOE
NOTeHIliany ioHi3alii MosiekyJu. 3 iHIIoro 60Ky, akTUUHA HAMPYKEHICTh NoJis £ B
00’eMi, sIKii 10CHIJKY€ThCS, TOBUHHA OyTH OlJb1I0I0, a00 JIOPIBHIOBATH KPUTHUYHIN
EHeprii.

1 PT
= tW2E (1)
RarctgD,/2R ¥ 21
Je P — cepenHs MOTYKHICTh JKepesa BUIIPOMIHIOBAHHS €JIEKTPOMArHiTHUX KOJIH-

BaHb;
W= XBUJILOBUI OIip MJIa3MOYTBOPIOIOUOTO CEPETOBHUIIA;
T1 T~ TpuBaiicTh 1 NEPI0JL MPOXOJIKEHHS IMITYJIbCIB;
R— BifcTanb 10 mKepesna BUIPOMiHIOBAHHS;
D,— miameTp XxmapH IMJI1a3MOyTBOPIOIOUOTO CEPE/IOBUINA, Y3TOKEHUH 3 Ji-
aMeTpOM  TOMNEPEUHOro TMEepeTUHy Jiiarpamu  copsimoBaHocti HBUY-
BUITPOMiHIOBAuA.

[Ipu ickpoBomy HarpiBatouomy BruiBi HBY-1osist Ha niiazMoyTBoprotoue cepe-
JIOBUIIIE 3 JIOJ@BaHHSIM METAJICBOTO MOPOIIKY, KIHETHUUHY CHEPrit0 HAMIIBUAKIIIHAX
MOJIEKYJT MOXHA MOPIBHATH 3 CHEPri€l0 3B 3Ky €JIEKTPOHIB B aTOMax I[bOr0 Cepeio-
BHUIIA, i MOYMHAETLCS i0Hi3alis ra3y. JIoBiibHE PO3AiAeHHS 3apsiiiB B LIMX YTBOPEH-
HSIX MOJIMBE, SIK BiJIOMO, JIMIIE 32 YMOBH, 1[0 POOOTa MPOTH €IEKTPUUHOTO TOJIS,
SIKY TOTPIOHO TIPH IIbOMY 3AiIMCHUTH, € MEHIIOI, HiXK TEIJIOBa CHEPTisl YaCTHHKH,
OCKIJIbKM Yy BKa3aHUX YTBOPEHHSX €JICKTPOCTaTUYHA B3a€MOJisl € HACTIJIbKH BEIH-
KOO, 1[0 CBaBUILHE PO3/AIJICHHS 3apsi/iiB € MOXKJIMBUM JIUIIE B TUX 00J1acTsX, SIKi 32
PO3MipoM MOPiBHSIHHI 3 JIe0A€BCHLKUM pajiycoM D.

EHeprist e1eKTpOCTaTHYHOro MOJIs TJ1a3MOBOTO YTBOPEHHSI MA€ BUTJISIL:

3
s e-(n-s\FD)2 10¢-n’-S-> D
° 28¢/d 2-S-£/10D 2¢
7€ q — 3aps/] YACTHHOK;

S — monia mapy HepiBHOBAroBoi 00J1acTi;

& — nieIeKTpUYHA TPOHHUKIIHUBICTH;

N — KOHI[EHTpaIlisl CJICKTPOHIB;

€ — 3apsj eNEKTPOHA;

d — BijicTaHb MiX I1apaMK HEPIBHOBArOBOI 00J1ACTI MJIa3MOY TBOPIOKOYOT

XMapH.
Y npukaaji BijictTaHb MiX 11apaMu HEpiBHOBAroBoi o0iacti oOpana 10D.

[ToBHa TerioBa eHepris Wy, yCiX 4aCTMHOK 4epe3 HaIPYKEHICTh JEKTPUUHOIO I10-
151, sika 1opiBHIOE E, Mae Taky 3a1eXKHICTh

c
W_=n-S-30D-k—E”-t, (3)
c-p
JIe G - TUTOMa TeIJIONPOBIIHICTh CEPEIOBUIIA;
C - TEIJIOEMKICTh CEPEIOBHINA;
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p — IIIBHICTD CEPEIOBUINA;
to —uac BBy HBY-mos.
JlopiBHiorouH (2) i (3) y BiAMOBIAHOCTI i3 3aKOHOM 30€pEXKEHHS SHEprii, OTpH-
MYEMO KPUTHYHE 3HAYEHHSI HAMPYKEHOCTI CIEKTPUUHOTO TOJIs, SIKE JIOPiBHIOE:

4)

Toni yMOBa OTpMMaHHS HEPiBHOBAroBUX MJIa3MOBHX YTBOPIOBaHb HaOyBa€ BH-
TSy

1 \/P'TnW>B enep (5)

RarctgD, /2R ¥ 21 - 2\k-&-0-t,

[Tapamerpamu n, c, p, G, &, o MOXKHA KEPYBATH IPHU JOCIIKEHH] TPOLECY MTa-
3MOYTBOPEHHSI.

OCKUIbKM y TEpPMOJIiHAMIYHO HEPiBHOBArOBil Myia3Mi BUJIKUX YACTUHOK MOMKE
OyTH OllIblIE, HIK TUX, SIKI PyXarThCsl NMOBLILHO, Ta Ti XBHJI, YK (a30Bi HIBUJKOCTI
MOXYTb MOTPAIISITA B J[ialla30H IBUIKOCTEH €IEKTPOHIB, MOXKYTh NIEPEBIIOMBATUCS
PE30HAHCHUMHU YacTHHKaMU (edeKT 3BOpOTHOTO 3racaHHs Jlanmay), To ajst qocsr-
HEHHsl €eKTy MiJITPUMAHHSI MPOLEeCY OTPUMAaHHS HEPIBHOBArOBUX IJIA3MOBHUX YTBO-
pIOBaHb, JEHIMIOPIBCbKa YacTOTa KOJUBAaHb I[UX YaCTOK 4yepe3 edekT moJisipusarii (
3MIIIEHHS TI1a3MOBUX YaCTHUHOK) MOBUHHA OYTH CHiBpo3MipHOIO ( abo TpPOXH MEH-
I010) 3@ YACTOTY BILIMBY 1OJIS f, TOOTO MOBUHHA BUKOHYBATHCS 1€ OJIHA YMOBA: ya-
CTOTA €JEKTPOMArHiTHUX KOJHMBAaHb MOBHHHA OyTH CHiBPO3MIpHOIO 3 BEJIHYHHOIO,
sIKa JIOPiBHIOE

(6)

Jle m,— Maca eJICKTpOHa.

Busznauumo 3apsij, sskuif HAKOMUUYY€EThCsI Ha YaCTUHIIL 10 MOMEHTY mpo0oto. Jlis
[bOI'0 3HAMIEMO CIIoYaTKy 3apsijl, sk HaBOJUTHCS. BijgomMo, 1o npobii ( ickpiHHS)
B NOBITPI MK METAJIEBUMU CTPYKTYpPaMHU TPAIUISIETCSI IPU HOPMaIIbHUX arMocdep-
HUX YMOBAX, SIKIIO €JICKTPUYHA HAMPYKEHICTh MOJIsl JOPIBHIOE:

Enper = 30 kB/cM = 3 KB/MM = 3 B/MKM

B nocaimkenHi, sike po3risjia€TbCsl, HAMPYXXEHICTh €AEKTPUUHOTO TOJIs JOPiB-
Hio€ E.=3,5 kB/M = 3,5 B/MM. Takum 4uHOM, B JIOCTI/KEHHI iCKpiHHSI BUHHUKAE Yy
BUMAJIKY, SIKIIO BiJACTaHb MiX METAJCBUMH YacCTHHKaMU MPUOJIU3HO JOpiBHIOE |
MKM. $Ik 6aUuuMO, OCKiIbKH YACTUHKHU BKPUTI OKCHUHUM IIAPOM TOBIIMHOK MEHIIOH)
1 MKM, TO iCKpiHHSI BUHUKAE MK OJU3bKO PO3TAIIOBAHUMU, KOHTAKTYIOUUMH (4epe3
TOHKY OKCHJIHY TLTIBKY ) YaCTHHKAMHU.

O1uiHuMO 3apsi, SKUi BUKIMKAE MPOOiil JieNeKTPUUHOTO MPOMIXKKY 3 PO3MipoM
;=1 mxm. Hexait niefi mpomikoxk Ma€ MUTOMMIA OITip r, TIJIOIIA MOTIEPEUHOT0 MEPETUHY
YACTUHOK, HaMpUKIaa, HAIiHApUYHOT dopMHu, HopiBHIOE S;. Toai omip ogHOro Mpo-
MiXKKY, SIKUH TPOOUBAETHCS, JIOPiBHIOE:
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. . . 3 3
BpaxoByrouu, mo Ha ainsHii npodorw poexkuHoro 1  gie E.-107 =3.,5-10
. o . o . 3
B/MkMm, TOOTO Ai€ enekTpuUyHUM MOTeHLiand, kWi jgopiBHIOE u=3,5-10" B, maemo
CNCKTPUUHUN CTPYM ICKPiHHS, SIKUH JTOPiIBHIOE:

(7)
R, r-]

Toni, sIKIIO eJeMEHTapHE ICKPIHHSI TPUBA€ 4ac, SIKMK JOpIBHIOE ty, TO 3apsi,
SIKUH HAKOMIMYY€EThCS HAa YACTHHIII 10 MOYaTKy Ipo0O0r0 MpUOIHU3HO JTOPIBHIOE:
_u-S; -t 8)

r-l

Toni 3aralbHMM 3apsii MOXHa BM3HAYMTH, BPAXOBYIOUM KiJIBKICTh YacCTOK B
00’eMi, SIKMH JTOCTIKY€EThCS, SIKIO BiJIOM1 pO3Mipyd YacTHHOK 3 JiiameTpom d; Ta Be-
JUYrHA 00’ €My, SIKMH JOCIIJIKY €ThCSI:

q,=i-t

3
Vzgn-& 9)

BuszHaunmo KiJbKICTh METAJICBUX YACTMHOK B 00°eMi V, SIKMM TOCIiIKYy€ThCsS
JUISL BUTIQJIKY, KOJIM BiJIHOIIIEHHS] MK CYMapHMMH MacaM{ METaJIeBUX YACTHHOK 1 ya-
CTHHOK I1JIa3MOYTBOPIOIOUOI PEUOBMHH BiIOMO 1 JOPiBHIOE m,/m; , a I peUOBHHA
MICTHTh BiJOMi J0Ji 0; IIICTHOX CKIATOBUX: 30Ty, KHCHIO, aproHy, Kallito, HaTpito i
1apiB BOJIU 3 TYCTHHOIO p; .

Toji cymapHa Maca MeTalleBUX YaCTMHOK Y BU3HAYEHOMY 00’ €M1 YTBOPEHHsI He-
PiIBHOBAroBoi MJa3Mu JOPiBHIOE

6
T3

m:—D-Eoc.-‘ 10

M 6 0 - 1p1 ( )

SIki1o0 MeTaneBi YaCTMHKU, HAMPMKIA/, aTlOMiHiIO0 1 MarHifo 3 TYCTHHOK p, Ta
Pus MAIOTH Cepuuny dopmy 3 aiamerpoM d;, TO CepeaHsl Maca YaCTUHKHU JOPiBHIOE

3
ml:w_m,ini (11)
2 3 8

Toji KOHIIEHTpallisi METAJIEBUX YaCTHUHOK B 00’ eMi (9) nopiBHIOE

6
D 3Zai.pi
S ] [y . (12)
ml d’l pa+pM

n:mM

B pe3yabrari 3aranbHui 3apsijl, SKMH HAKOMUYYETHCS] HA YaCTUHKaX B 00’ eMi V

JIO MOMEHTY TTpOo0OO0I0 TPUBAJIICTIO t;, JOPIBHIOE
6

o - 0.

u-S; -t D, 32_1: P
Q=q n=—-—"2— | =—— (13)

r- ]l dl pa + pM
3 (13) BuTikae, 1110, HAIPUKJIaJ, IPU u=3,5-10"B; 1,=107 m; Slzn~(ll/2)2; t=1c;
=107 Om-m; Dg=0.5m; d;=10"m; p,=2700 kr/m’; p,=1739 kr/v’; p1=1,25 xr/m’;
pr=1,43 KF/M3; p;=1,78 KF/M3; p4=860 KF/M3; ps=970 xr/™M”; pe=1000 KF/M3; 0,=0,7;
=0,2; 05=0,097; 04=05=0s=0,001 3apsia, siKui HAKONUYYETHCS B JiCIECKTPUUHOMY

cepeoBuii, sopiBuioc Q=25.8-10° Kyu.
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BMCHOBOK.

TakuMm 4UHOM, HE3BAXKAKOYW HA IJTIOCTPATUBHUN XapaKTep HaBEAEHUX KiJibKic-
HUX 3JICKHOCTEH, MPUITYCTUMO BBAXKATH, 0, O-TEpIile, peatizallis yMOB, HEO0Xi -
HUX JUUIS CTBOPEHHS! HEPIBHOBArOBUX IMJIA3MOBUX YTBOPIOBaHb, I[IJIKOM MOXJIHMBA 32
JIOTIOMOTOI0 3ac00iB, sIKi ICHYIOTh Ha TenepilliHiid yac; no-apyre, JJs iHillilOBaHHS
poO00 HAUOIJBII JOIIJILHAM € MOTYXHE IMITYJIbCHE BUIIPOMiHEHHSI, SIK€ MTOBUHHO
OyTH IponopLiHHUM KyOy BiJIHOLIEHHS JliaMeTpy 00J1acTi J1a3MOYTBOPEHHS J10 Jlia-
METPY METAJIEBUX YAaCTHHOK, sIKi JJOJIAI0OTHCS J0 MIa3MOYTBOPIOIOYOTO CepeIOBUIIA, a
TaKOX MPOMOPILIMHUM 10 Yacy iCHyBaHHsI MJia3MoBOro yTBopeHHs. [lo-Tpete, He0O-
XiZTHO OCOOJIMBO BiJIMITHUTH, 10 iICTOTHE MiJIBUIIIEHHS €PEKTUBHOCTI 1 IIBUJKOCTI Ha-
I'piBY IJIA3MOYTBOPIOKOYOT 00J1aCTi, sika MICTUTh 10HOYTBOPIOIOUY PEYOBHHY 1 YaCTH-
HKH JIETKUX METaJliB, MOXJIMBO JIMILIE IIPU MOTOJPKEHOMY Y IPOCTOPI BIUIMBI MOJIS HA
00J1acTh, sika THILIIOETHCS SIK Y MONEPEYHOMY 1i IEPETHHI, TakK 1 32 IIIMOMHOIO, sIKa 3a-
JEKUTh BiJl BUJY 1 KOHIIEHTpALlil YACTUHOK B 00JaCTi, y BiJIMOBITHOCTI 3 BiJIOMUMHU
patioHaIbHUMU MPUHIIMIIAMH MiKPOXBHJILOBOI'O HArpipy [3].
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b.A. /lembanuyk

YcaoBua miiasmoodpazoanuii npu CBU-npodoe B cMecH HOHO00pa3yroIero
BeIeCTBA U YACTHL JIETKHUX METAJLJI0OB.

AHHOTALIMAA

KosnyecTBEHHO OLIGHEHBI YCIIOBHUSI IJ1a3MOOOpPa30BaHUsl MPU MHUKPOBOJHOBOM
BO3/I€MCTBUM HA TOPOLIKOOOPA3HYI0 CMECh MOHOOOPA3YIOIIEro BEIECTBA U YACTHIL
JErKUX METAJIJIOB: KPUTUUECKHH YPOBEHb HAMPSIKEHHOCTH EJIEKTPUUYECKOro MOJis,
KOTOPBIA HEOOXOIUM JIJIsi BOSHUKHOBEHHSI HCKPOBOTO pa3psiia ¥ BOCIIAMEHEHHUS T10-
pOIITKa METAIIJIOB, a TAK)KE€ YPOBEHBb YACTOTHI AICKTPOMATHUTHBIX KoJIeOaHui, HEoO-
XOJUMBIH ISl TIOJiepyKaHusl mpouecca 1iasmMoodpazoBanusi. OueHeH OOIUN dJek-
TPUUYECKUH 3aps/l, HAKAIIIOBAIOIIMICS B OKCHJIHOM CJIO€ YACTHIl METAJIOB JI0 MO-
menta CBY-ipo0osi.
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B.A. Demyanchuk

Conditions of plasma-formation at SHF-disruption in the mix of ion-formative
substance and particles of light metals

SUMMARY

Conditions plasma-formation were quantitatively estimated at microwave influ-
ence on powder mix of ion - forming substance and particles of light metals: critical
level of electric field intensity necessary for occurrence of spark discharge and igni-
tion of the metal powder, and also level of electromagnetic fluctuations, frequency
necessary for maintenance of plasma-formation process. The general electric charge
collecting in an oxide layer of metals particles till the moment of the SHF-disruption
was estimated.
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