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1. ®izyyHi npouecy y NpUEIEeKTPOLHMX 1Iapax i IJ1a3Mi TJIiI040ro Ta BUCOKOYACTOTHOTO €EMHICHOTO PO3pPsIiB.

2. Physical processes in near-electrode sheaths and plasma of glow and radio frequency capacitive discharges.

Pedepar:

1. Incepraniiina po60Ta IpUCBIYEHA JOCTIIKEHHIO XapaKTePUCTUK KaTOHOTO APy i IO3UTHBHOIO CTOBIIA
TJII0YOTO PO3PSLy, a TAKOXK IIPUEJIEKTPOIHOrO MAPY i KBa3iHENTpasbHOI I1a3Mu BY eMHICHOTO po3psny.
OTpumaHno, 110 B yCbOMY JOCJIIKEHOMY Aiana3oHi TUcKy BogHIo (0,07 — 2 Topp) 1J1s1 onucy KaTOJHOro mapy Tpeba
3aCTOCOBYBATH TiJIbKY 3aKOH Yanbna-JleHrmiopa i OCTiMHOI pyXIMBOCTI ioHiB. [l KaTogHoro mwapy B N20O
npu TUcKy Huwxkue 0,3 Topp cripaBenvBUM 3aKOH [1J1s TOCTiIIHOI PyXJIMBOCTI i0HIB, Ipu TUCKY Buile 0,75 Topp -
3aKOH [1J151 IOCTIMHOI JOBXVHHU BiJIbHOTO MPOOITy iOHIB, a B IepexigHOMYy Aiana3oHi Tucky (Mix 0,3 i 0,75 Topp)
JKOZEH i3 3aKOHiB Yalybaa-JIeHrmiopa He onucye KOPeKTHO KaTOOHUI 1ap TJIiI04oro po3psay. [TokasaHno, mo
BiJHOLIEHHS HOPMAaJIbHOI I'yCTUHU CTPYMY 10 KBAJpaTy TUCKY razy J /p2 36epiraeTbCsi HOCTIMHUM TiJIbKY IIPU TUCKY
N20, aprony, BogHIo i kKucHIo Bullle 1 Topp, ajne npu 3HWXKEHHI TUCKY J /P2 MBUIKO 3pocTae. BcTaHOBIEHO IPUYMHY,
sIKa BUKJIMKa€ HEOOXiHICTb 30i/bII€HHS IaliHHS HAPYTU Ha €JIEKTPOAax i TOBIMIMHU KaTOJHOTrO 1apy [1pu
BifJjasieHHi aHOMy Kpi3b HeraTUBHE CBiTiHHSL. 115l NiTPUMKU (PiKCOBAaHUM PO3PSIAHOTO CTPYMY Ha aHOZ, 110

PYyXaeTbCsl KPi3b HEraTUBHE CBITiHHS, IIOTPIOHO MiBUIIYBAaTH HAIIPYTy Ha €JI€KTPOAX, 100 3a6e31e4nTy JOCUTD



BUCOKWI CTPYM IIBUIKUX €JIEKTPOHIB, 110 BUMILJIM 3 KATOJHOTO APy 1 IePEeBaXKHO NEPEHOCATL CTPYM Ha aHO[.
Po3po61€eHO aHANIITUYHY MOJENb 1J1s1 3BEL,EHOTO €JIEKTPUYHOrO N0Ji A1 E /p B IO3UTUBHOMY CTOBIII TJ1iI040T0O
po3psy B iHEPTHUX i MOJIEKY/ISIPHUX ra3ax. OTpumaHo npocti popmyiu A E /p, mo 1o6pe onucyroTh pe3ybTaTu
€KCIIEPMMEHTIB. PO3p006JI€HO aHAIITUYHY MOJEJIb 171 TO3UTUBHOTO CTOBIA TJIiI0YOrO PO3PsiAy B aproHi, 0
BPaXOBYe€ BILJIMB METACTA0iIbHUX aTOMIB Ha BEJIMYMHY 3BEL,EHOTO €JIEKTPUYHOTO M0JIs. PO3p0671€HO aHATiITUYHY
MoZesib c1abKOCTPyMOBOi Moy BU emMHiCHOTO po3psifty, B sIKiil pO3IJISIHYTI OKpeMi BUIIAJKU IIOCTIHOI JOBKUHU
BiJIBHOTO MPOGITry i MOCTIIIHOI PYXJIMBOCTi NO3UTUBHYX iOHIB B IPUEJIEKTPOAHUX IapaxX. EKCIepMMEeHTasbHO i

TEOPETUYHO [10KA3aHO, III0 HOPMaJlbHA IyCTUHA CTPYMYy BY eMHiCcHOro po3psay nponopiiliHa TUCKY rasy.

2. The thesis is devoted to studying the processes in the sheaths adjoining the electrodes (the cathode sheath of
the dc glow discharge and near-electrode sheaths of the RF capacitive glow discharge), as well as within the
plasma region (in the positive column of the dc glow discharge and in the quasi-neutral plasma of the RF
discharge). For N20 it has been shown that the collision-related Child-Langmuir law version for constant ion
mobility may be applied for the description of the cathode sheath only at low pressure (up to 0.3 Torr). In the
transient pressure range (between 0.3 and 0.75 Torr) none of the Child-Langmuir law versions can be correctly
applied for describing the cathode sheath of the glow discharge. At higher N2O pressure (above 0.75 Torr) one has
to apply the law version for the constant ion mean free path. Only the Child-Langmuir law version for the constant
ion mobility mi is demonstrated to be applicable throughout the total hydrogen pressure range studied

(0.07 - 2 Torr). The law version associated with the constant ion mobility is analytically shown to be applicable
even in a high electric field of the cathode sheath. Ratio J/p2 values of the normal current density to the gas
pressure squared in N20, argon, hydrogen and oxygen within the gas pressure range from 0.1 to 10 Torr have been
determined. The ratio J /p2 has been found to be constant only at the gas pressure above 1 Torr

(I/p2=0.44 + 0.03 mA/(cmTorr)2 for N20, J/p2 = 0.072 +0.02 mA /(cmTorr)2 for H2,

J/p2 = 0.33 +0.05 mA /(cm Torr)2 for O2 and J /p2 = 0.092 +0.02 mA /(cm Torr)2 for Ar). However lowering the
pressure (below 1 Torr) produces the fast growth of the J /p2 ratio which may be tens and hundreds times higher
than one at the gas pressure above 1 Torr. A mechanism responsible for this phenomenon is suggested. The
measurements with the Langmuir probe have demonstrated that at the fixed discharge current the plasma
concentration in the negative glow in long inter-electrode gaps is larger than in short ones. This thesis suggests a
mechanism how a distance between the cathode and the anode affects the voltage drop across the electrodes and
the cathode sheath thickness. An analytical model for the reduced electric field E /p in molecular gases in the
ambipolar regime is presented when the direct ionization of gas molecules via electron impact has to cancel the
loss of charged particles due to their escape because of ambipolar diffusion. Simple formulas have been obtained
for E /p furnishing a good description of experimental data. Two analytical models for the reduced electric field
E/p in noble gases have been developed. The first of them deals with the uniform positive column in the ambipolar
regime. The second model takes into account not only the direct ionization of argon atoms via electron impact but
also such processes with the participation of metastable atoms as the step-wise ionization, their loss under
collisions with electrons (under second-kind collisions with electrons and excitation transitions from the
metastable level to the radiative ones and to the resonant levels) and under their binary collisions with one
another, as well as the diffusion escape of metastable atoms to the walls of the discharge tube. Calculation data
obtained within the framework of these models are in good agreement with our experimental data. There are
presented the results of the experimental study into the modes of the RF capacitive discharge in hydrogen,
nitrogen and N20 with the different values of the inter-electrode gap and pressure. An analytical model of the
weak-current a-mode of the RF capacitive discharge has been developed for the cases of the constant mean free
path and the constant mobility of positive ions. It follows from the model data and experimental ones that the
normal current density in the RF capacitive discharge is usually directly proportional to the gas pressure e.g.
In~p.
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