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B paboTe mnpeacTaBneHbl pe3y/bTaTthl

unccnenoBaHnUa CnekTpoB nornoweHus d)Topyrnepo.qulx

NOKPbITUNA, MOAYYEHHbIX MPU MOMOLLM HM3KOYACTOTHOrO MJ1a3sMOTPOHA HU3KOTeMMepaTypHOW MJiasMbl
aTMocdepHoro AassieHusi. PaccMoTpeHbl aMMNTYAbl MUKOB MOr/IOWLEHUS! U YCTaHOBJIEH XMMUYeCKUn
COCTaB NMOKpbITUI. OnpeaenieHa WMPUHA 3anpeLLeHHOM 30HbI Mo MeToAy Tayua.

The paper presents the results of studying the absorption spectra of fluorocarbon coatings
obtained with the aid of a low-frequency plasmatron of a low-temperature atmospheric
pressure plasma. The amplitudes of the absorption peaks are considered and the chemical
composition of the coatings is established. The band gap is determined by the Tauz method.

BBEAAEHUE

UccnenoBaHus U pa3paboTku B obmactu Mogudu-
KallUU [ePCIeKTUBHBIX MaTepHaJIOB U CO3JaHUS
HOBBIX ITPU3BAaHBl YCKOPHUTH HHTETPALIUIO0 H3/IeTUH
OITO- ¥ MHUKPO3/IeKTPOHUKH IPAKTHUYECKH BO BCe
cdepsl HapogHOro x03s1kcTBa [1-3]. Cpenu mepcrek-
THUBHBIX MaTepHaioB 0coboe MeCTo 3aHUMAIOT MOJIH-
Mepsl, obafatol e TAKUMH KaueCTBAMHU, KaK HH3-
Kas IJIOTHOCTH, BBICOKAsI THOKOCTH, XMUMHUYeCKas
CTOMKOCTD U BBICOKHE JU3TeKTPUYeCKHe XapaKTepH-
CTUKH. OfHAKO B pe3y/bTaTe BAUSHUS HeTaTUBHBIX
$aKTOPOB OKpYsKaIoIer Cpefbl (BbICOKAS BIaSKHOCTB,
Y®-usnydeHue) IU3IeKTPUYeCKHe, MeXaHUYecKHe
Y OIITHYeCKHe CBOMCTBA IIOJIMMEPHBIX MaTepHasIoB
IIO/IBEPraloTCs CYIeCTBeHHOM Jerpafialikii, YTO CKa-
3bIBaeTCsl Ha paboTe OITO371eKTPOHHOrO0 U3zenus (4, 5).

[IpuMeHeHHe HHU3KO9HepPreTHUYeCKHUX MeTOJ0B
06paboTKK U MOAUPUKAIIUU [TIOBEPXHOCTH MaTe-
puasoB Bce 6oyiee BocTpebOBaHO B COBPeMeHHOM
MIPOMBIIIJIEHHOCTH U HayKe. K TakUM MeTomam
MO’KHO OTHEeCTH IIPHMeHeHHe HU3KOTeMIIepaTyp-
HOMU IJa3Mbl aTMochepHOro naBaeHHUs. biarogaps
OTCYTCTBHIO HEOOXOIMMOCTH CO3JaHHUS U IO JepsKa-
HHS BaKyyMa, a TaKKe IIPOCTOTe yIIPaBJIeHHUs IIPo-
LlecCaMU, Ij1a3Ma aTMocPepHOro JaBleHU S Hallla
CBOe IIPHMMeHeHHUe B psje TeXHOJOIM4YeCKUX IIpo-
eccoB [6-9]. Hauboiee IIPHBJIEKATEJIBHBIM METO-
JOM TeHepaluHd HH3KOTeMIIepaTypHOM IJIa3MEI
SBJISeTCSI HU3K0YaCcTOTHBIM (HY) AyroBor ra3oBbli
paspsil K YCTAHOBKU Ha ero 0CHOBE — I1IJITa3MOTPOHBI.
OH 1103BOJIsIeT IIPOU3BOJUTH TOUEUHYI0 06paboTKy
H3/le/IM s [IPU [IOMOIL M [T0faBaeMOM ra30BOM CMeCH
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NANOMATERIALS

Mnasmoo6pasytoLnii ras aproH (Ar)
Plasma-forming gas

MneHKoobpasyoLLmii ras napbl
umknorekcaHa (C6H12)
Cyclohexane vapor film-forming gas

Perynsatop
pacxofa rasa
Gas flow rate

regulator

TpaHcrnopTHbIN ras TeTpadTopmeTaH (CF4)
Transport gas tetrafluoromethane

HY-nnasmaTpoH
LF plasmatron

Perynstop
pacxofa rasa
Gas flow rate

regulator

Puc.1. Cxema 2a308020 6/10Ka 045 GopmuposaHus ¢mopyzaepo0Hbix nokpeimud
Fig.1. Diagram of a gas block configured to deposition of fluorocarbon coatings

C MUHHMaJIbHBIMH SHEpPreTH4YeCKMMH 3aTpPaTaMH,
He IpeBblmaromumu 100 Bt [9].

[/ 3aIIUTHl Pa3/TMYHBIX KOMIIOHEHTOB 0OBIYHO
KCIIONIb3YIOTCSI YI/IepOACOoAepsKalie MaTepHalbl
[9, 10]. PopmupoBaHHe PTOPYIIEPOSHOIO IIOKPHI-
THS [I03BOJISIET JOOUTHCS MOBBIIIEHHON QU3HYeCcKok
Y XUMHYeCKOHM CTOMKOCTH U THAPOGOOHOCTH ITOBEPX-
HocTH [11, 12], a TaK>Ke 3a cueT CBOMCTB CaMOIO yIJje-
poza: BO3MOKHOCTH GOPMHPOBAHU I KOMIIEHCHPOBAH-
HBIX BaJIEHTHBIX CBSI3€H U LK POKOI0 CIIeKTpa CBOMCTB,
BapbHPyeMbIX B 3aBUCKMOCTH OT IIPUMEeHIeMBIX MeTO-
OB oCcaskaeHu [13].

Lle/plo HACTOSIIIE! PabOTEI SIB/ISIETCS UCCTIeJOBAHUe
CIIeKTPOB IOIVIOIeHHU I QTOPYIIePOAHBIX IIOKPBITHH,

II0JIy4YeHHBIX IIPH oMoy HY-I1J1a3MOTpOHA aTMOC-
depHOro naB/IeHU .

METO/bl UCCNEAOBAHUA

Jl715 BOCTHU KeHU sl IOCTaBIeHHOM 3a4auu 6bl1a pas-
paboTaHa 3KCIlepHMeHTa bHas YCTAHOBKA, COCTOS-
masg 13 HY-tmmasmorpoHa, YIIY-0CHOBEI M ra30BOI0
6roxKa.

YrpaB/eHHe yCTAaHOBKOH OCYILeCTB/ISIIOCH C IIOMO-
IIbIO IIEPCOHAIBHOIO KOMIIBIOTEPA C YCTAHOBA@HHBIM
nporpaMMHBIM obecriedenrem NC-Studio. OcaskneHue
13 ra3oBoi a3l GTOPYIIEPOAHBIX ITOKPBITUE 06e-
CIIeYHMBaeTCs Mofavyel CMeCH U3 HeCKOIbKHUX II0TOKOB
ra3oB COITIaCHO CXeMe, IIPUBeJIeHHOU Ha pHC.1.

INTRODUCTION

Research and development in
modification of promising mate-
rials and the creation of new ones
are designed to accelerate inte-
gration of opto- and microelec-
tronic products into all spheres
of the domestic economy [1-3].
Among the promising materi-
als, a special place is occupied
by polymers having such quali-
ties as low density, high flexi-
bility, chemical resistance and
high dielectric characteristics.
However, as a result of the influ-
ence of negative environmental
factors (high humidity, UV radi-
ation), the dielectric, mechan-
ical and optical properties of
polymeric materials undergo

significant degradation, which
affects operation of an optoelec-
tronic product [4, 5].

The use of low-energy
methods of processing and
modifying the materials surface
is increasingly in demand in
modern industry and science.
These methods include the use
of low-temperature atmospheric
pressure plasma. Due to
absence of the need to create
and maintain vacuum, as well
as simplicity of process control,
atmospheric pressure plasma has
found its application in a number
of technological processes [6-9].
The most attractive method for
generating low-temperature
plasma is a low-frequency (LF)

arc gas discharge, and the
devices based on it are called
plasmatrons. It allows of making
spot processing of the product
using a supplied gas mixture
with a minimum energy
consumption not exceeding
100 W [9].

Usually, to protect various
components, the carbon-
containing materials are used
[9, 10]. The formation of a
fluorocarbon coating makes it
possible to achieve increased
physical and chemical resistance
and hydrophobicity of the surface
[11, 12], and the possibility of
forming compensated valence
bonds and a wide range of
properties that vary depending
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dopMmUpoBaHUE MNOKPHITHI IIPOU3BOAUIOCH IIPU
CJIeAyIOMIUX TeXHOJIOTMYeCKUX [IapaMeTpax: pacCTos-
HHe IVIa3MOTPOH-TIOAJIOKKaA (15-24 MM), BpeMsi HaHece-
Hus (10-20 ¢), kouneHTpanus CgH,, (2-3%). CyMMapHBbIT
IIOTOK I'a30B COCTaBs1 7,1 + 0,1 /1/MuH. YacToTa ra3oBoOro
pa3psza 6puia 3aduKCHpOBaHA Ha 3HAaUeHMH 113 kI,
dopMHPOBaHHUe MOKPHITHUI MPOU3BOLUIOCH Ha IIOA-
JIOKKH U3 IIONIMATHIeHTepedTanata ([I9T®) ais rmoce-
IYIOIIEro UCCIeOBAHUSI CIIEKTPOB IIOIVIOIIeHH A, [I0/1y-
YaeMbIX Ha criekTpodpoTomeTpe Photolab 6600.

PE3VYJIbTATbI

HcciemoBaHHe ONITUYECKHUX CBOMCTB GTOPYIIePOA-
HBIX IIOKPBITHH I103BOJISIeT OIIpefeNuTh 0CODeHHO-
CTHU UX IIPUMEHEeHHU S B U3Je/IUX OIITO3JIeKTPOHUKH,
TaKUX KaK JUOAHBIe U3/1ydaTe/ld, GOTOPEe3UCTOPHI
UJIH POTOUYYBCTBUTE/NbHBIe MAaTPUIIbl. CII@KTPHI
IIOIJIONeH U S CIIOCOOHBI ITPOZe MOHCTPHUPOBATH BIIH-
SIHHe TeXHOJIOTHYeCKUX IIapaMeTpPOB OCaKAeHHU S
13 ra3oBoM $a3sl Ha XMMHUYECKHUM COCTaB IIo/yydae-
MBIX IIOKPBITHH.

C Lesnpio UCKIIOUeHU s BIUAHUA [19T® Ha ronyyae-
MBIH CIIeKTP, 6BIIa IPOU3BeLeHa KAIUOPOBKA CIIEK-
TpodoToMeTpa mo yucrtomy obpasny I[I13TP, koTO-
PBLE OB IPUHSAT 32 eAUHUILY [IOIJIOMEeHH S, TAKUM
obpasom, Bce IT0Jy4YeHHBbIe CIIeKTPHI ObIK chOpMHU-
POBaHEBEI OTHOCUTEILHO €JUHULIEL B IHalla30He JJINH
BOJH 0T 190-600 HM. [Ins mpoBeAeHUs HUCCIefoBa-
HUH GUKCUPOBAJICS P APYTUX IIHKOB, TIe 3Hade-
HHe IOIVIOLeHH S Pe3KO H3MeHSIOCh B MaJIOM CIIeK-
TPa/IbHOM [Halla30He, B COCTAB KOTOPBIX BXOLHT
yriuepon,. OTpHLIATe/IbHble 3HAUYEHM S IIOTJIOLeHU s
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Fig.2. Absorption spectra of fluorocarbon coatings in relation to
plasmatron-substrate gap at 2% CzH , concentration

OTHOCHUTEJIbHO eIMHHUIBL ABASIOTCS IIOKa3aTeleM
yBeJTMYeHH s IIPOIYCKAHUS OTHOCUTEIBHO obpasia
yucroro [19T.

Ha pwuc.2-4 mpeacTaBaeHbl CIIEKTPHI IIOTJIOLIE-
HUSI QTOPYI/IEPOSHBIX ITOKPBITHUH C PAa3/TMYHOM KOH-
ueHTpauuen CgH;, IpHU pasIHUYHBIX PACCTOSHHUSX

RESULTS

on the deposition methods used
[13] due to the carbon properties.

The aim of this work is to
study the absorption spectra of
fluorocarbon coatings obtained
using an atmospheric pressure
LF-plasmatron.

RESEARCH METHODS
To achieve the set task, an exper-
imental setup was developed, con-
sisting of an LF-plasmatron, a CNC-
base and a gas block.

The computer-controlled
installation made use of the
NC-Studio software installed.
Deposition of fluorocarbon coatings
from the gas phase is ensured by

supplying a mixture of several gas
streams according to the scheme
shown in Fig.1.

The coatings were formed
under the following technological
parameters: plasmatron-
substrate distance (15-24 mm),
deposition time (10-20 s) and
C¢H,, concentration (2-3%). The
total gas flow rate was 7.1 +
0.1 1 / min. The gas discharge
frequency was fixed at 113 kHz.
The coatings were formed on
polyethylene terephthalate (PET)
substrates for the subsequent
study of the absorption spectra
obtained on a Photolab 6600
spectrophotometer.

HAHO MHOVCTPHA Tom13 Ne7-8(101)2020

The study of the optical properties
of fluorocarbon coatings makes
it possible to determine the fea-
tures of their application in opto-
electronic products, such as diode
emitters, photoresistors or pho-
tosensitive matrices. The absorp-
tion spectra are able to demon-
strate influence of the technologi-
cal parameters of vapor deposition
on the chemical composition of the
resulting coatings.

In order to exclude the influence
of PET on the obtained spectrum,
the spectrophotometer was
calibrated against a pure PET
sample, which was assumed to
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Puc.3. Cnekmpbl nozaouweHus ¢mopyznepoodHbiX NOKpbiMuli
8 3a8UCUMOCIIU OM PACCMOSIHUS NAA3MOMPOH-N00A0XKKA nNpu
KoHueHmpauuu CzH;, 2,5%

Fig.3. Absorption spectra of fluorocarbon coatings in relation to
plasmatron-substrate gap at 2.5% C¢H,, concentration

I171a3MOTPOH-TIOJIOKKA, IIOYYeHHBIX B TOUEUHOM
Pe>KHMe OCaKIeHHU S M3 Fa30BOU Pasbl.

KapauHaipHble PA3IHUYMs UHTEHCUBHOCTH II0T/IO-
IIeHH S OTHOCUTE/IbHO eMHHUIIEL /15 KOHLIeHTPaLluK1
CeHy;2-2,5% 1 3-3,5% 110Ka3bIBAIOT BJIMSIHKE OTPaHHYeH-
HOro sHeproskjajga HY-maa3sMoTpoHa aTMOChepHOro

Puc.4. Cnekmpbl nozaoweHus ¢mopyz2aepo0HbIX NOKpbiMuli
8 3a8UCUMOCTIU OM PACCMOSIHUS NAA3MOMPOH-N00A0XKKA npu
KoHueHmpauuu CzH;, 3%

Fig.4. Absorption spectra of fluorocarbon coatings in relation to
plasmatron-substrate gap at 3% C,H, , concentration

JaBJIeHU s, TTe C yBeJIM4eHHeM YacTHI] IIJIleHKoobpa-
3yIOIIero rasa yMeHblIaeTcs 061as cKopocTb GOpMH-
POBaHMS MOKPHITUS. BciencTBre 3TOro MOKPHITHS,
rony4eHHsble ¢ 661pIIUM comepskaHueM CgH,,, HUMeoT
MEHBIIYI0 TONIIKMHY 1 eCTeCTBeHHBIM 06pa3oM HMeI0T
bosee HU3KUM I0KAa3aTeJb IIOIJIOMIEHUSI, KOTOPBIK

be an absorption unit, thus,
all the obtained spectra were
formed relative to unity in the
wavelength range from 190 to
600 nm. A number of other peaks
were recorded for the study where
the absorption value changed
sharply in a small spectral
range, which includes carbon.
Negative absorbance values
relative to unity is an indication
of the increase in transmittance
relative to the pure PET sample.
Figures 2-4 show the
fluorocarbon coatings absorption
spectra with different
concentrations of Cy,H;, at
different plasmatron-substrate

distances obtained in the point
mode of vapor deposition.

The huge differences in the
absorption intensity relative to
unity for C¢H,, concentrations
of 2-2.5% and 3-3.5% show the
effect of the limited energy
input of the LF-plasmatron at
atmospheric pressure where the
overall rate of coating formation
decreases with an increase
in the particles of the film-
forming gas. As a consequence,
the coatings obtained with a
higher C¢H,, content are thinner
and, naturally, have a lower
absorption index, which is more
or less better than in pure PET.

At the same time, there is an
increase in the amplitude of the
absorption peak and the peaks
at wavelengths of 217 nm and
223 nm, which corresponds to
the types of bonds C=C-C=C
and C=C. As the concentration
increases, the difference between
the spectra obtained at different
plasmatron-substrate distances
decreases, since the number of
C-C bonds on the surface of the
PET substrate increases.

The dependencies of the
absorption spectra peaks shown
in Fig.5, demonstrate a slight
increase in absorption relative
to a unit of the absorption peak,

Vor.13 No. 7-8(101) 2020 NANO INDUSTRY
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Fig.5. Dependence of the absorption spectra peaks of fluorocar-
bon coatings on the concentration of the film-forming mixture

B TOM MJIM MHOM CTeIeHH JIyullle, 4eM y 4ucToro I19TQ.
OIHOBpeMEHHO C 3THM IMIPOMCXOOUT yBeJIUYeHHE
AMIUIMTYAbI IKMKa IIOIJIOMEHMS M ITMKOB Ha AIHHAX
BOJIH 217 11 223 HM, YTO COOTBETCTBYET THUIIaM B3k C=C-
C=C u C=C. Ilpu yBeIMYeHHUHN KOHLIEHTPALIMH COKpa-
I[aeTCS PasHUIA MEXKAY CIIeKTPaMHM, IIOAyYeHHBIMH
IIPY Pas3JIMYHbIX PACCTOSAHUAX [1JIA3MOTPOH TIOAJIOKKA,

which characterizes the C-C

IIOCKOJIBKY yBelH4YHBaeTcsd KonudecTBo C-C-cBsizen
Ha ITI0BePXHOCTH IIOJIOKKH 13 [1TO.

Ha puc.5 npuBeeHHbIe 3aBUCMMOCTH IIUKOB CIIeK-
TPOB IIOIJIOIeHH S [T0Ka3bIBAIOT He3HAYUTE/IbHOe YBe-
JIMYeHUe MOIJIONeHH S OTHOCUTEIbHO e TUHHUIIBI ITHKA
TIOIVIOIeHH I, XapaKTepusyomero C-C-cBg3H4, 3a c4YeT
COKPAIlleHHUsI IPYTUX CBSI3€H B [10y4eHHOM ITOKPBITHH.

TexHOMIOrMYeCKHUH ITapaMeTp I11a3MOTPOH-TIO[I0KKa
BO MHOI'OM OKa3bIBaeT BJIMSIHHe Ha CIIeKTPbl U3/TyYeHH I
¢ IuHaMHU BoiH 10 300 HM (YO-muamnas3oH), Kak IIoKa-
3aHO Ha pUC.2-5.

JlaHHOe BIHUsSHHUe 00yC/IOBIeHO I0NyYeHHeM IIPo-
OYKTOB AHCCOLMALMH IIJIEHKOOOpa3ylomen U TPaHC-
MIOPTHOI CMeCH, Ha KOTOPYIO BIMseT apaMeTp I1as3-
MOTPOH-TIO[I0’KKa, KOTOPasi CBsI3aHa C KOHLIeHTpalluen
coequHeHuM C=C; C=C; C=0; C=C-C=C, UMeIoIIHX TUKHU
B CIIeKTPaIbHOM OHalasoHe oT 160-300 HM, a Takke
C HaJIMYKheM HeCIIapeHHBIX 3J1eKTPOHOB, KOTOPbIe IIPU-
BOJISIT K ITOSIBJIEHUIO JOIIOTHUTE/IBHBIX [IMKOB U H3MeHe-
HHIO KPYTH3HBI [THKa [IOIVIOIEHM ], JIeXKalllero B Jxuara-
30He 306-310 HM. [IMHaMHKa IIOIJIOIEeHH S OTHOCUTE/IEHO
eIMHULIBI Y TOPYI/IEPOAHBIX TOKPLITH CBSI3aHA C IIPH-
MeHeHHeM CF, ¥ XUMHUYeCKOH IIPUPoRou GpTopa, KoTopast
rocsie npouecca noHusauuu CgH;, IpUBOOUT K 3aMelle-
Huo C-H-cBSI3ell, MUHHMMU3UPYs BO3MOKHOCTb PeKOMOU-
HALlMH 3apSKeHHBIX YaCTHLL M ITPOAYKTOB JUCCOLIMALIMHA
€ aTMOCEepHBIM BO3/1yXOM, [103BOJISISI CHU3UTH BIIHSIHHE
OKPY>KaIOILek Cpefibl Ha ITPOTeKAIOIIHe TPOLIeCCHI.

C yBe/IMYeHMeM pacCTOSHU A [1/Ia3MOTPOH-TIOAJIOKKA
yBeJTUYHBAeTCsI KOTMYeCTBO peKOMOMHKPOBAHHBIX 3apsi-
SKEHHBIX YaCTHLL U IIPOAYKTOB JUCCOLIMALIUU C aTMOCchep-
HBIM BO3ZyXOM, I B [IepBYIO Ouepelb peKOMOHMHAIIMH

reduce the influence of the

bonds due to reduction of other
bonds in the obtained coating.

The influence of the
plasmatron-substrate
technological parameter largely
affects the spectra up to 300 nm
wavelength (UV range), as shown
in Fig.2-5.

This effect is due to production
of dissociation products of the
film-forming and transport
mixture, which is affected by the
plasmatron-substrate parameter,
and it is associated with the
concentration of C=C compounds;
C=C; C=0; C=C-C=C, having
peaks in the spectral range from

160-300 nm, as well as with the
presence of unpaired electrons,
which lead to appearance of
additional peaks and a change in
the slope of the absorption peak
lying in the range of 306-310 nm.
The dynamics of absorption
relative to unity in fluorocarbon
coatings is associated with the
use of CF, and the chemical
nature of fluorine, which,
after the ionization process of
CcH,,, leads to substitution of
C-H bonds thereby minimizing
a possibility of recombination
of the charged particles and
dissociation products with
atmospheric air, allowing to
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environment on the ongoing
processes.

As the distance of the
plasmatron-substrate increases,
the number of recombined
charged particles and products
of dissociation with atmospheric
air increases as well, where,
first of all, the compounds
with a lower ionization
threshold and a lower charge
undergo recombination. Such
compounds include H, C-H, N
and NO. With an increase in
the distance of the plasmatron-
substrate, the number of
oxygen groups participating



NANOMATERIALS

[IOIBEPraloTCs COeTUHEHH I, UMerolIre 6oiee HU3KHUH
[IOPOT MOHM3aLKK U boslee HU3KUH 3apsif. K Takum
coepuHeHusaM oTHocATca H, C-H, N u NO. C yBenuye-
HHeM paCcCTOSHUSA I1JIa3MOTPOH-TIONJIOKKA YBeTUYHBa-
eTCsl KOJIMYeCTBO KMCIOPOAHBIX IPYIIIL YYaCTBYIOIIHX
B PeKOMOMHALINH HOHU 3N POBAHHBIX COeTUHEHHUI, ITpe-
HMMYIIeCTBeHHO BCTyIIas B ¢BA3b ¢ (-O v C-H u BBIBOAS
MX U3 MIOHU3HUPOBAHHOI'O COCTOSHMS. B TO ke BpeMsi coe-
nuHeHUs1 C-C 1 C=C B TOM U1 UHOU CTeIleHH o[ Bep-
raloTCs MeHbIIeN peKOMOHUHALIMY, YTO II03BOJISIET UM
IIOCTHYB ITOAJIOKKHU /1151 YOPMHPOBAHU ST TTOKPBITHSA [15],
B pe3yJibTaTe BO3MOXKHO I10/1y4eHHe TOHKUX IIOKPBITHH
C yBeJIM4eHHOM KOHIIeHTpallke! yIyleposa.

BiusgHMe BpeMeHH HaHeCeHH s Ha IIOIVIOIeHHe OTHO-
CHUTEeIbHO e IUHHUIIBI 3aMEeTHO B CIIeKTPa/IbHOM JHaria-
30He 190-300 HM U CBSI3aHO C HEOSHOPOLHOCTRIO IIPOTe-
KaHHM A ITPoLeccoB ropeHrs HY 1yroBoro ra3oBoro pas-
pAa c TedeHHEeM BpeMeHH. B ClleKTpa/IbHOM JHaIla30He
oT 310-600 HM XapaKTep CIIeKTPOB I10 BpeMeHH IIpaK-
THUYeCKU HJeHTHUYeH 3a CUeT CBOMCTB GTOPYIIepoa-
HBIX I[IOKPBITHH, B YHCJIO KOTOPBIX BXOOUT IIOBBILIEHHOE
OIITHYeCcKoe IporyckaHHe [11].

BT TIpoM3BeieH pacyeT MIUPUHBI 3allpelieHHOMU
30HBI 10 MeToAy Taylla, KOTopas COCTaBHJIa B Cpef-
HeM 4,18 + 0,04 3B. laHHas MIMPHUHA 3aNpelleHHON
30HBI COOTBETCTBYeT JUIeKTPUUYLCKOMY MaTepHay.
BinusiHMe TeXHOJIOIMYeCKHX IIapaMeTpPoB Ha IIUPUHY
3ampelieHHOU 30HBI He3HAUHUTeJIbHO.

BbIBO/1bl
B pesynbTaTe mpopenaHHON paboTel 6O ycTa-
HOBJIEHO BJIHMSHHE TeXHOJIOTHYeCKMX ITapaMeTpOB

Ha II0IVIOIeHHe OTHOCHTe/IbHO KOHTPO/IBHOr0 obpasiia
[13T®, a TakKe Ha H3MEHEHHe XHMHYECKOIo COCTaBa
I0/Ty4aeMBbIX IIOKPHITHE. B 4aCTHOCTH, 61710 TIOKA3aHO,
YTO PAaCCTOSTHHE I1JIA3MOTPOHTIOJIOKKA CYIIeCTBEHHO
BIMSeT Ha Konu4decTBo C-C-CBs3el, MOJydaeMBIX
Ha IToJ/10kKe. Ompezie/ieHo BIUsSHHEe KOHLIeHTPaluH
C¢Hi, Ha OTHOCHUTE/IPHOE IIOIJIONIeHMe, YCTaHOBIeHA
IIMPHHA 3allpellleHHOM 30HbI 110 MeToAy Tayla, KOoTo-
pas B cpegHeM cocTaBuiia 4,18+0,04 3B.
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in the recombination of
ionized compounds increases,
predominantly entering into
a bond with C-0 and C-H and
bringing them out of the ionized
state. At the same time, the C-C
and C=C compounds undergo,
to a various degree, lesser
recombination, which allows
them to reach the substrate so
as to form a coating [15], as a
result, it is possible to obtain
thin coatings with an increased
carbon concentration.

The influence of the deposition
time on the absorption
relative to unity is noticeable
in the spectral range of

190-300 nm and is associated
with the inhomogeneity of the
combustion processes of NPs of
the arc gas discharge over time.
In the spectral range from 310 to
600 nm the nature of the spectra
in time is almost identical due
to the properties of fluorocarbon
coatings, which include
increased optical transmission
(11].

The band gap was calculated
by the Tauz method, which
averaged 4.18 + 0.04 eV. This band
gap corresponds to the dielectric
material. The influence of
technological parameters on the
band gap is negligible.

CONCLUSIONS

As a result of this study the influ-
ence of technological parame-
ters on the absorption relative to
the control PET sample, as well
as on the change in the chemi-
cal composition of the resulting
coatings was established. In par-
ticular, it was shown that the
plasmatron-substrate distance
significantly affects the num-
ber of C-C bonds formed on the
substrate. The influence of the
C¢H;, concentration on the rela-
tive absorption was determined.
The band gap was determined by
the Tauz method, which averaged
4.18+0.04 eV.
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PacCMOTPeHbI BOMPOCHI MHTErPUPOBAHIA MO BpeMeHn AvddepeHLMaNbHbIX YPABHEHWHA, UCTIONb3yeMbIX

npu MOAEANPOBAHNN HECTALIMOHAPHbIX ABNEHNN. [pvBeneHbl YNTIEHHbIE METOAbI, MpUMEHSoLLecs
MpU PELIEHNN PA3/IMYHDLIX HAYYHbIX N TEXHUHECKWX 3afad, NCCIEA0BAHMAX TEXHOMOMMYECKMX NPOLIECCOB.
[pencTaBneHbl BapuaHThbl YACIEHHbIX METOLO0B MPAMOr0 MHTErpupoBaHNs ypaBHeHvuh NepBeoro 1 BTO-
poro nopsAkoB Larami 1o BpemMeHn (ﬂBHbIe N HEABHbIE, OAHOLLArOBLIE U MHOI'OLI.IaFOBbIE). [pyBeseHbl
JNCTUHT NpOrpamm C ﬂOﬂpOﬁHbIMM KOMMeHTapusMu. Y4eneHo BHYMaHKWe BOMpocam TeCTUpOoBaHWS npo-
rpamm 1 Bb|6opa paLMOHaNLHOTO METOAA UHTErPUPOBAHNAS, YAOB/IETBOPAIOLLETO TpeﬁoBaHMFIM M0 TOYHO-
aumn yCTOVNVIBOCTM BLIMMCIEHNN. [penHa3HayeHo A4 CNeLyanicToB, 3aHATbIX PeLLeHeM HecTaLmoHap-
HbIX 3d/1a4, a TakKe npenonaBaTeneﬁ, CTYAEHTOB 1 ACMNPAHTOB TEXHUYECKNX BY30B.
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