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Abstract. Carbon nanowall (CNW) films were synthesized by capacitively
coupled plasma-enhanced chemical vapor deposition and evaluated as active layers
for resistive humidity sensing. SEM observations confirmed the formation of vertically
oriented CNW sheets, while Raman analysis showed typical defect-related and graphitic
carbon bands, confirming the formation of a petal-like carbon nanowall network. Hu-
midity-sensing performance was studied over a relative humidity range of 10-100%
at 27,50, and 75 °C. The fabricated sensors exhibited repeatable electrical responses
over short cycling tests and a clear temperature dependence. At 27 °C, the sensor
showed the highest sensitivity, reaching 2.27% at 100% RH, with response and recovery
times of 87 and 97 s, respectively. Increasing the operating temperature reduced the
sensitivity to 0.49% at 50 °C and 0.22% at 75 °C, which can be attributed to enhanced
desorption of water molecules from the CNW surface. Good short-term repeatability
was observed at 27 and 50 °C over five consecutive humidity cycles, whereas a gradual
signal drift appeared at 75 °C. The sensor response was approximately linear over the
investigated RH range at 27 °C, while increasing nonlinearity at higher humidity levels
was observed at elevated temperatures. These findings indicate that transferred CNW
films can be considered as simple and inexpensive platforms for humidity monitoring.
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Introduction

Accurate control of relative humidity is important for environmental monitoring, food storage, agricultural
production, and industrial processes [1]. Humidity sensors operate by converting the interaction between water
vapor and a sensitive material into an electrical or optical signal [2]. In resistive devices, this interaction usually
changes the charge transport properties of the sensing layer. Conventional humidity sensors are commonly fabricated
using polymeric, oxide-based, or porous materials. Their response is usually governed by water adsorption, which
changes resistance, capacitance, or other electrical parameters [3,4]. For practical use, a humidity sensor should
combine sufficient sensitivity with stable operation, reproducible response, and acceptable response/recovery
times. To meet these performance requirements, sensors based on various nanomaterials have been proposed for
use as highly efficient humidity sensors [5]. Among these, sensors based on nanotubes and related carbon compos-
ites have attracted attention due to their low cost, high sensitivity over a wide range of relative humidity (RH), and
fast response or recovery times [6]. For decades, carbon nanomaterials have been investigated as ideal candidates
for humidity sensors. Graphene and related carbon nanomaterials are considered promising candidates for sensor
fabrication because of their high surface area, electrical conductivity, and adsorption-sensitive surface properties [7].

Carbon nanowalls represent a three-dimensional graphene-like architecture composed of vertically standing
nanosheets [8]. Such an open structure provides exposed edges and accessible surface sites, which may facilitate
the adsorption of water molecules and influence the resistance of the film.

This study investigates the potential of CNW films synthesized by the CCP-PECVD method as active layers
for resistive humidity sensing. The morphological and structural characteristics of the resulting CNW films were
investigated using scanning electron microscopy (SEM) and Raman spectroscopy. The humidity sensitivity of the
CNW-based sensor was studied over a wide range of relative humidity from 10% to 100% at various temperatures
(27 °C, 50 °C, and 75 °C). A maximum sensitivity of 2.27% was achieved at 100% relative humidity and a device
temperature of 27°C. The sensor showed good short-term repeatability at 27 and 50 °C over five consecutive hu-
midity cycles, whereas a gradual drift in the response was observed at 75 °C.

Experimental section

1. CNW synthesis

CNWs were grown using a CCP-PECVD system. Copper foil with a size of 2 x 2 cm?® was used as the growth
substrate. Before deposition, the Cu substrates were ultrasonically cleaned for 10 min in each solvent, including
deionized water, acetone, and ethanol, and then dried in air. After cleaning, the substrates were placed on the lower
grounded electrode equipped with a vacuum-flange heater containing a ceramic-coated NiCr filament (Thermic
Edge Ltd., United Kingdom). The electrode assembly was mounted inside a cylindrical vacuum chamber with a
water-cooling system, which ensured stable operation and chamber sealing at elevated temperatures. The upper
electrode, acting as the powered electrode, was connected to a 13.56 MHz radio-frequency (RF) power supply through
an automatic matching unit (CESAR 1310, China) [9]. The synthesis process consisted of several stages. First, CNW
nucleation was performed at a plasma power of 30 W for 10 min under an Ar flow of 25 sccm. Then, the treatment
was continued in an Ar/H, atmosphere with flow rates of 8 and 20 sccm, respectively. The main CNW growth step
was conducted at 35 W for 90 min using an Ar/CH, gas mixture with flow rates of 15 and 12 sccm, respectively,
together with an additional H, flow of 5 sccm. After the growth stage, the heater was turned off, and the chamber
was allowed to cool naturally under a constant Ar flow of 10 sccm. This cooling step was used to minimize thermal
stress, prevent oxidation, and preserve the morphology of the synthesized CNW films.

2. Humidity sensor fabrication

The humidity sensor was fabricated using a lift-off and transfer approach, as illustrated in Figure 1. CNW
films synthesized on copper foil were immersed in an aqueous ferric chloride (FeCls) solution prepared by dissolving
8.3 g of anhydrous FeCl; in 50 mL of deionized water, corresponding to an FeCl; concentration of approximately
1.02 M, in order to selectively etch the copper substrate. After complete dissolution of the copper foil, the remaining
CNW film was thoroughly rinsed with deionized water to remove residual FeCls. The freestanding CNW film was
then transferred onto a clean quartz substrate. Finally, silver paste was applied to the edges of the film to ensure
reliable electrical contact and to reduce contact resistance during electrical measurements.
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Figure 1. Schematic illustration of the fabrication process of the CNW-based humidity sensor.

3. Humidity-sensing measurements

Humidity measurements were performed in a closed test chamber equipped with temperature and humidity
control. The CNW/quartz sensor was connected to the Nextron-based electrical measurement system, and the cur-
rent signal was recorded at a constant bias of 0.5 V using a Keithley 2401 source meter. The operating temperature
was regulated by the MPS controller, while the relative humidity was adjusted using the HCS-2M humidity control
system. The sensing performance of the fabricated device was evaluated at RH values ranging from 10% to 100%
and at operating temperatures from room temperature (27 °C) to 75 °C. The selected temperature range provides a
systematic assessment of the sensor response under near-ambient and elevated-temperature conditions and facil-
itates evaluation of the role of thermally enhanced desorption in determining the overall sensing performance. To
evaluate device-to-device reproducibility, four independently fabricated CNW-based humidity sensors were tested
under identical experimental conditions. The reported sensitivity and resistance values represent the mean values
obtained from four devices (n = 4), and the error bars indicate the corresponding standard deviation.

4. Material characterization

The surface morphology of the transferred CNW films was examined by scanning electron microscopy
(SEM, Quanta 200i 3D (FEI Company, USA)). Raman spectroscopy (NT-MDT Solver Spectrum) was used to evaluate
the graphitic structure and defect-related features of the CNW films. The Raman spectra were recorded at a laser
excitation wavelength of 473 nm.

Results and discussion

Morphological and structural characterization

Figure 2(a) shows SEM images of the CNW films transferred onto quartz substrates. The SEM image shows
that the transferred film consists of densely distributed vertical carbon nanosheets. This confirms the preservation
of the CNW morphology after the wet-transfer process [10]. Such a morphology provides a large accessible surface
area and numerous exposed edge sites, both of which are beneficial for adsorption-based sensing applications.
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b)

Figure 2. SEM image of the CNW film (a). Raman spectra of the CNW film (b).

The Raman spectrum of the CNW film is presented in Figure 2(b). The Raman spectrum contains the typical
carbon-related D, G, D', 2D, and D+G bands. The presence of an intense D band indicates a considerable amount of
disorder and edge defects, while the G band confirms the graphitic sp? carbon framework [11]. The 2D and D+G
features further support the formation of graphene-like carbon sheets in the CNW film [12]. Overall, the Raman
results confirm the formation of a graphitic nanocarbon structure with a noticeable level of structural disorder,
which may enhance interaction with water molecules during humidity sensing.

The current-voltage (I-V) characteristics of the CNW-based humidity sensor are shown in Figure 3. Within
the voltage range under study (+0.5 V), the current-voltage relationship is linear, indicating the formation of ohmic
contacts between the silver conductive paste and the CNW film [13]. Analysis of the [-V curve shows that the on-re-
sistance of the CNW-based humidity sensor is approximately 2.2 kQ.

Figure 3. I-V characteristic of the CN\Ws humidity sensor.
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Response and Recovery Performance

a) b) c)

Figure 4. Dynamic response and recovery curves of the CNW-based humidity sensor at
50% RH measured at (a) 27 °C, (b) 50 °C, and (c) 75 °C.

The dynamic characteristics of the sensor were evaluated from its response and recovery behavior under
alternating dry and humid air conditions. Figure 4 presents the dynamic response of the CNW sensor at room tem-
perature, 50 °C, and 75 °C at 50% RH. In these experiments, the sensor was initially exposed to dry air for 5 min,
then to humid air at 50% RH for 5 min, and finally again to dry air for 5 min.

At room temperature, the response and recovery times were 87 and 97 s, respectively. When the operating
temperature was increased to 50 and 75 °C, the response time decreased to 36 and 37 s, respectively, while the
recovery time was 103 and 90 s. The shorter response time at elevated temperatures may be associated with faster
adsorption/desorption dynamics and faster equilibration of water molecules on the sensor surface. In contrast, the
recovery process remained relatively slow, which is typical for humidity sensors and is usually associated with the
time required for desorption of adsorbed water molecules [14].

Sensor Responses Repeatability

a) b) c)

Figure 5. Repeatability of the CNW-based humidity sensor during five cycles between 10%
and 90% RH at (a) 27 °C, (b) 50 °C, and (c) 75 °C.

The repeatability of the sensor response is shown in Figure 5. To verify the repeatability of the devices, the
resistance responses of the CNW sensors were measured at room temperature (27 °C), as well as at 50 °C and 75
°C, over 5 cycles while exposed to 10% and 90% humidity. At room temperature, 10% humidity was applied for 30
seconds at the start, followed by 90% humidity for 80 seconds. At 50 °C, 10% humidity was applied for 80 seconds
at the start, followed by 90% humidity for 80 seconds. At 75 °C, the duration of each humidity level was 100 seconds,
which was necessary to achieve signal stabilization. More time was required for stabilization.

The results obtained show that at 27 °C and 50 °C, the resistance response curves exhibit good repeatability
and stable cycling behavior over the five measured cycles. In the 75 °C graph, a gradual decrease in resistance level
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and a reduction in the severity of the cyclic response are observed. This may be due to the intensification of water
desorption processes [15].

Figure 6 shows the relationship between sensitivity and relative humidity (10-100%) at three different
temperatures (RT, 50 °C, and 75 °C). As can be seen from the graphs, the sensor’s sensitivity increases as relative
humidity rises. At room temperature, the sensor sensitivity shows an approximately linear dependence on relative
humidity over the investigated range. At 50 °C, the response remains close to linear up to about 90% RH, whereas at
75 °C, noticeable deviation from linearity appears above approximately 60% RH, indicating a stronger contribution
of thermally activated desorption at elevated temperature. At elevated temperatures, the enhanced competition
between adsorption and desorption becomes more pronounced, which may limit the accumulation of adsorbed
water molecules on the CNW surface at high relative humidity and consequently result in a deviation from the
linear sensitivity response[16].

a) b) c)

Figure 6. Sensitivity of the CNW-based humidity sensor as a function of relative humidity at
(@) 27 °C, (b) 50 °C, and (c) 75 °C.

The sensitivity (S) of the fabricated humidity sensors was calculated as the relative change in sensor resist-
ance when transitioning from dry air (R ) to humid air (R,,) using the equation (1) [17]:

(1)

The maximum sensitivity (2.27%) is achieved at room temperature, indicating that the adsorption mech-
anism plays a dominant role in the moisture detection process [18]. When the temperature is raised to 50°C, the
sensitivity decreases to 0.49%, and at 75°C, to 0.22%. This decrease in sensitivity at elevated temperatures may be
associated with an intensification of water molecule desorption processes.

Figure 7. Dynamic resistance response of the CNW-based humidity sensor at relative humidity levels from
10% to 100% RH at different operating temperatures (a). Dependence of sensor resistance on relative
humidity at different operating temperatures (b).
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Figure 7(a) presents the resistance behavior of the CNW-based sensor under different relative humidity
levels and operating temperatures. During the measurements, the sensor was exposed to each relative humidity
level for 80 seconds at a fixed temperature. After each humidity exposure step, the test chamber was purged with
dry air for 50 seconds to restore the baseline signal. At room temperature, only slight changes in resistance were
observed when the relative humidity was increased up to 30%. A more distinguishable response appeared when
the relative humidity reached 40%. With further increase in relative humidity, the resistance variation became more
pronounced. This trend can be explained by the increased adsorption of water molecules on the CNW surface at
higher humidity levels. As more water molecules interact with the sensing layer, the charge transport through the
CNW network is affected more strongly, resulting in an improved sensor response.

Figure 7(b) presents the variation of sensor resistance with relative humidity at different operating tem-
peratures. The solid curves correspond to the humidification stage, during which water molecules are adsorbed
on the CNW surface. At room temperature and 50 °C, the sensor resistance changes almost linearly as the relative
humidity increases. This indicates that, under these conditions, water adsorption on the CNW surface produces a
relatively uniform change in charge transport through the sensing layer. However, at 75 °C, the resistance-humidity
dependence deviates from linear behavior, especially at higher RH values. This nonlinearity can be attributed to
enhanced thermal desorption of water molecules and a shorter residence time of adsorbed species on the CNW
surface. As a result, thermally activated desorption increasingly competes with adsorption, limiting the surface
coverage of water molecules and producing a weaker and nonlinear resistance response.

Table 1. Comparison of humidity-sensing performance of carbon-based sensors reported in the
literature.

Materials Operating | Measure- Sensitivity Response Recovery References
tempera- ment range time (s) time (s)
ture
CNT@CPM RT 30-100% RH | 56.7-111.1% 10-40 10-40 [19]
PVA/graphene 60°C 10-80% RH | 66.4% 11 35 [20]
30°C 38.2% 22 50
rGO/PU RT 10-70% RH | 9% 3.5 7 [21]
SDC RT 0-90% RH 50% 0.14 1.7 [22]
GQDs prepared | 25°C 40-90% RH | N/A 15 55 [23]
from waste
CNWs RT 10-100% RH | 2.27% 87 97 This work

The performance characteristics of the CNW-based humidity sensor were compared with data obtained
by other researchers, as shown in Table 1. Compared with other carbon-based humidity sensors reported in the
literature, the CNW-based sensor developed in this work demonstrates a measurable humidity response, although
its sensitivity and response/recovery characteristics remain lower than those of several optimized carbon-based
humidity sensors. It should also be noted that humidity-sensing studies based specifically on carbon nanowall films
are still very limited. Therefore, the present work provides additional experimental data and contributes to a better
understanding of the potential of CNWs as active materials for humidity sensor applications.

Conclusion

A resistive humidity sensor based on transferred CNW films was fabricated and evaluated under different
RH and temperature conditions. The CNW film exhibited a petal-like morphology and Raman features consistent
with graphitic nanocarbon containing structural disorder. The fabricated sensor showed humidity-dependent elec-
trical response over the range of 10-100% RH. The highest sensitivity of 2.27% was obtained at 27 °C, whereas the
sensitivity decreased to 0.49% and 0.22% at 50 °C and 75 °C, respectively, which is consistent with an increasing
contribution of water desorption at elevated temperatures. The response time was 87 s at 27 °C and decreased to
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36-37 s at higher temperatures, while the recovery time ranged from 90 to 103 s. Good short-term repeatability
was observed at 27 and 50 °C, whereas gradual drift became apparent at 75 °C during the five-cycle test. At 27 °C,
the response was close to linear over the studied RH range, while at higher temperatures, increasing nonlinearity
was observed at high RH. The obtained results show that CNW films can be used as simple conductive layers for
humidity detection, although further optimization is required to improve sensitivity and long-term stability.
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CCP-PECVD aaiciMeH cuHTe3/e/IreH KeMipTeKTi HAaHOKaGbIpFa KaGbIKIaJapbIHbIH,
BUIFAJIBLIBIKTHI Ce3y KacueTTepi
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B.N. Dembergenov, B.A. Kyrykbay, R.Ye. Zhumadilov, Ye. Yerlanuly, M.T. Gabdullin

AnpaTna. KemipTekTi HaHOKa6bIpFaslapAaH TYPaThIH KaObIKIIAJap ChIMbIMABIIBIKTI 6ailJIaHbICKAH
IJIa3MasbIK-XUMUSIIBIK 0y $ha3acblHaH TYH/BIPY 9/liCiMeH CUHTE3/1elill, pe3UCTUBTI bLJIFAJIABLIBIK CEHCOPJIAPBIHBIH
6esicenzi KabaThl peTiHze 3epTTenai. CkaHepJieyli 31eKTPOHAbIK MUKPOCKOIIKS HOTHXKeJlepi TiriHeH 6aFbITTa/NFaH
KeMipTeKTi HAaHOKaObIpFa KabaTTapbIHbIH TY31/lreHiH KepceTTi. PaMaH crieKTpocKonusichl akaylapFa 6ailsiaHbICTbI
»KoHe IpadUTTIK KeMipTeKKe ToH KOJIaKTap/lbl aHBIKTAII, JKallbIpaKIlla Tapi3/li KeMipTeKTi HaHOKaObIpFaJiap
TOPBIHBIH, KaJIbINITAaCKaHbIH pacTazbl. bliuranapuiblKThl ce3y KacueTTepi 10-100% casblcThlpMalibl bUIFAIAbLIBIK,
apasbIFbIHAA, 27, 50 2x0He 75 °C TeMnepaTypasiapza 3epTTesi. JlailbIHAa FaH ceHCopJiap KbICKA IUKJIIiK ChIHAKTap
Ke3iH/e KalTa/laHaThIH 3JIEKTPJIIK XKayall KepCeTTi )KoHe TeMIlepaTypaFa alKbIH TayeaAitik 6aikangsl. 27 °C
TeMIlepaTypaZa CEHCOP €H OoFaphl ce3iMTanablK kepceTTi, 100% cayibICTblpMasbl bIIFAAABLIBIKTA 0J1 2,27%-
ra keTTi. XKayan Gepy >koHe KaJlllbIHA KeJy YaKbITTaphl coliKeciHle 87 xaHe 97 ceKyHAThI Kypa/bl. 2KyMbIc
TeMIlepaTypaChIHbIH )KOFapbLIaybl ce3iMTangbIKThIH 50 °C-Ta 0,49%-Fa xxaHe 75 °C-Ta 0,22%-Fa feiliH TeMeH/ieyiHe
akeszi, 6y KHK GeTiHeH cy MoJiekynaiapblHbIH J1eCOpOLUSAChIHbIH KYlleloiMeH TyCiHAipiayi MyMKiH. 27 xaHe 50
°C TeMnepaTypasap/ia bIIFaJI/bLIBIKTBIH 6eC [9HeKTi I[UKJIi Ke3iH/e *KaKChl KbICKA Mep3iM/1i KalTa/laHbIM/bLIbIK,
GaiiKanapel, an 75 °C-ta curHaabIH 6ipTiHAen Apeidi 6akiKanabl. 27 °C TeMnepaTypajia CEHCOP KayaObl 3epTTe/reH
CaJIbICTBIPMAaJIbl bUIFA/IIBLIBIK AHAa30HbIH/|A LIaMaMeH ChI3bIKTBIK CUIIATTa 60JI/bL, aJ1 3KOFaphbl TeMIepaTypaiapia
BUIFAJIIBIBIKTBIH, )KOFApbl MOH/Iepi allMaFbIH/1a 6€HUChI3BIKTHIKTBIH KYIIeli 6alKaaibl. AJIbBIHFaH HOTHXKEJIEP
TacbIMaJIZJaHFaH KeMipTeKTi HAHOKaGbIpFa KabbIKIIaapblH blIFA/I/IbLIBIKThI OaKblIayFa apHaJIFaH KapanaibiM
9pi ap3aH miaTdopma peTiH/e KoslJaHyFa 60J1aThIHbIH KepceTei.

Ty#iH ce3aep: KeMipTeKTi HaHOKa6bIpFaiap, blIFANAABIIBIK ceHcopaapbl, CCP-PECVD, canbicThipMasibl
bUIFAJI/IbIIBIK, PE3UCTUBTI CEHCOPUKA.
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CeHCOpHEBIe CBOMCTBA IIJIEHOK YIVIEPOAHBIX HAHOCTEHOK, CAHTe3HPOBAaHHBIX METOJL0M
CCP-PECVD, npu AeTeKTUPOBAaHUH BJIAXKHOCTH

AnHoTtanus. [1nénku yrnepoanbix HaHocTeH (YHC) 6b1/1M CHHTE3MPOBaHbI METO/0M I1JIa3MOXUMHUYECKOTO
ocaXk/ieHus 13 ra3oBoit ¢pasbl B EMKOCTHO-CBSI3aHHOM IJ1a3Me U UCC/Ie[0BaHbl B KaueCTBE aKTUBHBIX CJI0EB /11
PE3UCTUBHOTO JIeTEKTUPOBAHUSA BJAAKHOCTU. HabJr0/JeHUs C TOMOIbI0 CKAHUPYIOIIEeH 3/IeKTPOHHON MUKPOCKOTINH
noATBepAuIn GOPMHUPOBaHHE BEPTHKAJIbHO OpHEeHTUPOBaHHbIX JTUCTOB YHC, Torga kak PamaH-aHanu3 nokasasn
XapaKTepHble N0JI0ChI, CBsI3aHHbIe ¢ AedeKTaMu U TpadUTU3UPOBAHHBIM YIJIEPOZOM, YTO IOATBEPKJAET 06pa3oBaHUeE
JIeTIeCTKOIOA00HOM CeTH yIyIepoAHbIX HaHOCTeH. CeHCOpHBIe CBOMCTBA M0 OTHOIEHHIO K BJIAXKHOCTH U3YYaUCh
B ZiMana3oHe OTHOCHUTeIbHOU BJaaKHOCTH 10-100% npu Temneparypax 27, 50 u 75 °C. U3roToBJ/IeHHbIE CEHCOPBI
IPOEMOHCTPUPOBAJIM BOCIIPOU3BOJUMBIH 3JIEKTPUYECKU I OTK/IMK NIPU KPATKOBPEMEHHBIX IUKINYEeCKUX UCIbITAHUSX,
a TaKKe BbIpaXKEHHYI0 TEMIIEPATYPHYI0 3aBUCUMOCTb. [Ipu 27 °C ceHCcop noKa3a/l HAauBbICUIYIO YYBCTBUTENbHOCTb,
JocturaBuyto 2,27% npu 100% oTHOCUTEIbHON BJIQXKHOCTH, CO BpeMeHeM OTKJIMKa U BOCCTaHOBJIeHUd 87 1 97
C COOTBETCTBEHHO. [loBhIlIeHUE paboyel TeMIepaTypbl IPUBOAUIO K CHIXKEHUIO YyBCTBUTENbHOCTH 10 0,49%
mpu 50 °C 1 0,22% mpu 75 °C, 4TO MOXKHO O6BSICHUTD YCUJIEHHOU ZiecopOIrel MoJIeKyJ/I BOJbI ¢ moBepxHOoCcTH YHC.
Xopouiasi KpaTKOBpeEMeHHasi BOCIIPOU3BOAUMOCTb HabJ1oganack npu 27 u 50 °C B TeueHHe MATH N0C/Ie[0BATENbHbIX
LMKJIOB U3MEHEHUS BJIAXKHOCTH, TOTJa Kak npu 75 °C oTMeyvaJsicst nocTeneHHbIH fpeitd curHana. [Ipu 27 °C oTKIUK
ceHcopa ObLJI NPUBJIU3UTENBHO JIMHEUHBIM BO BCEM HCCJIeIOBAaHHOM JiMaNna30He OTHOCUTEIbHON BJIAXKHOCTH, TOT/A
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Humidity sensing properties of carbon nanowall films synthesized by CCP-PECVD

KaK [P NOBBIIIEHHBIX TEMIIEPATYPAX HAOIIOAI0Ch YCUJIeHHEe HEJTMHEHHOCTH B 06JIaCTH BBICOKUX 3HAYEeHUH
BJaXHOCTHU. [loslydyeHHbIe pe3yJIbTaThl NOKa3bIBAIOT, YTO epeHeCcéHHbIe MJIEHKU YIJIEPOAHbIX HAHOCTEH MOTYT
paccMaTpUBaThCS KaK IPOCTble U HEAO0POTrUe MmaaTGOPMbl AJ1sI MOHUTOPUHTA BJIAXKHOCTHU.

Kiio4yeBble c10Ba: yriiepoJHble HAHOCTEHBI, AaTYMKHU BaaxHOCTH, CCP-PECVD, oTHOCHTe/IbHAsA BJAAXKHOCTD,
pPEe3UCTHBHOE IeTeKTUPOBaHMUE.
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