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Terahertz technology has recently attracted the attention of
the researchers due to its wide range of applications such as securi-
ty and military, biomedicine and health care, astronomy and biolo-
gy. There are many scrutinized research papers among the terahertz
applications with nanodevices such as self-switching devices. They
need monolithic microwave integrated circuits for integration. It
is evident that the system impedance of transmission lines is 50 Q.
However, the main limitation of self-switching diodes is high level
of impedance in megaohms which is a huge value and is not so easy
to implement. Paper focuses on the design and simulation of the
coplanar waveguide transmission line structures with higher im-
pedance by applying multilayer technology for the integration with
self-switching diodes. Using multilayer technology in design allows
wide range of impedances. Two approaches have been targeted such
that meets all the requirements of integration with nanodevice.
First approach is a widening the gap of the polyimide dielectric
layers used in the fabrication of these components. Several design
structures have been considered such as positioning the location
of signal and grounds contacts with respect to the position of the
dielectric layers. As the result the highest characteristic impedance
of about 90 Q was achieved at operating frequency of 110 GHz.
Secondly, novel coplanar waveguide transmission line structure
was investigated where the V-shape structure was joined with the
signal elevated structure. The terahertz application research may
effect on high data transmission rate of no less than 10 GBit/s and
thereby in increase of traffic volume.

Keywords: coplanar waveguide transmission line, self-switch-
ing nanodevice, multilayer technique, monolithic microwave inte-
grated circuit.
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The object of this study is the thermophysical properties of
polymer micro- and nanocomposites, as well as the dependence of
their heat conductivity with structural characteristics when us-
ing different types of fillers. A set of experimental studies of heat
conductivity and specific heat capacity of polymer micro- and
nanocomposite materials for polyamide 6 and carbon nanotubes,
copper and aluminum as matrix and fillers was carried out. When
obtaining composites, a method was used that is based on the
mixing of components in the polymer melt. The content of fillers
varied from 0.3 to 10 %, and the temperature of composite materi-
als — from 305 to 500 K.

Experimental dependences of heat conductivity coefficients
of the studied composites on the content of the filler were derived.
It was established that according to the value of these coefficients
in order of their reduction, these composite materials are ranked
as follows: composites with fillers with carbon nanotubes, copper,
and aluminum. Tt was found that only one percolation threshold
is observed, when using a polyamide 6 matrix.

The regularities of changes in the specific heat capacity of the
composites under consideration on their temperature when vary-
ing within the above limits of the filler content were investigated.

The analysis of the influence of the content of fillers on the
degree of crystallinity of the polymer matrix of the investigated
composite materials was carried out. It is shown that with an



increase in the content of fillers, the degree of crystallinity
decreases. The relationship between the thermally conductive
properties of the composites under consideration and the speci-
fied degree of crystallinity has been established. Higher values of
heat conductivity of composites correspond to lower values of the
degree of crystallinity.

The reported results can be widely used in the development
of highly heat conductive composites for various engineering ap-
plications.

Keywords: polymer micro- and nanocomposites, carbon nano-
tubes, heat conductivity coefficient, specific heat capacity.
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This study aims to improve the performance of the vehicle’s
cooling system called the radiator, which is part of increasing
energy efficiency. Research has been done to investigate the con-
vective heat transfer of hybrid nanofluid, using CuO and TiO,
nanoparticles and water-ethylene glycol (RC) as base fluids on
a radiator. The mass concentration of the hybrid nanoparticles
varied from 0.25 %, 0.30 %, and 0.35 %. For the preparation of the
hybrid nanofluid through a two-step method, by mixing dry sam-
ples of CuO and TiO, nanoparticles (50:50) and then the mixture
of radiator coolant, RC (60 % water and 40 % ethylene glycol).
The fluid flow varies from 20 liters per minute to 28 liters per
minute. Temperature variations range from 70 °C to 90 °C by us-
ing controlled heating. Four thermocouples measure the inlet and
outlet hot fluid flow and the airflow before and after the radiator.
The experiment showed that the overall heat transfer coefficient
increases remarkably with the increase of the hybrid nanoparticle
concentration under various flow rate values. The maximum over-
all heat transfer coefficient increases by about 83 % compared to
pure radiator coolant under 0.35 % mass concentration at a flow
rate of 22 liters per minute and a temperature of 70 °C. It has
also been found that the heat transfer rate is highly dependent
on the radiator’s mass fraction and flow rate. Increasing the mass
concentration shows maximum enhancement in heat transfer rate.
Inlet temperature also enhances the heat transfer rate, but its ef-
fect is small compared to nanofluid’s mass concentration and flow



rate. This study reveals that hybrid nanofluids can be suitable as

a working fluid, especially in small-scale heat transfer devices.

Keywords: hybrid nanofluid, overall heat transfer coefficient,

radiator coolant, cooling fluids.
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This paper has investigated the nanostructured samples of zinc
oxide intended for use as a gas sensor. Experimental samples were

obtained by the economical sol-gel method, suitable for large-scale
production. The dependence of the efficiency of gas sensors based
on zinc oxide on temperature was established. The electrical prop-
erties of experimental samples were investigated in the air in the
range of values of the initial voltage of 5-30 V and at temperatures
of 320, 370, and 450 K.

It was established that the current-voltage characteristic for
nanosized zinc oxide is non-ohmic, but the nature of the curves
can change due to an increase in the operating temperature. The
obtained experimental dependences are explained by the peculiari-
ties of the morphology of the obtained nanostructured zinc oxide,
which affects the value of the contact resistance in the structure.
A large number of nanoscale particles leads to an increase in the
number of energy barriers, which negatively affects the sensitivity
of experimental samples to the gaseous medium. The study of the
sensitivity of samples to the established gaseous medium, namely
100 ppm CO, was carried out.

The electrical conductivity of zinc oxide is determined by
oxygen vacancies that are electron donors, and, accordingly, the
conductivity activation energy is determined by the donor levels
formed by vacancies in the ZnO forbidden zone. During heating,
there is a decrease in the resistance of the sample with increasing
temperature; electrical conductivity is determined by the thermal
generation of electrons. Understanding the dependence of the sen-
sor sensitivity on temperature and the use of sensitive ZnO layers
of different morphology will make it possible to recognize gaseous
components in a complex mixture.

Keywords: zinc oxide, semiconductor structure, gas sensor, sol-
gel method, volt-ampere characteristic, temperature dependence,
gas environment, gas analyzer, reducing gas, contact resistance.
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XAPAKTEPUCTHUKA BUCOKOIMIIEJIAHCHOI KOHCTPYKIIIi BATATOIIIAPOBOI KOILIAHAPHOI
XBHJIbOBU/HOI JITHII IIEPEJAYI JJISI IHTETPAIIIL 3 HAHOIIPUCTPOSIMU (c. 6-14)

Gulsaya Nurzhaubayeva, Katipa Chezhimbayeva, Norshakila Haris

TeparepiioBa TEXHOJIOTiS HENOAABHO MPUBEPHYJIA YBary AOCTIHUKIB uepes il MUpPOKMii CIIEKTP 3aCTOCYBaHb, TAKMX K (e3meKa Ta
BiliCbKOBI, GiOMeAMIIMHA Ta OXOPOHA 370POB’sI, acTpoHoMist Ta Giosorist. Cepe TepareploBUX MOAATKIB 3 HAHONPUCTPOSIME, TAKUMHU K
IPUCTPOT 3 ABTOMATUYHUM TIEPEMUKAHHAM, € 6araTo peTeNbHIX A0CHiKeHb. M 10TpibHI MOHOJIITHI MiKPOXBUJIBOBI iHTErpajbHi cXeMu
Juist inrerparii. Buawo, o cucremumii onip siniil nepepaydi cranouth 50 OM. OnHak OCHOBHUM 0OMEKEHHSIM JII0/IB, 10 caMorepe-
MUKAIOThCS, € BUCOKUIT PiBeHDb iMIleJlaHCy B Meraomax, 1[0 € BEJIMYE3HOI0 BEJIMYNHOIO i He TaK MPOCTO peasisyBaTH. Y CTATTi OCHOBHA
yBara IpH/IIISETHCST IPOEKTYBAHHIO T4 MOJIETIOBAHHIO KOTJIAHAPHIUX XBUJIEBIAHUX CTPYKTYP JIiHII mepenadi 3 OiIbII BICOKUM iMIIeaH-
COM i3 3acTOCYBaHHIM GaraTolapoBoi TEXHOJIOTII /s iHTerpaiii 3 AiogamMiu, 1o caMollepeMUKaloThest. Bukopucranns GaraTomapoBol
TEXHOJIOTIT KOHCTPYKIIT I03BOJISIE BUKOPUCTOBYBATU MIMPOKUIi AianasoH iMnenancis. Bysio o6pano asa miaxoau, ki BiAIOBIAAIOTH yciMm
BUIMoOTaM iHnTerparii 3 HanoyctpoeM. [leprmii miaxia mossirae y po3mupenHi 3a30py MapiB MOJiiMiIHOTO AieJTeKTPUKa, sIKi BHKOPUCTO-
BYIOTBCS IIPU BUTOTOBJICHHI IIMX KOMIIOHEHTiB. ByJI0 PO3TJIsSiHYTO /leKibKa IPOEKTHUX CTPYKTYP, TAKUX SIK TIO3UIIIOHYBaHHS PO3TAIILY-
BAHHSI CHTHAJBHIX Ta 3a3€MJIIOIOYIX KOHTAKTIB I[0/I0 TIOJIOKEHHSI IIeIeKTPIYHUX mapis. B peayasrati 6y10 10CSITHYTO MAKCHMAIBHOTO
XBUJIbOBOTO onopy 6siu3bko 90 Om Ha po6ouiii wactori 110 T'Tir. ITo-apyre, 6yn0 A0CTIKEHO HOBY KOILJTaHAPHY XBUJIEBOAHY CTPYKTYPY
aiuii mepenaui, B aKkiil ctpykrypa V-noai6Hoi dpopmu Gya 3’eqHana 3i CTPyKTYPOIO 3 MAHATUM CUTHAJIOM. [{OCITIIKEHHS 3aCTOCY BAaHHS
TeparepIoBOTO AiallazoHy MOJKe BIIMHYTH Ha BUCOKY NIBUAKICTH nepeaadi ganux He meniie 10 T6it/c i Tum camum 36ibiieHHs 06¢saTy
Tpadiky.

Kiouogi caoBa: komaHapHa XBUJIEBOAHA JiHIS Mepefadi, HAHOYCTPIH, IO CaMOIEPEMUKAEThCS, GaraTonrapoBa TEXHOJIOTISI, MOHO-
mitna HBY inTerpanbia cxema.
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BCTAHOBJIEHHS BILJINBY TUITY MIKPO- TA HAHOHAIIOBHIOBAUIB HA TEIIO®I3UYHI
BJIACTHBOCTI BUCOKOTEILJIOITPOBITHIX OJIMEPHIUX KOMIIO3UTIB HA OCHOBI IIOJIIAMIZY 6
(c. 15-20)

H. M. ®ianxo, P. B. [Tinxkoc, ¥0. B. IllepenxoBcbkuii, H. O. Mepanosa, B. II. Ba6ak, B. M. Kop:kuk, M. M. JlazapeHnko,
H. II. ITososenko, O. 0. ITapxomenko, B. M. MaxpoBchKuii

O6’ekTOM JOCIIKEH s € TerioMi3uyHi BIACTUBOCTI MOJIMEPHUX MiKPO- Ta HAHOKOMIIO3UTIB, @ TAKOK B3aEMO3B’SI30K IX TEILIONPO-
BIJTHOCTI 31 CTPYKTYPHUMM XapaKTePUCTUKAMU ITPY BUKOPUCTAHHI PI3HNX THUIIIB HATIOBHIOBAYiB. BIKOHAHO KOMIITTEKC eKCTIePUMEHTATLHIX
JIOCJIJIPKEHD TETIOTPOBIHOCTI 1 MUTOMOI TETJIOEMHOCTI TTOJIMEPHUX MiKPO- 1 HAHOKOMIIO3UIIHHUX MaTepiasiB /s moJiamiza 6 ta ByrJe-
HEeBUX HAHOTPYOOK, Mizli i aOMiHI0 B SIKOCTI MaTpuli i HanmoBHIOBauiB. [Ipn OTpUMaHHI KOMIIO3UTIB 3aCTOCOBYBABCS METOJI, IKUii Hasy-
€ThCS Ha 3MIllyBaHHi KOMIOHEHTIB y po3iasi mosiMepy Bmict nanosrioBauis aminioBascs Biz 0,3 1o 10 %, Temieparypa KOMIIO3UIIHHIX
marepianis — Big 305 10 500 K.

OgepskaHo eKCIepUMeHTATbHI 3aTesKHOCTI KOedilli€HTIB TeTUIONMPOBIAHOCTI AOCTI/KYBAHIX KOMIIO3WUTIB BiJ BMICTYy HallOBHIOBAdYa.
Bcranosieno, 1o 3a 3HaUeHHAM 1IMX KODIIHEHTIB y HOPSAKY 1X 3MEHIIIEHHS BKa3aHi KOMIO3UIINHI MaTepiaiu PAHKYIOTHCS TAKUM YUHOM:
KOMITO3WUTH 3 HAIIOBHIOBAYAMHU 3 BYTJIEIIEBMME HAHOTPYOKaMU, Mi/TIO Ta aloMiHieM. BUsiBIeHO, 10 TpU 3aCTOCYBaHHI MATPHIL 3 IOJamiLy
6 criocTepiraeThest TiIbKYU OJWH MOPIT MTEPKOJISITI.

JlocatipkeHo 3aKOHOMIPHOCTI 3MiHI ITUTOMOI TEIIOEMHOCTI KOMITO3UTIB, 1[0 PO3IJIAAAIOTLCS, Bijl iX TeMIlepaTypH IIpU BapiloBaHHI B
BUIIEBKA3AHIX MEKaX BMICTY HAllOBHIOBAYiB.

Bukonano anasiz BIJIMBY BMICTY HAIlOBHIOBAuiB Ha CTYIiHb KPUCTAJIYHOCTI MOJIMEPHOI MATPUILL JAOCIIPKYBAHUX KOMIIO3UIIHHIX
matepiazis. [Tokaszano, 1o 3i 30iIbIIEHHSIM BMICTY HAIOBHIOBAYIB CTYIIHb KPHCTAIIYHOCTI 3MEHITY€ETHCsI. BCTAaHOBJIEHO 3aJI€KHICTD MisK
TETIONPOBITHUMH BJIACTUBOCTSIMU KOMIIO3UTIB, TI[0 PO3TJIAAIOTHCS, i BKA3aHUM CTyIIeHeM KPUCTAJIIYHOCTI. Bilbmmm 3HaueHHAM Terio-
[IPOBiIHOCTI KOMIIO3UTIB Bi/[OBIIAI0Th HIDKYI BEJIMUUHU CTYIICHSI KPUCTAIIYHOCTI.

OTpuMari pe3ysbTaT MOKYTh IIMPOKO BUKOPUCTOBYBATHCS TIPY PO3POOIIi BUCOKOTETIIONPOBIAHIX KOMITO3UTIB /TSI PI3HUX iH/KeHep-
HUX JTO0JaTKIiB.

KiouoBi cioBa: 1ostiMepHi MiKpo- i HAHOKOMITO3UTH, BYTJeleBi HAaHOTPYOKH, Koedil[ieHT TeIIONPOBIIHOCTI, MTUTOMA TEIJIOEMHICTb.
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BIIJIUB I'IbPUTHOI HAHOPIIUHU CuO-TiO; HA POBOTY PAJIIATOPA (c. 21-29)

Sudarmadji Sudarmadji, Bambang Irawan, Sugeng Hadi Susilo

Ile mocuaiukerts cnpsMoBane Ha MOKPAIeHHs TPOAYKTUBHOCTI CHCTEMHU OXOJO/UKEHHsT aBTOMOOIIS, 1110 HA3UBAETHCS PaiaTOPOM,
1110 € YaCTUHOIO MiABUIIEHH eHeproedeKTUBHOCTI. By mpoBeieHi A0CIisKeH s A BUBYEHHS KOHBEKTUBHOI Terionepeaadi ribpuaHol



HaHopianuu 3 Bukopucranuam nanoyactunok CuO ta TiO, Ta Boau Ta erunenraikommo (RC) gk 6a30Bux pignn Ha pagiatopi. Macosa KOH-
HeHTpalis ribpuaHIX HaHOYaCTUHOK BapitoBasiacs Bix 0,25 %, 0,30 % Ta 0,35 %. [ljist npurotyBatust riGpUHOT HAHOPIAMHU ABOCTaiTHUM
MEeTO/IOM 3MilyIoTh cyXi 3pasku HanouyactuHok CuO ta TiOy (50:50), a motim cymit oxosoukyodoi pizunu pagiatopa RC (60 % Boan ta
40 % erusenraikosio). Butpara piguan Bapitoerses i 20 miTpis 3a xBusinHy /10 28 miTpis 3a xBusuHy. /liarazon remiiepatyp BapiloeThest
Biz 70 10 90 °C npu BUKOPUCTAHHI KOHTPOJIHOBAHOTO HATrpiBaHHs. YOTHPU TepMOIIapy BUMipIOIOTh MOTIK rapsiuoi piluHU HA BXO/Ii Ta BUXO-
1Ii, @ TAKOJK MOTIK MOBITPst 10 Ta MicJist pagiatopa. EKCIiepuMeHT oKasas, 1o 3araibHuii KoedillieHT Ternmonepenadi moMiTHO 361IbIIY€EThCS
i3 301/IBIIEHHSAM KOHIIEHTPAIl] MOPUAHIX HAHOYACTOK TP PI3HUX 3HAYEHHSX NIBUAKOCTI TTOTOKY. MaKCHMabHU 3araabHUil KoeditienT
Tertonepeayi 36iabIIyeThest MpubIN3HO Ha 83 % MOPIBHIHO 3 YKCTOW PIAMHOIO, 10 OXOIOMKYE, pajiiaTopa MPU MACOBIll KOHIIEHTpAIil
0,35 % npu BuTpari 22 mitpu B xuauHy i Temnepatypi 70 °C. Takosxk GyJs10 BUABIEHO, O IMBUAKICTD TEILTONEPeAadi 3a1e5KUTh Bi/l MAaCOBOI
YaCTKK pajiatopa i MBUAKOCTI TTOTOKY. 301/bIIEHHsT MAaCOBOI KOHIIEHTpAIi] TTOKa3y€e MaKCUMaJbHe 301IbIIeHHsT HIBUAKOCTI TEIII00OMIHY.
Temreparypa Ha BXOJIi TAKOXK 301/IbIIY€E IMBUAKICTD TeIIoNepeayi, aje ii BIJIMB HEBEJIUKUIT y TTIOPIBHAHHI 3 MACOBOK KOHI[EHTPAII€I0 Ha-
HOPIJIMHM Ta MBU/KICTIO TOTOKY. Ile mociuKeH s okasye, Mo Tibpu/iHi HAHOPIANHI MOKYTh Oy TH IIPUAATHI SIK poOoya pifinHa, 0CO6IMBO
B HEBEJINKHX [IPUCTPOSIX TeIlJIoNepeiayi.
Kimo4oBi cioBa: ribprina HaHODIAMHA, 3araTbHAil KoediIlieHT Temonepefadi, TEMIOHOCI T pagiatopa, PifNHH, 0 OXOJIOIKYIOTh.
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OIITUMI3ALIA TEXHOJIOI'TI CTBOPEHHA UYYT/IMBHUX TA3OBHUX CEHCOPIB HA OCHOBI OKCHUAY
NUHKY TP BUKOPHCTAHHI 30JIb-TEJIb METOJIA (c. 30-36)

0. B. Heumop, H. B. [leiinexo, P. B. Ilonomapenko, A. O. Maii6opoaa, M. O. Kponusa, O. B. Basimenko, C. A. €Epemenko,
B. JI. Cunopenxo, B. M. CepBartiok, A. B. IIpycekuii

B po6oTi 1ocaiKeHo HaHOCTPYKTYPOBaHi 3pa3ku OKCUJLY [IMHKY, IPU3HAYEHOTO /TSI BUKOPUCTAHHS B SIKOCTI Ta30BOTO ceHcopy. Exe-
MepUMeHTATbHI 3pa3kut GyJIi OTPUMaHi eKOHOMIUHUM Ta MPUAATHIM JJIsT ITHPOKOMACIIITAGHOTO BUPOOHHUIITBA 30b-TeJb MeTOIOM. Bera-
HOBJIEHO 3aJIeKHICTh €(heKTUBHOCTI ra30BUX CEHCOPIB HAa OCHOBI OKCHY IIMHKY Biji TeMiepaTypu. Jloci/skeHo eJIeKTPUYHi BJaCTUBOCTI
EKCIIEPUMEHTAIBHUX 3Pa3KiB B MOBITPSIHOMY CEPEIOBUII B JliallasoHi 3HaYeHb movyaTkoBoi Hanpyru 5—30 B ta 3a temneparyp 320, 370
ta 450 K. Beranosiieno, 1o /i71st HaHOPO3MiPHOTO OKCH/Y IIUHKY BOJIBT-AMIIEPHA XapAKTEPUCTUKA € HEOMIYHOIO, ITPOTE XapaKTep KPUBUX
MOsKe 3MIHIOBATHCh 32 PaXyHOK TABUIIEHHST 06040l TemnepaTypu. OTpUMaHi eKCIIepUMEHTATbHI 3aI€KHOCTI MOSICHIOIOTHCS 0COOINBOC-
TSMU MOPOJIOTii OTPUMAHOT0 HAHOCTPYKTYPOBAHOTO OKCUY IINHKY, SIKA BILIMBAE HA BEJINYIHY KOHTAKTHOTO OIIOPY B CTPYKTYpi. Besnka
KUIBKICTh HAHOPO3MIPHUX YaCTUHOK MPU3BOAUTH /[0 3POCTAHHSA KiNbKOCTI eHepreTuuHuX Gap’epis, 110 HEraTUBHO BIUINBAE HA Yy TJIUBICTh
eKCIIepUMEeHTATbHNIX 3Pa3KiB /10 Ta3oBoro cepegosuina. [IpoBeseno pociijzKenns 4yTJUBOCTI 3pasKiB 0 BCTAHOBJIEHOTO Ta30BOTO Ce-
penosuiia, a came 100 ppm CO. EjekTponpoBifiHicTh OKCUAY IIMHKY BU3HAYAETHCS BAKAHCISIMU KUCHIO, SKi € JJOHOPAMU €JIEKTPOHIB, i,
Bi/IMOBIZIHO, €HEPTis aKTUBAIIil IPOBIIHOCTI BUBHAYAETHCS JJOHOPHUMHU PIBHSIMU, YTBOPEHIMH BaKaHCIsIMU B saboponeniit 3oui ZnO. ITix
Jac HarpiBaHHs BifGyBAEThCST 3MEHIIEHHS OMOPY 3paska 3 MiABUIIEHHSIM TEMIIEPATYPH i €T€KTPOTPOBIAHICTD BIU3HAYAETHCS TEPMIUHOIO
TeHepalli€lo eJeKTPOHIB. PO3yMiHHS 3a/IeKHOCTI YYTJIMBOCTI ceHcopa Bijl TeMIlepaTypy Ta BUKOPUCTAHHS 4yT/nBUX mapiB ZnO pisHoi
MOPGOIIOTIT 1aCTh MOKIUBICTD 10 PO3MI3HABAHHS Ta30MOAIOHUX KOMIIOHEHTIB Y CKJIHIN cyMiIi.

KmouoBi cioBa: okcuji IIMHKY, HaIliBIIPOBIJTHIKOBA CTPYKTYPA, Ta30BUIl CEHCOP, 30JIb-TeJIb METOJI, BOJIBT-aMIIePHA XapaKTEePUCTHKA,
TeMIepaTypHa 3aJIeKHICTh, Ta30Be CepelOBUIIe, Ta30aHATI3aTOP, Bi/IHOBHUI Ta3, KOHTAKTHUN OIIIp.



