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B xonme 0oeBBIX AEHCTBHI CTAJI0 OYEBHJIHO, YTO aBTOMOOMIIN
JaHHOTO THIA, SBISIOMMECS dTAaKUM CHUMOHO30M KOJIECHBIX H
TYCEHUYHBIX MAllUH, OJy4YUId BCe HEJOCTATKH, PUCYIIUE KAK TEM,
TaK U JIpyTUM, pacTepsiB IPH ITOM MHOTUE UX JOCTOUHCTBA.

OCHOBHBIM HEJOCTATKOM JBHXHUTEIS MOTYTyCEHUUYHOTO
ABTOMOOUIIS SBISJIIOCH CHaJaHWE T'YCCHHIBI, €€ BBITATHBAaHHE,
3HAYUTENbHEIC BHYTPEHHIE COIPOTUBIICHUS T'YCEHNYHOTO JIBHYKUTEIIS
¥ HEeOCTaTOYHAs HAJEKHOCTH IO MPOYHOCTH. DTH HEIOCTATKH HE
OBUTH YCTpPaHEHHI W IOCIIE TOTO, KaK Iepenavyy KpyTSAIero MOMEHTa
JBIDKUTEIISIM CTaT! IIPOU3BOIUTH 3allCIUICHHUEM, T.€. 0€3 3HAUUTEITHHOTO
MIPEeIBAPUTEIFHOTO HATSDKEHISI TyCEHNYHOU JIeHTHL. [lepenHue xomeca
OTPaHUYMBAIH TIPOXOIMMOCTD TP ABIDKEHHUH 10 JJOPOTaM CO CIIa0oi
HECYIIeH CIIOCOOHOCTBIO M Ha MECTHOCTH, a TYCEHHYHBIN BIKUTEIb
BCIIECTBUE HEOONBIION CKOPOCTH IBWIKEHHSA, 3HAUUTEIBHBIX
MEXaHNYeCKHX ITOTEPh, BEICOKOTO pacxo/ia TOIUINBA M HEJOCTATOYHON
HAJEKHOCTH He o0ecrieynBall peHTa0eTbHON SKCINTyaTalllH 10 IIOCCE.
[NonmyryceHnyHbIe aBTOMOOWIIA HMEITH YBETHICHHBIN BEC, 3aHIKEHHYIO
YACNBHYIO TPY30MOABEMHOCTD, OBIIN CIIOXKHBI B IPOU3BOJCTBE U
o0 Taamy MaJIbIM CPOKOM CITY>KOBI OCHOBHBIX arperaToB. B oTHomeHnn
MTyTEBBIX YCIOBUH IMMOJYTyCEHHYHBIE aBTOMOOIIIM HE pacrlojiarain
YHHUBEPCAJIHFHOCTHIO M OBUTH B paBHOW Mepe cabo MPUTOAHBI KaK IS
SKCIUTyaTalliy Ha II0CCe, TaK U 10 0e30POXKbI0.

CraHgapTHBIE MOTOPHI CEPHITHBIX MAaIliH, HA OCHOBE KOTOPBIX
CTpOMJICS Be3eX0/l, He OBUTM pacCUUTaHBl Ha BO3POCIINE HATPY3KH,
paboTanu Ha mpeneiie U TpeOOBaIM BHECEHHUs JOMOIHUTEIbHBIX
U3MEHEHHH B CUCTEMY OXJIaXIIeHHsl 1 cMa3ku. JInbo 3amMeHbI Ha Ooiiee
MOIIIHBIE MOTOPBI, YTO HE BCETa ObLIO BOZMOXKHO.

IepenHue xoneca, ¢ TOMOITBIO KOTOPBIX 110 33lyMKe KOHCTPYKTOPOB
JIOJDKHO OBLTO OCYIIECTBIISATHCS YIIPABICHHUE OTYTYCCHUYHON MAIIUHOM,
B pealIbHOM AKCILTyaTalluy He MOTJIN I0CTaTOYHO 3 QEKTUBHO 33/1aBaTh
TPaeKTOpUIO IBMKeHMs. [yl Xopoliel MaHeBPEHHOCTH TPeOOBaJIOCh
HaJlMyue aBTOMaTHYECKON CHUCTeMBbl MOATOPMAKMBAHUS BEXyIINX
3Be3/104€K MPU ONpPENENeHHOM YTJIe IOBOPOTa PYJIEBOrO Kojeca, uTo
TpeOOBaJIO BHECEHHS CYIIECTBEHHBIX M3MEHEHHH B KOHCTPYKIIHIO
6a30BOro aBTOMOOMJISI, HA OCHOBE KOTOPOTO CTPOWJICS BE3JIEXO[, U B
UTOTe BHEAPEHUS HE MOJIyUUIIO.

Bnocneacteuu onsIT 3kcmnyatanuu nonydeHHelx CCCP mo
JIPHJ-JTU3Y aMEPHUKAHCKUX aBTOMOOWJIEH BBICOKOH NMPOXOAMMOCTH C
KOJICCHOH (popMyItoit 6x6, a Takxke TPOGESHHBIX HEMEIIKUX aBTOMOOMIICH
C IPUBOAOM KO BCEM KOJIeCaM HarJsiTHO II0Ka3aJl, 4TO KOJIECHAsl MalllHa

BO MHOTHUX YCJIOBHUSX HE YCTYNAET B MPOXOAUMOCTH MOJIYyTyCEHUYHOMH,
a 10 HaJEeKHOCTHU, YIPaBIIEMOCTH, MAHEBPEHHOCTH, JUHAMUKE U
TOIIUBHOM AKOHOMHUYHOCTH CYIIECTBEHHO NPEBOCXOAUT MOCIEIHION.
OTOT (paKT OKOHYATENHbHO yOeIusl KaK COBETCKUX WHXKCHEPOB, TaK M
COBETCKOE PyKOBOJICTBO, B OECIIEPCIIEKTUBHOCTH JATBHEHIIIEr0 pa3BUTHS
KOHCTPYKIWH MOJTYTyCEHUYHBIX MAIINH.

3aberas Briepel MOXKHO OTMETHUTb, UTO YK€ B ceperuHe 60-X ro1oB
IIPOLIJIOTr0 BeKa KOHCTPYKTOPBI, IPOAHAIN3UPOBAB BECH OIBIT MUPOBOT'O
aBTOCTPOCHNS, HAKOIIJICHHBIN 3@ 3TO BPEMSI, IIPHUIILTH K BEIBOJLY, UTO ITyTh
MIOCTPONKHM KOJIECHOTO BE3/€X0/1a HA OCHOBE CEPHHHOTO aBTOMOOMIIS
Hen30eXHO 3aBelneT B TymHK. Iloka aBTOMOOMIIM cO37aBalnuch
0 TPAAUIMOHHBIM CXEMaM, UX NMPOXOJUMOCTh HE BBIXOJWIA W3
oTIpefieNIeHHBIX NpezenoB. CyiecTBEHHOE YBENNIEHHE TPOXOJIMOCTH
KOJIECHBIX MAIIIMH MOJKET OBITh IOCTUTHYTO TOJBKO B PE3yJIbTATE OTKa3a
OT IPUBBIYHBIX KOHCTPYKTHUBHBIX PEIICHHUH.
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Wide-band semiconductor materials are used in all branches of
technology and production. Their advantages over other materials have
been proven even before the beginning of the 21st century. Almost all
such materials have been researched and are being used now. They have
characteristics such as inertia, chemical resistance, mobility, cheapness,
etc. The main disadvantage is the absorbability in the ultraviolet (UV)
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region of light. There are several solutions and one of them is composite
materials [1].

Titanium dioxide (TiO2) is a semiconductor with a wide band
gap, which has high photoactivity when exposed to ultraviolet light
with a photon energy of about 3.2-3.5 eV, depending on the structure.
TiO2 is widely studied in the field of dye-sensitized solar cells, sensors,
optoelectronic devices, and is also the best photocatalyst for hydrogen
splitting [2-4].

Ultraviolet photodetectors (UVD) are usually made of semiconductors
with a wide band gap of conductivity. ATC based on nanostructured
materials with a large band gap, such as Nb20O5, GaN, SiC, Aln, ZnO,
V205 and TiO2 have been extensively investigated. In addition, such
UFDs based on a metal oxide semiconductor have gained considerable
interest because they are economical, easy to manufacture and highly
sensitive in the UV region.

To increase the sensitivity of such detectors, various methods of
manufacturing UV detectors based on nanomaterials have been developed,
such as metal-semiconductor-metal structure, Schottky photodiodes and
composites with organic materials. It was shown that the formation of
TiO2 heterojunction with other semiconductors (C3N4, WO3, ZnS, etc.),
carbon materials-carbon nanotubes, graphene, graphene oxide (GO),
reduced graphene oxide (rGO), fullerenes and metal nanoparticles were
very effective in reducing the surface recombination of charge carriers.

Currently graphene and its modifications are used in all applications,
and UVD is no exception. The addition of graphene oxide to the
semiconductor structure solves the following problems: increases the
surface area of TiO2 due to its interaction with the two-dimensional
matte structure of graphene and its derivatives; enhances the adsorption
of aromatic pollutants due to their strong interactions with the aromatic
network of graphene and its derivatives; reduces the rate of recombination
between positive holes and photogenerated electrons due to the electronic
conductivity of graphene and its derivatives, which act as an electron
absorber for photogenerated electrons on the TiO2 surface.

Earlier studies have shown that the addition of reduced graphene
oxide leads to an increase in the properties of the TiO2 semiconductor
[5,6]. The UVD was manufactured according to the work [7].

In this work, the simplest method of application was used. In this
paper, it is proposed to modify the previously obtained detector, namely,
to change the conductive layer and add a new material to the graphene

nanofilm in TiO2. It is assumed that these changes will improve the
sensitivity and detectable ability of the resulting material.

Thus, in this paper we investigated the photoelectric and
optoelectronic characteristics of nanocomposite materials based on
graphene oxide and TiO2. Figure 1 shows the XPS spectra (only for
O1s) of nanocomposite material graphene oxide and TiO2 with different
concentrations of rGO [2].
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Figure 1 — Ol1s XPS spectra of the studied samples

Figure 1 shows that carbon, oxygen and titanium lines are observed
in the spectra. Weak titanium lines are visible even in the spectra of the
rGO sample. The energy calibration of the spectra was carried out along
the Ti2p3/2 line, the position of which was assumed to be equal to 458.6
eV. With this calibration, the observed position of the line in the carbon
spectrum corresponding to C—C bonds in the adsorbed carbon-containing
contamination was about 285.0 eV.

Thus, the observed pattern indicates that TiO2 and rGO in the studied
samples behave as independent phases. No interaction between them is
detected by the XPS method.

Studies of optoelectronic properties for TiO2-rGO-based UVD show that
the addition of reduced graphene oxide leads to an increase in the background
current If by 2.4 times, sensitivity R by 2.8 times and detectable ability D* by
1.9 times. These characteristics are the main parameters in determining the
effectiveness of photodetectors [2].

Thus, studies of the optoelectronic properties of the nanocomposite
material show an increase in background currents and sensitivity in the
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manufacture of ultraviolet photodetectors. It is assumed that applying
aluminum oxide with a thickness of 100 nm to the dielectric will increase the
photosensitivity and detectable ability of UVD based on a nanocomposite of
reduced graphene oxide and TiO2.
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[Tox BO30OHOBIsIEMBIMH HCTOYHHKAMH HEPIUU MOHUMAIOT
9HEPropecypchl, 00yCIOBIEHHBIE TTOCTOSHHO IPOTEKAIOUIUMHU
NPUPOAHBIMHM IpolleccaMu Ha miaHeTe. X XxapakTepHO#
0COOEHHOCTBIO ABISETCS HEHCUYEPIIAEMOCTh MJIH CIIOCOOHOCTH
ObICTpPO BOCCTaHaBIUBATHCSA. B cooTBeTcTBHM ¢ pesomonueit 33/148
(1978 r.) 'enepanbroit Accambiaen OOH BBeICHO MOHATHE «HOBBIC U
BO300HOBIISIEMbIe MICTOYHUKH SHEPTUI», Ky/a BKIIIOYEHBI COJIHEYHAS,
reoTepMalibHasi, BETPOBast, JHEPTHsI MOPCKUX BOJIH, TIPHIMBOB OKEaHa,
SHEPTHst OMOMACCHI JIPEBECHHBI, IPEBECHOTO YTIIs, TOpda, TATIOBOTO
CKOTa, CJIAHIIEB, ONTYMHUHO3HBIX TIECYaHUKOB, THAPOIHeprus [1].

CTOouT 3aMEeTUTb, YTO JI0JIS y4acTHs BO30OHOBIISIEMBIX HCTOYHUKOB
SHEPrUH B 001eM 00beMe IIPOU3BOJICTBA YHEPTHH IIOCTETIIEHHO PacTeT.
OTOMy cHOCOOCTBYET HE TOJNBKO HENCUCPIAEMOCTh MX PECYpPCOB, HO
1 OTCYTCTBHE BBHIOPOCOB BPEIHBIX BEIIECTB B OKpY’KaroIyio cpexy. K
MPUYMHAM, CIAEP)KUBAIOIINM POCT HCIIOJNB30BaHHUSA BO300OHOBISIEMBIX
HUCTOYHUKOB, CIEAYET OTHECTH: KallMTaJOEMKOCTh; OTHOCHUTEIBHO
HU3KYI0 SHEPTETHYECKYIO IUIOTHOCTh M 3aBUCHMOCTB OT NPHPOIHBIX
¢akxtopoB. [Ipu 3TOM B 3aBHCHMOCTH OT Pa3NUYHBIX (HaKTOPOB
9HEPropecypc MOXKET CHIKATHCS BIUIOTH /10 €0 MOJTHOTO OTCYTCTBHSL.

Ilo nanHpIM MexayHapoqHONH KOHBEHLUH 10 IPEIOTBPALICHUIO
3arps3HeHus ¢ cynoB 1973 r., m3meHeHHOH mpoTokomoM 1978 r.,
KOJIMYECTBO BPEIHBIX BEIOPOCOB € KaXKIBIM TOJIOM JIOJKHO CHI)KAThCA,
YTO 3aCTaBIsET IMPOU3BOAUTENEH pacCMaTpUBaTh aJIbTEPHATUBHBIC
UCTOYHMKH 3Hepruu. Haubosee jxecTkue TpeOOBaHUS NPEIbABISAIOTCS
k bantmiickomy u CeBepHOMy MOpsiM, pubpexusiM Bomam CIIA u
Kananei, Kapubckomy u CpeauzeMHOMY MOPSIM, TOOEpexbio SInonnn,
YTO MPUBOJUT K HeO6XOlII/IMOCTI/I MPOBCACHUA OLUCHKU BO3MOKHOCTHU
MIPUMCHCHUA BO300HOBIISIEMBIX HCTOYHHUKOB OHCPIrun Ha 00BeKTax
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