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€KBiBJIEHTHOCTI Ta IUCKPETHOI AUIOJIbHOI anpokcumatii (JJJA). Xapakrepusalilo CMHTE30BaHMX HAHOCTPYKTYP
cpibsa Ta HaHocucteMm Ag/TiO2 Ta iX BIaCTUBOCTEN IIPOBELEHO 32 OMIOMOTOI0 Cy4aCHUX METO/IB JOCiIKEeHb:
criekTpodoromeTpii; TpaHcMiciiiHoi (TEM) Ta ckanyouoi (SEM) esekTponHOi MiKpockorii; iuHamiuHOro
poscitoBaHHs cBiTsa (DLS); enexkrpodopeTnyHoro poscitoBanHs cBitna (ELS); Tepmorpadii; a TakoxkK, KOMILJIEKCY
6ioXiMiUHMX METO[IiB 3rifHO CTaHIAPTHUX MPOLeAyp LocimkeHHs. HaykoBa HOBU3HA pe3ybTatiB. Po3mupeHo
HAayKOBi YSIBJIEHHS Ta 3HAHHS MPO 3aJIEKHICTh ONTUYHUX [1ApAMETPIB METAJIEBUX Ta METAJI-HaIliBIIPOBIIHMKOBUX
HaHOCTPYKTYP Bif ix mopdouiorii, popmu Ta reoMmeTpUYHUX po3MipiB. [lokasaHo, 1[0 ONTUYHUH BiITyK
HAHOCTPYKTYP Ha OCHOBI Ag € Hal6iIbLl 4yTIMBUM [10 3MiH MOPQoJIOrii Ta NapaMeTpiB cepeoBUlla, 10 4O3BOJIsIE
KepyBaTu ix ONTUYHUMHU [IapaMeTpPamMy Ta HAJIAMITOBYBATH IJIA3MOHHUI PE30HAHC Ha MOTPiOHNI CIIEKTPA/IbHUN
IianasoH. Briepiie BU3BHa4Y€HO r€OMETPUYHI TapaMeTPU HAHOCTPYKTYP /Jis €(PEKTUBHOTO BUKOPUCTAHHS [1JI4
BMOPaHUX NPAKTUYHUX 3aCTOCYBaHb. YJOCKOHAJIEHO METOJ, OTPUMAHHS CTabiIbHOTO 6i0CyMiCHOTrO KoJoiny cpibia
3a J,01IOMOro0 (GOTOIHAYKOBAHOTO BiJHOBJIEHHS iOHIB CpibJia 3 BOgHOro po3unHy AgGNO3 npu KiMHaTHi
TeMIIepaTypi IIpu ONPOMiIHEHHI Jla3epoM 3 JOBXKUHOIO XBUJIi 445 HM, IPUYOMY B SIKOCTi cTabinizatopa
HAaHOYAaCTUMHOK BUKOPUCTAHO LUATPAT HATpito. Llell MeTos CUHTE3y 403BOJIsiE OTPUMYBATH HAHOYACTHHKHU CPibJIa SIK y
BUIJISIZ KOJIOIAHOTO PO34MHY, TaK i Ha IOBEPXHi HaMiBIIPOBITHMKOBUX HAHOCTPYKTYP Y BUTJISALi 0O0JIOHKU Cpibia
KepOoBaHOi TOBLIUHU. Briepiie po3po6sieHo Ta BUTOTOBJIEHO OPUTiHAIbHY YCTAaHOBKY PafliajIbHOTO OIIPOMIHEHHS [JIsl
Mo M}iKyBaHHS [IPOCTOPOBUX Ta ONTUYHUX NTapaMeTpiB HAHOYACTUHOK CpibJia Mifl BIIJIMBOM CBITJIOBUX MTOTOKIB
IIOTY>KHUX CBITJIOi0ZiB. YCTaHOBKA Ma€e CUCTEMY TEIVIOBIIBENEHHS Ta TPU i30J1bOBaHI KAMEPU [1J151 OTIPOMIHIOBaHHS
KOJIOIZHUX PO3YMHIB HAHOYACTVMHOK CUHIM, 3€JIEHMM Ta YEPBOHUM BUIIPOMIiHIOBAaHHAM. [T0Ka3aHo, 1110 TpuBae
OTIPOMIHIOBaHHS KOJIOIZiB CpibJia mpu3BOoAuTh 10 Moaudikaiiii reomeTpudHoi Gopmu i po3mipiB HAHOYACTUHOK Ta
3MillleHHS MiKiB iX [1J1a3MOHHOTO IIOTJIMHAHHS 110 CIIEKTPaJIbHIM IKaji 10 6/pkHboro 1Y nianasoHy. YTOUYHEHO
BIUIVB reOMETPUYHOI (POPMU Ta KOHLEHTpaLlil Ha e(eKTUBHICTb reHepallii Ternsa HAaHOCTPYKTypaMu cpibia mif gieto
J1a3€pHOTO BUIIPOMIiHIOBAHHS 3 OBKMHAaMU XBUJIb 445 Ta 880 HM. [Toka3aHo, [0 CUHTE30BaHi TPUKYTHI
HAHOIIPU3MM 3i 3MillleHUM ONTUYHUM IOTJIMHAHHSAM Yy 6J1KHIO Y 0671aCTh, IOPiBHSIHO 3i chepUyHUMU
HAaHOYACTUHKaMU Cpibjia, MaloTh HANOIIbIy €(PEKTUBHICTb reHepallii Terna siK y MoBiTpi, Tak i B 6i0/10TiYHNX
cepenoBuiax. BctaHoneHo, mo HaHocuctemu Ag /TiO2:C,S iHTeHCUBHO MOTJIMHAIOTh BUIPOMIHIOBaHHS BCbOTO
BUJIMIMOTO Jlialla30Hy, IIPOSIBJISIIOTh BUCOKY (POTOKATATITUYHY [Iil0 Ta CYyTTEBO 3MEHUIYIOTh TPUBAJICTb peakuii
doTromerpanaii OpraHiYHUX CIOJIYK Iif, Ii€l0 BUAMMOro CBiTJa. [IpakTuiHe 3HaUeHHs Pe3yJbTaTiB AUCEPTaLiliHO]
pob6otu OTpuMaHi B pOOOTi pe3yJIbTaTU MAlOTh BAKJIMBE 3HAYEHHS [JIs1 PSAY NPUKJIAAHUX 3aCTOCYBaHb Y
TEXHOJIOTISIX Ta 3ac00ax MiKpO- Ta HAHOCHCTEMHOI TeXHIKM. BAOCKOHaIeHo Ccroci6 OTpUMaHHS KoJIoiny cpibia 3a
IIOTIOMOTOI0 JIa3€PHOTO BUIIPOMIHIOBAaHHSI BUMMOTO Jiana3oHy (445 HM) i3 BOGHOTO pO34MHY COJli cpibsa Ta
LIMTpaTy HATPIlo, K CTabili3yrouoro areHta. OTpMMaHi HAHOCTPYKTYPH XapaKTEPU3YIOTbCSI BUCOKOIO CTAbiIbHICTIO
Ta YUCTOTOI. HOBM3HY BUKOPUCTAHOI TEXHOJIOTI MiATBEPIKEHO AeKIapalilHUM IIaTEHTOM YKpaiHy Ha KOPUCHY
mogenb N2 131184 «Crniocib ofiepskaHHS pO34MHY KOJIOiHOTO cpibsiay. Po3pobyieHuil NpucTpiii 1j1st IpoCToi
mogu@ikauii Mopdosorii n1a3MOHHUX HAHOCTPYKTYP, Ha OCHOBI LED 3 pisHMMU LOBXMHaMU XBUJIb
BUIIPOMIHIOBaHH4. [IpucTpiit 103BoJsse MOOMPiKyBaTH IPOCTOPOBI NapaMeTPU HAHOYACTUHOK CPibia Ta 3MiCTUTH
iKY X [1J1a3MOHHOTO MOTJIMHAHHA 110 6;1vpKHBOI [Y ob6sacTi. HaHoCTpyKTYypH cpibsa 3 MogudikoBaHMMU
ONTUYHUMMU [TaPaMETPAMU MOXKYTb aKTUBHO BUKOPHUCTOBYBATUCS Y OKPEMUX rajy3sx 6ioMeIULINHNA SIK
6axkrepuuuaHi Ta QyHrinuaHi areHTU. EQeKTUBHICTE BUKOPUCTAaHHS MOIM(PIKOBaHMX HAHOCTPYKTYP CpibJia B
€HZ0JIOHTIi MiATBepyKeHa BiiIIOBIAHUM aKTOM BIIPOBaKeHHS. OTpUMaHi pe3ybTaTi JOCTIIKEeHb MOXKYTb OyTU
BUKOPUCTaHHI IPY BIOCKOHAJIEHHI Ta BUTOTOBJIEHHI €JIEMEHTIB Ta IPUCTPOIB MiKPO- Ta HAHOCUCTEMHOI TEXHIKU,
30Kp€eMa CEHCOPHOI €JIEKTPOHIKU Ta MIKPOAKTyaTopiB. OKpEMI pe3yJIbTaTy JUCEPTALIMHUX LOCIIiIKEHD
BHMKOPHCTOBYIOTHCS [IPY BUKOHAHHI HAYKOBO-A0CIiTHOI po60TU «HaHOCTPYKTYypOBaHi iHTepdeiicu Ha OCHOBI
HETOKCUYHMX MaTepiasliB /ji MPUKJIaHKUX 3acToCyBaHb» (1B /IHTEPGENC N2 0120U100675); y HaB4aIbHOMY
IIpolLieci [1J1s1 NiATOTOBKU CTYZEHTIB clieliasbHOCTi 153 «MiKpo- Ta HAaHOCHCTEMHA TeXHiKa» Ta IIPU BUKOHAHHI
6aKaaBpChKUX Ta MariCTePChKUX KBaliQikaliliHux poobiT cTyneHTiB Kadpenpu GoroHiku HalioHanbHOTo

yHiBepcUTETY «JIbBIBCbKA IMOJIITEXHIKA», IO MiATBEPIKEHO BiANIOBIIHUMU aKTAMU.



2. The object of research is interaction of electromagnetic radiation with metal and metal-semiconductor
nanostructures. Research methods. Simulation of the interaction of electromagnetic radiation with plasmon
nanostructures was performed using the methods of dipole equivalence and discrete dipole approximation (DDA).
Characterization of synthesized silver nanostructures, Ag/TiO2 nanosystems and their properties was carried out
using modern research methods: spectrophotometry; transmission (TEM) and scanning (SEM) electron
microscopy; dynamic light scattering (DLS); electrophoretic light scattering (ELS); thermography; as well as a set of
biochemical methods according to standard research procedures. Scientific novelty of the obtained results.
Scientific ideas and knowledge about the dependence of optical parameters of metal and metal-semiconductor
nanostructures on their morphology, shape and geometric dimensions are expanded. It is shown that the optical
response of Ag-based nanostructures is the most sensitive to changes in morphology and parameters of the
environment. This allows one to control its optical parameters and adjust the plasmon resonance to the desired
spectral range. For the first time, the geometric parameters of nanostructures for efficient use for selected
practical applications are determined. The method of obtaining a stable biocompatible silver colloid with
photoinduced reduction of silver ions from an aqueous solution of AgNO3 at room temperature under laser
irradiation with a wavelength of 445 nm was improved, and sodium citrate was used as a stabilizer of
nanoparticles. This synthesis method allows to obtain silver nanoparticles both in the colloidal solution and on the
surface of semiconductor nanostructures as a silver shell with controlled thickness. For the first time, an original
radial irradiation device was developed and manufactured to modify the spatial and optical parameters of silver
nanoparticles under the influence of light fluxes of high-power LEDs. The device equipped with the heat
dissipation system and three isolated chambers for irradiating colloidal solutions of nanoparticles with blue, green
and red radiation. It is shown that long-term irradiation of silver colloids leads to modification of the geometric
shape and size of nanoparticles and displacement of its plasmon absorption peaks on the spectral scale to the NIR
range. The influence of geometric shape and concentration on the efficiency of heat generation by silver
nanostructures under the action of laser radiation with wavelengths of 445 and 880 nm is specified. It is shown
that the synthesized triangular nanoprisms with shifted optical absorption in the NIR region, in comparison with
spherical silver nanoparticles, have the highest efficiency of heat generation both in air and in biological media. It
is established that Ag/TiO2:C,S nanosystems intensively absorb radiation of the whole visible range, show high
photocatalytic action and significantly reduce the duration of photodegradation reaction of organic compounds
under the action of visible light. The practical significance of the thesis. The results obtained in this work are
important for a number of applications in technologies and tools of micro- and nanosystem technology. The
method of obtaining silver colloid with the visible range laser radiation (445 nm) from an aqueous solution of silver
salt and sodium citrate as a stabilizing agent has been improved. The obtained nanostructures are characterized by
high stability and purity. The novelty of the used technology is confirmed by the declaratory patent of Ukraine for
the utility model N2 131184 "Method of obtaining a solution of colloidal silver". A device for simple modification of
the morphology of plasmon nanostructures based on LEDs with different wavelengths has been developed. The
device allows to modify the spatial parameters of silver nanoparticles and shift the plasmon absorption peaks to
the NIR region. Silver nanostructures with modified optical parameters can be actively used in some fields of
biomedicine as bactericidal and fungicidal agents. The effectiveness of the use of modified silver nanostructures in
endodontics is confirmed by the relevant act of implementation. The obtained research results can be used in the
improvement and manufacture of elements and devices of micro- and nanosystem technology, in particular sensor
electronics and microactuators. Some results of dissertation research are used in the research work
"Nanostructured interfaces based on non-toxic materials for practical applications” (DB / INTERFACE N¢
0120U100675); in the educational process for the preparation of students in 153 "Micro- and nanosystem
technology" and in performing student's bachelor and master theses of the Department of Photonics of the
National University "Lviv Polytechnic", which is confirmed by relevant acts.
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