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yMeHbLuaeTcs Ha 29%, B TO BpeMsi kak Ha HJT — cTpykTypax TOK nagaeT Ao 3HayeHun 6nmnskux K Hymo. A
U3MEHEHNE HanpsbkeHWs XOMnocTOoro xopa NpW 3aTeHeHUW, HauMMeHbluee Ansd anemeHtoB A1 u B1,
3HayeHve ymeHblaetcs Ha 42% n 29% cooTBETCTBEHHO, Npu 3aTeHeHun Ha 80%.

a)

PucyHok 1 — WiccnenyeMble conHeyHble anemeHThl: «BIY» a); A1 (6); B1(B); 5.6 673 (r); T 18_18_9_4 (o)

Ha ocHoBaHuWM pe3ynbTaToB NPOBEAEHHbLIX 3KCNEPUMMEHTOB Hambornee nepcnektuBHbiM C3 ans
ucnonb3oBaHns B ycnoeus Pecnybnvkn Benapycb siBnsietcs «B1». Tak kak gaHHbii CO obnagaet
nyywmMn  (pOTOINEKTPUYECKUMIN XapaKTepucTMkamm u3 uccnegyemblx obpasuoB. V3MeHeHus Toka
KOPOTKOrO 3aMbIKaHWUsI U HANPSXXEHNE XOMNOCTOro XxoAa nNpu 3aTeHEHNN HauMeHbLLee 13 n 06pa3uoB.
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MOAENWPOBAHUE 3ANEPXEK CUTHAJIA B MEXYPOBHEBOM
CTPYKTYPE MEXCOEOUWHEHUUN MHTEIMPAJIbHbIX MUKPOCXEM
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B cTaTbe paccmaTtpuBaeTcs METOAMKA ONpPeaENeHuns 3alepXXek CUrHana B MexXypoBHEBO CTPYKTYPE MEKCOEeANHEHW UHTErpanbHbIX
MUKpOCXeM. BbigeneHbl npeumyllecTBa MOAENVPOBaHWS 3afepKeK curHana B nporpammHom nakeTe ANSYS. lNpeacTtaBneHbl
pesynbTaTbl BIUSHUS MaTepuana MEeXCOoeANHEHW 1 MEXYPOBHEBOMN M30SIALMM HA BESNIMUMHY 3afepKeK curHana.

CoBepLueHCTBOBaHNE MUKPOIMNEKTPOHHBIX NMPMBOPOB CBA3AHO C yBenMyYeHnem ObiCTpoaencTBIUS U C
yBENUYEeHNeM CTEeNeHn MHTerpaumu, u, cnegoBaTernbHO, YMEHbLUEeHMeM pa3mepoB anemMeHToB. OgHako
Npy yMEHbLLEHUN pa3MepoB 3IeMEeHTOB npobnema mexcoeanHeHUn uHTerpanbHbix Mukpocxem (MMC)
CTaHOBUTCH MMaBHbIM IMMUTUPYIOLLUM DaKTOPOM AarnbHENLIEro pa3BuTUs, Tak Kak BpeMeHHbIe EMKOCTHO-
pesnctuBHble 3agepxkn (RC-3agepxku) pacnpocTpaHeHus curHana Mexay TpaHaucTopamu
orpaHuymsaloT 6eicTpogencTane NUMC.

CucTema MexXcoeaAMHEHU, UCKIoYaloLLas MHOroKpaTHble B3aMMHbIE NepeceyeHnsi TPOBOAHUKOB, B
TakMx cxemax, kak NpaBuro, He MoXeT ObiTb peanu3oBaHa. [1oaToMy coeanHALME NPOBOAHMKN HENb3S
pacnonoXuTb B 0OHON NNOCKOCTU 1 NPUXOAUTCS UCMOSNb30BaTb MHOIOYPOBHEBYIO CUCTEMY MeTannusaumm

[1].

B npouecce npoekTupoBaHus onpefeneHve RC 3agepxek npoBOoAUTCH BO Bpems pPa3BOAKM
TomonorMn, 4Tobbl y4ecTb napasuTHble 3ddekTbl. BbiIcTpoe U TouyHOe onpegeneHve napasuTHbIX
3(h(eKToB Ha KpucTanne n BpeMeHW 3afepXKuM CTano oveHb BaKHOW 3agjadvein. BenvuuHa 3apepxkum
curHana moxeT bbiTb onpegeneHa npu nomowwm 2-D n 3-D nporpamMm no mMogennpoBaHuio napasvTHbIX
ahekToB B NporpaMMHbIX nakeTax, Takux kak ANSYS, COMSOL Multiphysics v gp. [2].

B HacTosLwwee Bpems, nonHoe onpegeneHme napasutHbix R n C aneMeHTOB BO3MOXHO, Grnarogaps
co3gaHuio Tabnuu COOTBETCTBMA AN 3aBedOMO M3BECTHbIX 0OpasuoB, MCMOMb3ys nporpammbl MO
onpegerneHnto nonen nMbo dKCnepuMeHTanbHble TECTOBbIE CTPYKTYPhI [3, 4].

CornacHo ynpoLleHHbIM nNpeacTaBneHnaM, Ans  cyomukpoHHeix WMC Mogenb emMKocTu
TOKONPOBOASALLMX AOPOXKEK CKNaAblBaeTCqd M3 eMKOCTM napannenbHblX MrnacTUHOK Cic (OTHOCUTENBHO
HVXKenexalumMx TOKOMPOBOAAWMX AOPOXKEK MNU OTHOCUTENBHO «3eMmn») U KpaeBoW eMKocTh Cr.L.
Cxematunyeckoe npeacTaBreHne eMKOCTEN B MEXYPOBHEBOW CTPYKTYpE NPeaAcTaBneHo Ha pucyHke 1.
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Metal3 —»

Metal2 —»

Metall —»

PucyHok 1 — CxemaTtuyeckoe npeactaBneHne napasmTHON EMKOCTU B MEXYPOBHEBOW CTPYKType

lMocTpoeHne KOMMbIOTEPHON MOAENU MEXCOeAMHEHUA TeCTOBOWM MaTpuubl ANS UCCrenoBaHus
3aepXek curHana (pPUCYHOK 2), BbIMOSHANOCH NPpU NOMOLLM NnporpammHoro naketa ANSYS.

PucyHok 2 — Busyanusauusa 3D mogenu ansi uccneaoBaHusi 3agepek curHana

YMeHbLUEHME pa3MepoB ANIEMEHTOB MUKPOCXEMbI MPUBOAMT K YMEHbLUEHUIO NoLaaun nonepeyvyHoro
CeYeHNss MEeXCOeAWHEHWI, criefoBaTenbHO, YBEMNMYMBAETCHA COMNPOTMBREHME MNPOBOOHUKOB. Takke C
YMEHbLUEHNEM pPa3MEPOB SMEMEHTOB YMEHbLUAETCHA pPacCTOsiHME MeXAy HUMM, 3anofiHEHHOro
MEXYPOBHEBbBIM AMNINEKTPUKOM, YTO B CBOK OYepedb NPUBOAUT K HeXenaTternbHOMY pPOCTY €MKOCTHOM
coctaBnsiowenn RC-3agepxku curHana, 4To, B KOHEYHOM WTOre, MOXET CBECTU Ha HEeT yBenu4veHue
ObICTPOOENCTBMA 3@ CYET COKpalleHUs ANvHbl kaHana. OgHUM 13 MeTodOoB MUHUMWM3auuu OaHHOro
apbdpekTa aBnseTca 3ameHa ctaHgapTHoro matepmana SiO2 ¢ gnanekTpuyeckon noctositHHon (k = 3,9) Ha
low-k maTepman (Matepuarn ¢ HA3KOW AN3NEKTPUIECKON NOCTOAHHON, k < 3.9).

PesynbTatbl oueHkn BNuAHWUsS low-k MaTepuana v maTtepuana MEXCOeOUHEHVUU Ha BEMUYMHY
3aepKKU curHana npeacTaBneHbl Ha pUcyHke 3.
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(a) (6)
PucyHok 3 — Mpadmku 3aBUCUMOCTM BENUUMHBI 3a[iePXKKM CUrHamna oT XapakTepucTUYecKux pasmMepos
TECTOBOW CTPYKTYpbI: &) B 3aBUCMMOCTM OT MaTepuana MexypoBHEBOIO AN3NEKTpUKa; 6) B 3aBUCMMOCTH OT
mMaTepuana meTannusaumu

215



55-5 HObuneliHasi HayYHasi KOHbepeHyUs acrnupaHmos, MazucmpaHmos u cmydeHmos bI'YUP

Kak BuaHo 13 pucyHka 3a, npumeHeHue low-k matepranoB Takmx kak nonutetpadgptopatuneH (PTFE)
n kceporenb nopuctoctbio 70% B kavyecTBe MEXypOBHEBOro AnanekTpuka no3sonsoT Ha 20% cHU3UTb
€MKOCTHYI0 cocTaBnsowyo RC-3agepxks, 4TO B CBOK oO4vepedb YMeEHbLUAeT 3afdepXKy curHana
mexcoeanHeHmn. Ha pucyHke 36 BugHO, 4TO BbIGOp MaTepuana MEXCOeAMHEHUN Takke wurpaet
CYLLLECTBEHHYIO pOfb B onpeaeneHny BennynHbl 3agepXkm curHana. Tak, npuMeHeHne Meau B kadecTBe
MaeTpuana mexcoeanHeHun nossonset Ha 10% CHW3WUTL pe3ncTmBHyrO coctoBnsowyo RC-3agepxku,
YTO MONOXMUTENbHO BMMSIET HA CKOPOCTb PacnpoCTPaHEHUs curHana.

WNcxoas ns pesynbTaToB NpeAcTaBieHHbIX UCCNeQOBaHUM, MOXHO rOBOpPUTE O LieriecoobpasHocTy
ucnonb3oBaHns ANSYS anst GbICTpOro onpegeneHus BENUYUHBI 3aJE€PXKKU CUrHana B MEXYpPOBHEBOM
CTPYKTYPE MEXCOEONHEHUN MHTErpanbHbIX MUKPOCXEM.
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PROPERTIES OF COPPER/IRON-MODIFIED GRAPHENE OXIDE
NANOCOMPOSITES FOR APPLICATIONS IN NANOMEDICINE
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Feasible ultrasonic method (20 kHz) was developed for the preparation of new CuS/Cu,O/CuO and copper/iron-modified graphene
oxide nanocomposites with advanced charge carrier properties. Methylene blue dye was used as a probe of the charge transfer
property on the surface of CuS/Cu,O/CuO-graphene oxide in the silica network. It was revealed that the fluorescence from the dye
was quenched as aresult of the interacton induced by the charge transfer on the CuS/Cu,O/CuO-GO surface. In addition, unique
copper- and copper/iron composition of the graphene oxide nanocomposite can be used as a molecular carrier for the anti-
inflammatory drug ketorolac due to the ultrasonically formed particular binding or complexation mechanisms.

Among multifarious biocompatible hanomaterials silica and graphene oxide (GO) have received a
great attention in the fields of composite nanomaterials, nanoelectronics and nanomedicine applications.
SiO2 provides monodispersity, higher specific surface area, controllable pore size and diameter, and
versatile functionalization [1]. Incorporation of metals, metal/non-metal oxides or polymers into the SiO2
network improves the interfacial contact, advances conducting pathways and suppresses the charge
recombination [2]. GO has attracted a great attention because of its unique properties and a two
dimensional molecular structure [3]. Electronic properties of GO arise from the presence of both sp3- and
sp?-hybridized carbon bearing various oxygen functional groups: hydroxyl, epoxy/carboxyl and carbonyl
arranged on the basal plane and at the edges. However, charge transfer in the pristine GO is poor as the
functional groups usually induce the nonradiative recombination by the transfer of their electrons to the
holes present in sp? clusters producing localized electron—hole (e-h) pairs. The surface functionalization of
the GO with semiconductors (e.g. Cu20, CuO, CuS) may enhance the charge transfer of GO and increase
its fluorescence.

Among various methods ultrasound is a unique nanotechnological technique that has been
successfully applied for the synthesis of novel hybrid nanocomposites with advanced electrical and opto-
electrical properties. This technique is based on acoustic cavitation, which is the formation, growth and
collapse of gaseous or vapor-filled bubbles. Implosive collapse of these bubbles locally creates high
temperature (~ 5000K) and pressure (~ 1000 atm) yielding hot spots, where sonochemistry occurs [4].
Sonochemical method is efficient, fast and convenient enabling assembly of substances at a lower cost in
a single step. As a result of it the ultrasonic method overcomes the problems in the synthesis at elevated
temperature and pressure, multiple reaction steps and prolonged reaction treatment.

The first aim of our work was to develop a method for the formation of copper-modified@graphene
oxide nanocomposite and examine its morphology. The second goal was to probe the charge transfer
property of this new nanocomposite in the use of methylene blue (MB) dye and Raman microscopy. MB

216



