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AHoTanist. Y cTaTTi IpoBeeH] eKCIIepUMEHTANIbHI TOCIIDKCHHS BIUIUBY HAHOPO3MIPHHX JOMILIOK, a came
Ceo, AIN Ta Ag-120 Ha AMHAMIYHI XapaKTEPUCTUKH XOJIECTEPUYHUX PiIKHX KpUCTadiB. Bussneno pizuumit
BIUIMB HAHOPO3MiPHHX JIOMILIOK Ha YaCH BMUKAaHHS Ta BAMKHEHHS XOJIECTEPUYHHX PiJIKMX KPUCTAIIIB.
Abstract. This paper dedicated to the experimental investigation of influence of nanoparticle dopant such
as Cgo, AIN and Ag-120 on dynamic characteristics of cholesteric liquid crystals. The different influence of
nanoparticle dopant on off/on times of cholesteric liquid crystals is defined.

AHHOTanmusi. B cratbe INpOBEAEHBI 3KCINCPUMCHTAIBHBIC HCCICIOBAHNUS BIHAHUS HAHOPA3MEPHBIX
npumeceid, a UMeHHO Cqp, AIN n Ag-120 Ha AMHAMHYECKUE XAPAaKTEPUCTUKU XOJECTEPUUECKUX KUAKHUX
KPHUCTAJUIOB. YCTaHOBJIEHO PAa3lIMYHOE BIMSHHE HAHOPa3MEPHBIX NPHMEceld Ha BpEMEHA BKIIOYCHHS H
BBIKJIFOUCHHS XOJIECTEPHYECKUX XKHUIKUX KPHCTAILIOB.

KurouoBi cjoBa: xonecTepHdHi pifiKi KPUCTANIH, HAHOPO3MipHA JIOMIIIKa, AWHAMIYHI XapaKTePUCTHKH,
Opi€eHTALIHHUI TOPSIOK.

BCTYII

Momudikaris BrmactuBoctel pimkux kpuctamiB (PK) st cTBopeHHs Ha iXHiIH OCHOBI ONTHYHO
AKTHBHUX CEPEIOBHII JUIs PI3HOTO THUITY ONTOESNEKTPOHHHUX MPHCTPOIB 3HIHCHIOETHCS MEPEBAXKHO 332 PaXyHOK
pO3pOOJICHHST HOBUX OaraTOKOMIIOHEHTHHX PiAKOKpHUCTamiyHUX cywmimed. [Ipore mei muisax wmomudikamii
MPaKTUIHO BUUepnaB cebe. [IpoTsarom ocTtaHHIX POKiB 0COOMMBA yBara MPUIUISETHCS KOMIIO3UTHUM CHCTEMaM
Ha OCHOBI PiIKUX KPHUCTAJIB, XapaKTePU3YIOTHCS YHIKATBHIUMH €JIEKTPO- Ta MAarHITOONTHYHUMH BIACTHBOCTSIMHU
[1]. TlepcriekTHBHUM € BBEIEHHS B aHI30TPOITHE CEepeaOBHUIINE 00’ E€KTIB, PO3MIpH SKUX CYMIipHI 3 pamiycoMm il
MDKMOJIEKYJISIPHUX CHJI, IO 3a0e3ledye 3HadHI 3MIiHH BCiX (i3MYHUX MapaMeTpiB IOTO KIACy KOMIO3UTHHX
Matepiaiis [2].

JlomaBaHHS HaHOYACTHHOK JIO PIAKOKPUCTANIIYHOTO MaTepiady MPU3BOANUTH M0 Momudikamii ¢izuaamx
BIIACTHBOCTEH PiAKOTO KPUCTaJa, IO 3YMOBIOE 3MiHY K POOOYMX HAIMPYT, TAaK 1 YaciB BMUKAHHS i BUMKHEHHS
MIPUCTPOIB, CTBOPEHUX HA OCHOBI CHCTEM TaKoro poxay. ToMy MOCHIKEHHsS XapaKTepy BILUTUBY PO3MIpiB Ta
dbopMH HAHOYACTMHOK Ha €JEKTPOONTHYHI XapaKTEPUCTHKH MaTepialiB CHCTEMH “piIKUN  KpUCTAII-
HAHOYACTHUHKA” € BAXKIMBOIO HAYKOBOIO 33/1a4€l0, BHPIIICHHS SKOI YMOXJIMBIIOE CTBOPEHHS HOBHX
€JICKTPOONITUIHIX EJIEMEHTIB €JICKTPOHHOI TEXHIKH.

TEOPETUYHA YACTHUHA

VY piAKOKpHCTATIYHAX CHCTEMax XapaKTep B3a€MOil MiXK YaCTHUHKaMU YCKIQJHIOETHCS BHACIIIOK
OpIEHTAITITHOT MPY>KHOCTI, MO0 BUHUKAIOTH Y PIAKOKPHUCTATIYHIA MATPHIl TICIS JOMaBaHHS JO HEi TBEPAHMX
yacTUHOK. HasBHicTe wacTmHOK B PK MaTpuii mpu3BOOWTh A0 MaNeKOAIIOUYMX BUKPHUBIICHH MOJS TUPEKTOPA,
OTIOCEPEIKOBAHIX CHIIBHUMH MPY)KHUMH B3a€MOJISIMH MK YacTHHKaMu. LI mpobiema mupoKko BUBYAETHCS SIK
eKCIIEPUMEHTAIILHO, TaK 1 TeopeTHyHO [3-6]. EHepris mpyXHOTO BHKPUBIEHHS TUPEKTOpPA HABKOJO YaCTHHKH
npubau3Ho gopiBHioe KR, ne K — mpyxkHa KoHcTaHTa HemMatuyHoro PK, a R — pamiyc wactunku. Jlms
tepmotporHoro PK K ~ 10N, i mrs xomoinaux wacturok (R ~ 1uM) BenMUMHA BUKPHBICHHS JMPEKTOpPA
eHeprii Ha 3-4 mopsaku Oimbma Hix kzT. JIms MiHIMI3aIlil i€l eHeprii ayke 9acTo BUTIIHOIO € arperartis
gactuHOK. Came TOMy mpoOiieMa OTpUMaHHsS CTaOUTBHOT PiAKOKPHCTATIYHOT CyCHeH3ii HAaHOYACTHHOK IIIe
CKJIaJIHIIIA, HI’)K OTPUMaHHS CTabITbHUX CYCTICH31H B 130TPOTHUX piIHHAX.

OcTaHHIM YacoM J0BOJI JIeTAIbHO BUBYAIOTHCS TpoIllecH CTpykTypusamii PK cucrem BHacmimox
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BBEJICHHS HAHOOO €KTIiB; IIi TPOIECH CYIPOBOIKYIOThCS camoopranizamiero PK 3i 3miHOO psany (iznmaHmX
mapaMeTpiB (Temmepatrypu (azoBoro mepexony B PK, mapamerpa mOpSIKy CHCTEMH, TOISPHU3AMiHHAX
BIIACTMBOCTEH CEHCHOIMI30BaHOT MATPUYHOI CHUCTEMHM), a 3HAYMTH 1 3MIHOIO MIBHUAKOMII MPUCTPOIB Ha OCHOBI
BUOpPAHUX €JIEKTPOONTHIYHUX KOMITOHEHTIB.

VY poborax [7, 8] moka3aHo epeKTHBHICTh BBeICHHS (ynepeHiB y cMektnaHy PK-ctpykrypy. Mozmens
3MiHH BHYTPIIIHBOMOJICKYJISIPHOTO TIOPSIKY B CMEKTUKY A MpejcTaBiieHa Ha puc. 1.
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Puc. 1. TIpouec BBeJeHHA HAHOYACTHHOK Y meOKpI/ICTanqui cucTeMi Ha OCHOBI cMeKkTHKa A: d= 32,6
A (a); d=51,6 A (0); d=74,1 A (B)
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VY poborax [9-11] Oyno 3amponoHOBaHE Ta BUBYEHE SBUILNE 3MIHM BIIACTUBOCTEH HE CMEKTHYHOI, a
npoctoi MozaensHOi HematuuHOi PK-cucremn micisi BBeneHHS (ysepeHiB 1 (yIepeHBMICHHX KOMILIEKCIB 3
TICPEHECCHHSIM 3apsily Ha OCHOBI MOJIEKYNl MIPHIMHOBOTO psIy MOMIIMIZIB, MONIAHUIIHIB, HaHOYaCTHHOK
¢TanomiaHiHiB, y SIKMX BEJIWYMHA CIIOPIAHEHOCTI JIO €NEKTPOHa BHYTPIIIHHOMOJIEKYJSIPHOTO akienrtopa Oyia
ICTOTHO MEHIIOI0, HDK aHAJOTIYHUI MapameTp y HaHOOO €KTa, IO BBOAWTHCA. MoJenbHE NpeNCTaBICHHS
MIPOIIECY CTPYKTYpHU3allii HeMaTHKa BHACIIJOK BBEICHHSI HAHOOO €KTIB ITOKa3aHO Ha pHC. 2.
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Puc. 2. MonenbHe IpeIcTaBIEHHS CTPYKTYpHU3allii HEMaTHYHOTO PiJIKOTO KpUCTala BHACIITOK
BBE/ICHHA (yJIepEeHBMICHUX KOMIUIEKCIB 3 IEpeHeceHHIM 3apsny [11]

BBenennst HaHowacTHHOK y HeMatuuHi PK mpu3BoauTh 10 3MEHIIEHHST KOHIEHTPALil pyXOMHUX 10HIB Yy
PK xomipkax i pi3ko 3HIDKYE INEpexifHi CTPyMH, a TakoX HoporoBy Hampyry [12]. Takuii meton mokpairye
CJICKTPOONITHYHI XapaKTEPUCTUKH PIAKOKPUCTATIYHAX KOMIpOK. ¥ poboTi [12] BHKOPHCTOBYBAJIOCH TPH BHIH
130JIbOBaHUX HaHOYACTUHOK — SizNy, ZnO, TiO, 3 giaMmeTpom npubim3Ho 25 - 35 HM.

VY nitepaTypHHX JKepenax OIMCAHO JEKiUIbKa BHAIB HAHOYACTHHOK, SIKI BUKOPHUCTOBYIOTHCS JUIS
Mo udikamii BIacTUBOCTEH PIIKOrO KpPHCTajla, 30KpeMa METalM, HEeOpraHiuHI MaTrepiaii, OKCHIM (HaIrpuKiIag
MgO, SiO,, BaTiO,, Sn,P,Ss), bepomarnitai matepianu [13], momimepni marepianu, Ce [14] ToIII0.

3 HaBe/IeHUX BHIIE poOIT BUILIMBaE Oe33amepeyHa akTyalbHICTh JOCIIKEHHS BIUTMBY HAaHOPO3MIiPHUX
MaTepiaiiB Ha EJIEKTPOONTHYHI BIACTUBOCTI PIKOKPUCTATIIYHIX MaTepiaiB.
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EKCIIEPUMEHTAJIBHA YACTHHA

Hamu Oynm mpoBeneHi eKcriepruMeHTaIbHI JOCTIHKEHHS TUHAMIYHUX XapaKTEPUCTHK CHCTEMHU PiIKUit
KpHUCTaJ-HAaHOJOMIIIKa. SIK piakokpucTamiyHy MaTpuiio Oyno Bukopuctano S5SCB i3 ngomaBamusM S %
XOJIECTEPUIHOTO PIIKOTO KpHcTana. My BUKOPHUCTANN B SIKOCTI HAHOPO3MipHHUX dacTHHOK Ag-120, Cg Ta AIN,
MIPUYOMY CepelHii niamerp HaHOYacTHHOK Ag-120 cTtanoBuB d = 8,6+1 M, HaHOouacTUHKU Ceo— d = 1,018 HM, a
HaHoyacTHHKU AIN Oy mwtiHapudHoi GOPMH 3 CepeAHBOI0 JOBXHHOIO YacTHHKH [ ~ 10,2 HM Ta cepenHiMm
niameTpoM d = 4 HM.

JuHaMiqHI XapaKTepHCTHUKH IOCITIKYBAJINCH 3a JOMOMOroio OaratodyHkmioHamsHOTO AILIIT-ITATT
LabJack U3. Jlns oTpuMaHHS JUHAMIYHHAX XapaKTEPUCTUK Ha EKCIEPHMEHTaIbHY KOMIipKY MOJaBall CHTHA
MPSIMOKYTHOI (hOpMHU 3 BHXOAY MiKpOKOHTpoisepa. [lapameTpn Kepyrodoro iMmynbcy Oyiu (iKCOBaHUMH JUIS
3a0e3meueHHs] BiITBOPIOBAHOCTI pe3yibTATIB 1 MPOCTOTH IX TOPIBHAHHA. BemmunHa aMIUTITyIH Kepyrouoro
iMmyseey B 1,2 pa3u OinbIna 3a 3HaUYEHHS BETHYMHHU KPUTHYHOI HAIIPYTH MPSIMOTO XOJECTEPUKO-HEMaTHIHOTO
mepexoxy [15, 16].

TurmoBwii BUTIISI BikHA TIporpamu Ta pesybryiodoro curHary ALTI-ITAIT LabJack U3 moka3ano Ha puc. 3.

T

Ded ? 2 4d
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1 scrosokt Excel- [ o QIT; 1.1

Puc. 3. Tunoswuii Burisig Bikaa nporpamu DAQFactory, mo 06po6ise nani 3 ALIT-IJAIT LabJack U3
Pesynbratn BUMipIoBaHb AMHAMIYHUX XapaKTepuCTHK mporpama DAQFactory mure y ¢aiin nporpamu

Excel, 3 fKkOoro MM OTPUMYEMO YHCIOBI HaHi M MOOYIOBH AWHAMIYHUX XapaKTepHCTHK. PesympraTtn
TIpEICTaBIeHO Ha puC. 4.

3 8 —— 5CB+5% XA
_____ 5CB+5% XO+AIN

0 5 10 15 20 25
Yac, ¢

Puc. 4. Orrrrunnii Bigryk must cyminn SCB+5% X1 1 5CB+5% XJI+AIN

3aranom Jac yBIMKHEHHS 3pa3Ka BU3HAYAETHCS PI3HUIICIO MiXK YaCOM BCTAHOBJICHHS iIHTCHCUBHOCTI Ha PiBHI
90 % Bixg MakCUMaJIbHO{ IHTEHCHBHOCTI MPOITYCKaHHS (top) TA MOYATKOBIM YacOM MPUKIIACHHS HATIPYTH (tyoq):

tamux = 90 — trou-
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Jlst XHIT BUKOPUCTOBYIOTH TaKi BUpa3u IS 9aciB YBIMKHEHHS 1 BAMKHEHHS [17]:

t = X
BHE T AEE? /4m — K37
_ np?
tBHMKH - HKZZ

s

JIe  — XBIJIBOBHUH BEKTOP. AJIC YaCOM IS tyyyy BAKOPUCTOBYIOTH iHIINHN BHpa3 [18]:

_ n
K22q%

t"lnllﬂ

Y npoMy pas3i 4ac BHMKHEHHS 3pa3ka BH3HAYAETHCSA PI3HHUIICI0O MK YacoM, KOJIM iHTCHCHBHICTH
MPOMYCKaHHs MiHIMAJIbHA (ty,), TA 94COM BUMKHCHHS HAIPYTH HA 3Pa3Ky (tgy):

Touvixn = Iuin — Txin
@DopMH ONTHYHOTO BIATYKY [UIA PIOKOKPUCTANIYHUX cyMmimed i3 HaHowacTHHKamu Ag-120, ta Cg

MpecTaBieHi Ha puc. 51 6.

S — 5CB+5% X[
05 5CB+5% X[1+Ag-120
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Puc.5. Onruannii Binryk ams cymimi SCB+5% X1 1 SCB+5% X+Ag-120
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Pesynbrat eKcriepuMEHTATBHHUX JOCIIIKECHb JUHAMIYHUX XapaKTCPUCTHK CHCTEMH PIIKUH KpHUCTAal-
HAHOJOMIIIIKA IPUBEICHI B Ta0I. 1.

Tabmmrs 1.
JAuHamiuHi XapaKTepuCTHKH CHCTEMHU PiIKHii KpUCTAJI-HAHOJOMIIIKA
Cymim Yac yBiMKHeHHs1, ¢ | Yac BUMKHEHHSsI, €
S5CB+5% X]1 1,237 3,58
S5CB+5% X1+ Cgo 1,022 1,89
5CB+5% X+AIN 1,042 2,46
S5CB+5% X1+ Ag-120 1,237 3,59
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SIK BUIUIMBAE 3 OTPUMAHHUX EKCIIEPUMEHTAJIbHUX OCHIIKeHb IMHAMIYHUX XapaKTEPUCTHK CHUCTEMH
PIIKUE KpHCTaI-HAHOAOMIIIKA, CYTTEBE IMOKPAIICHHS YaciB YBIMKHEHHS Ta BUMKHEHHS CIIOCTEPITA€ThCS TPH
JolaBaHHI B pigkui kpuctanm HaHOMOMImKH Cgy. OCKimbKH po3Mip HaHOYACTHHOK Cgy 3HAYHO MEHINUH Yy
MOPIiBHAHHI 13 IHIIMMU TOCTiKyBaHUMH HaHOYacTHHKaMu (AIN, Ag-120) i cranoBuTs 1,018 HM, 110 TPHBOAUTE
JI0 HE3HAYHOTO PO3YHOPSIIKYBaHHS cucTeMu. HanouacTuHKH oHAKOBOI (cepmanoi) popmu, a came, Ag-120 Ta
Cep, TTIO-PI3HOMY BIUIMBAIOTHh HA XapaKTEPUCTHUKN PIIKOKPUCTATIYHUX MaTepiamiB. Ha BinMiHy BiJf HAHOYaCTHHOK
Ag-120, sxi TpHUBOAATH IO 3POCTAHHS IOPOTOBHX HANPYT, YaciB yBIMKHEHHS-BUMKHEHHS Ta 3MCHIICHHS
BEIIMYMHU JieTICKTPUYHOI aHi30TpOIIii, BHECEHHsT HAaHOYACTHHOK Cgy 3yMOBITIOE 3MEHIIICHHS TIOPOTOBUX HAIPYT,
4JaciB yBIMKHEHHS-BUMKHEHHSI Ta 3POCTAHHS BEJIWYWHH [ICJICKTPUYHOI aHi30TPOIIii, 3aJUIIAETHCS MOCTIHHIM
JIUIIIe XapakTep 3MiHU BEJIWYUHHU KpOKYy iHmyKoBaHOi cmipani. CBoero deproro, HanodacTHHKH AIN Ta Cg
NPUBOASATH JO MaIiHHS MOPOTOBUX HAMPYT, 4YaciB YBIMKHEHHS-BUMKHEHHsS Ta 3POCTAaHHS IieJIeKTPUYHOT
aHi30TpOTIil, 0 CIIPUIMHESHO OJJHAKOBOIO MPUPOOI0 (MaTepiaioM) HAHOYACTHHOK (HAMBIPOBIMHUK) [19-21].

BUCHOBKH

[ToxazaHo MOJIMBICTH TIOKpAICHHS IUHAMIYHUX XapaKTepUCTHK, a caMe, YaciB YBIMKHEHHS Ta
BUMKHEHHS PiAKOKPHUCTATIYHAX MaTepialiB MIJIIXOM BBEICHHIM HAHOPO3MIPHUX JOMIIIIOK.

BcranoBieno, mo momaBaHHS HaHOYACTHHOK Cgy MPUBOAWTH IO 3POCTaHHS BEIWYHHH aHI30TPOMil
IeNeKTPUIHOI TPOHHUKHOCTI, $KE, CBOEIO UYEProl0, 3YMOBIIOE CHAJaHHS BEIMYMHH IOPOTOBHX HAIPYT,
HaHOYACTHHKH Cg) BIPOBAKYIOUHCH MIX IIapaMHy PiIKOTO KPHUCTAaja, IO MPHBOAUTE O 3MEHIICHHS BEINIHHN
MDKMOJIEKYJISIPHOT B3a€MOJIIT 1, STK HACITIIOK, 10 301IBIICHHS KPOKY HAJAMOJIEKYJISIPHOI CITipabHOI CTPYKTYPH.

BusBneno, mo BHeceHHS HaHOYACTWHOK Ag-120 B pigkuil KpucTajd HEe NPHBOAWTH IO MOKpAIIEHHS
MUHAMIYHUX XapaKTEePUCTHK JOCTIITHUX 3pa3KiB, OCKIIBKMA KPYTH3HA JIUHAMIYHMX XapaKTePUCTHK TIiCIIS
BHECCHHSI HaHOYaCTWHOK Ag-120 He 3MIHIOETHCS, 3MEHINYETHCS JIMIIEC BEIMYMHA IHTEHCHBHOCTI ONTHYHOTO
BIJITYKY, IIIO TIOSICHIOETHLCS BIUTMBOM HAaHOYACTHUHOK CpidJia Ha XapaKTEPUCTUKH PO3CIIOBAHHS 3pa3KiB.

ITokazaHo, 1m0 BHECEHHS B PiAKWH KpucTan HaHodacTHHKKA AIN mumiHapudHOi GopMHU BimOyBaeThCs
3MEHIIICHHsI YaciB yBIMKHEHHS Ta BUMKHEHHSI, OCKUJIbKH 3MEHINYIOTHCS KPUTHUYHI HANPYTH Ta 30UTBIITYETHCS
JieNeKTpUIHA aHI30TPOITis, IO 3yMOBJICHO IMOCTA0ICHHIM CHII MI>KMOJIEKYJISIPHOT B3a€MOII1.
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