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Pedepar:

1. Incepranis Ha 3000YyTTSI HAYKOBOTO CTyIEHs AOKTOpa ¢inocodii 3a cnenianbHicTio 171 «EneKTpoHiKa» —
HaujonanbHuii yHiBepeuTeT «JIbBiBCbKA MOJiTEXHIKa» MiHicTepcTBa OCBiTH i HayKu YKpainy, JIbBiB, 2024.
JuceprauiiiHa poboTa IPUCBSIYEHO PO3POOL PiTKOKPUCTANIYHUX YYTIMBUX €JIEMEHTIB OIITUYHUX CEHCOPIB Ha
ocHOBi, Hemartuka E7 ta xonecrepuka CB15, 17151 BUsIBIEHHS alleTOHY i CIIUPTIB, AOCiIPKEHHIO X0JIECTEPUKO-
HEMaTUYHUX PiIKOKPUCTAJIIYHUX CyMilllell Ha IPeIMET B3aeMOZii 3 MapamMu LWIKiAJIXBUX OPTaHiYHUX PEYOBUH, Ta
nposBiB 61akuTHOI (pasu mixg 9ac takoi B3aemoqii. [lepunii po3nisn po60TH IPUCBIYEHO NOCII)KEHHIO OCTaHHIX
TeHJIeHI1i1 y raynysi po3poOKU ONTUYHUX CEHCOPIB Jie aKTUBHUM CEPEJOBUILEM BUCTYIAIOTh Pifki KpucTtanu. Takox
BUKOPUCTAHHS L[bOTO SIBUILA B ONTUYHUX CEHCOpax. PO3rJIsSIHYTO cy4yacHi Mmiaxonu 4o po3poOKU PilKOKPUCTATiYHUX

ONITUYHUX CEHCOPIB 3 3aCTOCYBaHHSIM edeKTy 61akuTHOI pasu. B mpyromy po3zini po6oTu JOCTiIKeHO CUHTe30BaHi



piIKOKpuCTaliyHi CIIOJIyKH, HA OCHOBI HEMAaTUYHOTO PigKoro Kkpucrany E7 Ta xonectepuuHoi gomimku CB15. Li
CyMillli IEMOHCTPYIOTb B3AEMOJIO 3 TapaMU alleTOHY Ta CIIUPTIB, Ta BHACJIJOK TaKOi B3a€MOJIii 3MiHYy BJIaCHUX
XapakTepucTuk. OCHOBHUMU KPUTEPiSIMU BUOOPY BUCTYIIAlOTh TEMIIEPATYPHI Ta CIIEKTPasbHi XapaKTepUCTUKU
cymiment. Hemartuk E7 nipenicrasiise co6010 CyMilll YOTUPbOX CXOXKUX 32 CTPYKTYPOIO LIMaHOOi(peHiniB(TepdeHiiB).
Moro cknamosi 4-cyano-4 o -n-pentyl-biphenyl (5CB), 4-cyano-4o-nheptylbiphenyl (7CB), 4-cyano-4n-n-octyloxy-
biphenyl (80CB), and 4-cyano-4noo0-n-pentyl-p-terphenyl (5CT). B maniit HemaTuuHil cymimi crienrdiuHa B3aeMOis
MIX il KOMIIOHEHTaMU BifICyTHS, TOMY PO3IJIAIAaEMO ii K IPAKTUYHO OJHOPiZHY HEMAaTUYHY MaTpuLo. Kpim Toro E7
XapaKTEePU3Y€EThCSI BUCOKMM ITPOMEHEe3aJIOMIEHHIM (An) = 0,2 (111 BUOMMOI 00J1aCTi CIIEKTPY) Ta Ma€ IMPOKUI
inTepBan HeMaTtn4yHoi a3y, - 480C. [TocninoBHiCTh PazoBux nepexomnis A HemaTuka E7, — Cr(kpucran) - 20o0C N
(mematuk) 700C Iso (i3oTponHa pinuna). [TocainoBHicTh ¢a3 111 ONTUYHOAKTUBHOI X0JleCcTepUYHOi goMimmku CB15 -
Cr(kpucran) - 40C N*(xipanpHuii HemaTuk) 540C - Iso (i3oTponHa pigyuHa). [17151 060X CKIaOBUX PO3POOIEHUX
cyMilllel XapaKTepHi BJIaCHi MAKCMMYMHU TIOTJIMHAHHS B y/IbTPaQioseTOBOMY Ziana3oHi. 3araoM CUHTE30BaHO
YOTHpY CyMillli 3 piI3HUMU BaroBUMU KOHIIEHTpALisIMU CKIaloBUX. 30KpeMa 56% E7 + 44% CBI15, 62% E7 + 38%
CBI15, 80% E7 + 20% CB15, 50% E7 + 50% CB15. Cepen, CUHTE30BaHUX CyMilllell yciM BUMOTaM Jj1s1 BAKOPUCTAHHS B
SIKOCTi 4yTJIMBOTO €JIEeMEHTa ONITUYHOTO CEHCOpa HalKpallle BifoBifaoThes ABi cyMili, a came 62% E7 + 38% CB15
Ta 56% E7 + 44%. TemnepaTypu [04aTKy IepeXifHOTo rpolecy 1js cyMimmeit 62% E7 + 38% CB15 - 27 oC, Ta 56% E7
+44% - 24 oC. CrieKTpaJjibHi XapaKTEPUCTUKHU CyMillle XapaKT€PU3YIOTbCS MAaKCUMyMaMU ITOTJIMHAHHS B BUILVMIN
o6sacTi cnekTpy. MakCUMyMHU IIOTAIMHAHHS 17151 cymimi 56% E7 + 44% CBI15 - 510-540 um, ans 62% E7 + 38% CB15 -
590-640 1M, a ang cymimti 50% E7 + 50% CB15 - 430-480 HM. 3a3HaueHO MOXJIMBOCTI 4J1s IT0fasbinoi moaydikarii
CyMilli, 17151 IOKPAallleHHs iX TapaMeTpiB Ta MOXJIMBOCTI BUSBJIEHHS iHIIMX pedoBUH. TpeTiil po3nin poboTu
IIPUCBSIYEHO AOCIIKEHHIO B3aeMO/Iii pO3p006JIEHUX PiKOKPUCTANIYHUX YYTIMBUX eJIeMeHTIB 3 auleToHoM ((CHo)nCO)
ta cnuptamu (CHoOH, C2H50H, CH3CH(OH)CH3). B3aemogist 3 aieTOHOM JOCIifiKeHa IIPY TPhOX KOHIIEHTPALisX,
60, 120 ta 240 ppm. [Ins cyMimi 3 KOHIIEHTpaLli€elo xosecTeprnyHoi gomimku CB15 B 38% npu B3aeMofii 3 alieToHOM
yac rnepexopy B i30TpoNnHUI cTaH ckiaB 230 ceKyH[, IPY LIbOMY OTPUMY€EMO (pa30oBuil niepexif, 671akuTHOI dasu
yepe3 130 cekyHZ, Bif Io4aTKy BUMIipIOBaHb. TpuBaicTh iCHyBaHHS 06JIaKUTHOI (pa3y B JaHOMY BUMNAIKY ckiana 16,4
cekyH/. [lIBuaKicTh ¢a3oBOro nepexomy npu B3aemofii 3 120 ppm aneToHy 36isbiyeTbest Ha 25%, a mpu 240 ppm Ha
60% BinHOCHO nepiIoro BUMipIoBaHHs. IcHyBaHHS 671akuTHOI (pasu iz yac ¢pasoBoro nepexoy 3MeHIIyeTbCs
JIiHINHO, BiANIOBigHO [10 30i7IbIIE€HHS KOHLIEHTPalii aleToHy. CIMPTH NPOSBIISIOTh a0y B3a€MOJII0 3 YYTJIMBUM
€JIEMEHTOM, TPUBAJIOCTI (PA30BUX NEPEXOiB 30imbmyoThes Ha 200-300% npu aHaNIOriYHMX KOHLEHTpaLisX
Pe4YOBHHU B 006'eMi ceHcopa. JloCiiKeHO OCHOBHII MeXaHi3M BIUIMBY alleTOHY Ta CIIUPTIB HA PiAKOKPUCTAJIYHY
KOMIPKYy, SIKAM [10JISITa€ B 3MEHIIEHH] IOPOroBoi TEMIIEPATyPU IIOYATKy IIEPEXOAY B i30TPOINHUI cTaH. Tak, [Ipu
BBEJIEHHI CIIUPTIB B 06’€eM CEHCOPA, TeMIlepaTypy (a3oBUX NePeXoiiB 3HIDKYI0ThCs Ha 2.50C. V yeTBepTOMY PO3ii
IOCJIiIKEeHO Ta 3aIIPOIIOHOBAHO BapiaHT KOLEHIILii ONTUYHOrO0 CEHCOPa Ha OCHOBI pO3p06JIeHOro
PiIKOKPUCTAJIIYHOTrO YYTJIUBOTO €JIEMEHTY. JOCiIKEHO BapiaHT CIIEKTPAJIbHOTO [IEPETBOPIOBaYa I
BMKOPHMCTAHHSI B N1api 3 piKOKPUCTANIYHUM YYTIMBUM eJleMeHTOM. Ha oCcHOBi oTonpuiiManibHOrO MOAYIst

TCS34903 3anporoHoBaHO BapiaHT peasisallii ONTUYHOIO CEHCOPa alleTOHY Ta CIIUPTIB.

2. The thesis is devoted to the development of liquid crystal sensitive elements of optical sensors based on nematic
LC E7 and cholesteric LC CBI15 as a detector of acetone and alcohols, to the study of cholesteric-nematic liquid
crystal mixtures for interaction with vapors of harmful organic substances, and manifestations of the blue phase
during such interaction. The first chapter is devoted to the study of the latest trends in the field of optical sensors
development where liquid crystals are the active medium. Research on the topic of the blue phase (BP) of liquid
crystals, methods of its stabilization, and the use of this phenomenon in optical sensors is also considered. Modern
approaches to the development of liquid crystal optical sensors using the blue phase effect are considered. In the
second chapter of the work, synthesized liquid crystal compounds based on nematic liquid crystal E7 and
cholesteric impurity CB15 were investigated. These mixtures demonstrate interaction with vapors of acetone and
alcohols, and as a result of such interaction, a change in their own characteristics. The main selection criteria are
the temperature and spectral characteristics of the mixtures. Nematic E7 is a mixture of four structurally similar
cyanobiphenyls (terphenyls). Its components are 4-cyano-4no -n-pentyl-biphenyl (5CB), 4-cyano-4o-nheptylbiphenyl



(7CB), 4-cyano-4n-n-octyloxy-biphenyl (80CB), and 4-cyano-4nno -n-pentyl-p-terphenyl (5CT). In this nematic
mixture, there is no specific interaction between its components, so we consider it as an almost homogeneous
nematic matrix. In addition, E7 is characterized by high refraction (An) = 0.2 (for the visible region of the spectrum)
and has a wide interval of the nematic phase, - 480C. The sequence of phase transitions for nematic E7, - Cr
(crystal) - 200C N (nematic) 70oC Iso (isotropic liquid). Phase sequence for the optically active cholesteric impurity
CBI5 - Cr (crystal) - 40C N* (chiral nematic) 540C - Iso (isotropic liquid). Both components of the developed mixtures
are characterized by their own absorption maximum in the ultraviolet range. In total, four mixtures with different
weight concentrations of components were synthesized. Specifically, 56% E7 + 44% CB15, 62% E7 + 38% CB15, 80%
E7+20% CBI15, 50% E7 + 50% CBI15. Among the synthesized mixtures, two mixtures, namely 62% E7 + 38% CB15 and
56% E7 + 44%, best meet all requirements for use as a sensitive element of an optical sensor. The temperatures of
the beginning of the transition process for mixtures of 62% E7 + 38% CBI15 are 27 oC, and 56% E7 + 44% - 24 oC.
Spectral characteristics of mixtures are characterized by absorption maxima in the visible region of the spectrum.
Absorption maxima for the mixture 56% E7 + 44% CB15 - 510-540 nm, for 62% E7 + 38% CB15 - 590-640 nm, and
for the mixture 50% E7 + 50% CB15 - 430-480 nm. Possibilities for further modification of the mixture, for
improving their parameters and the possibility of detecting other substances are indicated. The third chapter is
devoted to the study of the interaction of developed liquid crystal sensitive elements with acetone ((CHo)onCO) and
alcohols (CHoOH, C2H50H, CH3CH(OH)CH3). The interaction with acetone was studied at three concentrations,
60, 120, and 240 ppm. For a mixture with a concentration of the cholesteric impurity CB15 of 38% when interacting
with acetone, the transition time to the isotropic state was 230 seconds, while we get a phase transition of the blue
phase after 130 seconds from the beginning of the measurements. The duration of the existence of the blue phase
in this case was 16.4 seconds. The rate of phase transition when interacting with 120 ppm acetone increases by
25%, and at 240 ppm by 60% relative to the first measurement. The existence of the blue phase during the phase
transition decreases linearly, corresponding to an increase in the concentration of acetone. Alcohols show a
weaker interaction with the sensitive element, the duration of phase transitions increases by 200-300% at similar
concentrations of the substance in the sensor volume. The main mechanism of the effect of acetone and alcohols
on the liquid crystal cell was investigated, which consists in reducing the threshold temperature of the transition
to the isotropic state. Thus, when alcohols are introduced into the volume of the sensor, the temperatures of the
phase transitions decrease by 2.5°C. In the fourth chapter, a version of the concept of an optical sensor based on
the developed liquid crystal sensitive element is investigated and proposed. A variant of the spectral converter for
use in a pair with a liquid crystal sensitive element was investigated. Based on the photo-receiving module
TCS34903, a version of the optical sensor of acetone and alcohols is proposed.
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