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Pedepar:

1. lucepTaris npucBsyeHa MifBUILIEHHIO METPOJIOTIYHUX XapaKTePUCTUK ONITUYHOIO CEHCOPA Ha OCHOBI SIBUILA
[IOBEPXHEBOTO I71a3MOHHOT0 pe3oHaHcy (I1I1P) mpu BUKOPUCTaHHI KOMIIJIEKCHOTO MiIXO1y, 110 BKIIIOYAE
BJJOCKOHAJIEHHSI KOHCTPYKIIii CEHCOpa Ta METOAY BU3HAYEHHS PE30HAHCHOrO KyTa. JJOIOBHEHO HAYKOBI JaHi 040
BaXJIMBOCTI BpaxyBaHHS BIUIMBY LIOPCTKOCTI IIOBEPXHI METaJI€BOI IIJIiBKU Ta JOAATKOBOTO JieJeKTPUYHOrO Mapy Ha
BUMIipIOBaHHS pe3oHaHCHOro KyTa [I[1P-cencopamu Ta BU3HauYe€HO (PYHKIIii IEPETBOPEHHS JJ151 TAKUX CEHCOPIB.
Po3po6sieHo anroputMm po3paxyHKy HEBU3HAYEHOCTi BUMipIOBaHHS pe30HAaHCHOTro KyTa. Habysa noganpimoro
PO3BUTKY i3nKO-MaTeMaTU4YHa MOJeJIb CEHCOPA, Ka MiCTUTb JOJATKOBUM JjieJIeKTpUYHUI BEPXHIl map 3
BpaxyBaHHSAM LIOPCTKOCTI EPEXiNHMUX WApiB B HAHOMETPOBOMY Ziarna3oHi. [[poananizoBaHo icHy104i METOIU
BM3HAYEHHS PE30HAHCHOTO KyTa Ta BU3HAYEHO ixX HenmoJiiky Ta nepesaru. Ocob6sivBa yBara npujiiieHa MeTony

cepenHbOoi JiHil Ta HAWNOWNPEHIITMMU METOLAMU allpOKCUMALLii [T0JiIHOMaMu 2-T0, 3-TO CTEIEHIB. YIO0CKOHAIEHO



METO/, BUBHAYEHHS PE30HAHCHOIO KyTa, IKUM Ha BiZMIHY Bill BiJOMUX, BPaXOBY€ BILJIMB 3MiHM iHTEHCHUBHOCTI B
MiHIMyMi XapakTepUCTUKH BiIOUTTSI CEHCOpa Ha OCHOBI [IOBEPXHEBOI'0 IIJIa3MOHHOT0 PE30HAHCY. 3a pe3yJibTaTaMu
MOJIEJIIOBAHHS J1 4yTJIMBOTO €JIEMEHTA 3 I0AATKOBYM JIi€JIEKTPUYHMM IIapOM 6YyJI0 BCTAHOBJIEHO, 110 aOCOJIIOTHA
oXMOKa BUMipIOBaHHS PE30HAHCHOTO KyTa [J1s1 BIOCKOHAJIEHOTO MeToxy Oysia y 9 pasiB MEHINA, HiX [JIS1 METOLY
cepeIHbOi JIiHii, 9K1i1 B CBOIO 4epry H403BOJIsl€ 3MEHIIUTH aOCOIOTHY IOXMOKY IOHANIMEHIIE B 2,5 pa3u y
IIOPiBHSIHHI 3 METOIaMU allpoKcuMallii mosiHoMoM. Po3pobyienuii MeTos; BU3HAUeHHST PE30HaHCHOTO KyTa IoJIsirae
B BU3HA4YE€HHI LBOTO KyTa SIK TOYKU [IEPETUHY OCi KYTiB NIa[iHH4 CBiTJIa Ta JIiHii, 1[0 IPOXOAUTD YePE3 CEPEINHMI
BiIpi3KiB MiXX €KBipiBHEBUMU TOYKAMU Ha CXUJIAaX XapaKTEPUCTUKU BiIOUTTS, Ta 3MillleHHS Liei XapaKTePHUCTUKU Ha
BEJINYMHY 3HaY€HHS iIHTEHCUBHOCTI B il MiHIMyMi, 110 4210 MOXKJINBICTb 3MEHIINUTH IIOXUOKY BUMipIOBaHHS
PE30HaHCHOTO KyTa LOHaMeHIIe y 5,5 pa3u. Briepiie BCTaHOBJIEHO BIIJIMB 3MiHM B HAHOMETPOBOMY Jiiala3oHi
IIOPCTKOCTI CKJISTHUX MiKJIaIMHOK CEHCOPa [P €JIEKTPOHHO-TIPOMEHEBIN 06po01ii iX MOBEPXHi Ha 3MiHY
4yTJIMBOCTI BHACJIiOK 30i/bII€HHS KPYTU3HU CXUJIiB PE30HAHCHOI XapaKTEePUCTUKU BilOMTTS, 110 LO3BOJIMIIO
NiABUIMTY YyTJIMBICTb 10 iHTEHCUBHOCTI B 1,5 pa3u. BHaciziok es1eKTPOHHO-TIPOMEHEBOi 00POOKY CKIISTHUX
IiAKIaAMHOK Yy TIUBUX ejeMeHTiB [1TIP-ceHcopiB, SKi NpoHILIM NoNepeAHbO MeXaHiuHy 06pO0KY, 6YJI0 3MEHIIEHO
LIOPCTKICTh NOBEPXHI METAJIEBOTO apy B 3 pasu 3 4,67 HM 10 1,64 HM, 110 3MEHIINIIO MiBIIMPUHY XapaKT€PUCTUKHU
BinbuTTs Maike B 2 pasu 3 0,453 rpaz. no 0,867 rpag., i SIK HACiIOK 3MEHIINIIO a6COIOTHY [T0XUOKY BUBHAUEHHS
PE30HAHCHOTO KyTa B 3 pasu 3 1,8 kyT.cek. 1o 0,58 KyT.ceK. BIOCKOHAJIEHUM MeTOLOM. [Ipu 11bOMy xapaKTepUCTHKA
BiIOUTTS 3CyHyJIaCh y CTOPOHY MEHIIMX KyTiB Ha 0,34 rpasycy, o PO3MUPUIIO Jiana3oH BuMipioBanHs [1I1P-
ceHcopa. Habysio mopanpIioro po3BUTKY AOCTIIPKEHHS BIJIMBY Ha YyTJIMBICTh CEHCOPA TOBLIMHU Ta TOIIOJIOTII
IOOATKOBOTO Ji€JIEKTPUYHOTO BEPXHBOTO 1IapPy, WO 03BOJIMIIO BCTAHOBUTHU 3aJIEXKHICTh MIX IIJIOWIEIO IOBEPXHI
B3a€MOi 3 JOCIIII)KyBaHUM CEPEIOBUIIEM Ta YyTJIUBICTIO CEHCOPA Ta 06paTU ONTUMAJIbHY TOBLIMHY Wapy. bysio
IIPOBEIEHO €KCIIEPUMEHTAJIbHE JOCIIIKEHHS BIJOCKOHAJIEHOTO CEHCOpa 3 IapOM NMOJTeTpadTOPETUIIEHY Pi3HOI
TOBILMHY Bif, 5 10 50 HM I1pY B3aeMOii 3 HACHYEHNMU [TapaMy PO3YMHHUKIB: METaHOJIy, €TaHOJIY, alleTOHY Ta
izonpornanosty. 3a pe3yJbTaTaMy €KCIIEPMMEHTY 6YyJI0 BCTaHOBJIEHO, 1[0 MAKCUMaJIbHE 30iIbIIEHHS Yy TIUBOCTI y
2,8 pasu 3abe3nednsia TOBIMHA NoJiteTpadropernsieny 30 HM. AHAJII3 TOBEPXHI TAKOTO CEHCOPa 3a JOIIOMOTOI0
ATOMHO-CHUJIOBOI MiKPOCKOIIii J03BOJINB BCTAHOBUTH, 11O IPUYUHOIO 3POCTAHHSI YyTIMBOCTI CTAJIO 30i/IbIIEHHS
71011 TOBEPXHi B3aeMO/Iii 3 HOCiI)KyBaHUM cepefioBullleM. Pe3ysbTaTy JOCTiIKeHb, IPOBEIEeHUX B POOOTI, €
[IepCIEKTUBHUMU [1J151 3aCTOCYBaHHS Y IPOMUCIIOBOCTI, B HAYKOBIH [1islIBHOCTSX Ta B HABYaJIbLHOMY ITPOLIECI.
Po3rygHyTO MpakTUYHE 3aCTOCYBAHHS BLOCKOHAJIEHOTO BUCOKOUYTIMBOro [IIP-cencopa 3 1oAaTKOBUM IapOM
noJiiTeTpadpTOpeTUIIEHY y ra30Biil ceHcopulli. BIoCKOHaneHuil MeTOo I, BU3HAUYEHHS PE30HAHCHOTO KyTa J103BOJISIE
3MEHUINTU [1I0XUOKY BUMIPIOBaHHS MPU AOCIIiIPKEHH] 610JI0TiUHMX B3a€MOJiH, OCKiIbKY L€l MeTO/, MEHII YyTIMBUNA

IO 3MiH KoeillieHTa IIOTJIMHAHHS CBiTJIa YU aicOPOLii TOHKMX NOIJIMHAIOYMX MIAPIiB.

2. The dissertation is devoted to increase of metrological characteristics of the optical sensor based on surface
plasmon resonance phenomenon (SPR) at use of the complex approach including improvement of a design of the
sensor and a method of definition of a resonant angle. The scientific data on the importance of taking into account
the influence of the surface roughness of the metal film and the additional dielectric layer on the measurement of
the resonance angle by SPR sensors are supplemented and the transformation functions for such sensors are
determined. An algorithm for calculating the uncertainty of resonance angle measurement has been developed.
The physico-mathematical model of the sensor, which contains an additional dielectric upper layer taking into
account the roughness of the transition layers in the nanometer range, was further developed. The existing
methods of determining the resonance angle are analyzed and their disadvantages and advantages are determined.
Particular attention is paid to the most common methods, namely: the method of approximation by polynomials of
2nd and 3rd degrees, as well as the method of the middle line. Improved the method of determining the resonance
angle, which, in contrast to the known methods, takes into account the effect of changing the intensity in the
minimum reflection characteristics of the sensor based on surface plasmon resonance. According to the
simulation results for the sensitive element with an additional dielectric layer, it was found that the absolute error
of resonance angle measurement for the advanced method was 9 times less than for the midline method, which in
turn reduces the absolute error by at least 2.5 times compared with polynomial approximation methods.



Developed method of determining the resonant angle consists in determining this angle as the point of
intersection of the axis of angles of incidence of light and a line passing through the midpoints of segments
between equivalent points on the slopes of the reflection characteristic, and shifting this characteristic which
made it possible to reduce the measurement error of the resonance angle by at least 5.5 times. For the first time
the influence of the change in the nanometer roughness range of the sensor glass substrates during electron beam
treatment of their surface on the change in sensitivity due to the increase in the slope of the resonant reflection
characteristics, which increased the sensitivity by 1.5 times. As a result of electron beam treatment of glass
substrates of sensitive elements of SPR sensors, which have undergone pre-machining, the surface roughness of
the metal layer was reduced by 3 times from 4.67 nm to 1.64 nm, which reduced the half-width of the reflection
characteristic by almost 2 times from 0.453 deg. to 0.867 deg., and as a consequence reduced the absolute error of
determining the resonant angle in 3 times from 1.8 arc.sec. up to 0.58 arc.sec. for the advanced method. At the
same time, the reflection characteristic shifted towards smaller angles by 0.34 degrees, which expanded the
measurement range of the SPR sensor. The study of the influence on the sensitivity of the thickness sensor and the
topology of the additional dielectric upper layer was further developed, which allowed finding the relationship
between the surface area of interaction with the studied medium and the sensitivity of the sensor to choose the
optimal layer thickness. An experimental study of an advanced sensor with a layer of polytetrafluoroethylene of
different thickness from 5 to 50 nm when interacting with saturated pairs of solvents: methanol, ethanol, acetone
and isopropanol. According to the results of the experiment, it was found that the maximum increase in sensitivity
by 2.8 times was provided by the thickness of polytetrafluoroethylene at 30 nm. Analysis of the surface of such a
sensor using atomic force microscopy revealed that the reason for the increase in sensitivity was an increase in
the surface area of interaction with the studied medium. The results of research conducted in the work are
promising for use in industry, research and educational process. The practical application of an advanced high-
sensitivity SPR sensor with an additional layer of polytetrafluoroethylene in a gas sensor is considered. The
improved method of determining the resonance angle allows reducing the measurement error in the study of
biological interactions, because this method is less sensitive to changes in the light absorption coefficient or
adsorption of thin absorbing layers.
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