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Memoio pobomu 6yn0 CKOpOUeHHs 4aACy BUSHAYEHHS KOHYEHMPAayii heHory y 600HUX POZYUHAX 34 OONOMOZOI0
KOJIOPUMEMPUYHUX CEHCOPHUX CUCHEM HA OCHOGI MONEKYIAPHO imnpunmosanux nonimepie (MIII). /lna docaenenus
Memu 6yn0 pospobreno 2iopogpineHy weuokocopbysanvry niameopmy (I'LUI), axa micmums Hampill
kapbokcumemunyentonozy (Na-KML]) ma eiopoxcuemurmemaxpuiram (I'EMA). Ha ocuosi [, nanosHenoi
noopionenum MIII, cenexmugnum 00 (heHOLY, OMPUMAHO KOLOpUMempuuHy mecm-cucmemy. Bouna 3abesneuye
nIOGUIYEHHSI COPOYILIHUX XAPAKMEPUCIUK, ICHOMHO CKOPOUYE YAC eKCNO3UYIl Y 6OOHUX PO3UUHAX, a NPU 83AEMOOIT 3
BIONOGIOHUM Pea2enmom — 2eHePYE KONOPUMEMPUYHULL CEHCOPHULL GIO2YK 3 MOJICIUBICMIO Nle2Koi peccmpayii. B ocnogy
ioei’ cmeopensi ceHCOpHOi cucmemu 0711 HAOWBUOKO20 NO3ANADOPAMOPHO20 GUIHAYEHHS (DeHONI8 6YI0 NOKIAOEeHO
soamuicme LT wieuoxko copbysamu 6enuxy KilbKicme PIOUHU, d MOAEKYJAPHO IMAPUHMOBAHO20 NONIMepa 5K
HANOBHI08AYA — CENEKMUBHO 36 'S13Y68AMU CHOLYKY-aHANIm ((henon) i 2enepysamu KOIOPUMEMPUYHUL CEHCOPHULL BIO2YK
npu 83aemo0ii 3 6ionogionum peacenmom. 3¢’ szanuii 3 MII ¢penon nadani eussnsiiu 3a donomoeor peakyii 3 2 %
600HUM pO34UHOM 4-aminoanmunipuny ma 2 % eoonum posuunom Ki[Fe(CN)s Y ayoicnomy cepedosuwyi.
Inmencusnicmo 3a6apenents 8i0 1e0b PoOACe8020 00 MEMHO-MATUH0B020 OYIa NPONOpYitina Konyenmpayii ¢penony 6
ananizosarnomy 3pasxy. L{ughposi 300pasicenns 3a6apeienux 3paskie Ompumysanu 3a 00NOMO20I0 Kamepu cmapmeona
Samsung Galaxy J7 SM-J700H Gold, ochawenozo onepayiiinoro cucmemoro Android 5.1. Oyinky inmencusnocmi
3a0apenenHs npogoounu 3a 00NOMO20l0 npozpamtozo 3abesneuenns Color Grab (version 3.6.1, Loomatix) y
konvoposiu modeni RGB. Cmynino nabyxanus (f§) eusnauanu epasimempuynum memooom. Mopghonozio 3paskis
00COHCYBATU MEMOOOM CKAHYBANbHOI enekmponuoi mikpockonii (CEM) 3 euxopucmannam mikpockona MIRA 3
(Tescan GmbH, UYexisn). 3acmocysanns TLLITI/MIIT sx cencoproi cucmemu Ha ocHosi genon-cenexkmusrux MITT
3a6e3neuye 3MeHUEeHHs 4acy ananizy eHony Ha nopsaook (3 3 200 0o 15 xs8). Mesica suznauenus (peHoy 3a 00noMo2010
cmeopenoi ceHcopHoi cucmemu cmanosums 2.5 mxM, a pobouuti dianazon 2.5 mxM — 10 mM.

Knrouosi cnosa: enon, Koiopumempuuma CeHCOpHA Ccucmemd, MONEKYIAPHO IMAPUHMOBAHI RNONiMepU,
2iopoghinvra weuokocopbysanvra niamgopma

BCTVYII temneparypu ta pH. Kpim Toro, MIII € BizHOCHO
Hepoporumu [5—8]. Oxpim mepesar, MIII matoTh
MeBHI  HeHONIKH. Tak, CHHTE3  BHCOKO-
CEJICKTHBHHUX IMOJIIMEpIB Tependavyae nonepeaHio
ONTHUMI3AIiI0 CITiBBiTHOIIEHHS (PYHKIIOHAIBHUH
MOHOMEp-MaTpUYHa MOJIEKyJIa Yy  BHUXIIHIN
CyMillli MOHOMEpiB, a TMpolec BUIyYCHHS
MaTPUYHUX MOJIEKYI 3 MIOBHICTIO CHHTE30BaHOTO
noniMepa Moxxe OyTu TpuBanuM [ 7-9]. [lonpwu 1e,
B OCTaHHI POKH CIIOCTEPITAEThCS EKCIIOHEHITIHE
3pOCTaHHS KiNBKOCTI MyOmiKawid, MPUCBIYCHUX
CTBOPEHHIO CEHCOPHUX IPHUCTPOIB Ha OCHOBI
MIIT [7,8]. 3okpema, aBTOpamMu  OyIi0
po3po0IeHO pan KOJIOPUMETPUIHHUX i
(GIyOpUMETPpUYHUX CEHCOPHUX CHUCTEM  JUIs
BUCOKOYYTIMBOIO Ta  BHCOKOCEJIEKTHBHOTO

MornekynsapHO  IMIPHHTOBaHI  MOJIMEpH
(MIIT), 3aBmsik CBOiM YHIKQJIBHIM 37aTHOCTI IO
MOJIEKYJIIPHOTO pO3Mi3HABaHHS, LIUPOKO
3aCTOCOBYIOTBCS SIK UYTJIMBI €IEMEHTH HOBOTO
KJIacy ceHcopHUX mpuctpoiB [1, 2]. CtBopeHHS
MOJIMEPIB 3 MOJIEKYJSIPHUMH BiJOUTKaMH, IO
30aTHI 10  PO3Mi3HaBaHHS  PI3HOMAaHITHUX
pPEUOBHMH, — 1€ TEXHOJOTis, $Ka MIHPOKO
3aCTOCOBY€ETHCSI  JOCHIAHUKAMH  TNPOTITOM
KUTbKOX  gecsatwnite [3,4]. MIIl  moxHa
CHHTE3yBaTH,  BUKOPUCTOBYIOUM  BiJHOCHO
HECKJIagHI METOIW, BOHH HE TMOTPeOyIOTh
30epiraHHsl 3a 3HIKEHOI TeMIepaTypu il
30epeKeHHs] CBOIX BJIACTUBOCTEW, IX MOXHaA
BUKOPUCTOBYBaTH 3a EKCTPEMAaJbHHUX 3HAUCHb
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BU3HAYCHHS MOUIMPEHUX CHIIOKPUHHHX
PYWHIBHUKIB Ta Xap4OBHUX TOKCHHIB Ha OCHOBI
MIIT memb6pasn [10, 11].

Tak, Ha ocHoBi MIIl MemOpan Oyno
po3pobieHo KOJIODUMETPUIHY CEHCOpHY
CHUCTEMYy JJIS BHUSABIEHHS (EHONIB Ta IXHIX
noxigaux [10]. Bimomo, mo ¢eHomoBMicHI
CHONYKHM pa3oM 3 TNPOMHUCIOBUMH BHUKHIAMH
MOTPAIUIAIOTh y CTiYHI BOJAM, 3ryOHO JiF0YM Ha
baopy i dhayny. [1pu moTparisHHI 10 JIFOACHKOTO
oprasi3zmy, (heHOJ BIUIMBA€E Ha OIIKOBUN OOMiH,
MOXX€ BUKIMKATH 3JOSKICHI MyXJIWHHA Ta
HE3BOPOTHI 3MIHU (PYHKITiT CHITHHOTO MO3KY [12].
Jns  3MCHIIEHHS  HETaTHBHOTO  BIUIUBY
(EHONIBHUX CIOJNYyK Ha JKUBI  OpraHi3MH,
HEOOXiTHO IIBUAKO Ta JIETKO BWU3HA4YaTH HOTO
BMICT Ta KOHIIGHTpAIil0 y BOJHUX 00 €KTax
JOBKULIA. AKTyaJIbHUM € PO3pPOOJICHHS HOBHX
METOJIB SKICHOTO Ta KiIBKICHOrO BH3HAuYeHHS
(heHOJIBHHUX CITOJIYK 11032 JIabopaTopi€ro, came B
TUX MiclsX, JAe Oe3rnocepe]HbO 3HAXOAUTHCS
00’€kT aHamizy 1 TaM, J¢ BHUKOPHCTaHHS
TPaAUIIHIX IHCTPYMEHTAIBHUX METOIiB, TAKUX
SK Ta30Ba XpoMarorpadis 3 Mac-ClIeKTPOMETPIEIO
Ta BUCOKOe(EeKTMBHA piAMHHA Xpomarorpadisi,
HEMOYKIIHBE.

3aBasgku  poO3pOOJICHIM  HaMW  paHiIIe
KOJIOPUMETPHYHIN CEHCOPHIN CUCTeMi Ha OCHOBI
TOHKUX moniMepHUX mwiiBok MIII 3i mryaaumMu
peLeNnTOpHUMM  caTaMu  JJIsl 3B SI3yBaHHS
(deHory, MOXHaA SIK SIKICHO, TaK 1 KUIBKICHO 3
BUCOKOIO TOYHICTIO BH3HA4YaTH KOHLIEHTPALIIO
denony y Bomi [10, 13]. Ilpuammm nmii Takux
CCHCOPHHMX CHCTEM IPYHTYEThCS Ha XIMIYHHX
peakuisx, siKi CYMpPOBOIKYIOTHCS MOSBOIO abo
3MiHOIO 3a0apBieHHS IDIBKH, IO JIETKO
BisyambHO 3adikcyBatu. [Ipote, HemomikoM
TaKHUX TECT-CUCTEM € TpuBaJia (BIpoaosxk 180 xB)
BuTpuMKa (heHon-cenektuBHUX MIIT MemOpan y
JTOCITIDKYBAaHOMY BOJTHOMY PO3YHHH, IO iCTOTHO
YIOBUIBHIOE CaM Mpolec BU3HAYCHHS (PeHOTBHUX
cnonyk. /lana poGora crpsiMoBaHa Ha yCyHEHHS
BOTO HEJOJIKYy Ta 3HAYHE CKOPOYCHHS dacy
aHamizy.

OTxe, MeTOr0 poO0TH OYJI0 CKOPOUSHHS Yacy
BU3HAYCHHS KOHIICHTpamii (eHoly y BOJHUX
po3UrMHAX 3a JOMOMOTOI0 KOJIOPUMETPUIHHX
CeHCOpHHMX cucTeM Ha ocHoBi MIIL. [lns
JIOCATHEHHS. METH HaMH OyJjia 3allpollOHOBaHa Ta
OTpUMaHa TifpodiTpHa IIBUAKOCOPOYBAEHA
mwiardgopma (['ILIT), HanmoBHeHa MOAPiIOHEHUM
cenekTHBHUM g0 ¢enonmy MIIL. Ha ocHoBi
po3podnenoi '] orpuMaHo KOTOPUMETPUIHY
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TECT-CUCTEMY, W0 3ale3medye MiABUINCHHS
COpOIIfHUX XapaKTEPUCTUK, CYTTEBO CKOPOUYE
4ac eKCIO3UIi y BOJHHUX pO3YMHAX, a MPH
B3a€MOJIIi 3 BIJIOBIIHUM PEAreHTOM TI'€HEPYE
KOJIOPUMETPUYHUN CEHCOPHUM  BIATYK, IO
MOJKHA JIETKO 3apeECTPYBATH.

MATEPIAJIM TA METOIU

Mamepianu. TpuetuneHrnikoapanMe-
takpunar  (TEIMA),  aumerundopmamin
(IM®A), nomi(etrmenrimikons) (Mwm 20 000)
(ITET), 2,2'-muMeTOKCH-2-PeHnIaneToheHOH
(99 %), irakonoBa kwuciora (IK), denHom,
4-aMIHOAHTHIIUPUH, HATPii KapOOKCUMETHII-
nemono3a (Na-KML), rigpokcueTunmMeTakpuiar
(FTEMA), rnyTtapanpaeria oTpumano Bix Sigma-
Aldrich (Alsi, Kuwuis, VYkpaina).
Omniroyperanakpuiat (OYA) OyJo CHHTE30BaHO,
sk omnucaHo panime [10]. Yci peakTuBu Oynu
Mapkd “a.1.a.” 1 BUKOPUCTOBYBAIHCA Y
BHXITHOMY CTaHi 0€3 JOJaTKOBOTO OYHUIIICHHS.

®Denon-cenexkmueni MIII. 3a oTpuMaHuMHU

HaMH paHirre EKCTICPUMEHTATLHIUMHU
pe3yinbTaTaMi Ta JaHUMH  KOMII FOTEPHOIO
MOJETIOBAHHS  BH3HAYEHO, 1[0  HaWBHIII

KOJIODUMETPHUYHI CEHCOPHI BIAT'YKH CEHCOPHOI
CHCTEMH JUJISl BUSIBIICHHS (DEHOITY XapaKTepHi JUIs

MIII, cwuHTe30Bammx 3a yyacti IK sk
¢yHkuionanpHoro MoHomepa [10]. denon-
cenmektuBHi  MIIl  Oymu  cuHTE30BaHi 3
BukopuctanHsM IK gk yHKIIIOHAIEHOTO

moHoMmepa, TEI'/IMA sk 31uBanbpHOTO areHTa Ta
OVY A sx moaudikaropa-enactudikaropa.

Jns cuntesy BukopuctoByBanu TEI' JIMA ta
OVYA y cniBeingnomenHi 85/15 [10], kerans (2,2'-
IUMETOKCHU-2-(peHinaneTopeHoH), K iHimiaTop
Y ®-iHiniioBaHOI paJWKabHOI TMOMIMEepHU3allii.
Sx moporenu 3actocoByBamm JJM®PA (50 06. %)
ta [1ET" (MM 20000). MonsipHe criBBiTHOIICHHS
Mix QeHoIoM i QYHKI[IOHATPHIM MOHOMEPOM Yy
BHUXITHIA CyMimIi MOHOMEpiB CTaHOBWIO 1 : 2.
3aranpHuUil BMICT ()E€HONy B TOJIMEpHiH CiTIi
craHoBuB 5 Mac. %. OrTpuMaHy MOHOMEpHY
CYMIII TTOTIMEPU3yBaIK Y (hOpMi 3 IBOX CKIISTHUX
riacTiH, (ikcoBaHux Ha BifgcraHi 60 MKkM 3a
JOTIOMOTOIO Te(IIOHOBUX crelicepis.
OnpoMiHIOBAIM KOMIIO3UIIII0 32 JOINOMOTOIO
momirectieHTHOI Jammu (Philips TL 2001 8W x4,
A=365umM) npotsrom 30 xB. J[is BUIanIeHHS

MaTPUYHUX  MOJEKYJ,  MOJICTHUICHTIIKOJIO,
KOMIIOHEHTIB, IO HE YBIHIUIM A0 CKIaxy
MOJIIMEPHOT CITKH, CIIOYATKy IUTIBKY ITiJaBaiii
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ekcrpakiii B amapati Cokciera y eTHIOBOMY
cruprti (8 ron), a Hagani y Bogi (¢ = 80 °C, 8 ron).
KoHTpomnpHI motiMepHi MEMOpaHH CHHTE3yBAIH 3
BUKOPHCTAaHHSIM THX JK€ CyMillled MOHOMEpiB,
aje BOHM HE MICTWIN MATPHUYHUX MOJCKYJI
(penomy).

Tiopogpinsna weuoKocopoysanva
nanam@opma, nanosnena MIII. HanoBHeHy
I'HII/MIIT orpumysamm Ha ocHOBI Na-KML/T'TEMA
Ta TONPIOHEHWX A0 TOHKOIWUCIIEPCHOTO CTaHy
WIiBoK (¢enon-cenekTuBHux MIII. 3aranbHuit
BMICT  HAINOBHIOBaua  CTaHOBUB 5 Bar. %.
I'panynomerpuyuHuii cKJyan HaroBHIOBaYa
BU3HAUaIM 3a JIOTIOMOTOI0 KOMIUJICKTY CHT
25-200 mxm.  Jlo  rigpodinbHOI  yacTUHH
komrosumii  Na-KMI/TEMA = 80/20  (cmiB-
BiJTHOIIICHHSI BH3HAYCHO EKCIICPUMEHTAIBHO)
BHOCWIN AucnepcHi yactuaky MIII, riryrapoBuit
anmprerin  Tta  iHimiatop Y ®-momimepizarii
2,2-nuMeToKCH-2-heHinaneTopeHoH y KiTbKOCTI
0.5 Bar. % Bim 3arajgbHOi Macu peakiiHOI
cymimri. OpoMiHIOBAIA KOMITO3UIIIO MiX JBOX
CKIITHUX IUTACTHH, TIOTIEPETHBO OOPOOICHHX
AHTHUAATE3UBOM,  JIIOMIHECHIEHTHOIO  JIAMITOO
(Philips TL 2001 8Wx4, 1 =365 HM) BIPOAOBXK

30 xB, motimM BuTpuMyBanu B Tepmomadi SNOL
(JIutsa) 3a 60, 70 Ta 80 °C 1o 2 rox BiAMOBIIHO.

Konopumempuuna cencopna cucmema na
ocnoei  I'LII/MIII  ona  Haowieuoxkozo
susznauennsn penony. Koxen 3pazox ['NLUTT/MIIT
(10x10) MM po3TamIOBYBaIM B OKPEMOMY OFOKCI.
V 610Kc HomaBamy 2 MII pO3UHHY QPEHOTY OTHIET 3
koHnentparii: 0.0025; 0.005; 0.01; 0.05; 0.25;
0.5; 1; 2.5; 5; 10 MM. ButpumyBanu 3pa3ok y
PO3YHHI TPOTATOM 15 XB, BUIMAaIH, POMHUBAIH Y
JMUCTHILOBaHINM Bofi. 3B’ s3anmii 3 MIIT ¢denon
HaJai BUSBIISUTU 32 JIOTIOMOTOK peakiii 3 2 %
BOJHMM PO3YMHOM 4-aMiHOaHTHIIpHHY Ta 2 %
BogHUM po3unHOM Kj3[Fe(CN)s] y myxHOMY

cepelioBHI, SK omnmcaHo panime  [13].
Crnocrepiranu ~ HeraiiHy  HOSBY  POKEBO-
MaJMHOBOTO  3a0apBiieHHA.  |HTCHCHBHICTH

3a0apBiIeHHs Bil Jeb POXKEBOTrO JO TEMHO-
MaJIMHOBOTO OyJia TPOTOpIiifHa KOHIICHTpAIii
(dheHoTy B aHATI30BAaHOMY 3pa3Ky.

[ugposi 300pakeHHsT 3a0apBICHUX 3pa3KiB
OTPUMYBAJIM 32 AOIOMOIOI0 KaMepH cMapTQoHa,
aKy OyJIO 3aKpillJIeHO Ha INTaTWBI Ha BiacTaHi
15 cm mepen cmyxkkoro 3paskis ['IITT/MIIT mix
kyToM 90° BiTHOCHO HOpPMami JO MOBEPXHi.
O1iHKy IHTEHCUBHOCTI 3a0apBIICHHS TPOBOIMIN
3a JONOMOTOI0 MPOTPaMHOTIO 3a0e3ledeHHs
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Color Grab (version 3.6.1,
KOJBOPOBIH Mozenl RGB
JICTEKTYBaHHS Ta KEPYBaHHS OCBITJIICHHSIM
BUKOPHCTOBYBAJIU cMapthoH (Samsung
Galaxy J7 SM-J700H, 3 ocHOBHOWO Ta
¢dbpoHTampHOIO Kamepamu 13 Mm Ta 5 M,
aBTO(OKycoM, ocHameHuit Android 5.1. Taka
cxema 3amo0irama 30BHIIIHIM TEpelKoaM
CBITJIa, SIKi MOTTIM O CHPHYUHHUTH TOXHOKY B
aHawi3i. 3HaueHHs IHTEHCHBHOCTI 1
pO3paxoByBaii 3a (HOPMYJIOIO :

[ = 0.299R + 0.587G + 0.114B,

Loomatix) y

[14]. Hns

(1

ne [ — iIHTeHCUBHICTS B Tpajalisix ciporo; R, G, B
— 3MIHHI 3HAYEHHS, SKi XapaKTepU3YIOTh KOJIp
pobouoi obxacti (3a monomoror moxaeni RGB).
JUIst  KOXKHOTO ~ 3pa3ka  HPOBOIMIOCS — TPH
napanelbHUX BUMIPIOBaHHS.

3naueHHs abcopOuii (4) cBiTna 3pa3koM

OOYHCITIOBATIM 32  JIOMOMOTOK  PIBHSHHS
JlambGepra-bepa [14],

I
A =logiy (=), @

ne [ — 3HaYeHHS IHTEHCHBHOCTI, pO3paxoBaHe 3a
¢dopmyoro (1) B rpanatisix ciporo; I, — 3HaUCHHS
IHTEHCHBHOCTI ~ BHUXiZHOTO  He3a0apBJIEHOTO
3pa3ka,  OIECp)KAaHOTO 3  BHKOPHCTAHHIM
cmaprdony. Yci RGB naHi ekcnopTyBaid Ta
00po0IAIM 3  BUKOPHCTaHHAM  INPOTpaMH
OriginPro 8.

Cmyninv naodyxanna. Cryninb HaOyXaHHS
(/) BU3HAUaNMM TPABIMETPUYHUM  METOHOM.
ExcriepuMeHT MpoBOAMIN B AUCTHIBOBAHIHM BOJI
3a Ttemreparypu 25 °C. AHai30BaHiI 3pa3Ku
3aHypIOBAJIM B JTUCTWUJIBOBAHY BOMAY, BHUHAMAIH
4yepe3 3aJaHi NPOMDKKM dYacy Ta 3BaKyBald.
[loxnbka y BUMIpPIOBaHHI MacH MPHIATIOM
(Radwag WPS 60/180/C/2) na noBiTpi ckiagana
0.0001r.

Cryninb HaOyxaHHs (f3, %) po3paxoByBau 3a
dhopmyioro:

ﬁ:%-l%%, 3)

1

ne S — cryminb HaOyXaHHS, m| — Maca 3pa3Ky JI0
HaOyXaHHs, m;— Maca 3pa3Ky Iicias HabyxaHHS.

CkanysanvHa eneKmpoHHA MIKPOCKORIA.
Mopdomorito  3pa3kiB  AOCHIKyBalu  3a
JIOTIOMOTOK0 METOJy CKaHYBaJIbHOI €JIIEKTPOHHOI
mikpockormii  (CEM) 3  BHKOpHCTaHHSIM
Mmikpockora MIRA 3 (Tescan GmbH, Yexis), o
TMIPAIIOE TIPH eHeprii enexTpoHHoro myuka 2.0 kB
Yy peXHMi BTOPUHHUX CJEKTPOHIB; PO3IiUIbHA
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30AaTHICTh MpwWiafgy cknagana 4-5 uM. BuBuanu [opiBHsnpHa nuHaMika HAOyXaHHS TOHKHX
MikpodoTorpadii moBepxHi Ta CKOITy 3pa3KiB. ¢enon-cenextuBHUX MIII 1m1iBOK Ta HATOBHEHUX

PE3YJIbTATU TA OBCOBOPEHHS T'II/MIN rapenena Ha puc. 1. .
3 puc.la BumgHO, 1O TOHKI (EHOI-

B ocHOBY i/1€i CTBOpPEHHS CEHCOPHOT CUCTEMU cenektuBHi MIIl 1niBkM  Ha0yxarTh AyXKe
JUIS HAJIIBUAKOTO no3anabopaTopHOTO MTOBLTBHO, TOMI AK HamoBHeHI HuUMHU [ THIT/MIIT
BH3Ha4YeHHs (heHoJiB Oyiia MOoKIaeHa 34aTHICTh (puc. 1 6, xpusi 1, 2) HaOyXaroTh B pa3u MBHUIIIE
OIIT mBuako 1 B BEIHKHX KIUTBKOCTSX Ta yTPUMYIOTh 3HAUHO OLIBIIY KiJIbKICTh PIIUHU.
copbyBatu piguny, a MIII, sk HamoBHIOBauy, [lopiBHANBHI TIOKa3HWUKK CTyNeHS HaOyXaHHS
CEJIGKTHBHO 3B’s3YBaTH CHOIYKY-aHAMIT ((peHo) HaBeleHO B TabmuIIi 1.

Ta TEHEepPyBaTU KOJOPUMETPUYHUN CEHCOpPHUM
BIATYK MPH B3a€MOZII 3 BiANIOBIAHUM pEareHTOM.

45 350
° xR
& o | /—F—A——a—ﬂx‘ 2
= /,—‘
a0 /‘/ 300 |
35F / 250 | //k—-——I——i\». 1
30 L ! - 1 200 L L |
0 40 80 120 160 0 10 20 30 40
4ac, XB gac, XB.
a o

Puc.1. Cryninb HaOyxanus ToHkux MIIT mtiBok (a) ta HanoBHenux I'LTI/MITI (6) B 3anexHocri Big BMicty Na-KMII:
1—1% Na-KMILJ; 2 - 1.5 % Na-KMI]

Ta6muusa 1. Tloka3Huku cTyneHs HaOyXaHHS 3pa3KiB

3pasok Crtyninb Ha0yxaHHsA, % Yac Ha0yxaHHS, XB

MIII 34 160
Na-KMI1; o, /[TEMA/MIII 254 15
Na-KMI], s o/ TEMA/MIII 328 15

Sx BugHO 3 Tabmui 1, rigpodinbHa yacTHHA, (puc. 2 6). MoxHa TPUITYCTUTH, MO KUTBKOCTI
mo Mictuth 1.5 Bar. % Na-KML] mae naiBumii Na-KML[ w©emocratHBO, ™00 cdopmyBaTu
MOKa3HUKU CTYNEHI0 HaOyXaHHS , TOMY came ii PO3BHHEHY  BOJIOKHHCTY  CITYAaCTy  MIKpO-
Oyno oOpaHo Ui TOJANBIIOTO OTPUMAHHS crpykrypy sk y I'IIT, tax i y THITI/MIIL, mo
HanoBHeHux ['THTT/MIIT cucrem. xapaktepHa s momimepa Na-KMIL] [15, 16],

Mopdomorito orpumanmx ['IIII cucrem pote, iMoBipHO, BostokHa Na-KMI po3TsarayTi B
nocmimkyBanu 3a gonomororo CEM. Ha puc. 2 00’€eMi OJIIMEPHOTO 3pa3Ka i yTBOPIOIOTH IpelHi,
HaBegeno CEM wikpodoTorpadii cucrem 'L 3amoBHeHI ['EMA-moniMepHOIO  CKIIaI0BOIO
ta HanoBHeHux [ IIT/MIII. 3 mikpodoTtorpadiit (puc. 2 a). Ciix 3a3HaYUTH, IO HA CKOJIi 3pa3Ka
BUIHO, IO yBeAeHHs mnoapionenoro MIIT mo [T cmnocrepiraiu  HAsABHICTH  MIKPOIIOP
crragy ['HIIT 3MeHIIye MOPHCTICTH CTPYKTYpH (puc. 2 6), O TaKOXX MajJo Micue Ui 3paska,
I'IIT (puc. 2 ). Takox BHUAHO, IO 3pa3oK HarmoBHeHoro MIIT (puc. 2 a). Takum duHOM, 32
I'UI/MIIT mae 3akpuTi mopu Ha OIHIA 3 pesynbratamu CEM MO)XHa CTBeppKyBaTH, IO
MOBEPXOHb Yepe3 YMOBU (POpPMyBaHHS ILTiBKH spazok  ['IOI/MIII  moengmaB y  cobi
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XapaKTePUCTUKU TOPHUCTOI CTPYKTYpPH, BIACTHBI
gk ans 3paska LI tak i gna MIIL, mo Hanmae
oMy Kparii copOmiifHi BIaCTUBOCTI IIJIsl BOJAHUX
PO3UHHIB.

Ilo6 Bu3HAUMTH HaWOINBIIY CcOpOLiIHY
3IaTHICTh 3pasKiB, TTOPiBHIOBAJTH ixHi
KOJIODUMETPUYHI ~ CEHCOPHI  BIATYKH,  fKi
reHepyBain ToHKi mosimepHi MIIT memOpanu,
I'miIl rta wanoBueni ['LII/MIIL. 3pasku

po3mipom (10x10) MM KOKHOI cepii moMimaan B
OKpeMi OFOKCH, J0AaBalid 2 MII pO34HHY (heHOTy
3 KoHueHTpamiero 500 MkM Ta iHKyOyBamu
mpoTsroM 15 XB 3a KIMHaTHOI TeMIlepaTypH.
3pa3ku AicTaBaiy 3 pO3UMHY Ta MOJUISIIH HA TPH
MIII, THIII Ta HamoBHEHI

Tpynu: TOHKI

a
T'HITI/MIII, ckox 3pa3ka

Puc. 2.
TIOBEPXHI

6
T'IITT/MIII, noBepxus

['UTT/MIII. 3 TpeTuHH 3pa3KiB MepIoi rpymnu 3a
JIOIIOMOT0I0 (DiIbTPYBANBHOTO MANepy yCyBajH 3
MOBEPXHI CIIIA PO3YMHY Ta MiAmaBaid il
4-aminoantunipuny i Ks[Fe(CN)s] y myxHOMY
CEPEIOBHILI.

Jpyry Tpymy 3paskiB TOpOMHBaIH Y
MUCTUIIBOBAaHIA BOJI, TpPETIO TpPYyIy 3pasKiB
npoMuBaiu y BoAHomy aueToHiTpuiai (10 %
po3umni). Ilicmgs 1mporo  KokeH  3pa3ok
BHACYITyBald ~ (QIABTPYBAJFHUM TIallEpPOM  Ta
mignasanu nii 4-aminoantumipuny i K3[Fe(CN)g]
y JIy’)KHOMY cepeloBHIlLi. 3MiHY KOJIbOPY 3pa3KiB
¢ikcyBanu kameporo cMapT(hoHy Mapku Samsung
(GalaxylJ7) ta oTpuMyBau IUPPOBI 300paXKESHHS
(Tabmuus 2).

T'IIII, cxoxn 3pa3ka

CEM wikpodororpadii 3paskis I'TLUTI/MIII (a, 6), I'LII (), ne mikpodororpadii a, 6 — ckoixy 3paskis, 6 —

Taoauus 2. KoneopoBuil Biaryk 3paskiB micist cop6mii ¢enomy Ta aii 4-amiHoantumipuny Ta Ki[Fe(CN)s] y

JY>)KHOMY CepeIOBHIII

3anumku (peHosy BUAATEHO

3pa3ok BigMuBaJu y

3pa3ok BiaMuBaIN y . .
BOJTHOMY alleTOHITPUJIi,

3pazok (l)lﬂbT[()z:alJ:ll;H:lM rl::)rlepOM ( :aoiu ) 10 % posumn
"p py apyra rpy (rpern rpyna)
LI '
Torka MIII
LT /MITT
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Sk BuaHO 3 Tabmuii 2, micns 15 xB iHkyoOarii
Ta [nii areHTiB Juia 3a0apBJCHHSA, HaWBUIIII
KOJIOPUMETPHYHI CEHCOPHI BIATYKH CITOCTEpi-
ramu ans 3paskiB nmepmoi rpymu [T Ta
I'UryMIr.  Tonkxi MIIl  memOpanu  nedp
3a0apBIIOIOTECS, OCKUIBKH 3a TaKWH KOPOTKHM
TEpMiH HE BCTUTAIOTh ancopOyBaTH TaKy XK
KinbKicTe  ¢eHony. [licast  BimMuBaHHS Y
JMUCTHIILOBAaHIM Bo/i Ta y BomHoMy 10 % po3umnHi
aIeTOHITPUITY 3pa3KiB APYTOi Ta TPEThOI TPYIIH,
3a0apBICHIMH 3aJMIIAIOTHCS JIMIIE HANOBHEHI
['UTT/MIII. Le moxe cBigautu 1po Te, 1mo [T
Jli€ SIK BUCOKOITOTJIMHAJIbHA CKIIAZI0Ba CHUCTEMH,
gKa IIBUIAKO BCMOKTYE PO3YHH Ta CHpHSE
TpaHCIOPTY (DEeHOIy A0 BHCOKOA(iHHHMX CaHTiB
3B’s13yBaHHA (heHoIy, chopmoBanux y MIIIL.

3a pesynbTaTamu 3a0apBJICHHS Ha OCHOBI
['III/MIIT Oyno OTpUMaHO KOJIOPUMETPUUHY
TECT-CUCTEMY Il BU3HAYeHHS (DEHOITIB.

Hnst JIEMOHCTpAITii TIPUHIIATIOBO1L
MOYIIMBOCTI MPAKTUYHOTO 3aCTOCYBaHHS TaKOi
TECT-CUCTEMH  JUIs  BU3HAa4YeHHS  (DEHOIIB,
OTPUMYBAJIH IIKAIY BiIHOCHOTO 3a0apBicHHS, 3
SKOI0 B MOJAIBIIOMY Bi3yaJbHO MOPIBHIOBAJIH

Taoaunsa 3.

3a0apBiieHi 3pa3ku. AJcopOuiliHi eKCepUMEHTH
MPOBOJIMIIN 3 BUKOPUCTAHHSM BOJAHHX PO3YUHIB
(dhenouy 3 koumentparismu 0.05-10000 MxM.

Jnst moOynoBu KamiOpyBalbHOTO rpadika Ta
MiATBEPUKEHHS]  NPUHLMIOBOI  MOXKIIMBOCTI
npaktrnaHoro 3actocyBanus ['LLITI/MIIT mniBok
SK OCHOBM CCHCOPHHX CHCTEM, MapaleiIbHO
npoBoaunu TectyBaHHs ['LUTT/MIIT mniBok Ta
KOHTPOJIbHWUX, M0 HAIMOBHEHI MOJApiOHEHUM
TTOJTIMEPOM, B IKUX He Oyim chopmoBaHi HeHOI-
CEJIEKTHBHI pelenTopHi caiitu. [l TecTyBaHHA
3pasku po3mipom 10x10 MM momitmany y po3uuH
(dbenony ommuiei 3 xonmentpamii: 0.0025, 0.005,
0.01, 0.05, 0.25, 0.5, 1, 2.5, 5 1 10 MM, Ta
inkyOyBamu mpoTsiroM 15 xB. Haganmi 3paskm
MPOMUBAIH Y JAUCTUIBOBAHIN BOMi, HA KOXEH 3
HUX HaHocwiu 1o 20 ul  po3umHy s
¢dapOyBanns (cymim 2 % BOJHOTO pO3YUHY
4-aminoantunipuny Tta 10% BOAHOrO PO3YMHY
amoniaky y cmiBBigHomeHHi 3 :10) Tta 10 pl
po3uMHy JUIA TposiBIEeHHs 3abapmieHHa (2 %
Boauui po3unH Ks[Fe(CN)s]. @oTo 3a06apBieHnx
3paskiB kojmopuMerpuanoi [ THIT/MIIT cercopHOi
cuctemu (Tabnuus 3).

3anexHicTh iHTeHCUBHOCTI 3a0apeiieHHs ['TLITT/MIIT moniMepHUX IUTIBOK Bill KOHIEHTpaIii GeHoIy
(MM) y aHa1i30BaHMX BOJHHMX PO3UHHAX

0 0.0025 0.005 0.01 0.05 0.25 0.5 1 2.5 5 10

S
< 08I 1
=
E 0.6 -
2
‘§ 0.4 2
g
202
2
=
ool
E L 1 1 1 1 1 1

0 2 i 6 &8 10 12

KonnenTpatis ¢penomy, MM
Puc.3. 3anexnicts iHTeHcHBHOCTI 3abapBnenHs 3paskis, ['III, mo nanoBueni MIII (/) Ta HeIMIPUHTOBAaHUM

noriMepoM (2) Big KoHLEeHTpalil GeHoy y aHai30BaHUX BOJHMX PO3YMHAX
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3a oTpuMaHUMU TUPPOBUMU 300paKESHHAMU CKCIO3MINI, HEOOXimgHUA  JJs  OTPpUMaHHSI
pO3paxoByBaJld  BENWYMHH  IHTCHCHUBHOCTI KOJIODUMETPUYHHUX CEHCOPHHX BIATIYKiB 3a
3a0apBIIEHHs, SIK OIIMCAHO PaHIiLIe. JOIIOMOTO0 TIPOIIOHOBAHOI CEHCOPHOI CHUCTEMH
Ha ocHOBI OTpMMaHUX TIOKa3HHKIB OyIyBaiu CTAaHOBUTH 15 XB TMOPIBHAHO 10 3 roj Jyis
KaxiOpyBanbHHUN rpadik 3aJIeKHOCTI OTPHUMAaHOI paHille CEeHCOPHOI CUCTEMH Ha OCHOBI
IHTEHCUBHOCTI ~ 3a0apBJICHHS  3pa3KiB  Bil MIIT  memOpaH, CHHTE30BaHUX  METOJOM
KOHIICHTpaIlil aHamity (peHosy) y aHami30BaHUX nonimepusamii in situ [10, 13]. Ilpu 1pOoMy
BOJHUX po3unHax (puc. 3). cryniab HaOyxanHs [THII/MIIT nomiMepHux

Meska BH3HaueHHS (DEHOIy 3a AOIOMOIOIO IIiBOK mepeBumnye Taky MIII  wmemOpaH,
CTBOPEHOI  CEHCOPHOI CHUCTEMH CTaHOBUTH OTPUMAaHUX METOJOM TIOJIMEepHU3amii in situ B
2.5 MM, mmpokuii pobounii niamazon 2.5 MkM 10 pa3iB, a BenMYMHA  KOJOPHUMETPUYHHUX
— 10 MM. CEHCOPHHX BIATYKiB CEHCOPHHX CHCTEM Ha

CopOmiitai BmactuBocti MIIT MeMOpan Ta ocaHoBi ['LLUII/MIIT monmiMepHUX IUTIBOK €
I'UI/MIIT monmiMepHHMX IUTIBOK HABEACHO Y OUTBIIOI0 3a BEJIMYMHY CEHCOPHHUX BIATYKIB
Tabnuui 4. 3rigHO OTPUMaHHUX pPe3yJbTATIB, IS ceHcopiB Ha ocHOBI Kiacuunux MIIT memOpaH y
HanoBHeHux [ THIT/MIII momiMepHHX TUTIBOK Yac 5.3 pasm.

Ta6muusa 4.  CopOuitina 3mataicts I'IITT/MIIT K0JOPUMETPUIHUX CEHCOPHHUX TECT-CUCTEM

Yac CopOuiiina 31aTHICTH
eKCIO3HIIil Y Cryninb Ha0yxaHHA .
InTeHcuBHiCTH 320apBJIeHHS , B.O.
iy BO}:[HOM?’ B, %
034HMHI Tonxa MIII Tonxa MIII
P T, XB — 'IIIT/MITT P 'IIT/MITT
1 15 34 328 -0.061 0.323

[IpoBenenHss po3paxyHKiB iHTEHCHBHOCTI 3alpoliOHOBaHA Ta OTpUMaHa TriapodinsHa
3a0apBieHHSA 3a JOMOMOror Mmojaem RGB 3a MIBUIKOCOPOYBaIbHA TUTaTGopMa, HAIMOBHEHA
¢dopmynoro (1) moKasano, IO BiJHOUICHHS noipiOHEHUM cesieKTUBHUM 110 Gerony MIII. Ha
iHTeHcHBHOCTeH 3abapBneHHst lo/1 ams ToHKOT ocHoBi 'LIIT/MIIT oTpuMaHO KOJOPUMETPUYHY
miiBkn  MIII <1, ToMy mpm 3acTocyBaHHI TECT-CUCTEMY, 110 3/1aTHa reHepyBaTu
¢dopmyiu (2) OTpUMYy€EMO Bii’€MHI 3HAUEHHS, 1110 KOJIOPMMETPHYHI ~ CEHCOpPHI  BIITYKH  IIpH
i BimoOpaxkeno B Tabmuui4 T'LUII/MIIT e 3B’s3yBaHHI ()eHONy 3 BOJHHMX PO3UYMHIB.
3pYYHUMH Yy KOPHCTYBaHHI Ta 30epiraroTh CBOI 3acrocyBanns ['III1 3abe3nedye 3MeHIIEHHS
(hi3MKO-XIMIUHI Ta MEXaHIYHI BJIACTHBOCTI IIPH gacy aHalizy (eHOIy 3a JOIIOMOTOI0 CEHCOPHOL
KiMHaTHI{ TeMreparypi IpoTsArom 1 poky. cUCTeMH Ha 0CHOBI (peHom-cenektuBHUX MIII Ha
BUCHOBKHU nmopsnok (3 3 roxg a0 15 xB). Menca"BmHaquHg'
(eHONYy 3a MOTIOMOTOI0 CTBOPEHOI CEHCOPHO]
Hns  cxkopoueHHss ~ 4Yacy — BHU3HA4YEHHA CHUCTEMH CTaHOBUTH 2.5 MKM, poOouHii iana3oH

KOHIICHTpallii ()eHOJAy y BOJHUX PO3UMHAX 2.5 MkM — 10 MM.
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Hydrophilic fast-absorbing platform, filled with molecularly imprinted polymers
L.A. Gorbach, O.H. Purikova, T.A. Sergeyeva, O.0. Brovko

Institute of Macromolecular Chemistry of National Academy of Sciences of Ukraine
48 Kharkivske Shose, Kyiv, 02160, Ukraine, gorbachla@ukr.net
Institute of Molecular Biology and Genetics of National Academy of Sciences of Ukraine
150 Zabolotnogo Str., Kyiv, 03143, Ukraine

The aim of the work was to reduce the time for detection the concentration of phenol in aqueous solutions using
colorimetric sensor systems based on molecularly imprinted polymers (MIPs). To achieve this goal, hydrophilic fast-
absorbing platform (HFP) containing sodium carboxymethyl cellulose (Na-CMC) and hydroxyethyl methacrylate (HEMA)
was developed. On the basis of HFP filled with crushed phenol-selective MIP a colorimetric test system was obtained. It
provides increased sorption characteristics, significantly reduces the exposure time in aqueous solutions, and when
interacting with the appropriate reagent generates an easily registerable colorimetric sensory response. The idea of creating
a sensor system for ultra-fast out-of-laboratory detection of phenols was based on the capability of HFP to absorb rapidly
large quantities of liquid as well as on the ability of the molecularly imprinted polymer as a filler to bind selectively the
analyte compound (phenol) and to generate a colorimetric sensor response upon interaction with the appropriate reagent.
Bound to MIP phenol was further detected by the reaction with 2 % aqueous solution of 4-aminoantipyrine and 2 % aqueous
solution of K3[Fe(CN)4] in alkaline medium. The intensity of the color from slightly pink to dark crimson was proportional
to the concentration of phenol in the analyzed sample. Digital images of stained samples were obtained using the camera of
a Samsung Galaxy J7 SM-J700H Gold smartphone equipped with the Android 5.1 operating system. The color intensity was
measured by means of Color Grab software (version 3.6.1, Loomatix) in the RGB color model. The degree of swelling ()
was defined by gravimetric method. The morphology of the samples was studied by scanning electron microscopy (SEM)
method using a MIRA 3 microscope (Tescan GmbH, Czech Republic). The use of HFP/MIP with a sensor system based on
phenol-selective MIP reduces the time for phenol analysis by an order of magnitude (from 3 hours to 15 minutes). The limit
of phenol detection by the developed sensor system is 2.5 uM, while the working range is 2.5 uM — 10 mM.

Keywords: phenol, colorimetric sensor systems, molecularly imprinted polymers, hydrophilic fast-absorbing platform

JITEPATYPA

1.  WangL., Pagett M., Zhang W. Molecularly imprinted polymer (MIP) based electrochemical sensors and their recent
advances in health applications // Sens. Actuators Rep. —2023. - V. 5. —P. 100153.

2.  Guan G., Liu B., Wang Z., Zhang Z. Imprinting of molecular recognition sites on nanostructures and its applications
in chemosensors // Sensors. —2008. — V. 8, N 12. — P. 8291-8320.

3. Holthoff E.L., Bright F.V. Molecularly templated materials in chemical sensing // Anal. Chim. Acta. — 2007. —
V.594,N 2. -P. 147-161.

4.  Shiho T., Hiroshi Sh., Tsutomu N. Micro- and nanosized molecularly imprinted polymers forhigh-throughput
analytical applications // Anal. Chim. Acta. —2009. - V. 641, N 1-2. — P. 7-13.

5. Wulff G. Molecular imprinting in cross-linked materials with the aid of molecular templates — a way towards artificial
antibodies // Angew. Chem. Int. Ed. — 1995. —V. 34, N 17. — P. 1812-1840.

6.  Sanjuan Ana M., Ruiz José A. Reglero, Garcia Félix C., Garcia José Miguel. Recent developments in sensing
devices based on polymeric systems // React. Funct. Polym. —2018. - V. 133. — P. 103—125.

7. Kassal P., Steinberg M.D., Steinberg .M. Wireless chemical sensors and biosensors: A review // Sens. Actuators,
B.—2018.-V.266.—P.228-245.

8. Shrivastava S., Jadon N., Jain R. Next-generation polymer nanocomposite-based electrochemical sensors and
biosensors: A review // TrAC, Trends Anal. Chem. — 2016 — V. 82. — P. 55-67.

9. Garg M., Pamme N. Strategies to remove templates from molecularly imprinted polymer (MIP) for biosensors //
TrAC, Trends Anal. Chem. —2024. - V. 170. - P. 117437.

10. Sergeyeva T.A., Gorbach L.A., Slinchenko O.A. et al. Towards development of colorimetric test-systems for phenols
detection based on computational moleculary-imprinted polymer membranes // Mater. Sci. Eng. C. —2010. - V. 30,
N 3. —P. 431-436.

11. Yarynka D., Chegel V., Piletska E. et al. An enhanced fluorescent sensor system based on molecularly imprinted
polymer chips with silver nanoparticles for highly-sensitive zearalenone analysis //Analyst. —2023. — V. 148, N 11.
—P.2633-2643.

ISSN 2079-1704. X®TI1. 2025. T. 16. Ne 3 383



J1.A. lopbay, O.I" lypikosa, T.A. Cepeeesa, O.0. bposko

12.

13.

14.

15.

16.

10.

11.

12.

13.

14.

15.

16.

Louro H., Heindld M., Bessems J. et al. Human biomonitoring in health risk assessment in Europe: Current
practicesand recommendations for the future // Int. J. Hyg. Environ. Health. — 2019. — V. 222, N 5. — P. 727-737.
Sergeyeva T.A., Chelyadina D.S., Gorbach, L.A. et al. Colorimetric biomimetic sensor systemsbased on molecularly
imprinted polymer membranes for highly-selective detection of phenol in environmental samples // Biopolymers
and Cell. —2014. - V. 30, N 3. — P. 209-215.

Jodo A.F., Squissato A.L., Fernandes G.M. et al. Iron(IlI) determination in bioethanol fuel using a smartphone-based
device // Microchem. J. —2019. — V. 146. — P. 1134-1139.

Fang G, Yang Y., Zhu H. et al. Development and application of molecularly imprinted quartz crystal microbalance
sensor for rapid detection of metolcarb in foods // Sens. Actuators, B. —2017. — V. 251. — P. 720-728.

LuJ., QinY., Wu Y. et al. Bidirectional molecularly imprinted membranes for selective recognition and separation
of pyrimethamine: A double-faced loading strategy // J. Membr. Sci. — 2020. — V. 601. — P. 117917.

REFERENCES

Wang L., Pagett M., Zhang W. Molecularly imprinted polymer (MIP) based electrochemical sensors and their recent
advances in health applications. Sens. Actuators Rep. 2023. 5: 100153.

Guan G., Liu B., Wang Z., Zhang Z. Imprinting of molecular recognition sites on nanostructures and its applications in
chemosensors. Sensors. 2008. 8(12): 8291.

Holthoff E.L., Bright F.V. Molecularly templated materials in chemical sensing. Anal. Chim. Acta. 2007. 594(2): 147.
Shiho T., Hiroshi Sh., Tsutomu N. Micro- and nanosized molecularly imprinted polymers forhigh-throughput analytical
applications. Anal. Chim. Acta. 2009. 641(1-2): 7.

Waulff G. Molecular imprinting in cross-linked materials with the aid of molecular templates — a way towards artificial
antibodies. Angew. Chem. Int. Ed. 1995. 34(17): 1812.

Sanjuan Ana M., Ruiz José A. Reglero, Garcia Félix C., Garcia José Miguel. Recent developments in sensing devices
based on polymeric systems. React. Funct. Polym. 2018. 133: 103.

Kassal P., Steinberg M.D., Steinberg .M. Wireless chemical sensors and biosensors: A review. Sens. Actuators, B.
2018. 266: 228.

Shrivastava S., Jadon N., Jain R. Next-generation polymer nanocomposite-based electrochemical sensors and
biosensors: A review. TrAC, Trends Anal. Chem. 2016. 82: 55.

Garg M., Pamme N. Strategies to remove templates from molecularly imprinted polymer (MIP) for biosensors. 77AC,
Trends Anal. Chem. 2024.170: 117437.

Sergeyeva T.A., Gorbach L.A., Slinchenko O.A., Goncharova L.A., Piletska O.V., Brovko O.0., Sergeeva L.M., Elska
G.V. Towards development of colorimetric test-systems for phenols detection based on computational moleculary-
imprinted polymer membranes. Mater. Sci. Eng. C.2010. 30(3): 431.

Yarynka D., Chegel V., Piletska E., Piletsky S., Dubey L., Dubey I., Nikolaiev R., Brovko O., Sergeyeva T. An
enhanced fluorescent sensor system based on molecularly imprinted polymer chips with silver nanoparticles for highly-
sensitive zearalenone analysis. Analyst. 2023. 148(11): 2633.

Louro H., Heindld M., Bessems J., Buekers J., Vermeire T., Woutersen M., van Engelen J., Borges T., Rousselle Ch.,
Ougier E., Alvito P., Martins C., Assun¢do R., Jodo Silva M., Pronk A., Schaddelee-Scholten B., Del Carmen Gonzalez
M., de Alba M., Castafio A., Viegas S., Santonen T. Human biomonitoring in health risk assessment in Europe: Current
practicesand recommendations for the future. /nt. J. Hyg. Environ. Health. 2019. 222(5): 727.

Sergeyeva T.A., Chelyadina D.S., Gorbach, L.A., Brovko O.0., Piletska E.V., Piletsky S.A., Sergeeva L.M.,
El’skaya A.V. Colorimetric biomimetic sensor systemsbased on molecularly imprinted polymer membranes for highly-
selective detection of phenol in environmental samples. Biopolymers and Cell. 2014. 30(3): 2009.

Joao A F., Squissato A.L., Fernandes G.M., Cardoso R.M., Batista A.D., Rodrigo A.A., Muiioz Rodrigo A.A. Iron(1II)
determination in bioethanol fuel using a smartphone-based device. Microchem. J. 2019. 146: 1134.

Fang G, Yang Y.,ZhuH., Qi Y., LiuJ., Liu H., Wang S. Development and application of molecularly imprinted quartz
crystal microbalance sensor for rapid detection of metolcarb in foods. Sens. Actuators, B. 2017.251: 720.
LulJ,QinY., WuY., Meng M., Dong Z., Yu C, Yan Y., Li C., Nyarko F.K. Bidirectional molecularly imprinted
membranes for selective recognition and separation of pyrimethamine: A double-faced loading strategy. J. Membr. Sci.
2020. 601: 117917.

Haoitiwna 10.03.2025, npuiinama 04.09.2025

384 ISSN 2079-1704. X®TT1. 2025. T. 16. Ne 3




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /RUS <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


