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ONTUYHWNIA CEHCOP HA OCHOBI HAMIBMPOBIOQHUKOBUX
KBAHTOBO-PO3MIPHUX CTPYKTYP AnA BU3HAYEHHA
KOHOEHCOBAHOI APOMATUKM Y BOOHUX OB’E€EKTAX AOBKINIIA

B pobomi npedcmasnenuii 02ns0 icHyrOUUX QizuKo-XiMIYHUX CEHCOPIE, WO BUKOPUCTIOBYIOMbCSL OIS GUSHAUECH-
HSL XEMIYHUX OP2aHiYHUX KAHYepOo2eHi8 Y 600HUX 06 ekmax 00skinist. Ocobausa yeaza npuoilisicmvbCs ONMUYHUM CeH-
copam, 00 CKIAdy AKUX 6X00AMb HAHOMAMEPIAU, MAK 36aHUM HAHOGOmMOHHUM cencopam. Onucani npuHyunu po-
6omu, nobyoosu ma 3acmocysants po3podIeH020 HAHOPOMOHHOZO CEHCOPa Ol BUSHAYEHHST KOHOCHCO8AHOI apo-
MAmMuKy — NOMYUKITYHUX aPOMAMUYHUX 8yenesoonie (IIAB) y 600Hux 00 €kmax HAGKOIUUIHbO2O Cepedosuwyd Ha
NPUKIA0L 00HO20 3 HAUOLTbUL WKIOAUSUX npedcmaeHukis knacy IIAB — 3,4-0enszofa]nipeny. Ilepesacamu po3pooku €
npocmoma i dewle8usHa KOHCMpPYKYii, eKCNpecHicmy ananizy, HU3bKA MediCa 8USGILeHH s, GUCOKA CeNeKMUBHICTb ma
MOJICTUBICTG AGIMOMAMU3AYIT AHATI3Y, 00pOOKU, 30epedicentsi ma HaKOnu4yeHHs IHgopmayii, wo obYMOoeI0eE MOdic-

JUsicmb it 3acmocy8anHsl 8 eKoa02il, MeouyuHi ma gapmayii.

Knrouosi crosa: inghopmayiiina cucmema, onmuyHuil CeHcop, HAHOGOMOHIKA, HANIBNPOGIOHUKOBL K8AHMOBO-
PO3MIPHI CIPYKIMYPU, NOJYUKIIYHI APOMAMUHi 8y2ne8ooni, 3,4-6enzofalnipen.

BecTtyn

Benso[a]nipen (BII) OyB Bimkpuruii B 1933 p. sx
KaHIIEPOTCHHUI KOMITOHGHT Caki Ta CMOJH, JOCi-
JOKEHHSI, 0 MiATBEpMIN HOro KaHIepOreHHiCTh, po-
BeAcHI 1me B 1935 p. OHKOJOrOM akaJaeMiKoM
JIM. llabagom. BII BiZHOCHTHCS MO MOMIIMKIIYHUX
apomatuuHux ByrieBomHiB (ITAB) — rpymu kanuepo-
TCHHUX, TOOTO 3I0HUX BUKIMKATH pak, pe4oBHH. I1o
HOro piBHIO CySITh PO 3arajbHUI piBeHb 3a0pyIHEHHS
npoAyKTiB pizHoMaHiTHUMU [IAB Ta oHkoreHHiit HeOe-
3Meri Ui JIOMUHUA. BueHi BBaXkaloTh, IO NPHYHHOIO
MIPAaKTUYHO 75 % pakoBHUX 3aXBOPIOBAaHb € KaHIIEPOTeH-
Hi XIMIYHI CIIOJYKH, SIKI MU CIIOKHBAEMO 3 IIPOAYKTaAMH
Xap4yBaHHS Ta BOJOIO.

Drinking Water Directive BU3Ha4YMiIa TpaHHYHO
nonyctumy koHuentpauito (I'IK) mns BIl, ska craHo-
Buth 0,010 mr/m [1].

B VYkpaini 16.07.2010 poky OYyi10 ONPHIIOIHEHO
Haka3z MinicrepctBa oxopoHu 370poB'ss Ne 400 Bifg
12.05.2010 p., sskuM 3aTBeppKEHO HOBI JlepkaBHi caHi-
TapHi HOpMHU Ta npaBwia "[irieHiuHI BUMOTH 10 BOAM
MUTHOI, TPHU3HAYEHOI JUIS CIIOKMUBAHHS JIFOJWHOIO"
(JICanIliH 2.2.4-400-10). 3rigHo sikoro, mokasuuk I'JIK
BIT nis mutHOI BomonposiaHoi Boau 0,005 mr/am’ [2].

Jlns BusHayeHHs [TAB mpu ekooriyHOMY MOHITO-
PHUHTY Ta B aHAJIITHII BUKOPUCTOBYIOTH PSIT TPAIMITIHIX
METOMiB, cepen sKuX xpomarorpadiuni [3], imyHo-
xiMiuyHi Ta Gionoriuni meromu [4]. HaBexeni mMeroau ma-
I0Th PSJl CIIUTbHUX HEIONMIKIB, TAKKX, SIK 3HAYHA CKIIAJI-
HICTh Ta BapTICTh OOJIAJHAHHS, TPHUBATICTh MPOIIECIB MPO-
OOIMITOTOBKY Ta aHATi3y, BHCOKA MEKa BU3HAYCHHS aHa-
JITY B IOCII/PKYBAaHOMY 3pa3Ky, HU3bKa CENIEKTHBHICTb. Y
3B’SI3KY 3 BHILIECKa3aHUM, BUHUKAE TOCTPa HEOOX1IHICTh y

CTBOPCHHI MOPTATUBHHX, CKOHOMIYHO Ta EKCILTyaTaIliii-
HO TpUBAOJIMBUX 3aCO0IB 3 HU3HKOI MEKEIO BU3HAYCHHS
Ta BHCOKOIO CEJICKTHBHICTIO Bu3HaueHHs [TAB y BogHuX
00’ €KTaxX HaBKOJIUIIHBOTO CEPEIOBHUIIIA.

Po3poOka HOBUX ICTEKTOPHHUX IMPHUCTPOIB — CEH-
COpiB, CIPOMOXKHUX BUSIBJIATH PCUYOBHHU B HaTHU3BKUX
KOHIICHTPAIIIAX, MA€ MPIOPUTETHE 3HAYCHHS JUTA XiMid-
Hoi, HaTonepepoOHOi Ta (hapMaleBTHYHOI POMHCIIO-
BOCTI, €KOJIOTIi, MEIUIIUHU Ta 1H.

Knacudikauis disamko-xiMmiyHnx
ceHcopiB (DPXC)

Ipu cucremaTu3anii CEHCOPIB YacTO PO3IIISAAIOThH
NPUHOMT iX 111, SKuii Moxke OyTH 00yMOBIeHUH (izuy-
HUMU Ta XIMIYHUMH SIBHIIAMH Ta BIACTUBOCTSIMH
(puc. 1) [5].

EHepreruuHi BIacTHMBOCTI BXiJHUX BEIUYUH CEH-
COpIB J03BOJIAIOTH PO3IUIATH IX HA aKTHBHI i MACHBHI.
B akTHBHUX ceHcOpaX BXi/IHI BETMUUHU MArOTh €Hepre-
TUYHY Opupony (Hampyra, cwia i T. J.), Y MacUBHHX
BXi/JIHI BENMYMHM MAIOTh HECHEPreTHYHHU XapakTep
(eIeKTpUYHI EMHICTB, OIip TOIIO.).

3a KUIBKICTIO TIEPETBOPIOBAHUX BEIUYUH, WIO
CHPUAMAIOTBCSI CEHCOPOM, BHUJIUISIOTH OJHOMIpHI CEH-
CopH, SIKi ONIEPYIOTh 3 OHIEI0 BEITMYUHOIO, 1 OaraToBu-
MIpHi, IO CHPUHAMAIOTH JEKiJbKa BXiJHUX BEIHYHH.
[Tpu upomMy GaraToBUMIipHI CEHCOPH B CHITy CBO€i Oara-
TO(YHKITIOHATBHOCTI MOXKYTh MAaTH CITIJIbHI CJIEMEHTH 1
TOMY MaTH HPOCTIIIHHA CKJIaJ] Ta Kpalli eKOHOMIYHi IO~
Ka3HUKH aHDK y CYKYITHOCTI OJHOBUMIPHHX CEHCOPIB,
IO JIETEKTYIOTh CTiJIbKH K BEIUYHH.

3a KUIBKICTIO BUKOHYBaHUX (DYHKIIIH MOXXHA BUII-
JTUTH  OoAHO(YHKUIOHANEHI Ta OararoyHKIiOHANIBHI
ceHcopu. OCTaHHI MOXXYTh KpiM OCHOBHOI (yHKIIT (z1e-
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TEKTYBaHHSl CUTHAy) BUKOHYBaTU Psif JOAATKOBHX
¢yHK1iH (00poOKa MaHuX i GiabTparis, KOPEKIist OXH-
00K, 30epiraHHs CHT'HAIIB).

3a KUIBKICTIO eTamiB MepeTBOpeHb eHeprii i peyo-
BUHH CEHCOPH MOXKHA PO3ZIUTUTH Ha OJHOCTYIIHYACTI i
OaratocrymiHJacri [6].

3a TEXHOJIOTIEI0 BHUI'OTOBJIEHHS CEHCOPH MOXKHA
PO3IIINTH Ha eIEMEHTHI, 110 BUTOTOBJISIIOTHCS 3 HA0Opy
OKpPEMUX €JIEMEHTIB, 1 IHTErpajibHi, B SIKMX BCI CKJIaJIOBI
€JIEMEHTH CEHCOpa BHT'OTOBJISIOTHCS OJHOYACHO 3a iH-
TErpaJIbHOIO TEXHOJIOTIE [S].

3a B3aeMoiero 3 Jukepenamu iHdopmarii ceHcopH
MOJIISIOTHCSA HA KOHTAKTHI 1 OC3KOHTaKTHI (JIMCTaHIIIH-
Hoi aii) [6].

3a BHJOM BHMIpIOBAJIbHUX CHUTHAJIB CEHCOPU MO-
JIUISIOTHCSL HA aHaJIoroBi 1 mudposi. B nanwit yac icHye
TEHJIeHIis 301IbIICHHS YHCNIa 1 YCKJIaJAHeHHS QyHKIIH,
0 BUKOHYIOTH ceHcopH. OcOOIMBO 11 XapaKTepHO ISt
IHTErpaJIbHUX CEHCOPIB, sIKI MOXKYTh BKIIIOUaTH B CBIi
CKJIaJ IOoNaTKOBI mpucTpoi. Taki ceHCopH 3IaTHi Ciy-
JKUTH OCHOBOIO IJISl CTBOPEHHS BUMIpIOBAJIbHUX CHC-
TEM, IO JO3BOJISIOTH 3MIiHCHIOBATH 30ip, 0OpOOKY, 30e-
pexeHHs i po3noain indopmari [5, 6].

Jlo cyd4acHHX CEHCOpIB IPEA'SBISIFOTHCS HACTYITHI
OCHOBHI BUMOTH:

— BHCOKI SIKICHI XapaKTepPUCTUKU: YyTIMBICTb, Ce-
JICKTHBHICTh, TOYHICTh, JIHIHHICTh, BiITBOPIOBAHICTh

MOKa3aHb, MBHUIKICTh BIJATYKY, B3a€MO3aMiHHICTb 1 He-
00XiJ[HE CITiBBiTHOLICHHS CUTHAJI-IITYM;

— BHCOKa HAJIMHICTh: TPUBAJIUH TEPMIH CIYKOH,
CTIMKICTh 1O 3MiH B 30BHIIIHEOMY CEpPEAOBHIII, Oe3BiI-
MOBHICTB B p00OTi;

— TEXHOJIOTIYHICTh: MaJli rabapuTH i Maca, IpoCcTo-
Ta KOHCTPYKIii, iHTErpajJbHe BUKOHAHHS, HU3bKa COOi-
BapTicTh [7].

Ho cxnany ®XC, 1m0 BUKOPUCTOBYIOTHCS IS 10~
CIIJDKCHHS SIKICHOTO Ta/ab0 KUIBKICHOTO CKJIaay Ta3o-
BUX a00 pIJKHX CepeoBHIL, BXOJTH JBa OCHOBHHX
KOMITOHEHTa — JIETEKTOPHA PEYOBHMHA Ta PEECTPATOP.
JlerekTopHa pedoBHHA (CKOPOYEHO JETEKTOp) MOXKeE
OyTH pO3TalIOBaHWII B 00’€Mi YapyHKH ceHcopa, abo
3ahikCcOBaHUIM Ha MiTKIamI poOOYOi MOBEPXHI BCepe-
niHI cercopa. Jletektop GopMye CeleKTUBHUH SKICHUIH
Ta KUIBKICHUH BIATYK Ha aHAJIT, 1[0 BH3HA4YalOTh. BiH
Moxe Oyt (izmyHoi ab0 XiMiYHOI MPHUPOIH, B 3AJIEK-
HOCTI BiJ THITy B3a€EMOJIN 3 HUM aHajiTa. Peectpatop —
LIe TPUCTPIii, 110 BUMIpIOE 3MIHH Y JAETEKTOpI CEHCOpa
3aBISIKM B3a€MOMISAM (peakxiiisiM) 3 aHaJiToM (pe4yoBH-
HOIO, SIKYy BH3HA4yaroTh). 3arajbHa cxema (yHKIIiOHY-
BanHg O XC 300pakeHa Ha puc. 1.

B 3anexxHocTi BijJ Xapakrepy BiATYKY (aHamiThy-
HOT'0 CHUTHAIY), 1[0 BUHUKAE B neTekTopi ®XC, iX moi-
JISIFOTH HA TaKi THITU: eJEeKTPOXiMivHi, eNeKTPUYHI, Mar-
HITHI, TEPMOMETPHYHI, ONTHUYHI, G10CEHCOpPH, TOIIO.
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Puc. 1. dyHKIioHaIBHA CXEMa BUMIiPIOBaHb 3a JIOMOMOT0I0 (hi3UKO-XIMIYHOTO CeHCopa

Onrtuuni @XC € oHi€I0 3 HANBAKIIUBIIINX KAaTEro-
piit ®XC. B 3a1eKHOCTI Bii TUITy ONTHYHHUX CEHCOPIB iX
Iisl 3aCHOBaHA Ha TpHHIMIAX [8, 9]: MOrTHHAHHA CBITIIA
(abcopOryist), BiIOUTTSI, pO3CitOBaHHS MEPBUHHOrO (Iaza-
F0YOTr0) CBITJIOBOI'O ITOTOKY, MOJIAPHU3ALIil, JFOMIHECIICHITII.
[lpy 1bOMY BHKOPHCTOBYIOTBCS 3aJIE)KHOCTI ONTHYHHX
BJIACTUBOCTEH cepenoBUI] (KOS(ilieHTIB IMOTTMHAHHS,
3aJIOMJICHHSI, BIIOUTTS Ta 1H) BiJ| KOHIECHTpALIIl aHAIITY.

Y pobOTi pO3MIAHYTO MEXaHI3MH MPOIECIB Ta
npuHouny nodynosu ontuaHoro ®XC 3 BuUKOpHCTaH-
HSIM HaHOTEXHOJIOTiIH JUIsi BU3HAYEHHSI KOHJIEHCOBAHOI
apOMAaTHKH B BOAHUX 00’ €KTaX AOBKLILISL.

ONTUYHMK CeHCOp Ha OCHOBI
HaniBNpPoBiAHUKOBUX KBAaHTOBO-
PO3MipPHUX CTPYKTYP: KOHCTPYKLif
Ta NpUHUMXN poboTH

3BaKarOuM Ha XapakTep BiATYKY, IIO BHHUKAE B
JIETEeKTOPHOMY IIapi CEHCOpPY, 10 ONTHYHHX CEHCOPIB

MO)KHAQ BIJHECTH PO3POOJICHUH HaMH HaHO(DOTOHHHIMA
CEHCOp Ha OCHOBI KBAaHTOBO-PO3MiIpHHX JETEKTOPHHX
cTpykTyp st Bu3HauyeHHs [TAB y BomHuX 00’ektax
nmoBkULIA. Jlami OLIBII JMETaqbHO PO3TIITHEMO HOro
KOHCTPYKIIIO Ta IPUHIUIT POOOTH.

[MpuHuMnu HaHO(OTOHIKK peai3yloThCs B JaHO-
My IPHCTPOi NUIIXOM 3aCTOCYBaHHS BIIOPSAKOBaHHX
MOHOMOJIEKYJISIPHUX MIapiB HamiBnpoBiguukoBux KT
tuty CdTe, mo HaHOCITh MeronoM JlaHrmiopa-
Brnomkerr (JIB) Ha poGouwmii enektpon cencopa. baso-
BUMH TPUHIUINAMH HaHO(OTOHIKH € TPOCTOpOBE 00-
MEXCHHS Ha HaHOPIBHI B3aeMOIii ()OTOHIB Ta EIEKTPO-
HIB, [0 3HAXOJITHCS y KBAHTOBOMY 00’€KTi. Bupimien-
HS 1€l 3a1a4i 3HCHIOETHCS 32 JIONIOMOT'OI0 BifIOBII-
HUX piBHsHB [lpesinrepa 3i 3HAXOKEHHSM XBUIIbOBUX
(YHKIIIH Ta 3HAaUYEHHS €HEepTii KBAHTOBOI CUCTEMH.

HaHodoroHHMiT ceHCOp B SKOCTI JETEKTOPHHX
€JIEMEHTIB MICTUTH BIODPSAKOBaHI MOHOIIAPU HAaHOMa-
TepiamiB, SIKI HAHOCAThCS 3a jgornoMorol Mmeroxa JIb
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[10, 11]. HanomaTepianu mpeacTaBisiOTh COOOI Harli-
BITpoBinHKUKOBI kBaHTOBI ToukU (KT) Trmy CdTe.
l'onoBuumu nepeBaramu KT mpu ix 3acTocyBanHi
SIK JIETEKTOPIB y IMOPIBHSHHI 3 OpraHIYHUMH JIFOMiHO-
¢dopamu € ix QoToxiMiuHa CTaOUIBHICTh, BY3BKHU
CHEKTp BUIIPOMIHIOBAaHHS, ONTUYHE Ta HEONTHYHE (TIpH
pexomOiHanii HOCIiB 3apsimy) 30y/KeHHs, BUCOKI KBaH-
TOBMI BMXIJ Ta 1HTEHCHBHICTEL JIFOMIHECLIEHIIII, 3aJI€K-
HICTh CIIEKTpa JIFoMiHecIeHIi1 Bix po3mipiB KT. 3i 3me-
HIIEHHsM po3MipiB simpa KT MakcumMyMm  JOBXUHH
XBHWJIb TIOTJIMHAHHS T BUMPOMIHIOBAHHS CTaHOBJIATHCS
mennie [12]. Takum unHOM, 3MiHIOIOYH pafiyc sapa KT,
MOXKHa TIEpEHAJIAIITOBYBATH HE TUTBKU JOBXHHY XBUIII
BUIIPOMIHIOBaHHSI, aJie i BU3HAYATH 1HIII aHAIITH.

Jst KT, sk 1 aj1s1 O1IbIIOCTI OPraHiqHUX MOJIEKYII,
XapakTepHi NPOIECH OKUCIICHHS Ta BiJHOBIEHHS. Enex-
TPOXiMisi pO3UMHEHHX Yy BiAnoBiqHOMY po3unHHUKY KT
3aCHOBYETHCS Ha TIEpeHOCl 3apsimy (eneKTpoHa) Mik
enektpoaoM Ta KT 3 yTBOpeHHAM 3apsIKeHUX YacTOK,
aHAJIOTIYHMX 10H-paJIMKallaM OpTaHIYHUX MOJIEKYJI.

Konm moteHIian enekTpoja CTaHOBUTHCS HEraTH-
BHUM, €JEKTPOHU IH)XKEKTYIOThCS B 30HY MPOBIIHOCTI
(E.) KT, neperBopioroun ix B aHiOH-paJiuKaiid. AHajo-
TiYHO, ITPY TO3UTUBHOMY 3apsilli eJeKTposa eNeKTPOHH
3 BiJIIOBITHOTO 3aITOBHEHOI'O DPiBHSI €HEprii BaJEeHTHOI
30U KT mepexomsiTe 10 eNeKTpoay, YTBOPIOIOUH AipKH
B BasieHTHi# 30Hi (E,), TuM camum neperBoproroun KT y
KaTioH-pagukai. EnexTpoxiMidHi peakii, 10 HpoOTiKa-
I0Th B CEHCOPHOMY IPHCTPOI, XapaKTepH3yIOThCs Iepe-
HOCOM €JIEKTPOHA BiJl IOHOpa 0 aKLENTOopa eleKTPOoHa.
Taxuii nepeHoC eJIEKTPOHIB CIifl PO3IVISIATH SIK MEPEXi
€JIEKTPOHIB MiXK MOJIEKYJIIPHUMU opOiTansamu (puc. 2).

KT AY
4 LUMO
- TN
E. A A%
Iy s HOMO
SR SO0 A
a
KT
E _%__‘ AT
LUMO
——$—— HOMO
e

0

Puc. 2. Cxema peaxkiiii mepeHocy eJIeKTpoHa
Misk anionom KT~ Ta kaTioHoM aHamiTy A': a — MOXKIMBI
BapiaHTH peaxilii; O — HEMOXKJIMBUIA BapiaHT peaxiii

[lepenoc enekTpoHa MiXK iOHHMMH (opMaMu pea-
T'YIOUMX PEYOBHH OyJe MPOXOJUTH B TOMY BHIAJKY,
sKIo mupuHa 3aboponeHoi 3ouu KT Oyne piBHOIO 200

MEHIIOI 33 PI3HUII0 MK TPaHUYHHMHU OpOITAISIMU
Mosekynu [TAB. TakuMm 4YMHOM CYTTEBO ITiABHIILYETHCS
CEJIEKTUBHICTh aHaII3Yy.

PexomOiHaIlisl aHIOH- Ta KaTiOH-paJuKaNiB JTaHOL
KT wMoxe mpuBecTH A0 YTBOPEHHS EJIEKTPOH-
30ymkenoro crany KT*, BUIpoMiHIOBaIbHA J1€3aKTHBA-
sl KOTPOTO NPEJCTABISAE ONTUYHUNA aHATITUYHUHA CHT-
HaJl ceHcopa.

s xopekTHOTO BHOOpPY po3mipy KT moxHa cko-
pHUcTaTUCS KBaHTOBO-MEXaHIYHUM METOIOM pPO3paxyH-
Ky, BHKOPUCTOBYIOUM HAIIBEMITIPUYHUHA PO3IIMPEHUH
MeToa Xaptpi-Poka 3a ITOMOMOTrOd MaTEMAaTHYHUX Ta
KBaHTOBO-XIMIUHHX Iporpam, Takux sk Gamess 6.0.

Po3pobnennit HaHOPOTOHHUI CEHCOPHHH IpH-
CTpifi TpeacTaBisie COOOK MPOTOYHY SUEHKY 3 JBOMA
€JIEKTPOJIaMU — poOOYMM Ta JonoMikuuM [13].

PoGounii enexTpos NpencTaBisie ONTUYHO IPO30-
Py CKISIHY MiJKIAJAKY, sSKa IS 3a0e3IIeUeHHs] eJIeKTPO-
MPOBiTHOCTI MOJM(]iKOBaHA MPO30OPUM CTPYMOMIPOBIJ-
HUM NOKpUTTAM In,O;. Ha ocranHe HaHOCATH BHOPSI-
KOBaHUI MOHOMOJICKYJSIDHHI IIap 3a JIOTIOMOTOI0 Me-
tona JIb naniBnpoBignukoBux KT.

Bubip mpo3opoi miakiaJKd TOSICHIOETBCS HEOO0-
X1THICTIO peecTpalii ONTHYHOrO aHAIITHYHOTO CUTHAITY
(OTOENEKTPOHHUM TIOMHOXKYBaueM, IO CTUKYEThCS 3
30BHIIIHBOI0 TIOBEPXHEI0 pOOOYOro eekTpoaa abo 6e3-
rocepeHbo, ad0 3a IOTIOMOIOI0 CBITJIOBOAY Ta TEXHO-
JIOTi€10 BUTOTOBJIEHHSI CEHCOPHOI'O MOJIYJISI.

Meron JIb — TexHOJIOTISI OTPUMAaHHS YIIOPSIIKOBA-
HUX MOHO- 200 MYJBTHMOJEKYJSPHHX IIapiB YacTOK
LUISIXOM TIEPEHOCY Ha MOBEPXHIO TBEPAOI MiJKJIAIKH 3
KOHTPOJIbOBAHOIO TOBIIMHOIO, IIUJIBHICTIO CTPYKTYPH Ta
HEOOX1THOIO aJire3ier0 MOHOIIAPIB aM(pi(piIbHUX CHONYK.

s cTBOpeHHsT HaHO(OTOHHOT'O CEHCcopa PO3YHH
HAHOYACTOK PO3MILIYIOTh Ha IIOBEpPXHI (a3 IOBiT-
ps/Bona JIb Banuu (puc. 3, a).

a 0

Puc. 3. Metoa Jlanrmiopa-brnomxkert: a — cxema
(hopMyBaHHS MOHOMOJICKYJIsIpHOT0 Ti1apy B JIb BaHHI:
1 — JIb BaHHa; 2 — ME€XaHi3M OITYCKaHHS ITiIKJIAIKH;
3 — Baru Binbrensmi; 4 - mnaBatounii 6ap’ep;

5 — posuun KT Ha moBepxHi 01IUCTUIIHOBAHOI BOIIH;
6 — TBepIOTIIbHA TiAKIAAKa; 0 — HAHECCHHS YaCTOK
Ha migKnaaky meroaom JIb

[Micns  popmyBaHHSI BIOPSAKOBAHOI MIIIBHOYTIA-
KOBaHOI CTPYKTYpPH, B 3aJI)KHOCTI BiJl OTPUMAaHOI ILTiB-
ku (rizpodobHoi UM rigpodinbHOi) BinOyBaeThes mepe-
MIIIEHHS MiIKIAAKA B BOAHY a3y um 3 Hel (puc. 3 a, 0).
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B pesynbrarti BinOyBaeThcst poOpMyBaHHS ILUTIBKH, MIITHO
3B’sI3aHOI 3 MOBEPXHEIO MiaKIaaku [14].

Moaudikarist pododoro enekrpona KT ne nurmie
3HAYHO 3MEHIIYE KUIBKICTh BUTPATHUX PEAreHTiB, ale i
Jla€ MOXKJIMBICTD 0araTopasoBOro BUKOPHUCTAHHS CEHCO-
PHOTO IPUCTPOIO.

[Tpu npoBeneHH] aHATITUYHUX JOCHTIKEHb Y BOJI-
HOMY 3pa3Ky MOXKE€ 3HaXOJMTHUCS CYKYIHICTh pi3HOMa-
HITHUX MOJIEKYJN, SIKi MOXYTh BCTYIAaTH B PEaKIilo 3
JIETEKTOPOM, IO TEPelIKOKAITh aHamizy. s mia-
BHIIICHHS CEJCKTHBHOCTI XIMIYHOI peakiii y ceHcopax
JAHOTO THITy HEOOXIiAHO OTpUMAaTH iH(OpMaIilo IMpo
€Heprii rpaHMYHUX MOJIEKYJSIPHUX OpOiTajied 4acTok
nerekropa Ta anaiita. Jlonop (KT) 3 Halibinbmiow eHe-
pri€o BUINOi 3alOBHEHOI MOJICKYJISPHOI opOiTaii
(HOMO) Oyne nermie BimgaBaTH €IESKTPOHU HapTHEPY
peakuii (ananity). Anainit (ITAB) 3 HIWKHBOIO He3aIoB-
HEHOI0 MoJleKyyspHoo opOitamiro (LUMO) mnoBuHeH
Jieriie npuimMatu enextponu [13].

Y HaHO(POTOHHOMY TIPUCTPOI 3aKpiIUICHI Ha PoOo-
yomy enekrponi KT e nerekropurmu enemenramu [TAB.

[Iporiec, Mo MPOTIKaOTh Y HAHOG)OTOHHOMY CCH-
COPHOMY MPHUCTPOI 3 ONTUYHUM aHAJITHYHUM CHIHA-
JIOM, MOKHA OIMCATH 32 JIOTIOMOT'OF0 TaKMX PEeaKIii:

KT +¢ — KT,
[IAB — ¢ — I[IAB",
KT + IIAB" — KT* + [1AB,
KT* — KT + hv.

Toxi MexaHI3M CBITJIOBHIIPOMIHIOIOUUX MPOLECIB
y HaHO(OTOHHOMY CEHCOP1 MOXKE OyTH MpeICTaBIICHUIMA
HACTYITHOIO CXeMOI0 (puc. 4):

KT IIAB" KT

1IAB

o LUMO

- HOMO

Puc. 4. Cxema mporiecy eJIeKTpOXeMITIOMIHECIICHTHOTO
(EXJI) Buznauenns [TIAB y BomHOMY cepenoBuIii

[Ipu momavi HAPYTH HA EJICKTPOIH BiAOYBa€eThCS
MIEPEHOC SIEKTPOHIB MIXK €IEKTPOIOM Ta BiIIOBITHUMH
MOJIEKYJIaMH 3 YTBOPEHHSM 10H-PAJMKAIIB MOJEKYJIH-
ananity I[TAB' Ha NpOTMBOENEKTPOMdi, a TaKOX iOH-
paaukaniB KT, ancopOoBaHux Ha poOOYOMY €IEKTPOII
HaHO(OTOHHOTO CEHCOpY.

B pesynbTarti 1poro, karionn [IAB' mudynmyors
1o aacopboBanux KT i BcTynaroTh 3 HUMHU y B3a€EMO-
nito. PesynapraTom peakuii € YTBOpEHHSI CHHIJIET-
36ymKenoi popmu KT  y BUNamKy BHIPOMiHIOBAHHS
kBaHTa cBiTia hv. lon-pagukanu I[TAB noBepratorbcs B
OCHOBHUH He3apsKEHHUH CTaH Ta 3HOBY IEPEMIIIyIOTh-
csl B HANPSIMKY JOMIOMIXKHOTO enektpona (puc. 4).

SIkio Mu Maemo cyMill, sika ckiamaerbes 3 [IAB
Ta IHIIMX MNEPEHIKOKAIOUMX aHaNli3y KOMITOHEHTIB,

BHOIp KBAHTOBOi TOUYKMA 3aCHOBAaHHMH Ha HACTYITHOMY
MIPUHIHII, CXeMaTHYHO 300pakeHOMY Ha puc. 3 [15].

Yuciio KBaHTIB, BUIIPOMIHEHHX 3a BU3HAYEHHI 4ac
t, € MipoOIO BMICTY aHami3y [16]:

t

j Loy, (Ddt = f(c,) ,

0
ne lex; - IHTCHCUBHICTD BHUIIPOMIHIOBAHHS; C, - KOHIICHT-
pallis aHaliTy B 3pasKy.

3BIZIKH 3a JOITOMOTOI TONEPEIHBO MOOYIOBAaHUX
rpaayiioBanux rpadikis I = f(c,) KiJIbKICHO BU3HAYaAIOThH
BMICT aHaJIiTy, IO 1 XapaKkTepu3ye CYTHICTh HaHO]O-
TOHHOTO METO/Ia JIETEKTYBaHHSI.

CcdopmoBaHuii TakMM YHHOM CEHCOp Mae€ MiHia-
TIOPHI PO3MIpH, BOJIOJII€ BUCOKOIO CEJIEKTHBHICTIO Ta
HHU3BKOIO MEXEI0 BU3HAYCHHSL.

Ha puc. 5 npencraieHa KOHCTPYKIIisl 3aIIPOIIOHO-
BaHOTrO HaHO(OTOHHOT'O ceHcopa 1yist Bu3HaueHHs [IAB
y BOJHUX 00’ €KTaX HaBKOJHMIIHBOTO cepenoBuiia [14].

10

Puc. 5 — KoHctpykiiist HaHOQOTOHHOTO CEHCOPHOTO
npuctporo: 1 — BBix npodu; 2 — podouwnii [TO-
eNEeKTPOx; 3 — miAKIanka; 4 — MPOTUBOECIEKTPO/I;

5 — yIIiIBHIOBATIBbHA NIPOKITANKA; 6, 7 — KIEMH IS
I AKIIFOUEHHS] pOO0YOro Ta JJOMOMI’KHOTO €JIEKTPO/IIB;
8 — poboua xamepa; 9 — monomapu KT (nerexropHuii
enemenT), 10 — BUBi poOu

B skocti peectpaTopa CHrHajdy JIIOMiHECIEHIT
HaHO(OTOHHOI'O CEHCOpPa BUKOPUCTOBYETHCS (POTOETIEK-
TpoHHMHA mHoMHOXyBay Hamamatsu H5784-20, posta-
LIOBaHWH 330BHI ceHcopa. [IpokauyBaHHS pO3UMHY ye-
pe3 HaHO(OTOHHHI CEHCOp MOXKe 3[iMCHIOBAaTHCS Oe3-
MepepBHO ab0 K Ha Yac aHali3y MPOKavYyBaHHS MPOOH
MOYKE TIPUITUHATHCS; TMICISI Y0ro mpoda BUAAIIETHCS 3
pobouoi obyacti ceHcopa NPOMHBaHHIM OydepHUM
pozurHoM [17]. Lls obcTaBuHa 0OYMOBIIOE BiITBOPIO-
BaHICTh TMPOBCICHHS aHAJI3y B CEHCOpi, IO TaKOX €
BIIMIHHOIO XapaKTEPUCTHKOO JaHOI KOHCTPYKINI [18].

Crij 3yINMHUATUCS Ha Ti OOCTaBHHI, IO Mij Yac
MIPOBEACHHS aHaNi3y (aKTUYHO HE BiJI0YBa€ThCs BUTpaA-
ta gerexropHux peuoBuH (KT), ockinbku BOoHH 3adik-
COBaHI Ha CJICKTPO/i. 3 i€l MPUYUHK MPOBEICHUIN aHa-
73 crae OUTBII €KOHOMIYHMM Ta EKOJIOTIYHO JIPYXK-
HiM(HE BUMHBAIOTHCS MiJl 4ac TPOMHUBAHHS JOCTATHHO
TOKCHUYHI €IEMEHTH JIETEKTOPHOIrO IIapy), M0 € aKTy-
aJBHUM Ha ChOTOJHIIIHIH JAEHb.
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Ingpopmauyinni mexunonocii ¢ meouyuni

PyHKLiOHanbHa cxema iHdpopmauinHol
CUCTEMM AN OTPUMAHHSA Ta 0OpPOOKU
aHaniTM4Hoi iHcpbopmauii Ha OCHOBI
HaHO(OTOHHOro ceHcopa

Indopmaniitna cucrema (IC) mnst oTpumanHs Ta
00poOKM aHAMITHYHOI 1H(opMaIlii (puc. 6) 6a3yeTbes
Ha OCHOBI HaHO(GOTOHHOI'O CEHCOpa, SKHi Bimirpae
KJIIOUOBY DOJIb JIETEKTOpa B JaHiil cucremi. MeToro
¢ynkuionyBanus IC e orpumanHs indopmamii mpo
00’€KT JOCII/PKEHHsI, B JAaHOMY BHUIAJKy KUIbKiCHOI
omiHkud HasBHOCTI BIl y BimiOpaHuX 3pa3kax BOIH.

[Ipoba mpOXOAUTH €TamM OYHCTKH Ta JOCTABJISIETHCS
MIPUCTPOEM BBOJY B HaHO(OTOHHUI CEHCOp, A€ Ipo-
BOAWTHCA aHami3. /[ 1bOro Ha EIEKTPOAHM CEHCOopa
MTOIA€THCS CICKTPUYHHUI CUTHA Yepe3 MPHUCTPIi enek-
TPOXIMIYHOTO 30YIDKEHHSI — €JEeKTPOXIMIYHUI MOTEH-
iocTatT, SIKUH € HEOOXITHUM JIs MPOBEICHHS CICKT-
poxiMiyHMX peakimiid. OCKIIBKHA IIBHIKICTH peaKIii
OJIHO3HAYHO BU3HAYAETHCS KOHIIGHTPAIECIO pearyro-
YUX PEUOBUH Ta KOHTPOJIIOETHCS MOTEHIIAIAMUA OKHUC-
JICHHS Ta BiJHOBJICHHS PEYOBHH, ICHYE UiTKa 3allexK-
HICTh MDK KUIBKICTIO (DOTOHIB, IO PEECTPYIOTH, Ta
KOHIICHTPAI[I€I0 PEUOBUHU-AHAITY.

INazepunii P
e TR g - » brox yrumisamii
Brnok DBE:[L"“” - GJI0K OUHCTKH > aH‘d."li'—lﬂTOp > HdI]U(IJE}TCI'H"I‘i" Lt \_ y : Al
1npohu ) EHC BLIXOIB
P 4ACTOK cencop
A A
Y A
[MpueTpiit . .
YIOPABRIHHA T2 | Mpr CapH Horenuiocrar
koHTpomo | peecTparii
A A
Y
1K » basza nanmx
| | |
| CBMBI I
1 Y |
1 I
k ’ ; Flash I
| MomTop Jlazepui qucku 2 I
1 M 'ATh I
| I
1

Puc. 6. Cxema iHdopmaniitHOT cucTeMH JJIst OTpPUMAaHHS Ta 00OpOOKH aHaTITHYHOI iH(popMarii

BusBienss naHoi 3ay1eKHOCTI HEOOXiHE HA erari
MoOyIOBH KasliOpOBOYHOI KPUBOI TPH JTOCIIHDKEHHI MO-
JIeNTbHUX (CTaHAAPTHHUX) 3pa3KiB 3 BIOMHUM BMiCTOM
PEUYOBUHH, IIO BU3HAYAETHCS. 3aJISKHICTH (OTOCTPYMY
MIPUCTPOIO peecTpariii — HOTOETIECKTPOHHOTO TTOMHOXKY-
Baya BiJ KOHIICHTpAIlii aHAJITy JO3BOJIIE OTPUMATH
KaJ1iOpoBOYHUI rpadik.

[icns mpoBeeHHS aHANTi3y MpoOa BUBOIUTHCS 3
CHCTEMH 1 NPU HEOOXiJHOCTI YTHJII3YEThCS B IPHCTPOI
yruiizanii. @oToCTpyM 3 TPUCTPOIO peecTparlii moTpar-
JIsi€ HA TIPUCTPiM yHpaBiiHHSA Ta 0OpoOKH iH(OpMAIi,
10 Kepye poOoTOr0 (POTOSNEKTPOHHOTO TOMHOXKYBaya i €
MIPUCTPOEM CHPSDKEHHS JaHOI CUCTEMH 3 NEPCOHATBHUM
koM’ torepom (I1K). Jami indopmarist oOpobnseTses,
HAKOMUYYETHCS Ta 30epira€ThCsl y BUMIISII 0a3 NaHMX, SKI
€ JIOCTYITHUMHU JUIsl KOPUCTYBaya 3a JIOMOMOT'OI0 CHCTEM
BUBOAY Menuko-Oionoriynoi iHdopmanii (CBMBI) —
MOHiTOp, JlazepHi nucky, Flash mam'sats, Tomio.
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CEHCOP HA OCHOBE NMonynPOBOAHMKOBbIX KBAHTOBO-PASMEPHbIX CTPYKTYP ONA
ONPEAENEHUA KOHOEHCMPOBAHHOU APOMATUKN B BOAHbIX OB bEKTAX OKPYXXAIOLLEU CPE[bI

0O.A. Cymixo, H.H. Poxxunxuit

B pabome npeocmasnen 0630p cyujecmgyroumux QuuKo-XuMuU4eckux ceHcopos, UCHONb3YeMblX Oisi onpedenenus Xumuye-
CKUX OP2aHUYecKux KaHyepoeeHos 6 60OHbIX 0ObeKkmax oxkpycaroweil cpedvl. Ocoboe gHuManue YOensemcs ONMUYecKUM CeHCo-
pam, 8 cocmag Komopuix 6x005m HaAHOMAMEPUAibl, MAK HA3LIBAEMbIM HAHOPOMOHHLIM cencopam. Onucanbvl npunyunst pado-
mbl, NOCMPOEHUs. U NPUMEHENUs. PA3PAOOMAHHO20 HAHODOMOHHO20 CEHCOPa Ollsl ONPeOenens KOHOCHCUPOBAHHOU APOMAMUKY —
NONUYUKTUYECKUX apOMamuieckux yeneeo0opooos (IIAY) 6 eoonvix obwvexmax okpyoicaioweli cpedbl HA npumepe 0OHO2O U3
naubonee bonee spednvix npeocmasumeneti kiacca I1AY — 3,4-6enzofalnupena. [peumywecmeamu pazpabomxu seisiemcs npo-
cmoma u deuiesusna KOHCMPYKYuY, dKCNPeCcCHOCMb AHATU3A, HU3KULL npeoen 0OHAPYIICeHUs, GbICOKAS CENeKMUSHOCMb U 603-
MOJICHOCTb ABMOMAMU3AYUU AHATU3A, 0OPAGOMKU, XPAHEHUs U HAKONTEHUs UHDOPMAYUL, YMO 06YCIABAUSACH 603MOICHOCHTb
ee npuMeHeHUs: 8 IKOA02UU, MeouyuHe u gapmayuil.

Kniouegvie cnosa: ungopmayuonnas cucmema, onmuyeckuii cencop, HAHOGOMOHUKA, NOTYNPOBOOHUKOBbIE KEAHMOBO-
pasmepuble CMpPYKMypbl, ROTUYUKTUYECKUEe apomMamuyeckue yeneso0opooul, 3,4-benzofalnupen.

SENSOR BASED ON SEMICONDUCTOR QUANTUM-SIZE STRUCTURES FOR CONDENSED AROMATICS
DETECTION IN ENVIRONMENTAL WATER OBJECTS

O.A. Sushko, M.M. Rozhitskii

The paper presents a brief overview of physical-chemical sensors used for carcinogenic compounds detection in water ob-
Jects. Particular attention is paid to optical sensors which are based on nanomaterials and called nanophotonic sensors. We
describe the principles of operation, construction and application of the proposed nanophotonic sensor for the determination of
organic carcinogens such as 3,4-benzo[a]pyrene which is one of the most harmful from PAHs in aqueous solutions. The advan-
tage of device is the simplicity and low cost, express method of analysis, low detection limit. High selectivity and the ability to
automate analysis, processing, preservation and storage of the information makes possible its use in the environment, medicine
and pharmacy.

Keywords: information system, optical sensor, nanophotonics, semiconductor quantum-dimension structures, polycyclic
aromatic hydrocarbons, 3,4-benzo[a]pyrene.
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