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LLIMPOKO SACTOCOBYBAHI

TPAHCOBbIOCEPU TA CEHCOPHI LLAPU

npod. B.A.CKkpuwieBCbLKNUMn



NMOJIIMEPU

NMonimepwn (Big rpeu. polymers — cknageHun 3 BaraTbOX YacTWH) — LEe PeYOoBUHWU, SKi
CKNnagarTbCs 3 MaKpOMOJSIEKY, MOMEKYSIAPHUX MNOSTIMEPHMX NaHutoris. ToMy 1X HasnBatloTh Lue
BMCOKOMOSEKYNAPHMUMKM crnofiykaMn. ICHyt0Tb aK npupodHi (6ionorivyHi nonimepwn), Tak i

CUHTETUYHI.

OcHOoBHa xapakTepucTuka MnoniMepHOro naHuwra — KinbKicCTb MOHOMEPHMX JlaHOK N —
Ha3uBaETLCA CTyNeHeM nosimMepusaLil; MOnekynspHa maca Ta KOHTYpHa OOBXWHA naHuora
npsimo nponopuiiHa N. Ons TMNnoBMX CUHTETMYHMX nonimepis N ~ 102-104, ans Giononimepis

AHK N ~ 10°.
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Polyphenylene vinylene (PPV)
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3aBAsKM naHUloOroBin OyaoBi Monekyn Ta IX BeJriMKin OOBXWUHI nonimepu
HabyBalTb cneundgiyHux i3aMYHUX BNacTUBOCTEM:

» 00'egHaHHA MOHOMEPHUX NaHOK Yy MOSIIMEPHI NMaHUKrM nuwiae ix BifibHOro
He3arnexHoro TpaHcnsAuiMHOro pyxy. 3aBasiku LbOMY A4 NOMiMEpPIB XapaKTepHi
aHOMaribHO BWCOKi CAPUMHATAMBOCTI OO0 OaraTbOX 30BHIWHIX A (MeXaHIYHUX,
efieKTpoOMarHiTHMX Towo);

* MOCIMIAOBHICTb MAHOK Y KOXXHOMY NOMiMEPHOMY NnaHUory ikCyeTbCca npu CUHTESI
nosiimepy, B3aEMHUW NEPETUH NaHUIONB Nig Yac pyxy MakpOMOJSieKyrn HEMOXIUBUIA
(rononoriyHa 3abopoHa). Tomy AOnsg nofniMepiB  XapakTepHi OoBrotTpuBana
TOMoJsIoriYHa nam'aTb MNPO YMOBWU CUHTE3Y Ta NepeaicTopil BiAHOCHOIo pyxy MaHoK,;

* MaKpOMOIEKYNAPHI JTaHUOMM CTBOPIOKOTL Aariekogirodi kopensuii, 3aBaskn YoMy
cneundiyHi onsa nonimepis i3nydHi BNacTMBOCTI QOPMYHOTLCHA OOCTATHLO BESTMKUMU
(MOPIBHIOKOYM 3 aTOMHMMMK) MPOCTOPOBO-4YaAcoOBMMM MacwTabamu, BOHW cnabo
3anexartb Big MiKpocKoniyHMX getanen XiMmiyHol OyaoBM MOHOMEPHMX JIAHOK |
SIKICHO YyHiBepcanbHi A4nsa nosimepis pi3HOro Tuny,

* MaKpOMOSEKYNAPHI NaHurm QOpMYyTb aHI30TPOMHI  eNeKTPOHHI  CheKTpwy,
3aBOsAKM YoMy nopad 3i 3BUHaNHUMU OIENEKTPUYHUMKU NoniMepamMmu ICHYIOTb TaKoX
noniMepHi opradiyHi HaniBNpoBiAHMUKW, MNPOBIAHWKW, HaANPOBIAHUKKU Ta
chepomMarHeTuKkm.



NMONIMEPU

There are two groups of polymer sensitive layers with
different sensing principles

*non conducting
epolymers e.g. modified polysiloxanes
ephthalocyanines

esupramolecular recognition structures e.g. resorcinarenes,
calixarenes, cyclodextrines,...

econducting

econjugated 7 electron system
ecarbon black



EnekrponpoBiaHi nonimepu

eNieKTponpoBiAHi MNoniMepu MalTb CripsKeHi 38'A3KuU B3O0BX BCIE€i CBOEI
OOBXWHN, €Ki 3abe3nevyloTb Aenokani3auito w-efeKTPOHIB  y3A40BX MNOMiMEepPHOI
monekynu. OpbiTani m-eneKkTPOHIB CRPSXKEHUX 3B'A3KIB MSTOCKUX MOSEKYN BUTATHYTI
y BuUrnagi BICIMKM NepneHauKynapHO MIOWMHI Monekynn. BoHn 3abesneuvyoTb
OOCTaTHbO [00pe NnepekpuBaHHA ENIEKTPOHHUX XBUITbOBUX (OYHKLIA  CYCIiOHIX

Moriekyn. ToMy m-efieKTPOHU MMOCKUX MOJSIEKYST AefioKani3oBaHi He TiNbKN BCepeaunHi
MOJSIEKYIK, ane 1 B340BX NaHutora.

NMpuknagu: noniaueTuneH, noninipon, noninapadgeHin, noniaHiniH

po3noAin eneKTpoHHOI rYCTUHU TT-opbiTarneu y rinotTeTu4HoOMy
OoAHOMIpPHOMY FNaHuUory, c-3B'A3KN—3alITPUXoBaHi (BUrnsg 3ooky)



Y HaunpocTiwin monekyni uboro Tuny — noniadetuneHi (CH), posxuHa naHutora
CAPSKEHHS1 X pgocsarae Kinbkox Tucad A. [llonimepHi monekynu 3ibpaHi y BOMOKHa 3
aiametpom 200 A. B3aemogiss HATOK y BONOKHI cnabka, i pyx enekTpoHiB Mae ogHOMIpHUN
xapaktep. Y pesynbrarti guMMmepusadil, a TakKoX KYJSIOHIBCbKOro BiOLITOBXYBAaHHA B
eHepreTM4HOMY CreKTpi m-eNneKTPOoHIB 3'aBNAeThbCA LWinuHa wupuHow 1,8 eB. Tomy umnctuu
noniaueTuneH — gienektpuk. JlerysaHHsa nosniayetuneHy atomamu K, Na, Br, |, opraHiyHumm
AOHOpaMW YW akuenTopamu Mpu3BOAUTL OO0 CYTTEBOrO 3POCTAHHA  MPOBIAHOCTI
noniaueTuneHy Ao 3HavyeHb ¢ ~104-10-2 Om1cm1.

H H H H

C C C ¢C
V4 VA V4 VAN
C\C \C \C \C

H H H H H

MoOreKyra noniaueTuneHy: 3niBa—po3noAin efnieKTPOHHOI NYCTUHM,
c-3B'A3KM—3aLlUTPUXOBaHi, cnpaBa—CTPYKTypHa opmyna. KoxxHun atom
ByrneyomMmae Tpu ¢-3B'A3ku 3 atomomMm H ta aBoma atomamm C i
AenokKanisoBaHUMN n-3B'A30K



JTiHiHI naHuroroBi MONEKynM MNoOMIMEPHOI NAIBKA Ha AieNeKTpUYHIA nigknaguyi MoXHa
yTBOPIOBATWU BHACNIOOK MPOLECiB nosiMepu3auyii — nocnigoBHOMO npuegHaHHA MOHOMeEpIB
00 noniMepHOro naHutora, Wo pocTe 3a CXeMOHo:

AN+ A= Ana

abo noslikoHOeHcauir, TOOTO
nocnigoBHoro  o6'eAHaHHs  OINAHOK
naHutora 3 BiflbHUMW BanNeHTHOCTAMMU
Ha KIHUSX 32 CXEMOHO:

AN"‘AI\/I _>AN+M

CH
e Small E, of ratation:
Falyimer phase ; high chain flexibility
S [low glass temperature |

Substrate for transduction of ARz AT, AC Ad

PicT naHutora 3akiH4yeTbCA Npu NpPUESHaHHI 40 KiIHLUA MaKpOMOeKynu
OLHOBareHTHOI cnosiykn abo (ans nonimepusaadii) npy BUMepnaHHi
MOHOMepa. BUKOPUCTOBYIOTb TaKOX METOAN TpadapeTHOro ApyKy, TEPMIYHOro
PO3NUMEeHHS Ta 30Mb-refb TEXHOSOrT oOpMYyBaHHSA NONIMEPHOI NIiBKK
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10.%

London dispersion forces (LDF, also known as dispersion forces, London
forces, instantaneous dipole—induced dipole forces) is a type of force acting
between atoms and molecules. They are part of the van der Waals forces




6 MM

TexHonorig BUIOTOBSIEHHA MOSIIMEPHMUX Tra30BMX CEHCOPIB 3acHOBaHaA Ha CUHTE3I TOHKMX
NONiMEPHUX MNSIIBOK Ha CEHCOPHIN CTPYKTYPi, Ky B HaWNPOCTILLOMY BMNagKy pobndaTtb 3a
OBOENEKTPOAHOK CXeMOK (OB 6NM3bKO po3TalloBaHi MeTaneBi CMYXKM Ha i30S1H0HYIN
nigknagui) ons BMMIPIOBAHHA 3MiHM OMopy B rasoBin aTmocdepi. [AnsanmH npoMmncrioBux
CEeHCOpIiB OYyXe CXOXWW Ha CEHCOp BOJSIOrOCTi HA OCHOBI MeTasn-OKCUAIB, OCKifIbKM MeTanesi
ernekTpoan pobnatb rpebiHvyacToro Tuny (OBi MeTani rpebiHKK, siKi BXOAATbL Of4Ha B O4HY) ANS
3MEHLLUEHHSI Ornopy CTPYKTypn, TOBTO uUe TpaHcabtocep rpebiHdyactoro Tmny IDT. Ha
3BOPOTHOMY 6oL nigknagky posTalloBaHO HarpiBady ansg nigTpUMKM CeHcopa npu 3agaHin
onTUManbHIN TeMnepartypi Ta TePMOPE3UCTOP, AKUA BUKOPUCTOBYETLCH Y CXEMi KOHTPOJSIO
Temnepatypu ceHcopa. CeHCop MIHIMI3yeTbCA 3a PO3MIPOM i MOHTYETbCS B CTaHOAPTHMX
Kopnycax.

nuusoBun Gik TUNBbHUA BIK
4 MM
Smim _
Top side: /- Bottom side:
Interdigital ' Heater _—
structure with / ‘3mm  andthermo-
20 min tin resistor —
diozidelayer / AN _
.-”f Flatimun dectrodes . )
Sapphire substrate Sensor mouited on ceramic socket
/I L\
/ TeM\nepaTypHuﬂ

enekTpoau Harpieay pesncTop
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Monekynu rasy agcopbytoTbCa Ha nofiMepHy NiBKY i, 3aneXHOo Big npupoan B3aemogil
agcopbaT—ancopbeHT, ENEKTPOHN IHXEKTYIOTbCA abo 3axonmnioTbca 3 00'eMy MNiBKAN.
3MiHM y cknagi ra3oBol aTMocepu BegyTb 40 3MiHU OMNopy ceHcopa. BumiptoBaHe
3Ha4YeHHA NPOoBIAHOCTI € KOMBIHALIE NPOBIAHOCTI NPUNOBEPXHEBOI (G, ), AKa 3anNexuTb
Big agcopbuii rady, i npoBigHOCTI 06'eMy NMiBKN G,)), AKa He 3anexuTb Big agcopouii
Mornekyn. ToAi 3 ekBiBarieHTHOI CXeMu OBOX naparnenbHUX NpoBigHOCTEN G, Ta G, | 3aKOHY
Oma MoXxHa 3anucaru, LWo 3MiHa LapoBoi NPOBIAHOCTI G

% %H- free -
&9 _ adsotbed 4[
" dhsorbed -
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T Sheet conductivity Og (MO [5]x10 * T Sheet conductivity ¢ 5]=10 N

PbPe (350 rm) on ALDL223)
NO4 corue ety ati oty 111 air, LTy
30 = menmor temnperature 443 I

50 ppb MO, inair

2077
- 207
G':'air ]
107 40 ppb 50 prb 10 ppb 100 ppb 10 Gy L UH
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0 1 1 1 1 fﬁ”jf»fd I 1 I 1 !
0 20 40 a0 a0 100 0 200 400 600 800 1000
t [1nin] =2 layer thiclness  d [umn] —

3anexHicTb WapoBoOIl NPOBIAHOCTIi NONIMEePHOro ceHcopa

(nonimep c¢pranoumnaHin ceuHuto PbPc, d = 350 HMm Ha niaknaaui Al,O;) Big yacy
npu nocnigoBHin nogayvi NO, pi3Hux koHueHTpauin (40, 50, 70, 100 ppb) y kamepy
3 atmocdepHUM noBIiTpsAM, T = 443 K; 6) 3anexHicTb WapoBOi NPOBIAHOCTI

BiA TOBLYMHM NOSIiIMEPHOro wapy npyv BUMiproBaHHI B pisHUX aTtMmocdepax:

50 ppb NO, y nosiTpi (1), noBiTpi (2), HagBUCOKOMY Bakyymi (3)



BukopuctaHHA nonimMmepiB gna po3ni3HaBaHHSA
agcopboBaHUX MOJIEeKYn

Molecules in Cl
the gas phase |

Cl C\M —CJ (a) Electron acceptor [ ; o/ (d) large molecules
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molecules (CO)

Selectivity




NMpuHUMN Ail ioHHOCEeNeKTMBHOI MeMbpaHu

Reference
electrodes

lon-selective
electrodes

lon-selective
membrane

=
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EMF (mV)

RT 2303RT
EMF = E¢+$|I1L‘Ij =EF +—

Li L F
59.2 mV

log a;




lonophore

complex Organic phase
E (bulk)
res
ionophore

Charge separation
layer (nanometer dimension)

Agueous phase
(bulk)

l(f';q +Cl,, K _+Cl__

K+ mem 9CI— , mem
K ex —

K+, aq 901, ag



Coated wire Conducting polymer

Wire
Wire
Conducting
lon-selective polymer
membrane lon-selective
membrane
(a) (b)

lon-sensitive field effect transistor (ISFET)

R AN =B

(c)

Potentiometric sensors with different types of internal solid contact.



Photocurable membranes developed for common 1ons and

deposited on potentiometric devices (in chronological order)

lon or molecule Device Membrane matrix
Nitrate ISE. ISFET Polyacrylate

Nitrate, ammonium Microsensor Silicon, acrylate
Potassium ISE, ISFET Polyurethane /acrylate
Sodium ISE® Aromatic epoxyacrylate
Lithium ISE* Aromatic epoxyacrylate
Ammonium ISE Polyurethane /acrylate
Ammonium, potassium ISFET Polyurethane /acrylate
Calcium ISE* Aromatic epoxyacrylate
Calcium ISFET Polysiloxane

Carbonate ISE Polyurethane /acrylate
Hydrogen ISE Polyurethane /acrylate
Nitrate, fluoborate ISFET Polyacrylate
Monochloroacetate ISE Polyurethane /acrylate
Anionic surfactants ISE Polyurethane /acrylate
Anionic surfactants ISFET Polyurethane /acrylate
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Figure 11 Polymer matrixes used to prepare ion-selective elec-

trode membranes.
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Plasticizers used for the preparation of ISE membranes.
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Figure 13 lonophore aggregation in ISE membranes: Dark
field microscopy images of membranes containing a bis-thiourea
ionophore (c) and 0 or 30 mol% cationic sites (a and b, respec-
tively) after exposure of the membranes to aqueous sulfate solu-
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rA30BI CEHCOPU HA AKYCTUYHHUX XBUTIAX

R o e e 3
A 1}

Bulk longitudinal ‘ & 1, =4000-12000m/s
wave

(a)

Bulk transversedd | -

T [l ¥ v, =2000-6000m/s

AV VAV

wave T N
e
(b)
—— A ‘jﬁree surface
i T
Surface(Rayleigh) T Y & vy =2000-6000m/s

wave _l_

(c)

Plate waves

(Lamb waves) TLEILEETTTETTY: < Symmetric 1, =2000-12000m/s

4 EEZITITCRITETER up Anti symmetic % =100-4000 m/s
T Faq

d

Fig. 2 Schematic illustration of motions of groups of atoms shown in cross-sectional
views of solids as plane elastic waves propagate to the right. Vertical and horizontal
displacements are exaggerated for clarity; typical wave velocities are shown at right
(a) bulk longitudinal wave in unbounded solid; (b) bulk transverse wave in unbounded
solid; (c) surface acoustic wave (SAW) in semi-infinite solid, disturbance extends below
surface to a depth of about one wavelength, 4; (d) waves in thin solid plates (Lamb waves).
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ULTRASONIC SENSORS

Elastic wave propagation along a path
whose characteristics can be altered
by a measurand

Fig. 6 Measurement options for ultrasonic resonators and delay lines.

) Resonator/
Delay line Transducer
e T
Passive Feedback Oscillator Passive
device QOscillator device
Measure Measure oscillation Measure fres
|.L..phase frequency Q,Zin |
shift




OB'€CMHI AKYCTHUYHI XBUJII

CeHcopu Ha 06°‘eMHUX aKyCcmuU4YHUX X8UJIsIX B aHITMIOMOBHIN nitepaTypi — bulk acoustic wave
sensor (BAW) HasumaloTb we no-iHwomy — thickness shear mode resonator (TSMR) —
MOOO08UM pe30HamopomM 3MiHU moewuHu abo quartz micro balance (QMB) — keapyosum
Mikpob6asiaHCOM 3aBOAKWM iX YyTNMBOCTI A0 3MiHM Macu. AKYCTUYHI ceHcopu 6a3sytoTbcsa Ha
BUKOPUCTAHHI MPY>XHUX XBUMb Y M'€30€NEeKTPUYHNX KpucTanax, aki BUHMKaTb NPy NpuKiageHin
3MiHHIn Hanpysi. Poboya yactota nexmuTb y Mexax Big MerarepuiB A0 4acTok rirarepui. Y
GaraTbOX BMNagkax BUXIOHMM CUrHarMOM CeHcopa € 4acToTa, sika MOXe AyXe MpocTo
BU3HA4YaTUCS 3 BUCOKOK TOYHICTIO 3aBASIKM Cy4aCHUM BUMIpIOBanNbHUM npuiagam enekTpoHiKu.

KBAPL —i== o
- P S I s 8 OO
eneKToo i o CxemaTnyHe
I/ N e ® . 306paxeHHs
@)
CEHCOpHMI | O O cercopa Ha
wap —:f K| O g 06'eMHMX
[ | N Mo O aKyCTUHHUX XBUNAX
MOneKynm
: aHanity
Am



HaunnpocrTiwi ynsTpasByKkoBi CEHCOPU BUKOPUCTOBYHOTb MIACTUHKY KBapLuy, 40
SIKOI NPUKIageHo 3MiHHY Hanpyry. 3pocTaHHA Macu ceHcopa npu agcopouii
MONNEKYI NEPETBOPHOETLCHA HA 3MEHLLEHHS YaCTOTU 3rigHO 3 PIBHAHHAM
CoypO6pes (Sauerbrey):

Af =—Cf hAm
A

I¢ Af —3CYB 4aCTOTH, Am — 3MiHa MacH, A — e(d)eKTHBHA ILIOIIa ceHcopa, f; — podoua

yacToTa, C; — mocTiliHa, siKa 3aJ1eXUTh B1Jl KOHCTPYKIIii, MaTepialy Ta poO0o4oi 4acTOTH
CEHCOpa, il Ha3UBAKOTh 2PAGIMEMPUYHUM KOEDIYIEHMOM YUYMAUBOCTI.

[na npuknagy, Yactota 6 Ml KpuctaniyHoro KBapLoBOro pe3oHaTopa 3MeHLLYETbLCS
Ha 1 'y npu ocagxeHHi Bcboro 12 Hr (12.107° r) pe4yoBUHM Ha nnouli 1 cM? Ha ogHOMY
boui pe3oHaTopa, OCKiNbKU rpaBiMETPUYHUI KOEQILIEHT YyTNMBOCTI ANA KBapuy Ha uin
YyacToTi JopiBHIOE 14 cm2T,



CeneKkTUBHICTb | YYTNNBICTb TAKUX CEHCOPIB AOCAraeTbCA 3a paxyHOK
BUKOPUCTAHHA PI3HUX NOKPUTTIB, HAcamMmnepeq, noniMmepis

Hanpuknag, sKwo nnacTuHy KBapuy MOKPUTU OY>KEe TOHKUM LapoM 30S10Ta, siKe Nerko
yTBOPKOE amarbramy nig gieto napis pTyTi, TO 3@ BUMipaMn pe3oHaHCHOI YaCTOTU TaKoro
CeHcopa MOXHa BU3Ha4YnTWM Macy PTYTi Ha NNacTuHi, a, BiANOBIAHO, i KOHLEHTpaLito 1i
napw.

Af, Ty
0
-20 [
Kineruka BignoBigi QMB cencopa
40 | IPH MOCTAIA0OBHIN moxavi
500 ~ 500, 1000 Ta 1500 ppm
TeTPaxJIopeTaH
-60 L 1000 P P Y
~ 1500
I I |

300 450 600 4ac, xB



ceHcopu QMB -Tuny MiHiMHI B LLMPOKOMY Aiana3oHi 3MiHM KOHLEHTpaLin

[lepeBaraMmun Takmx CEHCOPIB € BUCOKA CTabINbHICTb CUrHamny, MOXIuBICTb
pobOoTK NpU KIMHATHUX TeMnepaTypax Ta IX BUCOKa BiATBOPIOBAHICTb Npwu
BUPOBHULTBI.

Henonikom € Bennkuin po3mip i BUCOKa LiiHa ceHcopa.
QMB Aayxe CTiMKi 0O BOSIOroCTi, NpoTe ManoedeKTUBHI ONd Manux

KOHUeHTpauin rasis (MeHwux 10 ppm), akwo nopiBHATH iXx 3 MOSFET uu
MeTasi-OKCMOHUMKU CeEHCopaMu



Chiral recognition A chiral molecule is a type of molecule that lacks an
internal plane of symmetry and thus has a non-
superimposable mirror image. The feature that is most
often the cause of chirality in molecules is the
presence of an asymetric carbon atom
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IHOBEPXHEBI AKYCTHUYHI XBHUJII

CeHcopu Ha noeepxHegUX aKyCMmMUuU4YHUX XeuJsisix, B aHrNIOMOBHIN nitepartypi — surface
acoustic wave sensors (SAW) TakoX BMKOPUCTOBYIOTb M'€30€NEKTPUYHUN edekT. TyT 3MiHa
Macu PEECTPYETLCHA SK 3MiHA 4YaCTOTUM MOBEPXHEBUX aKYCTUYHUX XBUMb (Ha YacToTax BULLMX,
HiX 400-600 MIu). CeHcopu Tuny SAW HanexaTb OO TakK 3BaHUX MiKpOCeHcopiB, TO6TO
3anmMatoTb 06'eM nuLle Kinbka HaHOSMITPIB.

O/ YyacToToMip
o

Af —Am
pechnekTop
< | KBapL
/ \
nepepasav IDT npuumad IDT

CxemaTtnuHe 300paxkenns SAW

SAW ceHcop cknagaetbcs 3 ABOX rpebiHdacTux TpaHcabtocepiB IDT — TOHKMX METaneBux enekTpoais
"Nanb4nKoBOro” TMMy Ha nonipoBaHin n'‘e3oenekTpuydHin nigknagui. MNepwwun IDT enekTpon — ue nepenasad
NOBEPXHEBOI aKyCTUYHOI XBWUMi, APYrnn enekTpod — npunmMad. BoHn po3saineHi Tak 3BaHOM JTiHIED 3aTPUMKK
Ta po3TawoBaHi B UEHTpi pedonektopa (pe3oHaTtopa). 3MiHHMA CTpyM, SKMA npuknageHo go IDT
nepenasaya, BUKIMKAE edeKTn PO3LLUMPEHHS Ta CTUCKaAHHA MPUNOBEPXHEBUX aTOMIB n'e3okpucTana. Llen
pyx 30ymKye MOBEPXHEBI pesieischbki x8usi, siKi NOWMPIOTLCA B3OOBX nigknagku. IDT enektpoa-npurmad
npUegHaHo 4O BUMIptoBada YaCcToTw.



YacTtoTa Ta iHWi napamMeTpu NOBEPXHEBOI XBUMi BU3Ha4aloTbCs reomeTpieto IDT meTaneBux
eneKkTpoAaiB, XxapakTepucTtukamm n'e30enekTpMYHOro Kpucrana ta gisnyHMMm BnacTMBOCTAMN
noBepxHi. NapameTpn NoOBEPXHEBOI XBUMi MOXYTb OYTU BU3HAYEHI 3 eKBIBaneHTHOI CXeMu
CeHcopa, sika CKnagaeTbCsl 3 enacTo-enekTpUYHOro KOHBepTopa Ta NapasnuTHUX eNeMEeHTIB —
NOCNigOBHUX IHOYKTUBHOCTI Ta OMopy, AKi LWYHTYHTLCA napanesibHUMN EMHICTIO 1 ONOPOM

L Rs Acoustic

napanenbHum onip

1

s R. =
8k f,CsN 2

p

Ae N — KinNbKiCTb "nanbuiB” y KOXHiKM napi enektponis, C, — EMHICTb Ha oaHY napy
"nanbuiB”, kK — koedilieHT enekTpoMmexaHi4yHoro 3B'dA3Ky, f, — pesoHaHcHa 4acToTa.



ONa  TOHKOMMIBKOBOIO MN'€30€NEKTPUYHOro ceHcopa (BiH OPMYETLCA Ha He
N'€30eNeKTPUYHIn  MembpaHi) asoBa LWBWMOKICTb MNOBEPXHEBOI aKYCTUYHOI XBWN

3anucyeTbes SK:

2
T+ B D ae T — KOMNOHeHTa NPY)XXHOCTi B HAMNPsIMKY
Vp ~ MOLUMPEHHS Ha OVHULIIO JOBXUHM

M
2T Ed°®
— D =
p oy 12(1- 6°)

E — moaynb HOHea, d — ToBLWKNHA, ¢ — cniBBigHOWeHHS [lyaccoHa, M — maca Ha OguMHULIO

NAoLL|
AKWwo maca Ha oAnHULIO NIoLwi MeMbpaHu NiABULWYETLCS HA BENUYMHY AM npun agcopbuil,

TO cbasoBa LUBUAOKICTb 3MEHLUYETbCA.

KOeiLiEHT >XOPCTKOCTI

T+B°D Am

V., & ~Vnan|1l———
P\ M +am PO oM

V pO dasoBa WwBMAKiCTL A0 aacopOLil



Togi rpaBiMETPUYHNK KOEMILIIEHT YyTNMBOCTI 30iNbLUYETLCA ANS MEHLLNX
3Ha4eHb M:

CAf 11

B fo Am:m

TeopeTnyHo SAW ceHcopu MatloTb Kpally YyTnusicTb, HXK QMB npunagu. Tak,
rpaBiMeTpUYHUM KoedilieHT YyTnmneocTi anga ZnO Ha Si gopisHioe 440 (4,7 MIMy) ta 990
cM?/r (2,6 MI'w).

[Ans 6nmabKnx KOHUEHTpAaLin O4HOro U TOro camoro rady TeTpaxnopeTaHy YyyTnmsicTe SAW
ceHcopa BinbLe Ha 2-3 nopsaku, Hixk QMB ceHcopa. 3miHa vyactotu gocsrae ~ 1400 'y ansa
SAW npwu nogadi Bcboro 45 ppm uboro rasy (npoTte piBeHb LyMY TakoX 3pocTtae gnda SAW
CEHcopiB).

Cm

Af, Ty

2400| ﬁ
KiHeTuka BignoBiai SAW

1600~ CeHcopa npu nocniaoBHIN nogavi
45, 60, 75, 100, 150 ppm

800 |- K TeTpaxnopeTaHy, f,= 433 MI'y

ol- 45 ppm 60 ppm 75 ppm 100 ppm 150 ppm
I I I I I I I

0 80 160 240 320 400 480 560 wvac, xB



[1na ceHcopa Ha Toryors (MOKPUTTSA 3 eTUNLLenoro3n) CnocTepiraeTbes
NiHINHA 3aneXHiCTb 3MiHW YacTOTU Bif, KOHLEHTPpAaUil TONyosny 3 HaXnrom Kpueol
1,1 ['u/ppm, piBeHb Wwymy — 0,4 I'u.

AKLO YyTNMBICTE CEHCOPa BU3HAYNUTKU 3 YMOBMU, LLIO CMiBBIAHOLLEHHS
curHan/wym OopiBHIOE 1, TO TaKM CEHCOP CNPOMOXHUIA BUMIPHOBATU
KOHLEHTpaUito napis Tonyony mMeHwe, Hix 0,4 ppm.
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NMpuknagn SAW XiMiYHUX ceHCcopIB

a3, Akun BuMiproeTbca | Yytnueum wap Miapknagka pnsa SAW
Mapu opraHiku NMonimepHa nniBKa KBapu

Mapwm Keapu
BUOyXOHeOe3ne4yHnx lNMonimepHa nniBKa

rasiB, HQPKOTUKU

SO, TpuetaHonamiH HioGaT niTito

H, Pd HioGaT niTito, KpeMHin
NH- Pt KBapu

H,S WO, HioGar niTiro

Bosora [irpockonivyHi NniBKu HioGaT niTito

NO, dTanounaHiH HiobGar niTito, kBapu
NO,,NH,,CO,S0O,, CH, dTanouymnaHiH HioGar niTiro

CO,, MeTaH be3 pogatkoBoro wapy |Hiobar niTito

Ak nosniMepHi NOKPUTTS BUKOPUCTOBYIOTb MIiBKM HEMPOBIAHUX MosliMepiB-MoandikoBaHNX
nonicuokcaxie, otanounaHidie Towo. Hanpuknag, ana getekuii CO, i meTaHy noniMmepHe
MNOKPUTTSA HE BUKOPUCTOBYHOTb, OCKISTbKN YYTNMBICTb Ba3yeTbCA Ha 3MiHI TEPMIYHOT NPOBILHOCTI

nig Yac agcopbuii rasy.

[Ona getekuii BOOHIO Ta amMiaKy SK YyTIMBUIA LWWap BUKOPUCTOBYHOTb, Bi4MOBIAHO, MNiBKA

nanagito Ta NnaTtuHn .

Cepef n'e3oenekTpu4HnX MmaTepianis, AKi BAKOPUCTOBYIOTLCS AN aKyCTUYHMX CEHCOPIB MOXHa
Big3HaunTK kBapu, Hiobat niTtito LINbO,, LiTaO,, LiB,0O,, ZnO, AIN, Pb(Zr, Ti)O5 (PZT, T06TO

CBUHELb — LUMPKOHAT — TVITaHaT).




iGpuaHi MeMOpaHHi CTPYKTYpU

eniTaKci/aanMﬁ wap __jl \%‘/'7: ZnO
a R S
SiO7
| I— \ | I—
° B
SiO»

EEES =g
e e e e

CnpouweHun npouec hopMmyBaHHA KpeMHIEBOI MeMbpaHu
ana SAW ceHcopa




Ha cranmaptHiii kpemHieBii mimkmamii p-tumy (toBimmHa 300 MM, opienrtamis (100), omip
0,01 Om.cMm) dopMyIOThCS ZIBa €miTaKCialbHUX IMapW KpemHito N-tumy (npoyec a). bavxuanii 10
nigkaanky map mMae ToBuHy 20 MM Ta omip 30 OM.cMm, 1m1ap Ha MoBepXxHiI Mae ToBImUHY 10 MKM Ta
omip 10 Om.cM. [loBepxHS KpPEMHIIO TEPMIYHO OKHCITIOETHCS M Ha (DpOHTAIBLHOMY OOIll B OKCHII
MPOTPABIIOIOTECS BiKHA 3a JIONOMOrow (ortomiTorpadgiyHoro mporecy. Y IUX BIKHaX MOTIM
dopmyroTh Oanmku s KoHcoui (npoyec 6). HactymHuii eram — TpaBiCHHS €MITAKCIaIbHOTO IIapy
KPEMHIIO y BIIKDUTHX BIKHaxX OKCHUIY 3a gonomororo EDP pos3umny (npoyec 6). OCKUIBKH CHIIBHO
JeroBaHui p*-kpemHiid He TpaBuTbcsi B EDP po3umHi, TO mpoliec TpaBiICHHS 3aKiHUYEThCS, KOJHU
PO3YMH JOXOIUTH JI0 MEXI emiTakciaapHOTOo Mmapy 3 p*-miaknaakoro. e mpomec HasuBaeThes back-
side etch-stop using p* doping — zaxinuenns mpasnents muibHo2o 60Ky npu uKopucmanHi p*-uapy.

[Tlicma uporo Ha (QpoHTaIbHOMY OOLIl CTPYKTYpU METOAOM MArHETPOHHOTO PO3MUICHHS
dbopmyeThCsa TOHKMM Iap m'e30eyeKTpuyHOi TUIiBKM ZNO 1 ¢poHTalbHA IUIIBKA ATIOMIHIIO IS
CIIEKTPUIHOTO KOHTaKTy (npoyec 2). IloTiM Ha TWIBHUN OiK HANMUJISIOTH TUTIBKY 30JI0Ta TOBIIHMHOIO
300 HM 1 MOKPUBAIOTH THJILHUM 01K TOBCTOIO ILIIBKOIO TosiiMepHOro (oropesucty. HacTtynmHuit kpok
— aBTOCYMIIIEHHSI (OTOMIAOJNIOHIB THUIBHOTO OOKy 3 (poHTanbHOWO CcTpyKTyporo. Ilicis
€KCIIOHYBaHHs ()OTOPE3UCTY 3 TUIBHOTO OOKY Ta HOro TpaBJIEHHS MPOBOIAATH TPABJICHHS BIKHA Y
IWIBII 3050Ta (npoyec 0). TloTiM TPOBOIATH MPOIEC EIEKTPOXIMIYHOTO TPAaBICHHS KPEMHIEBOT
nigknanku y pozuuni H,SO,:HF:H,0, axuii BinOyBaeTbcs Jniie 10 mapy emiTaKkCiiHOI MIiBKH, MICHIA
BOTO MPOLEC TPaBICHHS 3yNMUHAETHCS, OCKUIBKA KPEMHIM N-TUNY B I[bOMY PO3YMHI HE TPABUTHCA
(me# mporec HasuBaeThes electrochemical control etch-stop, ToOto erexmpoximiunuti xKonmpoins
3ynuHKu mpaeienns). Y pesyibprari popMmyeThcs MeMOpaHHa CTpYKTypa (nmpoyec e), sIKy MOXKHA
BukopuctoByBaru 11t SAW cencopa.



KAJIOPUMETPUYHI CEHCOPH

Kanopumempu4Hi (mepmidHi) mpaHcObrocepu NepPETBOPIOOTL TEMSO HA HaMNpyry.
3asBuyan uen npouec ABo- abo TpucTaginHu. CnoyaTky HETEPMIYHUIA CUrHan
NepeTBOPOETLCA Ha Tenno AQ, sike NoTiM NePeTBOPHETLCS Ha Pi3HULIO TeMmnepaTyp AT.
[licna uboro pisHUUA TemnepaTyp TPaHCHPOPMYETLCSA B TPAHCAbOCEPI HA PI3HULLIO
noteHuianis AU:

A thermocouple measuring circuit AQ N AT N AU

Terminal block

ice bath for terminal block

Metal A : ; Metal C
Vo
| |
I b !
| Cold ' .
Hot junction : Junction :
I ' o . o
=t | Y HannpocTilmii npuknag
| o
B | | ottmeter TaKoro ceHcopa — Tepmonapa
| |
: Cold :
| Junction !
I
EIESUS U R : / urrent in circui
MetalB ' © < curment )




Bubip maTtepiany

BUHUKHEHHS PI3HWULI NOTEHUIarniB MiXX rapayunm i XonogHMmMu
KiHUAIMM GasyeTbca Ha edekTi 3eebeka (Seebeck): AU = OLS AT

OLg koedilieHT 3eebeka, sikuii BUMIptoeTbCs y B/rpapa, i € nocTinHoto matepiany. [ins
OTPMMaHHSA MakcumarnbHoro AU Tpeba bpatn ABa ApOTM 3 MakCUMaribHOK Pi3HULIEID
3Ha4YeHb O.g

[na KpeMmHito npu KiMHaTHIN TemnepaTypi koediuieHT 3eebeka
é MOXe BYyTU anpoKCUMOBaAHUN OYHKLIED eNeKTPUYHOro onopy siK:
© O
S oL
g mk P
og) Olg = In
k € po
(%)
'8- / I
. 0 | | | ae po= 5x10-% Om.m, KOHCTaHTa
% 0 100 200 300 m ~ 2,5, k — nocTivHa BOJ'IbLI,MaHa

Temnepartypa, K
Ockinbkn y metanax 9%sHa gBa nopsaku
.. . . MEHLLE, HXK Y KPpeMHIt0, TO BNSINBOM epeKkTy
Koedinientu 3eedexa p-kpeMHi0 pu pisHUX 3ech 6 '
pismsix erysamms:1 — 2,4x101 ev=3: 2 — 1,0x10%8 ecbeka Ha Oyab-gKnx meTtaneBnx 3'€QHaHHAX Y

em-3: 3 — 1,5x101° em=3 CEHCOpPIi MOXHa 3HEXTYBaTU B MOPIBHAHHI 3
ed>eKTOM Ha KOHTaKTi MeTan (BUKOPUCTOBYHOTb
HanyacrTiwe Al KOHTaKT) — KpeMHIN



CeHcop 3 pagianbHUM po3TallyBaHHAM TepMonap

[Ansa nigBuLLEHHA YYTIMBOCTI CEHCOpa CMYXXKM Tepmonap 3'€4HY0Tb Y Cepito B
KinibkocTi N wTyK. Toai 4yTnuBiCcTb ceHcopa byae nponopuinHa JobyTKy

XonogHuu
KiHOLIb MeM69aHa
TepmMmonapu _ e
' P
/7
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: | /%

= Vs /4
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E U
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== /
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KIHeUb o ce”ﬁgﬁr""

Tepmonapu

OtsN



Tenno, sike BMAINAeTbCa npu agcopbuii/aecopduil, npu3BoanUTb 40 BUHUKHEHHS
iIMNyNbCy TepMOHanpyrun BiaAnoBigHOMo 3Haka

400_
BnopCKyBaHHﬂ
N rasy

200
Q0 N
2 0
-}
P

-200— BMNYCKaHHSA

rasy
400
| | | | | |

350 420 490 560 630 700
yac, XB

KineTnka BiAnoBii KaJopuMeTPUYHOIO CEHCOPA NPH IeB'ATH
MOCJIIIOBHUX HMKJIAX MOAAYi TA BUILYCKAHHI TPUXJOPMETAHY 3 KOHIEHTPALi€I0:
6000, 8000, 12000, 16000, 20000, 24000, 28000, 24000 Ta 20000 ppm



binonsipHa TpaH3UCTOpPHAa CTPYKTypa

le > » lc
T I
VBE VCB
-
—_ O ' ' 0 _|_ O T

Cxema TpaH3ucTopa i3 3aranbHolo 6a30t0 (a) i 3anexHicTb Ve Big TemnepaTtypum

JIist  KpeMHIEBOTO  OIMOJISIPHOTO  TPaH3UCTOpa, SKUH

I IKITFOYCHO 32 CXEMOIO 13 3arajibHOI0 0a3010 1 MOCTIHHUM V _ V . KT
BE — VBEO

I.= const KONEKTOPHMM CTPYMOM, Hampyra 0a3za — emiTep
Vg 3MEHIYBaTUMEThCS MaiKe JIHIMHO 3 TEMIIEPATYPOIO

A — KOHCTaHTa, sIKa 3anexmnTb Big ryCTuHu ctpymy, T — abcosntoTHa TeMmnepaTtypa.
BenununHa A~ 2 mB/K, npsima V;(T) nepetuHae BepTukanbHy BiCcb Ha Vge,=1.27 B



OCKIJIbKY OpU 3MiHI HallPyTW KOJIEKTOP — 0a3a CIOCTEPITAEThCS ehekm 3MIHU WUPUHU
oasu — epexm Epni (Early) 1 manpyru Vgz, pobounil peskuM CEHCOPHOIO TpPaH3HCTOpPa
00MpaEThCA 32 YMOBH, 10 Hampyra kouekTop — 0aza V ;=0 B, T00T0 B pexumi KOPOTKOTO
3amMuKaHHs. Toi, KOJEKTOpHUM CTpyM Oye:

EVBE

. = AJee KT

ae A, — nnowa emitepa, J, — ryCtmHa CTpyMy HaCUYeHHS, SKUN 3anexunTb Bif, PiBHA NeryBaHHs.

KT I,

V — 3miHa | /A. B 2 pa3s 3MiHIo€
ge =—1In I

e AE‘JS Ve Ha 18 meB




Ha npaktvyi BWKOPUCTOBYIOTb TemMnepaTypHi CEHCOPW Ha OCHOBI KpeMHiesux
iHmeeparnbHUx cxem (IC), AKi NMOEAHYOTb Ha OOHOMY YMMi EreKTPOHHUIA MigCcuroBaYy,
3MILLIEHHS 3a Hanpyroto, niHeapusauito Ta aHanoro-undgposuin nepetTeoptoBad. Cepen HUX
Hanbinbw BigoMmum IC TemnepaTypHUM CEHCOPOM € Tak 3BaHuUM PTAT-ceHcop, SiKUn
reHepye BUXiAHMM CTPYyM abo Hanpyry, WO NponopuinHi abCconoTHIN TemnepaTypi.

BasoBum curHanom PTAT-ceHcopa € pisHMUA A Vg MK Hanpyroto Gasa-emitep
OBOX TPAH3MUCTOPIB, SKi NpautolTb MPU NOCTIMHOMY 3HAYEHHI BigHOWEHDb IX EMITEPHUX
cTpymiB. Konn obmnaea TpaH3MCTOpM MatoTb 0gHAKoBY Temnepartypy T, MOXHa 3HaWTW,
LLIO

KT In Jetds2 Ae2
€ lc2Js1Aa

[Ans iDeHTUYHUX TPaH3UCTOPIB HA O4HOMY YKni Jsz = Jsl

AVge =Vgg1 —Vgg2 =

KoM BIGHOLIEHHS NNOLY eMiTepa r = A\%Z / A\%l Ta BiJHOLLEHHS CTPYMIB KornekTopa
p:|01/|C2 € CTanuMm , To

KT

AVgg = o In(pr)

Lia Hanpyra nponopuinHa abcosntoTHin Temnepatypi PTAT
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p Qs Q3
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TpaHsucTtopu Q, Ta Q, peanidytoTb HeOOXigHY BENUYNHY I, @ TpaH3ucTtopu Q, 1a Q, CTBOPIOIOTL
TaK 3BaHe CTpyMoBe "A3epKasio” 3 BeNIMYMHOK BigHOLWEHHS cTpyMmiB p. PTAT ctpymoBe
pKeperio cTBoptoe KanidposaHuin BuxigHun ctpym 1 MkA/K, sknin nponopuinHnin abCcomntoTHIN
Temnepartypi Ta ctabinizoBaHUK LWOAO 3MiHM HaMNpPyrun XUBMEHHS.

npuHuunoBa cxema npn-PTAT cTtpymoBoro
oXepena

Hepnonikom sik TpaH3UCTOPHOI BinonsipHoi CTPYKTYpu, Tak i PTAT-ceHcopa € Te, Lo npu
3BMYaAMHUX TemrepaTypax € 3Ha4YHMin NoYaTkoBUKM curHan "3cyBy". OCKiSIbKM Npu XiMIYHIN
agcopbuii TemnepaTypHa 3MiHa He3Ha4yHa, TO baxkaHO MaTu TpaHcabCcepP 3 HYNMbOBUM
no4YaTKOBMM CUrHaNom Oo agcopouil



lPTAT TemMnepaTtypHuUun
CeHcop
O andpepeHLinHum
niacunioBsav cucrtema BUMIiprHOBaHHA

+ TeMnepaTtypu 3 BUXigHUM
CUrHanom, siku NPonopLinHUN

— Temnepartypi B °C, °F, un B 6yab-
AKIN iHWIW wkani

Vo
Hanpyra
NOPiBHAHHSA
O

Cwurnhan, akmn nponopuinHui temnepatypi B °C, °F, yn Byab-akin iHWIN wkani
MOXHa OTpMMaTu 3a AOMOMOro CUCTEMM, LLO MOKasaHO Ha puc. Ha Hin okpim
PTAT-ceHCOpa BUWKOPUCTOBYKOTbL AUMEPEHUINHMA nigcunioBady | axepeno
Harnpyrn NOpPiBHAHHS.



CTPYKTYPA 3 NIIABAIOYHOIKO MEMBPAHOIO

3 nornaay eksBiBarieHTHOI CXEMU CTPYKTYpa 3 nnaBakyoo MeMbpaHoto €
HaMNPOCTILLOK KOHQirypauieo ans TepmidyHOro ceHcopa

nigBilleHa 6anka
yd N\

onpaea

..................

A

_ tewwosinda

MemOpaHa € Niaknagko Ans CTBOPEHHs Npunaay anga peectpadii HeTepMivyHoro disn4yHoro
curHany. Ha membpaHi BUroToBnsOTb, Hanpuknag, tTepMmonapy, 3a 4ONOMOrot sKoi
BUMIPIOIOTb PI3HMLIIO TeMnepaTtyp MiXK nnasa4oo MeMOpPaHOO Ta onNpaBoto (BBaXXAETbCH,
LLIO OCTaHHA nepebyBae Npu TemnepaTypi HABKONMULLHLOIO cepenoBulla). Taka CTpykTypa
Ma€ BESIMKY akTUBHY Moy MemMOpaHu (rapsynn KOHTAKT) i BEMUKNMI TepMiYHUIA onip Ans
BUTOKY Tenna, OCKiSIbKM NiABILLEHI HUTKU BY3bKi 1 MalOTb BENUKY OOBXUHY
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1/Rbeam Gfilm Gsen Cf”m

eKBiBaneHTHa eJIeKTpn4iHa cxemMma

EkBIBaJ€HTHA CX€Ma CEHCOpa MICTUTH : TEPMIUHY MPOBIIHICTh HUTKH 1/Rpesm , TEPMIUHY
EMHICTb CTPYKTYPH Cfjjy, IAPA3UTHY TPOBIIHICTD Gy, 3@ PAXYHOK BTPAT IJIaBAtOYOi

MeMOpaHU NpU KOHBEKIIII, pajlailii Ta TEII0BOI MPOBIJHOCTI Yepe3 ra3. 3MiHHA
MPOBIAHICTh Gy, € OAXKaHOI MPOBIIHICTIO, IKY CTBOPIOE (PI3UYHUI CUTHAI



EKBiBaneHTHa cxema TepMiYHOI CUCTEMMU

OMNUCYIOTb MaTEMaTUYHO TakKUMMU CaMUMIN PIBHAHHAMM, LLO 1 eNeKTPUYHI npunaam

Tepmiunuii mapamerp Eaxekrpuynuii HosicHeHnHs
napamMerp
Temuneparypa 7T (rpan) nanpyra U (B)
TenJoBMii moTik P eJICKTPUYHUI
Br/m* cTpym J (A) U
P =ky — X
dx U
kr — koedimieHT TepmiuHOT ocximnkn 3 = OFE = G;
nposigHocTi (Br/rpanx- m)
Temaora Qn eJIeKTPHYHIH Q. =Jt=Pt=0Q
(JIxx = Bt ¢) 3apsin Q. (A-c)
TenmoBui omip Rm eJIeKTPHIHMUii omip R. — v _ T - R
(rpan/Br) Re (Om = B/A) rop "
Ten10Ba nposignicrs Gy | ¢/1€KTPHIHA e -1 _P_g
(Br/rpam) MPOBIAHICTH & Re T il
Ge (OM_l)
Temaosa emuicts Cry €JIEKTPHHA c Qe _It_Pt_Qn_ -
C — e = = -+ = ‘e
€MHICTB C, (D = A. U U T T

(Ix/rpan)

¢/B)




3a piBHOBaXHUX (CTauUioHapHMX) YMOB TeMnepaTypa CeHcopa BuLLa
Temneparypu HaBKOMULLHBOIO cepeaoBuLLa

P

AT =T =Ty =
¥/ Rpeam + Gfilm + Gsen

Yac BIAMOBIJI CEHCOpa KOJM MOTY)XHICTh HarpiBy pi3ko 3MiHIO€TbCA Bl O 10 mOCTIHHOI
BenunHn Py ipu t = 0, 3amaeTbes K.

R
1/ Ryeam + Giitm + Gsen

AT fjim (t) =

7€ 4aCOBa KOHCTAHTA Ty, BU3HAYAETHCS 3araJlbHOI0 TEPMIYHOIO IPOBIJHICTIO T TEPMIYHOKO EMHICTIO:

A C film
film 1/ Rpeam + Gilm + Gsen

Tob6To 1e exBiBasieHTHO enekTpudHii RC wyacoBiit koHcTaHTi. I3 dopMynum MoOXKHa JIETKO
BCTAHOBUTH, SIK TpeOa ONTUMI3ZYyBaTH MapaMeTpu TEPMIYHOIO CEHCOpa MEMOpPAHHOTO THUIY s
MOKPAIIEHHS! MOTO IMIBUIKOIII.



Bi1acTHBOCTI TEPMIYHOI0 TPAHCABIOCEPA

VY ninomMy, nepeBaramMu TEPMIYHOTO TPaHCAbIOCEpA JJISI Ta30BUX CEHCOPIB €
IMpPOKa 001aCTh MOTO0 JIIHIMHOCTI (10 S MOPSAJKIB) 1 BUCOKA Yy TJIMBICTD.

Cepen HenosikiB  Tpeba  BII3HAYUTH HEOOXIJHICTH  TEMIIEpaTypHOI
cTalu1i3ailli, OCKUIBKM 3MIHa TeMIIepaTypyd HaBKOJIUIIHBOTO CEPEAOBUIIA
CIIOTBOPIOE BHXiAHI IapamMeTpu ceHcopa. s yCyHEHHS LhOTO HEIOIKY
3aCTOCOBYIOTh CKJIaJIHI MEMOpaHH1 CTPYKTypd Ta Ju@epeHiiiaibHl Mapu
CEHCOPIB.

Jpyroto mnpoOieMor0 € HEOOXIIHICTh YHUKATH [Hmepghepenyii eghexmis,
KOJIM TIPY OJHOYACHIM aacopOIlli KIILKOX T'a3iB MOXYTh BiOyBaTUCh CKJIAJIHI
XIMI4H1 peakiii sk 3 MOIVIMHAHHSAM, TaK 1 BUBUILHEHHSIM TEIUIOBOI €HEPTii, B
TOM Yac K ceHCcop OyJie BUMIPIOBATH TIJIbKH PE3YyJIbTYI0UY TEIJIOBY JiIO.



TEPMIYHMN CEHCOP BOJIOIOCTI

napuianbHUN TUCK BOASIHOI Napw :

abcosnromHa sorozicme (Bara BOOAAHOI Napwn B 0gMHULI 06'emy),

8I0HOCHa s8orsio2icme (BIQHOLEHHSI TUCKY BOAAHOI Napu 40 TUCKY HAacUYeHOo! napu
npwv gaHin Temnepartypi)

moyka pocu (Temrneparypa KoHAeHcadii BogaHoi napu Ty).

ceHcop abo MeTod MOYKU pOCU BUKOPUCTOBYE TOYHE 3HAHHS CriBBIAHOLIEHHS
MiXX TUCKOM Hacun4eHol napu Bogu Pg | Temneparypoto

HesanexHo Big oTo4ytodoi Temnepatypu 7,, TUCK Napu BoAu npu AaHii Temnepartypi P, B
i3o6apryHOMyY npoueci ctanui:

R/(Ta):PS(Td)

TobTOo MeTon nonsirae B OXONOMKEHHI rasy, AeTekuil BunagaHHA pocu Ta BUMIPIHOBAHHI
Temnepatyp 1, Ta 1.



3000 P..Ma

2500

2000

1500 nepeoxonoaXeHa 7 o {
BoAa : Py(Ta)

1000

500

Tuck HacnuyeHol nNnapm K (pyHKLiA TeMnepaTtypu;
BiAHOCHAa BOJIOriCTb Npu 7, BU3HAYa€ETbCA K P, /P,

OxonomxeHHs1 3aincHeETbCA enemeHTamu Nenbmee /Peltier/. deTekuito BunagaHHa pocu
MOXXHa 3[iMCHIOBATK Ha xoriogHoMy 6oui ennemeHTa NenbTbe ONTUYHUMK MeToA4aMu
(cnocTepiratoum nNosiBy BoASIHUX Kpanerib) abo EMHICHAMM NPy BUMIPHOBaHHI 3MiHW EMHOCTI
Mi>K eneKkTpogHOo napoto (BnkopuctoBytoTh IDT-enektpoan). Konu BigdyBaeTbCs
KOHAEHCcaUid, EMHICTb MK enekTpogamMn pisko 3pocTae 3aBasdkun 36inbLUIEHHIO
aienekTpuyHol ctanol Big 1 (Bonore nosiTpsi) Ao 80 (Boga).



CEHCOPU HA ONTUYHOMY BOJOKHI

. NsSinB,4
3aKoH CHeniyca  Or = arcsm(—n,
. 0, KyT nagiHHs 0 kyT sanomnenns
1
0,
O

AKLLO NPOMiHb CBIiTIa NOWMPIETLCA 3 ONTUYHO BiNbL rycToro cepegosuLla 3 NOKasHUKOM
3anoMIIeHHsI N B ONTUYHO MEHLL rycTe cepeaoBuLLE 3 MOKA3HMKOM 3aroMsieHHs n'(n' < n),

TO KYT
O >0,

Kpumu4HUU Kym onsi moeHo20
8HYMpPIiWHbO20 8I06UBaHHS

Oc

0,=0. npu 6 =90

Tob6To HemMa nepeaadi eHeprii XBuni B ONTUYHO MEHLL ryCcTe cepeaoBMuLLe, | CBITNO MOBHICTHO
BiAOMBaETLCA HA MEXi Noainy LUux cepesoBULL.



fABuLLE NOBHOMO BHYTPILLIHBLOMO BiAOMBaHHA BUKOPUCTOBYETLCSA B ONMUYHOMY
80JTOKHI — UNNiHAPWYHOMY AieniekTpndHomy xsunesogi. CepueBnHa ONTUYHOIO

BOMNOKHA, B SIkKOMY nowumproetbcs |4 abo Buagnme CBIiTNO, Mae TPOXU BULLINKA
NOKa3HMK 3anOMITeHHS, HiXK 000noHKa




[ns Toro, Wwo6 cBITNO NowunproBanocs B CEpLEBUHI, Tyan noro Tpeba 3aBecTn 3a A0NOMOIoH
ONTMYHOI cucTeMu. lNprnyomy 3anexHo Big, KyTa, nig SKUM CBITIIOBUA NPOMIiHb MNOTPAnisie B CePLEBUHY
BOJTOKHA, MOXINBE MOLLUMPEHHSA NPOMEHsI abo Mo CepLEBUHI 3@ paxyHOK NOBHOMO BHYTPILLHBbOrO
BinbmBaHHs, abo YacTkoBe NPOXOAXKEHHA MPOMEHSI B 0OOMOHKY, WO Beae A0 3aTyXaHHs CBiTna 'y

BOSOKHI. [MpoCcTOpoBUI KyT BXOAY MPOMEHS Yy BOSTOKHO ea BU3Ha4ae€ nepexig Mk uMmm gsoma
YMOBaMW MOLUMPEHHS MPOMEHS

22
0, =sin T NA NA = \/”1 —M2

NA — Lie YnceribHa aneprtypa onTtn4Horo BOJSiIokHa, AKa nokasye, Lo CBITNO 6y1:|,e nownproBatTucb y BOJSTOKHI

3a paxyHOK MOBHOIO BHYTPILLHLOrO BiAGUBaHHA, N,,N, — BIiANOBIAHO, NMOKa3HUKW 3aNIOMIEHHSA CEPLIEBMHMN Ta
06O0MOHKM.

KOHYC ~ )
BXO/I)KEHHS! HekepoBaHni 'EOM"'"’ :3HMKaloue none
npomMeHiB :

S

KepoBaHMi ™
NPOMiHb

7 40
Phd /: cepLeBUHa

ea Q: /
& O0OONOoOHKa




erieKTpomMarHiTHe rnone 3atyxae B 060MOHLUI 40 HAanNpPsIMKY MeXi NoAdiny 3a eKCnoHeHuianbH1um
3aKOHOM Big koopanHatn. ToMmy enekTpomMarHiTHe nosie B 060noHui AicTano Ha3By 3HUKaK4020
nosis (B aHrNTIOMOBHINM fniTepatypi — evanescent field). MnbrnHa NPOHMKHEHHS LbOro Noss B
0OOSTOHKY

A

p —
27'[\/(”12 Siﬂz 61 — n22)

CeHcopu Ha ONTUYHOMY BOJOKHI 6a3yoTbCA Ha BUKOPUCTAHHI camMe 3HMKAaKYoro nons B
o0onoHui, | TOMy BOHM AicTanu Ha3sy evanescent field sensors.

d

OMNTU4YHE BOJTIOKHO OMNTUYHE BOSTOKHO
NnK
Axepeno TpaHcA'tocep doTo-
AeTeKTop
aHaniTt

BiH cknagaeTbcd 3 oNTUYHOIO mxepena (nasep, nasepHun giog, ceitnogiog LED), onTUYHOro BOSIOKHA,
CEHCOpPHOro wapy abo TpaHcablocepa (9K NnepeBoanTb BUMIPIOBAHY BEMNYNHY B ONTUYHUIA CUrHan),
ONTUYHOrO AeTekTopa (dpoTodiona) Ta MiKpONpoLECOPHOT TEXHIKM (MepCOHanbHNn KoMMN'toTep).



OnTn4HMM ceHcop

CeHCOpHUI LWap 4M TpaHcabCcep CTBOPIOOTL HA HEBENUYKIN AiNAHLI ONTUYHOrO BOSTIOKHA LUMSAXOM 3aMiHn
(4yacTkoBoOl Yn NoBHOI) ob6ornoHkM . B3aemopaia agcopbaty 3 agcopbeHToM (TO6TO CEHCOPHUM LLAPOM)
3MiHIOE MOKA3HWK 3arnoMieHHs Liel AinsgHKM 000NOHKM, OCKINbKM B Liin 00nacTi 060MoHKN NoKa3HUK

3arnomreHHs byae KOMMNNEeKCHUM: - .
n2 = n2 +1K

Ou3ainH oNnTUYHOro ceHcopa
Ha OCHOBI BUKOPUCTaHHA
edreKkTy 3HMKar4oro nons B
00OSIOHLi ONTOBOJSIOKHA

o0OoNoHKa CEHCOPHHﬁ wap cepueBHHA

NPOMiHb

\ 3'eHyBay

onTn4yHe BOJIOKHO

Cxema ontopa

CEeHCOpHUN Wwap

NPOMiHb
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3MiHa iIHTeHCUBHOCTI chriroopecueHUil ONTOBOSIOKOHHOro ontoga 3 4acom

npwu ekcnosuuii B atmoccpepi O, (ceHcopHUn Wwap drnoopecLeHTHUIA bapBHUK: KOMMMEeKCcH
nepexigHux metanis abo ocopecueHTHUN BapBHUK TUNY NopdipnHy NnaTtnHM To 3a
NPUCYTHOCTI aTMOCdepn MONEKYNAPHOro KUCHIO CMOCTEpPIraeTbCa epeKkT 3aryxaHH4
IHTEHCUBHOCTI NtoMiHecueHUIT (a) | 3aneXHicTb curHany nponyckaHHs npy 590 Hm

Aansa pH ceHcopa Ha ocHOBI edheKkTy 3HUKaK4Yoro nonsi B 060noHLUi oNnToOBONMOKHA
(ceHcopHun wap — bpomdbeHon) (6)



Po3CissHHA cBiTna

imcident luser (1, v )

riflection ﬂ:ﬂ" 1""51

transmivsion (I, v )

Scattered Radiation

Mie Ravieigh Britlouin Raman
(va) {vy) (vat Avy) (vg T Avg)

Mhodecular Alodecuiar
franslations rofations,
vibrations,
ele. transitions

pariiches pariicles

I, ~ (1S =109},
Mo < 1 o !

I~ 1071, Avg < 0.1 eml

PacceaHne Panes — ynpyroe paccesiHne Ha mMaribixX Yactvuax, pasmMepoM MHOIO MeHbLUEe OMNUHbI BOSHBbI.
Pacceanne Mu — ynpyroe paccesiHue Ha KpYnHbIX YacTuLax.
Pacceanne MaHnoenswtama — BpunnaHa — Heynpyroe paccesiHue Ha KornebaHuax peLuéTku.

KomburHaumoHHoe (pamaHoBCKoe) paccesHne — HeYnpyroe paccesiHme Ha aTOMHbIX KonebaHusx B
Mosnekyne.



https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D1%81%D0%B5%D1%8F%D0%BD%D0%B8%D0%B5_%D0%A0%D1%8D%D0%BB%D0%B5%D1%8F
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D1%81%D0%B5%D1%8F%D0%BD%D0%B8%D0%B5_%D0%9C%D0%B8
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D1%81%D0%B5%D1%8F%D0%BD%D0%B8%D0%B5_%D0%9C%D0%B0%D0%BD%D0%B4%D0%B5%D0%BB%D1%8C%D1%88%D1%82%D0%B0%D0%BC%D0%B0_%E2%80%94_%D0%91%D1%80%D0%B8%D0%BB%D0%BB%D1%8E%D1%8D%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D1%81%D0%B5%D1%8F%D0%BD%D0%B8%D0%B5_%D0%9C%D0%B0%D0%BD%D0%B4%D0%B5%D0%BB%D1%8C%D1%88%D1%82%D0%B0%D0%BC%D0%B0_%E2%80%94_%D0%91%D1%80%D0%B8%D0%BB%D0%BB%D1%8E%D1%8D%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D1%81%D0%B5%D1%8F%D0%BD%D0%B8%D0%B5_%D0%9C%D0%B0%D0%BD%D0%B4%D0%B5%D0%BB%D1%8C%D1%88%D1%82%D0%B0%D0%BC%D0%B0_%E2%80%94_%D0%91%D1%80%D0%B8%D0%BB%D0%BB%D1%8E%D1%8D%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D1%81%D0%B5%D1%8F%D0%BD%D0%B8%D0%B5_%D0%9C%D0%B0%D0%BD%D0%B4%D0%B5%D0%BB%D1%8C%D1%88%D1%82%D0%B0%D0%BC%D0%B0_%E2%80%94_%D0%91%D1%80%D0%B8%D0%BB%D0%BB%D1%8E%D1%8D%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%B1%D0%B8%D0%BD%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%BE%D0%B5_%D1%80%D0%B0%D1%81%D1%81%D0%B5%D1%8F%D0%BD%D0%B8%D0%B5_%D1%81%D0%B2%D0%B5%D1%82%D0%B0

NMOBEPXHEBO-NIACUNEHE KOMBIHALIMHE PO3CISAAHHSA CBITNA

Mpn KoMbiHaLiIMHOMY PO3CisiHHI CBITNa B PEYOBUHI Y CNEKTPiI PO3CIAHOr0 BUNPOMIHIOBAHHS CMOCTEPIratoTbCs

CneKTpanbHi NiHii, AKi posTalloBaHi CUMETPUYHO BIiOHOCHO He3MilleHoi (pesieieCckbKOI) niHii Ha 4acToTi
30ymkytodoro cBitna o, Yactotm uux niHin € KoMbiHauielo 4acTtoTu 30yaKylo4oro CBiTNa Ta 4acToT
KonuearnbHoro abo obepranbHOro nepexonis o, MOneKyn pevyoBMHN (3BiACK NOXOAUTL | Ha3Ba — KOMOiHaLinHe

po3cisiHHA cBiTna). JliHii 3 YacToTo W, — M, Ha3MBalOTLCA CMOKCIBCLKUM PO3CIAHHAM, niHii 3 4acToTO
®, + ®_— aHMUCMOKCI8CbKUM PO3CIAHHAM.

Virtual
energy A

states A

Vibrational
energy states

i ¥ Y

Infrared Rayleigh Stokes  Anti-Stokes
absorption scattering Raman Raman

scattering scattering

oL N WA




[MoBepxHeBo-niagcuneHe kombiHauinHe po3cisHHA cBiTna (Surface-Enhanced Raman
Scattering, SERS) 6asyeTbCcs Ha TOMY, WO MNPM MOHOXPOMATUYHOMY OCBITIIEHHI LIaApy
KONOIOHUX 4YacCTUHOK MeTany 3 Aiametpom d << A , Ha 49Ki agcopbyloTbCA MOSEKYMH,
CMNOCTEPIraeTbCsl 3POCTaHHSA EfIEKTPUYHOro Mnons B3OOBX OaHOro AUMNOfbHOr0 MOMEHTY
agcopboBaHMX MOMEKYSl, Y4 B LbOMY MeTaneBoMY MOKPUTTI BUHUKAKOTb MOBEPXHEBI
N1a3MOHU, SKi TPAHCAOPMYIOTb EHEPTit0 eNIeKTPUYHOrO MoJsiA B KONMBASIbHY €HEepPrito MOSIEKYIT.
AMNNiTyga eriekTpu4YyHOro nomns BcepeauHi MOSIEKYNnu i, BiAMoBigHO, €Hepris KOJfIMBaHHS
MONEKYyNn 3poCTae, SKWO MOSiekyna 3HaxoguTbCs Oing noBepxHi MeTaneBuX YacTUHOK.
JlokanbHe enekTpuU4YHe none HaBKOMO enincoiga € CyMOK MNOJIAPU3YHO4Oro
eneKTpuyHoro nons E, Ta eNeKTPMYHOro nons, iHAYyKOBaHOro BipTyasibHUM AUMNoONeM 3
AUMNOSIbHUM MOMEHTOM p.

I9 pagiauis
aacopoboBaHa
Eo MOeKyna, £q

NOoKalribHe

eneKTquHe noine
() e
ETR

nigKknagka

/
MeTarn, €m




CeHcop SERS cknagaeTtbcs 3 oNTUYHOrO BOMOKHA (AoBXUHOK 8 cMm i giameTpom 600 MKMm),
KiHeLb AKOro NMOKpMBaETLCA LWapoM HaHo4YacTUHOK Al,O; 3 MOKpUTTAM cpibHoro nniskoto (100
HM) Ons 3abe3nedyeHHa YMOB criocTepexeHHs edpekty SERS, axepeno 30yapkeHHa — He-Ne
nasep. Takun ceHcop YyTnMBUK O OyXe Manux KoHueHTpauin (~10 ppb) opraHidHnX
AOOMILLOK, PO34YMHEHNX Y BOAI

HaHO-Al203 nniBka Ag
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SERS signal
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NOBEPXHEBUW NNA3MOHHUUA PE3OHAHC

3a meopiero Makceersina BinbHi eNeKTpoHn MeTany noBogsaTb cebe sik enekTpoHHa pignMHa BUCOKOI NYCTUHM
(nnasma), i ToMy qnyKTyauil ryCTUHU Ha NOBEPXHi TaKol PiANHN HA3MBaKTbLCS 1/1a3MOHOM, [108E€PXHEBUM
171a3MOHOM YW [108€PXHEBUM [10/IPUMOHOM, B @aHIMOMOBHIN niTepatypi — surface plasmon (SP).
[MoBepxHEBUI NMNasMoH MOXe MOLUMPOBATUCS B3OOBX MeTaneBol NOBEPXHi N € NOB340BXHLOK MOAOL0,
XBUITbOBUIM BEKTOP K AKOT XapakTepusye YLLiNTbHEHICTb | PO3pPiMKEeHHS 3apaaiB y NpMnoBepxXHEBOMY LUIapI.
[Mpn LbOMY enekTpuYHe none CUIibHO cnagae Npw BigL4aneHHi Big NOBEPXHI 3a 3aKOHOM

E(x) = Ege ¥

Ha mexi nopginy TaHreHuianbHa ckrnagoBa €nekTPUYHOro Momns € HenepepBHOK, a HopMaribHa Mae
po3puB. YMOBU pe30HaHCy (iCHyBaHHS MOBEPXHEBOIO NSIa3aMOoHY) OTPUMYIOTBCS 3 PO3rNSAy rPaHUYHMUX YMOB
Ha MexXi noainy Ana KOMMOHEHTIB efieKTPMYHOro Nosii M OakTb 3B'SI30K MK XBUIbOBMM BEKTOPOM
€fIeKTPOMarHiTHOro 3byQKeHHs1 Ta YacToTOolO:

Ko _ &
k&
€2 =€ + i82 €1 AienekTpuYHi ctTani meTtany Ta cepefosuLla, Lo

3 HAM KOHTaKTye

TobTO NnoBepxHEBI MNasMoHN MOXYTb ByTW 30YIPKEHUMU TiNbKU Yy BUNAOKy MexXi noginy Mix
cepefoBuamMm 3 gieNIeKTPUYHUMU CTannMm NPOTUIEXHUX 3HAKIB.



ke

®
ke
/ OuncnepciiiHi KpuBi
NoBepPXHEBOro Nyia3aMmoHy
SP SP Ta eneKTpoMarHiTHOI
xBuni k, k.
XBUNbLOBUW BeKTOop k
. ® | &€-
[ToBepxHeBUI NfIA3MOH Ma€ CrekTp ksp =— |——
BITACHUX YaCTOT Ha AMCMEPCINHIN KpUBIW C\e+ep
XBuUnboBun BekTop K, CBiTNa Ha 4YacToTi o, K — Q\F
sike NpoXoAuTb Kpi3b cepefoBuLle g, 17V

AuncnepcivHi KpuBi ANs NOBEPXHEBOro nia3mMoHy (Kpuea SP) i cBiTna, sike NOLMPIETLCH B NMOBITPI, HIKOMWN He
NepeTUHAaIOTLCS, OCKINbKM Y BCi AUCNEpPCinHI obnacTi icHyBaHHA NOBEPXHEBOrO NNa3MOHy Ta pagiauinHnx
MO[, 3aKOHW 36epeXXeHHs eHeprii Ta iMNynbCy He BUKOHYIOTbCA OAHOYacHO. TO6TO NOBEPXHEBI MNNasMOHN He
MOXYTb B3aEMOAIATM 3 00'EMHOI0 eNeKTPOMAarHiTHOK XBUIMEHD, LLIO MOLLMPIOETLCHA B METani Yn
AienekTpuyHoMmy cepenosuLi. Lle o3Havae, o HeMOXIIMBO 30yaMTH NOBEPXHEBUWN MA3MOH NPU OCBITNEHHI
NOBEPXHi MeTany 3 NosiTpA Npu Oyab-KOMY KyTi NagiHHA CBiTNa.



€1

€2

Tpu meToau 30yaKeHHA NOBEPXHEBOro Nyia3amMoHYy:
a) 3a gonomororo aucdpakuinHoi rpatku; 6) metoag OTTO; B) MeToa KpeTwmaHa

AKLo nocTinHa rpatkm b, To cBiTNOBUI XBUNLOBUIA
BEKTOp 30inbLUYETHCA B
P y 2n/b

pasu i SP gucnepciHa Kpusa Moxe rnepeTnHaTucs 3
ANCNepCiMHO NPAMOI0 4S19 KOMMOHEHTU CBIiTNa i3
XBUJTbOBMM BEKTOPOM, napasienbHUM A0 NOBEPXHI

Ina kyta nagiHHA 6, ymoBa BUHUKHEHHS
r108epxHe8o020 [/1a3MOHHO20 PEe30HaHCcy
([P abo SPR B aHrnMoMoBHIN fniTepartypi)
OJ19 AndorpaTtky 3anuileTbes SK:
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[Bi iHWi KoHMirypauii (OTTo adbo KpeTtwymaHa ) 6a3ytoTbcst Ha hakTi, WO Haxun
aucrepcinHol NpsiMol cBiTna K, Moxe 6yTy 3MeHLLEHO B Fg

SIKLLLO CBITNO NPOXOAUTb Kpi3b ONTUYHO rycTe cepenosuile (Hanpuknag
CKI10) 3 AienieKTpUYHOK CTanoto €3

[MnasmMoH 30yaKYETbCSA 3aTyxal4yol XBUMEK, sika BUHUKAE MNPUM NOBHOMY BHYTPILLHBOMY
BiAOMBaHHI, i MNOWMPIOETLCA A0 MeXi noginy metan — nosiTpsa. TodHe Yy3rogXeHHs poToHa Ta
nrasmMoHy BiabyoeTbCca 3a YMOB Pe30HaHCY:

@ . (€) o k&
—4\/83 Slne(): 172
C C\VeEr+&

VY koHoiryparii sky 3ampornonyBaB Ortro (Otto), moBepxHs MeTany €, PO3JAUICHAa BiJ CepeloBUIIA
(HampuKJIag MPU3MH) €3 AOAATKOBUM JIEJIEKTPUYHUM IApOM (HAMPUKIIAJ MOBITPSHUM 3a30pOM) 3
TieIeKTpUYHOI0 cTanol . [lnmasMoHHUN pe30oHAHC BIAOYBAE€TbCS HA MEXI MOAULY METal €, —
TIEIEKTPUK €. TOBIIMHA MOBITPSIHOTO 3a30py Mae Oyt ~1 MkM. 3 wi€i npuunHu reometpis OTTO HE
nyKe Iupoko 3actocoByerbes B [P cencopax.

VY xoH(piryparii, sika Bimoma sik reomeTpist Kpermmana (Kretschmann), tonkuii MetaneBuii map
HAIMJIIOETHCS O€3M0CEPEHBO HA IPU3MY €3, 1 BUKOHYE POJIb 3a30py. JHUKAIOUE T0JIE€ €JIEKTPOMArHiTHOI
XBWJII MIOIIUPIOETHCS KP13b METAJIEBUI 1Iap 1 BUKJIMKAE TUIA3MOHHUN PE30HAHC HAa MIPOTHIIC)KHOMY 00111
MEXK1 MOy MeTall—IeNIeKTpUK. [{g KoH]irypailis € Hall3py4HIIIOK 1 caMe BOHA Hal4acTiIe
BUKOPUCTOBYETHCS JIJISI XIMIYHUX 1 O10JIOTTYHUX CEHCOPIB.



Pe3oHaHCHUI KyT O,,, € YyTNMBOK PYHKLIEIO AieneKkTpUYHOI cTanol 4BOX KOHTaKTYH4YNX
cepenoBuly. 3aBasiku win BrnactmeocTi, MNP moxe 3actocoByBaTUCA OS1s1 KOHTPOSIO
NOBEPXHEBUX peakLin, HaBiTb AKLLO JiMLe Kiflbka MOHOLLAPIB 0CaaXYyTbCA Ha MeTanesiu
MOBEPXHIi, BUKITMKaOYN 3MiHY AierneKTpUYHOI cTanol cepegoBuLla €, i BCTAHOBIOKYM HOBE

3Ha4YeHHA pe3oHaHCHOoro kyTta 0.,

R, B.O.

R2

R1

R, B.O.

0, rpan

yac, XB

a) KpuBa nnasmMoHHoro pesoHaHcy Ao (R,) Ta nicna (R,) aacop6uii Mmonekyn
Ha MmeTarnieBy NOBEpPXHIO; 6) cxema KiHETUKN aacopbuinHoro npouecy,
fika BUMIPIOETbLCA Npu (pikcoBaHOMY KyTi NagiHHA;
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3MiHa nokKa3HuKa 3anomMneHHs, x 10
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KiHeTUKa 3anucy BignoBiai ceHcopa B oAMHULUSAX 3MIHM NMOKa3HUKa
3anoMneHHs
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AOBXWHA XBUIi, HM

KOHUEeHTpauifa pyKTo3um

Ba3ncHa koHdirypauia
npomucnoBoro MNP ceHcopa,
AKUU Npauroe B peXnUMi
"cdokycoBaHOro npomeHa"

YYTNUBICTb Kpalle, Hixk 107> ogMHMUb
NOKasHMKa 3aroMieHHs, WO Bianosigae
MeHWw Hk 10 morekynam Ha MinbmoH
(To6to 10 ppm) anga Garatbox GiHApHWMX
PO34MHIB.
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AOBXWUHa XBVIni, HM

a) cnekTpu BiabmBaHHA npu ocBiTneHHi 6inum ceitnom MNP ceHcopa,

AAKMM eKCNMOHYBaBCA B KaniopoBaHMX po3uynHax ppyKTo3n B AUCTUINbLOBAHIN BOA,,
KOHLUeHTpauia opykTo3n 3amiHoBanaca Big 0 no 60 %; 6) rpadik 3anexHocTi
BaroBoOro BifCOTKY (PpyKTO3U1 Bif AOBXUHU XBUNi Yy MiHIMyMi pe30HaHCHOI KPpUBOi



TeopeTnyHa YyTNUBICTb A0 3MiHN NOKa3HMKa 3anomMneHHs RIU-L
i po3ginbHa 3gaTHicTb Ana aosox mogenen npomucnoBux MMP-ceHcopiB ¢dipmu BIOCORE :
a) npuamoBa cuctema ckrno — 50 HM Au — aHanit3n=1,32;
0) cuctema Ha ancppakuinHin rpartui 800 wTpuxis/Mm — 30510TO — aHanIT
3n=132.

HdeTtekTty . 3MiHa
i 3MiHa JOBXWUHU . I
o4a 3MmiHa KyTa XBUA IHTEHCMBHOCTI 6ins
cuctema pe3oHaHcy
YyTnumeicTtb
YyTnueictb Yytnueictb (HM RIU- | (% RIU)
(rpag RIUY) 1) (po3ginbHa (po3ainbHa
(po3ainibHa 3paTHicTb, (RIU) 3naTHicTb, (RIU) ans
3patHicTb, (RIV)) ana AL =0,02Hm) 0,2 %
IHTEHCUBHOCTI)
A= (A= | A= A= A= |
=630HM [ =850 HM | =630 HM | =850 HM | =630 HM | = 850 HM™
MpnamoB 191 97 970 13800 3900 15000
a (5x107) | (1x10% [(2x 10 |(1x10%) [(5x107°) |(1x107)
cucTtema
Andppaky |43 39 309 630 1100 4400
inHa (2 x 100|(2 x 10-[(6x10°) [(3x10®) [(2x10%) | (5 x 10-
fpatka | 9) 6) >)




