Knacudikauia Ta TepmMmiHonoris
HaniBnpoBiAHUKOBUX ceHcopiB. OCHOBHI
napameTpu. MoHATTA NPO eNeKTPOHHUN HicC.

npod. B.A.CKkpuwLieBCbKUMN



CeHcopu HAaBKOJIO Hac. 3acTocyBaHHSA
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CeHcopu. lNpnBaTHUN OYyOANHOK
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CeHcopu HaBKoONo Hac. ABTOMOOINb

KEY: Si MEMS, Throttle, EGR valve Compass, HVAC position, sunroof, wipers, HVAC
magnetic, ligh posi.tion,manifold ¢ : g ¢ fimi Trunk/ door lock
SOrs air pressure, I a ig ste switches, electric
windows, HVAC,
/ HUD, air quality,
temp, anti-fog, in
dash navigation
gyroscope, night
vision

altitude, mass air
flow, DPF, common
fuelrail, oil, start-

stop, EGR,
continuous
transmission

Caml/crankshaft
position, engine
speed, throttle by
wire, engine oil,
brake fluid level,
airbag
accelerometer, roll
detection,
passenger
occupation, in-
cylinder pressure,
active suspension
accelerometer

Wheel speed

Electronicparking ~ Sensing,fuellevel,
brake, suspension seat position, belt

Various brushless TPMS
pressure, alarm, E- presance, )

DC motors, cooling
fan, coolantlevel, call, Electronic fuel vapor
ABS, pedestrian stability control
detection, crash .
sensing (ultrasound) Starter/ alternator, TS T
9 stop - start position, speed, Battery management sensor,
systems accelerator pedal wing mirror position, steering
position wheel angle, torque
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RADAR APPLICATION
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Figure 2 Several driver-assistance systems are currently using radar technology to provide blir

letection, parking assistance, collision avoidance, and other driver aids (courtesy Analog Devi




CeHcopu HaBKoro Hac. Apmis

Helmet
(Traumatic Brain Injury)

Impact/blast detection using Night vision camera
ADI accelerometers

Retractable screen for
firing and night vision

GPS and Inertial Navigation
ADI iSensor IMUs

Enhanced Vision

Communication (SDR) Batteries
Multiband communication systems y <
« Data converters w ﬁ“ Sg — Central computer
* RF 7 p %

* Power management e -‘dm.“'

Computing, Batteries, Other
« Power management

* Interface and isolation
* Audio/video products

Day and night
firing camera

Researchers have used
silver nanowires to
develop wearable,
multifunctional sensors
that could be used in
biomedical, military or
athletic applications.

(4) Enlarge



CeHcopu. PoboTtu
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& Temperature Barometric
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Infrared Sensors
Ultrasound Sensors
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) Camera Sensors
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CeHcopu HaBKorsio Hac. CtaH 3g40poB’'sa.

ECG Sensor

Base Station

Access Point



CeHcopu HaBKoJio Hac. CtaH 340poB'sa
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Hemeukas komnaHmsa Siemens o6bsiBuna o pa3paboTke HOBOW
MOZENN CoToBOro TenedoHa, KoTopasi CMOXET pacrno3HaBaTb
3anaxn.OCHOBHOE Ha3Ha4YeHne CeHCopPOB - NpeaynpexaaTb
Bnagenbua TenedoHa 0 noXxape Uinn Hanuyinum oTpaBnNALWLNX
BellecTB. Kpome aToro, nioau, ctpagaroLme actTMou, CMOryT

HoBuHM Big po3poOHUKIB

y3HaTb O HaABUralLWemMcst IPUCTYNe MO MOBbLILLEHUIO
KOHLEHTpaLuun a3oTa B BblabIXaeMOM BO3ayxe, a nobutenu

3aHSATUIN CNOPTOM Ha CBEXEM BO3ayXe - U3BMEPUTb COAEpXKaHne
030Ha nepef TeMm, Kak Ha4yaTb TPEHUPOBKY

Detector
* * ¥ —b*‘ 1) ‘L—»‘ (2] ‘!* ~-1 L I I3} .{::; F.c
. ——— | S—— % &
% Body odor Sensor  Control system i
/




Cucrema "3nekTpoHHbIN Hoc"” ZNose
Model 4200 GC/SAW

AmepukaHckada komnanma Electronic Sensor Technology
NPON3BOANT cUCTEMY "ONEKTPOHHbLIN HOC", KOTopasi obecnevmBaeT
COTPYLHMKaM NpaBOOXpPaHUTENbHbBIX OPraHOB HOBbIE BO3MOXHOCTU
B 6opbbe ¢ TeppopmnamMom, KOHTpabaHon, HeneranbHbIM 060POTOM
HapPKOTMYECKUX BELLECTB, B3PbIBYATKN. "ONEKTPOHHbLIN HOC"
obecneymBaeT y3HaBaeMbli BU3yasribHbIM 06pa3s cneundgunyeckomn
CMecu NnapoB (Maxyymx BeLLeCTB), KOTopasi MOXET cofep’KaTb COTHM
PasfNYHbIX XMMUYECKUX COEOUHEHUN. "ONEKTPOHHbIN HOC"
pa3paboTaH, Kak yHMBepcarnbHbIn 4ETEKTOP, KOTOPbIN
KONMYECTBEHHO OnpeaesnsieT U xapakTepmnsyeT BCce TUMbI 3anaxos.
"OnNeKTPOHHbIN HOC" obecnevnBaeT pacno3HaBaHMe obbekTa no
XapaKTepHOMY BuU3yaribHOMY OTOOpaXkeHuto (oTneyaTky),
cneumuyHoMy ans cMecu NapoBs (3anaxoB pasnyHbIX BELECTB)
cogepxaliemy COTHU XUMUYeCcKnx coeanHeHnin. OBblIYHbIe
npuoopbl ANs obHapy>XeHUs1 HAPKOTUKOB U B3pbiBYaTbIX
BeLLEeCTB UCNOSb3YOT CENIeKTUBHbIE AEeTEeKTOPbI, KOTOpble
oTPUNLTPOBLIBAKOT CUrHaAN (NpUCyTCTBUE) onpeaesrieHHOro
BellecTBa (cneundunyeckoro npusHaka) us cmecu (Matpuubl)
CONyTCTBYHOLUMX eMy KOMMOHEHTOB. Tak gocTuraeTcsa
oGHapyxeHue crneuudnyecknx BewwecTs No npusHaky "a -
HeT" npu camMbIx pa3nUyHbIX YCNOBUSAX.

" NEeKTPOHHbIN HOC" OTNIMYaeTCs TeM, YTO YyHUBepCcanbHO U
KONIMYeCTBEHHO onpeAenseT U XxapakTepu3yeT Bce TUNbI
3anaxoB, BKIo4yasi B3pbiBYaTble U HAPKOTUYECKME BeLlecTBa.




[MpoGrieMn MOHITOPUHIY CTaHy

300pPOB A

Ne (3axBoproBaHHA ®iziko-xiMiyHi 3MiHM y BUaAnMXy abo B KpoBi

1 Actma MiasuweHe 3HavyeHHA NO, NO, y Buaoxy

2 HepocTtaTHbLO LyKpPY B KPOBI AueToH y Buaunxy (poswenneHHs XupiB)

3 3axBoprOBaHHA AeceH 3anax B poTi NpUpPOAHOro rasy- MeTur-
MepkanTaH: SH-rpyna,
ByrnesoaHi C . H , .,

4 Lnpo3 neviHku AnicdaTtnyHi KUcnoTtu (3’eAHaHHA XXUPHOro
psAay), metad CH,, etan C,H,, nponaH C;H; y
BUANXY

5 Pak nereHiB AnkaHv Ta 6eH3nHOBI 3 eaHaHHA (cymiw C.-
C, apoMaTU4YHUX BYrreBOAHIB)

6 TyOepKynbLo3 Mannyka Koxa

7 IH¢peKUiNHI 3axBOpOBaHHA IHbekuinHi 6akTepil

8 piaber mokKo3a B KpoBi




[Mpob6nemMn MOHITOPUHIY HABKOMULIHLOIO
cepegoBuLla

KOHTpOﬂ bOBaHe cepegoBulle

dDi3iko-xiMmi4Hi 3MiHM y piagnHax Ta B
TBepAUX Tinax

1 |KoBb6aca, pnba TOKCUYHI XiMiYHIi pe4YOBUHM i3
3anaxom Kon4yeHHA (beH3anupeH ...)

2 |KaByH Hitputu Ta Hitpatn: NH,NO;, NaNO;,
KNO,

3 [xapui BeH3ounHa kucnora C;H.COOH,'MO

4  |irpawku deHon, chopmanbaerin, MypawwKoBUN
anbperin CH,=0, okcnbeHs3on
CsH;OH

5 |WorypTu, rasoBaHi Hanoi, 4amn, LLITy4yHi 6apBHUKK, apoMaTU3aTopuU

KOHABUPOOMU....
6 [Haube3neka BubyxiBka, HApPKOTUKMU
7 |Monou4Hi BMpo6u, wokonaa MenamiH, TOKCU4YHI 6apBHUKMN,




MOHATTA NMPO ENEKTPOHHUN HIC
NMPOBJIEMA KOHTPOIIO 3ABPYAHEHHA NMOBITPAHOIO CEPEOOBULLIA

paHu4yHO donycmuma koHueHmpauis (FAK)

LWKignuemx rasie (threshould limit value, TLV).
[OK — ue Taka KOHUEHTpaLisa LWKIAIMBOro rasy,
nNpu sIKin NioanHa Moxke nepedyBaTn NPOTArom
BOCbMUIroanHHoOro pobo4voro gHs 6€3 iCTOTHOro
BMSIMBY Ha CTaH 1i 340pOB'A.

PieeHb 6e3nocepedHbOi Hebe3neku onsi
xxumms 4u 300poe’ss (level immediately
dangerous to life or health, IDLH). Lia
BENMMYMHA BU3HA4YaE TaKy KOHUEHTpaL,io
LLUKIOANMBUX rasiB, nicrns nepedbyBaHHs B
aTMocepi Kol MOXYTb BigdyBaTucS
He3BOPOTHI po3naaun 300poB'a BXe nicns
Buxoay 3 He6e3nevyHo! 30HM.

KoHLUEeHTpaLuigd TOKCUYHNX Ta iHWKX rasiB, AKi €
NpPeaMeTOM CNOCTEPEXKEHHSA, BUMIPIOETLCS B
oONHMUSAX 06'€EMHOT KOHLEHTpAaLiT B NOBITPI —
KirlbKiCmMI 4aCmuHOK Ha MIfibUOH 3a2arsibHol
Kinbkocmi (particles per million, ppm) abo
KiNIbKICMIKO YaCmUuHOK Ha Mirbspd 3az2aribHoi
Kinbkocmi (particles per billion, ppb), abo

B 0OUHUUSIX Macu Ha KybidyHut memp — mMr/m3,

Hopmu IMAK, npunHaTi y LLBenuapii

PeyoBuHa dopmyJa I'TIK, ppm
Amiak NH, 20
MoHookcuI CO 30
BYIJIEIIO

OKcHJI eTijIeHy C,H,O 1
XJIOpHUA BOTHIO HCI 5
Hianig BoaHI0 HCN 10
Cyabgin BogHI0 H,S 10
Oxkcup azory NO 25
JIBOOKCH 30Ty NO, 3
JIBOOKCH]I CipKH SO, 2

1 'pm‘r per million (rpm) =1/10° (10™* %)

| part per billion (ppb) =1/10

7 (107 %)



AMMMaAK BblAENSAETCSA MPU YNCTKE MUHEPAJIbHbIX Macen, Npu BblAENIKE KOXMU,
B61M3N MecT coaepxaHus ckota. OH BblbpacbliBaeTcst Npu NpouM3BOACTBE
MUHEepanbHbIX YA06peHnii, B XO0N0AWIbHbIX YCTaHOBKaX.
CO,ﬂe,D}KaHI/Ie B BO34yXe€ aMMUuaka ripuBoAnNT K pa3gpa>eHunro AbixaTte/ibHbIX nyTe171, B BbICOKUX
KOHLIEHTPaLMsX BO3OYXAAET LIEHTPasIbHY HEPBHYHK CUCTEMY, CO34AET 06U/IbHOE C/IE30TEUEHME,
rOJ/1I0BOKPYXeHne n 60/1m B rsia3ax.

dTopmpa BOAOpoOAa COAEPXNTCA B Bblbpocax cynepdoCdTHbIX NpeanpusaTuin,
NpeanpUaTUA YEPHOW MeTallyprmm, npu rnpom3BoACcTBE KMpNnN4ya, KepaMukm u,
rnaBHOE, NPW NIEKTPOJSIMTUYECKOM criocobe nosyyeHus astoMUHUAS.
(DTOpI/ICTbIe coegquHeHus He6ﬂaI'OI7pMFITHO BJ/IMAKOT Ha 34J0PpOBbE YEJ/IOBEKAG N Ha
pactuTesibHOCTb. /7pl/l BbICOKUX KOHUEHTpaunsax oHU BO3,aeI/UICTBnyT Ha AbiXaTeJibHblE 1yTH,
BbI3bIBAalOT HOCOBbIE KPOBOTEYEHMS, NMOPaXkaroT redyeHns. lonagas B atmocgepy, propuctoie

CoegnHeHWs ocefaroT Ha pacTeHUsIX, Ha rno4yse, B Bogoemax. @Top Hakar/inBaeTcs B
pacrteHnsax U B opraHM3Me 4esioBeKa, ryiaBHbIM o6pa30M B KOCTAX

Ben3(a)nupeH (BIM) nonagaeTt B atMocdepy Npu CropaHmnm pasanyHbIX BUAOB
TonamBa. MHoro Bl coaepxuntcsa B BbibpocaxX npeanpusaTum LLIBETHOWM M YEPHOMN
METaJITYPrMn, SHEPreTUKN, CTPOUTENIbHOMN MPOMbILLUIEHHOCTU. Bbi3biBaET
3/10KaQYEeCTBEHHbIE OMNYXOJIN.

dopmMmanbaervg BMseTCsS BTOPUYHOMN NPUMEChIO, BO3HMKAIOLWEN B pe3yfbTaTe
doToOXMMHUUecknx peakumimn npu B3anMoaencTBmmn B atMocdepe ¢ okcmaamm asoTa,
yrnesoaopoAaMn U ApyrmMmun BeLLeCTBaMu

by KOHUEHTpaumnsix cyuectBeHHo Boiwe lNK, oopmanbaerng AeNCTBYET Ha LUEHTPAsIbHY O
HEPBHY CUCTEMY, OCOBEHHO Ha 3puUTesiIbHbIE OpraHsbl. [1py OCTPbIX OTPaB/IEHUSAX XapaKTePHO
pasapaxeHue C/In3ncTbix 060J104EK 71a3 U BEPXHUX AbIXaTe/IbHbIX MYyTEHU, pe3b B r/1a3ax,
rnepLweHne B ropse, Kkawesb, 60/1b M YyBCTBO AaBJ/IEHUS B Irpyaun, yAyLIbe
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Mpuknap 3miHn KoHueHTpauii CO, i BigHOCHOI
BonorocTti RH y 3ani nig yac npoBeaeHHs
koHdepeHuii. loka3zaHo Yac: 1 — noyaTokK 3acigaHHs;
2 — BiAKpUnNu BikKHO; 3 — 3pobunu npoTar y 3ani; 4 —
nepepBa Ha KaBy; 5 — 3aKiHYeHHS nepepBuU; 6 —
3aKiHYeHHSA 3acigaHHs

3MiHa KOHUEeHTpaLii JIeTKNX opraHivyHuX
CMOJIyK NPOTArom po6o4oro AHA B
npumileHHi, ge nanAaTb



Ha cborogHi po3po0brieHO cucteMu KOHTPOSO Ha OCHOBI
HaniBNnpoBIAHUKOBUX Npunagis, SKi TaKOX MOXHa
BUKOPUCTOBYBaTU ONA:

* KOHTPOMKO KOHUeHTpauii BogHio. Lin npobnemi npuainsTb 3Ha4HY
yBary, OCKifNIlbKM BOOdEeHb € BWUOYyXOHeDe3neyHMM Mpu KOHUeHTpauil B

noBiTpi, BUWIN 4,7 %;

KOHTPOJSO O30HY Y BEPXHIX LWapax atmocdepu;

KOHTPOJIKO CUCTEM BUTOKY MNMPUPOLOHOIO rady B XUTJITOBUX I'Ipl/IMiLLl,eHHFlX;

KOHTPOIO CBIXKOCTI pnbun Ta AKOCTI iHLWNX NPOAYKTIB XapyyBaHHS;

KOHTPOMO CTYNeHA cnantoBaHHA nanuea y asuryHax i Bukug CO B
aBTOMOOINIB;
* NepCOHanbHOro KOHTPONEpPY arKoroso;

* KOHTPOSIKO apomartiB i naxowiB._ B NOHOOHCKOM a3ponopty XUTpoy B

NpOoLNOM roay Obia ycTaHOBNEH Mpubop, KOTOPbLIA ULIET N0 3anaxy

opyxXue, B3PbIBYATKY N HAPKOTUKU
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NMpuknagu

BUKOPUCTaAHHA XIMIYHUX CEeHCOpIB

I'as1y3b 3aCTOCYBAHHS

HajiBakauBili ra3u, siki migjisiraloTb KOHTPOJII0

ABTOMOOLILHUMA TPAHCIIOPT

O,, H,, CO, NO,, HCs

Kutinosi Ta odicHi
NPUMIIEHHS

CO, CH,, CO,, VOC:s, BoJoricThb

IlponyKkTu xapuyBaHHs

BoJuiora, 6akTepii, 6ioJioriuni Ta ximiuni tokcunn, pH, CO,

CinbcbKOrocnoaapcbke
BHUPOOHUIITBO

NH;, CO,, reOpunmuau, necTuHIN

Meaununa

O,, rwko3a, ceyoBuna, CO,, pH, Na*, K*, Ca*, Cl, H,S,
0i0MOJIEKYJIH, KETOHHU, T'a3M JJIs1 aHeCTe3il

IIutHa Bonxa

pH, ClI,, CO,, O,, O5, H,S

HaBkoJuuiHe cepeoBuine

S0O,,CO,, NO,, HCx, NH,, H,S, pH

IIpomucioBa Oe3neka

O,, roproui ra3m, TOKCH4YHi ra3u, BUOyXoHe0e3MmeuHi rau

HadronodyBHa Ta

Ha(TonepepoOHa HCX, cranaaptHi 3a0pyaHioBayi
MPOMHCJIOBICTh

CranenuBapHe O,, H,, CO, crangaprHi 3a0pynHoBavi
BHPOOHULITBO

O00pOHHA IPOMUCJIOBICTH

PakeTHe nmajnBo, BUOYXOHeOe3MeUHi ra3u, TOKCUYHI ra3mu




NMNopiBHANBLHUKM aHani3 po3MipiB HaniBNPOBIAHMKOBUX

ceHcopiB
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CpaBHUTEIbHAS LIKAIA Pa3MepPOB HEKOTOPLIX OMOJIOIrHYECKUX 00BEKTOB U
MCKYCCTBEHHBIX HAHOCTPYKTYP.
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Tunun PI3NYHNX curHaniBe

1. Atomic energy—is related to the force between nuclei and electrons.
2. Electrical energy——pertains to electric field, current, voltage, etc.
3. Gravitational energy——is related to the gravitational attraction between

a mass and the earth. 6 TMniB CMrHaﬂiB, AKI

4. Magnetic energ.yﬁdeaFS with ma.gnet.ic field, etc, . N BMKOPUCTOBYHOTbCS
5. Mass energy—is described by Finstein as part of his relativity theory, ] . .y
and is given by E=mc? B HaniBnpoeBiAHNKOBIU
6. Mechanical energy—pertains to the motion, displacement, force, etc. CeHCOPiLI.i
7. Molecular energy—is the binding energy in molecules.
8. Nuclear energy—is the binding energy between nuclei.
9. Radiant energy—is related to electromagnetic radiowaves, microwaves,
infrared, visible light, ultraviolet, X-rays, and gamma rays. . ;
10. Thermal energy—is related to the kinetic energy of atoms and molecules. L. Chemlcal Slgnal
2. Electrical signal
XiMi4yHUM curHan = aToMHa eHepria Ta 3. Magnetic signal
MOJeKyJisipHa eHepriA 4 M . .
: . Mechanical signal
,u.ﬂﬂ NMPaKTUYHNX CeHCOPHIX CUCTEeM He e g
PO3rNAAAETLCA AAEPHI CUNK Ta eHepris Mac 5. Radiant signal
MexaHiyHMKN curHan= rpasiTalivHa eHepria Ta 6. Thermal signal.

MeXaHi4YHa eHepris



3aranbHa cxema HaniBnpoBiAHUKOBOIO

CeHcopy

Measurand Measurement System Output
Chemical Chemical
Electrical Electrical
Magnetic SENSOR L MoDIFIER |- QUTPUT Magnetic
Mechanical =0 TRANSDUCER Mechanical
Radiant | 4 Radiant
Thermal POWER ¢ Thermal

SUPPLY
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LLlo moxxHa BuUMiproBaTn?

Acoustic

I.1 Wave amplitude, phase, polarization, spectrum

1.2 Wave velocity

1.3 Other (specify)

ological

.1 Biomass (identities, concentrations, states)
2.2 Other (specify)

Chemical

o -

S I\ |

3.1 Components (identities, concentrations, states)

3.2 Other (specify)

Electric

4.1 Charge, current

4.2 Potential, potential difference

4.3 Electric field (amplitude, phase, polarization, spectrum)

44 Conductivity
4.5 Permittivity
4.6 Other (specify)

5. Magnetic

5.1 Magnetic field (amplitude, phase, polarization, spectrum)

5.2 Magnetic flux
5.3 Permeability
5.4 Other (specify)

8.

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10
6.11
6.12
6.13
6.14

6. Mechanical

Position (linear, angular)
Velocity

Acceleration

Force

Stress, pressure

Strain

Mass, density

Moment, torque

Speed of flow, rate of mass transport
Shape, roughness, orientation
Stiffness, compliance

Viscosity

Crystallinity, structural integrity
Other (specify)

Optical

il
72
73

Wave amplitude, phase, polarization, spectrum
Wave velocity
Other (specify)

Radiation

8.1
8.2
8.3
8.4

Type

Energy
Intensity
Other (specify)

Thermal

9.1
9.2
9.3
9.4
9.3

Temperature

Flux

Specific heat

Thermal conductivity
Other (specify)



HAMNIBMPOBIOHUKOBUW ENEKTPOHHUA
HIC | XIMIMHUAU CEHCOP

Hanienpoeionukoeuit XiMiuHUil CeHCOpP — e HANIBNPOBITHUKOBUI MPUJIA/, SIKHIl CTBOPEHO
3ac00aMi MIiKPOCJEKTPOHIKH, B fIKOMY BiIOYyBa€TbCHA B3a€EMOIiA MiXK aHanimom (razom) i
CEHCOPHOI0 CMPYKMYpolo, BOHA TPAHCHOPMYETHCSI HA KOPHUCHUN CHTHAJ — €JeKTPUYHHH YU
ONTHUYHMH, 0 KUILKICHO TA IKICHO XapaKTePHU3y€ aHAJIIT.

EnekmpoHHUU Hic — Ue MacuB XiMiYHUX CEHCOPIB,
KOXHUI 3 AKMX IMITYE peLenTopn OpraHiB HIOXY.
CwurHan 3 uboro macmBy 0b6pobndaeTbCs 3a
crneuianbHMM anropuTMOM, WO O03BOSISIE
BCTAHOBMOBATU XiMiYHUIN CKnag, (SKICHO M KiNbKiCHO)
HaBKOMULLHLOIO ra3oBOro cepeaosuLla. Takum YMHOM, |
€NEeKTPOHHUN HIC CKNagaeTbCs 3 ABOX NPUHLMNOBUX
GnokiB — 6s10Ky xiMiyHO20 ceHcopa i 6s10Ky
MamemMamu4Hoi 06 po6Ku.

"nabopamopisi Ha iHmezapanbHil mikpocxemi' ( lab-on a chip) un mikponoeHa
aHanimu4yHa cucmema (pu-TAS — mirco-Total Analytical System)



Obpasey

noaAroToBkKa

Npoobl

Bosgencrtene Ha
npody

TpaHcnopTHbIE
onepaunn 1
MaHUNyNAayum

[eTekTupoBaHue
N aHanns

OcHoBHBIE CTaJHuH aHa./llu3a.




[Lab-on-a-Chip
(Body Fluid In; Answer Out)

Fld - :
Handling Lab-on-a-chip concept for capillary electrophoresis
a7

_-lmpliﬁcariopp, Sample 2 Dilution 3 Chemical

Derivatization, iy - reagent Fluorescence,

Lysis of cells | UT Aus Absorption,

Concen tration, .4mperon.re_mc,

Extraction, g onductivity,

Centrifugation aman
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Sample Prep Sample Detection

waste

Sample Separation

1

Electrophoresis, liquid chromatography thee
Molecular exclusion, Field flow
fractionation




Electrokinetic phenomena: electrophoresis and electro-osmosis
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ab on a chip technology
GeneChig

The bioM¢érieux FoodExpert-ID microarray,
powered by Affymetrix GeneChip® technology,

Identification of the presence or absence
of 33 different species of animals

in any food product.

Detection of DNA sequences specific to
an animal.

Great concern for public health,
economic, religious and legal reasons




MEMS Lab-on-a-chip device




.7) C< KOHLieHTpaLis
{ mMornekyn
: ({ \Cf (napuianbHui TUCK)
| [ f(°*r { [ [ | | |

CEeHCOpPHUN Lwap

Cxema, sika NOSsICHIOE npuHUun

curHan Big . ..
AT Am An A® CeHCOpHOro wapy All XIMIYHOIro CeHCcopa

TpaHca cep

eneKTpU4Humn
Al Av Af Ao (onTnyHuN)
CUrHan
IcCHye neBHa aHanoria MixXK enekTPoOHHUM HOCOM i HOCOM NOANHN, SKLLO
NpoBeCTU ABi Napaneni woao npuHuuny Aii: a) XimivHoOro ceHcopa Ta

peLenTopiB OpraHiB HOXY IMOANHN; ) METOAOM MaTeMaTUYHOI 0OpPObKK
po3ni3HaBaHHA Ta MO3KOM NHOANHU

MpuHumnosgi BigmiHHOCTI. 1)[na Toro, wo6 po3ni3HaTn 3anax (Hanpuknag, Hassy napgymy), Ang NIOAUHU HeEMa
HeobXigHOCTI ifeHTUMdIKYBaTW KOXXHY KOMMOHEHTY LIbOro 3anaxy. EnekTpoHHUI Hic, HaBnaku, NPOBOANTb KifTbKICHUI
aHari3 KOXXHOI KOMMOHEHTU 3anaxy.

2)PeuenTopu noavHn hopMyBanucs NpoTaroM COTEHb TUCAY POKIB €BOMoLiT | € ONTUManbHUMK WOJ0
3abe3neyeHHs BUXKMBaAHHSA NMIOAMHW. peuenTopu ayxe aobpe agantoBaHi Ans po3ni3HaHHA 3iNCOBaHMX NPOAYKTIB
XapyyBaHHS N MatOTb BUCOKY YYTNMBICTb A0 Pi3HUX ra3onogibHnx NpoayKTiB po3nagy XxapyoBux NpoaykTie. Ane oo
TaKoro ToKcuMYHoro rasy 9k CO, peuenTopu NIOANHN 3a POKM eBOSKOUIT He NpucTocysanucs. Hasnakn, CborogHi ans
pO3pOBNeHnx CMCTEM eNEKTPOHHOIo Hoca He € npobremoto Bu3HaunTn CO, npoTe icHye npobnema woao
KOHTPOJSTIO NPOLECIB NCYBaHHS NMPOAYKTIB XapyyBaHHS.

«oTne4vaTok 3anaxa» (smell-print)
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Chemical Electrical ' Analytical

. . . |
input signal output signal | result
Bound I
paricles I
Fras I
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device to transduce changes of
Molecular recognition = AT, AN am, ... Into an electrical 5,gnal
selection and binding (e-g. thermopile, electrades, quartz oscillator, .|
sensitive layer = revarsibility, dynamics .

Model systems: metal oxides, polysiloxanes, supramolecular compounds 1&



OCHOBHI XAPAKTEPUCTUKU XIMIYMHUX CEHCOPIB. METPONOTIA

100

63

6a3oBa niHifA

curHan, %
W
-\l

BNYCK rasy BUNYCK razy

yac, XB

TunoBa 3MiHa curHany ceHcopa npu BnNycKy Ta BUMYCKY rasy

Yac eidnoeidi ceHcopa — Ue 4ac, 3a sk BUXigHMn curHan ceHcopa gocsrae 63 (90)% Big
MaKCUMarnbHOI BENMMYMHM MPWU 3MiHI KOHLEeHTpaLii (mapuianbHOro TUCKY) BUMIPHOBAHOMO rasy
Bi HYNs1 4O OaHOI KOHUEeHTpauil (mapuianbHOro TUCKY).

yac 8i0HOBJ/IeHHsI — Le 4vac, 3a SKMA BUXigHun curHan nagae go 37 % (B e pasiB), un Oo
10 % Big MakcMMarnbHOro Npu 3MiHi KOHUEHTpaUii (NnapuianbHOro TUCKY) BUMIPIOBAHOIO rasy
00 Hyns.



3anexHiCTb CUrHany niHinHoro
cCeHcopa Bia BONOrocTi

diana30H euMiproeaHUX KOHUeHmpauiu

(4 —X2)

NnoeHa wkKaJsia eUxXiOHO20 cuzHarny.

MOBHa WKana
BUXigHOro curHany

nopir

<
iy

y .
0x7=0 X2= 100 % (Y1—VY2)

Aiana3zoH BUMiproBanbHUX
KOHLUeHTpaLin

¢ghopmam euxiOHO20 cuz2Harsy-
aHasio2oeuu abo yugpoeuu

Hymnueicmb ceHcoOpa BM3HAYa€eTbCA K dy
BiAHOLLEHHSA 3MiHM BUXiOHOIO curHany no S ()(a) — _‘ =X
dx

BiAMOBIAHOI 3MiHN BUMIPIOBAHOI KOHLIEHTpaLil a

Y Bunagky niHinHoro BiArykKy ceHcopa, To6To Komnu y — kX + b

MNOro YyTNMBICTb CTana Ans BCbOro Aiana3oHy BUMIPHOBaHWX KOHLUEHTpaLin S _ k



ricrepesuc

[0 MNOACHEHHA edoeKTIB ricTepesncy Ta NoBTOpOBaHOCTI: 1
— nepLue BUMIpoBaHHS, konn N 3pocTae, 2 — apyre
BUMIptOBaHHSA, Konn N 3MeHLYETbCS, 3 — N-LNKIIB
BUMiptOBaHHSA, konu N 3pocTtae

CUrHan

NOBTOPHOBAHICTb

KOHUeHTpauis N

NiHiGHICMBb — Ue BiOXWNEeHHS Big NpsMOol NiHil rpagytoBanbHOl XapakTePUCTUKN OAHOro
CeHcopa, ke BUMIPIOETLCS Y Bi4COTKaX.

licmepe3uc xapakTepUCTUKN — Lie MaKkcumMarsibHa pisHMus

BUXiAHOMo curHany B Oyab-skin Touui, Ska BU3HAYaETbCS

Npwn ABOX NOCIIAOBHNX BUMIPIOBAHHSAX, KON KOHLIEHTpaLis Ay(x ) /( y - y )
rasiB 3poctae Ta nagae . [ictepesnc BU3HavarThb y | 1 2

BiZICOTKax [0 NMOBHOI LLKaNu BUXIQHOMo curHany

[ToemoprogaHicmb — e BNacTUBICTb CEHCOopa Noka3yBaTu O4HAKOBI BUXIOHI XapaKTepuUCTUKM
B NMOCSIAOBHOCTI LMKNIB BUMIPIOBAHHSA U BU3HAYaAETbCS MakCUMaribHOK Pi3HULIED MiXK
BUXIOHUMW CUrHaNamu Ons pisHUX LMKIiB BUMIpHOBaHHS. Tak caMo §K i rictepesuc,
BU3HAYa€ETbLCS Y BiACOTKaxX WOAO MOBHOI LWKANM BUXIAHOIO CUrHany



CesiekmueHicmb — Lie BNACTUBICTb CEHCOpa BU3Ha4yaTu i BUMIPHOBATU TiflbKM OOHY XiMiYHY KOMMNOHEHTY 3a
MNPUCYTHOCTI iHLWNX Yy CYMILUi rasiB YM po3dnHax. Y 3aranbHOMY BUNaAKy XiMi4Hi CEHCOPU XapaKTepusyrTbCA
HEBUCOKOK CESTEKTUBHICTIO, TOOTO BOHU € CKOpILLIE HECENEKTUBHI HiXK CENEKTUBHI, | OAHOYACHO pearytoTb Ha
NPUCYTHICTb KiNbKOX rasie. ToMy XiMi4Hi CNONyKkM po3ni3HaroTb Npu cnevianbHin odbpobui curHany Big,
MaTpuLi CEHCOPIB, BUKOPUCTOBYOUM arieopumm (MemoduKy) po3risHasaHHs obpasie

Kpoc-yymnuegicmsb ( y 8IO0HOCHUX 8idcomKax)- Yymrugicmb 00 reeHo20 2a3y rnpu HasgeHoOCMmI iHWo20 2asy

wymMu, 308HIiWHI ymoeu tio2o pobomu (TeMmneparypa, BOSOricTb, aTMOCHEPHUIN TUCK, HAsIBHICTb B
aTMocdepi iHWKX rasiB, enekTpoMarHiTHi nons, ygapu, Bibpauis), eapaHmitHul 4Yac pobomu (4w
rapaHTiNHa KiNbKICTb LMKITIB BUMIpIOBaHb ra3 — NoBIiTpSA), uiHa ToLo.

OCHOBHMMM XapaKTepPUCTMKAMMN XiMIYHUX CEHCOpIB BBaXalwTb. 4YymJuiugicmb, cesleKmusHicmab,
cmabinbHicmb Xxapakmepucmuku, 4Yac eidnoeidi, Odiana3oH eumiproeaHUx KOHUeHmpauid,
MiHiManibHa sumMiprogasibHa KOHUeHmpauis, yiHa.



