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SUMMARY

Fedorenko G.V. Physico-chemical, catalytic and gas sensitive properties
to methane of Pt, Pd-containing sensor materials based on SnO,. - Manuscript.

Thesis for a scientific degree of Candidate of Science in Chemistry by
speciality 02.00.04 - Physical chemistry. - Taras Shevchenko National University
of Kyiv, Ministry of Education and Science of Ukraine, Taras Shevchenko
National University of Kyiv, Ministry of Education and Science of Ukraine. —
Kyiv, 2017.

The thesis is devoted to establish relationship between physico-chemical
properties, morphology, state of surface layers of nanosized Pd,Pt-containing
materials based on SnO,, their catalytic activities in a reaction of CH, oxidation
and characteristics of created adsorption semiconductor sensors based on the
materials for detection of small concentration of CH, in air. The methods of
obtaining and formation of the semiconductor sensor nanomaterials on the base of
SnO,, Pd/SnO, and Pt/SnO, were developed. The nanomaterials with different
particle sizes (5—6 nmand 10 — 11 nm) based on SnO, were synthesized by a zol-
gel method using various precursors and sensor semiconductor materials Pd/SnO,
and Pt/SnO, with different content of catalytically active additives were obtained.
Physico-chemical properties, phase composition, morphology, state of surface
layers and catalytic activities in the reaction of CH, oxidation of the obtained
nanosized Pd, Pt — containing materials based of tin dioxide were studied. The
sensors on the base of the nanosized materials Pt/SnO, and Pd/SnO, with different
content of catalytically active additives were created and their characteristics
(electrical resistances in air, sensor sensitivities to methane at different sensor
temperatures, a concentration range of the methane measurement, time of the
sensor performance and sensor stabilities) were studied.

Stabilized influence of platinum and palladium additives on the particle size
of the tin dioxide nanoparticles in sensor materials (based on initial SnO, with
average particle size both 5 — 6 nm and 10 — 11 nm) during their high temperature
formation were established usng TEM and XRD met hpattsn.
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and palladium content on the process of formation of the electrical sensor
resistance in air and its sensitivity to CH, at various temperature of sensor action
was found out on the base of comparison of the sensor characteristics and catalytic
properties of the studied Pd/SnO, and Pt/SnO, nanomaterials. It was found that
sensors based on initial SnO, with average particle size 5 — 6 nm with 1.42 wt.% Pt
and 1.50wt.% Pd at 400°C and’C,3660o0r r e s p o axidal segsdry |,
responses to methane. Stability during long-term operation for all studied sensors
and their good dynamic properties was established. It was found that the values of

response time (1p9) and relaxation time (1,5 for the sensors based on initial tin
dioxide with lower average particle size were smaller. In particular, for sensors
based on 1.50 mass% Pd/SnO,, with the highest sensitivity to methane, 1p9= 4 S
and g2 = 9 s was found.

The adsorption-semiconductor sensors to CH, created on the base of the
obtained nanosized materials Pd/SnO, and Pt/SnO, can measure the presence of
methane in air in a wide range of its concentrations (25 — 930 ppm). It was found
that dynamic properties of the created sensors and values of their responses to
methane are better than for the most of existing world analogs that allow to use the
developed sensors either in domestic gas analytical devices or in leak detectors
intended for fast determination of natural gas leakages in air. The mechanism of
the sensor sensitivity to methane of the adsorption-semiconductor sensors based on
the nanomaterials Pd/SnO, and Pt/SnO, and a mathematical model of sensor action
were proposed. The model could describe the dependence of the sensor
conductivity on methane content in air and change in the conductivity of the sensor
in time when replacing of its gas environment from air to methane -air mixture and
from methane-air mixture to air occur.

Key words: tin dioxide, nanosized materials, platinum, palladium,

catalysts, adsorption semiconductor sensor, methane.
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BCTVYII

AkTyajabHicTh TemMu. Ha CbOTOAHI WHI R O eHb Q
HeproHociTB NuwWaeTbCsd NPUPOAHURN T as
A0O0OM nNnepelwkoaqg, 30KpemMa, 3 MOX/NTUNBI (
yMi wenm 3 nNnoBiIiTPpAM. oGiaBMeO TBOMMIYO KKi GBH TMppOl

noBi TpI € Heob6Xi AHUM, a CTBOpPEeHHH
M3HayYyeHHd BMICTY MeTaHy Yy noBiITpi €
OaHMUM i3 cnocobi B BU3IHaAUYeHHSA BUTO
aAaABHOCTI Mannmx HKYOHRIeROPpRAOPN. MAna U
NMTUYHI, enekKTpPoOXi MIiYHI , TepMOXi Mi\u
A COpPO6GHW@ MiHBON P OBi A HMKOBI CeHCOpPU Ha 0c-
YTAUBI C TBIi AOHOO BIHaAX i B , X O0po wi, AcUTHaabwii /Mbl
000T UM a /1 | Macy i radapumtwu T a HWN3 bKE
KOHTponwBaTtTuM MeTaH Yy noBiTpi

A n s pPpO3pobBKM Takux ceHcOpi B ne
AHOPO3IMI)pHAGAKISMKKN BIi H Mae CYKYNHIC
p OB I O HINAITYb, B OaXxediNNTcaeap 6410 1 KMWCHIWO 3
apsapgxeHux dopm™m, X1 Mi UYHY T a Tepwmi
AHOPO3MI PpPHICTH®b Al okcwupay ONnNoBa A0 3
poueci B, L1 O Bi A6byBawTbCA Ha Mnor o
ani BNpoBi AHMK&J] e BTOX@EepmoaB iHGHI C T b, 3 MI
eHcCOoOpIi B Ana niagBunuweHHS 4YUYyTAUMBOCTI
KTWBH.I Aob6aBK U, K i npummalwTb y4yac
eHcopiB MeTaHy TakKumum pgobaBKaMwu MC
ek TUBHI KaTanCH.atTopunm OKWUCHEHHSH

Bi nowmo, HXOL MM HUMK B1acTUBOCTI MaTep
K i BNNMBAWTbL Ha XapaKTepuUcTUKMU cet
aniBnpoBi AHMKOBUX MaTepianieB Ta YyMO

H

B

n

nNAvuMBeyT O Ay OAepXaHHS HAHOPO3MIi PHUX H

pupoAau i B MI €eaTKyr 1 B HIT X N igTonbyaHsoo K B H
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aAaKTMUBHOCTI HaHoOMaTepi aniCel, iB TEeaakelpi:
PYHKLULI OHYBaHHSA CeHCOpPIi B Ha 1T X M™MiaprxK:
MexXxaHi 3 MYy oo ceHcOpi B i CTBOPEHI

HaniBNPOBI JHUKOBUX CEHCOPI B Ha MeTaH
3B’A30K po0OTHM 3 HAYKOBMMM @pPOrpaMaMHu, IUIAHAMH, TeMaMH.
AncepTtTauyui inHa poboOoTa BUKOHYBanacsh. H a
bakynbTeTy KinOi HBEC/bbKHOOITOO HYyaHlI Bepc uUTeTy I
Bi ANOBIi A HOCTI 3 Aepxowagxelddnmu-kK §m@ M
MeTannoBMIi CHMX Ta BYTlFneueswmx HaHoMaT
BUPI WWEeHHA eKonor i yuwsnxlsnpmmo.n,e m»Ne (a2e0p
0111U0062 6 0 ) T a Ne@ 8 bEHOBY PYHKUI OHanNnb H
HaAaHOKOMMNO3NTMWU Ha OCHOBI re26md meTtan,

aepxpeecTtpauyii 016U002558) .
Mera i 3amaui gocaimkenns. Me T O 1O ancepTtaui NHO
TaAaHOB/TEHHSA 3 BXIAMIKYH AW IBKO 84T aG3BVMK,0 MO P (

AaHOM TnNOBepxXHEeBOTO HI®PPBYM | B8 8 U & p Ov3aM i epp

pakTepucTunukKkamMm CTBOpPeHWANHAanNp XB ioacH

O X O O w

C
T
C HO B b SO KaTani TUMHOW AKTWUBHI CTIO B
a
e

HCoOpi B, MAN BHM3HaAMILH HE Ma /4B XNE&DB HTL@H
Ana pocdrHeHHS nocTaBnNneHOI MEeTMUn He
PO3POOKMTMKN ONETPOKMEIHKHA Hani BNPOBI LHUKDO
OCHOB,3 M@a@Qumu (< 10 HM) po3MipamMu 4a
CMHTEe3yBaEeNMb 3 MABOLOM A3M BOMi K3OHOMUIXC T A B €
HaHoOMaTepiann Ha OCHOBI Aiokcwupgy on
ogepxXxaTtTun CEHCOPHI Hani BN p,dBSNQE 88 N O B iH V
BMIi CTOM K-akKamBHEHMXHOgOOABOK ;

-pocni guTKMN MO kG inMiIiDY HOI BAa@PO@ABO P, WK X H
BMIi CHNUX MaTepianiB Ha OCHOBI AaAiokcwunpg
-BMUBYNTN KaTani TUUYHY aKTUBHI ¢gR-BMBC &)

HaHoMaTepiani,@ Ha OCHoBiI SnoO
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-CTBOPUTKU CeHCOpPpWUW Ha 0cC HOPK¥INO, HdSnO,[30 3 V
Pi 3HMUM BMIiCTAOMTHBHARI HWORABO K ;
-npoBecTMU L[OCAHNI AXEHHSH XapakKTepucrTMWUK
YYT/TMNUBOCTI A 0 MeTaHy, wBwMmaokKopgii ,- C -
Hani BNPOBIi OHUKOBMUX CeHCOpIiag e piaa /oLeBH OF
Pd/SnO,3 pi 3 HMM BMI cCcaw™m KHRITXA N4 0 NaBHOK ;
-pocni ANTN KiHEeTUKY OKWUCHEeHHS MeTaHy
rasoyyT/imBMMU BAacCcTUBOCTAMU O MeTaH

-3’ acyBarTtwu BNAWUB BMI CTY PtHasie nRd n mya

eE/XKeCPUYUYHOTIO ONMOpPY Ha MNoBITPpPI npun pi 3
3anponoHyBarTMWu MexaHi 3M @QOoOpMYyBaHHHA Y
Hani BNPOBI AHUWKOBMUX -CP&BIMIOQH @I OH aj i OOCKHCOVE
CcCTBOPUTN MaTemMaTMUyYHyYy MoOAagenb AiT CeHC:
O0’ekT Hocaimkenns —N poyec @GoOpMyBaHHSA Bi AT YK
BUIFI OTOBJ/NIEeHMUX H a OCHOBI HaHeg pPUSNQ4;i p H
KaTtTani TuuyHa peCGHgHiAa AC eoOHKCMECPHBEMHKHCAR d X M a T
Ha OCHOBI HaHHpPp™mMaAMEMAT MO HBO @Pige.Nb Al
IlpeameT pocaimkeHHss —H a HO P O3 Mi P HI Hani BNpPpOoBI
CHOB,PI/SO,®@a Pi3/ NN HMUM BMICTOM nasnaapgpi
MIi Y4 HIi Ta KaTani TUYHI B fBaMd TTWHBAXXC T™™ia T H

apakTepuUucTNKMWU C®HC oPpditTBE N @Pa hPm® pi 3 H

- X X O

eMnepaTtypax.

MeToau aociikeHHsi — P e HTTr eHo a3 o0BMUW aHani 3

eNeKTpPOHHaAa Mi KpocKonNni 4 ( TEM) , B WUB
enekKTpomi 3MY4HMUM MeToOaOM,-4Tdn T MWeHTao AN i T
AecOoOpoOHY, apPUMMIi prOoBaHHA KaTani TUYHOT
B peakuyuii @QKUWCHeHHmMH HGH ™MeToOoa paocni g
aHani sowm KOMMNOHEHTI B raszoBol CYMI L
cnekTtpockonia (P®EC), P € H FO MNeeH ko Tt aom Ko Ge n
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HaykoBa HOBH3HAa oJep:KaHUX pe3yabTaTiB. 3 AN POMNOHOBAHDO
ofgepXaHHSHA Ta @GopMyBaHHSH CEHCOPHMUX H
onosgBacepenHi M pPoOSMEHPMO M OUT PCUTMVAHHOK O LW A

okKcanarTy O/10Ba nepoiwosmeaodm eEormbw.ni 3B

A OoOb6aBoOK nnaTtunuHMU i nanapgiw ,Hapunpoc
BUCOKOTemMnepaTypHOMY dQqopMyBaHHI CeHc
pPi 3 HMUKX npekypcopi B. Ha ocHoOBI cniBCcC
KaTani TUMHOT aKWKWMBEHEGHHAC BCIHh BaKyukKi HaH

Pd/SnO, Ta Pt3/'’SsncCoBaHO BNAMB BMICTY nana
hdopMyBaHHA €eNeKTPUYUYHOTO ONOpyCeE@AcC Omit
npuMm pi3HUX TemnepaTypax i x pob6boTmsBi B
Sn0,3 MeHWMM po3Mi-PoWwMHaMamH®L KBY MDY 4YyT
Ta Kpauwy wBuagKoAil 0O I penakcaui ,,3N00f[
6i nbwnm po3Mip-b HETNBHNpEEBO, wo
O MeTaHY wMawTb CckReowaop.un% Rimvama &t P06
400°C Ta °C360BignoBi 4HO. BcTaHoOB/MEeHO,

HaMyyTNuWBB MINKHMNUIMD ceHCOpPp 1674C o8 Wi YUTHaY

cTabi NbHUM nNpPpoTAromM WMNBaOoOp@WOBAORBAMKB A JIV

Moadenbcemgcopi B, L0 BpaxoBYE BNAWB L
OKMWCHeRHaEA MCCdHBepXHI ras3o4vyyT /iunBIOB WA KUaN
Pt.PdBMi CHMUX CceHCcCOpIi B | ONMWOOYEO BEIKTHIEPMME

Bi A KoHUuewTmawimTpCH Tiax pesliagic @u i .
IIpakTyHe 3HAYEHHH  OJEPKAHHUX  Pe3yJIbTATIB. Ha O C H

HaHOPO3MIi pPHMX MaT & p iPad Bismn O Pae /senO0 - a g

Hani BNpPpoBiI AHWUKOBI CeHcoOpwM, K I B W3 H.
WM POKOMY Al ana3s3oOHI H0980@pmK O H BermBp @ 1B il
ANHAMI YHI XapakTepucTuUKKM CTBOPEHUX ¢
Kpawmmm, Hi X Yy nepeBaxXHOTI 6i NbwocTi
LO3BO/TUMUTb BUKOPUCTOBYBATMU CTBOPEHI C

TeyewykKkayax J/MmeTTa™Hw . gweaspytaui AHOT p o
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yuyuboBMUN npouec -rmndap okayr i Largu aH HIal ( Ky
ceHcopwuui, apcopobui i Ta kKaTtani3szi”)
Oco6oucnii BHecok 3 L 06y B au a nonAar ae B aHaj
oAepXaHHI OCHOBHOTO OOL&EAHWX eKa&nepnms
aHani 3i OTPpUMAHUX pe3ynbTaTtiB. Moc T a
aHaniys araJZibHeHHA ofepXaHWXx pe3ynbTarTi
KepiBHMUKOM A. X. H. , npodecopom JI. I. Oon
BuortoBneHHd 3pa3KiB CeHCOpPIi B NPOBOAWNIC

Po3spobka eneKmapuUeHe@NgicBkemns BUBYEHHS

npoBoAgMNOCbL Yy cniBnNnpauyi 3 nNpoB. I HX.
ceHcOpiIiB Ta I X CcCO@HWiIi OBHOBHO BpPOPOBU.
OpepxXaHHAa «KaTanisaTtopi B, nonepepHe T

CEHCOPHMUX AOCNi AXeHb NpPoOBOAMAOCHL pas3

npoB. I HX. Oo. . Pinko. LJocni goXeHHSA
MEpPpOCKONIT Ta peHTreHoasoBOro aHani:
BacnmneHko B | HCTUTYTI di3MNMYHOT XiMil

OTATI pocni gXeHHA nNpoBOAWMMIOCA Ccni NbH
npos. I HX. T.TT.ni Bexpbergb wew.ogfimc POPEC
cniBnpaui 3 [AxaradHwomwm B. M. , K. X. H., C
I M. B. €. NawkapboBa HAH Ykpail Hn.
Amnpodamisi  pe3yabtaTiB  aucepramii. OC HO B H | pPpe3ynbTe:
gonoBi ganncb Ta O06roOBORMEPAIGHI bwa XY

CcCTypeHTiB Ta acnipaHTiB «CyyacHI np
2016) ; |1 Bceyk-pphKTBHHIIN HRYK@PEpPEH
npo6nemMu XiMiIiT Ta XiMIvyHOT TexHolshor i

Co nf e rTherpmbdems<«of air pollution and purification: control, monitoring,
catalytic, photocatalytic and sorpt
2016) ; Bceykpal HCbKIi W 3 MiXHapogHOI
« Xi mi a, i 3 mkKka Ta Krveixed,0 nYk p -aR0hRadsthe 2 0k
| nternational chemiculrguseonfEEeKene,e
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Nanotechnology and Nanomaterials ( /1b B i B, YKkpai Ha, 2015,
201 70Oumnds3i ymi «CyuyacHI npo6 n-20irykK mHiae,o
YKpail Ha, 2017) .

Ilyoaikanii. OC H 0 B H i pe3ynbTaTtwun anceprtauyi
HayKOoOBMWX cTaTTax T a Te3ax 15 AONOBI

KOHMpepeHUI 9X.
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PO3LT 1

AJICOPBUIMHO-HAMIIBITPOBITHUKOBI CEHCOPU METAHY
TA MEXAHI3M iX ® YHKIIOHYBAHHSI

KoHTpoOoOnNnb HaAadABHOCTI pPi 3HOMAHI THHNX
H,S ) i BUOYyXoHgbOeBaieummmXx 1(&HIi B € akKkT1!
OCKI NbKWU BUKWNAOMN Takmx rasi B B oTO\M
HeraTWMWBHOT CGOABCIb/KMBAY OHpar &yHi 3 M Ta A0 3 HE&
HaMmb6i NbW WMNPORPOBKE@BEAQBA@AETY MMpan MOMDHOH WA
Nor o OCHOBHMWUIMI KOMMNOHEHT, MeTaH, 34 ¢
CYMI Wi 3 noBiTpAam, o wopivYyHO OCaagein

| Hwa Heb6e3nekayliog T0a BY1 NMM®BJI A THBAE € KOMWH i

3 nNapHWKOBMUX rasi B (puc. 1. 1). I X 0t
nepeBuWYIWTHL BUKNUAUN MeTaHy, npoTe O
CUNbHUN NapHUKOBUN edekT [ 1]

70 -
60 -
50 -
40 -
30 -

IHWi rasm

20 -

10 -

q)TOPBMICHI rasm

Olccu,qu asory

Bknag y rnobanbHe notensniHHA, %

MeTtaH

Liokcup Byrneyto

Puc. 1. 1. BHecoOK HaWbGiNbwWw NOoOwWwWUPEH
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3a U 1 X Yy MO B HeobG6Xi AHICTHBb AeTeKkTy

ralbHI WOKW 3apgavetr. OCKI NbKWN 0OCHOBH
TaH, TO BMU3IHAYE€HHSABMAOIBOMAOMHKE HT P @A
KONMWYEeHHI nNpuUupoagHOro ras3y Yy BUOYXI

Hi Mi3yBaTuW €KOHOMI YHI BTpaTtTwu BIi 4

1. 1. BusHayeHHs BMiCTy MeTaHy B aTMOC(epi noBiTpst
CyyacHI-XIigMmi3WMKIO MmeTOoAMW KIiNbKIiCHPpPT O
3ywTbcC4a H a BUKOPUCTAHHI pi 3HOMAl
3HavYyawTbCAa MOX/IMBICTIHW AeTeKTyBaHHSH
Mnarfyy3s 0BOTr 0O XpoMaToOrl padyn e KMrapcocMIeeTKpTYy
MeTOoAawun € NOCUTHL TOUYHIODOIME XeaHIeE NI
3TaWwWyBaHHSA Bi oNOBI AHOTO npunapy
AaTKOBMUX 3acob6iB agna 1T x peanis3auyil
poroBasewmwagmMi HY Bi A4 TaKux MeTO0p[i B E
OBOAUWTWN BUBHpHBEBBROCEMPEBAHBLO Ha MicC

pPpTaTUBHUWUX Tas3oaHanNni TUY4HNUX nNnpunapgiB.

1.1.1. CeHncopu naJisl 1eTeKTYBAHHS BUTOKIB MeTAHY B MOBITpI

Ana KOHTpoOKLHKyY BOMBCTPI BUKOPUCTOBY
nmnapawn Ha OCHOBI pi 3 HMWNX T™™MVN | B g kH
pMoKaTani TUYHI, enNneKkKTpPOXi MI YHI ,
bTPa3BYKOBI, Tennedmmao BinproiB+ojiad &k mD®BO
PobotTa ceHcoOpiB TepMoKaTani TUYHOT (
MCHEeHHI pgocnNni gaXyBdR&I OCERAZ YW DY AT B idl
TAWUBMUKX eNnNEmM@EeoaIso T a NOPI BHANbHOT
eocTaBnAae Cco60W NNaTWMWHOBY C FAIKPTaA/BH,)
YHOBUWUHY . KOHCTpPpYKUIi 9 nopiBHANBbHOT O
TUBHAH P eMHOD BMb OMY Bi 4 CYTHSA. OKWMWCHEH

3y MoOXe Bipg6byBaTucb /nAunwe Ha pob6GOUYO
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BUAIi NeHHAM Tenna, wo, B CBOW 4Yyepry,
onopy nnaTtTWHOBOI cnipani a,a Bpo/pPMYyBHE
nponopui MHa KOHUeHTpauii AOC I A4XYB
ceHcOpa € HeoOoOXI AHWMWM ANd KoMNneHcauyi:’
OTOYMYHWYOTrO MNOBI TPSA, aK I B OAHAaKOBI i
CeHcoOp TepMOKTauTnayl i 3 pamana npauytwBaTtTwm
BMOGYX0oBOCTI , AaKa [0, Yavey amy BicKpiia g @ ¢
Hefgoni kKkamMm TaKWX CceHCOpiB € 1T X HeBUC
AeAaAKNMUM [OMI WKaAaMW NOoOBITPpA. Kpim mwwor
ras3y B aTMocCc depi 3pgaTHI 3incyBaTtTwn Te
MOoro npaues fgaTtTHOCTI

EnexTpoxi Mi UHI CEeHCOpPW BUKOPUCTOB)
TOKCMUYHNX I BMNoyxoHebesneuyHunUmx T asi B
WO CKANapfamLkoawHIMiagb’ € MHI OO0 Ni (ppm [ 3
MeTaH Yy noBiTpi [ 5, 6] . EnexkTpoxi Mi
enekTtpoagwu, wo po3ninNeHiI wWapoM enexkTp
3 Andysi nHoOW wMemMOpaHOLW, yemMe3 Emex Tp
€EeNeKTPOXIi MI YHUX CeHCcCOoOpi B nNpuepgHatHi il
Mras NnpoXoAaunuTHb B CeHcop yepes npoH
enekKTpPOXi MIi YHOT peacxuyi.’ reHepyeTtbcHd
noTpanngdge Yy CeHcoOpryeapex nNMaswm@xatry toni
cmna CTpPpymMmy, AKMWUN T eHepyeETbCSHA CEeHCO,|
rasy B noBIiI Tpi . MpoTe npwu po6oTi
enekTponitT I T X YyTNnNuB-BAQTRITFOMHM&aHMA
nopyrnuBocTi pana ppmiCH,[@l.k nagae 3000

HaaBHICTb XapakKTepHOTr@®uvopewsmimtpwB alk
NMeBHOTO aHani 3oBaHOTO rasy o6yMmMOBANHK
AeTeKTyBaHHSH |l HPppayepBOHNX T a3 0BMUX
I HppawexpB @B TYKNKaX BUKOPUCTOBYIKTbCHA

|l HppayepBOHOT O BUNPOMI HIOBAaHHSA 3
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I'IpOMiHIOBaHI/IX XBWUWNb , OAHa 3 AKWNX €

oro HeoOGXi A4 HO —BIVPMIKPTAMTYMH, 0 aH €i Hnuoar /1 n |

MOC MepHMas amwu [ 3] . CurHanm Bi A4 06
NPOMI HIOBA@HHSHA MNOCUNKWKTbC A, a nicnasa
rHan, nponopui "NHMMW KOoOHUeHTpaui:’l O

XYTb O6YyTMUW BWUT O FKOABWIEEPHN , YA KB O oG 308 @ /1 B
OCTepexXeHHA 3a [AocCcTaTHbO BEe/INKOW
o€l po@oTemMaAYnoTpebye ©Oe3nepewkomnH
TEKTOpPOM. Kpim T1ToOT O, BOHMW He € BMUC
BOPEHMBDBITM@BAHIO I XMRAaTHbLO Be/INnKOro
NNYnMHa Mi Hi ManbHOT KOHULeHTpPpauyi:’ r
Mi pactmc Tledva € pgocTaTHbLO BEe/INKOI.

PoTOaAKYCTUYHI |l HPpayvyepBOHI AaTyunk
3 bKMWNX KOHUeHTpaui m rasvkBuWWHUKOBII TpD
TeKTyYyBaHHA npob6ba aHani s3oBaHOrNo T as
AOoa€EeETbC 4 BN/IUBY I MOY/TbCHOTO I Hdp a
BXWUHUW XBUI . MpuM UbBOMY nNOT/ITMHAHHHA

onopui "HIMNWaKIOHUEOCAI AXYBaHOT O ras

NYyNbCHOT O |l HppayvyepBOHOT OO BUNPOMI H
rpiBaHHA Ta OXO0ONOALXEeHHHA Trasy, L0
CKY B Kamepi, aK i i KCyrwTbCA 3 a
amoBaHOT O BCepeagUHI PoTOAKYCTMUYHC
TOAQKYCTWUYHI pgaTuUYUKN € e PeEKTUBHUMMU
napHoOi KOHCTPYKLUIT

YNbTpa3dBYyKOoOBaAa aKycCcTUUYHA TEeXHONOT i
TOKiIi B ras3y 3 CWUTIT/RMT 1 CLKO M P aLL/IOSHOXT G M
bTpa3BYKY, SAKWUWN BUHUKAE NPU BUTOKSE

Bi Tps4a [ 3] . YNnbTpas3sBYKOB.I AoeTeKkTop.l

papgiycwm. gka 20i gogmi HY Bi g Tpaguuyi nHMX N

ao

opacoBUuX), AN A po6boTKM YynbTpas3BYKDO
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ni gxXxysaHoro ra3s3y 3 caMMUM CeHCOpO
KHYTW YTBOPEHHHA BUOYXOHebe3neuyHOI
i Tpa. Ha pob6O0TYy Yy/NbTHPRGBY KOG OB M/ 1AL
B U 30BHI WHbBLOT O cepepjposwunuwa, A K 3
ueHTpPpauyirl rasy i HanpsaMOK WOro B

OB U X CUnNcrTem, K i MOHTYHKOTDbCHA 330BH

deTekToOp 3 a TennonpoBI AHICTIHW NHe X

MMIi pOBaHHSHA BMIiIi CTYy MeTaHy Yy 3 nN@BIODMIC

e
C
6
C

® O O = o

no

OoOC
yT

MeHTa Ta enemMeHTa nopiBHAHHSA [ 3].
Te noBi Tp4d anaA KoMneHcaui i Yy MO B
OT MU Takoro AeTeKToOpa Hiocntael a € Vi

nNi gXyBaHOTNo rasy BWUKNIWKAeEe 3 MiHWN y

MnepaTtypy po6oyoro efnemeHTa, a oOT:

py. 3Mi Ha TennonpoBi AHOCTI LeTe
Ni gXyBaHOT oyuvmmamw,y. WA na aT sk@BEHp@ENM 3 a

NUWBUMN |, AK npasunno, 3anexXHicTb

ApcopbObHamH®NPOBI OHWMWKOBI ceHcoOpwWu nj

ni

X e

ne
Y
H a
a

em
B O
as
e n
8,
ocC
as

BKY HaniBnpoBIi AHWUKOBOTIO OKCUAy Me
HarpiBaTtucbpgifi3]tTaklOpwH UMaH@O p3ami €
KTPUYHOI NnPpoOBI A HOCT I Moro rasovy
CYTHOCTI rasy, Wwo aHani 3 y-EITHLHKGEABHMN
npuknaag, BOAHI, MOHRODPEEE@EY EgMOenDn
noBepXxXHI Hani BNpPoOBI AHNKOBOTIO wWapy
ocopboBaHOrIo HeraTuWUBHO 3 apsapgxXeHor
o Yyepry, npuMBOAUTbL [O POCTY YUC/S
OYYyT/INPOBO JHARDBOOI O MaTepiany Ta,
MYMNHN eNnNeKTPUUYHOrTOoO ONOPYy CeHCcoOopa
9, 10, 11] . 3MIi Ha ONOoOpy T pcaeLHici
niaoxysatdloaomno cBagy. pob6boTwn CeHCOopwWU

O4YYyT/IUBOT O wapy, AKe HeobOXI aAHe A
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nepeobiry peakaiy K& WTHERHMHMXHI HaNni BOPC
wo apco-p@Gni BAPOBI AHWKOBI ceHCOpPU He
yacTO € HeNnNiHiIi AHUWM amoagid 3 O@BRYOH DP aLAi3
TepMoKaTani TUYHI ceHcopwn, BOHW MaWTHLb
X1 MIi YHM MM [AOMI WKaAaMMU NOBI TpPA.

KoxXxeH 3 onuMcaHWX TuUNIiB CeHCOpPI B Ma

Bunapmgeky aMH@op BiplOHBO A HWKOBMXTA C e M@

=

a3 odyyTnmBunMX BnacTtTuBoOCTEMW 3 Manlunmmmu

0O60TM B WNWPOKMUX TemMnepaTypHUX yYMOB.

3 O

epcnekKTUBHUM T X BUKOPUCTAHHMETBK ThOp

=

a3ocuUrHani s3atTopi @ agyT orkai BY NAPONM &0 LAHHE00M

ans nob6byTty. 3atTpebyBaHi CTb TakKuUX Cet

=

OHafBo 46’ emi B npopgaxy pAaTuyukis @ipmu
CBIiTOBUX niagepiB 3 BUIFNOTOBAEHHSHA CUCT

ras Yy noBiTpi) npunagae Ha noby[tzbei

1.1.2. AncopOuiiiHo-HANMIBNPOBITHUKOBI rA30Bi CEHCOPH METAHY

Bi nbwicTtb -AaA0DPOPMOBAHAOHNMEK OB UX C
KOHCTPYKUI WO nna+Halp HoZlo, TMZly. [HAdBr p BO .
OHMteBdOR'daf tctso ' Hdzd S Soatse s ] defpetgle T H dz
B [23, 24].
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N\
Punc. 1. 2. CxeManapBoppBUOAHWKMUBOOBOTI O CE
—KepaMi yHa—-BmM/MaTpaigB aZib Hi —BRABPTPRPAaW NE

rasoyymwapspid3].
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CeHcop (pwunc. 1. 2) CKnapgpaeTtbcCcsa 3 nn

KepaMi KU 4y u cCKna, HarpiBaya CeHCOp:
pOoO3MiWwWeHi 3 PiIi3HUX CTOPIiH NmNnaTtTunu CeHC
npaBuno, ue nnangpmoBHA)b.HMUMIMK eBlleM TpogamMu
rasoyyTnueunm wap, HAKUWN Bignosi gae 3 a
H a KepamMi UYHIi Qi nnart.i L O0O3BONAE 3abes
rasoyyT/imMmBOIroO wapy.

p

Ce

W I W Y =

-1 O

o

o |

w w 0 <<

T O

QO Y = X O K O

|

oz 4 £ T © o

=

o

B 4akocrTi mMaTepiany a3 0 YwmIC/TVOBBOYIBGA
3 HI HaniBnpoBi MHNIODK ZnQO, Zrda In,@; WkOg [25a42].C e O
pegx Haunwobinbwor o mioamw @ reMs3-da D HEd Y

06 Xi AHXii MPpiusHMi K oB nac T 1B o C T Iloen erpaweH e BINC
WM P OKOI3ONHHWIA OHIWBMKY BTMPOBI AHI CTb €
TAWBOW AO CcTaHy Woro noBep2x’Ai B O Il
nexynwm, agcopboBaHi H a NMOoOBEPXHI |
TUBHY YydyacTb B XI NIipUH VeX, PrneoapEupisxEH A |
COKI apcopoui MHI BnacTtTumuBoCTI o a o
ABBB | TbHUX e€eNeKTPOHI B Yy 30HI nposBi f
Kamai nogédm®i-mpdowe, pagiokcwupag onoBa €

ONYy KO, wo M€ c sabdiesHirivueyBERT pPOoO6OTMH
meBanoro nepiopgy 4Yacy [51].

B OCHOBI bopMyBaHHSA HYTA BB @OBI 4 H
HCOpPI B NeXUWTb 3MiHa KIinbKOCTI KWCH
304YYT/NMUBOTONOWBAPTY ABI W agP®MWi NOABI TBf
MCYTHOCT.I METAaHYKaBTaAaMoOTOYHE@VME P OK I
acTb YyacTuMuHaA XeMoCcoOpbBOBAHOTNIO KWUCHI
yneHsd 3afNOBHEHHSHS KUCHEM MNOBepXHI

EHWEeHHS KIiNbREOTD Xeme®w@opb@mBunuwye u

H NpPpoOBI AHOCTI TTa304YyT/NIUBOTI B MHEAINUYE
I p c[@HXjopaTakumM YUMHOM, y ®GopmMyBaHH
nb Bi A1l TpawTb KaTtani TWUYUHI B /1 gACNTAN B
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Ni ABUWLUWEHHSA Yy TNMWBOCTI CeHcoOpi B Oi 0K
KatTani TUY4HO akKkTuB#é4A@AmnmSbAaAbobGaOKcammb K A4 N
rpynmn WMPOKO Bi A4OMI CBOEW BUCOKOW K
OKMWCHEeHHda —fiétfaHyrTo| S5B3Bevaewmma namagive |

rasoyyTnmBOro wapy ceHcopiB Mae Bapg

3as3HayuTtTn, LLL O B pAagi BunapgkKki B Ao 6 a
Ni ABUMWEHHA KaTani TUYHOI AKTUBHOCTI M
3MIi HU Qi 3 MY HAMIX CBanMa@CITAM B MIi BN POBIi A HMUK

CTUOI W 3MEHWY€E enekKkTpHNHHNNYWNI PME RN
abo 3MeHWeHHHIS po3Mipy YyacFBHOK camor

Ha xapakTep 3MiH yYyaga/TEBDpPBMaAEHOMY MO
CEeHCOpPHOTro Hamapaixi.alniyy1o RO KH®RI3 aH NN K O F
yacTMHKaMuU HaniBONpPOBIi AHMKA Ta Ppo3MIip
B as3exXHocCT.I BIi A4 WMPUHNM KOHTaAKTYOOMIAX Tw
npocTopoBOT O OoO—wBeapwmaggp B OHlEBNi BnpoBi AHUKC

PO3MNOBCIAXYETHLC S enekTpocTaTUWUYHKMK n

Tyn KOHTaKTy
MiXX YacTMHKaMu

ons

y
CneuyeHunit matepian
(npucyTHi nepelwnitku mix

He cneuenuit matepian
(BigcyTHi nepewniiku Mixk

YacTMHKamm) YacTUHKamm)
* MpoBigHicTb BU3HaYyaeTbca
BenVKi YaCTUHKN MasneHbKi YaCTUHKM posmipom Of3 (6ap’epHa
HaniBnposigHUKa HanienpoBigHMKa nposigHicTb)

[e6aiscbkuii pagjiyc Leb6aiscbkuii pagiyc [Lebaiscbkuin pagiyc [eb6aiscbkuii paajiyc
eKpaHyBaHHA 6inblinii 33 eKpaHyBaHHA Habarato MeHLMWi €KpaHyBaHHA CNiBPO3MipHMIA 3 €KpaHyBaHHA 6inblunii 3a
WKWPUHY MiDKYaCTUHKOBOTO 3a LWMPUHY MiXKYaCTUHKOBOTO LUMPUHOIO MiXK4aCTUHKOBOTO LWMPUHY MiXKYaCTUHKOBOTO

KOHTaKy (nepeLumniiky) KOHTaKy (nepeLuniiky) KOHTaKy (nepeuniiky) KOHTaKy (nepeluwmiiky)

~¥

o --00 * o) ~—t
, -

1

. on3 MOXKe noBHicTIO « ON3 He MOXe MOBHICTIO * ons3 MoXe NOBHICTIO * on3 MoXe noBHicTIO
NepeKpuTU  MiXKYaCTUHKOBUM NepekpUTM  MiXKYaCTUHKOBUIA NepeKpUTH  MiX4aCTUHKOBUI nepekputM  06’eM  YAaCTMHOK
KOHTaKT, eNeKTPUYHUIA onip KOHTAaKT, eneKTpUYHWii onip KOHTAKT, €e/IeKTPUUHUIA onip HaniBNpoBiAHUKA, eNeKTPUYHUA
ceHcopa BUCOKMiA CeHCopa HU3bKMIA CeHCopa BUCOKMA onip ceHcopa BUCOKUiA

Puc. MoXnusi TUNMU KOHTakKTI B M X

ragyayuinmBomMy wapi Grp[8lopa Ha OCHOBI
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nacTb NPOCTOPOBOT O HVAW AGIayp 'ec @EN H M /M

HW nNpoBi gHOCTI , yepes3 HbLOIO MNOpPO WK
NOPi BHAHHI 3 MD@EHOEPOUGBT XMINbKUMIHUMX X
6ai BCbKka 0 OB XWUHa eKpaHyBaHHA ( BOF

3NOBCHOWAXYEAEBKTPOCTATUYHUNUN nNnoOTeHLUI an
3paxyHKamMwHBNSLT KIMmM@ae npubnmsaHo 3 H
Ana 4YacTUWHOK B¢ nmwoR@ypoamBpmy Ka [
apiyc) eeKk @ias@byaB @ H HUAM P U H Y KOHTaKTYy (
CTMWKaani BNpPpoOBi oL HNUKa, TO Be/NuUyHwaH a
B i6rypai e BenNunKOIW I BMU3HayYyaTumMeTbCH4

pagny B MicuUui KOHTakTy (puc. 1. 3).

HWwa 3a WUMPUHY KOHTAKTY Mi,)X BWa® H U
EKTPUYHOTO oONnoOpy ceHcoOpa Ha NOBIT
PUWHOKW KOHTAKTy MiX caMMUMMU YacCcTUHKaA
Y BunagKky 4YacTWMUHOK Manoro po3mipy,
peKkpunuBaeTbcC A4 o6nacT1i [Hepboaci TBOCPLOKBAD I @
AHYBAIHHBHP OB MI pHaAa 4YuM OiNbwWa 3a WUNPMU
nisnpo(Bp vypcH.ele.al3x)u MHa e€eNeKTPUYHOT O Of
MKOIW i BM3HaAayYyaTumMeTbCH4 pPpO3MipoOM
TUHKaAaMMu. ANna HaHOPO3 MiaXKHWKX BWAIEATI H
acTb NPOCTOPOBOTINO 3 apsdeaw, nio wWye wEhd
MKi 3HaAaYeHHHA eNeKTPMUUYHOTIo onopy H
NYNHATMN 3HayYHe 30i NbweHHA T X yy:
i 3ya b cpsw.GIEPCNEKTUBHNUM BUKOPMUCTaA

pianis an4 B U I GHTaAOMNBI JBEMHPHOSB | A M 18 10 @ B |

n
C
n
n
p
a
T
n
C epunmMeHTannb HO NoKa3aHO B p060Tax
C

n
e
n B po3Mipy yacTUHOK H a YUY TNUBI C
M
TUHOK minoweaml) <ndWBoOoANTbL A[O 3HAaAUYHO

Paszom 3 T1Twum, Bi ooMi pob6boTwn, paOe 3 MEe

3MEHWeHHA BenNnuUUYUHU BIi ATYKY (uyuyTnu
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Gyno BCTAHOBMNEHO Ha nNXpuKala@aeé H @BRIH C

oBa, OTpwunmMaRsP (flame spraypyolyeisM T a CUHTES

—
o

AOoM cniByrtagxea#wmeHo, o , He3Bax
MHOK A1 OKcCcwuAaRSP-S"Opb0o B@C BaKHKIHCOMPHATKD
MBI CTby Nooop | B® M HHE I 3 CeHcoOpamMm Ha
MaHOIo MeTOAOM CNiBOCaApAgXeHHS . AB
BOM YMOB CUWUHTe3y camMoro Aiokcwupg
TUBOCTI Hani BNpPpoOBI AHWK Q) , Mmaworo

cCeHcoOpi B, oTpuMMaHMUX 3a pi 3HOI

X © © o3 T -2 O

e MEBPcescopax fAiokcwuag onoBa HAaAHO

Mi UHY nnarTy ceHcoOpa, a [Aans cel

sS 9 oK O =X x5 o H

MaHOTO MeTOoOAOM CNi BaOTKAYL XEMOH[HEMWHBED
CKnapaeTbCcCA 3 opradHi yHoi SO’ A3Yy
YNHWM [ HaHeCeHHAM H a Kepa
okoTemMnepaTypHumm HSA-SHO,®H/yma H3HHaw) 4 e |
al BCbKa AOBXMWHAaA @KBaHYyyEa HPHSB MH @06 ara

w OO 0O 0 9 T T
-

ynbTarti 4Oro 3MIiHMW Yy KinbKOCTI XxXe

OKMWCHBHHMMOBABY A, He 3 4aTHI CUNbH
I p CeHcoOpa, OCKIi NbKMN Oona3 npopjoBs
Ni BNPOBKI AIHUMBXY aKaOoTHATHEAB|TERAMBXY [ A1 OKC MOy
pMumMaHOT O MeTOALOM <CNiBOCApM[fXeEeHHSA, A
HWotw Yy no PSP-8ND, HHA c3a Mi 4acTMWHEKMU L
Nb WN MU . AK Hacni 4ok, ON3 3 ainmMmarek aH e
nepewnmki B (KOHTAaAKTIiB) MiX HuUuMM T

noBepXHI rasoyyTnamBOoOro wapy, 34a
Hany nNpoBiIi AHOCTI, SAKuUun yTBAEPOYMBEL 3
Takum ,HmHIOGMO P H i X a ma KBTNneNpMiseaTo/RKa T a /i
acTMBOCT I CEHCOPHOTIoO mMaTepaaoyy T/aAK
Py (uepes po3MiQp 4yacTMWHOK T a M X!

Hanwu NPOBI AHOCTI .B 3 VAE3HOWMEYHTHNAM B0 MY M |
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Ni BNPpOBABIOHMKTAL NAPO Ni ABUWEHHA 4YyTnwu
nagkKky, Konun Jeb6baiBCbKa QJOBXWUHA €Kf
CTUHOK 4y n Mi XXYacCTWMUHKOBMUX KOHTaxkKT
ocTepiraTtTuceob. OCKi nNnbKwM anA A1 0K C
pa&@aHWHBE CTaHOBMUWHBM, 3 aIdMWUY a@liMmAa~CcERHCOpPI B
oBa 3 PO3MIpPHW BATUWWHWIK B-BASKYWIOB H A |
KUX SK MeTaH, MakwTb OYyTWU HaAaWNBUMWUMU
KatTani TMH4HY a@aKTWUBHICTb CEHCCDPHWMXAI
efeHHaaTM NI TUYHO aKTMWBHMX Aob6aBoK,
3nocepeagHbLO BNAMBATMW Ha WUPUHY 06N
€eNNeKTPOHHOI B3ace[WMbaoi ToOMy AOLORCBAGM
PMyBaHHSA YMYTNUBOCTI C €HCX08H iB3 Mye Tiaxt
O6Xi oHBIMaX ¥BAaHHSA A K ocob6bnnmnmBocCcFen
Tani TUHHOT O OKWCHEHHA MeTaHy Ha no
MCYTHOCTI BBefJeHUWX HRO @a@Bomd,od HTia KB /1 a

C O p GHUAI MiHBOM POOBBMI X1 HIMEKH C O P HUMU X MaTepi ani

1.2. MexaHi3M reTeporeHHO-KaTaIiTHYHOT 0 OKMCHEHHS MEeTAHY

OAHMM 3 KNKWYOBWUX eTaniB B nNpouyueci
" A3HKA-TIC, ,A9KBa 3 aNe€XHOCTI BIi 4 yMOB n
poAawu KamaRBRB@QX O HWTIMB HOMY . 30Kpewma

7
Kcwupgax, Wo He BIi AHOBYIJOHLBVC HAK NN a MD KL
n

bWI CTb HaNi BNPOBIi AHMKOBUX MaTepia

aTani TUYM4HO aKTUBHWUX MeTanax (BOOOKHDI eBI

(ow)

i NCHIOETBbLCSA 3a Pi3HMUMU MexaHiIi 3IMaMu.
Bi gomo, wo Taki oKONGa, HKHgQO, HENEMA
COKOro cTtyneHsa -0 HHOEWSH OB ' I8 TKe/p oMeEI
" A 3Hk 38-80C . MpoTe BYTrnesoOAHI Bi ABOORAT
na MeTaHy KOHCTaHTa Aagucouyljp=adbi[7p]), 3

MYy EXPOTOHYBAHHSA MOX/NIMBE nAuMwWe Ha
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HTpax. Ana BKas3aHWUX OKCUAI BT OdRAX N X
M U 3HaAa4YHO CUNbHI We i /Bbyyl Yy K ¥ C /BB TAHEIM O
OOYKTM peakxkuyi’i OKMWCHEHHSA ,)BYT me@BO
ocTepiraetTbcsa -BYT/XKECKIEQPMMIEHT @B O v

rioi TOPOM OKMCHEHHA MeTaHy Hai Tmnpg

an4a Ni ATBe[daXKkeMHHIAO HMHE@®A N X LeHTpPI B
MCHEHHI ByrnépopasegeHpofhanmi fo Ka
cnmaHunx LOurcar elmi /SMg O ( L i BBOAWUBCA AN
Tani s3atopa),TeEa KkH1 caHeAH HAiK OC Hbv eati®l @ 4 B H )
A MeTaHy. BcTtTaHoOB/1eHO, L, 0 HasdaBH
peTBOpPeHHALO mpasaiHey. B 7

an4a A1 OK @y 4 yaBKioyiitoBC U T b C 4 4O XIi Mi YH
pakTepHa AYyXe HMU3bKa KaTani TmuyHa a
n eReamypax, wo Bi AnNnoBi gawTb po-60Uv
i BNPOBiIi AHUKOBHX0 Ce[Bcopi Had 2i2HK o M

ani TUYHOI AaKTWUBHOCTI Y yOTiNONKBCI ILTYb O

O =

OpO6GHIW@ MiIiHBON P OBiI AHMKOBUX CEeHOO @mBM UWER
NUBOCTI ceHcOpIi B b o cCknapgy MaTe
Ui anbHI KaTani TUYHO AaKTWUBHI 0006 a
OKI CTb OKWCHEHHS MeTaHy. Bi oomo,
aHYy THGNOTHBC MeT a/Tup yn@meakTi WIHbOKBAO TO C H O B O ¢
O4YyTANAuUBOTO RPNy B HPOBH @HINIKHDB NX C e
TemMu, Lo BKAKWYaAWTb, 30KpemMa KarTa

B a, TOMY AOULiNbHO PO3TANSAHYTU 0K

3 0 0 w 4 =5 o -

a,CI,I €/IBaNT XN HTOaB WUIMX cnmncrtTemMax.
Ona HaHeCeHMWKX MeTani v4YyHUX cnmcrTewmM

MCHEeHHSHS BYTnesoAaHI B, 30Kpeamea HBIi gvey

np 0 B € Apeaiaikdh, ir6) 83][ . Ha pwuc. 1.4 HaBepgeHa

np

encCcTamoIE@hi Y|
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CH,(ra3s) HCHO (ras) CO (ra3s) H, (ras)
l ] -H CH;*(aac.) +0 l I posknag l I l I
CH,(apc.) —>  abo — HCHO (apgc.) — CO(aac.)+2H (aac.)
CH,*(aac.)

+0
CO,(ra3) + H,0 (ras)
Pmnc. 1. 4. CxemMa 0K WC HIEEHTHasUT | MleHTUaxH yH aHHa

[83].

OueBuNpgHO, WO  H a 1ubni A/iXeouM | pM3B IpEHW M A B
CTi W MeTani YyHi i noBepxHT5 7& 83r.o mtAai
Oanviewpre 6ir peak ustgpe N@pPUMB3AATM ,CTa

Kpewma, yepes3 KIiNbKIiCTb XeMocopb6GoBa

X w
® o O =

MOcoOpboBaHOINIO KWUCHI BNONHABAN NDIieN K M
KWCHIWO, TWUM T nNnaGwme nPpyaecnpoaEMcH®RHHSA BY

Cneuvdykwauyui oHY B aHH-AaMBMAEMO@EPOAHLII IHWK 0 B
nonAarae y pob6OTI MORABOBOIYMOBERKIIINOBI K

KWCHI € HabaraTto 6i nGHublpy WawkkowMmpHDeRp

P

NbKUXTTMHIO Hapg KIiNAbKICTIH mMapawy TarT diH

OXe CYTTEBO BIi O/RT638M48r Mmcmo Bn@agomanaapgil

KTUBHICTb B OKWCHEHHI MeTaHy TnNposdBsB.

ani uyHuin Pd € NnpPpakTWUYHO He akKTunus
c

CNWETbLCHA OAKTKBRANDT VMOUKHCOM A & , K W

P
- s -

aHOM. Y BuUnagky 3 nnaTtTuHOW Halack

o =2 o =2 9 =2
®D

CHEeHHHAH MEeTaHYy € MeE Xa H a HOBerHi

)

HeM Ta Me87-&3f i. u HBo ton pPoty efc i peaxuir’l
eipXxweTany, a Ha MNWoro MhTUEA3GB®GIY

ANWKY KMWCHKIW NpakKTMYHO NOBHICTH 3a

- Ih w O =

Q
=

MBHOIO. 3 uymx nNpuymMH nanapgi esi K a

Q

UYHOTITO HaANWMWKY —BAC MOB ILMAK G WLDAH B HIO0 B/

no KinexKocTi CH
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Baxnmey ponb ANSA BUAB/NEHHAEBUCDIKBD
OCHOBI OKCWUAHMNX Hani BNPOBiI OHUKOBMUX
AKTUBHOCTI B peacxkuyi:l OKMWCHEeHHA MeTaHt
CTaxH MOBEePXHEBOT O AIBCPAY , M OSPKJOIW OF Y FE HOA YHED

BMIi CTOM -akKKkarTMaB/Hi OTTIT @000 @BXN T I BBegeHH

BuByeHHA KaTani TUUYHOI aKTUMWBBHOE A K L

P

MCHEeHHSA MeTaHYVYI preak YOI /OPE BEmWM@E MY T 0P
OB @opMyBaHHA KaTanis3aTtTwpi s HEY.O60DX
Kpeawna A4imi BBOAMBCS MNPOCOYYyBAaAHHAM 4l

onyk Pd, a cnikaHHAa Ta @opMyBaHHSH

- O W < O
® O o <Z

MnepaTypaxgsemes opoN AIOEBY i YMOB BMUT OT (
AKTUBHICTHb C mcptme MH UB/KSIKO TemMneparTypeé
ABTOoOpamMmu BCTaHOB/EeHO, Wwo KaTtTani TUYHa
npekypcopi B B T BICHOQ),o RI(CiHOO)B>HPA(NEOE)] >:
Pd(NH,),CL, > PdCL>PdSO,npu TemnepaTypi cni’aH®@AS
Ni ABULUEHHSH TeMnepaTypwu cCniKaHHSA npw
AKTUBHOCTI 3 pa3kKiB. ABTOpPMU NOB’ A3YIHT
noBepXHI A1 OKC IKAYK pugam®lali angpwi ii 3 a B
Mopi BHAHHA aKTMUBHOCTI P&/'Sn(Qy, 1 v aPa/Ad,0;, M &
BUIOTOBJ/IEHNX 3a aHanori YHowW MeTOAWUK:
A1l oOKCuMuAy oOoONnNoBa [AEeEMOHCTPpPYWTb BUMUWY Kart
61 Nb WO I EBOHEPBE' A3 KY X e MO cHap 6 e B ppMKBECTMOL Y
anwomMmi Hi 10 nNP,[(88.HAHO 3i

OCKinNnbKKM nNnpouyuec OKWUCHEHHS MeTaHy
noBepXHI nanapi eBnux KnacTtepi B, TO 1)
BnnanmBatm Ha nepEaGi rB npppodbuneockya B[a H o , 11¥o]
po3Mipy KnacTtepa Pd 3 #eHUBy €T OeiiH exper i 4oa
KWNCHEBUX BaKaHCI W Ha nNoBepXHI PdO c¢n
O [92] . HadaBHI CTb TaKWXx BakaH8] Ne 3@ HL

KNTHOYO0OBUX MOMEHTI B B NOACHEHHI Me X aH.i
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B po@pTtTiBUBUYaAanacheb KiHeTunuka oO¢maHe

Pd/ZrO,. Byna BuRBOgwaAa i A npoAayKTH& P

nepeo6ir OKMWCHEeHHA MeTaHy, I pwB MPAK O™
onuncyeTbca i kdBICHIBONMEHL)?', @GE@H,), CO,) T a
CH0) —uy e, BIi onNOBIi AHO, KOHUeHTpaui:i Me

cymiawgke ek TUBHA KOHCTaHTa WBUAKOCTI
BMUCOKOMY BKWMICC/TOT OBYIMaiey BIiH TaKOoOX BMUC
nopsaagok peawlpiiieALloaB HmMmn 8le M@K a3 aH q,
NMPUCYTHOCTI BoaowWw i Hrio6Gywuya ni a9 BYT e
Ana nodcHeHSB]s aapoapuUuyBgannm HBaIC TOYKIHMHIE

METaHy:
0, + [1[0,]

[0,] +[132[0]

CH, + [1 5 [CH,]

+ [D].uml{,qlm + [GI].u.IBH,qKD

»[C0,],[CO;],[0H] (D)

[CH,]+ [0] =% [CH,] + [OH]
2[0H] < H,0 + [0] + [ ]
[C0,] <5 €O, +]

[C0,] <3O, + [0]

Aei—KOHCTaAaHTWN WBUAKIOGCACTE@ABWMI AL BRAOKaAr v

Xemocopbui s MeTaHy, 3 a npunNyuweHH
BakKaHCi 49X KWCHIW B OKcCcwuAai nanapgiw PdO
3 KWNCHeEM K povacttkauni Re @i (puc. 1. 5), y TB
NPOAYKTM peacxuyi i . Lecopbuyi A NnPpOAYKT
noBepXxXHI (kncHesBi BakKaHCI I Ha nNoBep:
HOBOKW MONEKYNOW MeTaHy, abo HOBOW M
npuyeci peacxuyi’i bdopmMyeTbCcAa nNneBHaAa AnNS

BaKaHCIi .
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Puc.1.5. [OucomomegpRHmeRaea® w3 a ak aH]

| 3 HaBeageHOT KiDHe prewawali I cxa&mMic HegH

3pobneHnx 8&purvnagmeppbyfio oTpumMaHe HacT)

1y
1 o k.- K, -C(0,) ) k.- K, C(0,) - C(H,0)\ '
’"_E'F‘:"RL'C{G:]’{[H‘R?'C{’:H4]+3-k4-ﬁ’!-r:{r:H4]+‘F‘L'C{G:H(a-k4-ﬁ’3-5’5-c{r:ﬂ4]]

1 k. -K, -C(0.) CoIn

+(a_’,.,+3-h-ﬁ,-ﬁ’_—-r:{r:m])'cED:]

AKWo wWBUMUAKICTb pecopbdbuii BOAM 3 nNC
WBMAOAKICTHW akTuBauii -M@amopeprKk(poe3pygpes
B yMOoOBax HaAg/NMUWWKYy BOAAHOT MODXpila BTPpPA
HacTYNHWUN BUpPpal3d, HAKWUWN NOACHWE | HTI OBY

k, K, -K;-[CH,]*-[0,]°
_ky Ky K- [CHT'[0) L1
[H,0]*

AKWo B T aGBy/mBd M3 HhaaBHa K i N brkaiscyt b( aplyer

BoaAW), TO WBUAKICTbL peakuyuii OKWUCHEHH
k,-K,-[0,]*
= 2 1 [2] (12]

i ‘i"z'f{l'[{}z] )2_ 2
3 (H5+3-k4-H3-[CH4] [€0:]

B uUboMy BUuNnapgKy WB NCATKA €C TCbN i ABEPCOOIMNDI LT Hi GO
akTupauyi i186]. MeKa H1yw K i 3a HadABHOCTI B
i Hri 6ywya ai a9 BYrnekund8flor oor me XHaenim
Wwo wBUMAKIiCTb pecopbUil BoaAuW 3 noBep
MeHLWOo 0 Hi X WBMNAKI @GTHMAYLEBY P @ B LT Bl C

KapboHaTHMWX Tpyn 4Yym 3 XxemocopboBaHOT
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Ana niatTBepAaXeHHS 3anponoHoBa®@pi
Ki HeTMNYHE LOCNiI AXeHHSH peacxuyi’i OKMWNec
efiTepoBaHoryg) mart aiHyo T@HD 3Hmcilew HA 3+

nepuMeHTaAaNNbHO KI HETUWYHOT O I 30TO0MN|

- o I
=

C
OpPEeTMYHO po3paxoBaHUM B pamMKax 3an

|

e
OACHIE TakoxX i A @MDY KMIHBA N p ecakkIuaigi . n |
I ATBepAXeOWMTHMO [l & 1i4 OB 88T b4/ IHIMO Bd D THO QO E

O3NOBCHAXYETbBCSA Ha OiNbwWi CTb HaHece

I T 343

a cumcrtemy Pd/ SnO

Xo0ou4a BMUCOKa KaTani TU4Y4HaA akKTWUBHI C1
MeTaHy Ppob6GMUTbL nNanapgi/mmo 6OAaOBCKWOTHKL AMOP UMBiadK
npoTe B peanbHUX YyMOBax rasoBa CyMmiLU
Ta 3jgaTHa NpPpUTrHIivYyBaTu akKTWUBHI LeHTp
L e npoAaykKT peaxuii OKMWCHEeHHAH MEeTaH)
KaTaniM@a® pmer aTuBHO BNJAUHYTUKU HRT6CTa
94, 95] . @lmpi WeHHA npob6bnemM cTabiNnbHOCTI
po3novyannmcsa pocni gXeHHA B 94696 nacAgH nom
AKTMBHUX KOMMNOHEHTI B TakMOMeETTMCTBRO NN |
BUCOKY, ane MeHWY HI X y Pd, KaTtaniTwu
I H Wmx npouyecax noB’ A3 aHKWMX) ,3 aJker n Bad
cTabiNbHICTHBL.

B pod®WtTi Aocni oXeHO WM POKMUM cOrexkT
6i MeTani YH WX BK a THaaUMiG3i anTbQl NepCcCnNekKT#NBH,]
Ni/Al,Os. Lli kaBow ANnda BWUBUYEHRMIA, €0 CTKa KI®bX U
3HaYHO O6Ginbw cTihnka po oMHMPGEFHHAKpinmp-
BCTaHOBI/MEHO, Wo KaTai TUHHACBAKXMUEMICC
Pd-PYALOs npu BIi AHOCHO BWUCOKWUX BMICTax n
YyncToro nanaapi o, AeMOHCTPpPYIY 94 9608 U b

99] . Paszowm 3 TUM BapToO 3as3HauyYyunTu, LLI
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KaTani TUYHOI ak T-m/AOpY TiINO R ME H e s iHPa 3
cnocTtep¥U9@.nocob |

Takunmw UHNHOM, nitTepaTtTypHMUI or n4a,
nepcneKkTUBHMMNM pgobaBKamMm [0 MaTepi a.
6naropoagHi MeTanwu (nanapi # T a nne

KarT afpia3Ma/ITOOKI/ICHeHHFI UMwexT aM-|eyT.al'IN(B)KelVHa€3 Cc

Hepgoni Kun, obymMoBNnNeHHI ocob6bnumBoCTAMMN
noBepXHI KaTanis3atTopa B peaKkui mHux vy
angcop6HU@NMiHBON P OBI O HUK OB MC RIK@A O MieE a @y
nanapgi e€esI HaHecCeH.I cmctemMum MakwTb nNpo
NOpPi BHAHHI 3 nnaTWHOBUMU, npoTtTe cawm
OT pYy éHI6 97] , o MOXe BNAMHYTW Ha p[OBTO
ceHcoOlpiMvMytepcneKTUBHNUM € A0 CHT @& wPe m & 5

rasoyyTnusBi BnacTuBOCTI A0 MeTIBy ce

1.3. BniuB po0aBok pi3HOi XiMIiYHOI NPUPOAM Ha BJIACTHBOCTI
aJicopOuiliHO-HATIIBNPOBITHMKOBUX Ira30BUX CEHCOPIB
CTBOPEHHAT /BMEIOX O & FICDIPIOALT MBI A HNUKOB
noTtTpebye BBegeHHSH 4 0 cKknapy MarT
Hani BNPOBI QHUKOBOTO wapy KatTani TUYH
nanapgin, nnaTwWuHa, 30N0TO0, OKCwuagmo-pi A
117]. Kpiub orT 0, Aob6aBkKM (Hanpuknap <cTMuKOG
METOK 3MIi HWM BAaAacHUX enexkxkTpuUuiBHWx Bnac
Bigomo [50], wo pob6GaBBKM Ppi3HOT XI
npouec dQopMyBaHHSA 4YYyTNMBOCTIT A HHa@ I &N E
Xi Mi UHI BnacTuMmBOCTI MaTepianiB TX ra
3ri aleoel20] BNAMB KaTanpgow@eaBOK aKaWN B |
BI AOTYKY CeHCOpiB MOXHa YMOBHO nNnoAai nwu
rpynmn Bi L HOC AATKbIC Ay TABOOOPAHS MK U, H a noBep

AaKTMUWBHI ueHTpu (KnacTepun oKCcuUuAiIiB -MmerT



38

KaTani TUY4HOMY OKMUCHEHHI OOCANI A XYyBaHdC
MOXYTb OYyTW HaHeceHI KnacTepu okKBapgy
AKUX nNepebirae 3 YTBOpPEeHHAM BakKaHCI W
PdO [84] . OCKi NbKNW MNONOXEeHHA piBHA depwm
moro 4yacTKOBO Bi AHOBMANEHOI do pmMnu Bi g
€ENEeKTPOHHI N CTPYKTYPIB NPMAOOBIRENK H © B110 X
noBepxXHeBOMY MnNnoTeHUI ani, CTBOpPEHOMY

[120] . lle npumBOaMTbL [AO TOT O, Lo enexkTp.l
wo ApfOCNi gXYyeTbCcd Ta Yy UWOro BIi ACYTHO
ceoeGpi B 3 a paxyHOok 3 Mi HU MONOXEeHHSH

ONNCYETHLCA T a K-M e3XxBaaHHIi ;sMV o P e pdi p MY B @ H H §
[120] . Ao Aapyroi rpynwu Bi AHOCATbLCA 4O
Al oKcuay onoBa MeTani YHI Y /@QERTRPVB E @A
Ha MNOBEepPXHW HaniBnpoBiAHMKA abo MO X
aocniaxyBsaHoro rasy (Hanpuknap BOAHK
Aiokcwuay ONnoBa. Mpuknagom Takldl] . oY 6
BUNnagky 3 MeTaHOIMTHa i Mamoakei BHIiglbyBaTu
roMoni TMd4HMM po3xhkh.mBBm PBRXYBREY €Eninn
OKMWCHEeHHA A[fOoOCNi gXyBaHOroioBaynHAB MY
BUK/NNKA AEe 36i NbWEeHHHA BeNUYUHMN Bi AT VK
MeMas3M GpopMyBaHHSA 4Y4yTNWB-BEXaHHBNABAI

TakuMM YMNHOM, ana peani3auyirl 060X
HaaBHI CThb KnacTtepi B mMeTany (Bnnwus
cninnosepy) UM oOoKCcKuAay wMeTasmy 3(@s npiais
eNnNeKTPOHHOT B3aemMopagiil)

AckpaBuwmw npUKNamemaH«G Miym»noedepMy B :
ceHcopa Ha CO wMoXxXHa HB3pad@2T icnndckTae3mayH
npu BCiX [Jocni fgxeH4R °A)e vnee praor iy Ipeara p &1
I0ppm)basxa Ha2. waA@ p[O cKAnapgy T as3ouy

Aiokcupagy onosa, 3HaAa4YHO nigBuUuwWye Benl
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Bi ATYK CeHcoOpwu,malma %/ 0Arug B a/He M oOH,Car,py @ T
HaM6Gi NblWwy BenNUUYUHY empk 7@ @ GBH ayri a1 oavryg, p
Roana ceHcopiBMa@. Y cAwL/BLEMO A1 X [ANna
gob6GaBoK. lle nNnoACHEeHO i CHYyBaHHSAM cCcni
Au Ha noBepXxXHW fgiokKcupgy oOonoBa.
Tabnwumuysda
Pi 3HI MexaHI3MNU @QopMyBaHEBEGHAAT NHBI
KatTani TUY4HO akTuBHOHKM)([A20]1y touot)

Me x a H i «Cni nmexap i 3 « Ge pueix aHi 31

Mo goenb lR

R P
O\ /O

Ponb AKTnsaui 4 TalAJOHOpP 4UKM akKkuer

gAonywuyyacTuMHRK T asy |(®

O o 6 a(Mk

Mpupoa/ 3mi HU y Ki nb{3Mi HU BaneHT

BI ATrTyK|xemMmocopboBaHoOorgonytwuoi noob6a

CeHcoOp|/HaniBnpoBIi SN, (] Bi mHMD B A E
npun3BoOAaATSb AO/R) nmpu3BOAaATSL
OMN3 (He3zawTpuyOMB (He3awWTpUX
3 e pSa(y) 3 e pSey)

Mp u k na| Pt/SnO,, Au/SnO, Ag/SnO,, Pd/SnO,

HaaBHICTb MeTa/Ni YyHMX KnacTepiB 30
cncrtemMax Mac2%TADR2EN®epaXeHO MXEANBSO 0 m
(high energy resolution fluorescence detector — X-ray adsorption near edge
structure) [122, 123] . Ana 3 pas3ka ,3 Ha mMmaicg Wd HAyU / B

MawTb 0,2 Mac.mTApbBnA@paHcMici AHOT
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6ynun 3 HauWuwpgedHi KnacTtepun 30100Ta, p O3 M
CBIimMMWNPO 3pocCcCTaHHAd CTYNeHW KnacTtepo
30/10Ta. Aocni gaxeHXANBS TOeavo pHIEER BHDa %0
Au/SnO, B npucyTpHpone TCO 50a , 80 nppmt i no K
XTI Mi UHMW cCcKNnapg KnacTepiB AOUTuB CEENOD
3MIi HIOHET b C A.

Wnaxom oOoOpHOYACHOTIO BUMIPY BeNnNuWYUH
Hani BNPOBI OHUKOBOTO rasoyytTnmBoTro
enNeKTPUYHOTO ONOPY B PIi3HUX T as3 oBMUX
02mac. % AaBBoPun nNmK ad@/THE B3 a,Tvao Al &r
eNeKTPUYHI BNacTMUBOCTI He 3 Mi HIWOEe ( Hz
Al oKCcCuAay oOonoBa He nNpumBOAUTDL AO YyTBOP
He 3 MIi HWETbLCHA MNO/TOXEeHHA piBHA depwmi
0O0B AU 30/10Ta 3 Ha4yYHO 301 NbWYyIHTHb X € M (
npoABNAeETbCA Yy Ni ABUWEHHI eNeKTPUUYHO

Ana Bunaagky «®depmMmi MeXaHi 3My» BKP:
B3aeMoAai 49 Mi X KnacTepaMu OKCUAY MeTe
[ 0abB K O 10, T a HaniBnpoBi gHUKOM ( Al00p K c |

AJoOocCni gxysBasBc A B3aeEMO3B’ S30K Mi X K a
OKMWCHEeHHSH MOHOOKCMUAY Byrneuytw Ta yy:
3HanpeHoO, Lo HalWMeHLWWi BI AT YK [C/esHc
CEHCOPHUX cCcucTeEM, gonoBaHUX KobanbTo
yagHor doOjr,.aspegocTaTHBO BMUCOKAaA 4YYyTnNuBs
ocHoB]Q/MSNQG;®yna 3adi KcoBaHa I B pad&dorTi
125] YUYy T/AUBICTb @uaoemMmagebGOB@g0KOI,
Pi 3HWUMM yYyMOBAMU BHEeCEeHHSHA KaTaNni TUWYUYHO
bdopmMyBaHHA ras3ovYyyTNMBOINIO wapy CeHcOPp
Bz3aemopagia MiX HaHecCceHWMM KnacTepa
BMUBUYanachbl126 , p ®60atkii i TeBTly®@M M C HAaHOPOS3

mMaTepianm 3a ponNoOMOrow TexHonorii 3B
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arperatTm HaHO4YaAaCTMHOK JAiokKcuay O0NnNoBa
(Pd@SnO,) UM Has3,Bd) §ENO O6yB BBeAgeHWUN
ceHcepi BCHOBLAORAdMISM@POKOHULEeHTpamianm CO<
3HAaYHO nNnepeBunwye YyyTnune,@Pdb3aernopca
ABTOpPMW NOSACHWKWTbL L€ TuUuKMap ayoT ecpuc3TyeeMrab
O6i NbWOKW NMOWEeWw KOHTAaKTYy MICOK AKO/IMA COT/EODBA:
aHanori yvw@P@nawdnOHaAaUYHO Ni gBUWYE enel
Ta SnoO

HewogaBHI AOCNI AXeHHA nNAnaTWHOBMI C
cncrtem 6e3nocepenHbo B Yy MO-KANES EXAFSp 0 6
(extended X-ray adsormtion fine structure) T @perandoDRIFT (diffuse reflectance
infrared fouri er TtnroaknassfaomrimB P[] 1c2r6aip T pPBO !
BMNnagkax BNAWBK TMBMHaMXI TMHEBHEOB O K Ha T a:
ceHcoOpi B He MOXe O6yTwH NOACGMEX AN 3 MY D
«cninmerapi 3 My ».

B po6o0l27al29] [ g1 okcwup 0ONno0Ba 6yB o]

cniBocapgXeHHa 3 xnopwuwpy onosa (I V).

npouec:i ocajgXeHHSsS TiagpokcuMay. %YnoBarTt.|
Bur ns[BAtCl] Hmatepian GI )mac NMHoa 1 nrHaak o (kO ,B2B
cknapy CeHCOpHOTO MaTepiany i nicn:
Aiokcupay onoBa (mMaTtepian Pl). BcTaH
aTOMaAapHO PpPoO3NOJi NAUMEAXED MB 3 & a1 THpae HALY, S 5 O
a ana Pl nnaTtumHa 3HaxoagunachbHE MOPREP

Al okcwupg¥y27onopsrac .[1. 6) .128by nNmo nakK@awap v o |
nnatTuvnHa NpuBOAUTDbL [0 akTwuBauil KMNCHI
cnpusae MNOB O pPpFARKBKITAX -KBEEAABPONEHAEBOO OK
dopMYywTb BI AT YK CeHCOPpIi B. Y Bunapgky
reTepekracTHAHIOL TMMHOT O OKWCHEHHSHA Hau@io
anpcopboBaHMim Knce(@h, - KacegHea «Pg il cStma@nd 1

Aiokcupy onoBa (agpcopboBaHWUW KWUCEHBb,
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BOAHI, ane nmyo BHRY 6Tk of

nokasaHoO, WO Np O L €8Cco 7 aep MYyaB a N o kil

Byrneutw ans c¢eH/BnOP(i@Bl )H aH eo cnHOoBB' i 9 3PatH 1 1

OKMNCHEeHHHA

Pn
O
Gl

O X W oo 43 o
—

(@]

A
=S 0 3 O o 6 T T 9

O O O

i

C .

(@)

nanatTtTWHW.

Ro®snmopagin nnaTtTwuHKW aAns ras3|ayor

OkwcC wwmoBa, OTpMnWMaHMX 3 a JomnomMor o

P

3
n
n
e
M
B

(BPnmKA

B
MMaH i
O4YyYyTANMu
LbOMY
Ny weHH
: 6a3sy
ocopbuy
epXHI
BaMu,
| AMDEBXeapH

nepros

apnifl2zRt/ Sno

p o A30,1131] BuUBUYanumco mMawm&pepi %n RGBS mMC

aHanori 4yHo n2amwH 1 o s BBvmMP @ H Up:
BMUX MaTepianax nanapginin pos3n
BiH 3B’ A3aHWUW @. KBIcpemoTIpa
A, AU@ieMeRPpHB3IMAa OCHOBI U n X
ETbCA Ha @qopMyBaHHI nanaapg.i
I KWCHI, np-a2i OlH @BVH/ N KOl KBU CTHE(
O] @K Hlea yH ao /aopa,ap HO po3nopiJ
ans Takmx CeHCcoOoOpivEe X aiei 3pvera
i 3 M» . Manapgi n, 3 TOYMKMU 30Pp

aHNM Ha NnoBEepPXHI Al okcwupagy
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Xemocopouirld KMWCHIW. Mac .BMcR&kmSBmM@mi artiy
KnacTtTepu, SHSKIi 4YacTKOBO Bi HOBANKWKWTbCH
Aocni aXeHHda wmatTe P4 apidu &Smeypy izan P11 ),
aHanor i 4yHovakRte/plltald P& MPd HoTOpiMANY, oT
3a TexHonoriew FSPL2(Inpaw« aBmeame HHDA MR
HeBenumki KnacTepunu oKcupay nanapgitw Ha
PA/SnO,( maTepian Pl), -BaTemi amayx X&p awime
posnopgidifeHHmaThuna $nOopPeBHMOBEP XHI
onow3 .[| BctTaHoBMAeHO, wo «Knactepu +PdO
MaTepiany AoOocCcTaTHbO Nerko Bi OHOB/MKWIT
Mpu npamMoMmMy BBe/jemaHiepianals b MaHTHSH

SnO, Bi A1 rpawTb poOnb akuenTtopi B HoOC I T |

noBepxXxHeBa ryctTmnuHa HoCIi T B sapaapy,
XemMocopboBaHOrIro Ha nNOBEepPXHI HaniBnpo
Bi AT YyKY CcCeHcoOpa. B TolMaReHWacp HANnacm
noBepxHONpaxnmMyHO He BNONMBaAae Ha nNoBep
TaKMUM YUHOM, nna 3ab6be3neyeHHA HeobXI
cnig BBaAaxXxaTu He npé e ‘BPBde mar w4 io oarSi
AOCATITHEeHHHe HBE3 NKO/gaAic Tepi B oKcuMpgy nana
O/10Ba.

B po6d28alg2] [ ra3ouyyTnusei HaniBnpoBI

o

TpMmMyBanum MeTOAOM <CcNiBOCafgXeHHSa 3

Bi ANOBI OHWNX, RIEIF A@l) B @B tr @[32] B 1 gupod a B K 1”
T a Pt , T ak camo a K i TemMneparTtypa
HaniBNPOBI AHUWUKOBUX MaTepiani B, BN/WNB
HaHeceHWX MeTani s, o , B CBOW 4yepry,
Ha noBITpPI. ABTORp®@HHHSH ajijoud & B O KLLO N IBBBEN |
cCeHcoOpi B, CKopiw 3a BCe, 3a paxyHOK
Ha SH9KWUX XeMocopbObywTbCSHA CcamMe aToMapHI
Wwo BeNnNweaBHAORI B 3 T as3o04vYyT/INBWE@ I ma o W
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HO X agna,(Bte/niy@aandRpAE®d KMe HWwe ) . Lle nos

nanapgiih MoXe yTBOplBaAaTW O6GiNbwe MNOoOBE

CUNbHIi We Ha 3O0HHY CTPYKTYpYy Aiokcwupay

Cni g 3as3HauunNntTwun, Wwo [JOoNEBK@A30ONOB AV

knacTtepiB)Maeimamy BeAK HIi mii mwicmyg yE'iomm ois.

Pt

K I dopMywTb akKkuenTao,pHHK pil BHZ, pa

130, 131] , WO CNPUYUYUHSAE FJPMWAGT &CHHIL ORPE BN Y3l

n

3

= - o = o 0 3 0 0O W T DO W W
S 9 9 o O o9 © O T 59 S 9 ® 9 o ©
W S O O 5 @ O

P

0)

0]

n

3

piBHAM@4ONOBAHUNUMMN. YcCi AOCNIi AXEHI
noToO) BHOCATHDb nNeBHY HeBNOPAAKOBAH
0OBa, ane HeBnopAaAAaKOBaAaHI CTb, A K
3NOBCHAXYETbLCA I B12BM 6 HaHOYaAaCTWUHO
Bucorta norBoepeHepreTrTmyHoro ©O6ap’ epy
nunweace i Ha BEeNUWUYUHY eNnNeKTPUUYHOT O
O 3MiHY Ui €l BUCOTW NpwW BBEepJEeHHI 4
3anexHi CTH eHeprii oOCT@®@BHIUX o0ks)poe/H
KTPOHI B O0/10Ba. 3o0kpemMa, nNiHIiIiWHICT
HOT O dbakTOpa, AK UM € MOBEPXHEBYV
€eXHOCTI eHeprii OCTOBHMUX speMmeKTp O H
Ba BKa&3IOWe HAaT aB'dBt Kpucrtani HHy CcTpYy
B a. Ha ocHOBI OTPUMAHNX AaHWUX L
nyckawTb, Wo d¢dopmu “masaPitisii axad 4A N
epXHI pfioKcwumpay onoBa Ta HEgpPpEXOAAT
Bi pomo, o po3 MIp 4acTUWUHOK A1 OKC |
mMpopawun BHEeCEeHMUX A0 6aBoOK T a Bi A Te
TepilBln.i BB [ AdBW]6oscTdHOBMNEHO, wo ni AB
| KAHHA CeHCOpPHWXamMirgpmadsna Bun 1Pd / S O
3IMIipy YuacavnBMeHBBOHA nNnuToOMOiI mnoBep
Tepiany. Mi A BUWEHHSA TemMnepaTypwu C
aACTepoyTBOpPEHHH nanapgitw Ta nnartwuH

TOMOT nogepBvB AaadH™Q L 0 npwu Hepo
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TeMneparTypax bopmMyBaHHH CEeHCOpPHMUNX |
kKknactepun Pd 1Ta Pt He yTBOpLLWTITEMCMAIgh wo
resolution TEM) ,tmandaPfc/vsecntCem Pd/ SnO

B poGi)tiaB[TOpM B U8B UYraaixno BYITUNBB IH Bnac
Ha OCHOBakKkMWXNOaob6aBOK 9K anwMi HI A, n
BBOAOWANW [AO CcKnapgy Aiokcwumpagy onoBa con
npocoOYyBaHHAM T entw TrigpaToBaHOro O0OKC

NOOGCaBMBPXYTb BNAMBATMW HAK Ha 30HHY CTCf

Aiokcwuagy onoBa, Tak I Ha MWoro o6’ €MH
30HMW nNpoBIi gHOCTI Ta PpiBHA bepmi Bal(p
BIi L CYTHOCTI KWCHI MOHOOP/BN®ia HEAYITOT @ LY 1l

SnO, [134] ane papliag@PyegaSentdb cA4 OKUCHeHHSA C
Kpunmcrtani yHol TrpaTkn, 8o y3ropxyetbcA

B pob6orTi [ 7 2] AOoOC/igoXeHa Pponb CT
ceHcCOpPiIi B Ha OCHOBI Qi@ KMe1T40/4 COMI OCBIRI, B 00
FSP-rexHONOT I €10. [Tokas3aHO, Wwo 3 MeHLWeHH
3 200 HmOoOBRENMKANO 3 MEeHWeHHA BeNnYywunH,]
(Aiana3o0oH ApAoOCAi AXeHnx—100emHY H TRppanUdi AN 3 B
NopsaAAnoOTKO.LPMABIPUMNYCKAWT b, WO MO X/TNBO K
MaTepiannm OTPUMYBaAaAINHKaN IPB MBPHAMBEMI UL HWEKTOOBA
cepegHi M po3MipoM YyacTWUHOK 200 HM oOT
mMaTepian 3 cepejgHIi M poxyavi p6MoOmMIE® O A
po3paxyHKawmmu aBToOpi B, Aaeb6ail BCbKa o
MaTepiany cKnapgpae -®,i6bwm, 98 ANMg npYerm
FSP-SnO, o6 nacTb nNpPOCTOPOBOINO 3apapgy nouww
Hani BNPOBI A HMWKA,aTWo pPMaB/koe O HIBHMEH H A
71] . Taka 3HaudyHa Ppi3HWMUAH B QApOeb6ai BCeE
nosdacHeHa TwunwwnO,puyo3 mWwitpa FNBIPX eHepri ew gt
eHepriew piBHA Oe@li ®Hinewmwavuaa, 480 |

OTpMMAHOTIo MeTopOM cnhniBmeBaoxXxéleHampBBE
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TOro, WO B nNepwoMy BuUNnagaky KinbKicThb

MeHLWa, HIiX B ApYyromy.

N
\
X
wn
X

>
o
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o
¢

300 meV

NIOO meV
————
50 meV
e

Ec
E
e M —— L! i) | EE— J
4 — Prssssssssncssssssncnnssnsnsssssalonctonnsboscnnnnnnne EF

2 e = SO S — ‘L--t ----- Er (s MiHIMYM)
........................  S———

EFMKMmmyw

R E.?
Pmnc. 1. 7. BennmuywuHa BUKPUBINEHHA np |
NMONOXEeHHSH ep Mi B cepeposBn Wi a

XxXemMocopboBaHOrNro KMUCHI©O Yy 1 a3 oSa0, - aps
406 aB-00K ;2 2W&SN0,;%8 -0, 2 WHS00,;%-0, 3 NAHSNO,;C
5-3 ™ aAllSn@p [74].

BBegeHHSA HaBioOKWaBOERE TWKWIWDLA IO 3 Ha4UYHO
MI X eHepriew pAHaAa 30HW nNpoBIi AHOCTI T
nopsaagky kT) 3a p'‘axaywi oy BT @60 e Mio 485 b K «
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TakoX 3a H'aHsas HDaBrd p, XSHBii ony@ aeTbcAa Tihop

npocTopoBoOoro 3apsaapgy (0M3) B NpunNnose,|
HaBi Tb 3a BIi gCYTHOCTI KWCHIO B OTOYYlO

il

500 meV
350 me\

400 meV

Pmnc. 1. 8. BennyunHa BUKPUBMNEHHHA np
MONOXEeHHHA pi BHHA bepmMiy B( M ocBeHpae A (
XeMocopboBaHOINIo KWUCHIW Yy T a3 o0Bi W,y
OTpPpUMUMaAHNMX pi 3 HKWNVe 3Megroodgaasvork: (1lcA b @
po6aBok —(O0F 3P )wac . 30,A-0, B SMac .-90,55b-.
1 wmMac. %S®p[72]. FSP

MpoTe 4Yyepe3 30iNbWeHHA KIiNbKOCTIi H
3a paxyHOK 3poctaHRARPUEKOMBK®L COD Sbr o

0 OBXWMHa eKpaHyBaHHHA 3 MEHWYETDbLCHA 31
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BMnagky 3 6Ee3KUCH@RKBRAMM CeazTO@PANM TRBKY E
noBi TpAa.

Ponb po6aBok cTwnb6i 185 B W Bwa /Baycnsd  TNaDKK
BUunapgkKkyc moclod®P M oTpummMaHHA CcedAvcadp. ®) B
SnO, Ta HeBenNuUKOI Ki nevkaacc ©4) rm™an aggy kon u(K
CTPYWEKHUX 3MIH Yy piokcwupgi ONnosBa. ABTO
[136], onTuManbHUM € BMI CT ctTunbiw B r as
ilmac . %. Mopganb we 36i NbWEeHHSHA BMIiIi CTY
3poCTaHHSH Ki ntwacmioBBpKiHBOBRDOKICONAY 6 |
Ki NTbKiCTb aKLuLenToOpHMMX NMoBepXHEBMUX
aKLenTOPHUX PiBHI B nNpuBoaunTEA 4,DMAI0LHESE
noBepxHeBOI r'YCTWUHMU eNneKTpPOHI B, Ki 7J
YYT/TMNUBOCTI ceHcoOpimBepiw@nims BAaEE MISSH n mee
dopaTKoBE BBage $H aPdO0 ,B0Mau.cAOS8bH y TIT € B
niasunwye BIi agryk ¢ erR@EppMCH,) go MaeatT &mye O
BBeAEeHHS CcTuno6i Ta nNanapagitw 3a4aTHe 04
SMEHUBIET/MM Y UHY T X €eNeKTPUYUYHOTo onopy
3 mMi By |

B poO6®37,438] [pocni gXxyBanu CceHgLOpP Ub yH
3HaMngl&/Ho o po6aBKW HiIiKenw 3MeHWYWTb
CO B iHTepBani—45%Mn epba Tybpuy30rS Bennunuyv

onopy CceHcoOpi B Ha noBi TpPI Ta CYTTERB
ceHcoOpi B. Y uyuim pob6orTi NMokKasaHOoO, L0
pPpO3Mip 4Yae.TuBIOD&g eESHHOA HI K e nto, Ha AY MK

OO YyTTEBOTDO BUKPUBNEHHA MoBeEepPXHEBMUNX

YTBOPEHHSAM akKktlenT)pHWOXO LyeTHBTOPPi €BH H @ Mi T

(NIiO-Sn0O,) . Take BUKPUBMNEHHSA 3 MeHLWye
eneKTpPOHI B, o , B CBOK 4Yepry,psmee Hiy:
dopM KUCHWO i, a K Hac ni ook, BeNnNunuuwunH

BYyrneuyuw TaKOX 3 MEeHLWYeETbCA. Mopi 6GHMUI
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aTtT. % Ni |, NHE SBB NM3AHITWRD TRAI @19 CeHcopi.l
2,0 aTt. % Ni , BIiH CTa€ NOMITHUM.

AHani 3 i T eMpxaT YIPOHKMaX3 yagea,H WO B EKUHAOT @

nepepgb6bayumTtun BNAUB L O06aBoOK Ha T aso
Ai WcHO, O n4 0 & XK UBKT aCaHMBMTITH MNOSACHIK
« De pueix aHi 3 MYy », B SAKODM®E OBMNMODBAYNPAOO
bep mi nigp p[nie€ew BBegeH®MCHM@BBABK IB,K NAL

BnacTuBoOCTEeEMW BHOCMWT®Db YTBOPEHHHA KnacrtT

cninosepi KWCHIWO abo pocniagxyBsaHOTro r
3aszHayowmmTmMgQpawy 3 UMM 1 CHYRKRTb I Tack.i C
KOTPWUX HEe MOXYTb OYyTM NOACHeEeHI B pawm

AHani 3 nitTepaTtTypum nNokKa3sye TakKoX BI
NPUCBAYEHUX CTBOPEHHW | [AOC/NBABMHBIOT

KOPUCHUMU ABNAKWTbCA pes3ynbTtTaTtTnm pooi

ceHcopu I[P HWuxCO®)a3iski(H po3BONAKWTbL B
YUHHMUKaAMMN, Wwo € Bi gnoBi ganbHUMM 3 a n
3 pob6baBKawmwu. 3micme Miga,H MXe WO T®C VBENTI U BY
HyaCTWMHOK HaHOMaTepiany 1 X rasodyyTny
Ni ABUWEHHA TemMnepaTypun GOoOpMyBaHHSA C ¢
HaHO4YacCTWHOK I TUM NOT I pPLWYyeE Yy T AKBIXC
cCyTeBa pBNAgLTI AXWTb TKOBHNQEH D aXLpiadh & H ;M L
AaKTMUBHOT, AWGasBsxwmMye NneBHUN X1 Mi UYHMWMI

rasoyyTtTnuBoroyuwapgyynoeexaoapayneuye nes
nepebiry KaTtTani TUUYHOT P aaAiakK & YIEKTaw GBMIC3 HHE

rasoyyTnusBi BRnacTuUuBOCTI CeHCcCOpa.

14. Teoperuyni ysABJIeHHS NP0 (YHKUIOHYBAHHS AJCOPOLINHO-
HANIBIPOBITHUKOBHUX I'a30BHX CEHCOPIB
TeopeTUMWYHI YyABANEHHAHA Wi Ao i poPOE N H

CeHCOpi B € HaAa3BULAIBHO@P EB &X/TUNBMMIW KIOMIA
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rasi B. A% — 1] pomei e 3 OCHOBHMUX cCcTapg
MexaHi3My GOpMYyBaAaHHSA YHYyTNUBOCTI CeHc
rasoyyTnuMmBOro wapy CceHcoOpa.

B po@mti agcopb6buyi A rasy aewaey 606BwmMm

HaCTYNHOTO PpPiBHAHHSA:

AdNgd —E [k . —E+ [k
d: :KGIEEH T'SM'JM'(N_Nadj_v'E Fa t'Nad (13)
— l'. L ~
neN,— noBepxHeBa rycTuHa alfi.ce0®' & i H
BIi pori gHicTb TOr o, Lo 4acTMUWHEKLAE HTHPK a

3aKkpi MHmaTbHesD MRAE, —eHepria akTtTwuBauik— np
cTana BEolTrba@amwa}oT Ha TSR ™ NneeqdpeakTTyMpBaH; a r
nonepeyvyHOTro nepepis3syjyafggop@eaBraH®ITOHH
ray Ha noBepXxHIW NHannoi BBENPPXOHBEI BAaH UK YA G T U H a
LeHTWIwWgCcTOTa BNAaCHWUX KonNunuBakts-eappop
akTumBauii npouecy pecopberi —appopbpe
Aeco@@EioipboBaHOT YacCTUHKM 3a OAUHULI

AKWO BBeCTW nNapadpe Mp X®apinewpsemme af L

dNag

=a- e Fa/*T.n - (N —Nyy) —v-e fa/k . N_, (1.4)

Aea=K, sy JkT/(2n-M,); M,— Mmaca MO ek RJu r
KOHULUEeHTpaui a9 4yacTWUWHOK T asy.

piBHAHHAadgdOoOpM 3 HaAaWWAWM nNOBEepPXHERSB
HyacTMWUHOK:

N, = nngN (1 _ E—{ﬂf-e_E“"Ikr-ng+u-e_5d;m}'r) _
ad nng+l

_ 11N () gev/ea) (L5)

g+l
0= (afv)-efaBlk _ywopncTaHTa pi BHegBeacrom Galf dic

NnpouecwW,acT p e mapkKocuaelciyi agcopouirl (onasa
noBepXH,z2ESnNA 39, 140]) .
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XemMmocopbuyi s KWNCHI 3 noBi TpS4 H a
CYNPOBOAXYETbCHA YTBOPEHHAM WOro MOIe

eHepreTuWUYHI yTpasBE ig NoOBW PHOMEA T3bC A H U XY e

(F) . B pob6orTi [ 140] npoBefeHO aHani 3
noBepxBia SAIKMM MOXHaAa 3pobOMUTU BUCHOBOK
(punc. 1. 9) Pi BHI xemMocopboBaHuUX yATO
3HaAaXOOAAX®bE AHMHX A1A MONKYNAPHMUX | OHHI

HaaBHI CTb HeraTtTwmBHDO 3apagxXxeHMmMX no |

0O YyTBOPEHHS MNOBERXHEB®B O DI /MOLTYEEH LUE HReT

NOBEeEPXHI H&a BeNMWYUHY eqQ
_ (eNp?
eqQ, _—ZNd'ET'ED+kT (1.6)

NN—-—noBepxHeBa KOHUeHTpPpauyi A HeraTWnuBHDO
AiokcuagyN,oemoBaeHTpPpaUui 9 0000 PMITBBBO SH
OOHOPMW €1k EPEOKHTIBWY H ase LiTeamekK T peM Y4y Ha N
Sn0.,.

HaaBHI CTb MOBEepPXHEBO4NOT b N O4TOE H B INX Jp
NP WNOBBEMPXX H B8 O H Hani BNpPOBI L HUKa (puc.

NPOCTOPOBOTO 3appgyajaepuea SApEDBHLEH:

d,:, _ JEEr-ED-{efpS—kT] (17)

g% Ny

A K MOXHa nomMmiTwniaé), 1B pihBHEPWE X HE
XxXemMocopboBaHOINIO Ha OfWHKAMICKH K, 1 0 WA  HI@ H

X

Oro noBepxXxHeBWUX |1 O0OHHMUX dodMBpraAyVEal
npouec nepexoay eNnNeKTPOHIi B Ha eHepr e
TeMnepaTypHNUX YyMOBa-Mapio®m@E »B iagiH WK OALA
NOBEeEPXHI Al oKcwupoy onoBa Nep e aMaTTHLO
[73). BapTo 3 a3 H@OAMF3i, T A& 0K N 0K a3MnaeHpoe, X 0L
€eNeKTPOHI B Hpal BEHHIQQPHEXOTAMUTHI A Y X P € LB M @ & |

enekKTpORPIEX GIADBRTI anToop S AMKE HBILIB iAY apce NakK Cc al
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o agpcopbuyili KWNCHIW) .
-— npouecy nepesapsapgckyv
\Ie@s cTaHi B, NMoBepXHERB

I } EC apcopboBaHMX YacCTMUH.I

EZ-- i KOXHa xXemMocop6boBaH

! yTBOpPIE O4WnH MO HO
: OAHO3ApPAAHUNK cTaH, I

\L % =a-e B . f ny, - (N—Ny,)—v-e Bk
: E» (1.8)

0 do X Aefio— PYHKLUI A po3RAROAI
Puc. EH®pretnuna Aipaxa, Ak a onuc.)
npUNOBEpPXMHERBOT i eneKTpPOHI B no eHepr
o n o[83h Ng.— KOHUEeHTpauyi A K

Bi anmnosBi gHoO 140 o

H

C
C
H

OTOYYHYOMY ra3 oBo MY

BA a@inixn g 60oumMx TemMnepar

aniBnpoBi AHNKOBBW° CcaIpumomyiwuEr HRS0 Nnpo

T

T

a

= O 99 @

aH XxXemMocopb6boBaHOIo KWUCHIKW € BuUuNpas
aHi pi BHOBAaXHa KOHULeHTpauia XeMO0C
CTYNHOI:
= e (1.9)

n0) = (a/v)-eFa-5/*T . £ /(1—f,) — KOHCTaHTa -apc
copobuyi nHOT piBHOBAr u an4 npoyecy
NiBNpPOBI O HUKa.

MpMUYMHOKW NOABM MOBEPWKOHNEEB OB T UN O H €
MocopbGoBaHUM KMWCEeHBb, a 7 KnacrTtep
NiBNPOBI AHUKa. B po6oTtax [50, 141,
TeHUuiany Ansa 1 OHHWX H g ZnOBTIOR O BIIOL HI VBKT

N b3HA0M € X8 P 6 OBTMMX Oelylye K T p@a H E B € HO rBov cverTaa
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NMOTEeHLUI alb HKOTHOT aka{yaempe mPIO Bi A HMWUK MO Xe
B pamMkax Teopil 6ap’ epy WoTtkunu [ 143,
=X-(0,— D) (1.10)
peV.—-Bnmcorta noTeHULianbHOTro 6Gap’ epy Ha
BUHMUKAE NpPU MNUOro KOHTakdDi— pobdbeanesant
efnekKTpoHa 3 nNoBepRHTepHOEBEPOBAABAMKEP

Hani BnpoXsBdkaoHeudxial;i e HT nNponNnopuUi WHOCTI .

o
o
T
=
(1]
5
pd
100 200 300 400 500 600
Temnepartypa, °C
Puc. 1. 10. TemMmnepaTypHa 3anexHicrT

no B e pn.Hli—H,0;2-0,;3-0H;4-0 [73].

A K BUWAHO 3 puc. 1. 11m BamekmHE  Blia,

HaniBNpPpoOBI A HUWKa a i (] MOXHa BBaxaTwu
Hani BNpPpOBIi AHMWKA Ha WOro eneKTPUYHI B.
Ha cboropgHi | CHYWOTb ABI OCHOBRHI v

onoBa [138]-yuaeT wmewpno BANIOc T BIi @A Ne AH
obnacTtiw npocTo@®ro3d)or (op mdca.pla.gly2 ,( a) (np
Ha3WBAaAa€ETbCSA Hy,gp0oap BeE pmMHpWwRic MG M @ 3'e esmnHCa +
Mi X cobot KaHanamu H a Kpas\x K KN X

(npoBi AHICTb pacdgreamag)yHem3a neaceThb
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ZnO WO, SiO,
1.0 - :

ZnS= SN0, Al,0,
Il"lg(:)_q

0.8

0.6

>

0.4

0.2

| | |

0 1.6 20 24
Puc. 1. 11. BennumHa napameTrTp X aK |
Moni Hry) aHi oHY Ta KaTioOoHY, 4a5] BX

Hagpb6bap’  epHY npoBiagHIi CTb MOXHa onwu
OCKINbKN @acasemaeHapea pwuc. 1l. k2 ,n eap exp
Ak wo wumpuHa ON3 wmeHwa 3a po3amMip (pa,

OCHOBHWUWN BKNapg B e€eNeKTPUUYHY nNpPoOBiI AHI

eEeNeKTPUUYHNUM OMUPEBEMA3IBPENTBEBBOTN, Toai
Gog = Gop - €7P5/KT, (1.11)
_ o eSg ens(0)(ng+ny) .
Ae Goo=M-—"7) e () M KOHCTaHTa, aK a

reomeTpi eww Tras3ovyyTnumBOTOO Wwa .y nna wa
KOHTAaKTy 3 epeH pdapy 8amypbso BH QEHINIKE ; 3BP A 4
c0)— MakKk@ummMHa HanpyXeHiCcTb enekKkmpunyH
pPpi BHOBA&XHa KOHLEHIM,p-akud Huy eelJT P G H i eB/T e
BUHMKAKWTb 3a pPaxyYHOK i o0oHWm,3apgpengBakaaem

WBMUAKICTb e€eNeKTPOHI B,
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AKWO Mi X 3epHawm
ON10Ba YTBOPKWETDLC S
AiaMeTp H9KOro 3Hat

PO3MIipPp 4YacCTMUHOK He

TONLI NPOBI AHI CTHb
YTBOPEHOT O Y @ C TOWHIKE
BMU3HavYyaTuUuChb npoasi
KOHTakTi B [146]. B
KaHanwT Ty BIi AoiTrpas
KaHani B npoBi gHOCT
caMoro T as3o4yyTnusoc
BMU3HaAayvYaTUNChL:

GDK:GMK-[l_Z.dU/dM-

~(1+n(R)-ng)]  (1.12)
A €y =B-e-p, - (ng+n,); B—

Punc. 1. 12. Mo g eni KOHCTAaHTa, AKa
SN0, B ras3oyyTNue@mMyreomMeTpiew rasodyr
NBOX CycCipaHISNO,; 4ua&é PO3MiIipamu KOHTack
eHepreTunuyHa pgiarp YacTunHK@ME,— BmpuHa
- MiCcTOK NPOBIi AHO Mi XY4AaCTUHKOBOTF O KO
cCyci gHi Mu HIRCTUHK: 3a HagdaBHOCTI B
NoBI TPI rasy Bi A

XeMocopboBaHMUMN KUCEeHb TnNp-wawmagi YHWAKITK
OKWCHEHHSA, Wo 3 MeHLWwye moro Ki NbKIiCT

BUWKNOUMKaAaAECeE 3 MEHLWEeHHHA moBepxXxHeBOTO mMorTe

KaHanbHOIT, Tak I Hapbap’ epHOI <cKnapgo
Gus = Goo - €70¢s/HT- (@) (L.13)
Gox = G- [1 =2+ do/dy - (1 +1(R) - ng)] (1.14)

N@ER)—KOHCTAHTB KOaKILHITpBULUOAOBARYA R.
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B peanbHoOMY T1as3ovyyTnuBoMy wapi, C
aHI 3MMNW nNnpoBIi AHOCTI |, ane BapToO Bpa
Il BNpoORBRI yHBKOEP OB T b C A KaHany nposBi At
KTPOHI B Mi X,MDakoTmMmBHEK aimvinueS m& wo B i A

eunwiked ~r1MBpaxoBywymn, WO B Ccepepo.r

MOCOPOYETbLCHA KUCEHb, TOMY B UXMyaTm

e pfoOCTaTHbBLO MBINAH MBHIKKIYBI,N TakBUuXB £ K

yac SHSK ANnNd MoONexKkysn MeTaHy nopai 6H

7
6i T [147, 148] HaBi Tb Yy BUNaAaAKy B
0

Hapobap' eEpH@HORMagomdonNK@mw anb Ha,

AYHUN BNNUB YMOB nNpouLEecCYy OTPUMAHHS

T

C
P
T
0

K

3
T
n
"

nNnnBOCTI CeHCOpa.

Takunm YU HOM, aHani 3 nitTepaTtTypHMNX
O p GHUa MNPHBMBI i A HMWKOBMUNX CeHCODHPAd /B @ MEIH X
aKTepakcTTyrBkKl bel M MU . B ilMmpray Kiywe ¢ @ 1,0k EB

M [OCATHYTO 4Yyepes3 po3pobBKY mMeTOnYy
Kcunmpy onosa 3 dgKoMor a e HQUOUHMD YpacC3HN
paweHHHA YYyTnNnuWBOCPTIIB ACON i e TBaBHOYyO UT &1 H
O4YyyTnAuBOro wapy pobaBkKWMU, K i 3pgart
ani TUYHOT 0,41 QK UKCpHievH HTHO TCQoH 3abe3neuy
MYNHN eNnNeKTPUUYHOTrIoO onopy, wBumagkKkoApn

boyMy BapToO 3abe3neynmTtm Takuihm cno

anis3ye qakomora ©O6inbwuMin cTyniHb- en

T
Cc
€
n

"

MBHUMM YacTMUHKaAaMKM Ta HanisBnposi gH
neproBaHOCTI [A0H aBoCCoHYaiinHOLE ePWKCHI € |
TaAaKoOX CTBOPUTMU BeNnNuky Ki nbKIC
YyaTMMYyTb MeXy noAiny MiX 4YacTMWUHEK
BIi 0, OMO, Bi Aoirpae Baromy ponb Yy o

B U LY akKkTBuBpE@a&RLUI T OKMCHEeHHaW wmarT a

ATUWHOBMI CHIPd cmac TRMM | Fa CH@WNE A LMK
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aTanrraKumwBIeH 1 O Kkamaig o MaTepianis raso
aniBnpoBi A HUKOBUX CeHCOpIi B.

Mpwu aHani 3i JaHWNX epriaMr yHkeyo 6xx e HiH @ p B
Ci CeHCOpHI BnacTuMBOCTI BU3IHaAayvawTbC
OBEepPXHI rasoyyTtTnumBoOoro wapy CceHcoOpa
Talui oOHapHa KIinbKicTb XemMocopboBaHOT
Ma H KO Mae BUKNTNKATMU 3MIi HY nosBep:>
EHCOpPHOTIoO wMaTepiany, a, 0T Xe, i npo
OMI THOT 3Mi HN MNOBEepXHEeBOlNro nNOTeHLUI e
NnTUManbHOI KOMOI Haui Toywyapidd®/oo oi Twampma
oro BUCOKOTI KatTani TUYHOTI AKTUBHOCT
eMnepaTtTypun CeHCcoOpa.

Cnip 3as3HadyuTwu, WO PO3YyMIiHHA nNpouy.
a3 04YT/AUBMUKX BnacTtuBocCcTEeEMW CEHCOpPHMNX
Or pyHHs Yy BaO T pUMaHMUX eKcCnepumMeHTaAaNbHMN
eEeoOpeTnNYHNMMU nigxogamu LO3BO/MATH B

MNOi PUYHOT O nouwyeky CEeHCOpPHMUX MaTepi

eEHCOpWMH 3 Hanepeag 3ajgaHWNMMU BaAacTmBOC
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PO311JI 2
OB’EKTU TA METOAU JOCJIIKEHHSA
2.1. MaTepiaji1 Ta peakTUBH

2.1.1. Cunre3 HaHopo3MipHoro SnO, 3 SnCl,x5H,0 Ta eTHJIe HIJTIKOI10

HaHopo3Mi pHMIW pAiokcuag onosa -HHmep

OTPMUMYBaAaAIJMe /Bba T3EOXWHO NOT i €10, BUKOPMUCTO
SnCl;- 50 T a eTUNEeHT NI KoNb . 1,5 r neH
po34YyuMHANKM B eTWUNEeHT Nni Koni (15 wmn) np
npo3oporo PO34YUHY, AK WA nepeHOCUNMU

Hagnunuwok eTuneHfCni klbiuen @wpanH N1i2 @ryeunbn v
npu °ABPoOoTATOM 24 yTR@ME@R BP/DT € P@OP MY B a
HaAaHOPO3MIi PHOTITO KpucTaniyHoro pgiokcwupg
obpobkn Kceporenw Ha nNoOBITPI Yy BMUCO

(Germany) 3a HacCTynHOW NporpammMmoto

20 xE. 20 xE. 20 xB. 20 xE.
K. T.——280°C (80 xB.)—— 350°C (80 xB.)—— 390 °C (260 xB.) —

20 xB.
—— 600 °C(80xB.)

Buxig npofgykmy n@agim@® 0, 2 r.

2.1.2. BuroroBjieHHs1 aACOPOLIITHO-HANIBIIPOBIITHUKOBHX CEHCOPIB
ApcopbmwamH®NPOBI OHWMKOBI ceHcoOpwWM
HaHeCeHHHd nacrTWun, oTpuMuMaHOI 3 o HOT € -
BOAHOT O PO34YuMIDY K CKMNULE T U /KLREPN KON 0 3 1) |

BUMI ploBa/lbHUMMU efnekKTpoagamMm KepamMiUHC

cywumnum Ha noBIirtTopg 3Ban prignHBakT H10 1 TeMne
90 °C . BBepgeHHSH Aob6aBoK nanapgi o T a
MPOCOYYBaHaHMN PXOBHMMHL Y nanapgito (1)

KncuanotTwu, a ns 4o0ro BI/IcyLIJeHi Ha ﬂOBiTp
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Ha 10 xB B conaHQRrRIAGAKL ,poxvwunyrHPEL
BapitBanacsa?’aoi 350M1201&dMi nnaTu MC eHHaC
nNoBiI TPI npoTsaArom 30 xB 3a KiM&aTHDGE N
OXO0O/NOoOAgXeHHA Ha nNnNoBIiI TPI npoBOAWN NOB
MaTepianom Ta BMUWUCY UByMBialHHHTOES B hiMSIONPYO OLK by
KepaMi HHMX nNnnaT CewHaCTERPIiBTAMHWaANE BHMNICION

neyi 3a HaCTYyNHOW NPOTrpamMo:

20 xB. 20 xB. 20 xB. 20 xB.
K.T.——220°C (80 x8.)—— 280°C (80 xB.)— 410 °C (80 xB.) —

22620 °C (80 xB.) —5320°C (80 x&.)

an s BMUMI PHOBaHHSH rasodyyTnAnnBMUX BNa
KOHTaAaKTW Mmoro Har pi Baua T a BUMI p OB
cneui anbHOMY LoKO~NI , AK UM 0 0 3 B1@A/MUB

XxmuBneHHa Al T1Ta A3 y enexKxTpuuyuHPMY. BUM

@

R
v I_II vl 3
| | N
Al A3
C
220V V d <V> Ry R V . 220V
Ry
¥ 4 [ 1
) o I I N
O,
Punc. 2. 1. EnekTpunmuyuHa CcXemBaBBAMHPBIO
XapakTtTepusSstTmxepeno, L, 0 XUBUTHL H-a

Hani BNPOBI A HMWEK O-BANE p@®eBUTEOMK 1 A3a3 04 )
CeHcopa,TpRMOBUIN pPeBauEawPaXyRB anb Hi

ra3soydyyT/NNBUWK HHAGPI pcieBHacUO paae H1aRo M&;T pV [
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2.1.3. BuroToBieHnsi MmaTepiajiB Ha ocHoBi SnO, Pt/SnO, ta Pd/Sn0O,

11 PBUKO-XIMIYHUX, KIHETHYHUX TA KATAJITHYHUX J0CTIKEHb

A n A X8 MKBHUNX, KaTani TNYHMUKX T a
rasodyyTnusei CEeHCOpHI MaTepiannm BUT OT
ctTBOoOpeeHaaoplilacTy, aKa ©6yna oOTpwwmaH a

KapboOKCUMMOBMAOULEH/BBI/OCUMAN HaA KepaMmMiyHI

npocoYyyBanAuM pPoO3YUMHaAMWU XNopuay nanadpg.i

~

oOoHUeHTpaui 9 a9Kkux 6yna Takow X, AK i
Ni KaHHSA 3a TemMnepaTypHOW pper poarvpouao
atTepianun peTenbHO MnNepeTupanun [0 nNOf
mckom ‘tB0OrHamynwosanm. Ana kKaTtaniTunuy
atTepi aRiSBO,1San OPdB iISm@Oupann egpPpabmmmw 0, 2

= 4 =2 O

2.2. MeToAMKH TA METOAM AOCJIITKeHHSA

2.2.1. MeTtoanka JOCJTiAKeHHSA CEHCOPHUX XapaKTePUCTHK
BUI'OTOBJIEHUX a1COPOLiHO-HATIIBINPOBIIHUKOBHX CEHCOPIB

BnsBuyeHHA CEHCOPHMWMX XapaKTepncrTMUnUk
Yy T/AWBI CTb , 4@ awmearsacHhy BUMI pagB & nbmeixa
ANHAMI UKHT e puprat K n) npoBOAWNAAMN Ha cne
cteHai (pwunc. 2.1).

MOTYXHI CTb CHeaHrcpoipeaa,Y a A KM B Ha@®xi3mt
TeMnepaTypy rasoyyT/nmBOro wapy, 3apga
KOHTpoO~nb BeNMYMHM efneKTp uuyuBHaouwra (cprpcy.

npoBoagnMnn wnsaxowm BI/IMipI-OBaHHFI I'Ia,Cl,i|HHFI

3a gonoMorow BOnAbTMeTpa V. MOTYXHI CT
y BignoBi gHOCTI A0 3akKoHy Owma:
P = Ug, - Ig, (2.1)



61
Ig, = Ug, /Ry, (2.2)

AegtBennmMymnHa Hanpyrun HaRgEBT@PYMWMDBIOMYC PE
npoxXxoauTb 4YBpPePesRpBRPIBUMNHA eNneKkKTpwU
CTPYMOBOIoO pes3uncTopa.

BennuunmHa enexkTpPWUYHQT Of NCAN OCPNYP OPULEE3HWHCAT
Bubmpanacb piBHOW 1 OmMm.

Axepeno nocTiMnHOro cTpymy A3 BIi agn
wapy CceRtdHap ap n(dP.ox.pla)x.y Ho K Be/NIUWYUHN e,

ceHcRhpnapoBOAaMANM 3 BUKOpUCTaHHAMU-yenwu

Bi ANOBI BRAXOHIY MHwma
U
RC' = CXIIC ) (23)

NLe—BenNnnynmnHa COPPYXOYMTHO Yyepes3 T a3 ouyyTHn
BennuyumHa cCcuUTrHany ceHcoOpa Y undyg-Wgs)H oH g |
HaBaHTaxXyBanbHoMWop@asaimcmnopgini RoOBHOT O

JAa€E MOXNWUBICTbL po3paxyBaTuWn €NeKTPUYH

R. — (Uaz —Ury )Ry

c ’
UHH

(2.4)

Ae ztle BenumuunmHa Hanpyrm agxepena XWBIE
Urn-4 € BenNuYMmHa Hanpyrum Ha HRBBETIUMXKWBE
eNeKTPUYHOIoO ONOPY HaBaHTaxXyBalAbHOTO

MpomMHI CTbL TFTas304dYyT/AMBOTIO Wapy CeHC

Oro enNeKTPUUYHOTO ONOPY:
1

0. = (25)

R

TOYHMIA KOHTPONbL TemMnepaTypwuw T a3 oy
3a p[onowmor oQptrisrLasey Sight €Optps,aGermany).

Bumi poBaHHS CEHCOPHUX XapakKTepucrt.l
YN MEMmaoaBHIiOT P A HOIT CyMmi wi, WBMAKICTb., HK
BMBYUEHHA 4YYyT/NIUWBOGTIPOBE@ABOPI B BoOKCCHNC
cCymi wippnf OM3eOr aHYy ) yynoéanopgi ni g8 WTVOCTK B M,
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i aTecTOBAHO B YKpal HCbKOMY LEeHTQPp
Jocni AXeHHSH 4y T /1 UMBIOKCPTOI K 0 H el@Ihi ¢ o iaRBy i2fbo p
NPOBOAMINOCMOTIDI K[OCBATEeMMNU P G 3 KB BOTVIECHH HH SH M
wnpuwui B8 «HAMI LTON» ( CWA) .

3a Miypryin@o @TyyckeyH C Op i B N p U I MBAET/UN YBUI HA
€EeNeKTPUYUYUHOHO ceHamY a( Be MMMOYSNHEO T P WMMWOHO T O
(R) ceHcopa B Cypm wiz wmemBdHWY 9(M2 30

OAnHaMi UHI Xapakwipe BU CBTUM3KHIA Y@ EIHM C b 3 a
ceHcQraa THacoOM WggNPUBBAMYKWY Tas3oBOTO
Yac Bi 4T Y K Yy —Q,eH croppoam i (Ko K yacy, 3a 4ai
ceHcoOpa pocdr ae 90% Bi A4 3/aeMiio 0T D@ Jy GOl
cepepoBunua 3 YNCTOM@BNDBAHRPpACYRI umeT
(d—-Ue€e Yyac, 3a AKun BiIiagbyBaeTbCs MNOBE
cTaui oHapHOT O 3 HayYeHHAHA moro CUT Han”)
cepefoBNLLATOBI MPRAMWES ON GHEAI TYpMac.T XapakTe

CeHCOoOpa I'Il;'pO/II'OBaFME'la-IC'DBOFO OTO4YeHHA 3 afl

ponomMmorow MynbTtTumumetTpy UTI 61 E.
an4a cTabiniszaxapakaepouaoEmux CeHCco
atTMocC pepi noBI TPA nNpu Ni ABUAERHIOM TEP

AHIB 3 nNepiogUMWYHOKW MOBAaTYTEWHBA BYKI M
930 ppm CH

2.2.2. BusHaueHHsi NHMTOMOI TOBEPXHi Ta30YyTJUBUX CEHCOPHHUX
MaTepiaJjiiB MeTOI0M TeII0BOI 1ecopOIIii aprony

MnToMy noggpPXpPa&o3 KISB B U3 HBHBEAIN MECQ
aproHy, B OCHOBI AKOT Oa pireck{ayn 8 M e i3 an ™
KWUNi HHSA pi AKOro as3oTy. [flepen BMU3HAaAY!
MaTepianwu AgerasyBanm Y CCTIPYMBHIOMT )
BM3HaAaYeHHA nNuUuTORM@MNMOBApPXRABOXpPOBMATOT

(XxXpomaTor-phf) ,iXMxemy daKOI PabeorygamaHO®B a
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cymiw (80% He 6maoZ2@a%Ar()l) RPpaKo[IIo/MX
per ynuogaHuemo3 BOTIGIVMINOTAaHOB MWLBBAKME8IGBOT

&l &

AW
3 L He +4Ar

c

6

Puc. 2. 2. Cxewma XpomaTtorpadi yHOT
NNTOMOEHEREAROAOM Tennosoanq@arecdappPpabd
rasi B (80% He -—-TKkapaBO%AXHKOT D per
TepMOY@HOMETPUYHIKMPEARGT €WIT APKY B a H N M
peomvMediH;Tedr PRITMADZU ([BOJoHI A)

NOTOKY, noTpannsgna Ha 3pasok, AK NN
TEPMOKOHAYKTOMepUUYHnpearmTepaopafsodpa
noTpamosma&TeKTOpPpYOODEBMABO X4 L iMma yepes
Ta BuUuxggmwmwaad o8k dur Han pageTekTOpa Ta
Ha |l HTer partopi SHI(MADZAIVY ( AmMoBe i X HK

p 03 p ax o BdyoBpannyn@era ( 2 .

h-§4 5 gd s
Sq d6 ~“hikg (2.6)

Ae-BimcoTa fAecopoOUiglMsHINT® M@ i KIY,B e@MIH:A S
-Mmaca 3pa3s3ka, r. B é&n vBY yogHIVO B3 fiaHOD &K OXK N

BiM®@®IO NMUTOMOKW noBepxHE®WXKBRa meToay C
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2.2.3. Metoa nudgepeHiaJJbHOTO TepMIYHOTO AaHAIBY

OTATTI spiogckeHHS T ep MiKYCHEOproor epnaos, K sioarap!
okcanaty onosa (ll) Ta po34YMHY nepock
Shimadzu DTG-6 OH ( AnoHIi a) . Posknamg 3pazpis
TeMne Rax§P°C npun WBMAKOCTI Har®/ixapy 3|
AO3BO/TANO TOYHO BMU3IHaAayvaTuMm HSK BTpaTtTMu
i kcyBamTia e€ewyzu® e de K T up i aBn ysa KTOUCT T/1 B Y MBI KEO
anwmi HI i, B CIi paocnian nposawy /KB ) B 8
HaBaXoOK CcKfnapgpana Bi g 5 po 11 WMTA BANS

AKOE€mTAanNnoHY BUKopgoMcTtToByBanun Al

2.2.4. PeHTreHiBcbKa-()0TOEIEKTPOHHA CIIEKTPOCKOIIis
PeHTreHiBcbka @oTOenekKkTpPpOHHAa CNekKT
nNoBepXHeBOTO wapy mMaTepiani B,
HTHWW CTadH. B ocHOBI MeTOAY nexwn

O HO K aToMI B niAa O I0€E 10 P EeBHUTC CeKHA ¢

O O 9 o

OMi HIOBi@aHRA=¢BBEK, EHepT A BHMOTTPOaHUI 8BE T

w

A3KY MIi X BHYTPI JHIi™Ma eHla& K H §

Y O = o v H

I

My enekTpOHy=EghreplE i Tak(VEM Y M HO M,

X I T W O W O

I

TUYHY NE&EKWHEPTHIOB €3a [ONOMOTFIOoOW AeTeE

H
e
n
P
puB 3B
0
e
OHI B MOXHa 3HauMWTW eHepriw 3B A3KY
Ta aToMOM, SKa 3alexXuTb Bi A TwUuny arTo

cKnapg NMOoOBEeEpPXHEeBOTO wapy MOXHaeHmZIi 3
ekKcnepnmmeHTansAO0 B3 pamemnusas EnekTtTpoHwU,

Xopi aHani sy, BUNPOMI HIOKOTbCA 3 T Aunbéwu

=X &= O 9

BUKOPUCTOBYETHbLC A came ACNTAa MBAH & Jpii3zayn y
Mynow | —FHMEHC yaBeKiilolbK, CNabg —ADOMIT B K

nepephoswi oHiIi 3auirl Ha cCcTany npwuwnapgy,

W T O

NnoBEeEpPXHEBUWX aTOMiIi B 3a I HTEHCMUBHICTIO
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PoPE NnekTpwn 6ynmnu 3anucadti B | HCTKUT)
(Kni B, YKpHairwea) saakpmay ®@QMoToeneKTpPOHE
800 XK@GtosAas UltraDLD3 A4 K486 paGnpBmMi HiOBaHH
oTpuUuMEPHHEAN e K TP i B peTenbHO nepeTepTny
MaTepian HaHOCUAW Ha CTPYMONPOBI AHMN
BaKyyMi nepeag BUMI pPHBAHHAM. B akocTi

BYyr nelisw

2.2.5. PentreHoga3oBuii aHaIi3

BuM3HauYeHHSA a3z oBOT O cKnapgy rasou
npoBOAMAM Ha JAuPppakTomMeTQpil Bruker D
AHanipawgmar pam nposBoavwnunbmear agopmy now

n=2d®sin (2.7)
ne.-40BXMUHA XBWAi-n(olp s50401k8 AW thp ark u i-i (
MIi XN /O LWNHHG®-KBY T4 CCTKAHB:3; a H H A .

HaaBHI CTb nNeBHOI V3(aa 30 /BOCK eaHHHOSBMI H0XB aa [y
Heipedaek | geHTUuGIi Kayi 3 pa3kKiB npoeE
Mi XONOWMHHNX BiagCcTaHem NOPiBHSAHHA- 3
2 Version 2.0602 (2006).

Ana OUIBHWMKIPI POYACTUMUHOK BUABMEHUX C

obnacTi KOrepeHTHOT 0O p o 3ldeipwpedbatbd] ( OK

D=
B-cos

(2.8)

pne —-Posmip OKP (u4ynm pos3smdApA) vaokamrawT ab
3anexXunThb Bi A dopmMwu 4yacTMWHOK das3 wu T
Aocni axXeHi dopmMa YaCTUMUHOK nNpuimmanaceb
A—pooBXWHaAa XBWUNi CuKa BuUNPOMI-HWBIBRMHEHH !
Andppakuyi "THpa y mo Ky K BrRAL eBOTl o Ap-0b3 mAapey

eKcnepumMeHTallbHBREeYANAPAEHAHAG®-KAWD POCKHMHBAI) &
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2.2.6. TpaHcMiciiiHa eJleKTPOHHA MIKPOCKOTist

B OCHOBI ThMmexwBbAXNNEHHA BUCOKDO
€eNnNeKTPOHI B, TbSA KIie pre30 XTOMHK MW wWap HaHec
eNneKTpPOHI B 3ajaeTtTbcA NMPUCKOPIIYOI
eNneKTpPOHI B Ha NKOMI HECUEeHTHOMY eKpa
enneKkTpomMar Hi THUX i H3.

TEMiocni oK@ @y TNNBNUX CEHCOPHWMWMX HMB2
eNnNeKTPOHHOMY MikpdAebd&ENni(nPHBECMIopOM Ha
100k B) B | HCTUTYTI dbi 3MUYUHOI X1 Mi i I M.
Ana pocni gpXeHHS 3pa3kKuW peTenbHO nepe
3acToOCyBaAHHI YNb BRPIODRAWYBOKB A0 o@Bp o Okt r
06’ eEM yYyTBOPpPEHOI cycneHsiI i HaHOCMWUAWN H
CIi TOUYUKY adMOUIDPEOHMMKM WaApPp AXKWDOSOEIKI € NekKTp

Jocni okeHogompODEBEMmMOIMA BuUNnapoOBYBAaHHSH

2.2.7. IY-cneKTpOCKOMis

|l X nekKkTpwu rasoyyTnusenxX CeHCOPHMUX

cnekTpomMe ThlimePerKkX n ( CWA) , ANA 4yor
nepetTupanmKBr c@Cynagmni BBi JHOWEHHI 1 wmr
npecyBanu nia?%Twuugok omo 318600y sHYOWI O TP H K |
(nnowbd8-28cf, npos3ddprnpmmmi HWBaHHA. Cn
sanunmcysBanu B0D@naari 400

2.2.8. MeToauKa J0CTIIKEHHS KATAIITUYHOI AKTUBHOCTI MaTepiajiB B

peakuii OKMCHEHHSI METAHY

LJocni AXeHHSH KaTlQaad TIMY HIDA3 O @K TT/MIBB U
MaTepiani B HABt/SnO,cTHAO BR3dBSSnp@ a K Ui 1 OKMWCH
3Ai ACHHOB ay@TaHOBLI NPOTOYHOTO TWURY,

noai 6GHMIW KBapueBUIN peaxaoas3UsaylUB B eywaiin akg
XPOMEOEBE/T AKa [O03BONATaMIKEOMHaTPYPIWB pE A
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KaTanis3atTopa CKANadpgas mM@ruos Oma s axklak am:
nonepeagHbOo rpaHyntwosBanun (NMW)3.MIi P T paHy.

Ana BMUBYUYUeHHSA KaTtTani TUYHOI akKTMWBHDO
KaTtTani TUMHOTIO OKWCHEHHHd MeTaHYy Ta pjo

peaxui’i BUKOPWMOBA B \PEHMYWMC N aapgpomdy,8H

2.2.9. JocainskeHHsI KiHeTUKM OKHUCHEHHS METAHY

Ki HeTuKYy Tr-keaTeg/OITTeNHYHHOO I O O K U C HPEHHUHXS
mMaTepianax AOoOCni gaXyBanm 3 a AonmomMOT
nopwHeBUM Typobynisghoppe Mb3 Ko HEremRME IO)IP
npeagcTaB/eHa Ha pwuc. 2. 3.

Punc. 2. 3. CxewmMa
peakTop&opriyc pea
nnacTuk@wa- NMedroy HH a

48 - utTyuep-mKamepa 3
/A OHOMKMUEBIeHS Aans Tueap
i CKNAHOI —ARypeEYNI DarT

Kopnyc p e askarkoppue a (6li)Ai b W X O0ONOoOAaHI N H

WA N

nnacTnukKkoBOwW Npob6bkotw (2) 3 NAamgyealaoioH B
BUKOHYBIYRE . K BBeageHHSA poeoakKkpia aikitod p yc yavii a
JOMNOMOT OO wriyeempap a4y py B peacxkui HI

TepMoOoOnapoIKK OXIEOIME /TbA K a 3 HaXxoagunnach.b Yy



68

BBOA@Y KO [PreyYx Ba@p ag o n oumMioardd i1 A Ki HUSA T
TepmMonpaop3oMd WyBasiacb KamMepa 13 <ciTyvyac
wapaom 19 HOT HUTKUCYM)W FPreBxmghidiaab 4Ye
MepemMi WyBaHHS CYCMsB AIi P a @y A O KCOBCETWYGCATIH H
pyXxy nopwpeéyori ® aTToyp a (9), L0 obnap
CKNAHMWW WTOKBINPWEOBWMBCAIONOMOT O cCcneuy
NnpuUCTpPOIO. FfrepmMeTnsaui a peakTopa 3abe
y BTynuyi (3). O6irpiB peakTopacBigp asi
HaMoTaHOIT Ha Kopnyc (1) Ta I 30nNbo0OBadH,
AHani 3 CyMi Wi KO MDBOPE@ HNTPIOBB O e dimL iHia
XpomMaTor padgi SHI MADZU o yiwmicaudii $1)C.H 1B B a JI
KONOHLUI , 3anoBHeHI N -10DP6 e HTrpdAm TCeAVRNIBep>
80° C. BUKOPMKMC THaHHIiA3 anupiniyHoQr 808 @5 eNTAENKOT OBPU:
A0 p2pOnm mMmeTaHy B peakKui mHIi W cymi wi.
WempakicTb pedkyiic))(MpoBhp@MOBYBaAII
dbopmMy notw:
ro= (¢ AU/ (g A S (29
AeEN—Ki NbKIi CTb MeTaHy, wo npopearyYsana
06’ eMHa WBUAKICTb nNOTgc-HYEBRKEABXIATaRA

SqeNMTOMA NOBep/xtH.a 3pas3ka, M
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PO3JILT 3

BIVIMB TOBABOK Pt I Pd HA ®I3UKO-XIMIYHI, KATAJIITUYHI
TA T'A3OYYTJIUBI BJIACTUBOCTI 10 CH, CEHCOPHHUX
HAHOMATEPIAJIIB HA OCHOBI SnO,, OTPUMAHOI'O 30JIb-T'EJIb
METOJAOM 3 SnCl,-5H,0 TA ETWIEHI' JIIKOJIIO

Uy TnmnB i C Tibi H#Ha@gnci oBpnGpup Bi 4 HU K O B N X CeHCc
BMU3HAYaAaETHXAMI YhHBMKH O -agTpPPOOYPBHDMN B N

MaTepiany ras3odyyTnNmMBOINIoO wapy <ceHcoOpI

MOpdonoriemw. Po3mip 4yacCTUHOK CeH
HaHORAI any, Bi 4 AKOrNro B 3Ha4YHIi W Mipi
71] , BMU3HaAayYaeTbC4 a K MeToaOoOM Ta Yy MC

npekypcopamnm [Nnsga opfepXaHHA HaniBnNpoB
TeMnepaTypHUMNU Yy MO B a Meu E/HOHISIO  KJaoT pamMiyi BT a4 H
O CKfnapy wMaTepiany rasodyyTnumsBoOro uwa
KatTani TUMHY a@aKTWUBHICTb TaKWX HaHecCceH
BnacrTtuseoCTI , ane i cnpumdaTtTunm cT1abi NbHO
L0 MoO3K&6e3aneuntwnu nepeagymMoBM nn4 C
WwBMAOoKOAI OUNMX Ta CcTabinNbHUX CceHcCcOpiB
3.1. ®Buxo-ximiuni BiIactuBocTi Pd- Ta Pt-BMiCHMX CEHCOpPHHX
MarepiajiiB Ha OCHOBI HaHOpPo3MipHoro SnQO,, OTPUMAHOr0 30/Ib-TeJb

MeToaoM 3 SnCl,X5SH,0 Ta eTHJIEHIJIIKOJII0

3a OaHWMN TEM HaAaHOPO3MI pPHUR i o
neHTAar i gpaTtTyo/T@EP aXAOPMIIMIYEe HT Ni Ko nw,
yacTMUWHoK (puc. 3.1, a) , c edeln HHAH . [p B3a

AaHumMu POA oTpumMaHM NP yoKi TOYKPCYU OK aoc/mOTBegp UM
-2 version 2.0602-04-2005) , R PTEKao My
da 3 B oOoOAgepXaHOMY wMmarTefdbla.ni P oB3vsassyeHHJDK
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yacTUMHOKHIAAMHA M MLd5R]p epak d 31éb8B o pPoO3 N
KOrepreHHTpoOo3CiOBaHHA) ANA OTPUMAHOT O
3.1) . CyTTEBY pi 3HMULUI M X pPpO3MipoN
po3paxoBaHMUX 3a piBHAHHAM Weppepa ™Mo
NOBEepPXHEeBOrNo wapy YU HAaAABHI CTIOO K& upe

onoBa Ha nosBepxHjills5lHaHovyacTMnMHOK [ 15

N w '
S S =]

=

KinbkicTs YactuHok, %

0
0 10 20 30 40 50 60

PO3Mip 4acTUHOK, HM

8 10 12 14 16
Po3Mip YaCTUHOK, HM

o
o

- N W A
S & o

o

KinbkicTb yacTuHok, %

o

8 12 16 20
P0o3Mip 4acTUHOK, HM

4 8 12 16 20 24 28 32
Po3Mip 4acTUHOK, HM

Puc. BEM. 306paxXeHHH oiokcwunagy ®H8BBa

eTUNEeHT Ni KONt (a) T a CEeHCOpPHMNX I

mMaTepiany 6e3 po6aBok (6), cewrgcOopH

Ta CeHCOoOpHOTro mMaTepiany, wo Mi CTMHUT
BctTaHoBAMn1eHO, wo TepMi UHe dGoOpMyBaAHI

rasodyyTnuBOTr O wapy ceHcoOpi B (npw T
NPMU3IBOANTHL 4o YKPYNHEHHRAaK Yacag/msH O KE

(HemMmoandpi KoBaHOT 0) CeHCOpHOTro wMaTepi
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cepepmHin po3Mip 4yacTMWHOK MaTepiany
36i NbwyeFfblcaH-p100 a8 (Taodbn. 3.1). Me T
He ©Oyno BUABMNEHO 3MIiH §JYy,paaoBeREAIC
HyaCTMHOK pJgiokcwumagy onosa, po3paxoBaHMU
(tabn. 3.1). Taka BIi AnoBi gHICTb Mi X

OTPpMUMAHNX 3a AOMNOMOTOoOKW pPi3HUX MeTOLI

wo AoMmaTHKIWCCBOKOTemMnepaTypHa o6pobka n

CEeHCOPpPHMUX MaTepianis 3HaAa4YHO 3 MeHLWYyE
pewi TKMW AioKCcuAay oO0no0BaA.

Tabnumuysda

Po3Mip Y4aCTWMHOK T a3 04YT/NUBUX CEHC

SnO,, oTpumMaHogra éeEmnmlieHr ni Konto

CepepHin poHM p H ,
3pa3s ok Shun M
3a TEM 3a PO®A
BUXI OHHNN 10-11 6,7 —
CeHCOpHMI 19-20 20,1 24%2
6e3 poba
0,23 wMac,; 14-15 12,8 24 %2
0,31 wmMac;, 14-15 12,8 252
1,41 wmac, 14-15 12,4 28+%3
2,28 wMac,; — 12,6 26=*3
2,42 wMac,; — 12,8 27 %3
AHani 3 TEM 3o06paXeHb T a304yT/NNBMUX
nanagin (puwc. 3.1, B, Tabn. 3.1), noK

023mac. %) ALOCH&YHW®BIIOO AIIMEBWEeHHS cepepaH
Aaiokcunaoy 62100 Bmol(6B4H M9 . Take 3 MeHLWeHHSd
yacTUMUHexNnOXNTCe pT & AOIWIWAOWLMMN aBTepaABMNUNOSAC
ctTabinis3ywuyorw pedanwwlomamaaueto nfi 0B & Ale W@+
He nNpuBOAWTBEeNOM P ®I@ESG BWHI gCc T BnOO K



72

BignoBi gHO 40 AaHMWNX P®PA nanapgi n BN
OnNoBAa B HUX 3HaXoOAUTbCAAKI dogp/ma [ iKBREM
Bi ACYTHI, WO MO XHa T O ABCWHI ICTTUO MA oncat/iaatiHi t
mMaTepianax. CepepfHiIi N pPpO3MIip YaCTUHOK
ANna cucTear alPHdd BSSATD:2 |, 182 ,HAm wo pApewo MeH
OTpuMuMaHe 3a AaHwuwvbBwundalsbElgkingymagw. M8 XA q .
YyYTBOPEHHABMUXIOM@aP&IOTI B HY RBaBepux¥i c Ha
MpoasaHB HIi C T b Oe &K TA IBG /1 oTKaakuu X T a noanait
boundaries), s na cucTevm APadMaBinTOe paTypHUX AaHW)

AHani 3 TEM 306paxeHb nnaTMWHOBMI C
mMmaTtTeipBa (puc. 3. 1, r, Tabn. 3.2) nokKkas
HeBeNMKnUXx [Jo06aBoOK nnaTwWMuHMU Ui NKOM Ac
cepegHbOro po3Mipy 4Yyac F+2ZBOowwmpa-dabk clHda)y
Cni g 3as3HauYuntTwu, Wwo , XAk aHOMa™e pn a/ma B
Ki NbKOCTI nnatTmMHM He BNNuBae( Fabpepdhé
BiporigHo, ywos,mnamky nanapgi WBMi CHMNX
cTtTabini s3yrohygp pywpeiaHHIIipudac[fflOhHoKk MaTepi

Tabnunuysd

PO3MAQETMHOK T a304YYT/IMBUX CEHCOPHIMHX

SnoO,, oTpumMaHoOr o 3 pphHOopAcCceaHnmeMr BncK

CepepagHiin po SN PM ,
3pas3 ok Shui M
3a TEM 3a PO®A

0, 03 RV/EnO.,. 14-15 14,1 2212
0,14 m a c P/$60, 14-15 14,2 22+2
0,26 m a ¢ Pt/$60, 14-15 14,1 21+2
0, 72 RV/ENO.,. 14-15 14,6 22+2
1,76 m a ¢ P90, 14-15 14,1 22+2
2,93 M a ¢ RPY/9O, 14-15 14,3 202
4,52 M a ¢ Pt/8$h0O, 14-15 14,1 212
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3a gaHumMm POPA oTpUMAHI rasoyvyynBuBI
HW3bKWUM BMICTOM NANaTUHUW MICTATb J1UNLWE
3pa3kiB 3 i1 3HayYyHumM BMiIicTOM (=21, 76
nnaTtTwuHM. PospaxyHoOK 3a WLeppepoM nok
Al oKcuAay onoBa AgnNsdannaTBHOMBUMBCHAE Ba
Ta CKI/napglade 61 H,ML ( Tabn. 3.2). [Ona wMarT e
6GyB TaKOX po3paxoBaHWUW po3mMip obnac
nnatTunuHU, AKMWW cKnaB 18 HM, wo MO Xe ¢C
nnNnaTMWHWU B CEHCOPHWUX MaTepianax npwu i
Pt (200)
PL(111) l Pt (220}
l 4,52 mac.% Pt
=
= 2,93 mac.% Pt
I
=
I
o 1,76 mac.% Pt
=
1]
g 0,26 mac.% Pt
b=
ﬁ 2,42 mac.% Pd
Q v
@
= 1,41 mac.% Pd
O
I
)
= 0,23 mac.% Pd
=2
\k W 6e3 nobaBok
(110) (101 (200) @11 220 @10y, 21 (172) Sno,
l ./(”1)/(210) I fooz) ' |4:301) L (311) (3 Gaam gaHnx)
— 71 - 1 -~ 1 - 1 *t 1 °© 1 r r * 1 *t Tr ' 1 °
20 25 30 35 40 45 KD 55 O 65 70 5
20,°
Puc. 3. 2. OaHi P®PA aHani sy raszovyy-
Pd/SnO,Ta Pi3/ NiB HMM BMI CTOM nanapgit T
A K BUAOHO 3 Tab6n. 3.1 [ Tab6bn. 3. 2,
ras YT n1uBMUuX CEeHCOpPHMX mMaTepianiB B p
Ki NTbKOCTI T a TUNYy no6aBoK. Lle M O X
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MIi X4aCTUHKOBOI B3aemMopgil HaHO4YacCTMWUHO
Cyci AgHI X YacCcTMWHOK, Yy TBOP EHIHR) KGaraaii @&
3anexumTtTb BIiJ ymMoB @GOpPMYBAHHSA UbOTr o N
AOC/Ni AXeHNX wMaTepiapiBsBHBbyMAMyopBaMOpAa
CeHCOpHOTO M & T3€eapHi aayiTy0 KHBEe 1N K | NnMNTOMa

AOC/NI AXEeHUNUX HAEaEDICIAB HERI BPi3sHaUvY HI W Mi pi

3.2. I'a304yTJIMBI BJIACTHBOCTI I0 METAHY Ta KAaTAJITHYHA AKTHUBHICTH
Pt-emicHMX MaTepiajiB Ha 0CHOBI HAHOpPO3MipHOro SnO,, 0TPUMAHOIO B XOi
30J1b-reJib nmpouecy 3 SnCl,x5H,0 Ta eTHiieHI1iK0/I10

JocnigoXeHHSA 3anNexXHOCTEd 6ROPY UKIRH
nNoBi Topl BI(MRMR KiNnNbKOCTI BBegeHOT nnartTWu
eKcTpemManbHUWUN XxXapakTep npu BCIi X Tg0cC7s
159].

6000 +

5000 - e
/ ~ ~u,
/ = &
4000+ 7 <
=
Q
n:'c
—m— 295°C
—e—325°C
, ——350°C
—v- 380°C
—e—405°C
5
BwmicT Pt, mac.%
Puc. 3. 3. EBeaTIBYKIHH IC T B /Te K THan @ BIOATepH Ccoorpa [BY

OcCHoOBIO,BRta/ i cTy nNnnNnaTuUuHMU B T as3odyyTnwu

Mo X H a npunycTutTun, L, 0 npwu BBEe/JeHH
ra3oyyTnuMmBOTroO wapy <ceHcopa YTBOPIWET

nnNaTMHRB[M-43Hh O p[AoBXUMHA AKOI BMWU3 Hayace
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AKIOXY BRETbCSA XemMocopbui a KuUCHWO 3

o -

a
aKoro xemMocopboBaHOTO KMWCHI YyB MiOCBHE/X
EHCOpPHNX MaTepianiB BpunHHOPWEHOCNRET

4i TKO I CHYKWTb fABa HepoOoO3ILOA®AbL @MBIOMU

=
N

CHROMCHIKO T paTKu I xemMocopboBaHOMY K|

A3KY OCTOBHWUX eneKTpPOHI B. Mopi B

A3KY oOGpTeanBelKUrp o@18 aA4ng g9kKoro pgopi

w w w
[ow)

B' A3,Keyn@ksHi B XeMocopboBaHOTINIO KWCHI

(@)
S

napgae 582343 BeBaH(OBNn1eHO, L0 cni BB

XeMocopboBaHQ) O4 ®K NE HEOH PPy rpaBTe&kmMX H(eGB 0 M

Pt-B Mi CHOT O CEHCOpPHOT,Qy VWATE6P:ilayoy BXKASB Y [E
3 HaYHWN B NMNIECMIO CKOVPCOHOKB,a HOT O Ha MNOBEepPXHI

1.76 &OM. % P 4

532.4 j|

wdzls j dzmd o dz' Mls+ ,

525 ' 530 ' 535 ' 540
[ dej e W Lo' wL Clz,
Puc BOPEnekTpun KpocrwW CcCOPUHUOHTI o0 HaHOME:
1,76% Pt/Sn0O..

EnekKTpuuyHui oni p CeHcopi B CyTTE
XeMocopb6boBaHOTM O HEU @GHHW,BHDK BAPALKEHUNM

HbOMY e/fiBBOPO@HINEPOBI A HOCTI —hipkcmHays
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HeraTtTapogXeHOrTo XeMOCOPWIB@KHWTHO KWVC
NOBEPXHEBOINIo NOTEHNPIMyMB@HO A OCAPUNEDBEP X
NPOCTOPOBOTO 3apaayne®©mnppHamaRlaT 86u ia +
HETr aTMUBHDO 3apagxeHui 6ap’ ep dbop My €T
Hani BNPOBIi AHWK AN QLA BEEX U@ /IeHKeqpe3H | Bb O T
A1 €10 3 0B HieuHebkorrp 1 4 A9 16@. Ao npre3[y nbTarT,
€eNeKTPUYUYHOTIO ONOPY CeHCOpPiIiB Ha NOBI T|

MpupoagHo, LLIO nocnipnoBHe 36i NbWwWeHH
nnatTuHnm (po 1,76 wmMac. %) npuBoOoauUTbL 4
nogil nydanwitTmHKamMum ,, Pta 1@t x&n Oi O o 36in
enNeKTPUUYHOTO ONOpPY CeHCOpI B. Mpu nop
176 mac . %) cnocTepiraeThbCyl Py MEBHKLE&H HIAO CE
TeMnep aptmEP)ax cugoi 4 YU Tb NPO MO XKBILBIWM HDIKP
noBepXxXHI AiokKcuay o0n1o0Ba, AaKa Bepe A
noAai Ny Mi X 4YyacTuUuHKaMBI ogmaBumpgruo] pHoO3
XeMocoOpboBaHOT O K MWC HJT, e Hac oopTixe , p Ak3, BBensy
npu O6i NbW MBILP@RIWYWYPaRKe cnocTepiraeTbc A4
enNeKTPUYUYHOTIo onopy B OIi K MeHWWX BMIC
MOXe BgBUA3aHO 3 pecopbuiew cnabos3B'
TemMmnepatypaAd]. ceHcopiB [ 16

Mpw HadABHOCTI B POBBAPEHA MBTAHYK
BigbyBaeTbCcsa 3a paxyYHOK XiMIUYUHOI p e
dbopmamn KWCHIO Ha MnNoBepXHI HarpiTtoro
ANWHAMI YHOI pi BHOBArlr yc p&Aaikah & p HOK NICHRSB
XeMocopboBl@B®IPXHHACeHCOp a, 3 MEeHLWyE:"

KNCHIO npMBOANTHDL 4 O 3 MEeEHLWEeHHHA BUNCOTMN

L

ACTMHOK HaniBNpoOBIi AHMKAa Ta A0 3 MeHLU
3MeHWeHHA BenNuMYUHN enek8hRYRHI6MI6ZH. Nno p

Jocni aXeHHSA 3anexHoOCTOPpPMEH, B YLK B MC ¢
nnaTtTuHMU y raRaopiy T ipmmacnmy3. 5) nokasan
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eKcTpeManbHNN XapakKTep ANA KOXHOTI o
OaHMuX, npepgcrtaBneHbx nox ape@eanyd . Buyom ao p
3MiHax Be/IMYNUH eNnNeKTPUUYHUMX oNnopiB Ta
cTanol TemMnepaTypwu MaKCUMYyMMNU Benunu
cnocTepirawtrbca ANA CeHCOpPIiIB 3 O0f[4HaKk

wapkKipymoB HaunwBuuwoi Temne mlasryCpum pob6oT WV

- 205°C
—e—325°C
—a— 350 °C
—-v 380°C
—e—405°C

5

BwmicT Pt, mac.%

Pus.3anexHi cTb BeNWYUMHWN BACOTHYCKOYP i (BY )H &,

P/SnO,B i A4 TeyMinolaTUHKW B T a3 0udMYyTNAMBOMY Waf

BctTaHoBAMneHa an4 6i NbwoCTI 3 AOC
Bi Anomwmi AMHKa TRy BKas3ye Ha I CHyBaHHSHA 3a
Ha LI ABa OCHOBHI MnNnapamMeTpu CeHCOpa,
Me Xi nopiny Mi X YacTWUHKAaAMMU HaHecCceH

360i NbWEeHHAM KOHUEHTpauyi io sekB/MeHgae HTod K Oril 11
pPpaxXxXyHOK 4Y0ro 30iNnNnbwyeTbCcsa KIinbKIiCThb
0O 3pPOCTaAaHHBTIE@NNeRDPY C)e.HCDHOii/mb UfepHHCA. 3B
LMx ywmoBBX Blippocy.BRETbLCSA 3 aBOoAKU 61 NbL
OKUWCHEHWANPUCYTHOCTI 61 Nbwoi Ki NbKOC

nojganb WU M 3pOCTAaHHAM Ki TbKOCTI B B €
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3MeHWeHHA Benuvewmcop BY o ppKE. cnocTepir

anA BenNunyYunuHwu ennek T3BM Y BO [0, O O EHNEDHOPYIXB ( @ U

BpaxyBaTun amopkgimauicitrbnaatnuHm npun 117 B
MaTepianax, WO 3 MeHLWYye-SN0 BXNBWHAaANAKI
Ki TbKICTb KMWCHIO, xemMocopboBaHOrNIo Ha
CEHCOPHNX X BMa KITAEIpEEKIOPM R O [JlH inMe .H O 3ImMe
Ki NbKOCTI XemMocopboBaHOTO KMWCHIWO Mae
MeTaHy, a, OT Xe, i YUY T/IUBICTb CEHCO,|
(pB%. Mpwn LUbOMY Ccni p BpaxyBarTwu, L0 n
nnaTMWHW Yy T a3 o0vdYyyTnNuUBOMY wapi Ha 3 ME€

MOXe BNnNuMBaTKUu We W 30cepegXeHHSA KarTa
NoBEepXHI yacTuHOK’) ,camoi nepaemuepxget
XemMocopboBi®&BKOT OnNOHIA 1Yy M/O&T WOH/VO Bia, f iyo KC
YyyT/nAunBocTMoOXRMEIOP®AE T &K O/I3a TOHEHRKSY LHEVAM U

peHTreHoMasoBOT OO A0 C BIMEOHX €HH 93 CBRVHIT KU
(puc. 3. 2), BAWEKAB HaeKBV/EX MeEyTHEENTI VHHHID,T PrNno 3 Mi [
AKQGINIi BpOMPWI3pM BC TUHOK Ai,0KTaKlIYi 0310BAH
3o0Kpeonvcani game i@ g o Ml /PAPIELCHOBMI CHUX CEBHCO
BACKOMM BMi CTOMOKa3Aaa/MMH BH B I K MoBEepPXHEE
nnNnaTtTWHNW B KIiNbKOS RPaseimMVMmn> H@OP 08 W D B
enek T:ptY(HEFE,8-7 0, 9 %(BE725-P2, 6 EBE~750a Pt
75,1 eB) (pynec.BpoByompabagoomBmpgBypowpmwm a1/
P Ta “)Plle mMoxe 6YyTMU MNOACHEHO XEeMOCOf[
MeTanna@mm@P®)3 HacTynHOW WOro Aundys3i et
wapi B, AaKa CcynpoBoAaXyeR® T a&tO,)[i68, dGdle H H s
Takuvuim cnpoysIpleTbCca nMnwe Ha KinbkBt np
[163, TOMY MOXHa npunycTwuTiueX PUoO, Td1B8% M a 1
Pt/SnO,po3Mi puM KnacTtTepiB NnaTuWuHWBAOOXT &TOH
a3 u MeTani YyHOI nnebic R PEC A @ | T( ppanxcn.p .
Tab6n).Bi.axoasapkmin ‘B(Mmiac6brn.Bt. 3) MOXHa N
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MeTani yHa /OMTTIBHUAIP 3 M @ B € POXKHCEeMBau XB AK I

OCHOBHUNP®ENaEK TP WN. Ana wmatepiany 3
O, 26%MaBi. AcYfTRAO6NMWO WBHB )N HEBEMMK UM PO

K 1 ac TKeapriaBn raTKMTWHBOH O T, [30& aBgeKkcobr o1 B ad fa om
noBepxHeBi OkTrwdWit dopmu (Pt

N
1,76 &Ofp. % Pt il

ic! Pt 4f_

5

()

kes

£

B

]

1%)

B

3

65 70 75 80 85
(dgjteec' w Lo wLCE, jl

Punc. 3c@exkPph nnparT @®tHHY,) c(eFHtc ofpfHOT 0O H
Ha ocHoOBI Jd1,76% Pt/ SnO

Tabnumuysda
CTaH NOBEPXHEBOro Wapy CEeHCOPHUX H
CeBCOpPHMNUI EHeprdisak y3,B el Pt:Pt":Pt"
Pt’ Pt Pt
0,26% Pt/ SnO, - 72,6 75,0 - :1:12
1,76% Pt/ SnO, 70,8 72,5 75,0 1:2,61:2,79
2,93% Pt/ SnO, 70,9 72,5 75,1 1:2,18:2,36

Ana HaHPEEMIHMKM X CUCTeM N pouva T Tryipmein uje

500°C) cnocTepiraeTbcsa TepMiuyuHuim po3Kn
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AKa 3a UuUMmx YyMOB <CTae€e [OoMIMIyaow™uwesn. n[o3s
nitTepaTtTypHuUux aAaepu XN aB iPBE0OMBaKIYeLHON TEBH B i A
KnacTepiBUYUNEBaAaRNMEHLWNA, €Ty me BEALIGIAA, [a
TOMY poO3K/Aag NOBEPXMEIBHMXEBIOMAPDHE BO [J/O5B
Mae nNpoxoauMTum 3a BUWKMX TewmnepaTyp,

AK Wwo BpaxyBaTuWu,H WoeTBEHYKIMBXH&#MBHOWE o
MeTan[buMla maHe nNpPpuUNYyWEeHHSA TIOMIPEEP akToypp
3anewHiycocmaas i [ 0OC evHecTEapHiy® PHSoB jp uc) 3. A ns
ceHcoOpiB 3 HeBenNnniy A6BHMa@BE MM MAALHUHNK
930 ppmCH,cnocTepir ae’@bcBa Trhopim ud4adcs sk A 1A
BMi CPtMmaik C M Myec/meOHCar epi ra€eTbCsd BXe 3a HM

Ak BMAagKONepPUMEeHTanbux3 @aamnamneé Bac)

Ha BIiAgMIiHY BIi A 1T HWMX TemnepaTyp CeH
Bi AT YKBYMIiEITY nNNnaTWHW 3 MilWeHUWNn Bi oHOC
BeENNYUNUHUN onopywHRt noBiIi opina®&Tb CceHCcoOPp
nnNaTtTuWHNI) (pMipex&. cBI 44NTNM nNpo Te, o
Yy MO B a X BeNM4YunmHuy Bi AT YKY CeHCapicH b
XemMmocopboBaHOIO KMUCHIO. AMoBi pHO, B Y
CeHcopa BenNnmKan p @ g Vibk KIiiE T peackuyi,i LOOK |
yTBOpHOEAbEACMMNAKRAKMN 3 aBaxXae noTpanans
noai nySnR.tMpupoAagHO, WO TrR&MaHT yBOMI nmBa TWw
ceHcoOpiB € 0co6AMBO NOMITHMUM [ONa Ce
nnatTe@m@méac. % Pt). TakumM YMUHOM, BUCOK

KNKWYEeHHI KMUCHI, XemMmocopb®¥nB,aHOT Oy UAa

oyec.i OMKenTCakHeyHOHESB & XX H O 3a paxyHOK n

akHpi Tid am niarTan HABHGOD MMroa Tb MyYBKAMEME HH A Me

Miio g i nySnORY T B O p enHpvovauy KpTeaakuja i K o pucC T b

O 2 T O W
W ® O T =

| AY4NTb 3HAYHEe 3MeHLWeHHIS BeNBMIMHT aBM
nnaTWuHMU (2mM@8. %aPtd4) 52 3 301 NbWEHHAM
(pno A3 A¢Haopn CRAIObr yk TakuMx CceHCOpi B C
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Be/unynmHOI, o nNpPpakTWYHO BI ANOBI Aae |
onoBa 6e3 nNnaTuHBI fMAKCO@®RACBGP H Ha OC |
SnO,ctaHoBUTb °1G)5 npwu 405

101

8 -
—o— 0,03 mac.% Pt
6 —o=- 0,14 mac.% Pt
] —o0—0,26 mac.% Pt
- —e— (0,72 mac.% Pt
——1 76 Mac.% Pt
44 —4— 293 mac.% Pt
—0—4,52 mac.% Pt

24

0

280 300 320 340 360 380 400 420

Temnepartypa, °C
Pucr. 33anemerivcsmwHr yKY (y) ;,0eHOB8PI B |
Pt/SnO,Bi 4 TemMnepaTypwu.

an4a OIi NbWOT CYHRAYNAOECGDETEIR TN RPAMBNT
JaHNXaMBa NeCKBA e TVME@M@K TP WY HEAEIOBIOTNA PBYI 4T )
Ao 930 ,ppm Cé€lMnepaTypun Ta BMIiCTY nna
—-rpadi ki & (pp¥)cc. 33.

Ana niagTtTBepAoXeHHSAS MOXNUWUBOCTI nepe:
ra3aodyyT nNuiBOMEHCUDAPPI B HeoOGXi oHO pgocnip
Bi ANOBI OHMNX CEeHCOpPHMUKX MaTepiani B B
HabnnmXeHNUX [0 po6dl)u GegmoopsiBAB(EHO .,
HaBi Thb HeBenumekunx Ki NbKDKALHO NMiamg -

KaTani TUY4HY aKTUBHICTHb.



82

5000

4393

3785

3178

2570

1963

BwmicTt Pt, mac.%

1355

747,5

140,0

T 1 Y v 1
340 360 380 400
Temnepatypa, °C

T T
300 320
Pncd 33anexXxHi CTb Be/NUYVUHAO BILBEIET [TRWHI
ocHoBI ,BAtd/ SnxO TemMmnepaTtTypunmu Ta BMICT
Ta 71 npoexkui a Haemnepmanypappmi EX C

npeagcTaB/NeHI 3enneHUMU Kynbkamu (a)
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BmicT Pt, mac.%

300 320 340 360 380 400
Temnepatypa, °C

Pncd. 33anexXxHi cTb BEeNAUYUHUN ,BEAC GRYB I
Pt/SnO,Bi o T X TemMnepaTtTypwnw Ta BMIiCTy 0
npoexKkyui 9 Ha nnememwmylepawmypmweRtrBKeGn™

npeagcTtaB/eHI 3eneHUMU Kynbkamu (a)
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Mopganb we 36i NbWeHHSH BMI CTY nnart
Ni ABUMLWEHHI T X KaTtani TUYHOI AKTUBHOCT
KOHUEeHTpauimn BBeageHOIl nnaTtTWHWBHelteo KB

OKMWCHEeHHSSB MemxaHymoOBaAY He MeSR@®, na ac a
HaCTWUHKWN nnaTtTwnuHU, TOMY NnPpUNYyLWEeHHSH,

rasodyyTtTnumBoMy wapCHpepewmoaN DKANL HE & M &
a nNpoAYyKTMU Ui €l peKunyiMmo BsaKKi BY T3BHCAH Hbi HD!
O6NOKYIWTb AocTyn MetdfSEjh,punpoame&i 4UNoKo M

100

W — .
—m— 0 mac.% Pt /.O//AQ - A o’
| —0—0,03 mac.% Pt o/ ‘//O / E
e 0,14 mac.% Pt ./ﬂ o d O
g0 —O—0.26 Mac% Pt I S / / "
—A— 0,72 mac.% Pt »)A r ¢ g/
. —£— 1,76 mac.% Pt Y /S / / /
N 1 —e—2,93 mac.% Pt p // /o / / w
> —0O— 4,52 mac.% Pt / A A/ . /]
/ h /
& 60- [y // / d /
) iy /
s F; /-‘ / /O ’J/ / /i
= Iy .
o / / / / / /
g 40- r/ / P
m ! /O / / ]
T o} / / / / /
S [ A/ g /
<z A / g J
. / / / [ |
i) / /
20 1 O ,‘ A F b o /
// A / / / -
] / ¢ .
/ o] ./ /EI L
/A/ /./ /"gl/).
0 _mmm.aﬁ%ﬂi%—.ﬂ:i_h_ﬂm - = - T T

T 1
200 300 400 500 600 700
Temnepatypa, °C

PunclD.3.3anexHi cTb cTyneHs4da nepeTBOp
rasovyyTnNMUBUX CeHCOPpHUKO MBaGrPpP aumi B

930 ppm.

OCKI nNbKWM WBUAKICTHb KamanaTmwaKer o

XxXemMmocopboBaHOrNro Ha nNoBepXxXHI ras3odyyrTn
yyacTb Yy peacxkuyild OKWUCHEeHHS4Aa, 3anexXxunTes
I CHY € 3 anexXHIikc Tbe TMAIHX KBI JIMbOKBIICTTP i T a C v

onTnMManbHOT O CKnapgy 3Ll,aTHVIVI BI/IMipPOB
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Al ana3oKMoOHWeH @p.alyli,n wa) BKai3ye Ha [O0C-
NOBEPXHW ra3ovyyTtTnnsdblo wapy ceHcoOpa
Bnucoka KaTanBHIEHa AKATUHOBMI CHI

MaTepiani B B peakKk-4dpigiH ao BN AIHEeMHHSH N eT aH
oOcHOBI € wB@aoddpgi B®yuumn

[
N
)
—
»

3 (a) CHy noBsiTpA ( B )
L

- =

£ 2

8 ° %a-

O o

8 8

v 41 £

o G 44

>

0 T r r r . 0 T . . .
0 200 400 600 800 1000 0 40 80 120 160

stdzyj dzlstc Oy v di3j s Odzlz, Yac, c

Punc. 3BanebkHi cTb cCurHany <ceHcoOpa,
PU/SNO,Bi o, KOHUeHTPauyui:-’l MeTaHy B n&si(
Ta 3alleXHi cCTb WOIFTo CcCuUTHany B-NY&C T
CyMi wi, wopmpim,CHr e 886iTpsa npu T°€
(6).

3aBABRKCEGOUNKB N A K DecpTe b go/uec i B Ha MNosBe
cTaui oHapHI 3HaAaYeHHH Ki TbKOCTI X e
BCTaHOB/NKWKWTbC A 3a uYraec@e ALK i Toa Hm @ M I HCKENH
Ham6Ginbw YyyTnuseornbOl, g6 98Oc .p%Pm , C¥y =
WB MAKOAI A1ake awld d poeo pdoBHIoagT Li8 nm we B T 4 N

docni AXeHHSH ctTabinbHOCTI nnaTwuHC
TpuBanoro yacy T X pob6oTwu (oo 4 M |
eNeKTPUUHOTO OMppyeHaaeaoBiaTpiasByjoro
LWo onocepefgkKkoBaHO CBiIi guYyntTb nNpo cTabi
cCeHcCApa. oul HKMANBWNHM €eNeKTPUUYHOTO OT
npwu pob6boTiposgpRAREROByYBAaAnNu BenunyumRy Bar

HacTynHOW QGOPMYynot:
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_lefH'_Poi*HJ 3
AR, = Besiafiies 006 | (3.1)
eNeKTPUYHOT O -VOIN O & H I
eNneKTPUYHOBSM 10 NO

Be/lTnyymnmnHa

AeR, -ue
BV MI pioR aHpe
plBaHL.

BenTnmdumHa

NEeHb BUMI

231216
06.01.17

200117

03.02.17

17.02.17

03.0317

17.0317
55_1 28.04.17

Puc. 3.12. 3aNneXHi CTb Be/NTNYUNHEY

T-h4)55Hal o6 oORENO,. 3% yacowm M.aMpep

(55-1 3
cCeHcopa.s

ecreeH

325
wo AR mensmn CcrerHa api g X

Cnig 3a3HauwMtTwu,
3HaxoaunsfAldc e B omerxwax0 EW3agn £H6 8 A

po6oTwn
AnH4 , ceHT omaIiTADdIN I 6 C xnagnoa K'Y

a o +8, 4 %
cTabi NbHICTHb.

3.3. I'a30uyT/IMBi BJIACTHBOCTI 10 METAHY Ta KATATITHYHA aKTUBHICTH

Pd-BmicHux maTepianiB Ha ocHOBi HaHOpO3MipHOT0 SNO,, OTPUMAHOTO B XOi

30ib-reab npomecy 3 SnCl,x5SH,0 Ta eTrieHII1iK0/II0
onTMManbHOTNIO BMIi CT)

BUW3 HaAaYeHHH
C epmcCH,p i B g g e

an4a

6yB AOCni AXeHURNn BI AT YK
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wo 3 anexHoceHceppBKg®wi  @QH TemnepatTtypwn,
nanapgiw € eKcTpemManb H UCVeMH coorpsi B B) ¢lilxm c o «
171] . Lle MOXHa nNOACHWUTKN GopMyBaHHAM K a

noainy KnacTtepiB nanapi w 72 a73] 4 a cKTi WHbOK!

TakKux LeHTPpIi B, a OoOTXe | [OJOBXWHaAa MeXi
NeBHOI YUy TAuBOCTI ceHcopiB 4O MeTaH
peacxuyi’T OKMWCHEeHHH MemvaKkypeasaewmy Ha

YTBOPEHHSM pHIeg »aer MBxH odposPam’, K)@LE4w &76].( O

49 50,09 mac.% Pd
1- =-0,16 mac.% Pd
124 —0— 0,23 mac.% Pd
{——0,31 Mac.% Pd
104-2- 0,62 mac.% Pd
—a— 1,41 mac.% Pd
1——228mac% Pd

84 ——2,42 mac.% Pd
&= 1—0—3,31mac.% Pd

T T T T T T T L
200 250 360 3%0 460 0,0 0,5 1,0 1,5 2,0 2,5 3,0 35
Temneparypa, °C BwicT Pd, Mac.%

Pugld. 3anexBogriyky (y) ,0eH®O®B8PI ppma ¢

Bin TemnepaTtypun (a) Ta BMICTY nana

OAna-BMd CHMUX CEHCOPHMUX HaBWMIMAH YD, ame
P®PEC BCTaAaHOB/MEHO Has4B-HXieCcMOobC 040BO0OXR.)RA T @® [ I¢
KUCHIO T PaTBN eH@priew 3B' A3Ksy HETZoBHe
E = 530, 4BieBnosB.i3gd o QGpamsgH au n TN, L0 n
nnaTMWHOBMICOWIWMMWMWM ,C &€HlI i BBIi AHOWEHHA BMIC
(v O[O KKMCHIWOLF BaTNKovB e(pA H eBBVO M YH OoLlIap ic e
MaT e mivaueyk n aQy aue, O0,73:1, ,Woi MO®BGO PMEB U LYy
Yy T/AunBo cCMm®TaHy CceHd@n@P,i B Ha OCHOBI

Ak BwWAoHPMC3. 15 (a), 3a/leXHOoCTI '
noBiRPBiIi meMnepaeypmpeMayubsHuimpoc i 4 X
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1,41 &OM. % Pd Y

532.3 |

525 530 535 540
(dzj e W Lo wL CE,

C

neKTpPpKU Kpckemwc PASr o HaHOM

Lle noB' A3 aHO 3 BNAUNBOM T

T KMWCHI Ha MNOoOBEepXHI ceHcoOpa

T8I a0o, Wo nNi ABUWEHHSA TeMMNE
MeTarsnicBeH CBO pPTHMMNKY Muamre/Rli ain3 6 i fl k
b KWCHIO, wo xemocopbyeTbCcHa H
0 3aBASKNW nNoKaniysgwnadadpmgkKkwya CHH
X Ha OCHOBI Hani BNPOBITMMHMKIOEE
CTIi Ha KMWCHI npunBepge A0 361 )
Mopganbwe nNiABUWEHHA TeMNep:
noBepXHI Mmor o rasovyyTtTnumBor
BaHMNX Ha KWCHI O€eMe K THpadlH iBE1 P ¥

HUIW onip ceHcopa NpU UbOMY 3

Ana ceHcoOopiB 3 HU3IbKWRA, B¥iIi macm!

KCUMYMMU Ha B3iagg enkeHwrcerpia TRy p n-400°TQ) . E

HCoOpi B

BM i6c TneMunmamiaac.i % K d), S/iABempy
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——{0,09 mac.% Pd 1600 =
(a) - = -0,16 mac.% Pd (6) —=—405°C
—0— 0,23 mac.% Pd
—e— 0,31 mac.% Pd 14004
-4 =062 mac.% Pd
—a— 141 mac% Pd 12004
—v— 2,28 mac.% Pd
—v—242mac.% Pd 1000 4
—¢— 3,31 mac.% Pd

1600 -

1400 4

1200

1000 4

800 4 800

R, kOm

=
o]
=
e

600 600 -

400 - 400

200 2004

- - E—-—--=—--a

T v Q

¥ T v T T T T T

200 250 300 350 400 0,0 0,5 1,0 1,5 2,0 25 3,0 3,5
TemnepaTypa, °C BuicT Pd, mac.%

Puclh.3.anexmieaqimsl MHN e /1e K THaA BIHW@WPIeH C @ g
oOcHoOBI ,Bd/gpSnOemMmnepaTtypwu (a) T a |

rasoudyyrtTnusoro wapy (6)

onopy B TNOBI TMOXEA BN QA @H 1 TWWOO B3XOU HIb LUK €
MIi X nanapgiem Ta 2jilpwmc wymoam gmmayia a fi ¢ 8 H
RyBi 4, TemMnepaTypu cTae3binbweHHIKBAMI C
©062mac. % Pd) npuBOAUNTDL Ao 3pocTaHHHA
CEeHCOpi B Ta 3 MIielWHEO OMTAKIT NEWYEVKUT RBrawiH ) I O
BI g T X TeMnepaTypwu B HK3b3k20TefMMC®pa
PO3YMIiHHSA OTpPUMAHMUKX pe3ynbTaTi®natmmpe
3B’ A3 aHMUX dbopm KWCHI 3 MeHLWYeETbCHA n |
nanagi momBopna ceHcopiB 3 6iNbWOKW KO
KMUCHI NOYMHAETBLCHA NPU HUXUYUX TeMNnepe
eMnepaTypunm MaKCUBMYMIyK BegHmUWEd T kmn e p
eHcopiB. TakuM YMHOM, 3 MBHANDP®G®3 Mmapb

apakTep 3aBexHIT@UTU@ED KRHHS TemMneparTyp

o X O -

NeKTPUYHOTO OoONOpPYy B NOBITPI npun 3 Mi
LJocni AXeHHA 3anNexHocTen BeNUWUYMmMHU
(pni3. 3a) nNoeajzgamo,CceHCOpPi B 3 HWU3DBbKUM
03l1mMmac. % Pd) BenunmyunmHa 1 X BIi AT YKY no

TeMnepaTypu CceHcoOpi B. MPUUYMHOW ULbLOT O



90

MeTaHy npun nNiAgBULWEeHHI TeMnepaTypwu.

nanapgi y rasoyyTnumBOMY wa p i C € H(
XemMmocopboBaHOrNro Ha MexXi-ShLba g3 ARYMOIK A
Mae OYyTMW He3 HauUYHNMm. Mopganbwe 36i nbwe
wapi -33Dvabc2. % Pd) npunBoOAMKOT bX gapoa KETKECPTYP €3N
BEeENUYUNUHMNM Yy Bi g WBé3vwneapalTygpwmin { PHMEXKD €
BM3HaAayYyaeTbcCA B Xe KUCHEM, a came B I
pecopouyi i Ha BXe O6i nb-8nD)i Bap O®BXa 3 A

AnNAa ceHcopiBagiwymvmbcawmmarcasla F0d ,62B1 p

paxXxyHOK 30inbwemmd®’ A3@HOROD [ 89] cnoc
3 MIi WEeHHSH MakKCUMYMyYy 3 aexXHOoCTIi Benwuu
MeHUM&MNnepaTyp CeHCOpIi B, Lo BCTaHOBI

onopy ceHclbpiagg Aap wcce.HX.opi B 3 Manmm B
03lmac. % Pd) MaKcumMmanbHUN Bi AT YK, E
TeMneparTtypax B U WK X 3 a 400 ° C (3a
TeMnepaTtyp) .

OT punMa/HE X HBOEC/TUI'EMHEEK A P MO O B8E P Y miOBIl A @
TARI AT yKyYy pno0o,B9310 Teemme@HTYpK Ta BMICT
—rpadgnxgkescTHHBNneldT § ncl7. 3.

BcTtTaHoBnNneHO, wo HaunmbiNnbwe 3 HaAaYEHH
cnocTtTepiraetTbcsa wWaBi ckHLDpad@p I aR Aa0cS
(pnmnc. 3.15), TOMY ANnd p[aHoOoro MaTepian
nanapgiw Ta 4YacTMUHOK fJpgioKcuagy onosBa
MakKcumManbHMUM cepef-BWMAICHMUKO CRIHLWEPH IBX |
O o MemwaHyY, NiATBepPpAXYETbLCA ekcnepunme
Mopanbwe 361i NbweHHA BMIicTy Pd npunsBo
3 MeHLWeHHA MEOKB X UNHOUWAND NTya , PHd®@ & ni g o K , i)

BeNMYnUnH BIiAoTryKy TaeagogepTBN¢ ppacc.33.nlo)
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1.3

10,1

9,0

7.8

6,7

5,6

BwmicTt Pd, mac.%

1,0 + 4.4

3.3

0,5
21

1,0

00— T T T T T T T 1
220 240 260 280 300 320 340 360 380 400 420
Temnepartypa, °C
Puncl6.3 3aneBkHi KLU wHN Bi AT YKY ,CeHCAPp
OCHOBI ,Pdg Smé@vnemacypgpun nnatmpo e A
NnNownHY «BrveiMonTe pRad y p a». Ekxkcnepunme

3efneHMMuM Kynbkamum (a) Ta Konamum (
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1151
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1

1012

872
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o
1

733

sy
o
|

583

BmicT Pd, mac.%

454

-
(e
|

314

=
o
1

175

0,0

220 240 260 280 300 320 340 360 380 400 420 ®
Temnepatypa, °C

P unly. 3aneBeHNUCYTUIBH N e NeKTPUYHOTO Orf

Ha OCHOBBI Rdrfr8mOerpmacypunnanatimHmp d e

NMNOoWNMHY «BrveiMonTe pRAd y p a» . Ekcnepunwme

3eneHuMmMunm Kynbkamm (a) Ta kKkonawmum (
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Cnipg 3aszHauyunTtTn, L0 anA CeHcopiB

(O

e M1

C

- O O =T

® 33 ® o

X

"
a
A
n

a

"

epaTypHe NOoOoOXeHHdA MakcunmysMy °B i(q)
LI BUCOKOTeMnepaTypHY oémapeparTyy
NMYyMOM enekTpueiiHoOE id3 (@)W 5B8)eE . Ble ik
MOXHa MNOACHWTMW BNJAUBOM TemMnepa
0 Ha WBUAKI CTb OKWUCHEHHS MeTaHy.
opa B nomwi TRIMN @PaT yMpaHIi3aneXnThsb
copboBaHOrNro Ha MnNOBEpPXHI ra3 oydyTr
YK CeHcopa CYTTEBO BN/WBAEeE JHam [ K
P X HI Hani BNpoBI AHWNKOBOTIO MaTepi a
XxaTtwu He TIiNb KW Bi 4 Ki nbKOCTI )
epaTtypwu. Bi nowmo, Wwo ANA HaHecCceHM!U
K ZCHNny peaxkuyi ax OKMWCHEeHHA BuUMar ace
p yoK/Ra [K,a T a PdIABGg, PAdS|D4, Bd/SnO,) [74,94,156] . T o m
TemMnepaTypu MaKk®@vavmywe T aBHi AY YK P P i
TPUYHUM onopowm cTae ocob6nneo M
epaTyplaxC) ( 3I®GaAc . Ta pPpuUal)., X.olnwu Te
Baui 4 Meyrtam y O auoskreH y @ a . Heo6 xi AH
Baui T Ni ATBepAoXYETbCSAO6 i TEBe aTBYK
Ni TMNYHAaAa aKTMWUBHI CT pB HpaeHaeKCUE H M XO KCUMCCH
ransacb nNuvnwe nNpu BUCOKUX Temnepart
| TMMHI W a@aKTMWUBHOCTI GBHE@AKWI I M&®T
Hy 18] dlii8t . 3.3 o0k pema, 6yno BCTaHOB
BHICTb OTPMUMAHWUX T az30d@gCTNepunKxae s,
BUCOKUX Te-mnepayrmsxHpise PMe TaHy 4
A8 °C) .

Bi oowmo, wo An4 eeKTMUBHOTO OKMWNCH !

Tanisartopax HeoOGXIi AHOW € HaaBHICT

CNni AXeHHAMMU nNoBepMHEBOT O awaepygophd

a8 neaiT TackKi dopmMwu nanapgi w 3
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3375e B (1Pad *Pd[ 175]. 1x HassBHicTb € o048
BUABJ/NEHHSH BUCOKOTI K actvacnt e nn 4y, Hsm i/ B em@kruy
OKWCHEeHHH MeTaHy, I, BIi ANOBKAHO, BMAQ
CeHCOpPi B Ha MeTaH, CTBOpPEeHMUX Ha T X 0
100 L w - 2
—m— 0 mac.% Pd ./. o Z}DW
| —o-0,09 mac.% Pd &:/D
—e— 0,23 mac.% Pd
80 —0—0.31mac.% Pd / "
—aA— (0,62 mac.% Pd A
° —v— 1,41 mac.% Pd
S ] —<—228mac%Pd .
= —e— 242 mac.% Pd /
T 60-
|_
0]
= [ |
= /
a
g 40 ",
I
Q
S /
| |
20 - /
||
/
e
0 - . ' '
200 300 400 500 600 700
Temnepatypa, °C
P n. c3.18. 3aNneckny ceahms nepeTBOPEHHAHA MeTart

rasoyyTnuBuUX CeHHSOpLHUMUX M™MaTepianiB P

Oi WcHO,Ni MXeHHSH KaTani TUYHOT aKTMWNE
MaTae/piiB Lyl Tp ecAKKN C H GIFOKSA 3MEITOg HYWO 3 a -0TfieMm
KOHBepcCi I MeTaHBMIITCH3I 0O Uy aHIV@BP HifamlB & De
AKTMWUBHWMIBOPIKITb Hac T ymiaHcu. % pPagds 3N D, { 8
l4lmac. % PA2DH°ENO <mMAc6X% PAIDENQ 00FmMac. %
Pd/SnO, (445°C) <m@l¢c 0% PATFT°S)rEN0,(600°C).BT O Xe Y
cepejg ceHcopi B, CTBOPEHUX ,HaMaKeH®BAI
Bi ATYK 40 MeaHHypMaANaZdboUYyTNUBUK wWwap
( p n.15).[138].
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1,41 &OM. % Pd

Wdzls § dzid o dz’ Mis’ |

330 | 340 | 350
(dgj e W Lo' wLCk, |
PnlOPOPENnekTpu nagapgi gt 8dc plHOTr o HaH
Ha OCHOB.I 1,41% Pd/ SnO

an s HaHOMaTepiany LbOTO C K AasSpOy o
BIpOT I AM&OK CeMManb HO IO, wo cnpuMmae XeMmMocC O]

KMCHI Ha HiIiW (nNpo WO CBIi A, CVTHE OPack @Bl

yMOBax), [ Le O0OOYMOBANKWE AOCUTbL BUCO
OKMWCHEeHHSHA MeTaHy, pe3synbTaToM YO0RLO E€
Mp w 36i Nb WeHHI BMI CTY nyamJ/ame itoCc T 6 4 OC
SHUXYETbLCSA, HahWwi MOBIi pPHI we, BHacni go
NoBEepXHI Aoiokcwuay onosBa, wo npussBoOLa
Sn0O.. Kpim T1ToOT O, BHacni OK yTBOpPeHHSHa a

nepebiry KaakayiiiTUWGHIOEHEHEHA MeTaHy Ha
Me Xi nopainy nepecTae npuumMaTtum ydyactT
yepes O06MeXeHUW AocTyn MeTaHy A0 Hel

TaknMM YUMUHOM, a K i y BwunmapgkPysnO3 g
KaTani TMyHa aKTUMEHIQEYb BB LOKBDGINEBHIOCT

BMIi CTYy nanapgito. Llo cTOCYyE€ETBbLB 9K aTeaTioTp
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AKTWMUBHWX agmoveaare@k ani B 3 I X N pBMW3CBOOKMVMT b
3MEHWEHHA Y4YyTNUBOCTI CeHBMUTIOBK Of,0 WHE
peakwuncHeHHS MeTaHY Ha 4YacTuUuBHAaXIiaK!
LULbOWACH®MOO O/MNOKYBAHHAPt-M@xipopyggrTAaAwmM P
OKMWCHEHHSA MeTaHy.

BcTtTaHoBMeHO, wo Had@gmOH,ma T Bi @€y &O
ocHoBMmMad, %1 PEMRSNDH). Takmnin meme y@®iLy Wi c
Bi A0 MUX ey af y79-i185] .1 7Kpi mceacopun wacao &
Pd/SnO, MmatT b X OPp O Wi OANHAaAMI YHI NnapeoatvMea pm:
yac penart@uyuici Apuma@a)3. BuUBUYEHHMI Haay
onTMManbHOIO CcCeHcoOp,a8nNne6sBHmpmeaHGRe HIT Paal3
L, 0 CTBOPEHUN cCceHCOP 3aTHNII BU3HAu:
A1 ana3 KHIiH uedrT @ 830 ppm CH,)48T].

80+ 80+

CH, nOEITpH /

[=2]

a

-—
oy
<
.\

CurHan ceHcepa, MB
.
j=]
CwrHan ceHcopa, mB
[\
(=)

<~

T T T T 1
0 200 400 600 0 200 400 600 800 1000
Yac, ¢ KoHueHTpauisa MmeTaHy, ppm

Pnc2.3anexamc Hany BC elHra@Cd piagpons HMi aic /m o A4 a u
MeTallh@Bi TPAHOI CyMmi wi, waqe, Mia TmDBI T9
TeMnepaTypi °Ccgmoopraa 38501 KOHLUEHGy pad il
ceHcoOpa, cTBOpeHOLd 1 ,Hdcl.Mégc HPadpin R @& M8 B
ceHcopG. 350

Ooci oXeHHHd CT a8Mii tTLHHMXC Tcie HRdD pi B, a K

nonepeagHbOr O TP e HIYBBIHTHPAA HIi X1 BC yné Twd H on
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nokas3ano, IO BOHMU [AOCUTb CcTabi NnbHI n
AK -BMPEtCHIinNKe@ HEDPT b H3amMli pHavB A1 @ y(pl u c2R, 3.0
B a > /1 BMOP aaK/ITAN3YE8HCOTTOOC Y BAHH A CceHCcopi B.
0 50-14
050-15
700
w0
500 23.12.2016
g 400 06.01.2017
= 20.01.2017
o 300 03.02.2017
17.02.2017
200
03.03.2017
100 17.03.2017
31.03.2017
L 14.04.2017
50-15
33anexXHi CTb BEe/IMYHNUHU eNeKTPAH
yacomM pob6orT

Pwuc 2l
-85 )5 0H a1l 0 4 H eR#/6n0,%

(50-1 4
350 °C .

BcTaHioog BAYON YBMHAX N ARYBHAXO0OAUNTbCA-B |
9,61 po + 9,9314% pm&@, 4egoaopa’d2s507 -% [
15, wo He nepeBuUuwye 10% BIi AXUNEHHSA B

noo.

Ha noBITPI.
TakuMm BUHABNMEBBE/aBaHIA TKAMTE @ B H U X
YUY TNNBRI C3Tabb e aiecHo/Ei Bi MO 0X 0O

36i Nnbwye
BMUMIi poBa/llbHMWROEK®ATNA

Pd
Al ana3s33oH

WM pPOoKMUIM
cTabi NbHICTHb.
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PO3/ILT 4

Pt, Pd-BMICHI CEHCOPU HA METAH HA OCHOBI
HAHOPO3MIPHOI'O JIOKCHUAY OJOBA, OTPUMAHOI'O
OKHNCHEHHAM OKCAJIATY OJIOBA PO3UUHOM ITEPOKCHUAY

BOJHIO
36i NbWEeHHA YYT/NIUBOCTI C € H coppead,0 TH
OCHOBI HaHOMaAabryelgd @ AG 3Bg T PMEDKKYE 3 M2 B QB M H P
yacTWwHL®OK O MaTepiany, OCKI NbKIBNHABM anNp |
i 3KHMi YHI BMAaCEPE@BELIOPHOT O wapy M
nepebirawTb Ha WOro nNoOBEepPXHI i aK I €
YYT/TMNUBOCTI ceHcopla3yoT pld&:.y| Aw®H LeeHaH

po3 MipiB HyacTiMa/O\K THaAHOWMAT/RWPBOT O wanp
3anponNnoOHOB &G M@T@WEPUMaAHHA 3 Bi IHKLLOMPX W

npekypcopi B.

4.1. Hauopo3mipHmii JioKCHWI 0J10Ba, OTPUMAaHHH OKHCHEHHSM
OKCaJ/JIaTy 0Ji10Ba PO3YMHOM INEPOKCHUIY BOIAHIO.

A n s OTPUMEHHPO3IMI pPHOT O AioKcwupgy
okcanaTty memaKac n(glolvg7] B omgedsaH y[ ™H & BnG.R.K VY
nocTynoso, npun 6e3nepepBHOMY 86 poe @boanl
nepexkuncy BH§HGT pyy BaoOHIMA KO NBUAOLPpARMWP OP!
Ki MHaAaTHIi W TemneparT)QiumHi BCYIpA0 4D @B DKO Mor (
KUNiHHA A[ANd9 ynapwBaHHA HafAWWKYy BOAI
nepoKCcCUAY BOLHLIO. B pe3synbTrTarti OTpPpUMY
SK MW cywmnun Ha °rmcosniprgprarmmm 290 roaguH
XOBTYyBAaAT UM Hani BN pdMIiOHPWIWIY N K CTEQNIT EPlaT. |

TepMi UYUHO O6po6GBKM OTpPpMMAaHOTIO Kcepor e
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Al oKcuay onosBa 3HapmTnuH®nw PaE&mkgomy C
CKknamRag .~

docni gaXeHHA TepMiyYyHOrNo po3Knapgy- ofT
aATr (pwuc. 4. 1) nokasa”no, wo BTpaTa
nepwomMy eTa@a@) ¢moci@O®PiraeTtTbcsda BTpPparTa
10 mae@o¥y, Bi ganoBi gae eHpgoedhpe’kG. HAE I
noganbwoMy ni agBuuweHHIC TcenvanceTpeapriyrpame 1OpoC
~ 8 wMac. %, wo Bi ANOBiIi Aae BUAOAANEHHI M
B AaHOMY TemMnepaTypHOMY | R K ® KB aylac T |
Kpucrtanis3auyia oTpumMaHOTIo pApgiokcwuwpy 0N

ywnpeHor o exksoedhpekTy Ha kKpwusiun ATA

100+

=
= 90
o)

85 o -

80 -+ r++ 1+ ~r~1rrrr r1rrr+ 1" 1 "1 1T -8

0 100 200 300 400 500 600 700
Y
Pn&l. TepMi UHMW aHani 3 Kceporenw, OTpPMWUN

35%-MM P O3 4YNHDLOWY NBEEQMDHKE.

B | U c feewc.puxli)amHoamor entw Ta MaTepi
npu MWoro HarpPCeaHHBOMOPMIODDHOT 06 pob6K
NnpoTATromM 3ajgaHoro 4yacxyg¢(nbcmepLBREKRBEK
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CMYT NOr NWUHAMHVLNH EHIYST acnipun sSsEKBBBROBI /
AedopMBEKOMUHBAaBHL, C O P OB B AN DT WMNPOKA CMYT 8
o6nacTi- 358000, c nuo Bi onoBi gae 3aranbH
KONMWBAaHb MNOBEPXHEBUX T i APOKCUAbHUX T
OABIiHTEHCUBHI € Myoronn ancoF bri8vBH2a@at—s620 8 M, L0
Bi ANOBIKDAIWTBEAHHAM 3B' A3KY ONnNoBa 3 K
MIi CTKOBOTO dQpar m&HI80| B, MNMpmag meeiMyH oc My T
npwWO—&20 Tew xapakTep uCBT nauSikayfdodn n s

1]

¥Ya) 600% - 1 ¢t
N
3‘ 550% - 1 ¢t
B
B 500% - 1 ¢t
o}
B
o 450% - 1 Gl
H
v 400% - 2 @
1)
—_ 400% - 1 @
Chjtetsejd
0 ' 560 ' 10100 ' 15'00 ' 20'00 ' ZSIOO ' 3OIOO ' 35'00 ' 4OIOO ' 45'OO ' 50100
modd sej Udmds, MG
Punc. 4c@ektpMn «rcae pwarteespid ani B, OTPUM
TepMi YUHOT O06pPOOGKM.

Cnigp 3a3HaavB@) X WpMOB TemMnepart
NONOXEeEHHSA CMYynpunN6ROVACAMAKIT MYUHO He
TOMW uYyac AK ANSA CMYy+5u8 Ofi'@TMOIC H &pH T A |
(po 20 3w WeHHS B o06M0acCTb MEHLMX
TemMneparTtypwu obpwomMBaXex CHbBpONMe Mw,B"' A:
bopMyBaH@AI KPNICTCTPYKTYPOWMI9ldhHaHOlparT ¢
bopMyBaHHSA CZ P YAkKTey pcuy NPm@ [ @& Ky E IT b E &
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onosa i KWCHI nNpwn Har pi BaHHI MaTep

| HT @HC MUBHIMEITAMHAWYHIS TepMi-QamwHUXYTE

CMYT nNOTr/MHaAHHA MiIiYTKoBUX Gpar meHrT
3rigHo 3 AaHNMN peHTr eHomasoBoOr oo

mMaTtTepianis, OTpPpUMaAaHNUX nNpu WoF600°HCHT p

He3a/leXHO BiIi g 4Yyacy 1 X i1i3o0T1T&pmMiongio20

AndppakTorpamm 3 pa3kKiB MatlT b po3wnpe

HaHOpPO3MPpMBIL C Tb

jkMN\_ -
i 550°C—1rop 20x8
M e

M - 450°C—1rop 20x8
400°C—-2ron 20x8

400°C—1rog 20x8
Kceporenb

{110) (101)

IHTEHCMBHICTb, YMOBHI oa.

(211) (112)
220) (310) )301) Sn0, (3 6a3u gaHmx)
220

(221) 311
G Y

(200)
| ,(112) (210

20 25 30 35 40 45 50 55 60 65 70 75
26, rpagycu

Pu&3d. AndppakTtTorpammu Kceporenw Ta wMartT

MOoro TepMi YHOT O06pPOOGKMU.

BctTaHoB/eHO, wo B C i OCPMWMKHY PWaR & ¢
(ICDD PDF-2 Version 2.0602 (2006), card no. 00-041-1 4 45) , po3p
napamMeTpn pewiTKW BKasaHi y Tabn. 4.

MaTepianisB 3a piBHAHHAM Weppepa (Kk

TeMnepaTtTypupobébpmi yueeponpeénito, poO3Mipwu
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SnO, 3 6i NbwWywWTbCA Biag 4,8 pn0®6IA2p (meaHsHv
NPUBOAUTMN Ao 3 MEHLIWeHHSHA NnoBEepPXHI M ¢

eKcnepumesagamb®Ee SwWyeTbcsa &ifar al6dmn. 4a.c

Taanpél
Po3Mipu YyacTMWHOK, po3paxoBadHi

eneMeHTaAapHNWX KOMiIi pOK Ta numtoma n

YmMmoBu dop MapamerTpl
HaHoOMaTe eneMeHTapHO
Po3 M S;ur
3pas| . Yac |OKP, | ™M/ 1
T Cligtepwm a A c A
ob6bpob
Kcepol90 24dr o L ~3 4.7 7+0,1(3171+0
Sno, 400 |1 rop 4,8 4732+0(3190=x=0
sno, |400 |2 T o4 5,3 110 |14739+0[3180=%0
sno, |450 |1 roaA 6,5 g5 |4749+0[(3191+0
sno, |500 |1 204 1 383 60 |4745+0(3189+0
Sno, 550 |1 rop 9,9 48 |4743+0(3185+0
Sno, 600 |1 rop 12,1 37 [472+0,|3190=+0

CnizyasHawe@rRpimM ABUIWERMMAEe D ADYP@&HWeHH
MUTOMOT NMOBEPXHIPMUBE8PAMABE iaxK/ODKB 3M I /|
TepMi UyHOT o06po6GKKNW. Tak, 306iNbwWeHHSA \
450 PC5801ropg 20 xB pgoO0 2 r1ropa 20 xB 0
NTMTOMOT MNOBEePXHIiI %4padxnmia@ 4iH 085 6/@ro amils
500° C. A K BUAOHO, 36i NblWeHHSH TpuBanoc:
MeHWi W’ MIi pi 3YMOBI/IE 3MeHLWeHHA nUTO
3606i NbWeHHA TewmnepaTypwu.

Aocni gaxXxeHHda wMetTopgom TEM wmaTtepiany,
Kcepor enw’® Gimpmo goB0OK 2 rop 20 xB, no K
I HAMWBI ayanbHI HaH O yBaacpTi mHEXAUZ, AOpoo 3 M4 p H N
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cepegHboOMY cCcaHowWmX.b4 . 5, a) . HaaBHI
Kpucrtani yHMKX 4acTMUHOK an4 UbOT O v
eneKkoppamMa, npeactTa@®nellmar ova piIwd.ed XH s

HaHOpPO3Mi pHOTO pJgiokcupgy o°hopsa (Tabn.

e i I
T N

-~ \g';

26

20
15 E
10
5

'
-
£
KinbXiCTb YaCTHHOK

: N
- B 1 X % *

i 50 UM * e : q_ ?“ N ,n" o »: g
To” & oY M > ? 3 & s
“ - ’ &2 X %

; », . . by
‘. o T AL i

Pned TEM 3 00pmRIXERHHKALY TPA®MBRHAOTIO Tepwm

Kcepor e40c BapmogoBx 2 r1ropa 20pama (A

mMmatTepiany (6).

4.2. ®BUKO-XiMIYHI BJIACTHBOCTI HAHOPO3MIPHHX CEHCOPHHUX MaTepiaJiB
Pd/SnO, Ta Pt/SnO, Ha ocHOBi aiokcuay 0J0Ba, OTPUMAHOTO B XOdi
okucHenHst SnC,0, po3YHHOM NEPOKCHAY BO/IHIO

OCKi nNb KM Ki nbuyuesa OME@EaENALTERHAAL
HaHOPO3MIi pPHOT O, [TINOCOKCCTOE I @ NN1a BlABApP a6 @ H B
Kcepor ento, Wwo nNpownwosB TepMi YHyYN m®dMpP®DH
2 ropa 20 xB, TOMY camMe Ui TeMnepartTy
BUXi AHOT O H aSm@,pHoa3 MOIiCpHHOABIOar O B UT OT OB 1A J
Hani BNPOBI AHMKOBI CeHCRAVepaamasIBmy R
hiB&X I Mi 4UYHMUKX BMNAPODBEOKLRAATEANT | TU Y HNXAKLOC
6y/mnmoo K ayprwaidl pund. 3, 4i),act/p.efHI N1 pPoO3MIiof
BA3 HayeHMUI 3a aonomorotw TEM, T a p o3
obpaHOro HaHoMaTepiany cniBnapgatwThb,
KpwucTansn®, H, d55]i
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Ak 1y BunapgkKy 3 Tr1ras3odyyTnAauBuM wMarT
oTpuMMaAaHOrTropBAaoyreap@xaoTaTepmneHE NiQPO@/
Hani BNPOBI AQHUWKOBUX MaTBgpppyanispum aszsemry
620° C) npu3sBOAWUTbL [0 Y kKpPYyd/Hae HHEeIH cHoapCHTour
6es 0o6aBoOK mMetTogomMm TEM 6yno 3 HG@KIAe
36i nbwyebbem AHDBS5HMm (Tabdbnpusi)l, Taobin.

Ta6bnunuys4
Po3Mip Y4aCTWMWHOK T a3 04YT/NUBUX CEHC
HaHOPO3MiIi pHOTO faAiokcwmay onosBa, OTPMUN

ON0BAa PO3YMHOM NepokKcuay BO

CepepHi W po3Mpp H
3pas3 ok
3a TEM 3a PO®A
CEHCOpPHNUIMN
14-15 13,9
6e3 pobas
024mac. % P 14-15 14,2
08mac. % P 14 14,1
l42mac. % P 12 12,2
1,73mac . % P 12 12,1
222mMmac. % P 12 11,9
0, 24 mMBMO, 12-13 12,6
0, 79 wMac,; 10-11 10,9
1,50 wmac; 10 10,4
1,80 wmac; 10 10,0
2,45 wmMac,;, 9 8,3

Fa3o4YyyT/NIUBUMN CEHCOPHUKU MaTepian 06c¢
nnwe a3y kKadubeéepuay ceple@hki i @& Mg

po3paxoBaHUM 3 a Pi BHAHHAM Weppepa,
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y3rogxyertTbcsa 3 pgaHumu TEM. MnTtToma no
no6aBok ckKmapae 36 ™

AHani 3 TEM 3o06paXeHb TFTas3o4v4yyTnumswux
nanapifs 6(,pucabn. 4. 2) , nokKkasas, o

HacTMUHOK pAiokcuagy onoBa <cnocTepirae

BBeOoeHOoOro nanaapgi@pe o(eGoHZ2ndb WO T Kliamm ko &
NPUBOANTHDLb 0O 3NMEeHABIAHHSAT OCE@3EMIHBY I 4 acC
HaniBnpoBAHARANEA TEM 3o006paxeHb nnarTtut

C
n

eHCOpPHNUX pwacr.ep.immoms. (4. 2) nokKkasas, |
naTtTuHwu Maaco. %0 , Bt8) 3MIH Yy cepefgHbOMY

]
-

KinekicTs YacTHHOK, %
3

o
=3

5 10 15 20 25 30
Po3mip YacTUHOK, HM

KinbkicTb YacTUHOK, %

& 10 15 2n
Po3Mip 4acTUHOK, HM

25

@

KinbkicTb YacTuHOK, %
>

a

0

0 5 10 15 20 25 30 35
POBMIP YaCTUHOK, HM

Pun&bh. TEM 3 06paxXeHHH rasodyyT/unBMUX C
A1 OKC wgioBa, OTPUMAHOT O XIi MiUYHUMUM O
nepokKkcumagy BOJAHIO: CEeHCOpPHI MaTE®) ,a
mMmac. 6fPdTa ceHcCOpHWUW ™MaTepian 6es3
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BanveTe@ir depmbcbi NbwWoMYy BMIi CTi nn
apniewm, cepepamMekkmpoamyp3s Bn®Oy po3Mmi
KCuUuay O0n10Ba B i-g4K TBAVBI HCUTXY KKOAM NaQIH €THATYI HE
ajfi WBMI CHMXMNOCANCCHTVETAVO |MDOKBHYAMDA KN N a T U H U
I BampgiueciMacepik amymk at adny goel nb Wo 10
bWMNMW BMI CT B CEHCOPHWUX MaTediparboax
Hauyunrtwu, Wwo nNpunu BBEeALEHHI AK nnanarTut

TUHOK [OidD& Ccmigp/HOHIOsBM Weppepa y3r o0/

BignoBi gHO A0 pAgaHMWUMX P ®Ap nrca Ma mi)n B

oOonoBa 3EAXWMMTbLCSA Yy ¢(OPp MIi-a KKia crmar/eapmiTiys, M
Bi ACYTHI, WO MOXHa TMNOACHMUTMU [JocCTaTHE
MaTepianax Ta Woro po3nopginneHHSM nNo
Pt (200)
Pt (220)
Pt(111) l
l l 2,22 mac.% Pt
g 1,73 mac.% Pt
I
=
o) 1,42 mac.% Pt
T
a 0,88 mac.% Pt
(@]
b
> 0,24 mac.% Pt
-
-
‘9 M S
I
fan]
S 1,50 mac.% Pd
I
()]
i:E 0,24 mac.% Pd
Bez pobasok
Sno,
(110) | (101) ;2'??1'“11] e |f?111|[220) 002) {3:0)/,{2I2/1:,{3(311)2}( o i 633: oo
T I T T T T T T ' T T T T T T I ' T T ] T ]
20 25 30 35 40 45 50 55 60 65 70 75
20,°
Pun&b. JaHi P®PA aHani sy rasoyvyyTnuBUX

Pd/SnO,Ta Pi(3/ )NiB HMuM BMI CTOM nanapgitw T
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CepepaHi i po3MiQp YaCTUMUHOK U@ BKAC N@E Yy B H
Lleppepa, amMa0,cmaremunlPdl, G, Bm, wo n[o6pE
31 3HaAaYeHHAMU, OTPUMaAHUMWU 3a JaHUMMNU

3a gaHumMu POPA oTpuMaHI rasoyvyy mnBnBI

HW3bKWUM BMICTOM nNnatTmCWMTRIDPUTSYT b BJ1 UTUDE

3pa3kiB 3 11 3HaYyHuUM BMIicTOM (= 1,42
nnaTtTwuHM. Po3paxyHOK 3a piBHAHHAaAM LUWe
4acTUHOK Al oKkcwupgy oOnoBa Ana nnartwu

3 HaunpgeHOMya 3cak /Teedde 21 H,M9 (Tabn. 4. 2).

4.3. CeHCOpHI Ta KATAJITHYHI BIACTUBOCTI Pt-BMICHUX MaTepia/liB HA OCHOBI
HaHoOpo3MipHoro SnQ,, orpuMaHoro B xoai okucHeHHss SnC,O,; po3unHOM
MePOKCHIY BOIHIO

PesynbTaTn p[ocNni@&e e ®srpaB3soaicyTT WiBM@LEmMe I

(@]

HoOBi , Pt Fr8m@epaTypHO MY4959CH TneppesaacnTi a B 1
c/, d. Ta 6 . OTpumadtHi OaH.i MO XY THhb (

o T O
N

cob6bnumBoOCTENW NPOTHE HRAMH AHEAD &HAAKHLCI-BMVEi HOWKX W XF

P

aTani TUYHNXMOCKNMNTBEOMaTX Tya B O P € HKHTAM BVHI O
KoMNnoOHeHTa Al o/xkamMygymn)oniosea CcnNi NbHOT Me
060K CYKYNHICTHDb AKTUWBHMUX LeHTpPIi B,

AOyBaeTbCcd WXiemDBoOppgi9a-28¥phc 78 egvdi € T i

O W O

KTUBHOTIO KOMNOHEHTAaAa B T a3o04YyT/UBOM)
nepeb6ir KaTani TUYHOI peaxui’i OKWUCHEF
npuBOAUNTMN O 3MIiHM CcTaui OHapHOTNo CTY
Pt-SnO,, a O0OTXe | KB@WUSHWITHON ©0emepy CeHCcoO
NPUCYTHOCTI MeTaHy B HbOMY.
HaaBHIP6CBTIMbi CBHMUX CEHCOpPHWUX MaTepcCama
BCTaHOB/MEeHDO B e r p gionaM a HPoMNECT.1e1296PtE&5 Dy
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—&— 0,24 mac.% Pt 16 4 (6) —a— 0,24 mac.% Pt
—&— 0,70 mac.% Pt —&— 0,70 mac.% Pt
- - 0,88 mac.% Pt % 4 0,88 Mac.% Pt
—v—1,27 mac.% Pt 0 N —o— 1,27 mac.% Pt

+— 1,42 mac.% Pt A —— 1,42 mac.% Pt
—4— 1,72 mac.% Pt 124 —— 1,72 mac.% Pt
—e— 1,90 mac.% Pt —0— 1,90 mac.% Pt
—4— 2,22 mac.% Pt &\ —i— 2,22 mac.% Pt

18000 4

16000 4

14000 4

12000 1

=
10000
2 ] >~ 8
o 80004
| 64
6000
4000 - 4]
2004 2+
0 T T T T T T T . | - =t 0 T T T T 1
250 300 350 400 450 500 250 300 350 400 450 500
Temnepatypa, °C Temnepartypa, °C

Pucri. 43anexHi cTb BeOwWw o nHaap yneofeai KTTppi& 4 H
Ao 930 ,pf)e HCHK pi B H a,BoicaH oreeim nPetp/aSrny(

eHepria 3B' 93KY XeMOCO,RH0BRAZAHOD oe RuncAH
rpatTku eHepri g 3B' 3 KP3BGMKUaB.i Goip
BMIi cewocxopboBaHOTO KMWCHWOLNEOAaHEMAH®P
1,42ma%Pt/SnO,c k na g, O 1, 32B1 AUIOM T b NP O [0 ¢
BMIi CT XemMocopb6boBaHOrINIo KWUCHIO Yy noBepx
3pocTaHHA BeNUYUMHMN ENeKTPUITHOT ON P
36i NbWEeHH.I BMIi CTYy nnaTuHMU B ras3oyvyy:
cnocTepiraetTbca ANSA BiedH cHPA @i gapepHcn x4
6yTMHN NOB' A3 aHNUM 31 36i NbWEHHAM 00 B
yacTUHKAaAMMU nnaTtTuHMU i i /mi abC mAB WY EOTIO®BSE
XxXeMocopboB@amiw.or o KmgimmMm3arane@eHAbKI CTb
XxXemMmocopboBamwseerpXHHHMO B8O 36i nbwyBaTucs4
Xemocopbuii KMCHIW Ha caMi W nnaTwWHI
[195] peanieIxe& T bBCEAPIYN /BN A TUHOK (KnacTeE
NMOBEPXHW SupoO npuMBOANTHDL O o 361 Nbuwe
XxXemocopboBaHOT O Ha MNOoOBEepXHI ceHcoOpi
enekTpwone@Pryo [lNo@iambweeHHA BMIiCTY nnart
NPUBOMVUBWMEHWEHHA BEeNIMYUHU €NEeKTPUYUYHO

TeMnepatymBaa®d , ( mooked. 6yTWU obymMoOBANEeHDO
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arperaui et 4acTUHOK nnaTtTunuHM H a not
NPU3IBOAATbL [0 3 MeHLWeHH-®NOAT0aB XMOHBAOPBXEHH |
Ui nomy .

180009 _p 4osec @) 169 a0 agsc (6)

16000 1
14000 4
120004
=
& 10000
=
o 80004
6000
4000

20004

0485 °C

=

0,0

Pnec.
BIi AT

ras3ao

05 10 15 2,0 2,5 0,0 0,5 1,0 15 2,0 25
BwmicT Pt, mac.% Bwict Pt, Mmac.%

4 . 8. 3anexXHi cTb BeNTUWNYUMUHN enexrT

YKY (Yy) s8@HOB8PI ppma CeblicpHommi cPrt)
Yy TANMWBOMY wapi

docni AXeHHSH 3anexHocrTeim enexKkTpwuu

TemMmImr
ni aos
onopm
Hani
CeHc
Tewmn
6i nb
cnoc
npwun
361
[196] ) .
Aeco

TEeMn

e/ppan nokKkasano, wo Agna BCi X Agocni
MWeHHSA TemMnepaTypuw nNnpuBOoOaAUTbL A0
wmc/ 4.0 MOXe OYyTMU o06yMOBNEeHO 4K
BNPOBI AHWNK a, T ak i 08T 0OPYYTNBEO INKC
opa. Kpim ToOT O, npnM nNopiBHAHHI
epaTypu ANA CEeHCOpWG®, pha M@ C €€ K O
wu m BMIi CTOM naaTtTuWMWHMWU 6i Nbw 3 Ha
TepiraeTbcanxnpme Malierpbaul Yy plaX b K( H M X\
ycTtTutun, o 31 36i NblWEeHHAM BMIi C
bwyeTbcsda (wo cnocTepi PAM@,wBC P,006104a

TO [ 3MEHLIWeHHSH enNeKTPUYUYHOT O
poOuHOW MHEC NpPpoOXOoOaWUTWUW ANdA TaKMWXx

epaTypax, 11¥o] nigTBepAaXYyeTba I e
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Yy3rogXyeTbcsa i3 3MeHWOHHSAS®™ 36HAPpIMETHLEF
KnacTelp6 187]. Pt [

CyKynHicTb 3anexHoCcoEWw HaleNRDBWWAED.I
ceHcopi ®30 ,ppm CHEHMNnepatTypunu Ta BM+CTY
rpadgpi ki B Ta 1T X npoekuin Ha 9giagpedei o4
NaHi HaBepgeHi Ha puc. 4.8 i pwuc. 4.10
Bras3oyyTnanumBoOMYy wapi Biag 0,24 po 1, 4
BeNnNnmyunH Bi AT YKI B ced@oPi BKOK®I 01933

TemMnepaTyp B43°6CGibacmo @MFTBe O6YyTUM 006y MO

Ki NTbKOCTI XeMocop6boBaHO~®GNOKIN C3HGOI /HbaLL €N
Ki NbKOCTI AKTUBHMUX ULeHTpPIiB nnaTuHN,
Il HEPTHOI MO /1 e K §6] . MesaayH¢ 7d MmeHWeHHSH
ceHcoOpi B, wo cnocTepiraetTbcd nNpwu noog
HINX, MOXe Npei A3UWETHALE H H A Ki NbKOCTI X

BHAC/MI AOK 3 MeHLWeHHA AIMBBEBHP aAaMGMKHIOKN Y L

T a HacCcTKOBOI arperauiri YyacTWUHOEK (
rasoyyTnumseBoro wapy. BcTtaHoBneHO, Lo
(0,70-088mMac. % Pt ), Ha BIi goMIiHY Bi A | HWN X

cnocTtepiraetrbcsa npu 6i nb-u49580M)c. o KTaxk art e
TemMnepaTyp MakKcumymy ppmQHE y KIiMBO BAd @H®OQ p
37T aflb MYy BpacHaHKELKI iB H 81 € T anHPyo A1y KATOArmok U C H® & H 4
BUCOKMUX TemnepaTyp pALna ceHcopiB 3 B
0,88 wmMac. %) .

LJocni AXeHHSH KatTani TUYHOI aKTWUBHO
MaTepianis nokKkasano (puc. 4. 11) ,cT180
nnaTMWHMW [0 Tas3o0ovYyTAUBUX MaTepianis p
(0,7 wmMac. % Pt). Mopgpanb we> 3,68 81 bwMmeaaH
MaTepianax AnuMwe He3HayYHO nNiagswunmuwysano

Pd-SnO,ceHcopavep( @ao3 giues Ba FHYyace e LUOOC HO B H U



BwmicTt Pt, mac.%

11427 10042 7033 3552 1742 875 434

489

497

367

242

238

209

114

T T T T
275 300 325 350 375 400 425 450 475 500

Pun&9. 3ane

Temnepartypa, °C

XHI CThb eneKkKkTpmMyHOT O

15750

13794

11838

9881

7925

5969

4013

2056

100

111

onopy

OCHOKNO, Pithy TemMnepaTypwu Ta BMICTY

NNOWNHY

3 enNeHnmMun

«-BTME MCTe pRatT y p a » . ETKocunkewp nMe e

Kynbkamunm (a) Ta

KonlamMMu

(6
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4 7 10,8 11,2 9,3 6,3 4 146

2,2 1

2,0 1

1,84

1,6

1,4

1,24

1,04

BwmicTt Pt, mac.%

0,8
0,6

0,4

T T T T T T T T T
275 300 325 350 375 400 425 450 475
Temneparypa, °C

P n.£10. 3aneeHIUCYTMBH N B i AT YK Yy,CeH) OMpOD B¢
P/SnO, Bi , TemnepaTypwmw Ta BMICTY nna

«BMiI caTeMtnepatypa». E K C mepegMeTHaTBa/vEbH
Kynbkamm (a) Ta konamu (06).
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R [ . eanil- L
| —0—0,24 mac.% Pt & o
—a— 0,70 mac.% Pt gf/ e /
go{ —v— 0,88 mac.% Pt ;4/ y
—o0— 1,42 mac.% Pt f/ a

—e— 1,90 mac.% Pt ,b

(=2
o
1

KoHBepcis meTany, %
B
o
1

20

560 I 660 I 760

TemnepaTtypa, °C
Punc. 43.alnle.xHi CTb CTyneHs4 nepeTtTBoOpeELt
rasodyyTnueBux ceHOVSI@QHNMKO M@BaarPpp aui s

C K N a g3appra

BHECOK B OKMWCHEHHDKam entoagdndyyp aPotc1abv eH el
nnaTtTwWnuHU.

Cnig 3as3HavyunutTwn, o 3a BCIi X BUBYEH
Bi Aar ykppmeH, 80 HauWwbi nbwa BenNMUYMHa Mack
onopy Ha noBiTpI BIi AonNOoOBi oawTb CeHCOCf
BE/ITMYMHY Bi ATYKY CeHCcCOpiB BMU3IHayvaB T
noaitn~ySnok, MOXHa O6yno 6 o4ikyBaTwu, LLL C
BIi ATYKY Ta eNnneKTPWUYHOrNro onopy BIi ANOB
Taka 3HalgeHa HeBi agMoOBNAHWMEIT b KOHIBE:!
MaKcumy yR@xe O6yTKW NoB' A3aHa 3 MacCKYB:
ONoOpy CeHCOoOpiB Ha NOBITPI KWCHeM, L0
epek Ty cninnoBepy KWMUCHK 3 YaCTUHOK 1.

EKkcTpemManb HManecap@XT®P BI AT yKi B cCe
(pnt . 46) Bi APl 3HAETbC A Bi g TemMnepart

CeHCOpi B Ha NOBIiBpIi3b6(zTvaneHaiAmMMa TR mMa e |
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Wo TaKOX CBiIi A4YMTb NPO BNO/IWNB H&a&a BWUAGOH)
XemMocopboBaHOT Pt—B@BO,, MeaX il nioHOQUWWIXY Y U H H WU |
BIi ATYK CeHCOpPiIiB [JO MeTaHy MOXYTb BT
OKMCHeHHsm GCGHiaTMWHOBMUX KaTanis3aTtopax.
AKTUBHOKW € CaMe sAvKear a3l aHma nNnGIaanmayya
X € MO C OMpelT Laif4i yL66]|[ . Ak BugKe)p 3y PwmCoK.OTeEeMI
ob6bnacr i po6oTun ceCHcopnac T(eBpuimea ed @@ a
BeE/TMYNHMN T X enNneKTpPUUYUHOT O onopy B Hac
NnPBMO ANTUN [O YTBOPEHHSHA BaAaKaHTHWUX MI CLUE
CTae MOXNIMUBOW AgucouyuiatTmseBHa aK4glhdaui s

3a pgaHNMWU P®PEC B NOBEPXHEBOMY wa

HasdaBHI AeKIiNnNbKa3d (ipavH uMmaTeAHNPC T QBN
enek TP HER e BPE (72, 5 PE'BE7513& B) 41p)m c
AHannmi3BBCi o HOLemmw>d dbrmpok a3 ye, WO B MNOB

nnNaTMHOBUX Nepascaxpios b [PET][PCle2d& A
[PC] =2, 3®"]:{P€']=1008. MpoTe, HAK 6GYynNOo MNOKas

1,42 &Of. % Pt

wdzls § dzfnd o dz' Mis* ,

65 ' 70 ' 75 80 ' 85
[dzjtee' W Lo’ wiLGlk, jl

Pucd. 12c ndkdiEp n Ri4faT RtMfy,)c(e HCOpPpHOT O H
Ha Ho® i At/Snd,2 %
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TeMnepaTypHNUX YMOB pPobBGOTMU CRWHIHIPA B PaA
nnaTuWHW B MeTarni vaHkyT, n suaay i {74, 468G ea 3+ Benucyoe
YUY T/IUBI CTb CeRMenO,moB ppd&8H,6 puoBi 4. 7 6,
HaaBHI CTHBb Ha MnNoBepXHI rasodyyTnunmsc
AOCTAaTHBOTI Ki NbHK®ICO I KIXECWMIOCOpPVB®DA NT b
WBMAKOCTI OKWMWCHeHHSA MeT@GHYya NOMXEr eiMmne
BeNNYnH CRIHEIOWK B ((BpuxaGmiag ntn, wo npv
Ni ABULUEHH.I TeMnepaTtTypu nnatTnuEpPpBHEECHM
Biygky 93ppm CH, 3 MeHWyeTbCAaA 404 BCi X Ao0CcC
BKa3ye Ha Te, Wwo nNpPpwW BUCOKUX TeMmMnedc
MeTaHy HeoOGXi gHMM aAna GoOpMYyBaAHMHe 3
XemMmocopboBaHKUWIMbKNCEHBDL , 9K OTHOWE HE Y 4 AB4ewW] U

enNekKTPUYUYHOT O onopy ceHcoOpi B pmwC/, Wi.a) ,

3MeHWyeThbC 4. OcKinbkKuKW Anda BCIi X [OCHT
36i NbWEHHAM TeMnepaTtypwu BenNnm4yunmHa B
eKCTpe wmamcslH 046.) ail BeBMBKWHAANYHOTIO OnNC
(pund,. &).,3mMoOoKXWBAM BUCHOBOK, WO OCHOBH
Bioirpae KMWCEeEHbL, XeMocopb6oBaHWUW Ha M
ONnoBa.

focni aXeHHA rasovyyTnusmnx BNnNacTMUBC
Nnoaks ano, L0 B onTuMManbHOMY TemMnepart
BUMI p@BWATW MeTaHy Yy nNoBIiITpI B LWNPOKC
(25 — 930 ppm CH,, pwuwc. 6.1 MalwTb XO0OpPO Wi AWNHa
Bi O IMyXNAC, a Y acrtyRoTa K cpabci.ad). #frrac O KO 4y T .
AO0 wMeyr=aHlyd ,(5 y n ppgneGHr, H @@ Ti.642.3 0

CtTBOpEHI ceHcoOpM MatT b 61 nNbwy B €.
ceHcopwu Takor o xnitrvenpya, T ypil g 6iMaH7Zr /a0t 8 Q
KoMepUui NHI armmcpemwkcoapam ,centHcopun FI GARO TG
(Japan), Be nunyunmHa plikagrxy keytyagddd smOreke0 p p
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2001

930 ppm CH, air
200 l (a) © /o
150 4 ]
150 4 /
@ o *
= Z 100 /
= 1004 o7 .
50 '/
50 -/°
0 . . . : : T s @0 e w0 1w
0 100 200 300 400 500
t c C(CHA), ppm
Punc3i3d4d.3lanecwHrinmcar/ty CeHCOpa, LlROB i Mgl cuTa
3amMi HI OTOYYHKHYHOTrTo TFa30OBOTro0O CEe€P@HIOT
930ppmCH,) Ta HaBnakwun (a) I 3 anexHi cr
B noBiTpi (6) 3a Te&MnepaTypu CceHCO

Lo CTOCYETbCA AOBTITOTpuBank-BMicTHaM
cCeHcoOpi B, TO AOC/Ni AXeHHH I X y p o(6noi Tcw
nonepeagHbOro TPpeHYBAaAHHA NpPGMAHAQM B & /1N
eNnekKTPUUYHOTO OQORppywecwmBpoapHBNpPpaB/IeHOT
TpuBanoro3smMmaaywBanagdooand@ée&9minm c/&@lMcop
T a -Bolpgo 647 %a poed/@l@dple cBimpp@TOCTa
cTabiNnbHMWIA CcTaH MnNoOBepPXHI razsovyyTI/nNB I

BaXAuBumum pfngad 3ab6bes3nedvyeHHA cT1abinbHOC

Puc. 4. 14. 3 an

R,, kOm

17.03.17

o enNneKTPUYHOTO O
0 (Ro) CeHC olpl BT-8)
Ha OCHOARI M&E, BY

yac.i

31.03.17

14.04.17

28.04.17

120517  7e-M
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4.4. CencopHi Ta KaTaJiTH4Hi BaactuBocTi Pd-BMicHUX MaTepiaiiB Ha 0CHOBI
HaHopo3MmipHoro SnO,, oTpumaHoro B xoii oxkucHenHss SnC,0, po3umHOM
IEPOKCHUAY BOIAHIO

Ans BCciXx pocniaXeHUX FLMCTEpanay® xa
BENNYUNUHUN eNeKTPUUYHOTO car@py NOBHTEMI
nanapfgi o MawTb XAaWaKEeypaa)pmiipMM.ylo vy wMat
onip 3a KOXHOTI 3 Temnepaoype MawVH O
1,50 m a ¢ Pd¥%n0O, [197, 198] . Axpgpony cTUTN YTBOPEHH
nopaiPhiySNO, HaA KiIMO Xe BIi 06y BaT MKKMC HXCE M OTCO P |
oOoy4yeBUOHDO, Lo CeHCOoOpWUW Ha OCHOBI Hani
AKOrFro pANOBXMWHRBI-—-1SBOK@Y A eMemMaK c MMalibHOI,
HaMmobi Nb Wi 3HaAaUYeHHSH enNeKTPUYUYHOT O or
nanmegMi CHMUX CeHCcCOpi B. Mocni ooBHE BBE/]
(<150mac. %) npuBOAMTbL A0 30iAbWeHHSA cC0j
Ai OKCMAOM oONnNoBa 3a paxyHOK po3nopgin
NOBEPXHI YaCTWUHOK HaWi BNpeecpeaneanniB
nanagifOmdc. %) npus3BOoOAUTbL A0 arperadugi
Ta | X YKPYNHEHHAa. Take YKPYNHEHHSa Kn
Pdona HaHeceRBnO, exiccntegpm meHTanbHO nNi 4T

9000~ 4 495°C (@) 209 —a—s05°C (6)

—o—465°C —o0—465°C
—e—435°C
—0—400°C
15{—4—360°C
——320°C

80007 o 435°cC

70004 —©—400°C
—a— 360 °C
6000 ——320°C
—¥—270°C
5000+ ——225°C

—v—270°C
—g—225°C

KOm

4000 -

>~ 104

RO

3000+
2000+

10004  x
:

O T T
0,0 015 1:0 1:5 20 25 0,0 0,5 1,0 1,5 2,0 25

BmicT Pd, mac.% BwicTt Pd, mac.%
Puncls.4 . 3anepkeHi meMTMBHI € K TPUYHOT O ONnopy
Tai Aaryky (y) s@geHAOBMOI g pseO,GHeago & ™ yi Pen

razoyyTtTnumBomy wapi
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[196]. ArpernayKPyYynNnHeEeHHSAS KnacTepiB nNnanaagn
0OBXWUHMN CninNnbHOKI-SNye i Arko oH aieyni g oK,
BeNNWUYR{HMNOCKIi NbKKW [OBXUWHA MeXi 6e3noc
XemMmocopboBaHOINIoO —Ba&M3 HaWankwe R opo hAY B a
BeENUWYUMUHN enekKTpPUYHOTro onopy. OcCKI NbK
MeXIiopgiMiya KT WNWBKHOMMIN O HE RS IOMK C DMOBRANVIB@&E
WBUMAOKICTHb OKMWCHEeHHH MeTaHy Ha HIi 1,
oOgHaAKOBOI T eMIN/EHPLAYT YBROMNA WHW@MWMHY Bi AT YKY
ceHcoOpwu 3 Haunbi NbMUDAPIEBPNEO KM HAKANME XKI 30
Hanmobi Nnb wa Ki NbKICTHb XxXemMocopb6boBaHOT O
36i NbwyBaTtTu”n WBUAKIC-KABT PRI@AKWY # O Tl A @ 1p 10
W n Mexi, WHe&pmrny,B € BROIKNOBIi AaNlbHOW 3 a
ajgcop6HW@ MiHBOM P OBI AHUKOB®X 6c)eHCcoOpi B ( pWu
Oi NceHkoc,mepuMmMeHTanbHO R C 1aHO BWLDE HBO i (H
—360°C wMakcwumManb HI930 mom CH,yNKpUM  aKoQaXOHCi /il A X e |
TemMne Mam@HCOPM 3 MaKCUMMaNnbHOW Benuny
L0 Mi clT,s510b ©Wd.c . Apo T € 3 a B U WK X360°C e MmN
MaKcuMumanbHUIN Bi AT YK cnocTepiraeTtbcHd
NOBIi TPIi AKMUX He emMoeBadi (& RIBRD, B ag b n X
npun °@0MaKcuMManbHUI BIi ATYK OO MeTaHy
1,14 RdacnpoC—4a50, 78d, map ICH4ra8C4MaKkecunumy
Ha 3annexHocTAaAKH, Bi mr yBkvyi C LY BINACRTH IOM |
36NbWEHHAM BMIiCTY KaTani TUY4HO akKTMWUBH
BMIi CTI B nanapitw Bi gppy ICH, c e & AWy E B b CASO.
HecniBRnafgiHHA MIiX BMiIiCcTOM nanapgi o, A
enNeKTPUYHOTO OnNoOpy 3acpaMohnamaminepadqa
X TemMnepaTtypwu, Bi AnNoBiIi fa€e MakKcumManbH
Ha Te, wo Ha BI ATYK CceHcoOpiB Ao MerT
XemMocopboBaHOT O K IWPEH5RD, Haa Me XMiH unio A akyT

OG/MTOKYABaweHkKi npoAaykKkTaMu peakuyiil OKWUCHE



119

Oi ncHO, OKMWCHEeHHdAa wMeTaHy MoXR-npo
Sn0O,, T ak i Ha MNOBEepPXHI camMor o pAiokec

nitTepatypHux [/Barélunx waei gaMa@KC N ATAYKN e3H € B

MOHHOCT I 3 B2 KBXGHbDBMEaKUMC HEHHS MeTaHy
BUCOKMUX TemMnepaTyp, Wwo ni AaTBEpPOXYETH
JAHNMWKMAOHEHHI MeTaHy Ha A1 O0KHWK@AIMX O
cnmcrtem 6 pucBBdeHideBHiHTAb HEB6ABRKX nNanaapj.i
Nni 4B ULUYE AaKTUBHI CTHb HaniPel/8npoms i pHVEKKAY
OKMWCHEeHHITped@aBHYa.Y UT U, o , B Ui NnNoOMY,
BBegeHoOro nanapgitw npuBoagunuTtb [0 36in
cnocTepiraaixbcpiao 6id, TEAX4 , fwl 56 Kkap dlope o H P
KaTani TUMHOT AaKTWUBHOCTI 31 361 NbweHH
cncrTewbadsBKkaszye Ha Te, Wwo He TinNnbKKU K

BNNANMBae Ha WBUMAMEG Taky ,O0KaMCHepmm@®ER a HWOA

NnoBepXxXHI KnacTtepiB nanapgit.
100 L L35 O I O UK
—o— Ges Pd /@vﬁfgﬁizwo??}%?ofﬁw
|1—0— 0,62 mac.% Pd o 0,001 o o
—A— 1,14 mac.% Pd P4 /A//O/ Qg’o /

/
o
T
/

804—v—150mac.%Pd ¥ /O /
; & &

/

0 180mMac.%Pd vy 4

® | o 213mMac%Pd ¢ { o
- G o
5 |0 245mac%Pd )] [ 0
5 60 V.
P 7 K [a]
[0} 4 I / /
= g /'//0 o /
A // /
S Jows
Q. /! 11/ / /
40 4 e /
2 & K o /
I /]y / =
(o) [T / /
™ [/ / /
/ g‘ / /
N ! { /
d/ d/ o

20

o
Lo}
0 ' T a——n= )ln// 7 T y T y 1
200 300 400 500 600 700

Temnepatypa, °C
Pnaole. 3anexHi CThb cTyneHs4d nepeTtTBOpeE

rasodyyTnuBux ceHdIPpHnKompepppani s
C K 1 a @3@ppra.
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3 nNigBMWEHHAM TemMnepaTyPpPaH WBMN@EXKGE TA
npoaoyKTIi B AaHOI peakxui i, ocob6bnueo H
Oi NbHUEHMID XYYTCbKk Na g HoEalym MeTaHyPdg8nOme Xi
MpnpopgpHo, L1, O aonA cumcrTem 3 BUCOKMUM
npoABNATMNUC A NpepamMyKpaiX, THIMK 408 CunC
HeBeNTnKMIMn. T mwya kncpmmm a4nObOH M Bi AT yK np
MicTAaTb Pd l&Xkowaac .nPu uyi n xe TePhASE@arTy
ANA ceHcopi BdS30,kln c5HO0 Meaicp si@ie H C ® PMKIBC, T ALJO
1,14 M®ha(@mesM nnumBae 3 3HaAaUYUeHDb efneKkTpwn
400 °C pB)c.. 4BIAnNb WeHHI po6ouyoi TewM@epa
rafbMmyBaHHSa peacxkuyil NMOYMHAE NPOABAAT
OCHOBI 1, Pd&nO,.ma dlp % a Mmoo My Ni ABULEHHI
WBMWAKICTb KaTani TUYHHOTO OKMUCHEHHSA Me
HacTiNbKW BWUCOKDOI, wo nopi 6He ycknapg
Pd —SnO,cmocTepBIK&OHb CBACI X CeHCOpPIi B, a
Bi ArcyekHyc o p i Bpmmel, B9 30 BMi c Ty n &Cn atga’@4 i

MaKCUMYyMMU BIi ACYTHI

AHani 3 ywuwu AaHi,. dndeepgea) M@XH@BN C
3anexHoOCTIiI enekKTpPUUYHOT O O0-R0 pdyd dreaH BAAR
TemMnepaTypu MawTahRHWNIB X & MaDRKiee POH Y M B /1 € |

9000 = —=— 0,24 mac.% Pd 20 - —=— 0,24 mac.% Pd

(a) —eo— 0,47 mac.% Pd (6) +—0,47 mac.% Pd
- 44--0,62 mac.% Pd 4--0,62 mac.% Pd
—— 0,79 mac.% Pd —— 0,79 mac.% Pd
——1,14 mac.% Pd —+— 1,14 mac.% Pd
—+— 1,50 mac.% Pd 154 —4— 1,50 mac.% Pd
-+©--1,80 mac.% Pd - ©--1,80 mac.% Pd
—t— 2,13 mac.% Pd +— 2 13 mac.% Pd
—0— 2,45 mac.% Pd - o- 2,45 mac.% Pd

8000

7000

6000 4

5000 4

R, kOm

> 104
4000 4

3000 4

20001

10004

0 T L] T L] L] - 1 T T T T T T
200 250 300 350 400 450 500 200 250 300 350 400 450 500
Temnepartypa, °C TemnepaTypa, °C

Puncl7.4.3aneXHi CTb BeNnNWYUHU IieT/peAaK) T pTrad

(y) po 93®B®)pgrgmHCHpdaO,Bagoce®mBEEREpPRT
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A K BNAaCHUNMMU BNacTuBOCT AMMU Hani BnposB
neepxHI Tas3o4yyTnNnmBOTIOoO wapy.
BctTaHoBneHO, Wwo 3 ane xHB0cppm CHBBiiga yik)

TeMneparTtypwu MatT b ekKcTpeEmMamyHmnmp3ox pee

ceHcoOpi B, wo — Mj 44 a M ODRAWMY M T ak ol
npunapgaecC,HawsBH6aABO N OACHNUT MU B3 aAa€EMHUM BN
ni ncHO, 3 OAHOrTro 6GOKY nNniagBULWEHHSA Tew
Ki TbKOCTi XemMocopboBaHOrNo KWCHW Ha T

n o g Pd+ysnO,, AK BeAXKYETBCSHA fJaHUMWpPpUREF Edac
(aya puc(.34nelH8ueHHA RBpeBRHEeDPNB I 3 3 p
TemMnepaTtypwu). SAMeHWREMACED OBER aMa X o KIMN(
Pd —Sn0O,, Ma€ BNAMBaAaTW Ha 3 MEHLWEHHSA Benwu

3 T Hworo 6O0KY, pa@aawyinso T e HIHSAC T

TemMnepaTypwu, LLL O NMoB' A3 aHO 3 Bi 4L HOC:!
MeT adlgk pema, 6Gyno BCTaHOBI/IeHO, WO K &
rasaodyyTnAuBMUKX MataepcaegpBr &Pad/bScNndO npwu
TemMnepaTywpiaxc XVU@Di%Hb nNepeTBOPEHHHA -MeT
293° C() p nib). Gla mreo My , 36i NbwWweHHA TemMnepart)
30i NbWEeEHHW BEeNNMWYUHWN BIi ATYKY CeHCcCcoOpa.
KomM6i Haui a uyumx ABOX @MakTOopi B, oaWunl
poCTOM TeMNemany pmaenack v, 3MeHLWye 7
eKcTpemManbHOT O XapaxkTtepy 3anexduocTi
cnocTepiraetTbca exdnepunmeHtTanbHoOo (pwun
Cy KyoncHBianexXHocTelh eNNeKTPUYHOTO o0nNCc
ceHcopi B PRdanO,qoHOPIOCH, Bi 4 TemMnepaTtTypwmu
nanapgiw B MaTepi a/fnt akroax OMpyeaylBBErE/Tee All a
rpadi kmpoe&®mui X Ha BIi PMCASTHEH ip vAcn o n Hun
Jocni axeBmMACHBRX CEeHCOpPHMUNX MaTep.i
NoKa3ano oOBIR@ XBIEAB®IMHK NC e Hb 3XH ajxoopdatxb C
(B 532, 4,,éHE 520,0xHeB)8i 4 HB M LMK PO P I
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0

4871 1917
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OCHOBSNO, Pd A
NMNOoLWnHY

3 eTeHnmMun

T
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T T
350 400
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4070
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aT McC

TeMnepamTy pmnaTan HmMMm i (ca)

«BMemme pPadT y p a» .

(a)

T a

Ko/llaMMun

Ekcnepuwmert
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25 4

N
(=]
1

Bwmict Pd, mac.%
&
1

—_
o
1

0.5 1

T T T T T T T
250 300 350 400 450 500

Temnepartypa, °C

Pndlo. 3anexHi cTb Bye nmopmiCHICBIiHATOWK VB
PdSnO,Bi A4 TemMnepaTiypaT mmHan B(Ma)c Tya 11
«BMIPCETT e mMmn e p aErkycpnae» .M Me HT anb HI T OUYK I

Kynbkamn (a) Ta kKkonawmwm (6).



124

1,50 &Of. % Pd

.

@
£
X
®
T
£ { Pd 3d,,
B8
b
0
B
3
/ -

3éO 3AO 3%0
[dej e W Lo wLCE, jl
Puc. 4P®B . cnekTpubPdmBa&nnaagi wBdg,) c eHCO |
HaHoMaTepi ambPoPdInO,0c HoBI 1

KncHRPQ,s087. 3a paHNMHU PoEC nananpi u B
CeHCOPHUX MaTepianis Takox-PdHtaxx GRd T
( p A.20).

Aocni AXeHHSH BIi AT YKY onTuManbHMUX C
Pd/SnO,) 3a po6ouai FBemMoepRANO, WO BOHM
(yac B iofF4y,Ky a yac TREJ1Ca)K( cpanei .14 . 2 1,
BUCOKOUYY WAFuUBLWIMMWB (y n pppmo CHHHW Y ™ n B9i3c0T b
ceHcoOpi B € B WLWO KB IWTI OMOPBI/IBEHHSMHVHAI  C3€ H C O |
HaHOMA@3AO pA[iokKcupgy onosBa 3 O6i nddivmMp
(po3pgin 3) Ta [AJCEMICDHDPAaMMMWH 8POHIpuers T a
MaTepBafdIBcTRHWHODgNeHO, oONMUDIMAARAMBAENAB M
CeHcopwu 3aaTHI BMU3IHAY MPWKEB &Y B HIil cammr| 3
90ppm) Moro KoHugmMumw@e.ad.i Zly @oBiI TPpI

BcTaHOBANEHIOb W LWE lYCH@HICED @ MO C HO B | HaHO
OTpMMAHUX 3 okKcanaTty onosa 3 00 6 aB K
npoTAromM i X AOBroTpuB@AwMBPHaA pebHerRmp un ylr

CeHCOoOpi B Ha NOBITPIBYEHBKOPMVNTbK ARIEB A0 I
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o/
’-‘..215‘ F_,2315- ./
jm- :J“c"m_ /./
5‘ o
54 ,/
DI
o2 - o - s 2 0 200 400 600 800 1000
tc C(CH,), ppm
Puc. 4. 21. 3anexXxHi cCTb CUTFTHanNgBiCPR HC A
3amMi HI OTOYYHYHOTO Ta30BOlFro0o CepPE@HEIOE
930ppmCH,) Ta HaBnaku (a) |1 3anexHIiICT
nNoBI TP (6) 3a TeMBLepaTypum CceHCOpa
5700 -6 600 K OM) [ He Mae HanpasJ/eHOT
BMIi CHUX CceHCoOpi B. RBliayiaesime A X SEBBI OB AW 1O
yacy 1T X pocnigaxXeHHS -8 HRX ot usr%.ca4 B Me
& 815
o81-7
03.03.17
03.04.17
03.05.17
03.06.17
03.07.17
Puc. Ba22XBECOMHUNUHN e€eNeKTPUUYHRJOE DT

(8157 al-78 e@aHb BP0 RISTO;B% yuaci
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NoKas3aBBenwyYymnHa Hel&g e uyee Ma €
WocBi AYNTbL NPOo cTabiNnbHICTHLb

a81-5
281-7

CTabinsBaR@XEBENNY UHKA
puc.

09.02.17

09.0317

[Mopi BHAHHA

renb

nokagpapnmo, 4 BgeBAMiI cHIi ceHcCcOpwWU,

O

I 141 Mac.%/Pzd(/‘ K (a) (6) T ak

176 mac% Pt |

Pwn

okKcwunpagy 0O/n10Ba 3 MEeEHLWLNMMN 3 a
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RaoyomeT vognobcBTMi e T(a |

AHaB) 3 3 MIi HB | OBXEWTIEYHHHIN A)Y T 018 B C O |

Hanf
ceHcOpI B.

09.04.17

Pnc. 8aza2axXHi CcThb
Yy CeHcC oplisg a81-7( 8
» ocHABI50 MHS0Q, %
4y a.c i

09.05.17

09.06.17

09.07.17

Bti BdeBTMM BCOHCUTXE M apTremMpal AWK B 3

METOAOM 3 BUKOPUCTAHHAM PpPi3HUX
CTBOpPEHI

pO3 MIipoN

- 1,50 mac.% Pd

[ 1,42 mac.% Pt

A Tewas®e TN g gs e e Pt

A A was S T 1,50 mac.% Pd - = ®
Lany = % %OC,
&£ ) ,b\\\Q .
reMﬁeDaTypa, © 2 2 B o™
c. 4. 24, CniBCcT ®BTEIHBMI OHIIT XY MAGH HMN|

BUXIi aSAb3 ocepepgHi M po3milpomwmm y-{a6a rHuvA a(l
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4O MeTTaHypaWwykaammpipd BHAHO 3 nNnaTWHOBM
Cnig 3as3HauuntTwun, o Kpauwi XapakTtepwuc
MeHLWN MU pPpO3Mi paMn , Y anceTpuus Oo3kG@i MB ele AB3VACHC
KaTani TUY4HOW akKkTWBBHIpceTax Uinix pimaw cedpreiahinis
puc.)d. 16

CniBCTaB/eHBITaCamMBOR AMFPCET,B OP € H i H a
HaAaHOPO3MIi pPHOTO3 ACeRpeAPBYMOPOBEI poM Ma D
BULWY 4YyTnusBiCcTb [AO MeTaHYy, WP oKMUI
WBUWAKOAI 10, cTabipiBHIi CawcopaBaMEepPOTSHAT C

po6o0oTN NPU BiAHOCHO HEBUCOKWUX pobBoOoUYN



128

PO3JILI 5

I'ETEPOI'EHHO-KATAJIITUYHE OKUCHEHHS METAHY TA
HOI'0 POJIb Y ®OPMYBAHHI MPOBIJAHOCTI Pt-, Pd-BMICHUX
AJICOPBILIMHO-HANIIBIIPOBIJITHUKOBUX CEHCOPIB
Bi paome11,8 73], Wwo nNpoBiIi AHICTb CeH
Il OHHMWNX dho p wm KWUCHI, XeMoCcopboBaHMKX
YTBOPWWTb ras3o4yyT /UM BHMANN i BIA P O Bai AACHONPK GOLIBI

Came 3 MiHNU Yy Ki N1b®OXMiCaHOROGHB €E D 0®I0 B &H

BM3HaAayYyawTb CUTFIHan ceHcopa I Tack.i 3 Mi
TemMnepaTtTypunu CceHCcoOpa, abo 3a paxyHOK
3a HadaBHOCTI-BYOHBHIWKA) .T a3gKkpemMa, n

MeTaHyRO6BBAETbLCA WNABRAODAMIieTLPHOT €EBHACHE!
XemMmocopb6boBaHMUN Ha NOBepXHI ras3odyyTnu
nepebiry kaTtani TGHHEi ODGC HOKWMICM € AR T OP (
WBMAOKICTb peakxkuirild, Ha KIio/phaK i AT BB HKKWM UH
NPOBI AHI CTHb.

ana Kpaworo PO3YMI HHSH BNNUBY WB W
BNacTMWBOCTI CeHCOoOpPi B KOPUCHOW MOXe
wopno npouyuecy BUHWUKHEHHA nNpPoBi gHOCTI
MaTeMaT N LHo | e A 6 MOT /1a I 3 3apnosi
WBMAKICTb pea@GHyH 4 O&WMCHEHWE MaTepi arn

WwBMAoKOAI €0 Bi ANOBI AHUX CeHCOPpIi B.

5.1. KiHeTuka OKHMCHEHHsSI MeTaHy Ta ii BIUIMB Ha Ta304yTJMBI
BJIACTMBOCTI  a/ICOPOLiliHO-HANIBNIPOBIIHMKOBUX CEHCOPIiB -  OCHOBA
MaTeMaTHYHOI Mo/iei aii ceHCopiB

Jocni AXeHHSH KIi HETUKN OKUWUCRIBMH S H MR
KaTanis3aTtopi Ha OCHOBI HaH O PABEEOY) i. p HSOKN

BMAOHO 53 lpucp.eakuyi 9 OKWCHEHHSA MVEETTaaHHYO N
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O 440 °C {(eken.)
© 430 °C (ekcn.)
A 420 °C (exen.)

© 400 °C {exen.)

0 T T T T T T T T 1 1-O T T T T T
00 05 10 15 20 25 30 35 40 45 4 5 6 7 8 ]

C(CH,y"10°, Mo/ C(0,)10°% wmonk/n
Pnc.PameXHi CTb WBUALKOCTI O K U C H enHaHC!
Pd/SnO,Bi A4 KOHUeHTPpauii wMeTaHy (a) Tz
TemMnepaTypax. ExcnepumMeHTanbHi Agal

AK 6yno nMoKasaHO B po3 i ni 1. 2,
nanapji eBunx KaTanis3aTopax MOXe 0yTwWu
Yy MOBW, wo wBMAOoKICTb pAecopbuyuisa Boagwun 3
WBMAKICTW akKTuBauyi i 4HdeiTkamHily €( pia avp s/ O3
BCbOlIo npouyecy), MOXe O6yTWn npuBeppeHe

ko -KqKs [CHg ] [02]°
r = s'Ka'K5[CH.]™+[0;] =H;.[CH4]1[OQ]D (51)
[H0]*
ne,He epeKkTMBHA KOHCTAHTA WBUAJZKOCTI
EkcnepummMeHTanbHI KT HeTWuYHI O aH.i

AOCNi AXYyBaHOMY
akKkTnBaAaMBpPAXOBAaAHE 3

Koolpgpon v §Ta X
ni

TeMnepaTtypu B

K 0>/ MO0 nuyo Bi AnoBi gace

cunmcT8edM [Ii CcBi guUMTbL nNpo

3anexHocTI

Apesi pca) (
TepaTypHUM

cenaempaPalyn mma.Tle.pHBPa Y

KOHC

O é

npaBUNbHICTb 3
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Tabnumuysa
Ki HeTUMWUYHI paHi peakuyii MOPHOMEEOBPHMEA
HaHoOMaTemMia& RABNOL , 41
T0o C 400 420 430 440 E(a), K
Ke x®B0 n/ 8, 9/22, 6|15, 7|19, 4 784
In(K;) = 2,26 - 9360/T
11,6 R’=0,9946
Puc. 5. 2. 3anex
;{”"" IWWBMAKOCTIi OKMUC
£ TeMnepaTypwu B
KoopAaunHAaAT AALMag,
Pd/SNO,.
1 10’ 1,4m:m T
Ki HETMWKY OKMWUCHEH/MIAL XeeHToaMyy CHeaH C O P 8 (
MO)XXHa n p ekgicHTrearBuM4TH1O (D), AceXae MO aopTuR fai i Bi A6
XemMocopbuia KMWCHIW, 3 AKUM, Ha ApyTriin

+[ 1. wswéro

1.0, + [ 15 [0, —% 210]

2. [0]+ CH, 5 H0 + [CH,) T2 "% co, + H,0+ (m+ 1)[ ] ()

B cTtaHi AMHAMI YHOI Pi BHOB QK iNH epTeraxKH
cxewmu, MOXHa 3anumcaTWm HACEWRHUN BHKP
MeTaHy:

B 2-(n+1)-k,-k,-C(CH,)
2k, -C(0,)+(m+1)-k, -C(CH,)

r

AKWo wBMAaoKiIicTb apgcopouild KNncHiwo (L
CeHcopa B 3HaAaYHOMY Hapgnuuwky KWNCHI)
OKMWCHEeHHSHA MeTaHyr oL N XKHiacCHseaNT [c83e]u, p | B H
WWBMUAKOCTI peacxkuyi T :

r=K.-C(CH,) (5.2)
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neé& =2m+1) k.,
Ki HeTu4YHE Pi BHAHHSH (5. 2) onuncye
OTPUMAHI B po6OTI (nepuwnn nopsaaock
KWNCHeM). HeHMHY3I@QTRMBMAHNX €eKCcCNnNepuMeHT,:

i CHYHOUYUNX TeopeTUuYHUX YySABAEeHb WoAO B

NPUCYTHOEBITHHOIMBaH3INYK a [ 2 3, 201, 202] , G
MOA4Aensb, AKa MNOB A3Y€E NPOBIi OHITRIPW FreaH
KaTani TUM4HMUM OKWUCHEHHSAM MeTaHy H a
ABOCTapgi nHOMY npoyeci, cxemMa fAKOTO
: noBepXHI rasoyvyyT/INnBOT (
NMoeepxHa SnO, Ha Sn0, 3a NpUCyTHOCTI
noBiTpi rasy-ai,quqar!uua B .
RoeHpl Bi AbyBaeTbcCH4 XemMocopol
o, "3 ) _
N T5 Bi AgnoBi gae nepuwa ot agB
'E P — +
u"E»- nopgainb HOM rin €T a
g e A ¥y APY H /
s, 0T T?R XxXemMocopboBaHMNIU KWCEeHBb
52 - - .
g8 e bes3nocepengHa B3aemMoAai 4
82 B
e CeHcopa 3 a Yy MO B U Hapg
e T P
S 0 v . Hes3HayHoOW, TOMY 1N He ¢
z — NPOBI AOHOCTI Aiokcwupgy
@ Enextpon . .
W s, cTauyui oOHapHOTITQKIiCTa&HYynN e
[]ons
e Ao sl comrp Apyrol cTapgiu € pi BH
Puc. 5. 3. CxerBupasutmu CTYyniHB 3 anc

KWNCHEeM HacCTYNHWUM YMUHOM:
1 cTapgia:

A2ne . wisudro
|

kg +[1]
0, +[1-=10,] 2[0™7]

ra=2kJ-C, - (1-6)

2 cTapia:
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+m[o™ ], wmsudro

ky
[0""]+ CH, — H,0 + [CH,]+ n-e” »CO, + H,0+ (m+1)[ ]
+m-n-e”

n=(m+1)-k7Coy, -0,

A&-cTayui OHaAapHMWMW CTynNniHb 3anNnoOBHEHHSHA nNoO
Yy CTaHi OV BaMiBUQAH a1l M@ € MO Hac T Ty mnH.I
cTaui oOHapHOTNIoO CTYyNeHW 3aNOBHEHHSA NOl

XeMOCOp6OBaHI/IM KMNCHEM:

=1, 22k Co - (1—6)=(m+1)-k - Ccy, - 6

[0'5' (m+ 1]'kif'CcH,, +k§f.cﬂz].g = sz'cﬂz

1
g = 7 (5.3)
1+(m—|—1]kr _CC'H4
2.k Co,
OCHOBHI NMONOXeHHSsa wMmopeni., K I nar .
3anexHOCTIi N poBsiijglgHKOCHL € HKcTepHaCpIipia MeT aHy

1. xemMocopbui a9 KMUCHI € nNnNoKa/fni 30BaHOHW
2. apcopbuia KuUcCHIW BiagbyBaeTbCcsda Ha at
Ta eHepreTMYyHO OAHAKOBMUMU,;

3. MeTaH 3 NOBEepPXHEeW HaniBNpPOBI AHKUKaAa
HAI BNPOBI AHMNKOBUX CeHCOpIi B Hi A K He
MOXHa 3HexTyBaTtTWn),;

4. KOXeH aKTUWBHWUN ULEeHTpP MOXe B3 aemMofmi
B peayinbapgcopbui 9 MboHe WR@PYY, TBOPEHHSH

5. BCTAaHOBINIWET b C-A4 € caoapcOoupi @igHicail P | MBHXX | CUITBH
apcopmmaldaopo6 Uil KMWCHI Ta WBUAKICTI [
KOHCTaHTa pecopbuyil KMWCHIW Habararto
piBHOBAra BCTaHOBMANWETbLCHA MI X cTagisa
6. npwu 3afgaHii TeMnepaTtypi NnpoBIigagHI
CTYNneHW 3anNnoOBHEHHSN nNoBepXHT=/fi(63B04UYy

Cc BO W 4oe P (T ya).
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OCKI b K MU CTyI'IiHb 3 aloOBHEHHHA N O B €

BM3HaAaYyaeTbCd BMIiCTOM MeTaHy Yy noBiTp
df

6 =f(Cen) =0 =f(Cen,) T g, = B3, —=do=—B-df

| HTerpyBaHHSA AlOPDOEMaMIRAIHIOT/Ob HOT O pi Bt
NnpoBI AHOCTI CeHcoOpiB BIi A KOHUeHTPpPaduyli
Me Xa | HTef pgBaHMH®BI A HIiI CTb T a cTyniH

Bi ANOBI AHO 3 a-BBIAOMOBHHMEX@TI amame@yW XB KM CV

CTymMiaHnbOBHEeHHSA nNoBepXxHGy:3a NeBHOTNOoO 3H

g 7]
fdcrz— fd6'=>|6'max=1|=>0—00=—8-(6’—1)
To Omax

MiagctTaBnawym B OTPURBAHWIBBEAMBIKHAEEB

oTpuUuMaTKN 3anexHi cTE,) NERARI ABBOMY 6a@ana

E

0, =0y +—— , (5.4)
g 1+“1jCCH4
o _ 2k ¢,
A (m+1)kET

MapaMasmHpxogumo 3 T[HaHl,aanrkymornné
NPOBI AHICTb CeHC@ERI € MakKcumumManbHOW

Omax =09+ B =B = 0,4, — 0p
B pe3ynb T3aarniym cMaOTKMH a0 C T a M@PWHW | Heowprd 3 (b7

max — Jo (55?1

Ta MWOro nNniHeapunmsoBaHy @GopmMmMy:

Omax — T 1 1 N A 1 (5.6)
%9 %=1 4 TG —0y Op—0p O —0y C '
1+ /CCHd, g 1] max 1] max 1] CH,
Koncthhrtek 8 piBHsHHIi (5.3) BKAWY:

KOHCTAaAaHTUNW WBUAKOCTI BIi ANOBI A HUX XIiI MI
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noTeHUI any H a npouecwu e /T IK T PrOPHOHBUI X1 |
Hani BNPOBI OHKUKa H a xemMmocopboBaHUM
XemMocopboBaHMX | OHHMUX dopm) T a 3

npoBiIi AHOCTI HaniBnpoBi gHwKkGAGy flapnopasm

nepes3apajka nNoBepxXHeeWEBMCTRABI BN/TIYBBRO
BUpas3 KiHEeTUUYHNUX PpPiBHAHDB.

Ana nepeBipKKMW 3anponoHoOBAaAHOI MO L e.
ceHcCOpPiIi B Ha OCHOBI TOro X wMaTepiany
OKMCHEeHHS MeTaHy B Y MHO@BMIXB MPPOOBEM XY HCOBEKH ©
— 1,41 m a c Pd%n0O,. Moaenb nepeBipann poaraapy
(50-14,50-15 T-B6)50npuKu TPbLOX PiIi3HUX pobBoOUYM
405 °C) . Anga UbOro B XO0AUW RXgAERPHBIEHEY
CyMi ws AKe WITpPrQQHUW MeTaHy Bapi ommanu

ExcnepumMeHTannbHI AaHi T a pe3ynbT
NPOBI AHOCTI BIi 4 KoHUeHTpaui:il MeTaHy
HaBepgeHi Ha pwuc. 5. 4.

"1 "1 (6) (@)  25w0%ye s014.405°C (8)

50-15, 405 °C =

=)

o

& 50-16,405°C

- ZVUMO,ﬁ_V 50-14, 350 °C
o 50-15,350°C

& 50-16, 350 °C

104 o 50-14,285°C

o 15¢10% 1% 50-15, 295 °C

[=]

0,84 =
0,054 ()

g o

10%(o -6.), MOM

.000 0,002 0,004 0,008 ©”1,0x10°
1/C(CHA), 1/ppm

o 5,0x10°
0.2 §§

0,0+ E T d T g T g T U T ! 0,0
0,000 0,001 0,002 0,003 0,004 0,005 0 200 400 600 800 1000

e
o
)
)

o
'S
I

1/G(CH,). 1/ppm C(CH,), ppm

Puc. 5. 4. Anpokcumaui 4 3 aBleMH @C TK O
MeTaHy B JiHeapusoBaHIiI W dopwmi (a’
NnpPpoOBI AHOCTI CeHcopiB BI 4 KOHLUE€H:?

XapakKTepucTuUuKnN nepeTBOpeHHS HCXM
Tmax 3 HanpgieHenXma3@BalHoW @GOP MO pPi BH:!

oaHOT O lAkmiaacoPeBn@,) npwu pPi3HUX TemMnerf



TemMneparTtypi,
WBUNAKOCT.I

cCeHcoOpi B

XapakKTepuUCcTUMUKOW KOXHOINIO CeHCOpa. [
Omax©KCNEepPpUuMEeHTalyob HiNpoagaHAiHOCT ceHcoOp
nNiHeapusoBaHOI bdopmMu (piBHAHHA 5. 6)
kBagpatiB (MHK) (pwunc. 5.4, a).
3HanpgeHi BenNuy@HY, TMapapeBP AgBH OCTI
noBiogg)piHaBepneHi. B Tabnuuyi .2
Tabnumuysda
Po3spaxoBaHionapames pmeHCOpPi B Ha C
l41mac. % Pd/ SnO
T)XC [N ceHc op| 50-14 50-15 50-16
OmaX 1°0 CmMm| 34,65 39,31 40,20
g |00X 150 Cwm 2,83 2,88 2,46
¥ A 759
A, % 2,9 2,0 2,6
OmX 1°0 Cm | 1502 22,80 18,79
o (6% 1% Cwm 1,16 1,66 1,22
™ |A 458
A, % 3,5 8,6 50
O 1°0 Cm| 476 6,43 7,36
o |0x 10 Cwm 0,73 1,07 1,03
S 337
A, % 4,4 3,7 50
A K BMUAOHO 3 puc. 5. 4, 6, MaTeMaTunul
eKcnepumMeHTanb Kil X A a@wwic ningowe H B X TeMnEe

Bi AXWNEeHHSH

npwu

Mp w

ob6pobLUI

cTapim

eKcnepmmMmeHTalnbHNUX

OAHAKOBOT O

BHac ni gok

OKMNWCHEHHHA

C K nag,fl. ¥,

I aHu

3aleXHOoOCTHTDNa

MeTaHy, n

no

TO5, 4 %) .

i BOoMBIWNAOWaE

TpbE€EMceangapal’CED M, 2%BH

Mp wn

LbOMY

3HaMnpgeHa

CTa
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TemMneparTtypli anA pi3HNWX CeHCcoOpiB OA4H

3pob6nNneHoOoro B Mopgeni nNpunyuweHHS .
MepeBi pka agekKkBaTHOCTI AaHOoT MO e

AaHWM npoBoaguMunacb | AN1A NANaTWHOBMI CH

A1l OKCUAY @aw@RQ -realdby OT/IEbX3H OT/IEOTIPI &EXKAT O P U 4
eTUNEeHo.Ni ROKI NbKNW MakKcuMppmiCH,c/ie HBIOP T B
OCHOBI JaHOTrTo MaTepiany B 3alexXHOoCT.I
pi 3 HI TemMnepaTypu ceHCcOpIi B, TO Ccame
Taki ceHm®@EMWSO,0,pu6°80"Rmac PO, npu G50
Ta MaAEBYSO,npu °G2Ppuc. 5. 5)

] Pumuc. 5. 5. A
164 O 0.26wmac% Pt 405°C (a) .
| © 072wmac.% Pt 350°C 3 anexxHocrtTIl
14l & 176mac% Pt 325°C
& 1,76 mac.% Pt, 295 °C ; ;
: ' ’ ceHCO | B B I
1,2 P &
- ] .
% o] MEeETaHYy B 11
g popmi  (a), T
% s Heni Hi WHOT
S NPOBI AHOCTI
0,2 -
] _ i . KOHUEeHN@TaaHYy
0.0 E ™ — E T E T y T !
0,000 0,001 0,002 0,003 0,004 0,005 ( 6 ) 3 y p a X y B a
1/C(CH,), 1/ppm
7X10°9  5.0x10° (6) q) T ag—ma.xﬂ 3 HawWu IDI
exiod NiHepuns3oBaHOK

= 3,0x10°
]

Pi BHSAHHSH (5. €

5|
5x10 572 0x10"

wo wmMicTtmae. B,

1,0x10°4

s 4x10°+ .
L:"m 310 e 200 400 600 800 1000 405 OC, 0,72 MaC . %
%10 o(CH,), ppm
350°C Tamac760o
2x10° 4
325°C T a°C295
1107 -

o4

&
hed

0+ = T T 1
0 200 400 600 800 1000

C(CH,), ppm
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KpiMm uboro, B Moagvekna X OyaiHDO A0 C i [ XE
176mac PtOEnO, npun °€950CKi NbKMU BiH € ppmaiiy)

MeTaHy B AOCNi ogXeHIi W Hu3IbKOTEeMNneparTy |

Ha puc. 5. 5, a npeacTaB/lIeHoO pes3y
NPOBI AHOCTI CHELHeCHOTppi 8L, | Bi AMe R a H Yy B ni
pPpiBHAHHA 5.6 MaTemMaTWUUYHOTI Mo AaenpiTa 3
s HaBepgeH.i B Tabn. 5. 3. 3a 1T X pono

HCXN (puc. nBHa5Kko0¥kHOorB)0 3 ceHcBRYBE&NIUN A
onuncy €KCBepNMNMeiHaTHaWX . A K ypmaoTab pu
MaTeMaTMyHaAa MoOAgeNb AOCMKMEHT @OOPie mawi
noxun@mae nepgRUVMOIYEOX BI A4COTKI B.
Ta6bnunuys4

Po3paxoBaHibDonapemames pMoc Ni AXXeHUWX nna

C € H c Pt/pnD,B

BmicTt P11 0,26% Pt/SnO, | 0,72% Pt/SnO, 1,76% Pt/SnO,
T, C 405 350 325 295
OmxX 1°0 C 54,27 6,07 3,87 2,35
O 190 CN 4,15 0,48 0,28 0,20
A 560 459 544 480
A, % 2,4 3,3 1,5 2,8

EK C NnMeepHUT @ N1 b H i OaHI moano HCXIlT ceHCcO

OTPMUMAHOTO OKWUCHEHHSM oOKcanaTy O/O0E
gonoBaHMAC RY% A2 MaABOPbnpu €0t0a npWC, 36

Bi ANOBI AHO, nMokas3aHa Ha puc.uyuwoib, mag
HaBegeH.i B Tabn. 5. 4, Ha T X OCHOBI 6
CeHcoOpiB BI 4 KoOHUeHTpPpaui:i MeTaHy y
eKcnepumumeHT anNbHI A aHi NPpPakTMUUYHO Yy BC
CH. Takum UMHOMHA 3 MAPE@NVMAMOBHaAa MO [ e

CYKYNHIiCTHh 0OC NI OXeHMuX eKcnepumMeHTa
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CeHCOoOpi B CTBOPEHMUX HAaA OCHO3BHY OM XMW
NMoBEepXHLNA TCaeBH CIpP3iHBO IO X1 MIi YHOKW NpupoAa
nnaTuykoa) g nocepenkKkoBaHO BKa3ye Ha nNpe

npunyuweHb Ta Ha 117 3aranbHuUN xapakT.

] N
**1 o 142 wac% Pt 400°C (a) 5,0x10 6)

404 © 1,50mac.% Pd, 360 °C
4,0x10° o

3,0x10° 4 o
=
6]

e -6
2,0x107

1,0x10° 1

T T T T T 0,0 T T T T T T T T T 1
T T T
0,00 001 0,02 0,03 0,04 0,05 ¢ 200 400 600 800 1000

1/C(CH,), 1/ppm C(CH,). ppm
Punc. 5. 6. Anpokcumauyi s 3anexHocCT.I
MeTaHy B niHeapu3oBaHIi N dopmi (a’

NMpPpOBITAHOCCEHC OpP I B BI 4 KOHUeHTpauyi:’
napamvméma,,,B 3HaMWageHUWX 3a /i HEPU3 OB

CeHCOpPiBSWWA OOWPVUBIIAHOTIO OKWCHEHHAM
1. 42macPteopun @O0d MaBCdnpwu °C60

Tab6bnuny4a !
Po3paxoBaHibponapeaamess pMoC Ni [X-€HuX 0
nanagi "BMi cCHUx G6mMH copiB Ha

oTpun™MaHOT O OKMNCHEHHAM OKCalla

BmMicT pob
CEHCOPHOMY
Ha ocHoBIi n|Ll4mac. jl0mac. 9
Sno,

TC 400 360

Omax* 1610 Cwm 6,53 6,02

Gx 19 Cwm 0,31 0,27

A 553 340

A, % 4,5 4,4
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AHani 3sywun omapamenppeygc Tasnedbi 48madal

Bi AMI TUNTMNU, U NyapamvMeBMpnagKaxii 8B W OB HY
TemMnepaTypwu. B pamMmkax wMopgeni ue O03Ha
noyvnHawBbbBUMXE AT N’ Ha CBOE HacCWUYEH

Bi AT YKY, A K i (maxB=Haog n/o,B1 Mae 3 06i Nb e HHAM
AOCSATI aedTivIbAUOMIKB e HT pREGTaHY HanMo Bibwp i 3 H
MakKCcCMManbHOIO BIi ATYKY MawTb CEHCOpPMU

OKMWCHEeHHAM oKcanaTty onosa (Taébn.5.5)

Tabnunuysda
Po3paxoBaHiy(maH=a0y,e/a,H8H N A ONTMWMa N b-HIKax

nanagi "NBMIi CHMEMET&pM&OWYP BT aHaMmobi Nb WO

.o C —
Buxi aHy CepepgHin pos epeagHI n poa3

10-11 HM™ 5—6H M
Bmi cT [
Ta Tewmr
MaKCUM 1,76%Pt/SnO,| 1,41%Pd/SnO, [1,42%Pt/SnO, 1,50%Pd/SnO,
sytnndg 325°C 350 °C 400 °C 360 °C
¥ (max) 13,8 15,4 21,1 22,3
A 544 458 553 340
BennuyntHa MaKcumanbeyfmaz)o Bi BN ABYVKRAE

BUMI pOBalsbHMUI Al ana3s33oH KOHUEeHTpagyi 1
(oCcKinbKMN ngp @i NCLTUBM/VIO MMAa K C U MaATlb HWUIM B i
6 ibaun x BMIi CTI B M)Ee & a HOyC K v J1 blKOMB ¢ [ @ B & MBECT |
AOC/NI AXEeHNxX CceHcopiB € BeE/TMYMHOW C
BUCHOBOK, Wwo 3 anponoHOBaHWW MeTOpn C
LO3BO/IA€ CTBOPUTWUW He /UNWe BOUKPKWOMYyT!
MeTaHy, Bi A4 TOHK mMe paekBMXUBYI BIOFbY K 1 C EB X @ H |

paHi we [ 1291 2@@copwu 3 Wwmpokmm Ai a
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KOHUeHTpaui n mvepratHwuly es KamHianor i U HUN a7

AioKcuay onosBa, O TAPYW WDATHOOBrao T3a TEETTUPIaEXHIT

5.2. ®opMyBaHHS JAMHAMIYHMX XAPAKTEPUCTHK CEHCOPIB B paMKax
MAaTEeMaTHYIHOI MoJeJi IX ail
Kpi wm YUy T/nAuMBOCTI , K a 3anexXxunuThb B I

eHcoOpa B MNOBIi-MPBHT PSS HIAN BVEER RIMHEIR I | €

Y

HaMK@pPR@QKTepucTunuKkm", aK I BM3 HayYawTb
algui oHapHOro cTaHy npwu 3amMiHI OTOMYY
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CeHcopa) B paMKax 3anponoHOBaHOIT MO0]A
3anoBHEHHA noB)epex Hiaccie HMOOKHaA (3 anuncartwu
deg

E:k:ﬁ'cﬂz'(1_3)_kfﬁ'cﬁ'g:k:ﬁ'cﬂz_g.

(KT Co, + KT CR) £ 0
o & =2k ak = m+1)-k7

d(—8)
Cdr

=k -Co, — (KT o, + KT - Cp)

d[k co, =8 (k- Co, +k )]
- (k" -Cop + k" -Cg)-ar
=k Co,—0- (KT -Co + K- Cp)

d[kjﬁ'cuz_g'(‘r"zﬁ'Cﬂz+‘r"$ﬂ'cﬁ)]=—(;{gﬁ-c + k- Cp)-dr
[szxlcﬂz_H(kzﬁlcaz_'_kiﬁlclﬁ)] a Oq r R
Mpu [T HTEr PYUEBPHKA HOTI O PiBHAHHA npun

MOMEHT = a@ly,c(eRHoc/oMp 3 HAXO0OAUTbLCS B aT M(

noBepXHI apcopbyeTbcCcd MakKcunmmManbHa
I HTerpyBaHHSA L[JOpPiBHIWE O[QUHMLI . Ba ne
3aMi HIOETbCA-NOHBAI TPMERAHEHOCY MI L, CTYyniHB

OO0 p i BOH OEWO BIi ANoBI oac BepXHIi W Me X i [

OfoepXYyEeEMO:

g ofr afr arr T
[k -Coz_ﬂ'(ﬁ'af'Caz+‘r"rf'cﬂ)]——(kgﬁ'ﬂ +k-C )f‘”
ef’ efr ejr o a Oz ; N
1 [kaf ! COZ - 3 ! (kaf ) CGZ + lk]"jlr | CR)] ¢

EH[R? Co, — 8- (‘r":ﬁ' Co, + ‘r"iﬁ ' CR)]{? - (kjﬁ “Co, + kfﬁ ' CR) "t
Ik - Co, — 8- (k- Co, + k7' Co)1— In[—k, - C5] =
=—(kJ - Co, + kT -Cp) T

kefr_c _g- kEf!_C kef!.c
In—2 0, E(E:fr C B R) - —(kiﬁ | Cﬂz + ‘E"iﬁ | CR)' t
—k" - Cq
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k' Co,—0- (K- Co, + K- Cp)
k- Cq

= exp[—(kgﬁ -Co, + kT Cr)- 7]

.Ir(;f"- Coz — 8- (sz-’_ CDZ _|_krﬁ_?f-'_ CR) — _kff-'_ g - exp[_(sz-' 'ng + kif.r ]
-CR)-r]
- (" Coy 4 KT o) = KT~ Cop kT Co-exp[ (k- Coy + k- C,)
.1_-]
ffiﬁ'Co F(jﬁ-CD
g = efr ng.r +l:1— Fr :f.r
ka -COZ—FF{I_ 'CR }(ﬂ .Cﬂz+kr 'CR
cexp [—(k" - Co, + K- CR)- 7]

J .

AKWoO nNnepenTtunmn A0 NPOBiIi AHOCTI CeHco
Pi BHSAHHS:

a6 do
- —B-
dCo, dCo,

=>df = —B- do, (5.7)

I HTerpyBaHHAa d9KOro pgae:
[fdo=-B- [Pdo=>6-1=-B-(c(® -0, (58

BpaxyBaHHSA Bupasy, AKWUIK nNnNoB'  A3ye cCT

NO3BONSAE OTpUMATUN PiBHSAHHS:

Ff?ﬁ' 0 Ffjﬁ'Ca
2 +|1— 5 -
e_;l"I_ e_;l"F_ e_;I"I_ e_;l"-f_
ko + k- ko + R Cp
cexp[— (k" -Co, + kT -CR) T —1=—B- (a(x) — o)

F(zfl'coz k;’f’.caz
PP il I D (e e
a 05 r R a 0o r R

: .<;'ch;:.'[—(1?{?1rI -Co, + ke Cz) 7] =—B-(co(1) —ap)

kjﬁ'c efr efr
hmc+;nCﬂ)@ﬂM%ﬁwaf%lm=
a O r R
= —B- (o(1) — gy)
k]". CR

k' Cco + kT C (l_emﬂ_@fhc%+k?hcﬂ'ﬂ)=B'@Wﬂ_ﬂﬂ
a Oa ¥ R



143

1 : '
1= _(ref . ef . : _
C (1- exp|— (kT -Cop + KT - Cr)-1]) =
1"‘ @ z/gf.f
k' -Cq
=B - (a(1) —0p)
KOHCTaHTy IiHWMe@eXWpyBAHBATUN 3 T P RgHH H U X

Topi
1=B-(0,,, —0,) => B= 1/(0

max Jﬂj

(5.9)

OcTaToOyHmWMMABBMAHMKM N PO BI AWHaEODCCOTM [CPeH

CUT HANyYy acearald@aapas EHAGATYNHUM:

a. —
g(1) = g, + Bffmx =
k -C{:‘
l+ “ z/gf.f
k. -Cg
(1—exp[— (K" - Co, + k- Cp) 7)) (5.10)
3ypaXyB8®MHRAROT O, WO AANA T-Td) L | MDAHEAMPOH OHrac
PiBHAHHA ANA NPOBI AHOCTI CeHCcCoOpa:
efr
O — O, k' -C
JH=UD+ gf,r g == A: a Dz/ Bf." =
k- c, k:
1+ a z/gf.f
k]" 'CR
a. —
=a,:,+1m%ﬂ (5.11)
+9/c,
TakuMuMm YNMHOM, B pamMkKaXx 3anponoHOBAat

BMNpPpas3 anA CTaLI,iOHapHOFO 3 HadyeHHHA M

AOC NI AXYBaHOT MU r3as3Hwm.x BrnxeadgowHrsm (nSe.ple)y
a(1) = 0y + (0, — Gp) - (1- exp[—(kjﬁ -Co, + kfff’- Cz)-1])

D% _ iy (k- Co, + k- Co) 1]
IO =% 4 [~k -y + k- C,) 1]
gg — Oy :
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g, —o(T) i -
%20 _ (K" o, + KT Cp) T (5.12)
Og — 0o

Beeanpemo nBgHRYEHHS

F(JJ=JH—J(F]
gy — Og
Topi piBHAHHA (5.12) nepenunweTbCcd Ta
In(F(0)) = —(k" - Co, + k7' Cr) - 7 (5.13)

PiBHAHHS 4 é€5.nliHeapunsoBaHa do pma p
AOMNOMOTIOKW MOXHAa BU3IHaAYNUTMN WB WU AKOCT.I
dbopMyBaAaHHI CurHany <ceHcoOpa B npucyrT
3anponoHoOBAaAHOI Mopageni. MpoTe pos3ai |
(XemMmo@weEpmM@OCwito Ta OKReaeRmneBepx@BlY T apsou4y
WBMAOKOAI KO CeHCcOopa Ha AAEO0MY HEewa®XiWuBs

npoBecTW TakKe po3paineHHsSs HeobBXxi gHO 4O

Y npouyeci penakcaui:i ceHcopa B pal
yyacTb AuMnwe OAWH npouyec, a came:
kg +[ L+2ne”. wsudro .
0, +[1-=10,] > 2[0™7]
Le [ O3 BONAE 3anuncarTtwu BUpas anA

HaCTYNHWUM YN HOM:

ﬁ=;{"3f’.

o : Cﬂz' (1_3]=kzﬁ_caz_g.kgﬁ.caz

d(—k'-c, -0 ; ;
—_ I: a Oz ]=sz'cﬂz—g'k;f'cgz

efr
ko, - dr
He x amn yadc no4yartKY nop,aqi ‘TOMCBQ}KDMH
3 a3 HaAaUYunUMTmMm, Lo ir e eMOMPHBHHARAOCOYNTDbLC A B

(nomy BiIi gnoBigae CTYydd)Hb 3 anNnoOBHEHHSH
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R R B
dl:ﬁ’a Co ﬁ'a Co. - 0) of
efr - ef’ - =k, -Co,- [ dr
kﬂ " C{:‘ - kﬂ " Co " H :
Big) : 2 Ty

3 afr
6(g) :_kaf Co, (T —To)

T

[k - Co, — 0k -Cy, {

kM Co — K- Cy - B .
= =k Co, (1 - T0)

In =
ffzﬁ'ﬂoz—ffiﬁ'ﬂaz'ﬁ'(g) :

RZF 'CGZ _ sz’ 'CDZ -8
‘r";ﬁ | Coz - Ffjﬁ' Coz -6(g)

= exp[-k" - Co, - (T —15)]

1-6
2 TY ek C (-

1-6=[1—-68(9)] exp[-k - Cp, - (t —T5)]

6=1-[1-0(g)] exp[—k - Cp, - (T— 1) (5.14)
Po3rngaHemMo np@e@i: AHI CTb CeEeHC
8 olz)
f df, = —B - f doa => 8 —08(g)=—B-(a(1r) — g,)
8i(g) og

MigpctaBumMo y uUye piBHAHHSA BUpPas il

XxXemMmocopboBaHUM KMUCHeM (piBHAHHA 5. 14
1-[1-6(g)]-ex p[_kiﬁ "Co, - (T— fu)] —6(g) =—B-(0(1) —gy)
[1-6(]- {1 —exp[-k"-Cq, - (T —10)]} = =B - (a(1) — 0,)

KoHcTaHTy ilHwioexHpay BaHHHAST U 3 (Pl PAH MY H |

1-6(g)
1-6(9)=—B-(0p—0,) => —B=ﬁ

3HaAaYN KOHCEapBRAXKEMO 3@OMTTATWHUNIN
AnNa NpPpoBIi AoHOCTI :
1-6(g)

et CORLS

[1-6(9] {1 —exp[-kZ" - Cp, - (r—19)]} =
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efr a(1) — g,
1—Exp[—kaf -'C,L-Jz-l:r—r,:,]]=—ﬁJr _J‘H
0o~ g

OTpumMaHMI BUpPpaAa3 MOXHaAa nNer kKo niHeapwuns:

efr [.Tl:].'] — 0y
ke (r—1)] =20
EXP[ a 0, (r To)] o, — 00
IH_M = k. Co, - (T — 1) (5.15)

He niHeapu3Ingamoeia spavpexeH okcyrim npegcrTal
3pPYYHOMY BUT napi
o(t) =0, — (0, —gp) - (1 —ex p[—kzﬁ -Co, - (T —15)]) (5.16)
OnuMmcytwym eKcnepumMeHTanNnbHIiI p[faHHI peE
MO XHa W3 HIBBMTA K i C T b akfé-€p 6ripi B kg cimig n 3
(5.13) wBuM priIAK LB T KNMCHIWRHaA IKOIB/IGpXIRfﬂ)T(Dm/IH

npunyuweHHI , W& 6 e 3KWCVEIPEHEHETO 3 CeHcop:
JAaHOW B3 aeMOAi El0 MOXHa 3 HexTyBaATMWu.

Beegpemo nbg@pueHHA

flo) = —”i?__;’
Topi piBHAHHA (5.14) nepenunweTbCcd Ta
In(f(0)) = =k - Cp, - (T —Tp) (5.17)

OnuncaHHA 3anponoHOBAaAaHOI MO 4 e NNk |
WwBMAoKOAI I ceHcopa dalwverw Pien®,Or o pilc K pa
TemMnepaTypax Tras3oyyT/nnuBOoro wWHapywops
npeagcTaB/eHI aHanor i YHi O aH.i ana pers
KOXHIi W i3 3anexHocTel °C3amvonkeHVan eBpuaaTi ynpaur
Al ngabwar,, WO 3 HaxoAauTbCcA B ob6nactTi M @
B3aeMOoOgi @BepPR3yewW Breal,copagbmaacTi B€/UEK

3 B3 AEMO@NMMOO HEHTI B BaldX®EWMOMC YIipwWic TOT 0
wa p[304 — 206].
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B 1tab6bn.5.6 npeacrtaBneHi edekTtTpummAi

Nnepurogipylcaiagii pHoorBoOAM®A eq/idieHcopa AHl@a C

7, CeK Puc. 5.UBupagkop
0 20 40 60 80 100 120 140
OI L 1 L | N | L 1 " | 1 | N | .
‘_  usec penakcaui f (
260 °C H
s ssc OCHOBIMad, %1 F
v 325°C .
ssocc Y niHeapwusol
o 380°C

(Bi AnoBi AHO

(5.13) 7))a @O%
eKcnepmmMmeHTal

In(F(a)) |

(TOUKM)N Pp a9T™afl K

anpokemmy 1wy

(cyui nbHaa i

. (NYyHKTWpMian sH
o 225°C
260°C
a 295°C
v 325°C
350°C
o 380°C

OCHoOBIMad PiBIO, npun ppebpxrxnepatTypax. F

sHaueHHa kiHeT ki HpxT apaymeopehaoTusH

KOHCTAaAQHTI B3aeMomuiBOMaAT @@apPy Ny TKaATLMHEW
epeKTUBHI W KOHCTAHTI OKMWCHEeHHSHA MeTaH
Ni HXWHM NMaAH OB ANEXHOCTSA X, noe. OCKT am o8 H
NnOMI TUTMN, 31 3pOCTaHHAM Tpeanme(;!ﬁjgﬁu(:yzpm,

efr .
T&k,' )uncenbHO 3poconamEeM hbepupogHUM, a
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TeMnepaTtypwun 36i Nb WYy €N KACOT aKOiT/bb Kei HCETPbI | M
Apeatwlinic HEHL Har ak i B3 ae M®MBIOIT O alrsipBgHpec
Tabénwni
Po3pax eexaHiB Hed K i He ki upyiT & agprasm ecTeph
P b, afip Y

OCHOBMaAGRIEO,npun pi3HUXXTeEeMNe,

T AT B ARA(TC| 225°C [ 260°C 295 °C| 325 °C | 350 °C [380°C
k7 | 0154 | 0175 0215] 0254 | — | —

wa k7 | 00751 | 0,090 [0,155 | 0210 | — | —
x*7" | 00064 | 0,024 [0,057 | 0,147 | 0,257 | 0,305

2T a x°7" | 0,0103 | 0,0186] 0,038 | 0,135 | 0,261 | 0,331

PesynbTaTtTnm onNncy 3afNpoOnNoOHOBAHOW M
nNo wBMAKOAI T TaHpenawkomawPdBNO4@piic opPAC O |
TeMnepaproyoaxeeigi B (325, °Bb0 3TaBi ABOB
Koediui EHT amMu Kopensauimn npeagcTaB/leH.l

XOpowmwmmw®HI CTH ONUWCYE AMHaAMI UYHI XapaxkrtT
16 4 16 -
14 1 (a) R?=0,9983 1 | (6) R%=0,9926

12 4

10

o(t)/oe

o ~ > o @
1 L L L

T T T T T T T T 1
0 20 40 60 80 100 10 20 30 40 %.c 50 60 70 80
»

| (B) R?=0,9993

o(r)/oe
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Puc. 5. 9. OnucaHHA ekKcnepummeHTansob
penakcauiHa oOeHOwW®PAPIHND,13 anponoHOBaAaAt
(niHiAa) npwu pi3-BB3C, IO A eBICy.pax:
TakMM YUWMHOM, 3 anponoHoBaHa Yy Ppob6OT
11¥o] 6a3yeTbcC 4 H a AKPaoTLAE/CI IT U Y 1@ 0 B P O TOEKHUHC
KMCHeM, wWLo XxXxemMocopboBaHMUN Ha NoBepXH
TOYHO OoOnNMWCYye npouecun ¢GOpP MYy B aHHA enKHOOBC
CUTHaANy CeHcoOpaMeTaAHWOHWEBMWI @A iic adp a
3anponoHoOBaHa MoOgeMBHMOMNMpPW@RIOE B P O 3IY
NMoBEepXHI aHaacnoi peonuUpi GMBHIOA H U K O B U X CeHcoOPpiI

CTBOPEHHA BMNCOKOYHYT/NMTNBMUX CeHCOpiB, A
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