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WcecnenoBaHa BO3MOXHOCTb UCMOMb30BaHNS CEHCOPHBIX 35IEMEHTOB Ha OCHOBE XMMUYECKU
OCaAeHHbIX TOHKMX NIEeHOK TBepAblx pacTeopos Ag Pb, S ans onpeneneHuns B BO3AyLWHON cpeae
copepxaHusa okenaos aszota (NO, NO,) n moHookeuaa yrnepoga (CO).

Knrodeenie crioga: xuMmnyeckne CEHCOPbI, aHaNUTUYECKNA KOHTPOSb, TBEPAbIE PacTBOPbI
cynbcua ceuHUa - cynbdua cepebpa, okcnabl a3ota, MOHOOKCUA yrrepoaa.

MapkoB BsyecnaB ®ununnoBuY — AOKTOP XMMUYECKUX HayK, npodeccop, 3aBeayto-
wnn kadpegpon hruanMveckom n KonnongHom xmummm, npoceccop Praoy «Ypanbckum dege-
panbHbIN yHUBepcuteT umeHu nepeoro MNpe3umaeHTa Poccuun B.H.EnbuuHar.

ObnacTb Hay4HbIX MHTEPECOB — XMMUYECKUN CUHTE3 U UCCrefoBaHNE CEHCOPHbIX
CBOMWCTB MNJIEHOK NONyNpPOBOAHMKOBbLIX MaTepuanoB, getektopbl UK-uanyyeHus, xummye-
CKMe CeHCOopbl, IKOJOrMs BoAbl.

ABTOp 60nee 400 ny6nukaumm.

BuHorpapoBa TaTbsiHa BnagummpoBHa — KaHAMAAT XUMUYECKUX HayK, JOLUEHT Kade-
Apbl husmyeckon u konnongHon xummum Praoy «Ypanbckumn cegepanbHbI YHUBEPCUTET
nmeHu nepBoro lNMpe3npgeHta Poccun B.H.EnbunHay.

Ob6nacTb Hay4YHbIX UHTEPECOB — MMOAPOXUMUYECKUA CUHTE3 TOHKUX MNIIEHOK, CEHCOop-
Hbleé CBOMCTBA XaJIbKOreHUAoB MeTaslJIoB U TBepAbiX paCTBOPOB Ha X OCHOBE.

ABTop 15 ny6nukauum.

3apyouH UBaH BnagumupoBuy — acnmpaHT kadeapbl hU3M4ECKON U KONITOUMOHOWN XU-
Mum ®IrAQOY «Ypanbckum peaepanbHbI yHUBepcUTeT meHun nepBoro lNpe3npgeHta Poccumn
B.H.EnbuuHay.

O6nacTb Hay4YHbIX UHTEPECOB — NMAPOXUMMUYECKUIA CUHTE3 MIIEHOK, XUMUYEeCKNe CEeH-
copbl.

ABTtop 10 ny6nukauumn.

MackaeBa Jlapuca HukonaeBHa — OOKTOpP XMMMYECKUX HayK, npodheccop Kadceapbl
c¢usnyeckon u konnongHon xumumn ®raoy «Ypanosckun chegepanbHbIi YHABEPCUTET UMe-
Hu nepBoro lNpe3ugeHta Poccum B.H.EnbuuHay.

O6nacTb Hay4YHbIX MHTEPECOB — NTMAPOXUMUYECKUNA CUHTE3 U UCCIeA0BaHue CEHCop-
HbIX CBOMCTB MJIEHOK MONyNpPOBOAHUKOBLIX MaTepuarnoB, XMMUYECKMEe CEHCOpPbl, TOHKO-
nneHouHble UK-geTekTOpbI.

ABTop 6onee 350 ny6nukauun.

BBEAEHWUE

Mony4yeHne HOBLIX MaTepuanos, obnagato-
LLIMX CEHCOPHBLIMWU CBOMCTBaMU, 1 CO3AaHUE Ha UX
OCHOBE [,aT4YMKOB KOHTPOMS TOKCUYHbBIX U 3KOMOMU-
Yecku BpeaHblX ra3oB sIBMSIETCA aKTyarbHON 3a-
Aadvei aHanuTuyeckoro npubopocTpoeHus. OgHoum
N3 BaXKHeWLMX Npobrnem B aHepreTuke cumtaeTcs
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MOHUTOPUHIOBbIA 3KCNPECC-KOHTPOIb 3a coaep-
xaHuem okcuaos asota (NO, NO,) n moHookecuaa
yrnepoga (CO) B obIMOBbIX ra3ax, obpasyroLmnxcs
npu CropaHnn TONMMBa B SHEPreTUYECKMX KoTnax
T3L,. NepcnekTUBHLIM HanpaBlieHWEM €€ PeLLeHns
MOXeT ObiTb CO3AaHMe CENEKTUBHbIX XMMUYECKNX
CEHCOpOB, AeNCTBME KOTOPbIX OCHOBaHO Ha N3MEHe-
HMM OMUYECKOr0 CONPOTUBIIEHNSI XEMOPE3UCTUBHOIO
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MaTepuana noj BrMsiHUEM aHanM3MpyemMoro rasa.
XMMUYECKME CEHCOPbI, UCXOAS M3 NPUHLMNA CBOEN
paboTbl, UMEIOT MPW 3TOM peLuatoLLee NPenmyLLEecTBO
nepeg gaTyvMkamm aNeKTPOXMMUYECKOro TUNa.

Bonbluoe yncno paboT nocesLeHo paspaboTke
XUMMNYECKUX CEHCOPOB HA OCHOBE MaTepuarnoB OK-
cuaHon npupodsbl: SnO,, TiO,, ZnO, CuO, CdO nIn,O,
[1-3]. OgHoM 13 rmaBHbIX NPOGIEM MeTanNMoOKCUAHbLIX
OaTUYMKOB SIBMSETCS UCMNOMb30BaHNE OTHOCUTESNBHO
BbICOKMX pabounx TemnepaTyp go 423-1173 K [4].
Kpome TOro, um xapakTepHbl HM3Kas n3buvpaTens-
HOCTb 1 annapaTypHO-CMNOXHble CNOCOObI NOMNyYeHns
C UCNONb30BaHNEM BaKyyMHbIX TEXHOITOTUIA.

PaHee B Hawwmx paboTax [5—7] no onpeaeneHuto
OKCMAOB a30Ta B Bo3ayxe bblna npoaeMoHCTpupoBaHa
3P (PEKTMBHOCTb NPUMEHEHNS CEHCOPHbIX 3N1IEMEHTOB
Ha OCHOBE TOHKUX MIIEHOK Cyrnbduraa cBMHUA, nony-
YEHHbIX MO OTHOCUTENBHO NPOCTON rMAPOXMMUYECKON
TEXHOMNOrMK. IX OCTOMHCTBaMM ABNSANUCH BblCOKas
n3bnpaTtenbHoCTb M paboune TemnepaTtypsbl, 6nuskme
K KOMHaTHbIM, YTO CYLLECTBEHHO YNpoLLaeT BONpOoChl
KOHCTPYMPOBaHUS 1 3KCnyaTaumm npmbopoBs. 3Haum-
TeNbHO pacLUMPUTL KPYr CEHCOPHbLIX MaTepuanos A
rasoBOro aHanu3a no3BonseT fernpoBaHue cynbgu-
OB MeTansoB pasnuyHbiMu fobaBkamu, Hanpumep,
cepebpom, nmbo hopmmupoBaHme TBEPALIX PACTBOPOB
Ha nx ocHoBe [8]. OcobblIi MHTEPEC B KAYECTBE TaKMUX
MaTepuvarnoB, NpeAHa3Ha4YeHHbIX 4115 0GHapyKeHus
N KOHTPOMS CoAep)XaHus OKCMAOB a30Ta M MOHOOK-
cvpa yrnepoga B BO3AYLLHOW cpefe, NpeAcTaBnsoT
MNIeHKM TBEPAbIX PACTBOPOB 3aMeELLEHUS B CUCTEME
cynbcung cemHua — cynbdua cepebpa [9].

Llenbto HacTodwen paboTkbl SBNANOCL Uccne-
OOBaHNE BO3MOXHOCTU UCMOSb30BAHUSA XUMUYECKN
OCaXAEHHbIX MIEHOK TBEPAbIX PACTBOPOB 3aMeLLEeHNS
B cucteme PbS - Ag,S B kayecTBe maTepuana xumm-
YeCKMX CEeHCOPOB ANd onpeaeneHnsi B BO3A4YLLIHON
Cpee OKCMAOB as3oTa M MOHOOKCMAa yrnepoja.

AOKCMNEPUMEHTAJIbHAA YACTb

O6bekTaMu uccrnegoBaHusi B paboTe SBNSNUCh
CEHCOpPHbIE 3MeMEHTbI Ha OCHOBE XMMMUYECKU OCax-
OEHHbIX NNEHOK TBEpAbIX PAaCTBOPOB 3aMeLleHNs
Ag,Pb, S (0.08 < x < 0.16).

OcaxaeHvie NeHoK TBepablX pacTBOPOB NPOBO-
avnu B uHTepsane Temnepatyp 303-343 K Ha cutanno-
Bble NOANOXKM B TedeHne 60-120 M1H 13 peakLMOHHOM
cmecw, coaepxatlen auetat cemHua Pb(CH,COO0),,
Hutpat cepebpa AgNO,, umtpat HaTpusi Na,C.H.O,,
ruapokeuna ammonua NH,OH n tnokap6amug N,H,CS.
BbIno ycTaHOBMEHO, YTO COCTaB CoeB PaKTUYECKN
onpefgenseTcs COOTHOLLEHNEM CKOpocTen obpaso-
BaHWS MHAMBUAYANbHbLIX CynbpnaoB meTannos. B
HacTosLen paboTe 3To 0becneynBanocb U3MEHEHNEM
KOHLeHTpauun conu cepebpa B peakLOHHOM CMecK
o7 1.010° g0 1.2-102 monb-n™'. B pesynbraTe cMHTE3a
ob6pasytoTcsa bnectawme nneHku TonwmHon 300-600
HM, obnagatoLime xopoLuern aaresven K NoAnoXKe.

OnemMeHTHbIN aHanM3 o6pa3suoB NIEeHOK NPOBO-
OWnn Ha MrkpoaHanuaaTtopax Camebax npu Hanpsike-

Hun 14 kB nnn Superzond JCXA-733c, ocHalleHHOM
aHeprogucnepcmoHHbiMm criektpomeTpom AN 10/85s
npu yckopsitoem HanpsikeHun 20 kB 1 Toke 3oHaa
510-° A c ucnonb3oBaHeM CTaHAapPTHbIX 06pa3LoB
dupwmbl Link. AHann3aupyemasa nnowaab obpasua
npu KaXxxgom namepennn coctaensna 200x150 mkm2.
Bce onpenenexns npoBoavnv B Tpex napanmnensx.
ONeKTPOHHO-MUKPOCKOMNUYECKNE UCCIIeA0BaHWS Bbl-
NOMHEHbI C MOMOLLbIO PAacTPOBOro 3NEKTPOHHOIO
Mukpockona Scanning Electron Microscope JEOL
JUS-5900 LV.

CdopmMurpoBaHHbie U3 0CaXAEHHbIX NITEHOK
TBepAbIX pacTeopoB Ag Pb, S CEHCOpHbIE 3NeMeHTbI
MUMenun pasmepbl YyBCTBUTENBHOM MOBEPXHOCTH 5X5 MM?2,
B kauyecTBe KOHTaKTHbIX MOLWAA0K UCMOMb30Banm
NIIEHKY 3NTIEKTPOXUMUYECKN HAHECEHHOIO HUKENS.
OTKMMKOM CEHCOPHbIX 3NIEMEHTOB Ha aHanU3npyemble
rasbl CMyXno n3mMeHeHNe OMUYECKOTO COMPOTUBNEHUS
3rieMeHTa No CPaBHEHUIO C ero UCXOAHbBIM 3HaYEeHN-
eM. VIamepeHue oTknvka NpoBogUNIN B repMeTUYHOWN
SYenKe N3 HepXkaBetloLlen cTasnm ¢ NoOMOLLbIO YHUBEP-
carnbHOro KoméurHupoBaHHoro npubopa LL-302. MNpwn
BbIMOSTHEHUM PA0OThI NCMOSb30BANN ra30BO3AYLLUHbIE
CcTaHdapTHblIe CMeCcu C coaep>aHneM okcuaa a3oTa
NO (220 mr-m~®), anokenaa asota NO, (200 mr-m=3),
MoHookcuga yrnepoga CO (166 mr-m~2). Nocne 5-mu-
HYTHOrO KOHTaKkTa C ra3oBO34YLUHOW CMEChIo ornpe-
Oensin OTHOCMTENbHOE U3MEHEHNE COMPOTMBIEHMS
CeHcopHoro anemeHTa no hopmyne (R- R )R, = AR/
R, rae R, R—omu4yeckoe conpoTuBneHne afieMeHTa
[0 1 rocrne KOHTaKTa ¢ ra3oM. TemnepaTtypa cMecemn
coctaBngana 295 K, otHocuTenbHas BnaxHocTb 48 %.
[ns BapbupoBaHus paboyen TemnepaTypbl CEHCOP-
HOro anemeHTa obpaseL, MOHTMpPOBaNN Ha TEPMO-
anekTpuyeckui xonoauneHuk (TA0), paboTatoLmin
Ha acpdekTe MenbTbe [10].

PE3YJIbTATbI U UX OBCYXXAEHUE

Mpn pa3paboTke XMMUYECKUX CEHCOPOB Ha
OCHOBE MONYyNPOBOAHUKOBBLIX TBEPALIX PACTBOPOB
Ag,Pb, S nonesHbl NpeacTaBrieHns 0 eAnHO KBaHTO-
BO-MeXaHU4YeCKoW CUcTemMe NnonynpoBOAHMK — aacop-
bupyemas yactuua [10]. Mpur 3TOM 3a CHET NCKaXEeHUS
30HHOW guarpaMmbl NPUNOBEPXHOCTHBIX obnacTten
NonynpoBOAHMKA NPOUCXOANT U3MEHEHMNE KOHLEH-
Tpauum cBoOOAHbIX HOCUTENEN An, y4acTBYHOLLMX B
TOKOMNepeHoce, 1, cnegoBaTenbHO, Ero NPOBOANMOCTMU.
B 3aBMCUMOCTM OT akLLEeNTOPHOro UM AOHOPHOTO
XapakTepa B3anmoaencTeBmnsa agcopobmpyemMbix Mo-
neKyn rasa NpoBOAUMOCTb CEHCOPHOTO 3fieMeHTa
MOXET NMnbo yBenu4mnBaThbCsi, MMOO yMEHbLLATLCS.
MaeecTHo [10], uto Monekynbl NO, CO n NO, npu
aacopbunn Ha NOBEPXHOCTU OKCUAOB BbICTYNAOT
B Ka4yeCTBe JOHOPOB 3MEKTPOHOB. o aHanorum ¢
oKcumaamMm MOXHO nonaraTb, YTO HavanbHas ctagus
XemMocopbLumMmM 3TUX ra3oB Ha MOBEPXHOCTU MIEHOK
XanbKOreHMgoB MEeTaoB NPUBEAET K YBENTUYEHUIO
npoOBOAUMOCTHU, KOTOpas ByaeT onpenenaTbcs ns-
MEHeHMeM KOHLeHTpaumm HocuTenen 3apsga An/n.
Mpu atom daktndeckn An/n = ARIR . Bennimxa un
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Puc. 1. MukpodpoTorpaduu nneHok PbS (a), Ag, ,,Pb

WMHTEHCUBHOCTb agcopbuum ra3a byaet onpeaenstbes
Mopororner crnos, ero yaernbHoOW NOBEPXHOCTHIO, a
Takxe PU3NKO—XMMUYECKON NPUPOAON maTepmana
CEHCOpPHOro ariemMeHTa 1 agcopbara. NocnegHuin n3
npuBedeHHbIX hakTopoB ByaeT hakTUYECKN Xapak-
Tepu3oBaTb U3bUpaTENbHOCTL NpoLEecca, a Takxe
HanpaBfeHVe N3MEHEHVS NPOBOAMMOCTM (MOBbILLEHNE
UIN CHKEHUE €€ BENNYMHDI).

B HacToswen paboTe Obinn nccrnegoBaHsbl
CEHCOpPHbIE 3MIEMEHTBI Ha OCHOBE MNIIEHOK TBEPAbIX
pacteopos Ag Pb, S, rae x namensinocs ot 0.08 go
0.16. PeHTreHoBCKME nccnegoBaHns nokasarnm, Yto no
COCTaBy OHM NPeACTaBNsAT COOON NepechbIeHHbIe
TBepable pacTBopbl 3ameLeHns [9]. MNpun yBennyeHnm
koHueHTpauun AgNO, B peakTope ot 1.0-10- 10 1.210-2
Mornb-n~' HabnaaeTcs yBenuyeHne coaepxaHus
cepebpa B KpucTannuyeckon ctpyktype Ag Pb, S.
Pasmepbl hopMUPYOLLMX CIIOM KPUCTANIMTOB YMEHb-
watotcs npu atom ¢ 500-600 go 200-300 HMm.

Mo gaHHBbIM 3NEKTPOHHO-MUKPOCKOMUYECKNX
nccnefoBaHUN MOMYYEHHbIX NIIEHOK BBEAEHNE B
peakUMOHHY cMecb cepebpa 3amMeTHO BRMSET Ha
nx mopdgonoruto (puc. 1). Tak, ecnv crnon cyneduaga
CBUWHLLA COCTOMUT U3 KPUCTANNMUTOB NONMU34PUYECKOW
dopmbl (puc. 1, a), To yxke HebonbLuas (5-10-° monb )
nobaBka conu cepebpa NpMBOAUT K pE3KOMY 3MEHE-
HWIO OPUEHTaLUN rpaHen pocTa MUKPOKPUCTansos n
YMEHbLLEHWIO X pa3MepoB. [JeNCTBUTENBHO, B NNEH-
Kax, Nosly4YeHHbIX NPy CodepXaHun B peakLMoHHON
cmeck 2.0-1073 1 1.2:10-2 monb-n~ AgNO, (puc. 1, b

412

s0.79 (b)’ AgO.52Pb

S, 55 (€) W Ag,S (d). nneHkm (b) u (c)

0.48
noryyYeHbl COBMECTHbIM OcaxaeHneM cynbdunaos ceuHua 1 cepebpa npu T = 303 K 13 peakunoHHom cmecu,

coaepxatlen 2.0-107* n 1.2:10~2 monb-n~' AgNO, cooTBeTcTBEHHO. COCTaB peakLMOHHON CMecu, MoMb N
Pb(CH,COO0), - 0.01, Na,C,H,O, - 0.3, NH,OH - 4.0, CS(NH,), - 0.4

1, €), paamepbl KPUCTANIUTOB COOTBETCTBEHHO PaBHbI
300-600 n 100-200 HM. Bo Bcex cnosx kpuctannu-
Tbl OMIM3KM MO pasMepy U paBHOMEPHO MOKPbIBAKOT
NOBEPXHOCTb NOANOXKN. OgHAKO Ha 3NEKTPOHHOM
n306pakeHNn MNIeHKN, MOy4YEHHON N3 peakLMOHHON
CMecu C cogepaHmem HuTpaTa cepebpa 1.2:1072
Monb-n~ (puc. 1, ¢), Mexay Kpuctannmyeckummn 3ep-
HaMW MOXHO 3ameTuTb B6ornee TeMHbIE NPOCIIONKK
amopHoi dasbl Ag,S.

Mpv nsmepeHnn OTKIIMKa CEHCOPHbIX ANIEMEHTOB,
Kak npaBwuno, ycTaHOBMEHAa YeTKasi KOppensLMoHHas
3aBUCMMOCTb MeXy coaepXaHueM B ra3oBor ase
onpenensiemMoro raza h OMM4YeCKUM COMPOTUBIIEHUEM
obpasua. Bo Bcex cnyyasix conpoTUBAeHne CEHCOp-
HbIX 911EMEHTOB MOCIIE KOHTAKTa C uccnegyemMmbimMmu
rasamu CHmxarnocb. Ha puc. 2 npyegeHbl TUMUYHbIE
KWHEeTUYEeCKNe 3aBMCUMOCTM OTKITMKA CEHCOPHbIX
3M1eMEHTOB K Anokcmay a3oTta. BugHo, 4to knHeTumka
apcopbumoHHoro Bammogeictens NO, ¢ 4yBCTBUTENb-
HbIM 3NIEMEHTOM BMOJIHE YAOBMETBOPUTESNbHA: YXKe
KO BTOPOM MUHYTE KOHTaKTa C ra3oM OTHOCUTENbHOE
N3MeHEHNEe OMUYECKOrO CONPOTMBIIEHMS CEHCOPOB B
BonbLUMHCTBE criyvaeB cocTaBuno 45-47 %.

BbIno ycTaHoBNEHO, 4TO NpoLecc aacopbumoH-
HOro B3aMOAENCTBUA UCCIeayeMbIX ra3oB obpaTnm:
OMMWYECKOE COMPOTUBIIEHNE CEHCOPOB MNOCIE U3BIe-
YEHUS N3 N3MEPUTENBHOW AYENKM B TEYEHME 2-3 YacoB
BO3BpALLAETCHA K UICXOAHOMY YPOBHHI0. AHANOrMyHbIN
pesynbTaT Mo periakcaunm CEHCOPHOro 3reMeHTa
obecrneymBaeT ero KpaTKOBPEMEHHbIN HarpeB A0
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Puc 2. OTKNMK CEHCOPHbIX 31IEMEHTOB Ha OCHOBE
MMeHOK TBepAbIX pacTBOpOB 3amelleHns Ag Pb, Sot
BPEMEHV KOHTaKTa C AnoKCcMaoMm asoTta. KoHueHTpaums
HuTpaTa cepebpa B peakUMOHHON cMecu, Mosnb "
11073 (o), 2:1073 (m), 3-10-3 (#), 5102 (0). TemnepaTypa
cuHTesa 303 K. Cogepxarue NO, B razoBo3ayLLIHON
cmecu: 200 mrm~3

353-373 K B TedeHne 15-20 cekyHA. MonyyeHHble
[AaHHble roBOPAT 0 hM3n4eckoM xapakrtepe agcopob-
LuM uccrnenyeMblx ra3oB nreHkamu v npegnonaratoT
NnoTeHumnanbHy BO3MOXHOCTb MHOropa3oBoro unc-
Nonb30BaHNs UCcreyeMblX CEHCOPHbIX 31EMEHTOB.
MpoBeaeHwue 30-40 LMKNOB “UsMepeHune — penakcaumsa”
NPOAEMOHCTPUPOBANY NOBbILLEHWNE MCXOLHOTO YPOBHS
OMMWYECKOro CONpPOTUBMEHUSA 3rieMeHToB He Bonee
yem Ha 10-15 %. CeHCOpHbIe aNeMeHTbI MPaKTUYeCKN

ARIR, (%)

CO

-10 & TR 1 TR T I |
0.005 0.010 0.015 0.020

-1
Cagno, (Momn™)

Puc. 3. OTKNUK CEHCOPHbIX 3N1EMEHTOB Ha OCHOBE
nneHok Ag Pb, S, nony4eHHbIx 13 pacTBOpOB C pas-
NNYHOM KOHUEHTpaunen HuTpaTta cepebpa, nocne
NATUMUHYTHOMO KOHTaKTa C ra3oBO34YLLUHOM CMECHIO
npu temnepatype 295 K. KoHueHTpaums rasa B cMmecu
¢ Bozayxom: (o) 200 mr-m=> NO,, (e) 220 mr-m= NO,
(V) 166 mr-m= CO

He M3MEHSN CBOMX XapaKTEPUCTUK BO BPEMEHN Ha
NPOTSXeHUN 4-5 neT XpaHeHus.

Ha puc. 3 xopoLwo BUAHO, YTO NS KaXXgoro
nccreayemoro rasa CyLecTByeT CBOS OnTMMarnbsHas
peLenTypa peakLUMOHHOW cMecu, obecnevmBaroLas
OCaX[eHwWe NMeHKM onpeaeneHHoro coctTaBa C Makcu-
MasnbHOW BENMYMHOWM OTKIMKA K HEMY. Tak, Hanpumep,
npu KOHUEHTpauum HuTpaTa cepebpa B peaktope
310~ monb-n~" Ha kpmBow oTknmka NO cdmkcupyeTcs
OCTPbI MaKCUMyM, XapakTepu3ayoLmin U3MEHEHNE
COMPOTMBIIEHNS CEHCOPHOTIO 3fIeMEeHTa Ha BEJNTMYNHY
oonee 70 %. No gaHHbIM peHTreHoha3oBoro u ane-
MEHTHOro aHanns3oB NfeHKa, UCNoNb30BaHHas Ans
N3roTOBMNEHMSA AHHOTO CeHcopa, UMEET B CBOEM CO-
CTaBe Hapsay C TBepAbIM pacTBopoM Ag .Pb, .S, o
amopdHyto dhasy Ag,S. OTHocUTeNbHasA NOrpeLIHOCTb
onpegeneHnst okcmaa asota 3TUM CEHCOPOM COCTa-
Buna +11.9 %. YBenuyeHme KoHUEHTpauum HTpaTta
cepebpa B peakumoHHon cmecn go 2.0-10-3 monb-n-'
obecneumBaeT nony4yeHne ogHodasHbix 6onee 06o-
rawieHHbIx no cepedpy nneHok Ag, ,,Pb, .S, os- OaHaKo
3TO NPUBOAMT K PE3KOMY CHUXXEHUIO OTKITMKA CEHCOp-
Hbix aniemeHToB No NO o ~30 %. Npun onpeaeneHnmn
OMOKCMAa a30Ta yKa3aHHbI Bbille COCTaB TBEPAOIo
pacTBopa, Ha0b0pOT, UMEET MaKCMManbHbIN OTKUK MO
3aTOMYy ragy (~60 %) C OTHOCUTENBHON NOrPELLHOCTLIO
onpegeneHusi okono +11.3 %.

Yto kacaetcs onpegenexust CO, To YyBCTBU-
TENbHOCTb K HEMY CEHCOPHbIX 3JIEMEHTOB MOHOTOHHO
BO3pacTaeT C yBENMNYEHMEM B PEAKLMOHHOM CMEeCK
KOHLIeHTpauwum conu cepebpa npu XMMMYeCKOM CUHTE3E
(puc. 3). MNpu nosbiweHUn koHueHTpauum AgNO, fo
8.0-10- monb-n~' oTHOCUTENBHOE M3MEHEHMWE COMPO-
TMBIIEHNSI CEHCOPHbIX 3IEMEHTOB COCTaBWIIO OKOMO
10 %. B aTom cnyyae nneHka cogepxut ~73 monb %
TBepaoro pacteopa Ag, ,.Pb,;,S, 4, ¥ ~27 monb %
amopdHoro Ag,S. Mo pesynbTaTtam aKCNepuMeHToB
OTHOCUTESNbHAas MOrPeLUHOCTb ONpeaeneHnsi MOHO-
okcuga yrnepoga CeHCOpPHbIMU dfieMeHTamu npu-
BeJeHHoro coctaBa +15.1 %.

3HayeHUs HUXKHEro KOHLEeHTPaLWUOHHOro no-
pora o6HapyxeHusi NO,, NO n CO, dukcnpyemoro
no ypoBHI0 oTknuka 2.5-3.0 % oT ero makcumyma,
cocTaBunu 4nst Hanbornee YyBCTBMTENbHBLIX 06pa3LoB
nneHok cooTBeTcTBeHHO 0.8, 1.5 1 10-15 mr-m~3. OueHka
pesynstaTtoB aHanusa NO,, NO un CO ceHcopHbiMK
3fleMeHTaMm 3a CHET NPUCYTCTBUSA CONYTCTBYHOLLMX
razos CO, go 120 rm~3 1 SO, go 2.0 r-m= nokasana,
YTO OTHOCUTENbBHASA NOrPELLIHOCTb OnpeaeneHns no
CPpaBHEHWIO C KOHTPOMbHBLIMU OMNbITaMW HE NPEBbILLAET
B NepBoM criyvae +4.5, a Bo BTopoM 15.2 %.

Takum 06pasom, ycrnosmst popMrpoBaHMS MIEHOK
NPV XMMUYECKOM OCaXXOEHUM C YY4ETOM UX KOHKPETHOTO
COCTaBa V1 BbISIBIIEHHBIX Pa3nu4ynii B NOBE4EHUM MOTYT
ObITb MCNOMNBb30BaHLI 411 CO34aHUS YyBCTBUTENBHbLIX
3MIEMEHTOB XMMUYECKUX CEHCOPOB HA MOHOOKCUA
yrnepoga, okcug n guokemg asota. CoBMecTHOE npu-
CyTCTBME OKCMAA 1 AUOKCUAA a30Ta B COM3MEPUMBbIX
KONMYeCTBax MOXET, Cyas Mo NofyYeHHbIM pesynsratam,
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YBENUYNTB NOMPELLHOCTb MX onpeaeneHmns oo £(25-30)
%. OgHako, cnefyeT NpUHATL BO BHUMAHUE, YTo ANs
OTXOASALWMX AbIMOBbIX razoB TOL, rae cogepxanune NO
bonee YyeM Ha NOPSASOK NPEBbLILLAET KOHLIEHTPaLMIO
avokcuaa asota (cootBetcTBeHHO 200-250 n 10-20
MM~3), MpaKTUYECKU BaXKHOW ABNSAETCA X CyMMapHas
aHanuTtnyeckas koHueHTpauusa (NO ), onpenenexHuve
KOTOPOW NPOBOAST MO pe3ynbTatam npeaBapuTenbHON
rpagyvpoBKM CEHCOPOB.

3AKNIOYEHUE

VlccnepoBaHbl CEHCOPHbIE CBOMCTBA XMMUYe-
CKM OCaX[i€HHbIX MIEHOK NepechILLEHHbIX TBEPAbIX
pactBopoB 3amelleHns Ag Pb, S, (0.08 <x<0.16)k
npucyTcteumio B Bo3ayxe NO,, NO n CO. YcraHosneHo,
YTO ANdA onpefeneHns KaXxaoro n3 HUX cyllecTByeT
CBOS ONTUMarnbHas peLenTypa peakLnoHHOM CMeCcH,
obecneumBatoLLlag opmMupoBaHMe cocTaBa NNeHKn
C MakcuMarbHbIM OTKIIMKOM. OBpaTMbIn XapakTep
aAcopOLUMOHHOro B3anMOAENCTBUSA UCCIIEAyEeMbIX
rasoB C CEHCOPHbIMM 3ieMeHTaMu npegnonaraet
BO3MOXHOCTb MX MHOrOpa3oBOro UCMNosib30BaHUS.
OTHOCUTENbHAs NOrPELUHOCTb ONpeaeneHns OKCnaoB
a30Ta ¥ MOHOOKCMAA Yriepona CEHCOPHbIMU 3NEMEH-
Tamu B Bo3gyxe coctasuna *(11.3-15.1) %. HuxHun
KOHLIEHTPaLUMOHHBbI nopor o6HapyxeHus NO,, NO
n CO, cukcupyembli No ypoBHIO OTkNmka 2.5-3.0
% OT ero MakcumarbHOWM BENUYNHEI, AN Hanbonee
YYBCTBUTENbHbLIX 0OpPa3LoB NfIEHOK COCTaBMIT COOT-
BeTcTBeHHO 0.8, 1.5 n 10-15 mr- m~3. MpucyTcTBME
conyTcTBytowumx rasos: CO, o 120 rm=2 un SO, oo
2.0 rm~2 yBenmymMBaeT OTHOCUTENBbHYIO MOrPELLHOCTb
onpeeneHnsa cCooTBETCTBEHHO Ha £4.5 1 5.2 %. Ta-
KM 0Opasom, NonynpoBOAHUKOBbIE CIIOM HA OCHOBE
XUMWYECKN CUHTE3UPOBAHHbIX TBEPAbIX PAaCTBOPOB
cynbdung cBrHUa — cynbdug cepebpa nepCcneKkTUBHbI
B KQYeCTBE MaTeprarnoB YyBCTBUTENbHbIX 3IEMEHTOB
XUMNYECKNX CEHCOPOB AN 0bHapyXeHus n onpeae-
nexus NO,, NO, CO.
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THIN FILM CHEMICAL SENSORS BASED ON Ag Pb, S FOR
DETERMINATION OF NO,,NO, AND CO CONTENT IN AIR
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A possibility to use sensor elements based on chemically deposited thin film solid solutions
Ag Pb, S for determination of nitrogen oxides’ (NO, NO,) and carbon monoxide (CO) content in air

has been studied.

Keywords: chemical sensors, analytical control, lead sulfide — silver sulfide solid solutions,

nitrogen oxides, carbon monoxide.
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