CAMAPKAHJI JABJIAT YHUBEPCUTETH XY3YPUJIATYA UWJIMHIA
JAPAKAJIAP BEPYBYMU Ph D.28.02.2018.K.02.05
PAKAMJIN NWJIMUU KEHI'AILI

CAMAPKAH/I JABJIAT YHUBEPCUTETH

JINKOBUJIOBA MABXKYJIA SPI'AHIIBOEBHA

METAHHUHI MOHUTOPUHT'M YYYH KUMEBUI CEHCOPJIAP
APATHUI

02.00.02 — AHaauTHK KHUME

KNUME ®AHJIAPU BYHHUYA ®AJICAPA JJOKTOPHA (PhD)
JINCCEPTAIIUSICU ABTOPE®EPATH

Camapkana — 2019



YK 543.27.272.1.272.6.

dancada noxkropu (PhD) nuccepranusicu apropedeparn MyHIAPHUKACH
Oraasiienne aBropedepara aucceprauum 1okropa ¢puaocopuu (PhD)
Contents of dissertation abstract of doctor of philosophy (PhD)

JmKooma0Ba Magikyna JpramdoeBHa
MeTaHHUHT ~ MOHUTOPUHTHM  YYyH  KUMEBUM  CEHCOpJIAp
SIPATHIILL .....vveeesetveessstteeessssseesssssseesansseeesssbeeeesasbeeesanbeeesansbeeeennsseeeasnneas 3

JmKo0ua0Ba Mag:kyna JpramooeBHA
Pa3paboTka XMMHUYECKUX CEHCOPOB JJII MOHUTOPUHTA METaHa........ 22

Eshkobilova Mavjuda Ergashevna.
Development of chemical sensors for methane monitoring........... 42

JbJIOH KMJIMHIaH HLLJIAp pyHXaTH
Crucok onyOJUKOBaHHBIX pabOT
List of published WOrks. ..o, 45



CAMAPKAHJ JABJIAT YHUBEPCUTETH XY3YPUJIATY NIMHIA
JAPAKAJIAP BEPYBUYHA PhuD.28.02.2018.K.02.05
PAKAMJIN NJIMUHU KEHI'ALI

CAMAPKAH/I JABJIAT YHUBEPCUTETH

JINKOBUJIOBA MABXKYJIA SPI'ALIBOEBHA

METAHHUHI MOHUTOPUHI'M YYYH KUMEBUI CEHCOPJIAP
APATHUI

02.00.02 — AHaauTNK KUME

KNUME ®AHJIAPU BYHHNYA ®AJICAPA JJOKTOPHA (PhD)
JTUCCEPTALIUSICU ABTOPE®EPATH

Camapkana — 2019



®ascada noxropu (PhD) nuccepranmsicn map3ycn ¥Y36exncron Pecnyéankacu Basupaap
MaxkaMacu Xy3ypuaaru oJinii arrecranusi komuccusicuaa B2019.PhD K-186 pakam onian
pyiixaTra oJIMHIaH.

Huccepraumsicu Camapkanz [lasnat yHuBepcuTeTHaa 0axxapuiraH.

Juccepraumst aBTopedeparu yu Twiga (¥30ek, pyc, uHram3 (pestome)) Minmuii kenram BeO-
caxupama  www.samdu.uz MaH3WJIATa xamzaa “ZIYONET”ax060poT-Tabaum TopTanuaa
WWW.ZIYONET.UZ man3unura >koiaaliTHPHITaH.

HNamuii paxoap: HacumoB Adayaino MyponoBu4
TeXHUKa (haHIapu TOKTOpH, Ipodeccop

Pacmuii onnmoHeHTIap: SAxmueBa 3yxpa 3usiToBHA
KM€ (haHIapu TOKTOPH, JOIEHT

PaxmaroB Xynoép boGonuészopuu
kuME (panmapu HOM30IU

Erakun Tamkuwior: V30exkucron Muuinii yHMBepCUTETH

Huccepranmsa xumosicn Camapkas gaBnaT yHuBepcureTn Xy3ypuaara PhD.28.02.2018.K.02.05
pakamiu VMW KEHTamTHUHT «__ » 2019 #iun coar  pmarm Maxiucuaa OynamO yramu.
(Mamswr: 140104, Camapkasp 111., YHUBEpCUTET Xu€0OoHu, 15 yi, ¢pusuka-kumeé ounocu, 3-kaeart, 305-
xoHa Tein.: (+99866)239-11-40, dhakc: (+99866) 239-11-40; E-mail: devonxona@samdu.uz).

Huccepranus 6unan CamapkaHja JaBiaT YHHBEPCUTETUHUHT AXOOpOT-pecypc Mapkasujia TaHU-
MO MyMKHH (_ pakamu Ounal pyiixatra onunrad). (Manswr: 140104, Camapkana 1., Y HUBEPCUTET
xu€oonwu, 15- yit. Ax6opoT-pecypc mapkasu. Ten.: (+99866) 239-11-51.

Hucceprauus aBropedeparu 2019 v «_ » Jla TapKaTHIIIH.

(2019 #imm «___ » Jard _ pakamuid peectp OaéHHOMAcH).

P.HopmaxmaroB
Wnmuit napaxanap 6epyBun
WJIMHIA KeHTalll paucu YpuHOOCapH,

T.¢.1., Ipodeccop

X.T.TpoGoB
Wnmuit napaxanap OepyBun
WJIMHHA KeHIall WIMAN KOTHOH, K.(.H., TOEHT

C.J.Apanb6aeB

Wnmuit napaxanap OepyBun
WJIMUH KEHTall Xy3ypuaaru WiMui
ceMHHap paucu ypunOocapu,
K.(.1., JOLEHT


http://www.ziyonet.uz/

KWUPUII (pancada nokropu (PhD) nuccepranusic aHHOTAIHASICH)

Juccepranuss MaB3yCHHUHT J0/13ap0JMra Ba 3apyparu. byryHru kyHzaa
nyHENa Typap KoM Ba UIUIA0 YMKAPUII KOpXOHAJIApH OMHOJapUaa Ky3aTUilaauran
SHT XaB(uu OaxTcu3 XoaucanapjaH OMpyu MEeTaHHHUHT noptiamuaup. OxaTna me-
TaHHUHT SHT nact noptoBuaH koHueHTpauuscu (IITIK) 5% Hu, sHr 10KOpU MOPT-
noBuaH koHueHtpamnusacu (FOIIK) 16% uvu tamkwun stagu. [y makcamgna umiad
YUKAPUII Ba Typap KO OMHOJApUHU NOpTiall Ba EHFUH XaB()CU3IUTUHU TaAbMUH-
JIOBYM KHMMEBHMI CEHCOpJap Ba CUTHAIM3ATOpJap SPATHUII MYXUM axaMusAT KacO
ATaaH.

XKaxonga Tabumii Ta3HUHT CU3UO YMKHUIIKA Ba TYIUIAHUIIMHU HIIOHWIN Ba
TE3KOp HAa30paTUHU TAbMUHJIOBYM ap30H KUMEBUN CEHCOpJIAp SIpAaTHUILITa aJIOXH1a
»pTHOOp  Kaparunmokma. CaHoaTm  pHBOXJIAHTAH  MamJjiakariapia  ras
CEHCOpJapUHHU MIUIA0 YMKApHUII COXAaCHUAard WIMHA TaJAKUKOTIAPHUHI TaxJIHJIN
IIyHU KypcaTaAuKH, TEPMOKATAIUTUK Ba SIPUMYTKA3TH4JIM CEHCOpPJIApJaH
doigananuin nopriaam XaBQUHUHT OJIJIMHUA OJIMIIA YHT WIIOHYIN XMCOOIaHaIH.
Tpancnopt, oHepreruka, HedTh Ba Tra3 CaHOATH CHUHTApU COXAJAPUHU
PUBOXIIAHUINM OWJIaH TJI00am MUKECIAa caHOAaT Ba Typap-KOW OOBEKTIAPUHHUHT
noptiam xaB)CU3NIMIMHU TabMHUHIAIITA OYynraH Tanmabiap ToOopa KydanuO
oopmokna. Hly cababmum €nMK SKONOTMK TH3UMIIAPDHUHI aTMocdepa XaBoCH
TapKUOMHU MIIOHYIN HA30paT KUIYBYM TE€3KOpP, CE3TUP Ba CEJIEKTUB CEHCOPJIAPHU
Miu1ad YUKUINra WYHAITHPWITAH TAJAKUKOTJIApHH Oa)kKapull MyXUMM Ha3apuil Ba
aMaJINi axaMHUAT Sragup.

PecnyOnukamMusia ra3 Ka3u0 OJMIN Ba YHUHT MCTEbMOJ KWJIUII XA KMUHUHT
OlIMIIM OuWJaH caHOAaT Ba Typap-*Koil OOBEKTIAPUHUHI aTMoc(epa XaBocHra
METaHHUHI CHU3M0 YMKUIIM Ba TYIUIAHUIIMHM aHUKJIOBYM 3KCIIPECC yCyJuiap,
MIIOHYIM CEHCOpJjap Ba CUTHAIM3ATOPJIApHU MIUIA0 YUKUII Oyiinya MyaisiH
MIMHII HaTIDKanapra OSpHUINMIMOKAA. Y30GEKHCTOH Pecrny6GimKacHHH —sHaaa
PUBOKIIAHTHPUII OYiiMYa XapakaTjiap CTpaTeruacuaa’ «MaxaauMid XoM alléHH
YyKyp KalTa HIUIAIra acOoCJIaHraH IOKOpU KyIIMM4Ya KUKWMATId MaxCyJoT Ba
TEXHOJIOTHSUIADHUHT SIHTW TYpJIADUHU UIUIA0 YHKApHI, [Ty acocJa WYKH Ba
Tamku ~ Oo3opiapia  MaxaJuiuid  TOBapJIApHUHT  pakoOaTOApONITUTHHU
TabMUHJAND Basudanapu Oenrunad Oepunran. by Oopaga, unuad YuKapuil
KOpXOHaJapH, TPAHCIIOPT Ba Typap->KOH O0OBEKTIApUHUHT, EHFUH XaB()CU3IUTUHA
TabMUHJIAII MYXUM aXaMHST KacO 3TaJlu.

V36exncron Pecny6mukacu Ilpesumentununar 2017 imn 7 ¢eppangaru
«V36eKuCcTOH PecniyOnukacuHu sHaga pUBOAIIAHTUpUII Oyiinuya Xapakatiap
ctpaterusicu Tyrpucusiantu [1dD-4947-con @apmonu, 2018 #un 25 okTsadbpaaru
“Y36eKkncToH Pecry6imkacH KMME CAHOATHHH JKaJajd PHBOXKIAHTUPUII HOPa-
tanoupnapu tyrpucuaa’ tu [1K-3983-con Ba 2018 itun 17 suBapaaru «Mamiakat
UKTHCOMUETH TApPMOKJIAPUHUHT Tajla0 IOKOpWM OYITraH MaxCyJOT Ba XOM aié
Typiiapu OunaH Oapkapop TabMUHJIAHUIN Yopa-Tanoupnapu Tyrpucugantu [1K-

11V36exucton Pecny6mukacu IIpesupentunmar 2017 iimn 7  depangarn  I1d-4947-con  «Y36eKncToH
PecniyOnukacuay sSTHa1a pUBOSKIAHTHPHIN OYiinda XapakaTiap CTpaTerusicH TYFPUCHAA»TH HapMOHU.
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3479-con Kapopnapu xamma maskyp (aonusTra TETHIUIA OOIKa MEbEpUN -
XYKYKUH XyxoKaTiapja OeilruiaHraH BasudaliapHu amalira OlIMpulia yuoy
JYcCepTalns TAAKUKOTH MyailsiH Japa)xaaa Xu3Mar Kujaaiau.

TagKuKOTHUHr pecny0anka GaH Ba TEXHOJOTMSJIADH PHBONKJIAHUIIN
YCTYBOp HYHAIMIIIaApUra MocJauru. Maskyp taakukotiap Pecnybnuka ¢an Ba
TEXHOJIOTHsJIapU  pUBOXJIAHUMIIMHUHT  VII  «KuM€  TexHoJsorusiapy  Ba
HAHOTEXHOJIOTUSIapU» YCTYBOP UYHaIUIIMIra MyBoGUK OaXkapuiiraH.

MyaMMOHMHI YPpraHWIraHJIuK gapazkacu. JlyHéHuHT Oapua pUBOXKIIaHTaH
MaMJIaKaTIapuaa 3axXapiv, €HIW1 aJaHTAIaHYBYAaH Ba IOPTIOBYAH Ta3JIAPHUHT
MOHHMTOPUHTH yUyH yCyJUIap Ba CEHCOpJap UIUIA0 YUKUIITa KapaTuiral TH3UMIN
TaAKUKOTIap onub Oopuiamokna. byHma acocuit 3pTHOOp EMHMK  9KOJIOTHK
TU3UMJIApAaru ra3 apajaliMaIApUHUHT MOPTiIaml XaB(UHM HIIOHYIM Ha3opar
KWIMIIHY TabMUHJIAUIWTAH OKCIPECC Ba CE3TUP CEHCOPJIAPHU SPATHILTA
KapaTuirad. XycycaH, xopwkuit TagkukoTamnap Sheikh A., Prabir K., Persaud K.,
Dodd G., Routkevitch D., Mardilovich P., Govyadinov A., Chang J.F., Stamataki
M., Calestani D., Zha M., Mosca R., Corcoran P., Shurmer H.V., Gardner J.W. Ba
OOIIKAJTApHUHT TAJAKUKOTIApHUAa rasjiap apajalliIMACUHUHT TapKUOMHH Ha30patr
KWIUII Y49yH METOJUIap Ba CEHCOPJApHM HIUIA0 YMKUINra ajoxuaa IbTHOOp
KapaTUJIraH.

MIX wmamnakatiapuaudr ongumiapunan lllep6ans A.H, ®ypman H.U.,
Kapnos E.®, I'omuasko B.U, PsazanoB A.B., Monoaeukun M.B., Cucoes B.B,
JlamkoB A.B. Ba Jlo6poxotoB B.B nap ToMoHuaan atpo-MyXuT OOBEKTIAPUHUHT
Ha30paTH y4YyH METOJJIAp Ba CEHCOPJIAPHM SIPATHIN, LIy XyMJaJgaH, €HyBYaH
raznap Ba OyfJIApHUHT TEPMOKATAIUTUK CEHCOpPJAPUHHU spaTul Oyiinya
dbyHIaMeHTalIb TAAKUKOTIIAp 0O OOPHIMOK/IA.

V36exucron onmmmiapy, my xymiaagan T.K. Xampakynos, H.C. 3akupos, P.X.
Jlxusnb6aeBa, A.M. TI'epoprsn, A.M. Hacumon, 3.A.CmaHoBa Ba Oomkaiap
HKOJIOTUK OOBEKTIAPHU MOHUTOPHUHI KHJIWII YCYJIJIapU Ba CEHCOPJIAPUHH HIILIa0
YUKHIL MyaMMOJIAPUHU XaJl KWINIITa KaTTa Xucca Kylrasiap.

SHrM  TEXHOJNOTHSAJAPHU  JKOPUM OSTUII Ba  AHAJIUTUK  HA30paTHU
PUBOXKIJIAHTUPUIN OWiaH Oupraaukaa MOJAJMAJapHU aHUKJIAIl YCIyOJIapUHUHT
CE3yBUAHJINTU Ba CEJICKTUBIUTHUIa HHcCOAaTaH KyWuiaérraH Tamabimap Xam OpTHO
oopmokna. byryHrn KyHga MeTaHHM Tra3 — apajammManapu  TapKuOuaaH
AQHUKJIAIIHUHT STHTHM, WIFOP Ba 3aMOHABUM TEPMOKATAIUTHUK Ba SPUMYTKA3TUUIU
yCyJUlapd Ba CEHCOpPJIAPUHU MIIIA0 YMKHILI CaHOAT KOPXOHAJapH, TPAHCIOPT Ba
Typap >KOH KOMMYHal XYKalUrd OOBEKTIAPUHUHI EHFUH XaB()CU3IUTUHU
TabMHHJIAIl UMKOHUHH Oepaiy.

JAuccepranuss MaB3yCMHUHI JAMCCEPTAIMS O0aKAPWITraH OJHMHA TabJIUM
MYacCaCACHHMHI WIMMU-TAAKUKOT pe:kajapu Ousan Ooramkauru. Jluccepra-
uus Tagkukotu CaMapKaHj JaBjiaT YHUBEPCUTETU WIMHN-TAIKUKOT PEKACUHUHT
NAT-12-07 «KumEBuii CEHCOpIApHUHT SHTH aBJIOAM YYYH Ta3 CE3rUp OpraHo-
HOOPTaHWK HaHOMaTepHaUIap CUHTE3UMHUHT (PU3UK-KUMEBHI acociapy Ba TEXHO-
JIOTUACUHU sipaTUIDy MaB3ycuaaru amanuii (2012-2014 i:) Ba OT-®7-84 “Ku-
MEBUIN CEHCOPJIAPHUHT SIHTM aBJIOJY YUYYH ra3 Ce3rup MaTepuasuiap CUHTE3U Haza-
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puil acoclapuHU TaAKUK OSTUI MaB3ycunard ¢yamamentans (2016-2020 ii.)
Jouxanap [oupacuia baxapuira.

TagKMKOIHUHI MAKCAIM METaH Ta3WHU CE3rHp Ba CEIEKTUB KUMEBHUIM CEHCOpIIa-
pUHU MIIUIA0 YUKMIII Ba yiap acocuia TaOMHii Ta3HU FOKOPU caMapaii CUTHaIU3aTopIia-
pH Ba ra3 aHAJIM3aTOPIIAPUHU SIpATUIIIaH KOOpaT.

TagkukoTHUHr Basudanapu: EHyBYaH MOJJAIAPHUHT  OKCHJJIAHUII
KOHYHJIApUHU Ba METAHHUHI CEJIEKTHB TEPMOKATAIUTUK CEHCOPU YYYH
KaTaJau3aTop TapKUOWHU aHUKJIAII;

€MUK SKOJOTUK TH3UMIIap atMocdepa XaBOCH TapKUOWAaH TaOWWU Ta3HUHT
MOPTJIOBYAH  KOHIICHTPAIUSCUHU  TEPMOKATAIUTUK  yCYyJJa  AaHUKJIAIIHUHT
Oapkapop, CEJNeKTHMB Ba IOKOPHM CE3TUPJWTUHA TabMUHJIOBYM  MAaKOYJ
IAPOUTIIAPHU TAHJIAILL

caHOAT Ba MauWIHMK OOBEKTIAPHUHT aTMochepa XaBOCH TapKUOWIAH
METaHHUHT CU3M0 YMKHUIIHM Ba TYIUIAHUIIWHUA aHUKJIAITa MYJDKAJJIAHTaH CE3THp
Ba JKCIIPECC yCyJIIap Xamaa UIIOHYIM CUTHAJIU3aTOPJIapHU SIpaTUl;

rasra Ce3rup HaHOKOMIIO3UT MaTEpHUAJUIAPHUHT 30J1b-TE€JIb YCYJIHAA CHHTE3
KWINII Ba yJap acocuja METAHHUHT MUKPOKOHIEHTPAUUsJIApPUHU AHUKJIOBYU
SAPUMYTKA3TUYIIA CEHCOP SpaTUL;

ApPUMYTKA3TU4JIM Ba TEPMOKATAIUTUK CEHCOp €EpaamMuia XaBo Ba Tra3
apaiammManapu TapkuOuaaH TaOuMii Ta3HU aHMUKJIANl YYYH WKKU KaHAUIM Ta3
aHaJIu3aTop SPATHILL

METaH aHAJIM3aTOPUHUHT METPOJIOTHK Ba aHAJIMTUK TaBCU(IapUHU aHUK/IAIII;

uiiad YMKWITaH CEHCOpJapHU JiabopaTopusl IIApoOWTIapuia CUHOBIIAPJAH
YTKa3ull Ba peal MIAPOUTIIApIa KyJulaml.

TaagkMKOTHUHT 00beKTH cudaThaa KaTAIUTUK (aosl METaul OKCHUJJIapH,
TaOuuii ras, mponaH-OyTaH apajaniMacy, EHUI KapaCHIApUHUHT YUKUHIU Ta3ja-
pHY, METaH Ba CTaHAAPT ra3 apajaliMaiapyu OJTUHIN.

TaagKUKOTHUHI mpeaMeTH. Typin €HyBYaH MOJAJATAPHUHI OKCHJIJIAHUIII
XKapa€Hu KOHYHHSTIApH, ra3ra ce3rup HaHOMaTepUaUIaPHUHT 30JIb-T€llb CUHTE3H
KOHYHUSITJIaQpU Ba METAaHHU AaHUKJIOBUM CEJIEKTUB TEPMOKATAIMTHK Xamzaa
SPUMYTKA3TUYIN CEHCOPJIAPUHUHT aHAIUTHK KypcaTruujiapyu XucoOiaHau.

TaakuKoTHUHT ycyaaapu. TagkukoT jkapaéHuna ra3 xpomartorpaduscu,
UK cnexrpockonusacu, nuddepeHiman TEpMUK aHalIu3, MOTEHIIMOMETpHs, (HoTo-
KOJIOPUMETPHS, KOHAYKTOMETPHUSI Ba BUCKO3UMETPUS Kabu ycyiiapaad ¢oigana-
HUJITaH.

TagKUKOTHUHT MJIMHUI SIHTUJIMIY KyHuaaruiapaad uoopar:

WK OOp METaHHU TEPMOKATAIIMTUK CEHCOPUHUHT HIYU Ba TAKKOCJAII JJie-
MEHTJIApU YUyH CEJIEKTHB KaTajlu3aTOPJIAPHUHT TapKUOW Ba KOMIOHEHTJIApHU HUC-
oartu (0,751n,03-0,25A9,0 Ba 0,25Fe304-0,75Ni,03) aHukanras;

uik 6op ZnO Ba CoO acocuma, CHs HM aHHMKJIOBUM SPUMYTKASTUUWIH
ceHcopimap yuyH ra3 ce3rup wmarepuan (I'CM) 3onb-renb ycynuaa CHHTE3
KWINHTaH;



Si02/ZnO+CoO  Tapkubnu I'CM  pgan  doiinanaHuin — HaTHXKacuaa
SAPUMYTKA3TUYIM CEHCOPHMHI TaOuMii Tra3ra HucOaTaH Ce3yBUAHJUIM Ba
CEJIEKTHBJIUTY OLIUPUIITAHINTH aHUKJIAHTaH;

TEPMOKATAIUTUK Ba SIPUMYTKA3THUWIM CEHcopiapJaH QoiinanaHud, MeTaHHU
KOHILICHTPALUSIHUHT KEHI AWANa30HUAa aHWKJIOBYM HMKKU KaHAJUIM aHaJA3aTop
SApaTUJITaH ;

S102/ZnO+Co0O acocuna sipatwiran CHs HU aHUKJIOBUM SPUMYTKA3THUIU
CEHCOPJIAPHUHT METPOJIOTHK, IKCIUIyaTallMOH Ba OOIIKa MapamMeTpiiapura TYpJH
OMUJUIAPHUHT TabCUPY AaHUKJIAHTaH.

TagKUKOTHUHT aMaJIMii HATHXKAJIAPH KyHu1aruiapaad noopar:

caHOAT Ba Typap KO WHIIOOTIapU atMoc(hepa XaBOCH TapKUOWIaH TaOMUit
Ta3HUHT MOPTJIIOBYAH KOHIIEHTPAUUSICUHU HAa30paT KUIYBYM TEPMOKATAIIMTUK CCH-
COPHHMHT CE3THp AJIEMEHTJApPUHU KaTalu3aTopJiapd TapKUOU Ba KOHCTPYKIIUSICH
WIIa0 YUKUJITaH,

30JIb-T€JIb CHUHTE3 YXApa€HUHHWHI OINTHMal TEMIIEpaTrypa, BaKT PEXUMHU Ba
OOlLUTaHFUY KOMITOHEHT/Iap TapkuOu xamaa CHas HM aHUKJIOBYM SIPUMYTKA3THYIIN
CeHCOop yuyH 1okopu ce3rup ['CM onuill IMKOHUSTIIApY aHUKJIAHTaH;

UIUIad YUKWITaH CEHCOopJap METAaHHU aHMKJIOBUM CUTHAIM3ATOP Ba UKKUTA
KaHAJLJTM aHaJIU3aTop TapKuOuaa GoigaiaHuil yciayou sspaTHIIraH.

TagKuKOT HATHKATAPUHUHT WIIOHYWIMJIMIHA KOHAYKTOMETPUS, TOTEHIIHO-
MeTpHsi, ra3 Xxpomartorpadusicu, (HOTOKOJIOPHUMETPUS, MHUKPOCKONHUK Ba Audpe-
peHIMaN aHaIu3 ycyJulapyu Kabu 3aMOHaBUW (PU3MK-KUMEBHUI ycyiuiap OWiIaH Hc-
Ootnanrad. XyJjocajap MaTeMaTUK CTaTUCTHKA YCyJUIapyu OWjaH KailTa UILJIaHTaH
AKCTIIEPUMEHTAJ HATHXKajJap acoCuaa KUJIUHTaH.

TagKuKOT HATWKAJTAPUHUHI WIMMHA Ba aMajMil axamMusiTH. TaaKuKOT
HATIWKAJIAPUHUHT WIMHH aXaMHUsTH METAHHUHT TEPMOKATAIIUTUK CEHCOPU YUYyH
CEJIEKTHB KaTaJau3aTropiap Ba ONTUMAaI IIAPOUTIAPHU TOMUILIAH; 30J1b-TEllb XKapa-
¢nu Epnamuna ZN OKCUIM acOCHJA CEJIEKTUB Ta3ra Ce3rup HaHOKOMITO3UTIAPUHU
MIAKJUTAHTUPUIIT Ba YHUHT acocuja MeTaH Ba TaOWM Ta3HUHT CEJIEKTHB
SAPUMYTKA3TUUIN CEHCOPJIAPUHU SIPATUIIUIIN OUIaH U30XJIaHAIH.

TagkuKOT HaTWXAJApUHUHT aMaluid axaMHUsTH CaHOaT Ba Typap KoM
OouHonmapu atmocdepa XaBOCH TapKUOWAAH METaHHU AHUKJIAITHUHT MHUHUMAa
YErapaCUHUHT MAacCalMIlM Ba aHUKJIAI KapaHUHUHT SKCIPECCIUTHHU OIIUPUIITa,
UIIad YUKWIraH CEHCOPJIap CUTHAIM3AaTOP Ba aHAJIM3aTOpJiap Tapkuouaa, atpod-
MYXUT OOBEKTJIADUHUHT MOHMUTOPHMHTHJA Ba KYImiad coxajlapHu XaBdcus
(GaoMuATUHM TabMUHJAII CHUHTApU MYXHM COLMAJI, DKOJOTUK Ba HWKTUCOIUN
MyaMMOJIapHHU XaJ STUIITa XU3MaT KUJIa Iu.

TaagKuKoOT HATHKAJAPUHUHT KOPUH >THAMIIHU. ATMOc(]epa XaBOCHHUHT
TapKUOWJIaH METAaHHU MOHUTOPUHT KWIHII Y4yH KMMEBHM CEHCOpJIapHH HUILIa0
YUKHAII oyiinua OJIMHTaH WIMHAN HaTHXKaJap acocuaa:
SPUMYTKA3TUUIN CEHCOpIIap Ba YIAPHUHT acoCu/a Miuiad YMKapuiral aBTOMaTHK
ra3 a"anmuzatopu «MyOopak ra3zHu Kaiita unuram 3aBogm» MUYXKna amamuérra
»opuii dtuiran («MyOopak razuu Kaita unmiamnt 3aBoau» MY Kuunr 2019 viun 29
anpengaru 605/GK-19-04-con mawiaymoTHOMacu). Hatmkanma wnuta® yukuiran

8



ceHcopaap €NuK SKOJOTUK THU3UMIIAp (CaHOAT Ba MauWIuii OmHOJapw) atMochepa
XaBOCHM  TapKuOuJaH METAaHHU  KOHIEHTPALMSHUHI  KEHI  JUara3oHuja
AHUKJAUTHUHT TE3KOPJWIM Ba AHUKIWTUHU OIIMPUII HMKOHMHHM Oepra;
METAaHHUHT CHU3U0 YMKUIIM Ba TYIJIAHUIIMHUHT HA30paTH yYyH KYJUTAHWJIQTUTraH
TEPMOKATaJIUTUK CEHCOp Ba cCUTHaIu3arop «MyOopak razHd KadTa HIIall
3aBoanm» MUXKna amanmuérra s>xopuit stuiaran («MyOopak Ta3HM KaiTa HIIUIAIl
3aBoan» MY Kuunr 2019 iun 22 maitnaru 682/GK-19-05-con MabiyMOoTHOMACH).
Hatmxana niad YMKWiaraH CEHCOp METaHHUHT CH3UM0 YMKHIIW Ba TYTUIAHUIIUHA
Ky3aTHil y49yH (olmanaHwiagurad CUTHAIM3ATOP TapKUOWAA WIIA0 YUKAPWII
mapouTuaa EHFUH Ba MOPTIIAIT XOJIATIAPUHUHT OJITUHU OJMIII UMKOHUHHA OepraH.
TagKuKoOT HATHKAJAPUHUHT anpoldanusicn. Ma3kyp TaaKMKOT HaTwxkanapu 11
Ta, )KymyiaJiaH, 3 Ta Xajakapo Ba 8 Ta PecnyOmimka wiMuii-aMannii aHKyMaHIapuia
Mabpy3a KWIMHTaH Ba MyXOKaMa/laH YTKa3WJITaH.

TagKuKOT HATH/KAJAPMHMHI IbJOH KWIMHMINM. JrccepTanus, MaB3ycu
6yiinua xkamp 18 Ta WIMMH HMII 4YON OSTWITAH, IIyJapiaH Y36EKHCTOH
PecniyOonukacu Onwuit arrecranus komuccusichHUHT Qancada noxkropiuk (PhD)
JUCCEepTAlMsUIapU ACOCUM WIMHUM HaTWXKaJapyuHU YOIl JTUII TaBCUS JTHITAaH
WIMUH Halpiapyaa 5 Ta MakoJjia, Iy kymjagad 3 Ta Makoja pecnyOsiuka Ba 2 Ta
MaKoJIa XOPH>KUH KypHAJIJIap/ia Hallp STUJITaH.

JuccepTanMsiHUHT TY3WJIMIIM Ba Xa:kMM. J(ucceprainus TapkuOu KUPUII,
Oemra 000, xynocanap, ¢oilfanaHwiran agabuériap pyixaTd Ba WIOBAJIapJaH
nobopart. JluccepranussHuHr Xaxmu 116 G€THU TallIKWII 3TTaH.

JIMCCEPTAIIUSIHUHT ACOCU MA3ZMYHHU

Kupum xucmuga auccepraius MaB3yCHHUHT JIOI3apOJIUTH Ba 3apypUMIIUTH
acoclilaHraH, MakcaJ Ba Baszudayapu, TaJAKUKOT OOBEKTIapyW Ba MpeaMeTiapu
OepuJras, TaJKUKOTHUHT PecnyOnuka ban Ba  TEXHOJOTHsIApH
PUBOXJIAHUILIMHUHT YCTYBOp WYHaIMIUIApUra MOCIWIA KYpPCaTWIITaH, TaJKUKOT-
HUHT WJIMUHN SHTAJIUTH Ba aMalluid HaTKajmapu 0a€H KWIMHTaH, OJMHTaH HaTHXa-
JApHUHT WIMHA Ba aMaJluii aXxaMHsITH O04uO OepuiraH, TaAKUKOT HaTWKaJapHUHU
aManuérra >KOpuid KWIHIL, HAallp KWIMHTaH MIUIAp Ba AWCCEPTAUs TY3WIWIIN
Oyiinua MabIyMOTJIAp KEITUPHUIITAH.

JucceprauustHUHT “MeTaHHHU ra3 apajalmMagapy TAPKUOUIAH AHMKJIALI
ycyJuiapu Ba acoo0apu” 1e0 HOMIaHTaH OupuHYM 000U amaOuériap mapxura
OarvnuiaHran Oynu0O, yHAa ra3 apajammMaiapud TapKUOWJaH METaHHU
AHUKJIAIIHWUHT 3aMOHABUM  OMNTHK, DJJEKTPOKMMEBUH, TEPMOKATAIUTHUK Ba
SPUMYTKA3TUYJIM YCyJUIapu Ba BoOCUTajiapu  OYVHWYa TaIKUKOTIAp TaxJIuiI
KWIMHTaH Ba TU3UMTIa COJIMHTaH. byHja MeTaH Ba TaOMUN Ta3HUHT MOHUTOPHUHTH
YUYyH KYJUIAHUJIQJIUTaH TEPMOKATAIUTUK Ba SIPUMYTKA3TMWIM yCyJuiapra ajoxuia
IBTUOOpP KapaTwiran. AnaOuériapard MabIyMOTJIAPHUHT TaxJIWJIA  YIIOY
UITHUHT TAJIKUKOT 0OBEKTH, Basudansapy Ba MaKCaAMHHU TaHJIAIITa UMKOH SIpaTraH.

HuccepranussHuar  “MeTanHn (Ta0MMH Tra3HHM) CeJEeKTHB AHUKJIOBYM
TEPMOKATAJIUTHK CEHCOP SIPAaTHII Ba YHHUHI METPOJIOTHK TaBCU(PUHU
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ypranum” ne6 Hommanrad ukkuHuu 6o6una Hp, CO, CHs Ba Tabumii razHuHTr
XaBOJaru CTaHAApPT apajalMajapuHd Taiépiam Ba ylIapHU aTTecTalusIail
HaTIKaIapyu TakAUM STwirad. Mimjga unuiatuiaaurad ra3-xaBo apajaniMaliaph
COB 4981-86 (b 19 rypyxu) cranmaptura MyBo(UK MAaHOMETPHUK ycyid Ouiad
taii€pnanrad. by nHAMBUIyaT ra3 KOMIIOHEHTJIAPUHY OaJUTOHTa 00CKUIMa-00CKHY
yTKazuman ubopat. a3 apamammacu TapKuOWIard ajgoxuaa KOMIOHCHTHUHT
MUKI0puHHM (X1) aHMKJIanaa Kyiuaara popmynamaan dhoiganaHuiIraH:

X, =—" 100 = %-100
Pi
2 1)

bynna Pi-i-KOMIIOHEHTHHHT THapnuaib, OocuMH; P-apaialiMaHWHT yMyMUIH
OocuMu.ApanammManard METaHHUHT MUKJIOPUHM  KYIIMMYa aHHUKJIAll —Tra3
xpomatorpaduscu ycynu EpaaMua amaira OmHpUIIi.

Nnmuit anabuérnapaa Ba amanuéT/a aHbaHaBUM KEHT KYJUIAHWIAJAUTaH Tep-
MokaTtanuTuk cencopsap (TKC) raznap apanammacu TapkuOugaH ailpum KOMIIO-
HEHTJIADUHU  AHUKJAIIHUHT  CEJICKTUBJIUITMHM  TabMUHJAW  onaMaiau  71e0
xucobOnanaau. Ly ca®abnm TKCHUHI CENeKTHBIMIMHU TabMHUHIIAI MYaMMOCHU
nos3apoaup. TKCHUHT CeNeKTUBIUTHHYA TabMUHIAI YCYJIH Ta3 apajaliMaCHHUHT
alipyM KOMIIOHEHTJIapuTra HUCOATaH aKTUBJIUKIAPH Typiinuya OYIraH Karaau3aTtop
cCaKjlaraH WIIYM Ba TaKKOCTAIl CEe3rup HdJeMeHTIapuaaH (oiganaHuiira
acocliaHraH OVJITaHJIUTH Y4yH CEJICKTUBIUKHM TabMUHJIAIIIATH aCOCUA MyamMMO
WIIYM Ba TaKKOCHAIl 3JIEMEHTIApU Y4YyH CEJEKTHB KaTajlh3aTop TaHJIAIIIaH
nbopar.

Taxpubanap naBomuaa CH, Hu (TaOuuii Ta3HU) aHUKJIOBYM CE3TUpP Ba
cenexktuB TKC spatuin yuyH Typau karanuzatopiiap uirupokuaa Hy, CO Ba CHy
HUHT OKCHAJIAHUII KOHYHHATIApH VPraHWIIH. LEHyB4aH KOMITIOHEHTHHHT
OKCUJIJIAHUIIl JKapa€HUHM Ha30paT KWIMII Ta3-XaBO apajaniMacu TapKUOWHU
KaTaJM3aToOp KaBaTUTada Ba KaTajlu3aTop KaBaTHUJIaH KEWWH razoxpomatorpaduk
yCyJIla Ha30paT KWIMII OpKalu aManra omupuiau. Xapopataunr 100-350 °C
opanufruaa yTkaswiran Ttaxpuodanapaa Ga, In, Ag, Cr, Mn, Fe, Co, Ni, Cu Ba Zn
CUHTapyM METAT OKCH/JIAPUHUHT  KaTAJIUTUK XYCYCHUSTIapW  YpraHuiju.
Karanuzaropnap nmrrupokuaa Hy, CO Ba CHs HUHT OKCHIJTAHUILIA TEPMOIMHAMUK
HyKTau-Ha3apJaH dHT Kyjlall WyHamum OyiraH Kyluaard peakmusuiapra MoOcC
paBuma CO; Ba HoO OyFnapuHUHT XOCHI OYIIMIN XaM/la UCCUKINK aXXPaJTHIIH
Owman 6opaau:

H,+1/20,=H,0+286 kK (2)
CO+1/20,=C0,+283 kXK (3)
CH41t20,= CO,+2H,0+892- kK  (4)

By peaknusiinap karra uccukiuk 3ddexrura sra Ba aeapiau Kaiitmac. Taxpu-
0a Hatmxanapura kypa, CHs Ba Tabumii ra3uuHr oxcujanum xapaéuuaa Ag.O
Ba IN,O3 sHr ¢daon xaranuzaropnap skannurd aHukiaangd. Ag.O Ba In0;3
nmrrupokuga 200 °C xapopaTaa Tabuuii Ta3HMHT KOHBepcusacH 86 Ba 98% Hu Tami-
kui Kuinanu. TaxxpuOanapaa Ovp KOMIIOHEHTIIM aHAJIM3aTOpJIapra HUCOATaH KKKU

KOMIIOHCHTJIM OKCHJ apajJaliIMaJIapUHHUHI AKTHBJIIMIKM Ba CCJIICKTUBIIMIHN IOKOPH
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OynuiiM  aHUKJIaHraH.  buHap  apanammanap — MIITUPOKHAA  EHYBYH
OMpUKMaATApPHUHT OKCUJJIAHUII KOHYHUSITIAPUHU YPraHWII, WIIYU Ba TAKKOCIAII
TepMOCe3rup »dieMeHTIapu Karanuzaropu cudatuga 0,75In.,03-0,25Ag,0 Ba
0,25Fe304-0,75 Ni,O3 nan ¢oiiganann6 uiad YUKUIraH TEPMOKATATUTHK CEHCOP
éplaMHia METaHHU BOJOpPOJ Ba HC Ta3d MINTUPOKUIA CEJIEKTHB aHUKJIAI
UMKOHUHHU TaCAUKIANIN.

TKC HuHr unuiam npuHIUNU Katanuszatop to3acuga CHa HuUHT anmanracus
¢HumM  >kapaéHuga aXpanud YWKaaIWraH WCCUKIWK MHUKJIOPHUHU  Yirdarira
acocnanrad. TKC CHa, ukkuTa ra3z ce3rup dJeMEeHTIap Ba MKKUTA JOUMHUHN pe3u-
ctopnan ubopar. l-pacmaa mnuiad unkuinran CHy au anukyioBun TKC HuHT ras
CE3rup DJJEMEHTJIAPUHHUHT CypaTd (@) Ba  CE3THp DJIEMCHTIAPHUHT YJIAHMII
cxemac (0) KeATUpUIITaH.

R R2
‘ l-pacm. CH;s HM aHUK-
8 | | JoByu TKC HuHr ce3rup
JIEMEHTJIAPUHU CYPbLATH
/ (a) Ba ce3rup 3JIEMEHT-
' a ' JAPHHHHT yJIAHMII
[= cxemacu (0)

Nurum tepmoce3rup anemMeHT karanuzatopu to3acuna CHs monekynamapu
KHCIIOpoJ, OuilaH Tabcupiamranga y (3) TeHriamara MyBO(DHUK OKCHIUIAHAIIH.
bynna axpanum® 4YMKKaH HMCCHKJIMK Tabcupujaa Pt CUMUHUHT (CHIUpATHMHUHT)
kapmnrd  (Rpy) y3rapaau. By  y3rapum  kyiugaru TeHriama épaamuaa
aHUKJIaHAU:

Rpt = Rpt (1+(X.AT) (5)
Oyama Rpe-cmpanmauar 25 °C  jgarm  Kapmmiury; o-IUIaTUHA —CHMMHMHT
temriepatypa kodpduuuentu, AT-cnupan XapopatuHuHr Yyirapuind. KuHeTuk
coxaga CHs HuHr okcujmanuil >xkapaéHu tesnuru (W, Moi/c) apanammanarv
METAaHHUHT Ba KHUCJIOPOAHUHT KoHueHTpamusiapu (Ccms Ba Cop) — KymanTMacu
cudaruaa udoganaHagu.
W:kFgf(CCH4'C02) (6)

Oynzma k-tesnmk koncranracu, ¢ F, - daon cupr, M2 CH; HMHT OKCHAJIaHMIIN
Oup BakTHUHT y3uja karanuzatop ro3zacura O, Ba CHs HUHT ajcopOuUMsUTaHUAIIN
Owran amanra omagu. by peaknusaunr tesnurura CHs Ba O HuHT
KOHIIEHTpanusicu Tabcup kypcataan. CH, HUHT koHUEHTpauusicu 9% NaH oKopu
Oynca peakuus TE3TUTHMHH AHUKJIOBYM KOMIIOHEHT XaBO KHCIOpOau Oynaau.
Nmma® ywukmnran karamusaropiap (0,751n205-0,25 AgoO Ba 0,25Fe304-0,75
Ni2O3) nan ¢oitmanannd, CO Ba H, mmrupokuna CHy HE CeNeKTHB aHUKIIOBYH
TKC unwiad yukunaum (2-pacm). YOy ceHcopAaru UIMYM CE3TUp JIEMEHTUHUHT
(karanuzatop: 0,75In,03-0,25 Ag20) curHanu apanammangard ¢HyBYM ra3JIapHUHT
(Ho, CO, CHy4) yMyMuii MUKIOpHUTa MOC, TAKKOCIIAII CE3TUP AJIEMEHTHUHT CUTHAIN
aca (pakat CO Ba H apananmmMacuHUHT KOHIIEHTpAIUSICUTa MOC KeIaau.
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Cco H>

\RL2222 22 2-pacm. CejiekTUB
TEPMOKATAJIUTUK
CEHCOPHHMHI pacMu (a)
Ba yJaHuu cxemacu (0)

0,75In203-0,25Ag20  0,25Fe304-0,75Ni203

(1-xopmyec, 2-xumost
6 Curuai Curnai KOOurHu, 3-FoBaK THTaH
CO+H> CO+H> v -
+CH. TypH, 4-meTayn
0éKJ1ap)

:

Hatmxana OuprHYY Ba UKKWMHYY CE3THUP JIEMEHTIAPHUHT CUTHAIIIApH (papKu
apamamvagaru  CHs kxonmentpamusicura Moc Oymamu. WMmmma® gukwiran
CCHCOpJIAPHUHT CHHOB pEeXacu CeHcopra OepuiaguraH ONTUMal Ky4dJIaHUII
KUMMaTUHU TaHJAIl, CEHCOPHUHI CUTHAJIIMHU KOHILIEHTpaIusra OOFJIUKIWTUHHU,
JUHAMUK Ba OOIIKA MapaMeTpJIapuHU aHUKJIAIl XaMJa YHUHT CEJICKTUBIUTH Ba
OapKapOpJIUTUHU TEKIIUPHIL OWIaH OOFIMK MAaxCyC TaKpuOalapHU Y3 HuMra
onrad. CH4 HM aHMKJamIIary HT IOKOpU CUTHAN Kuiimatu 2,6 B na xy3atunaau.

Cencopuunr CH, Ba Tabumii ra3HM aHUKJIAIIJATH CUTHAT KUUMATJIApUHU CO-
JUIITUPHUIN OUp XUJl mapoutiapaa Tabuuit ra3 yayH TKC HUHT 3HT IOKOpH CUTHa-
JUHU TAbMHUHJIOBYM KywiaHuin Kuiimatu 2,8-3,0 B ra tenr 6ynu0, mMeTaHHH
MakKcuMaln KHiMaTHra MOC KellyBUM KyuyjgaHull Kuitmatura (2,6 B) HucOaran
IOKOpY OYnuiy aHukjaaHau. WMmad 4YMKWiraH CEeHCOp CUTHal KUMMaTHHUHT
oonutanumn BaktH (to1) 3-4 ¢, moumuii Bakth (toe3) 9 ¢ daH omMaiam,ceHCop
curHaauHuHT 90 % ra Moc kemyBun BakTH (log) 13 ¢ Ba Makcumall Kuiimatra
spummin Baktd (tm) 17-18 ¢ ra moc kenmumu Ky3atwiad. By wnurad gukuirad
CEHCOpJIAPHUHT TaOUUM Ta3HU SKCIPECC aHATM3KUIA KYJIJIall UMKOHUSTIAPUHA sTHA
oup Oop Ttacaukiaian. CeHCOp CUTHAIMHUHT YpraHWIa€TraH KOHIIEHTpaIus
JMara30Hua METAaHHUHT KOHIICHTpAIuscura OOFIMKIUTH (Xakmu Oyiinda 0,1 max
5,0 dousraua) TyFpu un3ukiIu TaBcudra sra (1-xamBan).

1-skanBaJ.
TKC curnanunudar CHs konnenrpacusicu Ccus ra 6oramkiauru (n=5, P=0,95)
Cchs. xax.% Cencop curnanu, MB
X+ Ax S Sr102

0,1 6,2+0,1 0,08 1,3

1,0 63,0+0,3 0,24 0,4

2,0 127,0+0,9 0,72 0,6

3,0 186,1+1,7 1,37 0,7

4,0 256,4+3,2 2,58 1,0

5,0 323,3+2.8 2,25 0,7

Taxxpubanap wunUIA0 YMKWITaH CEHCOP CHUTHAJIMHUHT KOHIIEHTpalusra
OOFNIMKJIUTH MeTaH Ba TaOWMUM ra3 ydyH OUp XWJ KYpUHHILTa 3Ta SKaHJIWTHHU
kypcatau. by TKC nHu konuen-tpanusau 0-5,0 xax. % opanuruga Tabunii razHu
Typap-KOi Ba WNUIA0 YMKApHII KOP-XOHAJAPHUHT €MUK XOHATAPUAAH Xamja
TPOHCIOPT BOCHUTAJIAPY CATIOHUIAH aHUKJIAI YUyH UIUTATUAII IMKOHUHU Oepa.
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Taxxpubanapna WMKKU XWJI ceHcopiapiaH ¢oitnananwigu. bynapaan Oupu
MKKaJla MIIYM Ba TakKKocyail ra3 cesrup snementiapuna (TCD) xam karamuzarop
cakyarat cencop (TKC-1), ukkunuucu sca ¢akar uiuu ce3rup anementuna MCHO
KaTanu3arop cakiaran ceacop (TKC-2).

2-KaaBaJl.
Nmum Ba Takkocaam ieMeHTuaa kKartaausarop cakiaarad (TKC-1) Ba ¢akar
HIIYH Ce3rup dJIeMeHTHAA KaTaau3Top cakjaarad TKC-2 cencopiaapHuHr
CCJICKTUBJIMIHHH TeKIIMPHII HATHKAJapHU (n=5, P=0,95)

KoMnoHeHTHUHT CeHncop curnanu, MB
apajanmMaaaru TKC-1kartanuzaropu: TKC-2 karanmuzaropu:
MUKIOPH, Xax.% 0,75In,05-0,25Ag,0 0,75In,05-0,25 Ag,0O
O,25F€304-0,75 Ni203.
£+ Ax Sr-102 i+ Ax Sr-102
1,0 H, 2,6+0,1 3,1 103,9+0,6 0,6
1,0 CO 0,6+0,1 1,3 29,14+0,2 0,6
1,0 CHy 95,6+0,3 0,3 97,0+0,7 0,2
1,0CH4+1,0 Hy 97,1+0,4 0,3 195,3+0,4 0,9
1,0CH4+1,0 CO 96,9+0,3 0,2 115,4+1,3 1,1
1,0CH4+H>+CO 98,1+0,7 0,6 227,9+3,1 0,6

2-xkanBangan kypunranuaek TKC-1 TagkuK KUJIWHTaH KOHIIGHTpAIUs Juara-
3onuga Hy Ba CO vu nespnu ceamaiiau. TKC-1uu CH,y ra curnanu Hy ra Hucbaran
curHaiauaan 36,8 maprara Ba CO ra Hucbaran curHaauaan 159,3 maprara xarra.
TKC-1 man dapxmu TKC-2 H; Ba CO ra aucbaran cesrup. Ymoy ceracop 1% muk
H;, CO Ba CH4 ra moc paBumzga 103,9 mMB, 29,1 MB Ba 97,0 MB ra TeHr curaan
KHHMAaTHUTa ora.

Hemak, TKC-1 amanga TKC-2 nan dhapkiu paBuiiia FOKOPH CEIEKTUBIUKHU
HaMOo€H Kuiaau Ba Oy ceHcop H; Ba CO umtupokuga TaOWMil ra3HU aHUKJIAII
Kapa€HUHUHT CEJIEKTUBIUTUHU TabMUHIAWIU.CEHCOPHUHT TaOWUil Ta3HU OOIIKa
OMpUKMaIap UINITHPOKU/IA aHUKJIAIT Xatocu 2,0% 1aaH omManu.

CeHCOp CHUTHAJWHUHT OapKapOPJUTHHU BaKT JaBOMHUA Y3TapHINH HOPMa
mapontiapaa 1000 coarnuk Taxkpuba gaBoMmaa Tabumid rasHuHT-1,0 % UMK
XaBoJaru apajammacuian ¢oigamann® Yypranuagu. OJIWHraH HaTHXanap
Vpra"wiran auana3oHjia CCHCOp CUTHAIMHUHT 0apKapop CaKJIaHUIIMHU KYpCaT/IH.
Konnentpanusauar 0-5,0 xax.% KuliMaTiiapyujia CEHCOPHUHT yIyall Jharna3oHu
Ba aHUKJIAI XaTOCHMHU TEIITUPHII HATHXKaTapH 3-)KaJBa/la KSITHPUIITaH.

3-KaaBaJl

TKC-CH;s um 0-5,0 xa:x. % nuana3zonnaa CHs HM aHUKJIAIIHUHT XaTO

KHHMATHHH TEKIIUPUIIT HATUKACH

Apanammanaru Ccpg, | Tonmnran CHy, | Acocuii myTinak xa- |[Acoc. KeNTUpUITraH
xaxK.% xaxK.% 10.(A) xaro.(y)
0,51 0,52 0,01 0,2
2,55 2,51 0,04 0,8
4,74 4,81 0,07 14
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Bu’praHI/mraH JMana3oHJa CHUTHAJTHU KOHIGHTparusra OOFIUKIUTH TYFpPU
YU3UKIW TaBcudra osra, koHueHTpauussHu 0-5,0% opanuruga aHUKJIAIIHUHT
acoCUM KeNTUPWIraH Xxato kuiimatu 1,4 % nan oprmaiu.

4-xanBaJ.
TKC nn -10 +40 °C guanasonnaaru 103ara KeJayBuH KyIIAM4Ya XaTO(Yiym)
KHHUMAaTH

Temnepatypa,’C Vi Yy TIO
0,5% 2,5% 5,0% I'OCT 13320-81

-10 0,4 3,0 2,0 5,0

0 0,2 2,0 2,0 5,0
+10 0,7 1,0 0,7 5,0
+20 0,6 0,3 2,0 5,0
+30 0,5 0,3 0,4 5,0
+40 0,2 0,3 0,7 5,0

TemnepaTypaHHUHT y3rapullin/IaH o3ara keayBuu xato 2% ra tenr Bay ['OCT
13320-81 TamoHmman OedrmiaHrad acoCHM Xaro KHMUMAaTHOAH KUYHUK.
Temnepatypanu (-10-+40°C), 6ocumun (600-800 MM. cuM. ycT) Ba HaMIUKHU (40-
95%) y3rapummmaH ro3ara KeIyBUM KyIIuMuya Xato Kubimatu 3,5 % ra TeHr.
Vrkasunran Tagkukoraap TKC 1aBiar cTaHmapTd TOMOHHIAH Iy TypAAard
acbo0napra Kyiunaauran 6apya Tanadiapra TYJIUK KaBoO OCpUITUHU KYpCaT/Iu.

5- :kaaBaJ.
CeHcopHM KHECHIT 0aX0/1a11 HATHKACH
CeHcopHUHT curHanu,MB
Cencop-1 Cencop-2
97,0 73,0
Ccol%+xaBo 0,6 55,7,
Cuz 1%+xaBo 2,1 66,6
CenexkTuBIMK KOG OUITMEHTH
CO 6yitnuaa 46,2 1,3
H, 6Vitnya 161,7 1,1

5-xkanBanaa unia uiniad yukwirad (Cencop 1) Ba mapxyn O0yaran (CeHcop-2)
CEHCOPJIAPHUHT CE3YBYAHJIMK Ba CEJICKTUBJIIMTUHM KUECUM YpraHUIl HaTHUXKaJlapu
kentupwirad. JKaaBaiiaH uuiad YuKapuiraH CCHCOPHUHT CE3TMPIIUTH Ba CeJeK-
TUBJIUTH Y3UHHUHT MAaBXKYJ] aHAJIOTHU-HUHT KYpCAaTTUYMIaH KeCKUH (hapK
KWIMIIMHHA KypaMH3.

Taxpubanap naBomunga Cam/[Yaa 1990-2019 #iumnap opanuruna spaTuirad
TKC napaunr kuécuii TaBcudu ypranuwinau. 6-xKaaBanma KeATUPUITAH HaTHXKaIap
30J1b-T€NIb TeXHOJOTHsicuaaH (Qoiinananran xonga tanépmanran 0,75In,0s3-
0,25Ag,0 Ba 0,25Fe304-0,75Ni,O; TapkuOiu Katajam3aTop acocHaa HIIad
yukapuirad TKC-1 onaunanan unuiad yunkuirad anainoriaapuaad (TKC-2 Ba TKC-
3) ce3rupiuru Ba SKCIPECCIUTH IOKOPHU OYTraH X0Jia aHMKJAIl XaTOCH KHYMK
DKAHJIMTMHU KypaMHU3.
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Mynnait kunuO, CEIEKTUB Ba IOKOPH CE3TUP METaHHH aHUKJIOBUU CEHCOP
yuyH katanuzatop (0,75In,05-0,25Ag,0 Ba 0,25Fe304-0,75Ni,03) Tanmanmm.
Tannanran katanusaropnap €paamuiaa tabumii raz yuyH cenektuB TKC wumiad
guKuiaau. CEHCOPHMHI CHUTHall KUMMaTUIa TYpJIM IapamMeTpiapHUHI TabCHPHU
YpraHuiny Ba CEHCOPHUHI MAaKCUMaJl CUTHAJI KUMMaTUHU TAbMHUHJIOBYM OITHMAIl
[IAPOUTIIAP AHUKJIAH/H.

6-KaaBaI
Cam/1V raznap raxymian gadoparopuscuaa 1990-2019 iinninapaa nuiad
YMKWITaH CEHCOPJIAPHUHI KMECHI TaBCU (M.

Kypcarruunap TKC-1. TKC-2. TKC-3.
NCH Ba TCO mapHUHT Ka- 0,75In203-0,25 Ag20 Ba| Pt-CoO-MnO./ Co0304+1% u Pt
TaJIN3aTOPIAPH TapKH6H 0,25Fe304-0,75 Ni2O3 A|_203 Ba Ba C0304+Mo00O3
Pt-NiO/Al>O3
Kartanuzarop osmm ycynu 301b-renb TeEXHO-TUs|  UykTupuin Uyktupuim
CencopHuHr KoHI-usich | Wkku kamepanu | Oup kamepanu MKk Kamepaiiu
CHyra3 cesrupimuru, MB% 97,0 29,0 44,0
DKCIPECCIUTH, To 9 C. 13 12 19
Acocwnii xatocu, % 1,6 15 1,6
Kyunanum kutimatu, MB 2,6 3,2 3,7
JluccepranustHuHT “MeTaHHHU (Taduuii ra3HM) AHUKJIOBYH

CUTHAJIM3AaTOPHU HULIA0 YMKHII Ba YHHHI KYpPCATTHYJIAPUHU YypraHvun”
HOMJIM y4YuHYH 000uAa, €MUK OKOJOTMK CcUCTeMaliap arMmocdepa XaBocu
TapKUOUAaH METaHHU (TaOUUl Ta3HW) AaHUKJIOBUM CUTHAIU3ATOP UIILIA0 YUKUITAH
Ba YHUHT METPOJIOTHK MTapaMeTpiiapu YpraHwirad (3-pacm).
3-pacm. TepMOKATAIUTHK CHTHAJIU3ATOPHUHT
TAIIKHA KYPUHUILHN.
Yoy cenexktuB TKC acocupa unura® 4dukuiraH
CUTHAJIM3aTOp €MMK  OSKOJOTHK CHUCTeMallapja
TaOUMU Tra3HU CU3UO YUKHUIIA Ba TYIUIAHUIIMHU
HazopaT KHJTALI KapaCHUHUHT UIIOHWIN
MOHUTOPUHTUHU TabMUHJIANAU. CUTHAIU3aTOP
€nuk xoHanap atMocdepa xaBocu Tapkuougan CHg
HU Y3JIyKCH3 Ha3opaT KWJIMII Ba KOHIIEHTpPaLUs
OenruiaHraH yerapa KuUWMaTUAaH OpTraHujaa
CUTHAJI OepHIlra MyJKaJJIaHTaH.
Curnanuzarop 3J€KTPOMArHUT KJIAMaHHW OOIIKApyBUM CUTHAIra sra Ba UHQOP-
MallMoOH TU3WUM TapKuOuja Wiatuil MyMKuH. CUrHanu3aTop Kyhnaard GyHKIMs-
napHu Oakapaiu:
-XaBOJIard METAHHUHT MUKJOPUHU aBTOMATHUK Y3JIYKCU3 Ha30paT KUJIUII;
-XaBOJIar METAaHHUHT MHUKJOpY OCNTHIaHTaH Yerapajad ommd KeTraHaa EpyrinK
Ba TOBYIIUIM CUTHAJ OEpHILL;
- DJICKTPOMATHUT KJIATAHHH OOTIIKAPHIIL.

Nnna® yukuirad CUrHAIA3aToOp KypHiIMacH €MUK SKOJIOTUK Tu3umiIapaa (yi,
OILIXOHA, Tapax, epTyja, aBTOMOOWIIb CAJIOHU TYpJId KyBBaTJIW KO30HXOHaiap Ba
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Ta3HUHT TYIJIAHUIIMHUA JOMMHM MOHHUTOPHHI KWIMII Xamja TaOuuii Ba
CYIONTUPWITAH Ta3HUHI TYIUIAHUIIMAAH l03ara KeJlyBUYM EHFUH Ba NOPTJIAIl
XaB(PUHU WYKOTHUIIl yIyH MYJIKaJUTaHTaH.
benrunanran yerapacuja KOHUECHTPALMSHUA CUTHAIN3aTOP CUTHAIINTA TabCH-
PUHH YpraHull HaTHXKajdapy 7-)KaJBaijla KENTUPUIITaH.
7-:KaaBall.
Curnaausarop curnajaunm 0-5,0 % opanauruna apanammagaru CHs HUHT
KOHIEHTpanusicura 6oraukiaurn N=5, P=0,95)

Curnanuzarop uira [CUrHaIU3aToOp amaija uiuiad Anugiam xatocu,%
TYIIMIINA Kepak OyiraH | Oouutarad KOHUEHTpauus, | acocuil [ACOCHil KeaTH-
Ccna gerapacu, %. (x + Ax), % 00. abcooT puiraH
0,50 0,53 0,03 0,6
1,00 0,95 0,05 1,0
2,00 2,08 0,08 1,6
2,50 2,45 0,05 1,0

KanpangaH curHaNIM3aTOp CUTHAJIMHU METAHHUHI KOHIICHTpPAIMSICUTa MOC
Y3rapuiy TYFPH YM3HKIH XapakTepra 5ra SKaHINTMHM KYpaMu3. YpraHuiraH
JTMAna30H/1a aHUKJIAITHUHT aCOCUM KeNTUPUIITaH XaTto Kuitmatu 1,6% ra TeHr.

JucceprauustHUHT  “MeTaHHM AHMKJIOBYM SIPUMYTKA3THYJIM CEHCOP
SIpATHII BAa YHUHI METPOJIOTHMK KYPCATITMWIAPHMHHM AHMKJAII” MaB3yCUAaru
TYpTUHYM 600Ma TabuKii ra3 Ba METAaHHU AaHUKJIOBYM SIPUMYTKA3THUIIU CEHCOpap
(SIVC) yuyH ra3 cesrHp IUIEHKANAPHUHT 3071b-Telb CHHTE3M KOHYHHATIAPH
Vpranwirad. 30Jb-Telb TEXHOJOTHSICHIA HIUIATWIAJUTAH SHT KEHT TapKajliraH
npeKypcopiiapfian OMpH alKoKCH OupukManapaup. bus ummMuzga mnpexypcop
cuparuga Terpodtokcucusan (TOOC) pgan  Qoipananauxk. TIOC HUHT
TUAPOJIU3UHU OXUpHUradya Oopaau necak, Oy peakiusHu Kyhujaaruda udoaaiail
MYMKHH:

(C2H50)4Si+4H20<—> H4SiO4+4C2H50H (7)

By peakmusHuHr MyBO3aHAT KOHCTAHTacH KyWUJaru TEHTJIaMa OWiaH
nudomananamu:

K=([H4SiO4]-[C.HsOHT)/([(C2H50)aSi]-[H0]Y)  (8)

TOOC HUHr TUAPOJM3JIAHMINM JaBOMHJA, MYBO3aHAaT YHI TOMOHTa
CWDKUNWIM. MyBO3aHAaTHU dYalra CUJDKUTHIN Ba THAPOJIM3 PEAKIUs TE3TUTHHU
cekuHnamTupuil yuyH oaataa TOOC HUHT THUAPOIW3M STAHOJ HUIITUPOKUIA
amanra owmwupwiaau. Iy cababmu opranuk spuTyBunM cudaruga anudarux
CIUPTIAPHU UIUIATIUK.

lNazra cesrup OVnran MI€HKaJIapHU 30JIb-T€lb CHHTE3U TEXHOJOTHSICUHU
ONTUMAJUIAIITUPUIIJIA TACTIIA0KKM KOMIOHEHTJIApPHUHT Yy3apo HUCOATH KyHujaru
opanukiiapaa yaraprupwiaan: Si(OCyHs)s:H,0: ROH:HX = (1-4):(1-40):(1-45)
:(0,01-0,3), 6ynma ROH croupt, HX — xmopu KucioTa.

VTKaswiran Taxpudanap HATIKACKHIA SKAPASHHM ONHO OOPHINIArH GOLUIAHFUY
KOMIIOHEHTJIAPHUHT Kyiuaaru ontuman HucOatiapu anukaadmi: Si(OCyHs) 4: HO:
CoHsOH: HCI = 1: 20: 30: 0,05, 6y HucOar ra3 ce3rvp IUIEHKA XOCHJI KHIYBUH
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SPUTMAHMHT 10KOpH (450 coat) OapkapopiMruHy TabMUHIaiau. CHIMKaT MaTpuLiacura
METAJUl OKCUIUIAPHUW KUPUTHUIN EHYBYAH Ta3jJapHUHT KUMEBUW CEHCOpJIapH Y4YyH
IOKOpU CE3TMp Ba CEJIEKTUB HAHOKOMITO3UTIAPHU OJIMII WMKOHUHHU Oepaju.
Taxxpubanap naBomuaa, TOOC acocunaru 30i1a CTpYKTypaHH IMAKUIAHUII XKapaCHU
ZnO  acocujard  JIOMAHT  MINTUPOKUAA  atpoduiiya  KYypuO  YHKWIIHU.
MoaudukanusioBu  MeTaul  okcuau ManOam  cudaruga  ZnCl,  ty3uman
dovimananmnm.  TOOC:H,0:CoHsOH:HCl  mmar  1:20:30:0,05 uwucOatgaru
apamammMacura ZnO  Hu  SiOx/ZnO  HucOaTma KYNIMIMIOA  3PUTMAHUHT
KOBYIITKOKJIUTUHUHT OPTUIMA Ba YHUHT OapKapOpJMTMHU TMacaluImmra oiauo
kenaan. SiOz Ba ZnO vu 1,0:0,1 man 1,0:2,0 raua nHucOaTiIapuaa, SpUTMaIaryd
JIOTIAHT MUKJOPHU KaH4ya KyT OyJica, yHU UIUTATHII MYJIaTH IITyHYAIHK KHCKAPIH.

Taxxpuba HaTWKaIapu METAHHU aHUKJIOBYW Ta3 CEHCOPH YUYH ra3 Ce3rup Ma-
Tepuan cudaruaa pyx Ba KOOAIBT OKCUAUAAH Tal€piraHraH KaTiamaan (oiigana-
HUII MaKcajara MyBOQUKIUTUHMA KypcaTau. Miad yuKkuiarad CeHCop sIpUM yTKa3-
TUWIM ra3 Ce3rup Marepuan OWiaH KOIUIAHTaH IUIaTMHA CUMUJAH TalépiiaHraH
cnupayijadn uoopar. SpuM YTKa3TUWIM CECOPHUHT HWIUIAIl TPUHIUIN aHAJIU3
KWIMHAIUTaH Tra3  MyXUTHHUHT  TapkuOu  y3rapranja,  SpUMYTKa3rud
HAMYHACHUHUHT CE3TUp KAaTJIaMUHU SJEKTPOPHU3UK XYCYCUSTIAPUHUHT Y3rapyIlnura
acocyianrad. JKapaCHHUHT MOXHUSATH aHUKJIAHAETraH Ta3HUHT Ta3Ce3THp KaBaTu
CUPTHJIa aICOPOIMSUIAHTaH KUCIOpOa OMIIaH ¥3apo TabCUpUra acocjaaHraH. Yoy
peakmmsl HaTMKaJa peakmusl MaxCyJaoTiapu IUIEHKA CHPTHHH HEHUTpasn OupuKMa
MAaKIuga TapK JTaav, >Kapa€HAa aXKpalraH >JICKTPOHHHU IUIEHKAara KauTHILA
HaTIWKACH/IA 3Ca YHUHT YTKa3yBUAHJIUTH opTaau. MacanaH:

CH4+3/207 — CO+H20+3e”  (9)

[ynaait KuinoO, apuM YTKA3ru4iIM KaTJIAMHUHT aTMocdepanaru Tabuuil ras
(CH4) Tabcupuaa 1o3ara KelyBYM YTKa3yBUaHJIUTrHaard (Gapkd Ta3HUHT
KOHIIGHTpAIIMsICK  XaKuJa MabiyMoT Oepamu. KonieHTpamus Tabcupuia
KAPUIWIMKHUHT Y3rapuilid KalWTapyBUM rasjap y4yH SKCIOTECHIMAIb TaBCU(ra ira
Ba KyWHJaru TeHriaamMa ounad ndoianaHaiu:

P=KC* (10)
Ooynna C - aHaM3 KAJWMHAIUTAH apajaliMaia aHUKJIaHaJAUuraH Ta3HUHT MUKIOPH;
K Ba o -koHcranTta. CEHCOPHUHI CE3TUPJMIU YIIUYOBCU3 KaTTIUK OYmuo,
ce3rupiuk kodpduimentu S Owinan udomanaHaau Ba Kyhuaara Gopmyna OuiaH
aHUKJTaHAIU:
S= RxaBO/ Rra3 = Grac/ Oxago (11)

OYHIIA Orss, Rras - MabJIyM KOHIEGHTpAIUSIM Ta3 TabCHPUIA Y3TapyBUHM DJICKTP
VTKa3yBUaHIMK Ba KAPIIMIUK, Oxao, Rxaso TA3CH3 MYXHTAArd  JJICKTP
VTKa3yBUaHJIMK Ba Kapunuiuk. Taxpubanapma Zn Ba CO okcuanapu acocuja
Tal€pliaHraH CEHCOPHUHT METPOJOruK TaBcupu Yypranwmau. SiO./ZnO+ 10%CoO
Tapku6u cencop curnanuauar 200-500°C opanmruma xapoparra GOFIMKIMIHHE
YpraHuil HaTWKAJIAPMHUHT SHI ONTUMan Temmeparypa kKuiimatu 375 °C ra
TEHTMTUHU KypCaTIu.

Taxpubanapma, I'CM cuptuga 375°C XapopaTr KU3OUPYBUYM KAaTJIaMWra
o6epunaauran 2,1 B kyunanum tabcupuaa xocwn KwmmHau. Ly cab6abmu Gapua
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KeWHHTH TaxpuOanap KywlaHUIIHUHT 2,1 ra TeHr KuilMatuga oiaud Oopuinu.
S102/Zn0O+10%Co0O acocumaru CEHCOPHUHT CHUTHAJI KUWMAaTMHU MaKCHUMall
KypcaTruuura HpUIIKII y4yH Tajgad JTUJIaguraH BakT 15 CEKyHIHU TalllKuil
kwiaan. Konnenrpauusauar  50-1000 mr/m° OpaIUFUAa CHUTHAJIHU METaH
KOHLIEHTpALMSICUTa OOFIMKIUTU TYFPU YU3UKIM TaBcudra sra. CeHCOpPHUHT
OapKapopJIUruHu Ypranui yuayH Taxpuobanap metanHudr 0,01 Ba 0,2 xax % nuk
apanammanapuja o6 o6opwinn. 2000 coaTiauk y3IyKcHU3 Taxpubda HaTHXalapu
8-)kajBana KenTupwiran 6ymm6, yaman SIYC-CH4; CHTHAIMHHHT OelNrmiIaHTaH
BaKT JIaBOMHJIa OapKapop CaKJIaHUIINHHI KypaMu3.

CHs Hazopar Kwium Tamad STuUiaAWraH oOObBEKTIapAa YHra Kylum4a
pasumaa Hy Ba CO xam maBxkya. Taxxpubanap qaBomua METaAHHU aHUKJIAII YYyH
UnuIad YUKWITaH ceHcopiapHuHT cenektuBaurn CH, Ounan Oupra wukm EHYB
JIBUTATEIJIapu, Ba TYPJIU KOHCTPYKIMSUIM TMEUYJIAPHUHT EHUII Kapa€HU YUKUHIU
ra3JapuHUHT acocuil komnoHeHTH 0yiran Hy Ba CO umtupoxuga aHUKIAHIH.

8- :xaasaJ
CeHCOop CHTHAJTMHUHT 0APKAPOPJMTHHE Yprauum HaTwkagaapu (n=5, P=0,95)
No BaKT, CH4HuHT apanammMaiaru CH4HuHT apanammagaru
T/H coar Muxaopu, 0,01% MuK10pH, 0,2 %
X xAx S Sr-10? X xAx S Sr-10?

1 1,480+0,012| 0,010 0,7 5,538+0,045 | 0,036 0,7

24 |1,525+0,023| 0,018 1,2 5,635+0,065 | 0,032 0,7

1
2
4 220 |1,490+0,010; 0,008 0,5 5,529+0,029 | 0,023 0,4
7 550 |1,479+0,020| 0,016 1,1 5,544+0,038 | 0,031 0,6

11 1000 |1,478+0,021| 0,017 1,1 5,641+0,055 | 0,044 0,8

13 1400 | 1,480+0,023| 0,018 1,2 5,530+0,037 | 0,030 0,5

16 2000 | 1,491+0,015| 0,012 0,8 5,5254+0,032 | 0,026 0,5

H, Ba CO wumrupokmpa CHs HM  aHUKJIAIHUHT  CEJIEKTHUBJIMTMHU
tapMmuHnamaa, Si02-ZnO+CoO  Tapkubiaum  IUIEHKAHUHT  CEJICKTUBIIMTHIA
JIETUPJIOBYN KYIIMMYa MUKJIOPH Ba TEMIIEpATypaHUHT TabCUpHU Ypranuiagu. Typau
TapKUOJIM Ta3 Ce3rup MaTepHAUIAPHWHT CUTHAJIMHM TeMIlepaTypara OOFJIUKIMTU
4-pacMa KeITUPUIITaH.

5,0 7 4-Pacm.Typamn Tapku6iu ras ce-

HAJIMHU TeMIeparypara 00¥JImuK-
aarn.  1-Si0,/Zn0+1%Co0O;
3.0 7 Si0,/Zn0+10%CoO. (CH4uHm
apajammMazara  mukaopu 250

12’0 . J\g < Mr/M°)  Coms=250Mr/™°  yuym
1,0 CoO ra moc kenmaau.

CUrHaJIHU 3HT Karra Kuiimatu 10%
T T T T T T

[
100 200 300 400 500 600 700
I'CM temnepatypacu, °C

>
o
|

CeHCOp CUTHAJH Gras/Oxaso
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AVC-CH; wmeranra HucGaTaH [OKOPH CE3yBUYAHIMIMHM TabMHHJIOBYH
ontuMan xapopat SiO,/ZnO +1% CoO Tapkubmu I'CM yuyn 450 °C (4-pacwm, a),
Si02/Zn0 + 10% CoO yuys 3ca 350 °C (4- pacm, 6) ra TYFpH KeIay. VrTkasunran
TAJKUKOT HATIKanapura kypa, unuia6 umkunran SIYC-CH; MeTponoruk Ba
AKCIUTyaTallMoOH TaBcu(u Oyinya METaHHHU Yy3JTyKCU3 aBTOMAaTUK MOHUTOPHHIU/A
KYJUTaHUJTAIITA MYMKHH.

HucceprauussHUHT “MeTaHHMHI MOHHUTOPHHIH YYYH TEPMOKATAJIMTHK
Ba  SIPUMYTKA3THYWIU CEHCOpJapra  acoCJaHraH MKKH KaHAJIH
razanammsatopu (TSAT-CHz)” ne6 nomnanran 5-606una TKC Ba AYC acocuna
METaHHUHT KOHIIEHTPAMSICUHU YYall y4yH MYIDKaJJIaHTaH HMKKA KaHaJUU
aBromaTuk ra3 ananuzatopu TAI'-CH, nnnad yukuiras.

AHaIU3aTOPHUHT yT4oB jauanasond: SIYC KymmanwmiraH 1-kanan ydayH O-
1000 mr/ m® Ba TKC xymnanunran 2-kanan yayH 0-5,0% ra tear. TII-CH, ras
aHanu3aropu (5-pacMm) Oupiamud ceHcopiap, curdHan kydautupruud, ALl Ba
KOMIIBIOTEp/IaH uoopar.

KVIT KAHAJLTH
A3 AHAJIMBATOP

5-paCM. MeTaHHHR AHUKJI0OBYHN UKKH KaHAJJVIK Ira3 aHaJInu3aTop

['a3 ananuzatopHu Tanépnamaa (onganaHuiIral CEJIEKTUB CEHCopiap yuioy
U TaKJIA(Q THIraH MeToIMKara MyBO(MHUK UILIa0 YUKUIITaH.

["a3 ananm3aTOop METAaHHMHT XaBOJard apajammMaiapuaal Gonaaaanuino a-
Ooparopusi Ba peall MIApOUTIapJa CHHOBIAH YTKa3wiaW. ['a3 aHaIM3aTOPHUHT
TEKIUPUIITaH HyKTaJlapuJard acoCuil MyTIIaK XaTo KUiiMaTu Kyhugaru gopmysa
€plaMuia aHUKJIAH]IN:

A=A, -Ag. (12)
bynna A,-MeTtaHHuUHT ac000 &EpaaMua aHWKJIAHTAaH MUKIOpU; Ao YHHUHT
apajamMaaard XakKMKAail KaiMath. ACOCHMU KENTUPWITaH XaTro KUWMaTu ra3
aHATM3aTOPUHUHT KYpPCAaTKU4YU OWJIaH XaKUKUN KuiMatiapu dhapKuHu acOOOHMHT
Vmuam auanazonura (Cy - Cy, ) HucOaTt OMIaH aHUKJTaHIN:

Y=A:- Ao/ Cy- Cy (13)
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Merannu konunenTpamusacuauar 0-1000mr/m® Ba 0-0,5% auanazonmpa TSI -
CH; cHUrHaJMHWHT KOHIICHTpAlUsATa OOFJIMKIWUTHHU YPraHull HaTwkaigapu 9-
KaJiBaj/ia KeJITHPHUIITaH.

9-:kaaBaJ
I'azoananuszarop TAI'-CH4 CHrHAJIMHUHT KOHIEHTPANUATA OOFJINKJINTUHA
yprauum Hatukajaapu (n=5, P=0,95)

Apanammanaru| CH, nunr anuknanran [Apanammanard| CHy HUHT aHUKIaHTaH
CH,; muxnopu, MHUKIOPH, MI/M° CH4 muxzopu, MUKJIOPH, Xax.%
mr/m3 f+Ax | S |Sr102]  xax. %. (¥ + Ax) S |Sr-10?
10 11+£0,3 | 0,24 | 2,2 0,10 0,97+0,02 | 0,02 | 1,7
50 48+0,9 | 0,72 15 0,50 0,45+0,06 | 0,05 | 1,1
500 510+£2,01 1,61 | 0,3 2,50 2,56+0,16 | 0,13 | 2,5
980 973+4,8 | 3,86 | 0,4 4,90 495+0,21 | 0,17 | 2,4

['OCT 13320-81 ra 6uHOaH, yMyMHI KYIIMMYa XaTOJIUKHUHT PyXcaT dTUJITaH
MakCUMaJl KHMMaTH pyxcaT OSTWITaH acoCUd XaTo YETrapacHHHHI UKKHU
Oapobapunan ommaciaurd kepak. bapua xonariapna xapopaT, HaMJIMK Ba
OOCHMHMHT y3rapHIlid HATHXKaCH/Ia t03ara KeJIyBUM ra3 aHaIM3aTOPUHUHT YMYMHM
Kylmmnmya Kuimatu +1,5 % Hu Taimkun sTaau.

Nina® yukwirad ra3 aHajdu3aTOPUHUHT aHUKIUTHHM Oaxojail Y4yH TypJu
XWJI Ta€p apanammMaiapHUHT Mapajuiell aHalu3IaH uoopaTt Oyiaran TaaKuKoTIap
VTKa3mwiau. Yoy TakuKoT HaTuxanapu 10-xagBanma KeITUPUIITaH.

10-:xaaBag
Nuiad YuKKUIraH ra3 aHAJU3aTOPJAPHUHT KHECHH TAKKOCIAII HATHKAJIAPH
(n=5; P =0,95).
ApanammMaaaru MeTaHHMHT aHMKJIAHIaH MUKIO0PH, % 00. (Mr/m®)
CH,. i+ax | S [Sr*102 X+ Ax S | Srx10?
xax.% 1-kanan TKC TepMOKOHYKTOMETPUK aHATIN3aTOP
0,45 0,47+£0,03 | 1,05 | 2,2 0,40+0,03 0,88 1,9
2,84 2,86+0,04 | 1,93 | 0,8 2,76+0,13 2,65 1,0
4,95 498+0,12 | 3,38 | 0,5 4,88+0,12 3,38 0,5
mr/m® 2-xanan IYC Xpomatorpad «Kpucrama-500»
50 47+1,3 105 | 22 47+1,1 0,88 1,9
250 256+2,4 | 1,93 | 0,8 257433 2,65 1,0
500 512433 | 2,65 | 05 489+4,3 3,46 0,7
1000 991+52 | 418 | 04 995+5,5 4,42 0,4

KanBangan TepMOKaTAIUTHUK Ba SIPUMYTKA3THYIIN CEHCOPIIAap acocuia uiiad
YUKWITaH Ta3 aHaJIu3aTop TEPMOKOHAYKTOMETPUK Ba Tra3zoxpomaTtorpadux
aHanguzaTopijapra HucOataH raz myxutugaaH CH, HUHT aHUKJIAQHWUIIMHUA FOKOPHU
aQHUKJIMK Ba TAaKPOPJIAHYBYAHJIUTUHUA TabMUHIAIIMHU KYpaMu3.

[ynnaii kuaud, YTKa3wiraH TaAKUKOTIAp HATHUXKACHUJa METAaHHUHT (TaOuuit
ra3HUHT) IOKOpPU S(PGEKTUB aHAIM3ATOPU HILIA0 YMKWIIU. AHAIU3aTOPHUHT
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Vpra"wiran Auana3oH/Iard aHUKJIaHTaH XaTO KUHAMAaTh Ba aHAJUTHUK CUTHAIHUHT
yarapunuiapu ymoy mnapamerpiap yuyH ['OCT 13320-81 TomoHumaH pyxcar
ATWITAH YerapacujaH ouIManu.

XVYJIOCAJIAP

OnuHraH HaTUXanap acocuaa Kyluaaru Xyjuocajaap KAJIMHTaH:

1.EnyBuan mopnanap (Hz, CO Ba CH,) HU MeTayul OKCHIAPU MINTUPOKUIA
OKCHUJUIAHMIL KOHYHUSTIAPUHUA YPraHuIl JaBOMHUAA OJMHIAH HAaTHXKajap acocuia
METaHHH TEPMOKATAIUTUK CEHCOPU CE3TUp DdJIEMEHTIApH Y4yH OHHI MakOyl
karanu3atopiap Tapkubu (0,75In203-0,25Ag.0 Ba 0,25Fe304-0,75Ni,03) TaBcus
ATUNA/IH.

2.I'a3 apanamManapy KOMIOHEHTIapUra HucOaTaH Typiinya (paoJiIMKKa 3ra
Oynran Karaau3aTtopiiap acocujaa Tal€pilaHraH  Cce3rup  dJIEMEHTIIapAaH
doigananuin HATMXKacKHIa METaHHU UC Ta3W Ba BOJIOPOJ] UIITUPOKUIA aHUKJIAII
KApPAEHUHHHT CEJICKTUBIIUTY TAbMHUHIIAHAIN.

3. TKC HM METaHHUHI aHUKIAIl >Xapa€HUJIAard WMKOHUSTIAPU YHHUHT
CE3TUPJIUTH, CEJICKTUBIIUIY, AHUKJIAIIHUHT XaTOCH, CHUHTapH KypcaTrh4yjIapyuHU
TETUIIUIN JaBJaT CTaHAapTiIapura TYJIUK >kaBo0 OepHUIll Xam/1a FOKOPH aHUKJIMK Ba
TE3KOPJIMKHYU TAbMUHJIAIIN OWJIaH U30XJIaHA U,

4. Atmocdepa xaBocu TapKuOuJaH TaOMMN Ba CYIOJITHUPWITAH Ta3HU
MOHUTOPUHTH YYyH TE€PMOKATaJIUTHUK YCIyO0 Ba CUTHAIM3ATOp HILIA0 YUKUIJIU.
CHUrHaIM3aTOPHUHT AHUKJAHTaH AHAJIWTHUK, METPOJIOTMK Ba 3KCIUTyaTalllOH
KypcaTruujapu MaBXKyJ aHaJOINIapuAaH  YCTYHJIUTM AaHUKJIAHAA Ba €MUK
AKOJIOTMK CHUCTeMaJlap XaBOCHUJAaH TaOWMUW Ta3HU aHMUKJamga QoiiganaHuira
TaBCHS STUJIA]H.

5. ZnO Ba CoO acocuaa 10mKa ra3 ce3rup HaHOKOMIO3UIIMOH IUIEHKAJIAP
XOCHJT KAJTYBYM KOMITOHEHTJIAPHUHT TapKUOU, ONTUMall HUCOATIapu Ba Talépiarl
TexHosorusick Takiaud sTwirad. ['a3 cesrup kariam, acocuna CH, HUHT rOKOpH
Ce3rHp Ba CENEKTHB SPUMyTKasruwi ceHcopiapu (IYC-CHj) Taiiépmanmy.
Taii€pnanran ceHcOpJlapHU CUTHAJIM3aTOpJap Ba ra3aHaIM3aTopiiap TapKuOuia
UNUIATWIKIIN ~ YJIAQpHUHT TaOMMM Ta3HM  Y3JIyKCHU3 aBTOMATHUK  PaBHINA
aHUKJIANIAArd FOKOPU CE3THPIIUTH, CEJIEKTUBINIYA Ba CUTHAIIMHUHT OapKapOopJIUuru
On1aH M30XJIaHAIN.

6. TepmokaranuTuk  Ba  SPUMYTKa3TUWIM  CEHCOpJap  acocuia
KOHLIEHTPAIMSIHUHT KEHI OpaJiufuja  MeTaHHW (TaOuuil Ta3HU) MHUKpPO- Ba
MaKpOKOHLEHTpalUsUIapUHA aHUKJIAII YCYJM Ba MKKM KaHAJUIM ra3 aHaJIu3aTOpU
(TAT-CH4) wnoia® wukwiad. Typiu  mapaMeTpIapHHHT KEHT  JUara3oHua
AHAJIM3AaTOPHUHT  AHAJIUTUK Ba METPOJIOTHMK KYpcaTruwjiapy TETULUIM JaBJaT
CTaHJapTjIapu Tajladjaapura kaBod OepuIld aHUKIaHIH.
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AKTYaJIbHOCTb U BOCTPEOOBAHHOCTDH TEMbI IMCCEPTALMH.

Ha ceronusmnuii 1eHb OHUM U3 HauOoJiee OMacHBIX BUJOB aBapuil Ha ObI-
TOBBIX M TIPOMBIIIIEHHBIX OOBEKTAX SBIISIFOTCS B3pPBIBBI MeTaHa. HuKHUM KOHIICH-
TpPaIMOHHBIM TpeziesioM B3pbiBuatocTu MeraHa (HIIB) oOkiuHO mpuHATO cuuTath
5%, a BepxHuM mpezenoM B3pbiBuaToCcTH (BIIB) - 16%. [loaTtomy co3nanust xu-
MUYECKHX CEHCOPOB M CUTHAJIM3aTOPOB 00ECIIEUMBAIOIIEH B3pPBHIBO- U MOKapoOes3-
OMMACHOCTU OBITOBBIX U IPOMBIIUIEHHBIX O0BEKTOB UMEET BaXKHOU 3HAUCHHUE.

B mupe ocoboe BHUMaHHUE yJENSETCS CO3[JaHUI0 SKCIPECCHBIX U HEJOPOTHX
XUMHUYECKUX CEHCOPOB ISl HAZEKHOIO U OJJHO3HAYHOIO KOHTPOJISl YTEUEK U CKOII-
JIEHU! MPUPOJHOTO ra3a. AHajau3 pa3BUTHUSA T'a30BBIX CEHCOPOB B IMPOMBIIUICHHO
Pa3BUTHIX CTpaHax MOKa3ajl, YTO JJIA MPEAOTBPALIEHUS B3PbIBOONACHOCTH HanOo-
Jiee HAJIEKHBIM SIBJISIETCS MCIOJIb30BAHUE TEPMOKATATMTHUYECKUX U MOJYIPOBOI-
HUKOBBIX CEHCOpoB. C pa3BUTHEM TpPAHCIOPTA, SHEPreTUKU U HedTe-razoBoi
IPOMBIIJIEHHOCTH B TJ100aIbHBIX MacIITa0ax y>KeCTOUYaroTcs TpeOOBaHUs K obec-
IIEYECHUIO B3PbIBOOE30MIACHOCTH IPOU3BOJCTBEHHBIX U OBITOBBIX 00BEKTOB. JlaH-
HOE O0CTOSITETLCTBO O0YCIIaBIMBAET aKTYalbHOCTh NPOBENIECHUS TEOPETUUECKUX U
IPAKTUYECKUX UCCIIEJOBAaHUM, HAIIPABJIEHHBIX Ha pa3pabOTKy HKCIPECCHBIX, UYB-
CTBUTEJIbHBIX U CEJIEKTUBHBIX CEHCOPOB, 00ECIEUNBAIOIINX HAJIEHKHBIH KOHTPOJIb
B3PBIBOONACHOCTH a30BbIX CMECEH 3aMKHYTBIX SKOJIOTUYECKUX CUCTEM.

C poctomM a00blMM W HCHOJB30BaHMS Ta3a B PecnyOnuke JOCTUTHYTO
OIPEJICIICHHbIE HAYYHBIE PE3YyJbTaThl NMPU Pa3padOTKU IKCIPECCHBIX METOJ0B U
HAJIe)KHBIX CEHCOPOB M CUTHAIM3ATOPOB MPEIHA3HAYEHHOTO NJisi OOHApyKEHUS
yT€UEK U CKOIUIEHWH METaHa B aTMOC(HEPHOM BO3[yX€ MPOMBILUIEHHBIX U OBITO-
BbIX O0OBEKTOB. B cTparerun neicTBuil mo AajibHeWeMy pa3BUTHIO PecryOnnku
VY30ekucran! HaMEUeHbl Ba)KHbIE 33/1a4U: «IIPOU3BOACTBO MPOIYKIUU C BBHICOKOU
100aBJIICHHONW CTOMMOCTBIO Ha OCHOBE TIyOOKOW MepepadOTKH MECTHOTO CHIPbs,
pa3paboTKa HOBBIX BHJIOB MPOIYKIIMH U TEXHOJIOTHM Ha 3TOH OCHOBE, 00ECIEUNTh
KOHKYPEHTOCIIOCOOHOCTh OTEUECTBEHHBIX TOBAPOB HAa BHYTPEHHEM M BHEIIHEM
peiHKax». [Ipm 3TOM BaxHyl poJib uUrpaer oOecrnedeHue MoXapo u
B3pbIBOOE30NACHOCTH TMPOMBILIUIEHHBIX NPEANPUATUN, TPAHCIOPTa U OOBEKTOB
KKX.

JlaHHO€ HcCcepTalMOHHOE MCCIEA0OBAHUE B OMPEACIICHHON CTENEHU CIIYKUT
BBINIOJIHEHUIO 337a4, MpeaycMOTpeHHbIX B YKa3e IIpe3unenra Pecnyonuku Y30e-
kuctan YI1-4947 ot 7 despans 2017 rona «O CtpaTeruu ASHUCTBUM MO JadbHEH-
niemy pa3Butuio Pecriyonuku ¥Y30ekucrtan», B [loctanoBienusix [Ipesunenta Pec-
nyosuku Y36ekuctan [111-3479 ot 17 suBapsa 2018 roga «O mepax mo crabuiib-
HOMY OOECIIEYEHHUIO0 OTpaciel PKOHOMHKU CTpPaHbl BOCTPEOOBAHHBIMU BHUIAMU
npoaykiu u ceipbs» U I1I1-3983 ot 25 oxTsa6pst 2018 roma «O Mepax 1o ycko-
PEHHOMY Pa3BUTHUIO XUMUYECKON MpOMBINIIeHHOCTH PecyOnmku Y30ekucrany, a
TaKXe APYrMMH HOPMATUBHO - MPABOBBIMHU JOKYMEHTAMH, IPUHSITHIMU B TAHHOU

cepe.

Va3 Tpesunenrta Pecriyomuku Y36exkuctanYI1-4947 ot 7 ¢espans 2017 roma «O Crparernn

neiicTBUi Mo fanbHeleMy pa3BuThio Pecriyonuku Y30exkucran»
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CBs3b HCCJIEIOBAHUSL ¢ OCHOBHBIMHM NPHOPUTETHHIMM HANPABJICHUAMH
Pa3BUTHSI HAYKH M TEXHOJOTHM pecny0auKHU. J[aHHOE MCcCIe0BaHKe BBIIOJIHE-
HO B COOTBETCTBUU C MPUOPUTETHBHIM HAIPABICHUEM Pa3BUTHUS HAYKU U TEXHOJO-
ruit PecniyOnuku VI « Xumuueckue TeXHOJIOTUU U HAHOTEXHOJIOTHI.

CreneHb M3y4eHHOCTH NMpodaeMbl. Bo Bcex pa3BUTHIX CTpaHax MUpa Mpo-
BOJISITCSl CUCTEMATUYECKUE UCCIIEOBaHMS, HAIIPaBICHHbIE HA pa3pabOTKy METOJIOB
U CEHCOPOB KOHTPOJII TOKCHYHBIX IMOXapo- W B3PBIBOOMACHBIX Tra3oB. Ocoboe
BHHMAaHHE YJEJIEHO CO3/JaHHUI0 HKCIPECCHBIX M YyBCTBHUTEIBHBIX CEHCOPOB, 00ec-
MEYMBAIOIIUX HAJEKHBIH KOHTPOJIb B3PHIBOOIACHOCTH T'a30BbIX CMECEH 3aMKHY-
THIX DKOJIOTUYECKUX cucTeM. B uactHocTH, 3apyOexHble uccienoBarenu Sheikh
A., Prabir K., Persaud K., Dodd G., Routkevitch D., Mardilovich P., Govyadinov
A., Chang J.F., Stamataki M., Calestani D., Zha M., Mosca R., Corcoran P.,
Shurmer H.V., Gardner J.W. u MHOTHE IpyrHe 3aHUMAIUCh pa3pabOTKO METOIOB
U CEHCOPOB KOHTpOJS cocTaBa cMmecu ra3oB. Takumu ydyensiMu ctpan CHI', kak
[lep6anp A.H., ®ypman H.U., Kapnos E.®., ['omuasko B.U, Psa3zanoB A.B.,
Mononeukun M.O., CeicoeB B.B., 3roprokun 10.A., JlamkoB A.B., Jlo6poxoToB
B.B. mpoBonunuce (pyHIaMeHTaIbHbIE WCCIEAOBAHUS, MOCBSIIEHHBIE CO3JaHUIO
METOJIOB M CEHCOPOB KOHTPOJS OOBEKTOB OKPYXKAIOIIEH Cpelbl, B TOM 4YHCIIE
TEPMOKATATUTUYECKNX CEHCOPOB FOPIOYMX ra30B U MapoB.

VYuyensie Y30ekucrana, B ToM umcie T.K. Xampakynos, H.C. 3akupos, P.X.
Jlxusin6aeBa, A.M. I'eBoprsin, A.M. HacumoB, 3.A. CmaHOBa W Jpyrue, BHECIH
OOJBIION BKJIAJ CBOMMH HCCIEIOBAHUSMU B peElIeHHE MpoOieMbl pa3paboTKu
METOJIOB M CEHCOPOB KOHTPOJISI 0OOBEKTOB OKPYKAIOIIEH CPEIbl.

C BHEIIpEHHEM HOBBIX TEXHOJOTHUUA M Pa3BUTHEM AHAIUTHYECKOTO KOHTPOJIS
MOBBIIAIOTCS TPEOOBaHUSI K UYBCTBUTEIIBHOCTH M CEJIEKTUBHOCTH METOJIOB OIpe-
neneHus BemniecTB. [lepCreKTHBHBIM COBPEMEHHBIM HAIPaBJICHUEM Pa3BUTHUSI CEH-
COpOB JJISl aHAJIN3a KOHIIEHTPAIIMU TOPIOYMX B3PBIBOONACHBIX U TOKCHYHBIX ra30B
SABJISIETCA MCIOJIb30BAaHHUE TOJIYITPOBOAHUKOBBIX U TEPMOKATATUTUYECKHX CEHCO-
pOB. YUUThIBas BBINICU3I0KEHHOE, pPa3padOTKa HOBBIX BBICOKO 3((HEKTUBHBIX
TEPMOKATATUTUYECKUX M TOJYIPOBOAHUKOBBIX CEHCOPOB OIPEIECICHUS METaHa
00ecreunBaroT Mokapa B3phIBOOE30MACHOCTH B MPOMBIIIJIEHHBIX U OBITOBBIX 00b-
€KTaxX U aBTOTPAHCIOPTE.

CBsi3b TeMBbI JMCCEPTALMM C HAYYHO-HCCJIEA0BATEJbCKMMHU PpadoTamMu
BbICIIEr0 00pa30BaTeILHOI0 yUpe:KIeHusl, 1€ BbINOJHEHa auccepranus. Juc-
CEepPTALlMOHHOE  KCCJIEOBAaHUE  BBIMOJHEHO B paMKax IUIaHA  HAy4YHO-
HCCIIEIOBATENIbCKUX Pa0dO0T MPUKIIAIHBIX MPOECKTOB, BBIMOJHAEMBIX B CamMapkaH-
ckoM rocynuBepcurere no teme N/T-12-07 «Pa3paboTka (puU3NKO-XUMHUYECKHUX
OCHOB W TE€XHOJIOTUU CHUHTE3a TMOPUIHBIX OPraHO-HEOPTaHUYECKUX Ta304yBCTBU-
TEJIbHBIX HAHOMATEPHUAJIOB JII XUMUYECKUX CEHCOPOB HOBOIO MOKoJeHus» (2012-
2014 rr.) u OT-®7-84 «KuUMEBHII CEHCOPIAPHUHT SIHTM aBJIOJU YUYH ra3 Ce3rHp
MaTepuallyiap CUHTE3W Ha3apuil acocIapuHu TaaKUK 3Tty (2016-2020 ii.).

Leabio uccienoBaHus SBISIETCS pa3padOTKa YyBCTBUTEIILHBIX, CEJICKTUBHBIX XU-
MHYECKAX CEHCOPOB METaHa M CO3/[aHUs HA WX OCHOBE BHICOKOA((EKTHBHBIX CHUTHA-
JM3aTOPOB U ra30aHAIU3ATOPOB NPUPOJHOTO ra3a.
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3agauyu uccaeOBAHMA: U3YyUYE€HHE 3aKOHOMEPHOCTH OKHCIEHHUS TOPIOYUX
BEIECTUB u pa3zpaboTka cocTaBa KaTanu3aropa CEJIEKTUBHOIO
TEPOKATATMUTHUECKOTO CEHCOpa METaHa;

noa00p  ONTUMAJBHBIX  YCIOBHM, OOECHEYHMBAIOIIUX  CTAaOMIBHOCTD,
CEJICKTUBHOCTh M BBICOKYIO  YYBCTUBUTEIBHOCTh  TEPMOKATAIUTHYECKOTO
OTIpEJICIICHHs] B3PHIBOONACHBIX KOHIEHTPAIMl MPUPOJHOTO ra3a B aTMOC(hHEpHOM
BO3/IyX€ 3aMKHYTBIX 9KOJIOTUYECKUX CUCTEM;

CO3/1aHHE€ YYBCTBUTEIBHBIX U IKCIIPECCHBIX METOIOB M HAJIeKHBIX CUTHAJIU-
3aTOPOB MpETHA3HAYCHHBIX JUIsI OOHAPYKEHUS YTEUeK U CKOIUICHUI MeTaHa B aT-
MOC(EpHOM BO3/1yX€ MPOMBIIIJICHHBIX U OBITOBBIX OOBEKTOB;

M3Y4YEeHHE 3aKOHOMEPHOCTH 30JIb-TeJIb CHHTE3a ra304yBCTBUTEIBHBIX HAHO-
KOMIIO3UTHBIX MaTEpUaJIOB U CO3JJaHUE HA UX OCHOBE UYBCTBUTEIBHOIO MOIYIIPO-
BOJIHMKOBOT'O CEHCOpa METaHa;

C NPUMEHEHHUEM IMOJIYIPOBOAHUKOBOIO M TEPMOKATAIUTUYECKOTO CEHcopa
CO3/IaHUE JIByXKAHAJbHOTO ra30aHaJI3aTopa METaHa JJil HEIPEPhIBHOTO OIpe]ie-
JIEHUsI IPUPOAHOIO r'a3a B BO3AYXE U TEXHOJIOIMUECKUX ra3ax;

oTnpeJelieHue METPOJIOTHUECKUX U aHAIUTUYECKUX XapaKTEPUCTUK aHaM3a-
TOpa METaHa;

IPOBECHHE JIAOOPATOPHBIX UCTIBITAHUI U IPUMEHEHUE B MPOU3BOICTBEHHBIX
YCIOBUSIX pa3pabOTaHHBIX CEHCOPOB.

O0beKkTaMM HCCJIeJOBAHUS SIBIISIOTCS KAaTAIUTUYECKH AKTUBHBIC OKCHIBI
METAJIJIOB, IPUPOIHBIN Ta3, MPOMAHO - OyTaHOBasE CMECh, OTXOSAIINE Ta3bl TOMOY-
HBIX YCTAaHOBOK, ME€TaH M CTaHJapTHBIE Ta30BbIE CMECH.

IIpenmeTroM mccieI0BaHUsl SIBISIETCA XUMH3M IPOILECCOB OKHCIICHUS
TOPIOYHMX BEIIECTB, 3aKOHOMEPHOCTHU 30Jb-T€Jb CHHTE3a Ta30uyBCTBUTEIBHBIX
HAaHOMATEPHAJIOB U aHAUTHYECKHE MapaMeTphl CEEKTUBHBIX TePMOKATAINTHYE-
CKUX U MOJIyIIPOBOJIHUKOBBIX CEHCOPOB METaHa.

Metoabl ucciaenoBanms. ['azoBas xpomarorpadus, UK cnexkrpockomnus,
nudepeHnanbHblil TEPMUUECKUI aHaINU3, MOTEHIUOMETPHS, (POTOKOJIOPUMET-
pHsi, KOHTYKTOMETpPHSI, BUCKO3UMETPHSI.

Hayunasi HOBH3HA MCC/IeI0BAHUS 3aKII0YAETCS B CIECIYIOIIEM:

BIIEPBbIE T0JI00paH cocTaB W cooTHomieHue katanu3aTtopoB (0,751n,03-
0,25Ag.0 u 0,25Fe304-0,75Ni,03) pabouero u cpaBHUTEIHHOIO 3JIEMEHTa TEPMO-
KaTaJUTHYECKOTO CEHCOpa METaHa;

BIIEPBBIE METOJOM 30JIb-TeIb TexHoJoruu Ha ocHoBe ZNO m CoO mpoBeneH
IeJICHANPABJICHHBINA CHHTE3 Ta304yBCTUBUTENIbHOTO MaTepuania (I'UM) mns momy-
NPOBOJHUKOBOTO ceHcopa CHa.

¢ ucnoas3oBanreM ['UYM Ha ocHoBe SiO2/ZnO+C00 ycTaHOBICHO MOHMKE-
HUE TEMIIEPATYPHOTO MOPOTra YyBCTBUTEIHHOCTH U yBEIMUCHHE U30MPATEIHLHOCTH
MOJIYTIPOBOJHUKOBBIX CEHCOPOB I10 MPUPOIHOMY a3y,

pa3paboTaH JIByXKaHaJIbHBIM aHAIN3aTOp, OCHOBAaHHBIM HA HCIOJIH30BAHUU
TEPMOKATATUTHUECKOTO U TOJYNPOBOIHUKOBOTO CEHCOpa, OOECHeuHBAIOIIETO
oIpesieJieHNe MeTaHa B IIMPOKOM JUana30He ero KOHIEHTpalui;
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-BBISIBJICHO BIIUSIHUE PA3JIMYHBIX (DAKTOPOB HA METPOJIOTHYECKUE, IKCILUTyaTa-
[IUOHHBIE U APYTHUE MapaMeTphl MOTYIMPOBOIHUKOBEIX ceHcopoB CHs Ha ocHOBe
Si0,/Zn0O+Co0.

IIpakTuyeckue pe3yIbTAThl HCCIET0BAHUS 3aKITIOYAIOTCS B CICAYIONIEM:

pa3paboTaH COCTaB KaTajau3aTopa YyBCTBHTEIHHBIX JJIEMCHTOB M KOHCTPYK-
IIUST TEPMOKATATUTUIECKOTO CEHCOPa, 00CCIICUNBAIONININ CEICKTHBHBIA KOHTPOJIb
B3PBIBOONIACHOW KOHIICHTPAIIUU MPUPOIHOTO Ta3a M3 cOCTaBa aTMOC(hEepHOro BO3-
nyxa 00bEKTOB MPON3BOICTBEHHBIX U KUJIHIIE - KOMMYHATIBHBIX XO35HCTB;

YCTAaHOBJICH ONTHMAJBHBIM  TEMIEPATYpHO-BPEMEHHOW pPEXHM, COCTaB
HCXOJTHBIX KOMITOHEHTOB 30J1b-T€JIh CHHTE3a U BO3MOKHOCTH TOJYYCHHUSI BBHICOKO-
qyBCTBUTENBHBIX ['UM 17151 CENIEKTUBHOTO MOTYIPOBOIHUKOBOTO ceHcopa CHy;

pa3paboTaHHbBIC CEJIEKTHBHBIC CEHCOPHI MPEIIOKECHBI JIJI1 MCIOIb30BAHMS B
COCTaBE CUTHAJIM3AaTOpa M IBYXKaHAJILHOTO aHAJIN3aTOpa METaHa.

JI0CTOBEPHOCTh MOJYYEHHBIX Pe3yJbTATOB JI0Ka3aHA TaKUMU COBPEMEH-
HBIMHU (PU3UKO-XUMUYECKUMU METOJIaMU, KaK KOHYKTOMETPHUSI, TOTCHIIHOMETPHS,
razoBas xpomatorpadus, GOTOKOJIOPUMETPHs, MUKpOCKonMueckue u auddepen-
[[MaJbHBIE TEPMUYECKUE METO/IbI aHalu3a. BBIBOBI C/I€/IaHbl HA OCHOBE JKCIIEpPH-
MEHTAJILHBIX PE3YJIbTATOB, 0OPaOOTAHHBIX METOJIAMH MATEMAaTHYECKON CTaTHUCTH-
KH.

Hayuynass M mnpakTuyeckass 3HAYMMOCTb Pe3yJbTATOB MCCJIEI0BAHUS.
Haydnast 3HQUMMOCTh PE3yIbTAaTOB HCCICAOBAHUS 3aKIIIOYACTCS B HAXOXKICHUU
CEJICKTUBHBIX KaTaJM3aTOPOB M ONTUMAJILHBIX YCIOBHUU I TEPMOKATATUTHUC-
CKHX CEHCOPOB MeTaHa; (HOPMUPOBAHKE CEICKTUBHBIX Ta309yBCTBUTEIBLHBIX HAHO-
KOMITO3UTOB Ha OCHOBE OKCHAa ZN C MOMOIIBIO 30J1b-T€Jb MpoIecca U CO3/IaHne
CEJICKTUBHBIX TOJYITPOBOJHUKOBBIX CEHCOPOB METaHa M MPHUPOIHOTO Ta3a Ha WX
OCHOBE.

[IpakTrueckasi 3HAUUMOCTH Pa0OTHI 3aKIFOYAETCS B MOBBIIICHUH YKCIIPECCHO-
CTH ¥ CHWKEHUU TIpesiesia 0OHApy>KeHHUsI METaHa U3 COCTaBa aTMOC(EPHOTO BO3IY-
Xa TPOU3BOJICTBEHHBIX U OBITOBBIX MomernieHnit Co3aHHbIe CEHCOPBI B COCTaBE
CUTHAJIN3ATOPOB U aBTOMATUYECKUX aHAIM3aTOPOB HAWIYT IMIMPOKOE MPUMEHEHHE
MIPU PEIICHUN BAXKHBIX COIUATIBHBIX, IKOJIOTHYECKUX M SKOHOMHUYECKUX MPOoOIeM
KOHTPOJIsI O0BEKTOB OKpYyXKaroleh cpefpl, 6e30macHoro (GyHKIIMOHUPOBAHUS Pl
B3PBIBOOMACHBIX TIPOU3BOJICTB.

BHenpenne pe3yabTaToB Hcce0BaHusi. Ha 0CHOBE pe3yabTaTOB HAYIHOTO
MCCJICIOBAHMS TI0 pa3pabOTKe XUMUYECKUX CEHCOPOB MOHMTOPHHTA METaHa U3 CO-
cTaBa aTMOC(EpPHOTO BO3ayXa:

TIOJIYITPOBOTHUKOBBIE CEHCOPHI M, pa3padOTaHHBIM Ha WX OCHOBE, aBTOMATH-
YECKUW Ta30aHajInu3aTop BHEAPCHBI B TPAKTUKY aHAJIMTHYECKOH mgabopaTopuu
000 «MybOapekckuii razomnepepabateiBatomuii  3apoja»  (cmpaBka OO0
«Mybapekckuii razonepepabatsiBaroiiuii 3aBoa» Ne605/GK-19-04 ot 29 ampens
2019 roma). B pesynbpTaTe 3a CUET UCIOJB30BAHUS BBICOKOCEIICEKTUBHOTO M
YyBCTHUBUTEIBHOTO CEHCOpa U OTCYTCTBUS HeoOXoaummocTu oTtOopa U
MPEABAPUTEILHON TOATOTOBKM TPOOBI JTOCTUTACTCS BBICOKS DKCIPECCHOCTh U
TOYHOCTb KOHTPOJIA.

27



Pa3paboTaHHbIil TEPMOKATATUTUYECKUE CEHCOPBl U CUTHAIM3ATOP KOHTPOJIS
YTEUKH M HAKOIUICHHMs] METaHa BHEAPEHbI B MPAKTUKY aHAJUTUYECKOM jaboparo-
pun OO0 «Mybapekckuil razonepepadaTsiBatonuii 3aBoa» (cnpaBka OO0
«My0Oapekckuii razonepepadatsiBarominii 3aBog» 682/GK-19-05 ot 22 mas 2019
roja). Pa3paboTaHHblii CEHCOpPHI B COCTABE CUTHAIM3ATOpPa KOHTPOJIS YTEUKH U
HAKOIUJICHUSI METaHa, MO3BOJIMIIMA MPEAOTBpallaTh MOKapo- U B3PHIBOONACHBIE CH-
Tyalluy B MPOU3BOJICTBEHHBIX YCI0BUsX. [Ipu 3TOM pazpaboTaHHbIN TEpMOKaTaIH-
TUYECKUN CUTHAIM3ATOP XapaKTEePU3YyeTCsl BBICOKOW AKCIPECCHOCTHIO U CEIEKTUB-
HOCTBIO.

AnpoOauusi pe3yJbTATOB HCCJIeI0BaAHMs. Pe3ynbTarbl HACTOSIIETO
UCCJEIOBAHMS  JIOJIOXKEHbI M 00CyxkJaeHu Ha 11 Hay4yHO-IIpaKTHYECKHX
KOH(EpEHIINAX, B TOM YUCIIE 3—MEXIYHAPOIHBIX U 8-PECTyOIMKaHCKUX.

Ony0/1MKOBAaHHOCTH Pe3yJbTATOB HccienoBanus. [lo Teme nuccepraiuu
ormyOiMKoBaHO 18 HayuyHBIX paboT; W3 HUX 4 B W3IAHUSIX, PEKOMEHIOBAHHBIX
Briciieit aTTecTallmOHHOW KOMECCUEH PecnyOInKu K OMyOJMKOBAHUIO OCHOBHBIX
pesyabTatoB auccepranuid (PhD), B Tom uuciie 3 crareit B pecnyOiIMKaHCKUX u 1
CTaThs B MEXIYHAPOJIHOM U3JAHUSAX.

Crpykrypa U o0bem aucceprammu. Jlucceprauusi COCTOUT W3 BBEICHMUS,
IATH TJIaB, 3aKJIOYCHHS, CIHMCKA HMCIOJIb30BAHHOW JIUTEPATYPhl U MPUIIOKEHUN.
O06BeM auccepraniuu coctaBiseT 116 cTpaHuil.

OCHOBHOE COAEPKXAHUE JUCCEPTALIUU

Bo BBemeHnu 00OCHOBBIBACTCSl aKTYaJIbHOCTh M BOCTPEOOBAHHOCTH MPOBE-
JIGHHOT'O MCCJIEIOBaHus, 11€JIb U 3aJlaya UCCIICIOBAHMS, XapaKTEPU3YIOTCS OOBEKT
U MPEIMET, MOKa3aHO COOTBETCTBUE UCCIICIOBAHUS IPUOPUTETHBIM HAIMPABICHUSIM
pPa3BUTHS HAayKHM M TEXHOJIOTUM pecmyOJMKH, M3J1aracTcsi HaydyHas HOBHU3HA U
MPAKTUYECKHUE PEe3yJIbTAaThl MCCIIEIOBAaHUSI, PACKPBIBACTCS HAay4dyHas M MpaKTUYe-
CKasi 3HAYMMOCTh MOJIYYCHHBIX PE3yJIbTaTOB, BHEJIPEHUE B MPAKTUKY PE3YyJIbTATOB
WCCIICIOBAHUSI, CBEJICHUS 0 ONMyOJMKOBAHHBIM paboTaM U CTPYKType auccepra-
IIUH.

B nepBoii riaBe «MeToabl 1 NPUOOPHI IS ONpedeJIeHus] MeTaHAa U3 CO-
CTaBa ra3oBO3AYIIHBIX CMeceil» MPoaHaIU3UPOBAHBI U CUCTEMATU3UPOBAHBI HC-
cle0BaHus B 00JIaCTH COBPEMEHHBIX ONTHYECKHX, DJICKTPOXUMHYECKHUX, TEPMO-
KOHJIYKTOMETPUUECKUX, TEPMOKATATUTUUECCKUX U TOJTYIPOBOIHUKOBBIX METOJIOB
U puOOPOB ompeesieHus roprounx razoB. Oco0oe BHUMaHUE YEJIEHO TepMOKa-
TATUTUYECKUM M TIOJTYTIPOBOJHUKOBBIM METOJIaM U CEHCOpaM KOHTPOJIS METaHa 1
MPUPOJIHOTO Ta3a. AHAJIN3 JUTEPATyPHBIX JAHHBIX TMO3BOJIMI OOOCHOBAThH 1IEJIH,
3a/1a4u U BBIOOP OOBEKTOB UCCIIEOBAHUS HACTOSIIIEH pabOTHI.

Bo BTOpoiil rnaBe auccepranun «Pa3padoTka M uccieg0BaHUEe MeTPOJIO-
THYECKHX XAPAKTEPUCTHK CeJIEKTHBHOI0 TEPMOKATAJIUTHYECKOI0 CeHcopa
MeTaHa (MPUPOIHOTO ra3a)» MNPUBEAECHbI PE3yJIbTaThl TPUTOTOBICHHS U aTTECTa-
MU CTaHJapTHBIX Ta3oBbix cMeceit Hy, CO, CHs 1 mpupogHOTOo raza ¢ BO3ayXOM.
Hcnonp30oBaHHBIE B pabOTe Ta30-BO3/YIIHBIE CMECH OBUIM MPUTOTOBJICHBI MaHO-
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METPUUYECKUM METOJIOM, cornacHo ctanaapta COB 4981-86 (rpynmna B 19). On 3a-
KJII0YaeTCs B MOCTETICHHON TO3UPOBKE B OANIOH OTJEIBHBIX KOMIIOHEHTOB rasa.
ConepxaHre KOMIIOHEHTa B Ta30BoM cMecH (Xj) B MPOIEHTaX BBIYUCISIOT TIO
dhopmyie:

P, P,
X, = 5—-100 = —--100

i=1

1)

rae Pi - mapuuansHoe naBieHue 1-ro kommoHeHTa; P - oOlee gaBieHUe CMECH.
JlonosHUTENBHOE 00JIEe TOYHOE OINPEAEICHUE COAEPKAHUSI METaHa B CMECH, OCY-
IIECTBISIOCH Ta30XpOMATOrpapUUECKUM METOIOM.

B HayuHOW nuTepaType U NPAKTUKE TPAJAULHMOHHO CUMUTAJIOCh, YTO IIMPOKO
ucnoas3yembie Tepmoxumuueckue cerHcoprl (TKC) He obecreunBaroT CEEeKTUB-
HOCTh OINPEJEICHUS OTAEIbHBIX KOMIIOHEHTOB cMecH ra3oB. [loaTomy, npobiema
oOecnieuenus cenektuBHocTH TKC siBnsieTcs akryanbHOM. OHUM K3 BO3MOXKHBIX
npueMoB oOecrieueHus: cenektuBHocTH TKC sBiseTcsl MCNOIb30BAHUE YYBCTBH-
TeJIbHBIX AneMeHTOB (YD), comepkamux KaTalau3aTopbl, 00JIaalolue pa3aunyHon
AKTUBHOCTBIO K KOMIIOHEHTaM T'a30Boi cMecH. B cBs3M ¢ 3TUM, rIaBHOM 3a1ayeit
npu pazpabotke cenektuBHoro TKC CHy siBisiercs moadoop KaTalUTUYECKUX CH-
ctem UO.

C uenpio pa3paboTku yyBcTBUTENBHOTO U cenekTuBHOro TKC s onpenene-
Husi CH4 (MeTaHOBOTO, MPUPOAHOIO) ra3a U3y4aJUuCh 3aKOHOMEPHOCTH OKUCIICHUS
H, CO u CH4 Ha pa3nuuHbIX KaTann3aTopax. KOHTPOJIb 32 CTENEHBIO OKUCICHUS
rOpIOYEro KOMIOHEHTA OCYLIECTBIISUICS CHATUEM XPOMAaTOIPaMMBbI CMECH 10 U TO-
cJie MPOXOXKACHMS ra3a uepes o KaTanu3aTopa.

B xoze skcriepuMeHToB B nHTepBane Temneparyp 100-350 °C usyuamuch ka-
TaJTUTUYECKUE XapAKTEPUCTUKH Psiia MHAUBUIYAIbHBIX U OMHAPHBIX OKCHUIOB Me-
taioB: Ga, In, Ag, Cr, Mn, Fe, Co, N1, Cu u Zn. B npucyTcTBUU KaTajln3aTOpOB
okucnenne Hy, CO nu CHs mponcxoaut, B OCHOBHOM, C TOYKH 3PEHHS] TEPMOAUHA-
MUKH 110 HauboJiee BHITOJHOMY HAMPAaBIECHUIO ¢ 00pa30BAHUEM YTJIEKHCIIOTO Ta3a
Y BOJASTHOTO Mapa:

H,+1/20,=H,0+286 kJIx (2)
CO+1/20,=2C0O,+283 k1 x (3)
CH4+20,= CO,+2H,0+892 xIx (4)

OTU peakiuud COMPOBOKIAACTCS OOJBIIUM TEIIIOBBIM d()PEKTOM U MpaKkTHUe-
cKku HeoOpatuM. M3 pe3ynpTaToB MPOBENEHHBIX 3KCHEPUMEHTOB CIEAYET, UYTO K
yycily HamOoJiee aKTUBHBIX Karanu3atopoB okucienuss CHs m mpupoaHoro rasa
otHOCATC Ag,0 u InyO3. Ilpu temueparype 200 °C B nmpucyretsun Ag,0 u In,03
MpEBpAIlEHHE MPUPOAHOTO Tra3a coctaBisieT 86 u 98 %. [lanpHelee nccienopa-
HUE CEJIEKTUBHOCTU CMECU OMHAPHBIX OKCHJIOB CBHUJIETEIHLCTBYET O BO3MOKHOCTH
ucnoibs3oBanus 0.751n,03-0,25 AgQ,0 u 0,25Fe304-0,75 Ni,O3 B kauecTBe KaTajiu-
3aTOpa U3MEPUTENIBHOTO U cpaBHUTENBHOTO YD cenexruBHoro TKC mis onpene-
nenusi CHy (mpupoanoro rasa) B npucyrctsuu Hy u CO, kKoTopble yacTo BcTpeya-

IOTCA C IPUPOAHBIM I'a30M B aTMOC(l)epHOM BO3AYyXC MIAXT, TCXHOJIOTMYCCKHUX TI'a-
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3ax, BBIXJIONHBIX razax aBroTpancnopta u ap. [lpunuun padotst TKC 3akmrouaeT-
csi B OecruiameHHOM cxurann CHg4 Ha MOBEpXHOCTH KaTallu3aTopa U U3MEpPEHUU
KoJimdecTBa BeiaenuBiierocs npu 3tom temia. TKC CHa, cocroutr u3 asyx U0 u
JIBYX TTOCTOSTHHBIX pe3ucTtopoB. doTtorpadus (a) u cxema BKiIrodeHUs (0) 4yBCTBH-
TeJIbHBIX AneMeHToB pazpadoranHoro TKC CH4 npuBenena Ha puc. 1.

‘ __R1__ __.R2__ Puc.1. ®ororpadus (a) u
\”%! cxemMa BkiwuyeHust (0)
u YYBCTBUTEJIbHBIX JJ1eMeH-
TOB TEPMOKATAJIUTHYEC-
KO0 CeHCOpa MeTaHa
| (caeBa—cpaBHUTEIIBHBIHI

= un, CIIpaBa—U3MepH-

TeJbHBIN D).

[Ipu Bo3geiictBuu Monekynl CHs Ha MOBEpXHOCTHM KaTainu3aTopa H3MEpH-
TEJIBHOTO 3JIEMEHTA INPOUCXOIUT €r0 OKUCIEHUE B COOTBETCTBUH C YPOBHEHUEM
(3). Ilpu BbIIENEHNH TEILIa, MPOUCXOIUT U3MEHEHHE COMpOoTUBIIeHUs R cnimpanuy,
BEJIMYMHA KOTOPOTO onpezensercs no popmye:

R=Ro(1+aAT)  (5)
rae Ro — conporusnenne cnupanu npu T=25°C; o — remneparypublii ko3¢ duim-
€HT COIPOTUBJICHU TUIATUHOBOM MPOBOJIOKHU, AT — n3mMeHenue reMnepaTrypsbl CIH-
panu. Cxopocth peakuuu okuciaenuss CHs (W,Mo0b/C) B KMHETHUECKOU 00JIacTH
OOBIYHO TMPEACTABIAIOT KaK (YHKIHIO OOBEMHO-MOJISIPHBIX KOHLIEHTpalui
CH4(Ccha) 1 O2 (Co2).
W:kFaf(CCH4C02) (6)

rae k - xoncranTa ckopoctH, ¢ty F, - akTMBHAas moBepXHOCTH, M2, OKHUCIIEHUE
CH4 npu 3TOM cOnpoBOXKIAaETCS OJHOBpeMeHHOU aacopbOuueir O, m CH4 moBepx-
HOCTBIO KaTaJlu3aTopa, a Ha CKOPOCTh peakuuu Biausetr koHueHTpauus CHa u Oa.
Crnenyer Takke OTMETUTh, YTO Npu KoHUeHTpaunun CH, cBbime 9% aumutupyro-
UM KOMIIOHEHTOM B CMECH, OIPEIECISIONINM CKOPOCTh pPEaKIUW, CTAHOBUTCS
okuciutenb—0; Bo3ayxa. Mcmonb3ys paspadoranubie katamu3aTopbl (0,751N,0s-
0,25Ag,0 u 0,25Fe304-0,75Ni,03.), nHamu Obut m3rotoriien TKC, obecrneunBaro-
it cenexktuBHoe onpenenenne CHy B npucyreteun CO u Hy (puc. 2).

co H2
VYvVYYVYVYYY Puc.2. ®ororpadgus (a) u

0.75In20s-0,25Ag20  0,25Fes040,75Ni:0s  ¢xemMa (0) CeJIeKTHBHOIO
@j TEPMOKATAJIUTHYIECKOTO

=
u ceHcopa merana (l-kopmyc,

Curnan Curnan 2-3alTUTHBIA  KOJIMAYoOK, 3-
CO+H> CO+H> MOpUCTasi THTAHOBAs CETKa,
et 4-MeTaJNIMYEeCKUE CTOMKHU




BbIx0/IHOM cUrHaim U3MEPUTENBHOIO YyBCTBUTENBHOTO 3nemenTa (MUD) cen-
copa (karasmzarop: 0,751n,03-0,25A0,0) nmponopiioHajieH CyMMapHON KOHIICH-
Tpauu roprounx ra3zoB (Hy, CO, CHy), BBIXOAHOM CUTHANl CPAaBHUTEIHLHOTO YYB-
cTBUTENBHOTO 3MeMenTa (CUD) nponopuuonaned konmeHTpauuu cmecu CO u Hp
0e3 cesleKTUBHOTO orpeaensemoro komrnonenta (CHy), a pa3HOCTbh CUTHAJIOB TIEp-
BOT'O ¥ BTOPOT'O JIEMEHTOB MPONopiuoHanbHa KoHIleHTpauuu CHa.

HcnpiTanust pa3paboTaHHBIX CEHCOPOB BKIIOYAIH B Ce0sl CHEIHMANIbHBIE JKC-
MIEPUMEHTBI, CBA3aHHBIC C MOAOOPOM ONTHMAIHHOTO 3HAUYCHUS HAIIPSHKCHUS TTHTA-
HUS, YCTAHOBJIICHUEM NTUHAMHYECKHUX, TPATyUPOBOYHBIX U APYTHX XaPAKTEPUCTHK
CEHCOpa, & TAKXKE C BBISIBICHUEM CTEIIEHHU €T0 CEIEKTUBHOCTH U CTAOUIBHOCTH.
HawnOounee Bbicokuii curHan cercopa no CH, HaOmomaercs nmpu HanpsKEHUH TH-
tanus 2,6 B. CpaBHeHue 3HaueHus curHaioB ceHcopa no CHs u o npupogHomMmy
ra3y nokasajiu, 4To IuTaHue oOecreunBaroiiee Hanbdoee Bricokuit curnan TKC B
UJICHTUYHBIX YCIIOBUS I IpUpoaHoro rasza (2,8-3,0 B) Bbiiie, yem JjIsi MeTaHa
(2,6 B).

VY pa3paboTaHHOr0 CeHcopa BpeMs Hauana pearupoBanus (fp1) 3-4 ¢, mocro-
sHHOe BpeMeHU (loe3) HE Oomee 9 ¢, Bpems ycTtaHOBIeHUs nokazanuid (fog) 13 c u
MOJIHOE BPEMs BBIXOJ1a aHaTUTH4YeCcKoro curnaina (tm) cencopa B npenenax 17-18 c,
YTO €I1I€ pa3 MOATBEPKIAET BO3MOKHOCTh MPUMEHEHHUSI pa3pabOTaHHBIX CEHCOPOB
JUIS DKCIIPECCHOTO KOHTPOJIST COACPIKAHMSI MTPUPOTHOTO raza. 3aBUCUMOCTh CUTHA-
Ja ceHcopa OT KOHIIEHTPAIlUd METaHa B H3yYEHHOM JMana3oHe KOHIEHTpaIuil (0T
0,1 10 5,0 % 00.) uMeeT MPSAMOJTUHEHHBIN XapakTep (Tadmure 1).

Taoauna 1.
3aBucumocthb curHajJaTKCor Ccus B ra3oBoii cMecH
Ccna. %00 Curnan cercopa, MB
X+ Ax S Sr-10?
0,1 6,2+0,1 0,08 1,3
1,0 63,0+0,3 0,24 0,4
2,0 127,0+0,9 0,72 0,6
3,0 186,1+1,7 1,37 0,7
4,0 256,4+3,2 2,58 1,0
5,0 323,3+£2.8 2,25 0,7

PesynbraThl 3KCIIepUMEHTa CBHIIECTEILCTBYIOT 00 WACHTHYHOCTH XapaKTepa
3aBUCUMOCTH curHana pazpadorannoro TKC ot konnentparuu CH4 1 ipupoHo-
ro raza. 3To MOJITBEPkKAACT BO3MOKHOCTh MCIOJB30BaHus pa3zpaboranHoro TKC
JUTSI KOHTPOJISL B3pBIBOONIACHBIX KOHIIEHTpanuii (B uHTepBasie 0-5,0 % 06) npupoa-
HOTO Ta3a B aTMOC(hEepHOM BO3/yXe OBITOBBIX M MPOMBIIIICHHBIX TTOMEIICHUN U B
CaJIOHE TPAHCHOPTHBIX CPEJICTB.

B skcnepumenTax ucmolib30Baiuch fBa Buaa cencopa. TKC-1 — cencop, co-
JepKaluil KaTaiu3aTop Ha M3MEPUTEIBHOM M KOMIICHCAI[MOHHOM JJIEMEHTE U
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TKC-2 — cencop, coaepalinii KaTaau3aTop TOJbKO HAa U3MEPUTEIILHOM AJIEMEHTE
(Tabin.2)

Tadoauna 2.

Pe3ynbTaThl H3yUeHHe CeJIEKTUBHOCTH CeHCOPOB ¢ kaTaausaTopom(TKC-

1) u 6e3 kaTasm3aropa komnencanuoHuoro yiemenrte (TKC-2). (n=5, P=0,95)

ConeprxaHne KOMIIO- Curnan cescopa, MB
HEHTAa B CMECH, TKC -1 karamuzarop TKC-2 karamuzarop
% 00. H‘I3:0,75In203-0,25Ag20; N4Ys: O,75In203-0,25Ag20;
Kq320,25 F6304-0,75Ni203
X+ Ax Sr-10? X+ Ax Sr-102
1,0 H 2,6+0,1 3,1 103,9+0,6 0,6
1,0 CO 0,6+0,1 1,3 29,1+0,2 0,6
1,0 CHy4 95,6+0,3 0,3 97,0+0,7 0,2
1,0CH4+1,0 Hy 97,1+0,4 0,3 195,3+0,4 0,9
1,0CH4+1,0 CO 96,9+0,3 0,2 115,4+1,3 1,1
1,0CH4+1,0H,+1,0CO 98,1+0,7 0,6 227,943,1 0,6

Kak cnenyer u3 pesynbraroB (1adn.2.) TKC-1 npaktuyecku He uyBcTBYeT Ho
n CO B U3y4eHHOM JiMana3oHe KoHueHTpauuii. Curnan cencopa no CHy npu onu-
HakoBbIX ycioBusx (1 %-ueix cmecsx Hy, CO u CHa) Ha 36,8 paza Gomblie, yeM
curdai o Hy u 159,3 paza Gounbie, uem curnan CO.

B otrmuune or TKC-1 cencop 0e3 karammzaropa KOMIIEHCAIIHOHHOTO YYyB-
ctButenbHOro semenTa (TKC-2) sBusercst uyBcTBUTENbHBIM K Hy 1 CO. Curnan
nanHoro cencopa 1% nomy Hy, CO u CH4 cooTBeTcTBEHHO paBHo 103,9 MB, 29,1
MB u 97,0 mB. CnengoBarensno, TKC-18B otmmune ot TKC-2 xapakrepu3syercs Bbl-
COKOH CEJIEKTUBHOCTBIO.

[TorpemHoCcTh OnpeeseHrs CEHCOPOB 3a CUET HE U3MEPSIEMbIX KOMITIOHEHTOB HE
npessbiiaet 2,0%. [Iposepka ctaduibHOCTH paboThl cencopa CH4 Bo BpemeHun
npoBoauiack B Teuenune 1000 qacoBoit pabOThI PU KOHIIEHTPALIMH PUPOTHOTO
rasa -1,00 % o6 B Bo3ayxe. Kak rmokazanu onbIThl, CUTHAJ CEHCOpa B TEUCHHUE pe-
TJIAMEHTUPOBAHHOTO MHTEPBAJIa BPEMEHHH COXPaHSETCsl CTa0UIIbHO. Pe3ynbraThl
MIPOBEPKHU IMANa30HA U3MEPEHUN U OCHOBHOW MOTPENTHOCTH CEHCOPA C MpeiesIlaMU
usmepennii 0-5,0 % o0. mpencTaBiieHbl B Tabiuie 3.

Taoauna 3.
Pe3yabTartsl onpenenenusi norpemnoc Tu TKC-CH; (nnana3zon 0-5,00% 00.)

Ccus B cMe- | Haiin. CHy, OcH.a0c. OcH.npuB.

cH, % 00. norp.(A) norp.(y)

% 00.

0,51 0,52 0,01 0,2

2,55 2,51 0,04 0,8

4,74 4,81 0,07 1,4

B u3yyeHHOM HHTEpBajie 3aBUCUMOCTh CHUTHAJIA OT KOHLIEHTPAUHUH HWMEET
MPSMO TPONOPUUOHAIBHBIA  XapaKTep U OCHOBHAsI NMPUBEICHHAS IOTPELIHOCTD



ceHcopa ¢ auamnazonom 0-5,0 % 06., coctaBuna coorBerctBerHo 0,2 - 1,4 % (Tabu.
3). JlonosHUTEIbHAS TIOTPEIIHOCT CEHCOpa, 00YCIOBICHHAS N3MCHEHUEM TEMIIe-
paTypsl He npesbiinaet 2% (Tabdn.4).

Tabaunua 4.
JlonosiHuTEeIbHOMH NOrpemHocT (Y1on) TKC B uHTEpBasie Temneparypa ot -10
10+40 °C(n=5, P=0,95),

Temmnepa- Yzon IpU CCHY: Yon IO
Typa,’C 0,5% 2,5% 5,0% I'OCTy*
-10 0,4 3,0 2,0 5,0
0 0,2 2,0 2,0 5,0
+10 0,7 1,0 0,7 5,0
+20 0,6 0,3 2,0 5,0
+30 0,5 0,3 0,4 5,0
+40 0,2 0,3 0,7 5,0

* TOCTyl13320-81

Cymmapnass nononHurtensbHas norpemHocte TKC-CHy 3a cuér u3meHeHus
temmneparypsl (-10 -+40 °C), nasnenus (600-800 mMm pr. cT.) u BiaxknocTH (40-
95%) cocraBnsana 13,5 %. [IpoBeaeHHbIC HCCIEOBAHUS MTOKA3aIM, YTO pa3pado-
TaHHBIA HaMU TepMokaTanutuueckuil cencop merana TKC - CHy mo merposioru-
YECKUM M HEKOTOPBIM JPYIMM XapaKTEpPUCTHKAM BIOJHE yAOBIETBOPSET TpeOoBa-
HusiM ['OCTa s jaHHOTO Kitacca mpuOopoB.

PesynbTaThl CpaBHUTENBHBIX UCCIICOBAHUN MIPEUIOKEHHOE HaMu (CeHcop-1)
U paHee H3BECTHBIX-CEPUHHO-BBITYCKAEMBIX (CEHCOpP-2) CEHCOpPOB INPHUBEIIECHBI B
Tabnuie 3.

Tabauna 5
Pe3yibTaThl CPAaBHUTEIbHBIX OLIEHOK, Pa3pa00TAHHBIX CEHCOPOB.
Conepxanue Curnan cencopa, MB
B CMeCH Cencop-1 Cencop-2

Ccnal%+B031 97,0 73,0

Ccol%+B03 1. 0,6 55,7

Cuz 1%+B031. 2,1 66,6

Koadduiment cenekTuBHOCTH:
o CO 46,2 1,3
no H» 161,7 1,1

Kak cnengyer u3 npuBeneHHBIX NaHHBIX, npeaynaraeMbii TKC no cenexkTus-
HOCTH HaMHOT'O NIPEBOCXOIAT CEPUIHO BBITYCKAeMOro ceHcopa. B xone skcnepu-
MEHTOB TaKkXe ObLJIO M3YyYEHO CPaBHUTEIbHBIE XAPAKTEPUCTUKU pa3pabOTaHHBIX
CEJICKTUBHBIX TEPMOKATATUTUUECKUX CEHCOPOB 3a nepuos 1990-2019 rr B 1abopa-
TopuM razoBoro aHainu3a Caml'V. Pe3ynbraTsl 3KCIIEpUMEHTOB MPUBEIAEHBI B Ta0-
muuel 6. Kak ciepyer u3 npuBeieHHBIX JaHHBIX, pa3padoTanubiii TKC-1, nusroros-
JEHHBI C HKCHOJIb30BAHUEM 30JIb-T€JIb TEXHOJIOTMM Ha OCHOBE KaTaln3aTopa:
75%In,03+ 25%Ag0 u 25%Fe304+75% NiyO3; Gosee 4yBCTBHTEJICH, YeM paHee

paspaboranubie aHanmorm (TKC-2 u T%KC-3). Takum o60pa3om momoOpaH
33



karaiu3atop (0.751n,03-0,25 Ag.0 u 0,25Fe304-0,75 Ni2O3) m1s ceneKTUBHOTO U
BBICOKOUYBCTUBHUTEILHOIO CEHCOPA METAHA.

Tadoauna 6
CpaBHeHUE OCHOBHBIX NAPAMETPOB CeJEKTHBHBIX TEPMOKATAIUTHYECKHX
CEHCOPOB MeTaHa pa3padoTaHHBIX B J1abopaTopuu ra3osoro anaausza Caml'y
3a mepuox 1990-2019 rr.

[Tapametp TKC-1. TKC-2. TKC-3.
CocTas KaTajm3aropa YD [75%In203+25%Ag0 u Pt-CoO-MnO2/ Al203C0304+1% u Pt
u CUd 25%Fe304+ 75%Ni203|u Pt-NiO/Al203 1 Co304+Mo0O3
Cnoco0 nosty-us KaTaia-opa[30Jib-refib TeXH-TUs|OCaK ICHHS OcaxieHus
KoHcTpykius ceHcopa JIByXKamepHas OnHokamepHast  [J[Byx kamep-
Hast
Uysct-HOCTh 110 CHy, 97,0 29,0 44,0
MB/%
DKcnpec-Tb, togc. HE Oomee| 13 12 19
OCHOBHOE MOTPEITHOCTH, %0, 1,6 15 1,6
Hanpshxenne nutanust, MB | 2,6 3,2 3,7

C  wucnoib3oBaHMEM  MOJOOpPAaHHBIX  KaTalu3aTOpPOB  pa3pabOTaHbI
cenektuBHblie TKC mpupogHoro raza. B mmpokom nHTEpBaje nmapaMeTpoB U3yde-
HO BIIMSHUE DPA3JMYHBIX IMapaMETPOB W YCTAHOBJIECHBI ONTHUMAJIbHBIC YCJIOBUS,
oOecrieunBaronue Hauboee Boicokuid curHan TKC.

B Tpetneii ri1aBe «Pa3padoTka m n3dyyeHne napaMeTpoB ObITOBOr0 CHTHA-
Ju3aTopa MeTaHa (MPUPOJAHOIO ra3a)» H3y4yeHbl METPOJIIOTUYECKUE MapaMeTphl
pa3paboTaHHOTO CUTHAJIM3ATOp raza (puc. 4), KOTOphIM Onaronaps NPUMEHEHUIO
cenektuBHOro TKC oOecneunmBaeT BBICOKYIO HAJE€KHOCTh KOHTPOJIA YTE€UKH U
HAKOIJICHUS TPUPOTHOTO Tra3a B 3aMKHYTHIX 3KOJOTHUECKUX CHCTEMaX.

Puc.-3. BHemHblii BHJ TePMOKATAJIUTHYECKOTO
curHanuszaropa. CranyoHapHBIM OBITOBON CHUTHAJIH-
3aTOp MPEIHA3HAYEH JUI HENPEPHIBHOIO aBTOMATU4E-
CKOro KoHtpoJisi conepxanuss CHs m npupoanoro raza
B BO3JyX€ 3aKPBITHIX MPOMBIIIJICHHBIX U KOMMYHAJIb-
HO-OBITOBBIX TIOMEIICHUM W BBIJAYM CUTHAJIU3AIUU O
NPEBBIIICHUA YCTAHOBJIEHHBIX 3HAYEHHH OOBEMHOMU
JIOJIA TOPIOYMX T'a30B 3aBUCHMOCTH CUTHAJIa CUTHAJIM-
3aTOpa OT KOHILIEHTpAlWU MpU 33JaHHBIX 3HAYCHMSX
MOCJICTHETO MIPUBEICHBI B TabuUIIe 7.

Curnanuzarop oOecrieurBaeT BBIMOJHEHHUE CIEIYIOMNX (YHKIMI: — aBTOMaTHye-
CKMM HEIIPEPBIBHBIA KOHTPOJIb COJAEPKAHUs METaHA B BO3JyX€; — BbIIAYY CBETO-
BOM M 3BYKOBOW CUTHAJIM3ALIMHU IIPU MPEBBILIEHUU IIOPOTOBOTO YPOBHS METaHA B
BO3/1yX€; -yIPAaBJIAET HIEKTPOMAarHUTHBIM KJIAIIaHOM.
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Taoauma 7
3aBHCHMMOCTH CUTHAJIA CUTHAIM3ATOPA 0T CcH4 B CMECH (AMANIA30H U3Mepe-
Hus 0-5,0 % 006. n=5, P=0,95)

3ananHoe 3HaueHue KoHueHTpalus, npu KoTopoi | OCHOMHON MOTPEUTHOCTH CUT-
konrieHTpauuu CH4B |CpabaTbiBaeT cUrHAIMU3ATOP, HaJTM3aIAN
pu 6ope,%00 (£ £ Ax), % 00. AOCOIOTHOM, | MpUBEACHHOMN
0,50 0,53 0,03 0,6
1,00 0,95 0,05 1,0
2,00 2,08 0,08 1,6
2,50 2,45 0,05 1,0

CyMMapHasi AOMOJHUTENbHAS MOIPEIIHOCTh CUTHAIN3AaTOpa B AUANa30HE U3-
menenus temneparyp 0-50 °C, maBnenus 600-760 atM ¥ BiaxxHOCTH Bo3myxa 40-
95 % cocraBmsuia 2,1 %. IIpoBeneHHbIE UCCAEAOBAHUS MTOKa3alM, 4YTO pa3pado-
TaHHBIM HAMU TEPMOKATAIIUTUYECKUN CUTHAIM3aTOp METaHa BIIOJHE YJIOBIIETBO-
pset TpedoBanusM ['OCTa gt nanHOTO Kilacca npuOopoB. CUrHaIM3aTOp UMEET
YOPABJISIONIMN CUTHAT JJISI TIOAKIIOYEHHUS 3JIEKTPOMAarHUTHOTO KJIalaHa U MOYKET
paboTath B cOCTaBe MH()OPMAIMOHHON CETH.

Pa3pabGoTanHblil cUrHANU3aTOp MPEAHA3HAYEH JJIs1 HENPEPHIBHOTO aBTOMATH-
YECKOI0 KOHTPOJISl CKOIUIEHHM ra3a B 3aMKHYTBIX SKOJOTMYECKHX CUCTEMaX: KH-
JBIX I0Max, KyXHsX, Fapakax, MOJABAIbHBIX MOMEUIEHUAX, CAJIOHaX aBTOMOOMIIEH,
MOMEIICHUSAX KOTEJIbHBIX Ppa3JIMYHON MOIIHOCTH U O0O€CleUYeHus IMoxKapo-
B3pBIBOOE30MACHOCTH MPHU UCIIOJIB30BAHUU IPUPOJAHOTO U CKUKEHHOTO rasa..

B d4erBepronn rnaBe «Pa3paborka W HM3y4yeHHe, MeETPOJIOIHYECKHE
XapaKTepPUCTUKU  MOJYNPOBOAHMKOBOIO CeHcopa MeTaHa»  l3ydeHsl
3aKOHOMEPHOCTH  30JIb-T€Jb  CHUHTE3a Ta304yBCTBUTEIBHBIX IUICHOK  JUIA
MOJIyIPOBOJIHUKOBBIX CEHCOPOB MPHUPOJIHOT0 raza u Merada. OnHuM u3 Haubosiee
pacnpoCTpaHEHHBIX MPEKYpPCOPOB, OCOOCHHO YacTO NMPUMEHSEMBIX B 30JIb-TElb
TEXHOJIOTUH, SBIAETCS alkokcucoeauHenus. Hamm B paboTe B KadecTBe
mpeKkypcopa ucroiab3oBaH TerpodTokcucuian (TOCO). B mpenenbHOM ciydae,
€CIIM MPEAIOI0XKUTh, 4TO peakuus rugponnsza TOOC uaer 10 KOHIA, €€ MOKHO
BBIPA3UTh CJIEAYIOIIUM 00pa3oMm:

(C2H50)4Si+4H20<—> H4Si04+4C2H5OH (7)
KoHcTaHTa paBHOBECHS ITOM PEAKLUN BBIUYUCIIAECTCS O CIEAYIOMIEH
dbopmyie:

K=([H4Si04]-[C.HsOH]*)/([(C,H50)4Si]-[H20]*)  (8)

[Io mepe mporekanus ruaposmsza TOOC paBHOBECHE CHIBHO CMEIIAECTCS
BIpaBo. Jlns caBura paBHOBECHS BIJIEBO M 3aMEJIEHUS CKOPOCTH pPeakUuu
ruaposmn3a TOOC 00BIYHO OCYIIECTBISIOTCS B MPUCYTCTBUM dTaHoNa. B cBs3mM ¢
ATUM, B KauyeCTBE OPraHWYECKOTO PACTBOPUTENS HCIOJIb30BATIN alu(aTHUeCKue
cnupthl. [Ipy onTUMH3alnK TEXHOJIOTUU 30JIb-T€Ib CUHTE3a Ia304yBCTBUTEIbHBIX
IUIEHOK MOJIbHBIE COOTHOLIEHUS HMCXOAHBIX KOMIIOHEHTOB BapbUPOBAINCH B
cneayronmx uatepBaiax: Si(OCzHs)s:H20: ROH:HX = (1-4):(1-40):(1-45) :(0,01-
0,3), rne ROH cnupt, HX — kucnora. B pe3ynbpTaTe 3KCIEpUMEHTOB YCTAHOBJIEHO
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ONTHMAJIbHOE  COOTHOIICHHE: Si(OC;,H5)4:H,0:C,HsOH:HC1=1:20:30:0,05,
KOTOpPO€ 00ECIeUHBAET BBICOKYIO YCTOMYMBOCTH (450 4yac) mieHKooOpas3yroIero
pacTBopa.

BBeneHre K CHIMKAaTHYIO MaTpHUIy OKCHIIOB METAIOB MO3BOJISIET MOJyYaTh
BBICOKOYYBCTBHUTEIIbHBIC W CEJICKTUBHBIC Ta304yBCTBUTEIHHBIC HAHOKOMIIO3UTHI
JUTST XUMHUYECKHX CEHCOPOB TOPIOYMX Tra3oB. B Xome 3KCIEpUMEHTOB TOAPOOHO
paccMOTpEHBI TPOIECCHl  CTPYKTypooOpa3oBaHus B 301X Ha ocHoBe TOOC B
MIPUCYTCTBUM JIOTIaHTa Ha ocHOBe ZNO. B kadyecTBe MCTOYHMKA MOAU(DUITUPYIOIIETO
OKCHJa MeTa/uta ObUTM HCIONB30BaHbl xjopua muHka (ZnClp). obaBku ZnO k
pactBopy TDOC:H,0: C,HsOH:HCI = 1:20:30:0,05 (npu cootHomenuun SiO2/
ZnO =2) npuBOASAT K YBEIWYECHHUIO €ro BSI3KOCTH U YMEHBIICHHIO CPOKa
ctabminbHOCcTH. B guanaszone cootHomenuir SiO,:ZnO ot 1,0:0,1 go 1,0:2,0 (B
MOJISIX), YeM OOJIbIIIe KOJIMYECTBO JOMAHTA B PACTBOPE, TEM MEHBIIE CPOK €Tro
UCITIOJIb30BaHUAI.

B pesynbrare npoBeIeHHBIX KCIIEPUMEHTOB YCTAaHOBIICHO, YTO B KAYECTBE ra3o-
YYBCTBUTEJILHOTO MOJTYIPOBOJIHUKOBOTO CIIOS JIJIsl JETEKTUPOBAHUSI METaHa Iielie-
CO00pa3HO HMCMOJIB30BAHME OKCHJIA IIMHKA U KoOanbTa. PazpaboTaHHble MOTyMpo-
BOJHUKOBBIE CEHCOPBI METaHa MPEICTABIAIOT CO00M CHpalb, U3TOTOBICHHYIO U3
OCTEKJIOBAHHOTO IJIATUHOBOTO MHUKPOMPOBOJA, MOKPHITYIO MOIYNPOBOTHUKOBBIM
ra304yBCTBUTEIILHBIM MaTEpPHAIOM Ha OCHOBE OKCHJIOB ITMHKA U koOanbTa. [Ipun-
AT JCHCTBUSA pa3pabO0TaHHBIX IMOIYIPOBOJIHUKOBBIX CEHCOPOB METaHa OCHOBaH
Ha U3MEHEHUH 3JIEKTPOPU3UICCKUX CBONCTB UYBCTBUTEIHLHOTO CIIOS ITOTYIIPOBOJ-
HUKOBOTO 00paslia Mpy U3MEHEHUH COCTaBa aHAIM3UPYEMOU ra3oBoit cpenbl.. [Ipu
BCEM MHOT000pa3uu BO3MOXKHBIX BapHAHTOB CYITHOCTBIO OOpaTHMOTO IpoIlecca
JETEKTUPOBAHUS SBIIICTCS B3aUMOJCHCTBUE Ta3a-peareHTa ¢ KUCIOPOJAOM, aacop-
OMpOBaHHBIM Ha TMOBEPXHOCTU. B pe3ynbrare HaOMIOMAETCS OOpATHBIN TEPEeXo
AJIEKTPOHA B 30HY MPOBOJUMOCTH TMPHU YXOJI€ C MOBEPXHOCTU MPOIYKTOB PEAKIIHH
B HeWTpaiabHOM Bue. Hanpumep:

CH4+3/20, — CO»,+H>0+3¢” (9)

Takum oOpazoM, paznuyuue MPOBOANUMOCTEH MOIYITPOBOIHUKOBOTO PE3UCTHB-
HOTO CJIOSl B OTCYTCTBUHM U NPU Hamn4uu rasza pearenta (CHy4) B okpyxaroieit aT-
Mocdepe HeceT HHGOPMAIIUIO O KOHIIEHTPAIIUU JIETEKTUPYEMOro Tasa.

CoOoTBETCTBYIOIIAST 3aBUCUMOCTD JIJIsl BOCCTAHABJIMBAIOIIUX T'a30B HOCUT JKCIIO-
HCHIIMATLHBIA XapaKTeP U OMUCHIBACTCS YPABHCHHUEM:

R=KC* (10)
rae C - comepkaHue OMpenenseMoro rasa B aHaum3upyemMod cmecu, a K u a -
KOHCTaHThL. YacTo YyBCTBHUTEIBHOCTH CEHCOpPA BBIpaXaeTcs Oe3pa3MEpHBIM
KO3 (PUIIMEHTOM YyBCTBUTENBHOCTH (OTKIMKOM CEHCOpa) S M ONpeAensieTcs mo
bopmyie:
S= RBO321/RFa3 = GgaS/GBOSJI (11)

TJI€ Gras; Rras - DJCKTPUUECKAsi TPOBOJUMOCTD U CONPOTHBIICHHUE TUICHKH MPU
BO3JICHCTBHUH Ta3a 3aJaHHONW KOHIEHTPAIMH; Ggosn, Rposy - MIEKTPHUECKAsT MPOBO-
JUMOCTH ¥ COTIPOTHBJICHUE TUICHKU B BO3/IyX€ MPHU OTCYTCTBUU T'a3a (COOTBETCTBY-
€T BEJIMYUHE MTPOBOIMMOCTH TUICHKHU TIPH HYJIEBOM KOHIICHTPAIIMH Ta3a).
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B xone skcrnepruMeHTOB ObLIM HCCIIEIOBAHBI METPOJIOTMYECKHUE XapaKTepH-
CTUKHU CEHCOPOB METaHa C YYyBCTBUTEJIbHBIMU 3JIEMEHTAMU, BBHIMOJIHEHHBIMH Ha
OCHOBE OKCHUJIOB ITMHKA M KoOanbTa. Llenbio mpoBeneHus SKCepuMeHToB ObLIO Orpe-
JIeTICHUE TeMIepaTypHON 3aBUCMOCTH YyBCTBUTEIIBHOCTH, BPEMEHU OTKJIMKA U Bpe-
MEHHU BOCCTaHOBJICHHs 00pa3lia, YyBCTBUTEILHOCTH K IETEKTUPYEMOMY Ta3zy..

B pesynbpTaTe SKCIEPUMEHTANBHBIX MCCIIEOBAHUN 3aBUCMMOCTH CHUTHAJa
cencopa Ha ocHoBe Si0/Zn0O+10%Co0 B amanaszone temmeparyp 200 - 500 °C
YCTaHOBJICHO, YTO onTUMalbHas padbouas temmeparypa [IIIC-CHs obecnieunBaro-
mas HauboJee BBICOKUI CUIHAN 10 MeTaHny cooTsercTByeT 375 °C. CnenuanbHbl-
MH ONIBITAMH YCTaHOBJIEHO, uTo Temmeparypa 375 °C ma nmosepxuoct ['UM obec-
[IEYMBACTCS HANPSOHKEHUEM NUTaHus Harpesatens 2,1 B. MunumansHOe BpeMs OT-
KIrKa ceHcopa Ha ocHoBe Si02/Zn0+10%Co0 cocrapnsieT 15¢, Bpemst BOCCTaHOB-
JIEHUs MOKa3aHUsl JaHHOro ceHcopa 23 ¢, YTO MOATBEPKAAET BO3MOKHOCTBH JKC-
MIPECCHOTO ONpEAENICHUsI METaHa ¢ ucrnoiab3oBaHueM ['UM Ha OCHOBE OKCHJIOB
IIMHKA ¥ KoOanbsTa.B auana3zone koHreHTpaimii Mmerana ot 50 go 1000 Mr/M® 3aBUCH-
MOCTh CUTHaJIa OT KOHIEHTPALMM METaHa B CMECH MUMEET MPSIMOJIMHENHBIN XapakTep.
OnbITel TPOBOAWIIMCH IPU HOpMaNbHBIX yciaoBuax 740+20 mm.pT.cT. B 3kcnepu-
MEHTax M0 U3yYEHHUIO CTa0MWIBHOCTU paboThl ceHcopa ucnoib3oBaiu [1I'C ¢ co-
nepxxanuem Metana 0,01 u 0,2 %o06. Pesynbrars 2000-4acoBOro sKCrepuMeHTa
MIpE/ICTaBJICHBI B TabuIie 8.

Ta6aunua 8.
Pe3yabTarhl onpeneieHusi cCTa0MIbHOCTH CUTHAJIA NIPH HeNPepPbIBHOM
pa6ote ITIIC-CH4 (n=5, P=0,95)

Ne | Bpems, |[Conepx-ue CHy B cmecn,0,01% Conpepx-ue CHy B cmecu, 0,2 %

/o | yac X+ Ax S Sr-102 Xt Ax S Sr-102

1 1 1,480+0,012 | 0,010 0,7 5,538+0,045 | 0,036 0,7

2 24 1,525+0,023 | 0,018 1,2 5,635+0,065 | 0,032 0,7

4 220 1,490+0,010 | 0,008 0,5 5,529+0,029 | 0,023 0,4

7 550 1,479+0,020 | 0,016 1,1 5,544+0,038 | 0,031 0,6

11 | 1000 |1,478+0,021 | 0,017 1,1 5,641+0,055 | 0,044 0,8

13 | 1400 |1,480+0,023 | 0,018 1,2 5,530+0,037 | 0,030 0,5

16 [2000 |1,491+0,015| 0,012 0,8 5,525+0,032 | 0,026 0,5

W3 pe3ynbTaToB SKCHEpUMEHTOB (TabJ.8) ciedyeT, 4TO BBIXOJHOW CHUTHAI
[MITIC-CH4 B TeueHue periiaMeHTUPOBAHHOTO BPEMEHHU OCTAETCsl CTAOMIIBHO TTOCTO-
STHHBIM.

B oObekrax, rae TpedyeTcss KOHTPOJIb cofepkanus metana nomumo CHay, co-
JEPKUTCA TAaKKe BOAOPOJI M OKCHJ yriepoja. B xoie onbITOB CENEKTUBHOCTh pa-
00ThI pa3pabOTaHHBIX CEHCOPOB MO METAaHy ompenessiach B MpucyTcTBuM Hy u
CO, koTopbI€ SABISAIOTCS HApSy C METAHOM OCHOBHBIMH KOMIIOHEHTAMH BBIXJIOT-
HBIX Ta30B JBUTaTelied BHYTPEHHErO0 CrOpaHus, ra3000pa3HbIX BHIOPOCOB OTOMH-
TEJBHBIX CHCTEM, MPOMBIIUICHHBIX U MPOU3BOACTBEHHBIX MPEANPUITHI, a TaKKe
aTMoc(epHOro Bo3/1yXa 1IaxT, PyAHUKOB, ra303allpaBOYHBIX CTAHIIMN U Jp. 00BEK-
TOB.
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C uenpto oOecTieueHHs CEIEKTUBHOCTH OIPEACIICHNUS METaHa B MPUCYTCTBUU
BOJZIOPOJIa M OKCHJIa YIJIepoja HCCIEAOBAaHO BIMSHUE TEMIICPATyphl M JIETHUPOBA-
HUS Ta309yBCTBHTEILHOrO ¢jiosg Ha ocHOoBe Si0O2-ZnO okcuaoMm KobajabTa Ha CCH-
COpPHBIE CBOWCTBA M 3JCKTPOIPOBOAHOCTH IOJYIPOBOJIHUKOBBIX IUIEHOK SiO;-
ZnO+Co0 B mepByto odyepean sl BBISBICHHUS TaKOH BO3MOXKHOCTH HEOOXOIUMBI
WCCJICIOBAHMS TIEPEKPECTHON YYBCTBUTCIBHOCTH. VI3 BO3MOXKHBIX T'a30BBIX MPH-
Mecel MepeKPeCTHYIO0 YyBCTBUTEILHOCTD H3yuanu st CHa, Ho u CO.

5,0 7 Puc.4. TemmneparypHble 3aBHCHUMOCTH
g CHTHAJIa MOJIyIIPOBOHMKOBOIO0 CeHCOpa
€401 OT COCTaBa Tra304yBCTBHTEJIbHOIO Ma-
\é tepuaia: 1-Si02/ZnO+1% CoO; 2-
£3.0 7 Si02/Zn0+10% Co0O.(Conep:xxanune CHy
2 B cmecH 250mr/m°)
© 207 < Temmeparypa, oOecrieunBaromias MaKCH-
= g MaJIbHOWMBIC 3HAYCHHSI CUTHAJIA, 3aBHCUT OT
S 1,0 1 conepxkanuss CoO B 'UM. Haubonee BbI-

T T T T T T — cokmit curHan npu  Ceps=250Mr/m>
100 200 300 400 500 600 700

Temmneparypa I'UM, °C

bruto ycranosieHo, uro ontuManbHas temneparypa IIIC- CHa, obecnieun-
BAIOIAsi €r0 BHICOKYIO YYBCTBUTENIBHOCTh II0 MeTaHy, cooTBeTcTBYeT 350 °C ms
Si0,/Zn0+10%Co0, 450°C mist Si02/Zn0O+1%Co0 (puc. 4).

Ha ocHoBe IpOBEIEHHOTO HCCIENOBAHMS MOXKHO 3aKIIOYUTh, YTO pa3pado-
tanubiil [IIIC-CHs oOnagaeT JydlIMMH METPOJIOTMYECKMMHU U SKCIUTyaTaluOH-
HBIMH XapaKTEPUCTUKAMHU W BIOJIHE MPUTOAECH [JIi HENPEPHIBHOTO aBTOMATHYE-
CKOI'0 KOHTPOJIS COAEpKaHUs METaHa.

B marout rnaBe «I'a3oaHaamM3aTop AJis MOHUTOPUHIA METAaHA HA OCHOBeE
TEPMOKATAIUTHYECCKUX U MOJIYNPOBOAHMKOBBIX ceHcopoB (TIIT'-CHa)» Ha oc-
HoBe pa3paboranHbsx TKC u III1C Ob11 U3roTOBIICH ABYXKaHAJIBHBI aBTOMATHYE-
ckuil razoaHanuzatop «TIII-CHa», npenHa3HayeHHBIN 1711 U3MEPEHUS] KOHIEH-
Tpaluy MeTaHa B Ta30BBIX TIPOOax.

KV KAHALAN

- TA3 AHAJMZATOP
b
%

Puc. 5. BHemiHuii BUJ ABYXKAHAJIBHOI'0 I2302HAJIN3ATOPA METAHA
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Juanason usmepenuii: 1-kanan (ITIIC) 0-1000 mr/m3; 2-kanan (TKC) 0-5,0 %
00. I"'azoananuzarop «TIII'-CHa» (puc.5) cocTOUT U3 MEPBUYHOTO Mpeodpa3zoBate-
7151, YCUJIMTENSl CUTHAJIA (BTOPUYHOTO TIpeoOpa3oBatesisi), aHajIoroBo-1uGpoBoioro
npeoOpazoBaTest U MEPCOHATBHOTO KOMITHIOTEPA.

CeneKTUBHBIE CEHCOPHI, UCTIOIB3YEMbIC B UCCIICIOBAaHUH, OBLITH U3TOTOBIICHBI
COTJIACHO METOJWKH, MPEAJIOKEHHON HaMU B JaHHOH paboTe.

["a30aHanu3aTOPBI MOABEPTAIUCH UCIIBITAHUSAM B JIAOOPATOPHBIX YCIOBUSIX H
AKCIUTyaTAIIMOHHBIX PEKUMaxX padOT B JUAIa30HE KOHIICHTPAIIMA METaHa B BO3/Y-
xe 0-1000 mr/m® 1 0-5,0 % 06. OcHOBHas aGCOMOTHAS MOTPENIHOCTh ra30aHaNH-
3aTopa B TOYKaX MPOBEPKH OMpPELsiach mo Gopmysie:

A=Ai - Ao (12)
rae Aj- mokazaHus mpudopa; Ao- UCTUHHASI KOHIICHTPAIMsS KOMIIOHEHTa B CMECH.
OCHOBHAasI TIOTPEIIHOCTh OMPECISIIACh PA3HOCTHIO MEXKIy IOKa3aHUSIMHU Ta-
30aHaIU3aToOpa U UCTUHHBIMU 3HAYCHUSAMH KOHIICHTpPAllUU, OTHECEHHBIC K Jlharia-
30HY(Cy-Cy) n3mepeHust:
Y=A;- Ao/ Cx- Cy (13)

3aBucumocts curnana IITT-CHy ¢ npenenamu usmepenuii 0-1000 mr/m® u 0-5,0 %
00 OT KOHIICHTPAIIUU METaHa MPEACTaBJICHBI B Ta0IMIaX 9.

Taoauna 9
3aBucumocTh curiana razoanajaunszaropa IITI'-CHs ¢ mosynpoBoJHUKOBOM
(Mr/m®) u TepmokaTanuTHdeckuM (%00.) CEHCOPOM OT KOHIEHTPAIIMH MeTaHA
B quanazone CHz 0-1000 mr/m® u 0-5,00% 06.

Ccns B | Haiineno S Sr*10% | Ccus B| Haiineno S Sr*102

cmecu, | CHg mr/m® cmecy, | CHy %00.

mr/m® (+Ax) %00. (£ 4x)
10 11+0,3 0,24 2,2 0,10 0,97+0,02 | 0,02 1,7
50 48+0,9 0,72 1,5 0,50 0,45+0,06 | 0,05 1,1
500 510+2,0 1,61 0,3 2,50 2,56+£0,16 | 0,13 2,5
980 973+4,8 3,86 0,4 4,90 4,95+0,21 | 0,17 2,4

Kak crmenyer u3 mpHUBENEHHBIX JAHHBIX, B M3YYEHHBIX MHTEpBajax 3aBUCH-
MOCTb aHAJTUTUYECKOrO0 CUTHAJa ra30aHalin3aTopa OT KOHIEHTPAlUA OKCUIA yriie-
pojia UMeeT MPSIMO TMPOMOPIIMOHANBHEIN xapakTep. OcHOBHasi abCOIOTHAs TIO-
IPEIIHOCTH Ta30aHANIN3aTopoB ¢ auanazoHom 0-1000 mr/m® u 0-5,0 % 06., paccuu-
TaHHas Ha OCHOBAaHMHM JAaHHBIX, IPEACTABICHHBIX B Ta0Oauibl 9, cocraBmma 10,0
mr/M° u 0,06 % COOTBETCTBEHHO.

Cornacno I'OCTy 13320-81 nmpenenbHO OOMYyCTUMOE 3HAYEHUE CyMMap-
HOM JTOMOJTHUTEIBHOM MOTPEIIHOCTH HE JTOJDKHO MPEBBINIATh YABOSHHOE 3HAYCHUE
npejiesia J0MyCTUMOM OCHOBHOM morpemHocTd. CyMMmapHasi I0NOJHUTENbHAs MO-
IPEIIHOCTh Ta30aHaIM3aTOpa 3a CYET HU3MEHEHHUS TeMIepaTypbl, BJIAKHOCTH W
JaBJICHUS Ta30BOM Cpeabl BO BCeX ciydasix cocraBisuia +1,5%. [lng oneHku Tou-
HOCTH pa3pa0OTaHHBIX Ta30aHAIU3aTOPOB OBUIM TPOBEICHBI HMCCIICIOBAHUS, 3a-
KJIFOYAIOIIUECs B MAapaJuIeIbHOM MPOBEICHUHN aHAJIU30B PA3JIMYHBIX TOTOBBIX CMeE-
ceil. Pe3ynbrarsl KOTOphIX TpuBeneHsl B Tabauie 10. Kak cieayer u3 Hux, npea-
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JaraeMbIil Ta30aHAIN3ATOP C MOTYIPOBOJHHUKOBBIM U TEPMOKATATUTHUECKUAM CEH-
COPOM I10 CPAaBHEHHIO C M3BECTHBIMH TEPMOKOHIYKTOMETPHUECKUM M Ta30XpoMa-
TorpadUYeckuM yCTaHOBKaMH oOecreyrBaeT 0oJiee BBICOKYIO MPABUIBHOCTD, a
TaKXe BOCIPOU3BOIUMOCTh onpeseneHust CH4 B ra30BbIX cpeax.
Taoauna 10
Pe3yJbTaThl CPABHUTEIbHBIX OLIEHOK, MOJTYYeHHBIX ITPH ONpPe/IeSIeHHH CO-
JAep:KaHusi METAHA pa3padoTaHHBIM razoanagmnsaropom (n=5 P=0,95).

Con. CHy B Haiineno meran, % 06. (Mr/m®)
cMecH i | S | Sr*102 ¥+ Ax | S | srx10?

% 00. 1-kananc TKC Tepmokonmykromerpudeckuii (TI1-1120)
0,45 0,47+0,03 | 1,05 2,2 0,40+0,03 0,88 1,9
2,84 2,86+0,04 | 1,93 0,8 2,76+0,13 2,65 1,0
4,95 4,98+0,12 | 3,38 0,5 4,88+0,12 3,38 0,5

mr/m° 2-xanan ¢ IITIC Xpomarorpad «Kpucramn-500»
50 47+1,3 1,05 2,2 47+1,1 0,88 1,9
250 256+2.4 | 1,93 0,8 257+3,3 2,65 1,0
500 512+3,3 | 2,65 0,5 489+4,3 3,46 0,7
1000 091+5,2 | 4,18 0,4 995+5,5 4,42 0,4

Takum oOpa3zoM, B pe3ysbTaTe MPOBEACHHOTO UCCIIEN0BaHUs pa3paboTaH BbI-
cokor(h(PeKTUBHBIN razoaHaIn3aTop MeTaHa (mpupoHoro aza) HalinenHobie 3Haue-
HUSI TIOTPEUTHOCTEN U BapHallMd aHAJTUTHYECKOrO0 CHUTHAja HE MPEBBIMIAIOT JOMY-
CTHUMBIE TTPEAEIBI UCCIIEIOBAHHBIX MTAPAMETPOB, YCTaHOBIEHHBIX corinacHo ['OCTy
13320-81.

BBIBO/IbI

ITo pe3ynbpTaTaM auccepTalMOHHOM pabOThI MOYKHO CJEIaTh CIACAYIOIINE
1.Ha ocHOBaHUM PE3yJIbTATOB MCCICAOBAHUS 3aKOHOMEPHOCTEH OKHCIICHUS

roprounx BemecTB (Hyz, CO u CHa) B mpUCYyTCTBUM KaTalM3aTOPOB Ha OCHOBE OK-
CHJIOB METAJIJIOB IMPEIJIOKEH ONTUMabHBIA coctaB karaiau3aTopoB (0,75In,0s-
0,25A0,0 u 0,25Fe304-0,75Ni,03) 9yBCTBHTEIBHBIX 3JCMEHTOB TEPMOKATAIIH-
TUYECKOTO CEHCOpa METaHa

2.C uCmosb30BaHUEM UYYBCTUBHUTEIIBHBIX 3JIEMEHTOB, W3TOTOBJICHHBIX Ha
OCHOBE KaTaln3aTopos, o0agaronmx pazITUIHON aKTUBHOCTBIO
K OTACITbHBIM KOMIIOHEHTaM Ta30BOM cMecH, oOecreueHa CeIeKTUBHOCTh
OTIpEJICIICHHS] METaHa B MPUCYTCTBUU OKCHJIA yTIIEpOJia U BOJIOPOIA.

3.Ananutnyeckne Bo3MoxHocth TKC 1npu omnpeneneHun  MeTaHa
00yCIIOBITMBAIOTCS €TI0 YyBCTUBUTEIBLHOCTHIO, CEIICKTUBHOCTHIO, SKCIIEPECCHOCTHIO
U IPYTUMH METPOJIOTHUESCKUMH XapaKTEPUCTUKAMH, OTBEYAIOIITUMHU TPEOOBAHHIM
cymectByromux 'OCTos.

40



4.Pa3paboTaH TEPMOKATAIMTHUUYECKUII METOJ UM CUTHAJIM3ATOp YpPOBHSA
COJECpKaHUSI METAaHA B BO3JyXE 3aMKHYTBIX JKOJOTHMYECKHUX CHCTEM M JPYTUX
ra3oBbix cMecax. IlokazaHo, uto pa3paboOTaHHBIMI CUTHAJIU3aTop IO
AHAJIMTUYECKUM,  METPOJIOTMYECKMM M OKCIUTyaTal[MOHHBIM  Mapamerpam
KOHKYPHUPYET C U3BECTHBIMH aHAJIOTaMH, a IO OTAEJIbHBIM — IIPEBOCXO/IUT UX.

5.00TUMH3UPOBAHBl COCTAB, COOTHOIIEHHE KOMIIOHEHTOB, TEXHOJOTHS
W3rOTOBJICHUS HAHOKOMIIO3UTHBIX TIa30YyBCTUBUTEIBHBIX IUIEHOK HA OCHOBE
cmecert ZnO u CoO. C ucnoisib30BaHUEM pa3pabOTaHHOIO ra304yBCTUBUTEIBHOTO
Marepuala M3TOTOBJICH BBICOKOYYBCTUBUTENIbHBIMN, CEJIEKTUBHBIE
nosiynpoBogHuKoBbI  ceHcop  MeraHa  (IIIIC-CH4).  llenecoobpa3zHocTh
NpPUMEHEHUSI Pa3pabOTaHHBIX CEHCOPOB B KOHCTPYKIHMOHHBIX H3MEPUTEIbHBIX
CXeMaxX CHUTHAJIA3aTOPOB M Ta3aHaJU3BTOPOB OOYCIOBIMBAIOTCS HX TEXHUKO-
AKCIUTyaTallMOHHBIMU MTapaMETPAMH.

6.C ucrnonp30BaHUEM TEPMOKATAIUTUYECKUX U MOJYIPOBOJIHUKOBBIX CEHCO-
poB paszpaboraH JIByxkaHaiabHbIM razoananuszatop (TAI'-CHa) nng onpeneneHus
MHUKpO- ¥ MaKpOKOHIIEHTpauu MeTaHa (mpupojHoro raza). TAI'-CH4 no3Bossier
OTIpe/IEIATh METaH B LIMPOKUX MHTEPBAIAX KOHLEHTpAMi U o0JafaeT JIy4dIlIuMU
METPOJIOTHYECKUMH XAPAKTEPUCTUKAMU M SKCIUIyaTallMOHHBIMU I1apaMeTpaMH,
oTBevaronuM TpedoBanusiM coorBeTcTBYrOmMX ['OCT 0B.

41



SCIENTIFICCOUNCILAWARDINGSCIENTIFICDEGREES
PhD.28.02.2018.K.02.05AT SAMARKAND STATE UNIVERSITY

SAMARKAND STATE UNIVERSITY

ESHKOBILOVA MAVJUDA ERGASHEVNA

THE DEVELOPMENT OF CHEMICAL SENSORS FOR MONITORING
METHANE

02.00.02 - Analytical chemistry

DISSERTATION ABSTRACT OF
DOCTOR OF PHILOSOPHY IN CHEMICAL SCIENCES

Samarkand — 2019



The dissertation subject of doctorof philosophy (PhD) is registered at the Supreme Attesta-
tion Commission at the Cabinet of Ministers of the Republic of Uzbekistan in number B2019.PHD
K-186

Dissertation was carried out at Samarkand State University.

The abstract of dissertation is posted in three languages (Uzbek, Russian, English (resume)) on the
scientific council website www.tkti.uz and Information-educational portal «ZiyoNet» www.ziyonet.uz.

Scientific supervisor: Nasimov Abdulla Muradovich,
doctor of technical sciences, professor

Official opponents: Yakhshieva Zukhra Ziyatovna
doctor of chemical sciences, docent

Rakhmatov Hudoyor Boboniyozovich
candidatt of chemical sciences

Leading organization National University of Uzbekistan

The defense will take place on “ ” 2019 at « » 0 clock at the meeting of the
Scientific Council PhD.28.02.2018.K.02.05 at Samarkand State University. Address:140104,Samarkand
city, University Blvd.,15,Department of Chemistry, 3 floor, room 305. Tel: (99866) 239-11-40, fax;
(99866) 239-11-40,e-mail: devonxona@samdu.uz

The dissertation can bereviewed at the Information Resource Centre of the Samarkand State Uni-

versity under Ne__ Address:140104, Samarkand city,University Blvd.,15. IRC, Ph.: (+99866) 239-11-51.

Abstract of dissertation send out on «___ » 2019y.
(mailing report Ne on « » 2019Yy).

R.Normahamatov

Deputy chairmanof the scientific council
awarding scientific degrees,

doctor of technical sciences

Kh.Trobov

Scientific secretary of the scientific council
awarding scientific degrees,

candidate of chemical sciences, dotsent
S.Aranbaev

Deputychairman of scientific seminar at scientific
councilonawardingof scientific degrees,

doctor of chemical sciences, dotsent

43


http://www.tkti.uz/

INTRODUCTION (abstract of PhD thesis)

The aim of the research is the development of sensitive, selective thermo catalytic sensors
(TCS) of methane (natural gas) using nanomaterial obtained with the use of zol-gel process and
the creation on their basis of high-performance detectors and gas analyzers of natural gas.

Objects of researchare catalytic active metal oxides, natural gas, flue gases of combustion
plants, methane and standard gas mixtures.

The scientific novelty of the research is as follows:

for the first time, the composition and ratio of catalysts (0,751n203-0,25Ag.O and
0,25Fe304-0,75Ni203) of the working and comparative element of the methane thermo-catalytic
sensor were selected,;

first time the method of zol-gel technology based on ZnO and CoO conducted targeted syn-
thesis of gas sensitive material (GSM) for semiconductor sensor CHa.

with the use of SiO2/ZnO+CoObased GSM, the temperature threshold of sensitivity re-
duced and the selectivity of semiconductor sensors in natural gas is increased;

a combined analyzer based on the use of a thermo catalytic and semiconductor sensor has
been developed, which provides the determination of methane in a wide range of its concentra-
tions;

the influence of various factors on the metrological, operational and other parameters of
semiconductor sensors CH4 based on SiO2/ZnO+CoO

The implementation of research results.By results of scientific research on development
of chemical sensors for monitoring methane from the atmospheric air:

The implementation of research results. Results of scientific research on development of
chemical sensors for monitoring methane from the atmospheric air:

Semi-conductor sensors and automatic gas analyzers based on them are put into operation
in the analytical laboratory of «Mubarak Gas Processing Plant» Limited Liability Company
(605/GK-19-04 issued on April 29, 2019 by LLC «Mubarak Gas Processing Plant»). As a result,
developed sensors have increased the efficiency of detection of methane from the atmospheric
air of closed ecological systems (industrial and residential buildings) in a wide range of concen-
tration;

A thermo catalyst sensor and signalize used to control methane leakage and accumulation
was introduced into the operation of the analytical laboratory of Mubarak Gas Processing Plant
LLC (Mubarak Gas Processing Plant LLC, on May 22, 2019/682/K-19-05). As a result, the im-
proved sensing methane has been use prevent fire and explosion in the production environment,
which is used to monitor the accumulation and accumulation of methane.

The structure and volume of the thesis. The structure of the dissertation consists of an in-
troduction, five chapters, conclusion, the list of references and appendices. The volume of the
thesis is 116 pages.
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