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3. [4gcnegeaHe Ha nonynpoBog]u{Koa}N ra3otsr ceer3opr,i z.

3. l-asoen ceH3opr4

3.1. fionynpoBogHrlKoBr,r ra3oBrl ceH3opr,l

3.1 .1. CeHsopen e$err
TeopernL{Hrre nocraHoBKr4 cBbp3aHn c nonynpoBo4Hr4qilTe 5asupar

Ha pasrnexlqaHrn Ha eHeprnhuu HnBa. Hneoro na Oepnau WF, perynupa
Bb3MoxHocrnre 3a npexog Ha eneKTpoHr4 or BaneHTHoro HmBo (WV)
KbM Hr4Boro Ha npoBo4r,iMocr WC. l-lpn Hannqne Ha agcop6r-1nn
aroMlr (ruonerynu) na noBbpxHocrra Ha nonynpoBo,qHrKa, B 3aBncuMocr
or cbcronHilero Ha BbHr.rJHara eneKTpoHHa o6erBKa Moxe Aa ce crhrHe
go o6ueH Ha eneKTpoHr4 c'rrc cnon Ha npoBogr4Mocr.
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.,;':,.i::r,,,,, HV (Hanp. petryqmpaqn
rasoae) Bo,qfiT ,qo
noBilluaBaHe, a aKqenTo-
phre Ha eneKrpoHll (Hanp.
oKncnf,Baulil rasoae)
cboTBeTHo Ao noHr4-
xaBaHe Ha noBbpx-
HOCTHaTa npOBolqrMOCT
Ha noflynpoBoAHHKa.

Tosh MexaHn3bM e
Onr. 3.1. CxeuarnqHo npeAcraBflHe Ha oHarne,qeH Ha Srar. 3.1 w

o6rrlteua Ha ereKTpoHnre MexAy ce r3non3Ba v npvl
agcop6rpaHure aroMr4 n noBbpxHocrra Ha ra3oBnre noflynpoBo'_

nofiynpoBo,4Hl'1K, n3noflSBaHKaTora3oB HUKOBI4CeH3Opt4.
ceH3op. C X ca o3HaveHil AoHopil Ha

eneKTpoHu (npegn3BuKBaulu noBnuaBaHe flogo6Hn MexaHr3MH
Ha npoBoEr4Mocrra), c Y - arqenropn Ha Ha npoBo't4Mocr Morar
eneKrponn (npe4n3BnKBar4il noHhxaBaHe

Ha npoBo4nuocrra) 
Aa ce ocbu{ecrBtlBar v
BbB BbTpe[lHOCTTa Ha

ceH3opHr4f, eneMeHT, KoeTo Hanara u oTAenHoTo pa3rnexAaHe Ha Te3n
ABe rpynu ceH3opr4.



3. l4scnegsaHe Ha nonyflpotsogFntroeu ra3oBm ceH3opn
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Bsanruogeft-
cTBr4HTa MeXAy
aHanw3npaHufl ra3
n nOB'lrpXHOCTTa
Ha ceH3opa Morar
Aa ca MHoro
pa3Hoo6pa3Ht4. Ha
Srr. 3.2 ca noKa-
3aHh pa3nuL{Hr4
MEXAHNSMh HA

B3arMOlqefrcTBne
MexAy nonynpo-
BOgHT4KOB Kpt4CTan
ZnO c Kilcnopo4.
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Our. 3.2. B,eawuo4efrcrBne Ha Khcnopoga c

Kpncran ZnO. TerraneparypHara 3aBrcnMocr Ha
napqnanHoTo Hanf,raH€ po, ce Abnxv Ha

pasfl uLt H r 4ecop6qnoHHr4 MexaH il3M kt.
llpunaep:
l'lupeara crbnKa npn ceH3opHara peaKl{vrn e agcop6r,rpaHero Ha

KncnopoAa:

O" +2e- +2o-- - HaLtanHO CbCTOf,HHe.

Ha noBbpxr.rocrra Ha nonynpoBoEHnKa e HanuLle o6egnneaHe Ha
erreKTpoHl4, Koero BOA]4 AO HaManeHa npoBoAHMocr. flpr
B3ahMoAeilCrene c peAyrll4pau ras RH2 ce noflyL{aBa o6oraTFBaHe c
eneKTpoH.u t npoBoAt4Mocrra Ha nonynpoBoAHt4Ka ce noBHluaBa:

RH, + 20- + RO + HrO +2e- (3.2)

Epyro BaxHo o6crogrencrBo e, L{e Ltpes AormpaHe Ha
nonynpoBorqHnKoBH oKcl4Al4 MOXe Aa Ce OTMeCTn HnBOTO Ha oepUn,
Koero cilnHo Moxe Ea noBnnfie Ha B3auMoAeficranero Me)KAy
noflynpoBoAHt4KoBt4 MarepnaflH n ra3oBe, a orryK u Aa ce cb3naBar
ceH3opHH MaTepranlA, LtyBcTBr4TenHil KbM pa3fl nqHr ra3oBe.

H a pe4 c pa3rnexAa H ilTe,qoryK Heopra H uLr H h n onyn po BoAH tAqvl, cbrqo
u opraHnqHt4 ilrpaflT BaxHa poflfl npil cb3AaBaHero Ha Marepilanv 3a
npoh3BogcTBo Ha ra3oBl,l ceHSopn. Toaa ce oTHacn oco6eno ga MeTanHV
KOMnneKCn Ha Phtalosyanins, il3non3BaHu ocHoBHo 3a U3MepBaHe
KoHqeHTpaUutA Ha ragoBe, gericra'auqra Karo aKqenropt4 Ha enelcrpoH4
(orcugnpaqfi ra3oBe Karo NOz, Clz 14 Os).

(3.1 )



3. l ' lscnegeaHe xa nonynposoAxtixoeu ragoeh ceHeop, 4.

3.1.2" Censopn c noBbpxHocrHa npoBofir{Mocr
lzlsnaepearen H u efl eKTpoAr4 l-lpn ra3r rpyna t4e

6ugar pa3rnegaHvr
nr,pBo r.Hap. Tagushi-

lrlsruep aarenHr4 efl eKrpoAl4
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Harpeaarenuu eneKrpoAlr

Pe4rqa pa3pa6orKh noHacronuleM ca HacoqeHu KbM nogo6pnBaHe
ocHoBHr4Te xapalffepncrnKil Ha ceH3opr4Te ]A pa3[ur4pnBaHe o6nacrure
Ha npilnoxeHne. 3a nogo6pnaane Ha xapaKTepilcTHKhTe ce r3nofl3Ba
MeTOlqh KaTO nphHylquTenHo cTapeeHe h MoAynrpaHe/rgMeFteHnel... Ha
pa6orHara reM neparypa.

3a ceHsopa TGS 812 ca u3BeAeHh ypaBHeHmff 3a H3MeHeHrero Ha
npoBoAlf MocTTa B SaBncnMocT oT naprlnanHrTe Hanf,faHnf, Ha
r43clregBaHn ra3oBe. 3a pa6orHr4 reMneparyptl 400 oC ce nonyqaBar

Btrn e poge H rq n o Kcr,r,q :
/  \0,38

G =tr . [  Pco I
GA [R"o,, J

(3.4)

/ r
14sn,tepsarenHu
eneKrpoAH

a)

Meranen oxcrg

14sonarop

Harpeeareneu cnori

c)

Orr. 3.3. OopMr4 Ha peanil3at.J;iA+ Ha
nonyn poBoAH14KoBn MeTan-oKcr4AH 14 ra3oBr4

ceH3opr4: a) c soprua Ha nepna; b) c
L{r4ril4HApr4qHa $Opua n c) rbHKocnorHn

nrru Figaro-ceH3opH. Te
ca n3non3BaHn nbpBo-
HaqanHo 3a npeAna3Ba-
He oT aBapnu BbB
B3p14BOOnaCHa Cpega
(oco6eno crporn
npeAnhcaHtAA, cbrJ]e-
crByBarqu B FnoHnn).
3a roaa npunoxeHile ce
14314CKBa BncoKa
qyBcTBr4TenHocT t
cna6ara noBTopHeMocT
Ha xapaKTepilcTnKHTe
Ha ceH3opHTe He e oT
oco6eHo 3HaqeHue.

b)
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Bogopog: (3.5)



3.L4icneaaaHe Ha norynpoBoAHrxoB'{ ra3oB}l c

Ceuropen aneMeHT Censop

Mnrpocxoncxo rso6paxerue
-{l- Ha raCruqr SnO,

(eropu.rHra racrnqu)

B npncrcreuero xa CO
02+COO CO2+s-

O' +CO+CO2 +e-

02'co+cor+2e-

Kprcranu SnO,
c pa3Mepr oKono

HRKONKOCTOTHH

aHrcTpboMa
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Br'e er'sgytuHa cpega
Hucxa npogoAr4Mocr (BhcoKo

hemenesue Ha ....+
noreHquanHara Eaprepa

Hilgo aua Br'ggyuHa cpeAa

B npucr'crsnero Ha CO

Brcoxa npoBogl4Mocr (nucro cuporhBneHile)

peAytll/lpau.ll4 ra3oBe,
ceH3opa

+

"'.- *--
PeAyquparLl rag'....

10 100 1000 (ppm)
Konqexrapqnn xa raaa (norapurMH\.{eH n,laqa6)

npeAcTaBfiHe Ha ooMeHa Ha eneKrpoHnTe MexAy
aAcopohpaHilTe aroMl4 14 noBbpxHocrra Ha nonynpoBo,qHnK, u3non3BaH Karo

9acruqu SnO, c pa3Mepr

AO HSKO'IKO AeCeTKn pm

o, :":r;*:ii:

B npucr"crenero

o.s
(,
t6
t
F

o

O

Onr. 3.4. CxeMarnqHo

ra3oB ceH3op.



3. l4scnegeaHe Ha noflynpoBoAHlrKoBrr ra3oBr{ ceH3op}l

Karo o6o6uleHile Moxe Aa ce Kaxe, qe 3a re3h ceHsopr4 flnncBar
AOCTaT'brrHO 3aAbn6oqeHil H3Cne,qBaHVA RO OTHO[leHne Ha rpeuKn npfi
n3MepBaHuATa n Apefis Ha napaMeTpn, Ho MoraT lqa ce HanpaBflT
cneAHnre o6o6ulaBau{n 3aKfl rcqeH ilfl :

o LlyecrBilTerrHocrra nM ce cr{nra ea (rrlHoro) go6pa, .
. Kuru ceneKTnBHocrra hM Morar Aa ce noBAr4FHar MHoxecrBo

r4gt4cKBaHun. Bue rasn Bpb3Ka ce rqncKyrhpa r BKfiloLrBaHero Ha
Snnrpn. Hanp. ilsnoJr3BaHero Ha aKrnBeH BbrneH pe4yqnpa
cMylqaBau{oro eus,qeficreue Ha Nox npn n3MepBaHe
KoHqeHrpaqrn na CO.

. Cra6nnHocrra npil npoAbnxhreflna pa6ora e He3aAoBon[TenHa.
flopa.qn BhcoKara reMneparypa B HopManeH pexfiM Ha pa6ora ce
cTnra Ao pa3Aenf,He Ha KoMnoHeHTnTe u HapacTBaHe Ha
HexoMoreHHocTTa, KoFTo e 3HaLlnTenHa n B HaqanHo cbcToflHre.

. Bpenaegara Ha HapacrBaHe npu eus4eilcrene Ha ra3 ca
orHocr4renHo Ao6pu - or nopngbKa Ha 30 - 90 s. Ho eperrneHara
Ha cnaAaHe npH Bb3cTaHoBflBaHe Ha ceHSopa ca 3HaqHTenHo no
Abnrn. Ha6nrcgaBa ce ecHo r43pa3eH xncrepesnc.
Ha."ruFra Ha cBbp3BaHe w h3non3BaHnre MeroAl,t 3a ugMepBaHe
Morar 3Ha'.{HTenHo Aa noBnLlFFT pe3ynrarure. Cnopeg peAhrla
u3cnefqBaHuf, t43MepBaHeTo Ha npoBoAt4MocTTa c npoMeHnHBo
HanpexeHile AaBa no-go6pn pesynrarll, orKonKoro c nocronHHo.
3a peanmsnpaHero Ha MynrilceH3opHt4 ct4creMu e neo6xo4nnao
noHnxaBaHe Ha 3HaqilTe i:tr,un ApefiS Ha ceH3opHnre
xapaKTepucTuRtA.

3.1.3. Censopr,r c o6eruxa npoBo4nMocr
flpn rasu rpyna ceHsopr4 npr4 reHepnpaHero Ha none3Hne crrHan

B3eMa yLtacrue He caMo noBrrpxHocrra, Ho 1,1 Llenhr o6eu Ha ceH3opa.
3a ceHsopHil Marepuann ce n3non3Bar HnKor4 oKa4gll Karo 'Tiozunu

OKCI4AHL| CbelqnHeHnt KaTO MgCo-Oo Vnt TVTaHaTh MeTiO, (Me = Ba, Sr,

Ca). l-lpra raKnBa Marepilafln npn BncoKr4 reMneparypn B saBncnMocr or
napqranHoTo HanFraHe Ha KhcnopoAa B ra3oBaTa cMec, B KoFTo e
nocraBeH ceH3opa ce npoMeHR crr4xr4oMerpur{Hr/n cbcraB h 6pon Ha
AynKrre B Kpr4cranHara peuerKa. Bus ocHoBa Ha roBa ce n3MeHA u
npoBoAr4MocTTa B paMKHTe Ha ceH3opHaTa peaKq4fi.

b.



3. l4scnegeaHe !{a nonyn poBoAt{H Kotsl,t ra3oB }l ceH3opl,l 7.

Tara HanpilMep Tio2 npil 900 oC w napqilanHo HannraHe Ha
Kncnopo Ea 1 bar urrna onpefleneH crr4xt4oMerpnqeH .cbcraB. npu MHoro
Ht4CKr4 rn?plln?flHl4 HaflflF?Ht4n'(Or nOpnlqbKa Ha 10-'" bar) B oKcmAa ce
nonyL{aBa Aesnqnr Ha KhcnopoA x, o3HaLteH Karo Tio2-* . Ee$nqnrbr Ha
Kt4onopolqHil honu ce Aaea/osFraLraBa Karo cborBereH 6poil Hesaeril
MecTa KrcflopoR (Aynxra) nnn c Ti3* fionu B Kpt4cranHaTa peuJeTKa. floR
erg4eficrBnero Ha eneKTpnqecKo none ce noflnLtaBa, o6ycnoeeHo or
cboTBeTHhTe TpaHcnopTHr4 MexaHu3Mt4, ypaBHoBecflBaHe Ha ToBaphTe
(Srr. 3.5). Ha roea ce ocHoBaBa ceHsopHara peaKqnfl, npfi KoFTo ce
h3MeHr n poBoAl4 MOCTTa.
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3a6enexnrenHo e, qe

n3MeHeHneTo Ha KpficTanHara
pe[ueTKa Moxe ga AoBe,qe Ao
npnHqunHo pa3nuqHo noBerqeHne Ha
ceH3opa. Taxa HanpnMep,
TnTaHaTnTe 14MaT p-npoBoAHMocT
npr BncoKo KhcnopolqHo napqilanHo
HanFraHe. o6ycnoeena or
KoHqeHTpaqnfiTa Ha iqynKr. Tash
npoBoE14MocT HaManfiBa c
HaManrBaHe Ha napquanHoTo
HafinraHe Ha KncnopoAa. Ho nptl
HT4CKO napqnanHo HannraHe Ha
KhcnopoAa KoHLleHTpaqrFTa Ha

efleKTpOHl,lTe Ha.QxBbpJlf Ta3n Ha 
'qynKil 

h CeH3OpHvlAT MaTephan e n-
npoBognrq. Toraaa npoBogr4Mocrra HapacrBa c HaManf,BaHe Ha
napqnanHoro Halrf,raHe Ha Kucnopoga. Tara ce cruFa Ao reMneparypHo
3aBncilM Mr4Hl4MyM Ha npoBogr4Mocrra BbB $ynxqun or napqhanHoro
HarrraHe Ha KhcnopoAa.

I-logo6xo noBe4eHne nMar u trpyrn oKct4gt4 c p-npoBogr4Mocr Karo
Cur-*o, Nir-*o, Co,-*o . 3a noBnuJaBaHe Ha 6tpso4eilcrenero e
neo6xogl4Mo ceH3opHhre cnoeBe Aa ca nopbo3Ht4 H TbHKr,r or nopsgbKa
Ha Hf,KOnKO Um.

Tnnnqnnre xapaKreprcrtaKn Ha ra3oBure o6euno npoBorqnu{t'l
ceH3opr4 ca o6o6n{eHta or Schdnauer lOe:2271.

. flpoaoguMocrra nM ce npoMeHf, eKcnoHeHqnarrHo c n3MeHeHnero
Ha napqilanHoTo HaflFraHe Ha Kncnopoga.

o hguepeHnre crofinocrn ce ycraHoBsBar 6upao n o6parrMo 6es

x(Ti02_ 
")t
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"-'-+- MecrononoxeHne

$ur. 3.5.

Aa ce na6nrc,qaBa xhcrep$Lrc.



3.l4scnegsane Ha non

o l4scneEBaHfi ca ceH30pH!4 Marepuanil, Kol4TO ng3BgrrsBar
[3MepBaHe Ha h3MeHeHhg Ha napqnanHoro HaflFraHe Ha
KilcnopoAa B o6xBar HaA 30 AeKaAh.

. 3a pa3flnKa or il3MepBaHero Ha KilcfiopoA c ftouonpoBoAfirqr4
ceH3opl4 He e xeo6xogt4Mo .qa ce ngnon3Bar rasoBt4 npo6ra 3a
cpaBHeHne.

o l"loqna orcbcrBa cMyu{aBaulo Bnuf,Hre or.qpyrh ra3oBr4
KOMNOHEHTil.

o lzleuepaaHero e Bb3MoxHo ,qo reMneparypvl or noperqbKa Ha
1200 c.

. Hanrqe e cnnHa reMneparypHa saBhcr4Mocr or npoBogr4Mocfia,
Kofro rpn6aa Aa ce KoMneHcrpa c noAxoAFulh eneKTpoHHr4
cperqcTBa.

Hanuqe ca MHoro pa6orr, Kor4To ce saHilMaBar c perynnpaHero Ha
cMecra ropuBo-Bb3Ayx B ABnrarenn c BbrpeuHo ropeHe.

g.1.4. Gensopu, H3MepBarerHu cxeMlr 14 npnnoxeHne

Onr. 3.6. l-lpranqnriHa cxeMa sa BKnloqBaHe HaSnO, C€H3Op14

Cexaop



3. lrlscnegeaHe !{a nonynpoBo,qHHKoBt{ ra3otst{ ceH3opn 9.

3.2. Geneop 3a KaqecrBoro Ha Br3gyxa GGSl000T
flane

3.2.1. CeupsBaHe Ha ceH3opa B h3MepBarenHa cxeMa

U = +5V (USB)

GND (USB)

Orr. 3.9. t4gMepBarenHara cxeMa cbc ceH3op GGS 10 0007

Onr. 3.7. Cen3op or
unu+ra GGS1000T

Onr. 3.8. XapaKrepncrilKa Ha ceH3op
GGS133OT



3. rlscneggaHe Ha nonynpoBo.qHnKoBlr ra3oB!{ ceH3oph 10.

3.2.2. KonnqecrBeHa oqeHKa 3a KaqecrBoro Ha Bb3tryxa

RL 
-Uo*

R, +R, U

URL =Uo*R, +UorrR,

, -(u -uo*)R,
,.s - -----ii-

uow

4, = (u -uo*)n,
R o UourRro

orHoureHnero It g"ra KonnLrecrBeHa oueHKa 3a KaqecrBoro Ha
R.o

Bb3,qyxa. B qncra Bb3.qyujHa cpeAa cTofiHocTT? Ho R5 e 6nr4gra Ao
cTof HocTT a Ha Rso !l oTHoUeHneTo 5 KfloHt4 KbM 1 . B aaruupceHa

Rro

Bb3.qyuHa cpe.qa crofiHocrra Ha Rs na,qa. l'lo-nrcrr crofiHocrra sa llRro

noKa3BaT no-Bl4COKtA HtABa Ha 3aMbpof,BaHe Ha Bb3AyXa.



3. lrlscnegsaHe Ha nonynpoBoAHurotsll ra3oBu ceH3opr,t 11.

3.3. PeannsupaHe Ha ceH3opHa cncreMa 3a cfle4eHe Ha
KaqecrBoro Ha Bb3flyxa B cpegara na LabVlEW

3aga.tn 3a r3nbnHeHlte

3.3.1. Peanu3lrpaHe Ha H3MepBarenHara cxeMa

Peannsilpafire n3MepBarerrHara cxeMa or $rar. 3.9.

3.3.2. Kon$nrypnpaHe Ha xap4yep c Measurement & Automation
Explorer 3a lt3MepBaHe Ha HanpexeHHero Uour

B npnnoxeHnero Measurement & Automation Explorer ce cbs,qaBa
3aAaL{a 3a u3MepBaHe Ha HanpexeHre.

3a4avn - Tasks

Xapayep

Our. 3.8. Measurement & Automation Explorer

3.3.3. 9erene Ha gaHHH B cpe.qara Ha LabVlEW H n3Bex(gaHe Ha
crofixocrra na V6

l4nrerpnpaHero Ha 3aAaLrara B LabView craBa Lrpeg MapKupaHe B
Measurement & Automation Explorer (MAX) n n3rernsHe B nposopella c
$ynrqraoHanHara (6noroaara) AuarpaMa. Cusgaea ce nporpar""
crpyKrypa 3a LtereHe Ha AaHHn. Heo6xo4r4Mr4re rpil $ynrqrara ce
HaMnpar no4: Functions > AllFunctions - Nl-Measurents > DAemx-
Data Acquisition.

i d-m Nt-oAQmx Tskj
El-&l Davlces and Inlerfacej
i Ii-& rur-oeemx oevtces
! $.$ eorts lserral&P*allel)
! 6-rxt Pxt system (unidmtfied)

6-fi rvtt*trummtg
tS-Et scales! tit-Et scates

i ti-Gt sortwara
i H-&l vt tosqer rask

F-$ nafrote syst..s

Insl
Frlea
&.
Autr

.  #i i i , :
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3agava - Task
stoppen

DAQmx - LlereHe

Cnnpane xa DAemx - Task

Onr. 3.9. gereHe fia EaHHil

3-4- l/lg\ucnnBaHe Ha Koe+lrqreHra 3a onpegenf,He Ha
KaqecTBoTO Ha Bb3AyXa.

lAs.aucnere orHolueHrero Rr *"ro
R.o

r .3.2.2.

u3nofl3BaTe pa3rnexAaHnflTa B

3.5. onpeAeneHe Ha BpeMeKoHcraHTara Ha ceH3opa

hsqilcnere BpeMeKoHcraHTrre npil HapacrBaul4 vI cnaAauil
KOHqeHTpaqnn Ha pa3.nhqHu 3aMbpct4Tefl u.


