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IlpennoxeHn MeTOR NMPsIMOTO ONpeficICHAs] AHOKCH/A YIJIEpofia B BO3LyXe ¢ IIOMOMIBIO CKOHCTPYHUPOBaH-
HOM [7151 3TOM e cCOpOIMOHHON TpyOKH. MeToN OCHOBaH Ha H3MEPEHHN 00'beMa BO3/yXa, H3PaCXOR0OBaH-
HOrO Ha HEHTpaNH3alUIO H3BECTHOrO KOJIMYECTBA THpaTa OKHUCH 6apus B TPyOKe Cofep:KallUMCs B BO3-
AyXe IHOKCHAOM yriaepopaa. TouKy 3KBHBAJICHTHOCTH ONPENEJISIOT 110 JOCTIDKEHHH PaCTBOPOM FHAPOKCH-
Ra GapHs MHHUMAJIBHOH 3JIEKTPOIPOBOTHOCTH. 115 MPOBEPKH TOYHOCTH MeToAa pa3paboTaH cnocoo,
OCHOBaHHBI! Ha HCTIOJIBL30BaHUA I'PaTyHPOBOYHON CMECH BO3AyXa ¢ KoHneHTpanueh CO,, u3MeHIomeAcs
10 06paTHOMY SKCIIOHEHI[HAJILHOMY 3aKOHY. MeTop npurofieH fis onpepenenuss CO, B BO3MyXe B IOHPO-
KOM [IAana3oHe KOHLUEHTPALUH, a TAKXe {11 KOHTPOJIS U rpaJyHPOBKH KOCBEHHBLIX METOJOB ONPEEICHAS
CO,. Onpepenenne TOYKH SKBHBAJIEHTHOCTH NIPH HE3HAYUTEIIbHOM CHHXKEHHM TOYHOCTH BO3MOXKHO H 110
H3MEHEHHIO OKpacKH (eHoNpTanenHa. ITO CYIECTBEHHO YIPOLIAET METOH, I03BOJIAA €r0 MHUPOKO HC-
[I0Jb30BaTh B [IPaKTHKE, HalpEMep, B J1aGOpaTOPHbIX paboTax Wi AJsl AEMOHCTPAllMOHHBIX NIEJIEH B

y4eOHbIX 3aBEJJCHUSAX.

Onpepenenne JUOKCHAA yIiepoaa B BO3LyXe Bee-
rna ObIZIO BaXXHOW IMpaKTHUYecKo# 3agadeidl. Ocoboe
3Ha4eHHE 3TO olpefielIeHAe IPHOOPeIo B IIOCAeTHHE
ACCATHIIETHA B CBSA3H C HCCIECNOBAHWSIMH NPHPONLI
napHuKoBoro 3dgdexra [1]. Ognako u3-3a HU3KOrO
conepxanus CO, B Bo3gyxe (B Hopme okoio 0.03%
o o6bEMy), TOYHOE ONpeEfieICHHE ero KOHIEHTpa-
nuu — Henpocras 3ajjava. [Torpemsoctu onpepene-
Hust CO, MHOTEMH ONMCAaHHBIMHA METONAMHU CTOJIb Be-
JIUKHY, YTO NPEBOCXOIST €r0 HOPMAaJIbHYIO KOHIICH-
Tpanuo B atMoctepe [2, 3]. BonsmmHaCTBO METONOB
OPHTOJHO JIMIUL [ ONpEefelIeHHA IOBBIIMIEHHBIX
KoHeHTpauuit CO, B Bo3[yxe, HapUMep IS OLieH-
KM CTEIEHHM 3ara3oBaHHOCTH INOMELIEHHH B Hexax
npepnpustaii, KoreHTpauy CO, B OBOIEXpaHUIA-
1ax, npyu noxapax # T.4. g onpepenernns CO, B
BO3MIyXe HCTIONb3YIOT METONbI, OCHOBAaHHbIC HA XMMHU-
YeCKHUX, (PU3NKO-XUMHUECKUX U (PU3UIECKUX IPHHIIN-
nax [4]. Konunentrpanuio CO, B BOTHBIX pacTBOpax
YacTO OMNPEEIsiioT ¢ NOMOIIBIO (hepMEHTATHBHBIX
peaxkuwii [5, 6].

B cBsi3H ¢ TpyOHOCTBIO HENOCPEACTBEHHOH (PHK-
cal¥ TOYKH 3SKBHBAJICHTHOCTH NpH B3auMojeli-
CTBHH HM3Kux KoHUeHTpauuit CO, ¢ peareHTamy,
cpef xuMU4YecKHx MmeronoB onpepenenns CO,
HauboJlee 4YacTo KCNOJB3YIOT METON JIBYXCTYIICHYA-
toro tUTpoBaHus. CyThb €ro COCTOHT B TOM, YTO
aJIMKBOTY pacTBOpa IHApOKcHAa 6apus M3BECTHOU
KOHIEHTpAaIUH CHAayala YaCTUYHO HEHTPAIU3YIOT
OMOKCHJIOM YINIEPOAa, COREPXKAIMMCS B H3BECTHOM
o0 beMe BO3fyXa, a 3aTeM ocratok Ba(OH), Tutpy-

FOT CTaHJapTHBLIM PacTBOPOM KUcIOTHI 7, 8]. [IByx-
CTYIIEHYAThIN XapakKTep METOo[a YCIOXHAET pado-
Ty, YMEHBIIAET €€ IPON3BOAUTENBHOCTE H CHHXKAET
TOYHOCTH ONpEeIeHUA.

M3BecTHbIE MHCTPYMEHTAJIbHBIE METOMABI [4], Ta-
KHe KaK OIpefiesicHue 110 U3MEHEHHIO 3JEKTPOIPO-
BOJIHOCTH BOJBI IIPH PaBHOBECHOM HACBHILEHHH €€
CO, — B 3NEeKTPOKOHAYKTOMETPHUECKOM METOJIE, TIO
BBIJICJICHHIO TEMa NPH HeATpanu3alyH EeJI0Yd — B
TEPMOXAMAYECKOM METOfE, HIH IO IOIVIOILIEHUIO
HH(PPaKPACHOrO U3JIY4YEHHUs] — B HHPPAKPACHBIX ra-
30aHAIM3aTOpax, UMEIOT TO IPEUMYILECTBO, YTO
3HAYATENLHO COKpaUaloT 3aTPaThl BPEMEHH IIPH Ce-
puiiHbIX onpefeneHusx. OMHAKO BCE 3TH METONIbI HE
MpsMbIE, OCKOJIBKY TPEOYIOT PErYASIPHOTO KOHTPO-
ISl ¢ NPUMEHEHUEM IPaJyHpPOBOYHBIX I'a30BLIX CMe-
celt, coflepKalux W3BeCTHbIe KoHUeHTpauun CO,.
Kpome Toro, npubopHoe 0(OpMIEHHE ITHX METO-
IOB TOBOJIEHO IOPOTO€, TO3TOMY HX HEJIb35 OTHECTH
K TIPOCTBIM.

B Hacrosmei pa6oTe npepnaraeTcss XAMAYECKHI
MeTop onpenenenus CO, B Bo3gyxe, KOTOPbIA OTJIH-
YaeTcs OT MEePEeYUCIICHHBIX BbIIe HA3KMMH 3aTpaTa-
MU ¥ HPOCTOTOH HCNOJHEHHs, HE YCTYNasi KM B TOY-
pocTH. MeToj ocHOBaH Ha (puKcanuy TOYKH SKBUBa-
JIEHTHOCTH NPH HEWTpaiId3al¥l BOJHOTO pacTBOpa
Ba(OH), copepxkamumcs B Bo3ayxe CO, ¢ IOMOIILIO
H3MEepEeHNs IEKTPONPOBORHOCTH pacTBopa. ToyHas
¢puKcanus TOYKY 3KBHBAJIEHTHOCTH B [IaHHOM CIIy-
yae oGycnosieHa TeM, 4To CO, B3aUMOREACTBYET C
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Puc. 1. TIpu6op pns onpenenenns CO, B Bo3pyxe. I —
copOunoHHas Tpy6Ka; 2 — anukeoTa pactBopa Ba(OH),;
3 — NNIaTHHOBEIE NEKTPONLL; 4 — pebpa XECTKOCTH; 5 —
CTEKJISIHHBI KaKLBIP; 6 — MEPHbIA HWIHHAP; 7 — CTEK-
JIsTHHaA TpyOKa BHYTPH LMIMHApPA; § — CKISIHKA [JIS ypaB-
HOBEIINBAaHKUA JAaBleHAsd; 9 — IUTaHMH H3 KPacHOU pesu-
Hel; 10 - koHgyKTOMEeTp. CTpeliKaMu yKa3aHo JBIDKEHUE
aHaJM3MPYEMOro Bo3AyXa B mpubGope.

Ba(OH), B mByX mocnegoBaTeNbHO IMPOTEKAIOMIMX
peakumax [ 9]:

Ba*2 + 20H + CO, = BaCO;{ + H,0

BaCO, + CO, + H,0 = Ba?* + 2HCO;

W3 ypasHeHmii peakuuil ciefyeT, 4TO Ha IEPBOM
aTtane nornoumenust CO, BcnencTsre (hopMApOBaHHS
ocajika KapOoHaTa Gapus M3 pacTBOpa YIalsIOTCI
HOHBI GapHsi ¥ THAPOKCWIA, YTO OPHUBOMUT K maje-
HHIO 3JIEKTPONPOBONHOCTH pacTBopa. Ha BTOpOM
9Tane, mOo Mepe npeppaieHns ocagka BaCO; B
Ba(HCO;), m guccouuamyy IMOCHENHEro Ha HOHBI

Ba? u HCO; 21eKTpONpOBOIHOCTL PacTBOpPa BO3-

pacraer. CrefoBaTeIbHO, MUHUMAIbHAST 3JIEKTPO-
IPOBOAHOCTE OyAeT HaOMIOOaThC NPH KOCTYKEHHH
TOYKM 9KBUBAJICHTHOCTH MEXNY KOJIMYECTBOM IIO-
rnomerHoro CO, ¥ #CXOIHBIM KOJNYECTBOM KaTHO-
HoB Ba?* B pactBope. OYeBHIHO, YTO 3Ty TOUKY JIeT-
KO (PHKCHPOBATh H3MEPEHHUEM 3JIEKTPOIPOBOHOCTH
pacTBopa, M ONpPENEIATb TEM CaMbIM KOJHYECTBO
CO,, pacxonyemoro Ha o6pazoBanue BaCO;. Ilpu
3TOM BbICOKas HayajbHas KoHHeHTpanus Ba(OH), B
pacTBope M OONbBIIOE CPOACTBO OCTaTKa YTOJBHOM
KHCIIOTBI K KaTHOHY Ba?* o6ecneymBaroT MoIHOE
y1aBIMBaHHME HU3KUX KOHUeHTpanuii CO, u3 BO3Ny-

XYPHAIl AHATUTUYECKON XUMHU

xa. Bce 3To nosBonsger pa3paborath OFHOCTYIIEHYA-
Thlit MeTop onpepencausi CO, B BO3Myxe.

SKCIIEPUMEHTAIJIBHAS YACTb

IlpuGop n meromuka. [Ins peanusamuu MeTopa
66111 paspaboraH npuboOp, KOTOPhIH 00ecneYn off-
HOBPEMEHHOE pellleHHe Tpex 3afay: 1) HOTHOTY mo-
rnowenns CO, u3 Bo3gyxa pactBopoM Ba(OH),, 2)
H3MEpeHHEe 00beMa BO3[yXa, IPOIYCKaEMOro Yepes
pacrBop Ba(OH), u 3) u3aMepeHue 371eKTpONpOBON-
HOCTH pacTBopa. Kak BHOHO U3 pHc. 1, yCTpPOHCTBO
npubopa npepenbHO npocroe. OH MOXKeET OBITH CO-
OpaH NMpakKTHYECKH B T0601 nabopaTopu, Tie nMe-
€TCsl ONBIT paboThI C Ta6OPATOPHBIM CTEKIIOM.

LlenTpansHOl YacThio IpUGOpa CAYKAT TPyOKa,
BBITNIOJIHEHHAS U3 CTeKJa (BHYTPEHHU# uaMeTp 2.5~
3.5 mm), B xoTopoii copbupyercss CO, U3 Bo3myXa.
Huwxnsis yacTb TpyOKy 3arHyTa U cCHaGXeHa IIapOBOi
ITOJIOCTBIO TaK, YTOOBI B 00pa3yromieecss KOIEeHO To-
Mellajcs HeoO6XomuMblii 06beM pacreopa Ba(OH),
(ot 40 o 1600 Mxu). BepxHas 4acTb — cHaGXeHa ITo-
JIOCTSIMH B BHJI€ LIIaPHKOB, OrPAHHYUBAOIINX BHIXOJ
SKHIKOCTH 3a mpefenibl TpyOkH. [Inokcun yriepopa
copOHpyeTcs Ha BHYTPEHHE! IOBEPXHOCTH TPYOKH,
cMa4YuBaeMoMl cron6ukoM pacrsopa Ba(OH),, koto-
PHII IlepeMenaeTcs BBEpX MO TPyOke Mo Mepe mo-
CTYILUIEHUS B Hee BO3AYyXa. I1o focTiXeHnn MapoBBIX
MONOCTEN B BEpXHEH YacTH TPyOKH CTONOHMK KUIKO-
CTH paCIIMpsieTCs U, [IPEBPaIasick B IJIEHKY, JIOIA-
ercsi. OcoGoausmiasics XKUAKOCTb CTEKAeT BROJb
CTE€HOK HABCTpedy MOCTYNAIOEMY BO3NYXYy, CO3/1a-
Bast 3¢ PEKT NOrIOLIEHHUS B IPOTHBOTOKE. DKCHEPH-
MEHTAJBHO YCTAHOBJICHO, YTO TPyOKa AnmHOin S00—
700 MM nipum pacxofie Bo3nyxa 15-20 mu/mMuH oGecre-
yupaeT nonHoe nornoineHue CO,. [Ins orpaHudeHUs
IIpefieNIbHOM CKOPOCTH NOflauy BO3yXa MeX]y cop6-
LHOHHOM TPYOKOH X MEPHBIM LHMIUHPOM BCTABJISIIN
CTEKJITHHBIN Kanwisip. [JIuHy U guaMeTp Kamumis-
pa IOAOHpAaH OIBITHBIM IyTEM.

YToO6BI UCKIIOYATH BIHSHUE BBIBLIXAEMOI'O BO3-
Ayxa Ha KoHueHTpauuoo CQO,, BO3OyX [Js aHau3a
3a0upainny He GiIXKe, YeM B OJTHOM MeTpe OT TOJIOBBI
9KCIIepEMEHTATOpa. [JIsi 3TOro K HHKHEMY KOHILY
COpOIMUOHHOH TPYOKHM NPHCOEHUHSNN CTEKISHHYIO
HIH PE3UHOBYIO TPYOKY COOTBETCTBYIOHIEN JIMHBL.

OIeKTpONpPOBOIHOCTh PAacTBOpa B TpyOKe HU3Me-
PATH IBYMs 9JIEKTPOAAMH M3 IIATHHOBOH IIPOBOJIO-
KH, BIAsSHHBIMH B CTEHKH TPYOKH. [N yKpenneHus
y4JacTKa BIaliK¥l 3JIEKTPOJOB K TpPYOKe CBEPXY U CHH-
3y OT 2JIEKTPOJOB NpHUNauBaiud pedpa KeCTKOCTH B
BHJIE [IBYX CTEKISHHBIX INETENb. DIeKTPONPOBON-
HOCTBb U3MEPSIIH B BepXHel cBOOOIHOM OT ocaika Ja-
CTH CTOJIOMKA pacTBOpa IPHU BBIXOJIE €TI0 Ha YpPOBEHD
3NeKTpOoAoB. [ n3MepeHns HCIONB30BAIA MOCTO-
By1o cxemy [10] (MocTuk YwurcroHa), pabGoraBuryio
OT TOKa 3BYKOBOH YaCTOTBI, TEHEPHPYEMOTO Telle-
Ne 1
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¢QOHHOI CeThIO, WIN CTaHAAPTHBI# KOHAYKTOMETP
¢upmet Radelkis, TYPE OK-102/1.

O06BeM npouiemero yepes3 TpyoKy Bo3yxa u3-
MepsilH IIPH ITOMOLIY 3aII0JTHEHHOTO BOJIOH [iepeBep-
HyTOro MepHoro uunuHapa (puc. 1). [Togsox Bo3nyxa
U3 COpOIUOHHOH TPYOKM B BEPXHIOK YaCTh LUJIMH-
mpa obecneyuBaly MPH HOMOIIM TOHKOM CTEKISH-
HO# TPYOKH, MPOIYLIEHHOH Ha BCIO BBHICOTY LIJIAH-
npa. Ilocrymnenye Bo3fyxXa B IIMHAp oOecnevnBa-
JIOCHh TOHIDKEHHBIM JIaBIICHUEM BHYTPH LHJIMHAIpA 33
c4eT Beca BofisHoro cronba. Ilpu aToM BeITECHAEMAs
13 IMIMHIPA BOJa cOOMpanach B CIIENMANbLHOM CKIISTH-
Ke, COEMHEHHOH C IWIHHAPOM PE3MHOBOH TPyOKOM.

O6BbeM MOCTYNHBLIETO B IWINHAD BO3JyXa HAXO-
MM KaK Pa3HOCTh 3HAYECHMH YPOBHS BOJbI B IIUJIHH-
[Ipe [0 ¥ NOCiIe €€ BBITECHEHHS BO3[[yXOM, YMHOXEH-
HyI0 Ha KO3((HUIUHEHT k, YyIUTHIBAIOIMA 00BEM

TpyOKH BHYTPH LAIHHAPA.
V,=V-Vd/D* = Vk, 1)

rae V, — MCTHHHbIA 06 beM ITOCTYNMBILIETO B LIUIIHHIIP
BO3/yXa, HACHIIICHHOTO NapaMH BOMbI, V — Kaxky-
wiics 06'beM MOCTYIHMBIIETO B LUIUHAD BO3JyXa,
M3MEPEHHBIA IO TPajyHpOBKe IMIMHApa 6e3 yyera
o6beMa TpyOK¥M BHYTPHM UMIHHAPA; d — BHELIHHMI
nuaMeTp TPyOKH BHYTPH UIUHAPA; D — BHYTPEHHAA
OuaMeTp WHIHHApa; k = 1 — d?/D?.

O6beM u3MepsLTA MPH BLIDABHUBAHUY [IaBJICHUSI
B IMJIMHJpPE C aTMOC(HEPHBIM, IOTHUMAs CKIISHKY 1O
COBMeEII[EHUS] YPOBHEN BOBI B HEH U B LIMJIMH]IPE.

Yro6b1 HCKIIIOYHTH BIUSHAEC KOIeOaHUN BIaXKHO-
CTH BO3JyXa Ha pe3yJbTaThl K3MEPEHHIA, KOHIEHTPA-
muto CO, mepecuyrThiBaMM Ha cyxodl Bospyx. Ilo-
CKOJIbKY OTHOCHTEIbHAS BIIaXHOCTH BO3[lyXa B Mep-
HOM IMJIMHApE Haj Bogo# Bcerpa cocrapnser 100%,
06'bEM CYXOro Bo3ayXxa OyAET PaBeH Pa3HOCTH MeX-
Iy 06'beMOM BIIaXXHOTO BO3lyXa H 00'beMOM 3aHAMa-
€MBIM TIapaMi BOABI IIPA TEMIIEPAType H3MEpEeHHs.
JIns BerumciaeHust o0beMa Cyxoro BO3jyxa mojab30Ba-
JIUCH 3aKOHOM Boiinsg-MapuroTTa, COrIacHO KOTOPO-
My [Isl TTapOB BOABI NpH IIOCTOSHHOM TeMmeparype
MOXKHO 3ancaTh PaBEHCTBO:

Vy-Vo)P =V,

e V, — 06beM cyxoro Bo3nyxa B munuHppe 6e3 COy;
P — atMocepHOe [aBlEeHHE; p, — NaBlIeHUE HAChI-
IIEHHBIX APOB BOMBI.

ITpeo6pa3sys 3TO paBeHCTBO, ony4YaeM GhopMyny
I BBIYKCIIEHUS 00 beMa CyXOro BO3AyXa B IHJIHH-
npe, numedHoro CO,:

V, = V(1 - pu/P) = V,h, 2)
rae h=1-p,/P.
JaBneHne HACBHIIEHHBIX IAPOB BOJLI p,,, HAXOIH-
1w no cnpaBounuKky [11]. B maTepBane ot 20 no 30°C
BennuuHa p, Mensietcs ot 0.024 go 0.043 aTm.
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Noncrasnss B dopmyay (2) 3Hadenue V, u3 ¢op-
My71blI (1) moy4aeM BbIpaKeHHE ISl BHIYUCITEHHS V!

V, = Vkh. 3)

Tounas ¢popMyna ANsl BEIYUCIEHUS IKCIIEPHMEH-
TalbHO OOHapyXuBaeMoil KonleHTpamud CO, B
0GBEMHBIX IIPOLEHTAX, MEPECYNTaHHOH Ha CyXoi
BO3yX, BEIBOJHIACH U3 CIEAYIOMIETO OTHOIIEHHS:

¢ = 100Veo [V, + Veo,) = 100/(Vy/Veo, + 1), (4)

Ife ¢ — 3KCIEePHUMEHTANIbHO OOHapyXuBaeMasi KOH-
nearpauus CO, B mepecyeTe Ha CyXoit BO3AYX B PO-

IIeHTaX 10 00beMy; Vo, — 06beM IOITIOIEHHOTO U3
posgyxa CO,.

061peM nornomennoro CO, s NaHHOM TeMITe-
paTypbl BBIYMCISUICS M3 KOHIEHTpAUMH X oO0beMa
pactBopa Ba(OH), mo ypaBHenm:o MeHjeneepa—
KnaneitpoHa:

Vo, = Craom, Vaom, RT/P, (5)

rie R - yHuBepcanbHas ra3oBas NOCTOSHHas
0.0821 1 arM/Moub rpag; T — abCcoNIOTHAs TeMIIepa-
Typa (B rpagycax mkansi Kenssuna); P — aTMochep-
Hoe nasnenue (B atMocepax); Cpyon), — HCXOTHAS
koHieHTpanus Ba(OH), B pacrBope (B MOISX);
Vaow, — 00'bEM pacTBopa Ba(OH),, nomeiaeMoro
B COPOLMOHHYIO TPYOKY (B JIUTPAX).

IMopcrapnss 3Ha4eHHE Vg U3 HOPMYIIEI S)#u
3HaueHue V, u3 ¢popmyisl (3) B popmyny (4), nony-
yaeM BhIpaxKeHue (6) ISl TOYHOTO BEIYHCIIEHHS O0b-
eMHbIX mpoueHToB CO, B CyXOM BO3[yXe HCXOfs M3

00'beMa BO3/IyXa, BEITECHUBIIETO BOAY U3 IHIUHADA,
H3MEPERHOrO 110 TPafyupoBKe IuIuHApa (1):

c= 100/(Pth/(RTCBa(OH)2 VBa(OH)z) + 1). (6)

B Tom ciyudae, koria KonueHrpanus CO, B BO3[Ty-
xe He mpesbinaet 0.1% v/v, pasnuuneM B o6 LeMax
Bosnyxa ¢ CO, 1 6e3 HErO B BBIYUCIICHISIX MOXKHO IIpe-
Heb6peyb. B pesyinbTaTe OTHOMIEHKE (4) YIPOILIACTCS:

Cc= 100 VC02 /VB' (7)

Tloncrasnss B oTHouIeHHe (7) 3HaYeHus Vo, U3
dopmynsl (5) u 3Hadenne V, u3 dopmynsl (3), momy-
YyaeM YNpOILUIEHHYIO (OPMYNy JJisi NPHOINKEHHOrO
BbIUACIEHHS] 00beMHBIX TponeHToB CO, B CyXOoM
BO3JIyXeE:

c= 1006‘133(01,1)2 VBa(OH)2 RT/(Pth). (8)

IIpuroToBiende rpagynpoOBOYHON CMECH C mepe-
menHol konnentpanueis CO,. HToObI OLEHATE TOY-
HOCTH METOJIa MPH Pa3iHYHbIX KOHIICHTPAUAX CO,
B BO3]IyX€, HEOOXOMMO MMETh CTAHAPTHbIE IPafyH-
poBouHbIe cMecd. OHAKO KOMMEPYECKH JOCTYIHbIE
cMecH He 06JIajaloT HeOOXOAMMO# TOYHOCTBIO. Tak,

2007
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Puc. 2. YcTpo#icTBO 151 IPUTOTOBJIECHAS TPagyHpOBOY-
HOM cMecH ¢ nepeMeHHEo# KoHueHTpanueii CO,. I — cMe-
cuTenbHas Konba; 2 — mTynep I NOofavyd HadaJbHOH
nopuui CO,; 3 — WTynep BbIBOJla IEPEMEHHOM KOHIIEH-
tpamun CO,; 4 — TpyOKa BBOJa B KOJIOY CyXOro BO3Myxa,
ounmensoro ot CO,; 5 — MarHuTHas Melllanka; 6 — Bpa-
LaKolasics IW1acTHHKA U3 XKecTy; 7 — U-o6pa3Has TpyOKa
¢ 6€3BOJHBIM XJIOPHCTHIM KaiblieM; 8 — ra3oMeTp ¢ 5%-M
pactsopoM KOH; 9 — coegunHuTeNbHBIE TPYOKH M3 CTEK-
na; 10 — TennoM3OMHPYIOWIMEA 3KpPaH H3 MEHOMIJIACTA.
Crpenkamu yka3aHbl IepBOHa4YalbHas 3arpy3ka CO, u
ABIDKEHHE BO3yXa B yCTPOUCTBE.

IpajlyMpOBOYHbIE CMECH, IO KOTOPBIM HAaCTPaUBaIOT-
¢ CO,-aHaNu3aTOpPbl, BHITyCKAEMbIE OTEUYECTBEHHON
dupmoit “Ilpaktux-HII”, mpencrasisitor co6oit cMeCh
CO, u a30Ta, JONMyCTAMAs MOTPENIHOCTh KOHIIEHTPA-
i CO, B kotopoit cocrasnsgeT +0.01% ot ob1uero
o6beMa cMecu (Tocpeectp Ne 3795-87). Yuursisasd,
4yTO HOopMainbHas KoHueHTpamus CO, B atMocdepe
cocrasisier okono 0.03%, cnexmyeT mpu3HaATh, 4TO
CTaHJapTHbIE IPaIyHPOBOYHbIE CMECH HE 06/1aalOT
HOCTATOYHOM TOYHOCTHIO IS HX HCIIONB30BAHUS
npu onpenenennu CO, B aTMocdepe.

B cBsi3u ¢ 3TMM MBI pa3paboTanu COOCTBEHHBIH
cnoco6 npoBepKH npepnaraeMoro Meropa. Ocoben-
HOCTh 3TOr0 Cocoba COCTOUT B TOM, YTO BCE MaHH-
MyJSIHA ¢ KOMIIOHEHTaMH CMECH OCYLIECTBISIFOTCS
npu aTMOoc)epHOM J[IaBlICHHH, IO3TOMY OTNajaeT
NOTpeGHOCTh B UCTIONBb30BAHUH /1 IPUIOTOBIICHAS
ra3oBbIX CMeceil CIeNHaIbHOro 000PYAOBaHHS.

IIpo61emMa cOCTOHT B TOM, YTO Fa30BYO CMECH C
HA3KUM COfiepKaHHeM OJHOI0 H3 KOMIIOHEHTOB
CHOXHO IPHI'OTOBHTH ¢ HEOOXONMMOH TOYHOCTHIO B
COCyJiax ¢ MATKIMHM CTCHKaMH U3-3a TPYJHOCTH U3Me-
peHusi o6'beMa U 3aMETHOH IIPOHUIIAEMOCTH AJiA Ta-
30B GOJILIIMHCTBA HOJHMEPHBIX MaTepuajaoB [12].
Takne cMecH HECIIOXHO I'OTOBHTH IIpH aTMOcdep-
HOM JIaBIIEHAH B COCYAaX ¢ KECTKUMHM CTEHKaMH, HO
HX TPYAHO NepeMelaTh K MeCTy peakuun 6e3 u3me-
HeHHs KOHLIEHTpalMd MHKPOKOMIIOHEHTa. [leno B

KXYPHAJl AHAJIMTUYECKOW XVMUU

TOM, YTO BBITCCHEHHE ra3oBO# CMECH BOTHbIMH pac-
TBOpaMH H3 COCyJa ¢ XECTKHMH CTCHKAaMH 00OBIYHO
CONPOBOXKIACTCA U3MCHECHNEM KOHICHTpAallH MHK-
POKOMNOHEHTA U3-3a €r0 HEKOHTPOJIHPYCMOI'o pac-
TBOPCHHSA B BBITECHAIOIIIEM PaCTBOPC.

OO6oiTH NepeYrCIIEHHbIE TPYNHOCTH MOXHO, 3a-
MEHHB PafyHPOBOYHbIE CMECH C NMOCTOSHHOM KOH-
nentpanuy CO, Ha CMECH C KOHIIEHTPalHel, MEHSIO-
Hieiicss Mo 0OpaTHOMY 3KCIOHEHLHAILHOMY 33aKOHY.
Takue cMecH POCTO IPUTOTOBHUTD C TPEOYEMOM TOY-
HOCTBIO H JIETKO PACCYATATh TeopeTudecku. Popmu-
pOBaHHe IOTOKAa BO3/[yXa C 9KCIIOHEHIMAJILHOH 3aBH-~
cumocthio KonueHTpanuu CO, oT o06beMa mpory-
LIEHHOrO BO3[yXa OCYLIECTBIISIIH MPAMEPHO TaK Xe,
KaK (pOpMHPYIOT 3KCIOHEHIMAIbHBIN IPaJUEHT KOH-
UEHTPALH COJIU B 3JIIOUPYIOIIIEM PaCTBOPE B XpoMa-
torpapmu [13]. [Ins sTOoro 4yepes KpYyriIOfOHHYIO
Konby (puc. 2) ¢ m3BecTHo# KoHueHTpamued CO,
nponyckanu odnernslit or CO, Bo3uyx. I1o Mepe
HOCTYIUIEHHUS] B KOIOY OUMINEHHOTO BO3AyXa OH epe-
MEIMBAETCH C €€ COTEPXKUMBIM, IOCTENIEHHO pa30aB-
JIET €r0 |, KaK Oy/JeT II0Ka3aHOo HIDKE, KOHIICHTPaIMs
CO, npu 3TOM Ha BBIXOJI€ NIAAAET B COOTBETCTBHH C
0o6paTHOH 9KCIOHEHIMANIBHOH 3aBHCHMOCTBIO OT
MpOMycKaeMoro o0'beMa.

I BBIBOJA TEOPETHYECKOH 3aBHCHMOCTH KOH-
merTpann CO, oT 00'beMa NPOIMYIIEHHOIO BO3IyXa
ycnons3oBanu nudgepeHIaNIbHOEe YpaBHEHHE, ONH-
ceiBaroniee 1ot npouecc. Eciu Ha Bxof Koa6b1 065-
eMoM V, ¢ HEKOTOPOH M3MEHSIOIIEHCS KOHIIEHTpa-
mueit CO, — ¢' mogaBath ouniieHHbIH 0T CO, BO3AYX
IpH NepeMeIINBaHIN COLIEPKMMOr0 KONObI, KaK Mo-
Ka3aHo Ha pHc. 2, To KonudecTso CO, Ha BbIXOfie U3
KOJOBI B 6eCKOHEYHO MasioM oOseMe cMecH dV, Oy-
€T BbIpaXaThcs Mpou3BefeHueM c'dV,, a GeckoHe-
HO Manas yopute CO, B caMoit KosIGe — IPOU3BEICHHA-
em -V dc'. B pe3ynbTaTe MOXKET ObITh 3aNHMCaHO
ypaBHEHHE:!

cdv, =-Vdc' )

Hurerpupys ypasHeHue (9) Npa Ha4YalbHbIX YCIIO-
pusix V, = 0, ¢' = ¢y. HONy4nM CIIEAYIOIIYIO 3aBHCH-
MOCTE ¢' OT V.

Inc' =-V_/V, + Incy. (10)

BBupy TOro, 4TO B MEPHOM LUJIMHADPE H3MEPSIIOT-
¢ 06'beMBI HACBHIIMICHHOIO BJIAarof Bo3fyxa mocie
ynanennss u3 Hero CO, B aficopOIHOHHOM TPYOKEe,
nONMHLIA 06beM V, ciaegyeT BBIYHCIAThL KaK CyMMY
of6beMa BO3JIyXa B HWIKHApE, NMEPECUMTAHHOIO Ha
cyxoit Bo3ayx 1o ¢opmyne (3), 1 06beMa NOTTIOIEH-
Horo CO,:

Vc= VB+ VC02’ (11)

rme V, — 06'beM BO3yXa B IMIIHHAPE, IEPECUATAHHOTO
Ha CyXOll BO3yX; Vo, — 00beM nornowesnoro CO,.
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IMockonbky Vo, = V.c'/100. To mopcTapsis ero B

BhIpaxeHue (11) m nmpeoOpasys nocnegHee, MONYIUM
i V. cienyromiee 3HaYCHAE:

V.= V,/1 - ¢'/100). (12)

ITopcraBnss sHaueHue V, B ypaBHenue (10) 4 npe-
o6pasys ero, noiry4aeM BbIPAKEHHE 7SI KOHIEHTpa-
muH CO, — ¢' Kak (pyHKIMH OT €ro HauyaabHON KOHIIEH~

TPAalWH B KOIGeE — ¢, . HEeIEHHON Ha IKCTIOHEHTY BhIpa-

JKEHMs, BKIFOYAIOIIEro o0beM CyXoro Bosmyxa — V,,
00beM KOJIOBI — V, B HICKOMO# KOHLICHTpALH — C';

¢' = cg fexpV,/[V(1 = ¢'/100)]. (13)

Ilpm Hus3kux koHneHTpanusx CO, B BO3ayxe, Ha-
npuMep Hmxke 0.1%, 3HayeHNeM ¢' B NpaBO# 4acTH
ypaBHeHHs (13) MOXHO IpeHe6pedb, B pe3ysibTate
4Y€ro OHO NpuobpeTaeT 6oilee IPOCTOH BUJL:

c' = cq lexp(V,/V). (14)

Iloxcrasnss B popmyay (14) 3Hauenne V, cornac-
HO BEIpaXeHHIO (3), nonyyaeM popMyAy ISl BEIYHC-
neHus KoHneHtpanuu CO, B CyXOM BO3JyXe, HCXONS
H3 KaxXyllerocs 3Ha4eHHs o0beMa HACBILIEHHOTO
BIIaroi BO31yXa, H3MEPSEMOro 110 IPagyupOBKeE M-
JHHApA:

c' = ¢y lexp(VKh/V,). (15)

I'padmyeckas c¢opma 3aBucumoctu (15) mpen-
crasneHa Ha puc. 3. CorylacHO pHUCYHKY, OG'beMbl
CO, B BbIXOAAIMMX U3 KOJIOBI MOPLUHAX TPAyHPOBOY-
HOM CMECH OIPEAeNsIoTcs (PpparMeHTaMHd IIOLIAH
o7l KPHBO#, OrPAHAYECHHBIMHY 3HAUEHHSIMHA 00 HEMOB
CMECH Ha FOpU3OHTANIbHOU ocH: Vi, Vi, V,, Vi, ... V,,
Vas1... AT.A. O6beMbl CO, MOTYT GBITH BHIYHCIEHBI
TEOPETHYECKH HHTETPHPOBaHUEM BhIpaxkeHus (15) B
COOTBETCTBYIOLIMX Npefenax Uil HaileHbI IKCIepH-
MEHTAJILHO METOAOM, ONMCAHHBIM B IpebIAyIIEM
pasgene. IIpu genenun o6wemoB CO, Ha 0GBLEMEI
BBIIIEAAX U3 KOIObI HOPUUH IPafyHPOBOYHOMN CMe-
CH Tony4aloTcs cpefHue KoHneHTpamuu CO, B 06b-
eMax, BBIPaKAaEMBIX Pa3sHOCTAMH 00 BEMOB, COOTBET-
CTBYIOIMX MipefiejlaM HMHTETPHPOBAHNUS OTPE3KOB
KpuBo#. CpaBHEHHE TEOPETHUECKUX CPEHIIX KOHIIEH-
Tpaimii o6beMoB CO, ¢ HalfICHHBIMH 3KCIHEPHMEH-
TaJILHO NO3BOJISIET OLEHUTH TOYHOCTH NMPEJIaracMoro
MeTOoJa. DKCIOHEHIMAIbHAS 3aBECAMOCTE KOHIIEHTPa-
i CO, OT nponyckaeMoro o6’beMa rpafyipOBOYHON
CMeCH TIPEMNoNaraeT 3HauuTeNbHOE H3MEHEHHE Cpe]l-
HUX KoHUeHTpauni CO, npH nepexope ot ¢pparMeH-
Ta K (pparMeHTy IUIOMIAfH IOf KpHUBOi. JTO ObLIO
HCIIOJIL30BAHO 151 OLEHKM TOYHOCTH METO/a B IIH-
pokoM auana3oHe KonnerTpauui CO,.

®dopmyiy 71 TEOPETHYECKOTO BEIYUCTICHUS Cpefl-
HuX KoHUeHTpaiu# CO, B NOPUUSX BBIXOISAILIETO M3
KOJIOBI BO3AyXa MOXKHO IONYYHTh HE TONLKO HHTE-
rpupoBaHHeM BblpaxkeHus (15) no o6weMy ¢ mocre-
AYIOIIMM AEJIEHAEM pE3yIbTaTa HHTETPHPOBaHAS Ha
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Puc. 3. KpuBble H3MEHEHHS 3JEKTPONPOBONHOCTH
aNMKBOT pacTBOpa THAPOKCHAA 6aphs B Ipolecce HX
THTPOBaHMsI B COpOLMOHHOH TpyGKe rpajydpOBOYHOH
CMECBIO BO3fTyXa ¢ KoHneHTpanuei CO,, yopiBaroniei no
00paTHO# 9KCIIOHEHIIHAIBHOMH 3aBHCAMOCTH.

00 beM BhIIIEICH IOPIKA BO3AYXAa, HO B oJee npo-
CTBIM CIIOCOG0M. A HMEHHO, CPEHIOI0 KOHIEHTpa-
1o CO, MOXKHO BBIYHCIIHATDH KaK IPON3BEieHHe 00h-

eMa KOJIGBI — V, Ha pa3HOCTb MeX/y Ha4albHOM — C,

M KOHEYHOM — ¢, ,, KoHuentpammsmu CO, B KonGe,
AeleHHOoe Ha o0beM BhIIeiIel u3 Koia6bl TOPIMHA
CYXOro BO3Jiyxa. 3TOT 06'bEM ONpeaeIsieTcd KaK pas-
HOCTb KOHEYHOTO H HaYaJBHOTrO 00'bEMOB BO3yXa,
U3MEPEHHBIX II0 TpajfiyHpOBKe IHINHApPA, ITOMHO-
>KeHHas Ha Koa(PHUIHEeHTHI, YIUTHIBAKONIAE 00bEM
TpyOKH B IMJIKHJPE U BIaXXHOCTH BO3[yXa B COOTBET-
cTBuu ¢ popmynon (3):

(Vn +17 Vn)kh

B pesyibrare s BEIYHCIEHH CpeJHEN KOHIICH-
tpaun CO, nonyyaercs caegyromas popMyna:

= VIV, = VKR

Ccp = (Cn

(16)

[Topcrapnss B ypaBHenue (16) 3Ha4eHHs c, H
Cp+1 » BbIUKCTISIEMBIE TIO dpopMyie (15), H yYHThIBaS,
4TO ¢y = 100Veq, /V,, THE Vo, — HaYalbHbLA 06beM
BBORMMOTO B K0j10y CO,, NMONYy4YHM pa3sBEPHYTYIO
¢hopMyny I TEOPETHUECKOTO BBIYHCICHHS CpEf-
HeW KoHUeHTpanuu CO, B TOpHMAX BO3[yXa, IPONY-
MICHHBIX Yepe3 COpOUHOHHYIO TPYOKY:

Cop = IOOV(';OZ[exp(—V,,kh/VK) -

- exp(—‘/n+ lkh/VK) ]/[(Vn+1 - Vn)kh]

a7

JIns1 6omee TOYHOTO BHIYNCIIEHHS CPETHEX Teope-
TH4eckux KoHneHTpaumit CO, B npefenax HHTErpu-
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poBanus V, u V, . | CHaualla HAXO[WIIH 3HAYEHHS C, U

c, .1 To npubnmkeHHoi popmyie (15), a 3aTeM 3Ha-
yenust V, u V, ., B popmyne (17) neaunm cOOTBET-

crBenHo Ha 1 — ¢, /100 u 1 — ¢, /100, cornacHo
dopmyne (12). B pesynbrare bopMyna AJst BbINHC-
JIEHHAS TOYHBIX 3HAYCHHWH CpEeJHMX TEOPETHYECKHX
konuenrpamuit CO, npuoGpeTaeT BUA:

clp = 100V { exp[=V,khI(V, (1 - c,/100))] -
—exp[-V,, kh/(V (1 = ¢, /IO IV /(1 -
— ¢ J100) =V, /(1 - c\,/100)]kh}  (18)

COOTBETCTBEHHO, JIJIsI BHIYUCIEHHUS CPEJHAX IKCHe-
pPHMEHTAIBHBIX 3HaueHUH KoHneHTpanui CO, — Cops
NMOJIyJYeHHBIX HA OCHOBAHUHY JJaHHBIX IO TATPOBaHMIO
Ba(OH), rpagynpoBO4YHO# CMECBIO B COpOIMOHHOMN
TpyOKe, 3HaueHus1 V B popmynax (6) u (8) MOIKHEI
OBITb 3aMEHEHBI Ha pa3HOCTL V, . — V,.

PeakTnBnl B yciioBusi onpepnesennit. [ 1norio-
mennst CO, ncmonb3oBan OIU3KAH K HACIIIEHHOMY
pacrBop Ba(OH),, IpAroTOB/IEHHDIN U3 OTEYECTBEH-
HOTO peaKTHBa KBAIN(HUKAIUH X.4. H OTPUILTPOBAH-
HeIii or npuMecedt BaCO;. To4Hyi0 KOHIIEHTPAIHIO
Ba(OH), B pacTtBOpe omnpefensid THTPOBaHUEM
CTAaHJAPTHLIMH pPacTBOPaMH COJNSIHOH HIM CEPHOH
KHCIOT ¢ (pHKcanpell TOYKM SKBHBAJICHTHOCTH Ha
moTeHIHoMeTpe. PacTBop XpaHWIW B TepMETHYHO
sakpbiToil konbe. Ilpu omnpegenesun CO, TOUHBIH
o0beM pacTBOpa OTOHpANX IPafyHpOBAaHHON IUMET-
Koit wiy umpuueM ¢upms! Hamilton 1 nomemanu B
HHKHEe KOJIEHO copbnmoHHoi Tpy6ku. Ilocne sToro
ero pa3faBisiid A0 HEOOXOAMMOro 06 beMa BOJION,
HO Tak, uToObl KoHneHTpanust Ba(OH), He BbIxOAH-
na 3a npegeinst 0.1-0.02 M.

Hcxopubiit CO, misi NPUTOTOBIIEHUS] CMECH BO3-

flyxa ¢ Ha4albHO# KoHnenTpauuein CO, — ¢, B kon6e

MONyYalld HedTpanu3anuel nuieBoro rugpokapoo-
HaTa HaTpus 30%-M pacTBOPOM CEPHOM KHMC/IOTHI He-
MOCpENCTBEHHO B razomerpe. CofiepKaHue IpuMec-
HBIX Ta30B B ucxogHoM CO, onpepensiny, moMernas
OTKPBITBHIN KOHELl 3a[I0OJIHEHHOH MM MNHIETKN B KOH-
[eHTPHPOBaHHBI pacTBop egkoro kamus (20-30%).
IIpu 3TOM pacTBOp €IKOro Kaius NORHUMAJCA B IH-
neTke J0 nosHoro nornonierus CO,. o roctimxkennro
paBHOBecus] CBOOOTHBIN OT HIEJIOYH OOBEM NHIETKH
VKa3bIBAJI Ha CONEpXKAHAE HEUTPAJIbHBIX MPHMECHDBIX
ra3oB. OHO OGBIYHO HE BBIXOAWIO 3a mpenrenbl 0.5-5%.
Ha ocHOBaHMH NOJIYYE€HHBIX JaHHBIX BHIYUCIIAIH HC-

THHHBIA 06 beM BBefleHHOro B cucremy CO, — V&OZ.

Hcxonnbiit CO, BBOAUNN ¢ HEOOXOMUMBIMH HPENO-
CTOPOKHOCTSIMHU B CMECUTEIIbHYIO KOOy yCTpOHCTBA
IJIsL IPUTOTOBIICHUS IPayHPOBOYHON CMECH IPH II0-
MOILIA TpajyHpOBAaHHOTO MENULUMHCKOrO IUNpHIA.
O6'peM KONOBI ONpEAesAIn 0 Pa3HOCTH €€ Beca N0
U TOCNe 3amoiHeHHs Bofoi. UToObl yMEHBLIMTH

XKYPHAJl AHAJIMTUYECKOU XVMHH

cop6iuto CO, U BOAbI CTEHKaMH KOJIOBI, BHYTPEH-
HIOIO IOBEPXHOCTH KOJIOBI 06pabaTeiBanu 1%-M pac-
TBOPOM JMMETUIAUXIOpCHIaHa B OeH305e, 3aTeM
BBICYIIMBAJIA B CYIIHJILHOM IIKady, NTOBTOPHO MPO-
MBIBAJIM JUCTHJUTHPOBAHHOH BOMON M CHOBA BBICY-
HmIMBaJIM B TeyeHne cyTok. [lna ynanenns cienos CO,
KO0y BaKyyMHpDOBAalIH Iepef 3alojHEHHEM OYH-
meHHbIM OT CO, BO3AYXOM.

CroGopausiii ot CO, BO30YX TOTOBHIIH, BHIREPXKH-
Basi aTMOC(epHBI BO3[yX B razoMeTrpe Hap 5%-M
pactBopom KOH u. 1. a. He Menee yaca. C Henbio
OCBOOOXK/IEHHs] BO3AyXa OT MapoB BOJbI Ha BBIXONE
U3 razoMeTpa ero mpomnyckand depe3 U-o6pa3Hyio
TpyOKy, 3amonmHeHHylo Ge3BopubIM CaCl,. [lns uc-
[IOJIL30BAHUS B ONIBITAX BO3AYX BBITECHSIN U3 ra3o-
MeTpa 3alOJHEHHEM IIOCIENHETO 4YEpe3 BOPOHKY
1%-m pactBopom KOH.

Yro6b! rapaHTHPOBATh NOMHOTY nornomenus CO,
B COpOLMOHHOH TPYOKE H TEM CAMBIM MCKIIOYHTH
OIIMOKY TIpH ONpEe/ICHHH €0 KOHIEHTPAIMH, CKO-
POCTB NPOITYCKaHKS BO3/lyXa Yepe3 CUCTEMY Ha Haualb-
HBIX 9Tanax orpaHMguBany npeaeyaoM 20 Mi/MHH, a B
TOYKE SKBUBAJICHTHOCTH CHIXAJIM [0 MHMHHUMyMa
(<1 Mi/mus). [ToHIzKEHN CKOPOCTH IIPOITYCKAHMS rasa
J10 HY>KHBIX 3HaY€HUI 10 Mepe NPHOIIDKEHHS K TOYKe
SKBHBAJICHTHOCTH [JOCTUraNH NepeMEIlCHHEM YPaBHO-
BEIIMBAIOIEl CKIITHKA TI0 BBICOTE, NpHOIMKas ypo-
BEHb BOJIbI B Hell K YPOBHIO BOBI B MEPHOM INUTHHJIPE,
COOTBETCTBYIOHIEMY OKOHUAHWIO DEAKI{HH.

BrrumcaeHus v MOCTpoeHue rpaduKoOB OCYIECTB-
JISUTM TIPH OMOINM mporpamMmal Origin.

PE3YIBTATHI 1 UX OBCYXIEHHNE

Ha puc. 3 npepcraBieHb! NSTh KPABBIX 3aBHCHMO-
CTH 3IeKTponpoBogHoctd pacteopa Ba(OH), or
06'beMa MPONYIHEHHOH Yepe3 COpOIMOHHYIO TPYOKY
rpajyMpOBOYHON CMECH ¢ MEHSIOmIEHcs Mo obpart-
HOI1 3KcnoHeHTe KouueHTpanuei CO,.

M3 ¢opmMbl KPUBBIX BHAHO, YTO 10 MEPE yBEINYE-
HHST 00beMa TPajlyEpOBOYHON CMECH 3JIEKTPOIpPO-
BOJHOCTH pacTBOpa HajaeT, NOCTHras MHHHMyMa B
TOYKE KBHBaJIEHTHOCTY noryommeHHoro CO, xomnm-
yecrBy Ba(OH), B TpyOKke. [lanbHeiniee nornome-
uue CO, IpUBOAMT K PaCTBOPEHHIO 06pa30BaBILIETO-
cst BaCO; ¢ o6pa3zoBanueM noHOB Ba“t u ruipokap-
GonaTta. B pesymbraTte 4ero 3J1eKTPONPOBONHOCTH
pacTBopa HAYMHAET MOBBIIIATLCH.

OG6'beMBI POIYIIEHHOM Yepe3 COpOIMOHHYIO0 TPYO-
Ky I'PalyMpOBOYHOH CMECH, COOTBETCTBYIOIIIHE TOYKE
9KBHBAJICHTHOCTH, OTIPENIEJISIH IO NOJIOKEHHIO MUHHU-
MyMa Ha KpHUBBIX 3JIEKTPOIPOBOJHOCTH.

Ons nuanasona konuentpanuil ot 0.01 no 0.11%
3KCIIEPHUMEHTAIbHbIE U TEOPETHYECKME 3HAUCHUS
cpepuux kounenrpanuit CO, B opuusix raza BoIYHC-
JISIA COOTBETCTBEHHO HO NPHOMIKEHHON ¢opMye
(8) 1 mo ¢opmye (17) Ge3 yueTa NONPaBKH Ha O0b-
eM CO,. Pe3ynbpraThl BBIYHCICHMA INPHBENEHBLI B
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Ta6muna 1*. DKcnepuMeHTANLHBIE — Cc, H TEOPETHIECKHE — ¢

29

cp 3HAUEHHS cpefiHuX KoHUeHTparmii CO, B mopuusx rpa-

AYMPOBOYHOM CMECH, OTIpeNieNsieMble B fuana3zoHe KonneHTpanuu ot 0.01 o 0.11% no o6beMy (cm. puc. 4a)

*3BaucHus cop U c'cp B % 1O 00'beMY BBIUMCIISUTH, COOTBETCTBEHHO, 110 (hopmyiam (8) u (17). Ilpu aToM k = 0.993; h = 0.966; T = 299.2°;
CBaoH), = 0-1875M; P=0.974 arv; V, = 1320 mm; V'CO2 =1.662 mm; R=0.0821 natm/mons rpag; V=V, . | -V, A% = (cp - c'cp Wi/ V'COZ'

Talu. 1. [l HarnsHOCTH Te 3Ke NaHHbIe MpeICTaBlIe-
HEBI B BHfle rpacuka Ha puc. 4a. Kaxk cirenyet u3 Ta6i.
1, pacxoxyieHus MeX]ly TEOPETHYECKUMH U IKCIIEepH-
MEHTAJILHO NMOJYYEHHbIMH 3HAYEHMSMH KOHIIEHTpa-
muii CO, Ha BceM MHTepBalle U3MEPEHHIT He PeBhI-
maroT 2% OT UCXOHOH 3aJaHHO KOHIEHTPALHUH Cj .
B To ke Bpemsi Ha pACYHKe BHJHO, UTO 3HAYEHHS
KOHIEHTPAIHIA, BLIYUCIICHHBIE U3 9KCIEePUMEHTAIb-
HBIX aHHLIX, XOPOIIO JIOXKATCS Ha TE€OPETHYECKYIO
MPSMYIO.

Eme ny4me pe3ynbTaThl GbUIM MONy4YEHBI TPH
onpeneneHun KoHnenTpanuit CO, B fuana3cHe Mex-
ny 0.1 u 0.9%. Cpenuue sKkcnepuMeHTaNbHBIE KOH-
HEHTPAIWM BBIYKC/ISIM IO TOYHON ¢hopmyie (6).
Cpennne TeopeTHYECKHE KOHIEHTPAI[MH BHIYUCTISAIIA
no ¢popmyie (18) c yuetom nonpaBku Ha 06beM CO,.
Kax BuHO M3 Ta6i1. 2, pacXoXaeHue MeXAY IKCIIe-
PHMEHTANBHBIME U TEOPETUYCCKVMH JaHHLIMH B
3TOM clIy4yae He npesbimaeT 1% oT HCXOQHOH 3aaH-

(a)

O  DKCHepHMEHT. 3Ha4.
—e— Teopernu. 3Ha4.

0.06
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0.02

0 0.02 0.04 0.06 0.08 0.10 0.12
cc'p, 00. %

HOIl KOHIEHTpaIW|H ¢, . Bu3yaibHO Ha pHC. 46 3TO BBI-

paxkaeTcst B IPAaKTHIECKH [TOTTHOM COBIIAJICHHH KCIIE-
PUMEHTANILHBIX TOYEK C TEOPETHYECKOHN MPSAMOH.

Ha rpacukax TeopeTHueckn BLIYACICHHbIEC 3HA-
YeHHS KOHIEHTpANUil, OIMPAIONIRECTd Ha UCXOMHbIE
IapaMeTpbl IPUTOTOBIICHUSI IPaTyHPOBOYHON CMe-
CH, UCIIONIB3YIOTCS B KayecTBe aTajoHa. OgHako Ha-
OnroaeMble PacXOXICHHUS TEOPETHUECKHX H IKCITe-
PHMEHTANBHBIX 3HAYECHUN C PABHOHN BEPOSTHOCTHIO
BHOCSIT BKJIAJI KaK MOTPEUTHOCTH METOJa, TaK H IO-
IPEIIHOCTH IPUTOTOBJICHHUS IPAyHPOBOYHON CMECH,
KOTOpPBIE HE MOTYT ObITh OTHECEHBI Ha CUET METOJIA.
CiiepjoBaTensHO, peanbHass TOYHOCTH ONpeeieHust
koHneHTpanun CO, mpepiaraeMbIM METONOM MO-
XeT 0Ka3aThCS BBIIIE.

YyBCTBUTENBLHOCTH METOJ]a OKA3aN1ach JOCTATOY-
HOM, 9YTOOBI OOHAPYXHTH NPOHAIIAEMOCTH LIUTAHTOB
U3 CHIIMKOHOBOH pe3uHbl A7 aTMochepHoro CO,.
B pesynbrate nponrkHoBeHuss CO, U3 BO3gyxa de-

©)

0.10 [ O  DKCHEpUMEHT. 3HaY.
—e— TeopeTnu. 3HaY.
0.8
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0.2
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Pnc. 4. CpaBHeH#e CPEIHAX KCHEPHMEHTANIbHBIX 3HaYeHIT KoHIeHTpanmit CO, ¢ TEOPETHYECKAMH B IOPLHESIX FPAlyHPOBOY-
HO# CMeCH B iMana3soHax KoHuenTpanuii: a) ot 0.01 go 0.11% o o6'bemy (nauHbie u3 Tabi. 1) u 6) ot 0.1 10 0.9% 1o o6BeMy

(nanHble 13 Tabm. 2).
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Ta6anma 2**. DKCICPEMEHTAIIBHBIE — C¢, B TEOPETHICCKAE — c;p 3Ha4YeHus cpefAHux KoHueHTpanui CO, B MOPIHsX rpa-
AYMPOBOYHOH CMECH, ONPENlENIAEMbIC B IUANa30HC KOHUESHTPAIH OT 0.1 o 0.9% no o6beMy (cM. pHC. 46)

., VIV%

VBa©on), » MIL

0.817
0.619
0.462
0.360
0.262

C;:+!’VN%

} }
** 3yavenns ¢, M ¢, | B % 10 06BEMY BEIYHCIIAIH 110 cdopmyae (15). 3HadeHUs Cp U c'cp B % 110 06'beMy BLIYHCTIAH, COOTBETCTBEH-

Ho, 10 pomysam (6) u (18). TIpu aToM k=0.993; h = 0.972; T =296.2° CBa(OH), = 0.1875M; P =0.984 at™m; V, = 1320 mu; V'C02 =13 mm;

R = 0.0821 1 arm/moms rpam V = V,y, 1 = Vs A% = (cp — i Wi Vo,

pe3 CTEHKH IITAHrOB B CACTEMY NIPH KOHIEHTPALUSIX
CO, B Heil aEXe KOMHaTHOH 1 yaanenust CO, u3 cu-
CTEMBI NIPH €70 KOHUEHTPAI|H BbIIIE KOMHATHON —
rpadMK 3aBACHMOCTH 3KCIIEPHMEHTAIBHON KOHIIEH-
tpanuu CO, OT TEOPETHYECKOM, KaK BUIHO U3 PHUC. 5,
CYIIIECTBEHHO OTKIJIOHAJICS OT TEOPETHYECKOH Mmps-
moii. TIpu goCTIDKEHUH PaBEHCTBA MEXK/Y KOHIIEHTPa-
misimu CO, B cucTeMe M B BO3[yXe NOMEIICHHA
(0.057% ot o6'beMa) 2KCIIEpEMEHTANIbHAs KpHBas Te-
pecekana TEOpPETHYECKYIO. BbuIo Takxke MOKa3aHo,
4TO cCKOpOCTh 06MeHa CO, ¢ BHEIHEH cpefiod pacTeT
NPONOPUMOHANBHO JUIMHE CHJIMKOHOBOTO ILIAHTA.
3aMeHa [IJIAHTOB HAa CTEKJISTHHbIE TPYOKH U MCIIOIIb-
30BaHHAE CTEKISAHHBLIX TPYOOK MJisl COEMHCHIS 1IIaH-
FOB W3 OOBLIYHOU KPacHOW pPE3HMHbI MO3BOJIHUIIO HC-

-=-0--- DKCHEPUMEHT. 3HAT.
—e— TeopeTHd. 3HaY.
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Puc. 5. PacxoxXjeHns MEXIy IKCIEPHMCHTAIBHBIMH U
TeOpeTHYECKUMH 3HAYeHUSMH CPEJHHX KOHIEHTpalHii
CO, B NOpOMAX IpajiyMpOBOYHOR CMECH B PE3yNBTATE
mddysun CO, Yepes CTEHKH COETMHATENBHBIX TPyGOK
M3 CHJTMKOHOBOW PE3HHBL.

XYPHAJI AHAJIUTUYECKOW XUMMH

KITKOYUTH NOTPEMTHOCTL B ONpenciIeHnH, BBI3BAHHYIO
NPOHHALAEMOCTBIO CHUJTUKOHOBBIX HIJIAHT'OB.

B Tex cnyuasix, KOIia He TpeGyeTcs TOUHOCTD, Xa-
paKkTepu3yeMas OTHOCHTEILHOM IOTPEMTHOCTBIO BBI-
me 5%, iis onpefeNeHns TOYKH 3KBHBATIECHTHOCTH
npu Helrpanusawan Ba(OH), B copGumoHHON TpyO-
Ke BMECTO H3MEPEHHH 37IEKTPONPOBOXHOCTH MOXHO
BOCIIOJIB30BAaThC HHAUKATOPOM (peHONPTaTEHHOM.
Tounocts onpefenenns CO, NOBBIMNAETCS, €CIH I
(bvKcauuy H3MEHEHHs IBETa MHMKATOPa HCNOJb30-
BaTh OTKAJUOPOBAHHBIH 10 I[BETY 3TAJIOH.

TaknuM 06pa3oM, NMPEATOKEHHbIA METO], onaro-
aps ero NPOCTOTE, AOCTYIEH X MOXKET IMPUMEHATHCS
VIS TIPSMOTO ONpEJeNeHns KOHLEeHTPalui CO, B
BO3J{yXe BO BCEX CIy4asx, Korga TpeGOBaHMs K TOY-
HOCTH He mpeBbImaoT 1-2%. ToT ¢akT, 4T0 METON
naet koHueHnTpanuto CO,, He HyXJ1ascCh B HaCTpOHKE
IO rPajlyMPOBOYHBIM CMECSIM, MIO3BOJISAET HCTIONB30-
BaTh €ro JJIsi KOHTPOJSL ¥ FpajlyMPOBKU HHCTPYMEH-
TalIbHBIX METOHOB, IOTPEIIHOCTE KOTOPBIX NPEBHI-
maeT 0GO3HAYEHHBIE TpPEMeNbl TOUHOCTH. 3aMeHa
M3MEpEHMI 3NIEKTPOIPOBOIHOCTH NIPH ONPETIETICHIH
TOUKM 3KBHBAJIEHTHOCTH ee (PUKCalUe Mo U3MEHE-
HUIO OKpacké (peHomgTarerHa NO3BONAET IWHPOKO
HCIIOTH30BATh METO]] B y4eOHBIX 3aBCECHMAX JIIA
TIpoBefieHnst TaGOpPaTOPHBIX PAaGOT M B IEMOHCTPA-
IMAOHHBIX LENX.

Aemopbi sbipaxcarom 6aazooaprocms H.A. Koco-
8y u H.51. Anexcanoposy 3a mexHU4ecKyro NOMOUpb.
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Simple Chemical Method for the Determination
of Carbon Dioxide in Air
A. G. Malygin and V. D. Ponomareva

Bach Institute of Biochemistry, Russian Academy of Sciences,
Leninskii pr. 33, Moscow, 119071 Russia

Abstract—A method was proposed for the direct determination of carbon dioxide in air using a sorption tube
specially constructed for this purpose. The method is based on measuring the volume of air consumed for the
neutralization of a known amount of barium oxide hydrate in the tube by carbon dioxide contained in air. The
equivalence point is detected by the minimum electrical conductance of the barium hydroxide solution. To ver-
ify the accuracy of the method, a technique based on the use of a calibration mixture of air with the CO, con-
centration varying by the inverse exponential law was developed. The method is suitable for the determination
of CO, in air in a wide concentration range and for the verification and calibration of indirect methods for the
determination of CO,. With an insignificant decrease in accuracy, the equivalence point can be detected by the
change in the color of phenolphthalein. This significantly simplifies the method and allows its wide use in prac-
tice, e.g., in laboratory works in environmental science or for the demonstration purposes in educational orga-

nizations




