IIpakTuyeckas padora Ne 4
KuC10THO — 0CHOBHOE paBHOBecHEe B IPUPOAHBIX U 3arPA3HEHHBIX BOI0EMAaX

Co0bmoIeHUI0 3IEKTPOHEUTPATBHOCTH PACTBOPOB B MPUPOJHBIX MOBEPXHOCTHBIX BOAAX
COOTBETCTBYET ypaBHEHUE:
2[Ca®*] + [Na'] + 2[Mg®* ] + [K*] + [H] = 2[CO3 2] + 2[SO4 % ] + [CI J+[HCO3 .
B OTCYTCTBHMH IPOILIECCOB PACTBOPEHMS M 0Opa3zoBaHus HOBBIX (a3 monnl Na', K, ca®. CI,
SO4* He GymyT oKkasbiBaTh BIMsHHs HAa pH 0Gpasyrommxcs pacTBopoB. KHCIOTHO — OCHOBHOE
paBHOBecue OyneT omnpeaenarbes mnpucyrctBueM #noHoB HCOsz wu CO5%. [Tosromy nns
OOJIBIIMHCTBA MPUPOJTHBIX BOJ KOHIIEHTpAIMsI MOHOB BOJOPOJA OIpPENEsIeTcs COAEp:KaHUuEM
ruipokapOoHaT- U kapOoHAaT —MOHOB. B »Tux pactBopax mpu pH =7 Oyaer cobmromarbes

paBeCTBOZ
[H]=2[COs*] +[OH ]+ [HCO;].

Kapo6onarnas cucrema u pH armocdepHbIX 0caaKOB.

B koHTakTe ¢ BOJIOM TMOKCHU YIepoaa pacTBOPSETCS 10 HACTYIIICHUSI PABHOBECHS:

CO; () <> CO; (p-p) T H2O = H,COs.

VYronpHas KUCIO0Ta AUCCOLUUPYET MO MEPBOM CTYNEHH ¢ 00pa30BaHUEM HOHOB BOJOPO/Ia
U TUIpOKapOoHaTa:

H,CO3 <> [HCO3].+ [H]. c Ky =a(HCO3) a (H") / a (H,COs).

Jluccoruanus yroibHOM KUCIOTHI IO BTOPOM CTYNEHH MPOTEKAeT 3HAYUTENBHO ciadee U
MPUBOJIUT K TOSBIEHUIO KapOOHAT—HOHA!

HCO3; —COs”+ H'; ¢ K, = a(CO3%) a (H")/a(HCOy).

AHanu3 Tpex BBIIICTPUBEACHHBIX ypaBHEHHUI, OMMCHIBAIONIMX IPOIECC PACTBOPEHUS
JTUOKCHJIa YTIepoaa B BOJIE, TO3BOJISIET BBIBECTH YPAaBHEHHE 3aBUCIMOCTH KOHIICHTPAIIUU HOHOB
BOJIOpPOJIa B PacTBOPE OT MaplUaTbHOTO JABICHUS JUOKCH]IA YTIIEpOoia B BO3AYXE.

Y4uuThIBas Manyro A0 HEAUCCOIIMUPOBAHHON YTOJIHOM KUCIOTHI B PACTBOPE
( He Gonee 1% cymmsbl koHueHTpamii CO, u HoCOs3) 1 3HauMTEIbHBIE TPYAHOCTU Pa3/IEIEHUS
TUX JABYX COCTAaBJSIIONIMX TPU HKCIEPUMEHTATHHOM OMNpEAeNieHUd HX B pPacTBOpe, MOJ
koHneHTpanueit HyCO; 0ObYHO TOApa3yMeBalOT KOHIIEHTPAIMIO PACTBOPEHHOTO AMOKCHIA
yriepoja, KoTopas B COOTBETCTBUU ¢ 3akoHHO I'enpu paBHa: [CO,] ., = Kr(CO,) - P(CO,),
rae [COy] pp - KOHIEHTpalMs PacTBOPEHHOrO AMOKcHAa yriepoaa, monb/m; Kp(COj) -
KoHcTaHTa ['eHpu U1 s yrjiekucioro rasza, Mojib/(nm -Ila) wmm monw/(m -atm); P(CO;) —
napuuanbHOe JaBleHrue AUOKcH A yriepoa B Bo3ayxe (I1a wmm atm).

Torma: Ky = [H]* / [H2CO3] = [H)? / [COsl,p;
K1 = [H]?/ K(CO,) - P(COy); mmm
[H] = (K1 Kr(COy) - P(COy)) % mpH =-Ig [H] = - ¥ 1g (K1 Kr(CO,) - P(COy).

PacrBopuMocThs kapOoHaTa u pH noa3eMHBIX 1 NOBEPXHOCTHBIX BOJL



[Iporecc HeMOCPEACTBEHHOTO PACTBOPEHUS KapOOHAaTa KalbLUs 10 YPAaBHEHUIO:

CaCOs3 = Ca?* + COs® mpakTHYECKH HE WIPaeT POIIH TP NEPEX0Ie MAIOPACTBOPHMBIX
kapOoHnatoB B pacTBop. CoJM YyroibHON KHUCIOTH B MPUPOAHBIX BOAOEMAX MOTYT MEPEXOIUTH B
pacTBOp U CyHIECTBOBATH B HEM B 3aMCTHLIX KOJIMYCCTBAX TOJIBKO IMPU HAJIMYHUU PAaCTBOPCHHOI'O
JIMOKCHU/IA YIIIepo/aa:

CaCOs + COy_p) + H,0 = Ca** + 2HCO3..

Jlnist ompesienieHns: 3aBUCUMOCTH  KOHIIGHTPALlMU MOHOB BOJIOpPOJa B pacTBOpe KapOoHara
KaJlbllyusd OT IMapuuajJlbHOro AABJICHHUA YIJICKUCIIOrO ra3a HaJd pacTBOpPOM HGOGXOI[I/IMO PCUINTDH
CUCTEMY YpaBHECHHM:

a(CO2)pp = Kr(CO2) - P(COy)

Ki=a(HCO3z) a (H") /a(COz),

K, = a(COs%) a (H") / a(HCO3).

K (CaCOs) = a(CO35%) a (Ca")

a (Ca®")=1 a(HCO5).{y(Ca®")/ y(HCO; )}

Perirast 3Ty cucteMy METOIOM MOCTAHOBOK, IMTOJTyUUM:

a (H") = {P?(CO,) K?, K*(CO2)K; y(Ca*")} / {2 K (CaCO3) y(HCO3 )}

Jlnst GoJIbIled 4acTH MOBEPXHOCTHBIX BOJ Ha 3eMJjie MapIHaJbHOE TaBJIICHUE JIUOKCHIA
yriiepojia HaJ pacTBOpaMH KoJieOieTcs: OT 107 xo 10®° Ila. [Ipu paBHOBECHM ¢ KapOOHATHBIMU
MOPOJIaMU B THX yCIOBHSIX PH MOBEPXHOCTHBIX BOJ IOJDKEH COCTABISATH 7,3 — 8,4.

[Tomumo kanbuura B JUTOCHEpPE AOCTATOYHO ILIMPOKO PACHpPOCTPAaHEHBI MOPOJBL,
coJiep Kalie KaablMii 1 Marauid, - 31o gosomut CaMg(COs),

[Tporiecc pacTBOpeHHsT JOJTOMUTA MOKHO MPEACTABUTH CIIEAYIOIIAM 00pa3oM:

CaMg(COs),= Ca?* + Mg?* + 2C0Os”* ¢ K, = a (Ca*") a (Mg?*) a%(CO5%).

B nipupoie BO3MOKHO B3auMHOE Tpeo0pa3oBaHUe KaabI[MTa U JOJOMHUTA

CaMg(COs), + Ca?* = Mg?* + 2CaCO; ¢ K« =a (Mg?) /a(Ca*").

Kap6onaTHoe paBHOBecHe B OKeaHe
R 2. o
Koaddunmentsr akruBHOCTH MoHOB HCO3 1 CO3” B MOPCKO# BOJIe, BEIYHUCIICHHBIC TTO

KOHCTaHTaM JHUCCOL a1 erJ'II:HOfI KHCJIOTBI IIPH PA3JIMYHBIX 3HAYCHUAX XJIOPHOCTH.

Honsr

3HaveHHe Y IPU XJIOPHOCTHU Y00

2 6 10 14 18 20
HCO;5 | 0,833 0,647 0,519 0,460 0,428 0,412
COs> {0,292 0,085 0,042 0,027 0,020 0,017

IIpu pacuerax kapOOHATHBIX PaBHOBECHW AJIi MOPCKOM BOJBI CJENyeT HCIOJb30BaTh

JaHHBbIC 00 aKTUBHOCTH HOHOB.




IIle109HOCTH MPHPOTHBIX BOJ

OCHOBHBIG XUMHYCCKUC PCAKIUHA, ITPOTCKAOIINUC B BOJOCMC IIPU HeﬁTpaJIH3aL[PIPI HMOHOB
BOJOPOJ1a, MOXKHO IIPEACTaBUTh YPABHEHUSIMH:

HCO; + H" = H,O + CO,

COs” + H'=HCO3

OH + H"=H,0.

II[ = [HCO3 ] + 2[COs*] + [OHT],

rje I — oOmmas menoYHoCTh BOIBI, MOJIB/JI.

OCHOBHOCTh ~ PacTBOpa XapakTEpU3YeT JIHUIIb KOHIICHTPALUIO HOHOB THUIPOKCHIIA B
I[aHHBIfI MOMCHT BPEMCHHU.

[IlemouHOCT, K€ TOKa3bIBaC€T KaK Obl PE3EPBHYI0 EMKOCTh BOJbI, CIIOCOOHOCTH
HEHTPaIN30BaTh ONMPEICICHHOE KOJIMYECTBO HOHOB BOJIOPO/IA.

Beanunna HICJIOYHOCTH MNPUPOJHBIX BOA HMECT 6OJII>HIOC 3HAYCHHUEC U C TOYKH 3PCHUA
dorocuHTe3a, MPOTEKAIOIIET0 B BojoeMax. B yrporieHHOM Buje mpoiece (OTOCHHTE3a MOXKET
OBITh MPEJICTABIICH CJICIYIOIIAM 00pa3oM:

CO; -p + HO +hv={CH,0} + O,

HCO3; + H,O +hv= {CHzo} + 0, + OH".

IIpoueccrl 3aKkuc/IeHHs] TOBEPXHOCTHBIX BOI0EMOB

B HOpManbHOM BOJIOEME, HECMOTPS Ha MOCTYIUICHHE KUCIIBIX 0CaaKoB, pH mpakTuuecku
He MeHsercs. ' mapokapOoHAT — MOHBI, IPUCYTCTBYIONINE B MOBEXHOCTHBIX BOJAX , YCIIEBAIOT
TIOJTHOCTBIO HEHTPATHN30BaTh TOCTyHAONE HOHB H:

HCO;5; + H = H,O + CO..

[Ipu pacTBOpeHUM WM OCAXKICHUH COCIWHEHWN aTIOMHHHUS TaKXe IPOUCXOAUT
CBSI3BIBAHME WJIM BBIJIEIEHHE HWOHOB Boaopoaa. OIHMM W3 PacHpOCTPAHEHHBIX COCTMHEHUH
amomunus sBisercst ruoocut Al(OH)s. Tlporece pacTBopeHus: THOOCHTAa MOXKHO TPEICTABUTH
ypaBHEHHEM:

Al(OH); + 3H" = AP* + 3H,0; ¢ K (APF") = a(AlF) /a*(H").

CymMapHast akTUBHOCTB ()OPM paCTBOPEHHOTO ATFOMHHUS paBHA CyMME aKTHUBHOCTEH OCHOBHBIX
HOHOB: (aa)eyw = a(AIP") + a(AI(OH),") + a(Al( OH),").

M3MeHeHrne BHOBOTO COCTaBa BOJHBIX SKOJIOTMYECKHX CHCTEM IPU 3aKHCICHHH BOJOEMOB BO
MHOTOM CBSI3aHO HMEHHO C YBeTHUYeHHEM coziepxkanns noHos Al** B pactBope, koToble mpexomst
B HEpAaCTBOPHUMBIEC COCIMHEHHUS B OPraHU3Me PHIO

(naubosnee yacto B xabpax), sIBISOTCS NpuunHOM ux rubenu. Ilpu ymenvmenuu pH Bombl
MPUPOTHOTO BojoeMa (OCOOEHHO TMPH TMEPEexXoae B TPETHIO CTAAUIO0 3aKUCICHHS) PE3KO
BO3PACTaET COJIEPKAHNE U JIPYUX MPUMECEH, B YaCTHOCTH MOHOB TSDKEIIBIX METAJIOB, YTO KaK U

B ClIy4dac€ C aJIlOMUHUEM, MOXKCET YCKOPHUTDH ITPOILECC THOEeNIN YKOCUCTEMEI.



IIpumepsI pelieHdst TUNIOBBIX 3aAa4

IIpumep 1. Kakoe pH ciengyer oxupate B TOKIEBOW BOJE, HAXOIALIEHCS B paBHOBECUH C
aTMOC(EpHBIM BO3yXOM, COJCpXKAIlMM B KayecTBE IMPHUMECEH JHWIIb JUOKCH] yriepoja B
kommyectBe  0,035%(06.)? Ha ckombko emuHMIl pH OHO MOXET W3MEHUTHCS NpU
IPOTHO3UpPYEMOM yBenuueHuH cojaepkanus CO2 B atMocdepHo Bo3nyxe B aBa pasza ? IIpuHSTH
Temneparypy Bo3ayxa paBHod 298 K, maBnenue — 101,3 klla, mapuuanpHoe JaBieHHE NApOB
BOJIBI — 3,12-10'3 aTM.
Pemenne. [Ipouecc pacTBOpeHHs AMOKCHIA yriiepoAa B BOAE, MPUBOMSIIMI K MOSBICHUIO B
pacTBOpe HMOHOB BOJOpOJAa M, CIEIOBATE€IbHO, K H3MeHeHHI0 pH Boabl, MOXeT OBITH
IIPEJICTaBJIEH CIEAYIOLUIUM YPAaBHEHUEM;

CO, opt H,O +hv= {CHzo} + O,.

Bocnonb3zyemcst ypaBHeHueM, cBsi3biBatoiuM pH oOpa3syromierocs pactBopa U JUOKCHA
yrnepona: pH = -Ig [H'] = - % Ig (K1 Kr(CO,) - P(COy).

Heo6xonumeie mist pacyera pH 3Ha4eHHsT KOHCTaHTHI AMCCOLMAIMH YTOJTHON KHCIOTHI
[0 TEpPBOM CTYNEHM W KOHCTAHTBI ['€HpM JUIsl TUOKCUAA YIJIepojaa, KOTOpBIE 3aBUCIT OT
TeMIEepaTypbl IPOLECCa, MOKHO HANTU B CIPABOYHOM JmuTepaType. s ycloBHil 3a7a4yu OHU
npuBeneHbl B Ta0n.3 [punoxenus: K; = 4,45-10'7 moutb/i1; Kp(CO,) = 3,3- 102 MOJIB/(J1:-aT™).

[lapunaneHoe JaBiieHWE JUOKCHAA YIJIEpOJa MOXHO paccuuTarh, 3Has €ro
KOHLIEHTPALMIO B BO3/1yX€, OOIllee JaBJICHUHU U JaBJIEHUE MapoB BOJbI B cucreMe. B HacTosiee
BpeMs MapLualbHOE 1aBJIEHUE TUOKCUA YTIEpoaa COCTABIISET:
P(COy). = (Posw — P(H20)) - C (CO2)[%(06.)] /100 = (1- 3,12:10) -0,035/100 =
=3,5-10"(atm).

[Ipn yBenuueHUM conep)KaHUs JAMOKCHIA YriepoAa B BO3AYyXEe B JiBa pas3a €ro
napIuaIbHoe AaBjieHne yasoures u cocrasut: PY(CO,) =2- 3,5-107 = 7-10" arm.

B nactosmee Bpemss pH atmochepHbIX OCajkoB B HMPHUCYTCTBHUM B BO3AyXE€ TOJBKO
JTHOKCHIa yriiepoja cocrasisier: pH = - Ig (4,45-10'73,3-10'23,5 -10'4)1/2 =5,6.
[Ipu ynBoeHum cojaepxaHusi AUOKcUAa yriaepoaa B Bosayxe pH armocdepHbIXx ocaakxoB
cocrasut: pH* = - Ig (4,45:1073,3-1027,0-10%)Y2 =55,

Wsmenenne pH cocrasut: ApH =pH — pH' =5,6 -5,5=0,1.
OrtBet: B Hacrosiiee BpeMss pH atMocdepHBIX 0cagkoB B MPUCYTCTBUU B BO3/AYXE B Ka4eCTBE
MIPMECH TOJBKO JTMOKCHJA yriiepoaa A0JKeH coctaBisaTh pH =5,6. IIpu ynBoeHuun comepkaHus

nurokcuaa yraepoaa pH noxnaeBoii Boasl u3menurcs Ha 0,1 enuaun pH u coctaBut le =55.

Ipumep 2. Kakoe 3Hauenwe pH cienyer oxugaTh y OXKIEBOW BOJbI, HAXOIAILICWHCS B
paBHOBecun ¢ atMocdepHbM Bo3ayxoM, coxaepxammm 0,035% (00.) muokcmma yrieponaa, 1
anu'l JIMOKcUaa cepol u 1 angl'l ammuaka? Temmneparypa Bo3ayxa paBHa 298 K, maBinenue —
101,3 kIla, maprnuanbHOE AaBiieHUE MAapoB BOAbI NPUHATH paBHBIM 3,16 kIla. Kaxoii Bkiazg (%)

BHOCAT OTHU IPUMECHU B IIPOLECC 3aKUCICHUA BO)II)I?



Pemenne. IIporieccel pacTBOpeHHs B JOXAEBOW BOJE JAUOKCHIA YTiepoja, TUOKCHAA Cephl U
aMMUaKa MOXKHO MPEJICTABUTH CICAYIOIMIMMH OPYTTO — YPAaBHCHHSIMHU:
CO, (y + H,0 =H" + HCO3,

SOy + H,0 = H" + HSO3,

NH; ) + H,O = OH + NH,".

JlJiss 3TUX MPOLIECCOB, KaK OBLIO OTMEUYEHO BHINIEC, MOKHO PACCUYUTATh KOHIEHTPAIUIO
00pa3yromuxcs HOHOB BOAOPOAa (THAPOKCUIIA )i Clydas aMMHaKa) 10 YpaBHEHHUIO:

[H] = (KuiKri P)Y
win - npu pactBopernu ammuaka — [OH] = (Ki(NH4OH) -Kr (NH3) - P(N Ha))¥2,
rae Ky u Ki(NH4OH) - koHCTaHTBI AMCCOLNMAIIMK YTOJIBHOM MM CEPHUCTOM KUCIIOTIIO TIEPBOMA
CTyNeHH U rujapokcuaa ammonus coorBerctBeHHo; Kpi u Kr (NH3) — xoncranTsl ['enpu mis
JTUOKHIA yriiepoja WM JHOKCHIA Cepbl M aMMuaka cooTBeTcTBeHHO; Pj m P(NH3) —
napuuagIbHbIC JaBJICHUS JUOKCHIA YIJIEpO/ia WIIH JUOKCH/IA CEPhl I aMMHaKa COOTBETCTBEHHO.
3HaueHUsT KOHCTAaHT JUCCOLMAIMK KHUCIOT ¥ THAPOKCHJAa AaMMOHHUsS, a TakKke
COOTBETCTBYIOIIMX KOHCTaHT ['€éHpu NpuUBOJATCS B cIpaBouHOM surteparype; npu 298 K
3HAUEHUS ITHX BEJIMYWH, Kaka ciieayetr u3 Ta0i.3 [IpuioxkeHus:, paBHbI:
K1(H2CO3) = 4,45 -10” moms/i;
K1(H2S03) = 2,7 <107 mons/;
K(NH;OH) = 1,6 -10” moms/x;
Kr(CO,) = 3,3 -10° moms/(ir-atm);

Kr(SO2) = 5,34 momnb/(;1-at™m);

Kr(NH3) = 89,1 monb/(;1-aT™).

[MapumansHOE JaBICHWE COOTBETCTBYIONIMX MpPHMECEd MOXHO pacCcYuTaTh. 3HAs WX
KOHIIEHTPAIIHIO, 00IIlee TaBJICHUE U JIaBJICHHE TTapOB BOJBI B Bo3ayxe. OJHAKO CIIEAYET y4ecTh,
9TO:

-KOHLIEHTpAIMs IMOKCHIA Cepbl M aMMHAaKa B BO3LYXE BBIPAXKCHBl B MIPA ~, [O3TOMY IS
nepeBojja WX B OOBEMHBIC JOMM HEOOXOIMMO YMHOXHUTH COOTBETCTBYIOIIECE 3HAUCHUE
KOHIIEHTpalllX Ha 10°.

- KOHIIEHTpAaIusl TUOKCUA yriepoja BeipaxkeHa B % (00.); misa mepeBojia B OOBEMHBIE J0JU
HEOGXOMMO ¢ 3HAYCHNE YMHOXHUTH Ha 107

- o0Iiee JaBJICHWHM CMECH, JIaBJICHHUE IMapoB BOJBI M 3HAYCHHE COOTBETCTBYIOIIUX KOHCTAHT
['eHpu, KoTOpBIE OYAYT HCIOIL30BAaHBI B JAIBHEHWITUX pacueTax, MPUBEACHBI B Pa3IMYHBIX
eMHMIIAX M3MEPEHUS JIaBIICHUS; JIUIS BBIPOKCHUS MX B OJHHX M TeX JKE€ CIMHUIAX B JAHHOM
cJydae IOCTaTOYHO pa3/ieNIuTh 3HAYCHHE TaBJeHU, BbIpaxkeHHoe B klla, na 101,3 .
[TapumansHOE JaBICHHE COOTBETCBYIOMIMX TPUMECEH B BO3yXE COCTABUT:

pPi= (Po6u1 — P(HzO)OLi;

P(CO,) = (101,3 -3,16) 0,035-102/ 101,3 = 33,9-10 (atm);

P(SO,) = (101,3-3,16) 1:10° / 101,3 = 9,69-10°(arm);

P(NH3) = (101,3 -3,16) 1-10°/ 101,3 = 9,69-10™° (atm);



Konnenrpamnus HOHOB BOAOPOAa, 00pa3yloImuXcs MPU PaCTBOPEHUH AUOKCHIA YTepoa
H JUOKCHUIa CCpbl, COCTABAT:

[H](H,CO3) = (4,45 -107 3,3 -10-33,9-10°)2 = 2,23-10® (moub/1);

[H(H,S03) = (2,7 -102+5,34-9,69-10%)2 = 1,18:10° (monb/n);

KoHnenTpanyuss HMOHOB THAPOKCHIA, OOPa3yMOINUXCS TMPH PACTBOPSHUH aMMHUAKa,
cocrasut: [OH](NH,OH) = ( 1,6 -10° -89,1 -9,69-10%)¥2=1,17-10® (monb/x).

Houbl ruapokcua, oOpasyronmecs Npu pacTBOPEHUH aMMHAKa, MOTYT CBSI3bIBATH HOHBI
BOJI0pOJIa ¢ 06pazoBanueM Moiekya Boasl: H + OH™ «» H,0.

[Toatomy muist onpeneneHus: o0IIEro CoJepKaHUsI MOHOB BOAOPOJa B PACTBOPE CIEAyeT
CIIOKUTH KOHIIEHTpPAIUU HOHOB H*, 00pa3ymIuXCcsl TpU PACTBOPSHHUM TUOKCUAA YTIepoaa U
JOHUOKCHUIa CepBI, U BBbBIYCCTH KOHLIGHTpaI_II/HO HNOHOB FI/II[pOKCI/IJIa, o6pa3yfonmx051 HpI/I
pactBopeHuu ammuaka. OO1iee conep’aHue HOHOB BOJIOPO/Ia B PACTBOPE COCTABUT:

[H'Joow. = [H](H2CO3) + [H](H2CO3) - [OH](NH,OH);

[Hoow. = 2,23-10° + 1,18:10° - 1,17-10° = 1,29:10°;

3Hayenue pH 9TOro pacTBopa COCTaBUT:

pH = - Ig [H' o6 = 4,9.

Bxnaxg kaxmod u3 mnpumeced B IPOLECC 3aKUCIEHUS IPUPOAHOM BOJBI MOXKHO
ONpEAENUTh MO WX MPOLIEHTHOH J0Jie B 0OILIEH KOHIEHTpallMd HOHOB BOAOPOJA, B3SATOM C
COOTBCTCTBYIOIIUM 3HAKOM:

oi == [H];- 100 / [H Topw, (%);

a(COz) =2,23-10°-100/1,29-10° = + 17(%);

a(SO,) =1,18-107-100 /1,29-10° = + 91(%);

a(NH3) =-[1,17-10° - 100 /1,29-10° = - 9,1(%).

Oteer: pactBop Oyner umeTh 3HaueHue pH = 4,89; Bkiiag nmpumeceil B Mporecc 3aKUCICHUS

COCTaBHT: JUOKCHIA yriepona - + 17%, muokcuaa cepsl - +91%, ammuaka - -9,1%.

IIpumep 3. IIpobGa npupoaHON BOABI UMEET ILIEIOYHOCTh, paBHYO 1,1 MMmoib/n; 3HaueHue pH
3TON BOABI paBHO 6; Temmneparypa 298 K. Ouennrte KOHIEHTpaIM KOMIIOHEHTOB KapOOHATHOM
cHCTeMBI B JaHHOM IpobOe. KaknuMm OyneT nmapnuanbHOe NaBiIeHUE AUOKCHIA YIIIEpoia B BO3AYXE,
HaxoJsIIeMcs B paBHOBeCHMM ¢ 3Tod Bojoi? Kakumu OyayT KOHILIEHTpalMM KOMIIOHEHTOB
KapOOHAaTHOM CHCTEMBI B 3TOM BOJIE, €CIM KOHTAKT C BO3AYXOM OyJeT HapylleH (IIpeKpaTuTcs
noctymiienue COj), a B pesynbrare nporekanusi ¢orocuHtesa pH craner paBHbiM 107
[TporieccoB pacTBOpeHUsI WIH OCAKICHHUS KapOOHATOB B CHUCTeME He mpoucxoawio. [IpuHATh
KO3 (UIIMEHTHl aKTUBHOCTH KOMIIOHEHTOB KapOOHATHOM CUCTEMBI PaBHBIMU €IMHHULIE.

Pemenne. [lo ycinoBuio 3amaud mpenasjaraeTcsi OLEHUTh KOHIEHTPAIMI0 KOMIIOHEHTOB

kapoonarHoii cucremsl ([CO,,_p, ], [HCO3], [COs*]) mpu BYX 3HAueHmsX pH.



Paccmotpum nepssiii ciyuait: pH = 6. KonuenTpaius HOHOB BOIOpOAa B 3TOM pacTBOpE
paBHa 10® moms/n. B coorBercTBHE C pacupenennTeIbHOM IUarpaMMod B 3TOM cCllydae B
pactBope mpakTHuecKH orcyrctByioT [COs®] — wonsl. KOHIEHTpamus HOHOB THIPOKCHIA,
KOTOPYIO MOXKHO OIICHUTh M3 MOHHOTO HMPOM3BEICHUS BOJIbI, ToXKe o4eHb Hu3Kas ( [OHT] = 10°
Y/10° = 10® monb/1), MOTOMY IIETOYHOCTH PACTBOPA MPAKTHUCCKH MOTHOCTHIO CBSI3aHA C
IIPUCYTCTBUEM B paCTBOpPE THIPOKAPOOHAT — HOHOB:

1 =[HCO3] = 1,1 mmons/1 = 1,1 -10°mounb/11.

[MTomumo wonoB [HCO3] M3 KOMIOHEHTOB KapOOHATHOW CHCTEMBI B PacTBOpE
IIPUCYTCTBYET PACTBOPEHHBIM AMOKCUJA Yyriiepoaa. Ero KOHUEHTpanuio MOXHO HaWuTH U3
YPaBHEHHUS JUCCOLUALMYU YTOJIbHOW KMCIOTHI 110 IEPBOM CTYIIEHU

(K1 = 4,45-10" moms/1): Ky = [H] [HCO3]/[CO3 -],

[CO;pp] = [H'] [HCO37] / Ky;

[COs ]l =207 1,1-10°/4,45:107 = 2,4-10° (mos/m).

[TapuuaneHoe naBiIeHUE TUOKCUAA YIIepoda B BO3yXE, HAXOMAILIEMCS B PaBHOBECHUHU C
3THM PacTBOPOM, MOXKHO HaiTH, ucnons3ys 3akoH ['enpu: [(COy),p] = Kr(COy) - P(COy),

P(CO2)= Kr(COy) - [(CO)pp)-

3HavyeHre KOHCTaHThl ['eHpu s nuokcuaa yriepoaa npu 298 K paBHo (cm. Ta6i.3
Ipunoxenns):Kp(CO2)= 3,3 +107 moan/(;rraTm).

B paccmarpuBaemoM ciyuae: P(CO, ) =2,4-1033,3-102=7,9 -10°(atm) = 8,0(I1a).

Paccmotpum citydaid, koria B pesynbrate ¢otocunTe3a pH pactBopa yBenmuuwmics o 10.
KOHIIeHTpaIHs HOHOB BOIOPOJIA B 3TOM pacTBope pasHa 10™ Mons/i1. B aToM cityuae B pacTBope
IPAKTUYECKH OTCYTCTBYET pPACTBOPEHHBIM JHMOKCHJ yriepoaa (CM. pachpelelnuTeIbHYo
JMarpamMmy), KapOoHaTHas cucTeMa mpeicraBieHa nonamu [HCOs] wu  [CO5%], m s
orpezeNeHusl UX KOHIEHTpaluii B pacCTBOpEe HEOOXOIMMBI /1Ba ypaBHEHUSI.

[lepBoe ypaBHEHHE MOXHO MOJYYUTh MX BBIPAXKEHMsI LIEJIOYHOCTH pacTBopa. B nanHOM
cllydae MpHU ONpeesIEHUH IIEIOYHOCTH CleAyeT YYUThIBATh BCe cocTapistonine. [1ockonbKy B
CHUCTEME OTCYTCTBOBAJIM IIPOLIECCHl PACTBOPEHUS MM OCAXKIEHUS, BEJIMYMHA IIEJIOYHOCTU
CUCTEMbI HE U3MEHMJIACh, 1 MOXHO 3aIlMCaTh PaBEHCTBO:

II[ = [HCO3] + 2 [CO3?] + [OH] =1,1-10" (Monb/x).

KoHueHTpaiys noHOB I'MIpOKCHIIa PaBHA:

[OHT] =10 /10" =10* (mons/n).

[ToxcraBUM ATO 3HaYEHHE B BHIPAYKEHHUE I1IETOYHOCTH:

[HCOs]+2[COs? =1,1-102-1 -10* = 1-103(mous/n).

B kauecTBe BTOpPOro ypaBHEHHS, CBS3BIBAIOLIETO KOHIIEHTPAIMM THAPOKapOOHAT — H
KapOOHAaT - HMOHOB B PAacTBOPE, MOXXHO B35Th BBIPAKEHUE MJII KOHCTAHThI JIMCCOLIMALIUU
YTOJIBHOM KHACIOTHI IO BTOPOU CTYIIEHU:

K2 =[H][CO3?]/ [HCOs]=4,69-10™.

B Hamrem ciyudae, mockonsky [H'] = 1010 (MOJIB/T, TOJTYyYUM PaBEHCTBO:

[HCOs]/ [CO5?] =4,69-10™/10™° =0,4609.

Orciona [HCO3] = 0,469[CO37].



HOI[CTaBI/IB 9TO paBeHCTBO B HOJIy‘-ICHHOC Bblpa)KeHI/Ie IICJIOYHOCTU HW BBIIIOJIHUB
H€O6XOI[I/IMBI€ Hp606pa3OBaHI/I$I 1 BBIYHCJIICHUA, HOJIy‘-II/IM 3HAYCHHUC KOHI_ICHTpaLII/II/I Kap60HaT —
HOHOB:

[HCO3] + 2 [CO5?]= 0,469[CO3?].+ 2 [CO3?]=2,469 [CO5?] = 1,0-10°%;

[CO34]=4,0 -10™(monb/1).

Konuenrpanus ruipokapOoHaT — MIOHOB COCTABUT:

[HCO43] = 0,469[CO5].= 0,469 - 4,0 -10*.= 1,90 -10™* (Moub/m).

OrtBet: ipu pH = 6 KOHIIEHTpaMX KOMIIOHEHTOB KapOOHATHOM CHCTEMBI COCTABST:

[CO; ppl = 2,4-107 (mosn/i1), [HCO3] = 1,1-10" (Moss/m);
napiuaibHOCaBlICHHEe TUOKcuaa yriepoga B Bosayxe P(CO, ) = 8,0(I1a); mpu pH = 10
KOHI_ICHTpaLII/II/I KOMITIOHCHTOB Kap60HaTHOﬁ CUCTEMBI COCTABAT.

[HCOs] = 1,9-10™ mons/1; [CO5]= 4,0 10 *mous/i1.

IMpumep 3. Kakoe KOIMYECTBO MI/JI OPraHUYECKUX coequHenit ycioBHoi dopmynsr {CH,0}
MOrJI0 00pa3oBaThCsi B BOJOEME B mporecce (poTOCHMHTE3a, €ciau ObUT HApyIIeH KOHTAKT C
BO3JyXOM U KapOOHATHBIMM MOPOAAMM, PACTBOPEHUS WM BBLIEICHUS AUOKCHIA Yyriepoia |
kapOoHara Kanplus He mpoucxomamio? B mcxomHom pactBope pH = 6  mienodHocTs BOJIBI
cocraBisiia ] = 1,1 mmons/n. B mpuecce ¢orocunreza pH yBenmuunics no 3Hauenuss pH =10.
[Ipotecc nmpoTekan mpu HOPMAIBLHOM JIaBJIeHUH U Temiiepatype 298 K.

Pemenne. Ilporecc dorocuHTe3a, MPOTEKAIOIIETO B BOJOEME MPH OTCYTCTBHH PACTBOPEHUS
JUOKCH/IA YTIIepOo/ia, MOXKET ObITh MPEACTABIIEH YIIPOLIEHHBIM OpPYTTO — YpaBHEHUEM BUJA!

HCO3; + H,O +hv= {CHzO} + 0,.+ OH".

AHanu3 3TOro ypaBHEHHUS IOKa3bIBAaeT, YTO B Mpolecce (POTOCHHTE3a B OTCYTCTBUU
pacTBOpEHUS M  OCAXKIEHUS IPOMCXOJUT M3MEHEHHE B COOTHOLIEHMH KOMIIOHEHTOB
KapOOHAaTHOW CHUCTEMBbI, HO WIEJIOYHOCTh pacTBOpa He MeHsiercd. [loCKonbKy Ha Kaxablil
[IpOpearupoBaBIINi HOH THIpoKapOOHaTa oOpa3yeTcsi OJIMH MOH THIPOKCHIIA.

B nauvaneHbpli MOMeHT (mpu pH = 6) Bce aToMbl yriepona BXOJST B COCTaB
HEOPTraHWYECKHX COCIMHEHHM — KOMIIOHEHTOB KapOoHaTHOW cucteMbl. B  pacTtBope,
oOpa3oBaBIIeMcCsl [TOC/ie IPOTeKaHusl mporecca (HOTOCHHTE3a, aTOMbI yriiepoJa YXkKe BXOJSAT B
COCTaB HE TOJBKO KOMIIOHEHTOB KapOOHAaTHOM CHCTEMbI, HO U B COCTaB OPraHMYECKUX
coenquHeHuil. CnenayeT oOpaTuTh BHMUMaHME Ha TOT (akT, yTo oOliee coJiepKaHuEe aTOMOB
yIJepo/ia B CUCTEME OCTAETCSl HEU3MEHHBIM, [I03TOMY MOXHO HalucaTh PaBEHCTBO:

3 [CY(kap6. cuct.)] = Y. [C(xap6. cuct.)] +3. [C(opr.)],

rae y, [Cl(Kap6. cuct.)| u ). [CZ(Kap6. CHUCT.)] — cymMMapHasi KOHIIEHTpAIMsI aTOMOB yTjiepoja B
COCTaBe BCEX KOMIIOHEHTOB KapOOHATHBIX CUCTEM (MOJIb/J), 00pa3yrolIMXcsl B paCTBOPE MpH

pH =6 u pH = 10 cootBercTBeHHO; Y [C(OpT.)] — KOHIICHTpAIIKSI AaTOMOB yriiepoaa (MOJIb/i),
CBSI3aHHBIX B IIpoliecce GOTOCUHTE3a B OPraHUYECKUE COSAMHEHHUS.

OTcrofa KOJIMYECTBO aTOMOB YIJIEpO/ia, BXOJALIUX B COCTaB OPTaHUYECKUX COEAMHEHUH,
cocrasut: Y [C(opr.)] =3 [CY(kap6. cuct.)] - Y [C(xap6. cuct.)].



3Has oOmiee KOJMYECTBO aTOMOB YIJIEPOZA, CBA3aHHBIX B KaKIOM JHMTPE BOABI B
OpPraHNYecKOoe COCIMHEHHE, U 3HAasi MOJEKYISPHYI0 (OPMYILYy CHHTE3UPYEMOI0 OPraHUYECKOTro
COEMHEHMS, MOKHO HAlUTHU €ro Maccy:

m(opr. coex) = Y [C(opr.)] - M 10,
rzie m(opr. coen) - KOJUYECTBO OPTraHUYECKOTO COCMHEHHUS, CHHTE3UPYEMOTO B KaXKIOM JIUTPE
Bombl, mr/m; Y [C(opr.)] — KOHIIEHTpamus aTOMOB YIJIEpOJa CBSI3aHHBIX B IpoIecce
¢doTocuHTE3a B OpraHUYECKOe COEAMHEHHE, Moib/I; M — monspHasmacca OpraHHYecKOro
coeauHeHus, r/Monb; 10° - KOX((UIIUEHT MepEeBO/Ia MacChl U3 T B MT.

JUia pemeHus 3a7ayd HEOOXOIMMO HAWTH CyMMapHYH KOHILIEHTpalMI0 KOMIIOHEHTOB
kapOonartHoii cuctemsl ipu pH 6 u ipu pH 10.

B xapOonarnoii cucteme npu pH = 6 npucyrctByer auiib noHbl HCO3 U Mosekyiibl
PacTBOPEHHOTO TMOKCH/IA YIIIePOAa, a MX KOHIEHTPALUH MPH IIEJIOYHOCTH PacTBOpa, paBHOM 1
MMOJIb/JI, COCTABIAIOT (CM. mpeabaymyto 3agady): [CO; pp] = 2,4-10° (monb/n), [HCO3] =
1,1-10°® (Mous/m)
npu pH = 10 kapOoHaTHAs cUCTEMa MPeACTaBIICHA JIUIITh THAPOKAPOOHAT- U KapOOHAT — NOHAMH,
a X KOHLEHTPAIMX NPY IIEJIOYHOCTH PacTBOPa, paBHOM 1,1 MMOIb/1, paBHBI

[HCOs]= 1,90 -10™ (moub/n).

[CO3?]= 4,0 -10™*(Mounb/n).

HOCKOJII)Ky B KaXXJI10M N3 KOMIIOHCHTOB Kap6OHaTHOI71 CUCTCMbI COACPIKUTCA JIMIIb OAWH aTOM
yriepoja, CyMMapHas KOHIIGHTPALUs aTOMOB YIJIEPO/Aa, CBS3aHHBIX C KOMIIOHEHTaMH
KapOOHATHOW CHCTEMBI, OyleT paBHa CyMMe KOHIIEHTpAIMi KOMIIOHEHTOB , BBIPOKEHHBIX B
MOJIB/JI:
Y [C(kap6. cuct.)] =[HCO3]+ [CO37] + [CO2¢_p)l.
Jl1s UCcXoTHOrO pacTBOpa, MMEIOIIEro HIENIOYHOCTh 1,1 MMOJB/1, cyMMapHble KOHLEHTPALUU
aTOMOB YTJIEpOJia B COCTaBE BCeX KapOOHATHBIX CHCTEM, OOpasyrommuxcs B paTBope npu pH = 6
u pH = 10, cocrassr:
Y [CY(xap6. cuct.)]=[HCO37] + [CO, (p - ] =1,1-10° + 2,4:10° = 3,5:10"(mons/m),
> [C¥(kap6. cucr.)]=[HCOz] + [CO32]=4,0 -10*+1,9-10* = 5,95-10"*(mous/x).
OTcro/1a KOHIIEHTPAIHS aTOMOB YTJIEPO/1a, CBSI3aHHBIX B OPTaHUYECKUE COSTMHEHHSI, COCTABHT:
" [C(opr.)] = Y [C*(xap6. cuct.)] ->[C3(kap6. cucr.)] = 3,5:10°-5,95-10* = =2,90-103(mouns/m).
[TockonbKy MO YCJIOBHIO 3aJa4d B BOJIE CHHTE3WPOBAIUCH JIMIIL OPTaHUYECKUE COCAMHEHUS
obmeit popmynoit CH,O, MomsipHast Macca KOTOPBIX COCTaBJISIET

M =12 +1-2 +16 = 30(r/mob),

KomnuectBo OpPraHu4e€CKux COG}IHHCHI/Iﬁ, CHUHTE3UPOBAHHBIX B KAXXIOM JIMTPEC BOJAbI, COCTABUT:
m(opr. coex) = [C(opr.)] - M - 10*/n=2,90-102-30-10°/ 1 = 87 (mr/n).

OtBeT: B BojloeMe MOTIJIO 00pa3oBaTbes 87 MI/JI OpraHMYECKUX COEAMHEHHM o0uiel hopMyIbl
CH;0.



IIpumep 4. Ha kakyl0 MakCHUMaJbHYIO TNIyOWHY MOJET OITYyCTUTBHCS YPOBEHb HPUPOIHOTO
U3BEeCTHAKOBOTO miato 3a 100 jer 3a cuer pacTBOpeHHs KapOOHATa KaJbIUs B BHIMAIAONICH Ha
IUIaTO JTOKJEBOM BOJE, €CIIM JOX/AEBas BOJAA IMOJHOCTBIO CTEKAET C IUIATO, HO JIMIIb TOCHe
YCTAQHOBJICHHSI PAaBHOBECHS MEXKIy JOKICBOM BOAOH, KapOOHATOM KajbIHsl (KaJbIHUTOM) U
aTMOoc(epHbIM BO3yXOoM? YPOBEHb OCAKOB, BBINAIAIONINX €XKET0IHO Ha TIaTo B TeueHue 100
JIeT, MPUHSATH OIMHAKOBEIM U paBHBIM 800 MM/ ron. TemmepaTypa Bce Bpemsi coctapisiia 298 K,
nasienue — 101,3 kIla, koHIeHTpaus IUOKcKIa yriepoaa B armocdepHom Bozayxe — 0,035%
(06.). TINOTHOCTD M3BECTHSKA MPHHATH PaBHON 2,7 r/cM°. B kadecTBe “aKTHBHOH® HPHMECH B
BO3/yX€ MPHUCYTCTBYET TOJBKO AMOKCHJ yriepoja. KoHIeHTpalys HMOHOB KalbIMsi B BOJE
0,469momb/M°,
Pemienue. YMeHbILIECHHE YPOBHS IIOBEPXHOCTH U3BECTHAKOBOIO IUIATO MPOU30MIET BCIEIACTBUE
pacTBopeHus KapOOHaTa KaJbIUs B TOKAECBOM BOJE:
CaCO; + COy, p)= Ca*" + 2HCOj3.
KoHmeHTpamust HOHOB KaJIbIUs B BOJIE TIPU PAaBHOBECHUH C KapOOHATOM KaJbIHs (M3BECTHIKOBOE
IUIaTO) W JUOKCUIOM YIJIEpOAa, COJEpKalieMcsi B aTMOC(HEpPHOM BO3JAyXe, OIpPEIessIeTcs
TEMIIEpaTypoil W TapUUAIbHBIM JaBJICHWEM JHOKCHIA YIiepoJa B BO3AyXe M paBHA
0,469momb/M°,
OO0BEM 102k]1eBOI1 BO/IBI, KOTOPBIM BbIMAAET HAa KaXK/IbIi KBaJIpaTHBIN METP NOBEPXHOCTU
taro 3a 100 jet, MokHO onpenenuTh 1o ypapaeruo: V = 100H,
rae V — 00bEM 10K ACBOI BOBI, BEITAAAIONIEH HA KaXKIbIM KBaipaTHRIN MeTp rmiato 3a 100 ner,
M>/(M? Tox), Wit M/TOpL.
[Tockonpky mo ycnosuto 3amaun H = 800mm = 0,8 M, 00BEM BOABI, BHIMAAAONINN Ha
KaXKIbIH KBaJlpaTHBIN MeTp muiato 3a 100 ser, cocTaBuT:
V = 100- 0,8 = 80(m*/v?).
OO61iee KoaM4ecTBO MoJiel KapOoHAaTa KaJlbLiks, EPXOASIINX B paCTBOP € MOBEPXHOCTH IUIATO,
PaBHO KOJIMYECTBY MOJIEH HOHOB KaJIBIIUS B IOKJICBON BOJIE ITOCIIE YCTAHOBJICHUS! pABHOBECHSI.
[TosToMy obriree koauuecTBO Moseii kapoonata kanbius (N(CaCOs) ), pactBopuBimxcs 3a 100
JIeT Ha KaKIOM KBaJpPaTHOM METpPE IUIaTO, COCTABUT:
n(CaCO3) =V (Ca?*) -10° =80 - 0,469 = 37,52 (mous/M” 3a 100 1er).
Macca kapoonara kanbius (M(CaCOgs)) pactBopuBierocs 3a 100 et Ha KakaoM
KBaJIpaTHOM METpE IUIaTO, COCTABUT ( B T):
m(CaCO3) = n(CaCO3) -M(CaCO0s),
rne M(CaCOj3) — monsipras macca kanpiuta, M(CaCOs3), =40 +12 + 16-3 = 100 r/mouis.
m(CaCO3) = 37,52 - 100 = 3753 (r/m” 3a 100 ner).
O05BEM KapOoHaTa KaybIys, pacTBopuBierocs 3a 100 et Ha KakI0M KBaJIpaTHOM METpPE
TUTaTO, MOXKHO HAWTH, 3Has TUIOTHOCTHh KanbluTa. 110 YCIIOBWIO 3a1auM TUIOTHOCTHKAJBIIMTA
paBHa 2,7 F/CM3, nmm 2,7 10° r/m. O6BéEM PACTBOPHBIIETOCS KAJIBIMTA Oy/IET PABEH:
V(CaCOs) =3752/(2,7- 10%) = 1,39 10°3(m*/m? 3a 100 zer).
YpoBeHb, HA KOTOPBIM OIMMYCTUTCS KaKIbIA KBaJIpaTHBIA MeTp miato 3a 100 et cocTaBuT:
h= V(CaCO3)/S=1,39-102/1=1,39 - 10°(m).



OTtBer: YPOBCHb HU3BCCTHAKOBOIO TINNIATO MOXKCT OIIYCTUTBCA B PE3YJIbTATC MpPOoLCCCa

pactBopeHus kapOoHara kanbius 3a 100 ner va 1,39 10°m.
NunuBunyansHoe 3amanue Ne 1

3aganue 1. Kakoe 3nauenne pH crenyer oxkuparh y JOKIEBOM BOJIbI, HaxoIsIIEHCS B
paBHOBEeCHH C aTMOC(EpPHBIM BO3yxoM, coaepxkammm X % (00.) muokcuaa yriepona, Y Mipa
Ymokenna cepol U Z ana'laMMHaKa? Temneparypa Bo3nyxa pasHa 298 K, naenenue 101,3
klla; mapuuanbHOE JaBieHHE NAapoB BOAbI NMpUHATH paBHbIM 3,16 klla. Kakoii Bkiax (B %)

BHOCST 3TU IIPUMECH a MPOLIECC 3aKUCIICHUS JOXKAEBON BOJIbI?

Bapuanr X Y Z
1 0,036 2 2
2 0,037 1,9 1,1
3 0,038 18 1.2
5 0,039 17 13
5 0,040 16 14
6 0,041 1,1 15
7 0,042 12 16
8 0,043 13 17
9 0,044 14 18
10 0,04 15 1,9

3apanue 2. [Ipoba nmpupoaHO BOABI UMEET IIEIOYHOCTh, paBHYI0 X MMOJb/JI, 3HaueHue pH
9TOil BOABl paBHO Y, Temmeparypa 298 K. OreHutre KOHIEHTPAIIMIO KOMIIOHEHTOB
KapOOHATHOW cucTeMbl B JaHHOM mnpoOe. Kakum Oyner mapiuanbHOE AaBi€HHE JHOKCHIIA
yriepoja B BO3JAyXe, HaxXonsIIeMmMcss B paBHOBecuu ¢ dTol Bojgou? Kakue 3HaueHus
KOHLIEHTpAaI[uii KOMIIOHEHTOB KapOOHATHOW cHCTEMbl OynyT HaOJIOAAaThCS B 3TOM BOJE, €CIH
KOHTaKT ¢ BoO3AyxoM Oyzaer HapymeH (moctymieHus CO2 He Oyzaer), a B pe3yibTare
npoTekanusi ¢orocuHTe3a pH craner paBHbiM Z? Ilporecchl pacTBOPEHHS WU OCAXKICHUS
KapOOHATOB B cHCTeMe He MPOUCXOIIH. [IpuHATH KO3 PUIIMEHTH aKTUBHOCTH KOMIIOHEHTOB

KapOOHATHOW CHCTEMBI PaBHBIMU €IUHHIIE.

3amanue 2
Bapuant
X Y Z
1,0 7,0
1,1 6,2 10




3 1,2 6,3 11
4 1,3 6,5 9
5 1,5 6.4 10
6 11 6,1 11
7 1,3 6,6 9
8 1,2 6,7 10
9 14 6,8 11
10 1,5 6,9 9

KOHTpOJ’ILHLIe 3aJla4m

1. Kakoe 3nauenue pH HaOnroganocs B A0XKAEBOM BOJE, HAXOIAIIEHCS B PaBHOBECUH C
aTMOC(EepHBIM BO3yXOM, COJEP)KAIlMIM B KauecTBE IMPHUMECEH («aKTUBHBIX KOMIIOHEHTOB))
JUIIb TUOKCUJ YIJIIepoja, B 3M0XY OJIEACHEHHUs, €CIIH, €ro COAEepKaHUE B MPU3EMHOM BO3IyXe
cocraBmsio 200 mae’? Ha ckompko emuun m3Menwicss pH K HacTOSIIEMy BpPeMEHH MpH
conepxannn CO; B armocheprom Bozayxe 0,035%(06.)? [IpuHaTs TEMITIEpaTYpy BO3yXa PaBHON
298 K, naBnenue paBusiM 101,3 klla, mapimansHoe naBinenue napos Boabl paBHbIM 0,031 aTm.

2. Kakoe 3Hauenue pH cienyer oxunaTh y 105K1€BOW BOJbI, HAXOAAIIEICS B paBHOBECUU
¢ armocdepabiM Bo3ayxom, conepxkanmmm 0,035% (00.) mumokcuma yriepoma, 1,5 muipa
Ymokenna cepol 1 1,2 ann'laMMHaKa? Temneparypa Bo3ayxa paBHa 298 K, nasnenue 101,3
klla; mapuuanbHOe NaBieHHE MapoB BoAbl NpUHATH paBHBIM 3,16 klla. Kaxoil Bxman(s %)
BHOCST 3TU IIPUMECH a MPOLIECC 3aKUCIIEHUS JOXKIEBON BOIbI?

3. IIpo6a npupogHOI BOABI UMEET LIEIOYHOCTh, paBHYIO 1,5 MMob/n, 3Hauenue pH atoit
BOo/bl paBHO 7, TeMmmeparypa 298 K. OueHuTe KOHILEHTpPALHIO KOMIIOHEHTOB KapOOHaTHOM
cCUCTEeMbI B JaHHOM mpobe. Kakum Oyzaer nmapruanbHOe aBieHHe TUOKCH]IA YIIIepo/ia B BO3YXE,
HaxojsIeMcss B paBHOBecHMM C¢ 3ToW Bojnoi? Kakue 3HaueHus KOHIEHTpaluid KOMIIOHEHTOB
KapOOHaTHOM cucTeMbl OynyT HaOMIOJAThCA B ITOM BOJE, €CIIM KOHTAaKT C BO3AYXOM OyAeT
HapyuieH (noctymiaenuss CO, He Oyner), a B pe3yibTaTe nporekanus ¢ortocunre3a pH craner
paBubiM 10,57 Ilpomecchl pacTBOpeHMsI WM OCaXKICHUS KapOOHAaTOB B CUCTEME HeE
npoucxoaunu. llpuHATE KOA(P(GUIMEHTHl aKTUBHOCTH KOMIIOHEHTOB KapOOHAaTHOW CHCTEMBI

PaBHBIMH €IUHUIIE.
4. Kakoe KOJIMYeCTBO MI/J OPraHUYecKOoro BemlecTBa ycinoBHOUM Gopmynsl CH,O mormo

oOpa3oBaTbcsl B BOJI0EME B Iporecce (POTOCHHTE3a, €ClU OblI HApYIIEH KOHTAaKT C BO3AYXOM U
KapOOHAaTHBIMH TIOPOJIAMH, PACTBOPEHHWsS WIJIM BBINEICHUS AMOKCHIA YIiepoaa W KapOoHara
Kanpiust He mnpoucxomuio? IllemodHoCTs BOXBI B MCXOAHOM pacTBope cocramstia I =
1,5mmons/n, pH = 7. B mponecce ¢orocunteza pH yBenuumics no 3nauenus 10,5. Iponece

IIPOTEKAJ P HOPMAJIBHOM JIaBJIEHUH U TeMiieparype 298 K.



