§1. CyLiHOCTb npouecca rMApPoan3a H MPUYUHBI, Bbi3bliBaloLMe ero NpoTeKaHue.

IMAPONM30OM CONMM HA3bIBAETCS Peakuyms 06MEHHOrO Pa3foXeHNs C yyacTUeM MOJIEKYN BO-
[M H MOHOB COMW, B pe3ynibTaTe KOTOPOIi 06pasyeTcs cnabogHCCOLNMPOBaMHOe Nan TpyAHopac-
IKopUMOoe coeauHeHMe.

CyLLHOCTb rMApOM3a 3aK/10YaeTCa B CMELLLEHUM XMMUYECKOr0 paBHOBECUA Mpouecca
Sl'leKTpOI'IMTI/NECKOI‘/'I anccoumnalnn Boabl:

M20<->[T" + 01-T.

B umncToi Boge KOHLEHTpauus noHos Bogoposa H' paBHa KOHUeHTpauum noHos OH" u no-
rawy pH = 7. MNpu BHeCeHNW B BOAY CO/MEN, B COCTAB KOTOPbIX BXOAAT MOHbI CNabbix KUCNOT (MK
cnabblX OCHOBaHMWIA), 3TV MOHbI cBA3bIBalOTCA ¢ nonamu H' uan 011 ¢ o6pasoBaHuem cnaboro
anekTponuta [lpoTekaHue rnaponm3sa kak 06paTMMOro MOHHO-06MEHHOro npoLecca Kak pas n
06BLACHAETCH BbINOMHEHWEM OHOTO W3 YCNOBUIA NPOTEKAHUA 06PaTVMbIX MPOLLECCOB - B X0f4€
rmgponusa obpasyeTcs cnabblii 31eKTPONNT.

PaBHOBeCKe MeX Ay MO/neKynamu BoAbl 1 ee MOHaMW HapyLuaeTcs, HabnofaeTcs M3bbITOK
nm6o rugpokcua-noHos - OH' (cosgacTes LWenoyHas cpefa), 6o KaTWoHOB BoAopoda (MPOTOHOB
I111) - HabnogaeTcs Kucnas peakuus nNonyvyeHHOro pacTeopa.



CnepoBatefibHO, TMAPONN3Y NOABEPraloTCsA TONbKO Te COMKW, B COCTaB KOTOPbIX BXOAAT
HOHbI ClabblX 3N1EKTPONUTOB, T. €. CO/MH, 06pa30BaHHbIe:

a) cnabbiM OCHOBaHWEM N CUAbHOW KWUCMOTOM, Hanpumep bIH bIO3,
6) cnaboit KNCNoTo N CUNbHBIM OCHOBaHMeM, Hanpumep N8:003;
B) CNabbiM OCHOBaHMEM W CNaboii KNCNOTOl, Hanpumep J1b$3, bIH,|CH3COO.

CONH CUNbHBIX OCHOBAHWI M CUABHBLIX KUCNOT, Hanpumep blaC|, KblO3 He ruaponusytoTcs,
TaK Kak B 3TOM CNy4ae B X0f4e 06MEHHbIX MOHHbIX NpoLeccoB 06pasoBaHme cnabblx 3NeKTPONUTOB
He NponcXoamnT. VIoHbI, 06pasytolme Bogy, CBA3aHbl MeXAy CO60/ HAMHOrO CUNbHEEe, YeM HOHbI,
o6pasyloLLe MONeKy bl Conei, NO3TOMy NPOLECC B Lie/IOM CABHHYT BMpaBo, HO paspyLUueHue COMH
BOAON (rmaponus) ne Habnopgaertcs.

§2. Tvnbl rMAponn3a B 3aBUCMMOCTY OT cOCTasa COJIH.

1. Ecnu coeanHeHve Npy MOHW3aLMM B pacTBOpe 06pasyeT KaTWOHbl U aHHOHbI, KOTOpble cnaGo

nonspusyloT ruapaTyto 060M104Ky, TUAPONU3 NPAKTH-YEEKN He MPOMCXOAUT U pM cpefibl  He
M3MeHseTCs:

blaCl <» bla++ CI'
blat++ HOH <>peakuns npakTuyecku He naet
CI + HOW «* peakums npakTUYecKn He nget

B 9TOM C/lyyae MOXHO CKa3aTb, UTO CO/H CU/ILHOTO OCHOBaHMUS W CUbHOW KUCNOTbI TUAPONU3Y He
nofgepraioTcs.

2. Ecnn  coeAuHeHWe NpyM  MOHU3ALMM 06pasyeT KaTUOHbl, KOTOPbIE NOASPU3YIOT MONEKYbI
rHApaTnoii 06010UKU, N aHWNOHbI, CNA60 NONSPU3YHOLLME UX. TO MPOUCXOAUT FMAPOAU3 MO KaTMO-
Hy [Mpu aTom 06pasyeTcs Kucnas cpepa:

CuCb «»Cu* + 2CI"
Cun* + IOH «- CuOH1+ 1-I
CI' + HOH <» peakuus npakTU4yeckn He nget
Wnun B monekynspHom Buge: CuC I; + HOH <* (CMOH)C1 + HC |

0606Was 3TOT NpUMep, MOXHO CAenaTb BbIBOA, 4YTO T[UAPOAM3Y MO
KaTMOHY MOABEPXKEHbI COMM CNAaBOro OCHOBAHMSA W CU/bLHOI KUCNOTI.

3. Ecnn coefiHeH e npu pacTBOPEHUN MOHU3MPYETCA Ha CNabomnoNAPH3YIoLMe KaTUOHbI 1 Cpes-
HEMONAPHIYIOLLME AHHOHbI, TO MPOUCXOAMT TMAPOAU3 MO aHHOHY N B pesynbTate ruapoamsa co-
34aeTCH  LWenoYHas cpega:

bla:C03— 2Ne ++ CO32



bla + MOH *» peakuus NpakTUYecku He uget
CO,"' + HOH <>HCO3" + OH-
nwnm
Ka2C 03+ HOH <-blaHC03+ blaOH

Il HOM cnyyae 0606LEHHO MOXHO CKa3aTb, YTO FMAPONN3 MO aHUOHY MPOUCXOANT Y CONel CUnb-
HbIX OCHOBAHMMN 1 CNabblX KUCMOT.

I | enn coefuHeHne Npu MoHM3aLMKM o6pasyeT cpefHeNoNAPH3yoLLINe KaTWOHbl U @HWOHbI, TO
MPOUCXOANT FMAPOAU3 1 MO KaTWOHY, U NO aHWOHY. Mpu 3TOM 06bIYHO HabnoaaeTcs rMaponns c
1Mopa3oBaHemM ManopaeTBOPHMbIX CNabbiX OCHOBaHMIA 1 cnabbiX KUCNOT:

AbICO3b + 6HOH — 2ALIOHbI + 3H:C03

XapakTep cpefibl B 3TOM Clyyae onpesensieTcs OTHOCUTENbHOW cunoit
06pa30BaBLUNXCA KUCNOTbI U OCHOBaHUA. STOT CAyyaid rugponunsa nmeet
MeCTO AN1si coneli cnabblX OCHOBAHMI M cnabbixX KUCOT.

[ns cnyyaes 2 u 3 cTeneHb rnaponn3a (OTHOLIEHVe KONMYecTBa MMAPONH30BAHHOMO Belle-
cTa K 06LlemMy KONMYeCTBY pacTBOPEHHOTO BelecTsa) 06bIYHO HeBennka. lak, B pacTBope
MaCO3 ¢ koHueHTpaymeir Q | monb/n oHa cocTaBnsieT npu 25° C okono 2,7%, a B pactBope NaCN
¢ KoHueHTpaumeli O | monb/n — okono 1,5%. B cnyyae 4 rmaponns npoTekaeT NPaKTUYecKn
Haueno.

Takum 06pa3omM, CyMMapHbIi ahheKkT rngponvsa onpegenseTcs NPUPOAOH HaXOAALWNXCS B
pacTBOpe KaTMOHOB M aHWOHOB. YeM 60/blue Nonspu3ytoLLee AeHCTBHE KaTMOHOB LULL aHWOHOB
CONH Na MOMEKY bl BOAbI, TEM CU/IbHEE TMAPOM3.

B co0TBeTCTBUYM C 3aKOHOM feiicTBytowmnx Macc (34 M) aTo 03HauaeT yTo, Yem cnabee Kuc-
N0Ta N 0CHOBaHWe 06pasytoLLyme cofb, TEM TUAPONN3 JaHHOI COMH NPOTeKaeT MHTeHCUBHee

§3. YcnoBusi npoTeKaHus rMaponunsa.

| CornacHo npuHuuny Jle LLlaTenbe cTeneHb rmaponu3a BospactaeT ¢ pa3baBneHnem pac-
TBOpa (yBeNMYEHNEM KOHLEeHTpauun Boabl). Hanpumep, npu 1=25° C gns peakuum

blaZCO3 + HOH  blallC03+ NeOH

npy KoHUeHTpauum conH O 1 Monb/n cTeneHb rnaponunsa coctaBnseT 2,7%, a Npyu KOHLEH-
Tpaumu 0.001 monb/n — yxe 34%.

2 CTeneHb rnfponu3a Bo3pacTaeT TakxKe C MOBbILLEHMEM TeMrepaTypbl, Y4TO MOBbILLIAET ANC-
coumalmo Bogpl.

3. YCuAUTb UNK 0CNabuTb TMAPOAN3 MOXKHO, MEHSR PeakLMio Cpefbl pacsopa conu. Ans co-
Neii NofBepratoLLMxcs ruaponnsy no Ki+ Heo6xoaumo Noakucnenue ans ocnabneHns rmaponnsa
1 NoALenaynBaHHe Ans ero ycuaeHus



Mo3ToMy ANs NPeAoTBPaLLEHUS TMAPOAN3A B HEXENaTebHbIX CyYasx PacTBOPbI COMEH Xpa-
NAT B KOHLUEHTPUPOBAHHOM BMWAE B TEMMOM MPOX/IadHOM MeCTe, CO3[aBasi COOTBETCTBYIOLLYIO pe-
aKUMIo cpefbl pacTeopa 406aBNeHNEM KUCIOTbI NN LLENOUM.

CyLLEeCTBEHHO OT/IMYEH XapaKTep rNApoan3a KOBaNEHTHbIX COEAMHEHWIA.
BO/IbLWIMHCTBO COEAMHEHNII HEMETANNIOB C HEMETaNlaMn B BOZe NpeTepreBaeT Heo6paTMMoe rug-
PONNTUYECKOE Pa3foXeHNe:

51Cl4(x) + 3HObI(k) = 1b$H03(T) + 4HC1(p)
515:(r) + 3HOH(x) = 1b5t0,(T) + 21b5(p)

MonHbIi (Heo6paTUMBbIA) TMAPONM3 B JAaHHOM Cy4ae NPOUCXOAMT B pe3ynbTaTe TOro, YTo
B XOZ€ npoLecca 06pasyloTcs ManopacTBOpuMble N rasoobpasHble MPOAYKThI, yAanstoLmecs na
chepbl peakuymu.

8§4. MpaBuna 3anncu ypaBHeHUU TMAPONN3A CONEN.

MoHMO-MONEKyNSPHbIE YPaBHEHUS peakLuii rmapoansa coCTaBAtOTCA MO TeM Xe NpaBu-
NaM. YTO H MOHHO-MONEKYAPHbIE YPaBHEHUS peakuuil o6MeHa.

Mpy 3TOM HEOGXOAMMO NMOMHUTb, YTO CU/bHbIE 3NEKTPONUTBI B MOHHbIX YPaBHEHUAX THA-
pONN3a 3annCchIBaOTCA B BUAE MOHOB, cnabble 3NEKTPONUTLI - B BUAe Monekyn. Boja B AaHHbIX
peakLus Bceraa 3anucbiBaeTcs B MONeKynsipHoM Buge. CreflyeT yunTbIBaTh, YTO B KXK/AOM aKTe
(cTyneHun) rugponusa NPUHWMaET y4yacTue BCerda ogHa Monekyna Bogbl. THAPONN3 NpoTeKaeT ak-
TWBHO TONIbKO MO NepBOi CTyneHW. BTopas v Bce nocnedytowine CTagum Ans coneid, He noasepra-
IOLLMXCA NONHOMY TMAPOAM3Y, NPOTEKAIOT NNLLbL B TOM C/ly4ae, eCAM CO34aHbl YCNOBWSA, CNOCO6-
CTBYlOLME AanbHelillemMy NpoTeKaHWo rnaponmnsa ( peyb MAET 0 CONSX MHOFOOCHOBHbBIX KNenoT
WNN MHOTOKMENOTHbLIX OCHOBaHWIA (MMetoT Heckonbko rpynn OH). [ins nogoGHbIX coneii no nep-
BOI CTyNeHW rufponnsa o6pasytoTcs KUC/blE UAN OCHOBHbIE CONIH COOTBETCTBEHHO.

[lanee npusefieHbl NPUMepPbI 3aMUCK YpaBHEHWIE TNAPONN3a COoNeli PasNYHbIX TUMOB.

Mpumep 1. COCTaBUTL MONEKYNSIPHBIE M MOMHO-MOMEKYNAPHbIE YPABHEHNS Peakunn rug-
ponu3sa coneil: a) CH3COChla; 6) CL1301. YKa3aTb pPeakLMio cpefbl PacTBOPOB 3TUX COMeil.

PeLieHne:

a) Auetat HaTpunm CH3COOH — conb cna6oii kucnotel CH3COOH 1 cunbHOro ocHo-
BaHuA blaOH. Mpwn pacTBopeHun B Boge aHHOHbI CH3COO- (kakK HOHbI cnaboi KUCNoTbl) CBA3bI-
BalOT HOHbI 1-I BOAbl, 06pa3ys mMonekynbl cnaboro anekTponuta CH3COOH. Conb ruaponusyercs
M0 aHWNOHY:

1 MoneKynapHoe ypaBHeHue:
CH3COObla + 11:0 <>CH3COOH + blaOH.
2. loHHO-MONeKyNsApHOe ypaBHeHWe r1aponmsa:

CH30XTI +bla' +1b0O<-CM3COOH + bla*-r01r.



1 KpaTtkoe ypaBHeHMWe rujponusa
(11,CO0'+ 11,0 <» CH3COOH + OH',

W pesynbTaTe rugponusa B pacTBOpe NosBASETCA HEKOTOPbIA M36bITOK MoHOB OH™ no-
num pacteop CH3COONe mmeeT wenoynyto peakumio (pH>7).

0) ( ynbthat mcgk Cu30.» — conb cnaboro ocHoBaHusi CU(OH), H CUNbLHON KUCNOTbI
Il "o, W aTom cnyyae KaTWOHbl CU"+CBA3LIBAIOT MMAPOKCUIbHbIE HOHbI 01-I HOHbI, 06pasys Ka-
IHOHbI ocHOBHOM conn (CMOH)*. Monekynbl Cu(OH): He o6pasytoTcsi, rak Kak HoHbl (CMOH)"
MH YYLIHPYIOT HaMHOro TpyaHee, 4Yem Monekynbl Cu(OW); B 06bIYHbIX YCNOBMAX [UAPONN3
H KM HO Heproii cryneHH. Conb rMAponn3yeTcs Nno KaTuoHy. VIOHHO-MONeKynspHoe ypaBHeHue
IHaponusa:

CW"+HXD  (CUOH)++ 1T,
MONEKYNSPHOE YpaBHEHMe:
2C1504+ 2HD ~m(CnOH),30., + H_,504

B pacTBOpe co3paerca M3bbITOK MOHOB H+, noaTomy pacTBop Cu504 umeeT KUCNYHO peak-
umo (pH<7).

Mpumep 2. Kakve BelecTBa 06pa3ytoTcs npu cnmBaHuy pacteopos AlCl] n bla,CO3’ Co-
CTaBUTb NOHHO-MOMNEKYNAPHbIE N MOMEKYNAPHbIE YPaBHEHUS.

Pewexune. Conb AlCl3 rmaponmsyeTcs no KaTMoHy cnaboro ocHoBaHus, a IMACO3 no aHmo-
Hy cnaboii KNCNoTbl:

Al3*+ 1bO <-* (AOH)2+ + (I
CO32~+H,0 «>(11c03r + OH"

[MOCKOMIbKY COMH HAXo4ATCsA B O4HOM cocyfe WoHbl 110 1 01 ', nosBnsoLLmecs B pacTBope,
B3aVMO/eNCTBYIOT ¢ 06pas3oBaHMeM MOMeKynbl cnaboro anekTponuta Hr0 u NpoMcxoanT B3auM-
Hoe ycuneHwe rugponusa 3Tux coneii [Mpu 3ToM paBHOBecWe rMAponM3a CABWraeTcsa BMPaBo W
rMAPONU3 KaXA0A CONH MAeT A0 KoHua ¢ obpasosaHuem A1(O!1)3 it H,C03(nam CO,) WoHHO -
MONeKyNspHoOe ypaBHeHWe ruaponusa

3CO:
2A13++ 3CO3™ + 6H,0 = 2A1(OH)3 + 3H,C03-|
31b0

HAN
2A1 43C032 + 3HD «*2A1(0OH)3+ 3CO, MoneKkynspHoe ypaBHeHue

2AI1C13+ 3bla:C03+ 61-1,0 = 2Al (OH)3+ 3112CO3 + 6blaCl
A
311,0 3CO,
nnm

2A1C13+ 3Ma3CO3 + 31b0 = 2A1(OH)3 + 3C02+ 6blaCl.



§5. 3HauYeHue rMAponu3a.

IMApoNu3 UrpaeT 60/bLLIYIO PONb B XKU3HEAESTENbHOCTY XMBbIX OpPraHn3MoB. naponnTu-
YecKue NpoLECChl BMECTE C MPOLIeCCaMi  PacTBOPEHUS UTPalOT BaXKHYIO PO/b B 0GMEHE BELLECTB.
C HUMW CBS3aHO NOAAEPXKaHWe na OnpeaeneHHOM YPOBHE KWUCNOTHOCTW KPOBW U APYTvX (hU3Mo-
NOFMYECKUX XKUAKOCTEIA.

3a cueT rMAPOSMTUYECKUX MPOLIECCOB MPOUCXOAUT YCBOEHME MUTATENbHbBIX BELLECTB - XM-
poB, 6e/KoB, YrNeBOAO0B, NPEACTABNAOLLNX COBOM CNOXHbIE BLICOKOMOEKYNAPHbLIE COEAUHEHUS.
P) opraHu3me NponMcxoanT PepMeHTaTUBHbIA TMAPON3 N UX CNOXHbLIX BELLECTB Na COCTaBAsIO-
LMe WX BELLECTBa, a 3aTeM MOCTPOEHME OPraHN3MOB HOBbIX BELLECTB, HEOGXOAUMbIX ANl MOCTPO-
€HUS OPraHoB Y TKaHeiA.

[LelcTBre MHOTUX XMMWUOTEPANeBTUYECKUX CPEACTB CBA3AHO C UX KUCNOTHO-OCHOBHbIMU
CBOICTBAMU W CKIOMMOCTLIO MX K rnaponu3y. C 3TUMU CBOICTBAMU HEOBXOAMMO CUMTATLCS U NPU
peLIeHn BOMNPOCOB O A0NYCTUMOCTM OAHOBPEMEHHOTO Ha3HAYEeHUs MALMEHTY PasnyHbIX npena-
paTos.

MaponM3 LWMPOKO UCMONb3YETCH B XMMUYECKO NPOMBILLNEHHOCTW W B aHANINTUYECKOW XU-
MUW. KaK B Ka4eCTBEHHOM, TaK U B KOJIMYECTBEHHOM aHanuse. OH CYLLeCTBEHHO BAWSET Ma reoxm-
MUYeCKMe NpoLiecchl.



