_ 3AHATHUE Ne7
«CBOUCTBA PACTBOPOB 3JIEKTPOJIMTOB 1 HESJIEKTPOJIUTOB.
I'ETEPOI'EHHOE PABHOBECHE)»

BOI[pOC]:.I K 3aHATHIO.

1. OcHOBHbIE NOJOXKEHUS TEOPUHU DIIEKTPOJUTHUECKOM Iuccouuanuu. Teopus CHIIbHBIX
JJIEKTPOJIUTOB.

2. PaBHOBecue B pacTBOpax ciadbIx 3neKkTponuToB. KoHcTaHTa qucconuanuu

3. Pacder MOHHOM CHJIBI PACTBOPOB JIEKTPOJINTOB, KO3(PPHUIIMEHTa aKTUBHOCTH M AKTUBHOM
KOHILICHTPALUX NOHOB.

4. IloHATHS O T€TEPOreHHBIX PABHOBECHBIX CUCTEMAX.

5. Uro Ha3bIBaeTCsi KOHCTAaHTOM PacTBOPUMOCTH (WJIM TNPOU3BEACHUEM PACTBOPUMOCTH)
MaJIOPaCTBOPUMOI'O COEIUHEHU?

6. YcioBus 00pa3oBaHUs U PAaCTBOPEHUS OCA/IKOB.

7. BinnsHMe DPUCYTCTBHMSI OZHOMMEHHOIO HMOHA Ha PAacTBOPHUMOCTb MaJOPACTBOPHUMOIO
AJIEKTPOJIUTA.

8. Bo3moxeH M 1mepexoA OJHOIO MajlOpacTBOPUMOIO  JJIEKTPOJIMTAa B JPYroi
MaJjiopacCTBOPUMBIN SJIEKTPOTUT?

9. T'ereporeHHble MPOLIECCH B dKUBOM OPraHU3ME.

§1. buosornyeckasi 3HaYUMOCTh PacTBOPOB.
OO0mme npeacTaB/IeHUs 0 PAaCTBOpPax.

PacTBOpBI mpeAcTaBISIOT IS OMOJOTHH, (PU3UOJIOTHMH M MEIUIMHBI O0COOBIH MHTEpEC,
TaK Kak BCE Ba)XKHbIE OMOJIOrMYECKHE CUCTEMBI (LIUTOILIa3Ma, KPOBb, JInMda, CIII0HA, MOYa, 0T U
JIp.) SBJISIFOTCS BOJHBIMH PAcTBOPAMU COJICH OEJIKOB, YIJIEBOJIOB, JIUMHUIOB. YCBOCHHE MHIIIH,
TPAHCHOPT METAaOOJIUTOB, OOJBIIMHCTBO OHOJOIMUECKUX pEaKIMi B JKUBBIX OpraHU3Max
IPOTEKAIOT B PaCTBOpaXx.

PacTBOpOM Ha3bIBaeTcsi HaXOASIIAsICsl B COCTOSHUM PAaBHOBECHs] TOMOI€HHAs CUCTEMa
MIEPEMEHHOTO COCTaBa M3 JIBYX WM OoJiee BEHIeCTB, KOTOpas JTOCTUTIIA MUHUMAIIbHOW YHEPTUU
['n66ca B pesynpTare B3aMMOACUCTBUS BCEX €€ YACTHIl, 32 CUET BCEX BO3MOXKHBIX CHII
B3aUMO/JICUCTBUA.

BemectBa, cocTaBislOIIMEe pPAacTBOp, HA3bIBAIOT KOMIIOHEHTaMu pacTBopa. Jlims
XapaKTEPUCTHKH COCTaBHBIX 4YacT€d pacTBOpa WCIONB3YIOT TMOHATUS PACTBOPUTENh U
pacTBOPEHHOE BEIIECTBO, XOTA OSTH IOHATUS B W3BECTHOW CTEMEHH YCIOBHBI. OOBIYHO
pacTBOpUTENIEM CUYUTAIOT TOT KOMIIOHEHT, KOTOPBIH B pPAacTBOpPE HAXOAUTHCS B TOM IKe
arperaTHOM COCTOSIHHUM, YTO M JI0 pacTBopeHus. Hampumep, B BOJAHOM pacTBOpE IIIFOKO3bI
(TBepIo€ BEUIECTBO) PACTBOPUTENIEM cUMTaeTcs Boja. [IoHATHE pacTBOpPHUTENh U PACTBOPEHHOE
BEIIECTBO HE IMPHMEHSIOT 0 OTHOLIEHMIO K TBEPJbIM PAcTBOpPAM U Ta30BbIM CMECSM, He
3aBHCUMO OT TOTO, B KaKWX COOTHONICHHUSX HAXOIATCS B ITUX CHUCTEMax KOMIOHEHTHI. Ilo
arperaTHOMy COCTOSIHUIO PAaCTBOPBI MOTYT OBITh XHJIKMMH, TBEPABIMH U Ta3000pa3HBIMH.
Hampumep, cmecu razos (Bo3ayx) SIBJISIOTCS ra3000pa3HbIMH PacTBOPaMM; PacTBOPHI COJEH B
BO/JI€ — )KUJKUMHU; CIIJIaBBI 30JI0TA C ME/IbI0, HUKEIIS C MEIbI0 M JPyTrue — TBEPBIMU PACTBOPAMHU.

PactBopel BemectB ¢ MosekynsipHOM Maccor Menbmie 5000 T1/MONMB  HA3BIBAIOT
pacTBOpaMH HHU3KOMOJIEKYIspHbIX coeauHenuit (HMC), a pacTBOpBI BEIIECTB ¢ MOJEKYIISPHOM
Mmaccoit 6osb1e 5000 r/Mob — pacTBOpamMH BBICOKOMOJIEKYIApHBIX coeanHernit (BMC).

[To HanMW4MIO MM OTCYTCTBHIO AJIEKTPOJIUTHYECKOM auccomuanuu pactBopsl HMC Ha
TPH KJIacca — pacTBOPHI JIEKTPOJIUTOB, HEANEKTPOIUTOB U aM(OITUTOB.

PacTBOpPBI 371€KTPOJUTOB — PacTBOPHI JUCCOLUHUPYIONIUX HAa MOHBI COJEH, KUCIOT U
ocHoBanuil. Hanpumep, pacteopst KNO;, HCI, KOH.



PacTBOpBI HEJIEKTPOJIUTOB — PACTBOPHI BEIIECTB, MPAKTUUECKH HE JUCCOLIMUPYIOLIUX
B Bojie. Hanpumep, pacTBOpHI caxapo3bl, INIIOKO3bl, MOUYEBUHBI.

PacrBopsl amM(oMTOB — PacTBOPHI BEHIECTB, KOTOPbIE MOTYT AMCCOLIMHPOBATH U IO
KHCIIOTHOMY W 110 OCHOBHOMY THny. Hampumep, pactBopsr Al(OH);, rimnuHa.

§2. OcHOBHBIE 0JIOKEHNSI TEOPUH FJTEKTPOJTUTHYECKOH TN CCONUATUN.
Teopusi CHIIbHBIX 3J1€KTPOJIHUTOB.

[lIBenckuit yuyenbli CBaHTe AppeHUYC H3ydasi DSJIEKTPOINPOBOJAHOCTh PaCTBOPOB
pPa3IMYHBIX BELIECTB, MPHILET K BBIBOAY, YTO HNPUYUHOM 3JIEKTPOIPOBOJHOCTH SIBISETCS
HaJIMYUe B PaCTBOPE MOHOB, KOTOPbIE 00Pa3yrOTCs MPHU PACTBOPEHUHU DJIEKTPOJIUTA B BOJAE. DTOT
IIpOLECC MOJY4YWJI Ha3BaHME OAJIEKTposinTHdeckass nauccoumauus. B 1887 romy Appenuyc
c(hopMyJIMPOBaJl OCHOBHBIE MOJIOKEHUSI TEOPUU AIIEKTPOIUTHUECKON AUCCOIIUAIIIH.

PaccMoTpuM OCHOBHBIE MOTOKEHUSI TEOPUH HIIEKTPOTIUTHUECKOM TUCCOIUAIUU.

1. Ilpu pacrBopeHMH B BOJe 3IEKTPOJUTHI JUCCONMUMPYIOT (pacmajgalTcs) Ha
MOJIOKUTEJIbHbIE U OTPUIIATEIbHbIE HOHBI.
Honbl HaxonaTcs B 0oJiee YCTOMYMBBIX SJIEKTPOHHBIX COCTOSIHUSAX, 4eM aToMbl. OHH MOTYT
COCTOSITB M3 OJIHOTO aToMa — 3T0 mpocthie noubl (Na', Mg™", AP i T.1.) — ity 3 HeCKOIBKHX
aTOMOB — 3TO cJI0XkHBIE HOHBI (NOj3, 802'4, PO3'4I/I T.J.).
2. llpyynHOM AUCCONHALMH JIEKTPOJUTA B BOJHOM PacTBoOpe fABJSIETCS ero rujaparamus,
T.e. B3anMo/ieiicTBHe IJIeKTPOJIUTA ¢ MOJIEKYJIaMH BOJbl U Pa3pbiB XMMHU4YECKOH CBSI3M B
HEM.
B pesynbrare B3auMOAEWCTBUSA  DIEKTPOJIUTa C  MOJIEKYJIaMH BOJbI  00pa3yroTcs
TUAPATUPOBAHHEIE, T.€. CBA3AHHBIC C MOJIEKYJIAMH BOJIbI, HOHBI.
3. Iloa aeiicTBHEM 3JIEKTPUYECKOI0 TOKA MOJIOKUTEIbHO 3apsiKeHHbIe HOHBI IBHAKYTCH K
OTPHLIATEILHOMY MOJIIOCY HCTOYHMKA TOKA — KATOAY, NOITOMY MX HA3bIBAKOT KATHOHAMHU,
a OTPULATEJbLHO 3apsi’KeHHbIe MOHBI JBHKYTCH K MOJ0KHUTEJIbHOMY MOJIOCY MCTOYHHKA
TOKA — aHOY, N03TOMY MX HA3bIBAIOT AHHOHAMHU.
HanpapnenHoe OBHMKEHUE MOHOB MPOUCXOAUT B PE3yIbTaTe MPUTSHKEHUS WX MPOTHUBOIOJIOXKHO
3apsKEHHBIMU 3JIEKTPOJIAMU.
4. DJIeKTPOJIUTHYECKAS] TUCCONMALUS — MPoIece 00pPaTUMBbIHA ISl CJIA0BIX 3JIEKTPOJIUTOB.
Hapsiny ¢ mporieccom auccormaruu (pacrmaj 3JIeKTPOIMTa Ha MOHBI) MPOTEKAeT M OOpaTHBIM
nporecc — acconuanus (coequHeHre HOHOB). [losTomMy B ypaBHEHHMSX JIEKTPOIUTHUECKOMN
JIMCCOITMAIIMY BMECTO 3HAaKa paBEHCTBA CTABAT 3HAK 0OPAaTUMOCTH, HAIIPUMED:
HNO; <> H" + NOy

MexaHu3M JIEKTPOJUTHYECKOM M CCOLUALIUM.

DNeKTpOoIUTUYECKass HWOHHU3aIuUsi OOyCIOBJIEHAa B3aUMOJICHCTBUEM TMOJSPHBIX MOJEKYI
pacTBOPUTEIISI C YaCTUIIaMHU PACTBOPEHHOTO BEIIECTBA. Y IPOIIEHHO, O0e3 yueTa H-cBs3eit B Boe,
ATanbl JEKTPOJIUTUUECKON TUCCOIMALIMN TTPEACTABICHBI HA PUCYHOK 7.1.

Pucynok 7.1
DTansl AIEKTPOIUTUYECKON HOHU3AIIMY TOJSIPHBIX MOJIEKYI (2) U MOHHBIX KpUCTaIIOB (0)
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1 - compBaTanus; 2 - HOHU3AMMs; 3 - JUCCOIHAIIS.

[ToAroTOBUTENBHBIM 3TANOM 3JIEKTPOIUTUYECKON TUCCOLMAILMU SIBISIETCS COJIbBATAIUS
BemecTBa (3tan 1). Jlanee momspasie mMonekyinsl (Hanpumep, HCI) monsipusyrorcsi B CHIIOBOM
MoJie OKPYXAIOUIMX MX JUIOJIEH pacTBOPUTENs, U BCIEACTBUE CHIBHOIO CMELICHUS
CBSI3BIBAIOIIMX DJIEKTPOHOB CBSI3b CTAHOBUTCS HOHHOW. [IpoMCXOmuT HMOHM3AIMS MOJEKYIBI
(oTam 2), a 3aTeM reTepoIMTUYECKasi JUCCOIMALUS CBSA3M C 00Opa3oBaHHEM THUIPATUPOBAHHBIX
MOHOB:

HCly + nH,0 = H'(H,0)x + C1I'(H20),x .

ConpBaTanys BelIECTBAa HAONIONACTCS U MPH PACTBOPEHHUU MPEUMYIIECTBEHHO MOHHBIX
kpuctaisioB (Hanmpumep, NaCl) B Boge. B3aumopnelicTBue ¢ TONSPHBIMH MOJIEKYyJIaMU
pacTBOpUTEINS CIIOCOOCTBYET OCIA0JICHUIO CBSI3€M B KPUCTAUIE U O0OECIEYMBAET BO3MOXKHOCTH
nepexoia nonoB Na u Cl B pacTBOp ¢ 00pa3oBaHHEM T'HIPATHPOBAHHBIX HOHOB:

NaCl + nH,0 = Na'(H,0), + CI'(H,0)p.y.

KonnuecTtBo Moekyn B COJIbBATHOW 00OJIOUKE MEHSETCS B 3aBHCHUMOCTH OT MPUPOJIBI
MOHA, TEMIepaTypbl W KOHIIEHTpauuu pactBopa. [loatomy ¢opmyrnoii HEBO3MOXXHO TOYHO
TepeaaTh COCTaB CONbBATA, T.K. OH MOXKeT ObITh, Hanpumep, Na (H,0)s, Na'(H,0)23 u zp.

OcCHOBHbBIE NOHATHS YICKTPOJIUTHYECKON JUCCONUALMH.

[To cmocobGHOCTH BeliecTBa pacnajaThCs WK HE paclajgaThCs B paciliaBe WU pacTBOPE
Ha MOHBI Pa3InyaroT, COOTBETCTBEHHO, 21eKMPOJIUMbL U HEIJIEKMPOTUNLbL.

Jnekmpoaumesl - IMO Geuyecmea, pPAcmMeEopvl U PACHIAABbL  KOMOPBIX NPOBOOSM
anekmpuueckuil mok. K aekrponuram npuHaaieKatr OOJbIIHHCTBO CONEH U THAPOKCHUIBI.
Hesnekmponumot - Imo Cl0)CHbIE Geuiecmeda, KOmopvle He pPACnaoaromcsa HA UOHbL U
ecneocmeue uec0 ux pAacmeopsvl U PAaAcniagbl He npoeooam nekmpuueckuii mok. K
HEIJIEKTPOJIUTaM OTHOCAT OOJBIIYI0O YacTh OPraHUYECKHX COCIWHEHUM, Hampumep, OEH30II,
TJIIOKO3Y, KpaxMmanl (BaKHEHIIME WCKIIOUEHHUS: OpraHUYeCKHe KHUCIOThl M OpaHHYeCKue
OCHOBaHU).

K cunbHbIM 53J€KTpOAMTaM YCIOBHO OTHOCSAT BELIECTBA, KAMCYULAACA CHIENEHb
ouccoyuayuu KOTOpbIX B pactBope mpesbimaer 30% (& > 0,3). IIpu & < 3% (& < 0,03)
AIIEKTPOJIUTHI CUUTAIOT CIAOBIMHU, B JIPYIHX CIIy4asX O HHUX TOBOPAT KakK 00 DJIEKTPOIHTAX
CpEeIHEN CHUIIBI.

Cuity 3JIEKTPOJIUTOB KOJIMYECTBEHHO XapaKTEPU3YIOT CTENEHbIO Auccounanuu. Cmenens
ouccoyuayuu (4. ) - 3mMo omHowleHue HuUcaa pacnasuiuxca Ha uonsvl moaekyi (Ny,.) K
00wemy yuciy mMonekys pacmeopennoz2o eeuiecmeéa (Nysy,):

M
o= 2 1008
v

5L



Crenenb nuccONMAlMM BBIPAKAIOT B JIOJISIX €IUHULBI WK B TpoleHTax. l[lockonbky
olmiee 4MCI0 MOJIEKYJ BEIIECTBAa B PAacTBOPE MPOMOPLUOHAIBLHO KOJIWYECTBY €r0 BEIIeCTBa U
€ro MOJISIPHOM KOHIIEHTPAIIMU, TO MOKHO 3aIHUCATh:

I1€ Ny, U Cye. - COOTBETCTBEHHO, KOJMYECTBO M MOJIIpHAs KOHIIEHTPALUS PACTBOPEHHOIO
BEIL[ECTBA, MOABEPTLIETOCS AIEKTPOJIUTUUECKON TUCCOIUAIINY;

Nosm. U Copm, - KOJIMYECTBO M MOJISIPHAS KOHIIGHTpAlMs BEIIECTBa B PAacTBOPE B MOMEHT €ro
MIPUTOTOBJICHUSI.

Inekmpoaumot, y Komopuix 0. = 1, omnocam K cunvHwviM, y c1a0bIX 31eKmpoaumos o < 1.

Crenenp  gucconanuu  OOBIYHO  ONPEACNSIOT 1O  JaHHBIM  H3MEpPEHUs
3IEKTPONPOBOAHOCTH PAaCTBOPOB, KOTOpask MPSIMO MPOIMOPLUHOHANIbHA KOHIIEHTPAUU CBOOOIHO
JIBIKYLIUXCA MOHOB. Ilpu 3TOM monydaroT He ucmunnwvle 4 , a Kaxycywjueca 3HaueHus. OHU
BCEr/la MEHbIIIE UCTUHHBIX 3HAYEHUN @ , T.K. MOHBI IPU ABMKEHUHU K DJIEKTPOJIaM CTAIKUBAIOTCS
¥ YaCTHYHO YMEHBIIAIOT CBOK) MOJBHKHOCTH, OCOOCHHO MpPH BBICOKOW HMX KOHIIEHTPAIUU B
pacTBope, KOrja BO3HHKAET IJIEKTPOCTATHMYECKOE MPUTSDKEHHWE MeXAy HoHamu. Hampumep,
WUCTUHHOE 3HAYCHUE CTETICHH dJIeKTpouTHdeckoit auccoruanuu HCI B pa3daBieHHOM pacTBOpe
paBHo 1, B 1 M pactBope & = 0,78 (78%) tipu 18°C , oxnaxo, B 3TOM pacTBOpPE HE CONEPIKUTCS
22% ueauccoruupoBanHbiX MoJiekysl HCI, mpakTudecku BCce MOJICKYIIbI JUCCOMUPOBAHEI.
dnexkmponumul, Komopwie 8 pazdagi1eHHOM 600HOM PACMEOPE OUCCOYUUPYIOM NPAKMUYECKU
NONTHOCMbIO, HA3bI8AION CUTLHBIMU IJIEKMPOTUMAMU.

K cunbHBIM 3J€KTpoauTaM B BOAHBIX PAacTBOpaxX MPUHAJIEKAT [OYTH BCE COJM, MHOTHE
Heopranmdeckue kuciotel (H,SO4, HNO;, HCIO4, ramorenoBomopoansie, kpome HF u mp.),
TUAPOKCUBI s-2JieMeHTOB (uckimouenue - Be(OH), u Mg(OH),). Kaxymuecs 3HaueHust a 3Tux
AJIEKTPOJIUTOB HaxosTcs B npeaenax oT 70 mo 100%.

Jluccoyuayusa cunbHbIX I1EKMPOSIUMOE - IMO NPAKMUYUECKU HeOOpAmuMblili RPoyecc:
HCl — H" + CI' wm HC1=H" + CI
dnexkmponumel, Komopwvie 8 pazdagi1eHHOM 600HOM PACMEOPE OUCCOUUUPYIOM YACHMUYHO,

Hazvlearom caaodvimu. ﬂuccouuauu}l cnaovix dJleKmpoiaumoe - oﬁpamuMbu? npouvecc,
HaIlpuMep:
& (mpu 25° C)
HCN —» H + CN 7-10” (wm 0,007))

MNH, H,O < NH; +0H™ 0,013 (umm 1,3%)

Cmenenv s1ekmpoaumuieckol Ouccoyuayuu 3aBUCUT OT:

® [IPUPOIBI NIEKTPOJIUTA U PACTBOPUTEILS;

e KOHIIEHTPALIMH PacTBOPa;

e TEeMIIEpaTypbl
U go3pacmaem npu yseaudeHuu pazoasienus pacmseopa. CTeneHb TUCCOIMALMU BO3PACTAET IpU
YBEJIMYEHUU TEMIIEpaTypbl pacTBopa. Ecim B pacTBope ciaboil KHUCIOTBI WM caaboro
OCHOBaHUSl YBEJINYUTh KOHIICHTPALMIO OJHOMMEHHOIO HOHA BBEJIEHHUEM COOTBETCTBYIOLIEH
COJM, TO HAOIIOAAETCS PE3KOE W3MEHEHUE CTENEHU OUCCOLMALUM CJIA00ro IEKTPOJIMTA.
PaccmotpuM, Hanpumep, kak u3MeHuTcs: G ykcycHolt kuciotel (CH;COOH) mpu BBeneHuu B
pacTBoOp aierata HaTpus (BBeaeHUe onqHoMMeHHbIX HoHOB CH3COO").

CornacHo MIPpUHIHUITY Jle Illatennse PaBHOBCCHUC ITpoLe€CCa NUCCOHUAINN
-+

CH,CO0H¢—————CH,COO™ +H*

CTH,C00”

CMECCTUTCA BJICBO B pe3ynLTaTe yBeJII/I‘{eHI/ISI KOHLIGHTpaLII/II/I alerar-uoHoB CH3COO-,
00pa3yromuxcs Mpu AUCCOLMAIINH alleTaTa HaTPHs:
CH;COONa — CH5COO™ + Na'.



Takoe cMmemnienne paBHoBecus B cTopoHY Mmoauzayuu CH3COOH o3Hauaer ymeHbIIEHHE
CTEIICHHU €€ ANUCCOIMALNH U IPUBOANT K YMEHBIICHNIO KOHIICHTPAI[M HOHOB BOJOPO/IaA.

§3. PaBHoBecue B pacTBOpPax cJa0dbIX 3JIEKTPOJIUTOB.
Kouncranra quccouuanmnu

Juccoruanus c1adbIX 3JEKTPOIUTOB - 00paTUMBIiA miporiece. st aucconumanuu ciadoro
OunapHoro sekrponuta KA:
KA — K" + A"
Ha OCHOBAHHWH 3aKOHA OeUCmEUst Macc CPaBeJIMBO COOTHOIIICHUE:
_ETTIAT]
g = —
[KA]

KoHcTanTy paBHOBeCHST B JaHHOM Cjydae Ha3bIBAIOT KOHCMAHMOU OUCCOYUAYUU
(koncmanmoul uonuzayuu). Kak n mobas KOHCTaHTa PaBHOBECHS, KOHCHIAHMA OUCCOYUAYUU
3aeucum om Npupoobl OUCCOYUUPYIOWE20 Beuecmed U pacmeopumens, memnepamypvl u He
3aeucum om KOHYeHmpayuu pacmeopa.

KoHcTranTa paucconmanuvi - BaKHAs XapaKTEPUCTUKA CIAOBIX AJIEKTPOJIUTOB. Uem
MeHbIIe BennunHa K, , TeM ciiabee TUCCOMMUPYET AIEKTPOJIUT B JAHHOM PaCTBOPUTEIIE.

K, cBs3ana ¢ & mpocToit 3aBUCUMOCTHIO. Eciiu 0011yI0 MOJSIpHYIO KOHLIEHTPALIUIO AJIEKTPOIIUTA
+ -
B pacTBOpe 0003HauuTh Cya , TO [JIs OMHAPHBIX DJIEKTPOJIMTOB KOHIEHTpanun HoHoB K™ 1 A®
Oynyt paBHbl & -Cga . O4ueBHIHO, YTO
+ - ,
[K"]=[A"]=6 Cka,
[KA] = CKA -a CKA = CKA(I— a ), TOoTrAa
CaCa o C
= =
Co(l-c  (1-og
Jns cnabeix anektpoautoB & <0 u (1 - &) = 1. CiienoBaTenbHO,
K

Knmﬁ.c HIH e J—-
i

HOJ'IyLIGHHafl 3aBUCUMOCTH ABJIIACTCS MaTEMAaTUYCCKUM BBIPAXKCHUCM 3AKOHAa
pazoaenenua QOcmeanvoa (1888 T1.): cmenenv Ouccoyuayuu cnabozo0 2InNeKmMpoIuma
yeenuuueaemcsa npu  pazdasieHuu  pacmeopa O0OPAMHO  RPONOPUUOHATILHO  KOPHIO
K8aopammuomy u3 e2o mMoaapHoii KOHYEeHmMpPayuu.

§4. PacyeT HOHHOI CHJIBI PACTBOPOB 3J1€KTPOJIMTOB, KO3 PpHuHMeHTa AKTUBHOCTH H
AKTHBHOI KOHIEHTPALIMHU HOHOB.

CunpHbIe JEKTPOIUTH (MUHEpPAIbHbIE KUCIOTHI, pACTBOPUMbBIE OCHOBAHUS U COJIM) HE
MMEIOT IOCTOSIHHBIX KOHCTAHT JHUCCOLMALIMY TIPU Pa3INYHbIX KOHIEHTpauusax. CiaenoBaTelbHo,
B pacTBOpax CHJIbHBIX 3JIEKTPOJUTOB HET IUHAMUYECKOI'O PaBHOBECHS MEXIy HOHAMH M
HEAMCCOLMMPOBAHHBIMA MOJIEKYJIAMH, T.€. IPOLECC JUCCOLUALMU CUJIBHBIX JJIEKTPOJIUTOB
HeoOpaTUM U PACTBOPHI UX HE MOJUUHSIOTCS 3aKOHY J€WCTBUS Macc.

He6ait II. u Xrokkens J. B 1923 r. pa3paboTaji TEOPHIO CUIBHBIX 3JIEKTPOJIUTOB, B
KOTOpOM OHM OOBSCHWIM NPUYUHY HEMOJUMHEHHS Npolecca JUCCOLUUAIMU  CHUIIbHBIX
AIIEKTPOJINTOB 3aKOHY AEHCTBYIOLINX Macc.

CormacHo 9TOW TEOpHH CHJIBHBIE DJIEKTPONHTHI auccormupyroT Ha 100°/,, mokazaHo
HKCIIEpUMEHTaIbHO. B pe3ynprare oOpasyercsi CpaBHUTEIBHO OOJbINAs KOHIEHTpAlKs HOHOB,
MEXJy KOTOPHIMH BO3HUKAIOT D3JIEKTPOCTATHUYECKHE B3aUMOAECUCTBUS. MEXKHOHHbBIE CHJIIbI
BJIMSIIOT HAa BCE CBOMCTBA 3JIEKTPOJIUTOB, OCOOEHHO B KOHLIEHTPUPOBAHHBIX pacTBopax. OHu
MOHMKAIOT MOJIBUYKHOCTh MOHOB M MX aKTUBHOCTb, U MOHBI B peaklUAx BeayT ceds Tak, Oyaro
UX KOHLIEHTpAIs MEHbIIIE AeHCTBUTEIbHON (aHaIUTHYeCKOl) KoHLeHTpauu. C pa30aBieHuemM



pacTBOPOB BIUSHUE HOHHOW aTrMocdepbl MOHMKaeTcs. B ouyeHb pa30aBICHHBIX pacTBOpax
BIIMSTHUEM MEKHOHHBIX CHJI MOYKHO MTPEHEOpEUb, TaK KaK ATH PACTBOPHI OJIM3KH K UICATHHBIM.

JUIs OIEHKH PEaKIIMOHHON CIOCOOHOCTH CHJIBHBIX JJIEKTPOJIUTOB BBEIACHBI TOHSTHUS:
aKTHBHAas KOHILICHTpaIus, KO3 (PHUIIMEHT aKTUBHOCTH, HOHHASI CHJIA.
AKTHBHAs KOHIICGHTpAIMS WM «AKTUBHOCTHY» (0) — 3¢ (EeKTHBHAS KOHIICHTpAIHs HWOHOB B
BOJHBIX PACTBOPAaX C YYETOM DJIEKTPOCTATHYECKOTO B3aMMOJCUCTBHUS MEXIy HHMH, paBHas
NPOM3BEACHUIO O0IIEH KOHIEHTPAIMK Ha KO (UITMEHT aKTUBHOCTH.

o=1-C,

/1€ 0. — aKTUBHAsl KOHLEHTpaLus,

f — ko purueHT akTUBHOCTH

C — oO1mrast KOHLIEHTpAIKSI.

«o» 1 «C» BBHIPAIKAIOTCS B MOJIB/IM® HITH MOJIB/IL.

Ko duuueHT akTHBHOCTH MOHOB MOKA3bIBAET CTEMEHb OTKJIOHEHHS CBOMCTB pealbHbIX
pPacTBOPOB OT HI€aJIbHBIX. JTa BEIMYMHA 3aBUCUT OT 3apsia UOHA, 00IIel KOHIEHTPallud HOHOB
JAHHOTO DJIEKTPOJUTAa M KOHLEHTPALMU BCEX IIOCTOPOHHHUX HOHOB IPUCYTCTBYIOUIMX B
pacTBope.

B pactBopax, 01M3KMX K HICTbHBIM, KOO(Q(PHUIUEHT aKTUBHOCTH IO BEIMYMHE MPUOITMKACTCS K
equnune, T.e. f — 1 u Torra o — C. [lng peanbHBIX pacCTBOPOB JIEKTPOIUTOB, KaK MPABUIIO,
KOA(P(UITMEHT aKTHBHOCTH f MEHBIIIE €TUHUIIBI.

Bennunna xoadduiueHTa aKTUBHOCTH W aKTUBHOCTb 3aBHCAT OT HMOHHOH CHJIBI
pacTBopa.

Honnas cuna pacteopa (I) — BennynHa, XapakTepu3yromas 3JeKTPHUECKOe MoJIe U Mepy
AJIEKTPOCTATUYECKOTO B3aUMO/IEHCTBHS HOHOB B PACTBOPE U OINPEAEIAETCS 3apsAI0M UOHOB U UX
KOHIeHTpanued. Monnas cuna Beuucigercs no ¢gopmyse npeanoxkenHoit . JIstoncom u M.
Penpenom B 1921r. JlaHHas BenuMYMHA paBHAa MOJIYCYMME IPOU3BEICHUS MOJISIPHBIX
KOHIIEHTPAIUH BCEX MPHUCYTCTBYIOINX HOHOB HA KBaIPaThl UX 3apPsIO0B:

F=fCz w02 +..+C 2 )=05) €z
=1

C; — MonsIpHas KOHLEHTPALHs KaKOro-1100 HOHa B PacTBOpe
Z; —3apsa] HOHA

HNonnast cuna — Oe3pa3MepHas BeJIMYMHA. OKCHEPUMEHTAJIbHO IIOKA3aHO, YTO C
YBEJIMYEHUEM HOHHOM CHIIbI pacTBOpa KO3(p(ULMEHTHl aKTMBHOCTH YyMeHblnatoTcs. Ecmu
nonHas cwia Menbie 0,0005, To korhGUIMEHTH aKTUBHOCTH OJM3KU K €IMHHIIE U B pacueTax
CBOICTB paCTBOPOB HE UCIIOJIB3YIOTCH.

Koadpdunment akTuBHOCTM HMOHAa B pa30aBICHHOM pPACTBOPE MOXHO MPUOIMKEHHO
BBIYUCIUTH 110 (popmyie:

2
lg f=-05z2/T
§5. I'ereporennslie npouecchbl 1 PABHOBECHSI B PACTBOPAX

B ocHOBe pacTBOpeHMs BelIeCTBA B PACTBOPUTEIE JIEKAT MEXKMOJIEKYIIIPHBIC
B3aUMOJICHICTBUS MEXJy HUMH C OOpa30BaHHMEM COJIBBATOB, T.€. aCCOLMATOB U3 MOJIEKYI
BEIECTBA M pacTBOpUTENd. UeM CHIbHEE 3TH MEKMOJEKYJSIPHBIE B3aUMOACUCTBUSA, TEM
BEIIIECTBO JTMOPMIBHEE U TEM JIY4YIlEe OHO PACTBOPSETCA B JAHHOM PACTBOPUTEIIE.

IIo pacTtBOpUMOCTM B pAacTBOpPUTENE pPa3lIM4yalOT BELIECTBA C HEOIPAHUYEHHOMN
PAcTBOPUMOCTBIO, KOTOPBIE CMEIIUBAIOTCS C PACTBOPUTEINIEM B JIFOOBIX COOTHOILEHUSX, 00pa3ys
VUCTUHHBIE PACTBOPBL, U BEIIECTBA C OTPAHMYECHHON PACTBOPUMOCTBHIO B JAHHOM PacTBOPUTEIIE.
B pacTtBOpax BemiecTB ¢ OrpaHUYEHHOW PaCTBOPUMOCTBIO NMPHU JAHHBIX YCIIOBHUSX CYIIECTBYET
orpeieNieHHas 00JIacTh 3HAYCHUHM MX KOHIEHTpalWi, B KOTOPOW OHM CYLIECTBYIOT KaK €IWHas
FOMOT€HHas CHUCTeMa, MCTUHHBIM pactBop. Ilpu npyrux ycnoBusix (KOHLEHTpaLus,



TEMITEpaTypa, JaBJ€HHE) MaHHas CHCTEMa MOJXET CTaTh TI'€TEPOTCHHOM, T.e. COJIepIKallei
rpaHuity paszena a3 MexIy paCTBOPUTEIEM M PACTBOPEHHBIM BEIECTBOM.

IIpu KOHTAaKTE MAaJOPaCTBOPUMOIO CHILHOIO JJIEKTPOJHUTAa C PACTBOPUTEIEM OYEHBb
HE3HAYMTEJIbHAS €r0 YacTh IMOJHOCTBIO TUCCOLMUPYET Ha MOHBI. B BO3HHKaMOIIEH cHcTeme,
COCTOSIIEH M3 BOJHOTO pacTBOpa MajJOpacTBOPHMOIO CHIIBHOTO DJICKTPOJIMTA U €ro OCajKa,
YCTaHABJIMBACTCS TETEPOrCHHOE PABHOBECHE MEXKIY MOHAMHU JAHHOTO 3JICKTPOJIMTA B BOJHOM
daze u ero KpucTaIaMu.

PaccMoTpuM ~ reTeporeHHOe  PaBHOBECHE  MEXAYy  KPHCTAUIMYECKUM  OCAKOM
ManopactBopuMoii cosii BaSO4 1 ero HachllIEHHBIM BOJHBIM PACTBOPOM, COJEPKALUM HOHBI
Ba™'(p) n SO4” (p):
pacTBOpeHHE
BaSO; | & Ba>(p)+ SO (p)

KpuTajljin3danuusd

[TosydeHHBI pacTBOpP C OCAAKOM MPEACTABISACT COOOW PAaBHOBECHYIO TETEPOTCHHYIO
cucrtemy. [IpumeHuM K 53TOH cuCTeMe 3aKOH JIEHCTBYIOIIMX MacC, HMMes B BHIY, UTO
KOHILCHTpAaNus TBEPAOIro BCUICCTBA ITOCTOSIHHA U YUUTBIBACTCA BEJIIMYMHOI KOHCTAHTBI CKOpPOCTH
pacTBOpPEHHs, TOTJa BBIPAKEHHE I KOHCTAaHTBHl T€TEPOre€HHOTO PAaBHOBECHS, Ha3bIBaeMOM
KOHCTAHTOM pacTBOPUMOCTH, JIJISi PACTBOPA JAHHOM COJIU 3aIUIIETCS:

. k...
K,=1 b=—"% —[Ba*]-[SO. ]

8080
[TonyyeHHOE BbIpa)K€HUE MOKA3BIBAET, YUTO KOHCTAHTA PACTBOPUMOCTH IPH MOCTOSHHOMN
TEMIIEpaType MOCTOSHHA M ONPENEIACTCS TOJIBKO IMPOU3BEACHUEM KOHIICHTPAMA HOHOB
MajopacTBOPUMOrO 3JEKTPOJIMTA B HACBIILIEHHOM pacTBOpPE, KOTOPOE TaKKe Ha3bIBAETCs

IPOU3BEICHUEM pacTBOpUMOCTU U 0b6o3Havaercs Ky, umu I1P.

B o6mem cnydae s wmanopactBopuMoro siektponuta  Kt,An, KOHCTaHTa
pactBopumocTH Ks omnpeznensercs cTeXxeoMeTpU4eCKUM IIPOU3BEACHUEM KOHLEHTPAlUuil NOHOB,

MOCBUIAEMBIX B PACTBOP JAHHBIM 3JIEKTPOJIUTOM:

Kt,An,, o nKt"™ + mAn™
0Ca/IoK pacTBop
m+qn n—-qm
K =[Kt"]"-[An""]
Bennuuna Ks XapaKTCPU3yeT paCTBOPUMOCTL JJICKTPOJIUTA ITPU I[aHHOﬁ TEMIICpAType U

3aBHCUT OT MPHUPOABLI MaJIOPACTBOPUMOI'O JJICKTPOJIUTA U PACTBOPHUTCIIA. 3HaueHUs] KOHCTAHT
pPacTBOPUMOCTHU IIPUBOJAATCA B CIIPABOYHHUKAX (1)I/I3I/IKO—XI/IMI/ILIGCKI/IX BCINYHNH (Ta6JII/II_[a 1)

Tabmuma 1
KoHcTaHTBl pacCTBOPUMOCTH HEKOTOPBIX couel (298K)

Haszpanwne conn I1P Hazpanaune comm I1P
AgCl 1,810 CaCO; 3,8:10°
AgBr 5,010 " Ca(H,PO,), 1,010
Agl 9,3-10 " CaHPO, 2,7-10"
Ag,CrO, 1,1-110 " Ca3(POy), 2,010
Ag,S 1,010 CaC,0y4 2,3-107
PbS 8,0-10 Ca(OH), 3,1-10°7
HgS 4,010 Pb(OH), 6,8:10 "
BaSO, 1,1:110 " PbCl, 1,710
CaSO, 9,1-10°° PbSO, 2,2:10°




Ecnmu B pacTBOpe MallopacTBOPHUMOIO CHUJIBHOTO DJJIEKTPOJIUTA CTEXHOMETPHUUECKOE
MPOU3BEIeHNE KOHIEHTPAlMil HOHOB PaBHO MPOU3BEACHUIO PAaCTBOPUMOCTH MaJOPACTBOPUMOIO
AIIEKTPOJINTA, TO MOXHO TOBOPHUTH 00 00pa3soBaHMU HACHIIIEHHOTO pacTBOpa JaHHOTO
JIEKTPOJIUTA.

K¢ =[Kt"™]"-[An"]"

HachlmieHHblii pacTBOp — TepMOJIMHAMUYECKH YCTOHYMBAas paBHOBECHAas CHCTEMa, B
KOTOPOI CKOPOCTh PaCTBOPEHUS BEIIECTBA PaBHA CKOPOCTH €T0 BBIJICIICHUS U3 PACTBOPA.

Hacpliennslii pacTBOp COAEPKUT MAKCUMAIbHO BO3MOXKHOE IMPH JAHHBIX YCIOBHSIX
KOJIMYECTBO PACTBOPEHHOTO BeliecTBa. KOMMYECTBEHHO PacTBOPHMOCTH BEIIECTB BBIPAKACTCS
WIM MOJIAPHOM KOHIIEHTpAallel MX HAChIIIEHHBIX pacTBOp. Eciu pacTBOpHUMOCThH BelecTBa
YMEHBINIACTCSI C TOBBIIMICHUEM TEMIEPaTyphbl, TO IS TOJYYSHHS TEPECHIIIEHHOTO pacTBOpa
HEO0OXOIMMO HarpeTh €ro HaChIICHHbII pacTBOP.

Brimasienne ocaaka mpooiKaeTes 0 TeX IMOp, TOoKa pacTBOP HE CTAHET HACHIIICHHBIM.
B HekoTOpBIX cioyyasx KpUCTALTM3alUs MallOpacTBOPUMOIO 3JIEKTPOJIUTA, OTPAHUYUBACTCS
TOJIEKO BBIMAJIEHUEM MHUKPOKPHCTAIUIOB, KOTOPHIC CTAOMIU3UPYIOTCS, W MIPH 3TOM 00pa3yercs
T1M0(OOHBIN KOJUTOUTHBIA YIBTPAMUKPOT€TEPOTreHHBIN pacTBOp.



§2. BausiHue 0THOMMEHHOI'0 HOHA HA PACTBOPUMOCTb MAJI0PAaCTBOPUMOro 3JIeKTPOJIHUTA

PacTBopuMOCTh TPYJIHOPACTBOPUMBIX JJIEKTPOIUTOB TOHMXKAETCS B MPUCYTCTBUH
JOPYTHX CHJIBHBIX JJIEKTPOJIUTOB, MMEIOIIMX OJHOWMEHHBIM HOH. EciM K HeHachlllleHHOMY
pactBopy BaSO, mnpubaBiare moHeMHOTYy pacTBOp cynbdara Hatpus Na,SOs, TO HOHHOE
npousBeneHue, ObiBiiee cHayana MeHblle [1Pp,so4 , MOCTENIEHHO MOCTUTHET W MPEBBICUT €ro.
Haunercs Brimanenue ocagka BaSO4. Conu ¢ 0IHOUMEHHBIM HOHOM MOHMKAIOT PACTBOPUMOCTD
coJielt 1aXke ¢ JOBOJBHO OOJIBIION PAaCTBOPUMOCTHIO.

§3. YcaoBusi pactBopeHue ocaaka

Ocaznok MajlopacTBOPUMOIO CHIBHOTO IEKTPOJIMTA PACTBOPSIETCS, €CIIM B PACTBOPE HaJ
OCaZKOM 3TOT0 MAaJOpPaCTBOPHMMOIO  JJIEKTPOIMTA CO3J4aTb  YCJIOBUSA, IPH  KOTOPBIX
CTEXHOMETPUYECKOE MPOU3BEACHUE KOHLEHTPALUNA MOHOB CTAaHET MEHBIIE €r0 IPOU3BEICHUS
pacTBOPUMOCTH, T.€. HEHACHIIIEHHBIN pacTBop.

n m
. <
cr,.-Cr . <K

HeHnacpllleHHBIM ~ pPacTBOPOM  Ha3bIBaeTcs  TEPMOJMHAMUYECKH  yCTONUYMBas
HEpaBHOBECHAs CHCTEMa, B KOTOPBIA KOHIIEHTPAIMs BEIIECTBA MEHbBIIE, YeM B HACHIIICHHOM
pacTBope.

B Takmx pacTBOpax MOXKHO pPAaCTBOPUTH IpPH TEX K€ YCIOBHAX JOMOJHUTEIHHOE
KOJIMYECTBO PACTBOPSEMOTO BEIIECTBA.

Co3marp ycinoBus JJIsl paCTBOPEHHUS 0CaJKa MaJOpPaCTBOPUMOIO AIIEKTPOIUTA MOXKHO 32
CYeT XMMHUYECKOT0 CBS3BbIBAHUS XOTs OBl OJTHOTO M3 €r0 HOHOB B pacTBOpE, KOTOpoe OyaeT Ooiee
MIOJTHBIM, YeM B OCAJIKeE.

PaccMoTpuM TUNHMYHBIE CITy4au PaCTBOPEHUS OCAIKA!
Mg(OH), + 2HCI =MgCl, + 2H,0 Mg(OH), + 2H" = Mg*" + 2H,0
PactBopenune Mg(OH), B KucCiioTe IpOUCXOAUT U3-3a OoJiee MPOYHOro cBs3biBaHus HoHOBOH B
moutekyiie H,O, yem onu cBsizanbl B ocajike Mg(OH)s.
CaCO; + 2HCI = CaCl, + CO, + H,0 CaCO; +2H" = Ca*" + CO, + H,0

[Ipu noGaBieHUM KHUCIOTHI HOHBI C032*, noceutaeMbie B pactBop ocaakom CaCOs,
o0pa3yroT ciabyro u HeycTouuByto kuciaotry H,COs, koropas pasnaraercsi, 1 npu 3toMm CO,
yaansercst u3 chepsl peakiiu, 4To NpuBoIuT K pactBoperuto CaCOs.

AgCl + 2(NH3-H,0) = [Ag(NH3),]Cl +2H,0 AgCl + 2NH;=[Ag(NH3),]*+CI”

Ocanox AgCl pacTBOpsieTCsl B BOJIHOM PacTBOpPE aMMHaKa, TaK KakK, B3aUMOJIEUCTBYS C
aMMMakoM, oOpa3yer BojopacTBopuMblii komiieke [Ag(NH3),]Cl, ycroiiuuBslil npu u30bITKe
aMMHaKa B PacTBOPE.

PacTBOpeHHE O0CaJKOB MOXET TMPOUCXOAUTh B pe3yiabTare HU3MEHEHUs CTEleHU
OKHCIICHHSI KaKOTO-JIN0O0 3JIEMEHTA, BXO/ISIIIEr0 B COCTAaB 0CAJIKA!

/nS +8HN03 = ZI’ISO4 + 8N02 + 4H20

Takum 00pa3oM, XUMHUECKUE PEAKITHH, JIEKAIIUE B OCHOBE PACTBOPEHUS OCATIKOB, MOTYT
OBITH KHUCJIOTHO-OCHOBHBIMH, KOMILIEKCOOOPA30BaHUSI U OKUCIUTEIHbHO-BOCCTAHOBUTEIHHBIMHU.
PacTBOpenne ocajka sSBISIETCS Pe3yIbTaTOM KOHKYPEHIIMH MEXy T€TepPOr€HHBIM PABHOBECHEM,
UMEIOITNM (PU3UKO-XUMUYECKHUI XapaKTep, U XUMUYECKUMU PABHOBECHSIMHU, B OCHOBE KOTOPBIX
JeKaT yKa3aHHbIe peakiud. KOHKYypeHIINI0 BHIMTPHIBAET TO PABHOBECHE, KOTOPOE MPUBOJIUT K
0oJiee MOJIHOMY CBSI3BIBAHUIO XOTS ObI OJJHOTO M3 OOILIMX MOHOB, yYaCTBYIOIIMX B PaBHOBECHSX.
KonmdecTBeHHBIE pacdeThl, CBSI3aHHBIC C MMOJIOKEHUEM TeX HIIH UHBIX PaBHOBECHil, IIPOU3BOJIAIT,
UCTIONB3YSl BENMYMHY KOHCTAHT COOTBETCTBYIOIIMX PABHOBECHH W KOHIIEHTpAlUd HOHOB B
pacTBOpe, YIaCTBYIOIINX B 3TUX PABHOBECHSIX.

CoaeBoii 3pdexr. Conyu, He HMEIOUIME OJHOMMEHHOTO HOHA, TAaK)Xe BIUSIIOT Ha
pPacTBOPUMOCTH TPYIHOPACTBOPUMOTO D3JIEKTPOJIUTA, MPHUYEM PAaCTBOPHUMOCTH IIOCIETHETO, B
JAaHHOM cCiy4ae, moBbimmaercsa. Tak, pactBopumocTb PbSOs moBbImaeTcss B MNPUCYTCTBUU
HUTPATOB KaJMs WM HaTpus, a pacTBOpUMOCTh AgCl MOBBIIIAETCS B MPUCYTCTBUU CYIh(PaTOB



HaTpus win Kanus. OmnucaHHOE sIBIIEHHE Has3bIBaeTcs cojeBbIM d¢¢extoM. Ero dusmueckas
NpUYMHA B TOM, 4TO OOJBIIOE KOJUYECTBO ITOCTOPOHHHMX HOHOB, HAXOAALIMXCS B pacTBOpeE,
MEIIAeT HOHAaM TPYJHOPACTBOPUMOTO JJIEKTPOJIMUTA CTAIKHBATBCA JPYr € JPYIOM H C
HOBEPXHOCTBIO 0CAJIKa, YTO YCKOPSET MPOLECC €r0 pacTBOPEHUS. Y MEHBIICHUE PACTBOPUMOCTH
BEIIIECTB B MMPUCYTCTBUU COJICH HA3bIBACTCS BHICATUBAHHEM.

§4. FeTepOFeHHbIe PAaBHOBECHUA B KUBBIX OPraHu3sMax

B opranuzme uenoBeka HauOosiee BaXKHbIE I'€TEPOIE€HHBIE IPOLIECCHI C Y4acTHEM

HEOPraHMYECKUX COEAMHEHUH MPOTEKaroT IpeXkJe BCEro Nnpu oOpa30oBaHUU KOCTHOM TKaHH, a
TaK)KE€ Pa3JINYHOr0 BUJIA KAMHEHN MPU OYEYHOH U KEITYHOKAMEHHOU OOJIE3HSX.
OcobeHHocTH 00pa3oBaHMsl KOCTHOM TKaHM. B KieTkax KOCTHOM TKaHM ocTeolnacrax,
MHTEHCUBHO OMBIBAEMBIX KPOBBIO, TPOMCXOIUT MUHEPATIHM3AIMS — KOHEUHBIH 3Tan 00pa3oBaHHA
KOCTHOW TKaHU. OCHOBHBIM MHUHEPAJIBHBIM KOMIIOHEHTOM KOCTHOM TKaHU SBJIAETCA
rugpokcupocdar  kamsrms  Cas(PO,);0H  (Ke=1,6  10°%), wacto  HasbiBacMblil
rupokcuanatutToM. OOpa3oBaHUe KOCTHOM TKaHU MOXHO OTOOPa3UTh OOIMM YpaBHEHHEM:

octeobacTsl (pH=8.3)
MUHEpaIN3aLus
5Ca’” +3HPOs” +40H - »Cas(PO,4);OH + 3H,0
~ JICMHHEpaTA3aIHS
OCTEOKJIACThI

[Ilemo4HOCTh cpenbl M MOBBINIEHHAsT KOHIEHTpauusi (Gocdar — MOHOB, BOSHUKAIOMIAS B
ocTeobnacTax BCIEACTBUE THAPOIN3a CIOKHBIX 3GUPOB PocHOpPHON KUCIOTHI U YTIEBOIOB MPU
y4acTuu Ime’aodHoi (ocdoTraspl, CrocoOCTBYIOT 00pa3oBaHHIO TUApOKcH(pOCchaTa KaIbIIHS.
®opmupoBaHUe KOCTHOM TKaHU B O0CcTe00JacTax MPOUCXOIUT B Pe3yibTaTe KOHTPOIUPYEMOTO
KOJIJJAr€HOM TPOLecca KPUCTALIN3AMH THAPOKCHANIATHTAa W3 MOHOB KaiubIus U (pocdaroB u
IPU Y4aCTUU TE€TEPOIOIHCAXapUI0B — XOHJIPOUTUHCYIH(ATOB, HAa3bIBAEMbIX TAK)KE KHUCIBIMU
MYKOTOJIHCaXapuaaMHu.

Hapsiny ¢ kpuctaqinueckuM THIPOKCHANIATATOM B TOBEPXHOCTHBIX CJIOAX KOCTHU
obOpasyercss HekoTopoe KonmuectBo amopdHoro dochara xampiuss Caz(POs),, Oosee
pactBopuMoii comu (K¢ = 2,0 107>), koTopasi MOCTENEHHO MPEBPAIACTCS B MHAPOKCHAIATHT.
[ToaTomy ¢ Bo3pacTomM cojaepkanue amopduHoro ¢docdara Kampllus B KOCTHOW TKaHU
ymenbinaercs. CuutaroT, yTo amMopdHbIA (ochaT KajabIus SBISETCS JIAOWIBHBIM DPE3epPBOM
MOHOB KaJblus U (pochaTtoB B OpraHu3Me.

Krnetku kKOoCTHO# TKaHU BCIEACTBHE JIOKAIbHBIX H3MeHEHU pH cpeapl, KOHIIEHTpaIuu
MOHOB Kalblus U pocdaroB, akTUBHOCTU (PEPMEHTOB 1IE0UHOM Pocdarassl u nupodocdarassl,
a TaKKe KOMIUIEKCOOOpAa3yIoIIUX CBOWCTB Cpebl, COAEpIKallel JaKTaTbl, LUTPAThl U OENKH,
MOTYT JIETKO YCKOPSITH MPOIECChl JIN00 MUHEpaIU3aliy, MpoTeKarollel B octeodnacrax, JIubo
JIeMUHEpaJIU3ali1, OCYILECTBIIIEMONH B OCTeOKJIacTax. PacTBOpeHHE KOCTHOM TKaHM, Mpexse
Bcero 3a cuer amopduoro Caz(PQOy),, mpoucxoaut B 00J1aCTHU KalMbl OCTEOKJIACTOB, YEMY
CHOCOOCTBYET JIOKAJIbHOE MOBBIIIEHHE KUCIOTHOCTH. [Tp1 HEOOIBIIIOM NOBBIILIEHUH COJIEPKAHUS
IIPOTOHOB KOCTh HAUMHAET PACTBOPATHCS, OT/IaBasi BHAYAJIC KATHOHBI KAJIbIIUS:

Cas(PO4);0H + 2H" —— Ca,H(PO,); + Ca*" +H,0
A mipu GoJIbLIEH KUCIIOTHOCTH Cpebl IPOUCXOAUT €€ MOJIHBIN pacha:
Cas(PO4);0H + 7TH'— 3H,PO, + 5Ca’" +H,0

OTH Tpolecchl MOTYT JIETKO TMpOTeKaTh C 3ybOamu. B momoct pra B pesynbraTe
KHU3HEIEATEILHOCTH MUKPOOOB 00pa3yIOTCsl IOCTaTOYHO CHIIbHBIE KMCIOTHI: MHPOBUHOTPAIHAS,
MOJIOYHAsI, SHTApHAs, — KOTOpPbIE pPa3pymIal0T 3yObl HE TOJIBKO BCIIEJCTBUE ITOBBIIICHUS
KUCIIOTHOCTH Cpebl, HO M B pe3ylbTaTe CBSA3BIBAHUS KATHOHOB KAIbIlMs B YCTOWYMBHIC
KOMILIEKCHBIE COSTMHEHHS.




OcobenHoctu mporecca kaMHeoOpa3oBaHus. B opranusme uenoBeKa MOHBI Ca*" MOT'YT
00pa30BBIBaTh pa3Hble MaJOpPAaCTBOPUMBIE COEIMHEHHUS, KOTOpbIE HA3bIBAIOTCS KaMHSMHU.
KamHueoOpa3zoBaHue — CIOXKHBIN (DPU3NKO-XUMHUECKUI MPOIEcC, B OCHOBE KOTOPOTO JIC)KUT HE
TOJIbKO 00pa3oBaHHe MajopacTBOPUMBIX COEAMHEHUH, HO U HapylIEHUE KOJUIOUIHOIO
paBHOBecHUs B TKaHAX opranuzMa. @opMupoBaHre KaMHEH MPOUCXOAUT U3 KOJUIOUIHBIX YACTHUIL
B pe3yJbTaTe MPOLECCa KOArYJISALHH.

[ToueunokamenHasi OoNe3Hb CBsi3aHa C OOpa30BaHMEM B MOYEBBIX OpraHax KaMHEH
pa3iauyHoro coctaBa. [Ipy MOBBIIEHHONW KOHILEHTPALMM MOYEBOM KHCIOTHI 00pa3yroTcs ee
MaJIOpaCTBOPUMBIE COJIM — YPaThl KalbIus. X 00pa3oBaHHIO CIIOCOOCTBYET KHCIasi Cpeia MOYU
(pH<5). B menounoit moue (pH>7) moryr oOpa3oBbIBaThCs MajopacTBOpuMbIie (ochaTbl
KaJblivs. ManopacTBOpUMbIE OKCallaThl KaJbLIMsl MOTYT BCTpEYaThCsl Kak B KHCIIOM, Tak U B
nienoyHo move. Pa3mepbl kaMHed BapbUpPYIOT OT OYEeHb MENKHUX (TEeCOK) A0 BETUYHUHBI
KPYIIHOTO SH1A.

OCHOBHBIM MPHUHIIMIIOM JICYEHUS! MMOUYEYHOKAMEHHON OOJIe3HU SIBISETCS PacTBOPEHUE
KaMHEW 3a CYeT W3BJICUCHUS U3 HUX HWOHOB KaJbIMs KOMILICKCOOOpPa30BaTEISIMU:
STUJIICHANAMUHTETPAYKCYCHON KHCIOTOM U €€ COJIbI0 TPUIIOHOM b, a Takke TMMOHHOM KUCIOTON
U ee COMSIMU. BOJNBHBIM C ypaTHBIMH KaMHSMH HA3HA4alOT MOJIOYHO-PACTUTEIBHYIO IHETY,
MIOCKOJIbKY OHa OLLIEIaYMBaeT MOYY, YTO IPEMSATCTBYET POCTY ypaTHbIX KamHeill. C Lenplo uUx
pacTBOpPEHUS] HA3HAYAIOT IUTPAThl Kanwsi ¥ Hatpus. [Ipw docdaTHBIX KaMHSIX PEKOMEHIYIOT
KHCJIbIE MUHEpaJbHble BOJAbl U TpWIOH b 11 ux pactBopenus. llpu Hanmnumm kamHell u3
OKcaJlaTa KaJbLHS HUCIOJIb3YIOT WIEJIOYHbIE MHUHEpaJbHblE BOALI M TpwioH b. B HauvanbHOU
cTaauu OOJIE3HU TOJEe3Hbl OTBAPHl W HACTOM JIEKAPCTBEHHBIX PACTCHHI, KOTOpBIE COJEpPKaT
BEIIECTBA,  WIPAIOIIME  3alUTHYIO  POJb, TaK KAk  MPEHSATCTBYIOT  CIIUIAHUIO
YIBTPAMUKPOKPUCTAIIIOB Oy IYIIUX KaMHEH.

KenanokamenHasi 60J1€3Hb CBsI3aHA C OOPA30BAHMEM XOJICCTCPUHOBBIX KaMHEH, OumpyOnHaTa
KaJbIus, a TaKkke kapOoHara kanplusa. OTioxkeHne kapOoHaTa KallblKs MOKET MPOUCXOIUThH Ha
CTEHKaX KPOBEHOCHBIX COCY/IOB, BBI3bIBAsl KAJIBIIMHO3.

Bbyaymemy Bpauy HeoOXOOUMO TIOHMMaHHE 3aKOHOMEpPHOCTeH o0pazoBaHUs H
pPacCTBOpPEHUS] MaJIOPACTBOPUMBIX COJIeH i  TPOPUIAKTHKA W JICYCHHS  Pa3IMIHBIX
3a00JIeBaHUH, BBI3bIBAEMBIX HAPYIICHUSIMH MUHEPALHOTO OOMEHA B OpraHu3Me 4eJI0BEKa.



