Ne TTEJT-21

denepanbHOE rocy1apCTBEHHOE 010 HKETHOE 00pa30BaTEeIbHOE YUPEKICHUE
BbICILIEr0 00pa3oBaHUs
«CEBEPO-OCETUHCKAS 'OCYJAPCTBEHHA A MEJUILIMHCKA A AKAJIEMUS»
MunuctepcTBa 3apaBooxpanenusa Pocculickoit @enepanuu
(®I'bOY BO COI'MA Mun3snpasa Poccun)

Kadenpa xumuu n puzuku

METOAUYECKHE MATEPUAJIbI U YKA3ZAHUSA 115 BBIITOJTHEHHSA
CAMOCTOATEJBHOU (BHEAYJIUTOPHOU) PABOTHBI

no qucuuruimae «XUMHUS»

OCHOBHOH MPpo(ecCHOHATBHOM 00pa30BaTEIbHOM MPOrpaMMbl BBICIIIETO 0Opa30BaHUS — IPOTPAMMBI
crenuanurera o cnenuanbHoctr 31.05.02 Ilennarpus

Yacme 1

CocraButenn: Kanarosa P.B., 3akaesa P.111., ITnuesa A.T'.

BmagnkaBkas



TemaTnuyeckuii MJIaH 3aHATHH

Ne HanmeHnoBaHnue TemMbl
TeMBbI

1. du3nKo-XxMMHUUYECKHe CcBoWcTBa pacTBopoB (KosmuraTuBHbIE — CBOMCTBA
pacTBOpPOB)

2. OCHOBHBIE THIIBI XMMHUYECKOI'O PAaBHOBECHS B )KMBOM opraHuzme. OCHOBBI
XMMHYECKON KUHETUKHU

3. HNonnblie paBHOBECHS B paCTBOPAX 3JIEKTPOIUTOB.
IMunponus coneit. Menuko-Onosiornueckoe 3HaU€HUE THIPOIN3a

4,

5. [Tonydenue u cBOMCTBAa KOMIUIEKCHBIX COEIMHEHUN. Peakunun
KOMILIEKCO0Opa3oBaHus

6. MoayabHasi KOHTPOJbHasi padoTa

1. OU3NKO-XUMHUSI TOBEPXHOCTHBIX SIBJICHUN B (DYHKIIMOHUPOBAHUU IKUBBIX
CUCTEM

8. Komnnounnsie pactBopsl.

MGTOI[I)I MOJIYYCHHUA U OYUCTKH KOJIJIOUJHBIX PaCTBOPOB




MPABUIA TEXHUKHW BE3OIMIACHOCTH ITPY PABOTE B XUMUHNYECKOHN
JJABOPATOPUH

BosIbIIMHCTBO NPUMEHAEMBIX B JIAOOPATOPUM AHATUTUYECKON XUMHM BELIECTB SBISIOTCS B TOM MM
MHOW CTENEeHNU TOKCHYHBIMH, TIOATOMY paboTaTh C HUMHU CJIEIYEeT OCTOPOKHO, C COOJIIOJCHHEM OOLINX
npaBui paboThl B XUMUUYECKOHN J1abOpaTopuu.

KATEI'OPHYECKH 3AIIPEHIAETCA IIPOBOBATh AHA/TU3UPYEMBIE BEIIIECTBA H
PEAT'EHTBI HA BKYC!

KATETOPHYECKH 3AIIPEIIJAETCA IPHHUMATh ITHI]Y B XHMHYECKOH
JIAEOPATOPHH!

[lepen Hauanom pabOTHI CTYAEHTHI JOJDKHBI O3HAKOMHUTBCS C OOLUIMMH M CHEIHAJIbHBIMH
IpaBUIaMu paboThl B XUMHMUYECKOW jaboparopuu, pacnucatbcs o0 3ToM B XypHane mo Tb u mpu
BBITTOJIHEHUH PabOT CTPOTO UX COOMIOIATh.

[Tpuctynarh K BBIIOJIHEHHIO KAaKOT0-JIMOO OMbITA CIEAYET IOCIE TIATEIBHOIO O3HAKOMIIEHUS C €r0
ONMCaHUEM U INOJTrOTOBKHM HEOOXOAMMOH IMOCyAbl, 000pYIOBaHMS M MaTepUalioB; Ha pabodeM CTole,
KpOME 3TOT0, MOXKET HaXOAHMTHCS TOJILKO JAaOOpATOPHBIM JKypHAJI JAJsl 3alUCH Pe3yJIbTaTOB PaOOTHI.
VYuebHble 1ocoOMsI Ty4lle MOMeNaTh B ALUIMK CTOJIA.

Paboty ¢ neryunmu, orHe- U B3pHIBOOIIACHBIMH BEIIECTBAMH, & TAK)KE BBIMTAPUBAHUE PACTBOPOB U
IPOKAJIMBAaHUE JIETYYUX COEJAMHEHHUH CIlIefyeT BBINOIHATh TOJIBKO B BBITSDKHOM HIKady, OKHa KOTOPOIro
JIOJDKHBI OBITH TIOAHATHI HAa BBICOTY, YAOOHYIO Ui paboThl, He Oosiee yeM Ha oAHy TpeTh. Hemomyctrumo
paboTaTh C BOCIUIaMEHSIOIMMUCS BeuiecTBaMu (3¢up, cnupT, OEH301 U JAp.) U XPaHUTh MX BO3JIE
3aKEHHOU TOPEJIKU.

HAI'PEBATh BOCIUVIAMEHAIOIIHECA BEIECTBA MOKHO TOJIBKO HA
BO/JAAHOH BAHE!

Ecnu roproyast ;KMIKOCTb pa3jiniach IO CTOJY WJIU IO MOJIY U 3aropeliach, €€ TylIIaT CyXUM IIECKOM
win ozesuioM. Hukoria He crefyer 3ayBarth miamsi.

[IpoGupku c pacTBOpaMH HeENb3s HarpeBaTb B OTKPHITOM IUTAMEHHM Ta30BOM ropenku. Mx
HarpeBaHue MPOBOJUTCS Ha BOJSHON OaHe, TOPEeNKOM MoJIb3yI0TCs TOJIBKO B CIydae HEOOXOAUMOCTH.

KoH1leHTprpOBaHHBIMU KUCIOTAaMU M KOHUEHTPUPOBAHHBIMHM PAacTBOpPaMU HIENOYEH MOJIb30BAThCS
TOJIBKO O/ TArod. OCTaTKM MX BBUIMBATh B CICIHAIBHYIO TIOCYAY B BBITSDKHOM IIKady (EMKOCTH Jis
CIINBA).

OTtxonpl mocae padboTHI ¢ cosiMu pTyTH, Mblbsaka (SIJIbI!) u cepebpa cobupars B cielHaIbHYIO

HoCyy.
IIOCJIE BBIIIOJIHEHUA PABOTHI TILHIATE/IBHO BBIMBITh PYKH C MBL/IOM.

CTyneHTsl J0MyCKalOTCs K paboTe B 1TaOOpaTOPUH TOJBKO IMOCTE MPOXOXKICHUS] MHCTPYKTAXKA IO
TEXHHUKE 0€30MaCHOCTH, YTO MOATBEPKAAIOT POCIHCHIO B CIIELUATBHOM XypHale, Kak CaMUX CTYCHTOB,
TaK W JIna, IPpOBOJUBIICTO MHCTPYKTAXK.

Bce cryaeHThl, TpOUIEANINE WHCTPYKTaX, IOJKHBI TMPUIACPKUBATHCS TMPABUI  TEXHUKH
0e30MmacHOCTH. 32 HECOOIOJCHHEM IPABHII YCTAaHOBJIEHA OTBETCTBEHHOCTH B aJIMHHHUCTPATHBHOM WIIH
cynebuom nopsiake (¢.47-83, 49 K30T P®; ct.137,140 YK PD).

PaGoTate B ;maGoparopuu HY)KHO TOJIBKO B XajaTaxX. be3 cmenoaexasl padoTaTh CTyIEHTaM HE
pazpemaercs. Pabota cTyaeHTOB B maboparopun pa3pemiaeTcss B 4achl, OTBEJEHHBIC M0 paCMUCAHUIO, a
TakKke B JIONOJHUTEIBHOE BpEMs, COIVIACOBAHHOE C TMpErnojaBareieM WM JIAOOPaHTOM, IOJ WX
HaOII0ICHUEM.

Bepﬂ BCIICCTBO JIA OIBITA, CJICAYCT BHUMATCIBHO ITPOYHUTATh 3TUKCTKY U IMMPOBCPUTH COACPIKUMOC
10 Ka4eCTBEHHOMY IIPU3HaKY (LIBET, 3a1axX, KOHCUCTEHLIMS U T.J.).

3acacbiBaTh €IKHE KHAKOCTH B THIETKY HEOOXOJUMO TOJIBKO C TIOMOIIBI0 TPYIIA WIU
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ITHEBMOHACOCA, a HE PTOM.
Henp3st ocraBisTh 6e3 MpUCMOTpa HarpeBaTelbHBIC U JIEKTpUueckue mpuOopsl. Criemyer cTporo
co0IIr01aTh MpaBmiia paboThI C AIEKTPOIPUOOpPaMHU.
[Tepen yxonom u3 J1abOpaTopuu 00S3aTENBHO IPOBEPHTH TA30BbIE M BOJOIPOBOJIHBIC KPaHBI,
BBIKJIFOUUTH JIEKTPONPUOOPHI, FTEKTPHUUECKUI CBET.

OBIIME TPEBOBAHUA BE3OITACHOCTH IJIS1 PABOTHHKOB
XUMHYECKOH JABOPATOPUN

1. Bce paboTel B XMMHYECKOW J1a0OpaTOpuu JOJDKHBI MPOBOIUTHCA MPH HCHPABHOM COCTOSIHUU
3JIEKTPOOOOPYIOBAHNUS U 3a3€MIISIOLIMX YCTPONUCTB.

2. K pabore B XUMHUYECKOH Ja00paTOpUH JAOMYCKAIOTCS JIMIA, UMEIOIINE HaBBIKA B OOPAILICHUU C
XUMUKatamu. Jluma, wuMeromme OnbsIT B XUMHUYECKOM Jjabopatopuu, 0e3 mpeaBapUTEIbHOIO
O3HAKOMJICHHUSI C METOJaMH OOpalieHus ¢ 000pyA0BaHHEM, PEaKTUBAMH K CAMOCTOATENbHOM paboTe He
JIOITyCKAaOTCSl.

3. 3ampemraercst BEIOpachIBaTh PEAKTHBBI B MyCOPHBIE SIMKH, CCHINATh WIN CIMBATh OJIUH PEAKTUB
c Ipyrumu 0e3 paspelieHus npenojaBaressi Wik CTapliero JJabopaHrTa.

4. Ha Bcex 0OaHKax JOJKHA COXPAHATCS ITHKETKA WM JOJDKHA OBbITh C/ejlaHa COOTBETCTBYIOILAS
HaAnuck. [ KucioT 00s3aTenbHO YKa3bIBAECTCSl KOHLIEHTPALIHSL.

5. Ilpu pa3MemieHuW BEUIECTB MO IMKadaM W OTACICHHSIM HEOOXOAWMO YUYUTHIBATH «IPABUIIO
COBMECTHUMOCTH.

6. 3ampemiaercsi BBIHOCUTh W3 J1a0OpaTOpUu COTPYAHUKAMH, a TaKXKe IMepeaaBaTh MOCTOPOHHHUM
JIMIIaM KUCJIOTHI, LEJIOUH, COJIU U JIP. PEaKTUBBI.

7. 3amnperiaercsi OCTaBiATh 0€3 MPUCMOTPA MOJKIOYEHHbIE K ICTOYHUKY SHEPTUU NPUOOPBHI.

8. Ilpu oOHapyKeHUH HEHCHPABHOCTU JIEMCTBYIOIIUX 3JIEKTPONPUOOPOB, YCTAHOBOK HEMEJIEHHO
JIOKJIaJIbIBAETCS 3aBEIYIOLIEMY JIabopaTOpuUEHl, MPENOJaBaTENI0 WU JJIEKTPHUKY.

9. Becp mepcoHal 1abopaTopuu AOJDKEH YMETh OKa3blBaTh INEPBYIO MOMOIIb MOCTPAAABIIEM OT
€/IKMX XMMHYECKUX BELIECTB, TEPMUUYECKHX OKOTOB U JIPYTHX MOBPEKACHUH.

10. O kax70M HECYACTHOM CiIydae caM IOCTpaJaBUIMi WIM CBUAETENb JOJDKEH HEMEUIEHHO
U3BECTUTH 3aBEIYIOLIEr0 JabopaTopuel U MpernoaaBaTes.

11. B xaxxnoil XuMu4eckoil J1abopaTOpUM JOKHBI UMEThCSI allTeuka, CPEJICTBO MOXKApOTYILIEHUS,
MHCTPYKLIUSA 10 TEXHUKE 0€30MacHOCTH M MPOM3BOJCTBEHHOM CaHWTapuu, MHIMBUAYaAJIbHBIE CPEJICTBA,
3alUThl, IPUMEHsIEMbIE NTPU padoTe C XUMUKATAMHU.

IHEPBAS MIOMOIIBb ITPU OKOTI'AX XUMHNUYECKUMHU
BEIMECTBAMUA

A) mpu oxorax KuCIOTaMH (CEepHOM, a30THOH, COJISHOW, (ochopHON) TOpPaKEHHOE MECTO
HE0OXOUMO TPOMBITh OBICTPOTEKYIEH cTpyeil Bojbl B TeueHue 10-15 MuH. mocie 3Toro nopaxeHHoe
MECTO NMPOMBIBAIOT 3% PacTBOPOM MUTHEBON COIBI.

b) Ilpu momagaHuy KUCIIOTHI WM €€ MapoB B IJIa3a WIH MOJOCTh PTa HEOOXOAWMO TPOHM3BECTH
OPOMBIBAaHME WM MOJOCKaHUWE MOCTpajgaBIIuX MecT 3% pacTBOPOM MHTHEBOM cOAbl (HATpHs
ruipokapOoOHara), eciiy Iornajga KUCJIoTa WM HACchIIIEHHBIM pacTBOPOM OOPHOM KHUCJIOTHI, €CIIH Monaia
11EJI0Yb.

B) B cnyyan oxxora egkuMy mieiouaMu NOpa)X€HHOE MECTO CIIEyeT IPOMBITh CTpyel BOJIbI, a 3a
TeM 2% pacTBOPOM YKCYCHOM KHCIOThI WK 2% pacTBOPOM OOPHOM KUCIIOTHI.

I') Ilpu momagaHWy €IKOW MIENOYHM B IJIa3a W B IMOJIOCTh PTa, MPOMBIBAHHE MOPAKEHHBIX MECT
CIIeYeT MPOBOAUTH 2% pacTBOPOM OOPHOM KHCIIOTHI.

) Ecnu Ha xoxy momasaer pasbefaroliee OpraHM4eckoe BEIIEeCTBO, TO HY)KHO MPOMBIBATH MECTO
MOJXOASIIMMHI PACTBOPUTEISIMU (CIIUPTOM, OEH30JI0M, CMOTPSl IO MOJIIPHOCTH TOMNABILEr0 Ha KOXY
BEIIIECTBA).

E) IIpu nope3ax cTeKiIOM ¢ OJHOBPEMEHHBIM BO3/IEHCTBHEM KHCIOTHI HIIU MIETIOYH, MPEKIE BCETO,
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MPOMBITH paHy OOJBIINM KOJIMYECTBOM BOJIbI, YOSTUTHCS B TOM, YTO B PaHE OCKOJIKOB HET, 3aTeéM OBICTPO
cMasaTh Kpasi paHbl PAaCTBOPOM H0/1a U TIepeBsA3aTh OPE3, MOIb3YSICh CTEPUIHHOM BaTOW U OMHTOM.

ITEPBAS IIOMOIBb ITPU TEPMUYECKHUX OKOI'AX

B cnydasx tepMuueckoro oxkora (OT OTHsI, Mapa, TOPSAIIAX MPEAMETOB, 3J1.yTH) TIEPBOM CTETICHU
clenyeT caenarb NPUMOUYKU U3 2% CBEKENPUTOTOBIEHHOTO pacTBOpa MUTHEBOU cojbl, 2-3% pacTBopa
MAapraHioBoro Kajus, win 96% 3TuinoBoro cnupra.

[Tpu nerkux TepPMUYECKUX O0KOTrax OOO0XKEHHOE MECTO MOKHO cMaszaTh riuuepuHom. Ha Gonee
CWIBHBIE OXKOTH Cpa3y e HaKIaJbIBAlOT BaTy WM Mapiito, OOWIBHO cMO4YeHHYI0 3% pacTBOpoM
tanauHa. [Ipu Oomee cepbe3nbix oxorax (III-IV cremenn) HeEoOXOAMMO HEMEIJICHHO OTIPABUTH
MOCTPA/IABILIETO K Bpayy.

IHEPBAS ITIOMO1IIBb ITPU OTPABJIEHUUN

[Tpu Bcex oTpaBieHHUsIX HEOOXOIMMO HEMEJICHHO BBI3BATh BpaueOHYIO MOMOIIIb U Cpa3y XKe:

a) BBIBECTH TTOCTPAJIABIIETO HAa CBEKUI BO3/IYX, OPraHU30BaTh MM0Aa4y KHCIOPOAA JUISl IbIXaHUS U3
KHMCJIOPOJTHOM IOIYIIKH.

0) mpu 3aMeTHOM OCIA0JCHUU JbIXaHUS HEOOXOAUMO IPOBECTH HCKYCCTBEHHOE JIbIXaHHE C
OJTHOBPEMEHHBIM BJIBIXaHHEM KHCIIOPOJIa.

B) J1aTh MOCTPaAaBIIEMy OOJIBIIIOE KOJIMYECTBO MOJIOKA (B HEKOTOPBIX CIydasx Kode).

BEIIECTBA, BBI3bIBAIOIIUE OTPABJIEHUSA U
INPUMEHSEMBIE ITPOTUBOAAUA

Ne BemectBa, BeI3pIBaromue Mepsl nepBoi nomouu
OTpaBJICHUE
1. Kunkue u TBepible METAILIBI, Kucnopon, cBexwii BO3/1yX, BAbIXaHHE CIIUPTA, IPUPHBIX
aMMUAK NapoB, KPEKUH Kode HiTu Jai.
2. Bapuii, pacTBopuMbIE cONH BrI13Bath pBOTY, IaTh CllaOUTENbHOE (CEPHOKUCIBIN
MarHui WM CEpHOKUCIIBIN HATPUA).
3. Won Br13Bate pBOTY, 1aTh 1% pacTBOp CEpHOBATOKHUCIIOTO
HAaTpHsl, MOJIOKO.
4. MuHepanbHbIE KUCIOTBI IIpu oTpaBiieHUH Yepe3 NULIEBO, ITOJIOCKATh POT BOJOU U

5% pacTBOPOM JIBYYTJIEKUCIIOTO HaTpus. JlaTh MOJIOKO U
JKHUJIKOE€ MYYHOE TECTO.

S. [IepmaHranaTsl Jatb Boasl. Beizats pBoTy. [laTh MOJIOKO, SIMUHBIN O€I0K
UJIU KpaXMaJIbHBIN KIICHCTED.

6. CBuHIIA COCTUHEHUS JHatp 60mb110€ KoruecTBO 10% pacTBOpa CEpHOKHUCIOTO
MarHusl.

7. Cepebpa coeuHeHus Hatp 6ombiioe konmuectBo 10% pacTBopa XJI0pUCTOTO
HaTpusl.

8. [IlaBeneBas kuciaora Br13Bath pBoTy. [laTh N3BECTKOBYIO BOIy, KACTOPOBOE
MacIIo.

9. I{rHKa coeIMHEHUs Be13BaTh pBOTY. JlaTh CHIPOE SMLO.

10. | ITaps! kuCIOT (CONSTHOM M CEpHON) CBexuil BO3yX, HOKOM.

11. ITapbl a30THOM KUCJIOTBI IToxoH, BABIXaHHE KUCIOPOJa

12. CepHHUCTHIH Ta3 [TpombiBaHME HOCA U TTOJIOCKaHUE TIOJIOCTH pTa 2%

pacTBOpPOM JBYYIJIEKHCIIOTO HaTPUs.
13. | Xmopodopm, 4eTHIPEXXIOPUCTHIH Caexuit Bo31yX, Kode, kodhenH, Kpenkuii yaii.
yIIeposa




PABOTA C KUCJIOTAMHU U HIEJIOYAMM

1. Jlng ycTpaHEHHsT BO3MOXKHBIX OKOTOB U HOPaK€HHsI HEOOXOIUMO COOIIOAATh CIENYIOLIHe
IpaBuja: a) MEepeHoC OaUIOHOB C KHUCIOTaMH, aMMHAKOM IPOU3BOIMTCS TOJBKO B CIEIHAIbHBIX
HOCHWJIKAX WJIM KOP3UHAX U BABOEM;

0) 6aIOHBI TOJIKHBI OBITH 3aKPBITHI MPOOKAMHU M XPAaHUTHCS, B KOP3UHAX;

B) pa3iuB KUCIOT M aMMHAKa IIPO H3BOAMTCA M3 OAJJIOHOB YCTAHOBJIEHHBIX B CHELMAaJbHbIE
YKJIOHSIIOILIUECS CTEHKU;

I') 3alpelaeTrcs IepesuBaTh KUCIOTHI M aMMHAaK B MecTaX, HEOOOPYAOBaHHBIX BBITSDKHON
BCHTHIISIINCH;

1) pas3jiuB KUCIOT W3 OAJZIOHOB JOJDKEH NPOM3BOIUTHCA ABYMS JIMLIAMH U TOJBKO B YHCTYIO
nocyay. st 3auThl 171a3 o€k bl HEOOX0AUMO IPUMEHSTH 3alIUTHBIE OUKH (IIUTOK), IPOPE3UHEHHBII
dapTyk.

SAITIPEHIAETCA:

1. a) HanmonHATh TOHKOCTEHHYIO TOCYQy KOHLEHTPUPOBAHHBIMH KHCIOTaMH, MIeloyamMH. O)
3acachIBaTh KUCIIOTHI, IEJIOYN U IPYTUE €IKUE KUAKOCTU U IUIETKU HENIOCPEACTBEHHO PTOM.

2. Ilpu pa3BeneHUH KHUCIOT HE JIUTh BOJIY Ha KHUCIOTY. Jl00aBIATh KUCIOTY B BOAY HEOOXOAUMO
HEOOJIBIIMMHY TTOPUHUSMH IPU IMOCTOSTHHOM NOMEMIMBaHWU. [Ipy HapyIeHU# 3TOTO MpaBuiIa MPOUCXOIUT
CHJIBHBIN Pa30rpeB U BBIOPOC KUAKOCTH U3 COCY/Ia, UTO MOXKET IIPUBECTH K HECYACTHOMY CIIYyYaro.

3. Kareropuuecku 3anpemiaercsi CiMBaTh KUCIOTY U 1IE104Yb B OJHY IIOCYAY.

4. Bce cyxue peakTHBBI, OCOOCHHO €IKHE WIEJIOYH, HYXKHO Oparh (apdopoBBIMHU JIOKEUKAMHU,
HirnarejaeM Win NUHIeTaMU. bpath ekue menoun pykaMu KaTeropuuecky 3arnperiaeTcs.

5. CxnsHKM ¢ OpOMOM, HEPEKUCHI0 BOJIOPOJA, C KUCIOTaMHU BCKpPBIBaTh TaKUM 00pa3oM, 4TOOBI
TOPJIBIIIKO CKIISIHKU OBLJIO TOBEPHYTO OT ceOsl.

6. PacTBOpeHMe wIeNOYM NPOM3BOJIUTCS IIyTeM IpHOaBI€HHUS K BoOJE€ HEOOJBIIMX KyCOYKOB
BELIECTBA IIPU HENPEPHIBHOM ITOMEIIMBAHHH.

7. Bce mpouecchl UM ONEpalyy, CBSA3aHHBIE C BBIACIICHUEM SIIOBUTBHIX Ta30B M IIApOB, JIOJIKHBI
IIPOU3BOJIUTHCS B BBITSKHOM LIKady.

8. Ilpu paboTe ¢ KpenKMMHU KUCIOTaMU HEOOXOIUMO HaJIeBaTh 3alIUTHBIE OUKH.

9. OtpaboTaHHBIEC KUCIOTHI M LIEIOYN COOUPATH B TIOCYTy, OTACIBHYIO Il KUCIOT U JUIS IIEeT0YeH,
U TI0CJIe HEUTpaTu3aliy CIINTh B KaHAJIU3AIMIO € TIOCIEIYIOUIMM OOMIbHBIM CMBIBOM PaKOBHHBI BOAOH.

10. VYOopKky KHUCIOTHI, HPOJMTOM Ha MOJ WIA Ha CTyJd, HPOU3BOAUTH TOJBKO IIOCIE €€
HeiTpanuzanun conoil. lllenoun HeWTpamu3yroTcs pa30aBiIeHHON KUCIOTOH (CEepHOA).

PABOTA C OT'HEOITACHBIMH BEINECTBAMMU

1. lns xpaHeHHUs JIETKOBOCIIAMEHSIOMIMXCA JKUAKOCTEH B JIa0OpaTOpHSIX YCTaHABIMBAIOTCS
CreluanbHble MeTaNTnYecKue mKadbl (SIIUKH), BBIIOKEHHBIE BHYTPU acOECTOM.

2.Bce OYTBUIKM W CKISHKH C JISTKOBOCIIAMCHSIFOIIMMHUCS KHUJIKOCTSIMH, TTOMHUMO HAIIHCH C
Ha3BaHUSAMM, TOJKHBI UMETh 3TUKETKH ¢ kKpacHoU Haanucbio «OI'HEOITACHOY.

3. 3ampeniaercs XpaHUTh B JIA0OPATOPHH, JIETKO BOCIUTAMCHSIOIIAECS W TOPIOYHE XHUJIKOCTH B
KOJIMYECTBAX, MpeBblmaromux 0,5 Kr. KakJ10ro HAaMMEHOBAHMUS.

4. PaboTta ¢ OrHEONMAacCHBIMH JKHUIKOCTSIMHU B JIA0OpAaTOpHUH, TNI€ HMMEETCS OTKPBITHIA OTOHb,
3amnperaeTcs.

5. [Ipu meperoHke OTHEOMACHBIX KHUIKOCTEH CIIEIyeT MOJIb30BAaThCA KPYTJIOAOHHBIMU KOJI0OaMH,
3aM0JTHEHHBIMU MacJIOM, BOJAOH HIJIU ITIECKOM.

6. BeuIMBaTh OrHEOMACHBIC JKHUIKOCTH B KaHAIHM3AIMIO 3anperniaercs. OTpaboTaHHBIE OTHEOaCHbBIS
KHUJKOCTH COOMpAIOT B CIEHMUANBHYIO 3aKpBIBAIOIIYIOCS Tapy M BBIHOCAT W3 JlabopaTopuul s
TOCJIeYIOMIEH pereHepaluy Ui YHUUTOXKCHHS.

7. Ecnu ropsiue BeliecTBa HE pacTBOPUMBI B Boae (O€H3WH, 3Qup, U Ap.) TYIIHTh UX BOAOH
Henb3s. HeoOXxoaumo mpuMeHsTh necok, acoect. Ecnu ropsiiee BemecTBO pacTBOPUMO B BOjE (CIUPT,
alleTOH), €0 HYKHO TYIIMTh BOJOM.

CryneHntsl, paboTaroiue B 1a00paTopuu, JOMKHBI 3HATH MECTa PACTIOIOKEHUS TPOTUBOMOKAPHBIX
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CpCACTB U allTCUKH. HpI/I JI000M HECYaCTHOM cjIydyac CTYACHTHI NOJDKHBI HECMCIJICHHO 06paTI/ITLCH K

MpenojaBaTesiio Uik JabopaHTy.

TecT:

1.Yemanosume coomsemcmeue Meofcdy eeujecmeamu, 6obl3vlearowumu ompaesieHue, u mepamu I’l@pGOﬁ

nomowu.

BerecTBa, BEI3BIBAOIINE
OTpaBJICHUE

Mepb! nepBOi MOMOIIU

A. XXuakue v TBEpAbIC METAILIbI,
aMMHUaK

1) BeI3BaTh pBOTY, JaTh CIA0MTENBHOE (CEPHOKHUCIBIA MarHui
WM CEPHOKMCIIBIM HAaTpHi).

b. bapwuii, pacTBOpUMBIE CONH

2) Kucnopon, cBexuil BO3IyX, BIBIXaHHWE CIUPTA, S(UPHBIX
MapoB, KPeNKuii Kode 1 vaii.

B. Hox

3) Ilpu oTpaBneHHM 4Yepe3 MHUIIEBOJ, MOJOCKATh POT BOJOW H
5% pacTBOpOM JBYYTJEKHCIOro Harpusa. J[laTb MOJOKO H
KUJKOE MyYHOE TECTO.

I'. MunepanbHbIe KUCIOTHI

4) Bei3BaTh pBOTY, AaTh 1% pacTBOp CEpHOBATOKKCIOTO HATPHS,
MOJIOKO.

2. Yemanosume coomeemcmesue Meofcdy eeuiecnmeamu, 8obl3vblearowumu ompaesieHue, u mepamu nep@oﬁ

nomowu.

BemectBa, BeI3BIBarOIIHE
OTpaBJICHUE

Mepsl nepBoi nomouu

A. TlepmaHranatsl

1) Tate Gosbuioe koiaudecTBo 10% pacTBOpa XJOPUCTOrO HATPHSL.

b. CBuHIa coeqnaeHus

2) BezBath pBOTY. JlaTh N3BECTKOBYIO BOAY, KACTOPOBOE MACJIO.

B. Cepebpa coenunenus

3) datb Boasl. BeizBaTh pBOTY. /laTh MOJIOKO, SIMUHBIA O€JIOK UM
KpaxMaJbHBIN KIEHCTED.

I'. [ITaBeneBas KUCIOTa

4) Jlatb Oombiioe kosmdectBO 10% pacTBOpa CEPHOKHUCIOTrO
MarHus.

3. Yemanosume coomseemcemeue Meofcdy eeujecmeamu, 8obl3vblearowumu ompaesieHue, u mepamu nepeoﬁ

nomowu:

BeriectBa, BhI3bIBArOIINE
OTpaBJICHUE

Mepsl n1epBo# IOMOIIHU

A. Iluaka coenmHEHUS

1) [IpombiBaHME HOCA U TIOJOCKAHUE TTOJIOCTU pTa 2% pPacTBOPOM
JIBYYTJIEKHCIIOTO HATPHSI.

b. Ilapml
CEpHOM)

KHUCIIOT (COJSTHOM W

2) Iloxoii, BIpIXaHUE KUCIOPOAA

B. ITapbl a30THOM KUCIOTBI

3) CBexuit BO3AyX, TOKO.

I'. CepHuctblii ra3

4) Be13Batb pBOTY. JlaTh ChIpOE SHIIO.

. Xmopodopwm,
YETHIPEXXJIOPUCTBIN YTIepOa

5) Cexuit Bo3ayX, Koe, kodenH, Kpenkuii yaii.

4. Ilpu pabome c kucromamu 3anpewaemcs.

1) HazmeBaTpb 3allUTHBIC OUKH.

2) OTpa6OTaHHLIC KHCJIOTHI CO6I/IpaTL B nocyay, OTACIbHYIO IJIA KUCIIOT, U MMOCJIC HeﬁTpaﬂHBaL{HH
CJINTH B KaHAJIM3allWIO C MOCICAYIOIIUM OOMJIEHBIM CMBIBOM PAaKOBHUHBI BO}IOﬁ.



3) HanoiHATh TOHKOCTEHHYIO MOCYly KOHLIEHTPHUPOBAHHBIMU KUCIOTaMHU.
4) YOOpKYy KHCIIOTHI, TPOJMTOW Ha TMOJ WIM Ha CTyJ, NPOU3BOIUTH TOJBKO TIOCIE €€

HEUTpaIU3alHuU COAOM.

5. Bo épems pabomvi ¢ 02HEONACHbIMU BeUeCNBAMU 3aNPeUaemcs:

1) XpaHuTh UX B CIEHUATBHBIX METAJUTHYECKUX IIKadax (SIIMKaX ), BBUIOKCHHBIX BHYTPU
acbecToM.

2) PaboraTp B 11abopaTopuu, rlie UMEETCsl OTKPBITHI OTOHb.

3) OrpaboTaHHBIC OTHEOMACHBIC KUAKOCTH COOMPATh B CIICHUATIBHYIO 3aKPBIBAIOIILYIOCS Tapy
BBIHOCHUTb U3 J1a0OPaTOPUH JUIsl ITOCIIENYIOIIEH pereHepalu Uikl YHUYTOXKEHUS.

4) BemecTBa He paCTBOPUMBI B Bojie (OCH3UH, 3GUp, U JIp.), TYIIUTH C IIOMOIIBIO TIECKa HITH
acOecra.

6. Bo 8pems pabomul ¢ Kucromamu u wjenoyamu HyxicHo.

1) 3acacbIBaTh KHCJIOTHI, IIEIOYH U IPYTUEC CIKUE )KUIKOCTH M MUICTKH HEMOCPEACTBEHHO PTOM.
2) Ilpu pa3BeCHUU KHCIIOT JIUTh BOAY Ha KHCIIOTY.

3) IlepenuBaTh KUCIOTHI U aMMHUAK B MeCTax 03 BBITSKHON BEHTUIISLINY.

4) TlepeHoCUTh OAJUTOHBI C KUCJIOTAMH, aMMHAKOM TOJIBKO B CIICIIMATBHBIX HOCHIIKAX HITH

KOp3HHax U BABOCM.

7. Bo epems pabomul 6 xumuueckou 1abopamopuu paspeutaemcs:

1) BeiOpachiBaTh peakTUBBI B MYCOPHBIE SIIIUKH, CCHINIATh HJIM CIMBATh PEAKTUBBI.

2) BoiHOCHTB M3 1Ta0OPATOPUH KUCIIOTBI, IEIOYH, COJIU U JP. PCaKTUBBI.

3) YMerh OKa3plBaTh IMEPBYI MOMOINb MOCTPAJABIIEM OT EIKUX XHMHYECKUX BEILIECTB,
TEPMHUYECKUX OKOTOB U IPYIMX MOBPEXKACHUM.

4) OcTaTK KOHIICHTPHUPOBAHHBIX KUCJIOT U LIEIOYCH CIIMBATh B PAKOBHUHY.

8. Ilpu odrcocax xucromamu HeobXo0uUMo:

1) OGpaboTraTh MOPaKEHHOE MECTO CITUPTOM.

2) Cmasatb Kpast paHbl HOJIOM.

3) IMopaxxeHHOE MECTO TPOMBITH 3% PacTBOPOM MHUTHEBOM COJIBI.

4) O6paboTaTh MOPAKEHHOE MECTO HACHIIICHHBIM PACTBOPOM OOPHON KUCIOTHI.



Tema 1. PU3NKO-XUMHUYECKHE CBOHCTBA PACTBOPOB (KOJLJIMT ATUBHBIE
CBOUCTBA PACTBOPOB)

Leab 3aHATHA. PaCCMOTPETh OCHOBHBIE MOHATHS, XapaKTEPUCTUKH U KiIacCU(UKAIIMN PACTBOPOB,
WX CrmocoObl BBIPAKCHUS KOHIICHTPAIMH, a TaKke (U3UKO-XMMHUYECKHE CBOMCTBA. YCBOUTH 3aKOHBI
OCMOTHYECKOT'0 AaBJIEHHUSI, OCMOC.

Ilesb 1esITEJILHOCTH CTY/ICHTOB HA 3aHATHH

Cmyoenm 0oa24ceH 3Hamyb:

a) XapaKTepUCTUKY PaCTBOPOB, UX KOMIIOHEHTOB.

6) CnocoObI BEIpa)KEHUS! KOHLIEHTPAIIMH PACTBOPOB, PACTBOPUMOCTH BEIIIECTB.

B) Omnpenienenue 3akoHa Payist yepe3 MOJISIpHYIO OO PaCTBOPHUTENS U PACTBOPEHHOI'O BEILIECTBA.
r) CnenctBus u3 3akoHa Pays.

1) OnpezneneHre ocMoca; IK30CMOcCa; SHI0CMOCA.

Cmyoenm Oondcen ymemsn:

a) @opMHPOBATH U MIPUMEHSTH JUISI pacyeTa CBOWCTB paCTBOPOB 3aKOHBI OCMOCA M 3aKOHBI Payis.
0) PacueTbl pa3MUHBIX KOHIIEHTPAIHA PACTBOPOB.

B) OnpenensaTh MOJIIPHYIO MacCy BEIIECTBA Y0 YUIMOCKOTTMYSCKUM U KPUOCKOITUYECKUM METOIOM.

Bonpocsl 11 npoBepku 6a30BOro (MCX0HOI0) YPOBHS:

1. IIpenMeT XUMHUH U MECTO XUMHUHU B MEJTULIMHE.
2. PacTBOpEHI 1 X Kiaccuukanus.

3. PacTBOpHMOCTH BEILIECTB B pa3HbIX cpejiax.

4. KoHueHTpauus u cnocoObl €€ BhIpaKEHUS.

5. Boja u ee 6moxumuyeckast pojib B OpraHU3Me.

Teopernveckasi 4acThb

I[J'If[ HN3YUCHUA OMOJIOTUYECKUX U MCIUIIMHCKHUX OHCHUIIINH 0oIBIION HHTEPCC MPEACTABIIACT
Y4CHHEC O paCTBOpaAX.

Pacmeopom Hasvledrom Ha)COa}lM/ItleCﬂ 6 COCMOAHUU pABHOBECUSL 2OMOZEHHYHO cucmemy
nepemMenHozo cocmaea us deyx unu bonee seujecme. Bemecmea, cocmasyisAowyue pacmeop, Hasvledion
KOMRnoHenmamu pacmeopa.

PacTBOpbl MOTYT CyIIeCTBOBaTh B TPEX AarperatHbIX COCTOSHUSIX — TBEPAOM, >KUIAKOM U
razoo0pazHoM (mapooOpasnom). [IpuMepaMu TBEpIBIX PACTBOPOB MOTYT CIY>KUTb HEKOTOPBIE CILIABHI
METaJIJIOB, HAIPUMEp CIUIaB 30JI0Ta U MEJIH, a Ta3000pa3HbIX — BO3IYX.

B 3asucumocmu om pazmeposé uacmuy pacmeopvl Oenamcs HA UCHIUHHbBLE U KOJI10UOHble. B
HUCTUHHBIX  pacTBOpax (4acTo Ha3bIBAEMBIX MPOCTO PacTBOpPaMU) PACTBOPEHHOE  BEIIECTBO
AUCTICPIrUpOBAHO JO ATOMHOTO HJIM MOJICKYJISAPHOroO YpOBH#A, 4aCTHLbLI PACTBOPCHHOI'O BEHIECCTBA HEC
BUJIUMBI HU BH3YyalbHO, HM TOJI MHKPOCKOIOM, CBOOOJIHO TMEPEIBUTAIOTCS B CpEde PACTBOPHUTEIS.
Uctununie pPacTBOpPbl — TCPMOJMHAMUUYCCKH yCTOﬁ‘IHBBIe CUCTEMBbI, HCOIPaHUYCHHO CTaOMJILHBIE BO
BpeMeHH. J{i1 MeIMKOB HanOONBIINI HHTEPEC MPEACTABISAIOT )KUIKHE PACTBOPHI, K KOTOPBIM OTHOCSITCS
maa3Ma KpoBH, Moua, JuMda W Apyrue OMOJOTHYECKHE >KHJIKOCTH, TPEJCTABISIONMIAE COOOM OuYeHb
CIIO)KHBIE CMeCH OENKOB, JUIMUIOB, YIJIEBOAOB, COJieH, PacCTBOPEHHBIX B BOjAE. MHOTHE XUMHYECKHE
MIpOoHECChl MPOTCKAIOT JIMIIb IIPU YCIOBUH, UYTO YYaCTBYIOIIMEC B HHUX BCHICCTBA HAXOIATCA B
pPacTBOPEHHOM COCTOSIHUM. YCBOEHHE MHIIM CBSI3aHO C TMEPEXO0JOM NHUTATEIbHBIX BELIECTB B
PACTBOPEHHOC COCTOAHUC. brnoxnmudeckne PEAKIMHU B )KMBBIX OpraHu3Max IMPOTCKAaOT B paCTBOpax.



buoxuakocTd y4acTBYOT B TPAHCIOPTE IIUTATEJIbHBIX BEIIECTB (JKUPOB, aMHHOKHCIOT,
KHCIIOpO/1a), JIEKAPCTBEHHBIX MPENaparoB K OpraHaM W TKaHSM, a TakKe€ B BBIBEJACHUM W3 OpraHu3Ma
MeTa0OIUTOB (MOYEBHHBI, OWIMpPYOMHA, YIJIEKUCIOro Taza W T.J.). B ocudkux cpedax opeanuzma
noo0oepicusaemcs NOCMOAHCMBO KUCIOMHOCMU, KOHYEHMpayuu cojeli U Op2aHUYecKux eeujecms —
KOHYEHMPAYUOHHBLI 20Me0Cma3.

Bce BemectBa B TOM  WIM  HMHOM  CTENEHM  CIOCOOHBI  pacTBOPAThCA U
XapaKTEepU3YIOTCs pacmeopumocmypio. Hexotopble BellecTBa HEOIPAaHUYEHHO PaCTBOPUMBI JIPYT B Apyre
(Boma—areTroH, OEH30J—TOIYOJ, JKUJIKUE HATpui—Kanuii). BoJbIIMHCTBO COEAMHEHUN OrpaHUYEHHO
pacTBOpuMBl  (BOa—0€H30JI, BOJA—OYyTWJIOBBIA CHOUPT, BOJA-TIOBapeHHas COJIb), a MHOTHE
MaJopacTBOPUMBI WIIH MTPAKTUUYECKH HepacTBOpUMBI (Boga—BaSO4, Boma—0OeH3uH).

Pacmeopumocmoio  eewecmea  npu  OaHHBIX YCIOBUAX HA3LIBAIOM €20 KOHUEHMpAyuro 8
HACbleHHoM pacmeope. B TakoM pacTBOPE TOCTUTaeTCsl PABHOBECUE MEXK/Y PACTBOPSIEMBIM BELIECTBOM
U pacTtBopoM. B oTCcyTcTBHE paBHOBecHS PacTBOP OCTaeTCsi CTaOMJIbHBIM, €CIU KOHIIEHTPALUs
PacTBOPEHHOT'O BEIIECTBA MEHBIIIE €r0 PACTBOPUMOCTH (HEHACHIIICHHBIM PacTBOp), WJIM HECTAOUIIbHBIM,
€CJIM B PACTBOPE COAEPIKUTCS BELIECTBA OOJIbIIE €r0 PACTBOPUMOCTHU (IIEPECHIILIEHHBIN PacTBOP).

KonueHTtpanus sSBISIETCS BAXKHENIIENH XapaKTEPUCTUKOW pacTBOpa.

Konuyenmpayueii eewyecmea — KomMnoneHma pacmeopa — HA3bIEAIOM GETUYUHY, USMEPSEMYIO
KOJIUYECMEOM PACMEOPEHHO20 6eujecmsd, Co0epiHcauecocsi 6 OnpedeseHHol Mmacce uiu odbveme
pacmeopa uiu pacmeopumersi.

B xumuu nmpuMeHsIoTCS Pa3HOOOpa3HbBIE CIIOCOOBI BRIPAKEHUST KOHIICHTPAIIMH PACTBOPOB.

Maccosas 0o sewecmea 8 nNPOYEHMAx NOKA3LIBACH YUCTO 2PAMMOS (€OUHUY MACChl) 8ewecmed,
cooepacaweecs 6 100 2 (edunuy maccwt) pacmeopa

o(x) =) 10006,
p—pa
rre mM(X) — wmacca pgaHHoro KommoHeHTa X (pacTBOpEHHOro BemiecTBa), Kr (T);
Mp-pa — Macca pacTBopa, Kr (T).
Monapuaa Konyenmpayua nokazvleaem YuUcio Moael pacmeopeHHo20 6ewecmsd, CoO0epICauuxcs
6 1 1 pacmeopa
n(x)  m(X)

Vopa  MOXVp_pg

rae N(X) — KOJIMYeCTBO PacTBOPEHHOTO BEIIeCTBa, MOJib; M(X) — MoJsipHast Macca paCTBOPEHHOTO
BEILECTBA, KI/MOJb (T/MOB); Vppa — 00BEM pacTBOPA, JI.

Monanvnaa KoHuenmpayus noxkazviéaem  UUCIO  MOAel  PACMBOPEHHO20  Geujecmad,
cooepacawuxcs 8 1000 e pacmeopumens

b(X) =

; MOJIB/JI,

C(X)=

n(X)  m(X)
m,_..  M(X)m

p—aa

, MOJIB/KT,

p—aa

riae M,.,, — Macca paCTBOPHUTEIS.

Hopmansnocms unu MOnApHAas KOHYEHMpayus KEUBANEHMA NOKA3bI8Aem YUCIO IKEUBATIEHMO8
PAcmeopenHo20 eeujecmaa, cooepxcawuxcs 6 1 1 pacmsopa

Ny
C,, = —"—, mMoub/1,
pP—pa
r7ie Ny — KOJMYECTBO BEIIECTBA YKBUBAJICHTA.
DKeusanenm neMeHma HA3bI8AIOM PEAlIbHYI0 UIU VYCIO08HYIO Hacmuyy eeujecmea X, Komopas 6
OAHHOU KUCTOMHO-OCHOBHOU peakyuu IKEUBANEHMHA O0OHOMY UOHY 6000p00a UIU 8 OAHHOU
OKUCTUMENbHO-80CCMAHOBUMENbHOU PEAKYUU — OOHOMY DNIeKMPOHY.

10



3akon IKeueanenmos: eewjecmea 63auUMOOeUCmMEYIOm Opye ¢ Opy2OM 8 KOJIUu4ecmaeax,
NPONOPYUOHANHBIX UX IKBUBATEHINAM.

DKBHBAIEHT KMCJIOT OMNpEJeNseTcs KONMYECTBOM HMOHOB Bojopoja H', KoTopble NIpHHHMAIOT
ydacTue B IaHHOH peakuuu

M 98

B E—— IH,50, = =49; 1 r-oxkB=491.
OCHOGHOCHIb 2

DOKBHUBAJICHT OCHOBaHHWK Oyner ompeaenarbcs uyuciaoM OH -HOHOB, KOTOpBIE MpPOpEarupyroT C
+
nonamu H

M 74
; 3Ca(OH)2 = 7 =37.

30cu. = )
eanenmuocmov Me

HpI/I BBIYMCIICHHH SKBHBAJCHTOB COJCH YUYUTBIBAIOT YHUCIIO HOHOB MCTA/ZIa U CTCICHBb CIro
OKHCIICHUA

M 342
Inly(504)s =357

3c0.1m = ,
eéan — mov Me X uucino amomoe Me

DKBUBAJICHT HE MTOCTOSIHHOE YMCJIO, 3aBUCUT OT PEAKIIMH, B KOTOPOM y4acCTBYET BEIIECTBO.
Tumpom pacmeopa Ha3zvleaemcs macca Gewecmed, cooeprcaulecocss 8 00OHOM KYOUUecKom
canmumempe (Unu 8 0OHOM MuIIUIUMpPe) pacmeopa. Eounuya usmepenus mumpa e/mn

T(x)=mX)
VP‘P“
Anddys3us

HAupppyszus — >mo camonpoussonvHblll NPOYECC BbIPABHUBAHUS KOHYEHMPAyuu pacmeopeHHo20
gewjecmea 6 pacmeope.

K.Honne (1748)- Otkportue nuddy3un )KuaKOCTH CKBO3b eperopoaky. OTKpbeITHE ocMoca.

A.@uk (1855)- 3axon nuddysuu.

Hugppyzus (nam. diffusio — pacnpocmpanenue, pacmexanue, pacceusanue, 3aumooericmeue) —
npoyecc 63auUMHO20 NPOHUKHOBEHUSI MOJIEKY]l O0O0HO20 6eujecmea medxcoy MONeKyIamu oOpy2020,
NPUBOOAUULL K CAMONPOU3BOTIbHOMY 8bIPAGHUBAHUIO UX KOHYEHMPAYULL N0 8CeMy 3aHUMACMOMY 00bEMY .
B HEKOTOPBIX CHUTYyalMsSX OJHO W3 BEIIECTB YK€ MMEET BBIPABHCHHYIO KOHIICHTPAIIUIO W TOBOPST O
muddy3un onHOro BemiecTBa B JApyrom. Ilpum 3ToM mepeHoc BemiecTBa MPOUCXOIUT M3 00IAaCTH C
BBICOKOW KOHIIEHTpalued B 0OJacTh C HMU3KOW KOHIIGHTpalueu (Mo rpaJiueHTy KOHIIEHTpalluu), T.€.
KOJINYECTBO YacTHUI[ PACTBOPEHHOI'O BELIECTBA, MPOXOJIlee B €JUHMIYy BPEMEHH B CTOPOHY MEHee
KOHIICHTPUPOBAHHOTO PacTBOpa, OyaeT OosbIie, 4eM B 00paTHOM HaIpaBJICHUH.

[Tpumepom muddy3un MOXKET CIyKUTh NEpeMElIMBaHUE Ta30B (HANIpUMEp, PacHpOCTpaHEHHE
3araxoB) WM JKUJKOCTEH (€ciii B BOAY KallHYyTh YEPHUJI, TO KHUAKOCTh Yepe3 HEKOTOpPOE BpeMs CTaHET
paBHOMEpPHO OKpaleHHOH). Jpyroil mpumep cBsi3aH ¢ TBEPIABIM TEJIOM: aTOMbI CONPUKACAIOLIMXCS
METAJIJIOB NEPEMEUIMBAIOTCS Ha TPaHMIIE CONPUKOCHOBEHUS. BaxHyro ponb aud@ysus yacTull urpaet
B (PM3HKE TUIa3MBI.

Ckopocte  mporekanust — Audpdy3suun  3aBUCHUT  OT  MHorux  ¢axrtopoB. Tak, B
Cllyyae METATMUECKOTo CTepXKHs TeroBas Iupy3us IpoXoaAUT odeHb ObIcTpo. Ecim xe crepikeHb
U3rOTOBJIEH W3 CHUHTETHYECKOrO0 Marepuana, TeruioBas Juddy3uss TOpoTeKaeT  MeIJIEHHO.
Huddysus monekyn B obumem  ciydae — OpoTekaer — emé — MeqieHHee.  Hampumep, — ecnu
KyCOUEK caxapa OIyCTHTh Ha JIHO CTaKaHa € BOJOM M BOJYy HE MepeMelInBaTh, TO MPOUAET HECKOIBKO
He/enb, MpeXae YeM pacTBOp CTaHeT oJHOpoAHbIM. Emé meanennee mpoucxomuT nud@ys3us OAHOTO
TBEPAOro BellecTBa B Jpyroe. Hampumep, ecnu Meap HOKPBITH 30JI0TOM, TO OylIeT MPOUCXOIUTh
muddy3us 3070Ta B Melb, HO IPU HOPMAJbHBIX YCIOBHUSAX (KOMHaTHas TeMmIlepaTypa U atMochepHoe
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http://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
http://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B4%D0%B8%D0%B5%D0%BD%D1%82_%D0%BA%D0%BE%D0%BD%D1%86%D0%B5%D0%BD%D1%82%D1%80%D0%B0%D1%86%D0%B8%D0%B8
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%84%D1%84%D1%83%D0%B7%D0%B8%D1%8F_%D0%B2_%D0%BF%D0%BB%D0%B0%D0%B7%D0%BC%D0%B5
http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0_%D0%BF%D0%BB%D0%B0%D0%B7%D0%BC%D1%8B
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB
http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D0%B0
http://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D1%85%D0%B0%D1%80
http://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B0
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B4%D1%8C
http://ru.wikipedia.org/wiki/%D0%97%D0%BE%D0%BB%D0%BE%D1%82%D0%BE
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BD%D0%B0%D1%82%D0%BD%D0%B0%D1%8F_%D1%82%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0
http://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BC%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%BD%D0%BE%D0%B5_%D0%B4%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5

JABJICHUE) 30JI0TOCOACPIKAIUNA CIIOW JIOCTUTHET TOJIMHBI B HECKOJbKO MUKPOHOB TOJBKO Y€pe3
HECKOJIBKO THICSY JIET.

Huddysuss oOycrnoBieHa TEMJIOBBIM JBWKEHHEM 4YacTUI[ pPACTBOPEHHOIO BEIIECTBA U
pacTBOpUTEIA. XOTs JBUKCHUE KaKIOM YaCTHULIBI Xa0TUYHO, B LIEJIOM CMEIICHUE YACTULl HAIIPABJIEHHOE —
YaCTHUILbl PACTBOPEHHOI'O BEIIECTBA IIOCTEIIEHHO IPOHUKAIOT BCE JAJIBIIE B PACTBOPUTEIID.

A. DWHIITEHH M HEe3aBUCUMO OT Hero M. CMOIYXOBCKHU BBIBEJIM CIEAYIONIEE YpaBHEHHUE s

kodpdunmenta nuddy3un:
RT 1

=— )
N, Gampr

rie R — yHuBepcanmpHas raszoBas mocrosiHHas, paBHas 8,31 JDx/(mons-K); T — abcomroTHas
temriepatypa, K; Na — mocrosinnas ABoraz[go, paBHas 6,02- 10% 1/momb; 1 — paauyc muddyHIUPYIOIHUX
gacTtull, M; D — koapdunment quddysun, Mm“/c;  — BI3kocTh cpeanl, H-c/m”.

W3 ypaBHeHHH CllefyeT, 4TO CKOpOCTb AU(QYy3un BO3pPACTAET MPHU MOBBIIICHUHA TEMIIEPATyphl U
rpaJiieHTa KOHIICHTPAIIMM W YMEHBIIACTCS TpPH YBEIMYCHHH BS3KOCTH PACTBOPUTENII M pa3Mmepa
mappyaaupyronmx dactun. C yBEJIWYCHHEM MOJICKYISPHOM MacChl, a, CIEAOBaTEeNIbHO, M Pa3MepoB
MOJIEKYJI, yMeHbIIaeTcs: ko3 duument nuddysuu u, cinenoBaTesibHO, €€ CKOPOCTb.

D

Poas nuddy3uu B nponeccax nepeHoca BenecTs B HOJIOrHYeCKUX CHCTEMAX

SIBnenue )II/ICI)(I)YI%I/II/I Urpact O4YCHb BaXXHYKO POJIb B IpoHecCax ICPEMCHICHUA Pa3JIUYHbIX
IMUTATCIIbHBIX BCIICCTB U IPOJAYKTOB o0OMeHa B TKaHEBBIX KHUIKOCTAX.

B xuBpIX opranusmax nud@y3us TECHO CBSi3aHa CO MHOTUMHU OHOJIOTMYECKUMH SIBICHUSMHU.
CKopocTh MHOTHX (DPU3MKO-XUMHYECKHX IPOILECCOB B OpraHU3ME 3aBHCHT, MPEKIE BCEro, OT CKOPOCTH
muddy3un pearupyromux Bemects. OO0mas KWHETHKa OMOJIOTUYECKUX SBJICHMI orpenesseTcs Hanboee
MEJICHHBIM MX 3TanoM — nauddysueld peareHToB, a He OMOXUMHUYECCKUMH PEAKIIUSIMH, MPOTCKAIOIINMU
pH ydacTuu GEPMEHTOB C OYECHB OOJIBIION CKOPOCTHIO.

Kaxxnas kieTka opraHusma IpeJCTaBISIET CIOKHEHIYI0 CUCTEMY Pa3JIMYHBIX BELIECTB (CUCTEMY
¢a3), CyIIeCTBEHHO BIUSIONIYI0 Ha HaNpaBlIeHHE M CKOPOCTh JU(PQPYy3un pasnuyHbIX BEIIECTB.
N3meHeHrne (yHKIUMOHAIBHOTO COCTOSIHUS KIJIETKH, TECHO CBSI3aHHOE C OOUIMMH peryasiTOPHBIMU
MEXaHU3MaMH JKUBBIX OPraHU3MOB, CONPOBOXKIAETCS H3MEHEHMEM COCTOsHUs (a3, UX O0OBEMOB,
BEJIMYMHBI MOBEPXHOCTH paszjesia Mexay HUMHU. Bce 3TO mMpUBOAMT K ONpEeNieHHBIM HU3MEHEHUSM B
i dy3un pa3nuyHbIX BellecTB. THTEHCUBHOCT OOMEHHBIX pPeaKLUil TaKXKe OKa3bIBAeT peryaupyroliee
BausHUE Ha Auddys3uto. IloBbiieHHMe OOMEHHBIX TMPOIECCOB  YCHJIMBAET  HCIOJIb30BAHUE
IMPPYHAUPYIOUIMX PEareHTOB M BeAeT K HAKOIUIEHUIO NPOAYKTOB pEakiMif, YTO B CBOIO ouepeib
MOBBIIIAET TIPAJUEHTHl MX KOHIEHTpauud M yBennuuBaeT auddysuto. [ToHMkeHne HMHTEHCUBHOCTH
O0OMEHHBIX MPOLIECCOB JIEHCTBYET B 0OpaTHOM HalpaBJICHUH.

KosummraruBHble cBOMCTBA pa30aBJeHHbIX PACTBOPOB

N3yuenne paz0aBiIeHHBIX PACTBOPOB HERJIEKTPOJIUTOB MOKA3aJI0, YTO KOJJIMTATHBHBIE CBOMCTBA —
MIOHV)KEHUE JIaBJICHUS I1apa pacTBOpUTENs AP, n3MeHeHue Temnepatyp 3amep3anus AT, u kunenust AT
PacTBOPUTEIIA, OCMOTHYECKOE JABJICHUE 7T — U3MEHSIOTCS IPONOPIUOHAIBHO KOJIMYECTBY PACTBOPEHHOTO
HeaneKkTposinTa (00beauHEeHHBIH 3akoH Payns — Baurt-I'odda). M3MeHeHne KOJTUTaTUBHBIX CBOWCTB
pPacTBOPOB 3JIEKTPOJIUTOB IPEBBIINIAECT 3HAYEHHMsS], PACCUUTBIBAEMBIE IO 3aKOHY Payns misg pacTBOpoB
HEDJIEKTPOJIUTOB TOM 7K€ KOHLICHTPALIUH.

PacTBOpBI MHOTMMU CBOMCTBAMH OTIWYAKOTCS OT YUCTHIX PACTBOPUTEIICH.

JlaBiieHne mapa pacTBOPUTENS HAJl PacTBOPOM HMIKE, YEM HaJ YHMCThIM pacTBoputesneM. B 1886
rony Paynbs chopmynupoBan 3axom:
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Jasnenue napa pacmeopa, codepicawieco Helemyyee pACMBEOPEHHOE Beujecmeon, Npsamo
NPONOPYUOHANLHO MOJISIPHOL 00JIe pACMEOPUMEIAL:
p=K x,

»
/i€ p - aBJieHUE napa Haja pactBopom, [la;
K, — xoncranra Payns, I1a;
X — MOJISIpHAs JI0JIsl paCTBOPUTENIs, paBHas Ni/Ny + Ny (N1 — KOJIMYECTBO BEIIECTBA PACTBOPUTEIIS,
MOJTb; Ny — KOJIMYECTBO PACTBOPEHHOT'O BEIIECTBA, MOJIb).

PacTBOpeHHOE BellecTBO, 3aHMMas 4acTh OObeMa pacTBOpPa, NMOHMKAET KOHILIEHTPALMIO YacCTHIL
PacTBOPUTEII U COOTBETCTBEHHO 3TOMY YMEHBIIAET YUCIIO UX, IEPEXOAAIIMX B I1ap.

Cneocmeuem 3axkona (emopoti 3akon Payns) aenaiomces 06a ceolicmea pacmeopos. memnepamypa
3amep3anus pacmeopos Hudice, a memnepamypa KUnenus ux (eciu pacmeopenHoe 6eujecmeo Heaiemyuee)
gblllle, YeM y YUCmbulX pacmeopumenel, npuiem nogviuenue memnepamypol kunenus AT, u nonudcenue
memnepamypbol 3amepzanui AT, pacmeopoe HeINeKmpoaUmos npsamo nPONOPYUOHATbHbL UX MOAANLHOU
KOHYenmpayuu pacmeopos

AT, = K,b(X),
AT, = K,b(X),

rae b(X) — momsbHas koHUeHTpauus, Moib/kr; K, n K; — k03 hULHeHThI pOonopHuoHaIbHOCTH,
kr-K-Momp™; KOTOpBIE HA3BIBAIOTCS COOTBETCTBEHHO 96)UOMempuyeckoli (ONpeeIeH e BEINUUHEI, Ha
KOTOPYIO TIOBBILIAETCS TEMIepaTypa KHUIIEHHWsS pacTBOPOB, HasbIBaeTcs 30ynuomerpuei (96yruo —
KHUIIEHUE)) U Kpuomempuueckot (ONpeleleHUe BEIUYMHbI OHWKEHUS] TEMIIepaTypbl 3aMep3aHus, T.C.
pPa3sHOCTH MeXJy TeMIepaTypaMu 3aMep3aHusi YUCTOrO PpAcTBOPHUTENSI U PacTBOpa, Ha3bIBAETCS
KpUuoMeTpuel (Kkpuoc — X0a0/1)) KOHCTaHTaMH.

W3mepeHue Temneparyp KUIEHUs U 3aMep3aHusl PACTBOPOB JIEKHUT B OCHOBE 30YJIHOMETPUUECKOTO
U KPHOMETPHUYECKOTO METOJIOB ONpEACICHUS MOJSIPHBIX MacC BemecTB. MosipHble Macc (MOJIB/KT)
PacTBOPEHHBIX BELIECTB-HEIEKTPOIUTOB MOTYT ObITh PACCUMTAHBI IO CIEAYIOLIMM (HOpMyIIaMm:

M = ﬂ ,
AT, .m p—nb
Po| A
5| _ KMy
? ‘:’ AT 3 m p—b
K rje My, — Macca pacCTBOPEHHOIO BEIIECTBA, I'; My, — Macca pacCTBOPUTEIL,

OcMmoc

Becbma BakHBIM B OMOJIOTHYECKOM OTHOIIEHWH CBOWMCTBOM PacTBOPOB
SIBJISIETCSI OCMOC.

B npupose yacto pacTBOpbI OTHAEISAIOTCS OT PacTBOpUTENS MeMOpaHaMM, IPOHUIAEMBIMU JIUIIb
JUI 9acTUI] pacTBOpUTENs. B 3TOM citydae pacTBOpeHHOE BEIIECTBO AU(PPYHAUPOBATH B PACTBOPUTEIH
HE MOXET, U OyJeT HaOIroAaThCsa TOJIBKO MEPEXOJ PacTBOPUTEINS B PacTBOp, T.€. PaCTBOPUTENb Oyaer
nepeMeaTbcsi B 000MX HaIpaBICHHUSX, HO BCE K€ B pacTBOp OyIeT MepexoIuTh ero OoJiblle, YeM B
0o0paTHOM HampaBleHUH.

Ocmocom Hazvl6arom npeumyujecmeeHHo 00HOCMOPOHHee NPOHUKHOBEHUE MOLEKY]l PACMEOPUME]ISL
(Ouphy3uro) uepe3 nonynpoHuyaemyro Memopamy u3 pacmeopumens 8 pacmeop Uiu U3 pacmeopa ¢
MeHbulell KOHYeHmpayuell 8 pacmeop ¢ Oobulell KoHyeHnmpayuetl.

Jlis  BO3HMKHOBEHHMSI OCMOcCa HEOOXOIMMO pacTBOPBI pa3HbIX KOHIIEHTpalMil NpPUBECTH B
COIIPUKOCHOBEHHUE Yepe3 MOIYIMPOHUIIAEMYI0 MeMOpaHy (MIPOHUIIAEMYIO TOJIBKO JJIsl PACTBOPUTEIIA).

13



OnHOCTOpOHHEE TMEpPEeMEIEHUE PACTBOPUTENS uYepe3 MeMOpaHy MOXXHO OOBSCHUTH TEM, YTO C
MOBEPXHOCTH MEMOpaHbl CHU3Y COTPUKAcaeTCs OOJbIIEe MOJICKYJ PACTBOPUTEIIS, YEM CBEPXY, IJI€ 4acTh
o0beMa 3aHATa MOJIEKYJaMH PAaCTBOPEHHOT'O BEIIECTBA, HE IMpOHHUKaiomero yepe3 Hee. llosTomy B
CIMHUILY BPEMEHH BBEpX OyIeT MepeXOJuTh OOJIbIIE MOJEKYJI pacTBOPHUTENS, YeM B 0OpaTHOM
HaITpaBJICHUH.

B pesynbrare ocmoca yBenM4HMBAaeTCs O0ObEM pacTBOpa, M €ro KOHIIEHTpAlMs IMOCTEHEHHO
CHIDKACTCS; IPOHMKAIOIINI uepe3 MeMOpaHy B paCTBOP PacTBOPUTEIb YBEIHUMBACT CTOJO KHAKOCTH h
U, CIIeJOBATEIbHO, MOBBIIIACT TUApOocTaTHYecKoe napieHue. OIHOBPEMEHHO OyAeT BO3pacTaTh YHCIIO
MOJIEKYJI pACTBOPHTEJS, IEPEMEINAIONINXCS Yepe3 MeMOpaHy B 00OpaTHOM HarpaBlIeHUH, T.€. U3 pacTBOpa
B pactBopuTenb. IlocTenmeHHO TuIpocTaTHYECKOe MdaBlieHHE W pa3daBlieHWE pacTBOpa JIOCTHTHYT
BEJIMYHH, MTPH KOTOPHIX KOJUYECTBO MOJIEKYII PACTBOPUTEIIS, IEPEMEIIAIONTNXCS B 000UX HAIPaBICHUSIX,
ypaBHsIETCSI U HACTYNIUT OCMOTHYECKOE paBHOBecue. Pa3BuBIleecss B pe3ylbTaTe ocMoca M30BITOUHOE
THIPOCTATUYECKOE JaBlICHHE, W3MepseMoe CToJ0OM pacTBOpa BBICOTOM N, mpu  KOTOPOM
YCTaHABIIMBAETCS OCMOTUYECKOE PABHOBECHE, HA3bIBAIOT OCMOMUYECKUM OA6IEHUEM.

Ocmomuueckum 0aeeHUEeM HA3bIBAIOM 6EJIUHYURY, USMEPAEMYIO MUHUMAIbHbIM ZMOPCZGJZMU€CKMM
0616]Z€HM€M, Komopoe HYIHCHO NPUNL0IHCUMb K pacmeopy, ymobvl OCMOC npekpamujicA.

OcmoTHnueckoe JaBjieHHe KpPpOBH

OcmoTryeckoe JaBJeHHE KPOBU 3aBHCUT OT KOHLEHTPAlMM B IUIa3Me€ KPOBH MOJIEKYI
PacCTBOPEHHBIX B HEW BEHICCTB (AJIIEKTPOJIMUTOB M HEIJICKTPOJIMTOB) M IPEACTABISET COOOH CyMMY
OCMOTHYECKHX JaBJICHUN ColepKaluxcs B Hel uHrpeaueHToB. [Ipu stom cBoie 60% O0CMOTHYECKOTO
JABJICHUS CO3IACTCSI XJIOPUCTHIM HAaTPUEM, a BCETO HA JIOJ0 HEOPTaHMYECKHUX IJICKTPOIUTOB MPUXOIUTCS
10 96% oT o01ero ocMOTHYECKOro aaBieHus. OCMOTHYECKOE JaBJICHHUE SBJSETCS OJHOM U3 HKECTKUX
TOMEOCTATUYECKUX KOHCTAaHT M COCTaBIISET y 30OPOBOTO YeJIOBEKAa B CpelHeM 7,6 aTM C BO3MOKHBIM
JIHana3oHoM Kojaebanuii 7,3-8,0 aTm.

e H30monuueckuit pacmeop (uzoc — no-epeyecku pasHuiti). Eciu scuokocms 6HympenHel cpeobl
UMY UCKYCCMBEHHO NPUSOMOBGIEHHbIU pPACMBOp UMeem mMaKoe Jice OCMOmuyecKkoe OdasieHue, Kak
HOPMANbHASL NIA3MA KPOSU, NOOOOHYIO HCUOKYIO CPeOY UU PACMEOP HA3bI8AION U30MOHUYECKUM.

e l'unepmonuueckuii pacmeop. ’Kuokocme ¢ 0onee BbICOKUM OCMOMUYECKUM OdGleHueM
HA3bl8AEMCsl 2UNepmoHU4eCcKol,

e l'unomonuueckuii pacmeop. Kuoxkocms c bonee HU3ZKUM ocmomuyec-
KUM OdaGleHuemM HAa3vl8aemcs 2UnOMmoOHUYECKOU.

OcmoTryeckoe JaBieHHE OOeCIedMBAeT MEPEXOJ PACTBOPUTENS uepe3 MOTYHEMPOHUIIAEMYIO
MEMOpaHy OT pacTBOpa MEHEe KOHIICHTPHUPOBAHHOTO K PacTBOPY Oojiee KOHIICHTPUPOBAHHOMY, ITO3TOMY
OHO UTpaeT BAXKHYIO POJIb B paclpeiesieHuu BOJIbI MEeXKAY BHYTPEHHEH cpefoi U KJIeTKaMu OpraHu3Ma.
Tak, ecnu TKaHEeBas )KUIKOCTh OYJET THIIEPTOHUIECKOM, TO BoJIa OyIEeT MOCTYIATh B HEE C JIBYX CTOPOH
— U3 KPOBH U W3 KIETOK, HAMpOTUB, MPU TUMNOTOHUYHOCTH BHEKIETOYHOW Cpeasl BoOja
MEPEXOJIUT B KJIETKH U KPOBb.

[Ipn momereHnH KJIETOK B THUIOTOHMYECKHUN pPACTBOP BOJAa U3 MEHEe KOHIEHTPHUPOBAHHOTO
BHEIITHETO pacTBOpa MEPEXOJUT BHYTPh KIIETOK, YTO NMPHUBOJUT K MX HAOYXaHUIO, a 3aTEM K pa3pbIBY
000JI04eK M BBITEKAHUIO KJIETOUHOTO COJEPKUMOTO. Taxoe paspyuienue KIemoK HA3bl8AOMm JUIUCOM
(cm.puc.). Tlpu moMeIIeHWH KJIETOK B THUIEPTOHHYECKHA PacTBOP BOJa M3 KIETOK YXOIUT B Ooiee
KOHIIEHTPUPOBAHHBIN PacTBOp M HAOIIOJAETCS CMOPIIMBAaHUE (BBICYIIMBAHUE KIETOK). Dmo ssieHue
HA3bl8AeMCcs NAAZMONUIOM.

AHAJOTHYHYIO pPEaKlHUI0 MOKHO HaONIOAAaTh CO CTOPOHBI SPUTPOIMTOB KPOBH TMPH W3MEHEHUU
OCMOTHYECKOTO JIABJICHHS IUTa3Mbl: TPU THIIEPTOHWYHOCTH IIIa3Mbl JPUTPOIUTHI, OTNABas BOIY,
CMOPIIMBAIOTCS, a TpPH THIOTOHMYHOCTU IUIa3Mbl HaOyxarT W Jaxe Jsonatorcs. [locnmexnee, wuc-
MOJB3yeTCsl B NPaKTHKE IS ONPENCIICHUS OCMOTHYECKON CTOMKOCTH 3PUTPOUHUTOB. Tak,
M30TOHUYHBIM I1a3Me KpoBH siBhsieTcs 0,89% pactBop NaCl. [lomerieHHbIE B 3TOT pacTBOP IPUTPOLIUTHI
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HE M3MEHAIOT (GOpMBI. B pe3ko rHUMOTOHUYHBIX PacTBOPAaxX M, 0COOEHHO, BOJE SPUTPOLUTH HA0YXalOT U
nonaTcs. PaspylieHne >pUTPOLIMTOB HOCUT HA3BAHME 2eMO/uU3, & B TUIOTOHHYHBIX PpacTBOpax —
ocMoTHYecKkuii remosn3. Ecnmun nmpurotroButs psia pactBopoB NaCl ¢ mocTeneHHO yMEHbIIAroImencs
KOHIIEHTpallMel TOBapeHHOW COJM, T.e. TUINOTOHUYHBIE pPACTBOPHI, U TIOMENIaTh B HUX B3BECH
SPUTPOLMTOB, TO MOKHO HANTH Ty KOHIIEHTPALUIO TUTIOTOHUYHOTO PACTBOPA, MPU KOTOPOM HAYMHACTCS
reMOJIM3 M EJAUHUYHBbIE SPUTPOLUTHl  pa3pylIAlOTCS WM T[EeMOJU3UPYIOTCA. OTa  KOHIEHT-
paumss  NaCl xapaktepu3yeT MHUHHMAJBbHYI) OCMOTHYECKYI0 Pe3HCTEHTHOCTh SPUTPOLIUTOB
(MUHMMAaNBHBIM FeMOJIN3), KOTOpas y 3J0pOBOro yenoBeka HaxomauTcs B npeaenax 0,5-0,4 (% pactBopa
NaCl). B 6oee runoToHUYECKHX pacTBOpax Bce 0oJiee KOIMYECTBO IPUTPOIIUTOB TEMOIU3UPYETCS U Ta
koHueHTpauuss  NaCl, npu  KOTOpo  BCe  JPUTPOLUUTHI  OyAyT  JU3UPOBAHBI,  HOCUT
Ha3BaHUE MAKCHUMAJIbHOW OCMOTHYECKOH Pe3MCTeHTHOCTH (MaKCHUMaJbHBIM reMoiun3). Y 310pOBOrO
yesioBeka oHa koaeoiercst ot 0,34 10 0,30 (% pactBopa NaCl).

Ocmoc umeeT OoOJbIIOE 3HAYCHHE IJISI PACTHTENBHBIX M JKUBOTHBIX OPraHU3MOB, CIIOCOOCTBYS
JI0OCTaTOYHOMY OBOJIHEHUIO KJIETOK M MEXKKIJIETOUHBIX CTPYKTYp. Bo3HuUKarolee mpu 3T0M 0CMOTHYECKOE
JaBlieHHe OOYCIIaBIMBAET TYProp KJIETOK, T.€. MX CBOCOOpa3HyI0 YIPYTOCTb, CIIOCOOCTBYSI TEM CaMbIM
MOAJEP>KAHUIO AIACTUYHOCTH TKaHEH, COXpaHEHUIO OIpeieIeHHON (GopMbl OpraHiu3Ma u T.I1.

3aKOHBI 0CMOTHYECKOI0 JABJICHHUS.

Ocmomuueckoe OasneHue pazbasieHHbIX PACMBOPO8 HeINEeKMPOIUMO8 NPSIMO NPONOPYUOHATLHO
MOJIAPHOU  KOHYeHmpayuu, KodpguyueHmy nponopyuoHaibHOCMU U AabCONOMHOU  memnepamype
(vpasnenue Baum — I'oghgpa 0ns nerrekmponumos):

n=C(X)RT,

n
rae £ — ocMotudeckoe aasienue, klla; C(X) — mossipHas KoHIeHTpanus, Moib/i1, C(X) = VR rae n

— YKCII0 MOJICH HedeKkTpoauTa, V — 00beM pacTBopa; R — yHHBepcaibHas ra30Basi MOCTOSIHHAS, paBHAs
8,31 xITaxn/(monw-K); T — abcomotHas Temneparypa, K.

n=3RT w2 =nRT .

Urto0bl cornacoBaTth KOJIMUYECTBEHHOE ONMCAHUE KOJUIUTATHUBHBIX CBOMCTB AIEKTPOIHUTOB M 3aKOHBI
ujeaIbHBIX pacTBOpoB, Baut-I'odd BBen mompaBouHblii KOIGOUIMEHT i, Ha3bIBAEMBbIH H30TOHUYECKUM
koxpduunentom Bant-I'opda

i — AT33

AT AT

Km

AT, N
N

9

3m m

Wtak, a5 PacTBOPOB HJIEKTPOJHUTOB (GOPMYIBI MPUHUMAIOT CileAyromuid Bui (¢ yuemos
UB0MOHUYECKO20 KOIuyuenma).

AT, =iK, -b(X); AT, =K, (X)
7 =IC(X)RT ; Ap =iApr;
_ iK,m,, M = iK,m,,
ATS’mp—JZb ATKmp—]lb

Ecnu pactBOpbl XapakTEepU3YHOTCA OJIMHAKOBBIMHM OCMOTHYECKMMH JaBICHHSMH, TO 10 BaHT-
l'oddy Takue pacTBOphl Ha3bIBAIOTCS M30TOHUYECKMMHU. He3aBUCHMMO OT NpUpPOABI PACTBOPEHHOTO
BEIIECTBA, N30TOHUYHOCTD SBJISETCS CIIECTBUEM OJMHAKOBOTO YHCIIAa YaCTHUIl B PACTBOPE.

ITockosbKY IPH paCTBOPEHUH PEATBHOE YMCIIO YACTHUI] MOKET OTINYATHCSA OT YKCia PACTBOPEHHBIX
Mmouekyn, Baut-I'odpd BBen moustue wu3oToHMuyeckoro kodpdunuentai. Ilo ompeneneHuto 31O
OTHOIIIEHHE YHCIIa BCEX YACTUL K YUCIIy pACTBOPEHHBIX MOJIEKYJI:
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THCIO JAaCcTHI B pacTBOPE

THCIO MOIEEYI B DacTECRe
PaccmoTpum nucconnaiuio N MOJIb 3JEKTPOIUTA, JUCCOIUUPYIOIIETO Ha 7 MOHOB. Toraa MO>KHO
3aImcarhb B BUJIC

- ANte-a- N
i= :
N
Pemast ero OTHOCUTENBHO 0, TOJy4UM
i—1
n—1
OmnpenenvB  3KCIEPUMEHTAIBHO HM30TOHUYECKMHA  KOX(POHUIMEHT, MOXXHO HAWTH CTENeHb
JHMCCOIUALINY 0. B YCIOBHUSX dKCIIEPUMEHTA.

[1:

JlabopaTopnasi paGora

PeakTHBBI H 000py/1I0BaHUE:

1. Boausie pactBopsl: 0,25%, 0,9% u 4% NaCl;
2. JloHOpCKast KPOBb.

3. Mukpockor.

4. ltatuB ¢ mpoOUpPKaMH.

5. MUKpONUIIETKH, BMECTUMOCTBIO 5 1 1 mil.

6. [IpenMeTHBIC U TIOKPOBHBIC CTEKJIA.

OnsIt 1. Bruanue uzmenenus memnepamypsl Ha Ouggysuro

B nBa crakana HayelTe BOAY, B OJMH XOJIOAHYIO, B APYroM — ropsAa4yyto. OmnycTuTe OJHOBPEMEHHO B
CTaKaHbl MAKETUKU ¢ 4YaeM. [IOBTOpUTH OMBIT C KpUCTAIUIMKAMH TepMaHTraHata kKaius. OObsicHUTE
Ha0II0/1aeMbI€ SBIICHUSI.

OnsIT 2. Habnrooenue aeieHutl 2eMoau3a u niasmoausd Spumpoyumos

B 3 mpoOupku BHecuTe TUNETKOM MO 3 MIJI TpeX pacTBOPOB XJIOpUIa HATpUs Pa3TUIHON
KOHILEHTpauuu. B kaxayro npobupky nobGaBbre mukponunetko mo 0,5 ma kposu. Ilepememaiite
CTEKJISIHHOM mnanoukoil. [Io ogHOM Karie KaKIol CMECH HAaHECUTE NaJOYKOM Ha NPEIMETHBIE CTEKIa,
3aKpOMTE TMOKPOBHBIMU CTEKJIaMHW W HU3YYUTE Tpernaparbl TMOJI MHUKPOCKOINOM. 3apucyiite ¢dopmy
IPUTPOLUMTOB B KAXKJIOM CIIydae.

Paccunraiite ocMoTHUYeCKOE JaBlI€HHE NMPUMEHEHHBIX B pabOTe pacTBOPOB XJIOPHAA HATPUS NPHU
TEeMIIepaType OMNbITa, U OOBSICHUTE HAa OCHOBAHMHU MOJYYEHHBIX PE3yJIbTATOB HAOIOZAaeMble SBICHHS
reMoJIn3a U MJIa3MOJIM3a SpUTPOLUTOB.
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BriBon:

OnwiT 3. /[pesosuonvie 0bpazosanus

Psin mpoOupok HamodHsOT pa3OaBieHHBIM B 8 pa3 kuakuM ctekiioM Nap;SiO; uiamM CHIMKaTHBIM
KJIEEM M OITYCKaloT B MPOOMPKM KPHUCTAJUIMKU cosin. Jlydine Bcero [uis 3TOHM Lenu MOAXOIST XJIOPHIBI,
OpOMUIBI WIIM HUTPATHI JKeJie3a, M, MapraHiia, HUKes, KobaiabTa u T.1. Uepe3 HEKOTOpoe Bpems U3
KPHCTAJUIOB BBHIPAcTalOT JAPEBOBUAHBIE oOpa3oBaHus. OObBsACHHTE HaOIIONAaeMoOe SIBICHHE, CclenaiTe
BBIBOJIBI.

BriBoa:

3aganus 1J151 CAaMOCTOATEILHON padoThI

KoHTpoJibHbIE BOPOCHI:

1. Yro Ha3bIBaOT pacTBOpamMu? 3Ha4€HUE PACTBOPOB B XKU3HEAESITEIbHOCTH OPIraHU3MOB?

2. Knaccudukanus pacTBOPOB: pacTBOPBI JIEKTPOIUTOB, HEIJIEKTPOIUTOB, paCTBOPHI aM(OJIUTOB,
PacTBOPBI MOJIUAIEKTPOIUTOB.

3. KoHueHTpaius pacTBOPOB U CIIOCOOBI €€ BBIPAYKEHHSL.

4. Nuddysus B pactBopax. YpaBHeHue DitHmTeriHa-CMOTYXOBCKOTO.

5. dakTopsl, BAUAIOMINE Ha CKOPOCTh Tuddy3un. Ponb nuddysun B nporeccax nepeHoca BEIIECTB
B OMOJIOTUYECKUX CUCTEMAM.

6. KomnuratuBHble cBOMCTBa pa30aBIeHHBIX PACTBOPOB JIEKTPOIUTOB.

7. 3axkoH Payns u cieqCTBUSL U3 HEro: NMOHW)KEHHE TEeMIIepaTypbl 3aMep3aHHusl pPacTBOPHUTENS,
MTOBBIIIEHUE TEMIIEPATYPHI KUIIEHUS, OCMOC.

8. Ocmoc. OcmoTtudeckoe naBieHue. 3akoH BauT-I'odda. 3aBUCUT T OCMOTHYECKOE JTaBICHHUE OT
IIPUPO/BI PACTBOPEHHOT'O BELIECTBA?

9. I'mno-, runep- ¥ N30TOHUYECKHE PACTBOPHL. M30TOHMUYECKII KOAPPHUIIUEHT.

10. Poinb ocMoca B Ouonorudeckux cucremax. Ilnasmonus u nusuc.

BbINoTHUTH 3a1a4M M YIPAKHEHUS
1. Tlouemy kiyOHMKA, TOCHIMTAHHAS CaxapoM, AaET COK?

2. Kakyro nenb npecnenyroT, ochlnas CHer Ha TpoTyape coibio? Ilpu kakux TemmnepaTypax ecTh
CMBICIJI TIOCBINATh CHET Ha YJINLAX COJIbI0?

3. IloueMy mnpu angepruueckux peaklusx, COMPOBOXKIAIOIIUXCS OTeKaMH TKaHeW, B OpraHu3M
BBOJIAT BBICOKOKOHIIEHTPHPOBAHHBIE pacTBOPHI XJopuaa Kanbuus (10%) u riroko3st (20%)?

4. I'me BbIIIE JaBIEHHWE HACBIEHHOTO BOASHOIO Iapa — HaJ IOBEPXHOCTHIO UYUCTOW WIH
ra3upoOBaHHOM BOJBI?

5. Kak usmensiercst o00beM Ta3Horo si0jioka KynaJblruKa, IIaBaromero ¢ OTKPbITBIMU I'Jla3aMU B
IIpecHoM Boze?
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6. IloyeMy pacTBOpBI 3JEKTPOJIUTOB OOJIAAAIOT OOJBIIUM OCMOTHUECKUM JIaBJICHUEM U
OOHapY)KUBAIOT OOJIbIIEE MMOHKEHUE TEMITEPaTyphl 3aMep3aHHs U MOBBIIICHHE TEMIIEPaTyphl KUIIEHUS,
9YeM PaCcTBOPHI HEBJIEKTPOIUTOB TOU K€ KOHIICHTpAIH?

7. BbluMCIuTh MOJIEKYJISIPHYIO MAacCy OpPraHMYECKOTO BEIECTBa, eciau pactBop 1,9 r ero B 43 r
BoJibl kunuT 1ipu 100,3 °C.

8. Ckonbko rpamMmmoB Tioko3el CgH1206 Hamo pactBoputh B 150 T BOJBI, YTOOBI: a) MOHU3UTH
TO4Ky 3aMep3anus Ha 1 °C; 0) MOBBICUTH TOUKY ee kuneHus Ha 1 °C?

9. OcmoTruueckoe JaBlieHHE PacTBOpa IIFOKO3BI ¢ MOJISIpHON KoHueHTpanueit 0,1 monb/n npu 25
°C paBoo ___ «lla.

10. Omnumute noenenue sputporuroB npu 310 K B pacTBope TIIOKO3BI ¢ MaccOBOHM JoJeH,
paBHoit 2% (mmotHocTh pactBopa 1,006 r/mim).

TecToBblE 3aJaHNUA.

1. Ocmoc —310:

a)  OJHOCTOPOHHSAS  caMOIpou3BosibHAs  AUBdy3uss  MOJEeKyad  pacTBOPHUTENS  uepes
IIOJIYIIPOHUIIAEMYIO MEMOpaHy B pacTBOp

0) OAHOCTOPOHHSISI CaMONIPOM3BOJIbHAS AU (D PY3Ust MOJIEKYJI paCTBOPUTENS U3 PACTBOPA C BBICOKOM
KOHIICHTPAllUEeH B pacTBOP C HU3KOW KOHILICHTpaluen

B) OJIHOCTOPOHHSS CaMOINIPOU3BOJIbHAs U (DYy3Hst MOJIEKY PaCTBOPSEMOIO BELECTBAa U3 PacTBOpa
C HU3KOW KOHIIEHTPALMEN B paCTBOP C BBICOKOW KOHIIEHTPALUEH

I') JaBJIEHUE, KOTOpOE HEOOXOOUMO MPUJIOKHUTH K pPacTBOpY, HpeKpaTUTh IudQy3uio uepes
MOJTYITPOHUIIAEMYIO MEMOpPaHY

2. OguHAKOBOE JIM OCMOTHUYECKOE JaBlIeHHE OyAyT MMETh PacTBOPHI Caxapo3bl, Kalws XJIOPHJA,
HaTpus Cylib(daTa OJMHAKOBOW MOJISIPHOM KOHIICHTPAIIUH IIPH OJIMHAKOBOM TeMmepaType?

a) OJIMHAKOBOE;

0) paznmuyHOe

B) 3aBHCHUT OT aTMOC(EpHOTO JTaBICHHUS

') OIMHAKOBOE MU JTI000H Temieparype

3. lns yHuuTOXEeHUsT OaKTepuil, BHI3BIBAIONINX OOTYIU3M, B Ka4eCTBE KOHCEPBAHTA MCIOIb3YETCS
pPacTBOP € BBICOKUM cojiepkanreM caxapa. C 4em 3TO CBA3aHO?

a) C HApYIICHUEM MOJIBI>KHOCTH OaKTepHii

0) ¢ sSIBJICHHEM ILJIa3MOJIN3a

B) C SIBJICHHEM T'€MOJIH3a

T) C IBJICHHEM M300CMOCa

4. Kakue >1MeKTpONUTHl OyIyT UMETh OJMHAKOBOE OCMOTHYECKOE JaBlIEHHWE IMPHU OJUHAKOBOM
TEMIIEPAType U MOJISIPHON KOHIICHTPAIUH.

a) Na;SO,4 u NaCl

0) NaCl u KCI

B) CaCl, u KCl

r) NaCl u BaCl;

5. Kakoe u3 cneayromux CBOHCTB OTHOCHTCS K KOJUTUTaTUBHBIM?

a) TeMIieparypa KUIEHUs PaCTBOPUTENS

0) PIEKTPOIUTHYECKAS TUCCOIUAITHS

B) TeMIlepaTypa KUIIEHUsI paCTBOPA IO CPABHEHUIO C YHCTBHIM PACTBOPUTENIEM
') paCTBOPUMOCTH BEIIECTB
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6. [1na3mMonu3 ’KUBOM KJIETKU MPOUCXONT, €CIIH TIOMECTUTH €€ B!
a) 0,9 % pactBop NaCl

0) 10 % pactBop NaCl

B) IUCTUJUIMPOBAHHYIO BOLY

r) 1 % pactBop NaCl

7. MonsiibHasi KOHIIGHTPAIIHS TIOKa3hIBALT:

a) YMCJI0 MOJIEH pacTBOPEHHOTO BelecTBa, coaeprxkamnuxcs B 1000 r pacTBoputens
0) 4rcIIo MOJIeH PaCTBOPEHHOTO BellecTBa, coaepxkanuxces B 1000 1 pactBoputens
B) YMCJIO IPaMMOB PacTBOPEHHOT'O BellecTBa, conepskamuxces B 1000 r pactBopa

T') YUCJIO FPAMMOB PacCTBOPEHHOTO BellecTBa, coaepxariuxcs B 100 r pactBopa

8. 11 xaxoro u3 pactBopoB NaCl ocMoTndeckoe aBieHue OyaeT HauOOIbIINM:
a) C,,(NaCl) = 0,1 mons/n

0) C,,(NaCl) = 0,0001 monn/n

B) C,(NaCl) = 0,01 mous/n

r) C,(NaCl) = 0,001 mons/n

9. Kakoe ocmMoTHMYecKOe JaBJIeHHE MJODKHBI HMMETh pacTBOPHI, KOTOPHIE HCHOJB3YIOTCS B
MEIUIUHCKOW IPAKTUKE KaK U30TOHHYECKUE PACTBOPHI UM KPOBE3aMECHUTEIH:

a) 500-600 kITa

0) 740-800 xIIa

B) 800-900 xIla

r) 400-500 xIIa

10. OcMmoTHYECKOE JaBJICHUE PACTBOPA MOXKHO PACCUUTATD MOJIB3YSICh:
a) 3akonoM Bant-T'odda

0) 3akoHoM Payuns

B) 3akoHOM Duika

r) 3akoHoM ['eHpu

JIuteparypa:

1. O6mas xumus. buopusznueckas xumuss. Xumusi OMOTEHHBIX 3JIEMEHTOB. Y4el. IJisg MeJ. CIell.
By30B / FO.A. Epmog, B.A. Ilonkos, A.C. bepnsan u ap. Ilox pea. F0.A. Epmosa. — M.: Beicmi. mik.,
2007.

2. TlpakTukyMm mo oOmieit xumuu. buodusmueckas xumus. XuMusi OMOTEHHBIX 3JIEMEHTOB: y4eO.
ITocobue nns crynentoB Mme. crnell. By30B / FO.A. Epmos, A.M. Kononos, C.A. Ily3akoB u Jip.; Moja pen.
10.A. Epmosa, B.A. ITonkosa. — M.: Beici. mik., 2007
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Tema 2. OCHOBHBIE TUIIBI XUMHNYECKOI'O PABHOBE B )KHBOM OPI'AHU3ME.
OCHOBBI XUMHWYECKON KUHETHUKM.

Heﬂb 3aHATHUSA. pAaCCMOTPETh OCHOBHBIC ITOHATHUA XHMHYSCKOM KUHETHKH. O3HAKOMUTHCS 3aKOHOM
I[GI\/'ICTBYIOH_II/IX MacC M Ha €ro OCHOBC MHM3YUYUTb OCHOBHBIC KOJUYCCTBCHHBIC XapaKTCPUCTUKU
XUMHNYECKOT'O paBHOBECH .

He.ﬂb ACATCJIbHOCTH CTYACHTOB HA 3aHATUH:

Cmyoenm 00124ceH 3Hamb:

a) UTto Takoe CKOpPOCTh XHMHYECKOW peakiuu. PakTophl, BIMIIOIIME HAa CKOPOCTh pEaKLHUU.
Koncranta ckopoctu peakiuu. 3akoH paeictByromux Macc. [IpaBuno Bant-T'odda. YpaBHeHue
AppeHnuyca.

0) MonekyIsIpHOCTb PEaKIuu, MOPSIIOK PEAKITUH.

Cmyoenm 0ondceH ymems.

a) OnpenensTb KOHCTAHTY CKOPOCTU PEaKLIUU.

0) OKcrepuMEHTATBbHO J0Ka3aTh, YTO KOHCTaHTAa CKOPOCTHM HE 3aBHCHUT OT KOHIICHTpAIUU
peareHToB.

B) OOBACHATDH B KAKUX CIIy4asiX MOPSAJOK U MOJIEKYJISIPHOCTh PEaKLIMK HE COBIAJalOT.

I') ONKCBIBATh KHHETUKY IPOLIECCOB BCACBIBAHUS, pacIipeIesieHUs] METaOOJIUTOB.

Bonpoch 1151 npoBepKku 62308010 (MCXOTHOT0) YPOBHA:
1. PacTtBOpHI 1 uX KiIaccuukanus.

2. CiocoObI BeIpaKEHHUST KOHIICHTPAIIUU PACTBOPOB.

3. Tunbel XUMUYECKUX PEaAKIIUM.

4. Tlonarue ckopocTu peakiuu. OakTopbl BIUSAIOIMINE HA CKOPOCTh PEaKITUH.

5. 'oMoreHHas1, TeTeporeHHasi CHCTEMbI, TOMOT'€HHBIN M T€TEPOTreHHBIN KaTalus3.

Teopernyeckas 4acTb
Xumuueckoil KUHEemMUKOWU Ha3bléaemcs yueHue o0 CcKopocmu XUMUYECKOU peakyuu u ee
3a8UCUMOCMU OM PASTUYHBIX PAKMOPOE — NPUPOObL U KOHYEHMPAyUu peasupyroujux eeuecmas, 0asileHusl,
memnepamypbl, NPUCYMCmMeEUst Kamaiu3amopos.

CKOpOC"’lb peakuuu — omo uUsMerHenHue KOnyenmpayuu 00H020 U3 eeujecne 6 eduHuqy epemMeru npu
HeusMeHHoOM obveme.

ITpu paccMOTpeHnH BOIIPOCa O CKOPOCTH PEAKIIMM HEOOXOAUMO pa3indyaTh Peakluu, IPOTEKAIOIIe
B TOMOTE€HHOH cucTeMe (TOMOTE€HHBbIE peakIMM) U peakiiM, MPOTeKarollue B TeTePOreHHOM cHucreme
(reTeporeHHbIe peakiiui).

T'omozennoni Hazvieaemcs cucmema, cOCmoswas u3 OOHOU (has3vi, 2emepozeHHOll — cucmema,
cocmosawas U3 HeCKOJIbKUX gas.

Daza — uacmv cucmemsvl, OmoOeleHHAs Om Opyeux ee uacmel NOBEPXHOCMbIO pazdend, npu
nepexooe uepes KOMopyo C80UCMBA USMEHAIOMCS CKAYKOM.

CKopocmbio 20M02eHHOU PeaKyuu HA3bI8AENCS KOIUYECTNE0 6euecmed, 6CIMYNUSULEC0 6 PeaKyuro
unu obpasyoue2ocs npu peakyuu 3a eOUHUYy 8pemeHuy 8 eOunuye 06vema cucmemol

CKopocmulo 2emepozeHHOU PeaKyuu HA3bl8AeMcs KOAUYeCme0 Geuecmsd, 6CMynaruje2o 6
peakyuio uiu 0opazyiowe2ocs npu peakyuu 3a eOUHUYy 6peMeHu HA eOuHUYe NIoWaou NoSepXHOCMU
pas3vl.
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O06a 3Tu omnpeneneHus MOXKHO 3aMKUCaTh B MAaTEMAaTUYECKOU opme:

An An
Lzomoe. = VAt ! Uzemepoz. - SAt J
rue Vzomoe. — CKOPOCTb PEAKIIMM B TOMOI€HHOW CHCTEME; Usemepor. — CKOPOCTb PEAKIIMU B
reTepPOreHHON CHCTEME; N — YUCIIO MOJIEH KaKOro-au00 W3 MOMy4aroIluXcs MpU Peakluu BemecTs; V —
00beM cucTeMbl; t — BpeMs; S — IUI0IIa/lb MOBEPXHOCTH (ha3bl, HA KOTOPOH IPOTEKAET peaKiusl.

CpeHsisi CKOPOCTh Peakiiy U 3a JIAaHHBIM IPOMEKYTOK BpemeHu tp — t Gymer

o_ C=C_ AC

ottty At

rae AC — u3MeHeHNe KOHLEHTPALUY ONPEEIIEMOr0 BEIIECTBA 32 IPOMEXYTOK BpeMeHH At.

CpeaHsisi CKOPOCTh PEaKIMi U BCET/Ia CUMTAETCS MMOJIOKUTEIBHOM, a OTHOIICHHE B TPABOM YacTH
YpaBHEHMsI MOXET OBbITh KaK IOJOXKUTEIbHBIM, TAK U OTPHULATENBbHBIM B 3aBUCUMOCTH OT TOr0, KaKUM
METOZOM H3y4YaloT KMHETHUKY Ipolecca: MO yOBIBAHMIO KOHIIEHTPALUH HMCXOJHBIX BEUIECTB WM IO
HaKOIJICHUIO MTPOAYKTOB PEAKIIMH.

CpenHsisi CKOpPOCTb HE OTpa)kaeT MCTHMHHOM CKOPOCTH B KaXJbli MOMEHT BPEMEHH, MOITOMY
MaTeMaTHYeCKU MCTUHHYIO CKOPOCTh » PEAaKUUH B JaHHBI MOMEHT MPHUHATO BbIPAXXKaTh OTHOLICHUEM
OecKOHEYHO Majioro m3MeHeHusi koHueHTpanuu dC k OecKOHeYHO MajoMy OTpe3Ky Bpemenu dt, B
TE€4YEeHHE KOTOPOTO MPOU30LLIO0 U3MEHEHNE KOHIIEHTPALIUU:

U=+d—C

dt

CKOpOoCTh XUMUYECKOW PEeaKIMK 3aBUCUT OT KOHIIEHTPAIIMH, TEMIIEPATypbl, JaBiIeHUs (A7 ra30B),
CTENEHU U3MEIBYEHHOCTHU (1711 TBEP/BIX BEIIECTB), MPUCYTCTBUS KaTalM3aTOPOB, OT MIPUPObI BEIIECTBA
U Cpepbl.

OCHOBHOM TOCTYJIAT XMMHUYECKOW KHHETUKH — 3aKOH /IeliCTBUS MacC!

Ilpu nocmosannoii. memnepamype CKOpOCmMb XUMUYECKOU peakyuu HpimMo NpOnoOpPYUOHALbHA
npOU38e0eHUI0 KOHYEHMPAYUli peasupyroujux eeujecms.

Tak, CKOpOCTb peakIuu

ad+bB=cC
MOXeET OBITh 3alHcaHa
v=k[AP[B",

rae [A], [B] — koHIeHTpalMK pearupyonmx BeIeCTB;

kK — koaddunueHT NpOmOPIMOHATBHOCTH, KOTOPBIH HA3bIBACTCSI KOHCTAHTOM CKOPOCTH
XMMHUYECKON peakinu. K 3aBUCHT OT TeX ke (aKTOPOB, YTO U CKOPOCTh, KPOME KOHIICHTPAIIUH.

B ciydae rereporeHHBIX peakiMii B ypaBHEHHs 3aKOHa JEHCTBUS MacC BXOAST KOHIICHTpAIMU
TOJILKO T€X BEIIECTB, KOTOPbIC HAXOMATCS B Ta30BOH (hase wiu B pacTBope. KoHIlEHTpalus BelecTsa,
HaXOJIAIET0cs B TBEPAOH (ha3e, 0OBIYHO MPENCTaBIIET COO0H MOCTOSHHYIO BETMYUHY U TOITOMY BXOJIUT
B KOHCTAHTY CKOPOCTH.

B chywasx, Korma TpuM peakuMH  BBIAENSAETCS Ta3, BBIIAgaeT O0CajoK, o0Opasyercs
MaJIOJIUCCOLMUPYEMOE BEILECTBO, BBIIENACTCS OOJBIIOE KOJHMYECTBO SHEPIUH, PEAKIMU MPAKTHYCCKH
HEOOpaTHUMBI.

Hpunuun Jle-HlaTense:

Ecnu Ha cuctemy, HaXOIAIIYIOCS B paBHOBECUH, POU3BOIMUTCS KaKoe-TMO0 BHEIIHEE BO3/IEHCTBHE
(u3MeHsieTCsl KOHLEHTpalus, TeMIepaTypa, aBjIeHNe), TO OHO OJAronpusITCTBYET MPOTEKAHUIO TOW M3
JIBYX MTPOTHBOIIOJIOKHBIX PEaKIMii, KOTOpas ocialiseT Bo3IeHCTBHE.

KommaecTBeHHOM XapaKTepHCTHKOfI XUMHUYECKOTO PAaBHOBECHUA CIYXUT BCIWYMHA, Ha3bIiBacMas
KOHCTaHTOM XMMHYECKOI0 paBHOBECHUA.
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Jns peakuuu
ad+bB - ¢cC+dD

CornacHo 3aKOHY ACHWCTBUS Macc, CKOPOCTH NPSMOW ®»1 U OOpaTHOM vy peakuuil BBIPAXKAIOTCS
YPaBHEHUSIMU:

b. ; d
v, =K [AF[BY; v, = k,[C][D]
[Ipu paBHOBECHHU CKOPOCTH MPSMON U 0OPATHOM peaKIMu paBHBI IPYT APYTY, OTKY/1a
k [A]*[B]° = k,[CT°[D]"
Koncranra paBHoBecust K paBHa OTHOIIIEHHIO KOHCTAHT CKOPOCTH MPSIMOM M OOpaTHOM peakiuid

_k _[cr[D)

k, [AP[B]

Koncranra paBHoBecus K cBs3aHa ¢ BBIXOOM PEAKIHH CIEAYIOLUIUM 00pa3oM:
npu K >> 1 BbIXOJ IPOIYKTOB peakluy OO0JIbIION;
npu K <<'1 BbIXOJ] IPOYKTOB peaKLUy MaJI€HbKHI.

3aBHCHMOCTD CKOPOCTH XUHMHUYECCKHUX peaKHHﬁ OT TEMIIEPATYPbI

[Tpu mOBBINIEHUU TeMIepaTypsl B 3HAYUTEILHON CTENEHU YBEIHMYHBACTCS CKOPOCTh XMMHYECKON
peaknmuu. JTO YBEIMYEHHE MOXHO XapaKTepU30BATh IMPH IMOMOIIM TEMIIEPaTypHOro Kod(pQHUIEeHTa
CKOPOCTH PEaKLUH P, KOTOPBII MPENCTAaBIsIET COOON OTHOIIEHHE KOHCTAHT CKOPOCTEH MpHU W3MEHEHUH
Temmeparypsl Ha 10°:

_ K100
V= K

rae kt +10° — KOHCTaHTa CKOpocTH peakuuu npu t+ 10°;

K; — KOHCTaHTa CKOPOCTH PEaKIMK P Temreparype t.

CornacHo npubmkeHHOMY (3MnuprueckoMy) npasuiay Bant-T'ogga Bennunna TemMnepaTypHOro
koa¢pdunreHTa y xonediercs B npeaenax 2+4, T.e. MpH MOBBIIIEHUH TeMmmeparypbl Ha 10° ckopocTb
XMMUYECKOH peaKkIi BO3pacTaeT B JBa — YEThIpE pas3a

to—11
10

by, =0y ¥

ITpaBusno Bant-I'odda sBnsercs npubakeHHbIM, 60J€e TOUHO 3aBUCUMOCTh CKOPOCTH PEAKIMH OT
TEMIIEpaTyphl BBIpAXXAaeTCsd ypaBHeHHEM AppeHuyca:

k, E (1 1

lgr2=—— |-
9%, T 2303R(T, T,

rac E— OHCPIrusa aKTUBALlUU. 3Hepr1/m, KOTOpas JOJ’KHA OBITh COO6HIGHa HCAKTUBHBIM MOJICKYJIaM
I IEpEeXoia UX B aKTUBHOC COCTOSIHUC, HA3BIBACTCA 3Hepl"l/leﬁ AKTHBaNUH. R — ra3oBas mocTosiHHas.

CKOpOCTh XMMHUYECKOM pEaKIMK 3aBUCUT OT KOHIIEHTPALIMM aKTUBHBIX MOJIEKYJI. DTO HAIJIO CBOE
oTpaxkeHHe B uccienoBanusax C. AppeHuyca, KOTOPBI IOKa3ajl, YTO KOJIMYECTBO AKTHBHBIX MOJIEKYJT
MOJKET OBITH BBIUMCIIEHO 0 YPAaBHEHUIO:

_E
N = Noe RT,
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rae N — gncino akTuBHBIX MOJeKyIT; Ng — o0Iiee Yucio MOJIEKYIL.

HOpﬂI[OK H MOJIEKRYJISIPHOCTDH peaKIuu

XUMHUYECKHE PEaKIMi MOTYT ObITh KJIACCH(PHUIIMPOBAHBI IO IPU3HAKY MOJIEKYISIPHOCTH PEaKINH WIH
IO MPU3HAKY MOPSIKA PEAKIIUH.

Monexkynapuocme — 4uUClio MOJNEKYI, YYACMBYIOWUX 6 JJIeMEeHMApPHOM aKme XUMUYECKo20
gzaumooelicmeaus. 1o smomy npusHaxy peaxyuu pazoensaromcs Ha MOHOMOLEKYIAPHbIe, OUMONEKVIAPHbIE U
MPUMOIIEKYISIPHbLE.

Monomonekynapuslmu  HA3LIBAIOMCA  MAKUEe peakyul, 6 KOMOpblX 6 INeMEHMAPHOM —aKme
83AUMOOCLICMBUSL YHACMBYem MOIbKO 00HA MoeKyia. Monomonexynsprole peaxyuu muna A— B uiu A—B+C
— pacnao MoneKyi Ha Oosee npocmvlie COCMABHbIE YACU:

CH3COCH;3; — C,H, + H, + CO,
CaCO; —Ca0 + CO,
v=kC
CKOpPOCTb TaKOM peaKIUM 3aBUCUT OT KOHLIEHTPALIMU TOJIBKO OHOIO BEIECTBA.

Bumonexysipabie peakuun vina A + B — C wm 2A — B — B 211eMEHTapHOM aKTe y4acTBYIOT JIBE
MOJIEKYJIbI OIMHAKOBOM WJIN PA3JINYHON IIPUPOJIBIL:

H, + 1, =2HI
CH;COOH + C,H50H <~ CH3COOC,Hs5 + H,O
v = KC1C; — 3aBUCHT OT KOHIIEHTPAIIUH JIBYX BEIIECTB.

Tpumonexynapuwvimu Ha3bLIBAIOMCSL PEaAKYUl, 8 KOMOPbIX & JIEMEHMAPHOM AKMe 83AUMOOEUCMBUL YHACBYION
mMpuU MOEK) b,

TprMOnEKyISIpHBIE pEaKLK — A+2B—C,
3A—B
[pumvepb! peaximid: 3CH,; — CcHg
2NO + O; —» 2 NO;

Zn(OH)2 +2NaOH — Naz[Zn(O H)4]
v = KC;C,C3 -3aBHCHT OT KOHIIEHTPAIMH TPEX BEIIECTB.

Ha mpaktrke npuxoanuTcss UMETH J1EN10 TOJIBKO C 3TUMHU TPEMs TUIIAaMM peakiuil. Peaknnn, B KOTOPBIX
IPUHUMAET ydacTue OOoJbIIe TPEX YaCTHIl, COCTOAT U3 HECKOJBKUX JIEMEHTAPHBIX CTaJUi — MOHO-, OU- U
TPUMOJIEKYJISIPHBIX.

Ilopaook peakuyuu — smo cymma noxazameseli cmeneHelu npu KOHYEHMPAYUsX, 6X00AUUX 8
ypagHeHue CKOpoCmu XUMU4eCKou peakyuu.

v =K[A]*[B]°

Peakiu MoryT 65Tk TepBoro (v = kC); Broporo (v = kC?); tpetbero (v = kC?), a Tarke Hy1eBOrO
U IpoOHOTO MOPSIKA.

Peaxyuu, 6 ypasuenue cKOpocmu KOMOPbIX 6X00UM KOHYEHMPAYUs peasupyrouezo 6euecmed 8
nepeol cmeneHu, Ha3vl8amcs PeaKuyuAMu nepeoo NopAOKa.

Kunernueckoe ypaBHEHHE peaklMM MEPBOTO MOPSAIKA
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2,303 a
t a—X

Kk

rie K — KOHCTaHTa CKOPOCTH;

a — HCXOJTHOE KOJIMYECTBO BEILECTRA,;

X — KOJIMYECTBO BEIIECTBA 32 MIPOMEKYTOK BpeMeHH {;

(@ — x) — KONMYECTBO BELIECTBA, OCTABIICECS K KOHILY BpeMeHH .

2,303 — Moynb Mepexo/1a OT HaTypalbHBIX JOTapu()MOB K TECATUIHBIM.

PeaKHI/II/I, CKOPOCTb KOTOPBIX IMPOIIOPHHUOHAIbHA ITPOU3BEACHNIO IBYX KOHI_[eHTpaHI/Iﬁ HJIM KBaJpary
KOHHGHTpaHHfI, HAa3bIBAIOTCA PCAKIUAMHU BTOPOIo NnopsaKa.

Kunetnueckoe YPaBHCHUEC pCaKIUKU BTOPOIro MopsAaKa
_ 2,303 Ig b(a— x)
t(a—b) “a(b-x)

J{poOHBIii MOPSIAOK — B CJIOKHBIX PEaKLUAX, IPOTEKAIOIINX YE€PE3 MPOMEKYTOUHBIE CTAUH.

Hy.]]eBOﬁ MNOPAAOK B PCAKIUAX, KOorjga CKOpOCTh II0JABOJAa BEHICCTBA OoJIbIIIE CKOpPOCTH €TI0
pacxogoBaHus. B Takux pPeakuuiaX CKOPOCTh paBHA ITOCTOSIHHOM BennunHe v = K.

I[Ipu4nHbI HeCcOBNA/IEHUS MOJIEKYJISIPHOCTH U MOPSIAKA

1) ITocTosHCTBO KOHICHTpaIHUKU OJHOI'0 NI HECKOJIBKUX YYACTHUKOB PCAKIIN.
CH,COOC, H; + H,0—2®e¢_y ¢ H.OH +CH,COOH
’
C H20 - k C

[H20] = const, crenoarensuo, U = KC T.€. peakuus OUMOJIEKyIsIpHasi,

agupa agpupa >

HO MEpPBOT0 MOpPsAKa.
2) CryneHYaThlii XapakTep peakuun (Harnpumep, xjaopuposanue NO):

2NO+Cl, =2 NOCI — CyMMapHO

RUMPOIUTXTOPUD
1) cramua: NO+Cl, = NOCI, — 6sictpo
2) cramma: NOCI, + NO = 2NOCI - mennenno
v =KCoc ) CNo — BTOPOTO IOPSIIKA, HO TPHMOJICKYIISIPHASL.

buMonexynspHble U1 TPUMOJIEKYISPHBIE PEAKIIMH, B KOTOPBIX M3MEHSETCA KOHLIEHTpaUUs TOJIBKO
OJIHOTO PEArupyrolero BEMECTBa MNP MPAKTUYECKH MOCTOSHHOW KOHIIEHTPALUK IPYTUX, IPOTEKAIOT MO
TUIY MOHOMOJIEKYJIIPHOW U Ha3bIBAKOTCS IICEBIOMOHOMOJIEKYIISAPHBIMU.

Karanus

BGHIeCTBO, HU3MCHAIOOIEC CKOPOCTH XHUMHYISCKOM p€akuu MW OCTaroImIceCa II0CJIC PCAaKIUU B
HEU3MEHHOM COCTOSAHHU U KOJIMYECTBE, HA3BIBACTCA KATAJAU3ATOPOM.

Kamanu3z — uzmenenue CKopocmu XUMUYECKOU peakyuu 6 npucymcmeuu Kamajiuzamopoe.

24



Ecnmu ot nmoOaBineHust Kartaiau3aTopa K pearupyromei cMecu CKOPOCTh XHMHYECKOH peakiuu
YBEJIMYUBACTCS, KaTallU3 HA3BIBACTCS NOJIONCUMENbHLIM, €CIN K€ PEaklHs 3aMeUIIeTcsa, TO KaTaJlu3
Ha3bIBAIOT OMPUYAMETIbHBIM.

Ecmu YCKOPEHUE PCAKIMK BBI3BIBACTCA KaTaJlMl3aTOPOM, 06pa3y1-OH_[I/IMC${ B XO0J€ XHMHUYCCKOI'O
nmponecca, To pCakusa Ha3bIBACTCA aYTOKaTaHHTHHGCKOﬁ, a CaMo ABJICHUC — aymoKamdaiu3om.

Cneyughuunocme KaTanmzaTopa 3aKJII0YaeTcsl B €ro COCOOHOCTH YCKOPSTh TOJNBKO OJHY PEAKIIMIO
WJIY TPYIILY OJHOTHUIIHBIX PEAKLM U HE BIMATh HA CKOPOCTh ApYyrux peakuui. Tak, HanmpuMmep, MHOTue
NepexoAHble MeTaulbl (IJIaTHMHA, MeAb, HMKENb, Kele30 U T.JA.) SABJSITCS KaTalu3aTopamMM s
IIPOLIECCOB TMAPUPOBAHMS; OKCUJ AIFOMUHUS KaTAIU3UPYET PEaKLUU TMAPATALUU U T. 1.

Cenekmugnocms KaTanu3aTopa — CIIOCOOHOCTb YCKOPATh OJHY M3 BO3MOXKHBIX IIPH JIaHHBIX
YCIIOBUSIX MApaJuIeNIbHBIX peakluid. biarogaps 3TOMy MOKHO, IPUMEHsSI Pa3IM4HbIC KaTaJIU3aTOPhI, U3
OJIHMX U TE€X K€ UCXOIHBIX BEILECTB I10Iy4aTh Pa3InYHbIe IPOLYKTHIL:

[CU]: CO+H, —> CH30H [A|203]: C,HsOH —> C,H4 + H,O
[NI] CO+H, —> CH;+H,0 [CU]: C,HsOH —> CH3CHO + H»

HpH‘-II/IHOﬁ YBCIMYCHHUA CKOPOCTHU PCAKIMU IIPU MMOJIOKUTCIIBHOM KaTalln3€ ABJIACTCA YMCHBIICHUC
SHEPTUM AKTUBAI[MU TpPU TPOTEKAHUHM DEAKIMHd Yepe3 aKTHBHPOBAHHBIA KOMIUIEKC C YYacTHEM
KaTtanu3aropa (cM. puc.l).

E &
ABH
Ef
1) A+B==aF*——C
e 4 ) A+B+K==pBK*—=C
EHC}{
Enpn,u,

KoopaWHaTta peakuin

Puc. 1. DHepreruyeckas quarpaMma XUMHUYECKO# peakiuu 6e3 katanuzaropa (1) u B mpucyTcTBUU
katanuzaTtopa (2).

HeoOxomuMo OTMETHUTh, YTO HalW4HMe Karajiu3aTopa HE BIHAET Ha BEIUYUHY H3MEHEHUS
TEPMOJIMHAMHYECKOTO MMOTEHIANIA B PE3YJIbTaTe MPOIIeCcca U, CIIEAOBATENIbHO, HUKAKOU KAMAIU3AMOp He
Modrcem coenams B03MONCHBIM camonpous3eoibHoe npomeKkaHue mepMOauHaMult€CKu HEBO3MOIHCHO20
npoyecca (npouecca, AG (AF) xotoporo 6ombiie Hyms1). Katanuzarop He U3MeEHsI€T BETUYNHY KOHCTAHTBI
paBHOBECHsI ISl OOpaTUMBIX PEaKIIMii; BIMSHUE KaTaau3aTopa B 3TOM cllydae 3aKII04yaeTcsl TOJNBKO B
YCKOPE€HHU JOCTUXKCHUA PaBHOBECHOT'O COCTOSHUA.

B 3aBucumocté OT (a30BOr0 COCTOSIHUSL PEAreHTOB M KaTalu3aTopa pa3iHyaloT TOMOTEHHBIA U
reTePOreHHBIN KaTalaus3.

T'omozennwviii kamanuz npomexkaem 6 00HOU ¢hase, Koeda peacupyiowjue ewjecmea U cam
Kamanuzamop oopasyom 2a3zo000pasHyro Ul HCUOKYI0 20MO2EHHYI0 (0OHOPOOHYIO) CUCTEM)).

TI'emepozennvlii kKamanuz npomexaem Ha zpanuye pazoena @az, oopazyemvix KAmaiuzamopom u
peazupyroumumu 6ewecmeamu, m.e. peakyus uoem Ha No8epXHOCMU Kamaiusamopa.
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I'omozennwvlii kamanu3 — KaTaIUTHUECKUE pEAKIMM, B KOTOPBIX pEareHThl M KaTaau3aTop
HaxoAaTcss B OAHOM (aze. B ciyuyae roMOreHHO-KaTaJIUTHUECKUX IPOLIECCOB KaTalIMU3aTop o0pasyer ¢
peareHTaMu MPOMEKYTOUYHBIE PEaKIIMOHHOCIIOCOOHBIE IPOAYKTHI. PacCMOTPHM HEKOTOPYIO pEaKIuio

A+B—>C

B npucyrcTBHM KaTanu3aTopa OCYLIECTBIISIOTCS JBE ObICTPO MPOTEKAIOIINE CTaJuH, B PE3YJIbTaTe
KOTOPBIX 00pa3yroTcs 4YacTHULbl MPOMEXyTouHoro coeauHeHus AK u 3atem (depe3 aKTUBHUPOBAHHBIN
# v .
koMIuiekc ABK") KOHEUHBIH POIYKT peakliuy ¢ pereHepanueil KaTaiu3aropa:

A +K —> AK
AK + B — C+K

[TpumepoM Takoro mporecca MOXKET CIYKHTb PEaKkIus Pas3sIoKeHUS aleTalbIerua, SHEprus
akTuBanuu KoTopoit Ea = 190 xJ[>x/Mob:

CH3;CHO —> CH4+ CO
B npucyrcTBUM apoB 101a 3TOT NPOLECC MPOTEKAET B IBE CTAIUU:
CH3CHO +1; —> CHsl +HI+ CO
CHs3l+HI —> CHa+ I

YMeHbIIIEHHE 3HEPTUM aKTHBAlUMW 3TOW PEAKUMU B IMPUCYTCTBUM KaTalM3aToOpa COCTaBisieT 54
KJ[/MOJTb; KOHCTaHTa CKOPOCTH pEAKIMH IPU 3TOM YBEIUYHMBACTCS NPUOIM3HTEIRHO B 105 pas.
Haubonee pacrnpocTpaHeHHBIM THUIIOM TOMOTEHHOTO KaTaju3a SBISETCS KHUCIOTHBIM KaTajau3, MpH
KOTOPOM B POJIM KAaTaJlM3aTopa BBICTYNAIOT HOHBI Bojopoaa H'.

Aemokamanuz — MpoOLECC KAaTAIUTUYECKOTO YCKOPEHHS XMMHMUYECKOM peakLMH OJHUM M3 €€
IIPOYKTOB.

c B xauectBe mpumepa MOXXHO MPUBECTH KaTAJU3UPYEMYH) HOHAMU
BOJIOPOJIa PEAKILIMIO THAPOIIN3A CIOKHBIX 3(PUPOB.

OO6pa3zyromasics Opu  THAPOJIM3E  KHUCJIOTAa  JIUCCOIMUPYET  C
00pa3oBaHNEM MPOTOHOB, KOTOPBIE YCKOPSAIOT PEAKIIMIO THAPOIIU3A.

Oco0eHHOCTh aBTOKAaTAIUTUYECKOM pEeakIuu COCTOUT B TOM, 4YTO
- JlaHHasl pPeaKlMsl MPOTEKAET ¢ NOCTOSTHHBIM BO3PAaCTAHUEM KOHLEHTPALUU
t katanuzaropa. [lo3ToMy B HayajdbHbIA MNEPUOJ PEAKIHH CKOPOCTH €€
BO3pacTaeT, a Ha TOCIEAYIOUIMX CTagusX B pe3ylbTaTe yObUIH
KOHLEHTPAallMd  PEareHTOB  CKOPOCTh  HAYMHAET  yMEHbIIAThCH;
KMHETUYeCKass KpHBass INPOAYKTa ABTOKATAIUTHYECKON PpEAaKIMH HMEET
XapaKkTepHbI S-00pa3Hblii BUI (puc. 2).

Puc. 2. Kunernuyeckas
KpHUBas IpOJyKTa
aBTOKATaJIUTHUISCKOM
peaKkiuu.

I'emepocennslii Kamanu3 — KaTAIUTUYECKUE pEaKLUU, WAYIIHE HA TOBEPXHOCTH pasnena (das,
o0pa3zyeMbIX KaTajau3aToOpoM U pearupyrolldMU BeliecTBaMU. MeXaHU3M TeTepOTreHHO-KaTAIMTUUECKUX
MIPOLIECCOB 3HAUUTENBHO O0Jiee CII0KEH, YeM B Cllydae TOMOTEHHOTO Karanu3a. B kaxmoil reTeporeHHo-
KaTATUTUYECKOU PEaKIIMA MOYKHO BBIJICTTUTh KaK MUHUMYM III€CTh CTAJIAMN:

1. Iuddy3us uCXonHbIX BEIECTB K MTOBEPXHOCTH KaTalu3aTopa.

2. AncopOnuss HMCXOIHBIX  BEMIECTB HA IOBEPXHOCTH ¢  OOpa30oBaHHEM  HEKOTOPOTO
MIPOMEXKYTOUYHOTO COSTMHECHHSI:

A+B+K —> ABK
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3. AxrtuBanus aacopOUpPOBAHHOTO COCTOSIHHS (HE0OXomuMasi JJisi 3TOrO DHEPrusl €CTh WCTUHHAs
SHEPrusl aKTUBALMU Mpoliecca):

ABK —> ABK’
4. Pacna/:[ AKTUBHUPOBAHHOI'O KOMIIJIEKCa C 06pa3OBaHI/IeM a,I[COp6I/Ip0BaHHLIX IMPOAYKTOB pCaKIUU:
ABK* —> CDK
5. JlecopO1ust MPOIYKTOB PEAKIIMH C MIOBEPXHOCTH KaTaJln3aTopa.
CDK—>C+D+K
6. Huddy3us npoayKTOB peakiiuy OT IMOBEPXHOCTH KaTaIu3aTopa.

Crnenuduueckoid 0COOEHHOCTBIO TETEPOKATAIUTUYECKUX IPOLIECCOB SIBISIETCS CIIOCOOHOCTD
KaTaJIn3aTopa K IPOMOTHPOBAHUIO U OTPABJICHHIO.

IIpomomuposanue — yBeIMUEHUE AKTUBHOCTU KaTalu3aTopa B IPUCYTCTBUM BELIECTB, KOTOPHIE
camH He SIBJISIIOTCS KaTallu3aTopaMu JIaHHOTO Tpoliecca (IpoMoTopoB). Hampumep, nms kataauzupyemoit
METaJUTMYECKUM HUKEJIEM PeaKInu

CO+H, —> CHj4+H,0

BBCJICHUE B HUKEIEBBIM KaTAIM3aTOp HEOONBINONW MPUMECH IEepUsS TPUBOIUT K PE3KOMY
BO3PaCTaHUIO aKTUBHOCTH KaTajlu3aTopa.

Ompasnenue — pe3Koe CHIXKEHHUE aKTUBHOCTH KaTalu3aTopa B NMPUCYTCTBUU HEKOTOPBIX BELIECTB
(T. H. KatanUTUYECKUX 5A70B). Hampumep, nns peakuumu cuHTe3a aMMHaka (KaTtaau3aTop — ryddaroe
JKeJle30), NMPUCYTCTBUE B PEAKIMOHHON CMECH COEAMHEHUH KHCIOpOJa WM CEPbl BBI3BIBAET PE3KOE
CHIDKCHHE aKTUBHOCTH JKENIe3HOTO Karajau3aTopa; B TO K€ BpeMs CIIOCOOHOCTb KaTalu3aropa
a71copOMpoOBaTh NCXOHBIE BEIIECTBA CHUKAETCS OUEHb HE3HAYUTEIIBHO.

@®epMEeHTATHUBHBIN KaTAJIn3

d)epmeﬂmamu Hazviearom Ouonocuyeckue Kamaniuzanopbsl, Komopsle AGJNAIONICA npodykmaMu
HCUSHEOESMENbHOCU HCUBHIX OpP2AHUIMOE.

[To cBoeli aKTHBHOCTH OMOJIOTUYECKUE KaTaIM3aTOPhl B MHJIIHMOHBI pa3 MPEBOCXOASIT aKTHBHOCTH
XUMHUYECKUX Karanu3aTopoB. [IpucyrcTBue (epMEHTOB B HHUYTOXKHO MajbIX KOJMYECTBaX CIOCOOHO
pacIerIsiTh OTPOMHBIE KOJHMYECTBA pearupyromux BemecTB. Tak, 1 T KpHUCTalNIMYECKOro MerCcHHA
pacmieruisieT 50 KT KoaryJaupoBaHHOTO SIMYHOTO OeKa.

B orianume OT XMMHYECKHX KaTajau3aTopoB (EpMEHTHl O00JIaAaloT 3HAYMTEIbHO OoJblIeH
CHEIU(PUUHOCTBIO: KaXK/bIM U3 HUX JAEWCTBYET JIMIIb Ha CTPOTO ONPENEICHHYIO PEaKIHI0 WM TPYIIY
peakuuil, IPOTEKAIOIIKUX B OpraHu3Me.

B oTiinume oT HeOpraHUYECKUX KaTalau3aTopos, GEPMEHT B MpOIecCce MPOTEKAHUS KaTATUTHYECKON
peakuy MOCTENEHHO pa3pylIacTCcs U yTPauyMBaeT CBOIO AKTUBHOCTH. JTO SIBJICHHUE IOJIYYMJIO Ha3BaHHE
UHAKMUBAYUU.

Ilo cpaBHeHMIO ¢ HEOpraHMYECKMMM KaTajlu3aTopamMu (EepMEHTHl HMEIOT 3HAuuTelbHO Oolee
cnoxHoe crpoeHue. Kaxneiii (QepMeHT coaepKuT OeJoK, KOTOPhIM H OOYyCIIOBJIEHA BBICOKAs
cnenn(UIHOCTh OMONIOTHYECKUX KaTaiau3atopoB. [lo cBoeMy cTpoeHHIO (pepMEeHTHI MOIpa3AesIoTCs Ha
7Ba OOJIBIIMX KJIacca: OJHOKOMITOHEHTHBIE U JIByXKOMITOHEHTHBIE. OTHOKOMIIOHEHTHBIE COCTOSIT TOIBKO
13 OENTKOBBIX TeJ, KOTOPBIE 00J1a/1al0T KaTAIMTHYECKUMH CBOMCTBaMU. K IByXKOMIOHEHTHBIM OTHOCSITCS
Takue (epMeHThl, Takue (HEepMEHTHI, KOTOPbIE COCTOST U3 OENIKOBOM M HEOEIKOBOW YacTH, Ha3bIBAEMOM
npocmemu4eckou 2pynnou Wil Kopepmemuom.
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DepmenmamueHbvlil KAMaIU3 — KaTATUTHICCKAC PEAKIIMU, IPOTEKAIOIIUE C YIacTHEM (EPMEHTOB —
OMOJIOTHYECKHUX KaTaaIHU3aTOPOB OEIKOBOM MPUpOoabl. DEepMEHTATUBHBIN KaTallu3 HMEET JBEC XapaKTEPHbIC
0COOEHHOCTH:

1. Bvicoxasa axmuenocmb, Ha HECKOJIBKO MOPSAIKOB MPEBBIINIAIONIAS AaKTUBHOCTh HEOPTaHHMUECKUX
KaTaJM3aToOpOB, YTO OOBSACHSETCS OYEHb 3HAYMTEIBHBIM CHIDKCHHEM SHEPrMM aKTHUBAIlMHM Ipolecca
¢dbepmentamu. Tak, KOHCTaHTa CKOPOCTU PEAKIUU DPA3JIOKEHUS MEPEKHUCH BOAOPOJA, KaTalIU3HUpyeMOn
womamu Fe”*, cocrasmser 56 ¢; koHcTanTa CKOPOCTH 3TOH K€ peakuuy, KaTalu3upyeMoil pepmMeHTom
KaTanasoii, pasHa 3.5-107, T.e. peakuust B IPHCYTCTBUH (hepMEHTA IPOTEKACT B MUJUIMOH pa3 GhICTpee
(3HepruM aKTUBALUM TIPOIIECCOB COCTaBISAIOT coOTBeTCTBeHHO 42 um 7.1 k/[x/mMonb). KoHcTaHTh
CKOPOCTH THJAPOJIM3a MOYEBHMHBI B TPUCYTCTBHM KHCIOTHI U ypea3bl pa3iHyaloTcs Ha TPHUHAILATh
MOPSAJKOB, COCTaBIISIS 741071 5-10°¢* (BeMYMHA PHEPTUU AKTUBALMHU COCTABJISIET COOTBETCTBEHHO
103 u 28 x/[x/Moub).

2. Bvicokass cneyuguynocms. Hampumep, ammiaza KaTaau3HpyeT TNPOLECC PpaCIIeIUICHUS
Kpaxmasa, MpeAcTaBisiouiero co0oil Lenb OJMHAKOBBIX TIIOKO3HBIX 3BEHBEB, HO HE KaTalH3UpyeT
THJIPOJIA3 CaXapOo3bl, MOJIEKYJIa KOTOPOU COCTaBIIEHA U3 IIIOKO3HOTO U ()PYKTO3HOTO (PparMEeHTOB.

CornacHo OOLIENPUHATHIM NPEICTABIECHUSIM O MeXaHu3Me (epMEHTATUBHOIO KaTanausa, cyocTpaT
S u ¢epment F HaxonmsTcst B paBHOBECHHM C OYEHBb OBICTPO 0OpasyromuMmcs (GpepMeHT-CyOCTpaTHBIM
KOMIUIEKCOM FS, KOTOpBIN CpaBHUTEIBHO MEIJICHHO paclasaeTcsl Ha MPOAyKT peakuuu P ¢ BelneaeHneM
cBoboaHOrO (hepMeHTa; T.0., craaus pacnaga GepMeHT-CyOCTpaTHOTO KOMIUIEKCA Ha MPOAYKTHI PEeaKIHH
SBJISICTCS CKOPOCTHONPEAEIIOIEH (TMMUTUPYIOILEH ).

F+S <> FS —> F+P

HccnenoBanue 3aBUCUMOCTH CKOPOCTH (DEpMEHTAaTHMBHOM pEaKLMU OT KOHIEHTpAaLUHU cyOcTpara
pU HEU3MEHHOH KOHIEHTpanuu (hepMeHTa MOKa3alH, YTO C YBEIMYCHHEM KOHIIEHTpaIlHu cyOcTpaTa
CKOpOCTh pEaKIMM CHayajla yBeJIMYMBACTCS, a 3aTE€M MEepecTaeT U3MEHAThCA (CM. pUC. 2) U 3aBUCUMOCTh
CKOPOCTH peakLiy OT KOHIEHTPALMU CyOCcTpaTa OIUCHIBAECTCS CIEIYIOIIUM YPaBHEHUEM:

K
V=¥ _ [1+
rhax C

5

=1

3mech K —xoHcTanTa Muxasmnuca, YUCIEHHO paBHas
KOHLEeHTpauuu cyoctpata npu V = 2Vya. KoHcTanTa Muxasmuca ciiy’)kKUT Mepod CpOACTBA MEXIY
cyoctparom u pepmenToM: yeM MmeHblle Km, TeM Oombine uX crmocoOHOCTh K 00pa3oBaHUIO (hepMEeHT-
cyOCTpaTHOTO KOMILJIEKCA.

XapakTepHOil 0COOCHHOCTBIO NEHUCTBUSI (PEPMEHTOB SIBISIETCS TAK)KE BBICOKASUYBCMBUMENbHOCD
akmuenocmu ghepmenmog k enewHum ycirosuam — pH cpenpl u remneparype. @epMeHTb aKTUBHBI JIUIIb
B JIOCTaTOYHO y3KOM WHTepBalie pH u Temmeparypsl, mpuueM sl (pepMEHTOB XapaKTepHO HAlM4HE B
9TOM WHTEpBaje MaKCUMyMa aKTUBHOCTM TIPU HEKOTOPOM OMNTHUMadbHOM 3HaueHnn pH wim
TEeMIIepaTyphl; M0 00e CTOPOHBI OT JTOTO 3HAYEHHUS AKTUBHOCTh (DEPMEHTOB OBICTPO CHUKACTCS.

Vo

"‘"rmax ----------------------

vmax-'rE .

¥
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Puc. 2. 3aBucuMocTh CKOPOCTH (PEPMEHTATUBHON PpEAKIMH OT KOHIICHTPALUH cyOcTpaTa.

PeakTuBBI H 060pyHOBaHI/Ie:

JlabopaTopnasi paGora

1. Boansie pactBopsl: 0,4 % K, 1 mons/nm u 2 H HySOy, 0,05 5 1 1 Moas/1 NapS,03, 0,05 1 H20,, 2
mouw/n HCI, 5 % miasenesoii kucnotel, 2 M 6pomuna kams, 30 % mepokcuma Bogoponaa, 2 M cynbgara
Mapranga, 5 Yomuxpomara kamst, 10 % aMmmuaka, iepMaHraHaTa Kajwsl.

RROoo~N 0N

0,5% pactBOp Kpaxmaia.
Mepnbie KOJIOBI, TUIUHIPH! S0 MII.
ITatuB ¢ mpoOupKamu.
bropetku Ha 25-30 ML
TepMmocrar, TepMOMETP.
CekyHaomep.
Bona quctmimupoBanHast.

TexHoxumMHUYECKHE BECHI.
0. Kycok mpamopa, TOpOIIOK MeJia Ui MpaMopa.
1. BomomomeTp.

12. Kom0bI ¢ 0TBOIOM.
13. JInokcun MapraHiia, TMOKCH/I CBUHIIA.

OnbIt 1. Cuewenue xumuyecko2o pasHosecus npu UsMeHeHUY KOHYeHmpayuu peazenmos
JInst ombITa BOCIIONB3yeMcsl peakiueii oopasoBanus sxenesa (111) tTuormonara:

FeCl; + 3KSCN « Fe(SCN);z + 3KCI

(TouHee, B JAaHHOW peaKLUUU TMOJYYarOTCsl TUOIMaHaTHbIE KoMmIuiekchl >kene3a (1) ¢ uucnom
THUOILIMAHATHBIX TPYII y aToma kene3a ot 1 110 6).

Tuonmonar »xenes3a (I11) uaTeHCHMBHO OKpamieH B kpacHblii nBeT. PactBop FeCls — skenroBarsiii, a
pactBopel KSCN u KCI 6ecigernbl. Ilpu m3menenun konuentpaiuu Fe(SCN)s okpacka pactBopa
W3MEHSIETCS, UTO MO3BOJISET BU3YallbHO YCTAHOBUTD HAIPABIIEHHUE CMEIIEHU paBHOBECHSI.

PesynbTathl 3anmcaTh B BUJIE TaOJIUIIBL:

Ne JloGaBieHo B Habmtonenne — n3menenue BoiBos — HanpaBieHue
npoOUpKHU npoOupKy MHTEHCUBHOCTH OKPAaCKH CMELICHUS
paBHOBECHS
1 FeCls (p)
2 KSCN (p)
3 KCI (1)
4

K 20 M Boabl B HEOOMBIIIOM CTakaHe MpruOaBbTe MO 1-2 Karmu HackimeHHBIX pacTBopoB FeCls u
KSCN. ITomyuaeHHslit pacTBOp paszieiite B 4 IpoOUpPKH, 3aT€M B TIEPBYIO MTPOOHPKY NMPHOABHTE HECKOJIBKO
Kanenb KOHIeHTpupoBaHHoro pactBopa FeCls Urto Habmomaere? 3anuimre B TaOIUIy HAOIIOIaeMbIe
M3MEHEHHUS OKPACKHU M YKaXXUTE HallpaBJIeHUE CMEIEHNs paBHOBECHS (CTpesIKa BIIPaBO WM BIIEBO).

3areM BO BTOPYIO MNPOOUPKY MNpHUOaBbTE HECKOJIBKO Kareidb KOHIEHTPUPOBAHHOIO pacTBOpa
KSCN. CHoBa oTMeThTe W 3amuIIUTe B TAaONHIy HaOIFOJacMble W3MEHEHHS OKPACKH W YKaKUTE
HalpaBJICHUE CMEIICHUs paBHOBeCHs. B TpeThio mpoOupKy mpudaBbTe HeMHOTO Kpructamumieckoro KCI.
CpaBHUTE OKpacKy B TpeTbhell MpOOMpKE C OKPAacKOW pacTBOpa B YETBEPTOM MPOOUpPKE, KOTOPYIO
OCTaBWJIM [UIl CpaBHEHHUA. 3aluIIMTe B TaOMUIy HaOJIr0JaeMble HM3MEHEHHsS OKPAaCKH U YKaKUTe
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HaIpaBJICHUC CMCHICHUA pPAaBHOBCCHUA. COOTBGTCTBYIOT JIN Ha6HIOI[aeMI:IC HalpaBJICHUA CMCHICHUA
xumMudeckoro paBHoBecus npunnuiy Jle lllatense. Chopmynupyiite npuniumn Jle [latense.

BriBox:

OnbIT 2. Cuewjenue Xumuuecko2o pasHo8ecusi npu U3MeHeHUy memnepamypol

B nBe nmpoOupku BHecuTe 1o 4-5 MJI pacTBopa Kpaxmaja W NMpuOaBbTe Tynaa ke Mo 3-4 Kariu
pactBopa l,. 3anummure nBer o6paszoBasiierocs pactsopa. OnHy NpoOHPKY OCTaBbTE JUISI CPAaBHEHHS, a
BTOPYIO OIIYCTHTE HAa HECKOJIBKO MUHYT B CTaKaH C ropsiyei Bojoi. 3anuumre HabI0jaeMoe U3MEHEHHUE
OKpacku pacTtBopa. OxJaauTe Harperyro mpodupky. UYro mnpoucxoaut? 3anmuimuTte HaOIrogaeMoe
U3MeHeHHe OoKpackd. OCHOBBIBasCh Ha pe3yibTaTax HAONIOJEHMH chenaiiTe BBIBOJ O HAlpaBJICHUU
CMEIICHHS PABHOBECHS ITPH HATPEBAHUU U OXJIAKICHUU B M3y4aeMOU CUCTEME:

P} +  Kpaxman o [I2 - kpaxman]
JKEIITBIN OeCIIBETHBIN CUHUH
Ucxonsa w3 npunuuna Jle Illarense 0TBEThTE HA BONPOC 3K30- WM 3HAO TEPMUUYECKOU SIBIISETCA
peakmus 00pa30BaHUS HMOJIKPAXMAIbHOTO KOMILIEKCA MW pEakIHs ero JUCCOLMAIMH. 3allHIIuTe
BBIpKEHHE JIJIs1 3aKOHA IeUCTBYOMMX Mace (3/IM) n3ydeHHbIX paBHOBECHUH.

BriBo:

OnbiT 3. Hccrneoosanue 3asucumocmu CKOpOCMU peakyuu pasiodceHuss muocyrvghama Hampus om
KOHYenmpayuu

3aBUCHMOCTb CKOPOCTU PEaKLIMK OT KOHIEHTpAIMU PEarupyrolX BEIIECTB MOXKHO M3Y4UTh Ha MpHMEpe
peaKIMy B3aUMOJICHCTBHS PaCTBOPA THOCYITh(aTa HATPHSL M CEPHOM KHUCIIOTHI:

Na28203 + H2804 = Nast4 + Sl + SO, + Hzo

TIPU Pa3NIMYHBIX KOHIIEHTPAIMAX THOCYJb(dara HaTpus. CKOPOCTh PEeaKIMH U3MEPSETCs] BpEMEHEM OT
Hayvaja CIMBAaHHUS PACTBOPOB IO TIOSBIICHUS BO BCEX OIMBITAX OJMHAKOBOW TUIOTHOCTH CYCIIEH3WH cepbl. Uem
MEHBbIIIe KOHIIEHTpAIMsI pacTBOpa THOCY/b(aTa HaTpus, TeM Oolbliie OyleT STOT MPOMEKYTOK BpeMEHU (MEHBIIIE
CKOPOCTh PEAKIIVH).

PactBopbl NapS203 1 HSO4 0T™MEpATE pa3sHbIMU LIITUHPAMH.
A. B konoy ormepurs 10 M1 0, 1 M pacteopa Na,S,03 1 20 Mt BOZIBL

K pactBopy NayS;03 nobasute 10 M 1 M pactBopa HpSOs 1 cpa3y e HauaTh OTCUET BPEMEHH IO
CEKyH/IOMEpY C MOMEHTa ITePEMEIIMBAHNS PACTBOPOB JI0 Hayasla TOMYTHEHHS — 71.

B. B xon0y ormeputs 20 mit 0,1 M pactopa NapS;03 n 10 M muctiwsimpoBasHoi Bozpl. [lobasuts 10 v 1
M pactBopa HySO, 1 oTMeTHTh BpeMst Hadayia OMYTHEHHS — 77 .

B. B xaidy onvieprms 30 Mt 0,1 M pactsopa NapS;03 1 no6asums 1 0 vt 1 M pactopa HpSO, . OtMmeTuts Bpemst
TIOSIBJICHUSL CYCIICH3UH Cepbl — 73 . 110 JIAaHHBIM OIBITOB PACCUMTATh KOHIICHTPAIIMIO W BEJIMUWHEI,
MPOTIOPIIMOHATBEHBIE CKOPOCTH PEeaKIUi. Pe3ynbrarel 3amicarh B TaOIUILY IO (hopMe:
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No O06beM, Mt Konnentpanus ctBopa | Bpems no Hauana
OITBITA Na,S,03 MMOMYTHEHHUS, T,
N8.28203 (Xl) HO (XZ) HZSO4 O<3) C= 0, 1 /(X,+X X 3)’ cex
MOJIB/JT
A 10 20 10 T
b 20 10 10 72
B 30 - 10 73

[Toctpouth rpaduk 3aBUCUMOCTH CKOPOCTH peakimu oT KoHmeHTparuu Na,S;03,0TkiansBas Ha
ocu abcrucce kKoHreHTpanuto NapS;03, a Ha 0cH OpIMHAT — BEJIWYHHY, IPOTIOPIIMOHATLHYIO CKOPOCTH.

Ha ocHoBaHuu moirydeHHOTO TpaduKa CIenaTh BBIBOJ O BIUSHUU KOHIICHTPAIMU HA CKOPOCTH
peakiuu. HamrcaTh ypaBHEHHE PEaKIMU M MAaTEMAaTHYECKOE BBIPAKCHUE 3aKOHA JICHCTBYIOIINX Macc.

BriBoa:

OnbIT 4. Hccneoosanue 3asucumocmu CKOpOCMU peakyuu pasiodceHuss muocyivghama Hampusi om
memnepamypul

3aBUCUMOCTb CKOPOCTH PEAKIIMK OT TEMIIEPATyphl MOYKHO W3y4UTh Ha IPHMEPE PEaKLIMK B3aUMOICHCTBUS
pacTBopa THOCY Ib(aTa HATPHSI U CEPHON KUCIIOTHI

Na28203 + H2804 = Nast4 + Sl + SO, + Hzo

IIPU pa3IM4HbIX TemrepaTypax. CKOpPOCTh peakluu U3MEPSETCs BPEMEHEM OT Haydajla CIMBAHMS
PacTBOPOB 0 MOSIBJICHUS BO BCEX OINbITaX OJMHAKOBOM IUIOTHOCTU CYCHEH3MHU cepbl. YeM MeHbLIIE TeMIie-
paTypa B3aUMOJEHCTBYIOIIMX PACTBOPOB THOCY/b(ara HATpUs M CEPHOW KHUCIOTHI, TeM Oolblie OyJaeT 3TOT
MPOMEXYTOK BPEMEHU (MEHBILE CKOPOCTh peakiu). KenarenbHO HayaTh OMBITHI C HEBBICOKMX TEMIEpaTyp U
IIOCTETIEHHO TOBBIIATH TeMIeparypy Ha 10°.

A. Haimrs B oy ipooupky S mit pactBopa NapS203, a B ipyryto — 5 mit pactBopa HaSO4. TTomectuts 06€
MPOOUPKH U TEPMOMETP B CTakaH C BOJOW KOMHATHOW TeMmepaTrypbl M uyepe3 5 MUH 3amucarh B
Ta0JIMIly OKa3aHus TepMomMerpa -  t1. He BrIHMMas npoOupKy ¢ THOCY/Ib(hATOM HAaTpHs U3 CTaKaHa C
BOJIOH, JI00aBHTEL B Hee conepkumMoe npooupku ¢ HoSO, 1 Havate OTCUET BPEMEHHU TI0 CEKYHIOMEPY C MO-
MEHTa NepeMEeLIMBaHuUs /10 MOSBIECHHS ONaJeCeHIINU (JIETKOTO MTOMYTHEHUsI). 3anucarh BpeMsl IPOTEKaHHs
peaKury Npy JaHHOW TeEMIEpaType-T1.

b. B nBe apyrue mpoOupku HamuTh Takue ke o0beMbl pacTBOpoB NaxS;0s u HoSOs. INomectuts
NpOOMPKH M TEPMOMETP B CTakaH ¢ Bomoi. CTakaH INOCTaBHTh Ha acOECTOBYIO CETKy M HarpeTb BOLY MO
Temreparypbl Ha 10° Bblllle KOMHATHOW. 3aTeM MpoJIeaTh OIBIT TaK e, KaK M B IEPBOM CITydae, 1 OTMETHUTh
BpEeMS IO CEKYHJIOMEDY - T2.

B. TouHO Tak ke MOCTYIMUTh C TpeThel Mapoil MpoOUPOK, TIOBBICUB TeMIIEpaTypy Bojbl emie Ha 10°.
3amucath BpeMs 110 CEKYHI0MEpY - T3. Pe3ynbTaThl ONMBITOB 3anMcaTh B TAOIMILY 110 opMme:
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No ombiTa Temnepatypa Bpewms no nauana TemneparypHbiii
ombiTa, t °C IIOMYTHEHUS, T, CEK K03 PUIMEHT, y

A t1 T1 V1

b t T2 V2

B t3 T3 V3

PaccuuTars TemMneparypHbiii KOO(pQUIMEHT CKOPOCTU PEAKIINH )

Y 1= T1/ T2;
V2= T2/ T3,

y3= (1t y2)l 2.

C,I[eJ'IaTB BBIBO/J[ O BJIMSIHUU TEMIICPATYpPbl HaA CKOPOCTb PCAKIIUHU.

DHEPruio aKTUBALIMKU PACCUUTATh N0 YPaBHEHUIO AppeHunyca:
E.= 2,319 y(T,T1)/ (T2~ T1) anst temneparyp T u T, T2 u T, a Tarxoke cpeaioro E,.

BriBon:

OnbIT 5. Buusanue nosepxnocmu peazupyiowjux eeujecme Ha CKOpPOCMb PeaKyuu 8 2emepoceHHOl

cucmeme

YpaBHOBECHUTh Ha TEXHOXHMMHUUECKMX BECaX KYyCOUEK MpaMopa (KJI MeJia) U TaKyro jK€ Maccy MOpoIKa
Mpamopa (i mena) — npubausutensHo 0,5 T. B 1Be mpoOupku HAIMTE 10 S5 MIT pa30aBIeHHON COJISTHOM
KHUCJIOTHl U BHECTU B HUX OJHOBPEMEHHO HABECKM Mpamopa WM Mella: KycO4eK — B OJHY IpPOOHpKY,
MOPOIIOK — B Apyryro. OTMETUTh BpeMsl, KOTOpOe MOTpeOyeTcs JIs TOJHOTO PacTBOPSHUS MpaMopa
(memna). B xakoii mpoOupKe peakius MpoTeKaeT ObICTpee U mouemy?

Hanucate YpaBHCHUC PpCAKOUHU W MATEMATHYCCKOC BBIPAXKCHUC 3aKOHA HeﬁCTBYIOIHHX Macc.
C}IGJ'IaTI) BBIBOJ O BJIMAHHWH IMOBEPXHOCTH PCArUpyroMIMX BCIICCTB Ha CKOPOCTH PCAKINH, npOTeKa}omeﬁ B

IeT! epOFCHHOﬁ CUCTEMC.

BriBon:
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OnbIT 6. Bausnue akmugHocmu Kamanuzamopa Ha ckopocmuv xumuyeckou peaxyuu (Paznoscenue
nepokcuoa 6000pooa)

B nBe mpoOupku BHectn 1o 10 xamens 30% -Horo pactBopa mnepokcuiaa Bomopoaa HJI. B oany
poOHPKY JOOABUTH HEMHOTO THOKCHIa MapraHia MmO,, a B Pyryr0 — CTOJIBKO e JUoKcuIa ceuHIa PhO,.
O ckopoctu paznoxenus H,O; cynar mo WHTEHCHBHOCTH BBIIEJICHUS IMy3bIPHKOB Tra3a. Kak Joka3ars,
4To B o00eux mpoOHMpKax BbIAeNseTCS Kuciaopon? HammcaTh ypaBHEHHE pEaKIUU Pa3IOKEHHS
MEPOKCUA BOJIOPOAA.

BriBon:

3aganus 1J151 CAaMOCTOATEILHON padoThI

KoHTpo/ibHBIE BOIPOCHI:

1. IIpeameT XxuMHUYECKOM KMHETUKHU. UTO MOHMMAIOT IIOJT CKOPOCTHIO XUMHUUYECKOM peakunu?

2. B ueMm pa3nuuue TOMOIEHHBIX M T€TEpOreHHbIX XUMHUYECKuX mpoueccoB? OOpaTumeie U
HEOOpaTHUMBIE PEAKIIHH.

3. Kak BbIpa)kaeTcst cpeiHss U HCTHHHASL CKOPOCTh XUMHUECKUX PEAKLIUA?

4. 3akoH neiictBus Macc. UTO Takoe KOHCTaHTa CKOpPOCTH XHMMHUYecKOW peakuuu? OT Kakux
(akTOpOB OHA 3aBUCUT?

5. Kakue (akTopsl BIMSIOT Ha CKOPOCTh XMUMHUYECKOH peaknuu? Kak CKOpPOCTh XUMHUYECKOU
peakiuu 3aBUcUT oT Temneparypsl? Chopmynupyiite npasuio Bant-I'odpda. Ypasuenune Appenuyca.

6. Kakoe sBneHne Has3piBaeTcs Katanm3oM? UYeM OTIMYaeTcsi TETEPOTeHHBIM KaTalu3 OT
roMoreHHoro? B uem oco6eHHOCTH (hepMEHTATUBHOIO KaTain3a?

7. Yro noHMMaeTcs IOJ COCTOSHMEM XHUMHUYECKOro paBHOBecusi? BrlpakeHne KOHCTaHThI
paBHOBECHsI 4epe3 paBHOBECHbIE KOHLEHTpAlMM pearupyromux BemiecTB. KakoB ¢usnyeckuil cmbICi
KOHCTaHTBI paBHOBECHUS?

8. Copmynupyiite npuniun Jle Hlatense.

9. Beruncnnre, BO CKOJIBKO pPa3 YBEIUUUTCS CKOPOCTh PEAKIMU TPH MOBBIIICHUH TEMIEPaTyphl OT
30 no 70 °C, ecnu TemnepaTypHbIi K03(h(GUIIMEHT CKOPOCTH paBeH 2.

10. 3anmumuTe KHHETUYECKOE YpaBHEHHE IS CIICAYIONINX YPABHEHUH PEaKIIHiA:

a) S(tB) + O (1) = SO, (1)

0) 2S0; () + Oz (1) = 2S03 (k)

TecToBbBIC 3a1aHUA:

1. CxopocTb 10001 XUMHYECKOH PEaKIIUK 3aBUCHT OT:
a) TaBJICHUS

0) Temmeparypsl

B) IUTIOIA/I COMPUKOCHOBEHHS PEArNPYIONIMX BEIICCTB
T') BCEX BBIIIETIEPEYHCICHHBIX (PaKTOPOB

2. Bo ckosIbKO pa3 U3MEHUTCS cKOpocTh peakuuu: 2SO, + O, «» 2SO3 npu NOBBIIEHUN AABICHHS B
cucreme B 3 pasza?

a) yBenuuuTcs B 9 pa3

0) yBenuuuTcs B 6 pas

B) yBenuuuTCs B 27 pa3

r) yBenuuuTcs B 18 pa3

3. EnnHuna u3MepeHusi CKOpOCTH TOMOT€HHOM pEeaKIIUHU:
a) MOJIb/(J1-C)
0) (kmosb-M3)/u
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B) (MOJB-C)/MIT
r) (71°¢)/MOB

4. B peakiuu, cxema koropoi 2A(r) + B(r) = C + D KoHIIEHTpanuio BemecTBa A yBEIUYUIN B 2
pasa, a Bemectsa B - B 3 pa3za.

CKopocTh peakiiu Mpu 3TOM BO3PACTET:

a) B 12 pa3

0) B 6 pa3

B) B 1,5 paza

r) B 3 pa3a

5. Jlnst yBeJIMUeHHs] CKOPOCTH XUMHUYECKoi peakimn Mg(t) + 2H" = Mgz++ H, HeoO6xoumo:
a) 100aBUTh HECKOJIBKO KYCOUKOB MarHus

0) yBEIMUYUTH KOHIICHTPAIINIO HOHOB BOAOPOA

B) YMEHBIIUTH TEMIIEPATYPY

T') YBEJIMYUTH KOHIICHTPAIIUIO HOHOB MarHHs

6. lnsa ysenuuenus ckopoctu peakiuun 2CO + O, = 2C0O; + Q HeoOxoauMo:
a) yBenuuuTh KoHueHTpanuo CO

0) yMEHBIIUTH KOHIEHTpaIuio O

B) IOHU3UTD JABJICHUE

)IIOHU3UTH TEMIIEPaTypy

7. Ha CKOpPOCTh XMMHYECKOW pEaKkIMHW MEXKAY PpacTBOPOM CEPHOM KHCIOTHI M IKEJIe30M He
OKa3bIBACT BIUSHUS:

a) KOHLIEHTPALUS KHCIIOTHI

0) U3MeNpYCHUE JKee3a

B) TEMIIEpaTypa PeaKuu

I') YBEJIMYEHUE JIaBICHUS

8. TemmepatypHblii K03hdUIIMEHT peakiuu paBeH 2. Ha CKOJIBKO TpaaycoB HaJlIO yYMEHBIIUTH
TEeMIIEPaTypy, UTOOBI CKOPOCTh PEaKIIMU YMEHBIIUIACh B 16 pa3:

a) na 20 °C

0) Ha 30 °C

B) Ha 40 °C

r)na 50 °C

9. KoHCTaHTa CKOPOCTH XMMUYECKON PEAKIIUN HE 3aBUCHT:
a) OT MPUPOJIbI PEATUPYIOLIUX BEIECTB

0) OT KOHLIEHTPAIIMH PEarupyoLX BEIIeCTB

B) OT TEMIIepaTyphl

I') OT HAJIM4Ms KaTaln3zaropa

10. B 1106011 XUMHUECKOI peakliy paBHOBECHUE CMEIIAETCS MPH:

a) U3MEHEHUU TeMIIEPaTyphl

0) Ipy U3MEHEHUH JIaBJICHUS

B) IIpU J€MCTBUM KaTaJu3aTOPOB

I') IpY U3MEHEHHUE TUIOIIA i CONPUKOCHOBEHUS pearupyrolux BeLIecTB.

Jlureparypa:
1. 10.A.EpmioB B.A., [lonkos, A.C. bepnaun u ap. O6mas xumus. buopusnueckas xumus. Xumus
OUMOTeHHBIX 71eMeHTOB: yueOHuK/ noj pen.;tO.A.Epmosa.-M.: Beicur.mik., 2007-559¢.
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xumumny». Brnangukaskas 2006.

5. 1O0.A.Epmos, B.A. ITonkos, A.C. bepasun u np. [Ipaktukym no o6mieit xumuu. buodusnueckas
XUMHS. XUMHUsL OMOTCHHBIX AJIEMEHTOB: y4e0. mocoOue aJisi CTYACHTOB MEHA. CIell. BY30B/ MOJ pej.
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Tema 3. AOHHBIE PABHOBECHS B PACTBOPAX DJIEKTPOJIMTOB. THIPOJIN3 COJIEN.
MEJIUKO-BUOJIOT'MYECKOE 3HAYEHHUE I'MIPOJIN3A

Heab 3aHATHA: 3aKpENUTh 3HAHUS MO XMMHUU MOHHBIX PABHOBECHI. Y CBOUTh OCHOBHBIE MOHSTHS
TEOPUM DJIEKTPOJIUTHYECKON auccounanuu, Tteopuu Jlebas-Xiokkens, 3akoHa OcTBaiiblia, YMETh
paccUuThIBaTh KOHCTAHThl M CTENEHb HMOHW3ALMU PAcTBOPOB 3JIEKTPOJIUTOB. PaccMOTperh MHOHATHS
COJIbBOJIM3a W THUAPOJIM3a, OCHOBHBLIC THIIBI THAPOJIU3A COHGﬁ, KOJIMYCCTBCHHBIC XAPAKTCPUCTHUKU
TUAPOIN3a. YMETh PAaCCUUTHIBATh KOHCTAHThI U CTENEHb T'MpOJin3a cojied. M3yuuTs posib ruaponusa B
IpoLeccax XU3HEAesITeNbHOCTH, THIpoan3 ATO.

Leab 1e9TeILHOCTH CTY/IEHTOB HA 3aHATHHU

Cmyoenm Oondxcen 3Hamn.

a) [ToHsATHUS TIEKTPOIUTOB, HEAJIEKTPOIUTOB.

0) [TonoXeHus: TEOPUH AIIEKTPOIUTUICCKON TUCCOIHALINH.

B) KOHCTaHTHI HOHU3ALIMU CIIA00T0 ANEKTPONIUTA. 3aKOH pa3BeaeHus OcTBanbaA.

r) OOmme mnonoxenus teopun Jlebas-Xiokkens. HMonHas cuna pacTBopa. AKTHUBHOCTD,
KO3 (HUIIMEHT aKTUBHOCTH MOHOB.

1) Onpeznenenue ruposinza. TUITBI THAPOIN3A B 3aBUCMOCTH OT IPUPO/IbI COJIH.
e) ['mnponuz ATO.

Cmyoenm Oondxcen ymemn.:

a) [lucatps ypaBHEHMs OUCCOLMALUU 3JIEKTPOJUTOB M BBIPAXKEHUS Ui KOHCTAHTHI JIMCCOLMALIIH
CJIa0BIX AIIEKTPOJIUTOB.

6) OOBACHUTH CMEILIEHHE HOHHOTO PaBHOBECHS IIPHU JOOABJIEHUHN OJHOMMEHHBIX HOHOB.

B) [Iucars ypaBHeHUs peakuil aM(pOTEPHBIX FJIEKTPOIUTOB C KUCIOTAMH U LIEI0UaMU.

r) [Tucare ypaBHEeHUs THAPOIN3A PA3IUYHBIX TUIIOB COJICH.

1) PaccunThiBaTh 3HaUEHHSI KOHCTAHTBI THAPOJIN3A M 3HaUeHHsI pH U1 pa3iuvHbIX THIIOB COJICH.

€) DKCIIepUMEHTAIILHO OIPEIeNIATh 10 3HaueHuto pH TuIl coim, cTeneHs ee Tuapon3a.

k) OOBSICHATH 00pa30BaHKE KHCIIBIX, OCHOBHBIX COJICH, JOKa3aTh UX 3HaueHus pH.

Bonpocsl 11 npoBepku 6a30B0ro (MCX0HOI0) YPOBHA:
1. [TonsTrHe U KIaccU(pUKAIUS PACTBOPOB.

2. DIEeKTPOIUTHI U UX KIIaCCUPHUKALUS.

3. Teopust 3eNE€KTPONUTHUECKON TUCCOUALINU.

4. TlonsTre ruapoau3a.

5. Tunsl conen U UX TUAPOIIU3.

Teopernyeckas 4acrb

VyeHHe 0 pacTBOpax IMPEACTABISET ISl MEIUKOB OCOOBI HMHTEPEC MOTOMY, YTO BaKHEUIIHE
OMOJIOTHYeCKUe KUAKOCTH — KPOBb, TMM(a, MOYa, CIIOHA, MOT — SBJISIOTCS PACTBOPAMH COJIeH, OEJIKOB,
YIIICBOJIOB, JIMMHKJOB B BOJC. BHOJOTMYECKHE J>KHIKOCTH WM TKaHH COJICP)KAT MHOTO PasIHYHBIX
anekrponutoB: NaCl, KCI, HCI, CaCl,, NaH,PO,, NaHCO3 u np. KoHieHTpanusi HOHOB peryiupyer
pacrpe/eneHne BOIABI MEKIY BHEKICTOYHBIM TPOCTPAHCTBOM M KJIETKAMH TKAHEH, a TaKKe MEKITY
BHEKJICTOYHBIM MPOCTPAHCTBOM M MOUYOW. KHCIOTHO-IIET0YHOE PAaBHOBECHE B KPOBH M OHOKHIKOCTSIX
OTIpEICIIAETCS COJICPIKAHUEM CITA0BIX M CHIIBHBIX 3JekTpoiauToB: NaoHPO,4, NaH,PO,4, H,CO3, NaHCO; u

np. VoHBI WUrpaloT ONpENeNIeHHYI0 pOJib B CO3JaHUM OCMOTHYECKOTO MJaBIICHUS Pa3IUYHBIX
OHOJIOTMYECKHUX YKUIKOCTEH.

BonHble pacTBOpbI pa3HOOOpPA3HBIX BEIIECTB CHJIBHO pa3IMYyaroTcs MO CHOCOOHOCTH MPOBOIUTH
ANeKTpUYeckuil Tok. Bosia nMeeT Manyio yAeNnbHYIO AJIEKTPUYECKYIO POBOJAUMOCTh U COOTBETCTBEHHO
Oonbiioe ynenbHoe comportuBienue (-106 Om-m). EcTh BemiectBa, Npu pacTBOPEHHHM KOTOPBIX
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ANEKTPUYECKasi TIPOBOJAUMOCThH MOJYYaeMOTO pacTBOpa MPAKTUYECKU HE Bo3pacTaeT. [Ipumepamu Takux
BEILIECTB SIBJSIIOTCS  YIJIEBOIBI (caxaposa, TJIOKO3a W JAp.), KapOamup, cnupTbl. KX Ha3wpBaroT
HedNIeKTposinTaMu Heopranmdeckue W OpraHMYecKHEe BEIIECTBA, OTHOCAIIMECS K KilaccaM KHCIIOT,
OCHOBAaHUHU W COJIeH, 00pa3yloT pacTBOPHI C OOJIBIION ANEKTPHUECKOW MPOBOJAUMOCTHIO, T.€. BEUIECTBA,
MIPOBOJISAIINE B PACTBOPAX U PaCIlIaBaX AIEKTPUUCCKHUI TOK, HA3bIBAIOTCS AJICKTPOIUTAMHU.

3J1el<mpofmma.znu HAa3vlearomcs coeduHeHu}z, Komopble cyuiecmeyront 6 pacmeope 6 guoe UOHO8
He3asucumo om npoxoofcdeyuﬂ uiu He npoxoofcdenuﬂ uepes pacmeop 3J1eKmpudeckKkoco mokda.

Jlo AppeHunyca nojaraid, 9To 3JIEKTPOIUTHI IIPOBOST TOK B pE3yJIbTaTe JUCCOIMAIINU MOJICKYIT Ha
WOHBI MO/ ACUCTBUEM 3JICKTPHUECKOTO IMoJis. Pa3BuBasi 3Ty WUICIO Jaiblle, OH OmyonukoBan B 1887 T.
TEOPHUIO DIICKTPOJIMTHYECKOW JUCCOIMAIMM W TPUIIET K BBIBOAY, YTO JUCCOIMAIUS MOJIEKYJI
AJIEKTPOJIMTOB HA MOHBI MPOUCXOAUT YK€ B IMPOLIECCEe PACTBOPEHMS. Hacmuumviti unu nOJIHbIL pacnao
PACMBOPEHHO20 BeWecmBd HA UOHbL 8 pe3yibmame 63aumMo0elicCmsus ¢ pacmeopumenem HA3bIBACMCs
INEKMPOAUmMuUYEcKoul ouccoyuayueil (Lonusayuets).

HCl <> H'+ CI NaOH <> Na* + OH"
H,SO4 <> H + HSO4 Ba(OH), <> BaOH" + OH"
HSO, <> H" + HSO,* BaOH" <> Ba™ + OH"

[IpynumnHOM, BBI3BIBAIOLICH pacnal PACTBOPEHHOI'O BEIIECTBA HA HOHBI, SIBISETCS WHTEHCHBHOE
B3aMMOJCICTBUE HMOHOB C MOJIEKYJaMU DPAacTBOPUTENA, T.€. COJbBATAlMs HMOHOB. YacTHbBIN ciydai
COJIbBATAaIlM¥ MOHOB €CTh IMAPATALMS, T.€. B3AUMOJEHCTBHE UX C BOJOMU.

Juccounarus cojei ¢ MOHHOU CBsA3bI0. [Ipu B3auMoaecTBIYM XJI0pK/Ia KaJIus ¢ BOJON MIPOUCXOAUT
pa3pylIeHHe KPUCTALTNYECKON PEIIETKH COMU MOJ1 JEHCTBUEM MOJIEKYJ BOJIBI M THAPATAIS NOHOB:

KCI(x) + nH,0(x) — K*(H20) + CI'(H20).x mmu KCl — K* + CI’

Huccounanus NoJspHbIX Mojekyn. [Ipu pacTBopeHMH XJIOpOBOJOPOJA B BOJE IPOMCXOIUT €ro

+ - (3

nonHast wnoHm3auus. Pacmax monexkynst HCl wa wmonst H™ m Cl compoBokiaercss ruapaTanueit
(B3auMoieliCTBUEM C MOJIEKYJIaMU BOJIbl, ¢ 00pa30BaHUEM T'UAPATUPOBAHHBIX HOHOB)

HCI + nH,0 — H*(H,0)x + CI (Ha)nx wm HCl — H* + CI,
PaSJ'II/I‘-IHBIG BHGKTpOJ'H/ITBI )II/ICCOHHPIpy}OT Ha NOHBI pa3n1/IqH0171 CTCIICHU.

BriepBble mpencTaBieHue o THIparaluu HMOHOB Obuio BBeaeHo JI.M. MenpaeneeBbIM B €ro
XUMHUYECKON Teopuu pacTBopoB. [lanbHelimme uccnenosanus M.A. Kabnykosa u B.A. Kuctsakosckoro, a
TaK)K€ TEOpHs AJIeKTpoiauTudeckord nucconmannu C. AppeHnmyca OKa3alHucCh IUIOAOTBOPHBIMHM JUIS
O0O0BSICHEHUS] CBOWCTB PACTBOPOB AJIEKTPOJIUTOB.

IIpoyecc ouccoyuayuu — oopamum (cnpaseoauso 0us caabwix snexkmpoaumos). Hapsany ¢ pacnagom
JNIEKTPOJIMTOB HAa MOHBI UJIET 0OpaTHBIN Mpolecc — peKOMOMHAIMSA — 00pa30BaHHE U3 MOHOB MOJIEKYIL.
YeM nossipHee pacTBOPUTEIIb, TEM CHIIbHEE JUCCOLMALIUS.

Juccoyuayusa — npoyecc cmaouunviil. Ilepsoii cmaodueti ouccoyuayuu A611emcs euopamayus
(conveamayus). Ilpu pacTBOpEeHUH IEKTPOIUTOB B BOJE TUIONU BOJBI (TIOJSPHOTO PACTBOPHUTEINS) 32
CYEeT OPUEHTAIMOHHOTO JUIOJb-AUIOIBHOTO WM MOH-IUIIOIHHOTO B3aUMOJICUCTBUSI MPUTITUBAIOTCS K
MOJISIPHBIM MOJIEKYJIaM MJIM MOHAM PacTBOPSIEMOIO BEILIECTBA.

Bmopyto cmaouio ouccoyuayuu nazvieaiom noaapuzayueti Moa1eKyivl pacmeopsaemozo seujecmaa. B
BEIIECTBAX C MOJIAPHBIMH MoJiekynamu, Hampumep B HCI, mox neiictBueM MOJEKya pacTBOPUTENS
MIPOUCXOIUT CHIIBHOE CMEIIEHUE CBS3BIBAIOIINX 3JEKTPOHOB ¥ ¢Bsi3b H-Cl cTaHOBUTCSI HOHHOIA.

Tpemveti cmaldueu aeniemcs COOCMBEHHO Ouccoyuayus, m.e. paspyuieHue noaAPU308aAHHOL
«MONEKYIblY U 00pazosanue uopamupo8aHHbIX UOHOB.
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ITo cnoco6HOCTH 00pa30BBIBATH HOHBI B PACTBOPE 3JIEKTPOIUTHI JEIIAT Ha JABE TPYIIBL: caadbie U
CUJIbHBIE.

K cunvnvim snekmponumam OTHOCATCS BCE COJIM, OOpa30BaHHBIC CHIBHBIM OCHOBAaHHWEM WIIU
CUJIBHOM KHCJIOTOM, U OOJbINas 4acTh COJIeH, 00pa30BaHHBIX CJIa0bIM OCHOBAaHHEM M CIIa00N KHUCIOTOM.
W3 Hanbosiee BaKHBIX KMCIOT U OCHOBAHUH K CHJIBHBIM 3jIeKTpoiuTaM npuHapiexar H,SO4, HCI, HBT,
HI, HNO3, NaOH, KOH, Ba(OH),. MHuorue cujibHBIC 3JICKTPOIUTHI KPUCTAIIM3YIOTCSA B KPUCTaLIaX C
MOHHOM peLIETKOM.

K crabvim snexkmponumam OTHOCATCS KOBAICHTHBIE COCTUHECHHS, IIOJBEPralolIuecss B BOJE
YaCTUYHOM JuccolManuu. 1o, mpexae Bcero, ciaadeie kuciaotel (HS, HCN, H,COs3, H,SO3, HCIO,
HsBO3) u cnmabeie ocHOBaHMs, a Takke HEKOTOpble coyi. K cla0biM AJIEKTPOJIUTAM TMPUHAICIKUAT
OOJBIIMHCTBO OPTaHUYCCKUX KHUCIIOT, (DEHOIIBI, aMUHBI.

Caaoble 3j1eKTpoauThI. CTeneHb TUCCONUANNHT

Hpouecc Jucconnanumn caa0BIX OJICKTPOJHTOB ABJISACTCA O6paTI/IMI)IM. MOJ'ICKYJ'IBI pacliagaroTCda Ha
HOHBI, a 06pa3y10u11zlecs1 HOHBI IPOTUBOIIOJIOKHOI'0 3HAaKa, BCTPEUAAChb B pacTBOpPC, MOI'YyT BHOBb
COCAUHATBHCA B MOJICKYIJIbI.

Hucconmaruto snexrpoiuta Kt,Any, MOKHO IPEICTaBUTh:
KthAnm < nKt™ + mAn™

Tak kak ciaOble 3JIEKTPOIUTHI TOTUUHSAIOTCS 3aKOHY JIEUCTBYIOIUX MAacCC, 3TO PAaBHOBECHE MOXKET
KOJIMYECTBEHHO XapaKTepU30BaTbCi KOHCTAHTOM pABHOBECHs, Ha3bIBA€MOMl B JAaHHOM Ciyyae
KOHCTaHTOM aAucconuanuu K.

KOHCTaHTa Aucconyanuu Ajisd pacCMaTpuBacMOIo 3JICKTPOJIMTA:
B [Kt m+]n[Ann—]m
[ Kt n An m ]

0

rae [Kt™7] u [An""] - MonspHble paBHOBeCHBIE KOHIIEHTPAlMH HOHOB 3IEKTPOJIUTA;
[Kt,An,,] — MOJIIpHast paBHOBECHAs! KOHIIEHTPALMS HEJUCCOLIMMPOBAHHBIX MOJIEKYII  3JIEKTPOJIHMTA.

Jlis iucconuanyy yKCyCHOM KUCIIOTHI:
CH3COOH «»> CH3COO + H*
KOHCTaHTa JUCCOLUALUN

_[H*][CH4C00™]
®~  [CH4COOH]

MHOTr00CHOBHEIEC KHCIOTEI 1 MHOTOOCHOBHBIC OCHOBaHUS AUCCOLNMHPYIOT CTYIICHYATO:

_[H"1[H,PO,"] 1
[H;PO,]

H3PO, < HY + H,PO,~ Ki=7,1-10% a=27%.

1

_[H*][HPO,”"]
*" [H,PO;]

H,PO, <> H' + HPO,> K,=62-10% 0=0,15 %.

_[H*IPo, ]

- K3 =50 1072, a=0,005 %.
[HPO, ]

HPO,* <> H" + PO,>
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v _[HTPPo’ ]
- [H3PO,]

KcyM =K1'K2'K3

Kak BHIIHO, KOHCTAHTa JUCCOIMALMU TI0 TIEPBOM CTyMEHH OOJIbIIe MOCIEAYIOMUX KOHCTaHT K7 >
K> > K3. KoHcTaHTa 1ucconMany CyMMapHOTo IpoLecca paBHa MPOU3BEACHHUIO KOHCTAHT IUCCOLMALAN
o BceM ctyneHsm: Ky = Ky - Ky - K3 =22 - 102,

AMoTepHbIe ANEKTPOJIUTHI AUCCOMUUPYIOT B BOAHOM PAcCTBOpPE MO THUILY KHUCIOTHI U O THILY
OCHOBaHUs, HAIIpUMED:

[Zn(H20),]** + 20H" < Zn(OH), + 2H,0 < 2H" + [Zn(OH)4]*
K vum otrocsat: AI(OH)3, Zn(OH),, Cr(OH)3, Pb(OH), u T. 1.

KomnuectBeHHas XapaKTECPUCTHKA PAaBHOBECHOI'O COCTOSHHA AUCCOLMalKN ciaboro OJICKTPOJIMTA
MOKET OBITh IMOoJIy4dCHa TaK>XKE C UCIIOJIB30BAHUCM CTCIICHU JUCCOHUALIUU a.

[TonHoTa pacmama XapakTepusyercsi cmenewvto oOuccoyuayuu. Cmenenwvio ouccoyuayuu (o)
HA3bI8AIOM OMHOULeHUe YUCLA MOJEKYN, PACNA8WUXCS HA UOHbL (hi) K o0wemy Yuciy Monexyn
pacmeopenrozo gewjecmaa (Ni) 6 pacmeope

a=ni/Ni

CreneHb AUCCOIMAIIMH 3aBUCUT OT MPUPOJIBI DIIEKTPOIINTA, IIPUPOIBI PACTBOPUTENS, TEMIIEPATyphl
U CTEIEHU €ro pa30aBiICHUsI.

Jlist pacTBOPOB Cla0bIX 31E€KTPOIUTOB OCTBajb/l yCTAaHOBUJ B3aMMOCBSI3b MEXIY KOHCTAHTOM
nuccouuanuu K, CTereHblo JUCCOLUAIMK ¢ U MOJIIPHOM KOHLeHTpauuen pactBopoB C.

HpI/I PaCTBOPCHHUHA ciaaboro QJICKTPOJIMTa B PACTBOPEC YCTAHABJIMBACTCA PABHOBECHC MCIKAY
HCAUCCOLMHUPOBAHHBIMH MOJICKYJIaMU M HNPOAYKTaMHU HUX AUCCOLMAIMU — HWOHaAMMU. PaCCMOTpI/IM 9Ty
B3aUMOCBA3b Ha ITPUMCPC AUCCOIHUALIN YKCYCHOﬁ KHCJIOTBI:

CHsCOOH — CH3sCOO™ + H

KomnnuecTBo nucconuupoBaHHBIX MOJIEKYN KUCIOTHI U, CIEIOBATENFHO, KOHIIEHTPAIMS KaXI0TO U3
obpazosasmmxca noHoB [H'] m [CH3COO | paBra Ca. Torma KOHIEHTpAlUs HEIMCCONMHPOBAHHBIX
mosiekyn Oymer C—Ca, win C(1-a). TloactaBuB 3T 3HAYEHUS KOHIIEHTpPAIMA MOHOB M MOJIEKYJ B
ypaBHEHHE KOHCTaHTHI paBHOBecus peakiuu quccoruanun CH3COOH, momyunm

_[CHCOO7][H*]  CaCa
" [CH4COOH] = C(l-a)

[Tocne mnpeoOpa3oBaHus TMMOJYyYUM YpaBHEHHUE, SIBIISIONICECS MAaTEMaTUYECKHM BBIPAKEHUEM
3aKkoHa pa3Beaenns OcTrBajabaa:

2
K. = ¢ (1)
0 l-a

Jns cnabpix anekTpoautoB a << 1. CriemoBarenbHO, BEIMUYMHOW @ B 3HAMEHATelNe MOKHO
npeHeOpeub U ypaBHeHHe (1) mpuMeT BUJ

K,~a’C W g » Ié@ (2

Ecnu Bmecto 1/C B ypaBHenue (2) noacrasuth V = 1/C, Ha3zpiBaeMylo pa30aBicHUEM, ypaBHEHHE

(2) mpumeT BUA
a~.\K\N
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CootBeTcTBEHHO, 3aKOH OCTBaIbaa MOXKET OBITH CHOPMYIUPOBAH CIECAYIOIIUM 00Pa30OM: CHienetsb
ouccoyuayuu c1ado2o 1eKmpoauma e03pacmaen ¢ pazoasienuem pacmsopa.

CunbHbIC SJICKTPOJIUTHI HC ITOAYUHAIOTCA 3TOMY 3aKOHY.

CunpHbIC AMEKTPOIUTHI B OTIUYHUE OT CJIA0OBIX 3JIEKTPOJIUTOB HE TOJIKO B pa30aBiICHHBIX, HO U B
pacTBOpax 3HAUYMUTEJIbHOM KOHIEHTpAI[MU COJIEpKaTcsl TOJIbKO B BHJIE HOHOB. 3aKOHOMEPHOCTH,
BBIBEICHHBIC JJISl CIA0BIX AJIEKTPOJIUTOB, HE MOTYT HNPUMEHATHCA 0€3 COOTBETCTBYIOIIMX MOMPABOK K
CUJIBHBIM 3JICKTPOJIUTAM.

I1. Ie6aii u I'. XroKKeNb MPeAnooKmIA, YTO OCHOBHON IPUYMHON PE3KOT0 pa3JInyus B MIOBEICHUN
CWIBHBIX U CIAOBIX AJIEKTPOJIUTOB SIBISICTCS HATMYUE B PACTBOPAX CHIIBHBIX DJIEKTPOJIIMTOB MEKHUOHHBIX
B3aumojieiicTBuil. MoHbI, Haxopsmuecs B pacTBOpe, XOTS U OTIEJIEHbI APYr OT Apyra MoJIEKyJIaMH
pPacCTBOPUTEIISA, BCE K€ UCIBITBHIBAIOT CIa00€ MPUTSHKCHHE. UeM BBINEe KOHIICHTPAIUS, TeM OJIMKE HOHBI
pacmojaratotcs Jpyr K JApyry. B pesyiapTate STOro KaxkIblii HOH OKa3bIBACTCSl OKPYKEHHBIM
«arMocdepoit» HOHOB MPOTHUBOIOJIOKHOTO 3HAKA, YTO HECKOJIBKO OTPAaHUYMBACT CBOOOTY €TI0 JBUKCHHSI.

Vcuenne B3auMHOTO IMPUTAXKCHU MOHOB, BBI3BIBACMOC YBCIMUCHUEM KOHICHTpAaIK, IIPUBOJUT K
M3MCHCHHIO CBOMCTB B TOM JKC HaIlpaBJICHHUH, KakK JIEHiCTBOBAJIO OBl YaCTHYHOE COCIMHCHNUEC HMOHOB B
MOJICKYJIbI, T.C. YMCHBIICHHUC CTCIICHU AHCCOLHAINU. HOSTOMy MOBBIIICHUEC KOHOCHTPAIUKW PpacCTBOpa
AaXKE MIpU IMOJTHOM AHUCCOITHAIINHI OJICKTPOJIMTA BJIHACT HaA CBOMCTBaA pacTBOpa AHAJIOTHUYHO TOMY, KaK €CJIN
OBI IIpU 5TOM YMCHBIINJIACH CTCIICHb JUCCOI AU SJICKTPOJINTA.

CHGI{OBaTeHBHO, onpeaciad CTCICHb AUCCOHALMK OJid HE OYCHb pa36aBJI€HHI>IX pacTBOpPOB
CUJIbHBIX OJJICKTPOJIUTOB, HAXOLAT HE HUCTHUHHYHKO, a TaK HAa3bIBACMYIO KAMdCYULYIOCa CHENnEHb
0”6’6’01{”(1”””, m.e. e6eluvduHy C nonpasKamu Ha MEJNCUOHHblIE CUJIbl g3aumooeticmeusi. UeM BBIIIE
KOHIOCHTpalusga pactBopa, TEM CHIIbHCC 6y,Z[CT BSaHMOHeﬁCTBHe PAa3HOUMCHHO 3apsS’KCHHBIX HOHOB MCIKIY
CO601>1, TEM MCHBIIC 6yI[eT U KaXymasacsa CTCICHb AUCCOLMAllMH, XOTd Ha CaMOM [ACJIC MOJICKYJIBI
CUJIBHBIX 3JICKTPOJUTOB JUCCOLIMUPOBAHHLI ITOJIHOCTBIO.

KonnuecTBeHHBIE pacyeThl XapaKTEPUCTUK PACTBOPOB CHIIBHBIX AJIEKTPOJIUTOB OCYIIECTBIISIOTCS C
BBEJICHUEM BEJIMYMHBI, HA3bIBAEMON AKTHBHOCTBIO &

nO0 AKMUBHOCMbIO INEKMPOIUMA NOHUMAIOM IPHEKMUBHYI0 KOHYEHMPAYUIO OUCCOYUUPOBAHHOU
yacmu IIeKMpoIUma 8 pacmeope ¢ YUemom MeHCUOHHO20 B63AUMOOeUCMBUs, 8 COOMBEeMCmEUlU C
KOMOPOU OH y4acmeyem 6 pasiuyHblX NPoyeccax.

AKTUBHOCTH CBsI3aHa C HICTUHHON KOHLIEHTpAIel paCTBOPEHHOTO BEI[ECTBA COOTHOIIEHUEM
a="f1-C,
re @ — aKTUBHOCTh JJICKTPOJHTA, MOJIL/JI; C — ero KOHIEHTpauus, Moib/i; T — ko3 dunmeHt
aKTUBHOCTH (BeJIMYMHA Oe3pa3MepHasi).

Koaddunment aktuBHOCTH T BRIpaXkaeT OTKIOHEHHE pacTBOpa ¢ KOHIEHTpamueil C OT OBeICHHS
pacTBopa npu OECKOHEYHOM pa3BEJCHHH, T.€. B OTCYTCTBUU MEKHOHHBIX B3aUMOICHCTBUI.

I1. Iebaem u I'. Xtokkenem ObLT pazpaboran Meto 1 pacuera f.

Jlns OWHapHOTO SJEKTPONHMTa B TpeaenbHON (opme, OTHOcAIIEHCs K pa30aBiICHHBIM BOIHBIM
pactBopam npu 298 K, ypaBHEHHE UMEET BU/T

2
Igf=-05z°v1,
r7e Z — 3aps] MOHA (B €IMHHULAX AJIEKTPOJIUTA), JJIsi KOTOPOTO pacCUUThIBaeTCs KOd3()PHUIMEHT
akTuBHOCTH T, | — MOHHAA cWJIa pacTBOpa, B35ATast C YIETOM BCEX BEIIECTB, IPUCYTCTBYIOLIMX B PACTBOPE

1 IOABCPIKCHHBIX JUCCOLUAIIUN.

HNonnas cuna | paccunThiBaeTcsi Kak MOJYyCyMMa KOHIIGHTpAIMi BCEX MOHOB, YMHOXKEHHBIX Ha
KBaJpaT UX 3apsaa:
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1=0,5Y.C,z2.

OTH ypaBHEHUS SIBIISIOTCS MaTeMaTHYECKUM BBIPAKEHUEM IpeAeibHOro 3akoHa Jlebas-XIoKKes,
KOTOPBIH MOXKET ObITh C(OPMYITMPOBAH CIEAYIOUIMM 00pa3oM:

B paszbasnennvix pacmeopax CuibHbIX  9NEKMPOAUMO8 €  OOUHAKOBOU UOHHOU  CULOU
KO2(hhuyuenmol aKMUHOCMU KAMUOHO8 U AHUOHO8 0OUHAKOBOU 3APAOHOCIU PABHLL HE3ABUCUMO OM UX
XUMUYECKOU NpUpoobl.

Teopuu KUCJIOT U OCHOBAHM A

PaBHOBecHst B pacTBOpax KHUCJIOT U OCHOBAaHUU BBIJCISIIOT B OTACJIBbHBIA BUJ B CBS3U C PE3KUM
OTJIMYMEM KaTHOHA BOJOPOJA OT BCEX OCTAJIbHBIX MOHOB W HEOOBIYATHOM Ba)KHOCTBIO PEaKLUi C
ydyacTueM TNpOTOHa Mg OOJBIIMHCTBA pa3fesioB XUMUU. CyIIeCTBYeT HECKOIbKO TEOpPEeTUYECKUX
KOHIIETIIIUI KUCIOTHO-OCHOBHBIX IIPEBPALLIEHUMN.

[TepBoii TeopeTHUeCKOW KOHIEIIIMEH KUCIOT M OCHOBAHHWM OblIa Teopusi AppeHHyca, B OCHOBE
KOTOPOH JIEXKUT JIEKTPOJIMTUYECKAs JUCCOLUALINS BEIIECTB B PACTBOPAX.

MHorue 373eKTpOJIUTHI, B YACTHOCTH THJIPOKCUBI PA3JIMYHBIX JIEMEHTOB O, MPOSBIISIIOT CBOMCTBA
KHMCIIOT WK ocHOoBaHMM. J{ucconmanus ruapokcuga DOH MoxeT nporekarsb 110 ABYM THIIAM:

9—O0—H <> D0 + H' (KHCTOTHBII THAPOKCHT)
9—0—H < D" + OH" (ocHOBHO# THAPOKCH)
T. €. pa3pbIB MOXET MPOUCXOIUTH 110 00eUM CBsI3sM rpymbsl O—O—H.

Kak u3BecTHO, MOJISAPHOCTh U MPOYHOCTD CBSI3E€W 3aBUCUT OT PA3HOCTHU AJIEKTPOOTPULIATEIBHOCTEN
AJIEMEHTOB, pa3Mepa u 3PppeKTuBHOTO 3apsiaa aromoB. Eciu sHeprus paspsiBa cBa3u O—H 3HauuTensHo
MEHbIIIE PHEPTUU pa3pbiBa cBI3U I—O, TO AUCCOIMAIUS THAPOKCH/IA TPOTEKAET MO KUCIOTHOMY THUITY.
Ecnu xe, Hao60opoT, 3Heprus paspeiBa cBsizu O — H 3HaunTeNnbHO O0JIbIIE YHEPTHH pa3pbiBa CBA3H D —
O, To nucconuanys MPOTEKAET IO OCHOBHOMY THUITY.

[Tpu cpaBHUMOIL pouHocTu cBsazeit O—H u 9—O aucconualys 0 JHOBPEMEHHO MOXKET MPOTEKATh
110 KUCIIOTHOMY ¥ OCHOBHOMY THIIaM:

H"+30 & B0H < D" + OH
FHI[pOKCI/II[bI TAKOI'O TUIIA HA3BIBAKOTCS anbOJzumamu.

I[J'IH XAPAKTCPUCTUKN MHOTHUX JJICKTPOJUTOB B BOAHBIX pACTBOpPAX W B HACTOAMICC BPEMA MOKHO
HCITIOJIB30BaTh NMOHATHUA KHCIIOThI, OCHOBAaHUs, JaHHBIC AppeHI/IyCOMI

KUCIOMOU HA3BIBAIOT DIIEKTPOIUT, TUCCOLUUPYIONIUN B pacTBOpax ¢ 0Opa3oBaHHEM BOJIOPO-
noHoB H', ocHoeanuem Ha3bIBAIOT >IEKTPONNT, JMCCOMHMHPYIOMMII B PacTBOpaX C 0Opa3oBaHHEM
ruapokcua-uonoB OH', amgporumom (aMpOTEpPHBIM THIPOKCHIOM) HA3bIBAIOT AJIEKTPOINIUT, JUCCOIUU-
pyIOIIHNii B pacTBOpe ¢ 00pa3oBaHUEM KaK BOJIOPO/-HOHOB, TaK U TUIPOKCHU- HOHOB.

K aM(l)OJ'II/ITaM OTHOCAT T'MAPOKCUABI HWUHKA, AJIFOMHUHUA, XpOMa U APYIrux an)OTepHI)IX 9JICMCHTOB,
a TaK)XK€ aMHUHOKHUCJIOTHI, 66J’IKI/I, HYKJIICHMHOBBIC KHUCJIOTEI.

[Ipumenenne npunuumna Jle [laTense k nenoyke KUCI0THO-OCHOBHBIX PABHOBECHM
H"+20 < D0H & D" + OH

IIOKAa3bIBAET, UTO C YBEJIMYEHHEM B CUCTEME KOHIIEHTpauuu rugpokcua-uonos OH eospacmaem
8EPOAMHOCMb OUCCOYUAYUU NO KUCTOMHOMY THUILY. YBEIMUYCHHE B CHUCTEME KOHLIEHTPAIMM BOAOPOJ-
voHoB H' HpuBOAMT K NMperMyIecTBEeHHON JMCCOIUAIME MO OCHOBHOMY THIY. DTO 03HAYAET, Y4TO B
KHCIIOM cpenie aM(pOIIUT IPOSBIISIET OCHOBHOLL, A B IIETIOYHOU Cpelie — KUCIOMHbLU XapaKmep.

HaHpI/IMep, HOUHK TUAPOKCU TTPpU B33.I/IMOI[CI‘;ICTBHI/I C KHUCJIOTaMHU BEIACT Ce651 KaK OCHOBAHHC:
Zn(OH)2 + 2HCI = ZnCl, + 2H,0
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a MPH B3aMMOICUCTBHH co TieaouamMu — kak kucnota (Zn(OH),; unu HaZnO,):
Zn(OH); + 2NaOH = Naz[Zn(OH)4]

Takum oOpa3om, COTIACHO Teopuu AppeHuyca CBOMCTBA KUCIOT OOYCIOBICHBI HAIUYHUEM B HX
pacTBopax BOJAOPOI-MOHOB, @ CBOMCTBA OCHOBaHUI — MPUCYTCTBUEM B UX PACTBOpaX I'MAPOKCUA-HOHOB.
OI[HaKO TaKoM B3I HAa KMUCJIOTBI U OCHOBAaHUSA IPUMCHHUM TOJIBKO IJI BOAHBIX PACTBOPOB.

IIporonnas Teopusi KucjaoT u ocHoBanmii. B 1923 v U. bpencren u T. Jloypu paspabotanu
MIPOTOHHYIO TEOPUIO KUCIOT U ocHOBaHMM. Teopus ocHOBaHa HA 0COOEHHOCTSIX MOHA Bojopoa. [Iporon
JUIICH 3JIEKTPOHHON OOO0JIOUKH, OH Ha MATH TMOPSJAKOB MEHBIIEC APYTUX HMOHOB M OYEHb IOJBUKCH.
CornacHo 3To# TeoOpun

KUCTIOMOUL HA3bl8AOM BCAKOE 6eujecmen, MOJEeKVIAPHble Yacmuybl KOMopo2o (8 mom uducie u
UOHBL) CHOCOOHBI OMOABAMb NPOMOH, M. €. OblMb OOHOPOM NPOMOHO8;

OCHOBAHUEM HA3bIBAIOM BCAKOE Beuecmen, MONEKYIsAPHblEe YaACMUybl KOMopo2o (6 mom yucie u
UOHBL) CHOCOOHBL NPUCOEOUHSAMb NPOMOHDL, M. e. OblMb AKYEenmopom nPomoHos.

Takwne OMnpeaAcICHUA KHUCIIOT U OCHOBaHHWI MO3BOJIAIOT BKIIIOYATh B UX YHCIIO HE TOJILKO MOJICKYIJIBI,
HO M HOHBI. HaanMep, Kap6OHaT- HOH COIJIaCHO HpOTOHHOﬁ TCOPUHU ABJIACTCA OCHOBAHUCM, TaK KaK B
BOAHOM PAaCTBOPEC OH IMPUCOCOANHACT IIPOTOH:

COs* + H' & HCOy
CornacHo MPOTOHHON TECOPHH KUCIIOTHI TTOIPA3CIISIOT Ha TPU TUIIA:
1) umeiitpansabie kucaotel, Hanpumep HCI, HoSOy4, H3PO4 1 ap..:
H,SO4 < H' + HSO4
o + +.
2) KaTHOHHBIE KUCIIOTHI, IPEACTaBISAIOIINE CO00H MooKuTeNbHbIE HoHbI, Hanpumep NH,", H3O™:
NH," < H"+ NH;3

3) aHMOHHBIC KHCJIOTHI, IPEACTABIAIONIME COOOH OTpHIarenbHble HOHBL, Hampumep HSO,,
_ 2.
H2P04 , HPO4 " ap.:

HSOs < H' + SO/~
[TogoOHoro THTA KITaccuDUKAIIMSA UMEETCS U JIJIST OCHOBAHMIA:
1) meiitpanbhbie ocHoBanus, Hanpumep NHs, H,O, C;HsOH u ap..:
NH; + H" < NH,"

2) aHHOHHBIC OCHOBAHUS, TPEICTABISIIONIME CO00i oOTpulaTenbHbie HOHBI, Hampumep Cl,
CH3COO’, OH™:

CH3COO" + H" <> CH;COOH

3) KaTHOHHBIC OCHOBAHUSI, TPECTABIISIONINE COOOM TIOI0KUTEIbHBIC HOHBI, HATIPUMEP, THAPA3HH
HoN-NH;"

HoN-NH;3" + H" <> HaN-NHg**

Ectp BemiectBa, crocoOHble OBITH M JIOHOPOM, M AaKIENTOpPOM IPOTOHA, WX HAa3bIBAIOT
amgonrumamu, T.e. CIOCOOHBIE KaK MPHUCOEAUHSTH, TaK U OTAaBaTh MPOTOHBI. [IpuMepamu amdoauTos
MOTYT CIY’KUTh BoJa, ruapokapoonar-uon HCOs', runpocynsdun-uon HS u np. Tak, ruapokapboHat-
HOH MOET OTAAaBaTh MIPOTOHBI:

HCOy =H" + COs”

WM IPUHUMATD HX:

HCO; + H = H>CO, =H,0 + CO»t

AMdonuToM Takke ABISETCS BOJA, OCKOIbKY OHa MOXET M IPUHUMATh NMPOTOH U OT/AaBaTh €ro, a
TaK)K€ MHOTHME IPOAYKTHI CTYIIEHYATON IUCCOLMALMA MHOIOOCHOBHBIX KHCIIOT, KaK, HaIlpuMmep, HPO,%,
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KOTOpBIe MOI‘YT n HpI/ICOCIII/IHHTB, " OTAaBaTh HpOTOH. KI/ICJIOTaMI/I, OCHOBAHUSIMHU U aM(I)OJII/ITaMI/I MOI‘YT
OBITh HE3aPSDKCHHBIC U 3aPSHKCHHBIC COCAMHCHHMS.
H,0 < H" + OH’
H,O + H & H30+

TaKI/IM o6pa30M, HpOTOHI/ITI/I‘IeCKaH TeOpI/IH onpeﬂem{eT KHCJIOTBI 1 OCHOBAHUA 110 UX OTHOIIICHUIO K
MIPOTOHY: KUCIOMbL — OOHOPbL NPOMOHA, OCHOBAHUSL — AKYENMOopbl NPOMOHA. ITO TO3BOJISIET O0BEIMHHUTD
KHCIIOTBI M  OCHOBAHHUS OOIIMM CIIOBOM MPOMOAUMbL, PEAKIUU MEXKIYy MPOTOIUTAMU —
NPOMOIUMULECKUMU.

OOpatuMble peaknuu C MEePeHOCOM MPOTOHA p OT Kuciorel HA Kk ocHoBaHWI0 B Ha3bBaroT
KHCIIOTHO-OCHOBHBIMH TOJTYPEAKITHSIMH:

HA o p + A
B+p < BH'
HA + B < BH" + A
k-Tal ocH-¢ 2 K-Ta 2 ocH-¢ 1

OnHoBpeMeHHO ¢ meopueti bpencmeoa u Jloypu nosiunace meopus Jlvtouca. 1o JIproucy KucmoTsl
— BEIIECTBa, NPHUHUMAIOLIUE Mapy 3JIEKTPOHOB, OCHOBAaHUS — BeleCTBa, ornarouue ee. Ilpu stom
00pa3yroTCsl KOBAJIGHTHBIE CBSA3H. DTa TEOPUS HAIllIa IUPOKOE IPUMEHEHUE B OPTraHUYECKON XUMUHU.
Emie Gosnee oOreid siBisieTcss TEOpUsT KUCIOT U OCHOBaHMN aMepukaHckoro yueHoro . H. Jletowmca,
npenjgoxeHHas uM B 1926 r. Inekmponnas meopus Jlvlouca oonyckaem, 4mo yyacmue 8 KUCIOMHO-
OCHOBHOM PABHOGECUU NPOMOHA HeODA3aAMeENbHO, NOIMOMY ee Ha3viealom anpomoHnHoli. COTIacHO TON
meopuu KUciom u ocnosanuil Jlvrouca xucioma - coeounerue, cnOCoOHoe NPUHAMb INeKMPOHHYIO napy ¢
006pa3o6anuem KOBAIEHMHOU C643U, A OCHOBAHUE - COeOUHeHUe, CNOCOOHOe NPedoCMAasUmy I1eKMPOHHYIO
napy o1 06pazosanus KOBAJIEHMHOU CEA3U.

[Ipu B3aumopeiicTBuu aoHOpa 1eKTpoHHOU mapbl NF3 (OCHOBaHME) M aKLEeNTopa 3JIEKTPOHHOU
napsl BF3 (kucnora) o6pasyercs 6osiee yCcTOHUMBOE DIIEKTPOHHOE OKPY)KEHHE (OKTET) 3a CUET JOHOPHO-
aKLENTOPHOM (ABYX3JIEKTPOHHON JABYXLIEHTPOBOM) CBSA3H.

OCHOBaHHEC

FF

11
F—ITI:+||3—F — F—N — B—F

F F F F
KHCJI0Ta
Hu xucnora, HM OCHOBaHKE IPOTOHOB HE COZEPHKAT.
DTa KOHIETIIHSI PaCIIUPSIET TPAHUILIBI BEIIECTB, MPOSBISIONINX KUCIOTHO-OCHOBHBIE CBOMCTBA, BKIIOUAs
B c€0sI MPOTOHOT/IAIOLIUE U TPOTOHIPUCOETUHSIOLINE CUCTEMBI.
Cy1iecTBYIOT U IpyTHe B3JIAIbI HA TPUPOY U KIACCU(PUKAIIMIO KUCIOT U OCHOBAHUH.

I'mapoaus coueit

T'uoponuz (cpeu. hydor eooa + lysis paznoocenue) — uacmuwlli cayuau CoNbLEOIUIA —
83aUMOO€UCMEUs PACBOPEHHO20 BeUjeCmEd U paACmEoPUMels.
AB + H-OH — AH + BOH
I'uaponnsy MOryT mojiBepraTbes: OeNKHU, )KUPBI, YTIAEBOAbI, 3(UPHI, COJIU H T.J.
Tuoponuszom conu naszvigarom e3aumooelicmsue Cconu ¢ MONEKYIAMU 600bl, NPUBOOAUee K
06pazo8anuIo Mar0OUCCOUUUPOBAHHBIX COCOUHEHULL.

C TOYKHM 3peHus MPOTOIUTUYECKON TEOPUH KHUCIOT U OCHOBAHUI T'MIIPOJIU3 MpEACTaBisieT coOoit
YacTHBIA Cilydail oOpaTUMOro KHCJIOTHO-OCHOBHOTO paBHoBecus. llpomecc ruaponusa 3akimodaercss B
nepexo/ie MPOTOHA OT MOJIEKYJIbI BO/IBI IAHHOMY HOHY
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COs” + H-OH < HCO;y + OH
ocHOBaHHe 1 KHcioTa 2 kuciota 1 OCHOBaHHE2
HJIX OT JaHHOI'O HOHAa
NH,Y + H-OH < NH; + H30"
kucioTa 1 OCHOBaHHE2 ocHoBaHwue | KHUCJIoTa 2
B 3aBuCcHMOCTH OT IPUPOJIBI COJIM BOJIA BBICTYMAET JTMOO KaK KUCIOTa, TMOO KaK OCHOBAaHHE, a COJIb
ABJIIETCA COOTBETCTBCHHO COIIPSAXKCHHBIM OCHOBAHHUEM WA COHpH)KGHHOﬁ KHUCJIOTOMH.

Bo3MOKHEI YCTBIPC BapuaHTa ruApoJin3a B 3aBUCUMOCTH OT TUIIA COJIU:

1. Coapb cHIABLHOW KHCJIOTHI U CJIA00r0 OCHOBAHMSA:

NH; + HOH < NH; + H30* (PH<7)

IManponu3s xapakrepu3yercs CTENCHBIO THIPOJIN3a @ M KOHCTaHTOM ruaponusa K.
Coab KtAn, o6pa3zoBanHasi cuiibHOM kuciaoToidi HAN u ciaadbiM ocHoBanuem KtOH. Comnm
TAKOIr'o TUlla rTMAPOJIM3YIOTCA 110 KaTUOHY:
Kt" + Hy0 «> KtOH + H"
CornacHo 3aKOHY JACHCTBYIOIINX MAacC KOHCTaHTa PaBHOBECHS paBHa:
[KtOH]-[H']
K=~
[Kt'][ HzO]
KOHHGHTpaHI/Iﬂ HCANCCOUMHUPOBAHHBIX MOJICKYJI BOABLI B pa36aBH€HHBIX pacTBOpax BCIMYMHA
nocrostnHast. Toraa
[KtOH]-[H"]

[Kt']
VMHOXasl UMCITUTENb U 3HaMeHaTeNb ypasHeHns Ha [OHT, ¢ yuetom, uto [H']-[OH] = Ko,
T.x. KtOH <> Kt + OH’, To KOHCTaHTa HOHU3ALMH OCHOBAHMS PaBHA

[Kt']-[OH]

K, = -
[KtOH]

[KtOH]-[H] [KtOH]-[H']-[OH]
K=-- = - =>
[Kt'] [Kt']-[OH]
KH o
Koncranra ruaponmsa: K,=—%
Kb

rac KH20 — WOHHOC TPONU3BCACHUC BOABI; Kb — KOHCTaHTa Jucconuaim OCHOBAHUA KtOH.

PacueTrnbie popMybl T ONIpeIesieHHs] KOHIIEHTPAIIMK HOHOB Bojiopoaa v pH:

[H*]= YK, -, = ”Zoc
b

1 1
pH = 7+§Ig K, —ElgCO,I/IHI/I pH =1/2(pK,,0 — PKy —lgc,),

TJie ¢, — UICXOAHAs KOHIeHTpanus conu KtANn, Mob/1.

K, Kh,0
CreneHpb rugpoinsa: a, = = |——.
Co Kb *Co
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2. CoJb CHJILHOTO OCHOBAHMSA U CJ1200# KHCJIOTHI:
CH;COONa+ HOH <~ CH3;COOH + NaOH
CH,;COO™ + HOH < CH3;COOH +0OH"™ (pH>7)

Couab KtAN, o6pa3zoBannas cjiadoii kucaoroii HAN u cuiabHbIM ocHoBaHuem KtOH.

Ko

. 2

Koncranra runponusa: K, = N
a

roe K H,0 — MOHHOC IIPOU3BEJICHUE BOJIBI; Ka — KoHCTaHTa auccormanuu ciraboit kucinorsl HAN.

K -C K -K
[OH 1=K, -6 = [=H—>1 [H']= =2 —=
a CO

1 1
pH =7=21gK, + 5196, mmm pH =1/2(pK 0 + K, +19¢,)

IJie ¢, — UICXOAHAs KOHIeHTpanus coy KtAN, MoJb/I1.

. K, Ky 20
CrerneHp ruapoJm3a: ae = = |/
Co Ka -Co

[OH ]=c, a,; pOH =—-Ig[OH"]; pH =14- pOH.
Breruncnenue pH B pactBopax coneit Tuna NaHCO3, NaHS u np. npousBoautcs no dhopmyre:

1 1
pH =_5|g Kl,a _Elg KZ,a’

rac Kl,a u sza — [epBasd U BTOpasA KOHCTAHTBI AUCCOLIMAINN NBYXOCHOBHBIX KHCJIOT.

3. Coab c1a00# KHCJIOTHI U 12000 OCHOBAHHUA
NH4CN + HOH < NH3 - H,0+ HCN

NH7; +CN~ + HOH < NHj-H,0+ HCN (pH=17)
Coab KtAN, o6pa3zoBannas cjaadoii kucaoroit HAN u ciadpim ocnoBanuem KtOH

_ Kuyo
2=, .,
Ka ' Kb
PacuetHbie popMyITBI UTsI ONIpe/IeIeHHs KOHIIEHTPAIlMd HOHOB BoIopoa u pH:

[H+]=1/—KHZO'Ka :
Kb

1 1
pH =7—§l9Ka+5ngb,nm pH =1/2(pKy,0 — PK, = PK}),

Koncranra ruapoJmn3a:

K
Crenens ruaponusa: a, =K, = —H20
Ka - Ky

4. Coab CHJIILHOTO OCHOBAHHUSI M CWJIBHOH KHCJOTHI THIPOJIM3Y HE IMOJABEpraercs, T.K. HOHbI
TaKuX coJieil He 00pa3yloT ¢ HMOHAaMH BOJbl MaJIOJMCCOLMUPOBAHHbIE COeTUHEHHA. B 3ToM ciyuae
paBHOBECHE JUCCOLMAIMU BOJbI B MPUCYTCTBUH COJIM MOYTH HE HApyIIAe€TCs, U PACTBOPHI MIPAKTUUYECKH
HEWTpasbHel, T.c. pH = 7.
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Cpenu KUCIOT M OCHOBaHUHM €CTh M Takue, KOTOpbIe MMEIOT aM(oTepHbIe CBOWCTBA U MOTYT
BBICTYNIaTh U KaK JOHOPBI, U KaK aKIENTOpPbl MPOTOHOB. Tak cpeau KHUCIOT K aM(OoJUTaM OTHOCST

3apsbkeHHble kucnotel Tuna HCO3', H,PO, u np.
KoHueHnTpanuio HoHOB BO0pO/1a B pacTBOpax aM(OIUTOB ONPEEA0T 10 hopmyIe:

K;K,c
[H +]= Kl 2%0 )
1+Co
W3 sToro YPaBHCHHUA BHIHO, YTO KOHIICHTpAII BOOJOPOAHBIX HOHOB B 06I_HCM ClIy4ya€ 3aBHUCHUT OT
ero O6H.Iel>i KOHIICHTpAIUH. OI[HaKO O4YCHb 4acCcToO K]_ 3HAYUTCIIPHO MCHBIIC Co, IIOOTOMY B 3HAMCHATEIIC
MOKHO HpeH66peqL K1 110 CpaBHCHHIO C Co. Tor,ua

[H*]=1KK,

CreneHb TUAPOJIHM3a U3MEPSETCS OTHOIICHHEM KOJIHMYECTBAa THJIPOJIM30BAHHOTO BEIIECTBA K
00I1IeMy KOJIMYECTBY PaCTBOPEHHOTO BEILIECTBA!

aZ: nz/ ngﬁm,

rae N, — KOJUYECTBO T'MJPOIM30BAHHOU COJIM, MOJIb; Nygy — OOIEE KOJIUYECTBO PACTBOPEHHOMU
COJIH, MOJIb.

CreneHp IuJIpoju3a 3aBUCUT OT NMPHUPOABI COJH, €€ KOHLEHTpauuu, Temneparypsl u pH cpensl,
BO3pAacTaeT ¢ pa30aBlieHUEM PAcTBOPA, C NOBBIILIEHUEM TEMIIEPaTyphl.

[Ipupona conu NposiBASETCS B BEIUYMHE KOHCTAHTBHI THAPOIM3a. 3aBUCUMOCTh OT KOHILIEHTpAIUU
BBIPA)KaeTCs B TOM, 4TO ¢ pa30aBI€HUEM pacTBOpPa CTENEHb TMAPOJIN3a YBEIUYMBAETCS.

Bnusinue teMneparypbl Ha cTeneHb ruapoin3a BeiTekaeT u3 npuHuumna Jle llarense. Bee peakuun
HelTpaln3aiuy MpoTeKaroT ¢ BbIACICHUEM TEIJIOThI, a THAPOJIU3 C MOIJIOIIEeHUuEeM TeroThl. Ilockonbky
BBIXOJ] 3HJOTEPMHUUYECKHUX PEAKIUI C POCTOM TEeMIIEpaTypbl YBEJIWYUBAETCS, TO U CTENEHb I'MAPOJIU3a
pacTeT ¢ NOBBIILIEHUEM TEMIIepaTyphl.

g ocnaOneHusl TUAPOJIM3a PacTBOPBI CIEAYET XPaHUTh KOHLUEHTPUPOBAHHBIMU U IPH HU3KHUX
temneparypax. IlogaBienuto rugposansa cnocoOCTBYET MOJIKUCIEHUE (B ciaydae coseld, 00pa3oBaHHBIX
CHJIBHOHM KHMCIIOTOM U cabbIM OCHOBAHMEM) WJIM MOJIIeaurBaHue (715 cojiel, 00pa30BaHHBIX CHUIIbHBIM
OCHOBAHHEM M CJ1a00H KUCIOTOM) pacTBOpa.

Buosioruveckasi pojib ruipo/iu3a B Npoueccax ;Ku3HeaesiTeIbHOCTH OPraHu3Ma.
I'maponusz AT

Peaknuu rugponusa nmoABEPraroTCs CaMble pa3lIMYHbIE BEIIECTBA. Tak B MpOLECCE MUILEBAPEHUS
BBICOKOMOJIEKYJISIpHbIE ~ BemlecTBa  (Oe€NKH, OKUpBL, MOJMCaxapuibl W Jp.)  IOJBEprarorcs
(epMEeHTaTUBHOMY THAPOJU3Y C OOpa30BaHUEM HU3KOMOJEKYJSPHBIX COEAMHEHHH (COOTBETCTBEHHO,
AMUHOKHCIIOT, dHUPHBIX KUCJIOT U TIUIEPUHA, TITFOKO3bI U Jp.).

OOpasyronecs B Ipollecce MEepeBapUBaHMs MUINM BEIIECTBA-MOHOMEpHI, BCTYNMAlOT B P
peakuuii. Bo MHOrMX W3 HMX OHM OKHCISIOTCS, U DHEPIHsl, BBLACISIONIASCS MPU 3TOM OKHCIEHUH,
ucnoinb3zyercs Uit cuHTe3a AT® n3 A/IO — 0cHOBHOIO Ipouecca akKyMyJIMpOBaHUS SHEPTUU B JKHUBBIX
opraHMsmax. JTa HEprus HeoOXoIuMa Al POCTa U HOPMaJIbHOrO (PYHKIMOHHPOBAHUS OpPraHU3MA.
YenoBek moiydaeT e€ Kak 3a c4€T MHOTOCTAJUITHOTO IMpollecca OKUCICHUS MUIIH — OEJIKOB, KUPOB U
YTJIEBOMOB, TaK U 3a CUET TUAPOJIM3a HEKOTOPBIX CIOXKHBIX 3(UpPOB, aMUAOB, MENTUIOB U TIUKO3UIA.
OnHako rIaBHBIM MCTOYHMKOM SHEPIUU JUIsi MHOTUX OMOJIOTMYECKUX MPOLIECCOB — OMOcHHTe3a Oenka,
HMOHHOI'O TPAHCIOPTa, COKPAIIEHUS MBIIII, 3JEKTPUUYECKON aKTHUBHOCTH HEPBHBIX KJIETOK — SIBISETCS
aneHosuHTprdochar (ATD).
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AT® (Aoenosunmpughocpopnas Kucroma) NIPUHANICIKAT K OHMOHEOPTAHUYECKUM COCIUHEHUSIM,
TaK KaK COCTOHMT W3 OPTaHMYECKOW YacCTH — aJ€HO3MHA W HEOPTaHMYECKOW YacTH — TPEX CBS3aHHBIX B
nens ¢ocdarapix rpymm. [Ipu pH > 7,0 AT® cymecTByer B B aHHOHA AT®", T.x. BCe tdbocdarHbIC
TPYIIIBI IPH 3TOM 3HAYEHHH BOJIOPOIHOTO MOKA3ATENsl HOHU3UPOBAHBI.

I'nnponuz AT® 3anuchIBaOT B BUJE KUCIOTHO-OCHOBHOTO PaBHOBECHS:
AT®* + H,0 © AJIOY + HPO,> + HY
AG® = -30,5 kJ[x/MOIIb,

rmue AI[dD?" - aHMOH ajfieHo3u U ocdara.

AdenosuH Kak BuaHO, ruaposi3 CONMPOBOKIAETCS
yobuIbl0 dHeprum Iubbca (AG°= -30,5

NH: AdeHuH
k/[x/Momb). I'uaponu3 MOKeT UITH U JTabIlie

Cmpoeniie morexyvast AT

N N n0  oOpa3oBaHus  ajgeHO3MHMOHO(poc(hara
| (AM®) u, HakoHell, 10 aJICHO3UHA.
h\\ o
o- o o- N N OcBoOoXIeHnEe 3HAYUTETHLHOU SHEPTUU
| | | ' OpH  TUAPONHM3E Jall0 OCHOBAaHUE BBECTH
”—IFl* ~~ U_ITA"G_II[’ =0—CH: CIIelUaTbHbII TEPMUH TUTS
0 0 0O pochooprannyeckux BELIECTB -
H MaKpO3PTrUUYECKHUE. Monekyia ATO
EHJEDK'DEHEPEEH’I useCKaR ]_ I
KOMyesaR ochampan spynna COJICP)KUT  JBE  BBICOKODHEPICTHUYECKUE
OH OH (MaKpO3pruvecKue) CBs3H.
C-pufosa
, AMie

DOHeprusi, 0CBOOOXAAOMIasicsd MPH PEAKIHUIX TUAPOIU3a PAa3HBIX BEIIECTB, OOBIYHO HEBEJHKA.
Ecnu ona npesbimaer 30 k/[k/Monb, TO rupponusyemas CBS3b Ha3bIBA€TCS BBICOKOIHEPreTHYECKOM.
Ouneprusa ruaponnza AT® B 3aBUCHMOCTH OT JIOKQJIM3allUM B KJIETKE MOKET MeHATbcs oT 40 mo 60
k/[x/mMoinb. B cpennem e€ npuHsaTo cuntath paBHOM 50 k/[k/MoIb.

I'maBubIi nyts cunTe3a AT® u3z AP — okucnutensHoe gochopunupoBanue. [Ipu stom AJID
dochopunupyercst HeopranuueckuM pochaTom. :

Al1® + H3PO, + Dueprus — ATD + H,O

Peakuust sHEpreTHUECKU COMpsKEHA ¢ IEPEHOCOM BOJOPOa C BOCCTAHOBJICHHBIX KOGEPMEHTOB Ha
kuciopo. [Ipu aToM nepeHoce 0cBOOOXK1a€TC OCHOBHAS YaCTh YHEPTUM OKUCIIAEMBIX. JHEPTHs CHHTE3a
BOABI U3 razoo0pa3usix Hy 1 O, cocraBnser 230 k/x/Momb. [IpakTHYecKH CTOMBKO Ke MOTydaeTcs, eCiu
HCIIONB3YETCSl BOJIOPO. BXosiuii B cOCTaB OpraHUYECKUX COSTUHEHUN. DHEPTETHUECKOE COMPSIKEHHE
peakuuii meperoca Bogopoaa u cuateza AT® mpoucXoauT Mpy y4acTUU MUTOXOHAPHAIBHON MEeMOpaHBbI
u H'-AT®-cunTeTassl.

Hpyroit nyte cuHte3a AT®D uz AP — cybOcrpatHoe ¢ochopunupoanue. B stom ciyuae
MEXaHM3M COIpPSHKEHUs He TpeOdyeT yyacTusi MeMOpaH.

CyIHOCTh K€ THIPOJIM3a 3aKIovaeTcs B nepeHoce (GpocgaTHbIX TPyl OT COeIMHEHHUH, KOTOpbIe
IpU THAPOJU3E BbIAEHAIOT Oonbiie sHepruu, yeM ATD, x dochopunnpoBaHHBIM COEIUHEHUSIM,
BBIJICJIAIONIUM MEHbIIIe CBOOOTHON SHEPTUH NpH rujapoiuse, ueM ATO.

CnenoBarenbHo, AT® (HyHKIMOHHPYET B KJIETKAaX KaK MPOMEXYTOUHBIM MPOAYKT, MEPEHOCALINI
SHEPIUI0 U CONPATAIOIIUN peakiiy, CONPOBOXKAAIOLINECS BBIJEICHUEM M TOTPEOJIEHHUEM HSHEpPIrHH,
o0ecrneurBaoIIUM KpyroBOPOT SHEPTUH B KIIETKE.
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JlabopaTopnasi paGora
PeakTuBBI M 000py10BaHME:

1. 05 M PacTBOPHI: CH3;COOH, A|2(SO4)3, NaOH, Na,CO;, NH4OH, Na,SOs, A|2(SO4)3,
NH;CH3COO, NaCl, NaHCO3 u NaHSO:s.

2.0,5 M pactBopb! XJI0pH0B M HutpatoB Ca’', Zn”*, Fe*".

3. Tepabie comu CH3COONa, NH,CI.

4. MeTuJ0BBIi OpaHXeBbIi, (eHOoN(TaTIeHH, YHUBEPCAIbHBIA HHAUKATOP.

5. llltatuB ¢ mpobupkamu

6. KonOpb1, 6r0peTku, XUMUYECKHUE CTAKAHBI.

7. CHUPTOBKH.

OnwiT 1. Honnvie pasnosecus 6 pacmseopax
a) Hounvie pasnogecus 6 pacmeopax ciaduvlx KUCIOM HA npumepe YKCYCHOU KUCIOMbl

Haneiite B aBe nmpoOupku 1Mo 5 M1 pacTBOpa YKCYCHOM KHCIIOTHI U NMPUOABbTE B KKIYIO MO 2-3
KaIUTH PacTBOpa METHIIOBOTO OpamxeBoro. O0paTuTe BHUMAaHHUE Ha OKPAacKy OOOMX pacTBOPOB. 3aTeM B
onHy u3 mpobupok nob6aBpre cyxoi comu CH3COONa, nepemermiaiite 10 MOJHOTO PAacCTBOPEHHS H
HaOmomaliTe wW3MeHeHHe OKpacku. OOBSICHUTE, YTO TMTPH OTOM HOPOUCXOAUT. Hamummmre
COOTBETCTBYIOIIME NOHHBIE YPABHEHHSI pEaKLIUM.

0) Honnvie pasnosecus 6 pacmeopax clabvix OCHOBAHUL HA NpuMepe pacmeopa AMMUuaKa

B npoOupky HaseliTe pa30aBlIieHHBI pacTBOp aMMuaka M J00aBbTe 2-3 KalulM pacTBOpa
¢denondranenna. Kak n3menwmics et pactopa? OKpallleHHbIN pacTBOp pa3zenure Ha jaBe yactu. Onny
OCTaBbTE JUISI CPABHEHHUsS, a B JPYIYI0 J100aBbTE HEMHOI'O TBEPAOTO XJIOPUAA aMMOHHUS W XOPOIIO
pasmemaiite. OOBsICHUTE U3MEHEHHUE 1IBETa PacTBOPA.

BriBon:

OnbIT 2. AMghomepnvle 21exkmporumol

Haneiite B mpobupky 1-2 M pactBopa amomuHus cyiabdata. [To KamisMm mpuinBaiite K HeMy
pacTBOp HaTpus ruapokcuaa a0 obpasoBanus ocaaka Al(OH)s. PactBop ¢ ocagkom pasieiite B JBe
OpoOHpKH: B OJHY W3 HHUX MNpuOaBbTe HM30BITOK pPAcTBOpa IMICNOYH, B JAPYryH — KHCIOTHL YTO
HaOmonaercsi? CocraBbTe ypaBHEHHUs MPOTEKAIOUUX B MpoOupkax peakiuil. OObsICHUTE pacTBOpPEHHE
aM(OTEPHBIX THIPOKCHIOB B MIEJI0YaX M KUCIOTAX.
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BriBon:

OnbIT 3. Cpaguenue Xumuueckol aKmueHOCMU 21eKMpOIUMO8

a) Peaxyuu, npomekarowjue ¢ 06pazosanuem ocaoxos.

C momouipio TabIHUIBI PACTBOPUMOCTH (CM. TPUIIOKEHUE) BBIOEpUTE, M3 YKCIa UMEIOIINUXCS Ha
paGodeM CTOJIe, PEeaKTHBEI, KOTOPhIE MOKHO HMCIIONB30BATh [T ocaxenus nonos Ca’’, Zn®*, Fe*' s
BUJIE KaKUX-THOO HEPAacCTBOPHMBIX coequHeHuil. llponenaiite 5Tu omnbiTel. Hamummre ypaBHEHHS
peaknuii B MOJIEKYJISIPHOW ¥ MOHHO-MOJIEKYIISIpHOU popmax. YKakuTe 1[BeTa 00pa3yrIUXCs OCATKOB.

0) Peaxyuu, npomexarowue ¢ 06pazoeanuem 2a3000pa3Hulx euecms

B mpooupky Haneiite pactBop Na,CO3z u mobaBbre Heckonbko kanenb HCI. Uro nabmomaercs?
Hanwummre ypaBHeHHE peakiiui B MOJICKYJISIPHOW U MOHHO-MOJIEKYIsipHOU dopmax. [Ipu 3TOM yurtuTe,
9TO B pe3ylnbTare oOpa3yercsi HECTOWKas YroJibHas KHCIIOTa, pasjiararomiascs ¢ o0pa3oBaHUEM
YIJIEKHCIIOTO Ta3a U BOJIBL.

OOBsICHUTE IPUYUHY, ONIPEACTSIONTYO MPAKTHYECKYI0 HEOOPAaTUMOCTH JaHHOW PEAKIIMH HOHHOTO
oOMeHa.

BriBoa:

OnbiT 4. ['uoporumuueckue pasHosecus 8 pacmseopax coneii. Peakyus cpedwvl 6 pacmeopax coneti

a) C mMOMOIIbI0 YHHUBEPCAILHONW WHIAMKATOPHOW Oymaru ompenenure pH u  paccumraiire
+ o
koHreHTpanuu noHoB H™ B 0,1 momp/nm pactBopax comeit: Na,SOs, Aly(SO4)s, NH,CH3COO, NacCl.
OOBsICHUTE Pe3yabTaThl HAOMIOACHHUH. 3aNMIIMTE HOHHBIC YPABHEHHUS PEaKIIUi THAPOIN3a ITHX COJICH.

0) B nBe nmpobupku Haneiite o 2-3 mi pactBopa Na;CO3z u Na;SO3 onnnakoBoit koHueHtparmu. C
MIOMOIIBI0 YHHBEPCAIBHOTO HHIMKartopa ompexenute pH pactBopo. Kakas comp rumponmsyercst B
6onpmeit crenenn? Ilouemy? CocTaBbTe HOHHBIE YpaBHEHUS THIponn3a. [lonp3ysch 3HauECHUSAMH
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COOTBETCTBYIOIIMX KOHCTAHT AMCCOLMALMM KUCIOT, pacCYUTANTE CTENEeHb ruaposn3a u pH pactBopos.
ConocraBpTe pacueTHble 3HaYCHMs pH ¢ IpakTHYECKUMU, ONIPENEICHHBIMU B OIIBITE.

BriBon:

OnbIT 5. [ uoponumuyeckoe pasnoxcenue conu

Haneifite B mpoOupky 1-2 M1 pacTBOpa aqrOMHHHUA CyiabdaTa U NpUOaBISIHTE 1O KAIUIIM PacTBOP
HaTpus kapOoHaTa A0 BbIMaeHus ocaaka. HabmrogaiiTe BoieieHUE ra3a Mpu CMEIICHUH STUX PACTBOPOB.
Kaxoii ra3 Beigensiercs? KakoB coctaB oOpaszoBasiierocs ocaaka? Kak 31o MoxxHO J1okazaTh? OO0bsicHUTE
MOJIy4Y€HHBIE PE3YNbTAThl U HATMIIIUTE COOTBETCTBYIONINE HOHHBIE YPABHEHHS.

BriBoa:

OnbIT 6. Bruauue memnepamypsl Ha cCMeujeHue pagHosecust 2UOPOIU3A

B mpobupky c¢ pacTtBopoM HaTpus aimerara npuieiite 1-2 xamam QeHondTanenHa. 3amMeTbTe
MHTEHCUBHOCTh OKpacku. Harpeiite mpoOupKy ¢ pacTBOpoM, MOMECTHB €€ B CTaKaH C KHIIALIEH BOIOH.
Kak MeHsieTcs MHTEHCUBHOCTh OKpacku? OOBSCHUTE MOJIyYE€HHBIM pe3yibTaT. JlaliTe HEMHOTO OCTHITh
poOUpKe U OXJIAAUTE €€ B X0JI01HOU Boje. UTo mpoucxoaut? Hanuimunre MOHHOE ypaBHEHUE PEAKLUU U
00BSICHUTE HAOII0AEMOE SIBJICHUE. DK30- WIN dHAOTEPMUYECKON SIBISAETCS peakys TUApOIn3a alerar-
noHa?

BriBo:

3agaHus A1 CaMOCTOSITeIbHON PadoThl

KoHTpoJsbHbBIE BONIPOCHI:

1. DnexTpoimTHYecKash IUCCOIMAIUS BEIIeCTB B pacTBopax. OCHOBHBIE TOJNOXEHHUS TEOPHU
Appennyca.
2. CuiibHBI€ U CI1a0bI€ ANEKTPOJIUTHI.
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3. Crenenbp u KoOHCTaHTa aucconmanuu. DakTOppl, BIUAIOIIME HA CTENEHb W KOHCTaHTY
TV CCOITUALUY.

4. Copmynupyiite 3akoH pa3Beaenuss OcTaibia.

5. Uto Ha3bIBalOT MOHHOMU cUJIOH pacTBopa? 3akoH [[ebas- XtoKKkens.

6. PoJb 37IeKTPOTUTOB B MpoLIeccax KU3HEACITEIbHOCTH.

7. Ilponeccsl conbBaTauuu 1 ruaparauuu. CoabBOIN3 U THAPOIIN3.

8. I'maponus coneit. [aiite onpenenenue ruapoiausy. [ Maponn3 ¢ TOUKH 3peHust MPOTOJIUTUYECKON
TEOPHH.

9. Kakwue tursl coseii moaBepraroTcs ruiposiniy? Turmbl Tuapoamnsa.

10. Ponb ruaponusa OMoOpraHu4YecKX COeIMHEHUH B Mpolleccax KU3He1eaTeIbHOCTH ?

11. Hanummure ypaBuenue ruaponnsa AT®. KakoBa posib 3TOro mnpoiiecca B OpraHu3Me 4esioBeka?

12. Kak BbIpakaeTcsi KOHCTaHTa TMAPOJIN3A I PA3IMYHbIX CllydaeB rufaponusa? Yto Ha3bIBaeTCs
KOHCTaHTOM Tuiponu3a? OT 4ero 3aBUCUT KOHCTAHTa THPOIN3a CONu?

13. Kak onpeaensieTcst cTenenb ruipoin3a, GakTophl, BIUSIONINE Ha CTENCHb TUAPOIIN3A.

3aga4u M TeCThI.

1. Kakas counb xene3a ruaponusyercs cuiabHee: FeCl, wim FeCls u mouemy?

2. Kakue u3 npuBeeHHBIX coyiel mojBepraTcs ruapoinusy? CocTaBbTe HOHHO-MOIICKYISPHBIE U
MOJICKYJISIPHBIC YpaBHEHUS THIPOJTIN3a COJICH. YKaXUTe OPUCHTHPOBOYHOE 3HaUYeHHEe PH pacTBOpPOB 3THX
conetd (pH>7, pH<7, pH=7).

A) NaCl, CuSO4, NagPO,, Fe(CH3;COO),.

B) KzSO4, FGSO4, KNOZ, NazHPO4.

B) SI’(NOg)z, NasAsOs, A|2(804)3 Zn(CH3COO)2
F) NaNOz, MnSQ,4, Na,SOs3, Cr2(803)3_

3. Jlonumure mpoayKTHl TUAPOIIN3a, YIUTBIBAS, YTO ITO CIIydail COBMECTHOTO T'HJIPOJIH3A:

A) A|2(SO4)3+ K:S+H,O— ...
E) FeCls+ Na,CO3 + H,O — ...
B) CrClz3 + Na,S + H,O — ...

F) A|2(SO4)3 + K,CO3 + H,0 —....

4. Peakiusi cpeqsl pacTBopa xiopuaa nuaka ZnCly:
a) Kucmas;

0) menoyHasi;

B) HeMTpanbHasi;

T') ciaboIeaouHas.

5. Ilpu rugposnuse Kakux COJIeH, peaklIMOHHAas cpea Kucias?
a) ZnC|2;

6) N3.2CO3;

B) NaNOs3;

1) (NH4)2COs.

6. I'maponus xakoit conu HeobpaTum?
a) CH3COONa;

0) ZnCly;

B) Al,S3;

r) NH4CI.
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7. PacTBOp Kakoil COJIM UMEET HEUTPAIbHYIO cpexy?
a) NaCl;

0) AgCN,;

B) CuCly;

F) NH4N03.

8. PacTBOp Kakoif coIM UMEET MIETOUHYI0 cpeay?
a) K>SOy;

6) Cu(NOs)2;

B) K,COg;

r) CH3;COONa.

9. Na;SO4 — 310 conb 00pa3oBaHHAas:

a) CHJIbHBIM OCHOBAHUEM M CHJIBHOM KHUCJIOTOM;
0) CHJIBHBIM OCHOBaHUEM H C1a00# KUCIOTOM;
B) c1a0BIM OCHOBaHUE U CJIA00H KUCIOTOMH;

I') CWIbHON KHUCIIOTOM U €1a0bIM OCHOBAHUEM.

10. OTHOLIEHME YKCIia MOJIEKYJI, TOJIBEPTIIUXCS TUAPOIIN3Y, K O0IIEMY YHUCITY PACTBOPEHHBIX
MOJIEKYJI, Ha3bIBAIOT:

a) CTETICHBIO THAPOIIH3A;

0) CTEINEeHbBIO AUCCOIMALIHH;

B) CTENIEHBIO OKUCIICHHUS;

') KOHCTAaHTOW TUIPOJIH3a.

Jlureparypa:

1. OOmas xumus. buopusznueckas xumus. XuMusi OMOTCHHBIX AJIEMEHTOB. YueO. JUisl MEJl. CIIell.
By30B / I0.A. Epmios, B.A. [Tonkos, A.C. bepnsaun u ap. I[lox pen. FO.A. Epmosa. — M.: Beicu. mik.,
2007.

2. IlpakTukyMm mo obmieit xumuu. buodusnueckas xumusa. XuMusi OGMOT€HHBIX 3JE€MEHTOB: y4el.
[Tocobue nnst crynentoB mex. creil. By3oB / FO.A. Epmios, A.M. Kononos, C.A. [ly3akoB u ap.; o pes.
IO.A. Epmosa, B.A. IlonkoBa. — M.: Beicui. mik., 2007
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Tema 4. CBOMCTBA BY®EPHBIX PACTBOPOB

Heanb 3aHsiTHSA. TPHOOPECTH HABBIKM B TPUTOTOBJICHUU OY(PEpHBIX CMeced C OIpeneleHHBIM
3HaueHueM pH; u3yduts cBOMCTBa Oy(PEpHBIX PaCTBOPOB.

He.m: JAeATECIbHOCTH CTYICHTOB HA 3AHATHMU .

Cmyoenm 0onicen 3Hamy:

a) Onpeznenenue U KIacCUPHUKANIO Oy(EepHBIX CHCTEM.
0) OcHoBHBIE Oy(pepHBIE CUCTEMBI )KUBBIX OPTraHU3MOB.
B) Onpenenenue 0yhepHOil EeMKOCTH.

Cmyoenm 0ondceH ymems.

a) OOBACHIATH MEXaHU3M JCHCTBUSA Oy(PEPHBIX CMECEH.

6) Ymets BeIBOAUTH ypaBHeHHUe [ ennepcona-I"accensbaxa mist 6ydepusix cmeceit | u |l Tuma.
B) I'oToBUTE Oy(epHble cucTeMbl ¢ 3aJaHHbIM 3HaueHreM pH.

r) [IpakTtuyecku onpenensiT OypepHyr0 eMKOCTh CMECH.

Bonpocsl 11 npoBepku 6a30BOro (MCX0HOI0) YPOBHS:

1. Yto Ha3bIBatOT pacTBOpamMu? 3HaUEHUE PACTBOPOB B JKU3HEAEATEIbHOCTH OPraHU3MOB?
2. Knaccugukanusi pacTBOPOB: pacTBOPHI 3JIEKTPOJIUTOB, HEAIEKTPOIUTOB, PACTBOPHI aM(OIUTOB,
PacTBOPBI MOJIUDIIEKTPOIUTOB.

3. Tunbsl XUMUYECKOTO PAaBHOBECHS.
4. [ToHATHE KUCIOT ¥ OCHOBAHUH.
5. [IpoTonuTryeckas TeOpHUs KUCIOT U OCHOBAHUH.

TeopeTnyeckasi 4acTh.:

3HAYUTENbHYIO pPOJIb B TOJJICPKAHUU TOCTOSHCTBA pH OMOJIOTHYECKHUX KUIAKOCTEH, TKaHEU U
OpraHoB (KHMCIOTHO-OCHOBHOTO TOMeocTa3a OuocucTeM) M J1abOpaTOpHOW JUArHOCTHKE WIparoT
Oy(epHbIe pacTBOPHI.

Bygepuvie pacmeopvt — smo pacmeopvl, pH Kkomopwix MmeHsemcs He3HAYUMENbHO NpU
pazbasnenuu unu npu 000asieHuU HebOILUUX KOIUYECE KUCTOMbL UTU UWe0YU.

B Boaubpix OydepHBIX pacTBOpax OCHOBHBIMH KOMIIOHEHTAMHU SBISIOTCS JIOHOP U aKIENTOp
IIPOTOHOB, MPEJICTABIISIONINE COO0M CONPSHKEHHYIO KUCIOTHO-OCHOBHYIO Iapy.

B +H'~ BH"

OCHO6AHUe COnpANCEeHHm
Kucinoma

HA o« H "+ A

Kucioma ConpaxiceHne
OCHOo6aHue
Conpsoicennvle kuciomuo-ocnoeuvie napvl B/BH u A/HA nasviearom 6ygepnvimu cucmemamu.
Bydepnble crcTeMbl 10 cocTaBy ObIBAIOT YETHIPEX THIIOB:

1. Crabas xucnroma (Oomop npomoHo8) u ee coib (AKYenmop NPOMOHO8, CONPANCEHHOE
OCHOBaHUe), 00pazoeamHas cuibhbiM ocHosanuem. Hampumep, ameratasiii O0ypep CH3COOH +
CH3COONa.
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2. Cnaboe ocHogaHue (aKyenmop NPOMOHO8) e e20 CONb (0OHOpP NPOMOHO08), 00PA308AHHAA
cunvrot kuciomot. Hanpumep, ammuaunsiii 6ydep NH,OH + NH,CI.

3. AHuonwl kuciou u cpedHeti conu uau 08yx Kucavix conei. Hampumep, kapbonaTHas OydepHas
cucremMa Cng'/HC03' B pactBope Na,CO3 u NaHCOj3 (o6macts ee aeiictBus pH 9,3-11,3). docdarnas
OydepHas cuctema HPO42'/H2PO4'B pactBope Na;HPO, u NaH,PO, , obnacts ee neiictBust pH 6,2-8,2).
Otu cosieBble Oy(epHbIC CHCTEMBl MOXXHO OTHECTH M K |-My THIY, TaKk KaKk OJIHA U3 COJICH 3THX
OydepHBIX crcTeM BBIMOMHACT PyHKIHMIO cradoil kucnotel. Tak, B GpocaTHOM OydepHON cucTeMe aHHOH
H,PO, saBisteTcs citaboil KUCIOTOM.

4. Honvr u monexyaol amgorumos. K Hum omHocam amuHOKUciomsl uiu Oenxogvle Oyghephvie
cucmemul.

Pacuer pH O0ydepHbIX cucTem

Kaxxnas u3 OydepHbIX cmecell XapaKTepU3yeTcs OINpeAeseHHOM KOHIEHTpalueld BOJOPOIHBIX
MOHOB, KOTOPYIO Oy(epHasi cucTemMa U CTPEMHUTBCS COXPAHATh MPH J0OABICHUH KHCIIOT WU IIEJI0YeH.

PaccmoTrpum Ha mpumepe aneratHol OydepHoi cMecH, 9To ke onpenenseT ee pH.

CH,COOH « CH,COO- + H*
CH,COONa —» CH ,COO- + Na*

13 HpI/IBe,Z[eHHOﬁ CXEMbI BUAHO, YTO B alICTaTHOM 6Y(1)CpHOM PaCcTBOPC KOHUCHTpALMA BOJOPOAHBIX
HMOHOB 6y,I[CT 3aBHUCCTh OT CTCIICHU JUCCOLNUALNH MOJICKYJ KHCIIOTHI. Cormacuo 3aKOHY JICHCTBHS Macc
KOHCTaHTa AMCCOIIMalluH YKCYCHOI‘/‘I KHCJIOTBI 6yz[eT

_ [H*][CH,CO0"]
“~ [CH,COOH]

OTKyZa
_y [CH,COO0H]

. — 1)
[CH,COO]

[H*]
DTO paBEHCTBO CIPABEIJIMBO IJsl PacTBOpa, B KOTOPOM COAEPKUTCA TOJIBKO OJHA YKCYCHas
kucnorta. JlobaBieHue K pacTBOpPY YKCYCHOH KHUCIIOTHI allerata HAaTpusl MOJABISIET €€ JUCCOLUAIUIO

(mpunuun Jle laTtense), B pe3ynbTaTe 4ero KOHLUEHTpaM0 Mojekyn HenuccornuupoBanHoit CH;COOH
MO>KHO 0€3 0OJIBIINX MOTPEIIHOCTENH TPUHSTH PaBHOW 001IEl KOHLIEHTPAIUU KUCIIOTHI, T.€.

[CH3COOH] = Cyuenona )

VYyuteias, uto coinb CH3COONa kak CHIIBHBIN 3JIEKTPOIUT B BOJHOM PACTBOPE IUCCOIMHUPOBAHA
MOJIHOCThIO, MOXXHO TMPHUHATH, 4TO oO0mas koHneHTpaiuss annoHa CH3COO™  mpakTHdecku paBHa
AHATTMTUYECKOM KOHIIEHTPALIMH COJIU B JaHHOU OydepHoi cMmecH, T.€.

[CH3COO ] = Ceom 3)
[Toncrasnss 3nauenus (2) u (3) B ypaBHEHHUE KOHCTAHTHI Aucconuanu (1), momydum:
[H +] =K Cxucnoma
“C

COJlb

B3saB oOpatHbiii  5orapudm oT 0o0eumx HacTe ITOro  ypaBHEHHS ©  OOO3HAYWB
—Ig[H'] xax pH, a —IgK, xax pK, momyuum cruenyiomee ypaBHEHHE, KOTOPOE XapaKTepH3yeT
3aBUCUMOCTH KUCJIIOTHOCTH Oy(depHoro pactBopa oT cuibl Kuciothl (K;) u cocraBa pactBopa comu (Ceop,
Ckucnm‘a)
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~Ig[H"]=—pK, +1g -

HNIN
PH = pK, + Ig—C“”"’ 4)

B o6mem cirywae st mro6oro Oydepa ypaBHeHHE (4) MPUHUMACT CISAYIOIINN BU/T:

pH = pK. +1g [conpsidicennoe ocnosanue]

[ kucnomal

1 HOCUT HA3BAHNC YPABHCHUHA Fenuepcona-raccenbﬁaxa.

st menounoro 0ydepa, KakuM SBISIETCS, HATPUMEP, aMMHUAYHbIH, COOTBETCTBEHHO OyIeT:
C

OH - — K OCHOBAHUE
[ 1=K, <

COJlb

u pOH:pr _Ig COCHO@LIHME,

COJlb
COCHOSLZHM@
pH =14 - pK, + g —1242 (5)
COJlb

W3 npuBeneHHbIX ypaBHeHMH BHUAHO, 4To pH OydepHbIX cMecell 3aBUCUT OT KOHCTaHTHI
JUCCOIMAIIMU KUCJIOTHl WJIM OCHOBAaHUS M OT COOTHOIICHMSI KOHIIEHTPAIlMU KOMIIOHEHTOB Oy(epHBIX
cMecel.

Mexanu3m 0y¢epHOro aeiicTBusi

ITpu pa3baBieHnu OypepHbIX paCTBOPOB KOHLIEHTPAIIMM 000MX KOMIIOHEHTOB CMECH YMEHBIIIAI0TCS
B OJIMHaKoBoe uucio pa3. CrienoBarenbHo, UCX0as U3 ypaBHeHUs ['ennepcona-I'accenbbOaxa, BelIMUMHA
pH OydepHbIX pacTBOPOB NMpH 3TOM HE JOHKHA U3MEHSATHCS.

Auyemamnas oyghepuas cucmema

Paccmotpum mexanusm 0ydepHOro n1encTBus:
CH,COOH « CH,COO- +H*
CH,COONa — CH,COO- + Na™*

[Ipu noGaBneHNUN CONSIHOM KHUCIOTHI K alleTaTHOMY Oy(epy MpOUCXOIUT B3aUMOAECHCTBUE C OJJHUM
u3 komnoHeHToB cmecu (CH3COOH):

CH,COO™ +Na*+H"+ClI~ -> Na" +Cl~ + CH,COCH , (1

Kak Bunno u3 ypasHenus (l), cunpHas KHCIOTa 3aMEHSETCS] YKBUBAJIEHTHBIM KOJIMYECTBOM CIaO0OM
kuciaotel (B manHom ciydae HCI 3amensercs CH3;COOH). B cooTBEeTCTBHH C 3aKOHOM pa3BeaEHUS
OcTBasib/la TIOBBILICHUE KOHIICHTPAIIMM YKCYCHOM KHCJIOTHI TMOHUXKAET CTENeHb €€ AMCCOIUAINH, a B
pe3yibTaTe 3TOTo KOHIeHTpaIus noHoB H' B Gydepe yBenmunBaeTcst HE3HAUHTEITBHO.
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IIpu noGaBnenun k OydepHOMY pacTBOpY MIETOYM KOHIIEHTPALUs BOJOPOIHBIX HMOHOB M pH
M3MEHSAETCS TakXke He3HaunTenbHOo. lllenous mpum sToM OymeT pearnpoBaTh C JIPYTMM KOMIIOHEHTOM
oydepa (CH;COOH) o peakuuu HEHTpamu3auu:

CH,COOH + Na* +OH~™ —» CH,COO™ + Na™ + H,0 (1

B pesymbrate 3TOro mgo0aBieHHAs IIENOYh 3aMEHSAETCS JKBHUBAJICHTHBIM  KOJIHMYECTBOM
c1a000CHOBHOM CJIOM, B MEHbIIEH cTeneHu Biusionleil Ha peakuuio cpeabl, yeM NaOH. Ilockoibky B
pe3yabTaTe 3TOW peakIMHu YKCYCHash KHCIIOTa PacXOIyeTcsi, MOXKHO ObLIO Obl OKUAATh 3HAYUTEIHHOTO
CHIKeHHs conepxkanus nonos H'. OxHako BMecTo npopearnpoBaBmux HoHoB kuciaotsl HY u CHzCOO™
32 CcyeT MOTEHIMANBLHON KHCIOTHOCTH o0Opasylorcss HoBble monbl H' u CH3COO , u akTuBHas
KHCIIOTHOCTH cMecH (pH) moutu He MeHsieTcsl.

Ammonuiinan oyghepnasa cucmema

_5 o
Ortor Oydep comepxur cnaboe ocHoBanume (K=1,87-10") u ero aMMOHHIHHYIO COJIb,
00pa30BaHHYIO CUIIBHOM KUCIOTOM, KOTOpasi JUCCOLMUPYET HOITHOCTBIO:

NH,OH < NH} + OH~
NH,Cl —» NH} +CI~

Mexanus3m aelcTBUS aMMOHUITHOTO Oydepa 3akirodaercss B TOM, UTO MpHu Ao0aBieHUH K Oydepy
CHUJIBHOM KHUCJIOTBI MPOUCXOJIUT pPEaKlus HEUTpaIM3allud W KHUCIOTa 3aMEHSAETCS SKBHUBAJICHTHBIM
KOJIMYECTBOM COJIM [0 YPAaBHEHHIO

NH,OH + H" +ClI"—=NH; +Cl~+ H,0

Hlenous, nobaBieHHas k Oydepy, B3auMOJCHCTBYET C COJIbIO, B pe3ysbTaTe 4yero obOpasyercs
cnaboe ocHoBaHMe, U pH cMecu Mano u3MeHseTCs:

NH; +Cl~ + Na* +OH™— NH,OH + Na* +CI~

CniocobHOCTh Oy(PEepHBIX CHCTEM CTOMKO YyIEp’KMBaTh Ha OMPENEIEHHOM YPOBHE KOHIICHTPAIUIO
HMOHOB BOAOPO/IA SIBJISIETCS OTPaHUYEHHOM.

Bennuuny, XapakTepHu3ymollylo CcIOocoOHOCTh OydepHOro pactBopa MNPOTHUBOAEHCTBOBATH
CMEILIEHUIO PEAKIUU Cpeibl MpU J00aBJIEHUU KHUCIOT U IIesiouel, Ha3blBaloT Oy(epHOH eMKOCThIO
CHCTEMBI.

Mepoit OydepHOl €MKOCTH CIY)KMT OOBIYHO KOJMYECTBO CHIJIBHOM KHUCIOTHI WM CUJIBHOIO
OCHOBaHHs, KOTOPOE HEOOXOAUMO MPUOABIIATE K pacTBOpy OydepHoit cMecH, uToOsl pH 3Toro pactsopa
M3MEHUJIOCH Ha €/IMHUILY.

MaremaTruecku OydepHast eMKOCTb ONPEAEsIeTCs CIEAYIOIIUM 00pa3oM.

Bydepnas eMKkocTh 110 KHCIIOTE:

N, eV

KuUucin Kucin

“~ ApH -V (BP)’

MOJIb/T

Bydepnas eMkocTh 10 1I€10YH:

Y/

—_ N OCHOG6 OCHOG6

"~ ApH -V (BP)’

MOJIb/T
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1€ Nyuen U Noey — HOpMaIbHBIE KOHUEHTpAIMU CUJIBHOM KHUCIOTHI M IIENIOYH COOTBETCTBEHHO;
Viaen Voenoss V(BP) — cooTBeTcTBEHHO 00BEMBI KHCIIOTHI, OCHOBaHUsS U OydepHoro pactBopa; ApH —
n3meHenne pH OydepHoro pactBopa npu 100aBICHUN CUILHON KUCIOTHI WM HIETOYH.

B xuBOM opraHusme B pe3ysbTare MeTaboiM3Ma Oo0pa3yroTCs OOJbIINE KOJIMYECTBA KHCIBIX
mpoaykToB. Tak, B OpraHU3Me 4YeJOBeKa 3a CYTKH 00pa3yercs Takoe KOJUYECTBO PA3UYHBIX KHCIIOT,
KoTOopoe SKBUBaJIeHTHO 20-30 11 OJHOHOPMAIBLHOW CHJIBHOM KHUCIOTBHL. COXpaHEHHWE MOCTOSIHCTBA
peakiuyu BHYTPH OpraHW3Ma OO0CCIICUYMBAeTCS HAIMYMEM B HEM MOINHBIX OydepHbIXx cucrem. B
OpraHu3Me 4YeJOBeKa OCOOCHHO OONBINYIH0 PO  HUIPAlOT  OCITKOBBIA, T'HAPOKAPOOHATHBIM,
reMorJIOOMHOBEIN 1 pocdaTHI Oydepsl.

B nmnasme kpoBu Hanbosiee 3HaAUMMBI THIpOoKapOoHaTHas U OenkoBas OydepHbIe CHCTEMBI, Clla0bie
OydepHbIe KUCIOTH KOTOPHIX HAXOATCS B PABHOBECHH B OCHOBHOM C HATPUEBBIMU COJISIMH 3THUX KUCIIOT.
B kieTo4HOM cekTope MpEerMYIIECTBEHHOE 3HaYeHHuEe UMEI0T GochaTHas U OenmkoBast (B 3pUTPOLUTAX —
reMorjao0nHoBasi) OydepHble CHCTEMBI, IPU 3TOM OyQepHble OCHOBAaHUS IPEJICTABICHH B OCHOBHOM
KUTMHHBIMA COJISIMU (hOCHOPHON KUCIIOTHI U OSJIKOB.

Docpamnasn oypepnas cucmema. buonozuuecxkoe 3nauenue

OtoTr Oydep comepKUTCs Kak B KPOBU, TaK M B KIETOYHOH >KUIKOCTH APYTHX TKaHEH, OCOOCHHO

novek. B kneTkax ona npexacrasinena KH,PO4 nu Ko;HPOy, a B itazme KpoBH M MEKKIIETOYHOU JKHUIKOCTH
NaH,PO4 u Na,HPO,.

B 3aBHCHUMOCTH OT COOTHOIICHHS 3THX COJICH MOTYT OBbITh MHOJNy4eHbl OydepHble cMmecu C
pa3nmuuHbM 3HaueHueM pH, B ocHoBHOM oT 5,90 mo 7,80. ®ocdarnbie OydepHbIE CUCTEMBI YacTO
HNPUMEHSIFIOTCSI B JTADOPATOPHOI MPAKTHUKE, TaK KaK UX 3HaueHUs] pH COOTBETCTBYIOT HanboJiee BAXKHBIM B
(1)I/I3I/IOJ'IOI‘I/ILI€CKOM OTHOLICHWH 3HAUYCHUAM PCAKIUN CPCIBbI.

AHnoH (ochopHON KHUCIOTHL, OOpa3yIOUIUiics MpH AUCCOLMALMU OAHO3aMelleHHoro ¢ocdara

H,PO, cna6o muccoruupyer (K= 1,54:107), a MO3TOMY BelleT ceOs Kak cimabas kuciorta. Jpyroii

KoMmroHeHT ¢ocdaTaoro oydpepa — Na;HPO4 — aucconmupyer mouTy MoITHOCTBIO U MPEACTABISIET COO0H
COJIb 3TOW KUCJIOTHI C CHIIBHBIM OCHOBaHHEM:

H,PO; — HPO; + H"
Na, HPO, — HPO;™ +2Na*

Mexanusm gaeictBus ¢ochaTHoro Oydepa aHalorMueH AEUCTBUIO areraTHoro Oydepa. Ilpu
nobasiieHnH menouu kK Gocharaomy 6ydepy

H,PO; + Na* +OH™ — Na* + HPO?” + H,0O

MPOU30MAET YMEHBIIICHHE KOJIMYECTBA KHUCIOTHl M YBEJIWYEHHE KOJWYeCTBa coyv. bydepHoe
JeicTBHEe B JaHHOM ciy4dae OyAeT 3akiouyaThCsl B 3aMEIIEHUU CHJIBHOTO OCHOBaHMS (IIEJI0YM) Ha
JIBY3aMEILIEHYIO COJIb.

IIpu noGaBnenuu k Oypepy CHIbHON KUCIOTHI
2Na* + HPO;” + H" +CI~ — Na* +Cl~ + Na* + H,PO,
YMEHBIIIAETCs] KOJIMYECTBO COJIM, HO YBEIMYMBAETCS KOJIMYECTBO CIa00IMCCOIMUPOBAHHOMN KUCIIOT.
Bydeproe neiictBue cocrout B 3amentenun cunbHoit kucinotsl (HCI) cnadoit H, PO, .

®docdaTHsiil Oyhep nMeeT HauOOIbIIIEe 3HAYCHUE B TAKMX OMOJTOTHIECKUX KUIKOCTAX, KaK MOYa U
COKH MHUILEBAPUTEIBHBIX Keje3. B KpoBU poJib CBOAUTCS B OCHOBHOM K IMOJAECP’KAHUIO TOCTOSHCTBA U
BOCITPOM3BOICTBA THAPOKapOOHATHOTO Oydepa.
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T'uopokapoonamnasn oyghepnaa cucmema. buonozuueckoe 3nauenue

Ota OydepHas cuCTeMa COCTOUT U3 CIA00AMCCONMUPOBAHHON yronmbHOM KuciaoThl HoCO3 u ee comnu
NaHCO3; (conpsixeHHOE OCHOBAHUE), TUCCOLUUPYIOMIEH MPAKTUYECKH TTOTHOCTHIO.

OcobeHHOCTh THApPOKAapOOHaTHOW OydepHOW CHCTEMBI B TOM, YTO OIMH M3 KOMIIOHEHTOB —
yronbHas kuciaora HoCO3z oOpa3yercst mpu B3auMOEHCTBUU pacTBOpeHHOro B tuiazme CO; ¢ BOJIOM:

CO,(p)+ H,0 < H,CO,

Mexny CO; B anbpBeosax u ruApokapOoHaTHBIM OydepoM B miiazMe KpOBH, IPOTEKAIOIIEH depes
KaWUISIPhI JIETKUX, YCTaHABIMBACTCS 1I€TI0UYKa PAaBHOBECHII:

2
1 + H,0 3 B
ATmocthepa =—= CO, | CO, =773 H,CO, =—=H + HCO,
BO3OYLWHOE NPOCT PAHCTBO NETENX < nnaima Kpoen

CornacHo 1nemnouke paBHoBecuidl  coaepxkanue HpCOs;  ompexpenseTcss  KOHLEHTpauuen
pactBopenHoro COy, KoTOpas 1o 3akoHy [ eHpH mpormopruoHanbHas napuuanbHoMy naBieHno CO; B
razoBoii aze: [COy]p, = Kp(CO,). Bripaxkenne I'emnepcona-I'accensbaxa s rugpokapOOHATHOTO
Oydepa npuHUMAET BUI:

PH =6,36 +19Cy;1ic0, 19 Peo, -

rae 6,36 — oTpHuaTeNbHbIA ASCATHYHBIN JOrapu(M KOHCTAHTHI AUCCOIMAIIMH YrOJBHOW KUCIIOTHI
pKa (H2CO3) ¢ mompaBkoii Ha koHctanty ['enpu; p (CO2) — napumansroe naieHune CO; B anbBeoax
JIETKUX.

I'mapoxapOonatnas OydepHas cucteMa AeiHCTBYeT Kak 3 (HeK TUBHBIN Qu3nonorunyeckuit o6ydep
BOnu3u pH 7,4.

+ o (%)
[Tpu mocTtyrieHnn B KpOBb KUCIOT — AoHOpoB H', ruapokapOoHaTHbI Oydep B3auMOIeHCTBYs C

HCOj3, cvemaer pasrnosecue B cropony HpCO; u mpuBoauT K BhijieneHuto razoodpasnoro CO»,
KOTOPBIN BBIBOAUTCA U3 OpraHU3Ma B IIPOLIECCE JbIXaHUS YEepE3 JIETKHE:

H* + HCO; — H,CO,~ CO,T+H,0
HpI/I MMOCTYIIJICHHUU B KPOBb OCHOBaHUM — AKICTITOPOB H+ — OHH CBA3BIBAIOTCA YFOHLHOﬁ KHCHOTOﬁ,

¥ paBHOBECHE cMemaeTcs B cropony obpazosanus HCOj5
OH™ + H,CO,— HCO; + H,0.

B pesynbraTe OmMMCaHHBIX MPOIECCOB THIPOKApOOHATHAs CHCTeMa KpPOBH OBICTPO MPUXOAWUT B
paBHoBecue ¢ CO; B anbBeosiax u 3¢G(HEKTUBHO OOECTICUMBAET MOAepKaHUE MOCTOsTHCTBA pH 11a3MBbI
KpPOBH.

Bcenenctsue Toro, uto koHuenTpauuss NaHCO3 B KpoBHM 3HaYMTEIBHO MPEBBIIAET KOHIEHTPAILIHIO
H,CO3, Oydepnas emMKOCTh 3TOH cHCTeMBbl OyAeT 3HAUUTENBHO BBINIE 1O KuCioTe. MHade romops,
rujpokapOoHaTHas OydepHas cucteMa OCOOeHHO 3((EeKTUBHO KOMIIEHCHPYET JecTBUE BEIIECTB,
YBEIIMYMBAIONINX KUCIOTHOCTh KpOBH. K dYHCIy Takux BeMIECTB, MPEXIE BCETO, OTHOCIT MOJOYHYIO
kucioty HLac, u30bITok KOTOpoil 0Opa3yeTcst B pe3yabTaTe MHTEHCUBHON (PU3MUECKONW HArpy3ku. ITOT
M30BITOK HEUTPATM3YETCSI B CIICYIONIEH IIEMOYKE PEeaKITUii:

NaHCO; + HLac <« NaLac + H,CO3; < H,0 + CO; (p) < CO- (2)
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Takum ob6pazom, 3¢ddekTuBHO MOANEpKUBaeTCs HOpMalbHOE 3HaueHHMe pH KpoBu mpu ciabo
BBIpaKEHHOM cJiBUTe pH, 00yCIIOBICHHBIM alli030M.

B 3aMKHYTBIX MOMEIIEHUSIX YacTO WCIBITHIBAIOT YAYIIbE — HEXBATKy KHCIOpOJa, ydYalleHUe
npixanus. OJTHAKO yAYIIbE CBSI3aHO HE CTOJIBKO C HEIOCTATKOM KHCIIOpPO/1a, CKOJIBKO ¢ U30bITKOM CO).

I'mapokxapOonatHblii  Oydep sBusgercs oOcHOBHOM OydepHOW cucTeMOW IUIa3Mbl  KPOBH,
oOecneunBaromed okoiao 55% ot Bceit OydepHOl emkocTH KpoBH. ['uapokapOoHaTHbIH Oydep
COJZICPIKUTCS TAKXKE B SPUTPOLIUTAX, MEKKIIETOUHON KHUIKOCTU U B TIOUEYHON TKAHU.

I'emoznoounosasn oygpepuas cucmema

I'emornoOunoBass OydepHas cucrteMa SIBISETCS CIOXHOM OydepHOH CHCTEeMOW 3pUTPOIUTOB,
KOTOpas BKJIOYaeT B KayecTBE JIOHOpa IMPOTOHA JBe cjadble KHUCIOTHL: Temorinooun HHD u
okcuremornoonn HHDO,. Ponb akuenropa mpoToHa UTPAIOT CONMPSUKEHHBIE 3TUM KHUCIOTaM OCHOBAHHUS,

T.e. X aHuoHbI HD u Hbz_ . Mexanusm OydepHOro neHCTBUS ATOW CUCTEMbl OCHOBAH Ha CJEIYIOIIMX
peaxkuusx:

H"+ Hb™ — HHb:
H" +Hb02_ - HHbO2 - HHb+O2
IIpu noGaBneHMH KMCIOT Moriomars HoHsl H' B mepByro ouepens 6yayT aHMOHBI TeMOTTIOOMHA,

KOTOpBbIE MMEIOT OOJIBIIOE CPOJACTBO K HPOTOHY. [IpM AeHCTBHM OCHOBAaHUS OKCHUTEMOIJIOOMH Oyner
MPOSIBIISITH OOJBIIYIO0 aKTUBHOCTD, YeM T'e€MOTIIO0HH:

OH™ + HHbO, « HbO, + H,O;
OH  +HHb - Hb” + H,O.

Taxum oOpa3om, reMOorJIoOMHOBAasA CUCTEMA KPOBU UIPAET 3HAYUTEIBHYIO POJIb Cpa3y B HECKOIbKUX
BOXHEHIIMX (DU3MOIIOTMYECKUX MpOIeccaX OpraHu3Ma: JbIXaHWH, TPAHCIOPTE KHUCIOpPOJa B TKaHU M
MOJJIep’)KaHUU TOCTOSIHCTBA pH BHYTpPU 3pUTPOLUMTOB, a B KOHEYHOM WUTOr€ — B KPOBHU. JTa CUCTEMA
3¢ deKTUBHO QYHKLIIMOHUPYET TOJIBKO B COUETAHUHU C IPYTUMHU OypepHbIMU CUCTEMaMU KPOBH.

benkxosan oygpepnas cucmema. buonozuuecxoe 3nauenue

Bonbiioe 3HaueHWe B MOAJEP)KaHUU MOCTOSHHOTO pH BHYTpPH >KMBBIX KJIETOK MMeEeT OemKoBas
Oydepnas cucrema. benkoBeiii Oydep mnpencrabmser cucreMy wu3 mporenHa (Pt) u ero conw,
00pa30BaHHBIM CHIIBHBIM OCHOBaHHEM. KOMIOHEHTHI 3TOTO Oydepa MOryT ObITh BBIpaXKEHBI Kak Pt-
COOH — cnabomucconuupoBanHas 0emok-kuciaora u ee coib Pt-COONa:

Pt—COOH — Pt—-COO™ +H"
Pt—COONa — Pt—COO™ + Na*

Ora Oy¢epHas cucremMa OyneT AEWCTBOBaTh aHAJIOTWUYHO Oy(pepHBIM CMECSM, PacCMOTPEHHBIM
paHee.

[Ipu yBenuyeHHH KOHIICHTpPAIMM MOHOB BOJIOPOJA CONb Oenka OyaeT pearupoBaTh C KHUCIOTaMH,
o0pa3zys BechMa Cl1ad0 THCCOIMUPOBAHHYIO OEIOK-KUCIOTY U HEUTPAIBHYIO COJIb TI0 YPaBHEHUIO

cCoO~ Na+ /COOH
Pt + 4+ cl =—= Pt\ 4+ Na + CI

NH NH

2 2

HpI/I B3aHMOJICHCTBHUH K€ CO meilo4aMu B p€aKuio BCTYIIACT 0OEJI0K-KHCIIOTa B BMECTO CHJIBHOTO
OCHOBaHUA o6pa3yeTcsI c1a000CHOBHAS COJIb:
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_/COOH _coo
Pt + Na't o == Pt + Na + H,0

NH, NH,

Opnako Oenku 00NaarOT TakKe CBOMCTBOM amM(pOTEPHOCTH, TaK KaK B COCTaB MOJIEKYN Oenka
BXOJIAT HEKOTOpPHIE KHCIbIE W OCHOBHBIC COJIM TPYNIHUPOBKH. [lodTOMYy naxke oTnenbHas OemkoBas
MoJIeKYyJIa MposBIAeT OydepHoe AeiicTBHE, CBA3BIBAas KUCIOTHI U LIEI0YH ¢ 00pa30BaHUEM COJICH:

- COOH
COO v

pt” + 4 + g =—/—= Pt\ + Cl
NH+ NH+
3
T.€. TIpU NO0OABJICHUU CUJIBHOM KHCIOTBHI OOpasyercsi ciaboKHcias coiib Oenka (COJISTHOKUCIBIN
nporeuH). [Ipu mobaBneHuu menodn odpaszyeTcs clabOOCHOBHAs COJIb Oenka (IPOTEHHAT HATPHsI) IO
YPaBHEHHIO

coo /COO_
Pt\ + Na toH =—= Pt\ + Na
NH_+ NH,OH

bnaromaps OenmkamM Bce KIETKM M TKaHM OpraHu3Ma oO0JanaloT OmpeAeieHHBIM OydepHbIM
neiictBueM. B cBA3M ¢ 3THM Iomajaroliee, HalpUMep, Ha KOXKY dYelloBeKa HeOOJIbIIOE KOJIUYECTBO
KHMCJIOTHI WJIU I1IE€JI0YH JI0BOJIbHO OBICTPO OKa3bIBAETCS HEUTPATM30BaHHBIM.

AJIKAJI03 M alMI03

Ankanos (nozounenam. alcali wenous, om apabcroeo alquali + -0SiS) - ogHa U3 GoOpM HapyIIEHUS
KHCJIOTHO-IIIEJIOYHOTO PABHOBECHS OPraHU3Ma; XapaKTepu3yeTcs aOCOTIOTHBIM WM OTHOCHUTEIHHBIM
M30BITKOM OCHOBAHMA, T.€. BEIIECTB, MPUCOSAUHSIIOMINUX HOHBI BOAOPOJA (MIPOTOHBI), IO OTHOLIECHUIO K
KHCJIOTaM, OTHICTUISFOIINM HX.

AJKano3 MOXeT OBITb KOMIIEHCHPOBAHHBIM WM HEKOMIICHCHUPOBAaHHBIM B 3aBHCHUMOCTH OT
3HaueHus pH — BOJOpPOIHOTO TOKa3aTeNss OMOJIOTHYECKON cpefbl (OOBIYHO KPOBH), BBIPAKAIOIIETO
KOHIIEHTPALIMIO BOJAOPOAHBIX HOHOB. [Ipu kKoMmeHcupoBaHHOM ankano3e pH KpoBHu yaep:KuBaeTcs B
npeneiaax HOpMalbHbIX BenuuuH (7,35—7,45), oTMedaloTcs JHIIb CABUTM B OypepHBIX CHCTEMax H
(U3NONOTHYECKUX PETYISTOPHBIX MexaHu3Max. [lpu HexomreHcHmpoBaHHOM ankaino3e pH mpesbimaer
7,45, 9T0 OOBIYHO CBSI3aHO CO 3HAYUTENHHBIM H30BITKOM OCHOBAaHUN M HEAOCTATOYHOCTHIO (hHU3HKO-
XUMHAYECKHUX M (PU3MOIOTUIECKAX MEXAaHU3MOB PETYIISAIIUN KUCIOTHO-IIIEIOYHOTO PABHOBECHSI.

Ayuoos (om nam. acidus - xuciviii) - CABUT KHUCIOTHO-IIETIOYHOTO PaBHOBECHs B OpraHU3ME B
CTOPOHY OTHOCHUTEJIEHOTO YBEIIMYCHHUS KOJMIECTBA AHNOHOB KUCIIOT, XapaKTepU3yeTcsi aOCOTIOTHBIM HITH
OTHOCUTENbHBIM H30BITKOM KHCJIOT, T.€. BEIIECTB, OTHAIOUIMX HOHBI BOAOpOoAa (MIPOTOHBI), IO
OTHOIIICHHIO K OCHOBAHUSIM, IPUCOSTUHSIONINM HX.

A1n03 MOKET OBITh KOMIIEHCHUPOBAHHBIM U HEKOMIIEHCHPOBAHHBIM B 3aBUCHMOCTU OT 3HAUYECHUS
pH — BomopoHOTO MIOKa3aTesnst OMOJIOTrHYeCKOM cpeibl (0OBIYHO KPOBH ), BEIPAKAIOIIETO KOHIIEHTPAITUIO
BOAOPOIHBIX HOHOB. [lpu kKommeHcupoBaHHOM ammmo3e pH KpoBU cmemaercss K HUKHEW TpaHHIIE
¢usnonoruueckoit Hopmel (7,35). Ilpu 6osee BbpakeHHOM cABUTe B Kuciyko ctopony (pH menee 7,35)
aIM103 CYMTACTCS HEKOMIIEHCHPOBAaHHBIM. Takoii CIBUT 00YCIIOBIEH 3HAYUTEIHHBIM U30BITKOM KHCIIOT U
HE/IOCTaTOYHOCTHIO (U3UKO-XUMHUYECKHX M (QHU3HOJIOTHMYECKHX MEXAaHW3MOB PETYJSIIHA KHCIOTHO-
IIEJI0YHOTO PaBHOBECHSI.
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JlabopaTopnasi paGora

PeakTuBbI U 000pyA0BaHME:

1. Boausie pactBopsl: 0,1 u 1 moas/mn CH3COOH; 0,1 mons/n NaOH; 0,9% NaCl; 0,1 u 1 monb/n

CH5COONa; 0,1 u 1 mons/nn HCI.
2. Konnueckue K0JIObI BMECTUMOCTBIO 50 MII.
3. llITatuB c mpoOupKamu.
4. BropeTku — 3 1IT., BMECTUMOCTBIO 25MI.
5. IlummeTtkn BMecTUMOCTRIO 2 B 10 MiT.

6. PacTBOp yHHMBEpCaNbHOIO MHAMKATOPA WM YHUBEpCAIbHAs MHAMKATOpHAas Oymara.
7. L1BeTHbie TabmuIbl 11t onpenenenust pH no okpacke yHUBEpCaaIbHOTO HHIUKATOPA.

OnbiT 1. IIpucomosnenue 6ygepuvix cmecell ¢ pasiuynvim 3Haveruem pH
B Tpu ognHakoBbIe MPOOUPKHU HaAJEHTE U3 OIOPETKH PacTBOPHI YKCYCHON KHCIOTHI (¢ = 0,1 MoIb/m)
U HATpUs aleTaTa ToM e KOHIIEHTpAIMU B 00beMax, YKa3aHHbBIX B TaOJIHUIIE.

[Tpobupxka
Ne 1 Ne 2 Neo 3
O0BeM pacTBOpa KUCIIOTHI, MIT 9 5 1
OO6Bem pacTBOpa COJH, MJI 1 5 9
CoortHomienue [kucioral:[coms] 9:1 1:1 1.9

3nayenue pH, HailieHHOE B OMIBITE

3nauenue pH BeruncieHHoe

[TpubaBbTe K KaXIOMy pacTBOpY MO 3 Kaluld pacTBOpa YHUBEPCAIBHOTO MHIUKaTOpa. CpaBHUTE
OKpAacKy pacTBOPOB C OKPAacKOH B CIELMANbHOM I[BETOBOW TaliMile, MpUiaraéMoil K yHUBEPCAJIbHOMY
WHAWKATOPY, TPU pa3iu4yHbIX 3HaueHusx pH. 3anummre B Tabnumy 3HadeHus pH mis kaxmoro wus
pactBopoB. Paccuuraiite pH u Taxxke 3anumute ux B Tabnuiy. CpaBHUTE AeHCTBUTENbHBIE 3HaUeHHUsI pH

pacTBOPOB C pacuye€THBIMU. PacTBOpPBI COXpAaHUTE AJIsI IPOBEACHUS CJIECIYIOIINX OIBITOB.

IIpy oOTCyTCTBMM pacTBOpa YHHUBEPCAJIBHOIO HMHAMKATOpA HCIOJIB3YHTE

WHJIMKaTOPHYIO Oymary.

BriBos:

OnbIT 2. Bruanue pazbasnenus na pH 6ygeproti cmecu

YHHUBEPCAIbHYIO

Bosbmute nBe uncthie npoOUpKU U oTOepuTe M B HUX U3 mpoOupku Ne 2 numnerkoit 1,0 u 2,0 mn
OydepHoro pactBopa. PazdaBbre oToOpanHbIe pacTBOpsI Bogoi B 10 u 5 pa3 coorBercTBeHHO. [IpubaBbTe
B pa30aBlIeHHbIE PACTBOPHI M0 3 KaIlJIM pacTBOPa YHUBEPCAIBHOI'O HHAMKATOPA.
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CpaBHHTE OKpacKy B 3THX MPOOMpPKAX C OKPACKOH MCXOJHOTO pacTBOpa U C OKPAcKOW B IIBETHOM

Ta0IUIIE 111 YHUBEPCATHHOTO MHANKATOPA.

Namensiercs i pH nipu pasBeaennn 0ydepHOro pacTBopa.

BriBox:

OnbIT 3. [Jeticmeue na 6ygeprvie pacmeopsbl KUCIOM U wesodell

Bosbmure 3 uwncteie mpobupku. B omHy u3 HUX orOepure mnmmeTtkod S5 wmn Oydepa,
MPUTOTOBIICHHOrO B ombite 1 B mpobupke Ne 3. B npyryio umcryro mpoOupKy HaieWre 5 wmi
JUCTUJUIMPOBAHHOM BOABI, B 3-10 — 5 mu 0,9 %-noro pacrBopa NaCl. B mpo6upku ¢ Bomoit u NaCl
prOaBbTE MO 3 KAIUTH YHUBEPCATHLHOTO HHIUKATOPA.

Jia 3anucu pe3yabTaToB HAOIOIEHUH cocTaBbTe TabIuIly 1o (hopme:

3nauenue pH
[TpoGupka Conepxumoe [Mocne nmpubasnenus HCI
Hcxonnoe
0,01 monw/1 0,1 Momp/n
1 AueraTHbiii Oydep
2 Bona
3 Pacteop NaCl

3anuiure B Ta6J'II/II_Iy HCXOOHBIC 3HA4YCHUA pH PacTBOPOB,

OMPCACIICHHBIC II0 OKpPACKe

YHUBEpcallbHOTO MHIUKaropa. [Ipubassre B mpodupku mo 1,00 mut pacteopa HCI (¢ = 0,01 monb/n). Kak
U3MEHSEeTCS OKpacka pacTBOPOB B MpoOupkax? 3amuimure HOBbIE 3HadeHus pH pacTtBopoB. 3arem
npubaBbTe B 3TH ke npodupku mo 1,0 mi 0,1 mons/n pactBopa HCI. Uro Habmromaere? 3anummre Takke
noJry4eHHble 3HaueHus1 pH pacTBopoB.

HponenaﬁTe OIIBIT, aHAJOTUYHBIN OIIBITY 3 ¢ TOH NUIIb paSHI/II_IeI\/'I, 4TO B KA4YECTBC UCCIICAYEMOT'O

areTaTHOTO Oy(depa ucnonb3yiite OydhepHbIil pacTBOp, MPUTOTOBJICHHBIN B onibiTe 1 B IpoOupke Ne 1.

K 5 mn Oydepa, Boasr u pactBopa NaCl mpubasmsiite mo 1,0 mn pactBopoB NaOH Bhauane ¢
koHueHtpanueit 0,01 mMomnb/n, a 3areM ¢ koHueHTparmed 0,1 mMonw/n. HaOmoaeHus onbiTa 3amuIimTe B
Ta0IuUILy, 110 (hOpME HAITOMUHAIOIIYIO MPEIBIIYIIYIO.

[Tpobupxka

Conepxxumoe

3nauenue pH

Ucxonuoe

ITocne mpubasnenus NaOH

0,01 momw/n

0,1 momb/1t
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1 AneratHbiii 6ydep
2 Bona
3 PactBop NaCl

Cdopmynupyiite BEIBOIBI U3 OIbITa, OCHOBAHHBIE HAa HAOIIOJCHUSX.

BriBox:

3aganus 1J151 CAaMOCTOATEILHON padoThI

KoHTpoJibHbIE BONPOCHI:
1. Yro Ha3bIBatOT OyhepHbIMU pacTBOpaMu?

2. Yem oOycnoBieHo 0ydepHoe AecTBHE C TOYKU 3pEHUS POTOHHOM Teopuun?

3. Knaccudukanus KHCIOTHO-OCHOBHBIX OydepHbix cucteM. Kakuwe tumbl OydepHBIX cucTteM
W3BECTHBI?

4. Pacuer pH Oydepnbix cuctem. YpasHenue I 'ennepcona-I"accennbaxa.
5. Ot yero 3aBucut pH OydepHoii crucTembr?
6. Yro Ha3wiBaeTcs OydepHoit eMKoCThIO cucTeMbl? OT Yero 3aBUCHT Oy(epHasi eMKOCTh CUCTEMBI?

7. OOBsicHHUTE, TTOYEeMY OOJIBITUHCTBO OyPEpHBIX CUCTEM OpTaHu3Ma uMeeT Oy(hepHyr0 eMKOCTh 110
KHCIIOTE OOJIbIIIE, YeM [0 OCHOBAHHMIO.

8. IlaTonmornyeckue sIBIECHUA: alUJ03 U aJIKa03.
9. Kakoe xumuueckoe paBHOBECHE MOJIEPKUBAIOT B OpraHn3Me OyepHble CUCTEMBbI?

10. Kaxkas OydepHas cucTteMa BHOCHT MaKCHUMAaJbHBIH OTHOCHUTEIBHBIH BKIAJ B MOJJEpKAHUE
HPOTOJIUTHYECKOTO TOMEOCTa3a BO BHYTPEHHEH cpejie SpUTPOIUTOB?

BbINoTHUTH 32124 M YIPAKHEHUS

1. Kakas peakuuss OyAeT MNPOUCXOMUTh NPU J0OABICHUM COJSHOW KHUCIOTHI M IIENOYH K
OoukapoonatHoMy Oydepy? HamucaTs ypaBHEHHS peakiiuii B MOJIEKYJISIPHO-HOHHOM BHUJIE.

2. Kakas peakuuss OyzneT NOpOMCXOOUTh Ipu pasdaBieHun ¢ocdarHoro Oydepa? Hammcatsb
YpaBHEHHSI PEaKIfii B MOJICKYJISIPHO-HOHHOM BHJIE.

3. Kakas peakuus OyJeT NpPOUCXOAUTh HpU J00AaBICHUM KHUCIOTHI M IIeloud K (ocdaTHOMy
Oydepy? Hanmcars ypaBHEHHUS peakiuii B MOJICKYJISIPHO-HOHHOM BHJIE.

4. Kakas peakuusi OyJaeT HPOMCXOMUTh NpU JO0OABIEHWH KHUCIOTHI M IIEJIOYH K alleTaTHOMY
Oydepy? Hanmcars ypaBHEHHUS peaklnii B MOJICKYJISIPHO-HOHHOM BH/JIE.

5. Kakast peakuust OyzneT MpOUCXOAWUTH MpU 100ABIEHUH KHUCIOTHI M ILIEIOYM K aMMOHHIHOMY
Oydepy? Hanmcars ypaBHEHHUS peakluii B MOJICKYJISIPHO-HOHHOM BH/JIE.

6. Kakass peakuuss OyaeT HpOMCXOOUTHh IMpPH JOOABIEHUH KHCIOTHI M IIEJTOYM K OEIKOBOMY
O0ydepy? Hanucate ypaBHEHUS pEaKIMii B MOJIEKYJISIPHO-HOHHOM BHUJIE.
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7. Kakas peaxmust OyaeT NpoucXoAuTh Ipu J00aBICHUN KUCIOTHI U IIEI0YH K TeMOTrTIO0MHOBOMY
O0ydepy? Hanucats ypaBHEHUS peakIMii B MOJICKYJISIPHO-HOHHOM BHUJIE.
8. Ompenenute X, Y, Z B paBHOBECHOU CHCTEME

COy+X 5 COp-HpOSYS HT +27

Kak naspiBaercst OydepHas cuctema, B KOTOPOH MPOTEKaeT AaHHAs IIETI0YKa PEeBpaIeHH?

TecToBbIE 3aJaHNUA.

1. Kakue KOMIIOHEHTBI BXOJIST B cOCTaB Oy(epHBIX pacTBOPOB?
a) CWJIbHAs KUCJIOTAa M CHIIBHOE OCHOBAHUE

0) cnabas KUCIOTa M ¢l1a00€ OCHOBaHHUE

B) cliabasi KUCJIOTa M €€ COJIb C CHIIbHBIM OCHOBaHHUEM

r) c1aboe OCHOBAHHUE U €r0 COJIb C CHJIBHOM KUCIIOTOM

2. Kakue pacTBOpbI Ha3bIBAIOT OyepHbIME?

a) paCTBOPHI, IMEIOIINE OIMHAKOBOE OCMOTHYECKOE TaBJICHHE

0) pacTBOpBI, coxpansonye pH MprUMepHO MOCTOSHHBIM MPH JO0ABICHUH KHUCIOTHI, MEI0YN U
pasz0aBiicHUH

B) PacTBOPBI, COJIEPIKAIINE KUCIIOTHO-OCHOBHYIO COTIPSDKEHHYIO TTapy

I') paCTBOPBI, UMEIOIIIME OJMHAKOBBIE TEMIIEPATYPHl KUIICHHS U 3aMeP3aHus

3. B ocHoBe aeiicTBust OyhepHBIX CUCTEM JICKHUT PEAKIUS:
a) OKHCJICHHUS-BOCCTAHOBJICHHS

0) KOMIUIEKCOOOPa30BaHUs

B) HeMTpanuszanuu

T') TUAPOIN3a

4. VKa>KI/ITe, IIpu CMCIIMBAHUHU, KAKUX PACTBOPOB MOXKCET O6pa3OBaTLC5{ CHUCTEMA, O6Ha,[[a}0]_]_[aﬂ
OyepHBIM HeHCTBUEM:

a) NaH,S0; + NaCl

6) NaHSO; + H,SO;

B) Na,SO4 + Na,SO3

r) Na,SO3 + NaOH

,[[) NaHSO, + H,SO,

5. [lepeuncnure ocHOBHBIE Oy(pepHBbIE CHCTEMBI )KUBOTO OPraHU3Ma:
a) ...
0) ...
B) ...
r) ...

6. KuciioTHO-0CHOBHOE paBHOBECHE B IIa3Me KPOBU 00ECIIEUNBACTCS CIECTYIOMUME Oy(hepHBIMH
CHCTEMaMH:

a) reMOTJIOOMHOBAs

0) areraTHas

B) TUpOKapOOHATHAs

r) OenKoBas

n) ruapodocdarHas

€) aMMOHUITHas

7. BydepHble cHCTeMBI 3pUTPOIUTOB 3TO:
a) reMOTJIOOMHOBAs
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0) areraTHas

B) THAPOKapOOHATHAS
r) OenKoBas

1) ruapodochatHast
€) aMMOHHUITHAs

8. Kakoii u3 hakTopoB cuipHee BiuseT Ha BennunHy pH Oydepa?
a) COOTHOIIICHUE KOHIICHTPAIUH KOMIIOHCHTOB

6) BenmmunHa pKa nimm pKs

B) KOHIICHTPAIHSI aKIIENTOPa MPOTOHOB

I') KOHIIEHTPAIUS IOHOPA IIPOTOHOB

9. BriOepute T€ yTBEpKICHUS, KOTOPHIE BEPHO OIMUCHIBAIOT OMOJIOTUYECKYIO POJIb OMKapOOHATHOMN
OydepHO# cUCTEMBI:

a) mpu u36sITKe COZ, PaCTBOPEHHOTO B IJIa3Me KPOBH HAOJIIOAAETCS allua03

0) npu u30bITKe CO2, paCTBOPEHHOTO B TIa3Me KPOBU HAOIIOJAETCS AIKaI03

B) OydepHast eMKOCTh OMKapOOHATHON Oy(pEepHOI CHCTEMBI BBIIIE 110 KUCIOTE, YeM TI0 HISII0Ur

r) 0y(epHas emxocTh OukapOoHATHON Oy(hepHON CUCTEMBI BBIIIE O MIEIOYH, YeM MO KUCIIOTE

n) OukapOonarHas OydepHas cucrema siBisiercss 3()(EeKTUBHBIM (pu3HoNIOrHYeckuM Oydepom
BOM3u pH, paBHbIM 7,4

¢) bukapbonaTHas OydepHas cuctemMa HanboJiee 3HaYMMa B TUTa3Me KPOBU

K) OukapOoHaTHas OydepHas cucTemMa UMeeT MPEUMYILECTBEHHOE 3HAUEHUE B KIIETOYHOM CEKTOpE

10. BriGepute Te yTBEpXKACHHUSA, KOTOPHIE BEPHO OIMHUCHIBAIOT OMOJIOTHYECKYIO POib (ocdaTHOi
OyhepHOl CUCTEMBI:

a) ®ocdatHas OydepHas crucreMa UMeeT MPSUMYIIECTBEHHOE 3HAYCHUE B KIIETOYHOM CEKTOPE

0) @ocdarnas OydepHas cucreMa Hanboiee 3HaYUMa B TIA3ME KPOBU

B) BydepHbie ocHOBaHMS MpeICTaBIeHBl B OCHOBHOM KaJIMHHBIME COJIIMU (OCHOPHON KUCIOTHI

r) B xpoBu pomnb ¢ocdarHoro Oydepa CBOIUTCS B OCHOBHOM K IOIJCPKAHUIO MOCTOSHCTBA U
BOCIPOU3BOICTBa OukapboHaTHOro Oydepa

n) B xpoBu ponb ¢ocdarHoro 6ydepa cBOAUTCA B OCHOBHOM K IOJJICPKAHHUIO MOCTOSHCTBA U
BOCIIPOU3BOICTBA OenkoBoro 0ydepa

e) DocdatHbiii Oypep nMeer HamOOJbIIEe 3HAYCHHE B TAKMX OMOJOTUYECKUX JKUIKOCTSAX, Kak
MOYa ¥ COKH MUIIEBAPUTEITHHBIX JKeIe3

Jlureparypa:

1. OGmas xumusa. buopusznueckas xumusi. XuMusi OMOTEHHBIX 3JIEMEHTOB. Y4el. NIl MEJl. CIIell.
By30B / }0.A. Epmos, B.A. IlonkoB, A.C. bepnaun u ap. Ilox pen. FO.A. Epmosa. — M.: Beicu. k.,
1993.

2. Ilpaktukym no obmeil xumuu. buodpusndeckas xumust. XuMus OMOTEHHBIX 3JEMEHTOB: y4eO.
[Tocobue nns crynentoB men. creil. By3oB / FO.A. Epmios, A.M. Kononos, C.A. I[ly3akoB u ap.; moj pe.
1O.A. Epmosa, B.A. IlonkoBa. — M.: Beicur. mik., 1993.

3. PaBuu-1llep6o M.U., HoBukor B.B. ®u3ndeckas u KoJmionHast XUMUs. YUEOHUK I MEJI. HH-
oB. «Bricmias mkoiay, 1975.
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Tema 5. IOJJYUYEHUE U CBOVCTBA KOMILUIEKCHBIX COEJUHEHUAIA.
PEAKIIMHN KOMIIVIEKCOOBPA30OBAHUA

I_[e.m, 3aHATHA. PaCCMOTPECTH OCHOBHBIC  IIOHATHUSA, XAPAKTCPUCTHUKHU, Knaccmbmcaumo
KOMIIJICKCHBIX CO@ﬂHHCHHﬁ. O3HaKOMHUTBECA C MEXAaHM3MOM CBSI3U H PaBHOBECHBIMU IIpOLIECCaMU B
pCaKknuax KOMHHGKCOO6paSOBaHI/IH. YcBouth KOJIMYCCTBCHHBIC XapaKTCPUCTHKU
KOMHHCKCOO6pa3OBaHI/IH.

enp 1eATeIbHOCTH CTYACHTOB HA 3AHATHH

Cmyoenm 0oa24ceH 3Hamyb:

a) OCHOBHBIE NIOJI0XKEHUSI KOOPAMHALIMOHHOM Teopun BepHepa.

0) IloHsaTHst 0 BHYTpPEHHEH M BHEIIHEH cdepax KOMIUIEKCHBIX COCIMHEHUH, IEHTPAJIbHOM HOHE,
JIUTaHJaX, JEHTaTHOCTH JIMTAaHa, XEJIATHBIX U ITOJIMAIEPHBIX KOMIIEKCHBIX COCIUHECHUSX.

B) Pos1b GMOKOMIIIEKCOB METAJIOB B )KUBBIX OPTaHU3MaXx.

r) Ilpumepsl BakHEHIIMX OWOKOMIUIEKCOB, B KOTOPBIX O-3JIEMEHTBHI BBINOJIHSIOT —POJIb
KOMILIEKCOOOpa3oBaTee.

1) Katnonsl xene3a, Meau, IIMHKa, KOOaIbTa KaKk Ba)XKHEHIINE KOMIIJIEKCOOOpa30BaTeln

Cmyoenm Oondicen ymemn:

a) OnpenensaTh CTENEHb OKUCIEHNS HOHA-KOMILJIEKCOO0pa3oBaTesl.

6) OnpenensTb KOOPAUHALIMOHHOE YUCIIO KOMIUIEKCHBIX CO€AMHEHUHM.

B) Ilucarte ypaBHEHHMs peakuuii TIEPBUYHOM U BTOPUYHOM JMCCOLMALMU KOMILJIEKCHBIX
COCTUHEHUH.

r) [lucath ypaBHEHMS peakluii ¢ ydacTUEM KOMIUIEKCHBIX COETUHEHU.

Bonpocsl 11 npoBepku 0230BOro (MCX0HOI0) YPOBHS:

1. O6mras xapakrepuctuka d-anemenToB. Hanbosee ycToiunBbIC CTEIEHH OKHCICHUS KAaTHOHOB -
9JIEMEHTOB.

2. Kakue 0cOOCHHOCTH AJIEKTPOHHBIX CTPYKTYP ONPEACISIOT Pa3inyie XMMUISCKUX CBOMCTB S- U
p-2JIEMEHTOB?

3. IonsTre o rubpuau3auu opoUTAe, TUTIBI THOPUAU3AIIIH.

4. Yto TaKoe ABOIHAS COJIb U Y€M OHA OTIHNYACTCS OT KOMILJIEKCHOTO COSAUHEHMS?

5. JloHOpHO-aKIENTOPHBII MEXaHNU3M XUMHUUYECKOM CBSI3H.

Teopernyeckas 4acTb

CrpoeHre KOMIUIEKCOB MOKHO OOBSCHUTH C MO3MIMHM KOOPAMHALMOHHOH Teopuu A. BepHepa
(1893 r.) 3a oty padoty B 1913 roay on 6611 ynoctoen HobGeneBckoii mpeMun.

OCHOBHbBIE TIOJIO’KEHHUS TEOPUU JIETJIW B OCHOBY COBPEMEHHBIX IIPEJCTABIEHUN O CTPYKType
KOMILIEKCOB. VX MOKHO c(OpMYIMPOBATh CIEAYIOLIMM 00pa3oM:

1. KoopavHanmoHHbIE COEIMHEHUSI UMEIOT LIEHTPUYECKOE CTPOeHHE. ATOM WJIM MOH 3aHUMAIOIINA
LIEHTPaJIbHOE TIOJI0KEHNE B KOMIUIEKCE Ha3bIBAeTCs HeHTPaJbHbIM aToMoM (LIA).

B kaudectBe komruiekcooOpazoBaressi (LIEHTPAJIBLHOTO aToMa) B TOJABISIONIEM OOJBIINHCTBE
CJIyyaeB BBICTYIAET MeTalll, Yalle Bcero d-3eMeHT:

Cu, Ag, Au, Zn, Sn, Hg, Ni, Pd, Pt, Co, Fe, Mn, Cr, Mo u nip.
Ks[Fe(CN)s] - kpacHast kpossinasi coiib;  [Co(NH3)g]Cls - conp Taccepa
KoopanHanoHHbIE COSMMHEHUS S- M P-METAJUIOB TaK)Ke BO3MOXKHBI, HO CKJIOHHOCTh y HHUX K

KOMHJ’ICKCOO6paBOBaHI/IIO PE3KO MaaacT:
Al, Be, Mg, Ca, Ba, Cs, Rb, K, Na, Li

[Ca(H,0)¢]Cly: [Ca(H20),SO4] - rumc
[K(H20)6] [AI(H20)6](SO4); - amtoMokaiineBbie KBACIIbI
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Eme ropasno pexe B kauectBe LIA moxer BbicTynats atToM Hemetamia: O, N, S, [ u ap.

2. BOKpyr HeHTpaJIbHOTO aTOMa IPYHNIHPYIOTCS OCTAIBLHBIE MOJICKYJISIPHBIC MJIM ATOMHBIC YaCTHIIBI.
HoHBI MM MOJIEKYJBl HETMOCPEACTBEHHO CBsizaHHbIe ¢ [[A, Ha3bIBaroTCs auranaamu. LleHTpambHBIN
aTOM W JIMT@H/bl B COBOKYIHOCTH OOpa3ylOT BHYTPEHHIOK KOOPIUHAMOHHYIO c(hepy COCIHUHCHHS.
BHYTpeHHIOI KOOPIMHAIMOHHYIO cepy MPUHSITO BBIACISATH KBAJPATHBIMUA CKOOKaMHU.

3. 3aps KOOpAUHAIIMOHHOW cdepbl (KOMIUIEKca) paBeH anreOpandecKkoil CyMMe 3apsiOB YacTHII,
00pa3yronmii KOMILIEKC.

[To 3apsiy KOMIUIEKCHBIE YacTHUIBI MOTYT OBbITh KaTHOHAMHU, aHUOHAMH, a TaKKe HEHTPaJbHBIMU
MOJICKYJIaMH.

4. COBOKYIHOCTh MOHOB W MOJIEKYJ, He cBsi3aHHbIX ¢ L[A, oOpasyer BHemHIO0 chepy. CBs3b
MEX]y BHYTPCHHEH M BHEIIHEH cepamMu OCYIIECTBIISIETCS 32 CYET CHJI HEBAJCHTHOTO B3aUMOICHCTBUS
(3MIeKTpOCTaTHYECKOE MTPUTSIKEHHE, BOJOPOTHBIC CBSI3U, CHIIBI MEKMOJICKYJIIPHOTO B3aUMO/ICHCTBUS).

KomrmuiekcHble coeMHEHMsI, BKIIOYAIONINE TAaKUE YacTUIbl, MOTYT OTHOCHTBCS K Pa3IHYHBIM
KJlaccaM XMMHUYECKHMX BEHIECTB (KUCIOTaM, OCHOBAHHSIM, COJISIM).

ITpumepsr: (H3O)[AuCly] — xucnora, [Ag(NH3)2]OH — ocnoBanne, NH4Cl u K3[Fe(CN)g] — conn.

Bokpyr kommiekcooOpa3oBaTenss KOOPAMHUPYIOTCS AHUOHBI WM HEUTPaJbHBIE MOJEKYNBI —
Juranabl (ot gar. ligare — cesa3piBath). KomiiekcooOpa3oBareib CBsSI3aH C JIUTaHAaMH KOBAJICHTHBIMHU
cBs3sIMH. JIuranj 3aHMMaeT OKOJIO IIEHTPAJIBHOTO aTOMa KOOPAMHALMOHHOE MecTo (mo3uiuio). Yucio
KOOPJMHUPOBAHHBIX ~ BOKPYI  KOMILJIEKCOOOpa3oBaTesss JUTaHAOB  (KOTOpble  3aHMMAIOT  OJIHO
KOOPJIMHAIIMOHHOE MECTO) Ha3bIBAIOT KOOPAMHAMOHHBIM YHcaoM (KU). CoBOoKymHOCTh HOHA MeTallIa
U OKPYXAIOIIMX €ro JIMTaHJOB Ha3bIBaCTCS BHYTPeHHell cdepoil kommiekca. BuyrpeHnss cdepa
KOMIUIEKCa B (popMyJsie COSTUHEHHS 3aKIII0UAeTCs B KBaJpaTHbIE CKOOKH. ATOMBI UJIU MOHBI, KOTOPBIE HE
BXOJISIT BO BHYTPEHHIOIO chepy KOMILIEKca 00pa3yioT BHEHIHIOK cdepy.

PaccmoTpuM nipuBeEHHBIE BBILIE NIOJIOKEHUS HA IPUMEPE KPACHOW KPOBSIHOW COJIM:

BHCILIHAS BHYTPEHHSIS
cthepa | chepa
¢ —
K3 [Fe (CN)s ]
KOMILIEKCO- T KOOpAMHALMOHHOE
obpa3zoBarenb YHUCIIO
Tl
KoMIekCHBIM MOKET OBITH HE TOILKO AdHHUOH, HO U KaTHOH:
BHYTPEHHSA BHCIIHAS
cdpepa chepa
'\
—
[Cu (NH3)4] SO4
KOMILICKCO- T KOOpAMHAIIMOHHOC

Yunciio

obpa3oBaTeb JIATaHIEL

KommiekcHoM MOXeT OBITh TaK)Ke HEUTpaabHas YacTHIIA:
BHYTPEHHSA cepa
[ J\ﬁ

[Pt(NH3),Clo]

KOMIIJICKCO-
oOpa3oBaTelib JIUTaH]TBI
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B nocnennem ciyyae B KOMIUIEKCHOM COEIMHEHHH HET BHEUIHEH cepbl, a KOOPAWHAIIMOHHOE YUCIIO
IUIaTUHBI — 4.

Kaxnas monekyna o0safgaer oONpeneleHHbIM Ha0OpOM oOnepauuii CHMMETPUH, T.e. TaKUX
IepeMEeIleHN B IPOCTPAHCTBE, B PE3y/bTaTe KOTOPBIX MOJyYeHHass KOH(QUTypalys aTOMOB HEOTJIMYMMA
OoT HcXOonHOU. KOMIIIEKChl dYaime MMET OKTadIPUYECKYyH0, TETPa’ApUUYECKYI0 MWIH IIJIOCKYIO
KOHQUIypaluoo, OTINYAIOIUECs OINpeIeIeHHbIM HAa0opoM 351eMeHTOB cummeTpuu. OOpa3oBaHHe TOH
WM MHON KOH(UTYpAIH ONPENEIIeTCs CBOMCTBAMU IIEHTPAIBHOIO aToMa M JUranaoB. OT CHMMETpUn
3aBUCST ONTUYECKUE U MAaTHUTHBIE CBOMCTBA KOMILIEKCOB.

['eomerpuueckue HopMbl KOMIUIEKCHBIX COSTMHEHUN

KY | Ha3anue nonmusapa Crpykrypa IIpumepsr

2 uneitnas HAN Ag NH: [Ag(NHj3),]OH - rugpoxcun nuammuHcepedpa (1)
K[CuCl,] - muxmopoxynpat (I) HaTpus

3 |[IInockui TpeyroapHUK Na[Hgl;] - Tputionomepkypar (II) Hatpus

[Pt(NH;),Cl] - nuxmopoaunamvunamiataaa (11)

4  |[Inockuit kBagpar Pt H;,[Ni(CN),] - rerpanmanonukenat (II) Bogopona
/ \ K[Au(CN),4] - rerparmanoaypar (I1I) xamus

(NHy),[BeF,] - Terpadropoepmmiar (II) ammonust

4 [Tetpadip Ba[Zn(OH),] - rerparuapokcouunkar (I11) 6apus
CO
/ CO
5 |TpuronampHas OumIpaMua ocC -"“—"'}L \ [Fe(CO)s] - menTakapOormmxkene30(0)
' S TCo
CO
H.0
Ha() - X L OH2
\ / [Ca(H,0)s]Cl, - xopua rekcaakBaKaibIus
6 |OxTasmp Ca’l K4[Fe(CN)y] - rexcarmanodeppar (I1) kanus
/ _ \ - Co(NHj;)6]Cl; - xsmopua rekcaammunkobansTa (111)
H:0 G

B 3aBuCHMOCTH OT CKOpPOCTH peakiuii KOMIUIEKCOOOpa3oBaHUsS (CKOPOCTh OOMEHa JIUTaHIOB)
pa3NUyaloT J1adunbHble U UHepmHble KOMNIeKcul. B JaOMIbHBIX KOMIUIEKCAaX IpoLEecchl OOMeHa
MPOTEKArOT ObICTpO. J[sI MHEPTHBIX KOMILJIEKCOB XapaKTepHO MeJIEHHOE NPOTEKaHWe Tpoliecca
3amMerieHus auranoB. O6pazoBaHue JTaOUIBHBIX KOMIUIEKCOB XapaKTEpHO Ul MEIH, CBUHIA, KaJMUs,
HUKens, uuHKa, kobanbTa (l1), cepebpa, BucMyTa, a Takke A HEKOTOpBIX KomruiekcoB >kene3a (1) u
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xenesa (111). Kommekcst xpoma (1), kobansta (111) u mnarunst (1V) o0braH0 wHEPTHBL. THEPTHBI TaKke
LIUAHHIHBIE KOMILUIEKCHI KeJe3a Fe(CN)GA' u Fe(C N)63'.

CylIecTBYIOT JIMTaH/bl, KOTOPbIE 3aHUMAIOT HE OJIHO, a JIBa U 0oJiee KOOPAMHAIIMOHHBIX MECT.
Yuciio cBsi3eid, 00pasyeMbIX JHUTaHIOM C KOMIUIEKCOOOpa3oBaTesieM Ha3blBAlOT KOOPAMHAIMOHHOI
€MKOCTbI0 WM JE€HTATHOCTBHI Juranaa (ot yat. dentatus — 3yOuaTbiil). MOHOJACHTATHBIC JIUTAH/IbI
00pa3yroT TOJILKO OJHY CBSI3b C KOMILICKCOOOpA30BaTeeM U 3aHUMAIOT OJHO KOOPIHHAI[HOHHOE MECTO
(H:O, OH, NH;3 CN, CI' u rt.a.). DbunmeHrarueie mnurangsl oOoOpa3ylOT JBE CBSI3U C
KOMILJIEKCOOOpa30BaTeaeM U 3aHUMAIOT J[Ba KOOPIUHAIMOHHBIX MecTa (HarmpuMep, TUMETHITITHOKCHM).
CylIecTBYIOT TPHICHTATHBIC, TETPAICHTATHBIC U T.J1. JIUTAHIBL.

3apsiibl KOMIUIEKCHBIX HOHOB PaBHBI AJIr€OpanuecKol CyMMe 3apsoB KOMILUIEKCOOOpa3oBares 1
murannos. 3apsix [Fe(CN)s]*™ ompenensercst mo cymme 3apsiios noHos: (2+) + (6-) = 4—,

Ecnu B MoJiekysie B Ka4yecTBE JIMTaHIAa MMEIOTCS HEHTpajbHbIC MOJEKYIbI, UX MPUCYTCTBHE HE
oTpaxkaeTcs Ha 3apsie KoMmiuiekca. Hampumep, 3apsin nona [Cu(NHs)s]®" siBiusercs paBmbIM 3apsimy
Cu*"moHa, T. e. KOMIUIEKCOOGPA30BATEIIS.

3apsii KOMIUIEKCAa MOXKHO TaKKe OINMpPECIHTh MO COCTaBy BHEUIHEH cdepbl, mocie 4ero, Hauas
3apsi]i KOMIUIEKCHOTO MOHA, JIETKO OMPEICIUTh CTeNEHh OKUCICHUS KOMILIEKCcooOpa3oBareis. Hampumep,
B coenunennu Ks[Fe(CN)s] 3apsin BHenHel cdepbl paBeH 4+, ClieoBaTeIbHO, BHYTPEHHSIS cepa UMeeT
3apsin 4—.CoequHEHHE B 11€7I0M 3JIeKTpoHenTpanbHO. 3apsaa nona CN™ paBeHn —1, Bo BHyTpeHHe# chepe
umeercss 6 monoB CN™, crneoBareabHO KOMITTIEKCOOOpa30BaTeNb JODKEH UMETh 3apsiil, PaBHBIH 2+.

HomeHnk1aTypa KOMILIEKCHBIX COCIUHEHUH
IIpu cocTaBieHuH Ha3BaHUs KOMILIEKCHOT'O COEIMHEHUs ero (hopMysia MPOYUTHIBAETCS ClIpaBa HaJIEBo.
PaccMOTpUM KOHKpPETHBIE IIPUMEPHI:

AHMOHHBIE KOMIUIEKCHI KaTroHHbIE KOMIUIEKCHI
Ks3[Fe(CN)¢] rexcarmanodeppar(Ill) kamus [Cu(NH3)4]SO4 cynbdar Terpaammuamenu(ll)
Na[Al(OH),] TeTparuapokcoaarOMUHAT HATPHUS [Cr(H20)6]Cl3  xmopuna rexcaaxsaxpoma(lll)
Naz[Co(NO,)¢] rekcanutpoxobanstar(Ill) Hatpus | [Ag(NH3),]JOH ruapoxcun nuammuncepedpa(l)

HazBaHusl KOMIUIEKCHBIX COEIMHEHHUI CTPOSITCS B COOTBETCTBUU C OMNpPEAEIEHHBIMU IpPaBHIIaAMHU.
CHauaza Ha3bIBalOT JIMTaH/bI, a 3aTeM KOMIUIEKCOoOpa3oBaTenb. Eciy KoMIuleke cMelllaHHO-TMTaH THbIH,
TO TNEPBBIMHU Ha3bIBAIOT OTPULIATENBHO 3apsDKEHHBIE JIMTaHibl, a 3aTeM HelTpanbHble. [locie aToro
Ha3bIBAlOT aTOM MeTallIa-KOMILIEKCOoOpa3oBarTes, yKas3blBas IOCI€ Ha3BaHMs MeTaljla €ro CTENEeHb
OKHUCJIEHHS pPUMCKUMHU IuppamMu B KpyribIX ckoOkax. Hamuume 2-x wim 0Gonee OJMHAKOBBIX
MOHO/ICHTATHBIX JIUT@HJIOB OTPAXKAIOT MPU MOMOIIM MPHCTABOK — IPEUSCKUX YUCIUTEIbHBIX: IH- (2);
Tpu- (3); Tetpa- (4) u T.1. Eciiu nmuranm nonuaeHTaTHBIHN, TO UCTIONB3YIOTCS IPUCTaBKH Ouc- (2); Tpuc-(3)
U T.1. BONBIIMHCTBO COETUHEHUH, UCTIOIb3YEMbIX KaK JIMTaH[bl, COXPAHSIIOT CBOM OOBIYHBIC Ha3BaHMSL.
Onnako HekoTophle TonydaroT japyrue HasBanus: NHz — amun; H,O — akBo; CO — kap6onmr; NO —
HUTpo3wI. K Ha3BaHMSM aHMOHHBIX JUTaHAOB 100aBisA0T cypdukc o — OH™ - rugpokco; CN — uano u
T.J.

B aHHMOHHBIX KOMIUIEKCaX METaJUl Ha3bIBAIOT B JIATUHCKON TPAHCKPUIILIUM C 3aMEHOM cypdukca ym
Ha am. B cioyyae KaTUOHHBIX U HEHUTPaIbHBIX KOMIUIEKCOB METAJIJI HA3bIBAIOT B PYCCKOM TPAaHCKPUIILIUY B
POIUTENBHOM U MMEHUTEIBHOM IaJI€5KaX COOTBETCTBEHHO:

Kartunonnsrle:

[Ag(NH3)2]NO; mramMuHcepeopa () aurpar
[Zn(NH3)4](OH), terpaammuHImHKA (1) THAPOKCHT
AHHOHBIE:

Ks[Fe(CN)g] rekcaranodeppar (111) xamus
K2[PtClg] rekcaxyoporuiatTuHat (1V) kamms
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HelitpansHsle:
[Pt(NHs),Cl5] nuxiopoaunammunmiaTiaa (1)
[Fe(CO)s] neHTakapoonmmkene3o (0)

XuMu4Yeckasi CBsizh B KOMILIEKCHBIX COCANHCHUAX

Bo BHyTpeHHe# cdepe KOMIIEKCHOTO COSIMHEHHS CBsI3b MEKIAY KOMILIEKCOOOpa3oBareieM M
JUraHJaMd  KOBaJCHTHas, 0Opa30BaHHAs IO JOHOPHO-AaKIECNTOPHOMY MeXaHH3My. MOH WM aTtoM-
KOMILIEKCOOOpa30BaTeb SBISETCS aKIEITOPOM, a JIMTaH bl SIBJISIFOTCS JOHOPAMH DJICKTPOHHBIX Tap.

B atomax wnm monax d- u f-aieMeHTOB MMeEETCsl TOCTATOYHOE KOJUYECTBO BAKAHTHBIX aTOMHBIX
opOuTasiell Ha BaJICHTHOM YPOBHE, ITO3TOMY B POJIM KOMILIEKCOOOpa3oBareiell BHICTYIAIOT Yalle BCETo
MMEHHO 3TH 4YacTHIbl. TeM He MeHee, B POJH KOMILIEKCOOOpa3oBareieil MOTYT BBICTYIATh M HMOHBI P-
3JIEMEHTOB, a MHOT/AA | S-371eMeHTOB || A rpynmbl.

Kommiekcoodpa3zoBaTesib — 3TO aTOM WJIM HOH, KOTOPBIH SBISCTCS AKIEHTOPOM 3JICKTPOHHBIX
nmap, NpPEJOCTAaBIIICT BaKAaHTHBIC AaTOMHBIC OpOWTANM, W 3aHUMAET LEHTPAIBHOE IIOJIOKEHHE B
KOMILUIEKCHOM COCAMHEHUH.

Jluranabl — MOJICKYJIBI U MOHBI, SIBJISIFOIIUECS JOHOPAMH 3JICKTPOHHBIX IMap M HEMOCPEIACTBEHHO
CBSI3aHBI C KOMIUIEKCOOOPa30BaTEIeM.

B ponu nmuraHzoB BBICTYNAKOT HMOHBI WJIM MOJICKYJBI, B KOTOPBIX COJEPKATCS HEIOJICICHHBIC
AJIEKTPOHHBIC TIAPBI WK TOCTATOYHO MOBMKHBIC TT-3JICKTPOHHBIC MapHI.

Annonsl - muragnsl: F, ClI7, Br, I, OH, NO, ,CN", CNS wu.x.

Mounekynbl — maraaasi: H,O, ROH, CO, NH3, RNH;, CH,=CH; u 1.71.

PaccmoTpum MexaHu3M oOpa3oBanus KomiuiekcHoro wona [Al(OH)4]

3d

: .3 HEEEE
[AI(OH),] Al 3sd:‘|

0y N

. N
\ N
\

:OH :OH :OH :OH

bunenraraple  nWraHABl  SABIAIOTCS  JTIOHOpAMU  JABYX  DJEKTPOHHBIX map, oOpasys ¢
KOMIUIEKCOOOpa3oBaTeieM JBE KOBAICHTHBIEC CBS3U:

NH, —CH; —CH,; —NH»
[IpuMepoM TIECTUACHTATHOTO JIMTAHAA SBJIACTCS TETPAaHWOH OATHJICHIMAMUHTETPAYKCYCHON
kucnotel (OTA):

"00C — CHyx 2 .. ,CH, —COO’
- 2\;N_CH2_CH2_N/ 2 e
“QOC —CH, ~CH, —COO

Hekoropble = MHOTOATOMHBIE  JIMTAHABI MOTYT  OOpa30BBIBATH  XUMHUYECKHE CBSI3H  C
KOMIUIEKCOOOpa3oBaTeieM uepe3 pa3Hble CBOM aTOMBI. Takue JIMTaH/Ibl HAa3bIBAIOTCS aMOUAE€HTATHBIMM.
Hampumep, 3to moust NCS™, CN™, NO, . TuornuaHaTHbIi aHHOH MOXET, B 3aBUCHMOCTH OT TPHUPOIBI

KOMHHCKCOOGpEBOBaTeHS{, CBA3BIBATHCA C HUM HIIN ‘{epe3 aToOM as3oTa M(—NCS, NN ‘{epGS aToOM Cepbl
M<«SCN.

I[I/ICCOIII/IaIII/IH KOMILJICKCOB B BOJAHBIX pacTrBopax

KOMHHeKCHBIe COCOANHCHUA - HeaJ'IeKTpOJ'II/ITBI B BOIHBIX paCTBOan AUuccolualmm HE
T0/BEprafoTcst. Y HHX OTCYTCTBYET BHEIIHss cepa KOMIUIEKCa, HAPUMED:
[Zn(NH3):Cl2] [Co(NH3)3(NO3)s] [Pt(NH3).Cl,]
JUXJIOPOIHAMHHOLHHK TPHHATPOTPHAMHHOKOOAIIBT JMXJTOPOAHAMHHOILIATHHA

B BoaHOI cpene Takue MOJIEKYJIbl THAPATUPYIOTCS KaK €JMHOE COETUHEHHE.
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KommiekcHble COCAUHCHUA - DJJICKTPOJUTBHI HpH AUCCOLIMAIMU B BOAHBIX PaCTBOpPaAx O6p33y10T
KOMITJICKCHBIC HOHBI:
[Ag(NH3)]Cl < [Ag(NH3),]" + CI
K[AG(CN),] <> K + [Ag(CN),]
Takas aucconuranyia nmpoTeKacT MOJIHOCTbIO, MOHBI THAPATUPYIOTCA.
KoMrutekcHbIE HOHBI, B CBOIO OYEpPE/ib, TOIBEPrat0TCsl BTOPUYHON JNCCOIMAIIHH:
[)A\g(NHg)z]+ > Ag+ + 2NH; (@)
[Ag(CN),] < Ag" + 2CN’ (©)
OpHako 3Ta nucconuanys 00bIYHO MPOTEKAET B HE3HAYUTEIHHOM CTEIICHH.
B pacTtBopax KOMIUICKCHBIE COCIUHEHHUS MOTYT TOABEPrarbcs IEPBHYHON W BTOPHYHOM
JMCCOLIMAITUH.

llepsuunas ouccoyuayus KOMNIEKCHO20 coeOuHeHus - 3TO €ro pacmnaj Ha KOMIUIEKCHBIH HOH,
o0pa3oBaHHBI BHYTpEHHEW cdepoil W HOHBI BHemHeH cdepbl. B BOAHBIX pacTBOpax NepBUYHAS
JMCCOIMAIUST KOMITJICKCHBIX COCIMHEHHUI 00yCIOBIIEHA pa3pbIBOM MOHHOM CBS3M MEXIY BHYTPEHHEW U
BHEIIHEH cepamu, OHA MPAKTUYECKU HeoOpaTuMma:

Ks[Fe(CN)s] — 3K* + [Fe(CN)s]*
[CU(NH3)4]SOs —> [Cu(NH3)]*" + SO.*

OOpasyromuiicss KOMIUIGKCHBI HMOH BedeT cebs Kak Ilefias caMOCTOATeJIbHas dYacTula ¢

XapaKTEepHBbIMU I HEE CBOWCTBAMHU.

Bmopuunas ouccoyuayus KOMHIEKCHO20 cOeOUHeHUs — 3TO paciiajl BHyTpeHHEH cepbl KOMITIIEKca
Ha COCTaBJISIONINE €€ KOMIIOHEHTHI.

Tak Kak mpu 3TOM pa3pyllatoTCsl HE MOHHBIE, a KOBAJIECHTHBIE CBSI3U KOMILUIEKCOOOpa30BaTels ¢
JUTaHJaMU, 3TOT MpoLecc 3aTpyAHEeH U oOpaTuM. OH MPOUCXOAUT CTYNEHYATO:

[Ag(NH3)2]" — [Ag(NH3)]" + NH3 1-ast CTyIEHb
[Ag(NH3)]" — Ag” + NH3 2-as CTyIeHb

Bropuunas nucconmanus XapakTepuU3yeTcs KOHCTAHTOM PaBHOBECHs, NPUYEM I KaXIOW U3
CTaJuil MOKHO BBIYMCIIUTH CBOK) KOHCTaHTY. /[ KOJIUYECTBEHHON OLICHKU YCTOMYUBOCTU BHYTPEHHEHN
cepbl KOMITJIEKCHOTO COEIMHEHUSI MCIONb3YI0OT KOHCTaHTY PaBHOBECHS, ONMCHIBAIOLIYIO MOJHYIO €€
JUCCOLMALMIO. Ty KOHCTAaHTY Ha3bIBAalOT KOHCTAHTOM HECTOMKOCTH KOMILUIEKCA Kyeer. B
COOTBETCTBUM C 3aKOHOM JEHCTBYIOIIMX MACC JUIsl NPUBEICHHOIO HAMHU BBILIE IIPUMEpPA JUCCOLUALIU
MOHA IMaMMHUHCepeOpa BhIpaKeHUE [l KOHCTaHThl HECTOMKOCTH MPUHUMAET BU/I:

+ 2
[Ag'] [NH3]
—
[AQ(NH3), ]
Yem Huke Kieor, TEM IPOUHEE U CTAOMIbHEE BHYTPEHHAS chepa KOMIUIEKCHOTO COEJIMHEHHS, TEM B
MeHblIIei Mepe NPOMCXOAUT BTOPUYHAS JUCCOLHUALIMS KOMILIEKCHOTO COEJMHEHHS B PACTBOPE.

HECT

XeJJaTHBIE KOMILIEKCHI

[TonuneHTatHple JWraHabpl, Onarojmapst HaJWMYMIO B HHUX JBYX M Oojee 3IEeKTPOHOIOHOPHBIX
LIEHTPOB, CIIOCOOHBI 00Pa30BBIBATH HECKOJIBKO CBSI3eN C MOHaAMH-KoMILIekcooOpa3oBareasimu. [Ipu stom
oOpa3yercs ycToluMBas NHMKJIMYECKass CTPyKTypa. Hampumep, B pe3ynbTaTe B3auMOJCHCTBUS
STUJICHTJIMKOJSL CO  CBEKENPUTOTOBIEHHBIM ruapokcuaoM Menu(ll) obpasyercs KomruiekcHOE
COEIMHEHUE MEIU:

H
H,C — OH H,C— 0. ,O—CH,
2 | + Cu(OH), —> |l ~Cu_ | +2H,0
H,C — OH H.C — O O—CH,
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HNon xomrmiekcooOpa3oBarensi B TaKUX COCAMHEHHSIX OKAa3bIBAETCS KaK Obl «3aXBAaYCHHBIM B
KJICITHWY» TOJUACHTATHOTO JIUTaH/Aa, MO3TOMY TAaKWE COCIWHCHMS TOTYYWIN Ha3BAaHUE XelamHbiX OT
rpeu. chelé - kierns.

XeJlaTHbIEe KOMILIEKCHbIE CO€IMHEHHs] — COCIMHCHHS, B KOTOPBIX KOMILIEKCOOOpa3oBaTeIn
CBSA3aHBl C TIOJUJCHTATHBIMH JIUTAHJIAMU, MPUYEM aTOM WM HMOH-KOMILJIEKCOOOpa3oBaTelb SIBISETCS
KOMITOHEHTOM ITUKJINYECKON CTPYKTYPBI.

Jluranger, oOpa3yrotmue XeJIaTHBIC LMKIIBL, HAa3bIBAIOTCS XeJ1aT000pa3y oMU
(xemaTupyommEmMH).

XenaTupyrolire peareHThl COAepKaT ABa TUIA AIEKTPOHOJOHOPHBIX IIEHTPOB:

A — Tpynimel, colepKalire MOJBIKHBIA aroM Bojopoaa, Hanpumep, -COOH, -OH, -SOsH u T1.1.,
MIPU UX KOOPAUHAIIUU K HOHY-KOMILIEKCOOOPa30BaTEII0 BOZMOXKHO 3aMEIlEHNE TPOTOHA;

b — HeliTpasibHBIC AIEKTPOHOJOHOPHBIC TPYIIHEI, Harpumep, -NH; u T.11.

Buyrpuxkommiekcubie coeaunenuss (BKC) — koopauHaIMOHHBIE COCIUHEHUS METAIOB C
OMJEHTATHBIMU JINTaHJIAMH, CBSI3aHHBIMH C OJTHUM M TEM YK€ aTOMOM MeTaJlIa-KOMIUIEKCOOOpa3oBaTes
yepe3 OJHY OTPHUIATEIbHO 3apsHKEHHYIO U OJIHY HEWTpabHYIO JOHOPHBIE T'PYHIBl ¢ 00Opa3oBaHHEM
OJIMHAKOBBIX WJIM Pa3IMYHBIX BHYTpEHHHX XenaTHeiXx nukioB. BKC He comepxar BHemHechepHBIX
VOHOB U HE SIBJISIFOTCS 3JIEKTPOJIUTAMHU.

BKC sBnsiercs, nanpumep, raunuHat Meau(1l):

O:C_O H2N_CH2
N F

C
A u\
H2C_NH2 O_C=O

YceToHYHBOCTL KOMILIEKCHBIX COeIMHEHU M

Peakmus gucconmamuy KOMILIEKCA B O6HICM BUIC
ML,=M +nL
XapaKTCPU3YyCTCA MOJTHOM  UCIMUHHOUL mepzwoduuamuuecxoﬁ KOHCMAHmMoU pasHoeecust  —

KOHCMAHMOU HeCMOUKOCMU, KOHCIMAHMOU HeyCMOUYU80CmMuU Uiy KOHCMAHMOU OUCCOYUAYUU KOMNIIEKCA
Kru:

a(M) a(L)"
Ki = —=mmmmmmmeee
a(ML,)
AHAJIOTUYHO JUTSI CTYNIEHYATBIX KOHCTAHT HECTOMKOCTH:
ML,=M +nL
1 a(MLyg) a(L)"
KH,y = === = =mmmmmmmmmmeeeee
Bn a(MLy)
ML, =ML+ L 1 a(MLn_z) a(L)
T
Bn—l a(N“—n—l)
B oOmem Buge:
ML=M+L 1 aM)a(L)
KH,{ = === = e
P1 a(ML)
KoHcTaHTa yCTOMYUBOCTH €CTh BEJIMYMHA 00paTHast KOHCTAHTE HECTOWKOCTH:
B =1/Ku

72



[IpousBeneHne BceX CTYNEHYAThIX KOHCTAHT HACTOMKOCTH PABHO MOJIHOW KOHCTAHTE HECTOMKOCTH
KOMILIEKCA:
KH,]_ KH,z"‘ KH,n: Kn
PaccmoTpum npumep:
[Ag(NH3)2]+ > Ag+ + 2NH;3

[TpuMeHsis 3aK0H IEHCTBYIOIIUX MacC K 0OpaTUMBIM peakiusM (a) u (0) momydaem:
[Ag'] [NH]?
Kp(a) = -----mmmmmmmmmee- = Kngagnnaiz) = 6,8 - 107
[[Ag(NH3)2]"]

[To 3HaueHHUAM KOHCTAaHT O0Opa30BaHUS MOTYT OBITh BBIUMCICHBI PABHOBECHBIE KOHIIEHTPAIMHU Kak
CBOOOHOTO MeTaia, TaKk U JI000H ero KOMIUIEKCHON (DOpMBI MPU M3BECTHOUN KOHIICHTPAIIMU JTUTAHA U
3alaHHOM 3HaueHuu pH pactBopa.

YCTOWYNBOCTh KOMILUIEKCOB 3aBHCUT OT JJEKTPOHHOW KOH(DUTypary MeTauia W JOHOPHO-
aKLENTOPHBIX CBOWUCTB JUraHaoB. OT 3TUX (PaKTOPOB 3aBUCUT BEIMYMHA SHEPTrUU CBSI3U MEXKAY
LEHTPAJIBHBIM aTOMOM M JIUTAHJIOM, a TaKXXE CTPYKTypa COCAMHEHHUs. Y CTOMYMBOCTh KOMIUJIEKCOB, Kak
MIPaBUJIO, YBEIIMYUBACTCS MPU YCUIIEHUU OCHOBHBIX CBOMCTB JIUTAHJIOB: YeM OOJIbIIe paJiiyc MOHA U €ro
OTPULIATENILHBIN 3apsifl, TeM OOJbIIe 3JIEKTPOHOJOHOPHAS CIOCOOHOCTh MOHA. Tak, s aHMOHHBIX
JUTaHJ0B OOJbIIOE 3HAUYEHHWE MMEIOT (DaKTOPbI, OMPEAETSIONME X JOHOPHBIE CBOWMCTBA, T.€. pa3Mep
MOHOB M WX 3apsia. OCHOBHOCTh HEUTPAJIbHBIX MOJIEKYJI ONPEIEISETCSs HX Pa3MepoM, TUIOJIbHBIM
MOMEHTOM U CIIOCOOHOCTBIO K MOJISIPU3AIIIH.

Jlaboparopnasi padora

PeakTuBbI H 000py/I0BaHME:

. BosiHbIe pacTBOpPHI COJICH KATHOHOB: Cr3+; Mn2+; Fez+; Fe3+; C02+; Ni2+, Cu2+, Zn2+, ng+.
. Pa30aBrieHHBII 1 KOHIIGHTPUPOBAHHBINA PACTBOP aMMHAKa.

. PactBops! kanus rexcanuanodepparos (1) u (11).

. lITaTuB ¢ MUKPOITPOOHPKAMH.

. HacoBble WM MpeMETHBIE CTEKIIA.

. CTexJIsTHHBIE TTAJIOUKH, JKEJIe3HbIE KAHIIEISIPCKUE CKPETTKH.

. 'azoBas ropenka.

. Turens.

. Mukpockor.

O 00 NO Ol W —

OmnbiT 1. Obpazosanue u ouccoyuayusi coeOuHeHul ¢ KOMNIEKCHbIM AHUOHOM

a) K 1-2 mn pactBopa Hutpara prytd (II) (cunbHbIN si1) 100aBIATH MO KamjsiM pa30aBlieHHbBIN
pactBop Kl 1m0 ob6pazoBanus ocagka Hgl,. 3atem mpmuth u36sTok pactBopa Kl 10 pacTBopeHus ocaka.
Hanucate ypaBHeHHS peaknuii KOOPAMHALIOHHYIO ¢dopMydy MOJYYEHHOTO KOMIUIEKCHOTO
COENMHEHHs, YIUTHIBAS, YTO KOOPMHAMOHHOE 9iciao HY ' paBHO ueThipem.

Hasparh naHHOE€ KOMIUIEKCHOE COEAMHEHHE, YKa3aTh KOMILIEKCOOOpa3oBaTelb W JIMTaHbI,
KOOpPJIMHAIIMOHHOE YMCIIO U 3aps]l KOMILIEKCoOoOpa3oBaTess, BHEUIHIOI U BHYTpeHHIOI cheprl. Kak
MPOTEKAeT MPOLECC AUCCOLUAIMH 3TOT0 KOMIUIEKCHOTO COeTMHEHHUs B pacTBope? HamucaTh BelpaskeHUe
JUISL KOHCTAHThl HECTOMKOCTH KOMILJIEKCHOTO MOHA.
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6) B mpobupky c¢ 2-3 mu pactBopa Bi(NOs3)s mo6asmsate mo kamasm 0,5 H. pactBop Kl 10
BhIMajicHuss ocaaka Bils. 3arem m00aButh eimie Heckojbko Kamenb pactBopa Kl mo pactBopenus
BbINaBIIero ocajaka. KakoB mBer mojydeHHOro pactBopa? MOXeT M 3Ta OKpacka O0yCIOBIMBATHCA
npucyrcteuem uonos K, I, Bi**? Hammcars yYpaBHEHUS peakiuii 00pa3oBaHUsS KOMIUIEKCHOTO
COCLMHCHUS M €r0 KOOPAMHALMOHHYIO (hOPMyIly, YIMTHIBASs, YTO KOOpAMHALMOHHOE uncio Bi®" paBHo
YEThIPEM.

Hasparh naHHOEe KOMIUIEKCHOE COEAMHEHHE, YKa3aThb KOMILIEKCOOOpa3oBaTeab W JIMTaHIbI,
KOOPAMHAIIMOHHOE YHCIIO M 3apsii KOMIUIEKCOOOpa3oBaTelsi, BHEIIHIOI M BHYTpEHHIOW cdepnl. Kak
MIPOTEKAET MPOILIECC TUCCOIMAIIMU 3TOT0 KOMILJIEKCHOTO coeTuHEHUs B pacTBope? Hamucars BeipaxkeHue
U1l KOHCTAHTBl HECTOWKOCTH KOMIJIEKCHOTO MOHA

OnbIT 2. Paznuuue mexcoy npocmuimu u kKomniekchuvimu uonamu srcenesa (111)
a) K 1-2 mu pactBopa FeCls npunute HemHoro pactBopa KSCN. Hamucarh ypaBHeHHE peakiiui.
+
ta peakius XapakTepHa 1 HoHa Fe®’ u mpuMensiercs st ero 0GHApyKEHHS.

6) Jloka3zatb, oOHapyXuBaeTcs JH HOH Fe** B pactBope Ks[Fe(CN)g], mpomenaB xapakTepHYyrO
peakIuio, Kak B ombITe 2 A.

Jnst kommiekcuoro coeaunenns Ks[Fe(CN)g] nate Ha3Banue, ykazaTh KOMILIEKCOOOpa3oBaTelb U
JUTaH/Abl, KOOPAMHAIIMOHHOE YHCIO W 3apsi KOMIUIEKCOOOpa3oBaTess, BHENIHIOID M BHYTPEHHIOIO
cdepsl. Kak npoTekaeT mpolecc AUCCOUAIMN ATOr0 KOMIUIEKCHOTO COeIMHEHus B pacTBope? Hamucatp
BBIpQKEHUE JIJISI KOHCTAHTHI HECTOMKOCTH KOMIUIEKCHOTO MOHA.

B) Hamute B omHy npobupky Hemuoro pactBopa FeCls, a B npyryro — Ks[Fe(CN)g] u 106aBuThH B
KaXIyl0 U3 HHX OJWHAKOBBIH 00beM pactBopa FeSO,;. OOBSICHUTH OTCYTCTBHE M3MEHEHHH B IIEPBOIi
npoOupke W 00pa3oBaHME BO BTOpPOM ocajka Tak HasbiBaeMoil TypHOyneBodi cuuu KFe[Fe(CN)g].
Hamnucatp ypaBHeHHE peaKkiy B MOJIEKYIISIPHOM U HOHHOM (opMe.

Peakuust oOpa3zoBaHusi TypHOYJIEBOM CHHHU SBISIETCS XapaKTEpHOW il KOMIUIEKCHOTO HWOHA
3-
[Fe(CN)e]™.

OnbiT 3. Obpazosanue KOMIIEKCHO20 OUMEMUNISTUOKCUMA C UOHAMU Fe”* u Ni?*

a) Ilomecture B mpobupky 1-2 xamnu pactBopa conu xene3a (ll), 3arem npubasbre 2-3 Karm
pactBopa NH3z u 2-3 kamium coupToBOrO pacTBopa AUMETHIrIMokcuMma. llpu stom obpasyercs
pPacTBOPUMBIN KOMIUIEKC Ouc(aumerunrauokcumaro) sxkenes3o (1) pozoBo-kpacHoro 1seTa.
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6) Ilomectute B mpoOupKy 2-3 KaruiM pacTBOpa CONU HHUKENs, mpubaBbTe 3-5 Kamenb pacTBopa
NH3 u 2-3 karmm cinupTOBOTO pacTBOpa AUMETHITINOKcHMa. UTo oOpaszyercsa? 3anuiuTe HaOIt0ICHHS.

DTy K€ peakUuI0 MOKHO MPOBECTH KakK KareJabHyro. s 3TOro momecture Ha (HIBTPOBAIBHYIO
Oymary 1 kamio pacTBopa COJM HUKEIS M | Kallo CHOMPTOBOIO pPacTBOpa JUMETHUITIMOKCHUMA.
CMmouennyto Oymary oOpaboraiite mapamu ammuaka Hajx (apdopooit uamkoi. Ilpu gocrarounom
HACBHIIIEHUM aMMHAaKkoM Ha Oymare B NPUCYTCTBUM HHKeNsd oOpa3yeTrcs KpacHOe ISTHO — OCaJoK
ouc(numerunranokcumaro))aukess (11):

O.H—-0
H3;C — C=NOH HiC—C=N N=C — CHs
NI + 2 | — | ™ Ni< | + 2H"
HsC — C =NOH HiC—C=N-" N =C — CHs
O—H..O

9 +
Eciu npucyTcTByeT MEMarOIIUi TPOBEACHUIO PEaKIIUU Fe? , €ro mpeaBapuTeNbHo okucistoT HyO,
3+
o Fe™.

BriBoa:

Onwit 4. [Tonyuenue muoyuanammuvix komniexcos xcenesa (1) u kobanoma (11)

Woust Fe** ¢ Tnonmnanar-nonamu oOpa3ytot xkenesa (I11) Tmounanar:
Fe(H,0)¥ +nNCS™ « Fe(H,0)¥ (NCS)]*" +nH,O

+ _
CocTtaB 00pa3yromerocss KOMIICKCa HETIOCTOSIHEH U B 3aBUCHMOCTH OT KOHIIEHTPAIIUN Fe** u NCS
+ —
Moxer komebarbes o [Fe(H20)5(NCS)g]* mo [Fe(NCS)g]*. Peakuust Moxker GbITh HCIIOIB30BAHA IS
KOJIMYECTBEHHOT'O ONPE/ICIICHHS KOJOPUMETPHUUECKUM (BH3YaIbHBIM) METOIOM.

Kob6ainbt (Il) 06pasyeT ¢ THOIMAHAT-HOHAMH KOMILIEKC CHUHE-TOIY0O0ro IBETa, SKCTPArHPYIOIIHACS
B CJIOM aMWJIOBOT'O CIIAPTA.

a) K 2-3 xarusim pactBopa coiu xenesa (1) mpubaspte 2-3 kamumm pactBopa Kanus (MM aMMOHHS)
THOLIMaHaTa. 3aUIINTe HAOIIOICHHUS.

6) Ilomectute B mpobupky 3 karum coiu ko6anbTa (1) 1 mpubaBbTe HECKONBKO KPUCTAIIIMKOB
NH;NCS. Yro nabmomaere? K momydeHHOMY pacTBOpy MpruOaBbTE HECKOJIBKO Kalelh CMECH 3THUIIOBOTO
s¢upa 1 aMUIIOBOTO CIIMPTA U COAEPKUMOE MTPOOUPKHU B30OATAalTE. 3aUIINTE HAOIIOICHHS.

B) Ha ¢umsTpoBamsnyto Oymary momectute 1 karmmo pactBopa NH4NCS, a 3atem 1 xarumo
pactBopa conmu kobanbTa (ll). Bymary BbliepkuTe B mapax aMMHUaka M IOJACYLIMTE Haja IUIaMEHEM
ropenku. [lepudepudeckass 4acTh MATHA JOJDKHA OBITH OKpallleHa B CUHUH 1BeT. ONUIINUTE U 3apUCYyHTe
HabrogaeMoe siBJeHne. DToH peakiyei Koo6aabT MOKHO OOHAPYKUTh B MPUCYTCTBUU BCEX KaTHOHOB.

OnwIT 5. /{uccoyuayus 0801iHOU conU

+ 3+ 2- =
Hokazate nHamuume uoHoB NH;, Fe©" u SO, B pacTBope Kene30-aMMOHHMMHBIX KBaclOB
NH4Fe(SOy),, mpoaenaB st HUX XapaKTEPHBIC PEakidd ¢ MOMOIIbi0 pacTtBopoB Ieiaoun, KSCN wu
BaClg.
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Hamnucars nonnsie ypaBHeHus: peakiuid. COCTaBUTh YPAaBHEHHE AJIEKTPOJUTUUECKON AUCCOLUALINN
’KeJIE30aMMOHMIHBIX KBACI[OB.

B ueM cocToMT CXOACTBO M pa3inuve MEXIY JIBOWHBIMU COJIAMH M JIPYTUMH KOMILIEKCHBIMU
COETUHEHUIMU?

33)13HI/I$[ JUIS1 CAMOCTOATEIbHOM paGOTBI

KoHTpoJibHbIE BONPOCHI:
. Kakue coennHenuns Ha3pIBaloTCs KoopAMHALUMOHHBIMU? [IpuBenuTe npumepsl.
. Kmaccugukarus KoopAMHAMOHHBIX COSTMHEHUH .

. [Ipuposia XMMUYECKOI CBSI3U B KOMILJIEKCHBIX COCUHEHUSIX.
. Kak paccuntsiBaercs o61miast 1 cryneH4yaTasi KOHCTaHThl HECTOMKOCTH (YCTOMYUBOCTH)?

. Z[aﬁTe OIIPpCACIICHUC MMOHSITHI- KOMHJ’IGKCOO6paSOBaTeJIB W JIUra"ni.
. UTo o3HauaeT NOHATHE ACHTATHOCTH .]'II/II"EIH,I[OB‘.7
. Kakue koMmImiexkcHble COCIUHCHMUA SABIAIOTCA XeJNaTHBIMH ?

1

2

3

4

5. Jlucconmanus KOMIUIEKCHBIX COCIUHEHUH.

6

7

8

9. Kakne OMOJIOTMYECKH BakKHbIE KOMIIIEKCHI BbI 3HaeTe?
1

0. KonhopmannoHHbIe COCTOSIHHSI KOMILIEKCHBIX HOHOB.

BbINOJHUTH 321244 U YIPAKHEHHS .

1. Ompenenute 3aps] KOMIUIGKCHOTO HOHA, CTEICHb OKHCICHHS W KOOPIUHAIIMOHHOE YHCIIO
komIuiekcooopazoBarest B coeauaenusx [Cu(NH3)4]SO4, Ko[PtClg], K[AQ(CN),]. Hanumure ypaBHeHuUs
JMCCOIIMAIIUY 3TUX COCAMHEHHUI B BOJHBIX PACTBOPAX.

2. CocTaBbTe KOOpIMHAIMOHHBIC (OPMYIBI CIEAYIOMUX KOMIUICKCHBIX COCJIMHCHHWN IIATHHBI:
PtCl4-6NHj3; PtCl,-4NHj3; PtCly-2NHj3 Koopaunarmonnoe urcio miatuasl (IV) paBHo mectr. Hanumure
ypaBHEHHE IMCCOIMAIMN STHUX COCAMHEHWH B BOAHBIX pacTBopax. Kakoe W3 COCTMHEHUH SBISETCS
KOMIUJIEKCHBIM HEAJIEKTPOIUTOM?

3. Kakass rtubpuamzanus TpOSBISETCS TNPH OOpa30BAaHWK KOMIUICKCHBIX HOHOB [FeF6]4' u
[Fe(CN)s]**? KakoBo mpoCTpaHCTBEHHOE CTPOCHHE STHX KOMIIEKCHBIX HOHOB?

4. PaccMOTpuTEe JaHHBIE KOMIUIEKCHBIE coeamHeHusi. Hazosure wnx. Ompenenure cTeneHb
OKHCJICHHSI KOMILJICKCHOTO MOHA, CTEIIeHb OKMCJICHUS KOMIUIEKCOOOpa3oBaTess, ero KOOpANHAIIMOHHOE
YHCIO0, JCHTATHOCTh JIMTAHJOB. 3alMIINTE TMPOLECCH JAMCCONMAIMM ¥ BBIPAKEHUS KOHCTAaHT
Hectorikoctu. K[Ag(CN),]; NH4[Co(NH3)2(NO2)4].

5. Hanumure B MoJeKynasipHOW W HOHHOW (opmax ypaBHeHue peakuuu Mexay Cu(NOgs);u
K4[Fe(CN) 6], mpoTekatoreii ¢ oopazoBanuem ocaaka Cuz[Fe(CN)g].

6. Jlonumure ypaBHEeHHE PEaKIIMU U PACCTaBbTe KOOPPHUIIMEHTH METOIOM JIEKTPOHHOTO OallaHca:

[Ag(NH3),]OH + CH3-COH =

7. CocrtaBbTe (POPMYIIBI CIIETYIONUX KOMIUIEKCHBIX COCTUHEHUN:

a) cyabdar TerpaammunrakBaxpoma (111)

0) Terpakapooum Hukens (0)

B) TeTpaxyiopoauruapokcormatuar (IV) kamus

r) xsopu TerpaammuHiHKa (11)

1) mucynbatodepunat kamus (11)

) Terpaxyopoauruapokconanagat (IV) kamus
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8. Hamumure BbIpaKeHUS [UIsi KOHCTAHT HECTOMKOCTH KOMIUIEKCHBIX HOHOB [Ag(NHs3),]';

[Fe(CN)s]*; [PtClg]*. Uemy paBHBI CTeNeHb OKHCICHHS M  KOODAMHALMOHHOE  YHCIO
KOMILIEKCOOOpa3oBarenel B 3TUX noHax?

TecToBble 3a1aHUs:

1. VkaxuTte MeTai—KoMIuIeKcooOpasoBareib B komiuiekce [Ag(NH3),]Cl:
a) ClI”

6) [Ag(NHz)2]"

B) Ag”

r) NH3

2. VKakuTe KOOPAUHAMOHHOE YKCIIO0 IICHTpalbHOro aroma B komiuiekce Kq[Fe(CN)g]:
a)3
0) 4
B) 5
r) 6

3. KakoBa ¢opmyna coenuHeHuit ¢ KoMIuIeKCooOpa3zoBaTesieM cr'"' (KY 6), murannamu OH', Hy0 u
BHemHen cdepoit CI°

a) [CF(OH)z(H20)4]C|2

6) [Cr(H20)4(OH).]CI

B) K[Cr(OH)4(H20).]

r) [Cr(H20)s(OH),]CI

4. Ykaxwurte BHyTpeHHIOI0 cepy komrmiekca Na;Pb[Cu(NO,)s]:
a) Cu®*

6) Na*

B) [Cu(NO,)e] "

r) NO;

5. IeHTaTHOCTB-3TO:

a) YHCIIO CBs3el MeXIy KOMIUIEKCOOOpa3oBaTeieM U JIMraHAaMH;

0) YHMCIIO IMEKTPOHOIOHOPHBIX aTOMOB B JIMTAHJIE;

B) YHCIIO JIEKTPOHOJOHOPHBIX aTOMOB B KOMILUIEKCOOOpa3oBaTele;

I) YHCIIO JIEKTPOHOAKIENTOPHBIX aTOMOB B KOMILIEKCOOOpa3oBaTesie.

6. Ompezenure 3apsa KoMiuiekca nuanorpuaMmus meau(l1):
a) 2
0) 1
B) 0
r) 1

7. Onpenenute KOMIUIEKCHOE coeIuHEHHE cpean coennHenuit xpoma (I1I)
a) CrCls

0) KCr(SOy)2

B) [Cr(Hzo)z(N H3)4]C|3

F) Cr2(804)3

8. Kakoit mosnekyne cooTBeTCTBYET Ha3BaHue TeTpanoaonamagar (1) narpus?
a) Pd|2

6) Pd(NO3),

B) Nal

r) Nay[Pdl4]
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9. Kakoit monekyse cooTBeTCTBYyeT Ha3BaHue TeTpanogomepkypar (II) kamms?
a) Kz[Hgly]

0) Hgl

B) [Hg(NH3)4]SO4

r) HgSO,

10. Yemy paBeH 3apsa komiuiekcHoro nona [Zn(OH)4]?
a)+3

0) +4

B) -2

r)-3

Jlureparypa:

1. FO.A.EpmoB B.A., [Tonkos, A.C. bepnsua u ap. O6mas xumusi. buodusznueckas xumus. Xumus
OMOTreHHBIX 7eMeHTOB: yueOHuk/ o pea.tO.A.EpmoBa.-M.: Beicur.mk., 2007-559c¢.

2. [TorikoB B.A. O6mas xumus: yaeouuk.-M.: TDOTAP-Menua, 2007.-976¢.

3. IlyzakoB C.A. Xumus: yuebnuk mans ¢ak. BCO.-Uzn. 2-oe, ucnp. U non.-M. I'D0TAP-Menua,
2006.-640c.

4. Kanarosa P.B., MepkynosaC./l.,Ku6uzosa A.lIO. u np. Metoauueckue pazpadotku mno «Oomei
xumuny». Brnagukaskas 2006.

5. O.A.Epmos, B.A. ITonkos, A.C. bepnsun u np. [Ipaktukym o obuieit xumun. buoduszndeckas
XUMHS. XUMHUsL OMOTCHHBIX AJIEMEHTOB: y4e0. mocoOue i CTYACHTOB MEHA. CIeIl. BY30B/ TIOX pel.
O.A.EpmoBa -M.: Beicur.uik., 2007

6. [muaka H.JI. O6mas xumus: yaeonuk.-M3mn.30-oe, ucnp.-M: Unrterpan-Ilpecc, 2006.-728c.

7. A.Il.benseBa. ®uznueckas u KoiougHas xumusi: yueouuk.-M.: [D0OTAP-Menua, 2008.-704 c.

8. 'muuka H.JI. 3amaun u ynpaxaenus 1o odmiel xumun: yaeod. [Tocodue ais By30B.-M.: HTerpa-
IIpecc, 2007.-240c.

78



Tema 6. PU3UKO-XUMHUA NOBEPXHOCTHBIX SIBJIEHUAM B
OYHKIIMOHUPOBAHUMU )KUBBIX CUCTEM

Heﬂb 3aHATHUSA: PACCMOTPETH (1)I/I3I/ILICCKI/II\/'I 1 XUMHYECKHI aCIIeKThI IMOBCPXHOCTHBIX SIBIICHHH.

Lesb 1esiTeILHOCTH CTY/ICHTOB HA 3aHATHH.

Cmyoenm Oondicen 3Hamb:

a) OnpezeneHue aJcopOIMH, TOBEPXHOCTHOT'O HATSKCHHUSI.
0) Teoputo Jlenrmropa.

B) [IpaBuio Illunosa.

Cmyoenm Oonxcen ymemn.:

a) OmnpenensTh TOBEPXHOCTHOE HATSHKCHHUE U aICOPOIIMIO HA TIOJBMKHON TOBEPXHOCTH pasjiena.

0) KonruecTBeHHO U3MepATH aCOPOLIMIO U3 PACTBOPOB HA TBEPJIBIX aAcOpOEHTaX.

B) Onpenensars BIUSHUE YACIBHON MOBEPXHOCTH aCOPOCHTA, IPUPOJIBI aICOPOCHTA, aJicOpOTHBA
Y pacTBOPUTEJS HA afICOPOLINIO KpacUTENel U3 pacTBOPOB.

Bonpocsl 11 npoBepku 0230BOro (MCX0HOI0) YPOBHS:
1. ['oMoOreHHbI€ U TETEPOrCHHBIE CUCTEMBI.

2. [ToBepXHOCTHBIE MPOIIECCHI.

3. Tunbsl XUMUYECKOM CBSI3H.

Teopernyeckas 4acTb

K moBepXHOCTHBIM SIBICHHSM OTHOCAT MPOIIECCHI, MPOTEKAIOIINe Ha IpaHulax paszgena Qa3 u
00yCJIOBIICHHBIE OCOOCHHOCTSMH COCTaBa M CTPYKTYphI oBepxHOCcTel. KileTku, siBsitomuecss 0CHOBOM
CTpOEHHS JTI0O0r0 OpraHu3Ma, OTIMYAIOTCA CUJIBHO PAa3BUTON MOBEPXHOCTHIO pasfena (OHOJIorHYecKue
MeMOpaHbl), Ha KOTOPOW M OCYIIECTBIISIIOTCS MHOTHE JKU3HEHHO BaxkHbIE mporecchl. Ocoboe 3HaueHue
JUIsE TIOHMMaHusl MexaHu3Ma (DYHKIMOHHPOBAHUS PA3TMUHBIX OMOJOTMYECKUX CTPYKTYpP HUMEET TaKoe
SBJICHHE, KaK afcoporus

Adcop&;uﬂ — CAMOnNnpou3eolbHOe€ U3MEHEeHUe KOHYeHmpayuu KOMNOHeHma Ccucmembsl 6
nosepxnocmuom cnoe. C mpolecca aacopOIMM HayMHAEeTCsd B3aMMOJEHCTBHE JIOOBIX BELIECTB C
KJIETKaMHU U TKaHSMU OpraHu3Ma (MUTaTeNbHBIX U TOKCHYECKUX BEUIECTB, TEKAPCTB U T.1.)

IToBepxHOCTHASI JHEprUsA. AxcopOuns

Jlo cux mop CBOMCTBA reTEPOTr€HHBIX CUCTEM OIMCHIBAIIMCH C MOMOUIbIO ApaMeTpPOB U (PYHKIMMA
COCTOSIHUS, XapaKTepU3yIoLIMX Kaxayro u3 (a3 B menoM. OpHako cBoiicTBa ywacTka (asbl,
MPUMBIKAIOIIET0 K €€ MOBEPXHOCTH, OTJIMYAIOTCS OT CBOMCTB (pa3bl B oObeMe: (PaKTUUECKH YaCTHIIbI,
HaxXo/dIIMecs Ha TOBEPXHOCTH KaxJoW (a3bl, 00pa3yloT 0coOyl0 MOBEPXHOCTHYIO (a3y, CBOWCTBa
KOTOPOl  CyIIECTBEHHO OTJIMYAlOTCd OT CBOWCTB BHYTpEHHMX obOmacted Qas3pl. Yactuupl,
PacrojOKEHHbIE Ha IOBEPXHOCTH, HAXOIATCA B JPYrOM OKDPYKEHHH II0 CPAaBHEHMIO C YacCTHULIAMH,
HaxoJsimMMucsd B oObeMe (asbl, T.e. B3aUMOAECHMCTBYIOT KaK C OJHOPOJHBIMU YacTHUIIAMHU, TaK U C
gacTuaMu Jpyroro poga. CleacTBUEM JTOro SBISETCS TO, YTO CPEIHSAsS DHEPrus gs YaCTHIIBI,
HaxoJsIIelics Ha MOBEPXHOCTU paszfena (a3, OTIMYaeTcsl OT CpeaHEel PHEepruH TaKoW K€ YacTUIbl B
oObeMe ¢a3bl gy (MpUUeM PHEPrusl YaCTHIIBI Ha IOBEPXHOCTH MOXKET ObITh Kak OOJIbIlIe, TAK U MEHbIIE
SHEpruu yacTuibl B o00beMme). [loaTomy BaxkHeilliell XapakTEpUCTUKONW TOBEPXHOCTHOM (a3bl
ABISICTCA nosepxHocmuas duepeusi Gs— Ppa3HOCTb CpelHEedl HHEpPruu YacTHIbl, HAaXOJSIIECHCS Ha
MOBEPXHOCTH, W 4YaCTHIbl, Haxojsmiedcs B oObeme (as3bl, yMHOXKEHHAsh Ha YHUCJIO 4YacTHUIl Ha
noBepxHocTH N:

Gs :Ns(gs_gv] (1)
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OueBuaHO, 4TO 00IIAs BEJINYMHA TIOBEPXHOCTHOM 3HEeprun (assl OyJaeT onpenesaThesi BETMUNHON
e€ nmoBepxHOCTH S. [1o3TOMY JUI XapaKTEPUCTHKH MMOBEPXHOCTH pa3zesa, OTACISAIONIeH JaHHYO a3y OT
ApYyroi, BBOJUTCS IMOHATUE NOGEPXHOCMHOE HAMsAdICeHUe G — OTHOIIEHUE IOBEPXHOCTHOM SHEprum K
TUTOIIAZM TIOBEPXHOCTH paszzaena (a3; BEIWYMHA MOBEPXHOCTHOTO HATSHKEHUS 3aBUCUT TOJIBKO OT
npupoasl obeux (a3. Kak u noBepxHocTHast 3Heprus (asbl, IOBEPXHOCTHOE HATSKEHUE MOKET UMETh
KaK IOJIOKUTENIbHOE, TaK U OTpULIaTeNIbHOE 3HaueHHe. [I0BEpXHOCTHOE HATSHKEHUE MTOJIOKUTEIBHO, €CIIH
HaxXOo/sII1ecs Ha IOBEPXHOCTH YaCTUIbl B3aUMOAECHCTBYIOT ¢ YaCTULIAMH 3TOH ke (pa3bl CHilbHEe, YeM ¢
qacTulaMu JApyroi (asel (U, clieoBaTrenbHO, gs> Oy). CorlacHO MPUHIUMIY MHHHUMYMa CBOOOJHOMN
sHepruu, mobas ¢a3za OyAeT CTPEMUTbCS CaMOINPOU3BOJIBHO YMEHBIIUTh CBOI ITOBEPXHOCTHYIO
SHEPIUI0; MO3TOMY B CIydae IOJIOKUTEILHOTO MOBEPXHOCTHOrO HaTspkeHHUs (6 > 0) dasza crpemutcs
YMEHBUIMTh CBOIO IOBEPXHOCTb. B ciywae ecnm o< 0, noBepxHocTHass sHeprus ¢aszpl Oyner
YMEHBIIATHCS IPU YBEIIMYEHHUH IIJIOLIAAN TOBEPXHOCTH.

Hucnepcras cucmema — TeTEpOreHHas CHCTeMa, onHA W3 (a3 KOTOpPOW SBISETCS CILIONIHOM
(Oucnepcuonnas cpeoa), a npyras — pa3apoosieHHo (ducnepcras gasa).

[Ipouecc camonpor3BOILHOTO U3MEHEHHS KOHIICHTPAIMH KaKOTO-IH00 BEIIEeCTBA y MOBEPXHOCTH
pa3nena AByX (a3 HazbIBaeTcs adcopbyuei. Adcopbenmom HA3bIBACTCS BEIIECTBO, HA IOBEPXHOCTH
KOTOPOTO MPOUCXOAUT U3MEHEHNE KOHIIEHTPALMU JPYroro BellecTBa — adcopbama.

AncopOuusi Ha rpaHKMIe PACTBOP — Map

B KuIKMX pacTBOpax IOBEPXHOCTHOE HATSDKEHHE O SIBIACTCS (PYHKIMEH OT KOHLEHTpaIuu
pacTBopeHHOro BemiecTBa. Ha puc. 1 mpeacraBieHbl TpU BO3MOXKHBIX 3aBUCHMOCTH MOBEPXHOCTHOTO
HATsDKEHUS OT KOHIIGHTPAllMU pacTBopa (T.H. M30TEpMBI TOBEPXHOCTHOTO HATsOKEeHHWs). Bemiectsa,
noOaBJieHHe KOTOPBIX K PacTBOPUTEIIO YMEHbIIIAeT MTOBEPXHOCTHOE HaATSHKEHUE,
Ha3bIBAIOT nogepxHocmuo-akmusuvimu (I1AB), BemecTBa, n00aBieHHE KOTOPHIX YBEIMYMUBACT WU HE
M3MEHSET MOBEPXHOCTHOE HATsDKEHUE — nosepxrHocmuo-unakmuguvimu (IIMAB).

o A . rt
oy 2 Mgf----------------==- =
g ;
o _ -
Cy C C
Puc.1. I30TepMBl ITOBEPXHOCTHOI'O HATSKEHUS Puc. 2. U3orepma ancopOmuu Ha TpaHHUIE
pactBopoB [IMAB (1,2) u ITIAB (3) pacTBop — nap

YMeHbIIEHHE TOBEPXHOCTHOTO HATSHKCHUS W, CIIEAOBATENbHO, MOBEPXHOCTHOW OSHEPrHU
NPOMCXOIUT B pe3ynbraTe ajncopounu [TAB Ha moBepXHOCTH pa3jena >KUAKOCTh — Map, T.€. TOro, YTO
KOHIICHTPAIUsl TTOBEPXHOCTHO-aKTHBHOTO BEIIECTBA B TOBEPXHOCTHOM CJIO€ PAacTBOpa OKa3bIBACTCS
Oosblie, YeM B TIIyOMHE pacTBoOpa.

KommdecTBeHHON Mepol ancopOnuu Ha TpaHHIE pPACTBOP-TIAP SBISIETCS HOBEPXHOCHIHbILLL
u3oeimok I' (ramMmma), paBHBIH UYHCITy MOJIEH pPACTBOPEHHOTO BEIIECTBA B IOBEPXHOCTHOM  CJIOE.
KonuyecTBeHHOE COOTHOIICHHE MEXTY afcopOrmel (MOBEPXHOCTHBIM HU30BITKOM) DPAacTBOPEHHOTO
BEIIECTBA M M3MEHEHHEM IMOBEPXHOCTHOI'O HATSHKEHHUS pPacTBOpa C POCTOM KOHIIEHTPALMM PacTBOpa
omnpenenser uzsomepma aocopoyuu I'uboca:.
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_Cdo
RT dC (3)

I'padux m3orepmsbl amcopobumu [TAB mpencrasinen Ha puc. 2. U3 ypaBHeHus (3) ciemyer, 4To
HamnpaBJICHUE Mpollecca — KOHLEHTPUPOBAHHE BEUIECTBA B IOBEPXHOCTHOM CIJIO€ WIIH, Ha00O0pOT,
HaXOXXJICHHE ero B 00beMe KUAKOH a3kl — onpeaensiercs: 3HakoM npou3BoHol do/dC. OTpurnarenpHas
BEJIMYMHA JIAHHOW MTPOU3BOIHON COOTBETCTBYET HAKOIUICHHUIO BelecTBa B oBepxHOCTHOM cioe (I' > 0),
MIOJIOKUTETIbHASsT — MEHbBIIEH KOHIICHTPAIlMM BEIIECTBA B MOBEPXHOCTHOM CJIO€ IO CPABHEHHUIO C €ro
KOHIIEHTpanuel B o00bemMe pacTBopa.

Bennunny g = —do/dC Ha3bIBaIOT TakKe MOBEPXHOCTHOM aKTUBHOCTHIO PACTBOPEHHOI'O BELECTBA.
[ToBepxHocTHyt0 akTuBHOCTH I[IAB mpu HekoTopoil koHueHTpauuu Ci OnpeAensioT Tpauyueck,
IIPOBOJS KacaTEJIbHYI0 K H30TEpME IIOBEPXHOCTHOrO HaTshkeHMss B Touke C = Cjp; mpu 3TOM
IIOBEPXHOCTHAsE AKTUBHOCTb YHUCJIICHHO pPaBHAa TaHIEHCY YIVIa HAKJIOHAa KacaTeJIbHOM K OCH
KOHIIEHTPaLIHA:

g=———=&g&
dC )

HerpynHo 3ameruTh, YTO C POCTOM KOHILEHTpAIMM TOBEPXHOCTHAs akTUBHOCTH [IAB
yMmenbiaercs. [1o03ToMy MOBEpXHOCTHYIO aKTUBHOCTh BEIIECTBA OOBIYHO OINMPEAETSIOT MPU OECKOHEYHO
MaJIOM KOHIICHTpAllMU pacTBOpa; B 3TOM cilydae e€ BelW4MHA, oO0o3Hadaemas (o, 3aBUCHT TOJBKO OT
npupoasl IIAB u pactBopurena. MHWccneays NOBEpXHOCTHOE HATS)KEHHE BOJHBIX pPacTBOPOB
OpraHWYECKUX BeHIeCTB, Tpayde u J{IOKI0 YCTAaHOBUIU JIi TOMOJIOTHYECKUX PSIIOB MOBEPXHOCTHO-
AKTUBHBIX BELIECTB CIEAYIOIIEE SMIIMPUYECKOE TPABUIIO:

B n1060om comonocuueckom pady npu mManvix KOHYeHMpayusx yOauHeHue yeaiepooHol yenu Ha 0OHY
epynny CH; yeeruuusaem nogepxnocmuyio akmugrnocms 6 3 — 3.5 pasa.

I[JI?I BOAHLIX PpPaCTBOPOB JKHUPHBIX KHCIIOT 3aBUCUMOCTbL IMOBCPXHOCTHOI'O HATAKCHHA OT
KOHLOCHTpAIUU OIMUCBIBACTCA SMIIUPUICCKUM YpABHEHUEM Huwxkosckoeo:.

Ac=bin E+1
)

3nece b u K — smnupuyeckue NOCTOSIHHBIE, MPUYEM 3HAUYEHUE b OJUHAKOBO ISl BCETO
TOMOJIOTHYECKOTO psjia, a BenmndrHa K yBenmuumBaeTcs sl KaKIOTO TOCICIYIONIETo WieHa psaa B 3 —
3,5 paza.

nap

pacTBOp

Puc. 3. IlpenensHas opuenTanus mosiekyia IIAB B moBepxHOCTHOM ciioe

Monekynbl OonbiinHcTBa [TAB 06nagatroT tuduabHEIM CTPOEHUEM, T.€. COJEPKAT KaK MOJISIPHYIO
Ipynny, TaK W HENOJSPHBIA yIJIEBOJOPOJAHBIM paaukan. PacnosojkeHue TakuX MOJIEKYJ B
MTOBEPXHOCTHOM CJIO€ SHEPreTHUECKHU HauboJiee BHITOAHO MPH YCIOBUHM OPUEHTALIMU MOJIEKYJI MOJIIPHOM
TPYNION K MOJSApHONH (asze (MONMAPHOM >KUIKOCTH), a HEMOJSPHOW — K HemoysgpHOM ¢aze (rasy wiu
HenoJisipHOW kujakoctu). [Ipum Manmoil KOHIIEHTpalMM pacTBopa TEMJIOBOE JBM)KEHHME HapyIlIaeT
opueHtanuo Moaekyn [IAB; mnpu DNOBBIIEHMM  KOHLEHTpPAlMM  IMPOMCXOAUT  HACBILICHHE
aZICOPOITMOHHOTO CJI0SI W Ha TIOBEPXHOCTH pazaena ¢a3 obpazyercs ciod "BepTUKAIBHO"
opueHTupoBaHHbIX MoJekynd I[IAB (puc. 3). OOpa3oBaHue TaKOro MOHOMOJEKYJISIPHOTO CIIOS
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COOTBETCTBYET MUHUMAJIbHON BEJIMUMHE IOBEPXHOCTHOTO HaTsKeHUs pactBopa [IAB u makcumanbHOMY
3HaueHuio aacopoumm I (puc. 1-2); mpu nmanpHelmeM yBenuueHWH KoHueHTparuu [IAB B pactBope
IMOBCPXHOCTHOC HATAKCHUC U a;[cop6uH;1 HC€ UBMCHAIOTCA.

AncopOuusi Ha TPaHMLIe TBEPAOeE TeJI0 — ra3

[Ipu agcopOuuu ra3oB Ha TBEpHAbIX TejaxX OMUCAHHE B3aWMOJACWCTBUS MOJEKYyN ajcopbara u
ajzicopOeHTa mpeAcTaBisieT co00i BecbMa CIOXKHYIO 337a4y, MOCKOJIBKY XapaKTep WX B3aUMOJICHCTBUS,
OTIpECTISIONINI XapaKTep aJcopOIMK, MOKET ObITh pa3auuHbIM. [I03TOMYy OOBIYHO 3a/a4yy YHpOIIAIOT,
paccMaTpuBasi 1Ba KpalHUX Cilydasi, KOrjaa aacopOuusi BbI3BIBACTCS (PU3UUYECKUMHU MM XUMUYECKHUMHU
CHJIaMH — COOTBETCTBEHHO (PU3UYECKYI0 U XMMHUUYECKYIO aJIcOpOLHIO.

Teepooe meno, Ha NOBEPXHOCMU KOMOPO2O NPOUCXOOUM A0COPOYUS, HAZLIBAEMC S A0COPOEHMOM;
sewecmeon, Komopoe aocopoupyemcsi Ha NOBePXHOCMU A0COpOeHma, HAa3vleaemcs ao0copomueom uiu
aocopbamonm.

Qusuueckasi adcopbyus BOSHUKAET 3a CUET BaH-JCpP-BAallbCOBBIX B3amMojaeucTBUi. OHa
XapaKTepu3yeTcss OOpPaTHMOCTHIO M YMEHBIICHHEM aJICOPOIMU TP TOBBIIICHHH TEMIIEPaTyphl, T.C.
AK30TEPMHYHOCTBIO, TIPUYEM TEIIOBOW A(dekT (u3mdeckoil amcopOuum OOBIYHO OJM30K K TEIIOTE
coxmkenus ancopbara (10 — 80 k/[x/Moinb). TakoBO# sIBIISIETCS, HAIIPUMED, aCOPOIHSI MHEPTHBIX T'a30B
Ha yTJIe.

Xumuueckasn aocopoyus (XeMOCOpOIUs) OCYIIECTBIISACTCS ITyTEM XUMHYECKOTO B3aWMOJICHCTBUS
MOJIeKyN ajcopOeHTa u ajacopbara. XemocopOuus oObIYHO HeoOpaTUMa; XUMHUYecKass aacopOIus, B
OTIUYHE OT (PU3UUECCKOU, ABISACTCS JIOKATHM30BAHHOH, T.€. MOJIEKYJIIBI aJicopOaTa HE MOTYT IepeM enaThCs
M0 MOBEPXHOCTU ancopOeHTa. Tak kak xeMocopOuus SBISETCS XUMUYECKUM MPOIECCOM, TPEOYIOIINM
sHepruu aktuBamuu mopsaka 40 — 120 kJk/Moib, TOBBIIICHHE TEMIIEPATYpPhl CIIOCOOCTBYET ¢
nporekanuto. [IpuMepomM XMMUYECKON aacopOIuu SBIISIETCS acopOLMs KUCI0opoaa Ha BoJibhpame WiIu
cepeOpe pH BEICOKUX TEMIIEpaTypax.

V4 Hanpumep, kucinopoJ Ha MeTanjgax WM BOAOPOJA Ha HUKENE IpU
HU3KUX TeMIlepaTypax aJcopOUpyIOTCsl MO 3aKoHaMm (U3NYECKOU
azicopOLMK, HO TPU MOBBIINIEHUU TEMIIEpaTypbl HauMHAET MPOTEKaTh
xumuueckas aacop6uus. [Ipu NoBbIIIEHUH TeMIlepaTypbl yBEJIWYEHHE
XUMHUYECKOM aicopOLMu C HEKOTOpPOW TemIepaTrypbl HauMHAeT

N MepeKpbIBaTh  NajeHue  (u3MyYecKkol  ajxcopOIuu,  MO3TOMY
T TeMIepaTypHasi 3aBUCUMOCTh a/ICOPOLIMU B 3TOM CIydae MUMEET YEeTKO

Puc. 4. 3aBHCHMOCTE BBIPAKEHHBIA MUHUMYM (pHC. 4).
o0beMa acOpOUPOBAHHOTO IIpu mocTosiHHON TeMIiepaType KOJUYECTBO aJCcOpOMpPOBAHHOIO
HUKEJIEM  BOJOpOAAa  OT BEIIECTBA 3aBUCUT TOJBKO OT PAaBHOBECHBIX JaBJIEHHUS JIMOO
TEMIIEPATypPbl KOHIIEHTpaluu ajcop0aTa; ypaBHEHHE, CBS3bIBAIOIIEE ITH BEIHYUHBI,

Ha3bIBAETCS] U30TEPMON a7COPOLINH.

Teopum agcopoumnu

EnuHoii Teopuu, KoTOpasi JOCTATOUHO KOPPEKTHO OMHUCHIBAIA ObI BCE BHJIBI aICOPOIIMU Ha Pa3HBIX
MOBEPXHOCTAX  paszena (a3, He HUMEeTCs; pPaCcCMOTPUM IMOITOMY HEKOTOpble  Hambolee
pacrpoCTpaHEHHbBIC TCOPUU aJCOPOIMH, OMKMCHIBAIOIINE OTIACIbHBIC BUBI aJCOPOIMH HA TIOBEPXHOCTH
pasJena TBep0e TeJo — ra3 Wik TBEP0e TEJI0 — PacTBOP.

Teopust MOHOMOJIEKYJISIPHOI agcopouuu Jlearmiopa
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Teopuss MOHOMOJEKYISAPHOW afcopOLMU, KOTOPYIO pa3padoTan aMEepUKAHCKUI  XUMUK
N. JIeHrMI0p, OCHOBBIBAETCS Ha CIEAYIOMINX MOJIOKEHUSIX.

1) AncopOrtust SIBJISICTCS IOKAAU308AHHOU Y BBI3BIBACTCS CUJIAMHU, OJM3KUMHU K XUMHUCCKUM.

2) AncopOrusi MPOKMCXOAUT HE Ha BCCH MOBEPXHOCTH aJCOPOCHTA, a Ha AKMUBHbIX YEHMpPAx,
KOTOPBIMM SIBJISIFOTCS BBICTYIBI JIMOO BIAJAMHBI Ha IOBEPXHOCTH aJCOPOEHTA, XapaKTEpU3YIOLIHEC
HaJIM4YUeM T.H. CBOOOJHBIX BaJIEHTHOCTEH. AKTHUBHBIC IEHTPHI CUMUTAIOTCS HE3aBHUCHUMBIMU (T.€. OAMH
aKTUBHBIN LIEHTP HE BIUSIET HAa aJCOPOLMOHHYIO CIOCOOHOCTh APYIHX), U TOXKIECTBEHHBIMH.

3) Kaxaplii aKkTHUBHBIA IIEHTP CIIOCOOEH B3aMMOJCHCTBOBATh TOJIBKO ¢ OOHOU  MOLEKYIOU
aocopbama; B pe3yibTaTe Ha MOBEPXHOCTH MOXKET 00pa30BaThCs TOJIBKO OJIUH CIOH aIcopOMpOBaHHBIX
MOJIEKYI.

4) Ilpouecc afcopOLUU SBISCTCS 0OpAMUMbBIM U PABHOBECHBIM — aICOPOUPOBAHHAS MOJICKYJIa
yIEPKUBACTCAd AaKTUBHBIM IEHTPOM HEKOTOpOE BpeMs, IMOCcle 4Yero pecopoupyercs; T.0., 4epes
HEKOTOpOE BpeMs MEXIy MpoleccaMd aJcopOuuMyd U JAecopOLMU yCTAaHABIMBACTCA JUHAMUYECKOE
paBHOBECHE.

A
r

e -

b c

Puc. 5. M3oTepma MOHOMOJIEKYIIPHON afcopOLuu

B cocTostHuM paBHOBECHs CKOPOCTB aJcopOLMy paBHa CKOPOCTH AecopOiun. CKOpocTh AecopOrun
OpsIMO TIPOTIOPIMOHATBHA JI0JI€ 3aHATBIX AKTUBHBIX LEHTPOB (X), @ CKOPOCTh aACOPOLUH TPSIMO
MPOTOPIMOHATFHA MPOU3BEACHUI0 KOHIICHTPAIMU afcopbara Ha JOJIF0 CBOOOMHBIX aKTHBHBIX IIEHTPOB
(1-x):

VD = k o X (6)
v, =k, C{1—-x) )
k,C{1—-x) =k x ®)
Otcro/1a HAXOJUM X:
X = L
k, +k,C ©)
PaznenuB uncnuTens M 3HAMEHATEINb TpaBoil yacTu ypaBHeHUs (9) Ha ka, moxydnm:
c cC
fo4g PH
a (10)

MaxkcuManbHO BO3MOYKHAS BEIMUYUHA aﬂcop6u1/m FO JOCTUTAaCTCA ITPU YCIIOBHUH, UTO BCC aKTUBHBIC
LEHTPBI 3aHATHI MOJIEKYJIaMu ajcopOata, T.e. X = 1. Otcrona crneayer, uro X = I/ I,. [TogcraBuB 310 B
ypaBaenue (10), morygqaem:
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r_c¢
I, C+b (11)
=T, L

C+b (12)

VYpaaenne (12) ectb uzomepma MOHOMONEKYIAPHOU a0CcOpOYuU, CBS3BIBAIONIAS BEIMYHUHY
ancopOuuu I' ¢ xonuentpauueir aacopbara C. 3mech b — HekoTopasi MOCTOSIHHAsI JUIsl JAHHOW Maphl
azicopOeHT-aacopOaT BenuurHa (OTHOIIEHHE KOHCTAHT CKOPOCTEH ecopOLuu U aJcopOIun), YUCICHHO
paBHasi KOHLEHTpalMW ajcopbara, TMpH KOTOPOW 3aHATa TMOJOBMHA AaKTHBHBIX  IEHTPOB.
I'paduk uzomepmor adcopoyuu Jlenemrwopa npusenes Ha puc. 5. KoHcTaHTy b MOXHO ONpeneIuTh
rpaduyecku, IpoBes KacaTeabHyI0 K n30TepMe aacopouu B Touke C = 0.

[Ipu ommcanum mporecca aacopOuMu Ta3oB B ypaBHEHHH (12) KOHLEHTpamusi MOXXET OBITh
3aMeHEeHa MPOIOPLUHOHATILHON BETNYNHON MapIMAILHOTO TaBJICHHS ra3a:

P
"P+b (13)

Teopuss MOHOMOJNEKYISIpHOW ancopOumm JIeHTrMIOpa TpUMEHHMMA IS ONMHCAHHS HEKOTOPBIX
MPOIECCOB aJICOPOIIMU Ta30B M PACTBOPCHHBIX BEIIESCTB MPU HEOOJIBIIUX TABJICHUSX (KOHIICHTPAIUSX )
azcopoOara.

YpaBuenune @peiinaauxa u npasuio lnaosa

Teopetnueckue mnpeacraBieHus, pa3Butble JlenrmMopom u IlonsiHH, B 3HAYUTEIBHON CTENEHU
UJCATM3UPYIOT U YIPOIIAIOT UCTHHHYIO KapTUHY aacopOuuu. Ha camom niene moBepXHOCTh aacopOeHTa
HEOJIHOPOAHA, MEXAy aJcOpOMpPOBAHHBIMM YacTULAMH HMEET MECTO B3aUMOJEHUCTBHE, AKTHBHbBIE
LEHTPBl HE SBJIAIOTCS IOJHOCTbIO HE3aBUCHMBIMU JIpYyr OT Jpyra U T.1. Bce 3TO ycnoxHsieT BUI
ypaBHeHUs u30TepMbl. I'. @pelHuINX TOKa3aJl, 4YTO IpU IOCTOSHHOM TEMIIEpaType YHCIO MOJe
a71copOMpPOBAHHOTO ra3a WM PACTBOPEHHOTO BEUIECTBA, MPUXOIAIIeecs Ha eUHUIY MacChl aficopOeHTa
(T.H. yaempHas aucopOIMs X/m), TPOMOPIHUOHAILHO PABHOBECHOMY JaBJICHHUIO (I Tasza) WIA
PaBHOBECHOM KOHIIEHTpaLUH (/7151 BEIECTB, aICOPOUPYEMBIX M3 PACTBOPA) aicOpOEHTa, BO3BEIEHHBIM B
HEKOTOPYIO CTEIE€Hb, KOTOPasi BCETja MEHbIIIE €INHULIBL:

X _ac
m (14)
X _ap
m (15)
X 4 !
m -lg xim
-lga
c g c
(a) (6)

Puc. 6. M3oTepma agcopOuinu Opeiinmxa B 0ObIYHBIX (a) 1 Jorapudmuueckux (0) KoopArMHATAX
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[Tokazarenb cremeHd N U KO3(D(UIMEHT NPOMOPIHUOHAIBHOCTH a B ypaBHeHMH DpeifHminxa
OTIpeNIEIAI0OTCS dKCepuMeHTaIbHO. Jlorapudmupys ypaBaenus (14 - 15), monyqaem:

Igiz nigC+iga
m (16)

Igi =higP+iga
m (17)

Takum 00pa3oM, 3aBUCUMOCTb Jiorapupma yAeapHOW aacopOLMM OT jorapupma KOHLUEHTpalUuu
(maBienust) rpaduyecKd BBIpaKAeTCs MPSIMON JIMHUEH, OTCEKAlmell Ha OCH OpIMHAT OTPE30K,
paBHbIii | a, TaHreHC yriia HaKIOHa KOTOPOW K OCH aOCIHCC PaBeH IO BEJIMYMHE IOKA3aTelio CTCICHU
MIPU AaBJICHUH WM KOHLIEHTpaluu (puc. 6):

Ancopouus Ha rpaHuUIle TBEPI0e TeJI0 — PACTBOP
MounexyJisipHasi aacopouusi U3 pacTBOPOB

N3oTepmbl afacopOLMKM pacTBOPEHHBIX BELIECTB M3 pacTBOpa IO CBOEMY BHJlY aHAJIOTMYHBI
n30TepMaM aicopOoLMuU JUIsl Ta30B; A pa30aBICHHBIX PACTBOPOB 3THU M30TEPMBbl XOPOILO OMUCHIBAIOTCS
ypaBHeHUssMU Dpeiinmxa win JIeHrMiopa, €ciad B HMX IOJCTaBUTh PAaBHOBECHYIO KOHLIEHTPALHIO
pacTBOPEHHOI0 BellecTBa B pacTBope. OAHAKO ajcopOLMsl U3 pacTBOPOB SBJISIETCS 3HAUUTENIBHO Oojee
CJIO’KHBIM SIBJIEHUEM 10 CPAaBHEHMIO C I'a30BOii, IOCKOJIBKY OJJHOBPEMEHHO C a1cOpOLMEN PaCTBOPEHHOTO
BEIIECTBA YACTO MPOUCXOIUT U aJICOPOLIUs paCTBOPUTEISL.

(i AL

Puc. 7. Opuenranus mosnexyn [TIAB Ha noBepxHOocTH ajficopOeHTa

3aBUCHUMOCTH aJCOPOLIMH OT CTPOEHUSI MOJIEKYJ afcopbara O4YeHb CIIOKHA, U BHIBECTH KaKHe-IH00
3aKOHOMEPHOCTH JOBOJIBHO TPYAHO. MOJIEKYJIBI MHOTHX OPraHUYECKUX BELIECTB COCTOST W3 MOJISIPHOMN
(rugpodunpHON) W HEmOJsIpHOM (TUAPOPOOHOI) TPYNIHUPOBOK, T.e. SBISIOTCA MMOBEPXHOCTHO-
aKTUBHBIMH BenecTBaMu. Mosekyinsl [TAB npu agcopOriun Ha TBEpAOM a/icOpOSHTE OPUEHTUPYIOTCS Ha
€ro OBEPXHOCTH TaKUM 00pa3oM, uTOObI MOJISPHAs YacTh MOJIEKYIIbI ObLIa oOpaleHa K NoaspHoi (ase,
a HemoJisipHasi — K HenoJyisspHo#. Tak, mpu aacopOIuy anudpaTHIeCKuX KapOOHOBBIX KHCIIOT M3 BOJIHBIX

pPacTBOPOB Ha HEMOJSIPHOM aJCOpPOEHTE — AaKTUBUPOBAHHOM YIJI€ — MOIEKYJIbl OPUEHTUPYIOTCS
YIJIEBOJIOPOIHBIMHU ~ paJuKalaMyd K aACOpOeHTYy; mpH ajcopOuuu U3 OeH3oma  (HEmoJAPHBIN
pacTBOpPUTENb) Ha TMOJAPHOM aJcOpOEHTE — CHJIMKAarele — OpHEHTalus MOJEKYN KHUCIOThI Oyner
obpatHoii (puc.7).

Ecnu anmcopbmust Ha TBepaoM Tene (aacopOeHTe) MPOUCXOIUT U3 PacTBOpa, HEOOXOIUMO
VYHUTHIBaTh, YTO KPOME MOJICKYJ PACTBOPCHHOTO BEIIECTBA MOTYT aJICOPOMPOBATHCS U MOJICKYJIBI
pactBopuTtens. KoHKypeHIIUs 3a aKTUBHBIE LIEHTPHI ICOPOEHTa YMEHBIIIAET aJCOPOIIHIO.

Ilo smnupuueckomy npasuny ILllunosa, uem nayywie Gewecmso pacmeopsemcs 6 OAHHOM
pacmeopumerne, mem Xyxce OHO U3 9M020 pacmeopumeins aocopoupyemcs. B Gonee obduiem Buae 3Ty
3aKOHOMEPHOCTh MOXHO C(HOPMYIUPOBATH: NOJAPHbIE AOCOpPOEeHmbl Jyyule adcopoupyom noJsipHble
aocopbmuevl U3 HenoAPHLIX pacmeopumeliell, a HenoaapHbvle A0COPOEeHMbl — HeNnoaapHble A0COPOMUBDL

U3 NOJIAAPHBIX pacmeopumeretl.
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AzcopOums U3 pacTBOPOB YJIEKTPOJIHUTOB

AncopOuust u3 BOJHBIX PACTBOPOB AJNEKTPOJIUTOB MPOUCXOIUT, KaK MPaBUIIO, TAKUM 00pa3oM, 4TO
Ha TBEpPJOM ajcopOeHTa M3 pacTBOpa aACOpOMPYIOTCS MPEUMYIIECTBEHHO HMOHBI OJHOTO BHUJA.
[IpeumymiecTBeHHass afcopOLMs W3 pacTBOpa WM aHUOHA, WJIM KaTUOHA OMpEIeNseTcs MNpUpOIoi
ajcopOeHTa M HOHOB. MexaHu3M aacopOLMKM HMOHOB W3 PACTBOPOB 3JIEKTPOIUTOB MOXKET OBITh
Pa3IMYHBIM; BBIICISIIOT OOMEHHYIO U CHEIU(PUIECKYIO aJICOPOLIMIO HOHOB.

Obmennas adcopbyus ipencTaBisieT co0oil mpouecc 0OMeHa HOHOB MEX]ly pacTBOPOM M TBEPAOH
¢dazo, npu KOTOpOM TBepias ¢asza MOTJIOMACT U3 PacTBOPA MOHBI KAaKOro-JIn00 3Haka (KaTHOHBI JIMOO
AQHMOHBI) U BMECTO HHUX BBIJACIIACT B PACTBOP 3KBUBAJICHTHOE YHCJO JPYI'MX HOHOB TOTO JK€ 3HAKA.
OOmenHas agcopOnus Bcerna crenuduvna, T.€. Uil TaHHOTO aicopOeHTa K 0OMEHY CIIOCOOHBI TOJBKO
oIpeJieIeHHbIe HOHBI; 0OMEHHas a1copO1Ms 0OBIYHO HEOOpaTHMA.

[Ipu cneyugpuueckoti aocopdbyuu ancopOUUsi Ha TTOBEPXHOCTH TBEPJOH (pa3bl HOHOB KaKOTO-THOO
BHJIA HE COMPOBOXKAACTCS BBIJCIICHUEM B PaCTBOP SKBUBAJICHTHOTO YHCIIA JPYTUX HOHOB TOTO KE 3HAKA,
TBepnas ¢aza MpH ATOM MPHOOpETaeT AIIEKTPUYECKHU 3apsia. DTO TMPUBOIUT K TOMY, YTO BOJIM3H
MMOBEPXHOCTU TIOJ JEHCTBHEM CHWJI DJIEKTPOCTATUYCCKOTO MPHUTSDKCHUS TPYIIUPYETCS SKBUBAICHTHOE
YHCJIO WMOHOB C IPOTHBOIIOJIOKHBIM 3apsioM, T.€. 00pa3yeTcs JABOWHOW JIIEKTPUYCCKHIA CIIOM.
B3aumojieiicTBue  KOHIIGHTPHUPYIOIIUXCS HA IOBEPXHOCTH 3apsJ0oB TPUBOIAWT K TOHHKCHHIO
MOBEPXHOCTHOM PHEPTruu cucteMbl. Jlist ciaydas cnenuduyueckoi ancopouuu 3nektponuta [leckoBbiM u
dasHCOM OBUTO CHOPMYIIMPOBAHO CIEAYIOIIEE IMITUPHUYECKOE TPaBWIIO (npasuno Ileckosa — @asinca):

Ha nosepxnocmu kpucmannuuecko2o meepoo2o meia uz pacmeopa 31eKmponuma cneyuguyecku
aocopbupyemcs UoH, KOMOPbI CNOCOOEH 00Cmpaueams €20 KpUCMALIUYECKYIO PeulemKy Ui Moicem
00pazo06vi8amMs ¢ 0OHUM U3 UOHOB, BXOOAWUM 8 COCAB KPUCMALIA, MAIOPACTNEOPUMOE COeOUHeHUe.

JlaGoparopHasi pabora

PeakTussbl u 000pyaoBaHue:

1. llltaTuB ¢ npobUpKaMu, BOPOHKH.

2. CepoBoiopogHast Bojia.

3. PactBop wmHmuro, pactBop #oma, 0,05%-HbBIi pacTBOp a30THOKHCIOrO CBHHIIA, PAacTBOP
HOJIMCTOr0 Kayusi, BOAHBIM U CIUPTOBOM pacTBOPHI (PyKCHMHA OIMHAKOBON KOHLIEHTPALIHH.

4. ®unbTpoBaHHas Oymara.

5. TOHKO U3MEIBbYEHHBIN IPEBECHBIN YIOJIb.

OnsIt 1. A0copbyus yenem pasnuunvix geujecmes us pacmeopos

B oxHy mpoOupky HamelTe CepOBOIAOPOAHYIO BOAY, B JPYI'YIO - PacTBOP HHIUTO, B TPETHIO —
pactBop Homa. B kaxayro mpoOupky BcblbTe okojio 0,2 T. IpeBecHOro yriis, XOpoIlo B30OousiTaiite u
oruneTpyiite. Hccnenyiite ¢unbTpar B mpoOupkax Ha 3amax W 1BeT. OObsicHUTE HaOi0/1aeMble
SIBIICHMUS.

BriBon:

OnbIT 2. A0copbyus uoHo8 ceunya yenem

B nBe mpoOupkm Haneiite mo 5 mi. 0,05%-HOro pactBOopa a30THOKHUCIOTO CBUHIA. B omHy
poOupKy 100aBbTe HEOOIBIIOE KOTMUYECTBO PACTBOpPA MOAMCTOTO Kaaus AJIs JOKA3aTeNbCTBA HATUYUS
noHoB Pb%" B pactBope. B apyryro npobupky mo6aBpre 0koso 0,2 T IpeBECHOTO YISl U B30ANThIBAHTE B
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TedueHue 5 MuH. OTOUIBTPYITE pacTBOp U MPOBEPHTE MPUCYTCTBUE MOHOB Pb** peakuuei ¢ HOAUCThIM
9 +

kammeM. Hanmmmure MOHHOE ypaBHEHHME KAa4eCTBECHHOM peakLnU Ha Pb®" i 06BsCHHTE HAGTIOTAEMOE

SIBJICHUE.

BriBon:

OnbiT 3. Brusnue npupoowvi Ha adcopoyuro

B omny npoOupky HayielTe 5 M ClIab0OKPAIIEHHOTO BOJHOTO pacTBopa (hyKCUHA, B JPYTYIO TaKoe
e KOJUYECTBO, CIIUPTOBOro pactBopa. B o0e mpobupku BHecuTe mo 0,2 T yrodpHOrO MOPOIIKA U
B30anTeBaiiTe 5 MuH. OThUIBTpYiiTe pacTBOpsl. [loueMy B 0HOM citydae afacopOIHs UAET XOpOoIIo, a B
JPYroM I10X0?

BriBoa:

3agaHusA 1J151 CAMOCTOAATEILHOMH padoThI

KoHTpoJibHbIE BOIPOCHI:

1. Uro Takoe ancopOums? Kakue mnpuumHBI 00YCIIaBIMBAIOT aJCOPOIMOHHYIO CIOCOOHOCTH
BelecTna’?

2. Uto Takoe agcopOeHT, ajcopbar? B yem cyTh mporiecca agcopomuu? Yem noustue «adcopoius»
OTJIMYAETCS OT HOHATHS «aJicopouus»?

3. Yto Takoe ancopOuus u necopbuus? Kak KonMyecTBEHHO BbIpaXaroT aicopOIuio?

4. Yto Takoe a/icopOLIMOHHOE paBHOBECHE M YeM OHO Xapakrepusyercs? Kak MOXHO CMeCTHTb
aZIcOpOIIMOHHOE paBHOBECHE?

5. 3aBUCHMOCTb KOJIMYECTBa aJCOPOMPOBAHHOrO BemlecTBa I OT TemmepaTypbl IPHU MOCTOSHHOM
JABJICHUU JUTsl PU3MUECKON U XUMUYIECKOHN aJIcOpPOIIIH.

6. laiite hopmynupoBky npasuia rokio - TpayoGe.

7. Teopust MOHOMOJIEKYIIIpHON afcopOuuu JIenrmiopa.

8. YpaBuenue ®peiinuxa. [Ipasuno [lunosa.

TecToBbIE 32a1aHUA .

1. BriGepute BepHOE YTBEPXKACHUE:

a) aTOMBI WJIM MOJIEKYJIBI Ha TpaHuIle pasnena a3 00s1anaroT O0IbIION YHEPTHEH TT0 CPAaBHEHUIO C
aTOMaMH WJIM MOJIEKYJIaMH B TTyOHHE (pa3bl

0) aTOMBI WJIM MOJICKYJIBI Ha TpaHUIIe pa3ena ¢a3 00J1aaloT MEHbBIIICH YHEPTHEH M0 CPAaBHEHHUIO C
aTOMaMH WJIM MOJIEKYJIaMH B TTyOHHE (pa3bl

B) aTOMBI WJIM MOJIEKYJIbI Ha TpaHuIle pa3aena (a3 u B riryouHe ¢aszpl 00J1a7al0T OJMHAKOBOM
SHEpruen

') BEpHOE YTBEPKJACHHUE OTCYTCTBYET.
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2. YKaxuTe, KaKue BEeIecTBa, PopMyIbl KOTOPHIX YKa3aHbI HIDKE, 00J1aIal0T OTPHUIIATSIIBHON
azcopO1Mel Ha TOBEPXHOCTH BOJAHOTO pacTBopa?

a) NH,OH

0) C3H;NH;

B) C3H13803

F) Na,SO3

3. Ilpu yBenuueHuun TemrepaTypbl 3HaYCHHE MOBEPXHOCTHOTO HATSKCHUS
a) YMCHBIIIAeTCs

0) yBeIMIMBaCTCS

B) HE U3MEHSETCHI.

4. TlornomeHue BeniecTBa BCei Maccoi aicopOeHTa Ha3bIBACTCS:
a) ajcopoumeit

0) abcopOnueit

B) copOnuei

T') 1ecopOIHei.

5. YKa)KI/ITe, B KaKOM psAaYy BO3pacTacT az[cop6u1/m BCHICCTB U3 BOJHBIX PACTBOPOB Ha
aKTUBUPOBAHHOM yriie?

a) CH3COOH, CH3COONa; C2H5OH; C3H7OH

6) C3H;OH, C;Hs0H, CH3COOH, CH3COONa

B) CH3COONa, CH3COOH, C2H5OH, C3H7OH

r) CH;COONa, C3H7OH, CH3COOH, C,HsOH.

6. Yem mydie agcopOat pacTBOpsieTCS B JAHHOM PACTBOPHTEIIE, TEM OH aJCOPOUPYETCS U3 ITOTO
pacTBOPUTEIIS:

a) Xyxe

0) myuie

B) pacTBOPUMOCTb aJicopOaTa He BIMSET Ha aJcopOLHUI0

7. AncopOuusi ra30B Ha TBEPIOM aJICOPOCHTE 3aBUCHT OT:
a) OT JaBJICHUS

0) TemnepaTypsl

B) MPUPO/IbI aficopOeHTa U agcopbaTa

I') OT y/A€IbHOU MOBEPXHOCTHU aJCOPOEHTA.

8. MomnekymsipHas aacopOIus 3aBUCHT OT:
a) IpUpOIBI aicopOeHTa

0) MpUPOJIBI pAaCTBOPUTES

B) IPUPOJIBI aficopOara

I') KOHLEHTpAllUU pacTBOpa

1) TEMIEPATYPHI?

1)a, 0, B; 2)a, B, T, II; 3)a, 0,B,T, I; 4)a, o, r, 1.

9. VkaxuTe eqUHHIIBI N3MEPEHUST TOBEPXHOCTHOTO HaTshKeHHs B cucteme CU:
a)H - M? MOIIb

6) Jix - M/ mons ™t

B) JiK/M®

r)H-m.



10. BennuymHa MOBEPXHOCTHOM YHEPTUU YMEHBIIIACTCS TIPH:
a) YBEJIMYEHUU TTOBEPXHOCTHU

0) yMEHBIIIEHUS TOBEPXHOCTH

B) YBEIMYCHHSI IOBEPXHOCTHOTO HATSKCHUS

I') YMEHBIIICHUS IIOBEPXHOCTHOTO HATSHKCHUS

1)06, 1 2)0, B; 3) a,B; 4) a,r.
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Tema 7. KOJIVNIOUIHBIE PACTBOPBI. METO/IbI HIOJYYEHUA 1 OYUCTKHU
KOJVIOUJIHbIX PACTBOPOB

Lenap 3aHATHS: PAaCCMOTPETh CHOCOOBI TMOJyYeHHUs, KIAacCU(UKAIMU M METOAbl OYHUCTKU
KOJUTOUJHBIX PaCTBOPOB.

Heab 1esiTeTbHOCTH CTYJAE€HTOB HA 3aAHATHH:

Cmyoenm 0ondicen 3Hamy:

a) Knaccugukanuio 1ucnepcHbIX CHCTEM U HX CBOICTBA.

6) OCHOBHBIE METO/IbI MTOJIYYECHHUS U OYUCTKU KOJJIOUTHBIX PACTBOPOB.

B) Kunernueckue, onTHuecKue U JIEKTPUUYECKHE CBOMCTBA KOJUIOMIHBIX PACTBOPOB.

r) Ilpupony m crpoeHme MuIe/u1, OOIIME CBOWCTBA W pasziuyus JUOPOOHBIX W JIMOPUIBHBIX
KOJIJIOUJIHBIX CHCTEM.

1) CBoMCTBa a3p030JieH, CyCIICH3UM, IMYJIbCHA.

Cmyoenm Oondcen ymemsn:
a) [Tomy4arh KOJIJIOUHBIE PACTBOPHI JUCIIEPCUOHHBIM METOIOM U KOHJICHCAITHOHHBIM METOJIOM.
0) M3o0paxaTh CTpOEHHE MULICIUIBI B U30BITKE OJTHOTO U3 PEarcHTOB.

Bonpocsl 11 npoBepku 0230BOro (MCX0HOI0) YPOBHS:

1. Yro takoe copoums? Kiraccupukammsi cOpOIMOHHBIX MTPOIIECCOB.

2. Yro takoe aacopOeHT, ajcopbar? B ueM cyTh mpouecca agcopOuuu? Yem nouarue «adcopOmus»
OTIIMYACTCS OT MOHATHS «aacopOuus»? Uto Takoe agcopOuus u aecoponus?

3. Uro Takoe aacopOLMOHHOE pPaBHOBECHME M Ye€M OHO XapakTtepuszyercsi? Kak MOXXHO CMECTHTbH
a/IcOpOIIMOHHOE paBHOBECHE?

4. Naiite hopmynupoBKy npasuia Jrokio - Tpayoe.

5. Teopust MOHOMOJIEKYJIIpHOU aacopO1u JIeHrMiopa.

6. YpaBuenue ®Dpeitnamxa. [Ipasuno [umosa.

Teopernyeckas 4acrb
JlucnepcHble CHCTEMBI H UX KJaccupuranus

JlucnepcHuvle cucmemvl omHOCAMCA K MHO20Qa3HbIM cucmemam (cemepocennvim). OHu cocmosm
u3 oucnepchoii cpeowt ([JC) — nenpepvigHou ¢hazvl u HAXOOAWUXCA 8 Hell Yyacmuy pazopoOSeHHO20
sewjecmea — oucnepcHoit pazot (/D).

CreneHp pa3poOJIEHHOCTH, WIN JUCIEPCHOCTh, YacTull J(®d B 3HAUMTENbHOH Mepe onpeaenseT
CBOMCTBA JUCHEPCHBIX CUCTEM. KOIMUECTBEHHO TUCTIEPCHOCTD XapaKTepU3yeTCs TMHENHBIMU pa3MepaMu
yactul J{d: yem MeHblIe pa3Mepbl YaCTHIL, TeM OO0JIbIlIE AUCTIEPCHOCTh U HA0OOPOT.

KonnonaHoe cocTrosiHME CHCTEM SBISIETCA MPOMEXKYTOUHBIM (WIM TOTPAHUYHBIM) MEXAY
rpy0oOAMCIIEpPCHON CUCTEMON U UICTUHHBIM PAaCTBOPOM:

l“py60I[I/ICHepCHa${ KOJ'IJ'IOI/II[HO'I[I/ICHepCHa}I HCTI/IHHLIﬁ
CHUCTCMAa CHUCTCMAa paCBop
d>10"m 10" <d<10° d<10°m

>
YBEJIHMYCHUEC CTCTICHN U3MECIIBUYCHUA o

<
<«

yBenuueHue pasmepa uactun P
KOJ'IJIOI/I,ZIHBIG CHUCTEMBI OTHOCATCA K OucnepCHbZM cucmemam — cucreMam, riac OAHO BEIICCTBO B
BHUAC 4aCTHUI] paBHI/I‘lHOﬁ BCJIMYHHBI paClIpCACIICHO B IPYTrOM.
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Ecnu nucniepcMoHHO#M cpefoil SBNSiETCS JKUIKOCTh, a JHCIEPCHOM (ha3oil — TBEpAble YacCTHIIBI,
crcTeéMa Ha3blBAETCsl B3BECHIO WU CycneH3uell; eclu AucnepcHas (aza MpecTaBiIseT coOON KaneabKu
XKHUJKOCTH, TO CUCTEMY Ha3bIBAIOT omyibcuel. OCHOBHBIE THUIIBI JUCIEPCHBIX CHUCTEM IPUBEACHBI B
TadJmIe.

Krnaccudukanus KOJUTOUIHBIX CUCTEM 10 arperaTHOMY COCTOSIHUIO (a3:

JAucnepcHas JAucnepcuonHas YciaoBHoe
IIpumepbl TUCTIEPCHBIX CUCTEM
¢daza cpeaa 0003HaYeHHE
Kunkoctb l'a3 xK/T TymaHn, o6aka, )KUJAKUE a3PO30ITH
TBepnoe Teno l'a3 T/T JbIM, TIbUTB, TBEPABIE A3PO30JIU
I'a3 Kunkocts /K [Iensl, ra3oBele SMYIbCUU
Kunkocth Kunkoctsb K/ K OMybcuH (MOJIOKO, JIATEKC)
CycnieH3uu, KOJUIOUIHbIE PACTBOPHI
TBepnoe Teno Kunkocts /3% y ’ A p PRI,
TeJIH, TaCThI
TBepabie MeHbl, HOPUCTHIE TEA
I'as TBepnoe Teno r/T P » 11Op
(TeHomIacThI, CUJIMKArelb, IeM3a)
Kunkoctb TBepaoe Temno K/T Kemuyr, onan
TBepnoe Teno TBepaoe Teno T/T L[BeTHBIE CTEKIIA, CIIIIaBbI

Komnounanesie cuctemsl, B CBOIO OuYe€pellb, MOAPA3ACISAIOTCS HA JABE TPYIIBI, PE3KO OTIWYHBIE IO
XapakTepy B3aUMOJICHCTBUN MEXIy 4YacCTHLAMHU IHCIEPCHOW (a3bl M TUCIEPCHOHHON Cpenpl —
UOPOOHbIE KOANOUOHBIE pacmeopsl (30u) ¥ PACTBOPBI BBICOKOMOJICKYJISIpHBIX coeauneruii (BMC),
KOTOpBIE paHee Ha3bIBAIH JuopuivHbiMu koarouoamu. K mmopoOHBIM KOJUIONIaM OTHOCSATCSI CHCTEMBI, B
KOTOPBIX YaCTHIIbI AUCIIEPCHON (a3bl c1abo B3aUMOJIEHCTBYIOT € TUCIIEPCUOHHOM CPeON; 3TH CUCTEMBI
MOTYT OBITh MOJTYYEHBI TOJIBKO C 3aTPAaTOi SHEPTHU U YCTONYMBHI JIMIIb B IPUCYTCTBHH CTAOMIM3aTOPOB.

PactBopsr BMC 00pa3yrorcs caMOMpOU3BOIBHO Oyiarofapst CUILHOMY B3aMMOJEHCTBUIO YaCTHUIL
aucriepcHo  (asbl ¢ IUCIIEPCHOHHOM Cpeflol U CIOCOOHBI  COXPaHATh YCTOWYMBOCTH 0O€3
ctabunmuzatopoB. JInodoousle kKomtouasl U pacTBopsl BMC paznuuarorcs Takke U CTPYKTYpO#l 4acTHIl,
COCTaBISIIONIUX AucHepcHyto ¢azy. st n1rooOHBIX KOJIOUAOB eQuHuyell cmpyKmypsl SIBISETCS
CIIO)KHBI MHOTOKOMIIOHEHTHBIM arperaT MEpPeMEHHOTro cocTaBa —muyenida, ans pactBopoB BMC —
MAKpOMONEKyd.

ITo xapakTepy B3aMMOAEWUCTBHUS JIUCHEPCHOM (ha3pl C JAUCHEPCHOHHOW CpPeNloi JHCIIepCHBIE
CHCTEMBI IOJPa3IeIIAI0TCS:

JInogodHbIe: Jnodpunarubie:

KOJIJIOWJHBIE PACTBOPBI €O KO/LIOUJAHBIC PACTBOPLI

craduauzaropamMu (30J1M), CyClIeH3MH, ITAB (mOBepXHOCTHOAKTUBHBIX BelIECTB) U
IMYJIbLCHH, IEHBI, 23P030.JIH BMC (BbICOKOMOJIEKYISIPHBIX COeANHEHUI)
cnaboe B3aumosericteue mexay Id u JIC cusibHOE B3aumozaeiicteue mexay Jd u JIC

00pa3yroTCs 3a CUET 3aTPaThl SHEPTHU M3BHE | OOPa3yrOTCs CAMOIPOU3BOJILHO

9H/IEPTOHUYECKHUI TIPOIIECC IK3EprOHMYECKHH TpoIece
TEPMOIUHAMHNYICCKHU HGYCTOf/’I‘IHBBI TEPMOANHAMHUYICCKHU YCTOI\/’I‘—II/IBBI
Heo0X0/IuM CTaOUIN3aTOP cTabunuzarop He TpedyeTcs
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JIno¢oOHBIEC KOJIOUIHBIEC PACTBOPHI

JIro60e BeniecTBO MOXKET OBITH MOJIYY€HO B KOJUIOMITHOM COCTOSIHUU NP COOJIIOIEHUN CIIETYIOIINUX
YCIIOBUIA:

— Mainas pacTBopuMocTh JID, T.e. 10X0€e CPOACTBO K JUCIIEPCUOHHOM Ccpefie,
— pa3mepsl yactun Jd (10'9 +10° m),

— IIPUCYTCTBUEC B CUCTEMEC CTa6I/IJ'II/ISaT0pa.

B Ouonornueckux cucreMax, HalpuMep B KPOBU YEIIOBEKA, COJEPKUTCS MAJIOPACTBOPUMBIE COIU
KaJIblMsl, MarHus, XOJIECTePUH U Jp. MAJIOPacTBOPUMBIE BEIIECTBA. DTU CUCTEMBI MPEJICTABISAIOT COOOM
mno(oOHBIC KOJUTOUIHBIE PACTBOPHL. VX HA3bIBAIOT JTMO30JISIMU U 30JISIMHU.

Mony4yenue Jano30.1ei.

ITo pa3mepam dYacTul] IUCHEPCHON (a3bl KOJUIOMIHBIE PACTBOPHI 3aHMMAIOT MPOMEKYTOUHOE
MIOJIOKEHUE MEXAY TIpyOOANUCHEpCHBIMU CUCTEMaMHU (I€TepPOreHHbIMH) W HMCTUHHBIMH PAacTBOPaMHU
(romoreHHsIMU cucteMaMu). [1o3ToMy MeToAbI MOTYYEHHs] KOJUIOMIHBIX PacTBOPOB MOAPA3JIEISIOTCS Ha
CJIEyIOIINE IPUHLIUIINAIbHBIC HAIPABICHUS:

00ucnep2auu0HHble MmemooOvl. OHM CBsSI3aHBl C H3MeEJIbYEHHEM Z[q) IreTCpOrcHHbIX CHUCTEM B
MIpUCYTCTBUU CTa6I/IJ'II/ISaTOpa J0 KOJIJIOMJHOI'0 COCTOAHMA.

ﬂucnepzamm CeMEPOCEHHbIX Ccucmem OoCyuecmeiiaenmcia MexaHudecKum nymem 6 KOJITOUOHBIX
MENIbHUYAX, INEKMPUHECKUM PACNBLIEHUEM 6 801bMOBON 0)/26 Uiu ¢ NOMOWbIO Yi1bmpad3eyKd.

® KoHOeHcayuoHHble Memoovl. OHU CBA3aHBI ¢ OOBEIMHEHUEM MOJEKYJ WM MOHOB B MCTHHHBIX
pacTBopax B 0oJiee KPYITHbIC KOJUIOMIHBIC YACTHIIBI.

Konoencayuonnvie memoost 0ocno8aHvl HA NPOBEOCHUU XUMUYECKUX peaKkyuli 8 pacmeopax c
0bpazosanuem HepacmeoOPUMbLX ULU MPYOHOPACHBOPUMBIX BEULECTNE.

Buowl konoencayuonnvix memooos:
1) ¢usuyeckue MPOLECCH, MPOTEKAOIINE TPU OXJAKIACHUM CHCTEMBI: KpUCTAJLTU3alUs

(oOpazoBanue TBepIoi (pa3bl B JKUIKOM PACTBOPE); KOHJIEHcalusl (MIPEBpaIICHUE MapoB B KUIKOCTH);
necyoaumanus (mepexo]] U3 ra3oBoit Gassl B TBEPAYIO).

2) XUMHUYCCKUC ITPOLCCCHI (peaKI_II/II/I O6MeHa, OKHCJICHUSA, TUAPOJIN3a U ,Z[p)
¢ OTACJIbHYIO TPYIIITY COCTaBJISIIOT Memoovl nenmuszayuu, B KOTOPBIX CTCICHb JUCIICPCHOCTU
CUCTCMBI HC MCHSACTCA.

Memoovr  xumuueckoti  KOHOeHcayuu, OCHOBAHBI Ha IIPOBEJCHMM XUMHUYECKHUX pPEaKLHUH,
COIIPOBOKAAIONIUXCS 00pa30BaHUEM HEPACTBOPUMBIX MJIM MaJOpacTBOPUMBIX BemllecTB. [l 3Toi menu
UCTOJNB3YIOTCS  pa3jIMyHble  THUMbl  pEeakuuid —  pa3oKeHUs, TUOPOJIN3a,  OKUCIUTEIbHO-
BOCCTAaHOBUTEJbHBIE U T.1.

AgNOs3(p) + KI(p) = Ag I(t) + KNO3 obpa3syercst rTHApPO30JIb

NH;(r) + HCI(r) = NH4CI(T) 0o0Opa3yercs npim

SO3(r) + H20(1) = HSO4(0x) 06pasyercs TyMmaH

Memoo nenmuzayuu enepgvle Obll npeodnodtcer obuoxumuxamu. B omauvuu om opyeux memooos
00paz06anus KOLIOUOHbIX PACMBOPO8 NpU NEeNMmu3ayuu He NPOUCXOOUM UBMEHEeHUs CMmeneHu

oucnepchocmu  yacmuy. VIOHBI WIM MOJIEKYJBl IENTU3aTOpa, aAcopOMpYysACh Ha IOBEPXHOCTH
KOJIJIOUJTHBIX YaCTHI] CBEXKETIOJIyUeHHOTO 0Ca/iKa, 00yCIOBIMBAIOT UX MEPEXO] B 30J1b.

Ilenmuzayusa — npoyecc, obpamuvil xoazynayuu. Ilo mexanusmy Oelicmeus pasiudarom
aocopoOyUoHHY0  (HenocpeOCmeeHHY0) U  OUCCOTIOYUOHHYIO  (NOCPEOCMBEHHYI0 UNU  XUMUYECK)I0)
nenmu3ayuio:
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— I[pH HCHOCpCHCTBeHHOﬁ NENTHU3allu Ha TIMOBCPXHOCTU HYACTUL] TMECpCH HUX Ppa3aAcICHUCM
agcopoupyercst 100aBICHHBIN MENTU3ATOP.

— IIpH  TIOCPEICTBEHHOM TENTU3allMM Ha MOBEPXHOCTH YAaCTHIl aJcopOupyeTrcs MpOAYKT
B3aMMOJICHCTBHS MENTU3aTOPA C BEIIECTBOM JHCIIEPCHO (pa3bl (BHOBB MOIyUEHHBIH MENITH3ATOD).

[lenTu3amnus WrpaeT CymeCTBEHHYIO POJb B MoroleM JeicTtBur MbuUl U nerepreHtoB (IIAB), B
MOBBIIICHHOW  pacTBOPSIONIEH  CIMOCOOHOCTHM  CBIBOPOTKA KPOBM IO  OTHOLICHUID K Py
IJIOXOPaCTBOPUMBIX B BOJIE BEIIECTB, B JUCIEPIUPOBAHUY CBEXKEOOPA30BaHHBIX TPOMOOB IO/ JeCTBHEM
MENTU3aTOPOB — AHTUKOATYJISIHTOB, B AMYJIbTUPOBAHUU >KHPOB B KHILEYHUKE C MOMOIIBIO KETYHBIX
KHCIIOT TepeJ] MX BCAChIBAHHEM, B PACCACBIBAHHHM aTEPOCKICPOTHYECKUX OJISIIEK, MMOYEYHBIX MU
[EYCHOYHbIX KAMHEN U Jp.

MeTO,I[ MENTHU3a0Nu — IIEPEXO B KOJ'IJ'IOI/II[HHﬁ PacTBOp OCAAKOB, 06pa3y10u11/1xc51 IIpHU KOoaryJsiaum.
IlenTuzamus MoxeT MMPOUCXOJUTH B PE3YJIbTATC IIPOMBIBAHHA OCaZlKa UJIN 1O/ JEHUCTBHEM CIeIUaIbHBIX
BCIICCTB — IICIITU3aTOPOB. HCHTI/ISaHI/IH IMPOUCXOJUT 3a CUCT YAAJICHHA M3 OCaJKa KOoaryJIupYyROIIUX
HWOHOB HJIM B PC3YJIbTATC ancop6u1/11/1 MENTHU3aTOpa KOJUIOMAHBIMU YaCTHIIAMU OCaJIKa.

CTpoeHue KOJUIOMIHON MUILEJLIIbI

JInopoOHBIE KOJITIOUIHBIE PACTBOPBI 00pa3ylOTCs B MPUCYTCTBUH CTA0MIM3aTOpa — DIICKTPOJINTA,
MOHBI KOTOpOTO, aJcopOMpYsCh Ha YacTUIAX JAUCHEPCHOW ¢a3bl, 00pa3ylOT Ha HHUX JBOHHOMN
anektpudeckuii cioit (J13C), obecnieunBaronuii ycTOWYUBOCTh JUCTIEPCHOM CUCTEMBI.

Muyenna n1uo3ona — 3mo MUKpocucmema, coCmoawas U3 MUKpOKpUCMaiia OUcChepcHou gasvl,
OKPYIHCEHHO20 CONIb8AMUPOBAHHBIMU UOHAMU CIAOUIUZAMOPA.

CTpOGHI/Ie MHUICIBI 30J11 3aBUCUT OT YCJIOBI/Iﬁ €ro IoJiy4cHus.

Murnemia COCTOUT U3 AIEKTPOHEUTPAIBHOTO acpecama U NOHOTEHHOM YacTu. Macca KOJUIOUIHOU
YacTUIIBI COCPEJOTOYEHA TJIaBHBIM O0Opa3oM B arperare, MPeACTaBIsIoONEeM cO00il COTHH aTOMOB H
MOJIEKYJI, T.€. YaCTUYKY KPUCTAJUTMUYECKON PEIIETKUA JAaHHOTO TPYAHOPACTBOPUMOTO BEIIECTRA.

HoHoreHHast 4acTh mojpaszensercsa Ha aocopoyuonusiti U ouggysnviii cnou. Ilpu obpazoBanuu
MOHOTEHHOW YacTH MPOUCXOJIUT M30MpaTeNbHas aJcopOius noHOB crabunu3aropa. CoriacHO MpaBHILY
[Tanera-dasiHca, MepBoOOYEPETHBIM CPOJICTBOM 00Ja/Jal0T MOHBI, BXOSIINE B COCTaB KPUCTAJUIMYECKON
peIIeTKH arperata win u3oMophHbie K Hell. OHa Ha3BIBAIOTCS NOMEHYUANONPEOENAOUUMU UOHAMU, T.K.
OTIpeJIeIIAI0T 3HAK 3apsi/ia siipa MULEIUIbI, T.€. YACTUYKH TBEPJIOH AUCTIEPCHON (a3bl.

HAopom muuennvr nuo3ona Hasviéaemcsas MUKPOKPUCMANL MANOPACMEOPUMO20 6eujecmed, Ha
NOBEPXHOCIU KOMOPO20 A0copOUpo8ansvl NOMeHyuaionpeoensiouue UoHsl, coodwaouue emy 3apso.

BOmm3u  3apspkeHHOM  MOBEPXHOCTH  siipa 3@  CYET  DIEKTPOCTATHYECKOTO  MPUTSHKCHUS
TPYNIUPYIOTCS MPOTUBOMOHBI CTaOMIIM3aTOpa, KOTOpbIE HAXOIATCS B JKUAKOW (aze MHUIEUIbl. Takum
o0pa3zoM MmuIle/ia, Kak ¥ Jro0asi TeTeporeHHas CHUCTeMa, COJeprKallas MOJBIDKHBIE MOHBI, MMEET Ha
rpanuie paszena ¢as ABoiHOU snexTpuyeckuii cnoit (A3C).

YacTh MPOTHBOMOHOB IIJIOTHO MPUJIETAET K APy MHIIEIUIBI, YACTUYHO KOMIIEHCHPYS €T0 3apsl. DTH
MIPOTHUBOMOHBI HA3bIBAIOTCS adcopbyuonnvim cioem U "nenoosusrcnou” uacmoro JOC. SInpo BMecTe ©
a/ICOPOIIMOHHBIM CJIOEM TPOTHBOMOHOB HA3bIBACTCA cpanynou. I'paHyna MMeeT TaKoH ke 3HaK 3apsna,
KaKOH y MOTeHIUATONPEACISIONINX HOHOB, T.€. Y spa.

OcTasbHbIC MPOTHBOWOHBI, HEOOXOJIUMBIC IS KOMITCHCAIIUU 3apsjaa TPaHYJbI, PacIoiararoTcs
BOKPYT TPaHyJbl 0OJiee PBIXJIO, T.€. MOJBUKHO WMIU CBOOOJHO. DTy 4YacTh MPOTHBOMOHOB HA3bIBAIOT
oughgyznvim cnoem JJIC.

I'panyna BmMecTe ¢ okpyxarommMm e€ aud@y3HbIM clloeM MPOTHBOMOHOB COCTAaBISIET Muyenry. B
OTJIMYHUE OT FPaHyJIbl MUIIEIUIA JIEKTPOHEUTPAIbHA U HE UMEET CTPOTO ONPENENEHHBIX Pa3MEPOB.
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JInodoOHBIE KOJTOUABI 00J1a1al0T OUYEHb BBICOKOW MOBEPXHOCTHOW SHEPrUEd U SBISIIOTCS MTO3TOMY
TEPMOJUHAMUYECKH HEYCTOWYMBBIMM;, OTO JI€J1a€T BO3MOXKHBIM CaMOIIPOM3BOJIBHBIM  IIPOLECC
YMEHBIICHUSI CTENCHH AMCIEPCHOCTH TUCIEPCHOH (a3bl (T.e. 0ObeauMHEHUEe YacTul] B Oosee KpyIHbIE
arperatbl) — koacynayuio 3oneu. TeM He MeHee 30J5M IPUCYIIA CHOCOOHOCTh COXPaHATh CTEHECHb
IMCHEPCHOCTU — azpe2amugnas YCmoudugocms, KOTOpas OOYyCIOBJIEHA, BO-TIEPBBIX, CHIDKEHUEM
MIOBEPXHOCTHOM PHEPIrUU CUCTEMbI OJlarofapsi HaJIM4YUIO Ha MOBEPXHOCTH YaCTHUL] JUCIEPCHOM (a3bl
JIBOMHOTO 3JIEKTPUYECKOIO CJI0s U, BO-BTOPBIX, HAIMYMEM KUHETUYECKUX MPENATCTBUM I KOAryJsaLuu
B BUJE 3JIEKTPOCTATMYECKOIO OTTAJIKMBAHUS YaCTHIl JUCIEPCHON (a3bl, MMEIOIUX OJHOMMEHHBIN
BJIEKTPUYECKUM 3apsil.

CTpoeHue CTPYKTYpHOH €IMHHIIBI JTHOPOOHBIX KOJUIOMIOB — MuUyellbl — MOXKET OBbITh MOKa3aHO
JMIIb CXEMAaTUYeCKH, MOCKOJIbKY MHIEIIa HE MMEET ONpEICICHHOro cocraBa. PaccMOTpUM cTpoeHUe
KOJUTOMIHOM MHIEIUIBI Ha MPHMEPE 2udpo30is uoouda cepebpa, TOIy4aeMOro B3aUMOJICHCTBHEM
pa30aBICHHBIX PACTBOPOB HUTpaTa cepedpa v oM 1A Kajus:

AgNOs + KI —> Agl + KNOs

Konnounnas munemna 301 wonuaa cepedpa (cM. puc.l) oOpa3zoBaHa MUKPOKPUCTAILUIOM HOIUIA
cepeOpa, KOTOPHIil CIOCOOEH K M30MpaTenbHOl aacopOIuy U3 OKpYKAIoLIel cpesbl KaTHOHOB Ag' HiH
HOUI-MOHOB. Eclii peaknust mpoBOAUTCS B U30BITKE MOIUIA KaUs, TO KPUCTAIUT OYAET aJcopOupoBaTh
VOIMI-MOHEI; TIpH M30BITKE HUTpaTa cepedpa MHUKPOKPUCTAT aacopOupyeT monbl Ag'. B pesymbraTe
3TOr0 MUKPOKPUCTAILT IPHOOPETAET OTPUIIATEIILHBIN JIMOO TIOJIOKUTEIIBHBIN 3apsiT; HOHBI, COOOIIAIOIIHE
€My OTOT 3apsijl, Ha3bIBAIOTCS NOMEHYUALIONPeOeNaouUMU, a CaM 3apsSHKCHHBIM KPUCTAIUT — s0poM
Muyennvl. 3apsSHKCHHOE SAPO TMPUTATHBACT W3 PACTBOpPAa HMOHBI C IMPOTHUBOIOJIOKHBIM 3apsioM —
npOmMuBOUOHbL, Ha TIOBEPXHOCTH paszzaena (a3 oOpasyercs ABOWHOW 3JieKTpuyeckuid cioil. Hexoropas
9acTh TPOTHBOMOHOB aJICOPOMPYETCS HA TMOBEPXHOCTU sjipa, 00pasys T.H. a0COPOYUOHHDIL COU
NPOMUBOUOHOG, SAPO BMECTE C anCcOPOMPOBAHHBIMH Ha HEM MPOTUBOMOHAMH HA3bIBAIOT KOLIOUOHOU
yacmuyeti Wi rpanyiioi. OCTalIbHbIC IPOTHBOMOHBI, YUCIIO KOTOPBIX OMPEACISACTCS, HCXOS U3 TIPaBHiIa
AJIEKTPOHEHTPAIILHOCTH MUIICIUIBI, COCTABISIIOT Ough@hysHulii 10t  NPOMUBOUOHOG, TIPOTUBOHOHBI
aIcopOIMOHHOTO U TU((HY3HOTO CIOEB HAXOATCS B COCTOSHUH TUHAMUYECKOTO PAaBHOBECHS aICOPOIINN
— Aecoporuu.

CxeMaTHYeCcKn MHUIE/UIA 3071 MOAWAa cepeOpa, TONYYEHHOTO B M30BITKE HOAWIA KM
- +
(MOTEHIMATIONIPEAENAIOIIME HOHBI — aHMOHBI |, MPOTUBOMOHBI — MOHBI K') MOXeET ObITh M300pakeHa
- 49 X— +
CIIEYIONIUM 00Pa3oM: {[AgI]m - nI” - (N-X)K'}P" - x K

ITpu nmonmyyeHun 30111 Moauaa cepedpa B U30bITKE HUTpaTa cepedpa KOJJIOWIHBIE YaCTULBI OYayT

UMETD MOJIOKUTEIIHHBIHN 3apsi: {[Agl]m - NAg" - (N-X)NO3 ¥ - x NO3~
o - H_GS .
S0, ~ Sapo
. =
#
ra
/
O
i @ oy ANCOPOLMOHHBI CNOH
| ! . 1 NPOTHBOMOHOR
1 ! 1
\
! \ ,'] !
! 4, !
i
5 ®© ’ @,’! Andbdy3noHHBI cnoi
L STl s NPOTMBOMOHOB
NORRE! ® .
- -

-
-
O s

Puc. 1. CtpoeHure KOJTOUTHOM MULIEILTBI

Aepecamugnas ycmouiuusocmy 307et 00yclOBICHA, TAKUM 00pa3oM, psiioM (pakTOpoB: BO-TIEPBHIX,
CHIDKEHHEM TIOBEPXHOCTHOW DHHEPruu JUCHEepCHOM (a3bl (T.e. YMEHBUICHUS JABWXKYIIEH CHIIBI
KOaryJisiliii) B pe3yibTare 0Opa3oBaHUs JBOMHOIO 3JIEKTPUYECKOTO CJIOS U, BO-BTOPBIX, HAJIUYHEM

94



KHHETHUYCCKUX HpeHHTCTBHI‘;I AJIg KOAryJisiiui B BUAC JJICKTPOCTATUYCCKOI'O OTTAJIKMBAHUSA MMCIOIIHUX
OJTHOWMEHHBIN 3apsii KOJUIOMIHBIX YaCTHI[ W MPOTHBOMOHOB. Ellle onHa NpHYMHA YCTOHYMBOCTH
KOJUIOMJ/IOB CBSI3aHA C MPOIIECCOM rujparanuu (conbpBatanuu) HOHOB. [IpotuBononsl nuddysHoro cios
COJIbBATUPOBAHBL; 3Ta 000JI0YKA U3 COJIBBATUPOBAHHBIX MMPOTHBOMOHOB TAKKE MPEMSTCTBYET CIUTIAHHIO
YaCTHII.

1. PaccmorpuMm oOpa3oBaHMEe MHUICIUIBI  KOJUIOMJHOTO pacTBopa Homuaa cepebpa Ipu
B3aMMO/ICHCTBUM Pa30aBIEHHBIX PACTBOPOB HUTpATa cepedpa u Hoauaa Kauus, B3ATOro B H30bITKe. Poib
+ -
cTabmIM3aTopa B 3TOM ClIydae BBIMOIHAOT HOHBI K™ 1 J” m30bITouHOr0 KoytmuectBa KJ.

m AgNOs + (m+n) KI > |m AgJ - nJ | + n K"+ m KNO3
n30.

TBepras dasa
(ApO MUILIEIIIBI)
MOTEHIHAN-
oTpeeIsIIonIe
arperar  MOHBI
—r <>
{mAg] - nJ - (n-X)K'} -xK"
< > +—> <+—>
PO ancopOIMOHHBI UG PYy3HBII
cioi ciou
MIPOTUBOMOHOB  NIPOTHBOMOHOB

v

- rpaHyna
MHUILeJIa
2. Ecniu nannas peaknus npoBoautca B u30biTke AGNO3 (crabunmzatop), OyneT moiydaThes

I0JIOKUTEIIBHBIN 30J1b HOKa cepedpa U CTPOECHUE €r0 MULIEIUIbI OYAET BBITTIAJAETh TaK:

(m+n) AgNO; + m KJ - [m Agd - n Ag™ | + n NO3z" + m KNO;
n30. 0

TBepras dasa
(AP0 MHUILIEILIIBI)

{m AgJ - n Ag+ - (n-X) NO3 ¥ - x NO3°
SIPO
rpaHyJa

[
»

A
v

MHULEIUIa
Katnons! Ag® SBISIOTCS TTOTEHIUATIONPEEAIONTIMH.

3. ObpazoBanue kosouaHoro pacteopa Fe(OH); wmertomoM menTu3anuu m0pu  J100aBICHUH
anekTponuta — nentuzaropa FeCls. CTpoeHue noinyueHHOH MULIEILUTBI.

[lenrTuzanus 3aKiIr04aeTcsi B Jie3arperair CBEXKENPUroTOBIEHHOTO poixyioro ocaaka Fe(OH)s 3a
cuer n06aBieHus HeOonbioro konmudectBa FeCls. Tlpu 3TOM cTemeHb MUCTIEPCHOCTH (AKTHUYSCKHA HE
MEHSIETCS, T.K. YaCTHIIbI PBHIXJIOrO OCaJIKa yXe MUMEIOT KoyulouaHbie pasmepsl. FeCls ancopbupyercs Ha
MOBEPXHOCTH YaCTHUI[ 0CajKa, cooOIIasi UM 3apsi U MEPEeBOJS UX BO B3BEIICHHOE cocTosHue. [Ipu aToM
30JIb 6y21€T MHOJIOKUTEILHEIA 3a CUET HOHOB Fe3+, BBITIOJHAOIIHUX POJIb HOTCHUOHUAIOIPCACIIAOIINX
1noHOB. CTpOeHHE MUIIEIIIBI B 3TOM CIIy4ae UMEET BUI:

{m Fe(OH); - n Fe** - 3(n-x) CI'}*** - 3x CI
9t10 mpumMep HCHOCpeﬂCTBeHHOﬁ 501050 aL[COpGL[I/IOHHOﬁ IICIITU3allun.

Xumuueckas nenmusayus VI TUCCOMIONMA nMmeeT Mecto npu pobasnennun HCl B kagectse
anekTpoauta. B atom ciayuae HCI, B3auMoseiicTBys ¢ IOBEpPXHOCTBIO Ocajika, oopasyer npoaykt FeOCl,
MOHBI KOTOPOTO OYIyT CTaOMIIN3aTOPOM:

95



n Fe(OH); + n HCl — n FeOCI + n H,0

n FeOCl <> nFeO" +n CI

m Fe(OH)z + n FeO™ + n CI'— {m Fe(OH)3 - n FeO" - (n-X) CI¥" - x CI

Cornacuo mnpasuny Ilanera-(asHca NOTEHIMANONPENETAIONMMI HOHAMK OymyT HoHb FeO”,
MIO3TOMY 30J1b OYJIET TIOJIOKUTEIHHBIH.

4. Tak, Kpacuwlii 3016 30710Ma TMOJYYalOT BOCCTAHOBJIICHHMEM HATPHEBOW COJIM 30J0TON KHCIIOTHI
(dhopManbaeTuIoM:

NaAuO; + HCOH + Na,CO3; —> Au + HCOONa + H,0

CmpoeHue muyennvl JTaHHOTO 30JI1 MOYKHO TIPE/ICTABUTH CIICIYIOIICH CXEMOI:

{[Au]m* n AuO; "+ (n-X) Na'}" - xNa*

5. 3o1b cepobl MOXKET OBITH IMOJIYYCH OKHCJIICHUEM CEPOBOJOPOaa KUCIOPOAOM B BOJHOM PAaCTBOPE,
HeﬁCTBHeM Ha CEpOBOAOPOA CCPHUCTOIO I'a3a j115(0]0) Pa3JI0KCHUCM TI’IOCCpHOﬁ KHCJIOTBI:

H,S+ 0O, —> S+ H,O

H,S+S0O, —> S+ H,0

H,5,0;3 —> H,O +S0O,+ S

CTpoeHue 307151 cepbl MOXKHO mpeacTaBuTh cxeMoit: {[S]m - N HS™ - (n-x) H'Y" - x H*

Koaryasiuus 1no¢oOHBIX KOJIJI0UI0B

Kak Ob110 oKa3aHo BbIIIE, JINOPOOHBIE KOJIOU/IbI ABISAIOTCS TEPMOINHAMUYECKH HEYCTOMUUBBIMU
CUCTEMaMH{, CYUIECTBYIOIIMMHU Ojarojaps CcTaOWiIM3aluy 32 CyYeT BO3HUKHOBEHMSI JBOMHOIO
NEeKTpUYecKoro cnos. Msmenenue cocrosHus JOC MOXKeET, cClleqoBaTeIbHO, IPUBECTH K IIOTEPE
arperaTMuBHON yCTOMYMBOCTH — CIIMIIAHUIO YacTHUI] B 0oJjiee KPYIHBIE arperartbl, T.€.KOa2yAsAyuu 30J.
Koarynsimust 3oimeli MOkeT OBITh BBI3BaHA PA3IMYHBIMH (DaKTOpaMu: MPUOABICHHEM 3JIEKTPOJIHUTOB,
HarpeBaHWeM WIM 3aMOpPaKMBAaHHEM, MEXAaHWYEeCKMM Bo3jeiictBueM u T.1. HaubGosee BaxHBIM U
M3Yy4eHHBIM (PaKTOPOM KOATYIISIIAU THAPO(OOHBIX KOJUIOUIOB SIBIISIETCS] BO3/ICHCTBIE HA HUX PACTBOPOB
JJIEKTPOJIUTOB.

Z[J'ISI KOoaryJsinuu 30J1ei QJICKTPOJIMTaMH YCTAaHOBJICH P OMIIUPHUICCKUX 3aKOHOMepHOCTeI>'I.

1. I[J'IH Ha4ajla Koaryirsinuu 30JId HeO6XOI[I/IMa HCEKOTOpasA MHHUMAJIbHAd KOHICHTpPALIUA
QJICKTPOJIMTA, HA3BIBAEMAAd nOpOcOM Koazyiayuu .

2. Koazynupyrowum  Oeticmeuem 001aaeT TOT W3 HMOHOB JJEKTPOJHUTA, 3apsii KOTOPOTO
IIPOTUBOIOJIOKEH 3apsiAy KOJUIOMIHBIX YacTHII, IPUYEM KOAryJIHMpyollee NEHCTBUE MOHA TEM CHIIBHEE,
yeMm Oombiie ero 3aps (mpaBuno yneue — Iapau wnm mpaBuiio 3HayHOCTH). BenuuuHbl MOpOros
KOAryJsIUK BYX3apsAIHBIX HOHOB MPUMEPHO HA TOPSATIOK, a TPEX3apsAHBIX — Ha JBa MOPSAKA MEHBIIIE,
4yeM I OJHO3apsIHbIX MOHOB. IIpaBuiio 3HAYHOCTH MMEET MPUONIMKEHHBIH XapaKTep U CHpPaBEJIMBO
TOJIBKO JJIi HEOPTaHUYECKUX HMOHOB; HEKOTOPBIE OJHO3apsHbIE OpraHMYecKHue MOHBbI o0safaroT Oosee
CHJIBHBIM KOaryJupyouuM AeHCTBUEM, YEM JIByX3apsIHble HEOPraHNUYECKHE HOHBI, YTO O0YCIOBIIEHO UX
CHJIbHOH crienn(pu4eckoil aicopOupyeMocTbo.

3. B psAgax  HEOpPraHMYeCKMX HMOHOB C  OJMHAKOBBIMH  3apsilaMu Kodzyaupyloujee
OelicmeueBO3pacTaeT C yMEHbBIIEHHEM THAPATHPYEMOCTH HOHOB; HAIpUMEp, B PSAAY OJHO3apSAIHBIX
KAaTHOHOB IIEJIOUYHBIX METAJIJIOB KOAryJupyrolee AeHCTBIE BO3PACTAeT OT JIUTHUS K PyOUAUIO:

-t + + +
y(Li")>y(Na’) >y (K") >y (Rb")
PH,Z[BI, B KOTOpLIe CprHHI/IpOBaHLI 110 B03paCTaHI/IIO J'II/I6O I10 yﬁbIBaHI/IIO KO&FleI/IPYIOH_ICTO
HGfICTBI/ISI MOHBI C OAMHAKOBBIM 3aps1)10M, HA3bIBAIOT JlLlOl’l’lpOl’lelMu pﬂdafwu.

4. B ocangkax, moJlydaeMbIX MPH KOAryJsILHAH 30JI€H 3JIEKTPOIUTAMH, BCET1a IPUCYTCTBYIOT HOHBI,
BBI3BABIINE KOATYJISALHUIO.
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5. Ilpum Koarymsauumu 30J€H CMEeCSIMH DIJIEKTPOJIMTOB CPABHHUTEIBHO pPEIKO HaONoJaeTcs HX
He3aBUCHUMOE (a0oumusHoe) NeNCTBHUE;, OOBIYHO MMEET MECTO B3aWMMHOE yCWJieHHWe 0o ociabieHue
KOaryJupyroIero AeUCTBys (cunepeusm MO0 anmazoHu3M AOHOB).

MexaHu3M M KHHETHKA KOATYJISIUH 30J1ei 3J1eKTPOJIuTAMHI

Heo6xoauMoMmy Ui KOAryssiiMy COMMIKEHUIO YaCTHI] JUCIIEPCHOM (a3bl MPEnsTCTBYET, KaK ObLIO
[IOKA3aHO BBILIE, 3JIEKTPOCTATUYECKOE OTTAJIKMBAHME HMEIOLIMX OJHOMMEHHBIA 3apsi KOJUIOMIHBIX
YaCcTHUIL] U IPOTUBOMOHOB M B3aUMOJICHCTBHE COJBBATHBIX 000J0YEK MPOTUBOMOHOB AU(D(Y3HOrO ClOos.
[Ipu pgoGaBmeHMM K 300 pacTBOpa DJIIEKTPOJIIMTA HMMEIOIIEECs pasHogecue — aocopoyuu —
OecopOyuu MEX1y NPOTUBOMOHAMHU aJCOPOLMOHHOrO M IU(p(Y3HOrO CIOEB cMewaemecs 8 CMOpOHY
aocopOyuy BCISICTBUE yYBEIUYEHUS B JAUCIEPCUOHHON Cpefie KOHIIEHTPAlMd MOHOB, UMEIOIIUX 3apsi,
IIPOTUBOIOJIOKHBINA 3apsAy szapa (MOHBI C OJHOMMEHHBIM 3apsiloM B PaBHOBECUH aIcoOpOLUU —
JnecopOuMM HE Y4YacTBYIOT). AACOpOLHMsS JOMOJHUTENHHOTO YHCIA MPOTHBOMOHOB TPUBOJHUT K
YMEHBIIECHUIO 3apsfa KOJUIOMIHBIX YacTUL, YMEHBIIEHUIO YHClIa HMPOTHUBOMOHOB AU(PPY3HOro cios
(ymenpuenuto Tommunsl J[9C) u, ciegoBaTenbHo, K CHUYKEHUIO arperaTUBHON ycToiuuBocTy 3044. [lpu
JOCTHKEHUH HEKOTOPOT'0 MPEAEIbHOI0 3HaUEHUs 3apsa KOJUIOMIHbIE YaCTHIIbI MOIY4al0T BO3MOXKHOCTb
cOmmKeHns: 1 OObeOUHEHUsT B OoJjiee KpYIHBIC arperaTtbl 3a CYET BaH-/IEP-BaalbCOBBIX CHJ, WHBIMHU
CJIOBaMHU, IPOUCXOJUT KOAryJISALUS 30J151.

O4eBHIHO, YTO, MOCKOIBKY MPU aACOPOLMU MHOTO3apPSIHBIX MPOTUBOMOHOB 3apsiji KOJUIOMIHOMN
YaCTUIIBI YMEHBIIIACTCS OBICTPEe, YeM MpPH aICOPOIHMH TOTO K€ YMCIa OJHO3APSIHBIX MPOTUBOHMOHOB;
a7IcopOMpyeMOCTh HEOPraHMUYECKUX MOHOB C YBEIMYECHHEM MX 3apsja Takxke Bo3pacrtaeT. CreacTBHeM
3TOrO U SIBISICTCS TOT (aKT, YTO BEIUYMHA MOPOTA KOATYIISIIUH ISl HEOPTaHUYECKHX MOHOB OYACT TeM
MeHbIle, YeM Oonbllle 3aps] HMOHA-KOoaryisHTa (BeJIMYMHA [OpOra KOoaryjsiuu 7Yy oOpaTHO
IIPOIIOPLIMOHAIBHA 3apsily HOHA-KOATY/ISHTA B IIECTOM CTENCHH Z°).

[Ipouecc koarynsiuuu 30J1 XapaKTEPU3YeTCs OINPEAEICHHOW BEIMUYUMHOU cKopocmu Koazyasyuu,
KOTOPYIO MOYKHO ONPEJEINTh KaK M3MEHEHHUE YHCiIa KOJJIOUTHBIX YaCTHUIl B €IMHUIIE 00beMa 3a SAUHUILY
BpPCMCHHU. CKOpOCTI) KOaryJsaiuu 301 SJICKTPOJIUTAMU 3aBUCUT KaK OT KOHICHTPAMKU CaMOT'0 30JId, TaK U
OT KOHIICHTPAIIMH AJIEKTPOIUTOB. THUMHUYHBIA BUJ KOAryJISIIMOHHOM KPUBOH (3aBUCHMOCTH OTHOILICHUS
KOHILEHTPAaLUU KOJUIOWJHBIX YacTHUIl N K MX HayaJbHOW KOHIIEHTpALUH N, OT BPEMEHU t) U KPUBOU
3aBUCUMOCTH CKOPOCTH KOAryJIUHU V OT KOHIIEHTpauuu 3nekrponnuta C nokasaH Ha pucyHkax 2 u 3. Ha
kpuBoii OABB (puc. 3) orpe3ok OA oTBeHaeT MEPHOIY CKPbIMOU Kodazyisyuu, TPA KOTOPOH 30J1b
COXpaHsIeT CBOK YCTOMYMBOCTb. B TOuke A mnpu KOHLEHTpauuu djaektpoiuta C; HaAUMHAETCS A6HAs
Koacynayus; Ha ydacTke ADB ckopocTh Koarynsimuu OBICTPO BO3pacTaeT € POCTOM KOHIIEHTpalUH
anektposuta. Ha yuactke BB ckopocTh Koarynsiiuu OCTaeTcsi MOCTOSIHHOM; 3TO CBSI3aHO C TE€M, UTO MPHU
KOHIEHTpauuu saektpoiauta Cp BenuuuHa { - MOTEHIMAala CTAHOBUTCS PaBHOW HYJIO; CKOPOCTb
KOAryJisiliMy MPU 3TOM JIOCTUTAaeT MAKCUMAJIbHOTO 3HAUCHHUSI.

ning & vt

Mg

A

- -

t C1 Cz2

Puc. 2. Koarynaunonnas kpusast.  Puc. 3. 3aBUCMMOCTb CKOPOCTH
KOAryJisiiiii OT KOHLEHTPALUU.

B3auMHuasi koaryasinus 30J1ei

KO&FYHSII_II/ISI 30JI1 MOXET OBITh BBI3BaHA €rO B3aUMOJCHCTBUEM C APyruM 30JIEM, YaCTUIbI
KOTOpPOro HMEIOT HpOTHBOHOHO)KHBIﬁ 3apsna. TaK, CMCHICHUE 30JIs1 THAPOKCHUAA XKEJIC3a, YaCTHUIbL
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KOTOPOTO HMMEIOT IOJIOKUTEIbHBIN 3apsij, C OTPULATENBHO 3apsHKCHHBIM 30JIeM CYIb(UAa MBIIIbIKa
IIPUBOJUT K MX B3aMMHOM KOAryJIsLuu:

{[Fe(OH)3]m - n FeO" (n-X)CI_}X+ - xCI” {[As,S3]lm - n HS™ (Il-X)H+}X_ - xH'

B nanHOM ciyyae koaryssuus OOyCIIOBJIIEHAa TEM, YTO KOJUIOMJIHBIE YacTULbl OJHOTO BHJA
ABIISIIOTCSL KaK Obl OYEHb KPYMHBIMH MHOTO3apSAHBIMM MOHAMH — KOATyJISIHTAMH Ui YacTHIl JAPYTOro
BuJa. B3auMmHas koarynsnusi KOJUIOMIHBIX CUCTEM MOXKET HAaOMII0aThCsl M TOTJa, KOTrJa YacTUIlbl 30J1ei
MMEIOT OJIHOMMEHHBIN 3apsj; B OTOM Cllydae INPUYUMHOW IOTEPU YCTOMYMBOCTH OJHOTO M3 30JeH
ABJISICTCSA CUJIbHAs crienuuyeckas aacopOLus HOHA — CTa0MIIM3aTopa JaHHOH CHCTEMbI ITOBEPXHOCTHIO
KOJUIOUIHBIX YaCTHULl APYTOM CUCTEMBI.

JIBOITHOM 3JIEKTPUYECKHU I CJI0M M JJIEKTPOKNHETHYECKUEe SIBJICHUS

[Ipn paccMOTpeHUU CTPOEHHS MUUEIIBI ObUIO IOKa3aHO, YTO Ha IMOBEPXHOCTH JHOGOOHBIX
KOJUIOMIOB 00pa3syeTcss JBOWHOW dnekTpuueckuid cnoil. IlepBas meopuss cmpoenus J[OC Obina
pasButa I'enbMrosbiiem u [leppeHoM; B MX TPEACTaBICHUH JBOWHOW JJICKTPUYECKUH CIIOH T000CH
IJIOCKOMY KOHJICHCATOPY, BHYTPEHHsISI OOKJIaKka KOTOPOTO HaXOJUTCS B TBEpAOH (haze, a BHEIIHSIS — B
KHUJKOCTU TMapajuleNIbHO TMOBEPXHOCTH siipa HAa PACCTOSHUU Topsaka Auamerpa uoHa. lloreHnuman
anekTpudeckoro nosist BHyTpu J19C ¢ B 3TOM ciiydae TUHEHHO YMEHBIIIACTCS C YBEIIMUEHUEM PACCTOSHUS
OT MOBEPXHOCTH I (pucC. 4.a).

[Tozgnee I'ym m YenMeH nOpemIoKUIU JPYTryr MOJAENIb, COTJACHO KOTOPOW IMPOTUBOWOHBI,
Onarojaps TEIUIOBOMY JBIKEHUIO, 00pa3yloT BOIU3U TBEPAOH MOBEPXHOCTH siapa AUPPY3HYIO UOHHYIO
ammocgepy. YMeHbllleHHE 3MeKTpudeckoro mnoreHnuana J[9C ¢ ¢ yBennueHHeM pacCTOSHUS I'B 3TOM
cllydae MPOUCXOUT HeTUHEHHO (puc. 4.0).

ﬂﬁﬁé@@

=

¥

-
T

d r
Puc. 4. Crpoenune [12C:

a) — no I'ensmronsuy u Ileppeny,

6) — o I'yu u Yenwmeny,

B) — 1o Illltepny. BBepxy — cxema pacmnosioKeHHsi NPOTHBOMOHOB, BHHU3Yy — 3aBUCHUMOCTH
ITOTEHIMaa OT PaCCTOSHMUS.

[Ipennoxennas [[Imeprnom monenb crpoenust [IDC oObeauHSET paHHHE MOJENH, YUUTBIBAs Kak
aocopdoyuto TPOTUBOMOHOB, TaK U UX mennogoe Osudxcerue. COTIaCHO 3TOW MOJENH, SBJISIOILEHCS B
HacTosIIee BpeMs OOIIENPUHATOMN, YaCTh MPOTUBOMOHOB HAXOUTCS HA PACCTOSIHUSAX MOPSAKA THaMeTpa
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HMOHA OT MOBEPXHOCTH s7pa, 00pa3ys T.H. cioi ['enbmronbia (aacopOIMOHHBIN CIIOW MPOTHBOMOHOB), a
napyras 4yacth oopazyer muddysneiii cnor (T.H. cinou ['ym). Ilorenuman muddys3HOM YacTu ITBOWHOTO
ANEKTPUYECKOTO CII0S Ha3bIBAIOT 91€KMPOKUHEMU4eckum nomenyuaiom (cM. puc.4.s).

Kunernueckasi ycroiunBocTsb 30.1eid. CeqrumeHTanus

YacTuip! qucnepcHoil ¢a3bl 0OJHOBPEMEHHO HCIIBITHIBAIOT JAEHCTBHE CHJIbI 3€MHOI'O NMPUTSKEHUS U
apXHUMEIOBOM CUJIBL; B 3aBUCUMOCTH OT COOTHOILIEHUS IUIOTHOCTEN AUCIIEPCUOHHOM Cpelbl U IUCIIEPCHON
(a3pl paBHOJCHCTBYOIAs 3TUX CUJI OyJIeT BBIHYKJaTh YAaCTHULbI K OCEJaHHIO JIMOO BCIuibITHIO. [Iporecce
ocefmaHuss JUOO BCIUIBITUA KOJUJIOWAHBIX YaCTHII B 30JI€ HasbIBaercs cedumenmayueu. OmHAKO
CeIMMEHTAllMM BCEerJa IPOTUBOJCHCTBYET Jpyroil mpolecc, CTPeMSIUiicss K pPaBHOMEPHOMY
pacrpesieieHuI0 KOJUIOMIHBIX YacTHUI] 10 BCEMY 00BbEeMY pacTBopa — ouggysus, OCylecTBIsEMas MO
nelcTBUEM OpoyHosckozo Oeudicenuss uyacmuy. COOTHOIIEHUE MEXIy OSTUMHM JByMs IpoleccaMu
OTIPEICNIACT KUHEMUYECKYI0 YCMOUYU80Cmy 30ell — CIOCOOHOCTh KOJIOWAHBIX YacTHUI] YAEP)KUBATHCS BO
B3BELLICHHOM COCTOSTHMM, HE IT0JIBEPrasich CEAMMEHTALIUH.

OnTnyeckue CBOMCTBA KOJVIOWIHBIX CHCTEM

Oco0Ople  ONTHYECKHE CBOHCTBA KOJUIOMJHBIX PAacTBOPOB OOYCIIOBJIEHBI HMX  TIJIABHBIMHU
0COOEHHOCTSIMU: OUCnEPCHOCMbIO U 2emepozennocmybio. Ha onTudyeckue cBOMCTBA AUCHEPCHBIX CUCTEM B
3HAUUTENIBHON CTENEHU BIMSIIOT pasMmep M (opma yactuu. [IpoxoxkaeHue cBera uepe3 KOJJIOUIHBIN
pacTBOp CONMPOBOXKJIAECTCA TAKUMU SIBICHUSAMH, KaK MOIJIOIEHUE, OTPaKEHHUE, ITPEJIOMIICHHUE U pacCesiHue
cera. [Ipeobnaganue Kakoro-imbO M3 ATHX SBICHHUN OMPEIEINSETCS COOTHOIIEHHEM MEXAY pazMepoM
YacTUI] JUCIEpCHOM (a3bl M JIMHOM BOJIHBI NHajarouiero ceera. B epybooducnepcuvix cucmemax B
OCHOBHOM HaOJI0AaeTCs ompasiceHue CBeTa oT MOBEPXHOCTHU YaCTULL. B konnouonwix
pacmeopax pa3Mepbl  4acTUL[  CPaBHHMBI  C  JJIMHOM  BOJHBI  BUAMMOIO  CBE€Ta,  YTO
MIPEIOTIPENIEISCT paccesiHue CBETa 3a CUET TU(PPAKIIUU CBETOBBIX BOJIH.

CBeropaccesHue B KOJUIOMAHBIX pPACTBOpax IpPOSBISIETCS B BUJE onalecyeHyuu — MaTOBOIO
CBEUYEHHUsI (0OOBIYHO TOyOOBAaThIX OTTEHKOB), KOTOPOE XOPOIIO 3aMETHO Ha TEMHOM (poHE Ipu OGOKOBOM
ocBelleHUH 30ii. [IpuumHON omanecueHIun sBIIIETCS PACCESHHUE CBETa Ha KOJUIOMIHBIX 4YacTHIAX 3a
cuét audpakuuu. C onanecueHIMEH CBA3aHO XapaKTepHOE I KOJUIOMJHBIX CHCTEM SBJIIEHUE —
appexm Tunoans. npu nponyckaHuu nyuka ceema uepes KOLIOUOHbLUL PACmeop ¢ HANpagieHul,
NepneHOUKYIAPHBIX TYYY, HabII00aemcs 00pa3oeanue 6 pacmeope ceemsue2ocs KOHycd.

[Ipouiecc nudpakiIMOHHOTO CBETOPACCESHUS HA YaCTHUIIAX, pa3Mep KOTOPHIX 3HAYUTEIHHO MEHbIIIE
JUTHHBI BOJIHBI OIMCHIBACTCS ypasHeHuem Panes, CBA3BIBAIONIUM WHTCHCUBHOCTh PACCESTHHOTO CIUHUIICH
o0béma cBera | ¢ ymcIOM YacTHI] B €AWHHUIIE 00BEMA V, 00BEMOM dYaCTULBI V, JJIMHOW BOJHEI A M
aMIUTATYIOM A TAJaromiero W3JIy4eHUs U I0Ka3aTelisIMU TIPEJIOMJICHHS JUCIEpCHON (a3el u
JTUCTIEPCUOHHOM CpPeJIbl N1 U N2 COOTBETCTBEHHO:

_24vEV*A" [n' —n’

I
3 n12 +n22

W3 ypaBHEHUS BUIHO, YTO, Y€M MEHBIIIE JUIMHA BOJHBI MAAIONIET0 U3Ty4eHus, TeM OombIie Oyaer
paccestaue. CieToBaTeNIbHO, €CJIM HA YaCTHILY MajacT Oeblid CBET, HAMOOJIbIIIee pacCEUBAaHUE PACCESTHHE
OyIyT WCHBITHIBATh CHHUE U (DUOJIETOBBIE KOMIOHEHTHI. [103TOMYy B MpOXOAsIIeM CBETe KOJUIOWIHBIN
pacTBOp Oy/IeT OKpallieH B KPaCHOBATHIN IIBET, @ B O0KOBOM, OTPaKCHHOM — B TOJTy0Oi.

Ha cpaBHEHMM HMHTEHCHBHOCTH CBETOpPACCESHUS 30JIed, OOUH W3 KOTOPBIX HMMEET H3BECTHYIO
KOHIEHTPALMIO0 (CTENEeHb JUCIEPCHOCTH), OCHOBAaH METOJ OMNpEeNieHUs KOHIEHTpaluu JMOO CTEeNeHU
JMCIIEPCHOCTU 301, Ha3biBaeMblii Hedenomerpueil. Ha wucnonb3oBanuu sddexra Tunmans
OCHOBBIBAETCS YIbMPAMUKPOCKON —  TIPUOODP, TO3BOJSIOUIMI  HAOMI0OJaTh KOJUIOMJHBIE  YaCTHUIIBI
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pazMepoM Oojee 3 HAHOMETPOB B PACCESITHHOM CBETe (B OOBIYHOM MHKPOCKOIE MOXKHO HaOIIOIaTh
4acTHIEI C paanycoM He MeHee 200 HM M3-3a OrpaHMYCHUM, CBA3aHHBIX C pa3pelaroeld CriocOOHOCThIO
OIITHUKH).

Ouncrka KOJUIOMJIHBIX CUCTEM

VY naneHue u3 KOJUIOMTHBIX PACTBOPOB HU3KOMOJICKYJISIPHBIX NMPUMECEH, KOTOPBIE YacTo 00JaialoT
acTaOMIIN3HPYIOIIUM JICHCTBHEM, MOXKET OBITh OCYIIECTBICHO C IOMOINBIO JAHANN3a, SJIEKTPOAUaIN3a U
yAbTpadUIbTPALINN.

Jluanuz — caMblii TPOCTOM METOJI OYMCTKH KOJUIOMAHBIX cucteMm. [Ipocredmmii nuanuzaTop
npencraBisier co0oil  MemouyeKk W3 TOJYNMPOHUIIAEMOTO MaTepuajia, B KOTOPBIA 3aJlHBacTCA
TUaIu3upyeMasl JKHAKOCTh. MeIIoYeKk omycKaeTcss B cocyn ¢ Bojoul. [lpu nuanmse pacTBOpeHHOE
KPUCTAININYECKOE BEIIECTBO NPOXOJUT Yepe3 MeMOpaHy, a KOJUIOMJHBIE YacCTHIIbl, HECIIOCOOHBIC
MPOHUKATh Yepe3 IOJYIPOHHUIIAEMYIO IEPErOpOJIKy, OCTAIOTCS B BHJIC OYHIICHHOTO KOJIJIOMIHOTO
pactBopa. Ilpupoma meperoponku MOXeT ObITh pa3nuyHON (ObIYMiA ITy3bIpb, MEPraMeHT, KOJUIOIWH,
nemwiodan u ap.)

Onekmpoouanus — yCIOXKHEHHBIH BapUaHT auanu3a. Ecinu npuMecu sBISIOTCS 3JIEKTPOIUTAMHU, X
Mepexo/i 4epe3 MeperopoKy MOKET ObITh YCKOPEH MyTeM HaJOXKEHHUS Ha TUANU3HPYEMYIO KHUIAKOCTb
ANEKTPUYECKOT0 TOJSA. DIEKTPOAUANIN3 1eeco00pa3eH Mpu HEOOJNbIIMX KOHLEHTPALMAX IpUMeced B
KOJUIOMIHOM pacTBope (Mpu OOJIBIINX KOHIIEHTPALMSIX TPOUCXOAUT CUIIBHBIN pa30rpeB 30715).

Vaempagurempayuss — nuanuds, TPOBOAWMBIA TOA JaBJICHHUEM. YIbTpaduiIbTpanus dYaiie
UCIOJIB3YETCSl HE Ul OYMCTKM KOJUIOMJHBIX pacTBOPOB, a M1 MX KOHLEHTpupoBaHus. Ilpu
yIbTpaduIbTpallMd TPOMCXOTUT JIUIIb TOBBIICHHE KOHIEHTPAMK AHUCIEpCHOW (a3pl, a cocTaB
JUCIIEPCUOHHOM CpeAbl OCTaeTCsl IPAKTUYECKHM TMOCTOSIHHBIM. (OIHAKO €ciu MOcie€ YacTHUYHOU
yIbTpapuIbTPAUU NOJYYEHHBIH 30J1b Pa30aBUTh YUCTBIM PACTBOPHUTENEM O IMPEXKHErO COAEp:KaHUs
aucrepcHoi (asbl, OH OyAeT colepKaTh MEHbIIE HU3KOMOJIEKYIISIPHBIX MPOYKTOB.

JlaGoparopHasi pabora

PeakTuBbI M 000py10BaHueE:

1. 2%-p1it pacTBOp KaHHU(}OIU B 3TAHOIIE.

2. JlucTriupoBaHHasl BOJA.

3. Bomnsie pactBopsl: 0,006 monb/n pactBop CuSOy; 0,001 mons/n pactBop Ks[Fe(CN)g]; 0,005
moaw/n u 0,5 moaw/n pactBop FeCls, 10 % pactsop NH4OH, 0,1 mons/n pactBop HCI, HachimeHHbIi
pactBop FeCls,

4. llltatuB ¢ npoOUpKaMH, CTEKISHHbIE MAJIOYKH, TPYOOUKU AJisi OTOOpa PEaKTUBOB IO KaIUIIM,
BOPOHKH.

5. ®unbTpoBaHHas Oymara.

6. CriupToBKHU.

Onsit 1. Ilonyuenue cuopo3ona kanugonu memooom 3ameHsvl pacmeopumelis

B mpobupky Hanelite ~10 mi (monoBHHa NpOOMPKH) AMCTUIUIMPOBAHHON BOJBI U J100aBbTE 5
Kamenb pactBopa kaHuponu B 3TaHoie. CMech SHEPrUuHO IMepeMellaite u, 3axaB NPOOUPKY B
JepkaTene, HarpeuTe 10 KUIEeHUs Ul yAajdeHUsl U30bITKa dTaHoJa.

(Ocmoposcno! Omkpoimolit Konew RpoOUPKU O001dICEH ObIMb 00pauieH 6 CHOPOHY oM
pabomarowezo u om coceoeli no cmosny).

JUiss OYMCTKM TOJIyYEHHOTO pacTBOpa OT NpuUMeceid TIpyOOAMCIEPCHBIX 4YacTUI, PacTBOP
¢bunbTpyiite uepe3 OymaxHbli QuibTp. Habmromaem oOpa3oBaHMe OmNaniecHUPYOMIEr0 KOJUIOHUIHOTO
pacTBopa KaHU(OIH, IPOIIEAIET0 Yepe3 OyMaKHbIA QUIbTP.
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BriBon:

OnbIt 2. [lonyuenue euoposons meou (11) cexcayuanogpeppama (11) memooom obmena

B npoOupky otbepure paBHble 00beMbl pacTBOpoB cyinbdara meau (1) ¢ xonuentpammeii 0,006
Moub/1 1 rekcarmanodepparta (1) xamus ¢ konuentpanueid 0,001 Moms/.

Habmromaercss oOpa3oBaHue KOpHUYHEBO-KpacHOro 30is rekcanuanodeppara (1) memm (1.
Hanumure ypaBHeHUe peakuuu.

BriBoa:

OnbIt 3. [lonyuenue 2udpo30is 6epIUHCKOU 1a3ypU MemooOM UOHHO20 0OMeHa

a) B nmpobupky otbepute paBHbIe 00BMBI pa3baBicHHBIX pacTBopoB FECls ¢ konnentparueii 0,005
mous/n u rekcanuanodeppara (I1) xamus Ky[Fe(CN)g] ¢ xonmentparmein 0,001 mone/n. Habmromgaercs
o0pa3oBaHKE 3eJICHOT0 30Ji1 OepIMHCKO J1a3ypu. OOpa30BaBUIMIICS KOJUIOUIHBIA PACTBOP MPOITYCTUTE
yepe3 OyMakHbIH (GUIBTP W yOCIUTECh, YTO KOJUIOMAHBIC YACTHIBI MPOXOIAT uepe3 (GHIbTp He
3aJIePKUBASIC.

6) B npobupky otdepute 5 mi pactBopa Ky4[Fe(CN)g] ¢ xonmentpamueii 0,001 mons/n u 106aBbTe
5-6 xanens pactBopa FeCls ¢ xonmentparueit 0,005 monbs/n. HabGmromaercst oO6pa3oBaHUEe CHHETO 30715
OEpIMHCKOM Ta3ypH.

YeM OTIMYACTCS MHIEIUIA TIOJYYSHHOTO 30 OT MHIEIUIBI, TOJIYYEHHON B MPEIBIIYIIEM CIydac
(ombIT a)? Hamucats ypaBHEHHE peakiud U GOPMYTY MHIIEILIBL.

BriBon:

Onwit 4. [lonyuenue euoposons euopokcuoa swcenesa (111) memooom nenmuzayuu. Aocopobyuonnuwiii
U OUCCONIOYUOHHDIL 8UObI NENMU3AYUU
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B mpobupky Haneiite ~5 mu (Y% npoOupku) pactBopa FeCls ¢ konuentparmein 0,5 Momb/n u
npubaBbTe MO KalUIIM pPacTBOpP aMMuaka a0 moisHoro ocaxaeHuss Fe(OH)s. IlomydenHslii ocamox
Fe(OH); 3aneiiTe QMCTHIUIMPOBAHHOW BOJOW, MEpEMENIAWTE CTEKISSHHOW MAJIOYKOW M JaiTe emy
oTcTosAThCs. KUIKOCTh HAll 0CATKOM OCTOPOKHO CIIEWTE TaK, YTOObI 0ca oK ocTajics B mpobupke. Takyro
e MPOoIeIypy MOBTOPUTE €IIe pa3, YTOOBI H30BITOYHBIM aMMHAK MOJTHOCTBIO YIAIUTh.

K mpomeitomy ocanky Fe(OH); mpu6aBbre ~10 miu (Y2 mpoOupkH) AUCTUIUTUPOBAHHON BOMABI M
nepeMeranTe 10 MOJyYeHHs PaBHOMEPHOW B3BECH, KOTOPYIO pacmpenenuTe Ha Tpu NpoOupku. B
nepByI0 MpooupKy m06aBbTe 5-10 Kamens Hacwimenuoro pactsopa FeCls, Bo Bropyro mpobupky — 10-15
kaneins 0,1 Mo/ pactBopa HCI, TpeTbto npoOupky octaBbTe JIIsi CPaBHEHUSI.

Copepxumoe MpoOUPOK THIATENHLHO TepeMemnaite u depe3 10 MUHYT TpoBeauTe HAOIIOICHUE
COIEP)KUMOTO MPOOHPOK. Pe3ynbTaThl BHECUTE B TAOJIHILY:

Ne Buemnnii Bug JloGaBneHHBIN HN3menenus, Bun dopmyia
pOOUpPKHU COJIEPKUMOTO 3JEKTPOJIUT | MPOUCIIECAIINE | MENTU3ALUU MULIEIUIBI
poOUpKHU B IpoOupKe
BriBog:

3anaHus 171 CAMOCTOSATEILHOM PadoThI

KoHTpoJsibHBIE BONIPOCHI:

1. Yro w3ywaer komougHas xumua? JlaTh TOHATHE O JUCIEPCHOM cHCTeMe, CTEeNeHH
JUCTICPCHOCTH.

2. Knaccudukanus qucnepcHbIx cucteM mo pazMepy yactuil JId u cTenenu JucnepcHOCTH.

3. JlaTb XapaKTePUCTUKY KOJUIOUIHBIX CHCTEM.

4. CXOACTBO W OTJIMYME CBOMCTB KOJUIOMIHBIX PACTBOPOB OT TPyOOAMCIEPCHBIX CHCTEM U OT
HMCTUHHBIX PACTBOPOB.

5. Knaccudukanusa nucnepcHbIX cucteM mo xapaktepy B3aumoneinctBus [P u JIC. OcHoBHBIE
OTIINYUS JOUPOOHBIX KOJIIIOUIOB OT JTMO(DUITBHBIX.

6. HeoOxonuMmeble ycrmoBust moimyueHus JIMOGOOHBIX KOJITOUIHBIX PACTBOPOB.

7. JlucriepralluOHHbIE METO/IbI MTOJIYUEHUS JTMO30JIEH.

8. KonneHcanmoHHbIE METOIBI TIOTYUYSHHS TM030JIei. MeTo/1 3aMEeHbI PaCTBOPUTETIS.

9. Meroa NeNTH3AMHA U €0 MPUHIUITHAIBHOE OTIMYHE OT JPYTUX METOIOB IOTYICHHS 30JICH.
AncopOuMoHHas ¥ TUCCOMIONMOHHAS MENTU3AlNY, B UeM UX OTInYHe?

10. CtpoeHue MHIICIUTHI JINO30JIA.

11. Crabunuzatop W TOTEHIHUANONpPENesItonie HOHbl. Kakue WMOHBI CIMOCOOHBI  OBITH
noreHuanonpenensomumu? [Tpasuiio [lanera-dasiHca.

12. Crpyxkrypa A3C. Ilpunnumns! ero ¢popMHUpOBaHHUS.
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YnpaxkHeHUs U 321a4HU:

1. Paccmotrpute momydenue 3008 CaSO4 MeTOqOM ancOpOIMOHHON TMENTHU3alUd, HCTOIb3YS B
kadectBe ncxoaHbix BemecTB CaCl, u HpoSO4 m CaCl, B xauecTBe mentusaropa. Hamumure dopmyny
MUIEIUTBI B YKQKUTE 3HAK JICKTPUUECKOTO 3apsiia KOJUIOUIAHBIX YaCTHI] 3TOTO 30i1s1. [losicHuTe cTpoeHue
MHIIEIUIBI 1 MEXaHU3M €€ 00pa30oBaHUs.

2. Hamummure dopmyny muuemisl 3008 Hoxuaa cepeOpa, monydeHHoro pobaBienuem 40 i
pactBopa AgNO; ¢ kornenTpanueit 0,02 mosp/i k 50 M pactBopa KJ ¢ konnentpanueit 0,001 mMoms/m.
Kakum mMeTogom mosyueH 30567

3. KakoBa cTpykTypa MHIEIUIBI 30J15, €CIIM JUIsi €ro NMpUrotoBieHus B3sIThl HySO; M m30BITOK
BaCl,? Kaxkoit u3 anexrponuroB: KCI, Fey(SOy4);, CaCl,, AICl; — Oyner uMers HaMMEHBIIHA MTOPOT
KOAryJISALHH JIJIS1 TTOJIYYSHHOTO 30J1517

TecToBBIC 3aJaHUA.

1. Kakue ciion He XapaKTepHBI 17151 CTPOCHUS MULIEILI THIPO30JIei?

a) nddy3nabii 0) {unonbHbIi
B) AZICOPOIIMOHHBIHA r) Ban-nep-BaanbcoBblit
1) M3030eKTpryecKuii. €) DIeKTPOHHBIN

2. Kakune cocraBHBIC YacTH KOJIJIOMTHOM YaCTUIIbI ABUIKXYTCA B DJICKTPUICCKOM rmoJie?

a) ['panyna r) Munenna
0) Snpo 1) Juddysuslii crnoit
B) Arperar €) AICOpOLIMOHHBIH CIIOH.

3. Kak Ha3pIBaeTCsl DJEKTPOIUT, MOHBI KOTOporo obOpasyror [I3C y MOBEepXHOCTH YacTHI
JMCIEPCHOM (ha3bl M KOTOPBIN MPUAAET arperaTUBHYI0 YCTOMYMBOCTD KOJUIOMTHBIM PacTBOpaM?

a) Koarymstop 0) AncopOeHT
B) Ocanurenb r) CrabmimsaTop
1) drnoropeareHt e) Karanuzatop

4. Kak Ha3bpiBaeTcs TBEpAAsi OCHOBA MULIEIUIBI THOPOOHOTO 3051517
a) Arperat

0) Yactuia

B) Anpo

r) Munenna

n) ['panyna.

5. 3akonuuTe ompeaencHue: «CrumaHue YacTHUI] AMCIEPCHONW (a3bl B KOJIOMAHBIX CHUCTEMaXx,
MPOUCXOSAIICe MPH UX CTOJKHOBEHHUAX B PE3ysbTaTe OPOYHOBCKOTOJBIIKEHUS WM TEpPEMEIINBAHUSA,
Ha3bIBAETCH . . . . »

a) AncopOumeit

0) Koresueit

B) Anresueit

r) Koarynsuueit

n) [lentuzanueit.

6. YkaxuTe Ha3BaHWE MHHHMAJIbHON KOHIIGHTPAIIMH DIIEKTPOJINTA-KOATYISATOPA, BBI3BIBAIOIICH
SIBHYIO KOAryJIsIUI0 KOJUIOMIHOTO pacTBOpA:

a) [Ipenen xoarymnsun

0) Koarynupyromas cnocoOHOCTh

B) Koarynupytouiee nelicrsue
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r) Ilopor koarymsuuu
1) Kputnueckas KoHIEHTparus.

7. YXaxuTe MpaBWIbHOE YpaBHEHUE JIJIsl BBIYUCIICHUS rmopora koaryasanus Y (C,x —KOHIICHTpaILUs
ANEKTPOJIUTA-KOATYIIATOPA, V o — OOBEM IJIEKTPOJIUTA- KOATYIATOPA, V ;00 — OOBEM KOJLIOHIHOTO
pacTBop):

ye VotV
2) cV.
ye S
6) C.ﬁ + IV”“
C i
.'V =
By Pt
F-ﬁ
}- =
By Ve tl
o G
I[) V':.ll': + Vlﬁ

8. 3akonuute GpopmynupoBky npasuia Hlyneie — [Mapau: «Koarymsmuio KoJIIouIHOro pacTBopa
BBI3BIBAIOT T¢ MOHBI AJICKTPOJINTA, 3HAK 3apsiaa KOTOPHIX IPOTHUBOIOIOKEH 3HAKY 3apsa . . . . ;
KOoaryjimpyroliee JeiicTBie HOHA TeM 0OJIbIIe, YeM OOJIbIIE ero 3apsay»

a) Arperata

0) [IpoTBOMOHOB

B) Anpa

r) ['panyns

1) Murtiensl.

9. VkaxxuTe KaTuoH, 00IaJarouii HAWOOIBIINM KOATyJIMPYIOIIAM JICHCTBUEM:
a) Ca**

6) M g2+

B) K"

r) Na*

) AP

10. Kax Ha3pIBalOTCA HOHBI  AJIEKTPOJINTA, aJICOPOUPYIOLIMECS HEMOCPEJICTBEHHO Ha
KPUCTAIIINYECKON TBEPIOM MOBEPXHOCTH U MPUJAIOIINE €l AJIEKTpUUYEeCKHi 3apsn?

a) Karuonst

0) [IpoTHBOMOHBI aACOPOIIMOHHOTO CITIOST

B) [IpotuBonons! augdy3Horo ciost

') AHUOHBI

1) HOTEHIIMAT00pa3youe HOHBI.

JIuteparypa:

1. FO.A.EpmoB B.A., [Tonkos, A.C. bepnsua u ap. O6mas xumus. buopuzndeckas xumust. Xumust
OMOTreHHbIX 1eMeHTOB: yueOoHuk/ noj pea.fO.A.Epmosa.-M.: Beicnr.mk., 2007-559c¢.

2. ITonikoB B.A. O6mas xumus: yaeouuk.-M.: TDOTAP-Menua, 2007.-976¢.

3. IMyzakor C.A. Xumus: yueoHuk misa ¢pak. BCO.-Uzn. 2-oe, ucnp. U mon.-M. I'D0TAP-Mennua,
2006.-640c.
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4. Kanarosa P.B., MepkynosaC./l.,Ku6uzosa A.lIO. u np. Metoauueckue pa3zpadotku mo «Oomei
xumuny. Bamagukaskas 2006.

5. O.A.Epmos, B.A. ITonkos, A.C. bepising u ap. [Ipaktukym no o6meit xumuu. buodusmueckas
xuMHs. XUMHUs OMOTEHHBIX AJIEMEHTOB: yueO. mocoOue Aisi CTYACHTOB ME. CIHell. BY30B/ MO pea.
10.A Epmosa -M.: Beicur.iik., 2007

6. 'manaka H.JI. O6mas xumust: yueOHuk.-M31.30-oe, ucnp.-M: UnaTerpan-Ilpecc, 2006.-728c.

7. A.Il.benseBa. ®uznueckas u KoyiougHas Xxumusi: yaeoHuk.-M.: [D0OTAP-Menua, 2008.-704 c.

8. I'muuka H.JI. 3agaun u ynpakHeHus mo oomei xumuu: yaed. [Tocodue st By30B.-M.: HTETpai-
[Ipecc, 2007.-240c.

MOAYJBbHBIE BOITPOCHI

«HoHHBbIC paBHOBECHS B PACTBOPAaX 3JIEKTPOJIUTOB)

1. DnektponuTHyueckas AMCCOIMAlMs BemiecTB B pacTBopax. OCHOBHBIE TOJOXKEHHUS TEOPUU
AppeHunyca.

2. CunbHble U cradble MeKTponuThl. Jucconmanuio snexrpoiutra Kit,Any, MOXHO MpeacTaBUTh B

3. IIpouecc 2AEKTPOIUTHUECKON AUCCOLUALIMY B BOJE BEIIECTB C HOHHBIM U KOBAJIEHTHBIM THIIOM
CBSI3HU.

4. CreneHb U KOHCTaHTa Aucconuanuu. GakTopsl, BIUAIOMME HA 3TU XapaKTEPUCTUKH.

5. 3akoH paszBeneHuss OcTBanpia (B3aUMOCBSI3b MEXKAY CTENEHbIO M KOHCTAHTOM AMCCOLUAIINU
crabbIX AJIEKTPOJIUTOB).

6. AKTUBHOCTb M KOHLIEHTpalLUs pacTBOpPoB. UTO Ha3pIBatOT MOHHOM cuiIoi pacTBopa?

7. Teopust cIIbHBIX 3enekTponuToB Jlebaiist u Xrokkens. [loueMy KOHCTaHTa TUCCOLUALMN TEPSIET
CMBICJ B paCTBOpPaX CUJIbHBIX 3JIEKTPOJIUTOB?

8. OOBsicHUTE NOHATHUS KKUCIOTa» U «OCHOBAHUE» C TOUKH 3peHus Teopun Appenuyca. [Ipusenute
IIPUMEPBHI.

9. OOBsAcHUTE MOHATUS «KHUCIOTa» U «OCHOBaHHE» C TOUKM 3peHHst Teopuu bpencrtena—Jloypu.
[IpuBenuTe MpUMEpBL.

10. MonHoe mpou3BeaeHHE BOBI, €ro 3Ha4eHHE, OT Yero OHO 3aBHCUT? UTO Takoe BOJOPOIHBIN
nokasarenb? Kakue 3nauenust npuaumaet pH B paznuyHbIx cpenax?

I'maponus conen

1. ITpoueccel cobBaTallMM ¥ THAPATALINH.

2. I'mpponus conelt. 'maponns ¢ TOUKH 3peHUs NPOTOJIUTHYECKON TEOPHH.

3. Pomp HO wm pacTtBOpoB B IKH3HEHEATEIHHOCTH. DU3HKO-XUMHUYECKHE CBOWCTBA BOJIBI,
o0yci1aBIUBalOIINE €€ YHUKAIBHYIO POJIb KaK €IMHCTBEHHOIO OMOPACTBOPHUTEISL.

4. Kakue tumnsl conei nmoaseprarotcs rufponnsy? Tumsl ruipoiausa.

5. Ponp ruaponuza 6noopraHMueCKUX COEJUHEHUH B Mpolieccax >ku3HeaesTenbHocTn? Hamummure
ypaBHenue runponuza AT®. KakoBa posnb 3TOro nporecca B opraHuzMe 4enoBeka’?

6. Kak BbIpaskaeTcsi KOHCTaHTa THIPOJIN3a Ul pa3InyHbIX cilydaeB ruaponusa? Kak onpenensercs
CTENeHb TUAPOIIN3a, (PaKTOPHI, BIUAIONINE HA CTENIEHb IT'HJIPOJIN3a.

«KossmMraTuBHble CBOHiCTBA PAaCTBOPOB»
1. Yro Ha3bIBatOT pacTBOpaMu? 3Hau€HUE PACTBOPOB B KU3HEAEATEIBHOCTH OPraHU3MOB?
2. Knaccugmukaiusi pacTBOPOB: PacTBOPHI AJIEKTPOIUTOB, HEAIEKTPOIUTOB, PACTBOPHI aM(OIIUTOB,
PacTBOPBI MTOJIMDIIEKTPOIUTOB.
3. KoHmeHTparus pacTBOpPOB M CITOCOOBI €€ BBIPayKEHHSL.
4. Tudody3us B pacTBopax. YpaBHeHHe ODiHmITeHa-CMOIYX0BCKOro. MakTophl, BIUSIOLIME Ha
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ckopocTh nuddy3un. Pornb muddy3uun B mporeccax nepeHoca BemecTB B OMOIOTHIECKHX CHCTEMAaM.

5. KomunratuBHbIe CBOWCTBA pa30aBICHHBIX PACTBOPOB AJIEKTPOIUTOB.

6. 3akon Payns W ciencTBUs M3 HEro: NMOHM)KEHHE TEMIIEpaTyphl 3aMep3aHusi pPacTBOPUTEI,
MIOBBIIICHUE TEMIIEPATyPhl KUIICHUS, OCMOC.

7. Ocmoc. OcmoTtudeckoe aapnenue. 3akoH Bant-I'odda. 3aBucut nu ocMOTHYECKOE AaBIICHUE OT
MIPUPOJIBI PACTBOPEHHOTO BelecTBa?

8. 'uno-, rumep- U U30TOHUYECKHE PACTBOPHI. M30TOHMYECKHIA KO PHUIIUEHT.

9. Pons ocMmoca B OHoIoruyeckux cucremax. [1ma3mMomnus u Tu3uc.

«bydepHblie cucTeMb»

1. Yro na3piBatoT OydepHbIMU pacTBOpaMu?

2. Yem oOycnoBieHo OydepHOoe NeHCTBHE ¢ TOYKH 3pEHUS MPOTOHHON Teopuu?

3. Knaccugukamus KHCIOTHO-OCHOBHBIX OygepHbix cucreM. Kakuwe Tumbl OydepHbIX cuctem
W3BECTHBI?

4. Pacuer pH Oydepubix cuctem. Ot uero 3aBucutr pH OydepHoil cucrembr? YpaBHEHHE
I'ennepcona-I'accennbaxa.

5. Uto HaszwiBaeTcs Oy(hepHoit eMKOCThIO cucTeMbl? OT Yero 3aBUCHT OydepHasi eMKOCTh CUCTEMBI?

6. [laTonoruueckuie SBIEHUS: AllU03 U AJIKAJIO3.

7. Kakoe XMMHUYEeCKOe paBHOBECHE TOACPKUBAIOT B opranu3Me OydepHbie cuctembl? bydepHbie
CUCTEMBI )KMBOT'O OpraHU3Ma.

«XuMH4yecKkoe paBHOBECHE)

1. IlpeaMeT XUMUYECKON KMHETHKHU.

2. YTO NOHUMAIOT MOJT CKOPOCTHIO0 XUMUYECKOH peakun’?

3. B ueM paznuuue roMOreHHbIX U FeTepOreHHbIX XMMUYECKHUX MPOLeCCOB?

4. Kak BbIpakaeTcs CpeiHssl 1 HICTUHHAS CKOPOCTh XUMUYECKUX PEaKITHiA?

5. Kakue ¢akTopsl BIUSAIOT HA CKOPOCTh XMMUYECKOH peakiuun?

6. 3akoH agelicTBUS Macc. UTo Takoe KOHCTaHTa CKOPOCTH XMMHUYECKOH peakmunu? OT Kakux
¢dakTopoB oHa 3aBUCUT? OOpaTHMbIe U HEOOpATUMBbIE PEAKIIHH.

7. Kak CKOpOCTb XMMHYECKOW pEaklMu 3aBUCUT OT Temmeparypsi? ChopMynupyiTe MpaBUIIO
Bant-T'odda. YpasHenue Appennyca.

8. Kakoe sBnenme HaspBaercs KatanmzoMm? UYeM oTiHMyaercs TETEPOTEHHBIH KaTalu3 OT
romoreHHoro? B yem oco6eHHOCTH (pepMEHTATUBHOIO KaTainza?

9. UYro moHMMaeTcss TOJ COCTOSHHEM XHWMHYECKOTOo paBHOBecusi? BbipakeHWe KOHCTAHTHI
paBHOBECHsI Yepe3 pPaBHOBECHbIE KOHIIEHTpAllMM pearupyronux BemiecTB. KakoB ¢u3nueckuil cMmbICi
KoHCTaHThI paBHOBecus? Chopmynupyiite npunuu Jle larense.

«KoMmiekcHbIe coeTMHEHUD

1. Kakue coenMHEHUS HA3bIBAIOTCS KOOPAMHAIIMOHHBIMU? [IprBeanTe MprUMeEpHI.
2. Knaccudukanus KOOpJUHAIIMOHHBIX COSTUHEHHH.

3. [Ipupoia XuMHUYECKOM CBSA3U B KOMIUIEKCHBIX COCTMHEHUSIX.

4. Kak paccuuTbIBaeTCs 00IIast ¥ CTyMeH4YaTass KOHCTaHThl HECTOUKOCTH (YCTOWYMBOCTH)?
5. Jluccoumaniusi KOMIIEKCHBIX COCAMHECHUN.

6. JlaiiTe onpeaeneHue MOHATHI- KOMILIEKCOOOpa30BaTelb U JINTaH]I.

7. UTOo 03HaYaeT MOHATHE JICHTATHOCTH JIUTAH/I0B?

8. Kakue KOMINIEKCHBIE COETMHEHHUS SIBIISIIOTCS XEIaTHBIMH?

9. Kakne OHOJIOTMYECKH BayKHbIE KOMILUIEKCEI BBl 3HaeTe?

10. KoHdopmaimoHHbIe COCTOSIHUS KOMITJIEKCHBIX HOHOB.

«HOBerHOCTHLIe ABJICHUSA
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1. Uro Takoe ancopbuma? Kakue mnpuyuHbl 00YyCIaBIMBAIOT aJCOPOLMOHHYIO CIOCOOHOCTh
BenecTna’

2. Yro takoe aacopbeHT, ajcopbar? B uem cyth npouecca agcopOimu? Uem noHaTue «abcopOIms»
OTJIMYACTCS OT MOHATHS «aJicopOnusi»?

3. Yo Takoe ancopOuus u gecopOusi? Kak KoamuecTBEeHHO BBIPAXXKatoT aacoponno?

4. 3aBUCHMOCTh KOJIMYECTBa aJICOPOMPOBAHHOrO BemiecTBa [ OT TemmepaTypbl MPH MOCTOSHHOM
JaBJICHUH JUTS (PU3UYECKON M XUMUYIECKOU afcopOuu.

5. aiite dhopmynupoBKy npasuia [roxio - Tpayoe.

6. Teopust MOHOMOJIEKYIIIpHOU afcopouuu JIeHrMiopa.

7. YpaBuenue ®DpeitHmnmxa.

8. [Ipaswuio IImosa.

9. IToBepxHOCTHBIE Mporiecchl. [IOBEpXHOCTHOE HATSKEHUE.

«Kosjiouanbie pacTBopbD»

1. Kakumu MeTo1aMu MOTy4aroT KOJUIOUIHBIE CUCTEMbI?

2. Knaccudukarus MeTo0B MOJYyUYCHUsI KOJUTOMAHBIX cucTeM. K kakomy BUAY TUCIIEPTHPOBAHUS
OTHOCHTCS MCIITH3AIS?

3. Kakue Buanl nentuzanuyu Bam u3BecTHbI?

4. OxapaxkTepusyiiTe crnocoObl TMONTy4YeHUs 30JieM TmyTeM KoHaeHcanuu. Kakuwe ycrmoBus
HEOOXOIUMBI [Tl OCYIIECTBIICHUS XUMHUECKON KOH/IEHCAI[UU?

5. MeToapl OYMCTKH KOJUIOMIHBIX CHCTEM, HX 3HAUYCHHE.

6. Uro takoe auanui? Kak MOXHO yCKOPUTH AUaIN3?

7. Koarymsinust 1 ee BIHMSIHAE Ha KOJUIOUTHBIC CUCTEMBI.

8. Uto Takoe ceaquMEHTAIIMOHHAS YCTOWYMBOCTb AMUCIEPCHBIX cucTeM? YUTo Takoe KOHCTaHTa
cenumenTanuu? Kakosa ee pazMepHOCTh?

9. CtpoeHue 1 coCTaB MUIICILTHI.

OtBeThI HA TECTHI IO TEMe:
1. KomuraTuBHbIE CBOMCTBA PacTBOPOB:

1-8;2-0;3-0;4-0;5-B;6-0;7-a;8-2a;9-06;10-a.

4. CBotiicTBa OyQepHBIX paCTBOPOB:

1-B,1;2-0;3-B;4-0;5-...;6—-B,T,057—2,B,1;8-0;9—2a,B,1,€;10—a,B, T, e.

5. Peakiuu koMIuiekcooOpa3oBaHuUs:

1-B;2-1;3-0;4-8B;5-2;6-1;7-B;8-1;9-2a;10-8B.
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