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HOTEHIHIUOMETPUA

MeToaudeckue yKa3aHusl
K JJaOOpaTOpHBIM paboTam

BBEJAEHUE

CoBpeMeHHass aHAIUTUYECKAs] XMMHS ITUPOKO HCIOIB3YET (hu3ndeckue
u  (QUBUKO-XMMHYECKHME  MeTonbl  aHaym3a. K~ HUM  OTHOCATCS
ANEKTPOXUMUYECKUE METOJAbl AaHAIN3a, B TOM  YHUCIE IOTCHUUOMETPHUS U
MOTEHIIHOMETPUUECKOE TUTPOBAHUE.

[ToTeHIMOMETPUYECKME METOJbl  aHAJIM3a OCHOBAaHbl HAa W3MEPEHUU
aekTpoaBKymux cui (3C) oOpaTuMbIX IIEKTPOXUMHUYECKUX IeneH, Koraa
NOTeHIMan pabodero »dJeKTpoja OJM30K K PaBHOBECHOMY 3HAUYCHUIO.
Teopernyeckue OCHOBBI MOTEHIIMOMETpUM ObLIN 3an10keHbl B. Hepuerom [1].

[TorenuuomeTpus IUPOKO MIPUMEHSETCS B nabopaTopHOi
MPAKTUKE [UJI1 ONPEACICHUS KOHUCHTPAIMA HMOHOB B PacTBOPE, TOYKHU
HSKBUBAJICHTHOCTH B OOBEMHOM aHaju3€, B aBTOMATUYECKUX HEMPEPHIBHBIX
METO/IaX KOHTPOJISI PAa3JIMYHBIX TEXHOJOTMYECKHUX IPOLECCOB, a TaKXKe IS
M3YUYCHUS] XUMUUYECKUX PEaKIUid U ISl ONpEACICHUS Pa3IUYHBbIX (PU3HKO-
XMMHUYECKUX BEJIMYMH. BCe METONbl MOTCHIMOMETPUM MOXKHO Pa3feiuTh Ha
CIEAYIOIINE TPYNNbl: MpsMas MOTECHIMOMETPUS , MOTCHIIMOMETPUYECKOE
TUTPOBAHHUE, ONPEICIICHUE TEPMOJINHAMUYECKUX BEJIUYHH [2].

Meron, wuCHONB3yEMBIA JUISL  ONPEACICHHS KOHUEHTpAlMWd WU
aKTUBHOCTE HOHOB B Pa3NUYHBIX (ha3ax ¢ TMOMOIIbIO HMOHOCEIEKTHBHBIX
AJIEKTPOJIOB, HA3bIBACTCS NPSAMOW MNOTEHUMOMETpUEW win uoHoMmerpuen K
MOHOMETPUM OTHOCATCA pH-meTpus, katmoHomerpuss U aHnoHomerpusa. PH-
METPUSL UCIIOJIB3YETCA Uil ONPENEJIEHUs KOHUEHTPALMM HOHOB BOJOpOAAa B
pacTBopax. KarnoHomeTpusi © aHUOHOMETPUS OOBEAMHSIOT METOIBI MPSIMOTO
OlIpeIereHNs KOHIeHTpamii i aktuBHocted monoB Na', K, Ca®*, Hg™,
Zn*, Pb*, Mg**, F, CI', Br,, S*, ClO,, NO3 u T.1. [3].

[ToTeHIMOMETPUYECKOE TUTPOBAHUE OCHOBAHO HA PE3KOM HW3MEHEHUH
MOTEHIIMAJIa 3JIEKTPOAa B TOUKE SKBUBAICHTHOCTH. [Ipy mOTEHIIMOMETPUUECKOM
TUTPOBAHUM MCHOJIb3YIOTCS PEaKIMy HEeUTpanu3aluy, KOMILIEKCOOOpa30BaHUs
(KOMIUIEKCOMETpHUSI), OKHCJIEHHS - BOCCTAHOBJICHHUS (pelOKCOMETpHs),
ocaxXieHus (CeauMeTpus).

CYIIHOCTDb NOTEHIHUOMETPUUYECKOI'O AHAJIM3A

HOTGHHI/IOMeTpI/Iﬂ OCHOBaHa HAa 3aBUCHUMOCTH JJICKTPOAHOI'O IIOTCHIIKAalIa

OT cocCTaBa pacCTBOpa. B »stom Mertonme HU3MCPAIOT BCIMYMHBI ITOTCHIMAJIOB
Pa3IMYHBIX 3JICKTPOOJO0B, TOYHCEC, 921(: Ppa3siIn4YHbIX 1ernel B 3aBUCUMOCTH OT
bu3nueckux uim GU3NKO-XUMHUECKHUX MPOLIECCOB, MPOUCXOASIINX B PACTBOPE.
E = €1-8&2, (1)



rae E — snexTpoaBmKyas cuia;
€1,82 — IOTCHOHUAJIBI 3JICKTPOJI0B.

B MMOTCHIOUOMCETPUUN OIPCACIEIIOT AKTUBHOCTL OIPCACIICHHOIO THIIA
MOHOB. Hampumep, MeTajanMdecKkas IUIACTHHKA, OIYNIEHHAs B PAcTBOP COIH
JaHHOIO ME€Tallja, HpI/IoﬁpeTaeT INOTCHOHAJI BIIOJHEC OHpeHeHCHHOﬁ BCJIMYUHEL.
Bemmuuna storo MNOTCHOMAJIa 3aBUCUT OT HPUPOABLI BJICKTpOAa MW CBiA3aHa C
AKTUBHOCTBHIO U KOHHGHTpaHI/Ief/'I HOHOB YPABHCHHUCM HepHCTaZ
E'n A uca _80 + RT In Co;(ucxz. " Yoxucn. (2)

nF  a nF C, ’

soccm.

e=e"+ =
occm ) y@occm
rJe € — MOTEHIUAJ AIEKTPOa;

el — CTaHIAPTHBIN MOTEHIMAT PEAOKC-CUCTEMBI;

R — yHuBepcanbHas ra3oBasi IOCTOSIHHAS;

T — remneparypa, K;

F — gucimo

N — YUCJIO0 AJEKTPOHOB, YYACTBYIOIIUX B AJIEKTPOXUMUUYECKON peaKkInu;

Qoxnen. M Agocer, — AKTUBHOCTU OKUCJICHHOM U BOCCTAHOBJICHHOUW (hOpM pelioKC-
cuCTeMBI; Cowuen. U Cpyocer. — KOHIIEHTPAMM OKUCIEHHOM M BOCCTAHOBJIEHHOMU
bopM  PEHOKC-CUCTEMBI, Yowmer. M Ysocer. — KOIDPUIMEHTHI aKTUBHOCTEU
OKHCJICHHOW U BOCCTAaHOBJICHHOM (hOPM PEIOKC-CUCTEMBI.

Ecmn mpunste T=298 K (25°C) u 3aMeHUTH HATypalbHBIA JIOTapu(M

JECATUYHBIM, TO TTOJTYIUM

— 0 + 0’059 Ig a'OKuCJZ. — 6'0 + 0’059 Ig COKuC]l. " Yoxuen. ’ (3)
n Asocem n Ceoccm " YVeocem

[IpssMO M3MEpPUTH BEIWUYMHY NOTEHILMAla HEBO3MOXKHO. Ee onpeneneHue
OCHOBAHO HA CpaBHEHHUM BEJIWYMHBI MOTEHLIHMAlIa OJHOIO JJEKTpoJa ¢
BEJIMYMHOM NOTEHLIMANa APYroro 3jeKkTpoaa. [[Ba siekTpona, mOrpyKEHHbBIE B
COOTBETCTBYIOIIME PACTBOPHI U COCAUHEHHBIE IPOBOJAHUKOM 3JIEKTPUUYECKOTO
TOKa, 0Opa3yloT TaJbBaHMYECKUHM DJIEMEHT, HANpPsHKEHHE KOTOPOrO PAaBHO
anreOpanyecko pa3HOCTH HSTUX NOTEHIMAIOB. METOJAOM MOTEHIIMOMETPUU
MOKHO OIPENCIINTh HE TOJBKO AKTUBHOCTh HWOHOB, NPUCYTCTBYIOIIHUX B
pacTBOpe, HO W 00Ilee COAEp)KaHHE 3THUX HOHOB, HE3aBUCUMO OT TOTO,
HAXOJISTCS JIM OHU B CBOOOJHOM BHUJIE WJIM BXOJAT B COCTAB COOTBETCTBYIOIIUX
coenvHeHui. B mepBoM ciiydae TOBOPSAT 00 HMOHOMETPUM, BO BTOPOM — O
MMOTEHIIMOMETPUYECKOM TUTPOBAHUMU.

JJIEKTPO/JAbI B IOTEHIHUOMETPUH

[MIpu wusmepenun DJC aOcontoTHBIE 3HAYEHUS MOTEHIMAIOB ATHX
AIEKTPOAOB OCTAKOTCS HEU3BECTHBIMU. 1103TOMY yCIIOBHO B KadecTBE 3TaJOHA
BBIOpaH AJIEKTPOJ, C MOTEHIIMAJIOM KOTOPOTO MOKHO CPaBHUTH MOTEHLIHUAIIBI
JOPYTUX BJEKTPOAOB. TaKMM CTaHAAPTHBIM JJIEKTPOJIOM SIBIISIETCS HOPMAaJIbHBIN
BOJOPOJHBINA JJIEKTPOJ, IOTEHUHAT KOTOPOrO YCIOBHO MNPHUHAT 32 HYJb.



OpnHako, B MOTEHIMOMETPUU BOJOPOAHBIM 3JEKTPOJ UCIOIb3YETCsS TOBOJIBHO
penko; Oomnee ymoOHBI B paboTe cheUUalbHBIE DSJEKTPOAbI CpPaBHEHUS,
Harnpumep, KaJIOMeIbHBIN.
CraHmapTHBIMH ~ DJIEKTPOJAAMU CPAaBHEHHSI HA3bIBAIOTCA  DIIEKTPOJBI,
KOTOPBIE HCIONB3YIOTCSI TPH H3MEPEHHUU DIEKTPOAHBIX TOTEHIMAJIOB B
KayecTBE WX OJTaNoHOB. CTaHIApTHBIC JJIEKTPOJbI JOKHBI yIIOBIETBOPSATH
CJIEYIOIIUM TPEOOBaAHUSIM:
1) moTeHUUMaNONpeAeNromas dSJICKTPOJHAS pEaKIus JOJDKHA OBITh
TEPMOJMHAMHYECKHA 00paTUMON;

2) DIEKTPOABI JOJDKHBI OBITh MAJIO MOJIIPU3YEMBI, TO €CTh HE M3MEHSTh
MOTEHIMAJ MIPU MPOXOXKIECHUH IEKTPHUUECKOTO TOKa;

3) 3JEKTPOIBI TOIKHBI 00JIa1aTh BRICOKOH BOCIIPOM3BOJMMOCTEIO.

BTopoii 31eKTpo 3NEeKTPOXUMUYECKON LIEMU HA3bIBA€TCSI MHAUKATOPHBIM
WK pabouyuM dJEKTPOJOM. BBIOOp MHAMKATOPHOTO 3JEKTPOJia 3aBUCUT OT
MPUPOJIBI UCCIELYEMOTO PacTBOpA.

Takum 00pa3om, B MOTEHIIMOMETPUHU MCIOJIB3YETCA TMapa JEKTPoa0B [4]
(MHIMKATOPHBIN U CPaBHEHHUS ), COCTABJISIONINX TaJlbBAaHUYECKUH demeHT, D/1C
KOTOPOT'O U3MEPSIETCS MM KOHTPOJIUPYETCA B MPOLIECCE ONPEACIICHHUS .

JEKTPO/IbI CPABHEHUSA

HacpblleHHbIH KaJI0MeJIbHbIH 3JIEKTPOI

HachIlmeHHbI  KalOMENbHBIA JJIEKTPOJ, TMPEACTaBISET COO0OM PTYTh,
NOKPBITYO TlacToi u3 kanomenu HY,Cl, u pTyTH, mOMEIIeHHBIX B HACBIIIICHHBIN
pacTBOp xJjopuaa Kauus. KalnoMmenpHbIA BJIEKTPOA — TUIMUYHBIA DJIEKTPOJ
BTOPOTO poJia, 00PaTUMBIN OTHOCUTEIILHO aHUOHA.

KamomenbHbiii  27ekTpoa o0namaer  BBICOKOU BOCIIPOU3BOJAUMOCTBIO U
00patuMocThi0. HachIEHHbIN KalOMEIbHBIN 2JIEKTPOJ] IPEACTABIIAET CUCTEMY
CI'| Hg,Cly, Hg.

DneKTpoHass peakuus CBOJIUTCS K BOCCTAHOBIICHUIO KaJOMEIH [0
METAJUIMYECKOW PTYTH U aHUOHA XJIOpa:

Hg,Cl, +2¢ = 2Hg + 2CI".

[ToTeHIman KaJOMEIBLHOTO JIEKTPOaa 0OpaTUM IO OTHOIICHUIO K MOHAM

xjaopa. [Ipumenum ypaBHeHue HepHceTa K 310U cucreme:

¢ _ g0 4D Brecl
Cl|Hg,Cl,,Hg Cl™|Hg,Cl,,Hg . !
[Hg,Cly [Hg2Cl n as- d g
rae b=2,3RT/F;  apg = CONSt; apgcl, = CONSt,
MO>KHO 3anmcarh: Scr\ngCIZ,Hg =0,2678 —0,0591g - (4)

HacplleHHbI  KaJTOMEJIbHOM 2JIEKTPOJI YAOOCH TeM, YTO MPU HCHOJb-



30BaHUM  BenuuMHa  JU((Py3MOHHOrO  MOTEHIMasla, BO3HUKAwOIas B
AIIEKTPOXUMHUYECKON sueiike Ha rpaHulle «HachlleHHbIH pacTBop KCl-nanHbIi
pacTBO» HE 3HAUMTEIbHA M BO MHOIMX CIy4yasxX €d MOXKHO IpeHeOpeub.
KanomenbHbIN 37€KTPO MPOMBIIUIEHHOTO W3TOTOBJIEHMS MPEACTABIAET COO0M
CTEKJSIHHYIO TpPyOKy, 3allOJIHEHHYI0 pTYTbIO M KajloMelblo. JTa TpyOkKa
3aKpemieHa B CTEKJSIHHBIA IWJIMHJIP C pacTBOPOM XJiopuaa kanus. CoeqHeHue
MEXKJy PacTBOPaMU OCYLIECTBIIIETCS C MOMOIIBI KallMJUIIPHOTO OTBEPCTHS
WJIY TTIOPUCTOU MEPETOPOJIKHU.

Xy1opcepeOpsHbINA 3JIEKTPO

XJ0pcepeOpsSTHBIN AMEKTPO ABJSICTCS JIEKTPOIOM BTOPOTO POJa U CIIYKHUT
ANEKTPOJOM cpaBHeHUs. OH MOJMY4YWJ YpPE3BBIUAWHO HIMPOKOE MPUMEHEHHE B
MOTEHIIMOMETPUU.  XJIOPCEpEOPSHBIM  3JEKTPOJl  00JalaeT  BBICOKOM
BOCITPOU3BOJMMOCTBIO, MOKET NMPUMEHATHCS KaK B BOJIHBIX, TaK M HEBOJHBIX
pacTBopax. XJopcepeOpsHbIM 3JEKTPOJI COCTOUT M3 CEpeOpsSHON MPOBOJIOKH,
MOTPY’)KEHHOM B HACHIIICHHBIM pAcTBOP XJIOpUJA Kajlus, COJEpKaIIHii
XJIopuj, cepedpa, TO €CThb XJOPCEPEOPSHBIN 3JEKTPOJ MPEACTaBIsSET COOOMH
CUCTEMY

CI'| AgCl, Ag.
DnekTpoHas peakiys cBoauTcs K BocctanoBiaeHuto AGCl mo Ag u CI'
AgCl+e =Ag +Cl~;

_ a0 o .
€ci|agerag ~ Eorrjagerag T blga-, mpu25°C;

01 ngei ng = 02224 —0,0591ga, (5)

NHINKATOPHBIE SJIEKTPO/IbI

NHauKaTopHBIA 3JIEKTPOJ BBHIOMPAIOT B 3aBUCUMOCTH OT THIA PEAKLHH.
[ToTeHIHMaI HHAMKATOPHOIO ANEKTPOAA JOJDKEH YCTAHABIMBATHCS MPAKTUUYECKH
MTHOBEHHO B COOTBETCTBUM C KOHIICHTPAI[MEH OINPEIEIIEMbIX HOHOB M HE
JOJKEH 3aBUCETH OT IPUCYTCTBUSA IPYTUX NOHOB.

I/IHI[I/IKaTopHLle IJICKTPOJAbLI AJdd METOAA HCﬁTpﬂJIHi}ﬂIIHH

B Merone HeWTpanu3aluu UCIOJIb3YIOTCS 3JIEKTPOAbI KOTOPBIE SBISIOTCA
VH/IMKATOPHBIMU [0 OTHOLICHWIO K KOHIIEHTPAallMM HOHOB BOJOpOJA.
HauGomnbiee pacnpocTpaHeHHE MOMYyUUIU TPHU ONPEISICHUN KOHIEHTPAINH
BOJIOPOAHBIX W THUAPOKCWIBHBIX HWOHOB XWHTWAPOHHBIM, CTEKJISIHHBIA U
CYPBbMSIHBIN 3JIEKTPOIBL.

NuaukaTopHblie 3J1eKTPOAbI METOA0B OCAKIEHUST U
KOMILJIEKCO00pa30BaHUA



B kadecTBe MHIMKATOPHBIX AJIEKTPOJOB MPUMEHSIOTCS B ATOM CiIydae
ANEKTPOABI BTOPOTO poOJia: XJIOpPCEpPEOpSHBbIN, KaJOMEJIbHBIM, CEPHUCTO-
cepeOpsIHBIN, CEPHUCTOPTYTHBIM:

CI'| AgCl, Ag; CI'| Hg,Cl,, Hg; S*, Ag,S| Ag; S*, HgS|Hg.
[ToTeHmuan »MeKTpoa TaKOro THUMA 3aBUCUT OT KOHIICHTPAIlUW aHWMOHA B
pacTBope, MO3TOMY TaKHE AJIEKTPOAbl MOTYT OBITh MCIIOJB30BAHBI JIJIsI OMpEie-
JgeHust KoHieHTpanuu anuonoB : Cl', Br, I, S”. B sToMm cilydae C yCIexom
MOYKHO ITPUMEHUTH TaK)KE€ METAJUIMUECKUE DJICKTPOJIBI: CepeOpsSHbIN U PTYTHBIM,
C TIOMOIIIBIO KOTOPBIX MOXKHO OIpPEIeIUTh KOHIICHTPAIIMI0O MOHOB cepebpa u
PTYTH B pacTBope.

I/IHI[I/IKaTOprIe AJIEKTPOJAbI ME€TO1a OKUCJICHUA — BOCCTAHOBJICHUA

Ecnu MBI mMeeM J1eJI0 ¢ OKHCIUTEIbHO-BOCCTAHOBUTEIILHOM CHCTEMOM, TO
B JTOM CJy4ya€ HWHIUKATOPHBIMHU OHJIEKTpOAaMHU clykaT HUHAUGDEpEHTHBIC
METAJUIbl: IUIaTUHA, 30J0TO, mnamwiaaui. Haubonbpinee npumeHeHUe B
MOTEHIIUOMETPUU HAIIIEN TJIAJIKUN TJIATUHOBBIA  DJIEKTPOJI B BUJE MTPOBOJIOKH.
[Ipu 11000M OKHUCIMTEIHLHO-BOCCTAHOBUTEIIBHOM THUTPOBAaHUU TUIATHHOBBIM
ANIEKTPOJ TNMPUHUMAET TOTEHIIMAN JIFO00H OKHCIUTEIbHO-BOCCTAHOBUTEIHLHOM
CHUCTEMBI, TO €CTh OH SBJISETCS MPOCTO MEPEAATINKOM DJIEKTPOHOB.

CTekJAHHBIN JJIEKTPO

CTexJISIHHBIA  AJIEKTPOJ, TpENCTaBiIseT coO0OM I1apooOpa3HbIl WM
IJIOCKUM COCYZ, U3TOTOBJICHHBIN U3 CTEKJIIHHOM IJICHKU TOJIIIMHOM HECKOJIBKO
MHUKpPOH. BHyTpb snekrtpoma 3anuBaror 0,1 H pacTBOp COJIAHOM KHUCIOTHI U
NOMEMIAIOT  XJIOpCepeOpsHbI  AnekTpod. [lpm u3MEpeHHsIX CTEeKJISHHBIN
AJEKTPOJI TOMEIIAT B UCCIEAYEMBIA PacTBOpP, COJEPIKAIIMN HUOHBI BOJOPOAA,
KOHICHTPAIIMIO KOTOPBIX CIEAYEeT onpeneynTb. CTEKISHHBIN 3JIEKTPOJ Mepen
€ro MPUMEHEHHEM CIEIUAIBHO BRIMAYMBAIOT B CJ1a00OM pacTBope KUCIOThL. [Ipu
3TOM M3 MOBEPXHOCTHOTO CJIOS CTEKJa BBIMICIAYUMBAOTCS HOHBI IIEJIOYHOTO
MeTajla U Ha TIOBEPXHOCTH 00pa3yercsi rejaeoOpa3Has IUIeHKa U3 HaOyXIIero
Si0O,. Takas reacoOpa3Hasi IIEHKA ICHCTBYET KaK TBEPAbIH Oy(depHbIil pacTBOp,
COJIep Kallliii MOCTOSIHHOE KOJMYECTBO MOHOB  BOJIOPO/Ia, @ MOTEHIMAT TaKOTO
CTeKJa O0paTWM IO OTHOIICHWIO K MOHaM Bojopojaa. HaOyximas mieHka Ha
MOBEPXHOCTH CTEKJIA COAEPKUT aHHOHBI KPEMHEBOW KHCIIOTHI, CBSI3aHHBIE CO
CKEJIETOM CTEKJIa, U MOHBI Bojopojaa. MIOHOB BoAopoJa O4YeHb Majo, TaK Kak
KpeMHeBasi KHCIIOTa o4deHb ciabas (K=107).

Ecnn nmomecTuTep TakoM DJJIEKTPOA B PacTBOP, COACPXKAIIUKA HOHBI
BOJIOpOJia, TO OyAEeT MPOUCXOIUTh OOMEH HMOHAMU BOJOPOJA MEXKIY JIBYMsI
dhazaMu - paCTBOPOM U CTEKJIOM:

H - H', .



[lepexon woHa BojgopoAa W3 ONHOM (a3pl B JAPYryl0 3KBUBAJICHTEH
NEePEMENICHUIO €IMHUYHOTO 3apsijia, TO €CTb B YpaBHEHUU HJisi MOTEHIMAIa
CTEKJITHHOTO 3JIeKTpoaa n= 1.

a_.
0  23RT, 3y

E.. =€
T CT.
F

" (6)
HE,

HO (I)aKTI/I‘{CCKH 06M€H HpOI/ICXO,Z[I/IT HC TOJIBKO Memny HNOHAMU BOIO-
pozla, HO 1 MICJIOYHOI'O METaJlJia. HpH O9TOM OHH YaCTHUYHO 3aMCHAIOTCA MOHAMMU
BOI[OpOI[a, d CaMHu HCpCXOI[}IT B paCTBop:

+ + + +
mH +M'y M +H ;.
a -ad
K. = HY "M
00. — .

aHQT, M*
Bennunna koHcTaHThl oOMmeHa K, 3aBUCUT OT copTa CTekia u

-10 -14
TeMIIepaTyphl U Kojiebsercs B peaenax or 107 go 107", MoxHO IpHHSTH, 9TO

a +a =a, TOT/Ia MOJy4YUM:

Ho o MG
K _ aH+ .(a_a‘MZT)
00. — a .3
H, ~M"'
a .
Pemenue 3Toro ypaBHEHUS OTHOCUTEIHHO JTaeT CIeAyIoIIee:
a
Her
a _ a+ +Kg-a . @)
a_ . a
HCT.
[ToncraBum Beipaxkenue (7) B ypaBHeHue (6):
o 23RT, (a,.+Kg-a,.)
€ =E€¢p T Ig :
F a
DTO BBIPAKEHUE MOXKHO MEPEIUCATh TaK:
0 0
€ =€ D0 +Kg R ,0), (8)
3RT . 0
rI¢ BEIUYMHA — —F l|g a BKITIOYEeHA B CTaHIAPTHBIM MOTCHIHAT € . IlpH

a,. >>Ky -a, . MOXHO 3amucath ypaBHeHHE (8) CleyIoIHM 00pa3oM:
0 0 0 0
€ =€, +DI0a . =&, — D pH. 9)

VpaBuenue (9) cnpaBeyiMBO AJIsI KACJBIX WM HEUTPaIbHBIX PacCTBOPOB,

MOCKOIBKY B OTHX pacTBopax a . >>K-a .. B menounoin cpene
: _ 0 0
a,. <<Ky -a,., rtorma mnomyunm: g, =g, +blga IIe cliaraemMoe

23RT

M+,
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Ig KOG.BXOI[I/IT B BCIIMYMHY & (. Ecau uMCTOYHUK KAaTHOHOB TOJIBKO



~ _ K _ KW
pacTBOp MICJIOIH, TO aM+ = aOH_ ; aH+ . aOH_ =RKws a = a— .
H+

Torz:a [MoJIydacM:
K
€ =Eqr +D°lg =Y =£2' -0°lga . =&/ +b°pH,
a

H+
0 0/1
rae ciaraemoe b~ Ig K, BXOIUT B BeIUYMHY €, .

Takum 00pa3oM, U B KHUCIIOH cpelie, U B IIECIOYHON cpeie, MOTeHIUal
CTEKJISTHHOTO JJIEKTpoJa SBJSIETCS (YHKI[MEH aKTMBHOCTM HOHOB BOJOPOJA,

npu4eM B Kaxaod obnactu pH pacTBOpoB CyIIECTBYET CBOE 3HAUYCHHE

CTaHIAapPTHOI'O IIOTCHOHAJIa CTCKILIHHOI'O 3JICKTPOIa SST/I/I 8ng/9 HO HAaKJIOHBI

npsmpix «&’ — pH » ( puc.1) B KHCIIOH | IIETOYHOI CPe/ie OXHHAKOBEL.
E.B

0.0

0.1

0.2

{}*6 ] ! ] |
0 4 3 12 pH

Puc.l. 3aBuUMOCTB IoTeHInajla CTCKIITHHOTO 3JICKTpOAAa OT pH CpCAbl

HoHoce/ieKTUBHBIE IJICKTPO/AbI

TepMUH HMOHOCENEKTUBHBIE JJIEKTPOAbl MPUMEHSIETCS IJIsi 0003HAuYCHMS
TaKUX 3JIEKTPOJOB, B OCHOBE PAa0OTHI KOTOPHIX JIEKAT HOHOOOMEHHbBIE PEAKIINH,
IPOTEKAIOIME Ha TIPaHULAX MeMOpaH C pacTBOpaMHU JJIEKTPOJIUTOB,
MOHOCENIEKTUBHBIE 3JIEKTPOJIbI MOTYT ObITh OOpAaTUMBI KaK 10 KaTUOHY, TaK U MO
aHMOHY.

M3BECTHO HECKOJBKO Pa3HOBUIHOCTEM HMOHOCEJIEKTUBHBIX 3JIEKTPOAOB:
CTEKJISIHHBIE, COJIEBbIE, HWOHMTOBBIE. [l0 CBOEMYy XMMHYECKOMY COCTaBY



UOHHUTHI— O3TO TIOJUDJIEKTPOJIUTHI, WMEIONIME B CBOEM COCTaBE TOJISPHEIC
KHUCJIOTHbIC (KaTHOHHUTHI) WM OCHOBHBIC (aHHOHUTHI) Ipymmbl (ESIOH; -SO3H,;
-NHOH u 1.1.)

Pasnuume 3HaYeHWA XMMHUYECKOTO TMIOTEHIMAda MPOTUBOMOHOB B
MeMOpaHe W  DIJIEKTPOJIUTE, HAXOJAIIEMCS B CONPUKOCHOBCHHMH C €€
MOBEPXHOCTHI0O B HAYaJbHBII MOMEHT WX KOHTaKTa, OOYCIIOBIMBAET MEPEXOJ
MOHOB M3 PacTBOpa Ha TMOBEPXHOCTh MOHWTA WJIM B OOpaTHOM HAMpPaBIICHUHU.
Yepez HeOONBIION MNPOMEXKYTOK BpPEMEHM TIOCJIE€ Hayajga KOHTAKTa
YCTaHABIMBACTCS DPABHOBECHE, XapaKTEPHU3YIOIIEECS PABECHCTBOM 3HAYCHHMA
MEKTPOXUMUYECKAX TMOTCHIIMAIOB B HOHUTE ©W B pacTBope. CKadok
YCTaHABJIMBAIOIIECTOCS TMOTEHIIMAIa 3aBUCUT OT AKTUBHOCTH TPOTHBOMOHOB B
pacTBOpe B COOTBETCTBHH ¢ ypaBHeHHeM HepHcTa. Ecnm moreHnman memOpaHbl
3aBUCUT OT AKTUBHOCTHM HMOHOB TOJIBKO OJHOTO BHJA, TO TaKyl0 MeMOpaHy U
COOTBETCTBYIOIIUIM MEMOpAHHBIN 3JIEKTPOJ HA3bIBAIOT HOHOCEJIICKTUBHBIM TIO
OTHONIEHUIO K MOHAM JaHHOTO BUAa [S].

NoOHOCENEeKTUBHBIM ~ DJIEKTPOJ,  MOXKET  (DYHKIIMOHMpPOBAaTH  Kak
AJEKTPOJ, OOpAaTUMBII MO KaTHOHAM IMIEJIOYHBIX MeTajuioB. KonumdecTBeHHOM
Mepoi crenuUuYHOCTH JJIeKTpoja sBisgeTcs KoHcTaHTa Ky U3 ypaBHEHHS
MOHOOOMEHHOU Teopuu CTEKITHHOTO 3JiekTposa b.I1. Hukonbckoro:

E:E°+R—FTIn(aH++KHM-aM+). (10)

CTeKISHHBIC OIeKTpombl ¢ Bbicokod Kpyy  (107-107°)  moryr
(yHKUMOHUPOBaTh Kak oOpaTuMmble MO KaTuoHaMm. CTEKJISHHBIE 3JEKTPOJIbI,
oOJnafaroue BhICOKOW CEEKTUBHOCTHIO MO OTHOIICHHUIO K KAKUM-THO0 MOHAM
Ha3bIBAIOT 3JIEKTPOJAAMH C AJIEKTPOJHON (PyHKIMEH MO JaHHOMY BUIY HOHOB.
Nt DNEKTPOAOB C HEPE3KO BBIPAXKEHHOW CHEHU(PUYHOCTHIO TMOTEHIUAT
ONPENEIAECTCS YPABHEHNUEM:

o RT
E=E +?In(aH+ + Kpna -8y T Kuk rag)-
JUIs  TIOTEHLMOMETPUYECKOrO  ONPENENEHHs aKTUBHOCTH KAaTHOHOB @ ,. B
_ . _ . + _
pacteope u pK,=-lga .. ; pM, =-lga  ..; P(NH;),=-Ig I
HCIIONB3YIOT KATHOHCEJEKTHBHBIE DIIEKTPO/Ibl. AKTHBHOCTh aHHOHOB 4 ,, B

pactBope pA, =-lga,, ompemensior mpu  TOMOIMM  MEMOpaHHBIX

A"
AHUOHOCEJIEKTUBHBIX 3JIEKTPOIOB.

HOTEHIIUOMETPUYECKOE TUTPOBAHHUE

HOTCHLII/IOMCTpI/ILIGCKOC TUTPOBAHUC OCHOBAHO Ha PCE3KOM H3MCHCHHU
IIoTCHOMala QJICKTpOaa B TOYKEC OKBHBAJICHTHOCTH. I[H}I
IMOTCHOUOMCTPHUYCCKOTO THTPOBAHUA CO6I/IpaIOT OCIb K3 HWHAUKATOPHOI'O
QJICKTPpOAa H DJJICKTpOAa CPABHCHHA, KOTOPLIC HAXOAATCA B MHCCICAYCMOM
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pactBope. Takum o06pa3zoM, B MOTEHIIMOMETPUUECKOM TUTPOBAHUU WHIUKATOD,
KOTOPBIM MPUMEHSETCS] TPU OOBIYHOM TUTPOBAHUH, 3aMEHSAETCS PaOOUYNM DJIEKT-
pOJIOM, TTIOCKOJIBKY CYIIECTBYET JIUHEHHAS 3aBUCUMOCTh MEXKIY JICKTPOIHBIM
MOTEHIIUAJIOM H JorapudMoMm KOHIICHTpaluu (aKTUBHOCTH) HOHOB. O
npoleccax, MPOUCXOASAIIMX B pacTBOpE, CYISIT HE IO HM3MEHCHUIO I[BETa
WHMKATOPA, a IO M3MEHEHHUIO IMOTEHITaja pabodero 3IeKTPoa.
OCHOBHBIMH JJOCTOMHCTBAMHM METOJIa MOTEHIIMOMETPUYECKOTO TUTPOBA-
HUS SIBJISIFOTCSL BBICOKAsi TOYHOCTh, YyBCTBUTEIIBHOCTh, BO3MOKHOCTh ITPOBOJIUTH
ompeneneHuss B Oojiee pa30aBIEHHBIX pacTBOpax, YeM 3TO ITO3BOJISIOT
BU3YyaJIbHbIE  METOJbI, & TAKXKE OIPEJCIICHUE HECKOJIbKUX BEIIECTB B OJTHOM
pacTBOope 0e€3 TpenBapUTEIBLHOTO pA3ACICHUS W TUTPOBAHUE MYTHBIX H
OKpAIlICHHBIX PacTBOpPOB. B 3aBUCUMOCTM OT THIIA PEAKIUM METOJbI
MOTCHIMOMETPUYECKOTO TUTPOBAHUA JICJSATCA HA METOIbl  OCAXICHUS,
KOMILIEKCOO0Opa30BaHus, HEUTpalInu3allii, OKHUCICHUI-BOCCTAHOBICHUS [5].
[Ipy momomy MOTEHIHMOMETPUYECKOTO TUTPOBAHUSI MOXKHO pEIIATh Clie-
NYIOIIHE 3aa4r
1. Onpenenuth KOHIIEHTpPAllMd OJHOTO WM HECKOJBKHUX  BEIIECTB,
MIPUCYTCTBYIOIIMX B PACTBOPE.
2. OnpenenuTh KaXylmuecs KOHCTAHTHI JAUCCOIMAIMKA ClHa0BIX KHCIIOT
1 OCHOBAHUIM.
3. OnpenenuTh  MPOW3BEACHHE  PACTBOPUMOCTH  TPYAHOPACTBOPHUMBIX

JJIEKTPOJIUTOB.
4. OnpenenuTh KOHCTaHTY HECTOMKOCTH KOMILJIEKCOB.
5. Onpenenuth HOPMaJbHbIN OKHCIIUTEIIbHO-BOCCTAHOBUTEIbHBIN
IIOTEHLIHAAIL.
6. OnpenenuTb KOHCTAHTY PABHOBECHS OKUCIUTEIbHO-BOCCTAHOBUTEIBHOTO
mporecca.

[Tpy MOTEHIMOMETPUUECKOM TUTPOBAHUU KOHIEHTpalusi (aKTUBHOCTb)
MOHOB B PAacTBOPE BCE BpEMS H3MEHSETCS, CIEI0BATEIBHO, W3MEHSAETCS U
PaBHOBECHBI NOTEHIMaN. Eciu  BBYMCIUTH 3HAYEHHUS PaBHOBECHOTO
noreHuana osiekrtpoaa E, 1o ypaBHeHuro HepHcra B 3aBHCMMOCTH  OT
KOJIMYECTBA 100aBJICHHOTO TUTPAHTA U IOCTPOUTH rpaduk B KoopauHaTax Ey -V
(rme V o0bem A00aBIEHHOTO TUTPaHTa, MI), TO MOJIYYUM KPUBYIO TUTPOBAHUS
C PE€3KMM M3MEHEHHEM MOTEHIIMajaa B TOUKE SKBUBAJICHTHOCTH (puc. 2 a). Yacto
rpaduk crpost B koopauHatax AE/AV — V, rne AE u3meHeHue noreHuuana
ANEKTPOJA MEXAY ABYMs MOPUUSMH TUTpaHTa, AV mnopuus a00aBIeHHOTO
TUTpaHTa. Touyka >KBUBAJIEHTHOCTH OMPENEISETCS KaK MaKCUMyM Ha KPHUBOM
TUTpoBaHus (puc. 2 0).

IToreHIMOMeTPpUYECKOE THUTPOBAHUE KUCJIOT
M OCHOBAaHUM

PaccmMoTpyM  MOTEHIMOMETPUYECKOE  TUTPOBAHME HA  IPUMEpPE
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TUTPOBAHMS KUCJOT U OCHOBaHUU. [Ipy TUTPpOBAHUM KHUCIIOT U CIA0OIIETIOYHBIX
pacTBOPOB Ha IMPAKTUKE YacCTO HCIOJb3YEeTCS CTEKJISIHHBIA aJekTpona. Bcee
TUTPOBAHUSI TAKOIO THIIA, & TAKXKE OIPEACICHUs KOHIICHTPAllUM HOHOB
BOJIOPOJa MCCIIEIyEMbIX PAacCTBOPOB IPOBOJAT, MPUMEHSST TaJlbBAHUYECKYIO
SYEUKY BUA:

HCI | Daexrponuee | PactBop
Ag AgCI 10,1u | cTexmo a . =x KCl, Hg ZCIZ‘HQ )
CTEKJISIHHBIN HCCIEAYEMbI KaJOMEJIbHBIN
JIEKTPOL pacTBoOp JIEKTPOL
E,B AE/AV
4]
i
I
I
I
I
I
|
Voaxs V, M

Puc 2. UnTerpanshas (a) u quddepenunansHas (0) KpuBas — TUTPOBaHMSL.

[ToTeHUMOMETPUYECKOE  TUTPOBAaHHUE, OCHOBAaHHOE HA  PEaKUUsIX
HEWTpan3aluy, B MHUPOKOM oOnacTu 3HayeHud pH mpoBOIUTCS ¢ MOMOIIBIO
BOJOPOJHOTIO 3JIEKTPOJA, B KUCION CPelle MOKHO IIPOBOJIMUTH TAKKE C ITOMOILBIO
XUHTUIPOHHOTO U CYPBMSIHOTO AJIEKTPOAOB. BEIOOp MHAMKATOPHOTO JIEKTPOIa
3aBUCUT OT HAJIMYMS WJIM OTCYTCTBUSI B PAcCTBOPE OKHUCIHUTENEH U
BOCCTAHOBUTEIICH, 3arpsA3HEHUHA, a TAaKXKE OT TOCTABICHHOM 3aJayM.
CTEeKJISIHHBIA 3JIEKTPOJ HMMEET psijJi MNPEUMYLIECTB IE€pel BOJOPOAHBIM U
XUHTUAPOHHBIM  DJICKTPOJAMHU: OH MOXET paboTraTh B  MPUCYTCTBUHU
OKHUCJIIUTEJIEH W  BOCCTAHOBUTEJEH, ITOBEPXHOCTHO-aKTUBHBIX  BELIECTB,
PaCTBOPEHHBIX T'a30B, CEPOBOAOPOAA.

[TockonbKy MEXAy IOTEHIMAIOM CTEKJISHHOrO 3JieKTpoja E u Benwm-
ynHOUW pH cCyliecTByeT JIMHENWHAs 3aBUCUMOCTb, CTPOAT  KPUBBIE M3MEHEHUS
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BenuunHbl pH ot V (00beM 100aBIICHHOTO THUTpaHTa), JUOO 3aBUCHUMOCTh
E or V.3nauenue pH B Touke SKBUBaJECHTHOCTH 3aBUCHUT OT MPHUPOIBI COJH,
oOpasytoleics B mpoiiecce TUTpoBaHus. [Ipu TUTpOBaHUU CUIIBHOW KHUCIIOTHI
CWIbHBIM OCHOBaHMEM pH B TOYke HSKBUBAJECHTHOCTH OyAET OMNpPENesThCS
WOHHBIM TPOM3BEICHUEM BOJbI, TO €CTh Oyaer okoiso 7. B Touke
HKBHUBAJICHTHOCTU MPOUCXOAUT pe3koe m3meHenue pH mpumepno ot 4 mo 10.
BennunHa ckauyka 3aBUCUT OT KOHLEHTpauuu. C yBeIMYEHHEM KOHIIEHTPALUU
CKAa4OK Bo3pacraeT. Eciau TUTPyIOTCS pacTBOPBI KOHLIEHTPALMEN MEHBIIE, YEM
10" 1, To ckauok pH Gyjer OdYeHb HE3HAUNTEIBHBIM H TOYHOE OIpEICICHHE
3aTPYIAHEHO.

[Tpu TuTpoBanuu cnaboit KUCIOTHI CUIILHBIM OCHOBaHHEM BelndynHa pH B
TOYKE SKBUBAJIEHTHOCTH OYyJIeT B LIEIOYHOW 00JIaCTH, TaK Kak oOpa3yromiasics
COJIb B IIPOIIECCE TUTPOBAHUS IOABEPraeTcs ruapoau3y. 3HaueHue pH B Touke
HKBUBAJICHTHOCTU OYyJIET PaBHO:

pH=7+1/2 pK,+ 1/2 IgC.,
rae pK, oTpuiarenbHbIi jorapu@m KOHCTAHThI JUCCOIMAIIMH CIIa00M KUCIIOTHI,

C. KOHILEHTpauus ruApOIU3YOLIEICS COJIH.

B skBuBanenTHoil Touke ckauok pH HeOonbmoi. [lpu TutpoBanuu cnadbou
KHUCJIOTBl CHJIBHBIM OCHOBAaHUEM YIOBJIETBOPUTEIBHBIE PE3YIBTATHl MOXKHO
MOTY4NTh, €CIIM KOHCTAHTA AMCCOIManuu Kuciaots He mmwke 10°. B cmyuae
TUTPOBaHUS  CJAAOBIX  KHUCIOT  CJIa0bIMM  OCHOBAHHUSIMH  BO3MOKHOCTh
ONPENEIICHUs] 3aBUCUAT OT 3HAYEHUs KOHCTAHT JHUCCOLMAIMU KHUCIOT H
ocHOBaHui (Tad. 1).

Ta6muma 1
KoHcTauThl ticconmanuu KoHuenTpamuu pactBopoB
0,1n 0,01n
K&Koer210™ — 10°° + +

K=K,,=10° —10°° + -

K=K,..<10" - -

+ TUTPOBAHUC BO3MOKHO, - TUTPOBAHKUC HC BO3MOKHO.

[Ipy TUTpPOBaHMM CMECH KHUCJIOT YAOBJIETBOPUTEIBHBIE PE3YJIbTATHI
MOXXHO TOJIy4uTh eciau K, TMOCIeq0BaTENbHO OTTUTPOBAHHBIX KHCIIOT
OTJIMYAIOTCSA JAPYr OT JApyra mno KpahHeil mepe Ha 3-4 mnopsanka. Kpusas
TUTPOBAaHUS B ATOM CIy4yae MMeEET JBa Meperunda, mpuyeM MEepBbIA OTBEYaeT
HelTpanu3anuu OoJjiee CHUIBHOM KHUCIOThl. AHAJIOTMYHO TMPH TUTPOBAHUU
MHOTOOCHOBHBIX KHCIIOT NEpPEeru0bl COOTBETCTBYIOT CTYIEHSM IUCCOIMAIUU.
OpHako ¥ B 3TOM cCllydyae COOTBETCTBYIOIIME KOHCTAHTBI JUCCOLMALMU TIO
COOTBETCTBYIOILIUM CTYTEHSIM JIOJDKHBI OTJIMuYatbess Ha 3-4 mopsanka. B
MPOTUBHOM cllydae nepernOoB Ha KPUBOM TUTPOBAHMS HAOIIOAThCS HE OyieT
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JlaGopaTopHasi padora 1
OITPEJEJIEHUE pNa B BOJJHOM PACTBOPE COJIN

Llenv pabomwi: nocmpoenue KanubOpoBOUHLIX KPUBLIX O CEPULHO20
+
onpeodenenus: cooepacanus uonos Na~ 6 ucciredyemvix obvekmax.

TeopeanecKaﬂ 4acCTb

B pactBopax CHJIBHOTO OJJIEKTPOJIUTAa HMEET MECTO B3aUMOJICHCTBUE
MEXIy UOHAMH, B PE3yJIbTaTe KOTOPOTO (PU3UKO-XUMHUECKHE XapaAKTEPUCTUKH
pacTBOpa HE COOTBETCTBYIOT UCTUHHOM KOHIIEHTPAIIMH JIEKTPOJIUTA.

[Tox aKTUBHOCTHIO TOHUMAIOT MHUMYIO KOHIIEHTPAIINIO, B COOTBETCTBUU C
KOTOPOH AJIEKTPOIUT BEJET CeOsl B pa3IMUHbBIX (PU3UKO-XUMUYECKUX MPOIIECCaX.
AKTHBHOCTH CBsI3aHa C KOHIICHTpallUel ypaBHEHUEM:

a="fc, (11)
rae C KOHIEHTpALHUs SJIEKTPOIUTA, MOJIb/JI;

f KoadpduIHMEeHT aKTHBHOCTH.

KoadpuumenTsl aKTUBHOCTH PacpOCTPAHEHHBIX AJIEKTPOIUTOB COOpPAHBI
B CHEIUaIbHBIC TAaOJUIIBI U MOTYT OBITh HaWIEHBI B CIPABOYHOMN JTUTEpATypeE.
[ToaTOMy, ecnM U3BECTHA KOHIIEHTPALMs pPacTBOpPa, MOXKHO pPacCUMUTATh
akTUBHOCTh 1O (opmyne (11) um mokaszarenb aKTUBHOCTH DJJICKTPOJIUTA TIO
dbopmyre (12):

pa = - lga. (12)

MOXHO TIOCTpOUTH KaIMOPOBOUHBIE TpapUKA MJis  ONPEACIICHUS

KOHIIEHTpAIlMHU, aKTUBHOCTHU W TIOKA3aTelisi aKTUBHOCTH JIEKTPOJIUTA.

3KCHepHMeHTaJIbHaH 4acTb

[Tpubopsr u peaxtuBbl: pH-mMerp pH-340, CTEKISHHBIN AMEKTPOS IS
u3MepeHus aktuBHocTH noHoB  Na' DCNa-51-07, xjopcepeOpsaHblil HIeKTpo
cpaBHeHuss OBJI-IM3, 8 wmepHbIX K0JIO BMECTUMOCThIO S50 MII, NHUIETKH
BMectuMocThio 10, 20 u 25 M., 1,0 M pactBop NaCl.

1. IlpurotoBnenne cranaaptHbix pactBopoB NaCl .

CranmapTHBIC pacTBOPHI ¢ 3aJlaHHOM KoHneHTparwuei 1,0; 0,5; 0,25; 0,10;
0,05; 0,01; 0,005 u 0001 moiubs/n NaCl roroBsT METOIOM IOCIEIOBATEIBLHOIO
pazbasnenus ucxogaoro 1,0 M pactsopa NaCl. Ilpu pa3daBieHun pacTBOpOB
ucnonb3ytot dopmyay (13)[1]:

V1C1 = V2C2, (13)
riae Vi 00beM UCXOJHOTO PacTBOPA;
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C; MossipHas KOHIIEHTPAIUsI KICXOTHOTO PacTBOPA;

V, o0bem pazbaBieHHOTro pactBopa (50 mi);

C, MonsipHAast KOHIIEHTpaIMs Pa30aBICHHOTO PacTBOpA.

ITo dopmyne (13) HaxomsaT o0BEM pacTBOpa, KOTOPBIH HEOOXOAUMO
0TOOpaTh MUMETKOW U3 Hepa30aBIEHHOTO PAacTBOpA, IEPEHECTH B CIICAYIOIIYIO
KoJI0y ¥ 10BeCcTH 00BheM B paboueii Kojbe 10 METKU AUCTUIUIMPOBAHHON BOJOH.
[TepByto k010y 3amonHst0T ncxoaubM 1,0 M pactBopom.

2. U3mepenne DJ[C ranpbBaHUYECKOTO AJIEMEHTA.

[Torpy»atoT 3JIeKTpOIbl B aHATU3UPYyEMbIe pacTBOPbI U u3mepsaoT DJ(C
9JIEMEHTA, COCTABJICHHOTO M3 CTEKISIHHOTO HMOHOCEIEKTUBHOTO 3IJIEKTPOJIa
OCNa-51-07 u xmopcepebpsiHoro anekrpoma cpaBHenus OBJI-1M3. Ilepen
HAYaJIOM U3MEPCHHIA AJIEKTPOJIBI NPOMBIBAIOT ~ HECKOIBKO  pa3
JTUCTUIMPOBAaHHOW Bojoi. [Ipu uCHoNb30BaHWK CTaHAAPTHBIX PACTBOPOB
U3MEpPEHUsI TPOBOJST, TMEPEXoJ]id OT pa30aBICHHBIX K KOHIICHTPUPOBAHHBIM
pactBopam. [lomyueHHbIe pe3yabTaThl 3aHOCAT B Ta0II. 2.

Tabmauia 2

Ne u3mMm. E,MB | C, moaw/n f anat Pana

3. PacueT aKkTUBHOCTH M NOKa3aTels aKTMBHOCTH MOoHOB Na* B mpuro-
TOBJICHHBIX PACTBOpAX.

ITo Tabnuiam HaxoAsT Kod(uiueHTsl akTuBHOCTH MoHOB Na' B pact-
BOpax C KOHIICHTPALUSIMH, OTBEUAIOIIMMH KOHIEHTPAIMSAM, MPUTOTOBICHHBIX
pacTBOpPOB. 3Hast KOA(DPHUIIMEHT aKTUBHOCTH, PACCUUTHIBAIOT 10 popmyiam (12)
u (13) akTMBHOCTB U TTOKa3aTeb aKTUBHOCTH HoHOB Na'.

4. IlocTpoeHne KamMOPOBOYHBIX KPUBBIX.

Jnst moctpoenus: kKamuOpoBovHbIX KpuBbIX E — f (C) KOHIIEHTpalMOHHBIH
unTepBan 1,0 moas/n + 0,001 Mosb/n AendT Ha TP YacTu:

1,0 moap/n + 0,1 MoJIB/I;

0,1 monw/n + 0,01 moab/m;

0,01 mons/n =+ 0,001 Moib/I
U CTPOST TPU KAIMOPOBOYHBIX KPHUBBIX HJisi OOJie€ TOYHON HHTEPIpPETAINH
OKCIIEPUMEHTATIBHBIX JAHHBIX [JIsI KOHTPOJBHOTO pacTBopa. 3aTeM CTpPOST
o0 kKamuOpoBoYHbIH rpaduk B koopauHatax E —f (pay,) .

5. KoHTposibHbIN aHANH3.

B mepnyro konOy Ha 50 M mosyuuTh y J1a0opaHTa OMNpeeSIeHHbIN
o0beM uccieayemMoro pactBopa. JloBectu oObeM B K0JIOE 10 METKH JTUCTHII-
aupoBaHHOM Bomou u u3Mmeputh JJIC wmccnemyemoro pactBopa. Ilo moct-
poeHHbIM rpadukaMm omnpeneautb «C», ang+, Pana HCCIEAYEMOTO pacTBopa
NacCl.

KoHTpoJsbHbIEC BONIPOCHI
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1.ITpuHIIMT NOTEHIIMOMETPUYECKOTO ONPEACIICHNUS] AKTUBHOCTH HOHOB.
2.0CHOBBl TEOPUU CHIIBHBIX DJEKTPOJUTOB. AKTHUBHOCTb, KO3(hUIIMEHT
aKTUBHOCTHU.

JlabopaTopnasi paborta 2
OIIPEJEJIEHUE HUTPATA B TEXHUYECKOM OBPA3IIE

Llenv pabomul: nocmpoenue KanubpoB8OYHOU Kpugol Ons onpeoeieHus:
HUmpama.

Teopernvyeckas 4acTb

Omnpenenenre HUTpaTa B TEXHUYECKUMX OOBEKTax IMpPEACTaBIsET COOOU
CIIO)KHYIO aHaJUTHUYECKYIO 3a/auyy, TPEOYIOU[YI0 3HAYUTEJIbHOTO KOJIMYECTBA
BpemeHHU. [IpuMeHeHne HOHOCEIEKTUBHBIX IUIACTU(ULIUPOBAHHBIX 3JIEKTPOJIOB,
YyBCTBUTEIbHBIM 3JIEMEHTOM KOTOpBIX SBJIsieTCS MeMOpaHa, cojepikaias
HUTpAT 4YETBEPTUYHOI'O AMMOHHEBOIO OCHOBAHMs, IO3BOJIAECT, IPU HAIUYUU
KaJIMOPOBOYHOM KPHUBOM, 3HAYMUTEIBHO COKPATUTh BpPEMsI Ha MPOBEACHUE
aHaJIN3a.

3KCHepHMeHTaHLHaSI 4acCTb

[Ipubopet u peaktuBbl: pH-metrp pH-340, HuUTpaTceneKTUBHBIM
IaCTU(UITUPOBAHHBIN AJIEKTPOJ, XJIOpCEePeOPSIHBIN 2eKTpoa cpaBHeHUs: DBJI-
I1M3, marHuTHas Melajaka, 8 MEpHBIX KOJIO BMECTHUMOCTBHIO 50 MII, MHUIETKa
BMecTUMOCTbIO 25 Mi., 0,1 M pacrBop Hutpara kamus, 1,0 M pacTtBOp
cynb(dara Kanus.

1. IlpuroToBiieHHE CTaHIAPTHBIX PACTBOPOB HUTPATA KAJIHS.

B Bocemb mepHbix k010 Ha 50 M HamuBatot mo 10 min 1,0 M pactBopa
cynb(dara Kaius B Kaxayro. Tak Kak HUTPATCENEKTUBHBIN AJIEKTPOJI pearupyer
Ha wm3MeHeHue aktmBHOCTH MOHOB NO3 |, a He KOHIEHTparuu, To Oosee
MIPAaBWJIBHO TOTOBUTh pPAaCTBOPHI C MHOCTOSIHHOM MOHHOW CHJIOW, CO3/1aBa€MOM
1,0 M pactBopom cynbdara kamus. [loatomy, crangaptaeie pacTBopbl KNO;
rotoBAaT Ha ¢oHe cynbdara kanus. B nepByto kondy 1o metku Hanusatot 0,1 M
pactBop KNQOg3, 3atem npoBoasT mocneaoBaresibHOE pa30aBieHue, KaKIbIH pa3
oTOupasi U3 IpeablaylIeil KoJObl B MOCIEIYIONy0 1o 25 mi pactBopa. s
BBIYKCIICHUSI ~ KOHIIGHTpAIlMM  pacTBOpa B KaXKIOM KOJI0€ TMOIB3YIOTCS
dbopmyoir 13.

2. N3mepenne D]IC raqbBaHUYECKOTO 3JIEMEHTA.

[TorpyxarT 3€KTpoAbl B HUCCIeAyeMble pacTBOpbl U u3MepsarT IC
AJIEMEHTa,  COCTaBJIIEHHOTO M3  HHUTPATCEJIIEKTUBHOTO  JJIEKTpoAa U
xjopcepeOpsHoro  anektpona cpaBHeHus OBJI-IM3. Ilepenq Hauvamom
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U3MEPEHUI 3JIEKTPO/Ibl MPOMBIBAIOT HECKOIBKO pa3 IUCTUIUIMPOBAHHON BOJOM.
N3mepennst D/IC craHmapTHBIX pacTBOPOB MPOBOJST, MEPEX0Jii OT MEHbIIUX
KOHIIEHTpalui K 6osbiuM. [loydeHHbIe pe3ynbTaThl 3aHOCAT B Ta0. 3.

TaOmuna 3

No m3m. E, MB E.,, MB C, MoJIB/1

[To moy4eHHBIM TaHHBIM cTPOAT rpaduk B koopauHatax E — f (-1gC).

3. KoHTposbHbI aHANN3.

HaBecky TexHudeckoro oOpasia, B KOTOPOM HEOOXOAMMO ONPEICIHUTh
cogepkanne HuTpara (=0,1000 T), B3BEIICHHYIO HAa AaHAIMTHYECKHX Becax,
MEePEHOCIT B MepHyI0 Koi0y BMmecTuMocThio 100 M M M0JMMBArOT 10 METKH
OUCTWIIMPOBaHHY0 Boay. Msmepstor JO/IC smemeHTa B HCCIEyeMOM
pactBope. Hcmonp3ys KanmuOpOBOYHBIN TpaduK, OMPEAENSIOT COJepiKaHue
HUTpaTa B aHanu3upyemoMm pactBope. Conepkanue Hutpata X (B % ) B
TEXHUYECKOM 00paslie pacCUUTHIBAIOT MO (hopmyIe:

C-V-M

X=— "% 100, (14)
1000 - m

rae C xonnenrpamus NOs™ , onpenenseMas u3 rpaduka, MOJIb/I;
V' BMECTUMOCTb MEPHOM KOJIOHI,
M MoJsipHas Macca HUTpaTa,;
M HaBecka TEXHUYECKOro oopasiia, T.

KoHTpoJsbHbIE BONIPOCHI
1. Nonometpusi. MoHOCENEKTUBHBIE 3IEKTPOIBI.
2. OCHOBHbBIE TIOJIOKEHUS TEOPUU CUJIBHBIX DJIEKTpONUTOB. MoHHas
cujia pacTBopa.

JlabopaTtopHnasi padora 3

HOTEHITHOMETPUYECKOE OIIPEAEJIEHHUE KOHCTAHTBI
ANCCOLNUALIINA YKCYCHOHU KUCJIOTBI

Llenv pabomwel: onpedenumsv KoHcmauwmy OUCCOYUAYUU  VYKCYCHOU
Kucaomvl memooom pH-mwempuu.

Teopernueckasi 4acTh
KoncTanTa nucconuanuu KUCIOTH B BOJHOM PAacTBOPE MOKA3bIBAET, YTO

B COCTOAHHMHM PABHOBCCHA IIPOU3BCIACHHC AKTUBHOCTEM HMOHOB KMCJIOTbI
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JIEJICHHOE€ Ha AaKTUBHOCTh HEJAMCCOLMHUPOBAHHBIX MOJIEKYJ, €CTh BeJIMYMHA
NOCTOSIHHAs. BbIpaxkass aKTUBHOCTh uepe3 KOIPQPUIMEHT aKTUBHOCTH H
KOHLIEHTPAIUIO MOTyYaeM:
& " Ach,coon [CH 3COO_]- [H+]_ fCH3COO‘ T
KCH3COOH: - [CH COOH] T f : (15)
dcH,cooH 3 CH4,COOH
[Iponorapudmupyem Beipakenue (15):

leH,coo] | fenewo
[CH3COOH] ferycoon

[Ipu wonno#i cune J — 0 orHOmeHWE KOIP(PUIIMEHTOB AKTHBHOCTH

pK=pH - (16)

fCH CJOO~
—="—— — 1, Toraa Belpaxkenue (16) mpuHUMAET BUI;

CH4COOH

CH,CO0O"
- =| >0
[CH,COOH] ).

N3mepuB pH npu pasHbIX 3HAYEHUSAX MOHHOW CWIIBI U DKCTPAIOIUPYs

IMOJIYUCHHBIC PC3YJIbTAThlI K JZO, MOJXHO OIIPCACIUTDL IIOKA3aTCJIb KOHCTAHTBI
Jucconuranmnmn C1a00M KHUCIIOTHI.

pK=Ilim| pH —Ig (17)

3KCHepHMeHTaJILHaSI 4acCTb

[Tpubopsr n peaktusbl: pH-metp pH-340, WHAMKATOPHBINA CTEKJISHHBIN
anektpon DCJI-11T-05, xmopcepeOpsiHbiii amekTpon cpaBHeHuss OBJI-1M3,
0,02 H pactBOp ykcycHoii kucioTsl U 0,02 H pacTBOp YKCYCHO-KHCIIOTO HaTpus,
MepHas kosioa BMecTuMocThio 100 M1, u3MepuTenpHas MUMeTKa BMECTUMOCTHIO
50 mu.

1. TlpuroroBiieHne pacTBOpa ISl U3MEPEHUSI.

Koncranty nuccoumaruu CH3COOH MO0XHO oOmnpenenuTh, UCIONb3Ys
pPacTBOPBI C Pa3IUYHBIM COJIEP)KAHUEM YKCYCHOM KHMCJIOTBHI M aneTaTa HaTpusl.
[To ykazaHuio mpemojaBatelisi OTMEpSIIOT ompeneraeHHoe konuyectBo 0,02 H
pacTBOpa arerata HaTpUsT HM3MEPUTENBHON MUIETKON U MEPEHOCAT B MEPHYIO
K0J0y, 3aTeM 00beM B koyibe noBoaat a0 meTku 0,02 H pacTBOpOM YKCYCHOM
kuciothl (I[Tomydaror pactBop A). PacCUMTBHIBAIOT KOHIEHTPAIMIO KUCIOTHI U
COJIM B MPUTOTOBJIEHHOM PacTBOpE, 3Has KOHUEHTPAIMIO UCXOAHBIX pacTBOPOB,
no ¢popmysne 13..

[cH,co0" |
[CH,COOH]
2. N3mepenue pH pacTBopoB ¢ pa3zinyHON HOHHOMN CHUJIOMN.

B stueiiky nist usmepenus pH otOuparoT nuzmeputenbHou numnetrkoit 30 mi

MIPUTOTOBJICHHOTO pacTBopa A u qo06aBistoT nociaenoBarensho 0, 1, 1, 2, 2, 2, 2,
3, 5, 7 mu pactBopa B. Ilocne xaxmoro mpubaBineHust usmepsaor pH. Takum

M 3aHOCST B Ta0I. 4.

PaccuntbiBaior Ig
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o0pa3oM, B H3MEpPUTEIbHOW sUeiike OyneT coaepkaTtbCcsi NPU  KaKIOM
nocienoBateabHoM usmepenuu 0, 1, 2, 4, 6, 8, 10, 13, 18, 25 mu pactBopa b.
[lepen u3aMepeHrEM AMEKTPOIBI MPOMBIBAIOT HECKOJIBKO Pa3 TUCTUIIUPOBAHHOM
BOJIOM. MI3MepeHus npu KakJ10il KOHIIEHTpaIuu pacTBopa b mpoBoasT He MeHee
3 pa3, MoJIy4eHHBIE pe3yJIbTaThl 3aHOCAT B Ta0II. 4,

3. Beruucnenne konnentpaiuu CH3;COONa, KCI (pactsop b), nonHoi
CHJIBI PACTBOPOB ¥ KOHCTAHTHI TUCCOITUAITIN YKCYCHOU KHCIIOTHI.

HonHyr0 crty paccuuThIBAIOT 110 (hopMyJIe:

J=1/2 [CH;COO7 + [Na'] + [CI] + [K'] = Cci + Ccn,coona (18)
Konnentpanuu CH;COONa u KCI o popmynam:
V,
Cke =0,25- L_. 19
@ =025t (19)
CH,COONa |- 30
Cchacoona = [ 350 LV, ] , (20)

rae Vi o0beM qo00aBIeHHOTO pacTBopa b.
[TonyueHHBIC pe3yJabTaThl 3aHOCAT B Ta0. 4.

Tabmuma 4
Vi, | PH| Cken | Cenycoonas jg [CH:CO0 J oH _ 1g [CHsCOO |
M MOIBMT | yvone/n |~ [CH,COOH] [CH,COOH]
H _
Crposr 3asucumocts PH —Ig [|((3:H 3((3:CC))CC))H|] ot f(J), axkcTpanonupyror
3

€€ K HyJIEBOMY 3HAUYEHHUIO HOHHOW CHJIbI, pu KoTOopoi pH pactBopa paBeH pK
KHMCJIOTBI
KoHTpoJbHBIE BONIPOCHI

1. CunbHble 251eKTpoJUThl. OHHAs criia pacTBOPOB 3JIEKTPOIUTOB.

Yro takoe pH ?

3. Monnbie paBHOBeCHS B pacTBOpax ciabbix snekTposmuToB. KoHcTanTa
JIVCCOLAALINH.

N

JlaGopaTopHasi padora 4.
HNOTEHIUOMETPUYECKOE TUTPOBAHUE KUCJIOT
Llenv pabomwei: nocmpoumsv Kpugvle MUMpOBAHUs KUCIOM (He MeHee

mpex) pa3JZMLlH0L7 CUJibl U OCHOBHOCMU, onpedeﬂumb MOUKY IKeUBAJIEHNMHOCMU U
KOHYermpayuro Kucjiom.
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Teopernyeckas 4acTb

B mnpomecce HeWTpanuzauumud KUCJIOTHI Ienoubto pH  pacTBopa
U3MEHSETCS BHAyalle MEJUICHHO, a 3aTeM Mpu NOpUOIMKEHUU K TOUYKe
HKBUBAJICHTHOCTH CKaykoM. ToOYyka 53KBUBAJIEHTHOCTH MOXET JieXKaTh B
HEUTpAJIbHOM, KHCJIOM WJIM IWIEJIOYHOM cpemax. Ecimm B pe3ynbrare
HEeHUTpaM3auu 00pa3yeTcs COJIb CHJIBHOW KHCJIOTHI U CHJIBHOTO OCHOBAHWS,
cpeaa OyneT HEWTpadbHOM; COJIb Cl1abOW KHUCIOTHI U CHJIBHOTO OCHOBAHUSI —
[ICIOYHOM; CHUJIBHOM KHUCJIOTBI M c7aboro OCHOBaHHS — KHCJIOTHOM.
MHOTOOCHOBHBIC KHCJIOTHI MMEIOT MHOTOCTYIEHYATYI0 KPUBYIO THUTPOBAHWS,
KOTOpasi OTBEYAET BCEM BO3MOXKHBIM TIepexoaM B pactBope. [Ipu BemoHeHUN
JAHHOW paboOThl HEOOXOJUMO TO3HAKOMUTHCA C Pa3IMYHBIMHA BapHaHTaMHU
KPUBBIX  TUTPOBAHUS, PA3JIMUYHBIMU  CIIOCOOAMU  HAXOXKJCHUS  TOUYKH
HKBUBAJICHTHOCTU U OCBOUTH METOJIUKY MOTECHIIMOMETPUUYECKOTO TUTPOBAHHUSI.

3KCHepHMeHTaJH)HaH 4acTb

[Tpubops!r n peaktusbl: pH-metp pH-340, WHAMKATOPHBINA CTEKJISHHBIN
anektpony  ODCJI-11T-05, xmopcepeOpsiHbIi  2nekTpos cpaBHeHHs DBJI-1M3,
0,1 a pactBop NaOH, marautHass memranka, OropeTka BMECTUMOCTBIO 25 M,
pPacTBOpBI COJISTHOM, a30THOW, cepHOU, (ochopHOM, IIaBeNeBON, SHTAPHOM,
YKCYCHOM, sIOJIOYHOM W Jp. KUCJIOT C HEU3BECTHON KOHIIEHTpaIMel, MUIEeTKa
BMECTUMOCTHIO 10 M.

1. TloTreHIIMOMETPUYECKOE TUTPOBAHHUE KUCIIOT.

[lonyyaroT y mpenojaBarenss MepeYeHb KHUCIOT I aHalIM3a.
Otmepsitor 10 M1 KMCIOTBI THIMETKOM W TMEPEHOCAT B CTAaKaHYMUK JJIA
TUTPOBAHMS. OJIEKTPOJbl HECKOJIbKO pa3 MPOMBIBAIOT AUCTUILIMPOBAHHOM
BOJOM M TOTPYXAalT B MCCIEAYEMBbI pAacCTBOpP, BKIIOYAIOT MEMIAIKY U
3aMepAroT HadanbHoe 3HadeHue OJIC  ucciemyemMoro pactBopa. 3arem
MPUCTYNAIOT K TUTPOBAHUIO, TPUOABIIsiA U3 OIOPETKHU K UCCIIEAYEMOMY PacTBOPY
o 0,5 mu 0,1 H pacTBOpa mIENOUH, TIIATEIBLHO MEPEMENINBAIOT U 3ANMCHIBAIOT
NOKa3aHusl rajabBaHOMeTpa B Tabn. 5. Ilpu npuOImxKeHUH K TOUKe
AKBUBAJIICHTHOCTH, Korja J/[C HauMHaeT u3MEeHsThCs pe3ko, 1o0asstoT 1o 0,1
MJ m€noyn. TUTpoBaHUE MPOBOJAT A0 YCTAHOBJIEHUS MOCTOSHHOTO 3HAYCHUS
/C.

Tabnuma 5.

Ne m3m. E, MB VNaoH, MII AE AV | AEIAV Cy

2. [TocTpoeHre KPUBBIX TUTPOBAHHMSI
Ha mummmeTpoBoii Oymare ctpost rpaduku B koopaunatax E — f(V) u
AE/AV — f(V) mis Kaxmaod KHCIOTBI, ONMPEACSIIOT TOYKY SKBHBAJICHTHOCTH
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rpaduyeckuM crocoboM U 10 TNHUKYy Ha auddepeHIuaaTbHOl  KPUBOM.
PaccunThIBal0oT HOPMAIBHOCTH KHCIOTHI 1O (Gopmyse 13, TUTp U comepkaHue

KHUCIIOTHI B 1 J1 pacTBOpa 1o ¢popmyiam :
Tk = Ck’M, /1000; (21)

Mg = CkM 5k (22)
KonTpoJsbHbIE BOPOCHI.

1. CymHoCTh NOTEHIUOMETPHYECKOTO THPOBAHUS.
2. Ypasuenue Hepucra mis pH-metpun.
3. Pa3HOBHIHOCTU KPUBBIX TUTPOBAHMUS.

JlabopaTtopnasi pabGora Ne 5

ONPEAEJEHUE COAEPKAHUSA KEJE3A (1)
B IIPUCYTCTBHUU KEJE3A (111)

Llenv  pabomwvl:  memoOom  OKUCTUMENbHO-B0CCMAHOBUMENLHO2O
+2
HOMEHYUOMEMPUYECKO20 MUMPOBAHUsl onpeoeaums cooepxcanue Fe = 6
ucciedyemom pacmeope.

Teopernueckasi 4acTb

B OKUCIMTEIbHO-BOCCTAHOBHUTENIBHBIX  PEAKIHUSAX B KauecTBE
WHJIMKATOPHBIX JJIEKTPOJIOB TMPUMEHSIOT HHEPTHBIE METAIUIbI, HANpHUMED,
mIaTuHy U 30510T0. [loTeHIman, BO3HUKAIOIIMKA Ha IUJIATUHOBOM JJIEKTPOJE,
3aBHUCHUT OT OTHOIICHHS KOHIIEHTPAIIUH OKHUCICHHONW M BOCCTAHOBJICHHON (popM.
Tak ipu TuTpoBanuu pactBopa xkeinesa (1) 6Guxpomarom kanus

6FeSO, + K,Cr,0; + 7TH,SO, — 3F92(SO4)3 + Cr2(804)3 + K,SO, + 7H,0
6Fe’" + Cr,0;” + 14H" — 6Fe® + 2Cr*" + 7H,0
KOHIIGHTpAIWs HOHOB Fe”" yMeHpmiaercs, a KOHLEHTpauuss noHoB Fe**
Bo3pactaeT. llociie »SKBUBaJIEHTHOM TOYKM B pPacTBOPE MPAKTUYECKU
orcyTcTByeT MOHBI kene3a (), HO BBeneHHBIM H30BITOK OUXpomaTa Kajus

CO3/1aeT OKHCITUTENIbHO-BOCCTAHOBUTEIIBHYIO CHCTeMY Xpoma E o[
2¥7

[ToTeHuMan B TOUKE YKBUBAJEHTHOCTU MOXKHO PacCYUTaTh 10 hopmylie:

0 0
n,E? +n,ES 1B e * 6ECrZO$“2Cr3+
E= = : (23)
n, +n, 1+6
rae Ny M Ny YHUCIIO 3JEKTPOHOB, YYACTBYIOIINX B PEAKIIUH;

Ege% EOCr 02_‘2Cr3+ CTaHJIaPTHBIE OKHUCIUTEILHO-BOCCTAHOBUTEIIHHBIC
2Y7

Fe2+ u
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INOTCHI M AJIbI BSaHMOHCﬁCTBYIOMHX CHUCTEM.

IKCNEPUMEHTAIbHAA YACTh

[TpubGopsr u ob6opynoBanue: pH-metrp pH-340, TOHKOCJIOWHBIN
mwiatuHoBeI AnekTpoa DTIUI-01M, xmopcepeOpsHBIM 3JEKTPOA CpaBHEHUS
OBJI-1M3, maraumtHas wmemanka, 0,05 H pactBop Omxpomara kamws, 2 H
pacTBOP CEPHOM KHUCIOTHI, UCCIEAYEMBIA pAacTBOP coiv Mopa ¢ HEU3BECTHOU
KOHIICHTpAIMEeH, MUMETKA BMECTUMOCTBIO O MJI U 15 mil.

1. IloTeHIMOMETpUUECKOE TUTPOBAHUE COMM Mopa OuxpomMaToM Kasusl.

B sueliky 11 TUTpOBaHUS TMHIETKOM BHOCAT 5 MJI HCCIETyeMOTO
pacTBopa, 100aBISIOT 15 MII TUCTHUIIUPOBAHHOM BOJIBI U O MJI pacTBOpa CEPHOM
KHUCJIOTHI, MIOTPYXKAIOT 3JEKTPObI, BKIOYAIOT MArHUTHYIO MEIIAJIKY U TUTPYIOT
0,05 H cranmapTHeIM pacTBOopoM Ouxpomarta kanusa. [lepBoe TuTpoBaHUE
SBIISICTCS  OPMCHTUPOBOYHBIM, THUTpaHT (OuXxpoMaT Kajmus) J1OOaBISIOT
nopuusiMd 1o 1 mu. TuTpoBaHHWe 3akaHUYMBAIOT, KOTJa TOKa3aHWs Tpubdopa
MEePECTAIOT U3MEHAThCS. ClieNlyrollee TUTPOBAHUE SIBISETCS TOYHBIM: TUTPAHT
100aBISAIOT nopiusaMu 1o 0,5 mii, BOJIM3U TOUKU 3KBUBAJIECHTHOCTH - 10 0,1 ML
Pe3ynbTaThl IEPBOTrO U BTOPOTO TUTPOBAHUS 3aHOCST B TaOJ. 6.

Tabnuua 6

OO0bem TuTpanta V, mi E, MB AV AE AE/AV

2. Pacuer comepxanms Fe®* B nccnenyemom pacteope comr Mopa.

[Io maHHBIM TUTPOBAaHUSA CTPOST KPUBBIE TUTPOBAHUSA B KOOPAMHATAX
E — V u AE/AV — V. OnpenensitoT TOYKY 3KBUBAICHTHOCTH TIpadUIeCKUM
cocoboM W 1Mo MUKy Ha Jud@epeHnraibHON KPUBOM U HOPMaJIbHOCTH
TUTPYEMOTO pacTBopa 1o Gpopmyiie:

V(com Mopa)Cy( comu Mopa) =V ( K,Cr,0;) e C,, ( K,Cr,05). (24)
PaccunTsiBaloT cofepkanue Fe“ B nccienyemom pacteope, /1 no gopmyie:
a (Fe*)=C,M, (Fe®). (25)

Y TTIOTEHIIMAJI B TOYKE SKBUBAJICHTHOCTH 110 hopmyiie 23.
KoHTpoJ/ibHBIE BONIPOCHI
1. CymHOCTP TOTCHIIMOMETPUYECKOTO THUTPOBAHHUS IO  METOMIY
OKHUCJICHUSA-BOCCTAHOBJICHHUSI.

2. Onpenenenre NOTEHIMAIA B TOYKE SKBUBAJICHTHOCTH MIPU TUTPOBAHUU
110 METOAY OKHUCJICHUS-BOCCTAHOBJICHUS.
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JlabopaTopnasi pabora 6
OIIPEJAEJIEHUE COAEP KAHUSA AIIETATA IIUHKA

Llenv pabomoi: onpedenenue coO0epI’HCAHU ayemama YUHKA ¢ NOMOUbIO
NOMEHYUOMEMPULECKO20 MUMPOBAHUSL NO MEMOOY 0CANCOCHUSL.

TeopeTuquRaﬂ 4acTb

[ToTeHIIMOMETPUYECKOE TUTPOBAHHUE 1O METOJIY OCa)JICHHUS COCTOMT B
IIEPEBOJIC OMNPEICIIIEMBIX HOHOB B TPYAHOPACTBOpUMOE coeauHeHue. Jlms
OIpE/ICIICHUS aleTaTa IUHKA MUCIIOJIb3YEeTCs PeaKIIUs:

BZn(CH3COO)2 + 2K4[Fe(CN)6] + 3H,S0O, = anKg[FE(CN)s]z + 3K,SO, +
6CH;COOH
3Zn**+6CH;CO0 +2K*+ 2[Fe(CN)e]* +6H" — Zn3K,[Fe(CN)g], + 6CH;COOH

[Ipu TUTPOBAHMH C TUIATHHOBBIM 3JIEKTPOIOM MOTEHIHAT HHINKATOPHOTO
9JIEKTPOIa OMPENEISIETCS COOTHOIICHHEM KOHIICHTpaluil (akTuBHOCTEH) heppo
[Fe(CN)e]* - 1 deppu [Fe(CN)g]* - mmanun nonos. IIpi 5TOM KOHIEHTpALHS
deppullMaHul ~ WOHOB  3aBUCHUT  OT  MPOU3BEIACHHS  PacTBOPUMOCTH
TPYAHOPACTBOPUMOM COJIH

P ZngK,[Fe(CN)s], = [Zn ]3 ’ [K]2 ) [FG(CN )6 ]2 :1’1'10-15' (26)

orcioma [Fe(CN),]=+/[znT - [KT,

a MMOTEHUHAJI IUIATHHOBOTO 3JeKTpoAa mpu 25°C MOXKHO ONPENENIUTh IO
bopmyie:
[Fe(CN)s

Jlznf - [KF

JKCIEePUMEHTAJIbHASA YaCTh

E=E°

[Fe(CN)s F_‘[FG(CN)G I +0,059 Ig

(27)

[Tpubopst u obGopynoBanue: pH-metp pH-340, TOHKOCJIOMHBIN
maTuHOBBIA 3ekTpon OTIUI-01M, xnopcepeOpsiHbI 3JEKTpoa CpaBHEHUS
OBJI-1M3, marautHas memranka, 0,1 M pactBop Ks[Fe(CN)s] , 0,5 H pactBop
cepuoii kucnotel, 0,025 M pactBop Ky[Fe(CN)¢], uccremyemsbiii pactBop
aneraTa [IUHKa C HEU3BECTHON KOHLEHTPALME, TUIETKA BMECTUMOCTBIO S MJI U
25 M.

1. Tlorenmuomerpuyeckoe THUTpoBaHue anerara muHka 0,025 M
pactBopoMm (eppurmannaa kamus Ky[Fe(CN)g].

B moTeHIMOMETpUUYECKYIO STYEUKY BHOCAT 5 MJI MCCIEIYEMOr0 pacTBopa
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ZN(CH3COOH), nobGaBnstor 25 Ma aucTUUMpoBaHHOW Bojbl, 0,5 mu 0,1 M
pactBopa K3[Fe(CN)s] u 10 mu 0,5 H pactBopa H,SO,4. B sueiiky omyckaroT
TUTATUHOBBIA M XJIOPCEPEOPSIHBIN AIEKTPOABI, BKIIOYAIOT MEMIAIKY H THUTPYIOT
0,025 M pactBopom K;[Fe(CN)e]. IIpoBoasT npoOHOe THTpOBaHHE, H0OABIISS
tuTpanT 1o 0,5 mi. 3aTeM MpOBOAST TOUHOE TUTPOBAHUE, TPU KOTOPOM BOJIU3H
TOYKH 3KBUBAJICHTHOCTH TUTpaHT  nobasmsaor  mo 0,1 mu.  [lomydennsie
pe3yabTaThl 3aHOCIT B Ta01. 7.

Tabnuma 7

O6vem tutpanta V, M | E, MB AV AE AE/AV

2.Pacuet copepxanus aneraTa [IMHKA B HCCIEAYEMOM PacTBOpE.

[lo paHHbIM Tabnuibl CTposAT rpaduku B KoopauHatax E -V u
AE/AV - 'V, ompenensioT TOYKY OSKBHBAJICHTHOCTH U  PacCUUTHIBAIOT
HOpMaJIbHOCTh ~ Hccieayemoro  pactBopa Zn(CusCOOQO), no  dopmyne
U coJiep KaHMe alleTara LIMHKa B 1 J1 ucciempyeMoro pactBopa mo gopmyiie:

a (Zn(CH3COOH); ) = C4(Zn(CH3COOH),) - M (Zn(CH3COOH);),r/n  (29)

KoHTpobHbIE BONIPOCHI

1. Ha yeM OCHOBaHO MOTEHLMOMETPUYECKOE THUTPOBAHHUE IO METOAY
KOMITJIEKCOOOpO30BaHUs?

2. OnummmTe >IeKTPO CPAaBHEHHUS.

3. Beruncnnre noTeHna: B TOYKE SKBUBAJICHTHOCTH.

4. laitTe onpezaenenue Benuyusl [1P.

JlaGoparopHasi pabora Ne7
KOMIIVIEKCOHOMETPUYECKOE ONIPEAEJIEHUE KEJE3(I11)

Llenv  pabomovl: onpedenenue uonos oceneza (ll) ¢ nomowwio
NOMEHYUOMEMPULECKO20 MUMPOBAHUSL NO MEMOOY KOMNIEKCOOOPA308AHUSL.

Teopernueckasi 4acThb

Jns onpeneneHnsi KATUOHOB MPU MOTEHIIMOMETPUYECKOM TUTPOBAHUHM 110
METOJy KOMILJIEKCOOOpa30BaHMs MCIOJIB3YIOT B Ka4€CTBE JIMTAHAOB IIMAHUJIBI,
rajoreHubl, KOMIUIEKCOHbl. Ha TOBEpPXHOCTH 3JIEKTPOAOB MPOUCXOIUT
OKHUCJIMTEIbHO-BOCCTAHOBUTEIIbHASL PEAKIM, KOHCTAHTa PABHOBECUS KOTOPOU
onpeAesieT BeJIMUYNHY YCTOMYMBOrO paBHOBECHOro nmoteHuuana. Tak, 9TA -
JMHATPHEBAs COJIb ITHICHINAMUHTETPAaYKCyCHOI KucaoTel HoY ™2 - oGpasyer ¢
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3+ V) .
Fe HpO‘{HI)II/I KOMIIJICKC.
Fe¥* + H,Y? — FeY + 2H" .
KOHCTaHTa paBHOBeCI/IH peaKHI/II/I paBHa:

+ P -
H™ [ -|FeY
[HoY " |- [Fe™]
[Ipy TUTpOBaHMHM C IUIATUHOBBIM M XJIOPCEPEOPSHBIM SJIEKTPOJIaMU
CKayOK TIOTEHIIMAJla B TOYKE OSKBUBAJIEHTHOCTH CBS3aH C NPAKTUYECKUM

HCYE3HOBCHHEM OKHCIIEHHOW (OPMBI  OKHMCIMTEIHHO-BOCCTAHOBHUTEILHOM
34 = 2+
cucremel Fe” /Fe” .

BKCHepI/lMeHTaJH)HaH HacTb

[Tpuboper u pextuBbl: pH-metp pH-340, 1NIaTHHOBBIA ANEKTPOL,
xJiopcepeOpsHbIi nnekTpo cpaBHeHus JBJI-1M3, uccnenyemslili pacTBOp coiau
xenesa (111), 10%-wwiii pactBop amerata ammonus, 0,05 M pactBop D/ITA,
1%-Heb1#t pacTBOp cosu Mopa.

Uccnenyembrit pactBop xene3a (LII) B komuyecTBE 5 MIJI BHOCST B
MOTEHIIMOMETPUYECKYIO SUEHKY, pa30aBisatoT Bood (50 mur) u npubaBiIsioT 1o
karsiM 10%-Hb1i pacTBOp aleraTa aMMOHHS JO MOMEHTA, MOKa pacTBOp HE
OKPAaCHUTCSl B KEJITO-OPAHXEBBIN IIBET BCJEACTBUE Tuipoiusa conu Fe (I).
HobGasinsoT 5-10 xanens 1%-Horo pactBopa conun Mopa u tutpytot Ha pH-340
C IUIATMHOBBIM U xjopcepeOpsinbiM aekTpogamu 0,05 M pactBopom DJITA.
BOnu3u TOUYKM SKBUBAJEHTHOCTH MOTEHIMA] YCTAHABJIMBAECTCS MEMJICHHO,
nepen  3amuchio  pe3yabTaTtoB u3MepeHus I/C  0XuIAlOT yCTAHOBJIECHUA
paBHOBeCUA. TUTPYIOT 10 mOCcTOSHHOTO 3HaueHus D /IC.

CopeprkaHue xene3a a BIYUCISIIOT 1o (popmyie:

a= M oFe 'CHNaZHZY 'VNazHZY - (30)
1000

KoHTpoJsbHbIE BOIPOCHI

1. Hamumwure BbhIpakeHWe MJii KOHCTAHTHI PABHOBECHSI PEAKIUH
JTUHATPUEBOM CONMM  JTWICHAMAMHUHTETPAYKCYCHOM KHCJIOTBI C HOHAMHU
TPEXBAJIEHTHOTO JKeJIe3a.

2. Kakume »neKkTpombl TPUMEHSIOTCS TPU TUTPOBAHWUU IO METOIY
KOMILJIEKCOOOpa3oBaHus ?
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Metoauka padora Ha npudope pH-340.

pH-metp - w™womBonbT™MeTp pH-340 sBasercs  nmabopaTOpHBIM
npubopoM, MpeaHa3HAYeHHBIM i omnpeneneHuss BenuuuHbl pH, pNa wu
OKHUCJIUTEIIbHO-BOCCTAHOBUTENIBHBIX MMOTEHIIUAJIOB, a TAKXKE JIJISl UCTIOJIb30BAHMUS
B Kau€CTBE BHICOKOOMHOTO HYJIb-MHANKATOPA.

1.
2.

Bxntouenue npudopa.
Bxurounts ipubop B CETh.
Pyuku mnepexmtouateneid «Pox pabote» m «Pa3max» yCTaHOBUTH
COOTBETCTBEHHO B noJyioxkeHne «H» «15pH».
Pyuky Ha smneBor mnanemum «Temmeparypa» yCTaHOBUTH Ha
3HAQYEHUU TEMIIEPATYPBl KOHTPOJIUPYEMOTO PACTBOPA.
N3mMepuTenbHbIE U BCIIOMOTATENbHBIN AJEKTPOJbI JTOJKHBI  OBIThH
MOJIKJIIOYEHBI B COOTBETCTBUU C BEIOPAHHOM CXEMOM M3MEPEHUS.
Ilepen KaXabIM IIOIPYKEHUEM DJIEKTPOJA B KOHTPOJMPYEMBIN
pacTBOp, ocobeHHO mnpu uzMepeHun pH pacTBopoB, oOnamaroIUX
MaJIOU
OydepHO  €MKOCTBIO,  DJEKTPOJbl  HEOOXOJAMMO  TIIATEIBHO
MIPOMBIBATH
JUCTUWJUIMPOBAHHOW BOJOM M YJANISTh C MOBEPXHOCTH M30BITOK BOJIbI
buIbTPOBATILHON OYyMaroii.
C wmenpto  oOecrieyeHuss HauOoOJbIIEH TOYHOCTH  HU3MEPEHUS
PEKOMEHAYETCS MEPEKIIOUATENb «Pa3Max» YCTAHOBHUTH B IOJIOKECHUE
«3pH» ToONBKO Ha BpeMs OTCYETAa HA JAHHOM JaMana3zoHe. Bo Bcex
OCTAJIBHBIX cliy4asx (3amMeHa Oy(depHOro pacTBOpa, MpeaBapUTEIHLHOES
onpenaencuue BenmunH pH) mepeximouarens "Pa3max" momkeH OBITH
YCTaHOBJIEH B nojosxenue "15pH".
Otcuer BenmuuuHbl pH mo mikane mpubopa ciexyer MPOU3BOIUTH
IIOCJIE TOrO, Kak MOKa3aHWsd NPUMYT YCTAaHOBUBILIEECS 3HAUEHHUE, TO
€CTh
nocsie 30-MHUHYTHOTO TIpOrpeBa mpudopa.
[To okoHyanuu pabOTHI ¢ TPUOOPOM BIIEKTPOJIBI TOJKHBI OCTABATHCS
NOTPY’KEHHBIMU B TUCTUUIMPOBAHHYIO BOAY.
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OTcueT moKa3aHui.

OTcueT IMOKa3aHMK Ha IIMPOKOM JAuama3one wu3Mmepenus (1 — 14)
HEOOXOJMMO TMPOU3BOAUTL MO HWXKHEW IIKaje IOKa3bIBaIoOIIero mnpubdopa,
omudpoBanHon oT -1 no +14 pH npu ycTaHoOBKe Mepekiarouaresis «pa3Max» B
nojoxxkenue «15pH».

OTcueT moOKa3aHWW Ha JIOOOM W3 y3KHX auamna3oHoB (-1+2; 2+5; 5+8;
8+11; 11+14) HeoOX0auMO MPOU3BOIUTH MO BEPXHEH IIKaJIe MOKA3bIBAIOIIETO
npudopa, PYKOBOJCTBYSCH OIMGPOBKON BEpXHEW IIKadbl M TOJOXKCHHEM
nepekioyaTenss  «mapenensl  uaMepeHus».  llepexmiouarens — "Pazmax”
yCTaHaBJIMBaeTcA B nojoxenue "3pH".

[Mpumepsr. A) Ilepexmtouarens AMaNa30HOB YCTAHOBJICH B IMOJIOKEHHH
«11+14», a cTpenka MOKa3bIBAIOIIEIO0 MPUOOpAa yCTAaHOBWJIACH HA 3HAYCHUH
1,25. U3mepsiemas Benmuunna = 11 + 1,25 = 12,25 pH.

b) Ilepexmrouaresnpr aUana30HOB YCTAHOBICH B IOJOKEHUH «-1+2», a
CTpeJIKa TIOKa3bIBAIOIIEro IpuUOOpa yCTAaHOBWJIACh Ha 3HaueHun 1,25.
N3mepsiemas BenmuuHa = -1 + 1,25 = 0,25 pH.

[IpoBepka u HacTpoiika npudopa mo AByM Oy(pepHBIM pacTBOPaM.

[TpoBepka u HacTpotika mpubdopa pH-340 mpou3BOAUTCS IO CTAaHIAPTHBIM
OydepHsiM pactBopaMm. bydepHbie pacTBOpbl MPUTOTABIMBAIOTCS U3 PEAKTHUBOB
kBaMpukauun «aas pH-merpum» u3 Qukcananon. [lpoBepky mnokazaHHii
npubopa peKOMEHAyeTCcs NPOU3BOANTh mociae 30-MHHYTHOTO TMpOTpeBa
npudopa. [lepexmouarens «Pa3max» H0MKEH ObITh YCTAHOBJIEH B IOJIOXKEHHE
«15pH». DnexTpoasl nepea MorpykeHreM B Oy(epHbIi pacTBOp HEOOXOAMMO
TIIATEJIBHO TPOMBIBATh JUCTUJUTMPOBAHHOW BOJOW, a OCTaTKH BOABI C
AIIEKTPOJIOB YIAJISATh (PUIBTPOBAIBHON OyMarou.

DNeKTpoAbl TMOMECTUTh B CTaHJApTHBIA OydepHbiii pactBop 1,68pH.
[lepexmtouatens «lIpemensr u3mMepeHUs» yCTAHOBUTH B TMOJIOKEHUE «-1+2),
nepekatovarens «Pasmax» B monoxenue «15pH». Ykazatens TemepaTrypHOro
KOPPEKTOpa YCTAaHOBUTb HAa OTMETKY, COOTBETCTBYIOILYIO TEMIEPATYpPE
Oydepnoro pactBopa. Ilepexmtouatenn «Pa3max» yCTaHOBUTH B TIOJIOKCHHE
«3pH». TlotenumomerpoM «E» yCTaHOBUTH CTPEKY MOKA3bIBAIOIIETO MPUOOpa
Ha oTMeTKy 1,68 pH mo BepxHeii mkare.

[Ipoeputs mokazanus npubopa mo pactBopy 9,18 pH (Ha amanazone
8+11), Ommbka He nmowkHa npesbimath 0,05 pH. Ecnu ommOka uaMepeHwus
npesbiaetr 0,05 pH, HeoOxoaumo c1abUTh TAHTOBBIN 3aKUM MTOTEHIIMOMETPA U
YCTAaHOBUTh €ro OCh B TaKO€ TIIOJIOKEHHE, 4YTOOBl TOKa3zaHWs Mpudopa
cootBercTBoBasin 9,18 pH. IIpoBeputh mokaszanus npudopa mo pactsopy 1,68
pH u B cinyuae HeoOxomumMocTu pydkod «E» yCTaHOBUTH CTpenKy
nokaspiBaroriero mpubopa Ha oTmetky 1,68 pH. IloBTOopHO mpOBEPHUTH
nokazanus npuoopa mo pacteopy 9,18 pH (na nuanasone 8+11). [Tpubop rotos
K pabore.
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Ucnonb3oBanue npudopa pH-340 ns
MIPOM3BOJICTBA TIOTEHIIMOMETPHUYECKOTO TUTPOBAHUSI.

TutpoBaHre MOXKET MPOU3BOAUTHCS JIIOOBIM M3BECTHBIM B aHAIUTHU-
YECKOW XMMHUU METOAOM C MCIOJIb30BAHUEM 3aBUCUMOCTU pH 1 OKuCIUTENBHO-
BOCCTAHOBUTEIBHOTO IOTEHUIHANA. WHIWKATOPOM TIpHW TUTPOBAHHM HOHOB
KAaKOro-1m0o BHUJA MOXKET CIYKUTb JIO000M JApYyrod sJIEeKTPOd, KOTOPHIM
pearupyer Ha U3MEHEHHE KOHIICHTPAIMU OIPEIEesIeMOro HOHa B pacTBope. B
KAaueCTBE 3JIEKTPO/Ia CPAaBHEHUS MPUMEHAETCS XJI0PCEPEOPSHBII JIEKTPO.

[IoTeHIMOMETPUYECKOE TUTPOBAHUE JUJISI OKUCIUTENBHO-BOCCTAHOBUTEIIb-
HBIX peakuuii mpoBoauTcs Ha mpubope pH-340 ¢ MIaTHHOBBIM AJIEKTPOAOM
OTIUI-01M.

[Ipy THUTpOBaHMM JO W3BECTHOTO 3HAYEHUS OKUCIUTEIBHO-BOCCTA-
HOBUTEJIBHOTO IIOTEHIMAAa C IOMOIIBIO IUIATUHOBOI'O JJIEKTPOAA IEPEKIIIO-
yatenb «Pa3max» ycranaBnuBaercs B mojoxkeHue «1500mB». BusyanbHbiii
KOHTPOJIb BEJIMYMHBI OKHCIIUTEIbHO-BOCCTAHOBUTEIBHOTO, IOTEHIMAaNa II0
npubopy pH-340 mo oKOHYAaHWUM TUTPOBAHUA MOXKET OBITh OCYIIECTBIICH IO
HIDKHEW IlIKaJie IMOKa3bIBarollero npuodopa ¢ ToyHocTthio = 60 MB wnm mo
BEpXHEH IIKaJie Ha COOTBETCTBYIOIIEM IMaa30He B TOUHOCTHIO £5 MB.

Hcnonw3oBanne mpudopa pH-340 kak MUIITMBOIIETMETpA.

Pyuku nepexmtouareneit «Pox pabote» u «Pa3zmax» yCTaHOBUTH B
MOJIOXKEeHHE COOTBeTCTBeHHO «+tMB» m «15pH (1500MB)». B mpubope mpe-
JyCMOTpeHa BO3MOkKHOCTh n3Mepenust DJ[C paznuunoil nonsipaoctu. Crenyet
UMETh B BUJY, YTO MPHU OTCUETE MOKa3aHui Ha ydacTke mmkaisl oT 0 mo 1400 mB
3HAK, COOTBETCTBYIOLIUI TOJIOKEHHUIO PYUYKU Tiepekiouatens «Poag pabots», B
MOMEHT W3MEpPEHHUs COOTBETCTBYET 3HAKy TMOTEHIHMANA HW3MEPUTEIHHOTO
anekTpoaa. OTcyeT MoKa3aHWl MPOU3BOAMTCS TaK JKE, KaK OIMKMCAHO BBIIIE.
[Tokazanusi, oTCUMTaHHBICE Ha JIFOOOM JMaMa3oHE HM3MEPEHHs, HEOOXOIUMO
ymHOXkuTh Ha 100.

[Tpumep. IlepexiatouaTens Auana3oHa yCTaHOBJIEH B MOJOXKeHUE «-| + 2y,
CTpelika TIOKa3bIBaroIero npubopa ycraHoBwiach Ha 3HaueHun 0,25.
N3mepsiemas Benuuuna -1 +0,25 = -0,75100 = -75mB.

Bonpocet mo Teme: «lloTeHnMOMETpHsT W  MOTEHIIMOMETPUYECKOE
TUTPOBAHUE.

1. B yeMm CymHOCTh TOTEHIIMOMETPUYECKOTO METO/Ia aHAIN3a?

2. Kakue MeTospl MOTEHITMOMETPUN U3BECTHBI?

3. llpupoma ABOMHOTO DJIEKTPUYECKOTO CJOSI U TMPUYHHA
BO3HUKHOBEHUS AJIEKTPOTHBIX MOTEHITUAIOB.
[ToTennmmomeTrpruueckoe TutpoBanue. OOITUE TPUHITHITHL.
[ToTenmmomeTpruyeckoe TUTPOBAHHE OKHUCJIUTEIIHHO-

o s
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9.

BOCCTAHOBUTEJBHBIX CUCTEM.
[ToTeHIMOMETPUUECKOE TUTPOBAHUE KUCIOT U OCHOBAHUIA.
[ToTeHmomMeTpuyeckoe TUTPOBAHUE, OCHOBAaHHOE Ha 00pa3o-
BAHUU TPYJIHOPACTBOPUMBIX COECIMHEHUM.

DIIEKTPOIbl B MOTEHUMOMETPUU. BOmOpOAHBINA, KaTOMEIbHBIN,
XJIOPCEPEOPSHBIN, CTEKISTHHBINA JICKTPO/IBI.

VYpaBHEHHME  MOTEHUMAJIOB  ATHUX  3JEKTpoaoB.  Pabora
AIEKTPOAOB.

10.Metoast uzmepennst IJC 3meKTpOJHON TapHhI.



OU3UKO-XUMHNYECKNE METO/IbI AHAJIM3A.
INIOTEHIHMOMETPUA

Meroanueckue yka3aHus
K BBITIOJTHCHHIO JTA0OPATOPHBIX paboT
10 aHAUTUTHYECKON XUMUH
(MHCTpYMEHTAIbHOMY aHAIU3Y)

CocTaBuiu:

noueHt Jlenucona ['animna [letpoBHa
noueHT fAkoBneB Anapent BacuibeBuu

Peuenzent T.O. PsbyxoBa

Penaktop

JInnensus U/ Ne 06268 ot 14.11.01

IoanucaHo B nmevyarThb ®opmat 60 x 84 1/16
byM. Tum. Yen.-ned.. Yu.-u3g..
Tupax 9K3. 3aka3 becninatHo

CaparoBckHii rocyJapCTBEHHbIN TEXHUYECKUNA YHUBEPCUTET
410054 r. Capatos, yi. [lonurexanueckast, 77
Konunpunrep CI'TY, 410054 r. Caparos, yi. [lonurexnuuaeckast, 77



