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1. XUMHYECKAA KHHETHUKA.

(O3HaKOMBTEChH CO CIEAYIOTUMI TeOPeTUIeCKIMU BOIIPOCAMIL:

CKOpOCTh XWMHHYECKOH peakimi (cpemHad, wucTuHHadg) [ padwmeckiii  crmocob
OIIpefeneHns cpedHell M MCTUHHOM CKOPOCTH peakIli. 3akoH HAeMCTBUI Macc
(OCHOBHOM TIOCTYHAT XUMHUECKON KHMHeTHKH). MomnekynapHocTh peakimn. [lopamok
peaxii. Merompl onpefeneHus TOpANKa peakiuy (MeToxm «Ipod M OMMOOKy WIH
«MeTOJT TIOMOOpa YpaBHEHII» (aHAMMTHYECKUH M TpadidecKuil BAPUAHTHI), METOI
Pakosckoro (mmo mepuomy mnomynpeppartieHid), audgepeHIMaibHbil MeTon BawT-
logppa). KoHcTaHTa CKOPOCTH peakimi, €€ pasMepHOCTb. DBBIBOI KHHETHHIECKHX
YpapHEHMI 11 HeoOpaTUMBIX PeakIW HYJNIEBOTO, IIEPBOTO U BTOPOTO IIOPSIKOB.
Bmigrme Temmeparypel Ha CKOPOCTh XMMHHeCKOH peakimu (mpaBwino Bawut-I'odida,
ypaBHeHWe AppeHuyca). AHATMTUYECKUH ¥ TpadiuecKuil CIocoOBl OTpeIeNeHIs
SHEPrUM akTUBAITNY. BiigHme KaTami3aTopos Ha CKOPOCTh XUMUHECKOH peakITii.

XuMpudeckad KUHeTHKa n3ydaeT CKOPOCTE W MCEXAHWU3M  I[IPOTEKaHIA
XUMHPHECKHX ITPOHECCOB, d TAKKE 3dBHUCHMOCTE HX OT Pa3JIMTHBIX (1)EIKTOPOB.

1.1. Knaccugpurayua pearyuiii

B xummraeckol KMHeTHKe peakIiy PasfeldioTes 10 CISAYIONINM IPH3HaAKaM!
l)mo w=mcmy dacTWil, yYacTBYIOIIMX B  SJIEMEHTApPHOM  aKTe pPeakIin

(MOTIEKY TIPHOCTS ),
2) mo wmcnmy a3, yUACTBYIONIMX B peakiy. Peakimm, NOpoTeKaromye Ha
IIOBEPXHOCTH WM Yy TIOBEPXHOCTH pasfenia ¢a3, Ha3blBAlOT I'eTePOTeHHBIMIL.
Peaxrm, npotekarormue B ofHOH pase — TOMOT€HHBIMU,
3) 10 TPUMEHMMOCTH KaTali3aToOpoB: KaTaIUTUHecKHWe, aBTOKATAINTHIEeCKUe U
HeKaTaTTHIeCKIe,
4) mOo cTeleHW CIO¥HOCTH (IO MeXaHW3My MPOTeKaHud). oOpaTUMble U
HeoOpaTUMBbIe, TapaliebHbIe 1 [IOCIe0BaTeIbHbIE,

B sTom PYKOBOZICTBE OYAYyT pacCMOTPEHBI TONBKO TOMOTEHHBIS

HeOoOpaTUMBIe PeaKITIH.

1.2. Cropocms xumuue Ckux pearyuti
CKOpPOCTh XUMHUHYECKONH peakI[uy ollpefendeTcd H3MeHeHUeM KOIMYecTBa
BeIleCTBA B €UHUITY BpeMeHH! B euHUIle 0ObeMa. OHa MOKeT ObITh CPeHEel:
n,—n An
gor 2 Tm) @
Voe(t,—t) V- At

i MraoBeHHoOM mpu At — 0
dn
, 2
V. dt @

Ioe #,#, - Uucio Monel BemmecTea B ofbeMe V' B MOMEHTHI BpeMeHU [, U i,

w==x

COOTBETCTBEHHO.
[Tpu ycmormu noctogHcTBa obbema Beipakerd (1) u (2) ymnpormarored:



w=+— 3
A7 3
dC

w=t— 4
= C)

U CKOPOCTH OlpefendeTcd N3MeHeHneM KOHIIEHTpallly pearupyroero pelecTsa B
SOUHUITY BpEMeHU.

CKOpOCTh peaklMM Bcerja MONoXKWUTeNbHa. OJHaKo I[IpH  IIPOTeKaHNU
peakuy BO BpPEeMEHM KOHIIEHTpAllMM WCXOHBIX BEIIeCTB YMEHBIIAIOTCH, a
IIPOAYKTOB peakimu Bo3pactaroT (puc.la). B pesymbrare cootHomenmne AC /At u
npomssonrag dC / df MoryT OBITH MONOMUTEILHBIMH WM OTPHUIIATENLHBIMH B
3aBUCUMOCTU OT TOTO, U3YHaIOT CKOPOCTh PeakIUH 10 W3MEHEHHNIO KOHIIeHTPAaIiU
OITHOTO U3 TIPOYKTOB peakItiy (3Hak "+") M oHOTO U3 UCXOAHBIX BEITecTB (3HaK
H_H).

['padmtecknii criocob ompeeneHns CKOPOCTH PeakIu @ WIN (@ TTOKa3aH
Ha puc. 1. Cama 3aBUCHMOCTb KOHIIEHTDAITMM OT BpPEeMeHM HashIBaeTcd
KUHEeTUIeCKOU KPUBOU.

C a C b
fep=——=
SP A
_ Cz_cl _
C, I, —1
AT
C, p
1 Af
t 4 t t

Puc. 1. Kunetudeckue Kpupble: ¢ - W3MeHeHHe KOHIIEHTPAIIMK OHOTO U3
HUCXOOHBIX BemlecTB (1) u OmHOTO M3 OPOAYKTOB (2) peakimm BO
BpeMeHU;, b - Hax OXKIeHNe CKOPOCTH Peakiii @ U & 10 W3MEHEHHIO
KOHITEHTPAITUN ONHOTO W3 UCXOMHBIX BEIIeCTE BO BPEMEHH.

CKOpPOCTDb peaKIMy Kak IIPOU3BOAHAI OT KOHIIEHTPAITUHN 110 BPEMEHU MOYKET
OBbITH BRIpaXKeHa I TIOOOTO BEIecTBa, yUacTBYIOIEro B peakimu. Harmpumep, mid
peaKIui, POTEKAOIIeH 110 Y PaBHEHHIO:
ad +bB —cC +dD &)
rae a, b, c u d - crexuoMeTputdeckue KoxppUITMEHTHI, CKOPOCTh PEAKITHA MOMKET
OBITD TIpeACTaBIeHa HECKONBKUMHU BHIPasKEeHUIMHU:
v dc, 1 dCy 1 dC, 1 dC,

o= = —— = .
a dt b dt ¢ dt d dt ©




B peaximu (5) wumcxomHble BeIlIeCTBa PACXOAYIOTCHI, a IIPOAYKTHI PeaKIin
00pasyIOTCS B SKBUBATEHTHBIX KOIMMYECTBaX (COOTBETCTBEHHO CTEXHOMETPUUSCKIM
Ko>pdpUIIreHTaM), IO3TOMY IIPH  OIpeNeNeHHH CKOPOCTH  PeaKkilMk  HeT
HeOOX OMUMOCTH CITETUTh 38 M3MEeHEeHHEM KOHIIEH TPAIHH BCEX
B3aUMONEHCTBYIOMNX BelecTB. J[OCTATOYHO 3HATh W3MEHEeHWe KOHIIEHTPAIlUH BO
BpPEMEHH OHOTO W3 BEIIeCTB, YHIaCTBYIOIINX B PeakIIMi COTTIaCHO YpaBHEHUIO (6).

CKOPOCTh PeaKkiMU 3aBUCUT OT MPUPOIbl PEarupyloIiiX BeIecTB, WX
KOHIIEHTPAIINH, TIPUCYTCTBU ITOCTOPOHHUX BEIECTB (HAlpuMep, KaTaan3aTopoB) U
WX KOHIIEHTpAIlMW, CpeObl, B KOTOPOHM MpOTeKaeT peakiud, U YCIOBUH ee
MIPOTEKaHUA: TeMIIepaTyphl, JaBlIeHNd (IId peakiuii, MPOTEKAaIOMUX B Ta30BOI
daze), obmyueHnq (POTOXUMHIECKHE PeakIi) U T. /.

OCHOBHBIM ~ 3aKOHOM  XUMHYECKOW KHUHETMKH BJIMETCAd  IIOCTYJIAT,
BBIPAKAOIIHNI 3aBUCUMOCTb CKOPOCTH PEaKkIliy OT KOHIIEHTPAIMH Pearupyromnx
BEIIECTB. CKOPOCTh peaklMi B KaXOBIH MOMEHT BpeMEHHM IIPOIOPIIMOHANbHA
MIPOMBBENEHUIO KOHIIEHTPAIWI  pearupylouTux  BeIecTB, BO3BENEHHBIX B
HEKOTOPYIO CTeTleHb (3aKoH melcTBud Macc). Tak, aud peakimu (5) CKOpocTb
MOXKET OBITh 3aIThCaHa:

dc
w=——"=k-C*.CH
dt 4T @

rme dC /dt - mpowsBomHAS KOHIIEHTpAIMK IO BpeMeHH g BelmecTs A mnu B
(emypap.6), a C, u C; - xoHueHTpaim A u B B MOMeHT BpemeHH !,

COOTBETCTBEHHO. Y paBHEeHIe, CBA3BIBAIOIIee CKOPOCTh PEaAKIINY ¢ KOHIIEHTPaITIIMI
pearupyIonIux BelecTs, Ha3bIBaeTcd KHHeTHUIeCKUM ypaBHeHUeM.

KoaddrmmenT nponoprimonamsaocTd k B ypas. (7) Ha3bBaeTCd KOHCTAHTOMN
CKOpocTH peakimn. OHa paBH4eTcd CKOPOCTH peakluu IIpH YCIOBUM, €cli
KOHITEHTpaITNd Ka:KIOro U3 PearupylolIux BelllecTB papHa eIUHUIe, IIO3TOMY ee
HAa3BIBAIOT TaK¥e VIeNbHOH CKOPOCTBIO peakImu. 1akod (U3HHecKuil CMBICT
KOHCTaHTBhI CKOPOCTH yKa3bIBaeT Ha TO, UTO BENMHUHA €€ JOMKHa 3aBUCeTh OT BCeX
(aKkTOpoB, KOTOpBIE BIMMIOT HA CKOPOCTh PEeakIM{, 3a WCKIIOUeHHEeM
KOHIIEHTPAIIUN peardpylollero BelecTea. YHNcIopoe 3HadeHNe KOHCTAHTh 3aBUCUT
TaKk:ke OT BHIOOpa eOUHHUIT BpPEeMEHM ¢ KOHIGHTpaImu. PasMepHOCTb ee
onpenendeTcd TeM KUHeTHHecKUM YypaBHEHNeM, II0 KOTOpOMY IIPOU3BOAUTCI €€
pacterT, T.€. 3aBHUCUT OT MOPAIKa PeaKIIUH.

3Had KOHCTaHTY CKOPOCTH U TOPANOK peakiw, 1o ypae. (7) MOMKHO
OIIpeNeNMTh CKOPOCTh peakIMy IIPH JEOOBIX KOHIIEHTPAaIMIX PpPearupyrox
BelecTs. VI MCIIonp3yd KMHETHHeCKoe ypaBHEeHNEe B MHTeTPalbHOU (dopMe (BUI
ypaBHeHHd OyleT 3aBUCeThb OT IOPSOKa PEeakIliN), MOKHO OIpPeNelnTh CTelleHb
IIpeBpalleHs BEIecTBa 3a OlpeIeNeHHOe BpeMd UIH PeluTh oOpaTHYIO 3amady -
3a7laBadch CTEIIeHBIO IIPEBpAllleHIsd BelecTha, ONpeNelUTh HeoOXOOUMOe BpeMd
rpoliecca.

[TokaszaTeny CTeleHW IIPH KOHIIEHTPAIIX B KUHETHIECKOM ypaBHeHHH (7)
o u [ Ha3EBAIOTCA TIOPIAOKOM peakiliu IO BemecTBy A U B, COOTBETCTBEHHO



(nm gacTHBIMU TTOpaKamu). CyMMa TacTHBIX TTOPIAKOB X + [f = m HasbIBaeTcs

TTOJHBIM WM CYMMAaPHBIM ITOPSIIKOM PeaKIlii.

Jng XapakTepuCTUKN peaklU BBOAAT ITOHATHE MONEKYIIpHOCTL peakiiu,
KOTOopoe ollpeendercd HUCIOM HacTUIl, YHacTBYIOITUX B ONHOM 3IeMEHTapHOM
aKTe XUMHYECKUX IpeppameHui. llpn »ToM =HMCIO MONEKYN o0OpasyoNIuxcs
BEIIeCTB HEe NMeeT 3HaueHMd. B 3aBUCHMOCTH OT 5TOrO pa3iMualoT pPeakIliu:
MOHOMONEKYIIpHBIE, ONMONEKYISIpHBIe W TPUMONEeKYJIpHble. OTHOBpEeMEHHOE
CTONIKHOBEHME OoJee TpexX HWacTUIl MaloBepoaTHO. Jake TpexMoIeKyIpHBIe
PeaKIuy JOCTaTOYHO PeIKU.

[Topaaok peakiuy SBI4eTCAd UUCTO SMIMPUYUECKON BemUMuUHON. ToIbKO I14
sMeMeHTapHOM peakImy, I[poTekaromedf B OOMH 5STall, OH papeH ee
MOJEKYJIIPHOCTH, T.K. CTeXHOMeTpHUecKoe ypaBHeHHe IIPaBWiIbHO OTpakaeT
WCTUHHBIN MeXaHN3M TaKOW PeaKIu.

[IpoTekanne peakiu CHIOKHBIM ITyTeM, B HECKONBKO cTaguif, gBigeTcd
OINHOH W3 TIPUMUH PacXOoXKIeHNUI MeXIy IIOp4IKOM peakimu U ee
MOJIEKYJIIPHOCTBIO. Jpyrol MpUHUHON pacxokAeHUd MOKeT ObITh 3HAUYUTEITHHBIN
M30BITOK OJJHOTO M3 PEareHTOB B PeakIOHHON cMecH. T orja KOHIIeHTPAITHI STOro
peareHTa ocTaeTcd MPakTUIecKH ITOCTOSHHON B XO/e Peakilui, a IIOP4IoK PeakIiiu
OyZeT MeHBIIe, JeM OIpPeIeIIeMBIH 10 CTEXNOMETPHISCKOMY YPaBHEHLIO.

YactHere mopsaku o« wm [ ypae. (7) moryT Oerth papHel O, 1, 2 u 3 u

TOIJla TOBOPAT O HYJIEBOM, IIePBOM U BTOPOM M TPeThbeM IIOp4lKe IO JaHHOMY
BeIecTBy. B olmmeM ciytdae opaaoK peakiiu # MOXKeT OBITh TIOOOH BeINIrHON
(0, oTpHItaTenbHOMN, MOMOKUATEIHHOM; ITeTOUUCIEHHON, APOOHOLH ).

1.2.1. Peaknyu HyJaeBoro nopsiaxa. OHU MONIYHAIOTCA IIPH HE3aBHUCHM OCTH
CKOPOCTU OT KOHITEHTPaIMH Pearupyrollero BelecTsa. JTO BCTPEHUaeTCcd, TIaBHbIM
00pas3oM, Cpeill I eTePOreHHBIX PeaKIH, IPOTEKAOTNX Ha ITIOBEPXHOCTH NUIIH, €CIIH
KOHIIEHTpaIlld  pearupylollero  BelecTBa  IMOAAEepP:KUBASTCA  ITOCTOIHHOMH.
Karanutudeckie peakiy Tak:ke MOTYT MMeTh IIepBHIN ITOPIIOK IO KaTalu3aTopy
1 HyJeBOM IO BeIecTBy.

Jma peakiym HymneBOTO IIOpAnKa CKOPOCTh MOXeT OBITh 3armicaHa
ypapHEHUEM:

—d—czk-c‘), wm = 9 g ®)
dt dt
Pasmenme mepeMeHHEIE, TTOCITE MHTETPUPOBAHNS TTOTYHIM:
j—dC:jk-dr —C =k -t+ const
npu =0, C=C, 151 const =—C|
mpu ¢ >0, C =C,
C,—C
TOraa Co—C, =kt ® wm k=-% "1 (10)
t



W3 mocnemtero ypapHeHII MOKET OBITH OIMpefienieHa pasMmepHocTs k. Ecmu
KoHTleHTparg C BEIpaskeHa B MOJB/TI, & BpeMd B CeKyHIax, TO KOHCTaHTa CKOPOCTH
1, -1
k 6ynmer uMeTh pasMEPHOCTD MOJB*JT *C ™.
Ypas. (10) MoxkHO 3armrcaTh Kak
t= Lo o &t
k k
T.e. rpaduk B KoopauHatax Cy — t OymeT TMHEHHBIM, a YTOJ HaKIOHa OymeT
3aBUCETH OT k.

Puc. 2. I'padux 3@BHCHMOCTH KOHIIGHTpAaIlMX OT BPEMEHM UL PEeaKIHN
HyJIEBOTO IIOPAAKA.

Hapsany ¢ KoHCTaHTON CKOPOCTH I XapaKTePUCTUKU XUMHIEeCKON peaKIiu
IIONB3YIOTCS BEIMUMHON Iepuoa Monypacnaja (IoIyIpeppaiennd) 4 /2> PABHOTO

IIPOMEKYTKY BPEMEHH, B TeUeHHe KOTOPOTO IpopearupyeT IONOBUHA HCXOIHOTO
komdecTsa Bermectsa. [Ipuanmag C, = 0,5-C, u3 ypasHernd (10) momytmm:

tp =05-Co [k, (11)

T.e. JI4 peakuii HYJIEBOro TIIOpdKa BpeMs [ONYIpeBpalleHud IIPIMO
TIPOTIOPITMOHANTBEHO MCX OMHON KOHITEHTPAITH.

1.2.2. Peakiuu mnepBoro mopsiaka. K HUM  OTHOCATCA  PeaKIMU
M30MEPHU3aliU, TEPMUHYECKOrO PaslloKeHNd BellecTd, PaTloakTUBHOrO pacana 1
MHOTHe OMOMOJIEKYIIpHbIE PEeaKkIMy TIPU YCIOBUY, ITO KOHIIEHTPAITA OTHOTO 13
PearupyroIix BeIecTs ocTaeTcd mocTogHHol. [lng peakiniu timna 4 — C CKOpoOCcThb
BBEIpaKaeTcd ypaBHEHUeM

@w=1Fk-C I/IJII/I—d—C:k'C
dt

Pazgems nepementbie — dC /C = kdt , mocie MHTErpUPOBAHI TTOTy LM :
—InC =k -t + const

7



Ipu t =0, C =C,,. Torma const = —InC,

1 MOKHO 3aIcaTh k:%-ln(CO/Cf) 12)

MokHO BBIPa3UTh KOHIIEHTPAIMIO Hepe3 YOBLIb BeIlecTBa 3a OIpedeNeHHBII
MIPOMEKYTOK BpemeHn: Co = @ — UCXOIHAd KOHIIeHTpallnd BelecTtsa 4A; x — yObLIb
BEIIeCTBa 3a BpPeMd f, TOTJa KOHIEHTpAIlUd BellecTBa 4 K MOMEHTY BpeMeHU [
MOKeT OBITH 3arucana Kak (a-x) 1 ypaBHeHue (12) MOKHO npeobpasoBarh K BUAY:

1 a
k=—-In 13
t a—x (15)
3armiem ypasHenue (12) B BUAE:
(= ].HCO lnCt
k k

T.e. Tpaduk B KoopmuHatax InC; — t OymeT MUHEMHBIM; IO YTy HAKJIOHA STOTO
rpadiKa MOKHO OIIeHUTD K.

InC |

InC ] AnC

===k
4 At

Puc. 3. I'padux 3aBucrMocTr norapridma KOHIIEHTPAITMN OT BPEMEHH I PeaKIin
IIePBOTO IIOp4IKa.

PasmepHOCTh KOHCTaHTHI PeakIlii corjacHo ypaBHeHuO (12) BpeMH'I, a BpeM4
nonynpespamenus npu C, =0,5-C:
ty, =In2/k. (14)
Jlid  peakimiy II€PBOTO IOPSAKA f,, He 3aBUCHT OT KOHIIEHTPALUN

PearupyroIero BelecTsa.

1.2.3. Peaknuu BTOpOro nmopsiaka. lIpimepoM MoOKeT CIyKUTh OMBLICHNE
CIOKHOTO dprpa Mmenoubio. CKopocTH peakimi Thma 4 + B — mpoaykTel win 24
— TPOAyKTeL, ipH ycnosun C,; = C, = C MOTyT OBITh 3aICaHbI:



w=Fk-C’um —dC/dt =k -C*
[Tocne pasmeneHnd NepeMeHHBIX U HHTETPUPOBAHI ITONYYaeTcs Y papHeHIe:
1/C =k -t + const
3nadeHue const uHTerpuposanud nonydatornpu t =0 u C =C,,
1 1 1
TOrIa: k= —[— = —) (15)
t\NC, C,
Y pasuenne (15) npeobpasyem:
|

P
kc,  kC

4]

T.e. Tpaduk B KoopmuHatax 1/C; — t OymeT MUHEMHBIM; IO YTy HaAKJIOHA STOTO
rpadiKa MOKHO OIIeHUTD K.

1/C

Puc. 4. I'paduk 3aBucuMocTH 0OpaTHOM KOHIIGHTPAITUH OT BPEMEHU M PeakIiu
BTOPOTO [TOPAAKa.

PasMepHOCTh KOHCTAHTBI CKODOCTH Oy[eT KOHIIHTpAaIud eBpeMa’, a
MePUOJ IIONYIIPEB PaleHI 4
1
by, =——. (16)
12 kCD
Jlng peakumii BTOpOro mopanka #, obpaTHO MPOMOPIMOHATBHO HavalbHOM

KOHIIEHTPAITH BelllecTBa.
1.2.4. Peakniuu Tperbero nopsiaika. OHU MOTYT OBITH OIHMCAHBI CXEMOH:
A+B+C— nponyktel mm 24 +5— nponyKTsl, 34 — OPOAYKTHL U T.[.



[Tpu yemopum Cy4=Cpr=Cp=C CKOPOCTh peakimu MOKeT OBITh 3alucaHa:
w=kC> wuwm —dC/dt=Fk-C> Tlocme pasgeneHMs IIepeMEHHBIX U

HHTETPHUPOBAHMA TIOJTY HHM:

5 =k -t+ const
2.C

mpu t=0 uC =C,, const=1/2-C}
11 1

U TOTAa k=—] ——— 17
2t\C} ¢}
k = [koHmeHTparms > BpeMs™ |, a BpeMs ITONyIIPeB PaIeHIS
3
Ly =—— (18)
ke

T.e. mna peakimii TpeTbero MOpAIKa f, OOPaTHO MPONOPIUOHAIBHO KBAIPaTy

HaganbHON KOHITeHTpaIH.
1.2.5. Peaknuii n-ro nopsiaka
A+B+C...... > npodykmit peaxkyuiu
dac
npu Cp 4=Cp gee.nne- =C CKOpPOCTDb peakIiii papHa T k-C”"
[Tocne pazmeneHusd nepeMeHHBIX 1 MHTET PUPOBaHNS I1OTYUaeTCd:

1 1 1

= - 19
t-(n=D\cl ¢l @
u ecrm C;=Cp/ 2 , TO BpeM4 TOMYTIPEB paIeHn
(R
tp = — 20)
k(n—1).c™

Y pasuennd (19) u (20) He BRITOTHAIOTCS NI PEAKITHI TIEPBOTO TTOPAAKA.

1.3. Memodut onpedenenna nopaoka peaxyiiu

Jma ompenenmeHnda IopgAKa peakIM HEOOXOAWMO WMeTh HaHHbIe 00
M3MEHEHNN KOHIIeHTpallMH pearyupylolux BeIecTB BO BpPeMeHHU (T.e. WMeETh
KMHETUHIEeCKYIO KPUBYIO).

1.3.1. MeTroa «moadopa YpaBHEHHH» HJIH MeTO] <«Mpod H OMHOOK»
OCHOBaH Ha ITOICTaHOBKe SKCIIePUMEHTAIBHBIX JAHHBIX 110 KOHIIEHTPAIHN BelecTB
IS KaykIoro MOMEHTa BpeMeHM (M3 KHMHeTWIeCKOM KpHBOM) B KUHETUHUeCKHUe
ypapHeHM peakiMi pa3MuHBIX IIOpSAKoB. OnpenendeMblil MOPANOK PeakIiu
COOTBETCTBYET TOMY YPaBHEHHIO, JJI1 KOTOPOTO B paslMiHbIe MOMEHTHl BpeMeHU
IIpU 3aJaHHOU TeMIlepaType KOHCTaHTa CKOPOCTH peakimu k OyzeT ocraBaThed
TIOCTOSHHOMN BeMUHHON (aHaTUTHUECKHII METO/T).

I'padrraecknii MeTOn OCHOBAH Ha TOM, UTO ONPENeNTOT TaKylo (PYHKIIIO OT
KOHIIGHTPAINH, KOTopas Ha rpaduke 3aBHCHMOCTH €€ OT BpPeMeHU JaeT MPAMYIO
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muHMO. B cooTBeTcTBUM ¢ KuHeTwdeckmmu ypasHenusmu (10), (12), (15), (17)
TaKUMU (PYHKIWSIMA IBILEOTCA: I Peakli HyJeBoro mnopanka - Cp peakimi
TepBoTO mopaaka - InCy, peakiwii BToporo nopgaka - 1/ Cy .

1.3.2. Meron PaxoBckoro. B maHHOM MeTole U3YHalOT 3aBHUCHMOCTH
Tieprofia oy npeppartenud oT Co. Jlnd peakimii nepporo nopazaka (ypas.14) 7, ne

3aBUCUT OT HadalbHOU KOHIIEHTPAIH BellecTBa.
Jma peaxim n-ro nopgaaka ypapHerue (20) MoxeT ObITh 3alicaHo:

tyy =k /C5"Y, (73]
20
e kj =——— U TIOCHTe JTOrapupMUPOBAHUS TTOTY UM
k-(n—1)
gty =1gk —(n-1)-1gC, (22)

3apucumMocTh g Ly, ot loCympencraBiger mpaAMyIO JHHUIO, TAHTEHC yIia

HaKJIOHA KOTOpOH paseH (n-1).
3apucumocts gy, or 1gC, MomeT OBITE NMOCTpoeHa Ha OCHOBAHWM

KHHETUIeCKOH KpI/IBOIL/'I OOHOT'O OIIBITA, KaK ITOKa3aHO Ha pI/ICS

C igt,,

CO.I

T2 t"e e t lgCs

Puc.5. Onpenenenne nopsaaka peakliuy 110 EPUOLY ONYIIPEB pallleHus:
a- ompenenerye &, ;1 Cg ;110 KHHETHIECKOH KpHBOi,

0 - onpeseneHre TTOPIKa PEaKITUH.

1.3.3. Jduddepenunansubii meron Banr-I'odpda. Metonm ocHopan Ha
HCIIOJb30BAHIH YPaBHEHNA ISl CKOPOCTH PeakIliy B nuddepeHIMambHOU (opme.
Tax rpadwudeckmii BapwanT meTtoma Bant-I'odda ocHOBaH Ha HCIONH30BAHIN

i
ypaBHeHNd @ = k -C , TIOCHe TorapudpMUpPOBaHI KOTOPOrO IOy HatoT:

lgw =1gk + n-1gC 23)
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Ha rpadmxe B xoopaunatax lg@ — IgC momyueHHasq 3aBUCHMOCTE M300paikaeTca
mpsMol JHMHMEH ¢ TaHTeHcoM Yyria HakioHa K ocu 1gC , COOTBETCTBYIOIINM
MIOPIAKY peakimu (g @ = 1n). CKopocTh @ OIpefendeTcd TAaHTeHCOM YTia HaKIIOHa
kacatenbHoM K kpuBod C = f(I)OTHOCHTENIBHO OCH BpPEeMEHM Kak TOKA3aHO Ha

puc.6.

C lgw

IgC

Puc.6. Onpenenenve mopgaaka peakiym no Metoay Baut-I odia:
a - olpefeleHe CKOPOCTU PeakIy B Pas/IituHbIe MOMEHTHI BpeMeHH,
0 - onpeneneHe MopAaKa PeaKIH.

1.3.4. Meton nzoauposanusi OcrBajibja. 9TO METO] UCIIONb3YETCI €ClIU B
PeaKITi YIacTBYIOT HecKONbKo BerecTs. Tak ama peakimn A +B+C — IpomyKThl
KUHETUIEeCKOe YPaBHEHNE MOKET ObITh 3aITUCAHO:

dC .
-k .ct.cl 24)

CHavaa IpOBOAAT Peakimio ¢ OOTBIMM U30BITKOM Bermects B u C (B 10-

100 pas Oompire, wem koHieHTparmiga A). Torma ypasHenme (24) moxkeT OBITBH
3ATTUCAHO!

dC
- =k".C¥ 25)
dt A (

rme k'=k-C 'g -Cg. [Ipm Takux YCIOBUIX OMPENeNIIOT (¥ OJHUM M3

W3JIOKEHHBIX BBIINIe MeTONOB. Bo BTOpoM ombiTe OepyT B m30biTke A n C
OTIPENeNIOT [ v T.1I.

12



1.4.  3asucumocms ckopocmu peaxyiiy Om memnepamypot.

CKOpOCTh XHUMHMYECKHX peaklil ¢ TIIOBBIIIeHHEeM TeMIIepaTyphl pPe3Ko
BO3pacTaeT. OTa 3aBUCHUMOCTh M TOMOTEHHOH peakliil IIPUONILKeHHO
OTMCHIBAETCA SMITMPUUIECKUM TipaBuioMm Bawut-I'odda: nmpu Harpepammu Ha 10°
KOHCTaHTa CKOPOCTU yBeNUINBaeTcd B Ba-eThIpe pasa:

k
’7/ — £+10 — 2 . 4 (2-6)
kf
rae ’7/ - TeMHepaTypHLIﬁ KOQ(i)(bI/ILH/IeHT, kf+10 %1 kf KOHCTAaHTBI CKOPOCTH PEeaKITuH

nipu TeMmieparype ! +10 u ¢, cooTBeTCTBeHHO.
Omnpenemis ¥ , MOXKHO IPUONIGKEHHO PACCIUTHIBATL KOHCTAHTY CKOPOCTH B

He6OJIbH_IOM naTepepaliec OTHOCHTEIIEHO HEBBICOKHUX TEMIICPATY P 110 YPABHEHHIO!
_ {t2-f1)/10
k, =k -y @7)

ty
Bonee TouHag 3aBUCHMOCTH CKOPOCTH peakitmu oT Temmeparypbl (T)
OMMCHIBAETCI ypaBHEHUEM AppeHuyca

k=Aexp(—F /RT) nm ]nkzlnA—% (28)

rzie K - KOHCTaHTa CKOPOCTH PeaKIMi, 4 - SMINpUHecKad TOCTOIHHA, Ha3blBaeMas
MPeAsKCIIOHESHITMATBHEIM MHOM¥UTeNeM 1 HUMCIeHHO papHad KOHCTAHTE CKOPOCTU
npu I — o0, E - sMimputdeckas ITOCTOSHHAS, MMEIOITasd pa3sMepHOCTh SHEprum
(sHeprug akTuBaMn), I - TepMOAMHAMIHMECKad TeMIlepaTypa , R - yHUBepcaabHad
rasopasd IIOCTOSHHASL.

DHepruell akTHUBAIIN peakilii COTJIACHO TeOpHM coyAapeHHi HasblBaeTcd
MUHAMaNbHad 5Heprud (B pacdere Ha | MONB), KOTOpPOH JOMKHBI OOIamaTh
pearupyroe HacTHIlbl, HYTOObI CTONKHOBEHWE MeEXIy HHUMH IPHBENO K
B3aMMOIeHCTBIIO. YacTHITRI, SHEePrud KOTOPBIX OONbIIe Uiy papHa E , Ha3hBaloTC
AKTUBHBIMW. Ta DSHepPrud HeoOXommMa [N ITIPEOIONeHNd SHepPreTHHIecKOro
Oaprepa peakimi. CTOIKHOBeHUe OyAeT >peKTUBHEIM, €CI CyMMapHas SHeprud
CTANIKUBAOIITNXCS HacTUI] papHa NI OOTbINe SHEePrUN akTHBalNU EF, XapakTepHOU
19 JaHHOH peakiu. J[mg CIoKHON peaklny (IPOTeKaroIell B HeCKOJIBKO CTaIIHH )
napameTp E B ypapHeHUM AppeHHyca He paBeH SHepPruM aKTHBalU
TUMUTUPYIOWIeH CTafuy, a IIpeACTaBideT HEeKOTOPYI (YHKIMIO SHEpPruil
AK TUB AL OTASTBHBIX CTaIVH WM BOOOIIe SMITUPUHECKYIO BeIITHUHY .

CaMbIli  TIpocTOM  crioco®  OompefieNeHWsI  SHEPrUuM — akThBaImu B
HCTIONb30BaHue ypaBHeHud Appennyca (28) npu temneparypax 7; u 75, 9To faer:

lnkﬂzg- Loh (29)
ky R \T,-T,
OTCIOfla - BO3MOXKHOCTH pacdeTa E 1o KoHcTaHTaM cKopocTell IIpy ABYX
TeMIlepaTypax.

Menpmryio ommoKy B 3HadeHNM E MOMyHaroT P [IOCTPOSHIUH TpapriecKoi
sapucuMocTr Ink ot 1/T , coorBercTBylomel ypapHenuio (28), KOrjaa M3BeCTeH
P4l KOHCTaHT cKopocTell ITpU pas/itHEIX TeMIlepaTypax.

13



1.5 Bruanue kxamamizamopa Ha CKOPOCHb XUMUYECKOU pearkyui

Kartanmzatopom Has3pIBalOT BEIIeCTBO, KOTOPOe He PAcXOomyeTcsd B Peakiui,
HO MEHSeT ee CKOpocTb. VI3sMeHeHHMe CKOpPOCTH peakIu I1of BO3IdeHcTBUeM
Kartaim3aropa HasblBaeTcd SBJIeHMEM KaTanmuza. HeaM KaTaau3aTop COCTaBIIeT
onHy $asy ¢ pearmpyrolluM BelIeCTBOM, TOBOPAT O TOMOTEHHOM KaTamize. B
cydae TeTEPOreHHOTO KaTalm3a peakild ITpoTeKaeT Ha TpaHuile ¢a3 Memmy
KaTaIn3aTopoM M pearupymomnMu  pelllecTBamMu. DyHKIM — Kartamizatopa
3aKII0YaeTCd B CHHMKEHMU SHEPrUd akTUBAIliN Ipollecca. KaTamisaTop B paBHOM
Mepe yBenuumBaeT (yMeHbINaeT) CKOPOCTh TIPIAMONM M OOpaTHOM peaklmu W Ha
TIONOYKeHHe paBHOBeCH (BEITMIHHY KOHCTAHTH PABHOBECH] ) HEe BIIHIET.

B romMoreHHBIX KaTaMTUYECKMX PEAKIMIX CKOPOCTh ITPOMOPIMOHATBHA
KONMWYIEeCTBY  KaTammuzatopa. MexaHusM  JelicTBUA — Karamuszatopa  OOBIMHO
3aKovaeTcd B OOpa30BAHMM MPOMEKYTOUHBIXK COEIWHEHWH C OJHUM U3
YHACTBYIOIINX B peakiuu BerlecTB. Jlamee 5To MpoMeXyTOUHOE COSNUHEHIE
pearupyeT ¢ obpa3oBaHWeM KOHEYHBIX MHPOAYKTOB M CBOOOMHOTO KaTalW3aTopa.
Ecm »sHeprud axkTuBaliu KakOoOW U3 CTaguii MeHBINe SHEPruM akTUBalun
peaximu, uAyIei 6e3 Karaam3aTopa, TO TIPOIece YCKOpIeTcd.

B rereporeHHOoM KaTalM3e KartalMzaTop M pearupyiollie BellecTBa
HaxOmITCd B Pa3HBIX arperaTHHIX COCTOdHMAX. Hambonmee HacTo KaTami3aTop
TIpeICTaBIgeT cOOOU TBEPIOe BEIECTBO, a YUACTHUKU PEaKIINN IBJIJIOTCA Ta3aMu
WM SKAOKOCTIMHM. Peakimigd IIpoTekaeT Ha IIOBEPXHOCTH Karamisaropa, U,
CIeIoBaTeIbHO, CBOMCTBA MOBEPXHOCTH (BEMYHHA TIIOIMIAIN, XUMHIECKUH COCTaB
TIOBEPXHOCTHOTO CIIOM, €ro CTPYKTYypa) WTparoT BaXKHYIO PONb TS aKTHBHOCTU
KatamuzaTopa. JlelficTBue Karammsaropa CBA3aHO ¢ amcopOImell pearupyrommx
BeIlecTB (MM HEKOTOPBIX W3 HUX) Ha MOBEPXHOCTH KaTaIN3aTopa, B Pe3ysbTare
mero, JuOO 00pas’yiOTCd HeCTOMKHWE TIOBEePXHOCTHBIE COeMUHEHHd, OO
«PaspLIXJITIOTCS» CBA3M B afcOpOMPOBAHHON MOIeKyne. AmcopOupoBaHHBIE
MONEKYTBl Jajee BCTYIAOT B PEAKIMIO, KOTOpas XapakTepusyeTcsd MeHbIelH
BEIMUUHON 3HePrii ak TUBAIlY, UeM HeKaTaluTUiecKasd Peakifid.
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IKCIIEPUMEHTAJJIbBHAA YACTD

Paboma 1. H3yuenue ckopocmu paznoxcenua nepexicit 6000poda
2A30MEMPUY ECKUM MEMOOOM

Pacnang H,O, B BOOHBIX pacTBOpax IIpU OOBIMHBEIX TeMIlepaTypax HAeT
IOBOJIBHO MEJIEHHO:
2 HO, —  2H0+0,
YpenuueHne CKOPOCTH IIPOUCXOAWT IIOJ BIHMIHHEM pa3lIUdHEIX BEIIEeCTB.

o 2— -
I"omMoreHHBIH KaTanus peamisyercd, HallpuMep, B IpucyTeTsun nonos CrO; | 1,

2- 2+ 3+
WO, , Fe", Fe” . Peakiud reTeporeHHOro KaTalnusza HAeT IpU JoOapleHuH

TBepIBIX BermecTs: MeTawnos ( Pt, Co, Cu, Niu ap.), okcunos ( MnO,, ALO;u np.).

Henw pabomesr - usyyenue KunemuKu peaxyull Kamamimuiecko2o pacnadd
nepexucy 600opoda & npucymcemesuu FeCl; .

Karamus pasnoxenna H,O, XJIOpHBIM JKele30M IIPOUCXOAUT IO OOIeH

cxeme:
A+ K < M —nponykter +K

rae A - mepekuck popopona, K - katanusaTtop.
PaBnopecme ycramaBnmmBaeTcsd OBICTPO, M CKOPOCTH OIpeReNsoel craapeil
gapngeTcd pacrian M.

[Topanok no xowrenTparmu H;O, mepbiit (i OM3K0 K TEpBOMY) M JUII
pacdera KOHCTAaHTHI CKOPOCTH HUCTIONB3YIOT ypas. (12).

Hauanmphaga n Tekymag xowrieHTparmu H,O, TponmopliMoHalbHE o0bheMamM
KHCIIOpOZa, BBIAENMBINErocd K KOHIy peakium } U pasHOCTH Mexny VU

TeKymruM obbemoM kuciopoma V. Torma ypas. (12) mmg pactera KOHCTAHTHI

CKOPOCTH peaKITHII 6yz[eT HMETh BHI:
k=Q/0)-In(V, /v, -V,)).

Beinonnenue pabomut

Jnga m3ydeHUd CKOpPOCTU pasiokeHHI IepeKHCH BONOpofa IIpPUMEHIIOT
YCTaHOBKY, IIOKA3aHHYIO Ha PHC.7, KOTOpasd IIO3BONIeT U3MepaTh OOBeM
BBIIEIIIONIEr0ca KUCIOpOoa.

B ogno xoneHo peakTopa 1 (puc.7) ¢ TTOMOIIBIO TTAITETKH TToMeratoT 10 mi
3% pacTBOpa MepeKncH Bomopoa, a Bo pTopoe - 0.5, 1 wmm 1.5 M (mo yrazaHmo
IIperrofjapaTend) pacTBopa XJIOPHOTO Kele3a M ¢ IIOMOIIBIO TIPOOKK 2 COSMUHIIOT
PEaKIMOHHBIN COCYT ¢ MEPHOH OIOPETKOH.

[Tepen HauanoM sKCIepUMEHTa MIPOBEPMOT TePMETHUHOCTL CHUCTeMBI. Jmg
STOT O IPUBOMAT JaBlIeHIe BHYTPU CHCTEMBI K aTMOC(EPHOMY:
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Puc. 7. CxeMa ycTaHOBKH JJ19 H3YU€HNA CKOPOCTH Pa3loKeHNT

MepeKrcH BoJopona:
1 - peakMOHHBIN cocyh, 2 - TpodKa, COEMMHIIONIAS PEaKITMOHHBIN
cocynl ¢ MepHOU Otopetrkoit 4, 3 - TpexxomoBoill KkpaH, 5 -
yPaBHUTENBHBIN cocyll, 6 — TepMOoCTaT.

ypaBHSB Ha IIPOM3BONBHON BBICOTE JKUIKOCTH B OIOpeTKe 4 M ypaBHUTENHHOM
cocye 5, HeCKONBKO pa3 IIOBOPAaYMBAIOT KpaH 3 TakK, YTOOBI IIPOCTPAHCTBO Haj
FKUIKOCTHIO COOOIMANoch TO € PEaKIMOHHBIM COCYIOM, TO € aTMOCKhepOi.
Coeaunaup OropeTKy 4 ¢ aTMochepo, TOTHIMAIOT YPAaBHUTENBHBIN COCY 5, UTOOBI
3AIIONTHUTE OIOPETKY JKUAKOCTBIO O HYNEeBOH OTMETKU, IIOCIe Hero COSIMHSIIOT
OropeTky 4 ¢ peakTopoM | W OIycKaloT cOcyX 5 NPUMEPHO Ha HeTBePTh BBICOTEI
Oroperku. Ec obecnieeHa repMeTHHHOCTL, TO YPOBEHb 3aTBOPHOM JKHAKOCTH B
OropeTKe 4 He TOMKEeH CMEITaThCA B TeHUeHne 2-3 MUHYT.

[locme mpoBepku  TepMeTUHHOCTH  IIPUCTYNAIOT K BBIONTHEHMIO
SKCIlepuMeHTa. Jmg »Toro Imepekuch BOAOpOda IIePeIMBaiOT B KOJEHO ¢
KaTaln3aToOpoM, CMech BCTPAXUBAIOT. DBpeMd cMelieHHd IpUHUMAIOT 38 BpeMd
Hadana peakiyu. MsMepeHNd BeayT KaxkIyl0 MUHYTY. Y POBEHb KUIKOCTH B
YPaBHUTEIBHOM COCYIe 5 TOANep-KMBAOT Ha YPOBHE JKUIKOCTH B MEPHOH OIOpeTKe
4. VsmepeHnd 3aKaHUMBAIOT, €CM B TeueHwe 5-10 MuH. o0beM KucIopoma He
YBEIMIUBAESTCS.

Ecmm B xome peaxim oObeM MepHOH OIOpeTKH OKaskeTcd HeTOCTaTOHMHBIM,
CIeflyeT, 110 BO3MOXKHOCTH OBICTPO, ¢ IIOMOIIBIO KpaHa 3 COemUHUTH OIOpeTKy 4 ¢
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aTMocepoii. C IIOMOITBIO COCYIa 5 YCTaHOBUTH YPOBEHD KUAKOCTU B OIOpeTKe Ha
HYJIeBOM OTMEeTKE€ U BHOBb KpPaHOM 3 COeNMHUTH peaklMOHHBIM cocyn | ¢
Ooperkoii 4. IlpomomkaTe m3MepeHmd, IpuOaBlmad o00BeM  KHUCIOPOHa,
BBIIIYIIIEHHOTO B aTMOC(hepy.

[To oxoHuaHMY mpollecca BBIASISHNS IIy3bIPhKOB KUCIOPOAa IPUCTYIIAIOT K
onpenenenuo J . Jl1g 5TOTO peakMoHHEBIN cocyl | TTOMEINaroT B BOAJHYIO OaHmo
¢ TeMIIePaTypOU BOMBI 70-80°C u BBIIEPKUBAIOT €T0 IIPH 3TOU TeMIlepaType OO TeX
TIOp, TIOKa 00BEeM BBEIISIUBIIErOcd KUCIOpoAa He OyIeT N3MeHdThcd B Tederue 5-10
MUHYT. 3aTeM pPeakIlHMOHHBEIM cocyl OXTaxkIaloT O KOMHATHOM TeMIlepaTyphl U
¢y cupyroT 3HaueHue V.

PesynmpTarer usmepennii u pacdeTsl NIPUBECTH B BUAe Tadml.l, mpenBapus ee
CIeIYIOIUMU TaHHBIMU:

Ob6beM IepeKncH BOIopona MITI
KarammsaTop u ero odrem MII
0
Temnepatypa onbiTa C
Ob6beM KHCIopoa 110 OKOHTAHNH peakim V MITI
Tabmara 1
Brinenenue O, BO BpeMeHU U OllpefieleHNe KOHCTAHTE
CKopocTU pasznozkennd H;O,
i
N t, MuH. V., M Ve =V, In(V, —V,) k, mun
k=

[To  momydeHHBIM  JaHHBIM  TIOCTPOMTH  rpadK  3aBUCHUMOCTHU
]1‘1(Voo _Vz): f (r) U OIpenelmMTh KOHCTAaHTYy cKopocTu peakimm £ (ypas.(12),
puc.3).

CpmenmaTh BBIBOJ © BeIUYMHAX Kk, IIONYHYEHHBIX AaHATUTHYECKUM U
rpahUIecKuM MeTOIaMMU.

Paboma 2. Hayuenue ckopocmu peaxyiu ZHOPAMAiU YKCYCHO20 AHZHOPHOA.

I'mpponmus yKCeycHOro aHTuApuaa IpoTeKaeT 10 yPaBHEHUIO:
(CH,C0),0+H,0 =2CH,COOH

U gBugeTcda OWUMONeKyIapHOU peakimeli. OmHako B pa3daBlIeHHOM BOTHOM
pacTBoOpe TUOPOIN3 UAeT Kak peaklMd IlepBoro mopaaka U go KoHia. MongapHag
KOHIIEHTpAITMd BOJBI B OSTOM Cllydae 3HAYUTENBHO OOJbIle  MOIIPHOU
KOHIIEHTpaIlN YKCYCHOTO aHTUAPUAA, II03TOMY YMEHBIIIeHNe KOHIIeHTPallli BOIbI
B XONe PeaKkIM{ HEe3HauUMTEIbHO U MOXKHO IIPUHATH, YTO OHa He H3MeHIeTCd BO
BpeMd peakIMh. 1orfja CKOPOCTh Peakiuu OyAeT 3aBUCeTh OT KOHIIEHTpPaIiu
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YKCYCHOTO aHTHApPUA M OHa MOKET OBITh OTHECeHa K PEeakIMdIM IICEBIOMEePBOTO
MopaaKa.

Haubonee yaoOHBIM MeTOIOM W3YHUEeHUd KUHETUKH STOH peakiluy IBIIeTCT
MeTOJ] W3MEPEeHHUS 3IeKTPOIPOBOMHOCTH, He Tpedyrommit orbopa mpod amd
aHamiza.

OnekTpudeckasd IIPOBOANMOCTh CHCTEMBI CO BpEMEHEM 3HAuUTeNIbHO
BO3pACTAET BCISACTBHE 00Pa30BaHUI YKCYCHON KUCTOTHI.

[TpeneOperag HemoNMHONH M MEHIIOINIEHCA ¢ KOHIIGHTpalell ITUCCOIMAaImet
YKCYCHOM KHUCIIOTHI, MOXKHO TIPHHATH B TIEPBOM MPHUONIDKEHNH, UTO yBeITYeHUe
SIEKTPUHECKON! TIPOBOOUMOCTH BO BPEMEHH IIPOIIOPIHMOHANIBHO KOHIIEHTpAIHI
YKCYCHOM KHUCIOTBL. ITO Ipydoe MOIyIIeHue, HO TIPH pacueTe KOHCTAHTHl CKOPOCTH
TIPOUCXOAUT KOMIIGHCAITHI OIMUOOK, W KOHEYHHIH pe3yiabTaT IIoNydaercd
YAOBIETBOPUTENLHBIM.  KommuecTBo — oOpasyiomeiica  YKCYCHOM — KHCIIOTHI
TIPOTIOPITMOHANBHO KOIMUHYECTBY B34TOr0 YKCYCHOTO aHTHIPHIA.

Ecrm obosHaumTh yAenbHYIO BIeKTPOIPOBOMHOCTh PacTBOpa B MOMEHT
Haganta peakllii },, B MOMEHT BpeMeHH {— %, U B KOHIIe peaklun }, (Korga oHa

YHEEe HE MGHE[GTCE[), Toraga HavallbHad KOHIEHTPAalMd YKCYCHOIC aHTHAPHIA

Co zconst(g/w—%), a4 KOHIIeHTpald ero B MOMEHT BpeMeHH [ -

C, = Const( Yo — 2’:) u ypasHeHue (12) MmoxkeT ObITh 3alMcaHo;

k= lh’l (Zoo - 2//0)
t (Zoo - Zt)
BbBITOJIHEHHUE PABOTDBI

W3mepeHnd >MeKTPOIPOBOIHOCTH IIPOBOAUTCY ¢ IIOMOITBIO KOHAYKTOMEeTpa
Annon-7020, no3BOIgIOIIErO  Ccpasy  ONpeNeNdTh  BeNIMUWHB  yAeIbHOH
SIIEKTPOIIPOBOAHOCTH B MCM/CM, KOTOPBIe BEIBOAATCS Ha ITIPPOoBoe TabIIo.

Brenamii By mpubopa n3obpakeH Ha puc. 8.

[Tocme mogroToBKM KOHAyKTOMeTpa K paboTe B MepHYIO Kondy Ha 25 Mo
BIIUTH 3 MJ YKCYCHOTO aHTUAPUAA U JOBECTH O0BeM pacTBOpa IUCTIILIHNPOBAHHON
(IpenBapuTenbHO  TEPMOCTATHPOBAHONM  IIpU  TeMIepaType,  yKa3aHHOU
IIperrofapaTelneM ) BOJOH 10 MEeTKH.

[IpuroToBNmeHHBIM  pacTBOpPOM  (IIOCTE  ABYXKPATHOTO  IIPOMBIBAHIIA)
3aIIONTHUTE COCYZ, NI W3MEpPEHMS SIeKTPOIIPOBONHOCTH TaK, UTOOBI SIEKTPOIEL
OBLIY ITONMHOCTRIO TIOTPY KEHBI B PacTBOP. Bpems nepsoro u3MepeHns IpuHIMaeTC
3a BpeM4 Hadana peakiliu.

WsmepeHue yaoenbHOM 3IeKTpPONPOBOJHOCTH IIPOBOAUTCI TeM Hallle, HeM
BHIIIIE TeMIlepaTypa OIbITa (CeKyHIOMep MONMKeH OBITh BKIIOHWEH cpasy IIocie
CMeEITIeHnd aHTUApuAa ¢ BOmoi). J[Ba-Tpm m3MepeHmd mposoagarca uepes 30 c,
HeTHIpe-TIATh U3MepeHul depes 1 MUH., IBa-TpU HU3MepeHUd Hepes 5 MUH., Jainee
nenaroTcd usMepeHnd epes 10 MuH., depes | gac u 40 yCcTaHOBIEHUS ITOCTOIHHON
BEJIMHMUHEL yAeNBHON MeKTPOIPOBOIHOCTH.
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Puc.8. KornykTomerp Arnon-7020. 1 — mudgpoBoe Tabmno; 2 — 37IeKTPOIHL.

[TomydeHHEIe pesyNbTaTE 3aHOCATCA B TaONMITy U IIPUBONITC Ha rpaduKax.
Ha rpadmxe crpourcs sapucumMocTtb In(y, — 7,)—¢ ¥ IO TaHTeHCY yIila HAKJIOHA

HaxO[ AT KOHCTAHTY CKOPOCTH k.
Tabmmty mpenBapgroT JAHHBIMIUL
Y aenbHad 3MeKTPOIPOBOIHOCTD B HAYAlle PeakIur, %,
Y menmpHad 3K TPOIIPOBOJHOCTD B KOHIlE Peakllid, ¥,

Temnepatypa omeiTa

Tabmia 2

H3menenne y,Z[eJIbHOIL/'I SANEKTPOIIPOBOIHOCTH BO BpEMEHI H PACHeT KOHCTAaHTEL
CKOPOCTH THAPOIH3a YKCYCHOI'O aHTHAPHIA.

Bpems ot i ( Y — 2’:) In(z., - 7 ) k, vem”

Hadalla MOM/eM
PeakIil, MITH.
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B peiBomax cpaBHUTH BenwduHBI k, TIONy4UeHHBIE TpapUUecKuUMU U
AHAM THIECKIMU CIIOCOOAMU.

Paboma 3. Onpedeneriiite KOHCMAHMbBL CKOPOCIU PEAKUUU OKUCACHUA
1100 06000POOHOI KU CIOMIBL HEPOKCUOOM 8000pOIa.

OxuciIeHne ﬁO,Z[OBO,Z[OpO,Z[HOfI KHCIIOTHI ITPpOTEKACT 110 YPaBHEHHIO!

HI + %HZOZ 4"‘%12 +H20

[Tpu Gompimom m3deITKe HyO, peakiiig onmchBaeTces ypaBHEHNEM KIHETUKH
nepporo Iopgaka. B 3Tom ciydae KOHCTAaHTY CKOPOCTH pPeaklMd MOZKHO

PacCcHUTAaTh IO YPaBHEHIIO!
0

1 . Cx
k=% lnc—t
HI
rae CHIO — HadanbHad KoHIleHTparuda HI, a CHIt — koHiteHTparmd HI B MoMeHT

BpeMeHH t.

SnextponpoponHocTh ucxoguon cMecu HI u H;O, obycnoBnena Hammbmem
cunbHOTO snekTponura — HI. Ilo Mepe mpoTekaHmd peakliy >NeKTpHUECKad
IIPOBOAVMOCTG PacTBopa OyAeT YMEeHbBIIaThCS, TaK Kak KOHITGHTPAITHS SIIeK TPOIUTa
B pacTBOpe yObIBAeT:

- 1
[-e ==1
5 2

% H,0, + H e = H0

IlockonbKy yaenbHad aIeKTpUdecKasd IIPOBOANUMOCTE } IIPAMO IIPONOPLIMOHAIbHA

KoHIeHTparmu snekTpomuta (HI):

*1000
C(HI) = L

MOXHO 3aMEHHUTE KOHICHTPAITHIH HI B YpabHeHHH AJI1 KOHCTAHTHBI CKOPOCTH Ha
YACIbHBIC JICKTPOIIPOBOIHOCTH!

The %, — SIMeKTPONpPOBONHOCTh PacTBOpa B HadallbHBIM MOMEHT BpPEMEHU, a J; —

3IEeKTPOIPOBOJHOCTE PacTBopa B MOMEHT BpeMeHH t.
BBHIOJTHEHHWUE PABOTDI

W3mepeHnd SMeKTPONPOBOIHOCTH IIPOBOAATCA ¢ IIOMOITBIO KOHAyKTOMeTpa
Annon-7020, TO3BONMIONTETO cpa3y ONPeAeNITh BEIUINHEL MAIeKTPOIIPOBOJHOCTU B
MCw/cm (cM. paboty 2).

B wepubrit mmmuHp otobpats tmnetkonr 0.1 wmm 57% pactBopa
HOmOBONOPOAHON KHUCIOTH, pa3baBuTh Bomod Ao 50 mm wm 3arem 10 wn
IOy IHBIIIETOCH PACTBOPa IIOMECTUTh B MEPHYIO KOOy Ha 25 MII.
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B mepubrii mmmraap #Ha 10 M orobpats mmmetkoit 0,1 mm 30% pactBopa
TIepeKrcH Bomopoaa U pa3dasuth Bomoit mo 10 mn. JJobaBuTh pacTBOp MepeKucu
BOZIOPOZia B MEPHYIO KONOy K pacTBOpy HOIOBONOPONHOM KHCIOTHI, TINATeIHHO
repeMeraTs. Bpema cMmernteHus IpuHATS 3a Hadano oTcdera. ComeprumMoe MepHo
KONOBI TIePeITh B COCY NI W3MEPEHIS SIeK TPOIIPOBOTHOCTH, IIOMECTHTH B HETrO
snexTponrl. IlepBoe 3HaueHNe BIIEKTPONPOBONHOCTH U3MEPUTH Hepe3 1| MHUHYTY
Iocne cMelleHud pacTBopos. JambHelmie wuH3MepeHNd IIPOBONUTH KawkIylo
MUHYTY. Yepes 15 MUHYT oce Hadana oblTa H3MEepeHUI MOKHO IIPeKpaTUTh, Tak
KaK M3MEeHEeHNe BeININH SIeKTPOIIPOBOIHOCTH Oy Ay T Yike He3HAUNTEIBHBIMIL

[To momyJeHHBIM TaHHBIM TTOCTPOUTD TpaduK B KoopauHaTax In(x) —t,
OIlpeleNMnTh TpaduHeckuM IIyTeM BeIUINHY Jp. KOHCTAHTY CKOPOCTH pPeakIFIN
OIpeNeNMTh pacieTHBIM IIyTeM U TrpadudeckuM MeTomoM. llomydeHHEBle WU
pacyueTHBIE JaHHbIe 3aHEeCTH B TaONMITy:

Tabmua 3
W3menenne ynenbHON 3IeKTPOIIPOBOJHOCTH BO BPpeMeHH U pacieT KOHCTAHTE
CKOPOCTH peaKIy OKUcIeHNd HonoBogOpOHON KUCIOTH.

Bpema or Hadana | y, MmCwm/cm Ing k, mym™

Peakn, MITH

B BEIBOOAX CPaBHHUTH BEJIHHHMHEBL k, TIOIIYHeHHbBIC I‘pa(i)I/IT-IeCKI/]LI H
dHAITHMTHYCCKHMM MCTOTAMI.

Paboma 4. @omomempuquKoe UBVHEHUE CKOPOoCInY PAZTONCEHUA KOMILIIEKCHOZO
HOHA mMPpUOKcATAmMad Madpeanid

Xumudeckne peakiiy, B pPe3ynbTaTe KOTOPBIX MTPOUCXOMUT H3MEHEHHe
1BeTa, MOTYT ObITh W3yHeHbI (POTOMETPHUUECKUM METOMOM. OIHUM U3 TIPUMEPOB
TAKUX peakimil MOKeT CIYHHUTh PAaca] KOMITIEKCHOTO HOHA TPHUOKCATATa
MapraHila, OKpaIleHHOTO B KOPUYHEBHIH IBET, O CMeCH IIPOAYKTOB, KOTOpPHIE
DecIIBeTHHL.

[Mn(c,00),] - Mu +25c0% +CO,

Wzygaemaq peaklmsd 4gBIJeTCd peaklMell Nepporo nopgnka. KoHcTaHTa
CKOPOCTH PeakIMy MOKeT OBITh BBIYHCIIEHa IO ypaBHeHmo (12), KoTopoe Ierko
IIpeoOpasoBaTh K BUAY:

Dy
D

rac DO H Df OIITHHEeCKHE INIOTHOCTH pacTBOpP4a B HavaIbHBIN MOMEHT BpEeMEHH U B

1
k=-In
f

¢

MOMEHT BpeMeHHU [, OITUHecKad IIJOTHOCTH pacTBoOpa IIPONOPIMOHANbHA
KOHITeHTpallii oKcanaTa MapraHiia.

C momoresio dorosnekTpokanopumeTpa KOO u3MepaioT He ONTUUECKYIO
IIJIOTHOCTb, & KOBPQUIIMEHT IIPOIMycKaHWd - 7, KOTOPBIM CBA3@H C ONTHYECKOH
IIJIOTHOCTBIO ypaBHEHUEM:
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D=-1grt.
BBIIOJIHEHHWE PABOTDI

[Tepen HawamoM pabOTEl HEOOXOIMMO O3HAKOMUTHCA C IIaCIIOPTOM Ha
dorosnmexTpokanopumeTp KOO.

Jo Bxmouennsa npmbopa B ceTh HEOOXOOMMO YCTAaHOBUTH MUHHUMATBHYIO
YyBCTBUTENBHOCTL ero. Jmg storo pyuxy "YCTAHOBKA 100" ppamarte npotus
qacopoll cTpenku no ymopa. lIpoBepuTk HyleBoe IIONOXKEHHE  CTPENKU
W3MEpPUTEeNPHOTO Tpubopa W IIpH HEOOXONMMOCTH BHICTaBUTh €€ Ha HyJb
KOPPEKTOPOM.

BxmounTs ipubop B ceThb. M3aMepeHMI MOTYT MPOBOMUTHCA Hepes 15 MuH.
TTocTie BKIFOHEeHNS IIpHoopa.

Wsmepenmne koapduimienTa IponmycKaHud 7 IIPOM3BOANUTCA CIETYIOITHM
obpazomM:

1) mpu OTKPBITOM KPBIIKE KIOBETHOTO oTaeneHud pykoarkoit "YCTAHOBKA

HYJIA" yeraHapnuBaeTcd HONNb Ha IIKalle MUKpoaMIlepMeTpa,

2) B KIOBETHO® OTZeNeHNe ITOMeITaeTcs KIoBeTa ¢ JUCTIUIIMPOBAHHON BOJOH U

OHO 3aKPbIBaeTCd KPBIIIKOLH,

3) sakpbIB KioBeTHOe otmenenue, pyukoit "YCTAHOBKA 100" BwicTaBuUTH

CTPeNKy M3MepuTeNbHOro mpubopa Ha 100,

4) pyuxoit "KIOBETBI" cmeHnth KioBeTy ¢ AUCTWUIMPOBAHHOW BOJOH Ha

TaKyIO K& KIOBETY C PeaKIMOHHOM CMEeCBhIO W CHHMAaTh ITOKasaHud Ipudopa

Bo Bpemenu N, Kosdduiment mpomyckamma 7= N, /100. Vsmepenusa

npopomat gepes 1, 2, 4, 6, 10 MmuHy T 1 npekparath pu N, bonee 0.

PeaxkimionHy!o cMech TOTOBAT B cleAyIollell IoclIemnoBaTelbHOCTU: B
dapdoposslii cTakaH emkocTbio 20 M HamsaooT 1 Ma 0.1M M nSO,, 7 M 0.1M

H,C,0, u 2 mn 0.01M KMnO,, omHOBpeMeHHO BKIIOYAIOT CEeKyHAOMeEp

(HagamoM oTcHeTa BpPeMEHU SIBIIIETCS MOMEHT CMeIeHWs). OTOM peakIMOHHOU
CMECBIO 3allOJIHAIOT KIOBETY, KOTOPYIO IIOMEITaioT B KIoBeTHoe oTAeneHne KPO.
PesynmpTaTer n3MepeHii U pactueTs IIPeACTapIMoT B TabIuIle U Ha rpaduke.

IToctpouts rpadux In D, —¢ u onpenemTh KOHCTAHTY CKOPOCTH peakuuy k.
Tabmia 4

Wsmenenne xosdduinieHTa IPOITy CKaHIA BO BPEMEHN 1 pacieT KOHCTaHTE
CKOPOCTH PeakIiy pa3okKeHNd oKcalaTa MapraHia.

t= °C
Bpemsa ot N; T=N,/100 | D=-Inz In D, k—llnD
Hadaa Ty D
peaKIvm
k

B BriBOZIAX cpaBHUTH £ u k, TOMyHIeHHYIO TPadhUIecKiM CIIOCOOOM.

22




Paboma 5. H3yuenue cxopocmu uneepcuit mpocmuiKo8020 caxapa.

[Iponiecc mHBEpcHM TPOCTHHKOBOTO caxapa 4BII4eTcd THIPONMTUYECKUM
pacIIeIUieHeM caxapo3bl (OMO3EI) B BOJHOM pPacTBOpe B IPUCYTCTBUN KHCIOT Ha
IIBE MOHO3BL — TTEOK 03y U (PPyKTO3Y:

Ci2H2011 + H,O - CeH1206 + CeH1206
TITIOKO3a dpyxToza

DOra peaknyd IIPaKTUHECKH HeoOpaTHMa W II0 CBOEMY MEXaHU3MY SBJLIeTCH
OromomnekyngpHoil. CrenoBaTelbHO, KOHCTaHTa CKOPOCTH ee Moria Obl OBITH
paccumnTaHa o ypapHeHMo peakiuu I mopgmka. ITockonbky MONeKyJIIpHEBIN Bec
caxapa (M = 344) Bo mHoTO pa3 Gonbllle MOIeKyIgapHOro Beca soasl (M = 18), To
M3MEHEHNe KOHIIGHTPAaIlMi BOABI B IIPOIECCe pPeakIy OyIeT CyIIecTBeHHO
MEHBIITUM II0 CpaBHEHMIO ¢ M3MeHeHHeM KOHIeHTpalmu caxapa. llosromy
KOHITEHTPAITMIO BOIBI MOKHO CUMTaTh ITOCTOSHHOM M BBECTH €€ B BeNMUNHY
KoHCTaHTHI K

dC ' dC '
_E:k.ccax.CHEO; :K.CHEO; _E:k.ccax

T.€. 5Ta peakingd IIpoTeKaeT KaK peakilid Iiepporo nopgnka. M xoHcTaHTa MokeT
OBITh paccunTaHa Mo ypaBHeHUo (12).

Peaxiug rugponmsa caxapa B BOAHOM pacTBOpe ITpakTHUHecku He upeT. Ee
KaTalm3upyoT HOHaMW BOAOpOHa, AOOaBIAI K pacTBOpy caxapa HeOOIbIIoe
KOMUYeCTBO  KHCIOTHL.  lIpy  5TOM  CKOpPOCTH  peakIlii  OKasbIBaeTcd
MPONOPIMOHAIPHON KOHITEHTPaITii HOHOB BOAOPOa.

TpocTHIKOBEIN caxap, TTHOKO3a U (PPYKTO3a ONTHHYECKH aKTHUBHBI, TIOSTOMY
ynoOHO OmpefendTh W3MEHEeHHe KOHIIGHTPallii B IIPOIecCe Peaklny II0
M3MEHeHUIO OINTHHeckol akTWUBHOCTH pacTBopa. OmTudeckad akTUBHOCTB
XapakTepusyeTcd yAeNbHBIM BpallleHHeM [o.], paBHBIM YIJIy BPAIleHMS IUIOCKOCTH
MONApU3alliY [IPU IIPOXOKISHUN yda Hepes pacTBop ¢ TONIMMHON crmog 1 am u
KOHIIeHTpaImeit 1 r/mi mpu 20°C.
3Hadg yToJ BpalleHnd, KOHIISHTPAITHIIO M TOMNIIIHY CIIOS PacTBopa, eTKo HalTh [a].
3Haku “+7 m 7-7 oTBedHaroT IIPaBOMYy M JE€BOMY BpAaIlleHUIO, COOTBETCTBEHHO.
TpocTHUKOBBIH caxap BpalaeT IIOCKOCTh TOMIpu3aliy Bupaso ([o] = +66.55"), a
cMech TIPONYKTOB peakimy — Bieso ([o] rmokoser +52.5°, dpyxrossr -91.9°). B
TeUeHHe peaklU{ IIpapoe BpalleHue IagaeT Ao HyJId, a 3aTeM BpallleHue
CTAaHOBUTCS OTPHIIATeNBbHBIM, T.K. YIONl BpallleHHUd CMecH IpeAcTaBlieT coOOOU
anreOpadecKyi0 CyMMY VIJIOB BpallleHHsd COCTABIIIIONINX BemlecT. AOCOmOTHAd
BeNIMHMMHA OTPHIIATEIbHOrO yTia BO3pacTaeT, IIPUONMNEKAICh K IIPefeNbHOMY
3HaUeHUIO O, OTBEUAIONIEeMYy OKOHYAaHWIO peakIlu{. YTOJ BpalleHUsd IUIOCKOCTH
MIONAPU3aIl ¢ ITIPIMO IIPOIIOPIMOHANeH TONMIMUHE clIod [ M KOHIIEHTpaln

akTiBHOTO Bemectsa C, T.e. o =[cx]-/-¢. 3Buag yroll BpalleHud, yAeIbHOe

BpameHrie 1 TOIINHUHY CIIOAd pPacTBopd, BBEMHHCIAIOT KOHIEHTPAIMIO OIITHHECKOT O
nioMepa:
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c=—0,
[O:] ¥, 30)
B ypaBHEHUH (13) a u x MmoxEO BBIpa3UTh Hepes o
a:(xo_(xm; :afo_a’r’
[x]-1 []-]

IZe O - YTOIl BpaleHud B MOMEHT Hadalla peakiiH, ¢4 - YT OJl BpalleHnsI B MOMeHT
BpeMeHH t, Ol.,, - YOI BpallleHHd KO BpeMeHN OKOHUAHNS PeaKIlii.
3amenaq a u x B ypaBHeHUH (13), IOy IAM!

1, o, —«
Kl ="ln— "= (31)
t o -,
Jng usmepeHnd yriia BpallleHnsd IUIOCKOCTU IIONIPU3aIlid CBeTa IIONb3YIOTCH
U3MepUTeNneM KoHIleHTparmu Tmokossl  MITI-01.  O6mmit  Bum — mpubdopa

NpefcTaBleH Ha puc. 9.

Puc.9. Vsmepurens koHileHTpaimm rimokosel MITI-01. 1 — xopmye;, 2 —
nudposoe Tabno; 3 — Kpbimka; 4 — smexTporHyp; 5 — kfoBeta, 6 — BuHT ~YCT
0.007.

BBHIOJTHEHHWUE PABOTDI

Bxmounte  TepMocTaT U YCTaHOBHUTL  TeMIIeparypy,  yKa3aHHYIO
npenopapareneM. [Ipurotoputs 20% pacTBop caxapa, OIS 3TOrO Ha TEXHUUECKUX
Becax B3BECUTH 5 T caxapa, TIOMeCTUTh B MePHYIO KOOy oO0beMoM 25 M1, ToOaBUTh
BOJIBI IO METKH.

B Teuenne 15-20 muH. pactBophl caxapa u kucnotel (HCl — xaramizatop)
pasienbHO TePMOCTATUPYIOTCL.
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Hamnee orobpats mumetkoit 10 M pacTBopa caxapa W CMeIaTh ¢ 3aJaHHBIM
obovemom kucnotel (4H HCl wmu 6H HCl). TmarempHO Tiepemeniath, OTMETHB
MOMEHT CIIMBaHNU4 pPacTBOpPOB IO HacaM, M 3aIUTh B KIOBETY H3MEpPUTEIBHOIO
npubopa. 3HaueHNd yTila BPalleHNd IIOCKOCTH ITONIPI3alliy PeakIMOHHOH cMecH
B KIOBeTe (PUKCUPYIOT Ha IMPpoBOM Tabio mpudopa.

[TokasaHna o 3aIUCHIBAIOT TeM Halle, HeM OONbIle KOHIeHTpaIwa
KartanusaTtopa U TeMrepaTypa omnblta. [lo 2-3 maMmepeHnsa: cHauana ugepes 3 MUH.
3aTeM 3-5 oTcuera depes 5 muH. 1-3 orcuera uepes 10 muH. u T.0. M3mepenug
IIPOBONAT B TeueHUe | daca.

Jna ompegeneHud o, IIOPINIO PEaKITMOHHON cMecH 3apaHee HarpeTs 30-40
MUH. OpH 40-50°C B TepMocTare, 3aTeM OXJIaguTh IO TeMIlepaTyphl OIbITa M
IIPOBECTH U3MEpeHLe.

Jma onpeneneHus SHeprumM akTWpalumy E peakimi HeoOXOAWMO IIPOBECTH
OTIBIT IIPH Pa3HBIX TeMIlepaTypax, 3aJaHHbIX IIperiofapaTeeM.

Paccumtats E mo ypaBHenuwro (28) u rpadudeckum criocoboM  TIpH
mocTpoeHnH 3apucumMoctu Ink ot 1/T.

PesynbTaTel n3MepeHU 3aHECTH B TAOTHMITY.

Tabmara 5
W3meHenme yTia BpalleHns INOCKOCTH TTONIPU3aIlii CBeTa U pactieT
KOHCTaHTHI CKOPOCTH PEakITii MHBEPCHU TPOCTHUKOBOTO caxapa.

Bpema OT
-1

Hauana Oy = Cloog In{oy-ct., ) K, Mmun

peaKIiy, MIUH

[Toctpouts rpadmk zapucuMOcTH In(o-Cl,)=f(1), SKCTpamonauedl MoTyueHHOH
mvHmn 10 =0 Haxomat In(og-o.,).

PaccumTaTth KOHCTAHTHI CKOPOCTU PAIOKEHI Caxapo3bl.

OnpenemmTh SHEPTUIO aKTUBAITUN PEaKITHH.
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2. TEPMUYECKHWIT AHAJI3
ABYXKOMITIOHEHTHbLIX CUCTEM

(O3HAKOMBTECH CO CIICOYIOMIHMK TCOPCTHHCCKHMHA BOIIPOCAMI.!

[Torgarne o papHOBecum, Ipapmino as ['mbOca, WCHONB3OBAHME ero A aHalI3a
nuarpamyM aszoBbIX paBHOBecrii. lloHaTmda: ¢asza, KOMIIOHEHT, HHCIO CTeleHei
cpobonEl. JluarpamMma COCTOSHMA «TeMIIepaTypa-CoCTapy, ITOCTPOSHHIE €e TI0 KPHBBIM
OXJIaXkNeHNI «TeMIleparypa-BpeMd». PasmiiHble TUIIBI [JUarpaMM —COCTOSHIL
Tepvomaeckii agamrs. [lo muarpamme «TemrepaTypa-cocTaBy IS IBYXKOMIIOHEHTHOU
CHCTEMBI (KOMITOHEHTBI TIOTHOCTHIO PACTBOPUMBL PYT B JIPYTe B JKHIKOM COCTOSHIH 1
TIOTTHOCTHIO HEPACTBOPHMEI APYT B IPYTe B TBEPIOM COCTOSHIN) HAYHHUTECh OIPEeIeIIITh
TIICTIO CTeTleHet cBoOOIBI B KayKIOH TOUKE TUal PAMMEL

3aKOHOMEPHOCTH, KOTOPBIM OTUHMHAIOTCS PABHOBECHBIE T'eTePOreHHBIE CHCTEMBL,
YCTaHABIMBAOTCA TIPABIIIOM ha3, KOTOpoe ObIIO BEIBEIEHO | MOOCOM:

S=K-®+n, (32)

rae K - qcno KOMIIOHEHTOB; N - MMCIO BHEITHIX [IapaMeTpPOB, OIIPEeIeITIOIIIX
cocTogHIe cucTeMbl;, O - mcno g3, HaxOAMIIXCA B PABHOBECH.

OU3UKOo-XUMIUYUeCKUY aHaIM3 OCHOBAaH Ha W3YHEHWM 3aBUCUMOCTH MEKIy
CBOMCTBaMM CUCTEMBI, 8¢ COCTaBOM U YCIOBMSIMU CYIIIeCTBOBAHIIA.

OusnKo-xUMITIeCKHT  aHaAT3 IMHMPOKO HUCTIONB3YET TeOMETPHUECKIHe OOpasbl.
['padiraeckoe M300paskeHIe 3aBUCHMOCTH KaKoro-JIMOO CBOMCTBA OT COCTaBa CHCTEMBI
Has3bIBAeTCA AUAT PAMMOM COCTOIHUA.

Tepmudeckuii aHamM3 BIIETCS YACTHBIM CIydaeM  (DH3HKO-XUMHYECKOTO
aHaIn3a U OCHOBAH Ha U3YHUEHWM 3aBUCUMOCTH TeMIIepaTyphl OT BpPEMeHM IIpU
PABHOMEPHOM OXJIaKIeHIN UK HAT PEBaHN CHCTEMBI.

IKCIIEPUMEHTAJIbBHAA YACTD

Paboma 1. H3yueriie kpucmaniuzayiin j1ecKoniaeKux ciucmem

OpraHudeckrie BeIecTBa OONanalOT CPaBHUTENHHO HUZKUMU TeMIIepaTypaMu
IJIaBIEeHUd, W I TaKUX CHCTeM TePMHYECKMI aHalli3 MOXHO IIPOBOIUTH B
OOBIMHBIX TPOOHpKax, a W3MEeHeHWe TeMIlepaTyphbl (MKCHpPOBATh C TIOMOIIBIO
TepPMOMET]A.

BBIIOJTHEHHWE PABOTbBI

1. Jng mposenerria paboTe! UCITONB3YIOTCA cMecH HadTamiHa ¢ JU(eHITaMITHOM
TN a300€H307I0M B ITPOTTOPIILIX, YKa3aHHBIX B Tabmax 6, 7.
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Tabma 6
Coctap cMeceti HahTaH — a300eH30M U TEMIIEPATY PhI KPUCTATLII3AI .

Ne Hadramin Azobenzon Temmeparypa
cMecH KPUCT.
cofep:kaHUe, | HapecKa, | cofepkaHue, | HaBecKa, | Hadano, | KOHeIl,

%0MOIBH. o %0MOIBH. o () ()

1 100 5.00 0 0

2 80 3.69 20 1.31

3 60 2.57 40 2.43

4 55 2.31 45 2.63

5 46.5 1.90 535 3.10

6 40 1.60 60 3.40

7 35 1.37 65 3.69

8 20 0.75 80 4.25

9 0 0 100 5.00

2. Hccnmenmyemple cMecH IIOMECTUThH B HPOOHUPKY, IIPOHYMEpPOBAaHHBIE B
COOTBETCTBUH C TIOPSAKOBBIM HOMepOM cMecH B Tabmme 6 wm 7. IIpobupkn
3aKPBITh PE3MHOBBIMU TIPOOKAMM C BCTABICHHBIMU B HHUX TepMOMETpaMH U
MeITIATKaMIL.

3. IIpobmpkm co cMmecaMy TIOTPY3UTh B BOOMHYIO OaHIO ¢ ITOMOIITBIO
CHeIMaNbHBIX Hepskareneii. [locnme Toro, kak cMech pacIUIaBUTCS, IIPOOHUPKY C
PacIUIaBOM ITOMECTUTH B BOIYIIHYIO OaHIO (CTEKIIIHHBIN CTAKAHTIK ) ¥ IIPUCTYIINTh
K perucTparpm Temieparypbl cMecH. Jlng storo uepes Kaxkaple 30 cek. Hamo
3alChIBaTh ITOKa3aHMI TepMoMeTpa IIPU HelPephIBHOM IIepeMelBaHIN paclliaba
MeTaldeckol — Memmankod.  llepeMenmBaHuwe — OpeKparurs ¢ HadaloM
KpucTawmzaipuy. Ecimi nponomkars IiepeMelniBaHie BO BpeMd KPUCTaIIM3aII, TO
BBIIEIMIONTNEeCd KpPHUCTA/UTBI BMecTe ¢ 3axBaudeHHBIM JKMIKUM  PacIlIapoM
Pa3sMasBIBAIOTCA 10 CTEHKaM ITPOOHPKH, U TePMOMETP MOKeT OKa3aTbCd B BO3IYIITHOM
MellIKe, UTO IIPUBEeT K HelTPABIIbHBIM ero IIOKA3aHIIM.

4. SCarmmich Xofa TeMIleparypbl IPONOMKATh OO IIONHOIO  OKOHYAHUA
KpUCTALIM3ali. OpPUEHTHPOBOUHO IIPH OXJAXAeHNMN cMecH 2 - & CHCTeMBI
HadTATIH-a3068H307 OIBIT MOXKHO 3aKOHunTb 1pu 40°C, a IIPH OXIIasIeHIH CMecH
2 - 6 cuctembl HadhTATMH - AvideHmTamMitH - Tipu 30°C.
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Tabmura 7

Coctap cMecel! HahTamH — MUEHIITaMITH 1 TeMIIePaTy Pbl KPHCTAIITIT3Al M.

Ne Hadramin JudenrmamMim Temmeparypa
cMecH KPUCT.
cofep:kaHUe, | HapecKa, | cofepkaHue, | HaBecKa, | Hadano, | KOHeIl,
0 0
T, T. C) C)
%0MOIBH. %0MOIBH.
1 100 5.00 0 0
2 79.5 3.52 241 1.48
3 558 2.44 442 2.56
4 32.45 1.33 67.55 3.67
5 26.9 1.09 731 391
6 6.0 0.23 94.0 4.77
7 0 0 100 5.00

5. PesympTaTel Hm3MepeHu TeMIlepaTy phl IIPH OXJIAKASHIN PacIllaBa PasIATHOr O
COCTaBa CBECTH B Tabmaly 7 W IO 3THM JaHHBIM IIOCTPOUTH KPHBBIE 3aBUCHMOCTH
TeMIIepaTypbl CMeCH OT BpeMeHM oxJaxeHnd, B Macmtabe: 30 cex - 1 mm (och

abcrmace), 1°C - 1 mm (0ch OpauHAT).

Tabmaia 8
WsmeHeHne TeMIiepatypbl CMeCH BO BpeMS OXIaKICHIIL
Bpema Tenmepatypa (°C) cMecr cocTasa
OXJIHKIEHIA
1 2 3 4 5 6 7 8 9

Kpupble oxmasaeHud clenyeT pPacloNOUTh Tak, UTOOB WX HAYaIbHBIE
TOYKH OTCTOSNIM APYT OT APYyTa Ha PACCTOSHUM B 1 CM M KpHUBBIE OXJIaKACHUI He
riepecekamich (prc. 10).
6. TemmepaTyphl Hawama ¥ KOHITa KPUCTAUIM3AIMK paciiaBa (MOryT OBIThH
OQUHAKOBBIMI ) BHECTH B TaOIMITHI 6 1 7.
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a) 6)
Puc.10. Kpupble oxnaxaennd (a) v AuarpaMma TDIaBKOCTH OMHAPHON crcTeMbl (O).

7. Tlocne sTOro Ha KPUBHIX OXITKIEHUI OTMETUTH TOUKH, OTBEUAOITAE
KPUCTAJUIM3AITN  CMECH. OJTO OyAyT TOPH3OHTATBHBIE WM CIIETKa HaKJIOHHBIE
TUIOMIAAKYA LI TIPOIECCOB KPUCTAM3AIMA YUCTHIX BENTECTB WIH SBTEKTUKU U
TieperuObl Ha KPUBOH B CITyHae KPUCTAIUT3AITAM APYTHX CMECEH.

8. ITo momyueHHBIM JAaHHBIM TTOCTPOUTH AMATPaMMYy COCTOSHMS CHCTEMBI. 1o
ocr abCICC OTKIAABIBAIOT COCTAB, IO OCH OpPAHHAT — TeMIIepaTypy Hadana
KprcTammmarpn (prc. 10 6).
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3. QJIEKTPOITPOBOJHOCTD PACTBOPOB DJIEKTPOINTOB

(J3HaKOMBTECH CO CIIEAYIONTUMHU TEOPETUIECKUMHU BOIIPOCAMU:

IIpoBogHukn mepBoro W BTOpOro poxa. PacTBopwl aieKTpoimTob. CHUIBHBIE U
cralkle BIeKTPONUTEHL, MpuMeprl. CTelleHb 5IeKTPOIUTUHeCKON JUCCOIMAIH .
DIeKTPONPOBOIHOCTL (yIenbHasd W SKBUBAICHTHAM). 3aBUCHUMOCTh YAENHHOU U
SKBUBANIEHTHON  3I€KTPOIPOBOJHOCTH  OT  KOHLEHTpAaIllMd  2JIeKTPOJIUTA.
3aBUCUMOCTE 3JIEKTPOIPOBOAHOCTH OT KOHIIEHTPAallMM M IIOABUKHOCTH HOHOB.
IlomBuHOCTE MOHOB THIAPOKCOHMSA M THAPOKCHIA. DBindHMe TeMmIlepaTyphl Ha
JNEKTPOIPOBOJHOCTE.  lIpuMeHeHMe  MeToma — SNEKTPONPOBOOHOCTH IS
AHAMTUUECKIX OIIpeleNeH (KOHIYKTOMEeTPHI).

PacTBOpBl  SIMEKTPOIMTOB  IBIIIOTCA IIPOBOAHUKAMU BTOPOTO  poja:
HIEKTPUIECKU TOK B HUX TIEPEHOCHUTCS MOHaMU, OOpPasyIOIUMUCI B PAacTBOpE B
pesyIbTaTe IUCCOIMAIMU PacTBOPEHHOTO BemecTBa. CIOCOOHOCTh PAacTBOPOB
TIPOBOAUTD HIEKTPUHIECKHI TOK XapakTePU3yeTCd OOBITHO COMPOTUBIICHUEM WITH
HIIEKTPOIIPOBOIHOCTHIO.

BIeKTPOIPOBOHOCTRIO TpoBonHuKa (L) HaspBaeTCd BemMInHa, obpaTHad
conpotusneHmio (R):

L1
R (33)

ComnpoTuBIeHre TTPoBOAHMKaA (R) 3aBUCUT OT ero JTHHBI (ﬁ) U TUTIOMTAIHN
TIOTMEPedHOro cedeHud (S):

i
R= p— (Om) 34)
5
rae - yIOeIbHOE COIPOTUBICHUE.
OTcrona
1 s 1
L=——(OM") (35)
p L
Bemmuauaa — =)  HasbBaeTcd  YOSNHHOH  SIEKTPOIPOBOTHOCTHIO

P

3
IIPOBOOHHKA. Ee moxmo IIPEACTaBUTE KaK JJICKTPOIIPOBOAHOCTE 1 om MarepHalia
2
IIPOBOOHMKA, HMCEIOINETo INIOMAAb IIOIEPETHOro CEHeHIA 1 oM. PaBMepHOCTb
BCIIHYMHEIL

7 [Om?, en].

30



Bemuaima YEGHBHOﬁ SQNMEKTPOIIPOBOAHOCTH 3aBHCHMT OT HHCIIa HOHOB B
COHMHHIIC obneMa (KOHL[GH’IPEH_H/II/I), CKOPOCTH HX IIepeMEeIleHd W I[IepeHOCHMOro
KaX¥ObIM HOHOM 3apdaaa. 3Ta 3aBUCUMOCTh BBIpa¥acTCd YPaBHCHHUCM:

y=a-C-FU +U), (36)

TAe - CTemeHb muccormarmu, C - KoHreHTparmg (r'oxe/m), F - mmucmo ©apaned
(KONMUHIecTBO BIEKTPUHecTBa, HeOoOXOANMOe g BhIAeneHnd | TpaMM-3KBUBaJIEHTa
BemtecTBa), U/, u U_- abCOMIOTHBEIE CKOPOCTH TIePeMEITIeHII HOHOB.

Kombpay1m nmokasar, 4To IIpH OCTOSHHON TeMIlepaType U BA3KOCTH pasHbIe
HMOHBI JBIKYTCS C OIpelNeleHHBIMHI CKOPOCTIMH, U 3Ta CKOPOCTh He 3aBUCHUT OT
CKOpOCTHU IepeMeITeHns IpyTiX HMOHOB. XapaKTepus3yIoT CKOpPOCTh IepeMeleHnd
MOHOB BENUYMHON aOCOMOTHOH CKOPOCTH, IIOf, KOTOpOH IIOHWMAKOT IIyTh,
TIPOUIEHHBIH MOHOM B TedeHWe | ceK. TIpW TpaaueHTe Hampsaxkennda 1 Blem.
3aBUCUMOCTb  yIeIbHOM  3IeKTpPONpPOBOTHOCTH OT KOHIIGHTpAaIMH  MOIKHO
TipefcTaBuTh Tpadmaecku (puc. 11).

A
4
08+
HCf{
06+
. KOH
04+
02+
: : : : : >
0 2 4 6 8 10

C, e - axedn

Puc. 11. 3aBucumMocTb yAeTbHON SIEKTPOIPOBOTHOCTH ( 7 )
oT KoHIeHTparmu (C).

IlockompbKy mepefada >JIeKTPUUECTBA Hepe3 PpacTBOP OCYIIECTBIIIETCH
IOBIDKEHHMEM HOHOB, TO II0 Mepe YyBeIWdeHHd KOHIIEHTpalUd yAellbHad
SIIEKTPOIIPOBOAHOCTE pacTeT. ONHAKO MPH JOCTIKSHWH JOCTATOHMHO OOJBIION
KOHIIEHTpaIlUl } I1ajaeT BCIIEJCTBUE YMEHBIIEHN CTEIIeHN JUCCOLIHAIIIN.

Jng xapakTepucTHUKN MPOBOAAINEH CIIOCOOHOCTH PAacTBOPOB SIEKTPOIITOB,
CBA3@HHOM TOJBKO CO CTEIIEHBIO BIeKTPONUTHYECKOH AMCCOITHAllN, OOBIMHO
NIPUMEHIIOT 3KBUBAIEHTHYIO IeKTPOIPOBOJHOCTD.
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DOKBUBAIEHTHAA SIEKTPOIPOBOTHOCTE A — 5TO 3JIEKTPOIPOBOIHOCTD CTONOA
pacTBopa mnuHON 1 ¢M ¥ ¢ Takol IUIONIAALIO ITONEPEYHOTO CEeueHWd, HTO B
MeK3IEK TPOIHOM IIPOCTPAHCTBE TTOMeIaeTcd 00heM JKUIKOCTH, comepskanTimi 1 r-
9KB. PACTBOPEHHOTO BEIECTBA.

Yrobbl yCTAaHOBUTH COOTHOIIEHUE VIOENbHONU 3JIeKTPOIIPOBOTHOCTH Y C
SKBUBAIEHTHOH A, HYHO NIEPBYIO BEIUHUHY YMHOXHTH Ha 0ObeM pacTBopa ¢,
comepxarmuii 1 T-3KB. SnekTpommTa (OOBIMHO BENMHUMHY ¢ Ha3BIBAIOT,
"pazBenenmem"” wm "pazbaBnermem" ):

A=2x9

eCIM KOHITeHTparmg snextpoimTa C r-5KB/J, TO
1
Q= E-IOOOCM3 /2-2K8

Taxum obpazom,

4 2-1000

(oM™ en®/ 2 » sx€) 37

3aBUCHMOCTb SKBUBAIEHTHOM SIEKTPOIPOBOAHOCTHA OT pasBeleHHd pacTBOpa
MOKHO TIPEACTaBUThL rpadumecku (prc.12).

HCI

OKBHBAIeHTHAA SIIeKTPOIIPOBOIHOCTE A

(2G 1 aa 200 £00 1000
Pazesferie n/2-3x8
Puc.12. 3ZapucmmocTb 5SKBUBANEHTHOM SIEKTPOIPOBOTHOCTU HEKOTOPHIX
HNEKTPOIUTOB OT PasBeIeHIs.

[IpenempHOe 3HadeHMe 3IEKTPOIPOBOTHOCTH DIeKTpoiIuTa Ay Has3bIBAIOT
SIIEKTPOIIPOBOAHOCTRIO TP  OeCKOHEWHOM pasBeleHMM, HalpuMmep, 3HadeHHe
5IEKTPOIPOBOIHOCTU EKTPOINTOR IIPU paseeneduu > 1000, puc. 12.
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Jmna cnaboro snekTponuTa Bo3pacTaHWe SKBUBATICHTHOH 3IEKTPOIIPOBOIHOCTH
IIpu pa30aBlIeHNN OIPEeNeIeTCd CTeIIEHBIO SIeKTPOIUTHHIECKON MUCCOMMAIIH 1
BMeCTe ¢ Hell CTpeMUTCA K HeKOTOPOMY IIpefelly. DTOT IIpefiell U eCTh /.

[TockompKy ~ cHUIBHBIE  SIMEKTPOIWTHI  TpPH  JHEOOOH — KOHIIEHTpAaIiH
TPICCOLMIIPOBAHBI TIOTHOCTHIO, MOYKHO OBIIIO OBI OXMAaTh, UTO UX SKBUBANCHTHAS
SIEKTPOIIPOBOAHOCTE TP JHEOOOM  KOHIIGHTpAaIlMM paBHa  SKBUBAIEHTHOU
SIIEKTPOIIPOBOAHOCTH IIPH OSCKOHETHOM pasBemeHm. OJHAKO BCIIEACTBIE HOHHBIX
B3auMonelicTBUI SKBHUBaNeHTHAS SI€KTPOIPOBOAHOCTh CHUIIBHBIX 3JEKTPOIUTOB ¢
yBeIMUeHNeM KOHIIEHTPAITNH TaKke YMeHbITaeTCs.

Hna pasbapneHHbx pactBopoB (mo ~ 0,01H ) CHIBHBIX SIEKTPOIUTOB
3aBICUMOCTD SKBUBAIEHTHON 3IeKTPOIPOBOIHOCTH OT KOHIIGHTPAITNH MOKET OBITH
ormcana dopmynoi Kombpayra:

A=y - 4T (3%)

roe A4 - HocTodHHAd BeNMUMHA, 3aBUCAINad OT IIPUPOABI PacTBOPUTENI U
TeMIIepaTyPHl.

B xoopmuHatax A—+/C 5TOMY YPaBHEHMIO COOTBETCTBYET IpaMas IHHIS.
Onpenemis 51eKTPOIPOBOAHOCTE PAacTBOpa NPH Pa3iNUHBIX KOHI[EHTpaIMIX U
TIOCTPOMB Tpadik 3aBHCHMOCTH A oT +/C, MO¥HO myTeM rpadmdeckoit
SKCTPATIONIIIH OIIPENeIUTD BETIUINHY A, .

Jma cnaleix 3NeKTPOIMTOB He HaOIIOMaeTCs IIPIMOIMHENMHON 3aBUCHMOCTH A
or +C, TO3TOMY ONBIT IIOKA3BIBAET, HUTO AN HUX HeNb3d OIpeNenuTh A,

IIOCPEACTBOM  BKCTPAallOLIIMU  OIBITHBIX  JaHHBIX  JUII  OKBUBAJCHTHOMU
3IEKTPOIPOBOJHOCTH.
Jna onpemenermis A4, cnabpIX SIEKTPOMMTOB TMOMB3YIOTCA PaCHeTHEIM

METOJIOM, OCHOBaHHBIM Ha 3akoHe Kombpayma. CyImHOCTE ITOCIEIHETO
3aKIII0YaeTCd B TOM, HTO ITONBIDKHOCTH HOHOB [AaHHOTO COpTa B OECKOHETHO
paz0aBIeHHOM PacTBOpPE He 3aBHCUT OT IIPUPONBI APYTHX MOHOB IIPUCY TCTBYIOIINX
B pacTBOpe. DTO MO3BONIET PACCUUTATh A, cmaboro snexTpoianTa CyMMUPOBAHHEM

3HAYEHWH  IOABMIKHOCTEN  COOTBETCTBYIOIIMX HOHOB IpPU  OECKOHETHOM
pasbaBIeHITH.

/70 =1 L+ I3 39
[, +1 - mOmBMAHOCTH MOHOB.

TToABUKHOCTH MOHOB MPOMOPIIUOHAIBHEI abCOMIOTHBIM CKOPOCTAM BYKEHII
HMOHOB M IIPECTABIOT CObol abCOMOTHEIE CKOPOCTH, BBIPaXKeHHbIe B €IUHUIIAX
snextponposonrocT: A, = FU, u A =FU_.

Takum o6pasoM, OHH BBIPAKAIOTCS B TeX Ke eQUHHUIEX, uTo U A(B cM® oM™
r/3k8 ™), T.e. oTHOCATCA K 1 IpaMM-5KBUBAJIEHTY JaHHBIX HOHOB.

IIpuBeeHHOEe COOTHOIIGHHE HOCHUT Ha3BaHWe 3aKoHa  aJJINTUBHOCTH
SIIEKTPOIIPOBOAHOCTH Wi 3aKoHa Kombpayima.

BIeKTPOIIPOBOAHOCTD 3IEKTPOIMTOB CYINEeCTBEHHO 3aBUCUT OT TEeMIIEPaTyPhI.
C MOBBINIEHWEM TEMIIEPATYPhl 3IeKTPOIPOBOJHOCTE PacTBOPOB BO3PAcTaeT
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BCIIEJICTBUE YBENIWYEHNd CKOPOCTHU IBIDKEHHA WOHOB (YMEHBIEHWE BI3KOCTU
Cpenbl), clenysd TMHeHHOH 3aBUCUMOCTH

& = A1+ a(t —18)) (40)

rme A u Ag COOTBETCTBEHHO OOO3ZHAYAIOT SIEKTPOIPOBOIHOCTD IIPH

0 .
Temmeparype t 1 18°C, a - TemmepaTypHBIH KO(P(UITMEHT 3IEKTPOIIPOBOTHOCTH.
YpenuueHue TemIlepaTypbl Ha OIWH Tpagyc [PUBOAWT K BO3PacTaHUIO

SKBUBAIEHTHON »3IEeKTpOIpoBogHOCTH Ha 2 - 2,5%. Ilostomy mpu wusmepeHHU
5IIEKTPOIIPOBOIHOCTH HEOOXOMIMO TePMOCTATHPOBAHIE.

IKCIIEPUMEHTAJIbBHAA YACTD

Paboma 1. Onpeodeneriiie koncmarimst ducconuaniu ciabozo
INEKMPoAuma

OnpeneneHue IOCTOIHHOU cocyaa

Wamepennio 5IeKTPOIIPOBOTHOCTH PACTBOPA IIPEAIIECTBYET OIpeaeeHue
KOHCTAHTHl COCYZia, B KOTOPOM 5TH H3MEpPeHHd MNpou3Boadrcd. COIpoTHUBIEHNE
pacTBOpa 3aBUCHUT He TONBKO OT KOHIIEHTPAIMH SIeKTPONNTA, ILIOMIaIu
SIIEKTPONOB U PACCTOAHHMI MOy HUMH, HO OT UX B3aUMHOTO PACIIONOKEHUI U
obbeMa pacTBopa.

[TosroMy ymembHad SIEKTPOIPOBOAHOCTL ¥ He paBHA W3MEpPEHHOM

SIIEKTPOIIPOBOAHOCTH L , @ el IporopIoHaIbHa
¥ =KL (41)
Kosdpdmment npomnopiuoHansHocTr K = Ha3bIBAIOT KOHCTAaHTOM COCYIa.
-1
PasmeprocTh ee [cM |, abcomoTHAad BeMMHMIHA 3aBUCUT OT OTHOIISHUI g The [ -

PaCCTOAHIE MEKIY MEeKTPOIaMu, a S - IIOMaib dIeKTPOIOB.
CornacHo ypapHeHMO (41)

K = z TK. L = i ,

L R

TO

K=%R 42)

3HaumT, [OIg  OIpefieieHNd TOCTOSHHOM  cOCyla HYKHO — H3MEPUTH
COTIPOTUBIIEHUE PACTBOpa SIEKTPONNUTA, YASNIbHAS 3IeKTPOIMPOBOIHOCTh KOTOPOTO
m3pectHa. Jamee, 3Had TMOCTOSHHYIO K, HETPYOHO paccuuTaTh YIAETbHYIO
HIIEKTPOIIPOBOIHOCTD JTHOOOTO SIEKTPOITUTA 10 BEIMUUHE €T0 COITPOTHBISHUS

K
== 43
X R (43)
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1. lzmepeniie nocmosanuoli cocyoa

B cocyn mnsg uzmMepeHns 3IeKTPOIIPOBOIHOCTH HamBaroT 10 M cTaHAapTHOTO
pacTBopa (0OBIMHO B KadecTBe cTaHmapTHoro ucroib3yioT 0,02 wm 0,01 KCl).
Pacteop TepMmocTaTHpYIOT HIpH 3amaHHON TeMIlepaType, a 3aTeM IIPUCTYIaioT K
M3MEpPeHIIM - TIOAKIIOUAlOT COCYZN K W3MEpPHTENbHOH cXeMe U OlpenelsioT
COIIPOTHBIICHNE CTAaHIAPTHOTO PacTBOpPa.

Taonuima 9

Y mempHasg 3IeKTPOIIPOBOIHOCTD

BOJIHBIX PACTBOPOB XIIOPUCTOTO

Tadbauima 10
[TomBUHHOCTH HEKOTOPBIX
HMOHOB TPy OECKOHETHOM

a1 -
Kamid, y, OM ¢cM

pasbapnenmn (t=1 8°C)

KoHteHTpaimsa C, T-9KB/T
tO
C L, L
0.1 0,2 0,01 Karuon AHNOH
15 | 0,01048 | 0,002243 | 0,001147 H* 315 | OH 174
16 | 0,01072 | 0,002294 | 0,001173 Li* 32,6 |CI 65,5
17 [ 0,01006 | 0,002345 | 0,001199 Na* 435 | Br 67.0
18 [ 0,011119 | 0,002397 | 0,001225 K* 646 |T 66,5
19 [0,01143 | 0,002449 | 0,001251 NH,” |646 |NOs 61,7
20 | 0,01167 | 0,002501 | 0,001278 Ag" 543 | SCN 56,6
21 | 0,01191 | 0,002553 | 0,001305 12Mg* [ 45,0 [ CH.COO 35.0
22 10,01215 | 0,002616 | 0,001332 1/2Ca* | 51,0 | HCOO 47,0
23| 0,01239 | 0,002659 | 0,001359 12Ba” | 55,0 | "*S0%. 68,0
24 1 0,01264 | 0,002712 | 0,001386 127n” | 46,0 | "2 Cz0.” 72.0
25 10,01288 | 0,002765 | 0,001417 12Cd7 | 46,0 | 2CO5* 70,0
12Cu” | 46,0 | CH;CH,COO™ |31
13F" | 61,0 |F 476
13A15 | 40,0 | CeHsCOO 32,5

[ToctoguHay0 cocyma BEMMCIAIOT 1O (opmyne (42), roe Y - yIoelnbHad

AIEKTPOITPOBOIHOCTE cTaHAapTHOro pacteopa KCl (cm. Tadm. 9).

2.0npecenenie YOeIbHOU 32NeKMPONPOGOCHOCHN U pacuem KOHCMAHMbL
ouccoyuayu cnabozo neKmponuma

Cocyn nAnd U3MepPeHUI SIeKTPOIIPOBOAHOCTH IIPOMBIBAIOT BOAOH, 3aTeM
HccleyeMbIM PacTBOPOM, HamuBaroT B Hero 10 My pacTBopa »IeKTpoImuTa U
TepPMOCTATUPYIOT B TedeHue 10-15 muHyT. 3aTeM HDOOKIIOUAIOT COCYH K
HM3MEpUTENbHOM cxeMe U OlpeledioT COIIPOTUBIIEHNE PacTBOpa SIIeKTPONINTA.

Taxkme w3MepeHUI NPOBOAAT AN HeTHIPEX-IIATH Pa3IUUHBIX KOHIIeHTpalmi.
PasbaBnmenme pacTBOopa BeOyT B TOM JKe cOCyZe, B KOTOPOM H3MEpSIOT
SIIEKTPOIIPOBOAHOCTE. [Ipn KakmoM paszbapiieHM W3 pacTBOpa YAANIIOT POBHO
IIOJIOBUHY COIEp Kalllerocd B HeM pacTBOpa M JOOaBIdiOT TaKoe K€ KONMMIeCTBO
OUCTIIMMPOBAHHON Bombl. [Ipm  SToM HeoOXOAMMO TONB30BATHCA  ABYMS
TIATTeTKaMH ONMHAKOBOH HOMWHATBHOM €MKOCTH (HalpuMep, 5 MI, eciu oOmInui
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obbeM wuccremyeMoro pactBopa 10 mur), ogHa W3 KOTOPHIX ODKHA OBITH Ha
" orOupanme” xuAKOCTH, Apyrad - Ha "BnuBaHue" ee.

PactBops! mocne pazbapieHUs epeMeITUBAIOTC.

PesynmbTaTel n3MepeHUi TpeIcTaBIMOT B Buze Tadmuiibl 11.

Tabmama 11
W3mepenne COMPOTUBIEHUS U pacueT KOHCTAHTHI UCCOITUAITAN
c1aboli KUCITOTHL.

]

'

:

A, Om - cm/2-3Re

'

KOHYeHMPayUus
pacmeopos C, 2-9x6/1
uaMepernoe
conpomusnenue R, om
yoenuHasa
ATeKIMPONPOBOOHO CHIb,
X, Om - om
DKEUBUTECHMHAA
ATeKIMPONPOBOOHO CHIb,
cmienetis
Juccoyuayui, a
KOHCTaHTa
muccorHanui, K

[To dopmymam (43) u (37) pacCUMTHIBAIOT YAENBHYIO M SKBUBAIEHTHYIO
SIEKTPOIIPOBOAHOCTH M CTPOAT TpaduKy 3aBUCHMOCTH STHX BEIMYUH OT
KOHITeHTPallHH.

Hanmee mo ypapHeHnmto (38), ucrmonb3yd maHHbie Tadmuilel 10, BBIMHUCIIIOT
SKBHUBATCHTHYIO  BIEKTPOIPOBOJHOCT TP OECKOHETHOM  pa3BeleHnHd U
WCIIONB3YIOT 5TO 3HAYeHWe NI BBIUHCICHHUSI CTeNeHW AUCCOIMAali caboro
ANEeKTPOIUTA:

o=
%

W3 3akona pazpegennd OcTBanbaa (1719 OMHAPHOTO SIeKTPOINUTA)
ot C
Ky=7" 44)
11—

BBEIYMICIIAOT KOHCTEIHTy AHCCOITHAITII. Hp0BepKa ypaBHeHI/IE[ OCTBEIJ'IB,Z[& MOIKET
OBITH BBITIOTHEHA I YKCYCHOM, OeH30MHON 1 ApyTux cnabbix kucnoT. KoHcranTa
AHUCCOITHAITITT 2THX SJIGKTPOJII/ITOB H¢ 3aBHCHUT OT KOH]_IGH'IPEIHI/II/I. Ha STOM
OCHOBHIBAETCA CIIEIMATLHBIN TpaduuecKuii MeTON W300pakeHusd pPe3yIbTaToB
W3MEPEHUH 3IeKTPOIIPOBOTHOCTH U TTPOBEPKH CIPaBEITUBOCTH ypapHeHMS (44).

Ecmn BHIPA3UTDH CTeIleHb IUCCOIMAITN Hepes OTHOIIIEHNEe
A
SIEKTPOIIPOBOTHOCTEH (X 27) U TIOICTABUTH B ypasHeHue (44), monyumm:
0

AC
K=——7"" _. (45)
Ay Ay — 4)
Pemmag sto ypasHeHrne oTHOCHTenbHO AC, TOCIE HEKOTOPHIX TTpeoOpa3oBaHmiH,
MOXEHO 3allliCcaThb
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;bc:m;%—mn,

T.¢. IIpOHU3BEACHIIC AC - SKBHBAJICHTHAA SNEKTPOIIPOBOOHOCTE, YMHOMKCHHAA

1
Ha KOHIIEHTPAIIMIO PacTBOopa, IIPeICTaBIIeT TNHEHHYO QPyHKITIIO )

1
AC=a—+b
“2

2
rne a=KA; u b=-K/, - nocrogunsle BemIHHEL. OTKIaIbIBas 3HaTSHII

AC B punme QYHKIMM —, OEHCTBUTENHHO, Ha Ipaduke ITonydaeM IIPAMYIO, €CIN

1
A
BCIIHMHHMHA KOHCTAaHTBEI AJHCCOIHAIMHE HE 3aBHCHT OT paB6ElBJIeI—]I/IE[ pacTBopa.

Hpﬂmaﬂ, IIOCTpOCHHAad B KOOpPAHMHATAX E— AC , daeT BO3MOXHOCTE OIIpede/INTh

BemHuHbL A, 1 K.

Paboma 2. Konoykmomempuueckoe mumposaniie

MeTon m3MepeHMS SMEKTPOIIPOBOAHOCTH Halllel IpUMEHeHHe B OOBEeMHOM
aHaM3e, TaK Ha3blBAGMOM KOHAYKTOMETPUHYECKOM THUTpoBaHMN. OH ¢ yCIIeXOM
IpUMeHsgeTcd B TOM cIydae, KOrJa WHcclelyeMble pacTBOPBl  IBIIIIOTCA
OKpAIIeHHBIMY, MYTHBIMU WM CONEPKaT B3BEIIeHHbIe HacTHUIlhI, KOTZa MeXIY
AHAM3UPYEMBEIM 1 TUTPYIOITNM PacTBOPaMM MOTYT IIPOTEKaTh OOMEHHEIe MOHHEIE
W OKUCIUTENhHO-BOCCTAHOBUTENHPHBIE peakIMM, B pe3ylbTaTe KOTOPBIX
M3MEHIeTCd IIPOBOMIIAd CIIOCOOHOCTh pacTeopa. CBoeoOpasHBIM MHIMKATOPOM B
5TOM METOZe BIIIETCA M3MEHeHNe 3IeKTPOIPOBOTHOCTH B IIpoIlecce TUTPOBAHM.
Taxmm oOpazomM, SKBMBANEHTHYIO TOUKY IIPU KOHAYKTOMETPHUECKOM THUTPOBAHUN
OTIPENEeIIIOT TI0 M3MEHEHIIO SIeKTPOIIPOBOIHOCTH.

YacTo Homb3yioTed KOHAYKTOMETPHIECKUM TUTPOBaHUEM IIpH HeUTpaln3alin
KHUCJIOT U OCHOBaHWUH. PaccMoTpum TuTpoBanue cuibHOM kucnothl (HC1) cumpHBIM
ocHoparremM (NaOH), mpi koTopoM IpoTekaeT peakImis:

H +ClI'+Na"+ OH — Na' +Cl' + H,0

[Ipu TuTpoBaHMM >IEKTPOIIPOBOTHOCTh pacTBopa yMeHblmaeTcs (puc. 13, or
TOUKH A JO TOUKM SKBHBAIEHTHOCTH B), Tak kak v momoB Na', 3aMeHTIONX B
mportecce TUTpoBarus wonbl H', Tounee H3O', IOMBIKHOCTD 3HAYNTENBHO MEHBIIE
(tabmn. 10), k TOMY ke TPOUCXOAUT pa3baBlieHe pacTBOpa.

B MomeHT HeHTpanm3almu 5IEeKTPOIIPOBOSHOCTH PAacTBOpa JOCTHUTHET
MuHIMyMa. llpn  nmanmpHefimem IIpuOaBIeHMM INEIOMM B pacTBOpe Oyner
YBEIUINBAaThCA OOIee THUCIO MOHOB, CpeIyl KOTOPHIX MogensoTcd noHel OH™ ¢
fompIiolt ToABMKHOCTRIO (Tadn. 10). BemeacTeue 5TOro »IeKTPOIPOBOXHOCTD
Oynet BospacTath (puc. 13, oT Touku B mo Touku C).
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V(NaOH)

Pnc.13. Kprpag TUTpOBaHI CUITBHOU KUCIIOTEL CUIBHBIM OCHOBAHUEM.

Kpusag tutpoanma cnaboit kucinotel (CH3;COOH) mmeeT HECKONBKO
opyroi Bun (puc. 14). B sToM cayuae mpoTekaeT peakimis:
CH;COOH + Na" + OH" — Na' + CH;COO" + H,0
Bo Bpemq TuTpoBaHMI IIIOXO [AUCCOIMUPYIOITAd YKCycHasd KHUCIOTa
3aMeHdeTcd XOpPOIIO AUCCOIMUPYIOMeH CcoNbio, IO3TOMY BIEKTPOIIPOBOIHOCTh
pacTBopa yBemmuupaeTcda (puc. 14, oT Touku A [0 TOUKM SKBHUBAIEHTHOCTH B).
[Tocne HelfiTpamI3ayy KMCIOTHL IEKTPOIIPOBOTHOCTE pacTeT elle Oojee CHUIBHO,
TaK KaK B pacTBOpe MOMBIIAIOTCA B M30BITKe ruapokcuna-moHsl OH', obnamarormue
fompImiol moAgBuKHOCTHIO (puc. 14, ot Touku B mo toukm C) U yBemUIMBaeTC
o0ITas KOHIIEHTPaIg HOCUTeNel ToKa.

1 c

V(NaOH)
Puc.14. Kpusag tutpoBaHug cinadoi KUCIOTHI CHILHBIM OCHOBAHUEM.
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KougykTomeTprteckoe TUTpPOBaHNE MOXKeT OBITH IIPUMEHEHO U B TOM
clydae, Korjla B pacTBOpe IPUCYTCTBYeT CMech CHIBHON M crmaboi kuenoT. [lpu
no0GapIeHNN INeNOYH IIPekAe BCero HeHTpanusyeTcs CHUIbHad KWCIoTa, U
BCIIEAICTBIE 3TOrO BIeKTpUHeckas IIPOBONMMOCTh PacTBopa yMeHbImaercd (puc.
15). Ilocme Toro, kak Bcd CcHUIbHAd KHCIIOTa IIpOpearupyeT, HadnHaeTcs
HelTpam3aipid cradol KHUCIOTHI W 3IeKTPOIIPOBONHOCTh HAYWHAST MEIISHHO
yBeIMIMBaThCd. llocme OKOHYWaHWI peakud W IIPIINBaHNA H30BITOYHOTO
KONMYecTBa INeIOYM B  pacTBope IogBideTcd wW30BITOK wnoHoB OH' m
AIEKTPOITPOBOIHOCTL OBICTPO Bo3pacTaeT. Ha kpupolt (puc. 15) mossmatorca 2
TOUKY Ilepernda: A — COOTBETCTBYeT SKBUBAIEHTHOU TOUKe CHIBHON KHUCIOTHI, - U
B - cooTrBeTCTBYeT SKBUBaNIEHTHOM TOUKe cIaboH KUCIOTHI.

V(NallOIH)l

Puc.15. Kpusag TurpoBanmg cnaboii KUCTOTHI CHITBHBIM OCHOBAHHEM .

1. OsnakombTech ¢ padboToii KoumykTomeTpa OK 102-1

KougykTomeTp mnpemHasHaueH JJIg ONpeNeleHud 3IeKTPOIPOBOTHOCTU
pacTBopos. [Ipnbop cHabxkeH mIKamol, OTTpanydpOBaHHOU B eNUHMIIAX CHMEHC
(om™), mosBongIOmIeit MeNATh OTHETHI SIEKTPOIPOBONHOCTH 6e3 JOIOMHUTeIbHOMN
KomIteHcaluu. [Ipegen nsmepeHnsa KoHOykTOoMeTpa - oT 0,] MukpocumeHrca go 0,5
CHMEHCA.

Huempyryus no pabome na xondykmomempe OK 102-1
a) Bxkmounts mpubop B ceTh, KHonKy "ON" mocTaBuUTh B BepxHee ITIOJOXKEHUE,
IIPOrpeTh IPUOOP B TeUeHHEe 5 MIH.
6) Kamibporka. Ilepexmiouareny mpemenoB wusMmepenHud "Range" moctaBuTh B
nonoxkerue 150 mKcumeHc, 3atem Haxkarh kHorky "Cal". Tlorenrmomerpom
"Calibration" cTpenky mpubopa ycTaHOBUTH Ha KPACHYIO METKY.

2. IIpoBenure KOHAYKTOMeTpUIeCKOe TUTPOBaHUe pacTBopa:

a) CUTIbHOM KHUCIIOTEHL,
©) cnaboii KUCIOTHI,
B) CME€CH CUJIbHOI 1 ¢Iaboii KHCIOT
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PacTBOPOM CHIBHOI'O OCHOBAHMA.

Hna turpoBanmga Geperca 10 M KHUCHOTH (CHIBHON WK CIaboH, WM CMECh
CUJIbHOM M cmabolf KUCIOT), KoTopad pa3daplgeTcd TakuM KOTHHYECTBOM BOJEI,
HTOOBI SMEKTPOIB! OBLTM ITOJNHOCTBIO IIOTPY:KEHBI B pacTBop. Pabourii pacteop
3aUTh B gUefiKy M IOTPY3UTh B Hero snekTpopisl. [lepekmodarens IMIpenenos
M3MEepeHUd IIOCTapUTh B IojoxkeHme 500 MKcCHUMeHC, eclIM IoKasaHue Malo,
YBEIUINTH TyBCTBUTEILHOCTE IIPHOOpa.

W3 nmomydeHHBIX 3HAUEHWI 3IeKTPOIIPOBOTHOCTH CTPOAIT IpadUK 3aBUCUMOCTH
¥ OT KONMW4ecTBa IpHOaBiIgeMoro pacTeopa menoww. llo rpaduxy Haxomar
SKBUBAIEHTHYIO TOHUKY U OIpeNeNIioT KOHIIEHTPAIlMIO pacTBOpa, B34TOrO A4
nccnenopanud. [[{enour m3 OropeTKH NpHIMBaeTcd ITOCTENIeHHO, cHadama 1o 1 M
(mo 6-7 mm), 3atem 0,5, 0,1 Mur;, KamkABIH pa3 comepUMOe Cocy/ia TIepeMelTuBaeTCd,
U ¢ IOMOIIBIO KoHAykToMeTpa Mapku OK 102-1 nusmepgercsd 3mexTporpoBogHOCTh
pacteopa. [Ipu TuTpoBaHmi cMecu KUCIOT 13 OropeTku npummeath mo 0,5 mu. Jlng
Oonee HarmagHON KapTHUHBI KOHIIA TUTPOBAHWS IIPIIIMBAeTCI HEKOTOpOe
M30BITOTHOE KONMMHEeCTBO Imenodn (1o 14 mum). PesynpraTel n3MepeHNI 1 pacieTos
ceoagarca B Tabmuty 12.

Tabmma 12
W3mepeHue 31eK TPOIPOBOIHOCTY IIPH TUTPOBAHNHN KUCIOTHI MIEIOUBIO.

Ne |O6bem amextpo{ O6beM npuuroro | Bemmmma 7, om™ | DkBuBaeHTHAS

IOl |(IuTa, V, MI peareHTa, V, MI om’t (crmMeHc) TOYKa
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4. TEOPHUA U ITPMMEHEHWE METOJA 9./1.C.

(O3HaKOMBTEChH CO CIIENYIOMINMU TeOPeTHUSCKUIMU BOIIPOCaAMU:
lanppammueckuil smeMenT. 3/J]C u snekTponHsle noreHImansl. Qopmyna HepHera.
CranmaptaeIfl moreHrman. Krmaccndukarigd >IeKTPOMOB: SIEKTPONEl IIePBOro U
BTOoporo pona, Ox/Red smextpoasl. [lonarne o pH. DnekTpomeTpruteckuii MeTO
onpenenenns pH. WHmukaTopHBle 5MeKTpoabl (BOMOPOMHBIN, XWHTHAPOHBIM,
CTEKIISHHBIN ).

[Tpubop, B KOTOpOM B pe3ymbTaTe XWUMHYECKOH peakIMH ITONyJaioT
SIEKTPUHECKYIO SHEePIHIO, Ha3blBAIOT I albBaHIMIeCKIM 3IIEMEHTOM.

[anbBaHWHecKUil 57IeMEHT COCTOUT W3 JIBYX WM OoJiee COTPUKACAIOIITHIXCI
OpPYyT ¢ APYTOM PacTBOPOB SIEKTPONUTOB, B KOTOPBIE ITOTPYKEHBl METALIAYECKIe
IUTACTUHKU — BIeKTpombl. lIprmepom Takoll CHUCTEMBI MOKET CIYKUTh MEIHO-
IIMHKOBBIY TalbBaHUIeCKI SJIeMEeHT, KOTOPHIN cXeMaTUUecKH MOKHO IIPeIcTaBUTh
CIeIYIOIITM 00Pa3OM:

Cul CuSO, | |ZnS0, |Zn
pacTBOp pacTBOpP

B sToM snemMeHTe SIEeKTPUHUecKyO SHEPrUIO IOy HaloT B Pe3ybTaTe PeakIi:

CuSO,4+ Zn — ZnSO, + Cu

wm Cutt + Zn — Zn* + Cu,
TIpUYeM IIPOIECChl OKUCISHMI 1 BOCCTAHOBIIEHN S TIPOCTPAHCTBEHHO Pa3IeNieHbl:
Ha KaToae: Cu'+2e¢ > Cu
Ha aHome: Zn—2e — 7n*"

B zaBUCHMOCTH OT HpUpPOALI METANNIOB, MOTPYKEHHBIX B BIEKTPOIUT, OT
KOHIIGHTPAITMI SNIeKTPONITa U TeMIIepaTypbl, B TalbBAaHMYECKOM DIEMEHTE
BO3HHKaET dekTpoapukymiad cuia (3]]C), koTopad npeacTaBigeT cobol pasHOCTD
TTOTEHIWANIOB, BO3HUKAOIINX Ha TPaHHUIle pasiena MeTalll — PAcTBOP.

[Ipn morpy:keHmMn MeTaNIMHecKON IIMAacTUHKKA B BOMOY aTOMBI MeTallia,
HaxoAdIINecd B €ro MOBEPXHOCTHOM clioe, MO OeHCcTBHeM CHIBHO ITOIIPHBIX
MOMEKYT BOIBI TUAPATUPYIOTCA. B pesynbpTaTe rTuApaTaliil CBI3b UX ¢ OCTATbHBIMUI
aTOMaMM OCNadIgeTcd W HEKOTOpPOe KONWHMECTBO aTOMOB, OTPBIBAICH OT MeTalla,
MepexXoUT B BUAE THAPATUPOBAHHBIX MOHOB B CIIOM JKUIKOCTH, IIPIIETAIONINN K
MoBepxHOCTH MeTaina. [lpu sTomM MeTamudeckad IIMacTHHKA 3apakaeTcd
OTPHUIIATENBHO!

Me + nH,0 — Me" * n H,0 + ¢,
rme Me — atoM mertamma, Me' * n H,O — TUOpaTUPOBAHHBIN WOH MeTalna, € -
SIEKTPOH.

Mexmy TTOTOKUTENBHO 3apIKeHHBIMI HOHAMMY, TIEPeIIeqIITNMU B pacTBop, 1
OTPUIIATENIBHO 3apI:KeHHOU IUTacTUHKOMN MeTallyia BO3HUKAeT 3IeKTPUHEecKoe II0e,
KOTOpOe TIPEIITCTBYeT HalbHeHIeMy TedeHMIO IIpollecca. OJHAKO IIpoIece He
OCTaHABIIMBAETCA, T.€. IIePexXOl MOHOB MeTallla B KUIKOCTh He IpeKpallaeTcd, HO
ONHOBPEMEHHO C TaKOH K€ CKOPOCTBIO MPOTeKaeT OOpaTHBIM IIpoIlecc IMepexo/a
HOHOB U3 pacTBOpa Ha IMOBEPXHOCTh MeTallla. B cucTeMe yCTaHABIMBAGTCA



MIOABU:KHOE paBHOBecHe. Mexny MeTaioM W OKpy:Karollled cpefoll BO3ZHUKAaeT
Pa3HOCTh [IOTEHITHAJIOB, KOTOPasd Ha3blBaeTcd €K TPOIHEIM ITOTEHITHAIIOM.

Ha ocHoBaHMM TeopeTHMHEeCKHMX pacueToOB YCTAaHOBJIEHO, HYTO BeNMUMHA
SNEKTPONHOIO IIOTEHIHMala, BO3ZHMKAIOad Ha TpaHulle MeXAy MeTalIoM |
pacTBOpOM CONMH 2TOTO MeTajula, T.€. PacTBOPOM, CONEPIKAIlUM HOHBI 3TOTO
MeTalljla, paBHa:

o  RT
=g’ +—1 4
p=p +-lna (46)

rae (po — cTaHmapTHBIN ToTeHIMan snekTpona (T=298K, P=1atm, a=1)

R —rasopag moctogmHHad

F —uuncno @apaneqa

T — Temniepatypa, K

N — TUCIIO HIEKTPOHOB, yaacTByonux B Ox/Red peakim

a — aKTUBHAI MOJIpHas KOHIIEHTPallld NOHOB MeTallla B PacTBOpe.

Y papHeHUe (46) BRIpa¥kaeT 3aBUCUMOCTh TTOTEHITMANa 3IeKTPOAa OT KOHIIEHTPAITAN
WOHOB MeTajla B PacTBOpe, OT TeMIIepaTyphl, TPUPONLI 3IeKTpofa (ypaBHeHUe
Hepmucra).

WspecTHO, WTO HE CYIIECTBYeT METOIMKU HEIIOCPeACTBEHHOTO M3MEpPEeHUS
CKawyKa TIOTeHIWala, W3MEepITh MOXKHO TONBKO pasHocTh noreHImanos (3]1C).
DONeKTPOOBUKYINA CHIa TalbBAHUIECKOrO 3IIEMEHTa MOKET PacCMaTPHUBaThCA Kak
anredpanyecKasd CyMMa HeCKOJNBKUX OTAeNbHBIX CKauKOB TOTEHITHATa Ha TPAHHUIIE
MeXOY pasnuaHbIMU  dazamu.  CyImecTByeT TpPH pPasiIUdHBIX THITa CKadKoB
TIOTEHIWANIOB. DIeKTPOAHbIe TOTEeHIIMANbl ¢ - Ha IpaHUlle MeTallll - PacTBOp;

KOHTaKTHBIC ITOTEHITHATIBL ¢, , BOSHHKAIOIINE Ha I'Ppadille COIIPHKOCHOBCHNA IBYX
METaJLIIOB ,Z[H(i)(i)YBI/IOHHBIe ITOTCHITHAIBL Qﬂg; CYyMMapHad BEIMHHHa 3THX Tpex

TIOTEHIMAIOB ¥ OOYCIOBIIMBAET BOBHUKAIONIYIO PA3HOCTh TTOTEHITWANIOB WUIN
SIEKTPOABUKYIIYIO CHITY TalbBAHUIECKOTO SIIEMEHTa.

ITocnenune mpa ckadka IBIIAIOTCA BecbMa MAJBIMH II0 ¢Boel abcomroTHOM
BENIMYIHHE, U B OONBINMMHCTBE CIIyHaeB UMU IIpeHeOperaloT WM TBITAIOTCA X ellle
fombIle yMeHBITUTL. B cnydae mudipy3MOHHBIX TIOTEHIIMATOB MX YMEHBITIEHUE
MOCTUTAaeTCd IIPUMEHEHUEeM COJEBBIX MOCTHKOB C  KOHIEHTPHUPOBaHHBIMU
pacTBOpaMu COJeH, MOHBI KOTOPHIX ODNafaloT OAMHAKOBOM momBHkHOCTRIO (KCl,
KNO3;, NH4NO3;) KOHTakTHYIO pa3HOCTh ITOTEHITMAIOB JIETKO YMEHBIIHT,
MIPUMEHAIq B MecTaX COIPHUKOCHOBEHU A OIUHAKOBBIE METATLIIHI.

AOCOmMOTHBIE 3HAYEHWA SIIEKTPOAHBIX TTOTEHITMATOB HEW3BECTHBL [losToMy
TIOTEHIMANBI 3IEKTPOJIOB OMPENEIIIOTCd OTHOCUTENBHO KaKOTO-IMOO 3IeKTPOAa,
MIOTEHIWal KOTOPOro YCIOBHO IIPUHAMAaeTcs 3a HyJb. B HacTodillee BpeMd IITUPOKO
TIpUMeHIeTCd YCIIoBHAad BOAOPOAHAS IIKalla, B KOTOPOl IIpU Beex TeMIlepaTypax 3a
HYJIb BBIOpaH MOTEHITHAT CTAHIAPTHOTO BOAOPOAHOrO MIEKTPo/a.

Bogoponnbiit snekTpon mnpenctaBngeT cobod mwractmHy u3 Pt (obbraHO C
Pa3sBUTOH TTOBEPXHOCTHIO), OMBIBAEMYIO Ta3000pa3HBIM BOAOPOIOM U OIYIIEHHYIO
B PAacTBOp, COmep:KalTuii WOHBI BOAOPONA. 3a HYNb BBHIOpaH ITOTEHITHAN TAKOTO
SMEeKTpOAa TIPU AaBlIeHWM Ta3000pasHOrO BOAOpPOAa, paBHOM 1 aTMm, W TIpH
aK TUBHOCTH BOAOPOIHBIX MOHOB B PACTBOPE, PABHOU eIUHUIIE.
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Cornacro MexmyHapogHol koHBeHIMH (1953) smeKTpOmHBIN TOTeHIMAI
ompenendercd penmauHod 3J[C 3IEKTPOXMMHYECKON CHCTEMEBI, COCTOAIeH M3
NAaHHOTO 3NIeKTpofa M ™ /M W CTaHAAPTHOr O BOLOPONHOTO 3IIEKTPOAA.

Pr(H,)/H* /I M™ /M
P

H,

DONeKTpOAHBIM TIOTEHIIMAT TPaBOTO BIEKTpona B siuemeHTe (47) cumraercd
TTOTOKUTENBHBIM, €CII Ha HeM IIPOTeKaeT PeaKITis:

M"™ + ne - M
T.€. paspAKaAIOTCS ONMOKUTENIBHO 3apAKeHHbIe MOHBI M "% .
Ecnu ke Ha mpaBom snekTpoze B snemeHTe (47) uaeT peakisa OKUCIIEHI:
M - ne > M"

TO TIOTEHITHAN TIPABOTO BIIEKTPOIa IIPUHATO CHUTaTh OTPUIIATEIHLHBIM.

3HaueHMI ~ CTaHOAPTHHIX  ITOTEHIMAIOB  HEKOTOPBIX  BIEKTPOmoB  (Imo
BOJIOPONHON TIKane) IIpu 25%C u OTBEUAIOITNe UM 3IEKTPONHBIE PpeaKIUun
nipuBoagTcd B Tabmrre 13.

= lamm a,. =1 47

Tabmima 13
CraHgapTHbIE HIIEKTPOTHBIE TIOTEHITHATIHI (00 B BOHBIX pPacTBOpax
OneKTpoapl Peaximig o', B
Zn*" | Zn In*t +2e & In -0,763
cd* /Cd Cd™ +2e < Cd -0,403
Ni** /| Ni Ni** +2e <& Ni -0,24
Pb* | Ph Pb*  +2e <> Pb -0,126
H* /H, H +eo! 1 o 0,0
Cu™ | Cu Cu** +2e & Cu 0,337

KIACCHOHUKAIIMA DJIEKTPOI10OB
B 3aBucumocT 0T yeTpoiicTBa M IMIPUPOILl SIEKTPOSHON peakliy pasIdadaioT
SMEKTPONBI  IIEPBOTO  pofa, BTOPOrO  pofa, Ta3oBble, OKUCIHUTEILHO-
BOCCTAaHOBUTEHHBIE U HEKOTOPHIE APYTHE BUILI SI€K TPOMIOB.
K snexmpodam nepeozo poda 0THOCATCA AIEKTPOARI TUIIA!
a) M /M (M -wmetamn, M "' - TIOTEHIMAJ, ONPEISIIIONTIH KaTHOH
TOTO 3Ke MeTaJlla),
6) Me" /| Me (Me - METAIOWUI, Me" - TIOTEHIIMAT, OIIPeIETIIIOIITIH
AHMOH TOTO K€ MeTaJUION/Ia).
DONeKTpoAHbIe PEAKITH I 3IIeKTPOIoB | poia 3amchBaoTCs TakK:
M"™ 4+ nee M
Me+ ne <> Me"
YumTeiBag, 9TO aKTUBHOCTh HHMCTHIX TBEpOBIX M U Me nOpu 3amaHHOMN
TeMIIepaType IIOCTOSHHA 1 IIPUHATA YCIOBHO PaBHON eAMHUIlS, A SIEKTPOIHOTO
MMOTEHIWAaNa K TPoAa MePBOoro poa IOy M ypapHeHNe:
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0 RT

gDM’HEJVI =@ MRt + nF In aMe nt (48)
HITH:
o RT |
gDMe i Me gDMe " Me ?’IF n aMe n- (49)

Onexmpodvt emopo2o poda TIPENCTABIMOT cOOOH TTONYIEMEHTHI, COCTOIIINE
U3 MeTaluna A , HOKPBITOrO CIOEM ero TPYAHOPAcTBOPHUMOrO COeIuHEHHI M4 u
IIOTPYKeHHOTO B PacTBOpP [PYToro XOpOIIO PacTBOPUMOIO  COSNUHEHN,
coAep-KaITiii TOT e aHHOH A" , UTO U TPYJHOPAcTBOPHUMOe COeAMHEHNE MeTallla,
ABIIOIIETOCS  SIEKTPomoM. [IpumMepoM MOMKET CIYHUTh XIOPHUI CepeOpIHBIN
SIEKTPOMH, KOTOPBIY MOKHO IIPEACTaBUTh TaK:

Ag/ AqCL,CI
a ero MOTEHITHAT BBIUUCIUTE 110 (GopMyIIe:

RT
Pogar = goo AgCt — E ]nacr (50)

BemitmHer TIOTEHITHAIIOB 2JICKTPOAOB BTOPOro pola JISTKO BOCIIPOM3BOJHMMEBL 1
YCTOﬁIMB BI, IIO3TOMY 3TH JJIEKTpPOABlI HWACTO IIPHMEHAIOTCA B 2 KadecTBe
CTanJapTHBIX IIOIY3NIEMEHTOR HIM JJICeKTPOAOB CpPaBHEHIA, 110 OTHOIMCEHHIO K
KOTOPBIM H3MepPAIOT IIOTEHIU AR APYTHX JICKTPOOOB.

Tasoeuie QJI@?G?I,UOOE)L IIpeACTaBIAIOT coboit TIOIIY 3JIEMEHTHI, COCTOMAINMEe H3
METAJINMHMYCCKOT O (XI/IMI/ILIGCKI/I I/]Hep'IHOI‘O) IIPOBOAHIKA, KOHTAKTHPYIOINETO
OOHOBPEMEHHO ¢ COOTBETCTBYIOIIHUM I'a30M M ¢ PaCcTBOPOM, COOCPXAIHUM HMOHBI
sTOoro rasza. MeTamn B Ta3oBHIX AIEKTpOoOdax He TOJBKO co34acT J3JMeKTPOHHO-
HpOBO,Z[HHJ:[/Iﬁ BHGK'I‘pI/IT-IeCKI/]fI KOHTaKT MeEXRAY I'a30oM H pacTBOpOM €TI0 MOHOB, HO U
YCROpPAST MEOJICHHO YCTaHABIIMBAIOIEECd IJEKTPOIHOC pPaBHOBECHE. qame BCETO
TakuM METAILIOM ABIIACTCA IUIATHHA, ITOKPBITAL MIIIaTHHOBOU HEPHBRO. HpOCTGﬁHIHLI
W3 TAa30BBIX JJEKTPOOOB ABICTCA BO,Z[OpO,ZE[—IbIﬁ ANMEKTPOL, KOTOPOMY OTBEHACT
SNEKTpPpOoAHAA PeaKIHA:

12H, & Hype o H +e
YPEIBHGHI/IG PINIE:E AEKTPOOHOTO IIOTEHIHalla BOAOPOOHOTO JNMEKTPpOoda
SAITHITTETCd TaK:

RT  a,. 0
goH’fsz - ?ln pH T.K. gDHJ“sz =0

OKHCIMTELHO-BOCCTAHOBUTEIbHBIE HIIEKTPOIBL - 9TO CUCTEMBI, COCTOMAIIIE 13
nHeptHoro Metamma (Pt, Au wm g1p.), OOMEHMBAIOINErocd DSIeKTPOHAMU C
YHACTHUKAMU OKHUCINUTEIbHO-BOCCTAHOBUTENFHON peakInuy, HaxOMMIIUMUCI B
OMHOH M TOH ke MUAKOH paze. PasmigaioT TpocThble M CIOXKHBIE PEIOKCH-
SMEKTPOOBl. B ciaydae TIpPOCTHIX PemoKCH-3IEKTPOAOB, OSIEKTPOAHAI pPeaKIdd
CBOAUTCA K TIepeMeHe BaIeHTHOCTH Oe3 M3MeHEeHN I X COCTaBa, HaIlpUMep:

Fe*t + e<> Fe*t
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I[JIE[ TIOTEHITHAIIA PEJOKCH-2JICKTPOAA ITIOIIYHHM BBEIPaKCHIIC!

RT
o =9"+2.3 lg e (51)
nk

L

B cnoxmpix PEOLOKCH-IJICKTPOAAX peakKlpd IIpoTeKaeT ¢ H3MEHCEHHEM
BAJIICHTHOCTH PearupyromiuX YacTHIT 1 UX CcOCTaBaA.

KOMITEHCAITMOHHBIA METO/I T3MEPEHWIA D.]1.C.
¥ IPUBOPHI TSI M3MEPEHIS

[Ipu pabore rampBaHWYECKOrO O3IEMEHTa €ro 5.J.C. He COXPaHAeT CTPOro
OIIpeJleJIeHHOT O 3HAYEHU BCIIeACTBHE H3MEeHEHNH, IIPOUCXONAIITNX ¥ SIeKTPOLOB U
B oOOwpeme pacTBOpa. llosTOMYy TOHWHOe W3MepeHWE 5.1.C. IIPOBONAT METOHOM
KOMIIEHCAITNN B YCIIOBHIX 00OpaTiMol paboThl SIeMeHTa.

Hambonee coBepIlieHHBIMIM KOMIIEHCAITMOHHBIMU TTPUOOPAMHE, O3B OITIOITAMU
U3MepATh 3.7.¢. ¢ TouHocTeio Ao 0.01 MB u pmaxe go 0.0001 mB, gasmgarorca
TTOTEHIMOMETPEl  (KOMITEHCATOPHI) TOCTOAHHOTO TOKa. DBBICOKagd TOYHOCTD
W3MEpPEeHUd TOCTUTaeTCd COBEPINEHHOH YCTAaHOBKOH paboduero Toka M OOIbIIIM
HabOPOM OUEHBb TOUHBIX COTIPOTHBIICHIH.

B naboparopuu mig wamepennd E UCIIONB3YIOTCA KOMITApaTOPBl HATpakeHud P
3003. Huke npuBOmITCS TOPAAOK pabOTH Ha TIprdope.

[TOPATOK PABOTEI
¢ KoMIIapaTopoM Hamnpsxernd P 3003

Kommapatop Hanpga:xenuii P 3003 npenHazHadeH 119 U3MepeHN HallpAKeHUH
IIOCTOAHHOTO TOKa. J[mg Toro 9ToOBl NpHBEcTH Hpudop B pabotdee coOCTOAHME
BKJTIOYUTH BUJIKY IMATAHNUS IPUOOpa B po3eTKy ¢ Hanpakennem 220 B. Pamgpr nexan
«X1» m «Xp» MOMKHBEL OBITH ycTaHOBIeHB Ha «O». HaxkaTh KHONIKY «ceThb» Ha
repeqHel IaHemn Iproopa, IIPH 3TOM JOKHA 3aropeThed KOHTPOIbHAd JlaMIla, a
CTpeTlKa ITOKashIBAloIIero IIpHOopa YCTaHOBUTHCA Ha HOIb, ITOCNE HEKOTOPOro
IIporpesa Mpudopa, B IeHTpe. UyBCTBUTENBHOCTD TOKA3BIBAIOIIEr0 IIPHOOopa MOKET
U3MEHAThCAd B IMUPOKUX IIpemenax (10'6B — 10 B), ¢ IIOMOIIBIO KHOIIOK
PaCIIONOKEHHbIX II07 HUM. B HagalmpHBEIN MOMEHT JOKHa OBITh BKIIOUEHa KHOIIKa
«10 By, a mepexmodaTens pomna paboT BKMoUeH B monoxkenne «y». Ha sxom «Yy»
clemyeT TOAKTIOUUTL, COOMIOAad TONIPHOCTh, TalbBaHWHUecKui snemeHT, 3]J[C
KOTOporo TpedyeTcd W3MepuTb. lloAkmiodeHNe BBIIONHAETCS ¢ IIOMOIIBIO
cHeImManbHOrO MapkupopaHHoro Kabemda. [lamee mpucTyrmth K musmepenuro 3][C
TalbBaHIIECKOr O SMIeMeHTa. J[JI9 3TOro BKIIOUHTH IepeKiodaTelb poaa padoT B
nonoxkenne «W;». CrTpenka moKasbIBAONIETO NpHUOOpa AONMKHA OTKIOHUTHCA OT
Hynd. BKIOUNTh KHOUKY pama fekan X; (i X;) U W3MeHdd HalpsSKeHHe C
TIOMOITTBEO eKan X (X;) 70OUThCA TOro, HTOOHI CTpelKa MOKa3bIBAIOIIEero TIprdopa
BEpHyJIach Ha HOMb. g TouHoro msmepeHusd 5J[C MOBBICUTH UyBCTBUTENBHOCTH
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M3MepPUTEeNbHOTO IIpuOopa HaxkaTHeM KHOIKY ITpefena ImKkankl 1 B u mogodparts ¢
TTOM OITBEO JeKaTHbIX nepekIrotaTeneit Oomnee TOUHOE 3HaueHNe
KOMITEHCUPYIOITEro HallPAKeHN, OIepalliio Toadopa HapSKeHMI 3aKaHIHBaTh
TIPU IyBCTBUTENLHOCTH TTOKa3kiBarorero mpudopa 10 MB. Tounoe 3nauenme 3]1C B

MUKPOBONHTMETPaX IOKakeT CyMMa ITdp IeKaTHBIX Iepekmtodarteneii paga (X,
X2).

IKCIIEPUMEHTAJIBHAA YACTbH

Paboma 1. Havepenue 3/C canbéanuiecKux 31eMeHmMos.

B nmamnOll pabore wuccrmenyeTcd BIIMAHME KOHIIGHTPAIlMM pacTBOPOB Ha
pemmuuHy O/[C snemeHTa.

Wsmeperrie 3]IC HyXHO TMPOBECTH MPHU CHEOYIONINX HOPMATHHBIX (T-3KB/I)
KOHIIEHTPaIINIX PacTBOpPOB:

My 1,0 0, 1.0 0.1
M 1,0 1,0 0,1 0,1

[lepen uzMepeHMEM STEKTPOABI 3aUMINAIOT HaKTawHONW Oymaroii mo Onecka,
00e3KUPUBAIOT, TIPOMBIBAIOT TITATENbHO BOJIOTIPOB ONTHOM, a 3aTeM
TUCTWIIIMPOBAHHON BOMOM M OIyCKAIOT cpasy e B COOTBETCTBYIONIINE COCYIBI,
3alTOTHEeHHbIE TTPeIBAPUTENLHO pacTBopaMu cyibata My u My

DNeKTpOAHBIe COCYABl COEMUHAIOT MEXKIY COOOH  BIeKTPONUTHUISCKUM
KJTFOUOM, 3aITOTHEHHBIM KeTaTHHOOOPa3HBIM pacTBopoM arap-arapa ¢ 4,5% KCl u
MOy HEeHHYIO TalbBaHMIECKYIO 11eTh BKIIOYAIOT B U3MEPUTEIbHYIO CXEMY.

[lonmydeHHble JaHHBIE COIOCTABIMIOT C PACCUUTAHHBIMU BenuuanHamu J/JC 1o
ypapHeHuto HepHcTa, yKasap mIpoIeHT OIMTHOKH.

H3mepeniie nomenyuanos omoevHstX 31eKmpooos.

Wsmepennie  MOTEHIMANOB  BIEKTPOAOB  IIPOBOAUTCS  [ONS  OOHO- H
OeIMHOPMATbHON KOHIIGHTPAIT COOTBETCTBYIOIIMX pPAacTBOPOB. B KadecTee
9MEKTPOAA CPaBHEHWS TIPUMEHIIOTCA HACHIIEHHBIH XJIOpcepeOpIHbIi BIeKTPOI.
[lNanpBaHUIecKkye STIEeMEHTHI COCTABILIIOTC IO CIEAYIONIel cxeme:

-Ag | AgCl KCI /M SO, /M '
NI
-M, | M, SO, |IKCI, AgCl /| Ag*

Onpenenup 3Hauenne DJ[C mnga npyx xomrentparwmii (B u Ep), Beraucnaror
TTOTEHIMATbI METALTTIECKOTO SIIEKTPOa 1o opMmyie:

% =E+Q%_cp HII gDMII = gps.cp. _E (52)

Bce pesynbrath cBomar B Tabnuty 14
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Tabmama 14
Wsmepenne u peraucnenne J/[C ucenenyeMbIX TalbBaHUIECKUX
3IEMEHTOB.

Ne CxeMma %
EmM Esuq (Pt‘-?bl‘-i (PC?KC
OIIBITA Ierot OI_T_II/I6KI/I

Paboma 2. Onpeoenenue pH pacmeopos

AKTUBHOCTh MOHOB BOJIOPO[Ia, & cllenoBarenbHO pH, MoxkeT OBITH onpenencHa
Pa3IHBIMU MeTOoHaMU (KaITOpUMeTPUIECKIIM, KHUHETUIECKUM 51
sIeKTpoMeTpudecknM). M3 HuX HamOomnee paszpabOTaHHEIM U TOYHBIM ABJIISTCH
JNEKTPOMETPUUECKUH, OCHOBAaHHBIN Ha OIpeAeNIeHHH BeIWYHHBl 3IeKTPOIHOTO
IIoTeHIMana. B kauecTBe 3IeKTPONOB JOJKHBI OBITH BHIOPAHBI Takwe, ITOTEHITA
KOTOPBIX 38BUCHUT OT KOHIIGHTPAIINH NOHOB BOAOPOIa U MOKeT ObITh BBIUHCIIEH 110
yPaBHEHHUIO:

@ = ¢ +s6lga,, (53)

0
rme @ m 6 - IOCTOIHHEIC BEIIHYMHEL.

Takme onekTpompl HasplBaloTcd MHAWKATOPHBIMU. K HHUM OTHOCATCA:
BOJOPOIHBIN, XMHTUIPOHHBIN U CTEKIIIHHBIN.

a) Hnovukamoprwiii 271exmpoo - 6000pOOHbLT

Hmna nsmeperna pH pacTBopa 0OBIMHO COOMPAIOT ralbBaHNIECKUIl SIeMEHT 13
SIEKTPOJa CpaBHEHWI (XJopcepeOpgHOro) W WHAMKATOPHOTO — BIEKTpona
(BomopomHOTO):

-Pt(H,) / Cps // KCliae, AgCl/ Ag”

B KOTOpol IIONOMUTENBHBIM IIOHOCOM CIY:WUT 3IeKTpoJ CpaBHEHM.
DOIeKTPOIBUIKyITad cuia 3ToH IermM m3Mepdercd KOMIIEHCAlIMOHHBIM METONOM ¢
HCIIONb30BaHeM KoMIapartopa P 3003.

Obosraums 3J1C srol rerm gepes By momytmm:

E=¢ - Py =@, + 0,058 pH (54)
OTKyJ1a:
E-¢@
H — 3.0,
P =0 058

6) Hnovukamoprwiii 271eKxmpo0 — XUH2UOPOHHBIT.
XUHTUIPOH IIpefcTaBigeT coOOl SKBUMONEKYIIPHOEe COSNUHEHNe XMHOHA U
THAPOXUHOHA. B BOMHBIX pacTBopax OH HacTHHHO pacllafaeTcd 10 ypaBHEeHHIO:
C6H4O2 C6H4 (OH)2 A4 C6H4O2 + C6H4 (OH)2
I'mopoxuHoH - crabad KUCIOTa, OH B He3HAYUTEIHHON CTEIIeHN AMCCOIHPYET
Ha HOHBIL:

CH,(OH), & CH,0 2 +2H"
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CyMMapHad peakid, IIpoTeKarolasd Ha IeKTPoJie, BEIpakaeTcd ypaBHEeHUEM:
C.H,(OH), <> C.H,0, +2H" + 2e (55)
XUHTUIPOHHBIM ~ 3I€KTpoA,  OTHOCHUTCd K TIpylmle  OKHUCIUTEeIbHO-
BOCCTAHOBUTENLHBIX SIEKTPOAOB M ITOTSHITAN ero P 18" MOKeT ObITh BHIpaskeH
ypaBHEHHEM:

0,058, a,,a’u
¢X.F.:¢DX'F'+ 2 : a

(56)

X

IU14 KUCTIBIX PACTBOPOB: Uy r = Ur 5 TIOITOMY

Pyr = @' xr +0058lga,, (57
HopmambHBIN 2MeKTPOAHBIN ITOTEHINAT XUHTUAPOHHOTO 3IEKTPoaa, IIpU 18°C
pasubiii 0,704 B, mmMeer AOBONBHO OONBITION TeMIepaTypHBIH KO3 pUITHEHT.
Popmyma 3aBUCUMOCTH €ro OT TeMIlepaTypsl Mexkay O 1 37° umeer Bu;
@’y r =0,7175—0,00074 [ (58)
XUHTUAPOHHBIN 53MEeKTPOJd IIONydaroT, IIoMelasd TIJIafgkKuii ILIaTUHOBHIN
SIIEKTPO]] B MICCNENY MBI PacTBOP, B KOTOPBIM HACHITAIOT HEOOIBIIOe KOMMIECTBO
Iopolka  XuHruApoHa. CoOCTapIMOT  Ilellb W3 BIeKTpoda  CpapHEeHUd
(xImopcepebpIaHOTO) U MHIUKATOPHOTO MEKTPOAa (XMHTUIPOHHOTO )

Ag / AgCl ., KCl,,./CH' XI)/Pt

B KOTOPOU XWHTHUAPOHHBIN 3IEKTPOX dBJAeTcd MONOKUTeIbHBIM. DJC 3TOTO
JNeMeHTa:

E=@, =@ = gDOX.F. —0,038pH @,

OTKyJa:

pH — GQDX.F. —Ps —-E (59)
0,058

8) Huouxamopnwiii snexmpod — cmekIAHHbIL.

B naboparopHoll IpakTuKe IIHPOKOe IIPHUMEHEHNe HaXOMUT CTeKIITHHBIN
snekTpox. OH IIpencTaBigeT coOol TOHKOCTEHHBIM CTEKIIIHHBIN ITaprK JUaMeTPOM
I - L5 cM, 3anonHEHHBIN CTaHOAPTHBIM PAacTBOPOM, B KOTOPBINM IIOMEINEH Hallle
BCEro XJopcepeOpaubii snexTpon. Jng miamepenma pH CTeKIIHHBIN BIEKTPOX
MIOTPY>KAI0T B UCCIEAYEMBIN pacTBOpP B IIape ¢ 3MIeKTpojoM cpasHeHud. DJ[C merm -

Ag/ AgCIl,HCLl/ cmexno /pacmeop/ KCI,Hg,Cl, | Hg"
C Cx
BBEIpa¥KaeTCd YPaBHCHIICM:

E=0,c ~oran =Poc — goocq’aﬂ. —mlg - (60)

0 u u
rone @ - HOpMAaJIbHBIN IIOTEHIIHAN CTEKIIAHHOTO 2JEKTpOdda, 3aBHCAINMIT OT

COpTa CTCEKId, COCTaBa pPacTBOpa, HAlOIMHAIOIEro HIapHK, TeMIIEpaTyphbl, R -
2,3RT

KOHCTaHT4d, HECKOIIBKO MEHbBINE TCOPETHHCCKOT' O 3HATCHI A ( ) 34 CHET MaJIoro

COITPOTHUBIICHWA ITOTEHITHOMETPA M HaIIMTId YTEHEK TOKA B ICIIH.
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PesynmbraTer nsmepenuti pH pactBopoB cBoggaT B Tabmiry 15.

Tabmua 15
3uauenng pH 6ydepHBIX pacTBOpoB.
No pH pH
pPacTBOpPOB (C XUHTHIID. BIIEKTPOIOM ) (CO CTEeKJI. BIEKTPOJIOM )
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5. OIIPEJEJIEHHE BbIXOJA METAJLJIA I1O TOKY

(O3HaKOMBTEChH CO CIIENYIOMINMU TeOPeTHUSCKUIMU BOIIPOCaAMU:
DIeKTpPONW3 pacTBOPOB U pacimapoB. KaTomHble W aHONHBIE IIPOITECCH (B
3aBUCUMOCTH OT IIPUPOABl MOHOB, HaXONAIIUXCA B DMEKTPOINTe U OT MaTepuana
snekTpofa). [ampBaHMdeckwii MeToZ W ero CYIIHOCTh. OIpefeneHre BHIXOna
MeTalia 1o TOKY. SakoHbl Papaned. KymoHoMeTphL.

CYH_[HOCTB TAIbBaHMYECKOTO METOJd COCTOMT B HaHECCHHNM Ha ITOBEPXHOCTH
HB,Z[GJIHfI OTHOCUTEJIbHO TOHKHMX CJIOEE METalllla IIPH ITOMOITH U3BHE TIPHUITOXKEHHOTO
TOKAa U3 NMEKTPOIHTOB, CONCPHAITNX HOHBI OCARIAeMOTI'0O METaILIIA.

B IIponecce SNIEKTPOII3a Ha AqIEKTpoOOax BBELACIATOTCA IIPOOYKTEI
BOCCTAHOBIICHHA HWIIM OKHCICHHA B COOTBECTCTBHMH C 33aKOHAMHK (I)apa,ueﬂ. Ha
OCHOBAHIHM 3THX 3dKOHOB MOMKHO paccHHUTaThb, HAallpUMep, Bec MeTallld, KOTOpri/JI
JOIGKEH BBIOCIIMTBECA Ha KaTOAC IIPH ITPOXORACHHN OIIpeJe]ICHHOIO KOMMYeCTBa
SQNIEKTPHUHCCTBA!

I-t-0

mzi’me e . 61
263 (ep) (61)

rae I - culla ToKa, MPOXOAAINEro Hepe3 bdIeKTponmsep, A, f - BpeMsd
SIIEKTPONIM3a, 9ac, Jye - SKBHUBAIGHTHBIM Bec MeTamna, Ip, Am - Bec ocaika
(mpuBec kaToma), rp;, 26,8 - wicno apaneq, B A - ac,

OpHako TIpakTUYecKW Bcerfa Ha KaTofe NPU 3IeKTPOOCAKACHNM METaLIOB
MPOTEKAIOT TOOOYHBIE  PEeakiuM  BOCCTAHOBIIEHHS, Ha KOTOpBIE Takike
3aTpadrBaeTcd OIpeneleHHas AOMd IPOIIeAIIero Hepes3 BIEKTPOINUT TOKa IR
KOIMYEeCTBa NIeKTprUdecTBa. Jallle BCero Takou IapalelbHOU peakiiiell dpiugercd
PeaKITig BOCCTaHOBIIEHUS BOAOPOIA.

OTHOIIeHNe KONWYEecTBa  SISKTPHUUEcTBa, 3aTPadeHHOTO Ha  JaHHYIO
SNEKTPOAHYIO Peakiuio, K OOIIeMy KOIWHECTBY IIPOIIEAIIero Hepe3 pacTBOp
SIEKTPUHECTBa, BEIPAKEHHOE B IIPOIIeHTaX, Ha3blBaeTCsd BEIXOMOM I10 TOKY:

h:(gf/zgi)-loo% (62)

HpI/I SQNMEKTPOOCANRIACHIN METAIINIOB BBIXOH II0 TOKY MOIKET OBITE BBIpa“KeH
Hepes  IIPOIIopHHOHANTBHBIEC  BEJIHMHHHEBL q)aKTI/ILIeCKOI‘O IIpEBeca KaTolda H
TEOPEeTHHCCKH  BBIHMCIICHHOTO 110 3aKOHY CIDapa,ueﬂ IIpBeca KaToda B
IIPEATIONOKEHHNI, HTO BeCh TOK TPAaTHIICA Ha BOCCTAHOBIICHI ¢ MEeTalllla:

Am,,
h = -100% (63)
A,
WJTH, UCTIONB3Y 4 ypaBHeHue (58):
_ Amg -26,8-100 64
- 1-t-3, ©4)

YacTo TOK BO BpeMd IJIEKTPOIII3a HE OCTAeTCAd IIOCTOAHHBIM M, KpoMe TOTO,
HmiMepeHue ero ¢ ﬂOCTﬁTOIH{Oﬁ TOHHOCTBIO 3aTpPyJHUTEIILHO. B Takmx CIIyHadx
HCIIONb3yeTCd M3MepeHe KOIINIeCTBa INMeKTPHUHeCTBa IIPH ITOMOITH HpI/I60p0B HITH
YCTPOﬁCTB, Ha3bIBACMBIX KYJIIOHOMETPAaMIH. Haubomee IIPOCTEL Tak HA3BIBACMBIC
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XUMHWYeCKHe KyJIOHOMETPBI, B KOTOPEIX Ha KaToJe WM aHOAe IIpoTeKaeT IIHIIb
onHa peakimia U TosToMy Amg, = Am,. OHeHb HYaCTO WCIONb3YyeTCAd MEIHBIN

KyJToHOMeTp. PacueT BBIXO#a IO TOKY IIPH IIOMOIIH €ro IIPOU3BOIUTCA IO
dhopmye:
b AmMQ-QC%JOO: Am,,,-31785-100 65

AmCu IQME? AmCu IQME?

rac: AmMe - BeC MEeTaJlNNIeCKOr O ITOKPBITHA (HpI/]:BeC KaTO,Z[El), B IP: AmCu -

IIpUBec KaTofla B KYJIOHOMETPE, B I'P; Oy, - SKBUBATIEHTHEIN Bec MeTaa.
Paboma 1. Onpedeneriiie gpixoda memania no moxy.

CxemMa yCTaHOBKHM [II4 OIpefelleHHd BEIXOJa MeTajla II0 TOKy ¢
HCIIONb30BaHNEM KyJIOHOMeTpa [IpUBeieHa Ha puc.16.

B xauecTBe KaTOZOB MCIIONB3YIOTCS CTAIbHBIES (M METHBIE ) ITACTHUHEL.

14 Ky noHOMeTpa UCTIONB3YIOT 2JeKTPOJIUT COCTaBa:

CuSQ, -5H,0 1251/n
H,850,(a) =184 25 Ma
OTUNOBBIYA CIPT 50 Mn
P —
&) AN
2 5 +
1 &
6
.
L7 9
S 10
3 4

Puc.16. 1 - BeIKmMOYaTenb, 2 - MHIUIMaMIIEpPMeTp, 3 - snekTponmzep, 4 -
KyJIOHOMETp, 5 - peocTtar, 6 - BRIIPIMUTEND, 7, & - KaTOJ U aHOMB IeKTPOoIu3epa,
9, 10 - xaTox 1 aHOMABI KYJIOHOMETPA.

[ToproroBky 0Opa3iioB KaTOMOB ITPOBOIAT B CIESMYIONIEM TOPIAKE: 3aUUIIAIOT
00Opasllbl Ha)KOadHOH OyMaroif, BEITUCIIIOT WX TOBEPXHOCTH € YHUeTOM ODenx
CTOPOH U TONIIHHBI (KaTo KyJIOHOMETpa U3MePATh He HYKHO ), TTIPOTUPAIOT BATOMU,
CMOYEHHOU alleTOHOM, TIPOMBIBAIOT AUCTWIIMPOBAHHON BOAOM, BBICYIIMBAIOT
(pUITHTPOBATLHOM OyMaroi W B3BEITUBAIOT Ha aHAIWTUYECKUX BECaX € TOTHOCTHIO
mo 0,0002 T.
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AHonbl B BaHHAX 9 HAaHECEHWI TOKPHITUH B KYJIOHOMETPE 3auMIIAOT
Ha)KIauHOH OyMarol (ecrmy OHM MMEIOT TeMHBIH 1BeT), 00e3KUPHUBAIOT, TINATETHHO
TIPOMBIBAIOT IPOTOMHOM XOIIOMHON BOAOH U 3aBEITUBAIOT B BIIEKTPOIH3EP.

[TpucoemuHMIOT TTOCTEIOBATENFHO COSTUHEHHBIE SIeKTPOIU3ED U KyJIOHOMETD
K MCTOYHHUKY TIOCTOSHHOTO HAaNpMKEHWd ¢ PeocTaToM  YCTaHABIUBAIOT
TIPeIBapUTENFHO PACCIUTAHHYIO IO TUTOMTaAu oOpasiia KaTo/la CHITy TOKa.

[To ncreweHnn 3aJaHHOTO BPEMEHH KaTOABl BRIHUMAIOT W3 BAHHBI, IPOMBIBAIOT
XONOAHON IPOTOYHON BOMNOM, 3aTeM CIIONacKUBAIOT IUCTUILUIMPOBAHHOU BOJIOH,
BBICYIIUBAIOT B CYIITMIBHOM ITKa(y U B3BEIUBAIOT.

[To dopmymam (64) u (65) pacCUUTHIBAIOT BBIXOJ IO TOKY.

OnpedQenerie 6b1Xx00a NO MOKY OCYUECGNAMCA ONA HNEeKMPONUma YUHKOBAHUA
UL ONLA INeKMPONUNMA HUKeTUPOBAHUA NO 3A0AHUIO NPenodasames.
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6. METO/IbI IIOJIVUEHHSL, VCTOMYNBOCTH U KOAT VJISIITHSI
JAUCIIEPCHbBIX CUCTEM

(J3HAaKOMBTECH CO CISOYIOMIMH TCOPEeTHICCKHMH BOITPOCAMH!

[Touarua: mucmepcHas daza W AWCIIepCcHOHHad cpema.  Kimaccudmkarmd
KOJUTOWIHBIX CHUCTEM II0 THITY: nuchepcHad daza / mucniepcuonnaa cpema (T/7K,
I'2K, TVT mu T.4.), npuMepbl KOJUIOMAHBIX CHUCTeM I Kakmoro Tuma. CTpoeHue
KomnounHod "actuiml. [Ipapumo Pagrca-Ilanera. YcTONHMBOCTE M KOAryIalUg
KOJTOUIHBIX CHUCTEM, BIMIHUE PasTiudHbIX akTopos. [Ipapwmno [ynbiie-I apmu.

KOJIJIOI/I,D}IOG COCTOAHMEC BEITCCTBA

[Ipencrapnenue o Kommongax Kak o0 ocoOoH TpyImie BeIlecTB BOILIO B Hay-
Ky B cepeqmnte XX Beka. PacTBOPBI 3THX BellecTB OTIIMHAINCH OT OOBIYHBIX PAIOM
IIPU3HAKOB, B HYaCTHOCTU, TE€M, UTO PACTBOPEHHOE BEIecTBO He IPOXONUNIO Hepes
MeMOpaHbI ¢ OUeHh TOHKUMU TTOpaMU U He 0OHapy KUBaIO 3aMeTHOH audidy3um.

B mauane XX Beka ObLIO YCTAaHOBIIEHO, UTO NOO0E BEITECTBO MOKET OBIThH
TIONIy4eHO B BUe KOIIOUA U, CIeI0BaTeIbHO, Hy HO TOBOPUTE He O KONIOUIHBIX
BEIIIeCTBAX, & O KOJUIOMIHOM COCTOSHIH KaK O BCeoOIeM 0coOOM COCTOIHIH Mare-
pun (310 OBLITO chopmynupopano Biiepsbie [1. 1. Betimaprom ).

CornacHo onpeneneHuto, nanHomy [1. A. Péournepom, KomIonuIHad XUMIA -
5TO (PUBHUKO-XUMUA AVICIIEPCHBIX CUCTEM U ITOBEPXHOCTHBIX ABJICHUM B STHX CHC-
TeMax.

OcHoetivie onpedeie HuA

@Pa3za - JacTh CHCTEMEI OTHOTO COCTaBa, NMEIOITasd OAHAKOBBIE (PI3NIeCcKIe
cpoifcTBa, orpaHutdeHHasd OT APYTUX HacTell IIOBepXHOCTHIO pasgena. CHcTeMy,
COCTOSMIIYIO W3 ONHOM asbl, a CIeloBaTelbHO, WMEOIIYI0 OJNHAKOBLIS
MaKpocKoIMieckue cpoHcTBa BO BCeX ee TouKax, Ha3blBaloT TI'OMOTEHHOM.
['eTeporennas cucreMa COCTOUT U3 ABYX U Oomnee das.

Jucnepcnocms - KonmougHoe cocTogHME XapaKTepHsyeTcd OIpeleNeHHOM
IWICIIEPCHOCTRIO (pasmpoblieHHOCThIO) BelllecTBa. DBeImecTBo B 3TOM COCTOSHUN
JUCIIePTUPOBAHO O OUeHb MaNBIX HacTHIl WK IPOHN3aHO MeIbdaliiiMI ITOpaMU.
3TH "acTUIlbl U TOPHEl HEBUANMEIL B OIITHUYECKOM MHKPOCKOIIE, HO IIPEBBIIIAIOT 10
pasMepamM OOBIUHEIE MONEKYNBL. [[oCKONMbKY pasmpoblieHHoe BellecTBO HaXOAUTCs
BCETIla B KakoH-TOO cpene, CBOWCTBA €ro HEeNb3d paccMaTpUBaTh B OTPBEIBE OT
3TOU Cpempl.

Mepoii oucnepcrocmu MOTYT CIy#WUTh OO ITOMEPETHNK HTacTHIl a, JTNOO
obpatHag emy BermumHa 1/a = D (micmiepcHOCTh), MO0 yAeNbHAS TTOBEPXHOCTD
Syﬂ = 81,2 /V1, T.e. muomans paszgena dbas $1,2, mpuxodiIadcd Ha eAMHULLY
obpema aucriepcHo daszbl V1. Bee 3T BeMuMHBI B3aMMOCBI3aHBI. UeM MEHBIIe
pasMephl JacTHIl, TeM OOJbINe AUCIISPCHOCTD WIHN YAeNbHas [IOBEePXHOCTS.
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[Tonarue AuCHIEpPCHOCTDL HEIeNecOOOpasHO PaclpOCTPaHITh Ha TOMOTEHHBIS
(MOTeKynapHBIe) pacTBOpPHL. [[oHATHE AHCTIePCHOCTH IPUMEHIMO JIVITH K KPYITHBIM
(OTHOCHTeNbHO OOBIYHBIX MOJEKYJT) HacTHilaM W  MaKpoMoJleKymam. B
COOTBETCTBMH C 3THUM BCe IUCIIEPCHBIE CHCTEMBI MOMKHO KIIacCHU(pHUITIPOBAThH
CITEeIYIOIIIM 00pa3oM:;

Tabmma 16
Knaccudukarmisa qucrepcHBIX CHCTEM.
JrcriepcHble CHCTEMBI Pasmep gacTuIl M 1op, cM
I'pyGomucniepcHbIe CHCTEMEI (CY CTISH3UM, 1074
SMY ITECHH)
CucTeMBl TPOMEKYTOTHOU AUCIIEPCHOCTU 10-4 ) 10-5

(TOHKI/IG B3BECH, JBIMBL, ITOPHUCTHIC TeJIEl)

BricokoaucriepcHbIe CHCTEMBI 10-5 ) 10-7
(cODCTBEHHO KOJITOUIRI )

Taxum obpazom, KOIIOUIHBIE CUCTEMBI COCTOAT U3 ABYX (Wmm Oomee) das:
mucriepcHol (asbl (COBOKYITHOCTb HACTHIl W TIOP) U TUCHIEPCUOHHON Cpefbl, T.e.
OHU IBJIAIOTCA TeTEPOTEHHBIMHU CHCTEeMaMU. TakumM oOpaszoM, KOIIOWABI - 3TO He
BEIIIECTBA, & TeTEePOreHHbIe CHUCTEMBI, CONEPIKalllie BEIecTBa B BBHICOKOIMCIIEPC-
HOM COCTOSHUH.

Yemoimueocme u Koa2yiAaylAa KOJNIOUOHBIX CUHCIeM

Crerienb  pa3mpoOleHHMd — HacTHIl  OUCIIePCHON a3kl  OKasbIBaeT
CYIIeCTBEHHOE BIIMAHME Ha CBOMCTBA AWUCIEPCHBIX chUcTeM. ONHAKO 5TH CBOHCTBA
OIIPEIeNAIOTCI He TONBKO pPa3sMepOM HacTHIl, OONbIIOE BIUIHME OKa3bIBAeT cama
MIOBEPXHOCTh pasfiefia MeXIy COCTABIMIONIMMHU CHUCTeMYy (azaMu U JBJIEHHI Ha
T'PaHUIle HacTHIla - Cpela.

W3BecTHO, UTO BCAKAd IOBEPXHOCTD pasfielia MekIy (asamMu XapakTepusyeT-
cq M30BITKOM ¢BOOOTHOH moBepXHOCTHOM sHepruu (F1 2), xoTropad cBg3aHa ¢ He-
KOMIIEHCHPOBAHHOCTBIO MEKMONEKYIAPHBIX CHI B TIOBEPXHOCTHOM CIIO€, TTOCKOIb-
Ky MEXMOJEKYIIpPHbIe CUJIbI CIEINIeHNS B IpaHMHaIiux dasax HeOIUHAKOBEL. CBO-
GoHad MOBEPXHOCTHAS SHEPTHUS, OTHECEHHA K eIUHUIIe TIOBEPXHOCTH, Ha3hIBASTC
yAeTbHOM cBOOOMHON MOBEPXHOCTHON SHEPruel WiK MTOBEPXHOCTHBRIM HATIKEHEM
()

c=F1,2/81,2 (66)

OtgeBHIHO, UTO CBOOOMHAS MOBEPXHOCTHAS DHeprud cucTeMhl (F1.2) mpo-
IopIMoHaTbHa obmelt mopepxHoCTH pasgena das (31 2):

F12=6512 (67)
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HOCKOJI]':)Ky I JUCIICPCHBIX KOJIIIOWAHBIX CHCTEM 3HAa9CHIC Sl ,2 OHCcHb Be-
JIHUKO, TO F132 COCTaBJIACT 3HAYHUTEIIEHYIO BEIITHHHY. CornacHo BTOPOMY 3aKOHY
TePMOIUHaMWKH ITPH CTPEMIICHITH CHCTEMEI K PABHOBECHIO!

Fl2—>mm u dF=cdS+Sdc <0 (68)

CJIG,Z[OB&TGJIBHO, K YMEHBINICHITIO CBO60,Z[HOﬁ HOBGpXHOCTHOﬁ OQHEPIruM CcHC-
TEeMBI MOTI'YT BECTH OBa ITYTH:

1)S1,2=const, dS12=0, Sdo <0, ¢ —>min
- CaMOTIPOM3BONBHOE YMEHBITIEHHUE TTOBEPXHOCTHOTO HATIKEHNU,

2)c=const, do =0, ¢dS<0, 512 —>min
- CaMOIIPOM3BONILHOE YMEHBITICHNE ITOBePXHOCTH pasena das B cucTeMe.

CrenopaTebHO, N00ad KOIUIONIHAd CUcTeMa TePMOAMHAMITHIECKH HeyCTOH-
uMBa, B Hell BO3MOKHBI CaMOIIPON3BONBHEIE IIPOIIECCHl, IPUBOAAININE K yMEHbIIIe-
HIIO [TOBEPXHOCTHOIO HaTAKEHUI U CyMMapHON ITOBEepPXHOCTH pazena.

[Tox ycTOMYIMBOCTBIO HICHIEPCHON CHUCTEMBI ITOHUMAIOT CIIOCOOHOCTH JIHC-
TIepcHOH (hashl COXPaHATh COCTOSHUE PAaBHOMEPHOTO paclipeleNeHNsd B JUCIepCh-
ornolt cpeme. H. I1. Tleckor BBen moHATHA 00 arperaTUBHON M MOJIEKYIIPHO-KUHE-
TUYECKON YCTOMUMBOCTH. KONIOWUTHBIE CHCTEMBI OONAfarOT BBICOKOW KUHETHUUEC-
KOHW yCTOMUMBOCTBIO. HapyliieHne nx yCTOHIHMBOCTH MPOUCXOIUT, TIaBHBIM 0Opa-
30M, BCIIEICTBUE CIIMIIAHWS YacTur]. CHUIIIecd JacTHIlBl 00pa3yioT PEIXIIBIE arpe-
raThl HempaBuabHOH (opmel. [Iportece oOpa3zoBaHMd TaKUX arperaTop HOCHUT Ha3Ba-
HUe Koarynam. Koarymaiug MoxkeT HacTynUTh HpH AelicTBUM Ha KOIOHIHYIO
CUCTeMY TaKNX Pa3INIHBIX II0 CBOEH IpHupone ¢akTOpoB, KakK IIATeIbHbIN AIallins
(oumcTka 307el), JoOaBIeHNe HesIeKTPOINTOBR, NeliCTBHe CBeTa, BCTPIXUBAHI, HO
Hanboee BaXKHbIM (Pak TOPOM /I KOary iy THAPodobHBIX 301eH aBadeTcd Aet-
cTBUe deKkTponuTos. Koarymipyromel qacThio 3IEKTPONNUTa CIY:KUT OOUH U3 €To
noHop. Koarynaing 3onell HaunHaeTcd MIpH KOHIIEHTPAIMIX 2IeKTPOIMTOB BHIIIE
HEKOTOpPOU KPUTHHIeCKOU, Ha3hIBAEMON nOpo2oM Koazyaayuy (OOBITHO BEIpakaeTcs
B MMOJIL/JT M MT-3KB/JI).

Cornacro npaswny Ulymeite-I'apou (mipapuio 3HATHOCTH ), TIPH KOATYILIITAN
30719 BIeKTPONUTAMH KOaryNUpPYIONMH MOH MMeeT 3ap4i, IIPOTUBOIIONIOKHEIN 3a-
P4y KOJIOMAHOH HacTUITkI, a IIOPOr KoaryIdiiy IIpU 3TOM TeéM MeHbIIe, UeM BBI-
ITIe BaJeHTHOCTh KOoaryIMpyIOIero HoHa.

YcerolunBocTh 30514 IIPU  KOHIEHTpAIMM 3MeKTpoiuTa HUIEe IIopora
KOary/Imu  oOycTOBIeHa HaTHMdheM BBICOKOTO IIOTEHITMATBLHOrO —Oaphepa,
MIPEeTIATCTBYIOMIETO CONMKEHIO KOMIOMAHBIX HacTUIl, BOSHUKHOBEHNE KOTOPOTO
CBA3aHO C B3aMMONEHCTBUEM IBOMHBIX DSIEKTPUUIECKUX CIIOSE CONMKAIONTIXCA
TACTUI]. YBeNMHUeHHe KOHIIeHTPAIMH IeKTPOIUTOR BBIIIEe IIOpora KoaryIdiiu
BelleT K CaTUIO JBOMHOTO SIEKTPUHECKOrO CIIOM, IMOHMKEHUIO SHEePreTUIecKOoro
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Hapbepa, TIPEIITCTBYIONIETO CIUIIAHIIO HACTUIl IPU MX CTONKHOBEHUW, M HaYaly
KOaryJIIITHN.

Becbma cBoeobpasHo Koarymmpyroliee AeHCTBUE MPOIBIIETCS Y OpraHuyec-
K1X MOHOB. [lonosxuTenbHO 3apaKeHHbIe OMHOBAISHTHBIE MOHBI alKalonAoB 1 Kpa-
cuTenNell neficTBYIOT ropasfio cuiibHee, TeM COOTBETCTBYIOIME UM I10 BATeHTHOCTH
WOHBI HEOPTaHUUECKUX 3IEKTPOIUTOB. 3TO 00bICHIETCH BRICOKOH alcopOITMOHHON
CIOCOOHOCTHIO TPOMO3AKUX OPTaHWHIECKUX MOHOB, 000X OONMBITION ITOTIpH-
3y EeMOCTBIO.

B cBoux nccnemosanmax 'apam momarai, 9To KOaryIailndd JODKHA HACTYIIATh
B M30SMIEKTPUHECKON TouKe, Korja & - MOTeHIMAal JacTull paBeH Hymo. [lo3gHee
OBLTO YCTAaHOBIIEHO, UTO KOAryJIIIUd OOBITHO HACTYIIAET He B M302IeKTPUHECKOH
TOUKe, a IPU TOCTUKEHNN HEK OTOPOTrO KPUTHHECKOro & - ImoTeHImana. g MEOTHX
CHCTEM 3TOT IMOTeHIAal 030K K 30 MB.

K ocobbm gBrneHMIM, HaOMOTAIOTITUMCS TPU KOATYIIITHH 3IIEKTPOIUTAMH,
OTHOCATCA: TaK Ha3blBaeMoe IBIIEHUE HEIIPAaBUIbLHBIX PIOB, aHTAr OHU3M U CHHEep-
TU3M MOHOB TIPU KOaryIgIlid, KOJUTOHUIHAS 3aIiTa.

SIBneHMe HeTPaBUIILHBIX PAAOB - 5TO JBJeHUe HaOIOMaeTCs TIPU BBEICHUH B
KOJJIOMAHBIE CUCTEMBI AIEKTPOIUTOB, COMNEPKAIMX MHOTOBAIEHTHBIE MOHBL C 3a-
PAOOM, IIPOTUBOMONOKHBIM 3apgaay dacTHilbl. OHO 3aKiIoHdaeTcd B TOM, HTO IIPH
no0aBIIEHUN K OTAETHHBIM TIOPITHAM 30Ji Pa3iHYHBIX, BCE BO3PACTAIOIINX KOIH-
ECTB DMEKTPONUTOB, 30/1h CHauala OCTAETCd YCTOUUMBBIM, 3aTeM B OMIPeNeIeHHOM
HWHTepBaje KOHIIEHTPaIli IIPOUCXOMUT KOaTyIIAIlns, Jajlee 301b CHOBa CTAaHOBUTCA
YCTONYUBBIM U, HAKOHEII, TIPY BHICOKOM COMEP KAHWUN SIIeKTPOINTa OIIITh HacTyIIa-
€T KOoaryJIdius, ykKe OKOHIaTeIhHad.

CopMecTHOE JelcTBHe 3IeKTponuTob. lIpu coBMecTHOM AeHCTBUU Koary-
JTUPYIONINX MOHOB MOTYT HabIOIaThca TpU dddekTa: affuTUBHOCTh AeHCTBUS, aH-
TArOHU3M W CHHEPrHU3M. AJTUTUBHOCTh OOBITHO TIPOSBIISIOT HMOHBI OJMHAKOBOTO

3apgafa U Onmskhe 1o choifctBaM (Hampumep, KT u Nat, CI- u Br). Ona
XapaKTepU3yeTCd PABEHCTBOM:!
Ci/ri+Ca/y2 =1,

rae C1, C2, ¥], y2 - KOHIEHTPAallUU 3JIEKTPOJIMTOB M COOTBETCTBYIOIIHE MM

IIOPOTOBBIE KOHIIEHTPAITUH.
[Ipu anmazonusme nericTeug snekTpomrTos cymma C1 / y] + Co / y2 okasbi-

BaeTcd OoJbllle, UeM B cIydae aJiuTUBHOCTA. VIHOTMa gBIeHIe aHTarOHU3Ma IIpo-
ABIIIETCA B TaKOH Mepe, UTO B KOATyIUPYIOIIeH CMeCH COlepiKaHue KaKIoro dJIeK-
TPONUTA MOMKeT 3HAYUTEIHHO IIPEBLINIATh ero COOCTBEHHYIO MOPOrOBYIO KOHITeH-
Tpalmio. AHTAaTOHU3M OOBACHISTCA U3MEHEeHNeM TePMOIMHAMUIECKON akKTUBHOCTH
HMOHOB TIPU CMEIIIEHUH 3JIeKTPOIIMTOB, B3auMOAeHCTBIEM MeXIy HUMU ¢ 0Opa3oBa-
HUEM KOMILIEKCHBIX MOHOB M afCOPOIMOHHBIMU ddhpeKTaMmu. AHTArOHIU3M HaOIo-
maetca mpu koarymsimu 3oneit Agl cmecamu AINO3)3 u K2SO4;, Th(NO3 )3 u

Na>SO4.
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Y cnneHre Koarynupyomero JeHcTBU OJHUX 3MeKTPOJINTOB IIpH Aobapiie-
HUH JPYTUX HA3BIBACTCH CUHEP2USMOM.

Sawpuma xoanoudHvix yacmuy. [1pn BBeIeHNN B 3071 OIIpeNeIeHHBIX BBICO-
KOMONEKyIIpHEIX BemmecTs (BMB) ycrolimmBocTh cHCTeMBI MOKeT OBITH 3Ha4UU-
TeNbHO IOBRIIIeHa. Takoe gpIeHNe ITONYUIUIO Ha3sBaHNe KOLIOUOHON 3aujtmet. Be-
IecTBaMy, CIIOCOOHBIMU OOYCIOBIMBATh KOLTOWIHYIO 3allTUTY, SBIAIOTCA OeMKH,
YTJI€BOAOPOMBI, TEKTHHEL, a I/ cUcTeM ¢ HeBOAHOMH AucIepcloHHoN cpemoif — kay-
gyK. [ XapakTepucTUKY 3alllUTHOTO AelcTBUS pazmuHblx BMB Surmonau npen-
JIO3KWI TakK HazbIBaemoe ''3omoroe uucio”. llox zomomeim uuciom mogpazymeBaeTcs
THcino MuuthrpamMmos BMB, koTopoe Heobxommmo mobasuTh K 10 MI KpacHOTO
30714 IJ19 TOTO, ITOOBI IIPENOTBPATUThL €0 IIOCHHEeHNe IIPH BBEIeHINH B CUCTeMy |
Mi 10-mmpolleHTHOrO pacTBopa Xjopuga HaTpud. MexaHusM 3alluTHOro OelcTBUA
CBOIUTCA K OOPa30BaHIIO BOKPYT KOJUIOMIHOM JacTHITHI alcOPOIMOHHON 000IOUKN
13 BEICOKOMOJIEKYJIIPHOT O BEIIeCTRa.

MGTO,Z[]':I TTIOIIYHEHM I KOJIIOMOHBIX PpacTBOpPOB

HerpynHo 3aMeTHTh, 4TO TpyOOOUCIIEPCHEIE, KOLIOUIHO-AUCIIEPCHBIE M MO-
TeKyIIPHO-AUCIIEPCHBIE CUCTEMbI CBI3aHbI MeKIY cOOOM B3aUMHBIMU ITEPEXOIaMU.
W3 MCTUHHOTO pacTBOpa MOKHO MONYYNUTh KOJUIOUAHYIO CUCTEMY, KOTOPYIO 3aTeM
MOXHO TIPEBPATUTH B TPYOOMUCIIEPCHYIO CHCTEMY, U HA0OOPOT.

YcnopueM 06pa3oBaHNI KOLIOWTHON CHCTEMBI JBJIAIOTCI HEPACTBOPUMOCTD
(MM oueHb Manad PacTBOPUMOCTD) BEITECTBa OQHOM (hasbl, TOMBKO MEKIY TAKIMU
BEIIeCTBAMH MOTYT CYIIECTBOBAThH (PU3HUHECKHE MTOBEPXHOCTU pasmena. Kommousa-
HBI€ CUCTEMbI WX 30JM MOTYT OBITh TIOTYyHeHBl ABYMS IIPOTUBOTIONOKHBIMUA METO-
oaMU: METONOM AUCIIEPrUpOBaHUA (ApoblieHre BellecTBa) U MEeTONOM KOHIeHCca-
1 (COeNMHEHNUS OTHENHHBIX MONEKYJ WIM HOHOB PacTBOPEHHOTO BEIeCTBA B
arperarsl).

Memoowr Oucnepeuposariia OCHOBAHBI Ha MEXAHUYIECKOM IPOOIIEHUN U XU-
MUHECKOM TUCTIEPrUPOBAHNN - TenTr3aiu. [lenTusaing - nepexo B KOJLITOUIHBIN
PacTBOP CBEIKEIIONYUEHHBIX OCaIKOB, OOPa30BAHHBIX TIPH KOATYIISIHH.

Memoowr xondencayuu. K 5Tol TpylIle MeTOAOB OTHOCUTCY IONYyHUeHUE 30-
nell npsmolt koHAeHcalMel, MeTooM 3aMeHBl PAaCTBOPUTEN U ITyTeM XUMHYEeCKUX
peaxiriii. CyITHOCTh MeTO[a 3aMeHBl pacTBOPUTENS 3akIodaeTcd B TOM, HTO HC-
TUHHBII pacTBOP BelllecTBa JOOABIISTC K KUAKOCTH, CMEIMBAONIEHCI C PacTBo-
puTeneM, HO B KOTOpol caMo BeIecTBO Majo pacTBOPUMO U BBEIIEIIETCI B BHUIE
BBICOKOMCITEPCHOH hasbl. XUMIUHecKre MeTOObl KOHeHC Callil OCHOBAHBI Ha IIepe-
BOJZI€ PAacTBOPEHHBIX BEIeCTB B HEePACTBOPHUMOE COCTOSHME ITPU IIOMOIIN Pasiit-
HBIX XUMHYEeCKUX peakluii (BOCCTaHOBIICHHe, THAPOII3, ABOHHON OOMEH U 1Ip.) C
TIOCTIeIYIOITeH arperaliell U KprucTalT3aipiell HepacTBOPUMBIX HacTHIl, oOpasyro-
WX TUCTIepcHYIO dasy. OHaKo, He3aBUCHMO OT METO/a ITONYUeHIS OTHOCHUTeIhb-
HO YCTOWYMBOHN KOJUTOMIHON CHCTEMBI, HEOOXOIUMO MPUCYTCTBUE B HEl cTaOuimu-
saTopa. Pomb crabunmsaTopa cBOAUTCS K aIcOPOIH ero MONEKYIHl W NOHOB Ha
TTOBEPXHOCTH JaCTUIT AUCTISPCHOH (hasbl ¥ 00pa30oBaHNIo Ha Hell HOHHO-CObBATHO-
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o WM MONEKYIIPHOTO CONBBATUPOBAHHOTO CIOM, IIPENITCTBYIOMIETO CIMTIAHNIO
HACTHII.

CTpoeHme KOILTONTHON JacTULTHL

YacTuIrsl AUCTIEPCHOHR a3kl B THAPO30IIX 00NafaroT CIONKHON CTPYKTYPOH,
3aBUCAIIEH OT YCIOBUH MONMYHUeHUd 307el U npuponsl cTabummsaropa. Hampumep,
HACTUITI THAPO30NIA HOOUCTOrO cepedpa, KOTOpHIE IIONYHaloTCd IIPIUIMBAHNEM
pacTBopa asoTHokucioro cepedpa k pactsopy Kl (u3beitok KI - crabummszatop),

HUMEIOT CIEAYIOMYIO CTPYKTYPY:
KI (m3bwiTox) + AgNO3 — Agl + KNO3

fm[Agl] nI” (n-X)KJr}_X o xK
——

\ ElI‘[zeI‘ElT )

—___A1pO .
-
qacTHIIa
- ——
e
MIIICIIITa

m - gucio Monekyn Agl;

1 - YHUCNO U3OBITOUHRIX HOHOB |, TIPOYHO amcOpOUpPOBAHHBIX Ha TOBEPXHOCTH
arperaTa (Kak IIpaBpuIo #2>1), HA3BIBaeMBIX ITOTEHIMAIOO0PasyIOITIMI,

X - UUCIIO UOHOB, BXOOAIHUX B MUY 3HBIN CIIOI;

(n-X) - 9HUCIO TTPOTHUBOHUOHOB K" s aIcOPOUPOBAHHOM CJOe. UHCIIO TaKux

WOHOB Kamg (N-x) - MeHBINe [Hcia aAcopOMpPOBAHHBIX HMOHOB Homa (n),

BCTIEAICTBUE HEro KOJUTOMHAS YacTHUIa UMEET OTPUITaTeNbHbIHN 3apa ( -X).
Yacrtuiia AuCTIepCHOH (hasbl BMECTE ¢ OKPYKalOMUM ee i y3HBIM CT0eM Ha3bIBa-
eTcd MULIEIION.

Ha ocHopanum skcnepumeHTanbHoro marepuana @. Ilamer m K. Dagne
chOpMyYIIPOBATN IIPABIIIO; Ha IIOBEPXHOCTH TBepHol (pashl pacTBOpa IIPeIIIOuTH-
TelbHee alcopOHpYIOTCAd HMOHBI CIIOCOOHBIE JOCTPanBaTh KPUCTAJUIMHMECKYIO pe-
IIeTKY JaHHOTO BelllecTBa NI 00pa3yIoIie ¢ NOHAMU KPHUCTATNYeCKOH pelIeTKN
TPyAHOPacTBOPHUMEIE COSTUHEHIIS.

Ecm monmydats 301 HomueToro cepebpa Tpu HeKoTopoM n30bITKe AgNO3,
TO HACTHIIBI 307 HOAUCTOTO cepebpa NprodpeTaroT (B OT/HMIE OT HIPeNBIIyIIero
CITydas ) TIONOKU TSI HBIN 3aps.
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DKCIHEPHMEHTAJIbHAA YACTH
Paboma 1. lonyueniie KOMI0UOHBIX PACINEOPOS PAZTUYHBIMIL MEMOOAMIL
Memoo konoencayuu
a) llomydeHne KONIOMIHOTO pacTBOpa KaHW(OIM METONOM 3aMelTeHd

pactBopuTend. 5 ma 2 % pacTBopa KaHMGpONM MO KaruiaM OpuimsaioT K 200 M
IUCTWIMPOBAHHOW BONBI IIPW  SHEPIHYHOM  B30anTbiBanuul. [lomydeHHBIH

MOJOUHO-GeEL 3015 GuIbTpyoT. 50 M (ubTpata HarpesaoT mo 70-80°C u
HAOMONAIOT KOAarymupylomiee AeliCTBHe IIOBBIIEHHOM TemmepaTyphl. Jma
CPABHEHUI Pe3yNbTaTOB OBICTPO MPUIMBAIOT CIIUPTOBLIM pacTBop B Boay. Ecim
30IIb  HEOOXOOUMO COXPaHUTh [IIUTENbHOEe BpEMS, CIUPT MOMKHO YIOATUTh
IAAT30M.

0) [Momyuenue 3014 TuapaTa okucH xenesa (I111) MetogoMm rugponnsa. Peak-
1WA THUAPONN3a €CTh YAaCTHHIM CIydal peakIH JBOHHOTO oOMeHa. 307b TuapaTa
OKHCH KeJe3a MOoMydaeTcd CIeAYIOMNM 00pazoM: B KOHUUECKOH Kombe HarpeBaroT
IO KUTIEHUT 85 MI AUCTUILTUPOBAHHOMN BOAbI. He cHUMad KONOBI ¢ CeTKH, YIaIIB
JIWIB IUTaM4 TOPENIKY, B KUIAIIYIO BOAY IIPIIMBAIOT 1o KarumaM 15 ma 4 % pact-
BOpa XJOPHOTO kemnesa. [loce HeCKOMbKMX MUHYT KUILIUeHUS B Pe3yIbTare THApo-
mm3a 0bpasyeTced 307b THAPOOKUCH Kenesa KpacHo-kopuuHesoro 1peta (Fe(OH)3 ):

FeClz + 3H,0 —= TFe(OH)3 + 3HCI

[Ipu oxnaskmeHMN peakid UaeT B OOpaTHYIO CTOPOHY, TIOTOMY ITONyHUeHHbIH TH-
PO30JIb, €CNIY OH ITOAJIEXUT JIUTEIbHOMY XPaHEeHUIO, PEKOMEHIYETCH eIe TOPAIIM
MIOABEPTrHy Th Auann3y. CTpoeHNe MUITeUIH IOy IeHHOTO 30714 MOYKHO M300pasnTh
CITEeIYIOIIIM 00pa3oM:;

fm Fe(OH)3 nFeO (n-x)C17} X o xCI”
CTEl6I/IJI[/IBE1TOp - HpO,HYKT HEIIOIHOT O I‘I/I,Z[pOJ'JI/IBEl - XJIOPOKI/ICB ZKeJIe3a.

FeOCl & FeO' + CI”

B) [lomydenune 3omd GepauHCKON Jazypu. [ MApo30ns OepITHCKON Tasypu
Fe4[Fe(CN)g|3 monyuaroT npy CMeNTMBaHUK PAcTBOPOB XJIOPHOTO Kejesa 1 JKelle-

sucto-cuHeponuctoro Kamua K4[Fe(CN)g]. [IpumepHbIie COOTHONEHNS KOIMIECTB
comeit: 100 mm 0,1% K4[Fe(CN)g] u 2-3 M 2% pactBopa FeCl3. Obpasyerca otpu-
1aTebHBIN 307h OePIMHCKOH a3y pu.

3K4[Fe(CN)g] + 4FeCl3 _»  Feq[Fe(CN)g]3 + 12KCl

59



Ecm smBath K4[Fe(CN)g] B u36siTok FeCl3, To monyHaroTca ManoycTom-
TUBBIE TTOMOKUTEILHBIE 30U OepIMHCKON Tasypu.

r) [lomyuenne THapO30Id Kele3ucTo-cruHepoauceToin Meau. K 100 s 0,1 %
pacteopa K4[Fe(CN)g| npubapngror npu B3danteiBanmu 8-10 mm 0,5 % pacteopa

CuSO4. ITomyuaerca oueHb YCTOMIHUBBIN KPacHO-OYPBIH 307Th.

2 K4[Fe(CN)g] + 4 CuSO4 —= 2 Cuy[Fe(CN)g] + 4 K2S04

n) Iomyuenne ruapozond mepekucy maprania. K 60 s 0,3 % pactsopa
KMnO4 npunmsarot 20 M1 1,5 % pacteopa H202. IIpunupanune segeTcd MeIIeHHO

NP IIOCTOSHHOM B30anThIBaHMHM. llomywaeTcsd KOPWHHEBHIH 307 IIepeKHCcH
Maprafria, oOpa3OBaBIIUICI KaK pe3ynbTaT BoccTaHoBIeHMI dacT KMnO4. Ha

HepacTBOpuMol Hactuile MnO?2 ancopbupyrotca monsl MnO4 , omnpeaendromime

+
roteHIman, B audgdysHoM crnoe K . 30mb 3apskeH OTpHITaTeIbHO.

}K) Tlonyuemie 30nd IBYOKMCH MapraHiia. HepmaHraHaT KalHugd BOCCTAHABIIH-
BaeTCd THOCYJIL(ATOM HATPU IO IBYOKHUCH MapraHIla.
8 KMnO4 + 3 Na25203 + H,O— 8 MnO2 +3K2504+ 2 KOH +
3 Na2S04

[Torenimanonpeaenaromue HoHbl MnOy , MPOTHUEOUOHEL K+. Klwumnl,5%
pacteopa KMnO4 B nipobupke mgodapnator 10 s Bomet. [To karuiam w3 THIETKH

BBomat 0,5 mu 1 % pacTBopa THOCYIbdaTa HaTpH.

Meton nerrtrszalpin

a) [lomyueHie 30mg OepIUHCKON Ja3ypy menTu3almeli Ha dbuibTpe. B mpo-
OUpPKY THUITETKOW BBOAAT 1,5 MII HACBHIIIEHHOTO pacTBOpa (heppoIMaHuia Kamsd U
0,5 s 50 % pactBopa xnopuna xenesa (FeCl3). [lomytdeHHBIH ocamok TepeHoCaT
Ha (QUIbTP, MPOMBIBAIOT BOMOHM, 3aIMBarOT Ha (uimbTpe 2-3 Mm 2 % pactBopa
IaBeIeBON KUCTOTHI M Pa3MEIUBAIOT CTEKIITHHON manoukoi. Ocamok ObICTPO Mer-
THU3yeTcd U 13 PUIbTpa cTeKaeT MHTEHCUBHO OKPaIlleHHBIH 30 OepIMHCKON Ta3y-

pu. AHNOH CQO42_ CHJIBHO a7copOMpyeTCcs Ha JacTHIlaxX ocalika, coodImad UM 3a-
P44 U arperaTuBHyIO0 YCTOUHIMBOCTD.

6) [lonyuenue 3oma Fe(OH)3 meTogom mentusaliu. B 5 M1 ogHOMOIIPHOTO

pacteopa FeCl3 B xombe ra 250 mn mobapngtor 100 mu Boger. OcakmaroT F63+ He-

OombIrM M30BITKOM pacTBopa aMMuaka. Konly 3alomHMoT BOAOH TOBepXy U JatoT
OCcaIKy OTCTOAThCA. (JcafoK MHOTOKPAaTHO JEKaHTHUPYIOT A0 UCHE3HOBEHUA 3allaxa
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NH3. O6wvem pactBopa mooagar ao 150 mn u mobapnatoT mentusatop - 15-20 ka-
Telh HacklmeHHoro pacteopa FeCl3. HarpeparoT pactBop Ha BomgHOlH OaHe, B30ai-
ThiBadg. Ecnm ocafok ocraerced, TO MOOaBIMIOT ellle HeCKOIBKO Karelb TelTH3aropa,

IIpoOoIlikad HarpepaHiie.

Paboma 2. Onpeodeneriie nopoza xoazyaaniu

HGJIB Da6OT]':>IZ oIpelelicHie II0opoTra KoalryIIdIuN 30/1el Pa3IIaHbIMH 2JICKT-
PoITaM .

a) Onpesenenye rmopora KoaryJIariiy 30114 THIPOOKUCH kenesa. J[1a paboTe
NpUMeHTIoT ApyMmonapabiii pactsop KCL 0,05 monmapabiii pactBop K2504, 0,005
monapabiit pactBop K3[Fe(CN)g|. B 12 mmerbix mpobupok (o 4 mpobupku amnd

KawukIoro 3MeKTPOINTa) HATUBAIOT 110 5 MJI 30119 TUAPOOKUCH JKeJle3a U YKa3aHHOe B
Tabnuile 16 KOMMIecTBO MIUTHUTUTPOB AUCTHILTMPOBAHHON BOABI M PACTBOpa SIIeK-
TPOINUTA, TIOCIe YeTO COAEPHUMOe Kaxaol NpobUpKU HeMeIJICHHO XOPOIIIO Tiepe-
MeNmMBaloT U uepe3 30 MUHYT OTMEHWAlOT, B KaKMX MPOoOHpKax ITPOM30ILIA IBHAL
koarymarmd. (ITpu moMyTHeHMM TOCTaBUTh B Tabnwile 3Hak "+").

Taxum obpazom, B Kaxkmol MpobupKe KOHIEHTparmd 3014 oauHakosa (1:1),
8 KOHITEHTpaIMd 3JeKTPOIuTa B KaxKIOH clemyroreii mpolOupke OOIbIle, HeM B
TpenbIAyIneli, B [Ba pasa. Hcim HU B OOHOM W3 MPOOHUPOK KOATYIAIMH HET, TO
TIOBTOPSIOT OMBIT, TPUMeHId B 2-5 pa3 Oollee KOHIIGHTPHUPOBAHHBIN PacTBOP
HIEKTPOIUTA.

Tabma 17
['py6oe onpenenerie Iopora KOAaryIIsIIvL.
No 30mb JuctunmiposanHag PactBop Koarynaug
podup | THUAPOOKUCH BOZA, MII AMEKTPONUTA gepes 30

KU eesa, M MII MUHYT

1 5 4,5 0,5

2 5 4,0 1,0

3 5 3,0 2.0

4 5 1,0 4.0

[Topor xoaryaaimu BEMUCISIOT 10 POpMyIe
Crop = 100 C V (mmomb/m), (69)

rac C - MOJIIPHAad KOHIECHTPAIHA, V - HamMeHbIIIee THCIIO MHIITAIHATPOB pacTBopa
QNEKTPOIMTA, JOCTATOUHOE IJIA KOATl'YIIAITHII 307JI4.
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Hamprmep, ecrm xoarynaimg 3zong 0.05 M pacteopom K2504 mponsonina

TONBKO B TpeThell U HeTBepTON IIPOoOHpKax, TO ITOPOT KOATYILIIUY PaBeH MUJLIHMO-
napHoit KoutteHTparmu K2S04 B TpeTbel mpobupke, a UMeHHO,

Crop = 100*0.05*2 = 10 MMonb/1 3014

Jnga momydenig Oolee TOUHBIX Pe3yNbTATOB MOBTOPSIOT OIpeIeleHue, TIPH-
MEH44 IIPOM ey TOUHbIe KOTUUIeCTBa 3IIeKTPONUTa MeKIYy TeMU, KOTOpPhIe B IIepBOH
CepUH BBI3BIBATH U HE BBI3BIBAIM KOATYIIIIIO 30714 (cM. Tabmwiry 18).

Tabmra 18
TouHoe omnpesenete MOpora KOary ISIn.
[Teppag ceprd OMBITOB Bropag cepug ombITOB
Harmvenpiniit oO0beM 37IeKTPONHTA, KomiuectBo pacTBOpa 3MeKTPONUTA B
BBEI3BABITIHI KOATYIIITAIO, MIT TPOOHPKeE, MIT

0,5 0,1 0,2 0,3 0,4
1,0 0,6 0,7 0,8 0,9
2,0 1,2 1.4 1,6 1.8
4,0 2.4 2.8 3,2 3,6

B xaxmyro mpoOupky ¢ 30meM 5 MI, IIOMHUMO YKa3aHHOTO KOIHYecTBa
SIEKTPONNTA, IIPUIHBaeT HeJOoCTalomee O 5 MJI KOIMYeCTBO JUCTUILIMPOBAaHHON
BOZIBI. 3HAUEHNeE TIOpora KoaryJIaIliy 3allichIBaioT B Tadmmry 19.

6) OnpegeneHne MOpora KOAryIgiiu 3011d OepIUHCKON Ta3ypr 1 30119 By O-

KHUCH Maprafifa. OmpeieleHne IoporoB KOaryIaIiii U3ydaeMbIX 30J1el TTPOU3BOIIT
TaK ke, KaK ¥ JIII 30J14 THAPOOKHUCH kelesa (pabora Ne 2a).

B xauectBe smextponuroB ucnomb3yioT 2 M p-p KCl, 0,02 M p-p MgCl2

(BaCl2) m 0,002 M p-p A1C13.

Tabmrma 19
[Topor Koaryaaiiy 3014 ¢ PasIUIHBIMHI SJIeKTPOIUTaAMU.
ONeKTpONUT, MONIpHad Koarympyrommii noH [Topor koarynaimu
KOHITeHTpaImg
KCl 2 M
K2504, 0,05 M
K3[Fe (CN)g], 0,05 M
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