@ % CuSQ, + Zn—= Cu + 2250,

N, + 3H, == 2NH,

()2

CsHg + 0, — H,0 + CQ,

H H
i
HHHN




«llnodbt Mmoux mpydos — npexcde 8ce2o 8 HAYYHOU
uszeecmHocmu, cocmasasiruell 20p00cmsb — He 00HY MO JUYHYIO0, HO
u obwyr pycckyr. Jlyvuwiee gpems JHcusHU u €€ 2/4a8HYH CUIY 83510
npenodasamenbcmeo. H3 mbica4 MOUX YYEHUKO8 MHO20 mMeNneps
noscdy 8udHblX desmeJiell, npogeccopos, AOMUHUCMPAMOpPOS, U,
gcmpeyvast ux, gcezda cAvluiaa, Y¥mo dobpoe 8 HUX cemsi NoAaz2aj, a He
npocmyn oméviea/s NOBUHHOCMb. Tpembsi cayxb6a Mmosi PoduHe
HaumeHee 8UOHA, XOmMs 3a60Mu/1a MEHS C HOHbIX Jlem No cux nop. Imo
CAYyAHcOa no mepe Cul U B03MOMNCHOCMU HA NOJ/b3Y pocma pycckou
NPOMbIWJAEHHOCMUY.

J.U. Mendeseees
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C.

B MeToauuyecKkux yKa3aHMsSX IIpeJiCTaBJieHbl O00lMe MpaBuUJa
OpraHv3al My J1abopaTOPHOro MPAaKTHKyMa MO (pU3NYECKON XUMHUHM.
KpaTko u3/i0keHbl OCHOBHbIE IMOHATHS 3JEKTpoXuMHUHU. [locobue
SBJSIETCd  PYKOBOJACTBOM K  JlabopaTOpPHbIM  paboTamM MO
3JIEKTPOXHUMHUU W TIpeJlHa3HAY€HO /Jil CTYAEHTOB XUMHUYECKUX U
XUMHUKO-TEXHOJIOTUYECKUX CleldaibHOocTel. [locobue Takke MOXKeT
OBbITh MOJIE3HBIM /JIJI1 IpeNnojaBaTeell XUMHUU B TEXHUKYMaX, JUILEAX
Y HEXMMUYECKHX BY3ax.
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OBIIUE TPEBOBAHHUA K O®OPMJIEHUIO OTYETA 110
JIABOPATOPHOH PABOTE

OdopmiieHre oTyeTa

JlabopaTopHasa paboTra — HeOOJbIIOW HAy4YHbIA OTYET,
00001Ial0IIMi  NPOBEJIEHHYI0  CTYJEeHTOM paboTy, KOTOpYlo
NpeJiCTaBJSIOT [Js 3allUThl IpenojaBaTest. K JsabopaTopHbIM
paboTaM MNpeabsBJSETCA psiji TpeboBaHUN, OCHOBHBIM M3 KOTOPBIX
SIBJIIETCS TOJIHOE, HWCcYeplbIBawllee ONHWCaHWEe BCEW MpPOJielaHHON
paboThl, MO3BOJIsIOLIEE CYAUTh O MOJIYYEHHbIX pe3yJbTaTax, CTelleHU
BBINOJIHEHHUS 3aJlaHUN U ITpodeccruoHaJTbHOMN MOJATOTOBKE CTY/IEHTOB.

TumyabHblll Aucm  ABASETCS TepBOW CTpaHUIEd JH06OH
HAay4YHOU pabOThl U JJiI KOHKPETHOIrO BH/Jia PabOOThI 3aMOJIHSETCS T0
ornpeneJeHHbIM mpaBuJiaM. Jyisd 1abopaTOpHON PabOThbl TUTYJIbHbIN
JIUCT 0pOpMJIsIeTCS B COOTBETCTBUHU C NPUJI. 1.

Lleab pabombl [01KHA OTPaXKaTh TEMY J1abopaTOPHON PaboThl,
a TakKe KOHKpeTHble 3a[jlauyH, OCTaBJeHHble CTYAEHTYy Ha Mepuo/
BbINOJIHEHUSI Pab0oThl. [lo 06beMy liesib paboOThbl B 3aBUCUMOCTU OT
CJI0°KHOCTU M MHOT'033aJJa4HOCTH PabOThI COCTABJSAET OT HECKOJbKHUX
cTpok 20 0,5 cTpaHUIbI.

Kpamkue meopemuveckue ceedeHusi. B 3ToM pasgese
M3J1araeTcs KpaTKOe TeoOpeTUYeCKOe ONMCaHe U3y4aeMOro B paboTe
sBJIEHHWS WJIM Tpollecca, TMNPUBOASATCA TakKKe Heo0X0JHUMble
pacyeTHble ¢popMyJsibl. MaTepuas pasjesia He AOJKEH KOMHUPOBATh
coJlep)KaHUue MEeTOJHUYEeCKOro Mocobusi WM y4yeOHMKA MO JaHHOU
TeMe, a OrpPaHUYMBAETCS M3J0KEHHEM OCHOBHBIX TMOHSATUH U
3aKOHOB, pacyeTHbIX (QopMyJ, TabJUl, TpPeOYOIUUXCA IJ4
JlaJibHeWed  00pabOTKM  MOJIYYEHHBIX  3KCIEPUMEHTAJbHBIX
pe3ysibTaToB. 00'beM JIMTEPATYPHOTO 0030pa He A0JKEH NPEBBIIIATH
1/3 4acTu Bcero oTyera.

OnucaHue 3KCNepuMeHmMasabHOll YCMAHOBKU U METOJUKHU
JKCllepyuMeHTa. B gaHHOM  pasjiesie  NPUBOAMTCA  CXeMa
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SKCIIEPUMEHTA/JbHON YCTAaHOBKH C OINIMCaHHEM ee paboThl U
NOJIpOGHO M3JlaraeTcss MeTOJMKa TMpPOBeAeHUsI ISKCIIEpUMEHTAa,
npoliecc noJay4eHusl JaHHbIX U CIOCO6 UX 06pabOTKHU.

JKkcnepumeHmasivbHble  pedyabmamoul. B 3TOM  pasjgese
NPUBOJAATCSI HENOCPEJACTBEHHO pe3yJibTaThl, IMOJYYEHHbIE B XOJE
NpOBeJIeHUsl JIabopaTOPHBIX pabOT: oOmNpeJesieHHbIE 3HA4YeHUA
BeJINYUH, rpa UKy, TabJINIIbI, JiiarpamMmal. O6g3aTesIbHO
HEO00XO0JJMMO OLIEHUTD MOTPEITHOCTH U3MEPEHUU.

AHaau3z pe3ysabmamos pabomsl. Pasgen oTdyeTa [OJKEH
cojepaTb MNOAPOOHBIA  aHaJM3 [OJyYeHHbIX pPe3yJbTaTOB,
MHTEePIpETALUI0 3TUX Pe3y/JIbTaTOB Ha OCHOBe PU3UYECKUX 3aKOHOB.
CiegyeT CpaBHUTb IOJIyYeHHble pe3yJbTaTbl C H3BECTHBIMU
JIUTEPAaTypPHbIMU  JJAaHHbIMHM,  OOCYAUTb  UX  COOTBETCTBUE
CYLIECTBYIOIIMM TeOpeTUYEeCKUM MojensaM. Eciu ob6HapyKeHo
HECOOTBETCTBUE [OJYYEHHBIX pe3yJIbTaTOB U TeOopeTHUYECKUX
pacyeTOB WJMU JIMTEPAaTypPHbIX [JaHHBIX, HEOOXOJAMMO OOCYyJUTH
BO3MO>KHbI€ IPUYHHbI 3TUX HECOOTBETCTBHUM.

Bbigodbi. B BbIBOAAX KPAaTKO HU3J1araloOTCs pe3yJbTaTbl pabOThI:
NOJIydeHHble 3KCIIEPUMEHTAJbHO WJM TeOpPETUYEeCKH 3HaYeHUq
$GU3MYECKUX BEJIMYUH, UX 3aBUCUMOCTH OT yCJOBHUH 3KCIIEPUMEHTA
WJIYM BbIOPAHHOM pacyeTHOMU MOJeJIH, YKa3blBaeTCsd UX COOTBETCTBUE
WJIM HEeCOOTBETCTBHE 3aKOHAM M TeOpPeTHYECKUM MO/JeJifM,
BO3MO>KHbI€ NIPUYMHbI HECOOTBETCTBUS.

HpI/IGJIPDKEHHbIe B€JIMYUHbI U AEﬁCTBHH C HUMM.

3anuch pe3yJibTaTOB M3MEPEeHUH U BbIYUCJIEHWUH NPOU3BOAAT
TaK, YTOObI U3 HUX Obl/Ia BUHA TOYHOCTh, C KOTOPOH BbINIOJIHEHBI 3TH
nenctBusi. JItobble [OaHHbIE, MOJIydaeMble HW3MEpPEHHEM, Bcerja
NPUOJIMXKEHHBI, MOCKOJbKY HMX TOYHOCTb 3aBHUCUT OT MHOTHUX
00CTOSITEJILCTB M B MEPBYI O4Yepelb — OT MOTPENIHOCTH CPEACTB
M3MepEeHUS.

Hanpumep, eciu mpu H3MepeHHH TeMIlepaTypbl MOCJAeIHSsA
nudpa okasajsacb HyJieM, TO e€ HeJb3sl OTOGpackiBaThb. Hampumep,
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JIATYMK TeMIepaTypbl NMoka3biBaeT «25.30°C». 3TO o03Ha4aeT, 4TO
M3MepeHHe MNPOBOAWJIOCH C TOYHOCTBIO [0 BTOPOro 3HAKa IMocJje
3anATOM. Ec/iM CTyZleHT B JaHHOM ciay4dae 3apUKCUpPYyeT B TeTpaau
«25.3°C», TO TOYHOCTB pe3yJibTaTa 0yZeT HEOOOCHOBAaHHO CHUXKEHA.

[Ipy  BpIMOJIHEHMM  apUPMETUYECKUX  JEeWCTBUM  HaJ
NpUOJIMKEHHBIMU YMCJIAMM CJeyeT TOMHHUTb, YTO KOHEYHbIU
pe3yJIbTaT CJOXEHUS WU BbIYATAHUS He NOJDKEH WMeTb OOJiblIe
3HAKOB I0CJe 3aldTOM, Y4eM y HavMeHee TOYHOrO 4JIeHa, TO eCThb
YyjJeHa C HauMeHbLIUMM 4YUCJIOM 3HAKOB. Hampuwmep, aad CcyMMbl
«1.222 +1.88 + 2.4 +3.9296 =9.1616» npaBUJIbHOU SABJISETCS 3aMKUCh
«9.2», TaK KakK y TpPeTbero CjaraeMoro TOJIbKO OJWH 3HaK IOoCJe
3alATOW. B MpOMeXKyTOYHBIX BBIYKWCIEHUAX IOCJEe 3alATOU JO/HKHO
ObITh Ha OJMH 3HAK OOJIbIIIE.

Takke mnpu yMHOXKeHUHM U JejJeHUW. Hanpumep, a4
npousBefieHus «2.222 x0.11 x5.02 =1.2269» npaBuJbHOU OyJeT
3anUchb «1.2», Tak Kak y uuciaa 0.11 Bcero aBe 3Havamux nudpsl. B
NPOMEXKYTOUHBIX BbIYMCJEHUAX 3HAYALUX LUPP JOHKHO OBITH Ha
OZHYy OOJIbIIIE.

HpI/I BO3B€ACHHWHU B CTE€II€EHb HWJ/IM HU3BJIE€YEHHHN KOPHA B
pe3yabTaTe ciaedyeT OCTaBJIATb CTOJIBKO 3HaAYallUX L[H(l)p, CKOJIBKO
HUX COAEPHKUTCA B UICXOAHOM HYHUCJIE.

BbluMcyieHMsT W 3alMCH, BbINOJIHEHHbIE C HapylleHUeM
BbIIIIEONMCAHHbIX MPaBUJI, SIBJSIOTCS HErpaMOTHBIMM, TaK KaK He
OTBEYAKT JIEMCTBUTEJNbHOW TOYHOCTU pe3yJbTaTOB pPabOThHI.
CobJito/ieHre 3TUX MpPaBUJ, C APYTOM CTOPOHBI, 06JierYaeT pacyeThl,
TaK KaK M03BOJISIET OTOPOCUTD JUIIHUE UPPbI ITepe/i BbIIIOJTHEHUEM
BBIYHC/IHUTEIbHbBIX OTlepalyi.

O1IMOKHU U3MepeHUu

Cucmemamuyeckue OwubKU OAVWHAKOBblI 1O 3HAKy M
00yC/JIOBJIEHBI TOCTOSIHHO [JEWCTBYKOUIUMHU (aKTOpaMu, KOTOpble
MO>KHO Y4YeCTb WJIM WUCKJIWOYWUTbh. Hanmpumep, cMel€H HyJib IIKaJbl



BOJIbTMETPA, U BCe pe3yJbTaTbl HW3MEPEHHWW OTJUYAKTCA OT
nevctBuTesbHbIX Ha 0.07 B.

CayuaiiHble OWUb6KU — 3TO HelpeJiCKadyeMble M0 BeJUYHHE U
3HAaKy OTKJOHEHHSI H3MepeHHUH OT cpeJHero pesyJbTaTa. Hx
OCOOEHHOCTbL B TOM, 4YTO OHHM pPABHOBEPOSTHbI MO 3HAKy M
NOJAYMHSIIOTCS 3aKOHY HOPMaJbHOTO pacHpefesieHUs], COrJIaCHO
KOTOPOMY BEPOSITHOCTb KPYIHbIX OIIMOOK MEHbIIE, YEM MEJKHUX.

IIpomaxu — 3TO rpyOble OLIMOKH, BbI3BAaHHbIE HAPYILIEHUEM
yCJIOBHUM 3KCIIEpMMEHTAa UJIM HeOpPEeKHOCThIO B paboTe. HanpuwMmep, B
X0Ze  3KCIepHUMeHTa CaMONPOW3BOJIbLHO  MEHSJO0Ch  CETEBOE
HalpsKeHUe, B TO BpeMs Kak TpeboBaJIoCh ero noCcTossHCTBO. Ui no
HEBHUMATEJIbHOCTU OblL1 cAesiaH otcyeT «1.1», B TO BpeMs Kak
npu6op nokaswiBas «1.01». Pe3yspTaTbl ¢ rpyObIMH OIIMOKAaMH B
npolecce 06pabOTKU NIPHU HAJIMYKUK 000CHOBAaHUW OTOPACHIBAIOT.

[IpaBUIBHOCTH pe3yJibTaTa, TO eCThb HaJin4yve
CUCTEMATHUYECKOM OLIMOKH, BCEr/la He TPYAHO MPOBEPUTD, NMOJIb3YACH
CTaHJAPTHBIMH WJW 3TAJIOHHBIMUA 00pa3naMu. ITOT NPUEM LIUPOKO
WCHOoJIb3yeTCsd B npakThke. OH MO3BOJIIET HAXOJAUThb IMOMNPABKH, C
NOMOIIbI0 KOTOPBIX MOXHO MOJIYYUTh NMPaBUJIbHbIE pPe3yJibTaThl Ha
TOYHO, HO HENPAaBUJIbHO Pab0TAIOIMUX CPEeICTBAX U3MEPEHHUS.

Ciny4ailHble OIIMOKW, B OTJMYHE OT CUCTEMaTUYEeCKHUX,
MCKJIIOYUTD HeJsib34. Ho, yBesinunBasi KOJIM4YeCTBO U3MePEeHU N, MOXKHO
YMEHbUIUTb CPEAHIOI0 BEJUYHUHY CJAy4YalHOW OIIMOKU UM, B HTOTE,
NOBBICUTh TOYHOCTb pe3yJibTaTa HW3MepeHUU. JleCTBUTENIbHO, NPU
OJJHOM-/IBYX HW3MeEpPEHHSAX He MCKJIYAeTCs BO3MOXKHOCTb TOrO, YTO
OHM OYAYT BbINOJIHEHBI C 60JIbIION OIMOKOU. [Ipy MHOTOKpaTHBIX Ke
M3MepEeHHUsX, COIJIaCHO 3aKOHY HOPMaJIbHOTO paclpe/iesieHUs
CAy4YaWHbIX BeJIMYUH, BEPOSTHOCTb MHOTOKPATHOI'O TMOsIBJIEHUS
KPYIHbIX OIIMOO0OK MaJia.



IIpogepbme ce6s

Jano npubauxcenHoe uucao 1.0754327 u ezo npedeabHas
abcoaromuasi noepewrHocms 0.0005. Okpyeaume amo uucsao, ocmasus
8epHble Yyu@dpsl. Yumume nozpewHocms OKpy2/1eHUsl.

IllopmHsixcHOU caHMumMempogoll /eHmMoll u3mepsiom OJAUHYy
OKpYJ#CHOCMU MepuduaHa, nywe4Hozo sidpa Llapb-nywku u meHHUCHO20
Msua. UsmepeHue Kakol 8e/nuyuHbl dacm 60/1bUWyH 0OMHOCUMEAbHYIO
nozpewHocmsy?

Ilpu u3mepenuu paduyca kpyza ¢ mouyHocmbvio do 0.5 cm
no/ay4uaocs yucjao 12 cm. Hatidume abcoarOmHy0 U OMHOCUMEAbHYHO
nozpewHocmu njiowadu Kpyaa.

BovinosiHume apugpmemuueckue deticmaus HA0 NPUOAUHCEHHbIMU
YucAaMU, 8ce Yu@pobl KOMOPbIX BEPHDIL:

130,6 + 0,255 + 1,15224 + 41,84 + 11,8216 = ...
352 x1.748 = ...
7.6 /2.314 = ...
OyeHume abcoa0MHY0 noepewHocms yHkyuu y = In(x).

OyeHume ab6coAOMHYI0 NO2pewHOCMb YHKYuu y =xxm (m —
J1060€ delicmeumesibHoe YUC/10).

JJieMeHTapHasA MaTeMaThu4ecKas 00paboTKa pe3y/IbTaTOB
U3MepeHUuu

YToObl  MOJYYUThb  pe3yJbTaT, KakK  MOXHO  OoJiee
NpUOJMKAIOIIUNCA K JEWCTBUTEJbHOMY 3HAaYE€HHUIO OIpenesaseMou
BeJIMYMHbI, U3MEPEHUS BBINOJHAIT MHOTOKPATHO U U3 HUX HAXOAAT
cpeHee apuPMeTUYECKOE OT BCeX 3HAYEeHUU (MCKJIro4Yas MPOMaxu),
KOTOpOe W MNPUHUMAKT 3a (PaKTUYECKOe 3HavyeHhe H3MepseMou
BEJINYMHBI.

C_ 4ttt

n



[locko/sibKy 3Ta BeJMYMHA TNPUOJU3UTEJNIbHAsI, CJeAyeT
OXapaKTepu30BaTb €€ TOYHOCTh. B KauyecTBe XapaKTepHUCTUKHU
TOYHOCTHU B MPOCTEHUIHUX CAy4yasxX MOJIb3YIOTCS BEJUYUHOUN cpeaHeln
OLLIUOKHU.

—  |Aa,|+|Aay|+..+

n
OKoHYaTes/IbHbIM pe3yJibTaT 3allMCbIBAIOT B BU/JIE
a=axAa.

Korpa onpenensiemMas BequdyudHa fABJAseTCA QYHKIUEH He
OJHOM, a HECKOJIbKMX Uu3MepsieMbIX BeJWYHWH, TO M OIIHWOKa
onpejesieHUs] 3TOW BeJUYMHbl 3aBUCUT OT OUIMOOK H3MepeHHUs
COCTABJSAOIIMX BeJUYMH. Tak KaK OIMOKM HECOM3MEPHMO MeHblle
CaMHX U3MepSeMbIX BeJUYUH, MOXKHO 3aMeHUTb HX Pa3HOCTU
auddepennuanamu. Torga:

AY = 6Y

‘— db+ ‘— dk

BblyuciMM ~ OTHOCHUTEJIbHYI0  OUIMOKY  pe3yJibTaTa  AJis
NpOCTeNIINX QYHKIUH:

0(A+B) AA + 0(A+B) AB
AY O0A

V=A+B :AA+AB
A+ B A+B
AY ‘a(gZB)AAJF‘a(%;B)AB AA+AB
Y=A-B _ _A8F
Y A-B A-B
AY ‘a(sf)AAJr‘a(AB)‘AB AA AB
Y=A-B = ==+
Y AB A B
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8(lnA)AA
AY | OA MM
InA AlnA

HanpumMmep, npu onpeaesieHUU MOJIEKYJISIPHON MacChl BellleCTBa
KPHUOCKOIIMYECKUM METOZ0OM IOJIb3YIOTCS yPaBHEHUEM:

- Kml
m, (T1 - Tz) ,

Y=Ind

rae mi W Mz — HaBECKM pPACTBOPEHHOr0 BellleCTBA U
pactBopuTteis; T1 u T2 — TemnepaTypa 3aMep3aHUsi paCTBOPUTEJIS U
pacTBopa; K — KpUOCKOMUYecKasi IOCTOsSIHHAS.

[lycthb mi1=1.0000 £0.0002 r, m2 =50.00 £0.05,
T1=1.207 £0.003°C, T2 =1.000 +£0.003°C, K =1.86. Torga
OTHOCHUTEJIbHAsA MOTPEeLIHOCThb ONlpeeIeHUd MOJIEKYJIAPHOU MaCChI:

AM _Am, _Am, AT, +AT, 0.0002 0.5 0.003+0.003
M m m, T —-T, 10000 50.00 0.207

=0.0002+0.001+0.029=0.0302.

M3 pacyeta ciaenyer, 4YTO OTHOCUTeJIbHAsd IMOrPEUIHOCTb
onpejiesieHUs MOJIEKYJIIPHOM MAcChl KPUOCKOMUYECKMM METO/IOM He
3aBUCUT OT MOJIEKYJSPHOW MaccChl, U HAUOOJIbIIYI0 MOTPENIHOCTb
BHOCHT OIIIMOKA ompejiesieHUs] pa3HOCTH TeMIepaTyp 3aMep3aHMus.
[loaTOMy /i MOBBILIEHUA TOYHOCTHU ONpeJesleHUs MOJIEKYJISAPHOU
MacCbl, B NEpPBYH o4yepelb, HEOOXOJUMO TNOBBIIIATH TOYHOCTH
namepeHud AT.

I'paduyeckoe n3oo6pakeHre 3KCNIePUMEHTATbHbIX JaHHbBIX

Hawnb6oJee BbipasuTesibHasi, ”HGOpMaTUBHAsA M y100HasaA dopma
npeACTaB/ieHUs] 3KCIepUMEHTANbHbIX [AaHHbIX — Trpaduyueckasl.
[locTpoeHue rpadrika HAaUMHAKT C BbIOOPA €ro pa3MepoB U MaclTaba
KOOpPAWHATHbIX oced. (04YeBHAHO, 4YTO B MeJsAX COKpallleHus
HEHWCNoJb3yeMON IJIOWAAA rpaduKa He cJeAyeT HadyuHATh OCbhb C
HyJi, KOrja OTKJaJblBaeMas BeJMYMHA U3BECTHA He C HYyJs.
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Macmtad BeiOMpaT yA00HBIM AJid paboTel. Hanpumep, 1 c¢cMm no ocu
cootBeTcTBYyeT 0.2, 0.5, 1, 2.5 vsin 10 egununam, Ho He 0.17, 0.54, 1.3
uau 2.48.

Ocu [o/KHBI ObITh 0003HAYeHbl C yKa3aHWEM Pa3MEPHOCTH.
Eciv wusmepseMble BeJUYUHBI BbIPAXKATCA MHOTOpa3psAgHbIMHU
qUudppaMy, TO KX 3aANUCBIBAIOT 4Yepe3 MHOXUTeJb 107, KOTOpBIU
CTaBAT pPAJAOM C YCJIOBHBIM 000O3HadyeHWeM OcCU. Bo u306exaHue
NyTaHULbl B SKCIIEPUMEHTAJIbHbIX TOYKAaxX MPU HAaHECEHUU Ha OAWH
rpadrvK HECKOJIbKUX 3aBHCUMOCTEM KaXKAY TOYKY OOBOJAT
KPY?>KKOM, TPE€YTOJIbHUKOM WUJIU APYTON PUTYPKOH.

Ilo IOCTaBJIE€HHBIM TOYKaM CTPOSAT JIMHUIO —
(QYHKIIMOHAJIBHYI0 3aBUCHMOCTb. TakK KaK CJy4aWHble OILIMOKH
HeU30eXXHbl, TOYKM MOTYT pacrnoJiaraTbCs Ha rpadpukKe C HEKOTOPbIM
pa3opocom. [loaToMy JIMHHIO MPOBOAAT TaK, YTOObI OHA MPOXOAHWJA
BO3MOXKHO OJIMKe KO BCeM TOYKaM, a TOYKHM pacrnoJiarajvch
CUMMETPHUYHO U PABHOMEPHO OKO0JIO JIMHUU. OOBIYHO NpsIMbIe CTPOSAT
C MOMOILbIO JIMHEUKH, @ KPUBbIE — C IOMOIIbIO JIEKAJI.

047 E,B

03 -

0,2 1 E = -0,0547pH + 0,3967

R?=10,9993
0,1 1

2

0,1 A
025

0.3

0.4 -

3aBMCHMMOCTb NOTEHIMAJIa CTEK/IAHHOTO 3j1eKTpoAa oT pH 6ydepHbIx
pacTBOpOB(NpUMep NPaBUIbHOT0 0popMyIeHHs rpaduKa).
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Ha noJie ¥ ocsix rpadurka He JO/KHO OBITh JIMIIHUX HAJAIUCEN.
[loagnuck K pUCYHKY OOJIKHA COZlep>KaTb HOMEep PUCYHKA, Ha3BaHUeE
3aBUCUMOCTH Y paciindpoOBKY YCAOBHbIX 0003Ha4YeHU U rpaduKa.

Co,aepmalme oTyeTa

OTyeT sABJIIETCA JOKYMEHTOM, [10 KOTOPOMY CyZAT O XapaKTepe
paboThl, O KayecTBe ee BBINOJHEHHUSA U 00 YpOBHE KBaJW(PUKALUHU
WCIIOJIHUTEJI. YPOBEeHb KBAJMQPUKALMM NPOSABJISIETCI B TOM, Kak
UCIIOJIHUTEb GOPMYJIMPYyeT MOCTaBJIeHHbIE Ilepe/ COO0M 3a/la4H, KakK
NOHMMaeT W MUCNOJb3yeT TeOpeTUYeCKHHM MaTepuas, HaACKOJIBKO
NPaBUJIBHO W JIOTUYHO M3J1araeT SKCIEPUMEHTAbHYI0 4YacTh PabOTHI,
KaK aHaJM3UPYET U OLleHWBAeT I0JIyYeHHble pe3yJbTaThbl, KaKue
fesaeT BbIBOABL OTcrofa cjefyeT, YTO OTYeT MO JIabOpaTOPHOU
paboTe COYXUT CpeACTBOM pa3BUTHUS HABBIKOB IO TJIYOOKOMY
OCMBICJIEHUIO BBINOJIHAEMbIX 3aJlaHUA M yMEeHUs BbIpaKaTb CBOU
CY>KJeHUsI HAyYHbIM SI3bIKOM.
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JIABOPATOPHAA PABOTA N21.3JIEKTPOJIUS.
3AKOH ®APAZIEA

KPATKHUE TEOPETUYECKHWE CBEJIEHHUA

INEKTPOIN3 — U3UKO-XHUMUYECKHUM MPOLIECC, COCTOSIIIUNA B
BbIJIeJIEHUU Ha 3JIEKTPOAAX COCTABHbIX 4YaCTEU PACTBOPEHHBIX
BelleCTB WU JPYTUX BEILECTB, ABJAKILIMXCA pe3JIbTaTOM BTOPUYHbIX
peaklMyd Ha 3JIEKTPOJlaX, KOTOPbIM BO3HHUKAET IMPU MNPOXOKIAEHUHU
3JIEKTPHUYECKOT0 TOKA Yepe3 pacTBOP, IMOO paci/iaB 3JIeKTPOJIMATA.

YrnopsgoyeHHOe JBUKEHHE WOHOB B MPOBOJASIIUX KUJAKOCTSX
NPOUCXOAUT B  2JJIEKTPUUECKOM TII0Jie, KOTOpoe  CO3JaéTCs
3JIEKTPOJlaMd — MPOBOJHUKAMH, COeAUHEHHBIMM C IMOJIFOCAMU
WCTOYHHMKA 3JIEKTPUYECKOW 3Hepruu. KaTomom mnpu sjeKTposuse
Ha3bIBaeTCS OTPHUIATEJbHBIN 3JIEKTPO/I, aHOA0M — I0JIOKUTEbHbIMH.
[losnokuTe/IbHbIE MOHBI — KaTHOHBI (MOHBI METaJIJIOB, BOJOPOJHbIE
HOHbI, MIOHbl aMMOHHSA U Jp.) IIPHU 3JIEKTPOJIU3e ABUKYTCSI K KaTOay,
OTpUllaTeJibHble HOHbl — aHUOHbI (MOHbI KMCJOTHBIX OCTAaTKOB U
TUAPOKCUJIBHOU IPYIIbl) — ABUXKYTCS K aHOAY.

3 -

AHOJ[ o KATO/
-9 ©= g [
e
- e ® =g |-

Ha oTpuinatesbHOM  3JIEKTpPOJie  MPOUCXOJUT  MPOIECC
BOCCTAHOBJIEHHS], COMIPOBOXKAAUUNACS MOTJIOIeHUEM 3JIEKTPOHOB Y
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https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BB%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%82%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%82%D0%B8%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%BC%D0%BE%D0%BD%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B8%D0%BE%D0%BD

kKaTtoja. Hampumep, nmpu 3JieKTpoJiM3e KaKOW-IUO0 KHCJIOThl Ha
KaTojle TNPOMCXOJAUT BblJeJieHHe BOJAOpoJAa 0 CJaeAyloleMy
ypaBHEHHUIO:

2H*+ 2e — H2

Eciu B pacTBope 3JIEKTPOJIUTA MPUCYTCTBYKOT KaTHUOHBI
HEaKTUBHOIO MeTaJljla, TO Ha KaToJe CTAaHOBUTCSI BO3MOXXHbIM
BblJleJIeHHEe MeTaIJIMYeCKOT0 0CaZiKa [0 YpaBHEHHUIO:

n?+ + 2e — 7Zn

[Ipu snekTposiu3e Ha aHOJEe MPOTEKAeT peaKIUsl OKHUCJIEHHS.
Hanpumep, 3/ieKTpoJiu3 XJOPHUJOB CONPOBOXK/JAAETCS BblJeJeHUEM
razoo6pa3HoOro xJopa Ha aHo/l€:

2Cl--2e — Cl2

B 3aBUCHMOCTH OT XMMHUY€CKOU NIPUPOJbl MIOHOB 3JIEKTPOJIUTA
NPOAYKTHI 3JIEKTPOJIM3a CUJIbHO OTJIUYATCA. bosblioe BiIUsgHUE HA
NpoTeKaHWe  MpPOLecCOB  3JIEKTpOJiM3a  OKa3blBaeT INpUpoa
3JIEKTPOJZOB, U Npex/Je BCero, aHoJoB. PazinyaroT HepacTBOpUMBIE U
pacTBOpuMMble aHOJbl. B kKadyecTBe HepacTBOPUMBIX aHOJOB
NPUMEHSIOT rpaduT, 30JI0TO M IJIaTUHOBbIe MeTaJyibl, PbO2, RuO2 u
JIpyrue BellecTBa, UMeIMe OO0JIbIIME MOJIOXKUTE/NbHbIEe 3HAYEeHUS
PaBHOBECHBIX 3JIEKTPOJHBIX NOTeHUUaJoB. HekoTopble MeTaslibl
NpaKTUYECKH He  pacCTBOPSKTCA HM3-3a BBICOKOM  aHOJHOU
NoJIipyU3aliM, HallpUuMep, HUKeJIb U KeJie30 B 1eJIOYHOM pacTBOpE,
TUTaH, TAHTaJI, Hep>KaBelouas CTalb.

PacTBoprMble  3JIEKTPOJbl  OKMCJASAIOTCI B IIpoliecce
3JIEKTPOJIM3a U B BHUJlIE HOHOB IEPEXO/ ST B PACTBOP 3JEKTPOJIHTA.
PaccMoTpeHUe 3/1eKTPOXUMUYECKUX NPOLIECCOB B C/Iy4yae OTCYTCTBUS
NeperopoiKyu Mexy aHOAHbIM U KaTOJHbIM MPOCTPAHCTBOM CJieJyeT
HayWHATb C TMPOLIECCOB OKMCJEHHWS Ha aHoJie, T.K. BO3MOXXHO
pacTBopeHue (OKHUC/IeHHEe) aHOJa, MepexoJ MOHOB PAaCTBOPEHHOIO
MeTaJlJla B KaTOJJHOe MPOCTPAHCTBO U BOCCTAHOBJIEHHWE 3THUX MOHOB
Ha KaToJe.
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KosinyecTBeHHOEe COOTHOLUIEHUE MEXAY 3apAa[0oM, NMPOTeKIlieM
IpU 3JIEKTpPOJIM3e, M KOJHWYEeCTBOM XMMUYECKOTO BellecTBa
M3pacxo/loBaBLIErocss WJM O00pa3oBaBIIeroci IMpU NPOTEKaHUU
3JIEKTPOXMMUYECKOM peakuu ycTtaHoBUJ Papaseri B 1832 r.

CorsacHo 3akoHy ®apajed KOJWYECTBO 3JIEKTPpUYeCTBa
NPAMOIIPONOPLIUOHANBHO KOJIMYECTBY BelleCTBa, Y4YaCTBYIOLLEro B
3JIEKTPOXMMHUYECKOM npeBpauleHUud. IloctosHHaa @Papagesa F
YUCJIEHHO paBHa 3apALY OLHOr0 MOJIb 3JIEKTPOHOB, TO €CTh

F=qN,=1.6x10"x6.02x10% =96485KJ1/MoJb,

B o6buiem Buge 3akoH Papajies MOXHO ONUCAThb CjeAylollen
dbopmy.Jion:

neZF,
rfie Ne — KOJIMYECTBO 3JIEKTPOHOB, MoJib; () — 3apaxn, Kiu; F —

noctosiHHas ®apanes, 96485 Ki/Moub.

B kadecTBe mnpuMepa, olnpenesMM KOJUYECTBO KUCJI0POJAA,
00pa30BaBIIErOCs MPU 3JEKTPOJIU3€E BOABI IPU NMPONYCKaHUU 3apsaja
B 100 Kii. Ha aHoze nipu 3sieKTpoJiM3e BOJbl IPOTEKAET CjeAylollas
peaknus:

2H20 - 4e — 02 + 4H+

W3 npencTtaB/eHHOTO YpaBHEHUS CJeAyeT, YTO /I BbIJeJIEHUSA
OJHOW  MOJIEKYJIbIl ~ KHCJA0pOAA TpedyeTcsd OTJaya YeTbIpex
3JIEKTPOHOB JIByMSl MOJIEKYJIAMU BO/bl.
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KoJsinyecTBEHHO 3TO COOTHOLIEHHE MOXXHO 3allMCaTh Kak

n

_ e
oy
B npumepe kazaH 3apgap 100 Ku, ciaepgoBaTesibHO KOJUYECTBO
KHCJI0pPOJa PaBHO

n Q 100

e

n02:_: =
4 4F 4x96485

MosspHbI 06bEM HAEaNbHOTO rasa MpU HOPMaJbHbIX
ycaoBusax (273.15 K, 101.325 klIla) paBeH Vi 22.414 x 10-3 M3 Mosib],
cJieJloBaTeJIbHO, 00'beM Ira3a Oy/JieT paBeH:

V =v*Vnp=5.83 M

fIBJieHHEe 3/1eKTPOoJiM3a LIUPOKO NMPUMEHSETCS B COBpEMEHHOM
NPOMBIIIJIEHHOCTU. B 4acTHOCTH, 3/1eKTPOJIM3 SIBJISETCS OJHUM U3
Coco60B MPOMBILIJIEHHOTO TOJIyYeHUs aJlOMHHHUSA, BOJOPOJa,
JUOKCHAA MapraHlla, MepoKcHJa BOAOPOJA, XJ0pa, THUAPOKCUA
HaTpusd. BoJibllioe KoJMYeCTBO MeTa/lJIOB H3BJEKAeTCs W3 PyA U
No/iBepraeTcsl nepepaboTKe C MOMOIIbI 3JIEKTPO3IKCTPAKIUUA MU
3JIeKTpopaPpUHUPOBaHUS. TakkKe 3JIEKTPOJIM3 SIBJSIETCA OCHOBHBIM
npoieccoM, 6Jiarogaps KOTOpoMy OQYHKIMOHUPYET XUMHYEeCKUU
HMCTOYHUK TOKa.

=0.26 MMOJIb

JJIEKTPOJIN3 HAXOJUT NPUMEHEHUE B OUYMCTKE CTOYHBIX BOJ:
NPOLECCHI 3JIEKTPOKOAryJIsIl|UH, 3JIEKTPOI3KCTPAKILUH,
asiekTpodioTauuu. [lpruMeHsieTcsa JJi1 HaHeCeHUsS MeETaJINYeCKUX
NOKPBITUH NPU XPOMHUPOBAHUH, HUKEJIUPOBAHUHU, 30JI0YEHUH U JIP.

LHEJIb PABOThI
JKCIlepUMeHTalbHO TOATBepAUTh 3akoH @apajges nyTeMm
KOJIMYECTBEHHOTO onpeneseHUs NpPOJIYKTOB 3JIEKTPOJIU3A

pPa3JIMYHbIX BOAHBIX pACTBOPOB
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https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BB%D0%B8%D0%B7_%D0%BF%D1%80%D0%BE%D0%BC%D1%8B%D1%88%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D1%8E%D0%BC%D0%B8%D0%BD%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%BE%D0%BA%D1%81%D0%B8%D0%B4_%D0%B2%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D1%81%D1%82%D1%80%D0%B0%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%84%D0%B8%D0%BD%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B8%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA_%D1%82%D0%BE%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B8%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA_%D1%82%D0%BE%D0%BA%D0%B0

OBOPY/JIOBAHUE

—Y4eOHo-s1a00paTtopHbii  MoAysab  «DJIEKTPOXUMHUA»  co
BCTPOEHHBIM UCTOYHUKOM TOKA U KYJIOHOMETPOM

—JJIEKTPOJIM3EP C MPOOMPKaAMU JJis1 COopa ra3on

—MeTasinyeckue anekTpobl (Cu, HepxK)

—MoHeThI 6eJ10T0 U XKeJITOTO LIBeTa

—CoeHUTEIbHBIN IPOBOJ, «2 KPOKOAUIA»

—CoeqHUTENbHBIN NPOBOJ K JATYHUKY

—KoMIJIeEKT ITaTUBOB C JIallKaMU

PEAKTHUBbLI U IIOCY A

—XUMUYEeCKUU cTaKaH 400 mu

—XuMU4YecKUuu ctakad 100 mu

—XuMudecku ctakaH 50 M

—Bognsiit pactBop K2S04, 0.5 mosib /1

—Boanbiii pactBop HCI, 0.5 mosib/a

—JsekTpoauT meaHeHus (1:1, CuSO4 250 r/n + H2S04 50 /1)

—JsieKkTpoauT HUKesupoBaHus (1:1, NiSO4 0.5 mosib/a1 + H2S04 0.1
MOJIb /1)

—0,1%-HbIM pacTBOP METHUJIOBOI'O OPAHXKEBOTO

NOPAAOK NPOBEJAEHUA PABOThDI
IIpuroroBJeHHEe pacTBOPOB.

1. /lna npuroToBjeHUs pacTBopa cyJjabdara kKaaua 0,5
MoJib/J1 6epyT HaBecKy K2S04 maccout 87,13 r u pactBopstoT B 500-
600 MJ1 AUCTUIIMPOBAHHOU BOJBI, N1OCJIE Yero MeperuBalT pacTBOP
B MepHY10 K016y 1000 MJ1 ¥ 10OBOJAT BOAOU 10 METKHU.

2. Jlna npurotoBjeHuss 0,5 Moab//J1 pacTBOpa COJITHOU
KucaoTbl 6epyT 42,9 ma 36%-vou HCl (maotHocth 1,18 r/mu) u
pactBopsitoT B 500-600 Ma AWCTUIJIHMPOBAHHOW BOJbI, MOCJE Yero
nepeJMBalOT pacTBOpP B MepHy10 Kos6y 1000 M1 1 I0BOAST BOJOM 10
METKHU.
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OneIT N21. dsiekTposiu3 BOgHOro pactBopa KNOs3
C UHEePTHBIMH 3JIEKTPOAAMH

B omnbiTe NOpou3BOAAT 3JEKTPOJM3 BOJAHOTO pacTBopa
nHaupPepentHoro asnektpoauta (Kz2S04, NazS0Os4, NaNO3 u T.m.) B
3JIEKTPOJIM3EepPE, IMO3BOJISIOIEM KOJUYECTBEHHO COOUpATh Trasbl,
00pasylolMecs Ha KaTo/le U aHO/I€.

Hanuaror 100 ™My 3apaHee NpUTrOTOBJIEHHOI'O pacTBOpaA
cyabdaTa Kaaus B cTakaH Ha 400 mu1.

3aTeM [00aBJSKT HECKOJIbKO KalleJb METHUJI0BOrO OPAaHXXEBOr0 B
pacTBOp 3JIEKTPOJIMTA, IepeMellrBalOT, U, HAINOJHUB MepHbIE
NpoO6MPKHA PAcTBOPOM IIOJi CaMOe TOPJIbIIIKO, YCTaHABJAMBAIOT UX B
3JIEKTPOJIM3ep B BEPTHUKAJbHOM MOJIO)KEHHWHM, NMPU 3TOM JOJIKHO
BBLJIMTHCSI HEMHOT'O pacTBOpa U3 NPOOUPOK. YOeJUBUIUCH B TOM, YTO
TOPJIBILIKO NPOOUPKHU MJIOTHO CUAHUT B YIJAYyOJIEHUU 3JIEKTPOJIM3€EPA, A
TaKXXe OTCYTCTBYIOT My3bIpH BO3/yXa BHYTPU MPOOUPOK, aKKYPaTHO
M JOCTaTOYHO OBICTPO TMepeBOPAavYMBAIOT  3JIEKTPOJIM3EP C
NpoOMpKaMU, MPUAEPKUBasd OJHOW PYKOW NMPOOHPKU 3a AOHBILIKH.
Jlaslee yCTaHaBJMBAKT COOpPAaHHYI KOHCTPYKLHIO B CTaKaHe U
NOJIK/JII0YAIOT 3JIEKTPOJIHU3EP K MOAYJI0 «JJEKTPOXUMHUS» B pa3zbeM
BNC.

2 ©)
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BkstoyaroT npubop B CETb W 3arpy:KarOT THUI 3KCIepUMEHTa
OpmHouyHOEe mamepeHme. Ha Bkiagke USMepeHue o6HYISIT
3HauYeHUe 3apAfia KyJIOHOMETpa, IepeBOAAT 3JIeKTpPOJiM3ep B
nosoxkeHrne BKJl. HaxaTheM Ha TyMOJiep 3JIeKTpoJiM3epa, H
yCTaHaBJIMBAKOT CUJIY TOKA B Auana3oHe 150-200 MA.

UHTepdeiic IPOrpaMMHOIO obecrieyeHUs YJIM
«IJIEKTPOXUMUSA».

[ Tun akcnepumeHTa

& onurouroe namerenve X KynoHomeTp*

MapameTp *

Benu4iunHa 0

00:00:00.00
( > ) ( ] )

1 - TeKylYMM TUN 3KCIIEPUMEHTA; 2 — NOAKJIIOYEHHbIE JaTYMKY;
3 - MarHuTHas MellaJika, 4 - UCTOYHHUK TOKa; 5 — moacBeTka; 6 -
3alKcaTh TeKylllkhe MOKa3aHUd JOATYUKOB; 7 - CceKyHjgoMep, 8 -
TeKyllle [I0Ka3aHUs JaTYUKa.

Bo BpeMd 3JjieKTpoJsiM3a MOXHO HaOJIIO[ATh BblJeJIeHHUE Ta30B
Ha KaToJe U aHoJe 3JieKTpoJsur3epa. [losie mosydyeHUs JOCTAaTOYHBIX
JUISI TOYHbIX H3MepeHUW 00beMoB rasa (10-20 mu) asseKTpou3
NpeKPAIAlT MyTEM BbIKJIIOYEHUS UCTOYHMKA TOKA.

3KCHepI/IMeHTaJIbHO I[IOJIY4€HHbIE€ HAa KATOJ€ WU aHOJE 00 bEeMBI
rasoB HeO6XO,£[I/IMO CPaBHUTb C TeEOpeTHU4Y€CKHU PpPaCCHUTAHHBIMHU
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oobeMamMu 10 3akoHy @apapeda. Ilpu odopmieHHHM oOTYeTa
YKa3bIBAlOTCS peaKl UM, MPOoTEeKawlie Ha KaToJe U aHOJe, a TaKxKe
CyMMapHasi peaklMsi 3JeKTpPoJiM3a BOJHOrO pacTBOpa HHUTpaTa
KaJusl.

C nmnoMoupbl  HHAUMKATOpPAa  METHJIOBOTO  OpPaHXKEBOTO,
J106aBJIEHHOTO B pacTBOP 3JIEKTPOJIUTA, MOXKHO YOEAUThCS B TOM, YTO
CoZepKUMOe MPOOUPKU C KaTOJAOM HMMeEET ILEeJIOYHYH cpeay, a C
aHOJIOM — KUCAyw. /Iyl 3KCIepHMEHTAJIbHOTO MOJATBEPXKAEHUS
BblJleJIEHUSI BOJOPO/1a U KUCJ0POAa MOKHO IPOBECTH KauyeCTBEHHbIE
peakLUU: B IPOOUPKE C KUCJIOPO/IOM TJerolas JYyYMHKA BCIIbIXMBAET
MOMEHTAJIbHO, @ BOJIOPO/, B3PbIBAETCS C XapaKTEPHbIM XJIOIKOM MPU
NOJIHECEHUN CNHUYKW. YKa3aHHble KadyeCTBEHHble peaKIMM MO>KHO
NPOBOAUTb TOJIbKO C pa3pelleHHsl NpernojaBaTesisd C COOJII0JIEeHUEM
HEOOXOJUMbIX Mep 6e30macHOCTH!

OnbiT N22. Js1ekTposiu3 BogHoro pacrsopa HCl
C UHEPTHBIMH 3JIEKTPOAAMHU

B onbiTe NpoX3BOAAT 3JIEKTPOJIU3 BOJAHOIO pacTBOpaA COJISTHOM
kucaoTel HCl B asiekTposiv3epe, MO3BOJIAIOLEM KOJUYECTBEHHO
cobupaTh ra3o00pa3Hble NPOAYKTHI. JJIEKTPOJU3Ep 3aNOJHSIOT
pacTBOPOM KMCJOTbl KaK ONMCAHO B MpeAbIAylieM OIbITe.
[IponyckatoT Tok cuson 150-200 MA, noka B 0JHOM M3 MPOOHUPOK He
BbIJIEJIUTCS JOCTATOYHBIN JIJII TOYHOTO U3MepeHUs1 06beM raza (10-

20 m).

JKCllepMMeHTaJbHO TMOJIyYeHHbI Ha KaToje o00beM Trasa
HEO0O6X0JUMO CPAaBHUTb C TEOPETHUUYECKU PACCUUTAHHBIM 06'bEMOM IO
3akoHy ®apages. [Ipy opopMyieHUH OTUYETA YKa3bIBAIOTCSA pPeaKIUH,
NpoTeKawIlllMe Ha KaToJie W aHOoJie, a TaKXe CyMMapHas peaklus
3JIEKTPOJIM3a BOJHOI'0 PacTBOPA COJITHON KHUCIOTHI.

[Ipy odopmyeHnn oT4YeTa MO JAOOpPAaTOPHOM paboTe
HeobX0MMO OOBbSICHHMTB, MOYEMY XJIOP Ha aHOJe He oOpa3yeTcs B
BUe rasa. /[lyig sKCepMMeHTa/lbHOT'O MOATBEPKAEHHS Bble/eHUs
BOJIOPOZIA MOXXHO TPOBECTH KAyeCTBEHHYH peaklUl: Mpu
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NOJJHECEHUHW CINUYKM K TMNpPOOUPKE BOAOPOJ B3pbIBAETCI C
XapaKTEPHbIM XJIONKOM. YKa3aHHYI0 KaueCTBEHHYIO0 PeaKILHI0 MOXKHO
NPOBOJUTH TOJIbKO C paspellieHus MpemnojaBaTess € cob/0AeHUeM
Heo0X0IMMbIX Mep 6€30MacCHOCTH!

OnsIT N23. J/s1eKTpoJIu3 BOAHOr0 pacTBopa CuSO4
C MeHbIMH 3JIEKTPOJAMH

B onbiTe NpOU3BOASAT 3JIEKTPOJIM3 BOJAHOIO pacTBOpa cyJibdarTa
Meau CuSOs4 B XMMHYECKOM CTaKaHe C MeJHbIMH 3JIEKTPOJaMHM.
[locko/IbKy B [JaHHOM OMNbITE 3JIEKTPOJbl PACTBOPUMbIE, TO IpHU
3JIEKTPOJIM3e OyJeT NPOUCXOAUTh IEepPeHOC MeTajlJla C aHoJia Ha
KaToJ[: Macca aHO/ila YMEHBIIUTCS, @ Macca KaTo/ia yBeJUIUTCS,

JJIeKTpOoAbl B3BELIMBANOTCSI HAa aHAJUTHUYECKHUX Becax [0 M
nocJie aJjieKTpoJsusa. [lepes B3BelIMBaHUEM 3JIEKTPO/Ibl HEOOXOJUMO
3aYUCTUTh QUJbTPOBAJIbHOM OYMaKKOM HWJIU MeJKO3EpPHUCTOU
mKypkod. B crakan Ha 150 ma HasnuBaroT npuMmepHo 100 ma
3JIEKTPOJIMTAa MeJAHEHHWS MW YCTAaHABJMBAIOT MO KpasM CTakKaHa
MeJiHble 3JIEKTPO/ibI C IOMOIIbIO YA ePKUBAKOLIUX YCTPOUCTB.

YcraHaBiuBawT cuay Toka 50-100 MA ucxoas W3 TOro, 4To
MaJjlasgi CuJa TOKa MNOTpedyeT 3HA4YUTEeJbHOTO BpPEMEHMU i
BbIJIeJIEHUS [JOCTAaTOYHOTO JJi1 TOYHOrO B3BELIMBAHUA MeJH, a
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CJIMIIKOM OoJiblllasdgd CHJIa TOKAa MOXeT MPUBECTH K 00pa30BaHUIO
PBIXJIOTO 0Cajika Ha KaTo/ie, KOTOPbIM MPU U3BJIEeUEeHUH 3JeKTpo/ia 13
pacTBopa MoOKeT OCbINAThCS.

JKCclepMMeHTaJIbHO MOoJyYeHHOe W3MeHeHHe MacChl KaTojJa U
aHOJIa He06X0JMMO CPAaBHUTD C TEOPEeTUYECKH PACCUMTAHHON MacCcou
no 3akoHy ®Papagesa. [lpyu odopmaeHHHM OTYETA YKa3bIBAKTCS
peakLuy, IpoTeKawIlve Ha KaToJe U aHoJle, a TaKXXe CyMMapHas
peakius 3JIeKTPOoJiu3a BOJHOTO pacTBopa cysibdaTa Mear C MeAHbIMU
3JIEKTPOIaMHU.

JIto603HaTe/IbHbIE CTYZEHTbl MOTYT IPOBECTH HUHTEPECHBIU
5KCIEPUMEHT 0 HAaHECEHWI0 MeJHOT0 NMOKPbITHSA HAa MOHeTy. /i
3TOro0  HeoOXOAWMO  MOHeTy  0Oesioro  1BeTa  (MMeEHINYO
HUKeJMPOBAaHHOE IOKPbITHE) O0OE3XHUPUTb U 3aaThb B KJIeMMe
NpoBoJa «2 Kpokoauja». MoHeTa JOJKHA OBbITh MOJAKJNOYEHA K
OTpUILIATEJIbHOMY BbIBOJly MUCTOYHHKA TOKa — KaToJy. B kaudecTBe
aHo/la HWCHOJIb3yeTCs  MeAHbIM 3JjieKTpoA. /Jljig  mnoJay4YyeHud
KaueCTBEHHOT'O MOKPbITHS HEOOXO0JAMMO MpPaBUJIbHO BbIOpPATb CUJY
TOKa, UCXO/S U3 IIJIOTHOCTH TOoKa 5-10 A/aM2. 3TO 03HAYaeT, YTO [JIs
MOHETBbI C NMOBEPXHOCTbIO 1 cM? HeOOXOJUMO HAHOCUTb MOKPBITHUE
npu cusie Toka 50-100 MA.

OnbiT N24. HUKe/iMmpoBaHue NOBEPXHOCTH IIPHU 3JIEKTPOJIU3E

B naHHOM sKcnepMMeHTe HAaHOCUTCS HUKEJIb Ha OBEPXHOCTHU
Jipyroro MmetaJuia. HanboJsiee Har/isiIHO 3TOT ONBIT MO>KHO POBECTH C
VCI0JIb30BAaHWEM MEJHBIX MOHET eJITOro nBeta. [IpeaBapuTesbHO
Me/IHble MOHETKU 00€3KUPUBAKOTCS U 3a4MILAOTCI MEJKO3EePHUCTOHU

HaXKJa4yHOU oymarou. JKCIIEpUMEHT IPOBOJAST I0JI0OHO
BBIIIEONMCAHHOMY, TOJBbKO C HCIOJb30BaHUEM 3JIEKTPOJIUTA
HUKeJIMPOBaHHUSL. PekomeHayemas IIJIOTHOCTh TOKa npu

HUKesnpoBaHuu 30-70 MA/cMm2. B KauyecTBe aHOJa MCIOJIb3yeTCs
3JIEKTPO/] U3 HEPKABEKILIENU CTAJIH.
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PexkoMeHaanuu no opopmMaeHHUI0 OTYETa

[Ipy odopmyieHUH oOTYeTa 1O JAOOpAaTOpPHOM paboTe
peKOMeHyeTcsl  CcXeMaTU4YeCKM  M300pa3uTh  J1abopaTOpPHYIO
YCTAHOBKY. 3anucaThb YpaBHEHUs 3JE€KTPOXHMMUYECKUX peaKIU{d Ha
KaToJle U aHoJle, a TaKXKe CYMMapHYI peakKLUI0 3JIEKTPOJIU3a.
OnpeneauTb NPOAYKTHI 3JIEKTPOJIM3a B 3aBUCUMOCTH OT XUMHYECKUX
CBOWCTB 3JIEKTPOJA MW  pacTBOpa MOXHO PYKOBOJCTBYSICh
cJAeayolMMU MPaBUJIaMU:

PEAKIIUA HA KATOJE
(mpouecc BoccTaHOBJIEHUS)
Margpna JJIEeKTPOJIUT Peakuus
KaToja
CoZlep>XUT UOHBI 2H* + 2e —> Ho
BOZIOPO/Ia, HALIpUMeEP
HCL H2SO4 n11 HNO3 BoigesisseTca ras Bogopo/J
Conep>KUT HUOHBI
aKTUBHBIX METAJIJIOB, 2H20 + 2e — H2 + 20H-
He umeeT
Hanpumep NaCl, K2S04 BrigenseTca ras Bogopo/
3HA4YeHUA
un Ca(NO3)>
C
OJlEP>KUT MOHBI 702+ + 26 — 7n
HEAaKTHUBHbIX
BriensieTcsa MmeTasla U3
METaJIJIOB, HAMpUMep
ZnS04, Cu(NO3); pacTBopa
PEAKLIUA HA AHOJE
(nmpouecc okuceHus)
Marepuan JJIEeKTPOJIUT Peaknusa
KaToja
PacTBopuMbIH, Zn - 2e — 7Zn?%*
HanpuMep, T BreiaenseTca metasa u3
Cu, Zn, Ni, Ag pacTBOpa
HNHepTHBIH, Coaep>XXUT aHUOHBI C 2H20 - 4e — 4H* + O2
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HanpuMep,
rpadur, Pt,
Hepr)KaBelollas
CTaJlb

KHCJIOPOJOM,
HanpuMep K2S04,
NaNOs3

BoiZiesigeTcd ra3 KMCJI0poJ,

Comepxut
OEe3KHUC/I0pO/IHbIE
aHHWOHBI, HAIPUMEP
KCl, NazS

Cl--2e — Cl2
OkucsgdeTcd aHUOH
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JIABOPATOPHAA PABOTA Ne2. OIIPEAEJIEHUE YHUCEJI
INEPEHOCA METOZAOM ABUKYILIENCA T'PAHUILIBI

KPATKHUE TEOPETUYECKHWE CBEJIEHHUA

Yucio IIepeHoca MOHOB — 3TO A0Jid 3apdaaq, IIepeHoCHuMad
HMOHAaMH [O4aHHOI'O BHAA 4Yepe3 pacCTBOpP INpPHU NPOTEKAHHUH IIO HEMY
JIEKTPHUYECKOI'O TOKa.

q
t+ =Ty t+:_+l q++q_:Q
Q

Yucso 1nepeHoca sBJseTCSd 0e3pa3MepHOW  BeJUYUHOH,
M3MEHSEeTCS B INpeJesiaXx OT HyJd [0 eAWHMIbl, a CyMMa YHCeJ
IepeHoca BCeX HOHOB, INPUCYTCTBYWILUX B pacTBope IIpHU
3JIEKTPOJIM3€e paBHA eJUHHUIIE.

t +t =1, 0<t<1
Yucna nmepeHoca CBA3aHbl CO  CKOPOCTbIO  JBMIKEHMA

COOTBETCTBYHOIIHUX HNOHOB, d TaK¥Ke 150:¢ BHGKTqueCKOﬁ
IIPpOBOANMMOCTBIO

_ A, _u A u
+ ’ - |
A +A u +u A +A u +u

Hocutensamu 3apdaad B pPaCTBOpPax 3JIEKTPOJIMTOB ABJANTCA
HNOHBI. HOCKOJIbe abCoJIIOTHhIE CKOpPpOCTHU ABHXEHHNA KATHOHOB H
dHHOHOB HE€OAHWHAKOBbI, TO 6OJ'II)H_IYIO AOJIIO 3apdlda BcCeraa
IepeHocAdT ooJiee nmoABUXHbBIE MOHEI.

B ajsiekTpoJsiv3epe npu NosiBJA€HUU PA3HOCTH NMOTEHIMAJIOB Ha
3JIEKTPOIAax pas3jinuvMe B CKOPOCTU ABWXKEHHUS KaTHOHOB M aHUOHOB
NPUBOJUT K TOMY, UTO OHH IEPEHOCAT pa3Hblil 3apsiJi, HO 3TO He
BJeYeT 3a CO0O0M HapylleHHe 3JIEKTPOHEeHUTPaJbHOCTU pacTBOpa.
Yucaa mepeHoca 3aBUCAT OT NPUPOAbI BellleCTBa U PacTBOPHUTEJIS,
KOHI[eHTPALlMM pacTBOPa, TeMNepaTypbl, CKOPOCTU ABHUKEHUS UOHOB.

26



151 pacTBOpPOB OOJIBIIMHCTBA COJIEM 3HAYEHHUS YU CEJI IepeHoca
WOHOB HaxojdaTca B 1npegenax 0.4..0.6, ciaepgoBaTesibHO, IIpU
3JIEKTPOJIM3e TaKUX COJIed 3apsf, [epeHOCHUMbIM KaTUOHAMH,
IpUMEPHO paBeH 3apdjy, [epeHOCMMOMY aHUOHAMU. ITO
OOBSCHSETCI TEM, YTO INOABWKHOCTU KAaTHOHOB U AHUOHOB B
pacTBOpax coJier Majio OTJInYarTcd. OQHAKO B pacTBOpax LeJ04Yend U
KHACJIOT 3HAaYEeHHUS 4uceJsl TIeEpeHoca MOHOB BOJAOPOJAA M THAPOKCHUZA
JiexkatT B npejesax 0.7...0.9, npex/Je BCcero 3To CBA3aHO C aHOMAJIbHO
BBICOKOW MOJABMXXHOCTbIO YKa3aHHbIX UOHOB.

Kak mnpaBusio, Ay HMOHaA C 4YUCJIOM mnepeHoca MeHee 0.5
HabJilolaeTcl  yMEHblIeHWe  4YucjJa  IepeHoca C  POCTOM
KOHLIEHTpAlUK, COOTBETCTBEHHO JJiA BTOPOTO HOHA C YHUCJIOM
nepeHoca 6oJsiee 0.5 ¢ yBesiMueHHEM KOHLIEHTPALMU YUCJIO IepeHoca
yBeJIMYMBAETCH.

0,855 t
"

0,85

HNO,
0,845

0,84

0,835
HCI
0,83
0,825
C.MOJb/J

0,82
0 0,05 0,1 0,15 0,2 0,25

3aBHCHMMOCTD YMCJIa nepeHoca HMOHOB BOAOpoOaa OT
KOHIEHTPANHUH KHUC/IOThI

WMHorma  mpu  yBeJIMYEHHMM  KOHIEHTpAllMM  pacTBopa
HaOJIIOIAI0TCSA HEOObIYHbIe 3aBUCUMOCTH W MOJY4alTCs 3HAYEHUS
4yyceJl NepeHoca OTPUIATEJbHBIMU WJIM MPEBBIIAIMMU €IUHUILY.
JTO sIBJIeHHWEe XapaKTEePHO JJisi paCTBOPOB, B KOTOPbIX HOHbI CKJIOHHbI
K 00pa30BaHUI0 KOMIIJIEKCHBIX COeJUHEHUW MJU acCCOLMATOB C
ApyruMu noHaMmu. Eme I'mtropd Habaroas, 4yTo B pactBope Cdlz npu
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yBeJM4eHUU KoHUeHTpauuu coad oT 0.0025 go 1 mosib/n 4ucio
nepeHoca MoOHa KaaMus uaMmeHsiercs ot 0.555 go 1.15.

['uTTOpd NMpaBUJIBLHO 00'BSCHUI ITO fABJIEHUE, YKa3aB, YTO IpPHU
YBEJMYEHWU KOHLEHTpPAlUMu COJM OOpa3yrTCcd KOMILJIEKCHBIE
aHuoHbl no peakuuu Cd?* + 41- — Cdl4?~. OTU aHHUOHBI NEPEHOCAT
KaJMUM He K KaToly, a K aHOJy, 4YTO HWCKaKaeT pe3yJibTaT
M3MEepPEHUH.

C pocToM TeMIlepaTypbl abCOJIIOTHbIE CKOPOCTH HWOHOB U HUX
NOJBU>KHOCTU YBEJHWYMBAIOTCS], HO B Pa3HOM CTeNeH! AJs1 KaXKA0To
BU/Jla MOHOB. [l03TOMYy UMc/ia nepeHoca ¢ U3BMEHEHHUEM TeMIlePaTyPhI
TaK)Ke MEHSII0TCS NI0-Pa3HOMY.

0,86 t,

0,85

0,84
0.1M HCI

0,83

0,82 0.1M H,SO0,

0,81

0,8

o]
0,79 T.°C
0 10 20 30 40 50

3aBUCHUMOCTb YMCJIA nepeHoca HOHOB BOAOpOoJa OT TeMIIepaTyphbl
AJIA pa3HbIX KHCJ/IOT

MeToa ABMKYIEMCA rPAaHULbI

MeTon ABMXKYILeMCS IpaHUIbI ObLJ peaaoxeH JlomkeM B 1886
roagy M ycoBepuieHCTBoBaH JlonrceoptoMm B 1923 roay. B
BEPTHUKAJIbHO pPAaCNOJIOXKEHHOW TPYOKe CO3[al0T PEe3KyH TPaHUIy
MEXAy JIByMs pacTBOpaMU 3JIEKTPoJUTA (HanmpuMep, BOJHBIM
pactBopoM coJsissHOW kucaoTbl HCI), gy koToporo omnpenensieTcs
YUCJIO IepeHoca, ¥ UHAUKATOPHBIM pPACTBOPOM 3JIEKTPOJIUTA
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(Hanpumep, CuClz), KoTOpbIA [JOXKEH HMETb OOIIMH aHUOH C
MccJielyeMbIM 3J1IEKTPOJIUTOM.

[lpy  npomyckaHMM  TOKa  4yepe3  pacTBOpP  aHUOHBI
nepeMelawTcd BHU3, a KaTHoHbl H* u Cu?* BBepx. Ecain nmogo6path
YCJAOBHUS OMNbITA TaK, 4YTOObl CKOPOCTH JBH)XEHUSI 0O6OUX BU/OB
KaTHOHOB ObLIM OJWHAKOBBIMM, TO TpaHHIIA MeXJy pacTBOpaMHU
OyAeT oCTaBaTbCs PE3KOU U epeMellaTbCs BBEPX C 3TOU CKOPOCThIO.
ToyHOCTP M3MepeHMs 4YHCeJl TlepeHoca B JAHHOM METO/I€e
onpejiesisieTcsl TOYHOCTbIO PETMCTPUPOBAHUS TMOJIOKEHUSI T'PaHUIbI
pPacTBOpPOB.

BsaumHasa audpPy3us MOHOB Meau M BOJOPOJia MOCTENEHHO
pa3MbIBaeT IPpaHUIy MeXJy pacTBOpaMH, OJHAKO MOXXHO AOOUTHCS
TOT'0, YTOOBI MPU MPONYyCKAaHUU TOKa IpaHHUIlA OCTaBaJlaCb YE€TKOM.
JTO yCJIOBHE BbINOJIHAETCS IPHU

AHJ' > ACuJ'

KaTo/
' ‘ pacTBop
KHCJIOTBI

; HCl
pacTBop

@ CONTN_———
CuCl,

MeJHbIA aHOZ,

CxeMaTHYeCKOEe N306pakeHre YCTAaHOBKH JJIsl onpeesieHus
4uceJ1 IEPEHO0CA METOAO0M MOABUKHOU rPaHUILbI
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MeTon ABUXKYyIelcs IpaHUIbl UCIIOJAb3YIOT MPU UCCeJOBAHUN
4yyceJ MepeHoca B pa3baBJieHbl pacTBOpaxX. TOYHOCTb ONpe/iesieHUs
yycesl IepeHoca METOJI0OM JIBUXKYIeMCS TpaHUIbl B 00J1aCTH
KOHIeHTpauuu Ao 0.1 MoJib/J1 3HAYUTEJNbHO MPEBBIMIAET TOYHOCTH
omnpeneeHus YuceJs epeHoca no Mmetoay 'mrropoda.

LEJIb PABOTbI

OHpe,Z[eJII/ITb YuCjia IepeHoCa KaATUOHOB 1 dHHUOHOB PA3JIMYHBIX
KHCJIOT Pa3JIMYHBIX KOHLleHTpaL[I/Iﬁ MEeTOA0M ,LLBI/I)KYH_LGI‘/JICH 'pPaHHUILbI

OBbOPY1IOBAHHE

— Yd4ebHo-nabopaTtopubii  MoayJsb  «3JIEKTPOXUMHUA»  co
BCTPOEHHBbIM UCTOYHUKOM TOKA YU KyJIOHOMETPOM

—MerTasnndeckue 3JieKTpobl (Cu, HEpK.)

—CoelMHUTEeJIbHBIN IPOBOJ, «2 KPOKOAUJIA»

—KoMIIeKT 1TaTUBOB C JIAalIKaMHU

—Py4Hou go3atop

—Tpy6ka fJ11 u3yyeHus YrceJl nepeHoca

PEAKTHUBbLI U IIOCY A

—XHUMHYeCKUU cTakaH Ha 100 mu
—Bopgnsbie pactBopsl HCI, 0.01 moab/a, 0.05 mosb/a u 0.1 mosb/a
—MeTHUI0BbIN OpaHXXeBbIKM HHANKATOP

IMNOPAAOK ITPOBEAEHUA PABOTbI

[IpuroToBJieHHe pacTBopa coJisiHOM KucaoThl 0,1M. OTbuparoT
Jlo3aTOpoM MW nunetkou 8,58 ™Ma cosnsgHoW KucaoTbl (36%,
mioTHocTh 1,18 r/ma) wu  pactBopsAwT B 100-200 wMa
JUCTUJIJINPOBAHHOW BO/Ibl, 3aTEM MEPEHOCAT B MepHyw Kosioy 1000
MJ U [JOJIMBAlOT BOJOW [0 METKA U3 TOWU Ke EMKOCTH, Trhe
NPOW3BOJMJN pacTBopeHUe KucaoThl. PactBopsl 0,05M u 0,01M
rotoBaT u3 pactBopa 0,1M pasb6aBieHvemMm B 2 U B 10 pas
COOTBETCTBEHHO.
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TpyOKy AJi1 M3ydeHUs 4Hces NepeHoca (PUKCUPYIOT B JIAlKe
IITaTHUBAa B BEPTUKAJbHOM IOJIOKEHUU. B HIKHIOIO 4acTb TPYOKHU
IJIOTHO BCTaBJAKT MeJAHbIA 3JIEKTpoA Ha rayouHy 1-2cm. C
NOMOUIbI0 PYYHOrO J03aTopa 3aloJIHAKT TPYyOKYy pacTBOPOM
COJIAHOU KHUCJIOThI, NOJKpPALIeHHOW UWHAWUKATOPOM METUJIOBbIM
OpaH>XeBbIM, He [J0JIUBad 0 BepxHero Kpad 1-2 cMm. B BepxHUU KOHel
TPYyOKM  BCTaBJIAIOT 3JIEKTPOJ M3 HEpXKaBewIlerh CTaau C
OrpaHUYMUTEeJIeM, IPU 3TOM JIO/DKHO BBUIMTBCA HEMHOIO pacTBOpa B
3apaHee MOCTaBJIEHHbIM CTaKaH, YTOObI UCKJIIOUYUTh HaJIMYKe BO3/AyXa
B TpyOKe.

Ucnosb3yss coeMHUTENIbHBIM TPOBOJ, «2 KpPOKOAWJIA», K
MeJJHOMY 3JIEKTPO/Y, PacloJIO)KEHHOMY BHU3Yy TPYOKH, MOJK/IOYAIOT
M0JIOKUTEJIbHbIM KOHTAKT UCTOYHHKA TOKA, & K BEPXHEMY 3JIEKTPOAY
13 HeprKaBellllel CTaJu — OTpULlAaTebHbIN.

[Togksr04alOT MOAYJIb K CETU U 3arpy»Kar0T THUIl IKCIIepUMEHTaA
OauHouyHOEe wm3mepeHme. Ha Brkiagke WU3amepeHume
BbIOMpPAIOT  JIO/DKHBI  OoToOpakaTbcsi MICTOYMHMK TOoKa ¢

KynoHomeTp. YcTaHaB/IMBaKWOT CUIY TOKA B guana3oHe 25-30 MA u
BKJ/IIOYAIOT UCTOYHHUK TOKa.

[Ipy mnpoBegeHUU 3JIEKTPOJIM3a HEOOXOJUMO OINpPeAeUTb
TOYHOEe  H3MEHEeHUe 00beMbl  KHUCJIOTBl, COOTBETCTBYIOLIEE
nponyiieHHoMy 3apsay. Eme /0 BKJIHOYeHUMs HCTOYHMKA TOKa
rpaHuUllbl pa3zesia HeT, MO3TOMY CHavyaJsia MPpOBOASAT MPe3JIeKTPOIN3
JIJISI TOTO, YTOObI OOHAPYKUTb U 3aPUKCUPOBATH TOYHOE MOJIOXKEHUE
rpaHUIlbl pasfena MexXJy O0eClBETHbIM (HaBepxy) H KeJTbIM
pacTBOopoM (BHM3Yy TpyOKH). BTOpbIM 3TanmoM H3MepsalT 3apsaj,
KyJIOHOMETPOM M H3MeHeHHe 00beMa MO IIKaJe Ha CTeKJISHHOU
TpyOKe.

Bo BpeMs npeBapUTENbHOTO 3JIEKTPOJIN3a MO>KHO HAOI0AATh
NOsSIBJIEHHWE >KEJITOTO pacTBOpa B HWXHEW 4YacTu Tpyoku. I[lose
NOJIyYEHUS JOCTAaTOYHO PE3KOW TpaHUlbl pa3jiesia >KeJToro U
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6eClBETHOT0 PaCTBOPOB, HEOOXOAUMO BbIKJKYHUTh HCTOYHUKA TOKA U
3apUKCHPOBATh 3HAYEHUE IPAHUILIbI HA LIKaJIe TPYOKHU.

[locne o06Hy/iIeHHMS TNOKa3aHWM KyJOHOMeTpa Ha BKJIaJKe
MamepeHMe CcHoBa BKJWYAWT HCTOYHUK Toka 25-30 MA.

[IponyckaloT TOK [0 TeX MOp, IOKa rpaHUlla He CABUHETCS BBEPX Ha
paccTosiHUE, AOCTAaTOYHOE MAJisi TOYHOTO HW3MepeHUs H3MEHEHUS
o6beMa KUCJIOTHI. [loc/ie 3MeHeHUs MOJIOXKEHUSI HMXKHEU T'PAHUIbI
pasjiesla UCTOYHHUK TOKa OTKJYAKT, QUKCUPYIOT U3MEHEHHE
00’beMa M0 TPYOKe Y 3apsi/i HA KYJIOHOMETPE.

3aTeM 3KCIEPUMEHT IMOBTOPSAKT [J1 BTOPOU U TpeTbeM
KOHIeHTPALlMU KUCJOTHI.

PEKOMEHZALIUH 110 O®OPMJIEHHNIO OTYETA

Yucio IIEPEHOCa ollpeaec/Idri0oT I10 YPAaBHEHHIO

A nF cVF
&=\
rne (@ —  TOKasaHUA  KyJIOHOMETpa, COOTBETCTBYIOLIHE

NpONyLeHHOMY 3apsAAy NpH 3JieKTposinse, Ki;

C — KOHIIeHTpaIys KUCJAOThI, MOJIb/JI;

I/ — u3MeHeHUe 06'beMa 110 NTOKA3aHUSM TPYOKH, JI;
F — noctrossnHasa ®apages, 96 485 Ki/moub.

3KCHepI/IM€HTaJ'IbeIe U paCd4eTHbIE JAdHHBIE y,L[O6HO
npeacrtaBuThb B BUZE Ta6JII/ILIbI!

CHCl, MOJIb/J1 Q, Kn V, ma t+

0.01

0.05

0.1

[lo pesysibTaTaM pacyeTOB CTPOAT I'padpUK 3aBUCHUMOCTH YUCJIA
1epeHoca MOHOB BOAOPO/Aa OT KOHLIEHTPAILUU KUCIOTHI.
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JIABOPATOPHAA PABOTA Ne3.TAJIbBAHUYECKHE
JJIEMEHTBI. YPABHEHUE HEPHCTA

KPATKHUE TEOPETUYECKHWE CBEJIEHHUA

Bo3HUKHOBeHMeE 3JIEKTPOJHOI'0 IOTEHIMa/Ia. YpaBHEeHUE
HepHcTa

PacTBopbl, o06Jiafjatolide 3JeKTPUYECKOM MPOBOJAUMOCTBIO
(3J1eKTPOJINTHI), IO CBOUM CBOMCTBAM CYLECTBEHHO OTJIMUYAKTCH OT
pacTBOPOB  HE3JIEKTPOJUTOB. OTJHUUYUTENBHOW  OCOGEHHOCTBIO
3JIEKTPOJIUTOB SIBJISIETCS HaJIMYKWe UOHOB (T. €. YaCTUL, 06J1aJ 01X
M30bITOYHBIM 3JIEKTPUYECKUM 3apsi/loM) B pacTBope. Hasnnvyre noHoB
NPUBOJUT HE TOJbKO K CYIIECTBEHHOMY OTKJIOHEHHUIO CBOWCTB
pacTBOPOB  3JIEKTPOJIMTOB 1O CPaBHEHUIO C  pacTBOpaMu
HE3JIEKTPOJIUTOB, HO U MPUBOJUT K COBOKYIMHOCTU HOBBIX CBOMCTB U
saBjeHu. [lpy paccMOTpeHMM TEPMOJAMHAMHUYECKHUX CHCTEM,
y4aCTHUKAMU KOTOPBIX SIBJASIOTCA HOHbI, HEOOXOJUMO YYHTbIBATh
KpOMe MeXaHUYeCKOW paboThl 3JIEKTPUUECKYIO pabOThI, CBI3aHHYIO C
NIepeHOCOM 3apsKeHHbIX YaCTHUII.

Takum o6pasoM, 8 cucmemax, cocCmMosiWUX U3 NPOBOJHUKOSB
nepgsoz2o poda (obaadawuwjue 3IAEKMPOHHOU NPOB8OJUMOCMBIO),
HAX00s1WUXcsl 8 KOHMAakme ¢ Npo8oJHUKAMU 8mopo20 poda
(obaadarwwue UOHHOU NPOBOOUMOCMBIO), nNpoucxodum 63aUMHOE
npespawjeHue XumMu4eckou u 3jekmpudeckou ¢dopm sHepeuu. Takas
cucmema Ha3bl8AKMCEs 3J1eKmpoadoMm.

[IlpoBOIHUKHK TMEePBOro poJa — 3TO, KaK MpPaBUJIO, MeTaJlJbI,
NPOBOJIHUKH BTOPOTO pojia — 3JIEKTPOJIUThI. [lepeHoc 3apsa yepes
rpaHully paszena a3 (3JIeKTpUYEeCKHUH TOK) B  3JIEKTpoJe
OCYLIECTBJISIETCS 3@  CYET  IJIEKTPOXUMHUYECKOHM  peaklUHu.

CTaHJapTHbIA 3JIEKTPOAHbIA MOTEHIMAJ — 3TO BEJUYUHA,
XapaKTepHas /il KaXJ0ro 3JIEKTPOJHOTO MPOoIecca, KOTopasi Takxe
3aBUCUT OT TeMIepaTypbl U MPUPOAbl pacTBopUTesA. CTaHAAPTHBIN
3JIEKTPOJAHBIM TMOTeHLMa/l paBeH IMOTeHIMaly 3JIeKTpoJia B
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KOTOPOMOTHOIIIEHHE AaKTHUBHOCTEN BCEX YYACTHUKOB 3JIEKTPOJIHOMU
peakLUMU paBHbI eJUHUIE. YpaBHeHUe HepHcTa CBSAA3bIBAET BEJUYUHY
pPa3HOCTH MNOTEHLMaJIOB Mex/Jay ¢as3od pacTBoOpa 3JIEKTPOJMUTA U
$a30i MpoBOAHUKA MEPBOr0 poJa C aKTUBHOCTSIMU KOMIIOHEHTOB,
Y4aCTBYIOUIUX B 3JIEKTPOHON peaKIvH.

s o6paTUMOM 3JIEKTPOJHOU peaKlUh OKHUCJeHHas ¢gopma
BelleCTBa [IepeX0AUT B BOCCTAHOBJIEHHY0 U HA000pOT

Ox +z e =Red,
Tor/ila ypaBHeHUe HepHcTa OyeT BhITJISAAETD
o RT. a

=@ +—In—2,
W zF  ag,,

rJe Z — YWUCJIO0 3JIeKTPOHOB, YYACTBYIOUIUX B 3JIEKTPOXUMHUYECKOU
peaKUMu, dox — AKTUBHOCTb OKMCJIEHHOM (GOPMBbI BEIEeCTBA, dRed —

dKTHUBHOCTDb BOCCTAHOBJIEHHOM (l)OprI BelecTBa H (00—
CTaHﬂapTHbIﬁ IIOTEHL HUAJI BHeKTpOAHOﬁ peaKnunuu.

B GoJiee o6uieM ciiyyae /s peaKLiMK Ha 3JIEKTPo/Jie
v;0x, +v,0x, +...+v0x, +ze” =v;Red, +V,Red, +...+VRed,

MOXHO 3dIIHUCATb.

%
o RT ‘_‘_iani
po=¢ +—1In —

zF | Ogeq

A 1

Hanpumep, aas obpaTumoro mnepexoja MeTayia M B ero
HOHHYI0 $OpPMY B pacTBOPE MOXKHO 3aMHCaTh:

Mzt + ze- = M;
3anuiieM JJs Halllek peaklMyu ypaBHeHHe HepHcTa:
RT . a...
@=¢°+—In-—,
zF  a,
rAe am U 4, — AKTUBHOCTH MeTa/Ula MU MOHA 3TOro MeTasla Ha

JIEKTPOAE U B paCTBOPE COOTBETCTBEHHO.
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B cBs13UM € TEM, UTO aKTHBHOCTb METaJIJIa OCTAETCs MOCTOSTHHOW,
TaK KaK MeTaJ/lJ 06pa3yeT OTAeJIbHYI0 $a3y YUCTOTO KOMIIOHEHTa, a
ee 3HaYeHUe 3aBUCUT OT BbIOOpA CTAaHAAPTHOT'O COCTOSHUS, dM TOXeE
MOXXHO BKJIOYUTb B CTaHJApPTHbIA MoTeHuuasa @°. OObIYHO 3a
CTaHJApPTHOE  COCTOSHHWE  TPUHHUMAIOT  COCTOSHHE  YHCTOTO
KOMIIOHEHTA MPH CTAaHJAPTHOM /JlaBJIEHUU (CHMMeTpPHUYHasi CUCTeMA
OoTYeTa XUMHYECKOTo TMoTeHIuasa). B 3ToMm ciayyae, corsiacHo
BbIpa)KEHUIO (2), aKTUBHOCTb MeTaJslJla OyJeT paBHOW eJUHUIE, U
ypaBHeHUe HepHcTa ajg paccMaTpuBaeMoro cjaydas npejcTaHeT B
caeayouieM BU/JE:

=¢° +Elna
¢ ¢ ZF MZ+'

CinenyeT OTMETMTb, 4YTO B 00lIeM cJy4yae TMpHU 3alUCU
ypaBHeHus1 HepHcTa mnoj JiorapudMoM OCTAKOTCA TOJIbKO Te
BeJIMYUHBI, KOTOpPble MOTYT BapbUpOBaTbCsi. TakUM 06pasoM, MpH
3alyMcyu ypaBHeHUs HepHcTa /g pas3HbIX cjydyaeB HeO0O0X0JUMO
Cco0JII0JIaTh HECKOJbKO TMpaBWJ, CBfI3aHHbIX C I PUMEHEHHEM
BblpaXeHUs (2) nOJi9 pas3/iIMiHbIX THUIOB pPAacTBOPOB W BbIOOPOM
CTAaHAAPTHOTO0  COCTOSIHUS  JIJII  YMCTbIX  KOMIIOHEHTOB U
pacTBOpPUTEIS:

AKmueHOCMU YUCMbIX KOMNOHEHMO8, 06pa3yrwWux omaeabHy0
¢a3y nocmosiHHoO20 cocmasa, (Kak npasu/o 3mo meepdsie geujecmasd)
NPUHUMAIOMCS1 pABHbIMU eUHUYE;

AkmugHocmb pacmeopume.isi NPUHUMAemcsl pagHoll eQUHUYE;

Bmecmo akmueHocmell 2a3006pa3HblX eeujecms 8 ypasHeHUe
8X005sIM OMHOCUMe/IbHblE NAPYUA/AbHble 0a8/eHUs] 3MuX 2a308 HaAl
pacmeopom. /[lagaeHue npugodumcsi OMHOCUMEAbLHO CMAHOAPMHO20
(1 x 10° Ila), makum o6pa3om, ama 8e/AU4UHA 18151emcsl 6e3pa3mMepHol,
Xomsi 4UC/eHHO OHa cosnaddem C NAPYUAAbHbLIM Odds/ieHUeM 2a3q,
8bIPANCEHHbIM 8 ammocpepax (amm). Hcnoab3osaHue napyuaabHblX
das/ieHUll cnpagedau8o 0.5 C/Ay4Ydsi HE O4YEHb BbICOKUX 0as/eHUll
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(nopsidka Heckosnvbkux ammocgep). B cayuae 8vicokux dasaeHull
Heob6xo0duMo ucno/1b308ams y2umu8HOCmMu 2a308.

B HacTodllee BpeMs HeT NPAMBIX 3KCIEpPUMEHTAJIbHbIX U
pacyeTHBIX MEeTOLOB ONpeJesieHUs OT/AeJIbHbIX CKaYKOB IOTeHUajla
Ha TrpaHule pasgena ¢a3 B ajsekrpoge. [loatomy 3HayeHUe
abCOJIIDTHOrO MOTEeHIMaJa 3JIEKTPOJa B COBPEMEHHOW (PU3UYECKOU
XMMUU He olpenenseTcd. 3HAYeHUe I[OTeHLMasa 3JIEKTpoJa

onpezesieTcs OTHOCHUTEJIbHO noTeHaia KaKoro-yiubo
CTaHZAPTHOTO 3JieKTpoa. [lepexo/ K yCJIOBHOM LIKaJie NOTEHIAAJIOB
NO3BOJISIET M30aBUTHCA OT MHOTHX TPYAHOCTEN 1’}
HeomnpeaeJeHHOCTEeN npu pelileHnu 060JIbLIMHCTBA

JIEKTPOXUMHUYIECKUX 3aaY.

[IpaBu/Ia cxeMaTU4€CKOM 3aUCH 3JIEKTPOJOB

[Ipy cxeMaTU4eCKOM 3aMMCHU 3JIEKTPOXUMHYECKHUX CHUCTEM H
ypaBHEHUU NPOTEKAWIIMX B HUX peaKIUud He0OX0JMMO COOJI0aTh
ceAyrolie OCHOBHbIE MPaBUJIa.

1. [ins sanekmpodoeg (nosyssnemeHmos): sewecmaa, Haxo0swuecs
8 pacmeope (MOMHO mMOJAbKO NnomeHyuajonpedeasioujue UOHbL),
YKa3bl8aKMCs €/1e8a 0M 8epmMuKa/IbHOU Yepmbl, CNpasa yKa3vl8armcs
geujecmea, obpasyrowue dpyayro ¢asy, uau mamepuas 3,1eKmpooa.

2. Ecau 6 pacmeope Haxodumcsi HECKO/IbKO 8eujecms, mo OHU
pa3deasiiomcss 3ansimbimu. Bewecmea cocmasasiiowue pasauvHsie
¢a3vl pazdeassomcs ¢ NOMOWbI 8epMUKA/AbHOU Yepmul. Hanpumep:

Cd?+|Cd; CI-|AgCl|Ag; H*|H:|Pt.

3. YpasHeHue 3s1eKmpodHOlU peakyuu 3anucblieaemcsi mdak,
umobbl c/ae8a pacnoaazanuch, eewecmea 68 OKUCJAEHHOU ¢opme u
3/1eKMPOHbL, d Chpasd eewecmad 8 80CCMAHO8/AeHHOII hopme:

Cd2*+2e =Cd; AgCl+e =Ag+Cl; 2H*+2e =Ho.
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Kiraccudukanus 3j1eKTpoaoB

B passuyHbIX  y4eOHUKaX  MOXHO  HAWTU  pa3Hble
KJaccuPUuKaguu 3JeKTpoaoB. OHAKO, CYLLECTBYET OOLeNnpUHATAsA
KJIacCupUKaL U 3JIEKTPOJ0OB peKoMeH/I0BaHHas UIOITAK
(MexxayHapoaHbIN COI03 TEOPETUYECKOW U MPUKJIAJHOU XHUMUH ).

JJIEeKTPO bl HYJIEBOT'O poaa (oxkucAUTENBHO-
BOCCTAHOBHUTEJIbHBIE 3JIEKTPO/IbI)

OKUC/IUTENb U BOCCTAHOBUTEJIb, KaK MPaBUJIO, HAXOASATCS B
pacTBope, a ¢asa NpPOBOJHHKA IepBOTO poJia BbINOJHEHA U3
WHEPTHOro MaTepuasia (Hanpumep, Pt), koTopas BbICTymnaeT B
KayecTBe KOHTAKTa U He Y4aCTBYeT B 3JIEKTPOXHUMUYECKOU peaKIUH.

Ox, Red | Pt
Ox +z e =Red,
[Ipumeps,
Fez+, Fe3+*| Pt; CeH402, CeH4(OH)2, H* | Pt.

JJIEeKTPOAbI MEPBOro poaa

1. MeTaJis1 NOTpy>XeHHBIX B PaCTBOP, COZlEPrKALLHUM UOHBI 3TOTO
MeTaJssia Mz | M.

2. HemeTann mnorpy:keHHbIM B pacTBOP, COJAep>Kal[Uid HOHBI
3TOT0 HeMeTaslIa Az | A.

MeTannnyeckass ¢pa3za MoKeT ObITb BbIIIOJIHEHA HE TOJIBKO M3
YUCTOTO BellecTBa, HO INpeACTaBJsATb CO00M cmJaB (pacTBop).
HanpumMep, amajibraMHble 3JIEKTPOJbl (aMajibramMma — pacTBOP
MeTasl1a B ptyTu) Mz | M(Hg).

RT.  a,.

(]
P=@ . t—In :
zF Ay i1ig)

r/le aM(Hg) — aKTUBHOCTb M€eTaJljla B aMaJjibraMe.
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JJIeKTpPOAbI BTOPOro poja

JJIEKTPOA, BTOPOro poJa 00paTUM OTHOCUTesJbHO HOHaA (B-)
(T.e. ero moTeHUMaJ 3aBUCHAT OT KOHIEHTPALMU ITOr0 MOHA),
06pa3ylero C  IOTeHIMaJonpeaesiouUuM MOHOM (A*)
MaJiopacTBopuMoe coearnHeHue (AB) v Haxogsuierocs npyd 3TOM B
U30BITKE.

B-|AB|A
AB+e =A+B-.

o RT a, o RT

P =P ppa T In ~¥B ABA 1naB‘
O F aag s F

[Ipumephi,

Cl-| AgCl | Ag — xsopucepeOpsiHbIN 3JI€KTPOI;
Cl- | Hg2Cl2 | Hg — xa/ioMeiIbHbIH 3JIEKTPO/I.

JJIeKTpoAbl  BTOPOro  pojJia 4YacTO  MCIOJb3yIOTCA B
JJabOpaTOPHOM MpaKTHKe KaK 3JIEKTPO/ibl CPaBHEHHS, 3TO CBSI3aHO C
HaZIeXXHOCTbI0O HX  pabOThl, XOpOIled BOCIHPOU3BOJIUMOCTbIO
NOTEeHI[MaJIa U POCTOTON U3TOTOBJIEHHS.

JJIeKTPOAbI TPEeThero poja

JJIeKTPOJi TPeThbero pojia 06paTUM OTHOCUTEJIbHO H30bITKA
kaTuoHa (C*), KoTopblil 06pasyeT ¢ aHMoHOM (B-) MasiopacTBopuMOEe
WJIM KOMILJIEKCHOe coeiMmHeHue (CB), o6pa3ymoliero, B CBOI0 0YeEpPE/b,
C NOTeHUUaJoNpeessoluM HOoHOM (A*) MasopacTBOpUMOE WJIH
KOMILJIEKCHOEe coeiuHeHue (AB).

C*|CB|AB|A
C*+AB+e =A+CB.
(¢} RT aABaC+ o
P2 =P cpapa T F In = e cB.aBA

+—1In a.
aAaCB F

[Ipumephsr:

Hg,* | Hg2Cl2 | AgCl | Ag;
CaZ* | Ca3/ITAZ- | Hg3/ITAZ | Hg.
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F'a3oBbIe 3/1IeKTPOAbI

['a30Bble 3/1eKTPO/bI BbIJIEJISET 110 IPU3HAKY TOTO, YTO OJUH U3
YYaCTHUKOB OKHMCJUTEJbHO-BOCCTAHOBUTEJbHOW Mapbl HAXOAUTCH B
rasoBou ¢ase,

[Ipumephi,

H* | H2, Pt — BoopOAHBIN 3J1I€KTPO/I;
Cl-| Clz2 | Pt — x/IOpHBIH 3JIEKTPO/IL.

HoH-ces1eKTUBHbBIE 3JIEKTPOAbI

MoH-ce/leKTUBHbIE 3JIEKTPO/bl OCHOBaHbl Ha MCIOJIb30BAaHUU
CrelMa/ibHbIX MeMOpaH, CIOCOOHBIX MPONYyCKaThb CHelUuPUYECKUE
MOHbl. OHM 0O6pPATHUMBbl OTHOCUTEJIbBHO 3THX HMOHOB, HaxXOASUIMUXCS B
pacTBoOpe.

Haubosiblllee mnprvMeHeHHWe B IPAKTHUKE TMOJY4YUJIU PTOP-
CeJIEKTUBHbIU W CTEKJSHHbIU 3J1eKTPOAbl. CTEKJISHHBbIM 3JIEKTPO/
W3roTaBJIMBAeTCl Ha OCHOBe MeMOpaH W3 ClelUdaJbHbIX COPTOB
cTeksaa. Hampumep, cTek/jsiHHass MeMOpaHa pasjiesisieT BHEUIHUU
pacTBOP, CoZlep>KalllUi KOHBbI BOJOPO/A, U BHYTPEHHUW CTaHAAPTHBIU
pacTBOP COJISHOW KUCJIOTBI, B KOTOPOM, B CBOIO 04Yepe/lb, HAXOJUTCS
XJIOPpUZ-CePeOPSAHBIN 3JIEKTPO/;:

H* | crekno | HCI | AgCl | Ag

[ToTeHIIMa/M CTEeKJASHHOTO 3JIEKTPOJAA 3aBUCUT OT aKTHUBHOCTH
HOHOB BOJIOpPO/a:

H °+Elna _ o RTIn10 H
p=¢ F e N pH.
O6b14HO RTIn10/F 06’ beAMHSIOT B ClIelMaJIbHYI0 IepeEMEHHYI0 b
b RTIn10 |
F

Cnenyet o6paTUTb BHUMaHUe, YTO b He sIBJIsIeTCS KOHCTAHTOH,
TaK KaK OHa 3aBUCUT OT TeMIlepaTyphl.
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l'aJibBaHHUYECKHE 3JIEMEHThI

Us JBYX  3JIEKTPOJOB MOXeT OBbITH COCTaBJIeHa
3JIEKTPOXUMUYECKAs Liellb — 2a/1b8AHUYECKUU 3/1eMeHM, B KOTOPOU
3JIEKTpUYeCKass SHeprus BbipabaTbiBaeTCAd 3a CYeT MNPOTEKaHHUA
3JIEKTPOXUMUYECKUX  peaKMid  Ha  3jekTpogax. OCHOBHOU
JIEKTPUYECKOU  XAPAKTEPUCTUKOU  3JIEKTPOXMMHYECKOU  Lenu
ABJIAETCA  pA3HOCMb  3/eKmpuyeckuX  NOMeEHYyua/a08  MexAy
3JIEKTPOJAMM.

[Ipy cxeMaTH4eCKOM 3aMKCH 3JIEKTPOXUMHUYECKOM LIEeMNHU:

Jlesvlli  3s1eKmpod 3anucvleaemcsi 8 0OPAMHOM  nNopsdke
(6ewjecmea, Haxodsswuecss 8 pacmeope, YKa3bl8AWMCS cnpasa om
8epMUKA/IbLHOU Yepmbl, C/1e8a YKA3bl8AIOMCS 8eujecmaa, obpasyujue
dpyayto a3y, uau mamepuaa 3aekmpooa). Ilpaswiii 3aekmpod
3anucvieaemcsi 8  0ObIYHOM  NOpsi0Ke  CO2/dCHO  Npasua1am
cxemamu4eckol 3anucu 3/1eKkmpodos.

Pacmeopwl oboux 3saekmpodog omdessilomcsi 8epmuKa/AbHOU
NYHKMUPHOU JUHUEelU, ec/Au OHU KOoHmakmupyrwm odpyz ¢ 0py2om
(Ougdy3uonHbIll nomeHYyuan He YyCMpaHeH) uau 08yMs CNJAOUWHbBIMU
8ePMUKA/IbHbIMU AUHUSAMU, eCAU JUu@dPY3UOHHbIU NOMEHYUAA MEHCAY
pacmeopamu ycmpaHeH (Hanpumep, ¢ NOMOWbH0 C0/1e8020 MOCMUKA).

PasHocmb 3sekmpuyecKux nOmMeHYyua/a08 pasHd Nno 3HAKY U
3HAYEHUIO 3/1eKmpuyeckomy nomeHyuajay - Mema/a/au4eckoz2o
npo8oJdHUKA, NPUCOEOUHEHHO020 K NpagsoMmy 3/4€Kmpody, MUHYC
nomeHyua/sa U0EHMU4YHO20 NPOBOJHUKA, NPUCOeJUHEHHO20 K J1e80MY
3/1eKkmpoady.

E = (pl'[ - (pf[ ) (4)
rge I — nNoTeHnuraJ NpaBoro aJieKTpoAdd, @J1 — IIOTEeHIHaJl JIEBOIO.

[IpenenbHOe 3HaUeHHE Pa3HOCTH 3JIEKTPUUECKUX TOTEHIMAIOB
IpU TOKe 4Yepe3 3JIEMEHT, CTPeMsSIIEMCS K HYJ0, Ha3bIBaeTCs
ajieKTpoABWXkyIer cuaon (I/JC) u ob6o3Havaetca E. CorsiacHo
NpaBuJy 3alllCU 3JEKTPOJAHOUW peakUUH, AJs KaXK[Oro 3JIeKTpoja
OKHCJIeHHasi ¢popMa BellleCTBa U 3JIEKTPOHBI 3aNMMCbIBAIOTCS CJeBa.
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CyMMapHas peakiysi, IpoTeKarolas B 3JIEMEHTE, SIBJSETCS pa3HUIler
MeXJy peakUUsIMU Ha NpaBOM U JIeBOM 3JjeKTpojax. Toraa, ecau
pPa3HOCTb TMOTEHIIMAJIOB BCEro 3JeMeHTa IMO0JIOXKUTEJbHA, TO
CyMMapHasi peakUUs U 3JeKTPUYECKMH TOK B TraJibBaHUYECKOM
3JIeMeHTe MPOTEeKaeT CJieBa HAMPaBo, eCJIY Ke OTPULLATeNbHO, TO — B
0OpaTHOM HallpaBJIEHUH.

PaccMoTpuM B KauecTBe MpUMepa TPH CJay4dasl.
1. 06a asieKTpoJila UMEKT OOIIUK PACcTBOP;
Cd | CdClz | AgCl | Ag
Ha asiekTpojiax npoTeKawT peaKIuu:
AgCl + e~ =Ag + Cl; Cd?* + 2 e- = Cd.
CyMMapHas peakliiysi, IpoTeKalollasi B 3JIeMeHTe
AgCl + 0.5Cd = Ag + 0.5CdCI2.

2. PacTBOpBI 3J1IEKTPO/IOB Pa3/iMiHbl U UMEIOT KOHTAKT MEXAY
cobou yepe3 meMbpaHy (AU PY3MOHHBIK NOTEHIMAJ HE YCTPAHEH);

Cd | Cd(NOs)2z | NaCl | AgCl | Ag
Ha asiekTpoax npoTeKarT peaKIUu:
AgCl +e- =Ag+ Cl; Cd?* + 2 e =Cd.
CymMapHas peaknus, popMaJbHO NPOTEKAIOIasi B 3JIEMEHTE
AgCl + 0.5Cd = Ag + 0.5Cd?* + CI-.

3. PacTBOpBI 3J/IEKTPOAOB pa3jiM4Hbl U COEJUHEHbI MeXAy
co60M coJIEBbIM MOCTUKOM (AMPPYy3UOHHBIN MOTEHIMAJ YCTPAHEH).

Pt, H2 | HCl || NaCl | AgCl | Ag
Ha asiekTpoax NpoTeKaoT peaKiuu:
AgCl + e-=Ag+ Cl;2H* + 2 e- = Ha.
CyMMapHas peakius, GopMajbHO NPOTeKaIoIas B 3JieMeHTe
AgCl + 0.5H2 = Ag + H* + CI-.
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LEJIb PABOTbI

U3yuyuTh akTopsl, BausAwnue Ha I/JAC rajsbBaHUYECKOTO
3JIeMeHTa B COOTBETCTBUU C ypaBHeHUeM HepHcra.

OBbOPYJOBAHHUE

—Y4e6Ho-s1a60paTopHbIi Moayab «JIEKTPOXUMUA»
—BoJsibT™MeTp

—TepmMogaTyuk

—Py4Hou fo3aTop nepeMeHHOro o6bemMa 10 mu
—MerTannudeckue asieKTpobl (Fe, Cu)

—MarauTHag MelaJsnaka, 2 1T

—CoJieBOM MOCTHK, 3all0JIHEHHbIM pacTBOpoM KNO3
—CoeiHUTEeIbHBIY IPOBOJ, K JATYUKY
—CoelMHUTEeJIbHBIN IPOBOJ, «2 KPOKOAWUJIA»

PEAKTHUBbBI U IIOCY A

—Xumunuyeckud crakaH Ha 100 M, 2 It

—Boanbiu pactBop CuSO4 0.1 Mosib/n

—Boanbii pactBop FeS04 0.1 Mosb/n

—BoaHbIM pacTBOp CepHOM KUCJAOTHI, IPHUMEpPHAss MaccoBasd
KoHIleHTpauusa 10-25%

—IIpomMbIBasiKa ¢ AUCTUIJIUPOBAHHOW BOJOH

MOPAAOK IPOBEAEHUA PABOTbI
[IpuroroBJieHHEe PacTBOPOB.

PacrtBop cyabdara mezu (II) 0,1 wmoab/n. Haecky
CuS04-5H20 w™accoun 24,9 r pacrtBopsawoT B 500-600 M
JAUCTUJIJIMPOBAHHOM BOJbI, OOABJAST 5-6 MJI KOHLLEHTPUPOBAHHOU
CEpPHOM KHUCJIOTBI [JIs NpeJOoTBpallleHUs TUAPOJiM3a U NEepPeHOCAT B
MepHYy1 k0J16y 1000 mJ1, M 10JIMBAIOT BOJIOM /10 METKH.

PactBop cyiabdpara xkenesa (II) 0,1 mouab/n. Haecky
FeSO04-7H20 m™accon 27,8 r pactBopsawTt B 500-600 ma
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JVCTUJJINPOBAHHOM BO/JIbI, 00ABJSIOT 5-6 MJ1 KOHLIEHTPUPOBAHHOM
CEpPHOM KHUCJIOThI JJif NpejOoTBpallleHUs TUApOJiM3a U NepPeHOCAT B
MepHY0 K0J16y 1000 mJ1, ¥ 0JIMBAOT BOJIOM /10 METKH.

[IpuroroBieHue cosieBoro Mmocruka. Hasecky KNO3 maccou
5-6 r pactBopsatT B 50-60 MJ1 AUCTU/IJIMPOBAHHOM BO/IbI, HArpeTOMn
0 70-80°C, mmocJie MOJIHOTO paCTBOPEHUS HUTpPATA KaJiks, B CTaKaH C
ropA4YUM pPaACTBOPOM BChINAKWT 1-2 r arap-arapa npu HOCTOSAHHOM
nepeMellMBaHWHY, NOJYYMBIIASACA Macca JOJKHA ObITh JOCTAaTOYHO
»KUJIKOHW, YTOObI €e MOXHO ObLJIO BJIMTh B COJIEBOH MOCTHK C
NOMOLLBIO UIIETKU WU PYYHOTO [03aTOpa U OHA [0JKHA 3aCThIBATh
B TeyeHUe 1-2 MUHYT B XOJIOLHOU BOJE [0 COCTOSHUSA TBEPZOTO XKeJle.
BHyTpu coJieBOM MOCTHUK [JOJDKEH OBITh 3alOJIHEH CIJIOLIHBIM
pacTBOPOM 3JIEKTPOJINTA Oe3 My3bIpbKOB BO3/1yXa.

KoH1lbl  cOJIEBOITO  MOCTMKA MOXHO 3aTKHYTb JIIOOBIM
BOJIONIPOHUIIAEMBIM MaTepuajioM (6bymarou, rybkoW, BaTOH) BO
n3bexaHue TNOMaJ[aHUs HUTpATa KajiMs B HCCAeAYyeMbIA PacTBOP.
Y6enuTbcs, UYTO COJIEBOM MOCTHK paboTaeT MOXKHO MpH
NOJK/JIIOYEHUN BOJIbTMETPA K 3JIEKTPOJlaM yCTAaHOBKHM C IMOMOILIbIO
NpoBOJla «2 KPOKOJMWJa», €CiM TOK MNPOTEKaeT 4yepe3 YCTAaHOBKY U
nponajaeT NpU U3BJeUYEHUH — MOCTHUK U3TOTOBJIEH MPABUJBHO.

OnbIT N21. U3yyeHHe CBOUCTB KeJIe3HO-MeAHOTr 0
raJibBAHU4eCKOro 3JieMeHTa

B onuH ctakaHuyuk Ha 100 MJ1 HaJIMBAIOT TOYHBIA 06 beM 50 MJ1
pactBopa cysbdarta xesesa (II) ¢ koHnentpanuen 0.1 mosib/a. Bo
BTOpPOM cTakaHYUK Ha 100 M1 Ha/JMBAKOT TOYHBIK 00beM 50 mu
pactBopa cysabdaTta Mmeau ¢ KoHUeHTpauuen 0.1 mosib/ia. C moMouibio
GHUKCAaTOPOB B CTAKAaHYMK C PAaCTBOPOM >KeJjie3a OMYCKaIT KeJIE3HbIU
3JIEKTPO/I, @ B pacTBOp MeAU — MeAHbIK. CTaKaHYUKHU C 3JIEKTPOJIaMU
yCTAaHAaBJIMBAIOT Ha paboyel MOBEPXHOCTH Yy4eOHO-J1abopaTOPHOIO
MOJyJii B IlEHTpPe pasMeTKM MarHUTHbIX MellaJoK. PacTBopbl
COeJUHSAIT C TMOMOIIbI0 COJIEBOrO MOCTHUKA, 3allOJIHEHHOTO
pacTBOPOM HUTpATa KaJusl.
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MegaHbIN aneKTpoa DKenesHbIX anekTpos
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B KaAblil CTaKaHYMK MOMEINIAIOT MarHuTHYyH Memanky. K
3JIEKTPOJaM MOAK/IIYAIT BOJBTMETP C IOMOUIbIO0 COEJUHUTETBHOTO
npoBoJila «2 Kpokoguaa». IloJI0XKUTENbHYIO KJeMMYy (KpacHYIO)
3aKpEeIJISIOT Ha MEIHOM 3JIEKTPO/ie, OTPULIATE/IbHYIO (YepHYI0) — Ha
’KeJIe3BHOM. BoJibTMeTp MNOAKJIHYAIT K Y4ebHO-1abopaTOPHOMY
MO/1yJil0, TOKa3aHUs BOJIbTMETPA JI0/KHbI ObITh M0JIOXKUTEJIbHBIMHU.

[logka04arT MOAYJIb K CETU U 3arpy>Kar0T THUI SKCIEePUMEHTA
KuHeTuka. Ycranasaupator MHTEepBan usmepenuit Ha 10 cek. u
KonuuecTtBo Touek 60. O61ee BpeMs cocTaBUT 10 MUHYT.

BkJIIOYalOT MarHMTHYI0 MellaJKy Ha MUHUMaJbHYI CKOPOCTh
nepeMeliuBaHus, HaxkuMaroT CrTapT U OUKCUPYIOT MOKa3aHUS

BOJIbTMETPA IMOCJ€e YCTAaHOBJEHHUSA PABHOBECHOIO 3JIEKTPOAHOIO
noTeHIMaJsa, YyTo 3aHUMaeT 10-15 MuHyT. /JlJ15 3TOr0 MOXXHO B3SITh
CpeJiHee 3HayeHHWe TOCJAEeNHUX [eCATA TO4YeK, eCJIu OHHU He
oTJin4yarTcda 6osiee yeM Ha 0,005 B.

Ecau nocae 10 muHym usmepeHUl NOKA3aHus 80/1bmmempa
npodoaxcarom uameHsmuocsi 6osee uem Ha 0,005 B 6 meueHue 1
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MUHYMbl, MO npogodssm ewe O00HO u3mepeHue MHTEepBanom
usmepeHuti Ha 10 cek. u Konnyecreom royek 30.

Janee npoBogdaTt uamepenud I/1C npu Apyrux KOHLEHTpPALUAX
3JIEKTPOJIMTOB. M3MeHUTb KOHUEHTpaLUI0 3JIEKTPOJUTOB MOXHO
nyTeM pa30aB/JeHUsA COAEPKUMOTO0 CTAaKaHYMKOB WJIU HaJIUBasd
3apaHee IPUTOTOBJIEHHBIE pacTBOPEI C 3aZJaHHbIMU
KOHILEHTPAUUSIMH, NPU 3TOM HEOOXOJMMO TILATEJbHO MPOMbIBATH
CTaKaHYUKHY, OIl0JIAaCKUBATh 3JIEKTPO/bI 5| MelLlaJKU
JYCTUJIJIMPOBAHHOU BOJIOM.

PEKOMEHZALIUH 110 O®OPMJIEHHNIO OTYETA

JKCllepMMeHTaJ/IbHble JaHHble pPEKOMEeHAYeTCsd CBeCTH B
TabJIMIy C/eYIOLEero BUa

T, °C c(FeS04), c(CuSO04), Eocen, B Exeop, B
MOJIb /JI MOJIb /JI
0.1 0.1
0.1 0.01
0.1 0.005
0.01 0.1
0.005 0.1

B oTueTe no s1abopaTopHOM paboTe HEOOXOAUMO CXeMaTUYECKHU
JlJabopaToOpPHYIO

3apUCOBaTh

YCTaHOBKY,

3aIllUCaTb

3JIEKTPOXMUMUYECKHE pEAKIUH, NPOTeKawlhue B TraJbBaHUYECKOM
3JIeMEHTE, BbIBECTHM ypaBHeHue HepHcTa. CpaBHMBas pe3yJibTaThl
9KCIIePUMEHTAJbHO NOJTy4eHHbIX I/1C 17| TeopeTUYECKH
pacCYUTAHHBIX 10 YpaBHEHHUIO0 HepHCTa MOXKHO c/ZiesiaTh BBIBOJ, O TOM,
N0YeEMY B CTPOTOM BHJ€ B YpPaBHEHHE 3JIEKTPOJHOrO MOTEHIMAJIA
BXO/JIUT HE KOHILIEHTPALlMU MOHOB, @ UX aKTUBHOCTH.
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OnsIiT N22. Co3gaHve BbICOKOBOJIbTHOI'O ra/ibBAHU4YECKOI'0O
3JieMeHTa no tuny BosibTOBa CcTOJ16a

[ st0603HATeNIbHBIX  CTYJEHTOB  OyAeT  HWHTepeceH
3KCIIEPUMEHT MO0 co3AaHui BosbToBa cTosi6a. Jlnis storo Bam
NoTpedyeTCsl HECKOJIbKO MOHET MMEKWUUX HHUKeJeBOe MOKPbITUE
(besioro 1BeTa) M HECKOJIbKO MOHET C JIATYHHbIM WA MeAHbIM
NOKpBhITHUEM (PKeaTOro I1BeTa). MoOHeThbl THIATEJNbHO 3a4MLIAOTCA
MEeJIKO3EPHUCTOM HaXXJAa4HOU oymarou 51 IIPOMBIBAKOTCH
JVCTUJIJIMPOBAHHOM BOOU.

/lasiee HapesarwTcsd AUCKU U3 (PUJIbBTPOBAJbHOW OyMaru Mo
JuaMeTpy Ha 1-2 MM OoJibllle JMaMeTpa BbIOpaHHBIX MOHET. J[MCKU
M3 (QUJbTPOBAJIbHOW OyMard NPONUTBIBAIOTCS PACTBOPOM CEPHOU
Kuca0Thl 10-25% u nmpokJaAbIBalOTCS MeX/Jy MOHETaMHU B MOPSJKe,
NOKa3aHHOM Ha PUCYHKe HWKe. MOHEeThbl MOKHO 3aKpENUTb B JIAMKe
IITAaTHUBA, NOACTABUB M0/l HUX CTAaKaH C JUCTUIJIMPOBAHHOM BOJOM.

KEJITBIE MOHETBI : : -
/)=
o
®UJIBTPOBAJIbHASl BYMATA &=

BEJIbIE MOHETDI

K mnepBorM W mnociefHed MOHeTE MOJKJIYATCA pa3beMbl
NpoOBOJA «2 KPOKOJAWJA», KOTOpPble COENUHAKTCH C BOJBTMETPOM,
NOJIOKUTEJIbHAsA KJeMMa IMOAKJIYaeTcd K MOHeTe C MeJHbIM
NOKPBITUEM, OTPUIIATE/IbHASA — K MOHETE C HUKEJIEBbIM MOKPbITUEM. B
HEKOTOPBbIX CJy4asgX ObIBaeT HEYJA00HO 3aKpemIsiTh KOHTAKThI
HEMOCPEACTBEHHO K MOHETaM, B TAaKOM CJiydyae, MOXXHO MOJIOXKUTh
MeJHbIM UJIM CTaJIbHOM NPOBOJ, HA BEPXHIOK MOHETY U MO/, HUXKHIOI0
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MOHETY, 4 KZIEMMbI IIPOBOJ4 ITIOAKJ/JIOYATb y>Ke K IIPOBOAY. B kayecTBe
Harpy3kKu raJbBaHUYECKOH 6aTapeM MOZKHO HCIIOJIb30BATb
JIEKTpoABHUIraTeJIM INMOCTOAHHOIO TOKa, CBe€TOAHUOAbI PA3HOTO
CBe4YeHUud U T.A.
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JIABOPATOPHAA PABOTA Ne4. OIIPEAEJIEHUE
3HAYEHHWHU BOAOPOAHOI'O IIOKA3ATEJIA PH BOJAHbBIX
PACTBOPOB

KPATKHUE TEOPETUYECKHWE CBEJIEHUA

BoopoiHbIY nTOKa3aTesib — 3TO OTPULATEJIbHbBINU JeCATUYHbBIN
JjorapupM aKTUBHOCTH HOHOB BOI0pPO/la B pacTBOPE.

pH=-lga .

Tak kak MOHHOe npou3BeieHUe BOAbl paBHO 1x10-14 npu 298 K,
TO TNpPU 3HadyeHUssx pH <7 uOHOB Bojoposia OyjeT O6OJblle, YeEM
TUAPOKCU/I-MOHOB Y TOBOPSAT, YTO cpejia Kucaas. Ecau ke 3HayeHUe
pH Goubliie 7, TO TOBOPSAT, YTO Cpefa IieJ04YHas.

N3mepeHue BOZ,OPOJHOTO NoKa3aTeJid MeTOZO0M
NOTEHIMOMETPUU OCYLIECTBJSAETCAd NPHA TNOMOIIU 3JIEKTPOJOB,
NOTEeHLIMaJl KOTOPbIX 3aBUCHT OT aKTHUBHOCTHM HOHA BOJOPOJAA B
pactBope. HaubGosiee pacnpoCcTpaHEHHBIMU /[JII 3TOW LEJU B
JIJabopaTOPHOU MpPaAKTUKE SIBJSIOTCS CTEKJSAHHbIA U XUHTUJPOHHBIU
3JIEKTPO/IbI.

CTEeKJISIHHBIM ~ 3MEKTPOJ  —  HOH-CEJIEKTHBHBIM  BJIEKTPOJ
CEJICKTUBHBIA 10 OTHOIICHHWID K HWOHAaM BOJOPOJA HAXOASIIHUMCH B
pactBope. I[loTeHHan CTEKJISTHHOTO 3JEKTPOoJa 3aBUCUT OT aKTUBHOCTHU
HMOHOB BOJIOPOJA CIEAYIOUIUM 00pa3oM:

RT

E_=E  +—Ina_=E> —-bpH, b RE
CcT cT F H cT

~ FIn10’

g onpenesieHrusa pH HeKOTOpOro pacTBopa COCTABJAIOT Lielb,
COCTOAILLYKD U3 CTEKJAHHOro 3JIeKTPOJa, MOrPYyKEHHOro B
UccaelyeMbld pacTBOpP, M 3JIEKTPOJA CpPaBHEHHS, MOTEHLHAJ
KOTOPOTO COXpaHAeTCcd INOCTOAHHBIM B XOJe 3KCclnepuMeHTa. B
COBPEMEHHOM NpPAKTHUKE B Ka4yeCTBE 3JIEKTPOJA CPABHEHUS OOBIYHO
WCI0JIb3yeTCSl HaChILUEHHBIN XJIOPUJ-CepeOpsAHbIN aeKTpoh. Torga
MbI MO2keM 3anucaTb I/|C Bcel Lenu
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E:ECT _Exca :ECOT _pr_Exca

CiiefoBaTesIbHO, MOTEHLMAJ TAKOrO 3JieMeHTa OyJeT JiMHeeH
OTHOCUTEJIbHO 3HaYyeHud pH.

CTeK/IAHHBIN U XJIOPU/-CePeOPsSIHbIN 3JIEKTPOAbI

3Hasd TMOTeHLMaJ 3JIeMeHTa, CoJep:Kallero pacTBOp C
M3BECTHbIM 3HayeHUWeM pH, MOXXHO paccuuTaTb 3HAYeHHE BCex
NOCTOSIHHBIX BEJIMYMH, BXOASAIUX B ypaBHeHUe. B HalieM ciayyae —
3TO CTaHJAPTHbIN MOTEHIHAJ CTEKJSIHHOTO 3JIEKTPO/Ia U MOTeHILHaJ
XC3. O603HaYUM HX pa3HMUIy Kak E' M BbIpa3uM yepe3 MOTEHIHAJ
3JieMeHTa U 3HaueHue pH pacTBopa.

E'=E. —E,.,=E+bpH.

XC3

JKCIlepUMEHTA/bHO onpejfieuB E’', Mbl CMOXXKeM ONpeAesUTh
pH npyroro pacTBopa, c Heu3BeCTHbIM 3HaYeHHWeM pH, o ¢popmy.ie

E'-E
N

pH=
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[l 3KcnepuMeHTa/JibHOTO omnpefeJeHuss E' HCHOJAb3YIOT
OydepHble pacTBOpPbl C 3apaHee U3BeCTHbIMM 3HadyeHUsAMU pH.
CoctaBbl OydepHbIX pPacTBOPOB W NpPHUIKMCAaHHOE UM 3HavyeHue pH
MOXXHO HAaWTU B CIPABOYHOW JuTeparype. [IpOMBINIJIEHHOCTHIO
BBIMYCKAIOTCA CTAaHAAPT-TUTPbl [JI1 NPUTOTOBJIEHHUSA Oy(depHBIX
pactBopoB, HanpuMep no ['OCT 8.135-2004.

s

Komb6uHrpoBaHHbIN pH-3/1eKTpoA

[IpuMensieMble g9 pH-MeTpuM CTeKJIsHHBbIE 3JIEKTPOJABI,
MMEKT JIMHEMHYK XapaKTepUCTUKY B  [JOBOJIbHO LIMPOKUX
JivanasoHax TeMiepatyp U 3HadeHuur pH. Hanpuwmep, anektpoa 3CJI-
43-07 uMeeT JIMHEUHYIO XapaKTEPUCTUKY B JiMala3oHe 3HayeHUU pH
oT 0 1o 12 (mpu 298 K).

B HacTosillee BpeMs HM3MepeHHe 3HadeHUW pH ¢ moMoibio
CTEKJISTHHOTO 3JIEKTPO/ia MOJYYUJI0 HauboJiblliee pacCpoCTpaHEHHE B
JlabopaTopHoM mnpakTuke. OJHAKO Hapsiay C AOCTOMHCTBAMMU OH
MMeeT U P HeJJOCTAaTKOB. ['TaBHbIN ero HeJJOCTATOK 3TO XPYNKOCTb.
/lpyruM  ero  HeJOCTAaTKOM  SBJIIETCS  JIOCTaTOYHO  J0JIFO€
YCTAaHOBJIEHME PABHOBECHOT'O0 3HAYeHUs IMOTeHIMHasna ([0 MATH
MUHYT). CONpOTHUBJIEHHWE CTEKJSHHOIO 3JIEKTpPoJla J0CTAaTOYHO
BeJIUKO (OT JlecaTKoB A0 coTeH MOM), mo3TOMy mpu paboTe C HUM
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HUCIIOJIb3YIOTCA HM3MEpUTEJIM C BbBICOKMM BXOJHBIM 3JIEKTPHUYE€CKHUM
COIMPOTHUBJICHHUEM.

BoJiee coBpeMeHHbIM U YaCTO BCTPeYaoIMMCcs B JJabopaTopuu
SIBJIieTCSI KOMOWHHUPOBAHHBIA JiabopaTopHbIA pH-3/eKTpoabl,
KOTOpbIe UCIOJIb3YIOTCSA B KauyeCTBE NMEePBUYHOr0 Npeobpas3oBaTesis
npu pab6ote ¢ pH-MeTpamMy, HOHOMepaMH WA KOMOWUHHUPOBAHHBIMU
aHasu3aTopaMyd. KoMOMHHMpOBaHHBIE 3JIEKTPOAbl YCTPOEHBI IO
NPUHIMIY JBa B OAHOM, 00'beUHSISI B cebe u3MepuTebHbIM pH- u
BCIIOMOTaTeJIbHbIN 3JIEKTPO/, (3/IEKTPO/, CPABHEHHS), UTO JleJlaeT UX
60Jiee yIOOHBIMU B UCIIOJIb30BAHUU.

BcTpoeHHBIN 3/IeKTPOJ, CPaBHEHHUS ObIBAaeT KaK OJHO-, TaK U
JIBYXK/JII04eBbIM. Hasimuue ABYX 3JIEKTPOJUTHUYECKUX KJIOYEW AaAET
BO3MO>KHOCTb UCIIOJIb30BAaTh 3THU 3JIEKTPOJbl B TeX Cjaydasix, Koraa
Ba>XHO MCKJ/IIOYUTD MoNazaHue B mpoby noHoB K+ uau Cl- (pacTtBopom
KCl  3anosiHAKOT  OJHOKJIIOYEBbIE  3JIEKTPOAbl  CPAaBHEHHUS).
JIByXKJIl0OU€eBbIe 3JIEKTPOJbl CPAaBHEHUSA MOKHO 3alOJIHATH JIIDObIMHU
JIPYTUMU PABHONEPEHOCAUIMMHU 3jeKTposuTaMy, Hanpumep KNOs,
NH4NOs3, NH4Cl u gpyrue.

B o0603HayeHuun pH-anekTposoB, Hamnpumep, ICK-10XXX/Y
nociaenHss uudpa (Y) ykasblBaeT Ha BeJUYUHY KoopAuHaThbl pH
nsonoTteHuyasbHor Touku (pHi). [lpumenenue pH-anekTpoaa c Tou
niu vHou pHi ompepensieTca ucxons W3 YCJIOBUU HW3MEPEHUHU: B
KUCJBIX pacTBOpax cCJjeAyeT IPUMeHATb 3JjekTpoabl ¢ pHi=4, B
HeUTpaJbHbIX U 1[eJIOYHBbIX - ¢ pHi=7.

JlpyruM 3JIEKTPO/IOM, IIHUPOKO UCIO0Jb3yeMbIM JIJIsI U3MEPEHMUS
3HayeHUH pH, sABJAdgeTcd  XUHTHUAPOHHBIA  3JIEKTPOJ.  IJTOT
OKHCJIMTEJbHO-BOCCTAHOBUTE/IbHBIN 3JIEKTPOJ, MpeJICTaBAsSIeT CO60U

pacTBOp  HAcCbIlEHHbIH  XUHTHUAPOHOM:  3KBUMOJIEKYJISPHBIM
coenvHenueM xuHOHa CeH402 wu rugpoxuHoHa CeH4(OH)2,
NOrpy>XeHHbIM B HEro MHEPTHbIM MaTepHhaJioM — MPOBOJHUKOM

nepBoro pojia (06bIYHO MJIATHHA WX 30J0T0). CXeMaTUYeCKU 3TOT
sseKkTpoy, 3anucebiBaeTcsa Kak: CeH402,CeH4(OH)2,H*|Pt. Ha Hem
NpPOTEKAET peaKIUsl
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CeH402 + 2H* + 2e- = CsH4(OH)2.

W ero noteHuuas oyaer

2
a.a’.
ES +RTln X H

xr — Exr
2F a,

B KuC/IbIX pacTBOpaX XUHTUAPOH JUCCOLUMUPYET [0 YPaBHEHHIO
CeH402:CeH4(OH)2 = C6H402 + CsH4(OH)x2.

Torga KoOHUEHTpal¥MM XWHOHA U TUJAPOXUMHOHA B pacTBoOpe
OyAyT paBHBIMHU, U, TaK KaK UX KOI(POPUIIUEHTbl aKTUBHOCTEN OyAyT
OJIM3KM, TO COOTHOULIEHHME HX aKTUBHOCTeHW OyaeT paBHO 1, a
ypaBHEHHUE Jid eT0 NOTeHIKajIa YIIPOCTUTCS:

E, =Eg +%lnaw =E,.—bpH

Ana  onpeneneHus pH  pacTBOpoB  COCTaBAAOT — LElb,
COCTOSIIIYI0 U3 XHHTUJPOHHOTO 3JIeKTPOoJa (XUHTHUAPOH A00ABJISIOT
NpsIMO B MCCAeAyeMbld pacTBOpP), U 3JEKTpoJa CpaBHeHHUS (Kak
npaBuJio, XC3). YpaBHeHue g 3/IC Takou nenu OyJeT MoJgoOHO
BbIPpAKEHU IO, TOJIYUYEHHOMY JIJIs1 CTEKJISIHHOTO 3JIEKTPOo/ia

E=E, —E,,=E,—bpH-E

XC3 XC3

[Topsagok onpenesieHruss 3HadeHUM pH pacTBopoB aHasmoruyeH
ONMMCAaHHOMY Bblllle (B CJy4dae CTEKJSAHHOro 3JjiekTpoja). CHavasa
caeayeT onpeneauThb OCTOSTHHYI0 YacTh BbIpa)KeHUs M0 0ydpepHOMY
pacTBOpy C H3BeCTHbIM 3HadyeHueM pH, pasnee craHoBUTCA
BO3MOXXHbIM olnpejgesieHue pH apyroro pacrtBopa, ¢ HEU3BECTHBIM
3HayeHUeM pH, mo popmysie NOJTHOCTHIO aHAJIOTUYHOW.

XVHTUAPOHHBIM 3JIEKTPOJ, MMeeT pPsJi AOCTOMHCTB. OH MpoCT
0 YCTPOMCTBY M TMNPUXOAUT K PABHOBECHUID OBICTPEHU, YEM
CTEKJIIHHbIM 3JieKTpoJ. OH NpPHMEHUMM BO MHOTHX HEBOJHBIX U
CMEUIaHHbIX CpejlaX, BKJK4Yasgd BOAHO-COIUPTOBbIE pPACTBOPUTEIH,
aleToH, ¢eHoJibl U MYpPaBbUHYI KHUCAOTY. OCHOBHOM HEJOCTAaTOK
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XUHIT'HAPOHHOI'o 3JIeKTpoJga B TOM, 4YTO H3MEpPEeHHUAd C HHUM
OrpaHU4€Hbl paCTBOpaMH CO 3HAYEHHEM pH, MeHbllle 8. OH AaeT
HeBEpHbIE 3Ha4Y€HUud B IIPUCYTCTBHUH 6eJIKOB, HEKOTOPbIX
OKUCJIUTEJIEN U IIPHU BLICOKHUX KOHIOEHTpPaIUuAX coJieH.

LEJIb PABOTbI

OnpeaeanuTh 3HaUYEHHE BOJAOPOAHOTO MMOKa3aTe s psAa BOJHbBIX
pacTBOPOB  METOJOM  IOTEHIMOMETPHUU C  HCIOJb30BaHHUEM
CTEKJITHHOTO 3JIEKTPOJa

OBbOPY1IOBAHHE

—Y4ebHo-n1a60paTopHbIK MoaAyAb «3JIEKTPOXUMUA»
—BoJsibT™MeTp

—CoeiMHUTEeIbHBIY IPOBOJ, K JATYUKY
—KoMOMHUpPOBaHHbIN CTEKJSIHHBbIN 3J1eKTpo pH
—MarsuTHada Mellaaka

PEAKTHUBbLI U ITIOCY A

—XuMn4ecknu ctakaH Ha 100 mut

—CTaHgapTHbeid Habop OydepHbiXx pacTtBopoB (1.65, 4.01, 6.86,
9.18 u 12.45)

—MepHas kosi6a 1000 M

—06pasubpl MMHEPAJIBHOM BO/IbI M COKOB /11 u3MepeHus pH

—IIpomMbIBasiKa C IUCTUIJIUPOBAHHOU BOJOU

—CTtakaH4uK A cauBa 400 M

NOPAAOK ITPOBEAEHNA PABOTbI

OnbiT N21. [IocTpoeHue rpagyupoOBOYHOro rpagpuka.

i1 MOCTpoeHUs1 T'PajiyupoOBOYHOTO TIpaduka 3aBHUCUMOCTHU
M3MEepPEeHHOro MOoTeHlMala CTEKJSHHOT0 3JIeKTPoJa OTHOCUTEJbHO
XJIOPHUZ-CepPeOPSHOro 3JIEKTPoJa CpaBHEHUS HCIOJb3yIOT 0ydepHbIe
pacTBOpbl € UW3BeCTHbIM 3HaueHWeM PpH. OOBIYHO HCHOJIB3YIOT
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oydepHble pacTBOpbl co 3HadyeHusamMu pH=1.65, pH=4.01, pH=6.86,
pH=9.18 u pH=12.43.

B TiiaTesbHO NPOMBITHIM CTakKaHYUMK Ha 100 Ma npuivMBarT
nepBbil OypepHBIM pacTBOp B KoOJMYeCTBe MNpuUMepHO 50 ML
NOrPYy>KalT B PAaCTBOP MAarHUTHYIK MeIIaJKy U KOMOMHUPOBAHHBIN
CTEKJAHHBIN 3JIEKTPOJ. JJIEKTPOJ paclojararoT N0 LeHTPY CTaKaHa
TaK, YTOObI OH He KacaJics ero AHa. CoeJUHAKT pa3beM CTEKJISTHHOTO
3JIEKTPOJZa C BOJIbTMETPOM, KOTOPbIX C MOMOIIbI0O COeAUHUTENBHOTO
NpOBO/Ia COeAUHSIOT C y4eOHO-J1ab0paTOPHBIM MOAYJIEM.

/lasiee MoAKJ/IIOYAIOT Yy4eOHO-1ab0paTOPHBIK MOJYJb K CETH.
Bbi6upawT TUNl 3KcllepuMeHTa OpMHOYHOe u3amepeHue. Ha
BkIaZKe [MapameTpbl ycTaHaBJAMBAOT €JUHUIbI H3MEHEHUS
JIONIOJIHUTEJIbHOTO NapaMeTpa €., a Iar U3MeHeHUs MapaMeTpa —
PaBHBIM HY.JIIO.

3aTeM BKJIIOYAKT I[epeMellMBaHUE pacTBOpa Ha TaKyIo

HUHTEHCHUBHOCTD, YTOOBI He O6paBOBbIBaJIaCb BOPOHKaA InpHu
epeMellinBaH U B 2JIEKTPO HE MMOITaAdJIv ITIY3bIPpH BO3AyXd. B okHe

Hdon. napamMeTp ycTaHaB/JWMBalOT 3HadyeHue pH nepBoro

oybepHoro pactBopa, Hanpumep, 1.65. [lo ucTeyeHUU NATU MHUHYT,
KOT/Zla 3HaueHHe BOJIbTMeTpa MepecTaHeT U3MeHATbCSA, QUKCUPYIOT

pe3yJAbTAaT HAXKaTHUEM KHOIIKH 3anuce.

[locsie u3MepeHHUs] CTAaKaHYUK, MeIlaJKy W HU3MePUTEJbHbIN
3JIEKTPO/, TIATEJbHO OINOJIACKUBAKT AWCTU/JIMPOBAHHOW BOJOM, a
3aTeM HeCKOJbKO pa3 OydepHbiM pactBopoM, pH KoToporo
MJIAHUPYIOT U3MepUTh. [loc/ie 4ero NnoBTOPSAIOT U3MepPEHHE BCeX NATHU
O6ydepHbIX pacTBOPOB IO BbIIIEONMCAHHON MeTOJUKe, (PUKCUPYS
M3MepeHUsI Ha y4ebHO0-1ab0paTOPHOM MOY.Ie.

[IpocMoTpeTh pe3yJibTaTbl W3MEpPEHUH MOXKHO BO BKJIaJKe
Tabnuua. IpoBepuTh JHMHEWHOCTh IpadrKa MOXKHO BO BKJIAJKe
Mpadukx.
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Pe3ysbTaThl UW3MepeHWM 3aMuChIBAIOT B TeTPaAb WU
NepPeHOCAT B 3JIEKTPOHHY0 Tabuuny Excel, B KoTopoil oueHb y/J06HO
obpabaThiBaTh 3KCIepUMeHTaJibHble JaHHble. Jlajee cTpoAT
rpailyupoBOYHBbIN TpadUK 3aBUCUMOCTH MOTEHIHAJNAa CTEKJSIHHOTO
aJieKTpoJa oT pH 6ydepHBIX pacTBOPOB.

OneiT Ne2. U3mepenue pH BogHBIX pacTBOPOB

Bo BTOpOM YacTu 1abopaTOPHOM pabOThI MPOBOASAT U3MEPEHUE
NOTEHIMaJIa CTEKJISHHOTO 3JIEKTPOJa B Pa3/IMYHBIX MCCAe[yeMbIX
00'beKTax: COKaX, IMUTbEBbIX BOJAX, YasAX MO0 YCMOTPEHHUIO
npenojaBaTesisi WU MO >KeJaHU CTyAeHToB. [locie naMepeHus
NOTEeHILMa/lla CTEKJSHHOrO 3JIEKTPOAA B pas3jIMUHbIX OOBbEKTax
NPOBOJAT IepecyeT B eAWHUIbI pH 1o rpailyupoBo4YHOMY rpaduKy,
NOoJIyY4eHHOMY B mpeabiayiiem onbiTe. s onpenenenus pH MoxHO
BOCIIOJIb30BAaThC TpaUYECKUM METOJIOM HWJIM K€ MCIO0JIb30BaTh
rpaZlyMpoOBOYHOE YpaBHEHHUE.

PEKOMEHZALIUU 110 O®OPMJIEHHNIO OTYETA

Kak mnpaBu/io, CTEKJSHHBbIM 3JIEKTPOJ HMEET BBICOKYIO
JIMHEMHOCTb TMOTEeHIMaJla B IIUPOKOM auana3doHe pH. /JlaHHbIe
9KCIepUMeHTa yI00HO 0QOPMUTH B BU/IE TAOIHUIbI:

pH 6ypepHoro
pacTBopa
1.65
4.01
6.86
9.18
12.45

Hwxe npexacrtaB/ieH TUIIOBOW TPaAydPOBOYHBIA rpaduk
KOMOMHMPOBAHHOIO CTEKJISHHOTO aJiekTpoaa npu 20°C.

Ec'r, MB
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400 E,MB

300

E = -55,384pH + 402,52
R® =0,9998

200

100

0

100

200

300
400

JlonycTUM @OpW H3MEPEHUM IMOTEHIHajJa  CTeKJSHHOTO
3JIEKTPO/Ia B KCCJIelyeEMOM 00'beKTe (HanpuMep, MUHEPAJbHOU BO/I€)
ObLJIO MOJIYy4eHO 3HaYeHHe noTeHMasia 53 MB. 3To o3HauvaeT, uto pH
MccielyeMoro o6’beKTa paBeH

E—-E, 53-403

H=
PH= 554

=6.32en.pH
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JIABOPATOPHAA PABOTA Ne5. OITPEAEJIEHUE
INPOU3BEJAEHUA PACTBOPUMOCTH
MAJIOPACTBOPUMOM COJIK METO/IOM
NNOTEHIUOMETPHUH

KPATKHUE TEOPETUYECKHWE CBEJAEHUA

LEJIb PABOTbI

J/1C raJibBaHMYECKOTO 3JIEMEHTA CKJIa[blBae€TCs U3 CKAYKOB
NOTEeHI[MaJla Ha FpaHuUlle BceX pa3 00pa3yrollux 3jeMeHT. [Ipu aToM B
dopmupoBanur I/IC ralbBaHUYECKOTO 3JIEMEHTA MOTYT y4aCTBYIOT
He TOJIBKO pa3HUIbl MOTEHLMAJIOB MeXy $pa3zaMM 3JIEKTPOLOB, HO U
pasHULa NOTEHUHUAJOB MeXJy MeTa/JlaMHu  00pasyrUUMHU
3JIEKTPOHONPOBOAALY0 a3y 3JeKTPOAOB — TaK Ha3bIBaeMbIU
KOHMAKMHbI NOMeHYyua/, a TaKXKe pasHHUIla MOTEHLHAJOB MEeXAy
dbazaMu pacTBOPOB 3JIEKTPOAOB — QUPPY3UOHHbIL NOMeEHYUa.

JAudPy3voHHBIM MOTEHIUAJ BO3HUKAeT Ha TIpaHUle [JBYyX
pPacTBOPOB M3-3a Pa3/IMYHbIX IOJIBUXKHOCTEN HOHOB, COJEPKalllXCS B
3JIEKTPOAHBIX PacTBOPax U/UJIM UX KOHIeHTpaUUU. ['aibBaHUYECKUA
3JIEMEHT MOXKeT MMETb OOUIUM pacTBOp 3JEKTPOJIMTA AJisl 000UX
3JIeKTpoZIoB. B aTom ciydyae auddPpy3noHHBIM noTeHUUANA OyaeT
OTCYTCTBOBATb. B pgpyrux  ciay4afgx = Ipu NpoBeJleHUH
3JIEKTPOXMUMUYECKUX H3MEPEHUM OT AMPPY3UOHHOrO MOTEHIHaJa
CTapalTCA MO BO3MOKHOCTH M30aBUTbCA. CyllleCTByeT HECKOJIbKO
CrIoco60B ycTpaHeHUs] AUPOY3HMOHHOTO TMoTeHIUasa. Haubosiee
NPOCThIM SIBJISIETCS UCMHOJIb30BaHUeE /ISl COeJJUHEHHWSI paCTBOPOB JIBYX
3JIEKTPOJIOB COJIEBOTO MOCTHKA, 3allOJIHEHHOTO pPacTBOPOM COJIY,
KaTUOHbl M AHMUOHBI KOTOPOW 00J1aJjlal0T MNPUOJIU3UTETbHO
oauHakoBbIMU noABUKHOCTSAMU (KCl, KNO3).

KoHTakTHBIM mNOTeHLMa/]l BO3HUKaeT B CJydyae, Korja
3JIEKTPOHONPOBOAAIIME  (pas3bl  3JEKTPOAOB  BBINOJHEHbl U3
pa3J/IM4YHbIX MeTaJJIOB. B CBSA3U C TeM, 4TO B HACTOsllee BpeMs HET
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NpAMBIX SKCIIEPUMEHTAJIbHbIX U PAaCYETHBIX METO/J0B OINpeJeseHUs
OTZEJIbHbIX CKA4YKOB IIOTEHIMaJla Ha TrpaHUlle pasjena ¢a3 B
raJlbBaHUYECKOM 3JIEMEHTe, 3HayeHHe IOoTeHIMaJia OT/eJbHbIX
3JIEKTPOJIOB NPUBOAAT OTHOCHUTEJbHO IMOTEHIMaJa KaKoro-J1ubo
CTaHJAPTHOTO 23JIEKTpoJa — I[epexol K YC/A08HOU  WKaJe
nomenyuasnoe. B stoM ciaydae npu pacyete 3/[C rajbBaHUYECKOIO
3JIeMeHTa KOMIIEHCUPYETCH KaK CABUI MOTEHIUaJOB OT/EJIbHbIX
3JIEKTPO/JIOB OTHOCHUTEJIBHO a0COJIIOTHOU IIKaJIbl MIOTEHIMAJIOB, TAK U
KOHTAKTHbIK  IOTEHIUaJl, KOTOPbIA BXOAUT B  YCJOBHBIX
CTaHAAPTHBIU 3JIEKTPOJAHbIA IOTEHIIHAII.

[IpuHATO BBIpaXKaTh MOTEHLMUAJb]l 3JIEKTPOJOB OTHOCHUTEJNBHO
CTAaHZApPTHOTO BOJOPOAHOrO 3JeKTpoZa (yc/l0BHasg BOJAOPOJHAA
IIKaJla NOTEHIMAJIOB), MOTEHLIMAJ KOTOPOTO NPHUHAT 3a HOJIb IpPHU
BCex TeMmIllepaTypax. [lyid onpenesieHUA 3JIEKTPOLHOIO NMOTEHIHasIA
3JIEKTPOJA COCTABJSAETCA TaJibBAHUYECKUW 3JIEMEHT U3 3TOrO
3JIEKTPOJAa U CTAHJApPTHOTO BOJOPOAHOro ajiektpojga — H*|Hgz, Pt
(aKTHUBHOCTb MOHA BOJOpPOJA MOAJEPKUBAETCS PABHOW €HWHUILE U
napuuajbHoe  JaBJieHMe  BOJOpoJa  HaJ  pacTBOpOM  —
1.01325 x 10> [1a). Ilepexos K YCJIOBHOW IIKajie TMOTEHIMAJIOB
N03BOJISIET M30aBUTHCA OT MHOTHUX TPYIHOCTEN 5|
HeompeAeJeHHOCTEN npu pelieHuHr 60JIbIIMHCTBA
3JIEKTPOXMUMUYECKHX 3a/1a4.

Corsacho mnpaBuaam MIOIIAK  ycaosuwili 3sn1ekmpodHbliii
nomeHyua/ UJIv NpoCTO 3/1eKMpOoJHbIl NOMeHYua/1 onpeaeaseTcs Kak
3/1C »sseMeHTa, B KOTOPOM CJieBa PacCIOJIOKeH CTaHAapTHBIU
BOJIOPOJHBIN 3JIEKTPOJ, a ClIpaBa — pacCMaTPUBAEMbIH 3JIEKTPOJ,.

HanpuMep, noTeHLuan KagMmueBoro asnekrpoga (Cd*" | Cd)
oynet paBeH J/IC asiemeHTa

Pt|H, | H"|| Cd*" | Cd.

[ToTeHnas paccMaTpUBaeMoro 3JeKTpoJa 00603HavyaeTcs IpH
5TOM cuMBoJioM E. B cOopaBoOYHMKax HNPUBOAATCA JC/A08HbIE
CmaHddpmHble  NOmMeHyua/vbl  3/4eKmpodog TPA  HEKOTOPOU
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TeMIlepaType, KOTOpble H3MepeHbl OTHOCHUTEJbHO CTAaHAAPTHOIO
BOJOPO/JIHOTO 3JIEKTPO/ia MPU COOTHOIIEHWH aKTUBHOCTEN BEIECTB,
Y4aCTBYIOUIUX B 3JIEKTPOJHON peaKIMU, pAaBHOM eJJUHUIIE.

Torpa, Ay19 paccCMOTpeHHOro0 NpUMepa, MOTeHIMaJl KaJJMUEBOTO
3JIEKTPOoJia OyZleT 3aMrcaH Kak

(0]
E cd**,cd T 2F lnacCiZ”

E

cd*,cd

o
cd**,cd

rae E — CTAHAAPTHBIN 3JIEKTPOAHBbIKM NMOTEHIMAJ KaJ]MUEBOTO

JIEKTpPOAA.

3anMch MW TNOPSI0OK MNpUMeHeHUsT ypaBHeHUus HepHcra
COXpaHSIeTC MpHU IepexoJie K YCJOBHOM IIKaje MNOTEeHIHAJ0B C
3aMeHOU @ ° Ha E°x. Torpa ypaBHeHue HepHcTa J1d yCJIOBHOM LIKaJbI
NOTEHIMAJIOB 3alIUIIETCS B BU/IE:

RT
E=E°+—In]| | a". 5
7F Hz I ( )

Beipaxkxenusa gada 3J/IC rajbBaHUYECKOro 3JieMeHTa Yepes
yCJIOBHbIE IOTEHIUAJbI Oy AET
E = EH - Ef[ ) (6)
rje Eq — noteHyuas npaBoro aJieKTpoAa, E;; — noTeHuyasa jgeBoro.
PaszHunia Mexzay CTaHAApPTHBIMUA MOTEHLUAJNIAMU 3JIEKTPOJOB
raJibBAHUYECKOTrO0 3JIeMeHTa HasblBaeTcd cmaHdapmHuim  3/C
JITAHHOTO TaJIbBAHUYECKOTrO0 3JieMeHTa W o6o3Havaercad E°. [ada

pPacCMOTPEHHBIX BbIllle NPUMEPOB TaJibBAHUYECKUX 3JIEMEHTOB
MO>KHO 3aIucaTh BbipaxkeHud A /1C.

1.Cd | CdClz | AgCl | Ag

3/1C aToro sasemeHTa

59



o RT o RT
E=E -E, :Ecr,AchAg _?lnaa _ECd2+,Cd _Elnamz* -
o 3RT
=E _—lnaCdClz’

/i€ deyy, — CPeAHsA aKTUBHOCTB pacTBopa CdCle.

2.Cd | Cd(NO3)2 ! NaCl | AgCl | Ag

3/1C aToro asemeHTa

RT RT
(@] o
E=E"__ ——1Ina._-E , ——1Ina_,.,
Cl™,AgClLAg F Cl Cd“",Cd 2 F Cd
rae da, — AaKTUBHOCTb HMOHOB XJIOpa B pacTBOpe NepBOro

JIEKTpOda, a — dKTHUBHOCTb MOHOB KaAMHA B pPaCTBOPE BTOPOI'O

Cd2+
JIEKTpPOAA.
3. Pt, H2 | HC1 || NaCl | AgCl | Ag

3/IC aToro asiemeHTa

o RT o
E :Ecr,AchAg Y F lnacr _EH+,H2 N oF lnﬁ
H,

rAe a, — AaKTHBHOCTb MOHOB XJIOpa B PacTBOpPE MEPBOro
3JIEKTPO/A, d,. — AKTUBHOCTb HOHOB BOAOPO/A B PACTBOPE BTOPOrO
3JIEKTPO/R, P, — OTHOCHTEJIbHOE NaplHalbHOe JaBJIeHe BOLOPOAA
Ha/l paCTBOPOM BTOPOTO 3JeKTpPo/a.

I/IC 2anbeaHu4eckozo 3/emeHmMa onpeodeasemcsi ypasHeHuem
HepHcma mosabko 8 Yyc/a08usix 06pamumo20 NpomekaHusl 8 HeMm
npoyeccos. IJTO COOTBETCTBYeT NPOTEKAHWUIO 4Yepe3 3JIEMEHT
OEeCKOHeYHO MaJsioro TOKa (6ecKOHeYHO Me/lJIeHHOe TMpPOoBeJieHHe
npoueccoB). [loatomy usmepeHue 3/[C 3snekmpoxumuuveckux uyenetl
cmpemsimcsi nposodumsb 8 YC/A08USsIX, Ko20a MOK 4epe3 3/eMeHm He
npomekaem uau 3mom mok 6ecKoHeuyHo maJ. B ycJ0BUsX TPOTeKaHUS
yepe3 rajibBaHUYECKUN 3JIEMEHT 3HAYHUTEJbHBIX TOKOB MPOUCXOAUT
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cyuiectBeHHOe yMeHbleHue 3/IC 31eMeHTa, KOTOpoe omnpenesdaeTcd
MHOTMMHM (QaKTopaMH, B TOM 4YHC/JIe, KUHETHUKOW 3JIEKTPOAHBIX
peakvy U ycJOBUAMU AUPPYy3UN BelleCTB BHYTPHU 3djeMeHTa. s
usMepenusa IJ/IC  3/JIEKTPOXMMHYECKUX  Lelerd  MOJIb3YITCA
KOMIIEHCALlMOHHOW CXeMOW WJIM IMOTEHLUOMETPAMHU C JOCTATOYHO
60JIbIIIMM BXOAHBIM COPOTUBJIEHHWEM (COTHU MOM).

XUMHUYeCKHe 1enu

['asibBaHUYeCKHEe 3JIEMEHTbl IEePBOT0 THMNA — XHUMUYECKUe
IeMu — TNpPeACTaBJASAKT COO0OM 3JeMeHThbl, COCTaBJEHHbIe U3
3JIEKTPO/IOB, Ha KOTOPbIX NpOTEKaT pa3JinyHbIE

3JIEKTPOXUMUYECKHE PeaKLUU.
Hanpumep,

Cu | CuClz | AgCl | Ag
Cd | CdClz | NaBr | AgBr | Ag

KoHleHTpanuoHHbIE IeNU

[asbBaHUYECKHE 3JIEMEHTHI BTOPOTO THUIIA —
KOHIIEHTpPAallMOHHble 1€ — MpPeACTaBJSAIT COO0W 3JIEeMEHTHI,
COCTaBJIEHHbIE U3 3JIEKTPOJ 0B, HA KOTOPbIX NPOTEKAIOT OJAWUHAKOBbIE
XMMUYECKUEe peaKIiy, HO KOHILleHTPalMyi pearupyrumux BEUeCcTB Ha
3JIEKTPOJaX pa3JIMUHBbI.

Hanpumep,
@D
Cu | CuSO4 | CuSO4 | Cu,
e > A0

! "
rae a., 4 da

Cu2+
3JIEKTpoAax, @p — AUGPQPY3UOHHBIM MOTEHIMAJ, BO3HUKAKIIUN Ha
rpaHUlIe PACTBOPOB.

pa3JiMdHbl€é AKTHUBHOCTHM HOHOB Me€IHW Ha

3anuiiem MMoTEeHL NAJIbI 000UX JIEKTPOAOB:

E =E° +ﬂlna'
2F

Cu2+ )
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Torpa 3/1C asieMmeHTa OyA€eT

a. .
E:Eln L
2F d’

Cu2+

Kak npaBuJio, pa3/inive B KOHIIEHTPALUSAX BelleCTB Ha pa3HbIX
3JIEKTPOAAX KOHIEHTPALMOHHbIX 3JIEMEHTOB MaJio, MO03TOMY
AP Py3nOHHBIM NMOTEHIAAJ BHOCUT CylEeCTBEHHbIA BKJIA/J, B O0IIYIO
3/C.

C ydyetom auddpysnonHoro noreHyuasa 3/[C raibBaHUYECKOTO
3JlIeMeHTa 00paTUMOI'0 OTHOCHUTEJbHO KaTUOHA OyAeT

vRT . a
E=t In—,
v.zF a;
rae t- — 4YMCJI0 NIepeHoca aHUOHOB, V — 00liee YUCJI0 GOPMYJIbHBIX
YacTUL, COCTaBJSWIIMX [JaHHbIA 3JE€KTPOJUT, V+ — UHUCJIO

GOpPMyJIBHBIX ~ 4YaCcTUL, KAaTUOHOB,  COCTAaBJAKIIUX  J[AHHbIA
3JIEKTPOJIUT.

J3/IC rasbBaHUYeCKOrO 3JieMeHTa OOpaTUMOTO OTHOCUTEJIBHO
aHWOHa OyzeT

VRT . d|
E=-t, In—=,
4
v zF a;
rge t+ — YHUCJIO IepeHoca KAaTHOHOB, V- — 4YUCAO0 (GOPMYJIbHBIX

HYaCTHUL, aHUOHOB, COCTAaBJIAIOLINX AaHHbe/’I IJIEKTPOJIHUT.

TepMoaunHaMuUKa 06PAaTUMBbIX 3JIEKTPOXUMHUYECKUX CUCTEM

U3MeHeHue sHepruu ['mbb6ca pAsg9 peakldyd, 00pPaTUMO
NpOTEKAKIIEN B raJIbBAHUYECKOM 3JIEMEHTE, MOKHO 3allUCaTh

ArG = - EZF

3anuilueM Takxe ypaBHeHUe ['M66ca — esibMroJibna
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Arc;:ArH+TdArG.
dT

Torga

zFdE

dT

Y4yuTbiBad, 4TO AJiA XMMHUYECKOHN peaKILiy ClIpaBeIJIMBO
AG=AH-TAS,

ZFE=—AH+T

OJIYYUM

As=—TF3E
dT

Takum o6pa3om, TemnepaTypHbli Ko3pduuueHt I/IC
OKa3bIBAEeTCs, CBfI3aH C HW3MEHEHWEeM JSHTPONHUH XHUMUYECKOHU
peakiyy, NpoTeKawIlell B raJibBAaHUUYECKOM aJieMeHTe. Ha mpakTuKe,
nsmepsss I/JIC raabBaHUYECKOrO  3JeMeHTa [pd  pPa3HbIX
TeMIlepaTypax U MOCTOSTHHOM JaBJI€HUH, Mbl MOXKEM OIpPEJIENUTh KaK
M3MEeHEHHWEe  JSHTPONMHM, TaK U  H3MEHEHWEe  3SHTaJbIUU
COOTBETCTBYIOIIEM XUMHUUYECKOU PEAKIIHH.

[loTeHIMOMeETpUA

IlomeHyuomempusi — memod ucca1edo8aHust, 8 0CHO8e KOMopozo
Jexcam mepmoouHamuyecKkue coomHoweHus1 ~ Mexcdy  3/C
3/1IEKMpPOXUMUYECKUX yenel, ¢ OOHOU CMOpPOHbl, U (PU3UKO-
XUMUYECKUMU hapamempamu pacmeopos U XUMuuvecKux peaxkyull c
dpyeoll. [loTeHIIMOMEeTPHIO UCIIOJAb3YIOT AJiS1 ONpe/iesieHUs]

—pH pacTtBOpOB,

—KOHCTaHT F'UAPOJIU3a CoJIeN,

—KOHCTAHT JIMCCOIMALMU KUCJOT U OCHOBAaHUH,

—IpOU3BEJEHUN pPacTBOPHUMOCTHU MaJIOpacTBOPUMBIX
cCoeIMHEHUH,

—KOHCTAaHT YCTOMYMBOCTU KOMILJIEKCOB,

—K030bUIIMEeHTOB aKTUBHOCTH UOHOB B pacTBOpax,
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—TepMOJUHAMHUYECKUX XapaKTEPUCTUK XHUMUYECKUX peaKIUuu
U T. I

MoHHOe  paBHOBecMe B  pacTBOpe  XapaKTepH3yeTcs
COOTBETCTBYIOIIUMHU TEePMOJMHAMHUYECKUMU KOHCTaHTaMH.
Hanpumep, A1 MaJiopacTBOPUMOr0 COeUHEHHUSs], TUCCOLMHUPYIOILIETO
10 YpaBHEHHUIO

AB =A*+ B-
paBHOBecCHE XapaKTepUusyeTcs NIpox3BeJleHUEeM
pPacTBOPHUMOCTH:
Ly=a,a, .

,Z[J'IH omnpeanesieHUd MNpou3BeAeHUAd PAaCTBOPHUMOCTH MOZKHO
COCTABUTb rajibBaHU4YECKHUU 3JIEMEHT

A|AB|DB||AC|A,

rae AC 1 DB — xopoumo pacTBOpUMbIe COJIM COOTBETCTBYIOLLETO
katuoHa (A*) u aHuoHa (B-), A*|A — aJjieKTpoJ NepBOro poja, a
B-|AB,A — a3jekTpos BToporo pojga. Ha asnekTpomax 6yayT
NPOTeKaTh CleyIole peaKIUuu:
At +e =A
AB+e =A+B-.
3anuuieM ypaBHeHUd HepHcTa Jiy1d 3THUX 3JIEKTPO/L0B.
RT, a,. RT
E1:E°+ +—In—= =E°. +—Ind'.,
A" A aA A" A F A
RT 4 RT
E,=E.  +—In—22=F° ——1Ina’
B™,ABA F aA aB_ B™,ABA B

JJIEKTPOJ, BTOPOTO POJA MOXHO NPEJCTaBUTb KaK 3JIEKTPOJ,
IEPBOr0 poOJia, TOJBKO C OYEHb MaJIOM KOHIEHTpalMern HOHa
MeTaJ/l/la, KOTopas OyJleT 3aBUCETb OT KOHIEHTPAllMU aHUOHA,
obpasymwllero ¢ HHAM MajJopacTBOpUMoe coeguHeHue. Toraa,
YYUTBIBAas BbIpaXKeHUE /151 NPOU3BEIEHUS PACTBOPUMOCTH, MOJYYUM
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RT o
E2 :E +?ln E —ln

Bripaxkenue g5 3/IC aToro ajieMeHTa OyAeT

! "

o RT . o RT, L RT . a,.a_
E=E -E,=E, +—Ind,,-E, ——In—2=—In2-FL,
S A
B
Takum o6pa3om, IPOU3BeJeHHE PacTBOPUMOCTH

MaJIOpaCTBOPHUMOI0 coeavHeHHsA cBsA3aHo ¢ J/[C paccMOTpeHHOro
3JlIeMeHTa, W [Ji1 ero omnpejejeHdss Heobxoaumo usMeputb 3I/IC
3JleMeHTa IPU M3BECTHbIX AaKTUBHOCTAX HOHa MeTajjia (A*) B
pacTBOpe NepPBOT0 3JIEKTPO/Ia U aHWOHA B~ B pacTBOpe BTOpOToO.

,Z[J'IH ornpeaesieHUA APYrux TEPpMOAWMHAMHUYECKHUX KOHCTAHT
HeO6XO,ELI/IMO COCTaBJIATb COOTBETCTBYHOIIHUE 3SJIEKTPOXHUMHUYECKHE
Oelnu 54 n3mMmepdad 150:¢ 3[[(: IIpH N3BECTHBIX dKTHUBHOCTAX
IoTeHouaJJonpeacjJadronmux BeleCTB BbIYUC/IIATb 3HA9Y€HHNEe KOHCTAHT.

[l ompejeseHUsi NMPOU3BEJEHUST PACTBOPUMOCTH XJIOpHUAA
cepebpa cocCTaBJ/isseTCs TraJbBaHUYECKUH 3JIeMEeHT, B KOTOpPOM B
KayecTBe OJJHOTO 3JIEKTPOJA UCIOJb3YETCA 3JIEKTPO/ | poaa, Apyrum
3JIEKTPOAOM CJYKUT 3JiekTpog, Il poma c ocajgkom wucciefyeMoro
COeJIUHEHMS Ha 3JIeKTPOJe

Ag | AgCl | KCl || AgNO3(aq) | Ag
Ha ssiekTpogax 6yAyT NpoTeKaTh Caeylolie peaKLuu:
Agr+e =Ag AgCl + e~ =Ag + Cl-.

CYMMapHaH peakKnud, npoTreKawilad B 3JIEKTPOXHUMHUYECKOM
3JIEMEHTE, COOTBETCTBYET peEaKIHUH O6pa3OBaHI/IH ucciaeanyemMoro
MaJIOPpaCTBOPHUMOTI'0O COEAMHEHHNA N3 HOHOB.

Ag* + Cl- = AgCL
3anuiieM ypaBHeHUs HepHcTa AJ1s1 3THUX 3J71€KTPOIOB.

RT,
+—-Ina, .,

EE
AAF
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o RT { o RT LAgCl
EZ:EC]’ACIA - lnacr:EA+A + In n
AgklAg | A8 F a,.
rAe a, . H a’. — aKTMBHOCTH MOHOB cepebpa W rajJoreHu/l-UoHa B

pacTBOpax 1miepBoOro 1 BTOPOIro aJIEKTPOA0B, COOTBETCTBEHHO.

Beipaxkenue a5 3/1C aToro asieMeHTa OyaeT

4 "

RT aA +aCl,
E=E,—E,=——In—*
F L
AgCl
Takum 06pa30M, IIPOU3BEACHHUE paCTBOPHUMOCTH

MaJIOpaCTBOPHUMOr0 coeavHeHUsA cBsA3aHo ¢ J/[C paccMOTpeHHOro
3JlIeMeHTa, W [Ji1 ero omnpejejeHdss Heobxoaumo usMeputb I/IC
3JleMeHTa IMpPU H3BECTHbIX AaKTHUBHOCTSIX HWOHaA cepebpa (Ag*) B
pacTBoOpe MepBoOro 3JieKTpoJa U aHruoHa Cl- B pacTBope BTOpOTO.

[I[pakTUYEeCKHM PpacCMOTPEHHbIW Ta/IbBAHUYECKUH 3JIEMEHT
COCTABJSKOT M3 JABYX 4YacTeM, KaKJasd U3 KOTOPbIX NpeACTaBJseT
COO0M COOTBETCTBYIOUIUKA 3JIEKTPOJA. IJIEKTPOAbl COENUHATCA
3JIEKTPOJIMTUYECKMM MOCTHUKOM 3amnoJiHeHHbIM pactBopoM KNO3 ¢
arap-arapoM. B cBfiI3u c TeM, YTO NOABMXXHOCTU HOHOB KaJiufl U
HUTpPAT MOHOB OJIM3KH, BeJIMYMHA AUPODY3HMOHHOTO MOTEHIMaa He
Oy[eT CyleCTBEHHO BJIMATH HA pe3yJibTaThl U3MEPEHUM.

[lepBoHava/sibHO 06€ 4YaCTH 3J€MEeHTa 3alOJIHAKT PacTBOPOM
AgNO3 g1 TOro, 4YTOObl HPOBEPUTHYUCTOTY MOBEPXHOCTHU
cepeOpPsSHbIX 3JIEKTPOJOB. 3aTEM, PAaCTBOP U3 OJJHOM YACTU 3aMEHSIOT
pPacTBOPOM raJjioreHu/ia Kajiusl (He npomwvieas npu 3mom CmakaH4yuk)
¥ OH NpuoOpeTaeT CBOMCTBA 3JIEKTPO/Ia BTOPOTO po/ia.

[lns HeGOJIbIIMX KOHILEHTpAllMM HOHOB B pacTBoOpe (MeHee
0.01M) 4 OTCYTCTBHUM MOCTOPOHHUX MOHOB MOXHO TMPHUHATH
AKTUBHOCTU HUOHOB PaBHbBIMHM HX KOHLEHTpPAUdAM UM MPOBOAUTH
pacyeThl 6e3 yyeTa KO3QPULIMEHTOB aKTUBHOCTH.
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OBOPY/JIOBAHUE

—Y4ebHo-s1a60paTopHbIKM MOAYAb «IJ/IEKTPOXUMUA»
—BoJsibT™MeTp

—TepMogaTYuK

—Py4yHou fo3aTop nepeMeHHOro o6'beMa 10 M
—MarsuuTHas MellaJjka, 21T

—CepebpsHbIE 3JIEKTPO/IbI

—CoJsieBor MocTUK ¢ KNO3 1 arap-arapom.

PEAKTHUBbBI U I1I0CY A

—XUMHUYECKUH cTakaH Ha 50 M1, 2 1IT.

—BoaHbIN pacTBOp HUTpaTa cepebpa, 0.01 Mosib/J1 MOJKUCAEHHBIN
azotHou kucsorTou (1,7 r AgNO3 Ha 1000 ms1 Boapl, 6-10 mu 65%
HNO3)

—BoaHbIl pactBop xnopuaa kanus, 0.02 mosab/a (1,49 r Ha 1000
MJI BOJIbI)

—IIpomMbIBasiKa C IMCTUIJIUPOBAHHOU BOJOU

NOPAAOK ITPOBEJAEHUA PABOTbI

Jlns mpoBeJieHUsI paboThbl Mpe/iBAPUTENBHO TOTOBAT PacTBOP
KCl koHnenTpanmuu 0.02M wu pactBop AgNOs 0.01 M (caerka
NOAKUCJAEHHbIM  Aa30THOM  KUCJOTOM  [Jid  NOpeAoTBpalleHHUs
ruziposn3a). CieayeT MOMHUTb, YTO PaCTBOpP HUTpATaA cepebdbpa MI0X0
XpPaHUTCS U JJIs MPOBeAeHH paboThl HEOOXOAUMO HCII0JIb30BaTh €ro
CBEXXEINPUTOTOBJIEHHBIM.

OnbiT N21. [IpoBepKa YUCTOTHI MOBEPXHOCTH
cepeopsHbIX 3JIEKTPO/JOB

[lepen  mpoBegeHWEeM  NepBOro  ONbITA  MOBEPXHOCTH
cepeOpsAHBIX 3JIEKTPOAOB OCTOPOKHO, HO TUIATEJbHO MeXaHUYEeCKU
OYMIIAIOT OT OKCHUJAOB WU CyJbOUJOB cepebpa, KOTOPble MOTJIU
00pa3oBaTbCsl NPU XpPaHEHUU 3JEKTPOJAOB. [ OYUCTKH MOXKHO
MCII0JIb30BaTh MEJIKO3EPHUCTYI0 HaX/JA4HYH Oymary W TyOKy AJs
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MBIThSI NTOCYAbl. BMECTO MeXaHMYECKOW OYMCTKHA MOXXHO 00paboTaTh
3JIEKTPO/J, KOHIIEHTPUPOBAHHBIM pPAacTBOPOM aMMHUaKa HECKOJIbKO
MUHYT.

Takyice B803MOJ}CHO NPUMEHUMb 3/4EKMPOXUMUYECKUL Cnoco6
ovyucmku 3/ekmpodos. B pacmeop Humpama cepebpa onyckawom
cepebpsiublll U Hepixcasewwuil — 3aekmpodsl.  [lodkarwuarom
ompuyame/ibHyrw — KjAemMMy K  Hepicasewuemy 3jgekmpody, a
NO/I0XCUMEAbHY — K cepebpsiHoMy. Bkawouarom cuay moka Ha 50 MA,
3/1ekmpodbl depicam 8 pacmeope Npu NOCMOSIHHOM NepeMeulu8aHuu 8
meveHue 1-3 MuHym 8 3agucumocmu om 3azps3HeHus. llocse uezo
3/1eKmpoaum  8bLIUBAIOM, CepebpsiHbIl  34€Kmpod NpOMbI8AHdM
ducmuAaupo8aHHoll 8000l

TmwaTesbHO BBIMBITbIE CTaKAaHYMKU Ha 50 MJI yCTaHABJIMWBAKOT
Ha paboyeyr NMOBEPXHOCTHU Y4EOHO-JIab0PAaTOPHOr0 MOAYJISA B LIEHTpeE
pa3MeTKHA MarHUTHBIX MELIAJIOK UM HAJMBAKT B KaXKJAbIM CTaKaHYMUK
TOYHO 1o 20 M1 3apaHee MNPUIOTOBJIEHHOI'O pacTBOpa HHUTpaTa
cepebpa. YcTaHaBJMUBAKT 3JIEKTPOJUTUYECKUN MOCTHK, CepebpsHbIe
3JIEKTPO/IbI, TEPMOJIATYUK (B JIIOOOW U3 CTAKAHYUKOB).

[

\\\\\\

=

B kaablil U3 CTaKaHYUMKOB MOMELIAIOT MAarHUTHYI MeUIaJsKy.
K  asexkTposaM  mOAKJ/IHOYAKOT  BOJBTMETP C  MOMOIIbIO
COEeMHUTEJIBHOTO  MpOBOJAa  «2  KpokoauJa».  BosbTMeTp
NOJAK/JIIYAKT K Yy4deOHO-sabopaTopHOMy Moay/aw. [logkio4danT
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MOAyJib K CeTH MW BKJ/IIOYAKOT THUII SKCIIEPHUMEHTA OAMHO‘IHOE

M3mMepeHMe. BkiyaloT MarHUTHYI0 MellaJKy Ha MUHHUMaJbHYIO
CKOpPOCTb NepeMellMBaHWs U (PUKCHUPYIOT INOKa3aHUs BOJIbTMETpA
1ocJie YCTaHOBJIEHHS PABHOBECHOI'O 3JIEKTPOAHOrO0 MOTEeHIMaJa, YTO
3aHUMaeT 00bIYHO 5-10 MUHYT.

Ecniy 3HayeHue 3/IC npeBblliaeT N0 abCOJIIOTHOMY 3HAYEHUIO
5 MB, 04YHCTKY NMOBEPXHOCTU 3JIEKTPOJOB MOBTOPSAT. U3MepeHHas
3/IC npepcraBisgseT CcOO0M  CHUCTEMATHUYECKYK)  IMOTPELIHOCTD
M3MepeHUs U CBSI3aHO B MEPBYI O04Yepelb C TEM, UTO 3JIEKTPOJbl B
pa3HbIX CTaKaHYUKAXx HUMEKT pPa3Hyl I0BEPXHOCTb, BKJIKYEHHUA
WHOPOJHBbIX XMMHUYECKHUX KOMIIOHeHTOB U T.. U3MepeHHywo 3I/IC
Heob6x0AMMO 3adUKCUPOBATh B TeTPaAU WJIMU TabJivIle pe3yJibTaTOB.
A npu BbIYMCIeHHWH JAedcTBUTesbHOM 3J/IC B caeaywlneM
3KCIIEpMMEHTeE 3Ta NOrPelIHOCTh YYUThIBAETCA

E..=E_ —E

JleCTB norp *

OnbiT N22. OnpeaesieHUe NPOU3BEAEHUS PACTBOPUMOCTHU

YcraHaB/aUBaKOT TUI 3KCIIepUMeHTa KuHeTuka.
YcraHaBauBawT WMHTepBan usMepeHnud Ha 10 cek. WH
KonuuecTtBo Touek 60. O61ee BpeMs cocTaBUT 10 MUHYT.

M3 crakaHYMKa € KaTOAOM BbLJIWBAlOT pPacTBOP HUTpATa
cepebpa U He nNpombieast HanvuBaT B Hero 20 MJ1 MOATOTOBJIEHHOTO
pacTBopa xJiopyjJa KaJjud. PacTBop B 3TOM CTakaHe J0JDKEH CTaThb
cierka MYTHbIM, 4YTO CBUJIETEJbCTBYET O BbINAJEHUM OCajiKa
TpyJAHOpacTBopuMou coau AgCl.

BkJIIOYalOT MarHMTHYI0 MellaJKy HA MUHUMaJbHYI0 CKOPOCTh
nepeMeninBaHus, HakuMaoT CrapT U OUKCUPYIOT MOKa3aHUS

BOJIbTMETpa IMOCJe YCTAHOBJIEHUA PABHOBECHOIO 3JIEKTPOAHOIO
noTeHIMa a, YyTo 3aHuMaeT 10-15 MuHyT. /15 3TOTO MOXHO B3SITh
cpefHee 3HayeHUe TOCJAeJHUX JeCATU TO4YeK, eCJd OHU He
oT/inyarTcsa 6osiee yem Ha 0,005 B. IlpousBoasaT usmepenue 3/IC
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raJilbBAaHMU4YeCKOro 3JieMeHTa U 3aHOCAT I0JIyY4eHHOe 3HayeHue B
tabauny. [lokazanus 3/1C J0KHBI ObITh MOJI0KUTEIbHBIMH.

3aTeM NpOU3BOJAT pa3baBJyieHWe pacTBOpa rajoreHuja B JiBa
pasa. [lsig atoro, oTrouparT nuneTkord 10 MJ1 pacTBopa ¥ MOMEILAT
BMecTo Hero 10 MJ1 JUMCTWJIJIUPOBAHHOW BoAbl (ILieJ1ec006pasHo
WCII0J1b30BaTh [JiBe MUIIETKU — OJHY [AJid pacTBOpa, APYryrH AJis
BoAbl). [IpousBoasaT nsMepenre 3/IC raibBaHUYECKOTO 3JIEMEHTA U
3aHOCAT IMOJIyY4eHHOEe 3HadyeHWe B Tabsuny. /[lasee nNOBTOPAKOT
pa3baBjieHHe ellé B JBa pa3a U B 4 pasa C Mnocjaefyroliyum
nsMepenueM 3/IC. Bce pe3ysibTaTbl QUKCHUPYIOT B TaOJIUILIE.

PEKOMEHZALIUH 110 O®OPMJIEHHNIO OTYETA

[IpoBOAAT pacyeT Npou3BeAeHHUS] PaCTBOPUMOCTH JIJIsl pa3HbIX
KOHIIEHTPaILlMi rajoreHu/i-uoHa, YCPpeaHSAIOT MoJy4YeHHOe 3HauYeHHUe
M CpaBHUBAIOT C JAHHbIMH TPUBEJEHHbIMHU B CIPABOYHOU
JIUTEpaType.

PekoMeH1yeMbI¥ BU/JT TaOJIUILbI

C(KcD, M Eusn, B E nozp. Edeiicme. LAgX

0

0.02

0.01

0.005

0.0025

[lepBoil cTpouyKe B Npe/CTaBJ€HHOM TabJiMIle COOTBETCTBYET
CACTeMaTU4yeCKasd IMOTrPelIHOCTh U3MepeHUs, KOTopasd He [AOJIKHA
npeBbiiaTb 5 MB. YdyeT 3TO MNOrpemIHOCTM  NPOU3BOJST,
PYKOBOJCTBYACH CJAeAYIOIUM npuMepoM. JonycTuM Enorp = 4.3 MB, a
nsMepeHHoe 3HadyeHue 3I/IC coctaBuao Eusw=356.8 MB. 3ToO
O3HAyaeT, 4YTO JelcTBUTesbHOe 3HayeHhe IJIC paBHO 356.8 -
4.3 =352.5 mB.

PacueT mnpousBeleHHS  PACTBOPUMOCTH  MPOBOAAT IO
cienyolei popmyie:
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'
RT aAg+ aCl_

E= In
F LAgCl
’ . " -’
rne a, . KOHIIEHTpalMsl UOHOB cepebpa; a; KOHI[eHTpalus
XJIOPUJ-UOHOB, BbIpa3uM Lagcl Uepe3 laHHOe YypaBHEHUe:
! 144
_ aAg+aCl_
Lagal = ——F—
e 00253

0,0253 = - 1pH 294K, e - ocHOBaHHWe HaTypaJibHOTO Jiorapudma

(npubsn3uTesbHO paBHO 2,71828).
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JIABOPATOPHAA PABOTA Ne6. OIIPEAEJIEHUE
KOHCTAHTbI AUCCOLIHUALIMHU CJIABOU KUCJ/I0TbI
KOHAYKTOMETPUYECKHUM METOZAOM

KPATKHUE TEOPETUYECKHWE CBEJIEHUA

[IpoBogHuKkUu | poa - MeTa/sIbl U UX PACIJIABbl, B KOTOPBIX
3JIEKTPUYECTBO MEPEHOCUTCA 3JieKTpoHaMUu. [IpoBoguuku Il poxa -
pacTBOpbl M  pacmjaBbl 3J€KTPOJIMTOB C UOHHBIM  TUIIOM
NPOBOAUMOCTHU. JJIEKTPOJIUTHI — BellleCTBA, KOTOPble B pacTBOpe WU

paciiyiaBe pacnaadarTcd Ha HWOHBbI — JJIEKTPHUYECKH 3apAKXE€HHbIE
YaCTHUILBI, CIIOCOOHbIE K CaMOCTOATEJIBHOMY CYylI€eCTBOBAHHWIO B 3THUX
cpenax. CuJibHBIE JIEKTPOJIUTHI - BelleCTBa, I[IPaKTHU4Y€CKH

MOJIHOCTBIO JUCcCcOuUUpyue npu pactBopeHuu B Boje (NaCl, HCI,
HNO3 wu T.n.). Cnabble 3J€KTPOJUTHI JUCCOMUPYIOT HA HOHBI
YAaCTUYHO (OpraHUYecKue KUCJI0ThI, BOJa, aMMHAK, CEPOBOIOPO).

[TosHOTA AUMCcOuMaL MU CAA00T0 3JEKTPOJUTA KOJTUIYECTBEHHO
XapaKTepU3yeTcs CTeNeHbI AUCCOLUMALMU O — OTHOLIEHWEe 4YHucia
MOJIEKYJI, pacnaBuxcsd Ha UOHBbI (Np), K 00IEeMy YHUCJIYy MOJIEKYJI
3TOrO0 3JIEKTPOJINTA, BBEJIeHHbIX B pacTBOP (No):

CTeneHb AMCCOLIMALIMM O BBIPAXKAIOT B J0JISIX €JUHUIIbl UJIH B
nporeHTax. CTeneHb JMUCCOLMALIMU 3JEKTPOJMTA 3aBUCUT OT
KOHIIEHTpaIlMM, TeEMIepaTypbl pacTBOpPa, XapaKTepa pacTBOPUTEJIS,
INPUCYTCTBHUSA B pacTBOPe 0OJJTHOMMEHHBIX HOHOB.

3aBHCHMOCTb MEXy CTeNeHbIo NYCCOLIMALINHU Q,
KOHIleHTpauuer C M KOHCTAHTOM JHCCOLMALIMHM 3JIEKTPOJIMTA
BbIpa)kaeTcs 3aKOHOM pa3BefieHUs OcTBa/b/a:

_a’c,
Y -a)
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r/le Co — KOHIEHTpalys KHUCJIOThI 0 AWUCCOLMAIMHU, O — CTeIlEeHb
JIMCCOIMAIMU KHUCJ0ThI B pacTBOpe.

Jlnsgd  yKCyCHOW — KHCJIOTbI  npu  TeMmmnepartype  25°C
Kn=1.85x105. Jlnga odeHb cjaboro 3jeKTpoJuTa a<<l, U Torja
BEJIMYUHOM O B 3HAMeHaTeJle MOXKHO NpeHeOpeyb:

2
Kﬂ—a Co-

JNEeKTPUYECKUA TOK eCThb YINOpAJO4YeHHOe IepeMelleHue
3apsKEeHHBIX 4YacTull. BcIKMM NMPOBOJHUK, MO KOTOPOMY TEYET TOK,
npeJCcTaBJ/seT [Jil HEro olnpezieJleHHOe CONPOTUBIJIeHHE R, KOTOpoe,
corJlacHo 3akoHy OMa, NpsiMO MPONOPLHUOHAJBHO AJIMHE NPOBOJHUKA
]l ¥ o06paTHO TNpPONOPLMOHAJBHO IJIOHMAAU  CedyeHUs  S;
KO3QPUIMEHTOM  MNPONOPUUOHAJBHOCTH  SBJSETCA  YAeJbHOE
CONPOTHUBJIEHWE MaTepUasa P — COINPOTHUBJIEHHWE IPOBOJHUKA,
vMemlero AJuHy 1 cM U cedeHue 1 cm?:

l
R=p—.
=

rZe p - yAeJbHOE CONpOTUBJIeHUE, (OM-M).

BennunHa W, o6paTHasg CONPOTHUBJEHUIO, Ha3bIBAETCS
3JIEKTPONPOBOIHOCTbI0O — KOJUYECTBEHHOW Mepbl CIOCOOHOCTH
pacTBOpa 3JIEKTPOJIUTA NPOBOJUTH 3JIEKTPUYECKHUUN TOK U 3aBUCUT OT
reoMeTpUYeCKUX apaMeTPOB MPOBOAHUKA:

S

W=x—.

[
rjae K-  yAeJbHas 3JIEKTPONPOBOJHOCTb, KOJIMYeCTBeHHad
XapaKTepHUCTHKaA CIIOCOOHOCTH IIPOBOJHUKOB POBOJUTDH

aJieKTpruueckui Tok (Cm/m).

3aBUCHMOCTH yAeJbHON 3JIEKTPOIMPOBOHOCTH OT
KOHIIEHTpPAllUM BOJHBIX PACTBOPOB HEKOTOPBIX 3JIEKTPOJIMTOB
npe/iCTaBJeHbl HA PUCYHKE HUXKE
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YaIl, Cm/m

80

Puc.1. 3aBUCUMOCTH y/e/IbHOM 3/IEKTPONPOBOAHOCTH OT
KOHLIEHTPaLUy BOAHBIX PACTBOPOB HEKOTOPLIX 3JIEKTPOJIUTOB.

[lpuy ¢c—>0 BesnMynHa K  CTPEMHUTCd K  yJeJbHOH
3JIEKTPONMPOBOJAHOCTH  YMCTOW  BOJbI, KOTOpasi  COCTaBJSET
npubanusuTesbHo 10> CM/M U 00yc/0BJeHA NMPUCYTCTBUEM HOHOB
H30* u OH-, BO3HUKawluMx npyd puccondauuy BoAbl. C pocToM
KOHIEHTpPALlMU  3JIEKTPOJIUTA yJeJibHasd  3JIEKTPONPOBOAHOCTH
CHayasJla YBEJMYMUBAETCS, UYTO OOBSICHAETCA YyBeJMYEHHEM 4YHC/IA
MOHOB B pacTBope. OiHaKo, 4yeM 6oJibllle MOHOB B pacTBOpe, TEM
CWJibHee  MpOSBJsETCS  B3aUMOJENCTBUE  MeXJy  HOHaMH,
NpUBOJSIIEe K 3aMeJVIEHUI0 JIBUKEHUS] HOHOB, a TaKXe K HUX
acconuauuu. IloaToMy mno4YyTH Bcerja 3aBUCUMOCTb Y/ eJbHOU
3JIEKTPONPOBOJAHOCTU OT KOHLEHTPALMU 3JIEKTPOJIUTA MNPOXOAUT
yepe3 MaKCHMYM.
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MosisipHasiHass 3JIEKTPONPOBOJHOCTb A — 3TO OTHOIIEHHUE
yAEeJbHOW 3JIEKTPONPOBOJAHOCTH K MOJIIDHOM  KOHIeHTpalUuu
pPacTBOPEHHOI0 BelleCcTRBa.

PasmepHocTb A — CMxM2/MOJIb

[Ipy ¢c—0 BeanynHa A CTPpEeMHUTCA K CBOEMY IMpeAeIbHOMY
3HA4YE€HHUIO Ao, OTBeYawlleMy OTCYTCTBUIO MOH-WOHHBIX
B3aUMOJEUCTBUHU. [l WJIIOCTPALUU 3TOT0 YaCTO MCIOJIb3YIOT
rpadrudeckoe npejcraByeHre B KoopaguHaTtax A=f(1/c):

A
A
KCl
Aq
CH,COOH

—
(&

Puc.3. 3aBMCUMOCTb MOJIIPHOM 3JIEKTPONPOBOAHOCTH pacTBopa
KCIl ot pa36aB/ieHusl.

B pacTtBopax cysabblX 3JIEKTPOJIUTOB, TIJl€ HOH-UOHHbIE
B3aMMO/JEMCTBUS NMPUBOAAT K 00pa30BaHUI0 HEUTPAJIbHBIX MOJIEKYJI
y>Ke TIPA 04YeHb HU3KHUX KOHIEHTpPAILUSIX WOHOB, BBIXO/J A Ha Mpene
9KCIIepMMEHTa/IbHO HA0JII0jaTh He YAAeTCs.
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PasBesieHre, IpH KOTOPOM [JIOCTUTAaeTCsl MaKCHMaJIbHOe
3HaYeHHE MOJISIPHOH 3JIEKTPONPOBOJAHOCTH, YCJOBHO Ha3bIBaeTCs
OECKOHEUHBbIM, a COOTBETCTBYIOIasi €My 3JIEKTPOINPOBOJHOCTD
Ha3bIBAE€TCS MOJISIPHOH 3JIEKTPONPOBOJAHOCTbIO NPU OGECKOHEYHOM
pa3BeieHUM.

. [ K 0
A, =lim| — |=| — |=const.
0\ ¢
JJNIEKTPONIPOBOAHOCTb  3JIEKTPOJIMTA  CKJAAbIBAeTCA U3
3JIEKTPONIPOBOAHOCTHU KaTHOHA M aHWOHA. [loaToMy MOXHO

paccMaTpuBaTh Ao, Kak aiJUTUBHOE CBOUCTBO:
— + i
A=A, +4,.

[IpencTtaBieHHOE BbIllle ypaBHEHHE SBJISIETCH BbIpaKeHUEM
3akoHa Kosbpaywma: MoJibHasg 3JIEKTPONPOBOAHOCTE pacTBoOpa
3JIEKTPOJIMTAa TNpPU OECKOHEYHOM pa3BeJleHUU paBHA CyMMe
MOJABUXXHOCTENM BCeX MOHOB B pacTBope. 3Has 3HAYEHUS MOJISPHOU
3JIEKTPONPOBOJAHOCTU TMpPH 3aJlaHHOM KOHLEHTpauuhd U MpU
OeCKOHEYHOM pa3BeJl€eHUU MOKHO BbIYHUCJIUTD CTENEHD AHUCCOLUALIAN
no ¢popmysie AppeHuyca:

IEJIb PABOTbI

OnpefleIUTb CTeNeHb U KOHCTAHTY JUCCOLMAIMM BOJHOTO
pacTBopa c/1aboro 3JIeKTPOJIUTA KOHAYKTOMETPUUECKUM METO0M

OBOPYZAOBAHUE

—Y4ebHo-1a60paTopHbIM MoAyAb «JJIEKTPOXUMUA»
—TepmoagaTyuk

—KouaykTomeTp

—CoeUHUTEeJIbHBIX NIPOBOJ, K JATYUKY

—MarsuvTHas Mellajaka
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—IlITaTHB Cc 1anKaMU

PEAKTHUBbBI U IIOCY A

—XuMn4eckuu crtakaH Ha 100 mur

—BoiHBINM pacTBOpP YKCYCHOW KUCJIOTHI, 2 MOJb/J (12 Ma ieAssHOU
YKCYCHOM KHUCJIOTbI NPUJIUTB K 88 MJ1 BOibI)

—Boanei pactBop KCI, 0.01 monb/a (0,75 r xsopuja Kajus Ha
1000 ms1 BoAbI)

—IIpoMbIBasiKa ¢ AUCTUIJIUPOBAHHOW BOJ O

NOPAAOK ITPOBEJAEHUA PABOTDI

[IoCKOJIBKY  KOHAYKTOMETPHUYECKHE  HU3MEPEHUS  CHUJIbHO
3aBUCAT OT TEMIIEPATYpPhbl, TO HEOOXOJUMO MPOBOJAUTH U3MEPEHHUS B
TEPMOCTATe WJIMU >Ke TNpPU pacyeTax YYUTHIBATb TeMIepaTypHYIO
3aBUCUMOCTb Y/eJIbHOW 3JIeKTPONPOBOAHOCTHU. [l03TOMYy B mepBOM
ONbITE NPOU3BOAUTCA U3MEpPEHHE TEMIIEPATYPbl PAaCTBOPOB.

OnbiT N21. U3MepeHue TeMnepaTypsl pacTBopa

B TumiatesibHO NMpPOMBITHIM CTakaHYUK Ha 100 My NpUIKWBAKOT
npuMmepHo 50 mus1 pactBopa xsopuaa kaaus KCl gjsg npoBegeHus
KaJIMOPOBKU KOHJAYKTOMETPUYECKOTO JaTYMKa UM U3MepeHUf
TeMIlepaTypbl pacTBOpa BO BpeMA 3KClIepHUMeHTa. TepMoAaTYUK
3aKpEeIJISIOT B JIalIKe IITAaTUBOB 10 LIEHTPY CTaKaHa TaK, YTOObI OH HE
Kacajicd ero JHa. TepMOJAaTYUMK COEAUHSAKT C TOMOIIbIO
COeJUHUTEJIbHOTO MPOBO/JA C Y4€O0HO-JIa00paTOPHBIM MOAYJIEM.

Jlasiee MoAK/IIOYAIOT y4eOHO-J1ab0pPaTOPHBIA MOAYJb K CETH.
BbibupawT TUN 3KcnepuMeHTa OpMHOYHOe u3amepeHue. Ha

BKIaKke UaMepeHMe [0/KHbl 0TOOpaXKaTbCsd KOHAYKTOMETP U
TEPMOJATYMK. BKJ/IIOUYAOT MarHUTHYK MeINIaJKy Ha MHUHUMaJIbHYIO
CKOpPOCTb W 4epe3 1-2 MUHYTbl (QUKCUPYIOT TeMmepaTypy
9KCIIepUMEHTA.
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OnbiT Ne2. Kain6poBKa KOHAYKTOMETPUYECKOTO JaTYUKaA

TepMozaTuMK OTK/IKOYAKOT, a BMeCTO Hero MNOAKJIKYAKT
KOHAYKTOMeTp. BbiOupaloT Tun 3kcnepuMeHTa OpMHOYHOE
namMmepeHue.

1) llorpy3uTh AATYMK B KaJUOPOBOYHBIN pacTBOP.

2) 3alTH B OKHO KaJUOPOBKMU AATYMKA U BBECTH KPYTHU3HY
(k=1.000) u caBur (b=0.000).

3) IlepedTH B peXUMM H3MEPEHHE U 3allOMHUTb TeEKYIlee
NOKa3aHHWe JlaTYMKa (HanpuMep, JaTYUK oToopakaeT 0,157)

4) CHOBa 3alTHU B OKHO KaJIMOPOBKU U BBECTHU B I10JI€ KPYTU3HA
3HaYeHHWe, paBHOE OTHOIIEHHUIO YJeJbHOW 3JIEKTPONPOBOJAHOCTHU
KaJMOpOBOYHOrO pacTBOpa K TeKylleMy IOKa3aHuw Kk =
0.141/0,157=0.8981).

5) Kannb6poBKa 3aKOH4Y€EHa.
s Toro, 4To6bl ONpeAe/UTb Kakoe 3HadeHUe KPYTH3HbI

yAeJIbHOU 3jieKTpornpoBoaHocTH (YIII) 3amaTh, HEOOXOAUMO 3HATh
CIpaBOYHOe 3HaYeHHe NP TEKYILIEeN TeMIlepaType pacTBopa.

o 0,117 {0,123 | 0,128 | 0,133 | 0,139 | 0,144 | 0,150 |0,155
CMm/M
t,°C |16 18 20 22 24 26 28 30

Jlns omnpeneseHUss WHbIX 3HAaYeHUW B AuanazoHe 15-30°C
ctpouTca rpadpuk 3aBucuMocTu Y3II oT TemnepaTypbl, HANPUMEDP, B
nporpamMme MS Excel. Ha rpaduk Hak/aablBalOT JIMHUIO TPeHAA U
BbIBOJAT YpaBHEHUE HA JUarpaMmy.
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[paduk ¥ ypaBHeHUe MO TabJivile MOJy4aeTCs CAeAyIoLIero
BU/IA.

0,18 -

0,16 -

0,14 -

0,12 -

0,1 -
K, Cm/m

0,08 -
0,06 -

0,04 - y =0,0027x + 0,0735
R?=0,9997

O T T T T T T 1
0 5 10 15 20 25 30 35

Temneparypa, °C

0,02 -

['padpyk 3aBUCHUMOCTH yAeJbHOW 3JIEKTPONPOBOJHOCTH K, OT
TeMIiepaTypsl pactBopa 0,01M xyiopuga Kaius.

YpaBHenue y=0,0027x+0.07235

/I BBIYMCJEHUS  3JIEKTPONPOBOAHOCTH TMPU  TeKyllen
TeMIlepaType - MOJACTABJSIOT BMECTO X IMOKa3aHUS TepMoJaTyuKa
WJIY OTIPeieIsItoT Mo rpaduKy.

OnbIT N23. U3mepeHue YIII pacTBOPOB YKCYCHOM KUCJIOTHI
Pa3/IM4YHON KOHIeHTPALUH

Kann6poBO4YHBIM pacTBOpP XJ0pHUJA Kaausl BblIMBarT. CTakaH,
MarHUTHYO MellaJKy 51 KOHJYKTOMETP OII0JIACKUBAIOT
JAVUCTU/IJIMPOBAHHOM BOJOM, MOCJ€e 4Yero B CTaKaHYMK MPUJIUBAIOT
poBHO 40 M1 pacTBOpa YKCYCHOM KHMCJAOTBI C KOHILeHTpalUueu
2 MOJIb/ 1.

Bk/iloyaloT mnepeMellMBaHHE pacTBOpa Ha MHWHHUMaJIbHYIO
WHTEHCUBHOCTb. B okHe J[lon. mnapamMeTp ycTaHaBJWBAKOT

3HaueHMe KoOHUeHTpauum /g 1nepBOro pacTBopa YKCYCHOU
KHCJOThI 2 MOJib/Jl. Yepe3 HEeCKOJIbKO MUHYT, KorZa 3HadeHue YIII
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nepecTaHeT U3MEHATHCSA, PUKCUPYIOT pe3yJibTaT HaXKaTHEM KHOIKHU
3anuchb.

[lanee mnoBTOpsAwT wu3MepeHue YIII pacTBOpPOB YKCYCHOU
KHCJIOTHI, IOJIYYEHHbIX IyTEM pa3baBJeHUs UCXOJAHOTO pacTBOpa B 2,
4,8 u 16 u T.1. pa3. PazbaBseHre Npor3BOAAT NyTeM 3aMeHbl 20 MJ1
HMCXOJHOT'O PACTBOPA TaKUM Ke 00'beMOM JUCTUJIJINPOBAHHOW BOJBL.

[IpocMoTpeTh pe3yjibTaTbl H3MEpPeHUNM MOXHO BO BKJIaJKe
Tabnuua. IpoBepuTh JMHEWHOCTh IpaduKa MOXKHO BO BKJIAJKe

Fpadomk. PesyabTaTbhl H3MepeHHUM 3alMCbIBAOT B TeTpajb WJIH
NEePEHOCAT B 3JIEKTPOHHYIO Tabsuny Excel, B KOoTOpod yZI00HO
00pabaTbhiBaTh IKCIIEpUMEHTAJIbHbIE JIAHHBIE,

PEKOMEHZALIMH 110 O®OPMJIEHHNIO OTYETA

PaccuuThIBalOT MOJIAPHYIO 3JIEKTPUYECKYI0 IPOBOJUMOCTD JIJIs1
KaXXJ,0M KOHLIEHTPAL MU UCCJIElyeEMOTO pacTBOPaA M0 YPaBHEHUIO:

K
A=—.
C
CTeneHb AMCCOLIMALIMM 3JIEKTPOJIMTA B PACTBOPE ONPEAEJSIOT
N0 ypaBHeHHI0 AppeHuyca /I  KaXAOW  KOHIeHTpaIlUuu
MCCJIeyeMOr0 pacTBOpa.

MoJsisipHYyI0 ~ 3JIEKTPUYECKYI0  MPOBOJUMOCTH  pacTBOpa
3JIEKTPOJIMTA NPU €ro npejejbHOM pasBeAeHUHU (A,) PaCCUMTHIBAKOT
no 3akoHy KoJsibpaymia, B3IB 3HauyeHHS MOJBHUKHOCTEW MOHOB
3JIEKTPOJIMTA B IIpeJiesibHO pa36aBJIeHHOM pacTBOpe.

[IpepenbHble  mnoaBW:KHOCTU  HWOHOB  H*  wu  CH3COO-
cooTBeTCTBeHHO paBHbI 349,8 u 40,9 Cm-cm2/mounb [A.Il. Kpewkos.
OcHosbl aHanaumuueckol xumuu. M.: "Xumus”, 1970. C. 74].
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[lo 3akony Kousbpayiia MoJisipHasi 3JIEKTPONPOBOJHOCTD
KHCJIOThI P 6€CKOHEYHOM pa36aBJieHUH paBHaA:

A0 = A9 (H*) + A% (CH3C0O0-) = 349,8 + 40,9 = 390,7 CM-CcM2/MOJIb.
Bce pe3yabTaThl pacyeTa 3aHOCAT B TaOJIUILY.

A,
CM-cM?/MOJI1b

¢, Moab/n | k,CM/cM a Kn

2
1
0,5

0,25

0,125
0,0625
0,03125
0,015625
0,0078125
0,00390625

KoHcTaHTy aAucconyanydy HcCaeyeMoro pacTBopa CJaboro
3JIEKTPOJIUTA PACCUMTBIBAKOT /I KaKAOW W3 KOHIUEHTpalUu
pacTBOpa N0 ypaBHEHUIO:

_ a’c
Y d-a)
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JIABOPATOPHAA PABOTA Ne7. OIIPEAE/JIEHUE
KOHUEHTPALMUU IIE/IOYUX METOAO0OM
KOHAYKTOMETPUYECKOI'O TUTPOBAHUA

KPATKHUE TEOPETUYECKHWE CBEJIEHUA

KoHayKTOMETpUS — 3TO 3JIEKTPOXMMUYECKHUN METO/, aHaJIU3a,
OCHOBAaHHBbIK Ha M3MEPEHUU  3BJIEKTPONPOBOAHOCTH KUJKHUX
3JIEKTPOJIUTOB, KOTOpPasi 3aBUCUT OT HUX KOHIleHTpaluu. JloCTOMHCTBA
KOHAYKTOMETPUSI O0OYCJ0BJIeHbl BBICOKOW YYBCTBUTEJbHOCTbIO
(HWKHSS rpaHUILIa ONpeJiesisieMbIX KOHLleHTpanu# 1o 10-> moJib/am3),
JIOCTaTOYHO BBbICOKAsA TOYHOCTb (OTHOCHUTeJIbHAs MOrPElIHOCTD
onpejie/ieHHMs OObIYHO He MpeBbilaeT 2 %), MpocToTa METOAMK,
JIOCTYITHOCTb anmnapaTypbl, BO3MO>XHOCTb MCCyieI0BaHUs
OKpallleHHbIX M MYTHbIX pAacTBOPOB, a TaKXe aBTOMaTH3alUU
aHaJIM3a U 9KCIPECCHOCTh MeTOo/1a.

MeToabl KOHAYKTOMETPUH OBIBAIOT IMOCTOSSHHOTOKOBBIE W
[IepeMEHHOTOKOBbIE TIOCJEJHUE MOTYT ObITb HM3KOYACTOTHBIMU
(uactora A0 10°T'1y) WM BBICOKOYACTOTHBIMU (4YacToTa 6o0Jiee
10> I'n). Passinyarot KOHTAKTHYO )i O6ECKOHTAKTHYIO
KOHAYKTOMETPUS B 3aBUCUMOCTHM OT HaJUYUSA WJIU OTCYyTCTBUS
KOHTAaKTa  MEeXJy  3JIEKTPOJMTOM W  BXOJHBIMU L eNsIMU
M3MEPUTEJIbHOTO NpUOOpa. B KOHAYKTOMETPUYECKUX H3MEPEHUsX
HauboJiee pacnpoCTPaHeHbl KOHTAKTHbIA HM3KOYAaCTOTHBIM U
O6ECKOHTAKTHbIA BbICOKOYACTOTHBIA METO/IbI.

B KOHTaKTHOW KOHAYKTOMETPUU H3MEPEHHUS MPOBOAAT C
MOMOIIbI0 KOHTAKTHbIX KOHAYKTOMETPUYECKHUX d4yeeK. [Ipu asToMm
yalle BCero UCMoJib3yrT 3JieKTpo bl U3 Pt, Ti ¥ HepkaBewIer CTaJH.
/151 ©3MepeHus paCTBOPOB C BLICOKOW KOHIEHTPAIUEN 3JIEKTPOJIUTA
(10-2-10-3 Mosib/AM3) MPUMEHSIIOT MJIATUHUPOBAHHbIE 3JIEKTPOAbI C
pPa3BUTON MOBEPXHOCTbIO, [IJII MCKJOYEHUS BJIHMSIHUS €MKOCTHU
JIBOMHOTO 3JIEKTPUYECKOTO CJIOSI Ha pe3yJbTaTbl U3MepeHUs
aKTUBHOT'O CONIPOTUBJIEHHUS pacTBoOpa.
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B mnpsmMoil KOHAYKTOMETPHUM OINpeAesisiloT KOHIeHTPaIUIo
3JIEKTPOJIMTA IO €ro yJeJibHOW 3JIEKTPONPOBOAHOCTH. [Ipu TakoMm
aHa/iu3e HeobXOAWMO CTPOUTH TIpaJyUpPOBOYHbIE TpadUKH, a
onpezie/leHME BelleCTB B NPUCYTCTBUU [JPYTUX 3JIEKTPOJUTOB
BO3MOXXHO, €CJH KOHIEHTpPAlMU IOoCJAeJHUX MOCTOsIHHBL I[IpsamMyto
KOHJYKTOMETPUIO TPHUMEHSKT IPH KOHTPOJIe pereHepanuu
HOHUTOB, OUHMCTKHU BOJbl, IPOMbIBKH OCa/iKOB, IPH OlleHKe KadyecTBa
BHH, COKOB M [JpPyruX HAalMWTKOB, YMUCTOTbl OpPraHUYECKUX
pacTBOpPHUTEJIEN, Ta30B, TBEP/AbIX COJIeM, TEKCTUJIbHBIX MaTeEpPUaAJIOB,
oymaru, 3epHa, MouBbl U T.J. YacTo aHajuM3UpyeMble 00pasiibl
npeiBapyUTEeJbHO CXKUTalOT, a BblJeJsnUecs rasbl MOTJIOUIAIT
NOAXOAALIMMU pacTBopaMu. [10 3/1eKTponpoBOAHOCTHU MOTJIOTUTEEN
MO>KHO KOJIMYECTBEHHO ONpeieIUTh KOJIMYECTBO rasa (B 4YaCTHOCTH,
COz, NO2, SO2), a, cnregoBaTe/NbHO, U COJlep>KaHHE COOTBETCTBYIOIIUX
3JileMeHTOB, HanpuMep, C, N, S, B MeTa/1ax, ciyiaBax U OpraHu4ecKux
coeJUHEHUSIX.

§ L, MCwMm | L, MCMm L, MCm

V, em? V, em3 V, em3

KpuBble KOHAYKTOMETPUYECKOTO TUTPOBAHUS:

a — TUTPOBaHMeE COJISIHOM KHCJI0THI CWIBHBIM OCHOBAaHUEM,
6 — TUTpPOBaHUE YKCYCHOM KHCJIOThI CUJIbHBIM OCHOBaHHEM,
B — TUTPOBAHHUE CMECH CEPHOM KUCJIOTHI U cy/ibdaTa MeaH
CUJIbHBIM OCHOBaHUEM.

KoHayKkTOoMeTpUiyecKkoe TUTPOBAaHUE OCHOBAHO HAa U3MeHEHUH
NPOBOJIMMOCTU pacTBopa NPU MPOTEKAHUM XUMHUYECKOW peakIuH,
CBSI3aHHOW C M3MEHEHHEM KOHIleHTpallUh HOHOB C pPa3JIMYHOU
NOJBUXKHOCTbI0. KOHAYKTOMETpUYeCKOe THUTPOBAHUE MPOBOAST B
BOJHbIX, BOJIHO-OpTaHUYECKHMX W HEeBOJHbIX cpejax. KpuBble
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TUTPOBAHUA, npeCTaBJsSOIUe cobou 3aBUCUMOCTb
3JIEKTPONPOBOJAHOCTU OT KOJIMYECTBA NPUOABJEHHOTO THUTPAHTA,
MMEIT M3JIOM B KOHEYHOM TO4YKe TUTpoBaHuUd. [Ipu TUTpoBaHUU
cMeceM 3JIEKTPOJIMTOB YUCJIO M3JI0MOB PAaBHO YMCJY ONpeJesisieMbIX
KOMIIOHEHTOB, B3aUMOJENCTBYIOIIUX C TUTPAaHTOM. PopMa KpHUBBIX
MOeT ObITh Pa3JIMYHOU.

KoHZlyKTOMETpHUYECKOE TUTPOBAHUE MOXKET OBITh OCHOBAHO Ha
pa3JIM4HbIX peakuusax. Hanbosiee MIMPOKO KUCHONIB3YHOTCH KUCIOTHO-
OCHOBHble  B3auMoJieMCcTBUs. Tak, pa3paboTaHbl  METO/bI
ornpezieJieHUs] B BoJile KUCJOT U ocHOBaHUU ¢ pK < 10, coseit cnabbix
KHCJIOT WA OCHOBAaHUM. [Ipy TUTPOBAaHUU CUJIbHBIMHU OCHOBAaHUSMU
CUJIbHBIX WJIM CJA0BbIX KHUCJOT 3JIEKTPONPOBOJHOCTh A0 KOHEYHOU
TOYKHU TATPOBAHUA COOTBETCTBEHHO NOHUKAETCA (Tak
BBICOKONOJBUXHble HOHbI H* 3aMeHAOTCSd MeHee MNOJABWXHBIMU
KaTUOHAaMU TUTpPaHTA) WM yBeJW4uBaeTcd (HanpuMmep, B
pe3yJbTaTe AYCCOLUALIAU COJIH).

[Ipy KU36BITKE CUJIBHOIO OCHOBAHUS MOCJe KOHEYHOM TOYKHU
TUTPOBAHUA 3JIEKTPONIPOBOAHOCTb pe3KOo yBeaudyuBaeTcd. llpu
TATPOBAaHUMU  COJIeM [0  KOHEYHOM  TOYKM  TUTPOBAHUA
3JIEKTPOINIPOBOAHOCTb CPABHUTEJIbHO MaJl0 U3MeHdAeTCd, TaK Kak
NOJIBU’KHOCTHA 3aMEeHSUUX APYr Jpyra HOHOB OJIM3KH, MO3TOMY
BO3MOX>XEH aHaJIu3 CMeCer COoJied C KHUCJIO0TaMU WJIM OCHOBAHUAMHY,
coJiep)kalliux oT 2 A0 5 KoMIoHeHTOB. [Ipy KOHAYKTOMETpPHUYECKOM
TUTPOBAaHWHM, OCHOBAaHHOM Ha KOMILJIEKCOOOpPA30BaHUH, KATHUOHBI
(HanpuMep, Fe3+, Cu?+, Pb2+) TUTPYIOT
3TUJeHAuaMuHTeTpaauetatom Na (3/ITA), a Takxe Taprpar-,
OKCaJ1aT-, UUTPAT-, LUAaHUJ-UOHAMU U JP.

KoHTakTHbIe MeTO/ibl OTJAUYAIOTCS BbICOKOW TOYHOCTbIO. OHM
NPUMEHSIOTCS He TOJIbKO [Ji1 XMMUYEeCKOro aHaJiu3a, HO U JJIs
M3y4YeHUs] KHHETHUKHU peaKIUui, onpejiesieHUsI KOHCTAaHT AUCCOLallUur
3JIEKTPOJINTOB, pacTBOPUMOCTH 0Ca/IKOB, K03()PUIIMEHTOB

AuPPy3un u T.A.
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[I[py KOHAYKTOMETPUYECKOM THUTPOBAHUM I€JI0YH CUJIbHOU
KHCJI0TOW NPOTEKaeT MIOHOOOMEHHAas peaKIisi HeMTpaJu3aluu:

H*+ OH- - H20

KoHayKTOMeTpHU4YeCKOe TUTPOBAaHHE OCHOBAHO Ha M3MEHEHUU
3JIEKTPUYECKOU MPOBOAUMOCTHA pacCTBOpa A0 U IM0OCJe KOHEYHOU
TOYKHU TUTPOBaHUSA. /0 KOHEYHOU TOYKU TUTPOBAHMUS C J0OABJIEHUEM
KaXXJOW CJeAylled MNOpIMU THUTPAHTA 3JEKTPONPOBOJHOCTD
pacTBOpa YMeHbIIaeTcs, TaK KaK YMeHbIIaeTCsl KOHIEHTpalus HOHOB
THJPOKCHJA 3a CYET peaKIUU HeUTpasus3auuu. [locie KoHedHOU
TOYKH TUTPOBAHHUSA A00OaBJeHHE TUTPAHTA NPUBOJAUT K YBEJUYEHUIO
BbICOKONIOABWXKHBIX H* HMOHOB W 3/IEKTPONPOBOJHOCTb HAYUHAET
pe3K0 BO3pacTaTh C YBeJIMUEeHUEM 00'beMa 100aBJIEHHOTO TUTPAHTA.

LEJIb PABOTbI

OnpenenuThb KOHIIEHTPAIHIO I[eJ04HU MEeTO/I0M
KOHJIYKTOMETPHUYECKOTO TUTPOBAHUS CUJIbHOM KMCJIOTOH.

OBOPYJ1OBAHME

—Y4ebHo-s1a60paTopHbIN MoAyAb «JIEKTPOXUMUA»
—KoHaykTomeTp

—CoeivHUTEe/IbHBIY IPOBOJ, K JATYUKY

—MarxsuTHada MellankKa

—Py4HOM f03aTOp NepeMeHHOT0 06'beMa

PEAKTHUBbBI U IIOCYIA

—XUMHYEeCKUM cTakaH Ha 150 mu

—PacTBOp 1mes104M ¢ HEM3BECTHOU KOHIleHTpalnyeun (B AUamnasoHe
ot 0.005 go 0.05 mosib/ )

—PactBop cosnsgHou kuciaotel 0.1 mMosab/n (8,58 ma 36%-Hou
COJITHOM KHUCJOThI MJIOTHOCTBIO 1,18 r/mu npuauBatoT K 600 M
JUCTUJIJINPOBAHHOW BOJibl B MepHOM KoJsibe 1000 M1 1 AOBOAAT
BOJIOM /10 METKHU )
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—MWuavkatop MeTus10BbIM OpaHxeBbiv 0,1% pacTBop
—HWuaukaTop peHondrtanenH 0,1% pactBop
—IIpoMbIBaJiKa € AUCTUIJIMPOBAHHOU BOJOU

NOPAAOK ITPOBEJAEHUA PABOTDI

Jnsa  Toro, 4YTOOBI  Jiyylle NOHATh  NpPEeUMYILecTBa
KOHJYKTOMETPUYECKOTO TATPOBAHUA nepej OOBIYHBIM
VHJVKAaTOPHBIM TUTPOBAaHUEM C BU3yaJIbHOU (UKCaAllier KOHEYHOU
TOYKU TUTPOBAHUA PEKOMEHAYEeTCA CHavyaJ/la IPOBEeCTH TUTPOBAHUE C
MHAVMKATOpPOM, a 3aTeM I[POBeCTH  KOHAYKTOMeTpUYecKoe
TAUTPOBaHHMe (B  KOTOPOM TaKXe BO3MOXHO /l00aBJIEHHUE
WHYMKaTOopa).

OnsIT N21. TUTpOBaHHUeE LIEJI0YU KUCJIO0TOU ¢ peHosIPTa/IeHHOM

B Tmate/sibHO NMpPOMBITHIM CTakaHYUK Ha 100 My NpUIKWBAKOT
poBHO 20 MJ1 pacTBopa L1eJIOYHM C HEU3BECTHOU KOHIeHTpalnueu. B
CTaKaHYMK IMOMEIAI0T MAarHUTHYI MEIIaJIKy U YCTAaHABJMBAKOT €ro
Ha paboyer MOBEPXHOCTH Yy4eOHO-1ab0paTOPHOTO MOAYJISI B LIEHTPE
OJHOM U3 pa3MeToK. K pacTBopy Iies04u A00aBJSIOT HECKOJbKO
KarneJib MHJAWMKaTopa (QeHoJpTajJeMHa [0 IMOsIBJIE€HUS MaJIMHOBOU
OKpacKH.

Jlasee BKJIIOYAIOT IepeMellMBaHWE pacTBOpa U NPOBOAAT
TATPOBAaHUE COJITHOW KHMCJIOTOM mopuussMd mno 1 wmu, [0
MCUYEe3HOBEHUsI MaJIMHOBOW OKpacKW. B TeTpagu GUKCUPYHOT 00bEM
TUTPAHTa B KOHEYHOW TOYKU TUTPOBAHMUS.

OnsIT N22. TuTpOoBaHHUeE LIEJI0YU KUCJTOTOU C METUIOBBIM
OpaH>KeBbIM

ComepkrMoe  CTakaHYMKa  BbLIMBalOT. (CTakaHYUK U
MarHMTHYI0 MellaJIKy OMNOJIACKUBAKT JAUCTU/IJIMPOBAHHOM BOAOU U
NOBTOPSIOT NpPEAbIAYIUA 3SKCIEPUMEHT, HCIOJIb3YS B KadecTBe
WHAWKATOpPa METHUJIOBBIM OPAHXKEBBIM.
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B TiaTesbHO NPOMBIThIM CTakKaHYUK Ha 100 Mu1 mpuavBaroT
poBHO 20 MJ1 pacTBOpa WLieJIOUM C HEU3BECTHOW KOHLieHTpauueun. B
CTaKaHYUK IMOMeLal0T MAarHUTHYI MeLIaJIKy U YCTaHABJWBAKT €ro
Ha paboyel MOBEPXHOCTHU Y4EOHO-JIaO0PAaTOPHOr0 MOAYJISl B LIEHTpPE
OJHOU M3 pa3MeToK. K pacTBopy mies04u [00aBJSAIOT HECKOJBKO
KareJib MHAWKATOPa METHUJIOBOTO OPAaHXXeBOTO.

Jlajiee BKJIIOYAIOT TMepeMellMBaHHWE pacTBOpa U NPOBOASAT
TUTPOBAHUE COJIAHOM KHUCJOTOM MOpuusAMU mo 1 mu, [0 mnepexoja
OKpaCKM M3 KeJITOM B po30ByHW. B TeTpagu QPUKCUPYIOT 00beEM
TUTPAHTa B KOHEYHOW TOYKU TUTPOBAHMUS.

OnbIiT N23. KOHAYKTOMEeTpHUYEeCKOe TUTPOBaHUE

CozmepXrMoe CTaKaHYMKa MOCJe MNpeAbIAyLIero TUTPOBAHUA
BbUIMBAKOT. CTaKaHYMK M MArHATHYK MeEILIAJIKy OIOJIAaCKUBAKOT
JUCTUJJINPOBAaHHOW BOJIOW. B THiaTe/JIbHO MPOMBITBbIA CTaKaHYUK Ha
100 ms1 nmpuauBawT poBHO 20 MJ1 pacTBOpa 1IeJIOYU C HEU3BECTHOM
KOHLEeHTpauuel. B cTakaHYMK NOMelaloT MarHUTHYI MellaJIKy U
yCTAaHAaBJMBAKOT €ro Ha  paboyed  MNOBEPXHOCTU  y4EOHO-
JIabopaTOPHOTr0 MOAYJIA B LIeHTPe OJHOU U3 pa3MeToK. [Ipu KesraHUH
MO>KHO JIONIOJIHUTEJNBHO J00aBUTh UHAUKATOpP (peHoNPTaserH HIu
METUJIOBbIU OPaHKEBDIU.

KoHayKkTOMETp 3akpemisioT B JiallKe HITaTUBOB MO ILEHTPY
CTaKaHa TakK, YTOObl OH He KacaJicl ero JIHa, U COeJUHSIIOT ero C
MOMOIIbI0 COEJUHUTEJBHOI0O IPOBOJia C Y4eOHO-1abopaTOPHBIM
MOJyJIEM.

Bei6bupatoT TUN skcnepuMeHTa TuUTpoBaHue. Ha Bkiaake

MamepeHue jomxkeH otobpakaTbcs KoHnpykromerp. Ha

BKJIagKe UamepeHume B rpade NMapameTp BbiOMPAIOT U3MEPEHUE
o6beMa M YyCTAaHABJWBAKT IlIar M3MeHeHUs I[apaMeTpa pPaBHbIM
eJIMHUILE.

[locne Kaxaod [J006aBKHM TMOPLUMM TUTPAHTA HEOOXOAWMO
Ha)kaTb KHOINKY 3anucb. TuTpyroT [0 UW3MeHeHUs IlBeTa
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WHAUKATOPA, IIOCJIE Yero JealT ellé 4-5 106aBOK NOPLMK TUTPAHTA
no 1 MJ1 1 mepexo AT Ha BKAaAKy Tabnuua uiu Mpaduk.

PEKOMEHZALIUHA 110 O®OPMJIEHHNIO OTYETA

[Ipy TUTPOBAaHUHU CUJIBHOTO OCHOBAHUS CHJIbHOM KHUCJOTOM Ha
KPUBOW KOHAYKTOMETPUYECKOr0 TUTPOBAHHUA HAOJIIOAAeTCA YeTKO
BbIpaKEHHbIA MUHUMYM.

YaIl, Cm/m

0.06

0.04

0.02

TouyHOe omnpegesieHMe KOHEYHOM TOYKM TUTPOBAHHUS MOXHO
NpoBeCTH TrpadpuyecKMM MeETOJIOM [0 JABYM KacaTteJbHbIM. [lo
U3BECTHOMY 00beMY 15| KOHI|eHTpaLuH TUTPAHTA,
COOTBETCTBYIOIEMY KOHEYHOW TOYKE THUTPOBAHUA HEOOXOAUMO
onpeAeJUTb KOHIEHTPAIMIO 111eJI0YU C HEU3BECTHOW KOHI|EHTPAlUEN
110 3aKOHY 3KBUBAJIEHTOB:

cVe=c V., ¢,=
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JIABOPATOPHAA PABOTA Ne8. OIIPEAEJIEHUE
KOHLOEHTPALUU KUC/IOTBI METOA0OM
KYJIOHOMETPUYECKOI'O TUTPOBAHUA

KPATKHUE TEOPETUYECKHWE CBEJIEHUA

B KyJ0oHOMeTpWH BellecTBa ONpPeAesIiOT HW3MepeHUEM
KOJIMYECTBA 3JIEKTPUYECTBA, 3aTPAa4YE€HHOI0 HAa UX KOJIMYECTBEHHOE
3JIEKTPOXHUMUYECKOe TMpeBpaileHre. KyjoHOMeTpHUYeCKUMU aHaiu3
NPOBOAAT B 3JIEKTPOJUTUYECKOU SYEUKE, B KOTOPYH MOMEUAOT
pacTBOp oOIpeJesiieMOro BellecTBa. [Ipy mozadye Ha 3J1eKTPOJbI
SYEUKHU COOTBETCTBYIOILETO noTeHMaJa IPOUCXOUT
3JIEKTPOXMMUYECKOe BOCCTAHOBJIEHHME WJIA OKHCJeHUe BelleCTBa.
CorJiacHO 3aKOHaM 3JIEKTPOJIM33a, OTKPbITBIM PapazeeM, KOJIUIECTBO
BellleCTBa, NMPOpearupoBaBIIEro Ha 3JIEKTPOJeE, MPONOPLHUOHAIBHO
KOJIMYECTBY 3JIEKTPUYECTBA, IPOLIe/lIero Yepe3 pacTBoOp:

n—=——
zF
rge n — KOJIMYECTBO BellecTBa, yLIaCTBYIOIJ_[eFO B
3JIeKTpOXI/IMI/I‘-IeCKOM BSaHMOﬂeﬁCTBHH, MOJIb,

() — KOJIM4eCTBO 3JIEKTpUYeCTBa, Kii;

Z — 4YHCJA0 3JIEKTPOHOB, Y4YaCTBYIOIIMX B 3JIEKTPOXUMHYECKOU
peakIuy;
F — nocrosgHHasa ®apajes (3apsj OJAHOrTO0 MOJIb 3JIEKTPOHOB),

F =qeNa=96485 Ki/Moub.

KosnuecTBO 3/1eKTpUYeCTBa, U3pAaCX00BaHHOE HAa MPOTEKaHUe
3JIEKTPOXUMHUYECKON peaKIiMM, MOXKeT ObITb MU3MepPeHO C MOMOIIbIO
MHTErpaTopoB TOKa WM KYJOHOMETPOB, a TaKXKe OIMpejeeHo
pacyeTHbIM MyTeM W3 3aBUCUMOCTH CUJbl TOKa OT BpeMeHH
IpOBeJIeHUS 3JIEKTPOJIN3A.

B KYJIOHOMETPUYECKOM TUTPOBAaHUU MCIOJIb3YHOTCS
XUMHAYECKHE pEeaKUUU pPa3JMYHbIX THUIIOB: KHUCJIOTHO-OCHOBHBIE,
OKHCJUTENbHO-BOCCTAHOBUTEJIbHBIE, KOMILJIEKCOOOpPAa30BaHUA U p.
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PasnuyHble BoccTaHoBuTe M (FeZ+t, Sn2+, Sb3+, As3* u p.) MOTyT OGbITh
OTTUTPOBAHbI, HaNpuMep, IepMaHTaHAaTOM, KOTOPbIA JIETKO
reHepupyetcd u3 MnSOs4 B d4ellKe C IJIaATUHOBBIM aHOZoOM. llpu
aHOJJHOM paCTBOPEHHMM XpOMa B CEPHOM KHUCJIOTe IMOoJy4YaeTcs
JMXpOMaT-UOH, KOTOPbIM TaKKe MOXeT ObITb HCIO0Jb30BaH MJis
TATPOBaHUSA. B  KyJIOHOMETpHMYECKOM THUTPOBAHUU  IIHUPOKO
NPUMEHSIOT TaKXKe CBOOOJHBIM OpOM, TeHEpUpPyeMbIM Ha
NJIATUHOBOM aHO/ie U3 OpOMHU/1a KaJIUs B COJITHOU KUCJIOTE.

WHauKaTopHas cCUCTeMa CAYXKUT [AJid UHAUKAUUU KOHEYHOH
TOYKHA TUTpOBaHUs. HauboJsiee yacTo A/ 3TOW LeJd MCIOJIb3YIOT
aMIIepOMETPHUYECKUN M TNOTEHIUOMETPHUUYECKUU METOAbl. B d4yerky
BBOJSAT HWHJAWKATOPHBIE 3JIEKTPOJbI: JBa IJIATUHOBBIX 3JIEKTPOAA
(mpu aMmnepoMeTpUYECKOW HWHAWKALMUU) WA I[JIATUHOBBIA U
KaJIoMeJIbHbIN 3JIEKTPO/IbI (nmpu NOTEHUOMETPUYECKOU
WHAVKAILUH).

Cuny TOKa WM  pPa3HOCTb  MNOTEHLMUAJNOB  HU3MEPSIOT
COOTBETCTBYIOIIMMH NpubOOpamMy, BXOJASAIIMMU B  KOMILJIEKT
YCTAaHOBKU [JJis TUTpoBaHUs. WHorja aAJs omnpejie/ieHHWST KOHEYHOM
TOYKH TUTPOBAHUS UCIOJb3YIOT POTOMETPUYECKUN METO/, MoMellas
d4YEeWKy B KIOBETHOe OTJAeJieHHe (OTO03JeKTPOKOJIOpUMETpA U
M3Mepsis CBETOIOIJIOLEHHME B XOJe TUTPOBaHHA. B oTAeNbHBIX
cay4asix KOHel TUTPOBAHUS yCTaHABJMUBAKOT BU3yaJibHO, HAIPUMED,
[0 TIOSIBJIEHHWIO OKPACKU pacTBOpPA, BI3BAHHOM W30bITKOM THUTPAHTA,
WJIY 110 OKpalllMBAaHUIO0 UHAUKATOPA.

KysloHOMeTpuyeCcKMH MeTOJ, aHa/iM3a HaxXOAUT LIUPOKoe
NpUMeHeHHe [JIs pelleHUs pafa CHelMaJbHbIX aHAJUTHYECKHX
3a/lady - aHaJiM3a MNpUMeced, MaJibIX KOJIMYECTB JieKapCTBEHHBIX
npenapaToB, onpejeseHUs1 coJiepKaHusl BelleCTB B GUOJIOrUYECKOM
MaTepuaJie U OKpyKamlleH cpejie, TOKCHYeCKHX BellleCTB.

Ji1 KyJIOHOMETPUYECKOT0 TUTPOBAHUS KUCJIOT MCIOJb3YIOT
OH--voHBI, 3JIeEKTpOreHepUpOBaHHbIE M3 BOJAbl Ha MJAaTUHOBOM
aJieKTpo/ie. [lJ1s1 NOBbIIEHUS 3JIEKTPONIPOBOJAHOCTH pacTBOpa BBOASAT
VHEPTHBIM CUJIBHBIK 3JieKTpoauT, 4valle Bcero KzSO4. Ilponeccsi,
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NPOUCXOAIMe Ha TeHepaTOPHOM  3JIEKTpPOJe, 3aBUCAT  OT
KOHI[EHTpAIlMM KHCJOTbl U CUJIbl TOKa 3JIeKTpoJsiu3a. B Havase
TUTPOBAHUS Ha IJIATUHOBOM KaTOJ/le BOCCTAHABJHBAIOTCSA TOJIBKO
IPOTOHBI TUTPYEMOU KUCJIOThI:

2H30* + 2e- = Hz + 2H>0.

ITo Mepe CHHUXXEHHUA KOHOEHTpPalluH KHCJIOThI Ha4YUHAETCA
BOCCTAaHOBJIEHHE BOJbI.

2H20 + 2e-=H> + 20H-.
M oJHOBpEMEHHO B pacTBOpe MPOTEKaeT peaKLus TUTPOBAHMS:
H30+* + OH- = H20.

3a KOHEYHOW TOYKOW TUTPOBAHHUA NOSABJAETCHI U30bITOK OH--
MOHOB, 4YTO MOHO OOHapyXUTh C I[OMOIIbI HHAUKATOpa —
deHosidpTasenHa, pacTBOP MPU 3TOM OKpAIIKMBAETCS B PO30BbIM 1|BET.

IEJIb PABOTbI

OnpeﬂeJme KOHIOEHTPAaNHo KHCJIOTBI B ucciaeayemMoMm
pacCTBOpE MeTO40M KYJIOHOMETPHUYIECKOI'o TUTPOBaAHHA C
BHU3YyaJIbHbIM Ha6J'IIOL[eHI/IeM KOHEYHOM TOYKU THUTPOBAHHA

OBOPY1OBAHHE

—Y4ebHo-1a00paTtopHbii  MoAysab  «JJIEKTPOXUMHUA»  co
BCTPOEHHBbIM UCTOYHUKOM TOKA C KYJIOHOMETPOM

—CoeiMHUTEeIbHBIY POBOJ, K JATYUKY

—CoelMHUTEeJIbHBIM IPOBOJ, «2 KPOKOAUJIa»

—3JJIEKTPOAbI U3 HEPKABEKWILIENU CTATU

—MarauTHada MelaJaka

—CoJieBOM MOCTHK, 3anoJiHeHHbIM KNO3 c arap-arapom

PEAKTHUBbBI U IIOCYIA

—XUMUYECKUH cTakaH Ha 50 M1, 21T
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—PacTBop coOJIIHON KHUCJOTbl C HEW3BECTHOU KOHLIEHTpallMed B
auamnasoHe ot 0.005 go 0.05 mosb/a

—MWupaukatop dpeHosdpTaIeMH UJIU METUJIOBbIN OpaHKeBbIH

—Bogubiu pactBop K2504 1.0 Mmosib/ 5

NOPAAOK ITPOBEJAEHUA PABOTDI

s KyJIOHOMETPUYECKOTO TUTPOBAHUS HEOOXOJUMO COOpaTh
YCTaHOBKY, TOKa3aHHYI0 HUKe Ha pPUCYHKEe

-

\\\\\\

=

OHa CcOCTOUT M3 ABYX CTAaKaHYMKOB Ha 50 MJI, coeJMHEHHBIX
COJIEBBIM MOCTHUKOM. B KaXXJJoM U3 CTAaKaHYMKOB YyCTAaHOBJIEH
3JIEKTPO/l U3 HeprKaBelllen cTaau. B cTakaHYuKe, B KOTOPOM OyZeT
NpPOUCXOAUThb TUTPOBAHUE, [AOJDKHA ObITh MellajgKa, KoTopas
pPaBHOMEPHO  pacmpejiesisseT CreHepUpoBaHHble Ha  KaTo/e
TUAPOKCUJ-UOHBI 110 BCEMY 00'beMYy pacTBOpa.

OnbiT N21. [IpeassieKTposins

B cTakaHY¥MKHA Ha/IMBAlOT pacTBOP (GOHOBOTO 3JIEKTPOJIMTA
cyabdaTta Kaiusg oobeMoM mo 50 MJ. JJIEKTPOJbl MOAKJIOYAKT K
WCTOYHUKY TOKa B pa3zbeM BNC c mnomMmolnbi CcOoeJUHUTESbHOIO
npoBoJla «2 KpoKoAuJaa». B cTakaHYMK C KaToJAOM J00aBJSIOT
HECKOJIBKO KalleJlb UHAUKATOpa U MOMELal0T MAarHUTHYIO MellaJIKy.
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Bk/itoyaloT npubop B CeTb U 3arpyKaroT THUI 3KCIepUMeHTa
OpumHouyHOe mamepeHme. Ha Bkiagke UaMepeHMe [0/DKHBI
oToopakatbcsad McTouHuk Toka, Kynonomerp u Mewanka. Ha
BKJIaKe UBMepeHMe o6HyJ/AI0T 3HaueHUe 3apsaja KyJOHOMETpa

(HakaB cHayasla Ha Haanuch KymoHomerp, 3atem BpBop) u
YCTAaHABJIUBAKOT CUJY TOKA B Auana3oHe 20-30 MA.

Bo BpeMsd npefia/ieKTpoJiM3a He0OXOAMMO OYEHb BHUMATEJIbHO
HaOJIl0JaTh 3a MepexXoJ0M OKpacKM MHJAUKaTopa (0T O6eClBETHOH K
MaJIMHOBOW, B CJy4Yae HWCHOJIb30BaHUsS (QeHoJpTalerHa, WU OT
KpaCHOM K JKeJTOW, B CJiydae MCI0Jb30BaHUA METUJIOBOIrO
OopaH>xeBoro). B MOMeHT M3MeHeHMs OKpacKM HWHJMKaTopa
3JIEKTPOJIM3 MpPeKpaljaloT MyTeM BbIKJKWYEHUS HCTOYHUKA TOKa.
Takum o6pa3oM, NpU NPOBEAEHUH MPeA3JIEKTPOJIN3a YCTPAHSAKOT
Mellawlllee BJAMSHUE BCEX OKUCIUTEJIEN, KOTOPbIE NPUCYTCTBOBAJIU B
KaTOJHOM IPOCTPaHCTBe.

OnbiT N22. KyJioHOMeTpU4YeCcKOoe TUTPOBAaHUE PACTBOPA KM CJIOThI
C HEM3BEeCTHOU KOHLleHTpauueun

Jlasiee He06XO0UMO CHOBA OOHYJIMUTH MMOKAa3aHUs KyJIOHOMeTpa.
Tenepp B TOT e CTakaHYMUK JJisl TUTPOBaHUSA (B KaTOAHOE
NPOCTPAHCTBO) J00aBJSAIT TOYHO 5 MJ pacTBopa KUCAOTHI C
HEU3BECTHOW KOHIEHTpaled W TMPOBOAAT TUTPOBAHHE IIpHU
asiekTposin3de ToKoM 20-30 MA [0 M3MeHeHMd LBeTa WHAUKATOpa.
OcTaHaBJMBAKT TUTPOBAHUE NyTEM OTKJIIOUEHUS UCTOYHHKA TOKA.

Tak mnoBTOpsAT TUTpPOBaHUe 3-5 pa3 [Ajasa pacTBopa C
HEU3BECTHOW KOHILIEHTPAlUEN KUCJIOTHI.

PEKOMEHZALINUH 110 OPOPMJIEHHUIO OTYETA

JKCIepruMeHTalbHO MoJIy4YeHHbIe 3HAYeHHUs 3apsja
ycpenusioTcd. [lo ycpeiHeHHOMY 3apsifly BbIYHUCASIOT KOJHUYECTBO
00pa30BaBIIMXCS IPU 3JIEKTPOJIM3e THAPOKCHUJ HOHOB IO 3aKOHY
dapages:
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Q

oH F’ rne

Q - KOJIMYeCTBO 3apsA/ia, ONpeieJIEHHOT0 KyJIOHOMETPOM B TOUYKE
3KBHBaJIeHTHOCTH, K

F - uncno ®apages, 96485, Kin/mMonb

Jlaree 1O 3aKOHY SKBUBAJIEHTOB MOXHO pacCYUTaTh
HEU3BECTHYI0 KOHLIEHTPALMIO KUCJOTHI AJii U3BECTHOTO ob6beMa V
B3SITOTO /IS THTPOBAHMUS:

nOH'
g = ,rae
%4

K

1 - KOJIM4eCTBO IT'MAPOKCHU/I-UOHOB, MOJIb
V — 06'b€M KHCJIOTHI, B3STOM JIJIsI TATPOBAHMUS, JI

B oTyeTe mo ys1labopaTOpHOM pabOTe PEKOMEHAYETCS CPAaBHHUTD
JIOCTOMHCTBA M HEJOCTAaTKM KYJOHOMETPUYECKOrO0 THTPOBAHHUS C
pa3/IMYHbIMU APYyTrUMH MeTOo/laMHU TUTPOBAHUS
(KOHAYKTOMETpUYECKOe, TOTEHIIMOMeTPHUYECKOe, BU3yaibHOE U JIP.).
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HIMO YHUTEX

MNMony4yatb 3HaHWA nerko!

Y,
&

Hay4yHo-npounsBoacTBeHHOEe 06beanHeHEe YHUTEX - 0TeYeCTBEHHbIN Pa3paboTyunk u
NMOCTaBLWMK COBpeMeHHoro y4vebHo-nabopatopHoro obopygoBaHuA. bonee 17 net
NMoMOraeM roToBUTb MHMKEHEPOB, XMMWUKOB W 3KONOroB. 3a 3TO BpeMA
3apeKoMeHgoBanm cebA B KavecTBe HAOEHHOI0 M 0TBETCTBEHHOO MOCTaBLUMKA.

ﬁﬁ Muccua HIMNO YHuTex - BcecTopoHHAA NoaneprKKa opraHmMsauum

y4ebHo-1abopaTopHbIX U Hay4YHO-UCCIIe[0BaTENIbCKUX MPAKTUKYMOB.

Mbl TaK e, Kak M Bbl, 3aMHTEpPeCcOBaHbl B MOBbLILEHNM KayecTBa obpasoBaHuA
MOJI0ObIX CMeumManncToB M roToBbl OCHaLWATh Knaccbl 1 y4ebHble nabopatopumn He
TO/IbKO COBPEMEHHBIM TUMOBbLIM 060pYAOBaHMEM, HO U pelaTb UHOAMBUAYaNbHbIE
3aa4u obpasoBaTesibHbIX YUPEKOEHUN BCEX CTYMEHEN, C Y4ETOM CrieumMduKm y4ebHo-
nccnenoBaTeslbCKON OeATENTIbHOCTM KarK40ro HaLLero KineHTa.

i Hawe 060PWJOBaHVIe 1 Ball OrbIT - 3TO OCHOBA Ka4yeCTBEHHOIo
NnpaKTnu4ecroro 06y‘-IEHMFl 6yﬂyLI.WIX cneunasnincros.

MbI npegnaraem:

x ,  CoBpeMeHHoe 06opyfoBaHue, MeToan4eckme nocobus
p: 1 MHCTPYKTUBHbIE MaTepuarbl.

KoMnieKcHble U HAMBUAYaNbHbIE EemeHMﬂ
O] ONA obpasoBaTesibHbIX OpraHn3aLui.

SO BcecTopoHHiolo noaaepKy npenoaaBaTtens B 0CBOEHWUN
%‘5} CoBpPeMeHHOro y4ebHoro o6opyaoBaHMA: Kypcbl MOBbLILLEHMSA
KBanuduKauum, becrnnatHoe obyyeHne N KOHCybTaLuuu.

M info@npounitech.ru Q 7 (3822) 99-20-22
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