@ % 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



YAK 541.13

JlabopaTopHbiv mpakTUuKyM «3JIEKTPOXUMUSA». MeToaudeckue
yka3zaHud. A.I'. Karupos. ToMck: usganue 2-e, ucnpasJjieHHoe, 2024 T,
96 c.

B MeToauuyeckux yKa3aHMSX IMpeACTaBJEHbl 00IMe MpaBUJIa
OpraHu3aluy JiabopaTOPHOro NPaKTHUKyMa Mo (PpU3UYECKOU XHMUMU.
KpaTko wu3/10XeHbl OCHOBHblE MOHSATHS 3JEKTPOXUMUHU. [locobue
SIBJIIETC ~ PYKOBOJACTBOM K  JlabopaTOpHbIM  paboTaM IO
3JIEKTPOXUMUN W MpeAHA3HAYEeHO MJisd CTYAEHTOB XHMUYECKUX MU
XUMHKO-TEXHOJIOTUYECKUX ClieliMaibHOCcTeU. [locobue Takke MOXKET
OBITb MOJIE3HBIM JIJIsl TpernoJaBaTesied XMMUU B TEXHUKYMaX, JUIeax
1 HEXUMUYECKHUX By3ax.

© Karupos A.T'., 2024
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OBIIUE TPEBOBAHHUA K O®OPMJIEHUIO OTYETA 110
JIABOPATOPHOH PABOTE

OdopmiieHre oTyeTa

JlabopaTopHasa paboTra — HeOOJbIIOW HAy4YHbIA OTYET,
00001IaOIIMK  NPOBENEHHYI  CTYAeHTOM paboTy, KOTOpYO
NpeACTaBAAIT MAJS 3alUThl npenogaBaTesito. K sabopaTopHbIM
paboTaM NpeabsBJsSEeTCA P TpeOOBAaHHWM, OCHOBHBIM M3 KOTOPBIX
SABJIIETCS II0JIHOE, MCYeplbiBalolllee ONUCAaHUE BCeW MNpPoJeaHHOMU
paboThl, MO3BOJISAIOIEE CYAUTD O MOJIYYEHHbIX pe3yJbTaTaxX, CTENEHU
BBINIOJIHEHHUS 3aJJaHUH U TPOPECCUOHATBHOW OATOTOBKE CTYZEHTOB.

TumyabHblll Aucm  ABASETCS TepBOW CTpaHUIEd JH06OH
HAay4YHOU pabOThl U JJiI KOHKPETHOIrO BH/Jia PabOOThI 3aMOJIHSETCS T0
ornpezeJeHHbIM NpaBuJaM. [yl jabopaTOPHOM PabOThbl TUTYJIbHbIU
JIUCT 0pOpMJIsIeTCS B COOTBETCTBUHU C NPUJI. 1.

Lleab pabombl [01KHA OTPaXKaTh TEMY J1abopaTOPHOM PaboThl,
a TakKe KOHKpeTHble 3a[jlauyH, OCTaBJeHHble CTYAEHTY Ha MepPUo/
BbINOJIHEHUSI Pa6b0Thl. [lo 06beMy 1iesib paboOThbl B 3aBUCUMOCTU OT
CJI0’KHOCTU M MHOT'033aJIJa4HOCTH pabOoThl COCTABJISIET 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 pasfesa He AOJKEeH KOMHUPOBATh
coJlep)KaHUue MEeTOJHUYEeCKOro Mocobus WM y4yeOHMKA MO JaHHOU
TeMe, a OrpPaHUYMBAETCS M3J0)KEHHEM OCHOBHBIX TMOHSATUH U
3aKOHOB, pacyeTHbIX (QopMyJ, TabJUl, TpPeOyUUXCA [IJ4
NaJbHeulen 00pabOTKM  MOJIyYEHHbIX  3KCIEPUMEHTAJIbHbIX
pe3ysibTaToB. 00'beM JIUTEPATYPHOTO 0030pa He JOJKEeH NPEBBIIIATH
1/3 4acTu Bcero oTyera.

OnucaHue 3KCNepuMeHmMasabHOll YCMAHOBKU U METOJUKHU
JKCllepyuMeHTa. B gaHHOM  pasjiesie  NPUBOAMTCA  CXeMa

5



SKCIIEPUMEHTA/JbHON YCTAaHOBKH C OINIMCaHHEM ee paboThl U
NOJIPOOHO M3JlaraeTcsl MeTOJMKa TMPOBeAeHUsT 3SKCIIEPUMEHTA,
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, JlMarpamMmmal. 06g3aTesIbHO
HEO00XO0JJMMO OLIEHUTD MOTPEITHOCTH U3MEPEHUU.

AHaau3z pe3ysabmamos pabomsl. Paszgen oTdyeTa [OJKEH
cojepxaTb MNOAPOOHBIA  aHaJM3 [OJIyYeHHbIX  pe3yJIbTaTOB,
MHTEePIpETALUI0 3TUX Pe3y/JIbTaTOB Ha OCHOBe PU3UYECKUX 3aKOHOB.
CieayeT CpaBHUTb MOJIyYeHHble pe3yJbTaTbl C MW3BECTHBIMHU
JIUTEPAaTypPHbIMU  JJAaHHbIMHM,  OOCYAUTb  UX  COOTBETCTBUE
CYLIECTBYIOIIMM TeOpeTUYEeCKUM MojensaM. Eciu ob6HapyKeHo
HECOOTBETCTBUE [OJYYEHHBIX pe3yJIbTaTOB U TeOopeTHUYECKUX
pacyeTOB WJMU JIMTEPAaTypPHbIX [JaHHBIX, HEOOXOJAMMO OOCYyJUTH
BO3MO>KHbI€ IPUYUHbI 3TUX HECOOTBETCTBUM.

Bbigodsi. B BbIBOAAX KPAaTKO HU3J1aralOTCs pe3yJibTaThl pabOThI:
NOJIy4YeHHble 3KCIIEPUMEHTAJbHO WJM TeOpPEeTUYeCKH 3HaYeHUud
$GU3MYECKUX BEJIMYUH, UX 3aBUCUMOCTH OT yCJOBHUH 3KCIIEPUMEHTA
WJIYM BbIOPAHHOM pacyeTHOMU MOJeJIH, YKa3blBaeTCsd UX COOTBETCTBUE
WJIM HECOOTBETCTBHE 3aKOHAM M TeOpPeTHYECKUM MOJeJIsM,
BO3MO>KHbI€ NIPUYMHbI HECOOTBETCTBUS.

HpI/IGJIPDKEHHbIe B€JIMYUHbI U AEﬁCTBHH C HUMM.

3anuchb pe3yJibTaTOB WU3MEPEHUU U BBIYUCJIEHUU NPOU3BOJAAT
TaK, YTOObI U3 HUX ObLJIa BUJHA TOYHOCTh, C KOTOPOH BbINIOJIHEHBI 3TH
fenctBusi. JItoOble [aHHbIE, MOJIydyaeMble UW3MEpPEHHEM, Bcerjaa
NPUOJIMXKEHHBI, MOCKOJbKY HMX TOYHOCTb 3aBUCUT OT MHOTHUX
00CTOSITEJILCTB M B MEPBYI O4Yepelb — OT MOTPENIHOCTH CPEACTB
M3MepeHus.

Hanpumep, eciu mpu H3MepeHHH TeMIlepaTypbl MOCJAeIHSsA
nudpa okasasacb HyJieM, TO e€ HeJb3sl OTOGpackiBaThb. Hampumep,
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JIATYMK TemInepaTypbl Noka3biBaeT «25.30°C». 3TO 03Ha4aeT, 4YTO
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  BhIMOJIHEHWM  apUPMETUYECKUX  JEeWCTBHM  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 HauMeHbIIUM 4YHUCJIOM 3HAKOB. Hampumep, pad CyMMbI
«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
NPOMEKYTOUYHBIX BbIYMCJEHUAX 3HAYALUX LUUPP JOHKHO OBITH Ha
O/JIHY OOJIbIIIE,

HpI/I BO3BE€AE€HHWHU B CTE€II€EHb HWJ/IM HU3BJIE€YEHHHN KOPHA B
pe3yabTaTe ciaedyeT OCTaBJATHb CTOJIBKO 3Ha4YalllHUX LU/ICbp, CKOJIBKO
HUX COAEPHKUTCA B UICXOAHOM HYHUCJIE.

BbrluvcieHus MW 3alKCH, BbINOJHEHHblE C HapylleHUeM
BBILIEONUCAHHbIX NpPAaBWUJ, SIBJSIOTCI HErpaMOTHBIMHM, TaK KakK He
OTBEYAKT JIEUCTBUTEJBbHOW TOYHOCTU pPe3yJIbTATOB pPabOTHI.
CobuitofileHre 3THUX NMpPaBUJI, C APYTOM CTOPOHBI, 06JIeT4YaeT pacyeThl,
TaK KaK M03BOJIIET OTOPOCUTH JIMIIHUE UUPPHI lepe], BbIITOJHEHUEM
BBIYMCJIUTEJbHBIX ONlepalUi.

OIMOKHU U3MepeHUu

Cucmemamuyeckue OwubKU OAVWHAKOBblI 1O 3HAKy M
00yC/JIOBJIEHBI TOCTOSIHHO [JEWCTBYKOUIUMHU (aKTOpaMu, KOTOpble
MOKHO Y4YeCTb WJIM WUCKJIW4YWATh. 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 OHM pPABHOBEPOSITHHI 1O 3HAKy U
HNOJAYMHSIIOTCS 3aKOHY HOPMaJIbHOTO pacHpefesieHUsi, COrJIaCcHO
KOTOPOMY BEPOSITHOCTb KPYIHbIX OIIMOOK MEHbIIE, YEM MEJKHUX.

IIpomaxu — 3TO rpyOble OLIMOKH, BbI3BAaHHbIE HAPYILIEHUEM
YCJIOBUM 3KCIIEpMMEHTAa UJIM HEOPEKHOCThIO B paboTe. Hanpumep, B
X0Jle  JKCIepHUMEeHTa CaMONpPOU3BOJbLHO  MEHSJIOCb  CeTeBOe
HaNpsi>)keHHe, B TO BpeMs Kak TpeboBaJIOCh ero MoCcTOSIHCTBO. My 1o
HEBHHUMATEJIbHOCTU ObLI cAesaH oTcyeT «1.1», B TO BpeMs Kak
npu6op nokaswiBas «1.01». Pe3yspTaTbl ¢ rpyObIMH OIIMOKAaMH B
npolecce 06pabOTKU IPHU HAJIMYUK 000CHOBAaHUW OTOPACHIBAIOT.

[IpaBUIBHOCTH pe3yJbTaTa, TO eCThb HaJinyve
CUCTEMATHUYECKOM OLIMOKH, BCEr/la He TPYAHO MPOBEPUTD, NMOJIb3YACH
CTaHJAPTHBIMH WJW 3TAJIOHHBIMHA 00pa3naMu. ITOT NPUEM LIUPOKO
WCHOoJIb3yeTCcsd B NpakThke. OH MO3BOJIIET HAXOJAUThb IOINPABKH, C
NOMOIIbI0 KOTOPbIX MOXHO MOJIYyYUTh NpPaBUJIbHbIE 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 HM3MepeHUU. JleCTBUTENbHO, NMPU
OJJHOM-/IBYX HW3MEPEHHSAX He MCKJIIOYAeTCs BO3MOXKHOCTb TOrO, YTO
OHM OYAYT BbINOJIHEHBI C 60JIbIION OIMOKOU. [Ipy MHOTOKpaTHBIX Ke
M3MepEeHHUsX, COIJIaCHO 3aKOHY HOPMaJIbHOTO paclpe/ie/ieHUs
CAy4YaWHbIX BeJIMYUH, BEPOSITHOCTb MHOTOKPAaTHOTO TMOSIBJAEHUS
KPYIHBIX OIIKMOO0OK 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  caHmMuMempo8oll JAeHmMoll  u3mepsiiom OJAUHy
OKPYIHCHOCMU MepuoduaHd, nyue4Hozo adpa llapb-nywKu u meHHUCHO20
Msua. UsmepeHue Kakol 8e/nuyuHbl dacm 60/1bUWyH 0OMHOCUMEAbHYIO
nozpewHocmsy?

Ilpu usmepenuu paduyca kKpyza ¢ moyHocmbvilo do 0.5 cm
no/ay4uaocs yucjao 12 cm. Hatidume abcoarOmHy0 U OMHOCUMEAbHYHO
nozpewHocmu njiowadu Kpyaa.

Boinosnume apugmemuueckue deticmgeusi HA0 NPUGAUHCEHHBIMU
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 abcoAOMHYI0 no2pewHoOcmb YHKyuu y =xxm (m —
J1060€ delicmeumesibHoe YUC/10).

JJieMeHTapHasA MaTeMaThu4ecKas 00paboTKa pe3y/IbTaTOB
U3MepeHUuu

YToObl  MOJYYUThb  pe3yJbTaT, KakK  MOXHO  OoJiee
NpUOJMKAIOIIUNCT K JEWCTBUTEJbHOMY 3HAYEHHUIO OIpenAeaseMou
BeJIMYMHbI, U3MEPEHUS BBINOJHAIT MHOTOKPATHO U U3 HUX HAXOJAT
cpefHee apuPpMeTUYECKOE OT BCeX 3HAYEHUU (MCKJIo4Yas MPOMaxu),
KOTOpOe W MNPUHUMAKT 3a (PaKTUYECKOe 3HavyeHHhe H3MepseMOou
BEJINYMHBI.

C_ Attt

n



[locko/sibKy 3Ta BeJMYMHA TNPUOJU3UTEJNIbHAsI, CJeAyeT
OXapaKTepHu30BaTb €€ TOYHOCTb. B KayecTBe XapaKTepPUCTHUKHU
TOYHOCTHU B MPOCTEHUIIHUX CAy4yassX MOJIb3YIOTCS BEJUYUHON cpeaHen
OLLIUOKHU.

— |Aa,|+|Agy|+..+

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

Korpa onpenensiemMas BequdyudHa fABJAseTCA QYHKIUEH He
OJHOW, a HECKOJIbKMX MU3MepsieMbIX BeJIMYMH, TO MW OUIMOKa
onpejesieHUs] 3TOW BeJUYMHbl 3aBUCUT OT OUIMOOK H3MepeHHUs
COCTABJSAOIIMX BeJUYMH. Tak KaK OIMOKM HECOM3MEPHMO MeHblle
CaMHX U3MepSeMbIX BeJUYUH, MOXKHO 3aMeHUTb HX Pa3HOCTU
audpepeHInaIaMH. Tor,aa'

AY

da ‘— db+ ‘— dk

BbluMc/MM  OTHOCUTEJIbHYI0  OIIHMOKY  pe3yJabTaTa  AJs
NpOCTeNIINX QYHKIUH:

(3(A+B)AA+ 0(A+B) AB
AY OA

o hn _A+AB
A+B A+B
AY ‘a(gZB)Am‘a(g;B)AB AA+AB
Y=A-B - _ A4
Y A-B A-B
AY ‘a(;B)AA+‘a(AB)‘AB A AB
Y=A-B _ _|pd
Y AB A B
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6(lnA)AA
AY | OA A
InA AlnA

HanpumMmep, npu onpeaesieHUU MOJIEKYJISIPHON MacChl BellleCTBa
KPHUOCKOIMYECKUM METO/,0M MO0JIb3YIOTCS YyPaBHEHUEM:

Km,
m, (T1 - Tz) ,

Y=In4

rAe mi WU 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 0.05 0.003+0.003
M m T CT, 10000 5000 0207

=0.0002+0.001+0.029=0.0302.

1 m

M3 pacdyera craenyer, 4YTO OTHOCUTeJIbHAsd MOrPElIHOCTb
onpejiesieHUs MOJIEKYJIIPHOM MAcChl KPUOCKONIUYECKMM METO/ZIOM He
3aBUCUT OT MOJIEKYJSIPHOW MacCbl, ¥ HauOOJbIIYI NOTrPEIIHOCTb
BHOCHT OIIIMOKA ompejiesieHUs] pa3HOCTHM TeMIepaTyp 3aMep3aHMus.
[loaTOMy /i MOBBILIEHUA TOYHOCTHU ONpeJesleHUs MOJIEKYJISPHOU
MacChbl, B INEpPBYH o4yepelb, HEOOXOJUMO TNOBBIIIATb TOYHOCTH
nsMmepeHuda AT.

'paduuyeckoe n3oopakeHre IKCIePpUMEeHTAIbHbBIX JAaHHbIX

Hawnb6oJiee BbipasuTesibHasi, ”HGOpMaTUBHAsA M y100HasaA dopma
npeACTaB/JieHUs] 3KCIEepUMEHTANbHbIX JaHHbIX — Trpaduyueckasl.
[locTpoeHue rpadprika HAUMHAIOT C BbIOOPA €ro pa3MepoB U MaclliTaba
KOOpPAWHATHbIX oced. (04YeBHAHO, 4YTO B IMeJsAIX COKpallleHus
HEWCNnoJb3yeMoON IJIOWAAA rpadpuka He cJjieJlyeT HauMHaTb OCb C
HyJis, KOTJa OTKJajJiblBaeMasi BeJIMYMHA W3BEeCTHA He C HyJs.
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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 [o0/KHBI ObITh 0003HAYeHbl C yKa3aHUEM pPa3MepPHOCTH.
Eciu wv3sMepsemble BeJUYUHBl BbIPAXKAKTCA MHOTOpa3pAagHbIMU
qUudppaMy, TO KX 3aANUCBIBAIOT 4Yepe3 MHOXUTeJb 107, KOTOpBIU
CTaBAT pPAJAOM C YCJIOBHBIM 000O3HadyeHWeM OcCU. Bo u306exaHue
NyTAaHULbl B 3KCIIEPUMEHTAJIbHBIX TOYKAX NPU HAaHECEHUU Ha OJWH
rpapuK HECKOJIbKMX 3aBUCUMOCTEM KaXAYH TOYKY OOBOZAAT
KPY>KKOM, TPEeYTrOJIbHUKOM WJIH IPYTor PUTYPKOW.

Ilo IOCTaBJIE€HHBIM TOYKaM CTPOSAT JIMHUIO —
(QYHKIIMOHAJIBHYI0 3aBUCHMOCTb. TakK KaK CJy4aWHble OILIMOKH
HeU30eXXHbl, TOYKM MOTYT pacrnoJiaraTbCs Ha rpadpukKe C HEKOTOPbIM
pa3opocom. [loaToMy JIMHHIO POBOASAT TaK, YTOObI OHA NMPOXOAUJIA
BO3MOXKHO OJIMKe KO BCeM TOYKaM, a TOYKHM pacrnoJiarajvch
CUMMETPHUYHO U PABHOMEPHO OKO0JIO JIMHUU. OOBIYHO NpsIMbIe CTPOSAT
C MOMOILBI0 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 -

3aBHCHMMOCTb NOTEHIMAJIa CTEK/JISHHOTO 3JiIeKTpoAa oT pH 6ydepHbIx
pacTBOpOB(NpUMep NPaBUIbHOr0 0popMiieHHs 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 ABJIIETCA JOKYMEHTOM, 10 KOTOPOMY CYJAT O XapaKTepe
paboThl, O KayecTBe ee BBINOJHEHHUSA U 00 YpOBHE KBaJW(PUKALUHU
WCIIOJIHUTEJI. YPOBEeHb KBAJMQPUKALMM NPOSABJISIETCI B TOM, Kak
HCIIOJIHUTEJIb POPMYJIMPYET MOCTAaBJIEHHbIE MEPE/] COO0U 3aJa4H, KaK
NOHUMAeT W MCHOJIb3yeT TeOpPeTUYeCKHH MaTepras, HaCKOJIbKO
NPaBUJIbHO U JIOTUYHO U3JIaraeT 3KCIIepUMeHTAJIbHYIO 4YacTb paboThI,
KaK aHa/IM3UpPYeT U OlLleHUBAEeT IMO0JIyYeHHble pe3yJibTaThl, KaKue
JlesiaeT BbIBOAbI. OTCHZa cjaenyeT, YTO OTYET MO JIabOpaTOPHOU
paboTe COYKUT CpPeACTBOM pa3BUTUS HABBIKOB IO TJIYOOKOMY
OCMBICJIEHUIO BBINOJIHAEMbBIX 33aJlaHU UM yMeHUs BbIpaKaTb CBOU
CY>KJleHUSI HAyYHbIM SI3bIKOM.
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JIABOPATOPHAA PABOTA N21.3JIEKTPOJIUS.
3AKOH ®APAZIEA

KPATKHUE TEOPETUYECKHE CBEJEHHUA

INEKTPOIN3 — U3UKO-XHUMUYECKHUM MPOLIECC, COCTOSIIIUNA B
BbIJIeJIEHUU Ha 3JIEKTPOJAX COCTAaBHbIX 4YaCTed PACTBOPEHHBIX
BelleCTB WU JPYTUX BelleCTB, ABISIIIUXCA pe3/IbTaTOM BTOPUYHBIX
peaKkLMi Ha 3JIEKTPOJaX, KOTOPbIM BO3HHUKAET MPU MNPOXOXKAEHUHU
3JIEKTPHUYECKOI0 TOKA Yepes3 pacTBOP, IMOO paciiaB 3JIeKTPOJIUTA.

YnopsijoueHHO€e ABWXXEHHWE HOHOB B MPOBOASIIUX KUAKOCTSX
OPOUCXOAUT B  3JIEKTPUUECKOM TII0Jie, KOTOpoe  CO3JaéTcs
3JIEKTPOJAaMU — TMPOBOJHHUKAMH, COE€AUHEHHBIMM C IOJIIOCAMU
MCTOYHHUKA 3JIEKTpUYECKOW 3Heprud. KaTtomom mnpu sjeKTposiu3e
Ha3bIBAETCA OTPHULLATEJIbHBIU 3JIEKTPO/, aHOLOM — MOJIOKUTEbHbIH.
[losi03kKTE/IBHBIE NOHBI — KAaTHUOHbI (MOHBI MeTaJlJIOB, BOAOPO/AHbIE
VMOHbI, MIOHbl AaMMOHHUS U AP.) IPU 3JIEKTPOJIU3€e ABUKYTCH K KaTOAY,
OTpHUIlaTe/ibHble MOHbl — aHWOHbI (MOHbI KUCJOTHBIX OCTAaTKOB U
TUAPOKCUJIbHOU IPYIIbI) — ABUXKYTCS K aHOAY.

3 -

AHOJ[ o KATO/
-9 ©= g [
e
- e ® =g |-

Ha oTpunatesbHOM  3JIEKTpPOJle  MPOUCXOJUT  MPOIECC
BOCCTAHOBJIEHHS], COMIPOBOXKAAUUKACS MOTJIONeHUEM 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 3sekTpoJsiu3e Ha aHOJEe NMPOTEeKaeT peaKlUsi OKHUCJIEHHS.
Hanpumep, 3/ieKTpoJiu3 XJOPHUJOB CONPOBOXK/JAAETCS BblJeJeHUEM
razoo6pa3HoOro xJopa Ha aHo/l€:

2Cl--2e — Cl2

B 3aBUCMMOCTH OT XUMHUY€ECKOM NMPUPOJIbI HOHOB 3JIEKTPOJIMTA
NPOAYKTHI 3JIEKTPOJU3a CUJIBHO OTJHWYATCA. boJiblloe BAMSAHHE Ha
IpOTEKaHHWe  IIPOLECCOB  3JIEKTPOJIM3a  OKa3blBAeT  INpUpo/Ja
3JIEKTPO/IOB, U Npex/e BCero, aHo0B. PasjinyaroT HepaCTBOPUMbIE U
pacTBopuMble aHoAbl. B KayecTBe HepacTBOPUMBIX aHOZOB
NPUMEHSIOT rpaduT, 30JI0TO M IJIaTUHOBbIe MeTaJliibl, PbO2, RuO2 u
JIpyryde BellecTBa, MMelolde OOJblINe MOJIOKUTEeJIbHblEe 3HAYEHUS
PaBHOBECHBIX 3JIEKTPOAHBIX IMOTeHIUaJOB. HekoTopble MeTaJljibl
NpaKTUYECKH He  pacCTBOPSKTCA HM3-3a BBICOKOM  aHOJHOU
MoJIIpU3allMM, Hallp¥uMep, HUKeJIb Y »KeJjie30 B IeJIOYHOM pacTBOpE,
TUTAH, TaHTaJI, Hep>KaBelolas CTalb.

PacTBoprMble  3JIEKTPOJbl  OKMCJASAITCI B Ipoliecce
3JIEKTPOJIM3a U B BHUJIE MOHOB IEPEXO ST B PACTBOP 3JIEKTPOJIHTA.
PaccMoTpeHHe 3/1eKTPOXUMUYECKUX TIPOLIECCOB B C/Iy4yae OTCYTCTBUS
NeperopoiKyi Mex/y aHOAHbIM U KaTOJHbIM MPOCTPAHCTBOM CJieJyeT
HayWHAaTb C TMPOLIECCOB OKMUCJEHHWS 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% =96485 K1 /MoJ1b,

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

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

noctosiHHas ®apanes, 96485 Ki/Moub.

B kayecTtBe mnpumepa, onpefesdM KOJUYECTBO KHUCJIOPOZA,
00pa30BaBLIErOCS MPU 3JEKTPOJIU3€E BOABI IPU NMPONYCKaHUU 3apaja
B 100 Kin. Ha aHoZie npy 3/1eKTpoJiM3e BOJbI NPOTEKAeT CAeAYyHIas
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 COOTHOIIEHHE MOXHO 3allMCaTh Kak

n

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

n Q 100

e

Y. T Tar 4
x 96485

MossgspHbIi 060bEM HAeaNbHOTO Tras3a MpPU HOPMaJbHbIX
ycaoBusax (273.15 K, 101.325 klla) paBeH Vi 22.414 x 10-3 M3 MoJsibl,
cJeJloBaTeJIbHO, 00'beM Ira3a OyJieT paBeH:

V= 5.83 M

fIBJieHHEe 3/1eKTPOoJiM3a LIUPOKO NMPUMEHSETCS B COBpEMEHHOM
NPOMBIIIJIEHHOCTU. B 4acTHOCTH, 3/1eKTPOJIM3 SIBJSETCS OJHUM U3
Coco60B MPOMBILIJIEHHOTO TOJIyYeHUs aJIOMHHHUSA, BOJOPOJa,
JUOKCHAA MapraHlia, MepoKCcHJa BOAOPOJA, XJ0pa, THUAPOKCUA
HaTpusd. BoJibllioe KoJMYeCTBO MeTa/lJIOB H3BJEKAeTCs W3 PYyA U
No/iBepraeTcsl nepepaboTKe C MOMOILbI 3JIEKTPO3IKCTPAKIUUA M
3JIeKTpopaPpUHUPOBaHUSA. TakKe 3JIEKTPOJIM3 SIBJSIETCA OCHOBHBIM
npoieccoM, 6Jiarogaps KOTOpoMy OQYHKIMOHUPYET XUMHYEeCKUU
HMCTOYHUK TOKa.

=0.26 MMOJIb

JJIEKTPOJIN3 HAXOJUT NPUMEHEHHE B OUYMCTKE CTOYHBIX BOJ:
NPOLECCHI 3JIEKTPOKOAryJIsIl|UH, 3JIEKTPOI3KCTPAKILUY,
aJiekTpodioTauuu. [lpuMeHsieTcsa JJi1 HaHeCeHUS METaJINYeCKUX
NOKPBITUH NPU XPOMHUPOBAHUH, HUKEJIUPOBAHUHU, 30JI0YEHUH U JIP.

LHEJIb PABOThI
JKCIlepUMeHTaIbHO TOATBepAUTh 3akoH @apajes nyTeMm
KOJIMYECTBEHHOTO onpeneseHUs NpPOJIYKTOB 3JIEKTPOJIU3a

pPa3JIMYHbIX BOJAHBIX pAaCTBOPOB
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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-s1a00paTopHbii  MoAysab  «JDJIEKTPOXUMHUA»  co
BCTPOEHHBIM UCTOYHUKOM TOKA U KYJIOHOMETPOM

—JJIEKTPOJIM3EP C MPOOMPKAMU JJis1 COOpa ra3on

—MeTasindeckue anekTpobl (Cu, HepxK)

—MoHeThI 6eJ10T0 U XKeJITOTO LIBeTa

—CoeiHUTEIbHBIU IPOBOJ, €2 KPOKOAUIA»

—CoeHUTENbHBIN NPOBOJ K JATYUKY

—KoMIJIeKT IITaTUBOB C JIallKaMU

PEAKTHUBbBI U IIOCY A

—XUMUYeCKUU cTaKaH 400 mu

—XuMU4YecKUu ctakad 100 mu

—XuMHudecku ctakaH 50 M

—Bogusiu pactBop K2S504, 0.5 mosib /1

—Boanbii pactBop HCI, 0.5 mosib/a

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

—JJieKkTpoauT HUuKesupoBaHus (1:1, NiSO4 0.5 mosib/a1 + H2S04 0.1
MOJIb /1)

—0,1%-HbI¥ pacTBOP METHUJIOBOT'O OPAHXKEBOTO

NOPAAOK NPOBEAEHUA PABOTDI
IIpuroroBJIeHHEe PaCTBOPOB.

1. /lna npuroToBjeHUs pacTBopa cyJjabdara kKaaua 0,5
MoJib/J1 GepyT HaBecKy K2S04 maccout 87,13 r u pactBopstoT B 500-
600 MJI JUCTUJIJIMPOBAHHOMU BOJbI, [MOCJIE Yero MepesiMBaoT pacTBOP
B MepHY10 K010y 1000 MJ1 ¥ 1OBOJAAT BOAOU 10 METKH.

2. Jlna npurotoBJjieHusa 0,5 Mob//J1 pacTBoOpa COJITHOU
KucaoTbl 6epyT 42,9 ma 36%-vou HCl (maotHocth 1,18 r/mu) wu
pactBopsitoT B 500-600 Ma AWCTUIJIMPOBAHHOW BOJbI, MOCJE 4Yero
NepeJMBalOT pacTBOpP B MepHy10 Kos6y 1000 M1 1 I0BOAST BOJOM 10
METKHU.
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OneIT N21. dsiekTposiu3 BogHOro pacteopa KNOs3
C UHEePTHBIMH 3JIEKTPOAAMH

B omnbiTe NOpou3BOAAT 3JEKTPOJHM3 BOJAHOTO pacTBopa
nHaupPepentHoro asnektpoauta (Kz25S04, NazS0Os4, NaNO3 u T.m.) B
3JIEKTPOJIM3EepPE, IMO3BOJISIOUEM KOJUYECTBEHHO COOUpATh Trasbl,
006pasylolMecs Ha KaTo/le U aHO/I€.

HanuBaror 100 ™My 3apaHee TMpPUTrOTOBJEHHOrO pacTBOpa
cyabdaTa Kaaus B cTakaH Ha 400 mu.

3aTeM [00aBJSKT HECKOJIbKO KalleJb METHUJI0BOrO OPAaHXXEBOrO B
pacTBOp 3JIEKTPOJIMTA, IlepeMellrBalT, 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. YOeJUBUIKUCH B TOM, YTO
TOPJIBILIKO NPOOUPKHU MJIOTHO CUAHUT B YIJAYOJIEHUU 3JIEKTPOJIM3€EPA, A
TaKXXe OTCYTCTBYIOT My3bIPH BO3/yXa BHYTPU MPOOUPOK, aKKYPaTHO
M J[OCTaTOYHO OBICTPO TMepeBOPAaYMBAIOT  3JIEKTPOJIM3EpP C
Npo6MpKaMHy, MpUJEPKUBasd OJHOW PYKOW NMPOOHPKU 3a AOHBILIKH.
/lasiee ycTaHaBJMBAOT COOpPAaHHYK KOHCTPYKLMIO B CTakaHe H
NOJIK/JII0YAIOT 3JIEKTPOJIHU3EP K MOAYJI0 «IJEKTPOXUMHUS» B pa3zbeM
BNC.

2 ©)
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BkstoyaroT mpubop B CETb W 3arpy:Kar0T THUI 3KCIepUMEHTa
OpmHouYyHOEe mamepeHme. Ha Bkiagke USMmepeHue o6HY ST
3HaYeHUe 3apAfia KyJIOHOMETpa, IepeBOLAT 3JIEKTPOJiM3ep B
nosoxkeHrne BKJl. HaxaTheM Ha TyMOJiep 3JIeKTpoJiM3epa, H
yCTaHABJIMBAKOT CUJY TOKa B Auana3oHe 150-200 MA.

Tun aKcnepuMeHTa

E
OOWHOYHOE USMEPEHUE X KYHOHOMeTp*

MapameTp -

BenuynHa 0

En.ﬁm.
00:00:00.00

‘[»1[-]’

HUHTepdernc IPOrpaMMHOTO obecrieyeHUs YJIM
«IJIEKTPOXUMUSA».

1 - TEKyILIMK THUN 3KCIIEPUMEHTA; 2 — NMOJAKJYEHHbIE JATYUKU;
3 - MarHuTHas MellaJsika, 4 - UCTOYHUK TOKa; 5 — mojacBeTka;, 6 -
3alucaTh TeKylUe I[0Ka3aHuA JaT4MKOB; 7 - CceKyHaomep, 8 -
TeKylllMe [OKa3aHWd JaTyrnKa
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Bo BpeMs 3jieKTpoJiM3a MOXXHO HabJII0JaThb BblJeJeHHe Tra30B
Ha KaToJle U aHojie 3JeKTpoJsin3epa. [losie nmosydyeHus A0CTAaTOYHBIX
JUISI TOYHbIX M3MepeHWHU 00beMoB raza (10-20 mJ) 3/€KTpOJIU3
NpeKpallalT NyTeM BbIK/JIIOUYEHUS HCTOYHHKA TOKa.

JKCIIepUMEHTAJIbHO MOJIYYeHHbIE Ha KaTOJe U aHOJle 00'beMBI
rasoB He0o0XOJJUMO CPaBHUTb C TeOPETHYECKH PACCUYUTAHHBIMU
oobeMamMu 10 3akoHy @apapeda. Ilpu odopmieHHrM oOTYeTa
YKa3bIBAIOTCA peaKLMM, NPOTEeKalllMe Ha KaTo/le U aHOJe, a TaKxKe
CyMMapHasi peakLus 3JIeKTPOJiM3a BOJHOrO pacTBopa cyJibdara
KaJIusl.

C noMoub0  HWHAMKATOpa  METHUJIOBOTO  OPAHXEBOTrO,
/106aBJIEHHOTO B PaCTBOP 3JIEKTPOJIUTA, MOXKHO YOEAUThCS B TOM, UTO
COZEePKUMOEe MPOOHUPKU C KATOJAOM HMEET IeJIOYHYI0 Ccpefdy, a C
aHOJIOM — KuCAyw. [l 3KCIepUuMeHTaJbHOTO TMOATBEPXKAEHUS
BblJleJIEHHS BOJOPOJA U KMCJI0PO/a MOXKHO MPOBECTH KauyeCTBEHHbIE
peakiMu: B IPOOMPKe C KUCJOPOJOM TJIelollas JY4YMHKa BCIbIXUBAET
MOMEHTAJIbHO, @ BOAOPOJ, B3PbIBAETCH C XapaKTEPHBIM XJIOKOM IPHU
NOJIHECEHUN CIHUYKW. YKa3aHHble KayeCTBEHHbIE peaKIUh MOXKHO
NPOBOAWUTbL TOJIBKO C pas3pelleHUs1 MpenojaBaTess C COOJOAeHUEM
HEeO0OX0JUMbIX Mep 6€30MacCHOCTH!

OnbIT N22. JieKTposiu3 BogHOro pacreopa HCl
C UHEPTHBIMH 3JIEKTPOJaMU

B onbITe NpoX3BOAAT 3JIEKTPOJIU3 BOJHOTO PAacTBOpPA COJITHOU
kucaoTel HCl B asekTposin3epe, MO3BOJISIOLEM KOJAYECTBEHHO
cobUpaTh Tra3000pa3Hble MNPOAYKTbI. IJJIEKTPOJIM3ep 3aMOJIHSIT
pacTBOpPOM KHCJOTBI KaK OINWCAaHO B IMpejblAylleM OIIbITe.
[IponyckarT Tok cusou 150-200 MA, moka B 0JITHOU U3 NPOOUPOK HE

BbIJI€JIUTCS JJOCTATOYHbIU JIJII TOYHOTO U3MepeHUs 06beM rasa (10-
20 m).

JKCIepUMeHTa/IbHO TOJyYeHHbIM Ha KaToZe 00beM rasa
HEOOXO0MMO CPAaBHUTH C TEOPETUYECKU PACCYUTAHHBIM 00'bEMOM MO
3akoHy Papages. [Ipu opopmieHNH OTYETA YKA3bIBAOTCH PEAKIIWH,
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IIPpOTEKAKIIME HaA KAaTOoAd€ M aHOAEe, a TaKXeé CyMMdpHad peaKlIHA
3JIEKTPOJIN3a BOAHOI'O paCTBOpPa COJISHOM KHUCJIOTHI.

[Ipy odopmyieHUH oOTYeTa MO JAOOpPATOPHOM paboTe
Heo6X0IMMO OObSCHUTH, MOYEMY XJIOp Ha aHOZe He 0OpasyeTcs B
BUZle rasa. [lyi1 sKCepuMeHTa/bHOTO MOATBEPK/EHUS BblJleJE€HHUS
BOJOpPOJA MOXXHO TPOBECTHM KAYECTBEHHYK peakLHUI: MpU
NOJJHECEHUHW CINUYKM K TMPOOUPKE BOAOPOA B3pbIBAETCI C
XapaKTepPHBIM XJOMKOM. YKa3aHHYI0 KaueCTBEHHYIO PeaKIMI0 MOXKHO
NPOBOJUTH TOJIbKO C paspelleHus MpemnojaBaTesis ¢ co6/0AeHUeEM
He0o0X0IMMbIX Mep 6€30MacHOCTH!

OneIT N23. J/1eKTpo/iu3 BOAHOr0 pacTBopa CuSO4
C MeJHbIMHM 3JIEKTPOJaMHU

B onbiTe NpOU3BOASAT 3JIEKTPOJIN3 BOAHOIO pacTBopa cyJbdaTa
Meau CuSOs4 B XMMHYECKOM CTaKaHe C MeJHbIMH 3JIEKTPOJaMHM.
[lockoJibKy B [JaHHOM OINbITE 3JIEKTPOJbl PACTBOPUMbIE, TO IpHU
3JIEKTPOJIM3e OyJeT NPOUCXOAUTh IMEPEHOC MeTaslJla C aHoJla Ha
KaToOJ[: Macca aHo/ila YMEHBIIUTCS, @ Macca KaTo/ia YBeJUIUTCS,

JJIeKTpOoAbl B3BELIMBANOTCS HAa aHAJIMTHUYECKUX Becax [0 U
nocJie 3jeKTposin3a. [lepes B3BelIMBaHHUEM 3JIEKTPO/IbI HEOOXOIUMO
3aYUCTUTh QUIbBTPOBAJIbHOM OYMaKKOM HWJIM MeJIKO3epPHUCTOU
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mKypkou. B crakan Ha 150 ma HasuBaroT npuMepHo 100 ma
3JIEKTPOJIMTA MeJHEHUS M YCTAaHAaBJMUBAKOT IO KpasM CTaKaHa
MeJHbl€e 3JIEKTPO/AbI C IOMOIIBIO YA ePKUBAKLUX YCTPOUCTB.

YcraHaBiuBawT cuay Toka 50-100 MA ucxoas U3 TOro, 4To
MaJjlagd CuJla TOKa IOTpeOdyeT 3HAYUTEJNbHOIO BpPEMEHH MJif
BblIeJIEHUSA JOCTAaTOYHOI'o JJisl TOYHOrO B3BellMBaHUA MeJH, a
CJIMIIKOM OoJiblllasi CHWJIa TOKA MOXEeT NPHUBECTH K 0O0pa30BaHUIO
PBIXJIOTO OCa/iKa Ha KaToJe, KOTOPbIX MPU U3BJEYEHHUH 3JIEKTPOJA U3
pacTBOpa MOeT OCbINAThCA.

JKCIIepUMEHTA/IbHO MOJIyYyeHHOe M3MeHeHUe MacChl KaToja U
aHOJla He06X0JUMO CPAaBHUTb C TEOPETUYECKU PACCUMTAHHON Maccou
no 3akoHy ®Papageda. IIpyu odopMyieHWH OT4YeTa YKa3bIBAOTCA
peakliy, NpoTeKawlue HAa KaToJle M aHojie, a TaKKe CyMMapHas
peakiys 3JeKTPoJiM3a BOAHOT0 pacTBopa CyJabdaTa Mear C MeJHbIMU
3JIEKTPOJAMHU.

JIto603HaTe/IbHbIE CTYZEHTbl MOTYT IPOBECTH HUHTEPECHBIU
S5KCIIEpUMEHT 110 HAaHECEHWID MeJHOT0 NMOKPbITHSA Ha MOHeTy. Jlus
3TOr0  HeoOXOAWMO  MOHeTy  Oesioro  1BeTa  (MMEHILY0
HUKeJMPOBAaHHOE IOKPbITHE) O00E3XXHUPUThb U 3aaTh B KJIeMMe
NpoBoJa «2 Kpokoauja». MoHeTa JOJ/KHA OBbITb MOJKJOYEHA K
OTpUILIATEJIbHOMY BbIBOJly MUCTOYHHKA TOKa — KaToJy. B kauecTBe
aHoJla HWCHOoJIb3yeTcsl  MeAHbIM 3JjiekTpoA. /Jlig  mnoJaydyeHus
KaueCTBEHHOT'O MOKPbITHUSI HEOOXOJMMO MPaBUJIbHO BbIOpPATb CHUJY
TOKa, UCXO/J U3 IIJIOTHOCTH ToKa 5-10 A/aM2. 3TO 03HAYaeT, YTO AJIs
MOHETbI C NMOBEPXHOCTbIO 1 cM? HEOOXOAMMO HAHOCUTH MOKPBITHUE
npu cuie Toka 50-100 MA.

OneiT N°4. HukesiMpoBaHue IOBEPXHOCTH NMPHU 3JIEKTPOJIU3E

B naHHOM sKcnepUMeHTe HaHOCUTCS HUKeJb Ha MOBEPXHOCTHU
Jpyroro MetaJjijia. Hanbosiee HarJisiAHO 3TOT ONbIT MOXXHO MPOBECTHU C
HCI0JIb30BAaHHEM MeJHbIX MOHET >KeJITOro 1BeTa. [IpeaBapuTesbHO
MeJIHble MOHETKH 00e3:KUPHBAOTCA Y 3a4HUIA0TCI MEJKO3EPHUCTOHU
HaXKJa4yHOU oyMmarou. JKCIIEpUMEHT IPOBOJAST I0/JI0OHO
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BBIIIEONIMCAHHOMY, TOJIbKO C MCIOJIb30BaHUEM 3JIEKTPOJIUTA
HUKEJIMPOBaHUA. PexomeHayemas IJIOTHOCTb TOKa npu
HUKesupoBaHuu 30-70 MA/cMm2. B KayecTBe aHOJa MCIOJIb3yeTCA
3JIEKTPO/J, U3 HEpPKaBEWILIEN CTAJIH.

PekoMeHaanuu no opopmMaeHHUIO OTYETA

[Ipy odopmyseHnrn oT4yeTa 0O JAOOPATOPHOM paboTe
pPEKOMEHAYETCS CXeMaTH4YeCKU  HU300pa3uThb  J1abOPATOPHYIO
YCTAaHOBKY. 3anucaTb ypaBHEHHUS 3JIEKTPOXUMHYECKUX peakIUd Ha
KaTojle W aHoJie, a TaKXe CYMMapHYI peaKIHI 3JIeKTPOJIr3a.
OnpeeauTb NPOAYKTHI 3JIEKTPOJIM3a B 3aBUCUMOCTH OT XUMHYECKUX
CBOWCTB 3JIEKTpPOoJla W  pacTBOpa MOXHO PYKOBOJCTBYSCh
cJaeay0IMMU MPaBUJIaMU:

PEAKIIUA HA KATOJE
(mpouecc BocCTaHOBJIEHUS)
Marepuan JJIEeKTPOJIUT Peaknusa
KaToja
ColepXKUT MOHBI 2H* + 26 —> Hy
BOJI0PO/Ia, HAIIPUMED
HCL, H,S04 nin HNO3 BoizesiseTcd ras BOJOpPO/
Conep>KUT HUOHBI
aKTHBHBIX METAJLJIOB, 2H20 + 2e — H2 + 20H-
He umeer
Hanpumep NaCl, K2S04 BriensieTcst ras Bogopo/,
3Ha4YeHUs
usu Ca(NO3)>
C
OJlEPXXUT UOHBI T2+ + 26— 7n
HEaKTUBHBIX
BeigenseTcsa MeTaJijl U3
METaJ1JIOB, HAIpUMep
ZnS04, Cu(NO3); pacTBopa
PEAKLIUA HA AHOJE
(nmpouecc okucjeHus)
ralspual JJIEKTPOJIUT Peakuus
KaToja
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PacTBOopuMBbIH, Zn - 2e — 7Zn?%*
HanpuMmep, — BoblendeTrca MmeTasla U3
Cu, Zn, Ni, Ag pacTtBopa
CoZiep>KUT aHUOHBI C 2H20 - 4e — 4H* + O3
HHepTHBIH, KHCJIO0POAOM, Brigendgercd ra3z KUCJa0poJ
HanpuMep K2S04,
HalpuMep, NaNOs
a , Pt,
H er;)mg): eT}omaﬂ Conepxut Cl- - 2e — Clz
CTaUIb 6e3KHCI0pO/HbIE OkucssieTca aHUOH
aHUOHBI, HAlIpUMep
KCl, Naz2S
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JIABOPATOPHAA PABOTA Ne2. OIIPEAEJIEHUE YHUCEJI
INEPEHOCA METOZAOM ABUKYILIENUCA T'PAHUILIBI

KPATKHUE TEOPETUYECKHWE CBEJIEHHUA

Yucio [epeHoca MOHOB — 3TO A0Jid 3apdaa, IepeHoCHuMad
HMOHAaMH [O4aHHOI'O BHAA 4Yepe3 paCTBOpP HNpPpHU NPOTEKAHHUH II0O HEMY
JIEKTPHUY€ECKOI'0O TOKa.

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

Yucso 1nepeHoca sBJsAeTCAd 0e3pa3MepHOW BeJUYUHOH,
M3MEHSEeTCSd B INpefesiaXx OT HyJd [0 eAWHMIbl, a CyMMa 4YHCeJ
IepeHoca BCeX HOHOB, INPUCYTCTBYWINUX B pacTBoOpe IpHU
3JIEKTPOJIM3€e paBHA eJUHHUIIE.

t +t =1, 0<t<1
Yucsa mnepeHoca CBA3aHbl CO CKOPOCTbIK  JIBUXKEHUSA

COOTBETCTBYIHOLINX HNOHOB, d TaK¥Ke 150:¢ 3J'I€KTpI/I‘-IeCKOI\/JI
IIPpOBOANMOCTBIO

_ A, o A
+ ’ - Ty
A+ u +u A+ u +u

Hocutensamu 3apdaad B paCTBOpPax 3JIEKTPOJIMTOB ABJANTCA
HNOHBI. HOCKOJIbe abCoOJIIOTHBIE CKOpPOCTHU ABHXEHHNA KATHOHOB H
dHHOHOB H€OAHWHAKOBbI, TO 6OJ'II:>I_HYIO AOJIIO 3apdaa Bcerga
IepeHocdT ooJiee nmoABUXHbBIE MOHELI.

B asiekTpoJsiv3epe npu MosIBJ€HUU PA3HOCTH NOTEHIMAJIOB Ha
3JIEKTPOIAax pas3jinivMe B CKOPOCTU ABWXKEHHS KAaTHOHOB M aHUOHOB
NPUBOJAUT K TOMY, UTO OHH IEPEHOCAT pa3Hbli 3apsiJi, HO 3TO He
BJeYeT 3a CO00M HapylleHUe 3JIEKTPOHEeHUTPaJbHOCTU pacTBOpa.
Yucaa mepeHoca 3aBUCAT OT NPUPOAbI BellleCTBA U PacTBOPHUTEJS,
KOHIIeHTPALlMM pacTBOPa, TeMNepaTypbl, CKOPOCTU ABHUKEHUS UOHOB.
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151 pacTBOpPOB OOJIBIIMHCTBA COJIEM 3HAYEHHUS YU CEJI IepeHoca
WOHOB HaxojdaTca B 1npegenax 0.4..0.6, ciaepgoBaTesibHO, IIpU
3JIEKTPOJIM3e TaKUX COJIed 3apsdf, [epeHOCHUMbIM KaTUOHAMH,
IpUMEPHO paBeH 3apdjy, [epeHOCHMMOMY aHUOHAMU. ITO
OOBSCHSETCI TEM, YTO INOABWKHOCTU KAaTHOHOB U aAHUOHOB B
pacTBOpax coJier Majio OTJnvYarTcd. OQHAKO B pacTBOpax LeJ04Yend U
KHACJIOT 3HAaYeHHUA 4HuceJsl NEpeHOCa MOHOB BOJAOPOJAA M THAPOKCHUZA
JiexkatT B npejesax 0.7...0.9, npex/e Bcero 3To CBA3aHO C aHOMAJIbHO
BBICOKOW MOJABUXXHOCTbIO YKa3aHHbIX UOHOB.

Kak mnpaBusio, A HoHa C uyucjaoM nepeHoca MeHee 0.5
HabJIl0JlaeTcsl  yYMeHblleHWe  4Yucaa  IepeHoca C  POCTOM
KOHIIEHTpPAIlM¥, COOTBETCTBEHHO /JJii BTOPOTO HOHA C YHCJIOM
nepeHoca 6oJsiee 0.5 c yBesiMueHUEM KOHIeHTpPaALMU YUCJI0 MepeHoca
yBeJIMYMBaEeTCs.

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

3aBHCMMOCTDb YMCJIa nepeHoca MOHOB BoaAoOpoaa OoT
KOHIOEHTPAIHUH KHUC/IOTHI

WMHorga  mpu  yBeJIMYEHUMM  KOHIEHTpAllMM  pacTBopa
Ha0JIIIAI0TCS HEOObIYHbIEe 3aBUCHUMOCTH W MOJYy4YalOTCs 3HA4YeHUs
4yyceJl NepeHoca OTPUIATEJbHBIMU WJIW MPEBBbIMAIMMU €IUHUILY.
JTO sIBJIeHHWE XapaKTEePHO /Jis paCTBOPOB, B KOTOPbIX HOHbI CKJIOHHbI
K 00pa30BaHUI0 KOMILJIEKCHBIX COeJUHEHUW MJU acCCOIMATOB C
ApyruMu noHaMmu. Eme I'mtropd Habaroas, 4yTo B pactBope Cdlz npu
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yBeJM4eHUU KoHLeHTpauuu coad oT 0.0025 go 1 mosb/n 4uciao
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 peaknuu Cd2* + 4[- — Cdl4?~. 3TU aHUOHBI IEPEHOCAT
KaJMUM He K KaToly, a K aHOJy, 4YTO HWCKaKaeT pe3yJibTaT
M3MEepPEHUH.

C pocToM TeMIlepaTypbl abCOJIOTHbIE CKOPOCTU HOHOB M MX
NOJIBU’)KHOCTU YBEJIMYUBAKOTCS, HO B pa3HOM CTeleHU AJis KaXKJ0ro
BH/la HOHOB. [l03TOMYy 4YMcC/ia TepeHOCa C U3MEeHEeHUEeM TeMIlepaTyphl
TaK»Xe MEeHSII0TCS [10-pa3HOoMY.

0,86 t,

0,85

0,84
0.1M HCI

0,83
0,82 0.1M H,SO0,
0,81

0,8

T.°C
0 10 20 30 40 50

0,79

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

MeToa ABMKYILEMCA rPAHULLbI

MeTon ABMXKYILEeNCS IpaHUIb] ObLJI NIpeaaoxeH JlomkeM B 1886
rogy u ycoBepuieHcTBoBaH Jlonrceoprom B 1923 roay. B
BEPTHUKAJIbHO pPAaCMOJIO}KEHHOW TPYOKe CO3[al0T PEe3KYyH TPaHUIy
MEXAy JIByMs pacTBOpaMU 3JIEKTPoJUTA (HanmpuMep, BOJHBIM
pactBopoM coJsissHOW kucaoTbl HCI), gy koToporo omnpenensieTcs
YUCJIO TMepeHoca, U MHAUKATOPHBIM PpPAaCTBOPOM 3JIEKTPOJIMTA
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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
OyJleT 0CTaBaThCsl Pe3KOU U MepeMellaTbCcsl BBEPX C 3TOM CKOPOCThIO.
ToyHoCTb UM3MepeHHS YuceJ IlepeHOca B JAHHOM MeTo/le
onpezesisieTcss TOYHOCTbIO PErMCTPUPOBAHUS MMOJIOKEHUSI TPaHUIbI
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

EHJ' > ﬂ'CuJ'

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

OnpenenuTh YUCJIa IEPEHOCA KATUOHOB M aHUOHOB Pa3/IMYHbIX
KHUCJIOT PAa3JIMYHbIX KOHIIEHTPAllMKi METO/IOM JABUKYILENCS TPAHHUILbI

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 A1 u3yyeHus YrceJi 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

NOPAAOK NPOBEJAEHUA PABOTbI

[IpuroToBJieHHe pacTBopa coJisiHOW KucaoThl 0,1M. OTbuparoT
Jlo3aTopoM uad nunetkon 8,58 ™ma cosnsgHoM KuciaoTbl (36%,
miotHocTh 1,18 r/ma) w  pactBopsawT B 100-200 wMa
JUCTUJIJINPOBAHHOW BO/Ibl, 3aTEM MEPEHOCAT B MepHyw Kosioy 1000
MJI W JOJMBAalOT BOJAOU [0 METKU U3 TOM KEe EMKOCTH, Te
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
BbIOMPAIOT  JIO/KHBI  OoToOpakaTbcsi MICTOYMHMK TOoKa H

KynoHomeTp. YcTaHaB/IUBAWOT CUJY TOKA B Auamna3oHe 25-30 MA u
BKJIOYAKT 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 pasjesa MexXJy O0eClBETHbIM (HaBepxy) H KeJTbIM
pacTBopoM (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 TexX MOp, IOKa rpaHULla He CABUHETCHA BBEPX Ha
pacCcTosiHUe, JAOCTAaTOYHOE [Jii TOYHOTO H3MEPEHUs H3MeHEeHHUA
o6beMa KUCJIOTHI. [loc/ie 3MeHeHUs MOJIOXKEHUSI HMXKHEU T'PAHUIbI
pa3zesia HUCTOYHUK TOKA OTKJIKYAKT, (QUKCAPYKT H3MEHEHHE
00’beMa M0 TPYOKe M 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 (@ —  TOKasaHWA  KyJIOHOMETpa, COOTBETCTBYIOLIHE

NpONyLeHHOMY 3apsAAy NpH 3JieKTposiuse, Ki;

C — KOHIIeHTpaIys KUCJAO0ThI, 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, Mmn t+

0.01

0.05

0.1

[lo pesysibTaTaM pacyeTOB CTPOAT IpadpUK 3aBUCUMOCTH 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, o006Jiafal0lMe 3JIEKTPUUYECKONW MPOBOAHUMOCTbIO
(3J1EKTPOJIUTHI), IO CBOUM CBOWMCTBAM CYILIECTBEHHO OTJIMYAIOTCS OT
pPacTBOPOB  HE3JIEKTPOJUTOB.  OTJUYUTEJBHOH  OCOOEHHOCTHIO
3JIEKTPOJIUTOB SIBJSIETCS HaJIMUKMe UOHOB (T. €. YaCTHUI, 006JIaJal0UX
M30bITOYHBIM 3JIEKTPUYECKUM 3apsiioM) B pacTBope. HasiMure MOHOB
NPUBOJUT HE TOJbKO K CYLUECTBEHHOMY OTKJIOHEHHUIO CBOMCTB
pacTBOPOB  3JIEKTPOJUTOB IO CPaBHEHHWK C  pacTBOpaMu
HEe3JIEKTPOJIUTOB, HO U IPUBOJUT K COBOKYIMHOCTH HOBbIX CBOUCTB U
sapjeHUn. [lpy paccMOTpeHWH TEPMOAWHAMUYECKUX CHUCTEM,
YyYaCTHUKAaMU KOTOPBIX SBJSKTCA HOHbI, HEOOXOJAHWMO YYUTHIBATh
KpOMe MeXaHU4YEeCKOW PabOThl 3JIEKTPUYECKYI0 pabOThI, CBA3aHHYIO C
IIEPEHOCOM 3aps»>KEHHbIX YaCTHII.

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 TMEepPBOro poJa — 3TO, KaK MpPaBUJIO, MeETaJJbI,
NPOBOJIHUKH BTOPOTO pojia — 3JIEKTPOJIUThI. [lepeHoc 3apsiia yepes
rpaHuily paszena a3 (3JIeKTpUYEeCKUH TOK) B  3JIEKTpOJe
OCYLIECTBJISIETCS 3@  CYET  IJIEKTPOXUMHUYECKOM  peakKlUHu.

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,
TorJila ypaBHeHUe HepHcTa OyaeT BhITJISAETD
o RT. a

=@ +—In—2,
W zF  ag

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

dKTHUBHOCTDb BOCCTAHOBJIEHHOH (l)OprI BellecTBa H (00—
CTaHﬂapTHbIﬁ IIOTEHL HUAJI BHeKTpOAHOﬁ peaKnunuu.

B GoJiee o611eM ciy4dae A8 peaKIuH Ha 3J1eKTPojie
v,0x, +v,0x, +...+v0x, +ze” =v;Red, +V,Red, +...+Vv/Red,

MOXHO 3dIIHUCATb.

’

Vi
O RT ] ,-QOXI-
Qo=@ + In == ~
zF | Ogeq

)

A

Hanpumep, aas obpaTumoro mnepexoja MeTajsa M B ero
HOHHYI0 $OpPMY B pacCTBOPE MOXKHO 3aMKHCaTh:

Mzt + ze-=M;
3anuiieM JiJis Hallled peakKllMU ypaBHeHHe HepHcTa:
RT, a,..
@=p°+—In——,
zF  a,
rae aum M 4, — AKTUBHOCTH MeTa//Ia U MOHA 3TOr0 MeTaslJla 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 ajsa paccMaTpuBaeMoro cjaydas npejcTaHeT B
caeayouieM BU/JE:

=¢° +E1na
¢ ¢ 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) O/ pas3/IMiUHbIX THUIOB pPacTBOPOB M BbIOOPOM
CTAaHAAPTHOTO  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 akmusHocmell 2a3006pa3Hbix Geujecme 8 ypdeHeHUe
8X005iIM OMHOCUME/bHbIE NAPYUA/IbHble 0d8J/eHUsl 3Mmux 2a308 HAJ
pacmeopoM. /[lagaeHue npugodumcsi OMHOCUMEAbHO CMAHAAPMHO20
(1 x 10° Ila), makum obpa3om, sma eeAU4UHA s8/151emcst 6e3pasmepHOl,
Xomsi YUC/AEHHO OHa coenadaem C NApYua/abHbIM O0ds/seHUeM 2a3a,
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

onpezesifgeTcs OTHOCUTEJIBHO IOTeHLMasa KaKoro-Junoo
CTaHZApPTHOTO 3JieKTpoa. [lepexo/ K yCJIOBHOM LIKaJle NOTEHIAAJIO0B
N03BOJISIET M30aBUTHCA OT MHOTHX TPYAHOCTEN )’}
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 sanekmpodos (nosyasnemeHmos): sewecmaa, Haxo0swuecs
8 pacmeope (MOMHO mMO/bKO NnomeHyuajonpedesiloujue UOHbL),
YKa3bl8aKMCS €/1e8a 0M 8epMUKA/IbHOU Yepmbl, CNpasa yKa3vl8arwmcs
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:z|Pt

3. YpasHeHue 3s1eKmpodHOU peakyuu 3anucblieaemcsi mak,
umobbl c/ae8a pacnonazaauch, eewecmea 68 OKUCJAEHHOU ¢opme u
3/1eKMPOHbL, d Chpasd eewecmad 8 80CCMAHO8/AeHHOU 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 NpPOBOJHHUKA IE€pPBOTO 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.

JJIEKTPOABI EePBOro poja

1. MeTaJJ1 NOTpy>KEeHHbIX B PAaCTBOP, COZlePrKALLHUN 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).

Hanmpumep, amasbramHble 3JIEKTPOJbl (aMajbramMma — pPacTBOP
MeTaJlsia B pTyTH) M2+ | M(Hg).
RT . a...
(o]
P=Per Fln r,
ZE - Ayg)

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

37



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 Cl le) RT
o=@ . +—In—-=¢  ~ ——Ina_
B~ ,ABA F aA aB— B~ ,ABA F B

[Ipumephi,

Cl-| AgCl | Ag — xsiopuacepeOpsIiHbIN 3J€KTPO;
Cl- | Hg2Cl2 | Hg — xa/ioMeibHbIH 3JIEKTPO/I.

JJIeKTpPOAbl  BTOPOTO  poJia 4YacTO  MCIOJIb3YIOTCA B
JJabOpaTOPHOM MpPaAKTUKE KaK 3JIEKTPO/ibl CPAaBHEHHS, 3TO CBSI3aHO C
HaZIeXXHOCTbI0O HMX  pabOThl, XOpoIled BOCIPOU3BOJIUMOCTbIO
NOTeHI[MaJa U MPOCTOTON U3TOTOBJIEHHS.

JJIeKTPOAbI TPpeThero poja

JJIeKTPOJi TPeThbero pojia 06paTUM OTHOCUTEJIbHO H30bITKA
kaTuoHa (C*), KoTopbll 06pasyeT ¢ aHMoHOM (B-) MaJsiopacTBopuMOEe
WJIM KOMILJIEKCHOe coeimHeHue (CB), o6pa3ymolero, B CBOI0 04eEpPE/b,
C NOTeHUUaJoNpeessoluM HOoHOM (A*) MasopacTBOpUMOE WJIH
KOMILJIEKCHOe coeiuHeHue (AB).

C*|CB|AB|A
Ct+AB+e =A+CB.
_ [e) RT] aABaC+ ) le) RTl
P =P cpama T F n d.q.  CCBABA +? na..
aYcp

[Ipumephnr:

Hg,* | Hg2Cl2 | AgCl | Ag;
Ca2+|Cad/ITA%- | Hg3/ITA?- | 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-ces1eKTUBHbIE 3JIEKTPOAbI

MoH-ce/leKTUBHbIE 3JIEKTPO/bl OCHOBaHbl Ha MUCIOJIb30BAaHUU
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/siHHass MeMOpaHa pasjie/isieT BHEUIHUU
pacTBOP, CoZlep>KAallUU KHOHBI BOJOPOA, U BHYTPEHHUW CTaHAAPTHBIU
pPacTBOP COJISHOM KHCJIOTBI, B KOTOPOM, B CBOKO O4Yepeb, HAXO0AUTCS
XJIOPpUZ-CePeOPSAHBIN 3JIEKTPO/;:

H* | crekno | HCI | AgCl | Ag

[loTeHIIKMA/ CTEKJSHHOTO 3JIEKTPOJA 3aBUCUT OT aKTUBHOCTH
MOHOB BOJI0poO/Ja:

RT o RTIn10

=¢p +—1Ina_ =¢° ————pH.
p=¢ +—lna, =g 2D

O6b14HO RTIn10/F 06’ beIMHSIOT B ClIelMaJIbHYI0 IepEMEHHYI0 b
_ RTIn10
B

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

b
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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.

HpI/I CcxeMaTH4YeCKOM 3allMCcH BHGKTpOXHMquCKOﬁ Hellu:

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 JUHUEeU, ec/Au OHU KOHmakmupyrwm o0pyz ¢ 0py2om
(Ougdy3uonHbIll nomeHyuan He YyCMpaHeH) uau 08yMs CNJAOUWHbBIMU
8ePMUKA/IbHbIMU JAUHUSAMU, eCAU dUu@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
3/1eKmpoady.

E = (pl'[ - (pf[ ) (4)
rage oI — IoTeHOuaJ ripaBoro sJieKTpoaa, (pJ1 — IOTEHOHaJI JIEBOI'O.

[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 meMbpaHny (AU PY3MOHHBIK NOTEHI[MAJ HE YCTPAHEH );

Cd | Cd(NOs3)2 | 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 (AMPPY3UOHHBIN MOTEHIMAJ YCTPAHEH).

Pt, H2 | HCl || NaCl | AgCl | Ag
Ha asilekTpozax NpoTeKalT peaKLuu:
AgCl + e-=Ag + Cl;2H* + 2 e- = Ha.
CyMMapHas peakuus, $opMaJbHO NPOTEKaLas B 3J1eMeHTe
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

—TepmMoagaTyuk

—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 M1, 2 ot

—Boanbii pactBop CuSO4 0.1 Mosb/n

—Boanbii pactBop FeS04 0.1 Mosb/n

—BoaHbIM pacTBOp CepHOM KUCJAOThI, IPHUMEPHAss MaccoBasd
KoHIleHTpauusa 10-25%

—IIpomMbIBasiKa ¢ AUCTUIJIUPOBAHHOW BOJOH

MOPAAOK IPOBEAEHUA PABOTbI
[IpuroroB/ieHHEe PacTBOPOB.

PactBop cyabpara meau (II) 0,1 mouab/sn. Haecky
CuS04-5H20 wm™accoun 249,69 r pactBopsawTt B 500-600 ma
JAUCTUJIJIMPOBAHHOM BOJbI, AO0ABJASKT 5-6 MJ KOHLLEHTPUPOBAHHOU
CEpPHOM KUCJOThI AJisl MpefOoTBpalleHUsl TUpPoJin3a U NMEPEHOCAT B
MepHYy1 k0J16y 1000 mJ1, M 10JIMBAIOT BOJIOM /10 METKH.

PactBop cyiabdpara xkenesa (II) 0,1 mouab/n. Haecky
FeS04-7H20 m™accom 277,93 r pactBopgaior 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 pactBopsaT B 50-60 MJ1 AUCTU/IJIMPOBAHHOM BO/IbI, HArpeTOM1
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
KUJKOM, 4YTOObI €e MOXXHO ObLIO BJIUTb B COJIEBOM MOCTHK C
NOMOLLBIO IUIIETKU 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  cOJIEBOrO  MOCTHMKA MOXHO 3aTKHYTb JIIOOBIM
BOJIONIPOHUIIAEMBIM MaTepuajioM (6bymarou, rybkoW, BaTOH) BO
n3bexaHue TNOMaJ[aHUs HUTpATa KajiMs B HCCAeAYyeMbIA PacTBOP.
Y6eautbcs, UYTO COJIeBOM MOCTHUK paboTaeT MOXXHO IMpH
NOJK/JIIYEHUN BOJIbTMETPA K 3JIEKTPOJlaM yCTAaHOBKHM C IMOMOLIbIO
NpoBOJla «2 KPOKOJAMWJIa», €Cid TOK MNPOTEeKaeT 4yepe3 YCTAaHOBKY U
nponajaeT Npyu U3BJeUYEHUH — MOCTHUK U3TOTOBJIEH PABUJIBHO.

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

B onuH ctakaHuyuk Ha 100 MJ1 HaJIMBAIOT TOYHBIA 06 beM 50 MJ1
pactBopa cyJsbdarta xkesesa (II) ¢ koHnentpanuen 0.1 mosib/a. Bo
BTOpPOM cTakaHYUK Ha 100 M1 Ha/JMBAKOT TOYHBIK 00BbeM 50 mu
pacTtBopa cysabdaTta Mmeau ¢ KoHUeHTpauuen 0.1 Mmosib/a. C moMouibIo
(GHUKCAaTOPOB B CTAKAHYMK C PAaCTBOPOM >KeJie3a OMYCKAIOT KeJIE3HbIU
3JIEKTPO/I, @ B pacTBOp MeAu — MeAHbIKM. CTaKaHYUKHU C 3JIEKTPOJaMHU
yCTAaHAaBJIMBAlOT Ha paboyed 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 KaAbli CTaKaHYMK MOMEINIAIOT MarHuTHy Meliasiky. K
3JIEKTPOJaM MOAK/IIYAIT BOJBTMETP C IOMOUIbIO0 COEJUHUTETBHOTO
npoBoJila «2 Kpokoguaa». IloJI0XKUTENbHYIO KJeMMYy (KpacHYIO)
3aKpEeIVISIOT Ha MEIHOM 3JIEKTPOJie, OTPULIATEJIbHYIO (YepHYI0) — Ha
’KeJIe3BHOM. BoJibTMeTp MNOJAKJIHYAIT K Y4eOHO-1abopaTOPHOMY
MO/1yJil0, TOKa3aHUs BOJbTMETPA J0/KHbI ObITh MOJIOKUTEIbHbBIMHU.

[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.

BkJit04ar0T MarHMUTHY0 MellaJ Ky Ha MUHUMaJIbHYK0 CKOPOCTb
nepeMelivBaHus, HaxuMmawT Crapr U OOUKCUPYIOT [OKa3aHUA
BOJIbTMETPA I0CJ€e YCTAaHOBJEHUSA PABHOBECHOIO 3JIEKTPOAHOIO
noTeHIMaJa, YyTo 3aHMMaeT 10-15 MuHyT. /lJ15 3TOrO MOXXHO B3SITh
Cpe/ilHee 3HAa4yeHUe TMOCJAeJHUX [JeCATA TOYEK, €CJd OHU He
oTJin4yarTca oosiee yeM Ha 0,005 B.

Ecau nocae 10 muHym u3mepeHUll NOKA3aHUs B80/1bmmempa
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.

Hanee npoBogaTt usmMmepenud 3/1C npu Apyrux KOHLUEHTpALUAX
3JIEKTPOJIMTOB. M3MeHUTb KOHLEHTpaLUI0 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| MelLlaJaKu
JVCTUJIJIMPOBAaHHOW BOJIOU.

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 CXeMaTHUYECKHU
JlJabopaToOpPHYIO

3apUCOBaTh

YCTaHOBKY,

3aIllUCaTb

3JIEKTPOXMUMUYECKHE pEAKIUH, NPOTeKawlhue B TraJbBaHUYECKOM
3JIeMEHTE, BbIBECTHM ypaBHeHue HepHcTa. CpaBHMBas pe3yJibTaThl
9KCIIePUMEHTAJILHO NOJTy4eHHbIX I/1C 17| TeopeTHUYEeCKHU
pPacCYUTAHHBIX 10 ypaBHEHUIO HepHCTa MOXKHO c/ZiesiaTh BBIBOJ, O TOM,
N0YeMy B CTPOTOM BHJi€ B YpPaBHEHHE 3JIEKTPOJHOrO MOTEHIMaJIA
BXO/JIUT HEe KOHILIEHTPALlMX MOHOB, @ UX aKTUBHOCTH.
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OnsIiT N22. Co3gaHve BbICOKOBOJIbTHOI'O ra/ibBAHU4YECKOI'0O
3JieMeHTa no tuny BosibTOBa CcTOJ16a

[l 100603HATENIbHBIX  CTY[AEHTOB  OyJleT  HHTepeceH
3KCIIEpMMEHT 1o co3JaHul BosibToBa cTosiba. [asa 3toro Bam
NoTpedyeTCsl HECKOJIbKO MOHET MMEKWUUX HHUKeJeBOe MOKPbITUE
(besioro 1BeTa) M HECKOJIbKO MOHET C JIATYHHbIM WA MeAHbIM
NOKpBhITHUEM (PKeaTOoro I1BeTa). MOHeThbl THIATEJNbHO 3a4MIAIOTCS
MEeJIKO3EpPHUCTOM HaXXJA4HOU oymarou 5| IIPOMBIBAKOTCH
JAVCTUJIJIMPOBAHHOM BOOU.

/lasiee Hape3arwTcd AUCKU U3 (PUJIbBTPOBAJIbHOW OyMaru Mo
JuaMeTpy Ha 1-2 MM OoJibllle JMaMeTpa BbIOpaHHBIX MOHET. J[MCKU
M3 QUIbTPOBAJIbLHOM OyMarv NPONHUTBHIBAOTCA PACTBOPOM CEPHOMU
KUca0Thl 10-25% u nmpokJaAbIBalOTCA MeX/Jy MOHETaMHU B MOPSJKe,
MIOKa3aHHOM Ha PUCYHKe HW>Ke. MOHEThI MO>KHO 3aKpENUThb B JIAMKE
IITAaTUBA, TOJCTAaBUB M0/l HUX CTaKaH C AUCTUIJIMPOBAHHOM BOJIOH.

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

BEJIbIE MOHETDI

K mnepBorM W mnociefHed MOHeTE MOJAKJYATCA pas3beMbl
NpOBOJA «2 KPOKOJAWJA», KOTOpPbIe COEeNUHANTCHA C BOJBTMETPOM,
NOJIOXKUTEJIbHAsA 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
TUJPOKCUJ-UOHOB U TOBOPAT, UTO Cpefa KUcaad. Eciu ke 3HadyeHUe
pH Goubliie 7, TO TOBOPSAT, YTO Cpefa IieJ04YHas.

N3mepeHue BOZ,OPOJHOTO NoKa3aTeJid MeTOZO0M
NOTEHIMOMETPUU OCYLIECTBJISAETCA IPHA TNOMOIIU 3JIEKTPOJOB,
NOTEeHLIMaJl KOTOPbIX 3aBUCHT OT aKTHUBHOCTHM HOHA BOJOPOJAA B
pactBope. HaubGoJsiee pacnpoCcTpaHEHHBIMU /[JII 3TOW LiEJU B
JIJabopaTOPHOU MpPaKTUKE SIBJSIOTCS CTEKJSAHHbIA U XUHTUJPOHHBIU
3JIEKTPO/IbI.

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

RT

E_=E° +—Ina_.=E> —bpH, b RE
CT CT F H cT

~FIn10’

g onpenesieHusa pH HeKOTOpPOro pacTBopa COCTABJISAIOT LElb,
COCTOSAILYK W3 CTEKJASHHOrO 3JIEKTPOJa, IOrPYyKEHHOTO B
UccaelyeMbld pacTBOpP, M 3JIEKTPOJA CpPaBHEHHUS, IMOTEHLHAJ
KOTOPOrO0 COXpaHAeTCAd IOCTOAHHBIM B XOJle 3KCclepuMeHTa. 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 :E:T _pr_Exc:-)

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

CTeK/IAHHBIN U XJIOPU/-CePeOPsSIHbIN 3JIEKTPOAbI

3Hasd TMOTeHLMaJ 3JIeMeHTa, CoJep:Kallero pacTBOp C
M3BECTHbIM 3HayeHUMeM pH, MOXXHO paccuuTaThb 3HAYeHHE BCex
NOCTOSIHHBIX BEJIMYMH, BXOASAUUX B ypaBHeHUe. B HalieM ciaydyae —
3TO CTaHJAPTHbIN MOTEHIHAJ CTEKJSHHOTO 3JIEKTPO/Ia U MOTeHLHaJ
XC3. O603HaYUM HX pa3HMUIy Kak E' M BbIpa3uM yepe3 MOTEHIHAJ
3JieMeHTa U 3HaueHue pH pacTBopa.

E'=E. —E,.,=E +bpH.

XC3

JKCIlepUMeHTabHO onpefeauB E', Mbl CMOXeM ONpeesUTh
pH apyroro pactBopa, c Heu3BeCTHbIM 3HaYeHUeM pH, no popmyJie
E'-E

H=L B
LY

49



[l 3KCclepuMeHTaJIbHOTO omnpejeneHuss E' HcHosb3yoT
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 HacTosiiee BpeMsi HM3MepeHHe 3HadeHUW pH ¢ moMoibio
CTEKJISHHOTO 3JIEKTPO/ia MOJYYUJI0 HauboJiblliee pacpoCTpaHEHHE B
JlabopaTopHOo¥ mnpakTuke. OJHAKO Hapsay C AOCTOMHCTBAMMU OH
MMeeT U P HeJJOCTAaTKOB. ['TaBHbIN ero HeJOCTAaTOK 3TO XPYNKOCTb.
JlpyruMm  ero HeJOCTAaTKOM  SBJIIETCS  JIOCTAaTOYHO  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 HCIOJIb3YIOTCS B KaueCTBe MEPBHUYHOTO MpeoOpa3oBaTesis
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/IEKTPOJ, CPABHEHHUS ), UTO JleJIaeT UX
6oJiee yJ0OHBIMHU B UCIIOJIb30BAHUH.

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
JPYTUMU PaBHONEPEHOCAUIMMHU 3jeKTposimTaMy, Hanpumep KNOs,
NH4NOs, NH4Cl u npyrue.

B o0603HayeHuun pH-anekTponoB, 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.

JpyrUuM 3JIEKTPO/IOM, IIHMPOKO UCIO0Jb3yeMbIM /IS U3MEPEHUS
3HayeHUW pH, sABJAsgeTcd  XUHTHUAPOHHBIA  3JIEKTPOA.  ITOT
OKHCJIMTEJIbHO-BOCCTAHOBUTE/IbHBIN 3JIEKTPOJ, MpeiCTaBAsIeT CO60U

pacTBOp  HAcCbIlEHHbIH  XUHTHUAPOHOM:  3KBUMOJIEKYJISIPHBIM
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

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

Torga KoOHUeEeHTpaly¥M XWUHOHA U TUJAPOXUHOHA B pacTBoOpe
OyAyT paBHBIMHU, U, TaK KaK UX KOIPQPUIIUEHTbl aKTUBHOCTEN OyAyT
OJIM3KM, TO COOTHOULIEHHME HX aKTUBHOCTeHW OyaeT paBHO 1, a
ypaBHEHHUE Jid eT0 NOTeHIKajIa YIIPOCTUTCS:

o , RT o
E, =E +?lnaH+ =E,.—bpH

Ana  onpeneneHus pH  pacTBOpoB  COCTaBAAOT — LElb,
COCTOSIIYI0 U3 XHHTUJPOHHOrO 3JIeKTpoJa (XUHTHUAPOH A00ABISIOT
npsIMO B MCCAeAyeMbld pacTBOpP), U 3JEKTpoJa CpaBHeHHUS (Kak
npaBuJio, XC3). YpaBHeHue s 3/IC Takou nenu OyJeT MoJOOHO
BBIPAKEHU IO, TOJIYUYEHHOMY JJIS1 CTEKJITHHOTO 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, pasee craHoBUTCA
BO3MOXXHbIM olnpejgesieHue pH apyroro pactBopa, ¢ HEU3BECTHBIM
3HayeHHWeM pH, mo popmyJsie NOJTHOCTHIO AaHAJIOTUYHOW.

XVHTUAPOHHBIM 3JIEKTPOJ UMeeT pPsAJl AOCTOMHCTB. OH MmpoCT
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 3JIEKTPO/Ja

OBbOPY1IOBAHHE

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

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

PEAKTHUBbBI 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

—CTtakaH4HuK aJs ciauBa 400 mu

NOPAAOK ITPOBEJAEHUA PABOTDI

OnbiT N21. [TocTpoeHue rpagyMpoOBOYHOro rpadpuka.

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
NpOBOJA COeJUHSAIOT C y4eOHO-1ab0paTOPHBIM MOJYJIEM.

Jlanee MOAK/IIOYAIOT y4eOHO-/1ab0paTOPHbIA MOJAYJb 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

HMHTEHCHUBHOCTD, YTOOBI He O6paBOBbIBaJIaCb BOPOHKaA IpHu
InepemMelinBai U B 3JIEKTPOA He II0IIaZdJIM ITY3bIPpH BO31yXad. B okHe

Hdon. napamerp ycraHaBiauBaiT 3HadyeHue pH mnepBoro

oydbepHoro 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 HeCKOJIbKO pa3 OydepHbiM pactBopoM, pH KkoToporo
MJIAHUPYIOT U3MepUTh. [loc/ie 4ero NnoBTOPSAIOT U3MeEpPEHHE BCEX NATHU
O6ydepHbIX pacTBOPOB IO BbIINIEONMCAHHON MeTOJUKe, (PUKCUPYH
M3MepeHUsI Ha y4eOHO-1ab0paTOPHOM MOY.JIe.

[IpocMoTpeTh pe3ysibTaTbl U3MEpPEHUNM MOXKHO BO BKJIJKe
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 3JIEKTPOZAa 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 aAuana3doHe pH. JlaHHbIe
9KCIepUMeHTa yI00HO 0QOPMUTH B BU/IE TAOIHUIbI:

pH 6ypepHoro
pacTBopa
1.65
4.01
6.86
9.18
12.45

Hwxe mnpexacraB/ieH TUIIOBOM TPaAyHPOBOYHBIA 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
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300
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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
MccJielyeMoro o6’beKTa paBeH

E-E, 53-403

H=
P b 55.4

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

KPATKHUE TEOPETUYECKHWE CBEJAEHUA

LEJIb PABOTbI

J/IC rasbBaHUYECKOro 3JIeMeHTa CKJaJblBaeTCd H3 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
pasHUIlAa MOTEHLMaJoB  MeXJy MeTa/ulaMd  00pa3yloliuMHU
3JIEKTPOHONPOBOAAIY0 a3y 3JIeKTPOAOB — TaK Ha3bIBaeMbIU
KOHMAKMHbI NOMeHYyua/, a TaKXKe pasHHUIla MOTEHLHAJOB MEeXAy
dbazaMu pacTBOPOB 3JIEKTPOAOB — QUPPY3UOHHbIL NOMeEHYUa.

JAudpPy3voHHBIM MOTEHIUaJ BO3HUKAeT Ha TIpaHule [JBYX
pacTBOPOB M3-3a Pa3/IMYHbIX IOJABUXKHOCTEN HOHOB, COAEPKalUXCS B
3JIEKTPOAHBIX PAaCTBOPAax U/UJIMU UX KOHIeHTpalUUU. ['aibBaHUYECKU A
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
CrIoco060B ycTpaHeHUs] AUPODY3HMOHHOTO TMoTeHIMasa. Haubosiee
NPOCThIM SIBJIIETCS UCMHOJIb30BaHUE /ISl COeJJUHEHHUSI paCTBOPOB JIBYX
3JIEKTPOJOB COJIEBOTO MOCTHKA, 3allOJIHEHHOTO pPacTBOPOM CO