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«[1100b1 Moux mpydos - npedxcde 8ce2o 8 HaAy4HOll U38eCMHOCMU,
cocmasasiowell 2opdocms - He O00HY MOK JAUYHYH, HO U O00WYHo
pycckylo. Jlyuwee 8pemsi HCU3HU U e€é 2/a8HYHW CUIYy 835/10
npenodasamenbcmeo. M3 moulcsi4 MOUX Y4eHUKO8 MHO020 meneps
nosciody 6udHbix desamesell, npogeccopos, AOMUHUCMPAMOPOS, U,
ecmpeyas ux, ecezda cavlwiasa, 4mo dobpoe 8 HUX cemsl No/1az2a, d He
npocmyrw omoévlean nosuHHocmoe. Tpemwvsi cayxcba mos PoduHe
HaumeHee 8UOHA, Xoms 3a60Mu./1a MeHs C IOHbIX Jilem Nno cux nop. Imo
CAYyHc6a no Mmepe Cua U B803MONCHOCMU HA NOAb3Y pocma pyccKou
NPOMbIUAEHHOCMUY.

J.U. Mendeseees
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OBIIME TPEBOBAHUA K OPOPMJIEHUIO OTYETA I10
JIABOPATOPHOH PABOTE

OdopmiieHue oTyeTa

JlabopaTopHasg pab6oTa — HeOOJBIIOW HAYYHBIA OTYET,
0600UIAlOLUI  MPOBEJEHHYI0  CTYAEHTOM  paboTy, KOTOpYIO
NpeACTaBAsAIT JAJs 3alMThl NpenojaBaTtesio. K J1abopaToOpHbIM
paboTaMm npeAbsABJASAETCA psiJi TpeGOBaHUN, OCHOBHbIM U3 KOTOPbIX
SIBJISIETCSl TIOJIHOE, MCYeplbIBalollee ONMUCAaHWE BCEW MPOJESaHHOU
paboThbl, MO3BOJISIOLEE CYAUTD O NMOJyYEHHbIX pe3y/bTaTax, CTeleH!
BbINOJIHEHUS 33/JaHUi U TpodecCuOHaJbHOM NOJArOTOBKE CTY,€HTOB.

TumyabHblll sAucm SIBJASIETCS TEepPBOW CTpPaHHULEN 060U
Hay4YHOH PabOThl U /I KOHKPETHOT'0 BH/Ia Pa6OThI 3aMOJIHAETCS 10
onpe/ieJIeHHBbIM NpaBuaaM. /[y 1abopaTOpHOU PaGOThl TUTYJIbHBIN
JIUCT 0bOpMJISieTCs B COOTBETCTBUH C MPUJI. 1.

[Jeab pabomsl [o/KHA OTPAXKATh TEMY J1abOPAaTOPHOU paboTHI,
a TaKXKe KOHKpeTHble 33/la4M, NOCTaBJeHHble CTYJEeHTy Ha MepHUoj
BbINOJIHEHUS paboThl. [lo 06beMy 1lesib paboThl B 3aBUCMMOCTU OT
CJIOKHOCTH M MHOT033JJaYHOCTH PabOThI COCTABJISIET OT HECKOJbKHUX
ctpok zio0 0,5 cTpaHuULbI.

Kpamkue meopemuueckue ceedeHusi. B 3TOM pasgene
M3JlaraeTcsi KpaTKoe TeopeTHUYeCKOe ONKCaHUE H3y4aeMoro B paboTe
ABJIEHUSl WJWA Tpolecca, TMPUBOAATCA TakKXke Heo06X0oAUMble
pacyeTHble $opMyJibl. MaTepuas pasjesia He JOJKEH KOMUPOBATH
coZlep:KaHHe MeTOJAUYECKOro MOoCcoOHsl WM y4eOHHUKA MO JaHHOHU
TeMe, a OrpPAaHUYMBAETCAd M3JI0)KEHUEM OCHOBHBIX IOHATHUH U
3aKOHOB, pacuyeTHbIx ¢GoOpMyJs, TabJaul, TpPeOywIUXCA  AJs
JalbHelle  06pabOTKM  NOJYYEHHBIX  IKCIEPHMEHTAJbHbIX
pe3ybTaToB. 06'beM JIMTEPATYPHOT0 0630pa He J0JKEH MPeBbIILIATD
1/3 4yacTu Bcero oTyeTa.

OnucaHue 3KkcnepuMeHMa/abHOU YCMAHOBKU W METOAUKU
JKCIlepMMeHTa. B gaHHOM  pa3zesne  NPUBOJUTCA  CXeMa



3KCHEPUMEHTAJIbHOM YCTAaHOBKM C ONMCAaHUEM ee paboTbl U
NOAPOGHO H3JIaraeTcs MeTOAUKa TIpOBeJleHUs 3KCIIePUMEHTAa,
NpoLieCC NoJyYeHHUs JaHHbIX U CI0CO6 UX 06pabOTKHU.

JKcnepumeHmanvHble  pesyabmambel. B 3Tom  pasgene
NPUBOJATCS HENOCPEeACTBEHHO pe3yJbTaThl, MOJIyYeHHble B XO/[e
NpoBeZieHUs1 JIabOpaTOpPHBIX pabOT: oOmpeJesieHHble 3HauyeHHus
BeJIMYMH, rpaduky, Tabauubl,  aguarpamMmmbl.  O6s13aTesbHO
He0o6X0/AUMO OLleHUTb NOTPELIHOCTH U3MepeHUH.

AHanu3 pesynemamos pabomwl. Pasfen ordeTa [JOJDKEH
cozep:aTb  NOAPOOHBIM  aHa/JM3  MOJIyYeHHbIX  pPe3yJbTaToOB,
MHTepIpeTalyI0 3TUX pe3yJIbTaTOB Ha OCHOBe pU3UYECKUX 3aKOHOB.
CnenyeT CpaBHUTb TMOJIydeHHble pe3yJbTaTbl C U3BECTHBIMHU
JIUTEPATYPHbIMU  J@HHbIMH,  OOCYAUTb  HUX  COOTBETCTBHUE
CYLIeCTBYIOIIMM TeOopeTHU4YecKuM MoJenaM. Ecin ob6GHapyxeHO
HECOOTBETCTBHE IOJYYEHHBbIX pe3yJbTaTOB M TeOpPeTUYEeCKHUX
pacyeToB WJMU JIUTEPATYPHBIX [JaHHbIX, HEOOXOJUMO OOCYJUTH
BO3MOXXHble IPUYUHBI 3TUX HECOOTBETCTBUM.

Bbigodul. B BbIBOZIaX KPAaTKO U3J/1araloTcsl pe3yJbTaTbl paboThl:
IIOJIy4YeHHble 3KCIIepUMEHTAJbHO WJM TeOpeTUYeCKU 3HavyeHusd
bU3NYeCcKUX BeJUYUH, UX 3aBUCMMOCTHU OT YCJAOBUH 3KCIEpPUMEHTA
WJIM BbIOPAHHOW pacyeTHOW MO/Je/M, YKa3bIBAETCS UX COOTBETCTBUE
WJIA HEeCOOTBETCTBHE 3aKOHAaM UM TeOpeTHUYeCKUM MOJeJsM,
BO3MOXXHble IPUYMHBI HECOOTBETCTBUS.

Hpﬂﬁﬂﬂ)l(eﬂl—lble BE€JIMYHUHBI U AEﬁCTBﬂﬂ C HUMMU.

3anuchb pe3y/JbTaTOB U3MEPEHUN M BBIYMCJIEHUN MPOU3BOAST
TaK, YTOObI U3 HUX OblJIa BUZHA TOUHOCTb, C KOTOPOH BBINOJIHEHBI 3TH
JeunctBud. JlioOble JaHHble, IoOJlydaeMble H3MeEpPeHUEeM, BcCerja
HNpUOJMKEHHBI, MOCKOJbKY MX TOYHOCTb 3aBUCUT OT MHOTHUX
06CTOSATE/NILCTB U B MEPBYI0 O4Yepelb — OT MOTPELIHOCTH CPeJCTB
U3MepeHUsl.

Hanpumep, ecsin npu U3MepeHUM TeMIlepaTypbl NOCJIeLHSs
nudpa okaszasacb HyJeM, TO e€ Hesb3sl OTOpackiBaTh. Hampumep,
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JlaTYMK TeMIepaTypbl Moka3biBaeT «25.30°C». ITO 03Ha4yaeT, 4TO
M3MepeHHe MNPOBOJAMJIOCH C TOYHOCTBIO [0 BTOPOro 3HaKa Iocje
3anaTod. Ec/u cTyeHT B JaHHOM ciay4ae 3adUKCHpPYeT B TeTpaju
«25.3°C», TO TOYHOCTb pe3yJibTaTa 6yAeT HE0OO0CHOBAHHO CHUXKEHa.

[Ipy  BbIMOJIHEHUM  apuPMeTHUUECKUX  JIeUCTBUU  HaJ
NpUOJMKEHHBIMHA YUCJaMU CJeAyeT MNOMHHUTb, YTO KOHEUYHBIH
pe3y/JbTaT CJA0XEHUS WM BbIYUTAHUS He J0JHKEH UMEThb 6oJiblie
3HAKOB IIOCJe 3aldaTOW, YeM y HauMeHee TOYHOIO 4JIeHa, TO eCTb
YyjleHa C HauMEeHbIIMM 4YMCJIOM 3HaKoB. Hampumep, ansa cyMmbl
«1.222 +1.88 + 2.4 + 3.9296 = 9.1616» npaBUJbHOU SIBJISIETCA 3aMUCh
«9.2», TaKk KaK y TpPeTbero CjaraeMoro TOJIbKO OJHUH 3HaK Mocje
3angaTou. B npoMeXyTOYHBIX BBIYHUCJIEHUAX NOC/e 3aNATOH JOJKHO
ObITh Ha OJWH 3HaK O0JIbIIIE.

Takke 0OpU yMHOXKeHUU U JejieHUU. Hanpumep, a4
npousBefeHus «2.222x0.11 x 5.02=1.2269» npaBuIbHOU OyjeT
3anuch «1.2», Tak Kak y yucaa 0.11 Bcero jBe 3Havauux nudpsl B
IIPOMEXYTOYHBIX BBIYMCIEHUAX 3HAYallUMX LHUPpP JO/KHO ObITH HA
O/IHYy 6oJIbllIE.

[Ilpy BO3BeeHUM B CTelleHb WJM H3BJE€YEHUU KOpPHA B
pe3y/abTaTe ciaefyeT OCTaBJATbH CTOJBKO 3HadallluxX LUPP, CKOJIBKO
UX COJIEP>KUTCS B UCXOJHOM YHCJIE.

BbluvcieHUss W 3alMCH, BbINOJHEHHbIe C HapylLleHUueM
BbIILIEONMCAHHBIX MPAaBUJI, SIBJASIOTCS HErPaMOTHBIMH, TaK KaK He
OTBEYAlT [JEeWCTBUTEJbHOW TOYHOCTU pe3yJbTaTOB pPabOThHI.
CobJito/ieHUe 3TUX NMPABHUJ, C JPYrOH CTOPOHBI, 06JieT4YaeT pacyeThl,
TaK KaK M03BOJIIET OTOPOCUTD JIMUIHUE UPPBI Iepe/, BbINOJIHEHUEM
BbIYMCJIMTE/IbHBIX ONlepaLiuil.

Omu6KH U3MepeHun

Cucmemamuveckue oOwubKu OAWHAKOBBI IO 3HAaKy W
00yC/I0BJIEHbl TMOCTOSIHHO [JeHCTBYIOIIMMU (aKToOpaMH, KOTOpble
MOXHO y4eCTb WJIM UCKIAYUTb. Hanpumep, cMeliéH HyJb LIKaJibl



BOJIbTMETPA, U BCE Pe3yJbTaTbl H3MEPEHUW OTJUYAIOTCHI OT
JedictBuTesbHbIX Ha 0.07 B.

CayuatiHble owWUOKU — 3TO HeNpeAcKa3dyeMble 10 BeJUYHUHE U
3HAaKy OTKJIOHEHUS H3MepeHUHl OT cpejHero pesysabTaTa. Hx
OCOGEHHOCTbL B TOM, 4YTO OHU pPABHOBEPOSTHbI IO 3HAKy U
HNOJAYMHAIOTCA 3aKOHY HOPMaJIbHOTO paclpejiesieHUs, COTJIACHO
KOTOPOMY BEpOSITHOCTb KPYIHbBIX OIIMOOK MeHbIIIE, YeM MEeJIKUX.

Ilpomaxu — 3TO rpy6ble OLIMOKH, BbI3BaHHble HapylLIeHUEM
YCJIOBUH 3KCIIepUMEHTa UM HeOpexXHOCTho B paboTe. Hanpumep, B
X0Jle  9KCIlepUMeHTa CaMONpPOU3BOJBbHO  MEHSJIOCh  CeTeBOe
HamnpshKeHHe, B TO BpeMs KaK Tpeb0oBaIoCh ero MocTosiHCTBO. Uiu mo
HEBHUMATEJbHOCTH ObLI cJesiaH oTcyeT «1.1», B TO BpeMs Kak
npu6op mnokaseiBaa «1.01». Pe3ysnbTaTbl ¢ rpy6bIMH OMIMOKaMHU B
npoiiecce 06pabOTKU NPH HAJTUUUK 060CHOBAHUM OTOPAChIBAIOT.

[IpaBUIBHOCTD pe3yJIbTaTa, TO eCcTb Ha/in4ue
CUCTeMaTU4YeCKOH OIMOKH, BCera He TPYAHO NPOBEPUTD, MOJIb3YsCh
CTaHJAPTHBIMHU WJIM 3TAJOHHBIMU 00pasnaMu. ITOT NMPUEM ILHPOKO
ucnosb3yercad B npakTuke. OH N03BOJIAeT HAXOAUTb IOINPABKH, C
IIOMOIIIbI0 KOTOPBIX MOHO IOJIyYUThb NpPaBUJbHble pe3y/bTaThl Ha
TOYHO, HO HENPaBUJIbHO paboTaUMX Cpe/CTBAX U3MEepeHHUs.

CnyvaiiHble OIIMOKHA, B OTJUYHE OT CUCTEMATHUYECKHUX,
HCKJIIOUUTH HeJb3s. Ho, yBesiMunBas KOJIMYECTBO U3MEPEHHH, MOXKHO
YMEHBLIUTb CPEJHIOI0 BEJUYUHY CAy4YalHOW OLIMOKKA W, B HUTOTE,
NOBBICUTh TOYHOCTb pe3yJibTaTa M3MepeHUH. JledcTBUTENbHO, IpU
OJTHOM-/IBYX U3MEPEeHHUSIX He MUCK/IYAeTCH BO3MOXXHOCTb TOTO, YTO
OHU GY/IyT BBINOJHEHBI C 60JIBIION OMTUOKOU. [[pM MHOTOKPATHBIX Ke
M3MepeHUsIX, COIJIaCHO 3aKOHY HOPMaJbHOTO pacnpejeeHust
CAy4yalHbIX BEJWYUH, BEpPOSTHOCTb MHOTOKPATHOIO TMOSIBJIEHUS
KpYMHBIX OIIKO0K MaJia.



IIpoeepbme ce6s

JaHo npubaudxcennoe uwucao 1.0754327 u ezo npedenvHas
abcoaromuas noepewrHocms 0.0005. Okpyzaume 3mo uuci0, ocmasus
gepHble yudpobl. Yumume nozpewHocms OKpya/1eHUsl.

llopmHsxicHOU caHmumemposoll seHmotll uamepsiom OAUHY
OKpYJ#CHOCMU MepuduaHa, nyuie4Hozo 0pa Llapb-nywKu u meHHUCHO20
Ma4a. U3mepeHue Kakoll eesuduHsl dacm 60/4bWy 0MHOCUMENbHYIO
nozpewHocms?

Ilpu usmepeHuu paduyca kpyza ¢ mouHocmbeio do 0.5 cm
noJyvusocs vucao 12 cm. Hatidume a6conomHuy0 U OMHOCUMENbHYHO
nozpewiHocmu njiowadu Kpyaa.

Buinonnume apugmemuueckue delicmaust Ha0 NpUGAUHCEHHBIMU
yucaamu, 8ce yu@pvl KOMOPbIX BEPHbL:

130,6 + 0,255 + 1,15224 + 41,84 + 11,8216 = ...
352x1.748 = ...
7.6 /2314 =...
OyeHume abco0MHY0 nozpewHocms PyHkyuu y = In(x).

OyeHume abcoAOMHYI0 ho2pewHOoCmb GyHKyuu y =xxm (m —
J11060e delicmeumesibHOe YUC/10).

JdJieMeHTapHasA MaTeMaTH4ecKas 06pa60oTKa pe3y/ibTaTOB
U3MepeHMn

YTo6bl  MOJYYUTb  pe3yJbTaT, KakK  MOXHO  OoJee
NPUOIMKAOIUNCH K JeCTBUTENbHOMY 3HAaYeHUI0 OlpejesisieMoi
BeJIMYMHBI, U3MEpPEHHUS BbINOJHAT MHOTOKPATHO U U3 HUX HAXOJAT
cpeaHee apudMeTHYECKOe OT BCeX 3HAYeHHM (HMCKJoYas MpoMaxH),
KOTOpoe W TNpPUHUMAKT 3a (aKTHyecKoe 3HA4YeHHe HU3MepsieMOoM
BEJIMYMHBI.



[lockosibKy 3Ta BeJUYMHA NpPUOJU3UTENbHAS, CAeAyeT
OXapaKTepHu3oBaTb €€ TOYHOCTb. B KadecTBe XapaKTepPUCTUKHU
TOYHOCTHU B MPOCTEHNIIMX CAy4yasx MNOJIb3YITCSA BEJUUYUHOUN CpefHen
OLUHMOKHU.

— |Ag,|+|Aq,

n

OKOHYaTeJIbHBIN pe3yJbTaT 3allUChIBAIOT B BUJE
a=atAa,

Korpa omnpegensieMass BeJWYMHA sBJAsAeTCd (YHKIUEH He
OJIHOM, a HEeCKOJbKUX H3MepsieMblX BeJUYHWH, TO U OlIMOKa
omnpeJieJieHUs] 3TOW BeJUYUHBbI 3aBHCUT OT OIIMOOK H3MepeHUs
COCTABJIAKIIMX BeJUYHUH. Tak Kak ONIMOKM HECOM3MEPHMO MEHbIIe
CaMHX H3MepSEMbIX BEJHWYUH, MOXXHO 3aMeHHUTb WX Pa3HOCTHU
nuddepeniuanamu. Torga:

AY = 8Y

‘— db+ ‘— dk

BbIUMCIMM  OTHOCUTEJIbHYIO  OIIMOKY  pe3ysabTaTa AJsd
npocTeNmuxX GyHKIHM:

o(A+B)|,, |oCA+B)|
AY oA OB AA+AB

Y=A+B —= -
Y A+B A+B
AY ‘6(/;:4- = AA+‘8U(13; 2 i AA+AB
y=4-B 21- .ol
Y A-B A-B
AY ‘6(§4B) i ‘a(AB) & AA AB
Y=AB_ —= | il
Y AB A B
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AY a(lér;lA) . AA
Y=lnd — P =
Y InA AlnA

Hanpumep, npu onpeziesileHUM MOJIEKYJISPHOM MaccChl BelecTBa
KPHUOCKONIMYECKUM MeTO/|0M IN0JIb3YITCS ypaBHEHUEM:

M Km,
mz(Tl_Tz),
rane mi WU mz — HABECKH PpPACTBOPEHHOr'o BelecTBa U

pactBopuTens; T1 v T2 — TeMIepaTypa 3aMep3aHUs PacTBOPUTEJSA U
pacTBopa; K — KpuocKonuyecKas MOCTOSTHHAs.

[lycThb m1=1.0000 £0.0002 1, mz =50.00 £0.05 T,
T1=1.207 £0.003°C, T2 =1.000 £0.003°C, K =1.86. Toraa
OTHOCHTEJIbHAS MOTPELIHOCTD ONpezie/IeHHsI MOJIEKYJIIPHOM MacChl:

AM _Am, Am, AT, +AT, 0.0002 005  0.003+0.003
M m m, T,—-T, 10000 50.00 0.207

=0.0002+0.001+0.029=0.0302.

W3 pacyera cienyeT, 4YTO OTHOCHUTEJIbHAsA MOTPEIIHOCTD
omnpefesieHUs1 MOJIEKYJISIPHOU MacChbl KPUOCKOMUYECKUM METOJ0M He
3aBHCUT OT MOJIEKYJIIPHOM MacChbl, ¥ HAWOOJIbLIYIO MOTPEIIHOCTh
BHOCUT OILIMOKa ompejiesieHUs] pa3HOCTH TeMIlepaTyp 3aMep3aHus.
[loaToMy [/ NOBBILIEHHWS TOYHOCTHU ONpefesieHUsI MOJIEKYISAPHOU
Maccbl, B IepByl o4Yepeb, HEOOXOAUMMO IOBBILIATH TOYHOCTH
usMepeHus AT.

I'paduyeckoe n3o6pakeHue IKCNIEPUMEHTATbHBIX JAHHBIX

Hau6osiee Bbipa3uTesibHasi, MHPOpMaTHBHasA U yA06Has popma
npeJCcTaBJIeHUs] 3KCIepUMEHTAJbHbIX JaHHbIX — rpaduyeckas.
[TocTpoeHue rpadurka HaUMHAIOT C BbIGOpA €ro pa3MepoB U MacuiTaba
KOOPAMHATHbIX oced. OuYeBHJHO, 4YTO B ILeJAX COKpaLleHUs
HEHCII0JIb3yeMON IJIOAJU rpaduka He cjiaefyeT HAayMHATb OCb C
HyJf, KOrja OTKJaJblBaeMas BeJMYMHA HW3BECTHA He C HyJd.
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Macuwtab BbiGUpalOT yA06HBIM AJ5 paboTel. Hanpumep, 1 cM no ocu
cootBeTcTByeT 0.2, 0.5, 1, 2.5 usau 10 equaunam, Ho He 0.17, 0.54, 1.3
unu 2.48.

Ocu J0/KHBI ObITh 0603HAa4YeHbl C yKa3aHHWEM pPa3MepHOCTH.
Eciu u3MepsieMble BeJMYUHBI BbIPAKAKOTCA MHOTOpa3psiAHbIMU
nudpaMy, TO HX 3aNUCHIBAIOT 4Yepe3 MHOXKUTeab 107, KOTOpBIA
CTaBAT psAAOM C YCJOBHBIM 00603HaueHHeM ocU. Bo wusbexaHue
NyTaHULbl B 3KCIEPUMEHTAJbHbIX TOYKAaX NPU HAaHECEHUM Ha OJUH
rpadpyvK HECKOJIbKHUX 3aBUCUMOCTENM KaKAYH TOYKY OOBOJAT
KPY>KKOM, TPEYTOJIbHUKOM HJIU APYToi GUTYPKOH.

Ilo NOCTaBJIEHHbBIM  TOYKaM CTPOAIT  JIMHUIO —
GYHKIMOHAJNBbHYI0 3aBUCMMOCTb. Tak Kak cCjay4yaillHble OIIMOKHU
Hen36eXXHbl, TOUKU MOTYT paclojiaraTbCsl Ha rpadrkKe ¢ HEKOTOPbIM
pas6pocom. [1o3ToMy JIMHUIO MPOBOJSAT TakK, YTOObl OHA MPOXOJWJia
BO3MOXXHO OJIbKe KO BCEeM TOYKAaM, a TOYKH pacroJsaraauch
CUMMETPUYHO U PAaBHOMEPHO OKO0JIO JIMHUU. OOBIYHO MPsIMbIE CTPOST
C IOMOLIbIO JIMHENKH, @ KPUBbIE — C IOMOIIIbIO JIEKaJI.

041 E.B

03 -

0.2 1 E=-0,054TpH + 0,3967

R>=0,9993
0,1 A

0.1 -
0.2 -

0.3 -

04 -

3aBUCHMMOCTb NOTEHIMAJIa CTEK/ISIHHOTO 3JIeKTpoa oT pH 6ydepHbix
pacTBopoB(npuMep NpaBUIbHOro opopmieHus rpadpuka).
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Ha noJsie u ocsax rpaduka He JOJKHO ObITh JTMUIHUX HAJMHUCEH.
[Tognuch K PUCYHKY [lOJIKHA COJEp:KaTb HOMEp PUCYHKA, Ha3BaHHUe
3aBUCHUMOCTHU U paciiiPppoBKY YCJIOBHbIX 0603HaUYeHU M rpaduka.

CopepxxaHue oTyeTa

OTyeT ABJSETCA JOKYMEHTOM, [0 KOTOPOMY CYJISIT O XapaKTepe
paboThl, 0 Ka4ecTBe ee BbINOJHEHHUS U 06 ypoBHEe KBaJHpHUKALUU
WCIOJIHUTE/Sl. YpOoBeHb KBaJMQUKALUW MPOSBJSETCS B TOM, Kak
HCNOJIHUTEb POPMYJIMPYET MOCTABJIEHHbIE Nlepe]] cCO60M 3a/au, KaK
NMOHMMaeT M HCHO0JIb3yeT TEOPETHUYECKUH MaTepuas, HACKOJBbKO
NPaBUJIbHO U JIOTUYHO U3JIaraeT 3KCIEPUMEHTA/bHYI0 YacCTh paboThI,
KaK aHaJU3UpyeT W OlleHUBAaeT IMOJIyueHHble pe3yJbTaThl, KaKue
JenaeT BbIBOJbL. OTcCro/la cjejyeT, YTO OTYET MO JabopaTOpPHOM
paboTe CAYKUT CpPeJCTBOM Pa3BUTHS HABBIKOB IO TJYOGOKOMY
OCMBICJIEHUIO BBINOJIHSIEMbIX 33JlaHUA W YMEHHUS BbIpa)KaTb CBOU
CY?KJIeHUSI HAy4YHbIM SI3bIKOM.
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JIABOPATOPHAA PABOTA Ne1.3JIEKTPOJIN3.
3AKOH ®APAJEA

KPATKHUE TEOPETUYECKHUE CBEAEHUA

IneKTp6/M3 — PU3UKO-XMMHUYECKUH MPOLEeCC, COCTOSAIUN B
BblJleJIEHUH Ha 3JIEKTPOAAX COCTABHBIX YacTed pacTBOPEHHBIX
BeIlleCTB WM APYTUX BELECTB, ABJSIOIIMXCA Pe3JbTaTOM BTOPUYHBIX
peaknuid Ha 3JIEKTPOoAaX, KOTOPbI BO3HHMKAET NPH MPOXOXKIAEHUU
3JIEKTPHUYECKOT0 TOKA Yepe3 pacTBOP, JIMOO0 pacIljiaB 3JIEKTPOJIUTA.

YnopsijoueHHOe JBH>KEHHE MOHOB B MPOBOJSIIUX KUIKOCTSIX
IPOUCXOJUT B  3JEeKTPUYECKOM II0Jle, KOTOpOe  CO3JaéTcs
3JIeKTpPOJjaMU — TNPOBOJAHUKAMH, COEJAUHEHHBIMHU C IOJIIOCAMU
HUCTOYHMKA 3JIEKTpUYECKON sHepruu. KartogoMm mnpu a3jiekTposiuse
Ha3bIBAETCS OTPULATENTbHbBIN 3JIEKTPO/], aHOZOM — MOJIOXKUTETbHBIH.
[Tos103kUTE/IbHBIE HOHBI — KaTHUOHbI (MOHbI METAJIJIOB, BOJAOPOAHbIE
VOHBI, MOHbl aMMOHHUS U Jp.) IIPU 3JIEKTPOJIU3€e JBUKYTCH K KaTOAY,
OTpHULaTeJbHble MOHbl — AHUOHBI (MOHBI KHUCJOTHBIX OCTAaTKOB U
TUAPOKCUJIBHOU IPYIINbI) — ABIKYTCS K aHOAY.

AHOJA, KATOA

[+++++++++++++++++++

IIItIIIIIIIIIIIIIIII

Ha OTpULIATEJIbHOM JJIEKTpoJe IPpOUCXOAUT Imponecc
BOCCTAaHOBJIEHHA, COHpOBO)K,ZLaIOI_U,I/II‘/JICH IMOorJiolmeHrueM 3JIEKTPOHOB Y
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KaToja. Hampumep, mpu 3JieKTpo/iM3e KaKOW-JIMO0 KHUCJOTHI Ha
KaToJle TMPOUCXOAUT BblAeJeHHe BOJOpOJAa MO CJAeAyIleMy
ypaBHEHUIO:

2H*+ 2e — H>

Ecnin B pacTBope 3/1eKTPOJIMTA MNPUCYTCTBYKOT KaTHUOHBI
HEaKTUBHOTO MeTasl/la, TO Ha KaToJe CTAaHOBUTCS BO3MOXXHBIM
BblJleJIeHHe MeTa/lJIN4eCcKOro 0ca/ika 110 YpaBHEHHUIO:

n2* + 2e — Zn

[Ipy 3/1eKTpo/iM3e HA aHOJe NMPOTEKAeT peaKlUs OKUCJIEHHSI.
Hanpumep, 3JIEKTPOJIM3 XJIOPHUJIOB CONPOBOXK/JIAETCS BbIJEJEHHEM
ra3zoo6pa3HOro XJ0pa Ha aHOJE:

2Cl--2e — Cl2

B 3aBUCMMOCTH OT XMMHUYECKOW NMPUPOJbl HOHOB 3JIEKTPOJIMTA
NPOLYKTHI 3JIEKTPOJIU3a CUJIBHO OTJIMYalTCA. bosblioe BaUAHKE Ha
IpOTEeKaHWe  IMpOLLecCOB  3JIEKTpPOJIM3a  OKasblBaeT  IpUpoJa
3JIEKTPOJZOB, U NIpeX/e BCero, aHoAO0B. Pa3/MyaroT HepacTBOPUMBIE U
pacTBopHMble aHOAbl. B KayecTBe HepacTBOPUMBIX aHOZOB
NPUMEHSIOT rpaduT, 30JI0TO U MJIATHHOBbIe MeTasliibl, Pb02, RuO2 u
Jlpyrye BelllecTBa, MMeloliye OOJbLIMe INOJIOKUTeJbHble 3HAaYeHUs
PaBHOBECHBIX 3JIEKTPOAHBIX MOTEHIUaNoB. HekoTopele MeTasbl
NpakTU4YeCKHW He pacTBOPAIOTCI H3-3a  BBICOKOM  aHOLHOU
noJispyU3aliuy, HallpuMep, HUKeJIb U JKeJle30 B L1eJIOYHOM pacTBope,
TUTAaH, TaHTaJl, HepXKaBelolas CTajlb.

PacTBopuMbIE  3JIEKTPOABI  OKUCISKOTCI B Tpoliecce
3JIEKTPOJIM3a U B BH/Ie UOHOB NEPEXOASAT B PACTBOP 3JIEKTPOJIUTA.
PaccMoTpeHUe 3/1eKTPOXMMHUUYECKHX MPOLECCOB B C/Iy4ae OTCYTCTBUSA
HepPeropoIKu MeXAy aHOJAHbIM U KaTOJAHBIM POCTPAHCTBOM CJIEIyEeT
HauMHATh C [POLIECCOB OKHCIEHUs Ha aHoJe, T.K. BO3MOXKHO
pacTBopeHHe (OKHCJIEHHE) aHOZa, IepexoJ; UOHOB pPacTBOPEHHOIO
MeTa/l/la B KaTOJAHOe MPOCTPAHCTBO M BOCCTAHOBJIEHHWE 3TUX MOHOB
Ha KaToJe.
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KosimyecTBeHHOe COOTHOLIEHHE MeXAY 3aps/oM, MPOTEKILIeM
Opyd 3JIEKTPOJM3e, U KOJHUYECTBOM XHMHUYECKOTO BelleCTBa
M3pacxo/ioBaBllerocssi WJIM o6pa3oBaBLIErocss MpU NPOTEKaHUHU
3JIEKTPOXUMHUUYECKOH peakliiu yctaHoBuaI Papajieit B 1832 1.

CorsacHo 3akoHy ®apajiess KOJMYECTBO 3JIEKTPUYECTBA
IPSIMONPONOPIIMOHANBHO KOJIMYECTBY BEIIECTBA, YYAaCTBYIOIETO B
3JIEKTPOXMMHYECKOM mpeBpaueHuu. [locrosHHas @apagpes F
YUCJIEHHO PaBHA 3apsi/ly OJHOTO MOJIb 3JIEKTPOHOB, TO €CTh

F=q,N,=1.6x10""x6.02x10% =96485Kj1/Mob,

B o6umem Buje 3akoH Papases MOXHO ONUCaTh CJAeLyHOLIEH
bopmy.ioit:

nezﬁ,
rfle ne — KOJIMYECTBO 3JIEKTPOHOB, MoJib;  — 3apsg, Ko, F —

noctosiHHasg Papagesi, 96485 Kiu/Moib.

B kayecTBe mnpumMmepa, onpezesUM KOJUYECTBO KHUCJIOPOJ3,
0Opa3oBaBLIerocs NpH 3JIeKTPOJIKM3e BOJbl IPU NPONYCKaHUU 3apsja
B 100 Kn. Ha aHoze nipu 3jieKTpoJiv3e BOJIbl IPOTEKAET CAeAYIOLAs
peakLus:

2H20 - 4e — 02 + 4H*

W3 npejcTaB/eHHOTO ypaBHEHUS CIeflyeT, 4YTO /1S Bbl/leJleHUs
OZJHOM  MoOJIEKYJbl  KUCJI0poJa TpebyeTcd oOTjAadya 4eThIpex
3JIEKTPOHOB JIByMSI MOJIEKYJIAMH BOJIbI.
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KosinyecTBEHHO 3TO COOTHOIIEHHE MOXKHO 3alKMCcaTh KaK

n

_Te
fo. "y

B mnpumepe kaszaH 3apsag 100 Kia, ciegoBaTenbHO KOJIMYECTBO

KHMCJIOpPO/ia paBHO

n, :&:iz—loo =0.26 MmMoOJIb
4 4F 4x96485

fBneHUe 37E€KTPOIM3a IIUPOKO NPUMEHSIETC B COBPEMEHHOU
IPOMBILIJIEHHOCTU. B 4acTHOCTH, 3/IeKTPO/IM3 SIBJASETCA OJHHUM W3
CNoCO60B MPOMBIIIJIEHHOTO TMOJyYeHUs alOMHHUSA, BOJOPOA3,
JAMOKCHJA MapraHua, IepoKCHAa BOJOPOJA, XJIOpa, THUAPOKCHAA
HaTpud. Bosiblioe KO/M4YeCcTBO MeTalJIOB WU3BJIEKAeTCA W3 PyA U
noABepraeTcs nepepaboTKe C MOMOUIbIO 3JEKTPOIKCTPAKLUU U
anekTpopaduHrUpoBaHusa. Takxke 3J€KTPOJIU3 SABJSETCH OCHOBHBIM
nponeccoM, 6Jiarofapsd KOTOpoMy OGYHKLUHOHUPYET XUMHYECKUH
MCTOYHUK TOKa.

3J'IEKTp0fII/13 HaXO0AUT NpHUMEHEHHEe B OYHMCTKe CTOYHBbIX BOJ:
Impoueccol JJIEKTPOKOAryJduuny, JJIEKTPO3KCTPAKI MY,
BJ'IeKTpOCl)JIOTaL[I/II/I. HpI/IMEHﬂeTCH AJId HaHEeCeHHA MeETANJIMYECKHUX
HOKprTI/Iﬁ pru XpOMHUPOBAHWH, HUKEJINPOBAHUH, 30JI0YE€HHWHU U [P.

IEJIb PABOThI
JKCIepUMeHTa/IbHO MNOATBepAUTb 3akoH Papazesa nyTeMm
KOJIMYeCTBEHHOIO onpejeseHus IpPOAYKTOB 3JIEKTPOJIM3a

Pa3JIMYHBIX BOAHBIX PACTBOPOB

OBOPYJOBAHHUE

—Y4eb6Ho-1a60paTopHbIK MoAYJIb «JJIEKTPOXUMHU»
—CeTeBo¥i Kabesb

—MWCcTOYHUK TOKA CO BCTPOEHHBIM KYJIOHOMETPOM
—3JJIEKTpOJIn3Eep

—DMeTannndeckue aaekTpoabl (Cu, Hepk)
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—MoHeThI 6eJ10T0 U »KeJITOrO IIBETa
—CoeIMHUTEIbHbIN POBOJ, KKPOKOJWJI»
—CoeJUHUTEJIbHBIN IPOBOJ, K JATYUKY

—KoMeKT HITaTUBOB C JIallKaMU
—Menko3epHUCTasA WIKypPKa /s 3a4UCTKU 3JIEKTPO/IOB
—MarHuTHas Mellaaka

—MHW3BekaTes b MarHUTHON MellaJIKu

PEAKTHUBBI U I10CY JA

—XuMH4yecKui crakaH Ha 400 mu

—XUMHYeCKUH cTakaHd Ha 50 M

—IIpo6upku rpagyupoBanHbie 20 M co uiipom 14/23, 2 it

—Bopanbiit pactBop KNO3z, 0.5 Mmosib/n

—Bopansiit pactop HCl, 0.5 Mmosb/n

—3nektpoauT MegHeHuA (1:1, CuSO04 250 r/a + H2S04 50 /1)

—JnekTpoauT HUKeupoBaHuA (1:1, NiSO4 0.5 mosb/a + H2S04 0.1
MOJIb/ 1)

—I[IpomMbIBasKa ¢ JUCTUTUPOBAHHOM BOLOU

NMOPAAOK INTPOBEAEHUSA PABOTBI

OmnbiT N21. JsiekTposiu3 BogHoro pacteopa KNOs
C MHEePTHBIMH 3JIEKTPOJaMH

B onblTe mNpoU3BOAAT 3JIEKTPOJM3 BOAHOTO pacTBOpa
unaudpepentHoro aznektposuta (KNOs, Na:SO4, NaNOs3 u T.1.) B
3JIeKTpOoJiM3epe, MO3BOJIAIOILEM KOJHWYECTBEHHO COGUpaThb rasbl,
o6pasyolirecs Ha KaTo/ie U aHOJe.

HasnuBator 100-200 Ms1 3apaHee NPUTrOTOBJIEHHOrO pacTBoOpa
HUTpaTa Kajqus B cTakadH Ha 400 M. 3anmoJIHUB MepHble MPOOGUPKU
pacTBOpOM MOJ CcaMOe TOpJbILIKO, YCTaHAaBJAUBAlOT UX B
3JIEKTPOJIM3€epP B BEPTUKAJIbHOM IOJIOKEHHU. Y 6€IUBIIKUCH B TOM, UTO
TOPJIBIIIKO MNPOOUPKH MJIOTHO CUAUT B YI/yOJIEHUU 3J1eKTPOJIN3€epa, a
TaK)Ke OTCYTCTBYIOT Iy3bIpU BO3/lyXa BHYTPHU NMPOOHUPOK, aKKypaTHO
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M JIOCTAaTOYHO OBICTPO NEPEBOPAYMUBAIOT  3JIEKTPOJIM3ep C
npobupkamMu. /lasiee ycTaHaBJIMBAOT COOPAHHYI KOHCTPYKIHIO B
CTakaHe U TMOJKJ/IIOYAIOT 3aKUMbl «KPOKOJWJ» K pa3beMaM Ha
3JIEKTPOJIM3EpE.

@ '®‘ I I
Q=D | |
A O

K y4e6HO-71a60paTOPHOMY MOAYJIO MNOAKJIOYAIT HCTOYHUK
TOKa CO BCTPOEHHBIM KyJIOHOMETPOM HENOCPeACTBEHHO WM 4yepe3
COeIMHUTE/IbHBINM MpoBoJ. CoeUHUTENbHBIN MPOBOJ, «KPOKOZUJI»
MOJKJIIOYAIOT K UCTOYHHUKY TOKA.

Bk/iro4aloT Npu6oOp B CETh M 3arpykaroT THUIl IKCIEPUMEHTA
OpuHo4YHOe uamepeHue. Ha Bkiasike YCTPOMUCTBA BhIGUPAIOT
UctouHuk Toka u KynoHomerp. Ha Bkiagke lNpoBepka
OOHYJIIIOT 3HAayeHHe 3apsja KyJOHOMEeTpa W HaXKUMAKT KHOIKY
HAYATb J3KCINEPMMEHT. YcraHaBJIMBAaKOT CHJIYy TOKa B
auanazoHe 200-300 MA ¥ BK/JIIOYAIOT UCTOYHUK TOKa.

Bo BpeMs a/ieKTpoJiM3a MOXXHO Hab6JIl0/1aTh BhbIJieJieHHE Ta30B
Ha KaToJle U aHoJe 3JieKTpoJsiu3epa. [losie mosydyeHUs JOCTaTOYHBIX

JUI1 TOYHBbIX H3MepeHUU o06bemMoB rasa (10-15 M) 3jekTpoJsiu3
IPEeKPAIAOT MyTEeM BBIK/IIOUEHUs HCTOYHUKA TOKA.

3KCHepI/IM6HTaJIbHO IMoJIy4eHHbI€ Ha KaToAe U aHOo/Je 06'bEMBI
ra3soB HeO6XOﬂI/IMO CpaBHUTb C TeEOpPETHYECKHU PACCYUTAHHBIMHU
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obbemMaMu 1o 3akoHy Papagesa. Ilpu odopmaeHun oTyeTa
YKa3blBAlOTCA peaklUM, NpoTeKawlyMe Ha KaToJe U aHOJe, a TaKxKe
CyMMapHasl peakLMs 3JIeKTPOJiM3a BOJHOTO pacTBopa HUTpaTa
KaJTusl.

C moMolIbI0 JIAKMYCOBOTO HHJMUKAaTOpa MOXHO Y6eJUTbCA B
TOM, YTO COZepKMMOe NPOOUPKHU C KaTOZ0M UMeeT LeJIOUHYI0 Cpeay,
a C aHOJOM — KHUCAYI0. [l 3KCHEPUMEHTAIbHOTO MOATBEPKAEHUS
BblJleJIeHUs] BOJIOPO/ia M KUCJI0POJa MOXHO IIPOBECTH KaueCTBEHHbIe
peakLUu: B IPOOGUPKe C KUCIOPOJOM TJIEOLasi JYIYMHKA BCIbIXUBAET
MOMEHTAJIbHO, @ BOJIOPO/ B3PBIBAETCS C XapaKTEPHBIM XJIOMKOM MpPHU
NOJJHECEHHUU CIHUYKU. YKa3aHHble KayeCTBEHHble peaKIMU MOXKHO
IPOBOAUTb TOJIbKO C pa3pelleHUs NpenojaBaTesisi C COOJIOJeHUeM
Heob6X0JUMbIX Mep 6e30MacHOCTH!

OmnbIT N22. JJ1eKTpo.Jiu3 BogHOro pacrsopa HCl
C HHEPTHBIMM 3JIEKTPOAAMM

B onblTe NpoM3BOAAT 3JIeKTPOJIM3 BOJHOTO pacTBopa COJISAHON
kuciaotel HCl B asekTposiuzepe, MO3BOJIAKOIEM KOJWYECTBEHHO
cobupaTb ras3oobpasHble OPOAYKTBL. IJJIEKTPOJIM3ep 3aloJIHAIT
pacTBOPOM KHCJOTbI KaK OINMCAaHO B MPEeAbIAYLIEM OIbITE.
[IponyckawoT Tok cuyioit 200-300 MA, noka B 0JHOH M3 NPOOHPOK He
BBIJIEJTUTCS JIOCTATOUYHBIN /IJI1 TOUHOTO U3MepeHus 06beM rasa (10-
15 mua).

JKCIepUMEeHTAJIbHO TOJIyYeHHbIH Ha KaToJe 00beM Trasa
HEeOOXOAMMO CPAaBHUTh C TEOPETUYECKH PACCYUTAHHBIM 06'bEMOM I10
3akoHy Papages. [Ipy opopMyieHHH OTYeTa YKA3bIBAIOTCS peakluy,
NpoTeKawliie Ha KaToZe W aHoJe, a TaKXKe CyMMapHas peaKlHs
3JIEKTPOJIM3a BOJHOI'0 PAaCTBOPA COJITHON KUCJIOTHI.

[Ipu odopmyieHUHM oTyeTa 1O JabopaTopHOHW paboTe
HEOOXO0ZIMMO O0OBSCHUTH, NTOYeMy XJIOp Ha aHoJe He obpasyeTcs B
BUJe rasa. /liisi 9KCepMMEHTAJIbHOTO MOJATBEPXK/AEeHHUSI Bbl/leJIeHUs
BOZOPOJIa MOXXHO IPOBECTH KAYeCTBEHHYI peaKUHIo: Ipu
NOJHECEHUH CHUYKH K TNpo6UpPKe BOJOPOJ B3pbIBaeTCd C
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XapaKTEePHbIM XJIONMKOM. YKa3aHHY10 KauyeCTBEHHYIO peaK U0 MOXKHO
IPOBOAUTL TOJIbKO C pa3pelleHUs NpernojaBaTess C COOJIIOJeHUeM
Heob6X0UMbIX Mep 6e30MacHOCTH!

OnbIT N23. d1eKTpo./iu3 BogHOro pacrtesopa CuS0O4
C Me/HbIMM 3JIEKTPOAAMH

B onbITe MPOU3BOJASAT 3JIEKTPOJIM3 BOJAHOTO pacTBoOpa cyJibdaTa
Megu CuSOs B XMMHYECKOM CTaKaHe C MeJHBIMHU 3JIEKTPOAAMHMU.
[locko/IbKY B [aHHOM OIbITE 3JIEKTPOJbl PACTBOPUMbBIE, TO MPU
3JIEKTPOJIM3e OyJeT MPOUCXOAWTH IMEpPeHOC MeTajla C aHOJA Ha
KaToJ;: Macca aHO/,a YMEHBILIUTCS, a Macca KaTo/a YBeJUIHTCS.

JJIeKTpo/bl B3BELIMBAIOTCS Ha aHAJMTHYECKUX Becax A0 U
nocJie 3JeKTposu3a. [lepes B3BelIMBaHUEM 3JIEKTPO/ bl HEOO6XOUMO
3a4YUCTUTh (QUIbTPOBAJLHON OYMaXKKOW UJIA MEJNKO3ePHUCTOU
mkypko. B crakan Ha 50mMa  HanuBaT npuMepHo 40 mia
3JIEKTPOJIMTAa MeJHEHUs M YCTaHaBJMBAIOT IO KpasM CTaKaHa
MeJIHble 3JIEKTPOAbl C IOMOLIbIO Y/JEep>KUBAIOLIUX YCTPOWUCTB. B
CTaKaH MOMEeIaloT MarHUTHYIO MeLIaJIKY.

BkJtoyaloT nepeMeliBaHMe pacTBOpa M YCTAHABJAUBAIOT CUY
Toka 50-100 MA ucxoAs U3 TOro, YTo MaJjasi CHUJa TOKa MoTpebyeT
3HAYMUTEJbHOTO BpEMEHH [Ji1 BblJleJIeHUs] [JOCTAaTOYHOro JJIs
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TOYHOTO B3BeIIMBAaHUSA MeJH, a CJIMLUIKOM O0JIblIasi CHUJia TOKa MOXET
IPHUBECTH K 06pa30BaHUIO PHIXJIOTO 0CaJlKa Ha KaTo/le, KOTOPbIXA NP
W3BJIeYeHUH 3JIEKTPO/JA U3 pacTBOpPa MOXKeT OChINAThCS.

JKCIepUMeHTaJlbHO NOJIydyeHHOe U3MeHeHUe MacChl KaToJa U
aHo/ia He06X0AMMO CPABHUTh C TEOPETHUYECKU PACCYUTAHHON Maccoi
no 3akoHy ®apagesa. [lpu odopMyieHHM OT4YeTa YKa3bIBAKOTCS
peakLyH, NpOTeKawIhe Ha KaToJe U aHOJe, a TakKKe CyMMapHas
peakiys 3J1eKTPoJIM3a BOJAHOr0 pacTBopa cyjibdara Meaiu C MeJHbIMU
3JIEKTPOJAMHU.

JIto603HaTe/bHble CTY[AEeHTbl MOTYT IPOBECTH HHTEPEeCHbIU
3KCHEepUMEHT MO0 HaHECEeHWI0 MeJHOTO MOKpbITUS Ha MoOHeTy. /lid
3TOro  Heo6GXOAWMO  MOHeTy  Oejioro  IBeTa  (MMEWIIYIO
HUKeJIUPOBaHHOE TMOKpbITHE) O06e3KUPUTh U 3aaTb B pa3beM
«KpOKoAWJI». MOHEeTa 0/KHA OBbITh MOJK/I0YeHA K OTPULIATEbHOMY
BbIBO/Jly UICTOYHHKA TOKa — KaToJy. B KauecTBe aHOJla UCTIO/Ib3yeTCs
MeJHbIA asieKTpoJ. /[l moJsiydeHUs] KadeCTBEHHOIro MOKPbITUS
He06X0UMO NPaBUJIbHO BbIOPATh CUJY TOKA, UCXO/SA U3 IJIOTHOCTH
Toka 5-10 A/aM2. ITO 03HAYAET, YTO [Jist MOHEThI C IOBEPXHOCThIO 1
CcM% He06X0/AMMO HAHOCUTD NMOKPBITHE NpH cujie Toka 50-100 MA.

OnbiT N23. HuKe/iupoBaHMe NOBEPXHOCTHU IIPHU 3JIEKTPOJIU3e

B aHHOM 3KcllepMMeHTe HaHOCUTCA HUKeJlb Ha NMOBEePXHOCTH
JApyroro MeTasia. HanboJsiee Hari9iHO 3TOT ONBIT MOXXHO IPOBECTH C
MCII0JIb30BAaHMEM MeJHbIX MOHET >KeJToro ngeta. [IpegBapuTesbHO
Me/IHble MOHETKH 00€3:KMPUBAOTCS U 3a4MUIAI0TCSA MEJIKO3EPHUCTOM

HaXJa4yHOH 6ymarod.  JKCIepUMeHT  MpPOBOAAT  MNOA0O6HO
BbILIEONMCAHHOMY, TOJIBKO C HCIOJIb30BAHUEM  3JIEKTPOJIUTA
HUKeJMpoBaHUs.  PekoMeHJayeMass ~ IJIOTHOCTb  TOKa  NpH

HuKeaupoBaHun 30-70 MA/cM2. B kadecTBe aHOZa MCIOJb3yeTCs
3JIEKTPOJ, U3 HEpPXKaBeIllel CTalu.
PekoMeHAal MM 10 0POPMJIEHHIO 0TYETA

[Ipu odopmyieHuHn oTyeTa 10 JabopaTopHOH paboTe
pEKOMeH/JlyeTcsl  CXeMaTHYeCKH  HM300pasuTb  JIaGopaTOpHYIO
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YCTAHOBKY. 3amucaTb YpaBHEHMs 3JIEKTPOXMMHUYECKUX peakuUil Ha
KaToZle M aHoJle, a TaKXKe CyMMapHyl peakLHI0 3JIeKTPOJM3a.
OnpezesuTh NPOAYKTHI 3JIEKTPOJIM3a B 3aBUCUMOCTH OT XUMHUYECKHUX

CBOWCTB 3JIEKTpoZa U  pacTBopa MOXXHO PYKOBOJCTBYSICh
C/leAyIOUIMMU TPaBUJIAMU:

PEAKIIUA HA KATOJE
(mpouecc BOCCTaHOBJIeHM )
Matspaail JJIeKTpoaUT Peakuus
KaToja
ConepUT MOHDBI 2H* + 2e — H;
Bosiopoaa, HarpuMep HCI,
H,S04 mmu HNO3 BoigesisieTcs ras Bo4opos
Conep>KUT UOHBI
e TideT aKTUBHBIX METAJIJIOB, 2H20 + 2e — H; + 20H-
nHanpumep NaCl, K2SO04 nin BhiziesisieTcs ra3 BoAopoI
3HaYeHUs Ca(NO3);
CoZlep>KUT HOHBI
HeaKTHBHBIX MeTaJlJIOB, n2* + 2e — 7Zn
Hanpumep ZnS04, Bhiziesi1€TCA MeTaJ/ll M3 pacTBopa
Cu(NO3)2
PEAKIIUA HA AHOJIE
(mponecc okucjaeHus)
MatEpaan JJIeKTpoauT Peakuus
KaToja
PacTBOopuMBIH, 7n - 2e — 7Zn2+
HaEpHUeR, ol BoiesnsieTcs MeTaslI U3 pacTBopa
Cu, Zn, Nj, Ag
P CosiepKUT aHUOHBI C 2H,0 - 4e — 4H* + 0,
Hanpnme ’ KHEZOPOAOM,HaIPUMED BriensieTcs ra3 KUCJA0POJ,
: an:HT o K>S04, NaNOs P
He;I))maBer'om’aa CopeprnT Cl--2e — Clz
0Ee3KUCI0PO/IHbIEe AHUOHBI,
CTajlb OkucnsieTcss aHUOH
Hanpumep KCl, Na,S
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JIABOPATOPHASI PABOTA Ne2. ONIPEJJEJIEHUE YU CEJI
MEPEHOCA METO/IOM JIBUXKYIIEACA TPAHULIBI

KPATKHUE TEOPETUYECKHUE CBEJJEHU A
Yucsio mepeHoca MOHOB — 3TO J0JIs1 3apsi/ia, NepeHocuMast

MOHAaMHM J@aHHOI'O BHJA 4yepe3 pacTBOpP NPU NPOTEKaHHWU MO HeMy
3JIEKTPUUYECKOTO TOKA.

4@ . _1
el e

Yucno mnepeHoca sBJsieTcs 6e3pa3sMepHONM  BeJMYHUHOH,
U3MeHsieTCsl B IpeJesiax OT HyJs [0 €AWHHLbl, a CyMMa 4YHCeJ

nepeHoca BCeX HOHOB, IPHUCYTCTBYWOIIHNX B pPaCTBOpe IIpHU
3JIEKTPOJIN3€ pPaBHA €JUHHUILE.

t,+t =1, 0<t<1

) q++q—:Q

Yucia IepeHoca CBA3aHbI co CKOpPOCTbIO ABHUXEHHA
COOTBETCTBYHOIIHX HOHOB, a TaK¥Xe 159:¢ 3J'IEKTpI/I‘-IeCKOI‘/JI
MMPpOBOAHNMOCTbBIO

A u A u.

+ _ +

t: = ) t7= | ~
A +A u +u A+ u +u

HocutenaMu 3apsjia B pacTBOpax 3JIEKTPOJIUTOB SABJSIOTCA
MoHBblL. [loCcKO/JIbKY abCOJIIOTHBIE CKOPOCTH [JBHXKEHHS KaTHOHOB U
aHUOHOB HEOJMHAKOBBI, TO O6oOJbLIYIO [JOJIO 3apsja Bcerja
nepeHoCcAT 6oJiee MOoJBUXKHbIE HOHBI.

B aJjieKTpoJiu3epe NP MOSIBJEHUM PAa3HOCTH MOTEHIIMAJIOB Ha
3JIEKTPOJax pas/iMuKve B CKOPOCTH JBUKEHHS KaTUOHOB U aHHOHOB
OPUBOJUT K TOMY, YTO OHHU INepPEeHOCSAT pa3HbIA 3apsij, HO 3TO He
BJleyeT 3a COOOW HapylleHUe 3JeKTPOHEUTPaJbHOCTH pacTBOPA.
Yucaa mepeHoca 3aBUCAT OT NPUPOJbI BeleCTBA U pacTBOPUTES,
KOHLIEHTPAaLlUX pacTBOpPa, TeMIEPaTyphl, CKOPOCTH JIBUKEHUST HOHOB.
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JlJ1s1 pacTBOPOB GOJIBLIMHCTBA COJIeW 3HaYeHUs YUceJl llepeHoca
MOHOB HaxojsATcsad B npezenax 0.4..0.6, cienoBaTesibHO, NpH
3JIEKTPOJIM3€ TaKUX CcoJied 3apsi/i, [MepeHOCUMbIA KaTUOHaMU,
IpYMEPHO paBeH 3apsjy, IepeHOCHMOMY aHMOHaMH. JTO
00bsACHAETCA TeM, 4YTO MOJABWXXHOCTH KAaTUOHOB U aHHWOHOB B
pacTBOpax coJied MaJo oTJin4arTcda. OJHaKo B pacTBOpax Liejiodyer U
KMCJIOT 3HauYeHHs 4uceJl IlepeHoca MOHOB BOJOPOJA M T'MJPOKCH/A
JexatT B npefenax 0.7...0.9, npexzae Bcero 3To CBI3aHO C aHOMAaJIbHO
BbICOKOM MOJABUKHOCTbHIO yKa3aHHbIX HOHOB.

Kak mnpaBwsio, A1 HMOHa C 4YuCIOM nepeHoca MeHee 0.5
HaOJ/II0laeTcsl  YMeHbIIeHHE  4YHcAa  IlepeHoca € POCTOM
KOHL[EHTPAIlUK, COOTBETCTBEHHO /JIsi BTOPOr0 HOHA C YHCJIOM
nepeHoca 6osiee 0.5 ¢ yBesimueHHeM KOHIIEHTPALMU YUCJIO TepeHoca
YBEJIMYUBAETCH.

0,855 t
+

0,85

HNO,
0,845

0,84

0,835 - HCl

0,83

0,825 -
C,MOJIb/J1
0,82 ; : ‘ : ‘

0 0,05 0,1 0,15 02 0,25

3aBUCHMMOCTb YHCJ/Ia IEPEHOCa MOHOB BOAOPOAA OT
KOHI€HTPaL MU KUCJIOTHI

WHorza  npd  yBeJWYEHHM  KOHLEHTpPALMM  pacTBopa
HabJII0Jal0TCsl HeOOblYHble 3aBUCMMOCTH M TOJIYYAIOTCS 3HA4YeHUS
YyuceJ MepeHoca OTPULATENbHBIMUA WJIM MPEBbILIAIUIMMUA €JUHULLY.
JTO fIBJIEHHE XapaKTEePHO /IJIsl PAaCTBOPOB, B KOTOPBIX HOHBI CKJIOHHBI
K 00pa30BaHMI0 KOMILJIEKCHBIX COeJMHEHHWH HJIM accouuaToB C
Apyrumu noHamu. Eme I'mttopd Habatoaan, yTo B pactBope Cdlz npu
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yBeJIMYeHUU KoHUeHTpauuu coad ot 0.0025 go 1 mosab/a yucio
nepeHoca MoHa KaaMus uamensiercs ot 0.555 1o 1.15.

['utTOopd NMpaBUIBHO OOG'BSICHUJ 3TO SIBJEHHE, YKa3aB, YTO MpU
yBeJIMYEHUH KOHLEHTpalLUH COJM 00pa3yloTcs KOMILJIEKCHbIe
aHuoHbI No peakyuu Cd2+ + 41- — Cdls?~. ITU aHHUOHBI NEePEeHOCAT
KaJMUH He K KaToJy, a K aHoAy, 4YTO HCKaKaeT pe3yJbTaT
HM3MEepEeHUH.

C pocToM TeMnepaTypbl abCOJIOTHbIE CKOPOCTH HMOHOB U MX
NOABUKHOCTH YBEJWYUBAIOTCS, HO B PA3HOU CTeleHHU [ KaXJoro
BU/Jia MOHOB. [loaTOMy 4Mc/Ia epeHOCa C U3MEeHEHUeM TeMIlepaTyphl
TaK)Ke MEHSI0TCS 10-pa3HOMY.

0,86 1 t
+

0,85 -

0,84 -
0.1M HCl

0,82 0.1M H,S0,

0,81

0,79 . . : : T.°C

0 10 20 30 40 50

3aBHCHMOCTB YHCJ/Ia IEPEHOCA MOHOB BOAOPOJA OT TEMIIEPATYPBI
JJISL Pa3sHbIX KHCJIOT

MeToa ABMKYLIEHCSA IPaHUILbI

MeTop, ABMKYILEHCS TpaHULb] Obl1 npe/ioxeH Jlomkem B 1886
rogy W ycoBepuieHcTBoBaH Jlonrceoptom B 1923 roamy. B
BEPTHUKAJbHO PACHOJIO)KEHHOW TpyOKe CO3Jal0T Pe3Kyl TIpaHULy
MeXJy [JABYyMs pacTBOpaMHM 3JIEKTPOJMTAa (HampuMep, BOJHBIM
pactBopoM coJsisiHoM kuciaoTbl HCl), ans koToporo omnpepesnsieTcs
YHCJIO IlepeHoca, W HWHJWKATOPHBIM PpPacTBOPOM 3JIEKTPOJIUTA
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(HampumMmep, CuClz), KOTOpBIA [JOJKEH HMeTb OOILIMA aHHWOH C
yccllelyeMbIM 3/1IeKTPOJIUTOM.

[Ipy  mpomyckaHUM  TOKa  4Yepe3  pacTBOp  AHUOHBI
nepeMelalOTCcs BHU3, a KaTuoHbl H* u Cu?* BBepx. Ecaiu nomo6path
YCJIOBUSl ONbITA TaK, YTOOBI CKOPOCTU JBMXKEHHUS JBIKEHUST 0060UX
BU/IOB KAaTHOHOB ObLIM OJAMHAKOBBIMHM, TO TpPaHULA MEXAY
pacTBopaMu 6y/JleT OCTaBaThCs PE3KOM U MepeMelaThbCsl BBEPX C ITOU
CKopocTbio. TOYHOCTb U3MepeHUs YHCceJl lepeHoca B JAHHOM MeTo/ie
onpefessieTcs] TOUHOCTbIO PErHCTPUPOBAHUS IOJIOKEHUS T'PAHHULbI
pacTBOpPOB.

BsaumHaa auddysus MoOHOB MeJd U BOJOPOJA MOCTENEHHO
pa3MbIBaeT paHULly MeXAY pPacTBOpPaMH, OJHAKO MOXXHO JO0OUTbCSA
TOr0, YTOGbI NPY MPONYCKaHWM TOKA FpaHULA OCTaBajlach YETKOH.
JTO ycJI0BUE BBINOJIHAETCH IPU

/IH+ > /1Cu+

KaTom,

pacTBop
KHCI0TEL

HCl

: pacrsop
@ CONMM_———
CuCl,

Me/IHBIH aHOMd,—

CxeMaTH4ecKoe U306pakeHre YCTAaHOBKH /IS ONpeesIeHUst
YuCceJI IepeHoca METOA0M MOABHIKHOM rPaHUL(bI
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MeTo/, BMKYIIENCA TPaHUIbl UCIOJIB3YIOT IPU UCCIeJ0BAaHUHU
YyuceJl IepeHoca B pa36aBiieHbl pacTBopax. TOYHOCTb omnpejieseHUs
yuceJ TepeHOCAa MeTOJOM JBWXKYIIeWcs TrpaHUlLbl B 06JacTH
KOHI[eHTpanui g0 0.1 Mosib//1 3HAYUTEJbHO MpEeBbIIIAeT TOYHOCTH
omnpefeJieHUs YUceJ lepeHoca 1o metoy ['uttopda.

INEJIb PABOTbI

Onpe/ieTMTh YK C/IA IEpeH0Cca KATUOHOB U aHMOHOB Pa3JIMYHbIX
KHCJIOT Pa3/IMYHbIX KOHIEHTPaL Ui METOA0M ABUXKYILENCS] TPAaHULLbI

OBOPYJAOBAHHUE

—Y4eb6Ho-1a60paTopHbIX MoAyb «IJIEKTPOXUMUA»
—CeTeBol KabeJb

—MHcTo4YHUK TOKA CO BCTPOEHHBIM KYJIOHOMETPOM
—MeTananveckuit asektpo/ (Cu)

—MeTaninvyeckuit 3J1eKTpo/ (HEPK)
—CoeMHUTENbHBINA TPOBOJL KKPOKOUII»
—CoeauHUTE/NbHBIN IPOBOJ K JJATYUKY

—KoMn/1eKT IWITaTUBOB C JJaKaMHU

—PyuHo¥ go3aTop

—CrekJsgsHHasA 6l0peTKa C YIIJIOTHUTEJbHBIM 3/1IEMEHTOM
—Mesiko3epHUCTas LWIKypKa AJ151 3a4UCTKH 3J1€KTPO/IOB

PEAKTUBBI U I10CY JA

—XUMHYeCKUH cTakaH Ha 50 M1

—Bogansbie pactBopsl HCI, 0.01 mosib/ a1, 0.05 Mosb/a u 0.1 moab/a
—MeTu/10BBIN OpaHKeBbIA UHUKATOP

—IIpoMbIBasIKa ¢ JUCTUIJIMPOBAHHOU BOJIOM

NMOPAAOK IIPOBEAEHUSA PABOTbI

CTekJyisiHHY0 OlpeTKy OGUKCHPYIOT B Jiallke MITaTUBa B
BEPTHUKAJbHOM IOJIOXKEHWU. B HIKHIOIO 4YacTb OGHOPETKU IJIOTHO
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BCTABJAKT MeJHbIA 3JIeKTpoJ, Ha rayouHy 1-2cM. C moMmoInbio
pPYYHOro Jo03aTopa 3aloJIHAIT OIPeTKy pacTBOPOM COJISHOU
KHCJIOTHI, OJKPalleHHOW UHAUKAaTOPOM METUJIOBbIM OpPaHXKeBbIM, HE
JlojiuBasi [0 BepxHero kpas 1-2cm. B BepxHUN KOHel| OHOpeTKH
BCTABJIAIOT 3JIEKTPOJ, U3 HEpPKaBeIOLel CTaly C OTpaHUYHUTEJIEM.

Hcnonb3ys coefMHUTENBHBIN IPOBOJ, «kKPOKOAUI», K MEJHOMY
3JIEKTPOJY, paCHOJIO)KEHHOMY BHM3y OIOpPeTKH, MOJK/IYaloT
IIOJIOKUTEJIbHBIMA KOHTAaKT UCTOYHMKA TOKA, @ K BEpXHEMY 3JIEKTPOAY
VM3 HepXaBewllled CTaJlu — OTpUllaTeJbHbIA. MCTOYHUK TOKa
HNOAK/I0YAeTCsA K yueOH0-1a00paTOPHOMY MOAYJIIO.

HO,E[KJII-O‘-Ia}OT MOAYJIb K CETHU U 3arpy>Kar0T THUII 3KCIIEPUMEHTa
OpuHoOuYHOe uamepeHume. Ha Bkajike YCTPOMCTBA BbIOUPAIOT
UctouHmk Toka u KynoHomertp. Ha Bxiagke MMpoBepka

HaxkuMawT kHonky HAYATD 9KCIMNMEPUMMEHT. YcranaBiuBawT
CUJIy TOKa B iuana3oHe 5-10 MA U BKJIIOYAIOT UCTOYHUK TOKa.

[Ipy mnpoBejeHUM 3JIEKTPOJIM3a HEO6X0JUMO OIpe/ieUTh
TOYHOE  HM3MeHeHHe O06BbeMbl  KHUCJAOTbl, COOTBETCTBYyIOLIEE
nponyimeHHoMy 3apsfay. Emje g0 BK/IOYEHHS HCTOYHHMKA TOKa
rpaHMLbl pa3/iesia HeT, I03TOMY CHava/la IpOBOAAT Npe/3IeKTPOJIN3
JUIS1 TOTO, YTOObl 0OHAPYXKUTh YU 3aPUKCUPOBATh TOYHOE MOJIOKEHUE
IpPaHULbI paszesa MeXJy PO30BbIM U XKeJThIM pacTBOpPoM. BTopbiM
3TanoM H3MepPSIOT 3apsj KyJOHOMETPOM M HM3MeHeHHe o6beMa 1o
IIKaJle Ha CTEKJIIHHOM GlopeTKe.

Bo BpeMsa npejBapuTebHOIO 3J1IEKTPOJIM3a MOXKHO Hab/1104aTh
NOsIBJIEHHE JKEeJTOT0 pacTBopa B HW)XXHeH yacTh 6ropeTku. [lose
HOoJIydeHUs] JOCTAaTOYHO pPe3KOM TpaHMIbl pasfesa >KeJITOro H
pPO30BOr0 pacTBOPOB, HEOOXOAMMO BBIKJIIOYUTL WCTOYHUKA TOKa U
3apUKCHUpPOBATb 3HAYEHHUE I'PAHUIbI HA IIKaJIE GIOPETKHU.

[locnie o6GHy/seHUs TOKAa3aHUM KyJOHOMeTpa Ha BKJaJKe
MpoBepka cHOBa BKJIYAKT UCTOYHHUK TOKa. [IponmycKkaloT TOK 10

TeX IOop, IOKa TrpaHHIA He CABHUHETCA BBEpPX HaA pacCTOAHHUE,
AOCTAaTOYHOE OJid TOYHOI'O U3BMEPEHUA USBMEHEHHA 06'beMa KHCJIOThI.
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[locsie M3MeHeHUsI TOJIOXKEHUS] TPAaHUIIbI pasjesa HMCTOYHHUK TOKa
OTKJIIOYAIOT, PUKCUPYIOT U3MEHEHHe 06'beMa M0 GIOpeTKe U 3apsi/| Ha
KyJIOHOMETPE.

3aTeM O3KCIEpUMEHT MOBTOPSAKT [Jisi BTOPOH U TpeTbel
KOHIIEHTPAIUH KUCJIOTHIL.

PEKOMEHJIALIUU 110 OPOPMJIEHHUIO OTYETA

Yucsio nepeHoca onpeJessiloT 10 YpaBHEHUIO

Pl _ nF  cVF
e Q
rae (@ —  1OKasaHMA ~ KyJIOHOMETpa, COOTBETCTBYHOILUeE

NponylleHHOMY 3apsAy pH ajeKTposuse, Ki;

¢ — KOHILIEHTpaLUs KUCJIOTbI, MOJIb/JI;

V — u3MeHeHUe 06'beMa 10 TOKa3aHUSM OIOPETKH, J;
F — nocrtosinHas ¢apages, 96 485 Ki/mosb.

JKcnepUMeHTa/lbHble W pacyeTHble  JaHHble  YA00OHO
NpeJiCTaBUTh B BU/Je TaOJIULbIL:

CHcl, MOJIb/J1 Q, Kn V, M1 L+ t

0.01

0.05

0.1

ITo pe3yJbTaTaM pacieToOB CTPOAT rpacbmc 3aBUCHUMOCTH YHCJIa
I[epeHoca MOHOB BOAOpOoJa OT KOHOEHTpPAUHUHU KUCJOTHhI.
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JIABOPATOPHAS PABOTA Ne3. TAJIbBAHUYECKHE
JJIEMEHTbI. YPABHEHHUE HEPHCTA

KPATKHUE TEOPETUYECKHUE CBEAEHUA

Bo3HMKHOBeHUE 3JIEKTPOAHOI0 NOTEeHIMaJIa. YpaBHEeHUEe
HepHcTa

PacTBopbl, o6Jsiafiaronide 3JIeKTPUYECKOW MPOBOAMMOCTbIO
(371€KTPOJIUTBI), IO CBOUM CBOMCTBAM CyIeCTBEHHO OTJIMYAIOTCSA OT
pacTBOPOB  HE3JIEKTPOJIUTOB.  OTJWYHUTENbHOM  0COGEHHOCTBIO
3JIEKTPOJIMTOB fIBJISAETCS HaJIMuMe WOHOB (T. e. 4acTUL, 06J1afalolnx
M30BbITOYHBIM 3JIEKTPUYECKHUM 3apsAZ0M) B pacTBope. Hasnuue noHoB
NPUBOAUT He TOJIbKO K CYLeCTBEHHOMY OTKJOHEHHUI CBOWCTB
pacTBOPOB  3JIEKTPOJIUTOB [0 CPaBHEHUIO C  pacTBOpaMHU
HEe3JIEKTPOJINTOB, HO U IPUBOAUT K COBOKYITHOCTHU HOBBIX CBOMCTB U
apieHud. [lpy paccMOTpeHUM TepMOJUHAMHUYECKHX CHUCTEM,
yYaCTHUKAMU KOTODPBIX SIBJSIOTCS HOHBI, HEOOXOAMMO y4YUTBIBAaTh
KpOMe MeXaHU4eCKOH paboThl 3JIeKTPUYECKYI0 paboThl, CBA3aHHYIO C
[IepeHOCOM 3apsAKeHHbIX YaCTHULI,

TakuMm o6pasoM, 6 cucmemax, cocmoAwux U3 NpPo8oOHUKOS
nepgozo poda (obsaadawwue 3/1eKMPOHHOU NPO8OJUMOCMbIO),
Haxodsiwuxcs 8 KOHMakme ¢ Npo80OHUKAMU 8MOpoz20 poda
(o6aadawwue UOHHOU nNPOBOOUMOCMbI0), Npoucxodum B3auMHOe
npespaujeHue xumuveckol u sjnekmpuveckol ¢opm 3Hepaull. Takas
cucmema Ha3vl8AOMCsl 31eKMpPoJoM.

[IpoBOJHUKHU TEepBOro poJia — 3TO, KaK HPaBUJIO, METAJLIbI,
IPOBOAHUKH BTOPOTO poJila — 3JIEKTPOJUTHI. [lepeHoc 3apsa yepe3
rpaHuly paszgena ¢a3 (3JIeKTpUYECKUH TOK) B  3JIEKTpoJe
OCyLIeCTBJISIETC 32  CYET  3JIEKTPOXUMHYECKOW  peakIuu.

CTaHJApTHBIA 3JIEKTPOJAHBIM MOTEHLHAJ — 3TO BEJHUYUHA,
XapaKTepHas AJs1 KKJ0ro 3JEKTPOAHOTO MPOLecca, KOTopasi TaKKe
3aBUCUT OT TeMIlepaTyphbl U MPUPOJBI pacTBOpUTes. CTaHJApTHBINA
3JIEKTPOJHbIA TOTEHIHWAaJ] paBeH IMOTEeHIUaNy 3JIeKTpoJa B
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KOTOPOMOTHOLIIEHHWE aKTHUBHOCTEW BCEX YYACTHHUKOB 3JIEKTPOJHOM
peakluy paBHbI e/JUHHUILE. YpaBHeHUe HepHcTa cBSI3bIBAaeT BEJUUYUHY
pa3HOCTH MOTEeHLHaNoB MexAy ¢$a3od pacTBopa 3JIEKTPOJIMTA U
¢$a3oll MpoBOJHUKA MEPBOro pojia C aKTUBHOCTSMU KOMIIOHEHTOB,
Yy4aCTBYIOILUX B 3JIEKTPOJLHOMN peaKL .

Jns o6paTUMON 3/1eKTPOJHOM peakLUM OKucJIeHHass ¢opma
BellleCTBa MEPEXOAUT B BOCCTAaHOBJIEHHYIO U HA060pOT
Ox +z e =Red,
TorJla ypaBHeHue HepHcTa 6yleT BbIT/IS/€Th

RT . a
=0 +—In—2,

zF  agy
Tle Z — 4YUC/I0 3JIeKTPOHOB, YYaCTBYIOUIMX B 3JIEKTPOXUMHUYECKON
peakiiuy, dox — aKTUBHOCTb OKHCJEHHON POpMbl BElECTBA, dRed —
aKTMBHOCTb  BOCCTAHOBJIEHHOH QopMbl BeulecTBa U @ —

CTaH/IapTHbIN NOTEHIMAJ 3JIEKTPOJHOUN peaKIuH.

B 60J1ee ob611eM ciyyae 151 peaKLUY Ha 3JIeEKTPo/ie
v,0x, +v,0x, +...+v0x, + ze” =v;Red, +V,Red, +...+vRed,

MOX>HO 3aIllINCAThb:

v
a’
Hi 0x;

=¢° +—1 it
i +ZF nHiaV"

Red;

Hanpumep, gy o6paTumoro mnepexojia Metassia M B ero
HMOHHYI0 GOpMYy B paCTBOPE MOXKHO 3aIMUCATh:
Mzt + ze-=M;
3anuiueM A Hauled peakliuy ypaBHeHUe HepHcra:

RT 4.
=@°+—In-¥—,
T zF  ay,

rge avm Hu CIMZ+ — AKTHUBHOCTH Me€TaJ/lJla U MOHA 3TOIr0 MeTa/lJla Ha

3JIEKTPO/Je U B paCTBOPE COOTBETCTBEHHO.
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B cB13U € TeM, UTO aKTUBHOCTb MeTaJlJla OCTAeTCs MOCTOSIHHOH,
TaK KakK MeTaJlJl 06pa3yeT OT/e/IbHYI0 a3y YMCTOro KOMIIOHEHTa, a
ee 3HaUYeHHe 3aBUCUT OT Bbl6Opa CTaHJAPTHOTO COCTOSIHUSA, A TOXe
MOXXHO BKJIOUYHUTb B CTaHAAPTHbIM noTeHuuan ¢°. O6bIYHO 3a
CTaHJApTHOe  COCTOSIHMEe  TNPUHHUMAKOT  COCTOSIHME  YHUCTOTO
KOMIIOHEHTA NpPH CTaHAAPTHOM JlaBJieHUM (CUMMeTpUYHasi CUCTeMa
OT4eTa XUMHUYECKOTO TMOoTeHLHMasna). B 3ToM ciydae, corsacHo
BbIpa)KeHUI0 (2), aKTUBHOCTb MeTa/ljia OyJeT paBHOU eJUHUIlE, U
ypaBHeHHe HepHcTa [ paccMaTpyUBaeMOro cjay4yasl IpeJCTaHeT B
c/leiylolieM BU/Jle:

=¢° +Elna
¢ ¢ ZF MZ+ "

CnenyeT OTMETHTb, 4YTO B OOLEM Cjay4ae INpPH 3alMUCH
ypaBHeHUs HepHcta mnoa JiorapudMOM OCTAIOTCA TOJIbKO Te
BEJIMYUHBI, KOTOpble MOIYT BapbUpOBaTbCsA. TakuM o6pa3oM, Npu
3amydcd ypaBHeHUs HepHcTa A/ pa3HbIX cjay4aeB HeO6X0JUMO
Co6JII0AATh HECKOJIbKO IMpaBWJ, CBA3aHHbIX C NpPHUMEHEHUEM
BblpakeHUs1 (2) [ss pas/MYHBIX TUIOB PAacTBOPOB M BbIGOPOM
CTaHJAPTHOIO  COCTOSIHUSA  JJIl  YUCTBIX  KOMIIOHEHTOB U
pacTBOpUTeIS:

AKmueHocmu 4ucmosIX KOMNOHEHMOS, 06pa3y}0u4ux omdeﬂbHyro
(ﬁCIBy NOCMOsAHHO20 cocmaeaq, (KGK npaeuso smo meepdble eewecmea)
npuHUMAarOmMcs pagHovimMu eaUHUL{E,'

AKkmusHocmb pacmeopumesisd npuHumdaemecs paeHoﬁ edw—tuue;

Bmecmo axkmueHocmell 2a3006pa3HblX eewjecme 8 ypasHeHue
8x00am omHocumesibHble napyua/abHble 0as/eHuss 3mux 2a3o0e Hao
pacmeopoM. [lasieHue npugodumcsi OMHOCUMENAbHO CMAHAAPMHO20
(1 x 10° I[la), makum 06pa3oM, ama 8eAUMUHA s18/151eMcsl 6e3paA3MepHOl,
Xoms 4Yuc/eHHO OHa cosnadaem C NApPYuaAbHbIM Oas/eHueM 2a3d,
8blpaxceHHbIM 8 ammocpepax (amm). Hcnoab3osaHue napyuanbHbix
dasseHull cnpagednuso 0.5 cAy4asi He O4YeHb BblCOKUX das/eHull
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(nopsidka Heckoabkux ammocgep). B cayuae evicokux dasseHull
Heo6x00uUMo UCNo/1b308aMb y2UMUBHOCMU 2d308.

B HacTosiiee BpeMsi HeT NPSIMbIX 3KCIEPUMEHTANbHBIX H
pacyeTHBIX METO/OB ONpe/ie/IeHHs OT/Ie/IbHBIX CKaYKOB MOTEHIHaa
Ha TrpaHule pasgena ¢a3 B auekTpoge. [loaTomy 3HavyeHUe
abCoOJIIOTHOTO MOTeHIMala 3JeKTPoJa B COBpeMeHHON dusnyeckon
XUMUU He ompejessercsd. 3HaueHHe TOTEHIHaJNa 3JIEKTpoja

onpe/iesisieTcs OTHOCHUTEJIbHO noTeHIhaa KaKoro-in6o
CTAHZAPTHOTO 3JIeKTpo/ia. [lepexos K yCJIOBHOM 1IKaJie MOTEHI[MATOB
MI03BOJISIET M36aBUTbCS oT MHOTHX TPYIHOCTEH U
Heolpe/ie/IeHHOCTel npu pelieHuun OOJIBIIMHCTBA

JJIEKTPOXUMHUYECKHX 3a4a4.

l'lpanIa cXeMaTHu4eCKO 3anucu JJIEKTpPpOAOB

[Ipy cxeMaTHYEeCKOM 3alHCH 3JEKTPOXUMHYECKUX CHUCTEM U
YpaBHEHUM MPOTEKAWIIUX B HUX peaKIUd HeoOX0JUMO COO6J0AaTh
c/Je/ytolle OCHOBHbIE MPaBUJa.

1. [ina anekmpodos (nosyssiemeHmos): gewjecmad, Haxodsiuuecst
8 pacmeope (MO}MHO MmOJIbKO nomeHyuajonpedeasiiowjue UOHbL),
yKa3wvleaomcsi c/1e8a om 8epmuKa/abHOU Yepmbl, Cnpasd yKa3vleaomcsi
seujecmaa, obpasyrujue dpyayro gasy, uau Mamepuas 34eKkmpodd.

2. Ecau e pacmeope Haxodumcsi HECKOAbKO 8ewjecms, mo OHU
pasdesasirtomest 3ansimuimMu. Bewjecmea cocmassasitowue paszauuHwle
¢azwl pazdesnsiromest ¢ NOMouwbio 8epmMuKaibHOU Yepmul. Hanpumep:

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

3. YpasHeHue 3/1eKkmpoOdHOlU peakyuu 3anucbleaemcsi mMmak,
umobbl C/Ae8d pachno/azanucb eeuwjecmsd 6 OKUc/ieHHolU dopme u
3/1eKMPOHbL, a CNPasa eewecmsda 8 80CCMAHOB8.1€HHOU hopme:

Cd?*+2e =Cd; AgCl+e =Ag+Cl; 2H*+2e =Ha.
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Knaccudpukanus 3j1eKTpoJoB

B pa3snuHbIX  y4eOHMKAX  MOXHO  HAaWTHM  pasHble
Kk1accuduKauuu 37eKTpoaoB. OZHAKO, CyLecTByeT OOlenpUHsATasA
KJaccuduKalus 3JIEKTPOJIOB peKOMeHJ0BaHHas HIOITAK
(MexxiyHapOoHbIM CO03 TEOPETHUYECKON U MPUKIIAHON XUMHUHU ).

JJIeKTpPOAbI HYJIEBOTO poaa (okucaUTENBHO-
BOCCTAHOBUTEJIbHbIE 3JIEKTPO/IbI)

OKHUC/IUTENb U BOCCTAaHOBHUTEJb, KaK IMpPaBUJIO, HAXOJATCS B
pacTBope, a ¢asa MNpPOBOJHHKA IEPBOr0 poJa BBINOJHEHA W3
WHepTHOro Marepuasia (HanpuMep, Pt), koTopas BbICTymaeT B
KauecTBe KOHTAKTa U He y9aCTBYET B 3JIEKTPOXHMHYECKOHN peaKIluH.

Ox, Red | Pt
Ox +ze =Red,
[Ipumepsi,
Fe2+ Fe3*| Pt; CeH402, CeH4(OH)2, H* | Pt.

JJIeKTpoAbI IEpBOro poja

1. MeTasn norpy»KeHHbIi B pacTBOp, COAepKalliil HOHbI 3TOrO
MeTasia Mzt | M.

2. HemeTtann morpy:keHHbI B pacTBOp, COJEpalliuil HOHBI
3Toro HeMeTasjia A= | A.

MeTta/indeckasi ¢paza MOXKET GbITb BBIIOJIHEHA HE TOJIbKO W3
YHUCTOTO BeLleCTBA, HO NpeJCTaBAsATb CcO060M cmiaB (pacTBop).

HanpuMep, amasbramMHble 3JIEKTPOJAbl (aMajbramMma — pacTBOp
MeTaJs1a B ptyTH) Mz | M(Hg).
RT ., a,.
9= sy + I,
Auiuig)

rae dmHg) — dKTHUBHOCTb Me€TaJlJia B aMaJibrame.

35



JJIEKTPOAbI BTOPOTo poja

JJIeKTpOA, BTOPOTO pojia 0OpaTHUM OTHOCHUTeJbHO HoHa (B-)
(T.e. ero moTeHIMaJ 3aBHUCUT OT KOHIIEHTpPAIlMU 3TOr0 HOHA),
o6pasyoliero c MOTEHI[UAJIONPe eI UM HOHOM (A*)
MaJsiopacTBopuMoe coeauHeHue (AB) W Haxopslierocss Ipu 3TOM B
HU30bITKE.

B-|AB|A
AB+e =A+B-.
o RT . a o
P, = Py aga +Tln aAAaB = %5 A _TlnaB*
[Ipumept],

Cl-| AgCl | Ag — xsiopu/icepebpsiHbIN 3JIEKTPOJ;
Cl- | Hg2Clz2 | Hg — ka/1oMesIbHBIN 3/1EKTPOL,.

JNeKTpoJbl  BTOPOTO  pOJAa 4YacTO  UCIOJb3YIOTCI B
JIabopaTOPHON MpaKTHUKe KaK 3JIEKTPO/ibl CPAaBHEHHS, 3TO CBSI3aHO C
HAJIe)KHOCTbI0 HMX  PpaboThl, XOPOIIEH BOCIPOU3BOJUMOCTHIO
MOTeHI[MaIa U IPOCTOTOMN N3rOTOBJIEHHUSL.

JJIeKTpoAbl TPEThero poja

JJIeKTpoJ, TpeTbero poja 0o6paTUM OTHOCHUTEJNBHO H30bITKa
kaTroHa (C*), koTopbli 06pa3yeT c aHMoHOM (B-) MasiopacTBopuMoe
WM KoMIiekcHoe coefguHeHue (CB), o6pasyroliero, B CBOIO Ouepenb,
C MOTeHLUaJoNpe/endal0lMM HOHOM (A') MasopacTBOpUMoOe WJIU
KOMILJIEKCHOe coefinHeHUe (AB).

C*|CB|AB|A
C*+AB+e =A+CB.
o RT | Q.0 o RT
P2 =P caaBa +—-1In =P cBaBA +_lnac*
T F a,0., e F

[Ipumepsr:

Hg* | Hg2Cl2 | AgCl | Ag;
Ca2+ | Cad/ITA?- | Hgd/ITAZ | Hg,
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T'a3zoBbIe 3J1IeKTPOABI

['a30BbI€ 3/IEKTPO/IbI BbIE/SET M0 MPU3HAKY TOTO, YTO OJWH U3
YYaCTHUKOB OKHUCJIMTEJIbHO-BOCCTAHOBUTE/NbHONW Mapbl HAaXOAMUTCS B
ra3oBoi ¢ase.

[Tpumephl,

H* | Hz, Pt — Bo#opOAHbBIN 3JIEKTPOS;
Cl-| Clz | Pt — x/10pHBIH 3J1IEKTPOL,.

HNoH-ce/leKTUBHbIE JJIEKTPOAbI

MoH-cesleKTHBHbIE 3JIEKTPO/Ibl OCHOBAaHbI Ha MCI0JIb30BaHUU
crenyanbHbIX MeMOpaH, CHOCOOHBIX MNpPONycKaThb creludUUecKUe
MoHbl. OHU 06pPATHMbl OTHOCHUTEJIBHO 3TUX HMOHOB, HAXOJSIIUXCS B
pacTBope.

Haubosipllee mNpuMeHeHUWE B NpaKTUKe MOJAYYUIu PTop-
CeJIeKTUBHBIA M CTEK/ISAHHBIN 3JIeKTPOAbl. CTeKJSHHBIA 3JIEKTPO/J,
M3roTaBJUBAaeTCd Ha OCHOBe MeMOpaH M3 ClelUaJbHbIX COpPTOB
cTekyia. Hampumep, crekissHHasg MeMOpaHa pasfesisieT BHELIHUH
pacTBOp, coAepraliuid HOHbI BOJAOPO/a, U BHYTPEHHUU CTaHJapTHBIU
pacTBOp COJITHOU KUCJIOTH], B KOTOPOM, B CBOIO 04Yepe/ib, HAXO4UTCA
XJIOPU/I-CepeOPSIHBIN 3JIEKTPO:

H* | crexsio | HCl | AgCl | Ag

[loTeHMaM CTEKJSIHHOTO 3J€KTPOJa 3aBUCHUT OT aKTUBHOCTHU
HMOHOB BO/Iopo/a:

H O+Elna _ o RTIn10 u
(0 w F H* ¢ F p *
06b14yHO RTIn10/F 06'beAUHSAIOT B ClIELUAJTbHYIO IEpEMEHHYI0 b
be RTIn10 .
F

CnenyeT o6paTUTh BHUMaHUE, UTO b He sIBJISIeTCS KOHCTAHTOH,
TaK KaK OHa 3aBUCHUT OT TeMIIepaTyphl.
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l'anbBaHUYECKHE 3/IEMEHThI

W3  fAByX  3JIEKTPOJOB  MOXeT  ObITb  COCTaBJIeHA
3JIeKTPOXMMUYECKasa Liellb — 2a/1b8aHUYECKUll 3/1eMeHm, B KOTOPOH
3JleKTpUuecKasi 3Heprus BbIpabaTblBaeTCAd 3a CYeT NPOTEKaHUs
3JIEKTPOXMMHUYECKUX  peakUUd Ha  ajektpogax. OcHoBHoM
3JIEKTPUYECKOM  XapaKTEPUCTUKOM  3JIeKTPOXMMHUYECKOW  Lienu
SABJAETCA  pA3HOCMb  3/1eKMpuveckuxX  NOMeHyua/n08  MexIy
3JIEKTPOJIaMHU.

HpI/I cxeMaTH4YeCKoH 3amucHu BJIEKTPOXI/IMI/I‘-IGCKOI‘/'I oemnu:

Jlesblli as1exkmpod 3anucbigdemcss 8 06PAMHOM  nopsidke
(6ewjecmea, Haxodsawuecsi 8 pacmeope, YKasbl8AOMCcs chpasa om
8epmuKa/IbHOU Yepmbl, C/1e8a yKA3bIBAIOMCS 8ewjecmaa, obpasyrnuue
dpyeayw aszy, uau mamepuaa 3gaekmpodad). Ilpaswiii aaekmpod
3anuceigaemcsi 8  00bIYHOM  hopsidke  CO02/4CHO  Npasu/aam
cxemamu4eckoll 3anucu 31eKkmpoados.

Pacmeopbl 0boux 31ekmpodog omdeassromcsi 8epmuKa/abHOLL
NYHKMUPHOU JAUHUEl, ecAu OHU KOHmakmupyrwm dpye ¢ 0py2om
(Ouggy3zuonuwili nomeHyuaa He ycmpaHeH) uau 08yMmsi CNAOWHbBIMU
8ePMUKANbHbIMU AUHUSAMU, ecau Ju@@y3UOHHbIU NOMeHYuaa Mexicoy
pacmeopamu ycmpaHeH (Hanpumep, ¢ NOMOUWbH CO/€8020 MOCMUKA).

PazHocmb as1ekmpuveckux nomeHyua/o8 pasHad ho 3HAKY U
3HAYEHUH 3/1eKmpu4ecKkomy nomeHyuaay - mMemasa/auyeckozo
npos8odHUKA, NPUCOeOUHEHHO20 K hpasomy 3/4eKmpody, MUHYC
nomeHyuasa UOeHMuU4HO020 NPOBOOHUKA, NPUCOedUHEHHO20 K J1e80MYy
a/1eKkmpody.

E=@u- @, (4)
rze @I — MOTeHIHaJ TPABOTO0 3JIEKTPO/Ia, PJ1 — MOTEHI[KAJ JIEBOTO.

[IpenenbHOE 3HaYE€HHE PA3HOCTH 3JIEKTPUYECKUX TOTEHI[UAJIOB
Ipd TOKe 4Yepe3 3JIEMEHT, CTPeMsIIeMCs K HYJIl0, Ha3bIBaeTCs
ajiekTpoaBwKyined cuiaod (3/IC) u o6osHavaerca E. CorJyiacHo
NpaBUJy 3alKCHU 3JIEKTPOJHOU peaKkluH, AJs KaKJOro 3JIeKTpoja
OKHCeHHass ¢opMa BellleCTBa U 3JIEKTPOHbBI 3aMUCHIBAIOTCS CJEBa.
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CyMmMapHasl peaKuus, IPOTEKAKIasi B 3JIeMEHTe, IBJISETCS pa3HUIEN
MeXAY peakIUsMH Ha MpaBOM M JIeBOM 3JieKTpojax. Torja, eciau
pa3HOCTh MOTEHLMAJIOB BCEro 3JIEMEHTA IMOJIOXKHUTEJNbHA, TO
CyMMapHasi peaklus U 3JIEKTPUYECKUH TOK B TaJibBAHHUYECKOM
3JIleMeHTe NPOoTeKaeT cJeBa HAPaBo, eCJ/IU Ke OTPULATeNbHO, TO — B
06paTHOM HalpaBJIEeHUH.

PaccMoTpuM B KauecTBe IpUMepa TPU CIydasl.
1. O6a 3/1eKTpoJja UMEIT OOIIHUM pacTBOP;
Cd | CdClz | AgCl| Ag
Ha ajieKTposiax mpoTeKaloT peaKIuu:
AgCl+e-=Ag+Cl; Cd?* + 2 e~ =Cd.
CyMMapHas peakiys, IpoTeKallasi B 3JIeMeHTe
AgCl + 0.5Cd = Ag + 0.5CdCl2.

2. PacTBOpBHI 3JIEKTPOIOB Pa3jIMYHbI U UMEKT KOHTAKT MEXIY
coboii uepe3 MmeMbpany (AU y3UOHHBIN TOTEHI[UAJ He YCTPAHEH);

Cd | Cd(NOs3)2 ; NaCl | AgCl | Ag
Ha asiekTposax npoTeKaT peakuu:
AgCl+e =Ag+Cl; Cd** +2e =C(Cd.
CymMapHas peakuusi, GopMaJbHO NPOTEKAKOLAs B 3JIEMEHTE
AgCl + 0.5Cd = Ag + 0.5Cd?* + Cl-.

3. PacTBOpbI 32JIEKTPOJLOB pa3/U4Hbl U COEJUHEHBl MEXAY
€060 coJieBbIM MOCTUKOM (11 dy3MOHHBIN NOTEHIMAJ YCTPAHEH).

Pt, H2 | HCl || NaCl | AgCl | Ag
Ha asiekTposiax MpoTeKaT peaKiuu:
AgCl +e-=Ag+Cl;2H* + 2 e- = Ha.
CymMapHas peakuus, GopMaJbHO NPOTEKAOLAs B 3JIeMEHTE
AgCl + 0.5H2 = Ag + H* + Cl-.
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IEJIb PABOTHBI

Usyuuth ¢akTopsl, Baugwiye Ha IJ/IC rajbBaHHYECKOTO
3JIeMeHTa B COOTBETCTBUU C ypaBHeHHeM HepHcra.

OBOPYJAOBAHHE

—Yye6Ho-1a60paTopHbIK MoAyJIb «JJIEKTPOXUMU»
—CeTeBol KabeJsb

—BosabTMeTp

—TepmogaTuuk

—MW3BekaTeslb MArHUTHOM MelllaJIKH

—HWMuTaTOp HAarpy3KH CBETOLUO/,

—PyuHoit go3aTop nepemMmeHHOro o6beMa 10 M
—MerTannundeckue asekTpobl (Fe), 2 mt
—MeTanauveckue asekTpobt (Cu), 2 mt
—Mar»auTHag MelaJka, 2 T

—Cos1eBOM MOCTHK, 3ani0JiHEHHbIN pacTBopoM KNO3 c arap-arapom
—CoeauHUTENbHBIN IPOBOJ K JATYUKY
—CoeAMHUTENbHBIN TPOBO/J, KPOKO W

—MWMMuUTaTOp HArpy3Ku (CBETOAUOA)
—Mesiko3epHUCTas LIKypKa AJ151 3a4UCTKH 3J1EKTPO/IOB

PEAKTUBBI U I10CY A

—XUMHUYECKUH cTakaH Ha 50 mJ, 2 T

—Boanbiit pactBop CuSO4 0.1 Mosib/ 1

—Boganbiit pactBop FeS04 0.1 Mmosib/n

—BoaHbBI pacTBOp CepHOM KUC/IOTHI, IpHUMepHas MaccoBas
KoHIeHTpanus 10-25%

—IIpoMbIBajiKa ¢ AUCTUITMPOBAHHOUN BOIOM

—@unbTpoBasbHas 6ymara
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NMOPAAOK INIPOBEAEHUSA PABOTBI

OmnbiT N21. U3yyeHHe CBOVCTB KeJjie30-MeJHOT0
raJibBAaHU4eCKOoro 3jieMeHTa

B oauH ctakaH4YuK Ha 50 MJI HaJIMBaAlOT TOYHBIA 06beM 40 MJ
pactBopa cysabdara xesesa (II) ¢ koHnentpanuein 0.1 mosb/a. Bo
BTOPOM CTakaHYMK Ha 50 M1 HaJMBAalOT TOYHbIA 06beM 40 M
pacTtBopa cysbdaTa Megu ¢ koHueHTpayuen 0.1 mosb/a. C moMo1bo
dUKCAaTOPOB B CTAaKaHUYMK C PAaCTBOPOM KeJie3a OMyCKAIOT JKeJIe3HbIN
3JIEKTPOJ, @ B pacTBOp MeAu — MeJHbIM. CTaKaHYUKH C 3JIEKTPOAaMH
yCTaHABJMBAIOT Ha paboyell MOBEPXHOCTH Y4eOHO-/1abopaTOPHOIO
MOJyJii B IeHTpe pa3MeTKU MarHUTHBIX MellaJoK. PacTBopbl
COeIMHAIT C TIOMOIIbI0 COJIEBOTO MOCTHKA, 3aloJIHEHHOTO
PacTBOpPOM HUTpATa Kayius. B 0iMH M3 CTaKaHYUKOB YCTAHABJIHUBAIOT
TEPMOJATYUK, QUKCUPYS €0 C IOMOIIIbIO IITATHUBA.

7 N
:_
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—
—
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B KaxJbli CTAaKaHYMUK IMOMEIAalT MarHUTHYK Mewasky. K
3JIEKTPOJ4aM MNOAKJ/JHOYAKT BOJIbTMETP C MIOMOIIbIO COEAUHHUTE/IbHOT'O
IpoOBOJA  KpOKOAWJI. BosbTMeTp  mHoOAK/IIOYAIOT K  y4eOHO-
JIabOpaTOPHOMY MOAYJIIO.

HOL[KJIlO‘-Ia}OT MOAYJIb K CETHU U 3arpy>Kar0T THUIl 3KCIIEPUMEHTa
OpuHoOuYHOe uamepeHume. Ha Bkiajgke YCTPOMCTBA BbIOUPAIOT
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BonbTtMmeTp, Tepmopatumk u Mewanky. Ha Bxiajke
Mposepka HaxxumaroT kHonky HAMATb 3KCNEPUMEHT.

BKJIIOYAIOT MarHMTHYI0 MellaJKy HA MUHUMaJbHYIO CKOPOCTb
nepeMellMBaHUss W QUKCUPYIOT T[OKa3aHWA TepMoJaTyhKa U
BOJIbTMEeTpa I0CJ€e YCTaHOBJIEHUS PaBHOBECHOTO 3JIEKTPOJHOIO
NOTEeHLHaJIa, YTO 3aHUMAET OObIYHO /IBE — TPU MUHYTHI.

Hanee npoBoaaT uamepenus 3/IC npu Apyrux KOHLEHTPALHUSAX
3JIEKTPOJIUTOB. W3MEeHUTh KOHLEHTpaLUI0 3JIEKTPOJUTOB MOKHO
nyTeM pa3baB/ieHUs COLEPKMMOr0o CTaKaHYMKOB WJIM HaJWBas

3dpaHee [IPpUTOTOBJIEHHBIE PaCTBOPLI C 3alaHHBIMHA
KOHIUEHTpauouAMH, IIPHU I3TOM HEO6XOAI/IMO THIATEJbHO IIPOMbIBATDb
CTaKaH4YHMKH, OII0JIaCKHUBATDb 3JIEKTPOAbI H MellaJIKHh

JUCTUJIIMPOBAaHHOW BOJIOM.

OnbIT N22. Co31aHe BbICOKOBOJIBTHOI'O ra/ibBAaHNYECKOTO
ajieMeHTa no tTuny BosibTOBa cT0/16a

Jns  n0603HATENbHBIX  CTYJAEHTOB  OyJeT  UHTepeceH
3KCIepUMEeHT N0 co3/aHuto BosibToBa crtosiba. [siss storo Bam
noTpebyeTcsl HECKOJIbKO MOHET HMEWIHUX HHUKeJeBOe MOKPbITHE
(besoro 1BeTa) M HECKOJbKO MOHET C JIATYHHbIM HWJHA MeJHbIM
IOKPBITHEM (3KeJITOro 1BeTa). MOHeThbl TILATEJbHO 3aYUILAKTCA
MEeJIKO3ePHUCTOM  HaXJayHOW  OymMarol U  NPOMBIBAKOTCA
JUCTUJJIMPOBAaHHOW BOJIOM.

Janee HapesawTcsd AUCKM U3 PUIBTPOBAJbHOW OyMard mno
JiuaMeTpy Ha 1-2 MM Gosiblie AuaMeTpa BbIOpaHHbIX MOHET. [lucKU
13 QUIBTPOBAJIbLHON OGyMaru NpPONUTBHIBAOTCSA CEPHOU KHUCJOTOH U
IPOK/IAJbIBAIOTCA MeXJy MOHEeTaMH B MOps/Ke, MOKa3aHHOM Ha
pHCYHKe HUXE.

K mepBoii u mnocjefHell MOHeTe MOJKJIOYAIOTCI pPa3beMbl
KPOKO/IMJI, KOTOpble COEJUHSIOTCS CO CBETOAHUOAHBIM HMUTATOPOM
Harpysku. [Ipy A0CTaTOYHOM KOJIMYEeCTBe 3JIeMEHTOB B BoJsibToOBOM
cTosibe CBeTOJUOJi HAyYTeT CBETUThCSA. B KavyecTBe Harpysku
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rajbBaHUYeCKON 6aTapeH MOXXHO HCII0JIb30BATb 3JIEKTPOABUT'AaTEJIN
IMOCTOAHHOTI'O TOKa, CB€TOAUOAbI PA3HOI'O CB€4Y€HHUA U T.A.

HEJITHIE MOHETDI . I—! .
i V)=

GUABTPOBA/IBHAA BYMAFA ﬂl. I
.
= - 5|

BEJTBIE MOHETEl T - —
s oo

I—I—I

PEKOMEHJALIUU 110 OPOPMJIEHHUIO OTYETA

JKCnepUMEeHTa/lIbHbIE JaHHble pPEKOMEHAYETCS CBeCcTH B
TaOJIUILy CJIeIYIOLIEro BHUaa

o c(FeSO04), c(CuS04),
T,°C 1\(40115/13 ISIOJ'lb/JI) Esxe B Ereop, B
0.1 0.1
0.1 0.01
0.1 0.005
0.01 0.1
0.005 0.1

B oTueTe no slabopaTopHOU paboTe HEOOXOAMMO CXeMaTUUYECKHU
3apUCoOBaTh JIabopaToOpHY1O YCTaHOBKY, 3amucaThb
3JIEKTPOXMMHUYECKHEe peaKLUU MpoTeKawllue B TrajJbBaHUYECKOM
3JleMeHTe, BbIBeCTH ypaBHeHHe HepHcra. CpaBHHMBas pe3yJbTaThbl
3KCIEePUMEHTATBHO MOJIYYEeHHbIX 3/1C U TeopeTU4eCKU
pacCcYMTaHHBIX 10 ypaBHeHUI0 HepHCTa MOXHO cZies1aTh BbIBOJ, O TOM,
[I0OYeMy B CTPOroM BHJE B ypaBHEHHE 3JIEKTPOJHOIr0 MOTEHLHaJa
BXOJUT He KOHLeHTPaL 1 NOHOB, a UX aKTUBHOCTH.
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JIABOPATOPHAA PABOTA Ne4. OIIPEAEJIEHUE
3HAYEHUHA BOJOPO/IHOTO ITOKA3ATEJIAl pH BOJHBIX
PACTBOPOB

KPATKHUE TEOPETUYECKHUE CBEJAEHUA

BoaopoaHbIl MoKa3aTeab — 3TO OTPUIATEJNbHBIN AeCATUYHBINA
Jlorapi$M aKTUBHOCTH MOHOB BOJIOPO/ia B paCTBOPE.

pH=-Iga .

Tak Kak HOHHOe Npou3BeieHre Bobl paBHO 1x10-14 mpu 298 K,
TO NMpU 3HaYeHUSIX pH <7 HoHOB BoJOpoja OyJeT GoOJibIle, YeM
TMJPOKCU/I-MOHOB U TOBOPAT, YTO cpefa Kucaad. Eciu ke 3HayeHUe
pH 6osbliie 7, TO TOBOPST, UTO cCpejia liesouHas.

U3mepeHue BOJIOPO/IHOTO noKasareJis MeTOZ0M
NOTEHUUOMETPUM OCYyIIEeCTBJSETCd TMpPU IOMOLIM 3JEKTPOJOB,
HNOTEeHL A/l KOTOPBbIX 3aBUCHUT OT aKTHBHOCTU HMOHA BOJOpOJa B
pactBope. HaubGosiee pacnpocTpaHeHHBIMH [JIi 3TOW IeJu B
J1abopaTOPHOUN MpPAKTHUKE SBJSIOTCS CTEKJSHHbIA U XUHTU/IPOHHbIN
3JIEKTPO/bI.

CTEeKISHHBIM  3JEKTPOJ  —  HMOH-CEJIEKTHUBHBIA  JIIEKTPOJ]
CEJICKTUBHBIM IO OTHOLICHHIO K HMOHAaM BOJOPOJa HAXOMSIIIUMCI B
pactBope. IloTeHIMan CTEKISIHHOTO 3JEKTPOJa 3aBUCUT OT aKTMBHOCTHU
HMOHOB BOJIOPO/Ia CIAEAYIONTM 00pa3oM:

RT
FIn10’

Jlnst onpenenenus pH HeKOTOpOro pacTBOpa COCTABJISIOT Lielb,
COCTOSIIYI0 W3 CTEKJSHHOTO 3JIEKTpPOJa, MOrpyKeHHOro B
HccielyeMblii pacTBOp, M 3JIEKTpPOJila CpaBHEHMs, M[OTeHLMal
KOTOpPOTO COXpaHsSieTCs IMOCTOSIHHBIM B XOJle 3KcrnepuMeHTa. B
COBpEMEHHOU NpaKTHKe B KadeCTBe 3JIeKTPOJa CPaBHEHHUS OOBIYHO
MCI0JIb3YeTCsl HAChIIEHHBbINA XJIOpUA-cepebpsaHbId 3yekTpoA. Torga
MBI MOKeM 3anucaThb I/IC BceH 1jenu

E =E°+BZMa+=E°—pr b=
cT cT F H cT
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E=E, ~Ey; :E:I‘ —bpH-E,,

CnesoBaTe/ibHO, TIOTEHIIMAA TAKOT0 3JieMeHTa Oy/AeT JIMHeeH
OTHOCHTEJIbHO 3HaYeHHUs pH.

CTeKJITHHBIA U XJIOPH/i-CepeGPSHHBIN JIEKTPOAbI

3Hasi nNOTeHLMa/l 3JIEMEHTa, COJepXKallero pacTBoOp C
M3BECTHbIM 3HaueHuWeM pH, MoxHO paccyMTaTb 3HayeHHUEe BCeEX
MOCTOSIHHBIX BEJIMYMH, BXOAALUX B ypaBHeHUe. B HameM ciaydae —
3TO CTAaHAAPTHBIN MOTEHIUAJ CTEKJSAHHOTO 3JIEKTPOA U NOTEHI[UAJ
XC3. 0603HaYMM MX pa3HHULy Kak E' M BbIpa3uM yepe3 MOTeHIHA
3JieMeHTa ¥ 3HadyeHue pH pacTBopa.

E'=E. -E,,=E+bpH.

JKcrepuMeHTaIbHO omnpejeanuB E', Mbl CMOXeM OIpeeTUTb
pH npyroro pacTBopa, c HeM3BeCTHBIM 3HaYeHueM pH, no ¢popmysie
E'-E
pH=—.
b

[l 3KcnepUMeHTaJbHOro ompejeneHus E'  wucnosb3yoT
O0ydepHble pacTBOpPbl C 3apaHee U3BECTHbIMHU 3HayeHUsMH pH.
CoctaBbl OydepHBIX pPacTBOPOB U NPUIKMCAaHHOe UM 3HadyeHue pH
MOXXHO HaWTH B CHpPaBOYHOM JuTepaType. [IpOMBIIIIEHHOCThIO
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BBIMYCKAIOTCS CTAHJAPT-TUTPbl JJisi TPUTOTOBJIEeHHUS OydepHbIX
pactBopos, HanrpuMep 1o 'OCT 8.135-2004.

[IlpumensieMmble i1 pH-MeTpuUM CTeKJsIHHbIE 3JIEKTPOZABI,
UMeT JIMHEeMHYI XapaKTepUCTUKY B  [JOBOJIBHO  IIMPOKHUX
Jyana3oHax Teminepatyp 1 3HadeHud pH. Hanpumep, asiektpos 3CJI-
43-07 uMeeT JIMHEHHYIO XapaKTePUCTUKY B JUana3oHe 3HayeHU# pH
ot 0 7o 12 (nmpu 298 K).

B HacTosiliee BpeMs, U3MepeHue 3HaueHUM pH c nmomouibio
CTEKJITHHOTO 3JIEKTPO/Ja NOJy4U/I0 HauboJiblilee PacCnpoCTpaHEHHE B
JlabopaTopHoil mnpakTuke. OJHAaKO HapsAy C JOCTOMHCTBAMH OH
HUMeeT U psifi HeJJOCTATKOB. [JIaBHBIN ero He0CTAaTOK 3TO XPYIKOCTb.
JpyruM ero HeJOCTaTKOM  SIBJsETCS  JOCTAaTOYHO  Jl0JIrOe
yCTaHOBJIEHME PAaBHOBECHOTO 3HAauyeHUsi NOTeHLUasa (A0 MNATH
MUHYT). CONpOTHBJEHHE CTEKJSHHOrO 3JIEKTPOJAa JOCTAaTOYHO
BeJIMKO (OT JecATKOB /0 coTeH MOM), mo3ToMy npu paboTe C HUM
MCIOJIb3YIOTC U3MEPUTENH C BBICOKMM BXOJHBIM 3JIEKTPUUYECKUM
CONPOTHUBJIEHUEM.

JpyruM 3J1IeKTPOJ0M, LIMPOKO UCNOJIb3yeMbIM /IJIS1 U3MEPEeHUs
3HayeHUl pH, sBAseTcd  XUHTUJPOHHBIA  3J€KTpoj. ITOT
OKHCJIUTEJbHO-BOCCTAHOBUTEJIbHBIN 3JIEKTPOJ, IPEACTaB/IsIET CO60M

pacTBOp  HAcCbIIIEHHBbIA  XUHTUAPOHOM:  3KBUMOJIEKYJSPHBIM
coefuHeHneM xuHoHa CeH402 u rugpoxuvHoHa CeH4(OH)2,
NOTPY>KEHHbIM B HEro HWHEPTHbIM MaTepuajoM — IPOBOJHUKOM

nepBoro poja (06bIYHO MJIATHHA WJIH 30J10TO0). CXeMaTUYECKH 3TOT
anekTpos, 3anucbiBaeTcs Kak: CeHs02,CéHs(OH)2,H*|Pt. Ha HeMm
NpOTEKaeT peaKIus

CeH402 + 2H* + 2e- = CeH4(OH)o2.

U ero noteHuan 6yget

2
o  RT aya
+_ —_—
Xr

E, =E In

ar

B kucibix pacTBOpaX XUHI'MAPOH AUCCOUUUPYET 110 YPABHEHHWIO
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CeH402-CeHa(OH)2 = CcH4O2 + CeH4(OH)o2.

Torjja KOHLlEHTpalWMKM XWUHOHA M TUJPOXMHOHA B pacTBOpe
OyAyT paBHbIMHU, W, TaK KaK UX KO3PPULNEHTbl aKTUBHOCTEN OYAyT
6JIM3KM, TO COOTHOIIEHHWEe HUX aKTUBHOCTeH OyaeT paBHO 1, a
ypaBHeHHUe JJIs1 ero NoTeHIMaia yupoCTUTCS:

Ep—=En +RF—T1naW =E;. —bpH

Jlna  onpeneneHuss pH  pacTBOpoB  COCTaBJIAIOT — Ielb,
COCTOSIIYI0 U3 XUHTHJPOHHOTO 3JEKTpoJia (XMHTHUJAPOH J06aBISIOT
npsiMO B HCCAelyeMbl pacTBOpP), U 3JIeKTpoja cCpaBHeHHUs (Kak
npaBuio, XC3). YpaBHenue aasa I/[C Takod menu OyaeT MOA06HO
BeIpakeHH0o Omm6ka! HMCTOYHMK CCBUJIKM He  HaiijeH.,
MIOJTYYEHHOMY J1J1S CTEKJITHHOTO 3JIEKTPO/ia

E=E, -Ey, :E;r —bpH- Eyes

[lopsinok onpeneneHus 3HaueHUM pH pacTBOpoB aHaJIOTMYyeH
ONMCAaHHOMY Bbllle (B CJlydyae CTeKJISHHOTO 3JeKkTpoga). CHavasa
cienyer ONpeseuThb IOCTOSIHHYIO 4acThb BbIpaXKEeHUS
Omno6ka! UCcTOYHMK CCBUJIKM He HaleH. 110 6ypepHOMY pacTBopy ¢
M3BECTHbIM 3HayeHueM pH, Jajee CTaHOBUTCH BO3MOXKHBIM
onpepeneHue pH apyroro pacTBopa, ¢ HeU3BECTHBIM 3HaueHUueM pH,
no dbopmyse MOJIHOCThIO aHaJIOTUYHOU
Omuo6ka! UCTOYHUK CCBIJIKH He Hal/IeH..

XUHTUJPOHHBIN 3JIEKTPOJ, UMeEET pPsf AOCTOUHCTB. OH mpocT
0 YCTPOMCTBY M NPUXOAUT K pPaABHOBECUIO ObICTped, ueM
CTEeKJIAHHBIA 3J1eKTpoA. OH NpHMEHUM BO MHOTMX HEBOJAHBIX U
CMeLIaHHbIX CpeJax, BKJ/K4Yasg BOJHO-CIMPTOBblEe pPACTBOPUTEJH,
aneToH, $eHoJIbl U MYpPaBbHUHYIO KUCAOTY. OCHOBHOM HeJ0CTaTOK
XUHTUJPOHHOrO 3JIEKTpoJa B TOM, UYTO U3MepeHHUS C HUM
OrpaHHYeHbl pacTBopaMu co 3HayeHueM pH, MeHbme 8. OH fJaer
HeBepHble 3HAauyeHWsA B MPUCYTCTBUU  OEJIKOB, HEKOTOPBIX
OKUC/IUTEJIEN U IPU BBICOKUX KOHLLEHTPALUAX COJIEN.
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IEJIb PABOTHBI

Or[pe,qume 3Ha4YeHHWe BOAOPOAHOrIO MoKa3aTeJsid pAad BOAHbIX
pacTBOpPOB MeTOoa0M IMNOTEHUHNOMETPUHU C HCIIOJIb30BaHHUEM
CTEKJIAHHOT' O 3JIEKTPOAa

OBOPYJAOBAHHUE

—Yueb6Ho-1a60paTopHbIX MoAyb «IJIEKTPOXUMUA»
—CeTeBo¥l Kabesb

—BosbTMeTp

—CoeIMHUTEIbHBIN TPOBO/] K AATUUKY

—pH asiekTpo ;s KOMOUHUPOBAHHbIHN

—MarHuTHasa Meluaaka

—MW3BisiekaTe/ b MAarHUTHOW MeLIaJIKU

PEAKTHUBbBI N IIOCYJA

—XuUMHUYeCcKUH cTakaH Ha 50 M

—CraHpapTHbId Habop OydepHbix pacTBopoB (1.65, 4.01, 6.86,
9.18 1 12.45)

—O06pas1pl MUHEPaJbHOM BO/Ibl M COKOB /11 u3MepeHus pH

—IIpombiBa/iKa C AUCTUJIMPOBAHHOM BOJOM

NMOPAAOK IIPOBEAEHUA PABOTDI

OmnbiT Ne1. [locTpoeHue rpagyupoBOYHOro rpaduka.

Jnsa mocTpoeHus TpayupoOBOYHOro rpadrka 3aBUCUMOCTH
M3MEpEeHHOT0 NMOTeHLHaNa CTEeKJSHHOIO 3JIeKTPOJa OTHOCHUTEJBHO
XJIOpU/I-CepeOPSHOr0 3J1IeKTPOJia CPaBHEHUS HCIOJB3YIOT 6ydepHble
pacTBopbl C H3BeCTHbIM 3HayeHueM pH. OOBIYHO MCHONB3YIOT
6ydepHble pacTBopbl co 3HayeHusmu pH=1.65, pH=4.01, pH=6.86,
pH=9.18 u pH=12.43.

B TwlaTeNbHO MPOMBITBIM CTaKaHYMK Ha 50 MJI NpPUIMBAIOT
nepBbid 6ydepHbId pacTBOp B KoJsinyecTBe mnpuMepHo 30-40 mu.
IOTPYKalT B PacTBOP MarHUTHYIO MelIaJKy U KOMOWHUPOBAHHBIN
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CTEKJISIHHBIW 3JIEKTPO/|. JJIEKTPO/, PacloJiaraloT Mo LEeHTPy CTaKaHa
TaK, YTOObI OH He Kacascs ero AHa. CoeJUHAIOT pa3’beM CTEKJISTHHOTO
3JIEKTPOJia C BOJTMETPOM, KOTOPBIA C MOMOIUIbID COEJUHUTENBHOIO
NPOBO/JA COE/IUHSIIOT C yUeOHO-/1ab0PaTOPHBLIM MO/yJIEM.

Janee mojk/O4YalOT y4ebHO-1ab0paTOPHBIA MOAYJIb K CETH.
Boi6upawoT TuUn 3KcnepuMeHTa OpuMHOuYHOe u3mepeHue. Ha
BKJIaJKe YCTpoMcCTBaA BhiGUparoT BonbTMmetp u Mewanky. Ha
BkJaKke [apameTpbl yCcTaHAaBJAMBAKT €AWHBINbI H3MeHEHHUs
JIOTIOJIHUTEJIbHOTO TNapaMeTpa €f, a IIar U3MeHeHHWs MapaMeTpa

paBHbIM HyJaio Ha Brkiaske [MpoBepka HaOXUMAT KHOIKY
HAYATDb 3KCNEPUMEHT.

3aTeM BKJIIOYAIOT [epeMellMBaHUE pacTBOpa Ha TaKylo
HHTEHCUBHOCTb, 4YTOObl He 00pa3oBbIBajiaCcb BOPOHKA IpU
nepeMeliMBaHUU U B 3JIEKTPO/, He NONaJJaIu My3bIpyU Bo3yxa. B okHe
Adon. napameTp ycTaHaBJIMBAaWT 3HayeHue pH mnepBoro
6ydepHoro pactBopa, Hanpumep, 1.65. [lo McTeyeHUN NATH MUHYT,
KOrJia 3HayeHHe BOJIbTMETpA MepecTaHeT U3MEHATHCS, GQUKCUPYIOT
pe3yabTat HaxkaTueM kKHonku USMEPUTD.

[locne u3MepeHUs CTaKaHYMK, MeLIAJKy M H3MepUTEJbHbIN
3JIEKTPO/, TIIATeJbHO OINOJACKUBAKOT AUCTU/JIMPOBAHHOM BOJOH, a
3aTeM HeCKoJbKO pa3 6ydepHbIM pactBopoM, pH koToporo
IJIAaHUPYIOT U3MepUTh. [locsie yero noBTOpsIIOT U3MepeHUe BCeX NMATH
O6ydepHBIX pacTBOPOB MO BBLILIEONUCAHHONW MeToJUKe (GUKCHUpYS
M3MepeHUsI Ha y4ebHO0-71abopaTOPHOM KOMILJIEKCE.

[IpocMOTpeTh pe3yJibTaTbl HU3MEPEHUN MOXXHO BO BKJIAJIKe
Peaynbrarsl. [IpoBepuTh TMHEHHOCTb rpadvKa MOKHO BO BKJIAJKe
Fpadumkmn.

Pe3y/bTaTbl M3MepeHHWM 3amuCbIBAlOT B TETPaZb WJIHU

NepeHoCsT B 3JIeKTPOHHYI0 Tabauny Excell, B koTopoii oueHb y106HO
obpabaThiBaTh IJKCIIepUMEHTa/bHble JaHHble. [lasnee cTposT
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rpalyupoBOYHbI TpadUK 3aBUCUMOCTHU MOTEHIMasa CTEKJSHHOTO
asekTpoza oT pH 6ydepHbIX pacTBOPOB.

OnbiT N22. UsmepeHue pH BogHBIX pacTBOpPOB

Bo BTOpoi1 yacTu J1abopaTOpHON pabOThI MPOBOAAT U3MEpPEHUE
NOTeHLHa/la CTEKJISHHOTO 3JIEKTPOJa B Pa3JIMUHBIX MCCIEAYEMBbIX
06beKTax: COKaxX, IUTbeBbIX BOJAX, 4YasgX IO YCMOTPEHHIO
npenojaBaTesisi WIM 10 >XeJaHUI CTyAeHTOB. [locse HM3MepeHUs
NOTEHIHAa/Ma CTEKJSHHOTO 3JIEKTPOJa B pa3JUYHbIX OOBEKTax
NpPOBOJAT IepecyeT B eJUHHULbI pH Mo rpaayrupoBoYHOMY IpadUKy,
NOJIyY4eHHOMY B mpejbiyleM onbiTe. s onpeaenenus pH MoxxHO
BOCIOJIb30BaTbCsl rpaduyecKkUM MeTOJI0M HJIM 3Ke HCI0JIb30BaTh
rpaZilyipoOBOYHOE ypaBHEHHUE.

PEKOMEHJAIIUU 110 OPOPMJIEHHUIO OTYETA

Kak nmnpaBu/io, CTEK/JSHHBIA 23JIEKTPOJ, UMeEeT BBICOKYIO
JIMHEMHOCTh NOTEeHLMala B IIMPOKOM [JuanaszoHe pH. /JlaHHbie
3KcIepuMeHTa yJ06HO 0GOPMHUTH B BU/Jie TaOJIUIIbI:

pH 6ydepHoro
pacTBopa
1.65
4.01
6.86
9.18
12.45

Huxe mnpejcTaBjieH TUINOBOM TpaZilyMpPOBOYHBIM rpaduk
KOMOUHUPOBAHHOIO CTEKJISIHHOTO 3JeKTpoja npu 20°C.

ECT, MB
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e E,mB

g E = -55,384pH + 402,52

200 “=0,9998

100

0
13
-100

-200
-300
400

JlomycTUM npu  U3MEpPEeHWH TNOTEHIHUaJa  CTEKJISTHHOTO
3JIEKTPO/a B MCCIeAyeMOM 00'beKTe (HapruMep, MUHEPATIbHOU BO/JIE)
ObLJIO MMOJIyYeHO 3HAYeHHe noTeHana 53 MB. 3To o3HavaeT, yto pH
HCCJIe[lyeMOoro 00'beKTa paBeH

E-E, 53-403

H:
P b 55.4

=6.32en.pH

51



JIABOPATOPHASA PABOTA Ne5. OITIPEJAE/JTEHUE
INPOU3BEAEHUA PACTBOPUMOCTH
MAJIOPACTBOPHUMOM COJIX METO/IOM
NNOTEHODUOMETPUH

KPATKHUE TEOPETUYECKHWE CBEAEHUA

IEJIb PABOTbI

J/1IC ranbBaHUYECKOT'0 3JIEMEHTA CKJIaAbIBaeTCS M3 CKAvyKOB
NOTeHI[MajIa Ha rpaHulle Bcex a3 06pa3yroliux 3jjeMeHT. [Ipu aToM B
¢dopmupoBanur 3/[C rabBaHUYECKOTO 3JIEMEHTA MOTYT Y4YacTBYIOT
He TOJIbKO Pa3HUIIbI MOTEHIMAIOB MeXxay da3aMu 3JeKTPO/I0B, HO U
pasHULla MNOTEHLMAJOB MeXJy MeTa/uylaMH  00pas3yrlUMU
3JIEKTPOHOMPOBOJALIY0 a3y 3/JeKTpoJOoB — TaK Ha3blBaeMblil
KOHMAKmMHblll homeHyuas, a TakKe pPa3HUIA MOTEHIIMAJIOB MEX/y
¢dbazamMu pacTBOPOB 3JIEKTPOA0B — Jud@Py3uoHHbIl nomeHYua.

JAndPy3voHHBIM NOTEHLMAl BO3HUKAeT Ha TIpaHUlle [ABYX
pacTBOPOB M3-3a Pa3JIMYHbIX NOJBUKHOCTEN MOHOB, COAEPKALUXCS B
3JIEKTPOAHBbIX pacTBOpPax U/WJIU UX KOHUEeHTpanui. [asibBaHUYECKUU
3JIEMEHT MOXET MMEThb OOLUH pacTBOpP 3JEKTPOJIUTA [JisT 060UX
3JIeKTpoZioB. B 3TOM ciydae audpdy3voHHBIA NHOTEeHUHAN OyAeT
OTCYTCTBOBATh. B APYyTrUx cay4daax npu [IpOBeAeHUH
3JIEKTPOXMMHUYECKUX H3MepeHUH oT AudPy3HOHHOro MOTeHIuasla
CTapalTCcs MO0 BO3MOXKHOCTH H306aBUTbCS. CyLIeCTBYeT HECKOJIbKO
cnoco60B ycTtpaHeHus Auddy3moHHOro mnoTeHuuasna. Haubosee
IPOCTBIM SIBJISIETCS UCIOJIb30BaHUE /IJIs1 COEJUHEHUSI PaCTBOPOB JIBYX
3JIEKTPOJIOB COJIEBOI'0 MOCTHKA, 3all0OJIHEHHOTO PacTBOPOM COJIH,
KaTUOHbl M AHHUOHBI KOTOPOH 006JIaZAI0T MPUOIU3UTETBHO
oauHakoBbIMU noABxHOCTAMU (KCl, KNO3).

KoHTakTHBIN [oTeHurasi BO3HHKaeT B CJjly4dae, Korga
JJIEKTPOHOIIpOBOAALIIHE (1)33]::1 JJIEKTPOAOB BBITIOJIHEHBI n3
Pa3/IMYHbIX METaJIJIOB. B cBsA3u c TeM, 4TO B HacTodulee BpemMd HET
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NpPSMBIX 3KCIIEPUMEHTAJbHbIX U pacyeTHBIX METO/0B omnpejeseHus
OTJeJIbHBIX CKAayKOB IIOTEHIIMaJa Ha rpaHulle pasjena ¢a3 B
raJilbBAaHUYECKOM 3JIEMEHTe, 3HauyeHHe IIOTeHIHaJla OTAeJbHbIX
3JIEKTPOJIOB MPUBOJASAT OTHOCHUTEJbHO TMOTeHLHajJa KaKoro-iubo
CTAaHJApPTHOrO 3JIEKTpPOJa — IMepexoJ K YC/A08HOU  wkase
nomeHyuaso8. B atoMm ciaydae npu pacdete 3/IC rajbBaHUYECKOTO
3JleMeHTa KOMIIEHCUPYETCSl KaK CABUI MOTEHLMaJ0B OT/AeJNbHbIX
3JIEKTPO/I0OB OTHOCHUTEJbHO abCOJIIOTHOM IIKaJIbl NOTEHIIMAIOB, TaK U
KOHTAaKTHbIA  MOTEeHLMaJ, KOTOPbI BXOAUT B  YCJIOBHBIH
CTaHJAPTHbIN 3JIEKTPOAHBIN TOTEHIUAJ.

[IpUHATO BbIpaXkaThb MOTEHIHMAJbI 3JIEKTPOJIOB OTHOCUTEIBHO
CTaHJApPTHOrO BOJOPOAHOTO 3JieKTpoja (yc/oBHas BOJOpPOJHAs
IIKaJla MOTeHLHAIOB), MOTEHLHMA/]l KOTOPOr0 MPHUHSAT 3a HOJIb NpHU
BCex TeMIlepaTypax. /[l onpejesieHUs 3JIEKTPOAHOr0 MOTeHLMasla
3JIEKTPOJa COCTaBJAETCA TajJbBaHUYECKUH 23JIeMEeHT U3 3TOro
3JIEKTPOJAa M CTaHJapTHOro BOJOPOJHOro 3jektpoaa — H+*|Hz, Pt
(aKTHBHOCTh MOHA BOJOpPOJA MOAJEPKUBAETCS PABHOWU eJUHHUIE U
napuuajbHOe  JilaBJieHHe  BOJOpOJa  HaJ  pacTBOpoM  —
1.01325 x 1051a). Ilepexos K YCJOBHOM IIKajsie TMOTEHIMAJIOB
NI03BOJISIET M36aBUTbCS oT MHOT'MX TPYyAHOCTEN U
Heonpe/ieJIeHHOCTeN npu pelieHuu 60JIbIIMHCTBA
3JIEKTPOXMMHUYECKHUX 33/1ay.

CornacHo mnpaBusaMm HIOMNAK  ycaosuwili  snekmpodHbtii
nomeHyua/1 Uiy NpocTo 3/1eKmpooHbLll NOMeHyuaJ1 onpeesnseTcs Kak
3/IC snemeHTa, B KOTOPOM cJieBa pAaCMOJIOKEH CTaH/apPTHBIU
BOJIOPO/IHBIM 3JIEKTPO/], @ CIpaBa — pacCMaTPUBAEMBIN 3JIEKTPO.

HanpuMep, moTeHIMan KagMHeBoro ajzektpoga (Cd* | Cd)
oyaet paBeH 3/IC asieMeHTa

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

[ToTeHnMan paccMaTpUBaeMoOro 3JIeKTpoJa 0603HayaeTcsl NMpU
3TOM cuMBOoJOM E. B chopaBoYHHKax NPUBOJATCA YC/A08HbIE
cmaHdapmHble  nomeHyuaasbl — 3/4eKkmpodo8  TpPU  HEKOTOPOU
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TeMIlepaType, KOTOpble H3MepeHbl OTHOCUTEJbHO CTaHAAPTHOIO
BOJIOPOJHOT'O 3JIEKTPO/JA NPU COOTHOILIEHWH aKTUBHOCTEH BELIECTB,
y4acTBYIOILMX B 3JIEKTPOJHOMN peaKL U, paBHOM e[iJMHULE.

Tor,qa, AJId paCCMOTPEHHOTI' O IIprMepa, IOTeHIHaJI KaAMHUEBOI'0O
3JIEKTPOZA GY/IeT 3anKcaH KaKk
o RT
ECdZ*,Cd a ECdz*,Cd X Elnamz* ’
o
cd*,cd
3JIEKTPOA.

rae E — CTaHJAapTHbIN 3JIEKTPOJIHbIN MOTEHIMaJ KaJMHUEBOTO

3anucb U TNOpPAAOK NpUMeHeHUsa ypaBHeHUd HepHcra
COXpaHseTcs TNpU TMepexojie K YCJOBHOM IlKaje MOTEHIHMATIOB C
3aMeHo# @°% Ha E°. Torga ypaBHeHue HepHcTa /11 yCJIOBHOM ILIKAJIbI
NOTEHIMAJIOB 3alUILETCS B BUJIE:

RT
E=E°+—In| | a . 5
[ La (5)

Beipaxkenuss paga 3/C rajbBaHUYECKOTO 3JIeMEHTa 4Yepes
yCJIOBHbIE NMOTEHIMAJbI Oy AET
E = En = E.n ) (6)
rje Eyp — noTeHuMas NpaBoro 3JieKTpoJa, Ej; — noreHnals aeBoro.
PasHulla Mexay CTaHAAPTHBIMU NOTEHLMaJaMU 3JIEKTPOJIOB
rajJilbBaHU4eCKOro 3JjieMeHTa HasbiBaeTcd cmaHdapmuuim  3/C
JAaHHOTO TaJilbBaHUYECKOTO 3JIeMeHTa M o6o3HavyaeTca E°. /[nas

PAacCMOTPEHHBIX BbIllle MNPUMEPOB TaJbBAaHUYECKUX 3JE€MEHTOB
MOXXHO 3anucaTh BblpaxkeHusd A 3/1C.

1.Cd | CdCl; | AgCl | Ag

3/1C sToro ajieMeHTa
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° RTlna —E° Elna =

I AgClAg F a Tedcd F cd?*

_3RT

E=E —E =E

o
=E In Ueacl, »

A€ gy, — CPEAHsist akTUBHOCTD pacTBopa CdCla.

2.Cd | Cd(NO3)2 | NaCl | AgCl | Ag
3/1C sToro ajieMeHTa

E=E° ——Ina. -E° —Elna

Cl™,AgClLAg F - cd* cd 2F cd*’

rae aCl' — JdKTHBHOCTb HMOHOB XJIOpAa B paCTBOpE IEepBOro

3JIEKTPOJia, d_, — AKTUBHOCTb MOHOB KaJIMHS B PAacTBOPe BTOPOrO

Cd2+
JJIEKTpOAa.
3. Pt, Hz | HCl || NaCl | AgCl | Ag

3/1C sToro ajieMeHTa

o RT 8 RT . a.
E:Ecr AgClAg __lnacr _EH* H ——-In—=—,
HELL F e 2F Dy,
rae 4, — aKTHBHOCTb HOHOB XJOpa B pacTBope MepBOro
3/IeKTPO/Ia, @, — aKTHBHOCTh HOHOB BOJIOPO/IA B PacTBOPe BTOPOTO

9/IEKTPO/1a, D, — OTHOCHTEJIbHOE NMapU1aibHOe AaBJIeHHE BOAOPOAA
Ha/l paCTBOPOM BTOPOTO 3JIEKTPO/A.

3/IC zanvbsaHuyeckozo 3semeHma onpedessiemcsi ypasHeHUem
HepHcma mosbko 8 yca08usx 06pamumo20 NpoOmekaHusi 8 HeM
npoyeccog. IJTO COOTBETCTBYeT IPOTEKAHUIO 4Yepe3 3JIeMEeHT
6ecKOHEYHO MaJloro ToKa (6eCKOHEYHO MeJJleHHOe IpoBeJileHue
npouieccoB). [loatomy usmeperue 3/C 3snekmpoxumuyveckux yenet
cmpemsimcsi npogodumb 8 YC/A08USX, K020d MOK 4Yepe3 3/1eMeHMm He
npomekaem u/u 3mom mok 6eCKOHe4YHo Ma. B yc/10BUAX NpoTeKaHUs
yepes3 raJbBaHUYeCKUH 3JIeMeHT 3HAaYUTeJbHbIX TOKOB NPOUCXOAUT
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cyliecTBeHHoe yMeHblieHUe J/IC asieMeHTa, KOTOpoe olpejensaeTcsa
MHOrUMH ¢GaKTOpaMHy, B TOM 4YHCJIe, KHHETHUKOH 3JIEKTPOAHBIX
peakuui U ycaoBusiMu AUdPy3uU BelllecTB BHYTpPU ajeMeHTa. s
usMmepenuss  3/IC  3/eKTPOXUMUYECKHUX  llelledl  MOJIb3yHTCs
KOMIIEHCAllMOHHOM CXeMOM WJ/IM NOTEeHIMOMETpPaMH C JAOCTAaTOYHO
60JIbLIMM BXOJHBIM CONPOTHBJIEHHEM (COTHHU MOM).

XuMHYecKue nenu

[anbBaHUYECKHWE 3JIEMEHThI nepBoro TWUIlla — XHMHUYECKHE
nennu — npeacTaB/Idl0T coboi JJIEMEHThbI, COCTaBJIEHHbLIE H3
3JIEKTPOAO0B, Ha KOTOPBIX IIPpOTEKAKT pa3/In4HbIE

3JIEKTPOXMMUYECKHE peaKL1H.
Hanpuwmep,

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

Konuem‘paunonnme nemnu

FasnbBaHUYeECKHE 3JIeMEHTbI BTOpPOTO THUIIA —
KOHLIEHTpPAl[MOHHbIE 1LleMU — MpPeACTaBJSIT C0O00H 3JIeMEHTHI,
COCTaBJIEHHbIE W3 3JIEKTPO/IOB, HA KOTOPbIX NPOTEKAKT O/JMHAKOBbIE
XUMHYECKHe PeaKI[UM, HO KOHIEHTPAI[MU pearupyonux BellecTB Ha
3JIEKTPOAx pa3JIuyHbI.

Hanpumep,
@D
Cu | CuSO4 | CuSO4 | Cu,
! "
.. >0,
rae aéub U agu% pasjvM4yHble AKTUBHOCTHM MWOHOB MeJW Ha

3JIEKTPOJAX, ¢p — AUPPY3MOHHBIM NMOTEeHLHAJ, BOSHUKAKOLIMK Ha
rpaHulie pacTBOPOB.

3anuiieM nNoTeHLMaabl 060UX 3J€KTPO/I0B:

o RT
E =E, +—Ina
2F

Cu2+ )
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o RT "
Ez = EZ +ElnaCuz+ .
Torpa 3/IC anniemeHTa 6y1eT
a,.
E :Elnc_u_
2F a"

Cu2+

Kak npaBuio, passinyve B KOHLEHTPALMAX BellleCTB Ha pa3HbIX
3JIEKTPOAAX KOHIIEHTPALLMOHHBIX 3JIEMEHTOB MaJlo, [03TOMY
A1nGPY3MOHHBIM MOTEHLMAT BHOCUT CYLLeCTBEHHBIM BKJIa/, B OOLIYIO
3AC.

C yuetoM audodysmonHoro noteHnuana 3/C rajbBaHUYECKOTO
3JleMeHTa 06paTHMOI'0 OTHOCUTEIbHO KaTHOHA Oy/ieT

VRT . a’
In—,

v.zF a

E=t_

rje t- — 4UCJI0 NepeHoca aHUOHOB, v — o0061ee 4uca0 GOpMyJIbHbIX
YacTHUL, COCTaBJSWOIMUX JAaHHBIA 3JIEKTPOJUT, V+ — YHUCJIO
GOpPMyJIBHBIX ~ 4YaCTHL,  KaTHUOHOB,  COCTaBJAKILUX  JaHHBIA
3JIEKTPOJIUT.

3/IC rasbBaHUYECKOTO 3JieMeHTa 06paTUMOro OTHOCUTEJNbHO
aHWOHa 6y eT

vRT ., d
E=-t, In—=,
14
vzF a;
rae t. — YKWCJAO MepeHoca KaTHOHOB, V. — 4YHUCI0 (GOPMYJbHBIX

YaCTHULl aHHOHOB, COCTABJ/JIAKIINUX ﬂaHHbIﬁ 3JIEKTPOJIUT.

TepMOAHHaMI/IKa OﬁpaTPIMbIX JJIEKTPOXUMHYECKHUX CUCTEM

HsmeHeHue 3Hepruun ['ubb6bca [y peaklyyy, o06paTUMO
IpoTeKalllel B raJlbBAHUYECKOM 3JIEMEHTE, MOXKHO 3aIMCaTh

AG = - EzZF

3anuieM Takxe ypaBHeHue ['M66ca — ['esbMroJibia
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AG=AH+TIACE
T

Torpma

2FE = H+7ZE9E
dr

Y4uTbIBas, 4YTO JJ11 XUMUYECKON peaKIuy CpaBeiInBO
AG=AH-TAS,
HOJIyYUM

AS= _rr9E.
dT

TakuM o6pa3oM, TemnepaTypHbld koapodunuent 3I/IC
OKa3blBaeTCs, CBfI3aH C M3MEHEHHWeM 3HTPONUMU XUMHUYECKOH
peakyy, NIpoTeKawleld B raJlbBAHUYECKOM 3JieMeHTe. Ha nmpakTuke,
usmepssia  J/IC  rajipBaHMYECKOTO  3JleMeHTa MpPU  pas3HbIX
TeMIlepaTypax U MOCTOSIHHOM JIJaBJIEeHUU, Mbl MOXKEM ONPEJENUThb KaK
M3MeHeHHe  JSHTPONMHM, TaK U  H3MeHeHHe  3SHTaJbIUU
COOTBETCTBYHOLIEN XUMUYECKOW PEAKIIH.

IloTreHnMOMeTpUA

IlomeHyuomempusi — memod ucc.1e0do08aHUs;, 8 0CHO8E KOMOpPo20
Jaexcam — mepmoduHamuyeckue — coomHoweHusi — medxcdy  3/C
3/1eKmpoxXuMuveckux yenel, ¢ OOHOU CMOPOHbl, U  (PU3UKO-
XUMUYEeCKUMU napamempamu pacmeopos U XUMU4eCcKUux peaxyuil ¢
dpyeoti. [loTeHHOMeTPHI0 UCIOJIb3YIOT JJIs1 ONpeJesleHUs

—pH pacTtBopoOB,

—KOHCTaHT TU/POJIN3a COJIEN,

—KOHCTaHT JUCCOLMALIMU KUCOT U OCHOBAHUH,

—IpOU3BeeHUI pacTBOPUMOCTHU MaJIOpacTBOPUMBIX
CcoeIMHEeHUH,

—KOHCTaHT yCTOMYHUBOCTHU KOMILJIEKCOB,

—K03)PHUIIMEHTOB aKTUBHOCTU UOHOB B PacTBOPAX,
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—TepMOJIMHAMUYECKHUX XapaKTePUCTUK XWMHUYECKUX peakLHn
UT. [

MoHHOe  paBHOBecue B  pacTBOpe  XapaKTepHU3yeTcs
COOTBETCTBYHOIUMHU TepMOJANHAMHUYECKUMHU KOHCTaHTaMHU.
Hanpumep, As1s1 Mas10pacTBOPHUMOro COeJUHEHUS, JUCCOLUUPYIOLIETO
10 ypaBHEHUIO

AB=A*+B-
paBHOBecHe XapaKTepu3yeTcs NpOU3Be/leHHEM
PacTBOPUMOCTH:
Ly=a,.a,.

[[JIH onpejgesieHUuA Ipou3dBeJeHHUdA PaCTBOPHUMOCTH MOXHO
COCTaBUTb raJibBaHUUYECKUH 3JIEMEHT

A|AB|DB||AC|A,

rge AC u DB — xopowo pacTBOpuUMBIE COJIA COOTBETCTBYIOLIETO
kaTvoHa (A*) u aHuoHa (B-), A*|A — 3JjiekTpoj NmepBOTO poja, a
B-|AB,A — asekTposa BToporo pojaa. Ha anekTpojgax O6yayTt
IpOTeKaTh CJAeLyIolhe peaKuu:
Ar+e =A
AB+e =A+B-.
3anuieM ypaBHeHUs HepHcTa [/ 3TUX 3JIEKTPOLOB.
o RT, d. . RT., ,
E,=E_. +—In2-=E_, +—1Ind,,
A" A F a; A" A F A
o RT ., a), ° RT.,
E2 = EB’,AB,A +?1n—a";a]’3’i ZEB’,AB,A —?hlaB,

JJIeKTpo/i, BTOPOTO pPO/ia MOXKHO MPeJCTaBUTh KaK 3JIEKTPO/]
MepBOr0 poJa, TOJbKO C O4YEHb MaJiOM KOHIEHTpalueld HOHaA
MeTaJlJla, KOTopasgs OyJAeT 3aBHUCETb OT KOHLEHTpPAlMUU aHUOHA,
obpasymwllero € HUM MaJopacTBOpUMoOe coeAuHeHue. Torja,
YYUTBIBAs BhIpAXKeHHe JIJisl TPOU3BeIeHUS] PACTBOPUMOCTH, MOJTYIUM
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E,=E,, +ﬂlnag, =8, , +E1nl’%
‘ F ’ Foa

BeipaxkeHnue ay1a 3/]C aToro sjiemeHTa 6y1eT

! "

o RT o RT. L RT a, .a
E=E,-E,=E,, +—Ind/.-E,  ——In-28—-—|p A&
ALF KN A F al F k)
B
Takum o6pasom, Ipou3BesieHUEe pacTBOPHUMOCTH

MaJIOpacTBOPUMOI0 coeJHeHUs1 cBsizaHO ¢ J/IC pacCMOTPEHHOTO
3JIeMeHTa, W JJis €ero onpejejieHdus Heob6XoauMo H3MepuTb I/IC
3JleMeHTAa NpPH M3BECTHBIX AKTUBHOCTSX HOHA MeTa/ia (A*) B
pacTBOpe MepBOro 3JIEKTPOJa U aHWOHa B~ B pacTBope BTOpOTO.

Jna onpejeneHuss JpYyrux TepMOJAWMHAMHUYECKUX KOHCTAHT
HEeOOXOJMMO COCTaBJIATb COOTBETCTBYIOLIME 3JIEKTPOXMMHUYECKHUE
nenu W usMepasa ux I/JC npH U3BECTHBIX AKTUBHOCTAX
NOTeHLHa/I0Npe/le/IAI0IIUX BellleCTB BbIYMC/IATh 3Ha4yeHHe KOHCTAHT.

[ omnpeneseHUsi NMPOU3BeJeHUST PACTBOPUMOCTH XJIOpH/JaA
cepebpa coCTaBJjsieTCsl TaJbBaHUYECKUH 3JIeMEHT, B KOTOPOM B
KauyecTBe OJJHOTO 3JIEKTPO/ia UCIOJIb3yeTCs 3JeKTpoA | poaa, Apyrum
3JIEKTPOJOM CAYKUT 3JieKTpoJ, Il posa c¢ ocagkoM wuccienyeMoro
CoeJJMHEHMUS Ha 3JIEKTpo/jie

Ag | AgCl| KCl || AgNO3a) | Ag
Ha asiekTposax 6yAyT NpOTeKaTh CAeAYIOIINE PEAKIUU:
Agt+e =Ag AgCl+e =Ag+Cl.

CyMMapHasi peakuusi, NMpOTeKawIlass B 3JEKTPOXUMHUYECKOM
3JIeMEHTe, COOTBETCTBYET peEAKIUU O00pa30BaHHUSI HCCJIELyeMOro
MaJIOpacTBOPHMOTO COeIMHEHHS U3 UOHOB.

Ag* + Cl- = AgCL

3anuieM ypaBHeHud HepHcTa /1 3THX 3JIEKTPO/OB.

o RT
E =E . +—Ind .,
Ag’ Ag F Ag
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o RT . N RT | Ly
EZ:EC]’A CLA __macr:EA*A ! "
AgClAg ghg a’.
rje a;\g+ U agr — aKTHBHOCTH HMOHOB cepebpa U raJioTeHH/[-MOHA B

pacTBOpax rmepBoro 1 BTOpPOro aJieKTpoa0oB, COOTBETCTBEHHO.

Boipaxkenue g 3/IC aToro ajieMmeHTa 6y/1eT

"

’
RT aA *aCI’
E=E,—E,=—In—2
F L
AgCl
Takum 06pa30M, IIpou3BeaceHHUE PaCcTBOPHUMOCTH

MaJIOpacTBOPUMOro coeJuHeHUs cBsizaHo ¢ IJ/[C paccMOTpeHHOTo
3JIEMEHTa, W JJisd €ero omnpejiejieHus Heo6XxoauMo H3MepuTb I/IC
3JleMeHTa MpPU U3BECTHbIX AKTHBHOCTAX HOHa cepebpa (Ag*) B
pacTBope nepBoro 3JiekTpoia u aHuoHa Cl- B pacTBope BTOPOTO.

[[pakTU4eCcKM pPacCMOTPEHHBIA TaJbBAHUYECKUN 3JIEMEHT
COCTaBJAIT M3 [JBYX 4YacTel, KakJasg M3 KOTOPbIX NpeJCTaBJsET
CO60M COOTBETCTBYIOUIUN 3JEKTPOJ. IJEKTPOAbl COeAUHSIOTCS
3JIEKTPOJUTUYECKUM MOCTUKOM 3amoJiHeHHbIM pacTBopoM KNO3 ¢
arap-arapoM. B cBg3W c TeM, 4YTO MNOJBWXHOCTH HWOHOB Ka/IUsf H
HUTPAT UOHOB OJIM3KH, BeJUYHMHA JUGPY3MOHHOTO MOTEHIMaa He
Oy/leT CylleCTBEHHO BJUATD Ha pe3yJ/bTaThl U3MEPEHUH.

[lepBoHava/ibHO 06e YacTH 3JIeMeHTa 3aloJIHAIT PacTBOPOM
AgNOs pna  Toro, 4YTOGbl MPOBEPUTBUYUCTOTY IOBEPXHOCTH
cepeOpsIHbIX 3JIEKTPOJIOB. 3aTeM, pacTBOP U3 OJHOM YaCTH 3aMeHSIOT
pacTBOpPOM rajiIoTeHUZA Kaaus (He npombvleas npu 3moM CmakaH4uK)
Y OH IpUob6peTaeT CBOWCTBA 3/IEKTPOJa BTOPOTO po/a.

[ HeGOJIbIIMX KOHILIEHTpPALMA HMOHOB B pacTBope (MeHee
0.01M) u OTCYTCTBUM NOCTOPOHHUX MOHOB MOXHO TMPHHSATH
aKTUBHOCTU HOHOB PaBHbIMM MX KOHI|EHTpAaLMsM M NPOBOJUTH
pacueThbl 6e3 yueTa K03 PUIIMEeHTOB aKTUBHOCTH.
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OBOPY/IOBAHME

—Y4eb6Ho-1a60paTopHbIX MoAyIb «JJIEKTPOXUMUA»
—CeTeBol KabeJib

—BoJsbTMeTp

—TepMmogaTyuk

—CoeIMHUTEJIbHBIN TPOBOJ, KPOKO I
—CoeHUTENBbHBIN NPOBOJA K JATUUKY

—PyuHolt f03aTop nepeMmeHHoro o6bema 10 M
—MarxauTHas MelaJnaka, 21T

—MW3BJiekaTe/ib MarHUTHOM MelllaJIKy

—CepebpsiHbIE 3JEKTPO/bI

—CounieBoit MocTu ¢ KNO3 1 arap-arapo
—MeJsiko3epHUCTAs HIKYPKa A5 3a4MCTKHU 3JIEKTPO/I0B

PEAKTUBBI U I10CY JA

—XUMHUYECKUH cTaKaH Ha 50 mJ, 2 T

—BoaHbli pacTBop HUTpaTa cepebpa, 0.01 MoJib/J1 TOJAKUC/IEHHBIH
a30THOU KUCJIOTOU

—Boanbiii pacTBop xjopuja kanus, 0.02 mosib/a

—IIpoMbIBaJiKa C AUCTUITUPOBAHHOUN BOJIOM

NMOPAAOK IIPOBEAEHUA PABOTDI

s mpoBeJieHUsT paboThl MpeJBapUTENbHO TOTOBAT PacTBOP
KCl konnentpanuu 0.02M wu pactBop AgNO3 0.01 M (cierka
NOAKUCJIEHHbIM  a30THOM  KHUCJIOTOW  AJ1  NpeJoTBpalleHus
ruiposiv3sa). CiesyeT MOMHUTD, YTO PAaCTBOP HUTpATa cepebpa Maoxo
XPaHUTCS U 151 TPOBe/IeHUsI pab0Thl HEO6XO0AUMO HCIOJIb30BATh €T0
CBEXXEMPUTOTOBJIEHHBIM.

OnbIiT N21. [IpoBepKa YU CTOTHI NIOBEPXHOCTHA
cepeOpAHBIX 3JIEKTPOAOB

[lepen  mpoBeZieHHWEM  MMEPBOTO  ONbITa  IOBEPXHOCTh
CepeOpsSIHbIX 3JIEKTPO/IOB OCTOPOKHO, HO TIATEJbHO MeXaHU4YeCKH
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OYMILIAIOT OT OKCHUJAOB HWJH CyJabPUAO0B cepebpa, KOTOpble MOTIJIH
o6pa3oBaTbCA NpU XpaHEHWUHU 3JIeKTPOJOB. /[l OYMCTKU MOMKHO
HCIOJIb30BaTh MEJIKO3EPHUCTYI0 HaXKJAAayHYl OyMary W Tyoky AJs
MbIThsI MOCY/ibl. BMECTO MeXaHUYeCKON OUMCTKH MOXHO 06paboTaTh
3JIEKTPO/J, KOHLIEHTPHPOBAaHHBIM pPAacTBOPOM aMMHaKa HECKOJbKO
MHUHYT.

TuaTesbHO BBIMBITbIE CTaKaHYUKU Ha 50 MJI yCcTaHaBJAWBAIOT
Ha paboyeil NOBEPXHOCTU YieOHO-/1ab0paTOPHOr0 MOJYJIsI B LIEHTpeE
pa3MeTKH MarHUTHBIX MEIIAJOK U HAJMBAKOT B KaXJbIH CTaKaHUMK
TOYHO mo 20 MJ 3apaHee NPUTOTOBJEHHOTO pacTBOpa HUTpATa
cepebpa. YCTaHaBJIMBAIOT 3JIEKTPOJUTHYECKUN MOCTHK, cepebpsiHble
3JIEKTPO/bl, TEPMOJATUYHUK (B JIF060M U3 CTAKAaHYMKOB).

\
:-
= — =
—
—
—
1 21
= u

B KaJblil U3 CTaKaHYMKOB NOMELAIT MarHUTHYI MeIlaJsKYy.
K  asnekTpoZaM  MNOAKAKOYAOT  BOJbBTMETP C  TOMOILBIO
COeIMHUTE/IbHOTO NPOBOJa KPOKOAW/I. BonbTMeTp MOAK/INOYAIOT K
ydyebHO-1a60paTOpHOMY MoAy.Jto. [lofk/a04aloT MOAY/JAb K CETH U

3arpy’karlT THUIl 3KcnepuMeHTa OpuHOYHOe uamepeHme. Ha
BKJIaJIKe YCTpoMucTBa BhibuparoT BonbTMmerp u Mewanky. Ha
BKJIaJIKE MpoBepka Ha)XKUMaIoT KHOIIKY HAYATDL
SKCNEPUMEHT.
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BKJIIOYAIOT MarHUTHYI0 MellaJKy Ha MUHUMaJbHYI0 CKOPOCTb
nepeMeliMBaHus U QUKCUPYIOT T[OKa3aHUS BOJIbTMETpa Iocje
YCTAHOBJIEHUS] PABHOBECHOTO 3JIEKTPOJHOrO MOTEHLHaJla, 4YTO
3aHMMaeT 0ObIYHO JiBe — TPU MUHYTHI.

Ecnu 3Hayenue 3/|C npeBblliaeT N0 abCOJOTHOMY 3HAUYEHUIO
5 MB, 04uCTKy MOBEPXHOCTH 3JIEKTPOJOB MOBTOPAIOT. M3MepeHHas
3/C nmnpexacrtaBiaseT CcOGOW  CUCTEMATUYECKYI0  TOTPELIHOCTH
U3MepeHUsl U CBA3aHO B NIepPBYI0 o4yepelib C TEM, YTO 3JIEKTPOJbI B
pa3HbIX CTaKaHYMKaX HMEKT pPa3Hyl0 IOBEPXHOCTb, BKJIKYEHMUS
MHOPOJHbIX XMMHWYECKHX KOMIIOHEHTOB W T.I. U3MepenHywo 3/IC
Heo6Xx0 MO 3aPUKCUPOBAThH B TETPaJyd WM TabJ/ivlEe Pe3yabTaToB.
A npu BbluMCAeHUMHM JeicTBuTesbHOU 3/JC B caexyrwoleM
3KCIepUMeHTe 3Ta NOrPeLHOCTb YYUThIBAETCS

EAeCTB = Eusm B Enorp i

OnbIT N22. OnipesesieHue Npou3BeAeHUS paCTBOPUMOCTH

W3 opHOro M3 CTAaKaHYMKOB BBIJIMBAIOT pPacTBOpP HUTpaTa
cepebpa U He npoMbl8ast HaAuBalT B Hero 20 MJI MOATOTOBJIEHHOIO
pacTBopa xjopuja Kaaus. PacTBOp B 3TOM CTakaHe JOJDKEH CTaTh
clerka MYTHBIM, UYTO CBHU/ETEJbCTBYeT O BbIMaJeHUU OcajKa
TpyAHOopacTBopuMoi cosnu AgCl. lanee npousBoasaT usmepenue 3/1C
raJbBaHUYECKOr0 3JIeMeHTa U 3aHOCAT IOJIyYeHHOe 3HavyeHHe B
TabaUILy.

3aTeM NpoU3BOJAT pa3baB/ieHMe pacTBOpa rajoreHu/ia B /iBa
pasa. [lns sToro, oT6uparoT nunetkoi 10 Mu1 pacTBopa U MOMEIAT
BMecTO Hero 10 MJ AUCTHUAJIMPOBAaHHOHW BoAbl (Ljeslecoo06pa3HO
UCI0/Ib30BaTh JiIBe NUIETKU — OJAHY JJ pacTBopa, APYTywo [Jid
Bojibl). [IpousBogaT usmepenue 3/IC rajbBaHUYECKOr0O 3Je€MeHTa U
3aHOCAT TMOJIydeHHOe 3HayeHUWe B Tabuuny. /[lasee MNOBTOPSIOT
pa3baByieHMe el B JBa pa3a U B 4 pasa ¢ NocaefyoLUM
usMmepeHueM 3/IC. Bce pe3ynbTaThl UKCUPYIOT B TabBAUIE
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PEKOMEHJIALIUU 110 OPOPMJIEHHUIO OTYETA

[TpoBOJAT pacyeT MPOU3BeeHUs] PACTBOPUMOCTH JJIs1 PA3HBIX
KOHIIEHTPAlMi TraJloreHU/i-uOHa, YCPEJHSIOT MoJydeHHOe 3HaueHue
M CpPaBHUBAOT C [JIJaHHBIMU NpPHUBEJEHHBIMH B CIHPaBOYHOH
JIUTEepaType.

PexomeHyeMbli BU/JT TaOJIUIbI
cxx, M E, B Lagx

0

0.02
0.01
0.005
0.0025

[lepBo#l cTpouke B NpeACTaBJIEHHOW TabJHIlE COOTBETCTBYET
cucTeMaTH4yecKasl MOTPELIHOCTh U3MEpeHHs, KOTopas He [oJhKHAa
npeBblliaTh 5MB.  YyeT 3TO  MNOrpelmlHOCTH  MPOU3BOJSIT,
PYKOBO/ICTBYSCh CaeAy0IUM npuMepoM. Jonyctum Enorp = 4.3 MB, a
nsMepeHHoe 3HadyeHue 3JJC cocraBuyo Eusw=356.8MB. 3T1oO
O03HayaeT, 4YTO JAeWcTBUTesbHOe 3HadyeHWe I/C paBHo 356.8-
4.3 =352.5 MB.

PacueT nmnpousBesieHHS  pPACTBOPUMOCTHM  IMPOBOJAT IO
ciaeaywolei opmye:

"

'
a .a..
E:EIH Ag" Cl
F LAgCl
' h "o
rae aAg+ — KOHIEHTpauud HMOHOB cepe6pa, aCl’ KOHIEHTpauud

XJIOPUA-UOHOB.
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JIABOPATOPHASI PABOTA Ne6. OTIPEJJEJIEHUE
KOHCTAHTBI JUCCOLMAIIAM CJAABOM KUCJIOTHI
KOHAYKTOMETPUYECKUM METO/IOM

KPATKHUE TEOPETUYECKHUE CBEAEHUA

[IlpoBoguuku | poma — MeTa/ibl U UX paciljiaBbl, B KOTOPbBIX
3JIEKTPUYECTBO IepeHOCUTcA 3JeKTpoHaMHu. [Iposoguuku Il popa -
pacTBOpbl M pacljiaBbl  3JIEKTPOJIUTOB C  HWOHHBIM  THUIIOM
IIPOBOJAUMOCTHU. DJIEKTPOJIUTEI — BellleCTBa, KOTOPbIE B pacTBOpe WU

paciiaBe pacnagaloTCd Ha HOHBbI — 3JIEKTPHUYECKH 3apAXKEHHbIe
YaCTHILDBI, CITOCOGHBIE K CaMOCTOATEJIbHOMY CYLIE€CTBOBAHHWIO B 3THX
cpenax. CuJibHBIE JJIEKTPOJINTBI = BelleCTBa, IMPpaKTHUYECKH

MOJIHOCTBIO AMcCcOUUpyloliue npyu pactBopeHur B Bojie (NaCl, HCI,
HNO3 wu T.n.). Cnabble 3JIeKTPOJUTHI JUCCOIMUPYIOT HA HWOHDI
YaCTUYHO (OpraHUYecKUe KUCJA0ThI, BOJA, aMMHAK, CEPOBOLOPOL).

[TonrHoTa AMcconManyy €1aboro 3/J1eKTPOJIUTA KOJIUYECTBEHHO
XapaKTepu3yeTcsl CTelleHbl0 JAMCCOLMALMM O — OTHOLIEeHHWe 4Yuca
MOJIEKYJ], pacnaBUIuMXcsi Ha MOHBI (Np), K 06lieMy 4YMCIy MOJIEKYJI
3TOrO 3JIeEKTPOJINTA, BBeJleHHbIX B pacTBOp (No):

CTemneHb JUCCOIMALMM O BBIPAXKAIOT B JIOJISIX €JUHULbI UJIU B
npoueHTax. CTeneHb JUCCOLMALUM 3JIEKTPOJMUTA 3aBUCHUT OT
KOHILIEHTpAallMK, TeMIlepaTypbl pacTBOpPa, XapaKTepa pacTBOPUTES,
IPUCYTCTBUS B paCTBOpPE OJJHOUMEHHbBIX HOHOB.

3aBUCUMOCTb MeXAy CTeNneHbIo Jyrccolaluu Q,
KOHIleHTpanuern C ©W KOHCTAHTOW [JUCCOIMALIMM 3JIEKTPOJIMTA
BbIpa)kaeTcs 3aKOHOM pa3BeAeHus1 OcTBa/b/a:

_d’c,
T -a)
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rae Co — KOHLEHTpalnud KHCJOTblI A0 AUCCOOHUALNH, A — CTEIEHb
AUCCOOHUalKU KUCJIOTHI B paCTBOPE.

Jlng  yKCycHOM — KMCJIOTBI — Ipu  Temieparype  25°C
Kn=1.85x105. [lna odeHb cjaboro 3JjieKTpoJuTa o<<l1, W Toraa
BEeJIMYMHOM o B 3HaMeHaTeJsie MOXKHO IpeHebpeyb:

L 12
K,=a’,.

JJIEKTPUYECKHUM TOK €CThb VIOPS/IOYEHHOE TMepeMeEI[EHUE
3apsPKeHHbIX 4acTHull. BcsikUil MPOBOAHUK, MO KOTOPOMY TEYET TOK,
npeicTaBJsieT AJisl HETO OINpe/ieJleHHOe CONPOTUBJIeHUE R, KoTopoe,
coryiacHoO 3akoHy OMa, NpsIMO NPOIMOPIIMOHANBHO /IJIMHE NPOBOJHHUKA
I wu o06paTHO NOpPONMOPIMOHAJBHO IJIOMIAJM  CedyeHUsT  S;
KO3pOPUIMEHTOM  MPONOPLUOHAJBHOCTH  SABJSIETCH  yJeJibHOe
CONPOTHUBJIEHHE MaTephaja P — CONPOTHUBJIEHUE MPOBOJHUKA,
vMeml1ero AJMHy 1 cM u ceueHue 1 cm2:

l
R=p—.
=

r7ie p - yAeJbHOe conpoTuBaeHue, (OM-M).

Besnunna W, o6paTHas CONPOTHBJIEHHIO, Ha3bIBAETCS
3JIEKTPONPOBOJAHOCTbI0 - KOJHUYECTBEHHOM Mepbl CIIOCOGHOCTHU
pacTBopa 3JIEKTPOJIUTA IPOBOAUTD 3JIEKTPUUYECKUH TOK U 3aBUCHUT OT
reoMeTpHUYECKHUX TapaMeTpPOB NPOBO/JHHUKA:

W=K£.
l

rie K-  yjAeJbHasd  3JIeKTPONPOBOJHOCTb,  KOJMYeCTBEHHas
XapaKTepUCTUKa CIOCOBGHOCTH NPOBOJIHUKOB NpPOBOJUTH
anekTpruyeckuil Tok (Cm/M).

3aBUCHMMOCTH yAeJbHOU 3JIEKTPONPOBOJHOCTH oT
KOHIEHTpPAallMU BOJHBIX pPAacCTBOPOB HEKOTOPbIX 3JIEKTPOJIUTOB
npeJicTaBJeHbl HA PUCYHKE HIKE
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YITI, Cm/m

80

H,S0,

40 -

CH,COOH
C, MOJIb/ N1

5 10 15

Puc.1. 3aBMCMMOCTH yA€/IbHO#1 3/IEKTPONPOBOJHOCTH OT
KOHI[€HTPALMU BOJHBIX PACTBOPOB HEKOTOPHIX 3JIEKTPOJIUTOB.

[lpu ¢—>0 BeJMUMHA K  CTPEMUTCA K  yAeJbHOU
3JIEKTPONPOBOJHOCTH  YMCTOW  BOJbI, KOTOpasi  COCTaBJISET
npubansutesbHo 10-5CM/M KU 006yc/0BJeHA MPUCYTCTBUEM HOHOB
H30* u OH-, Bo3HUKawIMX OpuU Juccouuanuy BoAbl. C pocToM
KOHIIEHTpAllMX  3JIEKTPOJIUTA yJeJibHasi  3JIEKTPOIPOBOHOCTD
CHavyaJla yBEJUYMBAETCS, YTO OOBSACHSAETCS YBEJUYEHUEM YHCJIA
MOHOB B pacTtBope. OgHaKo, yeM G6oJibllle HOHOB B PacTBOpE, TEM
CUJIbHEe  TPOSBJSETCAd  B3aUMOJEUCTBUE  MEXJy  HOHAMH,
NpUBOJsINee K 3aMeJJIEeHHWI0 ABW)KEHHUSI HOHOB, a TaKXKe K HX
accoumanuu. I[loaToMy moOYTH Bcerja 3aBUCHMOCTb YAeJbHOU
3JIEKTPONPOBOJHOCTH OT KOHIIEHTpPALIMU 3JIEKTPOJIHUTA HPOXOAUT
yepe3 MaKCUMYM.
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MonsipHasiHast 3JIEKTPONPOBOAHOCT A — 3TO OTHOILIEHHE
yAEJbHOM 3JIEKTPONPOBOAHOCTH K MOJISPHOM KOHLEHTpaLUU
pacTBOPEHHOI0 BellecTBa.

A=—.
c
PasmepHocTh A — CMxM2/MOJIb

[Ipyu ¢—>0 BesnynHa A CTPEeMUTCA K CBOEMy IpeJe/bHOMY
3HAYeHUI Ao, OTBeYawlleMy OTCYTCTBHIO HMOH-UOHHBIX
B3aMMOJIEMCTBUM. [l1d W/IIOCTpALUMM 3TOr0 4YacTO HCHOJIb3YIOT
rpadudeckoe npeacTaBjeHre B KoopAauHaTax A=f(1/c):

KCl

CH,COOH

Puc.3. 3aBUCHMOCTb MOJIAPHO# 3JIEKTPONPOBOAHOCTH PacTBOpa
KCl ot pa36aBiieHus.

B pacTtBopax c/abGbIX 3JIEKTPOJMTOB, TJile HOH-UOHHbIE
B3aMMO/JIENCTBUS NPUBOJAT K 06pa30BaHUI0 HEUTPAJbHbBIX MOJIEKYJI
y’Ke IPU 0O4eHb HU3KUX KOHLEHTpPaLMAX UOHOB, BBIXOJ A Ha npegeJ
3KCIepUMeHTaIbHO Hab/I0JaTh He yaeTcs.
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Pa3BesieHre, mNpU KOTOPOM [JIOCTUraeTCi MaKCHUMaJbHOE
3HaYeHHe MOJIIPHOM 3JIEKTPONPOBOJHOCTH, YCJIOBHO Ha3bIBAeTCS
O0eCKOHEYHbIM, a COOTBETCTBYIOLIAs €My 3JIEKTPONPOBOJHOCTD
Ha3bIBAE€TCS MOJIIPHOM 3JIEKTPONPOBOAHOCTBHIO MPHU GECKOHEYHOM

pasBeJieHHH.
Ay = lir{}(fj € [%j =const.
o C

JJIEeKTPONPOBOJAHOCTb  3JIEKTPOJIUTA  CKJIAJbIBAETCA U3
3JIEKTPONPOBOAHOCTH KAaTHOHA W aHUOHA. [l03TOMy MOXHO
paccMaTpuBaTh Ao, Kak aiiIUTUBHOE CBOMCTBO:

A=A+ A

[IpeficTaB/ieHHOe BbIlle YpaBHEHHE SIBJSETC BbIpaXKEHUEM
3akoHa KoJsibpayma: MoJsibHasg 3JIEKTPOIPOBOJHOCTb pacTBOpa
3JIeKTpOJIMTa MNpU 6GeCKOHEYHOM pas3BeJleHUM paBHa CyMMe
NO/IB)KHOCTEN BCEX MOHOB B pacTBope. 3Hasl 3HAaYeHHSl MOJISIPHOU
3JIEKTPONPOBOAHOCTH TMpU 33[aHHOW KOHLEHTpPALUU U IpHU
6eCKOHEYHOM pa3Be/leHUU MOKHO BBIYHUCJIUTb CTENEeHb AUCCOLUALUU
no ¢popmyJie AppeHuyca:

INEJIb PABOTbI

OnpefeuTh CTeNeHb W KOHCTAHTY JAUCCOLMALIMA BOJHOTO
pacTBopa cJ1a60ro 3JeKTPOJIUTA KOHAYKTOMETPHUYECKUM METO/I0M

OBOPYJAOBAHHUE

—Y4e6Ho-1a60paTopHbIX MoAyb «JJIEKTPOXUMUA»
—CeTeBol KabeJb

—TepmogaTuuk

—KoHaykTOoOMeTp

—CoeAMHUTENbHBIN NPOBO/, K JATUYUKY, 2 LUT
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—Mar»auTHas MelaJaka
—HW3BJiekaTe/ib MarHUTHOH MellaJIKU
—IITaTuB c 1anKaMu

PEAKTHUBBI U I10CY A

—XuUMHUYecKUH cTakaH Ha 50 M

—Bopanblit pacTBoOp yKcycHoM kucaoTsl, 0.05 Mosib/a
—Boanbiit pactBop KCI, 0.01 mosib/n
—IIpoMbIBaJiKa C AUCTUIIHMPOBAHHOU BOJIOM

NMOPAAOK INTPOBEAEHUSA PABOTBI

[IocKOIBKY ~ KOHJYKTOMETpUYEeCKHe  HU3MEepPeHHs]  CUJIbHO
3aBUCAT OT TEMIIEpPATypbl, TO HEOOXOAUMO NPOBOJUTH U3MEPEHHUS B
TepMocTaTe WJIW >Ke IpU pacyeTax Y4YUTbIBATb TeMIlepaTypPHYIO
3aBUCUMOCTb V/leJIbHOM 3JIeKTPONnpoBOJHOCTU. [lo3TOMy B mepBoM
OINBbITE MPOU3BOJUTCS U3MEPEHUE TeMIlepaTypbl paCTBOPOB.

OnbiT N21. U3sMepeHUe TeMIlepaTypsl pacTBoOpa

B TimaTesbHO NPOMBITHIA CTakaHYMK Ha 50 MJ NpUJIMBAIOT
npuMepHo 30-40 ma pactBopa xjopuja kaauda KCl gis npoBeaeHus
KaJMOPOBKM KOHJYKTOMETPUUECKOr0 JaTyMKa W U3MepeHus
TeMIlepaTypbl pacTBOpa BO BpeMs 3KcrnepuMeHTa. TepmoaaTuyuk
3aKpemJIAIoT B JIallKe IITAaTUBOB 10 LIeHTPY CTaKaHa TaK, YTOObI OH He
KacaJicd ero JAHa. TepMoOJaT4MK COEJUHSAKT C IOMOILbIO
COeJMHUTEJIBHOTO NPOBO/JA C y4eOHO-/1a60paTOPHBIM MOJYJIEM.

Jlasiee MOJKJ/IIOYAKOT y4eO6HO-Iab0pPaTOPHBIA MOJAYJIb K CETH.
Boi6upawT TUn 3KcnepuMeHTa OpuHO4YHOe u3mMmepeHue. Ha
BKJaZiKe YCTPOMCTBA BbiGUpaloT Tepmopgatuuk 1 Mewanky,
nepexoadaT Ha BkJ1aJKy Mpoeepka u HaxxumarT kHonky HAYATD

OKCNMEPUMEHT. BkiwyalT MarHUTHYH  MelIaJKy  Ha
MHUHHUMaJIbHYI0O CKOPOCTb U 4Yepe3 1-2 MHHYTbl QUKCUPYIOT
TeMIIepaTypy IKCIEPUMEHTA.
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OnbiT N22. Kau6poBKa KOHAYKTOMETPHUYECKOTO0 JaTYUKa

TepMoZaTYMK OTKJIIOYAIOT, a BMECTO HEro MNOAKJIIYAIT
KOHAYKTOMETP. JloJrMM Ha)KaTHUEM KHOIKU BJIEBO BO3BPALIAIOTCS B
MeHI0 BbIOOpa THUNA 3KCHepHMeHTa. BbIOMpaloT TUIl 3KCllepUMeHTa
OpuvHouYHOe uamepeHume. Ha Bkajike YCTPOMCTBA BbIOHUPAIOT
Tepmopatuuk 1 Mewanky. Ha Bxiasike Mapamerpsbl 3aaat0T
eJMHUIIbl H3MepeHHUsl JONOJHUTEJbHOTO IapaMeTpa MoJb/J1 U
yCTAaHABJMBAIOT MIar H3MeHEHUs [ONOJIHUTEJNbHOTO MapaMeTpa
paBHBIM HyJ0. 3aTeM nepexoJAT Ha Bkiaagky [Mpoeepka,
BbIJIeJIIIOT KOHJAYKTOMETP M HaXXUMalwT Ha Hero. Bo Bkuajke
KaJMOpPOBKAa HEOOGXOJMMO BBECTH CIPAaBOYHOE 3HAUYEHHUE Y/IeJIbHOU
3JIEKTPONPOBOJHOCTH KaJMOPOBOYHOrO pacTBOpa XJOpPUAA Kaslus B
3aBUCUMOCTH OT TeMIlepaTypbl pacTBOpa, HW3MEPEHHOH B
npeAbIAyleM OMNbITE.

K, CM/M 0.114 0.122 0.127 0.141 0.155

t,°C 15 18 20 25 30

[Tocne kanub6poBku HeoOXoauMo HaxkaTh kHonky HAYATD
SKCNEPUMEHT.

OnsbIT N23. U3mepenue YIII pacTBOPOB YKCYCHOM KHC/IOTHI
Pas/IMYHON KOHIeHTpaL M

Kasin6poBOo4YHBIM pacTBOp XJOpHUAa Kajvs BblIMBalOT. CTakaH,
MarHUTHYIO MellaJKy U KOH/IyKTOMETP OI0JIaCKHMBAIOT
JUCTUIJIMPOBAaHHON BOJIOM, TOCJA€ 4Yero B CTaKaHYMK IPUJIMBAIOT
poBHO 40 MJ1 pacTBOpa YKCYCHOM KHCJOTBI € KOHIeHTpaLueu
0.1 Mmosib/ .

BxkioyaloT TmepeMelnidBaHWe pacTBOpa Ha MHHHUMAaJIbHYIO
WHTEHCUBHOCTb. B okHe Jjon. mnapameTp yCTaHABJIUBAIOT

3HaYeHMe KOHLeHTPAaLUHU [Ji IepBOro pacTBOpa YKCYCHOM KUCJIOTHI
0.1 mosab/n. Yepe3 HeCKOJbKO MHHYT, Korja 3HayeHue YOIII
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nepecTaHeT U3MEHATbCA, QUKCUPYIOT pe3y/bTaT Ha)KaTHeM KHOIKHU
U3IMEPUTD.

Janee mnoBTOpAT wusMepeHue YIII pacTBOpOB YKCYCHOH
KHUCJIOTBI, I0JIy4eHHBIX IyTeM pa36aBJeHUs1 UCXOAHOI0 pacTBopa B 2,
4, 8 u 16 pas. PazbaBsieHue NpPOU3BOAAT myTeM 3aMeHbl 20 MJI
MCXOZJHOTO pacTBOpa TaKKUM e 06’beMOM JUCTHUIIMPOBAHO BOJBI.

[IpocMOTpeTh pe3yJbTaTbl H3MepPeHHH MOXXHO BO BKJIAJKe
Peaynbrartsl. [I[poBepuTh IMHEHHOCTH rpadKa MOXKHO BO BKJIAJIKe
Fpacdmkn. PesysbTaThl M3MepeHUN 3aNMChIBAIOT B TETPaJb WUJIH

IIepeHOCAT B 3JIEKTPOHHYI0 Tabsuy Excell, B koTopoi oyeHb y106HO
06pabaThIBaTh 3KCIIepUMEHTAJIbHbIE JaHHBbIE.

PEKOMEHJALUMU 110 OPOPMJIEHHUIO OTYETA

PaccuuThIBalOT MOJIIPHYIO 3JIEKTPUUYECKYI0 IPOBOAUMOCTD JJIf
KaXkZ,0M KOHLLEHTPAaLUKY UCCIeyeMOro pacTBOpa 0 ypaBHEHUIO:

K
A=—.
c
CTeneHb JUCCOIMALIMM 3JIEKTPOJUTA B PACTBOPE OINpPEESII0T
0 ypaBHeHUI AppeHuyca JJI1  KaOXKIAOW  KOHLEHTpALUH
HCC/IelyeMOoro pacTBopa.

MoJIApHYI0 ~ 3JIEKTPUYECKyl0  IPOBOAUMOCTb  pacTBopa
3JIEKTPOJIMTA NIPHU €ro npezejbHOM pa3BeieHUU (Aoo) pacCUUTHIBAIOT
no 3axkoHy Kosibpaymia, B3fB 3HayeHHs] MOJBH)XHOCTEH HOHOB
3JIEKTpOJIMTA B  NpeJeJbHO  pa36aBJeHHOM  pacTBOpe W3
CPaBOYHHUKA.
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Bce pe3ysibTaThl pacyeTa 3aHOCAT B TaOIHULLY

A
C K,
MoJsib/n | CM/cM LMeCHE/ « Kn
MOJIb
0.05
0.025
0.0125
0.00625

KoHCTaHTy AuccolMalidi HCCJAeAyeMoro pacTBopa caaboro
3JIEKTPOJIUTA PACCUUTBHIBAIOT JJd KaKJ0W W3 KOHIeHTpaluu
pacTBOpa M0 YpaBHEHUIO:

a’c
*(-a)
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JIABOPATOPHAA PABOTA Ne7. OIIPEAEJIEHUE
KOHIOEHTPALMH IHEJIOYX METO/IOM
KOHAYKTOMETPUYECKOI'O TUTPOBAHUA

KPATKHUE TEOPETUYECKHUE CBEJAEHUA

KoHzykTOMETpUSI — 3TO 3/IEKTPOXMMUYECKUNA METO/] aHa/IU3a,
OCHOBAaHHbIM Ha U3MEpEeHUHM 3JIEKTPONPOBOJHOCTH  KUJKHUX
3JIEKTPOJIMTOB, KOTOPAasi 3aBUCUT OT UX KOHIleHTpaluu. JlocTonHCTBa
KOH/IYKTOMETPUSI 0OYyC/JIOBJEHbl BBICOKOW UYyBCTBUTEJbHOCTBIO
(HXKHSAS TpaHULA ONpeJeisieMbIX KOHIleHTpauui 4o 10-> Mosib/M3),
JlOCTaTOYHO BBICOKAsd TOYHOCTb (OTHOCHUTEJIbHAsi MOTPELIHOCTb
omnpefe/ieHUs1 OObIYHO He IMpeBbillaeT 2 %), MpPocTOTa METOMUK,
JIOCTYTIHOCTb anmnaparyphl, BO3MOXXHOCTb HCC/eJOBaHUSA
OKpallleHHbIX MU MYTHBIX pacTBOPOB, a TaKXe aBTOMaTU3aLUHU
aHa/IM3a U 3KCIPEeCCHOCTb MeTO/a.

MeToAbl KOHAYKTOMETPHUMU OBbIBAIOT IOCTOSSHHOTOKOBBIE U
epeMeHHOTOKOBbIE TOCJAeJJHUE MOTrYT ObITb HU3KOYACTOTHBIMHU
(vactota mo 10°Tu) uAM BBICOKOYACTOTHBIMMU (4acToTa OGoJee
105 I'm). Paznuyaror KOHTAaKTHYO U OECKOHTAKTHY0
KOHJYKTOMETPUSA B 3aBUCHUMOCTH OT HaJW4YUs WJIM OTCYTCTBUA
KOHTaKTa  MeXJy  3JIeKTPOJMUTOM U  BXOJHBIMH  ILeNMH
MU3MepUTEeJNbHOTO NMpubopa. B KOHAYKTOMETpPUYECKUX H3MepeHHUsIX
HauboJsiee pacnpoCcTpaHeHbl KOHTAKTHbIM HU3KOYAaCTOTHBIM U
6EeCKOHTAKTHbIM BbICOKOYACTOTHBINA METO/bI.

B KOHTakKTHOW KOHJAYKTOMETPHUM H3MepeHUs] MNPOBOJAT C
IIOMOIIbI0 KOHTAaKTHBIX KOHAYKTOMETPUYEeCKUX fd4eeK. [Ipu sToMm
yallle BCero UCMoJb3yIOT 3JIeKTpoabl U3 Pt, Ti 1 HeprkaBerolel cTaau.
Jlns u3sMepeHHUs pacTBOPOB C BbICOKOW KOHLeHTpaLMel 3JIEKTPOJIUTA
(10-2-10-3 Mmos1b/AM3) MPUMEHSIOT MJIATUHUPOBAHHbIE 3JIEKTPOABI C
pPa3BUTOM MOBEPXHOCTbIO, JJIS1 MCK/IYEHUS BJMAHUSA EMKOCTU
JIBOMHOTO 3JIEKTPUYECKOTO CJI0l Ha pe3y/abTaThl H3MepeHus
aKTUBHOTO CONPOTHBJIEHUS pacTBOpa.
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B mnpsgMoll KOHAYKTOMETPHUH OMNPEJeSIOT KOHIeHTPAIUIO
3JIEKTPOJIMTA IO €ro y/AeJbHOW 3JIeKTPONPOBOJHOCTU. [Ipu TakoMm
aHa/siM3e HeoOXOJUMO CTPOUThb TCpaAyUpPOBOYHble rpadukHu, a
omnpefiejieHUe BeleCTB B MNPUCYTCTBUM [JIPYTUX 3JEKTPOJIUTOB
BO3MOXXHO, €CJIM KOHI[EHTPAIMMU TMOCJeHUX MOCTOSHHBI. [IpsiMyro
KOHAYKTOMETPUI0O TNPUMEHSIOT TMpPU KOHTpPOJIe pereHepaluu
MOHUTOB, OYUCTKU BO/Ibl, IPOMBIBKHU OCaJIKOB, IPH OlLleHKe KauyecTBa
BUMH, COKOB M /[IpyTUX HAaNWUTKOB, YUCTOTbl OpPraHUYeCKUX
pacTBOpUTeJEH, ra30B, TBEP/bIX COJIEW, TEKCTHUJIbHBIX MaTEepPHaJIOB,
O6yMaru, 3epHa, HO4YBbl U T.A. YacTo aHaJU3upyeMble 06pasLbl
npeABapUTENbHO CXKWUralT, a BblJeJsdwlidecs rasbl MOTJOLAT
NOJX0AAIMMHU pacTBopaMu. [1o 3/1eKTpONPOBOHOCTH MOTJIOTUTENeN
MO’KHO KOJIMYECTBEHHO OIpe/IeJIUTh KOJMYECTBO ra3a (B YaCTHOCTH,
COz, NO2, SO2), a, cienoBaTeNbHO, U COJlEP’KaHUE COOTBETCTBYIOIIUX
asieMeHTOB, HanpuMep, C, N, S, B MeTa/ax, CllJlaBax ¥ OpraHu4eCcKux
coeIMHEHUSIX.

L, mCwm 1L, MCm I, mCm

V, eM? V, cm® V, em?

KpuBble KOHAYKTOMETPHYECKOr0 TUTPOBAHMSA:

a — TUTPOBaHHUE COJIAHOI KHUCIOTHI CHIIBHBIM OCHOBaHUEM,
6 — TMTPOBAHUE YKCYCHOM KMC/IOTbI CUJIbHBIM OCHOBAaHUEM,
B — TUTPOBaHHUE CMeCH CEPHOU KMCJIOTHI U cy/ibdaTa MeJu
CUJIbHBIM OCHOBaHHEM.

KoHZyKTOMeTpHYeCcKoe TUTPOBaHWE OCHOBAHO HAa U3MeHEHUHU
IPOBOJUMOCTH pacTBOpa MpPU NPOTEKAaHUM XUMHUYECKOW peakLUH,
CBS3aHHOM C HW3MEHEeHHWEeM KOHILIEHTpPAalUM HOHOB C pas/IMYHOMU
NOABUKHOCTbIO. KOHAyKTOMeTpuyeckoe TUTPOBaHUe NPOBOJAT B
BOJIHBbIX, BOJIHO-OPraHMYeCKMX U HeBOJHBbIX cpejax. Kpussle
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TUTPOBAHMUS, npeJjcTaBJjsOLIMEe cobon 3aBUCUMOCTb
3JIEKTPONPOBOJHOCTH OT KOJMYECTBA MNPUOABJIEHHOTO THUTPAHTA,
MMEIT M3JIOM B KOHEYHOW TOYKe TUTpoBaHMA. [lpu TUTpoBaHUU
cMecel 3J1eKTPOJIMTOB YMC/I0 U3JIOMOB PaBHO YMUCIY ONpezesseMbIX
KOMIIOHEHTOB, B3aMMOJENUCTBYIOUIMX C TUTpPaHTOM. PopMa KpHUBBIX
MOKET OBbITh Pa3JIUYHOM.

KoHZykTOMeTpHUUYecKoe TUTPOBAHKE MOXKET ObITh OCHOBAHO Ha
pa3/iMyHbIX peakuusax. Haubosiee LIMPOKO MCHOIB3YIOTCSA KUCAOTHO-
OCHOBHble  B3auMoJiedicTBUs.  Tak, pas3paboTaHbl  METO/ibl
onpeneseHUsl B BoJie KUCJAOT U ocHoBaHuM ¢ pK < 10, coseit cnabbix
KUCJIOT WM OCHOBAaHUMU. [IpM TUTPOBAHUU CUJIBHBIMU OCHOBAHUSIMHU
CUJIBHBIX WJIM C1abbIX KHUCJIOT 3JIEKTPONPOBOJHOCTb 1O KOHEYHOM
TOYKHU TUTPOBAHUSA COOTBETCTBEHHO HOHUXKAEeTCs (Tak
BBICOKONOZBU>KHbIe MOHbI H* 3aMeHsAOTCS MeHee MOJBWXHBIMHU
KaTUOHAMM TUTpPaHTa) WM yBeJUYMBaeTcs (Hampumep, B
pe3yJibTaTe AUCCOLUaliU COJH).

[Ipy M306bITKE CUJIBHOIO OCHOBAHUS IOCJe KOHEYHOW TOYKH
TUTPOBAHUS 3JIEKTPONPOBOJAHOCTb pe3KO yBeauuuBaeTcs. [lpu
TUTPOBAaHUU  COJIEM 0  KOHEYHOW  TOYKM  TUTPOBAHMUA
3JIEKTPONPOBOJHOCTh CPAaBHUTEJbHO Majlo U3MEHSIETCS, TaK Kak
NO/BMXKHOCTH 3aMeHSUIUX JpYyr JApyra HOHOB OJIU3KH, IO3TOMY
BO3MOXKEH aHa/iM3 CMecell coJiell ¢ KMCJI0TaMH WJIU OCHOBAHHUSMH,
coZiepalux oT 2 A0 5 KOMIOHEHTOB. [Ipy KOHAYKTOMETPUYECKOM
TUTPOBAaHUH, OCHOBAaHHOM Ha KOMILJIEKCOOOpAa30BaHWM, KaTHOHbI
(Hampumep, Fe3+, Cu%, Pb2+) TUTPYIOT
sTuneHAMaMuHTeTpaaueratoM Na (3/[TA), a Takxke TapTpar-,
OKcaJsaT-, UTpaT-, [UAaHUJ-UOHAMHU U JIP.

KoHTaKkTHbIe MeTO/bl OTJUYAIOTCA BbICOKOM TOYHOCTbIO. OHU
NPUMEHSIOTCS HEe TOJIbKO JJisi XMMMUYECKOro aHa/lv3a, HO U JJisd
M3y4yeHUs] KHHETHUKU peaKLUH, onpe/e/leHUs] KOHCTAHT AUCCOLUAluU
3JIEKTPOJIMTOB, pPacTBOPUMOCTH 0Ca/IKOB, K03 PUIUEHTOB

auddy3uu u T. .
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HpI/I KOHAYKTOMETPUYECKOM THTPOBAHHUH IIEJIOYH CUJIbHOM
KUCJIOTOH IIpOTEeKaeT HOHOOOMEeHHas peaKnud HeﬁTpaJIPIBaLIPIPI:

H*+ OH- - H20

KoHZlyKTOMeTpHUYeCKOe TUTPOBAaHWE OCHOBAHO HAa U3MEHEHUU
3JIEKTPUYECKOM MPOBOAMMOCTH pacTBopa [0 U I0CJe KOHEYHOU
TOYKH TUTPOBaHUs. /10 KOHEYHOU TOYKU TUTPOBAHUS C J0OABJIEHUEM
KaXKJIOW caeaylolled TMOPIUM THTPaAHTA 3JEKTPONPOBOJHOCTD
pacTBOpa yMeHbUIAETCs, TaK KaK YMeHbIIIAeTcsl KOHI[EHTPaIMs HOHOB
TUJPOKCH/A 32 CYET peaklMu HeWTpanusauuu. Ilocie koHeyHOU
TOYKH TUTPOBAHMUSA J00aBJIeHUE TUTPAHTA NPUBOJUT K YBEJUYEHHUIO
BBICOKOTIOZBMKHBIX H* MOHOB M 3JIeKTPONPOBOJHOCTH HAYUHAET
pe3Ko BO3pacTaThb C yBeJMYeHHeM 06'beMa J060aBJEHHOTO TUTPAHTA.

IIEJIb PABOTHBI

Onpenenvthb KOHLeHTpaL 110 111eJI0YH MeTO0/|0M
KOHYKTOMETPUYECKOTO TUTPOBAHHUS CUJIbHOU KUCJIOTOM.

OBOPYJAOBAHHUE

—Y4eb6Ho-1a60paTopHbId MoAyb «JJIEKTPOXUMUA»
—CeTeBol KabeJib

—KonaykToMeTp

—CoeJMHUTEJIbHBIN IPOBOJ, K JATYUKY

—MarHuTHas Mellajaka

—MHW3ByekaTes b MarHUTHON MellaJIKU

—Py4Ho# f03aTOp NEpeMEHHOT0 O'beMa

PEAKTHUBBI U I10CY JA

—XuMu4yecku ctakaHd Ha 100 M

—PacTBop 11e/104M ¢ HEM3BECTHON KOHIleHTpaluell (B Auana3oHe
ot 0.005 1o 0.05 Mok /1)

—PacTtBop consgHoM kucaoTh 0.01 Moab/ a1

—MWHUKaTOp METUJIOBBIN OpaHKeBbIN
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—MHWHaukaTop peHonpTanienH
—IIpoMbIBasiKa € JUCTUIIMPOBAHHOM BOIOM

NMOPAAOK IIPOBEAEHUA PABOTBI

Jnsa  Toro, 4YTOGBHI  Jiy4ylle MOHSATh  NPEUMYyIecTBa
KOH/JIYKTOMETPHUYECKOTO TUTPOBAHUS nepes O6GBIYHBIM
WH/IMKAaTOPHBIM TUTPOBAaHHWEM C BU3yaJIbHOU (UKcaLHeld KOHEeYHOH
TOYKH TUTPOBAHUSI PEKOMEHAYETCS CHa4yasla MPOBECTHU TUTPOBAHUE C
WHJUKATOPOM, a 3aTeM T[POBECTH  KOHJAYKTOMETpPHUYeCKoe
TUTpPOBaHHWe (B KOTOPOM TaKXe BO3MOXHO Jl0GaBJieHUE
MHJAMKATOpa).

OmnbiT N21. TuTpoBaHMe IEJT09HU KUCJA0TOM ¢ peHo/1PTaIeHHOM

B TiiaTesbHO NPOMBITHIM cTakaHYUMK Ha 100 M mpUAUBAIOT
poBHO 20 MJ1 pacTBOpa 1LIEJOYU C HEU3BECTHOW KOHLlEHTpanueu. B
CTaKaHYMK MOMEIAI0T MarHUTHYI MeUIaJIKy U YCTaHaBJIMBAIOT €ro
Ha paboyeil NOBEPXHOCTHU YUeOHO-/1ab0paTOPHOr0 MOAYJISI B LIEHTpE
OoJlHOM W3 pa3MeToK. K pacTBopy 1iesoyud A006aBJSIOT HECKOJIbKO
Kanesib HHAWMKaTopa ¢eHosidpTaserHa [0 MNOSABJEHHWS MaJIMHOBOM
OKpAacCKH.

Jlasee BKJIIOYAIOT IepeMellMBaHUEe pacTBOpa W MNPOBOAAT
TUTPOBaHUE COJIAHOM KMUCJOTOW mopuusMu no 1 wi, Jo
HMCYe3HOBEHHUS MaJIMHOBOUM OKpackd. B TeTpagu PuKcUPYIOT 06beM
TUTPAHTA B KOHEYHOW TOYKU TUTPOBAHUSL.

OmnbiT N22. TuTpoBaHMe IEJ1094 KUCTO0TOHW C METU/IOBBIM
OpaH>KeBbIM

Copepxumoe CTaKaH4YMKa  BbLJIHBAaIOT. CTakaHYUMK U
MarHMTHYI0 MeIlaJIKy OMOJACKHMBAIOT AUCTU/JIMPOBAHHON BOJOU U
NOBTOPSAIOT NpeJbIAYIIMNA 3SKCIEPUMEHT, MCIHOJb3ys B KadyecTBe
WHJUKATOpa METUJI0BbIA OpaHKeBbIM.

B TaTesbHO NPOMBITBIM cTakaHYMK Ha 100 M mpuAUBaKOT
poBHO 20 MJ1 pacTBopa IeJIoYd C HEU3BECTHOW KOHIeHTpalnueil. B
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CTaKaHYMK MOMELIAI0T MAarHUTHYI MELIAJKy W YCTAaHABJIUBAIOT €ro
Ha paboyell MOBEPXHOCTH Y4eOHO-1a60pPATOPHOrO0 MOAYJS B IiEHTpe
oflHOH u3 pa3MeTok. K pacTBopy Miesio4d [00aBJSIOT HECKOJIBKO
KareJsb MHIUKATOpPa METUJIOBOTO OPAHXKEBOTO.

Jlasiee BKJIIOYAIOT MepeMellMBaHUE pacTBOpa W MNPOBOJAT
TUTPOBAaHUE COJITHOW KUCJIOTOW mopuusMu nmo 1 mJj, Ao mepexoja
OKpacKM M3 >eJTOW B po30Byl. B TeTpaau oukcupyrT o6beM
TUTPAHTA B KOHEYHOW TOYKU TUTPOBAHMUS.

OnbIT N23. KoHAyKTOMeTpHUYeCKoe TUTPOBaHUE

ComepKrMMoOe CTaKaHYMKa HOC/e TNpeJblAylero TUTPOBaHMUA
BbIMBalOT. CTakaHYMK M MarHUTHYH MellaJKy OI0JIACKUBAIOT
JAUCTUJJIMPOBAaHHOU BOJOM. B THlaTe/IbHO NPOMBITBHIM CTaKaHYMK Ha
100 M1 mpuauBaoT poBHO 20 MJI pacTBopa IeJioYd C HEU3BECTHOMU
KOHL|eHTpanuyeil. B cTakaHYMK NOMELal0T MarHUTHYI0 MeLIajKy U
yCTaHaBJMBAlOT ero Ha paboyedl  NOBEPXHOCTHM  y4ye6GHO-
JIabOpaTOPHOIr0 MOAYJIA B LIeHTpe OJHOW U3 pa3MeToK. [Ipu xkesanuu
MOXXHO JIOTIOJTHUTEJNbHO 106aBUTh UHAUKATOpP deHospTaTenH UIU
MEeTUJIOBBIA OpaHKeBbIH.

KoHzykTOMETp 3aKpem/ilOT B JalKe IITAaTUBOB IO LEHTPY
CTakaHa TaK, YTOObl OH He KacajCs ero JHa, U COeJUHSIT ero c
IOMOLIbI0 COEJMHUTENbHOIO MpOBOJA C Yy4eOHO-1a60paTOPHBIM
MOJyJIEM.

BbiOUpaT TUN 3KcnepuMeHTa TuUTpoBaHue. Ha Bkiajke

YcrpouctBa Boioupalor KoHpykrometrp u Mewanky. Ha
BrIaZike MapameTpbl 331a10T eAMHUIBI H3MEPEeHUs A06aBKU MIT U
YCTAHABJ/JIMBAOT IIdal KM3MEHEHHWA [JOIOJIHUTEJIbHOIO IIapaMeTpa
paBHBIM enuHMIle. Bo Bki1aske lMpoBepka Heo6X0JWMO HaXaTb
kHonky HAMATb 9KCNEPUMEHT.

[Tocsie kaxkJ0o¥ [JOGABKM MOPLMUUA TUTPAHTA HEOOXOJIUMO
HaxaTb kHonky W3MEPMTb. TutpyioT [0 H3MeHeHMs LBeTa
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WHJIUKATOPa, 0CJIe Yero AeaT elé 4-5 106aBOK MOPLUHA TUTPAHTA
no 1 Mu1 1 nepexoJAT Ha BkIaZKy Peaynbrartsl uwiu Fpadcdukn.

PEKOMEHJIAIIUU 110 OPOPMJIEHHUIO OTYETA

[Ipy TUTPOBAHUM CUJIBHOI'O OCHOBAHUS CUJIBbHOM KHMCIOTON Ha
KPUBOH KOHAYKTOMETPUYECKOI0 THUTPOBAHUS HAOGJIOAAETCH 4YETKO
BbIpQXKEHHBIH MUHUMYM.

YaIl, Cm/m

0.10

0.08

0.06

0.04

0.02

v,

, MJT

TouHoe ompejie/leHHe KOHEYHOW TOYKU TUTPOBAHHUS MOXKHO
npoBecTH rpaduyecKMM MeTOoJO0M TI0 JBYM KacaTeabHbIM. [lo
M3BECTHOMY 00 beEMY U KOHI|eHTpaluu TUTPAHTA,
COOTBETCTBYIOIEMY KOHEYHOU TOYKe TUTPOBAHUS HeOoOX0AHUMO
onpeieJIUTh KOHLIEHTPAIMIO 1[eJI0YH C HEU3BECTHOW KOHIlEHTpaluen
110 3aKOHY 9KBUBaJIEHTOB:

¢V, =cme, Cy = v
iig
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JIABOPATOPHAA PABOTA Ne8. OIIPEAE/IEHUE
KOHIOEHTPAIMU KUC/JI0Tbl METOZIOM
KYJIOHOMETPUYECKOT'O TUTPOBAHUA

KPATKHUE TEOPETUYECKHUE CBEAEHUA

B Ky/JOHOMEeTpUM BeleCTBA ONIpEJAeJSIOT H3MepeHHeM
KOJINYECTBA 3JIEKTPUUECTBA, 3aTPAYEHHOTO HA HUX KOJUYECTBEHHOE
3JIEKTPOXUMUYECKOe MpeBpauieHre. KysoHOMeTpuUYecKHH aHaliu3
NPOBOJAT B 3JIEKTPOJHUTHYECKOH f4YelKe, B KOTOPYH IOMELIAIOT
pacTBop ormpejessseMoro BellecTBa. [Ipu mojade Ha 3JIEKTPOAbBI
TYeNKU COOTBETCTBYIOIETO NOTeHIMala HPOUCXOUT
3JIEKTPOXUMHUYECKOEe BOCCTAHOBJIEHHE WJIM OKHCJIEHHE BelLlecTBa.
CorJiacHO 3aKOHaM 3JIEKTPOJIM3a, OTKPBITEIM PapajieeM, KOJHMYECTBO
BELIEeCTBa, MPOpearupoBaBLIeEr0 Ha 3JIEKTPOJe, MPONOPLHUOHAIBHO
KOJIMYeCTBY 3JIeKTPUYECTBa, IPOLIE/IIero yepes pacTBop:

@
zF
rje n — KOJIMYECTBO BelllecTBa, y4aCTBYIOILETO B
3JIEKTPOXUMHUYECKOM B3aUMOJI€CTBUH, MOJIb;

Q — KOJIMYeCTBO 3JieKTpUuvecTBa, Ki;

Z — YHUCJO 3JIEKTPOHOB, Yy4YaCTBYWOIIMX B 3JIEKTPOXHUMHUYECKOU
peakuuy;
F — nocrtossHHass ®Papajes (3apsii OJHOrO MOJIb 3JIEKTPOHOB),

F = qeNa =96485 Ki/moub.

KosinuecTBO 3JIEKTPHUY€CTBa, U3PACXO0JJOBAHHOE HA ITPOTEKaHHE
BHEKTPOXHMquCKOﬁ pe€akiorH, MOXeT OBITh H3MEPEHO C IMMOMOIIbIO
HHTErpaTopoB TOKa HJIM KYJOHOMETPOB, a TadKXe OIpeaeJieHOo
pacCdeTHbIM NIyT€EM HW3 3aBHUCUMOCTH CWUJIbI TOKa OT BpPEMEHHU
IIpoBeJEeHHA 3JIEKTPOJIM3a.

B KYJIOHOMETPUYECKOM TUTPOBAHUU VCIIOJIb3YIOTCA
XUMHUYECKUE peaKIMU pas3/MYHbIX THUIOB: KHCJIOTHO-OCHOBHBIE,
OKHCJIUTEJIbHO-BOCCTAHOBHUTEJIbHBIE, KOMILJIEKCOOOPA30BaHUA U [Ip.
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Paznnunble BocctaHoBuTesnu (Fe2*, Sn2+, Sb3+, As3* u ap.) MOryT GBITH
OTTUTPOBAHbI, HaNpuMep, MepMaHraHAaTOM, KOTOpPbIA JIETKO
reHepupyetcd u3 MnSOs B fA4deliKe C NJIAQTUHOBBIM aHozoM. [lpu
aHOJJHOM pacTBOPEHHM XpoMa B CEpHOW KHUCJIOTe TMO0JIy4yaeTcs
JUXpPOMAT-UOH, KOTOPBbIA TaKXe MOXeT ObITh MCHOJb30BaH JJis
TUTPOBaHUsA. B  Ky/JOHOMETpPUYECKOM THUTPOBAHHUMU  LIMPOKO
NPUMEHSIOT TakKXKe CBOOOJAHBIMA 6GpoM, TreHepupyeMbld Ha
IJIATUHOBOM aHO/ie U3 6POMHU/iA Kalus B COJISTHOW KHUCJIOTE.

WHANKaTOpHAsl CUCTeMa CIAYXXUT J[Jis WHJAUKALMA KOHEYHOH
TOYKH TUTpoBaHHUs. Haunbosiee yacTo Asisi 9TOM LieSIM UCNOJIB3YIOT
aMIepOMeTPUYECKUN U NMOTEHLUHUOMETPUYECKUUA MeToAbl. B suelky
BBOJAT HHAUKATOpPHble 3JIEKTPOJbI: JBa IJIATUHOBBIX 3JIEKTPOJa
(mpu aMmnepoMeTpUYecKOW HWHAWKAIMK) WIA [JIATUHOBBIA U
KaJIOMeJIbHbII 3JIEKTPO/bI (mpu NOTEHLHOMETPUYECKOHN
UHUKAINH).

Cusly TOKa WM  pPa3HOCTb MOTEHLUAJOB  M3MepPSIOT
COOTBETCTBYIOUIMMM  NpUGOpaMH, BXOJASUIMMH B  KOMILJIEKT
YCTAaHOBKU AJI1 TUTpoBaHMs. UHorAa [Jis onpezesieHUs] KOHEYHOU
TOYKH TUTPOBAHMS UCI0Jb3YIOT GOTOMETPUIECKUN METO/I, TOMellas
A4elKy B KIOBETHOe OTAeseHue ¢GOTO3JIEKTPOKOJIOpUMeTpa U
M3Mepsisi CBETOINOIJIOLIeHHWe B XOJle TUTPOBaHUA. B oTAe/NbHBIX
cy4asix KOHell TUTPOBAaHUS YCTAaHABJIMBAKT BU3yaJibHO, HAIIPHUMED,
10 TOSIBJIEHUIO OKPACKH PacTBOPA, BbI3BAHHOW M30bITKOM THUTPAHTA,
WJIM 110 OKpaIllMBaHUI0 MHAMKATOpA.

KysloHOMeTpuYecKUil MeToJ, aHalu3a HaXOAUT IIHUPOKOe
NpUMeHeHUe JJisl pelleHus] psjia ClHelHaJTbHbIX aHAJIUTUYECKUX
3a/lad - aHa/M3a NpPUMecel, MaJblX KOJIMYECTB JieKapCTBEHHbIX
MpenaparToB, onpeJieJieHusl CoJlep>KaHusl BeLeCTB B GHOJIOrHYECKOM
MaTepuaJie U OKpy»Kalliel cpejie, TOKCHYECKUX BelleCTB.

J1s KyJIOHOMETPUYECKOTO TUTPOBAHUS KHUCJIOT HCIOJIb3YIOT
OH--uoHbI, 3JIEKTpOreHepHpOBaHHble M3 BOJAbl Ha IJIATHUHOBOM
aJieKTpo/e. [l/i NOBbIlIeHHs 3JIEKTPOIPOBOJHOCTH PAcTBOpPA BBOAAT
MHEPTHBIA CUJIBHBIN 3JieKTposuT, 4vauie Bcero KzSOs. IIponeccsi,
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NPOUCXOJSAIIME HA TeHepaTOPHOM  3JIEKTpPOoJe, 3aBUCAT  OT
KOHUEHTpPAllMU KHUCJOThl M CHUJIbl TOKa 3JeKTpoJsiu3a. B Hauvase
TUTPOBAaHUS Ha IJIATUHOBOM KaToOJle BOCCTAHABJIMBAKTCA TOJIBKO
IPOTOHBI TUTPYEMOU KHUCJIOTHI:

2H30* + 2e- = Hz + 2H30.

ITo Mmepe CHHUXEHHUA KOHIEHTpalruu" KHCJIOTHBI Ha4YMWHAETCA
BOCCTAaHOBJIEHH € BO/JbI:

2H20 + 2e-=H + 20H-.
W ogHOBpeMeHHO B paCcTBOpE NMPOTeKaeT peaKIis TUTPOBAHMUS:
H30+* + OH- = H20.

3a KOHEYHOM TOYKOM THUTPOBaHHUA NosBJsAeTCcA M36bITOK OH--
MOHOB, YTO MOXHO OOHApyXUTb C IOMOIIbI HWHJAMKATOpa —
deHondTasenHa, pacTBOpP NpU ITOM OKpALIMBAETCS B PO30BbIH 1IBET.

INEJIb PABOTbI

OHpeﬂeﬂI/ITb KOHIEHTpauno KHCJIOThI B HUcCiIeayeMoM
pacTtBOpe MeTOoA0M KYJIOHOMETPHUYIECKOIo TUTPOBAHUA C
BH3yaJIbHbIM Ha6JII-O,£LEHI/IeM KOHEYHOH TOYKH TUTPOBAHUA

OBOPYJOBAHHUE

—Y4eb6Ho-1a60paTopHbId MoAyIb «JJIEKTPOXUMUA»

—CeTeBol KabeJlb

—Py4Holt f03aTOp NepeMeHHOT0 06 beMa

—HWcTo4HUK TOKA C KYJIOHOMETPOM

—CoeIMHUTEJIbHBIN TPOBOJ K JATYHUKY

—CoeAMHUTEIbHBINA TPOBO/] KPOKOUJI

—JJIEKTPO/Ibl U3 HEPIKABEIIeH cTalu

—MarHuTHas Mellaaka

—HW3BJekaTeslb MArHUTOM MelllaJIKH

—CoJ1eBOM MOCTHK 6OJIbIIOH, 3alI0JTHEHHBIN HacbleHHbIM KNO3 ¢
arap-arapom
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PEAKTHUBBI U I10CY JA

—XHUMHWYECKUH cTaKaH Ha 50 M1, 21T

—PacTBOp COJIAHOM KHCJIOTBI C HEM3BECTHOM KOHLEHTpaluel B
auanazone ot 0.005 g0 0.05 Mosab/n

—MHWHaukaTop peHonpTaNenH WU METUIOBbII OpaHXXeBbIX

—Boanbiii pactBop KNO3 1.0 Mosib /1

NMOPAAOK IIPOBEAEHUSA PABOTBI

151 KyJIOHOMETPHUUYECKOTO TUTPOBaHUs HeobXoAMMO cobpaThb
YCTaHOBKY, IOKa3aHHYI0 HU)KEe HAa PUCYHKe

, N
:__
= — -
—1
—1
—
—1 =21
"/ \—j

OHa CcOCTOUT M3 ABYX CTAaKaHYMKOB Ha 50 MJI, cCOeIMHEHHBIX
COJIEBBIM MOCTHMKOM. B KaJOM H3 C(TaKaHYMKOB YyCTaHOBJIEH
3JIEKTPOJ, U3 HeprKaBelollel cTalu. B cTakaHuMKe, B KOTOpOM 6y/eT
IPOUCXOJUTh TUTPOBAaHUE, [JO/DKHA ObITh MellajKa, KoTopasi
pPaBHOMEPHO paclpeessieT CreHEpUPOBAHHbIE HA KAaTO/ie THUAPOKCH/L
MOHBI 10 BCEMY 00'bEMY pacTBOpA.

OnbiT Nel. [IpeaassiekTposin3s

B cTakaHYMKM HaJIMBAIOT PacTBOP (OHOBOTO 3JIEKTPOJIUTA
HUTpaTa Kajiusg 06beMoM mo 50 MJ. JJIeKTpOAbl MOJKIKYAIT K
MCTOYHHUKY TOKa C NMOMOILbIO COeJUHUTEJBHOrO NMPOBO/IA KPOKOHI.
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B cTakaH4YMK C KaToaoOM IL[O62\B}'IF[I-OT HECKOJIbKO KaIlleJib MHAWKAaTOpa
U IMIOMEIAKT MarHUTHYIO MEIIAJIKY.

K y4e6GHO-/1a60paTOPHOMY MOAYJIO MOJAK/JIIYAIT HCTOYHHUK
TOKa CO BCTPOEHHBIM KyJIOHOMETPOM HEINOCPEACTBEHHO WM 4Yepe3
COeIMHUTEJIbHBIN MPOBO/I.

BruiroyaloT mpu6op B CETh M 3arpykarT THUI 3KCIEepUMEHTA
OpvHouYHOEe uamepeHue. Ha Bkiajike YCTPOMUCTBA BLIOUPAIOT
UctouHuk Ttoka, KynoHomerp u Mewanky. Ha Bxiagke

MpoeBepka 06HYIAI0T 3HaYeHHe 3apsi/ia KYJIOHOMeTpa U HAXKUMAKOT

kHonky HAYMATDb DKCMNMEPUMEHT. YcTaHaBaIMBaIOT CUJIY TOKA B
auamnasoHe 5-10 MA M BKJIIOYAIOT UICTOYHUK TOKa.

Bo BpeMs npezaieKTposM3a Heo6X0JMMO OYeHb BHUMATEbHO
HabJII0J]aTh 3a MepPexo/IoM OKPACKH MHAUKATopa (0T 6ecLBETHOHN K
MaJIMHOBOM, B CJyyae HCHOJb30BaHUA (eHoJTalenHa, WJIA OT
KpPacHOM K JKeJTOH, B CJy4ae MCIOJb30BaHUS MEeTHUJI0BOTO
opaHkeBOoro). B MoMeHT HW3MeHeHMs] OKpAacKH HHJAUKATOpa
3JIEKTPOJIM3 TMPEeKpaljaloT MyTeM BbIKJIYEHUS] HCTOYHHKA TOKa.
TakuM o6pa3oM, NpuU NPOBEAEHUHU MPEAIJEKTPOIU3A YCTPAHSIOT
Menlarollee BJUSHUE BCEX OKUCIUTeeH, KOTOpble IPUCYTCTBOBA/IU B
KaTOJHOM NPOCTPAHCTBE.

OnbiT N22. Ky/ioHOMeTpUYecKoe TUTPOBAaHUE PacTBOPA KMCJIOThI
C HeM3BEeCTHOM KOHLleHTpanuen

Jlasiee He06X0AUMO CHOBA OOHYJIUTh NOKa3aHUs KyJOHOMeTpa.
Teneps B TOT ke CTaKaHYMK JJIsI TUHTPOBAHUS A06GAB/ISAIOT TOYHO 5 MJI
pacTBOopa KHUCJOTbl C HEU3BECTHOM KOHLEHTpauued U NpPOBOAAT
TUTPOBaHUE NPHU 3JIEKTPoM3e TOKOM 5-10 MA 710 U3MeHeHHUs 1BeTa
uHAUKaTopa. OcTaHaBJIMBAIOT TUTPOBaHHWE MyTeM OTKJOYEHUs
MCTOYHHMKA TOKA U GUKCUPYIOT [TIOKa3aHUs KyJOHOMEeTpa.

Tak NOBTOPSAIOT TUTpPoBaHUe 3-5 pa3 paad pacTBopa C
HENW3BECTHOMW KOHI|EHTpalel KUCAOTHI.
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PEKOMEHJALIUU 110 OPOPMJIEHHUIO OTYETA

JKCIepUMEHTA/NbHO NOJIy4eHHbIe 3HaYeHHUs 3apsiia
ycpeaHsoTcsa. [lo ycpegHeHHOMY 3apsily BBIYHCASIOT KOJIUYECTBO
06pa30BaBLUIMXCA NPHU 3JIEKTPOJIM3e THUAPOKCHJ, HMOHOB IO 3aKOHY
®apages:

,Z[anee o 3dKOHY 3KBHBAJICHTOB MOZKHO pacCiInuTaThb
HEN3BECTHYIO KOHUOEHTpPAUHWIO KHUCJIOTbI AJIA U3BECTHOTO o6beMa V,
B3ATOr'o AJid TUTPOBAHUA:

B oTueTe no s1abopaToOpHON paboTe peKOMEH/1yeTCsl CPABHUTD
JIOCTOMHCTBA W HEJOCTAaTKH KYJOHOMETPUYECKOTO THUTPOBAHUS C
pas3/IMYHBIMU JApYyTUMH MeTOJaMH TUTPOBaHUSA
(KOHZYKTOMETpUUYECKOE, TIOTEH[HOMETPUYECKOE, BU3yaJIbHOE U AD.).
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YHUTEX \\)
[10JIYYATb 3HAHMS JIETKO! 7 "\

Hay4Ho-npou3BOACTBEHHAsI KOMIIAHUS «YHUTEX» YCIENIHO pa6oTaeT Ha PhIHKE
obpasoBaTesnbHbIX yoiayr ¢ 2003 roga U 3apekoMeH/i0Basia ce6s1 B Ka4eCTBE
OTBETCTBEHHOTO pa3paboTYMKa W HaJEeXHOTO IOCTAaBIIMKA.

HAIIIA ITPOAYKIIUA HAITPABJIEHA HA AKTUBU3ALIUIO
IO3HABATEJIbHOU JAEATEJBbHOCTHU YYAIIIUXCA H
PABBUTUA HUX HUCCJIEAOBATEJIbCKUX HABBIKOB

[1aBHBIM NapTHEPOM KOMIAHWUU MO pa3paboTKe y4eOHO-Ja6OPATOPHOTO
o6opynoBaHus sBJseTca HanuoHanbHbl HccnesoBaTenbckuih ToMckui
[lonvTexHuyeckul YHUBEPCUTET. B OCHOBe /eATeNIbHOCTU KOMIIAHUM HAXOAUTCS
BCECTOPOHHSAS MOJJlepiKKa y4eOHOro mpolecca U ero MojlepHU3alLKsl ¢ MOMOILbI0
BHeJJpeHUS] COBPEMEHHOTO BBICOKOTEXHOJIOTHYHOTO 060pyJOBaHHUS.
HazexHOCTP M KavyeCcTBO HALIMX pa3pabOTOK OLiEHEHbl MHOTHMH BeJYIIHMH
By3aMu Poccuiickoin ®epmepanuu u ctpan CHI, cpeaum koTophIx:
MI'TY um. BaymaHa, Besnopycckuit [ocynapcTBeHHbIH MeAUIIMHCKUN YHUBEPCUTET,
Tomckuii TocynapcTBeHHbIN YHUBepcuTeT, KazaHckuil desiepasbHbIN YHUBEPCUTET,
Bcero 6osiee 150 By3oB Poccuum u crtpan CHT.

B CBOUX PABPABOTKAX MbI [IPEAJIATAEM:
BCECTOPOHHIOIO MO AEPKKY NpenojaBaTe/Ist
@‘@ B OCBOEHHUH COBPEMEHHBIX 06pa30BaTe/IbHbIX
TeXHOJIOTUH 1 BHeJIpeHUs UX B y4eOHBIH nporiecc
MBI BCer/ja FOTOBbI IPOBECTH JIMYHOE '&‘ yH MTEX
@ KOHCYJIbTUPOBaHHE UJIK JUCTAHIIUOHHYIO MonyuaTs 3HaHIs nerko!
HOAIePKKY NpernojaBaTesiei ‘ ‘
000 «HIMNO «YHuTEeX»
nporpamMmmHoe obecrneyeHue
M ofyaromie Bueo TENE®OH/®AKC (3822) 20-02-62
HoBelillee o60opyZ0BaHHe, E-MAIL ULKTPU@QYANDEX.RU
MeTOoaUuYeCKHe HOC06I/IH,

WHCTPYKTHUBHbIE MaTepyaJibl r. TOMCK, ynuua repueHa 72
rpacpuk pabotel: MH-NT, 9:00-17:00
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