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OO0umue MeToAuYeCKHe YKAa3aHUA

TeopeTnueckas yacTh Kypca COCTOUT U3 psifia BaKHEUILINX TEM, U3yUEHHE
KOTOPBIX JOJDKHO IPEIIECTBOBATh Ja0OPAaTOPHBIM paboTaM IO 3NEKTPOXUMHU-
YEeCKUM, ONTHYECKUM U XpomarorpauyeckuM MetoiaMm uccienoBaHus. [lpu
U3YYEHUU TEOPHUH, TPELYCMOTPEHHON POrpaMMOi, HEOOXOIUMO pelaTh 3a/1a-
YH, PUBEJICHHBIE B COOTBETCTBYIOLIUX pa3Jiejax PEKOMEHJOBAaHHOW JUTEPATY-
PBL.

JUIst MpOBEpPKM NPOYHOCTH YCBOEHUSI MaTepHaia B KaKJOM pazJiesie MpHu-
BEJICHBI BOMPOCH! JJIs1 «caMonpoBepkn». Homep BapumaHTa — 3TO CyMMa JABYX
nocieaHux uudp nauyHoro mudpa, ecan cymma 6omsiie 10, To U3 Hee caeayeT
Bbruecth 10. Hanmpumep, Bam mudp 12095, cymma AByX nocieaHux 1udp paBHa
14, 3Hauut cinenom Bbruntaem: 14-10=4. Takum oOpa3om, BBIIOJIHAETCS Bapu-
anT 4. OTBeThl HAa KOHTPOJBHBIE BONPOCHI U 33/1a4d JTOJKHBI ObITh KPaTKUMHU,
HO TOYHBIMH M SCHBIMU. YPaBHEHUs PEaKLM HAJI0 MUCATh B MOJIEKYJSIPHOUN U
noHHOU (popmax. Tam, rie 3To HEOOXOIUMO, YKa3bIBAaUTE (PU3HKO-XUMHYECKUE
KOHCTaHTbhl JUCCOLMAMM ¥ YCTOMYHMBOCTH, NPOU3BEACHUE PACTBOPHUMOCTH,
CTaHJAPTHBIE PEIOKC-IIOTCHIUAIIBI U IPYTHE XapPaKTEPUCTUKU COECIUHEHUH, KO-
TOpPBIE BBl MOYKETE€ HANTH B XMMHYECKUX CIpaBOYHMKax. lIpu pemeHnn 3anaq
clIelyeT IPUBOJUTH BECh X0/ pemeHus ux. [loctpoenue rpagukoB ciieyeT Bbl-
NOJIHATh HA MUJUIUMETPOBOM Oymare. Bce 0003HaueHus Ha rpadukax JenarTcs
TOJIBKO MPOCTHIM KapaH1alllOM.

BBenenue.
OO0mas xapakrepucTuka (U3NKO-XUMUYECKHUX METO10B

PU3NKO-XMMUYECKHUMH Ha3bIBAlOT METOJbl KOJWYECTBEHHOI'O aHaju3a,
OCHOBaHHBIE HAa U3MEPEHUH (PU3UKO-XUMHUUECKHUX U (PU3NUECKUX CBOMCTB JAHHOTO
BenlecTBa. X BMecTe ¢ (pU3MUECKMMHM METOJAaMHU aHajdu3a Ha3bIBalOT UHCTPY-
MEHTaJbHBIMU, T.K. OHU TPEOYIOT TPUMEHEHUSI TPUOOPOB U U3MEPUTENBHBIX YCT-
pPOMCTB.

B ocHOBe (U3HKO-XMMHUYECKHX METOJOB KOJIMYECTBEHHOIO aHalIHu3a Jie-
KUT XUMHUYECKash peakus Wik PU3NKO-XUMUYECKHI MpoIiecc.

XapakTepHass 0COOEHHOCTh (PU3NYECKHX METOJOB 3aKIH0YAECTCS B TOM,
YTO B HUX U3MEPSIOT (hU3HUECKHE MapamMeTphl 0e3 MpeaBapUTEIbHOrO MPOBEICHUS
XAMWYECKOU PEaKIIHH.

Bce ananuTuyeckue METoAbl UMEIOT MHOTO OOIIEero: COCTaB BEIECTBa,
€ro CTPOEHHUE U KOJIMYECTBO ONpeeNsieTcs Mo ero cBoiicteaM. CBoiicTBa BellecTBa
(buKCUpYIOTCA MPU OMOILIY TPUOOPOB.

OcHOBHOI 3a7aueii pudopa ABIAETCS MEPEBO XUMUYECKON nH(pOpMaII B
bopMy, ynoOHYI0 1UIsi HAOIIOACHUS ONEPAaTOPOM, UYTO OCYHIECTBIISAETCSA IMpPH I0-



MoTIH rpeoOpa3zoBaresis. 3/1eCh ANEKTPUUESCKUI CUTHANI YCUITUBACTCS U TiepenaéT-
Cs Ha CUMTHIBAOLIEE YCTPOUCTBO.
Knaccnpukanuss Gpusnko-xuMu4ecKUX MeTO10B
B 3aBHCHMOCTH OT HM3MEpPAEMBIX XAPAKTEPUCTUK PaA3JIMYaIOT CIEAYIOLINE
TpyIIbl PU3UKO-XUMUYECKUX METOJIOB:
1. OnTnyeckue (CMeKTpPaJibHbIE), OCHOBAHHBIE HA HM3MEPEHUM ONTHUYECKUX
CBOMCTB aHAJIM3UPYEMBIX CUCTEM (HA B3aMMOJCHCTBUM BEIIECTB C AJIEKTpOMAr-
HUTHBIM 1oJieM). OHU TO3BOJISIIOT ONPEIEHATh CTPYKTYPY, TEOMETPHUIO U TIO-
JSIPHOCTh MOJIEKYJI, JJIMHBI CBA3EH, a TAK)KE€ KOJUYECTBO BELIECTBA MO MHTECH-
CUBHOCTH MOJIOC B CIIEKTPE.
2. DJIeKTPOXHMHMYECKHe, OCHOBAaHHbIE Ha HW3MEPEHUU DIECKTPOXUMHUYECKUX
cBOUCTB. [103BOJIAIOT MPOBOAUTH aHAIN3 PACTBOPOB AJIEKTPOJIUTOB.
3. ®U3UKO-XUMHUYECKHE METOJbl pa3jiejieHUusi U KOHIEHTPUPOBaHusi (Xpo-
Martorpadus, MOHHbIA 00MEH, AUAIN3, IIEKTPOodope3).
4. PagmoMeTpuyecKne, OCHOBaHHbIE Ha U3MEPEHUU PATUOAKTUBHOCTU HCCIIe-
JTyEMBIX 00BEKTOB.
5. Macc-cneKTpoMeTpu4eckne, OCHOBaHHbIE HA MOHMU3AIIMU aTOMOB M MOJIe-
KyJ1 U3y4aeMOro BEIIeCTBa C MOCIEIYIONIUM pa3JieleHueM 00pa3yIoluXcsi no-
HOB B MPOCTPAHCTBE U OMNpenesieHus ux Macc. [103BOSAIOT onpeaensiT COCTaB U
CTPOCHHUE MOJIEKYJI, SHEPTUI0 TOHU3AINH, & TAKXKE XapaKTEPUCTUKU OOPATHUMBIX
MIPOLIECCOB.
DU3NKO-XUMHUYECKHE METOAbl aHAJN3Aa UMEKT CJeaylue 10CTOUH-
cTBa:
1) CeIeKTHMBHOCTh: HEKOTOPBIC METOJbI MO3BOJISIOT OJHOBPEMEHHO OIpe/e-

JIATB ACCATKH KOMIIOHCHTOB, BXOJAIIIMX B COCTAB HCCHG,Z[yeMOI;'I CHCTCMBI,
2) OKCIIPCCCHOCTD - BBICOKAs CKOPOCTD BBIIIOJIHCHHA aHAJIN34a,

3) mpenen oOHApYXKEHHsSI HWXKE, YeM Y XUMHUYECKUX METOH0B. Du3uko-

XUMHYCCKUMH METOJJaMH MOYXHO TPOBOJMTH aHAJIU3 MPH COJACPIKaHHUU
kommonenTa 10 — 10° % wmacc, xumnueckumu Metogamu — 107 — 107 %
Macc;

4) (GU3NKO-XUMHUYCECKHUE METOJbI JAI0T BO3MOXHOCTh paboTaTh ¢ HEHAPY-
IICHHBIMU 00pa3llaMH, MO3TOMY OHHM HAILIM IMUPOKOE NPUMEHEHHUE B
OHOJIOTHH ¥ MEIHIUHE.

Yacre 1. TeopeTnyeckue 0CHOBBI CIIEKTPAJIBbHBIX (ONITHYECKUX) METOA0B
aHAJIN3a, UX KJIacCU(PUKALMS.
K onTtuueckum (CHeKTpalbHbIM) METOJAM aHaju3a OTHOCSATCS METO/IbI,

OCHOBAHHBIE HA B3aWUMOACHUCTBUU  DBJEKTPOMATHUTHOTO  HM3JIYUYECHUS C
BEILIECTBOM. DJTO B3aWMOJIEUCTBUE MPUBOJIUT K PA3IUYHBIM IHEPTETUUYECKUM
nepexofaM, KOTOPBIE  PETUCTPUPYIOTCA  JKCIIEPUMEHTAIBHO B BHJE



MNOTJIOMICHWA, H3JIYUCHHA, OTPAKCHUA W PACCCAHUA IJICKTPOMAIrHUTHOTO
H3JTIyUCHH.

OTpaXkeHue cBeTa

% PaccesHue cBeTa

\
|

> MornoweHue cseTa

y
JllomuHecueHumA
Puc. 1 Obmas kapTuHa B3aNMOJICHCTBUS SJIEKTPOMATrHUTHOTO U3TYyYSHHS C BEIECTBOM

DNEKTPOMarHUTHOE M3IYyYEHUE MOXKET ObITh 0XapaKTEpHU30BAHO CIEAYIOIIUMU
napaMeTpaMu:

— JIJIMHA BOJIHBI (A) — pacCcTOSIHUE MEXIY ABYMS MaKCUMYMaMH BOJIHBI, M,
HM, MKM.

A lam=10" M
1 MkM =10 M

. -1
—4gacrtoTa (V) — uncio kosnebanuit B 1 cexkynay, ¢ wiam ['I.

v=—
A

8
IJIe C — CKOPOCTh cBeTa B Bakyyme (2,9979-10° m/c).
— BOJIHOBOE YHCJIO0 (V) — YKCIIO JJIUH BOJIH, MPUXOAAIIUXCS HAa 1 ¢M ImyTH

-1
H3JIy4YCHHUA B BAKYyME, CM .

1

V==

—sHeprus uznydenus (E), x nnm 3B.

E =hv,
rie h — nocrosinuas [Tnanka (6,626 10~ Ix-c).

Baxuenmen XapakTepUCTUKON 3JEKTPOMArHUTHOTO U3JIYYEHHUS SABISCTCS
€ro CIIEKTp, T.€. COBOKYIIHOCTb pAa3JMYHBbIX 3HAYCHHM, KOTOPBIE MOXKET
NpUHUMATh JaHHas (uinyeckas BenmuunHa. COBOKYMHOCTH BCEX YacTOT WIIH
JUTUH BOJIH 3JIEKTPOMArHUTHOTO M3JTyY€HUS! HA3bIBAETCS IJIEKTPOMATHUTHBIM
CIIEKTPOM.



10 -1
Wurepsan amun BosH ot 107 10 107 M pa3buBaroT Ha 00JIaCTH:
Yo BUAMN- UK
masn

PenTrenoBckoe |
H3JIyYeHHe |

Paanos
0JTHBI

A, HM 10 10° 10° 10 10° 10°
Puc.2. O6nacTu 3JIeKTPOMarHUTHOTO CIIEKTpa

KIIACCUDUKALIUA METO/IOB ONTUYECKOI'O AHAJIU3A
1. Metoapl, OCHOBaHHbBIE Ha MOTJIOIIEHUH BEIIECTBOM CBETOBOIO MoToka. K
HUM OTHOCATCSI (POTOKOJIOPUMETPHS U CLIEKTPOPOTOMETPHSI.

2. Metoapl, OCHOBaHHBIE HAa H3JYYECHHH BEIIECTBOM JJIEKTPOMATHUTHBIX
BoiH. K HUM oTHOCATCS (GOTOMETpUsl IUIAMEHH, AaTOMHO-(IIyOpeCHEeHTHBII
aHaJIu3 u JIp.

POTOMETPUUECKHN aHAIN3 (MOneKyIsipHas abcopuuoHHas
CHEKTPOCKONMS) OCHOBaH HAa  CIIOCOOHOCTH  BEUIECTBA  MOTJIOLIATH
JJIEKTPOMArHUTHBIE  W3JIyYEHHs  ONTUYECKOro  jauMamna3oHa. B ocHoBe
(oTOMETpUYECKOTO aHalu3a JEKUT U30UpaTeIbHOE MOTJIOIIEHUE CBeTa
gacTuliaMu (MOJIEKyJJaMU M MOHaMH) BellecTBa B pacTBope. IIpm HEKOTOpbIX
JUIMHAX BOJIH CBET MOIJOIIAETCA HWHTEHCHBHO, a IPU HEKOTOPBIX — HE
IIOTJIOIIAETCA COBCEM.

METO/IBI DOTOMETPUYECKOI O AHAJIN3A4

/ \

b oTOKOTOpUMETPHUS criekTpodoToMeTpust
aHaJIM3 Ha OCHOBE U3MEPEHUS aHaJIM3 Ha OCHOBE
HM3MEpEHUsI
MOTJIONIEHUS U3JIYYEHHSI BUAUMOM norjiomeHus Y O,
BUIUMOU U
00JacTH creKTpa UK ob6nacreii criekTpa
[Tpubop: [Tpubop:
cneKTpohoTOMETP

doTornexrpokonopumetp (OPIK)

DOTOKOJOPUMETPUUECKUE METO/bl HIMPOKO PACHPOCTPAHEHBI B padoTe
KJIIMHAYECKHUX J1abopaTopuil JUisl KOJIMYECTBEHHOIO OMNpenesieHus ioza, a3oTa,
MOYEBOM KHUCJIOTHI B MO4Ye, OMIMPYOMHA M XOJIECTEpMHA B KPOBU U JKEIUH,
remMorjo0MHa B KpOBM U T.J. B CcaHUTapHO-TUTHMEHUYECKOM aHaJM3e



KOJIOPUMETPHUSI MPUMEHSETCS AJsl ONpeAesieHUs] aMMHaka, (propa, HUTPATOB H
HUTPUTOB, COJIEH JK€JI€3a, BATAMUHOB U JPYI'MX BEILECTB.

@DOTOKOJIOPUMETPUYECKMI METOJ| aHajlu3a OCHOBAaH Ha CpaBHEHUU
WHTEHCUBHOCTH OKPACKM HCCJIENYEMOIO pPAacTBOpa C OKPACKOM pacTBopa,
KOHIICHTPAIMsl KOTOPOTO HEW3BECTHA. PacTBOp ¢ M3BECTHOW KOHUEHTpaLUEH
Ha3bIBAETCS CTAHJIAPTHBIM UM OOPAa3LIOBBIM PACTBOPOM.

OTUM METOAOM MOKHO aHaJIU3MPOBATh JIMIIb OKPAIlIEHHbIE pacTBOPHL. Ec-
JU pacTBOp OECHBETHBIA, TO B HEro J00ABISIOT pearcHT, 0Opa3yoImuidi OKpa-
IIEHHOE COEAMHEHUE C UCCIIEAYEMBIM BEILIECTBOM ((poTOMETprUEcKas peakus):

HccJiell. B-BO + peareHT <> OKpalll. coe/l.

Cu?* + 4NH;3 < [Cu(NH;)]*

Fe** +6CN” « [ Fe(CN)e]*

B  ocHOBe  (DOTOKOJIIOPHUMETPUYECKOIO  aHalu3a  JIEKUT  3aKOH
ceetonoryiomenusi byrepa-Jlam6epra-bepa: npu npoxoorcoenuu ceemogoco
NOMOKa 4epe3 NO2N0WArwull pacmeop UHMEHCUBHOCb  NpOueouleco
ceemogoeo nomoka (I) omauuaemcs om UHMEHCUBHOCU NAOAIOULECO
ceemogoeo nomoka (1,) Ha noenowenue ceema pacmaopom.

|

b (tonwmHa kioBeTbl)
I‘ »

Puc. 3. [IpoxoxaeHre CBETOBOr0 MOTOKA YePe3 MOTIIOMIAIIIYI0 CPExy

Otnomenue 1/1, Ha3pIBaeTCs MpoITyCcKaHUeM pacTBopa u obo3Hadaercs T.
I

T=—
I 0
I, y
lg T Ba)XHAs XapaKTEpUCTHKA pPacTBOpA, HA3bIBACTCA  ONTHYECKOM
IJIOTHOCTKIO D:
|
D=Ig TO =-IgT

OO6sb1uno T BbIpakatot B %:



T
D=—lg—=2-IgT
9100 J

YMeHbllIeHHEe  HMHTEHCUBHOCTH  CBETa NPU  MPOXOXKIECHUU  4epe3
MIOTJIOTIAOIIMIA PACTBOP MOAUHMHSIETCS 3aKkoHy byrepa-JlamGepra-bepa:

I=1y- 10" wm  D=¢bc,

re € — MOJSPHBIA KO3(P(GUIIMEHT IOTJIONIEHUS, SBIISIONUNACS OCHOBHOMN
XapaKTEPUCTUKOM TOTJIOIMICHUS CBETa CUCTEMOM TPH JAHHOM JITMHE BOJIHBI.

[Tpy4rHBI OTKIOHEHHUS OT 3aKOHA:
1) w3MeHeHHUe CTEIICHU JUCCOIMAIMH TTPH pa30aBICHHH;
2) U3MEHEHHWE CTCIICHH THIpaTallid HOHOB;
3) IPUCYTCTBUE MOCTOPOHHUX JICKTPOIUTOB
Baxupim nononHennem K 3akoHy b-JI-b sBisercs 3aKoH aiiUTUBHOCTH
cBeTomnorJomenns. Eciiv B pacTBOpe NMPUCYTCTBYET HECKOJIBKO MOTJIOMIAOITIX
BEI[ECTB, TO ONTUYECKAs IJIOTHOCTh PACTBOpPA paBHA CyMME BKJIAJIOB KaX0T0
U3 KOMIIOHEHTOB:
A=A+t
BaxxupiM »TamoM OTOMETPUUECKOTO aHAJIM3a PACTBOPA SIBISETCS BBHISBIIC-
HUE JUTMHBI BOJIHBI CBETOBOTO TIOTOKA, COOTBETCTBYIOIIECH MaKCHMaIbHOMY CBe-
Tonornomenuto. /st aToro nsmepsitor [ pacTBopa mpu pa3HbIX A U CTPOSIT Tpa-
¢uk [I=/1(1). Pabora B 061acTy MakcuMyma IMOTJIONIEHUSI 00eCTIeYUT HauOOoIb-
IIYI0 YYBCTBUTEILHOCTh U TOUHOCTH OIPEICIICHHUS.
UtoO6wl 0ob6ecnieunth MakcuManabHoe mnoromieHne B ®IKe ects Habop cBe-
ToGUILTPOB. CBETOOUIBTPHI — 3TO CIEIHMATIbHBIE CTEKIIA, TTOTJIONIAIONTNE HU3ITY-
YeHHE ONPEISIEHHBIX JUTUH BOJIH.

IIpumepwl pewrenus 3a0au:

3anava 1

Hagecky maccoit 0,0162 r n-autpoanmnmaa NH,CsH4;NO, pactBopunu B
MepHOH koi0e BMecTHMOCTBIO 50,00 cm®. TlomydeHHbIl pacTBOp pa3baBHIM B
100 pa3. Ontuyeckas IIOTHOCTH pazbamienHoro pactsopa D = 0,40 (A =368
oM, b = 10 MMm). Beraucnure Mossipablii K03()(UIIMEHT CBETOMOTIOMICHUS N-
HUTPOAHUJIUHA.

Pewenue:

MosipHbIit K03 (GUIIMEHT CBETOMOTIIONMIEHUS (€) BEIYUCIIAIOT M0 OCHOBHO-
MY 3aKOHY CBETOTIOTJIONIEHUS:

D=¢-C,-b
rie Cy— MONISIpHAst KOHIEHTPAIHS TIOMMOMIAOIIEr0 BEIECTBA, MOJIb/IM"

b — ToIIMHA CBETOIOIIONMIAIOIIETO CIIOS, CM
D

O a =
TKY & b




HaXOI[HT MOJ'I?IpHy}O KOHLIGHTpaHI/IIO n'HI/ITpoaHI/IJ'H/IHa B HCXOJHOM pac—
TBOpE:
NH,C,H,NO,)-1 :
€. (NH,C.H.NO, ) = MNH.CeH.NO,)-1000 _ 0,0162-1000
V-M(NH,C,H,NO,)  50,00-138,0
Ilocne p8,36aBJI€HI/ISI PaCTBOpa KOHICHTpAIIUA n-HI/ITpOElHI/IJII/IHa YMCHBIINT-

csa B 100 pa3
(2,3510™ momns/am’):

=235-10"° monw ! on®

0,40

£= — =1,70-10%on® / monw - cm
2,35-107 -1,00

Omeem: € = 1,70-104 ILM?’/MOJIL-CM
3agaua 2
B 6 MepHbIx k016 BMecTuMocThio 100,0 cM® OMeCTHIH 1,00; 2,00; 3,00;
4,00; 5,00 u 6,00 cm® crammaprHoro pacrBopa Fe** ¢ kommentpammeit 10,0
mr/em®. Tlocne MPOBEJCHUS PEAKIIUU C CYIh()OCATUIIMIOBONA KUCIOTON ONTHYE-
CKHE IUIOTHOCTH PaCTBOPOB COOTBETCTBEHHO paBHbl: 0,12; 0,25; 0,37; 0,50; 0,62
u 0,75. Ontnueckne IOTHOCTH aHanu3upyeMsbix pactBopoB 0,30 u 0,50. BeI-
YUCIIUTH KOHIICHTPALIUIO Fe* B otux pacTBOpax.

Pewenue:
PaCCqI/ITBIBaIOT KOHHCHTpaHI/II/I (MF/CMB) F63+ B CTaHI[apTHBIX paCTBoan:
L0010 _ 490, ¢, = 2220 _ 0,200,
100.0 100,0
¢, = 30010 _ a0, ¢, =010 _ 0,400,
1000 100,0
50010 o0 c, = 29910 _ 4 600,
100,0 100,0

['panyrpoBoUHBIN rpaduK JIMHEEH, BBIXOJUT U3 Havajga KOOpAUHAT:

o 0.2 04 0.6 C (Fe*), mr/em’

3
Jlns pacuera koHueHTpanuu Fe®" B aHanU3MpyeMBbIX pacTBOpax IPUMEHS-
10T COOTHOLICHHUE:



rae Cx u C.;. — KOHIIEHTpAIMU ONPEACIISIEMOTO BEIIECTBA B aHATU3UPYEMOM U
CTaHJAPTHOM PacTBOpAX;

Dx u D, — onTu4eckue IOTHOCTH PACTBOPOB.
~0,500-0,50

v = 0,200-0,30 0,240mz/ cm® v = =0,400m2/ cm®
' 0,25 2 0,62
Omeem: 0,240 mr/cm’®
0,400 mr/cm’
CymiecTByrOT pazIuyHbIC METO/IbI (OTOKOIOPUMETPHUUECKOTO

OTIpE/IeTICHUS BEIIECTBA B PACTBOPE:

1. Memoo xanubposounoeo (epadyupogounozo) epaguxa. I'OTOBIT cepuro
u3 5-8 CTaHIApPTHBIX pPACTBOPOB pPAa3HBIX KOHIICHTPAIlUH, H3MEPSIOT UX
ONTUYECKYIO TUIOTHOCTh, CTPOAT rpaduk B koopauHaTax J—C. 3arem u3MepsroT
MOTJIONICHUE AaHAIM3UPYEMOTO pacTBOpa M MO TpaduKy OMNPEACNsIIOT €ro
KOHIICHTPAIIHIO.

2. Memoo 0Oobasok. K ananuzupyeMomy pacTBOpY H00aBISIIOT TOUYHYIO
HaBECKY BellecTBa. M3MepuB ONTHYECKYIO TIIOTHOCTh pacTBopa ¢ qo6aBkoi (D)
u 6e3 nobasku (Dy), pacCUNTHIBAIOT KOHIIEHTPAIMIO aHAIM3UPYEMOTO pacTBOpa

(Co):

3. Memoo cmanoapmuvix pacmeopos. ONTHYECKYI0 TUIOTHOCTH
uccinenyemoro pactBopa (Dx) cCcpaBHMBalOT C ONTHYECKON TIJIOTHOCTH
crangaptHoro pactBopa (D..) »Toro ke BemectBa. HeusBecTHyto
KOHIIEHTpaIuIo ucciaeayeMoro pactopa (Cx) paccUuThIBatOT 1o popmyie:

C, =—o =X (10)

3amgauya 3.
[Tpu onpeneneHuu HUKENST METOAOM IUDPepeHITMAIBHON CIEKTPOPOoTOME-

puu u3 HaBecku ctamu (0,2542 r mociie COOTBETCTBYIOMIEH 00pabOTKH MOTyUHn-
au 100,0 mn okpamieHHoro pactBopa. OTHOCUTENbHAs ONTUYECKAs TMJIOTHOCTh
ATOTO pacTBOpa okazanachk paBHou 0,55. /[ns mocTpoeHHs TpalyupOBOYHOTO
rpaduka B3sJIM MSITh CTAaHAAPTHBIX PACTBOPOB C cojepkanue Hukens 6,0; 8.0;
10,0; 12,0;14,0 mr B 100 mi. OnTudeckasi IOTHOCTh MOJTYYEHHBIX PacTBOPOB
paBHa cooTBercTBeHHO 0,16; 0,32; 0,48; 0,62; 0,78. PacTBOp cpaBHEHUs colep-
an 4,0 mr Hukens B 100 mi. Onpenenuts OPOIEHTHOE COACp)KaHUE HUKENS B
CTaJIu.
Pewenue:



CtposT rpagynpoBOYHBIN rpadK B KOOPAMHATAX ONTHYECKAS MJIOTHOCTS -
KOHLIeHTpanus B Mr/mi. OTkinaapiBatoT Ha rpaduke 3HaueHue A=0,55 u Haxo-
JISIT COOTBETCTBYIOMIYIO eMy BenuunHy C =10,7 mr. OTcro/1a HaX0sT MPOLIEHT-
HOE COJICpKaHNE HUKEIIS B CTAJIH:

ani*100% 10,7%*1073
VL = = 420%
Aer 0,2542

3anaua 4.
[Ipu poTomeTprueckoM ompeAesieHuH TUTaHA C XPOMOTPOMOBON KHCIOTOW B

pactBope, coaepxaiiem 0,45 MKr TuTaHa B 1 M1, B KIOBETE C TOJIIIMHOU CIOS 5
CM TOJIYYeHO OTKJIOHEHHE IO IIKaje rajibBaHoMmerpa 90MKA. Jlns mamaroiiero
CBETOBOTO MOTOKA OTKJIOHEHHWE MO IIKajie rajibBaHomeTpa Obuio 155 MkA. On-
penenuTh MOJIAPHBIN KOA(D(UIIUEHT moriomenus (C) OKPaIIeHHOTO COEIMHE-
HUSL.

Pewenue.

Jlnst perienust ucnosibdyem ypaBuenus byrepa-JlamGepra-bepa:
J =] %107 unu lgJ, = &Cl
PaccuuTaem KOHIIEHTpaALMIO TUTAHA B PaCTBOPE:

: A45+1070%103 -
M, (T)=47,9 moms, C = 04 1(;9 107 _ 0,94 * 10~° MOJIb /1.

W3 mpuBEICHHOTO BBILIE YPABHEHHUSI TTOTYIaCM:
lglo, lg155—1g90
£= =

Cl  5%0,94%10°5

= 5% 103.

3agaua 5.
[Tpu poToMeTrprueckom omnpeieIeHUH BaHAIUS 110 METOy 100aBOK HAaBECKY

cTanu (d,,,) 0,5036 r epeBenu B pacTBOp M ero oobeM noseau 10 50 mi. B 1se
MEpHBIE€ KOJIOBI BMECTUMOCTBIO 50 MJI OTOMPAIOT AJIMKBOTHBIEC YaCTH PacTBOpa
o 20 M1, B OAHY U3 KOJIO J00aBJISIFOT CTaHIapTHBIN pacTBOp BaHaaus (ay =
0,0030r); 3aTem B 00e KOJI0ObI - MepEeKUCh BOOpo1a. PacTBOpHI B KoJIOax JOBO-
JISIT 10 METKH, OMIPEEIISIOT ONTUYECKYIO TIIOTHOCTh aHAJIM3UPYEMOTO pacTBOpa
A= 0,20 u pactBopa ¢ no6aBkoil A ., = 0,48. PaccunraTh IPOLEHTHOE CO-
Jiep’)KaHWEe BaHAIHUS B CTAJIH.

Pewenue.

1. HaxoasT KOHIIEHTPAINIO CTaHAapTHOTO pacTBopa Bananus C., ¢ yueToM pas-
OaBJICHUS:

ay 0,0030 _5
Con =— = =6x10 /M.
cT 14 50,0 /

2. BBIUKCIIAIOT KOHIIEHTpalMio BaHaaus B pactBope (C,):



C,=Cop=—2 =6x105=—222_=428%10"% r/mx.

T Agycr —Ax 0,48-0,20

3. OnpeaensoT KOJIMYeCTBO BaHA U BO B3SITOM HABECKE C yU4ETOM pa30aBiIeHUs
pPacTBOPOB:

500500 o oo 500500 . o
= _— * = = *
W =%T500 ' 20,0 '

4. PaccUnTBHIBAIOT IMPOOCHTHOC COJACPKAaHHUC BaHA/ I B CTAJIN:

ay-100% 5,35+ 1073« 100%
a., 0,5036

=1,06%

3anaua 6.
PaccunTaTh KaKylryrocs KOHCTaHTY Auccolanun peaktuBa HR, ecnu mpu pH

=7,33 cymMMmapHasi BeJIMYMHA ONTUYECKOU MIIOTHOCTU A, paBHa 0,44. B kucnoi
cpene npu pH<2 ontnueckas mnotHOCTh Ayg paBHa 0,02; B mieno4Houn cpene
npu pH>11 ontuueckas miotHocTh Ag paBHa 0,70.

Pewenue.
Bocnosbzyemcs ypaBHEHHEM

ACM - AHR

k,.=———
JIAC
AR - ACM
HOI[CTaBHHH HpI/IBCI[CHHBIe BCINMYHWHBI, HAXOAUM:

* [H].

[67]=10 7% = 4,67 - 10 *® monb/11.

_0,44-0,02

-8 __ -8
we = 370 0aa " 4,67 «107° =7,52x107°.

Bomnpocs! aj1s1 camonpoBepKu

1. Uro moHumaeTcs o «IponmyCKaHUEM pacTBOpa»?

2. Yto Takoe onTUYECKas INIOTHOCTh pacTBopa’?

3. BelBeiuTe MaTreMaTuyecKoe ypaBHEHUE OCHOBHOT'O 3aKOHA KOJIOPUMETPHUH.
4. 3akoHn byrepa-JlambepTa, ero MaremMaTuecKkoe BhIpaKCHHE.

5. O6bsicuute 3HaueHue koHcTauThl K B ypaBuenun byrepa-Jlambepra.
6. 3akoH bepa, ero MaremaTU4eCKOE BBIPAKECHHE.

7. O6beauHeHHbIN 3aK0H byrepa-Jlambepra-bepa, ero matemaTuyeckoe
BBIPAKEHHE.

8. I'pacduueckoe BrIpakeHne 3akoHa bepa.

9. MonsipHbIit K03(DPHUITUESHT IMOTJIOMECHUS, €T0 (PU3NIESCKUN CMBIC]T.
10.3aBUCUMOCTB ONITUYECKOM TJIOTHOCTHU OT PA3IUYHBIX (PaKTOPOB.



11.KakoBbI 00bEKTHBHBIE OIIUOKU (POTOMETPUUECKUX U3MEPEHUI?
12.01knoHeHus oT 3akoHa byrepa-Jlambepra-bepa.

13.3aBUCUMOCTH ONTUYECKON MIIOTHOCTH OKPAILIEHHBIX PACTBOPOB OT
KHCIIOTHOCTU CPEbI.

14.®oto3¢d(PexT u ero 3aKoHHI.

15.Kak nmpoBoauTcs moadop cBeToQuiIbTpoB B (HOTOKOIOPUMETPUN?

16. 3aBUCHMOCTD ONTUYECKOM MIIOTHOCTH OT JIJIMHBI BOJIHBI, €€ Tpaduieckoe
U300pakeHue.

17.0nummTe cxemy potodnekTpokosopumerpa KOK-3.

18.ITpuHIun GoTOMETPUYECKOTO TUTPOBAHMUS, €T0 rpaduueCcKOe BhIpAKEHHUE.
19.KakoBbl BO3MOKHOCTH ONPEAECICHUS] CMECH ABYX KpacUTEJIeu?
20.CrexTp noraouieHusl.

21.0cobenHoctu qudPepeHInaTbHON KOJTOPUMETPHUH, €€ MPAKTHYECKOE
IPUMEHEHUE.

22 Ilpumenenue (HhOTOKOJIOPUMETPUYECKUX METO/IOB aHAIU3A.

Yactb 2. Di1eKTPOXUMHYECKHEe METOAbl aHAJIN3a, UX KJIaccupuKanms,
CYLIHOCThH

Inexmpoxumuyeckumy Ha3bIBAKOTCA MPOLECCHI, TPOTEKAIOIIUE B PACTBO-
pe moJ BO3ACUCTBUEM 3JIEKTPUUYECKOTO TOKA, MO0 MPOIECCHl, IPOTEKaHUE KO-
TOPBIX COINPOBOKJIAETCS BO3HUKHOBEHHEM 3JIEKTPUYECKOIO TOKA BO BHEIIHEU
LEIH.

DNEeKTPOXUMHUYECKUE METO/bl AaHAJIM3a OCHOBAHbI HA UCIIOJIb30BAHUH AJIEK-
TPOXMMUYECKHUX MPOLIECCOB, MPOUCXOIAIIMX B JJICKTPOIUTHUYECKON sTUeHKe.
DNEKTpONUTUYECKAsT SYEKa COCTOMT U3 3JIEKTPOJOB, OMYIIEHHBIX B PacTBOP
AIEKTPOJIUTA

Paznuyator nBa THNA 3JIEKTPOJIUTUUECKUX STUEEK:
1) eanveanuueckuil snemenn, B KOTOPOM SHEPTUST XUMHUYCCKHX PEAKIIAN
npeoOpaszyeTcst B SHEPTUIO IEKTPUUECKOTO TOKa

(=) Zn/ Zn* I/ Cu** | Cu (+)

OBII mubdy- OBII
3MOHHBIN
MMOTEHIINAI

E = (PKaT - (PaHou



2) SJIEKTPOJIMTHYECKAS STUCHKA, B KOTOPOH XMMHUYECKAst PEAKIIHs MPOTEKACT
TI0/1 BO3JCHCTBHEM BHEIITHETO DJIEKTPUYECKOTO M0JIst (paboTaeTr Kak 21ekmpoiu-
3ép).
9JI. TOK

Cu® + H,0 > Cu+%0,+2H"

B cocraB 31eKTpOIUTHYECKON SUYEUKHU MOTYT BXOAUTH 2 U O0Jiee 3JIeKTPO-
na. 3 AByX 3leKTpOAOB OJUH SIBISETCS U3MEPUTEIbHBIM (MHIUKATOPHBIM), a
BTOPOIl — BCIOMOTATENbHBIM (3JIEKTPOJOM CPABHEHUS ).

BONBIIMHCTBO 3JIEKTPOXMMHUYECKUX TPOLIECCOB SBISIOTCA OKHCIUTEIBHO-
BOCCTAHOBUTEIbHBIMU.

CXEMA OBP: Oxk; + Boc, =0k, + Boc;
Oxky/Boc; u Oxk,/Boc, — conpsikeHHBIE TTaphl.

Ecou OBP nporekaeT B BOJIHOM PacTBOPE, TO XAPAKTEPUCTUKOU KaKIOU
CONPSKEHHOM Mapbl SIBJIETCS €€ OKUCIUTEIbHO-BOCCTAHOBUTENBHBIN MMOTECHIIU-
an (OBII), @ox/soc, B. Uem menbiie OBII, TeM cuiibHEE BOCCTaHOBUTEINb U ciiabee
CONPSIKEHHBIN C HUM OKHUCIIUTEIIb.

Cwita OKMCIUTENEN U BOCCTAHOBUTEIIEH 3aBUCUT OT:

* UX OPUPOJIHI,

* KOHLIEHTpAIIHH,

* TEMIIEpaTyphbl,

* nHoraa ot pH.

Bimstnue temmepatypsl M KoHIeHTpauun Ha OB CBOMCTBa BEIIECTB OIU-
ceiBaeTcs ypaBHeHueMm Hepucra (1889):

RT In [ox]
nF  [6oc]

IJIe N — YUCJIO OTJAHHBIX MW MPUHSTHIX AJIEKTPOHOB,
F — uucio ®@apanes, pasaoe 96500 Ki/moms,

. 00592, [ox]

TOTAa Doricoc = Poxisoc

_ 0
¢0K/6’OC - (omcleoc +

n [60c]
Xapakrepuctukoit OBP siBnsercs ee anexrpoasmxyias cuia (3/1C) E, B:

E = @ox1/Boc1 — Pox2/Boc2
Ecmu E > 0, To A/G < 0 — peakuusi npoTeKaeT caMONpOU3BOJIBHO;

Ecmu E <0, To A/G > 0 — peakiuusi IpoTeKaeT HeCaMOIPOU3BOJILHO.
bonapmmacTBo OBP nmeroT oOpaTumblii XapakTep, MOTOMY UX Ba)KHOU
XapaKTEPUCTUKOM siBiIsieTcsl KoHcTaHTa paBHOBecHs (K):



AG® =~ RTInK AG® = - nFE° nFE® = RTInK

nFE®

OTCIOJIA K=eX
IMoTeHmMOMETPHS U MOTEHIHOMETPHYECKOE THTPOBAHME
TIomenyuomempuss — 3T0 COBOKYIIHOCTH DJEKTPOXMMHUYECKUX METOIOB

aHaJIM3a PacTBOPOB, OCHOBAHHBIX Ha u3MepeHuu J/[C crnenuaibHO COCTABIIECH-
HbeIX ['D. IloTeHIHOMETpUYECKHUE METOABI MO3BOJIIOT ONPEAEIUTh AKTUBHOCTD
(KOHIIEHTPALIMIO) HOHOB B paCTBOPAaX 3JIEKTPOJIUTOB, T.K. aKTUBHOCTH (a) 1 D1C
(E) cBa3anbl Mexty co0oil ypaBHeHueMm HepHcra:

, RT
p=¢ +—Ina,,
nF

Pa3Butue COBPCMCHHBIX MCTOAOB IMOTCHHUMOMCTPHYCCKOIO aHaJIn3a I/II[éT
110 HECKOJIbKMM HaIlTPpaBJICHUAM:

INIOTEHHUOMETPHUA \
Penokcumerpus IIOTEHLIHOMETPUYECKOE
TUTPOBAHUE
NOHOMETPUS
pH-meTpus KAaTUOHOMETPUS AHUOHOMETPUS

DTOT METOJ TO3BOJISICT BECTH M3MEPEHHUS B MYTHBIX M OKPAIICHHBIX pac-
TBOpAax, MacTax U JaKe )KMUBBIX OMOJIOTHYECKUX 00BbeKTaX. MOYKHO HCCIIeIOBATh
MHOTOKOMITOHEHTHBIC CMECH BEIIECTB 03 MpEeIBapUTEIHPHOTO WX KOHIICHTPH-
poBanus. Tounocts onpeaenerus — 0,1%.

TUIIBI DJIEKTPO/[OB, IPUMEHAEMBIX B [IOTEHI[UOMETPUU.
Inexmpoowt 1-20 pooa — MeTal, ONYIICHHBIN B PACTBOP CBOEH COJIU:

Cu/Cu®'y; Zn 1 Zn*,

Anexmpoowvl 2-20 pooa — METAILL, IOKPBITHIN CII0€M CBOET0 TPYIHOPACTBOPUMO-
ro COCMHEHUS U OMYIICHHBINA B PACTBOP COJH



[Tpy MOTEHIIHOMETPUIECKUX HCCACIOBAHUAX HCIIOJIB3YIOTCS CIEAYIOIINE dJICK-
TPOJIbIL:
1. OKHCIHUTENBHO-BOCCTAHOBUTEILHEIE
Ox + né =Red
RT Ox
o+ " In [0x]
nF [Red]

2. DNEeKTpOJbl HOHOCENEKTUBHBIE (MeMOpaHHbie). OHM COCTOSIT U3 MEM-

Poxired = P

OpaHbl, BHyTPEHHETO pPacTBOpPa M BHYTPEHHETO JJIEKTPOJia CPaBHEHUS (Yalie
Bcero xyopcepedpsiHoro (Puc.).
Ag, AgCl/ HCI/ ct.membOpana

| —Ag, AgCl

CTCKITHHHAA MeMﬁp aHa

MGM6paHHBII>'I IIOTCHIOMAJI BO3HHUKACT BCIICACTBUC HCPABHOMCPHOIO pac-
MNpCaAcjaCHUA HOHOB BO BHCIITHCM B BHYTPCHHCM paCTBOPC.

RT | [X Ty

¢ =
nF [x]cyapyo:cu
Hampumep, CTEKJISIHHBIA 3EKTPOJ C BOJOPOIHON (PYHKIMEH, TTPUMEHsIE-

MBbIW 11 u3Mepenust pH pactBopos.

N C3 MoryT uMeTh CTEKIISIHHYI0 MeMOpaHy (ciy»kat juist onpeaenenus pH),
TBEPJOKPUCTALTUYECKYI0O MEMOpaHy (IUIsl OTpeIesICHHs TTOKa3aTessl TaJloreHOB
pCl, pF, pl) u xxunxocTHyo MeMOpany (st onpenencaus pCa, pMg).

CeNeKTUBHOCTh AJIEKTPOJAOB, T.€. BO3MOXKHOCTH OMPENEICHHUS] TOTO WIIU
WHOT'O MOHA B MPUCYTCTBUU MEIIAIOIINX UOHOB, KOJIEOJIETCS B OUCHB IMIUPOKHUX
npenenax. s KOJTMYEeCTBEHHOM OLIEHKW BIIMSHUS MEIIAIONIMX HMOHOB BBEIEH
koaddumment cenekruBHocTH K. Ecnu K<1, 1O snexTpon uzbuparenex mno ot-
HOUIIEHUIO K OMNpEAesIEeMOMY HMOHY B MpHUCYTCTBUM Memaromero. Ecimu K=I,
AJIEKTPOJ] OJMHAKOBO YYBCTBUTENEH K 00ouM monam. Ecim K>1, 1O amextpon
0oJiee YyBCTBUTEJICH K MelIaromieMy HoHy. K onpenenstor skcnepuMeHTaIbHO.

Cy1ecTBYIOT pa3IudHbIe CIIOCOOBI YCTPAHECHHS HEXENaTeIbHOTO BIUSHUS
Memarnux noHoB. Hanpumep, memaromiee nerictsue nonos Br~. CN7, S ma
paboTy XJ0pcepeOpsIHOTO IEKTPOIa YCTPAHSIIOT 100aBICHUEM OKUCIUTENEH.

Cdepy mpumenenuss UCD MOXKHO pacliipuTh PHU TMOMOIIU BTOPOH MEM-
Opanbl. Hanpumep, i cepuiiHbIX u3MepeHuil napuuansHoro gasienus CO; B
IJ1a3M€ KPOBU MPUMEHSIOT CTEKJISIHHBINA 3JIEKTPO/JI, TOKPBITHIA TOHKOM IIEHKOU



TedII0Ha WM APYTOro Ta30MpOHUIIAEMOTO MaTepuana. Mexmy MiIEHKON U CTeK-
aom Haxoxutcsa cior 0,1M pactBopa NaHCO;. CO, muddynaupyer uepes
IUIEHKY TOJIMMEpa B COOTBETCTBHH CO CBOUM JaBJICHHWEM, BBI3bIBAsS M3MCHEHUE
pH pactBopa NaHCO3, uTo u hUKCUPYET CTEKISHHBINA dJIEKTPO/I.

3. DIeKTpoIsI BTOPOTO pojaa

a) xJiopcepeOpsTHbIN Ag, AgCl / KCl .

AgCl+¢&— Ag + CI”

RT
¢=¢°——Ig[Cl]
nF
0) KaJIOMETbHBIH Hg, Hg.Cl, / KCI

H92C|2+2é—>2 Hg+2C|_
p=¢" —~LigiCl ]
nk

HNonoMeTpust — 3TO METOJ MPAMON MMOTEHIIMOMETPHH, MO3BOJISIOLIEN OIpe-
JENATh aKTUBHOCTBh MOHA B pacTBope npu nomomu MCH.

Ilomenyuomempuueckoe mumposanue — KOCBEHHas NOTECHIMOMETPUSA —
OCHOBAHO Ha (PMKCHUPOBAHUM TOYKH 3KBUBAJIEHTHOCTU MO PE3KOMY U3MEHEHUIO
MOTEHIIAAJIa 3JIEKTPOJA, PEAarupyrollero Ha U3MEHEHUE aKTUBHOCTU TOTO WIIU
MHOT'O0 KOMITIOHEHTA WJIU MPOYKTa PEAKIIUH.

[ToTeHImoMeTprYECKOe TUTPOBAHKE BBITIOIHSIOT CIEAYIONIIUM 00pa3oM:

B tuTpyemblli pacTBOp MOMEMIAOT UHAUKATOPHBIN JIEKTPOI U DJIEKTPOJ
CpaBHEHMS, TIOCJIE Yero u3 OIOPETKU HEOOJbIIUMH MOPIUSIMU J00ABIISIIOT TUT-
paHT.

Ecnm nmpu TUTpOBaHMM NMPOTEKAET KUCIOTHO-OCHOBHOE B3aUMOJCHCTBHE,
TO COCTABISAIOT ['D U3 CTEKIISTHHOTO 3JIEKTPOAA U XJIOpcepeOpsiHOTrO.

Ecau nmporekaer OBP, To 13 mIIaTHHOBOTO 3JIEKTPO/Ia U XJIOPCEpeOPSHOTO.

PemmeHne THNIOBBLIX 33424
3amgauga 1.
Borauciauts 3/]C raibBaHUYECKOTO dJIEMEHTA

Ni | Ni(NOs), 0,2M, NH; 2M || Hg,Cl, (k), KCI1 0,1M | Hg
Pewenue.

B ranpBanndeckoM dJIEMEHTE Ha QJICKTPOAaX IMPOTCKAIOT CICAYIOMINC PCAKIINN:
=2+ =, 0 —

2+ . 0 -

Hg™" + 2e — 2Hqg; EHg2+|2Hg_+O’792B

OKHMCIIUTEIILHO-BOCCTAHOBUTEILHBIE MMOTCHIHMAJIBI OTHUX 3JICKTPOAOB BLIYHCIISACM

110 YPaBHCHUAM:



0,059
—— IgINi*;

0 0,059 .
Enge+)ny = Epgz+jan, + —5—18IH8™ |

P2+
Jlnst pacueta HEOOXOIMMO 3HATh PAaBHOBECHBIE KOHIIEHTpauuu HOHOB NI°™ 1

_ 0
Eniz+ni = Eyjaepy; +

2+
Hg“". PaBHOBeCHas KOHILIEHTpAIIMS HOHOB HUKEJISI ONPEIEseTCs MPOILeCCOM
KOMILIEKCO0Opa3oBaHusl, MpoTekaromumM B n30bTke NH3

CNi 0,2
NI+ ] = % = ' =327 %107°
[ ! ] BNi(NH3)4*(CONH3 —4CQ;)*  2,95%107 x(2—4x%0,2)* ’
MOJIB/JI;
CraenoBaTteibHO,

0,059 .
Enieeji = —0,230 +———1g(3,27 * 1077) = ~0,480 B

PaBHOBecHas koHIeHTpanus noHOB pTyTH (IT) onpenensercs kak pacTBOpH-
mocth HQg,Cl, B 0,1M KCI

1P 1,3¥10718
2471 Hgz2Clz __ 1, _ —16
[Hg5™] = T - oz 1,3-107® monb/m.
Otcrona
Eyg2+/yg = 0,792 +

0,059

TIg(l,S * 10_16) = 0,3238

3amaua 2.
ITo maHHBIM O CTAHJIAPTHBIX JCKTPOJAHBIX MOTEHIIMATAX MEU 1 LIMHKA pacCyu-

tath DJIC aeMeHTa, COCTaBIEHHOTO U3 MOJIY2JIEMEHTOB:

Zn*|Zn(@z°" = 0,02) u Cu** | Cu** (8cy”"=0,3).

Pewenue.

DJIC snemeHTa BBIUUCTAETCS IO popmyJie

JAC=E, —E,,

rae E; u E, - noTeHunaibl 371€KTPOI0B MOITYSJIEMEHTOB.

CornacHo ypaBHeHnio Hepacra nmeem
0 0,059,  agy
Ei, = E1,2 +—1g ;

n Agoc
3HaquI/IH CTaHJIapTHBIX BHeKTPOJlHBIX IIOTCHIIMAJIOB COOTBCTCTBCHHO paBHBI

(cM. mputoxkenue, Tabm. 1)
E} = +0,340B ; E) = —0,760 B

u?t|cu Zn?*|zn

Tak Kak MEIHBIN MOTY37IEMEHT O0JIe€ MOJTOKUTEIEH, TO



0,059 aCu2+
2+|Zn + 2

0 0- —
Edur+icu = Bz oo = 11358

3agaua 3.

Jnst anextpona €1~/ CuCl cranpaptasiii notenman EY = 0,137B  Brrunc-
JuTh pousBeaeHue pacrsopuMoctd 1P, npu 298 K.

Pewenue.

CornacHo ypaBHEHHIO

E,=E)+0,0591g 1P,

rae EY - HopManbHbI TOTEHIMAT MEJHOTO 3IEKTPO/Ia, 0OPaTUMOTrO MO KaTHOHY

Cu*|Cu , pasnsiii 0,521 B, nony4aem

gp = 2137 =052 e 1P = 319107
B 0,059 I o

3anaua 4.
Berauciute KoHCTaHTY paBHOBecus peakuuu ZnS0, + Cd = CdS0, + Zn npu

temmneparype T= 298 K, eciin HopMaJibHBIC JIEKTPOIHBIC TOTCHITUAIIBI PABHBI:

0 _ . _ 0 0
EanZn —0,762B; ECd|Cd2+ = —0,402B ; Eyepy = E alcart EanZn
Pewenue.

Takas peakust IPOTEKAET B TAJIbBAHUYECKOM DJIEMEHTE
+
Zn | Zn*'| Cd?*| Cd.
B momeHT paBHOBECHS

0 0 N 0
ECdlCd2+ - EZ,nIZn2+_ 0 (ECdICd2+ + lgacd2+) - (EZTL|ZTL2+ + lgazn2+) ,

Otkyna
RT , a 0,059
gdlCd2+ — E§n|Zn2+ = = l’g agzz: = _lg k 0,402 + 0’762 = 09360 B.

k, =1597* 102,
3amaua 5.
PaccunrtaTh moTeHuan cepeOpsiHOro JICKTPOJIa B pacTBOPE, HACHIIIIEHHOM XJIO-

puaoM cepedpa, ¢ aKTUBHOCTBIO XJIOpUJ HOHOB, paBHOil 1,00.

Pewenue.
CraHgapTHBIN TOTEHITHAT cepeOpstHOTO deKkTpoaa pasen 0,799 B
(mpunoxxenue.tadn. 1). CornacHo ypaBHeHuto Hepuera
E = 0,799 — 0,059 lg —— , 7€ @y g+ = —
Apg+ aci-
[Toxcrasnsiem B ypaBHeHHe Hepucra
Aci-

E = L
0,799 — 0,059 lg P



3uas uto ac;- = 1,00 (u3 ycaosus 3agaun), u uro I[P = 1,75 - 10710 | naxomum
E=0,222 B.

Bonpocel 1j11 caMmonpoBepKu

1. B 4eM cylnHOCTh MOTEHIIMOMETPHUUYECKOTO METO/Ia aHATH3a?

2. Jlaiire mOHsATHE PABHOBECHOI'O 3JICKTPOJIHOIO MOTEHIIMANA, HOPMAJIBLHOIO
U PeaIbHOTO OKHCIUTEIIBHOTO-BOCCTAHOBUTEIHFHOTO TTOTEHIIHAIA.

3. Kakue TtpeOGoBaHUMS TPEIBABIAIOTCS K XUMHUYECKUM (DJICKTPOXHUMUYE-
CKHM) pEaKIUsiIM?

4. B 4yeM CyIIHOCTb MOTEHIIMOMETPUUECKOTO TUTPOBAHMS?

5. Meroapl onpeneneHus ckauka NoTeHIHaa.

6. [lonsTre o mpsMOW MOTEHIIMOMETpHUH, ee MeTonax: pH-merpuu, moHo-
METPHH.

7. Kak xmaccuduimpyrorcss 3iekTpoasl B noteHuuomerpuu? IlpuBenure
MIPUMEPHI.

8. Kakmue snextpoasl oTHOCATCS K 3nekTponam | pona? Ilpusenure npume-
pBI.

9. Omextponsl Il pona. KamomenbHbIH 371€KTpO, €ro IpruMeHEHHeE.

10.OxapakTepu3yiTe WHIANKATOPHBIC SJEKTPOIBI JJIsI METO/a HEUTpain3a-
UK. XUHTAIPOHHBINA 3JIEKTPOJ.

11.Kakue TpeOoBaHUs NPEABSIBISIOTCS K MHAMKATOPHBIM 3JIEKTpOAaM B MO-
TEHIIUOMETPUU?

12.CtexnsiHHBIA DJeKTpoA. YpaBHeHHE HUKOIBCKOTO Il CTEKJISTHHOTO
IEKTPOJA.

13.OxapakTepu3yiiTe MHIUKATOPHBIE AJIEKTPOJBI I METOAA OCAKICHHS U
KOMILIEKCOOOpa30BaHUsI.

14. MaTeMaTu4yecKkoe BBIPAXKEHUE 3aBUCHUMOCTHM PABHOBECHOTO MOTEHI[MANa
ANEKTPOJa OT KOHUEHTPALMK HOHOB METalljla B pacTBOPE, OT TeMIIepaTy-
pHI.

15.XnopcepeOpsiHHBIN AIIEKTPOJ, €T0 XapaKTePUCTHKA, UCTIOJIb30BAHUE.

16.Metoabl uzmepenus D/{C B MOTEHIIMOMETPHH.

17.Yto HazbiBaeTcss OypepHbIM pacTBOpoM, OydhepHO eMKOCTHIO?

18.]laliTe mOHSATHE KOHCTAHTHI JUCCOIUAIIUN KUCIIOT.

19.Yto Ha3bIBaeTCs ANEKTPOaOM cpaBHeHUs? [IpuBeante npumMepsi.

20.YTo noHuMaeTcs 1Mol MIOHHOM CUJIoi pacTBopa?

21.TToTeHIIMOMETPUYECKOE TUTPOBAHUE IO METOY HeHUTpaim3auu. TuTpo-
BaHHE CUJIBHOM KUCJIOTHI CUJIBHBIM OCHOBAHUEM.

22.BuiBenute ypaBHenue Heprcra nis pH-merpun.



23.MloHOCeNeKTUBHBIE D3JEKTPOJbl, UX XapakTepucTuka. YpaBHeHue Hu-
KOJIbCKOTO.

24.Oxapaktepu3yite crocoobl 00OHApYKEHUSI KOHEUHOW TOUKH TUTPOBAHUS.

25.YpaBHenue HepHcTa 1 ero 3HaueHue AJi MOTEHIIUMOMETPUH.

26.KpuBble TUTPOBAaHHUS B TOTCHIIMOMETPUIECKOM METOJI€ aHAIIM3A.

27.Kak paccuMThIBaeTCsl paBHOBECHBI MOTEHIMAI B TOYKE SKBUBAJICHTHO-
CTH B METOJI€ OKUCIICHUSA-BOCCTAHOBJICHHS !

28.TpeOoBanusl, MPEABABISIEMBIC K 3JICKTPOAAM B MOTECHIIHOMETPHH.

29.1IpuBecT MPUHUIHUIIUATIBHYIO IEKTPUUYECKYIO CXEMY YCTAHOBKH IS TO-
TEHIIMOMETPUYECKOTO TUTPOBAHMUSI.

30.TutpoBanue cinaboit KUCIOTHI CUIIbHBIM ocHOBaHueM. Pacuer 3J1C B Tou-
K€ SKBUBAJICHTHOCTH.

31./lafiTe MOHATHE TBOMHOTO JEKTPUICCKOTO CIIOS HA TPaHUIIE pa3jerna Me-
TaJul - pacTBOp.

32. BeiBecT TCPMOAMHAMHNYCCKYIO KOHCTAaHTY AUCCONHUAINK KUCJIOT.

Yacrts 3. KongykTomeTpuieckne MeTOAbl AHAJIN3A.

CymHOCTh METONA, TPSIMOM KOHAYKTOMETPHUH 3aKIIFOYAETCSA B TOM, YTO KOHIICH-
TPALMIO BEIIECTBA OINPEACIAIOT IO pPe3yibTaTaM H3MEPEHHS DIEKTPUYECKON
MPOBOJUMOCTH (WJIK conpoTuBIieHUs). [Ipu 3TOM MCnonb3yroT ABa MpUemMa Ha-
XO0KJI€HUSI HEN3BECTHOW KOHIEHTPALIUHN:

Metoa rpaayupoBo4Horo rpaguka. I'padux crpost B koopaunarax y - C. On
JMHEEH B HEOOJIBbIIOM JMAaNa30He KOHIIEHTPpaIHil.

PacuérHbiii MeToa. MeTo UCTIONB3YIOT ISl OYEHBb pa30aBICHHBIX PACTBOPOB.

B sTom cnydae C— O:
1000y _ 1000-y

A0 A%+ 20
Takum 00pa3oM, HEM3BECTHYIO KOHIIEHTPAIIMIO MOXKHO PacCUUTaTh IO H3Me-

C =

peHHOﬁ BCJIIMYUHC ¥ “ TaOJIUYHBIM 3HAYECHUSIM MMpCACIbHBIX HOI[BH)KHOCTCIZ Ho-
HOB.
HpHMaH KOHAYKTOMCTPUA UCIIOJB3YCTCA B KAUCCTBC MCTO/JId aHAJIMTHYCCKOT'O

KOHTPOJISI pACTBOPOB AIEKTPOJUTOB. [I0CKOJIBKY B BEJIMUMHY aHAITUTUYECKO-
ro CUTHAJIAa BHOCST BKJIAJ BCE MOHBI NPUCYTCTBYIOIIUE B PACTBOPE, TO MPHU-
MEHEHHE METO/Ia OTPAaHUYEHO HU3-3a MAJIOW CEJIEKTUBHOCTHU. Hamie BCero ero
IIPUBJICKAIOT JUIS PEILIECHUS CIEAYIONX 3a1ay:

e aHanu3 OMHAPHBIX CMECEN BOJA - AJIEKTPOJIUT;



® OmpenereHne 00IIEro CoAepKaHUs JIEKTPOIUTOB B pacTBOpE (HaIpUMep,
oTmpeiesIieHHe cojiel B MUHEpaIbHON, MOPCKOM, pEUHON BOJIE);

® KOHTPOJIb Ka4eCcTBa TUCTHITUPOBAHHON BOBI

® KOHTPOJb KaueCTBA KUIKUX MHUIIEBBIX MIPOTYKTOB (MOJIOKA, HAITUTKOB,
BUH);,

® KOHTPOJb Ka4eCcTBa TEXHUUECKOH BOJIbI, CIIOJIb3YEMOU B psiJie MPOM3-
BOJICTB - TOHKHE XHMHUYECKHUE MTPOU3BOJICTBA, (PapMaIieBTUIECKHE MPO-
U3BOJICTBA, TEIUIOTEXHUYECKHE TPOU3BOICTBA (TMTAaHUE KOTIIOB), TEXHOJIOTHS
BOJIOOYMCTKH, OLIEHKA 3arpsi3HEHHOCTH CTOYHBIX BOJI;

® OIpenecHUE KECTKOCTH BOJIBI;

® OIpeleICHUE BIIard B TEXHHYECKOM CHIPhE;

® JIMHAMUYECCKUI KOHTPOJb XHMHUYECKHX, TCKCTHIIbHBIX, IHIIEBBIX IPO-
U3BOICTB (T. K. METOJI JIETKO MO/IaeTCSl aBTOMATHU3AIINN );

® aHaNU3 CJIOKHBIX Ta30BbIX CMecel (M0 U3MEHEHMIO IEKTPUUYECKON Tpo-
BOJMMOCTH PACcTBOpA TMOTJIOTUTENS, KOTOPbIA CEIEKTUBHO Pearupyer ¢ OIl-
peaensieMbIM ra3oM).

[IpenmyrecTBaMu MeTOJa SBISIOTCS MPOCTOTA, BBICOKAs YYBCTBH-

TenpHOCTD (10 10™ MomB/1T) M mocTaTouHast TouHOCTD (2 %), @ HEZOCTATKOM
- Majasi CeJIEKTUBHOCTb.
OcoOeHHOCTh MeTOAa: MPH HPOBEACHUM HNPSIMBIX KOHAYKTOMETPUUECKUX
WU3MEPEHU HEOOXO0UMO TPEIBAPUTEIHLHO ONPEACNISIThH KOHCTAHTY sYeKu 0,
TIOCKOJIBKY YZIeJbHAs dIIeKTpUIecKas mpoBoanMocTs ( ¥) mnaxe mpu £ = 1 cm
n S =1lcm® He paBHa aneKkTpHUecKoil mpoBogumocty (W), a JTHIIb Iporop-
[AOHAJIbHA E€U:

7]
X—H'W—E

BCJIEZICTBUE TOT'O, YTO DJIEKTPUYECTBO MPOBOASAT HE TOJBKO MOHBI, 3aKIIO-
4GHHBIC B 00BEME MEXK/LY SIEKTPOJAMH C IUIOMIAABI0 1 CM® M PACCTOSHHEM
MeXay HuMH 1 cm,

YroObl HAWTH KOHCTAHTY SYCHKH, U3MepsIOT conpotuBicHue (R) craHmapTHBIX
pactBopoB 35ekTposutoB (KCI i NaCl) ¢ u3BectHoli ynenbpHO# nekTprye-
CKOM IPOBOJUMOCTBIO TPU HECKOJIBKUX KOHIEHTPALMIX. 3aTEM, UCHIOIb3Ys

CIIpaBOYHbBIE JaHHBIE, paccunThiBaroT O
Konaykromerpuueckoe THTPOBaHHUE

CyIHOCTh METO/A 3aKJIF0UAeTCS B TOM, UTO HU3MEPSIOT AJIEKTPUUYECKYIO
IIPOBOJIMMOCTh PAcTBOpPa B XOJI€ TUTPOBAHMS W CTPOST KPUBYIO TUTPOBAHHS.
KpuBas tutpoBanus sBisieTcs JuHeiHo# (puc 6.). [lo ee uznomy onpenenstor



0o0BeM TUTPAHTA B T. 3. U MPOBOAAT Pacu€T pe3yIbTaTOB aHAJIN3a HO 3aKOHY JK-

BHUBAJICHTOB.

B KOHAYKTOMETPUYECKOM THUTPOBAHUU UCIIOIB3YIOT PEAKIHUHA OCAXKICHHUS, KOM-

MJIeKCO00pa30BaHUs U KUCIOTHO-OCHOBHBIE PEaKLIMU BOJAHBIX U HEBOJIHBIX pac-

TBOpax. OKUCIUTENbHO-BOCCTaHOBUTENBbHBIE peakiuu (OBP) ucnons3yror pe-

ke, MOCKOJbKY 1 npotekanust OBP Hano co3gaBaThk onpeAes€HHbIE YCIOBUS,

HarpuMmep, 100aBISATh CUIIbHYIO KUCIIOTY, BCIIOMOTaTeIbHbBIE PACTBOPHI.

B pesynbpTare B pacTBope OKa3bIBa€TCI MHOTO MOCTOPOHHUX MOHOB, B T.4. aHO-
MaJbHO MOBMKHEIX HOHOB H'. Ha (oHe 3HAuMTeNbHOIrO CHTrHANA OT IOCTOPOH-
HUX MOHOB TPYIHO 3apukcupoBaTh HeOoblMe u3MeHeHus AC B Xo/ie TUTPOBA-
HUSL.

Kpowme toro, muorne OBP npoTekaroT MeIIeHHO, a YCKOPUTh UX IyTEM Harpe-

BaHUS HE MPEJICTABIISIETCS BO3MOXKHBIM, T. K. TEMIEpaTypa BIUIET HA BEIIMUUHY

AIEKTPOIIPOBOTHOCTH.

e

T3 T3

1)
\\{/ 2)
P
i i

V (NaOH), mn

puc.6 KonaykToMeTpuyeckrue KpuBbie TATPOBAHUS

NaOH + HCIl — NaCl + H,0O (1)
CH3;COOH + NaOH — CH3COONa + H,0 (2)
CMECh CUJILHOM U ¢1a00i KHCIIOT (3)

BricokoyacTOTHOE TUTPOBAHUE.

HenocraTku, cBOMCTBEHHbIE OOBIYHBIM KOHAYKTOMETPUUYECKHUM METOJaM
TUTPOBAHMS, KOTOPBIE BBI3BIBAIOTCS MOJIIPU3ALMEN DJIEKTPOIOB U U3MEHEHU-
€M HUX BJIEKTPOIPOBOAHOCTH BCJIEACTBUE OCAXKACHUS TBEPABIX YACTHUIl IPH THUT-
POBAaHMM IO METOJY OCAXIECHWs, B 3HAYUTEIIBHOW CTEIEHH YCTPAHSIOTCS INpU
TaK Ha3bIBAEMOM METOJE BBICOKOYACTOTHOTO TUTPOBAHUS.

[Ipu 0OBIYHBIX U3MEPEHUSIX ITEKTPONPOBOAHOCTH IEKTPObI MOTPYKAIOT B
aHaJM3UPYEMbIH pacTBOp. B cilydae BBICOKOYACTOTHOIO TUTPOBAHUS AJIEKTPOIbI
IIOMEIIAIOT BHE aHAJIM3UPYEMOI'0 PaCTBOPA, HEMOCPEACTBEHHO Y CTEHOK SYEUKH
Y MIOBBILIAIOT YAaCTOTY MEPEMEHHOIO TOKA 10 HECKOJIBKUX Merarepil.



@opma KpHUBBIX BBICOKOYACTOTHOIO KOHAYKTOMETPHUYECKOIO THUTPOBAHMS
OIIPENEIAETCS] COBOKYITHOCTBIO BCEX (PAKTOPOB, BIHAIOIINX HA 3JIEKTPOIPOBO/I-
HOCTB: TEMIIEPATYPBI, KOHLEHTPALUH JICKTPOJIUTA, TOABUKHOCTA HOHOB U T.II.
Pabora ¢ MeTanu4ecKUMH 3JEKTPOJaMH, HaXOALUIMMUCS BHE STUEHKH HE Tpe-
OyeT JOpOroCTOSINIMX IATUHOBBIX 3JIEKTPOAOB. MeTo | OKa3bIBa€TCs TaKKe IMO-
JIE3HBIM B TE€X CIIy4asix, KOTJIa HEXEIATEIbHO 110 TEM WIM WHBIM IIPUYMHAM I10-
MEILEHHE JIEKTPO/Ia B AHAIM3UPYEMBIN PACTBOD.

BBICOKOYACTOTHBIN METOJ TUTPOBAHUS IIMPOKO IPUMEHSIETCS IS ONPEAETICHUS

KHCJIOT, OCHOBAaHUM, CMECEH KUCIIOT U CMECEW OCHOBAaHUI B HEBOJHBIX CpEIaXx.

Ha mpakTthke npu BBICOKOYAaCTOTHOM TUTPOBAHWM IIOJIB3YIOTCS PA3IMYHBIMHU
KOHCTPYKLMAMHU siueeK. [IpocTedmnM BUIOM SYEHKH KOHIEHCATOPHOTO THIIA
ABJISIETCA CTEKJISIHHBIM COCYZ C NMPWKATBIMU BIUIOTHYIO K Hapy>KHBIM CTEHKAM
METAUIMYECKUMU AJIEKTpOAaMU. B Adelikax MHAYKIMOHHOTO THUIA CTEKJISTHHBIN
COCY/JI INTOTHO BCTABJIIETCS BHYTPh MHIYKIIMOHHOM KAaTyIIKH.

Pemienne TunoBbIX 3a1a4

3agauya 1.

Conpotusnenue 5 %-Horo pactBopa K,S0, B iU€HKE C AIEKTPOJAAMU IUIOIIA/IbIO
2,54 cM? n paccrosgareM mexay Humu 0,65 cMm paHO 5,61 Om. IInoTHOCTB pacTBo-
pa npuHUMaeTcsl paBHOU enuuuile. OnpeaeuTh SKBUBAJIECHTHYIO 3JIEKTPOIPOBO/I-
HOCTBb pactBopa K5,50,.

Pewenue.
OrnpenernsieM 3JIeKTPONPOBOJHOCTh pacTBOPA:
1 1
w=-=—=10,178 Om.
R 5,61

OnpenensieM yAeNbHYIO AIEKTPOINPOBOAHOCTh pacTBopa K;S0,:

S wl 0,178-0,65 _ —
W=X7;x=?=2—54=458-10 4OM'CM 1.

PaccunThiBaeM umcIio r-3kBuBaneHToB K,S0, B 1 cM3 uccnenyemoro pacTopa:

n=———=604-10"% roxs,
95-87,13

rae 87,13 r/Monb - skBuBajgeHTHas macca K,S0,.
PaccunThiBaeM 3KBUBAJIICHTHYIO AJIEKTPOIPOBOIHOCTD:
_ 458-107*
"~ 6,04-10~%
3agaua 2.
[Ipu KOHIYKTOMETpHUUECKOM TUTpOoBaHuu 25,0 Mil cosiHOM Kkuciotel 5,0 u pac-

TBOpoM KOH 066111 1osTy4eHs! clieyronue pe3yiabTaThl:
00béMm 5,0 1 KOH, mn 0,32 0,60 0,92 1,5 2,00 2,35

y;:[enbfaﬂ_?HeKTponpOBonHOCTL 320 256 186 164 238 2.96
X, Om*cm
OHpeI[eJ'II/ITI) HOPMAJIbHOCTb COHHHOﬁ KHCJIOTHI.

=7580M- cM? -T —9kB™ L.



Pewenue.
CtpouM rpaydupoBOYHBIN rpadiKk B KOOpJWHATAX: YACIbHAS AJIEKTPOIIPOBO/I-

HOCTh ), — 00bEM pacTBOopa KOH. IIpoekTrpyem TouKy nu3iomMa (MUHUMYM 3JIEK-
TPONPOBOJIHOCTH) Ha OCb 00bEMOB 1 HaxoauM 00béM KOH, n3pacxomoBanHbIit
Ha HEUTpaM3aIfIo COJISTHOM KUCIIOTHI, coaepxanieiics B 0,25 mi pacTBopa.

Ln

& Onrena!

(S5

Ln

155 Vrou, un

-

Ln
Ln

1 1,

=)
Ln

Puc.7 I'panynpoBoYHas xapakTepHUCTHKA K 3a1a4e 2.

I[To rpaduky (puc. 7) Viex = 1,56 Mu1. BerurcisieM HOpMaIbHOCTh COISHON KH-

caoTel Ny
_ VKOH .NKOH _ 1,56 - 5,0

N =
Hel Vier 25,0

= 0,312 H

3amgauya 3.
VY nenpHas anmektpornpoogHocTh 0,0109 H pactBopa NH,OH pasna 1,02¢10™
Omecm ™. Onpenenuts kKoHCTaHTY nuccormanu NH,OH.

Pewenue.
OrnpenenuM SKBUBAJICHTHYIO JIEKTPOIPOBOIHOCTh pacTBopa 1o ¢hopmyiie:
x -1000
n

rje 71 - ynciio r-3kBuBajeHToB NH,OH B 1 M pactBopa.

1,02 -107* - 1000
N 0,0109

2

=9380M-T —3KB™ ! cM

ITo 3navenusm noasmxkHocTeit nonos NH," u OH (cripaBouHble 1aHHBIE) pac-
CUMTHIBAEM SKBUBAJICHTHYIO AJICKTPOIPOBOIHOCTh IPH OECKOHEYHOM pa30aB-

JICHUMN.
A, =76 + 205 =281 OMeT — 5kB L * cM>.



PaccuuthiBaeMm cTeneHb Jucconuranunm:

A _ 9,38
A, 281

o = =0,0334.

Otcrona koncranTta aucconuanuu NH;OH paBna

o 0+C _ 00334200109 _ s

1-a 1-0,0334 ’ '

Bonpocsl 1J151 caMONIPOBEPKH.
1. B yeM CyImHOCTh KOHIYKTOMETPUUYECKOIO METOa aHaIn3a?
2. Yto Ha3bIBaeTCs 3JIEKTPONPOBOAHOCTHIO pacTBopa? KakoBa ee pa3MepHOCTh?
3. Kak BiauseT Ha 37€KTpOIIPOBOAHOCTD:
a) MPUPOJIa AIEKTPOIUTA U PACTBOPUTEIIS; 0) KOHIIEHTPALIMS SJIEKTPOJIUTA
(cusbHOTO, c1ab0ro); B) TeMmeparypa?
4. Yto Ha3bIBAECTCS YACIBHON U SKBUBAJIECHTHOM 3JIEKTPOIPOBOIHOCTHIO pac-
TBOpa? OT 4ero OHH 3aBUCST?
5. DKBHUBaJICHTHAS SJIEKTPONPOBOAHOCTD, €€ (PU3NUECKUN CMBICIL.
6. CBsI3b MEXKY yIEIBbHON U SKBUBAJIEHTHOM AJIEKTPONPOBOIHOCTHIO. [Ipenens-
Has DJIEKTPOIPOBOAHOCTD.
7. Uto moHMMAaETCs MO, ITOABMKHOCTHIO HOHOB?
8. HazoBuTe 00s1acT MPUMEHEHUST METOAA MPSAMON KOHAYKTOMETPUHU.
9. MeToJ1 KOHIYKTOMETPUUECKOTO TUTPOBAHUS U €0 OCOOCHHOCTH.
10.Kakoii Bua KpUBOM MOTYYaeTCs MPU TUTPOBAHUU PacTBOpa CyJib(para HaTpuUs
pactBopoM arnerara 6apusi? [Touemy?
11.Kak HaxoauTCsl TOUKa SKBUBAJICHTHOCTHU MPU KOHIYKTOMETPUUECKOM TUTPO-
BaHUU?
12.Kakoii Bua KpUBOM MOJy4YaeTcs MpH TUTPOBAHUY alleTaTa KalblUs PacTBO-
pOM OKcajlaTa HaTpus U nmoyemy?
13.Kakoii Bua IMEIOT KPUBbIE KOHTYKTOMETPUUECKOTO TUTPOBAHUS JIJISI PEaK-
IIMU: a) CIJIBHOW KUCIIOTHI C CUJIbHBIM OCHOBaHWEM; 0) cJ1a00il KUCIOTHI C CHIIb-
HBIM OCHOBaHHEM; B) CJ1a00M KUCIIOTHI CO CJIa0bIM OCHOBaHUEM?
14. Kak BeneTcss KOHIYKTOMETPHUYECKOE TATPOBAHUE CMECH BELLIECTB?
15.KakoBbl 00;1aCTH TPUMEHEHUSI KOHYKTOMETPUYECKOTO TUTPOBAHUSA?
16. IIpuBeaute cxemy npudopa Konppayiiia, ONUIIMTE MPUHIIUI €r0 JeHCTBUS.
17. Kak mpoBOAUTCA KOHAYKTOMETPUUECKOE TUTPOBAHUE?
18.B yeM CyIHOCTh BBICOKOYAaCTOTHOT'O TUTPOBAHMSI.
19. KakoBbl ero 0COOEHHOCTH 10 CPAaBHEHUIO ¢ KOHJTYKTOMETPUUECKUM TUTPO-
BaHUEM?
20.0OxapakTepu3yiTe TUIIbI TYEEK, MPUMEHSIEMbBIX B BBICOKOYACTOTHOM TUTPO-
BaHUM.
Yacrs 4. Iloasaporpaduyeckuii MeTo aHAIN3A

[Tonsporpaduaeckuii MeTO T aHaM3a BIEPBBIC OBLI IMPEIOKEH B 1922 T
YenckuM yu€HbIM S.I'eipoBCKUM. DTOT METOJ AAET BO3MOKHOCTh OMPENEIIATh

MPUMECH METAIIJIOB, COACPIKAIUXCS B TEXHUYECKUX 00pas3Iiax B KOJIMYECTBE
oxouio 0,001 - 0,0001%.




[Tomsiporpaduaeckuit METO OCHOBaH Ha WCIOJB30BAaHUHM KOHIICHTPAIIH-
OHHOW MOJIAPU3ALMH, BO3HUKAIOIIEH B MPOLIECCE AIEKTPOJIN3A, HA DIIEKTPOJIE C
MaJIOM MOBEPXHOCTHIO. [10 XapakTepHOW KpHUBOM, IMOKA3BIBAIOIIEH W3MECHEHHUE
CUJIbI TOKA B 3aBUCUMOCTH OT MPUIIOKEHHOTO HANPSIKEHUS, MOKHO C JOCTAaTOY-
HOM TOYHOCTBIO ONPEACIINTh KAYECTBEHHBIM U KOJIMYECTBEHHBI COCTAaB aHAIIU-
3UpyeMoro BeniecTa. KpuBas CHIIbl TOKa B MOMEHT BOCCTAHOBJICHUSI aHAJIU3U-
pyeMoro moHa MOJHUMAETCS PE3KO BBEPX, 00pa3ys MOIspOorpapuuecKkyro BOJI-
Hy. Ilo pacnonooicenuo 3moii 80JHbI MONCHO CYOUMb O KAYECMBEHHOM COCMABE
9NIEKMPOUMA,; NO 6bICOME GONHbL — O KOHYEHMPAyuu 60CCMAHABIUBAIOUE20CS
UOHA.

OCc00OEHHOCTAMH MOSIPOrPAPUIECKOTO METO/1a aHATTN3A SIBJISTFOTCSI:

1) ObICTpOTa AaHATUTUYECKOTO OINPE/EICHUS, HE MPEBBIIIAIOIIAs HECKOJIb-
KUX MUHYT;

2) Gouiblllast YyBCTBUTEIBLHOCTb, MO3BOJISIONIAS] BECTH AaHAIIUTUYECKHE OTI-
PeleNeH s MANIBIX KOJTHYECTB HCCIIe[yeMoro Bemectsa (0 107 Mois/m);

3) HE3aBUCUMOCTH PE3YyJIbTATOB OMPEEICHUI OT HHIUBUTYAIbHBIX OCO-
OCHHOCTEN IKCIIEPUMEHTATOPA;

4) BO3MOKHOCTbH OJTHOBPEMEHHO BECTH OTNPE/IEICHIE HECKOJIBKUX dJIe-
MEHTOB, HE Mpuleras K MpeABapUTEeIbHOMY UX Pa3CICHHUIO.

OCHOBBI METOJJA

Jlns mossiporpaduueckoro aHajau3a MPUMEHSIOT TPUOOPHI, Ha3bIBaEMbIE
nossiporpadamu. OHu OBIBAIOT BU3YaJbHbBIC U AaBTOMATHYECKUE.

Ecnu nipunmoxuth pasHOCTh MOTEHIMAIOB K 3JIEKTPOJaM, OMYIICHHBIM B
pacTBOpP JJIEKTPOJIUTA, U MOCTENEHHO €€ YBEJIMYMBATh, TO BHAYAJIE TOK 4epes
pacTBOp MpoOTeKaTh MouTu He OyzaeT. [Ipu yBennueHnu pa3HOCTH MOTEHIIMATIOB
JI0 BEJIMYMHBI, JOCTATOYHOW IS PA3JIOAKEHUS DJICKTPOJINTA, CHJIA TOKA PE3KO
BO3pPACTAET. DTy BEJIMYHUHY PA3HOCTH MOTEHIMAJIOB HA3bIBAIOT MOTEHUHMAJIOM
Pa3JI0KeHUs.

Ecnu B34Th OAMH W3 3JEKTPOJOB C MaJoOll MOBEPXHOCTHIO (KarelbHBINI
PTYTHBIN KaToMd), APYrod — ¢ OOJIBIION MOBEPXHOCTHIO, TO MPU MPOITYCKAHUH
4yepe3 pacTBOpP IMOCTOSHHOIO 3JIEKTPUYECKOTO TOKA OCHOBHOE M3MEHEHUE KOH-
HEeHTpaluu OyAeT HaOII0JaThCA y AJEKTPO/a ¢ Majoi MOBEPXHOCThIO. Takoe
sBJICHUE OOYCJIOBJICHO OOJBIION CHUJION TOKa, MPUXOJAIICHCS B IIPOIIECCe dIICK-
TpOJM3a Ha €JUHUILY MOBEPXHOCTH MAJOro 3JEKTPOJa, T.€. BHICOKOW IUIOTHO-
CTBIO TOKA Ha AJIEKTPOJE.

[To mepe moBbIIEHNS PA3HOCTH MOTEHIUAIOB MEXKIY SJIEKTPOAAMU yBeE-
JIMYMBAETCS CUJIa TOKa, MPOTEKAIOIIErO Yepe3 pacTBOp, W IUIOTHOCTh TOKA Ha
MajoM snekTpoje. Ilpu 3ToM ckopocTh 00eIHEHHs PacTBOPa BOCCTaHABIIMBAIO-
IIUMHUCS HOHAMU B HEMOCPEICTBEHHOM OJM30CTU K MOBEPXHOCTU MAJIOTO AJIEK-
TPOJa TaKkKe BO3pPaCTacT.

[TocTeneHHOE MOBBILICHUE HANIPSIKEHUS U CBSI3AHHOE C 3TUM BO3pacTaHue
IJIOTHOCTH TOKA HA MajiOM JJIEKTPOAE MNPUBOAUT B KOHEUHOM HUTOTE K TaKOMY
MOMEHTY, KOTJIa BCE JBWXKYIIMECS K KaTOAy HOHBI YCHEBAIOT Pa3psAUTHCS.
[IpHU3IIEKTPOAHBIN CIIOM TOIOJHIETCS WOHAMHU M3 pacTBOpPa MEIJICHHEE, YeM



IPOTEKAeT MPOLECC pas3psAKd Ha TMOBEPXHOCTH 3JeKTpoja. B sTom ciyuyae
JanbHeiIIee MOBbIIIEHUE PA3HOCTH MOTEHIIMAIOB HE BBI3BIBAET 3aMETHOTO BO3-
pacTaHus CUJIbI TOKA, TPOTEKAIOLIEH Yepe3 pacTBOP.

[Ipu ycraHoBUBIIEMCS TOJIBUKHOM PaBHOBECHH, KOTJIa KOJIMYECTBO BOC-
CTaHOBJICHHBIX MOHOB CTAHOBUTCSI paBHBIM KOJUYECTBY MOHOB, NMpoauddyHau-
POBABIIUX K PTYTHOMY KaTOJly, CHJIa TOKA CTAHOBUTCSI TOCTOSIHHOM.

Takyto cunmy Toka, Mpyu KOTOPOU JTIOCTUTAETCS MOJTHBIN pa3psi BCEX HOHOB
aHAJIM3UPYEMOTO BEIECTBA, MOCTYMAIOIIUX B MPHUIEKTPOIHOE MPOCTPAHCTBO
3a cu€T muddy3un, Ha3BIBAIOT NPedeibHbIM Ul OUPDY3UOHHBIM MOKOM.

Ckopoctb nuddy3un BemiecTBa U3 pacTBopa 6ojee BHICOKOW KOHIIEHTpa-
MU B pacTBOp Oojiee HU3KOIM KOHILEHTPALUU MPOTOPIMOHATbHA Pa3HOCTH KOH-
IeHTpamuii 00oux pactBopoB. [losTomy Jughghyzuonmusiii mox nponopyuoranen
KOHYEeHmpayuu onpeoesiemo20 UuoHa 6 pacmeope.

3aBUCUMOCTh CHJIbI JU(P(Y3MOHHOTO TOKA OT KOHIIEHTPAI[UH BbIPaXKaeTcs
ypaBHeHueM WbkoBuua:

iq = 605nD"*m**t"°C = KC,

rie iy — cujia Toka, MKA,

N — KOJMYECTBO 3JIEKTPOHOB, YYACTBYIOIIUX B AIEKTPOXUMUYECKOM BOC-
CTaHOBJICHUH OIPEEISIEMOr0 HOHA,

D — koadduupent muddys3un onpeaeasieMoro noxa, cm>-c ™,

M — Macca PTyTH, BBITEKAIOIIEN U3 KallWUIsApa 32 OJHY CEKYHAY, mrc™,

T — TMEePHOJ] KanaHus, C,

C — KOHIIEHTpaIsl BOCCTaHABIMBAIOLIETOCS HOHA, MMOJIB/JI.

IHoasiporpaduueckasi KpuBasi: KpruBas 3aBUCHIMOCTH CHJIBI TOKa OT Ha-
NPsHKEHUS] Ha3bIBAETCA MOMSPOrpaguuecKoi Ui BOJIbTAMIIEPHON KPUBOM.

I, A

h - BBICOTA

Puc. 8. llongporpacduueckast KpuBas

[Tonsiporpadriueckasi BoJIHa XapaKTepu3yeT KaK KOJUYECTBO aHAJIU3H-
pYEMOTro BEIIECTBA, TAK U €T0 Xapakrep. BricoTa BOJIHBI JAET BO3MOKHOCTh OII-
PENEIIUTh KOHLIEHTPALUIO aHAJIU3UpyeMOoro BeriecTBa. [loTeHnuan mosyBoJHbI
CIIy’KUT Ka4€CTBEHHOM XapaKTEPUCTUKOU IPUCYTCTBYIOLIErO B PACTBOPE UOHA.

KanejbHblii pTYTHBIH KaTOA: TaKOW 3JIEKTPOJ MPEACTaBISIET COOOM
PTYTh, BBITEKAIOLIYIO 10 KaIlUIIM M3 KalWwuIApa C ONPENEIEHHOU CKOPOCTHIO.
IIoBEpXHOCThH KaIleJIbHOTO PTYTHOT'O KaTOAa II0 COCTaBYy M pa3Mepam OCTaeTCs



NOCTOSTHHOU. PTyTh HempepslBHO 0OHOBIsieTcs. BenmeacTBue 3Toro moreHuuan
BOCCTAHOBJICHUS KQKJIOTO HOHA COXPAHSETCA Ha ONPEAEIEHHOM YPOBHE.
J1J1s1 KOJIMYECTBEHHBIX OIpPEACIICHUN B MOJAsIporpaduu NpUMEHSIOT Memoo
KanubpoBOUHbIX KPUBLIX, MeMOO CIMAHOApmMa Uil Memoo 000asox.
Penienye THIIOBLIX 33,124
3anmauva 1.
OnpenenuTs BETUYUHY MpeAebHOTO Tuh()Y3MOHHOTO TOKA IMHKA, €CITU
C=3+10°momp/m, D=0,72+10° cMm’ s ¢, m =3 mr/c, =4 c.
Pewenue.
CornacHo ypaBHeHuto MiibkoBHUYa
ij=a-neF- DY2 .23, A6, C
/i€ & — HEKOTOPbIN YHCIIEHHBIN KOA(h(UIIMEHT;
N — YKCIIO 3JEKTPOHOB, YYACTBYIOIIMX B MPOILIECCE;
F — uucno ®apanes, Asc/Kr-skBs;
D — kosddumment auddysun, cmec™;
M — CKOPOCTh BBITEKAHUS PTYTH, KI/C;
T — BpeMsl )KU3HU KaIly, C;
C — KOHIICHTPAIHS BEIICCTBA, KMOJIB/M,
NoJIy4aem

ig= 6052+ (310%)%%«4Y%3.10% (0,72 +10°)2=254

MKA.

3amaua 2.
Hagecky 0,2 r cTanu, coaepxauieil Meib, paCTBOPHIN B a30THOM KUCIIOTE, U
00BEM MOJIyYEHHOTO PacTBOPA IOBEIU NUCTUIUIMPOBAHHON BoaoM 110 50,0 M.
[Tpu nonsiporpaduposanuu 5,0 mu pactBopa B 20,0 M1 poHa BbICOTA BOJIHBI
MEIN cocTaBuia 37 NEJICHUHN IIKaJIEL.

Breruucnuthb conepxanue Menu (B %) B CTaIu, €CJIM MpH noJssporpadupo-
Ba"uu pacteopa 0,00003 r menu B 25,0 M1 BeIcOTa BOJIHBI cocTaBiseT 30 nerne-
HUI.

Pewenue.
BricoTa BosHbI Meau 37 neneHui mKaibl caMoIucIia moisiporpada 0y1eT cooT-
BETCTBOBATH CIEAYIOIIEE KOJINYECTBO ME/IN:

3+ 10°r — 30 meneHui MKaTbI

Xr - 37 nejeHuy MIKaJIbI

37-3:1075 ]
X=22——=37-10"T.
Tak kak s nonsiporpadgupoBanus 6epyt 5,0 mi pactBopa ot 50,0 M1, TO
COJIEp)KaHUE MENI B CTAJIA COCTABIISIET:
3,7-10°-10=3,7-10"

17001
3,7-107*-100
0,2

3agauya 3.

= 0,18%.



BbluucnuTh KOHIIEHTPALMIO KaAMUS B PaCTBOpE, €ClM Npu aHanuze 15,0 mu
pacTBopa, cogepxamero Cd>*, MeTo0M 106aBOK, BEICOTA TIOSPOrpaduuecKoil
BOJIHBI KagMus coctaBuiia 20,5 MM, a niocie qobasienus 2,0 M CTaHJapTHOTO
pactBopa - 0,053 H pacTBOpa XJIOpUJa KaJAMHUs - BBICOTA BOJIHBI YBEIUYUIACH JI0
24,3 Mm.

Pewenue.
Bocnonszyemcsa ypaBHEHHEM
C _ Cer _ 0,053 = 0.02
X7 T Vag+vVy Vy 288 zkis _15 — LUS H.
g' Ver Ver 20,5 2 2
3ampaua 4.

[To monsporpadpuueckum JaHHBIM i TaUTUs Ha GoHe komruiekcona LI ompe-
JICTTUTD TIOTCHITUAIT TIOJTYBOJIHBI U YUCIIO DJICKTPOHOB, YYaCTBYIOIIUX B PEAKIIHH:
ITorennman, B 0,500 0,650 0,675 0,700 0,750 0,800 0,900
Tok, MKA 0 1,1 3,6 6,9 26,8 41,0 45,0
Pewenue.

I[To nmpuBeneHHBIM MaHHBIM onpeneinsiem 1g[i/(iy -1)] u ctpoum rpaduk B Koopau-
narax E - 19 [iI/(iq - 1)], cunras ig = 45.

E, B 0650 0,675 0,700 0,750
0,800
Ig[i/(is-0)]  -160 -1,16 -0,74 016 1,02

ITo rpaduky (cm. puc. 9) onpenensem E; /, = 0,74 B v KoTaHreHc yria HakIoHa
o

MPEICITbHBIM OTCUCTaM:

0,800 — 0,650 _ 0,057

1,02— (—1,60)

CrnenoBaTenbHO, SJIEKTPOHHBIN MPOLIECC MPOUCXOANUT C YIaCTHEM OJTHOTO
AJIEKTPOHA




Igli/(iq-i)]

| | | |
0,65 0,675 0,7 /0,75 0,8
-0,5
g //

1,5

0,5 /
0 4

1 el

E,B

Puc.9.3aBucCUMOCTD MMpCacJIbHOIO TOKa OT ITOTCHIKAJIA ITOJTYBOJIHEI.

Bomnpoce! Ajis1 caMmonpoBepKu

1.

No ko

10.

11.

12.
13.

14,
15.

16.

B uém cymuocTs nonsiporpaduyeckoro meroaa ananuza? Ero npeumy-
niectBa’?

Yro Ha3bIBaeTCs NMOJSPU3ALUEN MIEKTpoaa?

UTto siBNsieTCS NPUUUHON MOJSIpU3aIuu?

Kaxkue BbI 3HaeTe BUABI MOJISIpU3ALUN?

Craauu 351eKTPOIHBIX TIPOLIECCOB.

Urto noapazymeBaeTcs 1moji MoHATUEM «IU(PGy3MOHHBINA CITON»?

Uro Ha3bIBaeTcs npeaenbHbiM Tudy3noHHsiM TokoM? KakoBa ero pas-
MEpPHOCTH?

BriBeguTe ypaBHEHHE KOHIIEHTPAUMOHHOM nossipu3anvu. [Ipu kakux yc-
JIOBUSIX HE HAOII0IaeTCs Mosipu3anus?

['padrueckoe BoIpakeHHE MOJASIPUZALUOHHON KPUBOM.
[TpununuanpHas cxema nojasiporpaduyecKoil yCTaHOBKH, €€ OCHOBHBIC
Y3JIBL.

Uto mpeacTaBisitoT CO00H DIEKTPOTUTHUECKUE STYCUKH B TIOJISIpoTrpadu-
4eCKOM MeToe?

KaxoBbI yci10Bust IpoBeIeHUS B OIS pOrpapuIeckom metoie?

Yro nonumaetcs noj cpeaHuM audGy3noHHbIM TokoM? J1Jis 4ero BBO-
JIIUTCS DTO MOHATHE?

YpaBuenue NibkoBruya. Pa3sMepHOCTh BXOISIIMX B HETO BEJIUYMH.
BriBenuTe MaTeMaTuyecKoe ypaBHEHUE KaTOAHOM noJissporpaMmbl. O0b-
SACHUTE (PU3NYECKUI CMBICI €TO0.

Uto Takoe moTeHIra moxyBoiHbI? OT KakuX (PaKTOpOB OH 3aBUCUT?



17.  KauecTBeHHBII moyisgporpapuueckuii aHaianus, ero MpeuMyIiecTBa U He-
JOCTATKHU.

18. KakoBbI METOABI KOJIMYECTBEHHOTO MOJSPOrpapuUIecKoro aHammsa?

19. C yem cBsA3aHO MOSBIEHHE MAaKCUMYMOB Ha MOJsIporpamMmax?

20. Maxkcumywmsl | u Il posa, Mepbl uX peIOTBpaICHHUS.

21. KakoBo BiMsHUE paCTBOPUTENS HAa BEJIMUMHY NPEIETLHOTO TOKA?

22. Metona KaauOPOBOYHBIX KPUBBIX B MOJISIpOorpaduu U €ro 3HaUYCHHE.

23. KaxoBbl npenmMyIiiecTBa METO/Ia CTAHIAPTHBIX PACTBOPORB?

24.  OxapaxrtepusyiiTe MeTo 100aBOK B mojsiporpaduu. Kak onpenensercs
KOHIIEHTpAIs 110 ’TOMY METO1y?

25.  Yto moHMMAaETCA MO aMIEPOMETPUYECKUM TUTPOBAHUEM?

26.  Tumbl KpUBBIX AMIIEPOMETPHUUECKOTO TUTPOBAHHUSL.

27. KakoBbI MPEUMYIIECTBA AMIIEPOMETPUIECKOTO TUTPOBAHUS TIEPE]T APY-
TUMU JJIEKTPOXUMUYECKUMU METOIaMU?

28. IlpumeHnenue nonsiporpapuyeckoro MeTo/ia aHaJInu3a.

Yacrs S. [ToasgspumerpudyecKuid MeTOA AaHAJIU3A

[TomapumeTrpruecKknii METOJ aHajin3a OCHOBAH HAa W3MEPEHHUM BpaILCHUS
IJIOCKOCTH MOJISIPU3AIMU CBETA ONTUYECKH aKTUBHBIMU BEIIECTBAMH. JTO CBOMI-
CTBO O0YCJIOBJICHO HAJIMYMEM B MOJIEKYJIE OPTAaHUYECKOTO COCAMHEHUS XOTS Obl
OJIHOTO aCCUMETPUYECKOTO aTtoma yriepojaa. CyllecTByeT KOJUYECTBEHHAs 3a-
BUCHUMOCTb MEXIY KOHIIEHTPALIMEN ONTUYECKN AKTHUBHBIX BEIIECTB B PACTBOPAX
Y HAIPaBJICHUEM BpAICHUS TOJISIPU30BAHHOTO CBETA.

CymHOCTh MOJISIPUMETPUYECKOT0 METO/IA AHAJIH3A.

N3 351eKTpOMarHuTHOM TEOPUU CBETA U3BECTHO, YTO CBETOBBIC BOJIHBI IOIIE-
pEYHBl U UX KOJIEOAHUSI MPOUCXOMST B IUIOCKOCTH, MEPICHIUKYJISIPHOM K Ha-
MPaBJICHUIO Jiyda. Y €CTECTBEHHOI'O Jiydya KoJieOaHUsI MPOUCXOMSIT BO BCEX
IJIOCKOCTSIX, MEPICHANKYJIAPHBIX K €ro HanpasiaeHuto. [Ipu nponyckanuu cBera
yepe3 pasiIMuyHble KPUCTAJUIbl OKa3bIBACTCS, YTO PELIETKH HEKOTOPBHIX U3 HUX
CIIOCOOHBI MPOMYCKATh JIYYH TOJBKO OMPEIEICHHOTO HANpPaBJICHUS KOJICOAHUS.
[Tpu BBIXOJE M3 KpUCTaIUIa, KOJeOaHus Jydya OyayT MPOUCXOAUTh YK€ TOJIBKO B
OJIHOM IIJIOCKOCTH.

OObIuHBIN cBET



|~ MMnocko- nonapuso-
BaHHbIU cBeT
Jly4 cBera, y KOTOPOro 3JIEKTPOMArHUTHBIC KOJIEOAHHUSI MTPOUCXOAT TOIb-

KO B OJTHOM TIJIOCKOCTH, HA3bIBACTCSI TNTOCKOTIOIIPU30BAHHBIM.
[T10CcKOCTh, B KOTOPOW MPOUCXOMAT KOJeOaHUSI CBETOBOW BOJHBI, HA3BIBACTCS
IUTOCKOCTBIO TIOJISIPU3AITHH.

Bce ¢usudeckne CBOMCTBA ONTHYCCKAX M30MEPOB OJWHAKOBEI, 32 HMCKITIOUC-
HUEM CITIOCOOHOCTH BpPAIlaTh IJIOCKOCTH MOJISPU3ALIUU MTOJISIPU30BAHHOTO CBETA
BemectBo, cnoco6HOE BpamaTh MIOCKOCTh TOJSPU3AIMHA CBETA, HA3BIBACTCA
ONTUYECKH AKTUBHBIM.

NuauBuyanbHble ONTUYECKUE U30MEPhl ONTUYECKH aKTUBHBI, UX IKBUMOJISP-
Has cMech (paliemMaT) — He aKTUBHA
OnTU4ecKyro aKTUBHOCTH MTPOSIBISIIOT MHOTHE TIPUPOTHBIC OPTaHUYECKHE BEIe-
CTBA: yTIEBOIbI, AMUHOKHUCIIOTHI, BATAMHHEI.
dakTOpbl, BIUAIOIINE HA ONTHYECKOE BPallleHHe:

* TpUpPOJA BEIIECTBA;

* TIpUpPOJA PAaCTBOPHUTEIIS,

* JUTMHA BOJIHBI CBETA,

* TeMIlepaTypa;

* JUTMHA ONITUYECKOTO MyTH

Ecnu gepe3 crmoil onTHYECKHM aKTUBHOTO BEIIECTBA MPOXOAUT MOJISIPU30-
BaHHBIN JIy4, TO OH BpaIllaeT TUIOCKOCTh MoJisipu3anuu. [1nockocth mosnsipusa-
[IMU BBIIIEAIIETO JIyda OKa3bIBAETCSl MOBEPHYTOM HA HEKOTOPHIA yroj, Ha3bl-
BaeMbIi YTJIOM ITOBOPOTA TUIOCKOCTH mojsipu3anuu — B. [lox ynensHbIM Bpariie-
HUEM TIOHMMAIOT YToJl BpalleHus (B Ipajaycax) INIOCKOCTH TOJISIPU3AIHH, KOTO-
pO€ BBI3BIBAET PACTBOP, coaepkammii B 1 Mi1 1 T ONTHYECKHA aKTHBHOTO BEIIECT-
Ba MPH TOJIIIMHE CI0sl pacTBopa 1 1m.
a= oy, | C,
rae Oly; — YAE€IBHOE BPAIlEHHE IUIOCKOCTH MOJIAPH3aLUH
C — KOHILIEHTpaI1s BEIeCTBA

OLD20 - BenuuuHa npusBeneHa s D-nmuanu cnexrpa npu 20°C.



3aBUCUMOCTh YJIEIbHOT'O BPAILICHUS TJIOCKOCTH MOJIIPU3ALMU OT JJIMHBI BOJTHBI
CBETa HA3bIBAETCA TUCIIEPCUEN ONTUYECKOTO BPAIICHUS.
Jucnepcus ontuyeckoro BpaieHue noguunsercsa 3pdexry Korrona (puc.10)

N
A
b‘
Qyx
puc. 10.
Touka mepeceueHuss ¢ OChIO a0CIMCC HA3BIBACTCS JJIMHOM BOJIHBI HYJIEBOTO
BpallCHUS.

W3yuenue aucnepcun onTHYeckoro BpameHus, dddexra KorTrona, kpyroBoro
TUXpOU3Ma JaeT HHGOPMAIMIO O CTPYKTYpe, CTEPEOXUMUH, KOHPOPMAIIHIX OP-
TaHUYCCKUX BEIICCTB M KOOPAMHAITMOHHBIX COCTHHEHUH.

PenieHue THMOBBIX 3a/1a4

3anava 1.

OnpenenuTh yaeNbHOE BpaAIllEHUE IUJIOCKOCTH mosisipu3anuu  padGUHO3bI
C18H32046-5H,0, ecnu pactBop, comepxauuit 5 v paddunossr B 1000 mi, npu
JUTHHE TpyOKH 25 cM, BpalaeT MmiIoCKOCTh MoJspu3auu Bipaso Ha 1,3°
Pewenue.

[Toxcrasisist mpuBeICHHBIC JAHHBIE B YpaBHEHUE

_ol-C
1000 '’
noJry4yaem
a-2,55 1,3:1000-10
—_— == =104°=1.8 pan.
! 1000 ° 2,55 O Pall
3amaua 2.

VY nenpHOE BpallieHre MmI0cKoCcTH nojsipuszaruu HukotuHa CigHisN, s sxenToit
JMHUAU HaTpusl paBHO 162°. OnpenenuTs KOHIIEHTPAIMIO paCTBOPA HUKOTHUHA
(MoIB/1), KOTOPBIN B TpyOKe muHOM 10 cM BpaiaeTr mioCKoCTh MOJISIpU3aIiuu
BieBo Ha 0,52°.

Pewenue.

[ToxcraBmnsiem naHHbBIE 3a]1a4M B YPABHCHHE

ol-C _162:10-C 0,52:1000 _
=—, 052=—", C=——=10,321/100 MJI,

1000 1000 162:10

OTKyJia

0,32-10
M = ———= 0,020 mouns/x,

162



rae 162 - MoabHasa 10JIs1 HUKOTHHA.

3apaua 3.

[Ipu nocTpoeHnM rpaAyupoBOYHOTO Ipaduka AJiss BAHHOW KUCIOTHI ObLUIN MOy
YeHbI CIEAYIONINE JaHHBIE HA KIIMHOBOM MOJISIPUMETpE:

KonnenTpanus pactBOpoB BUHHOM KUCIIOTHI, % 10 20 30 40
IToxazanus noisipuMeTpa, MM 9,9 19,1 27,3 34,9

CKOJIbKO T BUHHOM KHCIIOTHI HaJI0 pacTBOPUTH B 250 MJI BOJIBI, YTOOBI OTCYET 10
HIKaJe MoJisipuMeTpa o6t 23,5 MM.
Pewenue.
Ctpoum rpadvk 3aBUCUMOCTH KOHIIGHTPAITUU BUHHON KUCIIOTHI (B %) OT OT-
cueTa rnokasaHui nossipumerpa: (puc.11)

N
o

N W W
o w;

N
o un

=
o wn

(2}

NokasaHue nonspumerpa,mm
o

10 20 30 40
C, %

puc. 11

Jom 23,5 mMm o rpaduky Haxonum C = 25,5% u paccunThIBa€M HABECKY BHH-
HOU
KHUCJIOTBI:

m-100 250-25,5
255 =——— =

; M=——"——=85,6r.
250+m 100-25,5

Bomnpocs! aj1s1 camonipoBepKu
Ha yeM O0CHOBaH NOJIIPUMETPUUECKUN METO/T aHan3a?

Yto moHuMaeTcs 10 BpallCHHUEM IINIOCKOCTH nonﬂpmaunn?
OnuumTe crocoObl MOJIYUICHUA NTOJIIPU30BAHHOI'O CBCTA.
YTto Takoe ONTHYECKasi aKTUBHOCTD BCIHGCTB?

y)leJ'IBHOG BpalICHHUC IJIOCKOCTH IOJIAPHU3ALHH.

o0k wWwNE

KakoBa 3aBHCHMMOCTBH YJEIBbHOIO BpAIICHUS IUIOCKOCTH MOJSPU3ALUUA OT
TeMnepaTypbl?

7. Onuumre cXemy pacroJIOKEHHUS MOJIApU3aTopa NpH MOISIPUMETPUYECKOM
aHanuse.



8. Kakue BUABI MONSPUMETPOB BbI 3HAETE?

9. Yrto moHUMAaETCs MOA ABJICHUEM «MyTapOTaLIUM»?

10.Kak n3meHsieTcs y1eIpHOE BpalleHUe IUIOCKOCTH MOJSpU3alii BO BpeMEHN?

11.Kak npoBoauTCS MNOJIIPUMETPUUECKUN aHAJIW3 ONTUYECKU AKTHBHBIX Be-
11ecTB?

12.IlpuMeHeHue MNOJIIPUMETPUUECKOrO METOJa aHallu3a, €ro OCOOCHHOCTH U
HEJOCTAaTKHU.

Yacrp 6. PeppakToMeTpruecKuii MeTOX aHAJIN3A.
B ocHoBe pedpakToMeTpruecKOro METOJIa aHallu3a JICKUT ONpeJeieHre MoKa-

3aTeisl IPEOMIIEHHsI CBETa Ha TPaHMIIE pa3zielia pa3IndHbIX CPE.
[IpenomMienue cBeTa Ha TpaHULE ABYX CPEN — 3TO U3MEHEHUE HAIIPABJICHHUS
Y CKOPOCTH PacIpOCTPaHEHUsI CBETOBOIO JIy4a IIPH MIEPEXO0IE€ U3 OAHOM CPEbl B

JPYTY?O.

cpema 1

cpema 2

Puc.12. TlpenomiieHue CBETOBOTO JIy4a Ha TPAHUILIE pa3feiia Cpes

[Tokazarenp npenomyieHUs N cpedsl 2 MO OTHOILICHHIO K cpenie 1 MOXKHO BbIpa-
3UTh KaK OTHOIIICHHE CHUHYyCA yrja MaJieHus o K CHHYCY yIja MpeioMiieHus 3
CBCTOBOI'O JIy4a. Taxxe OTHOCUTEIBHBIM MOKa3aTelb IMPCIOMJICHUA MOXKCT OBITH
BBIPAXKEH KaK OTHOIIIEHUE CKOPOCTEH cBeTa V B cpeaax 1 u 2:
sina 12
n= sinf v_z
Ha BCIIMYMHY IMOKa3aTCJIAA IMPCIOMIICHUA BIUAIOT IpUpPOAa BEIICCTBA, JJIMHA

BOJIHBI CBETA, TEMIIEPATYpa U KOHLEHTpauus (11 pacTBOpoB). ITpu npouux no-
CTOSIHHBIX YCJIOBUSIX MOKAa3aTellb MPEJIOMIIEHHUS JIMHEMHO 3aBUCUT OT KOHIICH-
TpaLuu:

n,=n’+F- o,
rae N, — IoKa3aTellb MPEJIOMIICHUS pacTBOpa;
n® — moKasaresb MPENOMICHHS PACTBOPUTEIIS;
F — ananutuueckuii peppakromerpudeckuit hpakTop;

® — MaccoBas J0JisI BelllecTBa B pacTBope, %o.



I/I3MepeHHe MoKa3aTcjrsl MPCIIOMJICHHA MOKHO HMCIIOJIB30BAThb B KAYCCTBCHHOM
AHAJIN3¢C 1A I/I,ZIGHTI/I(bI/IKaIII/II/I HWHANBUAYAJIbHBIX BCIICCTB, a4 TAKIKC B KOJIMYCCT-
BCHHOM aHaiu3e. B KOJIMYECTBEHHOM aHaJIN3e HCIIOJIB3YIOT 3aBUCHUMOCTD ITOKaA-
3aTCJIA IIPCIIOMIICHUA OT KOHICHTPAIINH BCUICCTBA B PACTBOPC. Hamnqune pe-
3yJIbTAaTbl C HCIIOJIB30BAHUCM 9TOM 3aBHUCUMOCTH IMOJIY4AarOTCA IIPpHU aHAJIN3C
ABYXKOMIIOHCHTHBIX CHUCTCM. I[J'IH 0oJiee CIOKHBIX OOBEKTOB aHaIM3a MCIIOJIb-
3YIOT Pa3JIMYHBIC SMIIMPUICCKHUC YPABHCHHA.

Penienue THIOBBIX 32124
3agaua 1.
Berauciuth MOJIApHYIO SKCTPAKIIMIO YETHIPEXXJIOPUCTOTO YIJIepoia, €CIu I0-

Ka3aTesb MPeIOMIICHUS np’’= 1,4603, a IIOTHOCTH d420 =1,6040. CpaBHUTH
HalJICHHYIO pe(paKkifio ¢ BHIYUCICHHOMN O TabIMIlaM aTOMHBIX pepakiuii u
pedpakiumii cBsI3el.

Pewenue.

Brraucisem MosibHYIO pedpaKkIluio:

n—-1 M

n2+2 d

HOI[CTaBHHeM IPUBCACHHBIC B 3a/1a4C BCJIMYMNHBI:

1,4603% — 1 154

R= 146037+ 2 16040
[To Tabmuiiam atomubIx pedpakiuii (cM. CripaBouHuK xumuka, T. 1. - 2e usm.
nepepad. u gom. - M.-JI: ['ocxumuznar, 1965) nHaxogum pedpaxkiuu s yrie-
pona
Rc = 2,418 u nys xmmopa Re) = 5,967. CrienoBartenbsHo,
Rccis = Re +4Rc = 2,418+ 4-5,967 = 26,29.
[To Tabnmunam pedpaxiuii cBsi3u HaxoauM pedpaxiuto csizu C-Cl, koTtopas

= 26,28

paBHa 6,51, 1 BeIYMUCIISIEM

Rccia= 4Rc.c1 =4-6,51=26,04.

CX0MMOCTh Pe3yJIbTATOB BIIOJIHE YAOBJIECTBOPUTEILHAS.

3agaua 2.

Jlns ompeneneHus cocTaBa BOJHO-AIETOHOBBIX PACTBOPOB OBLINM OIpE/ICTISHbI
MOKa3aTesy MPEIOMIICHUS! CTaHIapTHBIX PACTBOPOB:

Conepxanue anerona, % 10 20 30 40 50

[Tokazarens npenomiienus 1,3340 1,3410 1,3485 1,3550 1,3610

[TocTpouTh rpaayupoOBOYHBIN TpaduK ISl ONPEACIICHUS alleTOHA, BBIBECTH
YpaBHEHHUE 3aBUCHUMOCTH TOKa3aTeNsl MPEIOMIICHUSI OT KOHIIEHTpAIUU OIpeie-



JUTH 10 TpaduKy U YpaBHEHUIO COJEPIKAHHE alleTOHA B PACTBOPE, MOKA3aTEIh
npesomiienus: kotoporo 1,3500.
Pewenue.

Crtpoum rpaduk 3aBUCUMOCTH MTOKA3aTelIs MPEIOMIICHUS OT KOHIIEHTPAIUU
(puc.13)

1,365
1,36 A

1,355 /
1,35 ~

1,345
1,34

1335 = al
1,33

1,325
1,32

NOKa3aTe/ib NnpenomneHus, n

10 20 30 40 50
C, %

Puc. 13 I'pagynpoBoUHast XapaKTEPUCTUKA K 3a1a4e 2

YpaBHEHHE KaTHOPOBOYHOTO rpaduKa ompeaesisieM METOI0M H30paHHBIX TOYEK.
Jlst 3TOrO0 BHIOMpPAaEM Ha MPSAMOM TOUYKH: 711 KoHUEeHTpauuu 15% n= 1,3379

u 17151 koHueHtpauu 45% n=1,3580. CocraBisiemM qBa ypaBHEHHUS:

1,3580 = A+B-45

1,3379 = A+B-15

Peraem 9t ypaBHeHus u moxydaem A=1,3279; B=6,7-10"

CrnenoBaTenbHO, HICKOMOE YpaBHEHHE UMEET BU:

n=1,3279+ 6,7 10* -C.

[To rpagupoBoyHOMY TpadUKy HaXOIUM, 4TO MOoKazaTento mpeaomieHus 1,3500
cooTBeTcTBYET KOHIEeHTpauus 33%. [loncraBuB 3HaueHne nmokasarTess Mpeaom-

JeHus B ypaBHeHHE, moaydaeM: 1,3500=1,3279+6,7 10'4~C,

1,3500 —1,3279
orkyma C = = 33%.
ya 6,7-10~%

Bonpocsl 17151 camonpoBepKu
1. Yro Takoe pedpaxius’?

2. Kak onenuBaetcs npenomienue (pedpakums) ceera? OT 4ero 3aBUCHT ITOKa-
3aTelb NPEIOMIICHUS?

3. Uto nmoHuMaeTcs 1oj; a0COTIOTHBIM M OTHOCUTEIBHBIM MOKa3aTesieM MpeoM-
JeHus cpera’?

4. BnusiHue TeMrieparypbl K KOHIIEHTpAIlMU PacTBOpa Ha BEJIMYMHY MOKa3aTesl
MPEJIOMJICHUS CBETA.



5. JlaiiTe NOHATHE JUCIIEPCUU BEUIECTBA, UTO CITy>)KUT MEpOil 1ucrepcun’?

6. MonexynsipHas pedpakius U €€ MAaTEMaTUYECKOE BbIPAKEHHE.

7. Yro Takoe yaenbHas pedpakiusa? Kak oHa cBA3aHa ¢ MOJIEKYJIApHOU pedpak-
1105(5)% ¥4

8. Marematndeckoe BEIpaKEHUE YACIbHOM pedpakiiny BEIIeCTBA.

9. Uto moHuUMaeTCs MoJ aJATuTUBHOCTBIO MOJIEKYIsipHOM pedpakumu? Ee mpax-
TAYECKOE UCIIOJIb30BAHHUE.

10.Kak rpaduuecku BbIpaxaeTcs 3aBUCHUMOCTh TOKa3aTess MPENIOMIICHUS OT
KOHLIEHTpaluu BenecTna’?

11.Kak naeHTHQUIMPYIOT BEIIECTBA C IOMOIIBIO MTOKa3aTeNs IPETOMIICHUS ?
12.Kakue npubopsl Ha3bIBatOT pedpakToMeTpamu?

13. Tlpuniun paboTsl Ha pedpakromeTpe NPD-22

14.IlpakTnyeckoe NpUMEHEHHE pe(pakTOMETPUUYECKOTO aHaIK3a, ero 0COOEH-
HOCTH 110 CPABHEHUIO C APYTUMU METOIAMH HHCTPYMEHTAIBHOTO aHAIN3A.

Yacre 7. XpomaTorpaguyecknii METO AHAIU3A

B 1903 r M.C. 1IBeT BrepBbIe M3JI0KUI MPUHIIUAIBI XpoMaTorpaduu ( rped. «
XpPOMO» - LIBET, «Tpadoy - MUIILYy) U co37al METO pa3/eIeHUs TUTMEHTOB 3€J1&-
HBIX PaCTCHUM.

Xpomarorpaguyeckuii METOJl TMO3BOJSET pa3AeiisiTh U aHAJIU3UPOBATH
CJIOKHBIE CMecH. Pa3yiesieHre BelecTB MPOUCXOAUT 3a CUET pazInuHOM aJcop-
OMpPYyEeMOCTH KOMIIOHEHTOB CMECH.

Xpomatorpadust — 3TO TMHAMUYECKHI MPOIECC, TPOUCXOISIINUNA B CUCTEME
13 ABYX HECMEIIMBAIOMUXCs (a3, 0JlHa U3 KOTOPBIX IMOJIBUKHAs, Ipyrast HEMmo/I-
BwkHas. [TogBmwkHoN (a3zoii MoKeT ObITh MO0 ra3, MO0 KUIKOCTh, a HEMO/I-
BIDKHOM — TBEP/I0€ BEIIECTBO MJIM TOHKAs TJIEHKA YKUAKOCTH, acOPOUPOBAHHOM
Ha TBEPAOM TEIIE.

Knaccudpuxkauus xpomarorpaguyeckux MeTo10B
1) no aepecamuomy cocmosiHuio NOOBUNCHOU azbl
- razoBas xpomarorpadus (I'X)
- )kuakocTtHas xpomartorpadpus (KX)
2) no eeomempuu C10s1 HENOOBUICHOU (Pa3bl
- KOJIOHOYHAas
- IJTOCKOCIOMHas (ObIBaeT OymMakHasi U TOHKOCIIOHA)
XpomaTorpapudeckuii mporecc MOKHO MPEACTaBUTH TaK:



yg 2x

KosoHKa, 3anonHeHHas
TBEPAbIM COPHEHTOM

UYepes HEE mpoTeKaeT NOTOK KUIKOCTU. BemecTBo X, pacTBOPEHHOE B KU~

KOCTH, TMEPEMEIAeTCs] BMECTE C HEI0, HO B TOXKE BpeMs MUMEET TEHICHIIUIO
YIEPKUBATHCS HA TTIOBEPXHOCTH TBEPAOTO COPOEHTA 3a CUET aJCOPOLIMH, HOHHO-
ro oomena u np. Kaxnas Mosexkyna X 4yacTb BpEMEHHU JIBUKETCS, a 4acTh Bpe-
MEHH yJIepKUBAETCS HETIOABUKHOMN (a3oil.

Bo03MOXXHOCTB pa3jiesieHus JBYX PaCcTBOPEHHBIX BElECTB X U Y 00yclioBie-
Ha pa3lIMuyueM HX CpPOJCTBA K 00euM (pazam, T.e. OHO U3 HUX OOJBIUIYIO YacCTh
BPEMEHU HAXOJUTCS B MOJABWXHOU (haze, MOAITOMY OBICTpEE IOCTUTAET KOHIA

KOJIOHKH.
poo s
nm
rae k'’ — ko> puuuent u3BneyeHus
ng

— OTHOIIEHHE KOJIMYECTBA MOJICH BELIECTBA B HEMOABILKHON (haze K KO-
ny

JUYCCTBY MOJICH BEIeCTBa B IOABMXKHON (haze
KosddurmeHT u3BneyeHus, XapakTepru3yeT CTCICHb yIePKUBAaHUS BEILIECTBA.
CrerneHp pa3jielieHus IBYX BEIIESCTB MOYKHO BBIPA3UTh Yepe3 KOIDPHUITUCHT
pasaeneHus (o):

k>
T
rae
k%, — xo>bduuuenT u3BIeUEHNS BTOPOTO BELIECTBA,

k7 - xo>dduument ussneueHus nepBoro BeUeCTBa

[TomenEHHbIA HA BBIXOJIE M3 KOJOHKH JCTEKTOpP PETUCTPUPYET, a CaAMOIIHCEI
(bUKCUpPYET CUTHAJIBI IETEKTOpa



CUrHan
AETEKTOPA

Puc. 14. Curnansl neTekTopa.

Ha puc.14 npuBeneHa xpomaTorpamma 4YeThIPEXKOMIIOHEHTHON cmecu. [lmo-
a/1b KaX10r0 MKMKa NPONOpLUHOHATbHA MACCOBOM J10JIE KOMIIOHEHTA B CMECH.
PemieHne THNIOBBLIX 3aa4

3apauva 1.

OHpCIIeJII/ITB HpOHGHTHBII?I COCTaB KOMIIOHEHTOB Ira30BOM CMECH 110 CICAYIOIINM
JaHHBIM:

KomnonenTsl cmecu S, MM? K

[Tpoman 175 0,68
byran 203 0,68
IlenTan 182 0,69
[uxaorekcan 35 0,85

Pewenue.
PacdeTsl mpoBOAAT 1O METOAY BHYTPEHHEH HOpMAJIU3alMH, COTJIACHO KOTOPOMY

i= o——
i1 STk
21_1 ]k]

100,

['ne P; — BecoBo# % i — TOr0 KOMIIOHEHTA B CMECH,

S; — IIomaab NuKa [ — Toro KOMIOHEHTa,

k; — monpaBouHBI KOIPPUITUEHT, ONIPEACIISIEMbIN YyBCTBUTEIHLHOCTHIO IETEK-
Topa

xpoMarorpada K -ToMy KOMIOHEHTY.

HaitneM npuBeIeHHYI0 CYMMapHYO IUIOLIAAb ITUKOB:

4
z S].kj =1750,68 + 203 0,68 + 182 0,69 + 35 0,85 = 412,9.

j=1

OTCIO)Ia IMPOOCHTHOC COACPIKAHUC ITPpOIIaHa:
175 - 0,68

PnponaHa = W - 100 = 28,8%

AHanoru4Ho HaXOJAT COACPIKAHUC OCTAJIbHBIX KOMIIOHCHTOB.



3amaua 2.
K 100,0 mi1 0,1 u pacTBOpa COJSHOM KHCIOTHI J00aBuiIu St karuonura B Na* -

dopme. Tlocne ycraHoBieHHsT paBHOBECHS KOHIIEHTpAIMs BOJOPOAHBIX MOHOB
ymenbiniach A0 0,015 H. OnpeaenuTs cTaTHUECKYI0 OOMEHHYIO €MKOCTh Ka-
TUOHMTA IO HOHAM BOJOPOJIA.

Pewenue.

OnpenenﬂeM YHUCJIO MOKB H+, aI[COP6I/IpOBaHHLIX KaTHUOHUTOM:
~ (Cucx = Cpasw) *V (0,1 —10,015)- 100

1000 1000 = 8,5 M3KB.
CTaTI/IquKaﬂ 06MeHHaH CMKOCTH paBHa
n 85
Sm = P= T = 1,7 M3KB/T.

3anaua 3.

Jns onpeneneHus TMHAMUYECKOW €MKOCTH KaTMOHWUTA YEPE3 KOJIOHKY, COJIEep-
)Kamyto St katmonuta, npomyctrwin S00mit 0,05 H pactBopa kansuus. [Ipu om-
peneneHun Kanblusa B GuibTpaTa B mopuusix mo SOmMia ObLIM MOJMYYEHBI Clie-
nyromue 3HadeHus: konuentpauuu: 0,003: 0,008; 0,015; 0,025; 0,040; 0,050 u
0,050.

Pewenue.

OmnpenensieM YUCIO MIKB KaJIbIUsl, IOTJIOMEHHBIX U3 KaXI0W MOPIHUH PUIbT-
pata o popmyre:

_ (CI/ICX_CpaBH) 'V_
n = ’

1000
0,050-0,003)-50
1. ( L 2,35 MIKB.
1000
0,050-0,008)-50
2. ( )50 _ 2.10 M3KB.
1000
0,050-0,015)-50
3. ( L 1,75 M3KB.
1000
0,050-0,025)-50
4.( ) = 1,25 M3KB.
1000
0,050—0,040)-50
5 ¢ 230~ 0,50 MoKE.
1000
0,050—0,050)-50
6.( ) = 0,00 M2KB.
1000

Bcero norjionieHo KaTHOHUTOM:
n=235+2,10+1,75+ 1,25+ 0,50 + 0,00 = 7,95 M3KB.

Onpe):[enﬂeM JANHAMHWYCCKYIO CMKOCTb:

n_7,95_159
p_ =1L M3KB/T.

m



Bonpocekl 17151 caMONIpoOBEpPKHM.
1. CyurHocTh MeTOIa XpoMaTorpaduyecKoro aHajanu3a u ero MpeuMyIecTna.

2.Kak knaccuguuupyroTcst METOIbI XpOMAaTOorpaduu 1Mo arperaTHOMY
COCTOSIHUIO (ha3 U MO0 METOJUKE MPOBEACHUS IKCIIepuMeHTa?

3.B dem cymHOCTh MeTOa HOHOOOMEHHOU XpoMaTtorpadun?

4. Yto Ha3biBaeTcs noHUTaMHu? Ha30BUTE OCHOBHBIE TUIIBI HOHUTOB.

5. Uto nmormmaeTcs ot OOMEHHOW €MKOCThIO HOHHUTA?

6. UeM ompenensieTcss XuMu4eckasi CTOMKOCTh copOeHTa B Xpomarorpadusix?
7. Kak npoucxoauT npolecc perenepaun HOHUTOB? OCHOBHBIE PEAKIIUU, TIPO-
TEKaroIIKe NP pereHepalud HOHUTOB?

8. IlosicHUTE CYITHOCTh METOIa 0CAOYHON XpoMaTorpaduu.

9. Ha yem 0CHOBaH KaueCTBEHHBIN aHAJIU3 METOAAMU OCAJIOYHOM U pacrpene-
JUTEILHON XpoMartorpaduu Ha Oymare?

10. BeixogHast kpuasi copO1uu, ee rpaguueckoe nzo0paxenue. [lpumenenue
JUTSL KOJIMYECTBEHHOT'O OMPEIETIEHUSI EMKOCTHU MOTJIOIIECHHUS.

11.Koaddunment paznenenus u kodhGUIMEHT pacrpeaeseHusl.
12.loHoOOMEHHbBIE PaBHOBECHS U KOHCTAHTa HOHHOT'O OOMEHa.

13. T'a30Bas U ra30-XKUJIKOCTHasI XpoMaTorpadus, X NpEeuMyIecTBa U HEJI0C-
TaTKH.

14.Yt0 Ha3pIBaeTCS XpOMaTOIPAMMOM?

15.Kak npoucxoaut pacim@poBka NMKOB Ha XpomMaTorpamme?

16. Kakue MeToAbI KOMTMYECTBEHHOTO OMPEAECICHNUS] KOMIIOHEHTOB Ia30BOM CMe-
CH BBI 3HaeTe?

17. Ha yeM OCHOBaH METO]l BHYTPEHHE HOpMAJIU3aLUN?

18. KakoBbl 0651acTH TPUMEHEHUST XpoMaTOorpaduyecKux METOI0B aHaIn3a?

KOHTPOJIBHBIE 3AJTAHUSA
1. nsa ompenenenus mapranna B crtainu u3 HaBecku 0,0602 r mocie COOTBETCT-

Bytomieir 06pabotku nomyumnu 50,0mi pactBopa KMnO,. OTHOCHTENBHAS ONTH-
yecKasl INIOTHOCTh 3TOT0 PAacTBOPa, U3MEPEHHAs! 110 OTHOLIECHUIO K pacTBOpPY CpaB-
nenus (10,0 mu pactBopa KMnO, 8 50,0 mu Bomsr ¢ Tgmno, = 0,00126 r/mur)
okazaniochk paBHOU 0,60. OTHOCUTENIbHBIE ONTUYECKUE TJIOTHOCTH YETHIPEX CTAH-
JAPTHBIX pacTBOPOB, coaepxkanmx B 50,0mi 5,0,7,0,8,0 u 9,0mn pactBopa KMnO,,
WU3MEPEHHBIE 1T0 OTHOLICHUIO K TOMY K€ PacTBOPY CPaBHEHMS, OKa3aJIUCh COOTBET-
ctBeHHO paBHbiMU: 1,019, 0,72, 0,49,0,25. [TocTpouTh rpagynpoOBOYHbIN rpaduk B
KOOpJIMHATaX ONTHUYECKasl MJIOTHOCTh — KOHLIEHTpalUsi MapraHiia U ONpeIeiuTh
coJiep>kanue Mapranna B ctaiu. Otsert: 5,46%



2. Jlnsg mocTpoeHus: TPaJayupOBOYHOTO rpaduKa MpU ONMpPeIeICHUA HUKES OTO-
opamu 2,5; 5,0; 7,5; 10,0; 12,5; 15,0m1 0,0125 1 pactBopa NiCl, u pa3basuiu Bo-
ot 1o 100,0mi. OTKJIOHEHHE MO IMIKaJe ralbBaHOMETPA HA OJHOIY4eBOM (HOTO-
AIIEKTPOKOJIIOPUMETPE ISl HYJIEBOTO pacTBopa coctaBmiio 80 meneHuil, a sl yka-
3aHHBIX PacTBOpoB 72,5; 64,5; 59,0; 62,5; 47,0; 42,5 neneHuss COOTBETCTBEHHO.
Hagecky cranu 0,5000r pactBopuiu u nocie pazdaBunu Bogoi 10 50,0mit. OTkIi0-
HEHHE T10 IIKajle TajlbBaHOMETpa ISl MOJyYEHHOTO OKPAIICHHOTO PacTBOpa IMpH
TE€X K€ YCJIOBHUSX COCTaBWJIO 55,5 nenenusi. OnpeaenauTh COJCpKaHUE HUKES B
ctanu (8%).

3. Jlna ompeneneHus kene3a B cTouHor Boje u3 100,0mit BogbI mociie yrnapu-
BaHUsI U 00paboOTKU O-(heHaTPOIMHOM ObUIO MONyd4eHO 25,0 M OKpaIIeHHOTO
pactBopa. Onrtuueckas IUIOTHOCTh 3TOTO PacTBOpa MPH TOJIIHUHE MOTJIOINIAK0-
miero cinost lem paBua 0,45. OnpenenuTs COAECpKAHUE KeJle3a B CTOYHOM BOJIE
(Mr/1t), ecau MOJISIpHBIN KOA(DPUIIMEHT MOTJIOMICHHUSI 3TOTO OKPAIIEHHOTO CO-
enunenns pased 1100. Otsert: 23,52 mr/m.

4. Hagecky cramu 0,0532r pacTBopusid B KUCIOTE, 00padOTaIM ITUITUIIU-
THOKapOamaToM U goBesn 00beM pactBopa g0 100,0mi. PactBop doTokonopu-
METPUPOBAJIM NPH JUIMHAX BOJH 328HM M 368HM B KIOBETE C TOJIIUHOM IOTJI0-
HIAIOIIETO CJIO0SI 2CM. MPU 3TOM MOJYUHIIM CIEIYIONIUE pe3yJbTaThl: A =328HM
A=0,67; Onpeaenutb couepxaHue HUKEIS U KobanbTa B cTainu (B%), €Ciu Mpu
328aM MomsipHBIA KO3 dunneHT Hukens(€ey;) paBeH 35210; MonspHbIA K03 -
dbunment kobanbTa (€c,)paBeH 3910; a mpu A=368um &y;=21820 &-,=14340.
Otsert: Cy;=0,10%; C,=0,85%.

5. PaccuuTaTh KOHLEHTPALMIO pacTBopa (Mr/mi), copepsxamero Fet3 no cie-
OYIOIIMM JaHHBIM U ycioBusiM goromerpupoBanus. K 1,0mi pactBopa 106aB-
JIEH alleTOH, PacTBOp pojaHuga aMMoHus U Boaa 10 100,0mu. @oToMeTpupoBa-
HU€ MPOBOJIUIIOCH B KIOBETE C TOJIIMHOW MOTJOMIAIOUIEro ciog 2cMm. Ontude-
CKasl TUIOTHOCTh OKpalieHHOro pacTBopa paBusuiachk 0,75 (mpu A=480uM). Mo-
JspHBIA KO3 PuimenT nornoueHus cocrasiuser 14000.

Otser: 0,15mr/mi.

6. MomspHblii K03(PHUITMEHT TOTIOMEHNUS] KOMIUIEKCA UHIUS C MTUPOKATEX -
HOBBIM (rosieToBbIM paBeH 35900 npu nnuue BoiHBI 630HM. OnpeneauTs co-
JepkaHue UHIUs B pacTtBope (T/11), €CJIM OTHOCUTEIIbHAS ONTHYECKAs TIJIOTHOCTh
HCCIIEyeMOTO pacTBOpa, U3MEPEHHAs! B KIOBETE | CM O OTHOIIIEHUIO K PacTBO-
Py CpaBHEHHS, OKa3anach paBHou 0,45.

Ortser: 5,45 1073 r/n.

7. OnpenenuTh MOJSPHBIA KOAP(GULIHUEHT MOTJIOLIEHUSI XpoMaTa Kallus, ecliv
OTHOCUTENbHAs ONTHYECKas MIOTHOCTH 2,65 1073 wmons/n pactBopa K,Cr0,



u3MepeHHass npu A=372,5 HM B KioBeTe 2,3 MM IO OTHOIIECHUIO K PacTBOPY
cpaBHeHus, cogepxkamemy 1+ 1073 mons/n K, Cr0, okazanack pasHoii 1,38.
OtBer: 3637.

8. HaiiTu onTUMaNbHYIO TOJNIIMHY MOTJIOMIAOIIETO CI0s 17151 (HOTOMETPHPOBa-
HUS OKPAIICHHOTO pacTBOpa COJH jKejie3a C MOJSPHBIM KOA(h(UIIMEHTOM I10-
TJIOMIEHUS O yaxe, PAaBHBIM 4000 Mpu KOHIIEHTpALUK kejne3a 2MT B 50 MII. ONTH-
MaJIbHOE€ 3HAYEHUE ONTUYECKOM MI0THOCTH paBHO 0,43.

9. Ilpu onpenenenuy Mapranua konuentpanuu 2,0 107> Moiw/1 B Buje mep-
MaHraHaTa ONTHYECKas INIOTHOCTh paBHsutach 0,15. M3mepsiin e€ pu A=525 um
B KIOBETE C TOJIIMHOW MOTJIOIIAKOLIErO CJIOSA 3 CM. BBIUHUCINTG MOJISIPHBINA KO-
3G GULIMEHT MOTJIONIEHUS UCCIIelyeEMOTO pacTBOpa.

10. Omnruyeckas TUIOTHOCTH CyJb(ocaldlniaTa >Keje3a H3MEpEeHHas Ipu
A=433 HM B KIOBETE C TOJIIUHOM cjos 2 cM, paBHO 0,15. J{ns peakiuu B3sTo 4,0
i 5,82 10™* moms/n pactBopa xkeine3a u goseneHo A0 50,0 miu. Beranciauth
3HAQYEHUE MOJIIPHOTO KO3(PUIIMEHTa MOTJIOMIEHUS MOJYyYeHHOIO0 pacTBOpa Mpu
A=433 um. OtBer: 1560.

11. Omnpenenuth KOHCTAHTY AHMCcoOLMAnUU (oToMeTpuueckoro pearenta HR |
eciu nipu pH 6,35 ontuueckasi MIOTHOCTH €ro pactBopa paBHa 0,36; a npu pH
ONTHUYECKHE MIIOTHOCTH paBHBI cooTBeTCTBEHHO 0,89 1 0,03.

12. BblYucianTh MOJSPHBIA KOA(MGHUIMEHT MOTJIOMCHUS MEIH, €CJIM ONTHYeCKas
IUIOTHOCTh pacTBopa, coaepxaiiero 0,24 mr meau B 250Mi1, Ipy TOJLIMHE MOIJIO-
HIaroLero cios 2cM pasHa 0,14.

OtBet: 4650.

13. PaccunTaTh KaXxXylyrocss KOHCTAaHTY IUCCOIMAIMU (POTOMETPHUUECKOTO pea-
reHTa HR 1 MonsipHbIii K03 PUIIMEHT NOTIOLEHUs €ro COlIeBOM POpMBI B yc-
JIOBUSIX, KOTAa MOJIEKyJisipHas (opMma He morjomaet. KoHIeHTpamnus peareHTa
2,00 10™* Monb/11. 3HaYeHNHE ONTUYECKOH MIOTHOCTH PACTBOPOB, H3MEPEHHBIE B
ktoBeTe ¢ TommuuHoi 1 cm, mpu pH 7,32 (Cy,=4,76- 1078 mons/n) u pH 7,75
(Cy4+=1,78- 10~8 monn/n) paBusl cootsercTBeHHO 0,76 U 0,99,

Orset: K,..= 9,38 1078, £=5960.

14. PaccuurtaTh KaXXyIIylOCS KOHCTaHTY JMCCOLMAIIMHM BOJOPOAA OKCHJIHOMN
rpynnsl HUTPo30 — R-comm mo cneayrommmM ganHbM. OnTrdeckas MIOTHOCTH
pacTBopa pearcHTa, HaXOJSIIEroCs MOJHOCTBIO B MOJICKYJIIPHOH M COJICBOM
dbopmax, paBHbl cootBeTcTBeHHO 0,02 1 0,70.

15. OcHOBHOW KpacuTeNh MaJIaXUTOBBIN 3elieHbI B OydepHoM pactBope ¢ pH
7,5 moxazan ontudeckyro miotHocTs A=0,08. IIpu pH 5,3 A=0,43. Paccuurath
YCJIOBHYIO KOHCTAHTY JAMCCOIMAIIMH KPACHUTEIIS.

Orset: K,..=6,9- 107°.



16. BeruaucauTh MOTEHIMAT XUHTHAPOHHOTO 3JIEKTpoaa B pactBope ¢ pH =5,7
OTHOCHUTEJILHOTO KasioMenbHOro 3jiekTpoja ( 0.1 1 HKD) mpu 18 C.
17. DnexTpoaBuKyIIas cujia dIeMEHTa

Ag| AgCI(0.1 1 HCI) || mac. pactop Ni(OH),|Ni

IIpu 20 C paBna 0,659 B. OnpeaenuTs MpOU3BEAECHUE PACTBOPUMOCTH
(ITP) ruapokcua HUKEIIS.

Ortser: 5,2- 10717
18. Pa3HOCTH MOTEHITMATIOB MEXKIY BOJOPOIHBIM 3JIEKTPOJIOM M HACHIIEHHBIM
KQJIOMEJIbHBIM 3JIEKTPOJIOM, TMOTPYKEHHBIM B KHUCJBIA PacTBOpP, COCTABISET
0,435 B ipu 25 rpanycos nio Lenbcuro. Onpenenuts pH pacTBopa.
OrtBer: 3,3.
19. U3 masecku 0,6000 r criaBa TMTaH nepesenu B Ti0%t u orrurposamu 0,1 1
pactBopom CrCl,

TiO?*+ Cr?t+ 2H - Tid3t+ Cr3t +H,0

BoluuciuTh nporeHTHoe cojiepKaHue TUTaHA B CIUIaBE MO CJEAYIOIIUM
pe3yibTaTaM NOTEHIIMAIBHOTO TUTPOBAHMUS:

Verer 2,0 10,0 18,0 19,8 20,0 20,2 22,0

MJI

E, | 0,159 0,100 0,041 -0,018 |-0,155 |-0,292 |-0,351
B

OtBet: 15,97%
20. CocTaBieH TaIbBAaHUYECKUH AJIEMEHT M3 BOJOPOIHOTO M HOPMAJILHOTO Ka-

JOMENBHOTO 3eKTpoaoB. DJIC ransBaHnueckoro 3neMenTa npu 30 rpagycax no
Henbcuto paBHa 0,506B. Beruucnuts pH, pOH, ay, u agy_ pactBopa B BOJIO-
POIHOM BJIEKTPOJE.
21. PaccuuTarh MOTEHIMAT CTSKJISTHHOTO 3JIeKTpoaa B pactBope mpu pH 5,0 mo
OTHOIIEHUIO K XJIOpCEpeOpsTHOMY AJIEKTpoAy. E° CTEeKISIHHOTO aJeKTpoja TMpu
20°C pasen +0,358 B, E°xnopcepebpsiHoro snexrpoaa npu 20°C pasen +0,201B
Orger: —0,133B.
22. OmnpeaenuTh aKTUBHOCTh HOHOB Meu, eciiu DJIC nenu

CulCu?* (a;=x)|| Cu?*(a,=1)| Cunpu T=298 K pasna 0,088 B.
Orer:0,0013.

23. Omnpeaenuth DJIC ranbBaHHYECKOIO 3JICMCHTA

Ni[[NiSO,|| CuSO4| Cu|

C=0,025M  0,05M
ITpu T=298 K, ecnu HOpMaJIbHBIE 3JEKTPOIHBIE MOTEHIMANBI TPU 3aJaHHOW TEM-
nepaType paBHbI E%uci’ =0,768 B, E%\ini®” = —0,230 B.




24. HamummuTte ypaBHEHUS PEaKIMH, MPOTEKAIONMX B TaJIbBAHUYECKOM dJie-
meHTe ZNn|ZnSO4|AgNO;||Ag, u ompemenure KOHCTAHTY paBHOBecust K, mpu
temneparype 289K. HopmanbsHbie NOTEHIIMANBI IPY JAHHOW TEMIIEPATYpE:
E%zn”" = —0,760B; E%gag+ = 0,799 B.
Otser: K,= 1,202- 10°3,
25. Beraucnute DJ]C sneMenTa, TOCTPOSHHOTO U3 CISAYIONTUX Mmap:

1) Zn|Zn?* (0,001 mons/n)||Cu?* (0,1 mons/m)|Cu

2) AlJAL3* (0,05 moms/m)||Agt (0,1 mons/m)|Ag

Otsert: 1) 1,158 B; 2) 2,396 B
26. PaccumTarh cTaHAapTHBIN JICKTPOIHBIN OTEHITHAN Ioy3ieMenTa Ag, Agl
(tB)| Kl @;_=1 mo manHbBIM 0 TIPOU3BEICHUN PACTBOPUMOCTH Agl 1 HOpMaTLHOM
3JIEKTpOHHOM ToTeHnuaie AglAg*
27. Tlo manueimM DJIC anementa Cd|Cdl,||Agl (TB) |Ag| pu 298K ompenenuth
aKTMBHOCTB HOUAa Kaamus B pacteope (E=0,286 B) Orset: 6- 1072
28. PaccunTath KOHCTAHTY PAaBHOBECHS CIICAYIOIIUX PEAKIUN
(mpu [H*]= 0,1 r- 5kB/1):

a) 2Mn0, + 10HNO,+2H,0 < 2Mn?** + 10NO; 4H*

0)2Ti%t+ Sn*t « 2Ti3* +5n2*
Orsert: a) 1- 10° % 6) 5,410
29. DnexTpoaBmwKyIIas cuia DieMenTa Sikoou - JlaHuensi, B KOTOPOM KOHIICH-
Tpaluyd HOHOB MEIU U LIMHKA oanHaKkoBbl, pu 18° C paBHa 1,100 B. Brrunc-
muth IJIC uern, B KoTopoii koHrerTpamust Cu’* pasua 0,5000mH, a Zn®* —
0,5000m.
30. BpruucauTh NOTEHIMAN ATIOMUHHUEBOTO JIEKTPO/Ia B pACTBOPE, COACPIKa-
meM 13,85 1 xnopuna amomunusg B 500 M1 pacTBOpa, OTHOCUTEIBLHO BOJOPO/I-
HOT'0 M HACBHIILIEHHOTO KajJoMebHOTo 3jekTpoa npu 30°C.
Otser: -1,674 B; 1,914 B.
31. Comportusnenue 0,1H pacTBOpa XJIOopHaa HATPHUS B STUYCHKE C AINEKTPOAAMU
mmomaaeio 1,500 cm? u paccrosinuem mexay Humu 0,75 cM paBHo 46,8 Owm.
OnpenenuTs yIeIbHYIO U SKBUBAJICHTHYIO 3JIEKTPONPOBOAHOCTD XJIOpUAA Ha-
TpHs.
32. JIBa snextpona romaasio mo 4,00 cm? omymieHsl B 20% pacTBop XJiopuia
Kayblusl Ha pacctosinuu 0,65 cM npyr ot apyra. K HUM npuioskeHa pa3HOCTb
noteHuuanos 0,565 B. Onpenenuts cuily TOKa B LIETH.
Otger: 1,59 107 A,
33. IIpu tutpoBanuu 25,0 Mi1 cMecu cosistHOM U ykeycHoi kucioT 0,105 H pac-
TBOPOM €/IKOTO HaTpa MOJyYEHbI CAEAYIOIINE MOKa3aHUs 10 IIKaJIe BHICOKOYAC-
TOTHOTO Ipudopa:



Ob6beM 2 |4 |5 |6 |7 |8 |9 |11 |13 |15 |16 (17 |18 |19
0,105 u

NaOH cm®

[Toxazanms | 62 |51 |37 |32 |28 |21 |23 |26 (31 (37 |37 |44 |56 |68
npudopa

OnpenenuTh KOHLIEHTPAIUIO 3TUX KUCIOT (B T/11).
OtBet Chc =1,13 1/11; Cchscoon = 2,22 /1.

34. ITpu TutpoBanuu pacteopa BaCl, 0,20008 H,SO, monyunnm crneayrornime
JaHHBIE TI0 IITKaJIe BEICOKOYACTOTHOTO MPUOOpa:

O0beM 2,0 4,0 6,0 8,0 10,0
0,20001

H2804 MIJI

ITokazanus 71,4 55,1 39,2 31,2 (246
npubopa

[TocTpouTs rpaduk TUTPOBAHUS U OMPEIEIUTH COAepx aHue (B I') B HCCIEIye-
MOM pacTBOpE.

OtseT: 0,1323 1.

35. DkBUBaNeHTHAsI AIEKTPOMPOBOAHOCTH XJIopuaa 6apus paBHa 123,94 cm -cm?
r-9KB ™. OnpenenuTs CONMPOTUBIICHUE B siuelike, 3anoaHeHHou 0,010 H pacTBo-
poMm xJopua 6apus, eCiu IomIaib 31eKTpo10oB 0,86 cM?, pacCTOSHUE MEKITY
Humu 0,26 cm.

OtseT: 231,3 Om.

36. Jlns ompeneneHus MOCTOSHHOM sueiiky ee 3amoiaamm mpu 20°C 0,1000 M
pactBopom xisiopuaa kanus. Conportusienue crano 324,2 Owm. [locne 3anosnne-
Hus saeviku 0,050 H pacTBOPOM CEPHOM KHCIOTHI OHO OKa3anoch 1305,5 Om.
OnpenenuTh SJKBUBAICHTHYIO 3JIEKTPOIPOBOIHOCTh PACTBOPA CEPHOM KHUCIIOTHI.
OtBet 63,9 OM* cM? T-9KB-.

37. Ha xakoM pacCTOSIHUM JAPYT OT JIpyra PacrloioKeHbI apaijie/IbHbIC TIIaTH-
HOBBIE 2NEKTPoAbl  momansio 2,00 cv?, norpyxkennsie B 0,1 u AGNO;, ecan
CONpOTHUBJICHUE 00beMa pacTBopa Mexay AnekTpoaamu 100 OM u SKBUBATICHT-
Hasl HJIEKTPONPOBOAHOCTh NPH JaHHOM KoHueHTpauu 120,4 Cm- cm? r-oke™ 1.
OtserT: 2,408 cMm.

38. DkBuBaNeHTHas 3neKTponpoBogHocTs 1,03+ 1073 u pactBopa CH;COOH

npu 25° C paBHa 48,15 Cm oM - 2 — ke L, OnpenenuTs KOHCTaHTY JUCCO-




[UAIMH YKCYCHOM KHUCJIOTBI, €CIIU DJIEKTPOIPOBOAHOCTh €€ MpHU OECKOHEYHOM

pas36asienun pasHa 390,6 Cm: cu? 2 — sxe™ L.
Orser: 1,7- 107>,
39. PacTBOpBI €IKOT0 HATpa Pa3IMuHON KOHIEHTPAIMH B JAHHOH sdeiike uMe-

I0T CIICAYIOIIYIO 3JICKTPOIIPOBOJHOCTD:

10 15

Cnaon> BeC% 4 6 8

DIIEKTpOIpo- 1628 2242 2729 3093 3490

BOJHOCTEL, OM

Cwmemanu 200,0 M pactBopa ¢ 35eKTponpoBogHOCTEI0 1850 OM u 300,0
MJI pacTBOpa € MEKTporpoBoAHOCTHI0 3200 OmM. OnpenenuTts dIEKTPOIPOBOI-
HOCTB ITOJIyYEHHOI'O PacTBOPA B KO STYEHKE U €T0 HOPMAJIbHOCTBIO.
Otset: 2860 OM: cm? - 2 — 9Kk~ 1; 2,35 H.
40. Tlo mpuBeACHHBIM HUXE JIaHHBIM OIPEACNIUTh MapameTp, 0003HAYCHHBIM

yepes X.
Bapu- Pac- KoHIeH- | Popma u|L cm E, B. ILMA | R, Om | DraexTponpoBos-
aHT TBOD Tpamus | pasMep HOCTb
Bellle- 3JIEKTPOJIa Ynaens | OxBUBa
CTBa Has JIeHT-
Has
I AgNO; | Imone/n | Ksaapar, 0,5 - - X - 94
I=lcm
I AgNO; 0,05 Kpyr, 1,68 0,5 5,96 - X X
MOJIB/T d=1,28cm
1l Na,SO, - S=5,38cm” | 0,82 - - 2,86 X -
v H,SO, 5% S=5,38cM” 0,55 0,3 X - 0,2 -
V CaCl, 10% Ksanpar, 1,25 X 10 - 0,116 -
I=1,5¢cm
VI KCl | 1m,20°C | Ksagpar, 0,5 - - 2,5 - -
I=XcMm
VII NaCl 0,11 Kpyr, X 0,2 2,5 - - -
20°C d=1,5cm
VI HCI - S=5,6cM” 1,8 - - X 0,2 -

41. Ins onpeneneHus CoJAepKaHusl MapraHiia B CTalld METOJOM J100aBOK HaBec-
Ky cranu 1,2500 T pacTBOpUIIM U MOCJIE COOTBETCTBYIOIIEH 00pabOTKH 00beM
pactBopa nosenu A0 200,0 mit. [lns cHATHs noasporpaMmbl B3suid 13,5 mut 3T0-
ro pactBopa. Beicora Bomubl oka3zanack 20,5 mwm. Ilocne mo6asku 0,0500H
MnSO, (3,5mi1) BeicOTa BOJHBI yBenuuuiach 0 27,5 mm. OnpenenuTts mnpo-
IIEHTHOE

CoJIep)KaHue MapraHila B CTaIH

42. ]lns ompeneneHus KaAMUsi B CTOYHOM BojAe METOIOM 100aBok 12,5 mi ee
MOCJIe COOTBETCTBYIOIIEH 00paboTku pazdaBwmiu 10 250,0 mut. st cHsATHS TIO-
asiporpaMmbl B3sutu 18,0 M aToro pactBopa. BeicoTa BoHBI OKa3anach paBHOM




19,5 mm. Tlocne no6aku 3,0 M 0,04300 CdSO,4 BeICOTA BOTHBI YBEITUYMIACH
10 24,0 mm. OnpenenuTs NPOLUEHTHOE COACPKaHNUE KaIMUSI B CTOUHOM BOJIE.

43. [lns onpeiesieHus CoAepKaHusl MEIM B JIAaTyHU HaBecKy mocieaneit 0,1200 r
PaCcTBOPUIIM U TIOCJIE COOTBETCTBYIOIIECH 00pabOTKK JOBEIH 00bEM pacTBOpa J0
50,0 M. IIpu cHATHM MOAAPOTpaMMBbl IOJYYEHHOTO PACTBOPA BBICOTA BOJIHBI
okazanachb paBHo 23,0 mm. [Ipu momsiporadupoBaHMM YETHIpEX CTaHAAPTHBIX
PacTBOPOB MEJIU MOJTYUYUIIN CIAEAYIOIIUE PE3YIbTATHI:

Ceu - 10°, r/n 0,5 1,0 1,5 2.0

h, MM 5,0 15,0 25,0 35,0

[TocTpouth rpaayupoBOUHBIN TpaduK U ONMPEACTUTH MPOLIEHTHOE COJCpKAHUE
MEJId B aHAJIM3UPYEMOM 00pa3sIie.

OrtBert: 58,25%

44. BpIYMCANTh KOHUEHTPALUIO MEIU (B MOJIb/JT) B paCTBOPE, €CIIM MPU aHATIU3E
V M1 uccnenyemoro pactBopa METO0M J100aBOK Oblia Mody4yeHa BojaHa h MM, a
nociue no6asiaeHust W MJ1 CTaHAApTHOTO pacTBopa KoHUeHTpauuu C BbICOTa BO-
16l yBennumiach 10 H mwm:

Bapuanr |V, ma h, Mmm W, M C H, mm
| 10 20,5 2 0,05 moap/1 24,0
1 25 22,0 4 2:10" t/n 26,0
1l 25 30,0 3 0,08 monp/n 35,0
AV 50 28,0 2,5 0,071 35,0
V 10 26,5 0,5 1-10° r/n 36,0
VI 25 18,0 3 0,121 24,0
VIl 10 20,0 01 |15 10" /n 22,0

45. OnpenenuTh KOHIICHTPALMIO KagMust B pacTBope, ecian D=0,72- 10 cm? ¢,
m=2,0mr/c, 7=4,4¢; cuna Toka 10 MKA.

Otgert: 0,0015 monw/m1.

46. OnpenenuTh CHIIy TOKa, MIPOXOISAIIETO Yepe3 MoJIIporpaduIecKyro SIehHKy
npu noteHuuaie —1,0 B OTHOCUTENBHO TOHHOW PTYTH, €CJIM XapAKTEPUCTUKA
Kanwusipa 1,92, KkoHIeHTpalys KaaMusi B pacTBOpeE 2- 10" Mo/, a 11=0,72
10 em? ¢™.

OtBeT: 12,5 MKA.

47. IIpu norenuuane —0,8 B 0THOCUTENBHO HACKHIIIIEHHOTO KAJIOMEJIBHOTO 3JICK-
Tpoaa pactBopy 5 10 Mo/ o xmmopuny Kammust u 0,1 MOJIB/TT IO XTOpUITY
KaJiis cOOTBETCTBYET MudPpy3nonnsiii Tok 50 MKA. PTyTh BBITEKaeT CO CKOPO-
cTero 18 kanens B 1 muH., macca 10 xanens prytu paBHa 0,0382 r. Paccunrars
kosdduupent nubdysun. Otser: 3,6 -10° cm? ¢




48. Tlpu monsporpaguvaecKoM ONPEETICHIH Ha PTYTHOM KareJIbHOM 3JIEKTPOJIe
¢ m=2,14 mr/c, =4 ¢ u D=1,3 -10” oM ¢, Ha (dhoHe HUTpaTa aMMOHHS B CMECH
OceH30J1a 1 MeTaHoJa 11l [uKIIorekcuinepokcuaukapoonara (IL{I'K) 6su1u 1 mo-
Jy4eHbI Ceayromue 3HaueHus 1u(Py3noHHOT0 TOKa IPH Pa3HBIX KOHIICHTpa-

UAX.
C, Moab/n 0,176 | 0,348 0,509 0,667 0,819
I, MkA 1,44 | 2,78 4,11 5,45 6,56

OnpenenuTs YUCIIO0 JIEKTPOHOB, YUACTBYIOIIUX B PEAKIUAX BOCCTAHOBJICHUS, U
koHneHTparmuio I{IIK B pacTBope, ¢ KanmwisipoM, i KoToporo m=1,84 wmr/c,
T=4,3c; BennunHa 11 Py3uOHHOT0 TOKa paBHaA 3,58 MKA.

Otet: C=0,42 MmMoib/11; n=2.

49. OmnpeenuTh XapaKTEPUCTHKY Kanuiuisgpa mpu norennuaine —0,6 B orHocH-
TEJIbHO TOHHOU pTyTH, ecau 20 kanens Becar 0,1760 r, a BpeMs ux oOpa3oBaHUs
88 c.

Ortser: 2,03

50. Onpenenuts yaenbHOE BpalleHHUE IIIOCKOCTU nossipuzauuu {-mop¢uHa, ec-
au pactBop, comepxkamuid 0,45 r £ -mopduna B 30,0 MJI METHIIOBOTO CIIHPTA,
npu JJIMHE TPyOKH 25 cM BpalllaeT IUIOCKOCTh MOJISIpU3aluu BiIeBO Ha 4,92°
51. OnpenenuTs HeTOCTAOIINN TapaMeTp ypaBHeHus = a’- C- £ /1000

BapuanTt | BemectBo o’-° £, c™m C B
| o'- acnaparu- -25,5 20 X 1/100M1 -0,45
HOBas KHCJIO-
Ta
I OpomsHTap- +41,9 10 X Momb/7 +2,3
Hast KUCJIOTa
1l | ctpuxHUH B X 25 0,45 -1,17
CIIUPTE r/100M71
IV | D-BunHas xu- +11,98 15 | 0,55 moabp/n X
CJ0Ta
V XUHUH X 20 0,017 -1,90
MOJIB/JT
VI | o'- anaaun +2 X 1,55 2,8 MuH
r/100MI1

52. Onpenenuth 4UCTOTy D-BUHHOM KUCIIOTHI, €CJIU PacTBOP €€, MPUTOTOBJICH-
HBI pacTBOpeHuneM 2,57 T Kucnothl B 25,0 M1 BOJBI, IPH JUIMHE TPYOKH 25 cM
BpalllaeT IIIOCKOCTh MOJIIpU3aluy BpaBo Ha 2,98°.

Otsert: 90%.




53. OnpenenuTh KOHLIEHTPALMIO PACTBOpPA caxaposbl, MOIb3YsICh TPAPUKOM 3a-

BUCHMOCTH 0. OT KOHIIGHTpPAllUU Caxapo3bl, MPUBEJECHHBIM Ha puc. 15, eciau B
. 0

TpyOKe JUTMHOM 25 ¢M yToJj BpallleHUs TNIOCKOCTH MoJispyu3aliy paBed 61,53".

66,65

66,6 | ﬁ\

66,55 / N
66,5 -
3 /

66,45
N

66,4
66,35
66,3
0 10 20 30 40 50
C, r/100 mn
Puc. 15

54. VYpaenbHOe BpallleHHWE IJIOCKOCTH MOJSPU3alUd pPAacTBOpa CTPUXHUHA B
cnupTte npu KoHueHtpauu 2,25 r/100mn paBao —139,3°, a mpu KOHIEHTpALUH
0,254 /100 mu 104,3°. OnpenennuTh KOHLEHTPALMIO PACTBOpA CTPUXHUHA, IS
KOTOPOTO YTrOJI BpPAIIEHUS IUIOCKOCTH MOJIApHU3aunu paseH 4,85° mpu aimuHe
TpyOKkH 25 cMm.

55. YruneBomopon CioHig mMeeT mokazaTens npenomiienus 1,4635 u mIOTHOCTH
0,8594. CpaBHUTH MOTYYEHHYIO pepaKifio ¢ pacCUUTaHHON O (HOpMyIIe ITO-
IO COETUHEHMS.

ch:} ‘H""“'-H-.

CH
__,_..-—*CH ~CHz ‘,..f
OtBet: R=43,6; COOTBETCTBYET CTPYKTYypa:
rae R =46,6.

56. Ilo maHHBIM TaOIUIEI PACCUUTATH MOJBHYIO pe(PpaKIuio MPUBEIECHHBIX CO-
€IMHECHUM.

Bapuant BemectBo ng%° d,”°
| [lentan 1,3577 0,6262
1 Hoaucteiii MeTHI 1,5257 2,2790
1 Bbpomb6en3on 1,5197 1,4950




AV YkcycHast Kuciaora 1,3698 1,0493
V [Tupunun 1,5056 0,9831
Vi Cepoyriepon 1,6182 1,2631
VI [TponmtoBEIil cCIUT 1,3832 0,8036
\ALL Hutpobenzon 1,5455 1,2034

57. Ilokazarenp npenomiieHus 19,25 %-Horo pacTBopa yKCyCHOM KHUCIOTHI pa-
BeH 1,3468. Onpenennts HOPMaIbHOCTh PACTBOPA YKCYCHOM KHCIIOTHI, IIOKa3a-
TEeJIb MPEIOMIIEHUSI KOTOpOro paBeH 1,3385, mpuHuMasi, 4To MEX1y KOHIICHTpA-
MeN YKCYCHOM KHUCIIOTHI M TIOKa3aTeNieM MPEIOMIICHUs B 3TOM HMHTEpBajie KOH-
LHEHTPAM{ CYIIECTBYET JINHENHAS] 3aBUCUMOCTb.

58. 1o Tabmuiam aTOMHBIX peakiuil u pedpakiuii cBsI3eil paccuuTaTh pedpax-
nuto onucroro metwieHa CH,l, v onpeaenuTs nokasaTenb NpeaoMIIECHUS TO-
ro BermiecTBa, eciu mioTHocTh CH,l, ipu 20°C paBna 3,32.

59. Ilpu omnpenenieHnu xupa B MOPOIIKE Kakao st o0padoTku HaBecku 1,5000 T
B3sTO 2,50 MJI MOHOOpOMHaTallMHA, TTOKA3aTeNlb MPETOMIICHUS] KOTOPOro pa-
BeH 1,6570. Ilokazatenb mpenomiieHHss MOHOOpOMHaTalMHa TMOCHe HU3BJEYe-
HU KUpa ymeHbmumics 10 1,6420. OnpenenuTs colepKaHue )KUpa B Kakao, ec-
JM W3BECTHO, YTO MOKa3aTeldb MPEIOMJICHHS YHMCTOrO *)upa kakao 1,4630, a
IIOTHOCTH ero 0,9260.

60. Jlyis ompenenieHnuss coCTaBa BOJHBIX PACTBOPOB MPOIUJIOBOTO CHHUPTA OBLIN
OMpe/IeNICHbI TOKA3aTEIU MPEJIOMIICHHS CTAaHJAPTHBIX PACTBOPOB:

Conepxanue 0 10 20 30 40
MPOIMIIOBAOTO

cnupta %

[TokazaTenpb 1,3333 | 1,3431 1,3523 | 1,3591 1,3652
TIPEIIOMIICHUS

[TocTpouTh KanMOPOBOYHBIN I'paUK U ONMPEAENIUTh COAEPKAHUE MPOMUIOBOIO
CIIUpTA B pacTBOpax, MokaszaTesb npesomieHus, kKotopeix 1,3470 u 1,3615. BeI-
BECTU ypaBHEHHUE 3aBHCHMOCTH MOKa3aTelis MPEJIOMIICHUS OT KOHLUEHTpaluu U
IPOBEPUTH 110 HEMY TOJYYEHHBIN pe3yJIbTarT.

61. Beruucnute MonbHyIO pedpakiuio opomopopma CHBI3, ecnu mokaszaTenb
npenomiieHus ero 1,5924, a miotHocts 1,5977. CpaBHUTH MONYYEHHYIO BEIIU-
YUHY C BBIYMCIICHHON N0 Ta0JIUIE aTOMHBIX pedpaKiiuii.

62. Paccuurath conepxkanue (B%) dTaHa, mporaHa, OyTaHa W MEHTaHa 1o Clie-
JYIOIIUM JaHHBIM, TIOJYYEHHBIM IPU Ta30BOM XpoMaTorpaduu CMecH:

a3 C,Hs CsHg | C4Hyqg CsHyp

[Imomane 5 7 5 4




2
MKa S, MM

K 0,60 0,77 1,00 1,11

3nech K - ko puirieHT 4yBCTBUTENBHOCTH - OTHOUIECHUE IJIOMIAIN TTHKA
JTAHHOT'O KOMITOHEHTA K TUIOIIA/IY MUK OyTaHa MpH PaBHBIX KOJIWYECTBAaX ra3os.
63. Hasecky 1,095 r 6epunnueBoit 6poH3bl, conepxkaiiein Be u Cu, pactBopuiu
1 paz0aBuim pactBop Bogoil 10 50,0 mui. PacTBop mpomycTiiin 4epe3 KOJIOHKY C
5 T KaTHOHWUTA, OOMEHHAss eMKOCTh KOTOporo 3,2 M3KB/T. B BwIxomsmem pac-
TBOpe OOHapykuiu 3 Mr menu. OnpenenuTh CTeNeHb pa3ieiaeHus] OepHIus U
MeJIM Ha KaTUOHUTE (OEpUIUTUA KATUOHUTOM HE 3aJ€P>KUBACTCS ).
64. Paccuurath crenenr usBiedueHus menu u3z 500 mum 0,002 H pacTtBopa
Cu(NO3), mepMyTHTOM, €CJIM TUTPOBAHUE ME/IH, U3BJICUCHHON M3 OKpaIleHHON
30HBI 50 M1 5 %-HOTO pacTBOpa COJSHON KUCIIOThI, HOJOMETPUUYECKOM OIpeie-
nenuu meau 7,5 mut 0,06 H pacTBOpa THOCYJIb(aTa HATPHUS.
65. Jlis onpeneneHrs 0OMEHHONM €eMKOCTH 3cmaTuTa, Haxosmerocs B Ca dop-
Me, K 2 T acnatuta gobasunu 25 mu 0,1 H pactBopa NaOH. [locne ycranosie-
Hus paBHOBecus pactBop ortutpoBaiu 0,08 H HCI. Ha tutpoBanue uzpacxojo-
BaHO 15,7 mi1 kuciotel. OnpeaeanTs 0OMEHHYIO €eMKOCTb JCIAaTUTA.
66. CKOITbKO TPaMMOB HHUKEIISI OCTAaHETCS B pacTBOPE, €CIIM Yepe3 KOJIOHKY; 3a-
nonHeHHyo 10r karnonuta, npornyctunu 500 mu 0,05 H pacTBOpa COJIM HUKE-
na? [lomHass aMHaMHUYECKas EMKOCTh B JAHHBIX YCIOBUSAX pa3lencHus paBHa 1,4
MDIKB/T.
67. Uepes KOJOHKY, 3alOJHEHHYIO 5 T KaTHOHHTA, ObuTo mpomymeno 500 M
pactBopa Menu. Beixoasmme nopuuu pactBopa mo 50,0 My TUTpOBaiIu HOJI0-
Metpuuecku. IlepBrie Be nmopuuu He coaepkanu meau. Ha turposanue ¢ 3 no
10 mopumu m3pacxogoBaHo cootrBercTBeHHO 5,0; 12,0; 17,6; 20,0; 25,2; 30,5;
39,2 u 39,22 mn 0,02 H pactBopa tHOCYNb(haTa HaTpus. [loctpouTs rpaduk 3a-
BUCHMOCTH KOHIIGHTpAIluu Meau oT oO0bema ¢uiabTpara. Paccuurarh mojaHyro
JTUHAMUYECKYI0 €eMKOCTh KATUOHUTA 110 NOHAM MEJIH.

3AJIAHUSA JJ1s1 KOHTPOJBHOM PABOTBI

Howmep Howmep 3amau, oTHOCSAIMXCA K JAHHOMY 33JIaHUIO

BapUaHTa
1 4 7 23 34 49 54 62
2 2 16 26 40 48 59 67
3 7 10 20 33 a7 52 63
4 11 19 29 38 46 60 65
5 6 15 24 32 39 45 51
6 1 12 18 31 44 61 67
7 2 22 28 37 43 55 64
8 5 12 25 36 42 56 65
9 8 14 27 35 41 50 66
10 |9 13 21 32 40 53 57
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