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Yacte |. XumMudueckue MeToIbl AaHAJIN3A

l. BBenenue

Hcmopuueckasa cnpaexa
U OCHOBHbBIE NOJIOMCEHUA AHATUMUYECKOU XUMUU
Pa3BuTre aHaTUTUYECKON XMMHH OCYILIECTBIIIETCS B CIEAYIOLIUX HaIpas-
JCHUSX:
- B 00JacTH TEOPHUH: PA3BUTHE TECOPUU XUMHUYECKUX IMPOLIECCOB, pacyuer
CJIIOHBIX XMMHUYECKHX CHCTEM HA OCHOBE TE€PMOJMHAMHYECKMX M KBAaHTOBO-
XUMHUYECKUX MPEACTABICHUI C IPUMEHEHUEM AJITOPUTMOB M BBIYHCIUTEIBHOM
TEXHUKHU.
- B METOJMYECKOM acIEKTe: BHEJAPEHHE aBTOMATHU3allMd B AHAJTUTUYECKUI
KOHTPOJIb HA OCHOBE HOBBIX METOJIOB, YCTAHABIIUBAIOIINX 3aBUCUMOCTb MEXKITY
COCTaBOM M CBOMCTBAMM XHMMHYECKHUX cHUCTEM 0e3 ux uaMepeHus ((pusumko-
XUMHUYECKUN aHAIN3, JIa3epHasl, dJICKTPOHHAS, MTOTYTPOBOHUKOBAS TEXHUKA).
- B IPUKJIAJTHOM aCIIEKTE:
® [IOBBINICHUE Tpejiena OOHApPYKEeHUsI, TO €CTh CHUKCHHUE MHUHUMAJIbHBIX
KOHLIEHTpaUil U KOJUYECTB ONpPEAEISIEMbIX BEIIECTB, YTO CBSI3aHO C I1O-
Jy4YEHUEM BelllecTBa 0COO0N YHCTOTHI;

® YBEJIMUYEHHUE TOYHOCTU aHAJIN3a;

® CO3/IaHHE€ METOJIOB aHaJln3a, 00JaJdaroIUX BICOKON M30MpPaTEIbHOCTHIO,
UCKJIIOYAIOIINX HEOOXOAUMOCTh YCTPAHEHUSI MEIIAIOIINX KOMIIOHEHTOB;

® pa3paboTKa HKCIPECCHBIX METOJIOB aHAJIN3a, MO3BOJISIIOIINX HCCIEA0BAThH
MPOLIECCHI, MPOTEKAIOIINE B KOPOTKHE MPOMEXKYTKH BPEMEHH (sI€pHBIE
peaKkiun);

® pa3paboOTKa METOJJOB MUKPOAHAJIN3a;

® pa3zpaboTka Oe3pa3pylIMTENIbHBIX W JUCTAHIIMOHHBIX METOJIOB aHalu3a

(pammoakTUBHBIE BEIIECTBA, MOPCKUE BOJBI HA OOJBIINX ITyOMHAX, KOC-
MHUYECKHE OOBEKTHI).

B pa3BuTue 3TuX HamnpaBieHU O0NBIION BKIIAJl BHECIU PYCCKUE aHAIUTHU-
KH: BCEMUPHO U3BECTHBI UX Pa0OTHI MO aHAJIU3y BEIIECTB BBICOKOW YUCTOTHI,
pa3paboTKe OpPraHMYECKUX AHATUTUYECKUX PEareHTOB, (OTOMETPUH U JIPYTHE.
B namei ctpane co3maH psii METOJIOB, KOTOPBIE UCITOJIB3YIOT BO MHOTHX CTpa-
HaX (TOHKOCJIOWHAs XpoMmarorpadus, 0ecCTpyKKOBbIH MeTo 1 aHanu3a) [1].

AHaJIUTHYeCKAasi XUMHUS — HayKa, pa3BUBAIOINIAsl TEOPETUUECKHUE OCHOBBI aHa-
JM3a XUMHYECKOTO COCTaBa BEIIECTB, pa3padaThIBaoIIasi METOAbl UJICHTU(DHKA-
I 1 OOHAPYKCHUS, OTMPEICICHUS U PA3CICHUs] XUMHYECKUX DJIEMEHTOB, UX
COEJIMHEHHM, a TAK’KE€ METO/Ibl YCTAHOBIIEHUSI XMMUYECKOTO CTPOCHHS COEIMHE-
HU.



Ananumuueckas xumus — HE TPOCTO AUCLMILJIMHA, HAKAIUIMBAIOLIAs U CH-
CTEMAaTU3HPYIOLIasl 3HAHMS; 3Ta HayKa UMEET OTPOMHOE IIPAKTUYECKOE 3HAYCHUE
B JKM3HH 00ILIECTBA, OHA CO3J1a€T CPEACTBA JJI1 XMMHUYECKOTO aHaliu3a U obecrie-
YMBAET €r0 OCYIIECTBICHUE — B 3TOM €€ IJIaBHOE NpeaHa3zHaueHue. be3 addek-
TUBHOTO XMMHYECKOI'O aHaJIM3a HEBO3MOXKHO (DYHKIHMOHMPOBAHUE BEIYLIUX OT-
paciel HapoOJHOTO XO3SIMCTBA, CUCTEM OXPAHbI IIPUPOJBI U 310POBBS HACEIICHHUS,
000OpOHHOTO KOMIUIEKCA, HEBO3MOXKHO pPa3BUTHE MHOTHX CMEXKHBIX oOnacTen
3HaHuA [2].

AHanutnyeckan
XUMMA

KayecTBeHHbI KonuyecTBeHHbliA

dHa/n3 dHa/n3

AHanus Ha

MoNHbIA OnpepnenexHve
coOepHaHme

dHa/n3 I'IpHMECEFI
OCHOBHbIX BELLLECTB

OuwiubKu npu KoauvecmeeHHom anaiuse.
[lo cBoeMy xapakTepy OIIMOKM aHaiIM3a MOJPA3AEIsAIOTCA Ha CUCTEMa-
TUYECKHE, CIyJailHbIe U POMAaXH.
1) CucremaTudeckue — MOTPEUTHOCTH, OJUHAKOBBIC MO 3HAKY W BIIHSIONINC HA
PE3yNbTaT B CTOPOHY €T0 YBEIHUEHUS, JINOO B CTOPOHY YMEHBIIICHUSI.

a) MeTtonnyeckue — 3T0 OIIMOKHU, KOTOPbIE 3aBUCAT OT OCOOCHHOCTH MpUMe-
HSEMOTO MeTo/a (HEMOJHOE MPOTEKAHWE PEaKIMH, YaCTUYHOE PaCTBOPEHHUE
0CajiKa, CBOMCTBO UHIUKATOPA).

0) OmnepaTuBHBIE — HEIOCTATOUYHOE IPOMBIBAHUE OCaJKa Ha (QUIbTpE,
OIIHOKH

npuOOpHBIE UM PEAKTUBOB, HEPABHOIUIEYHOCTh BECOB.

B) HWunuBumyaibHble — OMIMOKHA JTAOOPAHTOB (CIIOCOOHOCTH TOYHO OIpejie-
JSITh

OKpPAacKy IIpH TUTPOBAHUH, [ICUXOJOTUYECKUE OLTHOKH).

r) [IpubopHble WM peakTUBHBIE (3TH OUIMOKH CBSI3aHBI C HEJOCTATOYHOM
TOYHOCTBIO MCIIOJIB3yEMBIX PHOOPOB, OMKUOKH J1abopanTa) [6,7]

2) CnyyaliHple - OHU HEHW30€XKHBI TIpH JIF000M orpenenacHur. OHU MOTYT OBITh
3HAUYUTENILHO YMEHBIIEHBI MPU YBEJIMYEHUHN YHUCiIa NapaJljIebHBIX ONpeesne-
HUMH.




3) [Ipomaxu - rpyObie OIMMOKH, KOTOPbIe 00YCIOBIEHBI OT HEMPABUIBHOIO IO/~
cdeTa pa3HOBECOK, TIOJMBAHUS YaCTH PacTBOPA, POCHINIAHUS 0CaIKA.

YyecmeumenvHocmb, RPAGUILHOCHb U MOYHOCMb AHANU3A.
YyecmeumenbHocms — MUHMMAaJIbHAS ONpeessieMasl KOHIIGHTpaIus Bellle-
CTBA.
IIpasunvrocms — OIU30CTH NOJYYEHHOTO pe3ysibTaTa K HCTUHHOMY.
Tounocmy - XapaKTEpUCTUKA BOCIIPOM3BOJUMOCTH ONPEAEIICHHS OT ONbITA K
ONbITY. AHAJIN3 CUUTAETCS BBIIIOJTHEHHBIM 00Jie€ TOYHBIM, YEM MEHBIIE pa3iiu-
YaroTCs PEe3yJIbTAThI MAPAJUICITBHBIX ONPEIEICHUN MeKIy co0oi [8].

AbcontoTHble OTHoCHMTENBHBIE

AOcomroTHas OMKMOKa — PA3HOCTh MEXK/TY MOJTYUYSHHBIM PE3yJbTaTOM M UCTUHHBIM
WM HanboJiee I0CTOBEPHBIM 3HAUCHHUEM.
Aobcon. ouwm. = A —A

noayu. ucm.
OTHOCHTEIIbHAS OIMOKa — OTHOLIEHUE a0COJIOTHOM OIIMOKH K MCTUHHOMY 3Ha-
YEHUIO.

Anoﬂ‘i ucm.
Omnoc. ow. = —=2+ ™ .100%

ucm.

AHanumuueckue 3a0auu u NPUHYUNDBL AHATUMUYECKUX ONPeOeIeH UL
B cootBeTcTBHU C ompeneneHHEM aHATMTUYECKOW XMMHHM KaK HayKH, 3a-
HUMaromelcs pa3paboTKONH METOJIOB ONpeIelieHUs XMMUYECKOro cocTaBa Be-
IIIECTBA, MOYKHO BBIJICITUTH CIACAYIOIINE aHATTUTUUECKUE 3a/1auH:
1.YcTanoBiaeHHEe XUMHUECKOTO COCTaBa aHATM3UPYEMOTO 00OBEKTA:
- KauecmeeHHblll aHAIUu3, KOTOPBIA BKJIIOYAET HneHTH(bHKaumol 00BbeKTa U
06Hapy>1<eH1/Ie2 T€X WM UHBIX KOMIIOHEHTOB;

! MaeHmUCf)UKGL{UH — YCTaHOB/1€HNE NOEHTUYHOCTU (TO)Kp,eCTBa) nccnegyemoro xmmm4yeckoro coegu-
HEHNA C yKe U3BECTHbIM BELWECTBOM NyTEM CPaABHEHUA UX d)I/I3M‘-IECKVIX
N XMMUYECKMX CBOMCTB.

2 O6HapyHceHUe — NpoBepKa NPUCYTCTBUA B aHANU3MPYEMOM OBBEKTE TEX UM UHBIX OCHOBHBIX KOM-
MOHEHTOB, NpUMmecei, Haanune GYHKLMOHANbHOW rpynnbl U T.M.



- KOUYeCmBeHHbIll AHAIU3 PEIIAeT 33a1aqy OMPEeNICHUs CoAepKaHusl (KOJIH-
YEeCTBO M KOHIICHTPAIIMH) TOTO WJIM MHOTO KOMITOHEHTA B aHAJN3H-
pyeMOM OOBEKTE.

Mexny KaueCTBEHHBIM M KOJIMYECTBEHHBIM aHATN30M HET MPHHIIUITHAATb-
HOro pasznnuus. KadecTBEHHBIN aHaIM3 MOXKHO paccMaTpuBaTh KaK KOJIHYe-
CTBEHHBIN C TPUOIMKEHHBIMH TIOKa3aHUSMH.

2.0mpeneneHue CTPYKTYpbl COSMHEHHSI, TO €CTh YCTAaHOBJICHUE B3aUMHO-
rO pacHoJIOKEHUSI U CBSI3€U DJIEMEHTAPHBIX COCTABHBIX YacTel B MOJIEKYJax
(CTpYKTYpHBII aHAIU3).

3.00HapyKeHre HEOJHOPOJHOCTEH Ha MOBEPXHOCTU WIH B 00BEME TBEP-
JIBIX TEJI, pacrlpeiesieHUue AIEMEHTOB B MOBEPXHOCTHBIX CIOSIX  OCYIIECTBIISIOT
METOJIOM JIOKAJIbHO-PACIIPEICTUTEILHOTO aHAIH3a.

4.VlccnenoBaHue MPOIIECCOB BO BPEMEHH B X0JI€ TIPOM3BOJACTBEHHOTO MPO-
necca.

JIJist penieHust mepeurciIeHHbIX 3a/1ad pa3padaThiBAlOT pa3InyHbIe METOIbI,
OCHOBAHHBIE HAa 3aBUCMMOCTH CBOMCTB BEILIECTBA OT €r0 COCTaBa, U COCTABIISIIOT
METOJUKHN aHajdu3a. B OCHOBE METONMKHM aHAJIN3a JIEKAT MPUHLUIBI AHAIUTH-
YECKHUX OMPEICTICHHUM.

Ilpunyun ananuza onpeneyseTCs SIBICHUSIMU MPUPOIBI, JISKAIIUMHU B OCHOBE
XUMHYECKOTO WK (PU3HUECcKOro mporiecca. [5]

Hanpumep, BecoBoit METO/I, B KOTOPOM KOJIMYECTBO BEIIECTBA ONMPEACISIOT
MyTEM M3MEPEHUSI MACChl, OCHOBaH Ha 3aKOHE BCEMHUPHOTO TATOTECHUS; TUTPU-
METPUYECKUI aHaJIU3 OCHOBAaH HA 3aKOHE KBUBAJEHTOB — IO KOJUYECTBY IPO-
JIyKTa PEaKIMU MOXHO PacCCUUTHIBATH KOJIMYECTBO OINPEIEIIEMOr0 BEUIECTBA;
00 MPOBOAAT M3MEPEHHE (HU3UUYECKUX CBOWCTB BEIECTB WM MPOIYKTOB HX
XUMUYECKUX peakiuil. M3 ¢pu3nuecknx CBOWCTB HCIONB3YIOT TUIOTHOCTH, IIBET,
ANEKTPUUYECKYIO TPOBOJAUMOCThH PACTBOPOB U BEILIECTB.

XuMHYecKHe MeTOAbl AHAJIU3A - OCHOBaHbl HA U3MEPEHUH SHEPTUU XUMHU-
YECKOW pEaKInH.

B xone peakuuu M3MEHSIOTCS TapaMeTphl, CBSI3aHHBIE C PACXO0JIOM HCXOJI-
HBIX BEIIECTB WM 00pa30BaHUEM MPOJYKTOB PEAKIUU. DTH U3MEHEHUS MOXKHO
au00 HaOMIOaTh HETOCPEICTBEHHO (0CallOK, ra3, I[BET), JU00 U3MEPATh TaKHUe
BEJIMUMHBI, KaK Pacxo]l peareHTa, Maccy oOpas3yromierocsi NpoayKra, Bpems pe-
aKI1u U T.1.

ITo yenu mnpoBeAcHUST METOJBI XMMUYECKOTO aHaju3a MOJpa3aeiisiioT Ha
JIBE TPYMIIbI:

|. KauyecTBeHHBIH aHaIM3 — 3aKIIOYaeTCs B OOHAPYKEHHH OTACIBbHBIX
AJIEMEHTOB (MJIM MOHOB), U3 KOTOPBIX COCTOUT aHAIU3UPYEMOE BEIIECTBO.

MeTopl KaueCTBEHHOTO aHaJIN3a KJIaCCUPHUITUPYIOTCS:

1. aHanu3 KaTHOHOB



2. aHaJIu3 aHMOHOB
3. aHajau3 CIIOKHBIX CMECEH.

II. KosmnyecTBeHHBIH aHAIM3 — 3aKIIOYAETCSd B OINPEACIICHUM KOJIHYe-
CTBEHHOTO COJIep KaHMs OTJIEIbHBIX COCTABHBIX YacTEH CII0)KHOTO BEIIECTBA.
KonnuecTBeHHbIE XUMUYECKHE METO/IbI KJIIACCU(DULIUPYIOT:

1. I'pasumempuyeckuti (BeCOBOI) METOJT aHAJIU3a OCHOBAH HA BBIJICIICHUU
OMPEIeNIIEMOTr0 BEIlleCTBA B YUCTOM BUJIE U €T0 B3BEUIMBAHUHU.
['paBuMeTprUECcKrE METOBI 1O CIIOCO0Y MOJYYSHUS MPOAYKTA PEAKIINU:

a) XUMHUOTPaBUMETPUUECKUE METO/Il OCHOBAHBI HA U3MEPEHUU MACCHI MPO-
JyKTa XUMHUYECKON peakiiny;

0) 2JIEKTPOrpaBUMETPUUECKHE METOJbl  OCHOBAaHbI HAa M3MEPEHUU MAaCChI
TPOJIYKTA JICKTPOXUMHUUCCKON peakiuu; [3]

B) TEPMOTPAaBUMETPUYECKAE METOAbl OCHOBaHbl HA M3MEPEHHH MACChl Be-
HIECTBa, 00Pa3yIoIIErocs Mpu TEPMUUECKOM BO3ICHCTBUU.

2. Bontomomempuueckue METOJbI aHATN3a OCHOBAHBI HA U3MEPEHUU O0b-
€Ma peareHTa, U3pacxoJ0BaHHOTO Ha B3aUMO/JICUCTBUE C BEIIECTBOM.

BoromoMerpuyeckre MEeToapl B 3aBUCUMOCTH OT arperaTHOr0 COCTOSTHUS
peareHra JeJsT Ha:

a) Ta30BOJIIOMETPUUECKUE METOJbI, KOTOPhIE OCHOBAHbI Ha W30MpPATEIbHOM
MOTJIOIIEHUU OIPEALISIEMOr0 KOMIIOHEHTA ra30BOM CMECH M U3MEPEHUEM 00B-
€Ma CMECH J0 U NOCJIE MOTJIOIICHHS;

0) JTUKBUIOBOIIOMETPUUECKUE (TUTPUMETPUUECKUE WIH OOBEMHBIEC) METOIBI
OCHOBaHbl Ha M3MEPECHHHM O0BEMa KHUJKOrO peareHTa, U3pacxXxOJOBAHHOIO Ha
B3aMMOJICHCTBHUE C OMPEIEIIEMbIM BEIIECTBOM.

B 3aBucMMOCTH OT THIa XUMUYECKOW PEAKIIUU BBIICTISIOT METOAbI O0BEM-
HOT'O aHaJln3a:

® [IPOTOJIMTOMETPHUSI — METOJl, OCHOBAHHBIII Ha MPOTEKAHUU PEAKIUU
HEUTpaIu3aiuu;

® PEIOKCOMETPUSI — METOJI, OCHOBAaHHBIM Ha MPOTEKAHWU OKHUCIUTEIBHO-
BOCCTAHOBUTEJIBHBIX PEAKIUAIX;

® KOMIUICKCOHOMETPHUS — METOJI, OCHOBAHHBIA Ha MPOTEKAHWU PEAKIIUU
KOMITJIEKCOOOpa30BaHMS;

® METOJbI OCAXKICHUS — METOIbl, OCHOBAHHBIC HA MPOTEKAHUU PEAKIINIl 00-
pa30BaHUsI OCAKOB.

3. Kunemuueckue METOMbI aHAIM3a OCHOBAHBI HA OINPENCICHUH 3aBUCHMO-
CTH CKOPOCTH XMMHUYECKOM PeaKIuy OT KOHIICHTPAIIMU PEarupyrommX BEIIECTB.

Cmaouu ananumuyeckozo npoyecca
HezaBucuMo oT BBIOpaHHOTO METOJIa MPOBEACHUE KAXIOTO aHAJIM3a CKJIa-
JIBIBACTCS U3 CICAYIOMIUX CTaIHM:
1) or60p po6sI (TPod0OTOOD);



2) moAroToBKa MpooOsI (MPOoOOMOATr0TOBKA);
3) usMepenue (ompeaeiicHue);
4) 06paboTKa 1 OLICHKA PE3yJIbTaTOB U3MEPECHHUI.

O6bektr wuccrue- | Or6op
IIOBaHUSA pOOBI

IToaroroBka
poObI

N3me-
peHue

O06paboTtka
JTAHHBIX

Nudopmanms

L Metoa aHanmuza —

Metoauka aHajm3a —

Puc 1. Cxematnueckoe n3o0pakeHUEe aHAIUTUYECKOTO MpoIiecca.

Anmnaparypa, ucnojib3yemMas mpu
MPOBEACHUN XUMHUUIECKOTO aHAIN3a

CyumabHb1i kady
SPT-200

1.0160p npod

Koanda ¢ mpureproii npobkoii

Bechl 31eKTpOHHBIE

[IpoBeaeHne XMMHYECKOTO aHaIM3a HAYMHAIOT C OTOOpa M TMOATOTOBKHU
poOsI K aHanu3y. Creayer OTMETUTD, YTO BCE CTAJUHU aHAJIN3a CBSI3aHbI MEXIY
coboii. Tak, TIIaTeIbHO U3MEPEHHBIN aHATUTUYECKUN CUTHA HE JaeT MPaBUIIb-
HOW WH(OpMAIUU O COIEp KaHUHM OMPEETIIEMOr0 KOMIIOHEHTa, €CJIM Herpa-
BUJILHO TIPOBENICH OTOOp WJIM MOATOTOBKA MPOOBI K aHanu3y. [lorpentHocTs mpu
oTOOpe MPOOBI YACTO OMpEIENIIeT OO0 TOYHOCTh OMPEICIICHUS] KOMIIOHEHTA
U jenaeT 0ecCMBICIEHHBIM HCIOJIb30BaHNE BBICOKOTOUHBIX METOJ0B. B CBOMO
ouepenb 0TOOP U MOATOTOBKA MPOOBI 3aBUCAT HE TOJIBKO OT MPHUPOIBI aHATH3U-
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pyemoro o0beKTa, HO M OT clocoba U3MepeHus aHaIuTHIecKoro curnana. [lpu-
€MBbI U MOPSII0K 0TOOpa MPOOKI U €€ MOJATOTOBKM HACTOJIBKO BaXKHBI MPU MPOBE-
JICHUW XUMHUYECKOTO aHalih3a, YTO OOBIUHO MpEeANHCHIBAIOTCA [ OCynapcTBeH-
ueiM ctangapToM (I'OCT). [5,10]

PaccMoTpuM OCHOBHBIE TIpaBUIiIa 0TOOpa Mpoo:

e Pe3ynbpTar MOKeT OBITh MPaBUWIIBHBIM TOJBKO B TOM CIIydae, €ciid mpoda
JIOCTaTOYHO npedcmasumenvha, TO eCTh TOUHO OTpakaeT COCTaB MaTepuasa, 3
KOTOpPOTO OHa OblIa oToOpana. Uem Oonbilie MaTepraia 0ToOpaHO ISl TIPOOHI,
TEM OHa MpeAcTaBUTeNbHE. O HAKO C O4YeHb OOJIBIIONW MpOoOOoil TpyIAHO pabo-
TaTh, TO YBEJIMYUBAET BpEeMsI aHAJIM3a U pacxoibl Ha Hero. TakuM oOpa3om, OT-
Oupath MpoOy HYKHO TakK, 4TOObl OHAa ObLIA MPEJCTABUTEILHON W HE OYEHb
OOJIBIION.

e OntumalibHasi Macca MpoObl 00YCIIOBIIEHA HEOAHOPOAHOCTHIO aHAIU3UPY-
eMoro o0beKTa, pa3MepoM YacTHIl, C KOTOPhIX HAYMHAETCS HEOAHOPOIHOCTD,
TpeOOBAHMUSIMU K TOUHOCTH aHAJIU3a.

e JIns obGecnieyeHUs] MPEICTABUTEIBLHOCTH MPOOBI HEOOXOAUMO O0ECIEUUTh
OJTHOPOJHOCTH NapTuu. Ecinu copmMupoBaTs OAHOPOIHYIO APTUIO HE yIAETCs,
TO CJIEAYET UCII0JIb30BaTh PACCIIOCHUE MAPTUH HA OJTHOPOIHBIE YACTH.

e [Ipu oTO6Ope nMpod YUYNTHIBAIOT arperaTHOE COCTOSIHUE OOBEKTA.

o JI0JKHO BBIMOJHATHCS YCIOBUE 10 €AMHOOOPa3nio crmocoboB oToopa mpood:
CIIy4ailHbIi O0TOOp, MEPUOJUYECKH, IIaXMaTHBIM, MHOTOCTYIIEHUYAThII 0TOOp,
0TOOp «BCJIEMYI0», CUCTEMATUYECKHI 0TOOP.

e OauH u3 $HaKTOpoOB, KOTOPHIM HYKHO YYUTHIBATH MPHU BBIOOpE criocoda OT-
0opa mpoObl — BO3MOKHOCTh U3MEHEHMSI COCTaBa 00BbEKTa U COAEpKAHUSI OIpe-
JIeJIIEMOTr0 KOMITIOHEHTa BO BpeMeHH. Hampumep, nepemMeHHbI cocTaB BOJbI B
peKe, U3MEHEHHE KOHUEHTPALUU KOMIOHEHTOB B MUILEBBIX IPOAYKTAX U T.1.

2.1ToaroroBka npodbI K AHAJIU3Y
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Kak npaBuiio, riaBHOE B 3TOM CTaJuu — 3TO YCPEIHEHUE U PACTBOPEHUE
POOBHL.

e HavanbHyto npoOy (reHepajibHyl0) TOMOTEHE3UPYIOT U YCPEAHSIOT METO-
JIOM KBAapTOBaHUsA JI0 TAKOI'O KOJUYECTBA, KOTOPOE UCIOJIb3YETCS A1 aHAIN3a
(;maGopartopras mpooa).

e PactBopeHue mpoObl, CONPOBOXKIAETCA MEPEBOJOM ONPEAELIIEMOT0 KOM-
MIOHEHTA B pacTBOp. PaznuyaroT ,,MOKpoe™ u ,,CyXoe” 030JICHUE.

3.Craaus usmMepeHust

DHepreTUueckoe WM BEIECTBEHHOE BO3JIEUCTBHE HA MPOOY MPHUBOAUT K
MOSIBJICHUIO JUHAMUYECKUX CUTHAJIOB (M3MEHEHHE OKpacku, (ha3oBbie MpeBpa-
IICHUS U T.IL.).

Ha 3akmrountensHOM 3Tane U3MEpPEHUs aHAIUTHUYECKHUE CHUTHAJIbl PEru-
CTPUPYIOT TEM WJIA WHBIM CTIOCOOOM M TIOJIYYalOT PETHCTPOTPaMMEI, (oTorpa-
¢buun, HaOOpHI Yucen U T.JA. J{7s BeIpaXKCHUS CBSI3U MKy Pe3yJIbTaTaMH aHATH-
33 U U3MEPUTEIbHBIMU JAHHBIMU KUCIIONB3YIOT OOBIYHO CIEAYIOIINE CIIOCOOBI:

1) TabmuuHOE comocTaBjicHHE (KaYeCTBCHHBIN aHAIM3) — CXeMa XOJa XH-

MHUYECKOTO CHCTEMaTHYECKOTO aHAIN3a).

2) I'padmueckoe mpencTaBieHHe — JUISl PEIICHUS 3a/1ad KOJMYECTBEHHOTO
aHanu3a. JTO KPUBBIE U JAMArpaMMbl TUTPOBAHUS, pa3Iu4HbIC TPAdyH-
POBOYHBIE TPadUKH.

3) OyHKIIMOHAIBHBIC YPaBHCHHS.

[TonyyenHoe 1udpoBoe 3HaYCHUE MOACTABISIOT B GOpMYITy, HampuMmep, B

ypaBHEHUE TUTPOBAHUS:

ViHi=V3H,;

le V2H2 /V1

4.0ueHKa pe3yJbTaTOB U3MepPeHU

DTO 3aKIIOYUTEIbHAS AHATIMTUYECKAs CTalMsl, €€ OCYLIECTBISIOT, PACCUU-
ThIBas CJIy4ailHbIE U CUCTEMATUYECKUE MOTPEIIHOCTH (OIMOKH). Y CTAaHOBJICHHE
XUMHUYECKOTO COCTaBa BEIIECTBA OTHOCUTCS K METPOJOTMYECKUM MpOLeaypam,
CBSI3aHO 3TO C TEM, YTO B AHAIIMTUYECKON XMMHUU U3MEPEHUE HOCUT HE MPSIMOH,
a KOCBEHHBIN XapakTep, TaK KaK U3MEpSETCs He YUCIIO XMMUYECKUX YacTHll, a,
HampuMep, X odmas Macca, (U3NYECKUE CBOMCTBA, pacxo] peareHTa W T...
Kpome Toro, KOMINOHEHTbI XMMUYECKON CUCTEMBI OKa3bIBalOT B3aMMHOE BIIMS-
HUE, U YaCTO OYEHb CHJIBHOE, YTO MPHUBOJUT K UCKAKECHUSIM aHATUTHYECKUX
CUTHAJIOB. Bce 3TO BBI3bIBAET MOSBIECHUE MTOIPEIIHOCTEN P KaKOM aHAJIUTH-
YECKOM onpeaeneHud. [7,8]

Pe3ynpTaThl KOJIMYECTBEHHOI'O aHAJM3a OLEHUBAKOT TAKUMHA METPOJIOTHYE-
CKUMH XapaKTEPUCTUKAMHU, KaK IPABUIBHOCTh U BOCIIPOU3BOAMMOCTb.
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Ecnu npu napanienbHbIX ONbITaX MOMY4YaroT ONMM3KHe 3HAUCHUST KOJMYECTB
WIA KOHIICHTPAIMHA OINPEIeieMOT0 BEIIECTBA, TO TaKUE PE3YNIbTAaThl HA3BIBAIOT
80CNPOU3BOOUMBIMU.

Ecnu monydeHHbple 3HaUeHUS OJM3KA K HICTUHHOMY, TO TOBOPSIT O NpPAGULb-
HOcmu Pe3yJIbTaTOB aHAIN3A.

Pe3ynbrarhl MOTYT OBITH IPABUIILHBIMH M BOCIIPOW3BOIUMBIMH; BOCTIPOH3-
BOJMMBIMH, HO HEMPABMWIHHBIMH;, HETIPABIWJILHBIMU ¥ HEBOCIIPOU3BOIUMBIMHU.

Bce ycunms XuMUKOB-aHATUTUKOB HaIpaBJICHBI HA Pa3pabOTKy METOIOB U
METOJMK aHalin3a, OO0ECMEeYMBAIOIINX IPABUIBHBIE W BOCIPOU3BOIUMBIC pe-
3yJIbTATHI.

e Pe3ynprar, MOgydaemMpl IIPU OJHOKPATHOM INPOBEACHUM IOCIEHOBA-
TENBHBIX OIEpaIid, MPEAYCMOTPEHHBIX METOIMKON aHaIN3a, Ha3bIBAIOT
eOUHUYHBIM ONpedeleHUEM.

o [lapannenvuvie onpedenerus — TOIYYEHHE HECKOJIBKUX pE3yJIbTaTOB
CAVMHUYHBIX OMPEICICHUHN I OJHOW MPOOBI B MPAKTUYECKH OJUHAKO-
BBIX YCJIOBHSIX.

Pezynomam anmanuza — cpenHee 3HaYEHUE PE3YNbTaTOB MapaUICTBHBIX
OTIpEICIICHHM, XapaKTepU3yeTCsl 3HAYCHHEM TPaHUIl TIOBEPUTEIILHOTO HHTEpPBa-
7a (CTaHAapTHBIM OTKJIOHEHHEM), a TAaK)KE BOCIIPOM3BOAMMOCTHIO 1 MPABHIILHO-
CTBIO (TOYHOCTHIO) aHAIHU3A.

€,°100
Xep £ €ps A = (%) (TOuHOCTH aHAIIN3A)
Xep
rae:
X¢p — CpeiHEe apU(PMETUIECKOE 3HAUCHHUE;
€ p= 1,Sx — 1OBEpPUTEIILHBII HHTEPBAIL;
t, - xooddunment CTprONEHTA;
Sy — cTaHAapTHOE OTKJIOHEHHE.




Teopemuuecxue OCHOBbl AHATUMUYUECKOU XUMUU

Peakiuu B aHAIUTUYECKON XUMHUU B OOJIBIIMHCTBE CBOEM OOpPATHUMBI,
T.€. POTEKAIOT B JBYX B3aHMMHO MPOTUBOIOJIOKHBIX HANPABICHUSAX. 3HAK
paBeHCTBa 3aMeHseTCs 3HakoM oOpatumocth (). CieBa HampaBo - ps-
Masi; cTipaBa HaJleBO — oOpaTHasl.

OOpatumbie peakiuu MPUBOJAST K YCTAHOBJICHUIO XUMHUYECKOTO PaB-
HOBECHS, MPH KOTOPOM B pEaKLMU NPUCYTCTBYIOT BCce BemiecTBa. [Ipuun-
HOM YCTAaHOBJICHHUSI XHMHUYECKOTO PABHOBECHS SIBIISIIOTCS BBIPABHUBAHUS
CKOpOCTEN MPAMON U OOpaTHOM peakiluu, TPOUCXOIAIINE BCICACTBUE U3-
MEHEHUSI KOHIICHTpAIlui pearupyromux BemecTB. CKOpOCTh XUMUUYECKOM
pEeaKIuy U3MEPSAETCS U3BMEHEHUEM KOHIICHTPAIlMU B €IMHUILY BPEMCHHU.

CKOpOCTh XMMHMUYECKOM pEaKIUH MPONOPLHOHAIbHA KOHIEHTPALUU
pearupyronMx BEIIECTB — 3akoH Oeiicmeyrouiux macc (A.H. bekeros
1865, I'ynsbepr u Baare 1867).

JlomycTuM, 9TO B pacTBOPE MPOUCXOAUT OOpaTuUMasi peaxiiusl.

mA + nB 2 pC+gD,
rae A,B,C,D - paznuunbie BelecTBa, HaXOAAIIUECS B PEAKIIMOHHONW CMe-
cH,
m,Nn,p,q — ctexuomeTpuueckue Kod3pOUITUEHTH B YPaBHECHUHN PEAKITUU.

CkopocTh IMpsIMOM  peaklMK MPOMOPIHOHAIbHA KOHLIEHTpAIUsIM A U
B.

KoHIleHTpauu pearupyronmx BEIIeCTB MPUHSITO BbIPAXaTh B MOJIb/J
u 0003HauaTh WX, 3aKir04as (OPMYJbI COOTBETCTBYIOIIUX BEIIECTB B
KBaJpaTHBIE CKOOKH.

Wrak, i npsiMor peakiuyu MOKHO 3aIucaTh:

V1=K, [A]"[BT",
rae Vi — ckopocTh mpsiMmoi peakiuu, a K; — koadduiiueHtT npornopimo-
HAJIbHOCTH, HA3bIBAEMbIA KOHCTAHTOM CKOPOCTHU PEAKLIUU.

Eciu [A] = [B] = Imonw/a, To V1= K;

CrnenoBaresibHO, KOHCTAHTOM CKOPOCTH Ha3bIBAE€TCSI CKOPOCTh, C KO-
TOPOM MPOTEKAET PEaKUs MPU JAHHBIX yCiaoBusX, eciu C = 1 monb/n (wiu
€CJIM UX MPOU3BEACHUE PABHO 1)

Jl71st ckopocTr 00paTHOM peakiMi MOYKHO 3aIHCaTh:

V2 = Kg [C]p [D]q

[To mepe TeueHus: peakiuu KoHueHTparus A u B yowiBaer, a C u D
Bo3pactaeT. CieqoBaTesbHO, CO BPEMEHEM CKOPOCTh MPSIMON pPEaKIUH
yObIBaeT, a oOpaTHOM Bo3pacTaeT. B KOHIIE KOHIIOB, OHU CTaHYT PaBHbI-
MU.
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Takoe cocTosiHuE CUCTEMBI, IPU KOTOPOM CKOPOCTHU MPSAMOU U 00pat-
HOM peakUUU paBHbI MEXKJYy COOOW U SIBISETCA XUMUUECKUM PAGHOGECU-
em.

B sTom ciyyae:

Vi=V,,
chAmCBn = KQCCpCDq.
VY cmoBys HACTYIUUIEHUS PABHOBECHSI ONIPENIEIIAETCS YPABHEHUEM:
KpaBH = K1 / K2 = CCpCDq/ CAmCBn.

DTO MaTeMaTUYECKOE BBIPAXKEHUE 3aKOHA IEUCTBUS Macc.

[Ipu ycraHOBUBILIEMCS PABHOBECHHM OTHOUIECHUE, ITPOU3BEICHUS PAB-
HOBECHBIX KOHIEHTPALMA KOHEYHBIX ITPOAYKTOB K MPOU3BEACHUIO KOH-
LEHTPALUi UCXOJHBIX BELIECTB €CTh BEJIWYMHA IOCTOSIHHAS IIPU JAHHBIX
TEMIIEpaType U NABICHUMU.

@U3NYECKUN CMBICT KOHCTAHTBI PABHOBECHUS SICEH U3 TOr0, YTO OHA
paBHa otHomeHuo K; k Ky, T.e. moka3pIBaeT BO CKOJBKO pa3 CKOPOCThb
npsIMOI peakiuu (Mpy KOHLEHTPAUU paBHOM 1 MO/ M JaHHOW TeMIie-
paType) 0oJbliie 00paTHOW pEeaKIUH.

K, =1 (2 paBHa)

K, <1 (oOpaTHas peakuus)

K, > 1 (mpsimas peakuus )

IIpumMeHeHMe 3aK0HA JeCTBUSI MACC
K BOJHBIM PAcTBOpPaM CJ1a0bIX JIEKTPOJIUTOB.

[Ipouecc nuccoumanuu (MM MOHU3ALKUN) HEJIb3sI paCCMATPUBATh Kak
YUCTO (PU3HUECKUH MpoIecC. DTO XMMUUYECKOE B3aUMOJICHCTBUE PACTBO-
PEHHOTO BEIlleCTBa C paCTBOPUTENEM, Bellyllee K 00pa30BaHUIO COJIbBATOB
WM TUAPATOB. DTa MBICHIH OblIa BriepBbie BhickazaHa [[.1. MenneneeBbriM
Y TIOJIOKEHA B OCHOBY €0 THIPATHOM TEOPHUH PACTBOPOB.

[Tocne pa3paboTku TeopwH 3JeKTpoauTHUYecKor auccormanun C.A.
Appennycom (1859 — 1927) BeIckazaHO MPEANONIOKECHHUE, YTO B CiIydae
pPacTBOPEHUS JIEKTPOIUTOB THUAPATUPYIOTCS UOHBL. T.0., OBLIO JOCTUTHY-
TO OO0BEAUHEHHE TEOPHUM IJEKTpoiauTHueckor maucconuanuu C.A. Appe-
HUYyca C TUApaTHOU Teopuer pactBopoB J[.M.Menneneesa.

[Ipouecc nonnzanuu odbpatum. ['UapaThl UK CONBBATHI MPOTUBOIIO-
JIO’)KHO 3apsDKEHHBIX MOHOB, CTAKMBAsSCh MEXKIy COOOW B pacTBOpE W HC-
IBITHIBAs MIPUTSDKCHHUE Oarofapsi HaJWYHIO Y HUX Pa3HOMMEHHBIX 3apsi-
JI0OB, MOTYT BHOBb COEIAUHSATHCS, 00pa3ysi COMbBATHI (THAPATHI) MOJEKYI.
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Tak, HanpuMep, HE YUUTHIBAsI TUJIPATHYIO BOJY, MPOLIECC HOHU3AINU
CH3;COOH MOXHO npeacTaBuTh CICAYIOMIEH peaKIueu:
CH3;COOH 2 CH3;COO + H".
Kak u Bcakuii 0OpaTUMBbI IpoIlecC, MOHU3AIUS TPUBOJUT K XUMUYE-
CKOMY PAaBHOBECHIO U JIOJDKHA MOIUUHSITHCS 3aKOHY JICUCTBHUS Macc.
CrnenoBaTesbHO, MOYKHO 3aIIUCATh!

[CH;COO][H']/[CH;COOH] = Kcpgcoomn

N CKCA/CM = K, (1)
rae Cx u C, - KOHIIGHTpAIMKM KaTUOHOB M aHMOHOB, a Cy- KOHIIEHTpaLUs
HEMOHHU3UPOBAHHBIX MOJIEKYJ. Bennunny K Ha3pIBatOT KOHCTAaHTOW MOHU-
3auu eKTponauTa. OHa XapakKTepU3yeT CKIIOHHOCTh 3JIEKTPOJIUTA K pac-
najy Ha noHbl. COOCTBEHHO, 3TO BUHO U3 ypaBHeHUs (1); uem Oobiie K,
TeM OoJblie JOJKHBI ObITh BeMUYUHBI Cx U Cu, T€M OOJIbIIE 3JIEKTPOIUT
MOHU3UPOBAH.

VYpaBHEHHIO MOKHO IPUAATH APYyroi BuI. B ciyyae OuHapHOTO 3J€K-
tpommta Tunma CH3;COOH  kaxnmas pacmaBimascs MoJieKyida oOpasyeT
OJIMH KaTMOH U oJuH aHuoH. Ecnu pactBop comepxut C MoJb/I  KUCTO-
Thl, & CTENIEHb MOHM3ALMU €€ pPaBHA 0, YUCIO MOHU3UPOBAHHBIM MOXKET
oyner paBHo Co oTCrONIA:

CK =C A— Co.

KoHI1ieHTpaiuo noHu3upOBaHHBIX MOJIEKYJ Cyy MTOTy4YUM, BEIYUTAS U3

oOmeit koHnentpanuu ee (C) yucno pacnaBmuxcs MoJieid. OHa paBHa:
Cu=C-Ca=C(1-a)
[ToncTaBuM monydeHHbIE 3HaYCHMS B ypaBHeHUE (1) momyuunm:

CoxCa
o) K (2)

Ca? _K
l—a-_
J10 3aKkoH pa3BeneHuss B. OctBanpna. OH ycTaHAaBIMBAET 3aBUCUMOCTD
MEXAY CTENEHbI0 MOHU3ALMH CJIa00TO AIEKTPOJIUTA U €r0 KOHLICHTPALIH-
78
B cnyuae cnaGoro He o4eHb pa30aBICHHOTO 3JEKTPOJIUTA BEIUYMHA
1-o ctpemuTcs K 1 ¥ B 3TOM ciiydyae MOXHO 3aIUCaTh:

K~C-a? )
Orcroma BUAHO, YTO CTEINEHb MOHU3ALMM JOJKHA BO3pAcTaTh C pas-
OaBJIEHUEM DACTBODA.
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B tabmune 1 mpuBeAeHBI MaHHBIC 3aBUCHMOCTH CTEIICHH JIHCCOIHA-
MU U KOHCTaHThI qucconuanuu ot konuentpamuu (st CHsCOOH):

Tabnuua 1
KoHnuenrtpanus Crenens HOHM3A- Koncranra
C, Mons/n oy o norusauu K- 10°
0,2 0,00954 (0,954%) 1,82
0,1 0,0136 (1,36%) 1,85
0,01 0,0419 (4,19%) 1,83
0,005 0,0585 (5,85%) 1,82

N3 Tabauikl BUAHO, YTO €CJIM CTETEHh MOHM3AIMKU YBEIUUYHUBACTCS C
pa3BeJICHUEM PACTBOPA, KOHCTAHTA MOHU3AIIUN OCTAETCSI IOCTOSTHHOM.

B He3aBucuMocTH K 0T KOHUEHTpPAUM PacTBOpPa 3aKJIHYAETCH
CYLIHOCTH 32aKOHA JIeliCTBUS MACC.

B »3TOM Cciiydyae MHOTOOCHOBHBIX KHCJIOT M OCHOBaHMW B PacTBOpE
MMEETCS HECKOJIbKO PaBHOBECHM, OTBEYAIOIIMX PA3JIMYHBIM CTEHEHSIM
WMOHU3AIMHU, KaXAash U3 KOTOPBIX XapaKTepU3yEeTCsI CBOEH KOHCTAHTOM.

Ilpumep. BBIYUCIUTh KOHLEHTPAIIMIO HOHOB BOJIOPOJA M HOHOB
CH3;COO B 0,1M pactBope CH3COOH.

Pemenne: Hammmem ypaBHenne koHcTaHTsl noHM3aunn CH3;COOH

[CH3COO'] [H)/[CH3COOH] = Kcscoon
O603HaYNM HCKOMYIO KOHIleHTpanuo H' noHoB yepe3 X u 3ameTnm,
YTO MO YPABHEHUIO:
CH3COOH 2 CH3;COOH + H'
Ha KaXX/IbI 00pa3yronuncs H' non nosieisiercss CH;COO™ moH.
Otcrona
[CH3COO]=[H']=X ; [CH3COOH]=C - X,
rae C - o01mast KOHIIEHTPAIHS B PACTBOPE.
CrnenoBaTenbHO:
X2/ (C - X) = Kenscoom,
T.K. ctenenb nonuzanuu CH3COOH B He oueHb pa30aBiIeHHBIX PaCTBOpax
HE oueHb 3HauuTenpHa, To C - X = C;
X x X1 C =K cuycoon ; X=[H'] = [CH;COO]=Cx K CH3COOH.,
[Moacrasnss 3uadenust C=0,1moms/1 1 Kepzcoon = 1,78%107 MOJTyYUM:
X =[H*] =[CH;COOH ] =+/10% 1.78 X 107> = 30X 1073 r X Monp/ .

Ecnu HeoO6Xo1uMo onpeiesuTh o - CTENeHb HMOHU3AIUU, YUCTIOBbIE

sHaueHus: K u C noacrasisitores B Gopmyay (3).
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-5/1,30 X 10 X moxb/1.

1 2
V107 =1,3x10" =1,3%
Ecnu koHIeHTpaluss MOHOB HaliJileHa IPEeIBApPUTENILHO, TO BEJIMUUHY O,
MO’KHO BBIUHCIUTH TaK:

o0 = Ceon/ Cosm= [H]/ C = 1,3%10°/10" = 1,3%107 = 1,3%.

IIpuiio:keHne 3aK0HA TeMCTBUS MACC K CHIbHBIM 3JIEKTPOJIUTAM
(rpaHuUBI IPUMEHNMOCTH 3aKOHA JIefiCTBUS MaCC).

KoHIeHTpaiysi CUIbHBIX AJIEKTPOJIMTOB 3aKOHY JEUCTBUS Macc HE
noguuHsiercs. Uto 3To o3Hadaer? Ecnu ompenenuths BEIWMYMHY O IS
Pa3HBIX KOHIIEHTPAIUii KaKOT0-TH00 CHIILHOTO 3JIEKTPOJINTA B TIOJICTABHUTh
B YpaBHEHUS, TO MOJyYCHHBIC 3HAYCHUS K OKaXyTCs HEMOCTOSTHHBIMH.

CrnenoBaTenbHO, B OTJIMYHE OT CJIA0BIX 3JICKTPOIUTOB, CUIBHBIC JJICK-
TPOJIMTHI KOHCTAHTHI JUCCOLMAIIMN HE MMEI0T. HemogumHeHne pacTBOpPOB
CHJIBHBIX 3JICKTPOJIMTOB 3aKOHY JACHCTBHS MAacC, HaXOISAIIUXCS B IIPOTHBO-
peunu ¢ 3akoHoM C.A. Appenunyca, Obu1o 00BsAcHEHO B 1923 Jlebaem u
['rokkenem.

CormacHoO TCOPHUHU CHIIBHBIX JJICKTPOJIMTOB B BOJAHBIX pPaCTBOpax OHH
AUCCONMHUPOBAHBI IIPAKTUYCCKU HAICIIO. B MMOJIb3y 3TOTO0 TOBOPUT TOT
q)aKT, 4dTO IIPU OINTHYCCKUX U CICKTPAJIBbHBIX HMCCIICAOBAHUAX HC 06Hapy-
KE€HO HCHUOHHU3HUPOBAHHBLIX MOJICKYII. PCHTPeHO(I)aSOBBIﬁ dHaJIN3 TaKXC
IMOKAa3bIBACT, YTO B TBECPAOM COCTOSHHUHN CHUJIBHBIC JJICKTPOJIMTBI UMCIOT HE
MOJICKYJISIPHBIC, @ HOHHBIC KPHUCTAJUIMYCCKHUC PCIICTKH. OTO 00CTOSTEIIb-
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CTBO OCOOEHHO MOJATBEPKIAET TUIOTE3Y IOJHOM HOHM3ALWU CUIBHBIX
AJIEKTPOJIUTOB B pacTBOpe. JIEHCTBUTENBHO, €CIU, HAIPUMED, KPUCTAILIbI
NaCl mocTpocHbl W3 MOHOB, a HE M3 MOJEKYJ, C€CTECTBEHHO IMPEIIOJIO-
’KUTh, YTO MPU PACTBOPEHUU B pacTBOpe Oy/eT HaXOAUThCS MOHBI Na+ u
Cl', a e monexkynsr NaCl [2].

Ho ecim 310 Tak, T0 moyeMy e TOraa npu U3MEPEHUU DIIEKTPOIPO-
BOJHOCTH, OCMOTHYECKOTO JTABJICHUS, IOHMKEHUU TEMIIEPATYPhI 3aMep3a-
HUSI ¥ TIOBBILICHUS TEMIIEPATYPbl KUNICHUS IPUBOJUAT K 3AKIIOUEHUIO O HE-
ITOJTHOM MOHU3ALMKU CUJIBHBIX JJIEKTPOJIMTOB B pacTtBope? Ha aToT Bompoc
meopus Jlebas — ['okkenss OTBEYAET CIACAYIONMIUM 00pa3oM:

CmeneHb uoHU3aYyUU, KOMOPAs 0ObIYHO Onpeodensemcs no 3JNeKmpo-
NPOBOOHOCMU  PACMBOPA, 3A8UCUM HE MOJIbKO OM KOJIUYECME UOHO8, HO U
om cKkopocmu 08udceHus uonog. JlaHHOEe KOJIWYECTBO MOHOB MEPEHOCUT
TE€M OOJIbIIIE ANEKTPUUECTBA, YEM OBICTPEE 3TU UOHBI IBUKYTCS.

B cityyae CHIJIBHBIX 3JIEKTPOJIUTOB HEJIB3s JOIYCTUTHh HE3aBUCHUMOCTD
CKOPOCTH JBM>KEHUS OT KOHLIEHTPAlMU PacTBOpA.

[Ipy MoOHM3aLMKM CWIBHBIX AJIEKTPOJUTOB OOpa3yeTcsi MHOTO HOHOB,
KOTOpble (0OBIYHO B 00Jie€ KOHUEHTPUPOBAHHOM PAaCTBOPE) HAXOIATCA
HACTOJIBKO OJU3KO JIPYT K APYTY, YTO MEKIY HUMH JIOJDKHBI JEHCTBOBATH
CHUJIbI JIEKTPUYECKOTO MPUTSKEHUS U OTTAIIKUBAHUS.

JleficTBUE THUX CHJI TIOBJIEUET 3a COOOM yMEHBIIIEHUE CKOPOCTHU JBH-
KEHUE MOHOB TeM 0oJiee CUIIbHOE, YeM OJIM>Ke MOHBI HAaXOHSTCS APYT K
IpYyry, T.€. 4eM O0JIbIlle KOHIIEHTPALU pacTBOpPA.

biarogapss MEXHOHHBIM CHJIaM KaXXIbli MOH OKa3bIBACTCS OKPY-
YKEHHBIM, TaK Ha3bIBAEMOW, HMOHHOM aTMoOC(hepoi, T.€. MPOTUBOIOJIOKHO
3apsKCHHBIMU HOHAMHU.

. CI K*
Cl cl

Korzma Ha pacTBOp HE AEHUCTBYIOT JJIEKTpHUYE-

—+ _ CKH€ CHJIBI U B HEM HE MPOUCXOauT Auddysus,
XUMUYECKHE PEaKIWH W T.I. MPOIECCHl, MOHHAS

D> atMocdepa CHUMMETPHYHA W JCUCTBYIONIME  Ha
< 5 JTAHHBI MOH CHJIBI B3aMMHO ypaBHUBarOTCA. Ecim

JKC, HAIIpUMCP, B PAaCTBOP IOIPY3UTH SJCKTPOIHI,
TO CHUMMCTPUA 6Y)ICT MMOCTOAHHO HAPYIIATBHCA , TAK
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KaK MOH U €ro HOHHasi atMocdepa OyaeT ABUTaThCs
B IMPOTHUBOIOJIOAKHBIE CTOPOHBI.
[Ipu »>TOM HOHBI OYIyT TMOJBEPraThCs 3JICK-
TPUUYECKOMY  TOPMOXKEHHIO, TaK KaK KaXKIblil HOH BBIPBIBASICh U3 CBOEH
HOHHOM aTMmocdepbl, OyJaeT MomnajaaTh B MOHHYIO aTMocdepy Ipyroro
WOHA, TO €CTh OKpYyXaTbCs Jpyrol HOHHOM aTmocdepoi. IlosTomy
YMEHBIIICHUE TMOJBUXHOCTH JIOJDKHO OBITh TeM OOJibllle, YeM IJIOTHEE
HMOHHas aTMocdepa, TO €CTh, YeM 0OJIbIIIe KOHIIEHTpAIlKs PAcTBOPA.

Hcxoas u3 BBIIENPUBEACHHOTO TEOPUSI CUIIBHBIX 3JIEKTPOJIUTOB MPHU-
MMCHIBAET BO3PACTAHUE SKBUBAJCHTHOW 3JIEKTPONPOBOJAHOCTH HE YBEIU-
YEHUEM CTEIEHH MOHU3AlMHU, a BO3PACTAHUEM CKOPOCTH JBH)KEHUSI HOHOB,
B CJICICTBUE Pa3psHDKCHUS MOHHOM aTMOc(hepbl U YMEHbIAas MEXUOHHBIX
CHII.

T.0., CYIITHOCTh TEOPUM CHIBHBIX 3JIEKTPOJUTOB MOXKHO CHOPMYIIH-
pOBAaTh KPaTKO B CIECIYIOLIEM:

1.  Bce cunvnvle 31eKmpoaumsl OUCCOYUUPOBAHBI NPAKMUYECKU
Hayero.

2. Cywecmgyem 31eKmpoCmamuieckoe 63aumooelcmeue mexcoy
NPOMUBONOJIOHCHO 3APANCEHHBIMU UOHAMU.

3. HUonnas ammocghepa, Komopoti OKpY’CeH KanHcOvlli UOH OKA3bl-
gaem go3zoelucmeue Ha pacmeop - HNOHUNCAem 1eKMpPONnpo8OOHOCHb Pac-
meopa.

B ciiyyae CHUIBHBIX AJIEKTPOJIMTOB OTHOIICHUE YKBUBAJICHTHOM 2JICK-
TPOMPOBOAHOCTH A K DJIEKTPOMPOBOAHOCTH MpHU OECKOHEYHOM pa3Beie-
HUU A, HE CIyKUT MEPOU IEMCTBUTEIBHOTO pacraja Ha MOHBI , a Xapak-
TEpU3yeT BIMSHUE MEXKHUOHHBIX CHUJI Ha CIIOCOOHOCTh MOHOB MEPEHOCHUTH
ANEKTpUUYECTBO. BeamumHa o BBIYMCIEHHAss HA OCHOBAHUU 3JEKTPOIPO-
BOJITHOCTH TMPEJICTABIISIET COOOM KaXKYIIYIOCS CTENEHb MOHU3ALINH:

a=A/A.

B naHHOM ciydae BeJlMYMHA O MOKa3bIBAET, YTO BCIEACTBUE TOPMO-
3SIIETO JCHCTBUS MEKUOHHBIX CHJI DJICKTPOJIUT MPOBOJUT TOK TaK , Kak
OylTo ObI HE BCE MOJIEKYJIbI €r0 pachajluch Ha MOHBI, a JIUIIb YacTh MX,
paBHasd o .

Bonee no3aHUMU UCCIIEIOBAHUSIMU OBLJIO YCTAHOBJIEHO, YTO JOMYIIIE-
Hue 100% moHu3anuu HE COBCEM BEPHO, B pACTBOPE CUIILHOTO 3JIEKTPOJIHU-
Ta IPUCYTCTBYIOT TaKK€ U HEMOHU3UPOBAHHBIE MOJEKYJIbl. OTHAKO YHCIIO
WX HE3HAYUTEJIbHO U B JAJIbHEUIIIEM Mbl HOHU3ALUIO CUIBHBIX 3JIEKTPOIIHU-
ToB npuHuMaeM 3a 100%. Mrak, MEKMOHHBIE CHJIBI TOHWKAKOT 3JIEKTPO-
MIPOBOJHOCTH, BIMSIOT HA OCMOTHYECKOE JIaBJICHUE, Ha TEMIIEpATyphl KU-
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TIEHUS W 3aMEP3aHusl PaCTBOPOB, HA CHOCOOHOCTh MOHOB K XUMHYECKOMY
B3aMMOJICHCTBUIO.
JI71s1 OTIEHKH 3TOM CIIOCOOHOCTH YIOTPEOISAIOT TEPMUH aKTHUBHOCTH ().
[Ton akKTUBHOCTBIO TMOHHUMAIOT Ty 3(PHEKTUBHYIO KaXKYIIYIOCS KOH-
LEHTPAIMIO HOHA, B COOTBETCTBUU C KOTOPOU OH JAECHCTBYET B XUMHUECKUX
peaKIUsX.
OTHOIICHHE AKTUBHOCTH K JIEWCTBUTECIBHOW KOHIICHTpAllUM HWOHA
Ha3bIBaeTcsl ko3 durmentom akruBHocTH (f):
a; = C;xf;
fi = ai/ Ci.
[Tonsarue kordduuuent akruBHocTy BBeAaeHOo H. beeppymom B 1918
r. JIns He CIWIIKOM KOHIIEHTPUPOBAHHBIX PACTBOPOB KOA(D(PHUITMEHT ak-
TUBHOCTU MeHbIlle eauHuibl, a < C. KoadduiueHt akTMBHOCTH MOKa-
3bIBAE€T BO CKOJIBKO pa3 aKTUBHOCTH MEHbIIE (PaKTUYECKOW KOHIIEHTpaIlUU
M YYUTHIBACT B3aUMOJCHCTBUE JAHHOTO MOHA C OKPYXAKUIEH CPEHoM.
Tonbko B ciydae OECKOHEUHO pa30aBICHHBIX PACTBOPOB CHIIBHBIX JJIEK-
TPOJIUTOB:

f=1, a=C

C yBenuueHueM pa3BesieHus f cTpeMuTcs K eIMHHUIIE.

JlanbHEHIIMM pa3BUTUEM TEOPUU CHUIIBHBIX JJIEKTPOJUTOB SBIISIETCS
3akoH noHHOM cuibl (XK. JIstouc, M. Pennai, 1921) - kosdduimeHT ak-
TUBHOCTH JITAHHOTO 3JIEKTPOJIUTA OJUH U TOT K€ BO BCEX pa30aBJICHHBIX
pacTBOpax, UMEIOIINX OJUHAKOBYIO HOHHYIO CHITY.

OnbIT TakKe MOKA3bIBAET, YTO B JOCTATOYHO pa30aBICHHBIX PACTBO-
pax ¢ OAMHAKOBOW MOHHOUN CcHIONW KOA()(PUIMEHT aKTUBHOCTH OOJBIINH-
CTBa MOHOB, UMEIOIINUX OJIMH U TOT € 3apsij , NPUOIUZUTEIHbHO OJUHAKO-
BbI.

Ha camom nene, cpeanue 3HaueHHs] KO3P(GUIMEHTOB aKTUBHOCTH JIJIS
Pa3IMYHBIX HOHOB OJIMHAKOBOTO 3aps/ia OTJIMYAKOTCS, TaK KaK MMEET 3Ha-
YEHUE PAJNYC COOTBETCTBYIOLIEIO HOHA.

HNonHas cuia () BbIpa)XaeTcs MOJyCyMMOM MPOU3BEACHUN KOHIICH-
Tpaui BceX MPUCYTCTBYIOLIMX BELIECTB B PACTBOPE MOHOB Ha KBajJpaT
3apsiaa.

=G Z%=(C, 24+ C, Z%+..+ C, Z%),
riae C — KOHLEHTpaIus B r-UOH/JT; Z— 3apsiJl MOHa.
MaremaTudeckast CBs3b MEXIY HOHHON CHIION M KOA(DPUIIMEHTOM aK-
tuBHOCTH Hauy B 1923 r I1. [leOait u E. ['tokkes.
Il paz6asienasix pactsopos (0,01 - 0,05M)
-lgf=052°yi; pn<0.01
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Jlnst 6onee korneHTpupoBaHHbix (0,1 - 0,5M)

-Igf:O.SZzlfﬂ; 00l<p<1

Ipumep. Paccunrats aktuBHOCTH HOHOB Al 1 SO” B 0,05M pactBo-
pe Aly(SQOy)s, conepxkamiem 0,0060M Na,SO,.

Al, (SO4)s= 2AIF" + 350,*

Na,SO,= 2Na" + SO,

a=Cxf

Caly (504)3 = 5x10° Monb/

Ca= 2x5x107 r-mon/n

Cso,= 3%5x10°3 = 1.5X10 r-nou/n

Cso,= 1x0.6x10?%=0.6x10" r-uon/n

Hroro: Cso,= 2.1%10? r-uon/n

Cna= 2%0.6x107%=1.2x10 r-mon/n

= (1-10%x3%+2,1x10%x2%+1,2x10%1?) = 0,093.

W3 ypaBuenusi [leGas - I'tokkens st pactBopos (0,01-0,05M)
HalgeM:

_ 2 AP
|g fi —-O.SZi 1+m;
B , V0.093 .
+/0.093
Ig fs04= - 0.5x2? 140003 © f504=0.29

aa; = Carxfa=102%0.089 = 8.9x10™
asos = 2.1x10%x0.29 = 6.09x10°.

3 TOMyYeHHBIX Pe3y/IbTATOB BHIHO, YTO aKTHBHOCTH HOHOB Al** 1
SO, MHOro MeHbIe (haKTHIECKUX KOHIEHTpammii ux B pactBope . Co-
TJIACHO YUEHHIO 00 aKTUBHOCTU B 3aKOH JIEWCTBHS MacC OJDKHBI BXOJHTH
HE KOHIICHTPAIlMM MOHOB, a UX aKTUBHOCTH. B 3TOM cilyyae B ypaBHEHUE
JUTSl KOHCTAHTBI PABHOBECHS CJICIyeT BBECTH BEJTUIMHBI aKTUBHOCTH

A+B=2C+D
Ka= acap/asag = [C]fc[D] fo/[A]lfA[Blfs,
rae K,-uctuHHas WM TEpMOJWHAMHYECKas KOHCTaHTa WoHM3aruu. OHa
3aBUCHUT OT TeMIIEpaTyphbl W JABJICHUS, HO HE 3aBUCHT OT KOHIICHTPAIIMH
HWOHOB.
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JIIsl TOYHBIX PAcUeTOB B BBIPAXKEHHUE 11 KOHCTAHTHI PABHOBECHS
HaJI0 BBOJIUTH KPOME dJICKTpocTaTuueckoro kodddunuenra f eme n ko3d-
(GUIUEHT v, YYUTHIBAIOIINE MPOTEKAHUE MTOOOYHBIX PEAKITUH.

Ka:aCaD/aAaB:KCX(chfD)/(fAXfB) = KYCH(VCXVD)/(VAXVB)(chfD)/(faXfB).

Il.  BydepHsbie pacTBOpHI.

BydepHbie pacTBOpbl UMEIOT OOJBIIOE 3HAYCHUE B aHATUTHYECKON
npaktuke. OHU TO3BOJIAIOT CO3/IaTh B pacTBOpaxX OMpEEICHHOE 3HAUYCHNE
pH cpenpl, mocTosiHHOE BO BCE BpeMs MPOTEKaHUS peakiuu. bygeprvle
pacmeopsvl npedcmasiaom cooou ciadbvie KUCI0mvl UlU Cladvle 0OCHOBA-
HUSL C NOOABGNCHHOU CMENneHbio ouccoyuayuu, 8cieocmsue 000asleHuUs K
HUM UX COOCMBEHHBIX COIEll.

KoHuenrtpanus noHOB BojiopoJia B OydepHBIX pacTBOpax, MpPEACTaB-
JISTFOIIUX CO0O0M cMech C1aboi KUCIOTHI U €€ COJIM 3aBUCUT OT KOHIIEHTpa-
IIUW KUCJIOTHI, 3HAYECHUS €€ KOHCTAHThI JUCCOIMAIIMN U KOHIICHTPAI[UU CO-
JI ¥ TEM MEHBIIIE, YeM OO0JIbIIIe KOHIICHTPAITUS COJIH.

KoHuentpanust nOHOB BoJIoOpojia B OydepHBIX pacTBOpax, MpeAcTaB-
JISOIIMX CO00M cMech ¢1aboro OCHOBAHUS U €€ COJIM 3aBUCUT OT KOHIICH-
Tpalii OCHOBAaHMS, 3HAYCHUS KOHCTAHTHI JHUCCOIHMAIMM OCHOBAaHUS , W
KOHIICHTPAIIUH COJIM M TeM OOJIBIIIE , YeM OOJIbIIE KOHIIEHTPAIIHS COJIH.

Hampumep, OydepHbie cmecu

1.CH3;COOH+CH3;COONa (ameraTHbIi1)

2.NH,OH+NH,CI (ammuaunbrii)

3.NaHCO;+ Na,CO; (kapOoHaATHBIN)

4.NaH,PO,+Na,HPO, (dbocdathsrit).
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Cywnocmu 0yghepnozo oeiicmeus
[Ipu nmpubaBieHUU K PacTBOPY CJIA0OTO JIEKTPOIUTA CHIIBHOTO DJIEK-
TPOJIUTA, UMEIOLIET0 C HUM OOIIMKA MOH MPOUCXOAUT MOHMKEHHUE JTUCCO-
[AAIMH CI1a00T0 AIEKTPOIUTA.
[TosicauM 3T10:!

CH3COOH 2 CH3;COO + H” K=
CH3;COONa = CH;COO + Na*

VYBenuuenne koHueHTpauuu noHoB CH3;COO™ BeneT K MOHMKEHHUIO
CTENEHHU JUCCOLUAIUM coriacHo mpuHuuny Jla - [larense.

NH,OH 2 NH," + OH’ K — [NH J[OH™]
~ [NH4OH]

[CH;COOJ[HY]
[CH; COOH]

NH4 = NH4++ CIl.

Ceoiicmea Oygheprvix pacmeopoe

1.Bennuuna 3HaueHuii koHuentpauuii nonos H' (umu Benuuuna pH
cpeanl) B Oy(depHBIX pacTBOpax HE M3MEHSAETCS NPHU J00aBICHUU K HUM
YMEPEHHOT'0 KOJIUYECTBA CUIIbHON KHCJIOTHI MU CUIIBHOTO OCHOBAHUS.

2.Bennunna pH OydepHbIX pacTBOPOB HE M3MEHSAETCS MPU yMEHb-
IICHHOM pa30aBJICHUU.

3HayeHUE KOHIIEHTpAllUX HOHOB BOAOPOJa U BenuuuHbl pH B Oydep-

HOU CMECH, COCTOSIIEeH U3 c/1ab0l KUCIOThI U €€ COJIU.

[TycTs y Hac mMeeTcsi CMeCh, cocTosmas u3 ciaadoil kucinotel (0060-
3HaunM ee HAN) u ee conmu KtAN.

Kucnora u coiib TUCCOLMUPYIOT MO CXEME:

HAn 2 H'An’

KtAn = Kt'+An’

KoHcranty aucconuaruu ciadoi KUCIOThI MOYKHO 3aMEHUThH KaK:
Kian=[H'] [An]/ [HAN] 4)
[H'] = Kuas [HANY/ [AnT], (5)
rae [H'] = [An] = koHIeHTpanuy AUCCOLMMPOBAHHON YACTU KUCIOTHI,
[HAN] — KoHIEHTpaIs HEAUCCOIMUPOBAHHBIX MOJICKYL.
CHan - CHAn - [H+]

[Toka peup nuia o cinaboit kucinore. bynem Teneps 100aBIsATH K 3TOM
kuciore coiab KtAN. Ilpu 3ToM KoHIEHTpalsi HOHOB AN’ YBEIMYUBAETCS
3a CYET aHMOHOB, oOpasywumxcs npu auccounaruu KtAn. ITockosbky
KtAN cuibHBIN 3AEKTPOIUT U JUCCOUUUPYIOT MPAKTUYECKHU MOJHOCTHIO,
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TO KOHIIEHTpAIlUs €r0 HOHA MOXKET OBITh MPUPaBHEHA K KOHIICHTPAILIMHU CO-
JH, T.€.:
[An"kian] = Ckian
OO6m1as KOHIIEHTpaIlUs aHUOHA OyIeT paBHa:
[An-] = [An-KtAn + An-HAn], HO
[H'] = [Anhan], @ [Ankean] = Cikan, T0 [AN] = Cyean + [H'].
Bennunna [H'] = [An'yan] BenuumnHa Manas 1 €10 MOKHO peHeOpeyb.
[ToxcraBum nonyuennsie 3HadeHus st [HAN][An] B ypaBaenwue (5), mmo-
JTYy4UM:
[H+] = KnanChan/Ckian
[H+] = K,Z[I/IC_ Ig(CKI/ICHOTLI/ Cconn)-
[Iponorapudmupyem 3To BeIpa)kKeHUE U TIOMEHSIEM 3HAKH.
pH = pHI(I/ICJ'IOTLI - Ig(CKI/ICHOTLI/ CKI/ICJ'IOTLI)
AHQJIOTUYHBIM 00pa30M MOKHO MOJIYYUTb BBIpaXKEHUs Uil CMECH, o0pa-
30BaHHOM CJa0BIM OCHOBAHHMEM U €€ COJbI0 CHJIBHON KUCIOTBHL. B sTOM
cily4yae BhIpa)K€HHE OYyJIeT UMETh CISAYIOINNA BU/L;:
[OH-] - PH OCHOBaHUS COCHOBaHI/IH/ CCOJIPI
pOH - pKOCHOBaHI/IH - Ig(COCHOBaHm/ Cconn)

pH = 14-pKOCHOBaHI/IH + Ig(COCHOBaHI/Iﬂ/ CCOJ'II/I)'
Pazbepem Temneps cBolicTBa Oy(depHBIX pacTBOPOB Ha MPUMEDE.

Hampumep: Beruucnute pH OydepHoit cMecu, cocrosuii U3 ykcyc-
HoM kucioThl U anerara Hatpus [CH;COOH] = [CH3;COONa] = 1moms/m.

Kak uzmenurcs pH cmecu npu 100aBjI€HUY K HEH :

e 0,IM HCI

¢ 0.1M NaOH

e [Ipu pazdasnenun cmecu B 100 pas.

1. Beruucnuts pH nanHo# OydepHoi cMmecu:
pH = pKKHCHOTH_ Ig (CKI/ICJIOTLI/CCOJII/I) = 4,76 - Ig (1/1) = 4,76

2.Beraucnuts pH 6ydepnoii cmecu npu qodasnennu 0,1M HCI

CH3;COOH 2 CH3;COO + H'

CH;COONa = CH3;COO + H”
CH3;COOH+CH3;COONa+HCI = CH;COONa + CH;COOH + NaCl
1M 1M 0.1M 0.9M 1.1M
pH=4.76 — 1g (1.1/0.9) = 4.64.

3. CH;COOH+CH3;COONa+NaOH = CH;COONa+CH;COOH+H,0

1M 1M 0.1M 1.1M 0.9M
pH =4.76 —1g (0.9/1.1) = 4.673.
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4. Ilpu pazoaBnenuu B 100 pa3 pH He uzmeHsiercs, Tak Kak HE U3Me-
ustiercst otHommeHne Cuan/Crian.

Ilonamue oyghepnoii emxocmu

Taxkum 00pa3zom, MOKHO KOHCTaTUPOBAaTh, UTO Oy(epHbIE CMECH CITO-
COOHBI COXpaHATh NMOCTOAHHOE 3HaueHue pH cpeapl. Bennuuna pH Oyner
3aBHCETh OT Ka4eCTBEHHOTO cocTaBa Oy(epHOi cMecH M KOJIHYecTBa J10-
0aBJIeHHO K Oy(depHOIl cMecH KMCIOTBI WM CUIIBHOTO OCHOBAHUSI.

BydepHoii eMKOCTbIO pacTBOpa Ha3bIBAIOT YMCIO MOXKET CHIIBHOM
KHUCJIOTHI WJIM CUJIBHOTO OCHOBaHMsI, KOTOpoe OyneT 100aBJIEHHBIM K Oy-
depHoil cmecu, MmeHsieT Bennuuny pH Ooliee yeM Ha eqUMHUILY.

BbydepHas eMKOCTb 3aBUCHT OT KOHIIEHTPAIIMHU U TEM BBIIIE, YEM BBbI-
11I€ KOHIIEHTPAIIMN KOMIIOHEHTOB JJAHHON CMECH.

I1l. PaBHOBecHsI B reTepOreHHbIX CHCTEMAaX

OnHOM M3 BaXXHEHIIMX OMNepaliii B XUMHUYECKOM aHAIM3E SIBIISICTCS
BBIJICJICHHE OCAJKOB U3 PacTBOPOB. B XxuMaHanu3e MUPOKO MPUMEHSIOTCS
OOMEHHBIE peaKkliy, COPOBOKIAIOUINECS 00pPa30BaHUEM OCAIKA.

[Ipu pacTBOpeHHMHM KaKOTrO-TMOO BEIIECTBAa B BOJE OJHOBPEMEHHO
MIPOTEKAIOT JIBAa MPOTUBOIIOJIOKHO HAMPABICHHBIX MPOIecca, HapuMep:

Korna pactBop He HacChIEH, TO MPOIECC PACTBOPEHHUS KOJIMUYECTB
ATOTrO BElIeCTBa MpeodIaiaeT Hall MPOIIECCOM OCaXAeHUs. B mepechlieH-
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HOM pacTBOpe Habiromaercss oOpaTHOE siBJieHWE. B HaChIILIEHHOM pacTBO-
pe, OCTaHABJIUBAETCS COCTOSIHUE JUHAMUYECKOTO PABHOBECHS.

[Ipu ycraHoBUBIIEMCS PaBHOBECHUHU B €IMHHIY BPEMEHHU CTOJIBKO e
nonos Ag" u Cl mepexoauT B 0CaioK, CKOJIBKO MX HEPEXOIHUT B PACTBOP C
MOBEPXHOCTU OCAJIKA.

CoracHo 3aK0OHY JIEUCTBHS MAaCC MOYKHO 3alUCaTh:
[AG'I[CIT = Kagei [AGCI] = const,
rne [Ag'][CI] - paBroBecHas konnentpauus Ag u CI

[AQCI] — xoHIIEeHTpanMsl BelecTBa B TBEPIOH cpejie

B roMoreHHBIX cHCTeMax CTOJIKHOBEHHS MEXKIY JJIEMEHTApHBIMU
JacTUI[AMU MPOUCXOJUT BO BCEW Macce BellecTBa. B reTeporeHHbIX cH-
CTeMaX CTOJKHOBEHHE MEXIY JIEMEHTAPHBIMU YaCTUIIAMH PaCTBOPEHHOTO
BEILIECTBA U TBEPJOrO BEIIECTBA MPOUCXOAUT JIMIIIb HA MOBEPXHOCTH pa3-
nena (a3 v, HE3aBUCUMO OT KOJIMYECTBA TBEPJOTO BEUIECTBA, €r0 KOHIEH-
Tpalysi HIOCTOSIHHA U HE BJIMSIET HA CKOPOCTh PEAKIIUH.

[IpousBeneHne KOHIEHTPAIIMM HOHOB MaJOPACTBOPUMOTO 3JIEKTPO-
JUTa B €ro HACBIIIEHHOM BOJHOM PAacTBOPE HA3bIBACTCS MPOU3BEICHUEM
pacTBOpUMOCTH H o00Oo3HayatoT 3HakoMm [IP ¢ wHaekcom siemeHTa.
Hanpumep, [Ag ][CI] = TTPaqc)

B o6miem Buje i OMHAPHOTO AJIEKTPOIIUTA!

[Kt][An] = ITPkan = cONst

[Ipu ycTaHOBUBIIIEMCSI pABHOBECHH B HACHIIIIEHHOM BOJTHOM PacTBOPE
MaJIOpaCTBOPUMOIO 3JIEKTPOJUTA MPU JTAaHHOM TeMmIeparype U JaBJICHUH,
HE3aBUCUMO OT WU3MEHEHMS KOHIICHTpAIlUi OT/EJIbHBIX MOHOB, 3HAUYCHUE
OCTaeTCs MOCTOSHHBIM.

B oOmem Buae mist MmamopactBopumMoro anektponuta Kt,AnplIP BbI-
pa)kaeTcsi ypaBHEHUEM:

TPxiaans = [Kt[AN]° = const,
rae [Kt] u [An] - paBHOBECHbBIC KOHIICHTPAIlMM KaTHOHOB M aHHOHOB, 00-
pa3oBaBIIUECs MPH AIEKTPOIUTHYECKON nucconmanmu Kt,Anp, a u b — ko-
3¢ pUIIMEHTHI, MOKa3bIBAIOIINE KOJIMYECTBO MOHOB, 0Opa30BaHHBIX B pe-
3yJbTATE UCCOIUAIIUUA OJTHOM MOJIEKYJIbI.
Hanpuwmep:

MPcsypoy), = [Ca” T’ [PO,™T°

B HeHachIllIEeHHOM pacTBOpe HMOHHOE Tpou3BenaeHue Menblie I1P; B
nepeHacobiiieHHoM Oogbiie [1P; B HackimenHom pasHo T1P.

B cooTBeTcTBUM C ATUM HIET TUOO pacTBOpPEHUE, TUOO KPHCTATIIH3a-
s (oOpa3yercs 0CaioK).
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Ilpou3eedenue pacmeopumocmu

[IpaBuno [P HeogHOKpPAaTHO MOABEPrasoch yTouHeHUr0. OKa3aiochk,
YTO B PSIAE CIIyYaeB €ro MPUMEHSATh HEIIb34.

[TpaBwio ITP MOXHO TIPUMEHSTH JIMIb TOT/A, KOT/Ia aKTUBHOCTH (a),
MPOSIBIIAIONIAS Ce0sl B XMMUYECKUX MPOIIECCaX B KaUECTBE JECHUCTBYIOIIEM
Macchbl, paBHa KoHUeHTpauuu (C) HaxoAsNIyloCcsi B PacTBOPE BEILECTBA.
[IpakTuyecku, B CHJIbHO pa30aBJICHHBIX pPacTBOpax 3HAYCHUE aKTUBHOCTH
PaBHO PaBHOBECHBIM KOHIEHTpaUUsIM. TeM HE MeHee, MPAaBUI0 HE UMEET
obmiero xapakrepa. HaGmromaronuecss OTKIOHEHUS OOYCJIOBJICHBI HETO-
CTOSTHCTBOM TIPOM3BEJCHUS PABHOBECHBIX KOHIIEHTPALW; OTKJIOHEHUS
TeM OoJibilie, 4yeM OoJiblie 3apsia noHOB. Dusnueckuili CMbICT SIBIEHUS 3a-
KJIFOYA€TCS B TOM, YTO YAaCTHIIbI, IEPEXOJISAIINE B PACTBOP C MOBEPXHOCTH
TBEPJOTO BEILIECTBA, CIIOCOOHBI HE TOJIBKO K OOpaTHOMY OCaXKICHUIO Ha
MOBEPXHOCTh TBepAOM (a3bl (yCTaHABJIMBAETCS JUHAMUYECKHE PaBHOBE-
CHE), HO M CKJOHHBI K accoUMalMu B O0Jee CII0KHbIE KOMIIOHEHTHI U K
B3aUMOJICHCTBUIO C PAaCTBOpPUTEJIEM, T.€. K 0Opa30BaHUIO COJLBATOB (B
BOJIHBIX pacTBopax ruaparoB). [lo3ToMy He Bce MOJIEKYJIbI U MOHBI, HAXO-
JSIMecs B KUAKON (aze, BeAyT ceOsi 0IMHAKOBO. DTO MPUBOJUT K OTKJIIO-
HEHHUIO OT MOCTOSTHCTBA MPOU3BEACHUS OOBIYHBIX KOHIICHTPALIUA U BBI3bI-
BaeT HEOOXOMMOCTh BBEJICHUS TTOHATHUS TPOU3BEACHUS akTUBHOCTH [TA.

s anextponuta Kt;An, MOXXHO 3anucarh:

akeXaan=ITAkan

[IpousBeneHre akTUBHOCTH €CTh BEJIWYMHA MOCTOSIHHAS MPU JaHHOU
TeMIepaType JJisi HACHIIEHHBIX BOJHBIX PACTBOPOB MaJIOPACTBOPHUMBIX
COJIEN.

[Ipu pelieHny pa3IUYHbBIX 3a7a4 CIEAYyEeT UMETh B BUY , UTO JIJIs Ma-
nopactBopuMbIX coeauuenuit 1P < nNx107 ko3d@HIHEHT aKTHBHOCTH
MOXHO He yuntbiBaTh U [IP = IIA.

Eciu TIP > nx107 HyxXHO npUHEMATh BO BHHUMaHHE KOA(D(HIHMCHT

AKTUBHOCTH.
[IP u ITA 3aBHCHT TOJIBKO OT TEMIIEPATYPHI.

Ilpunoscenue npaeuna IlIP ¢ xumuueckom ananuse
3nauenus [IP u [TA nns ManopacTBOPUMBIX BBIYHMCIIEHBI U IPEACTAB-
JIEHBI B BUJI€ TAOJIUI] B CIIPABOYHHKAX.
Ocanok m1000T0 MaJIOPACTBOPUMOTO AJIEKTPOJIUTA 00pa3yeTcss B TOM
Clydae , €CJIM KOHILIEHTpalKsl HOHOB npesbiaet ero [1P
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akeXaa, > IIP [Kt'][An] > IIP.

IIpumep. Omnpenenuth MyTeM pacueTa BbIMaaeT au ocanok BaSO, mpu
cmemuBanuu pactBopa H,SO, C = 0.1Monp/n ¢ paBHBIM 00BEMOM
BaCl, C=0.01momnb/m.
[1Pgasos = 0,57:3(10-10
[Ba®]1=? [SO,/]=7
[Tocne pazbaBieHus:
Cso,= 0,1/2x 0,05 r-non/i; Cga= 0,01/2x0,005r-non/m.

[SO,“][Ba*]=0,05%0,005 = 2,5x10*> 0,57x10™.

BriBoa: BrImmamaeT ocajiok.

Bausanue paznuunvix pakmopoe Ha noJIHOMY 0CarcoeHus
[Ipu ocaxxneHuw, i JOCTUXKEHUS TTOJTHOTHI OCAXKEHUsI, OepyT He-
KOTOPBII U30BITOK OCaaUTENA, T.€. OepyT OOJbIIIe, Y4eM TPEOYETCs 0 CTe-
XHOMETPHH.
Pacuer KOHIIEHTpAIIMA HMOHA-OCAAUTEN, OOECIIEUUBAIOILIETO :
e Havano ocaxacHus:
Kt'™+An 2 KtAn

oCaiuTeCIIb

[K{][AN] > Py, [An~] = “ﬂ—t;*

Paccuurtath Cso4, KOTOpOE OO€cTiCunBaeT ocaxkaenue BaSO, u3 pac-
TBOpa, coaepxarero BaCl, C = 0.01momnb/m.

[Ba®*] = 0.01momb/a

[SO,*] = MPgasos/ [Ba®] = 0,057x10™°/ 10 = 0,057x10°®

eKoHel ocaxxIeHU:

[An-] > HPKtAn/ 10_6

HUOH O0CaaUuTClib

10°°- ocraTouHas KOHLEHTPALHS OCAXKIAEMOr0 HOHA

[SO4*] > I1P/10°=0,57%x10™"%/ 10°=0,57%10" r-now/n

Ecnu u30bITok ocagutens npeBbicuT 1,5 TP To Bo3MOXHO yBenuue-
HHE PACTBOPUMOCTH BCJIEJCTBUE MOOOYHBIX PEAKIIHiA :

1.06pa3oBaHue KUCIBIX COJICH:

BaSO,+H,SO,~ Ba (HSO4)§J/

2.KoMIIJIEKCHOE COETMHEHHUE:

AgCl + HCI = H [AgCl],
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3.3a c4eT OKHCIUTEIbHO-BOCCTAHOBUTEILHON pEaKIIuU

OObuHO 3HaueHuwe [IP BBIUKCISIOT TO MaHHBIM PACTBOPUMOCTH
(P) HaiiieHHBIM SKCIIEpUMEHTANBHBIM myTeM. U, Hao6opoT, 3Has [1P mMox-
HO BBIYMCIIUTH PACTBOPHUMOCTh COCAMHCHMSI, MOJb3YSCh COOTBETCTBYIO-
My popmynamu. [ OMHApHOTO JIEKTpoHTa, HanpuMep, BaSOy:

= ./IIP
PEaSCM- BaSDs4,
B o0Omiem Buse:

P kian= [Kt] = [An] = 1I'IHPKtAn'
Jns anextponutoB tunma Ag,C,0,:
_ [Kt] 3 [TIP

Pkioan = - [An] = - A TL

B o0miem Buse:

at+b | TIP

P = ——

IIpumep: Berauciuthb pactBopumoctb Caz(PO,4), mpu 25 C.

B BogHom pactBope Caz(PO,), auccouuupyer

Cas (PO,), 2 3Ca’ +2P0O,>

CresioBaTenbHO, TpeM KkaTHoHam Ca’’ COOTBETCTBYIOT JjBa aHHMOHA
PO,”.

TPy p0,, = [Ca” T[PO,"T = 3,0x10°

PCag(PO4)2:3+ZJ% =3/3x 10733 /108 = 1.2x10 'mons/n.  Pac-

TBOPUMOCTH BbIpa)kaeTcs B I/, T-Moib/1. [lepeBon:

P, r/n = P, r-monp/n Xx M

P, r-momp/n= P, 1/n x M

Paznmnuaror ogHOTHIHBIC M pa3HOTHUITHBIE ocaaku. OTHOTHUITHBIE CO-
CTOSIT M3 OJIMHAKOBOTO YHCJIa HOHOB, Pa3HOTUIHBIC - pa3Horo. st ogHO-
TUITHBIX OCAJKOB, CpaBHWBas 3HaueHHE [IP, MOKHO OTBETHTH Ha BOIPOC
KaKo#W u3 HUX Oosiee WM MeHee pacTBOpUM. JIJIsT pa3sHOTHITHBIX OCAIKOB,
JUTsl OTBETA HA 9TOT BOMIPOC, HEOOXOAMMO PACCUUTHIBATH PACTBOPUMOCTb.

Bauanue paznuunvix hakmopoe na pacmeopumocms 0caokos
1.PacTBOpUMOCTB 3aBUCHUT OT TeMmiepaTypsl pactBopa u IIP, uzme-
HSIOIIET0Cs B 3aBUCUMOCTH OT BHIOPAHHOT'O PACTBOPUTEIIS.
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2.PacTBOpUMOCTh OCajka TpU M00aBICHUU H30BITKA OCAIUTEIS
YMEHBIIACTCH.

3.PacTBOprMOCTE MaJIOPaCTBOPUMBIX AJIEKTPOJIMTOB 3aBUCUT OT
NPHUCYTCTBUS JPYTHX MaJOPACTBOPUMBIX 3JIEKTPOJIUTOB, HE MMEIOIIUX C
HUMHU OOIIMX MOHOB, W, YAaCTO B NMPHUCYTCTBUH WX, YBEIUYHBACTCS (cCoJe-
BoM 3(pdekT).

4.Ha pacTBOpUMOCTb OCaIKOB CHJIPHOE BIIMSIHUE OKa3bIBaCT IPH-
CYTCTBHE KHCIIOT, OCHOBaHHM, KOMILJIEKCOOOPA3yIOIINX PEearcHTOB.

Ipumep: Boraucnuth pacrBopumoctbh AgCl Kk HachllieHHOMY pac-
TBOpY KoToporo npudasineHo AGNO;3 Cagnos = 0.001moms/m.

Pemenne: B H,O:

AgCl 2 Ag*+ CI AgNOs; 2 Ag™+ NO3

ITPagci = 0,57x10™

Pagei= VIIP =,/0,57 x 10710 = 1,3 X 10~ Moub/ 1.
B 0,001AgNO:s:
[Ag]=[Ag]+[Ag]

1075 107-3

npeHebperaem U3 pacTBOpa

Pagei = ITP/[Ag’] = 0.57x107%10° = 0.57x10".

CpaBHMBasi ¢ MPEIbIAYIIUM BHAHO, 4TO pacTBopuMocTh B AGNO;
(0,001M) B 76 pa3 MEHBIIIC YeM B BOJIC.

BrusHre Ha pacTBOPUMOCTh OCajKa JAPYTOro CHIBHOTO DJIEKTPOIUTA
HE UMEIOIIET0 C 0CaJAKOM OJHOMMEHHOTO UOHA.

PacTBOpMMOCTHh MaJIOPACTBOPUMOTO DJICKTPOJIUTA B IPUCYTCTBUM XO-
pOILLIO PACTBOPUMOTO 3JIEKTPOJUTA HE COJIEPHKAIIEro OJHOMMEHHOIO MOHA
c ocaakoM yBenuuuBaercs. CUlbl MEKHOHHOTO B3aUMOJICHCTBHS BO3pac-
TAlOT. ITO SBJIICHUE HOCUT Ha3BaHHUE «COJEeBOro 3 dexTar.

CBsi3aHO ATO C YBEJIMYEHUEM KOHLIEHTPAIIMU UOHOB B pacTBope. B pe-
3yJbTaTe YBEIMYMBACTCS HMOHHAS CHiIa, a KOI(POUIMEHT aKTUBHOCTH
YMEHBIIAETCH.

Hanpumep, pactBopumocts CaSO,4, BaSO,, SiSO,4 yBennuuBaeTcs oT
npubaBnenus KCI, NaNO;, KNOs;.

Ilpumep: Bprunciuth pactBopumocts CaSO4 B Boge u 0,1M pactBope
NaCl.

B HzOI

P=,/6,26 X 1075 = 7,9%10"° mos/m.
B 0,IMNaCl (x =0,1 f=0.33)
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P=,/6,26 X 1075/0,33 = 2.4 x10” mop/1.

V. TI'paBumerpuYeckuii (BecOBOIl) aHAJIM3.

Becel anauTnyeckue

Cywinocmo. OcHoéHble NOHAMUA.

I'paBUMeTpHUUYECKUIM aHAIM3 OCHOBAH HAa OIPENEIICHUU MAacChl Bellle-
CTBa.
B xone ananu3a onpenensieMoe BEIeCTBO WM OTTOHSETCS B BUJIE KAKOTO-
b0 coenuHeHUs (METOJl OTTOHKHU), JIMOO OCaXJTaeTcsl B BUJIE Majlopac-
TBOPUMOI'O COEAMHEHMsI (METOJ| OCaKJaeHus). MeTo oM OTTOHKHU Ompe/e-
JSII0T, HAMPUMEP, COJACPNKAHUE KPUCTATUIM3AIMOHHON BOJIBI B KPUCTAILIO-
TUApATax, €CIU BEIIECTBO B PE3yIbTaTe HarpeBa HE MpETepIeBacT APYrux
XUMUYECKUX U3MEHEHUHN, KPOME BBIJCICHHS BOJIBI:

BaCl,- 2H,0 = BaCl{ + 2H,0.

Mertozpl OCaXKIeHUs MPUMEHSIOTCS 00Jiee 4acTO M MX MPAKTHUECKOE
3HAYE€HNE HECPABHEHHO BHIIIIE.

OcaxjeHrne, B BUAEC KOTOPOIO OMNpEACIAeMbIi KOMIIOHEHT OCaX1aeT-
Csl M3 pacTBOpa, HasbIiBaeTcs ocaxkaaemoit hopmoii (BaSO,, Fe(OH)s).
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Coenunenue, B BUAE KOTOPOTO MPOU3BOIST B3BEIIMBAHNE, HA3bIBACT-

Csl [paBUMETPpUYECKON (HOPMOH.
2 Fe (OH)g # Fe,O;+ 3H,0.

['paBumeTpuueckass ¢popmMa MOXKET OTIMYATHCS MO COCTaBYy OT Oca-
JKITAEMOM.
['paBuMeTprueckoil opme OCakACHHS MPEAbSIBISIOTCS CIEAYIOIIUE OC-
HOBHbIE TPEOOBaHUA:

1. Ocamok MOKEH OBITh MAJIOPAaCTBOPHUM, T.€. OCAXKICHUE JOJIKHO
GBITH JOCTATOYHO MOJIHBIM Ha ypoBHe 1X 10™ T (TouHOCTD B3BeIIHBaHMS).

2. [Tonmy4yeHHBIN OCaJ0K JTOJDKEH OBITh YUCTHIM M JIETKO (DUIBTPOBATH-
csl.

Pemraronee BnusiHUE Ha MMOJHOTY OCAXIEHUS U CBOMCTBO OCAJIKa OKa-
3bIBAIOT: KOHIIEHTpALMs (KOJUYECTBO) OCAAUTENSA, TEMIEpaTypa, KOHIICH-
Tpalusi HOCTOPOHHUX ITPUMECEH.

KoHnenTpanuio ocagurens M IOTHOTY OCAXKIECHUSA MBI PACCMOTPEIU
B IPEABIAYIIEM MaTepHale, KacarolleMcs PaBHOBECHUS PacTBOP-TBEPAAs
¢aza, uro xe kacaerca [IP, To 3To 3HaueHue 3aBUCUT OT TEMIIEPaTypHl.

[Ipomecc pacTBOpeHHsT MAIOPACTBOPUMOM COJIM, KaK MpPaBWIIO, SHAOTEP-

dlnlIIP
muueH, T.e. AH > 0 u, cnenoBarenbHo, “ar >0 ¢ pocToM TeMmmeparypbl

pacTBOPUMOCTh pacteT. OTCro/1a CleayeT, YTO MOJHOTA OCAKICHUS HU3-
kas. TemmepaTypa sBisieTcs OnaronpusTHeIM (aktopom. OmHAKO, TpH
HU3KKUX 3HadeHusX [IP BiustHue TemmepaTypbl OKa3bIBa€TCS MPAKTHYCCKH
HECYIIECTBEHHBIM. TakuM 00pa3oM, ISl TIOJTHOTHl OCaXKICHHS HEOOXO0 MM
M30BITOK OCAAUTENS U HEXKENIATeIbHbl ITOCTOPOHHHUE AJICKTPOIUTHI, BIIH-
sonme Ha kKodpduimeHt akTuBHOCTH. OOpa3zoBaHuE HeE3arps3HEHHBIX
KPYITHOKPUCTAUIMYECKUX OCAJIKOB SIBJISIETCSI HEOOXOUMBIM yCJIIOBUEM T10-
JY4EeHUS TOYHBIX Pe3yJbTaToB. KpyMHOKPUCTANIMUECKHUE OCAJKHU TOJTY-
qaroTcsi 00Jiee YUCTHIMU, UMEIOT MEHEE Pa3BUTYHO TMOBEPXHOCTh U MOITO-
My COpOMPYIOT MEHBIIIE pUMecel, Jerko Guabtpytorcsa. [loatomy HeoO-
XOJUMO TIPEAYCMOTPETh YCIIOBHS, TP KOTOPBIX 00Pa3yrOTCs KPYITHOKPH-
CTaJUTMYEeCKHUE ocaakd. Ha pa3smep KpHUCTaIOB OKa3bIBaeT BIWUSHUE OTHO-
CUTEJIbHBIE CKOPOCTH JBYX IPOIIECCOB - 3apOJIbIIIIE0Opa30BaHUE U POCT
KpuctajuioB. CKOPOCTh 00pa30BaHUsI 3apOJIbIIIEH OMPEAC/ISIETCS BEIUYU-
HOM oTHOcuTeabHOro mnepechimenus (OI):

_ Q-5
Olf= —<—

rae Q — KOHIIEHTpAIMs 0CaXAaeMOI'0 HOHA; S — €ro pacTBOPHUMOCT.
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YeMm Ooubliie TMepechIlneHne, TeM O0JIbIIe CKOPOCTh 3apojibliieo0pa-
30BaHUE, TeM Melbdye OyayT oOpa3oBaBIIUECS KpUCTAUIbl. JJisi yMEHb-
IIEHUS YKClia 3apOJIbIIIeH He0OX0IUMO HUCCIIeIyeMbld pacTBOp pa30aBUThH
U MOJOTPETh Mpu 3TOM (Q YMEHBIIUTCA, a S — pacTeT. MOXXHO TakxKe
BBECTH COJIM aMMOHHMS WM TTOJKHUCIUTh PacTBOP.

OCHOBHBIMM TPUYMHAMHM, BBI3BIBAIOIIUMU 3arpsi3HEHUE OCAJIKa SIBJIS-
eTCs aAre3us U OKKIIIO3HSL.

JInsl yMEHbIIIEHUS 3arpsI3HEHUS], 3a CUET OCAXKJCHUSA, 4acTO IpUMe-
HAIOT HACTAMBAaHHE — «CTApEHUE» ocajka. lIpm «crapeHum» mpoOUCXOauT
PEKPUCTAILIN3AIHSL.

Haubonee pagukaabHbIM CPEACTBOM SABIAETCA MepeocaxacHue (Ime-
PEKpHUCTAIIN3ALINA).

Ocanku Ha GUIBTPE MPOMBIBAIOT HEOONBITUMU KOJIUYECTBAMHU IPO-
MBIBHOM JKUJIKOCTH. B KayecTBe NPOMBIBHOM KUJKOCTH HCIOJIB3YIOT
COJIM aMMOHHUS, pACTBOPBI aMMHUAKA, a30THOU KUCIIOTHL.

Pacuemui ¢ cpasumempuiecCKom anaiuse.

OTHOIIEHNE MOJISIPHOW MacChl ONPEIEIIEMOr0 KOMIIOHEHTAa K MO-
JSIPHOM Macce rpaBUMETpUUYECKOr (OpMBbI HE3HAYUTETBHBIM (PaKTOpPOM
nepeder (F):

(9]
- MMX)
rae X- onpenesnsieMblii KOMIIOHEHT, M- rpaBuMeTpudeckas gopma.

[Ipu Beuncnenuu (axTopa nepecyeTa HEOOXOIUMO YUUTHIBATH CTE-
XUOMETPHUUECKUN KOIP(PUIIMEHTHI B XMMHYECKUX (PopMynax ompenense-
MOTO BEIHIECTBA U TPABUMETPUIECKON (DOPMBI, C TE€M YTOOBI YHCIO aTOMOB
OTpeAeIIEMOr0 KOMIIOHEHTa B YMCIUTENE W B 3HAMEHaTese IpoOu ObLIO
OJIMHAKOBO, TaK, Hanpumep, st Mg,P,0;:

A Z2Mg
M.y Mg,P,0-

X=m-F,

Fmg=

Jlnst Caz(POy),:
Anm 3Ca

Fca= .
©@7 Maw Cay(POy),

3adaua: BpruucauTh MaccoByto 100 B % Co B cruiaBe eciu u3 00-
pasna maccoit 0,21r mocne ocaxaenuss Co a-HUTPO30-B-HAPTOIOM TOITY-
YWy nmpokajeHHbiit ocagok maccor 0,1012 r Coz04. Haxomum F:
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8x58.9 _176.7 _ 0.734
3x58.9+4x16  240.7
Xco=F m=0.734- 0.1012=0.07439
%Co B crunae = 0,0739/ 0,21x 100% = 35,7%,

V. Turpumerpuyeckuii (00beMHBbII1) aHATU3

TATPOBANRE

HazBanue ,,TuTpuMeTpudecKue” CBSI3aHO CO CJIOBOM THUTp, 0003HA-
YAIOIMM KOHIIGHTPAIMIO pacTBOpa (Macca BemectBa B 1 cM® pactBopa).
Panee 6onee pacnpocTpaHeHHBIM OBLIIO Ha3BaHHE OOBEMHBIC METOIbI aHa-
mu3a. Ceiyac 1moJ 0ObEMHBIM aHAJIU30M MTOHMMAIOT COBOKYITHOCTH METO-
OB aHajJu3a, OCHOBAHHBIX HAa M3MEPEHHUHM 00BbEMa >KUIAKOW, Ta30BOM WU
TBep o (as.

Onpeoenenue u Knaccuuxayus memooos 00bEMHO20 AHANU3A
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Turpumerpuyeckuii (00bEMHBIN) METOJA aHAIM3a OCHOBAH HAa pPETH-
CTpauuu 00bEMa peareHra, pacxoiyeMoro Ha
PEaKLHIO C ONPEEISIEMbIM BELIECTBOM.

TuTpuMeTpuueckuil aHau3 — METOJl ONpPENEICHHs] KOJIMYECTBa
BELIECTBA MTyTEM TOYHOTO M3MEpPEHUsi 00beMa pacTBOPOB BEIIECTB, BCTY-
NAaKUMX MEXAY cOO0H B pEaKIHIO.

Tump — KOTUYECTBO T. BEIIECTBA CojeprKaiierocs B 1 M. pacTBo-
pa UM 3KBUBAJICHTHOE OMpesenseMoMy BemecTBy. Hanpumep, eciau Tutp
H,SO, paBen 0,0049 r/mi, 3TO 3HAYMT, YTO KAKIBIH MJI pacTBOpa COIEP-
#xuT 0,0049 1. cepHO KUCIOTBHI.

PacTBOp, TUTPp KOTOPOTO M3BECTEH, HA3BIBACTCA TUTPOBAHHBIM. 1um-
posanue — mpolecc 100aBICHUS K UCCIeIyEMOMY PAaCTBOPY WJIU €ro alliK-
BOTHOM YAaCTH KBUBAJIEHTHOTO KOJIMYECTBA TUTPOBAHHOTO pactBopa. [Ipu
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3TOM HCIIOJIb3YIOTCSI CTaHJAPTHBIE PACTBOPBI — PUKCAHAIbL — PACTBOPHI C
TouHO# KoHIeHTparuel BemectBa (Na,CO3, HCI).

Peakiust THTpOBaHUS HOHKHA OTBEYATh CIEAYIOIIMM TpeOOBaHU-
SIM:

1) BBICOKast CKOPOCTb PEAKIIHH;

2) peakius J0/DKHA IPOTEKATh 10 KOHIIA;

3) peakuus JOKHA OBITH BBICOKO CTEXHOMETPUIHOM;

4) umeTh yAoOHBIH MeTo (PUKCHPOBaHUS KOHIIA PEaKITUH.

HCI + NaOH — NaCl + H,0
['maBHas 3ajaya TUTPUMETPUUYECKOTO aHaIM3a — HE TOJBKO HC-
M0JIb30BaTh PacTBOP TOYHO M3BECTHOM KOHIEHTpauuu ((ukcaHamz), HO U
MPaBUIILHO ONPEIEIUTh TOUKY SKBUBAJIEHTHOCTH.

CymiecTByeT HECKOJBKO CIMOCO00B 3aUKCHPOBATh TOYKY SKBHBA-
JICHTHOCTH:

a) I1lo cOOCTBEHHOW OKpacKe MOHOB ONPENEISIEMOro 3J1€MEHTa, HallpH-

Mep maprasua B Buae anuona MnQO,

0) Ilo BelecTBY-CBUJICTEIIO

IIpumep: Ag" +ClI" — AgCl |

Ag" + CrO;— Ag,CrO4! (apko opanxeBas OKpacka)

B xonly, roe TpeOyeTcs ompenenuTh HWOH XJIOpa, M00aBISIOT He-
6omnpiioe komudecTBO coiu K,CrO, (cBumerens). 3aTeM u3 OIOPETKU TO-
CTETICHHO JTOOABIIAIOT UCCIIEyeMOe BEIIECTBO, MIPU STOM NEPBBIMU B pe-
aKIMIO0 BCTYMAIOT MOHBI XJopa U obpazyetcs Oemnbiii ocanok (AgCl), T. e.
ITP agcl << IIP agocr 04,

Takum oOpa3om, JWINHAS Kamjis HUTpara cepedpa AacT spKO
OpaHXEBYIO OKPACKY, T. K. BECh XJIOP YK€ IpopearupoBall.

B) C mOMOIIIbIO HHANKATOPOB: HAMIPUMED, IPH PEAKIIUUA HEUTPATU3AINH
UCIIOJIB3YIOT KUCJIOTHO-IIEIOYHBIE MHANKATOPHI: JJAaKMyc, GeHon]TaienH,
METHJI OpaHX — OPraHMYEeCKHE COCIUHEHUS M3MEHSIOIIME OKPACKy MpH
IIepEeX0/I€ OT KUCIION K LIEIOYHOMN Cpele.

Hnouxamopvl — OpraHWYECKHE KpPaCUTEIH, KOTOpPhIE MEHSIOT
CBOIO OKPACKY MIPH U3MEHEHUH KUCIOTHOCTH CPEJIbI.

Cxemarnuecku (OImyckasi MPOMEXYTOYHbIE (OPMBI) paBHOBECHE
WHIUKATOPa MOKHO TIPEACTaBUTh KaK KHCIOTHO-OCHOBHYIO PEaKITUIO

Hin +H,0 < In"+ H;0"
H,O < H" + OH" H" + H.O < H30+

Ha oGnacte mepexoja OKpacku MHIWKATOpa (MOJIOKCHHE U WH-

TEpBaJI) BIUSIOT BCe (PaKTOPHI, OT KOTOPHIX 3aBUCUT KOHCTAaHTa PaBHOBE-
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cusi (MOHHAs cuja, TeMIepaTypa, IOCTOPOHHUE BEUIECTBA, PACTBOPUTEIID),
a TaK>Ke UHAUKATOpA.

Knaccugukayua memoooe mumpumempuuecko2o anaiusa.

1) KHCIOTHO-OCHOBHOE THTpOBaHWE (HEHTpaau3alus): STUM METOAOM
OTIPEIEIAIOT KOJUYECTBO KUCIOTH WM MIENOYH B aHATH3UPYEMOM
pacTBopE;

2) ocaxkJieHuEe W KOMIUIEKCOOOpa3oBaHue (apreHTOMETPHS, KOMILIECKCO-
HOMETPH)

AgNO; + HCI

Ag® +CI" = AgCl |

3) OKHCIUTEIIbHO-BOCCTAHOBUTEIBHOE TUTPOBAHUE (PEIOKCUMETPHS):

a) nepmanranaromeTpust (KMnQO,);
0) riomometpust (Y?);
B) Opomarometpus (KBrOs3);
r) muxpomatomerpus (K,Cr,07);
1) uepumetpust (Ce(SO,),);
¢) BanagomeTpus (NH4VO3);
k) Tutadomerpus (TiCls) u T.1.

titrant
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Cnoco6vt mumposanusi.
1. opsmoe tutpoBanue. Ilpu npavom mumpoeanuu TUTPAHT HEMOCPE.-
CTBEHHO JOOABJISIIOT K TUTPYEMOMY BEHIECTBY. Takoi crmocod mpumMeHuM
TOJIbKO TIPU BBITIOJTHEHUHU BCEeX TPEOOBAHMM, MEPEUNCICHHBIX BBIIIIE.
2. obpatHOe TUTpOBaHME (C HM3OBITKOM), HCIOJB3YETCS MPH MEIJICHHO
MPOTEKAOIIEN peakuuu. Eciayu CKOpOCTh peakluy Majia, WK He yAaeTcCs
noa00paTh MHAUKATOP, WIM HAOMIOAar0TCs MOOOYHBbIE (P (EKThI, HANpPH-
Mep MOTEPH ONPEACIIIEMOTO BEIIECTBA BCIEICTBUE JIETYUYECTH, MOXKHO HC-
M0JI30BATh MPUEM 0OPAMHO20 MUMPOBAHUs: NOOABUTH K ONPEICISIEMOMY
BEIIIECTBY 3aBEJIOMbIN U30BITOK TUTpaHTa T, JOBECTH PEAKIIMIO /10 KOHIIA,
a 3aT€M HaWTHU KOJMYECTBO HEMPOPEArUPOBABIIETO TUTPAHTA TUTPOBAHUEM
€ro Ipyrum peareHTom T, ¢ KOHUEHTpauuen c;. O4eBUIHO, YTO HA Ompe-
JENSEMOE BEILIECTBO 3aTPAYMBAETCS KOJIMYECTBO TUTpPaHTa 11, paBHOE pas3-
HOCTH C11VT1 — C12V10.
3. TutpoBanue 1o 3amMenieHuio. Mcnonb3yeTcss peareHt, BCTYMAOMINI B
pEaKILMIO 3aMEIIECHHS C UCCIEAYyEMbIM KOMIOHEHTOM. TUTpPaHT pearupyer
C IPOIYKTOM PEaKlHU 3aMelieHus. Pacuer KOHIEHTpau OnpeaeasieMoro
BEILIECTBA AHAJIOTMYEH PACUETy MNPHU NPSIMOM TUTPOBAHUHU.

Bbibop cnocoba TuTpoBaHuUA

Ycnosus onpegeneHns Cnocob TUTPOBaHWA

1. Peakyns TUTpaHTa ¢ onpeaensiemb
BeLYeCTBOM: CTEXNOMETPNYHA,
npoTeKaeT GbICTPO, KONNYECTBEHHO.
2. VlmeeTtcs nHaukaTop.

MpsAmoe TUTpOBaHUE:
aHanusnpyemblil pacTeop +
TUTpaHT 840 KTT

OGpaTHoe TUTpoBaHue:
aHanusupyemblit pactTeop +
onpeaensemblil 06bemM cTaHaapTHOro
pacTeopa; n3bbIToK CTaHAapPTHOro

1. Peakuyns TUTpOBaHWUA NpoTeKaeT
MeAneHHo.

2. Onpegensemoe BelecTBO NneTyyes
3. HeT nHawnkaTopa.

1. Peakyna TUTpoBaHUA
HECTEeXNOMETpUYHA.

2. Onpegensemoe BelecTBo
HEeYCTONYNBO.

TuTpoBaHue 3aMecTUTENS:
aHanusupyembin pacTeop + U3bbITOK
BCMoMoraTenbHoro pacteopa —
3amecTuTenb + TUTpaHT 30 KTT
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OueHb Ba)KHBIM BOIIPOCOM SIBJISIETCS CIIOCOOBI BBIPAKEHUSI KOHIIEHTpA-
IIMHA pacTBOpA.
Momnsipabie paCTBOPBI — MOJIB/J

IM,., — B 1 nutpe HaxoxuTcs 1 r/Monb BemecTBa
HopmanbsHbie pacTBOpHI (pacTBOP JOKEH COJIepkKaTh B 1 J1 3aaHHOE YK C-
JI0 DKBHUBAJIEHTHBIX Macc).
XHUMHYECKUIM DKBUBAJICHTOM HA3BIBACTCI KOJIMYECTBO BEIIECTBA DKBHBA-
JIEHTHOE OJJHOMY T aToMa BOJAOpO/a.

Turp T T=@ /
P 100g LT/

Ocnoenbvie ypaeHnenusn onsa mumpumempuiecKozo anajiuia

val =N xV X1

rae Nj— HOpManbHOCTh TUTPAHTA

V| — KOJIMYECTBO pacTBOPa, KOTOPOE BBUIMIIU U3 OIOPETKH ISl XUMH-
YECKOM  peakiuu

N xV x — XapakTepuCTHKa HCKOMOTO BEIIECTBA

N — N1V1
X VX
S Tow Ve 1 00%
a

a — HaBECKa aHaJM3UPyEMOTI0 BEIeCTBa

TutpumeTpruecKue METObl aHalu3a MOAPA3ACIAIOT M0 THUILY peak-
1[1H, JISKAIlEed B OCHOBE METO/a Ha TPpU OOJIbILINE FPYIIIIHI.

Memoo KuciomHo - 0CHO8HO20 MUMPOBAHUS
OCHOBHBIM ypaBHEHHEM Ipoliecca HEUTpalu3alii B BOJHBIX pac-
TBOpAaXx SIBJISIETCSI B3aUMOJIEMCTBUE MOHOB THMAPOKCOHUS (MM BOJOPOJA) C
MOHAMU THUIPOKCHUIIA, COMPOBOXKAAIOIINECS 00pa30BaHHEM CIab0 JTUCCO-
UUPOBAHHBIX MOJIEKYJI BOJIBI.
H30++ OH - ZHQO H++ OH = HQO
MeToapl HEUTpAIU3ALUUU TO3BOJSIOT KOJMYECTBEHHO OIPEINECIIUTD
KHUCJIOTHI (C TTIOMOIIBI0 TUTPOBAHHBIX PACTBOPOB IEJI0YEH), OCHOBAHUS (C
MOMOIIBI0 TUTPOBAHHBIX PACTBOPOB KHCJIOT) M JIPYTHE BEIIECTBA, pearu-
PYIOIIHUE B CTEXMOMETPUUYECKUX COOTHOIICHUSIX C KUCIOTAMH U OCHOBAHU-
SMH B BOJIHBIX PacTBOpax (Hampumep, COJIM aMMOHMUSI, pEarupyroiimne co
nieiouaMu; KapOOHaThl, pearupyronye ¢ KuciaoTaMu U T.1.). [lpumenss
CHELUANIbHBIE MPUEMbl TUTPOBAHUS, METOJAMH HEUTpAIM3alUU MOXKHO
OMPENCIIUTh COACP)KAaHUE MHOTUX cojied, nuddepeHuupoBaHHo (pas-
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JIENHbHO TUTPOBATh CMECH CHJIBHBIX, CIA0BIX M OYEHBb CIAOBIX KHUCJIOT, a
TaKX€ CMECH OCHOBAHUW U COJIEH B HEBOJHBIX PACTBOPAX).

TexHuka omnpeneneHusi COCTOUT B TOM, YTO K ONPEAECIEHHOMY KOJIH-
YECTBY PacTBOpPAa OCHOBAHUWS WJIA KUCIJIOTHI NIOCTEIIEHHO NMPUJIMBAIOT TUT-
PUPOBAHHBIM PACTBOP KHUCIJIOTHI MM OCHOBAHUS IO HACTYIUICHHUS TOYKH
DKBUBAJICHTHOCTH.

BeiBoa. CnenoBaTenpHO, CyIIHOCTh METOJa HEUTPAIU3ALUH 3aKIIIO-
4aeTcsl B OMNPENEIICHUHA BECOBOTO MJIM MPOUEHTHOTO COAEPMKAHUS KUCIIOT,
OCHOBAaHHM M COJIEW, UMEIOIINX BCIIEICTBUE TUAPOJIN3a KHUCIIYIO WIM IIIe-
JIOYHYIO CpPeAy IyTEM TUTPOBAHUS 3TUX BEIIECTB CTAHIAPTHBIMHU PACTBO-
paMu CUJIBHOW KUCJIOTBI WJIM CUJIBHOI'O OCHOBAHHMS /10 MOMEHTA HACTYILIE-
HUSI DKBUBAJICHTHOW TOYKHU. JUJIsi OnpenesneHusl SKBUBAJIECHTHOW TOYKHU B
TUTPUMETPUYECKOM aHAJIN3€ UCTOJIb3YKOTCS WHIUKATOPBL.

NuaukaTopaMu Ha3bIBAIOTCS  BEIIECTBA, KOTOPHIE HAIOT BO3MOXK-
HOCTh, C U3BECTHON CTEIMEHbIO TOCTOBEPHOCTH, YCTAHOBUTH TOYKY IKBH-
BaJICHTHOCTH.

B 3aBUCHMOCTH OT THIIa WCIOJIB3yEeMOUW pEeaKIuu MPU TUTPOBAHUHU
WHIUKATOPBI MMOAPA3ACIISIIOT Ha CIICIYIOIINE TPYIIITHI.

o Kucnommno-ocHosHble uHOUKAmMOpbl, pPEarupyrolme Ha U3MEHEHHE
pH cpensr (penondranenH, METUIOPAHXK JIp.)

o _OKUCIUMenbHO - 80CCIMAHOBUMENIbHbIE UHOUKAMOPLL, PEarupylo-
e Ha U3MEHEHHUE OKHCIUTEIHHO - BOCCTAHOBUTEIHLHOTO MOTEHIINAIA CH-
crembl (udeHnIaMuH, (EHUIAHTPAHUIOBS KMCIOTa M T.I1.)
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o _KomnnekcoHomempuieckue UHOUKAmMOpsvl, PEarupyroe Ha u3-
MEHEHUE KOHCTAHTBl YCTOWYHBOCTH KOMIDIEKCOB (IPHOXPOMYEPHBIH, KCH-
JIMHOJIOBBIN OPAHKEBBIA, MYPEKCHUJ T.I1.).

®_AJcopbyuonusle UHOUKAMOpPbl, PEarupyrolire Ha U3MEHEHHE KOH-
LHEHTPALUA MOHOB, OCAKIAEMBIX B BUJAE MaJOPACTBOPUMBIX COEIMHEHUN
(pmoyopecumH, 303UH).

W3BecTHBI Takke paguOaKTUBHBIC, JTIOMUHECIEHTHBIC, XEMIIIOMHU-
HECIICHTHBIE U (I0TAIMOHHBIC UHINKATOPHI.

MeTa/UIOMHAMKATOPHI (METAJJIOXPOMHbIE MHAMKATOPBI) HUCIIOJb-
3YIOT B KOMIUIEKCOMETPHUYECKOM TUTPOBAHUU. JTO KPACUTEIU, KOTOPHIE
06pasyioT ¢ noHamu Meramios (M) oxpamennsie kommaekcsl MInd, me-
HEe CTOMKHE, ueM koMiuiekc Toro ke metawia ¢ DJ{TA. Kpacurens u ero
KOMIUIEKC pa3iaudaroTcs Mo OKpacke. MHTepBan mepexona OKpacKu ompe-
JESeTCSl B 3aBUCUMOCTH OT KOHCTAaHThl YCTOMYMBOCTU KOMIUIEKCA Kak
pX=pK,£l. I3MeHEHNE OKpACKU MPOUCXOIUT B TOT MOMEHT, KOIAa IIPU
tutpoBannu JJITA koMIuiekC MHAMKATOpAa ¢ METALUIOM MOJHOCTBIO pas-
pylaeTcs, 3ameniasich 0ojiee MPOYHBIM KOMIUIEKCOM MeETaijia C TUTpaH-
TOM, ¥ paCTBOP IPHUOOPETAET OKPACKY CBOOOTHOTO HHIUKATOPA.

Hawnbonee pacmpocTpaHEHHBIMH METAUIOMHINKATOPAMH  SIBIISTFOTCS
3PUOXPOM YEpHBIN T (KUCIOTHBIA XPOMOTEH YEPHBIN CIEHHATIbHBIN WU
xpomoreH cneruanbubii ET—00) u mypekcu.
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OcanuresibHble HHAMKATOPHI. [10 TOCTMKEHUN TOYKH HKBUBAJICHT-
HOCTH OCHOBHOHM pEaKIIMu THTPOBAaHMs HAYWHAETCS BTOPUYHAS — BBIMA-
JIeHUE OcajKa, 00pa3yeMoro MHAMKATOPOM C TUTpaHToM. Hampumep, npu
ocaguTenbHOM TUTpoBanuu rajoreHuaoB (Cl°, Br) mo merony Mopa uH-
nukaTopoM ciaykut K,CrO, . Xpomar-uoHbl 00pa3yroT ¢ TUTpaHToM AQ-
NO;3; ocagok kuprmmuHo-kpacHoro 1Beta Ag,CrO, cBUIETENBCTBYIOMMN 00
OKOHYAaHWH peakiuu Mexay ranoreHugom u AgNOs.

ACOPOLMOHHBIE MHAMKATOPBI OTIMYAIOTCS OT BCEX OIMMCAHHBIX
TEM, YTO M3MEHCHHE OKPACKH MPOUCXOJWT Ha MOBEPXHOCTH KOJUIOWTHO-
nucriepcHor ¢aspl. Takas ¢aza B mpoliecce TUTPOBAHUS acoOpPOUPYET HO-
HBI, HAXOJIAIIIMECS B PACTBOPE B U30BITKE, 3apsKasCh MOJIOKUTEIBHO (TIpH
afcopOlMK KAaTHOHOB) WJIM OTPHUILATENIBHO (MpU aacopOIMd aHUOHOB).
[IpucytcTByromme B pacTBOpe MOJEKYJbl KpacUTENs-UHIUKATOPA MOTYT
aJIcCOpOMPOBATHCS TOJ] ISUCTBUEM DJICKTPOCTATHYCCKUX CHJI HA 3apsOKCH-
HOM MOBEpXHOCTH ocajaka. [Ipu 3ToM ocymiecTBisercs neopMamus 3Jiek-
TPOHHOUW CHCTEMBI MOJICKYJIbI M TIOSBIISIETCS OIpeseiIeHHas okpacka. B
TOYKE DKBHBAJICHTHOCTH IMPOMCXOIUT Iepe3apsiiKa MOBEPXHOCTH OCaJIKa,
ompenensieMas U30bITKOM MOHOB TUTPAHTA; MIPU 3TOM M3MEHEHHE 3apsia
NPUBOAUT K HOBOH AedopMaIii JIEKTPOHHON CUCTEMbI MHIUKATOpA U €ro
I[BET MEHSIETCS, UTO U YKA3bIBAET HA OKOHYAHUE OCHOBHOM PEAKIIUU.

AncopOLMOHHBIE UHAUKATOPHI MPUMEHSIIOTCS OOBIYHO TIPH THUTPOBa-
HUU TI0 MeTOoay ocaxacHus. OHU NEUCTBYIOT B ONPEISICHHOM MHTEpPBAJIC
3HaueHU pH W 9yBCTBHUTENBHBI K MPUCYTCTBUIO B PACTBOPE TTOCTOPOHHUX
HWOHOB.

Cnenuduyeckue HHAUKATOPBI PEarnpyroT TOJBKO C JaHHBIM BeIlle-
ctBoM. Hampumep, B ogomeTpun cueruduuecKuil HHANKATOP — Kpax-
MaJj; OH 00pa3yeT ¢ MOJ0M CMENIaHHbIe aICOPOIIMOHHBIC U KOMILJIEKCHBIC
COE€IMHEHMS (KJIaTpaThl) sipKo-cuHETO IBeTa. Crnenupruyeckuii HHANKATOP
na Fe®" — pomanmy aMMOHMS, 0GpasyIOIIMii C STHMH MOHAMH KOMIIIEKC-
HbIC COCIMHECHHS KpAacHOW OKpacku. TakWx HWHIUKATOPOB HM3BECTHO HE
MHOTO, HO XHMHKHU TIPOBOJSAT MOCTOSHHYIO pa0OTy IO MX W3BICKAHUIO U
cuHTe3upoBaHnio. CHHTE3 YacTO WJACT B HANPaBICHUU HCIIOJIb30BAHUS
CMEIIaHHBIX MHANKATOPOB, KOTOPHIE WM COJEp)KaT IACHCTBYIOMIUNA pea-
reHT U UHAUG(PEpEeHTHBI KpacuTesb, CYXAIOIMA WHTEpBaj Iepexoja
OKpacKd MHAMKATOpA W M3MEHSIONIUN €r0 OKPACKy, WJIM TPEACTABISIIOT
co00l CMeCh HECKOJBKMX WHIWKATOPOB C COBMAJAIONIMMHU WHTEpBajIaMHu
epPEeX0I0B.

OcHoeHble nO10XHCEHUSA meopuu KucjloOmHO - OCHOBHbIX uudulcamopoe.
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I/IHI[HKaTOpBI, HpI/IMeHHeMBIC B MCTOJEC HCfITpaHHBaHHH HpCI[CTaBJ'IH-
10T CO0OI OpraHMYECKUE BEMIECTBA; TO CIAOBIC DJIEKTPOIUTHI 00JIagaro-
III1E KUCIBIMHU WJIH OCHOBHBIMU CBOMCTBAMMU:

Hind 2 H"+ Ind
INndOH =2 Ind" + OH’
MoJeKysipHas Gpopma UOHM3UpPOBaHHas ¢dopma

WNuankaTopsl, IpUMEHsIeMble B METO/I€ HEHUTpaIu3alnu, sIBIsieTcst 00-
paTHMBIMH KHCIIOTHO-OCHOBHBIMHU CBOMCTBaMHU. OKpPacKH MOJIEKYIISIPHBIX
GbopM OSTHUX HHAMKATOPOB OTIMYAIOTCS OT OKPACOK HOHHU3MPOBAHHBIX
dbopm.

KHCI0THO - OCHOBHBIE HHIUKATOPHI MEHSIOT CBOKO OKPACKY IPH JCii-
CTBHMHU KHMCJIOT W OCHOBaHHH. DTO M3MEHEHHE OKPACKU 3aBHCHUT OT CTEIIe-
HU U3MEHEHUS KOHIIEHTPAlMM HMOHOB BoAopoaa wiu pH pacrteopa.

CylecTByeT pa3IMYHbIE TEOPUU MHIMKATOPOB, KaxJas U3 KOTOPBIX
HO'CBOCMY O6’E>HCH5[6T IIOBCACHUEC KHUCIIOTHO-OCHOBHBIX I/IHI[I/IKaTOpOB B
pealbHBIX Cpeaax.

OEPACEA VHAVEATOPOB B PASAVTHBIX CPEAAX
CPELOA

MHOMKaTop

KUCMOTHaA |[HeWTpanbHas|| LenoyHas

LERIGaEn CTE | GecLBETHBIN || OecLBETHbLIN

ki - -
pratis -

yHuBepcaanbm WHQUKaTop ©eeeec e o000

KMCnNoTHan HeuTpanbHas uweno4yHan
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Honnasa meopus unouxamopoes

B cBsi3u ¢ TeM, YTO KUCIOTHO-OCHOBHBIE MHIUKATOPHI MPEICTABISIOT
co0o0ii cimabple KUCIOTHI WM OCHOBaHUS, JIFOOOM TAaKOro pojaa WHIUKATOP
JUCCOIMUPYIOT B PACTBOP COTJIACHO YPABHEHHUIO:

Hind 2 H'+Ind"

Oxkpacka pacTBOpa, B KOTOPOM HHIUKATOP HAXOJIUTCS B MOJEKYJSIP-
HOM BHUJI€ OTJIMYAETCA OT OKPACKU PACTBOpPA, B KOTOPOM HHJHUKATOpP B
WOHU3UPOBAHHOM BH/IC.

Ecnu paBHOBecue peakiuu CABUHYTO BIIPABO, TO B PacTBOpE MpeoO-
JajaeT oKpacka, XxapakTepHas JJisi HFOHU3UPOBaHHOM (DOPMBI U HAOOOPOT.

Hanpuwep. B wnelTpanbHOM pactBope (eHondranenna - cnadoit
kucnotel (pK=9,2) paBHOBecue CABHMHYTO BJIEBO M Tpeo0iagaeT MoJe-
KyJsipHas ¢opma.

[Ipr U3BECTHOM COOTHOIIEHUH KOJMYECTB MOJIEKYJSPHOM U HOHHOMN
dbopM MHAMKATOPA PACTBOP MOXKET UMETh IMPOMEKYTOUYHYIO OKPACKY, BBI-
3BaHHYIO0 CMEIIICHHEM JIBYX Pas3IMYHBIX IIBETOB MOJICKYJSIPHOW M MOHHOU
dbopM UHAMKATOPA.

o ‘. 9 ) & . f

e e
| 2
«ll

CoryiacHO MOHHOM TE€OPUU UHAMKATOPOB, NMPEAJI0KEHHON OCBaAIbAOM,
BCE€ LIBETHBIC MHIUKATOPHI, IPUMEHSIEMbIC B METOJIC€ HEUTpaau3aluu sB-
JISIFOTCSL CJIA0BIMU OPTaHUYECKUMM KUCJIOTaMU WM OCHOBAHUSIMH, CIICI[H-
dbuuecku pearupyrouie Ha MOHbI BOJIOPO/Ia U THIPOKCHIIA
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KoHcranTa BHGKTpOJII/ITI/ItIeCKOf/'I JUCCOIUAIINY UHANKATOpA BhIpaXKa-
eTcst GopMyJIOit: Ko = [H] [Ind]/ [HInd],
Tak Kak K., BelIMYMHA OCTOSIHHAs,, MPHUOABJICHUE K PACTBOPY KHUCIOTHI
BeseT k yseanuenuto [H] u [HInd] u ymensmenuto [Ind] , T.e. k ycume-
HUIO OKPACKH, CBOMCTBEHHOU MoJieKysipHOU dopme. [IpubaBnenue k pac-
TBOPY IEJI0YN BBI3BIBAET 0OPATHOE JIEHCTBHUE .

Takum o00pa3om, mepexoa OKpACKHM HHAMKATOpPA MHPOUCXOIHUT MO
siusiuieM H' u OH™ noHoB T.e. 3aBucuT ot pH pactBopa.

Uem Oosiee cnaboil KUCAOTOW SBISETCA UHAUKATOP, T.€. YEM MEHBIIIE
ero Kyng (unmu gem 6osbire pK,y,) TeM mipu 6osiee BricOkoM 3HaueHnu pH
OH H3MEHSIET CBOW 1BET. [lpyrumu cioBamu, OKpacka KHUCIOTHO-
OCHOBHBIX MHIUKATOPOB 3aBUCUT OT UX KUCIOMHOU CUJIbL.

Xpomogopnas meopus uHoOuKamopoe

[loBeneHue WHIUKATOPOB, OOBSICHIEMOE MOHHOW TEOpPUEH JOTOJIHS-
eTcst XpoModOpHOIl TeOpHel, COTJIACHO KOTOPOW MU3MEHEHUE OKPACKU WH-
JIIUKAaTOPOB CBSA3aHO C U3MEHECHUEM CTPYKTYPBI UX MOJIEKYJI, BHyTPUMOJIE-
KYJISIDHOH IIeperpynnupoBKoii BbI3biBaeMoil neiictBuem H'  mmm OH
VOHOB.

[To xpomoddopHOI Teopun B mpoliecce n3mMeHeHust pH pacTBopa MeHs-
€TCS CTPOCHUE MOJIEKYJ KUCIOTHO-OCHOBHBIX UHAUKATOPOB. DTO SIBICHUE
oOycnaBiuBaeTcsa OEH30UIHO - XUHOUJHON TayTOMEpHUEH.

[Ipocreiiinm cnydyaem OEH30UIHO - XMHOUJAHOW TayTOMEpUEH SBIIs-
eTcsl TayToMepusi MOHOoKcuMa XuHOHa (l), KOTOpBIH 1O 3IEeMEHTapHOMY
cocTaBy TokAecTBeHeH HuTpo3odenomy (I1):

0= __ > =NOHZHO - @—N 0

| - KenTeIA - 3eneHbld

O6e dhopMybl NPENCTABISAIOT COOOM OJHO M TOXKE XUMHUYECKOE CO-
eANHEHUE B PA3IMYHBIX TayTOMEpHBIX Popmax. [logoOHbIE TayTOMEpHBIE
peBpaIIeHs] HaOII0Ial0TCS U B PACTBOPaX KUCIOTHO-OCHOBHBIX MHIWKA-
TopoB. Paznuunabie TayTOMEpHBIE (POPMBI HHANKATOPOB UMEIOT PA3IUYHYIO
OKpacKy pacTBOPOB, MEHSFOIIYFOCS ITPH ACHCTBUN KUCJIOT U OCHOBaHUH.

Takum 00pa3oM, WHAUKATOPHBIE CBOMCTBA KHCIIOTHO-OCHOBHBIX HWH-
JTUKATOPOB OOYCIIOBJICHBI CYIIECTBOBAHWEM TayTOMEPHBIX IPEBpaIlCHHMI
MeXIy OSH30MIHON U XMHOMIHON CTPYKTYpPaMH.
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[[BEeTHOCTh OPraHUYECKUX COCAMHEHUN OO0YCIaBIMBAETCA HE TOJIBKO
XUHOUJHOU CTPYKTYpOM MOJIEKYJI , HO U IPUCYTCTBHEM B HUX aTOMHBIX
IPYNIIMPOBOK, HA3bIBAEMbBIX XPOMO(OPHBIMU TpyHIaMu

—N =N —-2=N—,NH; O0=N=020=N-0H

[Ipn BBenEHHHM B MOJEKYJbl OPTaHMYECKHUX BEIIECTB, COJEPHKALIIUX

XpOMO(DOpPHBIE TPYIIIBI AyKCOXPOMHBIX TPYIIL:

—0OH, —NH,,— NHR — NR;
IPOUCXOAUT yTiyOJIEHHE 1[BETa OKPAIIEHHOTO BellecTBa. Takum 00pa3om,
U3MEHECHHE OKPACKHA MHIMKATOpPA MPOUCXOJUT B TOM Cilyyae, KOrjaa Ipo-
ABJISIIOTCA WJIM MCYE3al0T XpOMO(OpPHBIE TPYIIBI U KOTJa BMECTO OJHUX
XpOMO(DOPHBIX TPYIII MOSBISIOTCS APYTHE.

Honno-xpomogopuas meopusn

CornacHo, JOMOJHSIOMIMX APYT ApYyra HOHHOW U XpomMohOopHOil Teo-
pUi, B PACTBOpPAxX KHUCIOTHO-OCHOBHBIX HHIAMKATOPOB OJIHOBPEMEHHO
UMEIOT MECTO M PaBHOBECHS, 00YCIIaBIMBAEMbIC JTUCCOIUALIUEH MOJICKYI,
Y PABHOBECHSI, CBSI3aHHBIE C BHYTPUMOJIEKYJISIPHBIMU NIEPETPYIIITUPOBKAMU
onHUX (OpPM HMHIUKATOpA B JPyTHE, OTIWYAIOIIUECS Pa3IUIHBIM CTpOE-
HueMm. [loatomy 06e Teopuu CIMINCH B OOIIYIO, COTJIaCHO KOTOPOW M3Me-
HEHUE I[[BETA KUCJIOTHO-OCHOBHOI'O HWHIWKATOPA, NMPOUCXOMAIINE BCIECH-
CTBUE IOCJIEIOBATEILHOIO MPUCOECAUHEHUS OPraHUYECKUX COEIUHECHUU
wonoB H' NPpU AEUCTBUU KHUCIIOT WA OTHATUUA HUOHOB H* IpU JEUCTBUU
LIEJIOYEH, CBSI3aHO CO CMEIIEHUEM MOHHBIX PABHOBECUM MHIUKATOPOB, CO-
MIPOBOXKIAIOIINXCA OTHOBPEMEHHBIM U3MEHEHUEM UX CTPYKTYPBI.
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Humepean nepexoda okpacku unoukamopa.

O6nactb 3HaueHut pH, B KOTOpOM CTAaHOBUTCS BUAMMBIM U3MEHEHHE
LBET UHAUKATOPA, HA3bIBAIOT HHTEPBAIIOM IEPEX0JIA EF0 OKPACKH.

OnTtumansHoe 3HadeHue pH, mnpu xoTopoMm Habmomaercs Haubosee
pPE3KOE U3MEHEHHUE OKPACKH MHAMKATOPA, HA3bIBAEMOI'O MOKA3aTENEM TUT-
poBauus (pT).

[[BeT BOAHOrO pacTBOpa MHAMKATOPA OINPEIEISAETCS COOTHOLICHUEM,
€ro MOJICKYJISIPHOW M HOHHOW (POpM, OTIMYAOIIUXCS PA3IMIHON OKPACKOM
u 3aBucut ot [H].

3Hasi KOHCTaHTY MOHHU3ALUA WHIUKATOPA MOXKHO PacCUUTaTh 00JIacTh
3HaueHuil pH, B KOTOpoil u3MEHEHUE OKPACKH WHIUKATOpa HAOII0JAeTCs
BHU3YaJIbHO.

Hind & H+Ind’
Ky = [H] [Ind)/ [HInd
[H'] = Ky [HINd]/ [Ind].

[IponarapudgmupyeM noclielHEE BBIPOKEHUE U TMOMEHSEM 3HAKU Ha
POTUBOIIOJIOKHBIE.

—lg[H"] = — 1gK,,,.,—1g[HInd] / [Ind]

pH = pKyu:~ 19[HINd] / [Ind]

OnbITHBIM MyTEM HAiIEHO, YTO HAOJII0IaeMOE U3MEHEHUE 1IBETa IO-
ABJIIETCSI B TOM CJy4yae, KOrjJa COOTHOLIEHWE Pa3lu4HbIX (POpM MHIMKA-
Topa ctaHoBUTCA paBHbIM 1:10 mim 10:1. CnepoBaTenpHO, HHTEPBAJ MEpe-
X0/1a OKpPaCK MHIAUKATOPA:

pH=pKy £ 1

[Tonb3ysice 3TOM (POpMYJION MOKHO paccuMTaTh WHTEPBAI MEpexoia

mo6oro unaukaropa (Ta6:m.2).

Tabnuua 2
Nuaukarop Ko pK,: | UaTepBan nepe- | pT
1 xozaa

MeTHnopamK 4,6x10™ 3,46 3,1-4,4 4
MeTunpor 1,05x107 5,00 44-6,2 5,5
denondrane- 8x%10° 9,0 8,8-10 9

WH 10107 7,0 6,5-8,0 7
DEeHOJIPOT
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Buvioop unoukamopa ona pa3iuunsx ciyuaee mumpoeaHus 6 Memooe
Heumpaiuzayuu.

CaMbIM BaXKHBIM YCIIOBUEM, COOJIIOJAEMBIM MPU TUTPOBAHUU, SIBIISIET-
Csl MpaBWIbHBINA BBIOOP MHAUKaTopa. [Ipu HecoONOAeHUU ATOTO YCIOBUS
HENb3sl MOJYYUTh TOYHBIE PE3YJIbTAThl AHAIN3a, €CIU Jla)ke€ BCE Jpyrue
onepanuy ITpoBOIUIUCH HO. [loaToMy mpu BBIOOpE MHAMKATOPA UCXOAMT
U3 CIEQYOUIEro:
1) TuTpoBaHuE B METO/IC HEHTpaTH3alMK 3aKAaHUYNBAIOT IIPH TOM 3HAUCHUH
pH cpenbl, koTOpoe uMeeT pacTBOp, 0OPa3YIOIIUIICS B Pe3yIbTaTe TUTPO-
BaHUsSI B DKBUBAJICHTHOM TOYKE.
2) WuTtepBan mepexoma OKpacKH HWHAMKATOPA JOJDKEH 10 BO3MOXHOCTH
coBnagaTh co ckaukoM pH HaOmronaeMblii B JaHHOM cUCTEME, a

pTI/IH,I[x pH3.T.

[Ipu BBIOOpE MHAMKATOPA CHaYalla BRIYUCIAIOT o0nacTs pH pacTBopa,
B KOTOpOU Habmomaercs ckadok pH, a 3ateM moaOuparoT TakoW MHIUKA-
TOp, Y KOTOPOI'0 MHTEpBaJ Mepexojia OKPACKH COBMajai Obl C BBIYUCIICH-
HBIM CKaukoM pH.

[Ipu BbIOOpE WMHAMKATOpPA MOKHO HCIOJb30BATh TAKXKE METOJ I0-
CTPOEHHUS KPUBOM TUTPOBAHUS (MO BEIMUYMHE CKAUKa).

CymiecTByeT HECKOJIBKO CIIOCOOOB MHAMKATOPA B METOJE KUCIOTHO-
OCHOBHOT'O TUTPOBAHHSL:

1. IlocTpoeHue KpuBOW TUTpOBaHMs (pazdepeM Ha MpUMEpe TUTPO-

BAaHUS CUJIBHOW KUCIIOTHI C CUJIbHBIM OCHOBAHHEM ).

Turpyem 0.1 pactBop HCI 0.11 pactBopom NaOH V =100 mu.

PazbaBnenune He OyaemM y4duThIBaTh, TaKk Kak Bbel mMoxere camu yoOe-
JUTCS, YTO y4eT pa30aBjeHUsl B JAHHOM CITy4yae HE BHECET CYIIECTBEHHBIX
pPacXoXKJEeHUN U HE OTPa3UTCs Ha MPUHIIMIUAIBHBIX BHIBOJAX.

Turposanue 100 ma 0.11 HCl 100 mu 0.15 NaOH.

Tabnuua 3
Vv octasiocs HCI, + ApH
NaOHw1 % [H'], r-non/n pH W
0 100 10* 1 _
50.0 50 (50/100) x0.1=5x10 1.3 | 0.3/50=0.0
90.0 10 (10/100) %0.1=102 2.0 06
9.9 0.1 (0.1/100) x0.1=10" 4.0 175
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100* 0 107([H]=[OH]=107) 7.0 | 1/9=0.11
100.1 | 0.1(u36.NaOH) | [H']=10"%/(0.1/100)0/1=10" | 10.0 | 1/0.9=1.11
101.0 | 1.0(u36.NaOH) 4 11.0| 3/0.1=30
110 10.0(u36. [H]=10"%/(1.0/100)0.1=10" | 12.0 | 3/0.1=30
NaOH) 3 1/0.9=1.11
[H]=10"/(10/100)0.1=10"? 1/9=0.11
PH iva
12 4 35 -+
4
10 4
25 1
B
20
B
15 4
4 4
——/—) 10
3 4
.
0 . - C MM o JL-—— W AN
o 50 100 150 50 75 100

AHanu3 Kpueoit mumposanus
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14}

121 Strong
acid .

pH

| Weak
41 ! base

I~
|

| | 1
U5 10 30 30

Volume of acid added (mL)

B nauane tutpoBanuss pH pacTBOopa M3MeHsieTcsa MEIJIEHHO, BOJIU3U
TOYKM HKBUBAJEHTHOCTH — OBICTPO, MOCJIE TOYKM SKBUBAJEHTHOCTH —
BHOBb MEIJICHHO. J[pyrumMu cioBaMHu, CHayaja Mbl MPUIMBAEM OOJIbILINE
oObeMbl U u3MeHeHue pH He3HauuTeNnbHO, BOJM3H TOYKHU SKBHUBAJIEHTHO-
CTH ye HeOObIlIne KOJUYEeCTBa TUTpaHTa (Karid U AOJH KaIljih) pe3Ko
u3MeHsT pH pactBopa.

Ckauoxk pH. Ocobenno pe3koe m3MmeHeHue pH HabOmomaeTcs B WH-
TepBajie, kKorga octanock HeortutpoBanHod 0,1% HCI wnm xorma npu-
auto 0,1% wu36eiTka NaOH. B stom untepBane pH usmensiercs ot 4 1o
10, a [H'] or 10™ 1o 10™ r-nom/n. Peskoe m3menenne pH pactBopa,
HabJr01aeMoe BOJIM3HM TOUKM SKBUBAJIGHTHOCTH, Ha3bIBaeTcs ckaukom pH.

MowmeHT B mpoliecce TUTpoBaHuA, Koraa HeortutpoBano  0,1%
HA3bIBACTCS HAYAIOM CKayka, KOrja mnepeTuTpoBaH pactBop Ha 0,1% -
KOHYOM ckauka. YeM Bblllle KOHIIEHTPALMS TUTPYEMOrO M CTaHAAPTHOIO
pacTBopa, TeM Bhille ckadok pH. Yewm Bblllle Temneparypa, TeM MEHbIIIE
cka4ok pH, Tax kak Ky,o npu temneparype 100C pasna 10,

AHanu3z Kpugoit mumposeanus 6 ciyuae mumpoeaHus
c1aoboil Kuciomot (c1ab6020 0CHOGAHUA), CUTIbHBIM OCHOGAHUEM
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(cunvHoll Kuciomoit)

HCt + NaOH = NaCl + H,0 CH;COOH + NaOH =CH;COONa + H,0

pH14 -
12 4

10 1
IIIIIIIIIIIIIII.
s-
6-
4
2 4
.’s 1 1'5 zv 0 L) T T v!
m.a. 0 05 1 15 2

LA L

Cxayox mumpoeariis- pesxoe UsMeHeHue CoCmaea pacmeopa eGnusy m.o.

Boicoma ckaTka TNATIPOEaHUR 326U CUTT O KOHYCHIMPALAN U CURNE KUCROME!
focrocanuz). Yeas bone KOHYEHIMPAYUR, 1M CURLHEE KUCROMma
focrioganue)-mess CKITOK GEILUE, INEM O THEE MOXHO 32(PUKCUPOE AL M3

1.Touka SKBHBaJICHTHOCTH B 3TOM CJIydyae HE COBHAJAET C TOYKOM
HedTpanmuzanuu. (Pacuer pH mms xaxmaoil TOUku mpou3BOIAT 10 hopmyie
st pacyeta pH OydepHbIx cMmeceit).

2.KpuBass HEWTpaIM3allMM HECUMMETPUYHA B OTHOILICHUU TOYKH
HehTpanuzanuu. CKadyoK TUTPOBAHUS, HAOIIOAEMBbIM y TOYKM SKBHBa-
JIECHTHOCTH, MEHEE PE3KO BBIPAXKEH.

Pacuer Bb10Opa nHANKATOPA (110 CKAYKY) B 3aBUCMMOCTH OT THIIA
TUTPOBAHUA.

1. Tumpoeanue cunbHoOU KUCTOMbL CUTLHBIM OCHOBAHUEM.
NaOH (crannaptasiii pactBop), a HCI (onpexnensemoe Bemiectso)
YpaBHEHUE peaKLUu:

HCI + NaOH = NaCl + H,O
pH,. =7
J/ NaOH 0,1n

/— HCI 0,1n

Br160op MHIMKATOpA: pH= pT
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B sKkBHBajeHTHOW TOYKE MPOMYKTAMHU PEAKIIMH SIBIISIOTCS HEUTpPab-
Hasg coib U Boaa. CrnepomarensHo, pH = 7 u uHaukarop (eHoJIpOT
(pH = 7). dns pacuera BEeJIMYMUHBI CKauKa UCXOJUM U3 OINpE/IesICHUs Hada-
Ja ¥ KOHIIa CKadyKa.

B nauane ckauka memotutpoBano 0,1% HCI. ITostomy koHIEHTpa-
must [H'] cocraBur  0,1x0,1/100 = 10 r-now/n, npu pH = 4, B KoHIlE
ckauka — u36bTok 0,1% NaOH. Ilostomy konuentpanus [H'] cocraBur
Ki,o/[OH] = 10"/ 0,1x 0,1/100=10"°, pH = 10.

[Ipeanourenne otnarotr denonapory pT = 7, 0AHAKO BO3MOXKHO HC-

M0JIb30BaTh B KauecTBe MHAUKaTOopa Metuiopanxk (pT =4) u derondra-
aeun (pT = 10).

2. TumpoeaHue C1adotl KUCIOMbL CUTBHBIM OCHOBAHUEM:

l NaOH 0,1n

/ \ CHsCOOH 0,1n

CH3;COOH + NaOH = CH3;COONa + H,0

OKBHBAJICHTHAA TOYKa

CH;COONa mnoaBepraercst THAPOIU3Y
CH;COONa + HOH 2 CH3;COOH + NaOH
pH>7
Bennuuna pH cpensl 3a cyeT ruaponusa Cojay pacCYUTHIBAETCS 110
bopmyie:
pH - 7 + pKKI/ICHOTH + Ig CCOJII/I

Kchgcoon = 1, 75+ 10®°. Ecau s MIPOCTOTHI IPEHEOPEUh pa3z0aBiie-

HHEM pacTBOpA, TO:
pH,.=7+ 4,76 + Ig10™" = 8,87.
Hauasno ckauka qiist OydepHoit cmecu:

pH = chna60171 KUCJIOTBI CKI/ICJ‘IOT];I / Cconn

pH=4,76-19 (0,1/99,9) =4,76 -1g=4,76 +3 =7, 76
Konernr ckauka:

[H+]= 14 - IlgOH =10

pOH =1-10"

3.Tump06aHue Cc1ab6020 OCHOBAHUS CUTIbHOU KUCTIOMOIL:
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HCI

A NH,OH

L NH4OH + HCI =2 NH4C| + HQO

OKBHBaAJICHTHAs TOYKa

NH,CI + H,O 2 NH,OH + HCI

pH<7.
Benuuuna pH 3a cuer ruapoausa cov pacCUMTBIBAETCS MO (POopMy-
JIC: pHa.T. = 7 ) 1/2 -pKOCHOBaHI/IH - 1/2|gccon1/1

B nanHowMm cnyudae :

pH,.=7-1/2 - 4,75-1/2 - 1g 10" = 5,13.

Bei6upaem metunopanx pT = 4.

Hauano ckauka j1st 0ypepHbIX pacTBOPOB:

pH =14 - pK + Ig (Cocriosamms/Ceomn) = 14 - 4,74 + 1g (0.1/ 99.9) = 6,24.

Komner ckauka u30siTok 0.1% HCI ecmu pactBop 0.1m, T0o 0,1% co-
crasurt 0,1m-100%:

[H'] = 1- 10" = 4 (xonew ckauka).
Huouxkamopnovie outuoxku

M3MmeHeHue 1jBeTa MHAMKATOpa MPOUCXOAUT HE aOCOJIOTHO TOYHO B
TOYKE HKBUBAJIEHTHOCTH, a PAaHbILIE WU TMO3KE, MOATOMY MBI JOMyCKaeM
HEKOTOPYIO OIIMOKY MpeKpalias TATPOBAHUS paHbIIE WIH MO3XKe Tpelye-
MOTO MOMeHTa. Takyro OolMOKY Ha3bIBAlOT uHOuKamopuou. BennuvHa ee
MOJKET K0Je0aThCs B CaMbIX HMIUPOKHX Mpenesax, B 3aBUCUMOCTH OT TOTO
HACKOJIBKO TIPaBWJILHO BbIOpaH WMHAUKaTOop. Ecnm wHAMKaTop BBHIOpaH
IPAaBWIBHO, TO UHAUKATOPHYIO OIIMOKY HE MPUHUMAIOT BO BHUMAaHHE, €C-
JM K€ WHIUKATOP BHIOpAH HEBEPHO, TO MHIUKATOPHAs OIIMOKa MpeBbIIIa-
€T IOIYCTUMBIE MOTPELUTHOCTH.

Tunwvl UHOUKAMOPHBIX OUUOOK
+
1.Booopoonas (H™ - ommOka) BBI3BIBAETCA HAJIMYUEM B TUTPYEMOM
pacTBOpe IO OKOHYAHUIO TUTPOBAaHMS M30BITKA HOHOB BOJOPOJA, OCTa-
IOIIMXCS B PacTBOpPE B Pe3ysbTaTe HEAOTUTPOBAHUS CHIBHOW KHCIIOTHI
9 +
clibHON mienoubto (-H') wiam mepeTuTpoBaHMS CHIIBHOTO OCHOBaHUS
v v +
cuibHOM kucioron (+H -ommbOka). Beraucnsgercs mo opmyie:
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H* - omm6ka = (107" x Vo/ NV;) x100%,
rae pPT - mokasarenb TUTPOBAaHUS BBIOPAHHOTO MHIAMKATOpa, Vi- 00beM
TUTPYEMOTO pacTBOpa,
N - HOpPMaTbHOCTH TUTPYEMOIO pacTBopa, V; - 00bEM B KOHIIE TUTPO-
BaHMSI.

2. l'uopoxcunvnaa (OH - ommbka). BbI3biBaeTcsi HaJTUYMEM B TUTPY-
€MOM PACTBOPE MO OKOHYAHHUIO TUTPOBAHUS M30BITKA HOHOB THAPOKCHIIA,
OCTAIONINXCSI B PaCTBOPE B pe3yjIbTaTe HEIOTUTPOBAHUSI CHIIBHOTO OCHO-
BaHUs CUIIbHOH kucioTor (-OH - ommOka) uiiu nepeTUTpoOBaHUE CHIILHOM
KUCJIOTBl CWIbHBIM OCHOBaHueM (+OH - ommbOka). Beraucnserca mno
dbopmyie:

OH™ omm6ka = (10?0 V/,/NV,) 100%.

3. Kucnomnas owubka (HAN - omubOka). Bwi3piBaeTcs MpUCYTCTBU-
€M B TUTPYEMOM PACTBOPE MO OKOHYAHUIO TUTPOBAHUS HEJOTUTPOBAHHOU
cnaboi KUciIoTel. Beramcisiercs mo gpopmyie:

HAnN omm6ka = 10 P77,
Ilpumep.  Bprunciuth ommOKy tuTpoBanus 0.1n pacrBopa CH3;COOH
(pK=4.74) 0.1 u pactBopom NaOH c ungukaropom metunopanx (pT=4).
HAn =10*"*"*=10"" =55,
CrnenoBaTenbHO, Ha KaXAy10 OTTUTpoBaHHYIO Mosib CH3;COOH npuxoaut-
CA 5.5 HEOTTUTPOBAHHBIX.

[CH3;COOH]/ [CH;COO] =5.5/1

(1+5.5) - 100%

55-X

X =5.5%x100/6.5 = 85%.

Ot1o0 3HauuT, 4To 85% KHUCHOTHI OyneT HeoTTuTpoBaHO. ClemnoBaTeNbHO,
tutpoBath CH3COOH ¢ unaukaropom umeromum pT < 7 Heab3sl.

4. lllenounas ommbOka (KtOH - ommoOka ) BbI3bIBACTCS MPHUCYTCTBUEM
B TUTPYEMOM pPaCTBOpPE K €ro0 OKOHYAHUIO TUTPOBAHUS HEJOTHTPOBAHHOTO
cmaboro ocHoBaHMs. Beraucisercs mo ¢popmyiie:

KtOH - ormu6ra=10""",
IIpumep. Beruucnure ommoOky tutpoBanus NH,OH (pK = 4.74) 0.1 u
HCI B mpucyrctBun penondranenna (pT=9):

KtOH-omm6ka = 10*"*° = 10°%=0.55

(1+0.55) - 100%

0.55-X

X =0.55/1.55 - 100% = 35%.
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OKucaumenvHo - 60cCManO8UmMeEIbHbLIE MEMOObl
68 MUmMpPUMEmMpPUUECcKOM anaiuze (pedoKkcumemoonl)

OKHUCIUTENBPHO-BOCCTAHOBUTEIBHBIA METOJ| SIBIISIETCS OJIHHUM M3 OC-
HOBHBIX METOJIOB XMMUYECKOT0 aHAJIN3a U IIUPOKO MPUMEHSIETCS B aHAIU-
TAYECKON XUMHHM. OCHOBONOJIOKHUKAMUA HOHHO-3JIEKTPUYECKON TEOPUU
peakunii oxkucneHus-BocctaHoBieHus B CCCP spmarorcs .M. Muxaii-
nenko u JI.B. ITucapxesckuit (1913r.).

Peakuuu OKUCJIEHUSI U BOCCTAaHOBJEHUS B3aUMHO OOYCIIOBJICHBI,
HEPa3phIBHO CBS3aHBI MEXKIY COOOM M HE MOTYT PacCMaTpPUBATHCS U30JIH-
POBaHHO Jpyr OT Apyra. HVMEHHO MOATOMY WX Ha3bIBAIOT PEaKUUSIMHU
OKHCJICHUSI-BOCCTAHOBJICHUS (PEIOKC - PEaKIHSIMU).

Okucnurenu. B kadecTBe OKHCIUTENEH 4Yalle BCETO HCIOJIb3YIOTCS
KMnO4, chr207, Hzoz, KC|O3, NH48208, HNOg, NﬁBiOg, XpoMoOBas,
OpoMoBasi BOJia U Jpyrue.

Mepoil OKMCIHUTENbHONW CIOCOOHOCTH JAHHOIO OKHCIUTENs (aTtoma
WU WOHA) SIBJSIETCSI CPOJICTBO K DJICKTPOJIUTY, MPENICTABISIONINE COOOM
sHEepruio (paboTy, BBIPAXKEHHYIO B JIEKTPOH-BOJIBTAX), KOTOpas BBICBO-
00KIaeTcst MpU MPUCOCTUHEHUN K HEMY DJIEKTPOHA.

BoccranoBurenu. B kayecTBe BOCCTAHOBUTENEH Yallle BCErO IIPHU-
mensitor Zn, Fe, Al, H,0,, SuCly, H,S, H,SOs, NaS,0;, HI, Fe**, Fe*,
Cr* u npyrue.

Ce* titrant
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Mepoif BOCCTaHOBUTEIBHOM CIOCOOHOCTH JaHHOIO BOCCTAHOBHUTEIIS
(aTomMa WIM UOHA) SIBJISIETCA UOHUBAUUOHHBLLY nomeHnyuanr. YacTo paBHbBIN
sHepruu (paboTe, BEIpAKEHHON B JIEKTPOH-BOJIBTaX ), KOTOPYIO HYXKHO 3a-
TPaTUTh ISl TOTO, YTOOBI yJQJIWTh OT HETO DSJIEKTPOH Ha OECKOHEYHO
0O0JIbIIIOE PACCTOSHHUE.

Ipumenenue peaxyuii OKUCIEHUS - BOCCMAHOBNIEHUS 8
AHATUMUYECKOU XUMUU.

Peakiuu mmmpoko MPUMEHSIOTCS B aHATMTHYSCKON XHUMHH:

1.Jly1st mepeBoia HOHOB M COSAMHEHHM AJICKTPOJIUTOB HU3IIHUX (HOpM
OKHcJIeHHs B (a) ¥ BbIcIUX (opM B HuU3IIHE (0):

a) Fe”*> Fe* 6)As* > As®".

2.Jl1st mepeBoza noHos  Mn®* 8 MnOy.

3.Jly1g paszesicHUsl HOHOB OKHCJIMTENS WM BOCCTAHOBUTENIS B 00pa3-
11aX MaJIOPACTBOPUMBIX COCAUHEHUM.

4. J1J11 KOCBEHHOT'O OTIPE/ICIICHUSI.

Pa3nmuyHble OKMCIUTEIM U BOCCTAHOBHUTEIHN JICHCTBYIOT IO Pa3HOMY.
KauecTBEeHHBIM TIPH3HAKOM OKHCIUTEIBHO-BOCCTAHOBHUTEIBHBIX PEAKIIHA
Y KOJIMYECTBEHHOW MEPOW €€ MHTEHCUBHOCTH SIBJIICTCS Pa3HOCTHh OKHCITH-
TEPHO-BOCCTAHOBHUTEIBHBIX IOTCHIIMAJIOB JIBYX CHCTEM pearupyromnmx
BEIICCTB, BRIPAXKECHHAS B BOJIbTaX. TakuM 00pa3oM, OKHCIISIONIAs CII0CcO0-
HOCTb OKHCIIMTE/IS U BOCCTAHABIMBAIOIAS CIIOCOOHOCTh BOCCTAHOBUTEIICH
3aBHCHT:

- OT MX TIPHPOJIBI

- OT BEJIMYUHBI OKHCIUTEIIBHO-BOCCTAHOBUTEILHOTO MMOTEHITHAIA (B)
[TycTh MpoTEeKaeT OKUCIUTEIIEHO-BOCCTAHOBUTEIbHAS PEaKITHS:

Fe**+Sn”" = 2Fe**+Sn**
2 Fe’*+1e = Fe**
1.Sn**- 2e = Sn*".

B n1aHHOW OKMCIWTEINBHO-BOCCTAHOBUTEIBHOM PEAKLIMU YYaCTBYIOT
JIBE CUCTEMBI.

1 cucrema unu 1 OKHCIUTENBLHO-BOCCTAHOBUTENIBbHAS Mapa:
Fedt FeZt

oKucieHHas Gopma — BOCCTaHOBJIEHHas Gopma

2 cucTeMa WIH 2 OKHUCIUTEILHO-BOCCTAaHOBUTEIbHAS (hopMa
Sn** Sn*

BOCCTAHOBJICHHas popMa 3 OKHCIIeHHas hopma
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Oxkucnennas gopma sTa Ta Qopma, Tae MOH UMeeT 00jee BBICOKYIO
CTEIIEHb OKUCIICHUSI.
Oxkucaumens 1 + soccmanogumensv 2 =eoccmanogumens 1+oxuciumens 2

Kak yxe ynoMuHamach, KOJMYECTBEHHOW XapAKTEPUCTUKOM OKHUCIIHU-
TEJIbHO-BOCCTAaHOBUTEIILHOM CITOCOOHOCTH SIBJISICTCS] BEJIMYMHA MOTCHIMA-
Ja OKHMCJIUTEJIbHO-BOCCTAHOBUTEIBHBIN MapHI.

Jlns mpocTteieid, oOpaTUMON OKHUCIUTEIbHO-BOCCTAHOBUTEIBLHOM
CUCTEMbI, OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIM MOTEHIMAT MOXKET OBbITh
MPEJCTABIICH TEPMOIMHAMUYECKHU U BbhIpaXkaeTcsi ypaBHeHUeM HepHcera:

_ RT
E - E0 + ﬁ In (aOKI/IC/aBOCT)1 (6)

rae E - peaibHbIM OKUCIUTEIbHO-BOCCTAHOBUTENBHBIN TOTEHIIUAJ CUCTE-
Mbl, E,—HOpMaJIbHBIN (CTaHIAPTHBIN) OKUCIUTEIIBHO-BOCCTAHOBUTEIBHBIN
MOTEHIMAJI, 3TOT MOTEHIWAJI, U3MEPEHHBIN B Mape CO CTAHIAPTHBIM HOP-
MaJIbHbIM BOJIOPOJHBIM AJIEKTPOJOM TPU KOHIIEHTpaluu (aKTUBHOCTH)
MOHOB, paBHOU 1 u Temneparype 25 C, R - yHuBepcanbHas razoBas mo-
cTosiHHasl, paBHasa 8,314 J[xk, T-remnepaTypa no KeiabBHHY, N - YUCIIO Te-
pPSAEMBIX WM TpHOOpeTaeMbIX JIeKTPOHOB, F-umcino dapanes 96500 ky-
JIOHOB, 3.~ AKTUBHOCTH OKUCJIEHHOM (hOPMBI

Q30c — AKTUBHOCTb BOCCTAHOBJICHHOU (POPMBHI.

[Tocne COOTBETCTBYIOMIEN ITOJCTAHOBKU U IEPEXOJA K JAECATUYHBIM
Jorapudmam Mmoayqaem:

0.059
E=E, +— 19 (Ao asoc) (7)
Ecrm C-mama,tof=1u a=C, 10
0.059
E=E,+ - lg([oxuca.dopmal/[BocTan.popmal) (3)

Jlist 6onee CI0XKHOM OKUCIUTEIIFHO-BOCCTAHOBUTEIILHON CUCTEMBI
aA +bB+...+ ne2dD + eE,
a Oxuca; + B Bocry+...+ Ne 2 d Bocr; + € Okuc,

[ToTeHupan BIpaXaroT B BUJC YPABHCHUS:

E=E, + %59 I9([AT'[B]”/ [DI'[EP). (4)

Ook/BoCT
HpI/I PaBCHCTBC KOHHGHTpaHHﬁ OKHCJIEHHOU ¥ BOCCTAHOBJICHHOU

dbopwm:
E = E,
CrangapTHBIM (MM HOPMAJIbHBIN) MOTEHIMAN JIFOOOH OKUCIUTEIIbHO-
BOCCTAHOBUTEJBbHOM TMapbl paBE€H MOTEHIMATY 3JIEKTPOJa, OMYIIIECHHOMY B
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CHUCTEMY, COJIEPKALLYI0 paBHbIE KOHIEHTPALIUA OKUCIIEHHOW U BOCCTAHOB-
JIEHHOU (POPMBI JAHHOW OKUCIUTEILHO-BOCCTAHOBUTEILHOU MapBhl.
BepHemcs k npumepy:
2Fe**+Sn**=2Fe”*+Sn*",
JIBE OKHCIUTETBHO-BOCCTAHOBUTENBHBIEC ITAPbI:
Fe*'/Fe**
Sn*/sn**

0.059 N N
Eres+ire2+ = Eo rogi/peps T . +1g ([Fe*1/ [Fe™])

0.059 + +
ESn4+/Sn2+: EO Sn4+/Sn2+ + T + Ig ([Sn4 ]/ [Sn2 ]).

Bo3MoxHa 1u Takas peakuus’?
Ila, Bo3MoOxkHa eciu E,
=0.78B E = 0.15B

Eo Fe3+/Fe2+ 0 Sn4+/Sn2+ "
Eo, BeIUuCISAIOT 1ipu ycsioBuu [okuc] = [BocT] = [H] = 1r.uon/n.

>E,
OKHC BOCT.

Brusanue paznuunsix pakmopos Ha enuduny
OKUCTIUMENbHO-80CCIMAHOBUMENbHO20 NOMEHYUANA OKUCTIUMENbHO-
80CCMAHOBUMENILHOU NADPWL.

PaccmatpuBas ypaBHeHUsI 1-3 MOXKHO NMPUNUTH K CJIEAYIOIIUM BBIBO-
JaM.
1. C nosbeimieHuem temnepatypbl (T) moTeHUHMan OKHUCIUTENIBHO-
BOCCTAHOBUTEIHLHON CHCTEMBI YBEIIMUMUBACTCS, TaK KaK KO hUIiu-
eHT RT/FyBenuuuBaeTcs ¢ yBeIMUCHUEM TEMIIEpaTyphl.

_ RT
E=E, + - lg ([oxuca]/[BocT])

0.060
ITpu 30 °C = ——,
T
0,059
[Ipu 25°C =
n
0,058
[Ipu 18°C =

2. Ilo mMepe yBenw4eHUs KOHIICHTPAIMHU [OKHUCII| WIM YMCHBIICHUS
KOHILIEHTpAalMu [BoccTaH|, E yBelInm4yuBaercs IO MeEpEe YMEHbIICHUS
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[okucn] wnu ymeHblneHds [BocT]. Ilpu yMEHBIIEHHM KOHUEHTPAalUH
OKHCJICHHOW (OpMBbI WJIM YBEJIMYEHUE BOCCTaHOBJIEHHOW Qopmbl, E
YMEHBIIIAETCH.

3. B Tex cnydasix, Korja B peakiiui MPUHUMAIOT y4acTUe MOHBI BOJIO-
pona, E yBennunBaercs 1o Mepe BO3pacTaHusi aKTUBHOCTH MOHOB BOJOPO-
1a.

Kak npaBuio, eciii BBEIEHUE B OKUCIUTEIbHO-BOCCTAHOBUTEIIBHYIO
cucteMy MoHoB H' He compoBoskiaeTcsi 0Opa30BaHUEM KOMIIEKCOB OKHC-
JUTENS, 32 CYET BBOJMMBIX C MOHAMH BOJIOPOJIa  JIMTAHJIOB, PEalbHbIC
MOTEHLHAJIBl BO3PACTAIOT, IO MEPE YBEJIWYEHHS KOHLIEHTPAMU KUCIOTBHI.

bnarogapsa stoMmy, Bappupys BenuuuHy pH cpenbl, MOXKHO CeleK-
TUBHO HANPAaBJIATh MPOLECCHI OKUCIEHUSI - BOCCTAHOBJIEHHS B HYKHOM
HaIlpaBIICHUMU.

4. BnusHue KomIuiekcooOpaszoBaHus. /[oOaBieHHE B CUCTEMY KOM-
MJIEKCOO0Pa3YIOIIUX areHTOB, KOTOPhIe 00pa3yrOT ¢ MOHAMHU OKUCIICHHOM
WJIM BOCCTAHOBJICHHON ()OpPMBbI KOMIUIEKCHBIE COCIUHEHMS, OTIUYAIOIIIH-
€Csl MaJIbIMU 3HAYEHUSIMU KOHCTAaHT HECTOMKOCTH, 00YCIIaBIMBAET YMEHb-
[ICHUE KOHIICHTPAIIMH MTPOCTHIX MOHOB JTUOO OKUCIUTENS, TUOO0 BOCCTAHO-
BUTEIIS.

brnaronapsi ToMy, 4TO MOHBI OKHUCIICHHOW U BOCCTAHOBJICHHOUN (POPMBI
CBSI3BIBAIOTCS B KOMIUIEKC J0OABIEMBIMH pEareHTaMu B Pa3IUYHOU
CTEIICHU, OTHOIIEHUE [OKHUCI][BOCCT]| MO0 yBEeTUYUBAETCs, JIMOO yMEHb-
IIAETCA, a CJICAOBATEIbHO,  M3MEHSETCS M MOTEHUIHAI cUCTeMbl. Jlomy-
CTUM, YTO B CUCTEME:!

Fe*'+ & 2 Fe*
[okucn] = [Boccrt]
Te. [Fe®] = [Fe*].

[Ipu nobGaBieHUM KAaKOro-I1uOo JMraHia MNPOU30MIAET KOMILIEKCOO00-
pa3oBaHue, HAIIPUMED:

Fe** + 6X 2 [FeXe]™

Fe*" + 6X 2 [FeXe]",
rane X - Fe,CN',SCN’,PO, u Tak nanee.

KoHcTaHThl HECTOMKOCTH, 00pa30BaHUs KOMIUIEKCHBIX COSTUHEHUI
MOYHO TIPEJCTABUTh TaK:

Ky = [Fe’"][X]/[(FeXe]”

K, = [Fe*"][X]/[(FeXs)]*

Otkypa:

[Fe*] = K [FeXq*/[X1°

[Fe®] = K,[FeXs]*/[XT°.
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[lomcTaBuM 3TH 3HAYCHUS B YPABHEHUE 3 U TMOJIYYUM:

E=E%+ ip In(Ku[(FeXo)*V Kal(FeXe)*]).

Ecim K=K, , T0 EOZEl, TO €CTh B 3TOM CIIy4ya€ OKHCIUTEIbHO-
BOCCTAHOBUTEJIbHBIN MOTEHIIMAN HE U3MEHSICTCH.

Ecmu K; < K, TO ecTh MOHBI OKUCIIEHHOW (DOPMBI 3aKOMILIEKCOBAHBI
CHIIbHEE HOHOB BOCCTAaHOBIEHHOH (opmsl, To E,° < E°,

Ecmu K; >K; , TO HOHBI BOCCTaHOBJIEHHON (DOPMBI 3aKOMITJIEKCOBAHBI
cunsree, To B >E°. Fe* kommnekcyercadeHaHTPOMUHOM, THITHPH3HIOM
E."=1,12B, E°; = 1,10B.

Takum 00pa3oM, KOMIUIEKCOOOpa30BaHHUE, BbI3bIBAs U3MEHECHHUE KOH-
IEHTpAIMi CBOOOJHBIX MOHOB OKHMCJICHHOW M BOCCTAHOBJICHHOUM (hOPMBI,
n30UpaTeibHO O0YCIABIMBAECT U3MEHEHUE IMOTEHIIMATIOB OKHUCIUTEIBHO-
BOCCTAHOBUTEIIbHOWU CUCTEMBL.

5.YBennueHne MOHHOW CHUJIBI pacTBOpPA UJIM YMEHBIIECHHUE OKa3bIBACT
BJIMSIHUE HA BEJIMYMHY PEAJIbHOrO MOTEHIIMANA BCIEACTBUE U3MECHEHUS AK-
TUBHOM KOHLICHTPALUH.

Koncmanma PABHOGECUS OKUCUMETIbHO-60CCMAHOBUNENIBHBIX peam;mj

Peakuuu okuciaeHUs-BOCCTAHOBIICHUSI 00paTuMbl. PaBHOBeCHE HACTY-
[IAET B MOMEHT, KOTAa Ey,; CTAHOBUTCA paBHBIM Ey..;. B TEX ciydasx, ko-
r71a PEeKIUU 00paTUMbl K HUM MOXKHO MPUMEHSTHh 3aKOH JIEHCTBUSI MacC H
BBIUHCIISITh U3MEHEHUSI MOJIIPHBIX KOHLIEHTPALMN PEArupyOIUX HOHOB.

Jns peakuuu:

aOxuciy + BBocery 2 dBoccer; + eOxuc,.

KoHcTanTy paBHOBeCHs MPEACTABISAIOT (POPMYIION :

([Bocer:]Y/[Oxucm ) ([Oxuci,] [Bocers]?) = Kowo/socor-

Ecnu koaddunment a=d, B=¢, TO MOXKHO HAIKCaTh :

([Boccr;)/[Oxuciy])*([Bocer,][Oxuc,]) =K., (1)

3nauenus K, ; paccMoTpum Teneps CAeayonmne peakiuui :

aOxwuc+ne 2 aBoccT; (@)

BBoccT,—ne2BOkuCT, (6)

Jns peakuyu 1 u 2 peanpHbIe NOTEHIHATBI COOTBETCTBEHHO PABHBI:

0,059
| _ O ’
E - E okl/Bocerl +

lg([oxucm]/ [Boccty])?,
0,059

E” = EOOKZ/BOCCTZ + Ig([OKHCHZ]/ [BOCCTZ ])B'

61



[Tpu YCTaHOBUBILIEMCS paBHOBECUU OKHUCJIUTEIBHO-

1 |
BOCCTAHOBUTEIBbHBIE OTEHIIUAIBI 00ENX CUCTEM paBHBI E'=E umu

0,059
EOOKI/Boc1+ n Ig([OKHCl]/[BOCCTl]) E 0K2/BOCCT2+ n Ig([OKHCZ]/[BOCCTZ])

Ha  ocHoBanum  OOJBIIOM  KOHCTAHTHI  OKHCIIHMTEIIBHO-
BOCCTAHOBUTEIBHOU PEAKIIMU MOKHO CYJUTh O TOM, YTO PEAKIUS :
1)U et cneBa HampaBoO U NIpaKTUYECKH HEOOpaTUMa
2)Tak Kak KOHCTaHTa PEaKLMH BbIpaKaeT COOON OTHOILIEHHUE MPOU3-
BEJICHUI KOHIICHTpAIMi KOHEYHBIX MPOJYKTOB PEAKIIUU K MPOU3BEICHUIO
KOHIIEHTPALlU MCXOJHBIX BEIIECTB, UTO PaBHOBECHE HACTYMHUT TOTAQ, KO-
rjaa:
[Cr¥*°[Fe**1°>[Cr,0-*1[Fe**1°[H']* B 60 pas.
JI100y10 peakiuio OKUCIEHHsI - BOCCTAHOBJIEHUSI MOYXHO IIPEJICTABUTH
B BUJIC CYMMBbI JIBYX PEaKIUi : peaKlMi OKUCICHUSI U PEaKIIMi BOCCTAHOB-
JICHUs, TI03TOMY KOHCTAHTy paBHOBECUSI PEAKIIUU OKHUCIICHUSI-
BOCCTAHOBJICHUSI MOYKHO PAaCCMOTPETh KaK MPOU3BEJCHUE KOHCTAHT paB-
HOBECHS ITUX JIBYX PEAKIIUN:
KOK/BOC:KOKI/ICJ'I*KBOCCTaH
Jlns BeraucieHus |g oOIMX KOHCTaHT PaBHOBECHS PEAKIMH OKHC-
JICHUSI-BOCCTAHOBJICHHUS TIPOBOJIAT AIreOpaniecKkoe CIOKEHUE ABYX 3HaYe-
s IgKo 1 19K ocer
HekoTopble 0COOEHHOCTH OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIX pPEaK-
UHN.
1.06patumocTh (MPaKTUYECKU HE UET J0 KOHIA)
2.Henmocrarounasi CKOPOCTh
3.CnoxHOCTh (MAET Yepe3 psl NPOMEXYTOUHBIX CTaauid C pa3iauy-
HBIMU CKOPOCTSIMU)
4.ComnpoBOXIAIOTCS TTOOOYHBIMH OKHUCITUTEIBHO-
BOCCTAHOBUTEIbHBIMU PEAKIIUSIMHU.

Brusnue pPa3nIuUvHblX qbakmopoe HA CKopoCcmb OKUCIUMENIbHO=
80CCMAHOBUMETIbHOU peaxkyuu

BnusiHue KOHUEHTpalui pearupyronnux BEIeCTB.
CoryacHO 3aKOHY JIEMCTBHUSI MacC MPU MOCTOSIHHOM TEMIIEPATYPE CKO-
POCTh XMMHUUYECKOW PEaKIMU MPOMOPUHUOHAIbHA MPOU3BEACHUIO KOHIICH-
Tpalui pearupyronmx BEMeCTB.
s peakuuu:
Oxkwncn; + Bocery; 2 Oxucn, + Bocery
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Cxopocth npsimolt peakiuu (V1) paBHOBECHS:
V= K [okuc,] [BoccT,],
riae K-xoaddumumeHt nponoprnuoHanbHOCTH (KOHCTaHTa CKOPOCTH)
K;=V; npu [okuc;] = [Bocct,] = 1
[TosToMy 4YeMm BhIIIE [OKHUC;| UK [BOCCT,], TEM OOJIbIIIE CKOPOCTh pPe-
aKIMK1, OOBIYHO BBIPAXKAIOIIEH MPOILIECC TUTPOBAHMS B METOJAaX OKHCIE-
HUS-BOCCTAHOBJIeHUs. Hampumep peaxius:

6CI" + Cr,0;” + 14H" 2 3Cl, +2Cr’"+7H,0

[IpoTekaeT MpakTUYECKH /10 KOHIA JIUIIb B JOCTATOYHO KOHIIEHTPHU-
POBaHHBIX PACTBOpAX U MPU HarpeBaHUMU.

eBimsinre noHHOM cuibl pactBopa. KoapduimeHT akTHBHOCTH HOHA
3aBUCUT HE TOJBKO OT KOHIICHTpAIlMi TaHHOTO AJIEMEHTa B pacTBOpPE, HO U
OT KOHIEHTPAIMI MOCTOPOHHUX 3JIEKTPOJIUTOB, ITOATOMY CJIEIYET YUUTHI-
BaTh MOHHYIO CUJTy PACTBOPA, CUIILHO BIIUSIIOIIYIO HA CKOPOCTh PEAKIIUH .

eBrusuue pH cpena. CkopocTs peakiiuu, B OOJBIIUHCTBE CIy4daes,
spisgercs QyHKIMel KoHIEeHTpauun HoHoB H', m09TOMY peakiuu mpoBo-
JAT OOBIYHO MpHU omnpejereHHbIXx 3HaueHusx pH cpenpl. Kpome toro, 110-
OaBJeHUEM KHUCJIOTBI yaaeTcs MOBBICUTH OKHUCIIUTENIbHO-
BOCCTAHOBUTEJbHBIA MOTEHIIMAT HEKOTOPBIX cUCTeM. Tak, Harnmpumep, J0-
OaBneHre KoHieHTpupoBaHHOW H,SO,; M0XHO MOBBICUTH MOTEHIHAN CH-
crembl MnO4/ Mn®* ¢ 1,52 10 1,96 , 106>/105 ¢ 1,5 10 2,06.

eBisinue Temmeparypbl. bpUIO MOKa3aHO BbINIE, YTO YBEIUYEHUE
TeMnepaTypbl MIPUBOJIUT K YBEINYEHUIO OKHUCJIUTEJIBHO-
BOCCTAaHOBUTEIBHOIO MoTeHIMana. Kpome Toro ypeinmueHue CKOpoCcTy pe-
aKIIMU CBSI3aHO C SHEpPruer aKTUBALUM Tpolecca (yBeIIMUCHUE TeMIepaTy-
pol Ha 10°C IpUBOJKUT K BO3PACTaHUIO CKOPOCTH pEakiiuu B 2-4 pasa).

eBinsinue katanuzaTopoB. CKOPOCTh XMMHYECKOW PEAKIUU MOMKET
MHOTOKPAaTHO yBEJIWYUBATHCA B MPUCYTCTBUM KaTalu3aTOpoB. MHorue
OKHCIIUTEIbHO-BOCCTAHOBUTEIIBHBIE PEAKIUHU KaTaTU3UPYIOTCA KHUCIOTa-
Mu. MloHBI BOAOPOJA OKA3bIBAIOT PA3JIMUHbIC IEUCTBUSI HA KUCIOPOJIO - CO-
nepxampe okucauremn (MnO,, AsO,” u mp.). Hampasmsis peakuuio B
cTopoHy oOpazoBaHusi moisiekyn H,O. brnaromaps sTomy ycuiMBarOTCs
OKHCJIUTEJIbHBIE CBOMCTBA YKA3aHHBIX OKUCTUTENEH.

Takum o0Opa3oMm, MOKHO KOHCTaTUPOBATh, YTO JIJIsi OMPEACIICHUS 10
METOJIy OKUCJIEHUS - BOCCTAHOBJIEHUS UCHOJIb3YIOTCSI TOJIBKO TE€ PEAKIIHH,
MPU KOTOPBIX:

1. [Iponecc nmpoTekaeT NpakTUYECKU /10 KOHIIA.

2. [Iponiecc HanpaBiIeH B HYXKHYIO CTOPOHY.
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3. Bonbmmas ckopocTh peakiuu.
Hnouxamopul 6 oKucIumenbHo-60CCMaHOBUMENbHBIX MEeMOoOax

B psne ciaydaeB OKHMCIMTEIbHO-BOCCTAHOBHUTEIBLHOTO THUTPOBAHMS
TOYKY SKBUBAJICHTHOCTU (PUKCUPYIOT MO U3MEHEHUIO OKPACKH TUTPYEMOTO
pacTBOpa, BbI3BIBAEMOM M30BITKOM OKPAIIEHHOT'O CTaHJAPTHOIO pacTBOpa
(mepmaHTaHATOMETPHS).

B MeTtonax, OCHOBaHHBIX Ha TUTPOBAHWU CTAHIAPTHBIM PACTBOPOM
Hoja WM Ha BBIJICIICHHH Hoaa (MOJOMETpHs), TOYKY 3KBHBAJICHTHOCTU
YCTaHABJIMBAIOT MPU TTOMOIIM WHJIUKATOPA - Kpaxmaia, CielnupuIecKu pe-
arupyrouiero ¢ HoJa0oM.

Hanbomnee yacTo KOHEIl TUTPOBAHUS OMPEICIAIOT MO W3MEHEHHIO
OKPACKH OKHCJIUTEIbHO-BOCTAHOBUTENIBHBIX HUHAMKATOPOB. B HEKOTOpBIX
CJlydasiX KOHEI[ TUTPOBAHUS ONPENEIIIeTCS 0 00ECIIBEYMBAHUIO KPOBABO-
KPAacCHOUW OKpacKU pajuKalia ’eje3a B MPUCYTCTBUU M30bITKA BOCCTAHOBU-
TeJs (TUTPOBAHMS).

NuaukaTopsl B METOJaX OKUCIMTENS-BOCCTAHOBUTENS Ha3bIBACMbIC
ped-okc MHIUKATOPHI, U3MEHSIOT CBOI OKPAaCKy B 3aBHCHMOCTH OT BEIIH-
YUHBI OKUCIUTEIbHO-BOCCTAHOBUTENIBbHOTO NMoTeHInana (E).

[Iporecchl OKHUCIUTEIBHO-BOCCTAHOBUTEIIBHOTO THUTPOBAaHUA CO-
MPOBOK/JIAKOTCS PE3KUMHU CKAYKAMU MOTEHIUAIOB B TOUYKE 3KBUBAJIECHTHO-
cTH, Ped-OoKC MHIMKATOpP MEHSET CBOI OKPAaCKy, XapaKTepH3ys OKHCIIH-
TEJIbHO-BOCCTAHOBUTEIbHBIN MOTEHIIUA, IIPA KOTOPOM JTOCTUTACTCS TOUKHU
SKBHBAJICHTHOCTH.

N3MmeHeHnne 1BeTa OKHMCIUTEIBHO-BOCCTAHOBUTEILHBIX HWHJIHMKATO-
pOB 00yCIaBIMBACTCS OKUCICHHEM BOCCTAHOBIICHHOW (DOPMBI HHAMKATOPA
U TIPEBpAIICHUEM €€ B OKUCJICHHYIO ()OPMY WM BOCCTAHOBJICHHEM OKHC-
JeHHOU (OPMBI U TIEPEXO0JIOM €€ B B BOCCTAHOBJICHHYIO MPU OIpPEJIeICH-
HOM 3HaueHuu noreHuana. [9,10]

Ind 2 Ind, ¥1e
OKHCIL ). BOCCT. (.

OKUCIUTENBHO-BOCCTAHOBUTENbHBIE WHAUKATOPHI, KaK MPaBUIIO, SIB-
JISFOTCSI OPTaHUYECKUMH COCIMHEHUSIMU, OKUCIISIIOIIMMHUCS TIPU OIpe.ie-
JIEHHBIX 3HAHUSIX OKHCIMTEIHLHO-BOCCTAHOBHUTEIBHOIO mnoOTeHIMana M3
YpaBHCHUS:

E=E°,.+ 0,059/n - Ig([Indo]/[1Nd;0c])
CJIEyeT, YTO U3MEHEHHE OKpacKu 3aBUCHT OT oTHomneHHs [Ind,]/[INd,oc].
Kak mnpaBuiao, wu3MeHeHHE I[BeTa HAOIIOAACTCS IPUH  OTHOIICHHUU
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[Ind.]/[Ind.] =10:1mam 1:10, ¥, COOTBETCTBEHHO, HHTEpPBAJI MHIUKATO-

pa BBIYUCIISIIOT IO (hopMmyJie:
Eunn= Eo £ 0.059/n (7)

I(pueble mumpoeanusn 6 Memooe OKUCTeHUA-860CCMAHOG8/1CHUS

[TogoOHO TOMY, KaK MPOIECCHl KUCIOTHO-OCHOBHOTO TUTPOBAHUSI MO-
I'yT OBITh MPEJCTABICHBI IPadUUECKH B BUJIC KPUBOW TUTPOBAHUS, HU300-
pakarorieii n3MeHeHrne BennuuHbl pH mo mepe npubaBieHus cTaHIapTHO-
ro pacTBOpa KHCIOTHI WX IIEJIOYHM, MPOIECChl OKUCIUTEIBHO-
BOCCTAHOBUTEIHLHOTO TUTPOBAHHUS MOXKHO TaKXKe MPEACTABUTH IpaPUIeCcKu
B BUJIC€ KPUBOW TUTPOBaHUS, U300paKaIOIIe M3MEHEHNUE OKUCIUTEIHHO-
BOCCTAaHOBUTENHHOTO MoTeHnuana E turpyemoro pactsopa mo mepe mpu-
JMBaHUS K HEMY CTaHJIAPTHOTO PacTBOPa OKUCIWTENS WM BOCCTAHOBHUTE-
ns. B kawecTtBe nmpuMepa paccMOTpuM  TUTpoBaHue B 100Mn
KMnOy4(0,18), [H']=1r-non/n pactBopom conu Mopa - FeSO, (0,1n).
B pacuerax pazbaBieHueM npeHeoperaem:

MnO, + 5Fe”"+ 8H"2 Mn*"+ 5Fe*" + 4H,0

E° Mno", / vn2t = 1,52 B
E° pe3+ re2+ = 0,776 B

JlaHHbIC TIO U3MEHEHUIO 3HAUCHUS MOTEHIMAla B MPOIECCe TUTPOBA-
HUS MIpeACTaBJIeHBI B Ta0I. 4.

Ta0muna 4
ér 5 _E S [Fe*J/[Fe**] | [MnO4 Pacuetr E, B E, B
: 1 2%3 .
> 238 ]
ST [~

- -/100 | 0/100 E=0.77+0.059/1- 1g(0/1 | 0,77
50 | -/50 50/50=1 00) 0,77
90 -/10 | 90/10=10 E=0.77+0.059/1- 1g(50/ | 0,828
99 -/1 99/1=100 50) 0,886
99,9 | -/0,1 |99,9/0,1=1000 |0,1/100= | E=0.77+0.059/1- Ig(90/ | 0,974
100 | -/- - 10°® 10) 1,27
100,1 | -/0,1 - 1/101= | E=0.77+0.059/1- 1g(99/ | 1,385
101 |-/1 - 10 1) 1,475

E=0.77+0.059/1- 1g(99.

9/1
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E=(aE”+BE")/(at+B) =
=(1,52 . 540,77
1)/(5+1)
E=1,57+0,059/51g10°

[ToreHmanm pacTtBopa B 3KBUBAJICHTHOM TOYKE PACCUUTHIBAECTCSA IO

bopmyie:
E,.= (aE” + 8BE ")/ (a+B),

rae E,.- moTreHmuan B PKBUBAJICHTHOM TOYKE, B;

B - CTAHJAPTHBIN MOTEHIMAJI IAPbl OKUCIIATENS, B;

EO- CTaHJAPTHBIM MOTEHIMAJ IaPbl BOCCTAHOBUTEIS, B;

a U B — CTEXHUOMETpHUECKHUE KOA(DPUIIMEHTHI, COOTBETCTBYIOIINE KO-
JIMYECTBY MPUHATHIX U OTJAHHBIX 3JICKTPOHOB.

AHanu3z Kpueoit mumposeanus

1. BOnu3u SKBHUBAJICHTHOM TOYKH HAONIOJAETCS PE3KUM CKAdOK IIO0-
TeHuuana. Hanmvume ckayka Ha KpUBOW TUTPOBAHUS MO3BOJISET 3adUKCHU-
poBaThb  HKBUBAJIEHTHYKD  TOYKY C  TOMOHIIbIO  OKHUCIUTENIbHO-
BOCCTAHOBUTEJIBHOTO MHJIUKATOPA.

2. BennumHa ckayka MOTEHIMANA 3aBUCUT OT Pa3HOCTH CTaHAAPTHBIX
MOTEHIIMAJIOB OKUCIIUTENS U BOCCTAaHOBUTENSA. UeM OoJibllie pa3HOCTh , TEM
00JIbIlIe YKa3aHHBIM CKAuOK.

3. Ob6nactb ckayka Ha KPHUBOM THUTPOBAHMS MOKHO 3HAYUTEIHHO
pacCIIUPUTh €CIU YBEIUYUTh PEANbHBIN MOTEHIMA Mapbl OKUCIUTENS WIN
YMEHBIIUThH MOTEHIIMAJ Tapbl BOCCTAHOBUTESL.

4. YtoObl OKpacka OKHCIUTEIbHO-BOCCTAHOBUTEIHLHOTO MHIAMKATOPA
U3MEHSJIACH MPU TUTPOBAHUU PE3KO M MHAMKATOPHAs OMIMOKAa TUTPOBAHUS
OblJJa HE3HAYUTENbHAa HEO0O0XOAUMO, YTOObI 00JIACTh NEpPeXoJa OKHUCIIH-
TEHHO-BOCCTAHOBUTEIHLHOTO MHIMKATOPa HAXOAWIACH B TIpe/iesiaX CKayka
TUTPOBAHUA., TO €CTh NPHUMEHSIEMbId HHIUKATOP JOJDKEH BCTyNaTh B
OKHUCJIUTEIbHO-BOCCTAHOBUTENbHYIO PEAKIUI0 BOJM3M SKBUBAJICHTHOM

TOYKH.
o} e
E 700 0 E3.T.'
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Memoowvt Komniekcoodpazoeanus.
Komnnaekconomempun (xeramomempus)

K MeromaM KOMIUIEKCOOOpa30BaHUS OTHOCATCS TaKWE METOJbI THT-
PUMETPUUECKOT0 aHaJIN3a, KOTOPbIe OCHOBAHbI HAa HCIOJb30BAHUM PEAK-
UA OpOTEKAIMMX 0€3 U3MEHEHUsS CTENEHU OKHUCIICHUS pPearupyrommx
BEILIECTB U COMPOBOXKAACTCA 00pa30BaHUEM KOMILJIEKCHOTO COSTUHEHUS .

KOMIJIEKCHBIMU COCIMHEHUSIMU HA3bIBAETCSI COCIMHEHUS, B COCTaBE
KOTOPBIX UMEIOTCS CIIOKHBIC HOHBI, CITOCOOHBIE CYIIIECTBOBATh KaK B KpH-
cTajuie Tak u B pactBope. ClI0)XKHBIMH MOTYT OBITh KaK KaTHOH, TaK ¥ aHH-
oH [Ag(NH3)]CI-Ag (cnoxnsiit katnon), K[AG(CN)2]-CN- croxHbIii aHH-
OH. DTH COCIUHEHUS SBISAIOTCA COJIsIMUA. HO MOMHMO KOMIUIEKCHBIX COJIeH
MOTYT OBITh KOMIUIEKCHBIC KHCIIOTBHI U KOMIUIEKCHBIX OCHOBAHMI: TIJIaTH-
HO XJopucToBogopoaHas  kuciota - H,[PtClg], ammwmakar memu -
[Cu(NH3),](OH);

KoMIuiekCHBIM MOH  COCTOUT M3 MOHA KOMILIEKCOOOpa3oBaTens U Jin-
rannoB (agnennos). Kommiuecoo6paszosarenb 1o non Me". Jluranmamu
MOTYT OBITh HeWTpanmbHble yacTunbl - NH3, H,O , HO, wame Bcero, omHO-
sapsaabie nona Cl', I, Br, NO,, CN™ u 1.1.

OO611ee Ynco JUTaH0B , KOOPAUHUPOBAHHBIX (TO €CTh CBSI3AHHBIX) C
KOMILIEKCOOOpa30BaTeJieM HA3bIBACTCS KOOPAMHAIMOHHBIM YUCJIOM ( 3TO
yarie Bce 2,4,6). B o0mieM Bujie, KOMIIEKCHBIN MOH MOXXHO MPEICTaBUTh
cienyromum obpasom [Me™ (lig®)«]™, [He™ (ligh)k] ™™, t.e. 3apsx xom-
IJICKCHOTO MOHA PaBeH alre0panvdecKkor cymMMe 3apsgoB HOHA KOMILUIEKCO-
oOpazoBareliss U JUTaHOB.

KoMIuiekCHBI HOH COCTaBISIONIMN BHYTPEHHIOI Chepy KOMILIEKC-
HOT'O COEJMHEHHUsI CBSI3aH C MOHOM BHENIHEW cdepbl HOHHYIO CBs3bIO. B
BOJIE, KOTOpas SIBJIACTCS MOJISIPHBIM PACTBOPUTENIEM, KOMILJIEKCHOE COEIH-
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HEHHE HalleJI0 JUCCOLUUHUPYET C OOpa30BAHUEM CJIOKHOTO HOHA, KOTO-
PBIN 3aTEM TOXKE IMOABEPracTCs CTYIEHYATON JUCCOLUALINN:
[Me(lig)x™™] 2 Me™ +klig™
B cooTBeTcTBUM € 3aKOHOM JEUCTBYIOIIUX MACC:

Kue=[Me™][lig1*/[Me(lig)<" ]
KoHcTanToM HECTOMKOCTH KOMIUIEKCHOT'O MOHA Ha3bIBAacTCsS OTHOIIIC-
HHUE MIPOU3BECHUS PaBHOBECHBIX KOHLICHTPALN HOHAa-
KOMIUIEKOOOpa30BaTelisi U JUTaHA0B K PAaBHOBECHOW KOHIICHTpAIlMUd He-
MPOJUCCOLIMMPOBAHHON YaCTHU KOMIUIEKCHOTO MOHA. KOHCTaHTa HECTOMKO-
CTU SIBJISIETCS KOJWYECTBCHHOM XapaKTEPUCTUKOW KOMIUIEKCHOIO HOHA.
UeMm menbliie 3HaueHuE Ko, TEM IPOUYHEE KOMIUIEKCHBIN UOH.

Ocoboe monoXeHne cper METOA0B KOMILIEKCOOOpa30BaHUs 3aHUMa-
€T TaK Ha3blBaeMas KOMIUIEKOHOMETpHUS, Hallle[las MIUPOKOe pacipo-
CTpaHEHHE B 3aBOJICKMX U HAayYHO-HCCIEIOBATEIBCKUX JTabOpaTopusX.
DTOT METOJI OCHOBAaH Ha WCIIOJIL30BAHUU PEAKIUi, KOTOPBIE COIMPOBOXK-
JAI0TCsl 00pa30BaHUEM KOMIUIEKCHBIX COSAMHEHUN KaTHOHOB C OpraHudYe-
CKUMH peareHTaMu — KoMIUIeKcoHamu. QOOpa3yromnuecs COoeauHEHUs
HA3BIBAIOTS BHYTPUKOMIUICKCHBIMHU (KJICITHCBUAHBIMK, XEJIaTHBIMH) CO-
JSIMU.

llonamue o xomnnexconax. KomriexkcoHaMu OOBIYHO HA3BIBAIOT Op-
TaHUYECKUE COCIMHEHMUsI, TIPEACTABIISIONINE COO0N MPOU3BOIHBIE AMUHO-
MOJIMKAPOOHOBBIX KUCIIOT:

OTU KOMIUIEKCOHBI, HApAy K KapOookcuiabHbiMU rpynnamu (-COOH),
coJiepKaT, aMHMHHBIA a30T. biaromapss TakoMy CTPOSHHIO 3TH COSAUHEHUS
OTJIMYAKOTCA MYJIBTHU(TIOJIN )IESITEIIbHOCTHIO, TO €CTh CIIOCOOHOCTHIO 00pa-
30BBIBATh Cpa3y HECKOJBKO KOOPIAWMHAIMOHHBIX CBS3CH ¢ MOHAMHU MeTal-
JIOB-KOMILIEKCOOOPa30BaTEIICH.

K uymnciay HOBBIX KOMIUIEKCOOOPA3yIOIIMX pPEareéHTOB OTHOCATCS
dbochopopraHnvyecKkrie KOMIUICKCOHBI, SBIISIONIMECS MPOU3BOAHBIMH aMHU-
HoankuiapochoHoBRIX KuciaoT. Hanmpumep: DATD- stuneHaunamMuHTeTpa-
MeTuieHpochoHOBas KUCIOTA.

AmMuHOANKUI(POCPOHOBBIE KHUCIOTHI 00JIAAI0T KOMILIEKCOO0Opasy-
IOIIMMH CBOWCTBaMH, OJjarojapsi MpPOTOHHO-IOHOPHBIM (DYHKITUSM KHC-
JIOTHBIX TPYMI W HAIMYAIO aMHUHHBIX aTOMOB a30Ta, CKJIOHHBIX K 00pa3o-
BAHUIO KJICHNIHEBUJHBIX COeAUHECHUN. (CBOWCTBA JTHUX KOMIUIEKCOHOB
HACTOJBKO Pa3HOOOpPa3HbBI, YTO OHU JAIOT BO3MOYKHOCTH MPOBOIUTH JH (-
dbepeHIMpOBaHHbBIE OmNpeaeiacHus B cMmecsax. HekoTopeie docdopopranu-
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YeCKHe KOMILJIEKCOHBI 00pa3yloT ¢ HEKOTOPHIMU KaTHOHAMU 0oJiee Mpod-
HbIC KOMIUIEKCHBIE COCIMHCHHMsI, YeM COOTBETCTBYIOIINE aMUHOIOIHKAP-
OOHOBBIE KUCIIOTHI.
Hurpuntpuykcycnas kucnora (HTA) wnmm kommiekcon |, Hj3R:
5 CH,COOH
N - CH,COOH
CH,COOH

OtuienanaMuHTeTpaykcycHas kuciora (3JTA) wnu komriekcod |,
H4R:
CH,COQH

HOOCH,C
\“w—mb—c%—mf/
HOOCH,C CH,COOH

HaunGosnpiiee mnpakTUYecKoe 3HAYEHUE HMMEET JIBYHATpUEBasl COJIb
stuneHauaMuHTeTpaykcycHo kuciotsl (Na — OJITA) nin  koMIUIeKCOH
I, Tpunon b, Na,H4R:

C

N—mb—C%—NK\
NaOOCH,C CH,COONa

CH,COOH

Cmpoenue oopasyemvlx 6HYMPUKOMNAEKCHBIX COel

BHyTpuKOMILIEKCHBIE COJTM 00pa3yroTCsl BO BCEX CIIyyasx, KOT/aa MO-
HbI MeTaJlJla KOMILJIEKCOOOpa3oBaTessl 3aMEIal0T aKTUBHBIE aTOMBI BOJIO-
poaa QYHKIMOHAIBHBIX TPYMIT OPraHUYECKOTO CTPOSHUSI C OJIHOU CTOPO-
HbI, @ C IPYrod  B3aMMOJIEUCTBYIOT C KaKUMHU-IMOO Tpymnmnamu, crocoo-
HBIMHU COYETAThCS C JAaHHBIM HOHOM KOOPJMHAIIMOHHOM CBS3bIO.

[Ipumepamu TpyIIm, coaepKaux UOHBI BOJOPOIA, KOTOPHIE CIIOCO0-
HbI 3aMEIIAaThCsl HA MOHBI METAJJIOB, U B3aUMOJICUTBYIOIIUX C HOHAMU Me-
TaJU1a-KOMIUIEKCOOOpa3oBaTeis 3a CUET IVIABHOW BAJIGHTHOCTH , CITyXKaT
kapookcunbHas - COOH, cynbdokcunshas - SOsH, oxcumuas - NOH,
ruapokcuibHas - OH u apyrue.

[Ipumepamu TpyImI, B3aUMOJCUCTBYIOIIMMU C HOHAMHU MeTaslja-
KOMILIEKCOOOpa3oBareiiss  KOOPAMHAIIMOHHON  (JIOHOPHO-aKIEMTOPHOM)
CBs3bIO, cmykatr amuHorpynna —NH,, nmunorpynma =NH, kapOonunsHas
=CO u gp. CrpoeHne BHYTPUKOMIUJIEKCHOM COJM Kajblusid C HATPUEBOU
conbio DJITA MOXKHO CXeMaTUYHO MPEJACTABUTH CICAYIOIIUM 00pa3oM:
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0=C-0 0-C=0
N\ . el
CH> a CH,
|/ \ |
N'—CH, —CHj - r~|1
|

CnocoO6HOCTh KapOOKCUITBHBIX TPYIIT 00pa30BbIBaThH coyin Me ycuiu-
BaeTcs d(PPeKToM BOSHUKHOBEHHS] BHYTPUKOMIUIEKCHBIX cojiei. OOpasye-
MBIE COEIMHEHHUSI OTJIWYAIOTCS JOCTATOYHO MAaJbIMU 3HAYECHUSMH KOH-
cranT HecroitkoctH (st Ca = n-107°, Zn = n-10™°, Cu=n-10™).

Takum o0Opa3om, KOMILJIEKCOHOMETPUS MPEACTaBIseT COOOM TUTPHU-
METPUUYECKUN METOJi aHajIu3a, OCHOBAaHHBIM HAa HUCIOJIb30BAHUU PEAKIIUU
MOHOB METAJJIOB KOMIUIEKCOOOpa3oBaTeieil ¢ KOMIUIEKCOHAMM, COIpPO-
BOXKJIAIOIIUXCS 00pa30BaHUEM YCTOWYMBBIX MaIOIMCCOIMUPOBAHHBIX pac-
TBOPUMBIX B BOJIE BHYTPUKOMIUIEKCHBIX (KJICIIHEBUHBIX) COJIEH.

[Ipu  TuTpoBanmu pactBopamu IJTA  conmeli  meramioB—
KOMILIEKCOOOpa3oBaTeseil MPOTEKAIOT CIACAYIOIINE PEaklui B 3aKIIOUH-
TEJLHOU CTAJINM ONPEIEIIACTCS:

Na,H,R = 2Na’+H,R*

R**(Ca”")+H,R*> MeR?* +2H"

R*(APP)+H,R“> MeR™ +2H"*

R*(Ti*)+H,R*> MeR +2H"

CornacHo MpUBEIECHHBIM ypaBHEHUsIM, 1| MoJib pearupyromux ¢ Na-
OTJA kaTHOHOB, HE3aBUCHUMO OT HX CTCIICHU OKMCJICHUS, CBS3bIBaeT 1
MoJib Na-OJITA.

1. Bo Bcex ciyyasx BbiAensieTca 2 r-uoH Bojgopoaa. [loatomy mnpu
pacuerax BEJMYHMHBI SKBUBAJIEHTA B PEAKLMSIX KOMIIJIEKCOHOMETPUU €T0
BeMYMHA OyJeT paBHA MOJOBHUHE aTOMHOW MacChl MeTajia WX MOJIOBUHE
MOJIEKYJISIPHOM MAacCChl COJIU.

Ycnosus KOMNJAEKCOHOMEMPUHECKO2cO mMumpoearusl
OCHOBHBIM YCIIOBUCM KOMIIJICKCOHOMCTPHUUCCKOTO TUTPOBAHUA ABJIA-
CTCA Tpe60BaHI/IC, NpCaAbABIIICMOC K PCaAKINK, KOTOpas JOJKHA IIPOTCKATDh
TaKHMM O6p3,30M ) yTOOBI B TOUKE DKBUBAJIEHTHOCTHU OoIIPCACIIACMbBIC KaTHO-
HBI OBLIN IMPAKTUYCCKH IIOJIHOCTBIO CBsA3aHbl B KOMILICKC. Koncranra He-
CTOMKOCTH TaKNX KOMIIJIEKCOB JOJIZKHBI OBITH OYCHBb HE3HAUYUTEIbHBIMH.
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TurpoBanne  O/TA mpoBOIHUTCA TPU CTPOrO  ONPEACIEHHBIX
YCJIOBUSX, U3 KOTOPBIX HauOOJIbIlIee 3HAUEHUE UMEET COOJI0/ICHUE TpeOy-
eMoro 3HaueHus pH cpenpl.

B kucnbix pactBopax ¢ pH<3 o0OpasyroTcs MeHee yCTONYUBBIC KUCIIBIC
KOMIUIEKCHBIE coenHeHus1. KomIiekcooOpa3oBaHuio CriocoOCTBYET TO-
BbilieHUe 3HaueHusi pH cpenpl. OgHako, B CHUIBHONICIOYHOM 00sacTu
pH>10 nHabmromaercs oOpa3oBaHME KOMIUIEKCHBIX OKCHUCOEIUHEHUN WIIH
0CaJIKOB ruApookucent, Ciaeayer Takxe UMETh B BUIY , UYTO MpHU oOpa3zoBa-
HUU KOMILJIEKCA OIPEEIIEMOr0 KaTUOHA C KOMIUIEKCOHOM, OCBOOOXa-
torcs nonsl H', pH pactBopa monmxkaercsa. Uro6sl moanepxars pH pac-
TBOpa Ha TPeOyeMOM YpOBHE, HEOOXOJIHUMO MPOBOJIUTH TUTPOBAHHUE B OY-
(dbepHBIX pacTBOpax.

Tonbko AJis KaTUOHOB OOPa3YIOIMIUX OYEHBb MPOYHBIE KOMIUIEKCHI C
DATA(Fe*, zZn*, Sc**,zr™* Th*"), tuTpoBanue MOXHO HPOBOAUTH B KHC-
joit cpene. Katuousl, oOpa3yroniue MEHee MPOYHbIE KOMIUIEKCHI HE Me-
IaIOT TUTPOBAHUIO KATUOHOB, ONIPEAEIISIEMBIX B KCJIIOM PAacTBOPE.

OuyeHb BaXXHBIM YCIIOBUEM SIBJIICTCSI BBIOOP MHIUKATOPOB. B kauecTBe
WHJIUKATOPOB B KOMILJIEKCOHOMETPUUTO HUCIHOIB3YIOT azokpacutenu. OHu
00pa3yroT ¢ HOHAMHU MeTajla KOMIUIEKCHbIE COeAMHEHUSI, UMEIOIINE OKpac-
Ky, OTJMYHYIO OT OKpPacku HMHJIUKATOopa B cBOOOAHOM Buue. Ompexernse-
MbI€ KaTHOHBI IOJDKHBI 00Pa30BbIBATh C MHAMKATOPOM KOMILIEKCHI, OTJIH-
YarOUIMeCss MEHbIIEH MPOYHOCTHIO , YEM UX KOMILUIEKCHI C KOMILJIEKCOHOM.

IIpn TutpoBanuu O/TA pacTBOpa, COIEpIKAIIETO ONPEACIECHHBIN
KaTUOH W UHAUKATOP, MOHBI METaJlJIa MEePEeXOAsAT OT MOJICKYJIbl WHIUKATO-
pa K MoJjieKyJie KoMIuieKcoHa. [Ipu 3Tom BeiensieTcss CBOOOIHBIN MHIUKA-
TOP, 9TO BO3MOXKHO IpH yeiaoBHH: Kyer" > Kyeina. [9]

VI. OcHoBHbIe NPUHIHUIBI KAYEeCTBEHHOT0 AHAJIN3A

AHaJIUTHYECKash XUMHSI — OTO HayKa, pa3pabaThiBaroias Hay4dHbIE
OCHOBBI U METOJbl XUMHUYECKOTO aHanu3a. E€ mpakTUUeCcKOM 3a1adyer sB-
JISIeTCSl YCTAaHOBJICHUE KaueCTBEHHOT'O M KOJMYECTBEHHOI'O COCTaBa BEIlle-
CTBa WJIM cMecel BemiecTB. EcTecTBEHHO, UTO BHaYaJIe YCTaHABJIMBAIOT Ka-
YECTBEHHBIN COCTaB BEIIECTBA, T.€. OMPEACISIIOT U3 KAKUX KOMIIOHEHTOB
WM MOHOB COCTOUT JIAHHOE BEILIECTBO, a 3aTEM OMPEAEISIOT B KaKUX KO-
JIMYECTBEHHBIX COOTHOILICHUSX 3TH KOMIIOHEHTHI BXOJAT B COCTaB aHAJIM-
3UPYyEeMOro 0ObEKTa.

KauecTBeHHBIN aHaU3 MOXET UCIIOJIL30BATHCS ISl UACHTU(DUKAIIMT
B UCCJIEYEMbIX 00bEKTaX aTOMOB (PJIEMEHTHBIN aHAIIN3), MOJIEKYJI (MoJie-
KYJISIpHBIA aHaliu3), MPOCTHIX WM CJIOXKHBIX BEIIECTB (BEIIECTBEHHBIN
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aHanu3). [IpakTudeckoi 3aadyeil KaYeCTBEHHOTO aHaIu3a SBJISIETCS 0OHa-
py’K€HHE KaTUOHOB M AHMOHOB, OPraHUYECKUX BEIIECTB, MPUCYTCTBYIO-
X B aHam3upyemMod mpode. Ero HeoOXoauMOCTh 3akirodarcs B
000CHOBaHWHU BBIOOpAa METO/JAa KOJWYECTBEHHOI'O aHAJIM3a HCCIIETyeMOTO
Marepualia Wid pa3eJICHUH CMECEi BEIIECTB.

3aBUCHMOCTDH nBeTa IJiaMeHH 0T HAJINYUA COCIII/IHCHI/Iﬁ MeTaJLJI0B

MeTan B oxuciuTeNbHOM IUIaMeHH | B BOCCTaHOBHTENBHOM IIAMEHU
Xpom N3ympynHo-3en€HbIA Kénro-3en€upiin

Ko
vaprac . SO

Ocobennocmu xumuuecxuxpeakuuﬁ U CROCOOBL UX 6bINOIHCHUS

B 3aBHCMMOCTH OT arperarHoro COCTOSIHUsI, KaUECTBEHHbIE aHAJIUTU-
YECKHE PEAKIIMU BBIMOJIHSAIOT «CYXHUM» U «MOKPBIM» CIOCOOaMHU.

AHanu3 «cyxum» crnocoOOM OCYHIECTBIIAIOT C MOMOIIbIO TaKUX MpPH-
€MOB, Kak mpo0a Ha OKpalllMBaHWE IUIAMEHH, MOJYYECHUE IIBETHBIX «Iep-
JOB». OTU TpPUEMbl TMOIYYWIIM HA3BaHHE MNUPOXUMHUYECKHE (OT rped.
«IHP» - OTOHbD).

[TpoObl Ha HUXPOMOBOW MTPOBOJIOKE BHOCAT B miaMsl ropenku. I1o xa-
PAaKTEpHOU OKpacKe IUIAMEHM Y3HAIOT O MNPUCYTCTBUU TOIO WA HHOTO
aneMeHTa. Tak, HalpuMmep, HaTPUM OKPALIMBACT IUIaMs B SPKO-KEITHIN
I[BET, KAJIUK — (DUOJIETOBBIN, KaJbIIMl — KPacHBIN, MEIb — 3€JICHBIM, CBU-
HEIl — TOJTyOOii.

OxpameHHble «IIepibl» MOJMYYAT CIUIABICHUEM HCCIEAYEMOIO Be-
mectBa ¢ Na,B407-10H,0. Oxkpacka «mepia» yKa3bIBaeT Ha MPUCYT-
CTBHE TOT'0 WJIM MHOTO MeTaiula. XPOM OKPAIIMBAET «IIEPJD» B 3EICHBIN
1BET, KOOAJIBT — B CHHUI, MapraHeln — B (PUOJICTOBBIN.

Haunbonee yacto 71 KaUeCTBEHHOT'O aHAJIM3a MCIONb3YIOT PEaKIUH,
npoucxoAsiire B pactBopax. Mcciemyemoe BEUIECTBO JOJKHO OBITH Te-
peBeneHo B pacTBOp. Eciy OHO He pacTBOpsAETCSA B AUCTUIUIMPOBAHHOM BO-
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http://ru.wikipedia.org/wiki/%D0%9D%D0%B8%D0%BA%D0%B5%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B4%D1%8C

1€, TO WUCTOJB3YIOT JJIsi PACTBOPEHUS] MUHEPAJIbHBIE WU OPTraHUYECKHE
kucitotel (HCl, HNO3z;, CH3;COOH).

He Bce xumuieckre peakiiuu MpUroIHbl AJisi KAYECTBEHHOTO aHaINn3a.
Ananumuyeckumu SIBISIOTCS TOJBKO T€ U3 HUX, KOTOPBIE COMPOBOXKIAIOTCS
KaKUM-JINOO BHEITHUM 3((PEKTOM — H3MEHEHHE OKpack, 0Opa3oBaHHE
OcaJika, BhIJIEJICHUE ra3a.

BriOupasi peakuuu ajis XMMUYECKOTO aHajiu3a, HEOOXOJIUMO PYKO-
BOJICTBOBATHCSI 3aKOHOM JICUCTBYIOLIUX MAcC, MPEACTaBICHUSIMU O XUMHU-
YECKOM PaBHOBECHUU B PacTBOpaXx.

BrInonHss aHAIUTUYECKYI0 peaKInio, He0OX0AUMO COOJII0IaTh yCIIO-
BUs 1S €€ POBEACHUS.

OnHuM u3 BaxkHenmmx yciouil sisisietca pH cpensl. Tak, Hanpumep,
Henb3st 0OHAPYKUTh HoH Ca®* B KHCIIOM Cpejie Mo ero PeakIiu ¢ OKCATIaT-
HMOHOM, T.K. OKCajaT KaJbllus pacTBOpuM B kucion cpene. Ocanox AgCI
HE BBINIAJIACT B aMMHUAYHOM Cpejie BCIEJACTBUE 0Opa30BaHUSI aMMUAYHOTO
KOMILIEKca cepedpa.

Jpyrum yciaoBueM siBIsieTCa TemiepaTrypa pactBopa. Hekoropsle pe-
akiuu TpeOyroT HarpeBanus. Tak, oOHapyxenue katnona NH," neiictsu-
€M IIEJI0YH BBIMOJIHSIOT PU HATPEBAHUMU.

He menee BakHa KOHIEHTpaIusi OOHApYyKUBaeMOTo BeriecTBa. YyB-
CTBUTEIBLHOCTh KaXJIOW PEaKIMU MOXKET ObITh KOJMYECTBEHHO OXapakKTe-
pU30BaHa C MOMOIIBIO JIBYX MapaMeTPOB — OTKPhIBAEMbI MUHUMYM (0.M.)
U TIpejieibHOE pa3BejieHue (I.p.).

Omxpwvisaemovlii MUHUMYM — 3TO HAUMEHBIIIEE KOJIUYECTBO BEIIIECTBA,
KOTOpPOE yJlaeTcsd OOHApYy UTh C MOMOUIBIO JaHHOUW peakiuu. Bsipaxator
0.M. B Mukporpammax (1 mxr = 10°r).

IIpedenvhoe pazeedenue TOKA3BIBACT, MPU KAKOM pa30aBICHUH pac-
TBOpa peaKus JaeT MOJ0KUTEIbHBIN PE3yJIbTaT.

BenmuunHa OTKpHIBAEMOTO MHUHHMYMa W MPENEIbHOTO Pa3BEJCHUS
CBSI3bIBAIOTCS COOTHOIIECHUEM:

—a
=1+ V<10 ~ WU
0.M.
o.m. =CV-10°°

rne C — MUHUMAaJIbHAs KOHIIGHTPAIUsA, 0.M. — OTKPBIBAEMbIii MUHUMYM, V
— 00BbEM pacTBOpa, B3ATHIN IS aHATU3A.

CucremaTu4eckuil 1 APOOHBIA METOX aHAIHN3A
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CucreMaTndecKknii METOJ KAa4E€CTBEHHOI'O aHaju3a OCHOBAaH Ha TOM,
YTO BHAYaje C MOMOIIBIO TPYIIOBBIX PEAr€HTOB Pa3JEiAIOT CMECH HOHOB
Ha TPYIIIbL, a 3aTEM B Ipeneax 3TUX Py oOHAPYKUBAIOT KaXKIbli MOH
C IIOMOIIIBIO XapaKTEPHBIX PEAKLUN.

OOBIYHO Ha3BaHUE CUCTEMATHUYECKUX METO/I0B aHAJIN3a ONpEEsIeTCs
IIPUMEHSIEMBIMUA I'PYNIIOBBIMA PEAKTUBAMHU — CEPOBOJOPOJIHBIN, aMMHUay-
HO-(ocaTHBINI U 1Ip.

Haunbosee mmpoKo HCMOIb3YEMBIM SIBIIIETCS CEPOBOJOPOAHBIA Me-
TOJ, B KOTOPOM T'PYNIIOBBIMUA PEAKTUBAMU SABJISIOTCS CEPOBOIOPOJ, CYIb-
¢ua u nomucynbpuy ammonus. CorjacHO 3TOro METOJA Yepe3 UCCIEeAY-
€MBII PacTBOP MPOIIYCKAT cepoBoAopod. Ilpu 3TOM B 0Cagok nmepexonst
CyJb(pHUIBI YETBEPTON M MATOM aHamuTHUeckux rpymi. K unsrparty mo-
OaBJIAIOT PAcTBOpP aMMHUaka M cyibdua ammoHus. B ocamok mepexonsr
Cylb(UABl U TUIPOKCUBI TPEThEU AHATUTUYECKOM TpyNIbl. YaauB U3-
OBITOYHBIN CEPOBOJOPOJ] KUIISTYEHUEM, K (DHIBTpATy N00aBIAIOT KapOOHAT
aMMOHUSI M OCAQXJAaIOT BTOPYIO aHaIUTUYECKylo rpynmy. B dunbrpare
OCTAeTCsl KATUOHBI IIEPBOM aHAUTUTUYECKON IPYIIIIHI.

HemocraTrkoM CUCTEMAaTHYECKUX METOJOB SBISACTCS UIMTEIBHOCTD
BBIIIOJIHEHHSI aHAJIU3A.

[IpyHUMIIHATTBHBIM OTJIMYHUEM OT CUCTEMATUYECKUX METOJOB SIBIISIET-
csl ApoOHBINM xumMuueckuit ananus. H.A. Tananaes, aBTop ApOOHOTO METO-
Jla KaueCTBEHHOTO aHallu3a, Jall cleaytouiee onpeaenenue: «JpooHbiMu
peaKkuMsIMHA HA3bIBAKOTCS TAKUE PEAKIMU, ITPU MOMOIIM KOTOPBIX MOXKHO
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OTIIETUTh KAaKOW JIMOO MOH OT BCEX APYIMX MOHOB, HAXOASIIMXCA BMECTE
C HUM B PacTBOPE».

OO6Hapy>xeHre noHa APOOHOM peakiueit BBITIOIHIETCS B Ba IpUeMa:

- MNPEIBAPUTEIHFHO C TMOMOIIBIO PA3IMYHBIX PEAKIHM, YCTpaHAETCs
BIIMSIHUE MEIIAIOIINX NOHOB;

- OTKPBIBAECTCS UCKOMBIM MOH C TIOMOIIBIO XapAKTEPHOU PEAKIIUH.

Metoa qpOoOHBIX peakUuid OTIMYAETCS CIEAYIOIUMH MTPEUMYIIECTBA-
MU:

1. Ilo3BosisieT OOHAPYKUTh UOH B OTJEIBHON MOPLMH UCCIEAYEMOTO
pacTBopa B JIF000M MOCIEA0BATEIBHOCTH.

2. Ilpu BeIMOSHEHUU APOOHBIX PEaKlUid, KaK MPaBUIIO, UCKIIOYAIOTCS
JUTUTENIbHBIC TTPOLIECCHI — BhIMApUBaHUs, GUIbTPALIUU, TPOKATMBAHUS.

3. s ananuza qoctaToqHo npoosl oobemom 0,1-0,5 mur.

4. TTockoJIbKY Ha BBINOJHEHUE JPOOHOM peakluy 3aTpavyruBaeTcs Ma-
JIO BPEMEHHM, TO JJisi OOHAPYKEHUSI HOHOB MOKHO HCIOJIb30BaTh HECKOJb-
KO peakitii, MOBHIIAIOLIUX JTOCTOBEPHOCTh aHAJIN3A.

Kak yxe ynomMuHanoch BbllIE, OOHApPYKEHHE HOHOB C IIOMOIBIO
JIpOOHON peaklK MOKHO MPOBOJUTH B JH000M nocneaoBarensHocT. Of-
HAKO, MPHU BBITIOJTHEHUH TOW WJIM MHOW 3a7aui HEOOXOAMMBI MpeIBapH-
TEJIbHbIE HCHBITAHUSA, KOTOPHIE MO3BOJAT COKPATUTH BPEMS BBIOJHEHHS
aHaIM3a W CHUBST BEPOATHOCTHh OMMOOK MPH €ro BbimosHeHuHu. K uuciy
IpeBapUTENIbHBIX UCTIBITAHUMN CIIETyeT OTHECTH LBET pacTBopa u pH cpe-
Ibl. Eciu pacTBOp HE OKpalleH, TO MO BCEU BEPOSTHOCTU, B HEM OTCYT-
crBytoT Katronsl Fe**, Cu®*, Co®*. Eciu pactBop cummpHOKHCHbI (pH <
1), To 3T0 MOXET ObITh 00YCIOBIEHO MPUCYTCTBUEM B PACTBOPE CHUIIBHO
TUAPOJIM3YEMBIX COJIEH.

IIpuMepsbI APOOHBIX peaku Ui
Kamuon NH,"

HetictBue menouert (NaOH, KOH). Illenoun paznararoTr coiau aMMmo-

HUSl 0COOCHHO TP HarpeBaHWH, C BbIICJICHUEM aMMHUaKa:
NH," + OH = NH1 + H,0.

AMMHAaK MOXXHO OOHApYy>KWTh IO 3amaxy, MO MOCHHEHUIO BIIAXKHOMN
JAKMYyCOBOM OyMa)kKK, MO MOYEpHEHUIO (UIBTPOBAIBHON Oymaru, cMo-
yeHHor HQ,(NO3),. Omnpenenennto He MeIacT HA OJMH U3 KATHOHOB.

Beinonaenne peakimu. K mpobe B mpodupke 0,5-1,0 ma qo6aBuTh 5-6
kanenb 6H NaOH. PactBop nogorpers. Hannurne ammuaka oOHapyKUTh MO
BBIIICTIPUBEICHHBIM CITOCOOaM.

2+
Kamuno Ca
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JleiictBue okcamara ammouus (NH,;),C,04. OxcanaT ammMoHus 00pa-

3y€eT C Ca”" Gesrit KPUCTAJUIMYECKUM 0CAOK OKCalaTa KaJlbLHUsl.
Ca” + C,04” = CaC,04)

Ocafok HE PaCTBOPHUM B YKCYCHOM KHUCIIOTE, HO PACTBOPUM B COJISTHOM
Y a30THOM KHUCJIOTax.

CaC,0,4 + 2H" = Ca’" + H,C,0,.

Boinonnenue peakimu. K 1-2 M1 aHanu3upyemMoro pactBopa npuodan-
JSIOT MO KarulsiM  KOHII. ammuak 70 pH > 8 (1o uHaukatopHoilt Oymare).
3arem BHOCAT 0,1r mopormka nuaKa. Harpearor 10 kumneHuss 1 QUIbTpy-
10T, K uibTpaty nobdasmstoT 0,5 mi H,SO,4 (1:3), HarpeBaroT B TeueHue 1
MUH ¥ BHOBb (GUIbTpYyIOT. Bee 3T onepanuu npenHasHadeHsbl Uil yaanie-
Hus Mematonux noHoB. K unbrpary mobasmstor 1 mi okcanata ammo-
HUAI.

2
Kamuon Mn~*
HeiictBue Bucmytara Hatpus (NaBiO3z). BucmyraT Hatpus B mpucyT-
CTBUM a30THOM KucioTel Mn?* 1o MnOy™:

5| NaBiOs}+2e + 6H™ =Bi""+ 3H,0+Na
2| Mn™ - 53¢ +4H,0 =MnQOy +8H™

IMn® + 5NaBiOs |+ 14H™ =2MnOy + 5Bi¥ + SNa™+ 7TH,0
0
E " naBio,/Bi** =1.8B E mno, /M =1.51B
Boinonnenue peakiuu. K 1-2 mu 20 HNO3 npubasssitor 0,5 mit uc-

CIIEZIyeMOro pacTBopa, 3areM Heckoibko KpynmuHok NaBiOs;. B mpucyt-
CTBUM MapraHiia pacCTBOP OKPAIMBAETCA B MAJTMHOBBIN LIBET.

Kamuon Fe**

HeiicrBue rexcanuanodeppara kaaus (K4 Fe(CN)g]). Ilpu netictBun
K4[Fe(CN)s] Ha kucible pacTBOpBI, comepxaiiue Fe** oGpasyercs TeMHO
CUHUM 0CaJIoOK OEpIUHCKOMN J1a3ypH:

4Fe* + 3[Fe (CN)s]* = Feq[Fe(CN)els].

Beinonaenue peakiuu. K 0,5 Ma ananuszupyemoro pactBopa 100aB-
JSIFOT  2-3 MJT IUCTHILIMPOBAaHHON BOJbI, 5-6 kamenb H,SO4 (1:3) u 1 Mo
K4[Fe(CN)e].

HeticrBue pomganunga ammonust (NH,SCN). Tlpu nelictBuu pogaHuioB
Ha PACTBOPBI, COEPIKALIIE KaTHOHBI Fe®" 06pasyercs KOMILIEKCHAS COJIb,

OKpaIHeHHaH B HHTGHCI/IBHBIﬁ KpaCHBIﬁ IIBCT:
Fe™ + 65CN == [Fe(SCN)™
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Boinonnenue peakimu. K 3-4 kamism pactBopa a00aBisioT 1-2 i

TUCTUJUTMPOBAHHON BOABI, 3-4 karum 2H H,SO4 1 HECKOJIBKO KPYIMHHOK
NH,SCN.

Kamuon Ni**
HeiictBue aumeTuiarinokcuma (peaktuB Yyraesa). JIMMETHITIIMOK-
cuM ¢ katroHamu Ni** B memnodHoit cpezie o0pa3yeT sIpKO KpacHbIN 0CaJIoK
BHYTPUKOMILJIEKCHOMN COJIU:

HiC-

]

7 HaC-C=NOH +Ni*" + 2NH; =
H,C-C=NOH

Beinonnenue peakuuu. K 0,5 - 1,0 Mn pactBopa npu0aBisitoT JBOM-
HON 00beM rujipokcuaa nuHka, 2-3 kammm HyO,, B30aNTHIBalOT B TEUCHHE
30 cek., HarpeBaroT a0 kuneHus u Guibtpytor. K ¢unbrpary nodasistor
HECKOJIBKO Kaneiab JUMETHITINOKCHMA.

Kamuon Cu*

HeiictBue ammuaka (NH;,OH). [lpu menneHHoM npuiiMBaHUU K pac-
TBOpY, comgepskameMy CU®*, BHauame 0Opa3yercss OCHOBHAS COIb MEH,
UMEIOIAs TOyO0BaTO-3€JEHbI BET. DTa COJIb PACTBOPSETCSA B U30OBITKE
pacTBOpa aMMHaka ¢ 00pa3oBaHUEM aMMHaKaTa MEJIU CUHETO I1BeTa:

Cu®* + 4NH,OH = [Cu (NH3).]** + 4H,0.

Brinonnenue peaknuu. K 0,5-1,0 M pacTBopa MEAJIEHHO MO KarliaM

100aBJISIFOT KOHIIEHTPUPOBAHHBIN pacTBOpP aMMHUAKa.

Anuon CI'

HeiicrBue autpata prytd (HQ2(NO3),). [Ipu nelictBum HUTpaTa pTYTH
Ha Cl" non oOpa3syercst Genblii 0caioK, HEPACTBOPUMBI B a30THOW KHUCIIO-
TE:

Hg®* + 2CI" = Hg,Cl,|

AHajoru4HbpIM 00pa3oM MPOTEKAET PEaKIUs C a30THOKUCIBIM ceped-

pom (AgNO3):
Ag" + ClI' = AgCl|

Brinonnenue peakumu. K 0,5 ma pactBopa npunuBarot 1 miu 2H pac-
tBopa HQ(NO3),, 3arem 0,3 mn 2H  Ba(NOj),. Conepxumoe mpoOUpKu
¢unsTpytor. K dunbrpary pobasmstor 0,5 ma 2u HNOjz u 0,5 mn 2H
Hg2(NOs)..

Anuon 8042'
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HeiictBue comeii 6apust (Ba(NOs),). Ilpu nefictBuu coseli Oapust B
KHUCJION cpejie oOpa3yeTrcst Oeblil KpUCTANIMYECKUM 0CaJI0K:
Ba’* + SO, = BaSO,|
Boinonnenue peakuuu. K 0,5 M pactBopa npubaBisitoT paBHbIN 00b-
€M KOHII. COJIsTHOM KucioTbl. Kumsarsat. FEcnu Bbimamaer ocajok, €ro
bunsTpytoT. K dpunsTpaty 1odasmistor 2-3 Karm pacTBopa coiiu 6apus.

Anuon NO3’

HeiictBue cynbdara xenesa (11) (FeSO,). Cynsdar xenesa (1) Boc-
CTaHABJIMBACT HUTPAT-WUOHBI. BBIIETUBIIMIICS B pe3ysIbTaTe PEaKIuu OK-
cun asora (I1) o6pasyer ¢ nonamu Fe** B mpucyrcrun xoni. H,SO, KoM-
IUIEKCHOE COCTMHEHNE TEMHO-0YpOTO IIBETA!

NO; + 3Fe® + 4H" = 3Fe®* + NO + 2H,0
NO + FeSO, = [Fe (NO)SO,]

Brimnmonnenue peakiuu. K 0,5 Mi1 HachllIeHHOTO pacTBopa coiu Mopa
(FeSO,) mpuodasnsror 0,2-0,3 MII UCCIeIyeMOro pacTBopa. 3aTeM, HaKJIO-
HUB NMPOOUPKY, IO CTEHKE BIMBAIOT | MJI KOHII. CEpHON KHCIIOTHI TaK, 4TO-
OBl >KHJIKOCTH, TI0O BO3MOXXHOCTH, HE CMEIIMBAIMCh. Ha rpaHuIie cioes
obpazyeTcst 0ypoe KOJIBIIO.

: :

Denonwvi
HeiictBue azotuctort kuciotel (HNO,). denonsr oOpasytoT ¢ a30Tu-
CTOM KHUCIIOTOM M-HUTPO3aMelIeHHbIE TPOAYKTHI (1), KOTOpble H30MEpHU3y-
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I0TCSl B M-XUHOUI0OKCUMEI (Il) 1 3aTeM, KOHAEHCUPYSCh C U30BITKOM (he-
HOJIa B MPUCYTCTBUU KOHII. CEPHOM KUCIOTHI, MEPEXOASAT B UHIAO0(DEHOIBI

(1):

HOTDNO OO HOL DN -0
I II I1I

BoinonHenue peakuuu. B Turie BeimapuBaioT gocyxa 2-3 Kariu
3()UPHOrO pacTBOpa HCCIEAYEMOIO BEIIeCTBa, 00padaThHIBAIOT OCTATOK
Kamied cexxenpurotoBieHHoOro 1% pactBopa NaNO, B KoHII. cepHOit
kuciore. CMmech pa30aBisArOT Karuied Boabl. [locie oxnmaxaeHus nojuiena-
ynBatoT 4H pactBopoMm NaOH. Tlepexon okpacku: CHHHI — KpacHBIM —
3EJICHBIN.

Dopmanvoezuo

JleiictBue xpomotponoBoit kucnotel (1,8 nuokcuHadprtamuu -3,6-
mucynb@okuciora). [Ipu HarpeBanuu opmanbaeruia ¢ XpoMOTPOIIOBOM
KHUCJIOTOU B CPEJI€ KOHII. CEPHOM KUCIIOTHI MOSABISAETCS PUOTETOBO-PO30BOE
OKpallMBaHue. XUMHU3M peaklMi He ycTaHoBieH. Ha nepBoii ctaguu 00-
paszyercsi OeClBETHbIM OKCU(EHWIMETAH C MOCIEIYIOIMIUM OKUCICHHUEM B
M-XUHOUJIHOE COCJNHEHUE.

Brinmonnenue peakiuu. Karmio ucciiegyeMoro pactBopa CMEIIMBAIOT
B npobupke ¢ 2 mia 12H cepHoil kucinoThl. K cMecu 100aBISIOT CyXyrO
XPOMOTPOIOBYIO ~ KHCIIOTY M HarpesaioT B Teuenne 10 mu mpu 60°C Ha
BOJSIHOM OaHe.

Memunoeuwiti cnupm

JleficTBue XpoMOTpOIoBoM KucioThl. Crneunuduueckas peaxkuus Ha
dbopmanpaeru ¢ XpOMOTPOIIOBOM KUCIOTOM (CM. BBIIIE) MOXKET OBITh HC-
M0JIb30BaHa JIJIsl OOHAPY>KEHUSI METUJIOBOTO CIIUPTA, T.K. OH B KUCJION Cpe-
ne okucisercss KMnO, nmo dopmansaeruaa:

3CH30H + 2MnO, + 8H" — CH,O + 2Mn’* + 8H,0.

Boeinosnenune peakimu. Kario uccnenyeMoro pactBopa B TCUCHHUE
1 MuH nepememuBaroT B mpoOupke ¢ karmieil 5% dochopHOil KUCTOTHI U
kamied 5% KMnO,. Ilocne 3toro n06aBisitoT HEOOIBIIOE KOJIMYECTBO
TBEpIOro Oucynb(daTa HATPUS U CMECh BCTPSAXUBAIOT JO0 OOCCIBEUMBAHMS.
3arem nmo6Gamistor 4 mu 120 H,SO4 M cyXyr0 XpOMOTPOTIOBYIO KHCTIOTY.
Cwmech HarpeBaroT B TeueHHe 10 MUH Ha BOJSHONW OaHE MpH 60°C.
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Yacte || ®dusuko-xumMmuyeckue MeToabl AaHAJIN3A

BBenenue

B matepuane paccMOTpeHbI OCHOBBI (DM3HKO - XHMHYECKOTO KOHTPOJIS
KOJIMYECTBEHHOTO COJIEPKAHUSI KOMIIOHEHTOB XUMUYECKUX COCTMHEHUN.

N3noxensl 00IIME TMOJOXKEHUS TEOPUM M MPAKTUKA ONTHYECKOTO
(MOJIEKYyJISIpHO - aOCOPOLIMOHHOIO) M AJIEKTPOXUMUYECKOTO (KYJIOHOMETpHS,
NOTEHLUMOMETPUS, KOHIAYKTOMETpHsl, mnoisporpadus) anamu3oB. Ilpu sTom
00JbIlIOE BHHMAaHUE YAEJIECHO CHEHU(PUYHOCTH XUMHUYECKHX IPOILIECCOB C
y4aCTHEM HEOPraHMYECKMX M OpPraHMYEeCKUX BEUIECTB, HMX 3HAYCHHE,
BO3MOXXHOCTH M OrpaHuYeHHs. B Kkaxaol wyacTu coaepx arcs MNpUMeEpbI
7a00paTOPHBIX pabOT, OA3UPYIOIMIUXCI HA aHATU3€ KOHKPETHBIX COCAMHEHUU U
UX CMeced, pacueTHble 3aJauyd 10 O0O0pabOTKE SKCIEPUMEHTAIbHBIX
PE3yNbTATOB, BOIPOCHI ISl CAMOKOHTPOJIA.

B OonpmMHCTBE CiIyyaeB ONUCAaHbl METOJMKHM U HWHCTPYMEHTApUH,
IIPOBEPEHHBIE  HA  ONBITE  KOHTPOJIA  MPOM3BOJCTBA  IUIACTMacc, B
JECOXMMHUYECKOW M THJPOJIM3HOW MPOMBIILIEHHOCTH. [Ipu »3TOM o0ocoboe
BHUMaHUE yJEJIeHO HauOojee I[IMPOKO HCHOJIB3YEMBIM B  IPAKTHUKE
TEXHUYECKOTO KOHTPOJS METOAAM, 4YTO, MO-BUAWMOMY, OOJIETYMT YCBOEHHUE
oOyuaromumcsi 0osiee CIIOKHBIX AKCIEPUMEHTAJIbHBIX METOJIOB M METOJMK B
NOCJIEYIOUIMX Kypcax CHEeUaIbHbIX JHCIHILIVH.

KOHTpOJIb HEKOTOPBIX CHUCTEM MPEICTABIEH C HCIOJB30BAHUEM Kak
TPaIUIIMOHHBIX, TAK W HOBBIX METOJMK aHaiau3a, paspadoraHHeix B YIJITY
(MONEKyIsIpHO-a0COPOLMOHHBIA ~ aHAIKW3  opraHudeckux  ¢GochoHaTOB,
ANEKTPOMETPUSl AMMHOKHMCIOT H JIp.), YTO TMO3BOJISIET MPOBOAUTH UX
KPUTUYECKOE COIMOCTABJICHUE [0 W30MPATEIbHOCTH, YYBCTBUTEIBHOCTU H
JIpYruM napaMmerpaM (Kputepusm). B npeninaraemoM martepuaie npeanoyTeHue
OT/IAaHO OMpPENICNICHUsIM, KOTOpPBbIE BO-TIEPBBIX HaubOoJiee crnenuPuyHbl, U, BO
BTOPbIX, OCHOBAaHbl Ha XHWMHUYECKHX IMpOLECCaxX, IS KOTOPBIX MEXaHU3M
IPOTEKaHUs PEAKINI UMEET YIOBIETBOPUTEIHHOE OOBSICHEHHE.

Hpyroii  0COOEHHOCTBIO  SIBISIETCS TNPUMEHEHHE B  JabOpaTOpHOM
MPAKTUKYME CTaHJAPTHHIX AHAIUTHYECKUX TPHOOPOB HA MHUKPOIPOIIECCOpax
WM COBMECTUMBIX C KOMIBIOTEpAMHU, YTO IMO3BOJIAECT CO3/aBaTh BUPTYyaJbHBIC
U3MEpPUTEITLHBIE KOMIUIEKCHI cO0pa U 00paboTKu MHGOPMAIIHIH.
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Hcnonbs3oBaHue [aHHOTO MaTepuala MpU H3YyYEHUU AaHAJIUTUYECKOM
xumun 1 O®XMA obecrieyut ¢GopMHpOBaHUE CTYyJIEHTa U, B OyIyIleM,
WHKEHEPA-TEXHOJIOra, OBJAJEBIIET0 S3JIEMEHTAMU HAYYHBIX HCCIEIOBaHUMH,
YMEIOIIET0 CaMOCTOSATEIbHO IMOCTaBUTh M OCYHIECTBUTH IKCIEPUMEHTATBHYIO
paboTy Kak Ha OOIIEHAYy4YHBIX M CHEIUANIbHBIX Kadeapax, Tak U B MPOIECcCce
MPOU3BOJICTBEHHON  JICSITEIBHOCTH HAa TOPEANPUSTASIX UM B HAy4dHO-
MCCJIEI0BATENBCKUX MOAPA3ICIECHUSAX

Paszgea 1. OnTnueckue MeToIbl AaHAJIN3A

CrexTpalibHble W Jpyrue ONTHYECKHME METOJAbl aHalli3a OCHOBAaHBI Ha
UCIIOJIb30BAaHUU PA3JIMYHBIX SBIEHUM © 3(D(PEKTOB, BO3ZHUKAIOIIMX TMpU
B3aMMOJICHCTBUM BEIIECTBA U DJIEKTPOMArHUTHOT'O U3TyYCHUSI.

Yactp 3TUX METOJOB OCHOBAaHa HA U3MEPEHUM JUJIMHBI BOJIHBI,
UHTEHCUBHOCTU M JIPYTUX XapaKTEpUCTHK CBETa, H3JIy4aeMOro aroMaMu H
HOHAaMH B  Ta3000pa3HOM  COCTOSIHUM  (OIMHUCCHOHHBIM  (HM3JIy4eHHE)
CHEKTPAJbHBIA aHallM3, IUIAMEHHAas 3MMCCHOHHAas crekTpockomnus). [pyras
yacTh (a0copOIMOHHAs CHEKTPOCKOINHUS) — Ha H3MEPEHWU HHTEHCHUBHOCTH
U3IIyYEHHs] TIPU €ro MPOXOXKACHUH Yepe3 cIoi BellecTBa ((poTokoImopumMeTpus,
criekTpodoromeTpusl, HNK-cnexkrpockonus, aTOMHO-a0COpOIIMOHHBIN
CHEKTpaJbHBIA aHaIN3, (POTOMETPUUECKOE TUTPOBAHUE, TYPOUIUMETPUS), WU
€ro paccerBaHUU — HEPEIOMETPHUSI.

Brops rpynma METOAOB OTHOCHUTEIBHO NPOCTa, HE TpPeOyeT MHOro
BPEMEHM Ul BBINOJIHEHUS aHAlIM3a W IOATOMY LIMPOKO HCIOJIb3YeTCS B
IPOMBIIIIEHHBIX M UCCIEI0BATENbCKUX JJA0OPATOPUIX XUMHUYECKOTO MPOQuUIIs
U MOHUTOPHHIa OKpY>Kaloled cpenbl JUisd ONpeAesiCeHUS MajblX U CIEHAOBBIX
KOJIMYECTB KOMIIOHEHTOB. OJTOW TpyMmme METOJ0B mMocBsmeHo Oonee 60%
nyOnuKanuii, CBSI3aHHBIX C AaHAJU30M HEOPraHWYECKUX M OPraHUYECKUX
OOBEKTOB.

[Io »TOM mNpUYMHE NAaHHOW Tpynne METONOB, HU B KOEM Mepe He
NPUHIDKAsT 3HAUEHUS JPYTHMX ONTHYECKHX METOJO0B, B TOM UHCIE H HE
HA3BAHHBIX BHIIIIE, TTOCBSIIEHBI JAHHBIE METOUIECKIE YKA3aHHUSI.

Metonbl ~ aOCOpPOLMOHHOW  CHEKTPOCKONHMH  HMMEIOT  BBICOKYIO
YYBCTBUTEIBHOCTh (HU3KUHN mpenen oOHapyKeHHs), U30UpaTesibHbl U TOYHBI.
OcoOEHHO UEHHBIM  SIBJISIETCS  BO3MOXHOCTb  OIpPEACNICHUS IpUMecen
(10 10 - 10° %) 1 u3GHpaTeIBHOCTD, MO3BOJSIONIAS IPOBOANTH ONPEICICHHE
KOMIIOHEHTOB B CJIIOKHBIX Ipo0ax 0€3 XUMHUYECKOIro pa3ziesieHus KOMIIOHEHTOB.
OTHOCHTENBbHAS TIOTPEITHOCTH METOJ0B cocTaBiisieT 1-3%.

IIpupoaa u cBOMCTBA 3JIEKTPOMATHUTHOI 0 M3JIyYeHHS
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ATOMBI ¥ MOJIEKYJIbI 00JIaJAI0T OTPAHUYEHHBIM YHUCIOM JTUCKPETHBIX WIN
KBAHTOBBIX YPOBHEW 3HEPIUH, HU3IIMNA K3 KOTOPBIX OTBEYAET OCHOBHOMY
cocrosiHMIO. Eciam cucreMe COOOIIUTH JOCTATOYHOE KOJIMYECTBO DSHEPTUH,
HanpuMep myTeM OOMOapIMpOBKH OJJIEKTPOHAMU WM IYTEM MOTJIOUICHMUS
AJIEKTPOMAarHUTHOTO M3JIy4€HUs, TO aTOMbI UM MOJEKYJIbl BO30YKIatOTCs, T.€.
nepexoAT Ha Oojiee BBICOKUN HHEPreTHUYECKUH YpOBEHb. Bpemsi XU3HH B
BO30YKICHHOM COCTOSHHH, KaK TpaBmio Mano (10°c), BosBpamenus Ha Gosee
HU3KUI YpPOBEHb JHEPrUM WJIM B OCHOBHOE COCTOSIHUE COIPOBOXKIAETCS
BbIJIEJICHUEM SHEPTUH B BUJE TEIUIa WIM 3JIEKTPOMATHUTHOTO M3TY4YCHHS, THOO
TOTO U IPYTrOro OJTHOBPEMEHHO.

ONEeKTpOMarHUTHOE H3JIyYeHUE TMPEACTaBISIET COOOW BHUJ SHEPIUH,
KOTOpBIM  pacIpoCTpaHseTcs C OrpoMHON  ckopocTeio. I[IpoxoxneHue
3JIEKTPOMAarHUTHOTO M3JIyY€HHUsS B IPOCTPAHCTBE CBA3aHO C IMEPHOJUYECKUM
U3MEHEHUEM JJIEKTPUYECKOM M MAarHUTHOW KOMIIOHEHT, KOTOPBIE MOTYT
B3auMozeiicTBoBaTh ¢  BemecTBOM. CoueTaHue  KojaeOaTenpHOro |
IIOCTYIIATEJIBHOTO JIBHKEHHSI CO3Ja€T BOJHOBOE JBIKEHHUE 3JIEKTPOMArHUTHOIO
n3nydenus (puc. 1).
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Pucynok 2 — CHexTp 3J€KTPOMarHMTHOIO M3Jy4eHHUs: | — MUKpPOBOJHOBAs; 2 — NaJIbHSA
uH}pakpacHasi; 3 — OMKHAA nHGpaKpacHas; 4 — BUAUMast; 5 — OMMKHAA yIbTpaduoIeToBas;
6 — nanpHsAs ynbTpaduoneToBas; 7 — 00JacTb PEHTTEHOBCKOTO M3Iy4deHHs; 8§ — 00JacTh -

W3JIyYEHHUS.

JUIMHY BOJIHBI 3JIEKTPOMArHUTHOTO U3TYYEHUS] U3MEPSIOT B CIEAYIOLIUX
BEJIMYMHAX:
1 MkM /mMukpometp/ = 10° M= 10" cm
1M /Hanomerp/ = 10° M= 10"cum
1 A° /anrctpem/ = 10" M= 10" cm
Bunumblii cBeT mnpencrapisier coOOM 3JIEKTPOMAarHUTHOE U3ITyYEHHE,
KOTOpO€ CHOCOOEH BOCIIPMHUMATH YesloBeueckuil ra3. M3 puc. 2 BUAHO, YTO
00J1acTh BUAMMOTO CBETa — ATO Jiuilb HeOombIas (320-750 HM) 4acTh ceKTpa
AJIEKTPOMArHUTHOTO H3JIy4YeHUS. YIbTpapuOJIETOBOE H3IIyYCHHE OXBAaThIBACT
obnacth ot 10 10 380 HM, a uHbpakpacHoe ot 0,75 10 300 HM.

[Tponecc nornomeHus

BemiecTBO MOrjomaer TOJBKO TaKOE W3IIYYEHHE, SHEPIHsi KOTOPOro
BBI3BIBAECT ONpENEIECHHbIE H3MEHEHHS B MOJIEKYJie JaHHOrO BELIECTBA, T.C.
ONPEAECICHHOW SHEPruM WM OIPEICICHHON UIMHBI BOJIHBL [lornomieHue
MOKET COINPOBOXKIATHCA HM3MEHEHHWEM 3HEPIHM 3JIEKTPOHOB, BPAIIAIOIIUNXCS
BOKpPYT' aTOMOB B MOJIEKYJie (3JIEKTPOHHBIA MEPEX0]), U3MEHEHUEM KOJieOaHuUs
apa JABYX WM OoJee aTOMOB (KoJieOaTeNbHbIN MEPEX0]]), a TAK)KE U3MEHEHHEM
BpaIleHUs TUMOJs (BpauaTeabHbIA niepexon). Jiist Bo30yKIeHUs IeKTPOHHBIX
NepexoqoB  HeoOXxoauma  OoJiblllass  DHEPrusi  M3Iy4YeHHUs, YeM  JUIs
OCYIIECTBJICHHUSI KOJEOATeNbHBIX W BpamaTedbHbIX. [loaTOMy moTIomeHue
yIbTpaUOIETOBOTO W  BUAUMOTO M3JIYy4YEHUS BBI3BIBACT DIIEKTPOHHBIC
nepexopl, a MorjolleHne HHPAKPaCHOTO — KoyieOaTeIbHbIE U BpallaTeIbHbIC.

[Tpu o0myyeHUH pacTBOpa BELIECTBA MOJIUXPOMATHUECKUM CBETOM (CBET
C IIMPOKUM MHTEPBAJIOM [JIMH BOJH) TMOTJIOIIAETCS U3JIYyYEHHUE TOJbKO
OTpeIeSICHHON JJIMHBI BOJHBI. B BUAMMOI 001aCTH LIBET pacTBOpa 00YCIOBIIEH
JUTMHOW BOJIHBI U3JTyY€HHsI HE MOTJIOIIEHHOTO 3TUM pacTBopoM. MHaue rosops,
IBET, KOTOPBIM MBI BUIUM, SIBJISICTCS JJOMOJHUTEIHHBIM K LIBETY MOTJIONIEHHOIO
CBETa.

Bunumblii CBET B 3aBUCMMOCTH OT JJIMHBI BOJHBI MMEET CIIEAYIOIINE
1[BETA:

ITornomnieHHbIN LBET JInvHa BOJIHBI, HM HaGnrogaemslii BeT pactBopa
DuoETOBBIM 380-450 Kenro-3enenniii

Cunuit 450-495 Kenrsrit

3eseHblit 495-570 ®uUOoNETOBBIM

Kentolii 570-590 Cunuit

OpanxeBblii 590-620 3eeHOBAaTO-CUHU I

KpacHbiit 620-750 CuHe-3eneHbIi
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3akoH byrepa-JlamGepTa-bepa

B ocHOBYy oONTHYECKMX METOJOB aHAIW3a IMOJOXKEH  3aKOH
ceeronorjomenuss  byrepa-JlamOepra-bepa. OTor 3akoH  Tiacur, YTO
KOJIMYECTBO DJIEKTPOMATHUTHOTO M3JIYYEHUS, IMOIJIOIEHHOTO pPAaCTBOPOM,
AKCIIOHCHIIMAIIBHO 3aBUCHUT OT KOHIIEHTPAUHMW IOMVIOMIAKIIAX 4YacTUI[ B
pPacTBOpE M OT TOJIIMHBI OTJIOIIAOLIETO CIIOS.

[Ipenmnonoxkum, 4To MOTOK CBETA C 3HEpruen | mpoxoauT uepes3 pacTBop,
comepxkammii N morjgomarmmx HOHOB WM Mojekyl.  KoaumdecTtBo
MOTJIOIIEHHOTO CBETA MPAMO MPOMOPLUOHATBHO YHCIY MOMVIOMIAKIINX YaCTHII,
HaXOJISAIIUXCS Ha MyTH CBETOBOTO MOTOKa. Ecim pa3ouTh Bech 00beM Ha Majibie
paBHbIE 00BEMBI, TO U3BMEHEHHE SHEPTHH U3TYUEHUS B KOXKJIOM 00beMe, 3aBUCUT
OT ymucia norjomarmmux yactul 4N. KoaudecTBO MOTJIOMIAIONIMX YAacTHUIl B
JTAHHOM O00BEME U MPOIMOPIIMOHATEHO YHEPTUH, BXOSIIETO B ATOT 00bEME:

AT=7TI- ) (1)
rac K— KOB(l)(bI/IHHGHT IMPOIMOPHHUOHAIIBHOCTHU
el @

3HAaKM MUHYC YKa3bIBaIOT Ha YMEHBIIICHUE MIOTOKA MU3TYUCHHS.
Ecnu 00bemMbl 0ECKOHEYHO MaJlbl, TO PABEHCTBO MOKHO 3aIMCaTh B
mugdepeHuranbHoi popme:

g ©
pazziensieM NepeMEHHbIE U HHTEIPUPYEM:
J J N
k- [dI 4
N T
NoJly4aem
J
In> —k-N 5
5 ©)

N 3aBUCHUT OT KOHIEHTpaluu Tnorjomawomux dvactuil B pactBope (C) wu
tosmuHb cinos (1):

N=K -1-g (6)
noactaBuB (6) B (5) W 3aMEHUB HATypalbHBIN JOTapudM Ha JIECATUYHBIMH,
TIOJTY9HIM:

I@\%——al-c (7)
|g‘%3=a|-q )
a — Kod(DUIMEHT MPOMOPIIMOHATILHOCTH, HAa3BaHHBIM KOd(hPUIIHEHTOM

noryiomieHna. OH XapakTepuzyeT JaHHOE TMOIJIOIICHUE COCIUHEHUE U
ompeneseTcs Npy JaHHOUW JMHe BoJIHE. PazMepHoCcTh KoddPuiinenTa 3aBUCUT
OT €JMHHUIl, B KOTOPBIX BBIpaK€Ha KOHIIEHTparusi pactBopa C BbIpakeHa B

84



MOJIB/J, TO KOA(h(UIMEHT TMOrJomeHus B ypaBHEHHH (3) 3aMeHsIeTCs Ha
MOJISIPHBINA KOA(POUITUEHT MOTIIOMICHUS €

|9L1> —=c, 9)
J
J, .
Lg ~ - TIOTJIONICHHE, 0003Ha4aroT D ¥ Ha3BIBAIOT ONTHYECKOM MIIOTHOCTHIO

J
DzlgjO - TIOTJIOIICHHE, ONITUYECKAs INIOTHOCTD

D=s1-c (10)
BCJ'II/I‘II/IHa, YUCJIICHHO paBHAasA OTHOIICHWUIO MHTCHCHUBHOCTU HPOMICAIICTO CBCTA

Ha3bIBAETCA MPOMYCKaeMOCThIO — T
J

T =73 (npomyckanue); D=—IgT (11)
0

3akon byrepa-JlamGepta-bepa (B nmanbHeiineM OyayIieM HWMEHOBaTh
3akoHOM bepa) mnpumMeHMM HW K pacTBOpaM, COJEpPXKalUM HECKOJIbKO
MOMJIOMIAOMINX BEIIECTB, MPHU YCJIOBUU, YTO MEXIAY Pa3HbIMU COCIUHECHHUSIMHU
OTCYTCTBYIOT B3auMojeucTBus. llormomenne B 3TOM ciiyyae aAJAUTHUBHO
CKJIQ/IbIBACTCSI.

Dogm‘:D1+D2+... +Dn=81|C1+ 82|C2+... + 8n|Cn (12)

N3 ypaBHenuss (10) BUAHO, YTO 3aBUCHUMOCTb MEXIY ONTHYECKOU
IUIOTHOCTHIO U KOHIIGHTpAllMed MMEeT JUHEHHBIM Xapaktep (YpaBHEHHE THUIIA
y = ax). OgHako C OTKJIOHEHUSIMU OT JIMHEHHON 3aBUCHUMOCTH MEXIY
ONTUYECKON IMIOTHOCTHIO M KOHUEHTPAUUEW MPHU MOCTOSHHOW TOJIIUHE CIIOS
MPUXOJIUTCSI BCTPEYATHCS JIOBOJBHO 4YacTo. HekoTopble M3 3TUX OTKIOHEHUM
HOCAT (DyHIAMEHTaJIbHBIM XapaKTep M, MO CYIIECTBY, MPEACTABISIIOT COOOM
JEUCTBUTEIbHBIE OrPaHUYEHHUS 3aKOHA, JPYrHe K€ CBSI3aHBI CO CIIOCOOOM
W3MEPEHUs ONTHYECKON IJIOTHOCTH WM C XUMUYECKHUMHU H3MEHCHUSIMU,
BO3HUKAIOIIMMHU TMPU M3MEHEHUU KOHIICHTpaluu. Torga MNPUYUHBI ITHX
OTKJIOHEHUM  HA3bIBAIOT,  COOTBETCTBEHHO,  HWHCTPYMEHTAIBHBIMA U
XUMHUYECKUMH.

HUctuHHbIC OrpaHuyeHus. 3akoH bepa mnpuMeHUM [Jsi PacTBOPOB,
KoHIeHTpaus KOoTopbix <0,01 M. IIpu BBICOKMX KOHUEHTpalUsX CpEIHEe
paccTOsSiHME MEXKy YacTUIIAMHU IMOIJIOMIAIONIETO BELIECTBA YMEHBILAETCS [0
TaKOM CTEMEHM, 4YTO KaxJas 4YacTUlla BJIUSET Ha paclpeicsieHUE 3apsaa
coceqHnx yactul. [IoCKONpKy CTeneHb B3aMMOJCWUCTBUS 3aBUCUT  OT
KOHIIGHTpAIliu, HaOMIoAaeTCsl OTKIOHEHHS OT JIMHEHHOW 3aBUCHUMOCTH.
OTKIIOHEHUST BO3HHUKAIOT TAKXKE BCIEACTBUE 3aBUCUMOCTH € OT KO3 dUIIMEHTA
MPEJIOMIICHUS] PacTBOpA.

XUMUYECKHE TMTPUUYUHBI OTKJIOHEHHUS. OTKJIOHEHHUSI YaCTO BO3HUKAIOT U3-
3a acColMalMy W JUCCOLMALMM MOJIEKYJ WJIM BCJIECACTBHE B3aUMOICHCTBUS
MOIJIOIIAIOIIETO BEMIECTBA C PACTBOPUTEIIEM.
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HHCcTpyMeHTalbHble OPUYMHBL _ OTKJIOHeHUs. (CTporoe moauyuHEeHHe
cucteMbl  3akoHy bepa  HaOmiogaercs  JMIOb IPU  UCHOJIB30BAHUU
MOHOXpPOMAaTHUYECKOT0 M3ITy4eHHs. DKCIEPUMEHT MMOKA3bIBAET, YTO OTKJIOHEHUS
OT 3aKoHa bepa, BbI3BaHHBIE HEMOHOXPOMATHYHOCTHIO TIOTOKA HECYIIECTBEHHBI
Opy YCIIOBUHM, YTO HCIOJNb3YEeMOE IOTJIOUIeHHEe He OXBaThiBaeT o0JacTu
CIIEKTpa, B KOTOpOH HaOIIofaeTcsi pe3Koe HW3MEHEHHE IOIJIOLIEHUs IIpu
U3MEHEHUU JUIMHBI BOJHBL. [l03TOMYy O4Ye€Hb BaXXHBIM YCJIOBHEM TpHU
BBIMIOJTHEHUH aHaJN3a SBJSIETCS OINpENENICHHE CIEKTPATbHON XapaKTePUCTUKH
pacTBopa.

[IpuMeHeHre ONTUYECKUX METOIOB JJIsl aHAIIM3a TUCTIEPCHBIX CUCTEM
(MeToabl He(eIOMETPUN U TYPOUTUMETPHUN)

[Ipy TPOXOKIEHUM CBETOBOTO IIOTOKA YEpe3 TUCIEPCHBIC CHUCTEMBbI
HaOJr0/1aeTCsl paccessHUe WM TOTJIONIEHHE CBeTa TBEpAbIMU dacTullamu. Ecim
HAO0JI0JaTh HMHTEHCUBHOCTh PACCESIHHOIO CBeTa (JIETEKTOp pacrojIOXKeH
NEPIEHIUKYJIAPHO CBETOBOMY IIOTOKY), METOJ Ha3bIBaeTcs He(eroMeTpueH.
Ecnn Habnronath MHTEHCHBHOCTh MOTOKA, MPOILIEAIIErO 4epe3 AUCIEPCHYIO
CUCTEMY, METOJ Ha3bIBAETCSl TypOUIUMETpUEH.

WHTEHCUBHOCTh  CBETOBOI'O  IMOTOKA, pPAacceMBacMOI0  TBEPIbIMU
YacTHIIAMU, ONUCHIBACTCS ypaBHeHHEM Penest:

T ] (13)

rae |, n lg — ~HTEHCUBHOCTH PACCESTHHOTO M MAIAl0NIETO CBETa;
F — dbynkmus, 3aBucsInas ot rnmokasartess MpeaoMISHUS YaCTHIl B paCTBOPE;
N — 4ucIIo yacTuii;
V — 00beM YaCTHUIIBL;
A — IIMHA BOJHBI MAJAOIIET0 CETa;
I' — pacCTOsIHME 10 HAOTIO1aTes;
[ — yroa Mexay HanmpaBJISHUSIMU MaJaloIIero U PacCeSIHHOTO CBETa.

[Ipu HedemomMeTpUUeCKUX ONpEAEICHUSIX H3MEPEHUs MNPOBOAAT MPH
onpenenéHubix 3HaueHusx F, V, r, f. O0beauHss ux B OHY KOHCTAHTY, MOXKHO
3aInCcaTh:

N (14)

(YpaBHEHHE aHAJIOTMYHO 3aKOHY bepa).

Crnenyer UMeTh B BH]ly, YTO ypaBHEHHE Penes mpuMEHUMO JJi1 4acTHII,
pa3Mep KOTOPBIX < A. DTO, €CTECTBEHHO, OTPAaHUYMBAET O00JACTh MPUMECHECHHUS
METOJIa BCJIEACTBHE BO3PACTaHUA IIOIPEIIHOCTE W3MEPEHUM U1 YacCTHIl,
pa3Mep KOTOPBIX, MPAKTUYECKH, Bcerma MHOro Oombine. Kpome Toro, o4eHb
CJI0>KHO TOJIy4aTh B3BECU C OAMHAKOBBIMU pa3MepaMy YaCTHLL.
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HpI/I Typ6I/IIII/IM€TpI/I‘ICCKOM AaHaJIN3€ MHTCHCUBHOCTH CBETOBOI'O ITOTOKaA
YMCHBIIACTCS BCJICACTBHUC PACCCAHUA CBCTOBOI'O IIOTOKA MW OIIPCACIIACTCA

ypaBHEHHEM:
1 é:k;;d , (15)

rJie ¢ — KOHIICHTPAIIHs YaCTHII;
d — cpenHmit TMaMeTp YacTuI;
K 1 @ — KOHCTaHTBI, 3aBUCAIINE OT METO/[a U3MEPEHUSI U IPUPOJIbI CYCTICH3HH.

[Ipu TypOMIMMETPUYECKUX OIpPEACIICHUIX, U3MEPEHUs: MPOBOJSAT MpU
onpeneneHubix 3HaueHusx K, d, o, 1. OObenuHss UMX B OJHY KOHCTaHTY,
MOJTY4YHM:

|
nglp =k-cl wm D=k-c-I (16)

(YypaBHEHUE, aHAJIOTUYHOE 3aKOHY bepa).
PaccyxkeHusi, NpUBEACHHBIE BBIIIE, KACAIOIIUECS OrPaHUYEHHOCTH
MeTo/1a He(eIIOMEeTPHH, CTIPABEIIUBLI U JJIsI TYPOUAUMETPUH.

(DOTOI)JIGKTpI/ILIeCKOG TUTPOBAHHUC

B 53TOoM MeTone TOYKY SKBHUBAJIEHTHOCTH OMNPEAENSIOT C TOMOIIBIO
dboTomeTpuyeckux u3MepeHuil. B xome TuTpoBaHUS u3MepseTcs JMOO
CBETOIOIJIONIEHUE pacTBopa (ONTHYECKas TNIOTHOCTh — D), mubo BenuymHa Toka
(J, MKA). AOCONIOTHBIC 3HAYCHUS MOHHM3AIMU PETHCTPUPYIONIETO MpUOopa He
MMEIOT 3HAYCHUS MPHU BHINOJHEHUH aHAIN3a, BAKHBIM SIBJISIETCSI OTHOCUTEIIBHO
pe3Koe M3MEHEHHME TMOKa3aHWW BOJIM3M SKBUBAJICHTHOW Touku. EcTecTBeHHO,
peanu3aius MeTo1a BO3MOXKHA, €CITM UMEETCSI OAXOASIIUN HHIYKTOP UIIH XOTS
Obl OAWH U3 KOMIIOHEHTOB pEaKI[MU TOTJIONIAeT CBET MPU ONTHUMAIBHO
BO3MO>KHOU JUIMHE BOJIHBI. B 3TOM ciiydae 10 SKBUBAICHTHOM TOYKH ITOKA3aHUS
PETUCTPUPYIONIETO MPUOOpa MPAKTUYECKU HE HU3MEHSIOTCA, a TOoCie TOYKH
SKBUBAJICHTHOCTH JINHEIHO BO3PACTAIOT WM YMEHBIIAKOTCS MPONOPLHOHAIBHO
o0beMy  J00aBIEHHOTO THUTpaHTa. TOYKY DKBUBAJICHTHOCTH  HAXOJAT
rpaguyecku 1O MUHUMAJHLHOMY 3HAYCHHUIO MMOKAa3aHUN PErHCTPUPYIONIETO
npubopa. HaiinenHoe 3HadYeHHWE DKBHBAJECHTHOIO OOBeMa TUTPAHTA
MOJICTABJISIIOT B CTaHAAPTHYIO GOpMYTy Il HAXOXACHHUS KOJIMYECTBA
OTPEAEISAEMOrO BEIIECTRA.

Annaparypa Juisl BEITOJIHEHUS aHAJINA3a
[Tpubopsl, npuMeHseMble ISl U3MEPEHUsl TMOTJIOIICHHS, COCTOST U3
YETHIPEX OCHOBHBIX YaCTEU, IPEICTABICHHBIX HA CXEME:
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MCTOUYHWMK U3Ny- dunbTp MAN Mmo- KioBeTa OeTeKTop

\ 4
v
v

yeHun HOXpomaTtop

Koncrpykiust mpubopa 3aBUCUT OT TOro, B KakoMl 00JacTH CHEKTpa
(yneTpaduoneToBoi, BUAMMOM, HHGPAKPACHON) MPOBOAAT U3MEPECHUS.

B OonbimnHCcTBE MpUOOPOB B KAYECTBE UCTOUHUKA BUIUMOTO U3ITyUCHUS
UCIIOJIB3YIOT OOBIYHYIO SJEKTPUYECKYIO JlaMIly, a s mnoiydeHus Y O-
U3IYy4YEHUS] IPUMEHSIOT BOJOPOJIHYIO WM JIeHTepreByIo jamiry. J[JTuHA BOJIHBI
MOMAJAIONIET0 B KIOBETY M3JIY4YCHHs 3aBUCUT OT CBETOQUIbTpAa WM
MOHOXpoMaTopa. MOHOXpPOMATOp — ATO YCTPOMCTBO, pazjararoiiee U3aydeHue
Ha COCTaBJISIOLINE €r0 BOJHBI pa3Hoil nnuHbl. Hanbosee mupoko mpuMeHSIOTCS
NpPU3MEHHBIE MOHOXPOMATOpPbl M MOHOXPOMATOPHI, MPEICTaBISAIONINE COOOi
po3pavHble TU(PAKINOHHBIE PEIIETKH.

JInst mpoBesieHrs aHalli3a BBIOMPAIOT U3TyYEHUE B TaKOW 00JacTH JUIMH
BOJIH, TJ€ ONpPEIEIIEMOE COCAMHEHHE HUMEET MaKCHUMAaJbHOE IOIJIOUICHHE, a
IIOCTOPOHHUE BEIIECTBA — MHHMMalbHOE. VIHTEHCUBHOCTh W3Iy4YeHUS,
IPOXOJSIIET0 4epe3 00pasell, PeryaupyrloT MIHMPUHOW WIENH WIK KaKUM-TO
apyrum crnocobom. Ilpomenmiee dyepe3 KIOBETY € pacTBOPOM H3IyuyEHHUE
nomagaeT B (OTOINEMEHT, TJE€ DSHEPrusi U3Iy4YeHHsl Ipeodpasyercs B
AJIEKTpUYECKYl0. BenuunHa BO3HHUKAOLIETo (OTOTOKa NPONOPLUOHATIbHA
WHTCHCUBHOCTH M3Ty4YCHHSI, TOTAIAl0MIET0 B ()OTORIEMEHT.

DOTOKOJOPUMETPHI U CIEKTPOPOTOMETPHI
Jlns onpenenieHrss ONTUYECKOW IMIJIOTHOCTH WJIM BEITWYMHBI MOTJIOIIECHUS
pacTBOpa WCIHOJIB3YIOT MNPUOOPHI PA3TUYHBIX THUIMOB — (HOTOKOJIOPUMETPHI
oanosryueBbie KOO, KOK-2, KOK-2MII, KOK-3MII, nByxiyueBsie - OIK-M,
OIOK-56, ®OK-57H, DOK-60 u ap.; cnekrpoporomerpsl — CP-4, CD-26 u np.
TypOunumerpuueckue U3MEpEeHHUss MOKHO MPOBOJIUTH HA MPHOOpax yKa3aHHbBIX
TUNOB. J[As W3MepeHHs MHTEHCUBHOCTH pACCESIHHOIO CBeTa OOBIYHO
UCIIONIB3YIOT HederomeTphl Trma JIMO.
[Topsinok pa®oTsl Ha mpuUOOpax pas3IMYHBIX THUIOB M UX ONTUYECKUE
CXEMbI UIMEIOTCSI Ha pad0UHX MECTax Yy COOTBETCTBYIOIIHUX YCTAHOBOK.
Kaxoe omnpeneneHne BeniecTBa € IOMOIIBIO ONTHYECKMX METOOB
COCTOUT U3 CJIEAYIOIIUX ITAMOB:
1. oOpa3oBaHKE OKPAIICHHOTO COCANHEHNS,
2. BBIOOp JUITMHBI BOJIHBI;
3. MOCTpOEHHE KaTMOPOBOYHOTO rpaduka;
4. ompenesieHHEe COJAEpP)KaHMS  HMCKOMOTO  BellecTBa B mpobe 1o
KaJIMOPOBOYHOMY I'paUKy WM [0 METOLY 100aBOK;
5. pacyeT KOHIIEHTPAlMU UCKOMOTO BEIlIECTBa.
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1. Tlpu npUTOTOBIEHUU PACTBOPOB OKPAIIEHHOTO COEIMHEHHUS CIIEeIyeT
THIATEIBHO 03HAKOMHUTBCS C METOJIMKON aHalu3a, oopamiasi 0co00e BHUMaHUE
Ha YCIOBUA TMOJy4YyeHUs OKpacku. HeoOxomumas 1o ycioBUSM pabOThI
MepHasi MmocyAa JOJKHA OBbITh TIIATEJIBHO TIPOMBITA U  OIOJOCHYTa
TUCTUWITMPOBAaHHOM  BoJoW.  HecoOmrojmeHue — yciaoBUM — aHaiM3a U
HEAKKypaTHOCTh Ha pabodyeM MeCTe MNPUBOAUT K 3aBEOMO HEBEPHBIM
pe3yJibTaTaM Ja)Xe IMPHU YCIOBUAX TEXHUYECKU IMPABUIIBHO BBIITOJIHEHHOTO
V3MEPECHUSL.
2. Bp1iOOp NIWHBI BOJHBI TPOBOIUTCS C IETBI0O YMEHBIIICHUS BEITHMYUHBI
BO3MOYKHOW MOTPEIIHOCTH, BBI3BAHHON HEMOHOXPOMATUYHOCTD U3Ty4YECHUS.
Jns 3TOro mpoBOAAT HM3MEPEHHE ONTUYECKOW IIJIOTHOCTH pPacTBOpa
CpellHEe  KOHILIGHTpallud Ha  BCEX  CBETOPWIbTpAX JaHHOTO  THIIA
doTokonmopumerpa. CrieKTpaibHas XapaKTepUCTUKa CBETO(PUIBTPOB MpPUBEICHA
B HUHCTpYKIuu K mnpubopy. [lo pesynbraram H3MEpeHHl CTPOSIT KPUBYIO
3aBHCUMOCTh onTHueckor 1wioTHocTH (D) ot mmHel Bomubl (A). Jlis
JATbHEHIIETr0 aHallu3a UCTIONIb3YIOT CBETOMUIIBTP, UBMEPEHHS C KOTOPHIM JaJI0
MaKCUMAaJIbHOE 3HAU€HUE ONTHUYECKOU MIIOTHOCTHU (pHC. 3).

D
1

094 s
08

0.7 1 »
08 - \

05 - X,

0.4 . \

14 & Ty

419 4 800 550 & 800 &
A (1n)

PucyHnok 3 — 3aBUCUMOCTbH ONTUYECKOM IJIOTHOCTH OT JJIMHBI BOJTHBI

3. Jlns mocTpoeHuss KaauOpOBOYHOro rpaduka HCIONIB3YETCS pPacTBOP
BELIECTBA, COJEP)KaHNE KOTOPOro HEOOXOMMO ONPEEIUTh B JaHHOM oOpasle
TOYHO W3BECTHOM KOHLIEHTpAaLMHU. {15 MOCTpOeHHs] KaJIuOpOBOUHOTO rpaduxa
CTPOTO OIpEAEICHHbIE 00BEMBI ATOTO PACTBOPA MOMEILIAIOT B MEPHbBIE KOJIOBI,
IPUWIMBAIOT BCE HEOOXOAMMBIE PEAKTHBBI U JOBOJAST PACTBOPHl B MEPHBIX
KOJ0axX /10 METKH, TaK K€ KaK 3TO OOBIYHO JENAETCs MPU KOJIUYECTBEHHBIX
onpeneneHusx. i MOCTpOEHUsS KalIMOpPOBOYHOrO rpaduka HCHONb3YIOT
cpenHeapu(MeTHIecKoe U3 MoaydeHHbIX 6 3HaueHnid. KanuOpoBouHblil rpaduk
CTPOSIT B KOOpAHMHATaX omnTHueckas IioTHocTh (D) — xonmentpaus (puc. 4).
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Kak ObUIO T1IOKa3aHO BBIINIE OH AOJDKCH MPpCACTABJIATH coboit MMpsAMY1O,
IMPpOXOIAIIYIO YEPE3 Ha4aJ 10 KOOpAHNHAT.

D o817

03 4
07 4 //
06 + A

05+ -

0.4 1 /
03T /

02+ ¥

(5 S
0 g

C, urin

Pucynoxk 4 — Kanub6poBouHblii rpaduk

KonnenTparuio BeipaxkaroT 60 B Mr/mpooe, aubo B mr/i. [l onpeneneHus
KOHIIEHTpAaIlMU B KaXJOW TOYKE KaTHMOPOBOYHOTO rpaduka, Mpu MOCTPOCHUU
rpaduka B koopauHatax D — xoHueHTtpamus (Mr/mpo0e), comepkanue B 1 mi
npoObl Ha 00beM MHpoObl, B3ATOM s aHanu3a. [Ipu moctpoenuu rpaduka B
KoopauHatax D — koHLeHTpanus (Mr/i1) pacder mpoBOJAT 1o GpopMmyiie:

r\y-1.Q
=, 17
< an
IJIe a — CoAepKaHue JAaHHOTO KOMIIOHEHTa B 1 MIT;
Vi — 00BeM MpoOBI JIsl aHATTU3A, MIT;

V; — 00BbeM MEPHOM KOJIOBI, MIL.

4. Tlocne mnocCTpoeHMs] KaIMOPOBOYHOIO TIpaduKka MPUCTYNAIOT K aHaIU3y
pacTBOpa JaHHOTO BEIECTBA, KOHIEHTpALUsl KOTOPOro HeusBecTHa. I[lpu
aHaJM3€ pPacTBOpa, KOHIICHTPAILUS KOTOPOTO HEW3BECTHA, CIEAyeT UMETh B
BUJly, YTO ONTHUYECKas IJIOTHOCTh aHAJU3UPYyEMOr0 pacTBOpa JIOJDKHA
HaxoauThes B npeaenax ot 0,2 go 0,7. [Ipu MEeHpIIMX MIIH OOJIBIIUX 3HAYCHUSIX
OTHOCHUTEJIbHASI OIMOKAa W3MEPEHUI MPEBBIINIACT TOMYCTUMYIO MOTPEUTHOCTD.
Tak Kak KOHIIEHTpAIUsl aHaJU3UPYEeMOr0 pAacTBOpa OOBIYHO MPEBBINIACT
KOHIIGHTpaIluu, IS  KOTOPhIX  TOCTPOCH  KaluOpOBOYHBIM  Tpaduk,
aHANMM3UPYEMbI  pacTBOp HeoOxomumo paszbaBiarh. [lpu  ompenenenun
KOHIICHTpAIIMU KCCJIEAYEeMOro pacTBopa d3TO pa30aBlieHME HE0OXOIUMO
YYHUTHIBATb.

AHaJIi3 pacTBOpa HEU3BECTHOM KOHIIEHTPAIIUU BBIMOJHSIIOT TOYHO TaK Ke
KaK W TIpU TOCTPOCHUU KaJuOpPOBOUYHOTO Tpaduka. M3mMepuB ONTHUECKYIO
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IUIOTHOCTh, HAXOJSAT MO TpaduKy COOTBETCTBYIOUIYI0 €M KOHLIEHTPAIUIO
pactBopa. Coziep>kaHre HCKOMOTO KOMIIOHEHTA (MTI/J1) HaXOAST 1o (hopmyJie:

S\[-\4
\5\%
/i€ 8 — KOHIICHTpAIUs 10 Tpaduky, MI/J;
Vi — o0OBeM MepHOH KOJObl, B KOTOPOW MpPEIBAPUTEIBHO Pa3BOAUIN

aHaJM3UPYEMBIN PACTBOD;
V, — 00beM MpoObl aHATM3UPYEMOT'0 PACTBOPA, B3SATHIM JIJIsl pa3BEICHUs, MIT;
V3 — 00beM MpoObl, B3ATON IS aHATIK3a, MJT;
V4 — 00beM MEpHO# KOJIOBI, B KOTOPOW TOTOBUTCS aHAIM3UPYEMBIN pacTBOP.

PesynbTaTel onpeneneHus 00padaThIBAIOTCS METOJIAMHU MaTeMaTHICCKOM
CTAaTUCTUKU TI0 CTAaHJAPTHON METOIUKE.

Metona 106aBoK

DTO METOI MPUMEHSETCS TPU aHAJIU3E PACTBOPOB CIIOKHOTO COCTaBa, Tak
KaK OH MO3BOJISIET aBTOMAaTUYECKU YUECTh BIHUSIHUE «TPETHUX» KOMIIOHEHTOB, a
TaKKe B TEX CIydasX, KOTJla KOHUEHTpalus HCKOMOIO KOMIIOHEHTa HHXKE
ONPENENIEMOr0 IO JaHHOM METOJUKE, YTO MNPUBOAUT K HEIOCTOBEPHOCTU
MOJIYYEHHBIX PE3YJIbTATOB UM BBICOKOW MOTPEIIHOCTH.

CylHOCTh METO/1a 3aKJIFOYAETCS B CleAyroieM. BHavaie B COOTBETCTBUU
C METOAUKOW OMNpeAeICHUS JaHHOTO KOMIIOHEHTa H3MEPSIOT ONTHUYECKYIO
I0THOCTh — D, aHanmu3upyemoro pactBopa. 3aTeM B aHAIM3UPYEMBII PacTBOP
J00aBJISIOT U3BECTHOE KOJUUYECTBO ompesaensiemoro kommnoneHta (Cg;) 1 BHOBb
U3MEPSIOT ONTUYECKYIO MIIOTHOCTD — Dy .

Onruyeckas INIOTHOCTh A, CTAHAAPTHOTO pacTBOPA PaBHA!

D, = eley (29)

OnTtuyeckas TIUIOTHOCTh AaHAJIM3UPYEMOrO0 pacTBopa ¢ J100aBKOU

CTaHJAPTHOTO COOTBETCTBEHHO:

Dy = &l(Cx + Com) (20)
CpaBuenue ypaBuenuit (19) u (20) naert:
2 <
= 21
R, <+, 21)
WIN D.(Cx + cem)= Dycm Cx (22)
OTCI0JIa KOHIICHTPAIIHS aHAJTU3UPYEMOTO pacTBOpa:
=
. — 23
M (23)

91



Pemenue TMIIOBBIX 3aJa4

3
1. B MepHbie k01061 emkocThio 100,0 cM™ momecTunu cootBeTcTBeHHO 1,0; 2,0;
. . 3 3+ < 3
3,0; 4,0; 5,0 cm” cranmaptHoro pacrBopa Al°" ¢ konuentpanueii 0,1 mr/cm’.
[Tocne mpoBefeHUsS peakIuyd ¢ aJllOMHHATOM OINTHYECKHE IUIOTHOCTH PaBHBI
0,12; 0,24; 0,36; 0,50; 0,63.onTHYeCcKKE TUIOTHOCTU aHAJU3UPYEMbBIX PACTBOPOB
3
0,30 u 0,55. BbuncauTh KOHLIEHTPALIUK PACTBOPOB B MI/AM .

3\ A3+
Pemnienwe : paccantaem KoHIeHTpamuo (Mr/am”) AlY" B cTaHIapTHBIX pacTBOpax

AN oPr.,. G=Lo az1L o0 .

100 100 = 100
=11 O , aaogg =

100 = 100 =
[TocTpoum rpadux
ﬂn.r;

05 ]
os3 //
04 3 !
03 5——"‘“7/ :

- |

02 4

|
I i : |
01 7 } I
3 ! i
| |

D T T II T T 1
0 1 2 3 4 5
Car (Mr/m)

['panynpoBouHbIli TpadWK JIMHEECH W BBIXOAUT W3 Havama koopauHaT. Ilo
rpaduKy HaiIeM coJiep)KaHHue AI** cooTBeTCTBEHHO 2,5 Mr/am° 1 4,5 Mr/ oM.

3. Ipu doromerpuueckom tutpoBanmu 10,00 cm® pacrtBopa NaNO,
pactBopoM KMnO, ¢ N = 0,05 mony4wiu cieayromue JaHHbIe:

V(KMnO,),em* |0 |05 [1,0 [1,25]1,50]1,75]2,0

D 0,11/0,11/0,11/0,11/0,15/0,18 | 0,23

Beraucnuts kornerTpanuo NaNOg, r/m.

Pemenue: npu TUTPOBAHMY NMPOTEKAET PEAKLIUSL:
2KMn04 + 5NaN02 + 3H2804 = ZMnSO4 + 5NaNO3 + KzSO4 + 3H20
NO, -2e + H,O =NO3 + 2H"
MnO, +5¢ + 8H" = Mn*" + 4H,0
Takol BUI TUTPOBAHUS Ha3bIBACTCS peBEepCHbIM. [Ipu TUTpOBaHuH, 10
HACTYIUIEHUS SKBUBAJECHTHOM TOYKHM ONTHYECKAs MJIOTHOCTb HE MEHSETCS, TaK
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kak KMnO, BoccranasimBasice NaNO, mepexoaut B HeokpaueHuslii Mn?* .
[Tocne HSKBHUBaJICHTHOM TOYKH B pacTBope NosBIsAeTCS H30BITOK  KMNQOy,
MPUIAIONTNI PACTBOPY MAIMHOBYIO OKPACKy, KOTOpas YBEIMUMUBACTCS TI0 Mepe
N00aBJICHHSI HOBBIX TIOPITUI TUTPAHTA.

[To pesymbraraM THUTPOBaHUS CTPOST KPHUBYIO THUTPOBAHHSA. TOUYKY
OKBUBAJICHTHOCTH HAXOIAT IO TEPECEUCHUI0 JMHEHHBIX YYaCTKOB KPHBOM
TUTPOBAHMUS.

Il 0351
0.20 1
01e
o il '
0,05 4 ‘
|
I
D.DD T T | T T T 1
0,08 1,00 1.25 150 175 200
V(KMnOy), ar’
Touka SKBUBAJICHTHOCTHU COOTBETCTBYET H3JI0MY KpHUBOU

V(KMnO,)=1,25 ecm® . Comeprxanre NaNO,, r/11 BBIMUCISIOT 0 hopMyIIe:

DJIEKTPOXUMHUA

B coBpemMeHHOM AHAIMTUYECKOM XHUMHUM BCE€ METObl aHAIM3a MOKHO
pa3zieuTh Ha TPU OOJBIIME TPYMIbl: XUMHUYECKHE, (Pu3nueckue u (HU3UKO-
XUMHUYECKHUE.

XuMHUYeCcKue MCTOJZIbI aHaJIn3a OCHOBAHBI Ha XHWMHWUYCCKUX PCAKIUAX,
MMPpOTCKAOIIMX B pacCTBOpax, pacilyiaBax, TBECPALIX TCJIaX M radax, — pPCaKIUgX
HeﬁTpaHHSaHHI/I, OCaXKXKACHU, KOMHJ’ICKCOO6paSOBaHI/IH H OKHUCICHHUA —
BOCCTAHOBJICHUSI.

[Tong TepmuHOM “(duU3MYECKHE METOIbI aHauu3a’ OOBEAUHSIOT BCE
METOJIbl, B KOTOPBIX HE MPUMEHSIOTCS XUMUYECKUE WU DJICKTPOXUMUUYECKUE
peakuuu. [lpu ananmmze MHOTUMHU (U3UYECKUMU METOJAMH AHAIM3HPYEMOE
BEIIIECTBO HE MCHSET CBOM COCTaB.

B (bHBI/IKO-XPIMI/IIIeCKI/IX MCTOZaX aHali3a HNCIIOJIB3YIOT XUMHUYCCKHUE WA
QJICKTPOXUMHUUCCKUC PCAKIIMKM KW aHaJIM3 BCACTCA Ha OCHOBC HCCICAOBAHUIA
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3aBUCUMOCTH MCXKAY XHUMHYCCKUM COCTaBOM H KaKHUM-JIH0O (I)I/IBI/IKO-
XUMHYECKUM CBOMCTBOM paBHOBeCHOﬁ NI HepaBHOBeCHOﬁ XUMHYECKOU
cucteMmbl. Tak Kak I IMIPOBCACHUA AHAJINM3a B (i)I/ISI/I‘-IeCKI/IX NN (bI/ISI/IKO-
XUMHYCCKUX MCTOHAX MCIIOJIIB3YIOTCA HU3MCPUTCIIBHLIC HpI/I60pI>I, TO JaHHBIC
MECTOAbI MHOI' 1A 06T>GI[I/IH$IIOT oA O6I]_[I/IM Ha3BaHNCM — HHCTPYMCHTAJIbHBIC.

Cpenun GU3NKO-XUMHYECKIX METOAO0B aHaI3a 00JIBIIIOEe MECTO 3aHUMAIOT
ANEKTPOXUMHUYECKUE METOJbl BCIEJICTBUE WX MHOrooOpas3usi, BBICOKOU
YYBCTBUTEJIBHOCTH U TOYHOCTH  PE3YJbTATOB,  OE3bIHEPIIMOHHOCTH,
HKCHPECCHOCTH U BO3MOKHOCTH aBTOMATHU3AIUU.

DNEeKTPOXUMHUYECKHE METOJbI — O3TO METOJbl Ka4yeCTBEHHOTO U
KOJIMYECTBEHHOTO aHajdn3a BEIIECTB, OCHOBAHHBIE HA DIIEKTPOXMUMHYECKUX
SBJICHUSIX B MCCIIElyEMOW Cpele WM Ha TPaHULE CONpHUKacaroluxcs a3 u
CBSI3aHHBIE C U3MEHEHHUEM CTPYKTYpbl, XHMHUYECKOTO COCTaBa WJIHU
KOHIICHTpaluu. B 3aBUCUMOCTH OT M3MEpSEMOro mnapameTpa B COBPEMEHHOM
ANEKTPOXUMUU BBIIEISAIOT CIEAYIOIINE TPyl METOAOB:

e ITIOTCHHHOMCTPHUIO H IIOTCHHHOMCTPHYCCKOC THUTPOBAHUC (MGTOI[I)I,
OCHOBAHHBIC HA UBMCPCHHUHU ITOTCHIIXAJIA BJIGKTpOI[a);

¢  KOHIYKTOMETPHUYECKHE METO/bI (M3MEPEHHE IEKTPONPOBOAHOCTH);

e KYJIOHOMETPUYECKHME  METOAbl  (ONpeAesieHHe  KOHLEHTpauuud 10
KOJIMYECTBY 3JIEKTPUUECTBA);

e DIJIGKTPOrpaBUMETpHs (BBbIACICHUE BEIIECTBA Ha JJIEKTPOJIE B Ipoliecce
AIEKTPOIIN3A);

e BOJIbTAMIIEPOMETPUYECKHUE METOJIbI (OMpe/e/ieHHe BEIIECTBA 110 BEITUYUHE
TOKa).

o DIEKTPOXUMHUUYECKHE METOJBI SIBJISIFOTCS HE TOJBKO METOJaMHU aHaIn3a, HO
U MeToJaMu (PU3UKO-XMMHUYECKOTO0 HCCIAeoBaHus. biaromapss UM MOXKHO
U3y4yaTb TEPMOJMHAMUYECKHME PpPABHOBECHE, KHHETHKY M  MEXaHU3M
MPOTEKAHUSI XUMUYECKUX U JICKTPOXUMHUYECKUX PEAKIUM, CTPOCHHUE U COCTaB
HEOPTraHWYECKUX U OPTaHUYECKUX COCAUHEHUN. B KadecTBe aHaIUTHYECKHUX
METOJOB 3JEKTPOXMMHUUYECKUE METOJIbI UCIOJIB3YIOT MPU AHAIN3E PATAYHBIX
00BEKTOB (PKOJIOTHS, MEAUITMHA, TPOMBIIIICHHOCTD, TEXHOJOTHS | T. II.).

Pazgea 2. IlloreHuuomerpus
BBenenne

[ToTeHuromMeTpusi  ABJISIETCS  OJAHUM M3  OCHOBHBIX  METOJOB
AIEKTPOXUMHUYECKOTO aHallu3a M OCHOBAaHA HAa W3MEPEHHHM MOTEHIHAJIa
AIEKTPOAA, MOTPYKEHHOTO B aHAIM3UPYyeMbIil pacTBop. [loTeHuman 3mekTpoaa
MEHSIETCS TMpPU HW3MEHEHHM KOHLEHTpAlMU (TOYHEE AaKTUBHOCTH) HOHOB,
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KOTOPbIMU OOMEHHMBAETCS AJEKTPOJ ¢ pacTBopoM. Ha 3TOM OCHOBaHMM MOKHO
MOJIYYUTh KOJMYECTBEHHYIO HH(GOPMAIIMIO O COCTaBEe PacTBOpPa B COOTBETCTBUU
c ypaBHenueMm Hephcra:

=== 002 (1)

Nk,

HeoOxomumass nias M3MepeHHs] YCTaHOBKA COCTOMT W3 Mapbl AJIEKTPOJIOB -
3JIEKTPOJia CPaBHEHUS M MHAMKATOPHOIO 3JIEKTPOAA, a Takke mpudopa s
WU3MEPEHHUs ITIOTEHIMAA.

[Ilupokoe pacrnpocTpaHeHWE MOAYYWIM HOpUOOpbl JUIsl HU3MEpPEHUs
Pa3HOCTU NOTEHLHAJIOB, IPEICTABIIIOIINE COOON BBICOKOOMHBIE BOJIBTMETPHI.

Takue mnpubOpHl 3aBOJCKOrO HU3TOTOBJICHHMS OOBIYHO HasbiBaloT pH-
METpaMu WM HOHOMEPAMHM, MOCKOJbKY OHHM MNpPEIHA3HAYEHbI ISl U3MEPEHHUS
MIOTEHIHAJIA SYEEK, CoAepKAIMX pH-4yBCTBUTEIBHBIN CTEKISIHHBIN AJIEKTPOJ
BBICOKOTO COIIPOTMBIICHUSI WM COOTBETCTBYIOIIMM HOHOAKTUBHBIA 3JIEKTPOL.
[Ixana 3Tux npuOOpoB KAIMOpyeTca Kak B MUJUIMBOJIBTAX, TaK U eAunHUIaX pH.

WHTEHCHBHOE pa3BUTHE IIOTEHLUUOMETPUM CBS3aHO C IIOSBICHHUEM
pa3HOOOpPa3HBIX THUIIOB  HOHOCEJIEKTHBHBIX  3JIEKTPOJOB,  IO3BOJISIFOIIMX
IIPOBOJUTH IIPSIMOE OIPEAEIICHHE KOHIIEHTPALU MHOTHX HOHOB B pacTBOpE.

[ToTeHIITMOMETPUYECKHE METOABl aHAIM3a MOIAPA3IAEISIIOT Ha IPSMYIO
HOTEHLIMOMETPHUIO (MOHOMETPHUIO), OCHOBAaHHYIO Ha HCIIOJIb30BAaHUH YPaBHEHUS
Hepucra (1) ansd HaxoXIeHUS AKTUBHOCTH WM KOHIEHTpPAlMM YYacTHHUKA
IEKTPOJHOM peakUUH 10 DKCIEpUMEHTanbHO u3MepeHHod OJIC nenwm
MOTEHIHAI Yy COOTBETCTBYIOIIEIO JJIEKTPOJA M INOTEHUHOMETPUYECKOE
TATPOBAaHHE. B 3TOM MeTOAE SKBHBAJIEHTHYIO TOUYKY ONPEACIHIOT MO PE3KOMY
M3MEHEHUIO (CKAuKy) MOTEHIMaia BOJIM3U SKBUBAICHTHOU TOUYKH.

JAns  um3MepeHuss NOTEHUMANa  HWCIOJB3YIOT Hapy  MOAXOIAIINX
AIEKTPOAOB, OJIMH U3 KOTOPBIX HA3bIBAETCS JJIEKTPOJOM CPABHEHUS, & IPYTOU -
WUHIUKATOPHBIM.

DJIEKTPO/Ibl CPAaBHEHHS

Jns  MHOTMX  DJIEKTPOXMMHYECKMX METONOB JKEJIATEIIbHO HUMETh
MOJySJIUMEHT, TOTEHUUal KOTOpPOro Obul Obl H3BECTEH, IOCTOSIHEH M
COBEPILIEHHO HE 3aBUCEN OT COCTaBa M3ydaeMoro pactBopa. OH HazbBaeTcs
JJIEKTPOAOM  CPaBHEHMS,  COXPAHAET  IPAKTUYECKU  IIOCTOSHHBIA WU
BOCIIPOM3BOAMMBIN TOTEHIMAI IPY MPOXO0KICHUN JOCTATOYHO MaJbIX TOKOB. K
YUCIy DJIEKTPOAOB CpPAaBHEHHUS OTHOCAT KaJOMENbHBIA W XJIOpCEpeOpsSIHBIN
JIIEKTPOBI.

KanomenbHbIi 37EKTPOJ MOKHO MPEICTABUTD B BUAE:

||H92C|2 Hac, KCI(X)|H91
I X — MOJISIpHAsi KOHLIEHTpALUsl XJIOpUAa KaJIusl.
DNEeKTpOIHAs pEaKIMsl ONUCHIBAETCA YPABHEHUEM:
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Hg.Cly., +2¢° > 2Hg’+ 2CI
[ToTeHuan  KajJOMENIBbHOIO  B3JEKTPOJAa  OTHOCUTENBHO  CTAHIAPTHOTO
BOJOPOJHOTO 3eKkTpoaa paseH 0,242 B npu 25°C.

CepeOpsiHbIid 37€KTpoI, TorpykeHHbIH B pactBop KCI, HachImeHHbIH
XJIOpUIOM  cepebpa, oOpa3yeT CHUCTEMYy, AaHAJIOTHYHYIO KaJIOMEIbHOMY
AIIEKTPOLY:

“AgClTB, KCl(X)|Ag,
rjae X — moJisipHast konnentpamus KCI,

DNeKTpoIHAs pEeaKIHs ONHUCHIBAETCA YPABHEHUEM:
- 0 -
AgCl ,+e > Ag +ClI

[ToTenmman  XxJopcepeOpsTHOTO  AJIEKTPOJAa OTHOCHUTEIBHO  CTaHJApPTHOIO
BOJOPOJHOTO 3eKkTpoaa paseH 0,1976 B npu 25°C.

HHI[I/IKaTOpHBIG QJICKTPOAbI

DNeKTpo/, HCIOJIb3YEMBbII B aHAIM3UPYEMOM pacTBOpe B Iape ¢
AJIEKTPOJIOM CPABHEHHUSI, HA3bIBAECTCS WHIUKATOPHBIM, €r0 MOTEHIIUAN 3aBUCUT
OT KOHIICHTpAIIMU OIpeAeIsieMoro BemecTBa. WHIUKATOPHBIE AJIEKTPOJbI
OBIBAIOT JIBYX TUIIOB — METAJUTMYECKUE U MEMOpaHHEIE.

B kauecTBe MHIUKATOPHBIX AJIEKTPOJOB MOXKHO HCIOJIH30BATh METAJUIbI,
CHIOCOOHBIC J1aBaTh oOpaTHMbIe Tojypeaknuu, Hanpumep: Ag, Cu, Hg, Pb, Cd.
MOTEHIIUAJIBI ATUX METAUIOB BOCIHPOM3BOJUMBI U TMPEICKA3ZYyEMO OTpa)karoT
aKTUBHOCTU MX HMOHOB B pacTBope. OIHAKO HE BCE METAJIbl MPUTOJHBI IS
W3TOTOBJICHUSI UHJIMKATOPHBIX AJIEKTPOJOB, MOCKOJBKY JJII HUX XapPaKTEPHBI
HEBOCIIPOU3BOJAMMBIC  TMOTEHIMAIbBI, 3aBHUCSIIME OT HAMpsSHKEHUH  WIH
KpUCTAJUIMUECKUX Nedopmaiuii B UX CTPYKType U OT OOpa30BaHUSI OKHUCHBIX
citoeB Ha ux noBepxHocTH. K Takum meraiam otaocst Fe, Ni, Co, W, Cr.

Mertanninueckre HWHAMKATOPHBIE AJIEKTPOJBI CIY)KAaT HE TOJBKO JUIs
OTIpeJIeICHHs] COOCTBEHHBIX MOHOB, KOCBEHHO OHU YYBCTBUTEJIbHBI K aHHOHAM,
oOpa3yloluM MajJopacTBOPUMbBIE COJM C KaThuoHamMu. B »sTomM chyuae
HEO0OXOJIMMO TOJIbKO HACBITUTh U3Y4aeMblid PACTBOP MajJOpPaCTBOPUMOM COJIBIO.
Hanpumep, moreHnuan cepeOpsHOro 3JeKTpoja OyAeT MpaBUIBLHO OTPaXKaTh
koHnentpanuio Cl” nonos B pactBope, HackienHoM AQCI.

B 3aBucuMocTH OT MaTepuana MeMOpaHbl 3JIEKTPO/IbI YI0OHO pa3AeinTh
Ha YEThIPE KaTErOPUHU:

1) cTeKIIIHHBIE AJIEKTPOAbL;
2) BAEKTPOJIbI C KUJKUMH MEMOpaHaMU;
3) DIEKTPOBI C TBEPABIMH MEMOpaHAMU;
4) 5NeKTPOIBI C Ta30UyBCTBUTEILHBIMU MEMOPAHAMH.
bonmee  neranbHO  paccMOTpUM  CTEKJISAHHBIM  3nekTpon.  OnH
U3TOTaBIMBAETCS W3 pH-UyBCTBUTENHHOTO CTEKJA, MPHUMASHHOTO K KOHILY
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TOJICTOCTEHHOM CTEKJIIHHOM TpyOku. OOpasyroliyrocss Tpylly 3anoJIHSIOT
pacteopom HCIl (0,1 M), mnaceimennsiv AgCl. B pactBop mnorpyskaror
cepeOpsiHyI0 MPOBOJIOKY, KOTOpasi CIY>KUT BHEIIHUM BBIBOJOM K OJHOMY U3
MOJIIOCOB  TpubOopa il u3MepeHus mnoTeHiuana. CepeOpsiHbIA  3IIEKTPO
CEJIEKTHBEH [0 OTHOLICHUIO K MOHAaM BOJIOpoJa. PDaKTUYECKH YyBCTBUTEIBbHON
K u3MepeHuto pH cpenbl siBIsieTCsl TOHKAsl CTEKJIsIHHAsE MeMOpaHa Ha KOHYHMKE
anektpoaa. Jyist wm3roroBineHus pH-4yBCTBUTENBHOrO CTEKJIA MCIOJb3YIOT
cocraBbl, conepxkaniue 22% Na,O, 6% CaO, 72% SiO. Crekiio Takoro cocrarBa
obnamaer BbicokoW crenupuyHocTeio 10 pH=9. Ilpu OGonee Bricokux pH
MeMOpaHa CTAHOBUTCS YyBCTBUTENIBHOM M0 OTHOIIEHHIO K HoHaMm Na'.

CnenyeT OTMETHTh, YTO HETUIPOCKONMUYHBIE CTEKJa HE 00JagaioT
CEJIEKTUBHOCTBIO IO OTHOLIEHUIO K HOHAaM Boaopoaa. [loaTomy siekTpon nepen
HACTPOUKOM JOJKEH BbIMauMBaThCs B TeueHue 8 4. [lo okoH4aHuu paboThl OH
BHOBbD JIOJKEH OBITH MOTPYKEH B BOJLY.

[Ipumenenue Xuakux MeMmMOpaH OCHOBAaHO Ha TOM, YTO OHHU 00JIaTaroT
MOTEHIIUAJIOM, YCTAHABJIMBAIOIMIMMCS Ha MTOBEPXHOCTH MEXKY aHAIMU3UPYEMbIM
pacTBOPOM M HECMEUIMBAIOLIEHCS >KUAKOCTBIO, CEJIEKTHUBHO PEArnpyrolIe C
OTIPEJICTICHHBIM HMOHOM. OJIEKTPOJ C KUAKOM MeMOpaHOW OTIMYaeTcss OT
CTEKJISHHOTO TOJIbBKO TE€M, UTO pacTBOpP C HW3BECTHOW U TMOCTOSHHOM
aKTUBHOCTBIO OTJEJIIEH OT AaHAJIU3UPYEMOTO0 pacTBOpa TOHKUM CIIOEM
HECMEIINBAIOIIENCS C BOJON OPTraHUYECKON KUJIKOCTHIO.

Oprannueckass  KMJIKOCTb  MpPEACTaBISIET  cOOOM  HENeTy4Hid
HECMEIINBAIOUIUNCS C BOJOW OPraHWYECKU HOHUT, COJICPKAIIMN KHUCIOTHBIE,
OCHOBHBIE WM XenaTooOpasyrwomue (yHKIUMOHAIbHbIE Tpymnnbl. Ecmu
YCTAaHABIMBAETCSI PAaBHOBECHUE C BOJHBIM PAacTBOPOM JBYX3apsHOTO KaTHOHA,
TO 3TOT MPOIECC MOKHO MPEACTABUTH CIETYIONTUM 00pa3oM:

—>
RH,, + xMe?’* <—RMe, + 2xH"

opranuueckas (aza BomHas ¢asa  opraHudveckas gaza BojHas (aza

[IyreM MHOTOKpaTHOM OOpaOOTKHM JKUJIKHI MOHUT MOXKHO MPAKTHYECKU
MOJIHOCTBIO TIPEBpaTUTh B KaTHOHHYIO (gopmy RMe,, u B Takom BHzE OH
TIpUMEHsIETCS B 2JIEKTPoax 1is onpeenenus Me™ .

HauGonbmuit mHTEpEC ¢ MPAKTUYECKON TOUKU 3peHus npeactasisitor Ca
u K — snektpoabl. DTU 37€KTpOAbl MMEIOT OOJbIIOE 3HAYEHUE KakK IS
TEXHOJIOTHYECKHUX U HAyYHBIX UCCIEIOBaHUM, TAK U B MEAULIMHE.

B Ca-snextposie MOHUTOM CIIyX HUT 3pup GochOpHON KUCIOTHI C ABYMSI
anidaTnyecKuMu paJuKalaMH, PAaCTBOPEHHBIM B MOJSPHOM pPAaCTBOPUTEIIE.
CpOACTBO 3(dupa C KalbIMEM OIpEAeNsieT CEJIEKTUBHOCTh DJIEKTPOAA.
YyBCTBUTENIBHOCTh 3JIEKTpOAa K HMOHaM Kaibluss B 50 pa3 mpeBbIIIaeT €ro
qyBCTBHTEIBHOCTH K moHaM Mg®* n B 1000 pa3 k Na* u K*. Dmextpos Moxker
OPUMEHATHCA JUIsl ONpPEAENICHUsT aKTUBHOCTH HOHOB KallbLIMsI B pacTBOpax ¢
KOHIIeHTparweii 10™ r-HOH/1 1 BBIIIe.
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K-31exTpor AOMKEH OmpenessaTh Majble KOJIMYeCcTBa Kausg Ha (OHE
3HAUMTEIBHBIX KOJMWYecTB HaTpusa. B K-aiekTpoiae B KadecTBE IKHJIKOM
MeMOpaHbl ~ HCIIOJIB3YeTCS ~ AaHTHOMOTHUK  BAJMHOMUIIMH,  OO0JIaTaroIIHiA
3HAYNTEIHLHO OOJBIIMM CPOJACTBOM C KaJWeM, 4YeM ¢ HartpueM. [Ipumenstor
pacTBOp BaJMHOMHMIMHA B audeHmIoBoM >¢upe. [Ipu onpeneneHun Kamus B
NPUCYTCTBUM  HATPUS  Takas o KWOKas  MeMmOpaHa  XapaKTepHU3yeTcs
koaduueHTamu ceaexktuBHoctu 6ompire 10000.

OTeuecTBEHHOW TIPOMBIIUICHHOCTBIO OCBOCH BBITYCK CEJICKTUBHBIX
AJIEKTPOJIOB C KUJIKHUMH MEMOpaHaMH Ha ca* K* CI, NO;, CIO,".

[TepCcrIeKTHBHO TMPUMEHEHHE 3JICKTPOJIOB C TBEPJABIMH MEMOpaHaMH.
[TomoOHO TOMY, KaKk HEKOTOpBIC CTEKJa CEJICKTHBHBI K KaTHOHAM, MEeMOpaHa,
oOnamaromias KaTHOHHBIMHM ITyCTOTaMHM, CEJICKTHBHA K aHMoHaM. OmnucaHbl U

UCIIOJIB3YIOTCS JCKTPOIBI ¢ TBepAbIMH MeMOpanamu Ha CI', Br, J, Cd2+, Cu2+,
CN’, S*, SCN..

HOTGHI_[I/IOMGTpI/ILIeCKHe HN3MCPCHUA

Ha 3aBepmiaromeid craguyM aHaiau3a 4YacToO MCHOJB3YIOT —IIPsIMOE
IIOTEHIUOMETPUYECKOE H3MEpeHHEe. MeToauka Takux H3MEpPEHHUH IpOCTa U
COCTOUT B TOM, YTO CPAaBHMBAETCS MNOTEHIMAT HHIUKATOPHOIO DJIEKTPOJA B
pacTBOpEe OIPEAEISIEMOrO BEHIECTBA C IMOTEHOHAIOM 3TOr0 K€ DIIEKTPOAa,
IIOTPY’KEHHOIO B CTAHJAPTHBIA pacTBOp TOro0 K€ BemecTBa. l3mepus
MOTEHIHAJI JJIEKTPOJA JUIsl PpAacTBOPOB MW3BECTHOM KOHILIEHTPALMU WM
AKTUBHOCTH, MOYKHO MOCTPOUTH KaTHMOpPOBOYHBIN IpauK, MO KOTOPOMY 3aTeM
MO>XHO HAWTH KOHLEHTpAalUI (aKTMBHOCTb) pPACTBOpAa TOTO JK€ BEIIECTBA,
U3MEpPUB B TEX JK€ YCIOBUSAX IMOTEHLHMan pacTBopa. Meton KanuOpoBKHU
COYETAET TAKHE JOCTOMHCTBA, KAK IPOCTOTA, SKCIPECCHOCTD, IPUTOAHOCTD IS
JUTUTETIBHOTO OIIPEACIICHUS.

HOTGHHI/IOMeTpI/I‘-IeCKOG THUTPOBAHHUC

C nmnomompbl0 MOAXOASIIETO HWHAWKATOPHOTO  3JIEKTpoAa  YyAO0OHO
yCTaHaBJIMBAaTh TOYKY SKBUBAJEHTHOCTH. JTOT METOJA OCOOEHHO YyIO0OEH IpH
OTIpPECNICHNN MYTHBIX M OKpAIlleHHBIX pacTBOPOB. lloTeHImoMeTpudecKuii
METOJI MOET OBITh WCIOJB30BaH [JIsl BCEX BUIOB THUTPOBAHUS: KHCIOTHO-
OCHOBHOT'O, OKHCJIUTEJIIbHO-BOCCTAHOBUTEIBHOIO, KOMIIJIEKCOHOMETPUYECKOTO,
OCaJUTENBHOTO.

[Ipu ompeneneHuu  BelIeCTBA  MOTEHUUOMETPUUYECKHMM  METOAOM
HE00X0MMO UMETh B BUY CIIEAYIOIIEE:

1) YyBCTBHTENBHOCTH METOJA OMNPEICNACTCS MPABHIBHBIM  BBIOOPOM
UHAMKATOPHOTO 3JIEKTPOAA;
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2) BeJMYMHA CKayKa BOJHM3M TOYKH TEM OOJIbINIC, UM BBIIIEC KOHIICHTPAIIUU

CTaHJAPTHOTO U UCCIIEYEMOTO PACTBOPOB;

3) BeNMYMHA CKayKa Tak)Ke 3aBUCHT OT KOHCTAHThI HMOHHM3ALUHU CIIA0OoM

KHUCIIOTBl WJIM CJIa0OTO OCHOBaHUSI U TeM OoJiblie, 4YeMm OoJiblie

COOTBETCTBYIOIIAS] KOHCTAHTA;

4) B ciay4ae THUTpOBaHHsI CMeced JBYX WIM Oojiee BEIIECTB CHadaia

OTTUTPOBBIBAETCS ~ BELIECTBO, MMEIOLIEEe 0oJiee BBICOKYHD  CTEIEHb

MOHH3AINU, OKUCIUTEIbHO-BOCCTAHOBUTEIIbHBIN MOTEHIMAN, Beauuuny [P

WIM YCTOMYMBOCTh 00PA3yIOIMIErocss KOMILIEKCHOTO COEANHEHUS;

5) B Havane TUTPOBAHUS TUTPAHT MOXKHO MPHIINBATH OOJIBIIUMH TOPIHSIMH,

a B ONM3M DKBHUBAJCHTHOM TOUYKH (Ha 3TO YKaXXyT OOJbIINE W3MEHEHUS

MOKa3aHWil mpubopa) CTaHAAPTHBIA  PacTBOp  ClEAyeT MPUIMBATh

OJIMHAKOBBIMU MOPIHsIMU He 6oee 0,2 mil.

Jlnst ompeneneHUss KOHEYHOM TOYKM THUTPOBAHUS MOYKHO HCIIOJIB30BATh
pasnuunble criocoObl. Hanbomnee mpoctoil B mocTpoeHuu rpaduka 3aBUCUMOCTH
pX or obbema mnpwinBaeMoro turpanta (puc. la). KoneuHyio TOUKy
TUTPOBAHUS ONPEIECIAIOT KaK CPEJHIOK TOUYKY Y4YacTKa, COOTBETCTBYIOIIETO
BEPTUKAIBHOTO NoabeMa KpuBOM. OJHAKO 3TOT croco0 HE BCErja MO3BOJSET
3a(UKCHUPOBATh KOHEUYHYIO TOUKY TUTPOBAHMS, OCOOCHHO B CIydyae TUTPOBAHUS
cMeced BelIeCTB JIMOO BEUIECTB, OTJIMYAKOIIMUXCA MaJIbIMU 3HAYECHUAMH
COOTBETCTBYIOIIETO (hU3UKO-XUMHYECKOTO rnapamerTpa (koHCTaHTa
HECTONKOCTH, OKHCIIUTEIbHO-BOCCTAHOBUTEIbHBIN OTEHIIMAI U T.J.).

Jpyrue cnocoObl pacuera KOHEYHOHM TOYKH COCTOSIT B OIPEACICHHUH
M3MEHEHMs MOTEHLMala Ha eIUHUIy M3MeHeHHs oobema ApX/AV ot obObema
TuTpanta (puc. 10) nubo B oOIpeneseHUH TOYKH, B KOTOPOM BTOpas
npousBoaHas A“pX/AV? ot 06beMa THTpaHTa paBHa HyImo (pHC. 1B).

pX ApX A'pX
) AV AV
V. M
V. M V., M
a ’ 0 ’ B

Pucynok 1. — O06paboTka KpUBBIX TUHTPOBAHUS
HNonomepsl u pH-MeTpsl

I[J'Iﬂ OIIPCACIICHUA PA3HOCTH ITOTCHIHMAJIOB HCIIOJIb3YIOT BBICOKOOMHBIC
BOJIBTMCTPBI 3aBOJACKOI'O H3IOTOBJICHHUS, IIKAJId KOTOPBIX OTKaJ'H/I6pOBaHa B
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eaununax pH u mumuBonbsTax. B yucio takux npudbopos BxoasatT OB-74, pH-
340, pH-510 «9kcnept — 001» u ap.

B kadecTBe 2JIEKTPOJOB CpaBHEHUS Yallle UCIIOIB3YIOT XJIOPCEpeOPSHBIM
AJIEKTPO/I, B KaUe€CTBE MHIUKATOPHBIX — CTEKJISIHHBIN (17151 KOHTpoJisa pH cpenbl),
IJIATUHOBBIN (1711 KOHTPOJISI OKUCIUTEIbHO-BOCCTAHOBUTEIILHOTO TIOTEHIIMATIA),
MOHOCEIIEKTUBHBIE — CEPEOPSHBINA (11 KOHTPOJSI TAJIOTCHHUIOB), KaJIHEBBIMH,
KaJIbIIUEBBIN, (DTOPHUIHBIN U JIP.

Pemenne THDOBEIX 3a/1a4
1. B cranmaptabix pactBopax CaCl, C pa3auuHOil KOHIICHTpaI[eH HOHOB

2+ . 2+
Ca® wm3Mmepwian SJCKTpOAHBIH moTeHmHanl (Ca” -CeJICKTUBHBIM BJICKTPOIOM
OTHOCHTEIILHO XJIOPCEPEOPSHOTO:

C(Ca”™), mons/am° | 1-107 | 1-10%] 1:10° | 1-10™
E, MB 100,0 | 46,0 |-7,0 |-60,0

Hagecky CaCl, (M= 0,5000 T) OMECTHIH B MEPHYIO K06y, eMKocThio 200 cm’,
PaCTBOPWIIM U JIOBEJH 10 METKU. DJIEKTPOAHBIA MOTECHIINAT Ca® -CeIeKTHBHOTO
anexktpoaa (Ey) B momydenHom pactBope coctaBwi 34,0 mB. Beruucnuthb
MacCOBYIO JIOJIFO KaJIbIUsl B 00pasIie.

Pelenpe: [0 pe3yibTaTaM M3MEPEHHs SIEKTPOJHOro moTeHmpana Ca®'-
CEJICKTUBHOIO  JJIGKTpoJa B  cTaHAapTHbIX pactBopax CaCl, crposr
KaIHOpOBOUHbIT rpaduk B koopmuuatax E-pC (Ca*’) (puc. 3). o rpaduxy
HaxosT, uto mpu E, = 34,0 MB pC (Ca*") =2,25 u C (Ca*") = 5,610 moms/mm”.
Macca Ca®* B pacTBope :
m (Ca®*") = C (Ca*)'V'A,
rie V — 06beM MPUrOTOBICHHOTO PACTBOPA, CM,
A — aromuas macca Ca®’, r/atom.
m (Ca®") = 5,6:10-200-40 = 44,8 mr
Maccosas goms Ca** B ananusupyemoii comn CaCly;
NG e - i
=¥oTe

[Ipu pacuerax ¢ mpuMeHeHUEM Tpauka B CTaHJAPTHBIC U UCCIIEIyEMbIC
pPacTBOpPHI BBOAST OJMHAKOBOE KOJWYECTBO HUHAU(DPEPEHTHOTO IIICKTPOIUTA
JUTS IOAJEPKAHUS TTOCTOSTHHOW MOHHOM CHJIBI PACTBOPOB.
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E. MB

150 1
100
a0 1

0
A0 -

-100 -
Pucynok 3. — KanuOpoBouHblif rpadyux

2. Anammsupyemsiii pactop mermnamuaa — CH;NH, o6bemom 20,00 o’
pazbaBwin B MmepHoit kosnbe g0 100,00 em’, [IpoOy momydeHHOTro pacTBOpa
10,00 cm® ortutpoBaiau norenimoMerpudecku 0,1000 H# HCl co crexassHHBIM
anekTpogoM. [locTpouTh KpuBYIO TUTpOBaHUSI B KoopauHatax pH-V u
OMPEICIUTh KOHIIEHTPALIUIO METUIIAMHUHA MO CJICYIOIIUM TaHHBIM:

Ve, eM® | 12,0 [1501(17,0(17,5117,8|18,0]18,2]18,5] 19,0

pH 10,36 9,96 | 9,43 /9,17 [8,28 |5,99 3,28 | 2,84 | 2,58

CtpouM KpHUBYIO TUTPOBAHUS: U3 CEPEANHBI BEPTUKAIBHOIO y4acTKa OMyCKaeM
MepIeHANKY/SIp. JKBHBAICHTHBII 00beM paser 18,0 cm’. Ilpu peakuuu
metunamuna ¢ HCI npotekaer peakuus CH3NH; + HCl = CH3NH;Cl. TTostomy
sKkBUBaJICHT MeTuiamuHa paBeH M/I . Conepxxkanne CH3NH, paccuutsiBaem 1o
bopmyie:

2 14 L] 12 2 V. HCl
Pucynok 4. — KpuBas TuTpoBaHus
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PA3OEN 3. KYTIOHOMETPUA
BBenenue

OCHOBHBIE NPHUHLHIBI W TEXHHUYECKHE OCHOBBI KYJIOHOMETPHYECKOTO
aHanu3a Obun  onpenenensl H. Cammom B 1907 1. Ilpaktuueckoe
UCIIOJIBb30BAaHUE KYJIOHOMETPUM JIOJTO€ BpEMsl CHAEPKHUBAJIO OTCYTCTBHUE
cnenuaibHoro obopynoBanus. llupokoe npuMeHeHre Hayasioch Juib ¢ 1942
r., MOCJE CO3JaHusd A. XUKJIMHIOM YCTPOMCTBA [JIi ABTOMATHYECKOIO
KOHTPOJISl MOTEHIMaa, Ha3BaHHOTO UM NoTeHiroctaToM. [lepsast o6oOmaromas
MoHorpadus «KynoHnomerpuueckuit anaian3» Oblia omyonukoBaHa K. AGperiom
u U. Knaccenom B 1961 r. Kynmonomerpuss — eIMHCTBEHHBIM KOJWYECTBEHHBIN
METOJ aHAJIN3a, HE UCIOJB3YIOIIMN 3aBUCUMOCTh CBOMCTBA MCCIIEyEMOU
CUCTEMBI OT KOHLEHTPALMU ONPEAEIIIEMOro BEIIECTBA, T.K. OCHOBAH Ha KOHTPOJIE
HENOCPEACTBEHHO YHCJa 3JEKTPOHOB, YYACTBYIOIIMX B pEaKUUUd. OITUM
0OyCIIOBJIEHBI BBICOKas YYBCTBUTEIBHOCTh M HHM3KUWA TpEen OMNPEIesIIeMbIX
KOHLEHTpauui (0T 10% 10 10°° M); IpMEHMMOCTb KaK K KOHLIEHTPUPOBAHHBIM,
TaKk W pa30aBIECHHBIM pPAacTBOpaM; OTCYTCTBUE MPOOJIEM, CBSI3aHHBIX C
IPUTOTOBJICHUEM, XPAaHEHHEM M CTaHAApTHU3alMed TUTPAHTOB, BO3MOXHOCTb
IPOBEICHHUS  AHAIM3a MAJIbIMH WX  KOJMYECTBAMH, I'€HEPUPYEMBIMU
HEIOCPEICTBEHHO B 30HE PEAKLUU.

Teopernueckne 0cHOBbI. CyIIHOCTDH M KJIACCH(PHKAIUA METOA0B

KynoHnomerpuuecknii aHanu3 OCHOBAaH Ha ONPEACICHUM KOJWYECTBA
ANEKTPUYECTBA, 3aTPAYEHHOIO ISl BJIEKTPOXMMHUYECKOTO  IpEBpaIlCHUS
HCCIIEYEMOTO BEIIECTBA WJIM  DJIEKTPOAKTUBHBIX PEarceHTra, MNpPOayKTa
XAMHUYECKOMN PEAKIUU C YYACTHEM OIPEEIIEMOr0 KOMIIOHEHTA.

IIpu BBeneHHUM B PacTBOP ABYX 3JIEKTPOJIOB M JJIEKTPUUYECKOM BHELIHEM
COEIMHEHUHU UX BO3HUKAIOT AIEKTPOXUMUYECKUE CUCTEMBI CIEAYIOIIUX TUIIOB:

— DJICKTPOJIUTUYECKAsI BaHHA, MOTPEOISIONMIAs SIEKTPUUECKYIO SHEPTHUIO U3
BHEIIIHEH LICTIH;

— TaJIbBAHUYECKHUHN BJIEMEHT, OTIAIOIIUNA DJICKTPOIHEPTUIO0 BO BHEIIHIOIO
LETIb.

B mecrax xoHTakta mpoBogHUKOB | u |l pona MexaHusMm mnepemaud Toka
MEHSIETCSI, MOHBI JJIEKTPOJUTA pa3pspKaroTcs (MOJHOCTHIO WM YaCTUYHO) Ha
OJTHOM U3 DJIEKTPOJIOB, @ HEUTPaJIbHBIE aTOMBI (TPYIIIIBl ATOMOB) MPUOOPETAIOT
3apsii Ha JpyroM. XHMHUYECKHUE TMPEBPAIICHUS, COMPOBOXKIAIOIINE 3TH
MpOIIECChl,  HA3BIBAIOTCS  AnekTpoiauzoM. [lpum  snextponusze  Gosee
MOJIOKUTENIBHBIA DJIGKTPOJl CUMUTAIOT aHOJO0M, a OoJyiee OTpUIlATEIbHBIA —
kaTojioM. COOTBETCTBEHHO Ha3BaHUs UOHOB, IBMXKYIIIUXCS K aHOJY — aHUOHBI, a
K KaTOAy — KaTHOHBL.
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CoOTHOIIEHUSI MEXIy KOJUYECTBOM MPOIIEIIIET0 JJIEKTpUYecTBa U
Maccoil BEIECTBA, BBIACIUBLIETOCS NPU 3JEKTPOJIN3E, OTKPHITH Malikiom
®apazneem (1791-1867) B 1833 r. (I, Il 3akonst dapanes). OHu MOryT OBITH
BBIPAKEHBI JJIEKTPOXUMUYECKUM SKBUBAJICHTOM (1):

S S s e R

rae M(A) — Bec 0oIHOTO MOJISI BEIIECTBA (MM aTOMHAsl Macca rpaMMaroMa €ro);

F —mocrostnnas dapajest, T.e. KOJIWYECTBO IJICKTPUIECTBA, HEOOXOIMMOTO
JUTSL DJIEKTPOXUMHYECKOTO TpeBpalieHusi | r-sKB BelIecTBa, OMpPeneseTcs Mo
npou3BeaAcHuUIO (2):

(= == = = .= - _ (2)
rae Na — mocrosinaast ABorajpo, MOJIB_l;

€ —3JIEMEHTApHBIN 3apsij AeKTpoHa, Kir.

Takum oOpazoM, BennuuHa F gucieHHo paBHaA 3apsay | MO 3JIEKTPOHOB,
Y4aCTBYIOIIMX B MPOIIECCE.

[Ipu mpoXOXKAEeHUU TOKa Yepe3 AICKTPOXUMUUYECKYI0 CHCTEMYy TpeOyeTcs
JBIDKYIIAsl CHJIa WIJIM TOTEHITMAT IS TIPEOOJICHUS COMPOTHUBIHEHUS aTOMOB,
MOHOB MX [IBIDKEHMIO K DJIeKTpojaMm. JTa cuja 1mo 3akoHy Oma paBHa
npousBeneHuto BenuuuHbl Toka (I, A) Ha comporuBienue sueriku (R, Om).
Omuyeckoe mnajeHue HarnpspkeHus |R mpuBOAMT K yBETWYEHHIO MOTEHIMAa,
HEO0OXOAMMOT0 sl PabOThI AJICKTPOXUMUYECKON BAaHHBI, WM K YMEHBIIICHUIO
HU3MEPSEMOro MOTEHITaja TaTbBAHMYECKOTO YJIEMEHTA.

B o0mem ciyaae (3):
£, =<t
L=~

rae Pxu @, — noTeHIMaIbl KaToaa U aHOJA.

(3)

Crnenyetr OTMETUTD, YTO MOJTHOTO MOTYMHEHUS 3aK0OHYy OMa B MPOBOTHUKAX
Il poma ner. Ilpm nmocrarouHoil cuiIe TOKa HAOIIOAAIOTCS OTKIOHEHUS
BCIICACTBME  DJEKTPOJHBIX  SBJICHUNW WIM  TojApu3anuu.  Pazmuuaror
MOJISIPU3ALIUIO:

—  KOHUEHTpauuOHHYIO  (cuibl  auddy3unr,  AIEKTPOCTATUUYECKOTO
NPUTSHDKCHUS M MEXaHMYECKOTO  MEPEeMENIMBAaHWS HE  O0SCIEYMBAIOT
MacCOIEpPEeHOCa pEearupyrouero BelecTBa K MOBEPXHOCTH JJICKTPOAA WIH
OTBOJIa OT HEE CO CKOPOCTHIO, TOCTATOYHOM JIsl MOJICPIKAHUS TEOPETUUECKU
paccurTaHHOM 10 3akoHy OMa CHIIBI TOKA);

— KUHETHYECKYI0 (00yClOBJI€HA Malold CKOPOCTBIO AIEKTPOXUMUUYECKON
peakiuu Ha 3iekTpone). IIpu 3ToM cuiia Toka KOHTPOJIUPYETCS CKOPOCTHIO
nepeHoca JIEKTPOHOB, @ HE MAaCCOMIEPEHOCOM PEarupyrollero BemecTna.

ConepxaHne B pacTBOpPE BEIIECTB, CIHOCOOHBIX AJICKTPOOKUCIATHCS WM
AJIEKTPOBOCCTAHABIIMBATHCS HA AJIEKTPOJAX, CHHXKACT WX TMOJSPU3ALUIO,
CMeIasi CHICTEMY K PaBHOBECHOMY COCTOSIHHIO.
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Takum 00pa3oM, MPOIIECChl, MPOTEKAIOUINE B AIEKTPOXUMUYECKON CUCTEME B
3HAYUTEIBHOM CTEMEeHW 3aBUCAT OT BHJA, KOHIIEHTPALMM KOMIIOHEHTOB
MEXIJIEKTPOTHOTO ~ pacTBOpa W MOTYT  OBITh  NMPOKOHTPOJIMPOBAHBI  C
HCTIOJIh30BAHUEM HM3MEPUTEIIHEHOW CXEMBI, YIPOIICHHO IMPEICTABICHHONW Ha PUC.
l.a.

CornacoBanue momoOHBIX cxem ¢ |IBM-coBmecTuMBbIMU KOMIbIOTEpAMU
MO3BOJISIET CO3/1aTh BUPTYaJIbHbIE N3MEPUTEIbHBIE KOMILUIEKCHI, T.€. CUCTEMBI
coopa 1 00paboTku MHGOPMAIIUH.

AHaTUTUYECKWE CHUTHAJIbl CO CTAHIAPTHBIX MPUOOPOB (aMIEPMETPHI,
BOJIBTMETPHI), UMEIONTUX CaMble Pa3HbIE BBIXOAHBIC IMapaMETPhl U TPEICIbI,
00pabaThIBAIOTCSl TOCTATOYHO MPOCTHIMU yCTpokcTBamu. Hampumep, B ciydae
KOHTpOJII TOKa MOXET OBITh HCHOJb30BaHa MuKpocxeMa MAX 471,
cojJieprKalllass HECKOJIbKO OmepalMoHHbIX ycwiutener (puc. 1.6). Juom D 5
o0OecrieynBaeT WHAMKAIMIO U3MEPAEMOro TOKa, YTO MOXET OKa3aThCs
HEOOXOJMMBIM, HAmpUMEpP, B Ccllydae CHATAS TIOJTHBIX BOJIBTAMIICPHBIX
3aBUCUMOCTEN. BUpTyallbHBIN BOJIBTMETP MOKET OBITh MEPENPOrpaMMHUPOBaH B
TepMOKOMIIEHCATOp I moTeHimomMeTpun (mporpamma DE GRES.BAS), T.k.
crabunutponsl  cepud LM uMeroT  3HauWTENBHBIE — TeMIEpaTypHbIC
koadurments! Hanpsoxkenus (10 MB/K). Tak, paGoune nuama3zoHbl TeMIepaTyp
LM-335 ot 233 nmo 373 K; LM-135 or 233 no 423 K (COOTBETCTBEHHO,
BBIXOJIHbIE HampspkeHus: 2,23+4,23 B). OTu mapaMeTrpbl COOTBETCTBYIOT
UHTEPPEHCHOMY  yCTPOMCTBY, B KaueCTBE KOTOPOro  LEJIECO00pa3HO
UCIIOJIb30BaHuEe aHaloro-nudpoBsix npeodpaszopateneit (ALIIl), nanpumep, Ha
0a3e cIBOCHHOTO omneparoHHoro ycwiutens LM-358 (0+5 B), noakitouaeMoro
K CTaHJapTHBIM TOCIEOBATEIbHBIM WK MapamieabHbiM nopTam [IK. Ilpu

TOM, KaK TMPaBUJIO, JOCTAaTOYHO KOA(D(GUIIMEHTa YCWICHHWS B HWHTEpBaje
10-+100.

W | B

- — _ |34
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AHaTHTHYECKHH CHOHAN (TOE)
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Puc. 1. Cxema UamepeHus NnapameTpoB 3/1EKTPOXMMMUYECKON CUCTEMbI U
cornacoBaHMa amnepmeTpa 1 BoabTmeTpa ¢ IBM-coBMecTUMbIMU KOMMb-
loTepamu:

a — usmepuTenbHan cxema; 6 — cxema corsiacoBaHus aMnepmMmeTpa;

B — CXEMa COr/1acoBaHMA BOJIbTMETPA;

N3 — UCTOUYHMK IN1EKTPOIHEPTUUN C PETYIMPYEMbIM HAMNpPAXKEHNEM (TOKOM);
A —amnepmeTp; B — BonbTMeTp; I — aN1EeKTPOXMMMYECKan AYeliKa

[IporpamMmMHOe oOecrieueHre W JApaiiBEepbl 3THX U TOJOOHBIX YCTPOWMCTB
HaxoasaTcs Ha cepBepe http://www.dmk.ru wim MoryT ObITh 3aKka3aHbl o e-mail:
Icard@]Icard.ru.

CornacHo o0beMHeHHOMY 3aKkoHy Dapajes, Macca AJIEKTPOAKTUBHOIO
KOMITOHEHTa pacTBopa (M, T) MOXKET OBITh OMpe/eeHa Mo ypaBHEHUIO(4):
mMAQ
rF
rae Q — KoJIM4YecTBO AJIEKTPUUECTBA B KyJIOHAX.

Od4eBuHO, UYTO JAaHHOE COOTHOIICHHE TPABOMEPHO JIUIIL  TPHU
abdextuBHOCTH TOKa, OMm3kod K 100 %, T.e. OTCYTCTBHUM KOHKYPHUPYIOITUX
IPOLIECCOB.

CTaOuiabHOCTh M KOJIMYECTBEHHOE TIPOTEKAHHE KOHKPETHOM pEeaKINH
MOJKHO 00€CTIeUUTh CO3/IaHNEM OTIPEICTICHHBIX YCIOBUM €€ MPOBEACHUS.

A. JIuHTelH KIacCHU(pUIIMPOBAT METOABI KYJOHOMETPUN B COOTBETCTBUHU C
IEKTPUYCCKUMHU TIapaMeTpaMHU, TOJICPKHBAEMBIMH TTIOCTOSSHHBIMH B XOJIE
aHawM3a, Ha TPY TPYIIIIbL:

a) raJibBaHOCTaTU4YeCKue, T.¢. pu | = const.

(4)
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B »stom cnydae mnotreHuman pabodero (reHepaTOpHOro) 3JIEKTpoia
COOTBETCTBYET KOHTPOJHMPYEMOMY DJIEKTPOJHOMY MPOLECCY JIHIIb IpHU
KOJIMYECTBE  DJIEKPOAKTUBHOIO  BEIIECTBA, JOCTATOYHOM ISl  IEPEHOCca
MPUJIOKEHHOT0 TOKAa. CHI)KEHME KOHUEHTpPAUMHW HU3MEHSET IOTEHIMUaNl M0
3HAYEHUH, JOIMYCKAIOMNX MPOTEKAHUE APYTUX IMPOLECCOB, MOANEPKUBAIOIINX
MPUJIOKEHHBIM TOK. [lonHOE KOJMYECTBO MPOILIEANIETO 4Yepe3 pacTBOP
AIIEKTPUYECTBA OIPEAEIIACTCS MPOU3BEICHUEM BEJIMYMHBI TOKA Ha BpeMs (5):

Q=It; (5)

0) MOTEHITMAIOCTaTUYECKH, T.€. Tipu E,, = CONSt.

Takoil aHanM3 MPU MOCTOSHCTBE MPHJIOKEHHOIO Ha SYEHKY HANpsHKEHUs
obOecrieunBaeT OOJNBITYIO CEJIEKTUBHOCTh, T.K. BeMW4YMHA Eg, MOXET OBITH
JIOCTATOYHO MaJIoH, u pu MIPEKPAILCHUH KOHTPOJIUPYEMOTO
AIEKTPOXUMHUYECKOTO MpOoIecca MOTEeHIMan paboyero 3JeKTpoaa He CcrocoOeH
CMECTHUTBCS JI0 BEJIIMYUHBI, JTOCTATOUHOM JJIsl MIPOTEKAHUSI MOOOYHON peaKkIUu.
OCOOEHHOCTBIO  3TOTO  KOHTPOJIS  SIBJISIETCS.  €r0  MPOJIOJDKUTEIBHOCTD,
0OyCJIOBJIEHHAsI MaJILIMU TOKAMH;

B) MOTEHIIMOCTATUYECKUM, T.€. TIPU @,, = CONSL.

BriOpannblii moTeHIMal paboyero 3yeKkTpoaa, ompenenseMbiii kak DJ(C
MEXJy HUM U DJEKTPOJOM CpaBHEHMS, oOecrleurBaeT B JAHHOM CiIyyae HE
TOJIBKO  CEJICKTUBHOCTh  aHaJIM3a, HO MW  Haubojee  ONTUMAaJbHBIN
(MakcUManbHBIM) TpPU JaHHBIX YCJIOBHUSAX TOK 3JekTponu3a. HeoOxoaumas
BesmunHa JDJIC moanepKuBaeTcsi MyTeEM M3MEHEHUsS TMOJIHOTO HAIPSKEHUS HA
auelike FE,,, NPUIOKEHHOTO0 Ha pabOYMil M TpPETHMl, BCIIOMOIaTEIbHBIM,
anektpoA. Ilpu 3TOM MpPOUMCXOAUT KOMIIEHCALMS MU3MEHEHHUI B XOJI€ aHaIu3a
MOTEHIIUAJIOB AJIEKTPOJOB U MEPEHAIPSIKEHUIA.

[Ipy mnoTeHHWano- Y MOTEHIMOCTATUYECKOM KOHTPOJIE KOJIMYECTBO
MIPOIIEIIETO YJIEKTPUUYECTBA OTPEICISIOT HHTErpUpOoBaHueM (6):

Q =j0' Idt | (6)

BHe 3aBucuMOCTHM OT MOJJAEPKUBAEMBIX IMOCTOSSHHBIMU TOKa WU
noteHuuanoB (E,,, ¢,,), KYJOHOMETPUIO TMOAPA3JCIAIOT Ha MNOPIMyI0 H
KOCBEHHYIO (KYJIOHOMETPUYECKOE TUTPOBAHUE).

B mpsAmMol  KyJOHOMETPUM  HMMEET  MECTO  HEMOCPEICTBEHHOE
AIEKTPOOKUCIECHUE WU AJIEKTPOBOCCTAHOBJIEHUE ONMPEEISIEMOr0 BELIECTBA HA
anextpoae. [Ipu peannzanuu npsiMoit KyJJOHOMETPUHU PabOTAIOT, KaK MPaBUIIO, B
MOTEHIIMOCTATUYECKOM PEXUME, MOAICPKUBAs MOTEHIIUAT paboyero 3JIeKTpoia
HAa  ypoBHE, OOeCleYuBaOIIeM MpeAcibHbId  TU((Y3HOHHBIH  TOK.
['anpBaHOCTATUYECKUN PEKUM B MPSMOU KYJTOHOMETPHUM IMPUMEHSIOT TOJBKO B
cllydasix, KOTJa onpeesisieMoe BEIIECTBO HAXOAUTCS Ha paboyeM 3JIEKTPOJIE B
TBEPJIOM COCTOSIHUM WJIM KOTJIa €0 TPEIBAPUTEIHHO BBUICISIOT MPH JIFOOOM
peXUME Ha AJIEKTPOJI B BUAE TBepaou (a3bl, pacTBopsieMoit 3arem mpu | = const
710 TOSIBJICHUS CKauKa MOTEeHIHAIA.
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[Ipy  KyJOHOMETPUYECKOM  TUTPOBAHMM B  CHUCTEMY  BHOCST
AIEKTPOAKTUBHBIA  pEareHT, a MNPOAYKThl  JJIEKTPOJIM3a  XHUMHUYECKH
B3aMMOJICHCTBYIOT C OIpEIeasieMbIM BEHIECTBOM. MOMEHT 3aBepIICHUS
peakuuMyu  ONpEeNeasieMOro KOMIIOHEHTa C TE€HEPUPYEMBIM  BEIIECTBOM
(GUKCUPYIOT BU3YaJbHO MO MU3MEHEHHUIO OKPACKU MPE/IBAPUTEIHLHO BBEICHHOIO
WHIUKATOpa WM WHCTPYMEHTAJIBHO C HCIOJIb30BAHMEM MOTEHLUO-, aMIIEpO-
Wi (poToMeTpuH.

Haubonee pacmnpocTpaHeHO KyJTOHOMETPHUYECKOE THUTPOBAHHUE TIpU
NOCTOSHHOM ToKe. I[Ipu sTomM BhIXOA TO TOKY (M, %) ompenensercs IO
ypaBHeHUIO(7):

77420 ™)
>3
rne l,s U | — TUIOTHOCTH TOKa JIEKTPOJIHM3a B MPUCYTCTBUU BCIIOMOTATEIHLHOTO
peareHTa M 0€3 HEro, COOTBETCTBEHHO, NPU OJHOM U TOM K€ 3HAYECHUU
NOTEHIMANA.

B xauectBe maTepuana pabounx (reHepaTOPHbBIX) IEKTPOIOB, HA KOTOPBIX
IIPOTEKAET 3AJI0KEHHAs! B OCHOBY KYJIOHOMETPUYECKOI0 aHaJIn3a 3JIEKTPOXUMHU-
yeckas peakius, WCIOJb3YIOT, KaK TMpaBWIo, IJIATUHY (711 aHOJHBIX
MIPOIIECCOB) WIIA PTYTh (JIJIs1 KATOAHBIX). DTU K€ MaTepUabl IPUMEHSIOT U IS
U3TOTOBJICHHSI BCIIOMOTATENBHBIX J3JEKTPONoB. lIpu moTeHnmocTaTM4ecKoM
KYJIOHOMETPUPOBAHUH B SYEHKY JOIOJHUTEIBHO IOMEIIAIT 3JIEKTPOIBI
CpaBHEHUS, OTHOCHUTEIBHO KOTOPBIX  KOHTPOJHUPYETCS NOTEHIMAII
TE€HEPATOPHOro 3JeKkTponaa. s moaaep:kaHus MOCTOSHCTBA CHUJIbI TOKA WM
NOTEHIMAJIOB TpPU MPOTEKAHUU IJIEKTPOXUMUYECKUX WM XHUMHYECKUX
MPOIIECCOB B CHCTEME HCIMOJB3YIOT TalbBAHOCTATHl (aMIIEPOCTATHI) WIH
noTeHuocTarbl.  ONTUMAbHO  HAJIMYME  YHUBEPCAIbHBIX  YCTPOWCTB,
00€eCIeynBaOIINX BBICOKHI YpOBEHb CTAOMIM3ALMU U PETYIUMPOBAHMS Kak IO
TOKY, TaK ¥ 10 HaNpspKEeHUo. JlydlmmuMmu sBISIOTCA OJIOKM NMHUTAHMUS THIA
«Teslay, kmaccuduimpyeMbie 0 UHTEPBAJIaM ATHX BeJWYHH. [ u3MepeHus
IIOJIHOTO KOJMYECTBA JJEKTPUYECTBA, MPOLICAIIErO 4Yepe3 sSUehKy B XOJIe
aHaIM3a HCIIOJB3YIOT HHTETPAlbHBIE JJIEKTPOHHBIE  KYJIOHOMETPBI  JUIA
m3Mepennii B amamasone 10°+10% Ki npu tounoctm 0,1 % u ckopocTH
BHYTpPEHHEro apeiidya Bo Bpemst muTerpuposanns menee 107" Ki/c. Hauboree
pacnpocTpaHeHbl KyJOHOMETPBI, COACPKAIIIE B OCHOBE:

— ONEpalMOHHBIN yCWIHTENb, B I1I€MM OOpPaTHOM CBSI3M UMEIOIIUI
KOHJIGHCaTop, paboTaromuii mpaktuduecku 0e3 yreuek. Ilo Benuuune
HaIpsHKEHUS Ha KOHJIEHCATOpe onpeaensieTcs 3aps, psiMO
IPONOPLIMOHAIBHBIN NPOLIEAIIEMY 32 ONPEAEIEHHOE BPEMSI TOKY;

— npeoOpa3oBaTesib HAIPSDKEHUST HA MPEIU3MOHHOM PE3UCTOPE B YaCTOTY,
U3MEpSAEMYI0 TIepecueTHOM cxemou. Takas cucrema oTiMyaercs Oosee
BBICOKMMU JTUHEHHOCTHIO U OBICTPOJCHCTBUEM.
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B 000ux ciydyasix KyJIOHOMETPbI IPAIyUPYOTCS ISl TOJyYSHHsI OTCUETOB B
KyJIOHaX MJIM MUKpPOTPaMM-3KBUBAJICHTaX. B KadecTBe MEPBUYHBIX CTAHIAPTOB
JUIS TIPEIU3UOHHBIX KAJIMOPOBOK HCIIONB3YIOT, KaK MPaBHIO, XHUMHUYCCKHE
KYJIOHOMETPBI, HallpuMep, paboTarollie Ha MPHUHIUAIE KOHTPOJIS PacTBOPCHUS
cepeOpa. [lomydyaemble Ha HEM 3HAUCHHS SJICKTPOXMMHYCCKOTO DKBUBAJICHTA
cepedpa (1,117972+0,000019 mr/Ki) u uncna ®apanes (96490,0+2,4 Ki/mMo:b)
HO3BOJISIOT paboTtaTh B auamnaszone 0,015+75 Ki co ctaHmapTHBIM OTKIOHCHHEM
0,096 %.

Penienue THNOBLIX 32124

3amaya 1. Ilpu KyJTOHOMETPUUYECKOM TUTPOBAHUU IPOOBI YETHIPEXBAJIEHTHOTO
uepuss 00bemoM 5,00 MII 3JIEKTPOr€HEPUPYEMBIMH HOHAMU JBYXBAJIEHTHOIO
xene3a npu cwie Toka 24,0 MA morpedoBasiocs 100 cexyna. Onpeneautsb
comepxanue (r/1) Ce* B mccmemyemom pactaope.
Pewenue. B xone anaim3sa MpoTEKAOT PEAKLINN:

a) Haomektpome Fe**+le” — Fe?

6) B pactBope Ce** + le” — Ce**

B cooTBeTCTBHY ¢ 00beAMHEHHBIM 3aKkoHOM Papanes (4):
~dA-Zz1C

== =, /)

m T=4

[Tociie moaCTaHOBKY YMCIICHHBIX 3HAYCHUWN:
< %P/H.
5o &1

3agaua 2. Hasecky naryHHoro mnpumos 0,6578 r pactBopwiid U Uepes
MOJTy4eHHbIA pacTBOp B TeueHuu 20,0 muH npomyckanu Tok cuiou 1,0 A. Ilpn
aHaJIM3€ Ha KaToJ€ KOJIMYECTBEHHO BBIIEIMIACH MEIb MO PEAKUHH (BBIXOM MO
ToKy 80%):

Cu* +2¢" — Cu°

OmnpenenuTs IpolieHTHOE cojeprkanne (A%) Menu B IpUIIOE.
Pewienue. OnpenenuM KOJIUIECTBO FICKTPUIECCTBA, 3aTPAYCHHOTO HA aHAJIH3:
S =A2OSD Iy (AC)
Maccy Menu, BBIIETMBIICHCS Ha KaToJEe, PACCUUTHIBAEM I10 YPaBHEHUIO
dapanes (4):

e
eSS X
Torna npoueHTHOE coAepkanue Meau B rnpuroe (A%) paBHO:

L e
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3amaya 3. Ha nonmHoe BoccTaHoBiieHHWE LMHKA U3 mpoObl 10,00 mut mpu cuse
toka 100 MA 3atpadeno 26 muH. OnpenenuTs cojiepKaHue KuHKa (T) B mpode u
MOJISIPHYIO KOHILIEHTPAIMIO €T0 B UCCIIETyeMOM PacTBOPE.
Pewenue. Copepxxkanue 1uHKa B TpoOe (T) HaXoAMM IO YPaBHEHHUIO
®dapanes(4):
%

'2% = S =1

Yucno Moner HIMHKA B OJHOM JIMTPE UCCIEAYEMOTO pacTBOpa:

j%;} ﬁ /
T-MOJIb/JI.

3amaya 4. [Ipy KyJTOHOMETPUYECKOM KOHTPOJIE PACTBOPA, COACPIKALIETO HOHBI
TPEXBAJIEHTHOrO MeTayia npu cuie toka 1,0 A 3arpadeno 15 munyt. B xoxe
aHalin3a Macca karojaa yeeanumiach Ha 0,6497 r. Kakoil Metaiut coaepxancs B
HCCIIEIyEMOM PacTBOPE, €CIM BbIxoA 1o TKy coctaBuit 100%?
Pewenue. Vcnonb3yst ypaBHenue Dapanes (4), paccuuTaeM aTOMHYIO Macca
KOJIMYECTBEHHO BBIJCJIMBILIErocs Ha pabodyeM (T€HEpaTOPHOM) 3JIEKTPOAE
MeTaJia;

r%

N — wae=<>
[lo mepuomuueckoil cucreme (Tabnuie) xumuueckux siementoB [ U.
MengeneeBa omnpenensieM HaJIMYME B HCCIEAYEMOM pPAacTBOpPE BHUCMYTa
(A.M=208,98).

Paspnen 4. IOJIAPOI'PA®UA

Meron mnonsiporpaduu TPEeASIOKEH JUIsl aHalu3a YEHICKUM YYEHbIM
ApocnaBom T'eiipoBckum (1890-1967) B 1922 1. IlepBwiii mossporpad .
I'esipoBcknit u M. Illukata ckoHcTpywpoBanmu B 1925 r. S. I'elipoBckuid
pykoBoauia co3aaHHbIM B [Ipare B 1946 r. unctutytom nossporpaduu. B 1959
I. 32 CO3/IaHHU€ U pa3BUTHE MeTOo1a yaocToeH HobeneBckoii mpeMuu.

OCHOBHBIMHU TIPEUMYIIECTBAMU MOJSPOrpapuu  SBISIOTCS BO3MOKHOCTH
OJHOBPEMEHHOT0 KaueCTBEHHOTO U KOJMYECTBEHHOIO KOHTPOJIA IMpoo,
ONpeneNeHus] psAJa HOHOB TMpPU HMX COBMECTHOM THPUCYTCTBHM  0e€3
IIPEIBAPUTEILHOTO Pa3JeIeHUs], IPOBEICHUS MMOBTOPHBIX AHAIM30B OJHOW U
TOM k€ MPOOBI (Hepa3pyIIArOITUil KOHTPOJIb).
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Teopernyeckue 0CHOBBI

1. CymiHocTh ¥ OCHOBHBbIE 3AKOHOMEPHOCTH MeTo/1a

HanoxeHHOE Ha JJIEKTPONIMTHUYECKYIO SUCUKYy HampspkeHue E BBI3bIBacT
MOJIIPU3AIMIO aHOJA, KaTola M PAacXOAyeTcs Ha IMPOXOXKICHHE TOKa Yepes3
pactBop (1):

Eﬂngﬁa—(ﬂ,('l' IR (1)

[Ipu cobmroeHun YCI0BUA:

a) R mano B mpucyrctBun uHauddepeHTHoro saekrponuta (doHa), T.e.
MaJiecHueM HanpsHKEHHUS B pacCTBOPE MOXKHO TpeHeopeus, IR — 0.

0) COOTHOIICHHUE IISKTPOAHBIX TUIOMIACH S, << S,, ClIeI0BaTEIHHO,
IUIOTHOCTH TOKA (M BETHYMHA OJIPH3ALIH Ha IEKTPOIAX) iy >> iy (A/eM?),
Ipu4YeM @, = const.

Nmeem EL —@. (kaTomHas mOASpU3ALINS).
AHanoruuHo npu S, >> S, I, << I, ¢, = CONst:

E'll ¢, (anomnas momsipusars).

[loBblllIcHWE HAKIAJABIBAEMOTO Ha SYEUKY HaNpsHKEHUS OOYyCIaBIMBAET
YBEJIIMYCHUE TOJSIPU3ALMA  MHUKpO3JIEKTpona. B KauecTBe HMHIUKATOPHOIO
MUKPOJIEKTPOJa OOBIMHO UCIOJIB3YIOT KAl PTYTH, BHITEKAIOIINE U3 KaWLIIpa.
ONEKTPOJOM CpPaBHEHMSI CIYKAT CIIOM PTYTH, TMOMENIEHHOM Ha JHO
anekTponusepa. Cxema TUIMMYHOMN Mossgporpaduyeckor YCTaHOBKH IIpeJICTaBlIeHa
Ha puc.l.

Puc.1. Cxema nonsiporpadupoBaHusi Ha pTYTHBIX
ANEKTPOAAX:
1 —rcTOUHUK HaNpsDKEHUS (AKKYMYJISTOP, CTa0MIN3UPOBAHHBIN
BBIIPAMUTEND); 2—pETyIATOp HAapsbKeHus (peocrtar); 3—sueika;
B — BonsT™METD, A — ammepMeTp
KoHTposnb BenruuHbI TOKA, HAYIIETO Yepe3 cuctemy |l
MO3BOJIIET CYAUTh O MPOUCXOMASIINX HAa MHUKPOAJIEKTPOJEC
<> mporneccax. [lomydgaembie 3aBucumoctd | = f (E)
Ha3bIBAIOTCS BOJIbT-aMIIEPHBIMU KPUBBIMHU WIH
noJsisiporpamMmamu (puc.2.1).
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I, MA

Puc.2. IlomsporpamMmbl (2.1) 92J€KTpOAaKTHBHOIO BEIIECTBA IPH
KOHLIEHTPALUAX

C C C C wu kpuBasg aMIepOMETPUUYECKOTO THUTPOBaHUA (2.2) 3TOro
BEILECTBA ITpU NoTeHnuaie E

[TonsporpamMma Ka>kJ0ro KOMIIOHEHTa COCTOUT U3 3 yYaCTKOB:

O - a) y4acTOK J0 JOCTIKEHUS TOTEHIMala pa3psija KOMIIOHEHTA,
HaIpuUMep, Ha KaToJe—y4acTOK OCTATOYHOTO TOKa (2):

loer = e+ 1y = 107" A, 2)
rae |, — KOHIEHCATOpHBIA TOK, 00YCIOBJIEHHBIA MOAXOA0M (HO HE pa3psioM)
KaTHOHOB K MHKPORJIEKTPOIy U 00pa30BaHUEM JBOMHOTO 3JIEKTPHUECKOTO CIOS
(koHIEHCATOPA);

l; — (apaneeB TOK, BOSHHMKAIONIMI NIPH pas3psie NPUMECEH, HalpuMep,
KHCIIOPO/JIA.

Hexotopoe yBemuuenue l,., cBA3aHo ¢ Bo3pactranueM |, T.K. TOK
3apsHKEHUS KOHJIEHCATOPa COBIAAET IO HAMPABIECHHUIO C KATOHBIM TOKOM;

a - 0) yuacTok nossiporpaduydeckoi BoaHbI. [Ipy ToCTHIKEHUH TTOTEHITHANIA
BOCCTAHOBJIEHUs MOHOB ONpeseNsieMoro komroHeHTa (Hampumep, Me™) cuna
TOKa PE3KO BO3pACTaeT BCIACACTBUE Pa3psiia UX HA MUKPOKATO/IE:

Me™ + Hg + né = Me (Hg) (amanbrama).

[locne mageHus Karid OHA COMPHKACAeTCS C aHOAOM W MeETallll CHOBa

MEePEXOJIUT B pacTBOP (HEpa3pyLIAIOIINI KOHTPOJIb):
Me(Hg) — ng = Me™ + Hg;

0 - B) ydacToK mpenenbHOro Toka. [Ipu HOCTHKEHUH OMpeneIeHHOM
BEJIMYMHBI TOKa ycTaHaBiauBaerca | = cOnst. DTo MOCTOSAHCTBO OOYCIIOBIEHO
JTOCTIKCHHEM MAaKCUMaJTbHON MHTCHCUBHOCTH TOIBOA OMPEACISIEMBIX HOHOB K
KaTofy 3a cueT quddy3un u ypaBHUBAEM €€ CO CKOPOCThIO paspsna (3):

Inpeﬂ = IMI/IFp + Ill”(b(b’ (3)
rac IMI/IFp — MHFp&LIPIOHHBIfI TOK, O6y0J’IOBJ’I€HHBII>i MNEpCABUKCHUEM HMOHOB IIOJ
ﬂCﬁCTBHeM SHCKTqueCKOﬁ CHJIBI (HpOHOpHI/IOHaHCH IrpaduCHTy

AIEKTPUUYECKOrO MOTEHIMANA);
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| npp — AMGOY3HOHHBIN TOK, IOANEPKUBAEMBIN 3a cYET TUPPY3UU HOHOB K
ANEKTPOAY (MPONOPUMOHAIEH TIPAAUEHTY KOHIIEHTPAUUUA OIpPEAeIIeMOro
KOMITOHEHTA).

[Ipu HanuuuM B pacTBOpE HECKOJIHKMX KOMIIOHEHTOB MoOJsiporpaduueckas
BOJIHA TIOBTOPSETCA MO MEPE JOCTUKEHUS MOTEHIIMAJIOB pa3psiKEeHUs BTOPOTO,
TPETHETO U T.JI. HOHOB (MOJSIPOrpaPUIeCcKuil CIEKTP).

S-00pa3Hblii BHUJ TOJSPOrPaMM CBHJETEIBCTBYET O BO3MOXKHOCTH Kak
KaueCTBEHHOr0, TaK M KOJUYECTBEHHOTO aHallM3a HUCCIEeAYyEeMbIX pPAacTBOPOB.
[Ipy KayecTBEHHOM aHalIM3€ MCXOJAT M3 TOr0, 4YTO NOTEHLHAI Hayaia
BOCCTAHOBJIEHHUS (WJIM OKHCIECHHSA) JEnoyisipu3aTopa HE COBCEM TOYHO
XapaKTepu3yeT KOMIIOHEHT, T.K. CMEIIaeTcsl B OTPUIATEIbHYIO 00JacTh MpU
YMEHBIIEHUU  KOHIEHTpanuu pactBopa. s  ompeaelieHus  MPUPOJIbI
KOMITOHEHTA KOPpPEKTHEE M0JIb30BAThHCS 3HaYEHUEM CepeIUHbI
nossiporpaduueckoit Bonusl. [Ipu 3ToM ucxoast u3 ypaBHeHus [ 'eiipoBckoro-

NnpkoBuya (4):
—=_ 1
%* = ,l 4

rac E}é n I}/ — IIOTCHIIMAJI " COOTBCTCTBYIOH_[I/Iﬁ CMY TOK I10JIYBOJIHEI.

2

KonnyecTBeHHOE oOmpeseicHHe KOHIEHTPAIMM HCKOMOTO KOMIIOHCHTA
OCYILIECTBIISIIOT 110 3HAYCHUAM |y, HCIONB3Ys ypaBHEHHE, IpeliokeHHoe /.
WnbkoBrdem B 1936 1. (5):

| _—CEIRDYIC_Sea (5)

N — 9UCTI0 AJICKTPOHOB, YIACTBYIOIINX B PEAKIIHH,
D — koepdunment auddysuu, cMm /¢ ;

M — Macca Karii pTyTH, T;

T — TIEPHUO/] KallaHusl PTYTH, C.

e T

JIs KOHKpPETHOro ompenenseMoro komrmoHeHTa (N, D mocTosiHHBI) H
kamuisipa (M-t = const) nmpu nanHou Temmneparype (Biusitomieir Ha D, m u 1) B
ciiydae 0OpaTHMOCTH TPOIIECCOB BOCCTAHOBJICHHUS WJIM OKHCIICHHS KaK MOHOB,
TaK U HEUTpaJIbHBIX MOJIEKYJI (6)

Cil?e DR (6)

2. OcobenHOCTH NOJAPOrpaguUecKoro MeToaa
2.1. [IpumeHsieMbIe 3JTEKTPOIbI

Henocrarkamy KinacCMYECKUX PTYTHBIX 3JEKTPOAOB SIBIIFOTCS STOBUTOCTD
MapoB PTYTH, OCIMILIAIMS (KoJieOaHUs TOKa TIPU OTPHIBE KaIuin), IPUMEHUMOCTh
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MX JIJI1 BOJAHBIX PAacTBOPOB B MHTEpBaJie noteHmainoB ot +0,3 no —1,5 B. Ilpu
norteHuuanax Beime 0,3 B HauuMHaeTcss OKUCICHWE PTYTH, MPU MOHUKEHHBIX
noteHmanax (—1,6 B B kucnpix wim —2,0 B B HIENOYHBIX M HEUTPaAIbHBIX
pacTBOpax) HAET BOCCTaHOBIEHUE Bojopoja. IIpm HeoOxoammocTu padbOTHI B
oOrmactu  Ooyiee  TOJIOKUTETBHBIX  TMOTCHIMAJIOB  WCIONB3YIOT  TBEPIbIC
MHUKPOAJICKTPO/IbI U3 TUIATHHBI, MpUMEHsieMol B nipenenax ot —0,1 B (moTeniman
BOoccTaHOBJICHUS Ha Pt Bogopona) g0 +1,3 B (moTeHuuan BeIeISHUS KUCIOPOIa).
[ToMHUMO TIJIATHHOBBIX MHOT/IA IPUMEHSIOT 30JI0ThIE, cepeOpsiHbIC, TPaPUTOBBIC U
aMajbraMUPOBAHHBIC (IIEHOYHBIC) IEKTPOAbl. Mallyt0 CKOPOCTh YCTaHOBJICHUS
TONMIUHBI TU(PPY3HOTO CIIOS Y TBEPABIX MHKPOIICKTPOJOB KOMIIECHCUPYIOT
CHETMAILHBIMY ITPUEMaMHu (BpaIleHne, BHOPUPOBAHNUE).

B kawecTtBe BTOpPOro, HEMOJSIPU3YIOMIETOCA JJIEKTPOAA HCIOJIB3YIOT
KaJIOMeJIbHBIC, XJopcepeOpsHbIE U JAPYTHUE KIACCHUYECKUE AJICKTPOIbI CPABHEHMS
WJIM METATHYSCKUE DJICKTPOJIBI ¢ OOJIBIION paboyveil MOBEPXHOCTHIO.

2.2. Ucnosib3yemble peakuuu

PaccMOTpeHHBIE 3aKOHOMEPHOCTH KOPPEKTHBI TOJIBKO JJIsl OOpaTUMBIX
AIIEKTPOXUMUYECKUX PEAKIMMA, XapaKTePU3YIOIIMXCS OBICTPHIM YCTAHOBJIEHUEM
paBHOBECHUS MEX/y OKHMCIIEHHOW U BOCCTAaHOBJICHHOHN (hopMaMu JeHOsIpu3aTopa.
JIup B 3TOM cily4yae IEKTPOXUMUYECKUH ITPOLIECC KOHTPOIUPYETCSI CKOPOCTHEO
T dy3un onpenesieMoro KOMIIOHEHTa.

HeoOpatumocte MOXKET OBITh SKCHEPUMEHTAJILHO  YCTAHOBJIEHA U
OIIPENENAETCS COOTHOLLICHUEM:

%ZM
0T 2 e 0 2 e

JIas 06paTHMBIX IIPOLECCOB MOTEHIHAT MOMyBOIHEI £ ;, W TIpeNeIbHBIN

TOK lppe; CTPOTO 3aBHCAT OT KOHLIEHTPALUKN KOMIIOHEHTA U yCIOBUI NIPOBEACHUS
ananuza. B 1953 r. I1. [lenaxeil moka3ai, 4TO 3JIEKTPOJHBINA MPOLECC SBISIETCS
noJisiporpaduuecku 00paTUMBIM MPU KOHCTAHTE CKOPOCTHU IIEKTPOXUMHUECKON
peaknuu K > 5.107° cm/c.

2.3. IIpumensiemble cpeabl

[IpenBaputenbHoe BBeneHUE MHAUPGEPEHTHOro 3nekTponuTta (hoHa) WU
UCTIOJIH30BAHUE OMPEEIEHHOTO PACTBOPUTES MPECIEAYET CICTYIONINE TIETIH:

— CO3/laHM€ MOHHOM CUJIBI pacTBopa (L), oOecrneurBaroniel JOCTaTOYHYIO
AIIEKTPOIPOBOIHOCTB;

— JOCTIDKEHHE YCJIOBUM TMOCTYIUICHHS HMOHOB JETOJIApH3aTopa K
MUKPODJIEKTPOTY TOJILKO 32 cueT Auddy3uu;

— TOAJEp)KAaHWE OIPENCICHHON KHUCIOTHOCTH B Ciy4ae 3aBUCUMOCTH
BOCCTAQHOBIICHUSI WJIM OKHCICHHS KOMIOHeHTa oT pH cpensl u ans
MIPEIOTBPAILICHHS THAPOIII3a COJCH;
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— pa3jereHue U TIOBBIICHWE YETKOCTH MOJSporpaduuecKux BOJH
(HampuMep, 3a CUET KOMIUIEKCOOOpa3oBaHMs C y4acTHEM OTIENbHBIX
KOMIIOHEHTOB).

Ha mpakTuke MCTONB3YIOT B KauecTBE (DOHOB JJIsl BOJHBIX CPEJl PACTBOPHI
KCI, K SO, KNO; u 6ydepHbie cMecH mpu KOoHIIeHTpanuu ux Beime 0,1 M.

2.4. O0pa3oBaHue J0KHbIX MAKCUMYMOB Ha MOJISIPOrpaMMax

B psine cmydaeB BMECTO CTyMEHYATHIX MOJSPOTPaMM MOIYYarOT KPUBBIE C
MaKCUMyMaMH, OTPaKAIOLIUMHU TOSABIEHUE (B OMNPENEICHHOM HWHTEpBaje
HaIpsKEHUH ) TOKOB, HE COOTBETCTBYIOIMX TOKaM auddysuu. Paznuaaror max |,
Il — nns pTyTHBIX KanenbHBIX 37eKTpoAoB, U I, IV — s TBepapIx 31meKTpo0B
Maxkcumymsl | 1 |l poga ycrpaHsieT BBeIeHUE TOBEPXHOCTHO-AaKTHUBHBIX BELIECTB
(ITAB), TopMo3sIIUX TBUXKEHUE PTYTU (YHUBEpCAJIbHBIE — >KENATHH, arap-arap
WM cnenuduueckue, HaupuMmep, AJs MOJI0KUTEIbHO 3apsKEHHON OBEPXHOCTH
— KHUCIIBIC, ITIs1 OTPUIIATETHHO 3apsHKEHHON — OCHOBHBIE KPACHUTEIH).

Makcumymsbr Il u IV pona IIAB He mnopaBisoTcsa, a yCTpaHSIOTCA
metonudecku (11 poga — Hao)keHHEM MOTEHITMANIA ¢ MEHbIIEH CKOPOCThIO, |V —
JaNbHEHIIAM ~ PEe3KMM  TOBBIIICHWEM TMOTEHIMalla WJIA HCIOJIb30BAaHHEM
CTIELIMATbHBIX IPUEMOB OUMCTKH JICKTPO/IA).

3. MeToabl aHa/IHU3a U paclIu(PPOBKH MOJISAPOrPaAMM

MeTtonbel nonsiporpauyeckoro aHajau3a NOJApa3AeiisIioTCd Ha MpsMble U
KocBeHHbIe. [lomMuMo  kiaccuyeckoro, pazpaboraHHoro ['epoBckum, c
Pa3BUTHEM HW3MEPUTEIILHON TEXHUKHU MOSBUWINCH U JPYrHME€ METO/bl MPSIMOUN
noJisiporpaduu:

— pasHocTHas wiu JauddepeHunanbHas, BCTpeuHas MoJsporpadus.
[Ipennosxxena nezaBucumo npyr ot apyra K. Cemepano (1942) u E. KaneBckum
(1944). Hanoxxenre B MPOTUBOMOJIOKHBIX HAIMPABJICHUAX TOKOB, MPOTEKAOIIUX
yepes auerKy ¢ PoHOM U ssueiiKy ¢ (POHOM U ONPEAENIIEMbIM KOMIIOHEHTOM,;

— ocumiorpaduueckast (JI. Matecon, 1938) — ¢ npuMeHEHHEM KaTOHOTO
ocuusuiorpada, Mmo3BOJISIIONIET0 MPU OBICTPOM M3MEHEHUH TMOTEeHIMANA U3ydaTh
IIPOLIECCHI, IIPOTEKAOLIHE CO CKOPOCTBIO 10 107 ¢;

— mnepemenHoTokoBasi (JK. bapkep, 1952) — mno3Bosstomas ycTpaHsITh
KOHICHCATOPHBIE TOKM TPH  HAIOKCHUH  TEPEMEHHBIX  HAMPSHKCHUM
MPSIMOYTOJIBHOM  ()OPMBI, HKCIIOJIb3YSl pPa3HbIe 3aKOHBI HM3MEHEHHS TOKOB BO
BpeMenH (1, C):

T
rae R — conporusnenue, Om;
C — €MKOCTb JIBOMHOI'O 3JICKTPUYECKOTO Ciiosi, ndD;

— nmmynbcHass (K. Bapkep, 1957) — nosiydeHre TOUEUHBIX MOJISIPOrpamMm
IpU T0Ja4€ HMIYJIbCOB HANPSOKCHWs] B MOMEHT CO3PEBaHUSI KaIull PTYTH.
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[IpumeHuMa Kak K OOpaTUMbIM, TaK M K HEOOpPaTHUMBIM PEaKIIHM,
YyBCTBUTEJILHOCTh MOBBIIIIAETCA 110 1,5° 108 MOJIB/TI;

— karamutnueckas (11 Jdenaxen, 1952) — ucnonp3yercs Ipu aHAIM3€ MAJIbIX
KOJIMYECTB OPTaHUYCCKUX COCTUHEHHUM MyTeM CHSTHSI MOJIIporpaduueckux BOJH
JIPYTUX, MPUCYTCTBYIONINX B HCCIEAYEMOM PAacTBOPE KOMIIOHEHTOB, UMEIOIINUX
0oJ1ee TTOI0KUTEITLHBIN ITOTEHITHA BOCCTAHOBIICHH.

B nepeuncieHHpIX METOIaX MOJISAPOrpaMMbl MTOTYYarOT Ha aBTOMATHYECKUX
noJsIporpauUecKux yCTaHOBKaX, COCTOSIIIMX M3 AJICKTPOXUMHUYECKOU SYCHKH,
YCTPOMCTBA /IS TOJIaYu HA HEE BO3PACTAIOIIETO HANIPSHKEHUS, U3MEPUTEISI TOKA.

[Tocnenyromyto pacmudpoBKy MOIIPOrpaMM MPOU3BOIST, PACCUUTHIBAS
MOTEHIUANIbI TTOJIYBOJIH U KOHIICHTPAIIUIO:

a) 10 KaJuOpoBOYHOMY rpaduKy, MOCTPOCHHOMY IO CEpPUHU pPa3BEICHUIA
CTaHJAAPTHOT'O PacTBOPA;

0) 10 CTaHAAPTHBIM PacTBOpaM, UCIIOJIb3Ys YPaBHEHHUE:

LY.
< PN

WJIH, TIOCTIE 3aMEHBI TOKOB Ha BBICOTHI MoJIsiporpaduyeckux BoiH (7):

(7)

B) I10 I[O6aBKe BCIICCTBA HU3BECTHOM KOHIOCHTpAIHUH:

o s

W, TI0CTIe y4yeTa pa30aBiIeHus HCCIeyeMOro pacTBoOpa MpH BBEACHUH JOOABKH
U nipeodpazoBanui (8):

(8)

4. AMniepoMeTpuYecKoe THTPOBaHHUE

[Tom KOCBEHHBIM METOJOM MOJISIPOrpaUpPOBaHUS TOHUMAIOT IIPOIECC
TUTPOBAHHS, B KOTOPOM YCTaHOBJICHHE MOMCHTA SKBHBAJICHTHOCTH OCHOBAHO Ha
KOHTpPOJIC  BEAMUMHBI  JU(PPY3MOHHOrO  TOKA,  HW3MEHSIOIIETOoCsS  IpU
B3aUMOJICHCTBUH HCCIICAYEMOTO BEIIECTBA C TUTPAHTOM (aMIIEPOMETPUYECKOEC
TUTpOBaHKe, pazpadorano C. bepesucky noa pykoBoactBom . ['eiipoBckoro).

JIns mpUMEHEHHUS K TaKoW PeaKIMh aMIIEPOMETPHH HEOOXOAUMO, YTOOBI
1I0CJIe HAJIOXKEHHSI TIOTCHIIMAa XOTs Obl OJJHO M3 YYaCTBYIOIIMX B HEH BEIICCTB
BOCCT@HABIIMBAJIOCh WM OKUCISUIOCh (puc.2.2) Ha MHKPOAJICKTPOAC TMpH
cOoOMOneHNH 3aBUCUMOCTH e, = T (C). Bo3moxHbI cremyronme BapHaHTBI
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amMIepoOMETPUUYECKOTO aHaIM3a (COOTBETCTBYIOIIUE UM rpaduyecKre 3aBUCUMOCTH
lnpex = T (Mer. p-pa), JACTHUHO NIpEJICTABICHHBIE HA PUC.3):

a) DIIEKTPOOKHCIEHUE (IIIEKTPOBOCCTAHOBIICHHWE) TUTPYEMOTO BEILIECTBA:
CHI)KEHHE IOJIOKUTENBHOrO (BO3PAacTaHHE OTPHULATENLHOIO) |y, M BBIXOA Ha
TOPU30HTANL BOJMU3M MOMEHTa 3KBUBaJeHTHOcTH (MD) mapamnenbHo ocu X
(0OBEM 3aTpayeHHOTO TUTPAHTA);

0) DJNEKTPOAKTHBHOE BEIIECTBO — THUTPAHT: M3MEHEHUE TMOCTOSHHOTO
3Ha4eHUA |npe; Ha BO3pacTaromee Bomsu MO;

B) 2JIEKTPOAKTHUBHBIE HCCIIEIYEMOE BEIECTBO U TUTPAHT: CHUKEHHUE |ypey 10
3HaYeHus, 01M3Koro kK MO u nocienyronmii noabeM;

r) TMOCIEeNI0BaTeIbHOE THUTPOBAHHUE JBYX ODJEKTPOAKTUBHBIX BEIECTB:
CHIDKEHME J10 IepBoro MO u panbHelee oCTOSHHOE 3HAYEHHE | e, 1O BTOPOTO
MD. Jlanee — noabeM Mnpu U30BITOYHOM COJCPKAHUU TUTPAHTA B CUCTEME;

1) DJIEKTPOOKHCIEHHE TUTPYEMOrO0 BELIECTBA M 3JIEKTPOBOCCTAHOBIICHUE
TUTPAHTA: CHUKEHHE | e, 10 TIEpecedeHns ¢ ocbio X (MD) u nanee, kak paBuio,
HOJI IPYTUM YTJIOM;

€) DIIEKTPOAKTHBHBIA HNPOLYKT pEaKLHUU: BO3pacTaHu€ |, OT TOYKH
nepecedeHus ocei Mo YIiIoM, 3aBUCALINM OT IPUPOAbI Aenoisipu3aropa, 10 MO
C MOCIIEAYIOIIMM BbIXOJIOM Ha TOPU30HTAJIb;

) TUTPOBAHUE C AIIEKTPOAKTUBHBIM MHINKATOPOM: HEKOTOPOE MOCTOSIHHOE
3Ha4€eHHUE | e, 10 MO ¢ mocenyromum CHIKEHUEM TOKA.

I, MA [, MA I. MA

V. M V. M V., M

Puc.3. KpuBble aMnepoMeTpHyecKoro THTPOBAHUS ISl CIydaeB, KOTJa SJIEKTPOAKTHUBHBI:
3.1. BIEeKTPOOKHUCICHNE TUTPYEMOE BEIIECTBO (JIEKTPOOKUCIIEHUE);

3.2. TUTpaHT;

3.3. IpPOYKT pEeaKI1H.

OueBHAHO, YTO B XOJA€ TUTPOBAHUSA OOBEM KUIAKOCTH B HM3MEPHUTECIILHOMN
sYelike BO3pacTaeT, HalpuMep, MPH PABCHCTBE KOHIICHTPAIMHA pPearnpyrommx
BEILIECTB, B JBa pa3a. [lomyyeHHbIE 3HAUCHHS TPEACTbHBIX TOKOB HEOOXOIUMO
KOPPEKTUPOBATh, UCIIOJIB3Ys ypaBHeHHE (9):
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rae l.,, — chiia Toka ¢ yueToM pa30OaBlICHHUS;

|5, — U3MEpsieMast crjla TOKa, MKA;

V1 — UCXOIHBII 00BEM UCCIIETYEMOTO PACTBOPA, MJI;

V; — 00beM BBEICHHOTO TUTPAHTA, MII.

B cBi3M C OpSIMOMMHEWHOCTHIO  YYaCTKOB  KPUBBIX  THUTPOBAHUS
aMIIEpPOMETPUUYECKHUI aHAIN3 MOXKET ObITh 3HAYUTEIBHO YCKOPEH (IO CPaBHEHUIO
C JPYrUMU METOJIaMU DJIEKTPOMETPUHU) COKpAIICHUEM TOYEK OIpPEACIICHUS
MpEeACIbHOIO TOKa. B TeXHWYECKOM aHanu3e JOMYyCKaeTCsl U3MEPEHHUE 3HAUCHUI
lipen B 3-4 TOUKax 1O M IOCHE MOMEHTa DKBHUBAJICHTHOCTH C IIOCIEIYIOIIAM
ONPEIEICHUEM TIOCIEAHErO M0 TEPECEUCHUIO MPOJOHTMPOBAHHBIX IPSMBIX
JIMHUM.

Jpyro#, CyIIeCTBEHHOM Ui TEXHUYECKOTO aHajin3a OCOOCHHOCTHIO
aMIIEPOMETPUN  SIBJISIETCS.  3aBUCMMOCTb BO3MOXKHOCTM W HMHTEHCHUBHOCTH,
3aJI0)KEHHOM B OCHOBY OIPEEICHUS IEKTPOIHON PEAKLINH, OT MPUIOKEHHOTO K
WHIUKATOPHOMY JJIEKTpoAy HampsbkeHus. I[lpu  00OCHOBaHHOM  BBIOOpE
BEJIMYMHBI TIOCIETHEr0 YAACTCs, KaK MPaBUJIO, JOCTHYbL OOJBIIUX TOYHOCTH U
CEJICKTUBHOCTH KOHTPOJISI CMECel HECKOJIbKMX KOMITOHEHTOB.

PeimeHnue THNIOBBLIX 32424

3agaua 1. HaBecky cmiaBa 0,1000 r., coaepkaiiyro KOOaJIbT pacTBOPHIH B
cMecH KuchoT u pazdaBwiu 10 100,00 miu. s monsiporpaduyeckoro aHaauza
otoOpanu anmukBoty 10,00 mi, pazdasunu gorom no 20,00 mu. BeicoTa BOJTHBI
cocTaBmiia 35 MMm.

Jlist mocTpoeHust KanuOpOBOYHOTO TIpaduika TPUTOTOBWIM CTaHJIAPTHBIN
pactBop comu kobampra (10°M), aIMKBOTHBIE YAaCTH KOTOPOTO DPa3baBHIIH 0
20,00 mi Tem >xe (POHOM W TONYYWIH MPU MOJsIporpadupOBaHUM CIIEIYIONINE
JTaHHbBIC:

Va1, MII 1 2 3 4 5
h, MM 10 20 30 40 50

OnpenenuTs MacCoOBYIO JI0Jt0 K0OaIbTa B CIUIABE.

Pewenue. CtpouMm rpaduk 3aBHCHMOCTH BBICOTHI BOJHBI h OT 00beMa
pactBopa conu kobansTa V. [1o rpaduky onpenesnseM, 4To BEICOTE BOJHBI 35 MM
COOTBETCTBYET 00bEM COJM KOoOanbTa, paBHblid 3,5 M. Coxepxanue kobanbTa B
aHAIM3UPyeMOoU MpoOe paBHO:

Mm=581 &F \r
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D10 KoJMuecTBO KobanbTa Haxoautcs B 10,00 Mi mccimemyemMoro pacrBopa,
toraa B 100,00 mi1 ero conepKutcs:

NS SE OSSP i,

a MaccoBasi J0Jsl KoOaJlbTa B CIJIaBE PaBHA:

e%ﬁg"‘%

A O OO

3agaua 2. BeicoThl monsiporpaduueckux BOJIH COCTaBWIA 74 MM nis 3 cm®
AHAIM3UPYEMOTO pacTBopa Cyimbdara Mead W 35 MM It 2 ¢M° CTaHZAPTHOTO
pactBopa CuSO,, monsapHocTs kKoToporo 0,01 r-moinb/n. PaccuntaTs MOJSIPHOCTD,
HOPMaJIbHOCTB, TUTP pacTBopa CUuSQy,, a Takxke comepxkanue CuSO, B HeMm (T).

Pewenue. Onpenenum TUTP M HOPMAJIBHOCTh CTaHJAPTHOTO PpacTBOpa.
Conepxanne CuSO4B 01HOM JIUTpE

Lar=S—__P_ " =T (S BN

) ==
= S ,ﬁr/ MIT
lé%o £

R = W — X ey

Konnentpanuu uccnenyemoro pactsopa (M, N, T, p) paccuutTbiBaem Mo
METOAY CTaHAAPTHBIX PACTBOPOB, UCIIONb3Ys ypaBHEHHE (7):

j%;g?é—z% MOJIB/JI tM% /M
I‘?éld;—rg@— %

"%Wr B aHAJIM3UPYEMOIi rpooe.

3amaya 3. Paccuurare koHueHTpamuio pactBopa (N) kagmus, eciu mnpu
aHammse 15 cM HCCIeTyeMOro pacTBOpa BBICOTA MONAPOrpadMuecKoil BONHEI
kaamust (hy) cocrtaBuna 20,5 MM, a mnocie poOaBiacHus 2 em® 0,053 =u
CTAHJApPTHOTO PacTBOpa XpOJMAA KagMUs BBICOTA BOJHBI YBEJIHYWIACh 10 24,3
MM (hy).

Pewenue. Tax xak AaHHBIN aHAIU3 MPOBEJEH METOJOM J100aBKH pacTBOpa
U3BECTHOM KOHULEHTpauuu (CTaHaapra), A ONpeleieHUs] HOpMaJbHOU
KOHIICHTPAIIMX BOCIIOJIb3yeMCs ypaBHEHHUEM (8):

== E Nl W >ST
BN N e —

3agaya 4. npu amnepomerpuueckoMm TutpoBaHuu 10,00 mi ucciemyemoro
pacTBopa CTaHAAPTHBIM PAcCTBOPOM Kayiusi ¢ TUTpoM To 1uHKy 0,002440 r/mi
MOTYYWIIN CIEAYIOIIUE PE3YIIBTATHI:
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VK4Fe(CN)61 0 0’5 11 1’5 21 2’5 3’0
MII 0

I, MKA 44 45 46 47 48 175 300

[Toctpouth KpuBYH TuTpoBanus B koopmuHatax |=f(V.,) u ompenenutsb
KOHIICHTPAITUIO IIMHKA (MT/J1) B aHAIM3UPYEMOM PacTBOPE.

Pewenue. Tlocrpous 3aBucumocts 1=f(V,,) Haxonum o0beM 3aTpadeHHBINA 10
HACTYIJICHUsI MOMEHTa HKBUBaJIeHTHOCTH (2,00 mu). Mcnonb3ys pacueTHbIe
dbopmymbl, TIpeACTaBICHHBIE B paboTe [7, ctp. 71] ompenenseM KOHIICHTPAIIUIO
IIUHKA B pacTBOpE

M <= —=
—— —==—=\T/J1.

NSNS T O

Pazpgesa S. KOHAYKTOMETPUYECKHUE METO/Ibl AHAJIU3A

Konnyktomerpueit Ha3bpiBaeTcs (U3UKO-XUMHUUYECKUNA METOJI MCCIICIOBAHUS
pPa3IMYHBIX CUCTEM, OCHOBAaHHBIM HAa W3MEPEHUM UX JJIEKTPUYECKOUN
MIPOBOJIUMOCTH.

Hcnonb3oBaHue COBPEMEHHBIX JOCTIKEHUN B 00J1aCTH TEOPUHM PACTBOPOB U
VOHHBIX PAaBHOBECUW W NMPUMEHEHHE HJIEKTPOHHBIX BBIYUCIHUTEIBHBIX MAallWH
MO3BOJIAIOT ¢ TpeOyeMOH TOYHOCTBIO peIIaTh MHOTHE TEOPETHUYECKUE W
NpakTHYECKUE  3aJlaud  aHAJUTHYECKOM  XUMUM, He  mpuberas K
MPEABAPUTEIIBHBIM  JKCIIEPUMEHTAM.  J[OCTOBEPHOCTh  MPOTHO3UPYEMBIX
peIIeHNN U UX PEe3yJIbTaTOB MOXKET OBITh MPOBEPEHA OMBITHBIM ITyTeM. MHOTHE
3a7ladyd  BO3MOKHO penarb C TIMOMOIIBI0 KOHAYKTOMETPUYECKUX METOHOB
aHaJIN3a, OTJINYAIOLIMXCS CYIIECTBEHHBIMU MPEUMYIIIECTBAMU MO CPABHEHUIO C
apyrumu Metonamu. Oco0oe MPEeUuMYIIeCTBO HMEIOT KOHAYKTOMETPUYECKUE
METOIbl B CHCTEMaxX aBTOMATHYECKOTO M JUCTAHIIMOHHOTO XHWMHKO-
AHAJIMTUYECKOTO KOHTPOJISL PA3IUYHBIX CTaAUd XUMHUKO-TEXHOJOTUYECKUX
MPOLIECCOB.

KongykromeTpuyeckue METOIBl  aHalli3a OCHOBAHbl HAa  HU3MEPEHUHU
AJIEKTPONPOBOAHOCTH  PACTBOPOB  DJICKTPOJIUTOB,  OMNPEACIAEMON  JIETKO
JOCTYIMHBIMU (PU3UYECKUMHU MpUOOpaMu. ITH METOJIbI MPOCTHI, MPAKTUICCKH
OYCHb YAOOHBI, IOCTATOYHO TOYHBI M IMO3BOJISIOT PEIIMTH PSJT BAXXHBIX HAYIHO-
HCCJIEI0OBATEIILCKUX W MPOU3BOJICTBEHHBIX 3a7a4, HE IMOJAOMIMNXCA PEIICHUIO
KJIACCUYECKHUMH  XHUMHUYECKMMHM  METOJAAMHU. Y CIEIIHOE  OCYLIECTBICHHUE
KOHAYKTOMETPUYECKOTO aHAJIN3a BO3MOYKHO HE TOJIBKO IIPU H3MEHEHUU
AJIEKTPOIIPOBOIHOCTH,  OOYCJIOBIMBAEMOM  HM3MEHEHHEM  KOHIICHTPAIHH
ONpPEAEIsieMOro  BEIIECTBA, HO Takke W B TeX clyyadax, Korjaa
AIEKTPONPOBOJTHOCTh c KOHIIEHTpAIUEN - HE CBsI3aHA.
KonaykToMeTpuyecKkuii METOJI TUTPOBAHUSA MPUMEHSAIOT ISl ONPEACIICHUA
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HHAWBUYAJIBbHBIX COCI[I/IHGHI/Iﬁ H aHaJIn3a MHOT'OKOMIIOHCHTHBIX 6€CHBCTHBIX )41
OKpAaIICHHBIX CMGC€I>'I, KOHOCHTPHUPOBAHHBIX U p8,36aBJI€HHBIX BOJHBIX,
HCBOAHBIX MW CMCHIAHHBIX BOIHO-OPTaHHMYCCKHX PACTBOPOB, a TaAKKC JJIA
HCCICAOBAaHU p33H006pa3HI)IX THIIOB pCaKHI/Iﬁ.

KOHI[YKTOMCTpI/IH HaxoauT IMPUMCHCHHC B 6I/IOXHMI/III€CKI/IX,
(I)I/IBI/IOJ'IOFI/I‘-IGCKI/IX, CAHUTAPHO-TUTUCHUYCCKUX U KIIMHUYCCKUX NCCIICTOBAHUAX.
OTOT MCTO/J MCITOJIB3YIOT IJIsA OIIPCACIICHUSA O6HICFO COJACPIKAHUA U COCTOSHHA
QJICKTPOJJIMTOB B PA3JIMYHBIX OMOJIOTHYECKHUX O6L€KT3X, a TaKXKC€ B BOJax
MHUHCPAJIBbHBIX HCTOYHWUKOB M B IPOAYKTaX ITMTAHHA. KOHI[YKTOMeTpI/I‘-IGCKOC
TUTPOBAHUC IHUPOKO HNPUMCHAIOT AJIA KOJIMYCCTBCHHOI'O OIPCACICHUA KUCIIOT,
OCHOBaHHUM U coJjici B PAa3JIMIHBIX KUAKOCTAX, B TOM YHUCJIC U OMOJIOTHYECKOTO
IMMPONUCXOKICHUA. KOHI[YKTOMGTPI/IH ABJIICTCA OJHHMM M3 Hanbosee TOYHBIX
MCTOA0B U3MCPCHUA KOHCTAHT AUCCOMUAINHN SJICKTPOJIIUTOB.

Teopernuyeckasi 4acThb.

CymHocTh BCeX KOHAYKTOMETPUYECKHX METOAOB M3YYEHHUS Pa3IudHBIX
CBOMCTB  NPOBOJAHUKOB CBOAMTCS K HM3MEPEHUIO WX COINPOTUBJICHUS WIA
JIEKTPUYECKON INPOBOAMMOCTH, KAaK CJIEAYeT M3 CaMOro Ha3BaHHUS METOJOB.
ConpoTuBiieHHE OOBIYHO H3MEPSIOT C MOMOIIbI0 NPHOOPOB-KOHIYKTOMETPOB
nmo cxeme Kombpayma. I[lpum wu3MepeHMM CONPOTHBIEHUS PacTBOPOB
ANEKTPOJIUTOB TNMPUMEHSIOT NMEPEMEHHbIH TOK, TaK KakK IPU HCIOJIb30BAHUH
ITOCTOSTHHOT'O TOKAa MOTYT UMETh MECTO MOTPENTHOCTH BCIEACTBUE IIEKTPOIN3A
WIM TIOJIApU3ALMK ANIEeKTpoAoB. KOHIyKTOMETpHUECKUE SYEHKH MPEICTABISIOT
coOOi CTEKJIIHHbIE COCYJbl C BMOHTHUPOBAHHBIMM B HHUX IUIATHHOBBIMHU
IIEKTPOJAMH.

D
R
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Puc. 1. Cxema Moctuka Konbpaymia. — CONPOTHUBIIEHHE HCCIEIyEMOTO
pacTBOpa; - CONMPOTHBIICHHWE Mara3vHa COMPOTUBIICHUN; - PEOXOPOJ JJIMHHON
1000 MM; - cOmpOTHUBIICHHUE TIJIEUa peoxopaa

AHanu3 3HAYEHWM  MOJSPHOM  TMOJBMXKHOCTH  HOHOB  IO3BOJISIET
chOpMyIMPOBATH CIEAYIOIINE MPABUIIA:

1. Ilpu paBHBIX KOHIEHTPALMIX AIEKTPHUECKas MPOBOAUMOCTb PACTBOPOB
CUJIBHOW KHCJIOTHl WJIH CUJIBHOTO OCHOBAHUSI OOJBIIE 3IEKTPUYECKOU
ITPOBOAUMOCTH PACTBOPOB UX COJIEH.

2. Ilpu paBHBIX KOHIICHTpAIUSAX JJIEKTPUYECKas MPOBOJAUMOCTH pPacTBOpa
caboil KHCIOTHI MEHbIIE SJEKTPUUYECKON MPOBOJMMOCTH pacTBOpa e
COJIH.

HOI)TOMy IIpU TUTPOBAHHUHU PACTBOPOB KHCIIOT paCTBOpaMu OCHOBaHHUM B
TOYKC OKBHBAJICHTHOCTH Ha6JHOI[a€TC5I PE3KOC HN3MCHCHHUC BHGKTqueCKOﬁ
IIPOBOAUMOCTH.

Tak, mycts pactBop cunmwibHOH kuciotet HCl  HemsBecTHOI
KOHIICHTPAIIMU TUTPYETCsl pacTBOpoM cuiibHOro ocHoBanms NaOH. HWper
peaKius HeHTpaIn3anuu: HCI + NaOH < NaCl + H,0

Bonoponnbie HOHBI H*, oOnanmarome OONBIIOH IOIBMKHOCTBIO, B
pacTBOpe 3aMEIAlOTCs MeEHee MOJBMKHBIME KaTHOHAMHM oOcHoBaHus Na'.
DnexkTpudecKas MPOBOIMMOCTh BCJCACTBHE JTOTO YMEHBIACTCS W B TOYKE
SKBHUBAJICHTHOCTH CTAHOBUTCS MHHUMAJIBHOH. JloOaBiieHHE W30BITKA IICIOYH
MIPUBOJNT K TIOSBJICHUIO B PACTBOpPE M30BITKA BHICOKOIIOIABMIKHBIX THIPOCH/I-
MOHOB OH. DTo BHOBH TMPUBOAUT K YBEIUYCHHUIO DJICKTPUUCCKON
MIPUBOUMOCTH.

[Ipu TtutpoBanuum pactBopa cinaboit kuciaoret CH3COOH pactBOopoM
cuibHOro ocHoBanusi NaOH

CH3;COOH + NaOH «» CH;COONa + H,0

MPOUCXOJUT  3aMelleHue  ciaboro  AleKTpodauTa  (KUCJIOTHI),  IIOXO
JUCCOLIMUPYIOLIET0 HAa HMOHBI, HAa CWIbHBIA 3JEKTPOJIUT (COJIb) MOJTHOCTBHIO
JTUCCOLMUPYIOLTNI Ha MOHBI. Tak Kak COJIb AUCCOIMUPYET HAa MaJIOTIOABHKHBIE
WOHBI, TO DJIIEKTPUYECKas TMPOBOJMMOCTh BO3pPACTaeT HE3HAUUTENHHO.
[TosiBneHre wW30bITKA IIETOYM NPUBOJUT K TMOSIBICHUIO BBICOKOMOBUKHBIX
TMJIPOKCHUJI-MOHOB, BCIIEJCTBUE YEro JJIEKTpUYECKas MPOBOJUMOCTb PE3KO
BO3pacTaeT. AOCICcca TOYKM Ha KPUBOM TUTPOBAHUS, OTBEUAIOLIAs PE3KOMY
U3MEHEHHUIO  JJIEKTPUYECKOW  MPOBOJUMOCTH,  COOTBETCTBYET  00BEMY
CTaHJIAPTHOTO PacTBOpa, UIYIIErO0 Ha TUTPOBAHUE PACTBOPA, KOHUEHTPALIHIO
KOTOPOTO OIPEEIISIIOT.
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KOH,Z[YKTOMCTPI/I‘ICCKOG onpeaciacHue CTCICHU W KOHCTAHTblI HWOHH3alUU
ciaaboro QJICKTPOJIMUTA.

[Ipu paszbaBiieHHMH pacTBOpa CJ1a0OTO 3JICKTPOJIMTA CTEHEHb €To
HMOHU3AIUN 0L BO3PACTAET 110 3aKOHY pa3BeneHus OCTBaIbIa U P 0ECKOHEYHO
OOJBIIIOM Pa3BECHUU JOCTUTACT MPEACTHbHOTO 3HAYCHHS, PABHOTO €IMHUIIC.
BcenenctBue »sToro, kak OBLIO TOKAa3aHO BBINIE, MOJSPHAS dSJIEKTPUUYECKAS
IPOBOJUMOCTh ~ PacTBOPOB  CJIA0BIX  JJICKTPOJIMTOB  TaKXe pacTeT 1o
MaKCHUMAaIbHOTO 3HAYECHUS, PaBHOTO peaeIbHON AIICKTPUICCKOM
MIPOBOJUMOCTH A

Ha ocHoBanum »1HX paCC}DKI[CHI/Iﬁ CCTCCTBCHHO IIPCAIIOJIOKNUTL, YTO
MOJISIpHaA QJICKTPHUYICCKAA IMPOBOAUMOCTD IMPpONIOPHKMOHAJIbHA CTCIICHHU
HMOHHM3allun

Ay = ba,
riae A - K03 GUIMEHT MPONOPIMOHATBHOCTH.
Ecmm o = 1, To Ay = Ay, ¥ mO3TOMY KO3 dumment b, = A,. B odmem
Cllydae MOKHO 3allicath Ay = A,QL,
OTKYyJa CIEAYET, 4TO o = Ay [ Q)

CornacHo 34KOHY pa3BCACHUSA OCTBaJ’IB,Z[a KOHCTaHTa HOHHU3AaIIuH c1abbIxX QJICKTPOJIMTOB paBHA

K = o’c/(1-a), (2)

r7ie C - KOHIIEHTPAIHSI SJIEKTPOJIUTA.
Tak kak pa3senenue V = 1/c, u3 ypaBuenuii (1) u (2) MOXHO MONTYYUTh
K = A2 1(he- M) V.

Takum o00pa3oM, [IsI KOHIYKTOMETPHUYECKOTO OIpENeICHHs] CTEIeHH
MOHM3AIMH O M KOHCTaHTHI K ci1aboro 37eKTpoauTa HE0OX0AUMO U3MEPHUTH €TO0
YIENBbHYIO AJIEKTPUUECKYIO MPOBOJIUMOCTD ), BBIYUCIHUTH [0 YPABHEHHIO A, =
Y/1000c = xA/1000c + 7/1000C 3HaYeHHWS MOJSPHON SJICKTPUUCSCKON
npoBoguMocTd A = ¥/1000C mpu pa3nuyHBIX Pa3BEACHUSX U TMPEACTHHYIO
MOJISIPHYIO 3JICKTPUYECKYIO MPOBOJAUMOCTD IO YPaBHEHUIO A, = | +1i. 3atem mo
ypaBHenusM (1) u (2) paccuutath UICKOMbIE 3HAUCHUSI.
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1.1. KonaykTromerpryeckre MeTOAbI AaHAJIM3A

KongykromeTpuyeckuii  METOJI ~ aHaJM3a  OCHOBAaH HAa  M3MEPEHUHU
AJEKTPOINPOBOITHOCTH aHaIu3upyemMoro pactBopa. CylllecTByeT HECKOIbKO
METOJIOB KOHIYKTOMETPUUECKOTO aHAJIN3A:

. npsaMasds KOHAYKTOMCTPHA — MCTOM, HO3BOJI$IIOHII/Iﬁ HCTIOCPCIACTBCHHO
OIIPCACIIATH KOHIOCHTPAIUIO QJICKTPOJIUTA IIyTCM HN3MCPCHHUA
QJICKTPOIIPOBOIHOCTH paCTBOPA C U3BCCTHBIM KaYCCTBCHHBIM COCTAaBOM;

¢ KOHAYKTOMETPUYECKOE THUTPOBAHME — METOJ aHaliu3a, OCHOBAaHHBIA Ha
ONpENENeHUN COAEpKaHUS BEIIECTBA IO M3JOMY KPUBOM THUTPOBAHUA.
KpuByro  CTpoAT 1O M3MEPEHUSIM  YACIBHOW  BJIEKTPOIPOBOJHOCTH
AHAJIM3UPYEMOI0 PacTBOPA, MEHSIOLIEHCS B PE3YyJIbTaTe XUMUYECKUX PeakLni
B [IPOLIECCE TUTPOBAHUS;

¢ XPOHOKOHAYKTOMETPHUYECKOE TUTPOBAHHWE — OCHOBAHO Ha OINpPEIECICHHUH
COolIepKaHUsl BEIIECTBA II0 3aTPAa4yeHHOMY HAa TUTPOBAHHE BpPEMEHH,
aBTOMATUYECKU (PUKCHUPYEMOro Ha AMarpaMMHOM JIEHTE perucrparopa KpuBou
TUTPOBAHUS.

1.2. Teoperuvyeckue OCHOBHI KOHAYKTOMETPUYECKOI0 MeETOHA AaHAJIH3A.
OcHOBHBIE 3aKOHBI U (POPMY.JIBI

DIEeKTPONPOBOJHOCTHIO HA3BIBACTCSI CIIOCOOHOCTH BEIIECTB (METAIJIOB, Ta30B,
YKUJKOCTEH U Ap.) TPOBOAUTH AIEKTPUUECKUIN TOK IO BO3ICUCTBUEM BHEITHETO
UCTOYHHUKA  DJIGKTPUYECKOTO  TMOJSA.  DJIEKTPOMPOBOJHOCTHIO  HA3bIBAIOT
BEJINYMHY, oOpaTHYIO AIEKTPUUECKOMY CONIPOTHUBJIEHUIO R.
DIEKTPOIPOBOJHOCT M3MepsieTcss B oOpaTHeIXx oMmax (OM™') mim cuMeHcax
(Cwm).

Paznmuuarot cIcayroame BUAbI 3JICKTPOIIPOBOAHOCTH:
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. QHCKTPOHHaH — OCYHICCTBJIACTCA OJICKTPOHAMH MCTAJIJIOB, CILIABOB,
IMOJYIIPOBOJHHKOB, HCKOTOPHBIX coJIeH — IMPOBOJHHUKH I ponaa,

. HNonHast — ocymiecTBIseTCS MOHAMU (Ta3bl, PACTBOPHI DJEKTPOJIUTOB) —
npoBoauuku |l pona;

o CMemaHHas — OCYIIECTBISICTCS 3JIEKTPOHAMU M MOHAMH B 3aBUCUMOCTHU
OT YCJIOBUH.

o  CMmemaHHOM 53JEKTPONPOBOAHOCTHIO OOJIAJAIOT, HAIPUMEpP, PACTBOPHI
COJIEH HEKOTOPBIX IIEIOYHBIX U HIEJIOYHO3EMENBHBIX METANIOB B aMMHAKE.

PacTBOpHI 3JEKTPOIHUTOB, SBISSCH mpoBogHukamu |l poma, momumHSIOTCS
3akoHy Owma. Ilo aHajmorum C CONMPOTUBIEHHEM MPOBOJHUKOB | poja,
COMPOTHUBJICHUE pACTBOpA TMPSAMO MPOMOPIIMOHAIBHO PACCTOSHUIO MEXKIY
aJIeKTpoiaMu | 1 0OpaTHO MPOMOPIIMOHAIBHO IUIOIIATN X TTOBEPXHOCTH S

R=1(1/9),

rae [ - yaenpHoe comnpoTuBieHne (Om cm). [lpu l=1cmu S=1 cM’ IMeeM
R=[1, ce110BaTEeIBHO, YACIbHOE COMPOTHBICHHE PABHO COMPOTHBICHHIO 1 cM
pacTBOpa, HAXOMAIIErocsl MEXAy JABYMS MapauieIbHbIMH  IUIACTHHAMMU
IUIOWIABI0 1 cM?, OTCTOSIIMMH JPYT OT Apyra Ha 1 cm.

Benuuuny, oOpaTHyt0 yIelIbHOMY CONpPOTHBIICHUIO, HA3bIBAIOT
yIEIBHOM 3JIEKTPONpPOBOAHOCTRIO [1=1/[]. Y aenpHas 3JaeKTponpoBOAHOCTh (CM
“cm™h) uncneHHO paBHA TOKy (B amIiepax) , IPOXOIAMIEMY depe3 CIIOH pacTBOpa
C TMOIEPEYHbIM CEUYCHHEM, PAaBHBIM E€OUHUIIEC, TOJ JECHCTBUEM TpPATUECHTA
noreHuuana | B Ha eIMHUILY ITTUHBI.

DNeKTpONpPOBOJHOCTh Pa30aBIECHHBIX PACTBOPOB AJIEKTPOJIUTOB 3aBUCUT
OT YHMCJIa MOHOB B pacTBope (T.€. OT KOHIEHTPALMH), YHUCIA DJIEMEHTAPHBIX
3apsAI0B, IEPEHOCUMBIX KaXKJbIM HOHOM (T. €. OT 3apsJa UOHA), U OT CKOPOCTH
JBIDKCHUST OJTMHAKOBO 3apsKEHHBIX MOHOB K KaTOJy WM aHOMY IMOJI IeUCTBUEM
anekTpuueckoro mnojis. C ydyeroM Bcex 3TUX (PAKTOPOB BJIEKTPONPOBOISIIME
CBOMCTBA HOHOB XapaKTEPU3YIOT DSKBUBAJICHTHOW HWOHHOW JJIEKTPUYECKOU
MPOBOJUMOCTBIO (IIOJIBU>KHOCTBIO).

IK6UGANEHMHOU  IIEKMPUUECKOU NPOBOOUMOCHIbIO  HA3BIEAIOM
nposooumocms pacmeopa, cooepircauiezo 1 monv IKeusaienma geuwyecmea u
HAX00AUe20CA MeHcoy 08YyMs NaApaIeIbHbIMU INEKMPOOamu, paccmosanue
meodncoy komopvimu 1 cm. Ee edunuueii usmepenusn aeniemcesa Cm oM’ monw™.
VY enbHasi M 5KBUBAJIEHTHAsI IPOBOJIUMOCTh CBA3aHbI COOTHOILICHUEM:

[1=1000 1 /¢,
I7ie C — MOJISIpHasi KOHUEHTpPAIUs SKBUBAJICHTA, MOJIb-3KB/JI.

Memoowvl npsimoti KonOyKmomempuu OCHOBBIBAIOTCSI HA TOM, 4YTO B
o0nacTu pa30aBIEHHBIX W YMEPEHHO KOHLEHTPUPOBAHHBIX PACTBOPOB
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AIIEKTpUUYECKasi MPOBOJAMMOCTb PACTET C YBEIMYEHUEM KOHIICHTpALUU
AIIEKTPOJIUTA.

B npakTudeckoil paboTe OOBIYHO HCIOJIB3YIOT 3apaHee MOCTPOCHHYIO
IpPayMpOBOYHYI0 KPUBYIO 3aBUCHMOCTH JJICKTPHUYECKOM MPOBOAMMOCTU
pacTBOpa OT KOHIEHTpalMu TeX WM HHBIX OJJIEKTPOIUTOB. B CBs3u ¢
OTHOCHUTEIHHO OMU3KUMHU 3HAYCHHUSIMH MOJIBUYKHOCTEH HMOHOB
KOHJAYKTOMETPUYECKUE H3MEPEHHs Jal0T HHQPOPMAIMIO TJIAaBHBIM 00pa3oM
auib 00 oOmel KOHIEHTpalluM WMOHOB B pacTBope. Manasi CEeleKTUBHOCTD
KOHJIYKTOMETPUYECKOTO METO/Ia CYIIECTBEHHO OIPaHUYMBACT €ro MPUMEHEHHE.

W3mepeHnst D2IEKTPUYECKOM NPOBOJMMOCTH PACTBOPOB  IIMPOKO
OPUMEHAIOT B TUTPUMETPUUYECKOM aHaIu3€ JUIS ONpPENCNCHUS TOYKH
DKBUBAJIICHTHOCTH  (KOHOYKmomempuyeckoe mumposanue). B meromax
KOHJYKTOMETPUUYECKOT0 TUTPOBAHUS U3MEPSIOT AJIEKTPUUECKYIO TTPOBOJUMOCTD
pacTBopa mocie 1o0aBieHUs] HEOONIbIIUX ONPECICHHBIX NOPUUI TUTpaHTa U
HaXOAT TOUKY SKBUBAJIEHTHOCTU I'pa)UueCKUM METOJIOM C ITOMOIIBIO0 KPUBOIl B
koopauHaTaxX [ — Viympanra (YACIBHAS 3JIEKTPOIPOBOIHOCTh — 00BEM pacTBOpa
TuTpanTta). [IpakTuyecku B 3TOM METOAE MOTYT OBbIThb HCIOJIb30BaHbI TaKue
XUMHUYECKHUE PpEaKLUH, B XOJE€ KOTOPBIX IMPOUCXOJUT PpE3KOEe H3MEHEHHUE
(OObIYHO  BO3pacTaHHe) DIIEKTPUUYECKOM MPOBOAUMOCTH  MOCIAE  TOYKH
HKBHUBAJIEHTHOCTH (peaKIMK KUCIOTHO-OCHOBHOTO B3aWMOICUCTBUSA, OCAKICHUS
UT. 1.).

Toku, nMerone 4acToTy MOPAAKAa Merarepi] W JeCATKOB Merarepii,
HA3bIBAIOT TOKAMHU BBICOKOMW dYacTOThl. [Ipm Takux yacTtorax B pacTBOpE
HAYMHAIOT UrpaTh posib 3Q(EKTh MOAEKYAAPHOU, WA 0ehOpMAYyUOHHOU, U
opuenmayuonHot noasapuzayuy. llonaspuzanus oOOMX THUIOB BBI3BIBACT
KPAaTKOBPEMEHHBIN dJIeKTpUYeckuii TOK (Tok cmemeHus). Kpome Toro,
HOJIIpU3alUsl  MOJEKYJl  TNPUBOAMT K  CYHUIECTBEHHOMY  HM3MEHEHMIO
JADJICKTPUUECKOM W MAarHUTHOM MPOHUIIAEMOCTEM PacTBOpa, YTO OTKPBIBAET
HOBYIO BO3MOXHOCTb UCCJIEJOBaHHSI CBOMCTB CUCTEMBI IPU TUTPOBAHUH.

[Ipy mocTpoeHHH KpHUBOW BBICOKOYACTOTHOI'O TUTPOBAHMS IMOKa3aHUS
npudopa OTKIAIBIBAIOT MO0 OCH OPAMHAT Kak (YHKIHIO o0beMa T0OABICHHOTO
TUTpaHTa. [[pOMBIIIIEHHOCTHIO BBIMYCKAIOTCS CTaHIAPTHBIE BHICOKOYACTOTHBIE
TUTPATOPHI.

B  sueiikax BBICOKOYACTOTHOTO THUTPOBAaHUS  DIEKTPOJBI  HE
COMPUKACAIOTCA C HCCIEIyeMBbIM pacTBOPOM, YTO SBIAETCA OJHUM W3
CYIIECTBEHHBIX IOCTOMHCTB METOJA.

1.3. 3asucumocmb 3snekmponpogodHocmu om  3IKCnepuMeHmMa/ibHbIX
napamempos

1.3.1. 3aBUCUMOCTB OT KOHIIEHTPALIHU
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UeMm BbIIIE KOHIIGHTpAIMS WJIM TOJBIKHOCTH MOHOB, TE€M BBINIE YAEIbHAs
AIIEKTPOMPOBOTHOCTh PACTBOPA.

Onextpodopernuecknii FGHEKT 3aKITFOYACTCS B TOM, YTO HMEIOMIASCS OKOJIO
Ka)KJI0r0 HWOHA HWOHHAs atMocdepa HeceT 3apsj, NMPOTHUBOMOJIOXKHBIA HOHY,
JIBMDKETCS B IPOTUBOIIOJIOKHOM HAIPaBJICHUN U TOPMO3HT JBM)KCHUE HOHA.

Penakcannronnbiit 3¢(heKkT oOBACHAETCS TeM, YTO BOKPYT JIBHXKYILIETOCS HMOHA
HOHHas aTMocdepa pa3pylIaeTcss U BHOBb BOSHUKAET MO MEPE €0 JIBHXKCHMS.
[Ipn >TOM MOH OKa3bIBACTCS HECUMMETPUYHO PACIOJIOKEH B CBOEH HMOHHOMU
atmocdepe. Monnas atmocdepa He ycreBaeT MoJIHOCThI0 CHOPMUPOBATHCS MPU
JNBIDKEHUM HMOHA W, UMes 3apsll, MPOTHUBOMOJOXKHBIA HOHY, TOPMO3UT €Tro
JIBH>KCHUE.

1.3.2. Bimsinue IIPUPOLBI PacTBOPEHHOIO BELIECTBA Ha
AIIEKTPOIIPOBOHOCTD

[Ipuposa pacTBOPEHHOTO BEIIECTBA BIUAET HA BEIMUYUHY JIEKTPOIPOBOJHOCTH
3a cueT JIBYX (haKTOpOB:

e XapakTep cBia3u. YeM Oojiee MOHHOHM SIBIAETCS CBA3b B MOJIEKYJIE, TEM
OOJIBIIIE CTENEHD IMCCOLMALMU U TEM BBIILIE yI€TbHAs 3JEKTPOIPOBOJIHOCTS;

e pa3MceEp COJIbBATHPOBAHHBIX HOHOB. YeMm OoJbIIIe paanyc
COJIbBBATHUPOBAHHOI'O MOHA, TCM HHXKC YACIbHAA 3JICKTPOIIPOBOAHOCTD.

1.3.3. BausiHne pacTBOpUTEIIS

. PaCTBopI/ITCJIB BJIMACT Ha BCIIMYUHY y,Z[eJILHOﬁ QJICKTPOIIPOBOAHOCTH
4Yepe3 ABa rnmapamMeTpa — BASKOCTb U JUIJICKTPUUICCKYIO IPOHUITACMOCTD.

1.3.4. BnusiHue TemnepaTypsl

« Bennuuna TtemmnepatypHoro ko3 QuIMeHTa MPU CPEIHUX TeMIlepaTypax
B BOJHBIX pacTBOpax JJjisi OOJBIIMHCTBA HOHOB H3MEHSETCS B Mpeieiax
0,02&#247,0,025, mosTOMYy YyBEIWMYCHHE YyICABHOW W  DKBUBAJICHTHOU
AJICKTPOIIPOBOJIHOCTH PacTBOpa IPU TOBBIINICHHH TeMIeparypsl Ha 1°
coctaBisieT npumepHo 2-2,5%. Tak Kak MOOrpemIHOCTb  U3MEPEHUs
AJICKTPOIIPOBOIHOCTH MPH M3MEHEHUU TEMIIEpaTyphbl BBICOKA, IPU IIPOBEICHUN
KOHJYKTOMETPHYCCKHUX HCCIIETOBAHMI PacTBOPHI HEOO0XOUMO
TEPMOCTATUPOBATb.

1.4. IlpumeHeHne NPpSIMO KOHAYKTOMETPUH

1.0Onpenenenne KOHIIGHTpAIMM  pacTBOpa dJJCKTPOJUTa C  H3BECTHBIM
KaueCTBEHHBIM COCTaBOM (METOJ TpagyupOBOYHOTO Tpaduka, METON
CTaHJApPTHBIX T00aBOK).

2.KoHyKTOMETprUeCKui AETEKTOp B XpoMaTorpaduu.
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3.0npenenenne GPU3NKO-XUMUYECKUX KOHCTAHT.

1.5. Konaykromerpuueckue MeTO/bI B (pU3MKO-XUMHYECKUX
HUCCIIeOBAHUSAX

1.5.1. Onpenenenue 371€KTPONPOBOAHOCTH CIAOBIX IJEKTPOJIUTOB

1. DKBUBaJIEHTHAsA 3JEKTPONPOBOJHOCTh PACTBOPA AJIEKTPOJIUTA MPHU
OECKOHEYHOM  pa30aBiieHMU  sBIseTCS  HauOosiee  MOJHOU
XAapaKTEPUCTUKOW 3JIEKTPOJINTA, TaK KaK B JTUX YCIOBHUSX Ha
BEJIMYMHY 5SKBUBAJEHTHOM AJIEKTPONPOBOJHOCTH HE BIHSAIOT
CTENEHb JAUCCOLMALNU — JJISl CIA0bIX 3JIEKTPOJIUTOB U MEKHOHHBIE
B3aUMOJICUCTBHS — JUISl CUIIbHBIX.

2. OmpeneneHue MPOU3BOAUTCS MYTEM SKCTPAIOJISINKA 3aBUCUMOCTH
&#955;5 or wnHa 3Hauenme. OnHAKO JAHHBIA CIOCOO JaeTr
HEHAJEKHbIC PE3YyJIbTATHI.

3. ns ompeneneHusi SKBUBAJICHTHOW 3JIEKTPONPOBOJIHOCTU yI0OHEE
UCIIOJb30BaTh METOJl, OCHOBAHHBIM Ha 3aKOHE HE3aBUCUMOIO
JIBH>KCHUS MOHOB Konbpaymnia. OKBUBaJICHTHAs
AJIEKTPOIIPOBOIHOCTH MPU OECKOHEUHOM pa30aBIICHUU IS JIFOOOTO
AIIEKTPOJIMTA paBHA CYMME MOHHBIX 3JIEKTPOIPOBOHOCTEH.

1.5.2. Onpez[eneHI/Ie pPaCcTBOPUMOCTH MAJIOPACTBOPHUMOI'O COCANHCHUA

PactBOpuMOCTB 3TOM coJiM paBHA S, a HACBIIIEHHBIN PACTBOP COJIM UMEET
AJIEKTPOINPOBOIHOCTL. Jlsi ciydas AuccOLMalud MajopacTBOPUMBIX COJIEH
BEJTMYMHA MIPAKTUYECKU PaBHA U MOXKET OBITh pacCUYMTaHa HA OCHOBAHHUH 3aKOHA
Konbpaymia 1160 B3siTa M3 CIPABOYHUKOB JIJII MOHHBIX DJIEKTPOMPOBOIHOCTEH
PacTBOPOB IMPU OECKOHEUHOM pa30aBICHUMU.

1.6. KongykromeTrprueckoe TUTPOBAHUE

KonngykTomeTpuueckoe TUTPOBAHME OCHOBAHO Ha U3MEPEHNN
AIIEKTPOIIPOBOJIHOCTH  PAaCTBOpPA, MEHSIOIIEHCS B IIPOLECCE XUMUYECKOU
peakuuu  MEXIy HCCIENYyeMbIM  BEIIECTBOM W  THUTPAHTOM. TOUYKYy
HKBUBAJIEHTHOCTU (PUKCUPYIOT MO PE3KOMY U3JIOMY KPUBOW TUTPOBAHMUSI.

Hanpumep, mycts ompenensiemoe BemectBo AB u tutpant CD B pactBOpe
MOJIHOCTBIO JMCCOLMUPYIOT Ha HMOHBI, @ B pe3yJibTaTe peakiuu oOpaszyercs
Manoauccoruupyemoe Bemiectso AD:

A++B-+C++D-=AD +C+ + D-.

BcnenctBue u3MeHEHHs COCTaBa pacTBOpa B MPOLECCE TUTPOBAHUS MPOUCXOIUT
U3MEHEHHUE 3JIEKTPONPOBOJIHOCTH pacTBOpa AnekTpoiauTa. [Ipu sTom 10 TOukH
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O9KBHUBAJICHTHOCTHU BO3MOXCH paSJII/I‘IHHﬁ XapakTep HN3MCHCHUA

SJIEKTPONPOBOJIHOCTH B 3aBUCHMOCTH OT COOTHOIICHHUS IOJBHKHOCTH HOHOB
A+u C+.

Yem ocTpee yroia Ha KpUBOM TUTPOBAHUS, TEM TOYHEE MOXKHO OMPEACIIUTH
TOYKY 5SKBHBAJEHTHOCTU. TOuUKa HSKBUBAJIEHTHOCTH OYJIET BBIVISIACTH TEM
OTUETJIMBEE, YEM 3aMETHEE pa3HUIla MEXAY DJICKTPOINPOBOAHOCTIMU
TUTPYEMOT'O PACTBOPA U TUTPAHTA.

B KOHIYKTOMETpHYECKOM TUTPOBAaHUM MOYKHO MWCIOJIB30BAaTh PEAKLIUU
HEUTpaau3aluuu, OCAXKICHUs,  KOMIUIEKCooOpazoBaHus.  OKHUCINUTENbHO-
BOCCTAHOBUTENIbHBIE PEAKLUUU HCHOJIb3YIOT KpailHE peako (B OCHOBHOM B
HOJyBOJHBIX PACTBOPUTEIISX) U3-3a TOTO, YTO MIPOTEKAIOT OHU B CUIIBHOKUCIIBIX
WIN CUJIBHOIIENOYHBIX Cpelax, Ha (POHE KOTOPBIX TPYAHO 3apUKCHPOBATH
MaJlo€ U3MEHEHHUE DJIEKTPOIIPOBOAHOCTH 3a CYET OCHOBHOM PEaKIIUU.

HpI/I TUTPOBAHNHA KHCJIOT OCHOBAaHUsSIMH IMPpOUCXOJUT 3aMCHa
BBICOKOIIOABMIKHBIX HOHOB BOAOPOAA (FH,Z[pOKCOHI/IH) HOHaMHn C HaMHOI'O
MCHBIIEH IIOABHXKHOCTBIO. HpI/I TUTPOBAHUHU KHUCJIIOT HCO6XOI[I/IMO YUYHUTBIBATDb
061]166 IIpaBHUJIO: 4YCM Ooiee AUCCONMHUPOBAHA KHCJIOTA, TCM OJMKe OTBEYAET
TOYKC O9KBHUBAJICHTHOCTH MHUHHUMYM  JJICKTPOIIPOBOIHOCTHU Ha KpI/IBOﬁ
KOHAYKTOMCTPHYCCKOI'O TUTPOBAHMUS.

1.7. BbICOKOYACTOTHOE KOHAYKTOMETPH4YECKOe TUTPOBAHHE

BricOKOUacTOTHOE  KOHJIYKTOMETPUYECKOE TUTPOBAHHME  OTJIMYAETCS  OT
OOBIYHOTO KOHJTYKTOMETPUYECKOTO TUTPOBAHUS OTCYTCTBUEM
HETOCPEJCTBEHHOTO KOHTaKTa MCCIEIYEMOT0 pacTBOpa C DJCKTPOAAMHU U
HCIIOJIb30BaHUEM TOKa OYEHb BHICOKON 4acToThl (1—100 MI'mr). JlaHHBII MeTOxa
OCHOBAaH Ha PErucTpalvyd MW3MEHEHUM CJIaraéMoro  BBICOKOYACTOTHOMU
aneKTponpoBogHOCTH ((G) B 3aBHCUMOCTH OT KOHIICHTPAIIMH OIPEASIIeMOro
AIIEKTPOJIMTa B TIpoliecce TUTpoBaHHMSA. B cBoro odepenr G ecTh CiOXKHas
(GYHKITUS OT DJICKTPOIPOBOIHOCTH PACTBOPa M YaCTOTHI TOKA.

Haubonbiiee pacrnpocTpaHeHHE B BBICOKOYACTOTHOM TUTPOBAHMM HAIUIM JBa
BHUJIA STYEEK: EMKOCTHBIE M MHIAYKTHUBHbIC. B €MKOCTHBIX s4Ye€HKax B IMPOLECCE
TUTPOBAHUSI U3MEHSIETCA JJICKTPUUYECKOE T0JI€, B UHAYKTUBHBIX — MAarHUTHOE.
EMKocTHBIE siUeiKu  11e1ecO00pa3HO  HKCIONb30BaTh TP THUTPOBAHWU B
pacTBOpax C HU3KUMHU BEJIMYMHAMM DJIEKTPONPOBOJHOCTHU, UHIYKTUBHBIE — C
OTHOCHUTEIIBHO BBICOKOM 3JIEKTPOIPOBOTHOCTBIO.

B npouecce TUTpoBaHUSA MPOUCXOAUT U3MEHEHHUE COCTABA PACTBOPA, KOTOPBIN
BIIMSET HA JUAJIEKTPUYECKYIO MPOHHUILIAEMOCTh M ONPENECISIET MPOBOJIUMOCTh
sueiiku. [Ipy npUMEHEHWH TOKOB BBICOKOW YacCTOTHI MPOBOJAUMOCTH OyAeT
00yCIaBIMBATLCA HE TOJBKO pealibHbIM MEpPEeMEIICHUEM 3apsjia, HO U MOTEPSIMHU
AIEKTPUYECKON IHEPTUU HA UHAYKTUBHOCTh U EMKOCTH LIEITH.
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®dopMa KpUBOH BBICOKOYACTOTHOI'O TUTPOBAHMS 3aBUCUT OT YacTOThI TOKA,
JUAJIEKTPUUECKON MPOHUIIAEMOCTH PACTBOPUTENS, KOHIIEHTPAIIUH AJIEKTPOJIUTA,
NOJBW)KHOCTH HOHOB M JIp. YCHENIHOE IMPOBEJACHHE BBICOKOYACTOTHOTO
TUTPOBaHUS BO3MOXHO JIMIIb TpPU TOYHOM 3HAHUU XaPAKTEPUCTHUECKUX
KPUBBIX COOTBETCTBYIOIIMX SYEEK, 3aBUCAIIUX OT HU3MEPSIEMOro IMapamerpa,
THUIIA SYEHKHU U U3MEPUTETHLHOTO Iprbopa.

U Bl

AT L

Metoabl NpsAMON KOHTYKTOMETPUU U KOHAYKTOMETPUYECKOTO TUTPOBAHUS
OCHOBaHbl Ha JBWXXEHUM HMOHOB B JJIEKTpUUYecKoM mone. s u3mepeHus
ANEKTPONPOBOIHOCTH BJEKTPOAbl IOrPYKAIOT B HUCCIEAyEeMbIil pacTtBop. B
cllydae BBICOKOYACTOTHBIX MeToJoB (Puc.6) sdeiiky ¢ aHamu3upyembiM
pacTBOPOM TIOMEIIAIOT MEXKJIY METAUIMYEeCKUMH IJIACTUHKAMU  (AueliKu
KOHOEeHCamopHOo20 muna) Wiv BHYTPb UHIYKIIUOHHOMN Katylku (uHOyKkmueHble
Aueliku). DNEKTPOJbI MOJKIIOYAIOTCS K CETYATOMY WM aHOJHOMY KOHTYPY
BBICOKOYACTOTHOTO TreHepatopa (os - 106 BB 108 PYCt.). Sueiika B uerm
MEPEMEHHOTO TOKa SIBISETCSI €MKOCTbIO M HE TMPEMSITCTBYET MPOXOKICHUIO
AIEKTPUUECKOTO TOKA.

S

T T

b b ——%
[ 2 & 4§

KOMMNEKCOH, M7t
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Ha pucyHke mpencraBieHa 3JIEKTPUUYECKass CXEMa BBICOKOYACTOTHOTO
TUTPOBAHUSL. B Clydyae  MPUMEHECHUS  BBICOKOYACTOTHBIX  TOKOB
AIEKTPOXUMHUYECKUE MPOLECCH HA JNEKTPOJAX HE MPOTEKAOT U 3aBUCUMOCTH
MEXKJy CHJIOM TOKa W HANPSHKECHUEM OINPENEHsAeTC SJIEKTPOXUMHUYECKUMHU
CBOWCTBAMU BCEHM XMMHYECKOM CUCTEMBI, 3aKJIFOUEHHOU MEXIY JJIEKTPOJAMHMU.
Bo3Hukaromue B XO0JA€ TUTPOBAHUS XUMHUYECKHUE HW3MEHEHHUsI BIUAKOT HA
JUADJICKTPUUYECKYI0  TMPOHUIAEMOCTh W YAEIBHYK  JJIEKTPOIIPOBOJHOCTH
pacTBopa, oOmpenessss BEJIUYUHY IOJHOW NPOBOAUMOCTH suerku. IlonnHas
IPOBOJAUMOCTh  STYEWKH  SIBIIIETCS CYMMOM AaKTUBHOM M  PEaKTUBHOU
MPOBOAUMOCTEN. AKmMueHasa  npoeooOuUMOcms  SIBIAECTCS  PE3yJIbTaTOM
MEPEMENICHNUSI HOHOB, BBI3BIBAEMBIM T'PAJUCHTOM MOTEHIHATIA B CHCTEME.
Peakmuenaa npoeooumocms ONpeNECHsACTCS MOMIPUALNEN ATOMOB MOJIEKYJIbI
(monsipu3anvsi CMEILIEHMS) W YIOPSJOYCHUEM PACIOJIOKEHUS JUIMOJIBHBIX
MOJIEKY (TOJsIpu3alisi OpUCHTAIMHN ) O] BIUSHUEM BHEIHETO 3JIeKTpUiecKoro
nonsa. KpuBas TUTpoBaHWsS MO AAHHOMY METOAY MNPEACTAaBICHA HA PUCYHKE.
O6a Tuma mnoJiIpuU3alyd BBI3BIBAIOT MPOXOXKIAECHUE TOKA B TEUCHUE OUYCHB
KOPOTKOTO BPEMEHHU, CIECAYIOIIUM 32 MOMEHTOM IPHUIIOKEHUS JIEKTPUUECKOTrO
ToKa. KpuBas cTpouTCsl B KOOpAMHATAX B«CI'P&P»P° Toka- 00beM TUTPaHTA.

Metoa BBICOKO YaCTOTHOTO TUTPOBAHMS YCTYyHaeT MO MU30MPATETLHOCTH U
MOTEHIIHOMETPUUECKOMY u noJissporpaduyecKkoMy METOJIaM. ITo
YyBCTBUTEJIIBHOCTH  BBICOKOYAaCTOTHOE THUTPOBAHUE HECKOJIBKO  YCTYIaeT
OOBIYHOMY KOHAYKTOMETPUYECKOMY.

OcCHOBHBIC MPEUMYIIIECTBA MPUMEHEHHUS BBICOKOYACTOTHOTO TUTPOBAHUS
clelytoniee:

a) OTCYTCTBYET KOHTAKT METAJUIMUYECKUX DJIEKTPOJOB C HCCIEAYEeMbIM
pacTBOPOM. DTO HCKIIOYAET MOJIPU3ALMOHHOE M KATAIUTHUYECKOE BIIMSHUE
MaTepUaJioB JJICKTPOJIOB Ha XUMHUUYECKHE PEAKIUU, YTO J1aeT BO3MOXKHOCTH
paboTaTh B arpeCCUBHBIX cpellax, U30aBiIeT OT HEOOXOIUMOCTH MPUMEHSTh
IUIATUHY;

0) BBIZIETISIONINECS B XOJI€ PEAKIIMA Ha BHYTPEHHEHW CTCHKE SUEHKH OCAJIKH,
HE MPEMSATCTBYET MPOXOXKJICHHUIO YEepe3 PacTBOP BBICOKOYACTOTHOI'O TOKA, YTO
JIETIa€T BO3MOKHBIM TOYHOE YCTAHOBJIEHUSI KOHEUHOW TOYKH TUTPOBAHUS;
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B) TUTPOBAHUC MOXXHO IMPOBOJHWTL HEC TOJBKO B BOJAHBLIX, HO U B
HCBOIHBIX CpCaaXx, 4YTO MCIIOJIB3YCTCA IIPHU KOHTPOJIC CHUHTC3a OPTraHHYCCKHX
BCIICCTB

1.8. OcoO0eHHOCTH KOHAYKTOMETPHYECKHX METO0B AHAJIU3A

1. Bo3MOXHOCTH IMPOBOAUTH OIIPCACICHHUC HC TOJBKO B IIPO3pAavYHbIX, HO U B
OKpAICHHBIX MW MYTHBIX pPaCTBOpAX, a TaAKXC B IIPHCYTCTBUU
OKHCHHTCHCﬁ, BOCCTaHOBUTEICH OpPraHUYCCKUX BCIICCTB.

2. Bo03MOXHOCTbH OIpeneieHHs pa3InIHbIX HEOPTAaHUYECKUX U OPraHUIECKUX
VHJABUAYAJIBHBIX COCUHEHUMN.

3. BbicOkas 4YyBCTBUTENIBHOCTH METOJA, MO3BOJSIONIas padoTath ¢
pa30aBICHHBIMH PaCTBOPAMHU.

4. Awnanu3 BOJHBIX U OPraHUYECKUX PACTBOPOB.
5. B03MOXXHOCTBH aBTOMaTH3allMu Mpoliecca (XpOHOKOHAYKTOMETPUS).
6. Vcmonp3oBaHue pa3HOOOPA3HBIX TUIIOB PEAKIIHIA.

/. Bo MHOrumx ciyyasix OTCYTCTBUE HEOOXOJAMMOCTH  IPOBOJUTH
MpEeABAPUTENBbHYIO TPOOOIOATOTOBKY.

8. IlpocroTta ompezaeneHuss KOHEYHON TOYKM TUTPOBAHUS IO TMEPECEUYCHUIO
JIBYX MPSIMBIX.

9. Bo3MoxHOCTh TpoBefeHUs TU(DPEpeHIIMPOBAHHOTO TUTPOBAHUS CMecei
AIEKTPOJIUTOB, UYTO HEBO3MOKHO IPU TUTPOBAHUM C BU3YaJbHOW WMHIMKALUEH
KOHEUHOW TOYKU TUTPOBAHHSI.

IIpuMepsbI TUTPOBAHMS.

1. Tumposanue cuibHOll KUCI0MbL CUTLHBIM OCHOBAHUEM
Peakius npoTeKaeT no ypaBHEHUIO:

HCI + NaOH => NaCl + H20
H+ +Cl- + Na+ + OH => Na+ + Cl- + H20
H+ + OH => H20
I'pynner OH-1 cBsi3piBatoT uOHBI H+ B Mamogucconmmpyemyro
monekyny Boasl (H20). Mower xmopa OyayT Oe3ydacTHBIMH CBUACTEIISIMU
nporekatoueit peakuu. CornacHo peakiuu noHbl H+ Mensiercs Ha nonbl Na+t.
[Tpu 25°C yucneHHble 3HAYCHUSI SKBUBAJICHTHBIX 3JIEKTPONPOBOAHOCTEN HNOHOB
py OECKOHEUYHOM Pa3BEJICHUN PABHBI:
A(H+)= 36,2 Om-1 M2/Kkr-9KB A(Na+)= 3,9 Om-1 mM2/kr-3KB

131



Takum  oOpa3oM, 3JEKTPONPOBOJAHOCTH  pacTBOpa NpU  TUTPOBAHUU
ymeHblaeTcs. ITlocie TOYKM HSKBHUBAJICHTHOCTH B PAacTBOPE HAYMHACTCS
HakoryieHue uoHoB OH-1, 3HayeHWe 5SKBUBAJICHTHOM 3IIEKTPOMPOBOJHOCTH
noHoB OH- npu 6ecKOHEYHOM pa3BEJICHUH PABHO:
AoH-= - 205 Om-1 -M2/Kr-3KB

Tak Kak >KBHBAJICHTHAs 3JCKTPONPOBOAHOCT, MOHOB OH- mpm GeckoHeyHOM
pa3BeeHUHN BEJIHMKAa, TO JJIEKTPOIPOBOJHOCTH pAcTBOpa HAUYMHAET PE3KO
YBEIUYHUBATHCA.

Touka 5KBUBAJICHTHOCTH HE BCEI/1a MOXKET ObITh BhIPa)KE€HA CTOJIb APKO, KaK
Ha PUCYHKE, OHa MOXET OBbITh pa3MbITa, B ’TOM CiIy4ae K KPUBOW THUTpOBaHUE
ClelyeT TMpPOBECTU KacaTellbHble, MX I[epeceyeHue ¢ JIacT TOYKY
AKBUBAJICHTHOCTH (CcM. puc.10).

PacueT npoBoJsT 10 3aKOHY SKBHUBAJICHTOB:
VIN1 = N2V2 (20)
TuTp. BEmECTBO TUTPAHT

2. Tumpoesanue cnadoit KUca0mol CUIbHBIM OCHOBAHUEM.
TutpoBanue cnadoOil KUCIOTHI CHJIBHBIM OCHOBaHHMEM pPACCMOTPUM Ha
IpUMepe TUTPOBAHMS YKCYCHON KUCIOTHI THAPOKCUAOM HATPUS:
CH3COOH + NaOH => CH3COONa + H20.
CH3COOH + Na+ + OH- => Na+ + CH3COO- +
H20
CH3COOH + OH- =>H20+ CH3COO-
B pesynbrate THTpOBaHMS oOpa3yercs aueraT HaTpus, COJb, KOTOpas
IIOJIBEPKEHA TUAPOIIN3Y:
CH3COONa + HOH => CH3COOH + NaOH,
capuratonias pH pactBopa B cTOpoHy MmienodHod cpexnbl. Kpome Toro,
npucyrcteue CH3COONa cmocoGctByeT ymeHblenuto muccormanuu ciaboi
KUCIIOThl (OydepHoe nelcTBHE). OTH MTPOTUBOMONOKHBIE A(P(EKTH JaroT
KpUBbIE C MUHUMYMOM, TOJIO)KEHHE KOTOPOTO 3aBUCUT KaK OT KOHILIEHTPalUU
TaK U CHJIbI KUCJIOTHI
3. Tumpoeanue cnaboit Kucai0mul c1a0bIM OCHOBAHUEM.
TutpoBanue cnaboil KHUCIOTHI CHJIBHBIM OCHOBAaHHUEM pPACCMOTPUM Ha
npUMepe TUTPOBAHMS YKCYCHON KUCIOThI THAPOKCUIAOM aMMOHHUS:

CH3COOH + NH40H => CH3COONH4 + H20.
CH3COOH +NH40H => CH3COO- + NH4+ + H20.

T. k. KOHIIEHTpanus HWOHOB BOJOPOJIa OYEHh Majia, TO HAKIOH Oyner
HeO00bl0M 10 TOYKHM SKBHBAICHTHOCTH. Takke Maja KOHICHTPAIUsS HOHOB
rugpokcuna Beaenacteue aucconumanuu NH4OH, mnostomy mnociie Touyku
AKBUBAJICHTHOCTH PE3KOT0 BO3pacTaHUs KPUBOU HAOMIOJAThCS HE OyAeT. DTOT
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cnyqaﬁ IMPaKTUYICCKHU HEC HCIIOJB3YCTCA Hn3-3a Pa3MBbITOCTH TOYKH
OKBHUBAJICHTHOCTH.

4. Tumposanue cmecu cunbHOU U c1AO0NU KUCTOM CUTbHBIM OCHOGAHUEM
CH3COOH + HCI + NaOH => NaCl +H20 + CH3COONa

B o5TOoM cimydae Xo4 KpUBOM HW3MEHSAETCS M Ha KPUBOW THUTPOBAHMS
HaO0JaeTCsl 2 TOUKU YKBUBAJICHTHOCTH: TIepBasi TOUKa Oy/IeT COOTBETCTBOBATH
TATPOBAHMIO CUJIBHOM KMCJIOTBI, HAIIPUMED COJISTHOM, €CJIU B35Ta CMECH COJISTHOM
U ykcycHoi kucimor. OOwvem, molenluii Ha TuTpoBaHHWE Ci1abOW KHUCIOTHI
ompenensieTcs no Gopmyie:

V (CH3COOH)=V2 - V(HCI)

5. Tumposanue conu convio ¢ 00pazosanuem ocaoka
Na2S04 +Ba(CH;C0O0), =>BaS0O, + 2CH;COONa

2Na++S042-+Ba2++2CH3CO0-- => BaS04 +2Na* + 2CH3COO0-
S042- +Ba2+ => Ba SO4
4 (S04%) = 8,0 Om-1 M2/Kr-3KB
A(Ba*") = 4,2 Om-1 M2/Kr-5KB.
Tak kak >KBUBaJEHTHBIE QJICKTPOIIPOBOIHOCTH MOHOB HC CHJIBHO OTIIMYArOTCA
ApYyT OT Apyra, TO TOUKa S3KBUBAJICHTHOCTHU 6y,I[€T pa3MBITa.

TurpoBaHue HaAXOAUT IMIMPOKOE IPUMEHEHHE NpPU AaHAJIU3E KHUCIOT,
OCHOBAHUI UX CMECEH, COJIeil 10 METOY OCa)XJIEHUs, KOMILIEKCOOOpa30BaHMsL.
KoHaykTOMeTpHUecKOe THUTPOBAHUE TOXE HCMONb3yeT cxemy Kombpayma,
TOJIBKO BMECTO SYEHKH MCIOJb3YETCA CTAaKaH, KyJa HaJUBAIOT THUTPYEMOE
BEILECTBO M OMYCKAIOT KECTKO 3aKpeIuieHHble Pt aleKTpo/bl, YTOOBI B TEUEHHE
OMbITa HE HW3MEHSJIOCh COMPOTUBJICHUE JJIEKTPOAOB, a, CIIEIOBATEIbHO,
ocTaBayiach MOCTOsSHHOW BenwumHa /S, Tlpu TuTpoBaHMM pPacTBOp TOJDKEH
NepPEeMEeITNBaThCS, 03TOMY UCIIOJIB3YIOT MarHuTHYIO MEUIaNKYy.
KonaykromeTpruyeckoe THUTPOBAHUE HCIOJB3YIOT TOI/a, KOTJAa HEBO3MOXKHO
M0JIb30BaThCSl UHAUKATOPOM.

XapakTepucTrukKa METO1a:

l)Touen;

2)00BEKTUBEH;

3)MOKHO TUTPOBATh MYTHBIE PACTBOPBHI;

4)MOKHO ONPEAENITh OJHOBPEMEHHO HECKOJILKO BEILIECTB;
5)MOKHO TUTPOBATh B aBTOMATHUECKOM PEKHUME.
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