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BBEJAEHHUE

Ananumuyeckana xumusa — 3TO0 HaAyKa 00 onpeaeileHUA XUMHUYe-
CKOI'0 COCTABA BEHIECTB M OTYACTU MX XMMHYECKOro cTpoeHus (30J10-
TOB 10.A.).

[To cBOMM HEIAM aHAIUTUYECKAss XUMHUS JCJIUTCS Ha JBa pa3jecna:
Ka4eCTBCHHBIM U KOJIMYECTBCHHbIN aHanu3. Llenb KaueCTBEeHHOT0 aHalin3a
— OOHapy)XEHHUE DPJIEMEHTOB HJM HMOHOB, BXOJSIIMX B COCTaB BEIICCTRA.
[lenpr0 KOTMYECTBEHHOTO aHAIN3A SIBJISIETCS ONPEACICHUE MacC UM KOH-
LIEHTPAIMi KOMIIOHEHTOB, COCTABJIAIOIIMX BEIIECTBO. sl pemeHus: 3Tux
3a/1a9 aHAJTUTAYECKAss XUMHUS TOJIB3YeTCS XMMUUECKUMH PEaKusIMu U (Pu-
3UMYECKMMH CBOMCTBaMH BelleCTB. IlodTOMy aHAIUTHUYECKYH) XHUMUIO
MOYXHO ONPEACIUTh KaK HAyKy O XHUMHYECKUX, (U3UKO-XUMHUUYECKHUX H
(bU3UYECKUX METOJIaX U3YUYCHHSI COCTaBa BEIIECTRA.

JlaHHOE M3/1aHuEe HE 3aMEHSIET PEKOMEHIyeMbIe 00s3aTeIbHbIC yueO-
HUKUA MO KYpCy, a JIMIIb SBJISIETCS HEOOXOAUMBIM JOTOJTHEHUEM K ATUM
ydyeOHuKaM. M3naHHble B MOCHEAHUE TOAbl YUYCOHUKU IO aHATUTHUYECKON
XUMHUM XOPOIIIO OTPAKAIOT COBPEMEHHOE COCTOSIHUE HAayKH, €€ POjb B 00-
IIeCTBE. YUEOHUKHU COJIepKaT MHOT'O Pa3HOOOpa3HBIX CBEJICHU, 00YCIIOB-
JICHHBIX, TMPEXKJIE BCEro, CIeMU(UKON aHATUTHYECKOW XHUMHH, HaXOs-
e csl Ha CTHIKE MHOTHX HayK, €€ CaMOOBITHOCTHIO KaK 00J1aCTH HAYYHOTO
3HAHMS, CBA3SAX C JPYTMMH HayKaMH U OTPOMHOM MPaKTUYECKON 3HAYUMO-
CTBIO B JKM3HU OOIIECTBA. AHAIMTHYECKAsT XUMHUS — 3TO HE MIPOCTO HayKa,
HaKaIuIMBaroIas U CUCTEMaTU3Upytoias 3Hanus. be3 apdexTuBHOrO MC-
MOJIb30BaHUS PE3YJbTATOB MCCIEAOBAHUM B 3TOM 00JaCTH HEBO3MOXKHO
(GYHKIMOHUPOBAHUE BEAYIIMX OTpaciiell MPOMBIIIJIEHHOCTH U CEJIBCKOTO
XO3SIUCTBA, CUCTEM OXPAaHBbl OKPYXKAIOIIEH CPeabl U 31paBOOXPAHEHUS,
00OPOHHOT'0 KOMIUIEKCA, KOCMUYECKUX HCCIICIOBAHUMN, a TAKXKE Pa3BUTHE
MHOTHX CMEKHBIX HayYHBIX 00JIacTeH.

N3naHue cocTaBiieHO B COOTBETCTBUH C MPOTpaMMOM Kypca «AHaIu-
TUYECKass XUMHS U (DU3NKO-XUMHUUYECKUE METOJIbl aHalin3a». B HeM coxep-
KaTCs pasliesibl, COOTBETCTBYIOIIME paboueil mporpamme, MO KOTOPHIM
MPEeIYCMOTPEHO PELICHWE KOHTPOJIBHBIX 3ajad. Kaxxapld U3 3TUX pa3ie-
JIOB BKJIIOYAET KPATKOE M3JI0KECHUE OCHOBHBIX TEOPETUUYECKHX BOIPOCOB,
CHCTEMATU3UPYIOIIUX CAMOCTOSTEIBHO U3YUYEHHBIN CTYJCHTOM MaTepHas
y4eOHHKAa M aKIEHTUPYIOIIUX €ro BHUMaHWE Ha Y3JIOBBIE MOMEHTHI pac-
CMaTpUBAEMOr0 pasjeia 1 €ro MoJIoKEHHUE B 00IIel CTPYKType AUCIIUTLIH-
Hbl. TakXe B WM3JaHUE BKJIIOYEH MaTepuajl, OTHOCAIIUKCS K pacCMOTpe-
HUIO TEOPETUUYECKUX OCHOB AHAJTUTHYECKOW XMMHUHU, KIACCUUECKUX METO-
JI0OB Kaue€CTBEHHOTO M KOJMYECTBEHHOTO aHaiIu3a U (U3UKO-XUMUUYECKUX
METOJIOB aHaJIM3a.



METOAUYECKHUE PEKOMEHJIAIIUHA 110 U3YYEHHUIO
JUCHUILIMHBI U 3AJIAHUS 111 KOHTPOJIBHOM PABOThI

Kypc «Ananutndeckas Xumus U GU3UKO-XUMUYECKHE METOJbl aHa-
JY3ay» U3y4yaeTcsl CTyAEHTaMH 3a04YHOr0 OTAeneHus MHcTuTyTa mumeBbix
MIPOU3BOJCTB B TPETHEM U UETBEPTOM CEMECTPaX.

[IpucTtynas Kk M3yd4eHHUIO Kypca, IeJIeco00pa3HO BHAadajie O3HAKO-
MHTBCSI C TIporpaMmoi. Jlaiee HEOOXOAUMO MEPEUTH K H3YUEHUIO OT-
JENbHBIX TEM MPOTPaMMBbl 110 YUYEOHUKY, PYKOBOJCTBYSICh JTaHHBIMU Me-
TOJIMYECKUMU peKOoMeHAanusIMu. [locine nu3ydeHus: Kaxxaou TEMbl HYKHO
OTBETUTH HA BOMIPOCHI JJIsI CAMOINPOBEPKH U PEIIUTHh TUIIOBBIE 3aJayH.
Tonapko mOCHE 3TOTO ClIEAyeT MEPEUTH K BBHIMTOJHEHUIO KOHTPOJbHOM
paloTHL.

3agaHus ISl CAaMOCTOSITEILHON PabOThl PacoIOKEHBI HEMOCPEICT-
BEHHO TIOCJIE€ METOAMYECKUX COBETOB, BOMPOCOB [JIsi CaMOIIPOBEPKHU IO
JAHHOW TEME W MPUMEPOB PEUICHUS] THUIIOBBIX 3ajiad. 3aJaHusi UMEIOT
CKBO3HYI0 Hymepanui. Kaxaplii CTyJIEHT BBINOJHSET 3aJlaHUE COTJIACHO
CBOEMY BapHaHTy, OINpEJeasieMOMY MO JABYM MOCHeTHUM Iudpam mmdpa
B 3a4E€THOU BEJOMOCTH.

[Ipu odopmieHun padbOThl HEOOXOAUMO TMOJHOCTHIO TMEPENUCATH
yCIIOBUE 3a/1auH, IPUBECTH €€ PEIICHUE U TEOpEeTUuYEeCKoe 0OOCHOBAHUE
MOJIy4eHHOTO pe3yibTata. Pabora oJbkHa OBITh aKKypaTHO odopmiie-
Ha. [[71s1 3amedanuil mpenogaBaTesss OCTaBISIOTCS Nojsi. B koHie pabdo-
Thl CJEAYET yKa3aTh MCIOJB3yEeMYIO0 JUTEpPaTypy, MOCTaBUTh CBOIO
MOJINUCh U JATy BBINOJHEHUS paboThl. BriloiiHEeHHass paboTa I0JHKHA
OBITH TIpe/ICTaBlIeHA HA Kadeapy XUMHUU JJISI IPOBEPKH.

[Ipy monydyeHur NMPOBEPEHHON KOHTPOJIHLHOW pabOThI HAJO0 BHUMA-
TEIIbHO O3HAKOMUTHCSI C 3aMEUYaHUSIMUA TPENoAaBaTesisi U CHENaTh COOT-
BETCTBYIOIIME JOMOJHEHUS W HUCHpaBiieHus. VcnpaBiaeHHbIE pPabOTHI
MPEACTABIISIIOTCS O WJIM BO BpeMsl claud 3K3aMeHa. Eciu He3auTeHHas
KOHTpOJIbHAsi padoTa BO3BpallleHa, TO MPH €€ J1I0padoTKe HE HAJ0 Meperu-
ChIBAaTh 3aHOBO YCJIOBUSI M TIPABUJIBHO pEIlICHHBIC 3a7aun. B 3TOM ciyuae
CeAyeT BhICIATh Ha MOBTOPHYIO PEIIEH3UIO ATy ke paboTy, B KOHIIE KOTO-
poil HEOOXOIUMO CJIeNIaTh JIOTOJHEHUSI U UCIIPABJICHUS B COOTBETCTBUU C
3aMEUYaHUsIMU PElICH3CHTA.



Bapuanmul koumponvhvix 3a0anuii
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1. TEOPETUYECKHE OCHOBBI AHAJIMTUYECKON XUMHUH
1.1. Xumn4eckoe paBHOBeCHEe B TOMOT€eHHBIX CHCTEMAX

[Ipn w3yyeHHM 3TOrO pasfena CTYIEHT NOJDKEH CaMOCTOSITEIIBHO
PacCMOTPETH CIEAYIOIINE TEOPETUIECKUE BOIIPOCHI:

1. CriocoObI BeIpaK€HHS KOHIIEHTPALIUU PACTBOPOB.

2. 3aKoH JIeUCTBUS Macc. XUMUYECKOE PaBHOBECHE.

3. Teopust 2NEKTPOIUTUUECKON UCCOIIUAITUY.

4. IIpoTonuTuyeckasi TEOpUs KUCIOT U OCHOBAHUM.

5. CunpHble 35eKTpoduThl. KodpduimeHT axkTUBHOCTH W HOHHAs
cua.

6. Juccounanusi Boabl. BogopoaHbiil M THAPOKCUIHBIN MTOKa3aTeIu
(pH u pOH).

/. BblunciieHre KOHIIEHTPAllMM MOHOB BOJOPOJia B BOJIHBIX PACTBO-
pax KHCIOT, COJIEU U OCHOBAHUM.

8. bydepHbie cUCTEMBI U X IPUMEHEHUE B XUMHUYECKOM aHAJIU3E.

9. I'maponus cosei.

Bonpocsl 1j1 caMonpoBepKHU

1. Yto Ha3bIBaeTCs CKOPOCThIO XMMUYECKOM peakiuuu? Yem oHa xa-
PAKTEPU3YETCS ¥ OT YETO 3aBUCHUT?

2. Kakyio KOHIIEHTpAllMIO BEIIECTBAa B PACTBOpPE HA3bIBAIOT PaBHO-
BECHOM?

3. JlelicTBreM Kakux (PaKTOpPOB MOKHO U3MEHUTH COCTOSTHUE PaBHO-
BECUs B pacTBOpe?

4. Ot kakux (pakTOpOB 3aBUCHUT KOHIICHTPAIIMOHHAS! KOHCTAHTA PaB-
HOBECHS U OT KAaKNX — TEPMOJANHAMUYECKAs?

5. Uto gBnsgeTcss OCHOBHOM e€IMHUIIEN KonuecTBa Belectsa B CU?

6. UTo Ha3bIBAIOT CTENEHBIO AUCCOLMAINU AekTpoauTa? [IpuBeaure
IIPUMEPBI CHIIBHBIX U CIA0BIX 3JIEKTPOJIUTOB.

7. Kakas cyiiecTByeT 3aBUCHMOCTb M€Ky KOHCTAaHTOM U CTEIECHBIO
JAUCCOIMAIMU cl1aboil KucnoThl? Beipa3zuTe ee MaTeMaTHYECKH.

8. Kakue BelecTBa Ha3bIBalOT KUCIOTAMHU U OCHOBAHUSIMU B TEOPHUHU
Appennyca u B teopuu bpencrena-Jloypu?

9. Kak cBsi3anbl MeXay cO00l KOHCTAHTHI KUCIOTHOM M OCHOBHOM
aucconuanun’?

10. Kak BnusieT g100aBjieHHE OJIHOMMEHHBIX MOHOB U MOCTOPOHHETO
AJIEKTPOJIUTA HA CTETIEHb U KOHCTAHTY JUCCOLMALUU CIa00i KUCTOTHI?



11. Yto Takoe ko3 HUITMEeHT aKTUBHOCTH U MOHHAS CHUJIa pacTBOpa?

12. Yrto xapakTepu3yeT BOJIOPOAHBIN moka3aTens pH?

13. Kak paccuutsiBaeTcs pH pa30aBieHHBIX pacTBOPOB CHUJIBHBIX U
c1a0bIX KUCTIOT U OCHOBAHUM?

14. Kakue pacTBOpHI Ha3bIBAIOTCS Oy PEepHBIMU?

15. Yrto Takoe OydepHas emkocTh? Uem oHa XapakTepuzyercs?

16. Ilo kakum popmynam paccuuthiBatoT pH OydepHbIX pacTBOpOB?

17. Uem oOBsICHSIETCA M3MEHEHHUE OKPACKU KUCIOTHO-OCHOBHBIX WH-
JTUKATOPOB?

18. Uto Takoe CTEIeHb THAPOJIN3a U KOHCTAHTa THIPOJIN3a COICH?

19. Hanuiure ypaBHEHUS THAPOJIU3a COJICH: CyJsib)aTa aMMOHWUS,
xjopuaa Meau, kapbonara Hatpus. [lokakuTe CTymeHYaThI XapakTep
TUPOJIN3A.

20. Kakue (hakTopbl OKa3bIBAIOT BIMSHUE HA THAPOIU3 COJICH?

1.1.1. PacTBOpHBI

Pacmeopor — 3mo zomozennvie cucmemol, cocmoaujue u3 06yx uiu
Oonee KOMNOHEHMOE.

PactBOp coctout u3 pacmeopennvix eewecme u pacmeopumes, TO
€CTh CpeJlbl, B KOTOPOM 3TH BELIECTBA PABHOMEPHO PACIIPEAEIIEHBI B BUJIE
MOJIEKYJI HJIA HOHOB.

[ maBHOM KOJMYECTBEHHOW XapaKTEPUCTUKOM KUAKOTO pacTBOpa SB-
JIA€TCS KOHYEHMPAyUs.

Konyenmpayus — smo omuocumenvHoe cooepiicanue pacmeopeHHo20
gewecmea 6 onpeoeneHHOM KOIU4ecmee pacmeopa uiu pacmeopumers.

Cnoco0bI BbIpaKeHU KOHLIEHTPAIUU PACTBOPOB

1. Maccosasa oonsa pacmeopennozo éewjecmea 6 pacmeope (npo-
UeHMHAA KOHUEHMPAayusa) noKa3vléaem, cKOAbKo ZpaAMMO8 PAcmeopeHt-
H020 eewecmea cooeprccumcs 6 100 2 pacmeopa.

C.% = Me=sa 1000
- |

p-pa

Hanpumep, ecnmu B 100 r pacTtBopa comepxkurcs 15 r xnopuaa Ha-
Tpusl, TO TakOi pacTBop HazbiBaeTcs 15 %-M (310 3Ha4ymuT, yTo B 100 I pac-
TBOpPA TAHHOW KOHIIEHTPALUU CONECPKHUTCA, TIOMUMO 15 T XJ0opuaa HaTpus,
enie 85 r BojbI).



2. Monapnasa Kkonyenmpauus noxkazvleaem, CKOJIbKo MoJieil pac-
3
meopennozo eeuiecmea cooepyicumces 6 1.1 (1 om™) pacmeopa.

Hanpumep, ecnu umeercst 2 M (2 Moib/1) pacTBOp (IBYMOJISIPHBIIM
PacTBOP) CEPHOM KUCIIOTHI, TO 3TO 3HAYUT, YTO B 1 JI JAaHHOTO pacTBOpa CO-
nepxkurcs 2 moias H,SO,4 (98 2=196 1).

3. Monapnaa konuenmpauyusa rkeueanenma (HOpMaaIbHOCHIL) NO-
Ka3vleaem, CKOJIbKO MOJleu IK6UBAIEHMA PACMEOPEHHO20 6eUieCmed co-
oeporcumces 6 1 .11 (1 om ) pacmeopa.

m

6—6d

’ MBB—G(J ) p—pa

Hampumep, ecimm nmeercst 1 H pacTBop (OMHOHOPMAJIBHBIM PacTBOP) cep-
HOW KHCIIOTBI, TO 3TO 3HAYMT, 4TO B | JI JAHHOTO pacTBOpa COAEPKUTCS 1 MOIb
sxBuBajenTa HySO, (98:2 = 49 ). BeipakaeTcst KOHLICHTpALIKS B MOJIb(9KB)/I1.

4, Tump — yucno 2 (uru m2) pacmeopennozo eeuwgecmea 6 1 ma (1 cm )
pacmeopa. m
T = —6=6a

VP‘P“

Hanpumep, ecru Tutp cepHoit kucnotsl paseH 0, 0049 r/mi, 310 03Ha-

YaeT, YTO KKl Mi1 3Toro pactBopa coaepkut 0,0049 r H,SO,.

TUTp 1 HOPMAIBHOCTb CBSI3aHBI MEK]Ty COOOM COOTHOIIEHUEM

_ T-1000
2 M9
TO €CTh HOpMaJIbHOCTB pacTBopa HySO,4 ¢ TrTpom 0,0049 r/mit paBHa
C = 0’00429' 1000 _ 0,1 MOJIB/IL.

Pemenue THIOBBIX 3a/1a4
[Tpumep 1. Paccunrate maccy NaCl, HeoOxomumyto aJis MPUTOTOB-
nenus 200 T 6 % pacTtBopa.
Pemenue. PacueT nmpoBoaum 1o popmyiie

C,% — me—ea

mP—Pa

Me-sa = (Mypas C) /100%; Myac1 = 12 2.



[Ipumep 2. Paccuutatrs maccy H,SO,4, HEOOXOAUMYIO JJISI IPUTOTOB-
nennst 500 v (em®) 2 M pactBopa.
Pemenune. Pacuet npoBoaum 1o hopmyie

m@-@a:CI\/I ) M@—@a ) Vp—pa ;

m H,SO,=0,5 - 2 - 98=98 2.

[Ipumep 3. Paccuurars Mmaccy H,SO,4, HCOOXOIUMYIO IS IPUTOTOB-
nennst 500 v (em°) 2 H pacTBopa.
Pemerne. Pacuer mpoBoaum 1o dopmyiie

C — me—sa

2

7
96-6a p—pa

m HZSO4 =052 -49=49 ..

[Ipumep 4. Paccuutarh MOJSIPHYIO KOHIICHTPAIlMIO JKBUBAJICHTA
(mopmanbsHOCTB) pactBopa Ca(OH),, Tutp xotoporo pasen 0,0037 r/mu.
Pemenue. Pacuet npoBoaum 1o ¢hopmyie

_ T-1000,
) M '

9

C

~0,0037-1000

C3
37

=01 yonw/n.

3ajaHud 1151 KOHTPOJBbHOU PadoThI

1. Paccunraiire maccy NaCl, neooxomumytro mist mpurotosienus 100 T
6 % pactBopa.

2. Paccuwuraiite Mmaccy NaCl, Heooxonumyro i mpurotoBieaus 200 T
5 % pacTBoOpa.

3. Paccuuraiite maccy NaCl, neooxomumyto st mpurorosienust 100 r
9 % pacTBOpa.

4. Paccumraiite maccy NaCl, neooxomumyro st mpurotoieHust 100 mi
0,1 M pactBopa.

5. Paccunraiite maccy NaCl, HeoOxoaumyro mis npurorosieHus 500
mia 1 M pacTBopa.



6. Paccuwnraiite Mmaccy HCI, neoOxomumyto st mpurorosiacHus 500
mi 1 M pactBopa.

/. Paccuuraiite maccy H,SO,4, HE0OOXOIUMYIO NJIS TPUTOTOBJICHUS
500 mu 1 M pactBopa.

8. Paccunraiite maccy H,SO,, HEOOX0MUMYIO SISl MPUTOTOBICHUS 1 11
1 N pactBopa.

9. Paccumnraiite maccy HCI, HeoOxoaumyro jist ipuroToBieHust 100 Mo
0,1 M pactBopa.

10. PaccuuraiiTe MOISPHYIO KOHIICHTPAIIMIO DKBHBaJIeHTa (HOP-
MaJbHOCTB) pacTtBopa H,SO,, TuTp KOoTOpOro pasen 0,0098 r/mu.

1.1.2. Teopus 3j1eKTPOJIUTHYECKON qucconmuanuu. CHJIbHbIE
3JIEKTPOIUTHI B pacTBopax. Teopus [dedasa-Xrokkest

Inekmponumuyeckaa ouccoyuauus — TPOIECC pacrajza MOJEKYI
BEILIECTBA HA HOHBI, MPOUCXOASIIUNA BCIEICTBUE 3JIEKTPOCTATUYECKOIO
B3aMMOJIEMCTBUS €T0 C MOJIIPHBIMU MOJIEKYJIAaMH PACTBOPUTEIIS.

BemiectBa, pacnanaromygecs B paCTBOpax WIM pacilylaBaX Ha HOHHBI,
Ha3bIBAIOTCS leKmponumamu. BelecTBa, KOTOpble B pacTBOpax HE pac-
MaJlal0TCAd HA MOHBI U JJIEKTPUUYECKUI TOK HE MPOBOJAT, HA3bIBAIOTCS He-
WIEKMPOAUMAMU.

Cmenens ouccoyuayuu — 3TO OTHOLIEHUE YKCIIA MOJIEKYN 3JIEKTpPO-
JIMTa, paclaBIIMXCcs Ha HOHBI (N), K o01eMy uncity Mosekyl B pactBope (N):

n
o =—
N

3HaueHUsT o MOTyT W3MeHAThcs B npenenax 0<o<l wm
0<a<100 %.

Bce 3ieKTponuThl 10 3HAUYCHHUIO ¢ MPUHSITO JEIUTh Ha CUIbHbLE
(0>0,3) u craowvie (0<0,03).

Koncmanma ouccoyuayuu — 370 KOHCTaHTAa XUMHUYECKOTO paBHOBE-
cus. Vcronb3yeTcst TOMBKO JJIs CJIa0bIX AJIEKTPOJIMTOB, TaK KaK OHH JIHC-
COIMUPYIOT YACTUYHO, MPOIECC OOpaTUMBbI U K HEMY NPUMEHHUM 3aKOH
JIIEUCTBUS Macc.

KoncranTa muccomuanuu ajisg CAa0bIX AJIEKTPOJUTOB MPH OIpese-
JICHHBIX YCIIOBUSX — BEJIMYMHA nocmosanHas (TpUL.).

JIs CHJIBHBIX DJIEKTPOJIMTOB KOHCTAHT JHUCCOITMAIIMM HET, TaK Kak
OHU JUCCOIUHUPYIOT MOJHOCTHIO.

Cna6sie anekTpoanThl. KoHCTaHTa qucconuanuu

AB, — aA™ + bB’,
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[A“T[B"T
[AB,]

H,SO3 <> 2H + SO47,

« _[HTIsoi ]
[HZSOS]

KoHIleHTpaliuu HMOHOB B pacTBOpax CJa0OBIX 3JIEKTPOJUTOB HEBE-
JIMKU, MOHBI HAXOJATCS HA OOJIHIIIOM PACCTOSIHUU JPYT OT JIPyTa, MOITOMY
NEUCTBUS JJIEKTPOCTATUYECKUX CHJI MEXIAY HOHAMM, KaK IPABUIO, HE
YUUTBHIBAIOTCA. (711 pacTBOPOB CUIIBHBIX 3JEKTPOJIMTOB XAPAKTEPHBI BbI-
COKHE KOHIICHTPAIIMHU TIPH HEOOBIITUX PACCTOSHUSIX MEXITY HOHAMHU.

Teopuro CUIIBHBIX 3JIEKTPOJUTOB NPEIIOXUIN B 1923 1. Hemeukuit
(GU3UK U XMMHK, OJIUH U3 OCHOBOIIOJOXHUKOB KBaHTOBOM xumuH, IleTep
Jlebaii 1 roiutanacKuil Gu3uK Ipux XIOKKEIb.

CornacHo 3TOW T€OpHUH, CHIIBHBIE SJIEKTPOIUTHI B BOJHBIX PAaCTBOPAX
MOJITHOCTHIO JIUCCOITMUPOBAaHbl (MOHU3UPOBAHBI), MOJIEKYJIbl B PacTBOpax
MIPAKTUYECKU OTCYTCTBYIOT, KOHIIEHTPALIMA HMOHOB BEJIMKH, MOHBI OKA3bI-
BalOT BIIMSIHHUE APYT HA Apyra. B pacTBope KaKablii HOH OKPYXEH NPOTH-
BOIOJIOXKHO 3apPSXKEHHBIMM YAaCTUIIAMUA — TaK HA3bIBAEMOW MOHHOM aTMo-
cepoii. BeneacTtBue 3eKTPOCTATHUECKUX CUJI YMEHBIIIAETCS CKOPOCTh
IBUKEHUSI HOHOB B PACTBOPE; OHA TEM MEHBIIE, YEM MEHBIIIE PACCTOSIHUE
MEKJ1y HOHAMH, TO €CTh YEM BBIIIE KOHIICHTPAIIUSL.

JI1st OlleHKU COCOOHOCTH MOHOB K XMMHUYECKUM B3aUMOJICUCTBUSIM
B PACTBOPAaX CHIbHBIX JJIEKTPOJIUTOB BBEIU MTOHITUE AKMUGHOCTNUL,

Axkmusnocms (3¢hexmuenas KoHYyeHmpayus, cO21aCHO KOmMOopou
UoOH Oelicmgyem 8 XUMUYECKUX pearyusix) SIBISIETCS MEpPON OTKIOHEHUS
CBOWCTB pE€aIbHOTO PACTBOPA OT UICAIBHOIO:

aj — fi'Ci
a =f"Cha=fC,
riae f — koadpuIeHT aKTHBHOCTH.

AKmusHoCmb UOHA PABHA NPOU3EEOCHUIO €20 KOHYEHMPAyuu Ha Ko-
agppuyuenm akmusrnocmu. CiaeaoBaTeabHO,

fi=al C,
TO €CTh KOd(P(HUIIMEHT aKTUBHOCTH — 3TO OTHOIIIEHUE aKTUBHOCTH HMOHA K
€ro KOHIICHTPAIIUHU.

KoadduimeHT akTUBHOCTH XapaKTepHU3yeT BIMUSHUE DJICKTPOCTATH-
YEeCKUX CHJI Ha CIIOCOOHOCTh MOHA K XUMHUYECKHUM B3anMoaeicTBUaIM. Ec-
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JIK €ro BEJIWYMHA MEHbIIE 1, TO 3TO O3HAYAET, YTO ABM)KEHHUE MOHA B pac-
TBOpE 3aMmeieHo. Ecii oH paBeH 1, TO MOH JEHUCTBYET B pACTBOPE CO-
IJIaCHO CBOEM JEHUCTBUTENBbHOM KOHIEHTpauu. B atoM cinydae a=C (pac-
TBOp HIealbHBIN). OQHAKO Takoe HAOIIOJAeTCs JHIIL B pacTBOpax clia-
OBIX DJIEKTPOJUTOB WM B OYCHBb Pa30aBICHHBIX PACTBOPAX CHUIIBHBIX AJICK-
TPOJUTOB, KOTJIA PACCTOSIHUS MEXJYy HMOHAMH PACTBOPEHHOTO BEIIECTBA
NOCTaTOYHO BEJIMKHU.

OOBIYHO NJIi CUJIBHBIX AJIEKTPOJIUTOB AKTUBHOCTH MOHOB 3aMETHO
OTJIMYAETCS OT WX KOHUEHTpauuu. [loaToMy mpu TOYHBIX pacyerax B
ypaBHEHMS 3aKOHA JICHCTBUS MACC JIOJKHbI BXOJUTh aKTUBHOCTH MOHOB, a
HE UX KOHILEHTPALMH.

KoadduimeHTsl akTUBHOCTH MOHOB 3aBUCSAT HE TOJIBKO OT KOHIICH-
TpallMy CUJIBHOTO 3JIEKTPOJIMTA, HO U OT KOHUEHTPAUK BCEX MOCTOPOH-
HUX HOHOB, MNPHUCYTCTBYIOIIUX B pactBope. ['mnbepr Heroton Jlbronc
(1907) BBea MOHSITHE UOHHOU CUIbL PACTBOPA DIICKTPOJIUTA.

Honnan cuna pacmeopa (1) — BenuunHa, sBISIOMANCT MEPOH DIICK-
TPOCTAaTAYECKOTO B3aUMOJICUCTBUS BCEX HOHOB B paCTBOPE, KOTOpasi paBHA
MOJIyCYMME TMPOU3BEICHUN MOJIsipHOUM KOoHILeHTpanuu (Cj) Kaxjaoro MoHa
Ha KBaJpaT €ro 3apsaa (Zi):

-2
| = 1/22 Cizi".
3Has MOHHYIO CHIIY, MOXHO JIETKO BBIYUCIUTH KOA((PHUITUEHTHI aK-
TUBHOCTH MOHOB.

lgs = -Az7 VI,

1
Igfi =-0,509-27-12
rae Z — 3apsan i-ro woHa; | — monHas cuia pactBopa; A — K03 PUITUEHT,
pacCUYMTaHHBIN TeOpeTHYecKu (Ipu 298°K u 101325 Ila B BogHOM pacTBo-
pe A=0,509). BrinonHseTcst B paz0aBiieHHbIX pacTBopax npu | <0,01.

bonee Touno JJI1 HCOPraHNYCCKHUX MOHOB.

N

lg, =-0,509-Z2- |

1

A+Z,-12)

DTO ypaBHEHME Ha3bIBACTCS ypaBHEHUEM /[eban-XoKkkens.
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Pemienne THIOBLIX 3a1a4
[MTpumep 1. B 0,1 M pacrtBope HC| akTMBHOCTH MOHOB BOJOpOJIA
paBHa 0,0814. Paccuutath KO3(pQUIIHMEHT aKTUBHOCTH.
Pemenne. Jlns pemenus Bocmonab3yemcs (popmyamu:
a; = f;C;;
fi: ai/ Ci.
Koaddumuent aktuHoCcTH paBeH 0,814,
[Tpumep 2. Paccuutats cpeauuii kodagdurueHt aktuBHoctu 111 0,1 M
pacTBOpa rUJPOKCHIa HATPHSI.
Pemenue. PaccunteiBaeM nOHHYIO CHITY 1O (popmyiie

| = %-ZQ .Z2,
| = %([Na*]zzw +[0H—]ZZOH)=%(0,1-12 +0,112)=0,1,

ITo dbopmyne Jlebas-Xrokkenst HaXoauM KOd(PHUITMEHT aKTUBHOCTH:

052, 2,1 _05 51 _
1+\/_ 1+\f_

f, =0,757.

[Tpumep 3. B pactBope conepxutcsa 0,1 mons/n H,SO4 1 0,1 monb/n
Al (SOy)s. PaccunTaTh HOHHYIO CHJTY PacTBOPA.

Pemenne. C y4eToM MOTHOW AUCCOLMALMY CUIIBHBIX JIEKTPOJIUTOB 1 11
pactBopa cogepxurt (0,1+0,3) mors SO, 0,2 mMoms H 1 0,2 moms Al

| =1/2Y Ciz)°
1=1/2-(0,4°4+02°1+0,2°9)=18.

_|g'|:ir = 0 120,

3anaHus 1J51 KOHTPOJbLHOM padoThI

11. Paccuuraiite cpeaHuii k03G(UIMEHT aKTUBHOCTH Hoaua Ha-
Tpus B 0,2 M pactBope.

12. Paccumraiite nonnyro cuiry B 0,1 M pacTBope rHIpoKcHia HaTpus.

13. Paccuuraiite cpenHuii Ko3QQUIMEHT aKTUBHOCTH THUAPOKCHUIA
Hatpus B 0,1 M pactBope.

14. Paccuuraiite noHHy10 cuiy B 0,2 M pacTBope Hoauaa HaTpusl.

15. Paccunraiite akTHBHOCTH HOHOB Bojtopoja B 0,1 M pacteope HCI.

16. Paccuuraiite cpeanuii Ko>(PUIMEHT aKTUBHOCTU XJIOpHUAA
kaneiusa B 0,1 M pactBope.
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17. Paccunraiite cpequuii Kod(pGUIIMEHT aKTUBHOCTH XJIOpHA aJfo-
munuA B 0,1 M pactBope.

18. Paccumraiite akTuBHOCTH MOHA Bojopoaa B 0,01 M pacteope HCI.

19. Paccuurante aktuBHOCTH MOHa Bojoponaa B 0,01 M pactBope
HCI B mpucyrcrum 0,05 M cynbshara HaTpusi.

20. Paccumraiite ko3¢ PuiineHT akTuBHOCTH Xjaopua-uoHa B 0,01 M
pacTBope xJjiopuaa oapusi.

1.1.3. MonHoe npousBeaenue Boabl. Bogopoanslii moxkaszareab PH

JIna 600vl u pazdaeneHHbIX 60OHBIX PACMEOPOE HPU HOCHOAHHOU
memnepamype npou3eeoeHue KOHUCHMpPAyuu UOH08 8000pP00a u 2UOPOKCUO-
UOHOB ecmb 8eTUYUHA NOCHOAHHAA.

Kw=[H'][OH]=10™".

Kw 3aBUCHUT OT TeMImepaTrypbl U BO3PACTAET C €€ YBEIIMUCHHUEM.

PacTBOpHI, B KOTOPBIX KoHIeHTparuy noHoB H™ u OH™ oamHAKOBEI,
HAa3bIBAIOTCSI HEUMPAAbHbIMU.

Ecin xonnentpanust H' 6ombmre, wem OH', — pacTBOp Kucawiii, TO
ects [H'] >10" mous/m.

Ecin xonnenTparnust H' mensine, uem OH', — pacTBOp ugenounoii, To
ects [H'] <107 mons/a.

Ecnu k HeliTpanbHOMY pacTBOpPY 1I00ABUThH KUCIOTHI CTOJIBKO, YTOOBI
€€ KOHILICHTpAaI1s CTajia, Hapumep, 10° MOJIB/JI, TO

[OH ]= 10"/ 10 = 10™ mouns/n.

AHaJOTUYHO MOKHO ONPEEIUTh KOHIIEHTPALNIO HOHOB BOJIOPO/Ia B
pacTBOpe, €ClIM M3BECTHA KOHIUEHTpalus TUAPOKCUI-uoHOB. Hampumep,
ecnu 700aBUTH K BOJE IIEJIOYM, YTOOBI €€ KOHIICHTpalus cTrajia 107
MOJIB/J, TO

[H]=10"/10" = 10™ mons/n.

KuciaoTHOCTh pacTBOpa MOXKHO M3MEPSITH C MOMOILBIO 8000POOHO20

nokazamens pH.
pH=-Ig[H'],

pH u3mensercs ot 0 1o 14.

Eciou pH paBen 7 — pactBop HelTpanbHbiil; pH < 7 — pacTBop Kuc-
ne1il; pH > 7 — pacTBOp MIETOYHOM.

J{ns1 paCTBOPOB LIENOYEW MOXKET IPUMEHATHCS TUAPOKCUIHBINA TTOKa-
3arens pOH.

pOH = - Ig[OH];
pH+pOH =14,
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Pacuer pH pacTBOpOB CHJIBHBIX MPOTOJMTOB IMPOBOJST, JOMYyCKas,
YTO UX MOJIEKYJIbI MPAKTUYECKH MOJTHOCTHIO TUCCOLMUPYIOT HA MOHBI, IO
dbopMynam:
IUTS1 CUJIBHBIX KUCJIOT

pH - -IgCKI/ICH = pCKHcm
JUISL CUJIBHBIX OCHOBaHHM
[OHT = Cocx
[H30™] =Kw/ [OH] = K/ Coex =10/ Coess -
umn pH =14 - pC,.,
pH =14 - pOH.

Pacuet pH pacTBOpOB ci1a0bIX MPOTOIUTOB MPOBOAST C YYETOM KOH-
CTAHT AUCCOIMALINY.

Jlnst c1aObIX KUCHOT:

1 1
pH= —-lg/K.,C, = EPHQ _EE.‘E}'C}(

J{ns1 crmabbIX OCHOBAHMIA:

pH=14-pOH = 14 — (=g KpCocx) ,

1 1
pH =14 — Epr +EEgCDCH .

Pemienne THIOBLBIX 3a1a4

[Ipumep 1. Paccunrate pH 0,01 M pacTBOpa XJ10pOBOIOPOIHON KH-
CJIOTHI.

Pemenue. Tak kak HCI sBisercs cunbHOM KHCIIOTOM, IS pacyeTa
pH Bocnonb3yeMcs hopmysnoit

[H+i| =Cpn =0,01 M,
pH=- Ig[H ] =- lg1-10?
pH = 2.

[Tpumep 2. Paccuurats pH 0,01 M pacTBOpa rugpokcuga HaTpus.
Pemenue. [1ockonbKy nMeeM pacTBOpP CHIIBHOI'O OCHOBAHUS, TO

[OH™ |=Cy =1-10°M,

N K, 110™ }
L }:[OH‘} EEET R
pH = 12.
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[Togo0HBIE pacueThl MOKHO MPOBOJIUTH JIMIIIL B TOM CJIydae, €CJIU B
pacTBOpe HET JPYTHX HCTOYHUKOB MPOTOHOB WJIM UMU MOXKHO MPEHEO-
peub. Tak, mpoToHaMu, 00pa3yIOMIUMHUCS MIPU TUCCOIUAIIMKI BOAbI, MOKHO
npeHeOpeyb B CPABHUTENIBHO KOHIIEHTPUPOBAHHBIX PACTBOpPAX KHUCIOT

(C>1-10"M), npu MeHbliIeii ke KOHIEHTPALHH KUCIOTHI JUCCOLUALINIO
BOJIbI CJICAYET YUYUTHIBATh. AHAJIOTUYHBIE PACCYXKICHUS HCIOJIb3YIOT MPU
BbIyuciaeHur pH pacTBOpoB OCHOBaHUH.
[Tpumep 3. Paccuurars pH 0,1 M pacTBOpa yKCyCHOM KUCHOTHI.
Pemenue. Ilockonbky crenens aucconuanuu 0,1 M pactBopa maia,
TO MOXHO CYUTATh, UTO

[CH,COOH] = Cy, coon =0,10M | torsa

[H+] = \/KaCchOOH .CCHSCOOH = \jl, 75-10°-1,0-10™" =1,32-10°M ’
pH = 2,88.

[Tpumep 4. Paccuurtars pH 0,1 M pacTBopa ruipokcuia aMMOHUS.
Pemenne. Crenens guccormaruu 0,1 M pactsopa NH,OH mana, sro
ci1aboe OCHOBaHHE, CJICA0BATEIIHFHO

[NH,0OH]=Cy,.0n =10-10"M,

-14
|:H+:|: KW — 1100 10 :7,52'10_12M ’
JK won Cron /1.76:10°-1,0-10°
pH=11,12.

3aganud 115 KOHTPOJbHOU PadOThI
21-30. PaccuuTaiite pH B BOIHBIX pacTBOpax.

21. 0,02 M pacTBOp YKCYCHOM KHCIIOTHI, pKCHSCOOH =4,75,

22. 0,1 M pactop HCI.
23. 10 M pacreop HCI.
24. 10 M pacrsop HCI.
25. 0,1 M pacteop KOH.
26. 10" M pacreop KOH.
27.10*M pacrsop NaOH.

28. 0,2 M pactsop ruapokcuaa ammonusi, PKyy oq =4,76.
29. 0,01 M pactBOp ruipokcuga aMMOHHS, PKH JOH — 4,76

30. 0,01 M pactBop MypaBbuHO#f kncioTe, PKycoon =3, 79.
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1.1.4. By¢depHble pacTBOPBI

Bo MHOTHX clydasx aHAIMTHIECKHE PEAKIIMH TIPOBOISTCS MPHU OIpe-
neneHHoM 3HaueHuu pH pactBopa. s cozmanus cpenbl ¢ OnpeaeIeHHBIM
3HaueHneM pH w miia mojjepskaHusl €ro HeM3MEHHBIM BO BPEMs MPOXOXK-
JICHUSI PEAKIIUU UCTIONB3YIOT Oy(epHbIe paCTBOPHI.

Bygepnvimu pacmeopamu nazviearomcsa maxue pacmeopul, 6 Ko-
mMopuvlX KOHUeHmpauus uonose 60oopooa (pH) ne usmensemca npu ux
pa3zoasenenuu, a makyce npu 000a61eHUU K HUM HeDONbUWIUX KOTUYUeCmE
KUC/IOMbl UTU WieI0UU.

bygepnas cucmema, xak NpaBUIIO, TPEACTABISIET COOOH COIps-
KEHHYIO Tapy.

Kucnomno-ocnosmnwvie (npomorumuuecxkue) 6ygheprvie cucmemoi.

1) cnmabas kucnota u ee coib (CH3;COOH + CH3;COQ) — kucmoTHas;

2) cmaboe ocrosanue u ero comb (NH; + NH, ") — ocHOBHas;

3) unauBuAyanbHble xumuueckue coequneHus (KH,PO,+ KoHPO,) —
KUCJIOTHAS;

4) uHIUBUAYAJIbHASI COJIb, B BOJJHOM PacTBOpPE KOTOPOH oOpaszyercs
conpspkerHas napa Na,B,0;,10H,0 (Oypa).

Kucnomuas OydepHas cucrema COAEPKUT CIabYI0 KUCIOTY (IOHOP
MpPOTOHA) M COJb d3TOM KuciaoTel (akmentop mpotoHa): CH3COO,
CH3COOH, HCOg_, H2C03.

OcHoenvimu Oy(depHBIMU PacTBOPAMHM HA3BIBAIOT PACTBOPHI, CO-
aepkanme ciaadoe OCHOBaHHE (AKUENTOp MPOTOHA) U COJIb 3TOr0 OCHOBA-
HUS (DOHOp MPOTOHA), HAMpUMEp, aMMHA4YHbI Oy(epHbIl pacTBOp:
NH,OH u NH,CI.

pH OydepHoro pactBopa JErko paccuuTarh, €CJIM U3BECTHA KOHIICH-
Tpaiusi 000UX KOMITIOHEHTOB.

pH kucnotHoro 6ydepHOro pacTBopa pacCUMTHIBAIOT 1O (PopmyIie

pH — pKa _ Ig CK—mbl

Jlnst pacuera pH ocHOBHOTO Oy(hepHOro pacTBopa UCHOJBL3YIOT (hOPMYITY

pH =14—- pK, +|g% '
Pemenne THNOBBIX 32124

[Ipumep 1. Paccumtats pH OydepHOro pactBopa, COCTOSIIETO W3
0,10 M ykcycHoi kucnotsl 1 0,10 M arerara nHatpus.

Pemienune. Tak kak Mbl UMEEM JEJIO C KUCIOTHBIM OydepHBbIM pac-
TBOPOM, pacyeT MpOoBOAUM MO popMmyie
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C
pH — pKa _ Ig K—mbl ;

pH = -1g1,7510" + Ig(0,1/0,1) = -(-5+0,24) + 0 = 4,76.

IIpumep 2. Paccuurars pH OydepHoro pactBopa, COCTOSIIErO M3
0,10 M ykcycnou kucnotel 1 0,01 M anerara narpus.

Pemenue. Jlns pacuera pH kuciaotHoro 0ydepHoro pacrsopa BocC-
1oJb3yeMcs (popmynoi

C
pH:pR'a _ Ig K—mbl ;

pH = -Ig1,7510°+ Ig (0,01/0,1) = 4,76 +Ig 0,1= 4,76 - 1 = 3,76.

[Ipumep 3. Paccuurars pH OydepHoro pactBopa, COCTOSIIETO U3
0,10 M ammuaka u 0,20 M xmopujia aMMOHMS.
Pemenue. Jlns pacuera pH ocHoBHOTO Oy(hepHOro pacTBOpa UCIOJIb-

3yeM hopMyity C
pH =14—- pK, +|gC—O :

1
c

H=14 - pKy(NHyH;0) + lga2s
pr= - Pp b( 3112 ) g[NH;]’

pH = 14 +1g1,76'10°° + 1g(0,1/0,2) = 14 +(-5+0,245) - 0,301 = 8,95.

3agaHus 1J151 KOHTPOJbHOM padoThI

31-40. OObsicHUTE HA HIDKENPUBEACHHBIX MpUMEpax, moyemy Oy-
(dbepHbIe pacTBOPHI HE3HAUUTEIHHO M3MEHSIOT KOHIIEHTPAIIUIO HOHOB BO-
I0poJia Mpu 100aBJICHUU K HUM HEOOJBIINX KOJWYECTB CHUIIbHBIX KUCIOT
WM 1enodert. Hanummre ypaBHEHUS peakiiuii 1 oObsICHUTE, 00pa3oBaHue
KaKUX MPOJAYKTOB OINpEIEIIIeT HAllpaBJICHUE PEAKITUH.

Onpenennure KOHLEHTPALMIO HOHOB Bojopoaa u pH OydepHoro pac-
TBOpa YKa3aHHOTO HUXE COCTaBa.

31.0,1M NH,OH u 0,1 M NH,CI,

32.0,1M CH,COOHu 0,2 M CH,COONa.

33.0,1 M HCOOH u 0,1 M HCOONa.

34.0,1 M NaHCO, u 0,1 M Na,CO,.

35.1M NH,OH 1 0,1 M NH,CI.
36.0,1 M CH,COOH u 1 M CH,COONa.
37.0,1 M NaH,PO, u 0,01 M Na,HPO,.
38.1 M HCOOH 1 0,1 M HCOONa.
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39.0,1 M KH,PO, u 0,1 M K,HPO,.
40.0,1 M NaHCO, u 1 M Na,CO,.

1.1.5. I'mapoJu3 coJei

OnbIT TOKa3bIBAET, YTO PACTBOPHI COJIEU UMEIOT KUCIYIO, IIEITOYHYIO
WJIA HEUTPAJBbHYIO CPENY, XOTS B CBOEM COCTaBE COJIA HE COJIEpKAaT HHU BO-
JOPOAHBIX, HU TUAPOKCUA-UOHOB. OOBSACHSIETCS 3TO B3aUMOJICUCTBUEM CO-
JIEW C BOJIOM.

Peakyuu eé3aumoodeiicmeus coneil ¢ 6000il, npugooauue K 00paso-
6anulo ciavozo nekmpoauma u usmenenuro pH pacmeopa, nazviearom
peakyuamu 2uopoausa.

[upponus — 9TO0 XUMHYECKas peakids MOHHOIO OOMEHa MEXIy
BOJIOM U pacTBOPEHHBIM B HEMl BEMIECTBOM C 0OpPa30BaHUEM CIIa0OT0 3JIEK-
TPOJIUTA.

Bce conu nmo crnmocoOHOCTH K THUAPOIN3Y MOXKHO pa3eiauTh Ha YEThI-
pe Tua.

1. Conu, obpazosannvie KAMUOHOM CUSILHO20 OCHOBAHUA U AHUO-
Hom cunvnou kucanomsl. Hanpumep, LiBr, K,SO, NaClO, BacCl,,
Ca(NOs), ruaponusy He moasepratotrcs (pH=7).

2. Conu cnabozo 0CHOGAHUA U CUIbHOU KUCTOMBbL TUIPOIU3YIOTCS
0 KaTUOHY:

NH4C| + HZO > NH4OH + HCI.

B nonHoit ¢popme:

NH4+ + H20 > NH4OH + H+ .

[Ipu rugposin3e 1Mo KaTUOHY peakius pacTBopa kucias pH<7.

['uaponus coneil, 00pa30BaHHBIX MHOTOBAJIEHTHBIM KaTHUOHOM, MPO-
TEKaeT CTYINeHYaTo, Yepe3 CTaaun 00pa3oBaHNs OCHOBHBIX COJICH:

1-s cTyleHb:

AI(N03)3 + H20 > Al(OH)(NOg)z + HN03
AP + H,0 & [AI(OH)]"" + H" .

2-51 CTyTICHb.
AI(OH)(NO3)2 + HQO > Al(OH)z(NOg) + HN03
[AI(OH)]** + H,0 < [AI(OH),]" + H" .
3-4 CTYIICHbD:
AI(OH)z(NOQ,) + H20 > Al(OH)g + HN03
[AI(OH)2]+ + HZO > AI(OH)g + H+.
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['maponu3 npoTeKaeT JOCTATOYHO CUJIBHO IO MEPBOM CTYNEHH, Clia-
00 — Mo BTOPO#, COBCEM €1a00 — MO TPETHEH CTYIECHH.

bonee mosHOMY rHApOIU3Yy CIOCOOCTBYET pa3daBiieHHE pacTBOpa U
MOBBIIICHUE TEMIIEPATYPHI.

3. Conu, ob6pazosanuvle CUNbHBIM OCHOBAHUEM U CAADOU KUCTO-
moil, TUAPOJIU3YIOTCS IO AHUOHY:

CH3COOK + H,0O <« CH3COOH + KOH.

B nonnoit hopme:

CH3COO + H,0 « CH3COOH +OH
pH>7.

Com MHOTOOCHOBHBIX KHCJIOT THAPOIU3YIOTCS CTyneH4yaTo (¢ oopa-
30BaHMEM KHCIIBIX COJICH):

1-s cTyneHb:

K2C03 + HZO > KHCOg + KOH
CO?;3 + H,0 «<» HCO3 + OH".

2-51 CTyTICHb.

KHC03 + HZO > H2C03+ KOH
HCO;3; + H,O « H,CO3 + OH" .

[lepBast cTyneHb TUAPOJINA3a MPOTEKAET JOCTATOYHO CHIIBHO, & BTO-
past cimabo, o yem cBUAETEILCTBYeT pH pacTtBopa xapOoHaTa W THAPO-
KapOoHaTa Kajaus (JIUIIb MMPU CHJIBHOM pa30aBJICHMM W HAarpeBaHUU ClIe-
IyEeT YUUTHIBATh TUIPOJIN3 00pa3yIOIIEHCs KUCIION COJN).

4. Conu, o6pazosannsvle c1adblmM OCHOBAHUEM U C1AOOI KUCIOMOIL,
TUAPOJIU3YIOTCS U TI0 KaTHOHY, U IO aHUOHY:

CH3COONH, + H,0 < CH3COOH + NH,OH,

WJIM B MOHHOU opMme:
CH3COO- + NH4+ + HZO > CH3COOH + NH4OH

['maponu3 Takux CoJel MPOTEKAET OUYEHb CHMIIbHO. Cpena pacTBopa B
ATOM CJIydyae 3aBUCHUT OT CPABHUTEIBLHOW CHUJIBI OCHOBAaHUS U KHCJOTHI.
Ecnmu K, (ocHoBanus) > K, (kucnotsr), To pH > 7; ecnmu KB < K,, To pH< 7.

Pacuer pH ruapoamnsywomuxcs coJiei
1. 'uaponu3 no aHUOHY

pH= 7+ %2 pKer + 7219Cc0m -
2. I'maposn3 no KaTuoHy:
pH =7-% pKOCH - 72 IchonH .
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3. I'uaponu3 1o KaTUOHY U aHUOHY:

pH =T+ 1/2 pKa(KI/ICJ'I) - l/szb(OCH) .

PemieHue TUIIOBBIX 32124
[Ipumep 1. Paccuurars pH 0,1 M pactBopa cynbbuaa HaTpus.
Pemerane. Conbp oOpa3oBaHa ci1aboil KHUCIOTOW M CHIIBHBIM OCHOBA-
HUEM. [ UAPOIU3 110 AaHUOHY.
Na,S + H,O <« NaHS + NaOH;
K, =1,1107; pK'= 6,96;
K,'=110"; pK'= 14.
pH= 7+ % pKgen + Y2 19Cc0m = 7+7+Y2190,1= 13,5.

[Ipumep 2. Paccuurars pH 0,1 M pacTBOpa xmopuaa aMMOHMUS.
Pemenue. Conb 00pa3zoBaHa CHIIBHOM KHCIOTON U ci1abbIM OCHOBa-
HUeM. [ uaponus no KaTuoHy.

NH4C| +H,0 < NH3H,0 + HCI;
Kp =1,8107; pK = 4,75:
pH= 7 - 7 pKoew - 72 19Ccom = 7-2,38 — /2 19g0,1=5,12.
[Tpumep 3. Paccuntats pH 0,01 M Bomnoro pactBopa CH3COONH,.

Pemenune. Conb oOpa3zoBaHa cnaboil KUCIOTON U c1aOblM OCHOBaHMU-
eM. ['uaponu3 u 1o KaTUOHY, U IO AHUOHY .

CH3COONH4 + HZO > CH3COOH + NH4OH

pH =~T+% pKa(KI/ICH) - l/szb(OCH)'
pK(CH3;COOH)=4,76; pK(NH) =4,75.
pH=7+2,38-2,38=7,0.

3ajaHud 1)1 KOHTPOJbHOU PadOThI
41-50. VkaxuTe, Kakue U3 MPUBEACHHBIX HI)KE COCIUHEHHI B BO/I-
HOM PacTBOPE MOABEPraroTCs ruapoan3y. Hanummure ypaBHEHHS peakuii
TUAPOJIN3a U YKAXKUTE CPely pacTBopa. YKaKUTE CIOCOOBI YCHICHUS U
MOJABJICHUS TUAPOJIN3A 3TUX BEIIECTB.
Paccuuraiite pH 0,01 M pacTBOpOB cojiel, yKa3aHHBIX 3HAKOM *,
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41. K, S* 42. FeCl,

Pb(NQO,), (NH,),CO,*
NaCl. KNO,,

43. Fe(CH,COO0), 44. Na,CO,*
BaCl, ShCl,

KCN*, K,SO,.

45. (NH,),CO,* 46. (NH,),S*
KBr Na,SO,
CrCl, CH,COOK ,

47. SbCI, 48. Al(CH,COO0),
KCL NH,Cl*
CH,COONH, * . NaNO, .

49. SnCl, 50. BICl,

Na,S * NaBr
K,SO, CH;COONa*.

1.2. XuMu4eckoe paBHOBecHe B FeTePOreHHbIX CHCTEMAaX

[Ipn u3ydyeHum 3TOro pasznena HeOOXOIMMO CaMOCTOSITEIBHO pac-
CMOTPETH BOIPOCHI:
IIponsBeneHne pacTBOPUMOCTH.
PacTBOpHMOCTH MAJIOPACTBOPUMBIX COCIMHECHUN.
Bnusinue paznndabix (pakToOpoB Ha paCTBOPUMOCTb.
YcnoBust 00pa3oBaHus U paCTBOPEHUS OCAJIKOB.
Coocaxnenue.
Komtonnaeie pacTBOpHI.

SogbhwhE
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Bonpocel 11 caMonpoBepKHU

1. [IpuBeauTe BHIBOJ NPOU3BEACHUS PACTBOPUMOCTH.

2. UTo Ha3bIBaeTCs TEPMOJAMHAMUYECKUM IMPOU3BEIACHUEM PaCTBO-
pumocTtu? OT Kakux (akKTOpPOB OHO 3aBUCHUT?

3. Uto Ha3bpIBaeTCs YCIOBHBIM MPOU3BEACHUEM pacTBOpUMOCTH? OT
KakuX (pakTOpOB 3aBUCUT €ro BEJIUYHHA?

4. ChopmynupyiTe yclioBusl 00pa30BaHUs U PACTBOPEHUS OCATKOB.

5. Kak BnuseT Temrieparypa Ha paCTBOPUMOCTb Ocajika?

6. Kak BiausieT 0JJTHOMMEHHBIN HOH Ha PaCTBOPUMOCTH OcajiKa?

/. Ilouemy TpH BBIJICTICHUU OCaJIKa CJeayeT u3beratb OOJIBIIOTO U3-
ObITKa OcanuTens?

8. Kak BIUAIOT 3JEKTPOJUTHI Ha PACTBOPUMOCTD Ocajika?

9. Kak BIHSIIOT KOHKYPUPYIOIIME PEAKIIMN HA PACTBOPUMOCTB OCaIKa?

10. Kak paccunTaTh KOHCTAHTY PaBHOBECHSI PEAKLIHUH PACTBOPEHUS
MaJIOPACTBOPUMOTO COCAUHECHUA?

11. Kak BausieT nmpupoaa pacTBOPUTEIS HA pACTBOPUMOCTh MAJIOpAC-
TBOPUMBIX COCTMHECHUM?

12. Kak BiausieT KOMIIJIEKCOOOpa30BaHUE HA PACTBOPUMOCTH?

13. YUto Ha3BIBAIOT aJICOPOITMEH, OKKITFO3HEH, H30MOP(MHBIM COOCaXK-
NEHUEM?

14. Yto Ha3bIBAIOT KOJUIOWJHBIM PACTBOPOM, KOATyJsAIUEH, MENTH-
3anuen?

IIpousBenenue pacTBOPUMOCTH

Ecnu manopacTBOpuMOE BEHIECTBO NOTPY3UTh B BOAY, TO MEXIY
TBEPIOM (Pa30il U HACHIIIEHHBIM PACTBOPOM ATOTO BEIIECTBA YCTAHABIIMBA-
€TCsl AMHAMUAYECKOE PABHOBECHE, HAIIPUMED:

AJCl ) < Ag" +ClI .

[IpuMeHsis K 3TOMY YPaBHEHHUIO 3aKOH JIEMCTBHS Macc, MOJyYUM BbI-

pa’keHue JJI1 KOHCTAHThl paBHOBECUS:

SR M % (< LIPS
T Qe [AgCl] Fagci

rie [Ag'] n [Cl] — paBHOBECHBIEe KOHIIEHTPAIIMM HOHOB B MOMEHT HACTYTI-
JICHUSI PABHOBECHUSI MEXKIY PACTBOPOM U OCAJKOM HEPACTBOPEHHOW COJIH,
TO €CTh B HACBHIIIIEHHOM PacTBOPE.

KonueHTpanus TBEpAOro BENIECTBA B KOHCTAHTE HE YYMUTHIBACTCS.
Torma

|
KpaeHaA9C| = a.Ag.+ a.CI_
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KST — KOHCTaHTa, KOTOpas HOCUT HAa3BAHUE TEPMOJMHAMHUYECKOIO
npousBeqieHus pacteopumoctu (I11P).

B o01uiem Buje J1st paBHOBECHS

MXAY(TB) o xM”" + yAX+ ;
MP' = ajjay = [MITA] fii /i

Takum oOpazom, mpouU3BEICHUE AaKTUBHOCTH MOHOB B HACHIIIEHHOM
pacTBOpE, BO3BEACHHBIX B COOTBETCTBYIOIIUE CTEICHU, MPEICTABIISIET CO-
001 BeTMYMHY TTOCTOSIHHYIO TIPU JaHHOU TeMIepaType.

Ilpouseeoenuem pacmeopumocmu (IIP) nazvieaemcs npou3seede-
HUue KOoHuenmpauyuu (AKMUGHOCMU) UOHO8 MAOPACHIEOPUMO20 INEK-
mpoauma 6 e20 HacblueHHOM Pacmeope.

[IP 3aBHCHUT OT TeMIeparypbl, C MOBBIIICHUEM TEMIEPATypbl OHO
BO3PaCTAET.

KoHueHTpalnOHHOE 3HaY€HUE NMPOU3BENCHUS PACTBOPUMOCTH:

IIPC = [MJ[A]Y = TIP" / f\,FY .

Ecnu pacTBoprMOCTh Ocajika Mania, KOHIIEHTpalus MOHOB HE3HAUM-
tenbHa, f—1, Torna:

[IPC~ IIP" = [M]'[A] .

3nas [1P, MOKHO omnpeaeIuTh paCTBOPUMOCTD 0CajKka U HA0OOPOT.

Pacmeopumocmsv S — KOHIEGHTpAIUMs KOMIIOHEHTA B HACHIIICHHOM
pacTBOPE MPHU ONPEACIEHHON TEMIIEPATYPE U JABIICHUMU.

Hacwvtuennwtit pacmeop — pacTBOp, HaXOISIIUNACST B JUHAMAYECKOM
PaBHOBECHUH C PACTBOPEHHBIM BEILIECTBOM.

3uas IIP, Mod#cHo npeosudemsp 603MOHCHOCHb NEPEXOOA MO20 U UHO-
20 ewecmea 6 0CadoK u, Ha0POPoOm, 603MOHCHOCHL PACMEOPEHUA OCAOKA.

Hamnpumep, B oOiieM Buae NPOU3BEICHHUE KOHIEHTpAMid MOHOB B
pactBope 111 AGCl MoxkHO 3amucaTh Kak

IIK = CM(Ag+)CM(CI_)

Korma IIK pasen IIP — pactBop Haceimenusii; [IK<IIP — pactBop
HEHACBHIIICHHBIN, ocanok He oOpasyercs; [IK>IIP — pactBop mepeHachl-
IIEHHBIHN, 0CaJI0K 00pa3zyeTcs.

Ycnoeue oopazosanun ocaoka — IHK>IIP.

Pemienne TMIIOBBIX 337124
[Tpumep 1. ITpu 25°C TP pgc1 = 1,8-10™. Haittu pactBopumocts AgClI.
Pemenue.
AgCl,, — Ag" + CI’
[Pagci = [Ag'] [CIT

ITpu pactBopennn AQCl B pacTBOp mepexoauT paBHOE KOJIMYECTBO
noHoB Ag* u CI7, cienosarensso, [Ag*] = [CI7] = S. ITPagc) = S
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S=VIIP = \/1,8 1071 =1.3310° monn/.

B Tex ciywasx, Korma 3JeKTPOJUT COACPKUT 2 Wik 0osee OJuHaKO-
BbIX MOHOB, IIPU BhIuKCIeHUU [IP UX KOHIEHTpAIMK TOKHBI OBITH BO3BE-
JCHBI B COOTBeTCTBYIOIIME crenenn. Hampumep, mis PblL,ITP=[Pb]-[I]>. B
ATOM CJIy4ae B paCTBOP HNEPEXOAUT OJWH MOH Pb* 1 2 wona I, KOHLIEHTpa-
s |- B 2 pasa 6onbmie. [TP = S (2S)? .

B o01em Buze:

1P, o

IMpumep 2. IIpu 25°C IIP xpomara cepebpa cCOCTaBIACT 1,110
Haiitu pactBopumocts Ag,CrO,.

Pemenue. [Ipu pactBopennn kaxaoro moist Ag,CrO, B pactBop me-
PEXOIUT OAMH MOJIb HOHOB CrO42' U JIBa MOJISI MOHOB Ag+.

Ag,CrO, « 2Ag* + CrO,* ;
TP = [Ag']? [CrO,*] = (2S)* S = 4S° ;

S=3/TIP/(2%.1) = Il““_ =6,510°M .

[Tpumep 3. PacTBOprUMOCTB I\/Ig(OH)2 npu 18°C pasna 1,7-10* mons/i.
Hatitu ITP Mg(OH), tipu s10it Temneparype.

Pemrenue. Ipu pactBopennu kaxaoro moiast Mg(OH), B pacTop 1e-
PEXOAMT OMH MOJIb HOHOB M@?* 1 n1Ba Mot monoB OH~. CrienoBatelbHO,
B HACBHIIIICHHOM PACTBOPE THIPOKCHIA MarHHs

[Mg?*] = 1,7-10"* momnb/1;
[OH] = 3,4 -10™* momB/m.
[P = [Mg>*] [OH 2= 1,7-10"*- (3,4 -10%)* = 1,96-10*".

[Tpumep 4. O6pazyercs i ocamok AGCI, ecu:

a) Cu(Ag*) = Cu(CI7) = 10° mons/x;

6) Cm(Ag*) = 10° moms/i1, Cy(CI) = 5-10* monb/1?
a) MK pgc) = 10° 10 =107

ITPpgci = 1,8 10%

[TK<IIP — OC&I[OK HE o6pasyeTcs1

6) MKagei = 10°-5-10* = 5-10",
[TK>TIP — ocaymok ob6pasyercs.
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3aI[aHI/IH IJIS KOHTpOJII)HOI/I padoThI

51. Ilpu 25 °Cc I1Pgacr04=1,2- 10", Paccuwuraiite PacTBOPUMOCTH
BaCrO,4 (Monw/m) mpu 3TOM TeMIIepaType.

52. Paccuutaiite KOHI_IeHTpaHI/HO I/IOHOB cepedpa B HACHIILIEHHOM
pacteope AdI (MOJIB/H) npu 25°C. TIpu 25°C TPy = 8,3 - 10 7

53. Ilpu 25 °’C pactBopumocts BaCrO,4 pasna 1,1-10° (MOJIB/JI) Pac-
cuntante [1Pg,cr04 TpH 3TOM TEMIIEPATYPE.

54. TlpousBeneHue pacTBOPUMOCTH cyiib(daTa Oapus mpu 25 °’C paB-
10 ITPgasos = 1,1-10™°. Paccunraiite pactBopumocts BaSO, (mos/im) mpu
ATOM Temmeparype.

55. Tlpu 25 °Cc [TPg,c03=4,0-10 10 Bpuucnure PacTBOPUMOCTD
BaCOj3; (monw/n) Iy JTAHHOU TEMIIEpaType.

56. IIpu 25 °C ITPc.s504=2,5- 10”. Borumciure pactBopuMocTh CaSOy,
(MOJIB/JT) TIpH DTOU TeMIepaType.

S57. Ilpu 25 °Cc ITPreco3=3,5 10 " Bouuncnure PacTBOPUMOCTD
FeCO3 (Mob/1) pu 3TOM TEMIEepaType.

58. Ilpu 25°C ITPagc1 = 1,8 .10 OO6pazyetcst 11 0CaJIoK AQCI | ecrn
k 0,1 M pactsopy AGNO; npubasuts pasusiii 06sem 0,1 M pactsopa KCI?

59. Bemaget 1 ocamok CaSO,, ecmm k 0,001 M pactBopy CaCI2 10~
O0aBHUTb PaBHBIN 06’beM 0,01 M paCTBopa HZSO47 ITPc,504 = 2,5 - 10™.

60. IIpu 25 °Cc ITPgacros = 1,2 10" . Bemaner nu ocanox Ipu CMe-
mwuBaHuA paBHBIX 006eMOB 0,01 M pactBopos BaCl, u K,CrO,?
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2. KAUECTBEHHBINU AHAJIN3

JI1s BBITIOJIHEHHUS ATOM 4YacTU KOHTPOJBHON pabOThl HEOOXOIUMO
U3YYUTh OCOOCHHOCTH AaHAIMTHYECKUX PEAKIHUA U CIIOCOOBI UX BBITIOTHE-
HUA, TpeOOBaHUs, MPEAbABIsAEMble K aHATUTHYECKUM peakuusm. Camo-
CTOSITENIbHO U3YYHUTE€ OCOOCHHOCTHU JAPOOHOTO U CUCTEMATUYECKOTO aHAIU-
3a, KJacCU(UKAIUU MOHOB U KaY€CTBEHHBIE PEAKIIMU ISl KaKJI0T0 HOHA U
MCIIOJIb30BAHUE WX JJIsl aHAJM3a BEIIECTBA HEU3BECTHOTO COCTABa, a TAKXKE
CIIOCOOBI pa3jieieHUs U MACKUPOBAHUS HOHOB.

KauecTBeHHBIIl aHAJIM3 3aKIII0YaeTCsl B OOHAPYKEHUHU OTIIEIbHBIX
AJIEMEHTOB WJIM MOHOB, BXO/SIIKUX B COCTaB aHAJIM3UPYyEMOIO BEIIECTBA, C
MTOMOIIBI0 AHATUTUYECKUX PEAKIIUM.

AHAJIMTHYECKHUMMU SIBIIAIOTCS TOJIBKO T€ PEAKIMU, KOTOPbIE COMPO-
BOXKJAIOTCA BHEITHUM () PEKTOM. DTO MOKET OBITH!

* BBIJICJICHUE T'a3a,

* I3MEHEHHUE OKPACKHU pacTBOPA,;

* BBINIAJICHUE OCAJIKA,;

* PacTBOpPEHHUE OCAKA;

* 00pa30BaHKE KPUCTAIIOB XapaKTePHOH (HOPMBI.

Peakuuu B pacTBOpax MpEeUMYIIECTBEHHO PEAKIMU MEXKIYy MOHAMH,
MOATOMY aHAJUTUUYECKHE PEAKIIMU MO3BOJISIOT OOHAPYKUTHh HE BEIIECTRBO,
a MOHBI.

TpeboBanusi, npeabsiBisieMble K AHATUTHYECKUM PeaKIUsAM:
1. Cpena pactBopa: Hanpumep, AgCI pactopsiercs B NH3, mosTomy
OH MOET OBITh MOJIYYEH MPEUMYIIECTBEHHO B KUCIION CpeE.

2. Temmeparypa: Hanpumep, NH," 00HapyxuBaloT meficTBHEM Iie-
JIOYM Ha UCCIETyEeMbI PacTBOP MPU HATPEBAHUM.

3. KoHueHTpanus: pa3indaroT peakivu:

a) BBICOKOUYBCTBUTEJILHBIC;

0) MaJIOUyBCTBUTEIIbHBIE.

JIns OLEHKM YyBCTBUTEIBHOCTH MCIOJIB3YIOTCS JBE KOJIMYECTBEH-
HBIC XapaKTEPUCTUKH.

1. ITpenen oOHapyxkeHHs (OTKPHIBAEMBIi MUHUMYM) — HaMMEHbIIICE
KOJIMYECTBO MOHA, KOTOPOE TEOPETUUYECKHU YJIaeTCsi OOHAPYXKUTh C TTOMO-
IbIO TAHHOW PEAKIIUU.

2. MuHuMasnbHas ompejensieMas KOHIEHTpalus (MpeaesbHoe pas-
OaBJIEHUE) — MOKA3BIBAET, IPU KAKOW KOHILIEHTpAI[MU pacTBopa (pa3dasiie-
HUHW) PEaKIU €IIIe TaeT MOJIOKUTEIIbHBIN pe3yibTar.
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AHaJIUTHYECKHE PeaKlui ObIBAIOT:

1. CenekTuBHBIC (U3OUpamenbHble) — PEAKIIUM, KOTOPBIE JTal0T CXO/I-
HbIe 2((HEKTHI JIUIIIb C OTPAHUYECHHBIM YHUCIIOM HOHOB.

Hampumep, cu®, ng+, Pb* u ap. obopasyrotr ¢ | ocaaku. Yem
MEHbIII€ TAKUX UOHOB, TEM BBIIIIE U30UPATEIBHOCTD.

2. Cneuuduueckue — peakiiuy MO3BOJISIIOT 0OHAPYXUTh UOH B IPU-
CYTCTBHHM JPYTUX UOHOB.

[Ipumepom peakiuu ¢ yyacTueM CrenupuuecKoro peareHTa sBisieT-
csl BbIJENeHHe razoo0pazHoro NHj; mpu nelcTBUM CHIIBHBIX OCHOBAaHMIA
(KOH wmau NaOH) Ha BemectBo, conepxaimee nod NH,' . Hu oqun xatu-
OH He moMemaeT oOHapyxeHnto noHa NH,', moTomy 4To TONBKO OH pea-
TUPYET CO 1iesiouaMu ¢ BeiaeeHueMm NHs.

CyuecTByeT ABa BHIa KA4eCTBEHHOI0 AHAIHN3A:

1. poOHBIi aHAIN3 — UOHBI OTKPBHIBAIOTCS CHEIUPUUESCKUMU Peak-
IUSIMU B OTAEIBHBIX MOPUHUSIX UCCIETYEMOTI0 PACTBOPA U B IPOU3BOJIBHOM
nocjaea0BaTesbHOCTU. [I[puMeHeHne 3TOro MeTo/ia OrpaHUYeHO, MOCKOJIb-
Ky ClelM(PUYECKUX peaKivii Mao.

2. CucTeMaTH4eCKUid aHaIN3 — MOHBI BBIICIAIOT B OCaJ0K IpynramMu
IIPY TIOMOIIM TPYNIOBBIX PEAreHTOB, a 3aTeM OTKPBIBAIOT MOHBI B KaXKJI0M
TpyIIie B ONPEACICHHOW MOCIEI0BATEILHOCTH, UCIONB3Ys crenuduie-
CKHE pEaKIInu.

PeareHTsl, MO3BOJISIONINE BBIICIUTh U3 CI0KHON CMECH TpymIly Ho-
HOB, Ha3bIBAIOTCS 2PYHNOBHIMU.

TpeboBanusi, npeabsiBisieMble K TPYNINOBbIM peareHTaM:

1. PeareHT AOJDKEH OCaXJIaTh MOHBI MPAKTHYECKU KOJIMUYECTBEHHO
(1o 10°M).

2. TlonyueHHBI OCAJOK JIOJKEH JIETKO PacTBOPATHCS B KHUCIOTaX,
YTOOBI MOKHO OBLIO MPOBECTHU JATbHEUIINI aHAIN3.

3. N30BITOK peareHTa He JOJDKEH MEIIaTh OMPESICHUI0 TEX HOHOB,
KOTOpPBIE OCTAIUCh B PACTBOPE.

Takum 00pa3oM, IpU CUCTEMATUYECKOM METOJE aHalvi3a Hapsiay C
PEAKIUAMU OTKPBITUS OTACIBHBIX MOHOB MPUXOIUTCS MPUOETaTh TaKXKE K
peaKkuaM OTACNICHUS UX APYT OT ApYyra.

[Ipy KucroNMb30BaHUM CUCTEMATHUECKOTO METOJIa aHAIN3a KaTHOHBI U
AHUOHBI JEJSAT HA TPYIIIHI.

AHaJIN3 KATHOHOB

CylecTByeT HECKOJIBKO ¢XeM KiiacCHu(UKaIlud KaTHOHOB MO aHaJIM-
TH4YeCKuM TpynmnaM. OJHON U3 CaMbIX YJIaUYHBIX M PACTIPOCTPAHEHHBIX SIB-
JseTCs Kiaccudukalys, OCHOBaHHas Ha CBOMCTBaxX cyiabduaoB. CornacHo
ATON KJacCU(UKAIIMK BCE KATUOHBI JEIAT HAa 5 aHAJUTUUYECKUX TPYIII

(Tadm. 1),
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Tabawua 1
Ceposooopoonas (cynvghuonas) knaccugukayus KAamuoHo8

Cynbduapl paCTBOPUMBI B BOJIE Cynb(upl HEpaCTBOPUMBI B BOJIE
KapGonatsr Cymbuat
ACTEODIMLL Kapbonars! Hepac- | pactBopumbl B | Cynb(huasl HEpaCTBOPUMBI
P 5 BOp . TBOPUMBI B BOJIE pa30aBlICeHHBIX | B pa30aBIEHHBIX KHCJIOTaX
8 KHCJIOTaxX
I 1 Il I\ V
+ + + 2+ 2+ 2+ 3+ 3+ 2+ 2+ 2+ + 2+
K,Na,NH, |Ba ,Ca ,Sr Al Cr ,Zn ,|Cu ,Pb , Ag , Hg,
2+ 3+ 2+
u Jp. 1 1p. Co ,Fe u Hg wnap. |uap.
. AP.
Ipynmosoro | 1 PYMIIOBOH PEAreHT | 1yvnpopoit I'pynmosoii | ['pymmoBoi
peareHra HeT (NH4)2CO3 peareHr pearcHr st pearent HCI
(NH,).S B IIPUCYTCT-
Bun HCI

AHaJIu3 AHUOHOB
OOmenpuHATONH Kiaccu(uKamuu aHUOHOB HE cymecTByeT. HambOomee
4acTO MCTIONIb3YyeTCs Kiaccu(uKaiys, OCHOBaHHAsI HA MX OTHOIICHUH K JIBYM
pearentam — xyopuay Oapust BaCl, u mutpary cepeopa AgNOs. B saTom ciy-
Yyae aHMOHBI MOYKHO Pa3zelIuTh HAa TPH aHATUTHYECKUE TPy (TabdI. 2).

Tabmnuma 2
Knaccugpurayus anuonos
['pynma AHHMOHBI ['pynmoBoii peareHT Habnrogenus
I S0,%, SO57, S,05°, | BaCl, (HeHMTpaIbHas WU OcaJok
CO5”, B,O;”, PO,> | cabormenounas cpexa)
" Cl, Br, I', BrOs, CN’, | AgNO;3 (a30THOKHCIIBIi Ocaok
SCN, §* pacTBop)
NO,, NO;, CH;COO Her Her ocanxa ¢ BaCl,
Il

BaCl, ¢ anmonamu | rpymnmber 00pa3yeT MalopacTBOPUMEBIC COSIMHE-
aust — BaSOs3, BaCO3, Baz(PO,),, BaSO,. IlepBbie Tpu U3 HHUX JIETKO pac-
tBOpsitoTcs B HCl u naxke B8 CH3COOH, mockonabky o0pasyroTcst Oosee
ciabsie kucnotsl, ueM HCl u CH3COOH, a BaSO,4 He pacTBOpsieTcs gaxe
B HCI, nostoMy peakiyio Hy>KHO IPOBOJIUTHh TOJIBKO B HEUTpaIbHOU WK
CJ1a00IIETIOYHOM cpeie.

Hurpar cepebpa AgGNO; ¢ annonamu Il rpynmbr o6pa3zyet manopac-
tBOpUMBIE coennHeHuss. C nomompro AgNQO3 B ipucyrctBun HNO3; Mox-
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HO OTAEIUTh aHWOHBI Il Tpynmel OT aHMOHOB | TPymIBL, TOTOMY YTO UX
coerHeHus ¢ noHoM Ag’ pactBopsiorcs B HNOs.

K Il rpynne otnocsitcst annonsl NO,, NO3, CH3;COO", xotopbie He
HMMEIOT TPYIIIIOBOIO PEAreHTa, Tak KaK UX COJIM XOPOIIIO pAaCTBOPUMBI B BOJIE.

Bonpocs! 11 caMONIpoOBepPKHU

1. B dyem 3akiroyaercsi CynHOCTh KaueCTBEHHOro aHanu3za? Ilpuse-
JIUTE TPUMEPHl XUMUUECKUX U (PU3NUECKUX METOJOB KaUeCTBEHHOI'O aHa-
au3a. B 4eM CyIIHOCTh «CyXOro» U «MOKPOI0» CHOCOOOB BBIMOJHEHUS
AHAJIMTUYECKUX peaKIUui?

2. [IpuBenure kiaccupuKaIuio METOJ0B aHAIN3a B 3aBUCUMOCTHU OT
KOJINUECTBA UCCJIEAYEMOrO BEIIeCTBa, 00beMa pacTBOpa U TEXHUKU BHI-
TIOJIHEHUSI OTIEpaLri.

3. Kakue peakunu Ha3bIBatoTCsl aHanuThuueckumu? TpeOoBaHus,
MPEIbSIBISIEMbIE K AQHAIUTUYECKUM peakiusM. X 4yBCTBUTEIBLHOCTh M
CEJICKTUBHOCTb.

4. B gewm 3akiroyaeTcs CyHUIHOCTh ApOOHOTO MeToa aHanu3a? Korna
OH ucnoJibdyercs? [IpuBeaure npumepsl.

5. B 4em 3aknrouaeTcs CymIHOCTh CUCTEMaTH4ecKoro aHanmsza? Ka-
KHE PEarcHThbl Ha3bIBAIOT IpymnnoBeiMu? [IpuBeauTe nmpumepsl rpynmoBbIx
pEareHToB, UCIOIb3YEeMbIX B CYJIb(PuaHON Kiaccudukauyu KaTuoHoB. [1o-

-t + o+ +
uyemy katronsl LIT,Na", K", NH," ne umeror rpynmosoro pearenra?

6. Kakue peakiuu Ha3bIBaIOTCS CHEU(DUUECKUMHU, a KaKUE CeJeK-
TUBHBIMU? YUTO Takoe MAaCKMPOBAaHHE MOHOB U JJISI YETO OHO UCITOJIb3YET-
ca? llpuBeaure mpuMephl U HAMMUIITUTE YPABHEHUS PEAKIIUN.

7. AnanuTuueckue Kiaccu(uKallui KaTUOHOB U UX CBs3b ¢ llepuo-
nuueckon cucrtemoit JI.M. MenneneeBa. OObsICHUTE HA MPUMEPE CYJIb-
buaHON KIaccuPuKaluu.

8. ITouemy katronsl NH,” orkpriBaror B mpeasapurennHoii mpobe?
Kakue peakuyu ncnoib3yroTcst 1id uX oOHapy)eHusi? ONnuIimnTe MeTo1u-
KY yJaJICHUS KaTHOHOB aMMOHHMSI.

9. B uem ocoOeHHOCTh Kiaccuukanuu aHuoHoB? I[louemy 00Jib-
IIMHCTBO aHMOHOB OOHAPYXUBAIOT ApoOHBIM MeToaom? IIpuBenute npu-
MEpHI.

10. OnummnTe OCHOBHBIE OINEPAMHA U TOCIEAOBATEIBHOCTh UX BBI-
MOJHEHUS MPU aHAJIU3€ CYXOTO BEIIECTBA WJIA CMECH BEIIECTB HEU3BECT-
HOT'O COCTaBa.
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3aaHud 1151 KOHTPOJbHOU PadOThI
61-70. 13 npeiyi0’KeHHBIX BAPUAHTOB BHIOEPUTE MPABWIbHBIC OTBETHI.

61. JIns kauecTBeHHOTO OOHapyxkeHns nonoB NH, B pacTBOpe HC-
MOJIB3YIOT:

1) okcajnaT aMMOHUS;

2) peaxtuB Hecciepa,

3) XpoMar Kanus;

4) rexcaruapokcoctuouar(\V) Kamus.

62. JIns KadecTBEHHOTo OOHapyeHHs MoHOB Na' B pacTBope ¥Hc-
MOJIB3YIOT:
1) okcajzaT aMMOHUS;
2) peaktuB Hecciepa,;
3) xpomar Kajus;
4) rexcaruapokcoctuouar(V) Kaiusl.

63. I KauecTBEHHOro OOHApY’>KEHUsI MOHOB Ba” B pacTBope uc-
MOJIB3YIOT:
1) okcaaT aMMOHHUS;
2) peaktuB Hecciepa;
3) xpomar Kajus;
4) rexcaruapokcoctuouar(V) Kauus.

64. Jlns kauecTBeHHOTo 0OHapyskerns HoHoB K B pacTBOpe MCIIONMB3YIOT:
1) peaktuB Heccnepa,;

2) rekcanutpokobanbrar(l1l) HaTpus;

3) Xpomar Kajus,

4) rexcaruapokcoctuouar(V) Kauus.

65. Jlna kadectBeHHoro oOHapyxeHus nmoHoB Cl B pactBope wuc-
MOJIB3YIOT:

1) peaktuB Heccnepa,;

2) xjopu bapus;

3) XpoMar KaJus;

4) HuTpat cepedpa.

66. Jl1s KauecTBeHHOro oOHapyxeHus noHoB SO;~ B pacTBOpe HC-
TOJB3YIOT:
1) peaktuB Heccnepa,;
2) xjopu oapus;
3) XpoMar KaJus;
4) HuTpat cepedpa.
31



67. Jlns kagectBeHHOro oOHapykeHus noHoB NOsz B pacTBope uc-
MOJIb3YIOT:

1) peaktuB Heccnepa,;

2) xamopuj 0apus;

3) nudeHnIaMuH;

4) HuTpat cepeopa.

68. MonubaeHoBasi KUIKOCTh MPU HArpeBaHUU OOpa3zyeT >KENThIN
KPUCTAITHICCKUMA 0CaIOK C MOHAMH

1) SO,

2) NOs;

3) PO,”;

4) CI".

69. Kpaxman sBjisgeTcss ”HAMKATOPOM JJIsl OOHAPYKEHUS HOHOB!
1) SO,

2) NOg;

3) I

a)Cl

70. I'pynmoBeIM peareHTOM Jiss OOHApY)KEHUST aHUOHOB | TpyIIsl
SIBIISICTCA.

1) autpart cepedpa;

2) xjopu dapws;

3) Xpomar Kajus,

4) kapOOHAT aMMOHUHI.

32



3. KOJIMYECTBEHHBIN AHAJIN3

[Ipexxne dyem mpuCTynaTh K BBINOJHEHWK) KOHTPOJIBHBIX 3aJaHHM,
HEOO0XOMMO O3HAKOMMTHLCA C 3a7adyaMU KOJWYECTBEHHOI'O aHalv3a, U3y-
YUTh KJIACCU(PUKAIIMIO METOJIOB aHAIN3a, TEOPETUUECKUE OCHOBBI KaXkI0TO
METO/1a, OCOOCHHOCTU BBITMIOJHEHUSI OCHOBHBIX OIEpaluii, BHIYUCICHUSI,
HAYYUTBhCA OLEHUBATH TOYHOCTh W NMPABWIBHOCTh AHAIUTHUYECKUX OIpe-
JIEJICHU, YMETh MPOBOAUTH CTATUCTUUECKYIO 00pabOTKY MOTYyUYEHHBIX pe-
3yJIbTATOB.

3.1. 'paBuMeTpuYecKUii MeTO AHATH3

['paBuMeTpHs SBISETCS MPOCTHIM M TOYHBIM, XOTS JOBOJBHO IPO-
TOJDKUATEITLHBIM METOJIOM aHaym3a. CyIIHOCTh TPAaBUMETPHH 3aKII0UACTCS
B TOM, YTO ONPEACIIEMYI0 YacTh aHAJIU3UPYEMOTO BEIECTBA U30JIUPYIOT
au00 B YKCTOM BHUJE, JIMOO B BUAC COCAMHEHHUS OIPEICICHHOTO COCTaBa,
KOTOPOE 3aTEM B3BEIIIMBAIOT.

['paBUMeETpHYECKHE METOABI OAPA3ISIIIOTCS Ha METOALI OTTOHKH U
ocaxaeHus. B MeTone OTroHKHM OmpeenseMblii KOMIIOHEHT BBIJICIISIOT B
BU/JIC JIETYYEr0 COCAMHEHUS EUCTBUEM KHCJIOTHI MM BBICOKOW TeMIIepa-
Typsl Ha aHAIM3UpyeMoe BemecTBO. Ho HambOospliee 3HaYCHHE HMEIOT
METOJIBI OCAXKICHUS.

B MeTomax ocaxxIeHus onpeensseMblii KOMIIOHEHT BBIJEISIOT B OCa-
JOK B BHJE MaJIOPACTBOPUMOTO COCIMHEHUS, KOTOPOE TOCIE COOTBETCT-
BYIOIIIe 00pabOTKH B3BEIIMBAIOT.

Pe3ynbTaThl rpaBUMETPUUYECKUX OIPEISICHUI Yalle BCero BhIpaka-
I0T B a0COJTFOTHBIX BEJTMYMHAX WJIM B TIPOIICHTAaX K HaBecke BemecTna. Ha-
IIpUMEp, €CIIM B CUJIUKATE ONMPEACISIOT coaepkanne SiO,, TO IS BBIUKC-
JICHUS TTOJIB3YIOTCS (OPMYJITOH

Sio, % = ™.100,
9

rme m— macca ocanka SiO,, T; § — Macca HaBeCKH CHUJIMKATa, T.

OpnHako yaime Maccy ONnpenessieMoro KOMIOHEHTa HEOCPEACTBEHHO
He B3BelMBalT. Hanpumep, npu onpenesieHuu Cyib(haT-nHOHOB B3BELIU-
BalOT OCaloOK cyibdara Oapus. [losTomy mng mepecuera Macchl ocajka B
Maccy OmnpeeiieMoro KOMIOHEHTa BBOST TpaBuMeTpudeckuii ¢paktop F,
KOTOPBIN pPaBeH

F _ E . M onpeds—ea
b M epae.ghopmvl
rac au b — HOCJIBIC YMCJIda, HAa KOTOPBIC YMHOXKAKOT MOJIAPHBIC MACCHI, LITO6I)I

YHCJIO MOJIEH B YMCIIUTEINE U 3HAMEHATENE ObLII0 XUMUYECKH DKBUBAJIEHTHO.
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Hanmpumep, ecnu rpaBumMetpudeckon popmoit ssisercs Mg,P,07, To
s nepecuera B MgO ciaenyet ucnons3obars F = 2 MgO/ Mg,P,0-.

[Tonp3ysick rpaBUMETpUYECKUMH (aKTOpaMH (KOTOPBIE TaKKE MOXK-
HO HAWTH B CHEIHUATbHBIX XMUMHYECKHUX CIPABOYHUKAX), MOKHO BBIUHC-
JIUTH TIPOLICHTHOE COJIEpKAHUE OMPEACNIIEMOT0 KOMIIOHEHTA B aHAJIM3U-
pPyeMOM OOBEKTE MJIM PacCUYUTaTh MAcCy HaBECKH, HEOOXOIUMYIO JJIS BbI-
MOJIHEHUST OTHOTO ompeeiaeHus. st 3Toro Cnoib3yoT Gopmyty

Po6="" 100

g ]
riae M — macca rpaBuMeTpudecko hopmel; F — rpaBuMerpudeckuil ax-
TOp; §J — HaBECKa HMCCIEAYEMOT0o BelecTBa; P — conepxanue onpenensie-
MOT'0 KOMIIOHEHTa, %.

Pemenre THNOBBIX 32124
[Ipumep 1. PaccuntaTh rpaBUMeTpuYecKre (pakTOphI MPH OIMpeace-

aun AJ u P,Og, ecnu rpaBuMeTpuueckuMu (GOPMAMH SBISIOTCS COOT-
BerctBerno AJCl u Mg,P,0, .
Pemenue. ['paBumMerpuyeckuii paktop onpenensercs mo Gopmyse
a-M

Onpe()KOJW’IOHeHma

b-M !

epas.gopmol

rne a u b — crexuomerpudeckrie Ko3POUIUSHTHI IPU OTPECIIIEMOM dJIe-
MEHTE B IPaBUMETPUUECKON (popMe M ONpeAesIieMOM KOMIIOHEHTE COOT-
BETCTBEHHO.

[Mpu onpeneneann cepedpa B Buae AGCIl rpaBumerprueckuii dakrop
paBeH:

F= 1-107,8682 _0.7526
1.143,3213 '
Ipu onpenenennu P05 B Bune Mg,P,0;
Fo 214194610 oo
2-222,53178 '

[Tpumep 2. Onpenenuts MaccoByto oo (%) Gapus B oOpasiie XJopuaa
oapus BaCl,-2H,0 (x.4.). HaBecka uncroro BaCl,-2H,0 pasna 0,4872 r.

Macca ocajika cyibdara 6apus nocie npokanuBanus pasHa 0,4644 r.
Pemenue. Coaep:kanue onpenenseMoro komrnoneHTa X (%) B aHaJIM3uU-
pyeMoM o0pasziie pacCUUThIBaeM Io (popmyrie
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X% _ mepaaqbop/wbl ) F 100

Haeecku

['paBumMeTpuueckuii aktop F paccuntbiBaeM mo ¢opmysie Wik Haxo-
IUM B CIpaBoYHMKE, OH cocraBiser 0,5887. PaccunthiBaeM COJEpHKAHUE
BagBaCl,-2H,0:

(%) = o,4644:) : 3, :78287-100 _56.00%

[Mpumep 3. Kakoit 06bem 0,1 M pactBopa HCI HeoOxomum Jitst Kosmde-
CTBEHHOTO OCaKIeHMsI xJjiopuaa cepedpa u3 200 mi1 pacTBopa, CoAepKalliero
100 mr HuTpaTa cepedpa?

Pemenue. Ty 3aa4y MOXKHO PEIIUTh HECKOJIBLKUMU criocobamu. [pu-
BEJIEM OJIH U3 HHX.

Brraucisiem Heooxoaumoe kommdectBo HCI o crexuomeTpun peakimm
OCaX/ICHUS

M 10~
My = M—HCI "Magno, = M ~ 0,02 r.
AgNO, 170
[Mpuaumaem miotHOcTh 0,1 M pactBopa HCI paBHoO# enunuIle, Ho3TOMY
~0,02-1000 _ 6
HCI 3’ 65 MIJI.

[Mockonpky HCI nerywa, mis mosHOro ocakaeHUs MOHOB cepedpa
MO>KHO B3SITh €€ B 2 paza Oouiblie, T.€. 12 M.

Bonpocel 1J1 caMONIpoOBePKH

1. CymHOCTh COBPEMEHHOW KiacCU(PUKAIIMKU METOJI0B KOJIMUYECTBEH-
HOTO aHAJIN3a.

2. B yeM HCTOYHHUK OIIMOOK KOJMYECTBEHHOro aHaim3a? Kak ux
KJIACCU(DHUITUPYIOT U UCIIPABIISIOT?

3. UTo Takoe TOYHOCTh W MPABUJIBHOCTh AHAIMUTHYECKUX OTpeiee-
HUM, BOCIIPOU3BOIUMOCTD PE3YJIbTaTOB aHan3a?

4, Kakue MeTOIbl CTaTUCTUYECKONM 0O0padOTKH Pe3yJbTaTOB HAMOO-
Jiee 4acTO UCIOJIB3YIOT B KOJUYECTBEHHOM aHaIN3e?

5. Kakoe naboparopHoe 000py10BaHNE UCIIOIB3YETCS B XUMHUYECKUX
METOJIaX KOJMYECTBEHHOI0 aHaIu3a?

6. CylHOCTh rpaBUMETPUYECKOT0 aHamm3a. O0JIacTH €ro MpUMEHEHUSI.
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7. OCHOBHBIE ONIEpPALIMH, UCTIOIb3YEMBIE B TPABUMETPUUECKOM METO-
1€ aHAJIN3a.

8. BeruucieHus B rpaBUMETPUYECKOM aHaJIU3E.

9. CyurHoCTh TUTPUMETPUUECKOTO METOAa aHanu3a. Ero qocTonHcT-
Ba U HEJIOCTATKH.

10. Knaccudukaiusi METOJI0B TUTPUMETPHUUECKOTO aHAIIU3A.

11. KoHI1leHTpauuu pacTBOPOB, UCHOJIb3YEMBIX B THATPUMETPUUECKOM
aHaluse.

12. CrangapTHbIe U CTaHJIapTU3UPOBAHHBIE pacTBOPHI. TpedoBaHus,
MPEIBSBISIEMbIE K CTAH/IAPTHBIM BEIIECTBAM.

13. Beruncienus: B TATPUMETPUUECKOM aHAIIH3E.

14. B yem 3akimro4aeTcsi CyIHOCTh KUCIOTHO-OCHOBHOTO TUTPOBAHUS?
Kakue peakiuu nexaTr B OCHOBE 3TOro meroga? Uem oOBsCHSETCS BBIOOP
uHaukaropa? CraHnapTHbIE BEIIECTBA, UCIIOJIb3yeMbIe B 3TOM MeTojie. Kpu-
BbI€ TUTpOBaHUs. [[puMeHeHrne KUCIOTHO-OCHOBHOTO TUTPOBAHMSI.

15. CymHoCTh U Kiaccu(puKanus METOI0OB OCAAUTENBHOIO TUTPOBA-
Hus. Peakiuu, nexaiine B OCHOBE METOA0B. KpuBbIEe TUTPOBAHMUS.

16. OcHOBHBIE XapaKTEPUCTUKN KOMIUIEKCHBIX cOoeluHEeHU. PaBHO-
BECHUSl B PACTBOpPAX KOOPJIUHAIMOHHBIX COeqUHEHUN. KOHCTaHTHI yCTOM-
YUBOCTH KOMILUIEKCHBIX COEUHECHUI.

17. CyuiHocTh KOMIIEKCOHOMETPUUECKOT0 TUTpoBaHus. Muaukaro-
pBbl, IPUMEHSIEMBIE B KOMILTIEKCOHOMETpUU. O0JIacT TPUMEHEHUS.

18. YpaBHEHUST OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX peakiuii. Okuc-
JUTEIbHO-BOCCTAHOBUTEIbHBIE MOTEeHIMANbI. KOHCTaHTHI paBHOBECUSA U
HaIpaBJICHUS MPOTEKAHUS OKUCIUTEIHbHO-BOCCTAHOBUTEIIBHBIX PEAKIIHM.

19. TeopeTndeckrne OCHOBBI METOJOB OKHCIUTEIHHO-BOCCTAHOBH-
TeapHOro TUTpoBanus. Kiaccudukaius MeTo10B, MHIUKATOPHI, CTaHAAP-
TU3alUs PacTBOPOB, MpUMEHEHHE. Peakiuu, nexaniue B OCHOBE METO/IOB.
KpuBbie TuTpoBaHUs.

3amaHus AJ151 KOHTPOJIbHOW padoThI
71. I3 HaBecKu coenuHeHns Gapus moiydeH ocagok BaSO, maccoii
0,5864 r. Kakoit macce Ba cooTBeTCTBYET Macca IMOJy4eHHOTO ocaaka?
72. I3 HaBecKH coeuHEeHHUs O6apus monydeH ocagok BaSO, wmaccoii
0,5864 r. Kakoit Mmacce BaO cooTBeTCTByeT Macca IMOy4EeHHOro ocaaka?

73. U3 HaBecku coenuHeHus 6apus nonydeH ocagok BaSO, maccoii

0,5864 r. Kakoii macce BaCl, - 2H,0 cootBeTrcTByeT Macca Moiay4eHHOTO
ocaaka?
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74. Kakoit oobsem 1 N pactBopa xmopuma Gapus motrpeOyercs s
OCQXJICHUS CYyJb(aT-UOHOB, €CIIM PACTBOPEHO 2 T MEAHOTO KyIopoca C
MaccoBoi goJieit mpumeceit 5 %7?

75. Kakoit 06bem 0,1 N pactBopa HCl morpeOyercs miis ocaxacHus

cepebpa u3 Hasecku AGNO, maccoii 0,6 r? YuecTb U30BITOK OCaIUTENIS.

76. Kakoii 06bem 0,5 N pacreopa (NH,),C,0, norpeGyercs mus

OCaXJEHUS MOHOB KaJIbLIUSI U3 PACTBOPA, MOJYYEHHOTO IIPU PACTBOPEHUH
CaCl, maccoit 0,7 r? YuecTb H30BITOK OCaIUTEIISL.

77. Bpruncnure maccoByro noit0 (%) THrpoCKONHYECKOW BOJBI B
XJIOpUE HATpUs MO CJIEAYIOIIUM JaHHBIM: Macca Orokca 6,1218 r; macca
Orokca ¢ HaBeckou 6,7698 r; Macca OrOKca ¢ HaBECKOM MOCJie BHICYIIMBA-
Hus 6,7506 r.

78. Ilocne cootBercTBytoMIe 00padoTku 0,9000 T cynpdara Kanus-
amomunus noiaydeno 0,0967 r Al,Os. Beruncaure maccoByro goito (%)
ATIOMUHUS B UCCIIETyEMOM BEILIECTBE.

79. Kakyto HaBeCKy 3epHa CIEAYET B3ATh JJIsl ONPEICIICHUS BIaXKHO-
CTH, €CJIM JJOITyCTUMOE COJICpKAHKE BJIaru B 3epHE cocTaBisieT 4%?

80. Kakyro HaBecky cyibdara xeneza FeSO,-7H,O cnenyer B3sth

JUIs ompeseneHus B HeM kene3a B Buge F€,0;, cumras Hopmy ocanka
paBHo#u 0,2 17

3.2. TuTpuMeTpUUYECKHI METO/ AHAJIN3A

[Ipexxae yem npucCTynuTh K BBHIIOJHEHUIO 33IaHUN, HEOOXOIUMO Cca-
MOCTOSTEJIbHO U3YUUTh CIICAYIOIIUE PA3ICIIbL:
CyIIHOCTh TUTPUMETPUUECKOTO aHATU3A.
CrangapTusaius pacTBopa TUTPaHTA.
Kpussie TuTpoBanus.
OCHOBHBIE TPUEMBI TUTPUMETPUUIECKUX OTPEICICHUM.
PacdeTsl B THTPUMETPUUECKOM aHATH3E.
. OCHOBHBIE METO/IbI TUTPUMETPUUYECKOTO aHAIIH3A.
Tumpumempuueckuii Memoo anaauza OCHOBAH HAa TOYHOM H3Me-
peHun o0beMa peareHTa, U3pacxoJOBAaHHOIO HAa B3aUMOJICUCTBUE C OIpe-
JIEISIEMbIM BEIIECTBOM.
Tumposanue — mpoliecC MEIJEHHOro MPHUOaBJIEHUS pacTBOpa pea-
reHTa K pacTBOPY OINpPEIEIIEMOTO BEIIECTBRA.
PacTBOpBI peareHTa ¢ TOYHON KOHIEHTpauueil (0OBIYHO TUTPAHTA)
HA3BIBAIOT pabouumu (mMumpo8anHbiMu).

ok whE
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OpHako BelIeCTBa, U3 KOTOPBIX TOTOBIT pabouue pacTBOPHI, YacCTO
MMEIOT HEIMOCTOSHHBIN COCTaB BCJIEACTBHUE 3arpsi3HEHUS, MOTJOMIEHUS U3
BO3JyXa BOJbI U JIpyrux npumeceit. [103ToMy NMPUTrOTOBUTH UX PACTBOPHI
TOYHBIX KOHUEHTPAIMHA HEBO3MOXKHO. J[JIsI yCTaHOBIEHUS KOHUEHTPALIUU
pabourx PacTBOPOB UCTIOIB3YIOT CMAHOAPMHbLE PACMBODbL.

Cmanoapmuvie pacmeopsvl — 3TO PACTBOPHI, MTOJTYUECHHBIE U3 TOUHOU
HaBECKU CTaHJIapTHOIO BEIIECTBA.

TpeboBanusi, npeabsiBisieMble K CTAHIAPTHBIM BelleCTBAM:

1. lomKHBI OBITh XMMUYECKH YUCTBHIMH (X.4.).

2. YCTOWYMBEI B TBEPJIOM BHUJIE U PACTBOPE.

3. CocTaB BX CTPOr0 COOTBETCTBYET OMPEACIICHHON (hopMyIIe.

4. JIomKHBI UMETh OOJIBIIIYIO YKBUBAICHTHYIO Maccy.

CraHgapTHBIE PACTBOPHI TOTOBAT MO TOYHOM HABECKE. DTHU PacCTBO-
POM TUTPYIOT pabOuMii pacTBOP M OMPEACIAIOT €ro KOHIeHTpanui. Pado-
YU pacTBOP UCHOJIB3YIOT JJISI TATPOBAHMUSI OTIPEACIISIEMOTO BEIIECTRA.

Opnna u3 Haubosiee CyIIECTBEHHBIX OCOOCHHOCTEH TUTPUMETPUU —
IIpU TUTPOBAHHUH OIPECISAIOT HE M30BITOK peareHra, a KOJIMYEeCTBO €ro,
MOYHO Oomeeuaujee YpPagHeHulo peakyuu u XUMU4ecKu 3K8UBAIeHMHOE
Koauuecmeay omnpeoensemozo eewjecmea. Takum o0Opa3oM, HEOOXOIUMO
TOYHO YCTAHOBUTh MOMEHT HACTYIUICHHUS HKBUBAJEHTHOCTH WU (DUKCH-
pOBaTh TOUKY DKBUBAJICHTHOCTHU. Touka skeusanrenmuocmu (T.3.) — MPO-
1[ECC 3aBEPUICHUS peakluu. B T.3. TUTpoBaHHE MpPEKpalIaloT U U3MEPSIOT
00bEM 3aTPAuYE€HOr0 TUTPAHTA.

Touky SKBHBAJEHTHOCTH OINPEICISIOT MO U3MEHEHUIO UHOUKAMOpA
— CIEHHAJIBHOTO BCIOMOTaTEIbHOIO BEIIECTBA, KOTOPOE BBOJSAT B THUT-
pyeMbiii pacTBop. B 00sacTu T.3. HHAMKATOP MEHSET CBOM IIBET, 0OpazyeT
OCaJIOK WJIM BBI3BIBAET KaKOW-TO Npyrov HaOmogaeMbii 3@dext. MoMeHT
TUTPOBAHUSA, KOTJa HAOIIOJAETCs W3MEHEHUE WHIUMKATOpa, Ha3bIBACTCS
MOYKOU KOHYya mumposanust (T.K.T.).

B uneasne T.5. ¥ T.K.T. coBIagarOT U V 1+ =V oxe-

Ha npaktuke Mexay HUMH HaOIIOAaeTCAd HEKOTopas pasHula. Yem
OoJplIe ATa pa3HMIlA, TeM OOJIbIlIe MOrPEIIHOCTh TUTPOBAHUS, MOITOMY
ciaeayeT moAaOupaTh TaKOW WHAMKATOP, YTOOBI Pa3HOCTh MEXAY T.3. H
T.K.T. ObIa MEHUMAIIBHON U V1 + — Vi oks.

Kunaccupukanusi TATpUMETPHUYECKUX METO/I0B

1o xapaxmepy xumuueckou peaxyuu, iexcauieil 8 0CHoO8e Memood.

1. KucinoTHO-0CHOBHOE TUTPOBaHUE (METO]T HEUTpaau3alum):

a) aIuIuMeTpus; 0) aTKaJIuMETPHs.

2. OcamurtensHOE.
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3. OKHCIHUTENBHO-BOCCTAHOBUTEIIBHOE (PEIOKCMETPHS ).

4. KoMIuiekcoMeTpruieckoe (KOMIIJIEKCOHOMETPUS).

Ilo cnocoby mumposanus:

1. IlpsimMoe — aHANM3UPYEMBIM PACTBOP TUTPYIOT PACTBOPOM pEarcH-
Ta WJIX HA00OPOT.

2. OOpaTHOE€ — WCIOJB3YIOT, KOTJla OCHOBHAs PEaKIus MPOTEKAaeT
MeJIeHHO. J[iig 9Toro mo0aBisiOT K ONpenesieMOMYy BEIECTBY 3aBEJO-
MBI M30BITOK TUTPAaHTa, TOBOISAT PEAKIUIO 10 KOHIA, a 3aT€M HaXOMST
KOJINYECTBO HEMPOPEArdupoOBABIIEIO0 TUTPAHTA TUTPOBAHUEM €ro JIPYTrUM
pEareHTOM.

Ilo cnocoby gukcuposanusi mouku IK8UBALEHMHOCTU

1. be3auHIUKaTOPHOE TUTPOBAHUE — UCTOJIB3YIOT B TOM Clly4ae, €CJiu
OKpackKa pa3JIMYHbIX (JOPM peareHTa CyIIeCTBEHHO OTIMYAETCS.

2. UnnukatopHoe tutpoBanue. K TtutpyeMoi mnpobe 3apanee mpu-
OaBJISIIOT HEOOJBIIOE KOJIMYECTBO CIEIUATIBHOTO PEreHTa — UuHOUKamopa.
[Tocne AOCTHAKEHUS] TOUYKU SKBUBAICHTHOCTH MHIMKATOP B3aUMOJICUCTBY-
€T C TUTPAHTOM, NIEPEXOJAUT B HOBYIO (POpMY M M3MEHsET OKpacky. BaxkHo,
4TOO MEepPexo] OKPaCKU MPOUCXOANII CKAYKOOOPa3HO, OT OAHOM «JIUIIHEW
KaIuli TUTPaHTA.

PacueTrbl B THUTPUMETPHH

[lo pe3ynbTaraM TUTPOBAHUS CTPOSIT KPUBYIO MUMPOBAHUSL, KOTOPAs OT-
pa’kaeT 3aBUCUMOCTb KaKOro-1100 CBOMCTBA PacTBOpa OT 00beMa TUTPAHTA.

B OCHOBE pacyeToB JIEKUT 3AKOH HKBUBANIEHNOB, COTIIACHO KOTOPOMY
BEIIIECTBA B3aUMOJICUCTBYIOT MEX]Ty COOOM B IKBUBAJICHTHBIX KOJIMUECTBAX.

PacdeTtsl npoBOJAT N0 Gpopmyiie

Ci-V1=C;y- V,,

rae C; — MoJsipHasi KOHIIGHTpAIMs YKBUBAJICHTAa (HOPMAJLHOCTH) OIpeie-
JSIEMOT0 KOMIIOHEHTA, MOJIb/JI;

V1 — 00BbeM pacTBOpa, B3ATHIN JUIsl aHATN3a, MJT;

C, — MomnspHas KOHIEHTpAIMs SKBUBAJICHTa (HOPMaJbHOCTH) pabouero
pacTBOpa, MOJIb/JI;

V,— 00beM pabouero pacTBopa, NOMIEeAIINNA Ha TUTPOBAHUE, MJI.

3.2.1. KrcJji0THO-0CHOBHOE TUTPOBaHUE

B ocHOBe MeTO/1a KUCIOTHO-OCHOBHOT'O TUTPOBAHUS JICKUT PEAKIIHS
) +
B3aMMOJICUCTBUST MOHOB Bojopoja H'  (TMAPOKCOHUA) C THUAPOKCHUI-
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nonamu OH', compoBosxmaromascs o0pa3oBaHUEM CIa00IUCCOIUUPOBAH-
HBIX MOJIEKYJ BOJBI.
OnpenensieMbIMU BEIIECTBAMU SIBJISIFOTCS KUCJIOTHI (QJIKAJTUMETPHS),
OCHOBaHMUS (alUIUMETPUSL) U COJIU, TTOABEPTraOIIUECS TUIPOJTU3Y.
Paboune pacTBopbI
1. Cunbnbie kucnotsl (HCI, H2SO4) nns onpeneneHust KOHIIEHTpa-
MY OCHOBAHUM U COJIEU, TUIPOJU3YIOLIUXCA IO AHUOHY

NaOH + HCIl = NaCl + H:O;
H +H =H:0
CH;COOK + H,0 « CH3;COOH + KOH
CH5;COO + H,O < CH3COOH + OH"
K2C03 + H20 > KHC03 + KOH
CO*;+H,0 < HCO; + OH".

2. Cunbnble ocHoBanus (NaOH, KOH) mis ompeneneHuss KOHICH-
TpaIuy KUCIIOT U COJICH, TUAPOIU3YIOIIUXCS TI0 KATHOHY:

NH,CI + H,0 <« NH,OH + HCI
NH," + H,0 <> NH,OH + H"
AP+ H,0 < [AIOH)]”" +H".

Haunbonee yacto HMCHONB3yIOTCA padouynde pacTBOPBHI C MOJISIPHOM
KOHIIEHTpalKeil 3kBuBalieHTa (HopMmaiabHOCThIO) OT 0,01 10 1,0 MonB/m1.

KoHuentpanno paboyux pacTBOPOB YCTAHABIMBAKOT TUTPUMETPH-
YECKH C UCTIOJI30BaHUEM CTaHIAPTHBIX PaCTBOPOB.

Cmanoapmuvivu eewjecmeamy JJIA TPUTOTOBIICHUS CTaHAAPTHBIX
pPacTBOPOB SBIISIFOTCS:

~ terpabopar Hatpusa (0ypa) — Na:B:O:-10H:0 — nns ycranoBku
TUTpa pabOYuX pacTBOPOB KUCIOT;

— masesnieBas kuciora — H2C2:042H2:0 — nng ycTaHOBKH KOHIEH-
Tpauuu (TUTpa) pabourx pacTBOPOB IIEIOYEH.

Hanpumep, BoiHBIN pacTBOp TeTpabopara HATpUsl BCIEACTBUE TH/I-
poJin3a UMEET HIEIOUYHYIO CPENy:

Na:B:0O: + 7TH:0 = 2NaOH + 4H:BOs,

IIOOTOMY €TI0 MOKHO TUTPOBATb KUCJIOTAMU:

NaOH + HCI = NaCl + H,O .
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B xone TUTPOBAHUA PABHOBCCHUC CMCHIACTCA BIIPpABO, PCAKIUsA ITPO-
A0JKACTCA A0 TCX IIOP, ITOKa TeTpa6opaT IIOJIHOCTBIO HC IIPOpCarupyct
c HCL.

B IIpoucCcCc TUTPOBAHUS HAKAIIIMBACTCS cinabas opTo60pHa;1 KHUCJI0-
Ta HgBO;g, pH <T.

Na,B,O; + 2HCI + 5H,0 = 2NaCl + 4H3803

Tak kak peakuusi HE COMPOBOXKAACTCS BHEIIHUM 3S(DPEKTOM, s
(UKCUPOBaHUS TOYKH SKBUBAJICHTHOCTH HUCTIOIB3YIOT UHIUKATOPHI.

Kucnomno-ocnosnvie unouxkamopst — 3T0 BEUIECTBA, KOTOPbIE U3ME-
HAIOT CBOKO OKpPACKy IIpu u3meHeHnuu pH pactBopa.

TpeboBanusi, npeabsiBisieMble K HHANKATOPAM

1. Okpacka gofKHA OTJIMYaThCs Tpu OMu3Kux pH.

2. I3MeHeHue 1BeTa MPOUCXOIUT OBICTPO.

3. Okpacka J0KHA ObITh HHTEHCHUBHOM.

4. I3MeHeHne OKpacKu — MPOLECC 0OpPaTUMBIH.

Teopust nelcTBUS WHIWKATOPOB CBsI3aHA C TEOPUEH 2nekmponu-
MU4ecKou OUCCoyuayu.

KuciaoTHO-OCHOBHBIE MHIUKATOPHI CaAMU SIBJIIIOTCS CJIA0BIMU KUCTIO-
tamu (HINd) vim ocHOBaHUSMHU 1 B pacTBOPAX JUCCOIMUPYIOT:

HInd < H" + Ind".

MonekynsapHas U MoHHasg Gopma MHIUKATOpA UMEIOT Pa3HYI0 OKpa-
cky. [Tpu noGaBieHnu meI0Yu paBHOBECHE CMEIIAETCS BIIPABO:

H"+ OH < H:0;

npu J00aBJIECHUM KUCIOTHI — BieBo (mpunnun Jle [laTense).

Bce mHauKaTOphl M3MEHSIOT CBOIO OKpPACKy HE CKAauKOOOpa3Ho, a
MJIaBHO, TO €CTh B OMNpeEJIeICHHOM HHTepBajie pH, Ha3piBaeMOM WHTEpBa-
JIOM TIepexo/a.

Tak Kak BCce MHIUKATOPHI OTIUYAIOTCS IO CUJIE, TO OHU UMEIOT pas-
HBIC UHTEPBAJIbI IEPEXO0/Ia.

J{nst Toro 4ToOBl MPaBWIIBHO BHIOpATh UHAMKATOP, HEOOXOAUMO pac-
cuutaTh pH pacTBOpa B TOUKE SKBUBAJICHTHOCTH M CPABHUTDH €r0 C MHTEP-
BaJIOM IE€peX0Jia MHIUKATOPA, 3HAUCHUSI KOTOPOr0 HaXOATCSl B CIIPaBOY-
HUKE (MIPUIL.).
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3.2.2. OcaauresibHOE TUTPOBAHHUE

Meton 0CHOBaH Ha UCIIOJIBb30BAHUU PEAKIIUN OCAXKICHUS.

TpeOoBanusi, npeabaABIsieMble K PEAKLIMAM:

1. Manast pacTBOPUMOCTb OCaJIKA.

2. bricTpoe oOpa3oBaHue Ocajka Npu 100aBICHUU TUTPAHTA.

3. MuHMManbHOE COOCAXKIACHUE TPUMECEH.

4. Hanuuue MHAMKATOPA, MO3BOJSAIONIETO (PUKCUPOBATH TOUKY IKBH-
BaJICHTHOCTH.

HauOonpiiee mpakTuyeckoe MPUMEHEHHE UMEIOT METObl, OCHOBaH-
HbIE Ha OCAXJICHUU HUTPATOM cepebdpa (apreHTOMETpHUs) U HUTPATOM PTY-
tu (1) (MmepkypumeTpus).

Apresromerpus

ApreHTOMETPUYECKUE METOMIbl MPUMEHSIOT JJIsl ONMPEAECICHUS, TIaB-

HBIM 00pa3oM, rajoreHuI0B, HAITPUMED, XIJIOPHUIA:

Ag* + CI"=AgCl .

PaGourm pacTBOpoM OOBIMHO SIBISIETCS pacTBOp HUTpara cepedpa
(AgNO:s), TOUHYI0 KOHIICHTPALIUMIO KOTOPOrO YCTAaHABIMBAIOT TUTPOBAHHUEM 3TO-
ro pacteopa pactBopom NaCl. Hanboree gacto ucronbs3yercs menoo Mopa.

Cywnocmv memooa. AHaIU3UPYEMBbIl pacTBOpP TUTPYIOT pacTBOPOM
AgNO; ¢ uanukaropom xpomarom kamusi (K,CrO4) mo oOpazoBanus Kup-
MAYHO-KPAaCHOTO Ocajka B Touke KoHIa TuTpoBaHus. [Ipu stom AgNO;
Bcerna OepyT B m30bITKe (1-2 KarmuiM), Tak Kak pacTBOPUMOCTb OCaJiKa
Ag,CrO,, 6ompmie, uem AgCI.

KpuBbie TUTpOBaHUS B apreHTOMETPUU OOBIYHO CTPOSIT B KOOPAMHA-
tax PAQ-V, rae PAJ — B3ATbI ¢ 0OpaTHBIM 3HAKOM JIOrapu(dM KOHIIEH-
Tpanuu HoHoB AQ'; V— 00beM THTpaHTa.

3.2.3. OKHCIUTEIbHO-BOCCTAHOBUTEIbHOE TUTPOBAHHE
(pexokcMeTpus)

B ocHOBe MeTOma pEemOKCMETPUU JIEKAT OKHMCIMTEIBbHO-BOCCTA-
OBUTEJIBHBIE PEAKIINH.

Ha3BaHusg MeTOAOB OOBIYHO MPOUCXOASAT OT Ha3BaHUS pabOYMX THUT-
POBaHHBIX PACTBOPOB.

HaunOoiee yacTo NpUMEHSIOT CIIEAYIOIINE METO/BL:

1. IlepmaHraHaToMeTpus.

2. Monomerpns.

3. XpomaTomeTpus.

4. bpomaromerpusi.
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XUMHYECKasi aKTUBHOCTb OKHUCJIUTEJNEW U BOCCTAHOBUTEIIEU C KOJIM-
YECTBEHHOM CTOPOHBI XapaKTEPU3YETCS BEIMUMHON PENOKC-TIOTCHIIHAA.

3Has BEJIUYMHBI CTAHJAPTHBIX PEIOKC-TIOTCHIIMAIOB PA3JIMYHBIX I1ap,
MOKHO CYIUTh O HAIIPABJICHUU OKHCJIUTEIbHO-BOCCTAHOBUTEIBHOIO IPO-
1ecca: mapa ¢ OOJbIINM CTaHAAPTHBIM PEIOKC-TIOTECHIIMAIOM OyIeT UrpaTh
POJIb OKHUCIUTEIIS 110 OTHOIICHUIO K TTap€ C MEHBIITUM ITOTCHIIUATIOM.

Penokc-noteHnman Kakoi-mm0o mapel 3aBUCUT OT KOHIEHTPAIUU pe-
ToKc-(hopM M Ccpenpl pacTBOpa. JTa 3aBUCHUMOCTH ONPEACISIETCS ypaBHE-
Huem HepHcra.

E—E, + 0 | 2o
nF a._’

red

roe E° — CTaHJapTHBIA (HOPMAaJbHbBINA) MOTEHIMAT NMPU KOHIIEHTpa-
[IUW OTIPEACIIIEMBIX HOHOB 1 MOJIb-9KB/J (CIIpaBOYHAs BETUYUHA);

R — yHuBepcanbHas razoBas noctosHHas, 8,314 Jx/(rpamgMons);

T — abcomtoTHas Temmneparypa, °K;

N — YKCJIO OTJAHHBIX WUJIW MPUCOETMHEHHBIX JIEKTPOHOB;

F — mocTosiaras ®@apanes, 96500 Kn/Momb-3KkB;

Qox U Areg — AKTUBHOCTH (KOHLIEHTPAIMH) OKUCJIEHHOW W BOCCTAHOB-
JIEHHOU (pOpMBI BEIIECTBA B PACTBOPE.

KpuBbie TUTpOBaHUSI OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX pPEaKIIUH
OOBIYHO CTPOSIT B KOOPAMHATAX: OKUCIUTEIHHO-BOCCTAHOBUTEILHBIN T10-
TeHIIUAJI — 00BbeM J00aBICHHOTO pabovero pacTBopa (TUTPAHTA).

NHankaTopbl METONOB PeIOKCMETPHH (PeIOKC-UHHANKATOPHI)

Peooxc-unouxamopamu Ha3bIBAIOTCSI TAKUE UHIUKATOPHI, Y KOTOPBIX
OKpacka MEHSAETCS MPHU JOCTUKEHUM OIPEICICHHOTO 3HAYEHUS PEHOKC-
MOTEHITHAIA.

OKuCJIEHHbBIE U BOCCTAHOBJICHHBIE (POPMBI WHIMKATOPOB JIOJKHBI
MMETh Pa3IMYHYyI0 OKpacKy. HauKaTOop NpuUMEHSIETCA B TOM CIydae, €Clu
M3MEHEHHE €T0 OKPACKU COBMAJAET C TOUKOW SKBUBAJICHTHOCTH.

TpeGoBanmusi, npeabsiBisieMble K PeI0KC-HHAUKATOPAM:

1. Okpacka OKHUCIEHHOW M BOCCTAHOBJICHHON (POpMBI JOJIKHA OBITH
pa3JIinyHa.

2. 3meHeHue 1BeTa JOKHO OBITh 3aMETHO MPHU HEOOJBIIOM KOJIHU-
YeCTBE MHUKATOPA.

3. UunukaTop J0JDKEH pearupoBaTh B TOUKE SKBUBAJEHTHOCTH C He-
OOJBIIUM U30BITKOM BOCCTAHOBUTEIS WU OKUCIUTENS.

4. IutepBall IEUCTBUS €ro JOJKEH ObITh BO3MOYKHO MaJl.
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5. Unaukarop qoKeH ObITh YCTOWYUB K BO3JICUCTBUIO OKPY KAIOIICH
cpebl: Kuciaopoay Bo3ayxa, okcuay ymiepoaa (1V) (CO,), cgery.
MHauKaTophl MPEACTABISIOT COO0M peaoKe-TIapy

Indox + ne <« Indred,

K KOTOpPOH NMpuMeHUMO ypaBHeHue HepHcra:

E-E + 0,059 9 Ind,, .
n Ind,,

[ToTeHIMaIIbl ’TUX UHIUKATOPOB 3aBUCAT OT BeJIMUUHBI pH 1 MOHHOU CH-
JIbl pacTBOpA. ITO OrPAaHUYMBAET UX MPUMEHEHHUE B TAOOPATOPHOM MPAKTHKE.

WNHorna mpuMEHSIIOT U «HEeOOpaTUMbIE» WHIAMKATOPHI (METUIOBBIN
OpaH)XEBbIN, METHJIOBBIN KPACHBIN U JAP.), KOTOPbIE OKUCISIOTCS U30BITKOM
OKHCIIUTENSI U MEHSIOT (TEpAIOT) CBOIKO OKpacKy. B psne ciydaeB npume-
HAIOT creruduUecKkue UHANKATOPhI, HApUMEpP, B HOJOMETPUM TTPUMEHSI-
I0T KpaxmaJj, KOTOPbIM B MPUCYTCTBUU CBOOOHOTIO M0/Ia OKpAIIUBAETCS B
WHTEHCUBHO-CUHUU 1IBET.

DuKCUpOBaHUE TOUYKH PKBHUBAJICHTHOCTH MOXKHO MPOU3BOAUTH U 0€3
WHJIUKATOPOB, KOTJa OKpacka TUTPaHTa 3aMETHO M3MEHSIETCs, Hampumep,
[IpY [IEPMAHTAHATOMETPUH.

IlepmaHranaromerpus

MeTton OCHOBaH Ha OKHUCJIMTEILHOM JAEHCTBUU pabOyero pactBopa
nepmanranara kanuss KMnQO,. TutpoBanue BeaeTcs 0€3 HHINKATOPOB.

B TuTpuMmerpuyeckoM aHaM3€ HCIOJNB3YIOT Yallle BCEro peakivu
OKHCJICHUS TIEPMAHTaHATOM B KHCJION Cpelle, TaK Kak 0Opa3yroluecs UOHBI
Mn®* GecLBeTHbL, 9T0 oGJIerdaeT (UKCUPOBaHKE TOYKY SKBUBAJIEHTHOCTH IO
okpacke HeOombioro u3dsitka KMnO,4 nipu tutpoBanuu. BoccraHoBneHnue
MEpMaHraHaT-uoHA B KUCJION CpeJIe MPOTEKAET M0 YPABHEHUIO

MnO,” +8H" —*5>Mn*" +4H.,0.
Monsipnasa macca sxBuBaieHTa KMnQO,4 paBHa:
M (KMnQO4) = M(KMnOy); f,,=1/5.

158,03
M (KMnQO,) = TBl’Gl T/MOJIb.

JIns. UCHONb30BaHUA B TUTPUMETPUM TOTOBIT pabO4YMil pacTBOP
KMnO,, TOUHYI0 KOHIIEHTPAIMIO KOTOPOTO YCTaHABIUBAIOT TUTPOBAHUEM

C UCIIOJIb30BAHHUCM B Ka4CCTBC CTAHAAPTHOI'O paCTBOP HlaBCHGBOﬁ KHCJIO-
ThI (H2C2042H20)
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Pabounii pactBop KMnO, ucrons3yroT 1715 onpeaesieHuss BOCCTaHO-
BUTEJIEH, HANpPUMEpP, COAEpKaHUS XKene3a B coim  Mopa —
(NH4)2F€(SO4)2' 8H,0.

OnpeneneHre OCHOBaHO HA PEAKIIHNU:

2MnO,4 + 10Fe*” + 16H" =2Mn?" + 10Fe*" + 8H,0 .

PactBop conmn Mopa tutpytot pactBopom KMnO4 1o nosiBneHust Heuc-
Ye3aroIero 0J1eIHO-pO30BOro okpaiBaHys ot ogHoM Karum KMNQOy,.

B ocHOBe pacyeToB JIEKUT 3aKOH SKBUBAJIEHTOB, CONIACHO KOTOPOMY
BEILIECTBA B3aUMOJICUCTBYIOT MEXJY COOOW B AKBHUBAJICHTHBIX KOJUYECT-
Bax. PacueTsl mpoBOaAT o hopMyiie

CiVi=Cy V,,
rae C, — MonsipHast KOHIIEHTpAIlUs YKBUBAJICHTa (HOPMAIBHOCTB) OIpee-
JseMOro KoMroHeHTa (comu Mopa), moinb/i1; Vi — 00beM pacTBOpa CoIu
Mopa, B3aThIA 11 aHanm3a, M, C, — MOJIsIpHAask KOHIICHTPAIUs DKBHBA-
JeHTa (HopManbHOCTh) pabouero pactBopa KMnQO,, momns/i; V, — 00beM
paboudero pactBopa KMnQ,, nmomenmmuii Ha THTpOBaHUE, MII.

3.2.4. KommiekcoMeTpruiecKoe TUTPOBAHUE

Komnnexcomempusa — TATPUMETPUICCKUI METO/ aHAJIN3a, OCHOBAH-
HBIH HAa B3aUMOJCHCTBUHA METAJUIOB C MOHO- WM HOJWACHTAHTHBIMH JIU-
raigamMu ¢ 00pa3oBaHUEM KOMIUIEKCHBIX COCTUHCHHM.

B kadecTBe TUTPAHTOB B aHAJTUTHUSCKON XUMHUH Yallle MPUMEHSIOT 10-
JIUOeHMAHMHble PEareHThl (KOMNIeKCOHbl), TaK KaK B ATOM CIy4ae MOXKHO
MOJTYyYUTh OOJiee YETKUM CKAauOK Ha KPWUBOW THUTPOBAHHMS W (PUKCHUPOBATH
TOYKY SKBHUBAJCHTHOCTH. METOJ TUTPOBAHHUS C MPUMCHEHHEM IIOJIHJICH-
TaHTHBIX OPTaHUYECKUX PEareHTOB HA3bIBACTCS KOMNIEKCOHOMEmPUEIl.

HaGomnbiiee pacupocTpaHeHle U IPUMEHEHNUE B aHAIN3€ CPEId KOM-

IUVICKCOHOB IIOJIYUYUIIN KOMN/IEKCOH I — 3muﬂeHduaMuHmempachyCHaﬂ
Kucaioma.
HOOC-CH, H,C—-COOH
j; N-CH,—CEH,-N
HOOC-CH, H,C—-COOH

U €€ XOPOIIO pacTBOpUMAs B BOJE JIByHarpueBas coib — komnaekcor ||
(mpunon b):
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HOOCCH,,_ _CH,COONa
N—CH,—CH,N
-~ s
NaOOCCH,, CH,COOH

Peakiuss o00pa3oBaHUsI KOMIUIEKCOHATOB MPOTEKAET MIHOBEHHO,
MPaKTUYECKU HEOOpaTuMo.

B pa3Ho00pa3HbIX yCIOBUSIX 0Opa3yrOTCsl KOMIUIEKCOHATHI CTPOTO OIl-
PEIEIIEHHOTO COCTaBa, B KOTOPBIX OTHOIICHHE METalljIa K JJUranay pasHo 1:1.

Peakius conmpoBoxaaeTcs n3MeHenueMm PH BciiencTBre HaKOTICHUS
MIPOTOHOB.

OuKCHPOBAHHWE TOYKH SKBUBAJICHTHOCTH MPOBOAST BU3YaJbHO WIIU
IIPU TIOMOIITH (PU3UKO-XUMHUYECKHX METO/IOB.

Jlnst Bu3yanbHOTO (PUKCUPOBAHMSI TOYKM DKBUBAJIECHTHOCTH B KOM-
IJIEKCOHOMETPUU TPUMEHSIIOTCA MemaniiouHOUKamopsl — OPTraHUYeCKUe
COCTMHECHUS, U3MEHEHHUE OKPACKH KOTOPBIX 3aBUCHUT OT KOHIICHTPAIIMH HO-
Ha MeTaJla B pacTBope. MeTalNTIOMHANKATOPHI SBISIOTCSA, KaK MPaBUIIO,
MHOTOOCHOBHBIMHU KHCJIOTAaMH U B 3aBUCHUMOCTH OT pH cymecTByoT B
pPa3IMYHBIX (POpMax, UMEIOIIUX PA3HYIO0 OKPACKY.

Hanbonpliiee npuMeHEHUE B aHAJIU3€E MOIYUYHII IPUOXPOMOBHIU Uep-
noti T. MexaHu3M U3MEHEHUs] OKPacKu 3pUOXpPOMOBOro uepHoro T B cia-
OOLIEIOYHOM Cpesie COCTOUT B CIEAYIOIIEM.

K ananusupyemoii mpobe, cojiepkaiiieil HOHbI MeTajula (Harpumep,
Mg?"), no6aBasIOT HHAUKATOP. PacTBOp nMproOpeTaeT BUHHO-KPACHYIO
OKpacKy BCIIEJICTBHE 00pa30BaHUs KOMILIEKCA MeTasla ¢ MHANKATOPOM:

Mg?* + HInd* <> [MgInd]" + H".
CUHSISI ~ BUHHO-KpacHas

OkpallleHHbI! pacTBOP TUTPYIOT pacTBOpoM komruiekcoHa Il go us-
MEHEHHSI OKPACKH pacTBOPa B CUHIOIO B TOUKE SKBUBAJIEHTHOCTHU BCIIECACT-
BUE pa3pyiieHus komiuiekca [MgInd]™ u BeimeneHus mHAMKATOpa B CBO-
OOAHOM COCTOSIHUHU.

[MgInd]™ + HY?* « [MgY]* + HInd*".
BHUHHO-KpaCHas CHUHAA

KpuBbie TUTpOBaHUS CTPOST B KoopAuHaTax pM — oObeM TUTpaHTA.
CkadoK TUTPOBAHUS 3aBUCUT OT KOHCTAHT YCTOWYHUBOCTH OOpPa3yIOIMIMXCS
KOMILJICKCOB M KOHIICHTPALlMU PEArcHTOB.
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PacueTsl mpou3BoaAT 1o hopmyse
c, -G
Vv,

rie C: — MoJyigpHas KOHIIEHTpallus pacTBopa HMoHa MeTama (Mg?'),
MOJIb/11; V, — 00beM pacTBopa moHa MeTajia (Mg? "), B3AThIM ST TUTPO-
BaHusi, Mi1; C: — KOHIIEHTpalusi pabodero pactsopa TpuioHa b, monib/m;
V; — 00bem pacTBOpa TpuiaoHa b, momieniivii Ha THTPOBAHUE.

MeToapl KOMIIEKCOHOMETPHUYECKOTO TUTPOBAHUS MPUMEHSIOT IS
onpeeseHus 001 )KECTKOCTH MPUPOIHBIX BOJA, KOTOPYIO XapaKTEpHU3y-
10T CyMMapHBIM COJIEP)KaHUEM COJICH KaJbITUs U MarHusl.

Pemenue TUNOBBIX 32124
ITpumep 1. IlocTpouTh KpHUBYIO KHUCJIOTHO-OCHOBHOTO THUTPOBAHUS
100,0 ma 0,1 M pactBopa ykcycHor kuciotsl (CH:COOH) 0,1 M pac-
TBOpOoM ruspokcuaa Hatpus (NaOH). [lonoOpate uHIUKATOP AJISI TUTPO-
BAHUSL.
Pemenne. Tutpyertcs cinabast KucioTa

CH:COOH + NaOH = CH:;COONa + H,0.

o nauana mumposanus
KoHueHTpanus HOHOB BOAOPOJa paBHA

[H ] = JK*eycoon Co =4/1,75-10°°+0,1000 =1,32-10° |
pH = 2,88.

lo mouku sxeueanenmuocmu
B 110001 MOMEHT TUTpPOBAaHHUSI B pacTBOpE CylIecTBYeT OydepHas
CMeCh, COCTOSINAs U3 HEOTTUTPOBAHHOM YKCYCHOM KHCJIOTBHI U 00pa3o-
BaBIIIErocs MPU TUTPOBAHUHU arieTata HaTpus. Pacdyer mpoBoaum mo dop-
MmyJje pacuera pH s OydepHbix pactBopoB. B 1anHOM ciydae 3ta ¢op-
MyJia UMEET BU]]
Cy

C

C

pH = pKa _lg

[Ipu noGapiaeHUn 9 MII TUJIPOKCHIA HATPHUS KOHIEHTPAILIUS KUCIOTHI
craneT paBHo# 0,091 M, a konuentpanus conu 0,009 M,
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pH = 4,76 - 1,0045 = 3,76.

[Ipu no6aBnennu 50 mu ruapokcuaa vatpus C,=0,05 M, C.=0,05 M,
pH=4,76.

ITpu nob6asnenun 90 mi ruapokcuaa Harpus C,.=0,01 M, C.=0,09 M,
pH=5,71.

[Tpu no6asnennu 99 mi ruapokcuaa Hatpus C,=0,001 M, C.=0,099 M,
pH=6,76.

B mouxe sxeusanenmnocmu

B pactBope HaxoauTcs ciaboe ocHoBaHME (ameTaT-uoH). KoHcranTa

OCHOBHOCTH alleTaT-noHa

[CH,COOH]-[OH"| Kk, 1010

w

CH,COO™ [CHSCOO_] - KaCH3COOH - 175-10°°
ITo popmyie [OH‘]:«/Kb-CO HAXOIUM
[OH|=/5,71-107-0,1=7,6-10°M

.7_10-10™" _
Orcrona [H J= —=1,32-10"M

7,6-10
pH = 8,88.

b

= 5,71.10"

Ilocne mouku s3xeueaneHmuocmu
Benuunna pH onpenensiercsa TOIbKO U30BITKOM 100aBIEHHOTO THUT-
paHTa (TMIPOKCHUJIa HATPHUs), TaK KaK alleTaT-uoH ciaboe ocHoBaHue. M3-
ObITOK mienoun B 0,1 Mi1 co3aer B pacTBOpe KOHIIEHTPALIUIO HOHOB

1-0,1 _
[oH =202 _5.10°M
1
pH=9,7.
[Tpu n30kITKE 11IE71049M B 1,0 MJT KOHIIGHTpAIlUs HOHOB B pacTBOpe OyaeT
2110 _5.10m
201 |
pH =10,7.

Pe3ynbTarhl MPOBEECHHBIX PACUETOB MPEACTABIEHBI B TaOIHIIE 3.
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Tabnuma 3
3nauenus pH npu mumpoeanuu 0,1 M pacmeopa yKcycHoU Kuciomuwl
0,1 M pacmeopom eudpokcuda nampus

Jo6asneno 0,1 M NaOH, wmn [Hﬂ . MOJIB/TT pH

0,0 1,32-10° 2,88

9,0 1,77-10™ 3,76
50.0 1,75-10°° 4,76
90,0 1,94-10°° 571
99.0 1,77-107 6,76
99.1 1,75-10°° 7,76
100,0 1,32-10°° 8,88
100,1 2:107 97
101,0 210" 10.7

[locTpoeHHast MO 3TUM AaHHBIM KpUBas TUTPOBAHUsI YKCYCHOM KU-
CJIOTBI PaCTBOPOM T'HJIPOKCUA HATPHUs MPEACTABIICHA HA PUCYHKE.

['paduk oTpakaet 3aBucUMOCTb pH 0T CngaoH -

JIns TUTpOBAaHUS YKCYCHOM KHUCJIOTBI THIPOKCHUIOM HATpHUs IPUTO-
neH wHAuKaTop ¢eHondranenH. Ero mokaszarens turpoBanms (pT=9,0)
BXOJUT B IIpeJeIbl CKayka pH Ha KpUBOW TUTPOBAHUSA U ITOYTH COBIIAIACT
C TOYKOM SKBUBAJIEHTHOCTH.

Kak BugHo, pH pacTtBopa 10 TOYKM 3KBUBAJIEHTHOCTH H3MEHSIETCS
IUIAaBHO. JIMHUSA HEUTPAIBLHOCTU MEPECEKACTCA C KPUBOUW TUTPOBAHUS €1IE
70 TOYKH 3KBUBAJICHTHOCTH. B 00/1acTH TOYKM SKBUBAJIEHTHOCTH HAOJIIO-
naercs ckadyok turpoBanusd oT pH 7,76 1o 9,7, a Touka SKBHUBaJEHTHOCTH
Haxoxautcs npu pH 8,88 (puc. 1).

JIns TUTpOBaHUSI YKCYCHOM KHUCJOTBHI THMAPOKCHUIOM HATpUsl IPUTO-
neH unaukatop ¢denondranenH. Ero mokasarens tutpoBanus (pT=9,0)
BXOJUT B IIpeJeIibl CKayka pH Ha KpUBOW TUTPOBAHUS U ITOYTH COBIIAACT
C TOYKOU IKBUBAJICHTHOCTH.
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JIuaua
9KBHBANEHTHOCTH

Touka 9KBHBANEHTHOCTH

JInHBEA

-/ HeﬁTprHOCTH

-

20 40 60 80 100 120 140  V(NaOH), mn

=W Ut~y 0P
1 PR

Puc. 1. Kpusas turposanus 100,0 ma 0,1 M pactsopa CH,COOH
0,1 M pactBopom NaOH

ITpumep 2. Ha turpoBanue NH+OH 3atpaueno 0,1 monn/1 HCL. Bri-
yucauTh pH B Touke SKBUBaJIEHTHOCTH, BEIOPATh UHIUKATOP.
Pemenne. B ocHOBE TUTPOBAHUSA JICKUT PEAKIIHS

NH4OH + HClHNH4CI + HZO
NH4+ + H20 > NH4OH +H".

Cpena xucnas, pH < 7.

Kb =1,8-10-5, pK = 4,75,
pH =7 - % pKocH - %2 1gCcomu =7 - 0,5- 4,75 + 0,5 =5,13.

Hcnonb3yoT MHANKATOPBI METUJIOBBIN KPACHBIA WM METWIPOT (MH-
TepBai nepexoja 4,2—6,3).

[Ipumep 3. Ha tutpoBanme 15,0 mim pactBopa NaOH 3arpaueno
14,2 mn 0,090 1 pacrBopa HCIl. Onpenenuts MOJISIpHYIO KOHIICHTPAIIHIO
PKBHBaJICHTa (HOpMaJIbHOCTE) pacTBopa NaOH.

PacdeT nnpoBoasT 1o gopmysie

C1'V1=Cy Vy,
rae C; — konnenTparus NaOH, koTopyto Hy»KHO onpe1euTh.
Cl = Cg' V2 /Vl
C;=14,2-0,090/15,0 = 0,058 monn/m.

HopmansHocth pactBopa NaOH (MonsipHass KOHIIEHTpaIysi SKBHUBa-

neHrta) paBHa 0,058 mMoub/J1.
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[Tpumep 4. Ha tutpoBanue 20 mu pactBopa coim Mopa 3aTpadyeHo
12,5 ma 0,05 v pactBopa nepmanranara kanus (KMnO,). Paccuutars
HOPMaJIbHOCTB pacTBopa conm Mopa.

Jlst pacueTa ucnonbzyem GopMyIibl:

Cl‘Vl = Cz‘ V2,
Cl = Cg’ V2 /Vl’
C;=12,5-0,05/20=0,03 n.

Conepxxanue xkenes3a B 1 1 pacTBopa MOXKHO PacCyMTarb, YMHOKUB
ATy KOHLEHTPALUIO HA MOJISIpHYIO Maccy xene3a 0,03-:55,85=1,68 .

[Tpumep 5. Ha tutpoBanue 20,0 My BOTOOIPOBOAHOM BOJBI U3PACXO-
noBano 5,8 mu 0,020 H pactBopa komruiekcoHa |ll. Paccuurars o6mryro
AKECTKOCTh BOJBI.

Pemenne. OOIIy10 )KECTKOCTh BOABI BBIYUCIISIOT B THICSYHBIX JTOJISX
MOJISIPHOM MacChl SKBUBaJIEHTa (MMOJIB/T) o popmyiie

K=C: V2 /V1 '1000,

rae C: — MossipHas KOHIIEHTpaIMs SKBUBaJICHTa (HOPMAJIbHOCTh) PacTBO-
pa xomiuiekcoHna III; Vi — o6bem pabouero pacTBopa KOMILJIEKCOHA, I10-

e Ha TuTpoBanue (Mi); V2 — 00beM BOJBI, B3ATHIA JJIs1 Ompe/ene-
HUS (MJT).
B naHHOM city4dae »eCTKOCTh BOAbI PaBHA:
X =(0,020- 5,8 /20,0) -1000 = 5,8 MMOmB/11.

Bonpocel 1J1 caMONIpoOBePKH

1. B yeM CyHmIHOCTh TUTPUMETPUYECKOTO METo/a aHanuza? B yem
€ro OTJINYHE OT TPAaBUMETPUIECKOTO?

2. Uto Takoe Touka 3xkBUBajieHTHOCTH? Kak ee onpenesnsitor?

3. [lepeuncauTte METOABI TUTPUMETPUUYECKOTO aHATH3A.

4. Yo Takoe TUTP pacTBOpa?

5. Uto Takoe cTaHAgapTHBIE U CTAHIAPTU3UPOBAHHBIE PACTBOPHI?

6. Kakue TpeGoBaHUs MPEIBABISAIOTCS K CTaHIAPTHBIM BEIECTBaM
JUISl yCTAaHOBKY HOPMAJIbHOM KOHIIEHTPAIIMU PacTBOPOB?

7. Kakue (akTopbl BIMSIOT Ha CKAYOK TUTPOBAHUS W MOJOKEHHUE
TOYKH KBUBAJICHTHOCTH ?

8. Kakue BemiecTBa Ha3bIBaIOT KHUCIOTHO-OCHOBHBIMHU WHJIUKATOpPa-
mu? Kakue coeJuHEeHHS UCTIOJIb3YIOT B KaU€CTBE KUCIOTHO-OCHOBHBIX MH-
JTUKATOPOB?
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9. Uto Ha3bIBaIOT MHTEPBAJIOM IEPEX0/1a U TIOKa3aTeJIeM TUTPOBAHUS
pT naaukaropa?

10. Kak BbpIOMpalOT MHAUKATOP B METOJAaX KHUCIOTHO-OCHOBHOIO
TUTPOBAHUSA!

11. Yro Takoe KOMIUIEKCHOE coenuHeHrne? Ha3oBHUTE€ OCHOBHBIE TH-
bl KOMIUIEKCHBIX COCTUHEHUH.

12. aiiTe onpeneneHne OCHOBHBIM MOHATHAM XUMHUHU KOMIUJIEKCHBIX
COCIMHEHUMN (BHYTpPEHHSI M BHEIIHsS cdepa, KOMILIEKCOOOpa3oBaTeb,
JIUTaH/l, KOOPJAUHAIIMOHHOE YKCIIO).

13. UYto Takoe cTyneHudaTble W OOIIME KOHCTAHTHl YCTOMYMBOCTHU
KOMIUIEKCHOTO COETMHEHUS?

14. Kakue coeqrHeHUs1 Ha3bIBaloT KoMIuiekcoHamu? K kakomy kiac-
Cy COCIMHEHUM OHU OTHOCSITCSI U KAKOBBI UX CBOMCTBA?

15. Kakue TpeboBaHuUsI MPEABIBISIOTCS K PEAKIUSAM KOMILIEKCO00-
Pa30BaHUs B TUTPUMETPUUYECKUX METOIaX?

16. OT 4ero 3aBUCUT CKAYOK TUTPOBAHUSA B METOJaX KOMIIJIEKCOHO-
METpun?

17. Ot 4ero 3aBUCUT UHTEPBaJ IMEPexoja METAVIOXPOMHOIO UHJIU-
KaTopa, HaIpuMep, SPUOXPOMOBOTo yepHoro T?

18. Kak nmpoBecTu cTaHAapTU3aLUI0 pacTBOpa TpuiaoHa b?

19. Kakue peakiuy Ha3bIBalOT OKUCIUTEIHHO-BOCCTAHOBUTEILHBIMU?

20. UTto Ha3wpIBaeTCs AIEKTPOAHBIM MoTeHInamomM? Kak omnpenenser-
Csl 3HAK JJIEKTPOAHOTO MoTeHnuana? YTo Takoe CTaHJApPTHBINA JIEKTPO/I-
HBIN MOTEHIIAA?

21. Kak onpenenuTh HampaBJICHUE PEAKIUU OKHUCJIEHHUS-BOCCTAHOB-
JICHUS ?

22. Ha30BUTE€ OCHOBHBIC OKHCJIMTEIN M BOCCTAHOBUTEIH, HCIOJIb-
3yeMble B aHaJIu3€ Ui pa3/iesieHuss U oOHapykeHus MoHoB. Hamumure
COOTBETCTBYIOIIHE MOTYyPEAKIIUH.

23. Kak onpenensiercs GpakTop 3KBUBAJICEHTHOCTH B PEAKIMUSIX OKHUC-
JICHUSI-BOCCTAHOBJICHHUS !

24. Ot xakux (hakTOpOB 3aBHUCUT CKAYOK TUTPOBAHUA B METOJAAX
OKHCJICHUSI-BOCCTAHOBJICHUS ?

25. Kak cBsi3aH mHTEpBas nepexojaa peaoKC-uHINKaTOpa C ero CTaH-
JTAPTHBIM OKHCIIUTEILHO-BOCCTAHOBUTEIHLHBIM TTOTEHIINATIOM?

26. Ha yemM OCHOBaHO MOJOMETPHUUYECKOE OMpPEaACICHUE BOCCTAHOBU-
TeJeH, OKMCIIMTEICH U KUCIOT?

27. B 4eM CymIHOCTh NIEPMAHraHATOMETPUYECKOro TUTpoBanus? [loye-
MY HE HY>KE€H UHIMKATOP MPH IEPMaHraHATOMETPUUECKHX OMPEACTICHUIX?
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28. B dem 3akirodaeTcsi CyIHOCTh OCaIUTEIHFHOTO TUTPOBAHUSA?

29. B uem cymHocTh MeTOAa Mopa? KakoBbl yCIIOBUS €10 PUMEHEHWSA?

30. Ha yem oCHOBaHO MPUMEHEHUE XpomaTa Kajius B KaueCTBE WMH-
IVKATOpa IMPHU TUTPOBAHUH XJIOPUJIOB IO MeToay Mopa?

3amaHus 1J151 KOHTPOJIbHOU padoThI
81-90. IlocTpoiiTe KpuBbIE KHUCIOTHO-OCHOBHOT'O THUTPOBAHHS MJIs
YKa3aHHBIX KHCJIOT U OCHOBAaHUH, YKaxkute pH cpenpl B TOUKE 3KBUBAa-
JIEHTHOCTH, OOOCHYWTE BBIOOp MHAMKATOPA.
VYka3anue. [loctpoenue kpuBor tutpoBanus npoussectu mist 100,0
MJI OHPEAEIAEMOT0 BEMIECTBA, NPUYEM KOHLUEHTPALUU TUTPAHTA U TUT-

pPYEMOro BeuiecCTBa CYUTATbL PABHBIMU 0,1 MOJIB/II.

Howmep 3amanus TurpanT Tutpyemoe BenecTBo
81 I'mapokcua HaTpus ConsiHas Kuciora
82 I'uppokcua HaTpHs MypaBbuHas KHCIIOTa
83 ['uapokeu Kamus XJIOpyKCYyCHasi KUCII0Ta
84 ['uapokeu Kamus [IponnoHoBas KuciI0Ta
85 ['upokcun HaTpus MoJiouHast KHCIIOTa
86 ConsiHast KHCIIOTA ['uapokcu Kamus
87 ConsiHast KHCIIOTA ['unpokcu aMMOHHS
88 I'uppokcua HaTpUs ben3oitHas kucinoTa
89 I'mapokcua Kanust A3zoTtucras KUciora
90 I'mapokcug HaTpUs BanepuanoBas kuciora (HOpM.)

91. Ha tutpoBanue HaBeckn BUHHOW KHCIOTHI Maccod 0,5002 r 3a-
TpadeHo 10,5 mu pactBopa NaOH. Paccuurante MOJSIPHYXO KOHIICH-
TpPaLWIO TUAPOKCH]IA HATPHS.

92. Ins neutpanuzanuu 42 mu pacrsopa H,SO, morpeboBanoch 10-
6aButh 14 mi 0,3 N pactBopa menouu. Onpenenute MOJSIPHYIO KOHIICH-
Tparuio skBuBanenra H,SO,.

93. Omnpenenute oo6bem 0,1500 N pacTtBOopa NaOH, MOIIEANIEr0 Ha
tutpoBanue 21,00 mu pactBopa HCl ¢ Tutpom 0,003810 r/mi.

94. Ha tutpoBanue 20,00 M pacTBOpa a30THOM KHUCJIOTHI 3aTPAY€HO
15 mn 0,1200 N pactBOpa rugpokcuaa Hatpus. BelUuUCIATE MOJSPHYIO
KOHIIEHTPAIUIO SKBUBAJIEHTA a30THON KUCJIOTBHI.

95. Ha tutpoBanue 100 mi Boasl 3aTpaueno 10,25 mu 0,0521 N pac-
TBOpa TpuioHa b. Onpenenure KecTKOCTh BOJBI.
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96. Ha tutpoBanue 50 MJ1 Bo/bI 3aTpadyeHo 7,4 MJI pacTBOpa TPUIIOHA
b, MonspHasi KOHLIEHTpalus SKBUBaJIeHTa KoToporo paBHa 0,0454 momw/m.
Onpenennre )KECTKOCTh BOIBI.

97. Ha tutpoBanue 20,00 ma pactBopa comu Fe”" 3arpageno 12,5
ma pactBopa KMNnO, ¢ konuenrpanueii C (1/5 KMnO,) = 0,050 mouns/m.

Berancinte macey (r) Fe** B 200 M1 aHATH3HPYEMOTO PacTBOPA.

98. Ha tutpoBanue 10,00 mia pactBopa conu Mopa 3aTpadeno 12,5
M 0,0518 N pacrBopa mepmanranara kanus. Omnpenenure cojaepKaHue
Fe’* B 100 MJI HCXOZHOTO PacTBOPA.

99. Ha tutpoBanue 100 mi Boasl 3atpaueno 12,74 mn 0,0523 N pac-
TBOpa komIuiekcoHa 1. Onpenenure xecTKOCTh BOJbI (MMOJIB/J).

100. Ha turpoBanme 100 ma Boapl 3arpadeno 11,25 mm 0,0521 N
pactBopa TpuiioHa b. Ompenenure )KeCcTKOCTh BOABI (MMOJIB/M).
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4. PUSUKO-XUMHNYECKHUE METO/Ibl AHAJIN3A

[Ipexxae yem HpUCTyIaTh K BBINOJIHEHUIO KOHTPOJBHBIX 3aJaHUU,
HEOOXOJAMMO O3HAKOMHTBLCA C 3afadyaMi (DU3UKO-XMMHUYECKHX METOJOB
aHajn3a, M3y4UuTh KIacCU(PUKAIIUIO METOJ0B aHalln3a, TECOPETUIECKUE OC-
HOBBI KXJ0TO METOJia, 0COOCHHOCTH BBIIIOJIHEHUS OCHOBHBIX ONEpallMii,
BBIYMCJICHUSI, HAYUYUThCA OIEHUBATh TOYHOCTh U MPABUILHOCTh aHAJIUTH-
geckux ompeaeneHuii. HeobxoaumMo caMOCTOSTENIbHO M3YYWUTh JOCTOWH-
CTBa M HEAOCTATKM Ka)KJI0TO METOJa, MPUMEHECHUE METOAOB ISl aHAJIN3a
Ka4eCTBa ChIPbsI U TOTOBBIX MUIIEBBIX MPOTYKTOB.

Bce meronpl KOJMYECTBEHHOIO aHajlW3a OCHOBAaHbl HA H3YYCHUH
CBOMCTB BEILIECTBA, CBSI3aHHBIX C KOHIICHTPALIMEH ONMpPEJICIICHHON 3aBUCH-
MOCTBIO. B Tak Ha3pIBaeMBIX KIACCHYECKMX METOJaX aHAIUTHUYECKON XH-
MHUHM (TPaBUMETPUYECKOM M TUTPUMETPUYECKOM) B KayeCTBE TaKUX
CBOWCTB MCHOJIB3YIOTCSI Macca BelllecTBa U 00beM pacTBopa. OHAKO Be-
IIECTBO 00J1a71a€T COBOKYITHOCTHIO MHOTHUX CBOMCTB, OHO MOET IOTJI0-
aTh W U3JIy4aTh CBET, MOJABEPraThCsi paguOaKTHUBHOMY pacriaay, IpOBO-
IUTh DJICKTPUYECKUN TOK U T.m. [loaTOMYy KilacCMyecKkne METOIbI MOCTE-
MEHHO YCTYIAT MECTO MHCTPYMEHTAIbHBIM.

Hcnonp30BaHne pa3iIWdHBIX (U3WYECKUX U (PU3MKO-XUMHUECCKHUX
CBOMCTB BEIIECTBA B AHAIMTHYECKHX IEIIX JICKUT B OCHOBE (PU3HKO-
XUMHUYECKUX METOJIOB aHaju3a. DTH METOJIbl 00J1aal0T MHOTHMH CYIIle-
CTBEHHBIMM JIOCTOMHCTBAMM: BBICOKAsI YYBCTBHUTEIBHOCThH, KOTOpAs IO-
3BOJISIET JIETKO MPOBOJUTH OMPECIICHUS NIPYU OYE€Hb MAJIOM COJACPKaHUU
KOMIIOHEHTa, 3KCIPECCHOCTh, 3KOHOMHUYHOCTh, YHUBEPCAIBHOCTH, BO3-
MO>KHOCTh aBTOMaTH3aluu. Bce 3TH TOCTOMHCTBA OTKPBIBAIOT mepes (pu-
3UKO-XUMHUYECKUMU METOJAMH CaMbI€ IIMPOKHE MEPCHEKTUBBI MPUMEHE-
HHUS UX B IPOU3BOJICTBE, MEIUIIMHE, TEXHUKE U HAYKE.

HckmiounTebHOE 3HAYCHUE 3T METOIbl UMEIOT JIJISI PEIICHUST TAKUX
BOXKHBIX 3aJ1a4, KaK yJIYUIICHUE KaueCcTBa MPOJYKTOB MUTAHMUS, JIEKAPCTB,
noBbIlieHue 3G PEKTUBHOCTH TPOU3BOJICTBA, OXPaHa OKPYKAIOIIEH CPEIbI,
OYMCTKA MUTHEBBIX U CTOYHBIX BOJ, MPENapaToB, MOJIYyYEHUE MPOJAYKTOB
BBICOKOM CTEIIEHU YHCTOTHIL.

Campvie pacnpocmpanennovle Memoovl AHAIU3A.

1) onTuueckue;

2) 3JICKTPOXUMHUYECKHUE;

3) xpomarorpaduieckue.
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4.1. OnTnuecKkue MeToabI AaHAJIN3A

OnTruyeckre METOJbl aHaju3a OCHOBAaHBI HAa M3MEpeHHH ()PEKTOB
B3aMMO/ICHCTBHUS BEIIECTBA C AJIEKTPOMArHUTHBIM U3ITyYECHUEM.

InekmpomazHumHoe usjiyyeHue npeocmasniem coooil euo IHep-
2uu, KOmopas pacnpocmpanaemcs ¢ 02pOMHOU CKOPOCHIbIO.

DTa sHEeprus CylEeCcTBYeT B pa3IMYHbIX (opMax, U3 KOTOPHIX Hau-
OoJiee JIETKO paclo3HalOTCs CBET U TEIUIO.

PacnipocTpaHeHne 3J€KTPOMAarHUTHOTO W3JIyYEHUs YJIOOHEe Mpe/-
CTaBUTh B BHUJE BOJHOBOT'O MPOIIECCA, XapaKTEPU3YIOIIETOCS TaKUMU Ta-
pamMeTpaMu, Kak CKOPOCTh, YaCTOTa, JJIMHA U aMIUIUTY]la BOJHBI. B oTin-
gye OT JAPYTHUX BOJIHOBBIX TPOIIECCOB, HAMPUMED, 3BYKa, IS Iepeaadn
AIEKTPOMArHUTHOTO M3JIyYEHUS HE HY>KHA MPOBOJAIIAS CPEa, OHO JIETKO
pacIpoCTpaHsIETCsl B BAKyyMe.

Ho nns oObsicHeHUs SIBICHUM, CBSI3aHHBIX C MOTJIOMICHUEM WIIH W3-
Jy4€HHEM SHEPruH, HEOOXOAUMO MPEACTABIATh U3IYyYEHHE U B BUJE MO-
TOKa IUCKPETHBIX YaCTHIl, HA3bIBAEMBIX (DOTOHAMH.

InexmpomacHuUmHoe u3iyyerue YO0OHO npeocmasums 8 euoe ieK-
MPUYECKO20 CULOB020 NOJIA, KONeONoue20cs nepneHouKyIapHo Hanpaes-
JIEHUIO0 pacnpoOCmMpaHeHust 60IHbL.

JJIEKTPOMATHUTHOE U3Jy4yeHue. BosiHOBBIE CBOMICTBA

1. 2 — Onuna onHbl — paccmosiHue mexcoy 08YyMs NOCIedYIUUMU

MAKCUMYMAMU UTU MUHUMYMAMU 8OIHbL.

A

AVAVA
1amM=10"m; 1A=10""m; 1mMxmM=10"m.
2. P — nepuoo uznyuenus — 8pems, Heobxooumoe 0Jisi NPOXOHCOEHUS.
Kaxco020 NocCiedyioue2o0 Makcumyma yepes QuKcuposanuyo mouxy npo-

cmpaucmaa (c).
. -1
3. v —uacmoma — uucno Konrebanutl noas 6 cekynoy (I'y=c ).

v=1/P.
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4. 6 — 60IHOB0OE YUCTIO — YUCLO BOIH, NPUXOOAwUxcs Ha 1 cm.
c = 1/\.

5. Sj — ckopocmb pacnpocmpaneHrust — CKOpoCmby, ¢ KOmMopou (hporm
BOJIHBL OBUINICEMCSL Uepe3 KaKyio-1ubo cpeoy.

Si=v-A (cMm/c);
S = 3 - 10* (em/c).

6. @ — mowmHocme uznLyUeHus — IHepeus Nomoxa, naodarue2o Ha
oanmyro nogepxHocms 3a 1 c.

® = AE / At (B).

| — UHTEHCUBHOCTH (MOIIHOCTh, MPUXOAIIAICS HA €IUHUILY TeJec-
HOI'0 yTJIa).

JJIEKTPOMATHUTHOE U3iyyeHue. {uckperHbie cBoiicTBa

E — onepeus uznyuwenus ([ unu Kran).
E=h"v,
I kan = 4,2 JIx,
h — nocrosinHas Ilnanka,
h=6,6310% spr -.c=6,6 - 10° JIx -c.

Beipakas v uepes A ¥ G, NOJIyYUM:

E= hS,/?\.: h‘Si‘G.

OnTnueckue MeToaAbLI AaHAJIN3A

Knaccugurayus

1. Ilo u3yuaemvim 006veKkmam: ATOMHBIH U MOJEKYJISPHBIA CIIEK-
TpaJIbHBIN aHAJIN3.

2. Ilo xapaxmepy eé3aumooeiicmeus INeKmMpPOMAZHUMHOZ0 U3JTyUe-
HUA C euiecmeom:

Amomno-abcopbyuonnblil aHaIu3 — U3MEPEHUE TOTJIOMIEHUS MOHO-
XPOMaTUYECKOTO M3JIYYEHHUs] aTOMaMU OMPEAEIsIEMOro BEIIECTBa B ra3o-
BOH (pa3e mociie aTOMHU3aIuy BEIIeCTBA.

Monexynsapuwiii abcopOyuoHHbLL aHanu3 — U3MEPEHUE CBETOIOIJIO-
IICHUS MOJICKYJIaMU WJIM MOHAMU M3y4aeMOT0 BEIECTBa.

IMUCCUOHHBIU CNEKMPATIbHbIU AHAIU3 — U3MEPEHUE UHTCHCUBHOCTH
CBETa, M3JIy4aeMOIo BEIIECCTBOM (Yallle BCEro — aToMaMH WM HOHAMM)
IIPU €T0 PHEPIETUYECKOM BO30YKICHUH, HAIPUMED, B TUIa3MeE dJICKTpUIe-
CKOTO pazpsja.
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Imuccuonnas homomempus niameHu — U3MEPEHNE NHTEHCUBHOCTH
UCITyCKaHUSl BUIUMBIX, Y ®D-, PEeHTreHOBCKHX Jy4yeld aTroMaMu, BO30YXK-
JEHHBIMH B TIJIAMEHU.

Jlromunecyenmuwili aHaau3 — N3MEPEHNE UHTEHCUBHOCTHU U3JTyUYEHUSI
BEILIECTBOM I10]T BO3JICUCTBUEM PA3JIUYHBIX BUJIOB BO3OYKJICHUS BO30YXK-
AKX (PaKTOPOB.

CnekmpanbHulll AHAIU3 C UCNOTIL30BAHUEM IPheKma KOMOUHAYUOH-
HO20 paccesinusi ceema — U3MEPEHNE UHTEHCUBHOCTH U3JIyYEHUs TIPU SIB-
JIEHUY KOMOWHAIIMOHHOTO PAacCEesiHUS CBETA.

Hegenomempuueckuti ananus — u3MepeHrUe pacCeMBaHUsl CBETA yac-
TULIAMU JTUCTIEPCHON CUCTEMBI.

Typbuoumempuueckuti anaiusz — U3MepeHne 0ciIadIeHUsI UHTEHCUB-
HOCTHM WU3Jy4YeHHUs (TOTJIOIICHUE) MIPU €ro MPOXOXKICHUU Yepe3 JUCIEepC-
HYIO Cpeny.

Pegpaxmomempuyeckuii ananuz — n3MepeHue mokazaTesield mpeaoM-
JICHUS TIPU MPOXOXKACHUHU CBETA Yepe3 IPaHUILy pazjiena Mpo3pavyHbIX Cpe/.

lonapumempuueckuti anaius — U3MEPEHUE BEIUYUHBI ONTHYECKOTO
BpaiieHus (yriia BpalleHHs IUIOCKOCTH IOJIIPU3allMi CBETa) ONTHYCCKU
AKTUBHBIMH BEILIECTBAMH.

B ananuTuyeckoil XMMUU KCHOJB3YIOTCS U HEKOTOPBIE APYTUE OIl-
TUYECKHE METOAbl aHajiu3a: PEHTICHOBCKasi CIEKTPOCKOMUS, ramma-
PE30HAHCHAsI CHEKTPOCKOIUS; 3JICKTPOHHBIN MapaMarHUTHBINA PE30HAHC;
AIEPHBIA MATHUTHBIN PE30HAHC U T.J.

3. ITo obnacmu ucnonv3yemo2o INeKmpoOMAaZHUMHO20 CHEKMpa.

1. Cnexmpockonus (cnekmpogomomempus). WVcnonb3zyercs B
ommkHen ynbTpaduosieroBoil (Y®P) o0macTd — B MHTEpBajiE JIMH BOJH
200—400 aM 1 B BUIUMOM 001acTH — B MHTEepBase 1iauH BoiaH 400—760 HM.

2. Ungpakpacuas cnexmpockonusi, A3ydaronast yHaCTOK dJIEKTpOMAr™-
HUTHOTO criekTpa B uHTepBatie 0,76—1000 mxm (1 MrM=10" M).

Pexxe WCHONB3YIOTCA peHmeeHo8cKas CneKmpocKkonus (U3ydaeT
PEHTT€HOBCKHUE CIEKTPhI) U MUKPOBOTIHOBAS CNeKmpOoCKonuUs, U3y1aroluas
AJIEKTPOMArHUTHOE U3JIyYEHUE C JNIMHAMU BOJIH OT 10™ 1o 10 cm.

4.1.1. ®0TO03JIEKTPOKOJOPUMETPUIECKUI METO/I AHATIH3
(poTomeTpusn)

Domornekmpoxkonopumempus OCHOBaAHA HA TIOTJIOUICHUN CBETA OIl-
penenseMbIM BeIecTBOM B BuauMmol oOjactu crnektpa (400-760 uHw).
Ucnonp3yeTca 1y ONMpeneseHuss MOHOB B OKPAIIIEHHBIX PacTBOpaX, IO-
[JIOMIAIOIIUX JIEKTPOMArHUTHOE U3aydeHue B Y D-, BUIUMoil U OIvKHEN
HNK-o6nacTsax crekTpa.
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IToToK cBeTa ¢ MHTEHCUBHOCTRIO lg, TpOXOAsAIIUi 4epe3 CBETOIO-
TJIOMIAIOIINM PAacTBOpP C TOJIUHON [ paccenMBacTCs, MPEIOMIISICTCS, HO
OoJIbIlIasi €r0 YacTh MOTJIONIAETCS; U3 PAacTBOPA BBIXOJUT IOTOK |y, HHTEH-
CHBHOCTb KOTOpOro MeHbIe lg. [Tpy npoxoxaeHnn MOHOXpOMaTHYECKOTO
M3JIyYCHUS Yepe3 pacTBOP, COAECPKAIIMNA MOTIONIAIOIIEE BEIIECTBO, TOTOK
M3JIYYeHHS OCIa0IsIeTCsS TeM CHIIbHEEe, YeM OOJIbIe SHEPTUH TOTJIOMAI0T
YaCTHUILIbI 3TOTO BEIIECTBA.

[Tonmwxenue | 3aBUCUT OT KOHILIEHTpAIIMU BEIIECTBA U JJIMHBI MyTH,
MPOXOJIUMOTO U3JIYYEHHEM (TOJIIIHUHBI CJIOA).

DTa 3aBUCHUMOCTbH BBIpaxaeTcsi 3akoHOM byzepa-/lambepma-bepa
(OCHOBHBIM 3aKOHOM CBETOIIOTJIOIICHHS ).

Koauuecmeo 3nekmpomacHumno2o0 u3jiyu4eHus, no2i0uieHHoe
pacmeopom, NpPONOPUUOHANLHO KOHUEHMPAUUU NO2NOWAIOWUX YdcC-
muy u moJjujuHe cnos

lg (I/1)) =-k-1.-C.

Benmuuna -1g(ly/1,) HaszpiBaeTcs abcopOIMeit WM ONTHYSCKOM IJIOTHO-
cTbio (A). Torna oCHOBHOI 3aKOH CBETOIOTJIOLIEHUS! IPUHUMAET (OpMy

A=k-1-C.

Ecnu koHIleHTpauusi pacTBOpa BhIpAXKEHA B MOJIb/J, a TOJIINHA T10-
TJIOTIAIOIIETO CII0ST B CM, TO KO3 PUIMeHT K=¢, 1 OCHOBHOW 3aKOH CBe-
TOMNOTJIONIEHUS IPUHUMAET BUJ

A=¢ 1.C,

r/1€ € — MOJISIPHBINA KO3 (PUIIMEHT CBETOMNOIJIOMICHUS, J/(MOJIb- CM).

Monapnuiii koaghguyuenm ceemonoenowerus ABIAETCS MEPON UyBCT-
BUTEJIbHOCTH (POTOMETPUUYECKUX METOJIOB. UeM OOJIbIIE €, TEM BBIIIEC TYB-
CTBUTEJILHOCTh METOJa, TEM MEHBIIYI0 KOHIEHTPAIUIO BEIIECTBA MOYKHO
ONPEAEIUTD.

Duzuueckuti cmoien €: ipu C=1 MoJIb/11 ¥ TomuHE ciaos /=1 cM e=A.
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Pemienne THIOBLIX 3a1a4
[Mpumep 1. Paccuuraiite yactory vV (I'll) 1 BOJHOBOE YKCIO O (M ™),
€CJIM JIJIMHA BOJIHBI 3JIEKTPOMAarHUTHOTO U3 TyYEHUs paBHa 6,1 MKM.
Pemenue. BoHOBOE 4mMCIio O, OKA3bIBAOIIEE YUCIIO BOJIH, MPUXO-
ASImpxcs Ha 1 ¢M, CBA3aHO ¢ JIMHOM BOIHBI A 3IEKTPOMArHUTHOIO HU3ITY-
YEHUS BBIPAKEHUEM
_1 1
== c=——
A’ 6,1-10™
B cBow ouepenb, 4acToTa 3JIEKTPOMArHUTHOTO W3aydeHus V , T.e.

YHCIIO KOJICOAHUH AJIEKTPOMArHUTHOTO TIOJIS B CEKYHIY, CBS3aHO C A BBI-
paXxeHHeM

o =1,6-10° gy

S=v-4,
rIe S, — CKOpOCTb PACHpPOCTPAHEHMs IEKTPOMArHUTHOIO H3IIyye-

HHS, TOraa
S, 3,0-10°

V:j_W: 4,9-10° T'm.

[Tpumep 2. Monsipubiit KO3(GOUITMEHT MOTJIOIMIEHUS KOMILIEKCA BHUC-
myTa(lll) ¢ THOMOUeBHMHHON paBeH 9,3.10° s.cm - Moub npu 470 HM.
KakoBa OITHYECKas ILIOTHOCTH 6,210 M pacTBopa KOMILUIEKCaA, U3Me-
penHas nipu 470 HM B ktoBeTe guiuHOoM 1,00 cm?

Pemenue. Jlyis pemieHuss 3TOM 3aadyd UCIOJB3YETCS MareMaTrhye-
CKO€ BhIpakeHUe 3akoHa byrepa-JlamGepra-bepa:

A =¢lc,
rae A — onTu4eckas mI0THOCTD,
€ — MOJISIPHBIA KO3 (PUIMEHT NOTJIONIEHHUS, JI-CM - MOJIb " ,
| — TommmHa cios, cMm,
C — KOHLIEHTpaunus pactsopa, M.

A=93.10°16,2.10°=0,577.

Bonpocs! 111 caMONpoOBepKH
1. JlaiiTe onpeneneHus U MOSICHUTE CIIEIYIOIIUE TEPMUHBI: CIEKTD,
UHTEHCUBHOCTb W3JIyYEHUs, JJIMHA BOJHBI, BOJHOBOE YHUCIIO, CIIEKTPAJIb-
Hasl IIHMPUHA TOJIOCHI, (DOTOH, MOIJIOLIEHHE, UCIyCKaHHE, OCHOBHOE CO-
CTOSIHUE, BO30YKIECHHOE COCTOSIHHE.
2. Jlalite kimaccuukanuio ONTHYECKHUX METOAOB aHaiau3a (1o Hu3y-
4aeMbIM OOBEKTaM, MO XapakTepy B3aUMOACHCTBUS IJIEKTPOMArHUTHOTO
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U3JIyYEHUs C BEIIECTBOM, MO MCIOJIb3YEeMON 00JaCTH 3JIEKTPOMATHUTHOTO
CIIEKTpa, IO IPUPOJI€ FIHEPreTHUECKUX MEPEXOIOB).

3. Ha kakoM NpUHIIAIIE OCHOBAHBI CIIEKTPAIBHBIE METObI aHAJIN3A?

4. KakoBa mnpupoja U MNPOUCXOXKICHHUE ATOMHBIX SMHCCHOHHBIX
criekTpoB? [ToueMy aTOMHBIE CLIEKTPBI UMEIOT JIMHENYATHIN XapakTep?

5. Uem xapakTepu3yeTCsl SHEPTETUYECKOE COCTOSIHUE DJIEKTPOHOB U
aToMa B LIEJIOM?

6. Kakol n3 METOIOB PEANIOYTUTENBHEE IIPU ITPOBEACHUH OJIHOTO
Ka4eCTBEHHOTO aHaju3a: METOJ aTOMHO-a0COPOLMOHHON WU IMUCCUOH-
HOU CHEKTPOCKONUHU?

7. Ha yeM OCHOBaH KauyeCTBEHHBIM CIEKTpajbHbIM aHanu3? Kakwue
MPUOOPHI UCTIOJIB3YIOTCS JIJIs1 MPOBEICHUS KAYECTBEHHOI'O aHaIu3a?

8. B uem 3akiroyaeTcs CymIHOCTh MeToAa (OTOMETPUHU TUIaMEHU?
Kakne ocHOBHBIE TTpUeMbI pabOThHI UCIONIB3YIOTCA B 3TOM MeToae? Kakue
JIOCTOUHCTBA U HEIOCTATKU UMEET METOH?

9. B uem cymHOCTh (hOTOMETpHIECKOT0 MeTo 1a aHaiau3a? Uto takoe
pacTBOp cpaBHeHUsA B goroMmerpuueckom aHanm3e? KakoB ero cocrar u
Ha3HadYeHUe?

10. IIpuBeauTe MaremMaTH4ECKOE BBIpaKEHHE 3akoHa byrepa-Jlam-
Oepta-bepa. Uto ciay>KuT KpuTepreM COOIIOACHHS OCHOBHOTO 3aKOHA CBe-
TonorjonieHusa? Kakue npruunHbl BBI3BIBAIOT OTKJIOHEHUS OT 3TOr0 3aKOHA?

11. KakoBbI OTUMaIbHBIE UHTEPBAJIBI U3MEPEHUS BEJIUYNH IMPOITYC-
KaHHUSI U ONTUYECKOHN TNIOTHOCTU? Uem oHM onpenestoTes?

12. Kak BbrIOpaTh ONTUMaILHYIO JJTMHY BOJHBI JJIsI IPOBeAeHUs (o-
TOMETPUYECKOTI0 aHAJIN3a, €CJIU B CIEKTPE MOIJIOMICHUSI HAOII01aeTCsl He-
CKOJIbKO MAaKCUMYMOB?

13. Kakue MeToabl MCHONB3YIOT MU OMNPEACIICHUS] KOHIIEHTPAIUU
OKpAIIEHHBIX PACTBOPOB?

14. Ha yem ocHOBaH MeTol hoTomMeTpruueckoro tutpoBanus? Ilpu-
BEJIUTE PUMEPHI KPUBBIX POTOMETPUUYECKOTO TUTPOBAHUS.

15. Kakass pyHKUMOHAIbHASA 3aBUCUMOCTH JIE)KUT B OCHOBE JIFOMU-
HECIIEHTHOTO aHaau3a’?

16. JlaiiTe ompeneleHUEe CIASAYIOMMNX TEPMHUHOB: (hIyopecIeHIIUs,
dbocdopeciieHIIUsI, KBAHTOBBIN U SHEPreTUYECKUI BBIXO/I, TyleHue ¢hayo-
pPECLICHIINH.

17. Chopmynupyiite u uzoOpasute rpaduyecku 3akoH CTokca-
Jlommens u npasuiio JleBmuHa.

18. KakoBo Ha3HaueHue CrEKTpabHbIX Mprbopos? Kakyro aHamuThye-
CKyI0 MH(OPMAITUIO O BEIIECTBE MOXKHO MOTYYUTH C TTOMOIIBIO CICKTPAIIb-
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Horo npubopa? C KakuMHU CHEKTPAIbHBIMU MPUOOpPaMU BaM MPHUXOAUIIOCH
UMETH 1e710? 11 pellieHrs KakuX 331a4 Bbl MX UCIOJIb30BAJIHU?

19. IlpuBeauTe NPUHITUIIUAIBHYIO CXEMY CIEKTPAIIbHOTO MpUOOopa.
OxapaxkTepu3yuTe Ha3HAYEHNUE €TO OCHOBHBIX YaCTEM.

3aganus 1J1s1 KOHTPOJBLHOH padoThI

101-103. Paccuuraiite yactoty (I'1), COOTBETCTBYIOIIEE IEPEUHC-
JICHHBIM JIJTHHAM BOJIH 3JIEKTPOMArHUTHOTO M3Ty9ICHUS:

101. 400 um; 102.17 A; 103. 0,030 cm.

104-106. PaccunraiiTe JiiuHy BOJHBI (HM) IS TIEPEUMCIICHHBIX HU-
K€ 4aCTOT AJIEKTpOMarHuTHOTO u3nydeHus (I'm):

104.1,97-10°  105. 4,75.10%; 106. 6,23.10".

107 — 108. PaccumuTaiiTe BOJTHOBOE YHCIIO (CM'l) IUISL TIEPEYUCIICHHBIX
HWDKE JUTHH BOJIH JIEKTPOMAarHUTHOTO U3JTYYEHHS

107. 400 um; 108.17 A,

109-110. Paccunraiite BoaHOBOE Ynciao (cM™) sl MEPEUHCICHHBIX
HIKE YaCTOT DJICKTPOMArHuTHOro u3aydeHus (I'm):

109.1,97.10%  110.4,75.10%.

111-120. ITomp3ysich NMpPUBEACHHBIMU JTAaHHBIMHU, PACCUUTANTE HeE-
TOCTAIOIINE B TAOJINIIC BETUINHBL:

Onrtuyeckas Monsipusiit koaddu- | TommuHa
Bapuant Konuenrpanus
IJIOTHOCTh, A | IIUCHT MOIJIONICHUA, & | CIosi, CM
111 0,345 2,00 4,25.10° M
112 3,7 10% 1,75 1,20 mxr/min (Mo-
asipHast macca 325)
113 0,176 520.10° 2,26.10°M
114 0,982 2,75 10" 0,980 M
115 0,634 2.98.10" 2,00 M
116 0,547 1,00 3,64-10°M
117 3688 2,5 6,51 Mkr/mn (Mo-
nsipHas macca 200)
118 0,634 2,98. 10% 0,980 MKT/MJI (MOJIIpHast
macca 184)
119 3,7-10 1,75 3,69-10°M
120 3688 2,5 3,26.10° M
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4.2. JJIeKTPOXMMUYECKHE METOAbI AaHAJIN3A

Kiaccudguxanus 3JIeKTPOXUMHUYECKMX METO0B AHAIU3A

1. Ilo cnocoby evinonnenus.

1) npsamvle (MOHOMETPUSI, KYJTOHOMETPHSI, MOTEHIIMOMETPHUS, MOJISIPO-
rpadus u ap.);

2) KoceeHHble (TUTPUMETPHS C DIEKTPOXUMHUYECKUMU METOJaMH HMH-
JUKAIUN);

3) uneepcuontvle (MHBEPCUOHHAS BOJIbTAMIIEPOMETPHS U JP. ).

2. Ilo xonuuecmay eeujecmea, y4acmeyroujemy 6 21eKmpooOHOM Npo-
yecce:

Bce sewjecmeo yuacmeyem 6 snexmpoonom npoyecce (3NEKTPOrpaBU-
METpHUs, MpAMasi KyJIOHOMETPHS U JIp. ).

Jluws nesHauumenvHas 005 8ewjecmsea noosepeaemcst 21eKmponpe-
spawjenuro (nomnsporpadus, BOJTAMIIEPOMETPHSI, TpsiMas MOTEHIIMOMET-
pus).

3. Ilo uzmepsiemomy snexmpoxumuyeckomy napamempy (Tadi. 4).

Tabmuna 4
Knaccugpurayus snekmpoxumuieckux memooos ananusa
HanmenoBanne | OynkuuoHanbHas | M3mepsiemblii
MeToja 3aBUCHMOCTD napamerp PasHoBHIHOCTS
[TorermmomeTpust E=f(a) D.1.c. ranpBanu- | [IpsiMast HOTCHIIMOMETPUS;
YECKOTO 3JIEMEH- | IIOTEHIIMOMETPHIECKOE
Ta, COCTOSIIIIETO | THTPOBAHHE
W3 UHMKATOPHO-
IO AJIEKTPOIA U
AIIEKTPOAA CPaB-
HCHUS
DneKTporpaBu- Q=f(m) Macca Bemiect- | Kimaccuueckwid
METpHSI BA, BBIJICIINB- AJICKTPOAHAIN3;
IIETOCS Ha JICK- | BHYTPEHHUH JICKTPOIIU3
TpoJie
Kynonomerpust Q=f(c) Komngectso [Ipsimast KymoHoMeTpwus,
ANICKTPUYECTBA | KYJIOHOMETPHUYECKOE THUT-
pOBaHHe
Konnmykromerpus A=f(m) DIEKTPOITPO- [IpsimMast KOHIYKTOMETpHS,
BOJHOCTD KOHJTyKTOMETPUYECKOE
TUTPOBAHHE
Bonsrammepo- I=f(E) [penenbHsbIii Tok | [Tonsporpadust
METpUs |=f(C) npu (Hg xamarorwii 37eKTpoy);
E=const aMIepoOMETPHUs, aMIIEPO-
METPHUYECKOE TUTPOBAHUE
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4.2.1. IlToreHHUOMETPUYECKHUIT METO/ AHAJIU3A

[loTeHHMOMETpPUS OCHOBAaHAa HAa M3MEPEHUM NOTEHIHAjla, BO3HU-
KalIIEero MEXJy AJIEKTPOJOM M pacTBopoM (miau, Tounee, D.J1.C. rain-
BAaHMYECKOTO JJIEMEHTA), BEJIMYMHA KOTOPOrO0 3aBUCUT OT KOJIMYECTBA
(KOHLIEHTpalUK) WM KadyecTBa (IPUPOJbI) ONPEAEIIEMOr0 KOMIIOHEHTA.
Takoil eKTpoJ] Ha3bIBAIOT MHJIUKATOPHBIM. TakuM o0pa3om, MOTEHIIUAT
ANEKTPOJa B NOTEHIIMOMETPUU — AHATTUTUYECKUN CUTHAIL.

BrijienaioT 1Be TpyIinbl METOA0B MOTEHIIMOMETPUH, PA3INYAIOIIUECS
MPUPOAON HCIOJIB3YEMbIX HWHAMKATOPHBIX AJIEKTPOJOB U AIEKTPOXHUMU-
YECKOM pEaKIMEN HA HUX:

1. Peooxcmempus (Knaccudeckasi MOTEHIIMOMETPHUS) ¢ UCIIOJIb30Ba-
HUEM 3JIEKTPOJIOB C 3JIEKTPOHHBIM THUIIOM MPOBOJUMOCTU. Bo3HuKa0-

HII/Iﬁ IIpHU 5TOM INOTCHIOUAJI ITIOJYUHACTCA YPABHCHHUIO HepHcma:
n+

E=E° + RlIn gy ,
nF

rae R — yHuBepcanbHas razoBas moctosHHas, 8,31 J[>x/Mob;
T — Temnieparypa, °K;
F — uncno dapanes, 96500 Ki/mois;
1 — YHUCJIO 3JIEKTPOHOB, YYaCTBYIOIINX B PEIOKC-TIPOLIECCE;
dpve . — AKTHBHOCTB MTOTEHIUATIONPEACIISIONINX HOHOB.

[ToncraBnas B ypaBHeHnue T=298,15 u yucioBbie 3HAYECHUSA KOH-
CTaHT, MOJTy4aeM:

0,059, a,,
+ Ig
n a,.

red

E=E°

TJIE doy Y (yed — AKTUBHOCTH OKMCJIEHHOMN U BOCCTAHOBJIEHHOM (DOPMEL.

QHGKTpOXI/IMI/IquKaH peaKLII/ISI, HpOTeKaIOHlaH Ha BHGKTpOI[e:

Me™ + ne — Me”.

qaCTHBIﬁ C.quaﬁ peILOKCMeTpI/II/I — HOTCHHHOMGTPHIIGCKOG TI/ITpOBaHI/Ie.

2. HOHOMempuﬂ — paBHOBI/II[HOCTB HOTGHHHOMeTpI/IH, 1€ B KQUCCTBC
I/IHI[I/IKaTOpHHX BJIeKTpOI[OB I/ICHOHB3YIOTCH BHGKTpOI[LI C UOHHBIM THU-
IIOM TIPOBOJUMOCTH — MEMOPaHHBIE HOHCEIEKTUBHBIE 3eKTpoasl (MCD),
IIOTCHIIMAJI KOTOpI)IX BO3HHUKACT BCJICACTBHUC O6M€Ha HOHaAMU MeM6paHI>I
C pacTBOPOM M MOAUUHAETCS YPABHEHUIO HUKOMbCKO20:

E=E° + %In ( ai -Kij -aj),

rae £°— yCIIOBHBINM CTaHAAPTHBIN NOTEHINAT;
@i — aKTUBHOCTH OTIPEACIIIEMbIX HOHOB I;

@j — aKTUBHOCTh MEIIAOIINX j-HOHOB;

Kij— Ko3ppuLnenT ceIeKTUBHOCTH.
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3HaK «+t» CTaBUTCS MPHU pacyeTax MOTEHIMAIOB KaTHOHOCEIIEK-

TUBHBIX JJIEKTPOJIOB, 3HAK «-» — AHUOHOCEJIECKTUBHBIX.
JJIEKTPOABI B IOTEHIHOMETPUU

B noTeHImoMeTpun NCIONB3YIOT JJIEKTPOIBI IBYX TUIIOB:

1. Dnexmpoowvl cpasHenus — MOIY3NEMEHTBI, TOTEHIHAIBI KOTOPBIX
M3BECTHBI, IIOCTOSTHHBI U HE 3aBUCST OT COCTaBa U3y4aeMOro pacTBopa.

2. Unouxamopmvie 21eKmpoovl — TOIYIIEMEHTHI, MOTCHIIMAIBI KO-
TOPBIX 3aBHUCAT OT AKTMBHOCTHU (KOHIEHTPALMH) ONPEAEIISIEMOIO0 KOMIIO-
HEHTAa. MCnoyb3yroTCa B COYETAaHUU C DIIEKTPOJaMH cpaBHeHUs. [Ipume-
HSIOTCSL ISl U3MEPEHHS] OOpaTUMBIX MOTEHIIMATIOB HCCIEIYEMbIX DJICK-
TPOJIHBIX PEAKIIHH.

IIpsamass noreHUMOMETPUS

[IpsiMass MOTEHLMOMETPUST OCHOBAHA HA INPUMEHEHUU YPABHEHUs
Hepncma nnst onpeneneHusi KOHIEHTpaUuu (AaKTUBHOCTH) IO 3KCIEpU-
MEHTAIBLHO YCTAHOBJICHHOMY MOTEHIIMAY 3JIEKTPO/IA.

IHoTeHMOMeTPUUYECKOE TUTPOBAHUE

B ocHOBe MeTO1a JIEKUT BapUAHT KJIACCHUYECKOI0 TUTPOBAHUS, HO HE C
VHJIUKAaTOPHOM, & C TMTOTEHIUOMETPUUECKON UHAUKAIMEN TOUKA SKBUBAJICHT-
HOCTH C TTIOMOIIbIO UHAUKATOPHOTO ¥ BCIIOMOT'aTEJIbHOIO AJIEKTPOIOB.

4.2.2. BoabTamnepoMeTpus

BoJsbTaMnepoMeTpusi OCHOBaHA HAa W3YUYECHUU HOAAPUIAUUOHHBIX
WIH 601bMAMNEPHBIX KPUEblX (KPUBBIX 3aBUCUMOCTH CHJIBI TOKA OT Ha-
NPSKEHUA), KOTOPBIE MOIYYal0TCs, €CJIM MPU 3JIEKTPOJIM3E pacTBOpa aHa-
JU3UPYEMOT0 BEIIECTBA MOCTETIEHHO MOBHIIIATh HAIPSIKEHUE U (PUKCUPO-
BaTh [PU STOM CHILY TOKa.

OcHoBarenp MeToqa — demckuid yuenbrii 5. 'efipoBckmii (1922 1.),
3a 4yTo OH B 1959 r. nonyunn HobeneBckyto nmpemMuio.

['eitpoBcKuUil TPOBOWI NEKTPOIU3 HA HY-kanarowem snexmpooe.

Bonvmamnepomempuro, c64A3aHHYI0 ¢ UCNONB306AHUEM PHIYMHO20
Kanawuwie2o 31eKmpooa, cmaiu Hazvleamsy noaapozpaguei. Taxum 00-
paszom, B noJisporpaduu MOJSIPU3yEeMbIil 31EKTpo (MHIUKATOPHBIN) — Hg-
Kamaromuil C TOCTOSHHO OOHOBJISIONIEHCS MOBEPXHOCTHIO (KaTon), a
AJIEKTPOJI CPABHEHUS — CJIOM PTYTH Ha JIHE SIYEUKU (aHON).

Hoasiporpagusi, 0CHOBBI MeTOAA

PaccMoTpuM 3JIEKTpOSIU3 B CUCTEME, TJI€ KaTOAOM CIYXUT H(Q-
Karmaroui 3JeKTPO/I, a aHOJIOM SIBJISIETCS MTPAKTUUECKU HETOJIAPU3YEMBIit
KaJIOMEJIbHBIN 3JICKTPOI.
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Ecnu B pacTBOpe HET BEIIECTB, CIOCOOHBIX BOCCTAHABIMBATHCS IO
JTEeUCTBUEM DJIEKTPUUECKOIro ToKa, cuiia Toka (l) Oyaer mpomopimoHaibHa
MpUJI0KEHHOMY HanpspkeHuto (E) (3akon Oma):

| = E/R.

B npucyTcTBUM BEIIECTB, CMIOCOOHBIX BOCCTAHABIMBATHCS, BUJ KPH-
BOM U3MECHUTCH.

1. Ilo mocTmXeHNH MOTEHIMAaa BOCCTAHOBJICHUS HOHBI HAYHYT pa3-
psbxaTthest Ha Hg- anekTpoe.

2. KoHuieHTpalus MOHOB y MOBEPXHOCTH HQ- Kanium HauyHET YMEHb-
aThCs, @ CHUjIa TOKAa BO3pPAcTaTh.

3. Ognako 3a cuet nudPy3un K TOBEPXHOCTH KaIlJIM JTOCTABIISIIOTCS
HOBbIE Mopuuu MOHOB. Cuiia TOKa B IIeNMU OYyJIeT 3aBUCETb OT CKOPOCTH
muddy3um, KoTopasi IPONOPIIMOHATIFHA PA3HOCTH KOHIIEHTPAIIM B Macce
pactBopa (Cyy) ¥ B IPUBJEKTPOIHOM CJIOE (CMO):

| = k(Cy - Cr).

4. Tlpu HEKOTOPOM MOTEHIHAJIE KOHLEHTPAIUs UOHOB Y MOBEPXHO-
CTH PTYTHOM KaIlJId CUJIbHO YMEHBIIIUTCA U CKOPOCTh paspsiia HOHOB CTa-
HET paBHOM CKOpocTu Tuddy3umn.

5. KoHuieHTpaius MOHOB B Macce pacTBopa OyJieT MOCTOsIHHA, a KOH-
IEHTpAIUS Y TIOBEPXHOCTH JJIEKTpoaa Onu3ka k (), mo3ToOMy UX pa3HOCTh
Oyner moctosHHOW. HacTynuBiiee cocTossHME paBHOBeECUs OyJeT Xapak-
TEPU30BATHCS TTOCTOSTHHOW CHJION TOKa, HE U3MEHSIONICHCS MpU JajbHEH-
[IEM YBEJIIMYECHUHN HANPSIHKEHUS.

DTOT nOCMOAHHBLI MOK, KOHmMpoaupyemwlii oughgpysueii, nazviea-
1om oughpyzuonnvim moxom (ly).

Ces3p nuddysnonHoro toka ly ¢ koHnenTpanueit nona Cy; nepeja-
eTcsa ypaBHeHueM WibKkoBHYA:

;= 605 z D™*m*°t"°Cy,
r7ie Z — 3apsij] MOHA,;
D — koaddunuent nudpdysuu;
M — Macca PTYTH, BBITEKAIOIIEH U3 Kanmuiisapa (Mr), c;
t — BpeMst oOpa3oBaHus PTYTHOM Karuiu (MEpUO.I KallaHus).
[Ipy MOCTOSIHHBIX YCJIOBUSAX MOJsAporpadupoBaHusl YypaBHEHUE TPU-
oOpeTaeT BU/I
Id - kCM
3aBUCUMOCTD CHJIBI TOKa OT MPHWJIOKEHHOTO HAMPSHKEHUS MpU o0pa-
TUMOM 3JIEKTPOJHOM IpoILecce NEPEAacT ypaBHEHUE
E=E1,2+RT In =1
nF I
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DTO ypaBHEHHE HA3BIBAECTCS YPAGHEHUEM NONAAPOZPAPUYECKOUl 80.1-

Hbl, a BennuuHa E1) Ha3bIBaCTCS nOmeHyuaiom noyeoinsl.
KavecTBeHHBIIT aHAIN3

Kauecmeennoii xapaxmepucmukoil SBISICTCS HOMEHUUAN NOY-
soanbl Ep, KOTOPHI HAaxXoAST rpadUyecK MO MHTErPAIbHOW WU Iud-
dbepeHIanbHON BOJIbTaMIIEpOTpaMMe.

Jns maeHTUuUKAIMY HEW3BECTHOT'O BEIECTBA HAWIECHHBIM ITOTCH-
1[MaJl TOJIYBOJIHBI CPAaBHUBAIOT C TAOJIUYHBIMU 3HAYCHUSIMU.

KosinyecTBeHHBIN aHAJIU3

OcHOBaH Ha MPONOPUMOHAIBHON 3aBUCUMOCTH MEXIY CUJIOW MPEIEIb-

Horo nuddy3ronHoro Toka | (Mka) u KoHLeHTpaluen aenossipuzartopa C:
| = kC.

JIist onipeiesieHrs KOHIIGHTPAlMi KOMITOHEHTA UCIIOJIb3YIOT METOIbI:

1) rpanyupoBodHOrO rpaduka;

2) cTaHAapTHBIX PaCTBOPOB;

3) 106aBOK (pacyeTHBIN Uiu rpadUueCKUil BApUaAHT).

AMInepoMeTprYecKOe TUTPOBaHME

Merton OoJsiee yHUBEpCajeH, 4YeM IpsiMasi BOJIbTAMIIEPOMETPHUs, TaK
KaK onpeodensaemoe 6euiecmeo Ha 00A3amenbHO OO0JIHCHO Oblmb IeK-
MPOAKMUGHBIM. DIICKTPOAKTUBHBIM MOXET OBITh MUmMpPAHmM UWIU RPO-
oykm peakuuu. Kpuevie mumpoeanus CTpOSTCS B KOOPJIUHATAX cula
mMoKa—00vem mumpanma Npyu MOTEHIINAE, COOTBETCTBYIOIIEM BEIIMUNHE
peaeIbHOrO TOKa.

4.2.3. DlIeKTPpOrpaBUMETPUYECKHUI METOI AHAJIU3A

B ocHOBe MeTO a2 — IPOLIECC AIEKTPOIU3A.

INeKmpoau3om HaA3vbl6aAemca XUMUYECKoe pa3loHceHue eeuiecmea
noo deiicmeuem 31eKmpuULecKko20 moka.

Ha katonme (oTpuIaTeNbHO 3apSKEHHOM OBJIEKTPOAE) MPOUCXOIUT
BOCCTaHOBJICHUE.

Ha anome (MOJIOKHUTEIBHO 3apsOKEHHOM DJIEKTPOJIE) TPOUCXOIUT
OKHUCJICHUE.

Ocnognble 3aKonbl I1eKkmpoau3a ycmarnoeienvl Papaoeem:.

1. Macca BemiecTBa, BBIICIHUBIIETOCS MPHU 3JIEKTPOIU3E, MPONOP-
[IMOHAJIbHA KOJUYECTBY AJICKTPUUECTBA, MIPOILIEIIETO Yepe3 pacTBOP.

2. Ilpu mpoX0XKIEHUH Yyepe3 pacTBOP OJHOTO U TOTO JKE€ KOJIMYECTBA
AJIEKTPUUECTBA HA JIEKTPOAAX BBIICISIETCS OJHO U TO K€ KOJIUYECTBO Be-
IECTBA SKBUBAJICHTA.
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3aKOHBI 3JIEKTPOJIH3A

_QM _ v
96500 96500

M — Macca BeIlEeCTBAa, BBIACIUBIIETOCS MPH AJIEKTPOJIN3E, T;
Q — KonmyecTBO AMeKkTpudecTBa, Ki;
M — MonsipHas Macca SKBUBAJICHTA BEIIECTBA, MOJIB/;
| — cuma Toka, A.
t — Bpems 21eKTpoJin3a, C;
96500 — uncno dapanes, paBHOE KOJUYECTBY DJICKTPUUECTBA IJIsi BBIJIE-
JIeHus 1 Mo sKkBUBajIeHTa BellecTBa, Kii.
CyumHocTs MeTo1a

Ananuzupyemoe eeuyecmeo KoauuecmeeHHO 6blOeAIm U3 pac-
meopa 31eKmpoaIu3oM U HOo Macce €20 HaA INeKmpooe Paccuumsléarom
cooepiricanue onpeoensiemozo yiemenma 6 npooe.

4.2.4. KyjJoHoMeTpHUA

Memoo ocnoean na onpeodenenHuu Koauuecmea Jj1eKmpuuecmed,
Komopoe pacxooyemcs 6 X00€ 3J1eKmpoXumMuiecKoil peakyuu.

Paznuyaror:

1. Ilpamyro Kynonomempuro (Bce BEIIECTBO MOABEPTraeTCs dIEKTPO-
XUMHUYECKOMY MTPEBPAIIEHUIO).

2. Kynonomempuueckoe mumpoeanue (ONpENEIsieMOe BEUIECTBO
pearupyeTr ¢ TUTPAHTOM, KOTOPbIA T€HEPUPYETCS B SUEUKE MPHU IIEKTPO-
JU3€ CTeUalbHO MOJOOPAHHOTO PACTBOPA).

IIpsamas KyJI0OHOMeTpHS
(KyJIOHOMETPHSI PH MOCTOSTHHOM KOHTPOJHPYEMOM MOTEHI[HAJIE)

1. TIpu MOCTOSTHHOM MOTEHIMATE PETUCTPUPYIOT KOJIUUYECTBO IJICK-
TPUUYECTBA, U3PACXOJIOBAHHOTO HA BOCCTAHOBIICHUE METAJLIA.

2. Ha kaToJie MpoMCXOJIUT BOCCTAHOBIICHHE METAIIA.

3. OxkoHYaHUE BOCCTAHOBJICHUS OOBIYHO (PUKCHUPYETCS IO MpeKpa-
IICHUIO U3MEHEHHS CUJIbI TOKA B TEUEHUE HEKOTOPOTO BPEMEHU: CUJIA TOKA
IIPU ATOM YMEHBIIIAETCS MOYTH JI0 HYJIS.

Maccy onpenensieMoro BEIIeCTBa pacCUUTHIBAIOT MO opMyIie

Q

m= -M
96500

68



Ky/ioHOMeTpUYecKkoe TUTPOBaHME
(KyJIOHOMETpPHUSA NPH KOHTPOJIHPYEMOU CHJIe TOKA)
M crionb3yr0T YCTAHOBKY € TOCTOSIHHOM CHJION TOKA.
Tak Kak TUTpPaHT T€HEPUPYETCA B KOJHMYECTBE, TOUHO HKBUBAJICHT-
HOM COJAEPXKAaHUIO AaHAIM3UPYEMOTO BELIECTBA, TO IO KOJIUYECTBY DJICK-
TPUYECTBA, U3PACXOJOBAHHOIO HAa F€HEPAIMI0 TUTPAHTA, MOXKHO PacCUu-
TaTh COAEPIKAHUE OMPENEISIEMOTO BENIECTBA.
Llocmouncmeo Kynonomempuuecko2o mumpoeanusi
U npeumyujecmeo nepeo oOblYHbIM MUMPOBAHUEM
PaGounii pacTBOp HE TOTOBST U HE CTAHAAPTU3UPYIOT. TUTpaHT Te-
HEPUPYETCSA INEKTPOXUMHUUECKU HEMTOCPEICTBEHHO B MPUCYTCTBUH aHAJIM-
3UpPYyEMOro BEUIECTBA U B KOJUYECTBE, HEOOXOAMMOM TOJIBKO JJIsl JAHHOTO
TUTPOBAHUSA. DTO MO3BOJIIET UCIIOJIB30BAaTh IS TUTPOBAHUS MajOyCTOM-
YUBBIC U JIETYYHE BEIIECTBA.

Peimenue TUNOBBIX 32124
[Tpumep 1. Kako Oyaet npeaenbHb 1udPy3n0oHHBIN TOK MIPU BOC-
CTAHOBJICHUH MOHA MeTaia M, ecim ero koHeHrpanus 2,0 10™ M, xo-
sburment auddy3un 6,0 10° cm® ¢, UCIIOJIB3YIOT Kamwuiap ¢ M=2
mr/cut=5c?
Pewmenue. Jlns pacuera |, ucnonb3zyem ypaBHEHUE:

| , =605 n' D% m?%.th c.
KOHHGHTpaHI/ISI B 3TOM CJIy4ac OOJI’KHA 6BITI> BbIpa’XCHA B MJI MOJII)/ JI,

-4
nodtomy ¢=2,0' 10" M=0,2 mamoins/n. [loacraBisis U3BECTHBIC TaHHBIE B
ypaBHEHHE, TTOTy4aeM

| , =605 .2(6,010°) *%.2%.5%.0,2 =
= 605.2,45.10°.1,59.1,31.0,2 = 1,23 MKA.

[Tpumep 2. Ilpu ammekTponuse pacTBopa, coaepxariero nousr M(I11),
rpu cusie Toka 1,0 A 3a 35 munyT Ha karozae BeiaeneHo 0,3772 r metanna.
[TpunsB BeIxo 1o TOKy paBHbIM 100 %, onpenennure, Kakoi 3TO METAILI.

Pemenue. s pemeHus 3ToM 3aauyd BOCHOJIb3yeMmcs (opmyIioin
00beIMHEHHBIX 3aKOHOB Dapazes
_QoM
 nF’
rae M — mMacca onpeeNnsieMoro BeniecTna, r; Q — KOJIMYeCcTBO AIeKTpUUe-
cTBa, K1, paBHOE npon3BeaeHUIO CUilbl TOKa | (A) 1 BpEMEHM 3JIEKTPOIn3a

m

69



t (c); M — MomsgpHas macca; N — YHCJIO 3JEKTPOHOB; F — mocrosHHAas
®dapanes, 96500 K.

B ycnoBum 3agauu e€cTh BCE JIaHHBIC JJISI ONpEJSNICHUS aTOMHOM
Macchl MeTaia (MOJI. Macca), BBIICJIEHHOTO Ha 2JIEKTPOJIE B pe3ysbTaTe
peakunu M* + 3e = M. Urak,

_nmF _nmF _3-0,3772-96500
Q It 1,0-35-60

M

~51,99

CrienoBaresbHO, 3TO XPOM.
[Tpumep 3. [loTeHuman cepeOpsIHOTO AIEKTPOAa B paCTBOPE COJIHU Ce-
pebpa paBen 0,434 B (otHocutenrHo CBD). KakoBa paBHOBECHass KOH-

0 —
IIEHTpaIlus HOHOB cepedpa, eclu E Ag% =0,7998B ?
g

Pemenue. Jns nonypeakuuu Ag* + ¢ = Ag, onpeaensionieil moTeH-
Ul CcepeOpsTHOrO AJCKTPOJa B aHAJM3UPYEMOM pACTBOpE, 3aluIleM
ypaBHeHue HepHcra

E= EOWAg +0,0591g[ Ag* |
Y HaMJieM, 4To
lg| Ag” | = (0,434 -0,799) / 0,059 = -6,20,
a paBHOBECHAas KOHIICHTpAIUs HOHOB cepedpa
[Ag"]=63.10" M.

Bonpocs! 11 caMONpoOBepKH

1. Jalite knaccupuKanuio 3JIeKTPOXUMUYECKUX METO/IOB aHAJIN3a T10
crocoOy BBIMOJIHEHHUS], [0 KOJIMYECTBY BEIIECTBA, YYACTBYIOLIEMY B JJICK-
TPOAHOM ITPOLIECCE, 10 U3MEPSAEMBIM IIEKTPOXUMHUYECKUM ITapaMeTPaM.

2. Ha yeM OCHOBaHBI NOTEHIMOMETPUYECKHE METObI aHATU3A?

3. Kakas 3aBucumMocTh BbIpaxkaetca ypaBHenneM Hepucra? IlosicHu-
T€ CMBICI BXOJISIIUX B HETO BEIINYHH.

4. Kakve (pyHKIMU BBITIOIHAIOT WHIANKATOPHBIE AJEKTPOJIBI U KaKHe
— BJIEKTPOABI CpaBHEHUA? YKaKuTe TpeOOBaHUsI, KOTOPbIE K HUM MPEIb-
ABJISTFOTCS.

5. B 4eM CymHOCTh NMOTEHUMOMETPUUECKOrOo onpeneneHus pH pac-
TBOpa? Kakue MHAMKATOPHBIC JIEKTPObI MOTYT OBITh UCIOIB30BaHbI JJISI
onpenenenus pH?

6. YKaXuTe TOCTOMHCTBA U HEJIOCTATKA METO/1a MPSIMOM MOTEHIIMOMETPHH.
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7. B KakuX KOOpAMHATAX CTPOAT KPHUBBIE MOTECHIIMOMETPUYECKOTO
TUTpoBaHus? YeM 00yciioBieH BHIOOp KOOpIUHAT?

8. B ueM 3akiirouaercsi CynHOCTh BOJIbTAMIEPOMETPUUYECKUX METO-
OB aHaimn3a?

9. Kak paccuurtarts noteHuHan€ MOIyBOJHBI HA OCHOBAaHUM BOJIbTaAM-
IIEPHOU KpUBOU?

10. I[loueMy B BOJIbTaMIEPOMETPHUH CUJIA TOKA JOCTUTAET HPEICTBHOTO
3HaueHus1? OT Kakux (PaKTOPOB 3aBUCUT BEITMYHMHA MTPEIETHLHOTO TOKA?

11. YTto neXUT B OCHOBE KOJUYECTBEHHOI'O IOISIpOrpaduyecKoro
ananu3a? Ha3oBure OCHOBHBIE CHOCOOBI HAXOXICHUS KOHIICHTPALMHU U
O0OBSICHUTE MOTUBBI BHIOOPA TOTO UJIX UHOTO CIIOC00a.

12. KakoBbI pa3MEPHOCTH BEJIWYHH, BXOASAIUX B ypaBHeHHE Mnbko-
Buua? I[louemy 3T0 ypaBHEHHE MPUMEHUMO U K 0OpaTUMbIM, U K HEoOpa-
TUMBIM 3JIEKTPOAHBIM Tponieccam? Kakyro uHdOpMaIuioo O Jenosspusa-
TOPE MOYKHO MOJYYHUTh C €r0 MOMOIIHIO?

13. ChopMymupyiiTe CyTh METOJIa aMIIEPOMETPHICCKOTO TUTPOBAHMSI.
Kaxkue Tumbl peakimm UCHOIb3YIOTCS B aMIIEPOMETPUUECKOM TUTPOBAHUM?

14. Ot yero 3aBUCHUT (hopMa KPUBOK aMIEPOMETPUUECKOTO TUTPOBA-
Husi? M3o00pa3ute (1 00BICHUTE) OCHOBHBIC BUIbI KPUBBIX TUTPOBAHUSI.

15. Chopmynupyiite 3axkoubl Dapanes. KakoBsl pa3MepHOCTH BEIH-
YUH, BXOJAIIUX B popmysly oObenMHEHHBIX 3akoHOB Dapazaesn? UTo MOxkK-
HO HaWTH, UCTIOB3YS ATy hopmyiry?

16. B kakux equHUIIaX U3MEPSIOT KOJIMYECTBO JICKTpUYECTBA?

17. B yeM CyIIHOCTb 3JIEKTPOTPABUMETPUUYECKOIO METO/Ia aHan3a?

18. Kak MOXXHO MU3MEPUTh KOJUYECTBO DJICKTPUUECTBA: a) B MPSIMOM
MOTEHIIMOCTATUYECKON KYJIOHOMETPHUH; 0) B KyJIOHOMETPUUYECKOM THUTPO-
BaHUM?

K snekmpoxumuueckum memooam aHaiu3a OMHOCAMCA MEmo-
Obl, OCHOBAHHDbBIE HA UIMEPEHUU ITIEKMPUUECKUX NAPAMEMPOE AHAIU-
3upyemuix cucmem (KOJIUYECTBA BJIEKTPUUECTBA, MPOIIECIIIETO Yepes
pacTBOP; CHJIBI MpeaeabHOro IudPy3MOHHOTO TOKA; 3JIEKTPOMPOBOI-
HOCTH JJIEKTPOJIMTA; MOTEHIMANA 3JIEKTPOIa, MOTPYXKEHHOTO B HCCIeE-
IyEeMBI pacTBOp, U JIp.), UIMEHAOWUXCA 8 pe3yibmame OnpeoeseH-
HbIX peakyuu.

71



3aaHud 1151 KOHTPOJbHOU PadOThI
121-125. Tlonb3ysch JaHHBIMM, MPUBEACHHBIMU B TAOJMIE, PACCUH-
Taiite koappurrent auddy3un npu BOCCTAHOBIEHUU MeTalia M * .

Bapuanr | IIpenenbHblii CKopocCTh BBITEKA- Bpewms Konnentpanus
muhPy3MOHHBIN | HUA PTYTHU U3 Ka- KU3HU HMOHA METaJljia
TOK lg, MKa MJUISIpa M, Mr/c karu t, ¢ C,M
121 6,20 1 5 2,010°
122 3,78 2 5 1,0-10°
123 3,40 1 1 1,0.10°
124 6,00 2 5 5,010"
125 3,40 2 1 5,0 10"

126-130. [Tonb3ysch TaHHBIMU, IPUBEJICHHBIMU B TAOJIUIIE, PACCUUTANTE
npeaenbHbIN T y3MOHHBINA TOK PU BOCCTAHOBJICHWH MOHA MeTasuia M * .

Koaddunment CxopocTb BBITEKA- Bpewms Konuenrpanus
Bapuant J:[I/I(I)(I);/?,I/II/I D, HUSI PTYTH U3 Ka- JKA3HU MOHA METaJlJIa
em® ¢t nyJuIspa M, Mr/c Karmm i, ¢ C,M

126 7,0 10° 1 4 2,010°
127 6,110° 2 5 1,0-10°
128 8,010° 2 1 2,0 10"
129 5010° 1 1 2,010°
130 6,010° 2 4 1,0-10°

131-135. Tlonb3ysich JaHHBIMH, TPUBEACHHBIMU B TaOJMIIE, PACCUMTANTE,
KaKO€ KOJIMYECTBO JIEKTPUUECTBA U CKOJIBKO BPEMEHH MOTPeOyeTCs JyIs TOTO, YTO-
OBI BBIIEIIUTH HY>KHOE KOJIMYECTBO Me/IM 13 pacTBopa cyibgdara meau (CuSO, ).

Bapuant Macca Cu m,r Cuna toka I, A
131 10,0 10,0
132 20,0 12,0
133 5,0 10,0
134 15,0 10,0
135 10,0 5,0

136-140. Omnpenenure moTeHHHaN cepedpsHoro aekTpona (B) B
pacTtBope conu cepedpa (otHocuTenbHO CBD), ecnu n3BecTHAa paBHOBEC-

Hasl KOHIICHTpamus HOHOB AQ* ([Ag " } ).

Bapuant [Ag" ]\ M Bapuant [Ag" |, M
111 5,0 .10 116 2,0 -10°
112 7,0 .10 117 50.10°
113 50.10° 118 1,0 -10°
114 6,3 .10 119 1,0 107
115 8,6 -10° 120 2,0 107
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5. XPOMATOI'PA®UYECKHI METO/J AHAJIU3A

Xpomamozpaguueckue memoowt pa3/ieICHNs BEIIECTB OCHOBaHbI Ha
copOLMOHHBIX Tporeccax. CopOus — 3TO MOTJIOIICHUE Ta30B, MAPOB WIH
PACTBOPEHHBIX BEIIECTB TBEPJABIMU WM KUJIKUMHU MOTIOTUTEISIMU (COP-
oentamu). OOpaTHBIN MPOLIECC HA3BIBAIOT ASCOPOILIMEH.

CyHIIHOCTh BCEX XpomaTorpauueckux METOJOB COCTOMT B TOM, UYTO
pasfensieMble BEIIECTBA MEPEMEIIAIOTCS YEPE3 CIIOM HEMOJBHXKHOIO COp-
OceHTa (HEenoABMXXHOU (Da3bl) BMECTE C MOJBMKHOM (ha3oi (KUJIKOW WM ra-
3000pa3Hoii) C pa3HON CKOPOCTHIO BCIEICTBUE PA3IUYHON COPOUPYEMOCTH.
B otnuune oT HEKOTOPHIX APYTUX BUIOB Pa3CICHUs XapaKTepHOU 0COOEH-
HOCTBIO XpoMaTorpauueckux METOJOB SIBJISIETCS MHOTOKPATHOCTh MOBTO-
PEHUS TPOIECCOB COPOIMHM W JECOPOIMHM B HOBBIX CIIOSX COPOEHTA, 9TO
o0ecreunBaeT BHICOKYIO 3(PPEKTUBHOCTD pa3/IeICHHUS.

Xpomamozpagurwo MOXHO ONpPEICIUTh KaK Hpouecc, 0CHOBAHHLLIL
HA MHOZOKPAMHOM NOBMOPEHUU AKMO8 Copoyuu u decopouuu eeuje-
CmMea npu nepemeuieHul e2o 6 NOMmoKe NO0BUNICHOU (ha3vl 800.J1b HENoo-
8UINHCHO20 copOenma.

Cywinocmos memooa

1. CTexnaHHYIO TPYOKY (KOJIOHKY) C HEOOIBIIINM OTBEPCTUEM BHU3Y,
MPEJBAPUTEIIHLHO 3aKPHITHIM TAMIIOHOM W3 BaThl, HAIMOJHAIOT TBEPIbIM
MOPUCTHIM BELIECTBOM, HEPACTBOPUMBIM B IPUMEHSIEMOM PAaCTBOPUTEIIEC U

CIIOCOOHBIM K ajicopOI1uu (puc. 2).
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Puc. 2. KonoHouHBIN BapraHT XpoOMaTorpaguyeckoro MeToaa
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2. Yepe3 KOJOHKY IPOIYCKAIOT CMECh BEIIECTB. BceneacrBue pas-
JUYHON aIcCOpOMPYEMOCTH BEIIIECTBA CMECH PACHpPEENAIOTCS MO BBICOTE
KOJIOHKH, 00pa3ysi KoJibIla — 30HbI BEIIECTB. BepxHsisa 30HA COAEPIKUT BCE
KOMITOHEHTBI, BTOpasi CBEpXy Ha | KOMIOHEHT MeHbIIe U T.1. Camast HUXK-
HSS 30HA COJEPKUT B YHCTOM BHUJE HAUMEHEE aJCOpPOUPYEMbId KOMIIO-
HEHT CMECH.

3. Ecnu 4epe3 KOJIOHKY MPOIYCKaTh YACTBIM PACTBOPHUTEIb, TO IO
JEUCTBUEM PACTBOPUTENS aJICOPOMPOBAHHBIE BEIIECTBA HAYHYT IepeMe-
IaThCs CBEPXY BHHU3 C PA3JIMUYHBIMU CKOPOCTAMH (T€M OOJBIIMMH, YeM
MEHBIIIE KX COPOUPYEMOCTh).

4. Ha ompeneneHHOM dTare MNpU MPaBUILHO MOJOOpPaHHOM aJcop-
OCHTE U PaCTBOPUTEIIEC MPOUCXOIUT MOJTHOE Pa3/ICICHUE BEIIECTB.

B BepxHel 4acTu KOJIOHKH COCPEA0TauYnBaOTCA Hanbosee, a B HHX-
HEW — HauMeHee copOupyeMbIe BEIIECTBA.

Ecnu Ha BbIXOJE M3 €0l COpOEHTa PErUCTPUPOBATh U3MEHEHUE Ka-
KOr0-JIM00 CBOMCTBA MOTOKA MOJBUXHOMN (Da3bl, TO MOXKHO MOJYYUTh BbI-
XOJIHYIO XpoMaTorpapuiecKyro KpuByto — XxpomaTorpammy (puc. 3).

[TapameTpbl BBIXOHOM KPUBOM MOTYT CIIY>KUTh CPEACTBOM BBIpaXKe-
HUSI PE3YJbTATOB XPOMATOTPaUUECKOTO pa3jeieHUs CMECH BEIIECTB, a
TAKXK€ UCITOJIb30BATHCS JJIsl KAUECTBEHHOTO W KOJIMYECTBEHHOIO aHAJIN3A.

Knaccndpurkanus xpomarorpagpuuecKux MeTo10B

Lo acpecamnomy cocmosanuro npumensemvlx (as.

1. I'a3oBas.

2. XKunakocrtHasl.

1o npumensemon mexuuxe:

1. Kononounas.

2. IlmockocTtHast (OymMakHas — pa3JejCHUE IPOBOJIUTCS Ha CIICIIH-
aJpHOM Oymare; TOHKOCJIOWHAs — B TOHKOM 00beMe COpOEeHTA).

1o mexanuszmam pazoenenust:

1. AncopOnmoHHas — pa3jieieHue OCHOBAHO Ha pa3IMYHOM ajicopOu-
PYEMOCTH BEUIECTB.

2. PactipenenurenbHas — Ha pa3jIuyud B PACTBOPUMOCTH pasjeiisie-
MBIX BEIIECTB B HEMOJBMKHOW U MOJABMXKHOM (pazax.

3. NonooOMeHHas — Ha pa3IM4YMHU B CIIOCOOHOCTH BEIIECTB K MOHHO-
My OOMEHY.

4. TlpoHuKkaromias — Ha pa3iuuuu B pazMepax uiu ¢hopMax MOJIEKYT
BEILICCTB.

5. OcanouHasg — Ha 0Opa3oBaHUU PA3JIMYHBIX MO PACTBOPUMOCTHU
ocaagkos. U np.
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Xpomarorpagpuyeckuii MeTO aHAJIHU3A

Kononounasa xpomamozpaghus

PaccMoTpuM BHEIIHIOIO XpoMaTorpaMmy ABYyX BemiecTs (puc. 3). Ilo
ocu X OTKJaJbIBaeTCa BpeMs xpomarorpadupoBanus uin oobem > diro-
€HTa, 110 OCH Y — aHAJIUTHUYCCKUN CUTHA.

Bvicoma evixoonoi xpusoii (nuxa) h — 310 NepHeHIUKYISIP, OIY-
HICHHBIM M3 MakCMMyMa MHKa Ha HyJeBYyl JuHuio. HyneBas nunusg —
4acTh XpOMATOTpaMMbl, TMOJy4Y€HHasl IIPU PETUCTPAIlMU CUTHAjIa JETeK-
TOpa BO BPEMs BBIXOJa M3 KOJOHKU YMCTOM MoABMXKHOU (a3bl. [llupuna
MUKa |l — OTPE30K, OTCEKAeMbIi Ha HYJIEBOW JIMHUM KAacaTeIbHBIMU K KPH-
BOM B TOYKax reperuda, WM pacCTOSTHUE MEXIYy TOUKaMH KOHTypa IMHKa
Ha CEpPEANHE BBICOTHI [ 5.
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Puc. 3. luddepennmanpaas xpomatorpamma: 1 — HyneBas TMHUS;, 2 — UK
HECOPOUPYIOMIETOCS KOMIIOHEHTA; 3, 4 — MUKU ONpeAeIsieMbIX KOMIIOHEHTOB;
tr — BpeMs yaepKuBaHus;, h — BbICOTA MHKA; L — IIUPHUHA TTHKA

CopO1monHasi ciocOOHOCTh HEMOABUAKHOM (a3bl MO OTHOIICHUIO K
pa3aensieMbIM BEIIECTBAM XapaKTePU3YETCS @pemeHem yoepoicusanus ig.
Bpemsa yoepowcusanus tg — 3TO Bpemsi, Mpolleaiiee OT MOMEHTAa BBOJA
npoObl B KOJIOHKY JIO MOMEHTa BBIXOJIa MaKCMMyMa IHKa BEIIECTBa, T.€.
9TO BpeMs MpeObIBaHMSI BEIIECTBA B MOBIKHOM M HETIOBMKHOM (ase.

Yoepowcusarowuii 06vem Vg SIBASETCS TaKOM K€ BaAXKHOW XapaKTepu-
CTUKOM:

Vr=Ftr,
rae F — o0bemMHast CKOpoCTh ITOTOKA.
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CumBonamu trg 1 Vgo 0003HaUAIOT BpeMs U 00bEeM yACPKUBAHUS HE-
COpOMPYIOMIETOCS KOMIIOHEHTA.

Kauecmeennwtii ananus npoeooam:

1. Xpomamoepaguueckumu memodamu 1mO MapaMeTpaMm yIep KUBa-
HUA (BpEMEHM YICPKHBaHUS U yAepKUBaeMOMYy o0beMy). s 3Toro
CPaBHUBAIOT ATH XapPaKTEPUCTHKHU B T€X JK€ YCIOBUIX C TAKUMH K€ XapaK-
TEPUCTUKAMU CTAHJIAPTHBIX UM U3BECTHHIX BEIIECTB.

2. Hexpomamoepaghuueckumu memooamu. VIaeHTUGUIUPYIOT KOM-
MMOHEHTHI WiKn BenlecTna, ncnonubidyss UK-, AMP-, macc-cnekTpockonuto u
Apyrue METObl aHAITH3A.

Koauuecmeennwiii ananuz npoeoodsam, N3MEPSs BBICOTY WIH IUIO-
aab MUKa, TaK KaK 3TH IMapameTpbl MPONOPIHUOHAILHBI KOHIICHTPAIIUU
BEIIIECTBA MJIM €T0 KOJIMYECTBY B XpoMarorpaduueckoii 30He. BricoTa nuka
HCIIOJIb3YETCSl TOJBKO TOT/IA, KOT/Ia BpeMsl YJepKMBaHUSI Majioe (MUK OCT-
peIif) 1 (opmMa IMKa HE MCKaKeHa (BBICOTA TMHMKAa W3MEHSETCS JUHEIHO).
[ToaTOoMy TUIOIIAAb MK UCTIONIB3YETCS Yallle.

/Jlna pacuema Xpomamozpamm ucnoib3yiom HecKoJabKo Memo0os:

1. Metoa HOpMHPOBKH (METO BHYTPEHHEH HOpMAaJIU3AIUH ).

2. MeToa BHELIHEro cTaHaapTa (rpaayupoBOYHOTO rpaduka).

3. Meroa BHyTPEHHETO CTaHApTA.

Memoo Hopmupoexu (Memoo 6HympeHHel HOPMAIU3ayuu)

1. PeructpupytoT MUK I KaXKI0T0 KOMIIOHEHTa (HampuMmep, X, Y, Z).

2. Jlons mommaan KaxKaoTo MUKa COOTBETCTBYET J10J1€ KOMIIOHEHTA B
npobe, HampuMep, JIsi KOMIIOHEHTA X:

S

w, ,% = . -100%
S,+S, +5S, ’

r7e S — MJIOIIAIU MTMKOB COOTBETCTBYIOIINX KOMIIOHEHTOB.

Ecnu u3Becten mnomnpaBounblid kodpdunment (k), omnpenensembiii
YyBCTBUTEIBLHOCTBIO JIETEKTOpPa XpoMaTorpada K KOMIOHEHTY, TO pacyeT
MPOBOJAT 10 (hopMyJie

S, Kk,
Sk, +3,k, +3,k,

w, ,% =

.100%

Memoo enewne2o cmandapma (Memoo 2padyupo8oyHoco epagura)
1. ['oTOBST CTaHAAPTHBIE PACTBOPHI ISl ONPEEIIIEMbIX KOMIIOHEHTOB.
2. [lonyyaroT XpoMaTOTpaMMBl.
3. PaccunThiBatoT 1uiomniaap nuka (M3MEpSIOT BBICOTY MUKA) ISl Ka-
’KJIOT0 PacTBOpA.
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4. Ctpodar rpaduk 3aBUCUMOCTH IUIONIAJAN MHUKA (BBICOTHI) OT KOH-
LEHTPALIMU KOMIIOHEHTA.

5. TlonmydaroT XpomMarorpaMmy OMPEACISIEMOr0 KOMIIOHEHTa, pac-
CUMTHIBAIOT IUIONIAAb MUKA (BBICOTY) U MO TpauKy OMPEACISIIOT €ro Co-
Jep:kaHue B mpooe.

Memoo sHympennezco cmanoapma

1. B anHanu3upyeMyr0 CMeChb BBOISIT OIPEACIECHHOE KOJIMYECTBO
CTaHJIapTHOIO BEIIECTBA (BHYTPEHHETO CTAaHAAPTA).

2. PacueTsl mpoBOaAT 1o hopMyJie

W, =SS‘—'E‘-R-100%,
em " Kem

rae S, — IUIONIaAb MUKa BEIIEeCTBA, BBEICHHOTO B KAYECTBE BHYTPEHHETO
cTaHaaprta; K., — ero monpaBo4HbIN KO3QHUIIMEHT; R — OTHOIIEHNE MacChl
BHYTPEHHETO CTaHJapTa K Macce aHAIM3UPYEMOM MPOOHI.

3. I'paduueckuit BapmanT. COCTaBISAIOT CMECH TOYHOTO COCTaBa
BHYTPEHHETO CTAaHApPTa C KAXKIBIM U3 KOMIOHEHTOB. [Ipu 3TOM mCmoiib-
3YIOT Pa3JIMYHbIC COOTHOIIEHUSI BHYTPEHHETO CTaHAApTa U KOMIIOHEHTOB.
CtposT rpaduk 3aBUCUMOCTH ILJIOIMIAA MHUKOB (S) OT MPOIEHTHOTO CO-
nepkanusi komnoHeHToB. [lo rpaduky ompeaensroT coaepKaHue KOMIIO-
HEHTA.

Ocanoynas xpomarorpagus
Kauecmesennwviii ananus

Ecnu 30HBI XpOMaTOrpamMMbl OKPAIIIEHBI, TO TI0 UX YHUCITY, OKPACKE U
PACHOJIOKEHUIO CYIAT O KAYECTBEHHOM COCTABE AHAJIM3UPYEMOU CMECH.
Ecnu xpomaTorpamma OecliBETHA, TO HUCHOJIB3YIOT PACTBOP IPOSIBUTES,
00pa3yIomiero OKpaeHHble COETMHEHUS C pa3AeIsieMbIMU HOHAMU.

Konuuecmeennwiii ananus

Hcnonb3yroT 3aBUCUMOCTh BBICOTHI 30HBI XPOMATOTPAMMBI OT KOH-

LEHTpAIlUH BEIIECTBA.
bymaxHas pacupeneaureabHas Xxpomarorpagus

JIns pa3gerneHus KOMIIOHEHTOB HCTOJIB3YIOT CIICIMaIbHYI0 OyMmary,
Ha KOTOPYI0 HAaHOCAT aHAIM3UPYEMBIA pacTBOp. bymary noacymmsaror u
ONPBICKUBAIOT IPOSIBUTEIIEM.

Kauecmeennwviu ananuz npoBOIST MO XapaKTEPHOM OKPACKE 30H.

Konuuecmeennwiii ananus — CpaBHEHUEM UHTEHCUBHOCTU OKPACKH H
BEJIMYUHBI 30HBI CO CTAHAAPTHBIMHA PAaCTBOPAMU.
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Bonpocel 1j1 caMonpoBepKHU

1. B 4dem cymHOCTh XpoMmarorpaduueckoro MeToja aHanauza?
BcnioMHHTE UCTOPUIO OTKPBITHS 3TOTO METO/IA.

2. KakoBbI JOCTOMHCTBA M HEJOCTATKH XpoMaTorpaduun?

3. HazoBuTe 00s1acTH UCIOIB30BAHUS XPOMATOTPahUIECKUX METO/IOB.

4. Kak xnaccupuuupyroT XpoMarorpaduueckue METOAbl MO arpe-
raTHOMY COCTOSIHUIO MPUMEHSEMbIX (ha3, MEXaHU3MYy pa3JejCHUus U Mpu-
MEHSEMOMN TEXHUKE?

5. Kak oOHapyXHBalOT U UJICHTUDUIIUPYIOT KOMIIOHEHTHI Ha OY-
Ma)KHBIX Y TOHKOCJIOMHBIX XpoMaTorpaMmmax?

6. Kakue mapameTpsl XpoMaTorpauyeckoro nuka UCHOJb3YIOT IS
KOJINYECTBEHHOT'O aHasn3a’?

7. B Kakux ciiy4asx B KOJUYECTBEHHOM XpomarorpaduueckoM aHa-
JIM3€ U3MEPSIOT BBICOTY MUKA, TUIOMIAAb TUKA?

8. Ha uem oCHOBaH Kau€CTBEHHBI aHAIW3 B PA3JIMYHBIX BapUAHTAX
xpomaTtorpaduyeckoro paszjaeneHus? [IpuBenure npumepsl.

9. Kak ocymiecTBISIOT KOJIMYECTBEHHBIH XpoMaTorpaguyeckuii aHa-
au3? B 4em CyIIHOCTh METOJOB HOpMajau3aluu (HOPMUPOBKH), BHYTPEH-
HETO W BHEIIHETrO CTaHaapra’?

10. Kak ocy1iecTBIsIe€TCs KAUeCTBEHHBIN M KOJTUYECTBEHHBIN aHaJN3
B 0CaJI0YHOM U OyMaKHOM paclpeieIuTeNIbHOM XpoMaTorpaduu?

Pemienne THIOBLBIX 3a1a4
[Tpumep 1. Onpenenuth MaccoByto 10710 (%) KOMIIOHEHTOB ra30BOM
CMECH TI0 CJICAYIOIINM JaHHBIM:

KoMmoHeHTsI cMmecu [Iponan byran Ilenran Iluknorexkcan
S, MM? 175 203 182 35
Kk 0,68 0,68 0,69 0,85

Pemienune. Pacuersl mpoBOoAMM 1O METOAY BHYTPEHHEW HOpMasu3a-
[[MH, COTJIACHO KOTOPOMY

w, = 51000,

| D Sk
1

rie W, — MaccoBas 0 I-ro KOMIIOHEHTa B cMecH, %; S, — mIomaab muka

I-TO KOMITOHEeHTa; K; — monpaBoYHbBIH KO3 (DHUIMEHT, OonpeIeasieMblil qyB-
CTBUTEJIBHOCTBIO JIETEKTOpa XpomaTorpada K i-My KOMIIOHEHTY.
Haiinem npuBeAeHHYIO CYMMAapHYIO IUIOMIAAb TUKOB:

2. Sk =175.0,68 + 203 .0,68 + 182 -0,69 +35 0,85 = 412,4.
1
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Otcrona maccoBas 1014 (%) nporana paBHa
W, onana = 175-0,68 -100% = 28,6%
412,4
AHaQJIOTUYHO HaxoAuM MaccoBbie A0J1 (%) OCTalbHBIX KOMIIOHEH-
TOB cMmecu: W (Oytana) = 33,46%, W (nentana) = 30,46%, W (IIMKJIOTEK-
caHa) = 7,22%.
[Ipu BHIMOJHEHUU aHAK3a MO METOAY BHYTPEHHETO CTaHJapTa pac-
94eT IPOBOIAT IO hopMyIie
S; -k

Wi =S—kR100%’
cm cm

rac SCT — IIomaab IMKa BEIICCTBA, BBCACHHOI'O B KAaYCCTBC BHYTPCHHCT O

crangapTra, kCT — €Io HOHpaBOqHBIﬁ KOB(I)(I)I/IHI/IGHT; R — OTHOIICHHUE MACCHhI

BHYTPEHHETO CTaH/IapTa K Macce aHaJIU3UPyeMOM TPOOHI.

3amaHus AJ1s1 KOHTPOJIbHOH padoThI
141-146. Paccuuraiite MaccoByto 100 (%) KOMIIOHEHTOB Ia30BOM CMe-
CH TIO CJICTYIOITMM JaHHBIM, TIOJTyY€HHBIM METOJIOM Ta30BOM XpoMaTorpaduu:

a3 Bapuant 141 Bapuant 142 Bapuant 143

S, MM” k S, MM° k S, MM° k
benzon 20,6 0,78 21,5 0,81 18,7 0,78
Tonyon 22,9 0,79 23,8 0,80 27,2 0,79
OTUnbeH301 30,5 0,82 27,5 0,83 21,8 0,82
Kymon 16,7 0,84 19,2 0,85 20,5 0,84

Bapuant 144 Bapuant 145 Bapuant 146

S, MM° k S, MM° k S, MM° k
o-Kcumnon 16,7 0,84 20,6 0,82 23,6 0,84
m-Kcumnon 20,3 0,81 24,6 0,79 27,2 0,81
n-Kcumnon 8,5 0,81 12,9 0,80 14,5 0,81
OTUa0eH30 30,4 0,82 25,6 0,81 20,4 0,80

147-150. PeakioHHY1O MacCy TOCIIE HUTPOBAHUS TOyoJia MpOaHaIU3U-
OB METOJIOM Ta30->KUJIKOCTHOM Xpomarorpaduu ¢ IpUMEHEHHUEM 3TUIIOCH-
30J1a B KaYeCTBE BHYTPEHHETO cTanapTa. Onpenenmre MaccoByro Jomo (%) He-
MPOPEArHPOBABIIIETO TOIYOJIA MO CIEAYIOUIM KCIIEPUMEHTATLHBIM JJAHHBIM:

Bapuanr B3sito S (Tony—2 k S(aTmi- , Kk
m(Tosyosa), r | M(3TUIOEH30/a), T | 0J1a), MM OeH3071a), MM
147 12,75 1,25 307 1,01 352 1,02
148 15,26 1,09 108 0,79 158 0,82
149 25,16 1,28 80 0,79 109 0,82
150 17,25 1,12 259 1,00 345 0,95
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[MonmyOnbix, T.B. Ctymnko. — KpacHosipck: U3n-Bo KpacT'AY, 2014. — 140 c.

/. Xaputonos, [0.f. Ananutudeckas xumus (aHanuTuka). B 2 kH.
Ku. 2: KomngectBeHHbI aHanns3. OU3NKO-XUMHUUECKHE METOAbI aHAJIN3a:
yueOnuk ansa By3oB / FO.S. XaputonoB. — M.: Beicmas mkomna, 2010. —
560 c.

8. XaputonoB FO.4. Ilpumeps! u 3a1a4u 10 aHATUTHIECKONW XUMUU:
yue0. nocoodue / FHO.A. Xapurtonos, B.IO. I'puropreBa. — M.: I'sotap-
Menua, 2009. — 304 c.

9. Hurosuy, UK. Kypc ananuruueckoit xumuu / M.K. [{utoBuu. —
CIIO.: Jlanb, 2009. — 384 c.
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IMNPUJIOXEHUE
Crucok 0003HaAYeHU I

pH — BOIOpOIHBIN MTOKA3ATEND.

pOH — ruApOKCUIHBIN TTOKA3aTENb.

M — MoJsipHas macca BEleCcTBa.

V — o0bem.

M, — MoJsIpHast Macca SKBUBAJICHTA.

C — KOHLEHTpaUHus.

Cy (M) — MonsipHast KOHLIEHTPALUS.

C, (N) — MoJsipHast KOHIICHTpAIUs SKBUBaJICHTa (HOPMAJIBHOCTB ).
T — Tutp.

a — AaKTUBHOCTb.

K® — KOHCTaHTa KUCIOTHOM AMCCOLMALH.
K® — KOHCTaHTa OCHOBHOM JIUCCOLMALIHH.
K\ — MOHHOE TTPOU3BENECHNE BOBI.

pK — nmokazaTenb KOHCTaHTHI.

pT — nokazarenb TUTPOBAHUA.

| — noHHas cuna pactBopa.

Z — 3apsij MoHa.

f. —xoadduuenT akTHBHOCTH.

F — rpaBuMeTpuyeckuii paktop.

S — pacTBOPUMOCT®.

[TP — npou3sBeneHrne paCTBOPUMOCTH.

[TK — mpou3BeieHnEe KOHIIEHTPAlMi KOHOB B PACTBOPE MaJIOPACTBO-
PUMOTO DJIEKTPOJIUTA.

0. — CTEIEHb JUCCOLUALUH.
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Taomuna [11

Koncmanmuwi Ouccouuauuu HEeKomopbslx Kuciom u OCHOBAHUU

Koncranra
pK
Hazsanue dopmyna JIMCCOIIMAIINH, (25°C)
K (25°C)

Ben3zoiiHas CsHsCOOH 6,3-10° 4.20
MonouHas CH:CH(OH)COOH 1,5-10% 3,83
MypaBbHHast HCOOH 1,8-10% 3,75
VkcycHas CH;COOH 1,74 - 10° 4,76
XJI0pyKCyCHast CH,C1COOH 14-10°° 2,86
TpuxsopykcycHas CCI,COOH 2,0-101 0,70
A3zoTucras HNO, 6,9 - 104 3,16
IIponuoHoBas CH5;CH,COOH 1,3-10° 4,87
Banepuanonas (Hopm) CH;3(CH,);COOH 14 -10° 4,86
MBIIBSIKOBas H;As0, 6,0 - 1073 2,22
MenbskoBas (Ko, pK>) H3As0, 1,05 107 6,98
MeinbskoBas (Ks, pKs) H3;As0, 2,95 - 1012 11,53
Cepuucras (K., pK,) H,S0; 1,7 - 102 1,76
Cepaucras (Ky, pK») H,S0, 6,2 - 108 7,20
VYronsnas, (K, pK, ) H,CO03; (C0, + H,0) 4,5-107 6,35
Vronsras, (K, pK>) H,C0; (CO, + H,0) 4,8 - 101 10,32
dochopnas, (K, pK,) HsP0, (opmo) 7,1-103 2,15
dochopnas, (K, pK>) HP0, (opmo) 6,2 108 7.21
dochopnas, (K3, pK3) H3P0, (opmo) 50-10" 12,0
SHATA (K., pKy 10-107 2,00
DNATA (K5, pK)) 21-10°3 2,67
QJITA (Kg, ng) 6,9 : 1077 6,16
QJITA (K4, pK4) 5,5 : 10711 10,26
AMMHaK NH; + H,0 1,76 - 10 4,755
MoueBuHa CO(NH,), + H,0 1,5-10™* 13,82
CepoBomopoHast H,S 14-10°7 1,85
CepoBonopoHasi(Ks, ,Ky) H,S 6,2 10°° 7,20
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Tabnwuua [12

IIpoussoonvie pacmeopumocmu Maiopacmeopumslx 2nexkmpoaumos npu 25°C

DIERTPOIHT 1P DIEKTPOIHT 1P
AgBr 5,3-10-°13 Fe(OH)» 5.10-16
AgCO; 8,2-10-12 Fe(OH): 4-10-38
AgCl 1.8-10-10 FePO, 1.3-10-22
Ag CrOy 1.1-10-12 FeS 5.10-18
Agl 8.3-10-17 HgS 1.610-32
AgS 6.3-10-30 MgCO; 4,0-10-3
AgrS0y 1.6-10-3 Mg(OH), 5-10-12
AgPO, 1.3-10-20 Mg;(PO.): 1.10-13
Al(OH); 510-3 MnCO; 1.810°1
ATPO, 5.7-10-1¢ Mn(OH), 4,0-10-14
BaCO; 5.1-10°% MnS 2.5-.10-10
BaCrO; 1,2-10-10 Ni(OH)2 21076
BaSO; 1.1-10-10 PbBr 9.1-10-¢
Ba;(POu), 6.0-10-3° PbCO; 7.5-10-14
BeCO; 1-10-3 PbCl, 1,56-10-7
CaCO4 4,810°°% PbF; 2.7-10-°8
CaF; 4,0-10-11 PbI; 1,1-10-°
CaHPO; 2.7-10°7 Pbs 2.510°%7
Ca(H,POy); 1-10-3 PbSOy 1.6-10-8
CaSO; 9.1-10-8 Pb3;(PO.)s 7.9-10~4
Caz;(PO.): 2.0-10-2¢ Sb,S; 1.6-10°93
Cds 7.9-10-27 SrCOs; 1.1-10-10
CoCO; 1,4-10-13 SrCrO; 3,610
Co(OH)- 2.10-16 S1F; 2.5107°
o-CoS 4.0-10721 SrSO; 3.2-1077
B-CosS 2.0107% ZnCOs; 1.4-10714
C1PO; 1.0.10717 Zn(OH)- 510717
CuCOs; 1.6-1071% o-Zns 1.6-10724
Cu({OH), 1,6-1071% pB-Zns 2.51072
CusS 6.3-10736 Zn:(POys)s 9.1-10733
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Ta6n1/(1)ua I13
Cmanoapmmble OKUCIUMENIbHO-80CCMAHO8UMENbHble nomenyuansl npu 25 C

ITonypeakiuu: okuci. ¢opmMa — BOCCTAHOBIL. (hopMa E°. B

F,+2e—2F 2,87

MnO, + 8H" +5e — Mn* + 4 H,0 1,52

PbO, + 4H" + 2e - Pb + 2 H,0 1,46

ClO; + 6H" — CI + 3H,0 1,45

Au** + 3e > Au 1,42

Cl,+2e—>2CI 1,36

Cr,0; + 14H" + 6e” — 2Cr** + 7 H,0 1,35

2NO; + 12H* + 10e — N, + 6 H,0 1,24

Pt** + 2e — Pt 1,20

Br, + 2e —» 2Br 1,07

NO; + 4H* + 3e - NO + 2H,0 0,96

NO; + 10H* + 8¢ — NH," + 3H,0 0,87

Hg® + 2e - Hg 0,86

Ag' +e - Ag 0,80

NO; + 2H* + e — NO, + H,0 0,78

Fe* + e — Fe®' 0,77

MnO, + 2 H,0 + 3e — MnO, + 40H" 0,57

MnO, + e — MnO,* 0,54

I, + 26 — 2I 0,54

Cu'+e—Cu 0,52

Cu®* +2e - Cu 0,34

Bi** +3e > Bi 0,23

SO, + 4H" + 2e — SO, + 2H,0 0,20

SO~ +8H" +8e —» S“+ 4 H,0 0,15
2H" + 2e — 2H, 0

Pb?* + 2e — Ph’ -0,13

Sn®* +2e — Sn 0,14

Ni** + 2e — Ni -0,25

Co®* +2e — Co -0,28

Cd** +2e > Cd -0,40

Fe* +2e — Fe 0,44

S+2 > S -0,45

Cr*+3e—>Cr° 0,71

Zn’" +2e - Zn -0,76

Mn?* + 2e — Mn -1,05

AP +3e — Al -1,67

Mg®* + 2e - Mg -2,34

Na" +e —» Na 2,71

Ca’* +2e - Ca -2,87

Sr** +2e - Sr -2,89

Ba’" + 2e > Ba -2,90

K'+e > K -2,92

Rb* +e > Rb -2,99

Li* + e — Li -3,02
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Kucromno-ocrnosnuie quukamopbl

Tabmauma [14

VnmkaTop Nurtepsan pH N3meHnenne okpacku
B BOJIC | B alleTOHE | KUCIast opMa | 1meaouHast opma
Mertunossiii ¢puonerosbrii | 0,13-0,5 - Kenras 3eneHas
MeTHIIOBBIN 3€JIEHBIA 0,1-2,0 - Kenras 3erenas
Mertunossiii ¢uoneroserii | 1,0-1,5 - 3eneHas Cunsis
TuUMOJIOBBII CHHMIA 1228 | 2440 Kpacnas Kenras
Tponeonun 00 14-3,2 - Kpachas Kenras
Metwunoserii puonetossrii | 2,0-3,0 - Cunss duosreroBast
B-duautpodenon 2,4-4,0 - becrpernas Kenras
o-JlmauTpodeHOI 2,844 - becnernas Kenras
MeTuoBbIi OpaH>KEBBIM 3,044 1,0-2,7 Kpacnas Kenras
BpomdenonoBeIii cuHMiA 3,046 | 6,583 Kenras Cunsis
Konro-kpacHsrit 3,0-5,2 - Cune- Kpachas
(duoneroBas
Ann3apuHOBBINA KpacHbld | 3,7-5,2 - Kenras ®uoneroBasi.
v-AuHurpoderon 4,054 - becuBernas Kenras
MeTunoBbIi KpacHbBIN 44-6,2 1,7-3,7 Kpacnas Kenras
n -Hutpodenon 56-7,6 - Becnsernas Kenras
BpoMTrMOITOBBIN CHHMIA 6,0-76 |11,4-12,8 Kenras Cunss
HelTpanbHblil KpacHBbIM 6,8-8,0 - Kpacnas Kenras
Tponeonun 000 7,6-9,0 - Kopuunero- | MannHOBo-KpacHast
JKeaTast
TrUMOJIOBBIN CUHUU 8,0-9,6 - Kenras Cunssa
®denondranenH 8,2-10,0 - becuerHast Kpacnas
Tumondranenn 9,4-10,5 - BbecuBernas Cunssa
Tponeosun 0 11,0-13,0 - Kenras OpanxeBo-
KOpUYHEBAS
NuauroxkapMyH 11,6-14,0 - Cunssa Kenras
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Taomuma I15

3nauenus hyHOAMEHMANbHBIX PUULECKUX NOCTOAHHBIX

Beanunna O0o3Hauenue 3HaueHHne
CKOpOCTb CBETa B BAKyyMe C 299792458 yxc™
DneMeHTapHbIN 3apsi e 1,6021892 x10™° K
ITocTosinnas Ilnanka h 6,626176 x107 Jlocxc
ITocTositnHas ABoraapo Na 6,022045 x 10%® monw™
0,9109534 x10™ ke
Macca mokos JIeKTpoHa Me 5.4858026 x10™ 4. e. 1.
OTHo1IEHUE 3apsiaa dIeK- e/m, 1,7588047 x10™ x/ie
TPOHA K €T0 Macce
1,6726485 x10™%" ko
Macca nmokost npoToHa m,
1,007276470 a. e. m.
1,6749543 x10™" ke
Macca nokost HEUTpoHa My
1,008665012 a. e. m.
Hocrosmast Gapazes E=Ne 9,648456 x10° k/nons
[TocrosinHast Punoepra R, 1,097373177 x1 07 1t
Pamuyc bopa 8y = a/4 PRy 0,52917706 X100 11
YHuBepcanbHas razoBas R 8,314441 JTwc/(K *momn)
ITOCTOSTHHAS
ITocrossanast boinpmana k= RIN, 1,380662 1 023 Toie/K
['paBuTanmonnas
IIOCTOSIHHAS G 6,6720 <10 H xn?/k2*
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Taomumna I[16

Coomnowenus Meofcdy SHAYECHUAMU ¢M3M'-l€CKMX edunuu 9Hepcuu

Enunuia Coxpa- Kuio- Jjek-
IIICHHOC

M3MEpe- | < ia- Opr Jxoynb rpaMm- Barr-yac | Kanopus TPOH

HUA MCTp BOJIBT

YCHUC

Spr ape 1 10” 1,02-10% | 2,778-10™| 2,388-10% | 6,242-10"

JIKOYIIB e 10’ 1 0,10197 | 2,778-10*| 0,23889 |6,242-10"
(BmC) ' ’ ' ”

Kuio-

rpaMM- kv {9,807-10"|  9,8066 1 2,724-10% | 2,3427 |6,121-10"

METp

Barr-uac | Bm-u |3,60-10°| 3,60-10% | 3,671-10° 1 8,60-10° |2,25-10%

Kanopus kan |4,187-10"| 4,1868 | 0,42685 | 1,163-10° 1 2,613-10"

I?SEETTPOH 5B |1,61-10™2] 1,602-10 1,634-10%°| 4,.450-10%| 3,828-10%°| 1

Ta6muma I17
CoomHowenusi Mexicoy 3HaueHUAMU PU3ULECKUX eOUHUY ONUHbBL

HE?/{I;IHZI;?;{ Coxpaentoe Anrctpem | Hanomerp | Mukpome Mus- - Canra-

p o0o3HaYeHHE P p POMETP METp METp
AHrcTpeM A 1 10" 10™ 107 10°®
Hanomerp HM 10 1 10°® 10°® 10”7
Mukpometp i 10* 10° 1 10° 10
(MUKpOH)
Munnumerp MM 10’ 10° 10° 1 10"
CanTumerp cm 10° 10’ 10* 10 1
Metp M 10" 10 10° 10° 10?
Kunometp KM 10" 10" 10° 10° 10°
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Taomumna 18

Coomeemcmaue oKpacKku pacmeopa ysemy ceemopuibmpa
0151 homomempuuecKux usmepeHuil

JIiHa BOJHBI Ao, HM Oxkpacka pacTBopa I{Bet cBeTOrIbTpa
380-420 Kenro-3enenas DuUOICTOBBIN
420-440 Kenras Cunuii
440-470 OpanxeBast ["onyOoit
470-500 Kpacuas CuHe-3eeHbIN
500-520 [TypnypHas 3eeHbIi
520-550 duoseroBas Kenrto-3enenpiii
550-580 Cunsis Kenrtblii
580-620 ["onyOas OpaHxKeBblii
620-680 Cune-3eneHas KpacHhbiii
680-780 3eneHas [TyprrypHbIii

Tao6muma 119

3nauenusn kosgpuyuenma Cmvrooenma 01 pacyema 008epUmMeIbHbIX UHMEPBEAN08

Yucno uz- | Ywucio creneHei JloBeputenbHas BEpOATHOCTD, %o

MepeHuit, N | cBobosl, K = n-1 80 90 95 99 99,9
2 1 3,08 6,31 12,70 63,7 637
3 2 1,89 2,92 4,30 9,92 31,6
4 3 1,64 2,35 3,18 5,84 12,9
5 4 1,53 2,13 2,78 4,60 8,60
6 3) 1,48 2,02 2,57 4,03 6,86
7 6 1,44 1,94 2,45 3,71 5,96
8 7 1,42 1,90 2,56 3,50 5,40
9 8 1,40 1,86 2,31 3,36 5,04
10 9 1,38 1,83 2,26 3,25 4,78
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OI'JIABJIEHHUE
BBEJIEHUE

METOIMYECKNE PEKOMEHIALIMU 10 U3YYEHUTIO
JMCHUTIJIMHEI Y 3BAJAHUSA JIJ11 KOHTPOJIBHOM PABOTHI
1. TEOPETUYECKHE OCHOBBI AHAJIMTUYECKOM XNMHNU
1.1. Xumu4deckoe paBHOBECUE B TOMOT€HHBIX CUCTEMaX

1.1.1. PacTBOpSBI

1.1.2. Teopust 3neKTpOIUTHYECKON AUCCONMALMH. CHITBHBIE SJIEKTPOJIUTHI
B pacTBopax. Teopus Jlebas-Xrokkems

1.1.3. MonHoe npousBeienne Boabl. BogopoaHblii mokaszarens pH
1.1.4. bydepnsie pacTBOpHI

1.1.5. I'maponus conei

1.2. XuMu4eCcKOoe paBHOBECUE B TETEPOTEHHBIX CUCTEMAX

2. KAYECTBEHHBIN AHAJIN3

3. KOJIMYECTBEHHBIN AHAJIN3

3.1. I'paBuMeTpUYECKMI METOJ aHAIU3A

3.2. TUTpUMETPUYECKUN METOJ] aHAIN3A

3.2.1. KucnoTHO-0CHOBHOE TUTPOBAHUE

3.2.2. OcaguTenbHOE TUTPOBAHUE

3.2.3. OKUCIUTENBHO-BOCCTAHOBUTEILHOE TUTPOBAHUE (PEIOKCMETPHSI)
3.2.4. KoMIUIEKCOMETPUYECKOE TUTPOBAHHE

4. DU3NKO-XUMUYECKUE METOIbI AHAJIN3A

4.1. OnTrudeckue METOAbI aHAIIN3a

4.1.1. DOTOAAEKTPOKOIOPUMETPUUECKUN METOT aHaT3a ((hoTOMETpHS)
4.2. DIEKTPOXUMHUYECKNE METOIbI aHAIN3A

4.2.1. TloTeHIIMOMETPUYECKUI METOJ] aHAITU3A

4.2.2. BonpTaMnepoMeTpust

4.2.3. DNeKTporpaBUMETPUUECKAN METO] aHAIN3a

4.2.4. Kynonomerpus

5. XPOMATOI'PAOUYECKUI METOJI AHAJIN3A

BUBJINOT PAOMYECKUI CITMCOK
[MTPUJTOXKXEHUE
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AHAJIUTUYECKAA XUMUSA
N OPU3NKO-XUMHNUYECKHUE METO/bI AHAJIN3A
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