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PexomeHpyeman JuTepaTypa 223

OPEANCIIOBUE

Hacrosmuit sagayHnk npefHasHaueH NPEXAE BCErO JJIA CTyHeH-
TOB XWMUKO-TEXHOJIOTHYECKHX cIequaibHOCTel By3oB. Maydenne ocHoB
AHAINTHYECKOH XMMWHU NpENCcTAaBIAET cO60I BaXKHHI 3JIeMEHT IOAro-
TOBKH MHIXEHepa, paGOTaIouIero B XMMHMYECKOH NpoMEUIIeHHocTH. W3-
BECTHO, YTO 3a NOCJeHee BpeMS y4eGHHE NMPOrPaMMH XMMUKO-TEXHO-
JIOTHYECKHX BY30B IO aHAIMTUYECKON XMMHM IDETepHeNH ONpefeneH-
HEle n3MeHeHMA. CyulecTBeHHO COKDATWAMCh Pa3fieikl, NOCBAIIEHHEIE
U3Y4YEHHUIO KAYECTBEeHHOTO aHAIM3a; PACIIMPEH KPYT Gu3nyecKux H Gu-
3MKO-XMMHMYECKHX METOMOB BHAIN33. DTO HANIJIO OTPaXeHHe B HOCTPOe—
HUU 3aJaYHUKa U IOA60pe MaTepHAaJIOB.

IIpu moAroTOBKE AAHHOrO C6OPHMKA ABTOPHl MCHONB30BANM OIHT
IpenoaBaHuA aHAMMTHYECKONH XUMHM B XaphbKOBCKOM IIOJIMTEXHHYeCc—
KOM MHCTUTyTe. B OcHOBy 6miIo IOMOxeHO NpubukeHMe Npefiarae-
MHX 38/1a9 K peabHHM MeTOAMKAM aHAIM38, MCIOJb3YEMKM B OCHOB-
HOM XWMWYECKOU IIPOMBIIIIeHHOCTH. TepMUHONMOIUA B MOHATUS aAHAIH-
THYECKON XMMMHU H3JIaraloTcA B cooTBercTBuM ¢ "HoMeHKmaTypHEMU
npasunaMu MIOITAK mo xumum", ToMm 4, ananurnueckas xumus, Moc-
kxBa, 1985 r.

ABTOpDH TPHBOAAT pelICHUA TUMOBHX 3aJa4 IO OCHOBHEIM pa3sfie-
78M aHATUTHYECKOH XUMHUHU (TUTPHMETPUYECKUM, IPABUMETPUYCCKUM U
dmauro-xuMUYecKMM MeToaM aHaiu3za). KakpoMy pasfieny mpemnoc-
JaHO HeGOJBINOe TEeOpPEeTHYecKOe BBEACHME, O6JIEryaloiee yCBOSHUE
MaTepuaia.

B koHue KaxZoil IVIaBH JaHH 3aJady¥ JJIS CAMOCTOSITeJBLHOTO
pelleHusA, OTBETH U HEKOTOPHE CNpaBOYHHE CcBeeHuA. IIpuBezieHH
OpOrpaMMEl IJIL Pac4eTOB IO TEOPETHYECKMM OCHOBAM aHATMTHYECKOMH
XUMHMHU Ha BHYHCJIUTENBHOM koMnuekce "HMckpa—1256",

B paspa6oTke yue6HOrO HmOCOGMS M COCTABICHMM 3a]a4 NPUHHME-
au ydactue noueHTn E.A. Andepos (ra. 1,11), H.B. Basaneit (ra1. 2,7,
Hpunoxenue I), A.C. Ba6enko (ra. 6,9), B.II. Bouaposa (ra. 2, 10, 13),
N.II. Nanunos (ra. 3, 8), JI.A. Muneesa (ra. 5, 12), 3.A. Tpersax (ra.
5, 9), crapmuit npenogasarens H.E. lnsaxopa (ra. 6). O6mas pemak-
U OCYUIECTBJIICHA 3aBeAylOuM KadeApoli AHAIMTUYEeCKON XHUMUHU
XapBEOBCKOrO NMONMMTEXHMYECKOTO MHCTUTYTA, podeccopom H.O. Kie-
HICBHIM.



Taaca 1

OCHOBHLIE ENVHUINLI U3MEPEHUA
B AHAJII/ITI/I‘IECKOH. XMMHHA

Epunnuest xonuyectsa BemecTsa B cucteMe CH sapnsiercs woas,
T.e. KOJAMYECTBO BEIIECTBa, KOTOPOE COMEPIKUT CTONBKO YCJIOBHBEIX dYac-
i1, (aTOMOB, MOJICKYJI, MOHOB, JIGKTPOHOB M JIP.), CKOJILKO aTOMOB €O~
aepxurca B 0,012 kr usorona yraepoma 12C. Yucno wacTuum B ogHOM
Mone npubausntensHo pasHo 6,022 - 1023 (wueno Aporazapo). Komugec-
TBO BellecTBAa NPUHATO 0603HaYaTh CHMBOJIOM R; KOJMYECTBO BElleCTBA
X zanucuparor kax n(X) monn, Hanpumep n(Mg?*) = 3 monp; n(Fe) =
10 mMone; n(H*) = 1075 mons; n(CH;0H) = 10 xMoxs.

Moaspuas wacca (cumpon M) onmpemesisieTcss Kak Macca, OTHECEH-
Has K KOJIMYECTBY BOIIECTBA:

M(X) = m(X)/n(X),

rme m(X) — macca BemecTna X.
WHBIMu c/0BaMM, MONAApHAas Macca — 9TO Macca OJHOTO MOJIA
pentecTsa. Hanpumep, M(H,SO4) = 98 r/mone; M(Cu) = 63,54 r/mons.
Konyenmpayus gewecmen, Ul MOASPHAS XKOHYEHmMpayus (CHMBOJ
C), — 2TO KOJNUYECTBO BEUIeCTBa B euHuuE o6veMa pacTsopa. Ecau n
moieli BemlecTsa X pacTBopeHo B V mM® pactBOopa (Il){anoumm, yro 1

=1 ma),
P = A, 7O OX) = n(X)/ V(X).

Hanpumep: C(NaOH) = 0,1 moab/mM%; Takoif pacTBOp Ha3WBalOT
HELMMOJAPHEIM ¥ wacTO o6osHawatlor kak 0,1 M pacrsop NaOH,
C(NayS,03) = 0,5 mome /M3, T.e. umeem 0,5 M pacrsop NagS,03.

Bee pacyern B aHAIMTUYECKON XMMHH, OCHOBAHHEIE Ha NPOBeNe~
HUM TeX WM MHBIX XUMUYECKUX peakuuii, CBsI3aHHl ¢ NOHATHEM X6U6E~
aexm. DKBUBAJEHTOM HA3KIBAIOT YCJAOBHYIO WacTHIy BellecTBa, KOTOPas
B [aHHOM peaKklUM paBHOUEHHa (PKBUBAJIEHTHa) aToMy Bojopoma. U3
ONpPEeNENIeH!sT CAENYeT, YTO IKBHBATNEHTOM MOryT OHTB Kak DeajlbHHE
yacTuuw, Hanpumep Moidekyianm HCl, KOH, Tak u rumorernyeckue
acTHLK, HANpUMEp NOJIOBHHA MOJIKYTH cepHOll kucaorn 1/2H,SO,
WM TpeTh MOJIeKyJs ruppokcufia xesesa 1/3Fe(OH); u r.xn. [Hpobs,
[IOKA3HBAIOIas, KaKas YaCTh MOJGKYJK WM MOHA sIBJsercs JKBHBa-
JIGHTOM, Ha3BIBAlOT gaxmopon sxeusdsenmuocmy. PakTOp IKBUBATICHT-
Hoctn BeurecTsa X 0603Havaor f KB(X), nanpumep f (H,50,) = 1/2;
faKBFe(OH)g =1/3.

3uauenne (GaKTOpa IKBUBAJIGHTHOCTH B3&8BHUCUT OT pEaKUUH, B
KOTOpOil MaHHOe BeulecTBO ydacTByeT. [/ KHMCHIOTHO-OCHOBHBLN peak-
Ui SKBHBAJICHT ONpEEIAeTCs YHCIOM HOHOB BOOPOJA, YWaCTBYIOUINX
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B IPOTOJIMTUYECKUX PAaBHOBECHUAX NaHHON wacTHUHN. Tak, I/ peaKnun
HCl + Na,CO; — NaHCOj; + NaCl

SKBUBAJIEHTH pearupyloLiNX BEUlecTB COOTBETCTBEHHO O06G03HaYaloTcs
kak 1HCI u 1Na,COg; faKB(HCl) = faKB(NanO:,) = 1. B nanHoM cayuae
SKBUBATEHT — 3T0 peanbHHe wacTuunl (Morerynn HCI u NayCOj).
Has pearkuuu
2HCI + Na;CO; — 2NaCl + H,0 + CO,

¢axTOpH IKBMBAIEHTHOCTH DABHH: f KB(HCl) =1 f m(Na2CO3) = 1/2.

DKBUBATEHTH 3THX BeulecTs 0603HawaoTes Kax 1HCl u 1/2Na,CO;.

JIis OKMCAMTENBHO-BOCCTAHOBUTENLHHX DEAKIUI IKBUBAIOHT —
3TO TaKas yCJIOBHAA GacTHIa BEUIECTBA, KOTOPAas NPHCOSNUHACT HJIH
oTHaeT omuH anexrpon. Hanpumep, nns peakuun

2KMnO, + 10FeSO, + 8H,S0, —
— 2MnSOy + 5Fey(SO4)s + K,SO4 + 8H,0

JaKkTOpH SKBUBAJEHTHOCTH IepMaHraHaTa Kalus U cyiapdaTa xejesa
3aIMCEIBAIOTCA KaK

£, (KMnOy) = 1/5; f (FeSOy) = 1,

a skBuBanenTH — Kak 1/5KMnO,4 u 1FeSO,.

Jns peakuuit KOMIUIeKcoOGpa3opaHusi (aKTOp SKBUBAIEHTHOCTH
OINpeIeNsiiOT, UCXOAS U3 YHcia KOOPHUHALUOHHHX MECT IEeHTPAILHOTO
HOHa-KOMILZIeKcooGpasoparens. Hanpumep:

2KCN + AgNO, & KAg(CN); + KNOg; f,_(KCN) = 1;
f (AgNOs) = 1/2.

JKB

AlS* + 6F° = AIFS; £ (F) = 1; £ _(ABY) = 1/6,
Ag* + 28,08 = Ag(S:008’; £,,(8:03) = 1/2; £, (Ag") = 1/4.

JKB
B peaxkmuax KOMIUICKCOOGpa3OBaHMA ¢ ydYacTHeM HHaTPUeBOI
CONMU. ATUIEHAaMUHOTeTpayKeycHOit kuciaotH (DJ(TA), kak npasuio,
uon Meranna u anuod JJITA (Y%") o6pasyior xommaeke cocrasa 1 : 1.
Hanpuwmep:

Fe* + H,Y2 — FeY~ + 2H'.

B atom caywae f (Fed*) = f KB(H2Y2'), T.e. BeIleCTBA pearupyioT B

cooTHomeHuy 1 Monp Ha 1 Mo,

DakTOpH 3KBHUBATEHTHOCTH JIA COEMMHEHHUH, YYacTBYIOWIUX B
PeaKuMsX OcakJeHUs CcOJeli, ONpPeNeNsAIoT TaK X2, Kak M B clydae
KHCJIOTHO-OCHOBHRIX peaKkluii, T.e. KaXAHI ydJacTHHK peaKknuu pac-
cMaTpuBaeTcsi KaK KHCJAOTa UM OCHOBaHHE B INPOTONUTHYECKOMN
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{npotonnoit) Teopuu. Hanpumep:
Agt + CI" = AgCl|; fam(Ag’) = [,C) =1

2Ag* + Cr0%" = AgCrO4l; £ (Ag") = 1; £ (Cr0%7) = 1/2;

OKB
Ba?* + SO = BaSOy; [ (Ba?) = 1/2; f (SO%) = 1/2.

Yncno, crosmee B 3HaMeHaresie Ipobu (Hanpumep, I/ MHOHOB
6apusi 1 CyIb(pAT-MOHOB 3TO YHCJO 2), HABHBAIOT YHUCAOM IKRUBAIEHT-
HOCTH 1 0603HAYANOT 2*. -

MonsipHast Macca KBUBAJIEHTa — 3TO Macca ONHOr'O MOJIA JKBHUBa~
JIGHTOB JAHHOrO BelecTsa. Ecan 7iis BemlecTBa X QaKTOp 3KBUBAJICHT-

HOCTH paBeH:
£eX) =1/2,

OKB
TO MOJIADHYIO MacCy SKBUBasleHTa M %;X] MOXHO BBIYUCIUTE U3 COOT-
HOLIEHUs
M[%;X] =L M.
Hanpumep:
M(1/211,S0,) = 1/2M(H,S504) = 1/2 - 98 r/Mone = 49 r/mons.

MonspHas KOHIEHTPAUUA JKBUBAJICHTOB coeinHeHuss X o603Haya-
ercsa Kax ([ faKBX) Monb/AM3. DTa BeJIMYMHA paBHA YUCJy MOJEN JKBU-

BasenToB B 1 am% pactsopa. Hanpumep, C(1/2H,SO4) = 0,1 mons/nm3;
3TO o3nayvaer, yTo 1 aAM3 pactsopa comepxur 0,1 MONB 3KBUBAIEHTOB
cepHOit KucaoTh, T.e. 4,9 r H,SO,.

Ecan MonsipHas KOHNIEHTPAUMs IKBHBAJICHTOB BeLlecTBa X COCTaB-
asger 1 Mons/maM3, TO TaKOit pacTBOp HASHBAIOT Hopuasvubia. Hampn-
Mep, ecnu C(1/5KMnQ4) = 1 monb/nm3, TO 3T0 HOPMAIBHHI PacTBOP
nepmanranarta Kaausa (1 1. KMnOy).

W3 apyrux cnoco60B BHIPAKEHHs COIEGPKAHUS BEIIECTBA B aHAIA-
THYECKOI XMMHHU Yalle UCIONb3YyIOT TUTP, TUTP pabodero pacTBopa Io
ONpefesieMOMY BEIIECTBY, MacCOBYIO JIOJIO.

Tump (T) — 310 MaccoBas KOHIEHTPALMs, IIOKA3EIBAIOIIAA, CKOJb-
KO IPaMMOB PacTBOpEHHOro BellecTBa X copep:kutcesi B 1 cM? pacTropa.

T(X) = m(X)/ V(X).

Turtp pabouero pacTBopa Bemiectsa X IO OmpPeeNsAeMOMY BellecT-
By Y — 3TO yucio, MOKa3BlBaiollee, KaKasg Macca ONpejesseMoro pe-
mecrsa okBuBajgenTHa 1 cM® pacrsopa X. Hampumep, T(HCI) =
= 0,003647 r/cM® Takas samHce osHawaer, 4To B 1 cm3 pacTBopa
kucaots  copepaures 0,003647 r HCL 3amues T(HCI/NaOH) =
= 0,00040 r/cmM3 osmadaer, yro 1 cM? p[aHHOrO pacTBOpa KUCJOTH
pearupyer ¢ 0,004000 r NaOH. 3anuce T(H,SO0,4/SO3) = 0,00080 r/emM3
oaHauaer, yto 1 cM3 pacrsopa H,SO,4 coorserersyer 0,00080 r SOj.

Maccosas doas — GedpasMepHasd OTHOCUTENbHAS BeJIUYMHA, PaB-
Has OTHOUIEHUIO Macchl KOMITOHEHTa K ofutefi Macce o6pasia, pacTeopa,

cMecH BellecTna U T.AO.
WX) = m(X)/m g,
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Enunuueit uaMepeHusi MaccOBOil JIOMM SABJIAIOTCA TaKke NPOUEHT (coTas
nons, %); npomusne (THesdusle gond, %); ppm (MWUIHOHHHE IOJH,
mian1); ppb (Munnuapnuas goas, mapnl):

1 npomunie = 0,1%; 1 ppm = 1074% 1 ppb = 1077%.

Hanpumep, maccosas moass H,SO; B pactsope cocrasmsier 12%.
J710 3uavut, 410 B 100 r pacTBopa comepxurcsa 12 r HySO,4. B Texsn—
YecKOl YKCYycHO# KucioTe cofiepxanune HI He momxkno npeBnmaTh
10 ppb, T.e. B 109 r yKcycHON KMCJIOTH JOJXKHO 6HTH He 6oaee 10 r HI,
YTO B IepecyeTe Ha MPOUEHTH cocTasuT 1076%.

YacTo pysi mpuGIMMKEHHONR OUEeHKH MaccOBOR O PacTBOPEHHOro
pemiecTsa (KMCJIOT, LIENoYell, HEeKOTOPHX cOJiell) MOCTATOYHO U3MEPUTH
apeOMeTpOM IJIOTHOCTh pacTBOpa (p, r/cM3) M MO cnpaBOYHBIM Tabiau-
11aM ONpeIeJIUTh MACCOBYIO OJIO PAcTBOPEHHOrO BeLIECTBa U MOJAPHYIO
KOHIEHTPAaIHIO, COOTBETCTBYIOIHUE U3MEPEHHO! NMJIOTHOCTH.

Pacuers konudecTBa, Mace, KOHIEHTpAaLUil B3auMONEMCTBYIOMMX U
06pasyIomuXcsa B peaKUMAX BEIIecTB BHIIOJHSIOT IO yPABHEHUSIM MaTe-
puasbHoro Gananca. Ilpu cocTaBleHHHM 3THX ypaBHEHMI HCXOHAT U3
TOro, YTO BEelecTBAa pearnpyioT B PaBHRIX KOJHMYECTBAX JKBHUBAJICHTOB,
T.e. ec/in coejuHeHue X NMpOpearnpoBajIO ¢ coeuHeHueM Y, TO

n(faKBX) = "(famY)' (1.1).
Hanpuwmep, nas peakyuit )
2NaOH + H,S04 = 2H,0 + Na,SOy;
K,Cr,07 + 6FeSO, + TH,SO4 =
= K;SO,4 + Cry(S04)s + 3Fey(SO4); + TH,0;

Mg?* + H,Y?" = MgY?" + 2H*
MOXHO 3aMUCaTh:
n(NaOH) = n(1/2H,SO,); n(FeSO4) = n(1/6K,Cr,07);
n(Mg?*) = n(H,Y?).
Jasee monp3yeMcs paBeHCTBaMIU:
m(X) = (£, X)M(f, X); (12)
n(f, X) = O(f, X) - V(X). (1.3)

OKB

IIpmmep 1.1. Cronbko ¢octopHOR KHCIOTH (B rpaMMax) HaXOmuT-
¢ B pacTBOpe, €cii Ha TUTPOBaHUE IO IPUBENEHHOMY HHXE ypaBHe-
HHUIO peariuu mouwio 20 cM3 0,1 M pactsopa NaQH?

H3PO4 + 2NaOH = NapHPO4 + 2H,0.
P em e u n e. Haxomum faKB(H3P04) u j;KB(NaOH); OHU DaBHH

cootsercTBeHHO 1/2 n 1. Takum o6pasom, n(1/2H;PO,) = n(NaOH). us
ypapuenuit (1.1) u (1.2) Haxomum:

‘ = C(NaOH) - V(NaOH) - M(1/2H,PO,);
m(H3PO,4) = 0,1 moms/mm3 - 20 - 1073 - 49 r/mons = 0,098 r.
11



IIpeMep 1.2. CkoibkO IpaMMOB XMMHYECKH YHCTOrO IIpenapaTa
HDEpMAaHTaHATa KA HYKHO B3SITh, YTOOH MOJYYHTH 2 AM? HOPMAaJbLHO-
ro pacTsopa HepMaHraHaTa KaK OKHCIIHTENA?

Pemwe nu e. DKBUBWICHT NERMAaHraHaTa sl OKMCJHMTEIBLHO-
BOCCTAHOBUTEIbHEIX peakuuit paBeH OBEBIYHO 1/5KMnOQy;
C(1/5KMnOy) = 1 mons/nm3; M(1{5KMnO4) = 1/6M(KMnO,) = 31,6
r/Mons. 3 ypasuennit (1.2) u (1.3) naxomum: .

m(KMnO,) = n(1/5KMnO,) - M(1/5KMnO,) =
= C(1/5KMnOy) - V(KMnO,) - M(1/5KMnOQ,) =
= 1 moab/am® - 2 M3 - 31,6 r/monb = 73,2 1.

Taaca 2

PABHOBECHA B BOJHEIX PACTBOPAX
KMCJIOT ¥ OCHOBAHUHA

B cooTBercTBHM € HPOTOJMTHYECKON Teopueil KUCIOTH — 3TO Yac—
THLE!, CIIOCOGHRIE B PACTBOPE OTAABATh MPOTOHE!, & OCHOBAHMS — YacTU~
1B, crmocO6Hble NpUHHMATh NPOTOHH. IIpm aroMm kMcnoTa obpasyer co-
Ops3KEHHOE ¢ HEl OCHOBaHHE, & OCHOBAHHE OOpa3yeT CONpPSIKEHHYIO ¢
HUM KHucoTy. Kucnora U compsixeHHOE ¢ HEI0 OCHOBaHMe, TaK Xe KaK
OCHOBAHME M CONPSI)KEHHAasT ¢ HHUM KHCJIOTA, cOCTAaBJAIT KHCJIOTHOOC—
HOBHYIO (mpoTosuTHYecKyio) napy. IIpuMeps mpoTonuTHYeCKHX Map:

Kuernora OcHoBaHue
HCl = H* + CI-
CH,COOH = H* + CH,CO0O”
H,CO;4 = H* + HCO;3
H,0* = H* + H,0
NH;} = H* + NH,4
HCO; = H* + COY

Nz atux nmpuMepos csielyeT, YTO KHCJOTH MOTYT GHITH IOJ asfie-
nenn Ha monekyaspuuie (HCl, CH;COOH, H,COj3), katnonnsie (H30%,

NH,*) u anumonnne (HCO3). AHalornuHO OCHOBaHMA NETATCA Ha MOJe~

kyaspusie (NHj), ammomnme (ClI°, CH3COO", HCOj3), kaTuoHHmIe
(CaOH?Y).

IIpoTonuTh, 061aa0NIMEe KAK HPOTOHOJOHOPHEIMY, TAK M HPOTO-
HOAKUENTOPHEIMH CBOMcTBaMM, Ha3mBalT aMm¢unporounnmMu (H,0,

HCOj3). Bewgecrsa, KOTOpHE KiIaccHyecKas TeOpHA OTHOCUT K Kiaccy
coneil, ipu pacTsopeHuM O6pasdyOT ABa IPOTOJIMTa — KAaTHOHHYIO KMc-
JIOTY U aHHOHHOE OCHOBaHHE:

NH,CH;COO — NH} + CH;,COO"; NH,Cl — NH} + CI".
12

2.1. ABronporomu3s Bogu

IloBemeHue KUCIOT M OCHOBaHMIT B PacTBOPAX 3ABMCHT OT CBOMCTB
pacTBOpUT&IA. B BOJHHX pacTBOpax cjelyeT y4MTHBATh aM(pOTEPHEL
XapaKTep BOJB, KOTOPHIH MOXHO HpPOMJUIIOCTPHPOBaTh peaKIMeil aBTo-
NMpOTOJIN3a

H,0 + H,0 — H;0* + OH";
[H;O0*] [OH7)
[H,0]2

Tax kak konuentpauus somsl [H,0] B pas6aBieHHRX BOXZHBIX
pacTBOpaxX BeJIMKA M MAaJI0 WBMEHAeTCS 1O CPaBHEHMIO ¢ KOHIIGHTpamueit
PACTBOPEGHHBIX BEIECTB, €8 MOXHO CYUTATh BEJIMYMHON TOCTOSTHHON W

3anucaThe
K[H,0] = [H,0*][0H] = K,
rpe KlL' — HKOHCTaHTa aBTOHPOTOJIN3a BOJIH (PIOHHOG nmpou3BeicHue

Bonmzl. ‘
HCJICHHOe 3HAYeHHWe KOHCTAHTH aBTONPOTONM3a BOAH npu 25°C
paBHO wa X 1-10714, JIna ynpoueHusi BHYMCICHUI HOHHOE NIPOUBBE~

JeHue BOARl 3aITHCHIBAIOT B BHJE: )
Kw = [H*][OH"] = 10714,
B uucroi soze [H*] = [OH"] = 1077 mons/nm3.

JnA xapakTepHCTHKH KMUCIOTHOCTH PacTBOpa NPUHATO INOJbH30BA-
TBCS MECATHYHBIMEM JlorapudMaMu KOHueHTpammm uonos HY u OH-,
B3SITHIMH ¢ OTPUIIATETILHBIM 3HAKOM; ITH BEJHMYHHBI HASHBAIOT BOLOPOI~
HRIM M TMPOKCHJIBHEIM [TOKA3ATEIsIMH:

pH = —Ig[H*]; pOH = —g[OH].

OTCIOILa cjleyerT, 4TO AJiA BOAK W BOAHBLIX PacTBODPOB BHINOJIHAET-
CA cAefyIollee paBeHCTBO:
pH + pOH = 14.

2.2. Pacuer pH

2.2.1. Pacmeopsi CUABHBT KUCAOM U OCHOBAHUL

CunpHEle KHCIOTHL W CHJIBHEIE OCHOBAHMS B BOJHBIX DacTBOpPAX
NPaKTHYECKH MONHOCTBIO JMCCONMMPOBAHH HA MOHBI, HO B Pe3yJbTATe
MEXHMOHHHX B3aMMoONeficTeuit neiicTBuTenbHasn (3pdexTnBHAS) KOH-
UGHTPAlMs HOHOB MEHBIIE HAYAIBHON KOHIEHTPAUMH JIeKTPOJIHTA.
J¢~¢exTHBHAA KOHICHTPAMS HOHOB HA3KIBACTCA  AXTNUGHOCMBIO.
3aBucu-mocTh Mekay KoHueHtpaumeii (C) M AKTHBHOCTBIO (4) HOHOB
BHIDAXKa-eTCs ypaBHEHUEM '

a=f-C,

rae f — ko3(PHUIMEHT aKTHBHOCTH.

B ovenr pa36aBieHHHX PacTBOPAX CHIILHBIX IJEKTPONHTOB f= 1 m
e & (. Ilpu BHIYHCACHNH KOHUEHTPAUHMA HOHOB B Pa3baBICHHEIX pac-
TBOPAX CHJbHHX JJIGKTPOJIMTOB MCXONAT M3 JOIYLICHMS, YTO JIEKTPO-
JUTH JIHCCONMMPOBAHN MOJHOCTRIO. B pacTBOpe CHIBHON KHCJIOTHI
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IuccOUUanMsA UeT N0 YPaBHEHUIO
HA + H,O0 — H;O* + A~

Jlas npoctotr BMecto nona HgO' B pacuernnx ¢opmynax samu~
cuparor HY, Torna -
anf ~ [H+] = CHA’ pH = —lgCHA;

COOTBETCTBEHHO B pacTBOpE CHUJILHOTIO OCHOBAHUSA

MOH + H,0 — MOH; + OH7;

o ~ [oH7] = Crion’ pOH = —lgCy, ;i PH = 14 — pOH.
Ipmmep 2.1. Baruncaure pH- 0,01 M pacTsOpa a30THOM KHCJIOTH.
Pem e unue HNOg — cunpHas KUCIOT], T.€.

- — 3.
[HY] = CHN03 = 0,01 Mons/nM3;

pH = —Ig0,01 = 2.
Ipemep 2.2. Buuncants pH 0,05 M pactsopa KOH.
Pemenue KOH — cunphoe ocHOBaHKE (1UI€TI0YB), T.€.
[OH] = G = 0,05 Monb/nm3;

pOH = —ig0,05 = —lg(5 - 10?) = 1,3; pH = 14 — 1,3 = 12,7

Taxum 06pa3oM MOxHO paccyuThBarh pH pacTBOpOB KHCHOT c
xox{uempauneﬁpc 2 1074M, xorza KOHIEHTpaluell IPOTOHOB, 06pa3yio-
UIMXCA TpY [MUCCOUMALUM BOMH, MOXHO mpeHeGpedb. IIpn MeHbIIEH

KOHIIEHTpauuH KHCJIOTH MUCcCOIMaUMIO BOAR CJCAYET qu/ITLIBa"l‘B. B
nocJIeTHEM cJiy4dae MCTOYHUKOM IpOTOHOB CJIYXKaT IBa paBHOBECHUA.

HA + Hgo : H30+ + A% 2H20 : H30+ + OH".

Ilns pacuera [H3O*] caenyer. Bocmonb30BaThes Goee TOUHHIM BHIPAHE™
HUEM:

[H;0*] = [A7] + [OH] = Cy, + K /[H:0"]

B ympoueHHoOlt ¢popMe
[H*]

I

( * 2.1
Cyp + K /), 2.1)
OTKyHa ,
H')2 - CHA - [HY] — Kw =0; [HY] = (CHA + ‘/ZTHAZ + 4I\w)/2. (2.2)
Opmuep 2.3. Beruucaurs pH 1075 M pacTBOpa a30THOW KHCJOTHL.

Pem e n ue. Tak rax CHN03 < 1074 M, npu pacuere pH cieayer

MTHIBATH JIMCCOMMALMIO BOAE M [JIsl pacdeTa MCIONB30BATH BHpake-
mua (2.1) u (2.2): "
(1] = Cuyo, + K/H')

[HY] = (10% + yI00 + 4 - 10M)/2=1,01" 1075 mons/mM3;
pH = —g1,01 - 1075 = 4,99.
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e N7 KOHUEHTPUPOBAHHEIX pAcTBOPOB CHJIBHEIX 3JIeKTPOJIMTOB
HeOoOGXOUMO YYNTHBATh KO3(PPUIHUEHTH AKTUBHOCTH, KOTOPLE BaBHCAT
OT TaK HAa3KIBAEMON HMOHHOMN cUim pacTBOpa ().

n
p=05% C - 22, .
=1 ' '
rae C". — MOJISIpHas KOHUEHTPalUA HOHa; Zi —@Bapsan uonag Koapdu-

IUEHTH aKTUBHOCTH BEIYUCIAIOT IO CJEAYIOWMM (HopMyaam:
151 pacTBOPOB ¢ MOHHOM cuuoit # & 0,01

- —lgf', ~ O,SIZE\//_I;
171 pAacTBOPOB ¢ MOHHOMN cunol 4 € 0,1
Vh

—lgf‘. = 0,5122‘  —

1 + i

lpasep 2.4. Buunceants akTusHOCTs nonos HY B 0,3 M pacrsope
a30THOM KHMCJIOTH.

P em e n u e Tar Kak kKOHUEHTPANuUs pacTBOPA a30THON KHEIO—
TH JOCTATOYHO BENNKa, KO3PIUIUEHTH aKTHMBHOCTH nouos HY u NO;

BHYMCHsAeM 1m0 (opmyne (2.3) ¢ y4eTOM HOHHOM CHAN pacTBOpa:
=0,5(0,3 - 12 4+ 0,3 - 12) = 0,3;

0,55
=05 12— = 0,177;
1 + 03 1,55

fHo = fNO; = 0,66; Oy = fo . CHN03 = 0,66 - 0,3 = 0,2 Mmoss/mM3.

—lgf=0,5-12

2.2.2. Pacmoopu caabnz XUCAOM U 0CHOGANUL

B BOJHEIX pacTBOpaX cJIaGHIX KMCJIOT UCTOYHUKAMM [IPOTOHOB CJIy-

¥Kar cnabas KUCIOTA U BOZa, AMccO AL KOTOPHIX INPOUCXOAUT B CO—
OTBETCTBUU ¢ YpABHEHUAMI:

HA + H,0 & HiO* + A”; 2H,0 — H;0* + OH7;
npugeM uoHu H30%, o6pasyiomuecst mo meproil peaKnuy, MOXABIAIOT
AUCcCOnMAnUIO BOIM, U KOHueHTpauueds noxos [H;O*] u [OH], o6pasy-
JOLUXCS MO BTOPOH peaKiii, MOXKO mpeHe6peys.

PapHoBecue B pacTsope c1a60il KUCTAOTH ONUCHBACTCS ¢ MOMOIIBLIO
KOHCTaHTH M cCOLMaliu KH A

_[8,0%][A]
HA T T (g A]“"“'

W3 ypaBrenus AMCCOUMALMN KUCIOTH BUAHO, 9TO
[Hs0*) = [A] & CHA = [HA] + [A"] unnm CHA = [HA] + [H;0%),

15



OTKYAa ’
. [HA] = CHA - [H30+]

Moncrasnss suawenusa [A7] u [HA] B BepaxeHue KOHCTaHTBL JHC™
COUMAIMM KUCJOTH, MONYYUM
[Hs07]2
HA ~ _ 7
Cyp — [H3O ]

nnu, samenus [H30*] na [HY],

r

K [H+] ; (2 4)
HA CHA _ [H+]’

OTKYyZa

[HY] = [—A’HA+¢A’}?[A + 4K, C’HA]/2. (2.5)

a5 cnabHx 27CKTPOJAMTOR € KOHCTAHTOM Juccoluanuu K < 1074
MOXHO YIPOCTUTEL ypaBHeHue (2.4), monarasi, YTO KOHUEHTpalus Heauc~
COIMUPOBAHHOM KHCIOTH (ocnonamm) NpaKTU4eCKH paBHa obwed
KOHIGHTpANA KUCAOTH (OcHoBaHus). B arom cayvae ypapHenue (2.4)
APUHUMAET CACILYIOLIMIT BAJL:

K, = [H]/Cy,, (2.6)
OTKYyZia
8 = VRon ™ O @

Jlnsl 37EKTPONUTOB, KOHCTAHTa JUCCONMANUU KOTOPHIX K < 1074, xon-
UEHTpPAIUIO MOHOB tH*] u pH' pacTBOpa BHYMC/AIOT MO Gonee TOYHOMY

ypaBnenuio (2.5).
IIpauep 2.)5. Burymenuts koHueHTpauuio uonos (HY] u pH 0,5_5M
pacreopa npomuonosoil kucaors C.H;COOH; KC2H5000H =1,4-107%.

Pew e n ue Tak kak K02H5000H < 1074, mna eeryucacHus [HY]
n pH ucrnonsayem supaxenue (2.7):
(B = 4 - 105 -~ 05 =07 - 107 =2610%
[HY] = 2,6 - 108 moms/nm%; pH = Z1g(2,6 - 1079) = 2,58.

Ipmmep 2.6. Barwneanrs pH 0,01 M pactopa aMMuaka. KNH:; =

= 1,76 - 1075, 2
"Pemenue. BBogHOM pacTBOpe aMMHAaKa HMEET MECTO PaBHOBE~
cue:

NH; + H,0 — NH] + OH".
ITockoabky KNH < 1074, mosmaraeM, 4TO paBHOBeCHas KOHIEHTDAIMsA
3

HEeMCCONMUPOBAHHOTO OCHOBAHUS paBHa €ro oGulel KOHUEHTpANUL:

[NHy] = Cyyy, = 1+ 107204

16

K 1 - 10714
(H] = = =
 VEan. Cng, 176 - 1075 - 107
pH = —Ig(2,4 - 10711) = 10,38.

JAs BOAHHX PAacTBOPOB CONPSKEHHHX KHCJIOT U OCHOBaHUM cIpa-
BEAJIMBO CJeZyIOllee COOTHOLIEHUE:

K K.=K, (2.8)

=24- 1071

3HayeHNsT KOHCTAHT [JMCCONUANMA KUCIOT M OCHOBAHUN UMEIOTCS B
crpasouyHoit surteparype. Ilonssysice BHpakenuem (2.8), mMoxuo oue-
HUTb CUJIY CONPSIKEHHEX ¢ HUMM OCHOBAHUM U KMCJOT.

Hpmwuep 2.7. BorynesuTe KOHCTAHTY OCHOBAHUS — ANETAT-MOHA — B
BOJIE.

P ew e u u e. 3anuueM ypaBHEHHE KUCIOTHO-OCHOBHOI'O PaBHOBE-
CUs aeTAT-MOHA B BOJE:

CH,COO" + H,0 — CH3COOH + OH".

Jlnsa BHYMCACHUS UCHONB3YeM TabIMYHOE 3HAYEHHE KOHCTAHTH
IUCCOLUAIUN COIPSXKEHHON YKCYCHOM KHCJIOTH KCH:;CO_OH = 1,75 -
-107% u Kw = 10714,

K 1-10714
K w

CH3COO™ ™ Koy coom 1,75 - 1075

=57 10710,

IIpumep 2.8. Buruncaurs pH 0,01 M pacTteopa amerata HaTpus;

= . 1075
KCH:;COOH_I’75 107s.

Peme n ue B BogHoM pacTBOpe ameraTa HAaTPUsS MMEET MECTO
paBHOBecHe .

CH,COO" + H,0 &/ CH;COOH + OH".

KoHcranTy OcHOBaHMA aleTaT-MOHA BHIYUC/SAEM, MOJAB3Ysch Tab-
JUYHEIM 3HAYCHUEM KOHCTAHTH JMccOUMalMM CONPSIKEHHON yKcycHOIl
KHUCJIOTH U KOHCTAHTON aBTOIPOTOJNM3a BOJH, KaK IIOKa3aHO B IpUMEpe
2.7. '

10 + Kw
KCH3COO' =5,7-1071; [H*] = s — =
CH3CO0" CH3CO0"

10714
= — = 4,2 - 10°9;
o7 - 100 1072

pH =9 — 10,62 = 8,38.

Hpemep 2.9. Beiwueanres pH 0,01 M pacTBopa xyiopuzia aMMOHUS;

—_ . -5
Ky, = 176 - 107,
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Pem e n u e 3anucurBaeM YpaBHEHHE KHUCJIOTHO-OCHOBHOIO paB~
HOBeCHs MOHA aMMOHMS B BOJeE:

—
NH; + H,0 — NH; + H;O".
KOHCTaHTy KHUCJOTH — HOHa aMMOHHSA BHIYHCIAEM M3 BHIPaXEeHHUHA

_ — . -14 . 5} — . -10.
KNH;_KW/KNﬂs—l 10714/(1,76 - 10°5) = 5,68 - 1071%;

[HY] = ‘/Y(NHZ . CNHZ = 5,68 - 10710 - 0,01 =
= 2,38 - 1076 monn/nM?;
pH = —lg[H*] = —1g(2,38 - 1076) = 6 — 0,38 = 5,62.

2.2.8. Pacmeopb JunOLONDOMOKNBT NPOMOAUTOB
Iporonus (Auccoumanusa) MHOTONPOTOHHEIX TPOTOJMTOB IpO-
HCXOIUT CTYNEHYATO!
H3PO4 + H,0 = H30+ + HzPOZ, K, ~ 1072

H,PO; + H,0 & Hy0* + HPOY; K, ~ 1077,
HPO? + H,0 = H,0* + POJ; Ky~ 10712,

Ecnn wncieHnble 31a4eHNA KOLCTAHT NPOTOINTHYECKUX Map OTIN-
yatoTest 6onee yeMm B 103 pa3, MOXHO NPHUHATH, YTO NPOTOJIN3 NPOTEKaeT
B OCHOBHOM IO mzpnofa cTyneHu ¥ ans pacdera pH mcHonbsoBaTh BeIpa~

sxenne (2.5) nan 2.6%. )
Ipumep 2.10. Brurumeaure pH pactsopa H,S ¢ KoHueHTpanumed
Cus= 0,1 mons/mM3; Ky = 1077, K, = 10718,
2

H
Pem e u e Iockonsky K; : K, = 1077 : 10713 = 1076, moxHO
CYMTaTh, YTO NMPOTOIM3 NPOTEKaeT Mo NepBoll CTyMeHu:

H,S + H,0 &= Hz0* + HS"
u sorancauTs pH pactsopa mo ¢opmyre (2.7):
= JK . —_ B T — 1074 3.
H'] = ‘/AHQS CH2S = {10 10 1074 mons/mM3;

pH = 4. .
Ipumep 2.11. Boiwucaurs pH 0,1 M BSILHOI‘O pactBopa Na,COg;
; — 1077 K - 210711
Al, H,CO3 = 451077 Ixz, H;CO, 48 - 10

PemweHu e pH pactsopa ofycnoBied npoTonusoM KapGoHaT-
HOHa:

CO? + H,0 &= HCOj; + OH; Koop = 10714/(4,8 - 10711) = 2 - 1074,
HCO; + H,0 — H,CO;3 + OH™; Kyyoo; = 10714/(45 1077) = 2 - 1078

- - —9.10 . 1078} = 104
Koop/ Ky = 2+ 1074/(2 - 10°9) = 10%
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pH pacTBOpa BRIYMCIsICM U3 BHIPAKEHUS
K 10714 10714

[H+] = - = = =
Eoor * Cnagco, V2 107 O 447 - 107
10-14 - 107!
= 2,24 ———— = 2,24 - 10712 mons/mM3;
1073

pH =12 —1g2,24 = 12 — 0,3 = 11,7.

2.2.4. Bygepuwe pacmeoput

B aHanmuTHYECKON INpaKTHKe OYEHb 4YacTO BO3HMKAET Heo6-
XOZHMOCTb NOAMEPKUBATh NocTOAHHKMM pH pacTsopa.

s 3101 ey NPUMEHAIOTCA TaK HadulpaeMule 6ydepHEe pacTBo-
PH, TNpefcTaBusiomue coboil cMecH KOMIIOHEHTOB IPOTOIUTHYECKOMH
napel cnabeix nporoauTos. IlpuMepamu 6y¢epHEX pacTBOpOB, Haubosee
YacTO MCIOJB3YeMHX B aHalau3e, CIyXaT aieTaTHHU! Gydep (BOmHHI
pacTBOP YKCYCHOM KHUCJIOTH M anerata Hatpus, T.e. napa CHyCOOH u
CH;3COO7) 1 ammuaunstit 6ydep (BOXHEI pacTBOp aMMuiaKa U XJIOpHIA
aMMmoHus, T.e. napa NHj u NH: )

Ilpu mobasnenuu HeGOMBIINX KOJIHYECTB CHIBHON KHMCIOTH (CHIb-
HOTO OCHOBaHMA) WM pas6asnenun (B Heckoabko pa3) pH Takux pacr-
BOPOB NPaKTUYECKH HE U3MeHseTcA.

B cMecu caaboit kuemorH HA u compsikeHHOro OcHOBaHMsA A~
ycTaHaBJIUBAKOTCA PABHOBECUA:

HA &= H* + A5 A™ + H* = HA.
IL?XH KHUCJIOTHL MOXKHO 3allicaTh:

(H*] [A7]
OTKyZIa :
(HA]
H* = _
]
Ilockonsky
[HA] = Cya 1 A= Cy»
0
C
HA
1] = K, 1A,
: C,-
. u pacuer pH sunonusercs no gopmyne
pH = pI{HA + lg(CA-/CHA)y (29)
rue pKH A= —ngH A
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Jlisa cmecu craboro OCHOBAHHS M CONPSAXKEHHON KUCIOTH aHajlo-
ruyneM 06pasom eeuucasior pOHl, a satrem pH 6ydepnoro pactsopa.

Ipamep 2.12. Buuuciaurs pH cMecu ykcycHoll KMCIOTBL M allTaTa
HaTpHA, cOJiepKallleil yKa3aHHEE KOMIOHEHTH B cooTHomenuu 1 : 1,6.

P eu e n ue. pH auerarnoit 6ydepHoii cMecH BRIYUCIAEM, NTONb~

Bysck ypaBHenueM (2.9):
n(CH;COO0 7)

pH = pK +lg—
CH3COOH n(CH;COOH)
pH = 4,8 +1gl6 = 5.

2.3. KoaTpossHane BOOPOCH

1. ChopmynupyiiTe 3aKOH RECTBUA Macc. YKaXHTe IPaHULE €ro
NPUMEHIMOCTH.

2. Y10 TaKOe KOHCTAHTAa PaBHOBECUS

3. Yto Takoe paBHOBeCHAS KOHUEHTPAaLHsa?

4. 3anuiuuMTe MAaTeMaTH4ecKOe BHIPaKeHHWe KOHCTAaHTH JUCCOUHNa~
UM BOJHOTO PacTBOPa YKCYCHOH KMCJIOTEHL.

5. Kakue NpoTONMTE Ha3BIBAIOT aMPUIPOTOHHEIMHUT

6. YTo TakOe aBTONPOTONM3 BOAELT

7. Kakue npoTosuTL Ha3HBAIOT CONMPSYKEHHBIMHA?

8. Hanuummre ypaBHeHust mpoToiu3a (Auccomuamin) ¢ochopuoit
gucaorel H3PO, u wmaTeMaTMyecKHe BRIDAXEHMS JJISi KOHCTAaHT IIO
KaXXJOil cTylneHu.

9. Hanuinure BElpaXkeHUe KOHCTAaHTHI aBTONPOTOIM3a BOALL.

10. Jaitte onpenesnenune nousituit pH, pOH.

11. Kak BHYMCIUTL KOHIEHTPALMIO HOHOB Bojopoda u pl B pacr-
BOpE CUJIBHOIN KHMCJIOTEL, CUJIBHOrO OCHOBaHUA?

12. Kak cBsa3anbl Mexay coGOil KOHCTAHTH PAaBHOBECHMH CONPSIKEH-
HBEIX KHCJIOT U OcHOBanwuit?

13. Yro Takoe 6ydepHmit pacTBop?

14. Tlouemy npubapnenue 6ydepnoro pactopa crabumusupyer pH,
a Hebonpmme M0GaBKM KHCJIOTHI MJIM OCHOBaHHsS B CBOKO O4Yepenr He
BRI3KBAOT H3meHeHus pH 6ydeproro pactBopa?

15. Ot wero 3aBucur pH 6ydepnoro pactsopa?

2.4. 3agaud I CAMOCTOSTENLHOrO PELICHUs
Briuucaenue pH pactsopos

B zagauax 1 — 16 Beiyucauts pH pacTBOpOB:

NaOH, maccosas mons 0,2%.

KOH, maccosas noxst 0,19%.

. XsopoBoopoiHas KNCJIOTa, MaccoBast JOJst 0,36%.
AzoTHas kucnoTa, MaccoBas nois 0,32%.

Cepnas kuciora, MaccoBas nons 0,4%.
Tuppokcun marpusi, wiotHoets p = 1,002.

. Tunpoxcua kanus, notHoets p = 1,004

. XJ10poBOZIOpOAHAN KMCJIOTa, mIoTHOCTh p = 1,000.
. AsoTHas KucioTa, naotHOcTh p = 1,003.

10. Cepnas kuciuora, naoTHocts p = 1,005.

,11. 0,1 M pacrsop a3zoructoit kucaots; K = 6,9 - 1074

© 00N O T Lo

12. 0,2 M pactBOop cuHWALHON KucaOTH; K = § - 10710,
13. 0,01 M pactop MypaseuHOil kucaoTel; K = 1,8 - 1074
14. 0,02 M pactsop ykcycnoit kucmotsr; K = 1,74 - 1075,
15. 0,5 M pacteop rumpoxcuna aMmmonnst; K = 1,76 - 1075,

16. 0,2 M pacTBop HOAHOBaTHCTON KMCIOTH; K = 2,3 - 1071,

B 3agawax 17 — 35 sriuuciuts pH 0,1 M pactBopoB ciaenyrompmx
HNPOTOJHUTOB:

17. @enon; K = 1,0 - 10710,

18. I'mppoxcumamun; K = 8,9 - 1078,

19. Xaopuosarucras kucaora; K = 2,95 - 1078,

20. Huanosan kuciora; K = 2,7 - 1074,

21. CH3COONa; K = 1,74 - 1075,

CH3COOH
. _ . -5
22. NH,Cl; Kyyy o = 1,76 - 107.

23. KCN; KHCN = 6,2 - 10710,
24. NH4CN; KHCN = 6,2 - 10710,
25. Na,ySQOg; KH - =6,2 10710,

503
26. NaHSOj; KHZSO3 =14-10"2
27. NaoCOgs; K, .. = 4,8 - 10711,

HCO;
28. NaHCOyg; KHQCO;; =4,5-1077. -

29. (NH4),COg; KHCO5 =4,8-1071; KNH4OH

30. CH;COONH,; KCH;;COOH = 1,74 - 1075, K,
31. NazPOy; KHPOZ' =5,0-1073
4

32. NaClO; KHCIO =50 1078

33. NaHS; KHZS =1,0-107.
34. K,S; KHS' =2,5-1073.
35. HCOONa; KHCOOH = 4,0 - 10718,

36. Kakyro HaBecKy XJIOpMAA AaMMOHHUS CJeXYeT pacTBOPUTh B
100 em3 pactBopa, uro6m pH pactBopa 681 paBen 67

37. B xkakoMm o6BbeMe CIIeNYeT pacTBOPMTH HAaBeCKY aleTaTa HaTPHUs
0,03 r, yro6u monxyuuts pacteop ¢ pH = 87

38. Hasecky NaHCO; 0,05 r pactBopmsiu B 100 cM3 pactsopa.
Brgyucaurs pH.

39. Hasecky Na,CO; 0,1 r pacrsopunu B 500 eM® pactBopa. Bu-
yucautsk pH.

40. Kakyio HaBecky HHTpaTa aMMOHHsS CJIENYeT PAaCTBODHUTEL B
150 eM3 pactBopa, uro6st pH pactBopa ctan pasen 57

41. B kakoM o6meMe ciefyer pacTBOpUTH HaBecky coxul Na,CO,

= 1,76 - 1075,

H,0H = 1,76 - 1075,

/0,005 r, yro6m pH pactBopa 61 pasen 97

42. Kakyo HaBecKy aueraTa Kajus ciaexyer pactBoputs B 500 cm?
pactBopa, yTo6ul pH pactBopa 681 paBex 97

43. Hasecky xnopuna ammonust NH,Cl 0,1 r pacteopunu B 250 cm?
pactBopa. Brruucauts pH. .
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Pacuer pH 6ydepubix pacTBOpOB
B 3agauax 44 — 53 seruucauts pH 6ydepnrix cMeceii:
44, Cmech, comepxamasn pasubie 06beMn 1,0%-x pacTsopos Mypa-

BLMHOI KMCJIOTH M €6 HATPHEBOA COJIH.
45. 0,01 M pacTBOp YKCYCHO! KHCJIOTH, K KOTOPOMYy NpHGaBUJIA

0,1 M pacTBOp aueraTa Kalus.
4()P. By(})gpna.x cMech, copepiKamasi paBHuie 06beMH 5,0%-X pacTBO-

POB THAPOKCHAA AMMOHUSA U XJIODMAA AMMOHMA. .
47. Cmecn 0,02 M pactBopa XJIOpHOBaTHCTON KucaoTH u 0,2

aCTBOpA €€ KaJIMeBOM cOJu.
P 481? CuMech, conepxamas paBHbE 06beMBl 10,0%-x pacTBOpOB HON-

HOBATHUCTON KUCJIOTH M €€ HAaTPUEBON COJIM. ‘10 M
49. 0,01 M pacTBOp CUHWJIBHOM KMCJIOTHl B MpHCyTcTBMH 1,

pacTBOpa KaJIMEBOM COJIM. o M
50. 0,02 M pacTBOp TMAPOKCHAA aMMOHMs B mpucyrcrsuu 0,

pacTBOpa XJIOpPHJa aMMOHUA. }
51. Cmecs, comepxamasi paBHbe 06beMu 5,0%-x pacTBOpOB a30

THCTON KMCJIOTH U €€ HATPHUEBON CcOJIH. )
52. CMech, copepkamiasi pasnbie o6seMmul 0,5%-x pacTBOpOB GeH

30[HON KMCJIOTH M ¢ HATPHUEBOW COJIM. _
53. CMech, comepxamiasi pasHne o6beMul 1,0%-x pacTBOpoB 6poM

HOBAaTHCTON KHMCJIOTH H €€ KaJIMEBON COJIH.

Taaca 8
PABHOBECHSI B’ PACTBOPAX MAJIOPACTBOPHUMAIX
COEJIMHEHUN

3.1. PacTBOpAMOCTS ¥ HPOM3BEACHUE PACTBOPHMOCTH

Wonnnie paBHOBECHs, CBA3AHHLIC C OCAXJEHHEM M o?aaonanni»:
0CaKOB, ABJSAIOTCA O6PATHMBLIMU, MORYMHAIOTCA 3aKOHY NEHCTBHA Ma
M XapaKTepU3YIOTCs KOHCTAHTOM pPAaBHOBECHS — TAK HA3bIBAGMBIM IpO~
ussenenneM pactsopumoctu (IIP). IIpoumssenenue pacTBOPUMOCTH —

NOCTOsIHHAA BeJHMYHMHA, paBHaA NIpOM3BEJICHHIO aKTHBHOCTEl HMOHOB B

HACHIIICHHOM PAcTBOpE MAIOPAcCTBOpPMMOro diexrposuta. Hampuwmep,
npu obpaszopanum ocaxgka AgCl mMeer MecTo paBHOBecue, KOTOpPOe
ONUCHIBACTCS CIICAYIOIMM HOHHLIM YPAaBHEHHEM!

Ag* + CI" — AgCl|.
Ilpu 3TOM mnpou3BelleHUEe PpACTBOPMMOCTH 3aIMCHIBACM CIICYIOIUM

06pa3oM: )
’ P, o = a0 = AEIOfe S

TZie @, + M G- — AKTUBHOCTH COOTBETCTBYIOUIMX MOHOE; [Ag*]u [CI] —

paBHOBeCHbIE KOHLEHTDAllMM TeX Xe HOHOB, Mouts /M3, ng+ M foyr —

K03 PULIHEHTbl AKTUBHOCTH HMOHOB.
B pacrsopax MajJOpacTBOPMMHIX BEIIECTB KOHUEHTpAlMU HOHOB,
KaKk NpaBWjo, OYeHb HU3KU. Ecam B pacTBOpe OTCYTCTBYKT ApPyrue

2

MOHBI, TO KOHUECHTPAUMH MAaJ0 OTJIUYAIOTCA OT aKTHBHOCTEN HOHOB,
HanpuMep .
aAg+ g [Ag ]! aCl- ¥ [Cl ]’

u60 B OTCyTCTBHE NOCTOPOHHMX 3JICKTPOJIMTOB WOHHAA CHJIA PacTBOpa
OYeHL Masla M KO3QOHUMEHTH AKTUBHOCTH (B HAILEM NpuMepe ng, u

fCl') 6/IM3KM K eqHHULE.

Ha sroM ocHOBaHMM MIsi NpUOGIMAKEHHHX PAacYeTOB BMECTO AKTHB~
HOCTEl MOHOB MOXHO MCIIOJIB30BATH MX MOJISAPHLIE KOHUEGHTPAIMM, TaK
4TO npoussenenne pacTBopuMoctH AgCl MOKHO 3amucaTs B BUnE cire-
AYIOIIEro BhHIPAXKEHUS

1P AgCl = [AgT)Cr].

Jlna HexoTOpOit TPyAHOPAacTBOPUMO cOMU MpAq MOKHO 3aTHCATH:

TPy o = [MJP[AJL
Py

Ilo ONHITHEIM aHHBIM O PacCTBOPMMOCTH MalOPACTBOPUMHIX 3JICKT-
POJNTOB PAcCYMTHBAIOT HX NPOM3BENCHHE PacTBOPMMOCTH, 3 TaKXe
PeIIAjOT O6PATHYIO 3ajady Ha OCHOBAHMM TAGIMYHHIX NAHHBIX O MPOU3-
BeEHUU PacTBOPUMOCTH. IIpu 3TOM HEO6XONMMO MOMHHMTEB, YTO PacTBO-
PHMOCTh BEINECTB MOM¥eT GHLITh BHPaXeHa B JIOOGHX equHUuax, a B IIP
BXOJUT XONYyeNmpayus BemecTs B Moib/nm3. 3nauenus I[P npusenens
B CIIPABOYHHMKAX.

Bee Buiuncnenus, cBsasamHRe ¢ 06pa3sOBaHMEM M PAacTBOPEHHEM
OCAAKOB, BBINOJIHSIOT II0 CIAENYIOMIER cxeme:

a) COCTAaBJIAIOT YPAaBHEHMA NUMCCONMALMU 3IICKTPOJIATOB, KOTOPLIE
06pa3yloT HOHHI, YYACTBYIOIIHE B PEAKIUH OCAKIEHUA;

6) cOCTAaBJIAIOT HOHHBEIE YPAaBHEHUsI O6Pa30BAHUA OCANIKOB;

B) 3aIMCHIBAIOT BHIPAXEHHME NMPOU3BEAECHUS PacTBOPMMOCTH B COOT—
BETCTBMHM C MOHHBIM ypDaBHEHHMEM, ONUCHIBAIOIIMM OGpa3OBaHHE OCajKa,
u HaxomAT 3HaveHus IIP mo tabmuiam;

T) BBHIYMCJISIOT 3HAYCHUS PABHOBECHKIX KOHUEHTPanuil MOHOB MJIM
10 3aZlaHHLIM KOHIEHTPAUMAM CHIIBHLIX 3JICKTPOJIMTOB, WJIH C YYEeTOM
Knuc IJIs cNa6hIX 3JIEKTPOJIUTOB;

&) COMOCTAaBAAA 3ajaHHHE KOHUEHTPAIMM W YCJIOBMA 3axaum,
COCTAaBJIAIOT ajlrebpanyeckoe ypaBHEHHE, IO KOTODOMY ONpEAeNIAIOT
HMCKOMYIO BEITUYMHY.

Hpuuep 3.1. Buumcnurs npowmssenemme pactsopumoctn BaSQ,,
€M N0 TaSAMYHBIM NAHHBIM PacTBOPUMOCTH €ro pasna 2,33 mr/amS.

Pewenue [an srrunenenns [Py a50, = [Ba2*][SO%7] neobxo-

JAUMO paccyuTaTh KOHuenTpaumio BaSO, B Moun/pM8, mas wero 2,33
Mr/nme, wmn 0,00233 r/aM3, HykHO pasnHeNuTL ‘Ha MOJApHYIO Maccy
BaSOy, T.e. 233,4 r/mMomns.

0,00233/233,4 = 105 mons,/nm?.

Tak kax Momexymst BaSO4 B Takom pasGaBiaenHOM pacTBOpe MOJI-
HOCTBIO NHCCOUMMPOBAaHB, TO KOHUEHTpanusA Ba?*- u SO}~ uonom
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6ymer pasma 107 MONb/aM3, a MX INpOU3BENEHNE HPB 2504 =
=[Ba2’][SOZ’]= 105 « 1075 = 10710,

Opumep 3.2. Buumenurs pacrsopumocts CaCO; B r ma 100 r
HACHIIEHHOrO pacTBOpa, ecin HPCaCOg = 1,7 - 1078,

P e w e n u e. 3anuchLBaeM ypaBoeHHe 06PA30BaHMs OCaLKa
Ca?* + CO} — CaCOs],
COTJIACHO KOTOPOMY HPCaCO3 = [Ca?*][CO%] = 1,7 - 1078. Hockonbky B

HACHIICHHOM DPACTBOpE, HE CONEPIKAIIeM MNOCTOPOHHMX M HM36BITOYHEIX
nonoB, pasnosecHue koHUenTpamun [Ca?*] u [CO%7] pasum, nx Moxmo

+1 — -1 — -— . -8 — .
o6osnauuts [Ca?*] = [CO%7] = X, u Torna HPCaCOg =17-10 '3 = X%

= ‘/HP = . 1074 3
X= CaCO3 — 1,3 - 1074 moas/am3. CaemoBaTelbEO, B HACHILEHAROM

pactBope conepxkutesi 1,3 - 104 mons/mm3. PactsopuMocts a (B rpam-
Max) NOJMy4MM, YMHOXMB KOHUEATPaUMIO B MOJb/AM? Ha MOJISIPHYIO
macey CaCOjs, T.e. na 100 r/mous.

a=13-10"%-100 =13 - 1072 = r/am®, unu
1,3-102/10 = 1,3 - 1078 r/100 cm3.

IIpUHAB NJIOTHOCTH TAKOTO DPAa36GaBJIEHHOTO pPACTBOpa paBHOR 1,
nosyunm: pacrsopuMocts CaCOj pasna 1,3 - 1073 r/100 r.

IlpuBeNeHHOe BhIILIE pELUGHHEe HOCUT NPUGIMKEHHBIA XapaKTep,
TAK KAaK HE YYUTHIBAET DPeaKUMil NPOTOBM3AUMHM KapGOHAT-MOHA M
06pa30BaHHA TMAPOKCOKOMIIEKCOB WOHA Kaiupuus. C npuMepamu
pacyeToB, YUYMTHBAOIUX 3TH 3PPeKTH, MOKHO O3HMAKOMUTECA B
yue6HMKAX, NpPUBEJIGHHHIX B CIHcKe JWTepaTyps (manpumep, B
yue6nure A.T. [lwmmnenxo u Y.B. larauukoro).

3.2. YenoBusa 06pa30BanMsa ¥ PACTBOPEHAS OCAJIKOB

CrnexcTBueM U3 ONpeReIeHUsA MPOU3BEACHUS PACTBOPHUMOCTH SBJIA-
eTcsl BLIBOJ, YTO OCAfiOK BHINaJaeT M3 MNepecHIIeHHOr0 pacTBOpa, T.e.
€cIM TNpOM3BENCHHE KOHIGHTPAUMI MOHOB, CMNOCOGHEIX OO6pa30BaTh
MATO-PACTBOPMMOE BEIECTBO, GOJbllle TAGIMYHOrO 3HAYEHUSA 1P
NAHHOTO BE-TIECTBA. Ecid ke NpOoM3BeJenre HATMYHBIX KOHUEHTpauui
HMOHOB MeHb-lIe MPOU3BENEHUA PACTBOPMMOCTH, TO OCaJOK He BhIIIANAET,
a [P BHE-CEHHWM B TAKOH pAcTBOP TBEPIOM ¢asH aTOro BemlecTsa Gyner
Ha6aI0-NAThCsl €€ PACTBOpEHHE.

Ipamep 3.3. Moxer nm o6pasosaTsest ocazmox Mg(OH),, ecm
cmemrars pasmsie o6neMur 0,5 M MgCl, u 0,1 M pacreopa NH,OH?

P em e n ue YYUTHIBAIOT yMEHBIICHHE HAYAIbHLIX KOHIENTpa-
Ui pacTBOpOB 33 c4eT yBeJUdYeHHs o6beMa NMpU CIUBAHUH. Tak, npu
CIMBAOMM JBYX pPaBHEIX OGBHEMOB CYMMAapHHI O6heM YyBeJIMYMBAETCSA
BIBO€, & KOHUEHTPAlMM yMERLIIAIOTCS BABOE, T.€. KOHIEHTPAUMUI pacT-
Bopa MgCl, craner pasmoit 0,5 : 2 = 0,25 Momb/nmM3, a KOHUEHTpaIHA
NH,OH — pasnoii 0,1 : 2 = 0,05 Moms/am3.

YpaBnenust 3anMcHBAIOT B cAe/lyIOHeM HOHHOM BHIE!

.= . _ -
Mg2* + 20H" — Mg(OH),|; Py om), = [Mg2*)OH ]2
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Jnsi npuGaMKEeHHBX PAacyeToB PeaKIUAMU OOpPA30BAHHMS AMMHUAY-
HBIX KOMIUIEKCOB MATHHA MOKHO npeHe6peus. Orcrofia OYeBHAHO, 9TO
A OTBeTA Ha BONPOC O BRIMANEHMM OcaJka Mg(OH), HYKHO 3HATH
KOHUeHTpaumio nouos Mg?* u OH™. Konuentpanuro Mg?* npunumaem
pasuoit 0,25 Moms/mm3, yuwurhiBas, uro MgCl, sABnfeTca cUIBHBIM
MEKTPOTUTOM.

Jnst BeunciIeHNA KoHueHTpauuit monos OH™ ucnonn3yior Bhpake-
Hue I KOHcTaHTH Auccormanuu NH4OH, T.e.

[NH{] [OH]

[NH,OH ]
Ilpunsas pasnopecnsie koHueHtpauuu [NH}] = [OH] = X u
[NH4OH] = 0,05 — X, nomyuum
X2/(0,05 — X) = 1,8 - 10°S.
Pemas 310 ypaBHeHMe B YNPOIIGHHOM BHAE, T.e. NpeHebperas
BeTnyuHON X B 3HAMeHATese Kak Maloi 1o cpashenuo ¢ 0,05, HaxonsaT
X=y1,8 - 107 - 0,05 = 9,5 107* mous/nm8.

Mcnonssys snavenusn [Mg?*] = 0,25 u [OH] = 9,5 - 107 pa=
BHIYMCJICHUS NPOM3BEIeHNA HAYATLHHX KOHIEHTPALMI MO BHIPAaKEHHIO
nas [P, momygaror:

[Mg2*][OH]2 = 0,25 - (9,5 - 1074)2 ~ 2,25 - 10°77.

IIo.uyquH%r)o BE&JIMYUHY COTNOCTABISIOT ¢ TAGIMYHLIM 3HAYCHUEM

IIP = 5 - 10712, Buguo, 4to paccuyMTaHHOe NpPOM3BEReHHNe KOHIEHTpa-

UMl IpeBHILIaeT TAGIUYHOE 3HAYCHHE HPMg(OH) , T.e. PACTBOp Iepech-
2

=18 1078,

IIeH U OCa/lOK JOJIKEH BBUIALATE.

IIpumep 3.4. llpu kakom 3Havenuu pH HayHeTcst BLIameHHE Oca~
Ka Fe%JOH)g uz 0,1 M pacrsopa FeSO, npu no6Gasiaenun pacTBOpa
NaOH?

P e m1 e 5 u e. O6pa3oBanuie Ocaika ONMUCHIBACTCS MOHHBIM ypaB-
HEeHHeM

Fe2* + 20H™ +— Fe(OH),],
" AJIA HEro BLINIOJHSAETCS yciaoBue

— [Fe2* 12 = . 10715
HPFC(OH)Q [Fe2*][OH"] 1,10 - 10715,
PasnoBecHyio koHuenTpauuio [Fe?*] cuntaroT passoit 0,1 mons/mM3, Tak
kak FeSO; — cHIBHEIN 3J7IGKTPOJIMT, M TOrAA, MCXOAA U3 BHIPAKEHUS
st IIP, nomywasor

[OH) = /T~ 1055/0,1 = 1077
Haxopsit pOH = —Ig[OH"] = 7; cnenosarensno pH = 14 — 7 = 7.
3Hauut, npu pH = 7 HauuHaercs BemageHue ocanka Fe(OH); us 0,1 M

" pactBopa FeSOy4 nmpu po6asnenuun NaOH.
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3.3. PacTBOpNMOCTE OCAJ{KOB

B UPHCYTCTBHU OFHOMMEHHHX HOIOB

Tonssyscy Tabnuuneivy 3Hadenusamu [IP, MoxHO paccumTeTs pac-
TBOPMMOCTh OCARKOB TPYJHOPACTBODMMBIX COSRMHEHMI B MPHCYTCTBHH
O HOMMEHHEIX MOHOB. BLICOKas KOHUEHTPanMs 3TUX HOHOB B PACTBOpE
MOxeT OLIThL O6yciomiena moGanienuem HM36uITKA ocapmrensa. Kak mpa-
BUJIO, JeficTBME OXHOMMEHHOTO MOHA BHIPAXKAETCA B PE3KOM MOHHKKEHHHU
PAacTBOPHMOCTH.

Npumep 3.5. Boiuneauts pacTBopuMocTh ocaxka BaSO, 8 0,1 M
PACTBOpE CePHOM KHCJIOTHI; IIPBaSO(1 =11-10710,

P ew e H i e. B pacTBOpe mpoHCXONAT NpOLECCH], KOTOPHE MOXKHO
ONMCATh YPaBHEOHUAMIML

BaSO, — Ba?* + SO3" (pacTrOpenue ocapka);

H,S0, = oH* + SOf” (muccoumanus KUCIOTH).

O6o3naunM MONSIPHEIE KOHUEHTpaUHu Gapuli- U cynbGaTHOHOB,
06pa3yIoiuxcs NpH PacTBOPeHHMHM OcajgkoB, 4Yepes X. Kpome Toro, B
pacTBope HaxoAsTcA cysibdaT-MOHEL, 06pa3yomyecs BCIeACTBHE RMCCO-

IHAMH cepHOM KucAoTH. IIOCKONBKY cepHast KHCIIOTa B JAHHHIX YCJIO— -

BHAX JUCCOLMUPYET HPAKTHYECKH IOJIHOCTBIO, TO KOHLEHTPAUUSA 3THX
HOHOB paBHAa HAYAaJLHONW KOHIEHTpauMHM KHCHOTH. TakuM 06pa30M+,
o6IasAd KOHIEHTPAamuA cyiAbdaT-MOHOB M KOHIEHTpanusa HOHOB Ba?

6yayT paBHbI:

[SO%] = (X + 0,1) Mons/am?; [Ba?*] = X mons/am3.
Torpa 1P, o X(X+01)=11"-1010 orkyna
1,1 - 10710

X +0,1
Tockonpky X € 0,1, MOkHO cmenaTh ynpoleHue:
1,1 - 10710
X — =11+ 1079 mons/am3.
0,1
Konnentpaua pactsopentbix moigexya BaSO4 paBHA paBHOBECHOI
KOHIENTpAmyUMd HOHOB Gapusi B pacTBOpe (3TO cJeRyeT M3 YPaBHEHHSA

mucconmanuu cyinbara 6apus). Torga pacTBOPUMOCTH 3TOrO Ocaika (B
Mr/M3) MOKHO ONPENETNTH M3 YpaBHEHUSA

*p.50, = 1,1 - 107 monn/am3 - 233,4 r/monp =
= 2,57 - 1077 r/nM3 = 2,57 - 107 mr/mM3.
CpaBHMBas 9TO 3HAa4YeHNe C pacTBOPHMOCTBIO cyilbdaTa 6apus B

Bope (cM. mpumep 3.1 ri. 3), HAXOQMM, YTO PacTBOPHMOCTh CHH3HIACH
IIOYTH B JECHTh TEICAY pagd.

4

X=
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3.4. HocnenoBarensHOCTh OGPA30BABES OCAMKOB
MaJIOPACTBOPUMEIX COCAMHEHUI

OuepenHOcT BHIIaZICHMS OCATKOB M3 PACTBOPA, B KOTOPOM COnep-
SKUTCA Psif, MOHOB, cIOCOGHBIX K OOpA30BAHMIO MAJOPACTBOPHUMBIX B~
IIECTB C OXHUM M TeM e HOHOM-OcaiiTelieM, TAKXKE cBA3aHa C HX Ipo-
H3BEICHUAMN pacTBOpUMOCTH. IlepBriM BHmaZlaeT B OcafOK TO BeIlecT-
BO, IIP .KOTOpPOrO NOCTHTAeTCA paHbllle.

Hna opsoTMnHHIX coemumeHwit, takmx kak AgCl, AgBr, Agl
AgCNS, ouepensocTs MomeT GHITH ONpelelieHa MPOCTHM CONOCTABIICHM-
em 3Hayennit IIP atux coegunenmit.

— . ~10. — . -12.
HPAgCl = 1,6 - 10710; HPAgCNS = 1,16 - 10712,
IIPA =7,7-1018; IIP, =15 10716
gBr Agl
T.C. IIPAKCl > HPAgCNS > III?AgBr > HPAgI'

CnenoBaTesbHO, B OZIMHAKOBBIX YCJIOBHSIX NEPBRIM NOJKEH OCAMKNATHCA
Honun, nanee OpoMuz, 3aTeM PORaHMJ M, HAKOHEIN, XJOPHUX cepebpa.
Ecau KOHUEHTpanuM ONHOTHIHLIX MOHOB HE PABHBI, TO 3aQa4YHM TaKOI'O
pPOZa MOTYT pelllaThes HA OCHOBAHUM PacyYeTOB.

HIpmmep 3.6. Ilpn kakux snavenusx pH M Kakoli M3 OcagKOB —
F e(OHg)g wix Mn(OH), — 6yzmer BunafiaTh NEPBHIM IPH IOCTENIEHHOM
npubasnenun pacteopa NaOH k cmecu, comepxameint 0,1 monn/mm3
MnCl, 1 0,001 monn/nm3 FeCly? )

Pemenmne. HPMn(OH)2 =4 - 10714, HPFe(OH)3 = 3,8 - 10738,
Vuurneaa, yto MnCl, u FeCl; — cunibHBIe 31€KTPONMTH, CYUTAIOT
KOHueHTpawo [Mn2*] = 0,1 monn/mM3 n [Fe®*] = 0,001 mons/mm3.
3anucHBaOT BRpaxeHua niaa [1P:

TPy omy, = MR2JOHTE TP, o = [Fet*][OR]S
lloncTapnaor 3HaveHus [g[nz*] = 0,1 wmom/pmM3, [Fe3*] =
= 0,001 moms/nm? u maxomsr [OH):

1) 0,1[OH")2 = 4 - 1014 ana Mn(OH);
2) 0,001{OH"]3 = 3,8 - 10°38 oz Fe(OH)s.
JIe/1al0T cOOTBETCTBYIONME BEIYHCICHUA:

1) [OH] = /4 -~ 101/0,1 = 6,3 - 107 moms/mM3;
2) [OH"] = 3y38 - 10738/0,001 = 3,4 - 10712 moms/mm3.

Takum o6pasom, 1A Havala BLimafeHus ocanka Fe(OH); myxna
meHplIaA KoHueHTpanusa uoHoB OH™, u on 6yzmer BrimafiaTh B OCAnOK
HEPBEIM.

A Havana ocampenus Mn(OH)o myxna konuentpamus [OH™] =
= 6,3 - 1077 mons/aM3, T.e. mpu 3Tom

pOH = —1g(6,3-107) =7—-08=6,2; pH=14—-§2=178.
AHaNOrMYHO, AJA Havyana BumageHua Ocaaka Fe(OH); myxHO

[OH] = 3,4 - 10712 mons/am3, T.e. pOH = —g3,4 - 10712 =12'— 0,53 =
=11,4TupH = 14 — 1147 = 2,53.
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3.5. PacTBOpHMMOCTE OCaJIKOB
¢ YYeTOM BJIMSIHMS MOHHOMN CHJIHL PacTBOPOB

Jlns 6oslee TOYHBIX PacyeroB HEO6XOMMO YYHMTHBATH 3IHAYCHUSA
koap¢unuentos axtuBHOCTelt. IlOBHIIEHME pPACTBOPHMOCTH OCAZKOB
TpYZHOPACTBODMMBIX COEJMHEHMIt B NPHMCYTCTBMHM COJIeH, He COnepka~
[IIX OGHIMX ¢ OCA/KOM MOHOB, Ha3bIBaeTCs "coseBrM a¢dbextoM! . ITOT
5 (eKT BHI3BAH yMEHbIIeHHeM KO3(}(PMIMEHTOB AKTHBHOCTH HOHOB C
HOBLILICHMEM WOHHOI CHJH pacTBopa. KosddunueHTH aKTHBHOCTH
MOHO PACCYMTATH 1O ypaBHeHMIO (2.3) 160 BOCNO/NL3OBATHCA NAHHEI™
mu Tabna. 1 B Mpuaoxenuu I

Hpusmep 3.7. BerumcauTh MOHHYIO CHJIy PAcTBOpa, COJEpXKAIIEro
0,01 mons/am3 KCl u 0,02 mons/am3 CaCl,.

Pem en ue. Jucconquauus cuiasbix snexrpornros KCl u CaCl,

ONMCLIBACTCS YPABHEHUAMH
KCl — K* + Cl'; CaCl, — Ca?2* + 2C1".
KoHueHTpanuu MOHOB B pacTBOpe GyAyT PaBHBEL:
C(K*) = 0,01 moms/num?; C(Ca?*) = 0,02 momn/am¥;
C(Cl") = 0,01 + 0,04 = 0,05 Mons/ ims.
Viounyio cuity pactropa (p) BeUMCIseM 10 GopMyIe
p=05LCz}
rae Ci — KOHIEHTpAlLHsl BCeX TUIOB MOHOB, MPHCYTCTBYIOMMX B PacTBO™
pe; Z:’ — 3apsiJl COOTBETCTBYIOIIEIO MOHA.
¢ =0,5(0,01 - 12 +_‘0,02 - 22 40,05 - 12) = 0,07.

Hpumep 3.8. Beruucauts ‘pymsEMe "coseBoro addekra” Ha pPacTBO-
puMocTh Cyibdara CBUHLA 3a CYeT MNPUCYTCTBUS B paCTBOpe 0,1
MOJIBéJIM"; KNO,. »

eI e H M e. BulunessieM HOHHYIO CHJLy PacTBOpa:

p=0501-12+01 12 =0,

Mo ta6sn. 1 8 Ipusoxenuu II naxonum k03GOUUMEHTE AKTUBHOCTH
nonos Pb2* u SO, xoroprie npu uonnoi cue 0,1 paBHbI 0,33.

Briuncasiem pacrsopuMocts PbSOy4 (L1'>bso4) 10 ypPABHEHHIO IJIsi

Npou3BEJeHNs PacTBOPUMOCTH, NpUHHUMAA K03hPUIHMEHTE AKTUBHOCTH
uonos Pb2* u SO% paBHEIMU 1, aHIOTUYHO PEIICHUIO B NpUMeEpe 3.2.

[Pb2*)[S03] = TPpq0 = 1,6 - 1078,
OTKyIa

Liwso, = [Pb?] = 50§71 = VMPpygq, = 1.6 - 0% =

= 1,27 - 1074 monn/mm3.
Buuucasiem pactBopumocts PbSOy (ngbso4) B IpHUCYTCTBHU
0,1 monn/am® KNOj, T.e. ¢ yuyerom HCTHHHBIX K03 HUIMEHTOB -AKTHB~
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HOCTH MOHOB:

IIprSO4 = [Pb2+] [SOE.]beZ'fSOE—’

OTKyHa

" 1ip
Lyso, = [Pb?] = [S07] = | —E2524 =
Tppoe sof
1,6 108 1,27 - 1074
MoJb /M3,

033- 0,33 033

Orrome i L' ”
nooma ROl HHE pz}'c'rBopnMOC'ren L' m L” xapakrepuayer mimsHue
¢dexra", T.e. NOBBIIEHNE PaCTBOPHMOCTH MAIOPACTBOPH-
MOTO COeIMHEHUs] B IPUCYTCTBUM CHIIBHBIX 3JIGKTPOJIMTOB.

Lpyso, _ 127~ 104
Lpbso, 033 - 1,27 - 104

Taxum o6pasom, pacteopumocts PbSO, nossimraercst B 3 pasa.

3.6. Konrponsnsie sonpocw

1. Kak nmpoussegenme  pacTBOpmMOCTH MaJIOPACTBOPHMMOTrO
COEJIIHEHUSI CBAZAHO C €T0 PACTBOPMMOCTBIO?

g.\ YKcnomm BHINAZLGHHUS OCAllKA.
. RAK pacCYMTATh KOHIEHTPAIMIO~MOHa-0C afl J
urenst ¢ IMOMOMIBIO
NpOU3Be/leHUsI PACTBOPUMOCTH? h
g. if{cnonnx PAacTBOpeHHsi MaJOPACTBOPUMBIX COSIMHEHMIA.
- NaK BAUSIOT Ha PACTBOPEHHE OCAJKOB CHJ/ILHEIC KHCIOTHI, peak-
IJH KOMILIEKCOO6PA30BAHUS U OKHC/ICHMS — BOCCTaHOBJICHHS, M3Melie-
HHsl TeMOEPATYPHl U THUI pAcTBOpPHUTesH?
6. Buaer ocaxaenus.
7. B Kakux ciydasx o6pasyloTcst KOJUIOMHbIE PACTBOPHI; KaK OHH
Bymmsor ﬁ{a OcaxJIeHue M pPacTBOpeHHe OcanKOoB?
- llonwsuTest unyu noBeicuTEs pacTBOpuMOCTL A
: gBr mpu no6apne-
HUHU gpgc'r}aop. a) 0,1 M KBr; 6) 0,1 M KNO4?
- Uaunakosa i pacrsopumocts MgF, u BaCO;, ecn ussecTHo,
4TO HI)B ugouaaenennﬂ PacTBOPUMOCTH OIU3KH MexJy coboit?
. PAacTBOpUMOCTE KaKUX COEIMHEHUI HE 3aBUCY
F B 1T OT KMCJIOTHOCTH
pac'rBlolpa. BaS0,, CaCOy, AgCl, ZnS, Mg(OH),CO;4?
. . B KakoM pacTBOpUTese pacTBOPUMOCTS Mg(OH),; makcumans-
ai M B KAKOM MHHHMAJNbHA: a) B BOJe; 6) B PacTBOpe aMMMaKa; B) B
pac'm%pe MHUHEPaJLHON KHCIOTH?
12. B kakom pacTBO
. pe O6yler 60nee MOJIHOe OCaKIAeHUe OGapus
auxpomatom: a) B 2 M CHyCOOH; 6 3
3 B 2 M 1:
CH3;COONa? 0 ACk ) w02 M
13. B xakom ciyyae pacTBOPUMOCThL IMPOKCHZA MAUHUS GOJBILE:
npu pH = 7,0 uam npu pH = 10,07
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14. Npu xaxom pH (2,0; 7,0;?8,0; 9,0) pacrsopumocts CoS Ham-

? Ilpu xKaKOM HaUMEHbUIASA !
60]15];1;;{ Hoqguy CaCQj; 71€TKO pacTBOpsieTcs B pa36aBJlemHON YKCYCHOR
kuciore, a CaC,04 He pacTBOpsieTcsi B Hel, XOTA IIP o6eux coieh

6nusku’?

3.7. 3agaum JUIs CAMOCTOSTEILHOrO pPeleHusy

B 3amavax 1 — 11 paccuurars IIP mo JXaHHHIM O pacTBOPUMOCTH
OPHMMBIX BEILECTB: i
MMOIl).a clgB 55)0% I)cIMa HACHIIEHHOTO pacTBOpa comepxkures 9,5 + 1074 r
AgClé. W3 2 nM3 HACHIIEHHOrO PACTBOpa MOcJIe BEIIAPHBARMSA MOJyde~
no 2,688 r CaSQ4 - 2H,0.
3. PactBopumocts CaCQj pasua 0,0062 r M3, .
4. Pactsopumocts Fe(OH); pasna 2 - 107° r/am3. s
5. B 2,5 am® HACLIICHHOTO pAacTBOpa CONEPKUTCA 21,6 wMmr
MgNH4PO,.
& 6.4PacTBOpHMOCTB AgCl pasHa 2,57 mr/am3. \
7. Hacwmennsii pacteop cofepxur 3,84 mr PbSO4 B 100 e’
8. B 2 nM3 HacHIEHHOTO pacTBOpa cofiepxkurcs 0,124 r CaCO;.
9. s macwmenus 200 cM3 BOAEL TpeGyercst 0,57 Mr _l?aCrO.;/. ,
10. Pacreopumocts CaCyQ4 npu 20°C paBm_134,8 . 130 Mo/ M3,
11. PactBopumocts AgsPOy pasua 1,96 + 107 r/mv°.
12. Ha ocHOBaHMM MNpPOHM3IBEJECHUS PpACTBOPHMOCTH paccqwrarb_,
ckonpko rpammos BaCrQy comepsures B 500 cm? HACKIIPHHQTO pacTBo
¢ .
P 3Tf3. coOnnP;)eneJmn MACCOBYIO JOJIIO HOIIIBOBC C1)3a2*) E I;xacmmemmx
popax caenyromux coieii: a) BaSOy; 6}{4 aCOj; B) BaF,.
pact 1‘5 Bqu’cnu’m pacTBOPUMOCTE g(OH), =B r/zzm3, ecaIn
P =6 10710, .
Mg(OH), ) _
1,1 - 10712, BWYMCAHTb PacTBOPH
%5. 3nas HPAggCrO4’ paBHOE

3
MOCTB 3TOM COIM B MOJB/AMS. ]
16. Bur4ucaIuTs MONAPHYIO KOHLUEHTPALMIO U PACTBOPUMOCTE HACK!

o pactsopa PbSOy (8 r/am?). .
menﬂlo; II;O npfnanenenmo paCTB;)pHg{OC;‘H stIg, pasromy 1,1 - 1079,
ACTBOpDMMOCTL B MOJB /M3, ©/IM°. .
Buqﬂlcg.“TEg crco.rfuco pas pactBopumocts AgCl B pacTBOpe 0,01
mons/aM3 NaCl menbige MO CpPaBHEHHIO C €ro pacg‘nopumoc'rmo B BOJIE
U ¢ yuyeToM K0a(pUIIeHTOB aKTUBHOCTH!
es yfgir%uquinm‘b pacrsopumocts CaC,O4 B pacTBOpe (NH4)2C204 ¢
it koanenTpauueit 0,01 M. _
MOHRS&O"KE;KHI;OBJ?M;{& HA pacTBopnMO/CTLg?CanO.; NpHCYTCTBHE B
KCl ¢ konuenTpamueti 0,1 moab/aMe!
ImCTB201l?eBo crcomarcg pg "comesot adpdext" 0,01 M pactsopa KNO,
opumocTs AgCNS? .
nonuggir II)&c::BE Bnmmueg "comesoro 3dgerta" pacrsopa NaCl (2,9
3) ga pacrBopumoctb BaSO,47 .
1‘/m"2)3.ﬂ le),mucng'rb HOHHYIO CUJIy PacTBOpOB: ag 0,02 M Mg%(?ﬁ, (;)1)1
0,75 M KCl; 8) 0,01 M Alg(SO‘,{g; r) 2,1 M St(NOs)z m) 0,
NaNQj u 0,03 M Ca(NOs), B onHOM pacTBOpE.
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24. Tlocne pacrsopenns KCl, MgSO4 u Fep(SOy4); B Bome Momsip-
Has KOHUEHTPAUUsA 3TUX cosell paBHa cooTBercTBenHo: 0,05, 0,02 u 0,01
M. BuupcnnTs HOHHYIO cHIIY PACTBODA.

25. Brryucauts pacrsopumocts CaCOj B 0,01 M pacrsope KNO;,
ecau HPCa003 = 2,8 - 1079 (nporonusauuell Kap6OHAT-MOHA IIpeHe-

6peus). Bo ckoxpko pas pacreopumocts CaCQj B 5TOM pacTBope 6076
ure, yeM B Boze?

26. Borameouth pactBopumcers Pbl; 8 0,02 M pactsope ANOj)s.
Bo ckonpko pa3s pacteopumocts Pbl; B aTOoM pacTBOpe 60:1ble, YeM B
pone?

27. Bo ckonbKO pa3 moBhcHTCs pacTBopumocth PbSO4 B pacTsope,
comepxkamem 3,4 r/nmM® Mg(NOs); no cpaBHeHMIO ¢ ero pacTBOpH-
MOCTEIO B BoZie?

28. Bo CKOIBKO pa3 YBeJIMYHTCA PACTBOPUMOCTB AgBr 3a cuer
"comneporo sdderta” B 0,05 M pacrsope NaNQg?

29. Ilpoussemenne artusnocrelt Ag,C,04 = 3,5 - 1071, Brruue-
JUTH ¢ y4eTOM KO3 UIMenTOB aKTUBHOCTH pacTBophMocTh Ag,Co04 1
KOHUEHTPANUIO OHOB Ag® B HacHlILCHHOM pacTBOpe.

30. Bo ckxonbko pas pactsopumocts BaCO; B 0,01 Af pactsope
KNOg BulIIe N0 CPaBHCHHMIO C €TO PaCcTBOPUMOCTHIO B BOJE?

31. Karana xonuenTpauus nonos Pb?* ocrauercs » pacteope npu
ocaxzennu ero B Buge PbSO, nmefictBueM cepHoit KucOTH B 3KBMBa-
JICHTHOM COOTHOLIeHHN?

32. llpu ocaxpenuu uonos Ba2* cosnan u36uITOK KapOOHaT-HOHOB,
pasuniit 1073 Momb/nm3. Cronbko rpammos Ba?* ocramercst B pacTsope,
ecIM OcakAeHue NpoBOAMIHN B 06neMe 200 em3?

33. Crombko modreit nonoB Sr2* ocranercst B 500 cM3 HacHIEHHOTO
pacTBOpa npH ocaxkfienun SrS0,, ec/M KOHUEHTpauusA CcyTbGAT-HOHOB
npu sroM 1072 monis/gm37?

34. Buuucauts Maccy xpoma (B rpamMax), ocTaBiierocst B 200 cmd
PacTBOpa MOCJe OCaXNCHUS XPOMATA CBHMHLA, €CJIM KOHUEHTpaLHA
MOHOB CBUHI[A NpHu sToM 1073 M.

35. Bol4MCTMTh KOHUEHTPALMIO MOHOB MATHUA B DACTBOpE, €c/H
HocJie ocakieHus ero B Bune rupokcuna pH pacrsopa 6nun pasen 10.

36. Meneso ocamuyu B Buge Fe(OH); us 200 cm® pacreopa npm
pH = 3. BurumeanTs Maccy kes1e3a, OCTaBIIErocs B HACHLILECHHOM pact-
BOpE HaJ{ OCAZIKOM.

37. B pactBope, conepxkameM nonn Cl™ u I, coznana KOHI[@HTpa~
s uonos cepebpa, pasnan 1074 M. Kakosa KOHNCHTPALMA 5THX MOHOB
nocsue sumnanenusi ocaikos AgCl u Agl?

38. Yemy paBna KOHUeHTpauus noHoB Ba?' B pacTBOpe, ecu K
100 cm?® 0,05 M pacreopa BaCl, npu6asneno 100 cm? pacteopa 0,06 M
cyandara natpus’

39. K 50 cm® pactsopa, cogepxamero 1,7 - 107 monr/nM? autpara

~ cepeGpa, mpubasiaeno 150 cm3 0,01 M pactopa NaCl. Uemy PaBHE

konuentpauun noHos Ag* u Cl” nocsie ocaxpenus AgCi?
40. K 0,02 M pacreopy MnCl, npu6asniu pasasiit o6nem 0,03 M
pacteopa Na,COj;. Yemy pasnnl koHlenTpauuu uonos Mn2* n CO}

nocye Beinagesus ocagka MnCO;?
41. BuruucauTs KOHUEHTpauuo uoHoB Mg?' B HachmennoM pacT-
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sope max ocagkomM MgNH,PQO, B KOTOPOM KOHUEHTpanus HOHOB
NHY ocrapmsier 0,5 Momb/mm®, a KOHIUEHTpaUMsi HOHOB PO} —

0,001 Moss/mM3.

Faaca 4

PABHOBECHS B OKUCJINTEILHO-
BOCCTAHOBHTEJBHBIX CUCTEMAX

4.1. PelicHMe THIOBRIX 3a1a9

Meronn okucnenus — soccranopienust (O-B) ocmosanm ma peax-
IMSAX OKMCJICHUs U BOCCTAHOBJIGHHSA, CBA3AHHBIX C NEPEXONOM 37EKTPO-
HOB OT ORHOTO MOHA (MOJEKyJIH) K papyroMy. Bemecrtso, repsromee
37IEKTPOHBI B JTHX PEaKLMAX, HA3HIBAETCH BOCCTAHOBUTEJIEM, & BEILOCT™
8O, NpHOGpeTAIONee 3MTeKTPOHH, — Okucautesniem. llpu srom y BoccTa-
HOBUTEJIA CTelleHb OKMCJICHHs IMOBHIIAeTCs, & y OKMCAUTENA MOHMKA~

ercs.
KonuyecTBeHHOM  XAPAKTEPMCTMKOH  OKMCIMTENbHO-BOCCTAHOBU™

TEJILAON CHCTEMEI, COCTOSIIEN U3 OKUCIEHHON 1 BOCCTAROBJICHHONH (HOPM
COOTBETCTBYIOIIMX COERMHEHHI, SIBJAsSeTcA OKUCIAUTEIbHO-BOCCTAHOBM™
TEIHBIT TMOTCHIMAT, BEIMMMHA KOTOPOTO MOXeT OHTh BRIYMCICHA MO
ypaBHenuio HepHera; TaK, AJs NOaypeakuuu

40x + ne” — bRed
norennuan npu 25°C pasen
0,059 [0x]*

lg ——.
n [Red]
(CranpapTHBEIC NOTEHIMATILI E® npuseneHH B COPABOYHON JIUTEPaTYpe;
oM., manpumep, cnpasounuk 10.10. Jlypse wm Hpuaoxenue Il Tabiu.
2.)

JIist cUCTeMEI, CORepXKamell, HalpUMep, OKUCIASHHYIO U BOCCTAHOB~
nenmyo opMu Mpumbsika B Bume AsOf” u AsOf", maxoasiuxcs B

paBHOBECUM B COOTBETCTBMH C YPABHEHUEM 110Ny peaKIlu 1
AsO¥ + 2¢” +2H* & AsOf + H,0, (4.1)

E=E +

3HayeHUe MOTEHIMANA PABHO
0,059 [AsO3-][H']?
E=056+ lg
2 [AsOf]

rae 0,56 B — 3HaueHHe CTAHJApPTHOrO NOTEHUMATA JAHHOI MAaphl, B3s~
TOe U3 CIPABOYHMKA.

Crnenyer OTMETHTb, YTO KOHUEHTpALUS BOXB B pa36aBIeHHBIX
BOZHHEIX PAcTBOpaX — BEAMYMHA HPAKTUYECKH IOCTOSIHHAA, MOJSTOMY €e
3HAYeHUE BKJIIOYEHO B BEIMUMHY CTAHJAAPTHOTO MOTEHIALA CHCTEMEI.
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Ilpu peuresuu 3anay cieflyeT yYHTHBATh, YTO 4YeM 6OjblIe cTaH-
NAPTHBIL NMOTEHUMAN NAHHOW INaphl, TéM 60Jiee CHJILHLIM OKMCIIHTENEM
sABIsAeTCs ee oKkuciaenHas ¢popMa U TeM 6oJee caabbM BOCCTAHOBUTENIEM ~
poccranopiieEnais  ¢opMa. Korma koMGHEHpPYIOT IBe KakueJm60
OKMCJIMTEIBHO-BOCCTAHOBUTEIBABIE NApH, TO 60jiee CUIBHLIA M3 JBYX
OKMCIIMTENIEH NMOJNYYaeT 3JIEKTPOHRLI OT 60Jiee CUABHOrO BOCCTAHOBHUTEIIS,
npuyeM 06pa3syloTcs cIabne BOCCTAHOBUTENb M OKHCJIMTENS.

Hpmmep 4.1. OnpenennTs, MOXKHO JH BOCCTAROBHUTH Felll pacTBO-

poum SnCl,.

P euw e n ue Y3 gsyx nap Sn4*/Sn?* (E° = 0,15 B) u Fe3*/Fe?*
(E° = 0,77 B) 6omee cuibmbIM OKMcIHTeNIeM spnserca Fed', a Gosmee
CWJILHLIM BOCCTAHOBHTENEM — Sn?*, B COOTBETCTBUM ¢ 3TUM peaKIus
MEXAY AAHNHLIMM OKHCIMTETBHO-BOCCTAHOBHTEIBHBIMH NapaMu HAET B
cTopony o6pa3osanusi 6osee cia6oro socecranoputens Fe?' u okucaure-
s Sni*, yem ucxopunte. Caenosatensuo, pactBop SnCly 6yner Bocera-
nasnusath Fed' no Fe?*:

Sn?* + 2Fed* ¥= Sp1* + 2Fe2*.
IIpmuep 4.2. BeyucAuTh KOECTAHTY PABHOBECUSA JIJIA PEAKIMH:
Sn?* 4 1, 2 Sp4at 4+ 2T
P e w1 e v u e. 3auuiueM KOHCTAHTY PaBHOBECHS B O6IIeM BHAE:
[Sn#*]{I7]2
K= —m—.
[Sn2*](Iz]
3HaueHUsS MOTEHUHUAIOB JJIA OKHCAUTENIHHO-BOCCTAHOBHTEIBHBIX
[ap paBHBI:
z 15 0,059  [Snt*]
447024 = 0, + — lg
Sn /Sn 2 [sn2+]

1

Tlepexon 37€KTPOHOB OT BOCCTAHOBUTENA K OKHMCJIMTENIO BO3MOXEH
MO OpH HAIHYMM pasHocTH noremuuanos Mexny O-B napamu. Cre-
ZOBATE/BHO, B COCTOSIHUM PAaBHOBECHUS:

0,059 [Sn*Y] 0,089 [L]

0,15 + —— lg = 0,54 + :
2 [Sn?*] 9 [17]2

0,059 | [Sn#*][I7]2

g
2 [Sn2*][I,)

= 0,54 — 0,15;

(0,54 — 0,15) - 2
gk = =132 K= 10132,
0,059




Hetpyano poxasaTh, 49To 1711 mo6oii NOJO6HON OKHCIAMTENbHO-
BOCCTAHOBHTEJIbHOI peaxkuuu npu 25°C

—_
aABOC + bBOK — aAOK + bBBOC’
(E° - E° )n
BOC

l g K _ OK
0,059
rae ng u Egoc — cTaHAapTHHE norenuuansl O-B nap okucavitens u
BOCCTAHOBMTE/IS; i — 4YHUCJIO 3JICKTPOHOB, MEPeXOASIIUX OT aABoc K
B

OK
3 nocnenneit GpopMynan BUAHO, YTO YeM GOJIbIIE Pa3HOCTb CTAH-
JapTHEIX norenuuanos O-B nap okMenuTens M BoccTaHOBMTENS, TeM
607IbIlIe KOHCTAHTH PaBHOBECHS.
Ipumep 4.3. BRIuncaIUTs KOHCTAHTY PAaBHOBECHS ISl PeaKIMH

AsO¥ + I, + H,0 — AsOf + 21" + 2H*, (4.2)
3unavenus crangapTHHX O~B NOTeHUMANIOB paBHHL:
EXsOQ'/Asog' = 0,56 B; E(I)z/ﬂ' = 0,54 B.

Pemenue Cyas no snauenusm crangapTsix O-B norenmma-
JI0B, OKUCIAUTENIbHAA CHOCOGHOCTh MONa HPUMEPHO TaKad XKe, KaK y
apcenar-iona AsO§" (y HOZa HECKOJILKO HUXeE).

—EKSOE-/ASO::?) 2 — (0,54 - 0,56) - 2 = —0.68

0,059 0,059
gk = —0,68 = 1,32; K ~ 0,2.
[opspok BesmyuBsl [ 6iu30K K 1 (M. NpeAnaymuil npuMep, Tae

E?z/ 21"

(
IgK =

K= 1013’2). CrnenoBaTesbHO, paBHOBECHE B 3TOM OKHUCIHTEIBHO-BOCCTA-
HOBUTEJILHOM IIpoOIlecce MOKHO OTHOCHTEJIBHO JIETKO CMEIIaTh BJEBO U
BIIPaBO B 3aBUCHMOCTH OT YCJIOBHMIl NMPOBENEHUS DEAKIHU. JTO MOMKHO
C,1€J1aTh, U3MEHS s, HalpUMep, KMCIOTHOCTL CPELL.

JeiicTBUTENILHO, THTPOBAHME aPCEHUTa MOJOM MOXHO HpPOBOAMTL B
caabomenodHoit cpege (pH = 8 + 9%. B kucimoit cpelle apceHaT-uoH
MOXET OKHCAATL woaui-moH I° no I, mockonbky mnpu yeenuuenun
KOHIEHTPAlli MOHOB BOJOPONA PAaBHOBECHE DEaKIHH (12.2) cIBUTAETE S
BJIEBO.

Hdnsa ydera momo6HbiX 3((EKTOB MCNONB3YIOT TaK Ha3hLIBaeMHLIE

"peanbHbie moTeHuMannl nomypeakuuit" E u "pealbHble KOHCTaHTHI

pearkumit" K'. Hanpumep, 17s mosypeaKkuuu BOCCTAHOBJICHHS apceHa-
Ta (4.1) Npum KoHuEHTpauuu HOHOB BOAOposa B pactBope C(H') =

= 1078 monn/amM3 (pH = 8) "peansuuit norefiquan" E Gyner pasen:

0,059 0,059
E = E° 4+ —— Ig[H*]2 = 0,56 + —— lg(1078)2 & 0,09 B.
2 2 _

"Peanbran xoxcranTa' peakuuu (4.2) npu pH = 8 6yaer pasna:
(0,54 - 0,09) - 2

0,059

TaxuM o6pasoM, B crabomesnounolt cpese peakuust (4.2) peiterBu-
TEJIBHO MPOTeKAaeT JOCTATOYHO MOJHO B CTOPOHY OKMNCIJIGHHS apCEHUTa
IO ApPCEHATa.

ITono6ueM 06pa3oM npu noMoimu "pealbHHX NoTeHuManIoB" momy-
peaKuui MOXKHO yd4ecTh BIMSHUE HA OKMCIHTIHHO-BOCCTAHOBUTEILHEIE
peaKkU{y KOMIIJIEKc006pa30BaHusi, 06pPa30BaHUsI OCAAKOB TPYyAHOPACTBO-
PUMBIX cOoeMHEHUN u apyrue spderTu. J[0cTaTOUHO NMOIHO NpUMeHe-
Hue '"peaNbHBIX CTAHZAPTHHIX MOTEHIMATOB" M "peaTbHHX KOHCTAHT
paBHOBecust" paceMorpeno B yue6uuke J.JO. fucona.

T

lg =15,25; K = 1,8 - 1015,

4.2. KonTpospoHe BOIpOcH

1. Kak MOXHO KOJMYECTBEHHO OLEHUTh OKHCIUTEIHHO-BOC~
CTAaHOBUTEJILHBIE CBOIMCTBA BemecTBa?

2. Kakne $paKTOpH BIMSIOT HA BEJIMYMHY 3JEKTPOJHOTO IOTEHIMA-
na?

3. Kak MOXHO 3KCNEPUMEHTAJbHO ONpPEJEeUTh CTAHIAPTHRIN 3JIEeK~
TPOAHLIIK MOTeHUan?

4. KakoB (bM3HUECKUH CMBICJI OKMCIMTEILHO-BOCCTAHOBHTEIBHOMN
nonypeaxkuuu?

5. Kak MOXHO ONpeJeINTHh HAIPaBJICHHE OKMCIMTEILHO-BOCCTAHO-
BHTENbHOM peakuun?

6. Kak MOXHO BEIYMC/INTH KOHCTAHTY PABHOBECHS OKMCIIMTENbHO-
BOCCTaHOBUTEIBHOM peaKuuu?

7. 3aBHCHT 1M KOHCTAHTAa PaBHOBECHS OKMCIMTEHHO-BOCCTAHOBU-
TEJILHON PEaKIMH OT KOHUEHTPaMH XUMHUYECKMX COSAHHEHUIl, yUyacTBY-
OIHUX B peakuuu’

8. Kak MOXHO ONnpefe/iuTh "pealNbHBI CTAHAAPTHHIL MoTeHiman"
[OJIyPeaKUMKM OKHCIICHUS-BOCCTAHOBICHUAT

9. B kakux cayuyanx pH cpeaw Bamsier Ha BesimumHy "pealbHOrO
CTaHJAPTHOro NOoTeHnHala" noaypeakuuu?

10. Kakue ¢axTOpnl BIMSIOT Ha B&IMYHHY '"pealbHOrO CTAHNAPT-
HOro norennuana' nosypearuuu?

11. [Ipupepurte npuMepH XUMUYECKMX COCQMHEHMIA, KOTOPHIC B
Pa3HHIX PeaKUHsX BHICTYHAIOT B OAHUX CIAYYaAX KaK OKHCJHTENb, 4 B
IPYrux — KaK BOCCTaHOBUTEIb.

4.3. 3agaud Y11 CAMOCTONTIEHOrO PeILlCHAS

B zagavax 1 — 35 momo6pars K03)DUUMEHTE B ypaBHEHUSX pe-
aKIMH ¥ ONPEeNEeIMTh HalpaBJeHUE 3THX PeaKI[HIi:

1. MnOj + S + H,0 & MnO(OH), + S + OH".
2. MnOj + SO§ + H* &= Mn?2* + SO}™ + H,O.
3. Mp2* 4+ NO; + H,0 & MnOj + NO; + H*.



4. Cr®* + NaBiOg + H* — Cr,0% + Bis* + H;0 + Na*.

5. Mn2* + NaBiO; + H* — MnOj + Bi3* + H,0 + Na*. 29. Zn + NO; + OH" + H,0 — Zn(OH)}" + NH,.

6. Mn2* + BrO™ + OH- &= MnO§ + Br" + H,0. 30. MnO, + CI" + H* &= Mn2* + Cl, + H,0.

7. Mn2* + PbO, + H,SQ4 — MnOj + PbSO,4 + H:0. 31. Fe?* + H, —— Fe?* + H*.

8. Cro0% + I + H* &= Cr#* + I, + H;0. 32. NO; + I + H* = NO + H,0 + I,.

9. MnO; + CI" + H* — Mn?* + Cl, + H,0. 33. Br” + PbO, + H* T_."’ Br, + Pb2* + H,0.

10. MnOj + I + H* & Mn?* 4 103 + H,0. 34. HCl + H,0, — Cl, + H,0.

11. Cr3* + Br, + OH" — CrO§ + Br™ + H;0. 35. Fe3* + I" = Fe?* 4 I,.

12. Mn* + S:0F + 1,0 = MnOj + SOF + I s e St evins oL vt
13. Cr3* + S,0§ + H,0 — Cr,0% + SO3” + H*. 36. Ip + NapS,03 —

37. FeSO, + KMnO,4 + H,SO, —
38. NagAsO}™ + KI + HCl —

15. AsO§” + I" + H* — AsO§” + H,0 + L. 39. FeSO, + Ce(SO,), —

16. Fe?* + H,S — Fe?* + S + H*. 40. NH,VO; + FeSO4 —

41. NayCry,07 4+ KI —

42. FeCly + SnCl, —

14. Sn2* + MnOj + H* & Sn** + Mn?* + H,0.

17. BrO; + Br" + H* &= Br, + H,0.

18. MnOj + Cr* + H;0 & MnO(OH), + Cr;07 + H". 43. Cl, + HBr —
19. Cr#* 4+ H,0, + OH™ ~— CrO}" + H,0. 44. KMnO; + HCl —

o 45. FeCl; + Hp —
20. Mn2* + H,0, + OH — MHO(OH)Z + H,0. 46. FeCl, + KI —
91. NiS + NO; + H* —.Ni?* + S + NO + H,0. 47. KoCr,07 + FeSO, + HpSO, —
92. MnO; + Cr.0f" + H* &= Mn?* + CO, + H,0. 48. HI 4 Br, —

49. H,SO3 + I; + H,0 —
+ 72 opat
23. Sn?* + Hz0; + H* & Sn#* + H,0. 50. SnCl, + Br, —
e = - -
24. Bi(OH); + Sn(OH)j™ + OH™ & Bi} + Sn(OH)". 51. K,Cr,07 + SnCl, —
25. HyAsO3 + Al + H;0 — AsH,] + Al(OH); + OH". 52. SnCly + I, — ,
53. KyMnOy + Cra(504)s —
926. Fe2* + NO; + H* sl Fe$* + H,0 + NO. 2MNDUy 2( 4)3
B sanauax 54 — 63 BeluucinTs "peajlbHble KOHCTAHTH" 171 peak-

- + + 2+ & H,0. 1
27.NOj + Mg + H' = NH; + Mg + 1, 54. FeSO4 + KMnO4 npu pH = 6.

98. SO, + I + H,0 — S0} + I" + H*. ' 55. Na,Cr,07 + FeSO,4 npu pH = 3.
56. HMnO, + NagAsO3 npu C(H') = 2 monn/amd.
57. HMnO, + NagAsO3 npu pH = 5.



58. KMnO4 + NaySOj3 npu pH = 1.

59. KMnO, + Na,SO; npx C(H*) = 2 moas/ams.
60. Cr(NO3); + KMnO4 npu C(H*) = 0,1 moun/nm3.
61. H,SO3 + I, npu pH = 2.

62. H,S0; + I; npu pH = 5.

63. Na,Cr,07 + KI npu pH = 4.

Taaga §

PABHOBECHA B PACTBOPAX
KOMIUIEKCHH X COEAUHEHUN

KoMmlekcnhIMH BA3LIBAIOT BEIIECTBA CJOXHOIO COCTaBa, 06pa3o-
BaHHLIC H3 60Jiee MPOCTHIX (MOHOB, MOJIEKYJ), CIOCOGHHIE K CAMOCTOA-
TEJILHOMY CYIIECTBOBAHMIO B pacTBOpax. B cOcTaB KOMIIJIEKCHOrO MOHA
(xaTHOHA, AaHHOHA) MM MOJICKYJH BXONMT UEHTPANbHHI MOB-KOMILIEK-
coo6pa30BaTeNh, BOKPYT KOTOPOTO PAcNoJaraloTces (KOOPAMHHPYIOTCH)
IpYTHE 37eMEHTAPHBIC YacTHIB (MOJICKYHIH, HOHBL), MMEHYeMble JTUIaH-
naMu (afIeHAAMH).

Peakuus 06pa3s0OBAHUA MHOTOAJEPHHX KOMIVICKCHHIX (KOOpAMHA-
LMOHHLIX) COENUHEHHUI B PacTBOpax ONMUCHBAETCA yPABHEHHEM

—_
mMe + nL — Mean,
rae Me — xommiekcoo6pazoBaresib, MOH MeTala; L — murann; Mean -

koMiutekcnoe coegunenue (KC); sapsgnl 3/IeMeHTApPHLIX YacTHI C L€~
JIBIO YIPOIIEHUsST He O603HAYECHEL,
JInst 3TOrO paBHOBECHMS MOXHO 3alNMCATH BHIDAXKEHUE KOHCTAHTH
PaBHOBECHUsI B BUJE:
[Me L ]
m n

= —_’

mn [M e ]m [ L]n
rae [Mean] — paBHoBecHas konuentpanusi KC; [Me] u [L] — pasmo-
BeCHbIe KOHIEHTDALMH MOHA-KOMIIEKCOOGPA30BATEIA U JIMTAHAA COOT-

BETCTBEHHO.
KoHcranty Kmn HA3HLIBAIOT KOHCTAHOTON O6Gpa30BaHUA WJIM KOH-

crantofl ycrotuusoctu aanxoro KC.
O6patiyo eif BeJIMYMHY HA3HLIBAIOT KOHCTAHTON HECTOMKOCTH
JAHHOTO COENMHEHUS.

1 Me]™[L}"
K = = .
"K [Me, L ]

mn
¢

Bennyunn Kmn " Kﬂ XapAaKTEPU3YIOT YCTONYMBOCTh KOMIIAEGKCHEIX
coenunenuit. Yem Gonblle 3maueHHe KOHCTAHTH YCTOMYMBOCTH (4eM
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Menbllle 3HAYeHHe KOHCTAHTH HECTOMKOCTH), TeM 6OJIbIINe KOJMYCCTBA
KOMIVICKCHEIX COAUHEHUN HaXORATCA B pacTBOpe, W Hao6opor. Ciemo-
BATeJILHO, PAaBHOBECHS] KOMIVICKCHEIX COSNMHEHUA B PACTBOPAX PaccMaT—
PHBAIOTCA KAK PABHOBECHS MaJIONUCCOLUMMPOBAHHBIX COENUHEHH.

Komniexcoo6pasoBanne B pacTBOpax, KaK IpaBHIIO, NPOTEeKaeT
crynenyato. Tak, npu o6pa3oBaHMM OHOANEPHHX KOMIUICKCHEIX COe—
AMHCHUA C MAKCHMANBHBIM KOOPAMHALMOMHHIM yucioM N B pacrBope
CYMECTBYIOT C/IERYIOe PABHOBECHA:

a) CTyNeHYaTHe

Me + L — MeL;
MeL + L — MeLy;

6) cymMmmapHBIe

Me + L & MeL;
Me + 2L & MeLy;

MeL, , + L& MeL, Me + (N — 1)L «'—’MeLNl;
MeL,_, + L & MeL,; Me + NL = MeL .

OTHM DABHOBECHSM COOTBETCTBYIOT CTYNEHUYATHE KOHCTAHTH o6pasosa-
BMA (MIM CTyNeHYaTHe KOHCTaHTH YCTOMYMBOCTH) M CYMMapHEIE KOH-
CTAHTH O6pa3oBaHUA (CYMMAPHLIC KOHCTAHTH YCTOAYMBOCTH KOMILJICK-
COB), KOTOpBIE ONMCHBAIOTCA CIACAYIOMMMH BHIPAKEHUSIMU:

a) CTYNEeHYATHE KOHCTAHTHI 6) cyMMapHEBIE KOHCTAHTHI

[ MeL] [ MeL]
] = K= ——
[1\/[1;[] [LL}] Me][L]
_ [ Mela] C ik, = L eLa]
D S
[MeL,, ]
N-17 m; By =hk. . by =
_ [MeLN_ N
Mel[r¥ "
[MeL,]
N=m; ' KNzklk"’"'kN—lkN:
_ [MeLN]
e

Heo6xonumo ormeruTs, 4YTo BO MHOrMxX yueOHIKaxX cyMMapHLIe
KOHCTaHTH 06pa30BaHUA 0GO3HAYECHH IPEYEcKOit GyKBOlL Ji] (cu., Halnpu-
Mep, yuebuuk J.10. fncoma).
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ARAIOTHYHO MOXHO PACCMATPUBATH PAaBHOBECHS CTYHeHYaTOf M
CyMMapHOHN JMCCONMANMHE KOMIUIEKCHHX COe[MHEHuH, MOCKOJIBKY KOH-
CTAaHTH OGpAR30BAHMS M KOHCTAHTH HECTOMKOCTH B3aMMOCBABAHH.
CIIPABOYHOM JUTEPaType NPUBOAATCS OOHYHHE KOHCTAHTH o6pa3opa-
Husi K wim moxasaresu kometant pK = —lgK; (em. Ipuaoxenue II,
Tabu. 3).

KoHIeHTpanuoHHEE YCJIOBUS CYIIECTBOBAHMA TOTO MJHM WHOrO
KOMILJIGKCHOTO COeIMHEHUs, OOpa3yloImerocst CTYIeH4aro, 3aBHCAT OT
ero CTYIEHYATHX KOHCTAHT OODA30BAHMA M HCIOIb3YeMHX H3GHTKOB
KOHIEHTPALMH JUTRHI0B.

Tlpu pacuere MOASIPHOA JOJMH OTAENBHHIX KOMIUIEKCOB HCIONb3YIOT
GyHKIUIO 06pa3oBaHUA, KOTOpas MPeACTAaBIAACT COGOM cpefiHee WHCIIO
JIATAHIOB, CBA3AHHEIX ¢ KOMILUIEKCOOGDA30BaTe/IeM:

n = (C, — L))/ Cyge
rae C'L u CMe — CyMMapHas KOHIEHTPalWs JHCAHIOB M KOMIJIEKC006~

PAa30BATeIA COOTBETCTBEHHO.

CyMMapHYyIO KOHIEHTPAlMIO JIMIAHJIOB MOXHO MOJY4YMTh, MPOCYM~
MHPOBAE DABHOBECHYI0 KOHIEHTPAIMIO CBOGOAHBIX JIMMAHJOB ]y u
PABHOBECHHe KOHIEHTPANMHU BCeX CTYNEHYaTO 06pa3ylONIMXCA KOMILIeK™
COB, YMHOX8S WX KOHIEHTPAIMA HA YMCIO KOODIUHHPYEMHX JITAH/OB:

¢ =L+ [MeL] + 2[MeLo] + ... + el ]

win
c —[L]= [MeL] + 2[MeL;] + . . . + N[MeL,].

KoHIeHTpanuy OTAENBHHX KOMIUIEKCOB BHPaxaloT Ha OCHOBAHNHU ypaB~
HeHHIl cyMMapHHX KOHCTAHT yCTOMIHUBOCTH U IIOJNY4alOT:

¢, — 1] = Ky[MeJ[L] + Ko[MeJ[L] + ... + K Me|[L}Y =

= MeJ(KiL) + Ko[L]? + - . . + K, JLI™) = [Me] I_ﬁ'?xn(L]".

CymMapHyI0 KOHIIGHTDAIWIO KOMIUIEKCOOGDA3OBaTess MOJNy4aior
CI0EHMEM DPAaBHOBECHHX KOHIEHTPalUil OTHAENbHHX KOMIUIEKCOB ¢
PaBHOBECHO! KOHIEHTpanuel cBOGORHOrO HOHa-KOMILIEKcOO6pa3oBaTe-

- Cype = Me] + [MeL] + [MeL;] + . .. + [MeL ).

3aMmena paBHOBeCHHX KOHIEHTPaNMi KOMIJIGKCOB Ha MX SHaUeHH,
MOJIy9aéMEe HA OCHOBAHHH paBHOBECHHX KOHCTAHT YCTOMYMBOCTH,
TMPUBOIUT K BHPaXKEHHIO!:

C,,, = Me] + KiMeJ[L] + Ko[Me][L]? + . .. + K ML) =

= Ml + Ki[L] + KLl + ...+ K LM =

N
= [Mel(l + Z K’n[L]").
n=1 .
Ha ocHOBaHHM BHIpaKeHUR LA CI — L] n CMe HyTeM KX jene-

HHUS IOJTy9aeM 3aBHCHMOCTD MEXAY QyHrmuei o6pasoBanus ¥ KOHICHT-
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pauuei cBOOOAHEIX JIUTAHJOB!

N
TekK [1]"
- n=1
n = N .
_ n
n=1

MoApHYO OO OTAENBHEX KoMiviekcos (X) BHpakKalOT B BUJE OTHO-
HOIeHNsI PAaBHOBECHOM KOHIGHTPAIMH OT/EJIbHHX KOMILIEKCOB K CyMMap-
HOI KOHIEHTPAlMM KOMINIEKCOOH6Pa30BaTeINA:

Me] 1
Me_ = N ]
’M 't sEUL”
n=1 n
MelL] KL
Xt = p =1 P ;
CMe T K"
n=1 n
[NIGLQ] KZ[L]Z
MeLy — = ;
c L+ 5 g
n
n=1
N
MeL)  Ky[L]
XMeLN'_ C _1 N :
Me t oz k"
n=1

Kak Buano u3 3Tnx (GopMyN, MOJADHHE HOMH OTAEILHBIX KOMI-
JICKCOB 3aBHUCAT OT KOHIIEHTPAlMK cBOGOAHEIX auranfoB. Cymma Mossp-
HBHIX J10JI€jt, ecTeCTBEHHO, paBHa 1; T.e.:

X - =
Me ¥ XMer, T Aper, T - XMeLN

CnenoBaTesbHO, U1 pacyera PaBHOBECHHX KOHIEHTPALHi cTymeH-
9aTO OBPa3YIOUMXCA KOMIUIGKCOB HEOSXOAMMO YYMTHBATh HCIONL3ye-
MY KOHIerTpaH,HIO JUuraina H CyMMapHHe KOHCTAHTHI O6pa3OBaHHX
OTAEALHEIX KOMIIJIEKCOB C YHCIOM Koopllﬂﬂﬂpyeblﬂ.\lx JIMTaHJ0B OT 1 no

1.

5.1. Pemmenve THOOBHX 3aJia4

Hpmmep 5.1. Buuucauts paBHOBecHble KOHIEHTPAIMY HOHOB Cu?t,
aMMHAKa M CTYHeHYaTo 00pa3yroummxcd KOMIIEKCOB ¢ YHCIOM KOOpAu-
HUpyeMHX JINraujoB oT 1 1o 4 B pacTBOpe ¢ HAYANIBHHIMH KOHIEHTPA~
masamu conu (CuSO,) u ammunaxa, pasusmu 0,01 M u 0,04 M coorser-
CTBEHHO.

Peme u u e Jisg BeuMcieHns PABHOBECHON KOHIEHTpANWH
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cBobonueix Jurannos [NHj] menonssyem BHpaxeHHe IJIA cyMMapHOR

12,03
KOHCTaHTH o6pazopanus K, (no enpaBo4nuky oHa paBHa 1077 ).
* [Cu(NHj )4

' [Curt] [NH¢

Jomyckas, aro [Cu?*] ~ 1/4[NH,], nonywaem:

K=o = 202
[NH,Js
OTKY1a
550,01 - 4 . ]
[NH,) = — B = 102688 = 2,06 - 103 wmoms/mu?.

Jlasiee BEIUMC/IsIeM MOJIADHEIE AOJMH OTHEIbHBIX KOMIIJIEKCOB, HC-
nosib3ysa TablnvHbHe 3HAYEHHA CYMMAapHHIX KOHCTaHT O6pa3oBaHUsA M
HaAMJICHHYIO PABHOBECHYIO KOHUEHTPaIUIO aMMHaKa:

1
X(Cu?*) = =
() 1 + K[NHs] + K[NHs]? + K[NH3® + K[NHg)*
1
= 14103951 2686 4 107331 075,572, 710,06, 1 (8,058 |1 (12,0 1 10,7 =
= ! = = 0,00432;
T4 10%% 4 10%%%8 4 10202 4 1ot 9317
K1 [NH,] 10399 . 102688 .
X[CH(NH3)2+] = " = ooy = 0,0869;
1 + % K4[NHg ’
1
K,[NH;] 2 10733 . 10537 .
X[Cu(NH;J%*] = p = o = 0,3918;
1 + 5 K, [NHJ* »
1
Ka [NHa] 3 1010,06. 10‘8,058 ) .
X[Cu(NHg)?,*J = p = P = 0,4336;
1 + 5K, [NHg* )
1
x{cu(NHa)3) = = = 0,0837.

4 T 317
1 + X K4[NHg} 3

1
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Henonbays naitieHHbe MOJSDHBE NOJM, HOJIYyYacM DPABHOBECHBIE KOH-
LHEHTPAUNHU BCEX KOMIIICKCOB:

[Cu?*] = 0,00432 - 0,01 = 4,32 - 1075 moub/aMS;
[Cu(NH,)?*]) = 0,0869 - 0,01 = 8,69 - 10 soss/mmed;
[Cu(NHg)3'] = 0,3918 - 0,01 = 3,918 - 10 somms/me®;
[Cu(NH3)3*] = 0,4336 - 0,01 = 4,336 - 108 soums,/ 7n?;
[Cu(NHg)3*] = 0,0837 - 0,01 = 8,37 - 104 woumn/mue®,

llpusenennwrit BHE pacder SBJAAETCS, KOHEYHO, HNpUOIMMKCHHOR
OLEHKOH, MOCKONbKY kounertpaun vactuy Cu?* u NH; B pactsope ne
COOTBETCTBYIOT HayalLlOMy npeamomoxenuio, uto [CuZ'] ~ 1/4[NH,).
Meroznom moce0BATENBHEIX IPUGTIKEH N MOKHO YTOUHUT 3Ty OmeH—
RYy.

Hpmmep 5.2. Boiuncauts pasioBecHHe KOHIEHTDAIHM HOHOB ce-
pebpa U ero KOMIJIEKCOB ¢ AMMHUAKOM NPH HAYANBIEX KOHUEHTPAILHSAX

((Ag*) = 0,01 M; C(NH;3) =0,1 M.

P em e n n e Baaumoneitcrene uonos Ag* ¢ NH; onuckisaercs
CAeNYIOHIMMI CYMMAPHEIMH yPaBHEHUSIMY 06pa30BaHUA:

Ag' + NH; &= Ag(NH,)*; Ag* + 2NH, == Ag(NH,)}.

PasnoBeCcHYI0 KOHIEHTPARUIO CBOGOLHBIX TUrAHIOB MOMXKHO BEIYHC—
JIMTH KaK Pa3HOCTh MEXKIYy HadaJbHON €r0 KOHUEHTPAIHell M KOHIeHT-
panueit caa3anHOro B kommiexc nona Ag(NHg)}: ona pasma 0,01 - 2 =

= 0,02 moms/aM3, Tak Kak KOHOeHTpammed CBOGONHX MOJEKYII NH;
) , I I ,
06pa3yonMxces 3a CYeT JANCCcONNAalUU KOMIITEKCOB, MOKHO npenebpeys.

[NH3] = 0,1 — 0,02 = 0,08 MO/ M.
Hcnonbays snavenne kounentpaguu NHy i cTynenuarsie KoHeTan-

THl 00pa30BaHMUsl, TIOyYaeM ypaBHEHUS /sl pacyera MOJISIPHBIX J1OJIEit
¥ KOHICHTPAIMN BCEX YacTHLl, HaXOAAMUXCS B PAaBHOBECUH:

1
X(Ag') = : =
1+ 10%%2 . 0,08 + 10"% . (0,08)2
1 1
= = = 9,186 - 1076,
1 + 167,1 + 108687,4 1088555
167,1
X[Ag(NHa)*] = — = 1,535 - 10°3;
108855 ,5
108687,4
X[Ag(NHs)E] = ———— = 0,9984;
108855,5

[Ag*] = 9,186 - 108 momn/am?; [Ag(NHE)] = 1,535 - 1075 moms/mms;
[Ag(NHy)3] = 9,984 - 1073 moun/mmd.
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Cornocras/ienyue BEYHCASHHHX PaBHOBECHHX KOHIeHTpaIui WHIM-
BU/yaIbHEX YacTHIl B TAKOM PacTBOpe IOKAa3HBACT, YTO IpH HATHYHAH
H36HTKA JMISHAOB NMPEHMYIIECTBEHHO HMOET MECTO obpa3oBague HOHOB
Ag(NH3); (6mmsxo k 100%) u uro qomymleHue, cHelaHNOe TNDH

BHIYMCJICHIIN PaBHOBECHON KOHIEHTPalluH NHj, cripaBessiuso.

TakuMm o06pa3oM, IIpH H36HTOYHON KOHIEHTDANWH JIMTAHJOB B
pacTBOpe IO CPaBHEHHIO € HeobXonuMOl Al 06pa3oBaHusl KOMILJICKCOB
¢ BHCLINM KOOPAMHAILMOHHEM THCIOM MOXHO NOJIL30BATLCA MPH pacue-
Te PaBHOBECHHX KOHIEHTpalui cBOGOHBIX WOHOB METaJJIa U KOMIIJIEK™
ca ypaBHeHUEM /U1l KOHCTAHTH CyMMapHOro 06pa3oBaHuA.

Ipmusep 5.3. Buuucaurth crenenb MaCKHPOBaHKS MOHA Hg?* B
pacTBOpe 3a CYer KOMILJIEKCOOBpa3oBaHUs € WORUA-MOHAMH IpH CJI6~
AYIOIAX HaYalbHHIX KOHIEHTPaluAX: C(Hg?*) = 0,01 wmomp/nM?® u
(1) = 0,14 momn/nmd.

Pemenu e YJINTHBaH, YTO HOZHUAHHE KOMIIEKCH DPTyTH znoc-
TATOYHO IIPOYHH, MOMKHO CUMTATh, YTO NPH HATHUHH H36HTOTHON
KOHIIGHTPAI(Wy HOMMJ"MOHOB IIPOTeKaeT rmponecc ¢ o6pa3zoBaHHeM
MPEUMYIIECTBEHHO  KOMIUIGKCHBIX ~ YacTHll € MAKCHMAJIbHHM
KOODJMHAIONHEIM YNCIOM (4), T.e. MO YPaBHEHHIO

Hg* + 4" = Hglf".
Bripaxenue s cyMMapHON KOHCTaHTH 06pa3oBaHUA UMEeT BUA!
(Hglf)
[Hg2 (I}

PapHOBeCHYIO  KOHIEHTPAUUIO HOMMA-HOHOB BHIUMCIAAEM Kak
M3GHTOYHYI OTHOCHTEIBHO HEOOXONMMOH AJA INOJIHOLO o6p+30BaBNA

nonos Hgif™

4::

[]=014—-001-4= 0,1 monn/ M3,
BaiuuciseM KOHIEHTPAUMIO CBOOOIHEX HOHOB Hg?* n3 BepaskeHws
[Helg) 0,01 - X

[Hg2*](I]* X- 1074

1029,83 -

Ilpenebperan 3nauyeHueM X no cpasrenuio ¢ 0,01, momydaem:

0,01
X=[Hg|=—gagm——=15" 10728 momb/nMe.
10283, 107
Honyuennoe 3Hadenne KOHIEHTPAIMH cBOGOJIHEIX  HMOHOB Hg?*
yeye3aolle Majlo IO  CPaBHEHHIO ¢ KOHIIEHTpAIMel KOMIIJIEKCOB
(0,01 »(ayo.nb/nm), .6, MOKHO CUMTATh CTEIIeHb MaCKHPOBaHMS PaBHON
~ 100%.

Hpumep 5.4. Brimanaer jm Ocanok Ag,S npm HacHIIEHHH cepo-
BogoponoM 0,1 M pacreopa AgNO,;, k KOTOpOoMy AOGaBJIeH 0,5
pacreop KCN, m mpym cosjanind B OTOM pacTBOpe pPaBHOBECHOH
xonmnentpamym [S2) = 1079 moms/aM3?
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Peme
copetps OHPICLIHBH e;: PabHOBecus 06pa3oBanus MMARMCTEIX KOMIIICKCUR
AIOTCS CIEAYIOWMMY CYMMAPHEIMU YPABHEHUSIMU:

+ .
Ag* + 20N ¥ Ag(CN);; Ag* + 3CN- 2 Ag(CN)3;

Ag® + 4CN" &= Ag(CN)T".
CyMMapHHe KOHCTAHTH 06pa30BaHMsT UMEIOT 3HAYCHUS:
K2 = 10'19,85; K3 - 1020,55; K4 - 1019,42

Ilo panee o
MHCAHHOM cXeMe BHYHCIsAeM
IHIO CBOGOIHEIX MUAHUI-MOHOB: PaBHOBECHYIO KOHUEHTpPA-

[CNT =10,5—0,1"4=0,1 mors/ams.
Mounspnyo nono cBoGoxHEX HOHORB Ag* BHumMcaseM no ypasne-

1

19,85 2 0,
1+107% (0,1)%+ 10%%% (0,1)% 10142 (0,1)*

a paBHOBecHas KoHueHTpamusa [Ag'] = 10°
g*] = 10718 - 0,1 = 10719
Conocrarinenne nponsseneHus Romlen'rpauuﬁ PI(())’HOB [1§0+ S;{‘OHL/HM&
U3BEICHUEM PacTBOPMMOCTH [aeT: gl5*] e mpo-
(10719)2 . 10719 = 10757 € 2 - 10749 = [IP
A
CanenoBatensno, ocanor Ag,S He posxken BRITTANATh. &

Hpumep 5.5. Paccumrarn Maccy ocazgka AgCl, woropmit Moxer

pacTBOpPITbC B 100 cM 0 5
a
51 3 ) IM p cTBOpa aMMHaKa 3a cyer KOQMIJexKco

Pe
ur e H 1 e. PacTBOpenue onuchBaeTcsl ypaBHOH HSMU:

HHUIO

X(Agh) =

= 10718,

S

_.’
AgCle— Ag* + CI'; Ag* + NH; = Ag(NH,)*;
Ag’ + 2NH; & Ag(NH,)3.

JI M )¢ y C JAHBIX MOHO (:epefipa Y‘{elo KOMII-
B Cc M MIT

X(Agh) =1 + 3% . 0,5 + 107%(0,5)7 = 2,36 - 107
pacmi;i;(‘;gg;{;oﬁ; qun_cmlzeu, VICNOJIB3YSl 3HAYEHME IIPOM3BENOH sl
: AgOl = 8 - 1070 Mycre pacrBopmmocts AgCl
paBHa S, TOr/la KORIEHTPAUMHM PaBHHL:
[CI'l= S [Ag*] = S - 2,36 - 1078,
1,8 - 10710 = [Ag*][Cl'} = S - 2,36 - 1078S;
S=y1,8 - 1070/(2,36 - 10°%) = 0,087 monn/mu®.
Macca pacreopennoro ocanxa B 100 cm? (0,1 1M3) paBra
m(AgCl) = 0,087 - 143,5 - 0,1 = 1,25 r.

Her
ZIOHle.leHI:’I);nI‘{{(’)I‘O 3aMeTUTh, YTO B [N&GHHOM DELICHHH 3a1auM CIENAHO
OTJIH‘{aeTCﬂ, o PaBHOBECHAsA KOHIEHTPALU aMMHAKa B PacTBOPE MaJlo
HavalbHOM KOHuenTpamuu. QDaKTHdecKn paBHOBeCHast
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KOHIICHTPaIUsl HMXe UM TPUMEpPHO paBHA 0,05 — 2 - 0,0087 ~ 0,03
Mosb/nM3. BasB oTy BenuuuHy NJIA pacuera, MOXHO ROJY4uTh 60siee
TOYHBIY OTBET, IOBTOPKB BCE BEIMUCJHCHN.

5.2. Konrposibune BONPOCH
1. Kakue xuMU¥ecKMe COCIHHEHUA HA3BIBAIOT KOMIIJICKCHEIMU T
9. B uem pa3sHuna MEXKAY KOMIJICKCHBIMH COCIMHEHUAMY ¥ JIBOM~

HEIMU COJISIMUT
3. CopmyupyiTe OCHOBHBIC TOJIOKCHUS TEOPUH CTPOCHUS KOMII-

JICKCHBIX COeXWHEeHMH.
4. Kakolf MOH B KOMIUICKCHEBIX COCJIMHEHUSIX HA3BIBAIOT KOMIUIEK™

coo6pa3oBaTeneM?
5. Yro Taxoe JUraHAB M MMEIOT JI OHU 3apsin’
6. Kakue 9acTMIHl COCTABISIOT BEYTPEHHIOK KOOPAMHAIWOHHYIO
cepy KOMINICKCHOIO' cOeMHERUSAT
7. Y10 TaKOE KOMILJIEKCHOE qucno?
8. Kaxop xapaKkTep XWMHYECKON CBsI3

MOHOM ¥ BHemHe# cdepoit?
9. Kak BEIYMCANTL 38PAJA KOMIJIEKCHOTO wouna? IIpuBenuTe IpuMe

" MEXAY KOMILJIEKCHBIM

PblL
10. Kaxite KOMIIJICKCHBEIC cOCIMHECHMU ST HA3BIBAIOT KOOPAMHAITUOHHO

HeHAaCHII[CHHEMH?
11. Kaxoit Tin xuMu4YecKOR CBSI3H Ha3bIBAIOT Koopnmmxmormoﬁ?
12. Kar 0603Haj9aioT KOOPJAHHALHOHHYIO cBs3n!
13. Kak muccOnuMupyIOT KOMIUIEKCHBIC COCAMHEHML
14. Kakasi KOJMYECTBCHHAs XapaKTePMCTUKA JAET Ipe
06 yCTOMYMBOCTA KOMIUIEKCHEIX coeuHCHHANT
15. CBs3b MekAy KOHCTAHTON O6pa3’0BaHWs M KOHCTAHT
KOCTH.
16. IIpummun pacyeTa DPaBHOBOCHBIX KOHIEHTpanuil pasyInyHHX
9YACTHI B PACTBOPAX KOMINVIEKCHBIX cOeTHOHM.
17. Kakoe BiausH#e OK&3BIBAIOT MPOIECCHI KOMIIEKCOOOpa30BaHUA

Ha MPOTCKaHWe PeaKumi ocaxeHns’?
18. Karoe 3HaueHHe WMEIOT KOMIUICKCHEIC COCVHEHMS] A1 8HATIA-

?
JCTaBJACHUE

Off HeCTOW—

3a?

5.3. Sajaun AAA CAMOCTOSITENEHOIO PEHICHIL
ounop Zn2* u eoro aMMHAYHBIX

1. BRUMCANTH, KOHIGHTPALUIO MU
0,02 moun/nmé ZnSO4 u 0,1 -

KO. {IJICKCOB B DPACTBOpE, COAEPHAlIeM
Mouib/nM® aMMUaKa.

9 PaccunMrarh pPABHOBECHYIO KOHIGHTDAlMIO MOHA Cd2* u ero
KOMILUICKCOB ¢ IMaHMA-MOHaMi B DacTBOpE, B KOTOPOM Hayasbible
roumnentpamu pasus: 0,1 Monn/aM® s ngO3 u 0,5 mons/amM® nis
KCN. ’

3. Boiuueants KOHUCHTPALUIO MOHA Ag* 8 0,2 M pucTBOpe KOMI™
nexcroit comu Na[Ag(S20s)]-

4. Beru¥cauTh KOHIEHTPALMIO HOHA Hg?*
snexcos B 0,01 M pacTnope K,[Hgl4), ecyim mcxofHas KOHUEHTPAL

papua (3,14 Mo/ il

' K DTSN

1 06pa3yIoHIMXCsl KOMI~
s KI

st poga (d2t B 0,02 M pacrsope KOM-

mexcHo conmn K,Cdly, e
pasa 0,1 Moas/n ; by 4, ecny ¥3GHTOYHAA KOHUEHTPANUA WOAKA-MOHA
. Buuncenuts Kounenr +
Cu(NHj3)4JSO4 B =« panuio uona Cu?* s 0,1 "M pacrsope conu
8’2 N 11»{3.4 PHCYTCTBHY W3OHTOUHON KOHIEHTPAIMH aMMHAKa
7. BHyuenurs KoHIEHT
panuio uona Hg?t
KOTOPOT'O PacTBOPEHO () g°" B pacTnope, B 1 am?
HOJAJA KATHAL P 01 s asorHoxuenon pryr (II) u 0,05 moms
8. Buuncnure xom
HeHTpalui0 uoHa Ag*
xcorogor}g; pactBopero 0,02 mons AgNOj u 0,0 M:nbp:gf:gfé 1o
neKCHOK ?‘;‘:ICJ[I;:?ngisnfsﬂspmm uona Zn2* B 0,04 M pacmépe KOM-
0,04 Monbx!nui*_ 3)4/504 1pu W36HTOYHON KOHNEHTPANMY aMMuaKa
10. Paccunrars: xom
nenrpanuic uona Hg?* B
KZ[H%IIJ' Il;mlqlx}yﬁ KOTOPOTO ZIONONHHUTEILHO pacgrmpen%ool 5]11:[}{%“'?30!)8
. UTh KOHNEHTDANUIO WO 3+ ! :
FeCl;, %Ompomy HOGABTCHO 0,1 MOTE K%Nge B 0,01 M pacrsope
. BuumcnmuTs koHmenTpamuio woma Hg?t
Kz[HgCl4]l,)K 1 2M® KOTOPOTO 7106aBTCHO 0,05 ggns I%C?’l M pacrsope
ACCYUTATh KOHUIEHTPALUIO wona Ag® B 0
KOMIIJIEKCHOM cony A, g B 005 M pacrsope
AMMAAKE, g(NH;),Cl, 1 mm? KoToporo nobtasaeno 0,5 MQJI;I,
14.
OTNHE 651:”;(:”“? MOJISIPHYIO KOHNEHTDAIMIO BMMMHAKa, Koropas
RO M3GLITKe B pacTBOpe, 4TOGH ocanok AgCl me P
pu xomuemmpaii 0,02 M AgNO; u'0,2 M NaCl priaAaT
HYHCTHTE KOHIEHTDAIMIO THOCY/Ibba
HeOGXORMMYIO JUIsi PACTBOpeHds B 1 M3 )(,),(I)’iba»’{r:nf ac’)rcpapl'&aN:éi;%i,’

cepebpa;
Peopa; Ky (5,0,)8

16. BeyucauTe pacTBOPHMOCTL Ocanka AgCl B ero machigennom
pacreope, cogepsxkamem 0,5 Mons/am® KNOs.

= 1015

K 028
Ag(NOy), 107

17. Bumager s oc
azo
wamen 0.1 Mons Ag(l\}Ha)? uc%;;x;ﬁ; c?:}?xi):}’x €cI¥ B pacTBOpe, conep-
) Tpay -
Mostb/M37 panuio wonuzvona 0,1

18.
orap mi e}?&qx;s;n;;e:g;ngggggnf EMMHBKB, Heo6XOnuMyIO UIsl mpes-
I
conepxkuresa 0,01 monn AgNO; u 10g‘3 Mg;bpla(tgx;nopa, » 1 aw? woroporo
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Taaca 6
FPABHMETPI/I‘IECKHH AHAJINM3

B npaxTnke XUMHIECKUX naGopaTopuii OGHYHO NONL3YIOTCA MeTO™
JMKaMy, B KOTOPHX IpHBEJeHH TOTOBHE dopMy s As pacyera pes
yALTATOB &HAIH3A. B arn $opMyaH BXOJHUT NOCTOSHHHEN MHOXHTENb,
HasmpaeMsiil (paxTopoM Hepecyera F (asamaTHyecKul MHOMHUTENB),
KOTOpPHIL CJIY’KMT JJIS BRHYMCJIEHURA COEepKAHUA KaKoro—~Jimb6o KOMIIO-
HCHTAa B aH&IM3UPYeMOil npobe, ecl U3BECTHA Macca BecoBol OPMEI
3TOr0 KOMIoHeHTa. HamoMuuM, 4TO pecoBolf (POpMON HA3HIBAIOT COENH~
HeHHe, KOTOPOE B3BEIIWBAIOT JJIA NOMYueHUA OKOHYATEJIBHOTO pe3yJlb~

raTa aganusa. HanpuMep, Ipyu IpaBMMETPHYECKOM onpeneNeHuH Kajb~
MA, ecJ ero OCAMIAT B BHJIe OKcajlaTa, pecoBolt GOpMOR MOXET

6EITh OKCH Kaablus, 06pa3yionics Ipy NpOKATMBAHNH OCAJ[K&:
CaC,04 - H,O0 — Cal + CO,1 + COt + H20.
B namnoM ciydae (axTop Iepecyera OKCHAA KaJIpiMA Ha KaJlbI[H
onpenensior no ¢popMyJe
M(Ca) 40,08

F=
M( Ca0) 56,08

B o6uieM ciiyyae GakTop nepecyera BEYHCIAIOT no ¢opmye
zM(A)

- H

yM(B)
rie M{(A) u M(B) — moispHbe MaccH OIpese/IeMOro KOMIIOHEHTa ¥
BecoBOi (HOPMBI COOTBETCTBEHHO; T M ¥ — cTexXuoMeTpUYecKue ro3pdu-

IUEHTH.
Hanpumep, npu ONpeAe]eHnu

ocazika MgoP207

= 0,7147.

cOAEpKARHA MarHust 1o Macce

2 MMg) 2 - 24,31

F= =
]W(I\IgzP 207) 226,6

B otoM npuvepe T = 2, ¥ = 1, TOCKOJIBKY OfHa& MOJIeKyJa

Mg,P,07 conepxuT aBa aTOMa MarHus.

= 0,2184.

6.1. Pemenye THIOBHX 3a4a8Y

IIpm(e}g 6.1. Kaxoit nomxkna GHTh HaBecka YyryHa ¢ MaccoBoif A0~
neit cepit 2% AJIA ee TPABUMETPUHECKOTO onpene/ieHns B BUJE CyJb™
dara 6apus, 4TOOH P aHATH3E MoacHO 610 nonyunts 0,5 T ocazxa’

Peumen ue BuunciiiorT GaKrop Iepeciers.

M(S) 32
F= = = 0,1373.
M(BaSO0y) 233,4

VuuoxuB axrop mepecdera Ha Maccy BecoBOl (OPMHL, MOTYHaIOT

maccy ceph: 0,5 - 0,1373 = 0,0687 r.
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Bruucasior neob:
! XOAUMYIO Macc
MBCCOBYIO ZOJTiO CepH: y y YyTyHa JUIS aHAJIH38, YIUTHBas

(0,0687 - 100)/2 = 3,435 r.

IIpumep 6.2. Buuucnure 06ne
W nomelt '(y' - M P&CTBOp Hol K
(c)()ff(())% onedf 4%, HEOGXOMMMEIA IUI; )caJKlIZ};:Kxep (6)3 “xcn“o'm“aci Mac~
) T BaClg . 2H20 p 3 ec

Pemen
u e. 3anucHBAlOT
cynbdara Gapus: YpaBHEHHE peaKIHU OCAXKAeHHuI

BaCl; + H,SO4 — BaSOy4 + 2HCL

CocraBasior mporo
POMIO, B COOTBEICTBHH € KOTOpPOM
2yy:g; rls'éegeﬁylso(x)lm(e;;ac BemecTBa: 244 r BaCl, - 2III)20 2:::::82225:
2 4 OOTBETCTBHH
r BaCl, - 2H,0 pearupyror X r st(g:(pmpnmmx Maccaum), & ¢ 0,3025

244 98' 10,3025 - 98

=— X=————=
03035 X ™ 0,1215 r.

YYHTHBaA MACCOBYIO KOHIEHTPAILUIO PACTBOPA, MONYUAIOT:
(0,1215 - 100)/4 = 3,04 r, unu 3,04 cM3 pacTBopa,

T&K Kax
IIJIOTHOCTh BOJHOTO PACTBOPA ¢ MAJION KOMueHTparuel 6/u3Ka

Kk 1 r/cem3. Ha npaxtike
re. 515 pasa § (?m,mef{ o6eryno G6epyT 50%-HHN M3GHTOK OcaguTeNs,

IIpamep 6.3. Paccuurars o6neM o
. CajluTeNs1 B BHJe
pa Na;HPO,4 st ocampenus Maruus B BUe MgNIZII.,P%?sn:Af {)OBOCTZS::;

0,02 M
190%. pacrBopa MgCl, ¢ ucnonb3oBaHueM M3GHTKa ocaguTeNs MO

P e e v u e. 3anucHBaoOT YpaBHEHHe peaxIlUM OCaXKJeHUus:

W3 ypasnenust BUHO, 4TO Ha 1

HUJIHO, mose MgCl
§aé%lg2onolzimﬁcmmr Kogn‘{ec’mo MgCl, B %aczréjolg;{:oﬁyﬂe; = Ollggn =
=0, . Haxonsar : , -
xutes 0,002 mons 3'£ﬁ c(()).tn:fx,:e M pectsopa MgHPO,, » xoropow conep-

V = 0,002/0,05 = 0,04 am® = 40 cm3.

C yueroM He06xo,
AUMOTO H36HTH
OKOHYATOILHHI Pe3yIbTAT: a ocapurens (120%) nonywaror

V =40 - 120/100 = 48 cu?.

ncnogﬁmep2g(')4' Jg;Jm mpoMHBanus ocagka BaSO, maccuit 0,5000 r

VIOT cM? BoAH. BHYHCIUTE MBCCOBYIO IOMIIO MOTe ,

3a cqlg'r [POMEIBAHKA. ph ocaEa

- 06e m e H u e. JlomycTiM, YTO IIpH IIPOMHBAHUK OCAJKa IPOHCXO-
pa30BaHMe HACHIIEHHOTO PACTBOP&. B cBA3M ¢ 9TUM BHIYHCA

PACTBOPHMOCTL Ocalika, ucxons us IIP: ' HeeN

P, oo, = (Ba?*][SOF] = 1,1 - 10700,



ITIpunuMas KOHIEHTPAIUIO HOHOB Ba?* u SO paBBHIMH, TIONY9I3~

eM:
[Baz*] = [SO7] = V1.1 - 1010 = 1,05 - 1075 monn/amd.

Macca ocagka BaSOy4, pAcTBOPAIONIETOCA B 250 cM® IpOMBIBHOM

BOAH (10Teps Ocallka), COCTABUT )
m=1,05-10"-233,4 - 0,25 = 0,0006 r

(3mech 233,4 — MonspHad Macca BaSOy, r/mons; 0,25 am® = 250 cm3).

Maccopas AOA NMOTEPh OCAKa COCTABHUT:

W= (m /mWOK)IOO = 0,0006 - 100/0,50000 = 0,12%.

CllefiyeT OTMETHTh, YTO HA NPAKTHKE YKA3aHHLE LOTepH JLOJIKHEL
6bITh MEHBUIE, TAK KaK HACHIIEHWS IPOMEIBHHIX BOJ, KaK IpaBuilo, He

IIPOMCXOJHT.
Ipmmep 6.5. Paccuurarh QaKTop nepecuera F Becopoit $opMH

Al,O3 Ha anloMUHUI.
P e m e u u e. OTHOIIEHHE MOJIAPHEIX (aTOMHEIX) Macc ONpeRessi-

eMOro KOMIIOHEHTa B BecoBoit Qopwme, nmoJiyyaeMoii B pedyJipTaTe aHaIu™
3a, PaBHO
, IM(Al) 2 - 27
F= =
M(A1,0;) 102

3necs M(Al) u M(Al;04) — cooTBeTCTBYIOIME MOTAPHHE MACCHL
Ipmuep 6.6. Ilpu rpaBUMETPUUECKOM oNpefeJeHHH CBHHIE M3
2,0000 T crnyapa noxy4eHo 0,6048 PbSO4. BriuucauTh MaccoByio ROJIO

CBHHIIA B CILIaBe.
Pemen u e PaccunTnBaior (akTop nepecyera F(PbSO,) Ha

Pb:
F = 208/304 = 0,6842.
Vuuosxator F Ha Maccy BecoBoit GOPMBL:
0,6842 - 0,6048 = 0,4138 r
¥ ONpEJEIIAIOT MACCOBYIO AOJIIO CBHHIIA B HaBecKe:
W(Pb) = 0,4138 - 100/2,0000 = 20,69%.

noTepn

= 0,5197.

Ipmuep 6.7. PaccuuraTh MaccOByIO JOJIO Kap6OHATOB KaJbLUA U
MACHUA B M3BECTHIKE, €cJIH HaBecKa ero 0,9866 r. B pesyibraTe aHaIu~

3a monyueno 0,3755 r CaO u 0,4105 r Mg,P201.
Poem e 1 4 e Brruncasgor daktop nepecuera Ca0 Ha CaCOgy:

F = 100/56 = 1,7847,
sarem Maccy CaCQj nyTeM yMHOXEHNS F na maccy CaO:
1,7847 - 0,3755 = 0,6701 r.

Maccopast gonsa CaCOj; paBua
W(CaCO3) = 0,6701 - 100/0,9866 = 67,94%.
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ﬁ;}a;?{z;:uo ﬁngqgchmﬂmaccgfyéoononm MgCOj;, ucnonssys gaxrop
2oy a g 3 Macce ocankxa
(mupodocdara) Maruus u HaBecKy, Bss’z'ryro mx);; auam»lllsa' A Gocgare

2 - 84,03 - 0,4105 - 100

224,06 - 0,9866

rleleu%4’03 H 22?,06 — moJisipusie Maccsl MgCO; u Mg,P,0; coorperer-

11:4 HHO, I/MONL; 2 — KO3pPUIMEHT, yPaBHUBAIOUMII COOTHOLIEHHE
g J.Iﬁl.i[ 3THX éxgy)% BEIecTB. e
pumep 6.8. Briunenuts uncio Mosiekys1 BOAH B K -
T anggara CBHHIA [IDH I'DABUMETPHYECKOM aHATTH3E ew%x“;’gaggg l;?alllal;e)a—
KM 0,P 43 nonyueno 0,(2)593 T cynbdara cBUHILA. ’ ‘

e ml e H u e O603HAYUM MOJAPHYIO Macc
: Y KpHCTalJIor

}1:35{0;13(300}1)2 zH,0 uepes M(X). Brmumenm 3Haq£}mx MOHG?(;’KJI;;’;‘)?
acc ameraTa CBUHNA, cyabdata ceurna u Bomst: M(PbSO,) =
=303,2 r/monn; M 1] = _
= ISé/MOJ{L. Pb(CH;CO0,)] = 325 r/moms; M(H,0) =
OcTaBUM Iponopuuic ¥ BeruneaunM M(X):
0,2593 - 0,3243 s MX):

= 31,48%,

303,2 - 0,3243
MX)= ———— =379
M(PbSO,) - M(X 0,2593
Hockomery M(X) = M(Pb(CH;COO),) + zM(H,0), naxonum z:
379 - 325
r= —--m-—=3.
18

Taxum ofpasoM, QopMyna KpHcTaloruapaTa Pb(CH,COO0), -

Kameg{%nﬁncegn S?Ip o%m{l Olt‘)pannme'rpnqecxoro OlnpeneiieHus XJIOPHLA B
y Mr pactsopuiu B 100 cm® pac P

TaTh, Kakoe kosmuectso 0,1 M P cepetpa cronyer

) pacTBOpa HHUTpara cepefpa clhenyer

n06aBUTL K pacTBOPY, YTOGH IIOTEPH BeJECTBHE HGIIOJIHO'II')H oemlflc{xe-

HHUSL XJIOpH e
npeueépe{)nfm cepebpa ne mpeseicuin 0,001%. Conesrim 3dderrtom

Pe
cocont K;n x.?x H ¥ e. JlonmycTuMm, YTO CONbL IPAKTHYECKH IMONHOCTHIO
opuna Harpusa. OUpenesnnM, CKOJLKO MHJIAMONEH XJA0-
PUa HATPHA COXEPXKUTCA B IpoGe.

m(NaCl 1
n(NaCl) = ( )= 00 wr
M(NaCl) 58,44 mr/mmons
Horepu xnopuna ne gonxkuu npeseicuts 0,001%, T.e.
1,7 mMoms - 1073%
100%

OIIPGJIBJIPIM SKBHBANEHTHOE KOJINYECTBO OCcagHUTeIA:

= 1,7 MMOJIB.

n(NaCl) = = 1,7+ 10™® Mmoss.
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cI018

Oreton n(NaCl) 1,7 mmoas
C(AgNOs) 0,1 Mmonb /cms

Taxum 06pa3oM, mocje N0GABICHAA 3KBUBAJICHTHOTO KOJHWYeCTBa
ocanuTens 06beM PacTBOPa COCTaBMI

V = 100 cmM3 + 17 cM3 = 117 e

JlomyeTnM, 4TO NP ROGABIEHNN U36HTOYHOIO Konnqecmaczf‘ﬂxz:
Tena obbeM paé:'rnopa MPaKTU4YECKH HE yBEIHUTCH. T0remaH :ar!:penucm
HOe 3HAYCHHe KOHIEHTPALWH  XJIOPHI MOHa B DacTBOP

3HAYCHHA: )
n(NaCl)nMﬂ_ 1,7 - 1075 mmons

aer) = ;
" 117:-(:l1‘,78 - 10710, gaxonuM MHHUMAIL™

= 17 cm8.

V(AgNO;) =

=14 - 107 mmon /eM®.

Wexons w3 3HAYEHUS 1P AgCl
HYIO KOHIEHTPAIWIO aPreHTa-MOHa B pacTBOpe:
\ . 10710

IipP ALCH _ 1,78
[c1] 1,4- 1077

a u3
HaxoawM H36HTOYHOE KOJIMYECTBO PAcTBOpa HUTpaTa cepebp

= 1,3 - 1073 mmoub/cM?.

C(Ag") =

COOTHOLIEHHUA
C(AENOa) : V(AgNoa)usﬁ = C(Ag+) v
OTCIONA 1,3 - 1072 mmoap femd - 117 cM3 L5 et
V(AgNOq) 6 = 0,1 mmons/cM?

HaxonumM obuiee KOTHYECTBO OcaauTeNns:

— 3 1,5 emd = 18,5 emd.
Voﬁm = 17 M3 +

6.2. KonTpombabie BOOPOCH

1. Yro Takoe ocaxjpaeMas ¢opma? Kaxue OCHOBHLIE TpeGoBaHUA

b
TeA K ocaxaaeMoit popMe’
npen’gxng;x:)o TaKOe IPAKTUYECKH IIOJHOE ocasxaenue? Kaxkue norepH

?
Oca/Ka JOIYCTHMHE B KOJNYECTBEHHOM aﬂanu(:;e. BaC.O. wnst BaSO, —
3. B Buje KAKOro COGNWHEHHA — BaCOj, BaCy04

2+ 1O KOJIMYECTBEHHOTO
GoJlee Ieleco0Opa3Ho OCakATh MOHH Ba?* ¢ nesb

?
e/ eJIeHus !
PABEMETPUYECKOrO OIp
P 4. ngcm{ TpeGOBAHNAM JOJIKHA YIOBJIETBOPAT

o
Ka? 3 .

Q)opusa (i%gm{ OcagUTeNIeM —— PAcTBOPOM NaOH unu NH4OH - ?1(())?;2—

npenanTuTensHo OCAMXATH THIPOKCHIH Xeje3a, allOMUHHA

my?

b paBUMETPHYECKAA

0} “u

6. Kax BIMAET COOTHULIEHWE CKOpOCTel arperanuy u OpHeHTaIH
: ?
Ha GOpMy M CTPYKTYPY OCaJiKa’

€CIM M3BECTHAK MMeeT Maccoryio nomo CaCOyz 75%.

7. Kaxne nponecce IIpOMCXOAAT NPH CO3PEBAHHH KPHCTALTHYEC-
KOro ocanxa?
8. OxapaKrepusyiiTe yCIOBHA OCAXICHHA KPHCTAIHYCCKOrO OCAL-
Ka.
9. OxapakrepusyiiTe ancop6IHMOHHLE CBONCTBA aMOpHHX OCax-
KOB. .
10. Yro Taxoce Koaryasmua, nentusamma’ Kakue ycaoBus obecrie-
YUBAIOT IOJyYEHHE XOPOIO GUALTPYeMOro aMopdHOro ocanka?
11. Kakum Ttpe6oBamMAM NOMKHK YAOBJICTBOPATh PEAKIIMH, HC-
noJib3yeMEe B TPABUMETPHUECKOM aHAaIH3e?
12, Anmcopbums, ee npuumnn. CpaBHWTENLHAA ONEHKa ajcop6-
IHMOHHHEIX CBOMCTB KPHUCTAINYECKUX B AMOPPHHEIX OCajiKOB.
13. Kakne ¢(axTOpH BIMAIOT HA KOIHYECTRO alcopOIPOBAHHEIX
npuMeceit Ha ocaske?
14. Kax nmpoBogHTCs OYHCTKA OT a/icOPOIMOHHEIX npuMeceii?
15. Yem pyxoBOACTBYIOTCA NpPH BHOGOpE IPOMERBHBIX FKUKOCTEN
JUIA IPOMBIBAHHA OCAJKOB B IDABUMETPHYECKOM aHAIH3OT

6.3. 3agaun s caMocTosTTENEHOrO penTenuA

1. Kaxyro maccy Texnudeckoro cynbgara HATPHSA € M8CCOBOIl 10—
neft Na,SO4 90% myxHO B3ATE A/l FPABUMETPHUECKOrO aHANH3a, YTO-
6ut Macca ocanka BaSO, 6uuna pasmoit 0,5 r?

2. Ilpu onpepesieHUn MAcCOBOM /IOJIM OKCH/IA KDEMHHSA B MUHepane
HEOOXOAMMO, YTOOH MAcca IPOKANEHHOTO OCANiKa 10, 6nna He 6osee
0,2 r. Barumcaute Maccy Munepaia, HEOOXORUMYIO JIJIST AHANH3A, €CJIH B
ero coctase 30% xpemuus.

3. Ilpu onpenenenuu kenesa ocakgenueMm B BHJIe THPOKCHA

" Macca IIPOKAJICHHOTO OcajKa n0/xHa OuTh He 60see 0,15 r. Paccunrars
Maccy conu Mopa, Heo6XORMMYIO IJIA aHANH3E.

4. Ilpu ompepeneHuH MarHus OcaXkJeHHEM B BUje MgNH,PO,
Macca IIDOKAaJIEHHOTO OcaliKa He JoJukHA npesniate 0,3 r. Paccunrars
Maccy ofpa3na Il aHaTH3a ¢ MaccoBoit aomest MgCO; 40%.

9. PaccuuTaT HaBecky uyryHa JUIS ONpejelleHHA B HeM cepH
IyTeM CKUTaHUSA, OKUCICHUA U OCaxJeHus B Buae BaSQO,, yTo6n Macca
ocanka BaSO4 6mua 0,2 r, ecniu MaccoBast 07 cepu B YYryHE COCTAB-

~aser 0,8 — 1%.

6. Kakoit nonkHa GHTH HaBECKA IWTMEHTA A OnpefeNesus B
HeMm xpoMa B Buae BaCrQO,, uTo6m Macca ocazka 6uuia He 6ojee 0,1 r?
Maccosas gons CryO, B nurmente 20%.

7. BHYHCIUTL HaBeCKY TEXHHYECKOTO CTEAPATA XPOMA ¢ MACCOBOI

; Romeit xpoMa 10% 118 ero rpaBHMETPHYECKOTO ONpENECHHA B BHE
*.BaCrOy, uTo61 Macca ocanka npu anatwse 6m7a 0,3 T.

8. PaccunTars HaBecky cIuTaBa ¢ MaccoBOA monelr M 0,5%, uTobut

HUp# rpaBUMeTPHYECKOM OnpeneseHnu noayumiocs 0,1 r Mg,PyOy.

0. PaccuuTarh HABECKY M3BECTHNKa IJIS OnpeneyeHiA B HEeM OKCH-
As KadbnUA TaK, YTOOH Macca mpokasleHHoro ocaxka CaO 6mura 0,1 T,

10. Kaxon o6wem pactsopa BaCl, ¢ maccosot pomeit 10% mysxHO

" B3ATh I OcaxJeHus cyiavbdata u3d 100 cm3 pacrsopa Na,SO, ¢ Moasp-

MOt KOHneHTpanmen 0,05 M/ 37
11. CronbKO HYKHO PacTBOpa aMMW8Ka ¢ MaccoBoil noseil 2% mus
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OCaJeHHsA ATIOMMHHS M3 PacTBOpa, B KOTOPOM pacrsopeno 0,9656 r
ATIOMOBMMOHMITHEIX KBACTIOB! '

12. CKOJNBKO TIpaMMOB DACTBOpa CEDHOM KHCIOTH € MacCcOBOM
noneit 5% HeOOXOAMMO JUIA OCAXJEHMA CBHHIA M3 pasecku 0,5865 r
cIIABA ¢ MBCCOBOI AOJIed CBHMHIA 12%?

13. Bruucmurs o6vem pacraopa NaHPO, c maccopoit poneit 4%
[Jisl OCAMEHHA MATHUA B BUAE MgNH,PO, u3 pacTBOpa, COAEPHKAIIEro
0,5238 r MgSO4 : 7H20

14. PaccunTaTh 06BbeM cepHO KHUCIOTH C maccopoi noaeir 10%
IS OCAXIEHMS CBMHIA M3 PAacTBOPA, NOJYYEHHOIO pABcTBOpEHHeM
Hapecku cnurasa 0,6856 T ¢ MaccOBOil oIl CBUHIA 15%.

15. Braucmure 0O0beM pacTBOpa HHMTDATA cepebpa ¢ MaccOBOM
noneit 3,4% A OCaxACHWA XJIOpHUJA U3 200 cM® pacrsopa NaCl ¢
MOJIAPHON KOHIEHTpanuei 0,01.

16. Kaxoit 061eM cepHOIT KHCIQTH IUVIOTHOCTBIO 1,1 r/cuM3 Tpebyer-
cq IJIA OcaxJaeHus 6apuf U3 PacTBOpa 0,4880 r BaCl, - 2H,07

17. CKOJILKO HYXHO pPacTBOpa aMMHAKa C Mmaccopoit nonein 4% pus
OcaX/IeHUA XKeje3a U3 HAaBeCKH 0,6076 r xene30aMMOHHMHRX KBaCHOB?

18. Bouucmurh OObeM DACTBOpA OKCAJIATa BMMOHMS C MacCcOBOit
nouneit 2,5% IR OCAXKNCHHA KANBLUUA U3 200 cM3 pacTBOpa ¢ MOJIAPHOM
xounenrpamueit CaCly 0,05, qTO6H MpH OCAXeHuH GBI CO3/aH u36u-
rox ocagurens B 20%.

19. Buuucauts 0O6beM pacTBOpPa HHTDATA cepe6pa ¢ MacCOBOH
noneit 2% miia ocaxaenus GpoMa u3 100 em? 0,01 M KBr.

20. Brancauts Maccy Ocaika BaSQ,, xoTopas TepsAerca 3a CUET
PBCTBODMMOCTH, €CIIH OCakJeHie BHUIOJHAIOT IIPH OKBUBAJIEHTHOM
cootHomennu B o6veme 200 cM®.

91. Braucaurs norepu ocanka CaCyOy, ecan IPOBELEHO ocamae-
aye Kanpius w3 250 cM3 pAcTBOpa € MCIOJNL3OBAHUEM U36LTKa Ocanu-
rens 0,05 M (NH4),C204 nipu pH 3.

22. Ilpn oOcaxcjeHud CBHHI W3 o6pema 200 cm3 B mmge PbSOy
B3AT U36HTOK CcEepHOM KHCJIOTH 0,02 moxn/am3. BEIUCIUTH MACCOBYIO
JOJIIO IOTEPh OCaNKa Maccoi 0,5 r 3a c4er ero pacTBOPUMOCTH.

93. Kakylo MaccOBYI0 AOJIO COCTABAT MOTEPH ocagka PbCrOy
maccoit 0,3 r, moay4eHHOTO B O6BEME 300 cM? B yCTOBMAX OKBHBAICHT-
HOTO OcaxeHus? .

94. BO CKOIBLKO pa3 yMEHDIIATCS IOTEpH ocanka PbCrO4 mpu
ocaxnennu B obpeme 300 eM3, e MCIIOJIL30BATH u36HTOK OcaguTeNsd
0,01 monb/AM3 HMOHOB CrO] mnpoTMB OCAXAeHHA B OKBUBAICHTHEX

COOTHOUIEHHAX?

95. Kakas W3OWTOUHAS KOHIEHTPAIMA XJIOPHI MOHOB J{OJIKHE
6LTh B pacTBOpe HAJL OCBJKOM AgCl, 9ro6H ero morepi B o6neme 200
cm? pe mpessmanu 0,0002 r?

96. Ilpu onpejesieHHH KaJbIiA ocaxyieHHeM B BHJE CaC;04
MOsKeT GHTH MCIOJNb30BaHA Becopast Gopma CaO nmau CaSO,. Onpene-
JIMTL TIOTEpH OC8JKA 38 CYET DACTBOPHMOCTH B nepecuere Ha CaO u
CaS0O,, ecnu OcaxaeHWe NMpPOBOJAT B o6beme 200 cm3 mpu H36HTKe
nonos C;0%" 0,001 Moxs/mm3. .

97. BauucauTh HeO6XOAMMYI0 M3GHTOIHYIO KOHIERTPAIlMIO HOHOB
POj" npu OcaxJeHHH Marmis B BUJE MgNH,PO, Tak, 4TOGH NOTCpH
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ocalka 3a cder pactsopuMocty He npepuminanx 0,0001 r B o6veme 200

cM® ipu %ogneﬂrrpm“% wonos NHY 0,1 monn/mm3
waucauTs pH, npu xoropom myxHO O :
CaXKIAATh HKEIE30
g‘%OHQ& 9TOOH IIOTEPH HeJIe3a 3a C4eT PACTBOPHMOCTH B &Bnne
c;g nﬁ npesumanu 0,1 Mr. vewe
200 cu TP OCRRACHIN o0 8 e SrS0K & meroT et e ee
r ¢ MCIOJB30BaHHEM H36
CEPHOM KHCJOTH K&K OCaJuTeNs B > anu T8 110
KOHIEH
’cpan%%nmg € IKBHBAJICHTHEIM ocamnenne::? mpaseit 0,01 wors/auct o
. Buumemurs Macey ocagka CaC,0
204, KOTOPasm MoOMer
ggmepmm 3a cder npoMuBaHusa 300 cm? BOZIH’, cangﬂ 970 Ipu 6-HTL
pa:?ie'rcx HACHIEHHHA PacTBOP. , pi oToM
- 250.(:%1315; :ggug;a;{:‘x:nggbanm BaCrQ,4 maccois 0,300 r ucnonssosa-
npougmaunx. MACCOBYIO JOJIIO IOTEph OCAiKa 3a CYer
2. Bo ckonwko
_ . pa3 yMenbuiaTcsi norepu ocanka CaC,O
n
gpg;{gx;ﬁgﬁgﬁci?i:g{ c;cczzxnnmgx 0,01 M (NH,),C,04 no cpfm:emlx)xg
u 06b
cnyq%.gx %nnnaxonuﬁ? , €M IIPOMHBHOI XHAKOCTH B O6GCHX
. Boaucimre MaccoBylo pomio mnorepnr oOc
Ka P
. 0,300:5)41‘ gpn MPOMHBaHUH BOJON 06BeMOM 25?0 c»,{3alI P804 aaceol
. BoaucmuTs Macey ocank :
KO(:TI::.;O SEIHCTITE Mact y axa Pbly, yHOCHMOro nmpoMmBHON g~
5. Ocamox AgBr n *
POMHEIBAIOT BOAOH 06neMoM 3 3 -
JMTD 3»éaccg OcalIKaATgpﬂeMOl‘O 38 C9eT NPOMHBaHHUA. 00w, Beruie
MOJIB/JI.M ) ;:g?;:)po 5 IiC:{ai{COﬁ 0,2000 r npommmator 200 cm3 0,001
. Kakyio mac
oo/ 2" pactmopou HOL X y! COBYIO JIOJNIO COCTABIAIOT IOTEPH

37. Kakas xounenTpanus MOHOB SO7” pomkna 6HTH B IPOMEBHOIL

Kkupxoeru ob6bpeMoM 300 cmd mas n
poMEBaHuA ocagka PbSO
IIOTePH OCANlKA 38 cdeT NPOMEBaHUSA He npesumanu 0,0002 r? o ooH

38. Ilpu rpaBuMeTpuYecKOM ONpeReJeHHH TOTEpH OCAlKa 3a cder

UpOMHBAHMA He NO/KHH npesnmarh 0,0002 r. Moxso au npomusats

nonoiégo6§euou 250 cm? ocanox PbSO,?
. Kaxas MaccoBas nons ocagra AgSCN M i
no'reisana Ir;pn NPOMEIBaHKH BOJOI o6'beuo%m 200 c:ggoa 01000 x Gyner
. pu ONpefesieHdH B P&ACTBOpe Marmm. oc
HIH
bﬁgl‘i)H.,OPO.i. Ilocne mnpoxkanuBanua Macca nonyqe?xl;oro Boc:;ﬁ
&2 421 7 BOKaSBJlB(:b pazgoit 0,1669 r. Buaucnurs Macey Maraus
e Hénnzx:scﬁp;gouacconyxo JAOJIIO Keje3a B LLIAKe, eciau nim aHa-
B .
paoe ! OBEIe JI0MH OKcumos xenesa: 1,20% FeO u 1,78%
42, [Ipn aHanmuM3e CHJIMKATA W
3 HaBecku 00,7524 r nmoayaun
XNOPHUJOB Kalua u Harpus Maccoir 0,2415 r. B aroit cuecnysa'm:: (calr:;ce‘:

- Remsmn Kamuit B sune KoPtClg, nmomyannu ocamox accoit 0,2760 r.

Bu“:l%n"ITIL maccoyio 10110 K,0 u NayO B cimnkare.

mnpox;: “ngn“wwmse pacreopa Fep(SO,); xenmeso ocammmu B Buge
IpOKcHE i np}gxanmm. Macca npokameHHOr0 OcalKa OKa3aiach
g , r. Buuucnurs Maccy jenesa B pacTBope M Maccy conu

82(804)3.
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44, Ilpu anannse Munepaila maccolt 0,5076 r mOMyuMIH CyMMYy
OKCHJIOB AJIIOMUHUI, KEJI€38 U rurana maccoir 0,2078 r. Ilpu RanbHen-
HeM aHAIH3e H3 CYMMH OKCHIOB onpemesuan MaccoBYIO LOJIO TiO,
2,78%, Fe;0, 3,56%. AMOMMHRIT ONPEASIAIH O pasHoCTH. BEMCIHTE
coziepIkanie aTIOMMHHA, Kenesa u THTAHA.

45. Jlns onpeneseHus CepH B yyryHe B3SIM HABECKY 10,0000 r
cTpyKKH, KOTOpas GHUIa coxckena, SO mocie ynapIMBaHii B pacTBOpe
OKHCHIANH 10 MOHOB SO%". Iipn rpaBUMETPH YECKOM olpef eIeHHH MoJy=

Yy Maccy TPOKAJIEHHOTO OCcaika BaSO, 0,3072 r. BouncauThb Macco-
BYIO OO CEpHl B UYTyHe.

46. IIpu aHayu3e pacTBOpa MArHMil ocajMjiIH B BHUIE MgNHPO4 u
MOy TI0CHe NPOKATHBAHUA ocanox MgoP207 maccoir 0,2115 r.
BLIUHCIATE MACCY CEMHBOLHOTO KPHCTAIJIOTHAPATA cynbdara Maruus B
pacTBOpe.

47. Jlna onpepesieHus KpeMHud B uyryHe B3sJIM HABECKy 3,0000
¥ IOMAYYHIIH IOCTIe MPOKATHBAHUA ocanok 910, Maccol 0,1244 r. Ba-
GHCIMTh MACcCOBYIO JIOMIO KPeMHU B yyryse.

48. Ipu aHanuH3e MEMEHT3 HCIIOJI30BAIM HABECKY 1,9578 r, KOTO-
pyio Tociie CIJIaBIEHUA pacTBOPWIH B obbeme Bomm 250 cMd. Hs 100
cM3 DTOTO PACTBODA MOJMYYHJIH OCALOK MgNHPO4, nocne IpOKAJIHBa~
s Macca MgoP20; cocraBuia 0,2234 r. BuuucanTsb MACCOBYIO JOJIO
OKCHIA MarHuA B I[EMEHTe.

49. IIpu anamu3e cTAlIH BIAIH napecky 2,0046 1, mocjie coOTBETCT™
Byiomelt o6paboTKH 6B TIOJIydeH OCallOK WO; Maccoi 0,1942 r. Bu-
QHCJIATD MACCOBYIO HOJIO ponbdpamMa B aHAIM3MPYEMOH CTaIH.

50. IIpu amaiu3e pacTBOPa XpoMaTa Kalusf IOMyuHiIH 0CaJIoK
PbCrO4 Maccoit 0,1524 r. B orom xe pacTBOpe OIpemesnsai KaJaHil B
sune KCl04. Kakopa noiKiHa 6EITH MacCa OCallKa KCl04?

51, IIpu ananu3e JaTYHH, cocTOAIIE!l TOJBKO M3 MEIH, OJIOBA H
[MHKA, MCIOJB30BAIH HABECKY 0,9274 r. Ilpu 3TOM MOJIyIHITH OCAIOK
CuSCN wmaccoit 0,6540 r u 0,0575 r SnOp. BuuncauTsh MACCOBYIO JOJIO
Me[{, IMHKA U OJIOBa B JIATYHHU.

59. BHUMCIMTb MACCOBYIO IIOJIO xnopa B Bellecrse, €M mas
ananu3a OHJIa B3ATA HaBECKa 0,5000 r u moJydeH Ocaiok AgCl maccoit
0,5874 r.

53. Ilpu amajguze COJH Mopa Ha cofepxanideé B Heil
FeSO4(NH)2S04 - 6H,0 B3stu HABECKY 0,9215 r u mocne NpOKATUBA~
HUA JIOMYYHJIH Maccy Fe,03 0,1804 . BLuicjAuTs MACCOBYIO IOJIO
FeSO4(NH4)2S04 - 6H,0 B aHaTH3HpyeMOM o6pasime.

54. 3 napecku ¢peppocHiMiia 2,2417 T 6bun noJydeH OCanoK,

cocrosumuit u3 TiOz u 710, maccoil 0,0684. 3arem, mocie OTHeNIeHHA
THTAHA, IMPKOHHI OCATMIH B BHAE 7rP,07, Macca KOTOPOTO OKA3aJach
0,0842 r. BouucauTh MACCOBYIO [OJIIO THTaH& H nupkoHus B ofpasne

deppoCHITHITHA.
55. IIpu ananuse cMecH coneft XpoMa MUPHEX KHUCJIOT 618 B3SATA

napecka 0,3026 r. ITocxe pacTBOpeHHA U OKMCJICHHA XpOM lepesel B
yonn CrO% u mosydnsid ocalok BaCrQ4 Maccoit 0,2216 r. BaraucauTh

MACCOBYIO JOJIIO XpOMa B cMecH conell JKHPHBIX KUCIIOT.
56. Us 10,0 cM® DJIEKTPOTMTA INpU aHAIU3Ee IoJIydeH OCAMOK
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CuSCN wuaccoit 0,2032
, r. Baudcaurs Ma
ecau g;nognocn snexrponura 1,05. FOORYIO JIOTHO MO B pacTRope,
. Buuncaure Maccosyio gomo MgSO, -
g%elria;p:m cynbgara aMMOHHUSI, ecH ngnx 4&11&315::8 :3::)(  anocry
A ?1 n::.nqum ocanorx Mg,P,0; Maccoit 0,'0183 r. " HmRecK
ocaleH'O,2Zl5 zﬂazge“ %3€fggﬂﬂ}ﬁ maccoit 0,5124 r 6mnu noaydens
MECSOS larlnsnecm;{xe. ) r Mg,P;0;. Buuncaurs MaccoByio momo
). IIpu anannse mulaxa B3sAM H
iz O aBecky 0,8876 r u nn
nonyq;l.rouzi (I)I;);I;':}:mn 250 cM3 pacteopa. M3 100 cm? am(i‘?ep::ﬁaege—
O oo Olbzgzépéo;ccgﬂa ATIOMUHUA; TI0CIIE [IPOKANHBARUA uacgg
1c , . Baryncnurs MaccoByo mosnio Al B
pacmopnggnn alrga(x)rmai TEeXHHYECKOro cyibdaTa HATPUSA npo61;m(;‘ Iig'oo r
B Capin CcM ponu. Cyasdar-uon ocaguau 0,05 M pac:mao o
ropuse, Separ, G o premops cretyer sotur, o
ocaxze '10°
Bnnﬂéxlnexﬁ co.élenoro sddexTa npe}xe6plelqgmI Grmt we Gonee 1072 x?
. 3 :
ssen :; Bgoecu 0,05 M pacreopa XIOpPUAa CTPOHIMUA CTPOHIMIL
2 éxo cynbdara. B KauecTBe OcagMTeNs MCIOIL3OBAN II(])1‘1
o c[; poéxm:(. CK%JIBKO ocaiuTeNA HYKHO H06GaBUTH B pac“'mo,p
YTOOGH IIOTEPH Belefc
Xor TBHE PACTBO
pesuicunu 0,1%7? BausigueM conesoro 3(1)(1)815‘8 npeizgggzz ocae

Taasa 7
TUTPUMETPHUYECKU T AHAJIN3

i

TurpuMerpuueckuil aHanus 06D
oory TP 146 eNHHsIeT TPYNIY MEeTo -
neeoe ;3: ﬁ;:{{yéqif{:;oro AHANM38, OCHOBAHHHIX naynponegcoeB Tl:xg';g-
B e c;:) o e“ KOJIMYEeCTBA pEAreHTa, HEOOXOAUMOro ISt
BoaiMOREACTRA. KOHp e;:{enxeuuu KOMIIOHEHTOM B pacTBope. PacTBop ¢
TOUNO W3Be pacTBopynon;g;leInﬂfelz pearenTta (THTP&HT) IIOCTCIIEHHO J(O-
BBOZU;}MOI‘O RDacTROR) MO0 BeIecTB&, KOHTPOJMPYA o6neM
UTpH
. np:;pT:eTg;x:He;ﬁneexaaRemm.'x KIaCcHGUIMPYIOT LO THIY NMPOTEKAI0- 7
mnnmue'rpn;% p £m Hii: KHCIOTHO-OCHOBHOE THTpOBaHue (Ipo-
et 1), OKHCL BHO~BOCCTAHOBHTEJIFHOE TH "poBanie (pefoK-
CHMETPU), KOMI eTpuYecKoe TUTPOBaHHE (OCHOI'BHO H& PEaK-1(-
Pa30BaHUA), OCcaANTEIBHOE THTPOBAHHE (ce;m—»,{eTm:g;)l
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7.1. KucroTno-0cHu. Y08 THTPOBAHHO
7.1.1. Pewenue munoesz 3adax
Bruicenne MOJSPHON MaccH 3KBHBAJICHTOB

Jis BHYKCAEHMsT MOJISAPHOA MacChl SKBHBAJIEHTOB COSIMHEHMSA,
YYACTBYIONIErO B KHCJOTHO-OCHOBHON peaxuuy, PacCUMTHBAIOT, KaKas
Macca JAHHOTO BEIIGCTBA COOTBETCTBYET OAHOMY MOJIO aTOMOB BO~
AOpOJia.

Ipasep 7.1. BHuMCINT, MONADHYIO Maccy SKBUBAJICHTA HNO3;
npu saaumoneticraun ¢ KOH.

Pemenn e 3anucepaeM ypaBHEHHE PEAKLUH:

HNO; + KOH — KNO; + H,0.

W3 ypaBHEHHS CJIEZyeT, YTO OJHOMY MOJIO 3TOMOB BOJIOPOJ8 COOTBETCT
BYOT OJMH MOJIb A30THOM KHMCJIOTH; CAEIOBATENIPHO, MOJIApPHAA Macca
IKBHBAJICHTa a30THON KHMCJIOTH YHCJIAEHHO DaBHA 6€ MOJISIpHOIT Macce,

r.e. M(HNO;) = 63 r/mous.
Ilpumep 7.2. BHYNCANTL MONAPHEE MAcCH SKBHBAJICHTOB H,SO4 u

H3PO, B peaknusax:
H,S0, + 2NaOH — NaySO4 + 2H;0; (1)
H3P04 + 2NaOH — NBZHPO4 + 2H20 (2)

Pemwenue B peaknusix MHOMOIPOTOHHHX KMCJIOT MOTYT y4acT-
BOBATH BCE WOHH BOJOPOAA (B peakuuu 1) MAM TONBKO YacTh HX (s
peakiu 2). B oTHX cayvasx MOUSpHAA Macca skeusaigentos H,SO4 u
H,PO, cocTapisier IONOBMHY MOJISPHOW MacCH COOTBETCTBYIOIIEN KHC-

JIOTH:
M(1/2H,804) = M(H,S0,)/2 = 49,04 r/MOB;
AI(I/2H3PO4) = M(H3P04)/2 = 49,00 I‘/MOJIB.

Briuncienue KOHIEHTPAIMM PacTBOpa

Hpamep 7.3. Uz 2,500 r NagCOy 1IpuroToBICHO 500 cm3® pacTBOpA.
BriuncauTs s 31oro pactsopa a) T(NaCOj); 6) MONAPHYIO KOHIEHT-
PaIMIO; B) HOPMaJIbHYIO KOHIIEHTPAUMIO.

PemeH u e JUisi BHYMCICHAA TUTPa HY’KHO HBUTH Maccy Be~
IiecTBa B rpaMMax, conepsxkanyocs B 1 cM3 pacrsOpa.

m(Na 2 003)
T(Na,COq) =

2,500
; T(NagCOg) = ---—6-- = 0,0050 r/cmd.
50

MOJSpHYI0O KOHIEHTPAIMIO MOXHO BHYHCIUTH IO H3BECTHOMY

TUTPY: :

ﬂNBzCOa) - 1000

C(Nacha) = 3

M( NBgCO;;)
0,0500 - 1000
C(NayCOs) = = 0,04717 moms/ams.
106
58

Jis BBIYMCIIGHHSI HOPMAJIBHONM KOHIEHTpamuy pac
5 TBOpa HYXHO
HalTH MONAPHYIO Maccy sxBuBanenTos NayCOs: Y

M(1/2 NayCOj) = 53 r/mons.
a 3aTeM BOCIIOJIb30BAThCsT BEJIMYMHON THTpa
Na,CO - 1000
C(1/2N8,C03) = T(N22C05) :
M(l/ 2Na2003)

0,05 - 1000
0(1/2N32003) =

= 0,09434 mons/nm3

WY BEeNUYNHONI HaBeCKU:

C(1/2Na,CO;) = ;
M(1/2Na,COy) - V
2,5 - 1000
0(1/2N32003) = T—f)o_z —0,09434 MOJIL/JIMa.
- 900

Ilpumep 7.4. Ha turposanue 20 cm3 0,02 M

, pacteopa HCI pacxo-
ayerces 15,00 em® pacrsopa NaOH. Onpenenur -
A a0 e b pexn b MOJISIDHYIO KOHIEGHTpA

P e m e u u e. Tark Kar BemiecTBa pearupyior Mexay coboit B
SKBUBAJICHTHHIX KoJmdecTBax, To KojtwyecTso HC| B Toure axBuBasient-
HOCTH JIOVI:KHO OBITH paBHO rKoJuvectBy NaOH, r.e.

n(HCl) = n(NaOH); n(HCI) = C(HCI) - V(HCL);
n(NaOH) = C(NaOH) - V(NaOH);
C(HCl) - V(HC])

V(NaOH)

C(NaOH) =

' 0,02 - 20,00
C(NaOH) = ——
15,00
Hpumep 7.5. PzcrBop xap6GoHaTa Harpus TUTPYIOT pacTBO
ﬁgoggnonoponnoﬁ Kucno'rg ¢ T(HCI) = 0,003650 r/ cLI()f’yB npﬁcyrcrggx
TUJIOBOT'O OPaHXKeBOro. BHIYHCIUTL TUT CT HCI -~
euouyé pemectBy NagCOs. P pactzopa HCl no onpenens
e e H ¥ e. MexJly 3KBUBAJIEHTaMH pearu
TUTPaMH CYIIECTBYET COOTHOLIEHHE peariipylotiyine perieets 1
M(HCI) — M(1/2Na,CO3)
T(HCI) — T(HCIl/Na,;CO3)

T(HCI) - M(1/2Na,COs)
M(HCI)

0,003650 - 53,00
= 0,005300 r/cmd.
36,50

= 0,02667 monn/mi.

T(HCI/N&zCOa) =

T(HCI/N&QCO;;) =
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Buuncnenne pH u pOH pacTBOpOB Npst TUTPOBAHUH
Konuentpaums woros [H*] unm [OH™] nni 1nTpoBanum cuiBHOM KHCJIO-

TH CWJIBHHM OCHOBaHMeM (MAW CWIBHC U CHOBAHHS CHUJIBHON KHCJIO-
TO}) paBHa KOHUEHTDalMH OCTABLIEH: s pacTBOpe HEOTTHTPOBAHHOM
CHJIBHOH KHCIOTH (CHJIBHOTO OCHOB2RY B Touke 3KBHBAaJCHTHOCTH

pH onpenensiercs wommentpamuedt ucn. [H'], ofpasymomuxcs mnpu
AMCCONMANMY BOXH.

Dpuwmep 7.6. Paccuuntars pH pacTBope, il0My4eHHOIO ApY THTPOBA~
HuM B MOMeHT, Koraa k 15,00 cM3 0,02 M pacrsopa HCl noGasneno 10

cM3 0,15 M pacrsopa NaOH.
Peme n ¥ e. BHUNCIAAIOT KOAUYIECTBO KMCIOTH M II1JI0YU B

IaHHOM pacTBOpe (B MMOJB):
a(HCl) = C(HQl) - V(HCI) = 15 - 0,2 = 3,0 mMmonb;
n(NaOH) = C(NaOH) - V(NaOH) = 10 - 0,15 = 1,5 mMmons.
M368TOK KUCIOTH B PAacTBOpE paBeH )
3,0 —1,5 = 1,5 MmOnB.
DTO HEOTTUTPOBAHHOE KOJMMYECTBO KMCJAQTH CONEPKHUTCs B 06heMe
" V=15+10 = 25 cul.

Tax Kak MOJAPDHa’d KOHNEHTPAUMA pPACcTBOPa MNOKAa3bIBaET, CKOJLKO
MWUIHMOTIell PacTBODEHHOTO BelllecTsa cofepxkuTca B 1 cm? pacrTsopa,
MOSHO BRIYMCAWUTD JJISi KHCJIOTH!:

C(HC)) = 1,5/25 = 0,060 Mmomn/cu3; [H*] = 0,060 Monb/mum?;
pH = —lg[H*] = —g(6 - 102) =2 —1g6 = 2 — 0,78 = 1,22.
B ciayuyae HenosHOR HeHTpaausanvuv cn1aboil  KUCJIOTH (cna6oro

ocropanus) pH BHYMCANIOT, MONB3ysACh BHPAKEGHWEM JJIA KOHCTAHTHI
IHCCONMAnuY c1aGoil KUCIOTH (OCHOBSHMA):

HA & H* 4+ A7
H*] (AT [HA]
HA ~ —_-[a_]——; (H ] = KHA -[A_-i; [HA] ~ Cxuc.n;

1~ . +1 — ~
(A7) Cconb’ (H'] = KHA Cuucn/ Cconb'
Ilpumep 7.7. Paccuutars pH pacTBopa, NOJy4eHHOrO npH: 10Gape-
aur 15 M3 0,1 M pacrsopa NaOH x 20 “em® 0,1 M pacreopa

CH3;COOH.

P e w e H u e. B nponecce Hefirpanusanmuy ¢;ia6uA KACIOTH 06pa-
3yeTcs coJb, KOHIEHTPAUUA KOTOPOl paBHa KOHIEGHTpaluu HeATpanu-
30BaHHON KUCIOTHL. M36HTOYHAA, T.. HEOTTUTPOBaHHAd, KHCIOTa B
pacTBOpe OCTaeTcs B BHJE MaJONMCCONMKPOBAHHEIX MOJICKYII. Caenosa-
TEJILHO,

s = C(NaOH) - V(NaOH) = 15 - 0,1 = 1,5 Mmoub;
Co =nV= 1,5/35 mMonb/cM3;

[«

nK"ch =20 - 0,1 — 15 - 0,1 = 2,0 —_ 1,5 = 0,5 MMOJIB;

n 0,5
Coven = p = 5 MMOJIB/eM3;
[H'] = K Cinen K .
CH3COOH C » The CH3COOH =18 1075

COJlb

s 0,5
[H'] =18 1075 R =6 1076 pH = 5,22.
Ecau umeer Mecto nonnas ﬁeﬁxpannaauun ci1aboit KHeaoTH (OCHO-

Banus), 0 pH paccuutnBaoT MO
KOHCTAHTE JUCCOLMANY -
rO OCHOBBHMA (KMCJOTH): FHECOTRIIL conprentio

K -
A” + H0 &= HA + OH-; % = [HA] [OH ];
Kia [A™]
OH']? K
[A] x 0w, (A~ o Ky
C 0Jlb AHA

K
[OH]=|—= ¢ .
b
KHA

Hpumep 7.8. Paccuurars pH

. P2CcTBOpa, NOJYYeHHOro npu nobsasie-
Hug 100 eoMmd® 0,1 M
O oo pacreopa NaOH x 100 cm® 0,1 M pactops
" Pemeunue K pacrsopy CH;COOH

. 3 No6aBJIEHO 3

rouyectso NaOH. Bea kucnora IepeBeficHa B COJIb. I{Ig::fe?f'rep}gg?;
COIM ¢ y4yeToM pa3beBseHUs paBHs:

Cooms = (100 - 0,1)/200 =0,05 MOTIb/ aM3;
) 10°14 . 0’05
[OH7] = |————— =510 Moab/ qm3;

- " 1,8 - 1075
[HY] = 10714/(5 - 1076) = 2 - 1079 mons/nm3; pH = 8,7.
Ilpn u3bbiTke menoun wommentpauus uomos OH- NpaKTHYECKH
g;lzngKonueHTpaunm n36m'roqn}olff IETOYH, & NpH U3GBITKE CWJIBHOMN
bl KOHI[EHTpalUs MOHOB NPaKTHYECKH
0 aBHa
U36BITOYHON KUCJIOTHL. P ronneTpaiumt

Cnoco6 pacyera pH B 3TuX wIyuasix aHAJIOTMYCH pacdery npu
TUTPOBAHMY CHJIBLHON KUCIOTH IIENOYBIO (cM. mpumep 7.6).
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YnpuraropHiie NOTPENTHOCTH

IIpuYuHOl BO3HNKHOBEHMS WHIWKATOPHLIX NIOTPEIHOCTE! B KHC-
JIOTHO-OCHOBHOM THTDOBAHMHM SABISETCA HeCOBHNAZECHHEe IIOKa3aTess
tutpopanusa (p7) unauraropa, T.e. pH, IpU KOTOPOM 3aKAHUHBAIOT
TUTpOBAHMNE N0 NAHHOMY MHAMKATOPY, ¢ PH TOUKM 3KBHBAJIEHTHOCTH.

TunN MHIUKATOPHEIX Norpeunocreil: 1) BoopoxHas (H*-norpem-
Hocts); 2) ruapokcuaenas (OH -morpemrHocts); 3) KMCTIOTHAA fHA—
norpeurnocts); 4) ocrossas (MeOH-morpemnocTs).

Horpemrnocty THNa 1 ¥ 2 BO3HUKAIOT, KOTJ(8 WHIUKATOD H3MeHseT
CBOIO OKpacKy NpY H3GHTKe B pacTBOpE CHJBHON KHCJIOTH (1) nam
menoun (2). KuciorHas ¥ OCHOBHAA NMOTPEUIHOCTH CBA3AHH € OCTaB-
meiicsi B pacTBOpe HEOTTUTPOBAHHON ciabOH KMCTOTOM (cna6eM ocHO-
BaHHEM) B MOMEHT H3MEHEHHN OKDACKH MHIMKATOpA.

BenuuuHy OTHOCHTE/IBHOM MHAUKATOPDHON NOTPEIIHOCTH PacCYUTH-
BAIOT KaK OTHOLICHWE KOJMYECTBa HEOTTHTPOBAHHON KMCIOTH (OCHOBa-
HHUA) K 06IIeMy KOJIHYecTBY KMCJIOTH (ocuosanus). Konuuecrso xucao-
TH (OCHOBaHWMSA) yNOGHO BHPAKATh B MU/UIMMOJIAX SKBUBAJCHTOB. Or-
HOCHTE/IbHEE WHIMKATODHHE IOrPEIIHOCTH CYHUTAIOT JAONYCTHMBIMH,
ecan oy He npespmaior 0,2%.

Pacaer H*-norpemmocta. VmMeercs KucioTa KOHUEHTpanuen G s
o6neme V). Uncno Munnumoneit kucaor pasro Cp V).
Turposanye 37Ol KHCIOTH ¢ HMHIWKATOPOM 3aKaHUMBAKT IHpPU

3
pT = pH, T.e. Npu KOHUEHTpAUUH H* = 107 T, B KOHIE THUTDPOBAHUN
o6seMm pactBopa V, = 2V), ecM KOHIEHTPauus KHCIOTH NPUMEPHO
paB-Ha KOHIEHTPAllUy LIeJIOYH.

Mockonpry H'-morpemsocts — 3T0 OTHOWIEHHE KOJIWTECTBa HOOT-
TUTPOBAHHON KHMCJIOTH K 06IleMy KOJIMYecTBY KMCJIOTH (s mponeHTax),
0 "

c — 100% ,

v

10" PT v, — H*- norpemnocts

10PT .2 - 100 2 - 1077
H*-TlorpeisocTs = = - 100%.
a Ci

Hpumep 7.9. Paccuurars H*-morpemnocTs OpH THTpOBAHUM 0,1 M

pacrsopa HNO; 0,1 M NaOH ¢ MEXMKaTOpOM METHJIOBHIM OD&HXEBHIM
(pT = 4).
Pemenmnue.
2 - 1074
H*-Tlorpemnocts = - 100 = 0,2%.
0,1

Pacaer OH -morpemnocTi, T.e. OTHOUICHUS KOJIHNYECTBA HEOTTHUT-
DOBAHHOTO CHIBHOIO OCHOBAHMA K NEPBOHAYAIBHOMY €ro KOIMYecTBy B
pacTBope (B MPOLEHTAX).

Opwmmep 7.10. Paccumrars OH -morpemrsocrs HpH THTPOBaHMH
01 M p;ac'rnopa NaOH 0,1 M HCl c. unpuxatopom enondranensoMm
®T=29). ‘
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P euw e u u e. Hexona us onpenenennsa OH -norpemnoctu, Baxo-

UM
9 . 10'(14 - pT)
OH -TlorpewrocTs = - 100% =
0,1
2 . 10-(14 - 9)
= - 100 = 0,02%.
0,1

Buuncrenme kucmorso# norpemmocts (HA-norpemmocru). Otor
THI TIOTPENUIHOCTH OGYCJIOBJICH NPHCYTCTBHEM HEOOTTHTPOBAHHOM ciaboit
KHCIOTH B KOHIle THTpoBaHMA. Crabast KHMCJIOTA HAXOAUTCH B BUIE
MATIOINCCONMMPOBARHEIX MOIEKY. JIOrpenHocTs pacCuUTHBAIOT, HCX0—
A M3 KOHCTAHTH NHCCONMALMM KHCIOTH:

_[1[A] [HA] [HY)
HAT Al AT Ky,

Kucnorryio norpemnocte Turposarus (HA-morpeursocts) onpenpensiior
CICAYIOIUM 06pa3oM:

(1] = 1077, K, =107 rne pk = gk,

_ . HA'
[HA] 107 _ 10PK - P T
.[X-:-}- = -1—0:57{ = 10P% PT. HA-Tlorpemsoets = ——————— - 100%.
[HA] +[A7]

Ipurmep 7.11. BuuuciauTts morpemsocts THTposanus 0,1 M pac-
Tsopa CHgCOOH 0,1 M pacrsopom NaOH ¢ unnxfxaropom Mermnogmm
opamxkesniM (pT = 4), -

P ew e u u e. lIpu TnTpopanuu 0,1 M pacrsopa CH;COOH 0,1 M

actBopoM NaOH srauenue pH B Touxe sxBuBaneHTHOCTH paBHO 8,74.

TPOBaHHe C METHJIOBHIM ODBHXeBHM 3aKaHuupaior mpu pH = pT =

= 4; B KOHIE THTPOBAHUS B PACTBOpPE NPUCYTCTBYeT HEOTTUTPOBAHHAN

;.gaéax kuciora CH3COOH, uro u 06yciioBnuBaeT KUCIOTHYIO NOrpeu-
CTh.

[HA] pK - pT
—_— =10 ; K(CHsCOOH) = 1,8 - 1075; pK(CH3COOH) = 4,76;

[A7]
[HA]
(A7)
KonuuecTso HEOTTHTPOBAHHON KHCJAOTH 5,7

— 104,76 -4 - 100,76 =57

10

KonuuecTso OTTUTPOBARHON KHCIOTH 1
YTO COCTABJIAET 10 OTHOUICHUIO KO BCE!l KUcJOTE:
6,7 —100% .
5,7 — HA - TlorpeurHocTs



5,7 - 100
HA-Tlorpemnocrs = 7 = 84%.

Brramcnenne ocuopaoft norpemmocts (MeQH-norpemnocTu) aHa-
norMuHO pacyery kuciorHoi norpemsoctn. MeOH-norpemnocts 06yc-
JIOBJIeHA M3GHTKOM ¢JIa00r0 OCHOBaHUA E KOHIlE THTPOBaHMUA.

_[Me*][OH'].[MeOH]_ [OH'].
MOH ™ IMeOH] | [Me*] Ky, o4

[MeOH] HeorrurpoBanHoe OCHOBAHME

)

[Me*] OTTUTpOBaHHOE OCHOBAHNE
- -(14 - pT,
MeoH] [OH] 101 p)_wpmpr-u.
= = = ;
[Me*] Ky.on 10

10pK+ pT - 4

MeOH-Tlorpeunocts = - 100%.
[MeOH] + [Me*]
Hpmmep 7.12. BuuucauTs NOrpemIHOCTh THTPOBAHMA THAPOKCHI-
amuna (K = 9,33 - 10"%) » npucyrcrun uunuraropa ¢ pT = 5

- 0,97 -1,
P ew e & u e. [MeOH]/[Me*] = 1039 * 5 -1 = 10 9% = 107,

1,1 - 100% 0,1 . 100 )
X=—=91%.
01— X 11

Pacuer pe3ysbTaTOB aHaIH3a

Haubosee panuoHaIBHHI cI10c06 pacyeTra COCTOUT B BHYUCICHUHA
KOJIMYECTBa OIPENEeIAeMOro BeIecTsa (}:1) ¢ mocJaeNyIOIIUM IIepecYeToM
8 Maccy (m) unu maccosywo oo (W, %).

Npmuep 7.13. Buuncants maccy HoSO4 B pacrsope, eciiu Ha HedT-
panmusanuio ero Ttpebyeres 20,00 cM3 pacrsopa NaOH; T(NaOH) =
= 0,004616 r/cM3. .

P ew e 5 u e. Buncnsmor kounentpanuio NaOH:

H)- 1000 0,004616-1000
TN = OH) - 1 = - = 0,1154 monb/nm3;

C(NaOH) = =

M(NaOH) 40
M(1/2H,S04) - C(NaOH) - V(NaOH)

m(stO4) = =
' 1000
49,0 - 0,1154 - 20,00

= = 0,1132 r.
1000

7.1.2. 3adavu 042 camocmoameAsnoL0 PeuLenus

Buiuucaenne MOJIAPDHBIX MacC 3KBUBAJICHTOB

1. BuymcauTs MOJsApHEEe MaccH 3KBUBAICHTOR U daKkTOpH 3KBH-
BAJICHTHOCTH B PCAKIUAX IOJHON HEHTPAJIu3alUy CAeNYIOLUX BEIIeCTR:
1) HNOg; 2) NaOH; 3) NHy 4) HySOy; 5) Na,B4O;7 - 10H,0O; 6

SOy 1) NagCOg; '9) NaHCOg: 9) KyO; 10) N,Os; 11) H,C,04; 12
SO,; 13) Ba(OH),; 14) HsPO,; 15) HoCO,.

Pacuer konnyecTsa BemtecTna

B 3apayax 2 — 11 paccuurars:

. Koanyecrso HCI nanis meitrpanusamnn 4,33 r Na,C,0,.
Komuwecrso HNOy pas neffrpanusamuu 5,3 r Na,COs.

- Konnuecrso NayB4O; - 10H,0 nas meirrpanusaumu 3,65 r HCL
. Konmuuecrso HCl pais meirrpanusanuu 0,2 r CaO.

. Konnuecrso NaOH pas meirrpanusanuu 6,3 r CH;COOH.
Konuyectso HNO; nan meitrpanuzanuu 3,1 r Na,O.

- Komnyecrso HCl maaa neirrpanusamun 4,709 r K,O. _

. Kommgecrso HNOj nast meirrpanusamun 22,6 1 Ba%OH)z - 8H,0.
10. Koanwuecrso KOH puis meitrpanusanuu 0,49 r H,SO,.

11. Konuyecrso NaOH nas meirrpanusauuu 5,4 r NayOs.

Lo~ men ot

Buiyucsienus npu IpUrOTOBIEHNN PabOYNX PACTBOPOB

/A9, a 5,3 r Na,COjs npurorosmiu 1 am3 pactsopa. s atoro
PacTBOpa BHYMCINTL MOJISAPHYIO KOHIEHTPALMIO, HODMAJIBHOCTh ¥ THTP.
13. Turp pacrsopa H,SO4 pasen 0,004900 r/cm®. Bruncauts s

3TOTO pacTBOpa MOJIAPHYIO ¥ HOPMAJbHYI0 KOHIEHTPAIWH.
14. Turp pacteopa HNO; pasen 0,006300 r/eM3. Bruuucenuts

' MOJISIPHYIO KOHUEHTPALMIO 3TOTO PACTBODA M TZYHNO:,/ Ca0).

15. Turp pactsopa HCI pasen 0,007300 r/cm3. Bruucaurs MOJAP-

. HYI0 KOHLEHTpauuio aroro pactsopa u T(HCl/Na,0).

16. Kakywo maccy (100% NaOH) menoun ciaexyer s3ste nnis npu-
rotoByienus 1 xm® pacrsopa ¢ Turpom 0,004000 r/cM3?

17. Karyio masecky Na,CO; ciienyer B3sTh IJIA IPUCOTOBICHUA
1 nM® pacrsopa ¢ Tutpou 0,005300 récmf’?

18. Kakyio nasecky 6yps (Na,B4O; + 10H,0) cnenyer 3ate man
upuroropienus 0,5 nm® 0,1 M pacrsopa?

19. Croabko pacrsopa HCl maorsOcThIo 1,1 r/cm3 (20,39%-Hasn
HC) cnenyer asts aus npurotosnenns 1 xm3 0,2 M pactsopa?

20. Croanko pactsopa HNOj; maormoctsio 1,1 rzcm3 (17,58%nan
HNO;) cnenyer sasts pis npurorosnesns 1 am® 0,5 M pacrsopa?

21. Ckoavko pacrsopa H,SO, niorroetsio 1,1 v/em?® (14,73%-nas
H350;) cnenyer B3arb nias npurotonnenun 2 gud 0,1 M pactBopa?

22. Cronbro pacrsopa HCl mmorHoersio 1,15 r/em3 (30,14%-nan
HCl) cnepyer B3ste pnis npurotosnenus 1 M3 pacTsopa ¢ T(HC]) =
= 0,003650 r/cmM3?

23. Crombko pacrsopa HNO;3 maornocrsio 1,15 r/em? (21,48%-uas
HNQ3) cnemyer m3sars pns mnpuroromesma 1 M3 pacteopa c
T(HNOj3) = 0,006300 r/cm3?

v'24. Cronvko pacrsopa H,SO4 nnorroctsio 1,15 r/eM3 (21,38%-unas
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H,S04) crenyer B3ATE IS npuroToBieHns 1 nM3 pacTBOpa €
= 0,004900 r/cM37?
T(HZgSO 4%];o }(c)é(})coro 061{eua cienyer pas6asuth 1 mM® 02 M pac'rno%g
HNO; 4TO6H MOAYYHTh PAcTBOP ¢ THTPOM T(HNOj3) = 0,006300 r/cm?’
26. Jlo xakoro obbpeMa caenyer pas6asuts 1 am® 0.5 M ac;x:?nopa
HCl, uyTo68 NONYYUTH PACTBOp ¢ THTPOM T(HC)) = 0,00236% r/cM37 .
v>97. Kakoit 06beM BOXK caenyer A06aBUTb K 0 5 nM3 0, pacn:an
pa HCl, 4T066 MOMy4UTb PACTBOp C TUTPOM T(HCI) = 050007.‘3‘(} r/cm3?
. 98.'Kakoii 06beM BOXH CJefyeT A06aBUTh K 0,5 nM 0,5_ Opoabcg'gga
pé HNOj, 4T06H NOJYYHTh DacTBOp ¢ THTPOM T(HNO3) = 0,
37
rfex 29. Jlo kakoro o6bemMa cienyer pa3GaBuTh 0,5amM3 0,56 M ?acmopa
H,SO,, 4TO6H MOJIY4HTH PacTBOp € T(H,S0,) = 0,004900 r/cm 015 M
30. Cronpko 2 M pacTsopa HglMcnenye'r n?oéa}swrb K 1 amM3 0,
HCl, uTo6H noayunts 0, pacTBOp?
pacm.‘;)lp.aCKoano 1 M pacTtsopa CHagg)(%;I cnenye"r? no6asuth K 1 M3
H,COOH, uto6s noay4uTs U, pacTBOp?
0,15 gg.ccgonbxo 2 M pacrsopa HNOj caenyer 11068}3"';1‘5 k 0,5 am3
0,12 M pacrsopa HNOj, 4T06H NMOTYHTH 0,15 M pacTtBOp? s .
""" 33 Ckonbko 2 M pactsopa H,SO4 cuenyer n067anmr, k 0,5 aM
0,1 M pactBopa, YTOCH MOJIYYUTH 2 u. pactsop HaS04?

3
34. Cromsko 1 M pacrsopa NaOH caenyer noégmwrb K 1 oM
0,1 M pacrsopa NaOH, 4T0OGH NOIY4HTE 0,2 M pactsop?

Pacuers pe3y/bTATOB aHAIN3a. IIpsiMoe TUTpOBaHHE

HNOQOg, ecan
35. BHYMCINTh MOIAPHYIO KOHUEHTPAUHMIO pacTBopa ,
ga tarposanue 00,2500 r XMMHYeCKH HHCTOU Na,CO; u3pacxXonOBaIH
M3 3TOro pacTBOpa.
20’503?5. Buqucnpwrb MOJISApHYIO KOHIIGHTPAIMIO pacTBopa HCl, ecnn Ha
turposanue 15,00 eM3 ero pacxomyeres 10,00 em® 0,3 M pacTBOpa
NaQI;%:j Buuucauts THTp pacrsopa NaOH, ecinm Ha THTPOBAHHE
10,00 cM3 ero pacxomyeTes 12,00 em? 0,1 M pactsopa HCL. 10,00 et
"""38. Barunesmts TuTp pactsopa HC, ecau Ha 'm'rpona.}meo , 3cM
ero pacxopyercs 12,00 cM3 pacrsopa NaOH ¢ TuTpoM 0,004000 r/cm3.
39, BLuYMCAMTb THUTP M MOJIAPHYIO KOHUEHTPaUMio pacTBopa
HNOQj, ecin Ha THTPOBaHHE ero 15,00 eM3 pacxomyercs 10,00 ¢
KOH. B )
pacm‘fO?aHaBecxy Na,CO; 0,5300 r pacTOpUAM B MepHO# Kos6e BMec3
mimocTbio 250 cM3; 25,00 cM3 3TOr0 pacTBOpa OTTHUTPOBAIH 24,50 cM
pacrsopa HCl B NpHCYTCTBUM METHJIOBOTO opanxesoro. BeunciauTh
HOPMAJIBHYI0 KOHIEHTPAUMIO pacTBOpa Kap6oHaTa HATPUA M MOJAPHYIO
amuio pacrsopa HCL
Konuz}li?pchmogenueM HaBecKN TeTpabopaTa HaTpUA (6ypmt) 0,6227 r
npurotosuan 200 cM® pacrsopa; 20 cM® aToro pacrTsopa onurpoga:(x)n
19,5 cM3 pacrsopa HCL Buiumeants Hﬁ%&;aJIBHOCTB pactsopa NayB,07
\ 10 KOHIIEHTPAI IO PacTBOpa .
! MojzllgPH}{a :urplgnanpue 20,00 cM® pacTBOpa Ba(ORH), uapacxoncgann
15.00 cM3 0,2 M pacrsopa HCl. Burdmesurh HOpMAIBHOCTD Ba(OH), n

TUTP.
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M30,1 M

43. Pacrsop yxcychoit kucmort (25,00 em3) medtrpanusosanu 20,00
em® 0,15 M pacrsopa KOH. BurunciuTh MONSpHYIO KOHLEGHTDAUMIO ¥
THTp PAcTBOPa YKCYCHON KHCJIOTHL.

44. Beruyncauts Maccy a3otHoi kueaorTel HNO; B 10 cM3 ee pacTro-
pa, ecad Ha TUTPOBaHME 3TOTC pacTBOpa H3pacxomosaHo 1250 cm3
1,0100 M pactsopa NaOH.

45. Baryneants Maccy NayCOg B 20 ¢M3 pacTopa, ecfiy Ha TUTPO-
BaHHMe 2TOr0 pacTBOpa 3aTpayeHo 15,75 cm? 0,1010 M pacrsopa HCL

46. Beruncants MaccoByo noaio Na,CO; B ofpasue Texnmyeckoii
COMEl, ecnyd HaBecKa o6pasua pasHa (,2005 r M Ha TUTpPOBaHHE ee U3~
pacxogosano 20,00 cm® 0,1010 M pactsopa HCI.

47. Bryucants Maccosyo om0 Na,O B o6pasme TexHMYecKOro
NaOH, ecniu Hasecky o6pasua 0,1545 r orTurposanu 15,25 cM3 0,101 M
pacteopa HCL ,

. 48. BoiuucanTh MaccoByio momo HHAu@QepeHTHHX npuMeceit B
06-pa3lie TeXHMYECKOIl a30THON KHCJIOTH, ecsiM HaBecKa ee 1,000 r or
rurposana 25,00 em® KOH; T{KOH) = 0,01120 r/cm3.

49. Hasecka ykcycnoit kucaors 1,0000 r pacTsopera B MepHOIt
kon6e sMectuMocThi0 200 cM3. Ha turposanme 20 em® 3roro pacrtsopa
nspacxogosanun 15,50 cm® pacrsopa NaOH; T(NaOH) = 0,004088
r/eM3. BoruneanTs Maccosyro nomo CH;COOH 8 o6pasue.

50. Jins onpefiesieHMs MaccoBOH JOAM CBOGONHHX KHUCJIOT B JIHHA-
HOM Macsie Hasecky ero (,5000 r pacrsopuau B 20 cM3 cnupro-a3dupHoit
cMecu, orrurposaiu 0,05 M pacrsopom KOH 8 mpucyrctsun ¢enon-
¢branenna. Ilpu atom 610 uspacxomosano 2,45 em® KOH. Onpenennts
MaccOBYIO JIONIO KHCIIOT, ec/ii CPeHAA MOJApPHas Macca KHCJIOT JBEHA-
HOTO Macia paBHa 274 r/Mob.

51. OnpefennTs MOIAPHYIO Maccy MOHOKapOOHOBOM KUCAOTH, ecil
u3BecTHO, 4To Ha TUTpoBanme 0,1500 r ee pacxomyercs 10,56 cM3 0,05
M pactsopa KOH.

52. Cronbro 0,1056 M pactsopa KOH (B cM3) Heo6xoauMo npuba-
BUTh K 1,2000 r kacTOpoBOro Macaa AJA HeATpanW3alUH CBOGOXHHKIX
HMUPHHKX KHCJIOT, MaccoBasi JOJAs KOTOpux coctapiser 1,5%? Cpennsas
MOJIApHAX Macca KHCJIOT KacTOpOBOro Macua pasHa 295 r/Mons.

% 83. Jlns onpenenenns cBOGOAHHX XUPHHX KUcHOT (B %) B Mbise
HaBecKy ero 4,00 r pacTBOpPAIOT IpH HarpeBaHHM C OODATHEIM XOJO-
aunbuukoM B 200 cM® araHona. llpuGasasior denondranenn n Turpy-
or 0,0100 M pactBopom KOH, uspacxonosas 3,80 e¢M3 atoro pacrasopa.
Cpennss MONApHAA Macca KHPHHIX KHCJIOT B MBJe cOcTaBaser 282
r/mons. YeMy paBHa MaccoBasi JO/ISl cBOGONHEX KHCAOT?

54. Jlns onpepmesieHNsA cBOOOHHHX KHCJAOT B MeTaHone K 25 cm3
HCIBITYeMOTo 06pasla, MOMEIIeHHOro B KOHyc, npu6asuau 25 cM3 sonsl
u orrurposanu 0,01 M pactsopom KOH B npucyrcrsun ¢penondranen-

Ha. Ha tutpoBaHue mapacxonosaHo 1,64 M’ 3tOrO pactsopa. CpenHsst
Moaspuas Macca Kucaor 50 r/monb. OUpefeINTh MAaccOBYR NOJIO
kncaoT. [InotHoers Meranona 0,792 r/em3.

55. B TexHHM4yecKOM 3TaHOJeE cOJep:KaHHMe KMCJOTH B Nepecyere Ha
YKCYCHYIO He HoJkHO mpesHmars 10 mr/aM3. Kaxoit o6beM 3taHOMNa
HY;HO B3ATb JIJIA ONPENCIEeHNA KHUCJOT, YTO6H Ha TUTPOBAaHHE PacXo-
nosayocs g cM3 0,01 M pacrsopa KOH?

56. Kaxkon o6nem 0,09950 M pacrsopa NaOH mnorpe6yercsa mas
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HelTpaJIM3alyy NpuMecy MyPaBbHHON KHCJIOTH B ¢opmanune, HaBECKa
koToporo pasia 10,00 r? Maccosas 1015 KUCJIOTH cOCTaBIIACT 0,04%.

57. CopepxaHue MypaBbUHOM KUCJIOTH B (oOpManbiernjie cOCTaB-
aner 0,025%. Kakyio HaBecKy NpPOAYKTa HYKHO B3ATH JUIA aHANN3A,
4TO6H Ha THTpOBaHHe pacxojosaiioch He Menee 1 cm® 0,05 M pacrsopa
KOH?

58. Jl;is ompenesieHusA cOAEPKaHUA OCHOBHOIO NDOJYKTa B Kalue-
BOIl conu a-Ha(QTHIAYKCYCHOM KMCIOTH HaBecKy 0,7524 © pacTBOpUIHA B
MepHO#l Kon6e BmecTuMocThio 500 cmd. K 100 eM® mosmydennoro pacrso-
pa nputasunu 10%-Hyi0 cepHyI0 KUCJIOTY ¥ BHICMHBUIYIOCH cBOOOHYIO
a-HadTHIYKCyCHYIO KHCJIOTY TPHKIE MPOIKCTPAarupoBaln GeH30JIoM.
BHTAXKM coOpajyi BMecTe, GEH30J OTOTHAIH, KHUCJIOTY pPacTBOPUJIH B
soze u oTturposatn 12,63 cm® 0,01200 M pacrsopom KOH 8 npucyrer-
sun  ¢denongranenna. OnpenesuTs MaccoByl0  JOJNKO  KHCJIOTH.
M(C;;HgCOOK) = 224,3 r/monb. '

(O6paTHoe TUTpOBaHUE

59. K ananusupyeMoMy pacTBOPY XJIODH[a AMMOHMA NpPUGAaBUIN
25,00 cM® pacteopa NaOH ¢ T(NaOHgl = 0,004500 ;{cmf’. 3arem KUnA-
YeHWEM yIAIWJIM U3 DAcTBOPA aMMHaK, a M3GHITOK aOH orrurpoBalHu
10,50 cM3 pacteopa HCl ¢ T(HCI) = 0,003750 r/cM3. Beruucauts maccy
aMMMaKa B aHAJIM3UPYeMOM DacTBOpe.

60. Hasecky asornoit kmcnotel 1,0100 r mepesesm B pacTBOp,
conepxkammit 25,00 cM3 0,5020 M pacrsopa NaOH. Ocrasumitca nocie
peaxmun u3burox NaOH orturposamu 10,50 cM® 0,1010 M HCl. Bu-
qucanTs MaccoByio aono HNOj; B kucnore.

61. Hapecky kapGomara naTpua Maccoit 0,1054 r o6paGoranu
25,00 cM3 0,20 M pacteopa HCl;, n36HTOK KHCJIOTH OTTHUTPOBAIH 25,40

e’ 0,12 M pacteopa NaOH. Buumcaurh Maccosyio aomo Na;COs B
o6paane.

62. K napecke xumuuecku unucroro NazsPQO, 0,1000 r npubasunu
50,00 cM3 0,20 n. pacrsopa H,SO,4. Ha ofpatHOe THTpOBaHuC H3GHITKa
KMCJIOTH ¢ METW/IOBHIM opaHxkenpiM m3pacxoposanu 15,00 cM® pactsopa
NaOH. Onpenenuts MONAPHyI0 KOHIEHTpammio pactsopa NaOH.

63. Tlpo6y comu ammorusa 1,0000 r o6paboTany H3GHTKOM KOH-
nenrpuposanporo NaOH. Beipenusurmitica aMmuak OBl NOTJIONICH 50
em® 1,0510 M pactsopa HCl. Ma6ritok kucnorht orrurposannu 25,00 emd
pacrsopa NaOH; T(NaOH) = 0,042000 r/cm3. Berumcaurs Maccosyio
IIOTI0 aMMHpaKa B Ipobe conu.

64. BHYMCINTL BeIMuMHy Hapecknm xuMuuecku umcroro CaCOg,
ecu nocie o6paborku ee 50,00 cM® 0,2 M pacrsopa HCl na Turposa-
HHe OCTaTKa KMCJIOTH uapacxomosano 10,00 cM® pactsopa NaOH. Yera-
chmeno, wro Ha tMTpoBanme 25,00 cM3 NaOH pacxomyerca 24,00 cM?
HClL.

65. Hasecky asormoit kmcnorsl 0,5050 r nepesemn B pacTsop,
conepxamuit 25,00 cM3 0,2050 M pactsopa NaOH. Octasurmiica mocie
peakiuy M3GHTOK menoun OTTHTposanu 5,05 eM® 0,2080 M pacTsOpa
HCL. Buuucants Maccosyio aonio NoOs B naBecke KUCJIOTHL.

66. K pactsopy cynbdarta ammonusa nobasunu 20,00 cM3 pacteopa
NaOH ¢ T(NaOH) = 0,008540 r/cM®. KunsiuenneMm yRaiuiu aMMHaK, a
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u3OHTOK ruApOoKcuzaa orTurposaiu 7,50 cM® pacrsopa HCl ¢ T(HCI) =
;—-B 5)13205720 r/cM8. Bauvcants Maccy (NHy),SO4 8 a};){anuaupyg)}om p)ac-

67. Hasecky 1,5000 r texmuueckoro (NH4),SO4 pacTBOpMIM B
MepHO# Konbe BMmecTuMocTbio 250 cM¥; 25,00 cM3 aroro pacTsopa mpo-
KHIATWIM ¢ KOHNEHTPHPOBAHHONI MEe04Ybio. BHaenusmuiica npu 3ToM
ammuak norsomen 40,00 eM® 0,1040 u. pactBopa H,SOy4, a Ha o6parnoe
TUTPOBaHUe u3pacxoxosano 25,00 cm? 0,0970 M pacrsopa NaOH. Bu-
YHMCTTUTH MaccOBYIO NOJIO aMMuaka B HaBecke (NHy),SO4.

68. A3soT u3 HaBeCKM OpPTaHMYECKOTO BemecTBa Maccoit 1,0000 r ¢
nomMompi0 Kounentpuposannoit HySO, nepesenen 8 (NH),SO,. Ilpu
KUIAYEHUH COMM ¢ KOHUEHTPHMPOBAHHON INEJOYBIO BHIEIUBLIMICA
ammuak norsomen 50,00 em? 0,1500 n. pactsopoM H,SO4. Ha o6parmoe
TUTpoBaHue 3arpauyeHo 12,00 cmu® pactsopa 0,9980 M NaOH. Briuuc-
JIKTH MAcCOBYIO JIOJIIC a30Ta B HaBecKe.

Briuncnenue pH pactsopos

69. Buiuumcants pH pacTsBOpa, NMOMY4YEHHOTO NpPH THTPOBAHWH B
MoMeHT, Korfia K 20 cmM3 0,2 M pacrsopa HCl mo6asien 0,2 M pactsop
NaOH 8 ronuuectse: a) 17,00 cM3; 6) 20,00 cM3; 8) 21,00 cm3.

70. Buruuenuts pH pactsopa 0,1 M HCl, nefiTpannszosanHoro npu
rurposanuu 0,1 M pacteopoM NaOH Ha'a) 80%; 6) 90%; 8) 99,9%.

71. OnpenennTs cKayoOK TUTPOBaHMA npu Hehrpanusamun 0,01 M
pacreopa HCl 0,01 M pactsopoM NaOH u mogo6paTs MHAMKATOD AIA
3TOTO ;m(l)oonanun.

72. OnpenesmiTh CKaYOK THTPOBAaHWUA NpH Helrpanusanuu 0,05 M
pacteopa CH3COOH 0,1 M pacraopom NaOII; " non?épanm:mnmc’amp.

73. OnpenennTh CKauOK TUTPOBAHWA NpHU Helfirpanmsanun 0,1 M
pactsopa NH,OH 0,05 M pacrsopom HCl u nogo6pars uraukatop.

74. Bmuncante pH pacTBopa, NnONyYeHHOrO NpW THTPOBAHUU B
moMeHT, Korga K 20,00 em?® 0,1 M pactsopa CH3COOH upu6asnen 0,1
Mspac'mop NaOH B xomnuuectse: a) 18,00 cm3; 6) 20,00 cm3; B) 21,60
eM3. :

75. Bmuncants pH pactsopa, MONy4YeHHOTO NPHU THUTPOBAHUM B
moMmenT, Koraa K 10,00 cM® 0,2 M pactBopa NH,OH npu6asnern 0,1 M
pactsop HCl 8 komuuectse: a) 10,00 cm3; 6) 15,00 cm3; 8) 20,00 cm3.

Uupukaroprsie norpemtnoctn

B zagmayax 76 — 81 onpenenuTh TMN W BEJAMYHHY HHIMKATOPHOMN
HOTPEUIHOCTH.

76. 0,01 M pacrop- HCl murpyror 0,01 M pacrsopom NaOH ¢
urauxaTopoM ¢enondranensom (pT = 9).

77. 0,01 M pacrsop HCl turpyror 0,01 M pacrsopom NaOH c
WHAMKATOPOM METHJIOBHM opaHxkessM (pT = 4). ‘

78. 0,1 M pacrsop NaOH rturpyior 0,1 M pactsopom HCI ¢ mugn-
KaTOPOM METHJIOBHM KpacHEIM (pT = 5).

79. 0,01 M pacrsop HCl turpyior 0,01 M pacrsopom NaOH c
UHEAMKaTOpoM GpoMdenonosum cunnM (p T = 3,8).

80. 0,01 M pacrsop NaOH turpywr 0,01 M pactsopom HCI c
UHAMKaTOpoM THMosidranennom (pT = 10).

69



81. 0,2 M pactsop HCl Tu(’rpyro'rs())ﬂ M pactBopoM NaOH ¢ unpu-
erunossiM KpacHuM (pT = 5).
Ka'ro%c;a K/onmo m quno orrutposars 0,01 M pacrsop HCl 0,01 M
pactBopoM NaOH ¢ 6pomderonosrim cunum (pT = 3,8)7
83. Moxno au TouHO orruTposars 0,2 M pactsop HCl 0,2 M

M NaOH ¢ okpesondranenHoM (pf = 9)?
paCTBSOEOMoxmo b1 'roqI:xo OTIPITpOB?TB 0,0})){1?1 pactsop NH,OH 0,01 M
HCl ¢ denondranennom (pT = 9)7
pacmSOSI?O)I(/Iomno .;?u 'ro:{bno orrutposats 0,01 M (paT(‘!TBO’;) ?CHacOOH
1 M pactBopoM NaOH c HeliTpanbHEM KpacHEM (pT = 7)!
o i 8(?. IcVoncpHo JI¥ TOYHO OTTHTpOBaTh (1 ManCT;)?,p HCOOH 0,1 M
NaOH ¢ metunossiM oparkesuiM (pT1 = 4)7
pacm807rfol)\dllo>imo au rouno orrurposars 0,1 M pactsop N H4O${ pacTBO-
pom 0,01 M HCl ¢ unpuraropom tumondranenroM (pT = 10)7
88. BHYMCAUTE NMOTrPelIHOCTD 'mwponanmlio?O em3 0,1 M pactBopa
H;COOH 0,1 M pactsopom NaOH no pH = 10. _
C 3%9. Buqucnugb norgemHOc'rb 'm'rponamm710 em3 0,1 M pacreopa
H;COOH 0,05 M pactsopom NaOH no pH = 7.
Cfts 90. Buqﬂcnwrf norpewnocts Turposanus 20 cM® 0,1 M pacrsopa

NH,OH 0,2 M pactsopom HCl no pH = 4.
7.2. OKHCMTENLHO-BOCCTAHOBUTEIILHOE TATPOBAHHAE
7.2.1. Pewenue munoesz 3adax

B  OKHCIUTEABHO-BOCCTAHOBUTE/ILHOM THTPOBRHMM B KadecTse
THTPAHTOB HCIOJIB3YIOT PAacTBOPH OKMCIHUTEE WJIH BOCCTAHOBUTEJIEH.
@aKkTOp SKBMBIGHTHOCTH 4YacTHL, (MOJEKYJ, WOHOB W T.I.), yuac

TBYIOUIMX B OKHUCIWTEIBHO-BOCCTAHOBHTENbHEIX pPeaKnUuAX fa s = 1 / n,
rae n — YHCJ0 NPUHATHX WM OTAHHEIX NaHHOM JacTHIed 371eKTPOHOB
(3meck n = z*; eM. ra. 1).

Briuncienue Maccsl 9KBUBAJICHTOB

IprMep 7.14. BatuncauTs Maccy MOJs (MONAPHYIO Maccy) 3KBHBa~
nentos KMnOy, yuacTByiouiero B peaKuunu

MnOj + 5Fe?* + 8H* — Mn?* + 5Fe3* + 4H,0.
Pew e u u e. Mor MnOy npucoenunser 5 3JeKTPOHOB, cJIe0BaA~
TenbHo, f = 1/5; M(faKBKMnOJ): M(1/56KMnOQy) = 31,61 r/mons.
B

Npmuep 7.15. BeruucauTh MOAAPHYIO Maccy 9KBUBAJICHTOB CBHHNA,
pxonamero B coepunenue PbCrQy4, ecniu CrOf” pearupyer no ypasue-

HHIO! _
CrO} + 8H* + 3¢” — Cr3* + 4H,0.
Pem e n ue Hou CrO npucoenunsier 3 37€KTPOHA, NOITOMY

daxTop sxsuBanenTHOCTH pasen 1/3. CrenosaTenbro, i oKBUBaJEHT Pb
paseH 1/3 MonsipHoit Maccs Pb.

9 =1/3 - 207 = 86,06 r/mons.
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Ipumep 7.16. Onpenenuts Maccy MO 3KBUBAICHTOB Asy)04, ecau
WBBECTHO, YTO NOMYPEAKIHA OKMeACHUA As'l MOKET 6HTH 3amycaHa:
AsO; + 2H,0 — 2¢” ¥ HAsO}™ + 3H*.

I
Pew e n ue B gaunon PEeaKIuy KaXKIHl aToM As” ornaer 2
anekTpoHa. Tak Kak B moinexyne As,O; nsa atoma MEIIHbAKA, MOJSp-
HasA Macca IKBUBJICHTOB paBHa 1/4 MONAPHON MmaccH.

M(1/4As,03) = 1/4 - 197,8 = 49,46 r/moms.

IIpumep 7.17. CkosbkO MoOJecli 3KBHBAJICHTOB H,C,04 - 2H,0
copepkurca B 1,8908 r asroro Bemiectsa? M3 masecku N PUTrOTOBJICH
pacTBOD, UCNONb3yeMElil B IEPMaHTaHATOMETPHH.

P e w e v u e. Mpu tutposanun H,C,0, - 2H,0 pactBOopoM nep-

MaHraHaTa Kajlus OKcalaT-HOH npespamaerci B CO,, Tepss 2 anekTpo-
Ha!

C:0§” — 2¢° & 2C0O,1.

CrnenoBaTenbHO, 1715 ONPENEIEHYS Macch 3KBUBAICHTOB 3TOTO coemnHe~
HUA HYXKHO MOJIADHYIO Maccy pa3mesdTh Ha 2.

M(l/2H20204 : 2H20) = l/2M(H20204 : 2H20) =
= 1/2 - 126,07 = 63,04 mr/Mmons;
n(1/2H,C,04 - 2H,0) = 1,8909 - 103/63,04 = 29,31 mmons.

Buuncaenne THTPpa, HOpMaJILHOCTH
¥ TATPa N0 OnpeneaseMoMy BEUIECTBY

Mexny Monsproit KOHUGHTpaIHel, HOpMaJILHOCTBIO ¥ THTPOM MO
ONpEeNeIAEeMOMy BOIIECTBY B OKHC/IMTE/ILHO-BOCCTAHOBUTE/ILHEIX METOAX
B3alIMOCBA3L TaKaf XKe, KaK B KUCJIOTHO-OCHOBHEX METONAX.

Hpumep 7.18. Jlns ycraHOBNeHus TuTpa rUnocynsduUTa HaTpHs
nasecka Mexn 00,6354 r pacreopena 8 HNO; u mocie COOTBETCTBYIOL{EH
06paboTKH MepeBefieHa B MEPHYI KON6y BMecTUMOCTBbIO 500 cm3. Bii-
HUCTTUTL MOJISIPHYI0 KOHUEHTPAUMIO U THTP IOJY4eHHOrO pacTBOpa.

P ew e 1 u e. B nonoMerpudeckux onpeneneHusx Mennb pearupy-
€T N0 yPaBHEHUIO

2Cu?* + 2I" 4 2¢ & | Cu,l,,

T.e. KOKIHH MOH MM NpPUCOENUHNET ONMH 3JIEKTDOH; M(Cu) =
= 63,54 r/Monb. Hasecka menu pasna 635,4 Mr;

C = 635,4/500 - 63,54 = 0,02000 Mo/ xM?;
T(Cu) = 0,6354/500 = 0,001271 r/cm®.

Hpumep 7.19. HopManbHOCTs pacTBOpa nmepMaHranaTa Kaaus paBHa
0,02500 monb/nm3. Yemy pasue TuTpH ero mo Fe w1 H,0,?

P ew e u n e Ilpn nepMmanraHaTOMETPHYECKUX ONpPENENEHUAX ¢
YKa3aHHBIMU BeIeCTBaAMU NPOMCXOIAT C/CAYIOUIHe TPeBPaleH A

Fe?' — ¢* = Fed*; f (Fe) = 1; H,0, — 2¢” = 2H + 0,1}
f:;KB(Hzoz) = 1/2.
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Cnenosarensio, M(Fe) = 5585 r/mons; M(1/2H,0,)
= 17,01 r/Moxnb. gg é Y
0,02500 - 55,85

T(XMnO4/Fe) = = 0,001396 r/cM3;
1000
0,002500 - 17,01
T(KMnO,4/H,0,) = 1000 = 0,0004252 r/cM3.

Hpauep 7.20. [lna onpeneieHus KOHUEHTPAUUN PacTOpa apCeHum™
ta Hatpus s3sau 0,1182 r crampaprTHOrO 06pa3ua cTaxd, C MaccOBOM
noneix mapranua 0,84%. Ilocie cooTseTcTByrOmeN 06paGOTKH, B peayib-
taTe koropoit Mn mpesparuiu B MnOj, Ha TUTpOBaHME NMOJYYEHHON

HMnO, uspacxomosamu 22,27 cM3 pacTBOpa apceHWTa HAaTPUA. Yemy
paBeH THTP apCeHMTa HaTpHUSA MO Mapraumy?
P e ur e v u e. Bo B3ATOIl HaBecKe Macca MapraHIa COCTaBIAET

0,3182 - 0,84
100

C s1oii Maccoit Mapranna pearnpyer 22,27 cM? pacTBOpa * DCEHHTa
ratpus. CrefoBaTeNILHO,

m(Mn) = = 0,002673 r.

0,002673
T(NaAsO,/Mn) = = 0,0001200 r/em3.
22,27

PacueTH, cBA3aHHEE ¢ IPHIOTOBJICHUEM PacTBOPOB

Ilpu NpPUTOTOBNCHUM PaGOYHX M CTAHAAPTHHX PacTBOPOB, MCIIOIL
3yeMHX B OKMCJINTEILHO-BOCCTAHOBUTEIBHEIX METO/AX, pacterhl aHaJIo-
IMYHE TEM, KOTODHE HMEIOT MECTO B MeTOJie KHCJIOTHO OCHOBHOTO THT™
pOBaHMSA.

Ilpmuep 7.21. CKOIBLKO rpaMMOB Na;S,0; - 5H,0 cnenyer B3aATb
nns npurorosnenus 1300 cmé ero 0,01 M pacrsopa?

Pemennue B 1300 cu3 pacrsopa copepicures 0,01 - 1300 =
= 13 wmmoas runocyibduTa (Tmocynbdara)” HaTpHA; M{(Na,S,03
- 5H,0) = 248,2 Mr/MMOIb. Chenosarensio, m(Na;S;03 - 5H,0) =
= 248,2 - 13/1000 = 3,23 r.

Ilpumep 7.22. PacTBOp a30THOI KHCJIOTH IVIOTHOCTBIO 1,185 comep-
scur 30,1% HNOj. PaccunTaTs €e HOpMAaTbHOCTE B pEaKI{Mi:

NO; + 4H* + 3¢~ — NO + 2H;0.
P e wr e H n e. Ilpy BOCCTAHOBJICHUH NO; go NO xampawit HOH
NpHUCOeNMHSAET 3 /IeKTPOH], MOITOMY B IAHHON peaKkIuu fa KB(HN 03 =

= 1/3; M(1/3HNO;) = 21,01 r/Monb. CrOJIBLKO rPaMMOB 830THOM KHC-
70TE comepsnTces B 1 IM? pacTBOpa, OTpejessieM U3 MponopIuH:

100
eMd3—30,1r
1,185 30,1-1000-1,185
X= —-———a = 356,7T.
1000 eM3 — X r 100

Tak KaK HOPMaXLHOCTh O3HAUYaeT 4HCJIO Monelf 3KBUBAJICHTOB B
1 nM3 pacTBOpa, TO

C(1/3HNO3) = 366,7/21,01 = 16,99 mons/nmd.

Pacuern pe3yabTaTOB aHaIH3a

Ilpy pewlenuyu 3ajgad NOAOGHOrO THNA IEIecOO6pa3sHO BOC-
[HOAB30BAThCA MOHATHEM "KOIMYECTBO BemlecTsa' .

m(X) = M(X) - »(X); n(X) = m(X)/M(X).

Opumep 7.23. Hasecky pyan 0,2133 r pacTsopunu s cegnoﬁ KHc-
sI0Te; conepxkaieecs B Mpobe keneso BoccraHoBuaM no Fe' u 3areM
ormurposanu 0,1117 r. pactsopom KMnO4, koroporo norpeGosanoch
17,20 cm3. Haiit Maccosyio nosmo Fe B pyne.

P e wr e H u e. KomnuecTso npopearnposasutero Fe?* pasHo konu-
gectsy npopearnposasmiero KMnO,; npu  sroMm  f . Fe) = 1,

£, ,(KMnOy) = 1/5, moaromy >
n(Fe) = n(1/5KMnOy4) = 0,117 - 17,20 MMOb;
m(Fe) = M(Fe)a(Fe) = 0,1117 - 17,20 - 55,85 = 213,3 mr.
Orciona Maccosas noas xenesa B pyne W(Fe) pasna:
213,3— 100%
0,1117 - 17,20 - 55,85 - 100

213,3

= 50,45%.

W(Fe) =

m(Fe) — W(Fe)

IIpumep 7.24. Hasecka 0,1602 r nssecTHAka Onia DacTBODEHa B
XJIOpOBOIOPONHOI (consHOM KucioTe, mocae dero Ca?* ocanunu B BuAe
CaC,04; NpOMBITHII OCAOK PaCTBOPHUJIH B pa36aBJICHHOIl CEepHOR KHUC—
ao-re n ortutposanu 20,75 cm3 pacteopa KMnOy, TuTp KOTOpPOrO MO
CaCO; paser 0,006020 r/cM3. Paccunrars Maccosyio momwo (CaCOsz B
H3BECTHSKE.

Konyentpauua KMnO,4 B naHHOM ciaydae BHpaxeHa 4epe3 TUTP
o onpejensiemoMy semecTsy, T.e. 1 cM3 pactsopa KMnOy cooTsercTny-
er 0,06020 r Caéoa; BceMy e o0beMy, M3DacXOHOBAHHOMY Ha THT-
posaune KMnOy, coorsercteyer m(CaCOjs) = 0,006020 x 20,75 r. Mac-
cosas goas CaCQOj B U3BEeCTHAKE COCTABIACT:

0,006020 - 20,75 - 100
W(CaCOs) =

0,1602

Ilpumep 7.25. Ilpn ananmuse OKCHAa XKeae3a HEH3BECTHOTO cOCTaBa
nasecka ero 0,1000 r 6nna nepeseieHa B PacTBOP, kKee30 BOCCTAHOBJIE™

= 77,97%.

HO JI0 Fel i sarem orrutposano 0,0993 u. pacrsopou KMnOy, koropo-
ro 6sa0 uspacxonosano 13,05 cm3. Kakosa ¢opMysa aHanu3MpyeMero
okcuaa keinesa — FeO, FeOy unu Feg0,47

Pew e n u e JlAs orsera Ha 3TOT BONPOC HYXHO ONPENENUTDb
Maccy OJKBMB&JICHTa OKCHXa. UMCIO MMOZIe#l JKBHBAaJICHTOB KMnOy,,
npopearuposasiuero ¢ Haseckoi, pasHo n(1/5KMnOs) = 13,06 x
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x 0,0993. TakoBo ke dWHCIHO MMOJEH MKese3a, yJacTBYIOHIErO B
peaKiuu.

13,05 - 0,0993
n{okecuy) = ——I(-)-(—)-(—)-————- Mounb; orciona M(okcun) = m/n;

0,1000 - 1000

i I R,
13,05 - 0,0993

aro coorsercrByeT ¢opmyne FesO,, mnockosmsky M(1/3Fe304) =
= 77,183 rémom,, toraa kak M(FeO) u M(1/2Fe,03) pasun coorperct-
Bexno 71,85 u 79,85 r/moms.

Ilpu TuTpoBaHMM NO OcTaTKy (O6pATHOM THTPOBAHHMH) HCKOMOE
KO/IMYECTBO BEIICCTBA HAXONAT [0 Da3HOCTH MEXAY OOIMMM B3ATHM
KOIMIECTBOM peareHra W ero ocTapliciicas HelpopearHpoOBasLiefi
qACTBIO.

Opuwep 7.26. K 2,50 cM3 pactsopa KClO; 6mno npu6asieno
25,00 cM3 0,1200 M pactBopa FeSOy4, u36HTOK KOTOPOro 3aTeM OTTHT-
posamu 5,00 cM3 0,1100 u. pactBopa KMnQy. Paccumrars MaccoByio
nomo KCIO; B pactsope, ecsiu ero nnotsoers pasra 1,020.

P e m e 1 u e. Beero k pacrsopy KClO; npu6asneno a(FeSO,) =
= 0,1200 - 25 mmons, u3 Hux ¢ KMnO, npopearuposano =(1/5
KMnO,) = 0,1100 - 5 MmMons. CiienoBaTesIbHO, B pacTBOPE COREPKUTCH

(£, ,KClOs) = n(FeSO,) — a(1/5KMnOy) =

= 0,1200 - 25 — 0,1100 - 5 = 2,45 MmouB.

B nanmoit péakuuu
ClO; + 6H* + 6 — ClI” + 3H,0;

£, ,(KClO3) = 1/6; M(1/6KClOs) = 20,41 mr/mmoxs;
m(KCIO,) = 20,41 - 2,45 = 50,02 Mr = 0,05002 .

0,05002 - 100
WEKCIOg) = ————— = 1,96%.
2,5 - 1,02

/Tipmmep 7.27. Kakyio Haecky BellecTsa ¢ MaccoBoit momedt 75%
MnO; nyxHO B3ATH IJIA aHaln3a, YTOOH NOCJe B3aUMOnEHCcTBUA 3TOM
nasecku ¢ 30 em3 0,1075 M pacteopa H,C,04 u36uITOK 3TOM KHCIOTH
Mor O6umTh orTHTpoBaH 5,0 cM? pactBopa KMnQO4 (1 ecM? KMnOy
coorBercTByer 1,025 cM3 ucnons3opansoro pacteopa H,C,04).

Pemwexnne Tak rak 1 em3 pacrsopa KMnO4 sxsupanenrten
1,025 cM3 H,C,04, T0 5 c¢M3 3TOro pacrsopa skBUBaJeRTHH 5 - 1,025
cm? pacteopa HyC,04. Takum o6paszoM, na peakumo ¢ MnO, uspacxo-
nosano (30,00 — 5 - 1,025) em? pacTBopa H28204.

n(1/2MnQ,) = (30,00 — 5 - 1,025) - 0,1075 = 2,674 MMonp; m -
- (MnOg) = M(1/2MnOy,) - n(1/2Mn0,) = 45,5 - 2,674 = 121,7 mr.

aKk KAK JlaHHAs MAacca cOOTBETCTBYeT 75% OT HCKOMOI HABECKH,

uckoMas nasecka paena 121,7/0,756 = 162,2 mr.

Mpumep 7.28. JInsn onpenenenus comepxanus NaHSO; u Na,SO;
B ruppocynbdare natpus us 1,000 r wucciegyemoro o6Gpas3ua npu-
roroeunu 200 cm3 pacTBOpa M 3aTeM NpPOBeNIN ABa NapaINEIBHHX
ONpeJlesICHH S
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= 77,2 r/Mons,

1. 15 cM® aroro pacrsopa mpuunu K 25 cM® pacTBOpa wona
ocTapliuiics mocne p3aumopencTBus ¢ NaHSO3; u Na,SO; uabeirok
uoxna orrurposanu 0,1002 M pacrsopa Na,S,03, KOTOpPOro norpe6opa-
nock 1,34 cmM3 (25,00 cM3 pactBopa wona 3xsuBateHTHR 25,00 cM3 pac-
tBopa Na,5,0;);

2. 50 cM3 Toro ke pacteopa Na,SO3 u NaHSOj; neitcreuem pacreo-
pa Hy0; oxucaumn no Na,SOy; o6pasyomasncs npu atom (us NaHSO,)
cepHasd Kucaora Owima orrurposaHa 18,75 em3 0,1000 M pacrtsopa
NaOH. Onpenenuts Maccosyio nonwo NaHSO; u Na,SO, B o6pasue.

P em e v u e. O6mee xomiaecteo NaHSO;3 u Na,SO; B HaBecke
BelllecTBa ONPEeJeNAIOT 0 JAHHHM NePBOr0 TUTPOBAHMA:

(25,00 — 1,34) - 0,1002 - 200
n 6 =
oot 15

Conepxkaniver u s pocy ab ¢ u T a NaHSO; no pannsm sroporo
Tutposanus pactsopoM NaOH cocrasnser:

n(NaHSO;) = 18,75 - 0,1000 - 200/50 = 7,50 MMon®.

IIpu pacuere wncaa MMOJelt HyXHO MMETh B BHAY, 9TO B KHCJIOT-
HO-OCHOBHOM peaxnuu ¢axrop asxsuBanenraoctd NaHSQOj; pasen
€IVHNLE, 8 B PEAaKUMAX OKMC/ICHUA—BOCCTAHOBNGHWA OH paBen 1/2.
IToatoMy aucso Mmoneit Na,SO; B HaBecKe paBHO

n(1/2Na,S03) = 15,50 — 2 - 7,5 = 0,50 mMmons.
CrnenopaTenbHO, MaccOBas NOJA MCKOMBIX BEIIECTB COCTABHUT:

= 15,50 MMoiIB.

7,5 -104 - 100
W(NaHSO;) = = 178,00%;
1000 - 1,000
0,50 - 63 - 100
W(Na;SO3) = = 3,15%.
1000 - 1,000

Kpusnie tutposanns

Kpupas TUTpOBAHWA B METOJE OKMCICHUA—BOCCTAHOBICHUNA BHIPa-
KaeTcs rpaduuecKkoil 38BHCHMOCTBIO MEX Y BETHYHHON OKUCIUTEIBHO-
BOCCTAHOBUTENILHOTO MOTEHIIMAIa M KOJANYECTBOM [OGaBJAGHHOINO THT—

‘paHTa.

HIpauep 7.29. Paccuamrars kpusyo turposahus 0,1 M pacrsopa.
conu xkene3a(ll) 0,1 u. pacTBopoM guxpomara kayms K,Cr,O; B Kucsoi
cpene; C(H*) = 1 Mons/nm3. Uonnoe ypasuenue 3T0it peakuuu:

6Fe?* + Cry04™ + 14H* — 6Fed* 4 2Cr3* + 7H,0.

P e w e B u e. B n060it MOMEHT TUTpOBaHHS pAacTBOp Beerya co-
IEPHKUT [IBe OKMCIUTEILHO-BOCCTAHOBMTENBHHE HMapn — Fed*/Fe?* n
Cr,077/2Cr%*, cienoBarenibHO, nAA BHYHMCICHWA NOTEHIMATA HHEPT-

HOTO 37IGKTPOA(a B PAcTBOPE MOXHO MCIONB30BATh YPABHEHUSA:
0,059  [Fes*)
E=077+—Ig :
1 [Fe2*]




WIH
0,059l [Cr, 03] [H*]
E=133+ .
6 ° [Cro*)2

YuuTHBas, YTO NOTEKIHMa] PacTBOPa, CONEPHKAIIErO /B OKMCINTe
JILHO-BOCCTAHOBHTE/BHLIC TMAapH, YNOBIETBOpseT OOOMM YDaBHCHHM,
JUIAL pacuyeTa MOXHO MCNOJb30BaTh JIO60e W3 HUX. Y06HO MOAB30BATH~

cA INJAA pacvyera NOTEHIMANa NO TOYKH IKBUBAJICHTHOCTH MNEPBHIM, |

NOCKOABKY NoKa xesne30(Il) He OTTHTPORAHO MONHOCTHIO, KOHIEHTPAUNYT
Fe3* u Fe?* onpepenurs nerko. Ilocsie TOUKK 3KBHBAZIGHTHOCTH paccuyu-

THIBATH [OTEHIMAN Yy O00HEe N0 BTOPOMY YPaBHEHHIO.

Pacuer BHNOAHMM JJIA TOYEK, COOTBETCTBYIOIMUX OKHUcieHHIO 10;
50; 90; 99 u 99,9% xese3a, HAXONAIErOCA B PacTBOpe; JJIA TOYKHK
SKBUBAJIEHTHOCTH ¥ TOYEK, COOTBeTCTBYIOmuUxX nobasmenuio 0,1; 1 u 10%
U36HTKA THTPaHTa — AUXPOMaTa KaJluA. -

Ilpu BeuMcieHMM NOTEHUMana B NepBOH TOYKe KpUBOH THUTPOBa-
aun Kounentpanuo xenesa(lll) onpepensior, yuuTHBaA, YTO OKMCIH-
nock 10% xenesa(Il), naxopsimerocs B pacTeope (HawalbHAT KOHLEHT-
pamua Fe?* pasua 0,1 mons/nuM3); Torna

0,1 mons/aM3 — 100 %
X - 10%

Ocrapuasica KoHueATpanua Fe2* cocrapnsier 90% HadanbHOM, T.C.
0,09 monn/nM3; otcrona

X = 0,01 Mons/nmS.

0,01
E =0,77 + 0,059l — = 0,715 B.
0,09

AHA7OTHYHO BHYHCIAAIOT NOTEHIHMAN B TOYKAX, COOTBETCTBYIOLIMX
oxucaenno 50; 90; 99 u 99,9% xenesa(ll).

0,05
E = 0,77 + 0,0591g —— = 0,770 B (oxucneno 50% Fe?*);
0,056

]

0,09 ,
E = 0,77 + 0,059lg —— = 0,825 B (oxuciaeno 90% Fe2*);
0,01

, 0,099
E = 0,77 + 0,059lg —— = 0,886 B (oxucaeno 99% Fe?*);
0,001
0,0909 .
E = 0,77 + 0,059lg —— = 0,944 B (oxucneno 99,9% Fe?*).
01

y

B Touke KpUBON THUTPOBaHWA, COOTBETCTBYIOMEH NOOABICHHIO 0,1%
u36HTKAa NUXPOMaTa KajlWf, MOJADHYIO KOHIEHTPAUUIO 3KBUBAJICHTOB
soccraopennoit ¢popmu xpoma(lll) Moxso mpumars passoit 0,1
MOJIb/ IM3; M3GHITOYHAA e KOHIEHTPalMs NMXPOMaT-MOHA COCTaBJIAeT
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0,1% oT 5KBMBaBEHTHOIO KOITHYECTBA, T.e.
0,1 Monn/pmM® — 100% . 0,1 - 0,1
X=—————=1"10"* Monn/ M.
X —0,1% 100
Torna noresMan
0,069 1074 - 114
E=133+ Ig
6 1072
AHaNOTWYHO BEIYMCIAIOT NOTEHIUAT B TOYKAX, COOTBETCTBYIOLIMX
nobasienuio 1% u 10% us36buTka gUXpOMATa KAJIWA:
E=132B" (1% usburka K,Cr,07);
E=138B (10% us6urka K,Cr,07).

3nayeHue NOTEHIMANA B TOYKE SKBHBAJIGHTHOCTH MOXHO NPHOIMMKEHHO
OICHWUTL O CINPABOYHHKM NAHHHEM KaK cpejpHeapuQMETHYECKOe CYMMH
HOTEHNMAJIOB B ABYX Hauwbonee SIM3KUX TOYKAX Ha KPUBOR JO TOUKHM
9KBUBAJICHTHOCTH ¥ Hocae Hee. B paccMOTpPeHHOM NpuMepe Takas OLeH-

Ka JiaerT:
0,944 + 1,31
E=———=112B.
2

=1,31B.

TounOe 3HaueHMe MOTEHNUANA B TOYKE IKBUBAICHTHOCTH MOJyda-
10T, MCXONA U3 creAyronux coobpaxenuit. Ilpu Turposanuu B coorser—
CTBMM C NPWBEJEHHLIM BHIE YpaBHEHHEM pearuun nByM 06pasyouM-
cs uonaM Cr3* coorserctsyer 6 nonos Fe3*; kpome Toro, mpu moctue-
HUM TOYKH 3KBHBAJICHTHOCTH Ha oxus MoH Cr,0%” npuxonxurcs 6 nonop

Fe?t te.

3[Cr3*] = [Fe3*]; 6[Cr,0%7] = [Fe?*].

Horennuan B TOUKe 3KBUBAJIGHTHOCTH JOJKEH YNOBJIETBOPATH ypaBHe~
HUAM NOTEeHUMaJa 3NeKTpoxa Kak A nape Cr,03°/2Cr3*, rak u s

napnt Fe3*/Fe?*. [Ipunss BO BHMMaEWE COOTHOUIGHHE KOH IIeH Tp aluiX
WOHOB B TOYKe YKBUBAJICHTHOCTH, MOXHO 3aIlHCATD!

3[Cr3Y
1 E =077 + 0,059lg ——
6[CI20¥-]
0,059 Cr,02 ] [H*)14
6 E= 133 4 lg[zrl[ ].
6 [Cre*)2

VYMHOXHE BTOpPOE ypaBHEHWE Ha 6 M NOWICHHO CJIOMKUB nepsoe U
BTOpOe ypaBHEHH A, NOJIYyYaloT:
3[Cr3*][Cr, 027 ] (H*] 1

6[Cr,0% ] [Cr3*]2

TE = 0,77 + 6 - 1,33 + 0,059lg



1 [H*]“ 1 - 114
g - =lg = 1g5 = 0,699.
2 [Cr*3] 2 - 0,1
Toraa 7E = 0,770 + 6 - 1,33 + 0,059 - 0,699; £ = 1,165 B.
Kak BMAHO, TOYHO paccUHTalHOe 3HaYeHHEe NOTEHIHa1a 6MU3KO K
3HAYCHHIO, KOTOpOe [aeT NpHuOiMkeHHAA OLCHKa. Jna pacyera nOTEH-
gUaIa B TOYKE SKBUBAJEHTHOCTH [JIA HacTO BCTPeqalomuXC: ciy4daes

peaKiun

—
a-0K; + b Bocy — a- Bocy + b - 0Ky
MOXKHO T0JIL30BaTheA QOpMyIoi - o
_ OK +a BOC
T.OKB a + b
VaMeneHle NOTEHIMaJa MHEPTHOTO 3JICKTPOJa B Ipopecce THUTPO-

panus 0,1 M pacrsopa FeSO,4 0,1 m. pacTBopoM AHMXpoMaTa KajIui
MOJKHO TpPOCTIe[MTh MO [LaHHHIM, NPHBEICHHBIM HINE!

1 2 3 4 5 6 7 8 9
50 90 99 99,9 100 100,1 101 110

Howmep TouKM

* 0
K2Cr207 1

E B 0,715 0,770 0,825 0,886 0,944 1,165 1,300 1,310 1,320

* TloGarneHo B Y% OT 3KBUBAJIEHTHOIO KOJIMHECTBA.

Hpumep 7.30. BuuHcaUTL NOTEHUMAT B TOUKe 3KBHMBAJICHTHOCTH
npu TUTpoBanuM pacTBopa FeSO4 pacTBopoM KMnO,.
PecureHH e 3anucHBaOT AAA NAHHOrO THTPOBaHHA ypaBHeHHE
eaKI[MH:
P 5Fe?* + MnO; + 8H* — 5Fe3* + Mn?* + 4H,0.

TloTeHIMaJI B TOYKEe 3KBHBAJIGHTHOCTH
51,61 + 0,77
= = 1,387 B,
T.9KB 5 + 1

rge 1,51 — cTaHmapTHHI NOTEHIHMa Napsl OKUCAHTENH, B; 0,77 —
cTaHzapTHHI MOTCHINAN Napsl BOCCTAHOBHUTEN, B.

Pacuer KpHBOil TUTPOBaHUA B METOJe OKHCJIEHUA—BOCCTaHOBJICHUA
HO3BOJIACT OUEHNUTh BO3MOMKHOCTL MCNOJB3OBAaHUA TeX MM WHBIX HHAM™
KaTOpOB IOJO6GHO TOMY, KaK 3TO JIe/al0T B KHCJIOTHOOCHOBHOM METOZAL.
Jls 3TOr0 HyXHO BEIMMCJMTDH BEAMUHHY CKaYKa THTPOBaHUA.

Ilpumep 7.31. PaccuMTaTh CKauOK THUTPOBAHMA NpH THUTPOBAHNM
pactopa FeSO, pacreopom KMnOy4 npu pH = 0 B TOUKaX, COOTBETCT-
BYIOUMX HEJIOCTaTKy M M3OHTKY MOCJCIHEro Ha 0,1% npu 20 g "

Pemwen n e CrangapTHele noTenyuaabi map Fe /Fe?* n
MnOj;/Mn?* coorsercrsenno pasusl 0,77 n 1,51 B (cum. Hpusoixenue II,

tabn. 2). Jlo TOYKHM SKBHBAJIGHTHOCTH (nenocTarok 0,1% KMI;E),; B pz{.(cy-
teope Haxoautcs 99,9% OTTMTPOBAaHHOTO Xe7e3a B BUAE Fe3* u 0,1%
He-OTTUTpoBarHOrO Fe??.

Fed*

99,9
E, = 0,77 + 0,0581g = 0,77 + 0,058 Ig —--I = 0,940 B.

[Fe2*] 0,
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Jna pacuera IOTeHIIMaNa mOcjie TOYKH 3KBUBATICHTHOCTH CJiefyer
pocnonb3oBaTheA ypaBHenneM Hepuera ans mapu MnQOj;/Mn?*. Ilpunn-

Mas BO BHuMaHMe, uyT0 pH = 0, T.e. [H*] = 1 Moan/aM3, naxoanm:

0,058  [MnO;] 0,058 0,1
Ey=15l 4+ — lg ——— = 1,51 4+ —— lg — = 1,470 B.
5  [Mn2?] 5 100

Torna ckauok TMTpoBauusa AFE = E, — E; = 1,470 -- 0,940 = 0,530 B.

7.2.2. Konmpoavnste gonpocul

1. B yeM pasnuua MexAy CTaHASPTHHMHU U "peanpHEIMEH" OKMCIH-
TEILHO-BOCCTaHOBUTEILHHIMH NMOTeHUMaIaMH?

2. KakHMH OCHOBHEIMM cBOIfcTBAaMH HOJKHO 06J1azaThb oprannyec—
KOe COeIMHeHMe, MCIIOAb3YeMOe B KadyecTBe BH3YAJIBHOTO PeNOKCe-HHIM-
Karopa?

3. Ilepeuncnure BO3MOMHBE NOTPEWIHOCTH MPH OKUCIHTE]BHO-
BOCCTaHOBUTEJILHOM TUTPOBHHUH.

4. Yem oTnuyaeTca OKHcCICHME IepMaHCaHATOM B KHCJON cpeje OT
3TON peaKiUH B IIEITOYHOMN cpeye?

5. IloueMy OKcasiaT HATpUA ABJIAETCA 60Jiee YIOGHEIM BEIECTBOM

A ycraHoBiaenus tutpa KMnQy, ueM masenenas kucnora?

6. TloueMy mpu THUTPOBAHMHM IUABEJICBOM KHCJIOTH (MJIM OKCajlaTa)
mepBble KanjiM obecuBeunBaloTca MeniaenHo? Kak MOXNO ycKOpHMTH aroT
npouecc?

7. Yem OTIMYAOTCA peaKUUH OKHCIGHHA—BOCCTAHOBJIGHHA OT
peaKumit o6Mena?

8. Uto Takoe OKMciaeHHE?

9. Yro Ttakoe BoccTaHOB/IeHHE?

10. B wem pasuupa Mexiy CHABHHM K CJAa6HM OKHCIANTeReM?

11. B yeM pasHuila MeXKAY CHIBHEIM K c/1a6LIM BOCCTallOBHTENIEM?

12. Ilpu kakux ycnoemax (TeMnepatypa, KHCJIOTHOCTH M Jp.)
BHIIOJHAIOT HOLOMETpHYeCKHe onpeeneHus?

13. TloueMy uOHOMeTpHYECKNE ONPEACNCHUS HEAb3sS NPOBOJAUTH B
cpesie ¢ pH > 8 u pH € 07

14. Ha yeM OCHOBaHO HOLOMETPHUYECKOE ONpEeAETeHHe OKHCIAMTE-
Jieit, BOCCTAHOBUTEJEH, KNCAOT?

15. Tlepeuncaure, Kakue cnoco6sl PUKCHPOBaHHA TOYKH 3KBHBA-
JIGHTHOCTH HCHOJIB3YIOT B METO/aX OKHCJICHMA—BOCCTAHOBJICHUA.

16. Kakue MHAMKATOpH NPHUMEHAIOT B OKHCIAHTEILHO-BOCCTAHOBH-
TeNbHEIX MeTojax aHajnsa’

7.2.3. 3adavu 0ax cauOCMOIMeEALHOLO PeuLeHUs

Brrancenenue MonspHoit Maccsl SKBHBaJIeHTa

91. Bobrumenure Maccy MOJIA  SKBHBaJIGHTOB BellecTBa, ywac-
TBYIOIEr0 B OKHCJIMTENILHO-BOCCTAHOBUTENLHOM peaKuMH, W ONpeje-
JHTe, CKOJIBKO MMOJell cogepxcntcea 8 100 Mr BeniecTs:

1) FeSO4(Fe?* — Fed*);
2) HNO3(NO; — NO);
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3) HNO4(NO3; — NOy);

4) H,0, (8 peaxuuu c KI);

5) KMnOy (B xucioit cpene);

6) KMnO, (B wesnouHoit cpene);

7) K,Cr,0 .(B KHCIoi cpefie);

8) Na,S;03 (25,03 — S,0%7);

9) CuCl, (Ipu HOXOMETPUYECKOM ONpENIeIIeHUH);
10) As,O4 (Ipu MOZOMETPHYECKOM OTIpeJIeTIeHHH);
11) NagAsO, (npu MOLOMETPUYECKOM OIpEe/IeIeHIH);
12) I, (I, — 2107);

13) Ip (I, — 2I);

14) H,C,04(C,05” — 2CO0,1);

15) SO, (SO, — SO%);

16) V.05 (VO3 — V3*).

BrruucsieHusA IIpU IPUrOTOBJIEHUN paboYuX pPacTBOPOB

27% wyucroro se-
92. Cronpro nyskuo KMnQ, (comepxamero 96, o
mecrsa), 9To6H moayuurh 12 am3 pacrsopa ¢ C(); KBKMnO,,) = 0,1

Mois /aM37 5 o
93. Cronpro myxno KMnO, wyucroroit 98,27%3&115{ NPUTOTOB
mun 1 am3 pacrsopa ¢ T(KMnO,/Fe) = 0,01000 r/cu®?
94, Cxonpko nyxkuo KMnO, uucroroit 96,51% 1‘}{71;1 TIpUrOTOBJIE
uua 16 nm3 pacreopa ¢ T(KMnO,4/Ca) = 0,01000 r/cm3? g
95. Cronbko HyxHO KMnQy4 uncroroit 95,78%, 3q'ro6u IOy YUTH
am3 pacteopa ¢ T (KMnO4/CaCOg) = 0,01000 r/cm3?
96. Cronpko HyxHo KMnO, uncroroir 89,93%, qmgu NIpUroTo-
sutb 8 am? pacreopa ¢ T(KMnO,4/CaS04) = 0,01000 r/cm?”

97. Crompko myxno 4,4%-soro pacrsopa KMnQy, yro6m mocie

pas6apienus 10 4 aM3 monyunts C( ); KBKMnO4) = 0,01 Mons/aM3?

3 BOPa
98. Cronpko HyxHO npubasuth Boxl k 14,25 cmM?® pact
KMnO, ¢ nonpaaoqnzm roaddunuenrom F = 1,039, yro6H mony4ynTs
rouno C(f KMnO,) = 0,1000 mons/am3? Mcxoanast KOHUEHTpauus
KB

C(faKBKMnO4) = 0,1000 mons/nM3.

99. CronbKO HyxHO A06aBuTh Boall K 5750 cM® pacTBO a—KMl%(())S
¢ T = 0,003328 r/cM3, YTOGH IOMYYUTh TOYHO C(faKBKMn04 =0,

Moas/am37? 0. =

. HO 106aButh pactBopa KMnO4 ¢ W(KMnO,) =
= 4,111%0K(31}§%J(I)B§§3Hé& KBKMnO4) = 0,1000 moan/aM3 ¢ IMONpPaBOYHEIM
koabdunpenroM F = 0,9823, 4yTo6H MOTYyYUTH TOYHO C(); KBKMnO4) =

= 0,1000 Monn/am3?
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- C(1/5 KMnO,) = 0,1217 mons/nm??

. €CJIH TMOcCjIe pPacTBOPEHUA B KHCJOTe

24,50 cM® pactBOpa mepmanranara KaJIUA;

101. Cxombko HyxHO pacteopa Na,S,0; - SH,0 ¢ T(Na,S,0,4
= 0,002947 r/cm3, 41068 MOMyunTL 1,5 AM? TOYHO C(NayS,04 5H,0
= 0,01000 moss/mM37? .

102. Cronpko HykHO Na,S,;0, - 5H,0 (3 rpammax), yTo6m oy~
unrb 4 1M* pactBopa ¢ T(Na,S,0, - 5H2(¥£ = 0,010000 r/cma?

103. Cronsko nHyxno NayS,03 - 5 20, 4TO6H mosmyuntn 5 M3
pacrsopa ¢ T(NayS;0; - 5H,0) = 0,01000 r/cm3?

104. Croneko Hymuo NayS,0; - 5H,0, 41060 nonyyurs 12,5 amM3 ¢
C(NayS,0, - 5H,0) = 0,2000 MO/ M37

105. Crombko HyxHO moza (B rpaMMax), YTo6H moiyuurs 16 am3
pacreopa Touno ¢ ((I;) = 0,0500 Mons/nm3?

CKOJIPKO HYXHO HMOZA, YTOGH NOJNy4YuTh 2 aM3

T(I,/S) = 0,00100 r/cus?

pacTBoOpa ¢

Pacuer pesysnsraros TuTpoBanus

107. Hasecky marmerura 1 r, cozmepskauero 72,36% xemesa, pacr-
BOpWIK B kucaore. Jlo Kakoro o6beMma HyxHO pa36aBHThL IOy YeHH I
pacTBOp, YTOOH Ha TUTPOBaHHME MOHOB KeJe3a, BOCCTAHOBJICHHEIX o

- Fe?*, B 25 cM3 atoro pacTBopa 3aTpaunBalochk He 6osee 15 cm® KMnO,

¢ C(1/5 KMnO,) = 0,0835 mous/am3?

108. Hasecky Munepana cunepura 0,9938 r pacrsopusnu u mopesnu
B MmepHoii konGe xo 200 cm3. Ha TuTposanume momos Jxejie3a, BoccTa-
HOBJIEHHKIX 10 Fe?*, u3 50 cM3 aroro pacreopa 3atpauuBaerca 20,5 cm3
pacrsopa KMnO, ¢ T(KMnO,/Fe) = 0,05851 r/cm?. Onpegenuts mac-

© COBYIO HOJIIO XeJje3a.

109. Hapecky remarura 0,5000 r, cogepxamero 69,96% xenesa,
pactBopuiu B kucaote. Ilomywennmit pacrsop pas6asuwnu B MepHOit
kon6e no 250 cm®. Kakoit o6rzem KMnO, O 1/3 KMnO,) = 0,1215
MOJIb/AM? TPEGyeTcs Ha THTPOBAHHME MOHOB KeJe3a, BOCCTAHOBICHHEIX
no Fe?*, 5 100 cM? aroro pacreopa?

110. Crombko nponertos xemnesa(Il) conepsures » reMaTHTe, eCiIH

. Ha TurpoBaHume 50 cM? pacTBOpa, MONYYEHHOrO M3 HaBECKU 1,0000 r,

PaCTBODEHHONM B KHCJIOTe M pa3GaBJICHHON B MEPHON KoJ6e BMecTH-
MocThiO 250 cM3, sarpaveno 20,50 cum3 PacTBOpa IepMaHIraHaTa KAl

111. CrombKO IPOLEHTOB keNlesa coxepkuTcs B 2,00 r cunepura,
PacTBOp pa3GaBHi B MepHOMN
Kos6e 10 200 cM3, a Ha TMTpOBaHHMe xesnesa(Il) u3 50 cM3 aroro pactso-
pa 3satpatwim 22,5 cm® pacrsopa KMnOy ¢ C(1/5 KMnO,) = 0,1
Mone/am3; F = 1,9227

112. Hasecka 06pasna uiaBesieBoit KHC/IOTHL 2,000 r

pacTBOpeHa B
300 cM® pactBopa. Ha turposanme 25 cm3

9TOTO pacTBOPa 3aTPayeHo
C(1/5 KMnO,) = 0,1064
Monb/aM3. CKOZIBKO TIPOIEHTOB H,C204 - 2H,0 conepxures B ob6pasne?

113. Cronpko npouentos HuTpuTa HaTpUA COMEPKUT TEXHIIECKHIl
obpa3sen, ecu nocse pacteopenust 1,3074 r aroro o6pasna B 500 cm? Ha
TUTpOBaHHe 25 cM? pacTBOpa IepManranata KamusA ¢ C(1/5 KMnQ,) =
= 0,1 monp/aM® u F' = 0,9815 3arpaumsaerca 35,11 cm3 storo pacTso-
pa?

114. M3 3,000 r nepruapons npurorosmmu 500 cm3

pacTsopa; Ha
TUTpPOBaHue 25 cM3

9TOro pacTBopa pacxonyerca 40, 50 cm® mepmanra-
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nara kanua C(1/5 KMnO4) = 0,1 mons/aM3. OnpenenuTts MaccoBYIO
IO HgOz.

. 115. Kakoit o6weM pactBopa KMnOs ¢ C(1/5 KMnO4) =
= 0,1525 monp/aM® mnoTpeOyerca AJIA TUTPOBAHUA Fe?* u3 naBecku
5,025 r crutapa, copepskamero 5% xemesa?

116. Cxonrxo npouenros FeC,04 comepxuT 06pasen, ecan Hapec-
ka ero pasHa (,2596 u Ha OKHCJIGHUWe ero 3aTpayuBaeTcH 44,77 M8
pacteopa KMnO,, ana koroporo F = 1,156, (1/5 KMnOy) = 0,1
moib/aM37

117. Cxonbko TpOUEHTOB CYPBMHE COJIEPKHT CIJIAB, €clM HABECKA
ero 1,0000 r mocie pactBopenus ortuTposaHa 42,50 cm® pacTsOpa
KMnO, ¢ T{KMnO,/Sb) = 0,006124 r/cm3?

118. Cxomexo npouenroB Fe,O; comepaxur oCpasen, ecam ero
nasecka 0,1700 r nocse pacTBOpeHHA M BOCCTAHOBIEHUJ Xeje3a OTTHUT-
posaa 38,4 cM® pacrsopa KMnO4 ¢ T{(KMnO,/Fe) = 0,0001100 r/cm??

119. Jlo kakoro ofbema HY’KHO JOBECTH pacTBOp 1,6 T TEXHHMYECKO~
ro obpasua cynbgara HaTpHA, COIEPIHKALLEro 40,3% Na,SO3, yTo6H Ha
tutpoBanue 20 cM3 3TOro pacrBopa 3arpaumsanock ne Gosee 10,00 cm?
pacrsopa KMnO,4 ¢ C(1/5 KMnO,) = 0,1000 mons/mm®?

120. Ji;ia onpenesieHusA MaccOBO# JOJIM M30NpOIAHOJIa B TeXHUYec™
KOM npoayKre Hapecky ero 1,50 r o6patoramu 50 cm® 1 H. pactBOpa
K,Cr,0; B pacteope H,SO,4 B Tevenue 30 Munyr. 3arem 06beM pacTBO-
pa gosenu o 500 cm3, oro6pamm 25,00 cM3 U onpenenuau B HEM HOAO~
merpuyecky u36nTOK K,Cr:07: mpubasuiu KI, smaepxanu 10 mus,
poTesuBlIniics uox orrurposamn 0,1000 M pacrsopom Na,5,03 B
npucyrerBuu Kpaxmana. Ha tuTpoBanme M3pacXoposaHO 12,45 oM
Na,S20,. IIpu B3aumogeitcreun usonponanona ¢ KoCr,07 enupr oxme-
NgeTcA 70 aneTOHa MO PeaKIH:

CH3—CHOH—CH3-2C — CH4&~C—-CH;3 + 20,

OnpenenuTh MaccoBYIO AOMIO M3ONPONAHOIa M Jarb 3aKJIIOYeHue,
cootsercreyer sm I'OCTy aror npoaykr, ecmm mo I'OCT conepikanue
cnupTa JOIKHO 6HTH He MeHee 99,0%.

121. na ompemeseHus OpHUMeCH TaHOTa B 3¢upe ero OTOrHaIM
n3 naBecku 3¢upa 3,500 r. IlonyyenHmit gucTHILIAT O06paGOTAIN 10,00
cM3 0,2000 i1 pactBopa K,;CrO7 B cepHOKMCIOil cpelie NpH Harpesa-
run. Ilocite oxIakgeHuA K pa3GaBlIeHHUs BOAOH K PacTBOpY N0OGaBMiIH 5
cM® 10%-noro pacreopa KI, HpenusLimiics MO OTTHTPOBAIH 0,1l M
pacrsopoM Na,5,03; Ha TUTpOBaHME 3aTpayeHO 14,85 emd. Onpenenuts
MaccoBYIO ZOI0 dranoia. IIpH B3aUMOeCTBHM 3ITAHOJA C K7Cr;07 or
OKMCJIACTCA A0 YKCYCHOH KHCJIOTHI.

122. Cunrtermyeckas yKcycHaf KHUCJIOTa B BHJe IPHMECH MOXKET
comepxkars 10 0,4% MypaBBMHOM KMCJIOTH, ODpeNeNAeMOil HOAOMeTPH~
YecKH IO CIGAYIOMEl cxeme (B c1abOMenOYHOM cpeze):

SHCOONa + 2KMnO,4 =+ K,CO3 + Nay,COg + NaHCO; +
+ MnO; + H,0;
MnO, + 2KI + 2H,S04 — MnSO, + K.SO, + I, + 2H,0.

BrigenmuBmnites uox Turpyior pacrs
KpaxMana. JIns aHanuza orﬁgge};m gO &%%&iifﬁi;cg; %Tfjfg?g
{p = 1,055), orronsror u3 nee AeTANBIEru], OCTATOK pa36aBiIAI0
MepHOll Koj6e BMectMMOCTHIO 500 cm3. K 100 cm3 npnro’romxenn’g o
pacTBopa npubasinsor 50 cM® 0,1 H. pactBopa KMnO, Bbmepmunalgo
eMech B TeMHOM Mecre 30 MuH. 3areM 106aBAAIOT 0,5, r KI, 50 cMg
512288(5)4(: }‘(‘;} 0 118'20}1}?{ 'xi)v;'xépTc;gaHnI% Bxémgmamerocx uoxa nspac:éonoaano
, , a Na . Ja
BYeT JIM JlaHHHI oGpaser rgmnqezcxzmi y&guimflﬁ?ihgog?ﬁg

Ty.
123. HaBecky Tpuokcuza xpoma 0,0921 r pactso
uaH, obpa
gg Tgniuzc:wnxﬁl:lngcg %2 Sﬂgi(‘ﬁ%%iﬂﬂ 23,35 cng pac-rgopa ’mogyj?:(;ﬁg
cone;gczmﬁn rOi 12, 036pa3n;e.’ r/eM3. Onpenenure B TIPONEHTaxX
. A1 aHaNu3a cTaNu Ha conepixkaHue Xpo
PAcTBOPHWIM U okucauiu. Ha Boccranon.lw)xenne nogqiigggigxipiﬂggo;
RucAOTH B3AnH 40,00 emM® pactBopa comu Mopa. Ha THTPOBaHNE U36HIT-
ka BOCCTAHOBUTENA M3pacxoxosanu 5,02 c¢M3 pacTsBopa nepMaHrarara
xl\cda.nnx C(1/5 KMnO,4) = 0,02394 Monb/am3. 10,00 cm® pacrBopa conu
Opa okBuBaleHTHH 9,63 cM® pacrsopa KMnO;. Onpemenuts ma
BYIO 1{;%110 ﬁoma B 06pa3ne. «“
. A ONpeaeJleHusT MaccOBOH JOJHM Oc
TeXHUYeCKOM ¢enose Hasecky 1,0040 r gacraopxﬁng rﬁegsg;xeczi?mz
bMectnmoctrio 500 cM3, goBomAT AO METKHW BOJOii, TUIATEJLHO NepeMe-
mmuBaior; 10,00 cM® npo6m nepenocar s KOHYC ¢ NpUTepTOit npogxoﬂ
fpubasnsior 5 cmd koHUeHTpuposannoit HCI, 50,00 em3 0,1054 1. 6pos
MuI-GpOMATHOM CcMecH, BHIEPKUBAIOT, EPHONHYECKH nef)euemu;aag :
TeyeHue 15 MUH, JUIA NOJHOrO 3aBEpLICHUS peaKIMu: i

CsH;0OH + 3Br, — Ce¢HoBr;OH + 3HBr.

Hanee npubasnaor 2 r KI, su
y BEIIEPIRUBAIOT enle 5 MUH W BHIEIUB~
ix;xop;lx’;c;; aﬁgﬁ; anpzao'g70,10300 M pacrsopom Na,S,0,. Ha mmgna:;e
! YEHO cM® pacrBopa Na,S;0,. B
.nomo1 géenﬁna B rexr;nqecxon nponyP;{re. 27 BRIHCIT, Macconyio
‘ - HaBecky ¢enona 2,456 r pacrsopsior B MepHoit KonGe -
TaMOcThI0 500 cm?, npu6bamnsior 10 em® 10%-Horo ppacraopa N?(Sefcl
ingonar A0 METKM BOJOW, THIATEJILHO nepememrnsaior. OT6upaior ld
¢ aﬂannsnpye;wro pacTBOpa B KOHyC C NPUTEPTOH npo6KOil npubas-
; ch:‘xéof) (lagb% 2 em?® 10%-noro NaOH, marpesaior npu 50°C BBOZ’I}IT 45,00
, H. pacTBOpa HOja M BHIZE ° ,
S ep s oTe0) aepxusarot npu 60°C xo nonmoro

CsH;OH + 3I, — CeH,I;O0H + 3HI.

Peaxnuonnyro cMecs 3areM nogrucisior 5%-xo
ruposaBliuii uon rturpyior 17,65 cm® 0,09906 M %alc{'gtsaﬂ%l;pgpga
npege;mg;l MaccoBYIO OO (peHOIa B 06pa3ye. e
. Ao onpenenenus nognoro wucia, no;
MUJUIHIPAMMOB HOAA TPUCOENMHACTCA K l,rnulgi?x‘;lazlggxe?;gj ;1;;1;};1;(_)
Heyroro macia 0,1335 r pacrsopmiu B cimpre u cmemany ¢ 25,00 cM3
gz%OHerao pacreopa uona. Ha turpoBanme ocrarka moza napacxo,noaa.nn
130 em® Naz5;0; ¢ ((NayS,03) = 0,1 moms/ams. 25,00 cmd pacTBopa
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nozna pearupytor ¢ 20,90 cm® pacrsopa tiocynbdara. BHuMcanTs Mox-
HOe YHcJIo o6pa3na.

128. Jlnsa onpeneseHMs CONEPHKAHMUA TIJIOKO3E B INpemapare K
raBecke 10,05 Mr n06aBUAM HM3GHITOK PacTBOpa HMOJHON KUCJOTH U

nocsie 3aBepLICHUs peaKIuu .
ganOs + 5HI04 — CH,0 + 5HIO; + 5HCOOH

pacTBop HeATpaln30Bai NaHCOj;, - no6asuan M36uTOK NagAsOj.

TTocqre 3aBeplLueHMs peakIUU

HIO4 + NazAsOs + NaHCO3; — NalO; + NazAsO4 + CO; + H,0O
Ha TMTPOBaHHE OCTaTKa 8PCEHUTa 3aTpaTHJIU 9,64 cM3 pacTBOpa HMOJa C
c(1/2 12}{= 0,0510 monn/am3. JnA OnmpefesleHHA KOJHIECTBa nobas~
nennnx HIO4 n NagAsOg IpoBeIM XOJIOCTOH ONBIT ¢ TaKMMH Xke o6ne-
MaMH pacTBOpOB, HO Ges o6pa3ua IpemapaTa. Ilpu atom 3aTpayeno 2,12
cM3 TOrO ke pacTBOpa MOZAa. BEIYMCIUTB MAcCOBYIO JOMIO ITIOKOSEl B

npenapare.

BriymciieHue NOTEHIAJIOB OKUCJINTEbHO-BOCCTAHOBUTEJIBHEIX IIaD

129. BrruncauTh 3HaYyeHHe MOTEHIMANa JJIsl peOKCc Tap:
1) MnO;/Mn?* B pactsope, conepxkamenm 10 cu® KMnO, ¢ C(1/5

KMnO,& = 0,1 mone/mm® 1 15 cM3 MnSOy; T(MnSO4/Mn) = 0,0011
r/cmd; é *) = 0,1 mMoub/aM?;

2) Cu?*/Cu* B pacTBOpe, cofiepakallieM DaBHEE o6semrr CuSOy4 u
KI, xOHueRTpauyi KOTOPHX DABHEI;

3) Cr,037/2Cr®* B pacrsope, 100 cM® KoTOporo copepiar 158 r
Cl'Cla Hu 2,94 T K201‘207; pH = 0,

4) Fe3*/Fe?* B pacTBOpe, NMPUIOTOBJICHHOM CIMBAaHMEM pAaBHEIX
o6nemos 0,01 M FeSO4 1 0,05 M pactBopa Fey(SO4)a;

5) A *!A B HachuerHoM pacteope AgCl;

6 l§e +/%‘e2+ B pacTsope, copepxkameM 0,1 monb/am?  FeCl;
0,01 mons/am? FeCl, u 1 mons/nam? KSCN;

7) AsO§ /AsO3™ B pacTBOpe, cOnEpKALIEM 18 cm3 0,056 M NagAsO,
u 20 cM8 0,05 M NagAsOg npu pH = 8.

"7 130. Brumcaurh 3HauenMe NOTeHuMana pepokc-mape Fed? Fe?*
npu C(Fe3*) = C(Fe?*) = 1073 mons/am® n C(NaF) = 1 moas/nm®.

131, Yemy pasen NOTEHIMAN PeNOKC-NAapH AgXAlé B pacTBOpe,
nonyuennoM cmewenuem 10 cm® 0,01 M pacrsopa AgNOz u 20 emd
pacrsopa 0,01 M HI?

132. BHuMcAuUTH 3HayeHUe IOTEHIUAJa
mpu C[Cex(SO4)s) = 5 - 1072 monn/amd,
MOab/AM3.

133. BrrudcauTh 3HAaueHMe moTenmmana pefokc-mapu Hgd'/2Hg »

nacrennoM pacrsope HgoCls.
134. Ha cKOABKO MWIJKBOJLT U3MEHHTCHA NOTEHIHAT peOKCTIaphl

MnO;/Mn?* B pacrsope ¢ C(MnOj) = 0,01 moms /M8, C(Mn?*) =5 -
1078 mons/nm3 u pH = 0, ecsin pH pacrsopa noBecTrt A0 67
135. BpruncanTh 3HayeHUe ODOTEHIMANa DeAOKC-Taphl Ag*/Ag B
pacTBOpe, NOJYYEHHOM BBeJeHHeM 0,01223 r AgNOg mapku "x4" B 25
cm?® 0,01 M pacrsopa KCl.

&

epokc-apur Cet*/Ce?*
082(504)3 =2 107

136. Brruncan
ol D AL AT e Co/C g
137. Berquciaurs NOTEHUMan PpefoKc-mapH Fe(CN)i"/Fe(CN)§™ B
pactBope Fe(CN)#", ra 70% npesparusmemcs » Fe(CN)§".

138. Yemy pasen moreHpman
] penoxc-napu H,0,/H
pH —13257 Kﬁnnempalmx H,0, pasua 3%; p 2 1r/c 2{ 20 » pactmope c
- haK u3MeHuTCA NOoTeHUMay pexaokc-nape H,O,/H
ycJIOBUE NPeAHAYILeit 3a/1aun), ecId PacTBOp paa6a€mu g 16/p§?? (ea.

7.3. TurpoBanne nO MeTONy OcaxmeHMs

. B rturpumerpuyeckux onpenesieHuAx IO METOAY OCaXKIEeHUSA Mc-
noJB3yercA o6pa3oBaHue MaJOPAaCcTBOPUMEX COSIMHEHUIT

+ ™
M 4 gA™ 2 MA .
Konuenrpauun pacrBopos, comepxkanue B HuX onpezeaaeMoro

f{eel’llifCTBa ]}B)accqn’rmaalor TaK K€, KaKk U B JOpyrux TUTPUMETPHUYSCKUX
aax. npouecce TUTPOBAHUA MEHACTCS KOHUEHTpAaUMA KaTHOHOB

M™ u anmonos A-™. Kpusast turpoBanus B nanmoM ciyuae BHIpaxaer
3aBucuMocTs pM u pA, rae pM = —1gM™] u pA = —g[A™), or
KOHUEHTPAUMY NPHGABJIEHHOTO peareHta. Ilpu THTPOBaHMM cOH I\,/I"+
IO TOYKM IKBMBAICHTHOCTH KOHuenTpamma M™' pasma KOHIIEHTpauu

HEOTTHTPOBaHHON conu. Konuentpanusa A™ onpenensercss ua ypasme-

HuA ONA HpOPI3BelIelII/I}I pac’rBOplAMOCIIA III MﬂJIOpaCIBOpPIMOIO coenu
214

[A-m] -_ q HP .
M"*)P

IMocne Touku skem AL
BaJICHTHOCTH KOHIEHTPALUsA HOHOB
MeT:
GHTL paccyuTaRa N0 GopMysIe: P 3 Mower

[Mn+] - r HP
[A™™M)1
Kounenrpauus A™ onpenense 6
pexn TCA U3IORITKOM peareHra. B Touke skeu-

BaJICHTHOCTU KOHUCHTPANMIO MOHa METaJlJJa U aHUWOHa OonpenenArnT U3

YPaBHEHUSA JJIA NpPOU3BECHUA pac
TBopuMocTi IIP manHO
PacTBOPUMOI'O COeTUHEHUA. P 8 Rlend



7.8.1. Pewenue munoowz saday

Mpumep 7.29. Haittu pAg u pCl npu 'm'rpoaa;mn HuzpzTaAceIggﬁ—'
pa XJODHIOM HaTpPUA B MOMEHT, Koraa kK 25 cM? pacrTBOp g 33
C(AgNOs) = 0,1 mons/nm3 poGasiien pacTBOP NaC§ ¢ C( 2a6 ) =
=01 monn/nm® B kommuecrse 1) 24 cm3; 2) 25 cm® m 3) ems.
np, . =111 -107%. _

ig em e H U e. Buuncanm xouunentpammio Ag® u Cl” ¢ yuerom

pa36aRyIeHus PacTBOpa:

25-0,1 2,5 24-0,1 2,4 )

1) C(Ag+) - = — C(Cl’) = = — MOJIb/nMs,
25+24 49 25+24 49

0,1 2,5 25-0,1 2,5 .

2) C(Ag*) = 2 =—; 0= = — wmons/am’;
25+25 50 25425 50
0,1 2,5 26-0,1 2,6

3) C(Ag") = L —; (C) = = —— Morn/ 2.
25426 50 25+26 51

B nepsom cayuae AgNOg OrTUTpOBaH HE NOJIHOCTBIO, TaK Kak
C(Cr) < C(Ag") o5 _ 24
Y ’ - 3.
1 = C(Ag*) — C(Cl) = ———— = 2,04 - 1078 monn/aMs;
[Ag'] = ((Ag*) — C(CT) o
pAg —1g2,4 - 1073 = 2,69.
.10°10
HPAgCl _ 1,11-10
[Ag*] 2,041078
pCl = —lg5,4 - 1078 = 7,26.
Bo BropoM ciyuae noGaBlieHO JKBUBAJIeHTHoe Konmyectso NaC

= 5,4 - 1078 monb/aM3;

[cr] =

TIO3TOMY: ) 3
[Ag+] = [Cl-] = Q/ITPAgCl = 1/1,1'10-10 = 1,05 - 1078 MOJIL/J_IM .

pCl = pAg = —Ig1,05 - 1078 = 4,98.

B tpeThem cayyae go6asien usbuTox NaCl.
NaCl{ C(Cl) > C(Agh));
2,6 - 25
[CI] = C(C) — ((Ag") =
pCl = —1g1,96 - 1073 = 2,71.
pAg = _lgHPAgCI — pCl = —gl,11 - 10710 — }g1,96 - 10°% =
= 9,95 — 2,71 =7,24.

= 1,96 - 1073 monn/aM3.

: , COIepXallleMy XJIOp,
Hpuumep 7.30. K ananmaupyemomy Bemec'myc( AgN%s) = 0,1092
6roperkn 0,60 cm3

npubasunn 30,00 cm® pacrBopa AgNO; c
nglb/nM3, MAGHITOK KOTOPOrO OTTHTPOBA&JIN M3 MHKPO
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pacrsopa NH4CNS; C(NH,CNS) = 0,1105 moib/am3. Hapecka amamu-
supyemoro semectsa 0,2154 r. Onpenenurs MaccoByi0 JOMIO XJIOpa B
HaBecke.

Pewe n u e Ouebugno, uro na TUTPOBAaHME XJIOPUA-HOHOB
n3pacxozosano (30,00 - 0,1092 — 0,60 - 0,1105) mmons AgNOs, uro
COCTaBJLAET

(30,00 - 0,1092 — 0,60 - 0,1105) - M(CI") mr moxos CI-.
MaccoBast 1oast XI0pHA-MOHOB B HaBecke péBHa:
(30-0,1092 - 0,60-0,1105)-35,45

1000-0,2154

lpmmep 7.31. Onpegnesuts MaccoByl0 OO cepebpa B cmape,
€c/I mocsle pacTBOPEHUA ero HaBecKH Maccoit 0,5000 r B a30THOM Kic-
JI0T€ Ha THTDOBaHKEe TOJNYYEHHOrO pacTBOpa M3pacxonosaHo 24,90 cm3
pacreopa NH,CONS ¢ C(NH,CNS) = 0,1600 mons/zm?.
Peme nue n(Ag) = 24,90 - 0,1600 mmons; m(Ag) = M(Ag) -
24,90 - 0,1600 Mmr.
Maccosas mons cepe6pa B cutase pasna:

24,90-0,1600-107,87.
1000-0,5000

W(Cl) = - 100 = 52,82%.

- 100 = 85,95%.

7.3.2. Koumpoasusie sonpocu

Hna mnoaroroBkm K oTBeram PEKOMEHAYEeM BOCIOMb30BATHCS
COOTBETCTBYIOUIEH JIUTEPATyPOii.

1. IIpu KaKkuX ycjOBHAX Ta Wik MHAsA peaKius OCAKICHUS MOMXET
GHITh MCIOJIB30BAHA B TUTPUMETPHYCCKOM AHATAZC?

2. llpusectn npumepm Merosos OIpeJleIeHUsA, OCHOBAaHHEIX Ha
06pa30BaHUM MaJIOPacTBOPUMOTO COSTHHEHHS.

3. O6pasoBanne kakux ocanxos: AgCl, Fe(OH);, CaSOy4, PbCl,,
AgBr, Al(OH); — ucnonssyerca npu TUTPOBAaHMHU IO MeTOLY Ocaskie-

_HuA?

4. Ha pacrsop, comepsxamnit noust Cl™ u I, meftctByror pacreopom
HutpaTta cepebpa. Kaxas us coneit, AgCl (IIP % 10719) ynn Agl (TIP ~

'~ 10716), 6yner ocaxaarecs B IepBYIO O4epens?

9. Kax 3aBucur Besmunna cxauka Ha KpHBoit TUTPOBaHUA B METO~

' Ie OcaXIeHUs oT TEMIIePaTypHl, MPOU3BEACHUA PACTBOPUMOCTH, HOHHOM

CHJIBl PacTBOPa, KOHIEHTPALMK PacTBOPOB? :

6. Kakie cnoco6er dpuxcupoBanus touxu 9KBHBAJIGHTHOCTH TIpUMe-
HAIOTCA DM APIeHTOMETPHUYECKOM ONPEEICHUH I'aJOTeHHI0B?

7. B dyem cymmocTh 6e3BHIMKATOPHOrO MeToxa TUTPOBAHUA
x10pua0s pacTBcpom AgNO,?

8. B uem cymnocTs THMTpOBaHEA 10 "Toukn npocsersrenus’? na
OnpeneseHuA KaKUX MOHOB ITOT METOX IPUMEHUM Ha [IPAKTHUKe?

9. B ueMm cymmuocTs ompegesncHHA TIOreHUOB 1O METOéy: a)
Mopa; 6) Qasnca; B) Qonbrapaa? Hassate paGoune PacTBOPH, HHIU-
KaTOPHL. 3anucaTh OCHOBHbIC YDABHEHHSA DeaKIil.
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10. Kaxk onpezesiioT KOHUEHTPAIWH HOHOB Ag* u CI” ponanomer-
pHyecKuM MerozoM? 3alucarb COOTBETCTBYIOLLME DACUeTHRIE GOpMyIIHL.

11. Ha ueM OCHOBaHO jeficTBHe aICOPOUMOHHBEIX HHIUKATOPOB?
IlpuBenure MpUMEpEL.

12. B uem cyI[HOCTH MEpPKyPOMETPH4EecKOro OlpejeseHus XJI0pu-
nos? Hassars paGoume pacTBOPHEI, WHIMKATODH. 3anucarsk OCHOBHOE
ypaBHEHUE peaKIHu.

13. Kax npuroroButs paGOYHil pacTBOP Hgo(NO3), u ycTaHOBATH
ero KOHmeHTpanuio. KaxoBH yca0Bus XpaHEHUs ITOTO pacTBopa’

14. Tlps THTPOBAHMH KaKOTO pacTBOpa CKa4yOK THTPOBAaHUA Gyler
nanGonpuinit, ecain pacrsopom Hgy(NOg), THTPYIOT PacTBODEL a) 0,01
M NaCl; 0,1 M NaCl; 1M NaCl; 6) 0,1 M pacreopHl NaBr u Nal?

15. Kakue BellecTBa MOXHO OIpeNETUTE METOAOM MepKypoMerpuu?

16. CpaBHUTH DOCTOMHCTBA U HEJOCTATKH METOJ0B MepKypOMeTpHH
1 apreHTOMeTpHu. )

17. Ykaxute TpHINHK MHIMKATOPHHX IOrpELIHOCTEl IpH TUTPO~
paRuE 1o Merony: a) Mopa, 6) ®onsrapaa.

7.8.8. 3adany 048 CAMOCMOSMEABHOLO PEULENUS

140. Cromsko Mmumurpammoe KCN maxoxurca B pacTBOpe, Ha
TMT-DOBaHME KOTOPOro IO TOABJIEHHA HeHCcUe3alollel MyTH TpebGyerca
26,05 cM® pactopa AgNO3; C(AgNO;) = 0,1015 moub/nM3.

141. Onpenenuts MaccoBylO JOMIO cepeGpa B CIjIase, €CIM IOCTE
pacTBOpeHHS HAaBECKU Maccoit 0,3000 r B a30THO# KHCJIOTe Ha TUTPOBa-
HHe IIOJyYeHHOTO pacTBOpa H3PacXoNOBaHO 23,80 cM® pacrBOpa
NH,CNS; C(NH,CNS) = 0,1000 Moutb / M3,

142. Cronero rpammos KCl copepxurcs B 250 cM3 pacTBOpa, €CIIH
Ha turposanme 25,00 cmM3 ero 3arpadeHo 34,00 cm® pacrBopa AgNOj c
C(AgNO3) = 0,1050 momns/mm3?

143. Ha turposamme 20,00 cM® pacTBOpa NaCl uzpacxonoBaHO
19,64 cm® AgNOg; C(NaCl) = 0,05 moms/aM (K = 0,9640). Onpene-
JIATH MOJIADHYIO KOHUEHTDAIMIO U THTP pacTBopa AgNO,.

144. Ilpn aHanu3e cepeGpAHOro CIJIaBa C MaccoBOIT foseit cepebpa
50,00% B3s1M HaBecKy C Maccoit 0,8000 r. BeruucauTh MOJSIPHYIO KOH-
nerrpanuio pacropa KCNS npu ycnosuy, 4T0O Ha THTDOBaHUE JOIDKHO
GHITH H3pacXOnoBaHO He Gosee 25,00 cM3 aTOrO pacTBOpa.

145. Paccumrars MOJISIDHYI0  KOHIEHTPAUHIO  IKBUBAJICHTOB
Hg(NOjg),, ecin Ha THTPOBaHUE HABECKH NaCl Maccoit 0,0400 r uspac-
xonosano 25,00 cM® aroro pacrsopa.

146. Cxonbko rpammos Hgy(NO;), -+ 2H;0 rpebyerca Asns mpuro-
topienus 500 cM3 pacTBOpa ¢ MOJIAIDHOM KOHIEHTDalMel IKBUBAJICHTOB
cm2 Hgo(NOs)) = 0,025 moas/am®?

147. Onpegenurs Maccy Hasecku KCl i npurorosnesus 500 cm®
pacTBOpa ¢ MOJAPHON KOHLEHTpanuei C(KCl) = 0,05 mous/nm3.

148. Cxonero rpammos KCl comepxkurcs B 500 cM3 pacrBOpa, eciu
ra turposarme 25,00 cM® ero u3pacxon0BaHO 22 cm3 pacrsopa AgNOg;
C(AgNOQj3) = 0,1000 moas/am3?

149. B mepHy!o Koi6y BMecTHMOCTEIO 500 cM3 momectuiia 25,00 cm?
pasGaBJieHHOM XIOPOBOJOPONHON KHUCJIOTH U JIOBEIH IO METKH IHCTHI-
smposaHHoi Bogoii. Ha rurposaHune 20 cM3 3TOr0 pacTBOpa M3pacxono-
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paHo 21,85 cm3 pacrsopa AgNOQ,;; C(AgNO;) = 0,1003 moun/am3.
Cronbko rpammos HCI comepskures 8 1 am3 Mcemenyemoit KMCAOTE?

}50. Paccuurars HaBecky mosapenuoit coinn NaCl ¢ Maccosoit
noneir 40%, koTopas Heo6XOxMMa IJIA TpuroTopieHus 1000 cm3 pact-
popa c xoHpeHTpameint C(NaCl) = 0,1000 MOJIB{ZIM3.

151. Jina nonmnoro ocaxaenusd uonoB Cl° m3 HaBecku o6pasma
noBapeHHO# conu Maccoil 0,6325 r morpe6osanock 15,00 cM® pacrsopa
AgNOs; C(AgNQO3) = 1 mons/nm3. Ilpu arom o6pasosamocs 1,7881 r

. AgCl. Paccuurars MaccoByio JOJIO XJIOPa B NPOLEHTAX.

152. chcanan Maccy HaBeckH GpoMuja Kaius, 4To6H Ha TUTPO-
BaHHe ee OHUIO 3arpaueHo He Gosee 25,00 cM® pactBopa A ;
C(AgNO;) = 0,05 mons/mm® (K = 1,080). pacraopa AgNOs;

153. K 20 cm3 apcenura Hatpusi ¢ koHunenrpauueit C{NazAsOjz) =
= 0,08 mons/mM3 npunmnu 80,0 cMm® pacTBOpa HHMTpara cepeobpa,
C(AgNO;) = 0,12 monb/nm3. CKOMBKO MWIIUTPAMMOB MEILULAKA MOLJIO
ocratbesi B 100 cM® pacrsopa ToOcie HacTyIUIGHUS paBHOBecusA?

HPAg3A503 = 4,5 10719,

154. Onpemenurh Maccy HaBeckM clUlaBa, copepakauero 75% ce-
pe6pa, YTOGH Ha THTpOBaHMe ee OHUIO M3pacXoloBaHO He Gomee 20 cm3
?Iz}cracipgsgonannna ammonusa NH,CNS, C(NH,CNS) = 0,1 mons/nmd

155. H)aaecxa xumudecku gucroro KCl ¢ maccoir 1,2000 r pactso-
peHa B MepHOit koi6e BMmecruMocThio 250 cM3. Ha Turposanme 25 em3
atoro pacreopa pacxomyercs 19,50 cm3 pactBopa HuMTpaTa cepe6pa.
OnpezeuTh MOJSPHYIO KOHIeHTpauuio u Tutp pacrsopa AgNO;.

156. Paccuurarh Maccy Haseckn NaCl B rpamMax, KOTopyio cieny-
eT pacTBODUTH B MepHO# Kkon6e BMecTuMOcTHIO 250 cM3, 4TOOW Ha THT-
posanme 25,00 cM? sroro pacrBopa 6muI0 u3pacxomosano 20,00 cmd
pacteopa AgNO4 ¢ C(AgNO;) = 0,1020 moms/am3.

. 157. YeMy paBeH THTp pactBOpa HuUTpaTa cepebpa, ecilu Ha TUTPO-
panue 36,48 cm® 3arpaueno 25,63 cM3 pacTBOpa XJ0pMAa Harpus, coO-
nepsxaugero 58 r NaCl B 500 cM3 pactsopa? ’

158. Ha turposanue 20,00 cm3 pacrBopa NaCl uspacxonosamo
25,00 cM3 pactsopa Hg(NOs)y; T(NaCl/Cl) = 0,00189 r/cm3. Onpene-
auth HOopManpHOcth pactsopa Hg(NQs);, ero TuTp H NONpPABOYHBHIM
rozdpdunnent F.

o5 00159.3 Paccuurars MOJNAPHYIO 11gonuen’rpaumo pacteopa NaCl,

cM3 KOTOpPQro OTTHUTDPOBAIH 25 cm® pacrsopa Hg(N c
C(1/2 Hg(NOy),)) = 0,0985 moan/mm3. pactaopa HE(NOs)s

160.” Hasecky KCNS Maccoit 4,856 r pacTBopuiin B MEpHOH Kozbe
smecruMocthio 500 cM3. Ha turposanume 25,00 cM® aroro pacrsopa u3-
pacxomoBano 24,95 cm3 pacrsopa Hg(NOj),. Ompepesnth HOpMasib—
HOCTb, IIOTIPaBOYHENT ko3 dumuent u TuTp pactsopa Hg(NOg),.

- 3161. CKOMBKO ugnolBsxrss HuTpara cepebpa IS NPUTOTOBJISHUA

M3 pacreopa, 4TO6H 1 cM® MoOJy4eHHOro pacTBOpa
B A e y p pa CcOOTBETCTBOBAJ

162. CrOMIBKO HYKHO B3siThb HUTpara cepebpa IJIsi NPHUIOTOBICHHA
3 nM3 pacrBopa, uro6er 1 cM3 ero coorsercrsosat 0,010 r xnopus-—uona?

163. K 16,59 cM® pacrsopa comu 6apua npubasieH u3OLITOK cep-
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goﬂ kucnort. Ilonyweno 0,2436 r BaSO4. Onpepennts THTp pacTBOpa
apHi,

164. Basinu naBecky cnnasa Maccoit 0,8540 r. ITocae ero pactsope-
HUA 06BeM pacTBOpa JoBenu a0 250 em3. Ha turposanue 50,0 cm3 aroro
pacTBOopa 6HIIO H3pacxoposaHo 25,20 cm3® 0,05 M pactsopa NH,CNS.
Onpepennts MaccoByio 010 cepebpa B CIIaBe.

165. Paccuutath THTp pacTBopa AgNOj; mo cepebpy; xiyopv; mo
NaCl; C(AgNOj3) = 0,1002 momn/mm3. .

166. Ha pacrsop, comep:aiuil X10pu- U HOLUA-MOHH, AEUCTBY-
10T pacTBOpOM HHUTpaTa cepebpa. Kakas us comelt — AgCl unu Agl —
Gyner ocaxjaaTheA B mepsyro odepenn? IIP AeCl = 10710, TIP A= 10718,

C(I") = 0,001 mons/am3; C(Cl") = 0,5 monn/aM3.

167. PaccunraTh noka3aTenh KOHUEHTpaiuuu HoHos xiopa (pCl)
I7IA TOYKM 3KBUBAJICHTHOCTH npH TutposaHuy NaCl pacrsopom AgNO;.

168. IlocTpouTs KpHBYIO THTPOBaHHMA pacTBOpa HMTpaTa cepebpa c
C(AgNO3) = 0,1 mons/nM3 pacteopom NH,CNS; NH,CNS) =
= 0,1 Monn/mM3.

169. IlocTpouTs KpUBYIO TUTPOBAaHHS PacTBOpa GPOMHAa HATDHA ¢
C(NaBr) = 0,05 mons/aM® pacTBOpOM AgNO3;p C(AgNO;) =
= 0,05 Monn/am3. \

170. TlocTpouTe KpHBYIO THTPOBAHMS pacTBOpa HONHAA KalHd ¢
C(KI) = 0,00 moms/mm® pacreopom AgNOg; C(AgNO;) = 0,05
MOJIB /1 M3,

7.4. KoMurexconOMeTpr9ecKoe THTPOBAHEE

B KoMmrexcoHOMeTpMM B KayecTBe THMTDYIOLIErO peareHTa —
KOMILIEKCOHA — Yallleé BCEr0 MCNONL3yIOT AMHATPUEBYIO COAb 3TH-
neHAMaMHHTeTpayKcycHON KUeaoTH NaHoCoHpj,0sN, - 2H0, M =
= 322,3 r/monb (romnnexcon III, tpunomn B, DJTA, ycinosnoe o6o-
sHayenne NaH,Y - 2H,0), o6pasylomyio ¢ merainaMi npoyHbe, pac-
TBOPHMEIC B BOJl€ KOMIIGKCHEIE COEJMHEHHUs CTPOTO ONpeleleHHOro

+ -
coc-TaBa ¢ NOCTOSHHHM cooTHomenuem M™ : Y4 = 1: 1.
O6mee ypaBHeHHe 06pa30BaHUA KOMIUIEKCa:
+ - —
M™ 4 Yy = My" T4

IIpoynocTh .06pa3yeMBIX KOMINIEKCOHATOB METAaJIOB XapaKTepH3yeTcs
BETMYUHON KOHIEHTPAIMOHHON KOHCTAaHTH YCTONYHBOCTH:

My
MY © [Mn+ ] [Y“'].

OcHOBHHM (aKTOpOM, BIHAIIMMM Ha KOMIUIEKcOO6pa3oBaHie,
ABJIAETCA KUCHOTHOCTh pacTBOpa. llpu ycraHoBHBmEMcA pPaBHOBECHH B
PacTBOpe NPHCYTCTBYIOT KaK YacTHIH IOJHOCTBIO HHCCONMMPOBABIIErO
KOMIJIKCOHa, TAK M BCe Jpyride NPOAYKTH NPOTOHH3ANMH aHHOHA
QNTA: HeY?*, HsY*, H,Y, HY", HY?") HY®, Y4 . Ilpu xounentpa-
unu QJATA, pasnoit C(OZATA), paBHOBecHas KOHUEHTpamus Y4 ompe-
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AeNAeTCA U3 ypasHEHU:
COATA) = ay[Y+],
rae oy — k03¢ PuIUEHT pacupefielieHUs NPH KOHUEHTPALlUH HOHOB
popopona [H*].
— +] . +2. . 3. g . .
o = 1+ [H'] - Ky o+ [H) Ky Ky o4 [P Ky - Ky Ky +
6 A
+...=1+4 ",:‘,[H*]’-Kﬂy.
J=1 J
CootHollleRMe KOHIEHTpanuil 3THUX YacTHI] ONmpenensiercsi CTyleH-
9gaTHIMH KOHCTaHTaMH MX AMccouMalu u 3asucut or pH pacrsopa.
3HayeHnsA KOHIEHTPALHOHHEIX KOHCTARHT yCTOMYMBOCTH NPHUBEAEHH B
ITpuaoxenuu II (Tabu. 3).
Hns ydera sausnua nporonusanuu OJITA ¥ npasunbHOro ompe-

J[CJIeHUA YCTONYMBOCTH KOMIIEKCOHATOB HMCNOJL3YIOT TaK Ha3HBaeMyIO
3¢ PEeKTHBHYIO KOHCTAHTY YCTONYMBOCTH:

2d _
Ky = Enpy/ 4y
Jlorapugmupys 310 ypaBHeHue, NOJNy4YalOT MOKa3aTenb 2¢pPeKTus-
HOIl KOHCTaHTHI

20 _
ngMY = ngMY — lgaH.

Yro6ul npu turpoBaHuu 0,01 M pacrsopa conum Merayia OLIMGKA
TUTpOBaHUsL He mnpeBhwmana 0,1%, nomxnO cobmojaTees ycsoBue:
2 > )
lgK v 72 7.
Kpusrie KOMIIEKCOROMETPHYECKOTO THTPOBAHUA BEIPAKAIOT 3aBU-

+
cumocts BestmymHel pM = — 1g[M""] or konumyecrsa poGamnemmoro
xoMiiexcoHa. UeM Gonblle 3HayeHHe ngMY addexTusHOl, TeM Goyee

Pe3KO u3MEeHAeTcA BeIN4YHHA pM BOIM3M 3KBUBAJIEHTHON TOYKH M TEM
Imupe CKaYOK Ha KPHUBOI THTPOBAHHUA.

n+

PaBHOBecHast KOHUeHTpauusa (M’ | NpH KOMIZIEKCOHOMETPHYECKOM
THTPOBAHHK [0 TOYKH 3KBMBaJIEHTHOCTH OyJNeT mNpaKkTHYecKM paBHa
KOHIEHTPAI[MH HEOTTHTPOBAHHOIO KATHORA METAJljia, T.e. He CBA3AHHOTO

¢ DITA: .
ey 2 CODVAD — OOV V)
) V(M) + W(Y) ’
rae CO(M) u C°(Y) — HayanpHHEe MOJAPHEE KOHIEHTPAUMH COJH

MeTajia U KOMmiekcoHa; V(M) — HayalbHEIA O6LeM THTPYEMOrO pacT-
Bopa; V(Y) — o6beM A06aBIeHHOro pacrBOpa KOMIIEKCOHA IIPU THTPO-
BaHUH.

n+

B TOYKe OSKBUBAJIEGHTHOCTH paBHOBECHAas KOHUeHTpauusa [M' ]
paBHa paBHOBECcHON kOHueHTpauuu anuoHa JJITA, ecam mnpeanono-
XHUTH, YTO NPU JUCCOLUHAUHN KOMIMIEKCOHATa METALAa KOHI[EHTPAUMIMA
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Ipyrux ¢GopM MOXKHO IpeHeGpeyb, T.e. M™] = QYY) u [MY" ~ ¥ ~
~ CYM); orciona

M™] = QY) = IO(M)/K;%
pM = — 1gM™] = 1/2(1gKS> — 1gC°(M)).

Ilocne TOYKM 3KBHBAJECHTROCTH pacyeT KOHUEHTpalMu YacTUIl
IIPpOBOJAT II0 yPaBHEHHUIO.
' (M)

M ]NC(M)::W

rie

C(Y) NY) — (M) V(M)

CAY) =
VM) + W(Y)

IlpoaorapudmMupys, momydaem
PM = — Ig[M™] = — 1gC°(M) + IgK53 + 15C(Y).

PeaysbTaTH KOMILIGKCOHOMETPUYECKUX TUTPOBAHUI paccYUTHIBA~
0T, MCXOAA M3 ciexyommx coobpaskenuit: ecnin C(Y) n V(Y) — coor
BETCTBEHHO MOJIApHasi KOHUEHTpauus (MMoin/cM?) U o6beM pacTsOpa
KOMIUIeKkcOHa (cM3); m — wMacca ompepmesnsiemoro Bemecrsa; M(X) —
MOJIAApHAs Macca ONpeflesIieMOrO BEI[ecTBa; a — HaBecKa o6pasma (r),

TO
C(Y) V(Y)-M(X)
m= r),
1000
a MaccoBasi JoIs BemecTsa X B HABECKE:
m-100

W(X) =

(%).
a
IIpu o6paTHOM THTPOBAHUH
(Q(Y)-W(Y) - C'V')M(X)-100
W(X) = s
a'1000
rge C’ u V’ — cooTBercTBeHHO MOJISIpHAS KOHUEHTpAIMA H 06beM craH-
JApTHOrO pacTBOpa coiM Merauia (cM3), KOTODHIM OTTUTPOBHIBAIOT
U3GHITOK KOMILJIEKCOHA.

7.4.1. Pewenue munoewz 3adax

Tpmmep 7.32. Paccunrath 3 PexTHBHYI0 KOHCTAHTY yCTOMYUBOCTH
1A koMmmaexca CaY? npu pH = 7 u pH = 10. Chenare smBOZR O
. BO3MOKHOCTH KOMIUIEKCOHOMETPHYECKOrO ONpelelIeHus Kajlbius.

P e m e ne M3 rabiunng mHaxe aT lg KCaY (on paser 10,7) u

3HayeHus koadpunyeHTa a: mpn pH =7 lgaH = 3,3; npu pH = 10
lga, = 0,45.
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PaccunrriBaior mokasateni 3¢pPeKTNBHHX KOHCTAHT
IgK2®, =107 33 = 74 mpu pH = 7;

ngé‘ZY = 10,7 — 0,45 = 10,25 nupu pH = 10.
CilezoBaTeIbHO, TUTPOBAHME KAIBIUA MOXHO mposoguth npu pH 7 u

_10.

MMpumep 7.33. Brruucnuts adpPexTuBHYIO KOHCTAHTY YCTOMYMBOCTH
KoMIuteKconara PbY?™ mpm tmrposannu csuhna B 0,1 M aneratHOM
6ydepHoM pactBope; pH = 5.

Pemermue. ngPbY

2¢ _ _ - P _ 4pll5
ngPbY =18 — 6,5 = 11,5; BPbY = 107"

MIprmep 7.34. Paccuntarh CKayoK Ha KPUBOM TUTPOBAaHUS U HallTH
pemundy pCa B TOuYKe 3KBHBaJIeHTHOCTH npn TurposaHuu 50,0 cm3
0,01 M CaCl, 0,01 M pacrsopom IJITA B 6ydepuom pacrBope ¢ pH =
= 10; ngCaY = 10,7, lgaH = 0,45.

= 18, npu pH = 5 3Hauenue lgazH = 6,5;

29 3p _ . -
P e m e H u e. Beruncisem BCaY ngCaY = 10,7 — 0,45 =

= 10,25. B mnavame ckauka TuTpOBaHus, Koraa xo6asieHo 99,9%

pacTBOpa THTPAHTa, T.e.
V(Y) = 50 - 0,999 = 49,95 cm3,

0,01-50 — 0,02-49,95
[Ca?*] = =5 -107; pCa = 5,3.
50 + 49,95
B Touke sksusamenTHOcTH mo6asneno 100% koMmsekcoHa:

pCa = 1/2 - (2 + 10,25) = 6,12.

B KOHUE CKavKa TUTPOBaHHA, KOr'Ja H36RITOK KOMIIJIEKCOHA 6y11e'r
0,1%, T.e. V(Y) = 50,0 - 1,001 = 50,05 ca?,

0,01-50,05 — 0,01-50,0
C(Y) = =5-107% pY = 5,3
50,0 + 50,05

pCa=2+10,25~53 =2+ 10,25 — 5,3 = 6,95 = 7,0.

CrnenopaTesbHO, CKAaYOK TUTPOBAHWA JIEKUT B npegeiax or 5,3 go 7,0
eQUHHUL.

HOpumep 7.35. OnpeaeauTh MaccOBYIO A0MI0 MarHUA B ajiiOMHUHHE-
BOM cmiaase, eciu mocae pacrsoperust 0,5000 r cnsiaBa um ynameHus
MEILAOIUIMX TEeMEeHTOB, 06beM pacTsopa mosenu 1o 100 em® u 20,00 cm?
ero orturposatu 12,06 M3 0,01 M pacteopa 9JITA.

Pemenue.

M(Mg)-C(Y)-V(Y)-100  12,06-0,01-24,3-100

m{Mg) = =
1000-20,0-0,05000 1000-20,0
12,06-0,01-24,3-100-100

W(Mg) =
1000-20,0-0,5000

= 2,93%.
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IIpamep 7.36. Onpezenuts Maccy pTyTn B pacTBOpe, ecau IOcie
npuGasnenua 25,00 cm® 0,01 M pactsopa DJITA H36LITOK ero oTTHTPO-
Banu 10,50 em® 0,01 M MgSO,.

Pemenue.

(25,00-0,01 — 10,50:0,01)-200,59

1000
rae 200,59 r/mMonp — MossApHAS Macca pTyTH.

m(Hg) = = 0,0291 r,

7.4.2. Konmpoasnsie sonpocut

1. Hazosure (aKTOpH, BIMIONME Ha BEHYUHY cKayKa TUTPOBa—
HUA.

2. B 4eM cymmuocTh npAMOro, 06paTHOrO ¥ BHTECHATEALHOrO KOMII-
JIEKCOHOMETPHYeCKOro TUTPOBAHUAT

3. Hasosure cnoco6ul oGHapykeHus KOHEYHOM TOUKM THTPOBAHMA.

4. KaxknuM Tpe60BaHHAM JOJKHE yAOBJIETBOPATH METAJIOXPOMHEIS
nHAuKaTOpu? Hanumiuure pasHOBecue B pacTBOpe MeTAIOXPOMHOrO
MHIUKaTOpa Ha NpuUMepe 3pHOXpoMa yeproro T,

5. PacckaxuTe O NPUMEHEHNM YHMBEPCATHHEIX M CHEIHPUYCCKUX
MEeTAJJIOXPOMHEIX MHIMKATOPOB.

6. Kaxue TpeGoBaHMA NpPeqBABIAIOTCA K PEAKIUAM KOMILJICKCOHO-
METPHUYECKOro TUTPOBAHUAT

7. IlpuseguTe ycj0BUA THTPOBAHHA Fell pactBopom IJITA ¢
HCIIOJIB30BaHUEM B KayecTBe HHAMKATOPA CyJIH(OCATHIMIOBON KHCIO-
To. Kak 06bsAcHUTE n3MeHeHne OKpacKu THTPYeMOrO pacTBOpPa B KOHEU-
HOII TOYKe TUTPOBAHUAT

8. KakoBa cTexuomeTpus KoMmIlekcos meraios ¢ DJITA?

9. Hamumure crpyxrypusie dopmynn DTA u KOMIIEKcoB ee ¢
ABYX- H TpeX3apAIHLIMH MeTaJlIaMu.

10. Pacckakure 0 KOMIUIGKCOHOMETPHYECKOM ONPECTICHMH KAlb-
TUA ¥ MarHus IPU COBMECTHOM TPHCYTCTBUH.

11. HazoBute ycnosus TMTpoBaHUA Al pacteopom JJITA.
12. Kak onpenemuts non SOj” ¢ nomompio DJITA?

13. YcnoBus THTPOBaHMA MOHOB Kaibuus pactBopoM DJITA.

14. HasoBure ¢nocoGE NOBHIIEHUA CEJICKTMBHOCTH KOMILIOKCOHO-
MeTPHYecKHX THTPOBaHUIL.

15. Kakue BemiecTBa UCNOJIL3YIOT B KadecTBe CTAHIAPTOB JJIA
yCTaHOBJIeHHS KOHueHTpauui JJITA?

16. Ilouyemy peaxuuio Al OJTA nposoasaT npu HarpeBaHum?

17. HasoBuTe NpuYMHH HHAMKATOPHHIX NOrpPEIIHOCTEH NIPH KOMII-
JIEKCOHOMETPUYECKUX THTPOBAHMAX.

18. O6nAcHuTe MexaHM3M GJIOKHMPOBAHUA METANJIOXPOMHEIX HHAU-
KaTOpOB.

19. Kak paccyuTHBAaOT KPHMBEHE THTDOBAHMSA B KOMILIEKCOHOMET-
puu? Cnocob6u BHYuciaeHusas pM 1o Touxu SKBUBAJIEHTHOCTH, B TOYKe
SKBHUBAJICHTHOCTH H IIOCJIE TOYKH 2KBHUBAJICHTHOCTH.

Ilpu noaroroBke K oTBeTaM mesecoo6pasHO HENMOJIL3OBATH pexo-
MEHIYeMYIO JINTepaTypy.
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7.4.8. 3adavu das camocmosmeasnoto peuenus

IIpuroropienue paGoyux PacTBOPOB M OINpeZieJIecHHe UX KOH-
HeHTpauun

171. Tutp pacteopa 3JTA mno okeuny xampumsa pasen 0,000560
r/cM3. PaccynTtaTs MOJISIPHYIO KOHIEHTPAIHMIO 3TOFO PACTBOPa.

172. Kakyro naBecky numarpuesoit conu DJITA myxkHO B3siTh I
ppuroropnenust 200 cM® pacTBOpa ¢ TUTPOM 0O CTPOHIMIO, PaBHHEM
0,00080 r/cm3?

173. Kakoit Macce Marsus coorserctsyer 1 cm3 0,0500 3 pacrsopa
OHATA?

174. Kakoi#i Macce KoGanbra coorerctByer 1 em? 0,02000 M pacr

"sopa DJ[TA?

175. Kaxkoit Macce cBuHua cootsercTayer 1 eM3 pactsopa 0,00200 M
OITA?

176. PactBop 3JITA npurorosuiu pactsopenuem 10,00 r wymcroit
HyY (M = 292 r/mMons) B He6ombmom o6beme NaOH u pasbassenuem
To9HO 10 500 cM3. Paccuutars Aus 310r0 pacrtsopa: MOJIIPHYIO KOH-
nerTpauuio; THrp no Ca?*, mr/em3; Turp no MgCOg3, Mr/cms.

177. Pacreop O TA npurorosunu pacteopenueM 4,45 r oumnieH-
Horo u Beicywennoro Na,H,Y - 2H,O B noaxoxsuteM o6neme Bomml u
pasGbasieHneM TouHO A0 1 am®. Paccumrars MOJNAPHYIO KOHUEHTPALMIO
NOJyYEHHOTO PAacTBOPA, YYMTHIBAA, YTO HCXOLHOE BELIECTBO COMEPIKHT
0,5% Bnaru.

178. Konuentpauus pa6ouero pacrsopa 3JITA 6ruta yeraHossena
IO pacrBopy, conepxkamemy B 1 am3 25,00 r FeNH4(SO4), - 12H;0. Ha
turposanne 10,00 cM? 3Toro pactsopa mapacxogoBano 12,50 cM3 pacrso-

a JJITA. Paccuurars: a) MOJADHYIO KOHIGHTpAamuio; 6) TUTP N0
e203 u B) TuTp mo CaO pacrsopa JJITA.

Pac4erst pe3yJILTaTOB NPAMOrO THTPOBAHUA

179. Ha Turposarue 40 cM3 BoxH npm onpenenerun obuieil xect-
Koctu norpe6osanock 5,10 em3 0,0150 M pactsopa I(TA. Briuucnurs
HeCcTKOCTh BOAK! B Mr/am3 Kap6oHaTa Kalblud.

180. PaccuuraTh KOHLEHTpalMioO MarHuA B Boge (B MMOab/mm3),
ecsm npu turpoBaruu 200 cM3 Bomm DJTA npu pH = 9,7 ¢ xpomore-
HOM 4YepHuM T 10 cumneit okpacku uapacxomosaro 25,15 em® 0,01512 M
pacTBopa.

181. CrosbKO TpaMMOB MeAu OOGHADYKEHO B pacTBOPE, CCJIM Ha
TUTPOBaHME 3TOro pacrBopa yxomur 15,20 cM3 0,0300 M pacrsopa
OITA B npucyreTsun uHAMKAaTOpa MypeKcuzaa?

182. Ha turposauune CaCl, npu pH = 9,3 B npucyrersuu spuoxpo-

- Ma YepHoro uapacxomosano 25,20 cm® 0,05 M pacrsopa 3J[TA. Paccuu-

TaTh MacCy KaJMHA B PacTBOpe. .
183. Ha turpoBanume npm pH = 2 pacrsopa nurpara Topmsa B
OpUCYTCTBMY INHMPOKATeXWHOBOro ¢HOIEeTOBOro u3pacxonosano 15,20
em?® 0,025 M pacrsopa 3[ITA. Paccuntars Maccy Topus B pacrBope.
184. Pacreop CaCl;, pH xoroporo nosezer no 12, orturposan
20,50 cM3 0,045 M pacteopor ITA B npucyrersun Mypexchiga. Pac-
CYUTATh MacCy KajblUsi B PacTBOpe.

95



185. Ha rturposanme 150 cm3 Boam wmapacxomoBano 15,60 cu3
0,018 M pacteopa 9 TA. BupasuTh #ecTKOCTb BOLH B MMOJISX BKBH-
pajenfos B rpaMMax CaQ na 1 nm3 BoAH.

Pacuer pesynrsraro.o6paTioro THTpoBaHHA

186. Paccuurars maccy Al B pacTsope MO CIeAyIOU[MM JaHHEIM: K
pactsopy poGasunm 25,00 cm® 0,040 M pacrsopa DIATA, us6errox
Koroporo 6sut orrurposal 5,00 cM3 0,035 M pactsopa ZnSQ,.

187. Hcciepyemmit pacrsop NiCl, pas6asimen mo 250 cmS. K

25,00 cM® aroro pacrsopa mo6asmeno 1500 cm? 0,015M pactsopa
OATA, nsburox krotoporo orrutposanu 5,60 cm3 0,015 M pacTBopoM
cynbdara Marsus.

Paccuurars Maccy Hukens B uceenyemoM pacTrope.

Pacuer maccoBoii mosu BemiecTsa

188. Hasecky MgCl,, pasnywo 0,3100 r, pacreopumu B MepHOi
konGe BMecTumocThio 250 cM3. Ha Turposanme 25,00 cM3 atoro pacteo-
pa uspacxonosanu 10,35 cm3 0,0250 M pacrsopa I/ITA. Paccunrars B
npouenrax maccosyio aomo MgCl, B nccnenyemom o6pasue comm.

189. Hasecky Hg(NO;),, pasuyio 0,6865 r, pacrsopuim B 250 cM®
soasl. Ha rurposanme 25,00 cmM3 sroro pactsopa B mpucyTcTBUM HHIH-
Karopa apuoxpoma 4epHoro T uspacxomosano 8,50 cm8 0,022 M pacreo-
pa OJITA. Paccunrats (B NpOHEHTAX) MAcCOBYIO AOIIO Hg(NO3), B
ucciaenyeMom o6pasue coiu.

190. Monu6nar-uon ocaguwiu s sujge CaMoO,. B ocaaxe OTTHUTPO-
Banu kaabuuit 0,0450 M pactsopom DJITA (momwro 12,50 cm8). Paccun-
tatk Maccy MoOj™ B pacrsope.

Pacder yciioBHEIX KOHCTAHT 06Pa30BaHUS KOMILJIGKCOHATOB.
Kpusne Turpopanus

191. Paccuurarh ycIOBHHE KOHCTAHTH YCTOMYMBOCTH KOMILICKCOB
Mn?* ¢ 9/ITA npu pH: a) 5,0; 6) 7,0; 8) 10,0.

192. Paccuutarh ycJoBHbHIEe KOHCTaHTH ycroirauBocru Sret ¢ DJITA
npu pH: a%5,0; 6) 8,0; B) 12,0. '

193. Buryucaurs snavenue pFe npu turpopanuu 0,02 M pacrsopa
FeCls pacteopom 3/ITA Toit *e xoHueHTpauuu, eciu go6asueHo 99,0 u
99,9% DJITA oT 5KBUBATEHTHOrO KOJIMYECTBA.

194. Brruucours 3uavenne pCa npu turpopanuu 0,002 M pactso-
patCaCly 9/ITA Toit e xoHueHTpauuwm, eciu ao6asreno 75,0 u 95,0%
OATA or 3KBUBAJIGHTHOTO KOJHYECTBA.

195. Buuucaurh 3navenne pNi npu Turposamuu 1073 M pactsopa
NiCl, pacreopom JJITA ToO#t e KOHUEHTpauUuH, KOTHa B cucTeMy J0-
6aseno 101,0 u 110% O/ITA or 3xBUBaJIEHTHOro KOMMYECTBA, & TUTPO-
- BaHHe [1pOBOAMJIM B TPUCYTCTBHM aMMuayHoro 6ydepa mpu pH = 10;

— s — 18,6
lgaH+ = 0,45; pKNiY = 10"

196. Botaucoute 3navenue pZn npu turpopanuu 0,002 M pactso-
pa ZnCl; B/ITA roit ke koHUeHTpauuu, ectn mobasieno 90% DTA
OT 3KBHBAJIEHTHOTO KOJIMYECTBa.
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197. Buuncaurs 3nayenue pZn npu turposanuu 0,02 M pactsopa
ZnSO4 pactsopom D/ITA TOil Xe KOHLUEHTPAUNH, €CIM B CHCTEMY NO0-
6aBJICHO 100,1% OJTA o1 3KBHMBAIEHTHOTO KOJIMYECTBA, a THTPOBAHHME
OpOBOAIWIIM B IIPHUCYTCTBUM aMMmMayHoro Gydepa npu pH = 10; KZnY =

= 10'%% lga v = 0,45.

198. Buumcnnrhs 3HayeHMe pST B TOYKe IKBHUBAJIEHTHOCTH IpPH
tutpoBaHuu 0,001 M pacreopa SrCl; pactsopom DJITA Toit e KoH-
HEeHTPAUMH, eC/IM KOHCTaHTa YCTONYMBOCTH KOMIIJIGKCOHATA CTPOHUHS

pasua 105 pH = 10; lga, .+ = 0,45.

199. IlocTpouTts KpHBYyIO THTpoBanus 50,00 cm® 0,01000 M pacrso-
pa 0,02000 M pacreopom DJITA B 6ydeprom pacrsope ¢ pH = 11.
Paccyuraiite pSr mocie moGasmenus: 0,00; 10,00; 24,00; 24,90; 25,00;
25,10; 26,00; 30,00 cmM?® TuTpanTa.

200. Iloctpours kpusyio TutpoBarus 50,00 cM?® 0,0150 M pacTtsopa
FeSO4 0,0300 M pactsopom DJITA B 6ydeprou pactsope ¢ pH = 7,0.
Paccyuraiite pFe mocie mo6asnenus: 0,00; 10,00; 24,00; 22,00; 25,00;
25,10; 26,00; 30,00 cM® TurpanTa.

Taaga 8
QJNEKTPOXNMNYECKHUE METOJR AHAJIN3A

8.1. DaekTporpasmMerpasa

OJIEKTPOrPaBUMETPUA — METOJ aHATu3a, OCHOBAHHHI Ha 3JIeK-
TPO/Iu3e TOCTOSAHHHIM 3JIGKTPHYECKMM TOKOM IPH OINlpefesIeHHON pa3-—
HOCTH aHOJHOTIO (Ea) M KaTOJHOrO (EK) noreHnuanos. Ilo 3zaxomy

Qapajiess Macca BELIECTBa, BEIAGISIONIErOCA MPH 3AEKTPOJIU3E, POIOpP-
QUOHATHHA CHJIe TOKA, BPEMEHH M XMMUYeCKOMY 3KBUBAJICHTY BELIECTBA.

Jns sHzeseHus ONHOIO MOJIA JKBUBAJIGHTa BemecTsa TpeGyercs
oxos0 96500 xysonop anexrpuyecta. Onun kynon (1 Ka) — xonuvect-
BO 3JIGKTPHUYECTBa, NpoOllefilllee Yepe3 IpPOBOAHMK B TeueHue 1 ¢ npu
cune toka B 1 A. Ecam Bpemst silektposnusa BHIpaxaTh B yacax, TO
96500 K pasum:

96500,/3600 = 26,8 A - .

KonmyecTso BeuiecTsa, BhIAeNsieMOe OJHMM KyJIOHOM 3JIeKTpHYeCTBa,
HA3LIBAIOT 3JIEKTPOXMMUYECKHM 3KBHUBAJIEHTOM, OHO PaBHO MOJIIO 3KBU-
BaJieHTa JJaHHOrO BellecTBa, AejeHHoMy Ha 96500.

Bentencrsue nporekaHusA NOGOYHEIX TIPOIECCOB Macca BeIIeCTBa,
BEIENISTIONIETOCA TIPH  3JIEKTPOJIN3e, OGEIYHO MEHBIIe TeOpPeTHYEeCKH
BRIYHCJICHHOM N0 3axoHy Dapazes, T.e. BHXOA N0 TOKy () 4alle Bcero
menee 100%. Takum 06pazoM, Macca BelecTBa, BEZEIHBIIErOCH Ha
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37IeKTpOJE:
: M ,
m= 0_ily wmm m=——mHo0H— iy,
2 n - 96500
rge m — Macca BemlecTsa, Ij { — Cuua TOKa, A; 1 — Bpemid, ¢; I —

2JIEKTPOXMMHUYECKHI SKBHBAJIEHT, I/Moinb; M — MOJsApHass Macca BHI-
JlessieMoro Ha 3JIeKTPOJE BEl(ecTBa, I'/MOJIb; ) — BEIXOJ IO TOKY; n —
YyeJIO 37IEKTPOHOB, YUACTBYIOIIMX B 3JIEKTPOXMMHYECKOM Ipolecce.

8.1.1. Pewenue munogur saday

Tpumep 8.1. CroabKO KUCIOPOAA ¥ BOAODPOAA BHIAGJNHUTCA IPHU
3JIeKTPOJIN3e CEPHON KMCIOTH B TedeHme 15 MMH, ecIin cHiIa TOKa paB-
Ha 2,5 A7 ,

Pemenue MO; = 32r/mons;, n = 4; KOTHYECTBO BIIEKTPH-
YecTpa, IpOIIE/lee Yepe3 PacTBOp, PaBHO

it=25-15/60 = 0,625 A - y;

32
m(Qy) = —— - 0,625 = 0,186 r;
4 - 268
m(02) 0,186 - 22,4
V(0,) = c 224 —— "7 — 0,13 nued.
M(0,) 32

AHAZIOrMYHO OMpeAeNAIoT 06beM BEIIEIUBLIETOCA BOJOPOAa (YUHTHIBALA,
uro 26,8 A + 4 Hy®HO 1A Begelenns 11,2 nm3):

0,625 - 11,2

V() = = 0,26 mme.

’

Ipumep 8.2. Ilns ompepeneHus Mexu HaBecky ciiasa 0,6578 r
PACTBOPMJIM M Yepe3 NOJYYeHHHH pacTBop B Tedenue 20 MUH mpomyc-
Kkaau TOK cuioit 0,20 A, B pesysbTaTe 4ero Ha KaTole KOJNYECTBEHHO
BRIZIeANTIacE Menb. Buxog no Toky 80%. Oupenenuth MaccOBYIO IOJIO
(%) menu B cuiase.

P em e Hu e. B coorserctBuu c 3akonoM Qapanesn

M(Cu)
m(Cu) = ————— iy
2 - 96500
m(Cu)
W(Cu) = —— - 100 =
0,6578

0,2 - 20 -60 - 63,55 « 80’
= = 9,5%.
96500 - 0,6578 - 2

Ipnumep 8.3. Yemy pasHo Hanpsikenue padnoxkenus CuSOy B 1 M
pacteope npu pH = 0 mpu HCNONB30BAHHU IUIATMHOBHIX 3JIGKTPOA0B?
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P em e u u e. Hampsikenne passosenust Ep BREIYHCIISIIOT 10 Hop-
MyJie:
Ep=EA—EK+HA+H’
rae E A — DABHOBECHHI/ NOTEHLWAN aHOZA, B; E}{ — PpaBHOBECHHII
noTeHUmMan Karoma, B; I A — TIeeHANDsDKEHHE Ha aHOHE (monsipuza-
uus), B; IT,. — nepenanpsuxenue Ha Karoze (nonsipuzaums), B.

Ilepenanpsskenne Ha 37IEKTPOAE — 3TO Pa3HOCTL MEXY PaBHOBEC-
HBIM TIOTEHUHAJIOM 3JIKTPOZAa M NOTEHLUAJIOM 3JIeKTpOZa, 4epe3 KOTOo-
pHIl MPOXOAUT IOCTOAHHBIA TOK. BeJMUYuHH TepeHalpspKeHUsA 3KcIe-
PHUMEHTANBHO OIpPEeAENSAIOTCA, NaHHBIE MOXHO HAUTH B CIPaBOYHOM
JUTCpaType.

J/4 NS 0,4 B npu ucmosiL30BaHHU IUIATMHOBOIO 3JIGKTPOA B KHC—

JIOH cpene, IIK = 0 B opu supenenun Menu. PasHoBecHEIe MOTeHIMAIH
KAaTO/a M aHOAA BRIYHUCJIAIOT HO ypaBHeHuI0 HepHera:
IUISE KaToza
Cu?* 4+ 2 ¢ — Cu; E, =034 + 0,058 Ig[Cu?'] = 0,34 B;
IJISL aHOZa
HyO — 2 ¢" — 2H* + 1/20; EA = 1,28 + 0,058 Ig[H*] = 1,29 B;
CaenoBarensso, Ep =1,29—-1034 + 0,4 =1,35 B.

8.1.2. Konmpoavnsie sonpocs

1. Kakme mnpouecchl NpOTEKalOT NP 3JIEKTPOIPABHMETPHYCCKOM
aHamH3e?

2. Hlaiite oupenenenne nOHATUA '2/IeKTPOXUMUYECKUIT 3KBUBATEHT
BemecTsa'.

3. Kak BAUSAIOT HA 2JIEKTPONHAS3 CWjIa U IIJIOTHOCTE TOKa?

4. 9Yro rakoe BrIXOA 1O TOKY?

5. Kak BimseT Ha MOTEHUMAIT 3/IEKTPOJa KOHIEHTpauus pacTsopa?

6. KaxoB MopAnOK BHIETEHUs METANIOB NIPH 3JIEKTPOJIN3e PacTBO-
Pa, cOepXkKalIero KaTHOHH HECKOILKUX MeTansos?

7. Kakoe 3HayeHHWe MMeeT BBe[EHUE B AHAIMIMPYEMHI 3JICKTPO-
IPaBHMETPHYECKHUM METOJOM PacTBOP KOMILJIEKCOOG6pa3oBaTesieir?

8. Kak MOXHO ycKOpUTL 3J1eKTpOan3?

9. B yeM npeuMmylecTBa JTEKTPONIH3a Ha PTYTHOM Kartoze?

8.1.3. 3adauu 048 caMOCMOIMEALHOLO PEULERUS

1. Omnpenenuts maccoBywo nomo uuaudbepeHTHEIX mpuMeceil B
of6pa3ue MEnHOro Kylnopoca, ecnu Iocse pacrsopenusi 0,5237 r ero B
a30THOH KUCJIOTE M JIEKTPOJIN3a IOJMyYEHHOIO pPAacTBOpa BRIZIEJIEHO Ha
mraTuHOBOM Karoxe 0,1322 r mexn.

2. IIpn anexrponuse 30 cm3 pacTBOpa HMTpaTa CBHHIA Ha aHOIE
sergenuinock 0,2345 r PbO,. Onpenenurs HOpMaNbHyl0 KOHIEHTPAIMIO
Pb(NOj3)s.

3. llpu mpomyckanuu TOKa 4Yepes IIOCJIELOBATENHLHO BKJIIOYEHHLIE
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anexkTpoanzepH ¢ pactsopamMu AgNOj, CuSO4 u ZnCl, B nepBoM 3seKkT-
posmm3epe Ha Karoje Bepenwnock 1,118 r© merannuyeckoro cepeGpa.
Kakas Macca MeaM BHIAEIMTCA BO BTOPOM 3JIEKTPOJIM3IEpe M LMHKA — B
TpeTbeM?

4. IIpu npoxoxaeHHN TOKA IOCASNOBATEIBHO 4€pe3 3IJICKTPOIMIE-
PH, coepxalue IMaHUIH cepebpa M 30JI0Ta, B IIEPBOM 3JIEKTPOJINIEpe
Ha Karone suaeamnocs 0,1079 r Ag, Bo sropom — 0,0657 r Au. Buuuc-
JIMTh: a) SKBMBAJIEHT 30JI0Ta; 6) €r0 BAJIEHTHOCTh B COSAMHEHHH, IOX-
BEPTHYTOM 3JIEKTPOJIMIY.

5. Kakas Macca MenM BHAETHUTCA Ha KaTONe NPHM 3JEKTPONMIE
pacTBOpa MeJNHOTO KYIOpoca, ecjiM NpomycKats TOK cwioil 0,2 A B
reyenne 1 y 15 Mun? Brxop mo Toxy coctasnser 90%.

6. Cronpko BpeMeHH moOTpefyercs U NOJHOTO BHEACHHUA HUKe-
s m3 50 em3 20%-noro pacrsopa NiSO4 - 7 H;O (p = 1,01) npu cuse
Toka 0,3 A, ecan Brixox 1o Toxy 90%7

7. Cxonbko BpeMeHHM moTpebyercs HaAs anmexTponmnda 20 cm3 pacr-
Bopa CdSO4 ¢ C(1/2 CdSO4) = 0,2 mons/amM3 npu cuzne Toka 0,1 A
g.n‘; ?no.rmoro BHACNEHNA KaJIMHA, €CJIM BHXOJ IO TOKY COCTABJIAET
3% ‘

8. Kaxoit cussl TOk Hajgo mpomycetuTth uyepe3d pactsop Bi(NQOj)s
C(1/3 Bi(NOj)s) = 0,1 mons/am3, uro66 B Tewenne 30 MMH IOIHOCTBIO
BHAeIHTh Merani M3 30 cM® pactBOpa, €cqM BHIXOJ IO TOKY paBeH
100%?

9. Ilpu snexrposmse pactBopa NiSO4 B Teyenume 1 4y TOKOM B
268 MA ONHOBpeMEHHO ¢ HMKeJIeM BHINEIWICA BONOPOJA B KOJHNYECTBE
11,2 em3® (upH cTaHNAPTHHX yCJIOBMSX). BHYHCIUTL BHXOH IO TOKY
IS HMKeJIA.

10. Hpu anexTposuse pacrsopa ZnSQ4 Ha KaTOje OCaMJIOChH 3a
768 ¢ 0,1200 r uuuka. Kakyio cuiay Toka Heo6X0auMO OHIIO MORAEpHKU-
BaTh IIPH 3JEKTPOJIM3€, €CJIM BHIXOX 10 TOKy coctaBui 90%7

11. > aHa/mM3HUpyeMOro pacTBOpa, CONEPXKALIETO MOHHI TpExXBa-
JIGHTHOTO MeTajllla, B PEeIyJIbTATe 3JEKTPOJIMIa IpHM cuie T0Ka 1 A 3a
35 muH Brgenunocs Ha karoze 0,3774 r Meramina. Yo 310 3a MeTas?

12. Paccunrath, KaKas Macca TPEXBaJIEHTHOTO METa/LIa C JJIEKTPO-
xumuyeckuM skuBasientoM (,56430 BHenuTcs NpH 3NEKTPOINIE B
reyenne 1 Mun 25 ¢, ecsim cuna Toxa pasHa 1,8 A. YTo 310 22 MeTamn?

13. Paccunrate 3JE€KTPOXHMHYECKHMII SKBHBAJIEHT TPEXBaJICHTHOTO
MeTajliia, €CJIM B PesyJibTaTe IEKTPONIM3a PacTBOpa €r0 CONM IPH CHiie
ToKa 3 A B Tewenne 35 muu sHpenaserca 0,5815 r meranna. Kakoit aro
MeTann?

14. BHYMCIMTE 37M€KTPONHHIN INOTEHUMAaNT MEIHOTO 3JIEKTPOXAa,
OILYIIEHHOTO B pacTBOp ¢ KoHueHTpanueit Cu?* 0,1 moms/aM3.

15. Ilpu xaxoit xoHuentpauuu Cu?* B pactBope CuSQ, amexrpos-
HHIi IIOTeHI AT Me 6yaeT paBeH HymO7

8.2. Kynonomerprueckuii anamn3

Kymosomerpuueckuil aHaTH? OCHOBAH Ha MIMEDEHMH KOJIMYECTBA
3JIGKTPUYECTBA, JATPAYCHHOTO HA KOJMYECTBEHHOE IMPOBEJEHHE NaHHOTO
3JIEKTPOXHMHUYECKOTO Ipolecca B NaHHOK Ipobe, T.e. IpH YCJIOBHMH, YTO
BHIXOJ] 110 TOKy pasen 100%.

3TO KOJNMYECTBO 3JIEKTPMYECTBAa ONpefleiAeTcA NPH  TOMOLIM

100

BKJIIOYEHHOIO B HeENb MNOCHEAOBATENBHO ¢ MIMEPACMON A4elKkoi
HHTETPaTOpa TOK — BpeMs, JHO0 KYJIOHOMETpPa-dJIEKTpOJIN3epa, B
KOTOPOM OCYILECTBIIAETCA JEKTPOXUMHYESCKNH npouece co
CTONPOLEHTHHM BBIXO/IOM IIO TOKY, CONPOBOXINAIOIMACA BHEICHUEM
BelllecTBa, KOMUYECTBO KOTOPOTO MOXHO JIETKO M TOYHO YCTAHOBHUTH.

B coorBercrBuu ¢ 3axoHom QPapanes

m(X)/M(X) = m(K)/M(K),

rae m(X), m(K) — macem onpepesnsiemoro Bemectsa X M BeulecTsa,
BHIEJIAEMOTO B KYJOHOMeTpe, coorBercreenHo, T; M(X), M(K) — mo-
JIAPHHE MaccH SKBHBAJICHTOB BemlecTBa X M BELIECTBA, BHAEIIEMOTO B
KyJIOHOMeTpe, T/MOMb.
OTcrona

M(X)

m(X) = m(K) —.
M(K)

Pacuyer M0xHO TaKkxke NPOBOAMUTE IO YPaBHEHHUIO, OIMCHBAIOILEMY 3aKOH
Dapanes
M(X)

11,
nFE

m(X) =

€c/IM NpH NPOBEJCHUM aHATW3a UIMEPAIOT cHIy TOKa (1, A) u Bpems (1,
¢), 3aTpadecHHHE Ha NPOBEeHNe SIIEKTPOXUMUYECKOr0 Iponecca.

8.2.1. Pewenue munoewzr 3adax

IIprmep 8.4. Ilpu KynonoMerpuyeckom THTpoBaHuu 20 eM3 puXpo-
MaTa KaJlUsi 3J€KTPOreHepHpPYeMBIM Fe'! Ha BOccranoienme Cr,0%"

nonajobunocs 25 mun npu cuie roxa 200 MA. Onpenenurs HOpMaib-
Hy10 KOHIEHTPAIMIO PAcTBOpaA.
P e w1 e 1 u e. B siueiike nporexaer npouecce:

Cr03 + 6¢ + 14H* — 2Cr3* + TH,0.

13 yparaenus Dapajnes caenyer:

m(KgCr 2 07 )
n(1/6 KQCI‘207) = =
M( 1/6 Kng~207)
M(KQCI‘ 2 0 7)
= il.
n - 96500 . M(l/ﬁ KzCl‘zO7)
Hockonsky
M(K,Cr,07)
—— " * = M(1/6 K;Cr;07), 10 n(1/6 K,Cr,0;) = it/96500.
n
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CrenoBaTesIbHO,
0,2 - 25 -60
C(1/6 K4Cr;07) = ———————— = 0,16 Moas/pm3,
96500 - 0,02

tak kak C'= n/V. .

Ipuuep 8.5. Kysmonomerpuueckoe turposanue Cei* 3 0,1 M pacr
sope Fed' smextporemepupyembiMu uonamu Fe?* mpu cune roxa 24,0
MA 3akonyuioch 3a 100 ¢. Kakosa macca Ced* 8 pacrsope?

P et e nu e. Ilpu onpeiesieHuK NPOTEKAeT PEaKLMs:

Cet* + ¢ — Ced™*.
M(Ce) = 140 r/mons; n = 1. B cOOTBeTCTBMH ¢ BHIIENPUBENEHHHKM
MaTeMaTHYECKUM BHpaskeHHeM 3aKkoHa (Dapapes

24,0 - 100 - 140 - 1 - 1000
1000 - 96500

m(Cet*) = = 3,48 mr

uau

M(Ce) 140 - 24 - 1073 - 100
it = = 0,00348 .

m(Cet*) =
96500 96500

8.2.2. Koumpoavuvie 6onpocs

1. B yeM cymHOCTE METON3 KYJOHOMETPHUM INIDH KOHTDOJHPYEMOM
noreHumane’?

2. KakoBil 0cOGeHHOCTY KYJIOHOMETpUM HpY KOHTpOJHUpYeMO# cuite
ToKa?

3. IlpusecTi npuMep KyJIOHOMETPHYECKOTO TUTPOBAHUSA 3JIEKTpOre-
HEepUPOBAHHBIMH OKHCTHTEIAMHU.

4. IlpusecT npuMep KYJOHOMETPHYECKOTrO THTPOBAHHUA JJIEKTpOTe-
HEpHPYEMBIMH BOCCTAHOBUTENSAMM.

5. YK833TB JOCTOHMHCTBA U HEJOCTATKH KyJIOHOMeTpP['IQCKPIX MeTO—
OB ¥ aHaIu3a.

8.2.8. Badavu 948 camocMOIMEABHOLO PEULEHUS

16. IIpu xynonomerpuveckoM aHatuse 1,5 T cnyrasa ¢ peJIbIo onpe-
neJeHusA B HeM KoOainbTa B cepeOpsAHOM KyJOHOMETpe BBIASIHNJIOCH
0,0755 r cepebpa. Onpemeauts MacCOBYIO NOJNIO KOGaIbTa B CIIaBe.

17. Ilpu kynoHOMETpUYECKOM aHajJM3e PpacTBOpa, COJIepXKalllero
KaaMUA ¥ LUHK, 33 BpeMs saexkTpoixnsa Buieaunocs 0,4050 r ocapka
MOTAJIOB. 34 TO ke BpeMs B cepelpsaHOM KyJIOHOMETpe BEIJEIUJIOCH
0,2750 r cepebpa. OnpenenuTs cOxEpHaHHe KAJAMUS ¥ IHHKA B PAcTBO-
pe.

v V1

18. Turposanne pacreopa, coaepxkamtero ypau(IV) (U — U ;,
NpPOBE/IM KyJIOHOMETPHYECKMM METOAOM ¢ MoMoupio uoHoB pepusa(lV
KOTOPHIE 3J€KTPOTEHepUPOBAIH B CEPHOKMCIOM PacTBOpE NpH MOCTOSH-
Ho#t cune’toka 5,0 MA. Bpemsa anextposnnsa coctammo 120 c. Onpene-

JINTH Maccy ypaHa (B MI') B pacTBOpe.

k)
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19. Jluxpomar xkamsa (0,74 mr), comepxamuiica B o6neme 20 cm3,
OTTHUTPOBAIH JJIEKTPOIUTHYECKH TeHepUDYeMEIMH HOHamu enesa(Il)
mpu cuine Toka 0,2 A B Teyenne 15 mun. Onpefenurs HOPMATBHOCTH
pACTBOpa JUXPOMATa KAlHA.

20. [Tna onpepestleHus yKCycHON KMCJIOTH B AICTOHMTPHJIE HCTIOMb-
30BAIM METOX KYJOHOMETPUYECKOI0 THTDOBAHMA ¢ MOMOLIBI) MOHOB
OH", ofpasyroimmxcst NpU JIEKTPONH3E BOLK B KATONHOM HOPOCTPaHCT-
Be. Kaxosa monsapuas xonunentpamus CH;COOH, ecnu cumia toka 25,0
MA, BpeMs 3mexkTposan3a 85 ¢, 06beM HCCIELyeMOro pactBopa 60,0 cm3?

21. Kynonomerpuueckoe turposanne Cet* aeKkTporeHepupyeMbiMu
nonamu Fe?* npu cune Toka 25,2 MA 3akoHumnoces 3a 200 c. Kakxosa
macca Ce?* B pacrsope?

22. Jlna onmpeneseHUsA MOXMA-MOHOB WCHOJB30BATIH KYJTOHOMETpH—
YeCKUIT MeTOA, TUTpYA uoauja uoHamu MnQj, amexTporeHepupyembMu

B AHOJIHOM NPOCTPAHCTBE B CEPHOKHMCIOH cpeje. Buuymceaurs wmacey
UOJM/I"MOHOB B PAacTBOpE, €CJH TUTPOBAHHE NpOAOkaIock 225 ¢; cuna
ToKa 14 MA.

23. HaBecky amomunus 1,2245 r PacCTBODHJIM H COAEpXKAlHecs B
BuJIe npumecH HOHH Fel' kyjloHOMeTpHueckn OTTMTpOBaNH 37IeKTPOBOC-
CTAHABIMBAeMHEMHU HOHaAMH Sn?* npu noctosiHHOl cuie Toka 4,0 MA B
Teyenne 80 c. Onpemenurs MaccoByo momo (%) xkeme3a B aIOMUHNN.

8.3. IlorenuuoMerpuycekuit amanus

HoTenumomerpna — MeTOJ ONpejeNeHNs KOHIEHTPAMil BeuleCcTs,
OCHOBAHHHMA nHa wuaMepednu IJ[C 06paTUMBIX TATLBAHHYECKHX 3~
MEHTOB. ,

Ha npakTMke HCHOJB3YIOT /IBA aHAIMTHUECKHUX METOJA: NpAMYIO
HOTCHIMOMETPUIO I OHPEJEeJCHHA AKTHBHOCTH YAaCTHIl, KOTOPYIO
MOXXHO PacCYHTaTh ¢ MOMOLILI0 ypaBHeHHs Hepuera mo DJIC ranepanu-
4eCKOTO 2JIeMEHTa, M HOTEHIHMOMETPHYECKOe THTPOBAHME, B KOTOPOM
n3MeHeHne aKTHBHOCTEH XHMMYECKHX BEIUeCTB B MPOIECCce THUTPOBAHUA
NpHBOJAUT K u3MeHeHN10 JJIC rafbBaHHYeCKOTO DIEMEHTA.

Annaparypa JUIA NpOBEJIEHMsT MOTEHIMOMETPUYECKMX TUTPOBAHMII
U JUIA OpAMOI NMOTeHHHMOMeTPHH OfHA U Ta Xke. B exemy moveHmuomer-
PHUYCCKUX H3MEPEeHMIN BXONAT HHJMKATODHHI 3J€KTPOJ W 3JIeKTPOJ
CpaBHEHMS, OOGNANAOIMA YCTONYMUBHEIM TNOCTOSHHBM NOTEeHNMAJIOM, a
TaKXe MNOTeHHaTu3MepAOmNA npu6op. HHIUKATODHEE 3JIEKTPOIH
NpHOGPETAIOT MOTEHHMAT PAacTBOPA, B KOTODEHT OHM moMerneHH. Pasnu-
4aloT JBa BUJAA HHIMKATOPHBX JIeKTPONOB: 1) smexrpoas uuaudde-
peHTHHle (He pa3pylraeMble B XOJle 3JeKTPOIM3a); 2) 3neKTpOAN U3Me-
HAOWKeCs  (OKHCIAIONMIMECA WM BOCCTAHABIMBAIONLIECH BO BpEMs
HU3Mepenuit).

Pons unpuddepenTHEIX 31eKTPOOB (MX HHOT/IA HA3HIBAIOT ICKT-
POAaMH TPETBEro pOJa) 3AaKIOUAETCA B TOM, YTOGH OTAABATH WM
NPHCOCMHATE BJIEKTPOHE!, T.e. OBITh NPOBOAHHKAMH 3JICKTPHYECTBA.
Takue d/eKTPO/E! MOryT GBITH M3TOTOBJIEHH M3 30JI0Ta, NOAMPOBAHHOIL
IVIATHHH, TpadUTa U APYTHX MaTepHaloB. IIpuMepaMu MaMeHAONIMXCA
3JIEKTPOJIOB (MHOT/a MX HA3HIBAIOT JMEKTPOJAaMH NEPBOTO POJA) MOTYT
6LITh NAaCTHHE M3 MEJM, NMHKA U JPYTHX META/IOB, a4 TaKKe XHHTUI-
POHHBIT H BOJOPOJAHBIA HHAMKATOPHBIE 3JEKTPOAL. WHAMKATOpHEIMU

103



3JIEKTPOLAMH MOTYT OBITh, KPOME TOrO, HOHCEIeKTHBHHIE MeM6Pannme
'SJIEKTPOAH JUIA ONpEeJIeHNsi MHOTOYMCIIeHHHX KaTHOHOB: Li%, Rb*,
Cs*, T1*, NH}, Na*, K*, Ag* u np.

B KauecTBe 3JIEKTPOAOB CDABHEHHMA (cTaHjapTHHE 3JEKTPOEL),
HOTEHI[MA KOTOPHIX OCTAETCA MOCTOAHHHIM Ha MPOTAKEHHMH M3MEepeHud,
yatre BCEro MCHOJb3yeTcs, HanpuMep, HOPMATbHEIN M eI HHOPMAaIbHEI

 KaJIOMEJILHEIE DITEKTpoAHl ¢ noreduuanamu +0,282 u +0,334 B coorser-
CTBEHHO, a TaKxke HacHI(EHHEH XIopcepeOpAHH IEKTPOJ C MOTEHIH-
anom +0,201 B.

B upeanbHOM ciy4ae mpsaMoe IIOTEHIIMOMETPHYECKOe H3MepeHHe
BJIC ranpBaHMYeCcKOTrO IEMEHTa MOXET OHTh CBA3AHO Yepe3 ypaBHEHME
HepHeTa ¢ aKTMBHOCTBIO ONPEAENAEMON YACTHIH, JHMO60 KOHLEHTpalu-
6il, ecJIM M3BECTHHl COOTBETCTBYIONIME KO3 PUIMEHTH AKTMBHOCTH:

RT [Orucnl]

nF [Bocc'r.]’

rae EY — crampapTHEI IoTeHUMan 37ekTpona, B; R — rasosas mocro-
andas; T — a6conroTHas teMnepatypa; F — uuciao @apanes; n — 4uc-
70 TepAEMBIX WIH MOJydaeMHx anextpoHos; [Okmen], [Bocer.] — pas-
HOBECHBIC KOHIEHTPAIMH OKMCJICHHOIl, BOCCTAHOBJIEHHON ¢opM cooTseT-
CTBEHHO, MONb/aAMS. .

Eciu nOLCTABUTH YMCTEHHEIC 3HAYEHHsA KOHCTAHT M NEpeiTH OT
HaTypalbHEX JOrapu(pMOB K [€CATHYHBIM, TO /1A TemmepaTypu 25°C

MOy 4nM:
0,059  [Oxwmen.]

E=F+ Ig .

n [Bocer.]

8.9.1. Pewenue munooswiz 3adax

Hpumep 8.6. Boiuucauts IOTEHnMaa MEIHOrO 3JIEKTPOAa, MOMe-
IIeHHOT'0 B PACTBOp HMTPATAa MEAM, OTHOCHTEJBHO HACHIEHHOrO XJ10p-
cepe6paHoro anekrpona, ecau B 150 cM? pacteopa comepxmres 24,2 r
Cu(NOa)g * 3H20

P em e n u e Cranmaprusit norennuan napsl Cu?*/Cu paren
0,345 B. Tlorenuman HacHIIEHHOrO XJOPCEpEOPAHOro 3JIEKTPOAA E‘xc

pasen 0,201 B. Menssiit 3/1eKTpoJ, OMYyUIEHHHIA B PAaCTBOp COJNH MeaH,
SAIBJIAETCA 3JIEKTPOAOM HEpPBOro Poja, ero MOTeHIMaJl 3aBUCHUT OT NMpH-

Ok MOTEHIMAON PeAeAIONIell Maphl M KoHneHTpalunn karmoHa Cu??
?oxuc.nem{oﬁ dopmmu):

E= E(%uz"/Cu

Kounenrpanuio noua Cu?* onpenenasiior H3 cOOTHOIIEHUA
P p
C=n/V=m/(MV),

rme m — Macca comH, r; M — MonApHas Macca comu, r/Moab; V —
06BeM, B KOTOPOM pacTBOpeHa HasecKa, IMS.

M[Cu(NO3), + 3H,0] = 241,6 r/mons; V = 0,150 nm3.

0,058
+ —— 1g [Cu?"].
2
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CnenosareiasHo,

24,2
A(Cu?") =

2416 - 0,15
Mopcrasnsem 3nagenne C(Cu?*) B ypasuenue Hepuera:

E=0,345 + 2— 1g 0,668 = 0,345 — 0,0051 = 0,340 B.

= 0,668 monn/aM3.

IloTenuman OAHOrO WIEKTPOAA OTHOCHUTEIBHO APYroro ONpPefeNAl0T
KAK pa3HOCTh IIOTEHIMANOB 3THX 2JIEKTPOJIOB, M3MEPEHHHX OTHOCHTENb-
HO HOPMaJbHOI'O BOJOPOJIHOTO, NPH 3TOM BCETAa OT Gouiblliell BEIHYUHE
orHUMaloT MeHsmyio. Cienosatensuo, 3C smemeHTa, cOCTABIEHHOTO
M3 MEIHOrO M HACHIIEHHOIO XJIOpCepeOpsaHOT0 MEKTPOAOB,

EF= E., = E = 0,340 — 0,201 = 0,139 B.

Hpumep 8.7. Morenuuan XMHrMAPOHHOTO 3MEKTPOAA IO OTHOIIE-
HHIO K HOpMaibHOMy KaitomensHoMy pased 0,170 B mpu 20°C. Borume-
mmtb pH pacrBOpa.

P emenue pH=—g[H*]. llorenunan XMHTHAPOHHOTO d/1EKT-
pona (Ex) CBA3aH ¢ KOHIIEHTpamMeil MOHOB BOJAODPO/a B PacTBOpe MM

pH ypasuennem:
Ex = 0,699 + 0,058 lg[H*] = 0,699 — 0,058 pH.

DNeKTPOABMA YA CHJIA JIEMEHTA, COCTABICHHOTO M3 XMHIMIPOH-
HOTrO (Ex) M KaJIOMEJEHOTO (EK) 3JIEKTPOJIOB, PaBHA

E=E _—E_ =070 B.

E =10282B (saxopsar no cnpasouHMKy). CireoBaTenso,
0,170 = 0,699 — 0,058pH — 0,282;

0,699 — 0,282 — 0,170

0,058

IIpuuep 8.8. Bruiuucaute noTeHnMan BOXOPOIHOrO 3JIEKTPOA,
?(nOyII*lI‘eHHOFO 8 pacrsop 0,056 M HCOOH, na 50% ormurposannoit 0,05M

P e mr e # n e. [lotenunan BopoponHoro snektpona paseH K =
= —0,058 1g[H*]. CnenopaTensHo, Hy}HO BEIYMCJIUTh KOHICHTPAIIHIO
MOHOB BOAOPONla B PACTBODE. .

B pesysnbTare npoTeKadus peaKUyu:

HCOOH + KOH — HCOOK + H,0

B pactBope Hapaay co ciabmMm snekrpoauroM HCOOH 6yner maxo-
autees U cuneHui anektpoanr HCOOK. Houmt H* o6pasyrores npu
JHMCCOIUAIMH c1abOr0 DJEKTPOJIMTA; A ONPEAENIeHUs MX KOHJEHTpa-
IIMH BOCHOJIb3yeMcs YPABHEHHEM KOHCTAHTH MOHHU3AIMH:

[H*] [HCOO7]
[HCOOH]

pH = 4,19.
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ortutposana Ha 50%, [HCOOH] = [HCOO"]. Cregosarensro, [H*] =
= K= 184 - 10™* mous/nm3. IloreHnuan BOXOPOLHOIrO 3JEKTPOLA B
MOMEHT, KOI'Zla pacTBOp OTTHTpOBaH Ha 50%, pasen

E = 0,058 Ig1,84 - 107 = —0,217 B.

Hpumep 8.9. BolumcauTs NOTEHUMANT [JIATHHOBOTO 3JEKTPOXA,
noMernenHoro B pactsop FeSQ4, Ha 99% OTTHTPOBAHHOrO pAacTBOPOM

K =1,84 - 107 (naxomar mo cni[anoqunx)g. ]B MOMEHT, KOT[[a KHCJIOTa

KMnQO,.
P em e n u e. IloTeHuuan nJaTHHOBOTO 3JEKTPOAA — 3IEKTPOZa
TpeTLero  pofa  —  ONpefedsieTci  NPHPONOM  CONpskKeHHO

OKHMCJIMTEIPHO-BOCCTAHOBUTENLHO!  NAaph M KOHUEHTpanueit  ee
OKMCJIEHHOH W BOccraHOBJIeHHOH ¢opM. B maHHOM pacTBOpe MMeercs
napa
J—
Fe3* + ¢ «— Fe?*,

I KOTOpO#H

El(*le3 */

[Fe3*]
2+ = 0,77 B; E = 0,77 + 0,08 Ig T
IockoabKy MeXOMHEI pacTBOp OTTHTpoBaH Ha 99%, To [Fe3*]/[Fe?*] =
= 99/1 % 100. CarenosarennHo,

E=0,77 + 0,058 1g10 = 0,876 B.

8.3.2. Koumpoasusie sonpocs

1. Ha yeM OcHOBaHBI NMOTEHIMOMETpHYECKHE METOAL aHATH3a?

2. Hanummure ypasuenne Hepuera u nosicnure cMBICH BXOLANINX B
HEro BEJIMUYMH.

3. B uem cymHOCTh NpAMON MNOTEHIMOMETPHH H [OTEHIHUOMOTPH-
4ecKOro TUTPOBAHHAT

4. Kako#t 2/1eKTpOJ HA3LIBAETCA MHJUKATODHEIM M KAKOH — 3JIeKT-
POIOM CpABHEHHA

5. KakoBo Ha3HAYEHHE MOHCENCKTUBHLIX AIEKTPOLOB?

6. Kakumu meTofaMu OnpeleisioT KOHEYHyI0 TOYKY NOTeHIHMOMeT-
PHYECKOT'0 THTPOBAHM AT

7. B yeM cyIIHOCTb METOMOB HEKOMIIEHCAITHOHHOTO M KOMIIEHCAILH-
OHHOT'O THTPOBAaHUAT

8. KakoBo Ha3HayeHHe 3HJIEKTPOAA CPABHEHHA B HOTEHIMOMETPH-
YECKOM THTPOBAHUH?

9. Kak Ha npakTnke uamepsiior pH pactsopa?

10. Ot 4ero 3aBMCHT BEIMYHHA CKAYKA MOTEHIMOMETPUYECKOTO
TUTPOBAHHUA?

11. C KaKMMH HHIMKATOPHLIMHM 3JICKTPONAaMH BHINOJHAIOT THTPO-
BaHHEe B METONAaX KHCJOTHO-OCHOBHOI'O THUTDOBAHHS, PEIOKCHMETPHH H
KOMIUIEKCOO6 pa30BaHUA 7

12. Kak onpenensror TOYKY SKBHBAJIEHTHOCTM HAa KPHBOM [IOTEH-
MOMETPHYECKOT0 THTPOBAHUAT
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8.3.8. 3adawu das camocmosmerrnoto pewenus

24. BHYMCINTE NOTEHIHAT MEIHOrO JIEKTPOM3, MOMEHIEHHOTO B
pacrBop, comepxkawmit 16 r CuSO4 B 1000 cM3 pacTBOpa, OTHOCHTENBLHO
CTAHIAPTHOT'O BOLOPOLHOIO 3JEKTPOAA.

25. BHIYHCINTE MOTEHIHUAT ATIOMHHUEBOT'O JIEKTPOA A3, NOMEeIeH~
HOTO B pacTBOp, comepsxkaumit 27 r AlCly B 200 cM3 pacrBopa, oTHOCH-
TEJIBHO CTAHAAPTHOT'O BOZOPOIHOIO 3JIEKTpOa.

26. BHYMCANTS NOTEHUMAT XHHIHADOHHOTO BIEKTPOAA, HAXOIAIIe-
roci B pactsope KucaoTH ¢ pH = 2, no orHomennio k cramgaprHOMy
BOJIODOJHOMY 3JICKTPOLY.

27. Yemy paBeH mOTEHLMaX BOAODPOZHOI'O anexrpona B 0,1 M pacr-
BOPe XJIODOBOAOPOJHOI (COMAHOM) KMUCIIOTH?

28. Yemy pasen moTeHuMan BOXOpOXHOTO smektpoga B 0,02 M
pacTBope yKCYCHON KHCIOTH?

29. BEIYMCINTD MOTEHUMA CEPEOPSAHOIO MEKTPOAA, MOMEIIEHHOro
B pacTsop, copepxkaumit 0,2 mome AgNO; B 500 cM® pactsopa, otHoCH-
TEJILHO AELMHOPMATIBHOTO XJIOpCcepeGpAHOTo 3IeKTPOAA.

30. Yemy paBen noTeHuMan HHKENEBOTO SEKTPOAA, MOMEILEHHOTO
B HACHIEHHHN PacTROP TMAPOKCHAA HUKEIA, OTHOCHMTENHHO HACHILGH-
HOT'0 KaIOMEJILHOI'O 3JIEKTpoHa?

31. JKesmesHmIt 3/IEKTPON NOMEIIEH B PACTBOP, conpepaxamuit 20,5 r
FeSO4 - TH,0 B 100 cM3 pacrsopa. BMHCANTD €ro noTeHuuan mno
OTHOMIEHHIO K HODMAJILHOMY KaJlOMEILHOMY 3JIEKTPOLY.

32. IlnaTHHOBLLA 5/7EKTPOJ NOMEINeH B pacTBOp, comepkaIuit
15,8 r KMnO,4 u 2,23 r MnSOq4 - 4H,0 8 0,5 am3 pactsopa; pH = 1.
BelucuTh NOTEHUMAT ero OTHOCHTENLHO CTaHAAPTHOTO BOXOPOLHOTO
3JIEKTPOIA.

33. Ha CKONMBKO MH/UIMBONBT M3MEHMTCA MOTEHIMAT cepebpAHOTo
an1eKTpona, nomeiuenHoro B 200 ecm3 1072 M pacrsopa NH4SCN, nocae
npu6asnenus k HeMy 10 cm3/2 - 1072 M pactsopa AgNO,?

34. PaccunTaTs NOTEHRMAT XMHTUAPOHHOTO 3NEKTPON A, HAXOM ALLe-
roca 8 0,1 M pacrsope HCl, orrutposannom 0,1 M pacrsopom KOH na
a) 50%; 6) 99‘%; ) 100%; r) 100,1%. .

35. PaccunTaTs noTeHuMan IIATHHOBOIO 3JEKTPOLa B pacTBope
FeSOy, ormutpopannom pactsopom K,Cr,0; ma a) 50%; 6) 90%; »
99%; r) 100%; ) 100,1%. Konuenrpanus nomos BOZODOZA B PAcTBODE
paBHa 1 Mous/amM3.

36. Paccuurare nOTEHUMAT BOXODOIHOTO JNEKTPOLA B 0,01 M
pacrsope HCOOH, orrurposannom 0,01 M pactsopom NaOH ma a)
10%; 6) 50%; B8) 90%; r) 100%; x) 100,1%. .

37. PaccuuTaTh MNOTEHHMal BOZOPOIHOTO anektpona B 0,05 M

pacreope NH4OH, orrutposannom 0,05 M pacrsopom HCl na a) 10%;
6) 0%, 5) 99.9%; 1) 100%: ) 100,1%
38. PaccunraTh noTeHuman cepeGpAHOrO 31€KTPOLa MO OTHOIMIE-
HUIO K HODM&IbHOMY XJopcepebpanomy B 1072 M pacrsope KI, ortur-
posatroM 1072 M pactsopom AgNO3 na a) 50%; 6) 90%; 5) 99,9%: r)
100%; n) 100,1%.

39. BHIUMCTHTL NOTEHUMAT cepebpAHOrO 3MEKTPOLA MO OTHOLUIE-
HUIO K HOpMalTbHOMY xJopcepeGpanoMy B 1072 M pactsope KCl, orrur-
posanHoM 1072 M pacrsopom AgNOj ua a) 50%; 6) 90%; 8) 99,9%; r)
100%; n) 100,1%.
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40. BruyncanTs NOTEHIMaA IUIATMHOBOTO 3JEKTPOJa IO OTHOIIe-
HHIO K cTaHmapTHOMY BojpopopHoMmy B 5 + 1072 M pacrsopa NH VO,
OTTUTpOBaHHOM pacTBOpoM FeSO, Tako# e KOHUEHTpaUud Ha a) 10‘72;
6) 50%; B) 99,9%; r) 100%; x) 100,1%.

41. BuuvcanTs nOTeHIMaX BOnOpoAHoro snmexrpoga B 20 emd 0,1
M pacreopa HyPO4 npu Turposanuu ee 0,1 M pacrsopom NaOH. Jlo-
6aBreno TutpanTa: a) 10 cM3; 6) 15 cm3; B) 20 cMd.

8.4. BomsraMmepoMerpast

BonrraMmepoMerpus BKIIOYAeT B ce6A TPYHIIy NEKTPOXHMMYec-
KHX METO/OB aHAIM3a, OCHOBAHHLEIX Ha H3YYEHHM IOJIAPH3aLHOHHBIX
KpMBHIX. OTH METONH — noJaAporpadusa M aMIepOMeTPUYEcKOe TUTPO-
BaHHE — HMEIOT MHOMXECTBO Pa3HOBUAHOcTel M MonudHKanuit, 1 HEKO-
TOpEI€ M3 HHUX HMIPAIOT BAXHYIO pOJb B IPAaKTHKE aHAXMTHYECKON XH-
MMH.

Haubosee pacnpocTpaHeHa MOCTOSAHHO-TOKOBas noJsiporpadus.
TMonaporpadguueckass YcTAHOBKAa COCTONT M3 MCTOYHHMKA IIOCTOAHHOTO
TOKa, NEeINTENA HANPKEHHA, KaNeJIbHOTo (0GHYHO PTYTHOTO) 3JEKTPO-
7la ¥ BCIIOMOTaTeNBHOTO (0GHMHO PTYTHOrO) 3nmeKrpoa. Jliua uamepe-
HHMS CHJIH TOKa B CHCTEMY NOAKIIOYAIOT MUKpOAMIepMeTp. JIEKTPOH
no;aemexm BMECTE C MCCIACJYeMHM pAcTBOPOM B 3JIEKTpoJH3epe (saueit-
Ka).

HasnoxenHoe Ha 3JEKTPOIMTHYECKYIO AYEHKY HAnpAXKEHHE BBHI3BHI-
BaeT IOJAPU3ANMIO aHOAA M KaToja:

E= ‘Pa - ‘PK + 'R:
rze § — ciuia TOka, R — conpoTuB/IeHNe pacTBOpa, ¢, M ¢ — NOTeHNMa-

JIK a”Ho/a M KaToza.

. Ecan yMeHpIINTE CONpPOTHBJICHHE pacTBOpa, [00aBHB CHIIBHEIN
smextpomut (¢ou), TO BenMunHa iR (mageHye NOTEHIMANa B PacTBOpPE)
6ynieT HACTOJIBKO MaJoil, YTO €0 MOXHO IpeHebpeds.

Ilorennuan agoja HPAKTMYECKH OCTAeTCA IOCTOAHHHIM BO BpeMA
3JIEKTPOJIN34a, TAK KAK IUIOTHOCTH TOKAa Majia M OTHOCHTEIBHO Gosbmas
NOBEPXHOCTL aHOja He mojsipusyercs. Torfa moTeHpMan Kamalomiero
MOJIAPU3YIOIIErO KaTO/a ¢ HEeGONBILON MOBEPXHOCTHIO Oy/leT paBeH

E= —p,

Yacro B nonsporpaduyecKnx H3MEPEHMSAX BMECTO CJIOS PTYTH HA
ZHE cocy/la IPHMEHSIOT HENONSAPU3YIOIMACA HACHINEeHHHN KaJXoMelb-
HEIf 2JIEKTPOl, MOTEHIMANA KOTOPOTO IPUHMMAIOT PaBHEIM HYJIIO.

Monaporpadudeckue paHHbBe IOJYYAIOT NyTEM H3MEPEHHA TOKa,
IPOXOAILETO Yepe3 IEKTPOINTHYECKYIO AYeHKY, Kak QyHKIMM NOTEeH-
LHaa, HANaraeMoro Ha 3JeKTpoas. I'padmnyeckyso 3aBHCHMOCTDH CHIIBI
TOKa OT MOTeHIHaIa HAa3HBaOT NoNAporpaduyeckoi oaroi (puc. 8.1).

B nayane snexTponnu3a npH HeGOJNBIIMX 3HAYEHMAX HANOXKEHHOM
OJIC cuma Toka Oymer HOYTH IIOCTOAHHON WM JMIIbE OYEHb MEJJICHHO
BO3pacTarTh. TO TAK HA3BRIBAEMHII OCTATOUHHIA TOK, KOTODHIA OcTaercs
BO BCe BpeMs 2jekTpoiu3a. Kak Toapko OyJeT AOCTHTHYT NMOTEHIMAK
BOCCTAHOBJICHHSI MOHOB (HanmpuMep, JJIA ONpeAENAeMHIX HOHOB LMHKA
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L MrA

12
Puc. 8.1. Tlonaporpasaa 1°10~3 M pacrso-
Ppa xyopuna 1MEKa B 1 M pacrBope xJiopuna
xamus (kpupasi 1) 1 1 M pacreopa xsiopuna
Kamst (Kpupas 2) e

0 45 by N1
Hanoxcennsrd nomedyuan, B

oH pasen okono —1,0 B), naunnaerca pa3spsan ux Ha kamie pryTu:
Zn** + 2¢” + Hg — Zn(Hg).

- Ha xarone ofpasyercsa pasGaBiemHas aMaibraMa IIVMHKA Zn(Hg),

KOTOpas palJjiaraercs Ha ee COCTABNAIONINE, KaK TOJBKO INaJaonias
KanJJsa CONPpUKOCHETCA ¢ aHOOM:

Zn(Hg) — 2¢- — Zn2* + Hg.

Ilpn moTeHuMane BoccTAHOBJIGHHA MOHOB IMHKA CHJIA TOKa Pe3Ko
Bo3pacraer. (kpuBas Ha puc. 8.1 KpyTo yerpemusercs BBEPX), HO IIOCJIe
AOCTIKEHUA ONpPENeNICHHON BEJMYMHBI, HECMOTPS Ha YBEJMUEHHE IpH-

_ JIOKEHHOI IJIC, ona ocTaercsa MOYTH MOCTOAHHONR. JTOT TOK HASLIBACT-
" €A NPEefeNbHHM WIM AuPQPY3NOHHBIM, €O BEAMYHHA, KaK NpPABHIO
IpONOpuMOHaNbHA KOHICHTPALHH Ol pE/IeJIAEMOTO BElLECTBRA. ’

Ilpn CHATHH NOJNAPOTPaMM K MCCHICYEMOMY JJIEKTPOJUTY n06aB-
AAIOT KAKON-TTH60 NHANGDEPEHTHEIN 3J€KTPOINT ¢ KATHOHAMH, BOCCTA-
HABIUBAIOWNME S TOPA3JI0 TPYAHEE aHAIM3MPYEMOTO KATHOHA, HAIpH-
mep KCl, KNO;, NH,Cl, npu konuentpanun 8 100 — 1000 pa3 npeBh-
IO KOHIEHTPALMIO ONpPE/e/IIeMOTO BellecTBa. TaKoi 3JeKTponnT
Ha3uBaior ¢onoM. Ero cosparor B uccmenyemom pacTBOpe 11l yBeJIH4e-
HUSA SJIEKTPONPOBOAHOCTH M JUIA SKPAHHPOBAHUA JEKTPHYECKOTO IIOJA
MH/IMKATOPHOTO 3ieKTpoaa (karoaa). IlostoMy xaTHOHHEI onmpenenseMo-
TO BelecTBa He NPUTATUBAIOTCA AINCKTPUYECCKHUM IONEM KaTona, a ABM-
raloTesl K HeMy 3a cyeT auddysnn.

BakHe/ilunMu XapaKTepucTHKAMH NONAPOTPAMMHL ABJIAIOTCH IO~
TeHLHAX NONYBOJHE E‘1 jo W BHcOTa nonsaporpaduyeckoil BOJHH h

(npenenmsubiit nuddysnonnsit ToK). I'padnuecknit Meron onpenenenns
IOTeHIMaNa NOJYBOJNHH MOKa3aH Hmke (cM. npumep 8.10). Ilorenmman
IOJTyBOJNHE HMCHOJNB3YIOT B KAYECTBEHHOM ROAApOrpadpuyeckoM aHaxmae.
IloTenuuanst MONYBOMHEI PA3fMMHEIX BEILECTB, PACIOIOKEHHEE B IO~
pALKe BO3PACTAHMA UX OTPULATENBHOIO BHAYCHMSA, COCTABIAIOT TAK
Ha3blBaembiil mossporpadguveckuii cnektp (TabaMIBI 3HAYEHMIL E'1 /2).

Mockomsky moTeHIMan (OMYBOMHH CYIECTBEHHO BABHCHT OT COCTABA
pacTBOpa (cpexsl), B nmossporpaduyeckux Tabaumax Beerna YKa3hBa-
eTcsa ¢QoH.

B xonuuectBennom monaporpaduueckoM aHanM3e HCNOMBIYIOT
OMH M3 YeTHIPeX CIOCOGOB: METOJ I'PajfyMpOBOYHUTO TpaduKa; MeTop
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706aBOK, MeTOZl cpaBHeHMs; pacdeTHell Meroz. IIpu pa6ore mo merony
TPaJyMpPOBOYHOrO rpadMKa CHMMAIOT MOIAPOrPAMMBL DAN3 CTaHAADPT-
HBIX PACTBODOB, YCTAHABJIMBAIOT BHICOTH BOJH (h) M cTPOAT TpajyHpo-
BOUHHEI rpadUK B KOODAHHATAX BHICOTAa BOJIHBI ~— KOHIECHTDPAIHA. I/I(c)—
" pol
NOJB3yA AaHHE rpadHK N0 BHICOTE BOJIHEL (hx), OnpenensorT ue

MyI0 KOHIIEHTPALHIO (CX).
Ilpu pabore mo MeTOAy cPaBHeHMs M3MepAIOT BEICOTEL BOJH HA

HONAPOTpaMMax MABYX-TPeX CTAHJApTHHIX PpAcTBOPOB M ONpPeNeJsloT
cpenHnii k03¢QPUIHEHT MPONOPIUUOHATIBHOCTH:

h = KC; b = K0,

oTcIOa K + K

Ky = hy/Cy; Ky = i/ Cy; K =

Jlanee, HaMepuB BEICOTY BOJIHBI HCCJIElyeMOTO DacTBOpa U ncnonsg’o?an
BBLIYHCIIEHHBL K03()HIHEHT MPONOPLUMOHAJIBHOCTH, ONpeneNsioT Ly :

CX = hX/ K.
B Merome 106aBOK H3MEPSIOT BHICOTY BOJIHEL JUIA HMCCIEAYyeMOro
pacTBOpa hy, 3aTeM K HeMy [0GaB/IAIOT CTPOTO ONpeJeJeHHOe KOJIMYecT-

BO CTaHJApTHOTO pacteopa Cp M CHOBA ONMPENENAIT BHICOTY BOJHE hs.
KoHnenTpannio ONpefesseMoro 3JeMeHTa C’x HAXOIAT, pelllas CHUCTeMY

aBHeHHH:
P hl = KCX’
h2 = K(CX + CO)1
TIIe (CX + () — KOHUEHTpanus mnocjie [06aBJEHHA CTAHIAPTHOTO

y ; K — OIIOPIMIOHAIIBHOCTH.
pacreopa; K — koaddunuent np
Ecit M3BecTHEL koadpPunmentn auddysnn D u xapakTepHCTHKE

2/3,1/6
KamMIApa, M3 KOTOPOTO BHTEKaeT pTyTh (m 134 / ), TO KOHIEHTpAauuIo
C., ompenenseMOro 3j1eMeHTa MOXHO BHYMCJIUTH PacueTHBHIM MeTOJIOM,
X

Henonb3ya ypasuenne Mnpkosuga:
: 2/3 1/6
1r]=607-n'D1/2-m/ - -Cx,

rae 1 — nudy3uOHHLA TOK, MKA; 7 — YHCJIO 3JIEKTPOHOB, Y4acTBYIO-
1

IIMX B 3TEKTPOXMMHUYECKON Deakuuu; m — Macca pTYTH, BHTeKé.IIOCI’uaﬁ
M3 KAMWUIsipa 3a 1 ¢, MI; ¢ — BpeMs 06pa30BaHus ONHON KamiH, ¢; Oy —

us, MmMoJb/ams.

KOHueAHx:rIx):;loméwpnqecége TUTpPOBaHNE  SABJIACTCA  Pa3HOBUIHOCTHIO
TUTPUMETPHYECKOTO aHaIu3a B KOTOPOM MOMEHT 3KBHBAJICHTHOCTH
yCTAHABJIMBAIOT MOJApOTpadHyYecKy. )

Ilpn aMnepoMeTpHYECKOM THTPOBaHWN HEOGXONMMO NpelBapHTeNb
HO yCTaHOBMTB, NPH KaKOM HIOTEHI[MaJle MPOMCXOXNT anexrpoxnmnqe:
CKAA peaKknHA OKMCJEHNs JMGO BOCCTAHOBJIEHMSA OIpeNeNseMON 4acTH
uel. 3aTeM JA0cTaTOYHO A06aBUTE TPH pa3a ONpelleJIeHHOe KOJHYeCcTBO
TUTPAHTA 10 TOYKM JKBHBAJIEHTHOCTH M TP pa3a Iocjie Hee M 3me-
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PUTh KQXABN pa3 Bennuuuy Toxa. [I0 aTHM AauHEIM cTPOST KDHBYIO
3aBHCHMOCTH BCJIMYMHBEI TOKA OT O0beMa RO6aBIAEMOrO THUTpanTa. M3
TOUKHM MEPeceYeHHs NPMBIX (M3 BEPUIMHH YIJIa) ONyCKAalOT IepreHzi-
KYJIAp H3 Och abcuHuce, Tle M OTMEYAIOT IKBUBAICHTHEIN O6LEM TUTPAH-
Ta.

8.4.1. Pewenue munoeur 3adaxy

Hpumep 8.10. Ilo monsiporpaduueckuM AAHHBIM IS COAM TATIMA
na ¢one ITA onpenennts noTeHyMan MOMYBONHEL.

Horenuwman, B 0,5 0,85 0,70 0,725 0,75 0,775 0,080 0,90
Tox, MKA 1,1 3,6 6,9 15,0 26,8 35,8 41,0 45,0

Pemewn ue Ilonpusegennsim mauubM cTpoin rpaduk {puc.
8.2), no xoropoMy onpenenseMm Ex/z’ B

Mlocme mocTpoennst HOMAPOTPAMMEI IIPOBOJMM KAcaTeiLHEIE K
BepXHell, HIKHEH U cpefiHell YacTH KPUBOH (IIpAMELe NHRIIH, NpOBeJCH
HBEIE Yepe3 JiBe MepBLIe, NBC cpefiue W /B¢ NOC]Aelile TOYKH Ha KpU-
Boi1. Yepea TOUKM liepeceyenva 3THX JHHMIA NPOBOJIUM NDAMBIE, NTapay-
NesbHEe ocu aGenmce. Paceroanve Mexay nuMH paBro NGB Dy3HOHHO-
My TOKy. Iloremnman, npu xoropom cuiia TOKa paBHa h/2, swnsiercs
NOTEHIHAIOM IIOJIYBOJIHBL:

E,,= 0748,

Oprmep 8.11. 0,1000 r crnurasa, comepxkaniero KoGaisT, pacTBOpu-
JI B CMECH KHCAOT M pas3baswin no 100 cM3. [as nonsiporpaduposa-
Hus orobpanu 10 cM® mcenenyemoro pacteopa, pasGaBuin ero donom
0 20 mit. Bricora postHEL cocTaBra 35 MM.

Hns nocrpoenus rpaaynposounoro rpaduka npurorosum 1073 M
PacTBOp cOMM KOGaibTa, &IMKBOTHYIO 4acTh KOTOPOrO pa3GaBmiu A0
20 Mo TeM xe HOHOM M NOMYYWIH CJIEAYIOIHE JaHHEIE IpU NOJAPOrpa-
duposanun:

V, em® 1 2 3 4 5
h MM 10 20 30 46 50

Onpenenuts MaccoByiO f0O/I0 KOGANBTA, CONEPHKAILYIOCH B CIUIABE.

P e m e u u e. Crpoar rpaayuposounsiii rpaduk 3aBucumocTy
BEICOTHl BOJHH h OT o6bema pacTBopa coiau kobanpra V. Mo rpaduky
(puc. 8.3) onpemensior, 4TO BHICOTE BOAHBI 35 MM COOTBETCTBYET 00beM
cosn kobanpra, pasHbeii 3,5 cmy. Copmepxanne xo6anpTa B 3TOM OGBEME
PaBHO

m, =589 - 1073 . 35 wmr.
Co !
OTO KONUYECTBO KOOWIbTAa HAXOHHMTCSs B 10 o3 WNCCIIEAYEMOTO
pacrBopa, Toraa B 100 cM3 ero comepaures
m., =10 - 58,9 - 10" - 3,5 = 2,06 wmr,
[o]
a MaccoBasi 1074 KOOAJIsTa B CIJIABE PaBHA

( ) Mo, 100 2,06 - 100
W(Co) = - =
100 100

= 2,06%.
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Puc. 8.2. TlonAporpaMma pacTBopa ConM TawMs Ha ¢oue IATA

-3
Puc. 8.3. TpaaynpoBouHblii rpaduk, NOIyYeHHbI I NpU nonsporpapuposanuu 10 M
pacTBopa KxoGanbTa

Lp,MKA
80

60 |-
40

20 - |

/] ] P !
02 04 0,6 g8 v,emd

Puc. 84 Tpadux aMnepoMeTpUHECKOr0 THTPOBAHUS  AlETATbASrMAA  AMHUTPO™
eHUnrUApasHOM

Hpnuep 8.12. BriumcanTs KOHUEHTpPAIMIO KagMHsi B DPacTBOpe,
ec/IM NpM aManu3de MeronoM No6aBok 15 eM3 pactBOpa, COREpHkKaILEro
KagMHli, BHCOTa mMOJAporpaduueckoil BOMHEI KagMua cocraBuiaa 20,5
MM, a nociae pobasmenus 2 cM3 0,053 H. cTaEAapTHOrO pacTBOpa
XJIOpH/a KaJIMUA BhlcOTa BOJHEL yBeIHUMIach N0 24,3 MM.

P e w1 e ¥ u e. Bocmonns3yeMcsa ypaBHEHHEM:

C 0,053
CM — —
Cy = i O = =
hy V. + Vg Ve 24,3 . 2 +15 3 _1_5_
hy V.. V., 25 .2 P
=0,02 1.

Hprmep 8.13. Ilpu ammepoMerpuyeckoM TUTPOBaHHH aleTalberH-
na 24-nuantpodeHuaruipasuioM npu noreHuuame —I1,4 B otHOCH-
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TEJILHO PTYTH ObUIH MOJIyYEHH CJIEAYIOUINE JIaHHHKe:

O6bem TvTpanTa, cMS 0,2 025 03 045 053 061 06 0,90
Tox, MKA 0 78 63 45 30 30 39 60

Haiitu TOYKY 3KBMB&IGHTHOCTH M COAEpXKAHMe AleTaNbACTHAS8, €CTH
TUTP 2,4-AHMHHUTPODEHUITHAPA3UHAE O aleTabAETUNy paBed 5,6 - 1076
r/em3,

P em e # u e. I3 noctpoensoro rpaduka B KoopAHMHATAX iTI -V

(puc. 8.4) BuAHO, YTO TOYKA SKBUBAICHTHOCTH COOTBETCTBYET O6BEMY
0,55 cM?® 2 4-punurpodenmnruapasuna. Mexons M3 3T0r0, BEIYHCAAIOT
COAEPkKaHNE aleTANBJAETHA B HCCTEJyeMOM pacTBOpe no ¢(opMye:

m= VI=0,55"-56-106=23,08 - 1076r.

8.4.2. Koumpoasnuie sonpocu

1. B gyeM cyuHocTh nossporpaduueckoro MeTona amanusa?
?2. Kakne TpeGoBamus mpenbABIAIOT K JIEKTPOAAM B HOJIAPOTpa-
duu’
3. KakoBH JOCTOMHCTBS M HENOCTATKM PTYTHOTO KamalOIIEro 3JIeK-
Tpona?
4. KakOBHE JOCTOHMHCTBAE M HEJOCTATKH TBEPABIX 3JEKTPOAOB?
5. Yro takoe BOJIbTAMNEpHHE KpuBHe?
6. Kakoii mapaMerp BOJbTaMIIEPHON KpuUBOH XapaKTepH3yeT NMpu-
POLY AENnONAPH3aTOPa, er0 KOHIEeHTpanuo?
7. Kak 06bsacHuTs $opMy Kilaccuyeckol, ocuuaorpadpuyeckoi,
NEPEMEHHO-TOKOBOM IMOJIApOTpaMMEL?
8. Hamuuiure ypaBHeHue noJusporpadudecKoit BONHEL (ypaBHeHHe
TeftpoBekoro—HpkoBnya).
9. Hamumure ypapnenne Hiaskosuda. Kak oHO uncnonedyeres B
nonsporpapudeckoM ananuse?
10. Ha yem ocHOBas kavecTBeHHHI noJdsporpadudeckuil aanua?
?11. Ha uem ocHoBam kosuuecTBeHHH mnoasporpaduyecKuil ada-
3’
?12. Yro takoe nossporpaduyeckuit ¢oH ¥ KaKOBO ero HasHaye-
Hue’
13. B ueM nmpuuymHa aHoManuil Ha MONAPOTPaMMax H CIHOCOOHI MX
yctpaneHus”? )
14. O6ssacaure npupolty npeneasHoro Aud@Qy3nOHHOTO TOKE.
15. Kakue npueMH HCNONB3yIOTesl B NONAporpadUu ISt MOBHIIIE-
HUA YYBCTBUTEJIBHOCTH M pa3peulamoneit cnocobHoctn Merona?
16. OG6bsacHuTe NPUHIHMIMANBHYIO cXeMy NONAporpaduyecKkoit
YCTAHOBKH.
17. B yeMm ocoberHoctu nonsporpadUYecKOro aHajliu3da B cpeje
OpraHHUYeCKHX PacTBOpUTEJICH?
18. B yeM cymHOCTL aMIepOMETpUYECKOTO TUTPOBAHUA U MPHUHITHII
Merozna?
19. Yo raroe "mpenensuutit Anddysnonnsit Tox"?
20. Hasosute QaktopH, onpenensiomue seanduny audoysnonno-
rO TOKa.
21. Kakasn anmapaTtypa HMCIONb3yeTcs B YCTaHOBKAX MJISA aMIepo-
METPHUYECKOTO THTPOBAHHA?
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22. KakoBa cxXeMa yCTaHOBKM /IS aMIIEDPOMETPHYECKOTO THTpPOBa-
HUAT

23. Kaxue 2/1eKTpOAE MOTYT GHITh MCIOJB30BAHB B METOMle aMie-
POMETPHYECKOTO TUTpOBaHUsA”

24. PacckaxuTte 06 aMIepOMETPHYECKOM THTPOBAHHUHM € HCHOJIB30-
BaHHEM PTYTHOTO KamleJbHOrO 3JeKTposna. B kaKoit ofiracTH moTeHnua-
JI0B pabOTaeT 3ToT 37eKTpon?

25. OnuunTe yeTPOACTBO PTYTHOTO KameIBHOTO 3JIEKTPOa.

26. PacckaxuTe O NPUMEHEHUH TBEpBIX 9JIGKTPOAOB B aMIE€pPOMET-
PUYECKOM TUTPOBAHHM M HX NMpPeMMYIeCTBaXx.

27. OnuimmTe KOHCTPYKIMIO TBEPKIX IEKTPOJIOB.

28. Y0 TaKOe 3MEKTPOAL! CPABHEHMS M KAKOBHI NpeAbABIACMbBIE K
HUM TpebGoBaHUn?

29. HazosuTe TMINE KpMBHIX aMIIEPOMETPHYECKOTO THTPOBAHHA,

30. Kak ompemensioT MONONKEHHA KOHEYHOM TOMKH TUTPOBAHUA
OpH aMIepOMeTPHYeCKOM THTPOBAHHH?

31. Kak BHI6paTs nMOTeHnMAn MHAMKATOPHOTO JIeKTpPOJla B aMuepo-
MeTpudeckoM TuTpoBanun? Ilpu kakoM noTennmane cienyeT mpoBo-
JUTh aMIepOMEeTpUYeCcKOe TUTPOBaHHe?

32. M3o6pasure KpHBble 3aBUCHMOCTH BeJHYHHEI NpeseJIBHOr0
a1 y3HOHHOTO TOKa OT KOHIEHTPALMH Jeno/ApH3aTOpa U MOKAXKUTE,
KaKk BEIGMpaeTcs pabouMii MOTEHUHMan IJIA INPOBEAEHHA aMIepOMETpH-
4eCKOTO THTPOBAHKS.

8.4.8. 3adavu das camocmosmersnoto pewenus

42. Toctpouts rpaduK U ONpENENMTH MOTEHLMAT MOJYBOIHEL
9MeMeHTa, eC/M NpH MOJAPOrpadMpOBaHMM MCCIELYeMOrO pacTBOpa
GBLIM MOJTyYeHB! CJIelyIOllMe AaHHble (B YHCIMTeNe — OTPHIATeAbHBIH
noteHnuan, B, B snamenarene — 1ok, MxA).

1) 0,025/4,8; 0,05/4,9; 0,1/5; 0,15/13; 0,175/22; 0,25/32,5;
0,35/33,5; 0,5/35,5;

5/ 2) 0,05/4,9; 0,1/5; 0,15/5,05; 0,2/11; 0,25/18; 0,325/26,5; 0,4/27;
0,5/29;
0 5/3)1 0,05/7; 0,1/7,5; 0,15/12,5; 0,18/25; 0,25/30; 0,30/30,8;
,35/31,2;
0 /4) 0,025/4,8; 0,15/5,05; 0,25/9; 0,3/18,0; 0,35/22,5: 0,45/24,8;
,6/273;
. 55 0,05/5,8; 0,1/6,2; 0,125/12,5; 0,145/27 5; 0,175/32,0; 0,2/32,5;
0,275/38;

5 5?2 0,075/5; 0,15/5; 0,225/5,1; 0,25/9; 0,3/21; 0,35/22,5; 0,45/24,8;
0,575/27,3;
g 5! 0,475/5,15; 0,55/6,8; 0,6/7,0; 0,67/12,5; 0,71/20; 0,825/30,7;
0,875/32,5;

0,2/6; 0,275/7; 0,4/12,5; 0,45/21,4; 0,482/27,5; 0.6/357;
0,725Z39,2; / / / / / /

0,248/2,48, 0,325/25; 0,375/2,51; 0,43/10,0; 0,487/22,7;
0,575/29,8; 0,675/30; 0,75/30,1;
. 251%)5 0,35/3,1; 0,45/4,3; 0,5/5; 0,55/15; 0,6/30; 0,675/34,8; 0,75/35;
8 ,6;
1) 0,225/13; 0,325/13,2; 0,425/14,5; 0,5/20; 0,525/25 5; 0,56/32,5;
0,6/35,6; 0,725 /40;
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12) 0,175/3; 0,225/3,5; 0,275/4; 0,33/12,5; 0,417/32,5; 0,475/37,2;
0,55/36,2; 0,625/40;

13) 0,02%{11,5; 0,05/12; 0,08/15; 0,13/22,5; 0,20/35; 0,27/40,5;
0,35/41; 0,45/41 5.

43. Onpejenuts, KakON 2JIEMEHT NPHCYTCTBYeT B HCCIELyeMOM
pacTBOpe, eclM HNpHU NOJsAporpadHpOBaHHH Ha PTYTHOM KAIEIBHOM
anekTpoJe Ha ¢oHe 1 M pacTBOpa TMAPOKCHAA Kaaud ObI mOJMydeH

norennuan noaysonun 1,03 B.

44. Ilpn nonsaporpadupoBaHUM Ha PTYTHOM KAameJHBHOM JJIEKTPOJIe
Ha ¢oHe 1 M pacTBOpa XIOPOBOAOPOMHON KHCJIOTH MOJYYEHE CIIeAyIo—
e JIaHHbIe:
OTpunatesibHbii 0,01 0,05 0,08 0,09 0,1 0,11 0,14 0,19
noTeHyuasl, B

Toxk, MKA 1 1,4 2 3 6 10 12,7 13,7
Iloctpouts rpaduk M onpeaenuTh, KAKOH 3JeMEHT NPUCYTCTBYeT B
pacTBope.

45. JIns mOCTPOEHMs IpajyHpOBOYHOIO Tpaduka HpH Ompenese-
HUM Mapranga ucnonesosain 1074 M pactsopa conn Mapraunpa(ll),
ATHKBOTHHIE YacTH KOTOPOro pa3faBisann 6y¢QepHHM DPAacTBOpPOM 10 25
ceMm3 u monaporpaduposann. lIpu 5TOM OBIM MONyYeHH CJe/yIOUIHe
JlaHHEIe:

V, cm3 1 P 3 1 5 6
h, MM g 16 26,5 35 11 54

Maccy crnmasa 0,5 r, comepaxamryio Mapraden, pactsopuau B 100
cM3 a30THOM KMCJIOTH, 0TOGpain 5 M3 MONy4eHHOTO pacTBOpa M pa3ba-
BHJIN e€ro TeM xe GydepHM pactsopoM 110 25 cm3. Ilpu moasiporpadmu-
POBaHMM MOJYyYHJIM BbICOTY BOAHH 32,7. PaccunTars MaccoByIO AOJIO
MapraHia B CIIJIaBe.

46. Ilpn nocTpOeHHH rpaJyHMpOBOYHOrO rpaduka aJdsa onpepeie-
HUA UMHK3 Hcenmonb3oBanu 107¢ M pacTBOp mMHKA, aJMKBOTHHE YacTH
KOTOpOro pastaBaaau OydepHEIM aMMHAYHBIM pacTBOpPOM 10 25 cM3 u
noasporpaduposany. Ilpu 310M NONMYYEHH clefyiOnMe AaHHbIE:

V, cm3 1 2 3 1 5 6
h, MM 9 16 26,5 35 11 54

1 r crinaBa, comepikamero nuHk, pacrsopuiau B 2,50 ¢cM3 cMecH KHeJIOT,
oroGpand 5 cM3 MOMy4YeHHOTO pacTBOpa M pa3GaBWJIM €ro TeM xe 6y-
depueiM pacTeopoM 110 25 cm3. IIpH noasiporpadupoBaHHM NOAYYHIN
BeicOTY BOJHE 24,7 Mm. OnpenennTs MaccoByiO JIOJI0 HHKA B CILJIaBe.

47. Onpenenuts MONAPHYIO KOHUEHTPAUHUIO NMALJaJUs B PacTBOpE,
€CJIH NpH [OCTPOSHUH TPaJyHPOBOYHOTO TI'padUKa OBUIM NOMYYEHEl
clIeJIyI0MIlie NaHHBIE:

V, eM3 2 4 6 8 12 16 20 24
h, MM 7 13 13 25 37 42 56 63

JI1a mocTpoeHnsA IpaJyHpoOBOYHOTO rpadHKa HCMOAB30BAIH pacT-
Bop KoHmeHrpanueit 0,0045 moas/aM3. BricoTa BONHHL IpH NOAApOrpa-
dupoBannn MCHLITYEMOro pacTBopa Geljia paBHa 31 M.
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48. IlocTpouts rpaduk no CIASAYIOMMUM TaHHBIM:

V, em8 1 2 3 9 5 6
hy, MM 9 16 . 26,5 35 41 54

IIpn mocTpoeHUM HaHHOTO TPamyHMpOBOYHOIO rpaduKa HCIONL30Ba-
mu pacTeop conu xenesa(lll) xonuenrpaumeir 1074 mons/namd. Onpene-
JUTH MaccOBYIO JOMIO xele3a B cnabe. Hasecka cnnasa 0,25 r; Brcora
BOJHEI, NMONY4YeHHAS NpH RONAPOrpadMpOBAHHUH HCCIEAYEMOTO pPacTBO-
pa, coctaBusia 18 mMm.

49. Iloctpours rpaayupoBOYHHN rpaduK NO CHEAYIOIUM AaH-
HEIM:

V, o3 1 2 3 1 5 6
h, MM 9 16 26,5 35 41 54

0,2 r cnrasa, copepsautero Tutad, pacteopunu B 50 cM3 azoTHON Kuc-
JIOTH, OTO6panu 5 cM3 MOJIyYeHHOTO PacTBOpa U Pa3baBUIH €O TeM ke
. 6ydepuriM pactBopoM 10 25 cM3. Ilpu monsporpadupoBannn noIyqIHIn
BeicoTy BomHE 10,8 MM. Onpeaenuts MaccoByIO OO THTaHa B CIIZIaBe.

50. IIpn nocTpoeHuyn rpajyMpoBOYHOro rpaduKa JIA Onpejele-
HUA MUKEIsa Hcnonb3oBain 1074 M pacTBOp HHKesA, alMKBOTHEE YACTH
KOTOpOro pa36aBiany aMMOHHIHO-aMMMadHHIM OyQepHHM pacTBOPOM
1m0 25 cM3 u momsaporpaduposanu. IIpu 3ToM 6RLIM MOMyYeHH clie YO~
ue AaHHbe:

V, oM3 1 2 3 1 5 6
h, MM 9 16 26,5 35 41 54

0,25 r cnuaBa, cofiepkailero HUKeNAb, pacTBopuan B 50 cM® cMecu kue-
0T, oTobpanu 5 cM? NMOJIyYeHHOTO pacTBOpa U Pa36aBUIIN €T0 TeM ke
6ydepom no 25 cmd. Ilpu momsporpadpmpoBaHHM MONYYHIIH BEICOTY
BOTHHL 22,7 MM. OnpenenuTs MaccoBYIO 0110 HUKENA B cIUIaBe.

51. BHunCANTS MONAPHYIO KOHUEHTDALMIO MEH B PacTBOpe, ecJd
npu adanusde 10 cM® ucoienyeMoro pacTeopa MeTofoM A06aBOK OHina
nonydeHa BoJHa BHcoroi 10,5 MM, a mocie poGaBnenus 2 cm3 craH-
HNapTHOTO pacTBOpa Menu c KoHueHrpauuen 0,05 moas/nM® BHCcOTa
BOJNHEL yBEJIUYHMAAch 10 24 MM.

52. OnpeneluTh MONAPHYIO KOHUEHTPaUMIO NaIaIHsa B pacTBOpe,
ecain npu adHanuse 50 cM? ucouaezyemoro pacTBopa OIa HOTydeHa
BRICOTa BONHH 12,5 MM, a mocse noGaBmenus 2,5 cm3 crasgapTHOrO
pacTBOpa c¢ KoHueHrpauuelt 0,02 M BHcOTa BOJHH YBEJIHMYHIACH M0
26 Mm.

53. BHYHCINTE MONAPHYIO KOMIEHTPAIMIO MEIU B pacTBOpe, ecaH
npu ananusde 20 cM3 HMcolenyeMoro pacTBOpa OHJIa HMONyuYeHa BOJHA
BHcoTOl 15 MM, a mocie poGaBineHus 3 cM3 cTEHApTHOTO pacTBOpa ¢
KoHIeHTpamueit 0,1 M BricoTa BONHH yBelnyMnace A0 17,6 MM

54. BuolyncauTh MONAPHYIO KOHUEHTPAIMIO allOMMHHUA B PacTBODe,
eciu npu aHamnsde 10 cM? ucoesyemMoro pacrBopa 6hUla IOJydeHa
BonHa 26,5 MM, a nocse no6Gasnenna 0,5 cM3 cTaHaapTHOTO pacTBOpa €
KonuenTpaiuedt 7 + 1075 r/am? BrcOTa BOJMHH yBeIHYMIach 0 36 MM.

55. BEIMHCAMTD MONAPHYIO KOHUEHTPAUMIO MHINEAKA B PAcTBOpe,
ecaid npu aHamuse 25 cmM? McoleflyeMOrOo pacTBOpa OHUIa NOJyYeHa
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BonHa 22 MM, a nociie no6aBneHHs 4 c¢M3 CTaHNApTHOTO pacTBOpa ¢
xonuenrpanueir 2 - 1074 r/aM3 BricoTa BONME yBeMuMAach 10 26,5 MM,

56. BoIYMCIANTD MONAPHYIO KOHUEHTPAUMIO UUPKOHUA B pacTBOpe,
eciu npu aHanuse 25 cM3 uHcwIellyeMOTO pacTBOpa Obljia MOJydeHa
BHicoTa BOJHE 30 MM, a mowie noGaBieHnsa 3 cM3 cTAHAAPTHOTO PacTBO~
pa ¢ koHueHTpanueit 0,06 M BricoTa BOMHE yBeanuMiach A0 35 MM.

57. OnpenenuTh MONAPHYIO KOHUEHTPAIMIO IIMHKA B DacTBOpE,
ecin npu aHaausde 25 cm® HccleyeMoro pacTeopa GmUIa IOJydeHa
BonHa 12 MM, a mocie noGaBienus 5 cM3 CTAHAAPTHOrO pacTBOpa €
rxoHuenrpanueinn 0,005 M BhicoTa BOMHH yBeInuuiach 10 27 MM.

58. AxanusnpyeMulff pacTBOP, conepKallMi HUKENb, NOBEJM [0
MeTKH B Koa6e BMecTuMocThio 100 cM3 0,1 M pactBopoM amerara HaT-
pusa. B smextponusep momectman 20 cM3 McCIe/yeMOro pacTBOpa H ¢
nomompo 0,002 M pactBopa aumermaramoxcuMa (JAMT) mposenn
amnepoMeTpuyeckoe TuTpoBaHne npu norenmmane 1,7 B. Ilocrponrs
KPHBYIO THTDPOBAHHA, ONpefeauTh 00beM pEaKTHBa B TOYKE 3IKBUBa-
JIEHTHOCTH M NPOU3BECTH pacyeT cOnepkaHus Hukedn (B Mr) B mpobe
N0 CHEIYIOUIHM JaHHBIM:

O6beM THTpanTa, cM3 1 1,5 2 3 4 5
Toxk, MxA 37 28 20,5 18 30 41,5

Ilpu pacuere ygects, uto 1 MONE HuKeda pearupyer ¢ 2 Moms JAMT.

59. O6pasen cranu maccoit 0,5000 r pacTBOpHAIN B crakane, 3aTeM
nepeHeciH B MEpHYIO KOimOy BMecTuMocThio 100 cM3. B anexrtpomusep
nomectusn 25 eM? 3TOTO pacTBOpa M mpu noreHuuane —1,7 B na doxue
aleraTa HaTPHs BHIIOJIHHIN aMIEPOMETPHYECKOe THUTPOBaHHE HHUKEIA
nuMerunrauokcuMmoM (JIMTI) ¢ T(AMI'/Ni) = 2 mr/em3. Onpenenuts
MaccOBYI0 NONI0 HUKEJA B CTalNH, €cl¥ NpPU TUTPOBAHHM MOJYYCHEL
CIIe/IYIOIHE JaHHEIE:;

O6bem THTpanTa, cM3 0,1 0,15 0,2 0,3 0,4 0,5
Tok, MxA 37 28 20,5 18 30 41,5

JMTI u Hukesp peaTHPYIOT B MOJAPHOM COOTHOMeHHH 2 : 1.

60. IIpn ammepomerpnyeckoM THTpoBaHHH 10 cM3 pacTBOpa HuHKa
cBexenpuroTopNenHsM pactBopoM K Fe(CN)s ¢ rturpoM no uuaky
0,002445 npu F = —1,46 B nosydeHH ciaeaymouue naHHble:

O6vem mrpaHTa, 0 02 04 05 1,0 1,5 2 2,5 3,0
3
oM

Tok, MxA 60 60 60 61 -61 120 176 230 285

Iloctpours rpaduk u ONpefenuTs MOJAPHYIO KOHIEHTPALMIO UHKA B
HcclIeflyeMOM pacTBOpe.

61. OmpenelnTs MONSPHYIO KOHUEHTPALHMIO CBHHIA, €CJAH MPH
aMnepoMerpuyeckoM Tutposauun 10,0 eM3 pabounm pacTBOpoM cyinbda-
Ta Kalua ¢ KoHuedtpaumeli 5,34 mr/em® npm E = 1,0 B nonyunnn
cIeAyIOIMe pe3yIbTaTH:

O6bem THTpanTa, cM® 0 0,5 1,0 1,5 2,0 2,5
Tok, MxA 151 106 57 31 31 31

62. OnpenennTh HOPMANBiyH0 KOHUGHTPAIMIO CBHHIA, €CIH IIDH
amnepomerpudeckoM TuTpoBadun 10,0 cM3 3TOro pacTBOpa ¢ IOMOILEBIO
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cynsdata kanus ¢ turpoM 534 - 1073 r/eM® npu F = 1,0 B nonyuumn
cAeyIonue AaHuHe:

O6beM iTpanTa, cM3 0 0,5 1,0 15 2,0 2,5
Tox, MxA 215 163 113 60 40 39

63. OnpenenuTs TUTP pacTBOpa CBHUHIA, €CJIM IPH aMIEPOMETpH-
yeckoM TuTpoBanun 10,0 cM3 pa6ounM pactBOpoM cynbdarta Kamus c
HopManpHOi KoHneHtpamueit 0,06117 moms/aM® npu E = 1,0 B nomy-
YUK CIeAYION(e aHHbIe:

06bem ™MTpanTa, cM3 0 0,5 1,0 1,5 2,0 2,5
Tok, MxA 260 198 137 75 43 42

64. BriuncanTe MaccOBYIO NIOMIO CBHHLA B HCCIICyeMOM pacTBODE,
ecii Npu ammepoMerpudeckoM TtutpoBadun ero 10,0 cM3 pabouum
pacTBOpoM cynabdarta Kanua ¢ MOMApHON KoHneHTpanuelt 0,1235
mons/aM? npu E = 1,0 B 6uinu nomyyeHsl caenyoomue AaHHbe:

O6beM TMTpanTa, M3 0 0,5 1,0 15 2,0 2,5
Tok, MKA 308 240 172 102 42 42

65. Ioctpouts rpaduk U ONpPEAEIUTh KOHIEHTPAmMIO CBHUHIA (B
Mr/nm3), eciim npn aMnepomerpudeckoM turtpoBaHum 10,0 cM® pactBO-
poM cynpdaTa Kanus ¢ KoHneHtpammeit 5,34 r/aM® mpu E = 10 B
HOJIyHeHH CJIefyIomue AaHHEbIe:

O6wem TTpaHTa, cM3 0 .05 1,0 15 2,0 2,5
Tox, MxA 105 72 10 30 30 29,5

66. /lna ompenenmeHus cypbMHl B KBapLe METOIOM CpaBHEHHA Ha
¢done emecu 0,5 M HySOy, 0,5 M KCl n 1075 M MeruneHoBOro cuHero

npu E, /Z(Sb) = —0,14 B Hac. k. 3. O ABYM CTAHAAPTHHIM DacTBODaM

cypbMH ¢ koHuentpanuei 0,1565 u 0,1205 mr/amM3 momyyunu coorsercr-
BEeHHO pBe noaaporpaduyeckne BoaHu 154 u 12,0 em. Onpepenurs
conepxanue cypbMH (B Mr) B 25 cM? HCCaesyeMOro pacTBOpa, €CHIM
BHICOT2 BOJIHHI cocTaBuya 125 cM.

67. Onpenenenye MBILIbAKA B CTOYHON BOAE METOAOM CDaBHEHHS
punomusaor 8 cpene 0,04 M H,SO4, norednuan nuka pasex —0,97 B
Hac. K.3. Ilpu momsporpacpupoBaHmm [ABYX CTaH[. “THEIX pPACTBOPOB
MEIIbAKA ¢ MOAApHeIMK koHnedtpamusamu 0,001000 u 0,001500 monyve-
HH BOJHH BHcoroit 25,6 u 31,5 Mm. Ompeneants MONAPHYIO KOHIEHT-
PanMIO UCCIEAyEeMOTO pPacTBOPa MEIUIbSKA, €CIH yCIOBUs noaAporpadu-
pOBaHMS OJ(MHAKOBEI, a BHICOTa BOJIHH B 3TOM cayyae paBHa 30,0 MM.

68. BucMyT B MuHEpPanbHOM CHIpbE ONPENENsIOT METO/IOM CpaBHe-

Hus B cpege 1,2 M HCl B npucyrersun NaH,POy,, E1/2 = —0,10 B otn.

"Hac. K.3. lIpu monsporpadupoBadnu HCCAEAYEMOTO DAacTBOpa BHCMYTa
nomyyesda Bhcota BOmMHE 120 MM, a momsporpadupoBadne B Tex ke
yCAOBHAX JByX CTaHJapTHHIX ero pactsopoB ¢ Tutpamu 0,000125 n
0,000202 mano coorpercrBenHo BOMHH 85 u 153 MM. Onpemenuts KOH-
HeHTpanuio BucMyTa (B r/cM3) B HeCaeyeMOM pacTBope.

69. Conepxanue repMaHus B yriAxX ONpeNesIsId METONOM CpaBHe-

HUs1 B aMMuayHoM pactsope ¢ pH = 8,3; E1/2 = —1,3 B nac. k.5. Ilpn

nonsiporpaupoOBaHUH HCCIEyeMOTO pacTBOpa OBINa HOJydYeHa BOJHA
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17,5 em. B amux ke ycnoeuax nonsporpaduposanu CTaHJIapTHHIE PaCT-
BOphl repMaHusa c¢ koHuedtpaumeir 0,001105 u 0,001421 moms/mm3,
KOTOPLIM COOTBETCTBOBaJiM BOJIHHL BhIcoTOir 13,2 m 20,0 cM. Kaxoma
MOJIAPHAA KOHLEHTPAIUA TePMaHUA B HEM3BECTHOM DacTBOpe?

8.5. KoHZlyKTOMETpHYECKMIT METO

KonpyxroMeTpuueckuit MeTos aHaiu3a OCHOBaH Ha H3MEpEHUM
SJICKTPONPOBO/IHOCTH PAacTBOPOB. JeKTponpoBogHocTsi0 (W) masmia-
0T BeJINUNHY, OODATHYIO CONMPOTHUBRISHHIO (RS); ee pa3aMepsocts OM™L.

W=1/R.

ONEeKTPONPOBOLHOCTL PACTBOPA 3aBUCHT OT 4YMCJIA HOHOB B enuHHIe
o6beMa pacTBOpa, T.e. OT KOHmeHTpammu C, OT MOMBHKHOCTH DTHX
HnoHoB — V.
Ha ocnoBanun mssecTHBix u3 Gusukn u GusnyecKol XuMUM cOOT-
HOILEHUM
cvs

W=K—,
z

rpe Z — paccTOAHHE Mexy 3NMEKTPOJlaMu, cM; S — NIOmAanb JMEKTPO-
10B; K — ro3¢pPunneHT nponopuuoHansHOCTH.

1A KOHKDETHOM MapHl MEKTPOJIOB NPH HEH3MEHHOM pPaccTOAHHUK
Mexay HuMu S/ Z ABnseTcs MOCTOAHHON BeauuuHOi. Toraa

S
W=KCV, rne ' = K —
Z

Ilpn pacyerax B KOHAYKTOMETPHM HCHOMB3YIOT NOHATHE "ymenb-
Hasd JJIeKTPONPOBOAHOCTE (2)"; 3TO 3JEKTPONPOBOJHOCTL pPAaCTBOpA,
3aKJIIOYEHHOTO MEXy IJIOCKMMH 3JEKTPOAaMH IIomWanesio 1 eM? kasi-
ABIA, HAXOASAMMXCA APYT OT JpYyTa Ha PaccTOAHMH 1 oM.

Z
&= W—(OM1 - em).
S

B pacuerax yn06HO MONL30BATHCA SKBHBANGHTHOS 3IEKTPONPOBOJI-
HOCTBIO (1), KOTOpas paBHa:

A=efn,
TJle n — YHCIAO MOJel 3KBUBaieHTa B 1 cM3 pacTeOpa.
OKBUBAJICHTHAS 3NEKTPOMPOBOLHOCTD ,\w npu GecKOHeYHOM pa3baBie-

HUHU paBHAa CyMMe IOABHHOCTEH KaToHa U u amuona V.
OTHomenne 3KBHBaNEHTHOR TEKTPONPOBOLHOCTH pacTBOopa caabo-
TO SNIEKTPONHUTA K IKBUBAJICHTHOM 3JIEKTPONPOBOHOCTH 3TOTO 3TEKTPO-
JINTa Npu OeCKOHEYHOM pa3GaBleHMM paBHA CTENeHU JAHCCOLMAIMH
3TOTO 3JIEKTPOJHTA!
a= A/

119



8.5.1. Pewenue munosnz 3adax

Hpuumep 8.14. Conporusienne 0,5 M pacrsopa K;SO4 B sveiike ¢
aexTpoXamMu mmomaasio 1,35 cM? u paccroanuem Mexay Humu 0,45 cM
papio 4,86 Om. OnpemennTh 3SKBHBAJICHTHYIO 3JIEKTPONPOBOJHOCTD
pacTsopa.

Pew e H u e. DNEKTPONPOBOAHOCTh PacTBOpa paBHa

1/R= W=1:4,86 = 0,206 OmL.
HaxonuM yaensHYIO 3JIEKTPONPOBOXHOCT PacTBOpa:

Z 0,206 - 0,45
e=W-= —m
S 1,36

@akxrop sxeuBanenTHOcTH KpSO4 paBen 1/2; crenoBaTensHo,
manneit 0,5 M pactBop sBnserca mopmanbHuM (1/2 KpSO4) = 1073
MOJIB{{!MS X =zg/n=00682/1-109 =682 Om! - momp’! - cM2.

pumep 8.15. OnpenenuTs MaccOBYIO AOMIO YKCYCHOW KMCJIOTH B
pacTBope, ecyiM ero y/elbHas 3JEKTPONpPOBOXHOCT: pasHa 0,75 Oum1 -
« eM’l, a 3aBMCHMMOCTh MeXAY KOHIGHTpalyell YKCyCHON KHCJIOTH B
BOAE M YAEABHON 3JEKTPONPOBOJHOCTHIO NPEACTABIEHA B CJIE/yIOIICM
BUE:

3
CCHa COOH’ MOTIb/ M 0,167 0,833

&, oM - el 3,50 1,46

P e w e u n e. Crponm rpaduyeckyio 3aBUCHMOCTh KOHIEHTpa~
uus — ynensHas snextponposopnocts (puc. 8.5). Ilo rpaduky naxo-
IAMM KOHIEHTpauuio yKcycnoit kucaote: 2 mons/am3. Ilo rTabinue
CIIpABOYHMKA ONpeiesseM, YTO JaHHON KOHUEHTPAlMM COOTBETCTBYET
11,7% kucAOTH.

Hpumep 8.16. IIpu KOHAYKTOMETPHUYECKOM THUTPOBaHMH cyabdaTa
kasmsa 1,2 M pacTBopoM allerata Gapusi HafieHa cjeyloIlas 3aBHCH-
MOCTh MEXJY 3JIEeKTPONPOBOAHOCTBIO W pacTBOpa M KOJMYECTBOM IO
6apyieHHOr0 THTpaHTa V'

O6veM TuTpaHTa, cM3 0,5 1 2 3 4 5
W, omt 4,00 3,21 1,85 1,15 2,50 3,56

HocTpouTs rpadMK M ONpPEAEINTs KOMHYECTBO cybdara Kalus (MoiB).

Peumenue Crpoum rpadpuyecKyio 3aBUCHMOCTH 3JEKTPONPO-
BOLHOCTH OT 06beMa BBejenHoro pactsopa Ba(CH3COO), (puc. 8.6).
Ilo nauneiM rpadMia HAXOAUM SKBHBAaJICHTHHI 006beM aueraTta 6apus,
papumiit 2,75 cm3. CrlefoBaTeNbHO, B HCCHIEAYeMOM PacTBOpe COREPHKMT-
es 2,75 + 1,2 = 3,3 mmois cynndaTa KanMs.

Hpumep 8.17. Vnensnan anexrponposonnocts 0,0109 M pactsopa
ammmaka pasna 1,02 + 1074 Om7! - eM’l. OmpenesuTs KOHCTaHTY JMCCO~
10764907978

P e w1 e u u e. OnpeenseM 3KBUBAJICHTHYIO 3JIEKTPONPOBOLHOCTE
pacTBOpa:

= 0,0682 Om7! « eM7L,

1,666 2,500 3,333
0,90 0,64 0,47

1,02 - 1074 - 108
A= = 9,38 Om’! - Momp™! - cM2,
0,0109
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Puc. 85. TI'papuKk 3aBMCMMOCTH YAENLHOA IEKTPONPOBOAHOCTM OT KOHLEHTPALUM
YKCYCHOI KHCTIOTBL

Puc. 86. KonpyxroMerpyueckoe TWUTpOBaHMe CyZibdaTa KalMAd pPacTBOPOM AalI€TATA
Gapus

Ilo ,CTPABOMHEIM NaHHEM HAXONMM 3HAYCHUA IOJBHKHOCTE/ HMOHOB
NH} n OH™ (M. ITpusoxenue II, Tabn. 5) 1 paccUMTHIBaeM 3KBHUBATICHT-

HYIO 3/IGKTPONPOBORHOCTE MPH GECKOHEYHOM pa3GaBiICHMH:
A, = 76 + 205 = 281 Om! - moms™! - cm? (mpm 25°C).

PaccunrnBaeM crenens mauccoumaunn: o = 9,38/281 = 0,0334. Orciona
KOHCTaHTa AUCCOIMAlMM paBHa

a2C  (0,0334)2 - 0,0109
1-a 1-0,0334

= 1,26 - 1075,

8.5.2. Koumpoasnsie sonpocut

1. B yeM cymHOCTh KOHAYKTOMETPHUYECKOrO METOAa aHann3a?
?2. KakuM 06pa3oM NpoMCXOAUT NEepeHOc 3JGKTPUYeCcTBa B PacTBO-

pax’

3. Kakasd 3aBHCHMOCTH CYLIECTBYET MEXKIY 3JICKTPONPOBOIHOCTHIO
M CONPOTUBJICHHEM cpenn”?

4. Yo Takoe yienbHOE CONpPOTUBJICHHE?

5. Yto Takoe yaenbpHas MEKTPONPOBOLHOCTD?

6. Kakas 2aBHCHMOCTD CYLIECTBYeT MEKAY 3JIEKTPONPOBOIHOCTHIO
M yIEJIBHON 3JeKTPONPOBOXHOCTHIO?

7. Kakas 3aBHCMMOCTH CYLIECTBYOT MEXKIY YAENAbHEIM CONPOTHUBIIE-
HHEeM M yAENBHOMN 3JIEKTPONPOBOXHOCTHIO pacTBOpa’

8. YTo Takoe BPKBMBAJICHTHAS WIM MOJISIDHAS 3JEKTPONPOBOIHOCTH
1 KaK OHa CBA3aHA C yAILHOR 3JMEKTPONPOBONHOCTELIO?

9. Kak paccynTaTh 3KBHBAJIGHTHYIO 3JIeKTPONPOBOAHOCTE NPH
6ecxoHeyHoM pa3GasieHun?

10. Kak paccydTaTh cTENeHb AMCCONMAIMM CHabOro NIEKTPOJMTA
110 M3BECTHOM 3KBUBAJIEHTHONR 3JIEKTPONPOBOAHOCTH pPacTBOpa AaHHOM
KOHIUEHTpa uu?

11. EpucanTs 3KBUBAJIGHTHYIO 3JIKTPOIPOBOAHOCTL Npu 6Gecko-
HeYHOM pa36amsienun cilexyromux saextrpoauros: 1) H,0; 2)
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K4FC(CN 63 3) (NH4)3FC(CN)6, 4) PbCrO4 5) FeBrg; 6) Ba3 PO4)2, 7)
Agl; 8) CaCly; 9) Sr(NOs)s; 10) Zn(CIO‘Jg; 11} MgCQOj;; 12) NalQ,.
Temueparypa pactsopos 25°C.

12. B 4eM cymHOCTH KOHAYKTOMETPUYECKOrO THTPOBaNMsA?

13. KaxoBH [OCTOMHCTBA M HEJOCTATKH KONJLYKTOMCTPHYECKOro
MeToza aHann3a?

14. MoxHO 1M HPHMEHATh KOHAYKTOMCTPMIO B ABTOMATHYECKOM
KOHTpOJIE Pa3jIHYHBIX XMMHYECKUX TPOU3BOACTB?

15. B yeM cymHOCTh BHCOKOYAacTOTHOrO THTPOBAHUA?

8.5.3. 3adanu das camocmosmensnoto pewenus

70. Jnas pasmuunsix koHuentpauuit NaOH B Bome nonmyuunm
CIC/1YIOUIe DKBHBAJICHTHHIE JJIEKTPONPOBOLHOCTH PacTBOPOB:

C, mons/nm3 0,05 0,1 0,2 0,3 0,5
A Om71 « moms™ - om? 219 213 206 203 197

IocTpoutsr rpadMk 3aBHCHMMOCTH YAEJBHOM 3JIEKTPONPOBOMHOCTH OT
MOJIAPHOI KOHUEHTPAUMK U olpeneluTh MaccoByio xpoito NaOH B pac-
TBOpe, €cJIH €ro ynesanHas anexrponposonuocts 0,045 Om™ « em™L

71. Jas Bonuoro pactsopa KCl maummu cienyrouiMe 3aBHCHMOCTH
YAEJILHOI 3JIGKTPONPOBOAHOCTH OT MacCOBOIl JOJU pacTBOPOB:

Maccosasn jnonsa, % 5 10 15 20 25
2, Om’l - en7l 0,092 0,180 0,260 0,336 0,402

Ifoctponts rpadmk u onpenenuts Tutp pactsopa KCl, ecom ynenpnas
aZleKTponpoBoHocTE ero pasra 0,220 Om ! + cM’L. IlnoTHOCTH pacTBOpa
paBua 1.

72. Ilo npywBeneHHEIM HIDKE [JallHBIM NOCTPOHTH rpadMK 3aBHCH-
MOCTH CONPOTHUBJCHUA OT KOHUEHTpauunm pacTtBopa KI B cnupre u
ONpefeSNTh MOJIAPHYIO KOHUEHTPAIUHIO 3TOr0 pacTBOpAa, eCIH cONpOTHB-
Jienue ero paso 2,5 Om.

Turp, rfemM® 2,08 + 1073 416 + 1078
R Owm 7,20 3,64

73. Ilpu uamepennu anektponposonHoctu pacteopa CaCl, B Bome
V1A PasiIMYILIX CONEPXKANNil ero GLUIM IOJyUYeHH CJAeNyIOuiMe JTaHHbe:

Maccosas gonsa-CaCly, % 0,5 2,5 5 7,5 10
®, Om71 - em’l 7,00 2,92 1,80 1,28 0,94

HoctpouTe rpaduk M HalTH HOPMANBHYIO KOHUEHTPaUMIO pacTBOpa
CaCl,, ecnu ero ynenpnas anekTponpoposnocts 2,00 OmL - em’L.

. 74. Jlns pana cTaHAAPTHRIX PAcTBOPOB YKCYCHOM KMCJIOTH INOJyue-
HEl CJIEZlYIONIHe 3HAYEHUA YAETILHON 3JIeKTPONpOBOJHOCTH:

C, Monb/amd 0,083 0,42 0,83 1,25 1,67
®, Om71 « en’l 1,75 0,73 0,45 0,32 0,24

712100 964108 134 - 1078
2,15 1,59 1,16

Iloctpouts rpadmk ¥ HalTH TUTP KHUCJIOTH, €CIM YAEABHAA IJIEKTPO-
npopofHocts pasHa 1,00 OmM™t « em7L,

75. HaliTn conpotuBierne pactBopa asotuolt kucaoTh (B Om),
ecqIll IUIOILaAb 37eKTpOnoB paBHa 11,2 cM2, paccTOsiHHE MeKAy 3JI€KT-
poaamu 0,65 oM, yaensHas anekrponposognocTs 0,15 OML - em™L,
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76. Kaxum ROMKHO GHTH pacCTORHME MEXIY 3JIEKTPOAAMU IHa-
MeTpoM 1,5 cM, eciu Hanpsikenue Ha anekTponax 2,5 B u cuia TOKa,
NpOTeKalomero yepes 5 - 1074 M pactsop xnopuaa Hatpus npu 20°C,
paBHO 2,5 MA?

77. OnpenenuTs IJIOMAAs KBAJAPATHOTO JEKTPONA, €CTIM PAaccTOsi-
Hue Mexny anektpopamu 0,3 cM, a conporusienne 0,05 M pacrsopa
xnopuna kanusa 5 Om.

78. Yemy paBHa cHJIa TOKa, [IDOTEKAIOIIEr0 UEpe3 PacTBOp CepHOit
KHCJIOTEL € MaccoBoit joneit 10%, eciu miomanms 371eKTpoaos 2,5 cM2,
paccTOAHMEe MEeNKAY 3IeKTPoAaMHM 1 cM, HaNpSKEHHWEe Ha 3ITTeKTPORAX
0,5 B, ynessnas anektponposonsocts 0,15 Om1 « em71?

79. OnpemenuTs yREILHYIO 3JIGKTPONPOBORXHOCTH PacTBOPA CynB-
¢ara xamus, ecam ero conpotusieHne 2,5 OwM, mromans 37mexTpomoB 5
cM?, paccTosinue Mexay HuMu 0,75 oM.

80. Yepes pacTBop HuMTpaTa cepebpa, copepxamero 3 - 1074 r/ M3,
nponyckanu Tox Hanpskenwem 0,55 B w cunoir 5 MA, paccrosmue
MexJly alekTposamu 1,8 cm; muomans asmektpomos 1,64 cM?. Kaxopa
SKBMBAJIHTHAs 3I€KTPONPOBOAHOCTh JIAHHOIO PacTBOpa?

81. Hafitu conporusnenue 0,5 M pactsopa xmopuza KaJIus, eciu
IIomank 3MexkTponos 1,25 cM?, paccrosnue mexxy Humu 0,65 cM, 3KBH-
BaJleHTHas ajexTponposogHocts KCI 86,3 Om™! « em2 + monp™l,

82. Ilpu Turpopanum 50 cm® pacTBOpa ykcycHo# kucaotst 1 M
PacTBOPOM THZIPOKCHAA KalusA OBIJIM NOMYYEHH CIEAYIOIHe NaHHHC:

V(I<0H),_cM3 40 45 5 5,5 6 6,5 7,5 8,5
W, Ou1 375 340 31,1 285 266 264 27,5 26,0

Onpenenuts THTp pacTBOpa yKCYCHON KMCJIOTH.
83. Ilpu tuTpoBanuu 25 cM® azoTHONM KMcAOTH 10%-HEIM pacTBo-
POM THJIPOKCHA HATPUs GHJIM NOJyYeHHl CJICJYIOUHe Pe3ysIbTaThl;

W(NaOH), cM_3 1,6 3,0 4,6 7,8 10,0 16,7
® - Oml, em’l 1,6 1,28 0,93 0,82 1,19 1,48

Haittu monspnryio KOHUEHTPAUHIO a30THON KHUCJIOTHI.

84. OnpenenuTs 3KBUB&IEHTHYIO 3JIEKTPONPOBOXHOCTD pacTBopa
XJIOpOBOZIOPONHOM KM CJIOTHI ¢ MaccoBoit modeit 10%, eciu 6nuta nomyye-
Ha cJlemyiomas 3aBHCHUMOCTS:

C(HCI),_Monb/n_M3 1 2 4 6 8 10
&, Om7L - en’l 872 10,81 13,00 14,32 13,4 10,85

85. PaccuuTaTh ynensuoe conpotusienue pactsopa CEepHOIl KHCJIo-
TR ¢ THTpOM 0,245 r/cM3, ecim Gblla mosyueHa clefyOmas 3aBHCH-
MOCTb YIeJbHOM 3JIEKTPONPOBOJHOCTH OT KOHUEHTPAIUH PaCTBOPA:

((1/2 H3S04), mans/nm3 2 q 6 8 10
® oML« ent 7,90 10,55 12,40 13,40 12,51

86. PaccuMTaTh 3KBHMB&IEHTHYIO 3J€KTPONpPOBOLHOCT: 20%-HOro
pacrsopa KCIl, ecnu 6uta nonyuena ciepyomas 3aBUCHMOCTS yaesb-
HOM 3JIEKTPONPOBORXHOCTH OT KOHUEHTPAIMH PacTBOpa:

AKCl), MOnb/ZlMa 2 4 6 8 10
& Om71 - eyl 5,60 8,18 9,81 9,91 8,40
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opa MgSOQy,
87. Uemy paBHO yaenpHOe conporusnenue 4,2 M pacrts

ecIH Mexnuy ionuen'rpauneﬁ ¥ yAeNBHON 3JIEKTPONPOBOAHOCTRIO Haae
Ha cJIeayonas 3aBUCHMOCTD:

6 8 10
1/2MgS0,), Moim/nm3 1 2 4
a /ae %)u“i)- em! 1,35 2,31 3,45 3,82 3,65 3,13

HaTpUs
88. IIpM KOHAYKTOMETPUYECKOM THTPOBaHMM cyiapdara !
0,1 M pactBopoM anerata 6apusa OBIIM NOJYYEHH CJISAYIOIMe NaHHEe:

TUTP. 3 0,5 1 2 3 4 5
O6bem aHTa, CM 3

W, Om’! 4,0 3,21 1,85 1,15 2,50 3,56
HoctpouTts rpapMk M ONpenesMTh KONMYECTBO MOJL 3JKBURANICHTOB
N32804.

3
89. Ilpu xoHmykTOMeTpMueckoM TuTpoBaHMM 2,6 cM3 amerara
kanpuMa 1,5 H. pacTBOpOM OKcajlaTa HaTPHUA NOJy4YeHH cJeAyomue

JaHHLIe:
WNazS80y), cm?
W, On’!

abux u onpenenuts Tutp Ca(CH;COO0),.
HOCTS(())." Tﬁ;ﬁ ?ignnyxroi(e'rpnqecxom turpopaiuu 0,05 M pactopa
Na,S0, 0,8 M pacreopom Ba(OH), nmomyunnn ciaexyiomue 3aBHCHMOC™

TH:

0,5 1 2 3,5 4 5
2,51 2,50 2,49 3,18 3,75 5,10

5 6
Ba(OH);), cM3 1 2 3 4

1 v(v oi«?‘)l 2,51 2,50 2,49 3,18 3,75 5,10
Hoctpours rpagux M onpenenuth 06beM pacTBOpa cyibdara HaTpus,

3ATHI INJIA aHAJIU3a.
i Ql.nﬂpn KoHxykTOMeTpHueckoM TtuTpoBanuu 100 cm® ykcycHon

KMcTOTH 1 M pacTBOpOM THIpPOKCHAA HATpUA NOJYYHIH clIeyIontpe
3aBUCHMOCTH 3JIEKTPONPOBOJHOCTH OT KOHIEHTPAauMH pacTBopa:

3 1,5 2 3,5 4 5
V(‘I:’,Cg;a‘cr ':’655 2,;5 1,92 1,85 3,18 3,75 5,10
MocTpouts rpadux W ONPeAEIMTL CTENEHh JHCCOLUMANUM yKCYCHOH
KHCJIOTHI, €U }r(’mc =18 1075.
92. Ilpu xonxykroMerpuueckoM TutpoBanum 50 cm® cMecH XJI0po-
BOJOPOXHON M yKCycHOI KUcIOTH 1 M pacTBOpOM aMMHaKa NOJy4YeHH
cJIe/lyronIe pesysbTaThl:

4,5 5 6
NH4OH), cM® 0,5 1 2 3 3,5 4 ,
" w? OM)'l 4,00 321 18 1,00 122 148 1,50 1,51 1,50

OTBETCTBYIOLHE
Ho rpaduky HaliTH JABE TOYKM 3KBUBAJICHTHOCTH, CO
IB MPPII(}:‘PI6);M KpHWBOIf, M OIpEJENUTs COOTHOLIEHHE KMCJIOT B CMecH
%),
( 93. OnpenenuTs yRenbHyIo anextponposoguocts 0,01 M pactsopa
HIO;, ecnn K’wc KMcnoTh paeHa 0,16.

94. Onpenenuts creneHs aucconuaumu 6,25 - 1072 M pacrBopa
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stunamuna C,H;NH;0H; nmopsuxnocts mona C,HsNH} pasna 586, a

SKBUBAJICHTHAS 3JEKTPONPOBOAHOCTh 3TOro pactBopa — 20,99 Om7l -
* MOJB—3KB™! - cM2.

95. OmpenenuTh KOHCTAaHTY IMCCOLMAIMH TMZIPOKCHA aMMOHUA,
€CIH 3KBHBAJICHTHAA 3JEeKTPONPOBOAHOCTL 8,2 - 1073 M pacTBOpa
NH4OH pasna 12,43 Om7! - monp™! - cMm2,

96. Koncranta pucconmamuun NH,OH paBua 1,7 - 1075, Omnpene-
JUTh yIeNBHYIO aleKkTponpoBoaHocTs 0,0205 M pacteopa.

97. OnpenenuTs cTemens aUcconUaLUn 0,1 M pacteopa HIO,, eciu
YAS/IpHAA 3TIEKTPOIPOBOJHOCTE 3TOr0 pactBopa 4,02 OM™1 « em7l,

Taaca 9
CIHEKTPOCKONMUYECKHRE METOJIEI AHAJIU3A

CrnexTpockonuueckue MeToxn aHaIM3a OCHOB2HHI Ha HW3MEpeHUU
HMHTCHCHBHOCTH 3JICKTPOMAarHUTHOrO H3J1y4eHHA, KOTOpOe HCcIycKaercs
AHANM3UPYEeMBIM BEIIECTBOM (3MHCCHOHHEIA CNCKTPAJILHEIN  aHaIu3)
nubo noryoutaercs uM. B TIocenHeM clyyae METOALI aHAJHW3a Ha3LIBa-
0T a6copbuuoHHEMHU. Onu NONyqYUJIH UIMPOKOE pacnpocTpaHeHHe B
Pa3JINYHBIX 0671aCTAX HAyKH W TEXHUKH. Knaceuduramus stux METO OB
NPUBOAMTCA B y4eOHHMKAX, YKA3aHHEIX B CIUCKE JIUTEPaTyPH.

9.1. MoTomerpuyeckail ananus

QoTOMETPUYECKHIT aHANUS — 3TO Tpynna MeTOnOB aHANUTHYECKOMt
XUMWH, OCHOBAaHHBIX HA HM3MEPEHHMH IIOIJIOMIEHHUS 3JIeKTPOMACHHTHOTO
H3JIy4eHus B BUAMMON W GiuskHelt yasTpauonerosol o6aacTu CIIeKTpa
PacTBOpaMH  aHAJM3HUPYEeMBIX BemecTB. IIOHMIKEHME WHTEHCHBHOCTH
MOHOXpOMAaTHY€CKOTO H3JIyYeHHS 3aBUCHT OT KOHIEHTDALMM IOTJIoma-
IOIICT0 BENIeCTBA M TOJNIIMHEL CJIOS PACTBOPa. OJTa 3aBHCHMOCTD BHIpa-
JKaercsa 3aKOHOM Byrepa (ocHOBHOIT 3akon CBETOTIOTJIOICH Hs1 ) *:

A=ce¢ /\Cl, (9.1)

rae A — onThueckas IUIOTHOCTh PAacTBOpa (mornomenne, mnu abeop6-
uus); ¢ ), — Koaddunuent Monsaproro nornomenun; C — KOHIEHTP al[is

acTBOpa, MOnb/aM3; | — TONIIMHA ¢7051 pacTBOPA. cM.
P pa, P pPa,

OnTtuveckas nI0THOCTH pacTBOpa — 3TO GesapaaMepHas BelMYMHA,
onpejeiseMas U3 COOTHOIICHMN:
I

A‘—"lg_)
I

rae Iy — MHTEHCHBHOCTD IOTOKA U3y4YeHUs, Najarollero Ha pacTeop; | —
MHTEHCUBHOCTL MOTOKa M3JIYYECHHUSA, NPOIICALIEro yepes PacTBOp.

* TIpaBOMEPHOCTb HAMMEHOBAHWS OCHOBHOIO 3aKOHA CBETONOIJIOLIEHNUSA 3aKOHOM
Byrepa o6ocHoBana B yuebnuke A.T. Tununenko n WU.B. MsarHuukoro (cMm. camcok
MTeparypsi).
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CKOI
Koabduuuent MOTAPHOrO NOIVIONICHHA €, PaBeH ONTAye

naotHoeT 1 M pacTBOpa OKpaUIeHHOrO KOMILIEKca, nomemem{ooroH ;
BOJI
KIOBeTy ¢ TOMUIMHON cos 1 cm. BenmyuHa ¢, 3aBUCAT OT ATHHEL

NpPOXOMSALIErO CBETa, TEMIEPATYPH PacTBOpa W NPUPOAH OKPaLIeHHOro
KOMIUIEKCA M He 3aBHUCHUT OT TOJLIVHE NOrJIONIAIOUICr0 /101 K KOHIEHT
paudu pacTBOpeHHOro BemiecTBa. KoadduuueHT MOIAPHOro morJoume-
HUA ABAACTCA MHAMBAIYaJBHON XapaKTEpUCTHKON KOMILIEKca U onpe;
Jensier 4yBCTBUTENBHOCTD Q)orome'rpnqecxscoﬁ peakuuu. Ero 3Ha:egnH
MOTYT BapbMpoOBaTh B npefieniax 10?2 — 10° B saBucuMocTH OT NPUPOZ
KOMHIJ;iI;)csiaAy ¢ ONTHYECKON NJIOTHOCTHIO (MOrJIOIECHUEM) IS xapax:::
PHCTUKH OCAaGUIeHUA N3MEPEHHA IpU INPOXONACHUM 4Hepe3 aHaln
pyeMoe BEeLecTBO MCMOIb3YIOT BIMYUHY NPOIycKaHuA (7).

T = I/Io,
TOrla

b it
A=lg —= g—=-—lIgT.
gI T

Pacyers! KOHUEHTpanHMii DacTBOPOB Ha OCHOBe (POTOMETpHYECKHX
MaMepeHni OCHOBAHE Ha NpuMeHennu 3akoHa Byrepa. OcnoBHHe npue-
ME (POTOMETPHYECKOr0 aHann3a JETANTbHO H3JTO0KeHH B yyeGHHKaX u

MoHorpadusx.

9.1.1. Pewenue munoonz 3adax

Ipumep 9.1. CseronpomyckaHWe HCCJIELyeMOTO pacTBOpa PaBHO
80%. BRIYMCAUTH ONTHYECKYIO IJIOTHOCTH 3TOTO PAacTBOpA.
P e mr e H 1 e. BuuncieHue nposoautes no ¢gopmyne:

A=—1gT=—1g0,8 =0,097.

KMnOQy4 npu

MIpamep 9.2. KoadpunuenT MONAPHOro IOrJIOLISH U 4 IPK

IUInHe ioniﬁx 546 nm paBen 2420. OnTUyecKas NJOTHOCTL MCCIIELyeMO

IO pacTBOpa B KioBere TOnuuHON c1oa 2 cm pasHa 0,80. Yemy pasen
KMnO4/Mn), r/em??

T Pe :u]\hg H),PI /e. Wz ypaeuenus (9.1) MOXHO BHYHCIUTE MOJNSPHYIO

KOHIEHTPALHIO:

0,8 ) .
C(KMnQ,) = ————— = 1,65 - 107 mons/nmd;
2420 - 2
C(KMnOy) - M(Mn)
KMnO4/Mn) = =
T(KMnO4/Mn) 100
1,65-1074-55
= o = 9,08:107% r/cM3,
1000

rne C(KMnO,) — monspnas KoHueHTpauus pacrsopa; M(Mn) — mo-
JISIpHAs Macca MapraHna.

P Hpuumep 9.3. PaccyntaTh MUHHMANBHO ONPEASIAESMYIO Maccy (s Ml‘g
xesesa(lll) no peaknun ¢ cynbGOCATNIMIOBOK KUCIOTON B aMMUATHO
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Cpel¢ TpU UCHONb30BaHMA KIOBETh C TOMUMHOMA c10s1 | = 5 cM; o6bem
OKpAalUeHHOro pacTBopa V' pasen 5 cM3; koadpdumuenT MOJISIPHOTO
norinoweHus pased 4000; MuinManbHas ONTHYECKAs IJIOTHOCTh, U3Me-
psAemas npubopom, cocrasaster 0,01.

Pew e n ue Munumansno ONIPENEIIAEMYIO KOHLEHTPALMIO CM”

MOXHO ONpPEeNleTUTh U3 ypaBHEHMs

H

A
c . =—

MUH 4
el

TNIOACTABUB B HEro MAHHLIC M3 YCJIOBUS 3a7aqu:
= ———— =5 1077 monn/nM3.

MunuMansHyio HaBecky onpemensiior no ypaBitenuio m = al, rue m —
Macca BellecTBa, T, M — monsphas macca IaHHOrO BemecTba, r/MOnB;
n — YUCI0 MoJefi BewecTa; » = CV, otciona

mMJH(Fe3+) =5585-5-107-5.103=139 - 107 =
= 1,396 - 1074 mr.

Ipamep 9.4. HaBecky cranu 0,2500 r PaCTBODHJIN B CMECH KIICIOT.
PactBop pasz6asunm B Mepuoit kon6e BMecTHMOCTBIO 100 oM3. K 25 cm?
TIOTyH4CHHOr0 pacTBOpa AOGABUIM I ONpPEREIEHHs] THTAHA NEPOKCHIL
Boztoponta, ¢ocdopuyio kucaory, pasbabuam no 50 em3. OnTiHueckas
[IIOTHOCTL MOJIyYEHHOro kenToro pactsopa pasHa 0,220. K apyroit
nmopuun 25 cM3 nobaBunu pactsop, cofgepxamuit 0,20 Mr TutaHa M
06paboTany aHATOTMYHO [1EPBOMY pactBopy. Omnruyeckas mJIOTHOCTD
3TOro pacTBOpa okasanack pasuou 0,500. Yemy paBna maccosas nouis
TATaHa B cTaiu?

Pem e nue B nannom cayvae mis onpemenenus MaceH THTama
UCHOAE30BaH MeToJ, n06aBoK. B cOOTBETCTBMM ¢ OCHOBHEIM 3aKOHOM
CBETONOIIOIEHHS MOMHO 3alIMCATh ABa YPaBHEHU:

AX = (Cxl; AX + CCM) = G(Cx + CCM)I,
Hockonbky ¢ u | He uameHsoTes 1pU H3MEPeHHsiX IepBoro u
BTOPOro pacTBOPOB, MOHO ONPEAENUTH Cx (baxTuyeckn ato 6yner

1HMCI0, NOKA3BIBAIONLEE, CKOJIBKO MWIIUTPAMMOB THTAHA CONEPKIITCH B
aHanU3upyeMoil npo6e):

0,220 Cx

0,500 Cx

; Cx = 0,1571 wmr.
+ 0,20

llockonbKky Anst aHanu3a B3ATa ANMKBOTHASA YacTh, paniias 1/4 or
Beell npo6wi, cofepxkaHue THTaHa PaBiio

m(Ti) = 0,1571 - 4 = 0,629 mr.
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MaccoByIO JO/I0 TUTaHA MOXHO ONPeJEIUTs U3 NPONOpIMIL:

0,2500 - 103 — 1 00% 0,620 - 100
WTi = = 0,25%.
0,629 — WTi 250,0
Hpuep 9.5. [lns onpenesenusi HUKeJsl B KaTanu3aTope rUApUpO-
BaHHMs JKMDOB HAaBecKy Karaiusaropa, pasnyio 0,215 T, ;;ac'mopmmé
IOBEJIM A0 METKHW B MEpHOI KOJ16e BMEeCTUMOCTBHIO 200 cm2. K 10 em
3TOTO pacTBOpa A06aBUJIM TapTpaTa Kalus-HaTpusd, aMMUEK, Tepeyib~
dar aMMOHHMSA, IMMETHIIJIMOKCHM, TOJOIPeTM B TEYEHWE 5 MUHYT,
oxnagunyu. Ilo rpaxynpoBoynomy rpaduKy onpejesnu/u, YTO B a8HAMU-
3UpyeMOM pacTBOpe comepxuTtes 2,1 Mr HUKeJd. Onpepenits MaccOBYIO

JIOJII0 HUKeJsl B KaTajliaarope. 20
P e e n n e Ilo pesyrbraTamM HU3MepeHUil HaIeHO, YTO B 1/

yacty npobH comepxures 2,1 mr Hukens. CnenosaTeqpHO, BO Beed
npobe cofepixanue HUKeNs PaBHO
m. =20 - 2,1 = 42 mr.
Ni

MaccoByio 010 HUKeJsi MOXKHO ONpPEAEIUTh U3 NPONOpUMM:

WN. = — =19,53%.
42 Mr — WNi ! 215

9.1.2. Koumpoasusie gonpocst

1. Oxapakrepuayiite koabduuuent nponyckanus 1T ¥ ONTHYECKYIO
MJIOTHOCTE A M B3aMMOCBA3H MEKAY HUMH.

" 2. THpusegure MaTeMaTHYecKOe BHIpaXeHWEe OCHOBHOTO 3aKOHA
cperonornomenust. Ouanyeckuit cMuen ko3dpduiueHTa MOJNAPHOTO
CBETOMNOTJIONEHUS. ) ,

3. B ueM cMHCA aJMTUBHOCTH ONTHYECKOMA MJIOTHOCTH! 5

4. Kakue ¢axkTopH MOTYT NPHBECTH K napymsnmo JIMHEITHOM
3aBHCHMOCTHM ONTUYECKOI IJIOTHOCTH OT KOHIIEHTPAalUu !

5. B xakux eQMHUIAX MOXHO NPeACTaBUThL TpaduyecKoe BHpaxke-
HMe CTIEeKTPa IOrjouieHua?

6. JlaitTe XapaKTEpPUCTHKY NOJOCH MOIVIOIEHHA B CIEKTpe.

7. Kak Bu6parh maMHy BOJHH (cBeTodu/IBTPa) NPH aHANU3E IO
CBETONOLIOIEH U0

8. IIpn kawux snadenusix T u A ofecrieduBaerci MUHHMalbHAsA
HOrPeLIHOCTh N3MepeHusi?

9. Kakoit MHTepBan anadyeHuilt A pekoMeHmyercs Ansi paGoTel Ha
$OTOINEeKTPOKONIOPUMETPAX !

10. Kak Bui6paTh KOHIEHTDPANMIO NPH aHaju3e 10 CBETONOrJoue-
Uo7

11. TlpuBenuTe npHUMEPH HCNOAL30OBaHMA B (POTOMETPHIECKOM
aHaJM3e peaKIuit KOMIIeKCOOGpa3oBaHMsA Jyisl NOJIYyYeHHs OKpauIeH-
HHX Bell[ecTB.

12. IpuBexmuTe mNpHMepH HCIONL30BaHMA B (HPOTOMETPHYECKOM
aHanM3e IS TeX K€ Ieleil peaKNuif OKHCJIeHWS-BOCCTaHOBJICHU,
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06pa3sOBaHUs MaJIOPaCTBOPHMHIX COeAWHCHHI, CHMTE3a H pPa3pyIICHUs
OPTaHNYECKHX COeIMHEHMI.

13. Kax BHGpaTs A/AMHY BOJHH NUPH BHAIN3e IO CBETONOIJIOLIE-
HHIO, €C/I B CNEKTPe NOIJIOMIECHU MMEETCH HeCKONBKO MaKcHMyMOoB?

14. B ueM cymmocrs MeTOma CpaBHEHHA B (DOTOMETPHYECKOM
(cmexTpodoTomMerpuyeckom) ananuze?

15. B weM cymHOCTH METOZa CTAHIAPTHEIX ZOGABOK B (OTOMETpH-
qecKOM aHalu3e U 0cOGEHHOCTH Meroma?

16. B weM cymmocTs MeTOZa rpazyMpoBOWHOTO rpaduka B HOTO-
METpHYecKOM aHann3ze?

17. PacckaxuTe 0 NpUMEHEHHM YDaBHEHMSA TIpaJyHPOBOYHOTO
rpaduka, mapaMeTpH KOTOPOTO BHUMCIAITCA 10 METOAY HAMMEHBIIMX

- KBaJIPaTOB.

18. B 9em ocobennoctu Merona auddepenuuansuofi GoToMeTrpun
B GOTOMETpHYECKOM aHaIM3e MeToja?

19. B wem oco6ennoctn Merofia oTomerpuueckoro (cneKTpodoro-
METPHYECKOTrO) THTPOBaHUAT

20. B weM cymuocTh $HOTOMETPHYECKOTO OUPENE/IeHHA CMEecH OKpa-
IIEHHHX BemiecTs 6e3 UX pasjieneHus?

21. IlpusenuTe npuMepH POTOMETPHYECKHX OUPEHEIICHHN BEHIECTB
O MX cOGCTBEHHOMY CBETONOTJIONEHHIO.

22. HazoBuTe ocHOBHHE y3/IH UpHOOPOB, NPHMEHAEGMHX IJIA aHa-
JIn3a U0 CBETONOTJIOIEHUIO; HX Ha3HaYEHHe.

23. OxapaxrepuayiiTe 0COGEHHOCTH CHEKTPOPOTOMETPHH B YTHTpa—
duoneroBot 061acTH crieKTpa.

24. B yeM cymHOCTh M Ha3HayeHHE HYJIEBHIX PACTBOPOB M PacTBO-
POB cpaBHeHUA?

25. B gem ocobennocTs GOTOMETPUYECKOTO OUpPEISSICHUA Kejleda B
OPUCYTCTBMY HHKEJs, XpOMa M MapraHia M JByX KpacuTeseit 6€3 mpes-
BApPUTEJILHOTO MX pa3nenenus’?

9.1.8. 3adaxu das camocmosmearnoto pewenus

1. PaccuuraTth npemen H3MEPEHHs ONTHYECKHX IUIOTHOCTEN pacT—
BOPOB, €CJIM mpeJleibl W3MEPEHUIT TIOrOmEeHHUA CBeTa COCTABJAAIOT OT 4
o 88%.

2. BHpa3uTe ONTHYeCKy:0 IVIOTHOCTH B NMPOLEHTAX NpPONYCKaHMA:
a) 0,054; 6) 0,801; B) 0,521.

3. IlepepemuTe nannkle HU3MEpEHHA NpPOUYCKAHUS B ONTHYECKHE
maotHocTH: a) 22,2%; 6) 52,5%; B])( 79,8%.

4. Mponyckaune pacreopa KMnO, ¢ xommenrpammeit 5 mxr/cm®,
u3mepenHoe B kioBere ¢ [ = 2 cM npu 520 uM, pasuo 0,400. PaccunTair-
Te MOAPHE Koadduument nornomenna KMnO,.

5. Ilponyckanue pacTBopa ¢ kKoHUIeHTpauueii emecrsa 3,2 Mr Al B
100 cm3, uamepennoe npu 480 um B koBeTe ¢ | = 2 cM, paBHo 34,6%.
Paccuuralite MOTAPHHIA K03 (PPUIMEHT NOITOMIEHUA TOrO BEHIECTBA.

6. KoaddunuenT MONAPHOTO MOrJIOIEHHA KOMIIEKca Fe(SCN)2*
opu 580 mm paBen 6 - 103. PaccyuTaiiTe ontmueckyio WJIOTHOCTH 3 -
+ 1075 mons/mM3 pacTBOpa KoMmmekca, uamepennyio upu 580 HM B
kioBere ¢ { = 2,0 cm.

7. K anuxsorHoit wactu 25,0 cm3 pactBOopa, comepxamero 4,5
Mir/em® xenesa(Ill), mobasunu uséurok KSCN u pas6aeumm ero o
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KOHeuHoro o6wema 50 cm3. KakoBa onTuueckas NJIOTHOCTL I10JYYE€HHOrO
pactBopa, uaMepennan upn 570 HM B KioBete ¢ | = 2 cM. Koad uimenr
Mom;pnoro MOTJIOUeHMST PONaHKU/HOTO KOMIUIEKca Jkejie3a paBeH 5,5 -
- 108,

8. B kakux equHHMIax BHpaxaercd KO3QOUIMEHT MOAAPHOTO
HOTJIOMEHHs, €CJIN KOHIEHTpAnys BHpaxena B MKr/cm3?

9. Koaddunuent MOIsAPHOro MOrI0IIeHUS KOMIJjekca GepuNnud c
anernnaneroioM B CHCly npu A = 290 vM pasen 30000. Kakoe m:Hu-
MajlbHOe copmepxaHue Gepmwiaust (B %) MOXHO ONpeNeNuTh B HaBeCKe
1r, pactBopenHoit B 50 cM3 B KioBere ¢ [ = 5 cM, ecIM MHHHUMAJILHOE
3HaueHHe ONTUYECKON IJIOTHOCTH, KOTOPOE ¢ y/{OBIETBOPHTENBLHOM TOU-
HOCTBIO MOXHO u3Meputh Ha OOK-M, paeno 0,027

B oxpameHHOM cOeJMHCHHUM COOTHOIIEHNE GEpHIIIMA U alleTHJIale-
ToHa paBHO 1 : 1.

10. Ilpu dotoMerpupoBannu pacTBOpa CyabdOCANHIUIATHOTO
KOMIUIGKCA JKeJIe3a MOJIYyYUIM OTHOCUTENbHYIO ONTHYECKYIO IJIOTHOCTBb
0,200. Pacteop cpaBuenus comepxkan 0,0500 mr Fe B 50 cM3, Tonmuna
kioBerhl [ = 5 cM. OnpenenuTh KOHUGHTPALMIO JKeJie3a B PacTBOpe, eCH
®03QQUIMEHT MOISPHOrO TOTJIOMEHUSA KOMIIEKCAa B O3THX YCJIOBHAX
coctasisier 2500,

11. HaBecky ctanmum 1,2 r pacTBOpmaM B KuCJOTe H pasbaBUIN
pactBop Bonoit n10 50 cm3. M3 5 ¢M3 aToro pacTBopa 1ocse cOOTBETCTBY-
tomeit o6paborku 6b110 noaydeso 100 ¢M3 OkpalIeHHOrO pacTsopa.
OnTuueckas IJIOTHOCTh 3TON0 pacTBOpa Okasajachk pasHofi 0,12. Ua
CTAHZAPTHOTO pacTBOpa, comepsxauiero 0,1124 r H,MoO4 - 2H,0 B 100
cM3 pacTBOpa, 6HAM OTO6paHH yKasaHHBle HMie 06BbeMBl M rnocie o6pa-
G6orku deHuaruapasuHOM U pas6asieHnu xo 100 cM3 nonyveHH crexy-
OUMe ONTHYECKHEe ITIOTHOCTH:

OTo6panHeie o6bembt, cM3 2 4 6 8 10
Orrriueckan MIOTHOCT 0,05 0,11 0,16 0,21 0,25

BHUMCANTL MaccOBYIO K010 MoaubaeHa B cranu (B %).

12. Ins onpenenenust Meau B ciilaBe w3 HaBeckn 0,300 r mocne
paCTBOpeHHMA W 06pafoTKM aMMHakoM GOm0 moiydeno 250 cm3 okpa~
INEHHOTO pPacTBOpa, ONTUYECKAss IJIOTHOCTE KOTOPOrO B KIOBETE C TOJ-
muHoi ciost 1 eM 6mma 0,250. OnpenenuTts MaccOBYIO HONIO MeOU B
ciiaBe (B %); k03dpuULMEHT MOJAPHOrO NOIJIOMIEHHS AMMHMAKaTa MeIH
paBen 400.

13. Briuucants k03pOUIHEHT MOJITPHOrO NOTJIOIEHUS KOMIJIeKca
MeIH, €clM ONTHYecKas IUIOTHOCTH pacTBopa, copepskamero 0,40 mr
menu B 250 cM3, npu Tommune caost kiosetk | = 1 cm pasna 0,150.

14. Koapduument MOIAPHOTrO MOIVIOMIEHHA KOMIIIEKCA Kejie3a ¢
cynbQocanMuUIoBoO KkHcAOTOH npu A = 416 um pasen 4500. Onpene-
AMTh, Kakyio HaBecky Fep(SO4)3 - 9H,O napo pactsoputs B 50 cMd,
yTo6H M3 5 ¢M3 3TOr0 pacTBOpa IOCJe COOTBEICTBYIOUIEH O6pabOTKH M
pas6apienusi 70 25 cM3 ORI NONy4YeH OKpAaUIeHHHIA pacTBOp, ONTHHec
Kasi IIJIOTHOCTH KOTOPOTO B KIOBeTe ¢ TOJUIMHON csios | = 1 cM 6nlia 6u
paBHa 1,2.

15. KoadduumenTt MOIAPHOrO0 HOrJIOUIEHHUS OKPAIIeHHOTO KOMII-
JieKca HMKeNsl ¢ a-OGexsomnmuokcumom npum A = 406 mm pasen 12500.
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Kakyio MUHMMAIBHYIO KOHIEHTPaUHIO Hukest (B Mr/cm3) MOXHO ompe-
nenuTh QoromeTpuueckd B Kiosere ¢ | = 0,5 oM, eciu MUHHUMAaNLHASA
ONTHYECKAsA IJIOTHOCTh, PErHCTpUpyeMasi NPpUGOpoM, pasHa & 0,027

16. Beryucauth K03ppHUMeHT MOISIPHOTO NOrJIOUICHHUST KOMILJIeKca
Menu (cocTaB KoMIUlekca 1 : 1), ecam onTHyecKkas NJIOTHOCTh pacTBOpA,
conepxamero 0,50 mMr meaum B 250 cM3, npu TOMmIMHE NOrJIOLMIAIOBIErO
caost | = 1 cm pasua 0,150,

17. U3 naBecku upernoro cnsasa 0,350 r nociie pacTROpeHHs H
06paboTKM aMMHAaKOM ORUIO mosydeHO 250 cM3 OKpamleHHOro pacTBopa,
ONTHYEecKas NMJIOTHOCTh KOTOpOro B KioBere [ = 1 cM 6pyta pasna 0,200.
Onpenenuts MaccoByio momo meau (B %), ecnu kospduumenT Monsap-
HOrO NOIVIOIIEHUs] aMMBaKaTa MeaM paseH 450.

18. Hapecky cranu 0,2500 r pacTBOpu/M B cMecH KHMCJIOT, epeBe—
JA B MepHylo KoOAOy BMectuMocTbio 100 cm3, pasfaBunm 10 Merku
Boyoit, nepememanu. K 25 cM3 nosydeHsoro pacrsopa no6aBuMiM s
onpenesieHUs THTaHa NepoKcux Boxopona, docdopHyo kucaoTy, pasba-
BUJIM BOAOH 10 o6beMa 50 cM3. OnrTudyeckas IJIOTHOCTH NOJIYMEHHOrO
pacTBopa pasHa 0,220. J{pyryo mopuuio pactopa 25 cM3, comepaalnyio
0,20 Mr thTana, o6pa6oTany aHaJIOrMYHO HepBoMmy. OnTHHecKas IJIOT-
HOCTh 3TOro pacTBOpa okasajiachk paBHOU 0,500. Yemy paBna maccoBas
[0JIs THTaHa B clljlaBe?

19. Ilpu doroxosopumerpuyeckoM ompeneneuuun Fe Meromom
cpaBHEHHMs ONTHYecKas MJIOTHOCTh CTAHAAPTHOLO pacTBOpa, COfepaka-
mero 0,175 mr Fed* pasna 0,248. Kaxopa MaccoBas noss xeiresa B
pyRe, ecnu HaBecKy ee, paBhyio 0,200 r, pactBopusu B 100 cM3; mua
aHaMaa oTobpanu 0,5 c¢cM3 pacTBOpa, ONTHYECKAs IJIOTHOCTH NOJy4eH-
HOro pacTBOpa HocJie o6aBJeHHs BceX peakKTHBOB paBHa 00,2007

20. Koaddbuuuent MOJSPHOrO NOrJIONIEHMSA KOMIIJIEKCHOIO COemM—
HEHUs aIIOMHHHUSA ¢ anusapuHoM ¢ paBeH 1,6 - 104 npu A = 485. Ka-
KYyI0 KIOBeTy cjeayer BuiOpaTh aisi GOTOMETpHUpPOBaHUSA, YTOGH ONTU-
YecKasd NJIOTHOCTh pacTBOpa Ohlla He Menee (0,3 NpH cOxepXaHUH ajio-
munua 1075 mons/am3 B poromerpupyeMoM pactBOpe?

21. Briymeants kK03GOUIOUEHT MOJIAPHOrO IOIJIOLWIEHWS Meau ¢
2,2-pguxuHonuHoM npu A = 546 HM, eciM ONTHYecKas IUIOTHOCTh 2 *
-+ 105 M pacrtBOpa 3TOr0 coeqUHEHUs B KioBete ¢ | = 5 cm pasua 0,2527

22. KoadduuuenT MOMSPHOrO MNOrIOMICHHS CBHHLA ¢ AUTH3OHOM
npu A = 485 um pasen 6,8 ¢+ 104. Yemy paBua onTuMueckas IJIOTHOCTE
pacTBOpa, comepaaitero 3 Mkr PbQO, B 5 ¢M3 npu uamepenuu B 1-can-
TUMeTpPOBOit KioBeTe?

23. Ina doroMerpHyeckoro onmpemesieHUs MOJMGIEeHa B MHHepale
¢ AMTUOJIOM IIPUTOTOBJEH CTAHHAPTHHIA pacTBOpP MOJIMGHaTa aMMOHHS
pacteopenueMm 0,1000 r ero B 500 cM3. AnukBoTHbie YacTi pactBopa (V)
nocjie 06pabOTKM peaKTUBOM M noBemeHMHM ob6bema no 50 cM3 ordoro-
MeTpHUpOBaHEl. JlaHHbie U3MEPEHUs IIPUBEACHE:

V, M3 0,5 1 1,5 2,0

A 0,231 0,465 0,690 0,940
Onpenenuts copepxkane MoO; B mMMHepane, ecnm A aHaIW3a
B3saTa HaBecka (,2400 r, pacrBopena B 100 cm3. K anuxBoTHOI HacTH ee,

paBHoit 10 cmM3, npu6apnen TOT ke peakTHB, 06BeM moBeneH mo 50 cmS.
Onrnyeckas IIOTHOCTh TAKOTO pacTBOpa 6yzer pasHa 0,510.
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24. Ins onpepesieHMs1 B CTOYHON BOAE CyMMapHOTO cOLEPHKaHMs
TSXKENBIX METalioB (CBUHEN, Melb, KaAMUHA W T.I.) HX H3BJICKAIOT M3
BOZAH B BHUJE JUTH3OHATHHX KOMIUJICKCOB YETHPEXXIOPUCTHM YIJIepo-
OM, Kajlee, NMOcJae yAaleHU U3OHTKA HUTU30HA, 06pabaTHIBAIOT COJIBIO

Hgn VIS NEpeBofia B JWTH3OHAT PTYTH, KOTOPHiT (OTOMETPHUPYIOT.
Onruveckas IJIOTHOCTh AUTUBOHATA DTYTH, NONYYEHHOr0 06pabOTHOI
500 cm® Boxw, pasua 0,110 mpu A = 485 um. 500 cM3 crampmaprHOro
pactBopa, coxepxkamero 2 cm3 Cd(NOj), - 4H,0 ¢ T = 0,00001542
r/cM3, npoBesnM 4epe3 Bce cTafMM aHANK3a AHANOTHYIHO HCCAELYEeMOMY
pactBOopy. OnTnuecKkas IJIOTHOCTH ero okasanack paBHoit 0,280. Kakopo
CYMMADHOE coiepXKaHHe TSKENHX METa/yIOB B CTOYHON Boje (B
mMonb/ m3)7?

25. Jlna onpeneneHust B CTOYHON BoAe BHcMyTa (B Mr/am®) mpoGy
ee 10 cM3 momecTunin B MepHyI0 Kouby BmectumocThio 50 cM3, momkumc-
JMAM  pa36aBlIeHHON  a30THON  KUCJIOTON, NPUGAaBHIM  PacTBOp
BUcMyTOna-1 (peareHT Ha BHMCMYT), /[OBEIH 1O METKM BOJOIA.
Onruveckass WIOTHOCTh NOJYYEHHOro pacrBopa npu A = 440 HM B
kioBere ¢ | = 2 cM okasanacs pasHoi 0,150. OnTuweckas NJIOTHOCTH
CTAHZAPTHOTO pacTBOpa, NOJy4eHHoro ofpaborkoit 1 em3 1074 M
pactBopa Bi(NOj); - 5H,0 B ananoruuunix ycaosusx, pasHa 0,200.
Kakoso copmepxanue Bucmyra B Bome? He npesmmaer au omo ITJK,
pasHyto 0,5 Mr/am37?

26. lns nocTpoeHusi rpajyHpoOBOYHOr0 rpadHKa ¢ IEIBO ONpene-
nenus uoHos NOj; B Boxe ucnonp3oBanu crasgapTHiiit pacreop KNOj ¢

T(KNO4/NOj3) = 0,01 mr/cm3. IIpo6u B uurepsane 0,1 — 0,8 cm3 o6pa-

6oranu HeoGxoguMEIMM peaktuBaMM, npubasunu 0,1%-uuit pacTeOp
XPOMOTPONOBON KHUCJIOTH, aosenu 10 obbema 10 cM® KOHLEHTpHUpOBaH-
HON cEpHOI KHCJIOTOM M M3MEPSJIM ONTHYECKYIO IVIOTHOCTh B TPeXCaH-
THMeTpoBO#i KioBeTe. Pe3ysnbTaThl uaMepeHuil npexcrasienn nuske (V —
06BeM CTAH/IapTHOTO PacTBOpa):

V, cM® 0,1 0,2 0,4 0,6 0,8
OnTryecKkan NIOTHOCTD 0,100 0,202 0,318 0,603 0,802

2,5 cM3 aHazmM3UpyeMmoif ‘BOAH NPOBENH 4epes3 Bce CTagMM aHalW3a, Kak
U CTAHJAPTHHI pacTBOP; ONTHYecKaA IVIOTHOCTh TOTO pacTBOpa OKasa-
nack paBHo#t 0,550. Onpenenurs copepxanue uoHos NOj; B ananusupy-

emoit Boze (Mr/am3), BO cKONBKO pad KOHueHTpauusa woHoB NO; nuxke

IAK, xoropas pasua 10 mr/mm3?

27. A3 1 o3 pacTsopa ZnCly ¢ T(ZnCly/Zn) = 1 mrr/cM® nuHK
nposxcrparupoBany 10 cm® wernpexxsopucroro yriepopa. Onrudeckas
WIOTHOCTh 3KcTpakTa npu 535 HM pasHa 0,408 B 3-caHTHMMerpoBOIl
kiosere. K npyroit nopuuu pacrsopa ZnCly, Taxsxke pasnoit 1 em3, npu-
6aBunu 10 cM3 npoGu aBanu3upyeMoil BOAH, MPOAESNANH BCe ONEpaluu.
Ontugeckas IJIOTHOCTL BKCTpPaKTa OKasanach paBHo#it 0,624. Onpenpe-
JUTh copepxanue nuHKa B Boge (B Mr/am?). CoorsercTByer v panHas
Bona canurapHo#i HopMe 1o uuHKY? IIJIK(Zn) = 1 mMr/am8.

28. [lns ompeneneHUs cOpepaaHWA AlleTOHA B CTOWHON BOAEe MC-
NOJB3YIOT peaknuio KOoHaeHcauuun ero ¢ ypdyposioM; B pedyibTaTe
3TOl peakuuu obpasyeTes cOefMHEHHe, OKpalleHOe B KHCJIOHR cpese B
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_ IpuMeceii,

$duoneroBo-KpacHH UBeT, MAKCHMYM IOIJIONICHUS KOTOPOro HPHXO-
antes Ha 520 — 540 uM. as ananusa oro6panu 200 em3 BojM, oTorHa—
au u3 Hee 2/3 obwbema, OTTOH pas36aBHiIM B MEPHON KoJIGe BMeCTH-
mocthio 250 cm3. Jlast ananuza orobpanu 2,5 cM? npo6u. Ilo rpagyupo-
BouHOMYy rpadMKy HAILIH, YTO B &JHMKBOTE COHEPKHUTCA 2,5 MK anero-
na. OnpenesnuTs copepxanue aneToHa B Boae (B Mr/am8).

29. NAK pmasn denona (PhOH) B npupoxHoit Boje paBHa
0,001 mr/nmM3. [lns ompenenenust ¢eHONOB B BOZe NPOW3BOJACTBA
dbopmanbaerumuuix cmon 100 cm? Bomm pasbasunu go 500 em3,
OPONYcTIWIM 4epe3d KOJOHKY ¢ aKTHBHPOBAHHHIM YTJIeM JUIA yHAajleHUs
MEILAIOIUX onpeneneHuIo; nanee tenonu
NPO3KCTParHpOB&NIM B KHUCJIOA cpefe, K 2KCTPaKTy npuGaBuIR 4-
AMMHOAHTUNMPHUH, ¢ KoTophM enonw npu pH = 10,00 o6pasyior
OKpAalllcHHEe COCAMHEHUS ¢ MAKCHMYMOM IOrJIonteHMs npu A = 460 M.
Onrtuveckas IJIOTHOCTh HccjegyemMoro pactBopa paeHa  (,160.
CrauzgapTHH#l pacTBOpP npurorosieH pa3GasiaeHueM 1 cm® pacTBOpa c
T(PhOH) = 1 wMrr/cM® B mepHo#t kKonbe Bmectumocrbio 500 cm3.
OnTuyeckass IJIOTHOCTh CTaHNAPTHOLO PacTBOpa, NPOBEHEHHOrO depe3
BCe CTaiMM aHanu3a, okasanach pasHoil 0,175. KakoBa koHueHTpanus
t¢enona B crouHoit Boge? MOXHO JIM ee BHIYCTUTH B E€CTECTBEHHHI
pomoeM?

9.2. AToMEO-a6cOp6NMOHHEAA CIIEKTPOCKOIHSA

ATOMHO-aGcOpOIMOHHEI MeTO/{ aHaJN3a OCHOBAaH Ha NOrJIOM(EHUH
JJICKTPOMATHUTHOTO MW3JIy4eHMsI ONPENEJIEHHON YacTOTH AaTOMaMH
oIpeNeIseMOro dJIEeMenTa, HaxoasAuierocsl B radopoit dase. DiekTpoMar-
HUTHOE MIIyYEHHE, UCNONB3YeMOe B aTOMHO-aGcOPGIMOHHOM AaHaIW3e,
NOJIy4aloT HPH NMOMOIM CHENUaJbHEIX JIaMII; KaTOX 3THX JIaMI BHIIOJ~
HEeH W3 MEeTajlJIa, KOHIEHTPANMIO KOTOPOro HEOGXOZHUMO ONpeielHuTh.
Takum o6pa3oM nocTuraercss H3GHPATENILHOCTL aHAIH3a,

Yem Gosiblile KOHIEHTPALMS ONpPENENAEMOro 3JIEMEHTa B aTOMH3a-
Tope (30Ha NJIaMeHM TFOPEJIKM, MEKTPOATOMUBATOP M AP.), TEM HHTCH-
CHBHEEe TOrIOUmeHHe XapaKTePUCTUHHOTO H3NyYeHUsA, NPOXOAALIEro
yepea mrasmy.

Taxum o6pasoM, ociiabicHue M3JNy4eHUST NPONOPLMOHANBHO KOH-
UEHTpPALIUM ONPEHENAEMOro JieMeHTa. Pe3ysibTaT aHann3a paccYUTHBa-
10T, WUCIOJNB3YA 3aBHCHMOCTh BEJIMYHUHH ATOMHOTO IOTJIOIICHUSA (AX) or

KOHUEHTPAIUH ONpPENeIsseMOro JIEMEHTa (CX)' OTa 3aBHCHMOCTH ONHU-

CHIBaeTcsA OCHOBHHIM 3aKOHOM CBETONOIIONIECHH A
I
Ay =g —= kC

rae AX — abcop8uMs NOrJOmIAIONIEro C¢JI0sl IJIa3MH; Kk — aTOMHHIA

ro3dduument abecopbumm; | — TONMMHA TOrJIOMIAIOMIErO CJIOS IIJIA3ME;
Iy — MHTEHCHBHOCTH MCXOJHOTO M3JNY4YeHUSA; | — MHTEHCHBHOCTH Ocab—
JIGHHOTO M3JIydeHHs.

Hnna onpenenenus aTOMHO~

KOHI[EHTpAIUH 3JIeMEHTOB
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Puc. 9.1. I'panyvipoBodHbiit rpabuk s ONpPENIETIeHNA  KOHUEHTpaluu <<M9’T0110M
CTAHRADPTHBIX NOGABOK.Y

abcOpOUUOHHEIM METOXOM MCIIOTBL3YIOT TPU CrOco6a: METON CpaBHeHUs,
MeTOJ{ TPajlyupOBOYHOro rpaduka ¥ METOX HOGaBOK.

1. CymuocTs MeTOxa CpaBHEHMs COCTOMUT B TOM, UTO NpM OXHOM
peskume paboTel aTOMHO-abcOpOUUOHHOrO cHeKTpOoPOTOMETpa U3MEpSIOT
BE&JIMYMHEL ATOMHOTO TNOIVIOLIEHUS CTaHZapTHOro Acr) M aHaJH3Upye~

MOTO (AX) pacTBOPOB M Jajlee PacCYMTHIBAIOT KOHUEHTPaUMIO OlNpejme-

J1eMOro 3J1eMeHTa 110 dopmyre:

¢, =0C_ % (9.2)

cT

Koneunmit pesynbraT pacCYMTHIBAIOT ¢ YYeTOM BEIMYMHB HaBECKH
aHaJIU3UpyeMoil MNpo6hki M ee AaJIbHEHUIer0 pa3baBieHus. BaxubM
YCJIOBHEM METO/la SIBAAETCA GAM30CTh XHMHMYECKOrQ COCTaBa Hccilenye-
MOr'0 ¥ CTaHZAPTHOTO PacTBOPOB.

2. lllupokoe npumenenue B NPaKTHKe HAXOXAT M METOA TPajyMpo-
BOYHOTO rpaduka. ['0TOBAT 5 — 7 cTaHZApPTHHIX pacTBOPOB ONpepense-
MOTO 3JIeMeHTa ¥ U3MEPAIOT UX aTOMHBIe noriomenus. CTposar rpaxyu-
poBouHH# rpadur B KoopauHatax A — C. OZHOBpPEMEHHO H3IMEpSAIOT
norJionieHue aHAIU3UPYEMOTO pacTBOpa (AX) M 1O rpalyupOBOYHOMY

rpadMKy MeTOZOM HHTEPIOIANMM HAXOHAT KOHIUEHTPAUMIO OIpeneis-
emoro pactsopa (Cy).

3. Jlna yMeHBIIGHUA BAMUSIHUS TpUMecell TpH ONpPeRENeHNM 3Jie-
MEHTOB IIAPOKO MCNONB3YIOT "MeTOX CcTaHapTHHX po6asok". Cynmr-
HOCTh €ro COCTOMT B MCIONH30OBAHMM B KayecTBe PaCTBOPOB CPaBHEHHA
caMux aHalusupyemuix npo6. IlycTs B aHanmsupyeMoM pacTBOpe KOH-
UEHTPAaNUs OINpeieNsieMOro 3JeMeHTa CX' IIpn noaproroBke npo6H K

aHaIu3y OTOGMpAIOT HeTHIPE ONMHAKOBHE IOPIMI PacTBOpa B MEpHEIE
KOJIGBI OZMHAKOBOI BMecTuMOCTH. K Tpem u3 nux npubasisor pasany-
Hble 06beMEl’ cTaHXAPTHOrO pacTBOpa ONpeAessieMOr0 3JIeMEeHTa M OBO—
IAT AUCTIWUIMPOBAHHOM BOmOM 10 MeTKM. B pesyabrare nomywgalor
geTHpe 11po6hl ¢ KOHIEHTPAUUAMU: Cx; Cx + G, CX + Cy; CX + Cj,

npuyeM n06aBKHM CTAHZAPTHOrO DACTBOPa JAOMKHEI HAXOXUThCA B Npe-
nemax & 1/2 CX; & CX U 2 CX' Jlis kamaoro M3 NOmy4yeHHHX pacT-

BOPOB H3IMEPSAIOT aTOMHOE MOrJIONIGHUE N CTPOAT TPagyMpOBOYH KL
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rpaduk B koopaunarax | — C. Touka nepeceyeHus TpPAMON € OCHIO
abeuuce naer Benuuuny C, T.e. KOHUEHTPAUMIO ONpeReIAEMOro aje-

MeHTa B aHalusupyemoit npo6e (puc. 9.1).
Boamoxen Takxe aHIHTUYECKUIA NyTh pacyeTa KOHLUEHTPALUU Cy

110 1060 U3 TOUeK:
A
X
C = Cl
X A — A
X + ¢ X
IIpeumyniecTBO MeToma AOGABOK 3aKII04YaeTCHd B TOM, YTO YacTo
ynaercid KOMIEHCUPOBaTh BJMAHME (DUIHYECKUX U UHCTPYMEHTAIBHEIX
rnoMex.

9.2.1. Pewenue munoesiz sadax

Ilpamep 9.6. Ilpu onpenenenuu MarHusi METOXOM CPABHEHMA B3si-
Jn HaBecKy cmiaBa Maccoit 0,1 r, pactBopuiu ee B ¢MecM KUCIOT U
nepeHecin B MepHYIO konby BMectumocThio 200 em3. Jlas ananusa
Basinu 10 M1 pacTBOpa B MepryO Kon6y BmectuMOCThIO 100 M. Atom-
Hoe MofJIomleH e 3TOrO PacTBOpa COCTABUIO 35 eAMHUU WIKAIH Npu6to-
pa npu 285,2 um. CTaHmapTHHII pacTBQP MarHuMsi C KOHUEHTpauueit
1 mxr Mg B 1 cmM3 xapakrepusyercs nornomenuem B 40 nesenuit mxa-
aer. OnpexenuTs MaccOBYIO 107110 MarHUs B CIlJaBe,

Pew e n ne B Merome cpaBrenust ucnonnsyior gopmyay (9.2).

Ccr paBHa 1,0 Mxr Hg B 1 cM3; AX = 35 en; A, = 40 en. C yyerom

pasbaBiieHusi 11po6h my B 200 cm? pactBOpa paBHa:

35 100
my =1+ —-200 - — = 1750 Mxr Mg B 200 cm3.
40 10

MaccoBast n071st Marius B clijiaBe paBHa!
1750 - 1076 - 100

0,1

Hpumep 9.2. Ilpu onpemeneHun mapraHia B ATIOMUHUH ATOMHO-
a6cOp6UMOHHBIM CNIOCOGOM GBI IOCTPOEH FPajyMpPOBOUHEIT TpaduK TO
CAeAYIOMM RAHHBIM:

W(Mg) = = 1,75%.

KoHueHtpauynsa crangaptHeix 0,5 1,0 1,5 2,0
pacTBopos Mn, Mkr/cm3

ATomHoe mornowedme Mn 12 25 37 49
npu 279,5 HM (umcno

neneHuit)

HaBecka anammsupyemoro ofpasua maccoit 0,2 r pacTBOpeHa B CMeCH
KHACJIOT U TlepeHeceHa B MEpHyIo KOn6y BMectumocThio 100 Ma. ATtomiioe
TIOrJI0IeHe 3TOr0 pacTBOpa cocTapisieT 23 menenust wWwkane. Onpene-
JIATh MaccOBYIO IOMI0 Mapraiua B amoMunun (B %).

P eu e n ue Cornacno mannblM 3agauu, CTpOMM TpaiyupOBOY-
HH rpaduK B KOOpAMHATAX Ccr — Acr. Ilo rpadury, MmerogoM uunTep-
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Puc.” 9.2. Tpanynposounbiit rpaduk A5 ONpefiesieHnsi Mapralija aToMHO-a6CcopGLMOHH biM

cnocoboM

Puc. 9.8. TpapynpoBouHbiit rpaduk s ONpeReneHns MarHus &mMeTopoM CTaHAApTHBIX

ROGABOKD

NOJISIMY TI0 BeJIMYHHE AX naxoguMm C,; monydaeM — CX = 0,925 Mxr

Mn B 1 cM® (pue. 9.2). MaccoBas 1onA Mapranna B allOMHHHH paBHa
0,925 - 100 - 107¢ - 100

0,2

Ipumep 9.8. Ilpu onpeneneHuu MarHus "'METOHOM CTaHJAPTHHIX
n06aBok' B IBe MepHEe KOJIGH BMecTHMOCThIO 50 cM® mpunuau mo 20
cM3 aHANIMBHPYEMOTO pacTBOpa W B OJHY M3 HUX — 5 cM3 cTaHZapTHOro
pacTBOpa Mariusl ¢ KoHnentpauuei 4 Mxr Mg B cM3, mocse uero o6be-
MH DacTBOPOB B MEPHHX K0J6ax /0BeJIM N0 METKH NHCTHJIIIMpOBaHHOM
BOJOIt.

ATOMHOe TNOrJIONIIeHMe 3THX pacTBOpPOB NpH 285,2 HM OKa3ajloch
paBueM 15 u 23 ex. coorsercTBenHo. OnpemenMTs KOHUEHTPAIUIO
MarHUsl B aHAIM3UPYEMOM pacTBope (B MT/am3) pacueTHHIM M TpalyH-
POBOYHEIM crioco6amu.

Pewmenue. 1) Pacuer

|
|
I
xf——— | I
|
{

W(Mn) = = 0,0462%.

C, = .
X~ Yer ’
A + o A
AX = 15; AX b= 23; C'cr = 20 Mxr;
15
Cy =20 « ———— = 37,5 Mxr (B 20 cM3);
23 - 15
- C, + 107% - 1000 37,5 - 1073 - 108
m(Mg) = = = = 1,075 Mr/am3.
20 20

2) Ilo rpanyupoBounoMy rpaduky.
TpouM rpaguk B koopaunatax: C — A (puc. 9.3). Ilo rpaduxy
onpenensaeM Cx, pasuoe 37,5 Mxr Mg B 20 cM3. Torna

37,5 - 1078 - 108
20

m(Mg) = = 1,875 Mr/nmd.
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9.2.2. Koumpoavusie sonpocu

1. B weM cympOCTh 8TOMHO-a6COPOLUHONHOrO aHanM3a?
2. Kaxue ¢usnyueckue npomeccH npoOHCXOAAT B ATOMH3ATOpE?
” 3. KakmuM ypaBHeHHeM ONMCHB&ETCH MOIJIOHIGHHE ATOMHON ILIA3-

MEu?

;1. Kaxne mpu6oOpH HCHONB3YIOTCA B 8TOMHO-a6COPGIMOHHOM &HA-
anze’

5. M3 KAKHX OCHOBHHX Y3JIOB COCTOMT ATOMHO-86CODPGIMOHHKIN
cnextpodoTomerp?

6. B xaxkoM Buie HONYYAlOT AHAIMTHYECKHH CUTHAJ] B ATOMHO—
abcop6uuonHomM mMeroxe?

7. KakuM TpeGoBaHUAM JOJIKeH yZOBJICTBOPATE HCTOYHHMK cpera?

8. KakxoBa ponb JaMmK ¢ DOJMEIM KaTOmoM?

9. Kakue obuacTu cnekTpa HcclenylOTCA B ATOMHO-86COPGIMOHHOM
Metone?

10. Or kakux (paKTOPOB 38BHCHT YYBCTBHUTEJIBHOCTH ATOMHO-a6—
cop6IuonHOro MeTona’

11. KakuMu MeTonaMu ompefesioT KOHHEHTPAllHH PacTBODOB B
aTOMHO-86COpGIIMOHHOM aHAIHU3e?

12. HaszoBure o6nacTs mpUMEHEHMS METOIA ATOMHO-86COpPGIHOH~
HOM CMEKTPOCKOMINH.

13. HasoBnre HemocTATKU M AOCTOMHCTBA METOZA aTOMHO-86cOp6-
IMOHHON CHEeKTPOCKONMH.

14. B geM cymmocTs METORA rpadMTOBON KIOBETH

9.2.3. 3adaxu 045 camocmosmerrnoto pewenus

30. Ilpn ompeneneHuy HUHKA B 9UCTOM aJIIOMHHMM METOJOM CpaB-
HEHHUA B3AJH HABECKY aJIOMUHMA Maccoit 1,0 r, pacTBOpuMIIM B KHCJIOTE
M OepeHecNH B MepHYIo 'Koib6y BmecTuMocThIo 100 eM3. AroMuoe mormo-
HIeHne 3Toro pacrsopa upu 213,9 um coctasnsier 6,0 menenuit Ha mIKane
upubopa. CranfapTHH pacTBOp UMHKA ¢ KoHnenTpauwmei 0,6 MKr Zn B
1 em® maer mokasanue nmo mxane 11,5 menenus. OupenenuTs MaccoByio
IOJIO IMHKA B AIIOMUHUU.

31. Ilpu ompeneneHNH MarHWsl METORXOM CPABHEHMS B3SIH RaBECKY
criapa Maccoli 0,3 r, pacTBOpMIM B cMecH KHCJIOT U NEPEHECSH B Mep—
HY1I0 Kon6y BMecTuMocTbio 250 cm3. Ilepen uaMmepenneM aTOMHOrO 1O~
ryIomenusa Maruns 5 cM3 upo6u pas6asuau xo0 200 cm3. MaTencusHOCTS
UOrIONIeHHA 3TOro pactBopa mpu 285,2 HM cocTaBuia 42 egMHHUHN
IIKaJH. .

Tlorsomenne cTaHDapTHOTO pacTBOpa MACHHS C KOHIEHTpaIuei
1,5 mxr Mg B 1 cm3 cocrapnsier 55 memenuit mxanu. OnpenesuTs Mac-
COBYIO JOJII0 MArHUsA B Upobe.

32. Ilpu ompemenenVM Mapraiiua B CIUIABE METONOM CPaBHEHUS
HaBecKy cuiiapa Maccoit 0,2 r pacTBOpH/IM B cMecH KHCJIOT M HEepeHecIn
B MepHYIO KoJ6y BMecTuMOcTbi0 500 cM3. HuTeHcuBHOCTH aTOMHOrO
NOIJIONIEHHS 3TOro pacTBopa mpH 279,5 uM paBra 20 nejleHMAM IIKAJIEL
AToMHOe mOrVIOmIEHMe CTaHZAPTHONO pacTBOpa MapraHua ¢ KOHICHTPa-
uweit 6 Mkr Mn B 1 cM3 coctaBnser 30 genenusi. OnpenenuTs MaccoByIO
IOJIIO MapraHila B CIUI4Be.

33. Ilpu onpemenennu cBuHOa B GMOJOTHMECKOM OGBEKTE METOOM
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cpaBHenust B3six 100 cM3 mpobu, pas6asunu ee B 5 pa3 u orobpanu
nas aHanuza 25 cM3 atoro pacreopa. CBuHel| 3KCTparupoBaid MeTHI-
nentuiaxeroHoM (10 cm3) B dbopme auatunauruorapbamara. B kauectse
pacTBOpa cpaBHeHHMs ucmonab3oBamd 10 cM?® cTaHmapTHOrO pacrBopa
cBuHia ¢ KoHuentpamued 0,4 Mxr Pb B 1 cm3. Okerpakmuro csunma
BHIIOJHSJIM aHAJIOTHYHO. ATOMHOE IOrJIOIIeHHE YKCTPAKTOB aHAIH3UPY-
eMOoro M CTaHAAPTHOro pacTBopoB npu 283,3 uM pasno 0,240 u 0,320.
Onpenenuts KOHUEHTpalWio cBUHUA (B Mr/am3) B aHalH3HpyeMOM
pacTBope.

34. Ilpu onpeneseHUMH MeAH B 3JIEKTPOJIUTE METOAOM CPaBHEHHA
aHAIM3NpPYeMHll pacTBop pasbaeunu B 100 pa3. AToMHOe norsomenue
aroro pactBopa npu 324,8 HM cocraBiasier 24 ex. mxanu npubopa.
CraHpapTunit pactBop ¢ KoHuentpauueit 100 Mxr Cu B 1 cM3 mmeer
nornonenue 32 ex. Onpenesurh KOHUEHTPAIUIO MEOH B JIEKTPOIUTE
(B r/nmM3).

35. Ilpu onpementHuu oyioBa B GpOH3e METOJAOM CpaBHEHUS HaBe-
cKy GpoH3H Maccoit 0,25 © pacTBOpMJI B CMecH KHCJIOT M IIEPEHecIHN B
MepHY10 Koi6y BmectuMocThio 100 cm2. ATomuoe morsnomenue npu 286,3
HM 3TOTO PacTBOpa M CTAHZAPTHOTO ¢ KOHueHTpanuei 1 Mr Sm B 1 cm?
oxkasasoch paBHHM 6,5 u 9,0 exn. mkanH coorserctBeHHO. OnpeneauTs
MAaCCOBYIO JOJIIO 0JI0Ba B GpoOH3e.

36. Ilpu omnpeneneHuu UUHKA B ATIOMHMHMM 8TOMHO-a6cOpGIHOH-
HHIM c11oco6oM 6T IOCTPOEH IPajlyHpOBOUHEIT rpadUK 10 CAEHYIONIAM
JBHHEIM:

KoHuenrpauns craipaptio- 0,3 0,5 0,8 1,0
ro pactsopa Zn, Mkr/cmd
AToMHOe nornoweHe 7,5 11,5 16,33 21,5

uMHKa npu 213,9 HM
(uncsio pereHmit wKanbl)

Hapecky anamuaupyemoro obpasna maccoii 0,5 © pacTBOpuiIuM B
CMeCH KHCJIOT M NepeHecIH B MepHyio Kouby BmecTumocThio 50 cm3.
ATOMHOE NOIJIOm[EHHe 3TOr0 pacTBOpa CocTaBiser 15 JeneHMil HIKaIH.
OnpenenuTh MaccoBYIO IOJIO UHKa B 06pa3siie.

37. Jlnsa onpepeneHUst MATHUSI METOJOM TPaJlyMpPOBOYHOrO rpadpu-
KA [OJIYyYeHH cJeAyionue JaHHHe:

KoHneHTpauys cTaHaapTHOrO 0,5 1,0 1,5
pactsopa Mg, mir/cm?
AToMHOe morsioweHne npu 285,2 HM 19,5 36 55

(uvcno pesieHuit wKanst)

HaBecky cniaBa Maccoit 0,1 © pacTBOpHMIIM B cMeCH KMCJIOT M Ilepe-
HecsI B MEpHYIO Kosby BmectuMmocTsio 200 cM3. Ilepenx amanmmusoMm pacr
Bop pas6Gasunu B 20 pas. Ilpm atomM aroMHOe morsiomieHue OKa3aIoch
paBHEM 30 penenusiM mkanH. QUpexesuTh MacCOBYIO JOJIO MarHUA B
crsiase.

38. Hasecky cmnaBa Maccolt 0,25 © pacTBOpHMJIM B cMeCH KHCIOT
g{NOa + H,S0,), nepenecnu B MepHyo Kon6y BMecTHMOCTBIO 500 cM3.

HTEHCHMBHOCTh aTOMHOTO IOIJIONICHUS MapraHua npu 279,5 HM paBHa
25 menenusiM mkankl. OnpefenMTs MAcCOBYIO IONIO MapraHia B cIUIaBe
METOJOM TpafyupoBouHoro rpaduka. Jas nocrpoenus rpadpuxa Guizia
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NPUrOTOBJICHAa CepUst CTaHAApPTHLIX PAcTBOPOB ¢ KOHIeHTpauueit 2.0;
4,0; 6,0; 8,0 w 10,0 Mxr Mn B 1 cM3. JInst Hux Gnina W3MepeHa UHTEH-
CHBHOCTL aTOMHOro noraomenus: 10; 20; 30; 40 u 50 penenuit mkanw.
39. Ilpu onpeneneHHu cBUHIA B chNJaBe MCNOIb30OBANH METOJ
TPafypOBOYHOrO rpaduika, IOCTPOGHHOrO MO CAEAYIOIUM AAHHLIM:

Konnentpauns crangapTHo- 2 4 6 8 10
ro pacrsopa Pb, mkr/cm3

ATOMHOE normoueHue 0,160 0,320 0,480 0,640 0,800
npyu 283,3 HM

Hasecky cnnaBa Maccoit 0,5 © pacTBODHAM B cMeCH KHCIOT
(H2SO4 + HCI) u nepenecnu B MepHyio Kon6y BMmecTMOCTBIO 250 cM3.
Hepen amanusom pacteop pas6asunu B 20 pas. ATOMHOe NOINIOMIEHHE
atoro pacrsopa paBHO (,500. Onpepenuts MaccOBYIO HOMIO CBMHIA B
criaBe.

40. Ilpu onpenenenuu nannaguMs B 37EKTPOIATE HCNONB3OBATIH
METOJ TpalydpOBOYHOro rpaduxa. Ilepen ananusoM 3mekTpoauT pasba-
Bunu B 100 pas. AtomHoe norsomenue 3TOro pactTBOopa npu 244,79 mm
paeno 0,440. OmpenenuTsh KOHUEHTPAIMIO NAIANUA B anexrponute (B
r/nm3). 1A nOCTPOEHUs rpalyupOBOYHONO rpaduka 6LIZIa IPUTOTORJIE-
Ha cepus CTaHNAPTHHX PAacTBOPOB ¢ KOHueHtpauueir 5, 10, 15, 20 u 25
MKr Pd B 1 cm3. AToMHOe noriomenue 3THX pacTBOPOB cOcTaBISAET
0,165, 0,340, 0,500, 0,680 u 0,920 cooTBeTCTBENHO.

41. Ilpu onpenenenuum comepKaHWsi CBUHIA B OHOJOTHUECKOM
00BeKTe HCIONB30BA/M "METON CTAHZAPTHLIX H06aBOK', Jlns aHanmusa
835711 110 50 cM® MccaenyeMoro pacTBopa M TepeHecHM B ABe NeTHTENb-
HHe BOPOHKU. B omny us mux npu6asunm 0,5 cM3 craHzapTHOrO pacT-
BOpa CBHHUA ¢ KOHueHTpauyenr 60 mr/am3. CBuHen aKkcTparMpoBatu B
OPraHW4ecKyo ¢asy ero M cojepkanHe B Heil ONPeNeNsIM ATOMHO-
a6cOpOLMONHHM METO/IOM 110 JIMHHHM TIOTJIOUEHUS TIPH 283,3 uMm. Onpe-
AeNUTh KOHUEHTPAUMIO CBUHIA B aHANU3UpyeMoM obbekre (B Mr/am?),
€CJIU TIOTJIOMmeHNe IKCTPaKTa CBHHIIA B aHAIN3UPYEMOM pAacTBOPE W B
pacTBope ¢ 106aBKOit CcTaHIapTHOrO pacTBopa pasHo 0,300 u 0,620
COOTBETCTBEHHO.

42. Tlpu onpepmenenuu marHus "MeTomoM CTAHAAPTHHX 706aBoK' B
J(Be MepHHeE KOA6LI BMecTuMOCTLIO 25 cM® npumuan no 10 cM3 amamuan-
pyeMoro pacrtsopa M B OIHy U3 Koi6 — 10 cM® cramaaprtHOro pactsopa
Maruusi ¢ KOHueHrpauueit 1 mxr Mg B cM3, nmocsie uero o6vemMH pacTBo-
POB B MEpHBIX KON6ax JOBeNM IO METKH AMCTHJITMPOBAHHON BOOIL.
ATOMHOE NOIJIOIEHHE 3TUX PAacTBOPOB NpH 285,1 um cocrasnser 20 u
38 enumun coorBerctBenHo. ONpefeNMT: KOHUEHTPAMIO MACHUS B
aHATM3UPYEMOM pacTBOpe (B MI‘/I[M32.

43. llpu onpenenenvu uuHka "MeromoM cranapTHHX 706aBOk" B
KaM/y10 U3 HeThlpeX MepHHX koi6 BMecTuMOcThIO 50 cM3 npuauau mo
20 cM® aHaZMBMPYEMOro pacTBOPa W BO BTOPYIO, TPETHIO YeTBEpTYIO —
coorsercTBeHHO 2,0; 4,0 u 6,0 cM? crangapTHOro pacTBOpa ¢ KOHUEHTpa-
nueit 0,5 Mxr Zn B 1 em®. O6beMH pacTBOPOB B MEpHEIX K0JI6ax mOoBeau
A0 METKM JNMCTHIIMPOBAHHON BOAOM. ATOMHOE IOrJIOUICHHE 3THX PacT-
Bopoe npu 213,0 um pasHo 12,16; 20 u 24 en. cOOTBETCTBEHHO. Onpene-
JIUTH KOHICHTPAIMIO LUHKA B aNaiusupyeMmoMm pactBope (B Mr/mm3)
rpaduueckuM criocobom.
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44. Tlpu onmpejesicHUWM Jkejie3a B CTOYHON BOJe MCHOJIB3OBAJIH
"MeTOJ CTaHAAPTHHX AO6aBOK", IJIA 4Yero B JiBe MEpHEIE KOJIOH BMec-
THMOCTHIO 25 cM3 mpumim 20 cM3 cTOYHOK BOXE ¥ B OfHY M3 HUX — 2
cM3 CTAHAPTHOTO pAacTBOpa xene3a ¢ KomieHtpaumesr 0,5 Mxr/gms.
O61beMbl pacTBOpOB B 06eMX MepHHX KOJ6ax oBesu N0 METKA AMCTHII-
JIMPOBAHHOJ BOJIOH. ATOMHOE MOIJIOMIeHHe ITHX PacTBOPOB NPH 248,32
oM pasHO 25 u 15 ex. coorsercrBenno. OnpefesuTh KOHUEHTPALMIO

JeJe3a B CTOUHOM Bojie B Mr/mm3.

9.3. OMuccronnas GOTOMETPHS IIaMECHH

Meron 3MHccHOHHON (OTOMETpUHM IUIaMEHH OCHOBAH Ha Wajtyve-
HHHM 3HEPruM BO3GYXKIEHHBIMK aTOMAMM AHWIM3UPYEeMOTO BeIIecTBa.
HnTeHCcHBHOCTS MenycKanust (3MHCCHH) H3JIyUYeHHs {3' NpPONTOPLMOHANb™
Ha KOHI[EHTpal}i ONPeesiAeMOro 3JIeMeHTa.

Cnoco6sl OnpeRefieHus KOHIEHTPaM! 3JJIEMEHTOB METOJNOM Ijia~
menHOM HOTOMETpHY aHAMOTMYHHL METOAaM aToMHOU abcopbumu: MeTon
CpaBHeHHA, METOJ IPajyHpOBOYHOrO rpaduka u MeTOn N06aBoK (pac-
yeTHHIt # rpadudeckuit). Pemenne 3agay aHalOrM4HO NPHUBEHEHHBIM

sue (cM. pasa. 9.2.1).

9.8.1. Konmpoarnsié sonpocs

1. B yeM cOCTOMT DPHHUHMI METOAa IiaMeHHON (OTOMETpHE?

2. B ueM cocrosiT 0cOGeHHOCTH MeToNa HOTOMETPHH IIAMEHH

3. HasoBure 06sacTH NPHMEHEHHA METONIA.

4. KaxoBo arperaTHoe COCTOSTHUE NPOGH?

5. Jlaiite xapaKTePUCTHKY NJIaMeHH KaK HCTOUHHKA BO3OYKIEHHIA
ATOMOB.
6. 13 KaKk#X OCHOBHEIX 4acTeli cOCTOMT IVIaMEHHEI doToMeTp?
7. KaxoBo nassaueHie cBeTOQHILTPOB B IiaMeHHOM doToMeTpe?
8. O6BAcCHUTE IPUHIMI BO3HHKHOBEHHA CIIEKTPOB.
9. KaxkuMu MeTOmaMu BBHINOJHAIOT H3MepeHHe KOHHEHTpauud B

mwiaMenHoit poromerpun?
10. Kaxue npuSopsl MCNOIB3YIOTCA AN IUIAaMEHHOrO (poromerpu-

YEeCKOro aHaJu3a?

11. Ha kaxo#i 3aBNCHMOCTH AHAJIKTHYECKOTO CHUTHAJa OT KOHIeHT-
paMu OCHOBaH METOXR IuiaMeHHoM ¢oroMerpuu?

12. Or xakux (aKkTOpOB 3ABHCHT BEIUYUHA AHATUTHUECKOIO CHr-
Haia B GOTOMETDHH IVIAMEHH

13. Kakxme xuMudYecKue 3JIeMEHTHI MOXKHO OIPEHeNATL MEeTOROM

doroMeTpun niraMeHu?
14. B xakoM BuAe NOJYYalOT AHAIMTHYECKHI CHUCHAI B METOHe

IaMeHHol ¢oTomerpunu?

15. Kaxumu npeuMmylectBamu o6iajgaeT MeTon (POTOMETpHH Ivia~
MEHH TI0 CPABHEHMIO ¢ XMMHUYECKHMH MeTONaMu?

16. Y10 Takoe IOTEHIIMAT HOHHU3ALUUT

17. KakoBo na3naienue POTOINEMEHTA B IlaMeHHOM doToMeTpe?
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9.3.2. 3adavu das camocmosmeasnoto pewenus

45. ina ompepesieHHs HAaTPUA B CTOYHBIX BOJAX ORI NPHAMEHEeH
METOl cpaBHEHHs. VIHTeHCHBHOCTb CTaHZAPTHOTO DAcCTBOPA HATPHA ¢
KoHUenTpanuelt 5 mr/nm3 pasna 20 yCHOBHKM eXHHHMIAM. Anannzupy-
eMBIi pacTBOp MMeN MHTEHCHBHOCTH 30 yca. ex. OnpenesiuTh KOHIEHT-
PaIJIO HATPUA B CTOYHOI BOXe B Mr/aM3.

46. Ins onpemeseHHMA Kajblusd B BO3JZlyXe HEMEHTHOTO 3aBoja
6b1a oTO6paHa nmpobGa Bosayxa obbemom 100 mm3. Boaayx nponymen
depe3 KUUIOTHYIO JIOBYmIKY. B pesynbrate monyuen aHamuaupyeMsiit
pactBOp ob6vemom 500 cm3. st ompemesieHust KanbiMs HCIOJNBIOBAIIM
MeTON cpaBHEHMs. HTEHCHBHOCTD M3NyueHMS CTAHZAPTHOrO pacTBOpa
KaJbuus ¢ konuentpanue 50 mr/am3 cocrasuiao 16 en. MurencuprocTs
NIJIYdeHUS AHAJIUIUPYEMOTO pacTBOPa OKasajlach pasHoil 35 ex. Onpe-
AENUThL KOHIEHTPAUMIO KaJlblliA B M Ha 1 M3 Boazyxa.

47. Jlna ompenesieHWsl HATPHA B CTOYHON BOJE COIOBOTO pPOM3—
BozicTBa Basin npoby 500 cm3, nanee ee ymapuian mo 100 em3 u onpene-
71X HaTpHHA METOOM cpaBHeHA. HInTencuBHOCTD cTammapTHOrO pact-
BOpa HATpHA ¢ KoHueHTpanueit 10 Mr/amM3 6puia pasra 25 ex. no wkaie
npubopa. MHTencusHOCTE aHANIM3UPYEMOTO pacTBOpa OKasalach PpaBHOIX
:‘2/;1:‘x§nnnam. OnpenenuTs KOHUEHTPaUMIO HATDHSA B CTOYHON Bome B

48. Hasecky cmnukara maccoit 0,2000 r pacropmiu B cMecu
H;SO4 u HF, pacreop BEnapumu, ocrarok o6paboTanu XJIOPOBOL OO~
HOM KHCJIOTON W NlepeHeci B MepHYIO Koiby BMecTHMOcTbIO 200 cm3.
Onpenesenyie HaTpus B NPOGe MPOBOMWIM METONOM rpagyHpOBOYHOTrO
rpaduka. Ilepen usMepenueM analusmpyeMbie PacTBOpLI pa36aBisiiu B
2 paza. [lannsie GOTOMETPUPOBAHUA IPHBEICHHE HUKE:

Cranzaprsbie pacTsopsl AHanu3upyeMble pacTBOpbI

ITapamerpni . 1 2 3 4 1 2 3 4
CNa’ Mr/am 2,5 50 7,5 10
I 10 20 30 40 41 60 22 36

HocTpouts rpanyupoBounsiit rpadur B koopmunarax I — C u onpe~-
OeNHTb MacCOBYIO HOJIIO HATPHA B CHIIMKATAX.

49. Hapecky neosmra 0,5000 r cnaBuiu ¢ cOON B IJIATHHOBOM
turse, pactsopuii B HCI (1 @ 3) u nepenecnu B Mepryio konby BMeeTn-
moctbio 200 cm®. Kanbumit onpemensiy Meromom TPaxyHpPOBOUHOTO
rpadura. [lannsie GOTOMETPHPOBAHMA NPHBEXEHH HIKE:

CranpapTsbie pacTBoph! AHanusnpyembie pacTBOpHI

Tapamerpns 1 2 3 4 5 1 2 3 4 5
Cow mr/aM® 10 20 30 40 50
I 12 25 34 43 50 15 20 40 55 -

- IlocTpouTe rpa;mynpoBOuHEIl rpadMK M ONPEXETHTH MaccOBYIO ROJIC

KaJIbUA B npobax.

50. [Jlns onpexeneHns Kanbuus B EOJHTAX HAaBECKY HEOJHUTA
9,500 T CIJIaBMJIM ¢ COROM B MJIATHHOBOM THrJje, pactsopuiu B HCI
( 1.3)<H HePEeHECNM B MEPHYK kKonly BMectiMocTsie 250 mu. Kamsuumit
SHPLALTADE METEI0M TDANYUPOBOYHOrO rpaduka. Jaunsie doromerpu-
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PpOBaHvs OpuBeleHbl HUXKe!

CraHzaprHbie pacTBOPb AHasmaupyeMbie pacTBOpbl

IapameTpel 1 2 3 4 5 1 2 3 4 5
Cow mr/amMd 25 50 62,5 10u 125
I 9 16 21 34 41 30 42 24 13 20

IocTponTs TpazydpPOBOYHEI rpaduK H ONPeHeIMTh MAacCOBYIC JOJIIO
Kanbpnusa B npobax.

51. Jlna oupepeienus autus B o6pasne npo6y maccoii 0,1000 r
PacTBOPMJN M ICpeHecH B MepHyI0 Koaby BMectMocTsio 200 cM3. Jlas
OTpefesIeNHA KOHIEHTPAIMH HCHONL30BANNM MeTO[ cpaBHeHus. VIHTeH-
CHBHOCTH CTANApTHOrO pacTBOpa JMTHUs ¢ KOHUEHTpauuelt 5 Mr/amM3 n
aHAJIM3HPYEeMOI0 pacTBOpa OKa3aluch paBHEMH 15 W 20 ycioBHEIM
exqunnnaM. OmpenenuTh MacCcOBYIC JONIO JUTHA B IpoGe.

52. Ilpu ompemeseHdH HaTpMsi B CHJIMKATAX METOJIOM [OOaBOK
HaBecKy cuyukata 00,2000 r mepeBes B pacTBOD M JIOBEIH ero o6beM o
100 cm3. B 3 Mepusie Kon6u BMecTMMOCTBIO 25 cM3 moMemanu no 10 eu®
aHAJAM3HPYEMOro PacTBOpa M, COOTBETCTBEHHO, BO BTOPYIO M TPETHIO IO
0,125 1 0,250 mr warpus B ¢opme cranpapTHoro pactsopa. O6bemb
pacTBOPOB B MCPHBIX KOA6aXx [OBEJIM [0 METKH JIMCTHJIZIMPOBaHHOMN
BOJOIt U (poroMerpuposaii. IloayucHsl nannse: [x = 36; Ix vty T

= 54; Ix v oes2) = 68. [locrponte rpadMk M paccydTaTh MaccOBble

IONY HATPUs B CHJHKATC.

53. Ilpu ompefeiennyu Kanus B cTexje HaBecky crersa 0,5000 r
PacTBODHJIM M TiepeHecid B MepHyIo KonGy BmectuMoctbio 250 cmd.
Kanuit onpegenanu meronom po6aBok. B gBe Mepuble KOJGH BMeCTH-
mocThio 25 cM8 momecTunu: B 11epByIo 20 cM3 aHanM3MPyeMOro PacTBOPA,
Bo BTOpyio — 20 cM8 ananusupyemoro pactsopa u 0,5 Mr kanus B (op-
ME CTaHJ[apTHOIO pacTBOpa. YPOBeHb pacTBOpOB B MEpHHIX KOubax
JIOBEJIM {0 METKHU IHUCTUIIMPOBaHHON BoJoil. MHTeHcHBHOCTH NOAyYe-
HEIX pacTBOPOB OKa3salnch pasnbiMu 28 u 46 yca. ex. Iloctponts rpa-
$HK H OUpPEJenUTh MacCOBYIO NOJNIC KaiuA B CTeKse; PelllUTh 3ajxady
PACYETHEIM IyTeM.

9.4. OMuccHOnNHI aTOMOLIA CHEKTPaJILHLIA aHaIng

OMmHccHOHHEe MeToxbl TpeBGylOT BO3JEHCTBUSL Ha aHaJU3HpyeMmoe
BCLIECTBC BHICOKON TeMIepaTyphl MJIH, yalle, TeMIGPATYPhl M 3JIEKTpU-
YecKOro 1oJss (JyroBOro Wau McKpoBOTro paspsana). lIpu aToMm mponcxo-
AT UCIapeHue H JIMCCOLMAIUs HCCAeNYeMOro BElileCTBa Ha aTOMBl U
WOHBI.

ATOMEI MJIM HOHEL MOT'YT HaXOHHMThCsL B HODMAJBHOM ¥ BO36BYXJIeH-
HOM COCTOAHUAX. B HODMAJbLHOM COCTOSIHMM ATOMBI (MOHEI) 06JamaloT
MHUHUMANbHON 3Heprueit Ey. B aToM coctostnnm onu He usnyualor. Ilox
BIAMAHUEM YKA3aHHBLIX Bbllle BO3HEGHCTBUI IPOHMCXOJMT NepexOj] BajeHr-
HEIX 37EKTPOHOB C HOPMAJIBLHOIO YPOBHA Ha OAMH M3 60jee BBICOKMX
yposuen, By, E,, .. ., E.

o wucreuennn ~ 1078 ¢ Bo3GyxJeuHLIl aTOM BO3BpalllaeTcsi B
HOPMaJbHOE WAH KaKOoe-IM60 MpPOMEeXYTOUHOe BO3CYXJIEHHOe COCTOA~
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uue. Ocpoboxyaemas npu atoM sHeprusa AE = E, — E; uanyuaerca B
BUJEe KBaHTa cBeTa hv: :
he
AE=FE)— E = — = hy,
A
rae Ep, Ey — 3Heprus uccienyeMoro M BO3GyxJEeHHOIO COCTOAHMI; h —
nocroauunas llmanka; ¢ — crOpOCTh cBeTa; A — IMHA BOJHHL L3nyie-
HUA; ¥V - 9acTOTa U3NydeHUs. :
ueso snepreTUyecKuUX Nepexonos ONPeNeACTCA CTPOCHIEM 370K~
TPOHHEIX YPOBHEM Kax/IOro sieMenta. KawIoMy mepexony cOOTBETCTBY-
€T ONpeJieJIeHHAs JTMHUA B CIIEKTPe HU3Ly4eHMI.

Ilo umcny u MONOKEHUIO NUHUA B CIEKTPAX UIIYUEHHS ONpERETIA-
10T, K4KHE JJIEMEeHTH BXOMNT B COCTaB aHANHBMDYEMUIO BEUIECTBH, ..
NPOBOJSAT KauyeCTBEHHBIN CNEKTpakbHbiil aHATU3,

CpaBHuBas HHTEHCHBHOCTb CNEKTPANbHHX JIMHHI 3TAIOIOB ¢
HMHTEHCHBHOCTAMN TEX € JAMHWIA aHATIN3MPYEMOI'O BEILECTRS, ONPeILIA-
10T CONEpXaHHUEe 3JieMEeNTa, T.e. BEIIOMHAKT KOJHYECTBOMHELG HeKT-
PaNbHBIA anaaus.

WHTeHCHBHOCTD CHEKTPAILHEX AMENA [ 3aBHCHT OT KOHLEHTDAHM
azeMenTa B npobe (C).

- 14
I=aC® unu lgl = lga + blgc {dopmyna Jlomaxuna),
rae a ¥ b — KomcranTh.
Ilouepnenue (S) na doTonnacrunke, UCNosb3yeMo s trororpa-
$upoBanna cnexTpa, COOTBETCTBYIOLIGE CNEKTPANLHOA JIMHMH, Bbhipa-
xaeTca dopmyoit:

I() L)
i n

rae lp — MHTeHCHBHOCTH CBETa, HaNPABJIEHHOIO Ha CIIEKTPAJILHYIO JIid-
HUIO, MJI MHTEHCHBHOCTDL CBETa, IPOXOAAIIErO uepe3 (HOH IIacTUHKH; ]
— WHTEHCHBHOCTH CBETa, NPOLIEAIICIO uYeped CHEKTPaJIbHYIC JMHHUIO Ha
$oTONNACTHHKE; N M Ng — COOTBETCTBYIOIME [IOKa3aHUA IaJbBAHOMOT
Pa, CBA3aHHOIO ¢ (hOTOZIEMEHTOM.

M1t onpenerneHus KOHNEHTPALUMH 371eMeHTa B NPOGE NPHMEHTIOT
METOJl IpajlyMpOBOYHON KPHBOt (METOX TpeX 3TAalOHOB) WM MeTon
$OTOMETPHYECKOr0 MHTEPIOIIIPOBaHM .

9.4.1. Pewenue munoownz 3adau

Ilpumep 9.9. Briunenuts aauny BOJHE Pe3OHaHCHOM JHHMM aTOMa

gal'rpxﬁx, ecnid JHepruA BO3CYX/ICHUA, PE3CHAHCHOIO YPOBHA paBua
3
, .

Peurenue [niua yKa3ausoit BOANBL BHYUCIHACTCA U3 COOTHO-

WeHns:
A= he/AE,

rae h — nocrosmuan Ilnawka; ¢ — ckopocTh cBeTa B Baxkyyme; AF —
Pa3HOCTbL JHEPruil OCHOBHOIC M BO3GYXAGHHOr0 COCTOAHMIL, 5B,

h = 4,1354 - 10735 5B/c; ¢ = 2,9979 - 108 m/c uan 2,9979 - 1017 um/c.
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Puc. 9.4 TpapynpoBouHbiit rpaduk JJIsA ONpenesieHds MapraHua B CTalM METOAOM Tpex
ITATIOHOB

Puc. 9.5. TpanynpoBounblit rpaduk [Jist ONpeNesieHNs MApraHLa CreKTPaJibHBIM
METOROM

I
ooy 4,1354 10715 - 2,9979 107
he/AE= ) = = 587,2 nuM.
2,1
Ipmmep 9.10. B cnextpe npo6nl MexXAy JIHHHAMH Xejesa A; = L

= 304,26 uM u A, = 304,508 uM mMeercs ele onHa JHHUA. Buuncaurs
IJTMHY BOJIHBI 3TOM JIMHUHK '\X’ ec/l¥ Ha IKpaHe CIIeKTPONpOEKTOpa OHa

ylajieHa OT NepBOi JIMHMH xeseda Ha 1,5 MM, a oT BTCpoOit — Ha 2,0 MM.
P e e nue Buunmcasem Ax, BOCIIOJIH30BABUINCE COOTHOIICHHEM:

Az~ A
A, = Ay —8
x 1 I Ix’
rue IX -~ PacCTOSHME OT IepBOIl JIMHUH JKeJleda N0 HeM3BeCcTHOW JIMHUH,
{— paccToAHKHe MeXy K3BeCTHRIMH JIMHHUAMH JKeJeaa.

HOJICT&BKB JlaHHBIe 3aJlauy, NoJiydaeM:

A = 304,266 + (304,508 — 304,266) + — = 304,357 mu.

Ilpumep 9.11. Onpepmenuts MaccoByio jonio Mapranua (B %) B
CT&JIH, ecTH NpH POTOMETPHPOBARHMHM CNEKTPOTPaMMBl NOJydYeHB! CJIey-
OIKe AaHHbe:

JrasnioH 1 2 '3
C,. % 1,20 0,94 0,48
Mn
AS 0,47 0,39 0,17

AnanuaupyeMetit o6paser| uMeeT ASX = 0,30.
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Pemenue B mMerone Tpex 3TanoHOB mcnombayercs aasmcu-
MOCTb NIOYCDHEHMA CNEKTPaJILHON JIMHUM OT Jorapudma KOHIEHTPALMH
ONpENIeJIAeMOro 3JIeMeHTa. JTa 3aBUCHMOCTh OJIM3Ka K JIMHelHoik. Jlora-

npM KOHOEHTpanuu paseH: 1-it asranom (1,20%) — 0,08; 2-it aramon
{)0,94% — 0,03; 3~it aranon (0,48%) — 0,32. Ilo aruM pammmmM [AS =
= fllgC)] etpomM rpanyupoBROUHHI rpaduk M IO 3HAYEHHIO ASX =

= 0,30 maxommM JsorapuM KoHUeHTpaumu, pasHu# —0,12. ITo Ta6-
JMIlaM HAaXOJMM UHC/IEHHOE 3HaUeHHe MaccOBON JOJIM Mapradia B
crasu, pasroe 0,76% (puc. 9.4).

HIpmuep 9.12. Ilpu ananuse craiu Ha comepxaHHe MAPTaHIa METO-
AOM Tpex 3TajJlOHOB Ha MUKpogoroMerpe MD-2 uamepeHo nouepuenue
(S) nummit romonoruueckoi NapH B CINEKTPaxX 3TAJIOHOB M aHAJIH3Upye—
MOTO obpasua. OnpenenwuTs MaccoBYIO NOJIO Maprania (B %) B cranu
IO CeAYIOUIUM 3HAYEeHMAM IOYepHeHH (S) JHUHUK TOMOJIOTHYECKO
naps:

3ranocH 1 2 3
Cyvin’ % 0,33 0,89 3,03
lg CMn -0,48 -0,05 0,48
S 1,33 1,24 1,14
Fe
SMn 0,95 1,06 1,20

P eur e u u e Ilo nokasanusaM uaMepHTENBHON HIKAIK Murpodo-
rOMeTpa HAXOAUM IIJIsi TPEX ITAIOHOB!
AS = (SMn - SFe); AS; = 0,95 — 1,33 = —0,38;
AS; = 1,06 — 1,24 = —0,18; AS, = 1,20 — 1,14 = 0,06.

Ilna ananuanpyemoro o6pasna
ASX = 0,96 — 1,08 = —0,12.

Ilo npuBeneHHEIM laHHKIM CTPOMM TpallyMpOBOYHEIA Ipaduk (puc. 9.5)

H [0 HeMY OIIpelessieM lgCMn = 0,10; CMn = 1,26%.

9.4.2. Konmpoasusie sonpocut

1. Yem obpacuseres TuneuaTHi XapaKTep aTOMHBIX CIIEeKTPOB.

2. KakoBa Npupoja CIEKTPOB H3NydYeHnsa?

3. HasoBHTe fOCTOMHCTBA W HeHOCTATKH CJIGAYIOIIMX cpeicTB
BO3OYHKICHHA: IUIaMEHH, 3JIEeKTPHYecKOi AYTH, KOHJAEHCHPOBaHHOI
HCKDBHI.

4. HasoBuTe MOCTOMHCTBa M HEOCTATKH NpH3M, M3TOTOBICHHEIX M3
CTeKJIa M KBapla.

5. MeTozsl KauecTBeHHOTO CNeKTPAILHOTO aHaIN3a (IpHGOpH).

6. Ha uem ocnoBan KOJMYeCTBEHHEI CHEKTpaIbHBIN aHAIMAT

7. OnTuueckas cxema cnexrporpacga MCII-28.

8. Hanuwnre ypasuenne JloMakuna u OXapaKTepuayiiTe BXOASIIHE
B HEro BeJIMYHKHHL

9. B ueM cymHOCTh METOZOB: TpeX 3TaJIOHOB, NOCTOSHHOTO rpadu-
Ka OHOro atanmona?
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10. Yo Takoe xapakTepucTHYeCKasd KpuBasa (HOTOIVIaCTHHKMT

11. IpuHgunuanbHas cxeMa ¥ NpuHIUO paéorer MP-2.

12. Y70 HasHBaeTCA TOMOJIOTMYECKON Napoi JAMHKUAT

13. Y10 HasmHBaeTcA nouepHeHMeM (OTOIJIACTUHKUT

14. KauecTBeHHHIt CNEKTPAJILHHIT aHATK3 ¢ NOMOILIO IUJIAHIIETOB
CIIeKTPAJILHEX JIMHUA U IO NOCJIeHHM JHHHAM.

15. HazosuTe OCHOBHHE Y3/JH CNEKTPAJAbHEX NpHOOpDOB M MX HA3-
HayeHue.

16. Kakue 57eKTpOHHEE NepeXOoas Ha3HBAIOTCA PE3OHAHCHRIMHUT

17. HaiiTe cpaBHHTENLHYIO XapaKTEPUCTHKY NpPH3MH M Audpak-
IAOHHONK pelIeTKU.

9.4.3. 3adavu 048 CaMOCMOSMEALHOLO PEULEHUS

54. OnpenenuTs MaccoByio Hoii0 (B %) XpoMa B CTallH, eCIM NpPU
dboToMeTpHUpOBaHKY CHEKTPOTpaMMBl 3TaJIOHHOrO 0o6pasna CTajau NOoiy-

YeHH JaHHHe:

Srasion 1 2 3
C.,% 0,50 1,40 1,98
Cr
AS 0,051 0,42 0,67

Ananusupyemuit o6pasei; ASX = 0,20.

55. OnpenesuTs MaccOBYIO JIOJIO HMKEJS B CTAlH, ecan Npu doro
MeTPUpOBaHUH NOJYUeHH CJIeyIONIHe JaHHhE:

Sranon 1 2 3
C,, % 0,48 1,25 4,10
Ni
SNi 0,05 0,25 0,82
SFe 0,25 0,17 0,25

Ananuaupyemuilt obpasen;: SNi = 0,70; SFe = 0,35.

56. OnpemesuTh MaccoBYIO HOJIO XpOMa B CTAJIH, ecjim Npu ¢oTo
METPUpOBAHKU NOJYYeHH cHeAyIOIKe RaHHe:
1

3Tanox 2 3
C 1,82 3,85 10,20
Cr
S 0,08 0,102 0,120
Cr
SFe 0,058 0,07 0,04

AnamuaupyeMmuit o6paaeir: SCr = 0,102; S’Fe = 0,055.

57. Onpepenuts MaccoByio Koo (%) MapraHna B alIOMWHUH, €CIH
npu GOTOMETPUPOBAHUM NOJYYEHH CJEAYIOMMe NaHHLe!

STanoH 1 2 3
1
CMn‘ % 0,22 0,78 1,15
SMn 0,23 0,50 0,58
S Al 0,38 0,40 0,38

Ananusupyemuiit o6paser: SMn =041, S = 0,30.
58. OmnpemenuTh cORepKaHme KpeMHHs B ATIOMUHMEBOM CIUIaBe,
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ecu Npu (POTOMETPMPOBaHMY NONYYEHH CHEYIOLIME NaHHEe:

Aranox 1 2 3
CSi'% 0,60 1,55 3,79
SSi 0,17 0,179 0,185
Y Al 0,160 0,189 0,179

Ananusupyemuit o6pasern;: SSi =0,18; § A= 0,179.

59. Onpenenuts MaccOByI0 JOJNIO Boub(paMa B cTaly, eciu Npu
$OTOMETPUPOBaHMH NOJYYeHN CeAYIOmMe JaHHEe:

JTanou 1 2 3
Cw % 0,70 1,21 2,05
Sw 0,36 0,41 0,50
Ske 0,45 0,39 0,40

A . -— . .
HaJIU3NPyeMulit o6paserr: S’w = 0,48; SFe = 0,47.

60. OnpenesnTs MaccoBy:O MOMIO HUOGHS B CTAIH, eCiIm npu ¢oro-
METPUPOBAHUY NOJYYeHH ¢e[ylomue qaHHbe:

Aranou 1 2 3

CNb,% 0,10 0,87 2,43
SNb 0,192 1,03 1,30
Spe 0,590 0,61 0,59

Ananusnpyemsiit o6pasen; SNb = 1,16; SFe = 0,59.

61. OmpenesmTs A/MHY BOJHE PE3OHAHCHON JIMHMM B ATOMHBIX
CIIEKTPaX 3JIEMEHTOB IO 3HEpIuM BO3OYKIXEHNs PE3OHAHCHOTO yPOBH.

JneMeHT K Li Cu Be
JnepruA Bo36yxae- 1,6 19 2,8 53
HuA, 3B ’

62. Paccuurath noYepHeHMe CNEKTPaJbHON JIMHMU Ha doromnac-
THHKe, eC/iM NPU U3MEPEeHUY MHTEHCHBHOCTH CBET3, MPOUISNUIEro yepes
A3HHYIO JIMHMIO, NIOKa3aHNe MUKpOaMIlepMerpa pasuo 45 en. menenus, a
ggﬁzaanne ANSA CBeTa, NMpowefuiero 4epea (OH IacTHHKM, 95 menme-

63. Paccrodnme Mexiy AByMs CIeKTpaJbHHMM JMHUAMHK JKeIe3a.
307,57 um n 308,37 um paeno 10,5 mMM. Paccrosmue or NepBON JIMHMU
RO JIMHUY ONPENeNAEMOro 37eMeHTa (B CTOpPOHY BTOPOI JIMHMHK) PaBHO
8,4 MM. PaccunraTs nuuHy BONHK JIMHKHH 3TOrO 5/IEMEHTA.

64. ITorenpman Bo3GyxpmeHmst mas 4p-ypoBHA aTOMa Kalbius
paser 2,95 3B. Onpenenurs AjuHy BOJIHE CHEKTPaIbHON JIMHHMH, cOOT-
gel"{cmyxomeﬂ nepexony ¢ 4p-ypoBHA Ha 45-ypOBeHb OCHOBHOTO cocTos-

1138
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T'agea 10
KMHETUYECKHUE METOJLI AHAJIN3A

B kuHerMueckux (KaTalUMeTpHUecKux) Meromax aHanusa (KMA)
M3MEDEeHHe KOHIEHTDAUMHM B&HAJIM3MPYEMOro BElIecTBa (KATaJM3aTOpa
MM HHIHGMTOpa) BEUIOJHAETCA 110 CKOPOCTH KATAJMTHYECKOH peak-
I{H, 38BHCALICA OT KOHIEHTpanuM{ Karaausaropa. IIpu NOcTOAHHBIX
KOHIIGHTPALMAX pEeardpyioluX BemlecTs M pacuetoB B KMA
HCIIOb3YeTesl ypaBHEHHe:

dz/dr = KCfr,

rae dr/dr — ckopocts peakuuu; (' — onpefesseMas KOHUEHTpauus
KAaTaJIM38TOpa; T — BpeMs; K — KOHCTAHT& cKOPOCTH.

CropocTs peaknuu MOKHO KOHTDPOJMDOBATb 10 H3MEHEHHIC pas-
JUYHKX 3KCIEPUMEHTAJIBHO M3MepAeMHX (PH3UKO-XUMHUYECKUX CBOKCTE,
CBA33HHLIX JIMHEHHO 3aBMCUMOCTBIC ¢ KOHIEHTpAanHeil PO yKTa peaKk-
HMM: ONTHYECKON IUIOTHOCTH pAacTBOpPA, IIOKAa3aTelsd IPEIOMJICHUs,
3JIEKTPOIPOBOJHOCTH, CHJIE AU ]y3HOHHOro TOKA, BEICOTH IOJAPOrpa-
¢uuecKOi BOJIHEI JIIOMHHECHEHIMH, ITOTEHIHAJ1a OIpPeeJIsieMOro JIeKT-
pona u T.4. Hanpumep, n1pu u3MepeHHH ONTUYECKON IJIOTHOCTH PAcTBO-
pa (A) npuBefieHHEe BHIIE YPABHEHUS NPUHUMAIOT BUA:

A = KCr.

JIns m3MepeHUsi KOHIEGHTPAUMU OIpefesIAeMbIX BeleCTs B KaTalu-
METDUH MCIOJL3YIOT CJIERYIOWHEe METOJEL:

1. "Meron TanreHcos' — onpeneseHue KOHIEHTPAIHMH 110 TaHTeHCy
yrna naxioua npsamoi 7 = fC).

2. Meron ¢uUKCMpPOBRHHOrO BpeMEHH — OllpefesieHde KOHIeHTpa~
MM 00 riy6MHe NpOTEeKaHUA pPeaKIMU 38 OIpe/Ie/IeHHBIA IPOMEXYTOK
BpeMeHH.

3. Meron ¢urcHpOBaHHO# KOHIEHTpanuu -— OlpefeieHHe KOH-
HEeHTpallu¥ IO BpPEMEHH, HeOOXOMUMOMY JJIsA JOCTHUXEHHS 33I8HHOIO
3HaYeHHS KOHIEHTPAHH OLHOr0 U3 pearupyiomux selnecrs. ['pagyupo-
BOUHKIA rpaduk cTpoAT B KoopauHatax 1/7 = ().

4. "Meton HemocpencTeHHoro nuddepennuposanua" — ompege-
JIeHHe KOHIEHTpanUU IO CKOPOCTH peaKnuu, KOTOPYIO HPOBOAAT B IBYX
peaKTOpax Npd ONUHAKOBHEIX YCJOBHAX M ONHOM M TOM e KOHNEHTpa-
MM KaTaJHM3aTOpAa, HO CO cABMIOM BO BpeMeHH (AT), 4TO IpH CIEKTPO-
toroMerpuueckuX HaGNIONeHHsAxX OOyCJOBJINBAET Pa3HOCTH ONTHUYECKHX
wI0THOCTE#i pacTBOpa B peakropax (AA), IpONOpHMOHANBHYIC KOHIIEHT-
pauy Katanuszaropa C. I'paiyHpoBOYHEIA IrpadUK CTPOAT B KOODAMHE~
rax AA — C.
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10.1. Penrenme THOOBHIX 3aj(a4
Hpmuep 10.1. Moaun-moHN KaTATU3UpYIOT PEAKIMIO OKHMCIEHUS

POAHUJ-KOHOB MOHAMM Felll, KonuuecTBeHHoe onpenesieHde BHIOIHA-
IOT [0 M3MEepeHHIO ONTHYeCKOH IJIOTHOCTH pacTBOpa BO BpeMeHu, "Me-
TOAOM TAHTeHcOB".

Jlna pacTBOPOB ¢ M3BECTHON KOHIEHTpallell WOAUA-MOHOB IOJy-
4YeHH CJeNyICIMe 3HAUEHUS TaHTeHca YIJa HAKIOHa Npamoli 1gd =
= flr):

o)

o~ Mozib/ v 0 1:107 3-.107 6-107 g-107

tga 0,020 0,05 0,110 0,200 0,290

Jna Tpex npo6 a8HaJM3MpYEMOrO PACTBOP& B AHAJIOTHUHEIX YCJIO~
BUSX ORUIM NOJIyMEHE CJefyIomi#ie 3HAueHHMs TaHTeHea yIvla HAKIOHA
upamoit IgA = f(r): 0,135; 0,142; 0,143. BHYMIUTL KOHIEHTDALMIC
MOJIMJI-MOHOB B 8HAJIU3UPYEMOM paCcTBOpe.

Peuren ue [[11 aHaIU3MpyeMOro pacTBOpa HaXOAMM cpeHee
M3 Tpex 3HaueHUH {ga.

0,135 + 0,142 + 0,143
(tga), = 3

Ilo panHBIM I CTAHZAPTHHX DACTBODOB HOAMAOB CTPOMM Ipa-
OydpOBOUHEIH TIpadUK 3aBUCHUMOCTH tg£a OT KOHUEHTPAnUU MOMHI-
uonos (puc. 10.1). JInA aHanM3MpyeMOro0 pACTBOpDAR ¢ HEM3BECTHOMN
KOHNeHTpanuel uopun-uoHos no tga = 0,140 us rgadmxa HAXOMUM
KOHIEHTPAIHNIC NOJUI-HOHOB! Cx' =4 - 1077 monb/mM3.

= 0,140.

Hprmmep 10.2. MoHp mnaTHHE KATaIM3HPYIOT PERKIMIC BOCCTAHOB-
JIeHUs1 MOHa HHUKensa A0 wmeraiana runodochurom. KonuuecTsennoe
OlpefieieHHe BLINOJHAIOT O M3MEHEHHIC BRICOTH MNOJASpOrpaduueckoit
BOJIHL! HUKeNA depe3 10 MUH nocie Hawana peaknuu. s HeckomMbKUX
M3BECTHRIX KOHIEHTPAnUi IJIATUHE HOJIYYEHH cefyIomue JaHHke:

Cpyp Mrr/cm’ 0 0,2 0,4 0,6 0,8 1,0
hNi' MM 100 80 60 52 42 33

Jlna ucenefyeMoro pacTBOpa ¢ HEM3BECTHON KOHIEHTpalHell IJla-
THHH uepes 10 MMH B HMAGHTHYHBIX YCJAOBMAX BHICOTA BOJHEI HMKENIS
cocrasiser 50 mM. OnpenennTs KOHUEHTPALMIO NJIATHHEL

P e w e n u e Ilpn nccenosannu Merona GpuKcHpOBARHOrO Bpe-
MEHM CTDOAT TpaJlyMpoBOuHnie rpacduxu (puc. 10.2) 3 koopaunarax hNi

— Cp, ANMA MeJUIeHHBIX peakiyit (rpaduK @) W B KOODIAMHATAX lghNi —
Cp, Mst GuicTprix peakmmit (rpadux 6). Tak kak A1 NepBoPo rpadpu-

Ka (@) 33BUCMMOCTb HENMHENHA, CUMTAEM, UYTO MpPOTEKaeT GICTpAs
PEaKIHUA U N0 rpaduKy 0 AJs BHICOTH BOJHEI 50 MM (1%50 = 1,7) onpe-
AesisieM KOHUeHTpanuIc ruiaturs: C(Pt) = 0,58 Mrr/emd.

Hpmmep 10.3. Unanunnonst CN™ — uHrHOUTOpH JIOMUHECHHIHE
momuHona ¢ runotpomumom BrO. Konuenrpauun uwonos CN™ onpenme-
JAICT N0 WHTCHCHBHOCTH CBEYEHUA pAcTBOpA JIoMuHOna. Jns cepuwn
PacTBODOB JIIOMMHOJIA ¢ H3BECTHOH KOHIeHTpaiuelt uonos CN™ onpeme-
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Puc. 10.2. TpanynposodHblit rpaduk ANA OnpenesieHUs IIaTHHbE

JIMJIM WHTEHCHUBHOCTE cBedeHus (1)
3
CCN-' MKr/100 cm 0 0,1 0,3 0,5 0,7
1 170 155 120 85 55

i pacTBOpa JIIOMMHONA ¢ HEH3BECTHON KOHIEeHTpallue!! HOHOB
CN” 6bi1a nosyueHa MHTEHCHBHOCTE cBeueHMs, pasHas 90. Oupenenure
KOHIEHTPanuIO HHaHUI-KOHOB B MCCIIEAYEMOM pacTBOpe.

P e wenue IlosKenepuMeHTAILHEIM NAHHEIM, NOJyYEHHHIM
J7IA CEPHM CTAHAAPTHHIX PacTBOPOB IHAHHI-HOHOB, CTDOMM TPAJyHpO-
BOYHEIA rpa¢uk B Koopauuarax | = j(C'CN-) (puc. 10.3). o rpaduxy

HAXOAWM, YTO MHTEHCHBHOCTH JIIOMuHecHeHIud 90 eguuUI COOTBETCTRY-
er kouuenTpanua C = 0,47 mMrr/100 cm3,

Hpmuep 10.4. OcMuit KaTaIM3UpPyeT PEAKIHIO OKMCICHAA JIIOMMUTe-
HUMHA NEPOKCHIOM BOZOPOJA, CONPOBMKAAIONLYIOCH YMEHBIIEHMEM JIi0—
MUHECHEHIMH pacTBOpa. JIIOMHHECHEHIMA CTaHIAPTHEIX PacTBOPOB
nocturaeT 25 ex. OTcYeTa NO IUKaJe JIIOMHHECHEHTHOTO ¢oToMeTpa 3a
CAe[YIOIME IPOMEXYTKH BpeMeHM:

Coe Mrr/cmd 0,5 1,0 1,5 2,0 2,5 3,0
7, MUH 11,2 6,25 3,55 2,7 2,17 1,83
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Puc. 10.5. T'panyvposourbiit rpaduk 4718 OfpefesieHHs LHaHWAA
Puc. 104 TpanyvipoBouHbiii rpaduk NS ONpefenieHHs OCMUs

OnpenenuTs KOHUEHTPAMIO OCMHUSA B pacTBOpe, eciiu 25 pesnenuit
No mKajle $OTOMeTpa AOCTHTAIOTCA 3a 4,42 MuH.
Pewmenue Ilo Merony dpukeupoBanHOll KOHIEHTDALMH DAy~

HPOBOYHEIA TpadMK CTPOAT B KoopauHatax: 1/7 = war) — AIA

MEUICHHHIX peakuuit; 1/ = j(lgCKaT) — maa GecTpuIX peakiuit. Ctpo~-
HM rpaduK B cucTeMe KoopauHar 1/7 — C. . As crangapTHLX pact-
sopos Os Beramesisiem 1/71:

1 0,90 0,160 0,285 0370 0475 0,545

Honyuennmit rpadux (puc.10.4) — npamas. Ilo rpaduky onpene-
asAeM KOHHeHTpauuio Os s aHavenus 7 = 4,42 MHH, KOTOPOMY cOOT-

sercTByeT 1/7 = 0,226 u Cos = 1,25 Mxr/emd.

10.2. KonTpossnse BompocH

1. Karne MeTonnt anaiuaa Ha3lBaIOT KMHETHYECKHMH (KATalIMMeT-
pn:;ecxmmn)? Kakue xonmmuecTsa BeIecTB ONpenesAlOT 3THMH METO[a-
Mu’

2. Hlonatie GHCTPLIX W MEIVICHHEIX PeaKIMi.

3. Kakoit Bujy uMeer ypasHeHMe CKOPOCTH KaTaJATHUECKOH peak-
IMH, KHHETHYecKOe ypaBHeHue?

4. Kaxoit Buj uMeer ynpomeHHas 3aBHCHMOCTL CKOPOCTH KaTasu-
THYECKOM PeaKlu# OT KOHIEHTPAHK KaTaluaaTopa’?

5. Ilo maMeHEeHHIO KaKHX (PUBHKO-XHMHUYECKHMX CBOWCTB XHMAUeC—
KHX CHCTeM MOXHOQ KOHTPOJMPOBATh CKOPOCTH PEaKIHi?

6. KakuMu MeTOz1aMH ONpeaessiiorT KOHIEHTPALMIO KaTaju3aTopa?

7. B ueM cymmuocTs ""MeTOna TAHTEHCOB" M KakON BHMI MMEET KHHe-
THYECKOEe ypaBHEHHe 3TOro Meroza?

8. Kakue 0cOGeHHOCTH M IpedMyIecTBa NO CPaBHEHHIO ¢ '"METOROM
TAHTEHCOB" MMEET MeTOJ HeNOCPEACTBEHHOTO auddepennupoBanua?

9. Kakue ¢akropul BIMAIOT Ha CKOPOCTH -KATAJIMTHUECKON peaK-

muu?
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10. Y10 ofiero y BceX METONOB ONpeeseHUsA KOHUEHTpaIui
KaTaqu3aTopa’

11. HazoBute oGiacTH NpUMEHEHUS KaTAJIUMETPHYECKHX METOMOB
aHaJIM3a.

10.3. 3ajiaqm 1A caMOCTOATENHLHOTO PelIeHns

1. Ilpu KuHeTHYECKOM OIpefeJIeHUH HOAHMAOB B TOBapHOM yKcyc-
HOH KHcjoTe "METONOM TaHTEHCOB' 10 peaKUUH OKMUCJIEHHUS pOAaHHIa

i
uoHaM# Fe'| KOTOpas KaTAIM3UPyeTCs HOUA-MOHaMH, 38 CKOPOCTBIO
peaKkmuu eI NyTeM KW3MEpeHHs OnTHYecKoil maotHoctH (A) pona-

HUHOTO KoMiuiekca F em. Jsist 1po6 KUCIOTHL ¢ M3BECTHOH KOHIEHTpa-
nueil MOoHOB 1™ nosyuenst ciemyioniye AaHHbIE:
AI7), Momb/nmd 0 2107 4-107 6-107 8-107
tga 0,0180 0,080 0,140 0,200 0,260

Jlns ananusupyeMOil NpO6BI yKeycHOIf KHCJIOTH B aH&JIOIHYHEHIX
yeJIOBHAX OBUIM ONpEleIeHH CcAeqylonue 3HauYeHWs TaHI'€Hca yIJa
HakjIOHa npsaMoi lgAd = /(Cl‘): 0,178; 0,182; 0,176. Boiuucaurs Korr-

HEHTpanUIo HOAUN-HOHOB B IIpobe KHCJIOTH .
IIp¥ KHHETMYECKOM ONpENeTeHNMM WOJUA-MOHOB B TOBApHOI
YKCYCHOI KucrioTe ''MeTomom HemocpefcTBeHIOro udepeHnupoBa-

111
HUs'" O peaKuMH OKMCJIEHUs pomaHMia HoHaMmu Fe' | KoTOpas KaTajiu-
3upyeTcsl MOMU-MOHAaMH, IS cepUM HpO6 KUCJIOTH ¢ H3BECTHOI KOH-
HEHTpauyMell MOJuA-MOHOB IIOJydYeHHl cJelylolue garubie (mpu AT =
= 3,0 mun):

Q1°), Mons/am3 0
A 0,083 0,103 0,133 0,156 0,181

Jns anasusupyeMoit npOSH yKcycHOH KHUCJIOTH pa3locTh OnTHYeC
Kux 1I0THOeTel (A A), u3MepeHHass B aHaJIOTMYHBIX YCJIOBHSAX, COCTAB~
asma 0,115; 0,120; 0,122. OnpenenuTs KOHUEHTpALNIO HOJMJ-MCHOB B
mos/mM3 1 Hr/cm3.

3. na onpepeneHuss MEKPOKOIHMYECTB OCMHUSA B PacTBOpE HCIIOJb~
3yIOT peaKIUI0 OKHCJIEHNA HOJUJa XJI0paTOM B KHCJIOH cpefe, KOTopas
KaTaJIH3UpyeTCA OCMHEM:

- - — -
ClO; + 61" + 6H* — CI" + 31, + 3H,0.

IIpn puddepenunansaoM criocobe onpenesnerus ¢ GoToMeTpHyec—

KOI1 perucrpanuei ONTHYECKON MJIOTHOCTH HMOJ-KpaXMaJIbHOTOQ pacTBOpa
OJIy4YeHbl CJIefyIOIHE pe3yJIbTaThl:

((Os), mMxr/cum3 2-10% 4-10% 6-13 8-1203 1-1072

AA 0,900 0,975 1,03 1,10 1,15
Jlnisi aHanM3upyeMoro pacTBOpa pa3HOCTh ONTHYECKUX IJIOTHOCTEH,

H3MEpeHHAasl B TEX Xe ycJIOBUAX, cocTaBiua 1,00. Beruueaurs xonnent-

paLHIo OCMHUA B PacTBOpe.
4. AxTuBHOCTH @, @'~GMmUpHAWJIA B IPOLECCAX 3JIEKTPOBOCCTAHOB~

111
JIeHUSI MOHOB BOJIOpOJa KaTajiu3upyercsa HOHaMu Fe | KOHUEHTpanuio
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46 - 1078 88 - 1078 1,26 - 1077 1,61 - 1077

KOTODHIX ONPeAEJAIOT N0 BEeJIMYMHE KATATMTHYECKOTO TOKA a, of-GHIIH-
pununa (1). Jas cranpapTHeX pactopos sxenesa(ll) moayvenst cneny-
IOLIMEe AaHHEE;

((Fe), Monb/nn3 1106 2. 1076 4- 106 6 1076
i, MRA 0,92 1,05 1,17 13

Ilna pacTBOpa ¢ HemsBecTHON KoHUeHTpanueir F el B amamormunsix
YCJIOBHAX BeIHYMHA KATAIMTHYECKOTO TOKA OKa3ajlack pasHoit 1,10

MKA. OnpenenuTs KOHIEHTPAIMIO Fe'l.

11
5. Honmt Cr " KaTaJM3HpyIOT aKTHBHOCTL «,Q'-GHMIIMpH/IA B
IIPOLECCAX JIEKTPOBOCCTAHOBJICHMA HMOHOB BOAOPOma. KoHneHTpaumio

I
uoHOB Cr' onpeneisiorT 110 BHCOTE KATAINTHYECKOH BOJHH «,q'-GHmu-

pununa. Jlna cepus cTaHAAPTHHX PacTBOPOB crit MOJIyYeHH CJIeayIo-
Li[e pe3yJbTaTHi:

C(Cr), monb/nu3 1-106 2-10% 4-106 6-106 7106
i, MKA 0,7 0,8 0,95 1,08 1,22

Jlna pactBopa ¢ HeM3BeCTHON KOHUEHTpanuelt Cri B rex we ycJo-
BUAX BEIMYNHA KATAWIMTHYECKOTO ToKa cocrasmwia 1,0 mxA. Onpene-

JINTH KOHIEF TPaiHIO cril s pacTBope.

6. Peakuus BoccraHOBIeHMs uoHa Hukeasa(Il) mo Meranna rumo-
¢ocHuTOM KaTAIUIHpYeTCA HMOHAMH IIATUHH. CKOPOCTE peaKpuu
(HUKCHDPYIOT N0 U3MEHEHMIO NOJAPOTpaduUecKOl BOJIHH HUKENA depe3
10 Muu nocie Havamza peakumn. [l HECKOJBKMX KOHHEHTpanuil ILIa-
TUHEL TIOJIyYEeHB! CIICNyION[He AaHHHe:

C(Pt), Mkr/cm3 0 0,25 0,50 0,75 1,0 1,25
R(Ni), MM 100 76 56,5 44,8 34,8 24,6

[ HeW3BeCTHON KOHLIEHTDAKHM IJIATHHLEL B TEX XKe YCIIOBHAX
BEICOTA BOJIHEI HMKEJIA OKa3danack 41 MM. Onpepesnurts KOHHEHTpaUMio
ILJIATUHEBL.

7. Peaxuusa oxucnenus l-nHapTuiiaMuHa JUHaIANKIIHHOBOM (mu-

MEPOKCOARMIIMHOBOI) KHCIOTOH YCKOpAETCA HOHAMH Coll. Cropocts
peakuuu (PHKCHPYIOT IO BeJUYMHE ONTUYECKON IUIOTHOCTH pacTBOpa
4epe3 3 MUHE HOcje Hadala peaknuu. JUIs 4eThpex pacTBOpOB ¢ HM3BeCT-

I
HOIt KoHueHtpanuent Co nOJIyYeHH caeAyone 3HaYeHUuA ONTHYEeCKHX
IJIOTHOCTEI:

((Co), mxr/cm? 0,1 0,2 0,3 0.4
- A 0,067 0,104 0,141 0,178

OllpenesiuTs KOHIEHTPALHUIO Co' B aHAJIH3NPYEMOM pacTBOpe,
OITUYECKas IVIOTHOCTh KOTOPOTO B 8H&JIOTHYHHIX yCJIOBHAX COCTABISET
0,125; 0,120; 0,127.

8. Oxmcyienve n-GbeHuNeHaMaMuHa NEPOKCHAOM BOROPOJA B KHC-
JION ¥ HEeHTPalbHOK cpefie KATAJM3NpYeTess MMKPOKOJIMYECTBOM allbjie
rupa. [lpu KMHETHYECKOM ONpeneneHu: MUKDOKOIMYECTE TIIyTapaibie-
I'Hfia B IIODHCTOM CTEKJIE M0 CKOPOCTH OKHcJeHus n-QeHuseH uaMuHa
IEPOKCHIOM BOXOpPOAa MO MeTo[y (PUKCHpOBaHHOTO BpeMeHH uepes 10
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MHH II0CJI€ HAYala PeaKIUMH [JIsl CTAHIAPTHEIX DPACTBOPOB MIyTapajiblle-
ru/la OBLJIM IOJIYYeHH CJIYIOI[He 3HAUCHHS ONTHUYECKOHR MJIOTHOCTHM:

C _ , Mrr/cm3 5 10 15 20
anbl,
A 0,080 0,150 0,225 0,320

Jlrs  Tpex npo6 aHATM3HUDYeMOTO pACTBOPa B AHAMOTHWYHBIX
YCJIOBUAX OBUIM NOJIyYeHH CJeAylomue 3HAYeHUS OITHYEecKOH
mwiorhocta:  0,200;  0,205; 0,195, BouucauTs  KOHIEHTpAHMIC
IyTapaJjberuia B upobe.

9. THTEeHCHBHOCTL XeMMJIIOMMHECIICHIIUN JIIOMHHOMIA ¢ runobpoMu-—
ToM BrO” 3aBHCHT OT KOHLEHTpaLUWHM pOJAHUA-MOHE — MHIHOMTOpA
3Toi peakuuH. Jlist pacTBOpPOB ¢ HM3BECTHOR KOHIEHTpamuel pONaHHI-
MOHOB II0JIY4eHE! cJIeflyIon{de 3HAUYCHUN MHTEHCHMBHOCTH CBEUGHHA:

C(SCN”), ur/100 cm3 0 5 10 20 30 40 50
i, MKA 103 90 80 60 40 20 0

Ilpu wmccnenoBaHMM Tpex NApa/IGNBHEIX NPO6 &HATM3HPYEMOTO
pacTBOpa B MIEGHTUYHEIX YCJIOBHMSIX IMOJIy4eHbI CJIeAYIOIHe 3HaUeHUs
MHTCHCHBHOCTU XEMWJIIOMMHECHEHIMH JIIOMMHOJIA B IIPHCYTCTBUM MOHOB
SCN": 44; 55; 50. Onpenemurts Konnentpanuic uonos SCN™ B pacrrope.

10. MuKpoKoiHYecTBa IMAHU~MOHOB ONpPEAEIAICT MO MHIHOHpPY-
eMO MMH XeMWJIICMUHeCHeHIMH JIIOMUHOJAa ¢ runo6pomuroM BrO~,
VHTeHCHBHOCTE CBEUEHHSA CEDHM DACTBOPOB JICMHHON& ¢ W3BECTHOM
KoHpeHTpanueid monoB CN™ cocraBiser:

C(CN"), MKr/100 cm3 0 0,2 0,4 0,6 0,8 1,0
{, MKA 170 135 90 60 30 (4]

Hs1a aHaIM3HpyeMOTo pacTBOpa B TeX K€ YCIOBHsAX Obijia 10Jyde-
Ha MHTEHCHBHOCTH cBeueHMs, paBHas 100. Onpenenuts KOHmenTpamuic
CN -HOHOB B 8HAJIU3UPYEMOM PACTBODE.

11. MuxpoxonudecTsa BaHagusA(V) OIpeResSIOT MO KaTaluTHUEC-
KOMy AelcTBHIO BaHanuA(V) HE PEAKIHMIC 1I€POJIOBOI KHMCIOTH ¢ 6poMa-
TOM Kaiusl, CONPOBOMARICIIYIOCH OOpa3oBaHUEM OKDAIIEHHHIX HpOIyK-
ToB. KosmuecTBeHHOE OnpepesieHue BHIOJHSIOT MO W3MEHEHHIO OITH-
YecKO# IJIOTHOCTH pAacTBOpa B 3aBHCHMOCTH OT KOHIEGHTpAIUH BaHa-
musA(V). Jlns cTaHABPTHEIX pacTBOpOB BaHaauA depes 30 MUH mocie
Hauajla PeaKUuH MOJyYeHHl CJIe/yICLIe pe3yIbTaTh

QV), Mir/emd 1-108 2-10% 4-108 6-103 8- 1073
A 0,100 0,180 0,300 0,450 0,500

Onrtuueckas IJIOTHOCTH HKCCIELYEMOTO pacTBOp&, W3MEpeHHAds B
S8HAJIOTHYHEIX YCJIOBUAX, yepe3 30 MUH NOcJie HAYala peaKH# COCTABHM-
a1z 0,250. Onpemenuts koHuentpauuio sanaaus(V) B 3TOM pacTBope.

12. Turan — KaTAIM33TOp pEAKIHHM OKUCIECHHS THOCYIbGMAT-HOHA.
3a CKOpPOCTHIO peaKlMK HaGJOMAIOT 10 M3MEHEeHMIO MYTHOCTH paCTBOPa
3a cuer ofpasyicmeiica cycnenaun BaSO, (dororypbuaumerpuueckuii
MeTox). JlocTHkeHe NOCTOAHHOM MYTHOCTH COOTBeTCTBYeT ONTHYECKOM
wiotHocT 0,25. B 3aBMCHMOCTH OT KOHIEHTpDAIMK THTaHR OLUIM NOJy-
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YeHhl CJeyIoliue HaHHbIe:

C(Ti), Mkr/nn3 1 3 5,5 7 10
7, ¢ 2000 750 400 292 214

B anamusmpyemoM pacTBOpe outMdecKas WwioTHocTe (0,25 6nuia
JOCTUTHYT& B MJIEHTHYHHIX YCJIOBHAX 4deped 345 c. Onpexenurts xom-
LEeHTpanuio TUTAHa B aHAIM3UDPYEMOM DAcTBOpe.

Taaea 11
TA30BAA XPOMATOTPA®UA
XpomaTorpaduyeckuil 8HAIN3 BIEpBHEe NpPEJIONKEH pYCCKHM

ygeuntM M.C. 1IBetoM B 1903 r. B nacTOstIee BpeMs M3BeCTHO GOJIBLIOE
KOJINYECTBO PAa3JIMYHBEIX XpoMaTtorpaduyeckux meronoB. [ist aHanuTH-

° 94ECKOTO KOHTPOJIA XMMHKO-TEXHOJIOTHYECKHX LPONECCOB M IPOM3BOJCTR

HauboJbulee 3HAUEHHe MMeeT ra3oBas xpomaTorpadus. Kak um npyrume
rubpuHbIe METONH aHalnu3a, ral3oBas XpoMaTorpadusa obbequHSET
croco6 paszeneHus (XpoMaTorpaduueckan KOJXOHK&S) M c1ocob HeceJeK-
THBHOTO ONpe/e/IeHUs pa3/IeIeHHEIX KOMIIOHEHTOB ([eTeKTOop).

Jlnst pelrenus 3ajay JAHHOTO pa3fena HeOGXOJHMMO O3HAKOMMTHCS
¢ OCHOBAMM XpOMATOrpadHuecKOTO AHAJIN3A M YCTPOMCTBOM Ta30BHIX
XpoMaTorpadoB. PyKOBOZCTBOM MOTYT IOCIYXHTH YKa3aHHHE B SUGIU-
orpaduueckoM cmucke ydyebuuku B.B. Aieasosa, B.U. Habupanna u
E.A. Ma3sypenko, a TaKkke jpyrue nono6Hute MsnaHusA. Pacuersr B

-T230BOM XpOMATOTpadHK JOCTATOUHO IIOJIHO M3JOXEeHH B 3aJaYHUKe

M.C. Burneprayaa.

I'paduueckyl0 BpeMeHHYIO 3aBHCHMMOCTbL CHTHANA JIETEKTOpA, pea-
THpYICHIETO HR M3MEHEHMA KOHIEHTpAUMi pasjeifeMslX Ha XpOoMaTor-
padudecKoi KOJIOHKE BelIecTB, HA3HBAIOT xpomarorpamMmoit. Ilpu moc-
TATOYHO IIOJIHOM pa3/ieJIeHMH XpOMAaTOTpaMMa Ipe/cTaBaser coboit
COBOKYIIHOCTb NHMKOB, KAXIRIH M3 KOTODHIX COOTBEICTBYET OJHOMY H3
KOMIIOHEHTOB aHaju3upyemoit cMecu. Ilonmoxenne nmkoB Ha XpoMmaTor-
PaMMe CIYKUT JJIA HACHTU(PHKANMHM KOMIIOGHEHTOB HpOOGH, IUIOIANb
1O/l THKAMK MJIM BEICOTA HMKOB XaPAKTEPH3YIOT KOHIEHTPALHIC.

11.1. HapaMeTpH xpoMmarorpaduyecKoro nmKa

Kontyp cummerpuunoro xpomarorpadudeckoro nuka (puc. 11.1) ¢
JOCTaTOUHOH TOYHOCTHIC OIMCHIBAETCH YDRBHEHHMEM HOPMAJILHOTC pacil-
peleNIeHUs

2
T
-22/20%
y = he /2 = hexp|— —1|,
202

TZe £ ¥ ¥ — KOODAWHATHE TOYKHM KDHMBOH; ¢ — CTRHAAPTHOE OTKIOHEHHE.
Han6osnee BaxHLIMU NapaMeTpaMHK NMUKA ABJSIOTCH:
h — BeICOTa IMKa — paccTOAHME MEXAy BEpIIMHON MHMKa M IpO-
HAOJKEHHEM HYJIeBOR JIMHHKH,
# ~— WHPHHAE OCHOBAHMA — OTPE3OK, OTCEKAaeMulii Ha HyJIeBOH

<

u
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Puc. 11.1. CummeTpuuHbI xpoMaTorpaduuecknil nuk

JIMHYKM KacaTe/ILHEIMH CTODOH NUKa, BEIpaXXEHHAas B eNMHUIaX IJIHHBL
IIUaIPaMM PervcTpaTopa,;
M, 5 — WHMDHHA TKA — PACCTOAHNE MEXY TOYKaMU KOHTYpa NHKa

Ha BBICOTe, DAaBHON HONOBIIHe OOuIeHl BHICOTH NHUKA, BHIPAXKEHHAs B
eNMNuIax JgHarpaMMbl perHCTPAToOpa;

— BLICOTa TPEYroJibHHKA, 06pa30BaHHOTO INepecedyeHHeM Kaca—
TeJILHBIX K CTOPOHaM THKA ¢ HYJeBOH nuHueil, nepneHIWKyIApHAas
HYJIeBOIi JIMHUY.

Ecnu mwmpuny nmka menecoo6pa3Ho M3MEpUTh B €IMHMIIAX BpeMe-
uu (7, ¢) win obvema rasa (V, cM®), T0 cremyer mcenonaL30BaTh COOTHO-

YLICHIISI
T=pu/B wm V=r1-V /60,

rae g — MHYpPHHA IMKa, MM; B — cKOpOcThH aAMarpaMMHOIT JIeHTH NpHGO-
pa, MM/c; V — pacxon raza-HOCHTeNs Iia BHIXONE M3 KOJOHKH,
Q

eM3 /MHH.

Mnouwanu xpomarorpaguyecKyX IMKOB aBTOMAaTHYECKH H3MEpSIOT-
cA HOpH NOMOUM 3JeKTPUYECKHX WHTeTDATOPOB, BXOHAIIMX B COCTaB
cospeMennbix xpoMarorpadon. Hapsamy ¢ stuM ucmonesylor apyrue
Croco6bl, B YaCTHOCTH!

a) rpaduyeckn HAXONAT BHICOTY NMUKa M IUXDHHY NUKa HA cepelu-
HE BLICOTH, ecin popMa muKa GIM3Ka K KPDHBOI HOPDMA&JBLHOTO pacnpe-
JICJICHHS], TO TAOIIANb nuKa () MO¥eT OblTh BEIYHCJICHa M3 COOTHOLIe-

HUAA h
Q = 1,065y -
6) cTPOAT TpeyroibHUK, TPOBOMA KacaTe/bHEE K O6EMM CTOpOHAaM

MHKA M COeIMHHMB MX TpeThell JuHued, mapasjleibHoi HyJIeBOH JHHHU.
Inomans, nOAYYeHHOrO Tpeyroibhuka npubiansurensuo pasHa 0,96 Q.

Q=0516p, N

IlpuBegensle BHIILE ypaBHeHHS CHpaBeIJMBHEL M B TOM CJydae,
ecsiM XpoMaTorpaduyecKuil THK ABJIASTCA CKOLUGHHBIM.

Ins  xpomarorpadmuyeckumx NHKOB, ONHMCHBaeMEIX ypaBHEHHeM
KPUBONl HOPMAJIGHOTO pacnpefe/ieHus, UMEICT MeCTO COOTHOIUEH Ui

Bos = 2,355; B, = 4o,
Tie ¢ — CTaHJAPTHOE OTKJIOHEHHE B ypaBHeHH¥ HOPMAJIBHOTO paclpe-

nenenus (ypasuenne laycca).
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Ho rabaunam Qynxmin Jlanjaca MOXHO ONEHHTH HOJIC MJIOMIALM
XpoMaTorpapuyecKoro nyKa, NPUXOMALLYIOCS Ha OTPE3OK UIMPHHOMN K,

M ofy OTH BEJIMYMHEl COOTBETCTBEHHO paBuHl ~» 0,95 u ~ 0,75 Bceit

NJIOLaZlH XPOMATOrpadM4ecKoro nuxKa.

11.2. XpoMaTorpadmaeckoe yepkupanue

Bpems ynep:xusanus r (B cexynpax) — 3TO UHTEDPBAN BPEMEHH OT

MOMEHTa BBOAa NDOGH B TI'a30XPOMATOTpa(UuecKyi0 KOJOHKY MO MO-
MeHTa PerMcTpamiy MaKcHMyMa NTMKa Ha xpoMmartorpamume. llpusepenioe
BpeMs yjepxkiuBaHus (i }2) ONpEeNeNAIoT KaK Da3HOCTb MEXKJY BpeMeHeM

YAEPXKUBAHUIA MCCIELYEMOrO BellecTBa (tR) H BpeMeHeM YIepKHuBaHUA
HecopOupylolerocs BelecTsa (iy):

L —

1= t,—to.
YiepxiBaeMuil 06beM VR ~— 06BCM Ta3a-HOCUMTeNA, IPOINe LM

4Yepe3 KOJOHKY OT MOMEHTa BROJa IpOGHl IO MOMEHTa pCrucTpamvu
MaKcUMyMa I¥Ka Ha XpOMAaTorpaMMe:

Ve=tp Vo

rae Va — pacxof rasa-HocuTena (c¢» "/MuEH) NpH TeMmepaType KOJOHKH

T u JaBleHUH Ha BHIXOJe U3 Hee Py,
Hpusenenusiil ynepxunaeMuit 06beM V‘;i — ob6beM rasa~HOCUTeNA,

npoumeguero ‘{epe3 KOJIOHKy OT MOMEHTa BLIX0OJ1a MaKCHMyma INHKa
H9C0p6ﬂpylomefﬂcﬂ BellccTBa O MOMEHTa BLIXO/a MaKchyMa HHHKa
OonpeaeiIsieMoro BelllecTBa.
Crenenb ra3zoxpomarorpaguueckoro pasfgesNelis AByX COeMMlieHII
(cTemenb pasfiesleHust R) ONpPEIeNAIOT O YPaBHEHHIO:
At Al
R R
R = y
T - T -
0,5(1) 052) Hos1y = Hos)

rae AtR — Pa3HOCTh BPOMEH YIACPKHRAHHA PasienseMblX BemecTs 1 u
2; AIR — Pa3HOCTh PaccTOANHI yaep#HUBaHUA pasleiseMbiX peuiecTn 1

1 2 (B eMHHIAX NHArPAMMION JIGHTH ) - HINpHa XpoMaTorpa-

r
0,5
(bnqecxom IHKa Ha NOJIOBHHEe eI'0 BHCOTH B eJMHIIlax BPEMCHII; /.to 5 -

LUIYPUHA XPOMATOrpadHMIecKOr0 NUKa Ha IOJIOBHHE erC BHCOTH B QM-
HHLAX JHarpaMMHON JeHTH.

Ecan suavenne R Goanie 1, To pa3zesneHie c4uTaior npaxTiIyec—
KH HOJIILIM,

OddexTuBHOCTS XpOMaTUTPaPHUCCKON KONOHKHU XapaKTepU3YeTCs
YUCIOM TEOPETHYECKUX TAPEIOK (1) M BHCOTOM, JKBHBATENTHON Teope-
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Tu4eckoit Tapenke (BOTT):

n = 5’545(tR/TO,5) = 5,545(IR//10’5),

rme T LUUPUHa xpomarorpa(bnqecxoro NKKa Ha IOJIOBHHE €r0

0,5
BbICOTEI, H3MEeDpEeHHas1 B €/[MHHUIAX BpeMeHH, /.t05 — TO Xe, B €/HHHIAX

JUIMHBEL JHiarDaMMBl PerucTpaTopa Npubopa; IR — pacCTOAAHME yIepXu-

BaHUSA BEIECTBa, B eUHANAX JIJIMHEL.
BricoTa, 9KBHBaJIeHTHAS TeopeTudeckoit Tapenke (BOTT):

H= L/n,

rae L — nJuHa KOJIOHKH.
Hapsny ¢ yxazanHnIM ypaBHEeHHeM [JI pacuyeTa 4Kcjia TeopeTHdec—
KHX TapeJIOK Ha NpaKTHKe MCIOJIL3YIOT K JIpyroe:

—_ 2 — 2
n= 16(tR/Tu) = 16(IR/;tu) ,
rAe T, W j — LIMPHHa OCHOBAaHMSA XPOMaTOrpaMuecKoro NHKa B eu-
HU1IaX BpEMEHH M eMHMIAX JUIHHEl JHAaTPaMMbl COOTBETCTBEHHO.

11.3. KauecrBeBnsiit aHanu3 B ra30Boii XpomaTorpapma

KauecTBeHHHN aHann3 pa3fieIeHHON HA XpoMarorpaduuecKolt
KOJIOHKE CMECH MOXKHO BBEUIOJIHATE JIM60 IO XapaKTepUCTHKAM YIepiu-
BaHNs] KOMMOHEHTOB, Ju60 NpH NOMOIIM AaHATHTHYECKHX NpPUEMOB
(uH®paKkpacHOil CIEKTPOCKONNH, MACC—CIIEKTPOCKONMM K JIP.).

Wnenrnduranusa BemiecTs IO XapaKTepHCTHKaM Y EpXKHBaHHA
OCHOBaHa Ha CPaBHMTEJbHAEIX METOJaX: HallpuMep, BpeMsl YACpXHBaHMs
aHalU3UPyEMHX COCHMHEHMII CPaBHMBAIOT ¢ BEIMUMHAMHK YJ[epXUBaHUA
YHCTHIX BEIECTB B TeX ke YCJIOBUAX (MeTon TecTepos). CoBnajeHns
BEJIMYHMH YAEPKUBaHHKA CBUIETENLCTBYIOT O BO3MOXHON HMAEHTUYHOCTH
TecTepa M OJHOO M3 KOMIOHEHTOB NpOOGH. IIOBTOpHHIN aHanu3 Ha
KOJIOHKe ¢ APYTUM alcOpOeHTOM IIO3BOJISIET NOCTaTOYHO *yGeiuTesILHO
JIOKa3aTh MX MAGHTMUYHOCTE B CJiydae COBIAJEHHS XAPAKTEePHCTHK yAep-
axupains. CyuwecTByer TaKkie psiJ[ pacUeTHBIX METOOB HieHTHUPUKaluK
KOMIIOHCHTOB aHaJIM3MpYyeMbIX cMecell, B 4acTHOCTHM, HIMPOKO MCIONB3Y-
107 BBeficnnbe KopaueMm MHIEKCH ynepikuBauusA. HHpekc yuepkuBanus
() xakoro-nu6o KOMIIOHEHTa PacCYMTHIBAIOT O opmyie

lgTI'{, i lgf}?' z

I=100 + 100 - Z,

187 z41y” 187k 2

rae T — BpeMA Y/[ePKHBaHHA AJIKaHOB, O/(HH M3 KOTO~

' '
Rz® TRz + 1)
PHIX C Y4MCAOM aTOMOB YrJepoja Z 3JoUpyeTcs (BHIXOLUT) M3 KOJIOHKH
10 MCCNIeyeMOro COeJMHEHUSN, a JAPYroM ¢ YUCJIOM aTOMOB YIJIepona
Z + 1 BuIXOAUT NOCJIe WMCCIEAYeMOro COeMHeHUS; fl'u —  BpeMs
YIIEDKUBAHUSA UCCIIE[YEMOTO COCIMHEHUA.

Wunexen yaep:xuBauus 3aBHUCAT OT CBOINCTB HENONBMMKHON XU~
KOH a3bl 41 TeMuepaTypHl, IIOITOMY BCer/ila YKa3hIBalOT, NpY Kaxoi
TeMIepaType M Ha KaKoil xUKOIi (a3e OHU onpeeseHnt.
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Wnpnexcu ynepxuBaHusl pasjMUHLIX COCNMHEHHIl NpPUBEIEHH B
CIpaBOYHOH JiMTepaType, HanpuMep B cupasounmke A.H. Kopona.
CpaBHMBasi IOJIyYeHHBIE HMHJEKCH YJIEPKHBaHUS €O CIPABOYHBIMH
JHaHHBIMM, MOMKHO W/IeHTHQHUNPOBATh KOMIIOHEHTH aHAJIU3UpYeMoil
npo6ut. U1t KOJIOHOK ¢ BhICOKON 3(EeKTHBHOCTLIO HISHTHOUKAUH
CUMTaeTCA Ha/leKHLIM, ec/ii TabJNYHEbIe [[aHHLIe COBIAJAIOT ¢ HHIEKCOM
HCCIICAYeMOr0 COeMHEHHA ¢ TOYHOCTBIO JIO JecATHLIX AOJell HHIICKCOB
ylepXKUBaHUA.

11.4. KoymyecTBeHRAs MHTEPNPETAIMA XPOMATOrPaMM

B ocHOBe KOJMYECTEEHHOTO XpOMATOrpa(HUeCKOro aHAIM3a JICKHUT
3aBHCHMOCTh MEXJY IVIOLIa[bI0 MJIH BEICOTOM XpOMaTOrpadpHuecKoro
IIHKa OT CO/IepKaHMUA OlpeNe]sieMOro KOMIIOHeHTa. KoJmuecTBeHHBIIt
aHAJIM3 M0 BLICOTE NIMKOB MeHee Hal[eKeH, TaK KaK 3Ta BeJIMUMHA 3aBH—
CHT OT YCJIOBHMI1 3KcnepuMenTta. Haunbosee yacTo menoneayorT cienyio- .
ie npUeMbl KOJIHYEeCTBEHHOI'O xpowxamrpad)nqecxoro aHaJIu3a.

Meron abcosornoit Kamm6poBKK. B 3TOM MeTosie KOHIIEHTPAaI{HIo 1
I'O KOMITOHEHTa B MPOGE ONpeAeifioT KaK

Q
Ci = kQV—‘ . 100[% (06.)],
np
rae () — NJONIA/lb MKA Ha XPOMATOIPaMMeE; Vnp — 06beM npoGH 1pH

. GuKcupoBanHOi TeMmuepatype; k 0 KaJIn6pOBOYHNIT KO3ddunuenT,

onpe/iesieMblil Ha OCHOBE KaJIMGPOBOYHEIX cMeceil M3BecTHOrO cocTaBa.
Kanubpopounstit roadpduunuenr k Q P8CCUMTHBAIOT Ha OCHOBe

pe3yJILTaTOB aHaJIK3a KaJliOpOBOUHBIX CMECeii:
Ck Vk
k 0T T
Qk' 100
rie Ck — KOHIEHTPalisA KOMIIOHEHTa B KaJIMGPOBOUHOM cMecH, % (06.);
V, — obpem cMecw; Q) — IJIOmanL NMKa KOMIOHEHTa Ha XPOMATOIpaM-~

Me.
Ecnn onpenesaiommuM mapaMeTpoM ABJISETCA BLICOTR, TO BMECTO
NNONIaMH IIHKa Qk NOJICTABJIAIOT €I'0 BBICOTY.

Meron BuyTpenHeli HOpMam3anMM. KOHIEHTDANHMIO #TO KOMIIO-
HEHTa OIpPeJIeNAI0T KaK

EQ.
C = ——1— . 100 [% (06.)],

I(k, @)

i=1
IJle n — YUCJIO KOMIIOHEHTOB CMECH; lcz, u Qi — nonpapo4yHee Kozhdu-

LIUEHTH! i1 IIJI0WAaLA NINKOB KOMIIOHCHTOB CMECH.
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Ecauy apanusupyemasi cMeck COCTOMT U3 BellecTB GJM3KOH HpUpO-
Abl M YYBCTBUTEIBHOCTH XpOMaTOrpaduyecKHX HQEeTEKTOPOB K 3THM
BEIIECTBAaM NPaKTUYECKU OJHHAKOBA, Cz. onpenensiior 6e3 yuera monpa-

BOYHBIX KO3¢PUIMEHTOB:

C = _fL_ - 100 [% (06.)].
fq
=1

Meron BRyTpeHnero crangapra.

OTOT METOR uenecoo6pa3HO UCHOAB3OBATEL B TEX CJAy4YasiX, KOr/a Ha
XPOMATOTIpPaMMe OTCYTCTBYIOT UJIM ITOJHOCTBIO He PETUCTPUPYIOTCA TUKU
HEKOTOPHIX KOMIIOHEHTOB cMecu. Collep:aHue #TO KOMIIOHEHTa paccdu-
THIBAIOT 110 YPaBHEHUIO:

kQ,
i E Q

CM “CM

- 100 - 1,

rjle ¥ — OTHOWEHHME MacCHl CTaHIapTa K Macce aHaJUu3MpyeMOil MpoGsl;
Qi u QCM — IJ0maAu NUKOB 10 KOMIOHEHTa U NO06aBIEHHOro K mpobe

cTaH/apTa; ki u kCM — TonpaBOYHEIe KO3GUUMEHTH, YUYUTHIBAIOLINe

YYBCTBUTENLHOCTE AETEKTOPA K COOTBETCTBYIOIMM BELIECTBAM.

11.5. Xpomarorpadmaeckue fCTEKTOPH

Ierektop — 2710 37eMenT rasoBoro xpomarorpada, B KOTOPOM
U3MEHEHHMsT CcOCTaBa NPOXOAAINEH uepe3 Hero ra3oob6pa3HOil cMmecu
npeo6pa3yioTcsi B U3MEHEeHHEe BEIXOJHOTO CUTHATa. PasauualoT mOTOKO-
BHI€ ¥ KOHIEHTPAUMOHHEIE J€TeKTOPHI.

CHrras TNOTOKOBOrO [ETEKTOpa NPONOPIMOHATEH MIHOBEHHOMY
3HAYEHWIO MaCcCOBOM CKOPOCTH HOCTYHAIOINErO Ha HEro ONpejleNsieMOro
peurectBa. CUIHAN KOHUEHTPALMOHHOTO [ETEKTOpa IPONOPHUOHATEH
MIHOBEHHOMY 3Ha4€HUIO KOHUEHTpauuM ONpPEeNeNsieMOro BeUIecTBa B
ofreme KaMephl HmeTexTopa. 13 Gomplioro uuella rasoxpoMartorpadu-
YOCKUX JICTEKTOPOB HauboJIee YacTO Ha NIPAKTHKE UCTIOAL3YIOT KOHIEHT-
PALHOHHEBI JETEKTOP NO TEeNJIONPOBOJHOCTU (KATapOMETP) U HOTOKO-
BBIff — TIJIAMEIIHO-MOHM3AUMOHHLI JeTeKTOp.

UyBcTBUTEIBHOCTD [IOTEKTOPa NO TENJIOIPOBOIHOCTH (Sc) onpege-

JIAKT 10 ypaBHEHUIO!

S

eV,
.= —— (MB om®/mr),
By B, gnp
raie { — IoOIAAb PEerucTpUpyeMoro IHKa, cM2; Va — pacxoj rasa-

HocuTens, oM3/MuH; B; — 4yBCTBITENBHOCTh CaMONIMCIa PErUCTPaTOpa,
eM/MB; B, — cKOpOCTD ABHKEHMs AMArpaMMHON JIGHTHI, cM/MUH; 8op ~

Macca BBEIEHHON NpOGH, Mr.
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OGHYHO YYBCTBHUTEILHOCTh JETEKTOPOB NO TEIIONPOBOJHOCTH
cocrapaser mopAaxa 103 MB - cM3/Mr; MUHHUMaNbHAA ompeneIAeMax
KOHILEHTpaluA BemecTsa nopaaxa 1073, % (o06.).

YyBCTBUTEIHOCTh  IJIAMEGHHO-MOHM3AUMOHHOrO perekropa (S ])

ONpEe/leIAIOT IO YyPaBHEeHHIO!

Q@ - 60
§. = ————— (Kn/ur),
J B;Byg

rae () — miolank perMCTPUPYEMOro MHKa, cM?; B) — YyscTBUTENBHOCTE
perucrparopa, cM/A; By — cKOpOCTh ABMKCHHS JUArPaMMHON JIGHTH,
cM/MUH; g — Macca AaHAJIM3HpyeMOTo copbenTta, Mr; 60 — ko3 dunuenr,
NePeBOAALINA MUHYTH B CKOPOCTb.

OGHYHO WYyBCTBUTEIBHOCTh HETEKTOPa MOHU3AUMM B IUJIAMEHH
cocrasiser nopsanka 4 - 1076 Kn/Mr no nponady; MEHHHMAaIBHO ONpene
JIAieMBIil TOTOK BelMecTBa mopAaaka 2 « 1078 mr/c.

11.6. Pemenne THOOBEX 3a7aq

Hpamep 11.1. CxkopocTs NOTOKA Ta3a~HOCHUTENS TeJHA cOCTABJIAET
30 CM3}) muH. OnpeesuTs yaepxuBaeMiuil o6beM M NpUBESHHHI ynep-

KuBaeMEl 06beM okcuia yraepoga CO Ha JaHHON KOJNOHKe, ecid

Bpems yjepxuBanus reaus 40 ¢, okcuna yraepona — 6 mun. Ieaunit va
JIaHHOM KOJIOHKE NPAKTHUECKH He cOpOUpyeTcs.

P e m e n u e. Yaepxusaemuit o6pseM CO onpenenasiior, HeXOns U3
BPEMCHY Y/IepXKUBAHUA M PacXOoAa rasa~HOCHUTENA:

VCO =30-6 = 180 cm3.

3a 40 ¢ yepes KOJNOHKY NpOiifleT ra3a-HOCUTE A

40
VH =30 - — = 20 cM3.
€ 60

IIpusenennnlit ynepkupaeMnlii O6BeM MOXHO ONpeNeNUTh Kak
Pa3HOCTh MEXIY YHAEPKUBAeMHMU O6beMaMu JAHHOrO KOMIIOHEeHTa M
coeMHEHUsI, HecopbupyeMOro Ha JaHHOU# KoJsioHke. MuepTHmit raa-
HOCHTEJIb TeJUii UMeeT MUHUMAJIbHYIO CHOcOGHOCTh K copbuuu. Takum
obpasoM, UCKOMast BeJM4uHa 6yzer paBHa:

V('JO = 1‘80 — 20 = 160 M8,

Ilpumep 11.2. B ananuzupyemoli npobe HAXOQATCA METAH M OKCUJ|
yraeposa. Bpemena ynepiupaEust 3TUX COeVHEeHUIl HA JaHHON Xxpoma-
TorpauuUecKoii KOJIOHKe paBHE! cooTBercTBeHHO 5,50 u 7 mun. lllupuna
NUKOB Ha MOJIOBMHE UX BHICOTH paBHa cootserctsenHo 30 u 95 c¢. Onpe-
IeJUTh cTeleHb pasfieneHuA 3tux Bemects. Popma nukop 6Gauska
KpHUBOl HOPMAaJBHOrO paclipeleIeHus .
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P em e v u e. Crenens paspenenus onpenenseMm no ¢popMyne:

R AtR

)
Tosm) T To5(CO)
rie At — PasHOCTh BPEMEH YACPKWBaHHA OKCHIa YIJIePOJa M MeTaHa;

- a MUK OBMHE BEICOTHL.
To504) ™ To,5(Co) — WMPUHA MKOB Ha MOZOBUHE BEICOT

90
'AtR = 7 mus — 5,50 mun = 1,50 mun = 90 ¢; R = e = 0,72,
30 + 95

Ilockonsky R < 1, paspesieHne HEAOCTATOYHO HOMHOE.

Hpumep 11.3. lllupuna ocnoBanusa XxpomaTorpaduyeckoro IHMKa
MeTaHona cocrapiaser 10 mM. Briumeaurs umcso Teopermueckux Tape-
JIOK JaHHOH KOJIOHKM MJIA METaHOJNa, ©CJIM BPeMs YAEpPXUBaHMA 3TOTO
coepunerna 9 Mua. CKOpocTs JABMKEHMA IOUarpaMMHOi JeHTH 600
mm/4. Beraucaures BOTT, ecau aiuna kononku pasna 1 m.

P em e nue. 1. OnpenensieM paccTosAHNE yACPKUBAHMA B eUHU-
1[aX PacCcTOSAHUA Ha XpoMaTorpadudeckoil sente. 3a 9 MuH AcHTa HIPO-

ner:
; 600 - 9
= ——— = 90 MM.
R 60

2. Yucn0 TeOpeTHUECKUX TAPEJIOK BHIUMCJAEM 110 popmye:
n = 16(1/n )%
rje IR — paccTosHME yAEePKMBAaHUA BEIIECTBA B €AMHMIAX JJIHAHE JUar—
PaMMHO® JIeHTH; 4 ~— IIMPHHA OCHOBAHMA XpOMATOTpaduuecKoro

KA.
Torna
n = 16(90/10)2 = 1296.
3. OnpenensieM BHCOTY, 3KBUBAJICHTHYIO TEOPETHYECKOR Tapeike:
BOTT = 1000 mmM/1296 = 0,8 mm.

Hpmuep 11.4. lllnpuna ocHoBaHMA XpoMaTOrpadUYECcKOro NMKa
sTcHONa coctaniaser 20 mM. Yncno TeopeTMyecKMX Tapeiaok AJA 3TaHO-
Jla Ha JaHHOH KoJoHKe onpenencHo u pasHo 2000. CxopocTs ABMMKEHHs
auarpaMMHOit JIenTH camommcna 1200 mm/4u. Beruuciaure Bpems yaep-
MUBaHUA dTaHONMa (MUH).

P em e n u e. Yucio TeOpernyeckux Tapeiok ONPEAENAIOT MO

YPaBHCHMIO
n = 16(/u, ),

rie IR — PACCTOAHUE YNEPKMBAHMUSA; fb — IIMPHHA OCHOBAHMA NHKa.

Orcona

IR:. 20 2000/16 = 224 mm.
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Haxonum BpeMsa yaepxupanus:

224 - 60
tR = =11 Mun.
1260

Upuuep 11.5. Tlo xpomaTorpamme mpo6H, comepianicif BTOPUUHEIE
aMUHBE, Heo6xoaAuMO HMASHTH(DULUPOBATh COCAMHCHHME, MK KOTOPOro
uMeeT BpeMa yAepxuBanua 358 ¢. B mannmix yciaoBusx w-renmTaH mmeer
BpeMA yaepxuBaHua 348 ¢, »okran — 372 ¢. Temneparypa TepmocTara
kosonok 100°C. Hemoppwkmas ¢asa XKMAKas — CKBaJaH. 3HAYCHMA
unLexcop KoBaua JUIA psfia BTOPMYHEIX AMMHOB: AM-U30-TIPOIMIAMUH
644; nu-w-nponuaamun 746; au-emop-6yrunamun 837; Au-u3o-GyTuna-
mur 850. Ouenure, Kakoil M3 3TMX aMUHOB MAOJIKEH HAXOIUTbCA B

npobe.
P em e u u e. Haxonum unymexe Koeaua nemssectHoro coemmue-
HUSA:
358 — 348
1(1300 = 100 ——— + 100 - 7 = 746,5.
HpaAnAN - 372 — 348

Takum obpasom, Haubosee BEPOATHO, YTO HEMBBECTHEIM COSAMHEHHEM
SIBJIAETCA AU-H-TIPOTTH/IAMHUH.

Ipumep 11.6. YyscrBuTeNIbHOCTh JeTeKTOpa XpoMarorpada K
opmo-, mema- M Napa-JUXJIOpOEH30]y NpaKTHYeCKM OoauHakoBa. Oue-
HUTE MAaCCOBYIO JIOMIO (B NPOLEHTAX) KAKIAOTO M3 HHMX B CMECH, €ciu
BEICOTa IIMKa paBHa coorsercTBenHo 70, 95 u 30 mM, a WupuHa nuka Ha
nonosuHe BEICOTH paBHa 12, 15 u 17 mMm. Qopma NuKOB 6IU3Ka K KpH-
BOIl HOPMAaJILHOI'O pacllpe/le/IeHu.

P e e n ue Ilpu 6ansoctu GOpMH MHMKOB K KPUBOA HOpMAaJlh-
HOTO paclpeJesIeHNsl MX Iromajis (§ MoxeT 6uTh OneHeHa o GopMyJe:

Q = 1,065 Hy 5h.
Ozciona
Qo = 894 mm?; Qu = 1520 mm?; Qn = 543 mm2.

YUUTEBAA, YTO YYBCTBUTEJILHOCTh JETEKTOPa KO BCEM TPEM COSMMHEHM-

M IPaKTH4YecKH OJUHAKOBA, a TakXe M TO, YTO aHaJIU3MpyeMass cMech

COCTOMT TOJILKO M3 YKa3aHHBIX CO€/IMHEHUIl, MOXKHO BOCHOJb3OBATHLCA

YpaBHEHMEM pacyeTra KOHUEHTpauuil IJA METO/la BHYTPEHHEl HopMaiu-
sauu 6e3 ydera NonpaBoYHHX K03)PUIUEHTOB:

Q. - 100

C =t

?

n
z Q,
=1
Orciona
C =30,3%; C_ =51,3%; C_ = 18,4%.
o AL n
Iipumep 11.7. OnpenenuTs cofiepkanue OKcUla yriepofia B Ipobe,

ecny NJCIIAXs THKA 3TOrO cOSJHHEeHUs NpH o6beme npobel 2 cMm3,
M3MEPEHHAsA KaK CpeflHee U3 [ecATH oNpeaeieHuil, cocraBiaser 1224

163



MM2. Jlna onmpenenieHnsa KaJMOPOBOYHEIX K03(PPHIMEHTOB MCIONB30Ba-
JiM TIOBEPOYHYIO Ta30BYIO cMech, copepxkamyno 10,3% CO. lpu anamize
1,0; 2,0 u 3,0 cum® 570l cMecH MONydYeHH IIOIIAAM NTUKOB OKCHIA yriie-
pona 716, 1438 u 2148 mm? coorBerctBeHHO. O6BEMH NPO6 U3MEPCHK!
TP KOMHATHOM TeMnepaType.

P e m e B n e. Haxonum ycpennenHoe 3HaveHue KaluGpOBOYHOrO
ko dunuenta k @ OKCHAa yriepona:

10,3 - 1000 0 S /s

= — = 0,144 MM3/MM2;
@ 716 - 100

10,3 - 2000 3 s

= — = (,143 MM3/MuM?;
% 1438 - 100
10,3 - 3000

k, =——u " = (0,145 Mm3/MM2,
% 2148 - 100 /

Cpennee 3HayeHue k 0= 0,144 mm3/mm2. Haxopum conepxanme oxkcupa
yriepoaa B npobe:

100 - ko - Q@ 100 - 0,144 - 1224
C = = = 8,8%
2000

Vv
np

Ipamep 11.8. YyscTBUTENEHOCTH NE€TEKTOpPa MO TENJIONPOBOAHOCTH
COCTABJIAET 2 103 uB em3/Mr. OueHMTH, KakOM cHUTHa’
sapuKcUpyeT TOTeHHMOMeTp Xpomarorpada, eclM Ha [JETEKTOp
HOCTYIUT Fa3-HOCUTE/b, COAEPAKALITHIL 10'3%43 (06.) mponana.

P em e v u e. Monsnas Macca nponana M(C3Hg) = 44,06 r/mons.
IIpu comepxanum 1073% wampste 100 cm3 cmecm comepxkar 1073 cmd
mpomaHa. Macca 1073 cM3 mpomana Moxer 6HTH NpUOIMKEHHO OIeHeHa
U3 COOTHOILEHH:

‘100 cM3 — 44,06 ¢ 1073 - 44,06
X=————=197-106r =
1073 eM3 — X 1 22400
= 1,97 - 1073 Mr.

Taxum o6pasom, 100 cM3 cmecu copepaxar 1,97 - 1073 Mr nponana. Tor-
aa 1 cM3 cmecn copepxkur 1,97 - 107% Mr nponana. Mcexoas u3 saman-
HOMl YYBCTBUTEILHOCTH JIETEKTOPa, KOHIEHTpalm npomada 1 mr/cm3
6y-ZeT cOOTBETCTBOBAaTh CUTHAJ, paBHElL 2 - 103 MB. CocraBinsiem npo-
TTOPIHIO:

1Mr/em?2—2 - 103 4B 1,97 - 1075-2 - 103

1,87 - 1075 mr/em® — X uB 1

=4 - 1072 »B.

164

Ipamep 11.9. Ouenurs comepxanue GeH30Ma B aHAIU3MPYeMOi
npoGe maccolf 10 Mr; BHcOTa KA GeH307a Ha XpoMarorpamme 8,2 oM,
IIMpUHA NHKa Ha cepeiAuHe ero BHcOTH 1,5 cM. Xpomarorpad cHabxen
JIeTEKTOPOM MO TeIJIONPOBOAHOCTH. JyBCTBUTEABHOCTH JETEKTOPa K
Genzony 5 - 103 MB - cM3/mr; uyscTBHTENBHOCTH perucrpatopa 0,2
cM/MB. Pacxon rasa-mocurens 50 cM3 /mun. CKOpPOCTH ABMKEHUA JHar—
paMMir 2400 mM/4q.

P e m1 e 1 u e. Haxonum mwiomanp muka Gen3ona:

@ = 1,065 - Bos h=1,065-15 - 8,2 = 13,1 cM2

N3 ypaBHeHMA YyBCTBUTEJBHOCTH METEKTOPa HO TEMJIONPOBOJHOCTH
HaxoauM Maccy GeHsosa B po6e (cm. pasa. 11.5):

Q-V, 13,1 - 50 - 60 - 10

" BB,S_ 2400 - 5 - 10%: 0,2
Toraa conepxanne 6eHsona B Tpo6e COCTABIACT:

g = 0,165 Mr.

0,165 - 100
W=—— =1,65%.
10

. Ipumep 11.10. Ilpemen o6HapyxeHus JETEKTOPa HOHU3ALMH B
wiamenu cocrtaBaser 1,5 - 1078 mr/e mo mponany. Conepxkanne 6yrana
B mpobe 1073%, o6bem npo6u 1 em3. OddexkTuBHOCT, KOMOHKHM IMIA
6yraa n = 1000 Teopernueckux Tapesok. Bpems yaepxupanusa 6yraHa
4 MuH, TVIOTHOCTE napos 2,7 Mr/cM®. OueHuTs, JOCTATOYHA JIM UyBCTBH-

; TeJILHOCT, npubopa AnA upeHnTHdukanuu GyraHa B npobe. Ilpeamona-

TaeTcA, YTO Ipo6a BBOAMTCA NPAKTHUYECKH MTHOBEHHO.

P em e n u e. Byran u nponman — romonoru. CienosaTespHo,
YYBCTBHTEILHOCT AETEKTOPa K GyTaHy OJMuM3Ka K TaKOBOH JUIA Ipoma-
Ha. OnpenesrsieM Maccy GyraHa B mpoGe:

2,7 -1 1078
g= = 2,7 - 1075 mr.
100

HaxoauM mupuny nuka 6yTaHa B e[UHHUIAX BPEMEHU:

n = 16(tR/;4u).
yuﬁ4‘/t§7n=4m7mﬂ30c.

Ilockonbky Ha OTPE30OK XPOMATOTPAMME! IIMKa C LIMPUHOM, PaBHOMN By

npuxogurca okoio 95% Bcelt IIOmAAM NUKa, TO 3a 30 ¢ 4epes AeTex-
top npoxoautr 95% Bcero konuyectTsa 6yraHa. ClemOBaTeNBHO, IOTOK

Orcrona

‘GyTaHa B 3TOT MOMEHT paBeH

2,7 - 1075 - 95
j= = 8,6 + 1077 Mr/c.
100 - 30

OTa BeTMYNHA TPEBOCXOAMT NpeAes OCHAPYKEHUSA NETeKTOpPa.
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11.7. KoBTpOJBHEE BO.IPOCH

1. Ilo xakum npu3HakaM KiIaccHUOUPYIOT Xpomarorpadudeckue
MeTonkK aHanMu3a?

?2. B 4eM npMHUMI KaYecTBEHHOTrO aHAJIM3a B ra30BOM XpOMAaTOrpa-
buu’?

3. Ha uem ocHOBaH KONHMUECTBEHHHII XpomaTorpapudecKkuit aHa-
nua?

4. KakoBo Ha3nadeHue HeNnoiaBHXHEX (a3 B Meronax rasoabcopb-
OUOHHO! M T'a30XKUIKOCTHON XpomaTorpadpuu?

5. Kakme coepuuenus MoOryr OHITH MCIIONL30BAHE B KayecTpe
KHUIKOA Pashl B ra3okMAKOCTHON xpomaTorpaduu?

6. Kakue xapakTepucTHKH XpoMaTorpadmueckoro NHMKa HCIOJb-
3YIOT AJA Ka4eCTBeHHOTO aHAJIM3a M JAJIA KOJMYEecTBeHHOro aHanmu3a?

7. Kakue ra3s MOryT 6HTL UCHOJHL30BAHE B Ka4eCcTBE HOCUTEIA B
ra3opoit xpomarorpadpuu?

8. Yro rarkoe "umcio Teopermueckux tapeyok"? Kax MoxHO pac-
CYUMTATh YHCJO TEOPEeTHUYECKMX TapesJIoK XpoMartorpadudeckoil ko-
JIOHKU?

9. Yro xapakrepusyer BHCOTa, IKBUBAJICHTHAd TEOpeTHYECKONR
rapenke (BOTT)? Kak moxno onpenenuts BOTT?

10. Ilouemy Heo6xOgMMO TEPMOCTATMPOBATL XpOMATOrpadudeckue
KOJIOHKH?

11. Kak moxHO oueRuth 3QderTHBHOCTs XpoMmaTorpadudeckoro
pa3felieHuA KOMIIOHEHTOB B CMecH”

12. Bauser nu cKOpOCTh JIBHXKEHMs rasa—HOcUTeNA Ha 3ddexTHn-
HOCTh XpOMaTorpapudIecKoro pasyeaeHus?

13. KakOBH NpHYHHE pa3MbIBaHMSA XpoMaTorpaduyeckux mHKos?

14. KakoB npuHUuT BHG60pa AJMHH XpOMAaTOrpadpuM4ecKmx KoJo-
HOK?

15. Kakue BemecTBa MCIONB3YIOT B Ka4ecTBe HENOABMXHON a3k
B rasoXXMAKOCTHOI xpomaTorpaduu?

16. Kakue meToAl cymecTByIOT AJIA ONpefefeHvs ILIOmAand Iu-
KOB?

17. N3 xakux OCHOBHEIX y3JIOB COCTOMT I'a30Bhlil XpoMartorpad?

18. Kak ycrpoenm xpomarorpadpudeckue kononku? Kakum obpa-
30M B KOJIOHKy momelnaior ¢aay?

19. Kak npoucxogur AO3MpOBaHME MpOGH, KOrAa aHalusHpyeMas
npo6a COOTBETCTBEHHO KHAKOCTL MM ras?

20. Kak u3MepsiOT H peryaMpylOT CKOPOCTh NONaYU ra3a-HOCHTENS
B xpomarorpad? lmeer nu 3HavyeHue NOCTOAHCTBO CKOPOCTH IIOTOKa
rasa-HocuTenA? Kak pgocTHraercs cTabusIbHOCTh TOTOKA rada~HOCHTENA?

21. KakoB mpunmun paeficTBMA HAETEKTOpa MO TEIVIONpPOBOJHOCTU?
Or 4ero saBMCHT €ro 4yBCTBHTENLHOCTh?

22. Kak u3MeHMTCA YyBCTBUTEJILHOCTh JETEKTOPaA IO TEIIONPOBOI-
HOCTH, €cJM TeMIlepaTypa HUTH CTaHeT PasHOIl TeMiepaType Kopilyca
zaerexkTopa?

23. Yo npousoitaer, ecu B xone xpoMatorpadpuueckoro paszjesie-
HUsl B ra30BOM xpoMaTorpade U3MEHATh TEMIEPATYPY KOpIyCa AETEeKTO~
Pa O TeINJIoNpPOBOAHOCTH !

24, Kaxk ycrpoen aeTexTop MoHu3anuu B naamenu? Oriauuaercs au
€ro 4yBCTBUTEJBHOCTh OT YYBCTBHTEJILHOCTH [ETEKTOpa IO TelJonpo-

BOTHOCTU !
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25. Kakne koMMyHMKamumy HEO6XOAMMO NojBecTH K XpoMarorpady
C IETeKTOpPOM MOHM3AIMH B IJIaMeHH AJ1A paboria?

26. MoxHO s NpHM NOMOUIM JETEKTOpa MOHM3AIMM B IJJaMEHM
aHAJIM3UPOBaThL NMpO6Y rada Ha coAepXKaHHMe AUOKCHUAA yrJIepoja, NapoB
Boftut?

27. Curnan or aerekTopa B Ipeo6pa3oBaHHOM BMJE IOCTYNaeT Ha
caMONuuUIyIquil noTeHimomerp. Kak HM3MEHHTCA BHJ XPOMATOTDaMMH,
€C/IM YBEJIMUMTH CKODOCTH ABMIKEHHA AHATPAMMHON JIGHTHL WJIM COOT-
BETCTBEHHO YMEHbIUUTS ee?

28. Kak uaMeHHMTCA cHTHAN NOTeHIMOMeTpa Xxpomatorpada, ecau
npousoiiger OOGpHB HUTH nAerekTopa 10 TemsonposojgHocTH? Huth
I eTeKTOpa ABJACTCA OJJHHM H3 Il1e4eil MOCTOBOI CXEMEI.

29. B kakux ciaydadAx HMCHOAB3YIOT NpOrpaMMaTOp TeMIIepaTyphi
KOJIOHOK Xpomatorpada?

30. Kak onpepenuts myMH ¥ GAYyKTYyallHIO CHTHANA JeTeKTOpa?

31. Kakum o6pa3om onpenesuTh YyBCTBUTEIBHOCTh I'a30BOIO XpO-
maTtorpada? B KaKUX eUHHIAX €€ MOXKHO BHPAa3HTh?

11.8. 3azauu qNA caMOCTOATENILHOrO pPemeHUs

1. Ckopocts NOTOKa HecOPOGHPYIOIIErocs ra3a-HOCHTENA aprOHa
coctasyser 40 cm3/MuH., Buuucaure ynepkusaeMEl o6bem M MCIpaB-
JIeHHBIA ynepXHUBaeMbI# O6beM COeMHEHUA X Ha JAHHON XpoMaTorpa—
duyeckoif KOJIOHKe, e€cau BpeMA YIEpXKHUBAHHA cocraBisier 4 MWH.
Bpemsa ynepxusanus aprona 30 c.

2. OnpenenuTe BpeMA yaepKUBaHUA HECOPSHPYIOMIETOcs BEIIECTBA
Ha XpoMaTorpaduyeckoil KOJOHKe, €cl YAepKHBaeMHil O6beM HEKOTO-
poro coegunenus Y cocraBaser 150 cm3, ucnpaBlenHwll ygepXusae-
MEit 06seM 120 eM3. CkopocTs noToka rasa-nocutens 30 cm3/muH.

3. lllupuna ocnoBanuAa xpoMatTorpapuueckoro ImMKa a3ora COCTaB-
nser 12 MM. BRuMcauTs 44CI0 TEOPETHYECKMX TAPEJIOK JAHHON KOQJIOH-
KH, €CJIH PacCTOAHHE Ha XpOMAaTOorpaMMe OT MOMEHTa BBEJEeHUs NpPOGH
J10 cepelINHBL NMKa a30Ta cocTaBiAeT 14 eM.

4. IIpu xpoMarorpaguveckoM ONpEAEICHHH METaHa YHCIIO Teope-
THYECKUX Tapesiok KoJoHku O6mino pasHo 2000. Illupuna ocmosarus
XpoMaTorpa¢puueckoro NKa Ha JMarpaMMHOI JieHTe coctaBisia 20 MM.
BuruucauTh BpeMA YIEpKHBaHUA METAHA, ecjM CKOPOCTh AUACPaAMMHOI
JIeHTH xpoMaTorpada cocrasnsana 600 mm/4.

5. Onpepenuts OANHY XpomarorpapuuecKoil KOJOHKH, eciy AJs
xnopodopMa BHCOTa, SKBHBAJIEHTHAd TEOPETHYECKON TapeJsKe, COCTaB~
aser 0,1 MM, spemsa ymepxkusanus 212 c, mIUpMHa OCHOBAHUSA HUKa

.12 c.

6. yTekcaxnopumKiorekcaH — WHCEKTULOUJZ, MCHOAb3YyeMHt 71

- 60pBOHL ¢ BpEIHTEIAMU CENBLCKOXOSANCTBEHHHX KyAnTYp. s koHTpO-

JIA COREpXKaHUA CJEe/IOB ITOTO Iperapara B NHUIIEBBIX TPOJYKTAX MC-
moap3yior xpomarorpaduueckue meronn. BOTT xpomarorpaguueckoit
KOMOHKM cocraBiser 0,5 MM, IIMHA KOJIOHKM 1 M, BpeMA yIepKUBaHUS
nauporo coepgubenusn 210 c. Onenurs mWupuHy XpoMarorpaduyeckoro
NHMKa 3TOr0 COeqMHEHUA Ha XpOMaTOTpaMMe, ec/M CKOpOCTh JIBMKEHUA
JAMarpaMMHOI JieHTH cocraBisier 1200 mM/4.
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7. B rasoBnx cMecAX conepXaTci NapH 3TaHOAa M METaHOJa.
Oupenenuts cTemeHs pasfeieHuA 3T coeguHenuit (R) Ha pasaudnHmx
xpoMaTorpaMMax. DopMa nNuKOB 61M3Ka K KpHBOIl HOpMAJILHOTO pac-
npenesenus. XapaKTepHUCTHKM ITHKOB IPEJCTAaBIeHH B Tabiuie:

Tabauya x 3adaxe 7

ITInk metanona Huk sranHona
_Howmep
cMecH Bpems yaepx. lIupuHa nvka Bpems yaepx. vpusa nuka
tR’ c 10'5, c tR' c 10,5, c
1 225 19 250 21
2 210 18 270 25
3 214 19 280 30
4 190 16 210 21
5 185 16 240 26
[ 195 15 260 30
7 215 18 ' 245 30
8 204 19 230 24
9 230 25 320 40
10 230 30 300 50

8. Ha xpomarorpaMmMe npobu, comepxameil cMech yri€BogopOAoB,
TIMK OAHOTO U3 KOMIIOHEHTOB MMeeT BpeMA yaepkuBanusa 163 ¢. Hemop-
BWKHas Kuakasa dasa — cksajlaH. TeMIlepaTypa TepMocTaTa KOJIOHOK
80°C. Paccuurath JorapudMuueckuil MHIEKC yaepkuBaHUA (UHIEKC
Kosauya) panmoro coepuneHus. BpeMs ynepXuBaHUA #-TIeHTaHa U -
TreKcaHa B AaHHHIX YCJIOBHAX paBHO coorsercTBenuo 121 u 258 c. Ilo
OaHHWM TabauIE, B KOTOpOIl npusenenn mHaekcw Kosaga pna usona-
padunos C¢—C; (ckBanan, 80°C), onenure, kakomy u3 uzonapacdbunos
COOTBETCTBYET IIMK Ha XPOMATOrpaMMe IIPOOKHL.

Tabauya x 3adaxe 8

CopGar Hupexc CopGat Hunexc

Kogaua Kosaua
2-MetwmeHTaH 570,5 3-Merunrexkcad 677,0
IMemwimenTax 585,6 3 JTrnnexTan 688,2
2,2-HAumernnbyran 540,1 2,2-IInmMeTvinneHTaH 627,9
2,3-lumerunbyrax 569,6 2,3-InmeTunneHTaH 674,4
2-MeTunrexkcan 667,7 2,4-InmeTunneHtaH 831,8
3,3-JInMeTnneHTaH 662,8 2,2,3- TpumerunOytan 644,6

9. Mnnexc ynepxupaHus 2-MeTW/IreKcaHa Ha cksanaue npu 80°C
coctaBasier 677,0 (cM. Tabn. k 3amave 8). OnpenesuTh, Kakoe BpeMs
YAEPKUBAHHA CIIGAYeT OXKUAATh ¥ 3TOrO COAMHEHHMA B HAHHHX yCJIOBU-
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AX, €C/IM BpeMA yNepKMBaHHA NTEKCcaHa M »-TentaHa pasuo 143 u 285
¢ COOTBETCTBEHHO.

10. Ha xpomaTorpamme o6pa3uos nerposeitnoro a¢upa HReRTN U~
UMpOBAHH ITHKM %TIGHTAHA M H-TEKCAHA, W-TEeNTaHa, KOTOPHE HMEIOT
BpeMs yJepKHBaHHA coorBercTBeHHO 115, 233 m 365 cexymn. Henmop-
BIXKHAS XKuakas ¢Qa3a B KoMOHKe — ckBasaH. Temmeparypa TepMocrara
kosioHoK 80°C. Ionme3ysice naHHmEMM TaGuuuUH K 3alave.8, uaeHTndu-
LUpYATe COCIHHEHMA, NHKH KOTOPHX HMMEIOT BpeMs yAepKUBaHUA gB
cexynnmax): 1) 152; 2) 188; 3) 211; 4) 269; 5) 264; 6) 289; 7) 326; 8)
330; 9) 309; 10) 347.

11. YyscrBuTensuOocTh AETEKTOPa XpoMarorpada K O-KCHJIONY, i~
KCHJIONY M R-KCWIONY IMpaKTudeckd oguHakoBa. QNpeAeyiUTh MaccOBYIO
AON0 (B TpOLEHTAX) KAXJOrO M3 HHX B MX cMecaX. IlapaMeTpu mukos
Ha XpoMaTorpaMMax npusefeHH B Tabnume. Popma NHUKOB 6IH3Ka K
KPHMBOH HOPMAJILHOTO paclpeneIeRus.

Tabauya x 3adaxe 11

oKeunon a-Keunon n-Kcunon

Homep

cMecH h, MM o5 MM h, MM Ko 5 MM h, MM o5 MM
1 70 12 95 15 30 17
2 72 11 80 13 35 19
3 74 12 75 16 40 120
4 70 12 80 13 35 19
5 70 12 75 16 40 20
6 72 1 95 15 30 17
7 72 1 75 16 40 20
8 74 12 95 15 30 17
9 74 12 84 13 35 19
10 70 12 95 15 35 19
1 70 12 95 15 40 20
12 72 11 80 13 30 17
13 72 1 80 13 40 20
14 74 12 75 16 30 17
15 74 12 5 16 35 19

12. llepex mpoBefleHueM aHAIM3a Ta30BHX cMeceil B TEXHOJOTHYec-
KMX IIOTOKaX OHUIH MOJY4YeHH XpOMaTOrpaMMBl Npo6 KalMOPOBOYHHX
cmeceit, cocrosumx us 1,5% (06.) azora, 0,3% wmcaopona u 1,2% Merana
(ocranpuoe - renuit). YcepenHeHHEE Pe3y/bTaTHl aHaIU3a NPUBENEHH B
tabxa. 1. Iomesysice pannmiMu Ta6n. 1, HailguTe copepxaHue a3ora,
KHCAOPOAAa M MeTaHa B NpobaX TexHOJIOrM4YecKOoro moroka. Ilmomamm
NIMKOB KOMIIOHEHTOB NIPOGH NpUBEIEHH B Tabia. 2.
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Tabauya I x 3adave 12

Otrem Tlnowany XpoMaTorpadu4ecKux KOs, M2
npotst, cm3
asor KMCTIOPOA MeTaH
1 1142 234 920
2 2372 472 1833
3 3546 706 2791

Tabauya 2 x 3adave 12

Howmep nipobst | O6bem r;poﬁu, TInowany MUKoB, MM?
oM

a30T KHCIIOPOR MeTaH
1 1 1080 - 1272
2 1 - 561 1490
3 2 2150 - 3005
4 2 2092 640 -
5 3 - - 2982
6 3 - 824 746
7 1 506 319 -
8 1 1043 - 278 -
9 2 2089 - 1516
10 2 - 565 2987
11 3 3140 819 -
12 3 2084 - 3002
13 1 1069 563 1514
14 1 - 320 1514
15 2 2088 - 2315

13. YyBcTBHTEILHOCTE IETEKTOpa IO TENJIONPOBOJHOCTH B Iepec-
yere Ha npomnai. cocrapnser 1 - 103 MB - cM3/Mr. Ounennts, Kakoi
cUrHAN 3apHKCHpPyeT NOTEHIMOM xpomarorpada, ecIH Ha JETEKTOD
HOCTYNHT ra3, cogepxamuit: a) 1072% uerana; 6) 10 Mr nponasa B 1 M3
ra3oBoit cmecH; B) 20 MKr Gyrara B 1 J rasosoit cmecH; r) 1073 Moms
nponana B 1 M3 ra3sor ot cmecu; a) 10 MKr sTana B 2 JI ra3oBoif cMecH.

Ipenen o6hapy:eHHA Aeren:0pa MOHM3AIMM B INIAMEHH COCTAaBJIA~
er.2 - 10°® mr/c mo mpomary. OmeHNTh, MOXHO J¥ 3a(pHKCHPOBATH
NaHHKM IIPHGOPOM CJIe/lyIONIHe KOHIEHTPAaUUH YI/IeBOAOPOJOB B BO3NLY~
Xe TpOM3BOACTBCHHOIC MNOMEIIeHNA, ecin 06beM Ipo6u Bo3ayxa 2 cM3,

a) 107%% (06.) 3Tara, YHCIO TEOPETUYECKHUX TAPEJIOK KOJOHKH n =
= 1200, BpeMs yaepxkm' iHHA tR = 1 Mu=H;

6) 10 mkr Gensoma B 2 aM® Boamyxa; n = 1380; tp = 3 mum; B)
0,1 cM3 nponara B 10 M3 Bospyxa, n = 1320, tR = 1,5 Mun; r) 1074
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Mosib Gytana B 1 M3 Bo3ayxa; n = 1270; = 2vuu; a) 1r rekcana B 1
M3 Bo3ayxa; n = 1300; tp= 2,5 MuH.

15. OneHnTh 4yBCTBUTENBHOCT AETEKTOPa IO TEIIONPOBOAHOCTH,
€CJIiM IIPU NOCTYIVIGHMH Ha JETEKTOP Ta3a ¢ COep)KaHHeM NponaHa 2
1072% (06.) norenunomerp xpomarorpacda nokasmeaer curuan 0,5 MB.
16. Ilpenen o6Hapy¥eHMA NEeTEKTOpa MOHHM3alUMM B IUIAMEHH coc-
rapnser 107 mr/c no npomany. OueHHTH, MOXHO JH NPH NOMOIIM
XpoMaTorpada, Ha KOTOPOM YCTAHOBJIEH 3TOT JETEKTOP, OGHApDYXUThH
6ensoxn B Bo3ayxe Ha yposne IIJIK (5 mr/m3). Ilpegsaputensso onpene-
JICHO, YTO BpeMs yAepkuBaHuMA Gensosa 150 c¢. Yncao teopermueckux
TapeJIOK KOJIOHKHM JJIA GeHsona n = 3600.

Taaga 12
HUJAKOCTHAS DKCTPAKIIUA

AuaxocrHas 9kcTpakmuMs — OAMH M3 3P QPEKTHBHEIX METOXOB
pasnaelienusi BEUIECTB — S3AKJIIOYAETCA B M3BICYEHHH M pasAeIcHHH
KOMIIOHEHTOB PacTBOpa IyTeM MX nepepojga M3 oAHOil (asel B Apyrymo.
Pacnpenenenne BellmecTa MexAy AByMs HecMELIMBAIOIIMMMCS (pa3aMu,
M3 KOTOPEIX OJHA damie Bcero BOJHAA, a JApyras — OpraHu4deckas,
ABJNSETCSA PABHOBECHHIM IPOLECCOM,

[ HeMOHHEIX BellecTB, HaxXoAAWMXcA B obeux ¢asax B OXHOM
MOJIeKYJIsApHO#l (pOpMe, paBHOBECHOE paclipeie/ieHHe BEecTsa A MOXHO
ONHCATh PABHOBECHEM:

A(Bopna) — A(opr. daza).

Torna koxcranTa pacnpenenennsa K p BelilecTBa A aBnsercs GyHx-
mueil ero KOHUEHTpaUMH B o6enx ¢aszax:

Ky = (A, /IA],

rae [A]opr u [A] — paBHOBecHEIe KOHUEHTPaIWMH BEIECTBA A B OpraHmn-

JecKoif M BoaHoU (asax.

B BhImIEnpHBeASHHOM BEIPaXKGHMH BMECTO KOHICHTPALHMH ObLIO ObI
601ee OnpaBAAaHHHIM HMCIOJL30BATh AKTHBHOCTH, OJHAKO nJsA OOJb-
IIMHCTBA ClIy4yaeB OMMOKA, BO3HMKAIOIANA BCJCACTBHE TAKOII NMOIMEHDI,
HEBEJINKa.

Yacro etnunna K D TPNGIN3NTENBHO PABHA OTHOLIGHWIO pacTBO-

pHMOcTell BemecTsa A B opraHudeckodf M BoaHoit dasax. C npaxTHuec-
KOW TOYKH 3peHMs 60Jiee BaXXHON MPeACTaBIACTCA IKCTPAKIUs Hesaps-
JKEHHBIX MOJIEKYJ KOMIWIEKCHOTO COeAMHEHUs MeLn, NIIp¥ OTCYTCTBUU
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noauMepu3an MOJICKYJI:

MeL ]
MeLn(n.) — MeL (opr.); K .= —[T—’—;])T;
’ e
n's

HL(s.) & HL(opr.); K, =[HL]/MHL],

rae HL — Mosekysia npoTOHM3MpPOBAHEOrO JMCaH/A.
Koadduuumenr pacnpenesenus (D) semecTBa A onpenensercsa Kak

D= CA(opr.)/ CA(Bozm.),
e CA(opr.) H CA(Bozm.) — aHAIMTHYECKNe KOHLNEHTpamuH BEu[ecTBa

A B opranudeckoit u BogHOI dazax.

HanomMuauM, 9T0 aHANUTHYECKO!l KOHIEHTpaIueil KOMIOHeHTa A
ABNISETCA cyMMa KOHIEHTpanui Bcex ¢opm BemecTBa A, HaXOAAIMXCS
B pacTBOpe, ¢ ydeToM HX cTexuoMerpuu. Hampumep, eciau B BOAHOI
dase Haxozsres coeunenus A, HA, MeA, MeA,, To

C, = [A] + [HA] + [MeA] + 2[MeA].

Koaddunuenr pacupeneseHust He ABIACTCA KOHCTaHTON, He3aBH-
cHMOIl OT KOHI[eHTpauud KOMIOHEeHTOB pacrsopa. Hampumep, D moxer
saBuceTs or pH BoxHoit ¢asH, KOHIeHTpamuu JUTaHAA M T.J. B OTIH-
Yue OT 3HaYeHusI KOHCTAHTH paclipefesIeHus .

Ecau BemectBo B 0oGeux (a3ax cKIOHHO K arperamuu WiIM acco-
IMAIMH, PaBHOBecHe paclpelesIeHNs MoXeT GHTbh BHPaXKeHO CJIeAylo-
M o6pa3om:

—
n(Am)B - m(An)opr’
TOTA

D= C’:(opr)/ CZ(B).

Jnsa npakTMYeckuX Heneil O4eHh BaKHa TaKasd XapaKTePUCTHKA
SKCTPaKOUM, KaK cTeNeHbh W3BJIeYeHMs R, mwiIu npomeHT 3KcTpaKki UM
BemectBa. CTeneHnr M3BJIeYEHHUS NpelcTaBiAeT coGoil MOAIO BelecTBa B
o6beMe VB BOAHON (asH, IKCTParUPyeMylo OOBEeMOM Vopr opraHuvec-

Kofi ¢a3el NpU 3aJaHHBIX YCJIOBUAX:

MeL ] D - 100%
R = ——"0CP" ., 100w
MeLn D + VB/ Vopr
e CMeL — HCcXORHAS KOHIEHTPAaUMs K’ MIUIeKca MeI,n B BOIHOIX

n
daze; VB u Vopr -—- o6BeMHBl BOIHOI U opranudeckoii ¢as.
Ilpu V. =V
B opr

D
R = ——0nn - 100%.
D+ 1
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Okcrpakuus uona meraiia Me*” B dopme xommnexca MeLn c
opranuvyeckuM pearenroM HI, onucrpaercsa cxemoii:
Me*" + n(HL), — (MeL,), . + nH".
Torza koHcTaHTa paBHOBecUs NPH SKCTPAKIMY K, pasha
_ [MeLn]opr [H*])"
“  [Me*") [HL]?

opr’

u kodpdunmuenr pacnpenenenus D npu SKerpakumu komiviekca Mel,
n
paccYnTHBAIOT 110 (opMyJie

_ MeL Topr _ K ,(MeL)) .
[Me* "], + [MeL ] [Me*T 37’
+ [MeL,] HH—[%I{EE”

ecau [MeLn]op lj[Me*"]B NpHHsATE PaBHHM K03QQUIMEHTY pachpenesne-
HuA D, To

[H*]"
Kzz D—————"-,

€. [HL]n
opr

OTKyna

(HL] ®
D=k ——7°%r

(7]

lgD = ngez + npH + nlg[HL]opr,

T.¢. IPU NOCTOSTHHON KOHUEeHTpaluu pearenra HL koaddunuent pacn-
pellefileHuMsA HOHA MeTalsla MeXJY NBYMS HecMeluMBarommumucs dasaMi
TemM Gospile, 4eM BHule pH pacreopa. 3asucumocts lgD or pH Bupaxa-
ercA TpsAMONt JUHMel ¢ HakIOHOM n. YBenuuenue pH Ha egununy B
NOZOGHEIX clyyasx NMoBHIIaeT 3¢ dekTHBHOCTL pacnpeneinenns B 10 pas
7151 ONHO3aPANHEIX HOHOB MeTamia, B 100 pas — mia ABYX3apALHELX, B
1000 pa3 — pns TpexsapALHHX, U T.X.

12.1. Pemrenne TumoBnix 3anay

Hpumep 12.1. IIpu 3KcTPaKuHOHHO-(OTOMETPHUYECKOM OIpeRese-
HUM TALIAJUA €ro IKCTPAardpoBalM B JUXJOpITal B (OpMe HUTPOH-
MOJUJIHOTO KOMIIJIeKCA TIPM paBeHcTBe OGBEMOB BOIHOI M OpraHMyec-
koii ¢as. Paccumrars kodsdduument pacmpemesenuss D u  cremens
SKCTpAKIAM R(%), ecnn ucxomnas xonuentpauus Pd?* B sommoit daze
I(Pd?*) = 2,6 mkr/cm3; wonuenrpamua Pd2* B mopmoi dase mocie

arcrpakuuu C(Pd) = 0,020 mxr/end.
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Pemenue

C(Pd 2,5 - 0,02
D= ( )°P” = = 124;
C(Pd), 0,02
C(Pd) 2,5 — 0,02 - 100%
R=—-2_ . 100% = = 99,2(%).
C(Pd), .. 2,5

Npumep 12.2. Honm MeTA/lla DKCTPArwpyioT M3 BOAHON a3kl

o6bemom 50 M3 ¢ kommentpanmeit C(Me*™) = 1076 moan/aM3 npu
pH = 7 B ¢opme xenara MeL,. O6bem pactopurens 10 cm3. Kon-

uenTpauua oprapmveckoro pearenta HL B pacrBopnrene C(HL)OPP =

= 10"* wmonn/am3. PaccumraTs KOHCTaHTY OSKcTpakmmm K o OCTIH
CcTeleHb U3BJICYEHNA METAJIa B OpraHmdeckyro ¢ady cocrasaser 40%.

P e m e H u e. DKcTpaklidA MeTa/lJIa B OpraHuMdecKyio ¢pasy omp-
CEIBACTCS paBHOBECHeM

Me? + 2(HL),,,, — (MeLy),,, + 2H",

opr
TOr/1a
_ [H*]2
er [HL]gpr
C akcrpaknun R paBHa
TElleHb IKCTP p D - 100%
D + VB/ Vop:j
TOorna [H‘.]i R VB[H + ] 2
{ =D = — . =
"“” [Hr,]gpr 100 — R Vopr[HL]gpr
40 50 - (1072)2
2 ( ) = 3,3 - 1076,

T 100 - 40 10 - (1074)F

12.2. KoBTpojsane BOOPOCH

1. B gem cymmocts Meroaa skcrpakmupm? Kakwe 3ajaum u menu
peuwaoTes ¢ MOMOIIBIO 3TOoro Merona? ,
2. Y1o rakoe KoHcTanTa pacnpepenenna (K D) pelifectea A7 Ot

KaKUX TTapaMeTpOB 3aBMCUT ee 3HadeHue”! ) ,
3. Yro Takoe ko3}pduunent pacrnpenenenns semecrsa A (D A)' ITo

kakoil ¢opmyne ero onpepensanr? OT KaKuX NTapaMeTPOB 3aBUCHT ero

3Hagenue?
4. OxapaktepusyilTe BeJIWYHHY CTelleHM W3BJIeYeHHS BellecTBa

A(R A)' B kakMx eUHHMIAX OHa BEIpaXaerTcsa?
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5. KakoBa cBA3B MexXiy cTemennio u3paedenus (R A) KOMIIOHEHTa
A u ero koadpdunnentom pacnpenenenus (D A)?

6. Hanmmure ypasuenwe 5kcTpakumu Merata Me*" B Qopme
xXenara MeLn ¢ oprannveckuM peareatom HL.

7. llpuBenuTe BHpaskeHNe KOHCTAHTH PaBHOBeCHs (Ku) Py 3KCT-
PaKIU¥ XejaaTa MeLn.
8. 3aBUcHT An BeTMYMHA Ku or pH cpeam u kakast mexnay HUMH

cBA3b7

9. llpusennTe rpaduueckywo 3asucumocrs lgD or pH.

10. HasopuTe opranmyeckume pacTBOpUTeNN, HanbOJIee YacTO HMc-
oJIp3yeMule B Merole IKCTPAKIMH.

il. HasoBuTe Tunm coepuieruit, B BuAe KOTOPHX KCTPATUPYIOTCA
noHH Metanios. [Ipusenure npumepnt.

12. B 4eM cyI(HOCTh KOJUYeCTBEHHEIX 3KCTPaKIHOitHO~(POTOMETPH-
YecKUX onpeneneHuit?

13. HasoBure mOCTOMHCTBA M HEAOCTATKU METOAA DKCTPAKIJMH.

12.3. 3agaun misA caMOCTOATENLHOTO PEMICHUS

1. llo npuwBeNeHHHIM 9SKCHEPUMEHTATHHEIM AAHHEIM pPaccuiTaTh
Ko3pbunuenT pacnipenenenus D [jiA HUTPOHUOMIMAHOrO KOMIJIeKca
naagus (NytH)o[Pdl,] npm ommoakrtsoit skcTpakuum, ecim o6beMit
BOJHCH ¥ opraHudeckoir ¢a3 OIMHAKOBHI. C(sz")vlcx — HCcXOmHas

KoHlenTpauus Pd?* B poanoit ¢ase; C’(sz")ml_l — KOHIleHTpaums Pd?*
B BOJ(HOI (pade mociIe 3KcTpakusu (KOHeuHast):

C(PdZ")”cx, mxr/emd 50 100 500 760

quZ*)KOH, mir/cm3 0,50 1,2 13,50 23,0

2. Jlna ycnopuil npeamaylleil 3ala4y PacCYATATh CTENeHb IKCT-
pakuuu Pd?* s guxnoparas. .

3. Paccumrats kooddumment pacnpemenenus (D) mas Pt2* s
¢opme nurponnopunnoro kommiexca (NytH),[Ptly] B guxnopsran mpu
|4

L= Vopr, eIyl 3KCHEPUMEHTATTBHO YCTAHOBJIEHO (0603HauyeHMsT cM. B

sagaye 1):
2+ 3
Pt )ucx’ MKI/cM 49 98 490
C(Pti?")KOH, mxr/em3 0,25 0,48 4,0

4. Ilns ycnoBuil npeampaynlel 3allauyd paccUMTaTh CTENCHbL 3KCT—
paknuu R.

5. Paccunrars kos¢p¢uunentn pacnpenesnenns D u cremens sKker-
pakuuu R (%) pomust 8 auxnoparan B GOpMe HUTPOHMOIMIHOIO KOMII-
JIeKca 1IPY paBeHCTBe OGHEMOB BOJHON M Opranmdyeckux ¢a3. B yenosu-
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X IKCTIepMMEeHTa NOJMYYeHH CJIeAylonue AaHHbIe:

QRh), - (vexopn.), mice/eud 51,5 206,0 515,0
C(Rh)BonH(nocne SKCTPAKIWN), MKT/CMS 1,3 6,5 29,0
C‘(Rh)opr(nocne BKCTpaKIwM), MKT/om? 50,2 199,5 486,0

6. PaccumraTe DpPOLEHT 3KCTPaKUMM MeTajia 43 BOmHOM asnl

o6nemoM 50 cM3 ¢ konuentpameir C(Me*™) = 1 - 1076 monn/aM® npu
pH = 8. B kauecrse akctparenra ucnoap3yor 20 cM® nuxsopsrtaHa c
KOHLEHTpanueil peareHra ?(HL) = 1075 monbs/am3. KoncranTa 3KCTPaK-
uyu xenara MeL, paena 3,3 - 1076

7. MoHn Meraiia SKcTpParupylioT M3 BOZHOTO pacTBOpa O6beMOM

100 cM3 ¢ konuenrpanumeit C(Me*™) = 1075 mons/am3 npu pH = 6 B
¢opme xenara Mel, ¢ nmomompro 10 cM3 opranuveckoro peareHnra c
KOHIleHTpanuei C(HL)opr = 1072 Mo/ amM® B x0podopme. Paccunrars

KOHCTAaHTY JKCTpaKIVHu I( ec/IM CTENEeHp U3BJICYEHUA MeTaJlJia cocTaB~
P er’ w

aser 70%. -
8. PaccumraTh KOHCTAHTYy OKCTPAaKUMHM MeTaia B OPTaHMYECKYIO
dasy, ecnu o6vem BomHoir Gasm 100 cM3, C(Me*™) = 1 - 1076

monb/nM3. O6BbeM AMXJIOpITaHA AJA OJHOAKTHON IKcTpakuuu 20 cmd,
KOHUEHTPAUNA OPTaHWYeCKOro pearenra B auxsopstaie C(HL) = 1 -
- 1074 monn/nmé. Crenenp sxcTpakumMy Metallna cocraiser 45%.

Traca 18

CTATUCTHUYECKASA OBPABOTKA PE3YJILTATOB
XIMHUYECKOI'O AHAJIN3A .

BaxueiiunMe xapakTepHCTHKAMU pe3yJIbTaTOB aHaJU3a ABJAIOTCS
PX BOCIIPOM3BOAYIMOCTD M NIPaBMJIBHOCTD.

TlpaBuabHOCTE — 3TO COOTBETCTBHE PeIy/IbTATA AHAIMIA MCTHHHO-
My 3HAYeHHIO CONEpKaHUsA ONpEEeNCHHOrO KoMnonenrta npoGw. Ilpa-
BHJILHOCTh Pe3y/ibTaTa aHaJIuW3a NPOGH Yalule BCero OLEHMBAIOT, COMOC-
TaBJIAIAL €ro ¢ pe3yJbTATOM aHaNN3a CTaHHapTHOro obpas3ia, GAM3KOro
N0 CBOMCTBAM M XMMHYECKOMY cocTaBy K npo6e. Meroasl Maremarudvec-
KO CTAaTUCTHKY He TO3EOJISIIOT OLEH!UTh NpPABHJBHOCTE pe3yJbTara
aHAJIU3a.

BocnpoussoauMocTs — 3TO NIOBTOPAEMOCTHh PE3yJhTaTOB aHAMIHN3a,
KOTOpas MOXET OBITEH OllcHeHa CTATHCTHYECKUMHU Meronamu. B ananmuru-
YeCcKOH XVIMMM /1A OLUEHKH BOCIPOM3BOAUMOCTH Pe3yJhTATOB aHAIN3a
OpH HeGONMBIIOM uMcie uaMepeHmii (n = 2 + 5) NOMB3YIOTCA CrEAAIb~
HO pa3paGOTaHHEIMM JJIS 3TOTO ciaydas Merogamu. Takme momumiu-
pOBaHHEIC METOAW 6a3MpYIOTCA Ha OCHOBHHIX NOHATHAX KJIACCHYECKOI
CTATHCTUKHU, C [OMOIIhI0O KOTOPHX BHIIIOJHSACTCA OLGHKa NPAMEIX paB-
HOTOUYHBIX M3MEpeHuil.

Husxe npuseneHH Hau6osee MpOCTHE M Yallle BCETO MCIONb3YEMbLe
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METOJEl OLEHKH pe3yirTaTOB aHadu3a. Iloapo6HO craTHCTHYECKMe
ACNeKTH AHATHTUYCCKONR XMMUM OCBEINEHH B CHELUaLHNX MOHOrpadu-
ax. Ilocne BumMONHeHMs aHain3a OOGKHYHO MPOMBBOLAT BHYMCICHHSA
CIIEAYIOUIMX CTATUCTHYECKHX BEIMYMH.

Cpennee apudpmernyeckoe 3HaueHUEe UBMEPAEMBIX BIMYMH T

_ Iy + 7, + 3 + . . . + Zn 1 n
z= =-X z,
n n i=1
rae n — YHCIO NapalJIeIBHEIX ONpeneseHuit, Z’, — HNPUTOAHRKIEC OJA

06pabOTKHM pe3ysibTaThl W3MepeHuil.
Cpennee apudmernueckoe 3Hadenne ABNAercA Hanbosiee GIMIKHM
K MCTHHHOMY 3HAYEHHUIO U3MepAeMOil BEeJIMYMHE OPH OTCYTCTBUU CUCTE-
MATHYECKOI NOTPelIHOCTH.
CranpaprHoe OTKJIOHeHHe SI-, aucnepcus (SI )2, koadpdpunuent
i i
BapHaluyM V XapakTepusylOT Cly4aliHyl0 NOTPELIHOCTh aHauu3a. I'pa-

HHULa, WIM Mepa, pa36poca OTAEIBHHX H3MEPEHMII OTHOCHTENBHO I
Ha3EIBACTCA KBAJIPATHYHON NOrPElIHOCTRI0 MM BHGOPOUHHM CTAHAAPT-
HbIM OTKJIOHEHMeM OTNEJIBbHOTO U3MepeHMA M onpeaeaserci mo ¢opmy-
ne:

OrHocuTeNnBHAA KBaJIpaTH4YHaA TIOrPeuIHOCTS, BRIpaxaeMas B

NPOLEHTaX OT CPeAHEro 3HAYEeHMA I, HasuBaeTcia Ko3QPUUMEHTOM
BapHalIu:

S

r

V=—"100(%).

T

Ksagpar cTranaaprHoro oTKIoOHeHUA (SI)2 — BHIGOPOYHAs JUCHEPCUA.
i

Cranpapraoe oTrioHeHue cpexnero peayabrara (W), nosepurens-
HBI WHTEPBaJ CPeHEro 3HaueHus (T + Az), BepoATHAA abCOMIOTHAs

IOTPEeIHOCTE OmpesieteRnA (Az) — BaXKHHE CTATHCTHYECKUE XADAKTE-
PMCTUKH, MCNOJb3yeMEIe B Pa3jJIMYHLEIX pacyeraX. BHUYMCAAIOT MX IO
dopmynam:

_ t ,- 8
W=5 [fn az=2t2 ¢
1 n
rue ta' o k03(pdunKeHT HOPMUPOBAHHHX OTKJIOHeHmit (kosdpdumment

CrerozienTa), 3aBMCHT OT YMcila cTemeHelr csoboam (f = n — 1) u nose-
PUTeNbHON BepPOATHOCTH (HajexkHOCTH) «a. 3HaueHua kodpduumenra
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t, # IPUBCICHE! B HIpusoxenuu II, Taba. 6. [Ina cepuilHuX onpemenennit

IOBEPUTENbHYIO BEPOATHOCTh NPUHUMAIOT paBHOi 0,95.
Co 3HaueHUEM JOBepUTEJIBHONl BEPOATHOCTHM CBA3aHa BEIUYUHA
ypoBHA 3HaunMocTH (f) CAEAYIOINM COOTHOIICHEM:

B=1—a.
TounocTe n3MepeHMs, BEIPAXKEHHYI0 B NPOICHTAX OT CPeIHero

3HAYGHMA I, HABHIBAIOT OTHOCUTENBHON NOFPEIIHOCTBIO NpAMOro n3mMe-
penusi

Az

T

Metonb MaTeMaTM4ecKONl CTATHCTHKYA TO3BOJAIOT ONPENIUTh
YUC/IO TApallJINIbHEIX W3MepeHuit n, Heo6XomuMoe [JA TOJyYeHUsA

CpeIHEero pesysbTaTa ¢ 3a/JaHHON TouHOCTBIO Ar. I aroro npexgsapu-
TEJIBHO BRIYMCJIAIOT CTAHIAPTHOE OTKJIOHeHMe S M3 HebOoJbIIoro 4ucja
usMepeHnii. 3aJal0TcA BIMYMHON n, BEIYHACHAIOT 3HaueHUe No popMmy-
Jae

t= AEﬁ/S

¥ CPaBHMBAIOT €r0 ¢ TabAUYHEIM 3HaYeHUeM ta,f .Ecam t 2 taf , TO

3aaHHOe YHCJO ;3MepeHMit n obecneumpaeT TouHocTh AX ¢ pmosepm-
TEeJILHON BEPOSITHOCTLIO Q.

Q-Kpurepuit. [Iposepka NpUrOMHOCTH IKCNEPUMCHTANBHEIX AAH-
HBEIX J7A O06pabOTKM MX METOHNaMP MAaTEeMATW4ecKON CTATHCTAKH C
OEJIBIO BRISIBJIGHNA M MCKIIIOYEHUS Tpy6GHIX NOTpEeHIHOCTel MpOU3BOmUT
csi ¢ nomompic (kpurepus. s 3TOro pesyipTaTH n MapaJLICIbHEIX
M3MEpeHUil pacnionaraloT B NOPSJKE BO3PACTAHMA MX YMCIACHHEIX 3Ha-
uenuit. COMHNTEIBHE NepBH ¥ Nocaenuuit (n-Hulit) pesynbrate. s
‘HUX BRIYMCJIAIOT 3HadeHwe (-KpuTepus Nno ciaenyromwum GopMmyiiam:

T — 11 e — I
n n - 1
Q':-——-—-—; Q":———-—-,
T —n T -1I

n n

Breiuncnennpte permunu @' # Q" comocTaBAAIOT ¢ TAGAMYHEIMU
3HAYCHUAMH Qa'; (cM. Hpuaoxenue II, tabn. 7). Ecanm BHYMCHEHHBIC

anadeHusa Q''u @' npepmuaoT TabAMYHOE 3HAYEHWE Q.. Q > Qa w
Q" > Qa ,» TO OTO CBAZETEIBCTBYET O HalM4ny rpy6oi NOTPeIHOCTH K

COOTBETCTBYIOLIVIC M3MEPEHMS CIeLyeT UCKIIOYNUTh, B IPOTUBHOM CIy-
qae, korga Q' < Qan wn Q" < Q, ,» Bce M3MepeHUs cienyer Npu-

HATH B pacyer.
Vemosue sHayamocrd nudp. lIpapmna suancienus. PesynbraThl
aHAJN3a JO/KHE! GHTh BHYUCIAEHH € TON e TOYHOCTBIO, YTO ¥ BEHIIOJ-
HeHHble maMepeHust. C 3TOl LENBIO IpM pacdeTe pesysbTaTOB BCET/a
COXPaHAIOT OAHY JNIIHICK HMPpPy IO cpaBHeHHIO ¢ 4ucioM nudp B
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KOHEYHOM pe3yspTaTe. B KOHeYHOM pesysbTaTe YHCJIO OKPYLAAIOT ©
NOCJIeHIOI JNMHAICIC TM(PY OTOGPACHBAIOT.

PeaynpTaT MamepeHMs ¥ NOTpemHOCTh CHHEAyeT BHIPAXKATH FUCIOM
€ OAVHAKOBHM KoJrdecTeoM mudp nocie sanaroit. [loatoMy mx oxpyr—
JAAIOT B OAMHAaKOBOil cremenn. Hanmpumep, npu ciloxeHus BEIYHCHAIOT
cenyomuM o6pa3om:

=152+ 0,08 + 3,7+ 2143 = 11,173 » 11,2 r.

Ipn yMHOXEHUMM W JeJIeHUN HaMMeHee TOUHEIM YWCJOM NOJaraioT
TO, KOTOpOe CONEpXHT HauMeHbIllee KOAMYecTBO sHadaumx mudp. To
Ke 9YNCIO HX CJIEAyeT OCTaBIATE M y pe3yibrara W3MepeHmil.
Hanpnwmep,

0,1290 - 35,45 - 100
r= = 59,54 r.
143,3 - 0,0536

Hanmenee TounmM umcesiom spiserca 3meck 00,0536, comepxkamee
Tp# 3Haqamue nudpr. CirenoBaTesNbHO, TPY 3HaYaiue GAPPH AOTKHE
6LiTh ¥ y pe3yiibTaTa aHaNu3a, t.e. 59,5 I.

PesynbTaTh u3sMepeHMiAl WM aHaIu3a ¢ NOTPEIIHOCTHIO CIAELYET
BHIpaXaTh YNCJAaMU C OXMHAKOBHM KOJMYEcTBOM HU(p NOCHe 3alsAToill,
Hanpumep: 10,9 + 2,2%; 34,28 + 0,07%; 786 + 14 mr/mm3; 0,34 + 0,02%;
0,006 £ 0,001%.

13.1. KoBTpONsHKe BOIPOCH

1. Tlpupemnte KnaccuPUKAMIO NOrpelIHOCTe W3MEpeHM IO
criocoby MX BHpPaXKEHUA.

2. Ilpusexmre Knaccudpukaumio norpemHocTell w3MepeHM 1O
XapaKTepy BHIBHIBAIOIIUX UX NPUYTH.

Kak 3aBmcnT oTHOCMTENBHAS NMOTPEINHOCTH W3MEpeHNA o6beMa
1o 610peTKe OT BEIMYNHH N3MepsieMoro o6neMa?

4. Kak 3aBNCAT OTHOCHTEIbHAA NOTPEUIHOCTL B3BEIUMBAHWA Ha
aHWINTHYECKUX BecaX OT BJIMYNHE HaBECKH?

5. Uro Takoe cpemHee apudmerHyecKOe 3HaYeHVe W3MEPAEMOIl
BEJIMYMHEI?

6. Kakumn npuymHaMp BH3BaHH cUCTEMaTHYecKne, cIydaliHEe n
rpybue norpemuocta?

7. Yro Takoe NpPaBMJIPHOCTE U BOCHPOM3BOLUMOCTh JKCICPUMEH-
TAJIBHEIX JAHHEIX?

8. Kakmmu cmoco6aMm MOXKHO YMEHBIINTh CHCTEMATHYECKYIO NO-
TPellHOCTh: THUTPOBAHWA, B3BEIUMBAHUA, OCAKIACHMA W IIPOMEIBAHUA
OC8/IKOB, KaTMOpOBaHUA MEpHO Nocyar?

9. Kakmmuu craTHCTMYeCKMMHM XapPaKTEPUCTHKAMM ONpeIeIAeTcs
caydaitHas norpemHsocTs?

10. Yro Takoe craHnapTHOE OTKJIOHEHHE OTAEIBHOTO M3MepeHusn?

11. Yro rakoe koaddunuent sapuaumu?

12. B xakux cayvasax xoaddulienT papnauuu HCHOTB3yeTcA A
XapaKTePUCTHKY CAYYaiiHOl morpemHocTH?

13. Kakme cTaTHCcTUYeCcKHEe XapaKTePUCTHKM WCHOIB3IYIOTCA M
OIlEHKY TOYHOCTH pesysibTaTa aHaIn3a?

179



14. Yrc xapaxrepnsyer k03dpPUUMEHT HOPMUPOBAHHHIX OTKJIOHE-
i (xoapdunyent CTRIOXEHTA); OT KAKUX (HAKTOPOB OH 3aBHCHT!

15. Yemy paBHa HOBepUTENBHAA BEPOATHOCTH (HANEKHOCTB) IJIA
PUITHEIX OnpeneneHuii?

16. Yo Takoe ypoBeHEL 3HAYMMOCTH U KaK OH CBA3AH ¢ BETHYUHON
)BEPUTEIRHONH BEPOATHOCTUT

17. Kak 3anucaTh BRID&XEHHE JOBEDPUTEIBHOTO MHTEPBATA M YTO
I XapaKTepusyer?

18. Kax ¢ momomplo kpurepus CTHIONEHTa MOXHO YCTAHOBUTH
CIO MapalIeJIbHEIX U3MepeHUl, HeOOGXOMUMEIX IJISL MOJYyYeHUS cpef-
3rO pe3yabTaTa ¢ 3aJJaHHOH TOYHOCTHIO?

19. Kaxue MeTo[H BHIABIEHMs IPYOHIX IIOTPENIHOCTEH HCIONB3Y-
ITCA B MATEMAaTHYecKOil craThcThKe?

20. Yro rarkoe @xpuTepuil, OT KaKuX (HAKTOPOB OH 3aBUCHT?

21. Kax, none3ysack (FkpurepueM, MOXHO OGHApYXUTh TIpyChle
OorpemrHocTu? :

22. Yro Takoe pa3Max BapbUPOBARUAT

23. Kaxue npaBwra BHYMCJICHMII cJlenyeT cOGIIONaTh, YTOOH
'OYHOCTH BRIYMCJIEHUI{ COOTBETCTBOBAIAa TOYHOCTH U3MEpEeHMIT?

24. Kak Mcnone3yroTcs METO/IH MATeMATUYECKON CTATHCTUKM IS
IPOBEPKU 3HAYMMOCTH PAa3JIMMUN MEXAY NapaIJIbHEIMU aHAIU3aMu?

13.2. 3anaum Ay caMOCTOATEIHHOTO PeMIeHIA

1. Tpu anukBorsbie yactu pactsopa NayCOj mo 15,00 M8 kaxnmas
orrutpoBaRn pacrBopoM HCl. Ha TurpoBanme 6mso uapacxomgoBaHO
coorserctBenno 20,05; 20,12; 20,10 cm® HCL Bwuucnurs rpaHMps!
JIOBEPUTEJIBHOTO MHTEPBAla cpexHero 3Hauvenus obvema HCl npu no-
BepHUTENRHON BepositHOcTH o = 0,95, :

2. Yernipe amuxBoTHHE yactu pactBopa NayCoO4 mo 10,00 cm3
Kaxgasi OTTuTpoBaHH pactBopoM KMnO4. Ha turpoBanme mspacxozmo-
BaHO cooteercTBenHO 15,25; 15,05; 15,00; 15,15 cM3 KMnO,. Ouenurs
1m0 (FKPUTEPUIO IPUrOAHOCTL PE3YJILTATOB THTPOBAHMA IUIA CTATHCTU-
geckOM o06paboTku. [InA NpPUrOAHHX MAHHHX BHYMCAMTE TPAHUIE
JOBEPUTEJIEHOTO MHTepBala cpegHero o6vema KMnQ4 npu momepurens-
HO#t BepoATHoctH a = 0,95.

3. B uernpex napanmensHux npobax pacrsopa NHCl onpenenenst
crenyrone 3HaveHus Maccl NHy (I; rpammax): 0,1065; 0,1082; 0,1074;
0,1090. BuryucsauTs rpaHunB JOBEPUTETLHOTO MATEpBaia MaccH NHj u
OTHOCHUTEJBHYIO TNOTPENTHOCTh U3MEPEHUS MAacCH IPU JIOBEPUTEILHOI
BeposaTHOocTH o = 0,95.

4. B Tpex mapalrenbHHEX Hpobax comu Mopa nepMaHTraHATOMETPU-
4YeCKUM MeTozoM omnpesenena Maccoad pois FeO (s %): 17,75; 17,95;
18,05. Onpenmesinth TrpaHUNB [JOBEPUTEIRHOTO HHTEpBaJa MAacCOBOI
aomi FeO npu momepurensHoit BeposTHOCTH o = 0,95 M OTHOCHTENH-
HYIO NOTPEITHOCTh U3Mepenus MaccoBoii mgoau FeO.

5. Ilpu crammaprusanuu pacrsopa KMnQO, no nasecke Na,C,04
IUKBOTHEIE YAacTH HAaBECKU GHJIN OTTUTPOBaHH pactBopoM KMnO,. Ha
TUTPOBaHMe wu3pacxogoBano: 14,50; 15,00; 15,10; 15,05; 14,95 cm3
KMnO,. ©uenure no Q-KpuTepuio MPUTOXHOCTH MOJYYEHHHKIX DPE3yJIb-
TATOB JWIA CTATHCTHYECKON 06paborku. [l NPUTOAHEIX NaHHEIX ONpe-
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IesuTe rPaHNNE JOBEPUTEILHOIO MHTEPBATIA CPEXHEro 3HaYeHusA o06ne—
Ma KMnO4 u oTHOCHMTeNnHy:0 mOrpelIHOCTb M3MepeHus O6heMa Ipy
IOBepUTENbHOM BepoaTHOcTH a = 0,95.

6. Ha TurpoBanme Tpex mnapaIesIbHHX npo6 pacTBopa HPO,
saTpayeno 10,05; 10,10; 10,03 cm? pactBopa NaOH. Onpesnenuts rpanu-
LIH JOBEpUTEJIBHOrO WHTEpBaJa CpelHEro 3HayeHUSA OOBLeMa pacTBOpa
NaOH ¥ OTHOCHTE/IBHYIO NOTPEITHOCTL W3MEPEHUA 06TeMa IpH JOBEpH-
TeJIbHOM BepoATHOCTH o = 0,95 u oy = 0,75.

7. B Tpex mapannensHeIx mpobax pacTBOpa, CONEPHALIErO cMech
NaOH u NayCOs;, nmo pesynnraram TurpoBanus mux pacrBopom HCI
BHIYMcJIeHa OOLNas INENOYHOCTh, KoTopadA cocrabiser: 0,3100; 0,3075;
0,3095 r NayO. Onpemeauts rpaHunB JOBEPUTEJLHOTO HHTEpBAJIa
cpentero 3HauyeHus Mmaccel Na,O u BeJIMYMHY OTHOCHTENIBHON LOrpemi—
Hoc'rg uamepenua Macchl Na,O mpM JOBepUTENLHO! BEPOATHOCTH & =
= 0,95.

8. Ilpu crangaprusaumu pacrsopa Na,S,0; no masecke K,Cr,O7
Ha TUTpOBaHUe [, BEIjenUBIICrOCA IpH B3aUMOMEHACTBHU ATHKBOTHOI
vactu HaBecku KyCr,0O7 ¢ KI B kuenoit cpenme, uapacxomosano 12,45;
12,75; 12,80; 12,90; 12,70 cM3 pacreopa NayS,03. Ouenurs pesynbraThl
TUTPOBAaHUA NO (KpuTepuio. BHYMCIUTL TPaHUNE J[OBEPUTEILHOTO
UHTEPBANA CPEHMHErO 3HadeHusa obneMa NayS,03.

9. B rpex mapaniesbHEIX NPOGAX COJHM MEOM HOJOMETPUYecKUM
MeronoM obHapy:xeHa Macca memu: 12,39; 12,85; 12,68 mr. Briuucaure
TPaHUIBl [IOBEPUTELHOIO WHTEPBAJIA CPEJAHEro 3HAYCHUA MaccH Menu
U OTHOCUTEIBLHYIO NOTPEHIHOCTh U3MEPEHUA MaccH NPU JOBEPHTEILHON
BepositHocTd o = (,95.

10. B uernlpex aJuKBOTAX pacTBOPa MOAOMETPUYECKUM METOIOM
onpenenena Macca As;Ojz: 0,1270; 0,1289; 0,1282 r. Buuucaurs rparmu-
IIH OBEPUTEJIBHOTO MATEPBATA cpeaHero 3HadeHus Macch As;Og mpu a
= 0,95 ¥ OTHOCHTEIBHYIO NOTPEUTHOCTL aHATH3A.

11. B rpex napamensnux npobax obpasma cramu (oTOMeTpHYec-
KM METOZ[OM OMNpeJleJIeHa MaccoBas mons xpoma: 1,15; 1,18; 1,07%.
Briuncnute TpaHMUIB JHOBEPUTEALHOTO HHTEPBA/a CPEHETO 3HaYeHHA
MaccOBOM aoau xpoma B cramu npu o = 0,95 u orHOCcHTEeNBbHYIO nor-
PEIIHOCTh aHAJIN3A.

12. Ilpu onpepenenuu maccosoit gomu TiQ, B Munepate ¢poromer-
PUYECKUM METOAOM JJiA YeThpex NapalyIeIbHEX Npo6 MUHepaia IOIy-
YeHH cJIeayiolye pe3yasraThl ananusa: 8,40; 8,25; 8,32; 8,46%. Brruuc-
JIUTh JOBEPUTEJIBHHE TPAHMIL CPEJHErc 3HAYEHHS MAcCOBOH J[OJIH
TiO; npu a = 0,95 ¥ OTHOCUTENILHYIO NOTPEIIHOCTh AHATH3A.

13. Ilo pe3ynbTaraM NOTEHIMOMETPUYECKOTO TUTPOBAHUS B YETHI-
pex MapalaeJBHHX NMpobaxX cTaldl ONpeHesIeHa MaccOBas A0S XPOMa:
7,70; 7,55; 7,48; 7,64%. HailTu rpaHunB HOBEPUTETHLHOTO HHTEPBAIA
CPeJIHETO 3HAUYEHUA MAacCOBOH Joiau xpoMa B craiu (o = 0,95) u BeHMC-
JIMTH OTHOCUTENLHYIO MOTPEHIHOCTh AHAIH3A.

14. B 7rpex mapanmnesnHHX o06pasuax craiu ¢GOTOMETPUYECKIM
METOIOM OIpeJieJieHa MaccOBasi aons Mapraunma: 1,13; 1,15; 1,08%.
BeruucnuTs poBepuUTeNnHBlE TPaHUIBl CPEJHEr0 3HAYEHUA MacCOBOM
nonu Mn B cranu (@ = 0,95) ¥ OTHOCHTETBHYIO TIOTPENIHOCThL AHATU3A.

15. Ouennts no Q-KpPUTEPUIO NPUTOAHOCT JJIA CTATHCTHYECKON
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06paboTKM pe3ysbTaToB ABYX BHGOpok: a) 41,37; 41,61; 41,84; 41,70; 6)
7,3000; 7,284; 7,38; 7,292.

16. Buuncmre umc/0 napajTesbHEIX ONpeNeseHHit n, YTOOH IpH
onpezenenun 4% Ni B cTalu NOTPElTHOCTL PE3Y/IBTATa HE NPEBHIIIANA +
+ 0,1% npu o = 0,95, koagpPuumenT Bapuanuu Merona cocrasiser 2%.

17. CronbKO NMapa/leJIbHBX H3MEpeHHUt HeO6XOIUMO BHIIOIHUTD,
uT06n Tpu onpenenenuu 18,5 Mxr/cm3 Fe B qusennroM TomiauBe aToM-
HO-ab6CcOpONMOHHEIM METOJIOM IIOTPEUIHOCTh pe3yJIbTATAa COCTABJIANa *
+ 2,09 MKr/cM3 npu koaduumenrax sapuamuu meroga V = 10%; o =
= 0,95.

18. ATOoMHO-a6cOp6INONHEI AHAIM3 AU3ENBHOrO TOINJIWBA TOKa-
3aJ, 4TO comepxkanue Menu B HeM 8,53 mrr/cm3. Ckombko nmapasimennb-
HEIX ONBITOB HEOO6XONMMO BHINOJHUTB, YTOOH HOMYYUTHb IOrpemiHOCThb
anami3a * 0,5 mMxr/emd mpu V = 5%, o = 0,90.

19. Ilpu ompenmesenMu COmEpXKAHUA TENaypa B YeTHpexX Napair-
JIIBHHX Npo6ax cTOYHON BOAK CHEKTPOJPOTOMETPHYECKMM METOHOM B
BuJle MOOUJIHOIO KOMIUIeKca INOJNYYeHH CcJeJlyoluue pesyabraTh: 6,0;
10,0; 7,0 u 9,0 Mrr/nM3. BauncauTs rpanuns HOBepUTENLHOrO MHTEP~
BaJla CpeJHEro 3HaYEeHHA CONEpPKAHUA TEJIIypa M OTHOCHUTENLHYIO MOT—
PeLIHOCTH ONpeesIeHH .

20. Anamns Tpex npob MeHO~HUKEJIEeBOro CrJjIaBa
cneKTpoPOoTOMETpHUYECKMM  METONOM  HAN  cjeiylolie 3HAYeHUS
MmaccoBoit . gosm  kesesa:  0,090; 0,095 0,103%. Bruucaurs
OTHOCHUTEJIBHYIO HOTPEIIHOCTh ONpEeHNeIeHUs.

21. B Tpex maBeckax NErMPOBAHHONR cTamu cneKTpodoToMeTpudec—
KUM METOINOM ONpeAeIAIN BaHaAUNi ¢ AUMXJIOpXPOMOTPOIIOBOM KHCJIOTOM
(IXXK). Honyuenn crenyroomme pesyabrat: 0,54; 0,48; 0,45%. Bu-
YUCJHUTh CTAHAAPTHOE OTKIOHEHUe Sz U TPaHUIE A OBEPUTEIBLHOTO

HMHTepBajla CPEeIHEro 3HAYEHUA MAcCcOBOH JIOJM BaHAJUA.

22. llpu ompenenenun MaccoBOl JOMM XpOMa CIEKTpOGOTOMETpU-
yeckuM Meromom c¢ JudenmnkapbasunoMm (JI®K) B Tpex nameckax
JICTMDOBAHHON cTAlIM MOJyYeHH CcJeAyiolque pesyabrars: 1,66; 1,72;
1,75%. BrumciuTh OTHOCHTENIBHYIO OTPENIHOCTh ONpeeTeHHA.

23. 1lpm crampnaprusanum ogmoro M Toro ke pacrsopa HCl mo
naBecke Na,COj TpeMs cTy/eHTaMH NOMYYEHH CIEAYIOIIMe Pe3yJIbTaThl
8}40115 am3): 1) 0,1005; 0,1008; 0,1010; 0,1006; 2) 0,0995; 0,0996;

,0990; 0,0992; 3) 0,1000; 0,0998; 0,0997; 0,1002.

Bruucouts craHmapTHOE OTKIIOHEHNE €QUHUYHOTO ONpeIefIeHHUA U
JOBepUTEILHBI UHTEPBAJ CPEIHEro 3HaueHus 1iaa « = 0,95.

24. Ilpn onpenenenuu cynbdaT-MOHa B cyXOM 06pasie rpaBUMeT-
pHUYECKUM MEeTOIOM IOJYYeHH CJAeAYIoLe 3HAYEHUA MacCcOBOH HOMH
SO; (%): 45,51; 45,45; 45,57; 46,15. Conmepxkar 11 pe3ynbTaTH aHaIU3a
rpy6yi0 norpemsoctb?

25. Ilpu uamepenun pH pacTBOpa mosydenw ciexyiomue 3nade-
nus: 8,48; 8,55; 8,20; 8,40. Ompemenuth, copepkar JM pe3yIbTATH
U3MepeHUit TpyOyI0 NOrpeiHoCTS.

OTBETBI K 3ATAYAM /11 CAMOCTOATENBHOIO PEMIEHUS

K 1aaee 2

1127, 212,47, 31,0 41,3 5 11 6 12,95 7.130. & 1,0. 9. 1,7. 10.
07. 11. 2,1 12 50. 13 29 14.324. 15 11,03. 16 567. 17. 55 18 9,47. 19.
4,27. 20.23. 21. 888 22 512. 23. 11,15, 24.9,27. 25.10,1. 26. 7,42. 27. 11,66.
28.9,67. 29.9,19. 30.7. 31 12,5. 32 10,26. 33. 9,99. 34. 12,80. 35. 8,37. 36. 9,36
Mr. 37. 209 cmM%. 38, 9,06, 39. 10,80. 40. 2,1 r. 4L 9,92 cM3. 42 859 r. 43. 5,69.
44. 3,55. 45 5,76. 46. 9,41. 47. 8,53. 48 10,57. 49. 11,30. 50. 8,24. 51. 3,12. 52
4,13. 53. 8,53. '

K 1rage 8

L 1,74 - 10710, 2.62 - 105 338109 433 10738, 5 25 + 10718,
657 104 7.16 - 108 838 - 1077 9 1,25 - 10710 10.2,3 - 1079 1L
1310720, 12,14 - 108 13.a) 1,4 - 1073 6) 19,8 - 104 B) 89 - 102 14.
314 + 1072 r/amd. 15. 6,5 + 1075 monn/aMd. 16, 0,038 r/aM3. 17. 0,3 r/aM3. 18. B
747 pa3 6es yuera xoddduUMEHTa aKTUBHOCTH M B 280 pa3 ¢ yueToM KodpduumenTa
ax-TuBHOCTH, - 19. 2,23 + 10™% Monb/am3. 20. TosbicuTes B 208 pa3. 2l. Ilosbicurca B
11 pasa. 22. Tlosbicurcs B 2,2 pasa. 23 a) 0,08; 6) 0,75 8) 0,15 r) 6,3; a) 0,1
24. 0,28, 25. 1,05 - 1074 Monb/am3; B 1,4 pasa. 26. 6,5 * 1074 mons/am3; B 1,54
pasa. 27. B 1,5 pasa. 28 B 1,26 pasa  29. 6,7 + 1072 r/cm3; 4,4 - 1074 monn/amd.
3. B 1,4 pasa. 31 1,26 + 1074 moms/aM3. 32 1,4 - 10741 33 1,6 + 1075 maonm.
3. 187 - 101 . 35 6 - 102 mom/umd. 36 36 - 1074 . 37,83 - 10718
monb/amd, 38 2,2 + 1078 monn/am3. 39. 2,28 + 1078 monb/nM3 (cepebpo); 7,5 + 1073

Monb/aM® (xpom). 40. 3,6 + 1070 monb/aMd (Mn2*); 5 -+ 1078 momb/m3 (cog'). 41.
5 « 10710 monn/am3.

K 1raee 4

36. 4,9 + 1015 37.3,0 - 10%5. 38 3,29. 39. 34 - 10ll, 40. 2,0 - 105, 4L
16 ¢ 108L 42 2,6 + 1021 43.2,0 - 109 44.7,2 - 1025. 45.35 - 1026, 46.85 -
+ 107, 47. 1,1 - 1051 48 4,4 - 1018, 49.35 - 1012, 50. 3,0 - 1034, 51 2,0 -
* 10125 52.2,8 - 1013, 53 38 - 1077. 54.25 - 1015, 55 36 - 1015. 56 5,0 -
- 10161 57.1,0 - 10186 58 1,0 - 10231, 59. 1,0 - 10227, 60.1 - 10118, 61. 45 -
- 1016, 62 5,0 - 1022, 63. 2,5 *+ 1023,

K 1rage 5

1. Kouuentpaunu, mons/am3: [2n2*] = 3,04 + 1075 [Zn(NHg)2'] = 1,42 - 107%;
[Zn(NHa)%‘*] & 7,86 ¢+ 1074 [Zn(NHg)3'] = 4,98 + 1073 [Zn(NH)3*] = 1,4 + 1072
2. Konuentpauum, moms/mm3: [Cd2Y] = 1,17 - 1079; [CA(CN)g] = 6,44 - 1074
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[Cd(CN)z'] & 0,1 mons/am3. 3. 14 ¢ 107 moms/am8. 4. Konuewrpauum, MOJIb/nM;’:'

[Hg2*] = 1,48 - 10728; [Hgl3] = 59 + 1074 [HglZ] » 0,01. 5.4 - 1074 mons/am3.

6. 55 + 1071 monn/am3. 7. 1,48 ¢ 10724 monp/aM3. & 7,4 ¢+ 1077 monms/aM3. 9. 5,4 -
+ 1076 mons/am3. 10. 6 + 10723 monp/am3. 1L 2,8 ¢ 1075 mons/amd. 120 9 - 10712
Mons/am3, 13. 0,076 monb/aMS. 14. 1,31 M. 15. 0,13 M. 16. 2,45 + 1074 mons/nmS3.
17. Ocanok Bbinajaer. 18 1,1 Monb/nM?.

K 1ease 6

1.03313r. 22031 3.0735r. 4.0,5680r. 5. m =219+ 274r. 6 0,15 .
7. 0,6158 r. 8 4,3126 r. 9. 0,2380 r. 10. 10,40 cm3. 11. 0,6 cM3. 12. 0,664 r. 13.
7,54 cM3. 14. 05 cM3. 15. 10 eM3 16. 1,2 em3. 17, 1,6 cm3. 18 60 3. 19. 8,5 cm3.
20. 0,0005 r. 21. 0,00003 r. 22 0,01%. 23. 0,004%. 24. 74 - 1074, 25. 2,6 + 1075,

26. m(Ca0) = 2,6 + 1075 r; m(CaSO4) = 6,3 - 105 r. 27. ((POJ") = 7,1 - 1077

mors/nM3,  28. 33. 29. B 17,8 pasa. 30. 0,00182 r. 3L 0,27%. 32 B 208 pas. 33
3,4%. 34.0,06 r. 35.0,0004 r. 36 0,003%. 37.8 * 1073 mons/nm3. 38. IpoMbiaTh
Henbast. 39, 0,035%. 40. 0,0364 r. 41. 2,17%. 42. 10,64% Na0; 7,11% K20. 43
0,2010 r (Fe); 0,7199 r Fex(SO4)3. 44. 1,67% Ti; 2,49% Fe; 18,30% Al 45. 0,421% S
46. 0,04684 r. 47. 1,94%. 48. 10,33%. 49. 7,68%. 50. 0,1306 r. 51. 36,85% Cu; 4,88%
Sn; 58,28% Zn. 52. 29,10%. 53. 95,96%. 54. 1,29% Zn; 0,78% Ti: 55. 15,03% Cr. 56.
1,01% Cu. 57 3,96%. 58. 84,16% CaCOg; 2,48% MgC03 59. 7,54%. 60. ¥ 22 cm3.
61. & 130 cm3.

K 1aage 7

1 1) f =1, M(HNOg) = 63,01 r/mons; 2) f = 1; M(NaOH) = 40 r/moms; 3)
f =1, M(NHj3) = 17,01 r/mons; 4) f = 1/2; M(1/2 HySO4) = 49,07 r/mons; 5) f =
= 1/2; M(1/2 NagB4O7 - 10 Hp0) = 190,68 r/moms ; 8) f = 1; M(KHSQ4) = 1362
r/mons; 7) f = 1/2; M(1/2 NapCOg) = 52,99 r/Moms; 8) f = 1; M(NaHCO3) = 84,01
r/mome; 9) f = = 1/2; M(1/2 K20) = 47,1 r/mons; 10) f = 1/2; M(1/2 N2Og) =
= 54,01 r/mons; 11) f = 1/2; M(1/2 HaC;04) = 45,02 r/mons; 12) f = 1/2; M(1/2
SO2) = 40,03 r/moms; 13) f = 1/2; M(1/2 Ba(OH)z) = 85,67 r/mams; 14) f = 1/3;
M(1/3 HaPO4) = 32,66 r/mons; 15) f = 1/2; M(1/2 HyCO3) = 31,01 r/mons. 2.
n(HCl) = 0,06463 Mons. 3. n(HNOg) = 0,1000 mMons. 4. n(1/2 NagB4O7 * 10 Hz0) =
= 0,1001 mone. 5. n(HClI) = 0,007133 Mons. 6. n(NaOH) = 0,1049 moms. 7.
n(HNO3) = 0,1000 Mosin. 8. n(HCI) = 0,09998 Mons. 9. n(HNQg) = 0,142 mons. 10.
n(KOH) = 0,01000 mans. 11. n(NaOH) = 0,1000 Momb. 12 C(NaZCO:;) = 0,1000
mon/am3; C(1/2 NaZCO3) = 0,2000 moms/nm3; T = 0,005300 rf 3. 13. ({HCO4) =
= 0,0500 moms/amd; C(1/2 HoSO4) = 0,1000 Moms/nmd. 14. T(HNO3/Ca0)
= 0,002803 r/cm3. 15, C(HCl) = 0,2002 mons/nm®; T(HCI/Naz0Q) = 0,006248 r/cm3.
16. m(NaOH) = 4,00 r. 17. m(NapCOg) = 5,3000 r. 18 m(NaB4O7 * 10 H0) =
= 19,0685 r. 19. WHCI) = 32,5 cM3. 20. WHNOg) = 163 cm3. 2L WH3S804) = 121
emd. 22 VHCI) = 10,5 cm3. 23 WHNOg) = 21,5 cM3. 24, W(H3S04) = 20 oM3.
25. lo 2,000 am3. 26. Jo 4,99 amd. 27. 4,50 amd. 28, 2,00 am3.  29. Jlo 5,00 am®.
30. VHCI) = 27,78 cM3. 31 WCH3COOH) = 62,5 em3. 32 WHNOg) = 8,11 cM3.
33. VH;S04) = 0,45 am3. 34. WNaOH) = 125 cMd.

3. C(HNOg) = 0,230l M. 36 C(HCI) = 02000 M. 37. T(NaOH)
= 0,004800 r/cmd. 38 T(HCl) = 0,04375 r/em®.  39. T(HNOg) = 0,004201 r/em3;
C(HNOg) = 0,06667 M. 40. C(1/2 NapCOg) = 0,04001 mons/am3; CTHCl) = 0,04082
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M. 4L ((1/2 6ypwr) = 0,01633 mom/am3; CYHCI) = 01675 M. 42 C(1/2
Ba(OH);) = 0,15 Monb/nMa I(Ba(OH)g) = 0,01285 r/cm®.  43. C{CH3COOH) = 0,12
M. T(CH3COOH) = 0,007205 r/cm3. 44. m(HNO3) = 0,7955 r. 45. m(NayCO3) =

= 0,08430 r. 46. W{NayCO3) = 53,39%. 47. W{Nay0) = 30,89%. 48. 68,56%. 49.
W{CH3COOH) = 95,12%. 50. 6,71%. 51 2844 r/momb. 52. WKOH) = 0,58 cm3.
53. 0,27%. 54. 3,28%. 55. VC;HsOH) = 120,1 eM3. 56. V(NaOH) = 0,87 cm8. 57.
9,205 r. 58 37,6%.

59. m(NH3) = 29,45 mMr. 60. W{HNO3) = 71,69%. 61. W[NazCO3) = 76,42%.
62. 0,5555 M. 63. W{(NH3) = 44,79%. 64. m(CaCOg) = 404,3 Mr. 65. W(N20s) =
= 43,57%. 66. 204,4 mr. 67. W{NH3) = 19,70%. 68 W{(N) = 8,86%. 69. a) 1,8; 6)
7, 8) 12,8. 70. 8) 1,7; 6) 2; B) 4. 74. a) 6 6) 9; 8) 11. 75. a) 9,3; 6) 9,9; 8) 5,1.

76. OH—-oum6bka; 0,2%. 77. H-oumbka; 2,0%. 78 H-oumbka; 0,02%. 79.
H-oum6ka; 3,16%; 80. OH-owmbka; 2,0%. 81. H-owmbka; 0,01%. 82. Her. 83. Jla. 84.
Her. 85. Her. 86. Her. 87. Her. 88. OH-owmbka; 0,2%. 89. HA-owmbka; 0,57%.
90. H-ownbka; 0,075%.

9L 1) n(FeS04) = 0,659 mmoms; 2) n(1/3 HNOg) = 4,76 mmons; 3) n(HNOj3) =
= 1,585 Mmons; 4) n(1/2 Hp05) = 5,90 mmoms; 5) n{1/5 KMnO4) = 3,17 Mmonb; 6)
n(1/3 KMnOyg) = 1,91 mmoms; 7) n(1/6 KpCr07) = 2,11 Mmons; 8) n(NazS;03)
= 0,632 Mmons; 9) n(CuCly) = 0,745 MMons; 10) n(1/4 Asp0g) = 2,07 mmoms; 11)
n(1/2 NagAsO4) = 0,966 mmons; 12) n(1/2 I3) = 0,790 Mmmons; 13) n(1/2 Ip) =
= 0,790 mmonb; 14) n(1/2 HaC204) = 2,23 mMoms; 15) n(1/2 SO2) = 3,13 MMoTE; 16)
n(1/2 V305) = 1,10 mMmons.

92. m(KMnO4) = 39,405 r. 93. m(KMnOy) = 5759 r. B, m(KMno4) =
261,5 r. 95. m(KMnO4) = 52,80 r. 96. m(KMnO,) = 41,31 r.  97. UKMnOy) =
28,74 cM3. 98 V[KMnO,) = 5558 cm3. 99. WH,0) = 303,8 em3. 100. WKMnOy)
6,64 cM%. 101 V(Na2pSp03 * 5 Hp0) = 1,26 am3. 102. m(NagS;03 - 5 Fip0) =
40,00 r. 103. m(NapS03 * 5 Hp0) = 50,00 r. 104. m(NaSz03 - 5.-M30) =
620,45 r. 105. m(Iy) = 203,04 r. 106. m(Iy) = 15,83 r.

107. V = 250 cM3. 108. W(Fe) = 48,28%. 109. WKMnO,) = 20,62 cm3. 110,
W(Fe) = 70,01%. 111. W{Fe) = 48,30%. 112. W(H;Cy04 * 2 Hy0) = 98,58%. 113.
W(NaNOg) = 92,20%. 114. W{(H;0;) = 45,93%. 115. KMnO4) = 29,50 cM3. 116
W(Fe0204) = 95,61%. 117. W(Sb) = 26,03%. 118 W(Fe;0O3) = 18,06%. 119. V =
=250 cv¥. 120, W = 50,23%. 121 W(CHsOH) = 0,169%. 122 WHOQOH) =
= 0,59%; obpasey e coorsercrsyer TY. 123. W(CrOz) = 7359%. 124 {(Cr) =
= 1,37%. 125. W(Ce¢Hs0H) = 94,75%. 126. W{CgHsOH) = 87,86%. 127. 153' 128.
34,47%.

129. 1) 1,415 B; 2) 0,355 B; 3) 1,427 B; 4) 0,811 B; 5) 0,516 B; 6) 054 B; 7)
0,096 B; 130. 0,32 B. 131 0,015 B. 132 1,37 B. 133 0,550 B. 134. IloTenupman
aneKkTpofia ymenswmrcsa Ha 0,547 B. 135. 0,358 B. 136. 1,99 B. 137. 0,385 B. 138.
1,65 B. 139. E = 1,57 B; noreHunan noHnsnrca Ha 0,08 B.

140. m(KCN) = 3444 mr. 141 W(Ag) = 85,58%. 142 m(KCl) = 2,6618 r.
143. ({AgNOg) = 0,04908 mons/nM3; T = 0,008342 r/emd.  144. C(KCNS)
= 0,1483 Monb/nM3. 145. 0,02738 Monb/nM3. 146. 3,5078 r. 147, 1,8640 r. 148
3,2806 r. 149. m(HCl) = 16,05 r. 150. m(NaCl) = 14,61 r. 151. W(Cl) = 84,09%.
152. m(KBr) = 0,1607 r. 153. m(NagAsO3) = 3,06 + 107!l mr. 154 m = 3107 mr.
155. C{AgNOj) = 0,08253 monb/am3; T = 0,01402 r/eM3. 156, m(NaCl) = 1,1924 r.
157. T(AgNOg) = 0,2389 rfend. 158 ((1/2 Hg(NO3)22 0,04264; F = 0,8528; T =
= 0,01197 r/cm®.  159. C(NaCl) = 0,06402 mons/nmS.  160. 0(1/2 Hg(NO3);) =
= 0,1001 moms/am®; F = 1,001; T = 0,01625 r/em3. 161 m(AgNO3) = 1453 r. 162
m(AgNOg) = 143,72 r.  163. 0,008640 r/cm3.  164. W(Ag) = 79,58%.  165.
T(AgNOs/Ag) = 0,01081 r/em3; T(AgNO3/Cl) = 0,003553 r/cm?; T{AgNO3/NaCl) =
= 0,005857 r/cm3, 166. B nepsyw ouepenb Gyaer ocaxaatbcs Agl. 167. pCl =
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171. 0,0100 Mo.nb/nM3. 172. 0,6794 r. 173. 0,001216 r. 174. 0,001179 r. 175,
0,0004144 r/cM. 176, a) 0,06849 momb/nM3; 6) 0,2745 mr/cm®; B) 5,775 mr/emd. 177,
0,01190 Monb/z.w3. 178. C .= 0,04147 Monb/nua; T (no Fez03) = 0,003311 r/cu3; T
(no Ca0) = 0,002322 r/emd.  179. 191,4 mr/am3.  180. C((Mg) = 1,901 mmons/amS.
181. m(Cu) = 0,02897 r. 182 m(Cd) = 141,6 mr. 183 m(Th) = 88,18 mr. 184.
m(Ca) = 36,97 Mr. 185. ((Ca?’) = 1,56 mmonn/am3; mecrkocts = 3,12 Mmons
aks/nM%; C(Ca0) = 87,48 mr/amd. 188 m(Al) = 22,26 mr. 187. m(Ni) = 82,78 mr.

188. W{MgCly) = 79,47%. 189. W = 88,42%. 190. m(MoO4) = 89,97 Mr. 191
a) 7,3 6) 10,5 8) 13,35. 192. a) 2,1; 6) 6,3; B) 8,59. 193. a) pFe = 4; 6) pFe = 5.
194. a) pCa = 3,55; 6) pCa = 4,29. 195. 16,15; 17,15. 196. PZn = 4. 197. pZn =
= 13,05. 198. pSr = 5,56.

K waee 8

1 3583%. 2. 654 * 102 . 3 0,3284 r Cu; 0,1938 r Fe. 4. 65,7 r/MOJb;
TpexsanenTHbill. 8. 0,2666 r. 6. 9,25 u. 7. 1,15 4. 8 0,16 A. 9. 100%. 10. 0,512 A.
11. Xpom. 12, 52,4 r‘/n'aonb. 13. 9,2 - 1075 r/mons. 14, 0,308 B. 15, 2,4
+ 10712 mons/ams.

16. 2,74%. 17. 0,1176 r. 18. 0,148 mr. 19. 0,09326 MOJlb/J.ws. 20. 3,67 -
- 107 momp/amd. 20 7,31 Mr. 22 4,145 mr. 23, 0,015%.

24. 0,316 B. 25. —1,66 B. 26. 0,601 B. 27. —0,058 B. 28 -0,187 B. 29. 0,48
B. 30. 0,623 B. 3% 0,761 B. 32. 1,401 B. 33 Ha 0,289 B. 34. a) 0,630 B; 6) 0,544
B; 8) 0,312 B; r) 0,138 B. 35. a) 0,770 B; 6) 0,826 B; 5) 0,877 B; r) 1,250 B; n) 1,282
B. 37.a) —0,591 B; 6)—0,535 B; 8) —0,420 B; r) —0,314 B; 1) —0,299 B. 38. a) —0,237
B; 6) —0,139 B; 8) 0,081 B; r) 0,096 B; n) 0,272 B. 39. a) 0,130 B; 6) 0,229 B; B)
0,257 B; r) 0,279 B; n) 0,272 B. 40. a) 1,029 B; 6) 0,9996 B; 8) 0,913 B; r) 0,923 B;
n) 0,945 B. 4L a) ~0,105 B; 6) —0,116 B; 5) 0,271 B.

42. 1) 0,163 B; 2) 0,23 B; 3) 0,175 B; 4) 0,26 B; 5) 0,13 B; 6) 0,276 B; 7) 0,695

B; 8) 0,45 B; 9) 0,465 B; 10) 0,565 B; 11) 0,525 B; 12) 0,362 B; 13) 0,16 B. 43. Cr''.

44. —0,103 B; Snu. 45. 2,5 cM3; 0,733 mr. 46, 11,74%. 47. 0,0488 Monb/z.w3. 48
0,084%. 49. 8,44 - 1074 moms/nM3. 50. 0,0964%. 51 0,048 monb/nmM3. 62. 5,1 + 1075
mop/aMe. 53. 4,92 + 1073%. 64. 3 ¢ 1077 mons/am3. 55. 1,07 - 1076 mons/amd. 56.
2,3 - 1072 momp/aMd.  57. 3,59 - 1072%. 58 588 .+ 1074 mons/mmd. 59. 6,34 -
© 1072%. 60. 3,7 - 1073 momb/am3. 6L 3,39 + 1073 moms/mmd. 62. 886 - 1073
Mons/nM3. 63. 9,72 - 1074 r/emd. 64 0,105%. 65. 621 mr/aM3. 66. 3,15 ¢ 1073 wr.
67. 1,304 - 1073 monn/nm®. 68 1,67 + 1074 r/cM3. 69. 1,346 + 1073 momb/nm3

70. 0,88. 71.0,125. 72. 3,75 - 10°2 mosb/nm3. 73. 0,774 n. T4. 4 - 106, 75,
0,387 Om. 76. 0,049 cM. 77. 0,77. 78. 0,187. 79. 0,06. 80. 6,07 - 1079, 81. 12,09.
82 7,5 + 1075.. 83. 0,63. 84. 4,27 - 1073 8586 - 1072 86. 2,3 - 103 87. 0,27.
88 55. 8. 1,45 - 1072, 90. 50,4. 91. 2,56, 92. 67,07% HCI; 32,93% CH3COOH. 93.
3,78 + 1078%. 94.43 - 1074, 95 3,7 - 1076 96 1593 97. 9,97.

K 1raee 9

1. 0,017 — 0,921. 2. a) 88,3%; 6) 15,81%; 8) 30,13%. 3. a) 0,636; 6) 0,280; B)
0,098. 4.06 - 104 6.1,96 + 102, 6 0,300. 7.0440. "8 Bcml - n - mr’l. 9
586 + 1075%. 10. 1,6 + 1075 mons/am3. 11 2,06%. 12. 3,32%. 13. 6000. 14. 182
mr. 15. 1,8 + 1074 mr/mn. 16, 5000. 17. 2,00%. 18 0,25%. 19. 14,1%. 20. 2 cm. 21
2,5 - 105 22 0,171. 23. 0,75% MoOg. 24. 2 + 1074 mmoms/mm®; nume TIOK. 25.
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1,6 Mr/am3; npessuuaer TIIK B 3,2 pasa. 26, 2,2 Mr/am3; mixe TUAK B 4,5 Lasa. 27.
1,58 mr/am%; npessuuaer TIAK. 28 1 mr/mwd. 29. 9,1 Mrr/nm3; npessiwaer IIAK 8
9,1 paza.

2. 31 - 1073%. 3L 573%. 32 1,0% 33 0,06 ur/aM®. . 7,5 r/pmS. 95,
28,8%. 36.7,0 - 1073%. 37.3,20%. 38. 1,0%. 39. 6,6%. 40. 1,275 r/uM®. 4L 0,56
mr/and, 42, 1,1 mr/amd. 43 7,5 mr/am3. 44, 1,875 mr/amS.

45. 7,5 mr/am3. 46, 0,547 mr/amd. 47. 20 Mr/nvS. 48 Wy = 1,02%; W, = 1,5%:
Wy = 0,55%; Wy = 0,82%. 49. Wi = 0,7%; Wp = 0,90%; W3 = 1,85%; W, = 2,55%.
50. Wi = 6,33%; Wo = 4,47%; W3 = 3,54%; W, = 3,06%; W; = 1,80%. &1. 1,3%.
52. 1,28%. 53. 1,85%.

54. 0,91%. 55 242%.- 56. 3,19%. 57. 0,51%. 58 2,43%. 59. 0,9¢%. 60.

1'52 . 61 = . N L= . = . = y
%4 /\K 772,5 HM; '\Ll 649 HM; '\Cu 324,2 HM; '\Be 2324 M. 62

0,324. 63. 308,2 Hm. 64. 4185 um.

K 1ease 10

L 52 - 1077 mom/mmd. 2. 7,3 © 10°8 momo/aM%; 7,0 mr/emd. 3 5 -
* 1073 mxr/emd. 4.3 ¢ 1076 monb/mm3. 5. 4,5 ¢ 1076 mame/am3. 6. 0,83 Mxr/cMS.
7. 0,27 mxr/cmM3. 8 13 mxr/eMd, 9. 25 Hr/100 cM®. 10. 0,45 mxr/100 oMd. 11. 3,2 -
* 1078 mxr/25 em3. 12, 6,2 mrr/nnd,

K wase 11

L 160 cm®% 140 cMd. 2.1 mum. 3 2180. 4. 225 mum. 5. 0,5 M. 6. 62 M. 7.
1) 0,625; 2) 1,39; 3) 1,35 4) 0,541; 5) 1,31; 6) 145; 7) 0,625 8) 0,588; 9) 1,34; 10)
0,877. & 540; 2,2-nauMeTmnbyran. 9. 243 c. 10. 1) 2,2-puMeTun6yray; 2) 2,3-nuMeriT
GyTan; 3) 3-MeTwineHTaH; 4) 2,4-nMMeTMANENTaH; 5) 2,2-NMMeTHINEHTAH; 6) 2,2,3-Tpume—
TUNGyTaH; 7) 2,3-nuMeTWINeHTaH; 8) 3-MeTWreKCaH; 9) 2,3-numeTvnnentan; 10) S-mun-—
nenrad. 11. Conepxanve u3oMepos KCunona B cMecsix, %:

N cMmecu o-Kcunon a-Kennon n-Kcunon
1 30,2 51,4 18,2
2 31,7 41,6 26,7
3 7 , 46,6 18,7
4 44,2 20,6 35,2
5 29,6 42,3 28,1
6 29,0 52,3 18,7
7 28,3 43,0 28,7
8 31,4 50,4 18,2
9 34,3 40,1 25,6

10 28,7 48,6 22,7
11 27,4 46,6 26,0
12 33,9 44,3 21,8
13 30,0 39,7 30,3
14 34,2 46,1 19,7

15 32,2 43,6 24,2
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12. Conepaarne rasos s rnpobax, % (06.):

N nipo6s1 A3zor Kuncnopon MeraH
1 1,37 - 1,66
2 - 0,72 1,95
3 1,36 - 1,96
4 1,32 0,41 -
5 - - 1,31
6 - 0,35 0,32
7 0,64 0,41 -
8 1,33 0,36 -
9 1,32 - 0,99
10 - 0,76 1,96
11 1,33 0,35 -
12 0,88 - 1,31
13 1,36 0,72 -
14 - 0,41 1,98
15 1,31 - 1,51

13. a) 0,07 MB; 6) 0,01 MB; 8) 0,02 MB; r) 0,04 MB; 1) 0,005 MB. 14. a) Hennasi; 6)
MOXHO; B) HETb3si; T) MOXHO; A1) MokHo. 15. 1,2 + 103 MB + cM3/mr. 16. Moxo.

K 1rase 12

1. a) 99; 6) 82,0; B) 36,0: r) 294. 2. a) 99,0%; 6) 98,8%; B) 98,75%; r) 96,01%.
2) 195; 6) 203 5) 1215, 4. 2) 99,5% ) 99.5%; ») 99,0%. 5. 2) D = 3,6 R =
97,5%; 6) D = 30,7, R = 96,9%; B) D =167, R = 9',5%. 6. 99,2%. 7.23 - 10 .
4,1 1072,

T

Mpuaoxenue I

HOPUMEPLEI HIPOI'PAMM JJISI PACYETOB IO
AHAJINTHIECKON XUMHUHU
HA BBHIYACIIMTEJIBHOM KOMIUIEKCE "HCKPA-1256"

B amamuTiyecKON NpaKTHKe NPUXOAUTCS BHIONHATE GOIBLIOE
HHCIO0 JOBOJILHO TPOMO3JKUX PpACYETOB, NEABK0 KOTODHIX SBJISAETCA
BEIGOP ONTUMAIEBHHEIX YCJOBUA TPOBENEHUS U HOJYYEHUS pe3yapTaToB
aHamm3a. Bo Bcex 3tuX crywasx ucenmosnbdoBane DBM moxer 3mauu-
TeJIBHO COKPATUTh 3aTPATHl BPEMEHM TPYU ONHOBPEMEHHOM MOBHILICHUU
TOYHOCTH U HANEKHOCTH pPE3yJIbTATOB BRIYMCIICHUI.

B ITpusoxenuu mpuBeneHn TeKCTH NpOrpaMM, COCTABJIEHHBIX Ha
cumBonEHOM si3nike IBM "Mekpa-1256", koTophe B mocienmee Bpems
Bce IIUpe NPUMEHAIOTCA B By3aX. YYMTHBAs, 4TO CTYIEHTH-TEXHOJOTH
M3y4aroT Kype "AnropurMmuyeckue A3nku" N0 M3YueHUs Kypca amHamu-
THYECKOW XMMMM, aBTOPH He NPUBOIAAT ONUCAHUA GIOK-CXEM.

L.1. KpnBre KACKOTHO-OCHOBHOrO THTPOBaHMs

IlporpamMmu mpezmnasnavyenn puisa Belumciaenus pH TUTPYEMOTO
PacTBOpa KUCJAOTH U OCHOBAHHUA B NPONECCe TUTPOBAHUS, T.e. HAXOKIE-
HuA 3aBucuMoctd pH oT cTenenn ormuTpoBanHOCTH T, BHIGOpA MHAMKA-
TOpa IO €ro Xapakrepuctuke pT — noKa3aremio TUTPOBAHUS.

PesynbraTer BRruMciiennii, opopmrennre B BUme TAGAMIE, MOTyT
OHITE BEIBeZleHH Ha 3kpan OBM unu pacnevaranm na AIIIY; B atom
Ciydae MONHO HOJYYMTh M rpaduyeckoe M306paxkeHue KPUBOH TUTPO-
BaHUA,

AsropurM mocTpoen Ha BhuMciaenun pH npoTonuTOB B 3amaHHEIX
TOYKAX, COOTBETCTBYIOLIMX PAa3NUUHBIM 3HAYEHUSM T B WHTEPBAIE OT
0,3 mo 1,5. B pacuerax yunThBaercs pasbaBieHue pactBopa. as BEI-
uncnenusa pH u C(H") ucnonssoBann ¢opMynsl, npuBeerHble B ©1. 7
(mpumepsr 7.6; 7.7).

I.1.1. Texcm npowpanus das pacvema Xpusod MUMPOoGANUS
Kucaomyt (cuashod uau caabot) ocwosanuen. Ilpumep pacvema
KPUGOT MUMPOBAHUR CUALHOY KUCAOMbL

1 M12
2 CEJIEKT (0,1,5
3 IEYATL (HEX )§03010A0A0A), HEX(E), " KPWBAf
TUTPOBAHUS", HEX(0A),"
4 CEJIEKT (1, 67, 9)
- 5 CEJIEKT (2, 8, 100)
6 CEJIEKT (0. 0, 0)
7 CEJIEKT (3. 5. 64)
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& IEYATH (HEX (0F 0301), "BBEAUTE KOHIIEHTPAI[LIO
KACJIOTEI,)

9 H= > AQ1

10 IIZYATH ("KAKOB OB'EM KHUCJIOTHI?")y

11 H= > Ap?2

12 UE:{;)&TL ("KAKOBA KOHILEHTPAI[M5I OCHOBA-
HUA?",

13 H= > A03

14 1= > A08

15 1.5= > Al0

16 TIIEYATH ("ECJIU TUTPYEMAS KHUCJIOTA — CHUJIb-
HBII DJI-T, HAXMUTE 1, ECJIN TUTPYEM. KUCJIOTA -
CITABAS, HAXKMUTE 2",)

17 H= > A09

18 A09 < A10IIEPEX M01

19 IEYATH ("BBEJIUTE 3HAYEHUE K qUC.",)

20 H= > All

21 M1

22 1= > 101

23 IMUKJI (101, 1, 63

24 "="= > STR (CA00, 1101, 1)

25 ITAKJT*
26 M06

27 IIEYATH ("KYJIA BHIBECTH PE3VYJBTAT (1 — HA
SKPAH 3BM,

— HA ALUIYY",)
28 H= > 1100

99 1100=1 IIEPEX M02

30 NEIATS ("BKJIIOYUTE AIIY U HAXXMUTE KJIABU-
",

31 H= > 1M

32 M7

33 43= > 107

34 41="5 1108

35 CEJIEKT(3, 12

36 F 01(1107, M10)

37 M2

38 J100=2IIEPEX M03

30 1IEYATD (HEX (0301), F 09 (15), "KPHUBASl TUTPOBA-

HII KACJIOTH OCHOBAHMEM (IIPM C éR—TLIg:", A1

(1.4?," V(K-TBI)=", A02(3.2)," C(OCH.)=", A83 (1.4}, )",)

40 1{E9ATE (CA00,,

41 {IEYATB (": N/N: CTEIl. OTTUTP.: PH !! N/N: CTEIL

OTTHUTP.: PH:"))

42 1IEYATE (CADD,,)

43 “TEPEX MV4

44 403

45 7 01 (1108, M11)

46 TEYATBH(HEX (0E), "KPMBASI TUTPOBAHUSA KHUCJIO-

TL OCHOBAHHEM"

47  TEYATD

HE.Z{0F),)

64)

’Zn***********************************n,

48 IEYATD (HEX(0AQA),,) .
49 IIEYATH("C (OCH.%:", AQ1 (1.4)," V (OCH.)=",
A02(3.2)," C(K)=", AD3 (1, 4) ) ‘ ‘
50 ITEYATE {STR (CA00, 1,3 Sj,zr

51 IEYATG (": N/N: CTEIl. OTTUTP.: PH:",)
52 IIEYATH (STR (CA00, 1;32),)

53 M04

54 0= > A4

55 39= > 110

56 0.3= > A05

57 0.2= > A6

58 0.9= > A07

59 TIEPEX 1110

60 0.991= > A5

61 0.002= > A06

62 0.999= > AQ7

63 IEPEX 1110

64 IIEPEX 1120

65 1.001= > A05

66 0.002= > A06

67 1.009= > A7

68 MO0=2IIEPEX M05

69 IIEPEX 1125

70 M5

71 IIEPEX 1130

72 1.10= > A5

73 0.20= > A6

74 1.50= > AQ7

75 IIEPEX 1130 .

76 1P0=2IIEPEX M15

77 IEYATD (HEX (0AQA), "IIOCJIE IPOCMOTPA U
3AIIUCH TABJINILI HAJKMUTE 1" "))

78 H= > 100

79 IIEYATEH (HEX (0301),,)

80 M15

81 IEPEX 1140

82 MIEPEX II50

83 CEJIEKT (3, 5, 640?

84 TIEJATH (HEX (JAQAQA), "IUIS1 TPOJOTIKEHNS
PACYETOB HAXXMUTE "1 '.",§1

85 = > 100 ,

86 IEYATH (HEX (0301),)

87 IIEPEX M12

88 M10

89 CEJIEKT (3, 5, 64)

90 MEYATH(HEX (07), "HE IIOJKJIIOYEHO AILIIY.
HOJKIIOUNTE 1 HAJKMHUTE "1".")

91 H= > U100

92 IEPEX M07

93 M11

94 CEJIEKT (3, 5, 64)
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9 IEYATD (IEX (07)," I HE BITIOYEHO ALY ")
96 IIEPEX M06

97 1110

98 A09 < AIPIIEPEX M01

99 IEPEX M@2

100 M01

101 TIKJT (A05, A06, A0T)

102 A04+1= > AB4

103 U10+1= > 110

105 A12/(A02+(A05+AD1+AD2)/AD3) = > Al4

106 A14LN/2.33H= > Al6

107 A05= > AM10

108 U10+1= > 10

109 Al6= > AN10

110 TIEYATD (" " A04(2.0)," " A05(1.3)," " A16(2.2),)
111 IIAKJL,

112 IEPEX M03

113 M02

114 IMKJT (A05, Ad6, AOT)
115 A114(1—A05)/A05= > ‘A14

116 A14 LN /2.33H= > Al6

117 AD4+1= > AD4

118 U10+41= > U10

119 A05= > AH10

120 11041= > U10

121 Al6= > AN1D

122 IIEYATD (F 09 (1), A04(2.0)," A05(1.3)," ",A16(2.2),)
123 IIUKJL,

124 M@3

125 Al16= > Al7

126 1120

127 A09 > A10IIEPEX M02

128 Abd+1= > A04

129 1= > A05

130 7= > Al6

131 A10+41= > 110

132 A05= > AH10

133 110+1= > W10

134 Al6= > AU1D

135 IEYATD (" ", A04¢2.0)," ", A05(1.3)," ", A16(2.2),)
136 IIEPEX M3

137 M92

138 7T+055(A11 LN)/2.33H-+05, ({(A01,A02)/(AD2+((AD1,A02)

/A03)8? LN)/2.3= > Al6
139 A0I+1= > AD4

140 1= > A05

141 U10+41= > H10

142 AD5= > AU10

143 U10+1= > 110

144 Al6= > AW10

145 IEYATD (F 09 (1) , AB4(2.0)," " A05(1.3)," " A16(2.2),)
146 M03

147 1125

ﬁg gggwrb (HEX(0COCHCOCICOCOCHCHCACY),;)

150 IIAKJI(AD5, A0, ADT

151 ((A05—1)4A01,A02)/{AD2+(A02,AD1/A03))= > A13

152 (A13 LN)/2.33H= > A15

153 14—Al15= > Al6

154 A05 > 1. 001IEPEX M09

155 Al6= > Al8

156 MO0

157 AG4+1= > AD4

158 U10+4+1= > 110

159 A05= > AW10

160 U10+4+1= > 10

161 Al6= > AWN10

162 100=21IEPEX M01

163 ITEYATH (HEX({09090909090909090909090909090909090909
?3@29020'?0909090 0909),"11" "A04(2.0)," ", AD5(1.3)," ", Al6
164 IEPEX M1§

165 M01 R

%(2562HE‘IATB (" v, AD4 (2.0)," ", AD5(1.3)," ", Al6

167 M19

168 [N KJIL,

169 1140

170 3.5= > A2l

171 4= > A22

172 5= > A23

173 5.5= > A24

174 7= > A25

175 7.6= > A26

176 8= > A27

177 9.5= > A28

178 "METUJIKEJITBI"= > CAQ1
179 "METUJIOPAHKEBEIN"= > CA02
180 "METUJIKPACHBIII"= > CA(3
181 "TEMATOKCUJUH"= > CAd4
182 "TAKMYC"= > CAD5

183 "OEHOJIKPACHBIN"= > CA06
184 "OEHOJIOTAJIENH"= > CA07
185 "TUMOJIOTAJIEUH"= > CA08
186 21= > U105

187 0= > W03

188 IIMKJI (¥05, 1, 28%(

189 AM05 > A18ITEPEX MO0
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194

190 AN05 < A1TIIEPEX M00
191 1= > 103

192 MO0

193 MU KJL,

194 MP3=0IIEPEX M04

195 IEYATH(HEX(0A0OA),,

196 TEYATH(F 09(15),"PEKOMEH/IYEMBIE
MHINKATOPHI:",

197 HEqATI)<F 09 15>:"*************************",>

198 HE‘IATB%HEX(O)A),,)
199 21= > 10

200 0= > 103

201 WIMKJI(1105, 1, 28

202 AT105 > A18TIEPEX M02

203 A1105 < A17IIEPEX M02

204 1105—20= > 1104

205 TEYATH(F 09(13) , STR (CAM04, 1, 20), "PT= ", AW05

§1.1 ,
06 1= > 1103

207 M2

208 LIMIKJT*

209 M03=1MEPEX M05

210 M04

211 IEYATH("TUTPOBAHUE MMPOBOJUTEL HEJIB34.",)
212 M05

213 T150

214 M00=1TTEPEX M15

215 CEJIEKT (3, 5, 64)

216 TNEYATH ("PACIEYATATL TPAOUK HA AIIY?

HAKMUTE "1" — JIA, "0" — HET",)
917 H= > 100

218 MOO=PIIEPEX M15

219 CEJIEKT (3, 12, 90)

220 IEYATE( Exg(m

221 TEYATD (F09 12),""?(PI/IBAH TUTPOBAHNSA KMCJIOTHI

OCHOBAHUEM" 2
222 HE‘LATBF@Q{ 2), ok R

"
kkk

223 IEYATE (HEX(0AQA),,)
224 15= > All
295 0.5= > A20

226 A20—1.0= > A20

227 uI/IKJI<2A11, A20, 0.5)
228 A11+0.95= > A12

229 A11-0.25= > A13

230 1= > 100

231" "= > CA00Q

232 HI/IKJIéI/I(D(b, 1, AD4)

233 39+M00+2= > 101

234 AW01 > A12IIEPEX M01
235 A101 < A13IIEPEX M01
236 AG1=A13IIEPEX M@1

237 N01—-1= > W01

238 AH01—9.292)/0.02= > A02
239 A02= > W10

240 A02=M02ITEPEX M00

241 10241= > 02

242 MO0

243 ","= > STR (CA00, 1102, 1)

244 M01
245 UKL,

246 All= > 102

247 A11=M02IIEPEX M02

248 HEqATIﬁF 09¢5)," ! " ,CA00,)

249 TIEPEX M3

250 M02

251 IIEYATB(F 09(5), A11 (2.3)," ! ", CA00,)
252 M03

253 MU KJI,

254 1= > M1

255 [IAKJI(H01, 1, 62)

256 "="= > STR (CA00, 1101, 1)
257 IAKJI,

258 10= > 101

259 LIUKJI(101, 10, 62)

260 "I"= > 'STR (CA00, 101, 1)
261 [IVKJL,

262 "."= > STR (CADD, 35, 1)

263 EYATE(F 09(7), "0.6001=1", CA00,)
264 " "= > CAQQ |

265 "0.3"= > STR (CA00, 3, 3)

266 "0.5"= > STR (CA00, 13, 3

267 "1.0"= > STR (CA00, 38, 3
268"1.5"= > STR (CA00, 63, 3

269 IEYATL(F 09¢11), CAB0,

270 M15

IpeMep. Paccuurars kpusyio turposanus 0,01 M pactBopa HCI
0,?:1 M pactBopom NaOH. Jlnst tutpoBanus B3sro 25 cm® pacTeopa
HCIL.

llopsinok paboTH (mocse BBEeHUA B ONEPATMBHYIC IAaMAThL IIPO-
1eccopa MporpaMMH ):

a) naxxmute knasuamm CUET ITYCK;

6) unnuranus: "Beenure KoHNERTPAUIO KMCIOTH '

CB BBeJMTe B naMsATh MammHu yucno 0,01, maxas xnapumu 0.0. 1
IIYCK,;
on

r) uagukagus: "KakoB o6beM KHCIOTH
195



JIUT,

1) sBexure uncio 25 NIYCK;

e) unnukanus: "KakoBa KoHnenTpanus ocHoBanus?";

x) sBepure uuciao 0.0 1 IIYCK;

3) unpukamus: "Ecau TMTpyeMas KucIOTa — CHIBHBI 3JIEKTPO~
HaxMuTe 1, ecmu TUTpyeMas Kuciaota — caabas, HaxmuTe 2";

u) sBegure uuciao 1 IIVCK;

k) naaukamus: "Kyna susectn pesysnerar?” (1 — na skpan DBM,

2 — na AI[ITY);

i) BBepure yucno 1 IIVCK.
Pesynprar BoumcieHnuft B Bume Tabaumsl NOSIBUTCS Ha JKpaHe.

llocne npocMoTpa u 3anucyu rabmunn Haxumator 1 IYCK u na JKpaHe
neyaraeTcs IepeyeHb MHAMKATOPOB, KOTOPHE MOTYT GHIThH MCIIOIB30Ba-
HEl B JaHHOM TUTPOBaHUU.

Ecau B mynkre "k" naxumaercs wiaBumra 2, pesysieTaTH BHEYIMC-

JIeHNH BHIBOASATCS Ha Nevaraiolee ycrpoiictso DBM-AILITY.

196
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I1.2. Texcm nporpammn O0as pacvema xpueod MUMPoGARUSL
0CHOGaNUSL (CUABHOLO UAU C4a6010) KuCAOMOU

1 M12

2 CEJIEKT(0, 1, 58

3 IEYATH(HEX(03010A0A0A), HEX(0E)," KPUBASI TUTPO-
BAHNA", HEX(0A)," OCHOBAHUS KICJIOTOMN",)

4 CEJIEKT(1, 67, 9

5 CEJTEKT(2, 8, 100)

6 CEJIEKT(0, 0, 0)

7 CEJIEKT(3, 5, 64)

8 HE‘IATBISIHEX(O) F 0301), "BBEIUTE KOHIEHTPAI[MIO
OCHOBAHHSA") )

9 H= > A01

10 IEYATE("KAKOB OB'EM OCHOBAHUA?",)

11 H= > A0?

12 TEYATL("KAKOBA KOHIIEHTPAIIMA KUCJIOTEHI?",)
13 H= > A03

14 1= > A08

15 1.5= > Al0

16 IEYATBH("ECJIU TUTPYEMOE OCHOBAHUE —
CWJIBHBIY QJI-T, HAJKMUTE 1, ECJI TUTPYEM.
OCHOBA}IHIE — CJIABOE, HAJKMUTE 2"))

17 H= > 9

-18 A09 < A10TIEPEX M01

19 IEYATh("BBEJIUTE 3HAYEHUE K JIAC.",)
20 H= > All

21 M01

22 1= > gl

93 IWUKJI(1I01, 1, 63)

24 "="= > STR {CAD0, 101, 1)

95 MUK,

26 M06

27 IEYATDH("KYJIA BEIBECTU PE3VJIBTAT (1 — HA DK-
PAH OBM, 2 — HA ALLITY)"))

5 H§0>1?1%0PEX M02
29 M00=
30 TIEYATH("BKJIIOYUTE ALY ¥ HAXKMHTE KJIABRIIY
Illllll’
31 H= > UN1
32 M7
33 13= > W07
34 44= > 1108
35 CEJIEKT(3, 12
36 F 01(1107, M10)
3 11\/14(?02 2IEPEX M03
38 M00=
39 nEqATL(HEx(os(er, F 09(15), "KPUBASl THTPOBAHUS
OCHOBAHUSA KMCJIOTON! (IIPU C (OCH.)=", A01(14)" Y
{ocit X",Ao(%%%) " O(K)="A03(1.4),")" )

IEYATH :
41 IIE‘IATI)< . N/kl: CTEIL. OTTUTP.: PH !! N/N: CTEIL
OTTUTP.: P ;"8 )

64)

42 TIEYATE(CA®

43 TIEPEX M4

i M83 708, M11

45 F 01 ,

46 nEéATb HEX(0E),"KPUBASI TUTPOBAHUS OCHO-
BAHUA KUCJOTON",) )

47 TIEFATD (" stttk koo ook ok ok ok dobobok

it EXPSQ{FZ”’IZB HEX(0A0A),))

8 I »

49 nEqATbg"C(OCH.)z", A01(1.4)," Y (OCH.)=" ,A02(3.2),
()= AL 1.4),&

50 IIEYATL(STR (CA00, 1, 32),

51 HEYATH(": N/N: CTEIl. OF'TUTP.: PH:"))
52 H%‘IATB STR (CA00, 1, 32),)

53 M04 :

54 0= > AD4

55 39= > H10
56 0.3= > AQ5
57 0.2= > A06
58 0.9= > A7
59 TIEPEX II10
60 0.991= > AD5
61 0.002= > A06
62 0.999= > AQ7
63 IEPEX II10
64 IIEPEX 1120
65 1.001= > AD5
66 0.002= > AQ6
67 1.009= > A07
68 NO0=2IIEPEX M@5
69 IIEPEX 1125
70 M5

71 IIEPEX II30
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198

72 1.10= > A0S
73 0.20= > AQ6
74 1.50= > AQ7
75 IEPEX 1130
76 NH0=21TEPEX M15
77 TEYATB(HEX (Z)A(Z)A JTOCHE MPOCMOTPA U 3AIINCH
TABJII/IHI:I A)I{MI/IT np N
78 H= >
79 HE‘IATB(HEX(O)B(Z)I),,)
80 M15
81 IIEPEX 1140
82 IIEPEX 1150
83 CEJIEKT(3, 5, 64)
84 TIEYATDH HEX@AO)AO)A) "I ITPOJOJIKEHUA PACYE-
TOB HAJKMUTE "1".")
85 H= > W00
86 IIEYAT I\&HEX((Z)B(Z)I) )
87 IEPEX
88 M10
89 CEJIEKT(3, 5, 64
90 IIEYATD HEXSK&"HE IIO KJIIO‘IEHO AITITY. IO1-
KIIIOYUTE UTE "1'
91 H= > 100
92 IIEPEX M07
93 M11
94 CEJIEKT(3, 5, 64)
95 NEYATD HEX(O)7) " 1 HE BKJIIOYEHO AIUITY M)
96 IIEPEX M06
97 1110
98 A09 < AIOTIIEPEX M01
99 ITIEPEX M2
100 M01
101 IIUKJI(AQ5, A06, ADT)
102 AD4+1= > AO)
103 U10+1= > U110
104 (1—A05)*A01*A02= > Al12

105 A12/(A02+(AD5,A01,A02)/A03)= > Al4

106 14—A14 LN/2.33H= > A16

107 A05= > AU10

108 10+1= > W10

109 A16= > A0

110 IEYATB(" "A04¢2.0)," " A05(1.3)" " A16(2.2),)
111 UKL,

112 IEPEX M03

113 M0?2

114 IIKIT(A05, A06, ADT)

115 A11+(1—Ap! Q/A% > Al4
116 14—A14 LN/2.33H= > A16
117 ABd+1= > AD4

118 M10+1= > W10

119 A05= > AM10

120 U10+1= > 110

121 Ale=> Qm@@( AGA(20 )

122 IIEYATB(F 09(1),A04(2,0)," ",A05(1.3)," ",A16(2.2),
22 IEAT > ) (1.3), (22),)

124 M03

125 Al6= > Al17

126 1120 )

127 AD9 > A1OTIEPEX M02

128 AD4+1= > AD4

129 1= > AQ5

130 7= > A1l6

131 110+1= > N10

132 A05= > AW10

133 110+1= > U110

134 Al6= > A0

135 IEYATE(" " A04(2.0)," " A05(1.3)," " A16(2.2),)
136 IIEPEX M03

137 M02

138 7—0.54(A 11 LN)/2.33H—0.5,(((AD1+A02)/ (AD2+((AD1+

A02)/A03))) LN)/2.3= > A16
139 Z&/04+2>> %D/

149 1= > A05

141 U104+1= > H10

142 A05= > AU1D

143 U10+1= > N10

144 AIG—A>I:%IL/‘HO)M( ADA(2.0 0

145 IIEYAT 9(1 4(2.0)," " ,A05(1.3)," " A16(2.2),
140 1B 2 ) (1.3), (2.2),)
147 1125

%ig II%DO;IATL(HEX((Z)C(Z)CO)CO)CO)CO)CO)CO)CO)CO)C),,)

150 IUKJI(AD5, A6, ADT

151 ({A05—1),A01,A02)/{AD2+(AD2,A01/A03))= > A13

152 XAIB LN@)J? J3H= > A16

153 A05 > 1.001IIEPEX M@0
154 A16= > A18
155 MO0

156 ADd+1= > AD4

157 U10+1= > U10

158 A05= > AM10

159 M10+1= > 110

160 Al16= > AW10

161 UQP=2ITEPEX M{1

162 IEYATH (HEX (09090909090909090909090909090909090909
0909090909090909090909)," 11" A04(2.0)," ", AD5(1.3)" ",
A16§I2 2]2 n " K/I

163 10

164 M01

165 TEYATB(" " A04(2.0)," " AD5(1.3)," " A16(2.2),)
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200

166 M10

167 UMK,

168 1140

169 3.5= > A21

170 4= >A22

171 5= > A23

172 5.5= > A24

173 7= > A25

174 7.6= > A26

175 8= > A27

176 9.5= > A28

177 "METUJIKEJITHIN" = > CA01
178 "METUJIOPAHXEBBIII"= > CA02
179 "METUJIKPACHEIT"= > CA03
180 "TEMATOKCUJINH"= > CA®4
181 "JIAKMYC"= > CA05

182 "WEHOJIKPACHHIT"= > CA06
183 "OEHOJIOTAJIENH"= > CA®B7
184 "TUMOJIOTAJIENH"= > CA08
185 21= > U065

186 0= > 103

187 UMKJI(M105, 1, 28

188 AHNB5 < A1S8IIEPEX MO0

189 A165 > A1TIIEPEX M6¢

190 1= > 1103

191 M0O

192 MU KT,

193 N03=0IIEPEX M04

194 IEYATb(HEX (BADA),,

195 IEYATB(F 09(15), "PE OMEH/IYEMBIE
MHIUKATOPHL"

196 HE(IATI) F 09 15) N*****************ﬁ*******" )
197 HE‘IATB%HEX(@A),,)

198 21= > 110

199 0=1103

200 TIMKJT (1105, 1, 28

201 A05 < A18HEP X M©62

202 A1105 > A1THHEPEX M#2

203 1105—20= > 1104

204 TEYATB(F 09(13), STF (CAI04, 1, 20),
"PT=",AN05(1.1),)

205 1= > 103

206 M02

207 MK,

208 N@3=1ITEPEX M@5

209 M04

210 TEYATB("TUTPOBAHHE IIPOBOJANUTL HEJL3A.",)
211 M05

212 TI50

213 N0P=1ITIEPEX M15

214 CEJIEKT(3, 5

215 HE‘IATB@&'{XAC EYATATE TPAOUK HA ALIIY? HAXK-
MI/ITE "1" — "0n HET" )

216 H= > N6

217 N00=0IIEPEX M15

218 CEJIEKT(3, 12, 90)

219 IEYATH HEX PA .)

220 IEYATH(F 09(12 YKPUBAA TUTPOBAHUA OCHOBA-
HYA KUCJTO 017["2

221 HEqATB(F@g(l ) U2 2223332333333 222223222222 23
¥k it

929 }IE‘{ATB(HEX(GAGA),,)

223 15= > A1l

224 0.5= > A20

225 A20—1.0= > A20

226 INKI{A11, A20, 05)

227 A1140.25= > A12

226 A11-0.25= > Al13

229 1= > 100

230" "= CADO

231 HI/IKH (1100,1, A(M)

9392 394 1109,2= > 101

233 AM01 > A12IIEPEX M@1
234 AV01 < A13TIEPEX M@1
235 AP1=A13TIIEPEX M0#1

236 1d1—1= > HO1

27 (AT01—0.29)/0.02= > A02
238 Af2= > N2

239 AG2=HIQ2IIEPEX M@0

240 N02+1= > 102

241 M09

242 ","= > STR (CA00, 1102, 1)

243 M01
244 HNKJI,

245 All= > H02

246 A11=HP2IIEPEX M@2

247 HEYAT I&F 09(5)," 1" CA00,)

248 IEPEX

249 M02

250 IIEYATH(F 09(5),A11(2.3)"", CA00,)
251 M03

252 M KL,

253 1= > H01

954 TIMKJI(M01, 1, 62)

955 "=!= > STR {CA(M) 101, 1)
256 LKL,

257 10= > N01
258 I KJI(1I01, 10, 62)
259 "l"= > STR (CA00, 101, 1)
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260 TR,

261 "."= > STR (CA00, 35, 1)
262 TEYATB(F 09(7),"0.000!=!", CA00,)
263 " "= > CA0p"

264 "0.3"= > STR (CA00, 3, 3)

265 "0.5"= > STR (CA00, 13, 3

266 "1.0"= > STR (CA00, 38, 3

267 "1.5"= > STR (CA00, 63, 3

268 IIEYATB(F 09¢11), CA00,)

269 M15

1.2. KpnBast OKMCIMTENLHO-BOCCTATOBUTEIEHOIO TATPOBAHMSA

IIporpaMMa cocTaBiieHa /I BWYUCJICHUA MOTEHUUANA TUTPYEMOTO
pa-Teopa B Ipouecce HpubaBIeHNA K HeMY THUTPAHT2 — OKHCIWUTENA
17111 BOCCTAHOBUTENS.

AJITOPHTM IIOCTPOEH Ha BHYUCJIEHHM IOTEHIMANA IO YPAaBHEHHIO
Heprera B TOUKAX, COOTBETCTBYIOLMX CTENEeHM OTTHUTpOoBaHHOcTH 0,3 —
1.%. TIpiiMepH COOTBETCTBYIOUUX PAacyeroB MPUBEJEHHL B IJI. 7.

IIpenycMOTpeHa BO3MOXHOCTH Y4Ye€Ta BJIMSHUSA KOHIEHTDAUUM KO-
voe H¥ B TOM crywae, KOrjla HOTEHUMAT THUTPYEMON Naphl WJK Iapbi
TitpanTa 3aBucuT oT pH. IlesmecoobpasHo mepen pacyeToM COCTaBHUTh
YpasniernHe cOOTBETCTBYIOUE peaKkuuu.

L.2.1. Texcm npoipamaust das pacvema xpusott O-B-mumpoeanus

1 MO0

3 CEIIEKT(9, 1, 5)

3 IEYATD (HEX(03010A0A0A0E),"KPUBAS TUTPOBAHUS
EED—OKS",

4 CEJIEKT(0, 0, 0)
5 CEJIEKT(1, 64, 1
§ CEJNIEKT(2, 8, 90
7 0= > H08
8 0= > M09

9 TIEYATB(HEX(§ F 0301),"BBEJAUTE 3HAYEHHE CTAH-
TAPTHOIO HOTEHIMAJIA ONPEJEJISEMOIO
B-BA(E(?)X",) ,

10 H= > Aol

11 TEYATD ("BBEJINTE 9HCJIO DJIEKTPOHGB,
{IPUHHMAEMEIX MJIM OTJABAEMBIX ONPE/EJISAEMBIM
BELLECTBOM"))

12 H= > A02

13 TEYATB("HYJKHO JIM YYUTBIBATH KOHI[EHTPAIMIO
HOHOB BOJIOPOJIA? (1 — JIA, ¢ — HET)",)

14 H= > 1108

15 M8=0TIEPEX M@1

16 IEYATD ("BBEIUTE KOHUEHTPAILM-) HOHA
BOJOPOJIA" )

17 H= > A23

18 IEYATD ("BBEJIUTE CTEXOMETPUYECKHUN

202

K(BISC"DC;D. P11 MOHE BOJOPOJIA B YPABHEHUH PEAK-
aum",

19 H='> A24

20 AG1+0.058/A02,((A23°A24) LN/2.3)= > A0l

21 M0o1

22 NEYATH("BBEINTE 3HAYEHUE CTAHOIAPTHOIO
NOTEHUMAJIA TUTPAHTA (E6)",)

23 H= > A03

24 TIEYATE ("BBEJIUWUTE YNCJIO SJIEKTPOHOB,

QTIJ%ABAEad I1X W TPUHIIMAEMBIX TUTPAHTOM",)
5 H= > A(4

26 IEYATDH ("HYHKHO JIH YYUTEIBATH KOHIIEHTPA-
OUIO NOHOB BOJAOPOMA? (1 — 1A, ® — HET)"))

27 H= > @9

28 N09=0TIEPEX M03

29 N08=1IIEPEX M02

30 HE‘IATBC'BBE]IPITE KOHIEHTPAILINIO NOHOB
BOOPOOAM,)

31 H= > A23

32 M02

33 IEYATE ("BBEAUTE CTEXNOMETPNYECKHNIN KO-

BCDCD;'I>IPI/I OHE BOOOPOJA B YPABHEHHUU PEAK-

o',

34 H= > A25

35 A03+0.058/A04,((A23~A25) LN/2.3)= > A03

36 M03

37 30= > 101
38 60= > 1102
39 0.3= > A05
40 0.2= > A06
41 0.9= > A07
42 TIEPEX 1110
43 0.991= > AQ5
44 (.002= > A06
45 0.999= > A07
46 TIEPEX 1110

. 47 (A02,AD1+AD4,A03)/(A02+A04)= > A10

48 NP1+4+1= > 161
49 N102+1= > 1102
50 Ald= > A01
51 1= > A05

52 A@5= > A1102
53 1.801= > A05
54 0.002= > A06
55 1.009= > AG7
56 IEPEX II11

57 1.16= > A@5

58 0.2= > A06

59 1.5= > A07

66 IEPEX II11
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61 IIEPEX 1112
62 CEJEKT(3, 5, 64)

63 TEYATH({"PACIIEYATATb TPAOUK HA ALITY? (1 —
JIA, 0 —HET)Y",)

64 H= > 100

65 UOO=0IIEPEX M15

66 TIEPEX 1113

67 M15

68 IIEPEX MO0

69 1110

70 LIMKJL(AB5, A06, ADT)

71 Ho1+1= > HO1

72 M0241= > 102

73 A01 > AG3IIEPEX M02

74 AG1+0.058/A02,((A05/(1—AB5)) LN)/2.3= > A10

75 IIEPEX M05
76 M0?2
77 AB1+0.058/A02,(((1—AP5)/A05) LN/3. 3) > A10

78 M05

79 Al0= > AU0I
80 AP5= > A1102
81 TIUKJI,

82 1111
83 TIMIKJI(A05, AD6, ADT)

81 M01+1= > 1101

85 102+1= > 102

3 AD1 > AGSIEPEX M2

87 A0340.058/A044(((AD5—1)/1) LN)/2.3= > A10

88 HI(;PEX MG3
89 M
90 A03+0.058/A04,((1/(AP5—1)) LN)/2.3= > A10

91 M@5
92 A16= > AM01
93 AG5= > ALI02
94 TTWKJI,

95 1112

96 IIEYATH ("KYILA BLIBECTH PE3VJIBTAT? (1 — HA
OKPAH OBM, 2 — HA ALUIIY)"))

97 H= > 1100

98 NP0=111EPEX M0(3

99 HE‘IA'I}‘E ("BKIIOUYMTE AUIIY U HAXMUTE KJIABU-
my "

100 H= > 1M1

101 CEJIEK 1\513 12, 66)

162 HIEPEX

163 M3

104 HEYATD (HEX(0301),)

105 MO4

goIgSHEqATb (F 09(18), "KPUBAS TUTPOBAHUA RED-
107 103+1109= > 108

108 MP8=IIEPEX M06

109 Af2= > 12

110 AB4= > 114

111 TEYATD ("E(OIP.)=",A01(1.3)," B, Z(OTP.)=" 112" -
EéTI/ITP =" @3213) "B Z(TH P>)—" mé cm§ .

1.2
112 §I IZEX M7
113 Mo6
114 AD2= > H12
115 AD4= > H14
116 IIEYATDH %"L (OIlP )=" A@lgrl 3§" B, Z (OIIP.)=",1112,",

¥1<7THTP )=",A03(1.3)," B, Z(THTF.§=" 1114,
118 1= > 110

119 IAKJI(H10, 1, 64)

120 "="= > STR {CAD0, 110, 1)

121 UK,

122 UB0=2IIEPEX M08
123 TIEYATD (CADH,,)
124 IEPEX M9

125 M08

126 IIEYATD (CA09,)
127 M@9

- 128 IIEYATD (": N/N: CTEIL.OTTUTP.E,B ! N/N: CTEI.

OTTUTP..EB:")

129 UO=20TEPEX M1¢
130 IEYATE (CA00,)
131 IEPEX Mi1

132 M1¢

133 IEYATBH(CA00,)

134 M11

135 1= > 116

136 30= > U05

137 MUKII(M10, 1, 9

138 H05+110= > 108
139 M08+30= > 109

140 M08+9= > ¥11

141 M09+9= > 112

142 104+9= > U13

143 IEYATE{" " 110"
H13," . " AWI2(1. 3) "
144 IAKT,

145 1113

146 M01=111EPEX M11

147 IEYATD ("BKIIOYUTE ALNY B HAKMUTE """
148 H= > n@1< H TE )
149 M11

150 CEJIEKT (3, 12, 90)

: "AMO9(1.3)," ;

"AMOGS(1.3), ",
WAMIL(1.3)," ) '
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HEX(GAGAGAGE),) 4
ig% %ggﬁ%géF 09((15),"KPI/IBAH TUTPOBAUNA
" .
%%Dﬁ_gngg(F ®g(15>)"******************************* )>

154 IEYATH(HEX(0 F 0AGA),,)
155 1.9= > All
156 0.07= > A20
157 A20—01£511: > A20
158 0= >
21-0.2= > A21
%g% ﬁHKJI A1l, A20, A21)
161 A11+0,035= > Al2
162 A11—9,035= > Al3
163 1= > 1100
164 " "= > CAG0
165 IlI/IKJIéI/I(Mb, 1, 18)
166 100+ 35= 2 Hoo
%gg I.I/XII/I(D-{ > A12IIEPEX M@1
169 AN0G1 < A13TIEPEX MG1
170 AN01=A13TIEPEX M@B1
171 AI/I02—0ﬁ2093) /0.02= > A02
02= >
i?lg A02=H03ITEPEX M00
174 I/I(D%+1= > 63
gg %Ii('b': > STR (CA00, 1103, 1)

177 M061
178 N K4

179 IEYATD (F 09(3),A11(2.3)"1",CA00,)
180 M03
181 LIMKJI,

182 1= > N01

KJ1(101, 1, 62)
}gi s § STR {CA®0, 161, 1)
185 IV KIT4

186 16= > 101

K(161, 10, 62)
igg H}:Iz >(STR (CA00, 1101, 1)
189 IIN K4

"= > STR (CA00, 35, 1)

13? IEYATD (F Ba(5)," !:!?,bAM,)
192 " "= > CAB0
193 "p.3"= > STR (CA00, 1, 3)
194 "6 .5"= > STR {CA00, 11, 3
195 "1.6"= > STR {CA00, 36, 3
196 "1.5"= > STR {CA00, 61, 3
197 IEYATDH (F 09(11),CA00,)
198 M15

199 CEJIEKT(3, 5, 64)

IIpumep. Paccunrars kpusymo tuTpoBanusa 0,1 M pactsopa FeSOQ,
0,1 u. pacrsopov KMnO, npu KOHIEHTPalu HOHOB BOJOpOxa 2
MOnb/ M3,

I1s pacuera Heo6xomRuMO HalTH B COOTBETCTBYIOWIEM CIPABOYHIIKE
CTaHLapTHEIE NOTeHnuanel nap Fed*/Fe?* y MnO;/Mn?*: Hanucats
4 )

YPaBHeHUe peaKIuu: ‘
5Fe?* + MnOj + 8H* — 5Fe3* 4+ Mn?* + 4H,0.
Hopsizor paborst onucan B pasz. 1.1.1 (cm. npumep).

1.3. Kpusas komurexkconoMerpmaeckoro TATPOBALMAA
HporpamMa faeT BOBMOXHOCTH PaccYNTaTh 3HAYEHIMs pM, pasunie

~1g[M"™*], 8 mpouecce THTpoBamus pacTBopa, comepakamero uon M"Y
pacrsopor JJITA; npu srtoM- yuuTeBaercs pH pacTeBopa. Asaroputm

TIOCTPOEH Ha BEIYHCIEHHM PM B TOYKAX, COOTBETCTBYIOLINX CTClEHH
OTTUTPOBARHHOCTH B mpexenax ot 0,3 go 1,5.

+
llonpo6Hee o MeToguke BhruMcieHnA KOHUEHTpanuu noros M”™" u

" pM MoxHO 03HaKOMHUTBCS B 1. 7.

I3.1. Texcm npopaman das pacvema Xpugol xounaexcono-
MEMPUUECKO10 MUMPOBAKUS

1 M12

2 CEJIEKT(0, 1, 5

3 HEYATL(HEX(03010A0A0A ,HEXg(DE), "KPUBAA
TUTPOBAHUA KOMIIJIEKCOHOM )

4 CEJIEKT(1, 64, 1%

5 CEJIEKT(2. 8. 100)

6 CEJIEKT(0, 0, 0)

7 CEJIEKT(3, 5, 64(?

8 HNEYATL(HEX(0 F 0301),"BBEJIUTE KOHIOEHTPAIIUIO
TUTPYEMOI'O HOHA ME AJITA"))

9 H= > AfQ1

10 EI”E;IATI)("KAKOB OB'EM TUTPYEMOTI'O PACTBO-
PA?",

11 H= > A02

12?'I'IE‘IATI)("KAKOBA KOHIEHTPALUA KOMIIJIEKCOHA
e,

13 H= > A03
14 IEYATL("IIP1 KAKOM PH HYJKHO NPOBECTH THUT-
POBAHHUE?",)
15 H= > A(4

16 HEYATL("BBEJUTE 3HAYEHME LOG KOHCTAHTHL

KOMIIJIEKCOOBPA3OBAH A TUTPYEMOTI'O IOHA C
KOMIUIEKCOHOM 1II, PK, ")
17 H= > A@5
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18 TIEYATH("BBEJIMTE 3HAYEHUE LOG KOJO®OUIHNEH
TA LH ITIPY ¥ THTPOBAHUA" )

19 H= > A6

20 1= > 101

21 IIUKJI(M01, 1, 63)

922 "Z= 5 STR (CADO, 1101, 1)

23 I KJIL,

24 30= > U11

25 0= > A07

26 39= > 104

27 6.3= > A08

28 0.2== > A09

20 3.9= > A10

30 TEPEX 1141

31 6.991= > A@8

32 0.002= > A09

33 0.999= > A10

34 TEPEX II41

35 IEPEX II42

36 1,001= > A08

37 6.002= > A09

38 1.009= > A10

39 TIEPEX 1143

40 1.10= > A08

41 0.2= > A09

42 1,5= > AlD

43 IEPEX Ti43

44 TIEPEX 1144 .
45 CEJIEKT(3, 5, 64 -
46 IMEYATBH("PACIIEYATATL TPAOHUK HA AIIY? 1 —
IIA; 0 — HET)",))

47 H= > 100

48 NPP=0IIEPEX M15

49 IIEPEX II45

50 N15

51 IEPEX N1i2

52 TI41

53 IIAKII(A08, A09, A10)

54 ADT+1= > A@7

55 Uli+1= > U111

56 (((AD1+AD3+(1—A08))/(A03+A08+A01))LN/2.3)3H= >
All

57 AD8= > AH11
58 M1l+1= > U1l

59 All= > AM11

60 ILKJL,

61 1142

62 0.5+ ((A01+AD3/(A03+AD1))/2.33H+AD5—AD6)= All

63 ABT+1= > A7
64 1= > A0S

65 U11+1= > 11
66 A08= > AMI1
67 U11+1= > U11
68 Ali= > AM11
69 M03
70 1143
h s
+ 1+A03)) LN)/2.33H+A05 — A06
((ADB—1)+A01+AD2 A@g? = *
73 A07+ll > A07 [ABSILN)/2.3= > A1l
74 M11+1= > U11
75 A08= > AH11
76 U11+1= > H11
77 All= > AH11
78 LKL,
78 144
80 IMEYATb("KVIA BLIBECTH PE3VJILTAT?
OKPAH 9BM; 2 — HA ALIITY)" P HA
81 H= > H0¢ L")
82 MIP0=1NIEPEX M03
H T
ﬁ:i",H"E)‘IATb( BKJIIOYUTE ALY ¥ HAJKMUTE KJIABULLY
84 H= > 1101
85 CEJIEKT(3, 12, 64)
86 IEPEX M@4
gg M3
IEYATD(HEX (0301
88 ok (HEX(0301),,)
NEYATDL(F 09(8), "KPUBAS TUTPOBAH
KQ%M:%IIIH'I?IIEHOI'{'?\% 2111)1/1 C(M =",A01é1.4) "%?M)ﬁ'
. =" A01(2.1) " —n : T
R e A05é2-2>,">'?,§ C(KIy=",A03(1.3)," LOG
L
Th(":N/N'* CTEL. : :
%2 IEIATH (N {PT g OTTUTP. : PM ! N/N :
)3 TIEYATH(CA00,))
14 29= > NG8
%5 1= > 110
6 LUKI(10, 1, 9)
I7 108+2= > 108
28 M08+1= > HQ9
99 M08+18= > 111
100 M9+18= > 112
101 U10+9= > 113

102 HEqATI)(" " I/I10 nooon AH@B(I HY

: oot WD) AH09(13> "
I/I13," . ", ANI1{1.3)" . AN12 H: ? ’ S0 ,
1 . ( 5, ) 1 (1 >) . ';>

104 NPP=2LIEPEX M13
105 ITIEYATh(CA00,,)
106 HEPEX M14

107 M13
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108 TIEYATL(CA00,)

109 M14

110 1145

111 M01=1TEPEX M11

112 IEYATB("BKJIIOYUTE AILTY 1 HAJKMUTE "1',",)
113 H= > H01

114 M11

115 CEJIEKT(3, 12, 90)

116 TEYATB(HEX(0ADADAGE),,

117 IEYATL(F #9(15),"KPUBASl TUTPOBAHUA
KOMIIJIEKCOHOM,

118 HEqATI)<F ®9<15 ;"******************************"1>

119 TEYATB(HEX(6 F DADA),)
120 15= > A1l

121 0.5= > A20

122 A20—1= > A20

123 0.5= > A21

124 TUKI(A11, A20, A21)
125 A1140.25= > A12

126 A11—0.25= > A13

127 1= > U606

128 " "= > CA(0

129 UMKII(HN00, 1, 18

130 106+2+430= > 101

131 Ub1—1= > HB2

132 ANG1 > A12IIEPEX M@1
133 AN101 < A13IIEPEX M01
134 AMG1=A131IEPEX M@1
135 (A1102—0.29)/0.02= > A02
136 A02 > 64IIEPEX M01

137 AG2= > B3

138 AG2=HM03TIEPEX M00

139 U3 +1= > U3

140 MO0

141 1103 > 65IIEPEX M#@1

142 ","= > STR (CA00, 103, 1)

143 M01
144 TIMKJI,

145 TEYATDB(F 09(3),A11(2.3),"!",CA00,)
146 M03
147 1IN KJT,

148 1= > H01

149 TIAKII(101, 1, 62)

150 "="= STR (CA00, 101, 1)
151 LMK,

152 10= > 01

153 IIAKII(1101, 10, 62)

154 "I"= > 'STR (CA00, 101, 1)

155 UKL,

156 "."= > STR (CA00, 35, 1)

17 IIBYATD (F 09(5),0,0001=1", CA00,)
158 " "= CAOp

159 "0.3"= > STR (CA00, 1, )

160 "6.5"= > STR (CAD0, 11,

161 "1.0"= > STR (CA00, 36, 3

162 "1.5"= > STR (CA00, 61, 3

163 TEYATD(F 09¢11), CAG0,)

164 M15

165 CEJEKT(3, 5, 64)

Opmmep. Paccunrath kpusyio TuTpoBanna 100 cm3 0,002 M pacr—
Bopa FeCly 0,05 M pactsopom DIATA npu pH = 3.

J1sa BHIYMCIIEHHMA HEOGXOAMMO B CIIPABOYHMKE HANTH 3HAYeHHe
7orapiugMa KOHCTaHTH KOMIJIeKcoo6pasoBanus Fed* ¢ DATA (pk),
3HaveHue « aui pH, npu xoTOpOM Tpexmosaraercs MpOBeCTH TUTPOBa-

uue. Ilopsigok pa6ors na OBM onmcan B pasg. 1.1.1. (cm. mpumep).

L4. Pacuer cay9aiinoil IOrpenioocTH paBHOTOYIEIX H3MepeHuR

Hporpamma npexnasHaveHna st 06paGOTKU pe3ybLTaTOB usMepe-
HU ¥ ONPEeIeseHNsA X METPOJIOTHYECKUX XaPaKTEPUCTHK.
ANTOpUTM TIIOCTPOEH Ha BHIYHUCIEHAM CPEIHEr0 apudMETHUECCKOrO

3HaYEHHUS PABHOTOYHBLIX M3MEPEHMIH — %, CTaHZAPTHOTO KBAaJPATHYHOTO
OTKJIOHEHUA M3MEPEHUH S, JOBEPUTENLHOTO WHTEPBATA € U OTHOCUTOIL-
HOM CJIYYaitHOM NOTpeHOCTH Ao.

QopMmysH 15 pacdera IpHBEAEHH B I, 13.

B nporpamme npenycmoTpena npoBepka MepBHUHBIX JAHHHIX 0 (-
KPUTEPUIO JJIf BBIABJIEHNS M MCKJIIOYEHHs NPOMaxoB. 3HadeHus (-
kpuTepns u koddounuentos Crhiogenta mias HagexuoctH P = 0,95
3aJIOKEHEI B IPOTPaMMYy.

I4.1. Texcm npopamaus " Pacvem notpewnocmu us.uepenui”

1 CEJIEKT(0, 1,5
2 IEYATB(HEX(03016A0A0AGAOE)Y "PACYET
NOTPEITHOCTH UBMEPEHHI",
3 CEJIEKT(0, ¢, 0%
4 CEJIEKT(2, 8, 200
5 NEYATL (HEX(036 F'),"CKOJII)KO HAPAJIJIEJIBHBIX U3~
MEPEHUN POBEJIH7?" )
6 H= > 1f1
7 41= > U062
8 0= > A10
9 0= > Al12
10 999= > Af1
11 999= > A(2
12 6= > A03
13 6= > Ab4
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14 0= > 05

15 1014+ 102—1= > 103

16 MUKI(M02, 1, 103)

17 A05+1= > 105

18 IEYATH("BBEJAUTE 3HAYEHUA U3MEPEHHLIX BE-
JIMYMH, X (", 1105,"):",)

19 H= > AN02

20 AI02+A10= > A1D

21 AUP2~24+A12= > A12

22 AN02 < AGITIEPEX M0d4
23 AH02 > A02IIEPEX M13
24 AN02= > A2

25 IEPEX M13

26 M04

27 AQ1= > Af2
28 AUB2= > AB1
29 M13

30 AN02 > AG3IIEPEX M5
31 AN02 < AMMIIEPEX MO6
32 ANI02= > A4

33 IEPEX M@6

34 M@B5

35 A03= > A04

36 A02= > AB3

37 M@6

38 MUK,

39 TEYATD(" 44y X1=",A01(2.2)," X2=",A02(2.2)," XN="
A03(2.2)," X(N—1)=",A04(2.2)," 4ss",)

40 (A02—-A01)/ A03—A01§= > A@5
41 (A03—A04)/{A03—AD1)= > AD6
42 0. > A23

43 0.77= > A24

44 0.64= > A25

45 B.56= > A26

46 0.51= > A27

47 0.48= > A28

48 UB1—2= > 110

49 22= > H11

50 110+ Ull1= > 112

51 A12= > A07

52 TEYATBH("44« SHAYEHUE Q-KPUTEPUA 14", 101"

U3MEPEHUI PABHO", AD7(1.2),"sss",)

53 A05 > AG7TIIEPEX M08
54 A6 > AG7TIIEPEX M@9
55 HEPEX M12

56 M08
57 IEYATBH(" yx« SHAUYEHHUE", A01(2.3)," — IPOMAX. OHO

OTBPACLIBAETCH. 444",)
58 A10—A01= > A10

59 A12—A01 " 2= > A12

60 IEPEX M10

61 M09

62 NEYATDB(" 44« SHAYEHUE", A03(2.3)," — IPOMAX. OHO

OTBPACBLIBAETCA. 444",)

63 A10—A03= > A10

64 A12—A03 " 2= > Al2

65 M10

66 M01—1= > 1Q1

67 HEYATDB(" 44« PACYET NOTI'PEMIHOCTHU IIPOBOAUTCA

IVIA ", 101" U3BMEPEHUN ,,,",)

68 M12
69 A10/1101= > Al4
70 MTEYATB(".sx CPEJHEE APU®M. 3HAYEHUE W3ME-

PEH. BETUYMHBI X=", A14(2.3),"sss",)

71 (I(IA12—I/101+A14*2 (M01-1
72 TIEYATB("sss KBAIPATIIYHOE OTKJIOHEHUE S=",

A16(2.4)," s}

73 12.71= > A23

74 4.30= > A4

75 3.18= > A25

76 2.78= > A26

77 2.57= > A27

78 2.45= > A28

79 U01—1= > 110.
80 22= > H11

81 U10+HU11= > N12
82 AH12= > A18

83 IIEYATDB("44x SHAYEHUE KOD®. CTBLIOJIEHTA UIA

" ,101," USMEPEHUNA PABHO", A18(2.2),"xx4",)

84 A16+A18/1101 SOR = > A20
85 100+A20/A14= > A22
86 NIEYATDH("4«4x» SHAYEHUE JOBEPUTEJBLHOI'O UHTEP-

BAJIA PABHO", A22(2.2),"454",)
87 TEYATH("s4s OTHOCUTEILHAA IOTPEWHOCTD
U3MEPEHUH PABHA", A22(2.2),"x 4ys™"))

Opmvep. PaccunTaTe OTHOCHTENBHYIO IHOTPEIIHOCTh W3MEpEHMs
o6beMa THTPAHTA JJIA IATH IapalIeNbHLIX ONpeLeIeHHit. lonyyenn
caepyromue pesynptaTel: 12,52; 12,60; 12,57; 12)59; 13,10 cm3.

Hposepra mMunuManbuoro (12,52) u makcumanbnoro (13,10) snaue-
HU ITOKa3a/ia, YTO MOCTCAHMI pe3yJIbTaT ABJSETCH IIpOMAaxoM, OH OT—
GpacsiBaercs. [lanbHelimuit pacdeT HPOBOZMTCA JJIA YETHPEX pe3yJib-
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TaToB. Hony4enn cllelyromue gannhie:
T= 12,575 = 0,036; || = 0,056; &_ = 0,45%.

L.5. Pacuer napamerpos nmHeitHOro rpayMpoBOUHOro rpaduKa

IlporpamMma npepHasHaueHa Uil pacuera IMapaMETPOB JIHHEIHOTO
rpanyMpOBOYHOro rpaduka y = a + br, rge y — aHANITHYECKUI cHr-
nas1 (ONTHYECKAS IJIOTHOCTh, MOTEHIMAN HHUKATOPHOIO JIEKTpOMa U
T.Ji.); 6 M b — mapaMeTpsl TpagyMpOBOYHOTO rpaduKa, I — KONLIEHTpa-
IHsT HJIY KOJIMYCCTBO YaCTHL, BHI3BIBAIOIIUX ITOT CHIHAT.

AJITOPUTM TIOCTPOEH Ha BHIYMCICHHH APAMETPOB a U b 1o dopmy-
nan:

nEz’,yi — XXy,

i i

- 1

nEzi— (Eri) 2

Yy 22 — Lz Yry
v H H "1

nf? — (Sz )2

a =

T/ie 7 — 4YHUCI0 Iap 3HaveHuit (zl_, yi.), T.€. 4YHCJIO U3MEPEHHIl; T, — U3~

BCCTIIAA KOHICHTPAUUA ONPEesAeMOro KOMIOHEHTA B M CTaHJapTHOM
PAacTBOpE; y, — aHAIMTHYCCKHUIT CUTHAJ TO CTAHZAPTHOTO PacTBOPA.

151 Texem npowpammst "Pacvem nAPaMEMPOs 1PadyuposounOLo
papura"

1 CEJEKT(1, 60, 18
2 CEJIEKT(2, 8, 25

3 HEYATL("BBEJUTE YUCJO, PABHOE YUCJY
CTAHIAPTHBIX P-POB",)

4 U= > HO1

6

7 0=

8 0= > Al4
9 ITEPEX 1110

10 HIEPEX 1120

11 MTEPEX 1136

12 TEPEX 1116

13 (AG2+A03—A01+A04)/ H(bl-}-A(b‘z—A(bl"Qg: > A26
14 (M01+A04—A014+A03) /(MO1+AB2—AD1— %: > A27
15 ITEYATB(" KOJ®. A =", A26(2.4)," KOO®. B = "
A27(2.4) )

16 1110

17 6= > 105

18 10= > 1103

19 N03+101—1= > 102
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20 AKJI(1103, 1, 1162)

21 U05+1= > 1105

22 NIEYATBH("BBEJAUTE KOHUEHTPAIIMM CTAHJIAPTH.
P—POB N § " ms,fl

23 H= > AJ03

24 AUG3+A01= AD1

25 AMB3"24+A02= A2

26 TIMKJL,

27 1120

28 N02+1= > 1061

29 NB4+M01—1= > 12

36 6= > 105

31 TIUKJI(104, 1, 1102)

32 NB5+1= > 105

33 IEYATB("BBEJIMTE 3HAYEHUA ONTHNYECKUX TIJIOT-
HOCTEU N # ", 185,)

34 H= > AN04

35 AN04+A03= > AG3

36 UMKJI,

37 130

38 10= >H02

39 16241 01—1= > 103

40 N03= > 104

41 AKJI(M02, 1, 1103)

42 UB4+1= > 104

43 AV02+AVD4+AD4= > AD4

44 INKJI,

45 T140

46 1= > U062

47 IIUKII(102, 1, 53)

48 "="= > STR {CAD0, 1102, 1)

49 TUKJI,

50 DEYATB(HEX(0103),)

51 IEYATb(CAD0,) )

52 TIEYATB(" N ! XI'YI!'XI " 2! XI4+YI" )
53 IEYATb(CAG0,)

54 19= > 1102

55 N024+101—1= > 103

56 NB3= > 1104

57 0= > 105

58 IIMKJI(1102, 1, 1103)

59 N04+1= > 104

60 AN02°2= > A05

61 AMO2+AN04= > AD6

62 N05+1= > 1065

63 TEYATL(" " 1105," | " A02(2.3),"!", AT04(1.3),
"IN AG5(3.6),"1" AB6(3.6),"" )

64 IIUKJI,

65 TEYATB("CYMMA !",Amgzs}, nn
A03(2.3),"1% A02(3.6),"t" A04(3.6),1")
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IIprmep. 3HaueHus1 ONTHMYECKMX IJIOTHOCTEH K COOTBETCTBYIOIME
MM KOHIIEHTpAalMM CTAHAZAPTHHIX PacTBOPOB IIPEACTABJIEHH HUXKE:

(), mr/amd 0,1 0,2 0,4 0,8 1,0 1,2
A(Y) 0,05 0,106 0,198 0,402 0,512 0,620

BrurduceauTs napaMerpsl IpayrpoOBOYHOTO IpaduKa.

B mamars OBM mnoémenoBaresbHO BBOAAT 3HAYE€HMs KOHIEHTpPa-
LU, 3aTeM COOTBETCTBYIOUME MM ONTHYECKHE IUIOTHOCTH, KAK OMHUCAHO
B pazgene 1.2 qaunoro Ipuaoxenus.

Ha sxpane nospisiercs Tabjauia, B KOTOPOM IPUBEIEHBl 3HAYSHMA
zl, yI, z2, zI % yI u cymmu Lzl )'JyI Lzl u Bzl % yI a TaKxke 3Haue-
HUA Road)dmuuenros aub B manHoM npumepe a = —0,0008; b =
= 0,508. CnemoBaTensHo, ypaBHEHUEe I'pafyHpOBOUHOrO rpaq;nma MeeT
BT,

y = 0,0008 + 0,508 z.

Ipunowerue I
HEKOTOPHE CIIPABOYHNE JIAHHHE

Tabnuya 1. Npubmxensmie 3HaueHMs KOIGHHIMEHTOB AKTHBHOCTH MOHOB

Honuan Koasdduuments: aKTMBHOCTH NS HOHOB € SAPSAIOM
cuna
paceopa 1 2 3 4 nnsHY nna OH™
0 1 1 1 1, 1 1
0,001 0,97 0,87 0,73 0,56 0,98 0,98
0,002 0,95 0,82 0,64 0,45 0,97 0,97
0,005 0,93 0,74 0,51 0,30 0,95 0,95
0,01 0,90 0,66 0,39 0,19 0,92 6,92
0,02 0,87 0,57 0,28 0,10 0,90 0,89
0,05 0,81 0,44 0,15 0,04 0,88 0,85
0,1 0,76 0 33 0,084 0,01 0,84 0,81
0,2 0,70 0,24 0,041 0,03 0,83 0,80
0,5 0,62 0,15 0,014 0,0005

Tabauya 2. CraHnaprHble OKMCIMTENBHEIE NOTEHUHAE E° OTHOCHTEIHHO HOPMANLHOTO

BOROpOXHOro anexrpona (niu 25 °C)

OJIEMEHTHI PACTIONONEH! B 8N(aBUTHOM NOPANKE; N — YHCIIO YUACTBYIOLINX B

PeaKIMH 3JIEKTPOHOB
JneMeHTL Bricuuast crenens n Hwusas creneHs E°, B
OKHCNIEHNA OKHCIIEHNS

Ag Agt +e~ Agl 0,80
AgBri +e— Agl+Br— 0,07
AgCl! +e~ Agl+Cl— 0,22
Agl! +e™ Agl+1— -0,15
Ag,0+H,0 +2e~ 2Ag +20H~ 0,34

As H3AsO4+2H* +2e~ HAsO4+2H,0 0,56
AsOr +2H,0 +2e~  AsO7+40H™ -0,72

Bi Bi Cl: +3e~ Bi +4C1— 0,16
Br Br, +2e” 2Br— 1,09
2B107+12H* +10e=  Bry+6H,0 1,52

2Br07 +6H,0 +10e=~  Bry+120H™ 0,50

2BrO7 +6H* +6e™ ~+3H,0 1,45
BrO;+3H20 +6e~ ~+60H— 0,61
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Tabauya 2 (npopnormxenvie)

JneMerTh Briciuas crenexs n Hwusiuas creneHs E,B
oKHCneHusa OKHCNIEHUA
c CsH404+2H* +2e~ CsH4(OH), 0,70
(xviHoH) (ruapoxmxow)

HCOOH + 2H +2e~  HCHO+H,0 -0,01

HCOO= + 2H,0 +2e~ HCHO + 30H~ -1,07
CO,T+2HY +2e” COt +H4,0 -0,12

Ce Ce#* +e” Ced* 1,74
cect%~ re=  Ce¥+eClm 1,28

CeCl0 %~ +e~ Ce3*+6CI07 1,70
Ce(s04)y re™  Ce*+350%° 1,44

Cl Cly +2e~ 201 1,36
ClO+6H* 16e~ Cl™ +3H,0 1,45

2CI07 + 12H" +10e~  Cly+6Ho0 1,47
Cl03+3H,0 +6e= Cl= + 60H— 0,63

ClO, +8H* +8e~ Cl~ +4H,0 1,38

CIO:+ 4H,0 +8e~ Cl™ +80H~ 0,56

Cr crd+ +te~ cr+ 0,41
Cry02+ 14H* +6e= 203+ 7HZ0 1,33
Cr0%™+ 4H,0 +3e=  Cr(OH);+50H~ -0,13

Cu Cu® +2e= Cal 0,35
Cu* +e~ Cul 0,53

Cu?* +e~ Cut 0,16

Cut 41— +e~ Cull 0,86
Cu(NH3)2 +e~  Cu(NH3)}+2NH; -0,01

Fe Fe3* +e~ Felt 0,77
Fe(CN)%™ re=  Fe(CN)Y 0,36

Fe304 +2e~ 3Fe?* +4H,0 1,2

H 2H* +2e” Hjt 0,000
Hy04 + 2H* +2e~ 2H,0 1,77

HO7 +Hy0 +2e= 30H™ 0,88

Hg 2Hg2* +2e= HgZ* 0,91
Hg2". +2e— 2Hgl 0,79

HgCl, +2e~ 2Hgl +2C1— 0,27

I I, +2e= 2= 0,54
I3 +2e~ k] 0,55

207 +12H* +10e=  1,+6H,0 1,19

107 +6H* +6e~ 1= +3H,0 1,08

Mn MnO,} +4H* +2e~ Mn2* +2H,0 1,23
MnO7' +2H,0 +2e~ MnO,! +40H— 0,60

MnO7 +8H* +5e~ Mn?* +4H,0 1,51

N HNO, +H* +e~ NCt + H,y0 0,98
NO7 +4H* +3e= NOt +2H,0 0,96
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Tabnuya 2 (npopmosxenue)

OnemMenrsi Briciuas crenens n Huswasn crenens E° B
OKHUCTIENHNA OKHCHEeHHUA
0 0,1 +4H* +4e~ 2H,0 1,23
0,t +2H,0 +4e— 40H~ 0,40
02T+2H+ +2e™ H202 0,68
0,t +H,0 +2e~ HO +OH~ -0,08
Pb PbO, | +4H* +2e™ Pb2* + 2H,0 1,46
PbO,! +4H* + 807%™ +2e~  PbSO4! +2H,0 1,69
S S} +2H* +2e~ H,81 0,14
54026- +2¢=  28,0% 0,09
§,0%" +2e=  280% 2,0
Sn Sn4* +2e”  Sn —0,14
Sn(OH)Z~ +2¢~  HSnO7 +30H~+H,0 -0,93
Ti TiO, +e Ti¥* + H,y0 +0,1
Tt T13+ +2e™ T+ 1,28
\' Vo2t +e vo+ -0,044
vo3~+6H* +2e=  VO*+3H,0 +1,26
HyVO7 +4H* +e~ VO +3H,0 +1,31
Zn In? +2e~ Zn} -0,7628
Zn0Z"+2H,0 +2e=  Znl +40H- -1,216
Zn0% + 2H* +4e=  Znl +H,0 -1,57
Tabnuya 3. KoHCTaHTEI yC10ivMBOCTH HEKOTOPHIX KOMIUIEKCHEIX COBMHEHHH
Bce naunsie npriBefeRs! nns rtemneparyp 20 - 30 °C
Hommemm® | gy | Ky | Kigs | eKigas | ek 12,345 | 11,234,556
Komnaerco: ¢ ammuaxom (NH 3)
Ag* 3,32 7,23 - - - _
Cd2+ 2,51 4,47 5,57 6,56 6,26 4,56
Zr 4t 9,80 17,37 23,45 - - -
Xnopudnsie komnaexcer (C1 ™)
Ag* 3,04 5,04 5,04 5,30 - -
Aut ? 9,42 - - - -
Aud+ ? ? 16,96 21,30 - -
Bi3+ 2,43 4,7 5,0 5.6 6,1 6,42
Ccd+ 2,05 2,60 2,40 1,70 - -
Cut ? 5,35 5,60 - - -
CuZt 0,07 -0,57 -21 - - -



Tabauya 3 (nponomxenne) Tabnuya 3 (MpoROIIKEHHE)

Srunendusmunrerpaayerarrsie komnaerxcs: (Y 4")

Uenrpansuniit | - lgK leKy,2 1gK1 2,3 1234 | 18K123.45 | 1eKi23456
HOH
LexrpansHei#
Fel+ 0,36 0,40 _ _ _ _ oK lgK, Uenrp. non lgKy llerp. non IgKy
Fe3+ 1,45 2,10 1,10 ~0,85 - -
Hg 2+ 6,74 13,22 14,17 15,22 - - A13+ 16,1 Cu 2+ 18,8 Ni 2+ 18,6
ny kLS ’oe L3 - - BaZt 78 Fe2t 143 Pb2+ 18,0
’ ’ ’ 1.0 - - Bi3+ 27,9 Fe3+ 25,1 Zn2* 16,5
Lugnudnsie comnaerce: (CN-) Cal+ 10,7 Mg2* 8,7 Zré 29,5
Ag* ? 19,85 20,55 19,42 - - T Co2t 16,3 Mn 2+ 13,8
Au*t ? 38,3 - - - -
Aud+ ? ? ? 56 - -
cd% 5,18 9,60 13,92 17,11 - -
Co+ 1,99 3,50 4,43 5,07 5,13 4,39 Tabauya 4. NoreHumans nonsapor padruecKyx NOMYBONK HA PTYTHOM KANENbHOM 3JIEKTpoge
Cu* 5,93 10,86 - - - -
Cu? 3,99 7,33 10,06 12,03 - - On .
" ’ ? ’ > penensieMeift dou Hamenerue Toternnan nony
NiZ+ 2,67 4,79 6,40 1,47 8,10 8,01 — BANEHTHOMTH Bonxe (E1/9), B
Zn% 2,37 4,81 1,31 9,46 - -
HoduodHnsie xomnaexest (1) At 0,5 1. BaCl, 30 -1,7
Ag; 6,58 11,74 13,68 13,10 - - Asll 1MH,50, 30 -0,7
Bi3+ 2,89 ? ? 14,95 16,80 19,1 Vi +3 —1.03
cd2+ 2,17 3,67 4,34 5,35 5,15 - g’ - ;7 Kzgl g -2 o8l
Cu* ? 8,85 - - - - - » H ’
Hg 12,87 23,82 27,60 29,83 - - Fe 0,5M(NH4),C)Hs05+1M NH;3 3-2 -0,98
In3* 1,64 2,56 2,48 - - - Mnll  0,5MNH;+0,58 NH,Cl 2+0 -1,54
Pb 2+ 1,26 2,80 3,42 3,92 - - Ni 11 KCl 2+0 ~-1,1
T13+ 11,41 20,88 27,60 31,82 - - snlI 1M HCl 2+ 4 -0,1
In% - 0,47 -1,53 1,26 —0,51 - - T 1 MHCl 344 —0.14
PodaHudHvte koMnaexce: (SCN ™) Znll 1MKcl 2+0 -1,02
Cu* ? ? 9,90 10,05 9,59 9,27 -
Cu?* 2,30 3,65 5,19 6,52 - -
Fe2t 1,31 0,43 - - - -
Fe3+ 3,03 4,33 4,63 4,53 4,23 3,23 Tabnuya 5. MogsuxHOCTL HEKOTOPHIX MOHOR Npy 25 °C ¥ GecKoHeuHoM pasGapeHMK
Propudnsie komnnexcet (F™)
Agt 0,36 -~ - - - - Kamonet | Ape | Amwommt  |A,— Karmonet | Aoyl Anwonm Ay-
A3+ 7,10 11,98 15,83 18,53 20,20 20,67
B b 8,3 y iy y iy %2 OH- 205 12pd%* 66 13P0%T 80
Fe3+ 6,04 10,74 13,74 15,74 16,10 16,10 H 6 4 / 4
Co2+ 2 ? ? ? ? 19,09 K* 76  1/4Fe(CN)*~ 114 1/2cd? 62 I~ 80
Co3* ? ? ? ? ? 64 NH: 76 1/3Fe(CN)"" 104 /2812 62 ClI— 79
Cu* ! 2,0 28,6 30,3 - - 1/2Pb2 73 12804 83 12z 56 NOj 74
Felt ? ? ? ? 18,6 36,9 1/3Fe3* 68 1/2c:0%- 82 12Mg?* 55 ClO 7
Fe3* ! ! ! ! 43,9 Ag* # B- 8 Nt s 1200% M
Hg2* 17,00 32,75 36,31 38,97 39,83 40,62 10— 3 4
Ni2+ ? ? 22,2 31,0 30,3 - 3
Pd2t ? ? ? 42,4 45,3 -
In% ? 11,07 16,05 19,62 - -
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Tebauya 6. 3nauenns kpurepus CrvionenTa by, Fopu PE3NHYHOM QOBEPUTENLHON
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