Oz2naeénenue

3“0“”"-’! 3Kcnepmeumw1buozo mypa LA AL L AR R AL R L Y R Y Y N R R R R R Y s s s sy 4

)IeBﬂTblﬁ KJ1aCC
ﬂecmmﬁ KJ1acc

OaMHHAIIATBIH KIacC

Pemenuﬂ Bkcnepme"meuazo mypa SSRGS RPRRRRARR RN R DR R ARG R AR AR ERERARRRR RN EAAED 15

Jesstoiii k1acc (ABropsl: Ilomosa H.P., MBaxnoB A.Jl., Xabapos FO.I')............ 15

Jecareii knace (Astopsl: Ilonosa H.P., UBaxnos A.Jl., Xabapos 1O.I')........... L7

OnuunaauaTeid kiaacc (ABropsl: [TonoBa H.P., UBaxnoB A.Jl., Xabapos 1O.I)..20




— =

- — —
=
- E

- o . — L i it :

3adanus IKCREPUMEHMATLHO20 mypa
AJesamuiu K1acc
Ounpeleicane 0dmei KeCTROCTH, COTCPRANNS HOHOB KAIbIHS H MAarHus B
NPHPOIHBIX Bojax

Oas0if W3 BOXHRIX XApPaKTCPHCTHK NPHPOAHBIX BOJ, BO MHOIOM
QNPSISASEOUNIX BOSMOKHOCTH HX HCTIIONBE30BAHHS HRIOBSROM, SRISETCH XKECTROCTD
somel. OH2 ONPEISASSTCS KOHUCHTPAIMSMH IKBHBATCHTOB HOHOB Ca’” u Mg™™ n
E3MepseTcs B MOmn/A. [loa SKBHBANCHTOM MOHHMAKT YCJIOBHYH HIH PEalbHYIO
YacTHIY, 3AMSHIANOMYI0 0[pH MNPOTCKAHHH PCAaKUHH  (KHCIOTHO-OCHOBHOE

Bl

HOHHBIH O0OMeH, o0OpasoBaHMe KOoMIUIekca) | arom Bozopona.
Hampumep, 1/2Ca*", 1/2Mg”” - 3T0 3KBHBAICHTHI KaTbIHA H MarHus, HX MOISPHbIE
maccel pasasl 20.04 1 12.15 r/Monb COOTBETCTBEHHO.

[To BeawuwHe OOmIEH JKECTKOCTH [PHPOAHBIE  BOABI  IPHHATO

Kr1accHHIHpOBaTh Ha rpynmnsl (Tadmmna 1).
Ta6muua 1. Knaccudukaips npHPOIHBIX BO [0 BEIHYHHE O0LIEH KECTKOCTH

O0OmIas KeCTKOCTh, MOJIb/M>

<15
1.5-3.0
3.0-54
5.4-10.7
>10.7 £ JYEHD 7
CymHOCTH MeT01a OMnpee1enHs ofieil KecTKOCTH, Coxep HOHOB

! - i 4 - . -
. o .
- n L * . = Mo F L ] . B
e U e X é'-:..'.' LB gl 1 r -:,4'.-! . o ‘:- -__.,;_._  pie e SRR - = - = " =, LA
" ; 8 B ! iYLy yititmve = = 5 i 1Iqg . ;
MLm n mmn B Immm R . E-_;‘ J‘F- ] i.":-;__!. b - ;_" - R JAR ¥ __._I-' ¥ a "-l" T i ¥
: o BEST oo Lol I AE Erphvei ot LR iy P W T
T Tl - v .-_Z,;'!',T""- -_""ﬁ' ¥ 2 =T
T g ) 4TI Al -
¥ S - el & e e - 3 SRR
: - o - '=|' - . L = « B
L B i -l 1]
— i L-r-'.-‘ = i T ‘..J"'r Iﬂ;r_i} -

P -‘**T- s g g
KECTKOCTH M COJAEpPAKAHHA HOHOB KaablMAd JIEKHT

iy
W l."__.
A Vs
T I
|

b

TUTPOBAHME AHATM3UPYEMOH BOIBI PACTBOPOM
ITHICHIMAMHHTETPAYKCYCHOH KHCIIOTBI, YCIIC

- i

kanbiHs — MypekCHA. COeIHHEHHE METAULIOHHIHKATOPA ¢ HOHOM METATa MeHee

npoYHOE, YEM COCAHHCHHE METanna ¢ TpuiaoHom b, B npouecce TtwTpoBanus
META/LUTOHHHKATOP BBICBOOOXKIACTCS H3 COCAMHCHHS H OKPAalllHBAST PACTBOD B
apyroii useT. CoaepXaHHE HOHOB MAarHHs ONpeJeNsieTcs M0 PA3HOCTH OOmiei

JKECTKOCTH H COICPXAHHS HOHOB KalIbLIHA.

Jananne. O3HAKOMBTECH C METOAMKAMH onpeaeneHus. Hcenoansys
pMeroeecs OOOpYIOBAHHE H PEAKTHBLI, ONpPEACIAHTE OOImYI0 KECTKOCTH H
COJCPXKaHHE HOHOB KalblHA H MarHHs (MMOIb/J1) B aHanau3upyemol Boxe. Ilo
BE/IHYHHE OOIICH XXECTKOCTH OTHECHTE QHATH3IHPYEMYK) NMPHPOIHYIO BOAY K OHOH
13 rpynn (Tadu.l).

OTBeThTE HA TEOPETHYECKHE BONPOCHI:

1. Yro Takoe oOmias, kapOoHaTHas, HeKapOOHATHas XKECTKOCTH?
2. Onpenenure 3HaYeHHs 00LIeH, KapOOHATHOH, HEKapOOHATHOH XKECTKOCTEH B

Boae pekH CesepHas /|BHHa B OCeHHIOK MexkeHb (Tabn.2). K kakoii rpynne

BOA IO BEJIHYHHE OOIIEH JKECTKOCTH CheayeT OTHecTH Boanl CeBepHoi

JIBHHBI?

Taonuua 2.

Honel | Coaepxkanue, MMOIbL/ 1

KarHoHBbI:
Na~ 0.56
Mg>* 092
Ca™ 2.10
AHHOHBI -
CI 1.42
SO4™ 1.54

HCOy YT

' Iloyemy npu onpenenenun coaepxanns KaibiMs B NPHCYTCTBHH MAIHMS B
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mpuioHa b 00 nosenenusi uonremosozo okpawusanus. Tumposanue NOBMOPSIOM

5. Kakyro maccy COJbl Na,CO;, HEOOXOAHMO nodasuth K 10 11 BOABI, uTOGK D0 OOCMUDICEHUSL MpeX pe3yibmamos, OMIUYAIOWUXCA He bonee uem na 0.1 ma.
yCTPAHHTb JKECTKOCT, OOYCIOBIEHHYIO COACPXKAHHEM HOHOB KalbUHs u Y pe3yIbmamsl YCpeoHsiom.
MarHus ¢ KoHuenTpauueii 60 M/ u 30 M/ COOTBETCTBEHHO Cooepacanue karvyus (Y, mmons/1) paccuumsieaiom no gopmyie:
O6opyioBanme:6opeTka Ha 25 MJI, NaTe/lb, MEPHBLIC MUNETKH Ha 208, - V5 - Crs -1000
100 my1, rpyma, konba DOpieHmeHepa Ha 250 MJ1, BOpOHKa /i Oroperkw, £
[IPOMBIBAJIKA C AHCTHIUTMPOBAHHOH BOJIOM, CTAKaH IS CJIMBA. rie Vips — 00bEM pacTBOpa TpUJIOHA b, H3pacX00BaHHBIA HAa TUTPOBAHKE, MIL;
PeaxtuBbi:0.05 M (TOYHO# KOHIIEHTPALKMK) PaCTBOP TPHIIOHA b; amMuayHEbIi Cypp — KOHIIEHTpALMs TPUJIOHA b, Monb/n;
6yodepubiii  pactBop  (pH = 10); 2M  pacTBOp THJPOKCHIA  HaTpHH, = Vp— 00BEM BOJIbI, B3ATBIA Ha ONPE/IC/ICHUE, MIL.
MeTaJUIOMHIMKATOPBI: dpHoxpom depHblii T (pacTepThlii C XJIOPHIOM HATpHs), OnpeaeieHne coaepKaHusi HOHOB MarHHs.
MypeKCHL (pacTepThlil ¢ XJIOPUIOM HATPHS). ; Cooeporcaniie UOHOB MA2HUA (£, MMONb/IL) 6bIYUCTAIOM NO PA3HOCHU MEICOY
METOJIMKA OITPEJAEJIEHWA 06wyl HCeCmKOCmbIo U COOEPICAHUEM UOHOE Kabyus no credyloujeu gopmyie:
Onpedenenue obweii scecmrocmu. B konuueckyio kondy obvemom 250 mn Z=12X-Y

ombuparom mepuoti nunemxoti 100 mn anarusupyemou 600bl. 3amem ¢ nOMOUfbIo
MepHOU nUNemKu K GHAIU3Upyemou 600e 000aensom 5 Ml AMMUAYHO20 ovghepHoco
pacmeopa u Ha KOHYUKe wnamens 3puoxpom uephvii I 00 nonyyeHus 6uUuHeso-
kpacrozo okpawusanus. Ilocne weco mumpyiom 0.05 M pacmeopom mpuioHa b oo
nosnenus cune2o okpawusanus. Tumposanue nosmopsom 00 OOCMUICEHUS Mpex

pesyibmamos, omauvaiowuxci He bonee yem na 0.1 mn. Imu  pesyromanivl

VCPEOHSIOM.
O6wyyio scecmrocms 6006l (X, MMOIb/1) paccuumpléaiom no gopmyne: ]
= 8 '_V‘FB“ _C 175_1.0_02 1
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Decsmni K< 1. K RN THTPORANIE OTHOOHTOE THIPORENES WDR QRPN IOSINE
S POV ROTREOCROTD PRCTY AN SRTHAROID XA0paT  Hanmummid  VPAAROERE  WIMERGDORRX PSR
Qe RIOER ROCH IR ON TSP, Fpawe
TR OTHONRE OHARPATROR HOANRTAIN APOTORARONRN PR TRNROM DI I RN
Dameadvas iR QU ETER AT SROM SROVOER  IRAMAANSE  OQARRY Y Hanwmaumre VPIBRONRR  ROAROR WCKTPOANTIHGOCKOR  OO0us S

emaooRol GONNSRON W TIOSNIICHRENN COICPIRARWCN WTWWRNNN BORIRNTS. 1w
ORIAENR TR SrOGROIRMAX TOBEDERX CBONCTR, MPOBOINTCH ortenasa. OoRossnN

ROMIIORCHTOR MICAORRON PACTRAINA IWIIOLRODATE HATIES
-~ L

Kaxos pH PacTsopa IMMNOXIOPHTA HaTpws Ape cazepxasmm N 3.1 ra

(a)

O18eT ROSICHNTS PacasTOM.
4. Yom OOYCAOBACHO WIMCHCHIC UBCTE WHINKATOPOS IPH  ORPIIACHNR
AKTWBROTO XA0pa 1 00wl mEAOIROCT! )

. Hanwmmre VYPaBHCHHS XHMITGOCKHX PCAKUME  NPOTCKIIOMMX  THe

‘)

onpeacacHER o0mel MEMOYROCTH B NICAONHOM PacTSOpPe THIOXIOPHTA
HaTPHA.
6. K xaxoMy BWAY THTPOBAHHS OTHOCHTCS THTPOBAHHC NPH ONPCICICHNN

Kak Mpaswio, PacTBOpP TMIOXJIOPHTA, HCTIOMb3YEMbIH B oTOeIKe, COACPAKHT IEJIOYHOCTH PacTBOpa rMNoOXa0puTa’
25 _ 40 1/1 aKTHBHOTO X’J10pa NpH obmeil ménoyrocTn 2 — 5 1 Na,O/a. PeaktuBbi: 0.1 H HCl (rounoii xonuentpammu), 0.1 8 NayS:;0; (1ounOMH
CymHOCTH METOa Onpeielenns NoKa3aTeleH rHNOXI0pHTa HATPHS. K koHuenTpauun), dpenondranenn 0.1 % cnuprossiit pactsop, 10 ®e-Huill pacTsop
H3MEPEHHOMY 00BbEMY PacTBOpa HIOXJIOPHTA HATPHA A00aBIAIOT H30BITOK HOMHAA KI, 5 %-ubiii pactBop HCI, 1 %-Hblit pacTBOp Kpaxmaia.
KaTHS M CONSAHOM KHUCJOTHI, MOC/E 4ero THTPOBAHHEM THOCY/Ib(ATOM HATpHi C ObGopyaoBanune: Gloperka Ha 25 Ma ¢ BOPOHKO#M, nuneTrk Ha 2, 5 u 10 ma,
MCMIONBL30BAHMEM Kpaxmana B PpOJIH  HHIMKaropa ONpeaessioT —COACpAKaHHC MepHbI uMaMHAp Ha S50 mn, konba Dpnenmeiiepa Ha 250 Mi, KaneabHHIL
aKTHBHOTO XJ1opa. Pesynsrar ananu3a Beipaxkator B 1 Cly/a. : Llycrepa a1s MHAMKATOPOB.

Jlin onpenenenus oOwiel MEIOYHOCTH K npode runoxjiopHra HaTpHi | METOJIUKA OINPEJEJIEHUS
. Onpenenenne akruBHoro xjopa. B kouwmueckywo xonlOy ma 250 mi
CONSIHON KMCJIOTOH B NPHCYTCTBHH (eHoNdTaneHHa. | ‘--._,. HaMBAKOT 50 MJI IMCTHILTHPOBAHHOMN BOJbI M B HEE C NOMOLILIO NMNCTKH Ha 2 M

obeit ménounoctu Beipaxatot B r NaO/x. i SR
3apanme. Mcnonb3ys umerommecs Ha > ?,557?‘:"??'- KTHREL U O06C
OnpeeMTe MOKA3aTeNy COACPKAHHUA a XJ10

NpUIMBAIOT | M aHaaM3MpyeMoro pactsopa runoxiaopura. JloGasasior nunerkoi
~oh 10Mn 10 %-noro pacrsopa Moamaa Kaaus M NMNETKON Ha 5 ma — 2 Ma S %e-HOMO

KHCJA0TB. Bhutenausiumiics woa tHTpy1or 03 HHTEHCHBHOIO
0.1 n pacrsopom mocynub:al‘l HaTpus 0 caabo-

..‘.‘ | i ! ;.n , l' ,",': :' {;: ] IlllL :lL !' :r r : .r |



Na,S,0s, npubapisis ero 1o KaruiM A0 0OecIBEYHBAHHSA PacTBOPA.
3

AHaau3 TOBTOPSIOT 0 JOCTHIKCHHA 3-X pe3yJbTaTOB, OTIMYAKOIIMXCS HE
6onee yeMm Ha 0.1 My1. DTH pE3yJIbTATh yCPEAHAIOT.

OnpenesneHne oOuieH WETOIHOCTH. B KOHHYECKYH0 KOJIOy EMKOCTBIO
250 M oTOMparoT MUIeTKoM (YMCTOMH! CIOJIOCHYTH MOCIC NPEABIIYLIEro aHasuM3a)
$ My aHANIM3HPYEMOTO PAcTBOpa THIIOXJIOPUTA HATPHA 1 no6asisgoT K HeMy 0.1 H
pactBop Na;S$;03 B KOJINYECTBE, COOTBETCTBYIOIEM MSATHKPATHOMY 00BEMY (B M),
HIYLIEMY Ha ONPE/IEICHHE CONCPKAHNA AKTUBHOTO XJopa B | MJI TMIIOXJIOPHUTA 10
METOIMKE, OIMCAHHOW paHee. JloOaBiasiloT 4 Karuiu benondranenna u
orruTpoBbiBatoT 0.1 H COISHOH KHCJIOTOM 10 00€CIBEYUBAHHA.

AHaJIU3 MOBTOPSAIOT O JOCTHXKEHHs 3-X pe3ylbTaTos, OTJIMYAIOIIHUXCS HE

Gonee yem Ha 0.1 mur. DTH pe3ynbTarhl yCPEAHAIOT.

Oounnaouameiii Ka1acc

Okpacka BelIECTB M HMX pAacTBOPOB OOYCJIOBJIEHA MOIJIOIIEHHEM YacTH
IPOXO/IAIIEr0 YEPe3 HUX CBETOBOTO M3IIy4CHHS B ONPEICICHHOM JHANa30He UTHH
ponH. Yem OoJbllle KOHLEHTpALMs IOIVIOIIAIONIEro BEUICCTBA, TEM MEHBIIEe
HHTEHCHBHOCTH IIPOXO/AIIET0 Yepe3 pacTBOP M3IYUYEHHS C JIaHHOMW JUITMHOH BOJIHBI.
3HAYUT, H3MEPsis] HHTEHCUBHOCTH MPOLIEIIIEr0 H3Ty4YeHHsI, MOJKHO C/IE/IaTh BbIBO/L
0 cojepaHuH BemecTBa. Ha 3TOM TNpHUHIHMIIE OCHOBAH METOJX XHMHHECKOro
MareMaTH4eCKH CBS3b

Ha3bIBAEMBIH  CHEKTPOPOTOMETPHUS.

aHaJIM3a,
MHTEHCHBHOCTH M3JIy4yE€HHMS C KOHLIEHTpalMeH IMOIJIONIalomero BelecTsa B
pacTBope omuchiBaeTcsi 3akoHoM byrepa—Jlambepra—bepa: — lg(1/1y) = kic; rne I —
MHTEHCHBHOCTB MPOLIEIIEr0 Yepe3 pacTBOP M3JIYYEHHUs ¢ JaHHON JUIMHON BOJIHBI,
lp — WHTEHCHBHOCTb MAJAIOUIEro H3aydeHHs, k — KO3 UIMEHT MNOrJIOMCHHMS
BEIEeCTBA, 3aBUCSILMNA OT MPUPO/IbI BELIECTBA, PACTBOPUTENIS U HEKOTOPbIX JAPYIuX
(paxTOopoB, [ — JUIMHA ITyTH M3IYYEHHs B PACTBOPE, ¢ — KOHIECHTPALMUA BCLICCTBA.
AHalUTHYECKHEe TNpUOOpBI, MCIOJb3yeMble B 3ToM  MeToje  ((hoTomeTphi)
BLIUMCIISIOT M BBUIAIOT B BUjAE pesyiabrara Beauuuny - lg(//lp) = A, KOTOpYIO
HA3BIBAIOT ONTHYECKON IUIOTHOCTHIO. Takum oOpa3zom, onrTuyeckas IUIOTHOCTD
JIMHEMHO CBA3aHa ¢ KOHIIEHTPALMEH MOIVIOIAIOIEIo BEIEeCTBa B pacTBOpE.
Onpeje/ienne coepKaHus MPUMECH CAJTHIMIOBON KMCJIOTBI B aCIMPpHHE
Jlan pacTBOp npernapara aclMpuHa ¢ PUMEChIO CAJIMIMIOBON KUCIIOThI, 0011Iee
cojiepaannue (Mr/r) 3TUX COCIMHEHUIN B pacTBOpE U3BecTHO. Ucnobiys
MMEIOIMECS HA CTOJIC PEAKTUBLI K 000pYJI0OBAHKE, C TOMOLILIO (POTOMETPUYECKOIO
METO/1a ONPEIC/IMTE KOHLIEHTPALIMIO B PACTBOPE U PACCYUTAUTE MACCOBYIO JIOJIIO

CAJIMUMIIOBOM KMUCIIOTBI B IIperapare.

OrBersTe Ha CJeAYIoNue BONPoChl:

CTpPYKTYpHBIE  (HhOPMYJIb
FUJIPOKCHOCH30MHOM) KMCHOTHI ¥ actiupuHa (aueTwicanmumnoBoi kucnorel). K

. [Ipuseamre

KAKMM KJIACCAM COCIMHEHUH MOKHO OTHECTH CANTMIMIIOBYIO KHCIOTY W aClIHpHH?

2. B pesynbrare kakoro npespanieHus NpOMCXOJUT HIMCHCHHE OKPACKH

L -.l

 peakumonnoii cmecu npu aoGasienun pacrsopa comm  Fe(Il)? Tlpusemre
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ypaBHEHHE PEaKIHH.

ornpeAeaeHus CATHIIMIOBOM KHCIOThI B IPHCYTCTBHH acIIupuHa?

3. [IpuBemuTe peaKUWH MOTyHCHHA CaJIMIIMJIOBOM KHCJIOThI M3 (heHoIsTa
HaTpHA, 0-aMHHOOEH30MHONM KHUCIOTBI, CAJIMIUIOBOTO AJIbACIHA.
Oo6opy10BaHHE:
1. ®otomerp (1 WT.), KFOBETA C TOIIHHOHN pabouyero cios 2 ¢m (1 mr.).
2. IIpoOupka CTEKIsAHHAs MEpHas CO numapom I1-2-25-14/23 (o0vem 25
M) ¢ mpookoi (11 m.).
3. [pamyupoBaHHasi MUNETKa Ha 2 MII (2 I1IT. ).

4. Illtarus wig 11 npobdupoxk (1 mr.).
5. I'pyma (1 wr.).
6. [Tecounnie 4achl Ha 2 MuH (1 wT.).
7. Hape3annas (puiisTpoBaibHas Oymara.
8. TIpoMbIBaJIKa ¢ AUCTHUTMPOBAHHOM BO1OH (1 [1IT. ).
9. bymara MHJUIMMETPOBAS.
10. JInnenka.
PeaKTHBBI:
1. PactBop comu xene3a(Ill) u3BecTHOH KOHIEHTpAUMH (Cre(im), MOJIb/JI)
CIIUPTOBBIN CAJIMIIMJIOBOM  KHCJIOTBI ~ M3BECTHOH

CTaHJapTHBIN pacTBOp

koHueHTpauuu (Cer, MI/II) JJIs IOCTPOEHHUS KaJMOPOBOYHOIO (rpaiyHpOBOYHOIO)

rpaguka.

2. AHaNM3UpyeMBI  pacTBOp —  CIIMPTOBBIM  PacTBOP

acmipuHa H

CaJIMLIMIIOBOM KHCIIOThl HEW3BECTHOM KOHLEHTPAUMH CATULIL

CAJIMLIMJIOBOH KHUCJIOTHI U dCITMPpHHA 34/1dH4d.

ITocTpoenne kaaudpoBoOYHOTO (rpanynpo

B § MCPHBIX HpOGHpOK [TUTICTKAMHU BH 2 MJ 1' |

Aenesa(lll) u ¢ uarepBasoM B 2 MUH — H3BEC

L0, 1.25; 1.5 1.75 2.0x01) ﬂannapmom
0B0J1A 00BEM pacTBOpa B KaKa0i

nepememmBas. Yepes 20 MMH B KIOBETY HAIHMBAIOT pacTBOp M3 1-H

25 Mn

MpPOGHUPKH U H3MEPSIOT ONTHYECKYIO IMIOTHOCTD Ha (oTOMETpEe MPH UTUHE BOJIHBI

575 um. C wuHTEpBAJOM B 2 MHH (OTOMETPHPYIOT PacTBOPbI H3 OCTAJIbHBIX

[UIOTHOCTH  Ka)JI0r0  pacTBOpa.

3alUCHIBAIOT  ONTHYECKYIO

npoOUpOK H
(UucTpyKIus 1o padbore Ha doTomMeTpe npuaraerTcs).

C yueroM pa3daBiieHHs] KOHLIEHTPAIHIO caMIMJIOBOH KHCIOTHI (Cj, MI/iI) B

(hOTOMETPUPYEMBIX PACTBOPAX BBIYHCIIAIOT 11O dbopmye:
C= CeVil25

rne V; — 00beM CTaHZAPTHOIO PACTBOPA CAIUIIMIOBOH KHUCIOTBI, MII;

C..— KOHIIEHTPALMsl CTAHIapTHOTO PacTBOPA CaIMIHIOBOH KHCIIOTBI, MT/J1;

25 — 00BEM pacTBOpa, MIIL.

[I0 W3MEepeHHbIM 3HAYEHUSM ONTHYECKOH IUIOTHOCTH MpPH 525 HM CTPOAT
rpadUK 3aBUCHMOCTH ONTHYECKOH IUIOTHOCTH MPHU 525 HM OT KOHIUEHTpAlWH
(Ci,mr/n) B (POTOMETPHPYEMOM

CAJIMIINIIOBOU KUCJIOTEI

pacTBOpeE.
JKCIIEPUMEHTAJIbHBIE TOYKH alIPOKCUMUPYIOT IIPSAMOH.

Onpenenende CAJTHIMIOBOH KHCJIOThI B aHAJHM3HPYEMOM pacTBOpe ¢
HeM3BeCTHON KOHUEHTpaunuei. B MepHYIO NpoOMpKYy NHUIIETKAMU BHOCAT 2 MII
pactBopa conu okenesa(lll) m amuksory (Vx, M) aHaaM3UpPyeMOro pacTBopa
acliUpyHa M CAJMIMJIOBOM KHUCIOThI, OOBEM pacTBOpa JOBOMAT JIO METKH

NUCTHLIMPOBAHHOM BOIOU M TIIATENBHO IepememmBarT. Uepe3 20 MuH pacTtBOp
doromerpupyror npu 525 HM. B TOM cnydae, eciM HU3MEepeHHOE 3HAYEHHE
ONTHYECKON IUIOTHOCTH aHAJIM3UPYEMOI0 PACTBOpAa BBHIXOJMT 3a PEKOMEHIyeMble
npeeibl, ykasaHHble B MHCTpyKumMu no padore Ha dpoTromerpe, aHaIN3 MPOBOIAT C

JIPyTUM 00BEMOM alMKBOTHI (FVy, MII) aHaIu3MpyeMoro pacTBOpA.

MPOBOJISAT JIBAXKIBI.

AHanus

Conepxxanne canuuunoBon kucnotel (Cx, Mr/a) B (OTOMETPHPYEMOM
pacTBOpe ONpEeNAT M0 KaauOpoBOUHOMY (rpajyMpOBOYHOMY) Tpaduky u

HGPCCHHTHBE.IOT Ha COJICPXKAHHEC CAJIMIIHJIIOBONH KHCIIOTHI B AHATTH3HPYCMOM

_jﬁ_p%(ch, MT/J1) ¢ yYeTOM 0ObEMa aTuKBOTHI Vy:
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KOHUEHTPALIS CATHIIHIOBOM KHCIOTH B HOTOMETPHPYEMOM PACTBOPE, MIVT

[Io moNydYeHHBIM pe3ylbTaraM JBYX MapajuleIbHbIX OIpe/1eJICHHH

BBLIYHCIIAIOT CPE/IHEe 3HAYCHHE KOHIEHTPALMH CATHIMIIOBO# KHCIOTbI (MI/J1).
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Pewienus IKCREPUMEHMAIbHO20 mypa

Jleesamulu Knacc

(Aemoput: Ilonosa H.P., Heaxnoe A./l., Xabapoe 10.1.)
OTBETHI HA TEOPEeTHYECKHE BONPOCHI

. Ob6was acecmkocmy OnNpeaensercs CyMMapHbIM CoJIepKaHUEM

YKBUBAJEHTOB HOHOB KaJIbIIUA H MarHusa B BOJIC.

[lon xapbonamnou dHcecmkocmplo  BOAbL  TOHHMACTCH KOJIMYECTBO

yKBHUBAJCHTOB HMOHOB KaJbLMA M MAarHus, CBA3AHHBIX € ruipokapOoHaT-

HOHAMH.

Hexapornamuas — dicecmkocmy — BOJAbI  OMPEACIACTCH  KAK pPa3HOCTh
3payeHuil 001el 1 KapOOHATHOW KECTKOCTH.

9 O6Gmas xectkocts = 2:(C(Ca?") + C(Mg*)) = 6.04 MMOJIb/JI;
kapOoOHATHAs JKECTKOCTh = C(HCOs) = 2.10 mMOmb/J; HekapOOHaTHas
CCTKOCT = OOMIas JKECTKOCTh — KapOOHATHas ecTKocTh = 3.94 MMOJIb/ 1.
Bona CeBepHoii [[BHHBI SIBISETCS HKECTKOH.

3. OnpeneneHne COIEPXKAaHMS Kalblusi HAa (POHE MarHus MNpOBOIAT B
npucyrcTBid NaOH, Tak KaK B 3THX yCIIOBHSAX oOpasyeTcs TI0XOpacCTBOPUMbIH
Mg(OH),, KOTOpbIii B CBSI3H C 3TUM HE Y4acTBYET B PEAKIHUAX C HHAHKATOPOM H
TPUIOHOM b, dYTO TMO3BOJISET ONpPENEIHTh COJACPKAHHE HOHOB Cat =
IPUCYTCTBHH HOHOB Mg”" .

4. TlpucyrctBue KoddduimenTa «2» B GopMyle Ui BBIYHCICHHS 00IICH
)KECTKOCTH M Koddduumenta «1/2» B GopMyie IS BbIYHCICHHSA COACPXKaHHA
HOHOB MarHusi OOBSCHAETCS TEM, YTO JKECTKOCTh MPHHATO BbIPAXKaTh B MOJb/JI
IK6UBANEHMOE WOHOB KalbIlWs M MArHHWs, KOHIIEHTpallMs KOTOpbIX B 2 pasa
OoJNblIEe CONEPKAHHMS CaMHX HOHOB (3TO MOXHO TOHATH XOTs Obl H3

INPHBEICHHBIX B YCIIOBHH MOJIAPHBIX MAaCC 3KBHBAJICHTOB, IIPDH 3aJlaHHOH Macce

K&XJIOr0 3IEeMEHTa KOTHYECTBO €r0 OKBHBAICHTA, HMMCIOMICIO B 2 pa3a

ol W =

= .{h'";
A

ICHBIIYIO MOISAPHYIO Maccy, OyaeT B 2 pa3a OonblIE€ KOJIHYECTBA CaMoro

=




ypaBHEHHA B3aUMOJICHCTBUA coJieil ITUX IEMEHTOB ¢ KapOOHATOM HATPHSA U 10O

NPOTOPUMH  HaH/eM tpebyemyio Mmaccy Na,CO; Ui yCTPAHCHHA HOHOB

Jlecamblit Knacc

kanpias (X1) 1 Maraus (X2): (Aemopui: Ilonosa H.P., Heaxnoe A./l., Xabapoé 10.T")

Ca?'+ Na;CO; = CaCO; + 2Na’ Pacuérubie (popmMyJibl:
v Mo Mo, _06-106 1 o X, e =V +0.00355 1000 r/x,
| M, 40 | re V - oobem 0.1 H pacTBOpa Na,S,03, H3pacxoA0BaHHOTO Ha THTPOBAHKC, MIL
0.00355 — Macca aKTHBHOIO XJIopa, COOTBETCTBYIOILAA | ma 0.1 H pacTBOpa

Mg?* + Na,CO; = MgCOs + 2Na*

m,, -M,, 03.10 NayS;03, T.
X, = e —‘—"'—6 =1.31r _ V:0.0031-1000
MMS 24.3 XNGEzO — - I'/J1,

rme V - oobem 0.1 H pacTBOpa COJITHOM KHCJIOTHI, M3pacxo/JI0BAHHOIO Ha

X=X;+ X, =2.90r

CucremMa olleHHBaAHHU A

TUTPOBAHHE, MJI,
00031 — macca Na,O, coorsercrByiomasl ma 0.1 1 pacrTBopa COJISIHOM

JKcrepMMeHTaNbHas — pabora  y4aCcTHMKAa  OLICHHMBACTCHA,  HCXOMW1 M3

OTHOCHTE/IbHONH NOrpemHocTH (AX/Xyer, %) ONpe/esICHuUs o011eH JKECTKOCTH, KHCJIOTBI, T’

§ — 0OBEM AJIMKBOTBI, MJI,

QTBETBI HA TCOPECTHUCCKHCE BOINPOCHI

|. TuTpoBaHKE OTHOCHTCS K OKMUCIMTE/ILHO-BOCCTAHOBHTCALHOM).
| NaClO + 3KI + 2HCI = NaCl + Kl3 + 2KCl + H>0

(nonyckaercs ykazanne Iy Bmecto Kly, a TakoKke Hanucanue YIPOLIEHHOTO

KOHLUEHTPALMH KaJbIMA W MAarHus B BBUIAHHOM PacTBOPE, IAC Xyer — MCTHHHOC
JHAYCHHME JKECTKOCTH, HCTHHHAS KOHLEHTPALUs KaJblus, HCTHHHAA KOHICHTPALHA

MATHHS B BBIIQHHOM pacTBope; AX — PasHHIA MEKILY BEIMUHHOM, MOJIYH4EHHON

Inauenme | C
KECTKOCTH K¢
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n g f
B ey
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yUACTHHKOM, W HCTHHHBIM 3HAYCHHEM.

fup 0y PR
YPABHCHMSL:

Cl, + 2KI = 2KCl + 1)
7 ¥ Kl,} + 2NﬂzSzO3 = 2Nal + Na:S..Ot. + Kl

(nonyckaeres ykasanue L nmecto Kly)

2. YpasHeHHs [OMMOH  VICKTPOIHTHUCCKOI  AMCCOIMALIMN - KOMIOHEITOR

WICAOUHONO PACTBOPA FHITOXJIOPHTA HATPHS

ot NaOH = Na' + O

P | “ﬁ e, NaOCl = Na' + OCT

3. Ykasanne na 06pasoaniie rHAPOKCHIA MATHIA | 3 Comepwamwe rwporciin mapua npn corepiamm Na:O 3.0
v pre— W I————— P —— AL TIUPOKCILA HATPIS | MOIL T COTTICHO PeaRtii

7. Pacuer KOKJAONO BH/A KecTKoCTH ~ 1o | Gamry
Orser ua ponpoc 0 kectkoctn Ceneproit bt = 1 ¢

£l i -l;";
= = [

i B




pH: 14-pOH= 13.

4. VI3MEHEHHEC
smenennn pH  00yCIOBICHO CMEIIEHHEM PAaBHOBECUS IMCCOLMAIINK

BeTa KHCJIOTHO-OCHOBHOIO HHIUKATOpAa (qJeHoncpTaﬂeHH)

npH M
HHHKATOPA.
Kpaxma SBIAETCH MHIMKATOPOM, cenuGUIECKH PEarupyrouM ¢ HomoM.

[Ipy B3aUMOJEHCTBHHM Kpaxmaja C #foIOM OKpacka OOYCJIOBJIEHA CMEIIECHHEM
paBHOBECHsS B CTOPOHY 00pa30BaHHs KOMIUIEKCAa KpaxmaJa ¢ HOIIOM.
5. VYpaBHeHHA XHUMHYECKHUX peakiui NPOTEKAIIMX IPU OIpPEICICHUH

obuieil WETOYHOCTH B IIETIOYHOM PACTBOPE IMITOXJIOPUTA HATPHA.

[lpyu onpezeierny 00MIeH WETOYHOCTA B IEJIOYHOM PpAaCTBOPE IMIIOXJIOpHTA

HATPUA P HEHTPAIM3ALIMM XJI0pa MPOTEKAIOT CICAYIOIIHUE IIPOLUCCCRL:
4Cl, + Na,S;03 + 10NaOH = 2Na,;SO4 + 8NaCl + SH,O

4NaOCl + Na;S,0; + 2NaOH = 2Na,S0O,4 + 4NaCl + H,O
[Tpu TUTPOBAHKK LLIETOYH [IPOTEKAET CIEAYIOUIMH MTPOLIECC:
NaOH + HCI] = NaCl + H,0
6. TurpoBanue npu ONpeACNCHUH COJACPKAHUA [ICJOYHOCTH PacTBOpa

FANOXJIOpUTA OTHOCHTCA K KUCJIOTHO-OCHOBHOMY.

UCTEMA OLICHUBAHUA,

Teopemuueckue sonpocot

Orset Ha Bonpoc o Ture Turpopanus — | 6amn
YpasHenus peakimii - 2 peakuuu no 1 6amwny
Ypastenus e o

IKcnepumenmanbHas paboma

spagenreM) onpeneneHust AX/Xyer, COIIaCHO TaOIUIIE:

AX/Xyer, Y0 | bayn | AX/Xyer, o | bain |

0-2 30 0-2 30

2.1-35 25 2.1-5 25

5.1-10 20 5.1-10 20

10.1 - 15 15 10.1 — 15 15

oonee 15 10 oonee 15 10

+ 2 6anna 3a omcymcmeue napywenuu Th
Maxkcumanvnvie 6an11bl
Teopernueckue Borpocel 18

DKcrniepuMeHTanbHas pabora 62
UTOI'O:

80

OreHKa BBIIIOJHEHHs ONpE/eIeHHs aKTHBHOIO XJIOpa H o01ied 1IEeI0YHOCTH

Ha OCHOBaHHUU OTHOCHUTEIBHOM IIOTrPEIIHOCTH (110 CPaBHEHUIO C HCTHHHBIM



Ot)unuat)uamuii KJ1acc
O oy /0\ 3

(Aemopui: Ionosd H.P, Heaxnos A/, Xaobapos 10.1) %
PacuyeT coaepKaHus ca THIIHJIOBOH KHCJI0THI B Ipenapare COOH e 1i“e
Maccosast /1071 (IpOLEHTHOE cOZiepKAHME) CAJIAIMIIOBOM KHUCJIOTBI B OH 4 O
nejieHds] KOHLIEHTPAalUK __————-r-Fe
SOH

IOT [0 pe3yyprary Ormpe

%) BBITHUC
Mr/7) M HM3BECTHOH 0Omeil KOHLIEHTpaluH

cannunnoaoﬁ KHUCJIOTHI (Cexs

JOTHI ¥ aCIMpHHA (Cobuss
Sc;{:: ch/Cnﬁm'lOO %

npenapare (Sexs

MT/7T) B aHAJIM3UPYEMOM PacTBOPE:
P CocTaB OKpAlllEHHBIX KOMIUICKCOB B 3aBHCUMOCTH OT YCIOBHH MOKET OBITh

CcATAIIMIOBOH KHC
(110 el e
3. CaJIMIWIOBYIO KHCIIOTY MOKH

OTBeThbl HA TEOPETHIECK
ag Kuclora W acnHpHH JBIISIOTCS ApOMaTHYCCKUMH - KapGOKCHITHPOBAHTIEM R A
COONa COOH

pe BOMPOCHI
0 CHHTE3MpOBaTh pa3JIHiHbIMH crioco0amMu:

1. CanuiuiioB

coeIHHEHUAMH H kapOOHOBBIMH xucoramu. CanuuuiioBasd KHACJI0Ta OTHOCHUTCA K
(peHOJIBHBIM coeuHeHHsIM (KIace rn,nporccnﬁeﬁzsoﬁﬂmx KUCJIOT), a aCIHUupHH — ONa (g OH OH
2 -
. H
— —_—T
t.P -Na

CJIOKHBIM (HPaM.

COOH COOH
e 0 O CATAITHIIAT HATPHA
- TMA30THPOBAHUEM 0-aMHUHOOEH30MHOU KHCJIOTBI
COOH COOH COOH

CH;
NH. @8
caJiLI0Bas KHuciaoTa, aCnHPHH, = NaNO; ¥ H,0 o
ALeTWICAHILHAOBAA KHCAOTA, T
HCl, 0°C - N,, -HCl

O-THAPOKCHOEH3CITHAA
KHCA0TA .?.—auemﬁcnﬁemoﬁﬁaﬂ KHCA0TA
2-kapOoKCHMEHHLIHAZOHIH

apoMaTH4eCKOe COCIMHCHHE ApOMATHYECKOE COCJMHCHHE
kapOOHOBas KHCIIO0TA kapOOHOBAsl KMCJI0Ta SSea

rUPOKCHKHCIIOTA CIIOKHBIA 2QHP

7. Mi3sMeHeHHe OKPACKH TpH J100aBICHHH pacTBOpa COJIH scene3a(11T) cA3ato
¢ TeM, 4YTO CaJMIKIOBas KUCJIOTA oOpasyer C KaT) @/ OH (0] ©/OH

- ::-|' |
IL-_:-.II'I b
: ot
F §



CucreMa oleHHBAHH:
IkcnepumMenmaibHas paboma

Jlsana3oH pacXoANeHHH OIKCIEPUMEHTAILHBIX PE3YIBTATOB  OT bAJIJTB]
3HageHHsd MacCOBOH /10/IH CAJIMLIAJIOBONH KHWUCJIOTHI B

| 3371aHHOTO
' npenapare (B %

+5 55
+ 7 30)
+9

bauiel 3a opopmiienne

baibl 32 HaBBIKH padoOThI

bajuibl 32 0TBETHI HAa TeOpeTHYECKHE BONIPOCHI

I. CrpykrypHbie hopmyitsl — o 2 6auia
Jltoboe npaBHiIbHOE OTHECEHHE K KJIacCy coeIMHeH il — o | 6asia

2. YpaBHeHue peakuuu — 4 6ania
OObsicHEHHE BOSMOKHOCTH  HCIOJIB30BAHUS  JAHHOI peakuuud  JJA
ONPCACICHHUS CaTMIUIOBOH KUCIIOTHI B PUCYTCTBUH aclupHHa — 2 Oalia

3. YpaBHCHHS peaKiuii 10Ty YeHNs CaTUIAIOBOM KHCIOTHI — 1o 2 Gasuia 6
UTOTO: 80
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