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3AT'AJIBHI BITOMOCTI

[Ipupoana Boga € 6GAaraTOKOMIIOHEHTHOIO TMHAMIYHOIO CHCTEMOIO, /10 CKIIay
AKOT BXOASATh Ta3u, MIHEpaJlbHI W OpraHiuHi PEYOBMHM, LIO0 3HAXOJATHCA B
PO3UMHEHOMY, KOJIOIZHOMY 1 3aBUCJIOMY CTaHaX, a TaK0X MIKpOOpranismu. Y
BUTJISI/II 10HIB, HEAUCOIIMOBAHUX MOJIEKYJI, KOJIOIAIB 1 CYCIIeH31M y MPUPOJHUX BOJAX
MICTUThCS TOHaA S50 €JIeMEHTIB, aje TUIBKK JEsAKl 3 HUX, HAWOUIBII BaKJIUBI,
3yCTPIYaIOThCS y 3HAUHUX KUIBKOCTSIX.

3 pO3YMHEHUX Tra3iB y MPUPOJHUX JDHKEepelax HailuyacTille MPHUCYTHI KUCEHb,
a30T, BYIJIEKUCIUN Ta3, pijlie — CipkoBOAeHb Ta iH. KuIbKiCHHI BMICT ra3iB y BOJII
0araro B 4OMY 3aJIeKUTh BIJ IX MPUPOJU, MApLUIAIBLHOTO THCKY, TEMIIEpaTypH,
CKJIaJly BOJHOTO CEPEJOBHINA Ta IHIITUX YNHHUKIB.

3 pedoBUH, IUCOLIIOIYUX Yy BOAHUX PO3UMHAX HA 10HHU, Y BOJ1 PO3UUMHSIOTHCS
OUTBIIICTh MIHEPANbHUX COJIEH, KUCIOT 1 TiApokcuiaiB. HailOunbin momupeHi B
OPUPOAHUX BOAAX TiApoKapOOHATH, XJIOPUAM 1 Cyidbdatu JTy>KHO3EMENbHUX 1
JY’)KHUX METaliB, y MEHII Mipl — iX HITpaTH, HITPUTHU, CHUIIIKATH, (QTOPUAH,
dbocdatu.

VY 611b1I0OCT1 BUNIAAKIB I0HHUM CKJIJl MPUPOJHUX BOJI BU3HAYAETHCS KaTIOHAMU

Na®.K*.Ca? " Mg?"i anionamn HCO3,S02 " 2+

.C1~. Kationu HY NH',Ccu?*t Fe?t,

4 2

2— - 2— — A Tra—
3 2,NO3, 4 ,HSO4,H81O3,HS

Ta 1H. y TPUPOJHIN BOJAl MICTATHCSA B HE3HAUYHIA KUIBKOCTI, MPOTE iX BIUIUB Ha

Mn2+,A13+ Ta 14. 1 agiouu OH ,COZ% ~,NO F~,1",HPO

BJIACTUBOCTI Ta SIKICTh BOJY 1HO1 TAKOXK YK€ BEITUKHI.

HalizHauHiIMMU NOCTa4ajibHUKaMU OPraHIYHUX PEUYOBHUH Yy MPUPOJHY BOAY €
TPYHTOBUH 1 TOpPQ’SHUNH TymMycC, NPOAYKTH S>KUTTEIISIIBHOCTI W PO3KIIAaJaHHS
POCIMHHUX 1 TBApPUHHHUX OPraHi3MiB, CTIYHI BOJUM MOOYTOBHX 1 IPOMHUCIOBUX
nignpueMctB. HasBHICTH y BOJl OpraHIYHUX PEYOBUH PI3KO  MOTIpIIYE
OpraHoOJENTUYHI TOKa3HUKU BOJW, IMIJIBHILYE KOJIBOPOBICTh, CITIHIOBAHICTbD,
HEraTHBHO Jli€ HA OPTaHi3M JIIOJJMHU 1 TBAPUH.

VY nux BKaziBKax HaBejeH1 JabopaTopHi poOOTH Uisi BUBUEHHS MPOIIECIB, SKi
3aCTOCOBYIOThH Y TEXHOJOTISIX OUMILEHHS BOJIU Bl pO3YMHEHUX JAOMIIIOK. JI0 KOXKHOT
nabopaTopHOi poOOTH HABEIEHO TEOPETUUYHUI MaTepiall, KUl J103BOJSE CTYIAEHTY
KOPOTKO O3HAaHOMUTHUCH 3 (PI3UYHOIO Ta XIMIYHOIO CYTTIO METOJY OYMILEHHS BOJM.
[Ipy BukKOHAaHHI JaOOpPATOPHUX POOIT CTYAEHTH MOBHUHHI JOCIALAHUM HUISIXOM
BU3HAYUTH OCHOBHI TEXHOJIOT1YHI MapaMeTpu OOpOOKH BOJHU, 3pOOUTH BUCHOBKHU
10JI0 0COOJIMBOCTEN MPOTIKAHHS MPOLECIB OYUIIICHHS.



1 TEXHIKA BE3IIEKU IIII YAC BUKOHAHHA
JIJABOPATOPHHUX POBIT

[Ipu poboti B naboparTopii CTyAEHTH OCOOJMBY yBary MOBHHHI 3BEpTaTH Ha
TEeXHIKy Oe3nekd 1 JOTpUMYyBaTHCS TpaBwil Oe3neyHoi poOOTH — BMITH
KOPUCTYBAaTHCS XIMIYHUM IIOCYIOM, pEaKTHMBaMHU, PO3YMHAMHU W HarpiBajJbHUMHU
npwiagamMd. OCHOBOIO HOpMajbHOI POOOTHM B XIMIuHIM saboparopii € cBigoMme
JOTPUMAHHS KOXKHUM CTYJIEHTOM MPaBUJI TEXHIKH O€3MEKH.

Bbyap-sxi pobotu B XiMI4HIA JabopaTopii Tpeba BHKOHYBATH PETEIBHO,
aKypaTHo, 6e3 nocmixy. Ha po6o4oMy Miciii MOBUHHI 3HaXOAUTHUCS TUIBKA HEOOXIiTHI
JUTsl BUKOHAHHSI KOHKPETHOI poOOTH pEeakTUBHU, NpUTAAN W ycTaTKyBaHHS. be3nao na
poboyoMy Micyi HeOONYCMUMUIL.

BaxxnuBe 3HaueHHA Ma€ MIATOTOBKA O BUKOHAHHS J1abopatopHoi podoTu. /o
BUKOHAaHHS OYJb-KOi pOOOTH CHiJ MPUCTYNAaTH TUIBKK TOJI, KOJW BCl ii eramu
3p03yMuTl i HE BUKIIMKAIOTh CYMHIBIB. SIKIII0 BUHUKAIOTh IKI-HEOYIb HEACHOCTI, CJIiJ
710 TIOYaTKy poOOTH 3BEPHYTHCS 10 KepiBHUKA. Onepayii, nog sasami 3 niosuueHoro
Hebe3nekorw, HeoOXIOHO Nposooumu MilbKU Ni0 0e3n0cepeoHiM CNOCMepeICeHHIM
KepigHUKA.

3actocoByBaHUM B Jsaboparopii XIMIYHUNA MOCYH Yy OUIBIIOCTI BUNAAKIB
CKJISTHUM, TOHKOCTIHHUNA 1 KPUXKHM, BUMarae N0alIMBOr0 KOPUCTYBAHHS, TOMY IIO
npu Hea0anoMy MOBOKEHHI1 3 HUM MOKJIMBI MOpaHeHHs (mopi3zu pyk ckiiom). [lpu
po0OOTI XIMIYHMM TOCYJ CJiJ] TpUMaTH B pyKax OOEpeKHO (HE CTHUCKATH CUJIBLHO
naneisgaMu). [lpu loro MUTTI HEOOXITHO CTEKUTHU 32 TUM, [I0O HE TPOOUTH CTIHKH YU
IHO. Y BUMAAKY HEBEJIMKOTO MOPI3y CIIiJl BUJIAJTUTH OCKOJIKH, 3MUTHU KPOB HABKOJIO
paHu BaTHUM TaMIIOHOM, 3MOYEHHMM pPO3YMHOM MApraHIiBKH, 3Ma3aTh HOIOM 1
3aB’s13aTW OMHTOM YM 3aJiNUTH JelkomiactupeM. [lpu HeBenukux mopizax paHu
MOXHa TMOKpUTU KieeM bd-6 (mans o00pobku wmikpoTpasm). [lpu rambokux
apTeplajJbHUX paHax MIcisd BUAAJIECHHSA CKJIa PYKy HEOOXIHO MIIHO MepeB’si3aTu
JOKTYTOM BHUIIE TOPI3y, BUAAIUTH KPOB HABKOJIO PaHMW, HAKJIACTU KUIbKA IIApiB
CTepUIIbHOT MapJli, MOTIM TOBCTHUM IIAp FrpOCKOIIYHOI BaTH 1 3BEPHYTHUCS JI0 JIIKAPA.

Benuke 3HaueHHS Mae 3HaHHS CTYACHTIB MPO CHOJYKH, 3 SKAMH IM
MPUXOAUTHCS TpaloBaTH B jJabopaTopii. barato 3 HUX MOXYTh OyTH XIMIYHUMHU
OTpyTaMH 1 MpU HEOOEPEKHOMY MOBOJKEHH] CIYTyBaTH MPUYMHOIO XIMIYHHUX OITIKIB
1 oTpyeHb. Jl0 Takux PedyoOBUH BITHOCITBHCS HAacammepell piAKi KUCIOTU 1 JAyru. Yci
PEaKTUBH 1 PO3YMHH, SIKI BUKOPUCTOBYIOTH B JabopaTopii, MOBUHHI 3HAXOAUTHUCS B
3aKpPUTOMY MOCY/I1 3 YITKUM HAIKMCOM, SIKHW BKa3y€ Ha3BYy 1 KOHLIEHTPAIIIO PEareHTYy.
[Ipy momanaHHi CHJIBHUX KHUCJIOT Ha IIKIPY CIJiJI HETalHO 3MHUTH OOJHUTE Miclie



BOJIOI0, a MOTIM 5 % pPO3UYMHOM ABOBYTJIEKHUCIOI conu. [Ipu omiky jsyraMu Takox
PEKOMEHAYEThCSI OOMUTH YypaXk€He MICIie BOJAOI0, a MoTiM 2% pO34MHOM OIITOBOT
KHCJIOTU. SIKIIO KUCTIOTa TpoJjidjiacs Ha MJIOTY, i1 CJiJ 3acUNaTH IMICKOM, MOTIM
310paTu oro 1 BAHECTH 3 MPUMIIIEHHS, @ O0JIUTE MiClle IPOMUTH PO3YUHOM COJIH.

[Ipu pob6oTi 3 peakTuBamMu Tpeba mam’ATaTH, IO HAMOBHEHHS MIMETOK IS
BUMIpY MaiuX 00’€MIB KHCJOT, JYTiB Ta IHIIMX PEYOBUH BUKOHYIOTH TUIBKH 32
JOTIOMOTOI0 TYMOBOI TpyIlll. 3aCMOKMYB8AHH POMOM KAME2OPUUHO 3A0O0POHAEMbCA!
VYcio poboTy 31 WMIKUIMBUMU W OTPYHHUMHU peyOBHMHAMHU Tpeda MPOBOJIUTU Y
BUTSDKHUX Iadax.

3a00pOHSAETHCA BUMIPABIIATH HATUCU HA €TUKETKaX Ha EMKOCTSIX 3 PEaKTUBAMU,
HAKJICIOBAaTH HOB1 €TUKETKH, HE BUAAIUBIIM cTapi. He nmomyckaeThcsi KopucTyBaTucs
peakTuBaMH 0€3 €TUKETOK ab0 3 CyMHIBHMMHU Hamucamu. Ciifi yBaXKHO CTEXHUTH 3a
JOTPUMAHHSM YUCTOTU peakTuBiB. He momyckaerbes miuyTatu NpoOKH Bl €MKOCTEH
3 peakTUBaMU, HaAOUpaTU PEaKkTUBU OPYAHUMU MineTKaMu. 3a0pyAHEHHS pEaKTHUBIB
MO>X€ BUKJIMKATU HE TUIBKA CHOTBOPEHHS PE3yJIbTaTiB POOOTH, aje W COPUUYUHHUTH
HeOakaH1 i HeOe3MneuH1 MoO1YH1 MPOLECH.

HarpiBanbHi mnpwiaau HEOOXIHO BCTAHOBIIOBATH Ha  TEIIOI30JAIINHI
nigcTaBku. [Ipu HeoOepexHi poOOTI MOXKIIMBI TEIJIOBI OMIKK BiJl CAMOr0 MpUIIaIy
abo HarpiToro XiMiyHoro mnocyay. He pekomennmyeTbcsi OpaTu rapsuuii mnocyn
pykamu. Harpiti npenmeru OepyTh IIMMOISAMH, KoJOONpuUiiMauyaMu, IHKTYTOM 3
pymiHuka. HeobXxioHo yeaxcHo cmedicumu 3a poboOmor HA2piealbHUx Npuiadie, He
3anuwamu ix 6e3 Hazaady. Y BUIAJKY OIMIKIB MEPIIOrO CTyNeHs (YepBOHICTH) Ha
oOmaneHe Miclie HEOOXIJIHO HAaKJIACTU BaTy, 3MOYEHY PO3YMHOM MAapraHIliBKH,
KOHIIEHTpAIlisl SIKOTO MYCUTh OyTH THUM OUIbLIE, YUM CHJIbHIIIE oOmiK. MokHa
BUKOPUCTOBYBaTH 1 Masl BiAg omikiB. [Ipu omikax Jpyroro ctyneHs (MiXypH)
oOmajieHe Miclie OOpOOJSIOTh PO3UYMHOM MAPTaHIIEBOKUCIOTO Kamito 4u 5%-M
po3urHOM TaHiHy. [Ipu omikax TpeTboro crymneHs (pylHyBaHHS TKaHWH) paHy CIij
MOKPUTH CTEPUIILHOIO MOB’ I3KOI0 1 BUKJIMKATH JIIKapsl.

VY npumiiieHHi 1abopatopii, A€ MpamoTh CTYACHTH, 3aBXKIU MOBUHHI OyTH
HaIOrOTOB1 MPOTHUIIOKEKH1 3aCOOM: BOTHETACHUKH, a30ecT, micok. He gomyckaeTbes
racUTH BOJOIO OJIiI0, Tac, OEH3MH, CIPKOBYTJICIH Ta 1H.

Koxken cryaeHT mnepea moyaTkoM poOOTH B JlabopaTopii 3000B’si3aHUi
O3HAaHOMUTHCS 3 MOJIOKEHHAMU «[HCTPYKINT 3 TEXHIKM Oe3MeKH AJisl MPALIOYUX Y
XIMIYHUX JJaOOPaTOPITX».

JlabopamopHuti scypran cmyoenmu oQpopmiaioms 3a30aie2iovb, HanepeoooHi
BUKOHAHHSL 1aOOPAMOPHOI pobomu 8i0n0GioHo 00 epaghixa. Pe3ynbTaTu HOCTIIKEHb
Tpeba BiApa3y (ikcyBaTH B KypHaIl, TaM K€ HEOOX1THO MPOBOJMUTH BCi HEOOXimHI



po3paxyHku. [Ipu omnmci gocuiniB Tpeba BkazyBaTH Ha BIAXWJICHHS BiJl OITMCAHOTO B
METOJUYHUX BKa31BKaX XO1y MPOBEJCHHS POOIT.
[Ticns 3akiHYeHHS KOXHOI JabopaTopHOi poOOTH BHKIAAady B KypHall

CTyJI€HTa miAnucye 3adikcoBaHi pe3yabTaTU EKCIIEPUMEHTAIbHIUX BU3HAUCHD.
Ilocnioognicms oghopmnennsn 1ad0OpamopHo2o HCypHaIy:

Jlata.

JlaGoparopna po6ota Ne . Hazpa po6oTu.
Merta poboTu.

YcraTkyBaHHs.

PeakTusu.

Xig pobotu (METOAMKA BUSHAUYCHHS).
Cxema 1a00paTopHOi YCTAaHOBKH.

Tabnuus BUXITHUX TaHUX 1 PE3yJIbTATIB.
dopmyIiu Ta pO3paxyHKH.

BuchHoBku.



2 PEKOMEHJAILI 1O BUKOHAHHS JIABOPATOPHUX POBIT

JlaGoparopHa podora Ne 1
PEAT'EHTHI METO/IU SM’AKIIIEHHA BOTH

Mema pooomu: nocniaKeHHs BaITHIHO-COJOBOTO METOY 3M’SKIIIEHHS BOJIH.

1.1 3araabHi HO0KEHHA

3rinno 3 HepxkCanlliH [1] mnpunyctumoro 3arajipHOI0 TBEPIICTIO IS
roCIoAapChbKO-MUTHOTO  BOJIONOCTaYaHHS BBAXKAETHCA TBEPAICTb He OUIbIIE
7 MMouB/aM°. Y GLIBIIOCTI BUITAAKIB BOJA y BUKOPHCTOBYBAHUX BOJOIKEPEIAX MA€
TBEPJICTh, IO BIJATOBiIa€ HOPMI ISl TOCTIOIAPCHKO-TIOOYTOBUX BOJI, 1 3M’SIKIIICHHS
He noTpelye. 3M’SIKIIEHHS BOAW IMPOBOJAATh B OCHOBHOMY MpH 1i MIATOTOBLI JJIs
TEXHIYHUX L1IEH.

J1ist 3M’SIKILIEHHS. BOJU 3aCTOCOBYIOTh TaKi METOM:

] TepMiYHi, 3aCHOBaH1 Ha HarpiBaHH1 BOJIH, ii JUCTUIISLIT 400 BUMOPOKYBaHHI;

[ pearenTHi, npu sKux ionn Ca®" i Mg®’, 1m0 3HAXOAATHCS Y BOJI, 3B’A3yIOTH
PI3HUMH peareHTaMu B IPAKTUYHO HEPOIUMHHI CIIONYKH;

] iIoHHOTO OOMiHY, 3acCHOBaH1 Ha (UIBTPYBaHHI 3M’ SKIIYBaHOI BOAM 4epe3
crieliajgbH1 MaTepialiy, 1o OOMIHIOIOTh BX1JHI B X CKJIaJ] 10HH Na+, H" ma ionn Ca*"
a60 Mg>", 10 MiCTATBCS y BOI;

] KOMOIHOBaH1 — Pi3H1 OE€IHAHHA TTEPEPaAXOBAHUX METO/IIB.

Bubip toro abo iHIIOr0 METOAYy 3HMKEHHS TBEPJOCTI BU3HAYAETHCS SIKICTIO
BUXIJIHOI BOJM, HEOOXIJTHOIO TJHMOMHOIO 3M IKIICHHA 1 TEXHIKO-€KOHOMIYHHUMH
MIpKYBaHHSMH.

Banusano-cooosuti memoo 3m’sikuieHHs BOJIW € HAWOUIBII PO3MOBCIOIKEHUM.
BiH 103BOJIS€ 3ANMIIKOBY TBEPHICTh 3HH3MTH 10 0,5-1 MMONB/AM’, a JIyXKHICTb
Bomi — 10 0,8—1,2 mMmons/mm’. BamHo ycyBae KapOGOHATHY TBEPAICTb — YMOBHY
MPUCYTHICTh T1IPOKAPOOHATIB KAJIBIIII0 1 MarHito 3a paXyHOK CTBOPEHHS T'1IPOKCUIY
MarHiro 1 kapOboHary Kanblito. Peakiiii, ski mpoTiKalOTh Miag 4ac OOpoOKH BOIU

BaIlTHOM:

CalHCO, }, + Ca(OH)z =2CaC0, L +2H,,0,

h )

Mg(HCO, ), +2Ca(OH)2 = Mg(OH ) 4 +2CaCO4 ¥ +2H,0

3h )

abo

- - AR2-
OH™ + HCO3 =CO3 7,



CaZ™t + co% " =CaCO, |,

Mg?t +20H~ = Mg(OH)p 4.
Copna ycyBae HeKapOOHATHY KaJIbLIIEBY TBEPIICTh BOAM 3aBISKH YTBOPEHHIO
ocaJliB KapOOHATy KaJbI1I0

CaCl, +Na,CO4 = CaCO, 4 +2NaCl,
CaSO, +Na,CO, =CaCO, J +Na,S0,,
260 CaZ™t+ co% T =CaCo,4 V.

[Ipu mpoBeneHHI 3M’AKIIEHHS BaMHAHO-COJOBUM  METOJOM  BaKJIMBO
BCTAHOBUTH HEOOXI1IHI 03U BaIllHa ¥ COIM.

1.2 Ob6s1agHaHHSA, IPWIAIH, PEAKTHBH
. Bonsina Oans;
. bropertka;
. Mipna konba mictkicTio 200 mu;
. ITinetkn Ha 50 1 100 mut;
. ITmockomonni xon6u mictkicTio 300 1 500 mit;
. CxiistHa n1MKa;

. [TaniepoBi ¢ uabTPH;

00 3 N i AW

. Koniuna kon6a mictkicTio 250 Mit;

9. ®enondranein;

10. Po34mnH cONSHOT KUCIOTH 3 MOJIsipHOIO KoHUIeHTparieto 0,1 H;
11. Banusuuii po3uun 3 BMictoM CaO 1 mr/mi;

12. Po3uun cogu 5 %-1.

1.3 Onuc poéorun
1.3.1 Busnauenns 0o3u eanna

VY MipHy k010y emkicTio 200 My HalMMBarOTh MiNeTko 50 M1 BamHSHOTO
po3uuny i3 BMicToM CaO 1 mr/mi, AOAUMBAIOTh JO MITKH JOCIIIXYBaHOK BOJIOKO 1
300BTYI0Th KOJ0y. IloTiM mepenuBarOTh PO3UYMH Y IUIOCKOJOHHY KOJOY €MKICTIO
300 mu1, 3aKpHUBarOTh 1i CKJISHOIO JIIMKOIO 1 BMIIIYIOTh HA 5 XB. Y KUIUISIYY BOJSIHY
OaHro (17151 yKpYIHEHHS KPUCTAIIIB OCaJy, 110 BUIIaB).

Po3uun oxonomkyoTs 10 20 °C u GuIbTpyroTh uepe3 PuUIbTP «CUHS CTpiuKay B
KOHIUHY K00y emkicTio 250 wmui. Ilepmiumu mopiisiMu QuIbTpaTy OMOJICKYIOTH
K0J10Y, HICJISl 4OTO iX BUJIMBAIOTb.



Binbupatores minetkoto 50 mMia mpoduibTpoBaHOT PIAMHM B KOHIYHY KOJIOY
emkicTio 250 mu, nomaroth 2-3 kpamii geHondraneiny (po3uyMH MOBUHEH CTaTU
POXKEBOrO KOJIbOPY) 1 AOJAIOTh KpaIUIAMHM 3 OIOPETKM PO3YMH COJSHOI KUCIIOTH 3
MOJISIpHOIO KOHLIeHTpali€o 0,1 Mi/M 10 3HUKHEHHS pO>KEBOT0 3a0apBIICHHS.

O6’eM BamHSHOTO PO34YMHY V. HEOOXIMHUN JJIs1 3M AKIIEHHS B3STO1

CaO’
KUIBKOCTI JociimkyBaHoi Boau (150 mur), 06unciiiooTs 3a GopMynor
4-V,-N-E

Vo A=V, ——2_ Ca0 "y 1.1

ca0 = V1 Cent (I.1)
e Vi — o00’eM y34TOTO [JIsi BHW3HAYCHHS BAIHIHOTO pO3YUHY, MI (TYT
50 mn);

V, — o00’eM po3uuHy COJITHOI KHCIIOTH, BHUTPAaYCHUH HA TUTPYBaHHS

50 M pineTpaTy:

N — MosisipHa KOHLEHTpAIisl PO3UYUHY COJITHOI KUCIIOTH;

CCaO — KOHIEHTPAIIIsl BATHSHOTO PO3YUHY, MI/MII;
E — mit-ekBiBasieHT CaO;
CaO ’

4 — xoedIIieHT PO3BEACHHS BAITHSIHOTO PO3UUHY JOCIIIKYBAHOIO BOJIOIO.

03y OKCHIYy KaJIbI[IO , MI‘/IIM3, HEOOX1AHY [JJId IIOM’ SIKIICHHS
y y CaO y

JIOCJIJPKYBAHOT BOJIU, BU3HAYAIOTh 32 (POPMYJIIOIO
\Y -C 1000
__Ca0O —CaO 3
HCaO = 2OO—V1 , MI/Im”, (1.2)

ne 200 — 3aranbHUN 00’ €M AOCTIIKYBAHOT BOJIU, MII.

1.3.2 Buznauenus 0o3u coou
VY mipny kon0y emkicTio 200 M1 HanuBaroTh minetkoro 100 M gociimkyBaHOT

oo i V MJI BaIlHSHOTO PO34YUHY. 300BTYIOTH KOJOy mpoTaroM 1-2 XB.,
Ca0 p y Yy y 1up

noaaroTh 3 M S %-ro pO3YMHY COJIH 1 IOJUBAIOTh JOCIII)KYBAaHOKO BOJIOIO IO MITKH.
[Ticass moBTOpHOro 300BTYBaHHS BWJIMBAIOTh BMICT Yy IUIOCKOJOHHY KOJIOY
emkicTio 500 M1 1 3aHYpIOIOTh Ha 5 XB y KHUIUIS4Y BOAsSHY OaHio. OXOJOIKYIOTh
po3unH 110 20 °C 1 pUIBTPYIOTb.
[ToTim BigOuparoTh minetkoro 100 Ma GuIbTpaTy B KOHIUYHY KOJIOY €MKICTIO
250 mJ1 1 BU3HAYal0Th KUIBKICTh 3aJUIIKOBOT COAM Y (UIBTPATI HUIAXOM TUTPYBaHHS
PO3YMHOM COJISIHOT KMUCJIOTH 3 MOJISIpHOIO KoHIeHTpauieto 0,1 MOJb/1 y mpucyTHOCTI

MCTHUJIOBOT O KOBTOI'apsA4010.
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O6’em po3uuny coau V. MJI, HEOOXITHUHN I 3M’SIKIICHHS B3STOi

Na~CO,’

2773
KUIBKOCTI JOCJII)KYBaHOT BOJIM, OOYUCITIOIOTH 32 (POPMYJIIOI0
g y V4 NExa co, .
=V, - , MII, :
Na2C03 3 CNa2CO3

ae Vi —o00’eM y3sTOTO0 sl BUSHAYCHHS PO3YMHY COAM, MIL;

V4 — o00’eM po3uMHY COJNIIHOI KHCIOTH 3 MOJSIPHOIO KOHLIEHTPAIIEIO
0,1 monb/n, sikuii Oyo 3aTpadyeHo Ha TUTpyBanHg 100 M GiabTpaty, Mi;

N — MoJsipHa KOHIICHTpAIlisl PO3YMHY COJITHOI KUCIIOTH;

E — MJI-EKBIBAJICHT COJIM;
Na,CO A,

2773
CNa2CO3 — KOHIICHTpAIIISl COIU, MT/MJI.
Jlo3y coau, Mr/J1, BU3Ha4aloTh 3a (opMyInoro
~ YNayco, “Nayco, 1% .
I[Na2CO3 = 200V +Vy) MI/ 7M. (1.4)

1.3.3 Buznauenus 3a1uwuxo8oi meepoocmi 600u

Y wmipHy konbOy emkictio 250 Mn HammBaoth 20 M1 JOCHIIKYBaHOT

Ve ) +200 VNa,co, 200
Boau, Ca0 ~"" M1 BalHAHOTO PO3YMHY Ta 273 \ MJl pO3YUHY COJIH,
200-V, 200~ (Va0 +V3)

JOBOJSATH A0 MITKH JTUCTUIILOBAHOIO BOJAOIO, 3aHYPIOIOTh KOJIOY Ha 5 XB. y KUIUISUY
0aHio, TOTIM OXOJO/KYIOTh po3urH 10 20 °C 1 GUIBTPYIOTh uepe3 IMUIbHUN
CKJaa4acTuit GuIbTp.

Binbupatore 100 Ma  ¢ineTpaTy 1 BU3HA4YalOTh 3arajbHy TBEPAICTh
KOMILJIEKCOMETPUYHUM METOJIOM.

[Ipu oOuMcneHH1 3araidbHOI TBEPAOCTI 3M SKIIEHOI BOAM HEOOXITHO
BpaxyBaTH, 110 00’e€M JOCHiKyBaHO1 Boau gopiBHIoe 200 M, a BUTpaTa PO3YUHY
Tputony b B 2,5 pa3u Guibliie BUTpaueHoro Ha TutpyBanHs 100 mu ginbrpary.

Pe3ynbTaTl 1ociaiB 3aHOCATH y Ta0auio 1.1.

Tabmuis 1.1 — Pesynbratu nociifis

TBepaicTh BoaU TBepaicThb
P , Jlo3a BaImHa, Jlo3a conu, , P . :
JIO 3M’ IKIIICHHS, 3M’sikIeHoi Boau, | [Ilpumitka
MI/11 MI/II
MTI-€KB/11 MTI-€KB/J1

1 2 3 4 5
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Konmponwvni 3anumanusn

1. Illo Take TBepAICTH BOAM: 3arajibHa, kKapOoHaTHa, HeKapOoHaTHA?

2. Y BUIISA1 SIKUX CHIOJYK OC1Iat0Th 3 BOAW 10HU TBEPJOCTI?

3. SIxi peakuii MpoTiKalOTh Y BOA1 MpU J0/1aBaHH1 BarHa?

4. Uum oOyMOBIIeHa 3MiHAa XIMIYHOTO CKJIaay BOJM 1 SIK1 3MIHU BiJIOYBalOThCS
npu 30UIbILIEHH] 1031 BarHa?

5. Sk BU3HAYMTH ONTUMAJIbHY J103y BalHa 3a JIONOMOroi0 Tpadika 3MIHU
TBEPAOCTI 1 PO3PAXYHKOBUM METOOM?

6. SIkuii BUJI TBEPAOCTI 3MIHIOETHCA MPU J0JJaBaHHI BamHa?

Jlabopamopna po6oma Ne 2
SM’AKIIIEHHA BOAH HA HATPIH-KATIOHITOBHX ®IIThTPAX

Mema pobomu: nOCIiHKEHHS TIPOIECY BUAAICHHS 3 BOJM KaTIOHIB TBEPJOCTI

METO/IOM 10HHOTO OOMIHY 13 BUKOPUCTAHHSAM HATPIA-KaTIOHITOBUX (UIBTPIB.

2.1 3aranbHi BKa3iBKH

3HIKEHHST TBEPAOCTI BOAM METOJOM KaTiIOHHOTO OOMIHY 3aCHOBaHE Ha
3IaTHOCT1 JESKUX MPUPOJHHUX YU LITYYHUX PEYOBHUH, MPAKTUYHO HEPOZUMHHHUX Y
BoJIi, o6MiHIOBaTH i0HM Na' Ta H', sIKi 3HAX0JAThCA B IXHBOMY CKJIaJli, HA 10HH Ca*"i
Mg’*, siKi 3yMOBITIOIOTh TBEP/iCTh BOJIH .

[Iporiec 00MIHY KaTIOHIB PO3TJIANAETHCA B JaHUW Yac SK OOOpPOTHA
reTeporeHHa XiMIYHa peakKilis, 1[0 MPOTIKAae Ha MOBEpXHI TBEpAOi (ha3u KaTiOHITY.
OOMIH KaTiOHIB BIIOYBAa€TbCSI B CTPOrO0 E€KBIBAJICHTHUX CIIBBIHOIICHHSX.
[IBuaKoCTI peakiii 0OMiHy 10HIB KaTIOHITY 1 JOCSTHEHHS MOBHOI piIBHOBAaru AyxKe
BEJUKI. 3aBASIKU [IbOMY HPUITYCTUMI JOCUTH BEIUKI MIBUAKOCTI GUIBTPYyBaHHS BOJH,
0 MiJJIsrae 3M’ SKIIeHHI0, depe3 KaTioHiTH (Bigx 10 mgo 25 m/ronm 3anexHO Bij
TBEPAOCT1 BUX1JTHOT BOJM).

3M’SIKIIEHHSI BOAM METOJOM KaTiOHHOTO OOMIHY JOCSTa€ThCs PUIBTPYBAHHAM
il yepe3 map KaTIOHITY, 3aBaHTaXXEHOTO Ha APEHaXKHI IpaTH MeETaleBoro (QuibTpa.
[Ipy 1bOMY MOKHa BUIAUIMTH Takl 30HM Yy (UIBTPYIOUOMY IHapi: BEpXHIA mIap
BUCHQ)KEHOTO KAaTIOHITY, poOOYMII 4YM 3axXUCHUM I1Iap, B SKOMY BiIOyBa€eThCs
3M’SIKIIEHHS BOJM, 1 WIap, HI0 HE Mpanioe. Y MOMEHT NPOCKAKyBaHHS 10HIB Y
¢buIpTpaT, IIap KaTIOHITY, IO BiANpalioBaB Tpeda pereHepyBaTH pPO3YUHOM

MOBapEHOI COJI1 YU KUCIIOTH.
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Peak11ii 3M’sIKIIIEHHST BOJIH, SIK1 IPOTIKAIOTh HA MOBEPXHI KATIOHITY B HaTpi€Bii

dbopmi, MOXKYTb OyTH MPEACTABICHI TAKUMH PIBHSIHHIMMU:

CalHCO
2Na[Kar]+ (/ 3 )2 =S Ca[Kar]
Mg(HCO3)2 Mg|[Kar]

CaCl, - Ca[Kar]p
MgCl, Mg[Kat]p

CaSO, - Ca[Kar]
MgSO 4

Peakiiss pereHepaiii KaTIOHITY PO3YMHOM XJOpPUAY HATpiI0 MPOTIKAE 3a

+2NaHCO

3

2Na[Kar]+ +2NaCl;

2Na[Kar]+ +Na,SO,.

Mg[Kat] 2774

PIBHSIHHSAM

Ca[Kar]p +2NaCl <> 2Na[Kar]+ CaCl,.

2.2 JIabopaTopHa YCTAHOBKA

||
.

— 2 Pucynok 2.1 — JlabopatopHa ycTaHOBKa
- TUTSA JOCIIIHKEHHS 10HOOOMIHHOTO

3M’ AKIIICHHS BOJH:

1 — eMKICTb 3 TOCHII)KYBaHOIO BOJIOI0;
2 — BEHTWIb JJIsI TI0J1a4il JOCIIPKYBaHO1
BOJM; 3 — BEHTWIb JJIs1 BUILYCKY MOBITPS
L 4 3 YCTaHOBKHU; 4 — KaTIOHITOBUH QUIBTP;

5 — BEHTWIb JJIs1 PETyJIIOBaHHS
HIBUAKOCTI QLIBTPYBAaHHS; 6 — BEHTUIIb

2.3 IIpoBenenns podoTu
BusHavatoTh TBEpAICTH AOCTIIKYBAHOI BOJM 32 ICHYIOUOIO METOJIUKOIO.
PerymotoTe mBUAKICTh (UIBTPYBaHHS BOAM, sIka MOBMHHA OyTH i dac
JOCIIIIy TOCTIHHOW 1 nopiBHIoBaTH 10 m/roxa. Jlis mporo BiAKPUBAIOTH MOBHICTIO
BEHTWI1 2 1 6, BEHTWIEM J pEryjiioloTh WBUAKICTh (QuibTpyBaHHs. IlIBuakicTh
BHU3HA4YalOTh 00 €MHUM crnocoOoM. BHUMIpIOIOTH CEKYHJIOMIPOM Yac HAMOBHEHHS
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CKJISHKY TIOBHO1 €MKOCTI1. 3HAIOUM BUTPATY 1 IUIONTY Nepepizy piibTpa, 00UUCTIOIOTH
HIBUAKICTD (PUIBTPYBAHHS.

3akpuBalOTh BEHTWIb 2 (BEHTWIb J 3aiiMinatoTh 0e3 3minu). Haamumok Boau
3JIUBAIOTh, 3aJUINAKOYM HAJ KATiOHITOM ii map Bucototo 1-2 cMm. Jlug 1mporo €
BEHTUIb 6.

[loBHicTIO BinKpuBaloTh BeHTWI1 2 1 6. Uepe3 15 XxB. Big moyaTky Aociigy i
nani, yepe3 KoxH1 15 XB. MpoTsIrom Aociiay BiAOUPaIOTh Y KOJOU MpoOH 3M’ AKIIEHOT
BOJIM JIJIsl BUSHAUYEHHS TBEPOCTI.

3a TOOWHHUKOM BiJ3HAYaIOTh Yac IMOYATKy 1 KiHUA npociiny. Ilouatkom
JOCIIAY BBaXKAE€ThCS Yac MOJAul NEPIIMX MOPLIA BHUXITHOT BOJM B KAaTIOHITOBHM
buIBTp, bipTpaty
0,06-0,1 Mr-exB/n (3a 3aBIaHHSAM BUKJIaga4a).

KIHIIEM JOCHiAy — MOMEHT JIOCATHEHHS  TBEpPAOCTi

Pe3ynbTaTil BU3HAYEHD 3BOAATH y TaOwmIlo 2.1.

Tabmuis 2.1 — Pesynbratu 10ociaiB

s

TBepuictb QinbTpary,

3

MF-CKB/IIM3

3

M/TOI.
3
WKaT’ M
MT-€KB/IM

TpuBanictb GiILTPOLMKITY, t,
roj

Butpara Boan, Q, M/TOI.

[IBuakicTh (HUIbTpYyBaHHS,

O06’eM katioHiTy y PiIBTpI,

TBepaicTs BuxigHoi Boau, Ty

Yepes 15 xB. micas
MOYaTKy JAOCIITY

Yepes 30 xB. micis

MOYaTKy JAOCIITY

Yepes 45 xB. micas

MOYaTKy JAOCIITY

Po6oua oOMiHHA €MKICTB
KaTIOHITY, E,o5 T-€KB/M

— | Hac moyaTky 1 KiHIS JOCHIAY

[\

W

N

()]

@)

[E—
S

2.4 O04uciaeHHs po004Y0i OOMiIHHOI €EMKOCTI KaTiOHITA

. . 3 o . . o
BuszHauaroTte 00’eMm BUX1AHO1 BOOU, W, M, dKa IIpouunuia 4€pe3 KaTiOHITOBHUH

GUIBTP IPOTSITOM JTOCHTINY:

AC

AC

- 3
Q — BuTpaTa BOAH, KA MPOXOAUTH Yepe3 GUIbTp, M /TO;

W=Q 't, M,

t — 9ac mpoBeICHHS JOCIIiY, TOI.

O64nCIIOITH POOOYY OOMIHHY €MKICTh KaTIOHITY

Epo6 -

TO-W

W ’
Kart

T, — TBepaICTh BUXIAHOT BOAM, MT-€KB/II;
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.. . 3
Wiar — 00’ €M KaTiOHITa 3aBaHTAXKEHOTO Y QUIBTP, M.

2.5 BuzHaueHHs 3arajibHOI TBEPAOCTi BOAH

3aranpHa TBEPAICTh NMUTHUX, MII36MHUX 1 MOBEPXHEBHUX BOJ| BU3HAYAETHCS
KOMILJIEKCOMETPUYHUM METOJIOM.

Meton 3acHOBaHMU Ha 3B’SI3yBaHHI 10HIB Kajbllll0 1 MarHirt0 B KOMILIEKCHI
CIIOJIYKH, SIKE CYIIPOBOJIKY€EThCS 3MIHOIO (DapOyBaHHS 1HAUKATOPA.

2.5.1 Peaxmusu, nocyo, npunaou

1. Pounn xommekcony III (tpunon b, naBo3amilieHa HatpieBa Culb
YOTUPHOXOCHOBHUH €TUICHIIAMUTETPAOITOBOI ~ KHCIIOTH) 3 MOJISIPHOIO
koHueHtpaiiero 0,025 monw/m: 18,6 M komiuiexkcony Il 4.m.a. po3uMHSIOTH Y
JTHUCTHJILOBAHIN BOJII 1 TOBOAATE 00°eM 10 1 1;

2. bBydepuuii po3unH;

3. Po3uun epioxpomy vopHoro T;

4 Kosbwu koHiuH1 Ha 250 Mi1;

5. ITimetxu Ha 5 1 100 mu;

6. bropeTku Ha 25 MJT 3 KpaHUKOM;

7. pH—™meTp.

2.5.2 Memoouka suxonauHs pobomu
o 100 ma npobu gonarwts 5 Mia Oydgepnoro po3uuny. Ilicig nepeminryBaHHs
npo0y THUTPYIOTh pPO3UYMHOM KomIuiekcoHy III y mpucyTHOCTI iHAMKaTopa 0
nepexoay 4epBoHO-(101eToBOro (papOyBaHHS B CHHIM.

2.5.3 PospaxyHnok
3aranbny TBepaicTh T, Mr-eKB/IM’, BUSHAYAIOT 33 (GOPMYIIOI0
v 100 ;
T =—v MTI'-€KB/IM, (2.3)
ne V| —o00’eMm ButpaueHoro komiuiekcony III, mir;
V — 006’em nipobu, M.
Pe3ynbTaT OKpyTISIOTE 32 TabnuIeo 2.2.

Tabmuns 2.2
Jliana30H KOHIIEHTpaIliid, MT-€KB/JI 0,05-1 1-2 2-5 5-10
OkpyTJIeHHS pe3ybTaTiB, MT-€KB/JI 0,02 0,05 0,1 0,2

Ilpumimka. HankucnoTHi ¥ HaAmyXHI NpoOU mepea MOCHIKEHHSIM HEHTPai3yloTh.
TuTtpyBaHHS IOBHUHHE ITPOJOBXKYBATHCS HE OUTbII 5 XB.
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Konmponwvni 3anumanusn

1. Buknaaite METOAMKY BUSHAYEHHS 3arajibHOT TBEPAOCTI BOJII MPU XIMIYHOMY
aHaJI31.

2. Buknanitb METOJMKY BU3HAYEHHSI BMICTY Kajbllil0 y BOAl MPU XIMIYHOMY
aHaJI31.

3. Buknaaith MeTOIUKY BU3HAUEHHSI HEKapOOHATHOT TBEPIOCTI.

4. Sk 3MiHIOETBCS CKJIaj Boau nipu H-kationyBaHH1?

5. SIxi aHani3u BOAM BUKOHYIOTh MPH 11 KaTIOHYBaHH1?

6. Ha sxi rpynu po3auisiioTh NPUPOAHI BOAM 32 TBEPAICTIO?

Jlabopamopna po6oma Ne 3
PETEHEPAIIISI HATPIH-KATIOHITOBUX ®LJIHLTPIB

Mema  pobomu:  [OCIIPKEHHS  IpOLECYy NPOBEIEHHS  pereHeparii
71a60paTOPHOro HATPIM-KaTIOHITOBOTO (PUIBTPY.

3.1 3araabHi BizomocTi

B mporieci excrutyaraiiii KaTIOHITOBUX (QUIBTPIB BiIOYBA€THCSI BUCHAXKEHHS iX
mpare3aTHOCTi. 3allMIIKOBa TBEPAICTh BOAM TMpPU 3M SKIIEHHI il METOJaMH
KaTIOHHOTO 0O0MIHYy 3a3Bu4aii craHoBuTh (,02-0,2 Mr-eKB/IM>.  BHCHaXeHHS
KaTIOHITY BUSBISETHCS TPH 30UIBIICHHI 3aJIUIIKOBOI TBEpAOCTI (iIbTpaTy MOHAA
3asHauyenoi Bemmunan. Komn koHueHTpartist karionis Ca>” i Mg®" y ¢inprpati mocsrae
MaKCHUMaJIbHOT'O 3HAYEHHS, HEOOXITHO MPOBECTH pEreHeparlilo KaTiOHITY, TOOTO
BIJIHOBUTH HOTO OOMIHHY 3/1aTHICTb.

Perenepartito uibTpa 311CHIOIOTH, MPOMYCKAIOUM YEpe3 IIap BUCHAXKEHOTO
KaTIOHITY PO34YMH XJOPUCTOr0 HATpiro. BHACHITOK BITHOCHO BEJIMKOi KOHIIEHTpAIIil

. . + .o . .
10H1B Na B pereHepauH/IHOMy p03qI/IH1 HpOTlKaIOTB peaKHll:

CaK, +2Nat — 2NaK + Ca’™t,

MgK, +2Na® — 2NaK + Mg**.
[ToBHUM UK poOOTH PUIBTPA CKIATAETHCS 3 TAKUX OMEpalliil:
1) 3M’sIKIIIEHHST BOJIH;

2) po3nyIlIEeHHS APy KaTIOHITY;

3) pereHepaitis KaTiOHITY;

4) BIAMUBaHHS KaTIOHITY.

Yacro omepauii 2, 3, 4 00’€IHYIOTh MiJ 3arajbHOI0 HA3BOIO «pereHepariis
GUIBTPIBY.
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3.2 IIpoBeaeHHs podOTH

Onmnepaiiist po3NyIIeHHS Ma€ Ha MET1 YCYHYTH YUIUIbHEHHSI MacH KaTiOHITa, sfiKa
37exanacs, 1 THM CaMUM 3a0€3MEeUUTH BUIBHIIIUN JTOCTYN pereHepaniiHuX po3uynHiB
710 BCiX 3epeH kaTioHiTy. [Ipu po3myieHHi BoJa HAAXOAUTh y QUIBTP 3HU3Y Bropy.
[Ticns 3akiHYeHHS PO3MYIICHHS Ha (UIBTP MOYMHAIOTH MOJABAaTH pereHepaniiHui
PO3UHH.

Cnouatky 3 (uibTpa CHycKalOTh BOASHY MOAYUIKY /0 BUCOTH IIapy Haj
katioHiToM nopsaky 20-30 mm. [licas nboro NOYMHAIOTH NOJIaBATH pPereHepaniiHuii
po3urH. PerenepaimiiiHuii po3yuH MOBUIBHO MPOIYCKAIOTh Yepe3 KaTIOHIT; MpH
bOMY KOHTPOJIOIOTh KUIBKICTh KaJbIil0 B BiA(UILTPOBAHOMY pereHepaiiitHoMy
PO3YHHI.

Konu kinbkicts kationie Ca®’ B perenepauiiinomy (imbTpati mocsrHe Hyi,
MOYMHAEThCA BinMuBaHHA (utbTpa. Ll omepanis mMae Ha MeTi BUJAJEHHS 13 1IApy
KaTIOHITY NPOAYKTIB pereHeparii. BigMuBaHHS BeayTh BHUXIAHOIO BOAOI0 NIpH
mBUAKOCTI GutbTpyBaHHs 10 M/ro. 13 CKMAAHHSAM BIIMUBHOI BOAM B JipeHax. Yepes

4—5 XBUJIMH HEOOXITHO B3SITH MPOOY BOAM 1 IEPEBIPUTH 3arajibHy TBEPAICTb BOIU.

3.3 O01agHaHHS, peaKTUBH, NOCY/L
1. JJabopaTopHa ycTaHOBKa.
2. CexyHIoMip.
3. MipHuii mutisap.
4. PeakTMBH JUIS BH3HA4YeHHs BMicTy Kariomie Ca’’ y posumni micys
perenepartii GuIbTpY.

3.4 Buznauenns kationis Ca’* y BOIi
Jlo xoHiuHO1 K0JIOM BBOASATH 100 M1 HOCHIIKYBaHOT BOAM, NOJAIOTH 2 MJI
10%-ro po3unny NaOH Ta nekuibka KpynuHok cymimni mypekcuay 3 NaCl. Ilicns
PO3UYMHEHHSI 1HIUKATOpa pO3UMH HaOyBae poxkeBoro 3abapmieHHs. [Ipody TUTPYIOTH
0,05 H po3unHom TtpuioHy b, eHepriiiHo mnepeMillylo4ud A0 MOSBU JIIOBOIO
3a0apBiIeHHS, IKE HE 3MIHIOETHCS NP MOJAJIBIIOMY J0JJaBaHHI TPUIOHY b.
SIK «CBIAOK» MPU TUTPYBAHHS BUKOPUCTOBYIOTH IEPETUTPOBAHY MPOOY.

. . 3
Bwmict kanemiro X , MT'-€KB/JIM”, BU3HAYAIOTh 32 (POPMYJIIOIO0

Ca2+
V1 -N-E-100

X =
2 9
Ca<t V2

ne V| —o00’em po3uuny TpuiIOHY b, SIKMil BUTpaTUIM HA TUTPYBAHHS, MII;

3.1)

N — HOpMaNBHICTh PO3UYUHY TPUIOHY b;
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E — exBiBaneHT kansbiiro, (20,04);
V, — 00’eM oCHiIKYBaHOT BOJIH, M.
Pe3ynpTaTi nociaiakeHb 3BOAATH B Tabnuwio 3.1.

Tabmuis 3.1 — Pesynbratu nociifiB

S Q
. . = iz g
an o .o R < = o

= i i = . S s =
O = - = w0 = o = E X
& S i s = ) T @ A
Z & z 5 3 5 | 88 | 2 E
5 o = = 5 R o a = g @ 3
° F 5 8 £ 5 = > = o & 2 g = &
= B (o P o o - ‘= = L = - ~ «
Q < = a = e =L o S m i
2 9 2 = . = = S = = H =2 5
== 5 < 3) == o = = - T
5 = =9 g 5 2SS | BE& | E%5
2 3 s = . 2= | 8 B | ER
Mm m ~ E 13} = 0 < O
= = & O = = =
2 = = \© o Q & g &

=) O 2 ~ =

= M

1 2 3 4 5 6 7 8
Konmponwvni 3anumannsn
1. Sk BinOyBaeThCs pereHepallisi KaTioHITOBUX (iIbTPIB?
2. Sk BU3HAYUTH OOMIHHY 3AaTHICTh KaTioHITa?
3. Sk OynyeTbest KpyBa BUCHAXEHHS (DUTbTpa U JJI1 YOro BOHA MOTpiOHA?
4. Sk 3MIHIOETBCS CKJIa] BOAM NpU N-KaTiOHITOBOMY OOMIH1?

5. YoMy y BOIOMIITOTOBILII HE BUKOPUCTOBYIOTH 0AH1 H-KaTioHITOB1 QuIbTpH?

Jlabopamopna po6oma Ne 4
3HE3AJII3BHEHHA BOJHU CIIPOIHIEHOIO AEPAILIIEO

Mema pobéomu: IOCTIHKCHHS TIPOIECY BUIAJCHHS 3aii3a 3 BOJAMU MpHU il

aepyBaHHI Ta MoAAIbIIOMY (PUIBTPYBaHHI

4.1 3araabHi BKa3iBKH
Bignosigno go HepxCanlliH [1] xoHueHTtparis 3aiiza y TUTHIA BOJAl HE
TMOBHHHA TiepesuIryBati 0,2 Mr/am’.
VY Boi 3ali30 MOXXE MICTUTHCS Yy BUIJIAA1I KaTiOHIB JBO- 1 TPUBAJIECHTHOTO
3aJ1i3a 1 KOJIOiniB opra”iuHoro i1 Heopraniunoro 3aniza — Fe(OH);, Fe(OH),, FeS,
ToHKO nucrepcHoi cycrniensii — Fe(OH);, Fe(OH),, FeS.
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3He3aTi3HCHHS BOJIN JOCSITA€ThC TAKMMHU METOIaMH:
aepariero;

KOaryJIIOBaHHSM;

BaITHYBaHHSM;

KaTiOHYyBaHHSM;

O O O g o

KOMOIHOBaHUMH CITOCOOAMHU.

Bubip crnocoOy 3He3ani3HEHHS BOJAW 3al€XHUTh Bi (QOpMHU, B SKIH 3ami3o
MICTUTBCA y BOJL, Big 11 pH Ta i1HmMX ¢akTopiB 1 BU3HAYAETHCA CIPOOHUM
3HE3aT13HEHHSM.

Croporieny aeparfito 3aCTOCOBYIOTh JJII 3HE3QTI3HCHHS MII3€MHUX BOJ, SKi
MICTATh JBOBajJeHTHOTO 3aniza Oinbimie 70 %, matoreb pH > 6,8, 3abapBieHICTIO
menme 15 rpaxg IIKII, okucmoBauictio He 6inbme 0,15 [Fe’’]=5 mr/n O, 3a
BIJICYTHOCTI CyJb(]iiB, HASIBHOCTI COJIEM aMOHII0 MEHIIE 5 MI/J 1 IPU MEePEeBUILECHHI]
3arajlbHOro BMICTY 3ajli3a MpOTH 10HHOTO He Ounbmie 0,5 mr/ia. KiabKiCTh KHCHIO,
HEOOXITHOTO JJI OKHCJIFOBAHHS 3aj1i3a,

gy = O,2[Fez+], MI/11,
a KUTBbKICTb MOBITPS, IKE BBOAUTHCA Ha | M BOJIH, CKJIQJIC

dnog = 2[Fez+}, e,

ne [Fez+] — KUIBKICTh JIBOBAJICHTHOTO 3aKUCHOTO 3aji3a, sIKe MICTUThCA Y BO/I,
MT/J1.

VYcraHOBKY ISl 3HE3aI3HEHHS BOJIU aepalli€l0 CKIAMAOThCSA 3 TPUCTPOIB IS
BBEJCHHS y BOJY IMOBITPsl, KOHTAKTHOTO pe3epByapa sl 3aBEpIICHHs MPOIIECIB
OKHCJIFOBaHHS 1 OCBITIIOBAIBHOTO (PUIbTpA Il 3aTPUMKH T1IPOKCUTY 3aii3a.

4.2 O0s1agHaHHA | NpUJIagu
. YcTraHoBKa 7151 3HE3alli3HEHHS Bou (puc. 4.1).
. Binpo emxkicTio 6 1.
. Huniaapu ['enepa emkictio 100 mo.
. Bropetka emxkicTio 25 mut 3 moaiikamu 10 0,1 mu.
. [Tinetku emkictio 20 1 10 m.

. [TaniepoBi G iabTPH.

. CKJIsH1 TAJINYKU.

1
2
3
4
5
6. [IpoGipku 6e30apBHOTO CKJia 3 JlaMeTpoM 0su3bKo 1,5 cM, emkicTio 10 mit.
7
8
9. Tepmomerp.

1

0. TTopriensiHOB1 YaIIKH.
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4.3 JIabopaTopHa yCTAHOBKA

Pucynok 4.1 — YcraHoBKa 11 TOCTiKEHHS

IIPOLECY 3HE3AII3HEHHS BOIU:

1 — emKicmb 3 00CAI0HCYBAHOI BOOOI);
2 — aepamop;
3 — niwanui ginomp,

4 — nputimay ouuweroi 600u

4.4 IlpoBeneHHs podOTH
JocnimKkyBaHy BOAY HaJWBalOTh y €MKICTh A aepaiii. Ilicns HacuuyeHHs
BOAM TOBITPSIM ii BUTPUMYIOTH MpoTaromM 15-30 XB. (11 OKHMCIIIOBAaHHS 3aKUCHOTO
3aimiza): 15 xB — npu Temmneparypi Bogu +15°C u npu pH =7,2; npu OuibIIux
TeMIiepaTypax yac 30UTbIIYIOTb.
Opi€HTOBHO MIBUAKICTb OKHCIIOBaHHS 3aKHUCHOrO 3amiza Vi, XB., MOXHa

BU3HAYUTH 32 HOPMYJIIOIO
to
Vt:5'210’ XB., 4.1)
ne  t°— TemmepaTypa JOCITiIKYBaHOI BOJIH.

I[Ipu pH>7,2 wWBHAKICTP OKHUCIIOBaHHA 30UIbIIyeTheA. [loTiM  Boay
npomnyckatoTs uepe3 ¢puibTp (h =500 MM, d =50 MM) 13 3aBaHTaXEHHSAM 3 MICKY 3
po3mipomM 3epeH 0,8—1,8 Mm.

Bwmict 3aniza 1 pH xoHTpodioTh y uibTpoBaHiii Boai uepe3 koxHi 10—-15 xB.
(32 3aBIaHHSM BUKJIaJa4a 3aJI€KHO BiJ] IIBUAKOCTI (PLITPYBAHHS).

OTtpumaHi 1aHi 3aUCYIOTh y BUIJISA1 Tabnui 4.1.
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Tabnuus 4.1 — Pesynbratu 10CHiIiB

.. : - JlaH1 mmicis
Buxigai nani = e )
. = g GUIbTpYBaHHS
=R ] <
o N /M
o e o = =
5 ‘ 3 & . |E 5 T | 5 | g
g = - AR > g E
m | = -’ E o | AR E |2 B m = - ~ =
2 N- R = = = = Sy = - =
5 b E o = = A = H @ =K — = =y
= = = ~ = | = = — A = S c
T . - = = S = 3) M 2= BN ) o =
o o 3) Q o ‘g = o o - P~
S = = = R = 5 S — =
= = = = ) = 5 3
>‘ m m m O >\ o p— 'E
@) ®) @) =
= A s
1 2 3 4 5 6 7 8 9 10
4.5 Bu3Ha4eHH 3arajibHOro 3aji3a
BusznaueHHs 3arajibHOTO 3aj1i3a MPOBOASITH KOJIOPUMETPIUHO 13 3aCTOCYBaHHSIM
ponaaHina.
4.5.1 Peakxmuesu, mamepianu, nocyo
1. Po3uun 50 %-iif pogaHiza Kajlito Y4 aMOHIIO.
2. CrangaptHuid po34yuH 3aiiza, 1 mia sikoro mictuts 0,1 mr 3amiza (0,863 4 r
samizo  (III) — amowmiii cymedary Fe(NH4)(SO4), 12H,0), po3uuHAOTE Yy

JTUCTHIIBOBAHIM BOI, 104af0Th 10 MJI KOHIICHTPOBAHOI CipYaHOT KMCIIOTH 1 JOBOJSATH
obcsr go 1 ).

3. Po3Benena comsina kuciota (1:1).

4. Ilepcynbdat amoHII0.

5. Ilimetku Ha 1 M.

6. Ilinetku 3 noguikamMu Ha 1 12 MiI.

7. Konba mipna Ha 50 mi1.

8. Yalku nopiessiHoBI.

9. ®oToeNeKTPOKOIOpUMETp; cuHii cBITIOPUIBTP (A =490—-508 HM ); KIOBEeTH

3 TOBIIMHOIO mapy 1-5 cM.

4.5.2 Memoouxa 8uKOHaHHs OOCAIOY
[IpoOy HanuBaIOTh 10 MITKU B K00y eMKicTio 50 M1, nogarTh 1 M po3uuHy
comssHoi kucnotu (1:1), Kiapka KpuCTaliB mepcyinbpaTy amoHI0 1 Micis
TPUXBWJIMHHOTO NEepeMillyBaHHs — | M poaaHiny amonito. Yepe3 3 XB BU3HAYaIOTh

ONTHUYHY WIUIBHICTP HA TMpuiajl. 3 TOKAa3HUKA ONTHYHOI WIUIBHOCTI TpoOH
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BIIHIMAIOTh 3HAY€HHA 11 B HepoOouomy npociiai. OcTaHHI BUKOHYIOTh 3 TUMH XK
peakTUBaMM, TUTbKHU 3aMICTh JOCIIIJIKYBAaHOT BOJIM HAJMBAIOTh IUCTUIILOBAHY.

Bwmict 3amiza (Mr/in) BH3HA4arOTh 3a OTPUMAHOIO ONTHYHOIO MIUIBHICTIO 3a
rpadikom.

BizyanbHe KOMOpMMETpYBaHHS 3A1MCHIOIOTH Yy TMOPILEISHOBUX YalllKax,
TUTPYIOUH CTAaHAAPTHUM PO3UYMHOM JIMCTUIILOBAHY BOJY 3 JOJAHUMU peareHTaMu J0
MOPIBHIHHS IHTEHCUBHOCTI (papOyBaHHs 3 papOyBaHHSAM MPOOH.

4.5.3 Po3paxynok

. . 3 . .
Bwmict 3anza XFe, MI‘/IIM , IIpH BI13yaJJbHOMY BH3HA4Y€HH1I B YalllKaX

00UYHCITIOIOTH 32 (HOPMYJIIOIO

V1 -C-1000 ;
XFe == Mmr/am’, (4.2)
ne V; — o0’eM CTaHAQpPTHOrO pPO3YMHY, BHUTPAUYCHOTO0 HA THUTPYBAHHSI TIPHU

BI3yaJIbHOMY BU3HAaY€HH1, MJI;

C= 0,1 (1 mx crangapTHOro po3unny mMictuth 0,1 Mr 3am1i3a);

V — 06’em npobu, M.

Jlist moOyaoBH KaniOpyBaJIbHOTO Tpadiky 13 CTaHAAPTHOIO PO3UYMHY TOTYIOTh
cepiro po34mHiB BMicToM 0—2,0 Mr/mM° 3aii3a it 06pOBIISIOTH iX 38 METOIUKOIO.

Bu3HaueHHsT TpPUBAJICHTHOTO 3alli3a y BOJAI BUKOHYIOTh aAHAJOTIUYHO
BU3HAYEHHIO 3arajbHOro 3aii3a, aje 0e3 100aBku nepcyibdaTy aMoHi0.

KinpkicTh JABOBaJICHTHOrO 3ajdi3a 3HAXOAATh, BIAHIMAIO4YM 13 3arajbHOIL
KUIBKOCTI 3aJ1i3a KUIBKICTh TPUBAJICHTHOTO 3a1i3a.

Ipumimka. 1lpu BMICTI 3aii3a Outkin 3 Mr/n mpobu po3damisaioTs. KparHicTh

PO3BCACHHA PCKOMCHAYETHCSA BUKIIAAAYCM.

Konmponwni 3anumanusn
. Ha3BiTb hopmu, y SIKHX 3aJ1130 IPUCYTHE Y TOBEPXHEBUX BOJAAX.
. Ha3BiTh hopmu, y SIKHMX 3211130 MPUCYTHE Y MIA3EMHUX BOJIAX.
. HeraTuBHi siBHILIa MIBUIIIEHOTO BMICTY 3aJli3a Y BOJI.
. XIMI4H1 METOIM BUIAJIEHHS 3a1i3a 3 BOJM.
. bezpearentHi MeToan BUAAJICHHS 3aIi3a.
. CyTb SIKICHOTO METOJly BU3HAYEHHS BMICTY 3aJi3a.
. MeToau KUIbKICHOTO BU3HAYEHHS BMICTY 3aJli3a.

00 9 N L W

. CyTh OTOEIEKTPOKOJIOPOMETPUYHOTO METOy BUSHAUCHHS BMICTY 3aji3a.
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Jlabopamopna po6oma Ne 5
®OTOPYBAHHA BO/JIH

Mema pooomu: nocnimxeHHs MeToly GTOPYBaHHS BOJIU.

5.1 3araasHi BinomocTi

@dTOp € HAA3BUYANHO AKTUBHUM XIMIYHUM €JIEMEHTOM, IIUPOKO MOUTUPEHUM B
npupoai. BiH 3ycTpidyaeTbcs BUKIIOUHO Yy BUIIISIAL CHOJYK, NMEPEAYCIM 3 KalbIIEM 1
amomiHieM. OCHOBH1 MiHEpalid SIK1 MICTATh (PTOp — MUIaBUKOBUN IMAT ((IOOPUT)
CaF,, kpiomit Na3AlFs, ¢Topanatut Cas(PO4)3F. Cronyku @Topy 3ycTpiuaroThCs B
MPUPOAHUX BOAAX, FPYHTAX, aTMOCc(hepl, POCTUHHUX OpraHi3Max.

B>xuBanHs BoiM 3 BMICTOM (TOPY MEHIIIE PEKOMEHIOBAaHUX HOPM, TaK CaMo SIK
1 TMEepeBUIIECHHS AOMYCTUMHUX MHOro HOPM, MNPHU3BOAUTH A0 pPAAYy crHeuu@iaHux
3aXBOPIOBaHb. Tak, HEAOCTATHS KUIBKICTh (TOPY B MUTHIA BOAl MPU TPUBAIOMY ii
BXKMBAaHHI BUKIIMKA€E Kapiec, WOro HAAJIUIIOK BHUKIHMKae (Piroopo3 — XBOpoOy, sika
BIJIOMA ITi] Ha3BOIO «T1IOILIA31sI».

@dTopyBaHHS TOPOBOJATH B THUX BHUIAAKAX, KOJIM B BOJI JKepena
BOJIOMOCTAYAHHS, MicTUThCs Menme 0,5 mr/am’ ¢ropy. HeoOxinmicts dropyBamHs
BOAM B KOXXHOMY KOHKPETHOMY BHIaJKy BCTaHOBIIOIOTH OpPraHu CaHITapHO-
eM1JeMI0JIOTTYHOT CITYKOH.

st pTopyBaHHS BOJU 3aCTOCOBYIOTh KPEMHE(PTOPU HATPIIO, KpeMHEDTOPH
aMoHIl0, (QTopux  HaTpito, (PTOPUCTOBOJHEBY  KHUCIOTY, TaKOX  MOJKHA
BUKOPUCTOBYBaTH MEJICHUN TUIABUKOBUW IIMAT, SIKUW PO3YMHAIOTH B 5-10%-HOMY
po3uuHi cyibdary amomidiio (B nepepaxyHky Ha Aly(SOy);). Po3unH BiACTOIOIOTH 1
GIIBTPYIOTh Uepe3 KBapILEBUH IMICOK.

@DTOpBMICHI peareHTH BBOJATH Tneped  (PuIbTpaMu 1 KOHTAKTHUMHU
OCBITJIIOBaYaMu a0o0 MICJsl OUMCHUX CHOPY Mepe]l 3HE3apaKEHHSIM BOJIH.

[Ipu ¢TopyBaHHI BOAM KpeMHE(DTOPUIOM HATPiI0 MOMEPETHHO BU3HAYAIOThH
BMicT yncTtoro Na,SiFs B TeXHIYHOMY MPOJYKTI Ta BMICT (TOpPY B XIMIYHO YMCTIH
pedoBuHi. J{ns1 3ano0iraHHsl BTpaTy peareHTy Ha yTBopeHHs ocany SiFg ioro po3unH
rOTYIOTh Ha 3M sIKIIeH1M Na-KaTioHyBaHHSAM BO/IL.

HeoOxinny no3y pearenty [y, MI/IM’, PO3PaXOBYIOTh 38 (HOPMYIIOI0

qu):(m-a—F_)@-@ (5.1

K C,’
¢

ae m — KoeQillieHT, 110 3aJeXHUTh BiJ TOr0, KyAU BBOJAATH (TOPBMICTHUMN
peareHr; npu BBEACHHI B OYUIIIEHY BOJly m=1, a nepen GpuibTpaMu a00 KOHTAaKTHUMHU
ocBeTIoBaYaMu — m =1,1;
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a — HeoOXimHMI BMicT (TOpy B OGPOOIIOBaHIH BOMI, MI/IAM’; MPUAMAIOTH
BiMOB1AHO 110 [1];

F"— BMicT ropy y BuXimHiit Boxi, Mr/aM’;

K — BMicT hTOpy B XIMIYHO YKCTINA PEUOBUHI peareHTa,%o;

Cp—BMICT XIMIYHO YHUCTOI (TOPBMICHOI pPEYOBUHM B TEXHIYHOMY
poaykTi, %o.

5.2 O01aiHaHHSA, pEaKTHBH, NOCY/]
DOTOENEKTPOKOIOPUMETP.
CxJIsiH1 HUITIHAPY €eMHICTIO 1 1.
Koniyni ko0u eMHicTio 250 M.
[linetku Ha 5 Ta Ha 10 ML

Kpemuedropua narpito, 0,1 %-uuii po3uuH.

S et e

XJ0pua HUPKOHTY KUCIUN PO3UYUH.

5.3 IIpoBenenns podoTn

B mricTe CKISTHUX HWIIHAPIB €MHICTIO 1 J1 HAMMBaKOTh 1O 1 J1 AOCTIIXKYBaHOT
Boau. B uerBeptuil nmiinAp BBOAATH 103y 0,1 %-HOro kpemHedpTOpUIy HATPIIO,
po3paxoBaHy 3a QOpMyII0I0, B TpeTiii i B apyruii — Bigmosizxo Ha 0,5 i 1 Mr/am’
MEHIITe PO3PaxyHKOBOI J03M, a B I’SITHil Ta B wioctuii — Ha 0,5 i 1 Mr/aqM° Ginble
PO3paxXyHKOBOI 103U. BBeneHuidl po3uMH MIBUIKO MEPEMIIYIOTh, 100 YHUKHYTH
YTBOPEHHS OCajy B Pe3yJbTaTl peakiii KpeMeHedTOpUI-10Ha 3 10HAMHU KaJIbIIO 1
MAarHito, 110 MICTSThCS Y BOJI.

Yepes 5-10 xB 3 BepXHbOT YACTUHU KOKHOI'O IWIIIHpA BAOMpaIOTh TPOOH Ha
aHai3 JJIs BU3HAYEHHS BMICTY ¢GTopy. Y mpobi 3 mepuoro UUIIHApPAa BU3HAYAIOTH
pmict Ca®" i Mg2+. JlaH1 qOCIIIB 3aHOCATH B TaOMMIIO 5.1.

Tabnuus 5.1 — Pesynbratu 10oCmiiB

Jlo3a Bwmict F B BwmicT B BO, M/ M
Na,SiFg pH o00po0bIIeHii Ca2t Mg
Mr/am> BOJI, Mr/am>
1 2 3 4 5

Ha mincraBi oTpumanux naHux OynyroTh rpadik 3ajexHOCTI BMICTY GTOpPY B
oOpoOneHit BOMI BiA 103U KpeMHE(TOpHAY HATpiI0 1 pOOJATH BHUCHOBOK PO
e(eKTUBHICTb B35ATOI 103U /1Sl GTOPYBAHHS BOJIH.
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5.4 Buznauenns ¢propy B npo0i Boau

VY koHiyHY K010y emHicTIO 250 M1 BiaMiproroTh 100 Mt 1oCiiKyBaHOT BOJIU
BBOJSITh 5 MJI PO3YMHY XJIOPHUIY LIPKOHUTY, BMICT PETENbHO NEPEMIIIYIOTh 1
3aJMIIaloTh Ha TOAMHY B cmokoi npu KiMHaTHIM Temmepatypi (20 °C). Ilotim
BUMIPIOIOTh ONTHUYHY HIUTBHICTH 3a0apBiIeHO MPOOM MO BIJHOILIEHHIO 10 PO3YUHY,
OTPUMAHOI'0 B XOJIOCTOMY AOCII1 3 TUCTHIIBOBAHOIO BOJOIO.

Bwmict ¢pTopy X, MI/IM’, PO3PAXOBYIOTh 32 (hOPMYIOI0

C-100

R (5.2)

\Y%
ne  C — KoHUEHTpaLis GTopHaiB, 3HAlIeHA 32 KaTiGPOBOYHIM rpadikom, Mr/aM;

X

V — 00’em nocniKyBaHOT BOJIH, MII.

Konmponwvni 3anumanns
1. SIki peareHTH BUKOPUCTOBYIOTH 1Jisi PTOpYBaHHS BOU?
2. BukiaaiTe METOIMKY BU3HAaUEHHS (PTOPY B BOJI MPHU XIMIYHOMY aHai31.
3. Sk BmMBa€e BMICT TOPY B BOJI1 HA 3/10POB’ S JIIOAUHU?
4. Slka curyanis 3 GTOpyBaHHSAM BOJU B Y KpaiHi?

5. Onuiith METOAUKY AePTOPYBaHHS BOAM.

Jlabopamopna po6oma Ne 6
BH3HAYEHHA COPBI[THHOI EMHOCTI AKTHBOBAHOI'O BYT'II/IA

Mema pooomu: BU3HAUYCHHS a7COPOIIIITHOT €MKOCT1 BYTULJIS 32 HOJIOM.

6.1 3aranbHi BizomocTi

AncopOuiiiHy 0YMCTKY aKTHBOBAaHUM BYTIJUISIM 3aCTOCOBYIOTH JUISI BUAAJICHHS
3 BOAU MOJEKYJISPHO-AUCIIEPCHUX OPTaHIYHUX PEUOBHH, IO TMOTPAIUISIOTH Y
BOJIONMH 13 CTIYHUMHU IPOMHUCIOBUMH BOJIAMH.

BunaneHHs MOJEKYISIpHO-TUCTICPCHUX JOMIMIOK 3BUYAHHMMH METOJIaMHU
OYUCTKH TPHUPOIHUX BOJ, HANPHUKIA] KOAryJsIHTaMH, HEMOXXJIUBO, TaK SK IIi
JOMIIIKH HE aIcOPOYIOThCS HAa KOJOTIHUX TAPOKCHUIaX AJIFOMIHIIO 1 3aIi3a.

CyTHICTh aIcOpOIIfHOrO0 OYMINEHHS BOJY aKTHBOBAHWM BYTULISM MOJIATAE B
ToMy, 1m0 ¢GeHos, HiTpodeHos, aHUIIH Ta IHIII PEYOBUHU TMOTVIMHAIOTHCS
(amcopOyIOThCsl)  BEIMYE3HOK TOBEPXHEI0 BYruULIsA, OTPUMAHOiI TMpU  HOTo

aKTMBYBAaHHI — NPOAYBaHHI 4Yepe3 BYTULIsA MIOKCHIY BYIJICLIO, BOJASIHOI Mapu Mpu
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BUCOKIM Temmepatypi. [Ipu mpomy nutoma noBepxHsi 1 r Byruuis 30UTBIIYETHCS B
TUCSY1 Pa3iB.

Jlo3n aKTMBOBAHOTO BYTULISA, HEOOXIMHI JJig OYMINCHHS, MiJ0UPaIOTh
€KCIIEPUMEHTAIBHO, TaK SIK aJCOpOIliiiHa €MHICTh AKTUBOBAHOTO BYTULIS (KUIBKICTD
MUTICpaMiB PEUOBHUHH, Ky ajncopOye 1 T BYruuisi) 3ajekuTh Bil ajacopOoBaHOl
pedoBUHU (acOpOTIB), CHPOBUHHM, 3 SKOI OTpUMaHE BYTuLIA (aJCOpPOEHT), 1 METOY
HOro akTUBYBaHHS, sIKI 00YMOBIIOIOTH MIEBHY MAapKy BYT LS.

MakcumanbHy afcopOLIHHY €MKICTh BYTULISl BU3HAYAIOTh €KCIIEPUMEHTAIIBHO.
3a mgaHuUMHU JOCHiAiB OyayroTh rpadikd, BIAKIAZAIOUYA HAa OCI OpAMHAT €MKICTh
BYrUIs, @ Ha OcCl a0CUUC — KOHUEHTpAII0 PEYOBHHH, SKY BUIAJISAIOTH, IICIA
azicopOl1ii, Tak 3BaHy PIBHOBa)KHY KOHIICHTPAIIIIO.

AAcCopOIiiiHI KOHCTAaHTH JO3BOJISIIOTh KUIBKICHO OXapaKTepU3yBaTH BECh
nporiec afcopOIii T0CTIKYBaHOT PpEYOBUHU.

6.2 O01aHAHHSA, PEAKTHUBH, MOCY/
1. HaBinryBaHHsl akTHBOBAHOI'O BYT'LUIISL PI3HUX MapOK.
2. Won 0,1 u.
3. Tiocynsdat Hatpito Na,S,05 - SH,0, 0,1 =.
4. Kpoxmans 1 %-ii.
5. Kon6u xoH14H1 €eMKicTIO 50 MJI.
6. MipHi ninetku Ha 1 1 5 ML

6.3 Meroauka BUKOHAHHA J0CTIIKEHD

Bucymeni 10 mocTiiHOiI TeMIepaTypu HaBIIIYBaHHS aKTUBOBAHOTO BYTLLIS
(0,25 r) nomimaroTh y Koaou Ta 3anuBaroTh 25 miu 0,1 H po3uuHy Oy, 3aUUHSIOTH
npoOkamu, 300BTYIOTh MPOTAroM 60 XB Ta HEHTPUPYTYIOTh a00 BiACTOIOIOTH. [licis
OTO BEPXHINA IIap 3JIMBAaIOTh, BIAOMPAIOTH MineTkor 5 i 1 Tutpyrotrs 0,1 H
PO3YMHOM TIOCYJb(ATy HATPil0 B MPUCYTHOCTI 1-2 MJI pPO3YMHEHOTO KpoXMmalio. 3
0,1 H po3unHy Hoay TakoX BiAOMPAIOTH 5 MJI Ta TUTPYIOTh TIOCYJIb(ATOM HATPIIO B
MPUCYTHOCTI KPOXMAJIIO.

AKTUBHICTB BT 3a o10M, X4p, %, pO3paxoByIOTh 33 (OPMYIIOIO:
(C —C1 ) 100

Xop =~ G , %, (6.1)

0

ne  Cy— KUIbKICTh Tiocynb(aTy HATPil0, IKUW BUTpAUCHUI HAa TUTPYBAaHHA HOAY;
C, — KUIBKICTh TiOCyNb(aTy HaTpilo, SKMH BUTpAYCHUN HA TUTPYBaHHS MOy

MICIIS peaki(ii HOro 3 aKTUBOBAaHUM BYTULIISIM.

Pe3ynbTaT 1OCIIIIB 3aMUCYIOTh Y TaOIHIO 6.1.
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Tabmuis 6.1 — Pesynbratu 1ociaiB

Mapka aKkTUBOBaHOTO X
. Co C as
BYT LIS

1 2 3 4

3a pesynbTaTamMu poOJIATH BHCHOBKM IIOJI0 AKTUBHOCTI 3alpOINIOHOBAHUX
MapoK BYTLUIS.

Konmponwni 3anumanusn

1. Slxum BUMOraM MOBUHHE BIJNOBIIATH aKTUBOBAHE BYTLLIISA?

2. MeTtoau s BU3HaUYCHHSI COPOIIIMHOT EMKOCTI aKTUBOBAHOTO BYT1ILIIA.

3. Cyth MeTOAy aacopOIiiiHOT OUMCTKU BOJIM AKTUBOBAHUM BYTLJLISIM.

4. Meroau niisi BU3HAUYCHHS 103U aKTUBOBAHOTO BYTLLISL.

5. o Ha3uBaIOTh TOBEPXHEBOIO eHepricro? Ski 3HaAUeHHS NpuUiMae s
BEJIMYMHA Y JUCTIEPCHUX CUCTEMAX?

6. Sxuii mnpomec Ha3WMBaIOTh aJaCcOpOLIE€0 1 4YOMY BIiH BIIOYBAa€ThCS
MUMOBLUIBHO?

7. SIxi (hakTOpH BIUIMBAIOTH HA BEJIMYUHY aCOPOIIIi?

8. SIKy BeIMYMHY Ha3MBaIOTh TPAHUYHOIO aJcOpOIIiE0?

9. Slki BuMoOTrH mpea’ sIBIASIOTH 10 aIcCOPOCHTIB?

Jlabopamopna po6oma Ne 7
3HECOJIEHHA BOTH

Mema pobomu: OCIIKEHHS NIPOLIECY BUAAJIECHHS PO3YMHEHUX Y BOJI COJIEH
METO/IOM 10HHOTO OOMIHY.

7.1 3araabHi BinoMocTi
3HecOoJIeHHsI BOJAM 3A1MCHIOIOTH MOCHIIOBHUM (UIBTpYBaHHAM 1ii uepe3 H-
KaTioHiTOB1, a notiM OH-anionitoBi ¢putsTpu. B H-kaTioHiTOBUX (PuIbTpax KaTiOHU
PO3YMHEHMX Y BOJI1 cOJIel OOMIHIOIOThCS Ha 10HU H-KaTioHITY:
[Kat] H + NaCl « [Kat] Na + HCI;
2 [Kat] H + Na,SO,4 <2 [Kat] Na + H,SOy;
2 [Kat] H + Ca(HCOs), « [Kart],Ca + 2CO,1 + 2H,0.
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[lin yac ¢uibTpyBanHs Boau uepe3 OH-aHioHITOBI (QuUIBTpU aHIOHM, IO
MicTaThecs B H-katioHoBaHiM BOjl, 0OMIHIOIOTHECS Ha 1oHM OH', mo MicTaThcs B
aHIOHITI:

[AH]OH + HCI < [AH]CI1 + H,0;
2 [AH]OH + H,SO4 < [AH],SO4 + 2H,0.

ByruibHy — KHCIIOTY, sIKa  BHUIUISIETBCA B TpoLECl  PO3KIaJaHHS
riipokapOOHAaTHUX coJied, BUJaJA0Th 3 H-kaTioHOBaHO1 BOAM aepyBaHHSIM, TOMY IO
BUKOPHUCTOBYBATU JJIsl 111€1 METH CHWJIBHOOCHOBHI aHIOHITM €KOHOMIYHO HEBHT1JIHO.
Bunanenns 3aiiiCHIOIOTH y JerasaTopax pi3HUX KOHCTpyKLid. OaHak rianboKoro
BUJIAJICHHSI Ta31B B JIera3aTopl He BiIOYBAE€ThCS: 3aJUIIIKOBA KOHIICHTpAIlis BYTUIbHOT
KHCIIOTH TpH TapHid poOOTI jJerazaTtopa CTaHOBUTH mpubiau3no 1,5-2,0 mr/m.
ByruibHy KucnoTy, sKa 3alMIIMiIacs y BOJAl TICIAS KEpPYyBaHHsS, YCYBalOTh
CUIbHOOCHOBHUM aHIOHITOM.

KarionitoBu ¢iunbTpu 3a3Buuail perenepytots 1-1,5% -M po3unHOM cipyaHoi
KHUCJIOTH, aH10HITOBI — 0,2-4%-M po3unHOM igKoro HaTpy (Tiapokcuay HaTpito). [Ipu
OUTBIIINA KOHLIEHTpAIii CipYaHOi KUCIOTHU 3’ SIBISEThCS HeOe3neka 0OpoCTaHHs 3epeH
H-kartioHiTy BiAKIaJeHHSIMU Cyiab(}aTy Kajblil0 (3arilCyBaHHs) 4epe3 MOPIBHIHO
Majy WOTro pO3UMHHICTb.

KarioniToBi @QunbTpu B cxemax 3HECOJICHHS BOAM BIAKIIOYAIOTH Ha
pereHepaiiilo TpU TOSBI MPOCKOKY KaTioHiB Na'. MoOMeHT NpocKaKyBaHHS
BU3HAYAIOTh 3a 3HWKEHHSM KOHIICHTpAIlli 10HIB H" B H-xarioHoBamiii BO.
[lpuifHATO BBaXATH 3a MOMEHT TIPOCKAKyBaHHA KaTioHiB Na'  3HIDKEHH:
KoHIeHTpaii ionis H' 10 0,15-0,20 Mr-exs/m.

3acToCyBaHHA TakOTO METOJY Ja€ MOXIIMBICTH OTPUMYBATH BOAY 3 IYyXke
HU3BKUM COJIEBMICTOM.

7.2 locaigHa yCTaHOBKA
Hocminna ycraHoBka (puc. 7.1) ckiamaerbess 3 10HITOBUX  (UIBTPIB,
3aBAHTAXKEHUX BIANOBIAHO CHJILHOKHUCIOTHUM KaTioHITOM KVY-2 1 CUIBHOCHOBHUM
annonutoM AB-17, nexapOoHizatopa, €MKOCTI JJisl KaTIOHOBaHOI BOJM, OaKiB JJIs
pereHepaiiiHuX po3unHIB CIpYaHOT KUCIOTH Ta IAKOTO HATPY, CIIOJIYYHHUX IIJIAHTIB 1
3aTHCKaYiB.

28



'
A
Iositps
T
N
\ I
I

Pucynok 7.1 — JlociigHa ycTaHOBKA

e

2 * RN JJIs1 3BHECOJICHHA BOJAU MCTOAO0OM

]
1

10HHOTO OOMIHY:

1 — kaTioHITOBUN PUILTD;
1 A Z 7 2,3,8,9,11, 12,13, 14 — BenTHIi;

<—— Bix BogonpoBoxy

8 8 4, 5 — 6aku 7151 pereHeparinumx

PO3YHUHIB CIPUYaHOI KUCIIOTH Ta

inkoro HaTpy; 6 — nekapOOHI3aTOp;

7 — EMKICTB JJI KaTIOHOBaHOI BOJY;

10 — aHiOHITIB PUIBTP

13 14

q
K12 13

7.3 O0J1aHAHHSA, PEAKTHBH, MOCY/
1. MipHi nuiisapmu.
2. MipHi ninetku Ha 115 mi1.
3. ®OTOENEKTPOKOIOPUMETD.
4. pH-meTp.
5. [lpunan Ayt BA3HAYEHHS 3arajbHOTO COJIEBMICTY.
6. PeakTuBu A1 BU3HAYEHHS 3arajbHOI TBEPIOCTI.

7. PeakTuBu AJi1 BU3HAYEHHS 3arajbHOI JIYKHOCT1 TUTPYBAHHSIM.

7.4 Xia pooorun

[lepen mouaTkoM poOOTH y BUXIAHIN BOAl BU3HAYAIOTh TBEPAICTb, JYKHICTb,
COJIEBMICT.

IonitToBi (inbTpu MOBHHHI OyTH BipereHEpoBaH1 Ta BIAMUTI. Pereneparito
KaTiIOHUTOBOTO (UIbTpy NpoBOASATH po3urHOM NaCl, aHIOHITOBHUX — PO3YMHOM
NaOH, BigMuBaHHS — BIAIIOBIIHO BUX1JHOIO Ta KaTIOHOBAHOM BOJIOIO.

[Ipuctynatroun 10 poOOTH Ha YCTAHOBIN, CIOYATKY BKJIIOYAIOTh MOAAYy
noBiTpst B JekapOonizaTop. IloTim, BinkpuBiiM 3aTuckaul 2 1 /4, BUXIIHY BOAY
MOJIal0Th Ha KaTiOHITOBI PuUIBTpHU 1 AekapOoHizaTop. IBUIKICTE PUIBTPYBaHHS BOAU

yepe3 KaTioHiToB1 GuibTpu — 10—15 M/rox.
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Yepes 3axum [/, SKUil BIAKPUBAIOTH OJJHOYACHO 3 BKJIIOYEHHSM YCTAaHOBKH B
poboTy, BIIOMpalOTh KiTbka Npo0 KaTIOHOBAHOI BOJAM 1 BHU3HAYAIOTh B HHUX
KOHIIEHTpAI1}0 10HIB BOJHIO, BYT'UIbHY KHCJIOTY 1 3arajibHy TBEPAICTb.

CranicTh KOHIIEHTpAIlii 10HIB BOJHIO B JIEKUIBKOX IOCTITOBHUX MpoOax
MOKa3zye, 1o poOOYMil LMK KaTiOHITOBOTO (UIBTPY 1€ HE 3aKiHYeHUH (Hemae
npockoky Na'). IlepekoHaBIIMCh, IO KaTiOHITOBHMi (inkTp mparroe 106pe,
BKJIIOYAIOTh B pOoOOTY aHIOHITOBI (PpuibTpu. s 11bOro 3akpuBaroTh 3atuckaud /7 1
BIIKpUBatOTh 3aTuckaul 9 1 /2. IIIBUAKICTh QUIBTPYBAaHHSA BOJIU Y€pe3 aHIOHITOBHMA
GUIBTp MOBMHHA JOPIBHIOBATH IIBUAKOCTI 1i (UIBTPYBaHHsS uepe3 KaTiOHITOBUU
bUIBTD.

VY Bozl micns aHIOHITOBUX (UIBTPIB BU3HAYAIOTh COJIEBMICT, KOHIIEHTPALIIO
BYT'UJIBHOI KHCIIOTH.

Crynentu BigOuparoTe mpobu Boaum mo 100 mi g0 3MiHM TMOKa3HUKA
COJIEBMICTY.

Pe3ynpTaTu gocnifiB 3aHOCATH B Ta0uIIO 7.1.

Tabmuis 7.1 — Pesynbratu 1ocifiB

s g = % § = % E; g E; g
S A E S 2 3 = =
Buxigna
KarionoBana
ITicas
nekapOoHizaTopa
3HecoeHa

3a pe3ynbTaTaMM BHUKOHaHOI poOOTH pOOJIATH BUCHOBKH MPO €(PEKTUBHICTH

3HECOJIEHHS BOIU 10HOOOMIHHUM METOJIOM.

Konmponwni 3anumanusn
1. Metoau 3HECOJIEHHS PUPOTHUX BO/I.
2. KinbKicHUNA METO/1 BU3HAYEHHSI CyMapHOTO COJIEBMICTY.
3. MeTou npoBeIeHHs 3HECOJIEHHS 10HHUM OOMIHOM.
4. Metoau BU3HAYEHHS BYT'UIBHOI KUCJIOTH.
5. SIx 1 UMM POBOJATH pereHepalliro I0HOOOMIHHUX QUIBTPIB?

6. l1lo Ha3uBalOTh 10HITAMHU 1 5K 1X KJIACU(DIKYIOTH?
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7. Slki BMacTHUBOCTI BUKOPUCTOBYIOTH JUISl XapaKTEPUCTUKHU 1OHITIB y SKOCTI
COpOEeHTIB?
8. CxeMaTUYHO HAIMUULIITh PeakKiii, Kl BiOYBAaIOThCS B MPOILIEC] 3HECOJICHHS 1

3M’SIKIIEHHS! BOAM 3 BUKOPUCTAHHSIM 10HITIB.

Jlabopamopna po6oma Ne 8
JAEXJIOPYBAHHA BO/IH I1PU ITEPEXJIOPYBAHHI

Mema pobomu: NOCTIDKCHHS BUJAJCHHS 3 BOJAM HAJIUIIKY XJIOPY MpU il
nepexJIOPyBaHHI.

8.1 3aranbHi BizomocTi

[lepexmopyBaHHS 3aCTOCOBYIOTh Yy THX BHUIAJKaX, KOJIM HOpPMaJbHE
XJIOPYBAaHHsSI HEJIOCTaTHHO 3HE3apa)kye BOJY ab0 MPU3BOAUTH 0 MOTIPIICHHS ii
OpraHOJENTUYHUX BJIACTHUBOCTEH, a TaKOX I OOpOTHOM 13 3apOoCTaHHSIM TpyoO,
KOHJICHCATOPIB PI3HUMH CIHM30YTBOPIOIOUMMH OakTepiiMu. BOHO 3aBkau BUMarae
MOJAJIBIIOTO IEXJIOPYBaHHS — BUAAICHHS HAJUTUIIKOBOTO XJIOPY.

B sKkocTi peareHTIB Al AEXJOPYBaHHS MOKHAa BHUKOPHCTOBYBATU CYJb(IT
HATpPIIO0 Ta aKTUBOBAHE BYTULIS, a TAaKOX TiOCylbdar HaTpito 1 Jiokcun cipku. [Ipu
HEBEJIMKINA KITbKOCT1 3TMIITKOBUM XJIOp BUAAISIOTH aepalli€lo.

AKTHBOBaHe BYTULIS MOTJMHAE XJIOP 3 BOJHU, aJCOpOyIouM HMOro Ha CBOIl
MOBEPXHI, BEJIIMYMHA AKOI 3aJeXKHUTh BiJ sIKOCTI Byruuisa. [Ipu gexmopyBaHH1 BOaH
GUIPTpYBaHHSIM 4Yepe3 Iap aKTHMBOBAHOTO BYTULIS 10 HEl HE BBOJATH HISKHX
CTOPOHHIX pe4YOBHH. TOMY 3aCTOCYBaHHSI aKTUBOBAHOI'O BYT'ULIS JJISl A€XJIOPYBaHHS
BOJIM Ma€ psiJi IepeBar nepes AeXJI0pyBaHHAM XIMIYHUMHU METOJIaMHU.

[Tig yac nexmopyBaHHsS HEOOXITHO CTEXKUTH 32 KUTBKICTIO 3aJIMIIKOBOTO XJIOPY
y BoJil. [I1s iporo momepesHb0 BCTAHOBIIOIOTH 103y PEUOBMHM JJISl JE€XJIOPYBAaHHS,
IpH sIKid B BoA1 30epiraerbest 0,5 MI/J1 3aUIIKOBOTO XJIOPY.

8.2 O0s1aqHAHHSA, PeAKTHUBH, MOCY/
1. Konbu xoniuHi eMkicTio 500 mt.
2. MipHi ninetku Ha 1 1 5 M.
3. Byruuns aktuBoBaHe BAY.
4. XnopHa Boja.
5. Tiocynbdart Hatpito Na,S,05-5H,0, 0,1 H.
6. bydepna cymim 3 pH=4,5.
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7. Voaun xaito, 10%-ii.
8. Kpoxmans 1%-ii.

8.3 MeToauka BUKOHAHHSA JT0CJILY

Croyatky MpoBOJASTH MEPEXJIOPYBaHHS BOAU. Y KOHIYHY KOJIOY HAJIMBAIOTH 2
7 JIOCTIIXKYyBaHOT BOJU, JOJMBAIOTH A0 Hei minmetkoro 200 My XJOpHOI BOAM, IO
BianoBigae 10 mr/a xiopy. Bmict konbu ctpyuryroTs 1 3anumarts Ha 30 xB. [loTim
MOYMHAIOTH JexjopyBanHs. [lepexiopoBany Boay B KinbkocTi S00 M1 po3iaMBalOTh B
TPU TUIOCKOJIOHHI KoJIOW. JlexiopyBaHHS TPOBOAATH (UILTPYBAHHSIM Uepe3 Iap
aKTUBOBAHOI'O BYT LS.

[lepmy npoOy pinbTpyroTh 0JMH pa3 (BucoTa mapy Byruuig 500 Mm), npyry —
nBa (Bucota mapy Byruwis 250 mm), TpeTio — Tpu (BUcOTa mapy Byruwis 125 mm).
[loTiM y ¢inpTpaTi BU3HAYAIOTH 3AJIUIIKOBY /03y XJOpPY. 32 OTPUMaHUMH JaHUMU
OyaytoTh rpadik: 3aIHILIKOBUI XJIOp — BUCOTa mapy Byruuia. Ha miacrasi rpadiuaux
JaHUX BHU3HAYAIOTh BUCOTY LIApPy aKTUBOBAHOTO BYTUUIA MPU BMICTI 3aJIMIIKOBOIO
xsopy 0,5 mr/m.

8.4 BuzHauyeHHs 32JIMIIKOBOIO XJ0PY
106 BCTAaHOBUTH KUIBKICTh 3aJMIIKOBOrO XJopy y Boai, g0 100 wmx
JOCIIJKYBaHOT BoM 107at0Th 5 Mt 10 %-ro po3unny onuny Kaiito, 5 mi 0ydepHoi
cymimi 3 pH=4,5 1 1 man 1 %-ro po3unny kpoxmanto. [Ipu HassBHOCTI aKTUBHOTO
XJIOPY PO3YMH 3a0apBIIOETHCS B CUHIM KOJIp, TaK SK XJIOP BUTICHSE€ BUIBHUNA HOJ 3
Hoauay Kaiito

C12+2KJ—>J2+KC1

abo

Cl2 +2J° —>J2+2C1'

(Mox, sk BUILTUBCA, 3a0apBIIOE€ KPOXMAJIb Y CUHIN KOJIp).

[TotiM 10 po3umHy A0jalOTh 1O Kpamisx 3 Owopetku 0,005 H po3uuH
Tiocynb(dary HaTpito 10 3HeOapBieHHS po3uuHy. [Ipy LBOMY MpOTiKae HACTyMHA
peaKIlis:

J2 + 2NaZSZO3 — 2NalJ + NaZS4O6

abo

3- o 6-
1, +28,037 217 +28,00;.

Po3uun 3HeOapBIIIOETHCS, KOJIU BECh MO/ 3B’SI3YETHCS TIOCYJb(pATOM HATPilO.
HNonun HaTpito 1 TeTpaTioHaT HATPIilO, SKI YTBOPIOIOTHCS B PE3yJIbTaTl peakxiiii,

KpoxmMmaJlb HC 336apBJIIOIOTB.
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BwmicT akTUBHOTO XJ10pY XCI BHU3HAYAIOTh 32 POPMYIIOI0

V. -N-35,5-1000

_ 1
XCI = V2 , MTI'/1I, (8.1)

ne V) — 00’eM po3uuHy Tiocynb(aTy HATpilO, SIKUA BUTPAayalOTh Ha TUTPYBaHHS

JOCJIIJIPKYBAHOT BOJIH, MJT;
N — koe(ilieHT HOPpMAJIBHOCTI PO3YHUHY TIOCYIb(}ATy HATPIIO;
V, — 00’eM OCHIKYBaHOT BOJU, SIKMU B3sJIM JUIsl TITPYBaHHS, MJI;
35,5 — mutirpaM-eKBiBajJI€HT XJIOPY.

Konmponwni 3anumanus

1. 17151 9Oro 1 Ik BAKOHYIOTh XJIOpYBaHHS BOJIU?

2. Po3kpuiiTe MOHATTS «XJIOPIOINIMHAIBHICTDY, «AKTUBHUN XJIOP»?

3. Bin axux ¢akTopiB 1 K 3aJI€KUTh €(EKT XJIOpyBaHHS?

4. Yomy nmo3a  XJIOpy TIOBUHHa OyTH  OUIBIIOK 32  BEJIUYUHY
XJIOPIOTJIMHATIBHOCT1?

5. SIx BIUIMBaE TeMIepaTypa Ha PO3YMHHICTD XJIOPY Y BOJI1?

6. Meroau BU3HAYEHHS 3aJIMIIKOBOTO XJIOPY Y BOI1, iX XapaKTepUCTUKa?

7. SIxi peareHTH HEOOXITHO BUKOPUCTOBYBATH MPHU JAEXJIOPYBaHHI BOJIU?

8. B axux BUMNaakax HEOOX1THO IPOBOJUTH NEPEXIOPYBAHHS BOAM?

9. be3pearenTti MeToIM 1€XJIOPyBaHHS.
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