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= llenu 3aHATUSA:

= PasBuTb YMEHUSA: BblAenNATb CyleCTBEHHbIE
NPU3HaKu U CBOMCTBA OO BLEKTOB

= KnaccudmumpoBatb hakThbl, Aenatb BbIBOAbI

= @dopmMUpOBaThb NPaKTU4YecKne HaBbIKM PaboThbl C
BelLlecTBaMN U XMUMUYECKUM 060pyaOBaHNEM

- PasBuBatb mosHaBaTenbHble MHTEPECHI, —
wynwxam%aqecma, VBEPEHHOCThL B
ONX cuIax, HACTOMYMBOCTb, YMEHUe
OeNCTBOBaTb CaMOCTOATENbHO
= BocnuTbiBaTb KyNbTypy YMCTBEHHOro Tpyaa
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~ SKCHepyMeHTe B TakoW CTeneHu, kak
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:;__ XUmMusi. Ee oOCHOBHbIE 3aKOHbI, Teopvwl n
BbIBOAbLI OonMparoTcs Ha (PaKThl.
[lo3TOMY NOCTOSAHHBLIU KOHTPOJIb
ONbITOM HeooxXoaANMY.
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— «CBOM cno’ﬁﬁﬂocm L|er|0|3e|< Mo>|<eT
yY3HaThb TOJIbKO MOMbITaBLUUCH
APUNOXUTb NX.»

CeHeka Mnagwun




AcTopuyeckasd cnpaBKa.

m— J’,)/J r"JZ)‘J‘-'—‘IJ'_) AT RS OO T VIV SRSV ER ISy

T fc‘f“' AHEMUKSATIEKCAHAPNEBTE

—ﬁepcwr‘ aH HassanBop,y CaMbIIVI_Ea)KHbIM «MM"H"‘epaWn
3emMne.

= [fMMHOM 9TOMY.BeLleCTBY CTanM crnoBa nucartensa AHTyaHa
CeHT-3K3onepu:

«Bopga — y Te65 HeT UBeTa, HM BKyCca, H/ 3anaxa, Teos
HEeBO3MOXHO onucaTb, TOOOK HacnaXaarTcs, He Begasi, YTo
Thbl Takoe. Henb3sa cka3atb, YTO Tbl HeoOXxoaAMMa AJiA XU3HU. Thbl
camMa — XXU3HbY.

= Ha 3emne umeeTcs rpoMagHOE KOJIMYECTBO BOAbI, YESIOBEK
HenocpeacTBEHHO MOXET ncrnonb3oBaTb He bonee 0,05%
ooLero KkonnyecTtea Boasbl.

asl Mopew N OKeaHOB coaepxart B cpeaHem 3,5%
aG:I'BOpeHHbIX BELUECTB. — B —

370,coNN — XnopyABI CYNnbdaTh!! MArHUS, KOTopbie
ﬁom

AB MOpCKOI/I BOAE B BNAE MOHOB.

= Mopckas Boga cogepxut 35r conu Ha 1 nuTtp. Mopckas Boaa
COAEpPXUT pacTBOPEHHbLIE ra3bl U opraHN4YecKme coeanHeHwusl.

= PeyHble BoAbl cogepxat UOHbLI, HeMTpaanble MOJIEKYIJibl,
B3BEUWEHHbIe YaCTulbl, COJien B HUX ropa3go MeHbLlie.
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Mopckas Boaa
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Peunan Boaa

Karnonpr

==l e
e ros—cl- | 194 | carr | 0,0012 HCO.~ | 0,0059
Mg? | 0,13 | SO,z | 027 | Na* | 0,0005 | SO | 0,0012
Ca?* | 0,04 | SOZ | 0,27 | Mg? | 0,0003 | CI- | 0,0006
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SRS AN T AVANTE P OB BIXSROIIOE
SEEINA NMPUMEeHeHNS B XNMNUYEecCKoN TexHe rrjjjy—-‘ e
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— NPOVN3BOACTEE KepammKke, bETOHHBLIX CMECEW,

- 3aTBOpeHue rfvH
* [IpyBOAUT K HApPYLUEHUIO PabOT TensoceTen

B XxecTkou Bopae:

- Mbino He obpa3yeT neHy
* [lnoxo pasBapuBalOTCHA OBOLUU

g:?asapu‘saemﬂ yain - - ———




XXecTKocTb BoAbl onpepnernisgeTcd coaepXaHuem B Heun
PACTBOPEHHLIX CONEN:

r/Jf'r)J: dPOOHATOE
& /.IJ.J'_,)J OB

ViarHWs, Kenesa i

oo | / — Bupabl XécTKkocTu BoAab! \
Kapb6oHaTHas Hekapb6oHaTHas
(BpemeHwas) . (nocTosiHHaA)
XB. / Conu \ Xn.
rmapokapboHaTbl xnopuabl, cynbdaTbl
Ca (HCO3) 2 CaCl ,
Mg (HCO;) - MgCl 5

CaSO,

‘(HCOg)—} -

XXECTKOCTb BoAbl
XXo.=XB.+Xn.




MeToabl onpegeneHuss XXeCTKOCTU BOoAb

SR POOHATHAHPRECTROCTENE J)ameﬂﬂ:m) Fm_j,J —
5T0/ KNCITOTHO-OCHOBHOFO TUTPC

= ObLas )xecTkocTb [Xo.] —
MeTOo4 KOMMJIEKCOHOMEeTpum

= HekapboHaTtHas (noctosiHHas) [XKn.] —
onpenensoT MO pa3HOCTU MeXAay

XK obwasn - XK BpeMeHHas ,.‘
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- NMOMHUTE:
Coeem 1:
PaboTtan cTporo no MHCTPYKTUBHOMN KapTouke!
Coeem 2:
He npobyu BewecTBa Ha BKycC!
Coeem 3:
Ucnonb3yn TOYHO yKa3aHHOEe B MHCTPYKLMN KONTMYECTBO BellecTBa!
Coeem 4: |
‘PaboTan akkypaTHO C pacTBoOpaMu KUCNOT (u‘.l,_enggeﬁl! !
‘ ogem. 5:. ..
— HaBeau NopsaoK Ha paboyem crtone!
Coeem 6:

TwaTtenbHO BbIMOU PYKU!
MpoBeTpuTe nomelueHue!



CriedcmeeHHbIU 3KcrnepuMeHm

_r---:_l_!:p Bo_gonposop,Haﬂ BoAa
lI'rp. PoaHnkoBas Boga

Il rp. CHeroBag (Tanasi) Boaa

IV rp. NMpyaoBasa Boga (Bogoem «KonaHb», panoH OAO
«BbuocunHTe3)

V rp. Mopckasa Boaa




NHcmpykuusi o npoeeoeHUr. C/ie0cmeeHH020
SRGHEPUINVEHITE

"NO‘Z“Onpep,eneHMe KECTKOCTM pOJJ,HI/IKOBOI/I BOAb
~ Ne3 OnpepeneHVe XeCTKOCTU CHeroBou (Tanoun) BoAabl

Ne4 OnpepeneHue XXecTtkocTtn Boabl Bogoema (KonaHb
panoH OAO «bnocuHTtesy)

Ne5 OnpepeneHune XXeCTKOCTU MOPCKOU
(uckyccTBeHHOM) BoAbI

Ne6 Boga n MC (Mbino, ctupanbHbIN MOPOLLOK)
E FZ,MO6u.|,a;| XECTKOCTb BOAbI (Bononposo.ql-la;l o

opckas) I , = T —



CTPYKUNASIOCO3AaHNIOMOPCKON BOAL

ONMPeEACHCANIOTRCCTROCTIVITMOPCROVITEO4 5]
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0,31
0,05




OnpeperneHne XXeCTKOCTU MOPCKON BOAbI
PAcCUNTaTb BECOBBIEYACTMICONEN MOPCKOVIBOAL)
3,02: 0,4: 0,313 0,05

0BG 2 S ReCoRBIe YacTi: MO SO =81
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2. OTmepuTb (B3BECUTb) Ha Becax COJMu:
NacCl
Mg SOz
CaS0Og
KHCO3

3. Otmeputb Boay anct. ooemom 100 cms
4. PacTtBOpUTbL CONMIM B BoAe OUCT., TLWAaTeNbHO nepemMellaTb
-

gm""noGame B MOPCKYIO Boay 3 Kanan nHavKaTopa e —
 MeTunopaHX | |

TP f PTHBIM PACTBOPOM CONAHOM KUCHOTbI
=0,1 monb/n) 0O U3IMEHEeHUS OKpacKn MHOANKaTopa
7. Onpemnenutb 06bLEM N3pacxoaoBaHHON KUCAOTbI. AHanu3

nposoanm 3 pasa!

8. OdopmuTb OTYET B Tabnuuy «OnpeneneHue XECTKOCTU
BOAbI»




OnpeaeneHue

Benmunna)
HOMEPNIPOOBIEOIBY

(OOBEMIMEPHONKOIIOBI

i

o ——— A ——
3. O0BHEM pacTBOpa

— COJISTHOM KHMCJIOThI,
| —

U3PACXOA0BAHHBIN HA
THTPOBAHHE, CM°
Nel —
Ne2 —
Ne3 —
4. Cpennnit 00bémM
pacteopa HCI, em?®
S. KapoOonaTnas
JKECTKOCTH BOJbI,
MIMOJIb/JI —

P |

2ACUYCT pe3yabTaToB
'AHAJIN3, BbI

XXECTKOCTU BOAbI

onuyecTBo (MMoOnb) n3pacxoaoBaHHOE HA TUTPOBaHUe CONAHOM

KUCIOTbl paBHO KOnu4yecTBy (MMOSb) coneun, odbycnaBnmBaroLmx

KapOOHaTHYHIO XXECTKOCTb, cCoAepXawWwmxcs B TATPyeMoM o6bLEéMe BoAabl.

3a eAMHULY KapOOHaTHOM XXECTKOCTU BOAbI NPUHAT OAUH MMOJb conen

copepxawmxcsa B 1n BoAbl.




APOOHATHAAPKECTROCTIS:
- S— ' ﬁin\ch\vnnma)bl-mmax .
et -V (H0)
“V/(H20) — 061EM BoAb!, B3SIThbIA HAa TATPOBaHME
1000 — 1n Boabl, B koTopoM no N'OCTY onpeaensiroT )KECTKOCTb BOAbI.

XXecTtkocTb BoAbI
Msrkas <4

CpepgHe xectkaa 4—8
8—12
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BYHAHNESKECTKOCIVFEO LY HE VIS8

e — [Y\
_c——ugg:L BbISICHUTb AEACTBUS || . ; |
Pa3nMYyHoON BoAbl HA MOIOLL Gl L { id

cpeAacTBa
= A) MbIno
= B) ctupanbHbIM NOPOLUOK

— npoaHanusnpoBaTb
uHdopmMauumo o

:Eécn(ocw_l_ BOAbI

IS



http://www.tani.ru/foto.htm

OO ONMZILILZ] i OIS AL IS L o)?

' eCTKOCTb—Bonbissﬂuﬂaif..—___-

E;_ennoﬁpasosauue-MC (Mbima,
CTUpPaNbHOrO MOPOLLKA).

= OueHuUTb 3TO KayecTBO BoAbl
MO>XHO MO KOJZINYEeCTBY MNeHbI,
nosiBnsOLWnecs npu
BCTPAXUBaAHUN OOpa3LOB
BOoAbl C 4Ob6aBKOW pacTBopa
MoKoLero cpeactaea (Mbina.
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JJJ PVAOBANVIC! —

T-aTMB—G—GﬂMHaKOBbIMM npoGMpKaMM CTEeKnsHHbIE
~ Mano4ku, NOXKW, MNHENKa, pe3nHKU anTe4vyHble, Yachbl
""_H'E'CO‘]HBIE‘1MMH

- —

PeaKkTUBLI:

MbIJIO, CTMpaanblﬁ NMOPOLLUOK

BoOa: BoOAoONpoBOAHaA
poAHMKoOBas

| CHeroBas |
‘ npyAao "“-*




lops Aok AencCIBUY

~— TIpOHYMEPOEAHHBIETPOOVPKI SATIOTHNTEHAH /S MX00IEMaEE .
a ———MGGﬂenyeMGM Bo.qou | — e —

... JobaBbTe B KaxAyto npo6MpKy
~ a) Kyco4eK Mbifia pa3MepoM C ropoLLVHY
0) 1 NnoXe4yKy CTUpanbLHOro NopoLUKa

TwaTtenbHO NepemMellanTe CTeKNSAHHbIMM NafioYKaMn N 3aKpouTe
npoGkamm. -

CoeavHMB NpoOMpPKN BMeCcTe anTe4YHoON pe3nHKoON, 0oAHOBPEMEHHO
BCTpsSIXuBanTe B Te4eHne 1 MUHYTLI.

U3mepbTe NMMHENKON BbICOTY NMEHbI B KaXXAO0UN MPooOupKe U

gi'bopmme OTYET B Tabnuuy. -4
: T —
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~O0beRKT N3yaeHnst i BBICOT —
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- |Boma ———= V| 11 /10 CrupaibHbIi HOPOMIOK |

_ [ 1=-BogonpoBoaHasi.

2. PonaukoBas

3. CHeroBas (TaJjas) -

4. IlpynoBas (Konmans)

JKECTKOCTH BOALI HA
MC




~ TN EY 2 o8] WsITIo §51510 YIIOSH Oggeirs rlel

0zIERlsl SE\GT U, SFC GRISENVET Ozl F /e
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yGGEIeK—IVIbIHa-_-GJ:Ie,EI,yeT—OepHyTb—MO o) beTtkon,
= [IOMECTUTb Ha CYyTKM B MO
FIN3TUINEHOBLIN MaKeT.

» HapesaTb Kyco4ku ogMHaKoBOro pasmepa.

AHanus pe3ynbLTaToB XECTKOCTU BOAbI MO
4yecTBY NEeHbI.




XumMmunyeckasi aKkcneprmaa
(2 ¢l JIE1D 0 0o O Yz

- YcraHoBneHo:

. =-rp. BogonpoBoaHasa Boaa Meoge =
= |Irp. PogHuKoBas Boaa Meogw = -
= |lIrp. CHeroBas (Tanasi) Boaa Meonn =

= VVrp. Mopckasa Boaa Keogw =



_)u,)-ul IHET CHYNORBOABIES METOAOMKOMITTIEXCOHOMET P
——T_VI_'_l'pMMeTqueCKMM MeTOo4, OCHOBaH | —
BSaVIMO,qu/ICTBI/IFI onpeaeidemMbiX MOHOB C HeKOTOprMM
»OpraHnyeckummn peareHTamu. MoHbI MeTannos
NMPakKTN4eCkn MrHoBeHHO B3aI/IMO.qu7ICTByI-OT C
KOMMNJIeEKCOHaMn ¢ 06pa3oBaHNEM pacTBOPUMbBIX
MaJjioanccounnpoBaHHbIX COE.D,VIHQHVIVI MOCTOAHHOIO

COCTaBa.

= KomnnekcoH (lll) (tpynoH B) co MHOrMMU KaTUOHaMM
obpa3yeT NpoYHbIe pacTBOpPUMbIE B Boae
TpVIKOMI'IneKCHbIe conu: g —

—

iﬁﬁnon B OfPEAEHAT MOHBICa2: Mg 2+, Br 2+, Cu 2+, Zn
12+ Al 3+, Cr 3+, Co 3+,
= [paMM — 3KBMBaneHT MeTanna, He3aBNCUMO OT CTeNeH!

OKMCJIEHUA CBsAA3biBaeT OAUH NrPaMM — SKBUBAJIEHT
KOMINJIEKCOHaAa.
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—J——Aﬂanuswpyemym Bop,y no.qu.l,enqmb ao pH—
aMMOHWMWHYIO OYy(pepHYo CMecChb.

- = [06aBUTL MHANKATOP XPOMOFeH YEPHBIA.
* TwurpoBaTb TPpUMOHOM b (TUTP yCTaHOBMEH paHee).

= [losiBNeHne CUHeln OKPaCK/ pacTBopa yKasbiBaeT Ha OKOH4YaHue
peakuun.

= Onpepenutb XXo. Boasl no doopmyne.

= X=Cn (Na [H2Tr])*V (Na2 [H2Tr])*1000/\V(H20)

= [ge Cn (Na[H2Tr]) — HopmanbHOCTb TpunoHa b
V (H20) — 06 bEéM aHanU3npyemMmomn BoAbl

g V' (Na2 [H2Tr]) — 06EM TpunoHa b, noweawmiiH —
_ poBaHue B ——

'Cd. B)="0,1"mMmonb/n




O0OLiaga XecTKkoCcTb Boabl

S (VI ST O KOMITIIERCOROMET PV ST PMMET{IMHE CRIMIMET O L} .
= .-B‘a‘H‘HapeaKLWIFIXB3 IOAEVNCTENA ONPEACISEMBIXSMOHOE =
~ C'HEKOTOPLIMM OPraHNYECKMMN peareHTaMu. -

.= WoHbI MeTanmnoB NpakTMyeckv MFHOBEHHO B3aMMOAEWNCTBYIOT C
“= " KOMMNJIEKCOHaMM ¢ obpa3oBaHMeM pacTEOPUMBIX Masno
AVNCCOLMUPOBaHHbLIX COeANHEHUW MOCTOAHHOro CoCcTaBa.

= KomnnekcoH lll (tpynoH B) co MHOrMMM KaTUOHaMU obpa3yeTt
NPOYHbIEe pacTBOPMMbIE B BOAE BHYTPUKOMMIIEKCHbIE COJIN.
TpunoH b — onpegensalT UOHLI Ca 2+, Mg 2+, Co 3+, Cu 2+, Zn 2+,
Ni 2+, Al 3+, Cr 3+, PO,43-.

- I'paMM — 9KBUBAJIEHT MéeTaJllJla, He3aBNCUMO OT CTEelleHU
OKUCIJIeHUA, CBA3bIBaAeT OAUH NPaMM — 3KBUBAJIEHT
KOMIIJIEKCOHA.

Lasi X)KeCTKOCTb BOAbLI NOKa3bIBaEeT Co epxKaHue MURn/Mo

M.quKapGOHaTeB aToB M X/10p ‘KanbUnda n MmarHusd

Pomte
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) Herib: onpeaennTb »Ko. Boabl BogoripogogHon:

66 pygdoBaHue: 6mpeTKa KOJ6a, XMMMNYECKMA cTakaH

- "‘PEaKTVIBBI.'BD.qa BoAonpoBoAHas, aMMOHUNHaa oydepHas
cmechb (100mn 20% pacTtBopa NH,Cl n 100mn 20% pactBopa
NHs), THAUKaTOp XpOMOreH YepHbIn, TpUnoH b (0,1H)

= OTmepuTb OOBLEM UCcneayemMoun Boabl (BoaoNpPoOBOAHOWN)
100cm3 nnu 100mn

= Nob6aButb 5cmM3 amMmMOHUMHOM OychepHOU cmecH
= 5-7 Kanesib CNIMPTOBOro MHAMKaTOpa XPOMOreHa YEPHOro

OBaTb TpunoHoM b (komnnekcoH lll) (mo kannam o
pﬂxvnBaTb) R —

OsBJiIeHne bIBA€T Ha OKOHYaHWMeE




HCCIIeIyeMON BOTBI, : -
oM
2. O0bém Tpuiiona b,
U3PACXOA0BAHHBIN HA
THTPOBAHHE, CM° -
TurpoBanue Nel

Ne2

Ne3

5. PacueéTnl




T Ko=) (N2 [H5 1)V (Nas 5 1] 000N (Hp0) .
= Tge Cn (Na[H,Tr])— HopManbHOCTh TpMnOHaE ‘ -

':-- V. (H;0).—061emM aHann3npyemomn Boabl
- V- (Nay[H,Tr]) — o6beém TpunoHa b, nowegwmnm Ha
TUTPUpOBaHMe
- unu Xo = C(1/2 Na,H T\ (Na,HsTr)*1000-
y 100 -
: — [Mmonb/n]

Pacxop TpunoHa 6onbue 5cm3 Ha 100cms
1. CymmapHoe copepxaHue Kanbuus, marHms ¢ (1/2 Ca 2+, Mg 2+)

bue 0,5 MMoJib/f. TUTPOBaHME NOBTOPUTL, B3SIB |
~MEHB LN 06EM BOAb!. ~<.-_|_

YMEHBIIEHNE OKPACKM B TOUKe
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~ = (OnbIT - eAVHCTBEHHAas BEPHbLIN MYy Th
crpalunBaTb NPUPoAy M CribilliaTb OTBET B
e€ naboparopum» - —

. . MeHaeneer




