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ВАРИАНТ 1
https://www.youtube.com/watch?si=P50B-WkHCZ_p1KDT&embeds_referring_euri=https%3A%2F%2Fcdovgltu.ru%2F&source_ve_path=MzY4NDIsMjg2NjQsMTY0NTA2&feature=emb_share&v=5MGbZSROtjE
ВАРИАНТ 2
https://www.youtube.com/watch?si=b1Wzw8HqyADIPGM0&embeds_referring_euri=https%3A%2F%2Fcdovgltu.ru%2F&source_ve_path=Mjg2NjQsMTY0NTA2&feature=emb_share&v=-UtlkPcUUUI
ВАРИАНТ 3
https://www.youtube.com/watch?si=t6PuCunbsHC5jJEC&embeds_referring_euri=https%3A%2F%2Fcdovgltu.ru%2F&source_ve_path=Mjg2NjQsMTY0NTA2&feature=emb_share&v=bWjm89xpm3c
ВАРИАНТ 4
https://www.youtube.com/watch?si=v6RD-wMYWMxsVHDF&embeds_referring_euri=https%3A%2F%2Fcdovgltu.ru%2F&source_ve_path=Mjg2NjQsMTY0NTA2&feature=emb_share&v=F95TU0Hs3TM
ВАРИАНТ 5
https://www.youtube.com/watch?si=S_-emORCgvtHu30L&embeds_referring_euri=https%3A%2F%2Fcdovgltu.ru%2F&source_ve_path=MzY4NDIsMjg2NjQsMTY0NTA2&feature=emb_share&v=k9SEGnaOoVg
ВАРИАНТ 6
https://www.youtube.com/watch?si=Pycxi8LHUeRoW8Vt&embeds_referring_euri=https%3A%2F%2Fcdovgltu.ru%2F&source_ve_path=MzY4NDIsMjg2NjQsMTY0NTA2&feature=emb_share&v=caFoZubRoqE
ВАРИАНТ 7
https://www.youtube.com/watch?si=jeJf-BnRbg6dp_As&embeds_referring_euri=https%3A%2F%2Fcdovgltu.ru%2F&source_ve_path=MzY4NDIsMjg2NjQsMTY0NTA2&feature=emb_share&v=wav69zrKyt4
ВАРИАНТ 8
https://www.youtube.com/watch?si=3Avv2zZkqG0PBGQl&embeds_referring_euri=https%3A%2F%2Fcdovgltu.ru%2F&source_ve_path=MTY0NTA2LDE2NDUwNg&feature=emb_share&v=kUCnkSr-mzA
ВАРИАНТ 9
https://www.youtube.com/watch?si=PKI_svJh5oAZFG3b&embeds_referring_euri=https%3A%2F%2Fcdovgltu.ru%2F&source_ve_path=MzY4NDIsMjg2NjQsMTY0NTA2&feature=emb_share&v=ed78B2OAgfk
ВАРИАНТ 10 
  
https://www.youtube.com/watch?si=CZ14ZK3tkt9VzVAd&embeds_referring_euri=https%3A%2F%2Fcdovgltu.ru%2F&source_ve_path=MzY4NDIsMjg2NjQsMTY0NTA2&feature=emb_share&v=_1nhWBSUbvY
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THTPOBAHHe OCTAHABTHBAIOT H N0 IIKATe HA OlopeTke DETHCTPHPYIOT B
MHUTHIHTpaX (M) 3HaUeHHe 0bBeMa THTpanTa (V,(TpHaon b)) ¢ TounocTEIO J0
IeCATBIX. JTO 3HAYeHHE COOTBETCTBYET IIEPBOMY ONpeIeTeHHIO.

3aTeM NPOBOIAT BTOPOE ONpEae/eHHe. T.2. THTPOBAHHE MOBTOPAIOT ¢ HOBOH
HopuHel BOT! (CM. BHZeO (ail1) B PErHCIPHPYIOT BIOPOS 3HAMCHHE OGBEMA
TTpanTa. Vi(tpaor B). B a1 IIpH CXOZHEIX pPe3ymbTaTax MeAIy IBYMA
3HAYEHHAMH 00BeMA TPHIOHA b. MOMIEAmIero Ha THTPOBAHHE (PasHHLA He OOJIee
0.2 A7), HAXOIAT CpeHes APHOMETHYECKE SHATCHHE.

Pactet 06melt KeCTKOCTH BOIBI IPOH3IBOIAT IO (opMyIe

® Cioy - Vorn -10007

5o
rae K~ OOmMAal KeCTKOCTE BOXEL MMOTBT oy — HOPMATEHAL
KOHUCHTPAUHA TPHIOHA b. MOTB-3KB 1. 1, — Cpeanee 3HATCHHE 06BEMA TPHIOHA

B. H3pacCXOZOBAHHOTO HAa THIPOBAHHE. MIT. I~ O0BEM HCCIEYeMOH MPOGE!
BOZBL MIT.
Tlo noTyIeHHOM BEHTHHE KSCTKOCTH OXapAKTEPH3VATE HCCISAVEMYIO BOIY.

Pe3syTLTaTsl NIPAKTHYIECKOR PAGOTS! OGOPMHTE B BHIC OTHETA MO CTEIVIOMIEMY
TUIaHY

Texa npaxmuseckoii pacoms:

Oneam 1. Onpeceneriue odugeii xcecmxocm 800w

Ilpoda Ve

Ooex mpitona 5, noweowns va momposane:
Vl(mputon B) = ... xax;

T2(mputon B) = ... x¢

Vcpeow.(mpiiok 5 = ... wt;
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Paciem ooweii JKcecmxocni 00w,
1000

MMoTE 1

Brisoo.

SH.O. cmyoenma, smoTHIEIIE0 NPAKMIEECKYI0 PAGOMY, dama.

BAPHAHT 1
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BolpOcht 115 CAMOKOHTPOIA 1 MOBTOPEHMS

KakoBa Les 3K0TOrHHECKOro MOHHTOpHHa?

'Ha30BHTe OCHOBHBIE TTOKA3ATeTH KA¥eCTBA IPHPOTHETX BO,
UeM 0GVCIOBIEHA BpeMeHHAR H NIOCTOAHHAR KeCTKOCTE BOIBI

Kakofl KOZHYCCTBSHHBIH METOX XHMHWECKOTO AHATHIA HCNIOTBIVIOT 1%
OMpeTeTeRAA AeCTKOCTH BOTEL

B KaKiX e THHHUAX H3MepASTCA KeCTKOCTD BOTb:

B sen YT THTPHMETPHIECKOTO MeTOXA aHaTH3a

. KakoBa mKa1a &eCTKOCTH BOIBL
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JlaGoparopHas pabota No 2

MOHPITOpPl]-lI‘ KayecTBa MPUPOIHBIX BOJT

Hpaxmseckas padora Ne 2.
MOHHTOPHHT KAYECTBA IIPHPOTHBIX BOT

Iets pabomsi: 03MAKOMHTSCA C MOKAMTETAMH KauecTBa MPHPOTHEIX BOI H
THTPHMETPHIECKIM MCTOIOM ONPEeTeHHA 0OMeH KSCTROCTH BOTEL

Xumns 2 1
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TEOPETHYECKAS YACTh

IKOTOTHUECKHE NIPOGTEMBI COBPEMEHHOCTH YKAIMBAKT eTOBEKY Ha
HEOOXOJHMOCTE TIEPECMOTPA CIIOCOGOB €0 BIAHMONSHCTBHA C MPHPOIOH.
HCTIOMB30BAHMA. TIPHPOTHEIX PECYPCOB H BOIICHCTBHA HA OKPYAKAOIMYIO Cpe;
PATH COXpAHEHAA AH3HH Ha 3ercTe.

OHOA H3 OCHOBHBIX 3aJad 3KOTOTHH SBIMETCA OUCHKA COCTOAHHA
NPHPOIHEIX PECYPCOB H  3KOOTHUECKHX CHCTEM. H IHHAMHKH Da3BHTHA
TOCTEICTBHA AHTPONOTEHHOTO BOINCHCTBHA. T.€. 3KOTOSNYECKUN MOHUMODUHS.
Jl19 OUSHKH KauecTBa NPHPOJHEIX OOBEKTOB (BOJBL BO3AVXAa. IIOHMBEI)
HCMOTB3VIOTCA  METOTS  XFMHWECKOTO H  (H3MKO-XHMHWECKOTO  AHATH3A.
NO3BONMIOMAE  KAUECTBSHHO H  KOTHUSCTBEHHO ONpEIedHTh  IOKA3aTesmH
HCCTEYEMOr0 06BeKTa. COCTAE H COTepAAHHE 3aTpAHHTETEH B HeM

OcHosHbIMI  NOKA3AMETAMI  Kawecmsa 800bi (IHTBEBOH. NPHPOIHOM.
CToWHOM WM M3  IPYTHX  HCTONHHKOB)  SBIMIOICA  TeMIeparypa.
OPraHONENTHIECKHE MOKA3ATETH (BKVC. 3aIaX. UBET. MEHHCTOCTH). BOJOPOIHBIH
nokasaTeas (pH). meIo9HOCTE M KHCIOTHOCT. MHHEpATBHBIH  COCTaB
(comecomepAanme). CYXOH OCTATOK. 0GWJAR XcecmXocmb (KATUHMA H MATHHI).
PACTBOPEHHEIA KHCIOPOX. OHOXHMHUECKOe MOTpedaeHHe Kucaopoza (BIIK).
OHOTeHHEI 3TeMeHTE! (a30T H Qocdop). GTOpP. METATIE (Keme3o. TAKETblE
MeTa17ED). x70p. HOpMATHBBI TOKa3aTelell KauecTBA PasHEIX KATETOPHH BOTH
ONpeelIeHEl Ha 3aKOHOZATeTBHOM VPOBHE H NPHBSICHE! B | OCYIapCTBEHHEIX
cragzaprax — [OCT 2874, TOCT 24902. TOCT 17.1.3.03. pastHusBIX
TepesTHAX. HOPMAX. CAHHTAPHELX NPABHIAX H IP.

Obuas xcecmxocmy 00bi

O6uias HcecmKocmy 600bl TIOKA3EIBACT KOHIEHTPAUHIO B Hefl KATHOHOB
ABYXBATICHTHBIX IISTOTHO3EMETBHEIX METAIUIOB, MPSAIE BCErO KATBUHA H MATHHA.
OOmad KeCTKOCTh CKIATBIBASTCA H3 SDEMEXHON H HOCMIORHHON HCeCMKOCMiL.
BpeMennas scecmkocmy BHIBAHA TPHCYTCTEHEM B BOTe THIPOKAPOOHATOB
Ca(HCO;), 1 Mg(HCO), # HashBaeTCA KapooHATHOR. VIATAIOT BpeMeHHYIO
KECTKOCTh KHIMeHHeM. [ HIDOKApOOHATEI KATBUHA H MATHHA MEpeXOIaT B
MaTOPACTBOPHMBIE KAPOOHATHI H TAKHM 00Pa30M BBIBOIATCH H3 BOIBL.
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Ca(HCO:): »CaC0sv + CO,™ + H:0:
Mg(HCO:):—»MgCOsv + CO: ™ + H:0.

IMocmonnnas ycecmxocmy COXPaHASTCA TPH KHMTIEHHH BOTH. OGBITHO
MOCTOAHHYIO KECTKOCTh XapakTepH3VIOT ColepkaHHeM cyibgator CaSOs n
MgSO, 1 Ha3HBAKOT CYIBGATHOR.

OmIyIo KeCTKOCTH MOAHO YCTDAHHTE. HANPHMEp. BBCIEHHEM B BOTY
KapGOHATA HATPHA. OPTOGOCHATA HATPHA. TeTPAGOPaTa HATPHA. THIPOKCHIA
KaTbllHA H IPVTHX PEareHIOB. CIIOCOOHBIX OOPA30OBEIBATE C HOHAMH KATBIHA H
MarHHA MaTopacTBOPHMEIE COETHHEHHA.

Cas0, + Na,CO;: — CaCO;d + Na,S0,

3 Cas0; = 2 Na;PO; — Cas(PO):| = 3 Na:SOx:

Ca(HCO;). =~ Ca(OH), »CaCO;v + H;0.

KoamdecTBeHHO  xecmxocmip  BOZBI  XapakTepH3YIOT  CVMMAPHBIM

codepxcantien uowos Ca’~ 1 Mg~ BEIPAKEHHEIM B MMOTH 1

Tlo mKate JcecmKocmu Bee TPHPOIHbIE BOTEL TeTATCA Ha MACKMe (0Gmas
KECTKOCTE MeHee 2 MMOTE'T). Cpedneil scecmuocmu (2...10 MMOTE'T) B OUeHE
scecmiue (Soree 10 xuoms'1). Ha NpakTHKe 118 H3MEpEHHA ASCTKOCTH
HCTIOTB3VIOTCA TPAIYChl AECTKOCTH H MELTHIPAMM-3KBHBATCHTHI Ha THTP (MI-
3KB/T).

C 1 ameaps 2003 roza & Poccun sseaen nossi HauHoHATSHEI cTarTapt
Poceniickoit ®exepaunn TOCT P 52029-2003 «Boza. Exsmnna xectkoctiy [To
oBosy TOCTY KeCTKOCTE BHIDAKASTCA B padycax cecmkocmu (“K).

1°K  COOTBETCTBYST ~KOHUCHTPAUHH IIETOMHOIEMETBHOTO  YIEMEHTA.
acenHo pasmoft 112 ero smumvons Ha mTp (1 K = 1 ar-sxe/a). C yaeton
3TOTO. BeTHTHHA OO AECTKOCTH paBHA

18 mAzKoll 600b1 (10 2°K).
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1A BOTIBI CPEOHEN HceCmKocmu
214 &ECTROM Boasl (Gonee 10 “K).
B pasHEIX CTpaHAX HCTOMB3OBATHCH (HHOTIA HCIOTB3IVIOTCA 10 CHX TOP)
_Pa3IHYHbIC BHECHCTEMHEIE € THHHIEL — IPATyChi AECTKOCTH.

Beawamma
Tpazye Obosmasene Onpeaerenne o
“3H (deutsche Harte)
o s |1 men oxcwn xamums (CGO) wm
Hevenxuit ?f'm‘;‘wu " |0.719 wacteit okcraa Maranz (MgO) Ha|0.3566 [0.1783
oo 100 000 wacred Bozst
| KECTKOCTH)
Asr it e Lt rall 02848 [0.1424
s miciu raTion BoTs
Fpamyscam TH T wacts CaCO; Ha 100 000 wacTed ozs_[0.1998 (00999
Assepiancra ppm :m’““ CaCO; 12 1000000 mactelt 15 >0 10,0100

JKECTKOCTB BOE! MOBEPXHOCTHEIX HCTOTHHKOB CYIIECTBEHHO KOTEOTETC B
TEYCHHE [01a: OHA MAKCHMATBHA B KOHI® 3HMEL MHHHMATEHA — B NEPHOX
maBoIKa (HampHMep. B peke Boara aécTkocTs Boa! B Mapte — 4.3 “/K. B Mae —
0.5 /). B mox3eMHBIX BOJaX AECTKOCTh 00BIMHO BhIme (10 8-10. pexke 10 15-20
“/K) H MeHBIIE H3MEHACTCA B TeUCHHE I0a.

TIPAKTUYECKAS YACTh
OfmyIo H  EBpeMeHHYIO KeCTKOCTE  BOTH  MOAHO  OMpEIeTHTS
THTPHMETPHYECKIN MeTOTOM (XIMIMECKHA MTOT KOTHWeCTBEHHOTO AHATH3A).
Tumpruriempuveckuii Memod (THTPHMETPHSA) OCHOBAH HAa ONpeIeleHHH O00BeMa
peareHTAa-THTPAHTA TOWHO H3BECTHOH KOHIHTDAIHH. pAcXOIVeMOro Ha
BIMMOTSfiCTEHE C  OMpeTeIfeMBDM  BemecTsoM. MeTomMka  THTpOBAHHA
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JAKTIOMASTCA B CISAVIOIIEM:  PACTBOPOM  THTPAHTA  3ANOTHAKT  OKPETRY
(CTeKTaMHAR TPYOKa CO MKATOM). TOSHEIE OGBEM AHATHIMPYEMOO PACTBOPA
HATHBAIOT B KOHHMECKYI0 KOOV H T0GABIAOT HIIHKATOP (BEIECTEO. H3MEHTOMmee
OKPACKY TIPH H3MCHCHHH KHCTOTHOCTH CPABY). 3aTeM K ONPEIeTACMOMY PACTEOPY
B KOT6¢ MPHTHBAIOT N0 KATLAM PACTEOP THTPAHTA H3 GOPETKH 10 TexX NIOp. TIOKa He
HIMEHHTCH UBET pacTBopa B koade. ITo 3aTpasteHHOMY 0GBeMY THTPAHTA H ero
KOHIIEHTPAUHH BEIHCIAIOT KOHUEHTPAINIO QHATH3HPYEMOTO BEIecTBa

Ongir 1. Onpenenenne odmreil KecTKOCTH BOIb
OSmyi0 AeCTKOCTE BOZBl  ONPEJENAIOT  KOMIUICKCOHOMETPHISCKHM
THTpoBaHHeM. MeToT OCHOBAH HA MpHMEHEHHH CTCUHATEHOTO DEAKTHEA -
mpuiona B (IBY3aMeICHHAS HATPHEBAT COTh 3THICHIHAMHHTSTPAVKCYCHOR

KHCTOTBI):
HOOCH.C CH.COONa
N-CH,-CH.-N 2H.0
NaOOCH:C fH;C ‘OOH

Tlpn T08aBeHHH X npode BOTB! TPHTON b 0GpasyeT mposHEe OkpameHHEe
KOMIITCKCEL € KATHOHAMH MHOTHX MeTATIOB. B TOM THCIIE C KATBUHEM H MATHHEM.
CXEMATHTECKH TaHHOE B3AMOIEMCTBHE MOKET GHITh BHPAKEHO YPABHEHHEN:

Ca™™ + NayH.R = Nay(CaR) + 2H"
re R - pATHKAT STHICHIHAMMHTETPAYKCYCHOR KHCTOTHL
TeueHmIO peaKiMF GIATOMPHATCTBYET CTAGOMETOTHA® Cpela. KOTOPax

CO3ACTCA MPHOABTEHHEN AMMHATHOTO GydepHOTo pacTBopa. OH MpeICTABIAET
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coboft cmech craboro ocrosamma NH.OH c ero comsro NH.Cl m oGiazaet
CIIOCOGHOCTEIO MOATEPAHBATE PH PacTBOPA MPAKTHIECKH MOCTORHHBIM.

Ecm B pacTBOp. COTEp/KAITHI HOHB! KATHLHA HIH MATHHA. BBECTH HHIHKATOP.
TAOITHIY UBETHEIE COSTHHEHNMA C THMH HOHAMH. TO TIPH JOGARTEHHH TPHTOHA b &
TAKOMY OKPAIICHHOMY PACTBOPY NPOH3OMLICT H3MCHEHHE OKPACKH B SKBHBATCHTHOM
Touke. B KauecTBe HEIHKATOPA IPHMEHAIOT XPOMOTEH TePHBIH.

Peaxmusyi 1t 060pVO08aHIEe

* - npodw amaTHIMpYeNoft Boer. 300 M-

- pacteop Tpriona b ¢ kornenTpammeii C=0.1 Mom-3K8 1:
- AMMHAYHEI Gy (bepHEL pacTEOp

- MEIEKATOp — XpoMoTeH wepHbit T-

- XHMHTECKad ocyIa

B npHICASHHEIX BHICO GAfIax MPeNoIaBaTeTs 1aeT OOBACHEHHE TEMATHKH
PAGOTHL M IEMOHCTPHPYET MPHMEp 3KCTIEPHMEHTATHHOTO BHINOTHEHHA OMBITA.
Tlatee. CleayA HHCTPYKUHAM TPeNOJABATETA. CTYICHTAM HEOOXOTHMO BEIOPATH
BHISO C HOMEPOM CBOCTO BAPHAHTA H AHAIOTHIHEIM O0OPa3oM NPOBECTH
onpeieTeHHe AeCTKOCTH BOE B POGE. COOTBETCTBYIOMeH HOMEPY BAPHAHTA.

TIpeaBapHTENBHO CTYACHTAM HEOOXOHMO O3HAKOMHTBCA C TEOPETHUSCKOH
MACTBI0 H BHHMATETBHO H3VIHTE X0 OMEITa

Xoo onvima

B 1Be KOHHUSCKHE KOIOBI ¢ MOMOIBI) MEPHOH MOCYIBl OTMEPAIOT 1O
100 M1 BOTOMPOBOTHO BOTH. TOGABTAIOT B HHX 7O 3 AT GYepHOT cMecH 1 7-8
KaNeTh WHINKATOPA XpoMOTeHa depHoro T 10 MOTYMHHA BHHHO-KpACHOM
okpack. OIHa H3 KOO CIVAHT KOHTPOTbHOM. [aTee NPHCTYTIAIOT K THIPOBAHHIO.
T.e. MOCTEMeHHOMY MPHOABTEHMIO (IO KATLLAM) PAcTBOpA TpHTOHA b 13 GropeTrat
B KOOV € QHATH3HPYEMOH MPOGOH BOIEI 10 TeX NOP. MOKA OT OIHOH KaIltH
TpuToHa b OKpacka MepefileT W3 BHHHO-KpACHOR B CHHIOK. B 3TOT MoMeHT




