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OBIIUE YKA3AHUSA

[lepen BbINIOTHEHHEM PabOT HEOOXOAMMO H3YUYUTh OCHOBHBIC
TEOPETUUECKUE  TIOJIOKEHHSI, O3HAKOMHUTHCS C  JIaDOpaTOPHBIMU
CTEHJIaMH, 3amucaTth METPOJIOTUUECKUE XapaKTePUCTUKU
UCIIOJIb3yEMBIX CPEACTB U3MepeHul (B 1abopaTtopHbix padborax 1, 2,3 u
5 cruegyer 3amucaTh JMANa3OH HU3MEPEHUS, LEHY [IEJICHUS W
JIOITyCKAaeMyI0 IOTPEIIHOCTh OIOPETOK, MEPHBIX CTaKaHOB M KOJIO; B
nabopatopHoit paboTe 4 - [uana3oH U3MEPEHUs, LIEHY JIeJICHUS U KJIacc
TOYHOCTH pH-MeTpa).

[Tocne 3aBepmieHus 71a00OpaTOPHBIX pabOT KaXIbIA CTYJCHT
JOJDKEH COCTaBUTh OTYET, B KOTOPOM HIPUBOJATCS OCHOBHBIE
TEOPETUUYECKUE TOJOKEHHUS, PUCYHOK JA0OpPaTOPHOM YCTAHOBKH, IO
pe3yJibTaTaM OIBITOB CJIEIYET BBIMOJHUTH PACUEThl U COMPOBOIUTH UX
HEOOXOJAUMBIMHU MOSICHEHUSIMU, JATh OLICHKY MOTPEITHOCTH W3MEPEHUS
Ka)XJ0r0 mapamMeTpa, a YMCJICHHbIEC 3HAUCHUS MOTPEIIHOCTEN 3aHECTH B
TaOIUIBl JJISl 3allUCH PE3YJbTAaTOB H3MEpEeHHil u pacueroB. OTyer
3aBEpIIACTCS ApryMEHTUPOBAHHBIM  BBIBOJOM. METOJbI  OIICHKHU
pPE3YJbTATOB U3MEPEHUI U pACUETOB MPUBEACHBI B ONTMCAHUU Pa0OT.

OTtuer npencTaBisgeTCsl CTYJICHTOM IIPU Cayde 3adeTa MO JTaHHOU
JTUCLUIUINHE.

[IpuBeneHHble B Ja0OPATOPHBIX pabOTaxX METOJUKHA MOTYT
UCIIONIb30BAaThCSl TIPU  OLIEHKE IIOKa3aTeseil KayecTBa BOABI JUIs
CIEAYIOUIUX IIeJ€il BOJOMOJB30BAHUS: JJISI XO3SIMCTBEHHO-TTUTHEBOTO
BOJOCHAOXKEHMS; TPU  MOATOTOBKE  J00ABOYHOM  BOABI  JUIS
AJIEKTPOCTAHIUM, pabOTaONMX HAa OPraHUYeCKOM TOIUIMBE;, TIPHU
MOATOTOBKE J100aBOYHOM BOABI JIJISI AJICKTPOCTAHIIMM, padOTarONUX Ha
SAJICPHOM TOTUTMBE; TPHU TMOJATOTOBKE JO0OABOYHOM BOJBI ISl MapOBBIX
KOTJIOB Pa3IMYHOTO HA3HAUYCHUS, JAJIsI HOAMUTKH TETUIOBBIX CETEH.

Brimonnenue ngabopaTopHBIX pabOT W 00paboTKa pe3ysbTaTOB
OTBITOB TO3BOJISIIOT OIEHUTh KAa4eCTBO BOJABL. B peanbHBIX YCIOBUSAX
AKCIUTyaTalldd  3HAHWE  XapaKTePUCTUK  HCIOJIb3YEeMOW  BOIBI,
HEOOXOIMMO JUIsl OpraHu3allid ONTUMAJIbHBIX PEXKUMOB paOOThI
TeIUIoAHepreTuueckoro obopyaosanus. [lpu ananuze pe3ysabTaToOB
J1a00PATOPHBIX OMBITOB LEIECO0OPA3HO OTMETUTH:

1. K xakomy THIy BOJOIOJB30BAHUS CIEIYET OTHECTH
aHAJIM3UPYEMYIO IPOOY BO/IBI;
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2.BnusHue uccieayeMon BObl, YYUTHIBAS MOJYUYEHHBIE B OTIBITAX
XapaKTepPUCTUKH, Ha PaOO0Ty TEIUIOPHEPTreTUUECKOTO O00PYI0BaHUS
(oOpa3zoBaHWe HAKHUIIH, IIIJIaMa, KOPPO3UH);

3. PexomeHnmamuu 1mo o0pabOTKE UCXOAHOM BOJBI IS ITOTYyUCHHS
BO/JIbl C HOPMUPOBAHHBIMU XaPAKTEPUCTHUKAMHM.

HexkoTopsie cipaBoYHbIE MaTepHaibl, HCOOXOIUMBIC JIJIs aHAIHN3a,
MPUBEJICHBI B IPUIOKEHUAX 1-3.

BMecto ma0opaTopHbIX padOT, MNPEAIOKEHHBIX B JAaHHBIX
yKa3aHMUAX, CTYJACHTHl MOTYT BBIIOJHUTH PAaOOThI MCCIIEI0BATEIHCKOIO
XapakTepa, CBS3aHHBIC C MOATOTOBKOM M MCIIOJIb30BAaHHEM BOJIBI B
YCIOBUSAX CBOETO MPEANPHUSITHS, HAIpaBJICHHBIC HA COBEPIIICHCTBOBAHUE
paboThl  BOJIOIIOATOTOBUTEILHOIO O0OPYAOBaHMS W 000pPYyHdOBaHUS
KOTEILHOrO IIexa (KOTelbHas YCTAaHOBKA, Ji€adpaTophl, Pa3IuyHOIO
tuma nojporpeBarenu). CoaepkaHUEM STHX HCCIEI0BATEIIbCKUX PadoT
MOYET OBITh:

a) OmIpeIeICHUE XapaKTEPUCTHUK BOJBI  (CoJeCcoaep KaHus,
KpEeMHECO ISP KaHUs, COACPKaHUSI CBOOOHOM YTIIEKUCIOTHI, XJIOPH/IOB,
CyJb(aToOB, KUCIOTHOCTH, OOIIEH KECTKOCTU U . );

0) paccCMOTpPEHHME  TEXHOJIOTMM  O00ECCOIMBAHMUS  BOJBI
(XMMHY€CKOT0,  TEPMHUUYECKOrO,  DJJICKTPOMOHHUTHOTO H  Jp.);
omnpeesieHre MpUcoca OXJIaKAaroe BOAbl B KOHACHCATOPE MapOBOM
TypOMHBI, BJIWSHHE CYIICCTBYIOMIEH IIOJrOTOBKM BOJbI Ha paboTy
KOTEJIbHON YCTAaHOBKH,

B) TETUIOXUMHUYECKUE UCTIHITAHUS KOTEILHON YCTAHOBKH U JIp.

OXPAHA TPYJA U TEXHUKA BE3OITACHOCTH IIPH
BbBIINIOJIHEHUHNJIABOPATOPHBIX PABOT

Opranumzanus ~ 0e3onacHol ~ pabOTBl  TpPU  BBINOJHEHUU
JabopaToOpHBIX padOT Mo Kadeape TEIIOdHEPTIeTUKU MPOU3BOJAUTCS B
cootBeTcTBUU ¢ TpedoBanusMu ['OCT 12.0.003-74. CCBT "Omnachsble u
BpeaHble Tpou3BojAcTBeHHBIE (akTtophl. Knaccudukanus", T'OCT
12.1.004-85. CCBT. "TloxapHas Oe3omacHocTb. OOmue TpedboBaHus",
I'OCT 12.1.005-76. CCBT. "Bo3gyx paboueii 30HbL OOmIHE
canutapHo-ruruenndeckue tpedoBanus', 'OCT 12.1.010-76.CCBT.
"B3peiBoOe3onacHocTs. O0mue Tpedoanusa”, I'OCT 12.1.019-79.
CCBT. "2nektpobe3onacHocTh. OO0IIHe TpeboBaHMs".

K pabote Ha 1abopaTOpHBIX YCTAaHOBKAX JIOMYCKAKOTCS CTYJICHTHI,
UMEIOIINE TEOPETUUECKYIO MOATOTOBKY IO JUCHIUIUIMHE, MPOIICAIINE
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HHCTPYKTaX TI0 TEXHHKE O€30MacHOCTH W PpacCIUCaBIIHECS B
COOTBETCTBYIOIIIEM KypHAJIE.

[Ipu mpoBeaeHun J1abOpPAaTOPHBIX PabOT HEOOXOIWMO CTPOTO
BBINOJIHATD CJICAYIOIIHNE MTPaBUa;

l. 3ampemaercsi 3aiuMBaTh BOJAY B €EMKOCTH, COJIEp>KaIlHe
KOHUEHTPUPOBAHHBINA PACTBOP CEPHOU KHUCIOTHI.

2. llpy mnomagaHWM KHUCJIOTHI BBICOKOM KOHIICHTpAllMd Ha
OTKPBIThIC YYACTKH TeJIa HEOOXOIUMO YAAIUTh CYXOM TPSIKOW WIIH
BATOM KHUCJIOTY C MOPAXEHHOTO y4acTKa, MPOMBITh MECTO oxora 2%
pacTBOpoM OmkapOoHaTa HATpHs WJIM BOJOH, CPOUYHO OOPATUTHCS B
IYHKT MEIUIMHCKOW MoMoIy. Ecim Kuciiora momnajga Ha CIU3UCTYIO
000JI0UKY rjla3a, ero He0OXOAUMO IPOMBITH OOJBIIMM KOJIHMYECTBOM
Boael, 3arem 0,5% pacTtBopoM OumkapOOHaTa HATPUS M CPOYHO
00paTUTHCS B MyHKT MEAUIIMHCKOM ITOMOIIIH.

3. B ciyuae nonagaHus 1I€JI0YM Ha OTKPBITHIE YYACTKU Teja WU
B TJIa3a Il IPOMBIBAHUS MOXHO HCIMOJIb30BaTh COOTBETCTBEHHO 1%
PacTBOp YKCYCHOM KUCTOTHI U 2% pacTBOp OOPHOI KUCIIOTHI.

4. 3anpemaeTcss KCIIOJIb30BaTh Ja0OPATOPHYIO IOCYly HE IO
Ha3HAYECHHUIO.

5. 3anpemaercs UCCIE0BATh PEAKTUBHI HA BKYC.

6. Ilpu omnpeneneHun 3amaxa CcieAyeT BO3AyX C Mapamu
BEILIECTB MOATOHATh K HOCY B3MaxaMH JIaJIOHHU.

7. Bo BpeMs pabOThl C OrHEONACHBIMU  BEIIECTBAMH
HEO0OXOIUMO CJIEAUTh, YTOOBI MOOJU30CTH HE OBUIO OTKPBITOTO OTHS
WJIU CUJIBHO HAarpeThIX MPEIMETOB.

8. Ilpu oxorax mopak€HHbIE YYACTKH HEJIb3sI TPOMBIBAThH BOJIOM
U BCKPBIBATh BOJIBIPH.

ITo oxoHuaHuM J1aOOPATOPHBIX PabOT HEOOXOIUMO MPUBECTH B
NOpsIIOK padoyee MEeCTO.

CrylleHThl, HE BBINOJHAIOUIME MpaBUiia TEXHUKH O€30M1acHOCTH,
OTCTPAHSIOTCSI OT IPOBEACHUS J1TA0OPATOPHBIX PaOOT.



JlaGopaTtopuas padora Ne 1
OmnpenesieHne MOJISIPHOI MACChl THOKCH/IA YIJIepoaa

Ilenv padomwt - HAXOXJICHUWE MOJISIPHOM MacChl JAMOKCHAA
yTjiepojia Mo IUJIOTHOCTU ra3a Ha OCHOBE ypaBHEHUss MeHjerneeBa —
Knanenpona.

Ilpuboper u mamepuanwi: anmnapatr Kuma, Koa0bl KOHHYECKHE,
TEXHUYECKHE BEChI, MEPHBIN ITUIUHJIP, KAJbKYJISITOP, COJIsTHAS KUCIIOTAa,
Mpamop.

Teopemuueckuit mamepuaj, He00X00UMbLIL 0151 6bINOJIHEHUA

pabomol:

MoJisipHass Macca - 3TO Macca OJHOrO MOJisg BewecTBa. Moiib
J000r0  Ta3000pa3HOr0 BEIIECTBA TMPU HOPMAJIBHBIX  YCIIOBHUSIX
(P,=101,3 klIa, T,=273K) 3anumaet 22,4 1. ITa BeJIMYUHA HA3BIBACTCS
MOJISIPHBIM 00BEMOM Tra3a Mpu HOPMAIIbHBIX YCIOBUSX.

OrnpeneneHre MOJSPHONM MacChl ra3za MOXKET OBITh BBIMOJHEHO
HECKOJIbKMMHU crioco0amMu. Yaine BCEro ONpeAessitoT, HUCXOAs U3
a0COJIIOTHOW U OTHOCUTEIBHOM IJIOTHOCTH Trasa.

AOCOIOTHON TUIOTHOCTBIO Ta3a Ha3bIBACTCS Macca €IUHUIIBI
o0bemMa raza Impu HOPMAJIbHBIX YCJIOBHSX: 3a €IUWHHILy OoObeMa ra3a
0oObIYHO mnpuHUMAOT 17. 3Has Maccy ln raza mpu HOPMaIbHBIX
YCIOBUSX (p) U €ro MOJISIpHBIA 00beM 22,47, ONpeAessitoT MOJISIPHYIO
Maccy rasa

w=p224 (1.1)

Jlns mpuBeneHUs ra3za K HOPMaJIbHBIM YCJIOBHUSAM HCIIOIB3YIOT

YPaBHEHHE Ta30BOTO COCTOSHHUS:

v-P V,-P
T 1,
Wi Vozﬂ (1.2)
P-T

rae V' — o0beM rasza, U3MEPEHHBIA MPU PEaTbHBIX YCIOBUSX, TO
ecTh npu atMochepHoM nasieHuu P u remneparype T; V,— oObeM rasza
IIPY HOPMAJIBHBIX YCJIOBUSAX - AaBiieHUuU P,u temneparype 7.
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MonspHyr0 MacCcy ra3a MOXHO BBIYMCIUTH TAaKXKe€, MOJIb3YSCh
ypaBHeHHEM MeHnneneesa — Kimanenpona:

v-P=""R,T
Y7
m-R,-T (13)
="y '

rae P - naBnenwue, klla: V' - oOwem, 11; m - Macca, T; |- MOJIIpHAs
macca, I/MONb; R,- MOJApHas Tra3oBas IIOCTOsSHHas;, paBHas 8,314
nxlla/(monw K); T - abcomtotHas Temrieparypa. Yacto B 1abopaTopHOit
NPAaKTUKE NPUMEHSIOT CIEAYIOIME YHUCIOBbIE 3HadeHus: R,= 0,082
n-aT™/Tpaj Moib; R,= 62360 MMM pT.CT./(Tpaj MOJIb).

Buvinoanenue padbomeur:
OIIBIT 1: Onpenenenne MOJIAPHON MACCHI AMOKCUA YIIEPOAA.
Juokcua yriaepona mnonydator B anmapate Kwuma (puc. 1)
NEUCTBHEM pacTBOpa COJNAHOM KuciaoTel Ha Mpamop CaCOs.
[TonydeHHBIN TUOKCHU YTIIEPOIa OUUIIIAIOT OT OPBI3T COSTHON KUCTOTHI
nyTeM MPOMBIBaHUS pacTBopoM rujapokapOoHarta Hatpus NaHCO; u
OCYIIAT, IPOIyCKas 4epe3 KOHLEHTPUPOBAHHYIO CEPHYIO KHACIIOTY.

Puc. 1. Annapar Kurma

Yuctyio u cyxyro Kosi0y IJI0THO 3aKpONTE PEe3MHOBOM MPOOKOH 10
METKHU U B3BEChTE€ Ha TEXHOXMMHUYECKUX Becax ¢ TOUHOCTHIO 10 0,001 r.

Hanonnute KojaOy JUOKCHUJOM yIJIepoja, IOJdy4aeMbIM B
anmapare Kuma B Teuenun 3-4 MUHYT. 3aT€EM OYE€Hb MEIJICHHO BBIHHTE
ra300TBOJIHYIO TPYOKY U3 KOJIOBI.

3akpoiiTe K00y mnpoOKOoW W CHOBa B3BechTe. HarmojHeHue u
B3BCIIMBAHWE KOJOBI HEOOXOAWMO MPOU3BOIUTH 2-3 pasza 1o
MMOCTOSIHHOM MAaccChl, T. €. KOTrJa JBa IOCIeI0BaTEIbHBIX pe3yjbTaTa
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100 OJMHAKOBBI, JIMOO OTJIMYAIOTCS JIPYT OT JApyra He Oojee 4yeM Ha
0,01 .

Onpenenure 0o0beM KoOJIOBI, 3alOJIHUB €€ BOAON 10 METKH U
MIePENTMB BOJY B MEPHBIN MIJIMHJIP.

3anumuTte B xKypHad (cMm. Tabnuma 1.1) Maccy KoObl ¢ BO3IyXOM
(m;), Maccy KoJIOBI ¢ AUMOKCHIOM yriepojaa (m,), o0bem KoJoObl (V),
JaBJICHUE U TEMIIEPATYPY, IPU KOTOPHIX TPOU3BOIUIICS OTIBIT.

[10 MoJTyYeHHBIM JJaHHBIM PACCUUTAUTE:

1. Maccy amokcuaa yriepoaa B o0beMe KOJIObI, YYUTHIBAS, YTO
ATUM Ta30M U3 KOJIObI OBbLIT BRITECHEH PaBHBIM 00HEM BO3/IyXa.

Mcox=m; —m; + my (1.4)

rae mj;, m; — OIPEIEICHbl AKCIEPUMEHTAIbHO, M, — MAaccy
BO3/yXa HaxoauM IO ypaBHeHUIO MenaeneeBa - Knanenpona:

my=PVu/(R,T) (1.5)

Tak kak cpenHUN MOJICKYJSPHBIM BEC BO3AyXa paBeH u,=29
r/Moib, a T=273+t, TO Macca Bo3ayxa
my=29-P-V/R (273 + 1). (1.6)
3aTeM orpeenuTe Maccy AMoKcuaa yriaepoaa mo hopmyse (1.4).

2.Bpruuciure MOJIEKYJISIPHBIM BEC JBYOKHMCH yriiepoda IO

ypaBHeHUIO MeHpaeneeBa — Kitanempona:
Hco2 = Meo2 R, T/(PV) (1.7)

3.IloacuuTaiiTe OMMOKY OMbBITA B MPOIICHTAX:
€ = (Mreop — Moxe) 100% / Hreops (1.8)
TIE Upeop — TEOPETHYECKOE 3HAYCHUE MOJISIPHOM MacCy IUOKCHIa
yriepoja 44 r/mMoiib.
Tabnuua 1.1 — Pesynbrarsl usmepenuit

Ne Macca Macca O60wvem | JlaBnenue | Temmeparypa
/Il | KOJIOBI C KOJIOBI C KOJIOBI P, MM t, °C
BO3JyXOM | JUOKCHUIOM | V, MI pT .CT
m;, T yriepojaa
mo, I'
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KoHTpoJibHBIE BONIPOCHI U 3a1aHUA

1. YUto Ha3pIBacTCA MOJEKYJISIPHOM Maccou BemecTBa? B kakux
€IMHUIIAX OHA BBIpaXKaeTcs?

2. Uto HazbiBaeTcst mosieM? Kakoe KOJIM4ecTBO MOJIEKYJI BEIIECTBA
COJZICPIKUTCS B OTHOM MOJIE?

3. UTo Ha3bIBAaETCSI OTHOCUTEIBHOW MIIOTHOCTHIO ra3a?

4. Onucanue 1a00paTOPHOM YCTAHOBKHU. XO/1 MPOBEICHUS OIBITA.

5. PaccunTaite MOJIIpHYIO MaccCy rasa, €Ciau Macca 1mui ero paBHa
1,96Mr (ycioBusi HOpMaJIbHBIE).

6. Meroarka pacduera MOJIIPHOM MAaCChl JUOKCH/IA YTIIEPO/Ia.

7. Paccuntaiite maccy 10 i1 a30Ta nmpu HOpMaJIbHBIX YCIOBHUSIX.

8. BbelunciuTe  MOJIEKYJSIPHYIO  MacCy  BEHIECTBA,  €CJIHU
YCTaHOBJIEHO, 4TO Macca 60Mia ero mapos npu temmneparype 87 °C u
naBiaeHuu 524 mm prt. cT. paBHa 0,13 r.

JlabopaTopnasi padora Ne 2
OnpeaeneHue )KeCTKOCTH BOJAbI 1 METOAbI YMSITYEHH ST BOAbI

Ilenv pabomwi: TipoBencHWE aHAIW3a BOJBI HAa JKECTKOCTh H
yCTpaHeHUEe KapOOHATHOM KECTKOCTH BO/IbI.

Ilpubopor u mamepuanwvi: OrOpeTKa 1711 TATPOBAHUS, KOHUYECKUE
KOJIOBI, COJIsTHAsg KHCIJIOTa, pacTBOp KomruiekcoHa III, MeTunopanix,
IPUOXPOM YepHbIU T, BOZONIPOBOIHAS BOJA.

Teopemuueckuit mamepuaji, He00X00UMbLIl 0J15 6bINOJIHEHU
pabomol:

KecTkocTh BOABI 00YCIIOBJIEHAa MNPUCYTCTBUEM B HEW coJei
KaJbI[Usl, MarHusi W Kejeza (kapOoHaTtamu, THAPOKapOOHATaMU,
cynbdaramu, XJ0puaamMu 1 Jip.). Boay ¢ pacTBOpEHHBIMU B HEM COJISIMU
HA3bIBAIOT JKECTKOM, a COBOKYIHOCTh CBOWCTB TakOW BOIbBI —
AKECTKOCTBIO.

KecTKoCTh — OJIMH U3 TJIAaBHBIX TEXHOJOTHYECKUX IOKa3aTeleH,
NPUHSATHIX UL XapAKTEPUCTUKHA COCTaBA U KAayeCTBA MPUPOJHBIX BOJI.
Cornacao I'OCT 6055-86 paznuuaroT kapOOHaTHY0, HEKapOOHATHYIO U
0OIIYI0 )KECTKOCTb.



11

. 2+ 2+
Cymma KOHIICHTPaILU VIOHOB Ca"'u Mg~ aBnsieTcst
KOJIMYECTBEHHON MEPOM KECTKOCTH BO/IbI:

2+ 2+
K=C(Ca™")+C(Mg™). (2.1)

EnunHuiiet nasmMepeHus )XeCTKOCTH SIBJISIETCS MMOJIb/JI.

KapOonatnas xectkocth (JKK) — 3TO COBOKYIHOCTH CBOWCTB

BOJIbI, OOYCJIOBJICHHBIX MPUCYTCTBUEM B HEH B  OCHOBHOM
rUAPOKapOOHATOB KabIMsl, MATHUS U JKeJie3a U He3HAYUTEIbHON YacTu
UX KapOOHATOB.

OHna oTBeYaeT TOM YacTH COACPIKAIIMXCS B BOJIE KATMOHOB Ca2+,
Mgz+, Fe™, KOTOpAsi SKBUBAJICHTHA COJCPKAMMMCSI B HEUM aHUMOHAM
HCOy', CO32'. YacTp KapOOHATHON YKECTKOCTH, KOTOpPas MOXKET OBITh
yCTpaHEHA KUIISTYEHUEM, Ha3bIBAIOT YCTPAHUMOM MU BPEMEHHOM.

HexkapbonatHast »xectkoctb (XK) — COBOKYIHOCTbh CBOWCTB
BOJbI, OOYCJIOBJICHHBIX MPUCYTCTBUEM B HEW CyJb(aToB, XJIOPHUIOB,
CUJIMKATOB, HUTPATOB U (hoc(aToB Kalabllusl, MATHUS U JKeJIe3a.

Bce conu, ocraBmuecss B PacTBOPEHHOM COCTOSIHUM TIOCIE
KUIISTYECHUS, OOYCIIOBJIMBAIOT TaK HA3bIBAEMYIO IIOCTOSIHHYIO WIIH
HEYCTPAaHUMYIO KeCTKOCTh BOJbl (JK,). OHa oTBe4aeT TOM 4YaCTH
COJIEpKAIIMXCA B BOJIE KAaTUOHOB Ca2+, Mg2+, Fez+, KOTOpas
SKBUBAJICHTHA COJICPKAIIMMCS B HE aHUOHAM SO42', NO, C1" u np.

Oo6mas xectkocTh (Kygy,) CKIambIBaeTcss M3 KapOOHATHOW W
HekapOoHaTHOM kecTkocTh. (OHa paBHa CcyMMapHO (oOrwei)
KOHIIEHTpAILMH COJIEPKAIUXCSA B BOJE KATUOHOB Ca™, Mg2+, Fe*'.

OOmIyr0 KEeCTKOCTh TaKKe€ MOXKHO paccMaTpuBaTh KaK CYMMY

IIOCTOSIHHOM U BPEMEHHOMU KECTKOCTH
Koo =K+ (2.2)

Memoowl ananusza:

[Ipy KOHTpOJNE KayecTBa BOJBI ONPEACISAIOT €€ KECTKOCTb.
AHaJIn3 BOJIBI HA )KECTKOCTh MPEANoJiaraeT 0ObIYHO:

a) onpeaesieHre 00Iel JKecTKOCTH, 7Ko.

Jns  ompeneneHus OOIIEH KECTKOCTH HCIOIB3YIOT METOJ
KOMILJIEKCOHOMETpHUU. B OCHOBE 3TOr0 MeTo1a JICKUT TUTPOBAHUE BOJBI
B TMPUCYTCTBUU ammuayHoro OydepHoro pactBopa (pH=10,0) u
MHIMKaTopa pactBopoM KomriuiekcoHa III mo mepexoma posoBou
OKpacKH B roayoyro.
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[Ipn ananmv3e NPUMEHSIOT OAWH W3 HHIAUKATOPOB: KHUCIOTHBIN
xpom cuHud K wim 3puoxpom yepHbld 1. B mpucyTcTBUM HOHOB
kectkoctd Ca”  Mg® 3TH HHINKATOPHI OKPALIMBAIOTCS B PO3OBBIIl
IIBET, B OTCYTCTBUU — B TOJIyOOH.

Kommekcon Il -  nBy3amemenHas  HaTpueBas  COJIb
ATWICHIUAMUHTETPAYKCYCHOM KHUCJIOTHL. [IpM TUTpOBaHUM KECTKOU
BOABI pacTBOpoM KomruiekcoHa III oOpa3yercs BHYTPHUKOMILIEKCHOE
COCIMHEHME, T.C. CBA3bIBAIOTCS HOHBI Ca’ U Mg2+ . [loaTomy B KOHIIE
TATPOBAaHUS WHAUKATOP M3MEHSET OKpPacKy, pacTBOp CTaHOBUTCA
roJIyObIM.

Onpeaesnenue 001IeH KECTKOCTH BOAbI KOMILIEKCHOMETPHYECKUM
crocooom.

Ot6epute MepHbIM UIUHIPOM 100 M1 BOJIBI U IEPEHECUTE €O B
KOHMYECKYIO KoJIOy. Jlo6aBbTE K HcciemyeMoi mpode SMiI aMMUAYHOTO
OoydepHoro pactBopa m 5-7 Karelb HHAWKATOPAa KHUCIOTHOCTH XPOM
cuHero K WM HECKONbKO KPUCTAUIMKOB (HA KOHYMKE IIIATEJIS)
3pUOXpom yepHoro T.

[IpurotoBiaeHHyr0 npoOy MpU MOCTOSIHHOM MOMEIIMBAHUU
OTTUTPYUTE PACTBOPOM KOMIUIEKCOHA JI0 MEPEXOAA PO30BOM OKpACKHU
WHIWKaTOpa B ToNyOyro. Pe3ynbTaThl TUTpPOBAaHMS  3aIlUIIUTE.
IToBTOpUTE TUTpOBaHUE elie pa3. Eciu pe3yabTraTbl ABYX TUTPOBAHUU
coBnanyT (AV<O0,Imia), paccuurtaiiTe OOIIyI0 KECTKOCTh BOJbL. B
OPOTUBHOM Ciy4yae, OTTUTpYyWTe emnie oaHy npoOy. Haitnute cpennee
3HaYeHue obobema komruiekcoHa III, u3pacxomoBaHHOE HAa TUTPOBAHHE
BOJIBI.

OO0111y10 KECTKOCTh BOJIbI PACCUMUTHIBAIOT IO POpMYyJIE:

Kosm = N2 V,-1000/Vy, [MMonb/1], (2.3)
rae Vi - o0beM aHamM3upyeMoi Bojibl, MJT; V, - 00beM pacTBopa
kommjiekcona III, mi;

N, - MoJisipHasi KOHIIEHTpalus pactBopa komruiekcona 11, mons/m;

1000 - koadduireHT nepeBoia MoJib/JI B MMOJIB/ 1.

0) onpenesieHne KapOOHATHOM KecTKOCTH, K,.

Onpenenenre KapOOHATHOW KECTKOCTU BOJAbI - K cBOOUTCS K
OTpeNIeTICHUIO KOHIICHTpanuu Tuapokapbonar-uona HCO; wu, Tem
CaMbIM, SKBUBAJICHTHOM 3THUM MOHAM KOHUEHTPALUU MOHOB JKECTKOCTHU
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Ca* u Mg2+. Cnoco6 ocHOBaH Ha pPeaKIUM MEXKIY COJITHOM KUCIOTOM U
rUApOKapOOHATAMH:
Ca(HCO3), + 2HCI = CaCl, + 2H,0 + 2CO,.

AHanu3 MpOBOAST METOAOM HEWTpain3anuu. B ocCHOBE 3TOro
METOJA JIEKHUT TUTPOBAHWE BOJABI B MPUCYTCTBUH HWHIMKATOPA
METHJIOBOTO OPaHKEBOTO PACTBOPOM COJISIHOW KHMCJIOTHI 10 MEPEXO0]A
KEITOW OKpAaCKM WHIAWKATOpa B OpaHwkeByw. IIpu TuTpoBanun
KHCJIOTOM, NO0OaBICHHOW B BOJY, MHIUKATOP METUJIOPAHXK H3MEHSIET
CBOIO OKpacKy, KOrja B pacTBOpE MOSBISAETCS HEOONbIIONW H30BITOK
KUCJIOTbl. METUIIOBBIN OPaHKEBBIM — KHUCIOTHO-OCHOBHOM MHAUKATOD,
M3MEHSIOIINN CBOKO OKpacKy oT KpacHou mpu pH<3,1 mo xxenroun mpu
pH>4,4. B Ttouke mnepexoma 3,1 METWIOBBIA OpPAHXKEBBIA HNMEET
OPAHXKEBYIO OKPACKY.

Annon HCOj3; - B BOJI€ THAPOIU3YETCS:

HCO3- + Hzo = H2C03 +OH )

[Tostomy mpu ycimoBun Kxk>0 BoJa MMEET IMICIOYHYH) PEAKIHIO
Cpellbl 1 METHJIOBBIM OPAHXKEBBIM B HEW OKpAILICH B >KENTHIM UBET. Ipun
tuTpoBaHuu pactBopomM HCI Takoit BOJBI TPOTEKAET peaKIus
HENUTpaAIU3aLUu:

OH +H' = H,0.

Won H' HeiiTpanusyet konmdecTBo HoHoB OH ™ a, SKBHBAJIEHTHOE
koHieHTpanuu nona HCO; .

Onpenenenue KapOOHATHOW KECTKOCTH BOAbI METOAOM
HEUTPAJIU3ALUM.

OTMepbTE ¢ NOMOIIBI0O MEPHOTO HWJIMHPA B IBE KOJIOBI 10 50 M
BOJbI M MPUOABbTE B KAXKIYIO MO 2-3 Kamu MeTwiopanxka. OnHa u3
KOJIO OyJeT CIy>XUTh KOHTPOJIbHOM. Bo BTOpYyIO0 KOJIOY MPUIMBAIOT U3
OIOpPETKH MO KaIlIsIM JIELIMHOPMAIbHBIA PACTBOP COJISIHOW KHUCIIOTHI J10
TE€X MOp, HOKA OT OJHOM KaIUIM KUCJIOTHI OKPACKa U3 KEJITON IEePENIET
B OpaHXKEBYIO (I[BET CPABHUBAIOT C IIBETOM B KOHTPOJIBHOM KOJI0€).

TutpoBanue noBTOpsitOT 2-3 pasza. IS pacyeToB NPUHUMAKOT
cpeaHuid pesyabTar. Pacder kapOoHATHOW (BPEMEHHOM) »KECTKOCTU
BOJbI IPOBOASAT MO PopMyJI€:

Ky = C Vi 1000/ V5, , [MMOTB/T], (2.4)
riae: Vi - 00beM pacTBOpa KUCIOTHI, U3pACX0J0BAaHHOTO HA TUTPOBAHUE,

Cy - HOpMabHasI KOHLIEHTpAYs pacTBOPa KUCIOTHI,

V., - 00beM BOIBI, MII.
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B) BbIYHCJIEHUE HEKAPOOHATHOM KeCTKOCTH K, .
HexapOoHaTHasi KE€CTKOCTh BBIYHCIACTCS KaK Pa3sHOCTbh MEXITY
00111eH )KECTKOCThIO U KapOOHATHOI:
Kk =Koow — K. (2.5)

BroinoJiHeHue padoThbI:

1) IlpuroroBjieHue pacreopa:

Hanonnute npobupky Ha 1/2 oObema W3BECTKOBOM BOJON U
MPONYCTUTh Yepe3 Hee JABYOKHUCH YIVIEpOJia, MOJIYyUYEHHYIO B ammapare
Kunna. Ilocne mosiBaeHus ocaaka KapOoHaTa KaibIlds IPOJOJIKATh
nponyckatb CO, 0 pacTBOpEHUsS OCagka, KOTOPOE MPOUCXOIUAT
BCIICJICTBME O0Opa30BaHUs KHUCJIOM coiu. B KauecTBe HCXOIHOTO
pacTBOpa MOYKHO B34Th BOJONPOBOAHYIO BOJy. llonmydeHHBI pacTBOp
pa3eNNTh HA TPU YACTH.

Onpenenuth 001y, KApOOHATHYIO U HEKApPOOHATHYIO JKECTKOCTh
l-ii mopuMu HMCXOAHOTO PAcTBOpa, MOJb3YACh IPUBEACHHBIMU
MeToAaMu aHanu3a. Pe3ynbTaTel 3aHecTH B TaOIUITY.

2) YcrpaHeHHe JKeCTKOCTH XMMHUYECKUM METOA0M:

Ko BTOpoit mopuun pactBopa 100aButh NaOH, nmomy4uTs ocaiok.
OOBACHUTH, TOJIB3YACh MPABUIOM MPOU3BEICHHUS PACTBOPUMOCTH,
pacTBOpeHHE KapOoHaTa KalbIus B Bojie, cojaepxkaiieit CO,. [Ipu aTom
ClIeAyeT y4ecTb, YTO JBYOKHChH Yriepojaa C BOJOH oOpasyeT cialyto
VTOJIbHYIO KHCIIOTY, KOTOpas JMCCOLIMUPYET TIJIaBHBIM 00pa3oM IO
IIEPBOM CTYIICHHU.

Onpenenuth 0011y, KAPOOHATHYIO U HEKAPOOHATHYIO JKECTKOCTh
YMATYEHHOU BOJBIL, MOJB3YSCh MPUBEICHHBIMU METO/IaMU aHAJIN3a.

Pe3ynbpTaThl 3aHECTH B TAOJIHITY.

3) YcrpaHeHue KeCTKOCTH KUIISTYeHUEM.

Konby ¢ 3-i mopuueit pactBopa H3 IEpBOM 4YacTH OIIbITa
3aKpeNuTh B ITATUBE M, OCTOPOXKHO HArpeBasi, KUISITUTH PAacTBOP 0O
oOpa3oBaHusl oOcajka KapOoHaTa KaJblus. 3amnucaTb YpaBHEHUE
peaKkIiuu U OOBSICHUTh NMPUYMHY CMEIICHHS PaBHOBECHUS BMIPABO MPH
MOBBIIIICHUH TEMIIEPATYPHI.

[Ipu HarpeBanuu BoAbI mpoucxoaut ynanenue yactu CO,, cpena
CTAaHOBUTCS MEHEe KHCJIOW M paBHOBecHe auccormanuu wmona HCO;
(13 rupokapboHara) cmeiaercs srnpaso: HCO; =H' + CO5 .
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Konnentpanmss  HCOs;  yBenuwuuBaeTcss W CTAHOBUTCSA
noctaTogHoM s oOpazoBanus ocaaka CaCO; (KOHIEHTpAIs HOHOB
Ca*' u Mg2+ CTAHOBUTCSI PABHOUW MPOU3BEACHNUIO PACTBOPUMOCTH):

Ca(HCO3)2 —>C3CO3 + Hzo + C02

Onpeaenuts oOI1IyI0, KAPOOHATHYIO U HEKApOOHATHYIO KECTKOCTh
YMATYEHHOW BOJbI, MOJIb3YSCh MPUBEICHHBIMH METOJIAMU aHAIU3A.
Pesynbrarsl 3aHecTu B Tabnuiry 2.1.

BoiBoa: PesynbTaThl BceX ompeneNeHUid 3aHECTH B TaOIMILy.
CpaBHUTH KECTKOCTh HMCXOJHOIO PacTBOpa M >KECTKOCTh PACTBOPOB,
YMSITUEHHBIX PA3JIMYHBIMU METOIAMMU.

Tabnuia 2.1 - Pe3ynbpTaThl u3MepeHuit

PacTtBop Oo6mas KapbOonatHass | HekapOoHaTHas
KECTKOCTD KECTKOCTh KECTKOCTh

Hcxomubsiii

ITocne
yCTpaHEHUS
’)KECTKOCTH
pE€arcHTHbIM
METOI0M

ITocne
yCTpPaHEHUS
’)KECTKOCTHU
KUIISTYEHUEM

KoHTpoJbHBIE BONPOCHI M 3aJaHUS

1. Kakne noHbI ONpeIesisitoT ) KECTKOCTh BObI?

2. UTo Takoe XKeCTKOCTb BOJIBI?

3. HazoBuTe MeTOABI YCTPAHEHUS )KECTKOCTH BOIBI.

4. B 4eM CyHIHOCTh METOJIa YMSTYEHHUSI BOJIBI C MOMOIILI0 HOHHOIO

obmeHa?

5. Kak onpenieisitoT 00111y 0 )K€CTKOCTb BOIbI?

6. Kak onpenensitor kapOOHATHYIO KECTKOCTh BOJIbI?

7. Ilpun onpeneneHuun oOIIEH XKECTKOCTH BOJBI HA TUTpoBaHUM 200MII
BoJbl m3pacxomoBaHo 8 mia 0,1 M pactBopa komruiekcona III.
Borauciauts 00111y10 5KECTKOCTh BO/IBI.

8. BruncianTh KapOOHATHYIO JKECTKOCTh BOJbI, €CJIM HAa TUTPOBAHUE
200 M Boas! n3pacxoaoBano 8 mi 0,05 M pactBopa HCI.
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INPUJIOXKEHUE

[TIPABUJIA PABOTHI C KHCJIOTAMU U IIEJIOYAMU

1. Bce KOHIIEHTpUPOBAHHBIE PACTBOPHI KUCIIOT JIOJKHBI XPAHUTHCS B
CHeHHATbHBIX OyTHUISIX (CKJISTHKaX) ¢ MPUTEPTHIMU MPOOKaMH, MOBEPX
KOTOPBIX HEOOXOUMO HaAEBATh MPUTEPTHIN KOJIMAUOK.

2. Hlemoun ciaeAyeTr XpaHUTh B IIMPOKOTOPJIBIX OaHKaX U3 TEMHOTO
CTEKJIa, 3aKPBITHIX KOPKOBBIMH MPOOKaMU, KOTOPBIE 3aJUTHI TMOBEPX
cioeM napaduHa.

3. Ilocyna, B KOTOPOM XpaHATCS MIET0YH U KUCIIOTHI, TOJKHA UMETh
YETKUE HAJIIHUCH.

4. OTkpbIBaTh COCYJbl C KOHUEHTPUPOBAHHBIMU KHUCJIOTaAMU U
IIeJI0YaMid M TOTOBUTH PACTBOPHI M3 HUX pa3pelIaeTcss TOJbKO B
BBITSDKHBIX IIKadax ¢ BKIIOYCHHOW MPUHYIUTEILHON BEHTHIISIIUCH.

5. lllenoun crnenyet OpaTh TOIBKO C TOMOIIBIO IINATEIEH.

6. ByTblIH C KHUCIIOTaMM U APYTUMH €IKWMH BEIIECTBAMU CJIEAYET
MIEPEHOCHUTh BJIBOEM B CIEHHAIbHBIX KOpP3WMHAX WU SIIUKAX WIH
MOJBO3UTH UX Ha CIEIUATIbHBIX TEIEKKAX.

7. 1lpu HpUTOTOBIEHUM PACTBOPOB W3 KHUCIOT KUCIOMY Clledyem
npubasisims 6 600y, a HE Ha00OPOT, BO M30eKaHUE Pa3OpBI3TUBAHUS
pacTtBopa.

8. Ilpu pabore ¢ KHUCIOTaMHU U IIEJIOYaMH KaTErOPUYECKU
3alpeniaeTcsd HacachblBaThb 3TH JKUJIKOCTA PTOM; JJIsI 3TOTO CIEAYET
UCIIOJIb30BaTh MUIIETKU U PE3UHOBBIC TPYIIIH.

9. HroxaTh BeliecTBa HE PEKOMEHIYETCS; MPU HEOOXOIUMOCTH ITO
CIeAyeT JeNaTh KpallHe OCTOPOKHO, JAEpKa CKJISHKY C BEIIECTBOM Ha
PaCCTOSIHUU U JBU>KEHUEM PYKHU HaIpaBJIsis K ce0e Mmaphl BEIIeCTRa.

10. Ilponutyro KHUCIOTY HEOOXOAMMO Cpa3y 3achlllaTh CYXUM
MIECKOM, 3aT€M CHSTh €ro JIONMATOYKON M 3acChIllaTh KApOOHATOM HATpUS
Ha HECKOJBKO MUHYT JIJI1 HEWTpaau3aluu OCTaTKoB KHCiOThl. [locie
TOTO Kak coja OyaeT yOpaHa, ydyacTOK, Ha KOTOpBIM ObLIa MpOJUTa
KHUCJIOTA, CJIEIYET MPOMBITh OOJIBIINM KOJTUYECTBOM BOJIBI.

11. Ecniu Oputa mponuTa IIeoYb, TO €€ HEOOXOAMMO CHadasia
3achIlaTh OMWJIKAMH, a 3aTeM, IOoCjie yAaJCHUS TMOCIeAHUX, 3TOT
y4aCTOK 3aJIUBalOT OOWJIBHBIM KOJIMYECTBOM pa30aBIICHHON YKCYCHOM
WJIA COJITHOM KUCJIOTBI, ITOCIIE YETO XOPOIIO TPOMBIBAKOT BOJIOM.
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12. Ecnu Ha KOXY momaja KHCJIOTa, TO MOCJIE CMbIBa BOJOH
MOPAXEHHBIA YYACTOK CJIEAYET MPOMBITh AOMOJHUTENBbHO 3 %-HbIM
pacTBOpoM rujpokapOoHata HaTpusg. I[lpu  okore II€JI0YbIO
MOPAXKEHHBIM  Y4YaCTOK KOXHM IIOCJIE CMbIBA MPOTOYHOW BOJOU
cMa4yuBaloT 2 %-HbIM pacTBOPOM OOPHOM MU YKCYCHOM KHCIIOTHI.



