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JlaGopaTopHbie pabOTHI MPOBOAATCS B XUMHUECKOU TabopaTopun "OYUCTKA BOJBI"

(aym. 8/210).

dopma OTYETHOTO )KypHaJIa

1. HaumeHOBaHWE TUCHUIUIMHBI

2. HaumeHnoBanue nadbopaTopHON pabOThI

3. Conepxanue oTuera OepeTcs U3 yKa3aHU K KOHKpETHOU JabopaTopHoi paboTte
4. ®amuiud, THUOKABL cTyAeHTa, No rpynmnsl (MECTO Jisl OAIHCH).

5. @amunus, MHULKANBI Ja0OpaHTa MPOBOASAIIErO padoTy (MECTO AJisl MOAIKCH),
(mara).

6. damuiusa, HHULMAIBI TPENOoJaBaTeNss MPUHABIIEro padoTy (MecTo i

MOJMUCH), (1aTa).



METOJIMYECKHUE YKA3ZAHUSA K
JIABOPATOPHOMU PABOTE Nel

CaoiicTBa U IPUMECH IPUPOIHBIX BOJ
(MeToabl onpenesieHusi GU3NIYECKUX CBOMCTB XMMHYECKOT0 COCTABA BO/bI)

Cooeparcanue

[enp u 3a7aun paboThI

OcHOBBI TEOpUU

OOBEKTHI U CPEACTBA UCCIIETOBAHUS
[ToaroToBka k padote U mporpamMmma padoThl
BriBopI.

nhownh e

1. Hean u 3a1aumn padoThl

OCHOBHOM 1LI€NBI0  JIAOOpaTOPHOW pabOTHI  SBIAETCA HM3yYEHUE
Ka4yeCTBa, CBOMCTB U MPUMECEU MPUPOJHON BOJIbI, O3HAKOMIICHUE CTYJICHTOB
METOJIaMU OIpeeTeHUs] PU3NUECKUX CBOMCTB, XUMHUYECKOI'O COCTaBa BOJBI,
npudbopamMu U 00OpPYJOBaHMEM JIa0OPATOPUM KAayeCTBAa BOJBI, a TaKXKe
TEXHOJIOTHEW OTOOpa, XpaHEHHWs, TPAHCIOPTUPOBAHUS M aHaANIM3a Mpoo,
METOJaMH MPUTOTOBJIEHUS PACTBOPOB.

2. OcHOBBI TEOPUH

[IpupoaHas Boja - 3TO MHOTOKOMIIOHEHTHas TWHAMUYECKas CUCTEMA, B
COCTaB KOTOPOM BXOZSAT ra3bl, MUHEpAJIbHbIE U OPraHUYECKHE BELIECBA, A TaKXKe
MUKpPOOPraHU3MBbI, HAaXOJSALIMECS B PAaCTBOPEHHOM, KOJUIOMJIHOM W B3BEIICHHOM
COCTOSIHHH.

B BHzie MOHOB, HEAUCCOLMMPOBAHHBIX MOJIEKYJI, KOJUIOMIOB U B3BECEH B
IPUPOAHBIX BOAAX CONEPKUTCS CBbIIIE 50 3JIEMEHTOB.

W3 pacTBOpPEHHBIX I'a30B B MPUPOJIHBIX BOJAX YaIle BCErO MPUCYTCTBYIOT:
KHUCIIOPOJI, a30T, YIVIEKHCIIOTa, peXe CepoBOAOpOJ, MeTaH. VX copepxkaHHe BO
MHOTOM 3aBUCUT OT WX MPUPOIbI, MAPUUATBLHOTO AAaBJICHUS, TEMIEpaTypbl U
Ipyrux (paxkTopos.

BonpIIMHCTBO  HEOPraHWYECKUX  COJIEW, KHUCIOT M THUJIPOKCHUIOB
pactBopumMo B Boxae. Haumbonee pacnpocTpaHeHbl B NPHUPOAHBIX  BOJAX
TUAPOKApOOHATHBIE, XJOPUAHBIE W CyJIb(aTHbBIE COJM WIEI0Ye3EMETbHBIX U



HIEJIOYHBIX METAJIOB, PEXKe - HUTPAThl, HUTPUTHI, CUIUKATHI, PTOpHUABI, (hocdaTs
U JIp.

OCHOBHBIM MOCTABIIMKOM OPraHUYECKUX BEIIECTB SBJIAECTCS MMOYBEHHBIN
I'YyMYC, MPOIYKTHI >KU3HEAEATEIbHOCTH M paclaja pPacTUTENbHBIX U >KUBOTHBIX
OpPTraHU3MOB, CTOYHBIE BOJIbI OBITOBBIX M IPOMBIIUICHHBIX IPEIIPUSTHI.

Hanuyre B3BEIIEHHBIX BEUIECTB B BOJE CBUACTEIBCTBYET O €€
3arpsS3HEHHOCTH TBEPABIMH HEPACTBOPUMBIMHU IPHUMECSIMU MHUHEPAIBbHOTO U
OPraHUYECKOTO MPOUCXOKICHHUS.

3. O0BbeKTHI H CPeACTBA HCCIeT0BAHUA

JlabopaTtopHasi paboTa COCTOUT U3 ABYX YacTeil:

a. TeXHUKA JJabOpaTOPHBIX PabOT MpH ONpeeTIeHUH (PU3NUECKUX CBOWCTB
BOJIBL;

0. MeTOobl OTPEJEICHHS XUMHUECKOTO COCTaBa BO/IbI;

Onpenenenns npou3BOAATCS B Jjaboparopuu oducTkH Boxbl. JlaboparopHas
paboTa paccuMTaHa Ha IPOAOJKATENBHOCTh UCCIIEOBAHNS CTYICHTAMU B TEUEHHE
YETBIPEX aKaZJeMUYECKHUX 4acoB. CpelIcTBa UCCIIEJOBAHMS IPUBEACHBI B pas3neie 4.

4. TloaroroBka K paéore u mporpamMma pador

[lepen BbIMOJIHEHHEM JIAOOPATOPHOU PabOTHI CTYAEHTHI Pa30MBAIOTCS HA JIBE€ MOJATPYIIIBL:
nepBasi IMOATPYINIAa 3HAKOMHUTCS C TEXHUKOW J1a0opaTOpHBIX padoT IO ONpeNeleHuto
(bu3nyecKuX Mokasareseil BoJpl, BTOpas - 3HAKOMHUTCS ¢ XUMHUUECKUM aHanu30oM BoAbl. [locie

JABYX 4aCOB NOATPYHIIbI MCHAIKOTCA MCCTaMMU.

4a. Texnuka Ja00paTOpPHbIX PadOT NMpH ompeneseHUr (GU3NYECKHX
CBOMCTB BO/JbI;

A. Onpenesienne TemMnepaTrypbl BoAbl.

Temmeparypy BOJAbl HM3MEpSIOT KadMOpPOBAaHHBIMH  PTYTHBIMH  TEPMOMETpaMH  CO

crorpaaycHoil mkanoi u nenou nenenus 0,1-0,5 °C. TemmepaTypy MOBEPXHOCTHOIO CJIOSI



BOJIBI ONPEICISIOT MOBEPXHOCTHBIMH TepMOMeTpaMu ¢ neieHusmu mkansl 0,2 °C.
Temmeparypy BOAbI Ha TJIyOMHE U3MEPAIOT TIAYOMHHBIMH TEPMOMETPAMH, KOTOpBIE
BKJIQJIBIBAIOTCSI B META/NIMYCKyIO ompaBy Oaromerpa. [Ipm orbope mpod wu3 KpaHa

TeMIIepaTypy ONPEACISAIOT B CTPYE.
[Tpubops! u 060pyaOBaHKE

1. TepMmoMeTp pPTYTHBIN IOBEPXHOCTHBIN B onpase ¢ fenerusmu 0,2 °C .
2. TepmomeTp ri1y0OKOBOAHBIM MaKCUMaJIbHBIN C OOPBIBAIOIIMMCS CTOJIOMKOM PTYTH.
3. Byrbutb emkocThio 1 UTp 17151 0TOOpa MPOO.

b. B3BemenHnsble BemecTBa.

[Ipy Hanmuuum B3BEmICHHBIX BemiecTB a0 100 M/ HMX KOHLEHTPAIUIO OIPEACISIOT
(hOTOMETPUYECKMM METOJIOM HJIM BECOBBIM METOJOM Ha MeMOpaHHBIX (UIbTpax, IpH

OomplIeH KOHIOCHTpalnuu - BECOBBIM MCTOJIOM C 6YMa)KHBIMI/I CI)I/IJ'ILTpaMI/I.
. OnpeﬂeneHHe B3BCHICHHBIX BCHICCTB IIPU ITOMOLIN MeM6paHHHX (I)I/IJ'ILTPOB.

[Tpubops! 1 06opynoBaHNE

1. ¢unbTpoBanbHBIM  anmapar 3eiina ¢ Kombodl I OTcachIBaHUS,
MIPEAOXPAHUTENBHON CKIITHKOM M BAKYyM-HACOCOM;
2. MeMOpaHHble GUIBTPHI (peaBapuTenabHble Win Ned. OunbTpsl KUIATAT 15

MUH B JIUCTUJUTMPOBAHHOM BOJIE, 3aT€M MX MPOCYIIUBAIOT IIPH TEMIIEPaType
105 °C 110 MOCTOSIHHOM Macchl ¥ B3BEIIMBAIOT HE MEHeE TpeX pa3. DUIbLTPLI
HYMEpYIOT KapaHJIaIlIoM, a BEC 3alHCHIBAIOT B KYPHAIT,

CYUIWJIBHBIN 1IKad;

Orokchl uameTpom 40 MMm;

Bechl ananmmtnyeckne BJIA-200;

TUTATKA JICKTPUYCCKAs,

KOJIOBI KOHMYECKHE.

Nogakow

XoJ onpeaeneHus.



[IpenBapuTenbHO B3BEIICHHBIH (QUIBTP 3aKperuisieTrcs B ammapare s (QUIbTPOBAHHS.
[Tpoby o6vemMom 200 Ma GUABTPYIOT MOJ BAaKyyMOM, MPU ITOM YaCTHUYKH, MPHIUIIIHE K

CTCHKaM allirapara CMbIBalOT JUCTHIUIATOM Ha (I)I/IJIpr.

ITocne ¢unbTpoBanus ammapar pa3OuparoT, (GUIBTP MOJCYIIMBAIOT HA BO3AYyXE, a 3aTE€M B
cymmiabHOM mKady B OTKpeiToM Orokce. ITocie cymku OOKC ¢ (DUIABTPOM 3aKpBHIBAIOT H
OCTYXAIOT B SKCUKATOPC B NPUCYTCTBUU HA OHEC Han0HHOI7I H3BCCTU Ui YCTPAHCHUS BJIaru.
OunbTp B3BEIIMBAIOT HA aHATUTUYECKHUX Becax ¢ TouHocTh 110 0,02 mr. Obmee conepxanue

B3BCCH OIIpEICIsICTCs 110 (bOpM}’JIe
X=(my-m3).1000/V,
rae Mo 1 My - Macca (bI/IJII)Tpa C OCaJIKOM U YUCTOI'O B MT;

V - 06beM TIPOOKI B M.

Il. Onpenenenue B3BECH MPU MOMOIIH OyMaXKHBIX (GUIBTPOB

[Tpubopsl 1 06opynoBaHNE

CYLIMIIBbHBIN IIKad;

Orokchl tuameTpoM 40 mm;

Bechl ananmtrueckue BJIA-200;
OyMaxxHble QUILTPHI ( CHHSIS JIEHTA);
KOJIOBI KOHHYeckue 1,5-2 i;
ctakaHbl MepHble 0,5 11..

ouhkwndE

XoJ onpeaeneHus.

O06bem mpoOBl 1711 (puIIbTpOBaHUS O€peTcs B 3aBUCHMOCTH OT COJACP)KAHUS B3BECH B
ucxoaHou Boje. Ilpu comepxkanun B3Becu 100-500 ma/m 06wem mpoosr 0,25 1, ipu 50-100

mr/in - 0.5 1.

Bony ¢ounasTpyroT yepes npenBapuTebHO BBHICYIICHHBIC OyMakHbIC (PHIIBTPHI, 3aMpaBICHHbBIE

B BOpOHKY broxHepa. BeicymieHHbI (QUIBTp ¢ OIOKCOM OXJaXKAAIOT B JKCUKATOpE H



B3BEIIIMBAIOTCA B OIOKCE J0 IIOCTOAHHOTI'O BECa. ConepncaHHe B3BCCU OMNPCACIIAACTCS TAKIKC

KaK ¥ B MIPEABIAYILIEM Cydae.

1. Onpenenenue B3BecH HOTOMETPUIECCKUM METOJIOM.

[Tpubops! u 060pyAOBaHKE

1. ®oroanekrpokanopumerp KOK-2MII
2. Kkoaba xonuueckas 0,5 i;
3. BOJAA AMCTWILITMPOBAHHAS

Xon onpeeeHus.

MeTtoa oCHOBaH Ha HU3MCPCHHUU K03(1)(1)I/II_II/IGHT8. OINTUYECKOH IIJIOTHOCTH IIpu HU3MCPCHUH

HpO6I>I BOIBI U YCTAHOBJICHUU KOHLICHTPALUHX 110 KaJ'IPI6p0B0‘IHOﬁ KpHBOﬁ.

B npaBeiii u neBblil nyuku ceetra KOK ¢ nnunoit BosmHbl 540 MK. yCTaHaBIMBAIOTCS KIOBETHI
JUIMHOW 5 cM C ucclieayeMoi BOJON M3 KOTOPOM MpeIBapUTENbHO (DPUIBTPOBAHUEM yJAJIEHBI

B3BCIICHHLIC BCIICCTBA. 3aTeM,

3aMCHUB IIPABYIO KIOBCTY C BOOOM 0c3 B3BecH Ha HCCICAYEMYIO BOAY, HAXOIAT KOB(I)(l)I/ILII/IeHT
ONTHUYECKON IIJIOTHOCTH U C ITOMOIIBIO KaJ'II/I6pOBO"IHOI\/’I KpHBOﬁ ONpCACIIIIOT COACPIKAaHUC

B3BCCH B HCCHeHyeMOﬁ BOJC.

B. IIBeTHOCTD

HBCTHOCTL OpUPOAHBIX BOJA 3aBHUCUT OT HAJIMYHWA B HHUX T'YMYCOBBIX BCHICCTB, KOJUIOMAHBIX
COE€IUHEHMI KeEJe3a, BOI[OpOCJICﬁ, OBITOBBIX M IMPOMBIINIJICHHBIX CTOYHBLIX BOI. HBCTHOCTB

BBIPAXKACTCA B I'pagycax IJIATHHOBO-KO0AJIbTOBOM IITKAJIEL.



[IBeTHOCTD OmpeenseTcss KaueCTBEHHO U KOJIMYECTBEHHO. [Ipu kauecTBEHHOM OIpeeieHuI
[[BETHOCTU TPO(UIBTPOBAHHYIO BOJY HAJIMBAIOT B BBICOKHMI LWJIMHIP M CTaBAT Ha OEJIyrO
Oymary psIoM C UWJIMHAPOM C JUCTWUIMPOBaHHOW Bojou. [IBer wucciemyemoit u
JUCTUJUIMPOBAHHOM BOJIbI CPAaBHUBAIOT, paccMaTpuBasi BOJY MpPHU PACCESIHHOM JHEBHOM
OCBEILlEHUHU. Pe3ynbraT onpeneneHusl OINUCHIBAIOT CIOBECHO C YKa3aHMEM OTTEHKa:

OecrBeTHas1, cnabo-KenTas, 3eieHoBaras, OypoBarasi.

KonanuecTBeHHO OBCTHOCTb BOAbLI YCTAHABJIMBAIOT IIYTCM CpPaBHCHUA C ATAJIOHHOMN IIKaNoi

BU3YyaJIbHO WJIN Ha (OTOAIECKTPOKATIOPUMETPE.
[TpuroroBneHue MIATUHOBO-KOOAIbTOBOM IIKAJIBI.

B JAucTWLIATE pacTBopsloT 1,245 r xnopmiatuHata kamuss v 1,01 r© KpucTramumyeckoro
xjopuja kobanpra, npuwinBaoT 100 MJI KOHLEHTPUPOBAHHOM COJISHOM KHUCIOTHI U JOBOJST
nuctuiuisitoMm 10 1 1. [{BeTHOCTH TosydeHHoro pactBopa paBusiercs: 500 rpagycos. M3 Hero
TOTOBSIT IIKAIY IIBETHOCTH, pa30aBisisi pacTBOP B ONPEACICHHON MPOIOPLIUHU JAUCTHIUITOM.

[IIkamy IBETHOCTH XpaHST B 3aKPHITHIX MpoOkamu nuauHapax Hecnepa B TeMHOM MecTe.

I[J'If[ OMpCaAcCICHUA MNBCTHOCTU BHU3YaJIbHBIM CPAaBHCHUCM HaxXOAAT NUJIHWHAP MIKAJIbl

COBIIAJAIOIINI C OKPACKOM UCCIIETYEMOM BOJBI.

DOTOKATOPUMETPUYECKUI METOJI aHAJIM3a IIBETHOCTH OCHOBAaH HA M3MEPEHUU ONTHUYECKOMN
IUIOTHOCTH PacTBOPOB C MHTEHCHUBHOW okpackol. M3mepenue npoussoast Ha KOK- 2MII,
JUIST 9ero TpeABApPUTEIIBHO TOTOBSAT KaJIMOPOBOYHYIO KpPHUBYIO I[BETHOCTH. MeToanka

HN3MCPCHUA TaKas KE KaK U IIPpH USMEPCHHUU MYTHOCTHU BO/JIBI.

40. MeTtoabl onpeaeieHUsI XMMHYECKOT0 COCTABA BO/bI;

B 3aBUCMMOCTH OT KOJIMYECTBA HCCIEAYEMBIX KOMIOHEHTOB M TOYHOCTHU
WX OMNpeleNieHus XUMHYECKUM aHaiu3 ObIBa€T TpPEeX THUIIOB: TOJHBIH,
COKpAIlCHHBIA U TTOJIEBOM.

Pe3ynpTaThl XUMUUYECKHUX aHAIIM30B BBIPAKAIOT



1. B MAaCCOBBIX KOJMYECTBaX PACTBOPEHHBIX BEIIECTB B JTUTPE BOJIBI
MT/J1 WA MI/ KT,

2. B DKBHUBAJICHTHBIX KOJUYECTBAX PACTBOPCHHBIX BEIIECTB B JIUTPE
BOJbl (Mr-akB/m). B a3ToM ciaydae dHCIO HaWJACHHBIX
MUJUTATPAMMOB JIaHHOTO MOHA JICTIST Ha SKBUBAJIICHTHYIO Maccy;

3. B MIPOLICHT-PKBUBaJIeHTaX (%-3KB/I.

Pe3ynbrathl XMMHMYECKOTO aHalIM3a, BBIPAKEHHBIE B MI-3KB/JI , JAlOT
HarJsgHOE MPEACTABICHUE O KOJIMYECTBEHHOM COCTaBE MCCIENYEMOW BOIBI U
BO3MOYKHOCTh KOHTPOJIMPOBAaTh TOYHOCTh IPOBEACHMS aHaIM3a. JUIsl Yero
IPOBOAUTCSA OOLIMIT KOHTPOJIb aHANU3a MO0 SKBUBAJICHTHOMY COJEPKAHUIO MOHOB.
CyMMa aHHOHOB B MT-3KB/JI U CyMMa KaTHOHOB NMPUMEPHO paBHBI. PacxoxkieHue
HE JTOJKHO ITPEBBIIATH 5%.

B nanHo# paboTe CTyI€HT AOKEH 03HAKOMUTCS C HEKOTOPBIMU ITpHOOpaMu
U 000pyI0BaHUEM, IPUMEHIEMBIM JIs ONPEACIICHUSI XUMaHaJIN3a.

A. OnpeneJieHne Cyxoro ocTaTka.

[Tpubops! u 060pyAOBaHKE

CYIIMIBHBIN mKad;

OaHs BOIsSHAS,

Bechl anasmmtnueckue BJIA-200;
OymakHbIe GUIIBTPHI ( CHHSIS JICHTA),
BOPOHKA;

uunuaap 0,25 .

yamka gapgpoponasi.

kapOoHat HaTpust 1% pacTBop

NN E

XoJI onpeneneHus.

Hccnenyemyto Bony 500 Mt mpodmiibTpOBBIBAIOT Yepe3 0e330bHbIN QUIBTP (CHHAS JIEHTA) U
BBINMAapHUBaOT B (happopoBoii yamike B BoAsHOM Oane. Ilpu BeimapuBaHuu BHOCAT B BOAy 25
w1 1% pacTtBopa cobl. BeimapeHHbIH ¢ co10i cyX0il 0CTaTOK BBICYIIMBAETCS A0 MOCTOSHHON

Macchl B CyIIHIbHOM mKady npu tremmneparype 150 °C.

Benuunna cyxoro ocratka X, paCCUMTHIBAETCS 1O (hopMyIie

Xeo = (N -N1 - Np) 108V



rAe N - Macca 4allku ¢ OCaaKOM;

Ny - Macca MyCcTor YallkH, T;

Ny - Macca Cyxoro ocratka B pacTBOPE COJIbL, T;

V- 00beM MpoOHI B 1.



METOJIMYECKHUE YKA3AHUSA K
JIABOPATOPHOMU PABOTE N2

OnpenesieHue )KeCTKOCTH M 1EJT0OYHOCTH BO/IbI

Cooeporcanue

[enp u 3a7aun paboThI

OcHOBBI TEOpUU

OOBEKTHI U CPEACTBA UCCIIEIOBAHUS
[ToaroToBka k padote U mporpamma padoThl
. BeiBOJBI.

[Ipunoxenue 1.

noo~No O

2. lleab u 3apa4u padoThl

OCHOBHOI 11€J1b10 JTA0OPATOPHOU PaOOTHI SIBJISIETCS] TPUBUTHE HABBIKOB
XUMHYECKOT0 aHaJIn3a BOJbI IIyTEM OMPEAEIECHUS KECTKOCTH U IIEIOYHOCTH
NPUPOJHONM  BOJBI, AHAJIM30B IIMPOKO NPUMEHSEMBIX B IPAKTHKE
7a00paTOPHOTO  KOHTPOJISI  MOATOTOBKA  BOABI  JJIE  THUTHEBOTO H
MIPOMBIIIUIEHHOTO BOJIOCHAOKEHHUS.

3. OcHOBBI TEOPpUH

XKecTtkocTh NPUPOAHBIX BOJ 00YCIIOBIIEHA MPUCYTCTBUEM B HUX MOHOB
Ca * u Mg® . Dtu S1eMeHTH B MPUPOAHBIX YCIOBUSAX IMOMAAAIOT B BOIY
BCJIEZICTBME BO3ACMCTBUS YIJIEKMCIIOrO Ta3a Ha KapOOHATHBIE MUHEPAJIbl N
32 CcuUeT TMPOAYKTOB MHKPOOMAIBLHOTO pacmlaaa, TMPOUCXOMISIIET0 B
YBJIAJKHEHBIX CJIOSIX ITOYBHI.

Tax nonsl Ca >* momazgaror B BOJly IIPU PACTBOPEHUHU U3BECTHSAKOB O]
JIECTBUEM COAEPKALLIEHUCS B BOAE YTIIEKUCIIOTHI:

CaCO3+H,0+CO, = C&(HCOg)z

OCHOBHBIM ~ HCTOYHHKOM HOHOB MQ®  SBISIOTCS  MOTOMHTHI,
pacTBOPsIEMbIE BOJAOM TAKXKE MPUHAIMYNU YTOJIbHOW KUCIIOTHI:

CaCO; + MgCO;; + 2H,0 + 2CO, = Ca(HCOQ,)g + Mg (HCOg)g

Hanuunre B Boae OONBIIMX KOJIMYECTB COJIEH, OOYyCIIaBIMBAIOIINX
YKECTKOCTh, HEXKENATENBHO TaK KaK TaKas BOJIa CTAHOBUTCS HEMPUTOAHOM I
X0351CTBEHHO-OBITOBBIX U MPOU3BOACTBEHHBIX HYK/. [I[puMeHeHune xecTkoit



BOJIBI ISl TIAPOBBIX KOTJIOB MPUBOAMT K PE3KOMY YXYIIICHUIO UX PaOOTHI U
aBapusIM.

XKectkocTh BOJBI MOAPA3ACIAIOT HA KapOOHATHYIO, HEKapOOHATHYIO U
o0111yIO.

KapGonaTtHast unu BpeMeHHasi >K€CTKOCTb, IpPEICTaBIIAIONIas COOOM
yacTh  OOmIe  JKeCTKOCTH, OOYCJOBIIEHa TMPUCYTCTBUEM B  BOJE
THAPOKApOOHATOB KalbLUS M MarHus. JTa >KECTKOCTh MOYTH MOJHOCTHIO
yaamseTrcs TNpU  KAMSIYCHWH, TaK Kak TMPUCYTCTBYIOIIHE B  HEH
TUAPOKAPOOHATHI TIOJBEPralOTCA pacmaay ¢ oOpa3oBaHHeM KapOoHaTa
KaJIbIIUS U TUAPOKCH]IA MAarHUs, BBITIATAIONINX B OCA/IOK.

HekapbonaTHasi keCTKOCTh OOyCIIOBJI€HA Cynb(araMu U XJIOPUAAMU
KaJIBIIASI U MarHU.

JKecTKoCTh BOJIBI BBIPAXKAIOT B MI'-OKB/JI.

BaxxHpIM  mokazareneM KadecTBa MPHUPOIAHBIX BOJ, KOTOPBIU
MPUXOAUTCS YYUTHIBATh NMPU MHOTHX Tpolieccax ee oOpaOOTKH, SBISETCS
oOmiasi  MIEJIOYHOCTh BOJABI U €€  COCTABJISIIONIME  KOMIIOHEHTHI
(rumpokapOoHaTHasi, KapOoHaTHas, THApPaTHAsA) U B 0oJiee PEAKUX CIydasx
KOTOpasi 00yCJIOBJIEHA COJIAMH CJIa0bIX KHUCIOT (docdopHas, cuilmKaTHas,
ryMarHas).

[Ileno4YHOCTh MPUPOIHBIX BOJ 3aBUCHUT B OCHOBHOM OT COJEpIKaHUS
coieii yrompHOM KuCIOTHL. Ilpm nBetHoctn 6omee 40° W BBICOKOM
OKUCJISIEMOCTH  CIIEyeT OTACIBHO yUYWTHIBATH BEIWYMHY T'yMaTHOU
HIETIOYHOCTH.

B npupoaHoii Bojie BeMUMHA KapOOHATHOM KECTKOCTH MPaKTUYECKU
paBHa IIEJIOYHOCTH BOABI MW3-32 HAJU4YMs B HEH B  OCHOBHOM
rugpokapOoOHaTHbIX  coeauHeHud. IIlenoyHOCT,  BOJBI,  yMATYEHHOU
W3BECTHIO WUJIM U3BECTHIO U COJOM, 00YCIaBIMBAETCS MPUCYTCTBUEM B HEM
THIPATOB, KAPOOHATOB U THIPOKAPOOHATOB.

5. O0BEKTHI U CpeIcTBA HCCIe0BAHUS

OOBEKTOM HCCIEeI0OBaHUS SIBISIETCA BOJOMNPOBOJHAS BOJA, B KOTOPOMU
HEO0OXOIMMO OTIPEICIIUTD:

1.IllenoyHoCTh OOIIYI0O U €€ KOMIIOHEHTHI (THUApPATHYIO, KapOOHATHYIO H

TUAPOKAPOOHATHYIO);

2.KecTkoCcTh BOBI O0IIYI0, KAPOOHATHYIO Y HEKapOOHATHYIO;

OmnpeneneHus MPoU3BOAATCS B 1a00OPATOPUU OUUCTKH BOIBI.

4. IToaroroBka k padore u nporpamma pador

[Tepen BbImonHEHUEM Ja00paTOPHOIM pabOTHI CTYIEHTHI pa30MBAIOTCS HA JIBE MOATPYIIIIHI.

A. Onpenesenne o0mieii MeJa109HOCTH BOABI



OO01mas menToYHOCTh BOJIBI OTPEIEIIACTCS CyMMOU coepkarmxcs B Heit nonoB HCOg3', COgZ',
OH" u cnalpIx KUCIOT, 00pa3yoMUX XJIOPUIBl U Cyab(haThl IPU B3aUMOJCHCTBUU C COJSTHON

U CEPHOU KUCIIOTOM.
[Tpubops! u 060pyaOBaHKE

ITunerku Ha 100 Mut;

OropeTKH Ha 25 MIT;

KOJIOBI KOHMYeCcKHe Ha 250 it

Counsgnas kuciora, 0,1 H. pacTBop;

MeTtunoBblil opankeBblil unukarop, 0,1% pactsop;
®enondranenn, 0,5% pacTBop;

Enxuit mHatp, 0,1% pactBop pukcana.

NoakowhE

MeTtoauKka BBITOJIHEHUS pa6OTBI

K 100m1 uccnemxyemoii Boabl 100aBISAIOT 3 KAl METUIIOBOTO OpaH>keBoro u TUTpyoT 0,1 H.

pacTBOPOM KHCIIOTBI 4O NEPEXO0Ja OKPACKHU MHAUKATOPA U3 JKEITOH B 30JIOTUCTOPO30BYIO,

OOmrast men0YHOCTh B MI-3KB/J paBHa pacxony 0,1% pacTBopa KHCIIOTHI HAa TUTPOBAHUE B

MII.

b. Onpenenenne KOMIOHEHTOB 001IEH HIEJTOYHOCTH BOAbI (THAPATHOM,

THAPOKAPOOHATHOM, KAPOOHATHOM IIEJOYHOCTH)

I'mapokapOoHaTHass, KapOOHaTHas W TUApaTHas MIETOYHOCTh OMpeAensercs 1o oOmen
IEJIOYHOCTH BOJIbI, OIpPENENeHHOW C MHIUKAaTOpOM METHJIOBBIM OpaHkeBbiM (M) u

IIE€JI0YHOCTH, OTIpeJIeIeHHON ¢ MHAUKATOpoM (enonpranienHom(dD).



MeTtoxa ocHOBaH Ha TOM, 4To Ui BoJ ¢ pH Gozee 8,3 mpu TuTpoBaHUU MPOOBI UCCIIEAYEMON
BOJIbI KHCIIOTOM B MPUCYTCTBUU WHAMKATOpa (eHOoN(TarIenHa, JAlOUIero Mepexo]] OKPaCKH OT
KPacHOTO K OECIIBETHOMY, MPOTEKAIOT PEAKLIUU MEXITY CUILHON KUCIIOTOM, THIPOKCUIbHBIMU

U KapOOHATHBIMHU HOHAMHU, a B uHTepBasie pH ot 8,3 10 4,4 - ¢ ruapokapOOHATHBIMU HOHAMH.

[Tpubops! u 060pyAOBaHKE

ITunerku Ha 100 Mmut;

OropeTkH Ha 25 MIT;

KOJIOBI KOHMYeCcKHe Ha 250 it

Counsnas kuciora, 0,1 H. pacTBop;

MeTtunoBblil opankeBblil unukarop, 0,1% pactBop;
®enondranenn, 0,5% pacTBop;

Enxwuii natp, 0,1% pactBop uxcanan.

NoakownE

MeTtoauKka BBITOJIHEHUS pa6OTBI

K 100 mn uccnemyeMoil Boabl B KOHMYECKOW Koibe mobamisioT 5-10 kamenb pacTBopa
denondranenna u THTPyroT 0,15% pacTBOPOM KUCIOTHI 10 MEpPeXoaa OKPACKH U3 KPacHOH B

OeCIIBETHYIO.

Hlenounocts no (peHondranenny(P) B Mr-skB/J1 paBHA pacXoay KUCIOTHI B MJI MOIIEAIEH Ha

TUTPOBAHHUC.

CDOpMy.]'ILI I pacue€Ta KOMIIOHCHTOB HICJIOYHOCTHU BOABI CM. IIPUJIOKCHHUC 1 Tabm.1

B. Onpenenenne o0uieii ;keCTKOCTH BOABI



06ma;1 KCCTKOCTb OIPCACIIACTCA KOMINICKCOMCTPUYICCKUM MCTOAOM. MGTO,Z[ OCHOBAaH Ha
CBA3bIBAHWW HWOHOB KaJIbIIWA W MAIrHUS B KOMIUICKCHBIC COCIMHCHUSA, COMPOBOXIAIOMIUCCIA

M3MEHEHUEM OKPAaCKH MHIUKATOpa.
[Tpubops! u 060pyaOBaHKE

Kon6w1 konnyeckue Ha 250 i,

ITunerkn Ha 5 1 100MT;

Bropetku Ha 25 M1 ¢ KpaHUKOM;

Kommnexkcon 11 0,05 M pactBop;

AmMuak-+xiopua aMmmonus, 0ydepnsiii pacrsop; pH=10;
OpuoxpomuepHsblil T, pacTBOp HHAMKATOPA;

Xmopun kanbius, 0,025 M

NoakowdE

MeTtoauKka BBITOJIHEHUS pa6OTLI

K 100 mn Bonsl mpunuBaetcst 5 mut OydepHoro pactBopa. Memaroiiee BIUSHUAE ETOYHOCTH
BOJIbI yCTpaHsieTcsl mpuOaBiIeHHEM 3KBHUBaJeHTHOro konudectBa 0,1 H. pacTBOpa CONSIHON
kucinoTsl [locne TimaresnbHOro mnepeMelBaHus HPUOABIAIOT OKOJIO 5 Kameidb pacTBOpa
uHAukaTtopa u nepememmBaroT [locie nepememmBanus tutpyror 0,05 M pactBopa
KomIuiekcoHa I ¢ mpucyTCTBUM MHIUKATOPA JI0 MEepexo/ia KpaCHOW OKpacku B (PHOJIETOBYIO,
3areM 10 KaIulsiM IIPH TIIATEIBHOM NEPEMENIMBAHUU 10BOAAT TUTPOBAHUE 10 CHHEW OKpPacKu
UCCIIEIyeMOT0 pacTBopa, M3MeHeHne OKpackH MOATBEPKAAI0T MpubaBieHueM emie 1 kammm

TUTPOBAHHOT'O paCTBOpPA.

OO011ast )KECTKOCTh onpeaensercs no popmyse

X =ak100/V,
IZie @ - Koau4ecTBo u3pacxonoBanHoro 0,05 M tutpoBanHOro pactsopa komrmiekcona 11, mi;
k - monpaBka MonsipHOCTH pacTBopa Komiuiekcona 11,

V - KOJIMYECTBO B3SITOM AJI1 TATPOBAHUA HpO6BI B MII.



I'. Pacuer kapOOHAaTHON M HEKAPOOHATHOM JKeCTKOCTH BO/JbI

Jlyist BErAucIeHus] KapOOHATHOM JKeCTKOCTH YK MCIONB3YIOT PE3YNIbTAT ONpeAeTeHUs 001mei

I[EJIOYHOCTHA BOABI M.

HekapOoHaTHasi KECTKOCTh paBHA pPAa3HUIIC MEXKIY OOIIEH MKECTKOCTIO W KapOOHATHOMN

KECTKOCTBIO.

5. BuIBoabI

ITo pe3yjbTaTaM OIIBITOB OaThb XapaKTCPUCTHKY Kaduc€CTBa BOABI Ha HOpPCAMET €€
HCIIOJIb30BAHMA Ha XO3-IIMTBCBBLIC HYXIbl W ]I HOPOMBIIIIICHHBIX ueneﬁ n JgaTrhb

PEKOMEH/IAIUU 110 METOTy €€ 00pabOTKH.

IIpunoxennue 1.

Tabmmma 1.



Dopmynbl AJ1 pacueTa TUAPATHON, KapOOHATHOM U THIPOKAPOOHATHOM MIEIIOYHOCTEH BOJIBI.

CooTtHole Bona conepxur ®dopmyna s pacyeTa KOMIIOHEHTOB OOIIIeH
HHe [lenoyHocTH BOMBI
Mexay M u I'uapokap6oHar KapGoHar HoHbI ['UAPOKCUIBHBIC
. nonsl HCO3
COz” nonsl OH
D=0 I'mapokapbona M 0 0
20<M TBL M - 20 20 0
I'mapokap6ona
THI
20 =M 0 20 0
1 KapOOHATHI.
20>M 0 2(M - @) 20 -M
KapOonatsr
KapOonatsl u
o=M 0 0 M

TUApaThl.

I'mppartsl.
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HccaenoBanue npoiecca 1eKapOOHN3ANUH BOIbI

(ycTpaHeHHe KApOOHATHOM KeCTKOCTH U3BECTKOBAHUEM)

Cooepacanue

[ens 1 3a7aun paboThI

OcHOBBI TEOpUU

OOBEKTHI U CPEICTBA UCCIICIOBAHUS
[ToaroToBka k paboTte 1 mporpamma padoTh
5. BeIBOEL.

[Tpunoxenue.

4. Ilean u 3a1a4u padoThI

OCHOBHOI 11€)1bI0 JTA00PATOPHOM padOTHI ABJISIETCS UCCIIENOBaHUE psifa (HaKTOPOB,
BIUSIIONIUX Ha TIPOIlecC JIeKapOOHU3alUU BOJIbI M3BECTKOBAHUEM, U OTPEICIICHUE
ONTUMAJIBHOM JI03bI PEAareHTOB.

5. OcHOBBI TEOPUH

B npakTuke BOAOMOATOTOBKM MNPUMEHSIIOTCS PpAJ METOJOB 00pabOTKU
BOJbl PEAarecHTaMH C LEJIbK CBA3BIBAHUS COAEPKAIIMXCS B BOJAE KAaTHOHOB
YKECTKOCTH - KAJIBLIUSI U MATHUS - B MAJIOPACTBOPUMBIE COEUHEHHS, BIICIISIEMbIC
U3 BOJIBI 3aT€M OCAXKJEHUEM U (QUIIbTPOBaHHEM. PeareHTHOe yMArdeHue mpoBOIST
KaK C [T0JIOIPEBOM TaK U 0€3 0JI0rpeBa BOJIbI.

HeKap6OHI/I3aI_II/I$I BOAbl HN3BCCTKOBAHUCM MOKCET IMPHUMCHATCA B TCX
ClIydasax, Korga Tpe6yeTc;[ OJHOBPECMCHHOC CHHKCHHC JKCCTKOCTH M IICJIOYHOCTH
BOJBLI, IIPHU 3TOM rJIaBHOM 3az[aqei/’1 ABJIKICTC CHMKCHUEC MICJIOYHOCTHU BOABI.

CymHocTh MeTOfa 3akitouaercs B 00padotke Boabl u3BecThio Ca(OH)2.
[Tpu no6asnennu Ca(OH)2 B BUIEe M3BECTKOBOTO MOJIOKA WJIM PAacTBOpa B TIEPBYIO
ouepelb TMPOUCXOIAUT CBSI3BIBAHME PACTBOPEHHOW B BOJE YIVIEKUCIOTHI C



oOpa3zoBaHneM maynopacTBopuMoro kapoonarta kampius CaCO3, BbINagaomero B
0CaJIOK.

CO2 + Ca(OH), = CaCO; +H,0
y

[lpu noGaBieHWU W3BECTH B OOJBIIEM KOJIMYECTBE MPOUCXOIUT paclajl
TUAPOKapOOHATOB B pe3yibTaTe 4ero BeimagaeT u3 Bojasl CaCO;.

Ca(HC03)2 + Cﬁ(OH)z = ngszO
\
[Ipy u30BITKE U3BECTH H3TO NPUBOJAUT K THUIPOJIU3Y MArHUEBBIX COJEH C
o0pa3oBaHWEM MaJOpacTBOPUMON THAPOOKHUCH MarHus, kotopas npu pH> 10,3
BBINIAJAET B 0CAJ0K, 0OCBOOOXK/1ast BOJLY OT MarHus

Mg (HCO3), + Ca(OH), = CaCO; + MgCO; + 2H,0
J

MgCQO; + Ca(OH), =Mg(OH), + CaCO4
\ \

[Tpu 0OpaboTKe BOJBI M3BECTHIO MPOUCXOIUT TAKXKE MEPEBOJ MArHUEBBIX COJIEH
HEKapOOHAaTHOM MKECTKOCTHU B MaJOPACTBOPUMYIO THAPOOKHCh MarHus ¢
00pa30BaHMEM SKBHBAJIEHTHOTO KOJMYECTBA KaJbIUEBBIX COJIEH CHUIIBHBIX KHUCIIOT
npu pH>10,2

MgSO; + Ca(OH), = Mg(OH), + Ca SO,
\s

MgCl; + Ca(OH), = Mg(OH), + CaCl,
\

W3 ypaBHEHUH BUAHO, YTO MarHUEBas )KECTKOCTh YCTPAHSETCS, OJTHAKO BEIMYMHA
00IIIEN KECTKOCTH OCTAETCA ITOCTOSTHHOM.

Teopernyeckuii mpeaen yMIrdeHus BOABI U3BECTKOBAHUEM O€3 TI0JI0TpeBa
OTIpENEISICTCS PACTBOPUMOCTBIO KapOoOHATa KalblHMs W THAPOKCHIA MAarHus,
koropas npu t=0°C coorsercrBenno Gymer pasua 0,15 m 0,4 Mr-ske/n, a mpu
t=80°C 6yzer pasna 0,03 u 0,2 mr-sks/n. [IpakTuuecku ocrarounas KapOOHATHAs
KECTKOCTh OyieT HaxoauTcs B nipeaenax 0,6-1,2 mMr-sks/i.

6. O0BbeKTHI H CPeACTBA HCCJIET0BAHUA

OOBEKTOM HCCIIeIOBaHUS ABJISETCS BOJIOMPOBOIHAS BOJIA.
JHexapOoHuzalys BOAbl MPOU3BOJIUTCS C CTATUYECKUX YCIOBUSIX B IIUIMHAPAX
emkocTbio 0,5-1 .



[TpuGops! 1 0b6opynoBaHue

8. mumnerku Ha 100, Ha 10 1 Ha 5 Mi;

9. Oroperku Ha 25 M;

10. xonO®1 KoHMYeCKHE Ha 250 Mt

11. muwmHape MepHBIE eMKOCThIO 0,5-171;

12. k0n0ObI KOHUYECKUE W KPYTIIble eMKOCTHIO 0,5 1;
13. Boponku broxHepa s GUIBTPOBAHMS;

14. punbrpoBanbHas Oymara;

15. u3BecTs ramenas, 1% pacTBop;

16. ceprokmcnoe xene3o, 1% pacTBop;

17. pH-metp;

18. consnas kucnora, 0,1 H. pacTBOD;

19. MeTuoBEIi1 OpaHkeBbIil nuHIUKATOp, 0,1% pacTBoOp;
20. penondranenn, 0,5% pacTBop;

21. enxuii Hatp, 0,1% pactBOp, huKcaHa.

Omnpenenenus Npou3BOAATCS B 1a0OPATOPUU OUKUCTKH BOJIBI.

4. IToaroroBka k padore u nporpamma pador

[lepen BhIMoONHEHHEM JIaOOPATOPHOU PaOOTHI CTYACHTHI Pa30MBAIOTCS HA ABE MOATPYIIIHI MO

10-12 genosek. [IpogomKUTEIBHOCTD JabOpaTOpHOM paboThI 4 Yaca.

4.1. O3HaKOMHUTBCSI € METOJUKON MpPOBEIEHUS OIBITOB, MpudOpaMu H
000pyI0BaHUEM.

4.2. B3sath npoOy ucciaenyemMoi BOJbI, ONPENEIUTh KECTKOCTh KapOOHATHYIO U
KECTKOCTh OOIIyt0, corjacHoO Metoauke (cM. maboparopHasi pabora Ne 2
"OmnpeneneHne )KeCTKOCTU U METOYHOCTH BOJBI").

4.3. Onpenenuts pH uccnenyemoit Boael Ha pH-meTpe;

4.4. Hamute B mepBble YeThIpe LWIMHIApA Hccaeayemyro Boxy mo 500 mi ¢
temmeparypoit 20 °C, B MATHIN UJIMHAP HAIUTH BOLy ¢ Temmeparypoit 40 °C u B
IECTON HUIMHP - ¢ Temreparypoit 60 °C.

4.5. CoryiacHO MOJYYEHHBIM JAHHBIM JKECTKOCTH U IIETOYHOCTH BOAbI PACUECTHBIM
yTeM OmpeAenuTsb 103y u3Bectu no CaO no ¢popmyne

I, =28( CO,/22,01 + XK, + /e + 0,3) mr/m,
rIe

N - no3a xoarynsiata FeSO,4 B mepecuere Ha 6€3BOHOE BEIIECTBO B MI/J.
Jlo3a koarynsanra, cormacao CHUIT 2.04.02-84*, npunumaercs B mipeaenax 25-35
MT/11;

CO,-conepxanue cBOOOTHON YTIEKUCIOTHI B UCCIETyeMOW BOJIE B MI/JI,
Omnpenensercs 1Mo TaOJWYHBIM JaHHBIM B 3aBHCHUMOCTH OT IIIEJOYHOCTH W pH
ucxoaHo Boawsl mo Tadm. 69, 70 u 71 (B.®.KoxunoB O4ucTKa NMUTHEBOU U
TexHuuecko BoaAbL.M. ctpouuznar, 1971). ConeconepxaHue HCXOTHOM BOJBI
npuHATH paBHbIM 1000 mr/i;

K -)KecTKoCcTh kKapOOHAaTHAs UCXOHOU BOJIBI B MI'-9KB/J;



e = 67 - skBuBasieutHast Macca FeSQOy;

0,3 - U30BITOK U3BECTH, BBOAUMBIN JJI51 TOJTHOTHI PEAKIIUU.
4.6. OnpeenuThb 103bl, BBOJIMMOI'O B UCXOIHYIO BOJIy peareHTa, B % OT pacyeTHOU
coryiacHo 1.6 k tadmauiie 1.
4.7. OmnpenenuTb 00beM BBOAMMOIo B HWIMHAPHI 1% pacTBOopa H3BECTH U
KOaryJsiHTa;
4.8. BrecTu numneTkoi pacTBOp U3BECTU B COOTBETCTBYIOLIUX /103aX B IIHJIUHJIPHI C
WHTEHCUBHBIM NIEPEMEIIMBAHUEM BOJbI U pPEareHTa B TeueHue | MuH,;
4.9. BecTr NMUNETKOM KOAryJsHT yepe3 | MUH mociie BBEACHUS pacTBOpa U3BECTU
Y NIEpEeMEIINBATh B TEUEHUE | MUH;
4.10. Ocy1ecTBIATh OJHOBPEMEHHOE MEJICHHOE U IUIABHOE MEPEMENIMBAHUE BO
BCEX IIWIMHJIPAX C YUCIIOM 000pPOTOB 5-8 00/MUH B TEUCHUE SMUH;
4.11. TIlpekpaturh TnepeMelNIMBaHUE M HAOMOJAaTh 3a XOJIOM IHpolecca
XJIONMbEOOPa30BaHUA M OTCTaMBaHMWs BOJbI C 3alUCBI0 B JKypHaje Ta0m.1
MHTEHCUBHOCTH XJIOMbEOOPA30BaHUSA M CKOPOCTH OTCTAauBaHUS, BO3MOXKHOM
ONMAJIECLEHCUN BOJBI, COJEP>KAHMS MEJIKOW B3BECH B OTCTOCHHOH BOJE, U3YYUTh
BJIMSIHME TEMIEpPaTypbl BOABI Ha CKOPOCTb XJIONBEOOPA30BaHMUSI WM OTCTaUBAHUS
BOJIbI, BpEMsI OTCTaNBaHUs IPUHSATH 45 MUH;
4.12. Onpenenuth 00BEM OCaJiKa MOCIE OTCTAUBAHMUS;
4.13. OtoOpatb cu(OHOM BEpXHUN CIIOH OTCTOEHHOM BOJBI C KAXKIOTO LIMJIMHAPA
oosemMoM 150-200mi1 B KOHMYECKHE WIIM KPYTIIbIe KOJIOBI U MPOPUIBTPOBATH BOLY
KaKyt0 TpoOy BOJbI HAa BOpOHKE broxHepa uepe3 0e330/1bHbIA OyMakHbIA (QUIBTP
JUIsl yCTpaHeHUs1 KapOOHATHOM B3BECU B UCCIEAYEMOM BOJE;
4.14. Onpenenuts  o0myro 1 KapOOHaTHyrO  KecTkocTh M pH
JekapOOHU3UPOBAHHOMN BO/IbI;
4.15. Peructpanuio ONbITHBIX JAaHHBIX BeCcTH B Tabnuue 1 (cm. [Ipunoxenue);
4.16. O6paboTaTh pe3yiabTaThl ONbITA C OMPEACICHUEM OCTATOYHOM >KECTKOCTH,
s dekra yMIrdeHus U IeKapOOHU3AINH BOIBI.
4.17. Tloctpouth Tpaduku 3aBUCUMOCTH dPdeKTa yMIrdyeHus U JeKapOOHU3aN
BOJBI OT J103bI BBOAMMOT'O p€areHTa U TEMIEPATYPbI HCXOIHOM BOJIBI.

5.BuiBOABI

[Io pe3ynapTaTaM OMNBITOB CHAENATh 3aKIIOYEHWE O BIHMSHUU 03Bl PEAreHTOB U
TEMIIEPATYPbI BOABI HA MPOLECC YMATYEHHUS.

IIpunoxenue

Tabmwnma 1.

IMoka3arenu En. Homepa unaunapos

] 2 3 4 5 6

O0beM  BOABI B IWJIMHAPE | MJI 500 | 500 |500 |500 |500 |500




wW
Temneparypa BOJIbI
t

XKectkocTh o0mas BO/JIbI
Ko
Kectkoctb

Kx

KapOoHaTHas

Pacuetnas nosa ussectu mo CaO
I[Hpacq

Jlo3a u3Bectu npuHumaemasi B %
OT pacyeTHOMN

Jlo3a HU3BECTHU
Jn

O6bem 1% pactBOpa uU3BECTU
Wu

Ho3a KOaryJisiHTa FeSO,
Jx

O6vem 1% pactBopa FeSO,
Wk

Bpewms MepEeMEIMBAHUS
T
Bpewms OTCTauBaHUs
To

Xox mpolecca KOaryisiuud W
OTCTanBaHUs (OMHCaHUE)

O6bem ocanika

KectkocTh 00mIas yMmsArd. BOJBI
Ko™

KectkocTh kap0. ywmsrd. BObBI
K™

Oddexr ymsaruenus % ot Ko
Do

Dddext nexapOonmzarmu % OT

Kx Ok

oC
MI-
9KB/JI
M-
SKB/II

MI/I1

%

MI/J1
MII
MI/JT
MII
MHH

MHH

MIJI

9KB/T
M-
9KB/II
%

%

50

100

130

160

40

100

60

100
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H3B€CTKOBO'COZ{OBO€ YMATIYCHUEC BOAbI

Cooeporcanue

[enp u 3agaun pabOTHI

OcHOBBI TEOpUU

OOBEKTHI U CPEICTBA UCCIICIOBAHUS
[ToaroToBka k paboTte u mporpamma padoTh
5. BbIBOJBL

6. Leab u 3apaum padoThl

OcHOBHOM  1eNBI0  JA0OpaTOpHOM  pabOThl  SIBJISETCS  HCClEIOBaHUE
3¢ (HEKTUBHOCTH TIPOIIecCca M3BECTKOBO-COJOBOTO YMSTUYCHHS TYJIBCKOHW BOABI U
OTIpe/IeICHUE ONTUMAIBLHBIX 103 PEareHTOB.

7. OCHOBBI TEOPUH

B mpakTtuke BOAOMOATOTOBKM HMPUMEHSIOTCS PSAJ METOI0B OO0pabOTKH
BOJbI pEarcHTaMHM C IICJIbI0 CBS3BIBAHUS COJACPXKAIIMXCS B BOJE KaTHOHOB
YKECTKOCTH - KaJIbIIUS ¥ MarHHUs - B MaJIOPACTBOPUMbBIC COSTUHEHHUS, BBIJICTIICMbIC
13 BOJBI 3aT€M OCaXACHUEM M (DMIIBTpOBaHUEM. PeareHTHOE yMsATYeHUE MTPOBOISAT
KaK C TIOJJOTPEBOM TaK M 0€3 MOI0rpeBa BOIBI.

N3BecTkoBaHMEM BOABI B TOM WM MHOM CTENEHU YCTPAHAETCS
KapOOHAaTHAasi U MarHueBasl KECTKOCTh BOJbI, HO HE CHUXAETCS HeKapOOHaTHas
YKECTKOCTb BOJBI.

CymiHocTh METO/1a 3aKiiro4aeTcsi B 00paboTke Boabl u3Becthio Ca(OH)2 u
cogour Na2CO3.

[Tpu nobaBnenun Ca(OH)2 B Buie U3BECTKOBOTO MOJIOKA UJTM PAaCTBOpPA B
MEPBYIO OUEpEb MPOUCXOJUT CBSI3bIBAHHE PACTBOPEHHOU B BOJE YIJIEKHCIOTHI C



oOpa3zoBaHHeM MaJlopacTBOpUMOro kapOoHaTa kanmbiusgs CaCO3, BhImamaromero B
0CaJIOK.

CO2 + Ca(OH), = CaCO; +H,0
y

[lpu noGaBieHWU W3BECTH B OOJBIIEM KOJIMYECTBE MPOUCXOIUT paclajl
TUAPOKapOOHATOB B pe3yibTare 4ero BeimagaeT u3 Bojasl CaCO;.

Ca(HCO;g)z + Ca(OH)Z =2 CaCO§_+H20
\

[Ipy u30BITKE U3BECTH H3TO NPUBOJAUT K THUIPOJIU3Y MArHUEBBIX COJEH C
o0pa3oBaHWEM MaJOpacTBOPUMON THAPOOKHUCH MarHus, kotopas npu pH> 10,3
BBINIAJAET B 0CAJ0K, 0OCBOOOXK/1ast BOJLY OT MarHus

Mg (HCOg)Z + Ca(OH)2 = CaCOQ + MgC03 + 2H,0
\2

MgCQO; + Ca(OH), =Mg(OH), + CaCO4
\ \
HpI/I o6pa60TI<e BOJbI U3BCCTHIO IIPOUCXOAUT TAKIKC IICPCBOJ MAI'HHCBBIX coJien
HeKap6OHaTHOI71 KCCTKOCTH B MAJIOPACTBOPHUMYIO THAPOOKHCH MAruusa C
06p330BaHI/IeM 3KBUBAJICHTHOT'O KOJIMYECTBA KaJIbIIMEBbBIX COJIE CHJIBHBIX KHCJIOT
npu pH>10,2

MgSO; + Ca(OH), = Mg(OH), + Ca SO,

\
MgCl, + Ca(OH), = Mg(OH), + CaCl,
\

N3 ypaBHEHUN BUIHO, YTO MAarHUEBAs )KECTKOCTh YCTPAHSIETCSA, OJHAKO BEJIMYMHA
HEKapOOHATHON KECTKOCTU OCTAETCS IIOCTOSTHHOM.

Jlns cHIKeHUsT HeKapOoHaTHOM xecTKocTH go0aBisator coay Na,COs. Ilpu
ATOM KaJIBIIMI TIEPEBOAUTCS B 0CAIOK

CaS0O, + Na,CO3 = Na,SO, + C&CO&
\’

CaCl, + Na,CO; = 2NaCl + CaCQOg
\’

Teopernyeckuii mpenen yMsardyeHus BoAbl U3BECTKOBAHUEM 0€3 M0JI0IpeBa
ONpEENSIETCS PACTBOPUMOCTHIO KapOOHATa KalblMs W THAPOKCHIA MarHus,



xotopas mpu t=0°C coorBercTBenno Oyner pasua 0,15 m 0,4 Mr-sks/m, a npu
t=80°C 6yzner pasna 0,03 u 0,2 Mr-skxB/1. Cle10BaTeNbHO, TEOPETUUECKHI TIPEIE
YMSATYEHUS BOJbI M3BECTKOBO-COJIOBBIM METOJIOM 0€3 U30BhITKa HOHOB Cng' u OH"
npu 0 °C cocrasiser 0,55mr-3Bk/11, a mipu 80 °C - 0,23 mr-sks/in. PakTHYECKH B
MPUPOIHBIX BOAAX PACTBOPUMOCTD ITUX COCIMHEHUN 3aBUCUT OT MOHHOTO COCTaBa
BOJBI M H30BITKA MOHOB C032' u OH". O6pa3oBaHue KOJJTIOMIAHBIX COCIMHEHUM
CaCO; u Mg(OH), mpoucXoauT MIHOBEHHO IIOCJE BBEIACHHS H3BECTH U COJBI.
OpHako mepexoj U3 KOJJIOMIHOTO COCTOSIHUSI B TPyOOAMCIIEpCHOE, TIPH KOTOPOM
CaCO; u Mg(OH), BeImamaroT B 0CajOK, 3aHMMACT JUIUTCIIEHOE BpPEMs, YTO
YBEIMYHUBAET 00BEM coopykeHHil. [l03ToMy ee BBIAEPKMBAIOT MEHbIIIEE BpEMS U
MPAKTUYECKA OCTATOYHAS KECTKOCTh TIOCJIE H3BECTKOBO-COJOBOTO YMSATUCHUS
Oynet HaxomuTcs B mpenenax 0,6-1,2 Mr-sks/i.

7. O0BbeKTHI H CPeACTBA HCCJIET0BAHUSA

OOBEKTOM HCCICAOBAHUS SIBISCTCS BOJONPOBOAHAS Boja M3 TyIbCKOTO
TOPBOJIOTIPOBO/IA.
YMArdyeHue BOJBI BOJBI MPOM3BOAUTCS C CTAaTHYCCKUX YCIOBHSAX B

HWIMHAPaX eMKoCThIo 0,5-1 1.
[TpuGops! u 060pyAOBaHKE

22. nunetky Ha 100, Ha 10 1 Ha 5 muT;

23. OropeTku Ha 25 M

24. xonOb1 KoHH4Yeckue Ha 250 mur;

25. numHAPHE MepHBIe eMKOCThIO 0,5-11;

26. KOJIOBI KOHWYECKHE WIIN KpYTiible eMKocThIo 0,5
27. Boponku broxHepa st puabTpoBaHUS;

28. ¢unbTpoBabHAs Oymara;

29. uzBecTts rameHas, 1% pactBop;

30. cona ,1% pactBop;

31. cepHokwucioe xeine3o, 1% pactBop;

32. pH-meTp;

33. consHas kucnota, 0,1 H. pacTBOp;

34. MeTHIIOBBIN OpaHXkeBbli HHaUKaTOP, 0,1% pacTBop;
35. penondranenn, 0,5% pactBop;

36. enxuit Hatp, 0,1% pacTBOp, PUKCaHa.

OnpeneneHus NPOU3BOAITCS B Ta0OPATOPUU OYUCTKH BOJIBI.

4. IloaroroBka Kk padore u nporpamma pador

[Tepen BbIMosHEHNEM J1AOOPATOPHON PabOTHI CTYAEHTHI pa30MBAIOTCS HA JBE MOATPYIIIBI 110

10-12 ygenosek. [IponomxuTenbHOCTD 1a00paTopHO paboThl 4 yaca.

4.1. O3HaKOMUTBCA C METOJUKOW TPOBEACHHUS OIBITOB, MpUOOpaMu U
000py0BaHUEM.



4.2. B3atp mpolOy mccienyeMoil BOMBI, OMPEISTUTh KECTKOCTh KapOOHATHYIO U
KECTKOCTh OOIyr0, corjacHo Meroauke (cMm. JsabopatopHas pabora No 2
"OmnpeneneHne )XeCTKOCTH U MEIOYHOCTH BOJIBI").

4.3. Onpenenuts pH uccienyemoii Boael Ha pH-meTpe;

4.4. Hanmute B mepBble MATh UWIMHAPOB HccaeayeMyro Boay mo 500 mi ¢
temmeparypoii 20 °C, B IIECTO# IMIMHAP HAIUTH BOAY ¢ Temreparypoit 60 °C.

4.5. CornacHo MOJIyY€HHBIM JIaHHBIM >KECTKOCTU M HIEJIOYHOCTU BOJIbI PACUETHBIM
MyTeM onpeAenuTs 103y u3Bectu no CaO no Gopmyre

I, = 28( CO,/22,01 + XK, + Mg*/12 +]I /e + 0,5) mr/m,
rae

N - mo3a xoarynsiaTa FESO,4 B mepecuere Ha 6€3BOAHOE BEIIECTBO B MI/J.
Jo3a koarymnsaTa, cormacno CHUIT 2.04.02-84*, nmpuaumaetcs B mpenenax 25-35
MT/11;

CO,-conepxanue CBOOOTHOM YIIIEKUCIOTHI B HCCIIEyEMOM BOJIE B MI/JI,
Omnpenensierca 1Mo TaOJWYHBIM JIAaHHBIM B 3aBUCUMOCTH OT IIelIo4HOCTH W pH
ucxoaHo Boawl mo Tabn. 69, 70 u 71 (B.®.KoxuHoB OuuCTKa MHUTHEBOU U
TexHuueckoil Boabl.M. crtpoiuznar, 1971). ConecomepxaHue HCXOAHOW BOJBI
npuHATH paBHbIM 1000 mr/im;

K -’KecTkocTh KapOOHATHAsI UICXOAHOM BOJIBI B MT-9KB/JT;

Mg*- comepkaHHe MarHHS B MI/1 B HcclIegyeMoil Boie. IIpuHmMaeTcs

paBHO# 18 Mr/n

e = 76 - skBuBasieuTHast Macca FeSQOy;

0,5 - U30BITOK M3BECTH, BBOAUMBIH JIJIS1 TIOJTHOTHI PEAKIIHU.

4.6. OnpenenuTh 103y COAbl PACUETHBIM NYTEM II0 TOJYYECHHBIM JaHHBIM
KaueCcTBa UCXOAHOM BOJIBI 110 HEKApOOHATHOM KECTKOCTH MO popmMyJie

Jic = 53( K, + /76 +1)

rae

XK, « - HEKapOOHATHAS )KECTKOCTh UCCIEAYEMOM BOABI B MI-AKB/ L.
4.7. Onpenenurts J103bl, BBOAUMOW B MCXOJHYIO BOAY COAbI, B % OT pacueTHOU
corjacHo tabnwiie 1.
4.8. OnpenenuTh 00BEMBI BBOJAMMBIX B IHJIMHIPHI PACTBOPOB PEAreéHTOB (COIBI,
U3BECTH U KOATYJIAHTA);
4.9. Brectu mumeTKoM pacTBOPHI M3BECTU U COJbI B COOTBETCTBYIOIIMX 033X B
IUJIMHPBI ¢ MHTEHCUBHBIM MEPEMEITMBAHUEM BOJIbI U peareHTa B TCUeHUe 1 MUH;
4.10. BBecTn NUNETKOW KOAryJsiHT 4epe3 | MHH mocie BBEIEHHUS pPacTBOPOB
peareHToB U MepeMeNInBaTh B TeUeHUE 1 MUH;
4.11. OcyuiecTBIsATh OAHOBPEMEHHOE MEJJICHHOE U IUIABHOE MEPEMEIINBAHUE BO
BCEX IIWIMHJIPAX C YUCIOM 000pOTOB 5-8 00/MuH B TeueHue 15muH;
4.12. IlpekpatuTh TnepeMEIIMBaHHWE U HAOIIOJATh 3a XOJOM IIpoliecca
XJIONTbeOOpa30oBaHUsl W OTCTAaWBaHWUS BOJABI C 3aMUChI0 B OKypHanme TaO:i.l
WHTEHCUBHOCTH XJIONTbEOOPAa30BaHUsI M CKOPOCTH OTCTaWBAaHUS, BO3MOXKHOUN
OMaJIeCIIEHCUU BOJIbI, COJAEPKaHUS MEJIKOM B3BECHM B OTCTOCHHOW BOJE, U3YUUTh



BIIUSIHAE TEMIIEPATYpPhl BOABI HA CKOPOCTh XJIOMHEOOPA30BaHUS W OTCTAMBAHUS
BOJIbl, BpEMsI OTCTaUBaHUs MIPUHSATH 45 MUH;

4.13. OnpenenuTbh 00bEM OCaaKa MOCIe OTCTAauBAHUS;

4.14. Oto6paTh cU(POHOM BEPXHHI CIION OTCTOEHHOM BOJBI C KAXKJOTO IMJIMHIPA
o6bemMoM 150-200Mi1 B KOHUYECKHE WUITH KPYTJIbIe KOJIOBI U MpOoHIbTpOBaTh BOIY
KaKyto TpoOy BOJIbI HAa BOpOHKe broxHepa uepe3 0e3301bHbIA OyMakHbIA QUIBTP
JUTsl yCTpaHeHus1 KapOOHATHOM B3BECH B UCCIIEAYEMOM BOJIE;

4.15. OnpenenuTs 00IIyI0 U KApOOHATHYIO )KECTKOCTh U pH yMsrueHHON BOJBI;
4.16. Peructpannio OnbITHBIX JaHHBIX BecTU B Tabnuie 1 (cMm. [Ipunoxkenue);
4.17. O6paboTath pe3yabTaThl OIBITA C OMPEICICHHUEM OCTATOYHOW KECTKOCTH,
s dexTa yMsIrdeHUus BOIBI.

4.18. Iloctpouts rpaduku 3aBUCUMOCTH S(dexTa yMmsArdyeHus: BOIbI OT 03Bl
BBOJIMMOTO peareHTa 1 TeMIepaTypbl UCXOAHOM BOJBI.

5.BbIBOABI

ITo pe3yiibTaTaM OIIBITOB CACIATH 3aKJIFOUCHHUC 00 OCTaTOYHOM >KECTKOCTH BOJBI,
BJIMAHHUHA OO03bI PCAICHTOB UM TCMIICPATYPHI BOABI Ha ITPOOCCC YMATYCHUA.

Ipunoxenue
Tabnuua 1.
IMoka3arenu En. Homepa uniunapos
WM T2 I3 4[5 e

O0beM BOABI B IMHApPE | Mn 500 |[500 |500 |500 |500 |500
wW °C 60
Temmeparypa BOJIbI | MT-
t 9KB/I
KectkocTtb oOmras BOJIbI | MT-
Ko 9KB/J
KecTtkocTb KapOoOHaTHas | MI/1 5 100 | 130 |160 |200 | 100
Kk -/-
Pacuernas noza uzsectu no CaO | %
o, e
Pacurnas no3a COJIBI | MI/JT
TP MUT 30 30 30 30 30 30
Jlo3a conbl, npuHUMaeMasi B % oT | Ml




pacyeTHOU

Ho3za COJIbI
Jc

O6bem 1% pactBOpa uU3BECTU

Wu

O6bem 1% pacTtBOpa combl
Wc
Ho3za KOaryJsiHTa FeSO,
Hx

O6vem 1% pactBopa FeSO,
Wk

Bpewms MepeMEeIIMBAHNS
T
Bpewms OTCTauBaHUs
To

Xox mpolecca Koaryimsiquu M
OTCTauBaHUs (OTIMCAHUE)

O06bem ocazika

KectkocTh 00mIas yMmsrd. BOJBI
Ko™

XKectkocTh KapO. yMsArd. BOJIBI
K™

Oddexr ymsruenns % ot Ko
D0

MI/IT
MIT
MUH

MHH

MIJI
MI-

JKB/N

SKB/I

%




METOANYECKHUE YKA3ZAHUA K
JABOPATOPHOM PABOTE Ne 5

OINPEJAEJEHHUE CTABUJIBHOCTHU BO/1bI

Cooeporcanue

[enb 1 3aga4un pabOTHI

OcHOBBI TEOpUU

OOBEKTHI U CPEICTBA UCCIICIOBAHUS
[ToaroToBka k paboTte u mporpamma padoTh
5. BbIBOJBL

8. Heab u 3anaum padoThl

OcCHOBHOI 1enbl0 W 3a7adeil J1abopaTopHOM padoOThl  SBISETCA
OKCIIEPUMEHTAIbHOE  OMNpeNesieHHe  CTaOWIBHOCTH  BOABI  METOJIOM
KapOOHATHBIX MCIIBITAHUM.

2. OcHOBBI TEOPUH

ITon cTaOMIBLHOCTHIO BOJABI ITOHMMAETCS €€ CBOMCTBA HE PaCTBOPSTH
KapOoOHAT KaJIbIIUS W HE BBIACIATH €ro M3 pactBopa. Ilog TepMocTabMIBHOCTHIO
BOJIbI TIOHMMAETCS €€ CBOMCTBA HE PacTBOPATh KapOOHAT KaJIbIUS U HE BBIJICIATH
KapOOHAT KaJbIMs U3 PacTBOpa IMPH MHOTOKPATHOM HAarpeBe M OXJIAXICHUU BOJIBI,
YTO CYIIECTBYET B OOOPOTHBIX CUCTEMAaX BOJIOCHAOKEHHS.

CtaOMIIBHOCTh SBIIICTCS OJHHMM M3 OCHOBHBIX IIOKa3aTelICH KadecTBa
BOJIbI.

CTaOuabHOCTh BOJBI MOXKET HAPYIIATHCS M3-3a HAJIWYUS arpeCCHBHOM
YTJEKUCIIOTHl WM KHCIIOpoaa, HU3KUM pH BOMBI, MEepEeHACHIIIEHHOCTHIO BOIBI
KapOOHATOM KaJbIHs WJIM THAPOKCHIOM MarHus, MOBBIIICHHONW KOHIICHTpaIuei
Cynb(})aToOB WK XJIOPHJIOB.

B ocHOBHOM cTaOWJIBHOCTH OOYCJIOBJIEHA PAaBHOBECHBIM COCTOSHUEM B
pPacTBOPE YIIEKUCIOTHBIX COCTMHECHUM

2HCO3(—) COg_ + COz + H20



¥ XapaKTEePU3yeTCs TeM, YTO KOHIIEHTpaIus cBOO0 HOM nByokucH yriepoaa (CO,)
COOTBETCTBYET €€ PAaBHOBECHOW KOHIIEHTPAIIMW, HEOOXOAUMOM MJIsi TIOACPKAHHMS
B pacTtBOpe ruapokapooHaTHbix noHoB (HCO3).

Ecimm  ynmansiercs U3 BOJBI YacTh CBOOOJTHOW YTIJIICKUCIOTBI, TO
VIJICKUCIIOTHOE  PAaBHOBECHE  CIBUTACTCS  BIOpPaBO C  pacmajoM  dYacTd
ruapokapooHaTHeix MOHOB Ha CO3” m CO,, KOTOPBIM HIET 10 TeX IMOp MOKa He
HACTYITUT HOBOE paBHOBecHe Mexy KoHieHTpanueid CO, u ruapokapOOHATHBIMU
noHaMu. ['mapokapOOHATHBIE MOHBI BCTYMAIOT B PEAKIMIO C MOHAMH KaJbIIHA,
HaXOSIIMMUCS B BOJIE, C 00pa30BaHUEM MaJOpacTBOPUMOTro KapOoHaTa KabIus,
KOTOPBIA BBIACNSETCS M3 BOJAbI B BHJAE INIaMa WJIM OTJIOXKEHHH Ha CTEHKax
TEIUI00OMEHHOM amnmnaparypbl Wi TPyOOIPOBOIOB.

Ca®" + CO; = CaCOs,

Takast Bojga Ha3bIBaeTcss HECTaOMJIBHOM M CHOCOOHOM K OTJIOXKEHHIO KapOoHaTa
KaJIbLIUA.

Ecnu nmo kakuM amb0 mpUYMHAM, HAapuUMeEp, NpU pacnage B 0OOpOTHOU
CUCTEME OpPraHMYECKUX COEIMHEHHM, MPOU30MAET YyBEIMYEHHE B BOJE
YIIICKUCIIOTHI TI0 CPABHEHHIO C PaBHOBECHOM, TO n30bITouHast CO, OyneT BcTymathb
B pPEaKlUMI0 ¢ OETOHaMH, MPaMOpPOM, JOJOMUTOM M T..., BbIIIEIAUUBasi U3 3THX
MaTepHaioB MOHBI Kaiubluda. Takas BoAa Ha3bIBA€TCsl arpeCCUBHOM, a N30BITOYHAS
II0 CpPaBHEHUIO C PABHOBECHOM YIJEKHCIIOTa Ha3bIBaeTCsi 'arpecCMBHOM"
YIJIEKUCIOTOM.

Omnpenenenre cTaOMIBHOCTH TTPOU3BOAUTCS:

a) Ui TPENBapUTEIBHOTO YCTAHOBJIEHUS CBOWCTB BOABI B CBSI3U C
U3bICKAHUEM HCTOYHUKA BOJOCHAOKEHUS U NPOEKTPOBAHHUEM YCTPOWCTB st
YIIYYIICHHS Ka4ECTBA BOJIbL;

0) I KOHTPOJS CBOMCTB BOJBI B Ipoliecce ee¢ 0O0pabOTKH C IENbIo
YIIYUILIEHHS €€ KauecTBa.

CTaOUIbHOCTH BOJIBI OTIPEAEIISIETCS ABYMSI METOJaMHU:

-KapOOHATHBIMH HCIIBITAHUSMU (3KCIEPUMEHTAIBHBIA METOJ| ONpEIeNICHUs
NoKa3arelisd CTaUIbHOCTH);

-BBIYMCJICHUEM T10 JAHHBIM aHAJIM30B BOJIbI MHAEKCA HACBIIIEHUS! PACTBOPA
KapOoHaTa Kanblus (MPUOIMKEHHBIA PACUETHBIN METON).

CyImHOCTh HCIBITAHUN 3aKJIIOYAETCS B TOM, YTO €CIM B BOJE HMEETCS
U30BITOK CBOOOJHOM YIJIEKHCIOTHI (IIPU3HAK KOPPO3HMOHHOCTU BOJbI), TO TaKas
BOJa OyJeT MepeBOJUTh YacTh CONMPHUKOCAIONIETOCS ¢ HeMl kapOoHaTa KalbLus B
pactBopuMbIii ruapokapoonat kaabis Ca(HCO3),. 3T0 NPUBOIUT K MOBBIIICHHUIO
oOmieit menoyHocty U pH BosbI.

Ecnu xe Boga mpencrtaBisier coO0i TEpeCHIIEHHBI PacTBOp KapOoHaTa
KaJbIUsl, TO TMOCJIETHUI BblAensercs u3 Boibl. [Ipu 3TOM oOmIas MIEI0YHOCTH
BOJIbI U ee pH nonmxkaercs.

CTaOuIbHOCTh BOJIBI XapaKTEPU3YETCs MOKA3aTENeM CTAOUIBHOCTH BO/IbI
C. CymiecTBy1OT JIBa METO/Ia OMPEACIIEHUS 3TOTO MOKa3aTes:

-OCHOBHOM;



-BCIIOMOTaTEJIbHBIN.
[Ipu ompeneseHMM OCHOBHBIM METOJOM TOKazarenb crabuibHocTu C,
HaXoJAT 10 hopMyIie
Co = ]—u(baKT/IJ—[Hac )
rae o - PakTHYECKAA MIETOYHOCTD HCCIEAYEMOM BOJIBI B MI/3KB II;
;2 - MIETOYHOCTH BOABI MOCIIE BCTPSIXUBAHUS €€ ¢ KapOOHATOM KaJlblvs B
MT/3KB 1.
[Tpn ONpPEJECICHUH BCIIOMOTaTEJIbHBIM METOJIOM  IOKa3aTesb
ctabmibHOCTH C,; HaXOmAT MO hopmyIie
CB = pH(paKT/ pHHac’
riae pHyaer - PakTrueckoe 3Hauenne pH uccnenyemoii BopI;
pHuae - pH BOZBL, COOTBETCTByIOIIEE MNPENEIBHOMY HACBILIEHUIO €€
KapOOHATOM KaJIbI[HSl.
[Tpu C= 1 Bona crabuibHa.
ITpu C< 1 Boma arpeccuBHa,
IIpu C> 1 Bojga He craOuibHAa U CHOCOOHA K OTJIOKEHHIO KapOoHaTa
KQJIBLIAS HA OMBIBAEMBIX BOJIOW IMOBEPXHOCTSX.

3. O0BbeKTHI U CPeACTBA HCCIeT0BAHUS.

OOBEKTOM HCCACAOBAHUS SBIIICTCS HWCXOJHAs BOJOIPOBOJHAS BOJA B
K0J10€ eMKOCTBhIO 500 Mut.

[Tpubops! u 060pyI0BaHKE

l.BcTpsixuBatouii  anmapaT ¢ Kayaromiedcs — miatr@opMoit i
BCTPSIXMBAHUS COCYJIOB C UCCIIEAYEMOM BOJOM.

2. broperka.

3.pH-meTp.

4 ITpucnocobiieHue ajisi 0TOOpa BOJIbI U3 COCYy/a.

5.Becwl mabopaTtopHbie.

6.KapOonat kanbIiusi, mopomkooopasusiii 250 r.

7.ConsiHast unu cepHas kuciora 0,1 H. pacTBop.

8.MeTunoBbliii opanxkeBbii, 0,1 % BoAHBIN pacTBOp.

4. IToaroroBKa Kk padore u nporpaMmma pador

[lepen BhIMoONHEHHEM JIaOOPATOPHOU PabOTHI CTYACHTHI pa30MBaIOTCA Ha JBE MOATPYIIIHI 110
10-12 denoBek: mepBas MOATPYIIIA BBITOIHSAET ONPEACICHHUS WHICKCA CTAOWIBHOCTH IO
OCHOBHOMY METOJly, BTOpas - 10 BCIOMOTraTEeIbHOMY C OIpeleneHueM uHuaekca mo pH -

METpY.

4.1 O3HaKOMUTBCS C METOAMKOM MPOBENIEHUS OIBITOB, MPHUOOpaMu U 000PYTOBaHUEM.



4.2 Bzare npoOy ucciaeayeMoi Boasl eMKocThio 1 y1. Eciim Boma comepkut
B3BEIIECHHBIE BEIIECTBA, MPOOY 0TCTOATH B TeueHue 0,5 - 1 4.

4.3 CryaeHTam nepBOM MOATPYNIbI ONPENETUTh IIETOYHOCTh HUCCIIETyeMOM
BOIBI Il jar HA ycTaHOBKE 1711 TUTpOBaHUSA. (CM.PyKOBOACTBO IO XMMHUYECKOMY U
TexHojornyeckomy aHanusy. M., Ctpouuzaar , 1973 r.)

CTygeHTaM BTOpOW MNOArPYHNBI OHNpenenuTbh pHgu HcCIaeqyeMOH BOIBI Ha
nabopatopHom pH-merpe. (MeTtonuky ompeneneHuss cM. B UHCTpyKuuu K pH-
METPY).

4.4 B CTEKIISIHHYIO KOHHYECKYIO K010y eMkocThio 500 M1 Bebmath 30
I' MOPOMIKOOOpa3HOro KapOoHaTa Kajblus, 3aloJHUTh KOJOYy [0 MpOOKU
UCCIENyeMON BOJIOM, IUIOTHO 3aKpbITh PE3MHOBOM MNPOOKOH, YCTAaHOBUTH B
TOPU30HTAJILHOM TOJIOXKEHWH Ha MIaT@opMy BCTPSIXMBAIOIIErO ammapata U B
teuenne 0,45 - 1 g BcrpsaxuBath npu 100-150 kagaHUSIX B MUHYTY.

4.5 Tlo OKOHYAHWIO BCTPSXHMBAHUS CHATH KOJIOOY, 3aMEHHUTH MPOOKY
MPUCTIOCOOJICHHEM JUIsi O0TOOpa MpoObl M OCTAaBUTH B TOKOE€ Ha 15 MuH s
OCAXKJICHUS MOPOIIKa KapOOHaTa KaIbITHsI.

4.6 Tlocne ocBersieHuss 0TOOpaTh CU(GOHOM BOAY Uepe3 HUKHUN KOHEII
BOPOHKH CO CIEIHMAIILHBIM (PUIBTPOM, COpOcUTh mepBbie S0 M QUIBTPOBAHHOMN
BOJBI.

4.7 Omnpenenuth meno4yHocTb U pH BOJBI, HACHIIIEHHON KapOOHATOM
KaJIBIIUSI.

4.8 Bpruucnuth nokazatenu crabuibHocTH Boabl C, u C,mo MeToxy
KapOOHATHBIX UCIIBITAHUH.

5. BeIBOaABI

ITo pe3yjibTaTaM OIIBITOB JaThb XapaKTCPUCTUKY Kade€CTBa BOALBI B OTHOUICHUH €€

CTaOUIIBPHOCTH U PEKOMEHAIMU 110 METOAY €€ 00pabOTKH.

6.KoHTpoO/IbHBIE BONIPOCHI

B kakux cinyyasx onpenensercs cTaOUIbHOCTb BOJBI.

Kakumu metogamu onpenensercs CTabuIbHOCTh BOBI.

Yro Takoe nmokasaTeslb CTAOMILHOCTH BOIEI.

Urto Takoe WHIEKC HACHIIICHUS U KaK OH OMPEAeTSIeTCs.

Hoquy adHaJIn3 BOAbBI HA CTa6I/IHBHOCTI) JOJIDKEH HpOI/ISBOJII/ITBCSI y NCTOYHHUKA HC
no3aHee 1 yaca mocie B3sATHS IPOOBL.

Hoquy N3MCHACTCA CTa6I/IJ'II)HOCTB BOIBI ITOCJIC HaneBaHI/ISI.

agkrownE

o
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OnpenejieHye ONTUMAJIBHONM 10361 KOAT'VJIAHTA, HE00X0TUMOW IS
OCBETJICHUHA N 00eCIIBEYNBAHNA BOJIbI.

Llenb paboTel: OnpeneneHrue ONTUMaIbHON 03kl KOAryJisiHTa, HEOOXOAUMON NIJIst
yAaJEHUS U3 UCCIECTyEMOU BOAbI B3BEIICHHBIX M KOJIJIOMIHBIX 3arps3HECHUM.

(OCHOBBI TEOPHH.

Koarynanust npumeceil BOIBI — TMPOIECC YKPYIMHEHUS KOJUIOMIHBIX H
B3BEIICHHBIX YACTHUI[ 32 CUET WX B3aUMOJICUCTBUS U OOBEAMHEHHUS B arperarhl.
3aBepiiaercs TMPOIECC OTACJICHHEM arperara CIMMIIUXCS YacTUIl U HX
OCaKICHHUEM.

Konnougaeie ¥ B3BENICHHBIC YACTHUIBI HECYT OJWHAKOBBIA 3apsill, YTO
oOyCJTaBIMBacT BO3HUKHOBEHHE  MEKMOJICKYJISAPHBIX CHJI OTTAJIKWBAHUS W
arperaTUBHYIO YCTOWYUBOCTD.

B TexHONIOTMM OYHMCTKH BOJBI MPEIyCMATPHBACTCS YACTUYHOE WIIA TTOJTHOE
ynanenue mpuMeceid. [ToaTomy 3apsii 9acTHIl CTPEMATCS CHU3WUTH 10 HYJS WA
ONMM3KKUX K HeMy BenuduH. JlJis 3TOro B BOAY AOOABISIOT KOAryJsHT: Cyibdar
amomunusa, cynbdar xenesa (I wu Il), xmopua amoMuHMS, XJIOPHA Kejesa,
OKCUXJIODHJ aJIOMHUHHUS W JpyTHe BELIECTBA, KOTOPble OOpa3yroT XJIOIbS,
copOupyrome Ha CBOEW TMOBEPXHOCTH YacTHIbl THpumeceil. Hampumep, mnpu
BBeZicHnU B Boay Aly (SO4); MpOoUCXOaUT auccoruanus U TUAPOJIN3 €ro MOJIEKYJI:

Aly(SO,); + 6H,0 = 3AI*" + 350,% + 6H" + 60H" = 2AI(OH)3| + 3H,SO,

3aBepIIaeTCs 3TOT MPOLIECC HEUTPAITU3ALMEN KUCIOTHI €CTECTBEHHOM
LIEJIOYHOCTBHIO BOJIBI:

HJr + HCO3_ = COZT + Hgo
Ecmn IICJIOYHOCTDb BOABI HEAOCTATOYHA, TO B BOAY I[O63BJ’I$HOT HN3BCECTH UIIN
cony, T.€. BOOY IMOAMICTIaYUBArOT.

TpeOyemoe KOIMYECTBO PEareHTOB BHIPAXKAIOT BEIMYNHON HAMMEHBIIICH JT03bI
0e3BoaHOrO cynbdara Al st CHUKEHUST MyTHOCTH BOJBI 10 10Mr/mm.

MeTtonanka onpeaeicHus.




B mepnbie mumuaapsl V=0,51 HaTUBaOT UCCIETyEMYIO BOJIY 0 METKH, 3aTEM
I00aBJISIOT pa3uuHoe KoaudecTBO Ml pacTBopa Aly(SO4)s vitu moanokcuxaopua
Al u3 pacuera moyiydeHHs €ro 103 B JUaa30He, OXBATHIBAIOIIUM ONTHMAJIbHYIO
no3y, koropas ompexaensercs nmo Tadmune 16 CHull 2.04.02-84. Coxnepxxumoe
ATUX UWJIHWHIPOB MEpeMEIMBalOT TeueHue 15-20 cekyHa  OBICTpBIMHU
BpalllaTeJIbHBIMA  JIBDKCHUSIMHM, 3aTeM 3-5 MUH. TEepelIrMBalOT MeEJICHHO,
UMUTHPYS TPOIIECC XJIOMbEOOPa30BaHUsI M YKPYIMHEHHUS B3BeCH 0€3 pa3pylIeHHS
XJIONILEB.

ITocne sroro Boma orcramBaeTcsa B TeueHue 30 MHMH. ¢ HaOIIOJEHHEM 3a
XJIONTbeoOpa3oBaHueM W oTcTamBaHueM. OTMEYaroT, KaKk BIUSET TeMIlepaTypa
BOJIBI Ha TPOIIECC XJOMbEOOPA30BaHUS M OCAXKACHHS. 3aTeM IepBasi MOArpyIa
oTOuparoT cudoHOM BepXHHUH ciol Boabl oObemoMm 100 mMa U ompenenstorT
OCTaTOYHYIO MYTHOCTh Ha (porosnekrpokamopumerpe KDOK. Bropas moarpymma
oTOuparoT cudoHOM BEpXHHH clol BoaAbl oObemMoM 200 M U OMNpPENCNSIOT
OCTaTOYHYIO MYTHOCTh NyTeM GUIBTPOBAHHUS uepe3 O0€330JbHBI OyMaXKHBIN
bunbtp. PesynapTaT cumTaeTcs NIpPUEMJIEMBIM, €CJIH COJACp)KaHUE B3BECH B
OTCTOCHHOM Bojie OyaeT He OoJiee 10 MI/i mpy MUHUMAJIBHOM J103€ KOAryJIsHTA.

PesynpTaThl uWcclemoBaHMM 3amUChIBalOTCA B ¢GopMme B Tabiuie 1 wu
obopmisitoTcsl  TpapukoM B KoopauHaTtax MyTHOCTh-Jl03a KoaryisiHTa ¢
OTpeIeICHUEM ONTUMAIBLHOMN J03bI KOAryJIsiHTa

PCSVHBT&TBI HCCICAOBAHUA.

Tab.1
No En. Homepa nermaapos
wn Hoxazatemn ww [ T2 ]34 56
1 O06beM BOABI B IIUIIUHIPE mi | 500 | 500 | 500 | 500 | 500 | 500
2 MyTHOCTB HCCIIEyEMOU BOJIBI MI/JT
3 TemnepaTypa Bobl o°c 50
4 | Jloza xoarymnsara no CHull Mr/n
5 Hcce. moza Alx(SO4)3 MI/T1
6 | O6wem 1% p-pa Aly(SO,); M
7 Bpems nepememvBanus MHUH | 5 5 5 5 5 5
8 Bpewms orcrauBanus muH | 30 30 30 30 30 30
9 Onucanue nporecca KoaryJsiuy 1
OTCTauBaHHS
10 | O6beM OTGUIBTPOBAHHOM BOIBI M
11 | Bec uncroro ¢punsTpa Mr
12 | Bec ¢unbTrpa ¢ ocagkom MT
13 | Bec ocanka MT
14 | Ocrarounas MyTHOCTB M/




MyTHOCTB, MI/JT

»
»

Alx(SO4)s

BBIBOZ[Z OnTuMmanbHas A03a KoaryJiiHTra, H€O6XOIII/IM21}I oA YAAJICHHUSA U3
I/ICCJ'IGI[yeMOI?I BOJbI B3BCIICHHBIX N KOJINIOMAHBIX 3an5[3H€HI/Iﬁ COCTaBJLIACT .........

Beimonsnin:

[IpoBepu:
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Oﬁmne HCNBITAHUS MOHOOOMEHHBIX MaTepuajioB (I/IOHI/ITOB)

Cooeporcanue

9. Uenb u 3amaun paboOThI

10.OcHoBHI TEOpHH

11.00BbeKThI B CpelICTBA UCCICAOBAHUS
12.TToarotoBka Kk paboTe U mporpamma padoThl
5. BbIBOJBL

9. Heab u 3anaum padoThl

OCHOBHOI 11€J1bI0 JJTA00PAaTOPHOI PabOTHI SBIISAETCS U3YUEHHUE KAaUeCTBa
U CBOHCTB HMOHOOOMEHHBIX 3EPHHUCTBIX MaTepHayioB (KAaTHOHUTOB U
AHUOHWTOB), IPUMCHIEMBIX B TIPAKTHUKE IMOATOTOBKU BOIBI JJISI TUTHEBOTO U
MIPOMBIIIUICHHOTO BOJIOCHAOKEHUS.

2. OcHOBBI TEOPUH

Meton woHHOro oOOMEHa WIMPOKO TPUMEHSETCSs Ha TMPAKTHKE IS YMATYCHHUS U
obOeccomuBaHusl TPECHBIX BOA. JIJIsS ONpEecCHEHWs METOJ TNPUMEHUM B OCHOBHOM IS
UCIIONIb30BAaHUsI  COJIOHOBATBIX BOJ C  coyecoaepkaHueMm 2-3 /1. YBenudeHue
COJICCOJICP)KAHUS TMOHIKAET YKOHOMHUYHOCTH JAHHOTO METO/A, XOTS CYIIECTBYIOT CXEMBI
JIENA0IINe er0 KOHKYPEHTHOCTIOCOOHBIM C IPYTHMMH METOJaMH MpH 00€CCOTUBAHUU BOJIBI C
P=8-10r/n.

Meton ymsirdeHuss ¥ OOECCOJMMBAaHUS BOJAbl OCHOBAH Ha NPUMEHEHHU
CIIELUAJIBHO U3TOTOBIICHHBIX 36PHUCTBIX MAaTEpUAIIOB — KATAOHUTOB U AHUOHUTOB.

KaTnoHuTbl - mNpakTUYECKM HEPACTBOPUMBIE B BOAE MaTepHUalbl,
NpEeACTaBIAIONIME COOOM CONMM WJIM KHUCIOTBI C HEPAaCTBOPUMBIM TBEPJBIM
aHUOHOM; KaTHOH >K€ JOJIKEH BCTYNaTh B ONPEJEICHHBIX YCIOBUIX B OOMEHHYIO
pEaKUUI0 ¢ KAaTHOHAMH PacTBOpa, B KOTOPOM HaXOJAWUTCS KaTUOHUT. B pesynprare
TOM pEaKUUu KAaTHOHUT COpPOMpPYET M3 pacTBOpa KAaTHOHBI, 3aMEHsAs UX Ha
DKBUBAJICHTHOE KOJIMYECTBO KATHOHOB KOTOPBIMU KAaTHOHUT IPEABAPUTEIBLHO
3apsKEH.



AHMOHMTBI — TIPEJICTABIIAIOT COOOW OCHOBAHWS WU COJH C TBEPIBIM
HEpPaCTBOPHMMBIM KATHOHOM. AHHMOHBI AHHMOHHUTA CIIOCOOHBI OOMEHMBATHCS Ha
aHUOHBI PACTBOpA, 3aMellass MX HSKBUBAICHTHBIM KOJWYECTBOM AaHUOHOB,
KOTOPBIMH aHUOHUT OBLI MPEBAPUTEIIBHO 3apsiKEH.

KaTHOHMTBI ¥ aHUOHUTBHI XapaKTEPU3YIOTCS PAIOM IOKa3zaTelerd HX
CBOMCTB, BaXHBIX JJIsl KCIIOJIb30BAHUS B TEXHOJOTMYECKOM IIPOIECCE YMATUCHUS U
obeccoiauBaHus BOAbl. BakHEHIIIMM CBOMCTBOM HOHHMTA SIBJISIETCS €ro IIOJIHAS
OoOMEHHasI CIIOCOOHOCTh, KOTOpPasi COOTBETCTBYET KOJMYECTBY AKTHUBHBIX TPYIII
MOHUTA B e€IuHMIIE ero Beca uiM oObema. I[lomHasgs oOmeHHas CIOCOOHOCTH
XapakTepu3yeT MNOTCHIMAIbHYI0 CHOCOOHOCTh JAHHOTO HMOHUTAa K HMOHHOMY
oOMeHYy.

K 4mciay BaXHBIX NOKasaTened, XapaKTEpU3YIOLIMX CBOWCTBA HOHHTOB,
OTHOCSITCSl TAKXKE TPaHyJIOMETPUUECKUN cOCTaB, KOAPHUIIMEHT HEOTHOPOTHOCTH,
HachITHOM (0OBEMHBIM) BEC BO3AYIIHOCYXOTO M pa30yxXIIero B BOJIC HMOHUTA,
00bEM MEX3EpPHOBOI'O IPOCTPAHCTBA, MEXaHWYECKass U TEPMHUUYECKas CTOMKOCTD,
TUJPABIMYECKUE CBOMCTBA MOHUTA.

8. O0BeKTHI U CpecTBA HCCIe0BAHUS

JlaboparopHas padoTa «OO01111e UCTIBITAaHUSI HIOHUTOBY» COCTOUT U3 YEThIPEX
yacTeu:

a. 3¢pHEHHME TOBAPHOTO MOHUTA,;

0. coziepKaHue BJIard B HOHUTE;

B. HACBHIMTHAsl Macca UOHUTA,

r.Macca HaOyXIIIero HOHUTA.

OOBEKTOM UCCIIEIOBAHUS SIBIISIETCS] CHIIBHOKUCIOTHBIN KaTHOHUT KVY-2-8 u
CHWJIbHOOCHOBHOM aHHOHUT AB-17-6. Omnpenenenus mpousBOASITCs B JabopaTopuu
ouncTKH BOjbl. JlaboparopHas paboTa pacuuTaHa Ha MPOJOJDKUTEIHLHOCTD
UCCIIEIOBAHUS CTYJAECHTAMH B TEUYEHHUE IIECTH akKaJeMUyecKux dacoB. CpeacTBa
UCCIIEIOBAaHUs IPUBEAEHBI B pa3ene 4.

9. MoaroTroBka K padoTe U mMporpamMma padoT

[lepen BbIMOTHEHHEM JIaOOpAaTOPHOW pabOTHI CTYAEHTHI pa30MBAIOTCS Ha JBE MOATPYIIIbI:
nepBasi MOATPYIIA BEITIONHIET OmpeeieHns ¢ katnonutom KY-2-8, Bropas- ¢ aHHOHHTOM

AB-17-6.

A. 3epHeHHe TOBAPHOI'0O HOHUTA.



Llenpto paboOTHl  SIBISCTCS IPOBEAEHUE TPAHYIOMETPHUECKOTO aHalu3a 3epHUCTBIX

MaTepHaJoB Ha MPEAMET UX MPUTOIHOCTHU JIJIS 3arpy3KH HOHOOOMEHHBIX (HIBTPOB.

[Tpubops! u 060pyaOBaHKE

OuibTpyromuil MaTepuan (KaTHOHUT U AaHUOHUT).
Becsl TexHu4eckue ¢ pasHOBECaAMH.

Habop cut kanmu6pom ot 0,16 10 2 MM.

BIOKCBI MM CTEKJISIHHBIE YalIKH.

No ok

MeTto1uKa BBIIOJHEHUS paOOTHI

W3 wuccnenyemoil mapTtuum TOBapHOro uoHuta OepyT HaBecky 100 © M B3BEIIMBAIOT Ha
TEXHHYECKUX BecaxX ¢ TOYHOCTHIO 70 0:1 T. 3aTeM BBICHIMAIOT M PAacCEUBAIOT B HAOOPE CHT.

OcTtaTku Ha cuTax B3BEUIMBAIOT. Pe3ynbpTaThl 3aHOCAT B Tabuuiy 1

Tabu. 1
Ne Kanu6p OcraTok Ha [Ipouwno uepes
Ne cHrTa, cure CHUTO
n/ MM r % r %

OHpCIleJ'IHeTCH IMPOLCHTHOC COACPIKAaHUC (bpaKI_[I/Iﬁ B TCXHUYCCKOM IIPOAYKTC, paBHOC MaCCC

3TUX (Ppakiuii B rpaMmax.

Ilo pe3yibTaTaM CHUTOBOTO aHaJIM3a CTPOUTCIA rpa(pm( CUTOBOI'O aHaJIM3a B KOOpJAWHATAX:

KaJ'II/I6p CUTa — MPOUCHT MOHUTA, TPOMICAIICTO YCPE3 NaHHOC CUTO. Ilo rpa(bmcy ONPCACIIAOT:



dio, dso, dsp . Ha ocHOBaHWHU SKCIIEPUMEHTATIBHBIX JAHHBIX PACUYUTHIBAIOT KOI(DOHUIIHEHT

HEOHOPOAHOCTH Kj; M SKBUBAICHTHBIN THAMETP UOHHUTA Uy,

Ky = dgo/dio; Qs = 100 °
ml mZ m3 i
A AR AT S B
d d, d, d

b. Conepxanue Bj1aru B HOHUTE

[Tpubops! u 060pyaOBaHKE

1.Becbl TexHUYECKUE C PA3HOBECAMH.
2.Brokchl 1715 B3BEIIMBaHUS.
3.Dkcukarop.

4.CymunbHbIN mKad.

MeToauKa BBIITOJIHEHUS pa6OTLI.

OTBemuBaloT 3 T TOBAPHOI'O MPOJYKTa HOHUTA C TOYHOCTHIO 10 0,01 r B Or0Kcax ¢ mpuTepTon
KPBILIKOIA, BBICYIIMBAIOT 0 TIOCTOSHHOTO Beca mpH Temmepatype 100%c i mocie oxmaxaenns

B DKCUKATOPC B3BCHINBAIOT.

Copneprxanue Biaru X B % onpezensiercs o Gopmyie

X, = M.loo 0%

B. HacoimHast Macca HOHHUTA



[TpuGops! 1 060pyHOBaHME:
1.Bechl TexHUYECKHE C Pa3HOBECAMHM.
2.Mepubiit nunuaap Ha 100 mi.

3.Curo ¢ otBepctusimu 0,25 Mm.

MeTtoiuKa BBIIOJHEHUS paOOTHI

OteemnBaroT 50 T MoHMUTA ¢ TOYHOCTHIO 110 0,1 T, IpenaBapUTENBbHO OTCESB MEJIOYb Yepes3

cuto ¢ otBepcTusiMu 0,25 mm.

Boicpimaior HaBecKy B CyXOHM MeEpHbIM wMIuMHAP eMKocThio 100 Mi, BCTpAXUBAIOT,
MOCTYKMBasl O JIEPEBSIHHBIA Kpail cTola 1O MPEeKpalleHUs U3MEHEHHs] 00beMa U 3aMeEpSIOT

00BEM MOHUTA.

Haceinnas Macca nonuTa onpeaensercs no popmyie

G, = m/V]_ )
re
G,,— HachIITHAs Macca HOHHTA;
V1 — 00beM HABECKHU B MII;

M — macca nonura pasHas 50 T.



I'. Macca Ha0yx1iero HOHUTA, 3aHUMAKOIIEro o0bem 1 M

[Tpubops! u 06opynoBanue:
1.Bechl TeXHUYECKHE C PA3HOBECAMH.
2.Mepuslii unHAp Ha 250 M.
3.Cuto ¢ orBepcTusimu 0,25 mm.
4.Crakan xumudeckuit Ha 500 mur.
PeakTuBsl .

1. IuctuniupoBaHHas BOJa.

2.Kapoonar narpus (10% pacteop NayCOg3)

MeTtoiuKa BBIIOJHEHUS paOOThI

IlepBasi moarpynna. Beicbinator 50 r. KATHOHUTA TOHKOW CTPYWKOW B MEpPHBIM LWJIMHIpP Ha

250 mu, B KOTOpBIM MpeABapUTENbHO HAIMBAKOT 25 MIJI JTUCTWILIATA, 3alOJIHSAIOT LHUIUHAP
BOJIOM M ocTaBisitOT Ha 24 yaca. [lepen 3amepoM IWIMHJIpP MEPEBOPAYMBAIOT BBEPX THOM U
o0paTHO U cTaBAT Ha cToj. llepBbIil 3amep MpPOU3BOAAT uepe3 5 MHUH. 3aTeM IOCTYKHUBast
JHOM LMJIMHApPA MO KPBIIIKE CTOJa A0 MpEeKpalleHUs U3MEHEHUs oObeMma JeNaloT BTOPOH

3amep.

O0beM, 3aHIMaeMblii HOHUTOM B Bojie V2 omnpeersieTcs Kak

V2 = (Vi + V)2,
Trae

V' u V,'— 00beM HabyXIIero HOHUTA B IEPBOM U BO BTOPOM 3aMepax.



Macca HaGyxurero nonuta GB, 3aHuMaromIas o0beM 1 M°, ompesensercs Kak
Ges=m/ V2,
rne
m — macca HaBeckH 50 T.

Bropasi moarpynmna. Ilopsiiok pa®oTbl BTOpOW MOATPYNIIBI TaKOW K€ Kak W INEpPBOH, HO

BMECTO JUCTHILIMPOBaHHOM BoAbl obaBnsercsa 10% pactBop NapCOs , KOTOpBIN HANKUBAIOT B
crakaH emkocThio 500 M u 3anuBaroT 3atem 300 ma 10% pactBopa Na,COs. Uepes 24 gaca
po0y OTMBIBAIOT AUCTUJUIMPOBAHHOW BOJOW /10 OTPULATENIBHOM pEeakIUM Ha LIeI0Yb I10
denondranenny. 3aremMm npoOy MEPEHOCAT B MEPHBIH HWIMHAP U METOINYECKH MTPOAEIIBIBAIOT

TO %€, YTO U MepBas MOArpyIia.

5. BuIBoabI

[To pesynbraram onbiToB U JaHHBIX [[OCToB Ha MOHOOOMEHHBIE MaTepUabl ONPEIEsIeTCs
UX COOTBETCTBUE U NPUTOJHOCTh JaHHBIX 3EPHUCTBIX MaTepuajoB sl paboOThl B

MOHOOOMEHHBIX (QUIbTpaxX.
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OIIpC}]CJIeHI/Ie 0CAKIAACMOCTH B3BECH HAa TOPCHUOHHBIX BE€Cax

Cooeporcanue

[enp u 3a7aun paboThI

OcHOBBI TEOpUU

OOBEKTHI U CPEACTBA UCCIIEIOBAHUS
[ToaroToBka k padote U mporpamma padoThl
5. BeIBOAEL.

[Ipunoxenue.

1.esn u 3agaun padoThI

OcCHOBHOI 11€IBI0  JTAOOPATOPHOW pabOTHl SABISIETCS H3Y4YEHUE
OCaX/1a€MOCTH B3BECH Ha TOPCUOHHBIX BECAX, OMPEAECICHUE THAPABINIECKON
KPYITHOCTH B3BECH MCXOJHOW BOJIBI, €€ MPOIEHTHOE coepx aHue Ppakiuil u
Ha OCHOBaHUU OTUX JAHHBIX OMNPEIETUTh TapaMeTphl HATypaJIbHOTO
OTCTOMHUKA.

2. OcHOBBI TEOPUH

OcHOBHasi Macca B3BEUICHHBIX B BOJIE BEIIECTB M CKOAryJMPOBAHHBIX
XJIONIBEB yAQISETCS UX OTCTauBaHUuEM. OCaXJI€HUE B3BECU MPOUCXOJUT MO
nercTBUeM CHIT TsokecTH. CKOPOCTh OCaKJIEHHUS YacTHI] 3aBUCUT OT (hOPMBI,
pa3Mepa U pa3HOCTH INIOTHOCTEW YaCTUIL U BOIBI.

B3BelieHHbIe BEMIECTBA MPUPOJIHBIX BOJ U CKOAryJIMPOBAHHBIC XJIOMbS
COCTOSAAIT M3 YAaCTUI HEOAWHAKOBOIO pa3Mepa M IUIOTHOCTH. [loatomy
XapakTep MNpolecca OCAXKIACHHUS OINpenensercss OnbITHbIM myTeMm. [lo
pe3yapTartaM OIBITOB CTPOAT KPUBYHO OCAXIACHUS B3BECU, C MOMOIIBIO
KOTOPOM OIPENENSAETCSA PACUETHASA CKOPOCTh BBINAJCHUS B3BECH.

JlaHHbBIE IS IOCTPOEHUSI KPUBOM OCAXKIAEMOCTH B3BECH OIPEIECIISIOT
C TIOMOIIBKD TOPCHOHHBIX BECOB. J[d 3TOro B HCCIEAYEMYIO BOIY,
COoAEpKallyl0 B3BECh, MOMEMIAIOT B CTCKISAHHBIA LUIMHIAP €MKOCTBhIO 1 I,
YCTAHABJIMBAEMBIN O] KOPOMBICIIOM TOPCUOHHBIX BECOB. 3aT€M B LWJIUHAP
Ha OIIPENEJIEHHYK) BBICOTY OITYCKarOT Yall€uKy, MOABEIICHHY HAa HUTU K
KOPOMBICITY BECOB U BKJIFOUAKOT CEKYHIOMED.



Yepes onpenesieHHblE MPOMEXYTKH BpeMEHHU(IIEpBOE BpeMs yepe3 3-5
MUH, a 3areM uepe3 10-15 MuH) 3anmuchiBalOT mokaszaHus BecoB. Korma
IpUpalleHue Beca OCajJiKa B YalllKe COCTABUT MeHee | JeJeHus IIKalbl,
OMBITHl TMPEKPAIAIOT, YalllKy C OCaJAKOM H3BJIEKAIOT, OCAJ0K OTMBIBAIOT
JUCTUJUNIMPOBAHHOW BOJOW, (UIBTPYIOT depe3 3apaHee B3BELICHHBIM
0€330JIbHBIN (QUIBTP, CYIIAT 10 TTOCTOSHHOTO Beca W B3BemMBaloT. CTposiT
rpaduK OCakJIeHUs B3BECHU IO BPEMEHH.

Mpadnk ocaxxneHus B3Becu

100
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Bpems ocaxaeHusi, MUH

KonuuyecTBO BbinaBLien
B3BecHu, %
\
\

Puc. 1

['padux ocaxnenus B3Becu mnokazaH Ha Puc. 1. Kpyrtoii ydactok
XapaKTepu3yeT OCakJeHUe OoJiee KPYIMHBIX YacTHUI[ B3BECH C OOJIbIleH
CKOPOCTBIO, TIOJIOTHI - 0oJiee OAHOPOJHBIX YACTHI] C MEHBIIIEH CKOPOCTHIO.
Jl1st B3BECH OJIMHAKOBOW KPYITHOCTH KpUBasi 00paIiaercs B NpsIMYIO JTUHUIO.
OOmast Macca OceBIlIel B3BECH OMNMPEACINSETCS BBICOTOM MEPIEHIUKYISIPA,
ONYIIEHHOIO HAa OCb BPEMEHH.

Jlns ompeneneHuss MacChl OCEBIIMX XJIONMBEB 3a BpeMs t mpoBoadaT
KacaTeJIbHbIE K COOTBETCTBYIOLIEH TOUKE t KpUBOW O MEPECEUECHUS C OCHIO
OpJIMHAT.

Bpemsi BbImazeHuss B3BeCcH ! 3aBHCHT OT BBICOTHI CJIOS BOJBI N B
nwmHApe. YacTHOE OT [EJIEHUsT BBICOTBI HAa BpPEMS  XapaKTEpU3YET
"MpoLeHTHBIE"  CKOPOCTH BBINAACHUS B3BECH U WIM THUAPABIAYECKYIO
KPYITHOCTb.

['mpopaBinueckass KpynmHOCTb — CKOPOCTb OCAXJICHHSI B3BECH B BOJIE
mpu t = 20°C, mm/c.

t — BpeMs OTCTauBaHuUs, CEK.

TPOST KPUB JTAEMOCTH B3BECHU B JIUHATax "BbIIaJICHIUE B3BECH B

Crposr k O OCAXKIaeMOC 3BEC KOO arax " aJicHUE B3BEC
MPOIICHTAX OT €€ COJACPKAHUS B BOJIE - CKOPOCTh OCAK/ICHHUS B3BECH B MM/CEK".



10.OkcnepuMeHTaNIbHAs yCTaHOBKAa. B coctaB ycTaHOBKH BXOIAT
TOPCUOHHBIE BEChl, CTEKJISHHBIM MEpHBIM LMIUHAP eMKocThio 500 M,
CEKYHJIOMEP U py4Has MELIaJIKa.

11.Xox pabotbl. Brauane B JIUCTWIIMPOBAHHOW BOJAE, TeMIepaTypa
KOTOPOW COOTBETCTBYET TEMIIEPATYPE UCXOAHOM BOJIBI, ONPEAEISAIOT MACCy YaIKU
BECOB, Ul YEro IMOJ KOPOMBICIOM BECOB YCTAHABIMBAETCSA LMWJIMHAP C HAJTUTOU
BOJOM. B muMmmHAp OmMycKarT 4YallKy BECOB M B3BEIIMBAIOT. 3aTEM HAJIMBAIOT
UCCIIENYEMYIO BOAY U MEPEMENINBAIOT MEIIAIKOM.

3aTeM OCTOPOKHO MOIrPYXalT B LUWIMHAP YallKy BECOB M BKIIOYAIOT
cekyHsioMep. Yepes onpeiesieHHbIe MPOMEXYTKA BPEMEHHU 3alIMChIBAIOT B TAOJIUILY
noka3aHus BecoB. Korma nmpakTiuecku Best B3BECh B CJIOE€ BOJBI N OCsIeT, 3aMephI
3akaHuMBalOT. OCaZOK MEPEHOCAT B OIOKC, BBHICYIIUMBAIOT B CYIIMJIBHOM IIKay U
B3BEUIMBAIOT. Maccy ocajka BBIYHMCIAT I BCEX MPOBEACHHBIX OTCYETOB U
3aHOCSIT B TaOJMILY.
[IpouenTHOE BhINaieHue B3Becu P ompexnensercs no gopmyie

(Mt — Mo)

— 0
P=K 100% e
M- KoHIIeHTpaIus B3BECH B UCXOHOU BOJIE, I/J;

Mt u Mo - oTcuetsl o Becam uepe3 t BpeMeHu;
Fu-Huo
Fa-Hu

Hu - cioit BoIbI B IMJIMHAPE HAJT YAIICYKOH, CM;
Fu — miomiaap Jamieuku, cM”,

Hi1 - BeICOTa CI10S1 BOJBI B ITUJIMHIPE, CM;

Fii — mmomans muuHapa, oM

K - koaddunment, paBubiii K =

[To pe3ynbpTaraM OMBITOB OMPEAEISAIOT MPOLEHTHYIO CKOPOCTH BBIMIAICHHUS
B3BeCH (TUAPABIUYECKYIO KPYITHOCTH) U U CTPOSAT KPUBYIO BBITIAJICHUS B3BECH TPU
BBICOTE CTO0JI0a BOJIBI N.

3aiaBasch MpPEACIbHBIM COJIEPKAHUEM B3BECH B OTCTOCHHOW Boje M, (mis
HEKOaryJIMpOBaHHOW B3BECH OSTa BETMYMHA MOXeT ObITh B mpenemax 100-200
MI/T), ONpeaesitoT  TpedyeMbld 3P(HEKT OUUCTKH I

2=(M-M,)100/M
U peanbHBIC MapaMeTphl OTCTOMHWKA, MPUHUMAs BBICOTY 30HBI OCAKICHUS
h, =2,5-3 M, rOpHU30HTAIBHYIO CKOPOCTH JABIXEHHs Boabl V= 10 mm/c. s aTOrO
C TOMOUIbIO KpHUBOM BBINAJACHUS B3BECH HAXOAUTCA MPOJOJLKUTEIBHOCTD
ocaxxieHus t, a 3aTeM onpesensieTcs pacdeTHas MPOJA0JKUTENBHOCTh TPEObIBAHUS
BOJIbI B OTCTOMHUKE U3 COOTHOIICHHUS

t,/t=h,/h,
rue
t, u h, -cooTBEeTCTBEHHO pacyeTHas BEICOTA 30HBI OCAXKICHHUSA U ITIPOJIOIIKHU-
TEJIbHOCTh NPEObIBAaHUS BOABI B IPOEKTUPYEMOM OTCTOMHHUKE.



I/ICXOI[H M3 IIOJIYUYCHHBIX IaHHBIX U FOpHSOHTaHBHOﬁ CKOPOCTH IOBUIKCHUSA
BOJIbI V, OTIpeIeNstoT JJIMHY OTCTOMHMKA L, paBHYIO
L=h,V,/u,
npeamoiarasa, 4YTro TpPaCcKTOpHUA ABHMIKXCHUA YaCTHIbI B3BECHU C 3aJIaHHOM

TUAPABIMYECKON KPYMHOCTBIO JOJDKHA 00s3aTeNIbHO IIepeceKaThCs C  JIHOM
OTCTOMNHHKA.
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