JIaHHBIN (a1 NpeaCTaBIECH HCKIIOUYUTEIBHO B
O3HAKOMHTEJIbHBIX LICTISIX.

YBa)xaeMbIM YATATEJIb!

Eciin BBl CKONUPYETE AAHHBIM (hakil,

Bbl 1OJIKHBI HE3AMEUIMTEIBHO YAAJIUTh €r0
Cpa3sy I0CJIE 0O3HAKOMJICHHUS C COAECPKAHHUEM.
Konupys u coxpanss ero Bel npyHUMaeTe Ha ce0s
BCIO OTBETCTBEHHOCTb, COIIACHO ACMCTBYIOLIEMY
MEXIYHAPOJHOMY 3aKOHOJATEJILCTRY .

Bce aBTOpCKME npaBa Ha JaHHbIM (anil
COXPaHSIOTCS 32 MPaBOO0JIaIATEIIEM.

JIt000€ KOMMEPUYECKOE U MHOE MCII0JIb30BAHUE
KpOME NMPEABAPUTEIILHOTO O3HAKOMJICHHUS
3aIPELIEHO.

[TyOnukauus JaHHOTO JOKYMEHTA HE MPECIeayeT
HUKAKOM KOMMEPYECKOU BbIroAbl. HO Takue
OOKYMEHTBI CITIOCOOCTBYIOT OBICTPEHILIEMY
npodeCCUOHATILHOMY U IYXOBHOMY POCTY
YMTATEJIEH U SBJISIFOTCS PEKJIAMON OyMaKHbIX
M3JAHUN TAKUX JTOKYMEHTOB.
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BBenenue

OIHUM K3 BOXHEUIIMX XUMHUYECKUX COCIVMHEHUN U1 4YeJIOBEYECTBA
sBiseTcs Boja. Bona, 3anumas moutu 75 % NMOBEPXHOCTH 3€MIIH, SIBISETCS
CaMbIM OOWJIBHBIM M IIEHHBIM pecypcoM. MHUpOBBIE 3amachkl BOJIbI OTPOMHBI
— okomo 1389 muH. kM. Ecin pacnpenenuTh UX MOPOBHY, TO Ha KaXIOTO
JKUTEJIS TIaHEThl PUILIOoCh Obl 110 280 Mupa. autpoB. OaHako 97 % Boj-
HBIX PECYpPCOB MPUXOJUTCS HA MO0 OKEAHOB U MOPEH, B KOTOPHIX BOAA
ciauikom cotieHast. OcraBuumecs: 3% — npecHbie BoJbl. Bosia cocTaBisier oT
50-97 % Beca Bcex pacTeHM W KUBOTHBIX U Okoyio 70 % Beca yenoBe-
yeckoro Tena. Bce XumMuueckue peakiiui B OpraHu3Me MPOTEeKaIOT TOJIbKO B
BOJIHOM cpeJie.

N3 Bcel mpecHOW BOJABI YEJIOBEYECTBO MOXKET HCIOJIB30BATH JIUIIb
0,003%, Tak kKak OHa MO0 CHJIBHO 3arps3HEeHa, MO0 3ajeraeT Ha OOJIBIINX
MIyOHMHAX W €€ HEJb3sl U3BJIeUb MO0 MPUEMIIEMBIM II€HaM, JTM00 COACPKUTCS
B aiicOeprax, MOJSIPHBIX JIbJIaX, B aTMOCc(epe U B TOYBE.

Bona Haxonutcest B mOCTOSSHHOM KpyroBopote (puc.l). DTOT ecTecTBeH-
HBIN MPOIECC PEHUPKYIISIUNA TPOUCXOIUT 10 TE€X IMOp, MOKa MOTpedIeHre
BOJIbl HE CTAHOBUTCSI MHTCHCUBHEE, Y€M BOCIOJIHSIOTCS €€ 3amachl U IoKa
HE IIPEBBIIIIEH 00bEM OTXOJI0B, ACIAIONINN BOTy HENPUToaHOU. CyIlIecTByeT
JIBa UICTOYHHUKA MTPECHOM BOJIbI: IOBEPXHOCTHBIE BOJIbI M TPYHTOBBIE BOJIBI.
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Puc. 1. KpyroBopot Boas! B Onocepe

KpI/ITepI/ISIMI/I HCIIOJIB30BAHUA BOABLI CIIYIKAT ITOKA3aTCIIN Bon03a60pa 141
BO,Z[OHOTpe6JI€HI/IH. [Toutn TPpHU YCTBCPTU ,Z[O6I>IB21€MOI>1 B MHUPC BOAbLI UACT
Ha OpOHICHUC, OCTAJIbHAA BOAA UCIIOJBb3YCTCA B IIPOMBINIJICHHOCTU U KOM-




MYHQJIBHOM XO3STUCTBE, IS OXJIAXKICHHS 000pYIOBaHMS HA AJIEKTPOCTAH-
UUAX U T.1.

Ha BeIpamuBanue oHOM TOHHBI MeHUIbI HeoOxoauMo 1500 TOHH BOIBI,
0JIHOM TOHHBI puca — 6osiee 7000 ToHH, ogHOM TOHHBI XJonka — 10000 TOHH.
OrpomMHO€ KOJIMYECTBO BOABI TpeOyeTCs JUIsl MPOU3BOJICTBA MPOJAOBOILCTBUSA
Y Pa3JIUYHON MPOMBIIUIEHHOW npoAykKuuu. [Ipexae yuem B MarasmHe NOSIBUT-
csl TUTpoBasi 6aHKa KOHCEPBOB U3 (PYKTOB WIIHM OBOIIEH, HA Hee OyIeT ucrpa-
yeHo 40 nutpoB Boabl. sl mpoU3BOJICTBA CYTOYHOW HOPMBI IMHUILEBBIX MPO-
yKTOB Ha OJIHOTO YeJI0BEKA TPeOYETCs OKOJIO 6 M° BOJIBI.

PaznuyaioT nNpUpoOAHYI0, CTOYHYI) U J€HATYPHPOBAHHYIO BOJY.
IIpupoanasi Boxa — 3T0O BOJia, KOTOpasi KAYECTBEHHO M KOJWYECTBEHHO (op-
MUPYETCS MOJI BIUSHUEM €CTECTBEHHBIX MPOIECCOB MPU OTCYTCTBUU AHTPO-
MOT€HHOTO BO3/ICHCTBUS U Ka4e€CTBEHHBIEC MTOKA3aTeIU KOTOPOH HAXOATCA Ha
€CTECTBEHHOM CpeJIHeMHOrojeTHEM ypoBHe. CTOYHAsi Boga — 3TO BOJIa,
ObIBIIIAsi B OBITOBOM, MPOU3BOJICTBEHHOM WJIU CEIbCKOXO3SIIICTBEHHOM YMOT-
pebiieHnn, a TakyKe MpOoLIeAIIasl yepe3 KaKyr-11u00 3arpsi3HEHHYIO0 TePPUTO-
pHIO, B TOM YHUCJIE€ HACEJIEHHOro IyHKTa. [IpuponHas Boga, noasepraemas aH-
TPONOT€HHOMY 3arpsi3HEHHIO, HalpUMeEp, MyTEM CMEIIMBAaHHS CO CTOYHOMU
BOJIOM, Ha3bIBACTCS ACHATYPUPOBAHHON WA IPUPOIHO-AHTPOIIOTEHHOM.

UenoBek MOXET CyIIECTBOBATH 0€3 MUIIM HECKOJIbKO HEelb, a 0€3 BO-
Jbl JIMIb HECKOJIbKO AHEH. OT MOCTYIUICHHs BOJABI B dKUBOW OpPraHU3M 3aBHU-
CUT TepeBapUBaHUEC MHINH, LUPKYJSIIUS KPOBH, YJaJCHUE PaCIaJarolIuXcs
KJIETOK, PEryjsius KUCIOTHO-OCHOBHOTO OajaHca v Temriieparypa Tena. He-
CMOTpSl Ha aKTUBHOE Y4YacTHe B IIpoiieccax oOMeHa BOJja MHEpTHA B (HU3UO0JIO-
TUYECKOM OTHOIIEHUHU. Bojia yuacTByeT B Takux mpolieccax, Kak mepecTpoi-
Ka MOJIEKYJ] U MOHOB, 0Opa30BaHUE CJIOKHBIX OPTraHUYECKUX MOJICKYJI, BbI-
MOJIHSIOIMNX OMOXUMHUYECKHE (PYHKIIMH, TUCCOLMAIUS MOJEKYJ, THIPOJIN3
COEAMHEHU, OKUCIUTEIbHO-BOCCTAHOBUTEIIbHBIE PEAKIIUU U T.1.

JIJ1s1 MHKEHEPOB-CTPOUTENEN MPEACTABIAIOT UHTEPEC CBOMCTBA KUAKON
BOJbI U JIbJa U OCOOCHHOCTU UX BHYTPEHHETO CTPOEHHUs, (POPMBI CBSI3aHHOU
BOJbI, 00pa30BaHNE KPUCTAILUIOTHAPATOB M THAPOTENEH, COCTABISIOMIUX OC-
HOBY IIPU TBEPACHUU BSLKYILIUX MAaTEPUAIIOB.

B coBpeMEHHOM CTPOUTENBCTBE IIUPOKO MPUMEHSIIOTCS PA3JIMYHbIE BSI-
KyIIUe MaTepualibl (LIEMEHT, TUIIC, U3BECTh U JIp.). Bsokyiine HeoOX0IuMbl
JUTSI U3TOTOBJICHHSI O€TOHA, CTPOUTEIBHBIX JETalled M KOHCTPYKIIUM, CKpPETI-
JIEHUS OTIEIBHBIX JJIEMEHTOB COOPYKECHHM, KaMHeU, Kkupnnyen. CTpOUTeEIb-
HbIE PacTBOPHI TOTOBSIT CMEIIMBAsi C BOJAOW BSDKYIIUME MAaTepHUAIIbl, IJIACTUY-
HOCTh PacTBOPOB KOTOPBIX OOECIEUMBACT WX MPUMEHEHUE IJIsi Pa3TUYHBIX
CTpOUTENBHBIX paboT. IlnacTuunas Macca co BpeMEHEM 3arycTeBaeT U Ipe-
Bpalaercs B TBepA0e KamMHeBUAHOE Teno. [Ipu 3aMmemmBaHuy MOPOIIKOBOTO
runca (CaSO,  0,5H,0) nonyyarot TecTo, 3aTBEpEBaOIIee 3a CUET MPUCOe-
JMHEHUS BOJbI U 00pa30BaHMsl IBYXBOJHOTO TUIICA:

2 (CaSO, 0,5H,0) + 3 H,0) = 2 (CaSO, 2 H,0)



OTOT HMPOLECC HCIOIB3YETCS I MOJYy4YEHUS IMEPEropOJOYHBIX ILIUT,
IIAHEJIEH, CJIENKOB C pa3IMYHBIX IPEAMETOB W IIOJYYEHHsS H3BECTKOBO-
TUIICOBBIX PAcCTBOPOB ISl IITYKaTypHbIX paboT. M3BECTKOBBIA pacTBOp —
CMEChH TAIlIEHOW M3BECTH C IECKOM M BOJOW, TAK)KE HCIOJIb3YIOT B Ka4e€CTBE
BSDKYyILEro marepuaia. Ho B oTiimune OT rurca oH 3aTBEPAEBAET B PE3YJIbTATE
OTILEIJICHUS BOJbI U 00pa30BaHUs KPUCTANIMYECKOT0 KapOoHaTa KaablUs 110
cXeMe:

Ca(OH), + CO, = CaCO; + H,0

CnoxHbIE MPOLECCH TUAPATALMU U MOJUKOHACHCAMA COCTABHBIX Yac-
TEH LIEMEHTHOI'0 KJIMHKEpa IPOUCXOIAT TOJBKO IIPU €ro CMELIMBAHUU C BO-
JI0W U CHOCOOCTBYIOT OCTENIEHHOMY 3aTBEP/EBAHUIO U 00pPa30BaHUIO BBICO-
KOMOJIEKYJISIPHBIX CHJIMKATOB U aJJFOMUHATOB KaJIbLIHS.

Hanprmep, oqHOKaIbIMEBBIN ATIOMUHAT CHAYaIa THIPATUPYETCH:

CaO'A1,0; + 10H,0 = CaO'A1,0510H,0
OO0pazoBaBUINIiCS THAPOATIOMUHAT KaJbLUs MEPEXOAUT B OOJee yCTOM-

YUBBIN KpI/ICTaJ'IJ'II/I‘IeCKI/Iﬁ I[ByXKaHBHHGBBIﬁ ruapoajroMuHaT € BBIACICHHEM
THUAPOKCHU A A TFOMUHUA!

2 (CaO'A1,0y10H,0) + H,0 = 2 CaO'A1,058H,0 + 2 A1(OH);
HpO‘{HOCTI) LHCMCHTHOI'O KaMH HapacCTacT C 60HBIHOﬁ CKOPOCTBIO.

1. CBoiicTBa BOABI

1.1. CocTaB BOABI U ee CTPOEHHE

H,0 (okcua Bomopoaa) — yCTOMYMBOE COEAMHEHUE, C MAacCOBOM J0Jei
Bojiopoaa 11,10 % wu xucinoponga — 88,91 %. M3BectHO 110 36 pa3HOBUIHO-
CTEH MOJIEKYJ BOJbl, COCTOSAIIMX M3 COYETAHUN M30TOIOB BOAOPOAA (IPOTHUS
- 'H; JNEUTEpUs — D u TPUTUA — 31T) Y KUCJIOpOJa C MAaCCOBBIMHU YUCIIAMU
ot 14 no 19. Ha nonto ctabminbHOro nzorona H,O (rae kuciaoposa ¢ MacCOBbIM
yucioM 16) npuxoaurcs 99,73 % oT Maccsl BOABI.

Tsxenas Boga D,O nomydaercst B pe3ynbTaTe MHOIOKPATHOTO 3JIEKTPO-
JIU3a OOBIYHOU BOJBI M OTJIMYAETCS IO CBOMCTBAM OT OOBIYHOI BOJEI.

Tabnuya 1
CBoliCcTBa OOBIYHOM U TSXKEJION BOJIBI

CBoiicTBa BOJBI H,O D,O
Mognsipaas Macca BOJibl, I/MOJIb 18 20
Temmneparypa 3amep3anus, “C 0 3,8
Temneparypa kunenus, °C 100 101,4
Inoruocts mpu 20 °C, r/cm’ 0,9982 1,150
TemmnepaTypa MakCHMaJIbHOM mioTHOCTH, “C 4 11,6




Peakuuu ¢ Tsoxenon BOOON NPOUCXOAST 3HAYUTEIBLHO MEIJICHHEE, YEM C
oObryHOM BoaoM. Tsokemas BojJa OKa3bIBAET CHJIBHOE OHOJIOTHYECKOE
BO3JCHCTBME Ha JKUBBIE OPraHU3Mbl M HENPUTOJHA IS S>KU3HEHHBIX
MPOIIECCOB, TaK Kak Oosiee mpouHbie cBsizu O — J| U3MEHSIIOT CKOPOCTH
OMOJIOTMYECKUX TMPOIECCOB M TMPHUBOJAT K CMEIICHUIO PABHOBECHUS] ITUX
npol{EaEaBIYIO BOAY IPUMEHSIOT B KAU€CTBE 3aMEJIMTENSI HEUTPOHOB B SJIEP-
HBIX PEAKTOpax, a TAKKe KaKk UICTOYHUK JEUTPOHOB " nns AJIEPHBIX U TEPMO-
ANEPHBIX PpEaKUUi, [J9 TMOJYYEHUS] MCKYCCTBEHHBIX PaJAMOAKTUBHBIX
M30TOMNOB, UCIOJb3yEMbIX MPU UCCIECIOBAHUM MEXAHU3MOB MPOTEKAHUS Pe-
aKInu.

Mexmy aromamu Bomopona (1s') m xucmopona (1s*2s°2p*) B Monekyite
BOJIbI 00OPa3yIOTCs JIBE KOBAJECHTHBIC MOJSPHBIC CBSA3U 10 OOMEHHOMY MeXa-

HU3MY.

H H
1Ly Q, <
ul [l 2N
H H H;0"

[To metony BC (BaneHTHBIX CBsI3€il) aTOM KHUCJIOpPOAAa B MOJIEKYJIE BOBI
HAXOIUTCS B COCTOSIHHM SP -rHOpHan3anui. JIBe rHOpHIHbIE OPOHTATIH aTo-
Ma KHCJIOPO/JIa MEPEKPHIBAIOTCS C S-OpOUTAISIMHU JIBYX aTOMOB BOJIOPO/Ia, & Ha
JIBYX JAPYTHX THOPHUIHBIX OPOUTAISIX KHUCJIOPOJA PACIIONaralroTcsl IBE He-
CBSI3BIBAIONIUE DJICKTPOHHBIC maphl (puc.2a). B pesynbTate OTTaTKHBaHUS
CBSI3BIBAIONTUX W HECBS3BIBAIONINX JJIEKTPOHHBIX Tap BaJIEHTHBIN YroJ B MO-
JIEKYJIE KUIKOM BObI paBeH 105 °.

Henopenennsle napbl 3J€KTPOHOB KUCIOPO/A BIMUAIOT HA CTPOCHHE MO-
JIEKYJIbl BOJIbI, PUJABas € TETPaspUUECcKyI0 CTPYKTYpy (puc. 26). Opbura-
J¥, C HEMOAETCHHBIMU DJIEKTPOHHBIMH TapaMH, HampaBlIeHbl K MPOTHUBOIIO-
JIOKHBIM OT NMPOTOHOB BepIIMHAM TeTpadpa. [1o3ToMy 0KOJI0 MPOTOHOB CO3-
JaeTcsl OHIKEHHAsI JIEKTPOHHAs TUIOTHOCTH (+), @ BOKpYT opOuTanei ¢ He-
HOJIeJIEHHOHN Mapoii AJIEKTPOHOB — MOBBILICHHAS JIEKTPOHHAS IUIOTHOCTH (-).

Puc. 2. Cxema CTpyKTYypbl MOJIEKYJIbI BOABI



B Monekyse Bobl sSIepHBIE IIEHTPBI aTOMOB BOJIOPOJIA M KHCIOPOAA
00pa3yroT paBHOOEIPEHHBII TPEYroIbHUK (pHC.3)

Puc. 3. PaccTosiHue MexXy siApaMu U Yo CBSI3U B MOJIEKYJIE KHUAKOW BOJBI

[TapameTpbl MOJIEKYJT BOABI 3aBUCST OT €€ arperaTHOro coctosiHug (Taou. 2).

Tabnuya 2
[TapaMeTpbl MOJIEKYH BOABI
ArperatHoe Banentneiii | {nuna cBsizu | Paccrosinue
COCTOSHME BOMEL yroJ H-O, A H...H A
ITap 104,27° 0,9564 1,515
Kugkocthb 105,03° 0,9568 1,540
Jlen 109,5° 0,9900 1,620

1.2. OcoOenHOCTH PU3NMKO-XUMUYECKUX CBOMCTB BOAbI

1. MMoasspHOCTh. BBicOKas MONSIPHOCTH MOJIEKYJ BOJbI OOBSICHSIETCS He-
COBINAJCHUEM LIEHTPOB TSHKECTU €€ MOJOKUTEIbHBIX U OTPUIIATENbHBIX 3apsi-
noB. bnaromaps HeoOblYHO OosiblioMy aumnobHOMY MomeHTy (u (H,O) =
1,85 /1) Boma sBIAE€TCS XMMHUYECKU AKTHUBHBIM COEIUWHEHHEM, OOYCIIOBIIHU-
BAIOLUM 3JIEKTPOJIUTUYECKYIO JUCCOLMALMIO COJIEH KHUCIIOT, OCHOBAHUU U
UMEET aHOMAJIbHO OOJIBIIYIO0 AMAJIEKTPUUECKYIO MOCTOSHHYIO, paBHYIO 79,5
npu 25 °C, T.e. B BOJIC JIBa DJICKTPUUYECKHUX 3apsia NPUTATUBAIOTCS WU OT-
TaJKUBAOTCS C CWIION pUOaM3uTebHO B 80 pa3 MEHbIIEH, YEM B BaKyyMe.

2. Hanu4ue BOJOPOAHBIX cBsi3ell. MOJIEKyNbI BOABI CBS3aHBI MEXKIY
co00l BOJOPOJIHBIMU CBsA3SIMU. 110 MPOYHOCTH OHM 3aHMMAIOT MTPOMENKYTOU-
HOE TMOJIO)KEHUE MEXKIY KOBAJICHTHBIMU M MEKMOJIEKYJISIPHBIMHU CBSI3SIMU.
[TpuunHOi 06pa3zoBaHusl BOJOPOJHON CBA3U ABIISAETCS CMEUIEHUE €IUHCTBEH-
HOTO AJIEKTPOHA BOJAOPOJAA K CHIIBHO 3JIEKTPOOTPULIATENIBHOMY aTOMY KHCJIO-
poaa. Ilpu 3TOM BOIOPOX IIPEBPAILACTCA B YACTULY C YHUKAJIBHBIMU CBOUCT-
BaMU:

a) HE UMEET DJIEKTPOHA, a IOITOMY HE OTTAJIKHUBAETCS, a IPUTATUBACTCS
3JIEKTPOHHBIMHU 000JIOUKAMHU JPYTUX YaCTHUIL;

0) o0nasaeT HUYTOKHO MAJIBIM Pa3MEPOM |, CJIEIOBATEIBHO, OOIBIINM
IOJISIPU3YIOLIMM JIEMCTBHEM.



OHeprusi BOAOPOIHOM CBsi3u B Boje paBHa 29 k/[x/monb. Bomopoansie
CBSI3U OOBEAMHSIOT MOJICKYJIBI BOJIBI B accouuarsl (puc.4.)

Puc. 4. AccounnpoBaHHbIE MOJEKYJIbI BOJbI
(———— KOBaJICHTHAs CBSI3b,  ........ BOJIOPOJIHAS CBSI3b)

Accoumanusi MOJIEKYJl BOJbI SIBJISIETCS IPUYMHON aHOMAJlIbHO BBICOKHX
TEeMIlepaTyp €€ KUIEHUs, MIIaBJIeHUs, TEIUIOThI mapooOpa3oBanus. M3BecTHO,
YTO B PSAAY aHAJOTUYHBIX COEAMHEHUN C YBEJIMYEHUEM MOJISIPHOM MAcChl BO3-
pacTaroT TeMmepaTypshl IUIaBieHUss U kuneHud. OgHaKo B cllyyae BOJbBI MpPH
COIIOCTABJICHUHU €€ C aHAJIOTaMHU 3Ta 3aKOHOMEPHOCTh HapymaeTcs (puc. 5).

t’C
100+

20 40 60 80 100 120 M, r/voms

Puc. 5. 3aBucumocts Temnepatyp kunenus (1) u 3amepsanus (I1) ot BenuunHbl Mo-
JIIPHOM MacChl BEIIECTBA JIJIs1 BOAOPOIHBIX COeuHEHU p-37eMeHToB (V) rpymmbl

Mosnexyibl BobI HE 00pa3yrOT acCOLMATOB B MapOOOPa3HOM COCTOSIHUU.
B xuakon Boge acCOUMMPOBAHHBIE MOJIEKYJIbI MOTYT HAXOIUTHCS B PAaBHOBE-
CUM C HEaCCOLMMPOBAHHBIMU MoJeKynamu. CpeHee KOOpAMHALIMOHHOE YHC-
JI0 MOJIEKYJT B KUAKOH (paze OIM3KO K YETHIPEM.

B 1932 rony bepnan u ®aynep (AHIiMs), OCHOBBIBAsICh Ha JIaHHBIX
PEHTIEHOCTPYKTYPHOTO aHAIN3a, YCTAHOBUIIH, YTO CBA3b MEXKY MOJIEKYJIaMHU
U OTHOCHUTEJIBHOE PACIOJIOKEHHE UX B KHMJIKOH BOJE MOJOOHO pacroioxke-
HUIO MOJIEKYJ BOABI B CTPYKType Jibaa. OIpeneinuTs NPOLEHTHOE CO-
Jep’KaHue CBOOOJHBIX MOJIEKY HEe yAalnock. OUeBHIHO, YTO C MOBBIILICHUEM
TEMIIEpaTypbl YCHIMBAETCS TEIUIOBOE IBUKEHUE W YMEHBIIAETCS CTEIEHb
CBA3aHHOCTH MOJIEKYJI.



[IputsbkeHne MoJIeKyJl BOAbI APYr K APYry OOYCIIOBIMBAET OOJIBIIYIO
BEJIMYMHY MOBEPXHOCTHOTO HATSKEHUs 72,7 mJDk/M>. DTO 3HAYHT, YTO IS
pa3pbiBa BOJASHOIO CTOJIOMKA AuameTpoM 2,5 cMm notpelyercst ycunue B 90
TOHH. CXeéMa BOZHMKHOBEHMS ITOBEPXHOCTHOTO HATSHKEHUS TAKOBA!

MoOJIEKyJIa A, paCliOJIOKEHHAS] BHYTPH KUIAKOCTH, IPUTATUBAETCS COCENI-
HUMH YaCTULAMU C OJIMHAKOBOW CHJIOW, T.€. MEKMOJICKYJISIPHBIE CHUJIBI, JEH-
CTBYIOLIME Ha MOJIEKYJIY BOJbI, PACIIOJIOKEHHYIO B 00beMe (pa3bl, pacmperie-
JIEHBI PABHOMEPHO CO CTOPOHBI COCETHUX MOJIEKYT;

MoJsiekyna b, pacnoyioxkeHHass Ha MOBEPXHOCTH KUAKOCTU, UCIBITHIBAET
JENCTBHE MEKMOJICKYJIIPHBIX CUJT B OOJBIIEH CTENEHU CO CTOPOHBI KHIKOU
¢a3pl ¥ MOYTH HE B3aMMOJICUCTBYET C MOJIEKyIamMu ra3oo0pa3Hoi (assi. Ilo-
TOMY KaXK/as OTNIeJbHAs MOJIEKyJa Ha MOBEPXHOCTU JKHUIKOCTH O0iamaer
OOJBIIEH dHEPTHEH MO CPABHEHHWIO C DHEPIHEH MOJEKYJIbl B oObeMe (hasbl.
OHa HaxoauTCs B HEPABHOBECHOM COCTOSIHUM U CTPEMHUTCS BTSIHYTHCSA B 00b-
€M KUJKOCTHU (puc. 6).

[ToaToMy HeOosbIIME KOMMYECTBA BOJbI MPUHUMAIOT IIAPOOOPa3HYIO
dbopMy, Tak Kak U3 BCEX F€OMETPUYECKUX Te€J OAMHAKOBOIO oObeMa Iap
MMEET HAMMEHBIIYIO TOBEPXHOCTb.

BO3JIYX

PR

Puc. 6. Cxema BO3HUKHOBEHHUS TOBEPXHOCTHOTO HATSHKEHUS Ha TPAHMIIE pa3jiena
IBYX a3

Bonopoanbie cBA3M BIUSAIOT HA PaCTBOPUMOCTh BEILIECTB. B BOsiE XOpo-
IO PACTBOPSAIOTCSA BELISCTBA, UMEIOIIUE B COCTABE IIOJISPHBIE TPYNIIBI WA
WOHHYIO CBA3b, HAIIpUMEpP, CIIMPTHI, aMUHBI, caxapa, COJIM, KUCIOThI, OCHOBA-
HUsI, a Takke HekoTopbie razel NHj, CO,, SO, u apyrue.

CrpykTypa nbJa W €ro CBOMCTBA TaKke OOYCIOBJICHBI BOJOPOJIHBIMH
CBA3SIMU.

3. Croco0HOCTh K JOHOPHO-AKIENTOPHOMY B3auMoaecTBuio. Boaa
MPOSBIISIET CBOMCTBA JOHOPA 3a CUET HEMO/ICJICHHOM Maphl AJICKTPOHOB aTOMa
KHCIIOpoaa. DTUM OOBSCHSETCS BBICOKAsS XMMHYECKasi aKTUBHOCTH BOJBI U
CIOCOOHOCTH €€ K KOMILJIEKCOOOpa30BaHMIO B KayecTBe JUTaHAo0B. Boga ot-
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HOCHTCS K CJTAa0BIM 3JIEKTPOJIUTAM M TIO3TOMY MOHU3HUPYET B HEOOIBIIION CTE-
IICHU TI0 CJIEAYIOLIEN CXeME:

H,O ... H,O0<=> H;0" + OH"

WJIU YTIPOIIEHHO
H,0<=> H + OH"
I[Tpu 24 °C KoHCTaHTa AMCCOLMALIMU BOJBI PaBHA:

el lor ] g g

[#,0]

B onnoil ToHHe uncToi Boawl coaepxkutcs 0,1 mr-uona Bomopona u 1,7
MTI-HMOHa Tuapokcuia. Bpems npeObiBaHus BOJAOPOIAa B OJTHON M3 MOJICKYJ HE
-8
npesbiaeT 10™ cek, 4To yka3bIiBaeT Ha OOJIBIITYI0 CKOPOCTh JTUCCOIUAIIIH.

1.3. luarpaMmMa cOCTOSIHHSI BOJbI

Bogaa npu 0 °C u maBienunn HachimeHHoro napa 600,5 Ia oGpasyer tpu
¢da3bl B COCTOSIHUU paBHOBecHs (puc. 7):

MAP <=> JIEJ <=> BOJA

C moBbIlIEHHEM TEMIIEPATYpPhI NcUe3aeT TBepaas (asza — jel, ¢ MOHIKe-
HUEM TeMIlepaTtypbl — xuakas ¢gaza — Boaa. Cucrema u3 TpexdazHoil cucte-
Mbl CTaHOBUTCS ABYX(]a3Hoil. TpoiiHas Touka (0) — MeCTO mepeceueHus Tpex
KpuBBIX 1, 2, 3 — COOTBETCTBYET HOHBAPUAHTHOM CUCTEME, T.€. YHUCIIO €€ CTe-
nexeit cBoGo1b! paBHO Hymo. M306apa ¢ nasnenuem 1,01310° ITa nepecexaer
KpuByto I 1mpu temrneparype kuneHus BoAsl. Toukn KpuBoH I cOOTBETCTBYIOT
TaKMM 3HAYEHUSAM TEMIIEpPATyphl U JABJICHUSA, IIPU KOTOPBIX XKUAKAS BOJAA U
BOJISIHOM Iap HaXOASTCs B paBHOBECUM (KpHUBasi KMIIEHUs). AHAJIOIMYHO KpU-
Bas Il — kpuBas nnasnenus, I — kpuBas cyonumanmm.

Otkiionenue kpuBoil Il Kk ocu OpauHAT C TOBBIIIEHUEM JIaBICHUS YKa3bl-
BAaeT HAa CHW)KEHHME TEMIEpaTyphl IJIABJICHUS, YTO OOYCIOBJIEHO MEHBLICH
IUIOTHOCTBIO JIbJiA 110 CPABHEHUIO C BOJOM.

P=1.013-10TIa

JlaBnenue,
Ila

0 100 T°C

Puc. 7. Cxema ¢a3oBoii quarpaMmmbl BOJIbI
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1.4. CTpyKTypa M CBOMCTBA JIbJa

Kpucrtaiiel Jibla UMEIOT FreKCaroHallbHY10 CTPYKTYpY (puc. 8,a)

0,176
0,099

Puc. 8. Ctpykrypa npaa

a) @ - atoMm BOIOPOJA, O - aTOM KHCIIOpOJIa; ’- BOJIOPOJTHAS CBSI3b;
0) MoJIeKya BOJIBI B CTPYKTYpE Jib/ia (® — aToM BOJOPO1a)

Kak BugHO M3 pucyHka 8a B CTPYKTYypeE Jibjia €CTh MyCTOTHI, KOTOPHIC
MOTYT 3allOJIHATHCS JIPYTMMU COCIMHEHHUSIMH, HANPUMEP, OJHOATOMHBIMHU
MOJIEKYJIaM{ Ta30B ¢ 00pa30BaHUEM COSAMHEHUI BKIIOUECHHUS WU KIaTpaToOB.
Kaxmpiii aToM KuCIOpoja TETPAadAPUYECKH CBSI3aH C YETHIPHMS JIPYTUMU
atomamu kuciopona (puc. 80). Mexay HUMH pacroiararoTcsa aToMbl BOJIO-
pona. J[Ba aroma BOJIOpOJa COEAMHEHBI C ATOMOM KHUCJIOPOJia KOBaJEHTHOU
noJISIpHOM CBsI3bI0 (fuinHA cBsizu — 0,099 HM), a ABa APYrUX — COEAMHEHBI BO-
JOPOAHOM CBsI3bI0 (IyirHa cBsizu — 0,176 HM), T.e. IpUHAAJIEKAT ABYM APYTUM
MoJIeKyJiaM Bojibl. B pesysnbTaTe oOpa3yeTcst pbixiiasg CTPYKTypa ¢ HEOOJIb-
ol mIoTHOCThIO. [Ipu miaBneHUU JbJa BOJOPOAHBIE CBSI3M YACTUYHO pas3-
pymatotcs (mpumepHo Ha 10 %), MOJIEKyJIbI BOJbI CONIMMKAIOTCS U TNIOTHOCTD
BOJbI HEMHOT'O Bo3pacTaeT. [Ipu HarpeBaHUM BObI MPOUCXOIUT €€ paclIupe-
HUE, YBEIIMYUBACTCA PACCTOSHUE MEXKIY MOJICKYJIaMU U OJHOBPEMEHHO pa3-
PYLIAIOTCS BOJAOPOJHBIE CBSI3U, YTO MPHUBOJIUT K YMEHbLIEHHIO oObema. Ilo-
TOMY IUIOTHOCTh BOJABI MPOXOJHUT YEepPe3 MaKCHMyM IpU TeMIiepaType
3,98 °C (puc. 9).

A
Inomnocme,

olem’
1,00t

Puc. 9. I3MeHeHue TUIOTHOCTH BOJIBI C TEMIIEpaTypoit (dv/dt — u3MeHeHne oobemMa
JTAHHOTO KOJIMYECTBA BOJIBI C TEMIIEPATYPOI)
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biaromaps anomanuu B INIOTHOCTH Jie[ IuIaBaeT Ha BoAe. 1Ipu 3amepsa-
HUUW Ha TTyOMHE BOJOEMOB COXPAHSIETCS OTHOCUTENHHO Terias Boja (HE HU-
ke 4 °C), 9To MO3BOJISIET CYIIECTBOBATH )KUBBIM OPraHH3MaM.

ITo Mepe 3aMep3aHusi BOJABI MPOUCXOAUT yBeaUdYeHUEe ee oorema (~10
%). DTO MOXET MPUBECTU K HEXKEJATEIbHBIM IOCIEJACTBUSIM, HAIPUMEp, K
Pa3phIBY CTAIBHBIX TPYO, PA3BUTHIO TPEIIUH B CKAJIBHBIX MOPOaX, pa3pyliie-
HUIO cTpoiiMarepuanoB. Hanbonbimmii Bpea MPUHOCUT NEPUOIUUECKOE 3aMO-
paXMBAaHUE M OTTAaMBAHUE BOJIbl. YUYUTHIBAsI CBOMCTBA BOJIbI, CTPOUTEILHbIC
MaTepualibl ¥ COOPY)KEHUS U3 HUX 3alUIIAIOT Pa3IuIHBIMH CIIOCOOAMMU.

HeoObaHBIM CBOMCTBOM JIbJIa SIBJISICTCSL €T0 IIACTHYHOCTH. [Ipumepom
MPOSIBJICHUS TJIACTUYHOCTU MOJKET CIIY’KUTh TE€YEHUE TOPHBIX JIEAHUKOB. JTO
CBOMCTBO JibJla OOBSCHSCTCS HAJIMYUEM B €r0 CTPYKType TAaKUX CEUCHHUI,
BJIOJIb KOTOPBIX CHEXHBIEC CIION KPUCTAJIa OKA3bIBAIOTCS Clia0ee CBSI3aHHBIMU
BOJIOPOJIHBIMU CBSI3SIMU.

1.5. ®du3nveckue CBOMCTBA BOALI

Bona — mpo3paunas Tekydas *KUJIKOCTb, HE MMEIOIIAs B YUCTOM BHUJIE
BKyca, 3anaxa, 1isera. CHHHI 1IBET MOpE, 03ep 00YCIIOBIIEH MPUCYTCTBUEM B
BOJI€ TOHKO M3MEIbYEHHBIX TBEPBIX BEILIECTB.

Hekoropbie cBOMCTBa BOJIbI HUCHONB3YIOTCA U OMPENEICHUS €IUHMUIL
u3MepeHus GyHAaMEeHTAIbHBIX (pu3mdyeckux BennuyuH. Hampumep, B OCHOBY
CTOTpaJyCHOM TEPMOMETPUYECKOMN IIKaIbl MOJOXKEH MHTEPBAT MEXIY TOY-
kamu 3amep3zanus (0 °C) u xunenus (100 °C) Boasl npu gasienun 101,3 kI1a.
[110THOCTH BeIECTB CPABHUBAIOT C IJIOTHOCTHIO BOJBI, BHIOPAHHOW B Kaue-
CcTBe cTangapTHON. [LOTHOCTB YiCTOl BobI paBHa 1 r/em’ mpu 3,98 °C.

bnaronmapst Beicoko#t TeroemkocT Boabl 4,18 kJIx/(r * rpan), oHa BbI-
MOJIHAET (DPYHKIIMM pEeryIsaTopa TeMIepaTypbl Ha 3eMHOM Iimape. Bomga men-
JIEHHO HarpeBaeTcsi U MeIJIeHHO ocThiBaeT. [loaToMy, Hanpumep, OTCYTCTBUE
BOJIbI B IYCTBIHE MPUBOJUT K PE3KUM CYTOUHBIM KOJICOAHHSIM TeMIEepaTypbl
(>kapa THEM U XO0JIO]T HOYbIO).

1.6. XumMHu4ecKue CBOMCTBAa BOABI

Hannune nemomeneHHbIX map AJEKTPOHOB M BBICOKMU JMUIIOJIbHBIA MO-
MEHT BOJIbI IIPUAAIOT € XUMUYECKYIO aKTUBHOCTh. BOJ1a B3aMMOIENCTBYET €
OOJIBIIMM KOJIMYECTBOM Pa3HOOOPA3HBIX BEIIECTB:

1. C unepmuvimu eazamu. 1lpu npomyCKaHUM MHEPTHBIX ra30B HAJ MEPEOX-
JaxAeHHON BOJOM moA AaBieHueM 150 aTtMm. 0Opa3yroTcs KiaaTpaThl WIH CO-
equHenus Bkirouenus tuna Ar - 6H,O, Xe -6H,O, Kr -6H,0, ycroiiuuBsie
MIpU HU3KUX TEMIIepaTypax.

2. C eanocenamu. PeaKIuy rajaoreHoB C BOJAOM 3aBHCAT OT OKHUCIHUTEIILHOM
aKTUBHOCTH ranoreHoB. B psany F, — Cl, — Br, — [, okucnaurensHbie cBOiiCcTBa
YMEHBIIAKTCA, MO3TOMY PEAKIUH B3aUMOJCUCTBUS C BOAOM MPOTEKAOT ClIe-
TYIOIUM 00pa3oM:
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H,O + F, = 2 HF + O (peaxkyus npomexaem npu 006b1yHOU memnepa-
mype)
H,O + Cl, <=> HCI1 + HCI1O (cucmema naxooumcs 6 pagnogecui)
H,O + Br, (I,) <=> HBr + HBrO (pasnosecue cmewerno 6 cmopony uc-
XOOHbIX 8eulecma)
2 H,0 + Cl, = 4HC1 + O, (npu nacpesaruu)
3. C amomapubiM KUCIOPOOOM.
Hzo + 0 = H202
4. C ghocghoponm.
6 H,O + 2 P= 2HPO; + 5 H,; (dasrnenue, kamanruzamop)
5. C yenepooom u e2o coedunenusmu. B MIpOMBINUIEHHOCTH 3TH PEAKLIMH KC-
NOJIB3YIOTCS JIs MOJyYEHHUS! BOAOPOIaA.
Hy0 (nap) T C ackanemminy = CO + Hy (emecs CO + H, — 600sn01i 2a3)
H,O + CO = CO, + H, (kamanuzamop — Fe, 450 °C)
H,O + CHy; = CO + 3H, (1200- 1400 °C)
6. C memanramu.
a) C s-onemeHTtamu. Peakuusi mpoTeKkaeT Mpu OOBIYHBIX YCIOBHSIX (KpOMe
Marmus, ¢ KOTOpbIM peakitus mporekaet npu 100 °C, u 6epunins, MOKPHITOTrO
MIPOYHON OKCUJHOM TJICHKOM )
2H20 + 2Na = 2NaOH + H2
0) C meramnamu cpeaneit aktunoctu (Fe, Cd, Co, Ni T.1.)
H,O + Fe = FeO + 3 H, (npu memnepamype kpacrozco xkanenus)

B)C OmaropojgubiMu MetaiiamMu (Ag, Au, Pt) u pTyThio BoJia HE B3aUMOJIEH-
CTBYET.

7. C euopuoamu s-371eMeHmos.
H,O + NaH = NaOH + H,

8. C 0CHOBHBIMU U KUCTOMHBIMU OKCUOAMU.
HzO + CaO = Ca(OH)z
Hzo + SO3 = HZSO4

9. C consamu (ruaponus coneil)

CuCl, + H,O <=> CuOHCI + HCI1

Cu’” + H,0 <=> CuOH" +H"
10. C paznuunvimu gewyecmsamu ¢ 06pazosanuem 2uopamos
Na,CO; + 10 H,O = Na,CO; 10 H,O
11. C opeanuueckumu eewyecmeamu (peakiiiy TUAPATUPOBAHMS)
C2H4 + Hzo = C2H5OH

Tepmuueckas ycmouuusocms 600bl. Bojga ycToiiunBa K HarpeBaHUIO, HO CBbI-

e 1000 °C mporcXoauT ee TEpMUIECKAs JUCCOIHALIHS.
2 HQO <=2 H2 + 02

Kamanumuueckue ceoticmea 600vi. HekoTopble MeTaUIbl HE PEarupyoT ¢ Cy-
XHM XJIOPOM, HATPHUM HE OKHCIeTcsl B atMocdepe Bo3ayxa Oe3 cieoB Biia-
ru. @TOpoBOJOPO] B OTCYTCTBUH BJIarv HE pa3beAacT CTEKIIO U T. 1.
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1.7. Boaa B ¢cBAAI3aHHOM COCTOSITHUM

@OopMBI COCTOSIHUSL CBA3AHHOM BOJbI JTOBOJIBHO MHOrooOpasHbl. Jlis
CTPOUTEIBHBIX CHEUUATbHOCTEH WHTEpEC MPEACTABISIOT cienyromue ¢Gop-
MBbI: XMMUYECKH CBSI3aHHAs BOJA, BOAA B KPUCTAJUIOTUIpATAX, BOJAa B THAPO-
reyisix, Boja, aicopOupoBaHHasl Ha MOBEPXHOCTU TBEPJBIX TEN U KalMWJUISIpHAS
BOJA.

PaccmoTpum Gosiee mopoOHO COCTOSTHUSI CBSI3aHHOM BOABI 0€3 ydeTa
nepexoaHbIX GOpPM.

1. XumMuueckn cBsizaHHasi Boaa. B Takoii opmMe Boja HE CyliecTByeT
CaMOCTOSITENIbHO, HO MOXKET BBIIEIUTHCS B cCBOOOAHOM Buae Hanmpumep, mnpu
HarpeBaHUM TUAPOKCUA KAJIBLHS IIPOUCXOAUT JUCCOLUALNS 10 CIEAYIOLIEH

CXCMC:
Ca(OH), <=> CaO + H,0

DTO reTeporeHHasl peakuusi ¢ yyactuem TBepabix BemlecTB - Ca(OH)s,,
CaO u mapoB Boabl. [103TOMY KOHCTaHTa paBHOBECHS ONPEIEIAETCS KOHIICH-
Tparueil napoB BOJbI UM UX JABJIEHUEM

K=CH,0) mwm K=P(H,0)
NupiMu cioBamu mipu r000M TemiepaType paBHOBECHOE JABJIEHHE BO-

JSTHOTO TIapa SIBISIETCS] TIOCTOSTHHOW BEITMYMHON W HE 3aBHCHUT OT KOJIMYECTB
Ca(OH), u CaO.

Cornacuo npunnumny Jle-lllaTtenne paBHOBecHMe cMmellaeTcs B CTOPOHY
IPSIMOM PEakIMy Kak MPH MOBBIIICHUN TEMIEPaTyphl (MpsSMas peakius — dH-
JOTePMUYECKas ), TaK U IPU YMEHBIIICHUH BIIAYKHOCTH BO3yXa.

3aBucuMocTh naBieHus auccoranuu Ca(OH), ot temmeparypsl cMme-
IIeHa B CTOPOHY BBICOKHX TEMIIEPATYp, YTO CBUACTEIHCTBYET O OOJBIINX 3a-
TpaTax dHEpruu A BbiAeneHus BoasHoro napa u3 Ca(OH),, yem u3 cBo6o1-
HOM Boabl (puc. 10)

Pn,o

> t°C
Puc. 10. Bnusnue Temnepatypsl Ha gaBienue guccorumarmu Ca(OH),

XHUMHYECKU CBS3aHHAS BOJla COJCPIKUTCS B OOJBIINHCTBE BAXKYIIUX
CTPOUTCIIbHBIX MAaTCpUaJIOB, BO MHOI'MX I'OPHBIX IIOpOAax, a TAKKC B KHCJIO-
poacoacpKalmX KMCJI0Tax, OCHOBHBIX U KHCJIBIX COJISAX.

2. Boxa B kpucramoruaparax. Boga, comepxkaiasica B KpUCTalIo-
rujpaTax Ha3bIBACTCA KPUCTAUIM3ALMOHHOW. KonmyecTBo KpucTauiM3aiu-
OHHOM BOJIbl BJIMSIET HAa YCTOMYMBOCTH coeauHeHud. Kpucrammoruapar c
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OOJIBIIMM COJIEPKAHUEM BOJIbl YCTOMUUB MPU HU3KUX TEMIIEpaTypax U paszia-
raeTcs MpH ee MOBBIIMICHUH, 00pa3ysl MEHee TUAPATUPOBAHHBIC COCIUHCHMUS.
Hanpumep, npu aeruapatanuu rekcaruapara xjaopuaa Kaiblys TPOUCXOAAT
CIEAYIOLIME MTPOLIECCHI:

CaCl, -6H,0—2CR10)  caCl, - 4H,0—B51C210) 3 a1, -2 H,0—T33CEH0)
——CaCl, - H,0—=2YCCL0)_, Cq(l,

B kpucrammmueckoil pemeTke MOJIEKYJbl BOJbI CBSI3aHbI U C aHUOHAMH,
U C KaTHOHAMH, KPOME TOTO OHH MOTYT PaCIoaraTbCs MEX]y CIOSMHU, OTHO-
BPEMEHHO B3aUMOJICUCTBYS C IByMA-TpeMsi HOHaMHU. Tak, cjouctas CTpyKTy-
pa nByxBojHoro rurnca CaSO42 H,O cocTouT 13 HEOOJIBIIKMX MO pa3Mepy Ka-
tioroB Ca’’ n kpymubIx aHnoHoB SO4~. MOJEKYIbI BOABI PACIONATAIOTCS B
STOM «IIAXMATHOM moue» depes asa cios. C nonom Ca®’ Boma cBs3bIBacTCS
yepe3 aToM Kucaopojaa (oHOp), a uepe3 BOAOPO/I (aKIENTOP) ¢ KUCIOPOIOM,
COJICpKaIlUMCSl B HOHAX SO,”~.

B ycnoBusAX BBICOKOW TeMIEpPATYpbl YCTOMYMBBI MEHEE TMIPATUPOBAH-
HbIE WK 0€3BOJHBIE COCIMHEHUS, TTOITOMY IPU MOJYYEHUHU BSDKYILUX MaTe-
puanoB 00pa3yroTcss UMeHHO Takue (popmsl. [Ipu oObIYHON TeMIiepaType UaeT
ruapatalus BSDKYIIUX MaTEpPUajoB B pe3ysibTaTe B3aUMOJCHCTBUS Kak C
YKUJKOU BOJIOM WJIM BOJHBIMU PacTBOpPaMH, TaK U C BOJASIHBIM MapoM. DTOT
IPOLIECC CIOCOOCTBYET OOpa30BaHUIO TUIACTUYHOM MAacChl BSKYIUX Mate-
puanoB. Co BpeMeHEM BSIKYIIIME MaTepUalibl PEBPAIAIOTCS B KAMHEBUTHOE
TE€J0, TBEPJCIOT, TaAK KaK 00pa3yroTCs KPUCTALIOTUAPATHI (TUIIC, TOPTIaH/-
LUEMEHT U JIp.).

3. Bona B ruaporessix. TBep/ieHHE BSXKYLIUX CTPOUTENBHBIX MaTepua-
JIOB MPOXOAMUT YEpe3 CTAIWI0 0O0pa30BaHUs Tejisi — CTYIHEOOpa3HOW MAcCCHhI.
DTO MOMYKUIIKOE — MOIyTBEepAoe cocTosiHue. Jlerunparamus remns (ero o0es3-
BOXKMBAHUE) MPOUCXOJIUT MO-PA3HOMY: MpHU OOBIYHOI TEeMIlepaType WU Mpu
Harpe€BaHWM BOJA UCIAPSETCA WIM BCTYIAET B XUMUYECKOE B3aMMOJICHICTBUE
¢ IpyruMu BemecTBamu. [Ipu 3TOM JaBieHHe BOASHOTO Mapa HaJl rejieM Io
Mepe ero 00e3BOKHMBAHUSI MOHMKAETCS HENpephiBHO. [Ipu oguHaKoBOM KO-
JIMYECTBE BOJIbI B T'€JI€ AABICHUE BOJSHOIO Iapa 3aBUCUT OT €r0 CTPYKTYPBI,
KOTOpasi MOKET U3MEHUTHCS CO BPEMEHEM.

[To mepe 00e3BOKMBAHUS TeJisl UBMEHSIOTCS €r0 CBOMCTBA, MOPUCTOCTD.
[TocTeneHHo refp NepexoquT B TBEPAOE KAMHEBUIHOE TEJIO C BBICOKOM ITPOU-
HOCThbIO. HekoTopeie resin 00JgagatoT ClOCOOHOCTBIO Pa3KUKATHCA MPU Me-
XaHUYECKUX BO3JIEUCTBUSX — MEpEeMENINBaHNU, BUOpUpoBaHuu u T.1. Heon-
HOKpaTHOE 00paTUMOe pa3KMUKEHUE Telisd Ha3bIBalOT TUKcoTponuei. [Iporecc
TUKCOTPOIIMH UCTIOIB3YIOT MPU TBEPACHUH OETOHA.

4. AncopOupoBaHHasi Boga. MHOTrMe CTPOUTENIbHBIE MaTepHUalbl IO-
[JIOLIAIOT CBOEW MOBEPXHOCTBIO BJIATY W3 OKPYKAIOLIEH CpElbl, B MEPBYIO
ouepeab U3 BO3yXa. DTO SIBJIEHUE HA3bIBAIOT afcopOuueit. AncopOuus 3aBu-
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CUT OT XUMHUYECKOTO COCTaBa, COCTOSHUS TIOBEPXHOCTH U OT BHEITHUX YCJIO-
BUI (TEMIIEPATypPhI, BIAXXHOCTH H T.1.).

Ecnmu mMomekymsl BOJBI BCTYIIAIOT B XUMHUYECKOE B3aUMOJICHCTBHUE C Be-
IIECTBAMU TMOBEPXHOCTH, TO 3TO CHOCOOCTBYET OOpa30BaHUIO MPOYHBIX CO-
eIMHCHHUHN — XeMocopOmusa. OTHAKO B TAKOM TPOIECCE YUaCTBYET JIMIID YaCTh
BOJIbl, TAK KaK OH OTPaHUYEH JOCTYIHON 4acThi0 MOBEPXHOCTU. C MOMOIIbIO
crienuaibHOM 00pabOTKU COCTOSIHME TTOBEPXHOCTH TBEPJIOTO BEIIECTBA MOXK-
HO M3MEHHUTh TaKUM 00pa3oM, 4TO OHO OyAEeT OTIMYAThCS OT BHYTPEHHHX
CJI0eB. DTO U3MEHEHHE HA3bIBAIOT XMMUYECKUM Moauduimpoanuem. Beie-
CTBa PA3CNSIOT MO0 OTHOIICHUIO K BOJIE HA THIPOPMIbHBIC (XOPOIIO CMayu-
BalOTCs BOJAOW) U ruApodoOHbIe (HE cMauyuBarOTCs BOjoi) BemecTBa. CooT-
BETCTBYIOIIAss 00pabOTKa CTPOUTEIIbHBIX MATEpUAJIOB U3MEHSET UX CBOMCTBA
M0 OTHOMICHUIO K Boje. C MOMOIIBI0 XUMUYECKA MOAU(PUIIMPOBAHHBIX TI0-
BEPXHOCTEH YMEHBIIAIOT WU yBEIMYHUBAIOT TUAPODUILHOCTh WM THUIPO-
(h0OHOCTH TOBEPXHOCTH CTPOUTEITHLHON KOHCTPYKIIUU, YTO ITUPOKO HCIIOJIb-
3yeTCsl B CTPOUTEILHON TIPOMBIIIICHHOCTH.

ITon Bnusinuem (usnueckux (akTOpoB BOJA HEMPOUYHO aJCOPOUpPYETCs
MOBEPXHOCTBIO TBEpJIOro BemiecTBa (pusznueckas aacopOuus). [ToBepxHocT-
HbIE YaCTUIIbl TBEPJOTO BEIIECTBA (aTOMbI, HOHBI, MOJIEKYJIbI) MPUTITUBAIOT
M0JI00HBIE MM YaCTHUIBl U3 OKpPYXalolled Cpelbl, co3/1aBasi CHUIIOBOE IOJIE.
Brixon yactuil u3 3Toro mnois TpeOyeT 3aTparhl SHEPTUH, T.€. KUCHAPEHHUE
YaCTHI] C TIOBEPXHOCTHU HE SBJISIETCS CBOOOIHBIM. Tak Kak MOBEpXHOCTh TBEP-
JIOTO BEIIECTBA HEOJHOPOJHA U UMeeT Oojiee UM MEHEE aKTUBHBIE YYaCTKH,
10 OTHONIICHUIO K BOJSTHBIM Mapam, TO MpU HEOONBIIONH KOHIICHTPAIIMU TTapOB
WMEHHO OHU yYacTBYIOT B moryionieHuu. OJIHAKO MPHU MOBBIIMIEHUU KOHIICH-
TpaIy BOASHBIX TTAPOB OKA3BIBAIOTCS 3a/ICCTBOBAHHBIMU U IPYTUE YUACTKH.
CrnenoBartenbHO, TTOBBIIIICHUE KOHIICHTPAIIUN BOJISTHBIX TIAPOB B OKPYXKAIOIEH
cpelie CoCOOCTBYET yBEIMYCHHUIO KOJIMYECTBA aJCOPOMPOBAHHON BOBI, KO-
TOpPOE CUJIBHO Pa3IMUyaeTCsl 7Sl pa3HbIX BEIIECTB.

AncopOnust — SK30TEPMHUYECKHH TTPOIIECC, TOATOMY C ITOBBIIIICHHUEM TEM-
nepaTypsl KOJIMYECTBO aJCOPOMPOBAHHON BOJBI yMeHbIaeTcs. [lpu xemo-
copOIMU BIUSHUE TEMIIEPATYPbl MOXKET OBbITh HE3HAYUTEIbHBIM.

VYBenuueHne NoBEPXHOCTH (BHYTPEHHHE TOPHI, KallUJUISIPhI, TOBBIILICHNUE
CTENEHU JUCIEPCHOCTH) CIIOCOOCTBYET YBEIUUYCHHUIO KOJMYECTBA aJICOPOUPO-
BaHHOW BOJIbI, YTO CIEAYET YYUTHIBATH MPH UCIOIH30BAHUU CTPOUTEIHHBIX
MaTepHUAaJIOB.

5. Kannansipuasi Boga. XXuakocTs, Haxomsmascs B TpyOKe, B3anMO-
JEHUCTBYET C €€ MOBEPXHOCThIO. B CTEKIsIHHON TpyOKe, OMyIIEHHOW OJHUM
KOHLIOM B BOAY, CTOJIOMK BOJIbI MIOJJHUMAETCS BBIIIE YPOBHS BOJBI B COCYJIE,
00pa3yst BOrHyThIil MeHHCK (puc. 11). PTyTh B Takux e yCIOBUSX OITyCKaeT-
Csl HIDKE CBOETO YPOBHS B COCYJE, 00pa3ys BBITYKJIbIH MEHHCK. DTO O3Haya-
€T, YTO OBEPXHOCTh CTEKJIa CMAYMBAETCSI BOJOM U HE CMAuUBAETCs PTYThIO.
Uem MeHblIIe 1UaMeTp TPYOKH, TEM 3HAUNUTEIbHEE BbIIICONUCAHHbBIN 3P (DEKT.
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Pa3nnuue ypoBHel BOJbI B TPYOKE U COCY€ O3HAYAET, UTO JABICHHUE €€

HACBIIIIEHHOT'O T1apa HaJ 3THMH TMOBEPXHOCTIMHU
HeouHaKoBO. JlaBjaeHre mapa HajJ BOTHYTBIM Me-
HUCKOM B KalUISIpe, CTEHKH KOTOPOTO CMadyuBa-
= FOTCS BOJIOM, MEHBIIIE, YeM HaJ IUIOCKOM MOBEpX-

- — — _| HOCTBIO BOJBI BO BHEIIHEM COCYJIC. DTO MPUBOIUT
- - - - K TOMY, 4TO Iap HE KOHJICHCHUPYETCS B JKUIKOCThH
Ha €€ TUIOCKOW MOBEPXHOCTH, HO KOHACHCUPYETCS
a) 0) B KanmwjuisApe, SBISACh HACBIMIEHHBIM WM TIepe-
Puc.11. Crexnsnnas CBILLIEHHBIM IO OTHOIIEHHIO K BOTHYTOM IMOBEpX-
TpyOKa, onyIueHHas B HOCTH MEHHCKA. JTO SIBJICHHE HA3bIBAIOT KallW-
Bozty (@) 1 pTyTH(0) JISPHOM KOHAEHCAIMEN, U OHO BO3MOXHO ISl JIFO-

OO KUIKOCTH.

Ha mpakTuke poiib KanmuUIIPOB MOTYT BBITIOHITH TTOPHI PA3HOTO pa3Me-
pa u ¢opmbl. CIOCOOHOCTH MOBEPXHOCTH CMAYMBATHCS TOW WM MHOU >KUJ-
KOCTBIO UTPAET PEIIAIOIILYIO POJIb B KAMMIISIPHON KOH/ICHCAITUH.

[Tepemernienne Biaaru (MUTpaysi) B MOPUCTHIX U CHIMMYYUX MaTepHaliax,
TPYHTE BO3MOXKHO 3a CUET KallWUIAPHOW KoHAeHcanuu. [Ipu 3ToM B pe3yiib-
TaTe MUTPAILMU CHCTEMa B €CTECTBEHHBIX YCJIOBHSIX MEPEXOTUT B Oojiee pas-
HOBECHOE COCTOSIHHE. BHYTpHM CHCTEMBI JOCTUTAETCS OJUHAKOBOE MapIIhajib-
HOE€ JIaBJICHUE BOJSIHOTO Mapa. Eciu moaBeprHyTh HarpeBaHUIO 4acTh CHUCTE-
MBI, TO TIPOMCXOJIUT TMEPEHOC KOHJIEHCUPOBAHHOW Biaru B 0ojee XOJOIHbBIC
YaCTH CHUCTEMBI.

1.8. 3amep3anue BoAbI M BOAHBIX PACTBOPOB B PA3JIMYHbIX YCJI0BHSAX

B cTpoutenbcTBe HEOOXOAMMO YUHUTHIBATh KIMMATUUYECKUE YCIOBUS U
3aBUCHUMOCTb OT HUX MPOIECCOB 3aMEP3aHUs BOJbl WIM TasiHUSA JibAa. 3aMep-
3aHHE BOJIBI B MOPaX CTPOUTEIBHBIX MATEPHAIIOB MPU OCTOHMPOBAHWU, KHP-
MMUYHOM KJIAJKE U T.II. BJIUSIET HA UX MOPO30CTOMKOCTh. [Ipupoanas Boxa, co-
JepKalias pazdyHble MPUMECH, NMPU HU3KUX TeMIlepaTypax BeAeT ceO0s
WHaye, YeM YKCTas BOJa, MPEICTaBIIssi COOOM pacTBOPHI pa30aBICHHBIX JICK-
TponuToB. ClieyeT y4yuThIBaTh U TO, YTO OOJIbIIAsl YacTh BOJIBI B TBEPJICIO-
HIMX BSDKYIIUX MaTepuaiax HaXOJUTCS B CBS3aHHOM COCTOSIHUM U YCIIOBUS €€
3aMep3aHus TakKe OTIMYAIOTCS OT OOBIYHON BOJIBI.

B pesynbrare mccnenoBanuii ObUIO JTOKa3aHO, YTO YacTh BOJBI B MEp3-
JIBIX TPYHTaxX HpH Temieparype Oosee Hu3kol, yem 0 °C, HaXOIUTCS B HKHUJI-
KOM COCTOSIHHH, W TP HAarpeBaHUU B 00JIACTHM HU3KUX TEMIEpaTyp KOJIH4e-
CTBO TaKOM BOJIbI OOPATHMMO BO3pACTaeT. ITO CBUAETEIBLCTBYET O TOM, UYTO B
MPOIIECCE YUYaCTBYET Kak CBOOOIHAs, TaK U CBSI3aHHAs BOJIA.

B oTnuume OoT 4MCTOM BOABI KPUCTAIUIM3ALMSA TPUPOAHOM BOJBI IIPOUC-
XOJIUT B HEKOTOPOM MHTEpPBAJIE HU3KUX TEMIIEPATYpP, KOTOPBII MOXKET JOCTH-
raTh HECKOJIBKO JECSTKOB I'PayCOB.

Mexy pazaudHbIMU (GOpMaMU COCTOSIHUS BOJbI BO3MOXKHO JOCTH)KCHUE
paBHOBecus. CBsizaHHasi Bojia o0JajaeT JaBlIeHHEM paBHOBecHOro mapa (P),
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HO 0oJiee HM3KHUM JaBJICHUEM, YEM JIaBJICHNE HACHIIEHHOTO MMapa CBOOO HON
BoJbI (Py,.) mpu ToM ke Temnepatype. [loaTomy Temneparypa, Ipu KOTOpon
CBsI3aHHAs BOJA MOKET HAaXOJUThCS B PABHOBECHU CO JIbJIOM, Bcerjaa Hrbke 0
°C (puc.12). Uem cuibHee CBsA3aHa BOJA M, YEM HHUKE IOITOMY JaBJIEHHUE
PaBHOBECHOI'O C HEM Napa, TEM HUKE TEMIIEpaTypa €€ 3aMep3aHHsl.

Kanummsiprass Boma oOusamaer

Puo | 1 naBieHueM napa P, OnmskuM K
_—’// 2 P.ac. ¥ 3amep3aeT noutu mpu 0 °C

_/f _4// 2 B OTHOCHUTEIIPHO IIUPOKHUX KaITHJI-

aspax. B Ooree y3Kkux Kanmuuisipax

- {9C 3T0T 3(hdeKT eme 3ameTHee.

0 MoOXXHO yTBEpXAaTh, 4YTO YEM

Puc. 12. 3aBucuMocTh Temrieparyp 3a-  OoJibllle OTHOomeHue P/P.,. oTim-
Mep3aHHsl KaMILISPHON BOJbI OT CTEHEHH YaeTCs OT eMHUIBI, TEM OOJIBIIE

HACBIIIECHHOI'O I1apa, paBHOBECHOTO C HEH:

IIOHWIKAETCA TeMIeparypa 3amep-
1 —cBOOOHAS BoAa; 2,3,4 — KamLIApHAs BOIA

3aHUs BOABL TO K€ MPOUCXOAUT U
¢ ancopbupoBaHHoOi Bojoil. Ilpu
ATOM CJIEAYeT Y4YeCTh, YTO M KalWJUIIpHAas, U aJcOpOMpOBaHHAs BOJA, HAXO-
ISCh B KMIKOM COCTOSHUM Ipu Temmeparype Humxke 0 °C, sBisgercs yc-
TOMYMUBON PABHOBECHON CHCTEMOW M HUKAKHE «3aTPaBKU» B BHUJIE Jibjla HE
CIIOCOOCTBYIOT €€ KpucTan3anui. KoaudecTBoO XKUAKOH BOJIBI 3aBUCHT OT
TeMIIEpaTyphl, a TAKKE U OT XUMHUYECKOTO COCTaBa U CTPYKTYphI rpyHTa. Bo-
Jla HaXOJSCh Ha PACCTOSHUHU MOJIMUKPOHA OT MOBEPXHOCTH T'PYHTOBBIX Yac-
THII, SIBJISIETCS CBOOOIHOM M MOKET 3aMep3arh ¥ orTanBarh moutw npu 0 °C.
UccnenoBanus mokazanu, 4To 0Opasyromascs Mpu TBEPICHUU I[EMEHTa

BOJA B TUAPOTEISAX YBEIMUYHUBAETCS B 00bEME NP OXJIAXKIECHUH B MHTEpBAIAX
5-8°C u —20-50 °C.

1.9. Iloka3aTe/in Ka4ecTBAa BOJbI

OCHOBHBIMHU TIOKa3aTEIIMH KadecTBa BOJbI PAa3JIMYHBIX MCTOYHHWKOB SIB-
JIAOTCA: Cl)I/IBI/IquKI/Ie, XUMHUYCCKHC, OHOJIOTUYECKHUE U 6aKTepI/IOJ'IOFI/I‘-ICCKI/IC.

dusnyeckue MOKa3aTeJM XapaKTepU3YIOTCs Kak ooOiiecanutapHbie. K
HUM OTHOCSITCS:

1) conep>kaHue B3BELICHHBIX BELIECTB (YACTUIL MECKA, Uja, MIAHKTOHA),
KOTOPBIE OMPEACNISIOTCS B3BEIIMBAHUEM OCaJKa MOCIE €ro BhIMapuBa-
HHS, MI/JI;

2) UBETHOCTH (OKpacKa) OLIECHUBAETCS B YCJIOBHBIX €IMHUIIAX;

3) Bkyc u 3anax (0OycClIaBIMBaIOTCS PACTBOPEHHBIMHU COJISIMH, Ta3aMu,
OpPraHUYeCKUMHU COeIMHEHHUSIMU) OIICHUBAIOTCS B Oayutax (OpraHojIenTH-
YECKH ), TUOO MO MOopory paz0aBlieHHUS.

XuMHYeCKHe MoKa3arejau YCJIOBHO ACJIATCA Ha ILATDh T'PYIIIL:

19



1) OcHoBHble MOHBI. Hanbosiee pacnpocTpaHeHbl B MPUPOIHBIX BOJAX
annonsl HCO'5, SO,”, CI', CO5”, HSiO; u xatuonsr Na' K’ ,Ca™" |, Mg,
Fez+, oHM cocTaBysOT 90-95% ot 0611ero coaepkaHusi MIOHOB B BOJIE.

ConepkaHue B BOJIe PAaCTBOPUMBIX COJICH KaJIbI[Usl U MarHus XapakTepu-
3YIOT KE€CTKOCTh BOABL. Paznuuaror xectkocTh kapOonatHyro (Ca(HCOs;),,
Mg(HCO;),) u nekapbonarnyto (CaSO4, MgSO,, CaCl,, MgCl,, Ca(NO;),,
Mg(NOs),).

2) PacTtBopennbie ra3sel : O,, CO,, H,S u ap. Conepxanue Kuciopojaa B
BOJIC OIpEAENAeTCS MOCTYIUICHHEM €Tr0 M3 BO3AyXa M OOpa3oBaHUEM B pe-
3yabTaTe (hoTocuHTE3a. PacCTBOPUMOCTH KHCIIOPO/Ia 3aBUCUT OT TEMIIEPATYPHI
BOJIBI, MU €r0 KOHIIEHTpauusi B BoAe 3uMor MeHblie. CO, HaXOIUTCS Kak B
PacTBOPEHHOM BHJIE€, TaK U B BUJE YIIEKUCIOTbl. OCHOBHBIMU HCTOYHUKAMU
CO, sBnAIOTCA TpollecChl pacrnajga OnoxuMHuueckux BemiecTB. H,S ObiBaeT
OpraHnyueckoro (IPOIyKT pacriajia) ¥ HEOPraHUYeCKoro (pacTBOPEHUE MUHE-
panbHBIX coneil) mpoucxoxaenusa. H,S mpumaer Boje HEMPUATHBIA 3amax u
BBI3BIBAET KOPPO3UIO METAIIIA.

3) buorennsnie BemecTBa. K 3T0i rpyrine oTHOCATCS HEOOXOUMBIE TSt
KU3HEACATEILHOCTH BOJHBIX OPTAaHU3MOB M 00pa3yromuecs B mpolecce 00-
MeHa BEIIECTB COeAMHEHHS a30Ta U Gocdopa.

4) MuKpoO3JIeMeHTBI - 3JIEMEHTBI, COJIEp)KaHUE KOTOPBIX B BoJE MeHee 1
Mmr/n1. Hanboiee BaxxHbIe W3 HUX WO U GTOP.

5) Opranuveckue BellecTBAa MPUCYTCTBYIOT B BUJIE TYMUHOBBIX COEIU-
HEHUM O0pa3yIOMIMXCs PU Pa3I0KEHUU PACTUTEIBbHBIX OCTAaTKOB M OpraHU-
YECKUX COEAMHEHMH, MOCTYMAIIMX CO CTOKOM. WX ompenenstoT mokasare-
asmu: XITK (xumuueckoe norpebienue kucinopoaa) u bBIIK (6uonornueckoe
norpebienue kucinopoza). XIIK — 3To konuuecTBo KUCI0poia, KOTOPOE UIIET
Ha OKHCIICHUE OPraHUKH XMMHUYECKUM IyTEM B NPUCYTCTBUU KaTaliu3aTropa
(cynmbdara cepebpa miam quxpomara kanus), mr/i. BIIK — 3To xoaudecTBo ku-
CJIOpOJIa, KOTOPOE UAET HA OKUCIICHWE OPTaHUKU €CTECTBEHHBIM IyTeM (OHOo-
JIOTUYECKOE OKUCIICHHUE BEIIECTB), MI/JI.

K xumuyeckum mnokazaresisiMm BOJibl OTHOCUTCSI BOJIOPOIHBIN MOKa3aTeNb —
pH.

BbuosornyeckumMu noka3zateasiMi KauecTBa BOJbI ABJISIOTCS THAPOOHO-
HTHI ¥ TUApOdIIOpA.

['upoOUOHTHI — OOUTATEN OT JTHA 10 TOBEPXHOCTH.

['uapodnopa — pacTUTEnbHOCTH Makpo- U MUKpodutsl. Makpodursr —
BhIcIIass popma pacrurenbHocTH. Mukpodutsl — Bogopocau. [Ipu ormupa-
HUU MakpopUTOB BojJa OOOramiaeTcss OPraHMYeCKUMH BEIECTBaAMU, YXY/I-
HIAIOIIUMHU OPTaHOJIENITUYECKUEe Mmokazaresin. MukpoduTsl — OpoOayIUPYIOT
KHCIIOPOJL.

BakTepunosnornyeckue mnoka3zaTtead - TPUCYTCTBUE OO0JIE3HETBOPHBIX
MUKpPOOPraHU3MOB (KuiieuHor mnanouku). CojaepxaHue OaKTepuil TPYIIIbI
KHILIEYHOW MAaJO4YKU B | JIUTpe BOJBI ONpPENENSET €€ KOMU-UHAEKC. HAUMEHb-
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muii 00beM BOJBI (MIT), IPUXOASIIANCS HA | KUIIEYHYIO MAJIOUYKy HA3hIBACT-
Cs KOJIU-TUTPOM.

[IpupoaHas Boaa, Kak IPaBUIIO, COASPIKUT Pa3TMIHBIC TIPUMECH: Ipy0o-
JUCIIepCHBIe (TTeCOK, TIIMHA U T.J.) ¥ KOJUIOUIHBIE YaCTHIIbI, OpPraHUYECKOTO U
MUHEPAJILHOTO MPOUCXO0XKICHUS, PACTBOPUMbBIC U HEPACTBOPUMBIC COCIUHE-
HUsI, B TOM YHUCJI€ U CONU. J[JI1 mOMy4YeHuss NUThEBOM M TEXHUYECKOW BOJIBI,
WCIIOJIb3yEeMOU B PA3MUYHBIX OTPACISIX HAPOJIHOTO XO3SHCTBA, HEOOXOIUMO
npoBecTH ee 00paboTky. IIporecc 06paboTk BOABI 00YCIOBICH €€ IeJICBhIM
Ha3HaueHWeM. Tak MUTheBas BOja JOJKHA COOTBETCTBOBATH CTaHIAPTHHIM
TpeOOBaHMUSIM: TIOJHAS O€3BPEIHOCTh, MPHUITHBIC OPTaHOJICITHYECKHE CBOWM-
CTBa, OakTepuaibHas 0€30MaCHOCTh, )KECTKOCTh He Oosee 7 Mmob/i. K Boze,
MPUMEHSIEMOM ISl TIPOMBIIIJICHHBIX IENeH MPEABSBISIOTCS MEHEE )KECTKUE
TpeOOBaHUS.

TpeboBaHus K KadyeCTBY BOJBI 3aBHUCAT OT €M €€ HCIOJb30BaHusi. B
Ta0J1. 3 puBeIeHBI TPEOOBAaHMS K KQ4eCTBY MTUTHEBBIX BO/I.

Tabnuya 3
TpeboBaHus, NPEBABISEMbIE K KAUECTBY BOJIbI
Ilenu BogOMONB30BAHUS
[Tokazarenu Xo034iicTBeHHO-IUThEBbIE | KOMMyHanbHO-OBITOBBIE HY Kbl Ha-

HYXObI HACCIICHUA CCIICHUA

[Tpu cOpoce cTouHBIX BOJ U Ap. paboTax Ha BOJHOM OOBEKTE COEp-
JKaHHC B3BCIICHHBIX BCIICCTB B KOHTPOJIbHOM PAaCTBOPC HE JOJIKHO

Bspeiennbre YBEJIMYMBATELCS 110 CPABHEHUIO C €CTECTBEHHBIMHU YCIOBHAMH OoJlee,
BEIIIECTBA geM Ha
3 3
0,25 r/m 0,75 r/m
[InaBaromue
npuMecH (Be Ha moBepxHOCTH BO/IBI HE JOJDKHBI 0OHAPYKUBAThCS TUICHKH HE(TE-
HPOYKTOB, Macel, )KUPOB U CKOIUICHHS JIp. IPUMECEH.
mectsa) pony. , » XKHP p. 1Ip
He nomxna oOHapyKUBaThCS B CTOJIOUKE
Oxkpacka
20 cm 10 c™m
Bopna He nomkHa npuoOpeTaTh 3arnaxu HHTEHCUBHOCTH > 1 Oana,
00HapyXKHUBaEMBbIE:
3amnaxu, NpuB-
KYCBI HETIOCPEICTBEHHO, TIPU XJI0-
PHPOBaHMH U JIp. CIIOco0ax HETOCPEICTBEHHO

00paboTKu

JleTHsis TemrepaTypa BOJBI TTOCHE cOpoca HE JODKHA MPEBBIIATHCS

0 o
Temneparypa |©Oonee, ueM Ha 3" C MO CpaBHEHHUIO CO CPETHEMECSIYHON TeMIlepary-
PO BOJBI CAaMOTO KapKoro Mecsa 3a nocieanue 10 ner.

Bonopoansrit

He nmoimkeH BBIXOIWUTH 3a Mpeaeinl 6,5-8,5.
nokazatenb(pH) a g pex
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Llenu BoOMOIB30BaHMS
[TokaszaTenu XO0351CTBEHHO-TUTHEBBIE KoMMyHanbsHO-0BITOBBIE HYK/IbI Ha-
HYK]IbI HACEICHUS CEJICHHS
He 6onee 1000 mr/a, B ToM
qucie XJopuaoB 350mr/m,
Munepanusa- HopMmupyercs mo nokasatento
cynbsharos 500 mr/i, xene3a " "
LU MIPHUBKYCa
He Ooiee 0,3 mr/a, ooO1ias
)KecTKOCTh 0,7 Mr-3KB/II
PacTBOpeHHbI He nomxen O0b1Th MeHee 4 M1/ B J11000i1 mepuo roga
KHUCIIOPOT
3 Mmr Oy/n 6 Mr Oy/n
XuUMHUYECKOE He nomxHo npeBbIaTh
norpe0ieHue
Kucopoa, 15 mr Oy/n 30 Mr Oy/n
XIIK
XuMuueckue He nomKHBI cofepKaThCsi B KOHIIGHTPAIHSIX, TIPEBBIIAIOIINX HOP-
BEIIICCTBA MAaTHUBBI

2. CriocoOblI MOoJIy4eHUs1 OYMIIEHHOW BOJbI

Bpennbie XuMUYECKHE BJIEMEHThI W BEIIECTBA IMOMAJAlOT B BOJOEMBI,
YXYIIasi UX CAHUTAPHOE COCTOSHUE ¥ BBI3BIBAsI HEOOXOAMMOCTh CIICIIHAITLHOMN
rIyOOKOW OYMCTKH BOJBI MEpEe]l HMCIOJIb30BaHUEM €€ JJisi XO3SIMCTBEHHO-
IUTHEBBIX U HEKOTOPHIX MPOMBIIIJICHHBIX LIEJIEH

CnocoObl OYHMCTKM CTOYHBIX BOJ JEIATCS HAa MeXaHUYecKue, (PU3UKO-
XHMHYECKHUE, JJIeKTPOXUMHUYECKHE, OMOXUMUYECKHE CIOCOObI.

2.1. MexaHn4YeCcKas OYUCTKA

IIpouexuBanue. /{5 n3BiIeUeHUs KPYMHbIX IPUMECEH, BO H30eKaHUE 3a-
copeHus TpyO M KaHAJIOB, UCIIOJIB3YIOT PELIETKH.

Jlnia ynanenust 0ojiee MEJIKMX B3BEIICHHBIX YacTULl IPUMEHSIOT CHUTA, OT-
BEPCTHUSI, KOTOPBIX 3aBUCST OT yJaBluBaeMbIx npumecei (0,5-1 mm).

JIJ1st OYMCTKH OT rpyOOIUCIIEPCHBIX MPUMECEN UCIIONb3YETCS OTCTAUBAHUE
B IIECKOJIOBKAX, OTCTOMHUKAX, HEPTETOBYIIKAX, OCBETIIUTEISIX U JP.

Ilecko010BKM NpeHA3HAYEHBI I yAAICHUS MEXAHUYECKUX IPUMECEH,
pasmepom Oonee 250 MkM (Tiecka, okaiauHsbl). [IpuHIMn n1edcTBUS MECKOIOB-
KM OCHOBAaH Ha U3MEHEHHUH CKOPOCTHU JBM)KEHHS TBEPJBIX TSDKEJIBIX YACTHIL B
HOTOKE KUAKOCTU. [IeCKOIOBKM MOTYT OBITh pa3IU4HbIX KOHCTPYKIHiL (C TO-
PU30HTAIBHBIM, BEPTUKAJIBHBIM WJIM KPYTOBBIM JBHKEHUEM BO/IbI).

Juamerp ynangemeix yactun 0,2-0,25 MM, NpOJOIKUTENBHOCT MPOTEKa-
Hus Boj He Oozee 30 ¢, rmyOuna neckosioBok 0,25-1 M, mMpuHa onpeaenser-
Csl PACYETHBIM ITyTEM.
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He¢renoBymku. [Ipumenstorcs g BblACIEHNS U3 CTOYHBIX BOJA He(dTe-
IPOAYKTOB, Macen u >kupoB. [IpuHiun paboThl OCHOBAH HA BCIUIBIBAHUH Yac-
THUL C MEHBLIEH, YEM BOJIA, INIOTHOCTHIO.

Cxopoctb aBwkeHus Bojbl B HedTenoByike ot 0,005-0,01 M/c, mpu sToM
BCIUTBIBaET 96-98% Hedtu. CKOPOCTh BCIUIBIBAHWS YACTUIl 3aBHCHUT OT HUX
pa3Mepa, IJIOTHOCTH M BSIBKOCTH pacTtBopa. BcemibiBaror vactunbl 80-100
MKM. Bpewmst oTcTost okosio 2 yacoB. ['myOuna nedrenoBymku 1,5-4 M, mmpu-
Ha 3-6 M, JyIMHA OKO0JIO 12 M, KOJMYECTBO CEKIIMH HE MEHEE JBYX, COCMHCH-
HBIX MOCIIEOBATEIBHO.

®OuabTpoBanue. [IpuMensieTcs AJisi BbICICHUS U3 CTOYHBIX BOJ| TOHKO-
JUCIIEPCHBIX TBEPJBIX U KUJIKUX YaCTHUIl, KOTOpPbIE HE OTCTauBatoTcs. B kaue-
CTBE (UIBTPYIOIIUX MATEPUAIOB UCIOJIb3YIOTCS METAINIMYECKUE CETKH, TKa-
HeBble (DUIBTPBI (XJI0MYaTO-OyMaXkKHbIE, U3 CTEKJIO- U MCKYCCTBEHHOI'O BO-
JIOKHA), KEpaMUYECKUE, WHOTJIA MCIONb3YIOTCA 3€pPHUCTbIE MaTepuaibl (Ie-
COK, IpaBu#l, TOpd, yroib u 1p.). IT0, KaK MPaBUIIO, Pe3epByap, B HIDKHEU
4acTU KOTOPOr0 YCTPOEH APEHAX IJis OTBOAA OYMIIEHHON BoAbl. CKOpPOCTH
dbunsrpoBanus 0,1-0,3 M/4. Ounctka GUIBTPOB MPOBOIUTCS MYTEM IIPOTYBKHU
BO3/1yXOM WJIM IPOMBIBKOM.

I'MapouMKIOHBI OYMIIAIOT CTOYHBIE BOJABI OT B3BELICHHBIX YACTHI] MO
JENUCTBUEM LIEHTPOOEKHOU cuiibl. Bosla ¢ BBICOKOI CKOPOCTBIO TAHT€HIUATIb-
HO MOJAETCsl B TUAPOUUKIOH. [Ipyu BpalieHuu B HEM >KUJIKOCTH Ha YaCTHUIIbI
JNEUCTBYIOT HEHTPOOEKHBIE CUJIbI, OTOPACHIBAIOLIUE TSKEJIbIE YACTULIBI K TIe-
pudepun noroka. Yem OoJblIe pa3HOCTh MJIOTHOCTEH, TEM JIy4llle pa3jelie-
HUE.

2.2. DU3UKO-XUMHUYECKHE METOAbI OYHUCTKH.

duoTanusA NpUMEHSETCS s YAICHUs U3 CTOYHBIX BOJ| HEPACTBOPUMBIX
JUCIIEPTUPOBAHHBIX MPUMECEH, KOTOpbIE TJI0X0 OTcTauBaroTcs. st aToro B
BOAY MOJAIOT BO3JyX IOJ JABJICHHEM uepe3 nepGopupoBaHHbIE TPYOBI C
MEJNKUMH OTBepcTUsMU. [lpu nBHXKEeHUM depe3 CIOM >KUIKOCTH, ITy3bIPbKU
BO3/lyXa CIIMBAIOTCSA C YaCTMYKAMH 3arps3HCHUM W MOJHUMAIOT MX Ha TO-
BEPXHOCTb BOJIbI, TJI€ OHM COOMpArOTC B BUAE MEHbl. D(PPEKT OUNCTKH 3aBH-
CUT OT BEJIMYUHBI My3BIPHKOB BO3yXa, KOTOPHIE TOJDKHBI UMETh pa3mep 10-
15 mMxm. Crenenp ouncTku coctaBisieT 95-98%. [Ins yBenuueHus creneHu
OYHUCTKHU B BOAY MOXKHO J100aBUTH KoaryisHThl. lHOrAa BO (oraTope oaHO-
BPEMEHHO MPOBOJIUTCSA M OKUCIIEHUE, TOTJIa BOJLY HACBIIIAIOT BO3AYXOM, 000-
TalleHHbIM KHUCJIOPOJOM WJIM 030HOM. B npyrux ciyuasx sl yCTpaHEHHUs
OKHUCJIEHUS (JIOTALMIO OCYIIECTBISIOT UHEPTHBIMU razamu. dnorauus ObiBa-
€T HaropHasi ¥ BaKyyMHasl.

AcopOIIMOHHAS OYHMCTKA (OYMCTKA HA TBEPJIIX COPOCHTAX) MPUMEHSET-
sl JJ1s1 ITyOOKON OYMCTKU CTOYHBIX BOJ| IPU HE3HAYUTENIbHON KOHIIEHTPAIUH
3arpsi3HUTENIeH, €ClAM OHM OWOJIOTMYECKH HE pasjlaratoTcsl WM SIBISIOTCS
CWIBHBIMH siJaMu ((PEHOIIBI, TEePOUITUABI, TIECTUIIH/IBI, ADOMATHYECKUE U HUT-
pocoenunenus, CITABsbI, kpacuTenu u T.4.).
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AncopOriss MOXKET OBITh PEareHTHOH, T.€. C M3BJIICUCHUEM BEIIECTBA W3
aJicopOeHTa W JECTPYKTHUBHOM, C YHUYTOKEHHUEM H3BJICKAEMOTO BEIECTBA
BMecCTe ¢ ajicopoeHTOM. DP(HEKTUBHOCTh OUUCTKH, B 3aBUCUMOCTH OT MPUMeE-
Hsemoro ajcopoenta, 80-95%. B kadecTBe ajcOpOECHTOB MCIOJIB3YIOT aKTH-
BUPOBAHHBIN yTOJb, 3011y, IIJIAKA, CHHTECTHYECKHE COPOCHTHI, TJIMHBI, CHUJIH-
KOT'eJId, aJlOMOTreld, THAPAThl OKUCIIOB MeTauioB. Haunbosee yHuBepcaibHbI
aKTUBHPOBaHHbIE yrin ¢ paguycom nop 0,8-5 um. [Iporecc agcopOuuu mpo-
BOAAT JMOO MpPU MHTEHCUBHOM IE€pEMENIMBAHUU aIcOPOEHTa M BOJbI, C IO-
CJIEYIOIIMM OTCTauBaHHUEM, JIMOO (DUILTPOBAHUEM Yepe3 CIoM ajcopOeHTa.
OTtpaboTaHHBIN aICOPOCHT PEreHEPUPYIOT MEPETPETHIM MTAPOM HIIA HAarPeThIM
WHEPTHBIM ra3oM.

HNoHooOMeHHasi 0UUCTKA PUMEHSETCS ISl U3BJICUECHUS U3 CTOYHBIX BOJT
metamioB (Zn, Cu, Cr, Ni, Pb, Hg, Cd, Va, Mn u ap.), a Takke COeTUHCHHIA
MBIIIbsIKa, (pocdopa, MUAHUCTHIX COCTUHEHUNW W PAJTUOAKTHBHBIX BEIIIECTB.
MeTo/1 MO3BOJIAET PEKYIIepUPOBATh IIeHHBIC BemecTBa. CyTh METOJa COCTOUT
B TOM, YTO CYIICCTBYIOT NMPUPOJIHBIC M CHHTETUYCCKUE BEIIECTBA (MOHUTHI),
HEPACTBOPUMBIE B BOJIE, KOTOpPbIE MPHU CMEIIMBAHUHU C BOJAONW OOMEHHBAIOT
CBOM MOHBI Ha MOHBI, cojaepxkaiuecss B Boae. MOHUTHI, cIOCOOHBIE MOTIIO-
aTh M3 BOJbI MOJOKUTEIbHBIE MOHBI HA3bIBAIOT KATHOHWUTAMHU, & OTpPHIlA-
TeJIbHbIC — aHMOHUTaMU. MloHUTHI, 0OOMEHHMBAIOIIME U KATHOHBI M aHUOHBI, Ha-
3pIBatOTCSl aMporepHbiMu. K HEOpraHW4ecKuM MPUPOIHBIM MOHUTAM OTHO-
CSITCS 1I€OJUTHI, TIMHUCTHIE MUHEPAJIbI, OJIEBbIC IIMATHI, PA3JTUYHBIC CITIOJIBI.
K HeopraHm4eckuM CHHTETHYECKHUM OTHOCSITCS CHIIMKAreld, TPYIHOPACTBO-
pUMBIE OKCHIIBI M THAPOKCHIBI HEKOTOPBIX METAUIOB (QJIFOMHUHUS, XpOMa,
UUPKOHHUS U JI.).

Oprannyeckue MPUPOIHBIE MOHHWTHI — 3TO TYMHHOBBIE KHCIIOTHI ITOYB U
yraeid. K opranndeckuM MCKYCCTBEHHBIM MOHUTAaM OTHOCSTCS MOHOOOMEH-
HbIE CMOJIBI. YTIPOIIEHHO (hOpMyJTy KaTHOHUTA MOXHO 3anucath RH, a anuo-
Huta — ROH, rae R — cnoxHbIi pagukai.

Peakiust nvoHHOrO OOMEHa MPOTEKAET CIEAYIOIIMM 00pa3oMm:

IPU KOHTAKTE C KATHOHUTOM

RH + NaCl =RNa+ HCI,
IPU KOHTAKTE C aHUOHUTOM

ROH + NaCl=RCIl + NaOH.

[Tporieccbl MOHOOOMEHHOM OYMCTKH CTOYHBIX BOJI MMPOBOJAT HA YCTaHOB-
KaX MEPUOJUYECKOT0 U HEMPEPHIBHOTO JEHCTBHUS.

IDKCTPaKIMSA TPUMEHSETCS 11 OYUCTKUA CTOYHBIX BOJ, coaepkaimx de-
HOJIBI, Macjia, OPraHUYECKUEe KHUCIOThI, HOHBl META/UIOB U Jp. DKCTPaKIIUs
BBITOJIHA, €CJIM CTOUMOCTb M3BJICKAEMbIX BEIIECCTB KOMIIEHCUPYET 3aTpaThl Ha
ee npoBenenue. [Ipu koHuentpauuu 3-4 1/71 3KCTpaKIUs BBITOJIHEE a7CcOpO-
WU,

DKCTpaKIUs MPOBOAUTCS B 3 CTaUU:
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l. MHTEHCHMBHOE CMEIINBAHWE CTOYHON BOJBI C SKCTPAreHToM (Opranudye-
ckuM pactBoputenem). [Ipu sTom oOpa3yroTcs aBe xkuakue (assl; ogHa (asza
- OKCTpaKT, COJAEp)KaIlIUil M3BIIEKaeMbIe BEIIECTBA M JIKCTPAreHT, Ipyras —
pauHAT - CTOYHYIO BOJY U IKCTPAreHT;

2. paszaerneHue dKCTpakTa u paduHara;

3. pereHepauus dSKCTpareHTa U3 3KCTPaKTa U pauHara.

OKCTpareHT W3 JKCTPaKTa BBIACIACTCS BBIIAPUBAHHEM, IUCTUILISIUEH,
XUMHYECKUM B3aUMOJECHCTBUEM U OCAKICHUEM.

YabTpaduabTpanusi — nporecchl (GUIbLTPOBAHKS PACTBOPOB Yepe3 TO-
JyOpOHUIIaeMbIe MeMOpaHbI MO/ AaBJICHUEM, MPEBBIIIAIOIUM OCMOTUYECKOE.
MeMOpaHbl NpoIycKaloT MOJEKYJIbl PACTBOPUTENS, 3a/IepKUBAsT PACTBOPEH-
HBIE BENIECTBA, pa3MepoMm < 0,5 MKM.

2.3. XuMH4YecKne MeToabl.

K xuMu4eckuM MeTojaM OYMCTKH CTOYHBIX BOJ OTHOCAT HEUTPAIU3ALIMIO,
KOaryJmpoBaHue U (IOKYyJIUpPOBAHUE, OKUCICHUE U BOCCTAHOBJICHUE. XHMH-
YyecKas OYMCTKA MPOBOJIUTCS KaK JOOYUCTKA BOJI TIEpe OMOJIOTHICCKON OYH-
CTKOM WJIU TIOCJIC HEe.

Heiitpanu3auusa. CTouHble BOJBI, COAEPXKAIINE KHUCJIOTHI WU IIEJIOYH,
nepes; cOpocoM B BOJOEMBI WM TEPEJ]l TEXHOJIOTHYECKUM HCIOJIb30BAHUEM
IIOABEPraloTCs HeUTpanusauuu. lIpakTuyecku HEUTpaJIbHBIMU CUMUTAIOTCS
BOJIbI, uMeroue pH 6,5 — 8,5. [Ins HelTpain3aiuu KUCIbIX CTOKOB UCIOJb-
3YIOT 1IEJIOYH, 1JI HEUTpaIU3allUU ETOYHBIX — KUCIOTHI.

Heitpanuzanyio MOKHO MPOBOJAWTH PA3IMUYHBIMU MYTSIMHU: CMEUICHUEM
KHCJIBIX M IIEJIOYHBIX CTOYHBIX BOJI, I00aBJICHUEM peareHTOB, (UILTPOBAHHU-
€M 4Yepe3 HEUTpaIu3yrolue Marepuayibl. [ HeuTpamu3aluyd KUCIBIX BOJI
ucnonb3yroT 1menoun (NaOH, KOH), cony (Na,COs;), amMuaunyo BOAy
(NH4,OH), xap6onarsl kameiius u Marausi (CaCO; u MgCO;), momomur
(CaCO5:MgCO3), nement. OmHako HanboJiee ACIICBHIM PEAreHTOM SIBIISETCS
nu3BecTkoBoe Mosioko (Ca(OH),).

JIist HeWTpau3aluy MEI0YHBIX CTOYHBIX BOJI UCIOJIB3YIOT MarHe3uT, J10-
JIOMUT, U3BECTHSK, LIJIAK, 30y, a TAaKKE MPUMEHSIOT OTXOJSIIHNE rasbl, CO-
nepxaiue CO,, SO,, NO,, N,Os3 u ap. IIpu 3TOM OpOUCXOAUT OUYKUCTKA JbI-
MOBBIX T'a30B OT KHCJIbIX KOMIIOHECHTOB.

Koaryasinuss — 5T0 mpouecc yKpynmHEHUs AUCHEPCHBIX YacTULl MPH UX
B3aMMOJIEUCTBUM M OOBEAMHEHUSI B arperatrbl. B O4YMCTKE CTOYHBIX BOJ €€
IIPUMEHSIIOT U1 YCKOPEHUS IIPOLiEcca OCAXKIAEHNS TOHKOAUCIIEPCHBIX MPUMeE-
cell W AMyJbIUpPOBaHHBIX BellecTB. KoarynsHTel B BoAe 0Opa3yloT XJIOIbS
TUAPATOB OKUCEW METAIJIOB, KOTOPbIE OBICTPO OCENAIOT MO JEHCTBUEM CHJIbI
TSYKECTH U YJIABJIMBAIOT KOJUIOUHBIE U B3BEUICHHBIE YaCTULIBI.

@JIoKYJSIIMSA — TO MPOLIECC arperaluy B3BEIICHHbBIX YaCTHI] IPU 100aB-
JIEHUHA B CTOYHYK) BOJY BBICOKOMOJIEKYJIAPHBIX COCIMHEHUH, HA3bIBAEMBIX
¢uokynsiHTaMu. B oTimyme OT koarynisuMu arperatusanus MPOUCXOIUT He
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TOJIKO B pe3yJbTaTe KOHTAKTa, HO U B pe3yJibTaTe B3auUMOJACUCTBUS (DIIOKY-
JITHTA ¥ U3BJIEKAEMOro BemecTBa. J[JI1 OYMCTKH HCIIOIB3YIOT NPUPOIHBIE U
CUHTEeTUYECKHE (IOKYISIHTHI (MIOHAaKpUIaMHI, KpaxMal, LEeJUTIOJIO3bI).

OuucTKa OKHCJIEHMEM M BOCCTAHOBJIEHHEM. /)11 OYMCTKU CTOYHBIX BOJI
UCIIOIB3YIOT CICAYIOIINE OKHUCIUTEIN: ra3000pa3Hbli U CKMKCHHBIM XJIOD,
JUAOKCHUJI XJIOpa, XJIOPHYIO M3BECThb, TMINOXJIOPUTHI KaJbLIUS U HATPUs, IEp-
MAaHTaHaT Kajus, JUXPOMAT Kalivs, MEPEKUCh BOJIOPOAA, KUCIOPO BO3AyXa,
O30H U JIp.

[Ipy1 OKMCIIEHNU TOKCUYHBIE 3arPSI3HEHUS MEPEXOASIT B MEHEE TOKCUUYHBIC
C TOCIEAYIOIMM yJaJeHHueM W3 BOAbl. OUYMCTKAa OKHUCJICHHEM CBSi3aHa C
OOJIBIIIUM PACXOJIOM PEAreHTOB, MOATOMY OKHCIICHHE HCMOJb3yeTCs TOT/a,
KOTJIa 3arpsi3HUTENH TPYIHO U3BJICUb IPYTUMU CIIOCOOAMU.

Oxucienue XJopoM. XJop U BEILIECTBA, COJAEPKaIINe aKTUBHBIN XJIOp 5B-
JSIOTCS HanboJiee PacIPOCTPAHCHHBIMU OKUCIUTEIAMU. VX HCTIONB3YIOT IS
OYHMCTKH CTOYHBIX BOJI OT CEPOBOIOPO/Ia, PEHOIOB, IMAHUIOB U OAKTEPHIA.

[Ipu ob6e33apakrBaHUM BOJI OT IIUAHUOB UX OKHUCISIOT 10 a30Ta U JHOK-
cujia yriepoja:

CH™ +20H™ +Cl, - CNO™ +2C1” + H,O0
2CNO~ +40H™ +3Cl, - CO, +6Cl™ + N, + 2H, 0.

[Ipu xnopupoBaHUM BOJBI OaKTEPUH, HAXOIALIUECS B BOJE, NOTMOAIOT B
pe3yJIbTaTe OKUCIIEHUS BEIIECTB, BXOASAIIUX B COCTaB MPOTOIIA3MBI KIIETOK.

OxucjieHHe KHCI0POAOM BO3AyXa KCIOJB3YETCS MPU OYUCTKE BOJBI OT
xKesiesa, NIl OKUCIICHHS JABYXBAJCHTHOIO JKejie3a B TPEXBAJICHTHOE U TOCIIe-
JyIOIIETo oTaesieHus ruapokcuaa xeneza(lll):

4Fe* + 0, + 2H,0© 4Fe" + 401
Fe** + 3 H,0 < Fe(OH); + 3 H'

OuncTrka BOCCTAHOBJIEHMEM IPUMEHSETCS B TeX Cllydasx, KOTrjJa Boja
COJICPKUT JIETKO BOCCTaHABJIMBAEMbIC BEIIECTBA (COCIUHEHHS PTYTH, XpOMa,
MBIIIbsKA). [Ipu 5TOM MX BOCCTaHABIMBAIOT O METAJUIOB, a 3aTEM YJAJSIOT
bunbpTpoBaHNEM WM (PIOTALUEH.

DJIEKTPOXUMHYECKHE METOAbI OYUCTKHU. JlJIsI OYMCTKH BOJA OT pa3iny-
HBIX PACTBOPEHHBIX W JIUCIEPIHMPOBAHHBIX MPUMECEH MPUMEHSIOT aHOJHOE
OKHUCJIEHUE, KaTOJHOE BOCCTAHOBJIEHHUE, 3JIEKTPOKOATYISLUIO, 3IEKTPOodIIo-
TalUI0, IEKTpoAuaIn3. Bece 3TH mporeccsl NpOTEKAT Ha JIEKTPoAax IpH
IIPOITYCKAHHUM Y€pe3 CTOYHYIO BOJY IIOCTOSIHHOTO 3JIEKTPUYECKOIO TOKA.

[TutheByI0 BOAY TOTOBAT C OCOOOW TINATENIBHOCTHIO. E€ OCBETIAOT U
00€eCIIBEeYNBAIOT, MMPOIYCKAIOT Yepe3 PEIICTKH U CUTa, OCBOOOKIAIOT OT B3BE-
cell M KOJUIOMJIHBIX YaCTHIl C TTOMOIIBIO KOATyJSHTOB, TAKMX KakK CYyJIb(haThl
aMFOMHUHMS ¥ Kele3a. O0e33apakUBalOT BOY XJIOPUPOBAHUEM HIIH O30HHUPO-
BaHueM. OKUCISAS COJIM JBYXBAJICHTHOIO eJjie3a B TPEXBAJCHTHOE COCTOSIHUE
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C MEHBIIIEH pacCTBOPUMOCTBIO, BOIy o0Oe3kene3uBaoT. Kpome Toro, Boay Je-
ra3upyroT, A€30J40PUPYIOT, T.€. YJAISIOT 3alaxu U MPUBKYCHI, (PTOPUPYIOT
IpU HEJOCTAaTKe (PTOpa, OMPECHSIOT MyTEM TePMOOOPAOOTKH 3IEKTPOXUMU-
YECKUM METOJIOM MJIM METOJIOM HOHHOTO OOMEHa.

3. TpeOoBanusi, npeabsBJsAeMble K TEXHHYECKOH Bo/e

K texnuueckoit Boje TpeboBanusi uHbie. OHU 00YCIOBIEHBI 0OCOOECHHO-
CTsIMU TTpou3BoACcTBa. OCHOBHBIE ATAIbI MPU MOATOTOBKE TEXHUUECKOU BOJIbI:

1. OcBetJieHHe.

Koarynsinus rpy0oaucnepcHbIX U KOJUIOUIHBIX MPUMECEH C MOMOIIBIO
KOaryJasHTOB (Cynb(haThl alllOMUHUS U JKee3a, Xyopuna xenesza). [Ipu satom
00pa3yloTcsi HEpacTBOPUMBIE THUIPOKCHBI Kejie3a W aITIOMUHUSA, KOTOpPbHIS
yAAISIOT QUIbTpalUe Yepe3 KBapIeBbIl MECOK, aHTPAITHT.

2. YMAruenue.

VYMsruenue BOAbI — 3TO OCAXKACHHNC WJIN YAAJICHUC U3 BObI COJICH JKECT-
KOCTH, coJiei COACPIKAINX KaTHOHbI KaJIbIUA 1 MAarHus. OC&)KI[GHI/IG ocymice-
CTBJISIFOT TCPMHUYCCKHUM HJIM pCarCHTHBIM croco0amu.

3. Kpome BblllIeyKa3aHHBIX OCHOBHBIX 3TaloB BOAOMOJTOTOBKH, HMPOU3-
BOJIAT 00eCKpeMHUBAaHMeE BO/IbI, 00JIee TIIaTeIbHOe 00ecco/IMBaHue, Jera-
3alMIO U Jp.

J{nst pa3auyHBIX Hay4YHBIX UCCIIEIOBAHUI M XUMUYECKUX J1a00paTOPHBIX
paboT MPUMEHSAIOT JUCTUIIMPOBAHHYIO BOJY, MOJYYEHHYIO MYTEM MEPEroH-
KU NUTHEBOUM BOJbI. [loKazaresb YMCTOTHI TUCTUILIATA — YIIEJIbHAS JJIEKTPO-
MIPOBOJHOCTH BOJIbI TIOPSIAKA 10° OM'I'CM'I, ouaucTriuIsITa (0C000 YUCTOM BO-
m61) — 4,610 om™em™! mpu 18 °C.

Hecmotps Ha oOuiue Bojbl HA 36MHOM MOBEPXHOCTU U B aTMoc(epe uc-
TOYHUKOB YMCTOM BOJIbI CTAHOBUTHCS BCE MEHBIIE M MEHbILE. JTO BBI3BAHO
KOJIOCCAJIbHBIM Pa3BUTUEM MPOU3BOJICTBA, XUMHU3ALMENH MHOTHUX €ro OTpaciei
U CEJIbCKOTO XO35IMCTBA, YBEINYEHUEM KOJUYECTBA BPEIHBIX OTXOJOB M He-
JIOCTaTOYHOW MX OYHUCTKOW. B HEKOTOPBIX CTpaHaxX y»Ke€ cernyac OLIYIIAETCs
HEJ0CTAaTOK MUTHhEeBOW BOJBI. Bomublil pecypc Poccun oamu u3 cambix 00Jib-
IIMX B MUPE, OJTHAKO, U 3TOT PECYPC AOJDKEH PacX0J0BaThCs pasyMHO. B cBs-
3 C 3THM HEOOXOIMMO YCWJIMTh MEpPHI IO OXpaHe BOJOEMOB, Ooyiee Tima-
TEJILHO MPOBOJUTH OUUCTKY HUCIOJIb30BAHHOW BObI, COpAchIBAEMOIl B PEKU U
o3epa.

[Ipu omnpenesnieHUM yCIOBHM CIyCKa CTOYHBIX BOJ B BOJIOEM B IE€PBYIO
o4epeab PaCCMaTPUBAIOTCS CIEIYIOIIME BO3SMOKHOCTH:

1. CoBepllIeHCTBOBAHUE TEXHOJIOTHUH MPOU3BOJICTBA, HAIIPABIECHHOE Ha
COKpallleHHE BOJOMOTpeOseHusT U cOpoca CTOYHBIX BOJ B BOJIOEM
(BIUIOTH 10 €ro YCTpaHEHUs1); UCIOJIb30BAHUE CTOYHBIX BOJI B CHUC-
TeMax 00OpPOTHOTO BOJOCHA0XKEHUS, a TAK)KE YMEHbBIIICHUE CTEIICHU
3arpsA3HEHUS] CTOYHBIX BOJ.
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2. Hcnonp30oBaHne OYUIICHHBIX U OOE3BPEKECHHBIX TOPOJCKUX CTOY-
HBIX BOJ] B TEXHOJIOTHYECKOM BOJIOCHA0KCHUH MPEITPUITHI.

3. Hcnonb30BaHusl CTOYHBIX BOJ JAHHOTO MNPEANPUATHUS ISl TEXHUYE-
CKOT'0 BOJIOCHAOKEHUS JPYTUX TPEATPUITUH.

4. CoBMecTHass OYMCTKAa M OOE3BPEKMBAHHME CTOYHBIX BOJ| JAHHOTO
MPEANPUITUS CO CTOYHBIMU BOJAMH JIPYTUMX OPEANPUATHH U C TO-
POACKUMH CTOYHBIMU BOJIAMM.

3. CamocrodTenbHasi OUUCTKA U OTBEICHUE CTOUYHBIX BOJ.

C6p0C CTOYHBIX BOJ HC OOITYyCKACTCA:

1. [Ipn pasMenieHny NpeanpuaATHs HA MAJIOMOLIHOM BOJOEME, KOrja
BO3MOYKHOCTb pa30aBlIEHUsI B HEM CTOYHBIX BOJI U €r0 CAMOOYMILIE-

HHC OI'PaHUYCHO.

2. [Ipn HanmWuKMKM B CTOYHBIX BOJAaX BHICOKOTOKCHMYHBIX BeniecTs, [TJIK
KOTOPBIX B BOJOEME YPE3BBIUYANHO HU3KH.

3. Koma Ha BOOOCMC PACIIOJIOKCHBI APYIHUC O6’I)CKTI>I, co3garomuc B
BOAOCMC BBICOKHUU YPOBCHDB 3arpsA3HCHUA.

4. Biusinue pa3jiMyHbIX PUMeceil HA YeJIOBeKAa

YnorpebiaeHne HEOUUILIEHHON BOABI YETIOBEKOM, 10 HAYYHBIM JIaHHBIM,
MO>KET MPUBOAMTH K Pa3HOOOPA3HBIM HETaTUBHBIM MOCHenCTBUAM. [loaTomMy
NUTHEBYIO BOY HEOOXOIMMO OCOOEHHO TIIATEIbHO OYUIIATh.

Tabnuya 4

BrnusiHue pazinuHbIX IpUMECE HA OPTaHU3M YEI0BEKa

Tun npuMeceii; CAaHUTApHO-
THTHeHHYeCKUue ¥ MeIMIHH-
CKHe MOC/IeICTBUA

Hopma no CanlluH
(mr/a)

Tun u Ha3HAYEHHE
¢puiabTpa

IlocTroponnue npumecu
[Torpebnenne 4enoBEeKOM Bpe-
HBIX IOCTOPOHHUX IIPUMECEH
Henonyctumo. Bona He npuron-
Ha JUIs IPUTOTOBJICHUS UL U
XO35IICTBEHHO-OBITOBBIX HYX/]T

MyTtHOCTB — HE OoJiee
1,5 mr/n

L{BeTHOCTH — HE OoJIEe
20 rpamycoB

DOUIbTP-0CBETINTEIb

VY manenue u3 BoJbI CyCIEH-
3UpPOBAHHBIX YaCTHUL, TH]I-
POKCHIOB, METAJUIOB, I1E€C-
Ka, TJIMHBI, UJ1a, IJIAHKTOHA,
KOJUTOMAHBIX 00pa30BaHUMA

Fe Mn

N306bITOK KeTe3a BBI3bIBACT 3a-
OosieBaHUE NICUYEHH, YBEIHUCHHUE
pucka uapapkra. CHIKEeHHUE pe-
MPOAYKTUBHOM (PyHKIIMHU Opra-
HU3Ma, 3a00JIeBaHNEe KOCTHOM
cucteMsl. [losiBIeHne XenThIX U
PBDKUX TPYAHOYJAISIEMBIX TISITCH
Ha 0eNbe U CHHTeTHYECKHX H3-
JeNusiX.

Kene3o — He Ooree
0,3 mr/n

Maprasnen — He 60ee
0,1 mr/n

DuUabTp-
o0e3:kesie3uBaTe]Ib Y ia-
JIEHUE U3 BOABI U30LITKA
Keye3a M Mapraia
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Tun npuMmeceii; caHUTApHO-
THTHEHHYeCKHe U MeIMIIMH-
CKHe N0CJIeICTBUSA

Hopma no CanlluH
(Mr/m)

Tun v HA3HAYEHUE
¢puabTpa

Co0J14 7)KeCTKOCTH M TSKeJbIX
MeTAJJIOB

Bopa He nmpurogHa 1ist X034MCT-
BEHHO-OBITOBBIX HYX]I, CHILHOE
o0pa3oBaHuE HAKUIIH, YpE3MEP-
HBIW pacxoj MblIa, CTUPAJILHOTO
nopomika. [lnoxoe pazpapuBaHue
Msca U oBomieu. Tsoxenble Me-
TaJIJIbl CIIOCOOCTBYIOT 3a0071eBa-
HUSIM HEPBHOM CHUCTEMBI U T1O-
yek. [loBbiaeTcs puck 3abose-
BaHUS PAKOM.

OO1ast )KeCTKOCTb HE
0oee 7 MMOIB/I
PtyTh — He Gonee
0,001 mr/n

CsuHerr — He OoJjree
0,1 mr/n

DOUIbTP-yMAT4YUTEIb

Y nanenue u3 BOAbI COJICH
J)KECTKOCTH: KaJIbILIUs, Mar-
HUSl, pTYTH, CBUHIIA U JAp.
TSDKEJIBIX METAJIJIOB

Cu,Zn u T.1.

Menp — pa3apakeHHe KelyaKa,
uuppo3 nevyeHu. [{uHk — Bsxy-
IIUI BKYC BOJIbI, yTHETAET OKHUC-
JUTETbHBIE TPOIIECCHI B Opra-
HU3ME, BBI3BIBAET AHEMHUIO.
MBIIBSK — TOKCHYHOE BEUIECT-
BO, KaHLIEPOT'€H, IPOBOLIUPYET
pak koxu. Hemocratok ¢gropa
MPUBOJUT K Kapuecy 3y0oB. 13-
OBITOK (pTOpa — K (HhIIFOOPO3Y 3Y-
60B. HUTpUTBI U HUTPATHI 110~
BBIIIAIOT PUCK pPaKa >KeTyIKa.

Menp — HE O60mee 1 Mr/n
[{uak — He Oomee

5,0 mr/n

MEIIBSIK — HE Oosiee
0,05 mr/n

®Top — B ipeaenax 0,7-
1,5 mr/n

HuTtpatsl — He 60see

15 mr/n

@uUIbLTP HOHUTOBBIN
OuncTka BOABI OT MEJIH,
LIMHKA, MOJIHOAEHA, MBIIIb-
sKa, HUTPAToOB, TOpa

Hedrenpoaykrol, mecTUNUABI
U PAAHOHYKJIUIbI
HedrenponykTsl — Tosryon, 6eH-
30J1 MOBBIIIAKOT PUCK paka Kpo-
BH, SIBJISIOTCSI TOKCHYHBIMH IS
KPOBETBOPHOW CUCTEMBI YEJIOBE-
Ka. [IpunaroT BoJe HENPUATHBIN
3anax. [lectuuapr — KaHIEpO-
reHbl. PaiMoOHyKIINIBI BBI3BIBAIOT
pax.

benson, Tonyon — He
oonee 0,5 Mr/n

deHoa — He Ooee
0,001 rpamycos
Crponiuii-90 — e 60-
nee 410-10 Ku/n
Pammii-226 — ne 6onee
1,210-10 Ku/n

@OuabTp yrojabHbINH TOH-
KOM OYUCTKH

VY nanenue 3anaxa. Ouncrka
BOJIBI OT CJIE/IOB XJIOPHI,
He(TenpoayKToB, (peHona,
IIOBEPXHOCTHO-aKTHUBHBIX
Bemect (ITAB), ximopoop-
TaHUYECKUX MECTHUIINIOB,
YaCTUYHO OT MBILIbSIKA,
CBUHIIA, PTYTH, PaIUOHYK-
JUJ0B U Ip. IPUMECEN.

buosornveckoe 3apaxxeHue
3apaxeHue BOAbl NaTOr€HHBIMU
OakTepUsIMH ¥ BUPYCAMH BBI3bI-
BaeT TsHKeJIbIe 3a00J1€BaHMS.

OOmee unciio 6akTe-
puii — 10/1 mr/n
Konu-unnekc — e 00-
nee 3

Y®O (yabTpaduosiero-
Basi 00padoTKa BOAbI)
O6e33apaxiBaHUE BOJIBI OT
MATOTEHHBIX OaKTEPHl U
BHUPYCOB UCIIOJIb30BAHUEM
OAKTEPHUIIUTHOTO U3ITyYe-
HUSL.
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Tun npuMmeceii; caHUTApHO-

IIPUBOJUT K ITOPAYKEHUIO [IEYEHH,
II04Y€K, HEPBHOM, UMYHHOH U
CEpPACYHO-COCYAUCTON CUCTEM.

[TpuBkyc — He Gomnee
IBYX 0aymioB
L{BeTHOCTH — HE OoOJIEE
20 rpaaycoB

Hopma no CaunlluH Tun u Ha3HAYeHHe
THTHEHHYeCKHe U MeIMIIMH-
(Mr/a) ¢puabTpa
CKHe N0CJIeICTBUSA
3amnax — He Gojee Je3onopartop-
XJ1opoopranuka JBYX 0ayuioB o0e33apa:kuBareJib

O6e33apaxuBanue, J1€30-
Joparus, pa3pyieHne Xjio-
POOPTaHHUKH M OKpaIIeH-
HBIX KOJUTOMJIOB.

HenocrarTok ¢propa u ioxa
dmroopo3 ckenera U 3y00B, oc-
TEOXOHJPO3.

®Top — B peaenax 0,7-
1,5 mr/n
Hox — 1o MeaUIMHCKUM

Hoauposanue u propu-
poBaHMe BOJbI
O06e33apaxuBaHue Ipu
SMHUIEMUSX, OTCYTCTBHH B
SH/IEMUYECKHUX paiioHaXx,
npu 6azenoBoi 00JIe3HH,

HOpMam
BBE/ICHUE B BOJY HEIOC-

npumep ¢dropa.

TarOIUX KOMIIOHCHTOB, Ha-

5. JlaGopaTopHas padora Ne 1. KecTtkocTh Boabl. Onpenesenne xe-
CTKOCTH BOJbI U €e YyMAT4eHue

Henb pabomot. [loznakomumucs ¢ Memooamu onpedeﬂeﬂuﬂ cecmkKkocmu
6006l U CnNOCObAMU ycmpaHeHrus sicecmkocmu 600bl.

5.1. TeopeTnueckas 4acThb

bonplee BiIMsHME HA Ka4yeCTBO BOJBI OKa3bIBAIOT COJEpIKALIUECs B HEW
conu Kanblysi, Maraus u xkenes3a(ll), kotopeie 1 00yCIIOBIMBAIOT KECTKOCTh
BOJIBL.

HepacTBoprumble KapOOHAThl METAJUIOB MOJ JEHCTBUEM YIJIEKMCIIOrO ras3a
U BOJbl NEPEXOASAT B PACTBOPUMBIE TMAPOKAPOOHATHI U PACTBOPSIOTCS B
IPYHTOBBIX BOJAX:

MeCO3»L+ CO, + H,O = Me(HCO»),

IIpuponnas Boga, NpOXoas 4epe3 U3BECTKOBBIE I'OPHBIE ITOPOABI U ITOYBHI,
oOoramfaercs COJIIMU KaJjbIMsl U MarHusi U CTaHOBUTCS kecTKou. JKecTkas
BOJIa HENPUIOAHA JUIi MHOTHMX TEXHOJIOTMYECKuX IporueccoB. HepacrBopu-
MBIE COJIM KaJbLIMs U MarHus OCakJar0TCs Ha BHYTPEHHUX CTEHKAX MapOBBIX
KOTJIOB M TPyOOIIPOBOOB, 00pa3ysl CION HAKUIH, KOTOPBINA TJIOXO MPOBOIUT
TEIIOTY. DTO BBI3BIBAECT IIEPEPACXO] TOILIMBA U IPEKICBPEMEHHBIM M3HOC
KOTJIOB. B pe3ynbrare neperpesa KOTJI0B MOTYT IPOMCXOAUTH aBapuu. B xe-
CTKOM BOJI€ 3HAUUTENIbHO OBICTpEE MPOTEKAET MPOLIECC KOPPO3UHU.

B xecTkol Boze pu CTUPKE Oelibsl YBEIUUMBAETCS pacxXo MblIa (MBLIO -
HaTpHeBasi WK KaJlMeBasi COJIb BHICHIMX KapOOHOBBIX KHUCIIOT), TaK Kak oOpa-
3yeTcs OCAIOK cTeapara KajlbL¥s U MarHus:
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2 C17H35COON3 + Ca(OH)z = _(QHH3_5COO !;Q \L +2 NaHC03

meepdoe MblI1O cmeapam Kalbyus
2 C;;H35COOK + MgSO, = (C;;H35C00),Mg 4 + K,S0,
OfCMaKOe MbLILO cmeapam MacHuA

OTUM U OOBSCHSETCA HE3HAYUTEIbHOE MEHOOOpa30BaHHE M CHUKCHHE
MOIOILIETO AEHUCTBUS MbLIa. KalneBble CONMM MO CPaBHEHHUIO C HATPUEBBIMU
COJISIMM JIy4Ille PAaCTBOPUMBI B BOJI€ U MO3TOMY 00JIajlatoT Oosiee CHIIbHBIMU
MorouMMu cBoiicTBamu. [Ipu ctupke Oenbs KecTKas BoAa yXyAIIAaeT KayecT-
BO TKaHeW. TkaHb, BOUTHIBAs HEPACTBOPUMBIE COJIM, KEJITEET U OBICTPO BET-
h1aer.

B xecTKoM BOJIe Xy’K€ U JIOJIBIIIE BAPATCS OBOLIM, TUIOXO 3aBAPUBACTCS Yal
U yXyJauiaercs ero BKyc. Boma ¢ GoibpIIMM coAep:KaHUEM KaTUOHOB MarHUs
(Mg"") roppkoBaTa Ha BKyC.

XKecTtkocTh BOBI OBIBAET IBYX BUJOB: BPEeMEHHAsl ’KE€CTKOCTh M MOCTO-
SIHHAS KeCTKOCTb.
Bpemennasi win kapOoOHaTHasl KecTKOCTh BOAbI (XKy) obycrnosnena co-

oepaicanuem 8 8ooe 2UOPOKapOOHAMO8 KAlbYUsl, MACHUSL U Jcele3d.
Ca(HCO;),, Mg(HCO3),, Fe(HCO;),.

IHocTosinHas WK HeKAPpOOHATHAS KeCcTKOCTh BOAbI (Kyy) 0b6ycrasnusa-
emcst npucymcmeuem 6 80o0e Cyibdamos, XJI0puoos, HUMpamos u Opyeux
PACMBOPUMBIX CONEL KATbYUS U MACHUSA!

CaS0O,, MgS0,, CaCl,, MgCl1,, Mg(NOs), u T.x.

O6mas xectkoctb Boabl (XKo) pasna cymme xapbonammuoii u nexapoo-
HAMHOU HCECMKOCTU.
Ko = K + Kux
KonmdecTBeHHO >KE€CTKOCTh BOJBI ONPEACTACTCS CYMMOU MOJIAPHLIX KOH-
yeHmpayuil SK8UBATIEHMO8 UOHO8 KAIbYUs U MAcHUs, BBIPAKEHHBIX B MWJI-
JIMMOJIb HA JIUTP (MMOJIB/T).

v( 1* Ca2+j V[ 1* Mg”j
|z J o N2 0

=| 7.0 7 (i.0) (MMoOITB/1T)
(1
:m.lm = m(X) -10°  (MMOJIB/)

M[l Xj -V (H,0)

z
rjae v(1/z*X) - konu4ecTBO BellecTBa YKBUBAJIEHTA HOHOB KaJbIUs UITH
MarHus (WM UX COJIEH), MOJIb;
m(X) - Macca MOHOB KaJIbITUSI WU MarHus ( UJu UX COJIeH), T;
M(1/z*X) - monsipHas Macca YKBUBAJICHTa HOHOB KaJIbIIHS
WU Maruus (WJu uX COJICH), T/MOJIb;
V(H,0) - o6bemM BOJEI, .
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[1o BemMuMHE KECTKOCTH IPUPOIHYIO BOLY JENAT Ha:

OYEHb MSTKYIO — 10 1,5 mmounb/1,
MSTKYO — ot 1,5 10 4 MMOJIB/II,
CpeaHEH )KECTKOCTH — OT 4 10 8 MMOJIB/J1,
KECTKYIO — o1 8 10 12 MMomb/1,
OYEHB KECTKYIO — cBbIE 12 MMOJIB/II.

B 3aBUCMMOCTM OT KOHKPETHBIX YCJIOBUM HA Pa3IMYHBIX ITPOU3BOJCTBAX
JOMTyCKaeMasi KeCTKOCTh BOJBI MOJKET OBITh pa3nuyHON. JKecTKOCTh BOMBI
XO035IIICTBEHHO-ITUTHEBBIX BOJIOTIPOBOJIOB HE JOJIKHA MPEBBIIMIATH 7 MMOJIB/II.

Jnst ymsiryeHusi BOJbI B MPOMBIIIJIEHHOCTU U B OBITY HUCIOJIB3YIOT CJie-
JYIOIIUE METO/Ibl: TEPMUYECKUI, PeareHTHbIN U HOHOOOMEHHbIN METO/IbI.

TepMuuecKuii MeTOI

OTOT METOJ MPUMEHUM JIJIsl YCTpaHEHUs1 KapOOHATHOHN (BPEMEHHOM) KecCT-
KOCTH BOJIbI. [Ipy KuNsiYeHUM rupoKapOOHATHl METAJIJIOB pa3pylIaloTcs, 00-
pasys TPYJHO pacTBOPUMBIE BEIIECTBA:

Me(HCO5), —> MeCO; 4 + CO,T + H,0

Pa3znoxxenue ruipokapOOHATOB MarHus MOXET WATH U APYTUM IyTEM 3a
CUYET TMAPOJIN3a COJICH:

2 Mg(HCO3), — (MgOH),CO5 4 + 3 CO,T + H,0
Mg(HCO;), —> Mg(OH), ¥ + 2 CO,T
Paznoxxenue ruipokapOOHATOB kKejie3a COMPOBOKIAAETCS MOJTHBIM THAPO-
JIN30M COJIEU C OAHOBPECMCHHBIM OKHCJICHUCM:
4 Fe(HCO;), + 50, +2 H,O —> 4 FeOH); 4 + 8 CO,T

[Tpu kuMAYEHUH KECTKOCTh BOJbl YMEHbBILIAETCS Ha BEJIMYMHY KapOOHAaT-
HOM JKE€CTKOCTH, TO3TOMY KapOOHATHYIO KECTKOCTh HA3bIBAIOT BPEMEHHOM.

PeareHTHLIH METOJT
K Bome moGaBistoTCs pa3auvHbIC XUMHUUYECKHE BEIECTBA (pEareHThl), KO-
TOPBIE OCAXKIAIOT MOHBI KAJIbIUS U MAarHUS U TEM CAMbIM CMSATYAIOT BOJY.

KapOoHaTHY0 JKECTKOCTh BOJIbI MOXHO YCTPAHHUTh J0OABJIICHHEM K BOJIE
miesiouu ( 0OOBIYHO TUJIPOKCHJIA KAJIbIUSA - TAIlICHHON U3BECTH):
Ca(HCOs), + Ca(OH), — 2 CaCO5 ¥ + 2 H,0O

Mg(HCO5), + Ca(OH), —> Mg(OH), ¥ + 2 CaCO;{ + 2 H,0

[Ipu ogHOBpeMeHHOM J00aBieHun u3BecTu U coabl (Na,CO; - KalbLUHU-
pOBaHHAas COJla) MOKHO U30aBUTHCS U OT KapOOHATHOM, U OT HEKapOOHATHOM
KECTKOCTU. DTO U3BECTKOBO-COAOBBIN croco6. KapOoHnaTHast ®KecTKOCTh yCT-
paHsieTCs U3BECThIO, HEeKapOOHaTHAs - COJIOM.

CaCl, +Na,CO; —> CaCO;{ + 2 NaCl
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MgSO, + 2 Na,CO; + H,O — (MgOH),CO34 + CO,T + 2 Na,SO,

JIpyruM 49acTo HCIOJIB3YyeMBIM CMSTUUTEIEM BOJBI SIBJISETCS TeKcaMeTa-
docdar Harpus:

2 CaC12 +Na6P6018 —> N32C32P6018 + 4 NaCl
2 C212+ + P60186_ —> C32P60182_
I'excameradocdar Harpus Na,Ca,PsOg yMEHbIIAET KOHLEHTPALMIO HO-
HOB KaJIbIIUA U Marduvda HE 3a CUCT 06pa30BaHI/Iﬂ ocaJKka, a 3a CUCT O6pa3OBa-
HHUS aHHOHA OO0JIBIIIOrO pa3McEpa, HC B3aI/IMOI[eI>'ICTBYIOHIeFO C MBIJIOM.

HNoH000MeHHBIIT MeTO

DTOT METOJ WIUPOKO MPUMEHSETCS B IPOMBIIUIEHHOCTH. KECTKOCTh BOBI
YCTPaHSIOT C TMOMOIIbI0O MOHUTOB (MOHOOOMEHHBIX CMOJI) - CJOKHBIX Be-
HIECTB, CIIOCOOHBIX CBSI3BIBATh COJIEpPIKAIllMECs] B BOJIE€ MOHBI: KaTHOHBI (Ka-
TUOHUTHI) WUJIM AHUOHBI (AaHMOHUTHI). B KauecTBe KaTMOHUTOB MCHOJIB3YIOT
AJFOMOCHUJIMKATHI TUIIA!

NﬂzAleizOs n HzO ( NazR ).

Bony nponyckaroT uepe3 HOHOOOMEHHBIE CMOJIbI (KAaTUOHUTHI), MPU ITOM
MOHBI KaJIbLUs ¥ MarHus 3amernarorcsi Ha karuonsl H , NH,', Na', o0Opazys
pacTBOpHUMbIE COEAMHEHUS], HE 00YCIaBIMBAIOIINE )KECTKOCTD BO/IBI.

Takum 00pa3om, >KecTkasi BOJa, MPOXO/sl Yepe3 CI0M KaTHOHHUTA, OCBOOO-
KIACTCSI OT MOHOB KaJbIMs U MarHus 3a cueT 0OMeHa C KATHOHUTOM Ha HOHBI
Hatpus. [Iporiecc MOHHOrO 0OMEHa MOKHO TIPEICTaBUThH CXEMOM:

Na,R + 2Ca*" = CaR + 2Na'

rie Na,R — ycnmoBHOe o603HaueHre katTnonuTa B Na— opme.

Honbl HaTpust HE 00pa3yrOT HAKUIb B TPyOax M BOASHBIX KOTJIAX U HE 00-
pa3yloT C MbUIOM HEPAaCTBOPUMBIX coelWHEHMH. Ilocie HachIeHus] CMOJIbI
MOHAMM KaJIbLIUS WJIM MarHusi €€ pereHepupyroT (BOCCTaHaBIMBAIOT), MPO-
IyCKasl Yepe3 CMOJTy KOHIEHTPUPOBAHHBIN pacTBOP XJIOPHJIa HATPUS:

CaR + 2Na" =Na,R + 2 Ca*

PereneprupoBaHHbBIN KATUOHUT CHOBA MOKHO MCTOJIb30BATh JIJIsl YMATYEHUS
HOBBIX TTOPLMH KECTKON BOJIBI.

Hawnbosnee coBepiieHHBIM METOJIOM OYHMCTKU BOIbI SIBJSICTCS KAaTHOHHBIN U
AHUOHHBI OOMEH Ha MOJUMEpPHHBIX cmojiax. CMoJbl, copoupyrome (mo-
riamaronme) Katuonsl, cogepkar rpynnel: -COOH,  -SOs;H u npyrue.

H-kaTnoHUTH OOMEHHBAIOT MOHBI BOJIOPO/1a HA HOHBI METAJIJIOB:

2 R-COOH + Ca** = (RCOOH),Ca + 2 H"
Jl5ia ynaneHus HOHOB BOJIOPO/Ia BOAY HMPOIMYCKAIOT Yepe3 aHHOHUT-CMOJTY,
cozepxaiyro amuHorpymiy ( R-NH,) u copOupyronyro 3Tu HoHbI
R-NH, + H" = [R-NH;]"
[Tonb3ysick HOHOOOMEHHBIMU CMOJIAMHU, MOKHO TOOUTHCS TIOTHOTO 0Oec-
conmuBanus Bojbl. OTpaboTanHbie H-KaTHOHUTHI 1 aHUOHUTHI PETEHEPUPYIOT
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00pabOTKOM KOHLIEHTPUPOBAHHBIMHU PACTBOPAMU CEPHOM KUCIOTHI U TUIPO-
KCHJ1a HATPHS COOTBETCTBEHHO:

(RCOO),Ca + H,SO, = 2RCOOH + CaSO,
[RNH;]C1 + NaOH = RNH, + NaCl + H,O

:‘)KCHepI/IMeHTaJH)Haﬂ 4acTb

PeakTuBbI:

Cmanoapmuuwii pacmeop I/TA, (Tpunron b), 0,05 n. mumposannubli
pacmeop;

ammuauHwlil 6yghepHuill pacmeop c pH 10;
conanas kucaioma, 0,01n. mumposannwviii pacmeop;
MEMANNIOUHOUKAMOP — IPUOXPOMO8GbIL YepHblll T (cmecy ¢ x10pudom Ha-
mpus 6 coomnowenuu 1 : 100) unu xpommemHoCunuil ;
gocgpam nampus, 0,03 n.;
kapbounam nampus, 0,03 H.;

5.2.1. OnbiT 1. Onpenenenue o01el KeCTKOCTH BOAbI

O0myo xecTkocTh BoAbl (OK,) omnpenenstoT KOMIUIEKCOHOMETPUUYECKUM
METOJIOM. DTOT METOJ OCHOBAH Ha CIIOCOOHOCTH JIBYX3aMEILIEHHON HaTpUEBOU
COJIM 3TWJICHIUAMUHTETPAYKCYCHOM KUCIOTHI (KomruiekcoHa LI mnu Tpuiiona
b):

HOOCH,C CH,COONa

_CH,-CH,-N <c
NaOOCH,C H,COOH
( xpatko - Na,H,Y),

O6paBOBI>IBaTI> C MOHaMHU Marduus U KaJdblWA MaJIOAUCCOOMHUPOBAHHBIC KOM-
IIJICKCHBIC COCOAMHCHU.

H, Y + Me** = [MeY]* + 2H'

HOOCH,C H,COO™
>N-CH2-CH2-N +2Ca* =

“O0OCH,C H,COOH
—_— — 2_
OOCH,C CH,COO

= CH2 -CH,-N +2H"
OOCH C CH,COO

c/ |

Jlnst onpenenienust o0Iei )KeCTKOCTH BOJly TUTPYIOT pacTBOpOM TpuiioHa b B
OPUCYTCTBUM HMHJMKATOpa (KUCJIOTHBI XPOMTEMHOCHUHHMI WJIUM 3PUOXpOMYEP-
Hbli T). B Touke 5KBUBaJIEHTHOCTH IIPU TUTPOBAHUHU MHIUKATOP U3MEHSIET OK-

2+ 2+
pacKy poO30BYIO (B IMPUCYTCTBUHU MOHOB XCCTKOCTH - Ca"'u Mg ) Ha CUHKOIO (B
OTCYTCTBHUM OTHUX I/IOHOB).
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Kommekcoobpa3oBaHre HOHOB KajblUs U Maruus ¢ TpuioHoMm b npoucxo-
auT B menounoit cpene (pH = 10), moaTomy npu BBIIOTHEHUN PaOOTHI UCHOIb-
3y10T Oy(depHbIif pacTBOp.

BydepHbiMU Ha3bIBaIOT PACTBOPHI, COAEpKAIIME CIa0YI0 KUCIOTY U €€ COJIb
(CH;COOH + NaCH;COO) mmm cmadoe ocHoBanue u ero coib (NH,OH +
NH,4CI). Takue pacTBOpbl COXPAHSIOT MOCTOSHHYIO KOHIEHTPALIMIO MOHOB BO-
nopoxa, unu pH pactBopa, kak npu pa3z0aBiIeHUH, TaK U TP J100aBICHUHN He-
OOJIBIIMX KOJMYECTB CUIIbHBIX KUCJIOT U WU IIEJI0YEeH, T.€. OKa3bIBAIOT Oydep-
HO€E I€HICTBHE.

B nBe xonnueckue koowl BiaekiTe 1mo 100 M1 KeCcTKOM (MJIM BOIOIIPOBOIHOMN )
BOJIbI, OTMEPEHHOM C IMIOMOIIBI0 MEPHOM KOJIOBI.

JloGaBbTe K HcciaeayeMon BojA€ 5 MJI aMMHA4HOrOo Oy(QepHOro pacTtBopa,
noaxnepxusatomero pH = 10 u 3-5 xanenbs nHIUKATOpa KUCIOTHOTO XPOMTEM-
HOCHHETO WJIM HECKOJBKO KPUCTAJUIMKOB (HAa KOHYMKE IIIATENs1) 3PUOXPOM-
YEPHOT'0 U NIEpEMEIIANTE.

bropetky 3amosiHuTE TPWIOHOM b, IpeABApUTEIBLHO IIPOMOMTE €€ OTUM XKe
pactBopM. OTTUTPYHTE BOJlYy pacTBOpOM TpuiioHa b 10 mepexoaa po30Boil Win
BUHHO-KPACHOM OKPACKH PACTBOPA B CUHE-CUPEHEBBIN 1BET.

N3mepuB oObeM TpwiioHa b, momeamuii Ha THTPOBAHUE JAHHOM MOPIUU BO-
JIbl, pe3yJbTaT TUTPOBAHUS 3AMUIINTE U BHECUTE B Tabuuiy 5. Eciu pesynbra-
Thl TUTpOBaHUs coBnagaroT (AV < 0,1 mi), To paccuuTaiiTe 0OIIYyIO KECTKOCTh
BOAbl. B mpOTHBHOM ciyyae OTTUTpyWTE emie ofHy mnpoOy Bonbl. Haiinure
cpeaHee 3HaueHHE oObeMa pacTBOpa TpWiIOHAa b M MO 3aKOHY 3KBHBAJICHTOB
paccumTaiTe 00IIyI0 )KeCTKOCTh BOJBI (MMOJIB/J):

OK :Vz'Cz

o

-10° (mmonw/ 1)
1

rae Vi — 00beM aHATM3UPYyEMOU BOJIBI, MIT;
V, - o6BeM pacTBopa Tpwiona b, mu;
C, — MonsipHAst KOHIICHTPAIIHSI 9KBUBAJIEHTA PacTBOPa
TpuioHa b, Mob/1;
10° — k09 pHUIMEHT IepeBoa MO/ B MMOJIB/IL.

Tabnuya 5.
Pe3ynbTaThl onpeneneHus o01ei )KECTKOCTH BOJIBI
= MomnsipHas
= O0beM p Oo0beM Oo6mas
5 pacTBopa KOHHCHTPAalMA | yecpemyeMoll | KECTKOCTB
& TpuioHa b SKBHBAIICHTA po6BI BOJIBI BOJIBI
= TpuioHa b
aw V, G, Vi X,
MIT MOJIB/JT MIT MMOJIB/JT
1
2
3

35



5.2.2. OmnbIT 2. OnipeneneHne KApOOHATHONH M HEKAPOOHATHOM KeCTKO-
CTH BOJBI

Kapo0onathy1o :xecTkocTh BoAbI (XKy) OnpeenstoT TATPOBAHUEM HCCIIe-
Jly€MOU BOJBI pACTBOPOM COJISIHOU KUCJIOTHIL. IIpr 3TOM pacTBOpEHHBIE B BOJIE
TUIPOKApOOHATHI KOJIMYECTBEHHO PEArupyIOT C COJISTHOM KUCIOTOM 0 ypaBHe-
HUIO:

Me(HCOs), + 2HC1 = MeCl, + 2CO, + 2 H,0O

B nBe koHHueckue KoJObl C MOMOIIBbI0 MEPHOUN KOJIOBI (MEPHOTO IMIMH/PA)
orMepbTe 1o 100 M1 KECTKOW BOJIBI MJIM BOJONPOBOJHOK BoAbl. J[00aBbTE K
uccienyeMoil Boje 2-3 KaruiM pacTBopa MHIMKATOPa METUIIOBOIO OPaHKEBOTO.
MeTtunoBblil OpaHKEeBbIN U3MEHSET CBOKO OKpacKy oT kpacHou npu pH < 3,1 no
xento npu pH > 4,4. B Touke mepexona METHUIOBBIM OpPAHKEBBIM HMEET
OpPAHKEBYIO OKPACKY.

Anvon HCO; B Bojie THAPOIM3YETCS:

HCO3_+ HzO <=> H2C03 + OH_

[ToaToMy BOja, coaepxariasi TUAPOKAPOOHATHI KaJbLIMSI U MarHus, UMEeT
HIEJIOYHYIO0 peakiuio cpeiabl. Jl0OaBlIeHHBIM K BOJE METUIIOBBIN OpaHXKEBbIN
OKpalIMBAET €€ B KENThIM LBET. [Ipn TUTpOBaHMM HCCIIENyEMON BOJbI PACTBO-
POM COJISTHOM KHUCIIOThHI IPOTEKAET PEAKLUs HEUTpaIU3aluu:

OH + H = H,0

Komuuectso nonoB OH  skBuBanenTHO KoHUEeHTpauu nonos HCO; |, cie-
JOBATEJIbHO, U KOHIIEHTPAIIMHU TUAPOKAPOOHATOB KaJbIUs U MarHusl.

OTTUTpyiiTE MOATOTOBICHHYIO TTPOOY PacTBOPOM COJITHOW (XJIOPOBOJIOPOJ-
HOI1) KUCJIOTHI U3BECTHOM KOHLIEHTPALMU IIPU MOCTOSSHHOM IEPEMEIINBAHUU J10
TeX TOp, TIOKa PacTBOP HE MPHOOPETET OPAHIKEBYIO OKPACKy (HO HE PO3OBYIO).
Pesynbrar TMTpOBaHMA 3anummTe. OTTUTPYHTE UCCIEAYEMYIO BOAY BO BTOPOU
konbe. Ecnu pesynbratel AByx TUTpoBaHuil coBmanyT (AV < 0,1 mi), To BbI-
YUCIUTE KapOOHATHYIO ECTKOCTh BOJbI. Ecnu pe3ynbrarsl JByX THUTPOBAaHUMN
HE COBMAJAAIOT, TO OTTUTPYMITE €llle OJHY WM JIBE MPOOBI BOBI.

KapOoHnatHyto, Wi BpEeMEHHYI0, KECTKOCTh BOJbI (MMOJIb/JI) pacCuMTauTe,
UCIIOJIb3Ys 3aKOH SKBUBAJIECHTOB:

V,-C
K, =—2—2-10° (mmonv/ 1) ,

1
rae V; — 00beM aHaIu3upyeMOi BOJIbI, MII;
V, - 00BeM pacTBOpa COJSTHON KUCIOTHI, MIT;
C, — MoIsipHasi KOHIIGHTpAIHsI SKBUBAJICHTA WIH MOJIIpHAs
KOHIICHTpAIUs pacTBOPA, MOJIB/I;
10° — k03(bbuUIMEHT ITepeBOIa MOJIB/T B MMOJIB/IL.

Hexap06onaTHy10 kecTKOCTh BOAbI (JKyx) onpenensoT o pa3HoCTH:
>KHK = )I(O - )KK
Pesynbrate! onbiTa cBeauTe B TAOIUILY ©.
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Tabauya 6.
DKCIepUMEHTATbHBIC JaHHBIC OMPEICIICHUS Pa3TUIHBIX BUIOB

KECTKOCTHU BOABI

O0beM
O0BeM Monspras JKecTkocTh BOJIBI
uccienyemori| PacTBOPA | konumenTpanms

JISTHORM COJISTHOM kapbo- | Hekapbo-
& IPOOBI COJIAHO p p obmast
2 KUCITOTE KHCJIOTBI HaTHAA HaTHadg
5 BOJIBI
53
= \ \2 G, K Kk XK,
o
o MJT MJT MOJIB/JT MMOJIB/JT
1
2
3

5.2.3. OmnbIT 3. PearenTHoe ymMsirueHue Bo/bl

[To 3aganuio nmpenojaBaress MPOBEAUTE YMSATYEHHE BOJIbI C MOMOIIBIO Kap-
OoHata HaTpus Wi gpocdara HaTpus. KonnuecTBo BemecTBa coasl uiu docda-
Ta HaTpusi Oepercss B M30bITKE MPOTUB SKBUBAJEHTHOIO MO >KECTKOCTH Ha 1
MMOJIB/J1. [To3TOMY KOJIMUECTBO peareHta, HeoOxoaumoro it ymsraenus: 100
MJI BOJIbI, PACCUUTBIBAETCSI TAKUM 00pa3oM:

K, +1
v(conu) = IO—O—i_(MMOJZb / )

Jlnst mpoBeieHus HKCIIEPUMEHTA MCIIOJIb3YETCsl pacTBOP COJIEH C MOJISIPHOM
KOHIICHTparuel skBuBajieHTa, paBHOM (0,03 MOb/JI, clemoBaTelbHO, 00BEM
pacTBOpa CoJ, HEOOXOAUMBIN JJII YMSITUEHHUS UCCIIeTyeMOi TPOOKI BOABI, OY-
JIET PaBEH:

+1

K
Vip— =0 -
(p=pa)=17- 0.03 ()

K 100 mn ucciemyeMori BOIbI MPHUJIIEHTE pacCUUTAHHBIM 00BEM pacTBOpa
KapOOHAaTa HAaTpusl, HArPEWUTE Ha AJIEKTPOILIUTKE C aCOECTUPOBAHHOM CETKOM 10
40-50 °C. 3arem pacTBOp oxyaaute u oTGUIbTpyite. PUiIbTp NpeaBapuTEIHLHO
TPUXK/IBI IPOMOWTE NUCTUIIIMPOBAHHOM BOJIOW HAaJ PAKOBUHOM.

[IpoOy oTduneTpyiite B KOHUYECKYIO KOJIOYy. DWIBTp MPOMONTE OIUH pa3
TUCTUJUTUPOBAHHOW BOJIOW M MPUCOCAMHUTE ITY BOAY K (pribTpaTy. 3atem om-
peaenuTe oOIIyI0 )KeCTKOCTh, KaK 3TO OMUCAHO B OmbITe 2.1.

[Tpu ymsiraennn Boabl pocdaroM HATpUS MPOU3BEAUTE TE KE IEHCTBUSA, UTO
U ¢ kapOoHAaTOM Hatpusi, HO 0e3 HarpeBaHus. Pe3ynbTaTbl ONbITa BHECUTE B
Tabnuiy 7.
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Tabnuya 7.

Pe3ynbTaThl yMArdeHus BOAbI PeareHTHBIM CIIOCOO0M

O6LeM MonsipHas OO011as )KeCTKOCTh BOJIbI
. O6bem
HCCIIEIyEMOM KOHICHTPA-~
pacTBopa Yist
poObI touwtona B ! 1ocie JI0 ymsrye-
BOJIBI P OKBUBAJICHTA |  ymMsryeHus HUS
TpuioHa b
Vl VZ CZ >K0 >Ko
MJI MJI MOJIB/JT MMOJIB/JT

5.2.4. OnbIT 4. YMsir4eHue BOJAbI METOA0M KATHOHHUPOBAHMS

N3 TpyOKH ¢ KaTHOHUTOM cliieliTe n30bITOK BoAbL. [Ipu aTOM cineaute 3a Tem,
4yTOOBI YPOBEHb BOJIbI B TPYOKE ObLI BBIIE CJI0SI KATHOHUTA BO U30€KaHHUE T1O-
SIBJICHHUSI BO3JYIIHBIX Iy3bIPbKOB BHYTPH KaTHOHUTA. 3aJIeWTE€ KATUOHHUT HC-
CJIeAyeMOM BOJIOM, JKECTKOCTh KOTOPOM HEOOXOIUMO OMpeaeiuTb. MelieHHO
IPOIYCKAWTe BOJY Yepe3 CI0M KaTHOHUTA TaK, YTOObI ObITh BUIEH OTPHIB Ka-
nenb, U CIEAUTE 32 YpoBHEM BOJIbI B TpyOKke. [lepBbie 20-30 mu ¢unbTpara ot-
opocbte. 3areM otmepbTe 100 M1 BOJIBL, IPOIYIIEHHOMN Yepe3 C0i KaTOMHUTA,
nepeHecuTe Mpoldy B KOHMYECKYIO KOJIOY JJIsi TUTPOBAHUSA U ONPENEIIUTE 00-
LIYIO KECTKOCTh BOJIBI [0 METOJMKE, IPUBEACHHOM B onbITe 2.1. CpaBHHTE XKe-
CTKOCTB BOJIbI JIO €€ YMSTYEHHUS U )KECTKOCTh BOJIBI ITOCIIE YMATYEHUS. A TaKxKe
pe3yJIbTaThl, NOJYyUYEHHBIE MPH YMSTUYEHUU BOJIbI PEAareHTHbIM U MOHOOOMEH-
HbIM MeTonamu. Crenaiite COOTBETCTBYIOIIME BBIBOJBI. Pe3ynbTaThl OmbITa
CBEJIUTE B TAONHITY 8.

Tabnuya 8.
PesynbraThl yMArdeHus: BOJAbI HOHOOOMEHHBIM CTIOCOOOM
O0BeM O6BeM Momnsipras OO0111as ’KECTKOCTh BOJIBI
HUcciIeayeMon KOHILICHTpaILUs IOoCJjIe
Y pacTBOpa p 0 KaTUOHHU-
poObI DKBHMBAJIEHTA | KaTHOHUPO-
TpwiIoHa b poBaHUsA
BOJIbI TpuioHa b BaHUS
Vl VZ CZ >Ko >K0
MJI MJI MOJIB/JI MMOJIB/J1

5.3. [Ipumeps! penieHus 3a1a4

3adaua 1. CpaBHUTE )XECTKOCTh IPUPOAHOM BOJIbI 03epa baiikan u Kacnuii-
CKOT'0 MOpsI, €CIIU COJIepKaHue MOHOB Kayblus (B Mr/i1) B o3epe — 15,2, a B Mo-
pe — 36,0; a conepkaHre HOHOB MarHusi COOTBETCTBEHHO — 4,2 u 730.
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Hano: V(H,O)=1n

m;(Ca*") = 15,2; m;(Mg*") =42
m,(Ca®") = 36,0; m,(Mg”") =730
Haitu: K, =7?; K, =7

Pewenue. YecTkoCTb BOABI ONpenensieTcs MOJSIPHOM KOHLIEHTPALMEN K-
BHBAJICHTA HOHOB KaJIbIIUA U MAaI'HUA, HO BBIPAKACTCA B MMOJIB/JT:
}K{v(l/z*Caz*nv(l/z*Mg2+)
V(H,0)
Ecnu ydecth, 4TO KOHIIEHTpalMs JaHa B MI/J, TO 00beM pacTBopa (BOJbI)
MOXHO B34Tb paBHBIM 1 JI, HOJ'Iy‘II/IMZ

_{15,2-1032 L4207

} -10° (mmonw/ 1)

1

10° = L11 mmonw/ 1
202/ monwe 122/ monw

2

{36,0-10‘33 N 730-107 2

-10° = 58,5 mmoan/ 2
202/ monw 122/ monw

Kectkoctb Boabl Kacnuiickoro Mopsi 3HaUUTENbHO OOJIBIIE HKECTKOCTH BOJIBI O3€-
pa barikan.

3adaua 2. Bona obnagaet HeKapOOHATHON KECTKOCTHIO: COJIEPKUT CyIb(dar
kanblus (MaccoBast noist 0,02 %) u xnopug maraus (maccoast goiist 0,01%).
Kakoit 00bem pacTBopa kapboHaTa HaTpusi ¢ MaccoBoi goneit 15 % (p = 1,16
F/CM3) HaJ10 100aBuTh K 100 11 BOJBI 11 yCTpaHEHUS TOCTOSIHHOM KECTKOCTH?

Jano: ®[CaSO4] = 0,02 %
®[MgC1,]=0,01 %
V(H,0) =100 1
p(p-pa Na,CO3) = 1,16 r/em’
Haiitu: XK = ?, V(p-pa Na,CO3) =?

Pewenue.

’KecTKkoCTh BOJBI MOKAa3bIBAET, KAKOE KOJMYECTBO BEIIECTBA SKBUBAJICHTA
coJiel Kambius (B MMOJIB/T) coaepkutcs B 1 i1 Boasl. [loaTromy cHauama ompe-
JE€IUM MacCy COJIeld KaJIbLIUSl U Mar"usi, coJepkanmxcsi B 17 BOAbIL, U KECT-
KOCTb 3TOM BOJIBI:

m[CaSO, J= V" p" @[CaSO,]= 1000 ma" I 2/un" 0,02/100 = 0,2 2
m[MgCl,]= V" p" o[ MgCl,]= 1000 mn" 1 2/un" 0,01/100 = 0,1 2

( m(Cas0O,) m(MgCl,) J (0,2+ 0,1j
107~ L68 147,5 10 —

MQA/z*CaSO,) M(@1/z*MgCl,)
V(H,0)
= 294 +210=5,04 mmonv/ n

1o 3aKOHY 3KBUBAJICHTOB ONPEIEIUM MACCy COJbl U 00bEM PacTBOPA COIBI,
KOTOPBIN OTpeOyeTCs Ha YMSATYCHHE BOJIBI 00BeMOM, paBHBIM 100 i:
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v[1/z* Na,COs] = v[1/z*CaS0,] + v[1/z*MgCl,] wm

m{Na,CO,] K, V(H,0)

nocm

M1/ z* Na,CO,| 10°

V(p_paNa2C03)'p " (Na2C03) _ )I(nocm V(HZO)
M1/ z* Na,CO,| 10°
5,04 mmonw/ 1-100-53 2/ monw

V(Na,CO,) = 3 =153,5 mn
10° -1,162/ mn-0,15

3agaya 3. Jlnsg ycTpaHeHusi oOmIeH KECTKOCTH BOJBI MO H3BECTKOBO-
comoBomy Metony kK 100 1 Boas! Opu1o mpubaBieno 16,65 r ruapokcuaa Kaib-
uusg u 15,9 r conpl (kapbonara Hatpusi). Paccuuraiite oOlIyto, BpEMEHHYIO U
IIOCTOSIHHYO JKE€CTKOCTh JAHHOW BOJIBI.
Hano: V(H,O) =100 1
m(Na,CO3;)=159r
m(Ca(OH),)= 16,651
Haiirn: K, =? Ky, = ? Kyger. = ?

Pewenue.
JlobGaBnennbiit k Bose ruapokcua kanpius Ca(OH) ,, uaer Ha ycrpaHeHue
BPEMEHHOU JKECTKOCTH BO/IBI:
MG(HCO3)2 + Ca(OH) 2 = MCCO;;l + CaC03 +2 HQO .
KapOonar Hatpus Na,CO; ycTpaHsieT MOCTOSHHYIO K€CTKOCTh BOJIbI:
MeCl, + Na,CO; = MeCO;| + 2 NaCl
3ajady pemiaeM Mo 3aKOHY KBUBAJIECHTOB. BpeMeHHYI0 &KECTKOCTh BOJIbI OII-
penensieM Mo KOJIMYECTBY MPUOABICHHOTO TUApokcuaa Kaimbius. KomuuecTBo
BEILIECTBA DKBUBAJIECHTA THAPOKCUAA KAJIbIIUS U KOJWUYECTBO BEIIECTBA IKBUBA-
JIEHTa COJIeH, 00yCIaBIMBAIOIIUX BPEMEHHYIO KECTKOCTh BOJIbI, JOJKHO OBITh
OJIMHAKOBO:
v[1/z* Ca(OH),] = v[1/z* Me(HCOs),]

m[Ca(OH),] K, -V(H,0)
M1/ z*Ca(OH), | 10°
16,652-10°

=4,5 mmonv/ 1

? 372/ moaw 1001
HOCTOHHHYIO JKCCTKOCTb BOABI HAXOJIWUM I10 KOJIMYCCTBY HO63BH€HHOﬁ K
pacTBOPY COJIBI:
v[1/z* Na,COs] = v[1/z* MeCl,]

m[Na2C03] _ }R.nocm ' V(HZO)
MI[l/ z * Na,CO,| 10°
3
15.92-10 =3 mmonv/ n

noem = 532/ monv-100.1
OGm1ast 5KeCTKOCTh BOJIbI PABHA:
XK, = XKy + HKuoem = 4,5+ 3 =75 mmonv/n
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3anaya 4. [Ipu onpeneneHnr BpEMEHHON )KECTKOCTH BOJBI HA TUTPO-
Banue 100 mu1 BOABI U3pACXOI0BAHO 5,25 MII pacTBOPa COJITHOW KUCIIOTHI €
MossipHoM koHeHTpanueit 0,101 monb/n. Yemy paBHa kKapOOHATHAS JKECT-
KOCTH BOJIBI?
Hano: V(H,O) = 100 mn
V(p-pa HC1) = 5,25 mn
C(HC1) =0,101 monb/n
Hairn: K, =7

Pewenue.
IIpu TUTPOBAaHKMU BOJbI COJITHOM KMUCIIOTOM MTPOTEKAET PEAKLIUS:
Me(HCOs), + 2 HC1 = MeCl, +2 CO, +2 H,O
B cooTBeTCTBHM C 3aKOHOM 3KBHUBAJICHTOB YUCJIO MOJIb 3KBUBAJIEHTOB CO-
JISTHOW KHCJIOTBI, MOLIEAIIEH HA TUTPOBAHUE, PABHO KOJIMYECTBY MOJIb SKBHU-
BAJICHTOB COJIEH, 00YCIaBIMBAIOIINX BPEMEHHYIO )KECTKOCTh BOJIbI:

v[1/z* Me(HCOs),] = v[1/z*HC1] wumu
V(H;0) - C(H,O) = V(p-pa HC1) - C(HC1)

5,25'10_3JZ'0,101M0JZb/JZ.1

XK, = C(H,0) - 10° =
p = C(H0) 10010~

0 mmonv/ 1 = 35,3 mmonv/n

Hccnenyemas Boa cpegHen KECTKOCTH.

3agaua S. Onpenenure )KECTKOCTh BOABL, €ciii HAa TuTpoBanue 100 mir Bo-
JIbl U3PACXO0BAaHO 8,5 MII pacTBOpa TpuioHa b ¢ MOISIpHON KOHIIEHTpauuen
skBuBajienTa 0,05 MoJb/II.

Pewenue.

[Ipu B3aumonecTBUU TpUoHA b C CONSIMU KalbIlusg W MarHus BBITOJIHS-
€TCSl 3aKOH JKBUBAJICGHTOB, CJIEOBATEIbHO OOIAs >KECTKOCTh BOJIBI OyAET
paBHa:

K = V(mp.b)-C(mp.F) 10° = 8,5-107 1-0,05m015 / 2 1
’ V(H,0) 100-107 z

0’ = 4,25 (mmonv/ 1)

5.4. KoHTpoOJIbHBIE BONPOCHI M 3a1a4M

1. Yto Ha3BIBAIOT )KECTKOCTHIO BOJBI? [louemMy KeCTKOCTh BOJBI CIENAYET YCT-
paHATH?

2. Kakum 006pa3om B IpHUpoie MOKET 0OPa30BbIBATHCS KECTKast Boj1a?

3. Kakue BubI )KeCTKOUM BOJBI pa3nuyaroT? Yem oOycinaBiIuBaeTCsl BpeMEHHAs
Y ITIOCTOSIHHASL )KECTKOCTH BOJIBI?

4. Kakue crmocoObl YCTpaHECHHS KECTKOCTH BOJIBI MOT'YT HCIIOJIB30BATHCS ?

5. Kakoii MeTton yMsrdeHusi BOJibl Ha3bIBalOT TepMuueckum? Kakue xumuue-
CKHME PEaKIUH MPOTEKAOT MPU YMSATYEHUH BOJbI ITUM METOAOM?

6. B yem cyTp peareHTHOro Meroaa ymsrdenus Boabl? Kakue peareHTbl npu
TOM MOT'YT OBITh UCIIOJIb30BaHbl? Kakue peakiuu npoTeKaroT?
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7. MoHO 1 yMAT4aTh BOAY C MOMOIIBIO HOHHOTO 0OMena? Kakum o6pazom?

8. Kax ompenenstor oOuryro, kKapOOHAaTHYIO U HEKapOOHATHYIO )KECTKOCTh BO-
b19 304

9. UeMy paBHa ECTKOCTb PAacTBOpa XJOpUIA KaJbIUs C MOJSIPHOW KOHIICH-
Tpanueil sxBuBasienta 0,05 moinb/n?

10.B 100 1 BozbI comepxkutcs 2 T cynbara Kambius, 1,5 r cynbdara Maraus u
4,6 T ruapokapObonara maruHus. KakoBa oOrmiasi, BpeMEHHAsI W TOCTOSTHHAS
KECTKOCTh BOJbI?

11.IIpu ompeneneHun oOmel *KeCTKOCTH BoJAbl Ha TUTpoBaHue 100 M1 BOJBI
nonuio 9,5 mn pactBopa TpwioHa b ¢ MONSpHON KOHIIEHTpauuel SKBUBA-
aenTa 0,05 Monb/n1. Beraucnure o011y 0 )KeCTKOCTh BOIBI.

12.%KecTtkocTh BOJbI paBHa 4,5 MMoJib/l1. Kakyto Maccy BOAbI HEOOXOIUMO J10-
GaBHTH K 2 M’ BOJIBI, YTOOBI YCTPAHUTB ITY KECTKOCTD?

13.K 3 M’ BOJIBI J/Isl YCTPAHEHHS XKECTKOCTH Jo0aBuin 468 r kapOoHaTa Ha-
Tpus. KakoBa keCTKOCTh TaHHOW BOJIBI?

14.2Kectkocth Boabl paBHa 5,4 MMoub/i. Kakyro maccy docdara Hatpust HeoO-
XOIMMO 106aBUT K | M’ BOJIBI, 4TOOBI YCTPAHHTB ITY KECTKOCTH?

15.Bpemennas xecTkocTb BOjbl paBHa 3,0 MMoib/1. Beiuucnure, kakas macca
rupokapooHarta Kanplus cogepkutcs B 10 11 3Toii BobI?

16.]1na onpenenenusi BpeMEHHOM »ecTKocTH BoJibl K 100 mut ee ObUIO IPUIIUTO
12 mn pacTBOpa CONSHOM KHUCIOTBI ¢ MOJIsipHOM KOoHueHtpamuen 0,01
MOJIB/JT 10 TMIOJTHOW HeWTpanu3auuu. YeMy paBHa K€CTKOCTb BOJIbI?

17.Kakyro Maccy rameHoi W3BeCTH HaJ0 MpUOaBUTH K 2 M° BOJbI, YTOOBI yCT-
PaHUTh €€ BPEMEHHYIO KECTKOCTh, PABHYIO 5,2 MMOJIB/?

18.Ins1 ycTpaHeHus: BpeMEHHOM *ecTKOCTH Boabl K 200 11 ee ObU10 100aBIEHO
8 r ruapokcuaa Hatpusi. YeMy paBHA )KECTKOCTh BOJbI?

19,1151 yCTpaHEHHMSs KECTKOCTH BOJBI 00BEMOM 2 M 00aBICHO 2 KT 30JIbI, CO-
nepxkarteit 20 % norama (K,COj3). UeMy paBHA )K€CTKOCTh JAHHOM BOJIbI?

6. JIabopaTtopHas padora Ne 2. Onpene/jieHrne KOHUEHTPALUN KH-
CJI0POJa, PACTBOPEHHOI0 B BOJE

Leab padoTel. Onpedenrums cooepicanue pacmeopeHHO20 KUCIopPoOd 8
800€ MUMPUMEMPUYECKUM MEMOOOM.

6.1. TeopeTnueckas yacThb

IIpuponHas BoJa HaXOAWUTCS B IOCTOSIHHOM B3aUMOJEHWCTBHM C OKpY-
YKAIOIEH Cpelod, OHA PacTBOPSIET PAa3JIMUHBIE OPraHUYECKUE U HEOpraHu4ve-
CKHE BeIlleCTBa, cojaepxkaimuecs B atMmocdepe u nouse. Kucnopoa O, — ra3
0e3 1BeTa, 3anmaxa M Bkyca. Kuciaopo mioxo pacrBopuM B Boje: npu 20 °C B
100 oObemax BOABI pacTBOPSETCS OKOJIO 3 00BEMOB KHUCIOpoJa. XOTs pac-
TBOPUMOCTH KHCJIOPOJa B BOJE BbILIE, YEM y a30Ta U Bojopoaa. B Boae 00s-
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3aTEJIbHO MPUCYTCTBYET PACTBOPEHHBIN KUCIOPOJ, COAEP)KaHUE KOTOPOIo B
BOJIE CTPOT'0 PErJIaMEHTUPYETCA U KOHTPOJIUPYETCS.

Kucnopoa — cunbHbIA OKUCIIHUTEINb, €70 MPUCYTCTBUE BJIMSIET Ha IMPOIIEC-
Chl, IpoTeKaromue B Boje. Hanpumep, mpuCyTCTBHUE KUCIOpOJa B BOJAE 3HA-
YUTEJIHHO YBEIMYMBAET CKOPOCTHh KOPPO3UM METAIOB, HAXOISIIUXCS B KOH-
TakTe ¢ BOJOW. J[ecTByIOIIMEe HOPMBI Ha TETUIOBBIX AJIEKTPOCTAHIUAX Ipe-
JyCMaTpUBAIOT ISl BOJIbI, U3 KOTOPOU 00pa3yeTcs BOASIHOW Iap, CoJlepKaHue
KHUCIIOpOia B 3aBUCUMOCTHU OT THMa renepatopa S5 — 40 MKI/KT.

B moazeMHBIX BOAax, MPakTUYECKU HE COAEPIKAIIUX PACTBOPEHHOIO KHU-
CIIOPOJIa, XKETe30 COJEPIKUTCA B BOJIE B BHIe HOHOB Fe”', mosToMy moaseMHast
BOJIa, COJIEprKalllasl JKeJie30 cliepBa Mpo3payHa v yucrta Ha BuA. [lpu cTosiHuun
Ha BO3JIyXe BOJa 00OTaImaercs KUCIOPOIOM U IprobdperaeT Oyphlii OTTEHOK.
B cnyuae oOoraiieHusi BOJbl PacCTBOPEHHBIM KHUCIOPOJOM JIBYXBAJICHTHOE
Kele30 OKHCisieTcs: o TpexsaientHoro (Fe"), rumpommsyercs u o6pasyer
ManopacTBOpuMbIil ocafok ruapookcuaa sxene3a(lll) - Fe(OH);, xoTopsiit
HaxOJMUTCS B BOJIC B BUJIE KOJJIOUIHOTO pacTBOpa, MpuaaBas BOJE JKEJITOBA-
TO-OYpYyI0 OKpaCKy.

Jlns onpesesieHust cojiep KaHus KUCIOPO/ia B BOJIE MOXKET ObITh MCIOJIB30-
BaH 00ObEMHBIA HOJOMETPUUYECKUN METOJl, OCHOBAHHBIA Ha CIIOCOOHOCTH CO-
equHenuit mapranmna (MnCl,, MnSO,) KOJIMUYECTBEHHO CBSI3bIBATh KHUCIOPO/I
B IIEJIOYHOM cpejie:

MnCl1, + 2 NaOH = Mn(OH),]| + 2 NaCl
MH(OH)2 + % 02 + Hzo = MHOZ'2H20

MnO,2H,0 — manopacTBOpUMOE COEMHEHHE KOPUYHEBOIO I[BETa, 00pa-
3yeTCsl B KOJIMYECTBE CTPOr0 SKBHUBAJIECHTHOM COJECPKAHUIO PACTBOPEHHOTO
KUCJI0pOJia B BoAe. Juruapar quoKCcua Mapraiia sBJIsieTCs] CUIbHBIM OKHC-
JUTEIEM, TOATOMY €ro OIpejeieHue MOXET ObITh OCHOBAHO Ha PEaKIUU
B3aUMOJICHCTBUS €r0 C MOJIUIOM KaJIusl B KUCIIOW CpeAe U MOCIEAYIOIINM OIl-
peneneHueM CcBOOOTHOTO MOAa THTPOBAHHUEM PACTBOPOM THOCYJIb(]aTra Ha-
TpHS B IPUCYTCTBUHU Kpaxmaja JI0 UICYE3HOBEHHUSI CHHEW OKPACKH:

MnO,2H,0 + 2KI + 2 H,SO4 = MnSO, + K,SO4 + I, + 4 H,O
2 Na,S,05 + I, = Na,S406 + 2 Nal
KoHIeHTpanuio pacTBOPEHHOIO KUCJIOPOIa ONPEIEIISIOT 110 3aKOHY JK-
BHUBAJICHTOB:

D(I/Z*Oz) = l)(l/Z>x< N&zSzO3)

Vi Cl(l/Z*Oz) = Vy Cz(l/Z* N328203)
rae Vi — 00beM aHamu3upyeMoil MpOoObI BOJIBI, MJT;
V, — 06bem pactBopa Na,S,0; , U3pacxo10BaHHBINA HA TUTPOBAHUE MPOOBI
BOJIBI, MIT,
C1(1/z*O,) — monsipHast KOHLIEHTPALHSI SKBUBAJICHTA KUCIOPO/Ia, PACTBOPEH-
HOI'O B BOJIE€, MOJIb/JI;
Cy(1/z* Na,S,05) — mosisipHasi KOHIIEHTpaIMs YKBUBAJIEHTa THOCYJIb(aTa Ha-
TpHSi, MOJIB/JI.
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6.2. JxcnepuMeHTAJIbHAS YACTh

PeakTusBbl:

Tuocynegpam nampusa, 0,01 un. mumposanuwvii pacmeop (2,48 2
Na,$,055H,0 + 0,04 2 Na,COj; 6 11 pacmeopa);

Xnopuo mapeanya unu cyrsgam mapeanya(4252 MnCl, 4H,0 unu 400 2
MnSO, 2H,0 6 1 1 pacmeopa);

Hoouo kanus (150 2 K1+ 700 2 KOH & I 1 pacmeopa),

Cepnas xucnoma (1 : 4)

Xoa ompenenennsi. B koHndyeckyro koindy BMeCTUMOCThIO 250 M1 Ha-
nerite 100 M uccnemyemoit Boawl. [Tunerkoir otMepbTe 1 M1 pacTBOpa XJjio-
puaa win cyinbdara Mapranina ¥ 1 MiI IIEIOYHOTO pacTBOpa MOAMAA Kajus,
BHECUTE OTH PACTBOPHI B aHanMm3upyemyro mpodOy Bojsl. KonOy 3akpoiite
MPOOKOW M OCTOPOXKHO U THIATENBHO mepeMemaite. Yepes 3 — 4 MUHYTHI J10-
0aBbTe B KOJIOYy 3 MJI pacTBOpa CEpHOM KHUCIOTHI. 3aKpbIB KOJIOY MPOOKOIA,
THIATEIBLHO NEpeMENIaiiTe pacTBOpP, JOOMBIIKNCH MOJHOTO PACTBOPEHUS OCajl-
ka. Uepes 2 — 3 MUHYTHI IPOOY OTTUTPYHUTE PACTBOPOM THOCYJIb(haTa HATPUs
0 OJeaHO-KEeNTOW OKpPacKH pacTBopa. 3aTeM J100aBbTE€ HECKOJBKO Kamlelb
pacTBopa KpaxMmajia U MPOJOHKUTE MEUICHHO TUTPOBATh 0 MCUYE3HOBEHUS
cuHel okpacku pactBopa. [loBropure TuTpoBanue 2-3 paza. Pe3ynbraTsl TUT-
pOBaHUs MIPEACTaBbTE B BUJIE TAOIHUILIBI 9.

Tabnuya 9
Pe3ynbTarhl 5KCIEpUMEHTATBHBIX JAHHBIX
MonsipHasi KOH- MonsipHas
O0beM Obmem pac- LICHT paun;[ 9K KOHHGIliI)T a
TBOpa p P Macca
aHaJIU3H- BHUBAJICHTA THO- | IIMsI SKBUBA-
Howmep . THOCYJTb- KHCJIOPO-
pyemon cynbdaTa Ha- | JICHTA KHCIIO-
OITBITA ¢ara Ha- " na,
BOJBI V1, Tous V tpusi C,(1/z pona ML
M p o Na,S,05), C1(1/2*0y),
MOJIB/JT MOJIB/JT
1
2
3
cpenHee

6.3. [Ipumeps! pelieHus 3a1a4

3agaua 1. [lpu onpeneneHnn coepkaHusi KUCIOPOJa K UCCIETyEMOM

Boze, oobemMoM 100 My, ObuT 10OABIIEH XJIOpU Mapraiua u noaua kanus. Ha
TUTPOBaHUE U30bITKA HOJUIA Kalus ObUIO U3pacxoa0BaHo 15,9 M pacTBopa
trocynbgara HaTpus Na,S,03 ¢ mossipHoit kKoHueHTpanueit 0,01 monw/n. On-
peaenuTe coiepKaHue KUCIopoa B UCCIIEyeMOM BOJIE B MOJIB/JI U MI/J.
Pewenue.

KOHIEHTpanuo pacTBOPEHHOTO KHUCIOPOAA ONPEAEISIIOT M0 3aKOHY K-
BHUBAJICHTOB:

D(I/Z*Oz) = l)(l/Z>x< N&zSzO3)
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Vi Cl(l/Z*Oz) = Vy Cz(l/Z* N&28203)
Jlist THOCYb(aTa B JTAHHON peakiny MOJISIpHAS KOHIIEHTPAIMsI paBHA MO-

JSPHOM KOHLIEHTPALIMKU YKBUBAJIEHTA.

W

15,9-107 - 0,0 Lmons / 1
100-107 2

m(1/z*0,) = C(1/z*0,) - M(1/z*0,) = 1,59-10 mounb/1 -8r/Monb =
=12,72:107r/n = 12,72 mr/n.

Ci(1/z*0,) = =1,59-10"° moan/ 2

6.4. KoHTpOJIbHBIE BOPOCHI U 3a1a4H

Kaxkne cBomcTBa XapakTepHsl 11 Kucinopoaa? Kakosa ero pacTBOpuMOCTb
B BoJIE?

[louemy HOpMHpYETCS COAEpKAHUE KUCIOpoaa B Boae? UeM BbI3BaHA He-
00X0IUMOCTb KOHTPOJISI COJEPKaHMsI KUCIOpOAa B BOJE HAa TEIUIOBBIX
ANEKTPUYECKUX CTAHIUAX ?

Kaxkoe 3nauenue [1JIK kucnopoaa B Boze?

Kakue peakuuu nexaT B OCHOBE METOJIa ONPENEIEHUS KUCIOpoia B Bojie?
Jlyist 4ero K uccienyeMoMy pacTBOPY MPUOABISIOT PACTBOPHI COJIEH Map-
ranna(Il)?

CocTaBbTe 2JIEKTPOHHO-UOHHBIE YPABHEHHS K PEakiusaM oOpa3oBaHUs Ho-
J1a U €r0 OKUCIJICHHUS.

Kak MOXHO oOmpeaeinTh TOYKY SKBUBAJEHTHOCTU (KOHEI] TUTPOBAHUS)
IpU TUTPOBAHUU AHAIM3UPYEMOI'O PAcTBOpa HMOJIUIOM Kajaus B KUCIOU
cpene?

Kak ompenenstoT KOHEL TUTPOBAHUSI MPHU OMNPEEICHUU KOHIEHTpalUU
CBOOOJIHOTO MO/1a C MOMOIIBIO THOCYJIb(aTa?

Kakoil 3ak0H JIE)KUT B OCHOBE pacyeTa OINpeAesieHUs COACpKaHUs KHUCIIO-
pona B Boae?

[Tpu ompeneneHnu coaepx aHusi KUCIOpoAa K MCCIeTyeMoil Boje, o0be-
MoM 50 My, ObUT 100aBJIEH XJIOPUJI Mapratiia v IIeJI0YHON pacTBOp HO-
mup kanusi. Ha tutpoBanue n30bITka HOaUIa Kalus ObUIO M3PAacX00BaHO
8,2 M1 pactBopa TtHOCyIb(paTa Hatpus Na,S,0; ¢ MOJISIpHON KOHIIEHTpa-
et 0,015 monw/n. Onpenenure copepKaHue KUCIOPOAa B UCCIETyEMOM
BOJIC B MOJIB/J ¥ MT/JI.

7. JlabopaTopHas padora Ne 3. OnpeaesieHne OKUCIAAEMOCTH BO/bI
TUTPUMETPUYECKUM METOA0M

Leab pabotbl. Onpedenums OKUCTAEMOCTb 800bl NEPMAH2AMOMEM-

pudecKkum mumposaHuem.

7.1. Teopernueckas 4acThb

OxucnsseMoCcTh BOJBI UM XUMUYeckoe norpediienue kucinopoaa (XIIK)

XapaKTepU3yeT KOJINYECTBO COACPKAILMXCS B HEW BOCCTAaHOBUTENEH. DTy Be-
JUYMHY BBIPAXKAIOT B MI/J KHUCIOPOJa, HEOOXOJUMOTO /Jisi OKUCIEHUS pa3-
JMYHBIX BOCCTAHOBUTEINIEH, COJIEpKAIMXCS B Bojie. B kauecTBe BoccTaHOBU-
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TEJeH B BOJE MOTYT BBICTYNAaTh KaK HEOPTAHMYECKHUE BEIIECTBA (MOHBI JKee-
3a(Il), HUTPUT-UOHBI, CEPOBOOPOA U T.A.), TAK U OPraHUYECKHUE BEILIECTBA
(opranuueckue cynbPuabl U JUCyIbPuabl, PeHos, MepKanTanbl U T.A.). DKC-
MEPUMEHTAJIBHO OKHUCJISIEMOCTb BOJIbI OMPENEISIOT ¢ MOMOIIBIO TaKUX CHJIb-
HBIX OKHCJIMTENEH, Kak mepMaHraHaT kamus KMnO, wim nuxpoMar Kamus
KzCI’zO7.

OmnpeneneHne OKUCIIEMOCTH BOJbI C MIOMOIIBIO ITE€pMaHraHaTa OCHOBa-
HO Ha CIIOCOOHOCTH €r0 BOCCTAHABIIMBATHCS B KUCIIOHN cpesie O MOHOB JABYX-
BaJICHTHOTO MapraHia:

MnO,” + 8 H + 56 = Mn*™ + 4 H,0, E°= 1,51 B.

Cy1iecTBEHHBIM HEIOCTAaTKOM TE€pMaHTaHaTa Kallus, KaK OKHCIIHTEs,
SIBIIIETCSI HETIOJTHOE OKUCIICHUE MM BEIIECTB, HaXOASIMXCcs B Boje. Kpome
TOrO NpYU KUMSYECHUU MEepMaHTaHaT Kajausl pasjiaraercs ¢ oOpa3oBaHUEM JIH-
okcusia Mapranua. Oopasyromuiics MnO, , kKak KaTajin3aTrop, YyCKOpsieT mpo-
1ECC pa3yioKeHMs] nepMaHranara kanus. [[oaToMy BOCHpPOM3BOAUMOCTH pe-
3yJbTAaTOB aHAJIM3a HE BCETJla JOCTATOYHA.

Haubonbiuit 3g ekt okucieHus: BEeecTB, COACPKAIUXCS B BOJIE, 10C-
TUTAETCS MPU HMCIOJIb30BAHUM B KAUE€CTBE OKMUCIUTEINS JAUXpOMaTa Kajiaus B
NpUCYTCTBUM Karanu3atopa (noHoB cepebpa). PactBop K,Cr,O; sBasercs
CTaHAAPTHBIM PAaCTBOPOM U JI0JT0 coxpaHsiercs. Ero MOKHO MPUTOTOBUTH 110
TOYHOM HaBecKe auxpomara kamus. [Iporecc BOCCTaHOBJICHMSI IUXpOMaTta
KaJiusl B KUCJION CpeJie MPOTEKAET M0 YPaBHEHUIO:

Cr,0;" + 14H" + 68 = 2Cr’" + 7H,0, E°= 1,33 B.

[Ipu mucnonb30BaHUM AMXpOMATa Kadusl OKUCISIOTCS MHOTHE OpraHude-
CKHE BEIECTBa C 00pa30BaHUEM JIMOKCHUJIA YTIIIepoaa, BOABI U a3ota. Mckito-
YEHUE COCTABJISIIOT TAKWE COCIWHEHUS, KaK OCH30J1, TOIyOJ, MUPHUINH U He-
KOTOPBIE APYTHE, KOTOPhIE HE OKUCISIOTCS JaKe B MMPUCYTCTBUU KaTalIn3aTo-
pa — cynbdarta cepedpa.

7.2. JKCHIEpUMEHTAJIbHAS YaCTh

PeakTuBbI:

Booa oucmunnuposannas (6e3 oxuciumerneii)

Tumposannwviu pacmeop nepmancanama kaaus KMnQOy, 0,01n.;

Pacmeop waesenesou xucnomor H,C,04 0,011. pacmeop comoeam ¢ H,SO,

(1:15);

Pacmeop cepnoti kucnometH>SO, (1:3);

Pacmeop cepnoii kucnomortH>SO, (1:15)

Ycranoka tutpa KMnO,. K 100 My aucTHIIMPOBaHHON BOABI MPUOaB-
ast0T 10 M1 pacTBOpa 1IaBeIE€BOM KUCIOTHI C MOJIIPHOW KOHLIEHTpAIUEn K-
BuBasieHTa 0,01 monw/1 1 5 mut ceproit kucioTs (1: 3). Cmech HarpeBaroT 10
KUIeHus1, oxaaxaaroT 10 80 — 90°C u TUTPYIOT pacTBOPOM II€pMaHIaHaTa Ka-
ausi. B Hauvane tuTpoBaHuUs clieqyroulyro kamio pactsopa KMnO, npubas-
JSIOT TMOCJE TOro, KaKk McYe3jia OKpacka OT MpelblAylleil Kamiu. 3aTeM, yBe
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JMYUB CKOPOCTh TUTPOBAHUSA, TUTPYIOT J0 MOSBICHHS OJIEAHO-PO30BOM OKpa-
CKH, yCTOM4YMBOU B TeueHue 30 CeKyHa.

Xoa onpenesienusi. B koHn4eckyo Koji0y BMecTUMOCThIO 250 Mi Ha-
nerrte 10 M uccnegyeMon Boabl, 90 M1 IUCTUIIIIMPOBAHHON BOABI, 5 MJI pac-
TBOpa CepHOU KUCIOTHI U U3 Oropetku 10 ma 0,01 H. pacTBOpa nepmaHranara
kanus. [lonydeHHyr0 cMech HarpeBaroT Ha TUIMTKE. [{J11 paBHOMEPHOTO KuIle-
HUS B KOJIOY TTOMEIIAl0T OYCUHKHU UM KUMEJNKU. PacTBOp KUIATAT B TeUEHUE
10 MmuHyT (C MOMEHTa 3aKUNaHus pacTBopa). Ecnu npu HarpeBaHUU pacTBOp
00eclIBeUrBaETCsl, TO OMBIT MOBTOPSIOT C MEHBIIMM KOJUYECTBOM aHAIU3MU-
pyemoii Bojbl. B ropsumii pactBop npuimBaioT u3 Otopetku 10 mur 0,01 H.
pacTBOpa HIaBeJIeBON KUCIOTHI. M30BITOK MepmaHTraHaTta Kayius, 0Opa3oBaB-
muics B mpoOe mociie OKUCIICHUS BOCCTAaHOBUTEEH M3 HMCCISTyEeMOTO pac-
TBOPA, PEATHPYET CO MIABEIEBON KUCIOTOM, B COOTBETCTBUU C YPABHECHUEM:
2KMnO, + 5H,C,04 + 3H,SO4 = 2MnSO4 + 10CO, + K,SO4 + 8H,0
B pesynbraTe peaknuu pacTBop odecupednBaercs. M30bITOK MaBeeBO Ku-
CJOTBl OTTUTPOBBIBAIOT PACTBOPOM IE€pMaHIraHaTa KaJldsl J0 MOSABJICHUS Cla-
00 PO30BOr0 OKpalIMBaHUA, COXpaHsoIIEerocs npuMepHo 30 cexyH.

AHQJIOTMYHO MPOBOAAT X0J0CTOH onbIT co 100 Mi qucTHIIMPOBAaHHOU
BOJBI.

OxucnsgeMoCTh BOABl WJIM XUMHUYECKOE TMOIVIOUIEHUE KHUCIOpoaa B
MrQO,/1 BEIYUCIISIIOT 11O (hopMyIie:

v, —Vl)-C(i*1<1\4no4)-8~103
V4

XIIK =
V(H,0)

rae V; — o0beM pacTBOpa MepMaHTaHaTa Kalvs, MOIIEIIIeT0 Ha TUTPOBAHUE
B XOJIOCTOM OTIBITE, MIT;
V, — 00beM pacTBOpa repMaHraHaTa Kajius, H3pacXo0BaHHOTO Ha TUTPOBA-
HUE UCCIIelyeMO MpoObl, M,
Cy(1/z* KMnQOy,) — MoJisspHasi KOHIIEHTpaIlMs SKBUBAJICHTA IEpMaHTaHaTa Ka-
JIASI, MOJIB/JI;
V(H,;0) — 06beM aHanmu3upyemMoii BOJIbI, MIT;
8 — MoJIsIpHas Macca YKBUBAJIICHTA KUCJIOPO/Ia, T/MOJIb.
Pesynbrarel 3kciepuMeHTa npeacTaBbTe B BUae Tadnuis 10.

Tabnuya 10

Pe3ynbTaThl SKCIEPUMEHTATBHBIX TAHHBIX

MonsipHast KOH-

O0beMm O0beM OObeM pac- | HEHTpaIus YKBU-
Homep AHAIU3H- pacTBopa TBOpa BasieHTa nepman- | XIIK
OmbITa | pyeMoi Bo- KMnO, KMnO, raHara Kajus MT/T1
Ibl V, M Vi, M V,, M Ci(1/z* KMnOQy),
MOJIB/JI
1
2
3
cpeliHee
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10.

11.

7.3. KoHTpoJIbHBIE BONPOCHI M 3aa4U

. Uro Takoe OKHCISIEMOCTh BOAbI? IIpHUCyTCTBHEM KAaKHMX BEHIECTB B BOJIE

oo6ycnosiuBaercs XIIK Bojsi?

B xakux eIMHUIIAX BBIPAXKAIOT OKUCISIEMOCTD BOBI?

Kakoe BiIusiHME OKa3bIBAECT HA KMBBIE OPTaHU3Mbl MOBBIIIEHHAS OKHUCIISIE-
MOCTB BOJIbI?

C nmoMOIIbI0 KaKHUX OKHCIUTENECH SKCIEPUMEHTAIBHO OINPEACIISIIOT OKHC-
Js€eMOCTh BOAbI? Mcnosib30BaHWE KAaKOTO OKUCIUTENS MPUBOAUT K JIyd-
MM pe3yjbTaram?

CocTaBbTe€ ypaBHEHUE OKHCIMTEIbHO-BOCCTAHOBUTEIBHOM peaKiuy B3au-
MOJCUCTBUS AUXpOMaTa Kajaus CO LIABEJIEBOM KUCIOTOM B NMPUCYTCTBUHU
CEpHOM KHUCIIOTHI.

CocTaBbTe NEKTPOHHBIE YPABHEHUS K OKHCIUTEIbHO-BOCCTAHOBUTEIBHOMN
peaKUnUK B3aWMOJICMCTBUS MEPMAHraHaTa Kajaus CO IAaBEJIEBOM KUCIOTOU
B IPUCYTCTBUU CEPHOU KHCIIOTHI.
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